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TeMmaTHueckoe naaHupoBaHue
y4ye6bHoro marepmnana

OcuoBH InexTpoaunamMuxH (21 4)

Mazuumnoe none (10 4)

Baaumopeiictue Tokos. Bextop MarHuTHOH HHAYKUMH. JIHHHH MarHWTHOMH
uHgyxmu. Moaynbs Bextopa MarHuTHoH wHAykuuH. Cwia Amnepa. [Ipumenenne
3akoHa AMmnepa. Cwna Jlopenia. MarnuTHbie CBOHCTBA BeMieCTBA.

Inexmpomaznumuas unoyxyus (11 «)

OTKpuITHE MEKTPOMArHUTHOH HHAYKuMH. Maruuthbit notok. Ilpaswio
Jlenua. 3akoun snextpomaruutHol wHAykimu. SAC-HHAYKUMH 8 ABHKYHHMXCH
npoBomHukax. CamoHHAYKLHA. HHIYKTHBHOCTD.

Kone6anug n Boannl (38 1)

Mexanuuecxue xonebanus (7 %)

CaobonHule H BbIHYXJICHHbIE KonebaHHa. YCIOBHA BO3HHKHOBEHHA cBObOM-
HBIX koneGaHuii. MaTemaTuyeckuit MasTuuk. JlnHaMHuka KoneGaTeNnbHbIX ABHXKE-
HEi. BrayxaeHHule konebanus. Pezonanc.

Onexmpomazunumnsie xonebanus (9 y)

CeoGosanbie H BhHykAcHHBE KoneGanuna. Konebarensuntii koutyp. [Mepron
cBobOAHBIX 3nekTpHYeckuX koneOanui. [NepemeHHbIH nexTpHYeckHit Tok. AK-
THBHSLIE, HHAYKTHBHBIE H OTHOCHTENILHLIE COMPOTHRIICHUA. Pe3onatc B 3JieKTpu-
YecKo Leny. ABTokonebanHA.

Mpouzsodcmeo, nepedaua u ucnonviosanue 3nexmpusecKoii ynepzuu (6 4)

Fenepuposanue snexrpHicckoi sHepriy. Tpancdopmaroput. [Tponssoacrso
H Hcronb3oBaHHe IMekTpodueprun. Tlepenaua snextposnepruy. Ddexrunrioe
HCTIONHE30BAHNEG SHEPTHH.

Mexanuueckue eonns (7 4)

BonHoBnie apneHHs. PacnpocTpaHeHHe MexaHHYECKHX BonH. J{MHHA BONHMI.
Cxopocts. Bontst B cpesie. 3ByKOBLIC BONHBI.

Inexmposaznumusie soanst (9 4)

Yro Takoe 3MEKTPOMATHHTHHIE BOJNHLL. JKCMEPHMEHTANLHOE ODHapyXeHHe
anexTpoMarH¥THIX BoaH. H3obperenue pagno A.C. onosum. [puHumn paguo-
cBa3K. PacnipocTpatetine 3MeKTPOMArHHTHBIX BoAH. Pafnonokanms.

OntHka (40 9)

Ceemossie sonust (26 u)

Cxopocts cBeTa. 3aKOH OTpaKEHHs cBeTa. 3akoH mnpenomneHHa. [lonxoe
BHyTpcHHee oTpaxeHue. Jlunza. lucnepcua. Unrepdepenuua. Audpaxuna. Jx-
¢dpakumonnan peirerxa. [Nonspusanus ceera. [lonepeyHOCTs CBETOBBIX BOJH.

Snemenmss meopuu omnocumensHocmu (6 4)

3akoHK ANEKTPOAMHAMKKY H MPHHIMII OTHOCHTENBHOCTH. [locTynat Teopuu
OTHOCHTENIBHOCTH. OTHOCHTENILHOCTL OAHOBPEMEHHOCTH. OCHOBHWE CBOHCTBA,
BRITEXAIOIHE H3 MOCTYJIATOB TEOPHH OTHOCHTENLHOCTH. 3aBHCHMOCTh MacCH OT
cxopocTH. Jlnnamuxa. CeA3k. MEKIY Maccoi K SHEprueH.

Hanyuenue u cnexmpu (8 )

Bunu manyycHmit. Mcroynuku cseta. CieKTpsl H CMEKTPAILHBIC anMapaThl.
Buant cnextpoB. Cnexrpanbhiiii aHann3. MHdpakpacHoe u ynsTpadHoneToBoe
HYTYIeHHE. Penrrrenonckoe nanyuense. lilkana anexTpoMar#HTHEIX BOML.
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KeautoBan ¢puzuka (354)

Ceemoesbre keanmei (11 v)

DotoaddexT. Teopus poroaddekra. dotonsl. Jlasnenne ceera. XMMHUECKOE
LIEACTBHE CBETA. '

Amomnan puzuxa (4 4)

Crpoenue aroma. Onnitel Pesepdopna. Kanrtosrie noctynarsl bBopa. Mogenb
aTtoma Bogopoaa no bopy. Tpyanoctu Teopun Bopa. Ksanrosas MexaHuka. Jlase-
pbi.

Duzuxa amomnozo aopa (17 q)

Mertoas!l HabnoaeHHs H PEFHCTPALHH 3JIEMEHTapHBIX YacTHL. OTKpBITHE pa-
JHOAKTUBHOCTH. Anbga-, 6eTa- U ramma-usanyudenns. PagnoakTHeHoe npeppalie-
Hue. 3akoH paanoakTHBHOTO pacnaja. M3otonel. OTkpeiTHE HelTpoHa. CTpoeHne
aTOMHoOro sjpa. DHeprus cBasu. SnepHas peakuus. Jenenue aaep ypaua. liennas
anepHas peakuus. fneprelii peaktop. TepMosaepHas peakuus. Buonornueckoe
JleficTBHE pafNOAKTHBHBIX HINYUCHHI.

Inemenmapnsie uacmuyst (3 u)

Tpu 3Tarna B pa3BUTHH QUIKKK 3NEMEHTAPHBIX YacTull. OTKPLITHE MO3HTPOHA.
AHTHUYACTHLBI.
3HadyeHHe (PHIUKH AN O0ObACHEHHS MHPA M pPA3BHTHA
NMPOH3BOAHTEABHBIX CHA o6umecTBa (1 4)

EnuHas ¢usnueckas kapTHHa MHpA.

PesepsHsiii ypok (1 1)



NOYPOYHbIE PA3PABOTKU

K y4eOHUKy
I.A. Makuwena, 6.6 byxoBueBa

OcCHOBbI 31eKTPpOAMHAMUKMH

Nnasa 1. MarHutHoe none
Ypox 1. BzanMonaeiicTBre TokoB. MaruuTHoe nose

Llenu: naTh yHauMcs peacTaBIeHHe O MATHUTHOM TIONE.

Hemoncmpayua: neMoHcTpalys onbita DPCTea, ABIKEHHS MPOBOI-
HHKA C TOKOM B MarHUTHOM TI0JI€; JeMOHCTPALMS CHIIOBBIX JIMHHH Mar-
HUTHOTO NOJIS TOCTOSHHOTO MarHUTa, MArHUTHOTO MOJIS MPAMOTO TOKA.

Xon ypoka

I. Opranu3auHoHHBIH MOMeHT

1. M3yueHune HOBOro MaTepuaJa

Hcropus MarHuTa HaCUMTHIBACT CBBIMES JBYX C NOJOBHHON 1hICAY
neT. B VI B. mo H.3. npesHekuTaiickue ydenbie OOHapy>XMJIM MHHepal,
cnocoOHBI NTpUTArHBaTh K cebe Jkele3Hble MpeAMeTsl. B npesiine Bpe-
MEHa CBOHCTBAa MarHHTa NMBITATMCE OOBSCHNTH, TIPMITUCHIBAS EMY <OKH-
Byto ayuiy». Teriepb MBI 3HaeM: BOKpYr Mo0Or0 MarHMWTa CyILIECTBYET
MarHHTHOe foJe.

B 1820 r. I'.-X. 3pcren obHapyxuil, YT0 MarHUTHOE TIOJIE€ TOPOXKJIa-
eTcA 3NEKTPHIECKHM TOKOM.

(IIpoBomuTtcs AeMoHCTpaLHs OMBITA JpcTena.)

B 1820 r. AMriep Tpeanoxui, YTO «MarHUTHEIC CBOHCTBA TIOCTOSH-
HBIX MarHuToB O0YCIIOBJIEHBI MHOXECTBOM KPYI'OBBIX TOKOB, LUHPKYJIH-
PYIOLIMX BHYTPH MOJEKYJ 3THX TelD».

CBoHCTBA MATHHTHOTO TI0JIN
1. MaruuTHOe Holle MOPOXKIACTCA TOJIBKO ABHXKYILIMMUCS 3apAaMH, B
YACTHOCTHU 3ne1<1‘pnqecng TOKOM.
2. B oTauyMe OT 3NMEeKTPHYECKOTO MOJIS MArHHUTHOE ToJie 0GHapYXH-
BAETCSA IO ero AeHCTBUIO Ha ABHIKYILMECS 3apAabl (3apsbkeHHBIE TENa).
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3. MaruuTtHOE noJie MaTeEpHAIILHO, TAK Kak OHO AEHCTBYET Ha TENna H,
CIEN0BATENLHO, 00aiaeT 3HEPrHEi.

4. MarautHoe nonie 06HapyxMBaeTCcA N0 JICHCTBHIO HA MArHHTHYIO
CTpENIKy.

Onuir AMnepa

TlpomycxaeM Tok no mapanneiasHbIM NpoBoJHMKaM. ['mbiue npoBoa-
HHKH YKPEIUISeM BEPTHKAIBLHO, 33TEM NPHCOCAMHAEM HX ¢ HCTOUHHKAMH
Toka. Hadero ne nabmonaeM. Ho ecnu 3aMKHYTH KORIH NPOBOAHHMKOB
NPOBOJIOKOH, B NMPOBOJHHKAX BO3HMKHYT TOKH NPOTHBOIONOXHOTO Ha-
npasscHAA. [TpOBOAHUKH HAYHYT OTTANKHBATECS JPYr OT JpyTa.

B ciyuae TOKOB OXHOTO HanpaBICHHA NPOBOAHHKH MPHTATHBAIOTCA.
3TO B3aUMOJICHCTBHE MEXAY NPOBOJHHKAMH C TOKOM, TO €CTh B3aMMO-
JIeHCTBHE MEXKTY ABIKYIMMHCH JJNEKTPHYECKHMH 3apafaMH, HA3KIBAIOT
Mmazrumnsim. CHIR, ¢ KOTOPLIMH NPOBOJHHKH € TOKOM JEHCTRYIOT Jpyr
Ha JIpyTa, Ha3bIBalOT MAarHHTHRIMH CHJIAMH.

Yuneam JiucemGepr Bemycrun B 1600 r. kuury nox HazsanueM «Ho-
Bas (PU3HONOIKHA B MArHHUTAX, MATHUTHLIX CHJIAX H BEIHKOM MArHUTE 3eM-
». C 370l xHHTH, COOCTBEHHO, H HAYMHACTCHA MOMMHHOE HAY4YHOE M3Y-
YEHHE 3NEKTPHUECKHX M MArHHTHLIX ABleHnil. Jlucennbepr onucan B cBo-
¢l KHHIre Bce CBOACTBA MATHHTORB, KOTOPHIE B €70 310Xy ObUTH HIBECTHEI, a
TAIOKE HINOKHA PEIYABTATH COOCTBCHHLIX OYEHEH BAXKHKIX ONLITOB. OH
YKa3aJl Ha pAJ] CYIECTBCHHBIX PavIHM4HH MeXy SJIEKTPHUYECKHM M Mar-
HWTHBIM NIPUTDKCHASMH 1 BBEJI CAMO CJIOBO «3IEKTPHYECTBOY.

Xora nocne Mocensbepra pasnuaHe MeXTy JICKTPHUECKHMH H Mar-
HUTHLIMH ARJICHUSAME OBLIO yXke BCeM HEOCTIOPHMO SICHO, TEM HE MEHecE,
pAA GaKTOB YKa3HIBAET Ha TO, YTO NPH BCEM CBOEM PAUTHUHH 3TH ABJICHHA
KakHM-TO 00pa30M TeCHO H HCpasphIBHO CBA3aHH Jpyr ¢ ApyroM. Hanbo-
nee Gpocatotes B riaza GakThl HAMATHHYMBAHMA KENCIHNX NPEIMETOB H
TIEPEMATHHYHBAHH MATHHTHLIX CTPEJIOK 0/ BITMAHHEM MOJIHHH.

3namenuThi (pannyscinit pusuk JI. Aparo (1786-1853) B croeii pa-
6ote «I'pOM K MOJTHMD) OIMUCHIRAET HHTEPECHRIH CiTyyait: «B mione 1681 r.
xopabms «Koponeray, HaXONHBILHHCA B COTHE MHIE OT Gepera B OTKpHI-
TOM Mope, ORUT MOpaXEH MONHMEH, KoTopad NMPHUHHWIA 3HAYHTENLHBbIE
TIOBPENACHUS] B MaYTax, napycax. Korja Hactynuna HOYE, TO TO MONOXKe-
HHIO 3BE3Jl BRIICHHIIOCH, YTO H3 TpeX KOMIT4COB, HMEBIIHXCA Ha Kopabirie,
JiBA MOKA3LIBANH HA 10T, a TPETHIL — HA 3anaj).

Aparo OnHCHBACT TAKOKE CIy4aii, KOTa MOJHUSA, YAAPHBLIASCH B JIOM,
CHIEHO HAMArHHTIUIA B HEM CTATHHAIC HOXH, BAJIKH H JIPYTHE NPCAMETHL

B mnagane XVIII B. 6b1110° ycTaHoRIEHO, YTO MONHHMA NPENCTARIACT
co6oil anexTpHUECKMil TOK, WylnHii yepes Bo3AyX. [losToMy dakThl Mor-
NIH TIOACKA3aTh, YTO BCAKHH 3JicKIpHYECKHH TOK 0ONafaeT KaKMMH-TO
MarHMTHEIMHM cBoiicTRaMH. OnHako OOHAapYXHTH 3TO yAANOCh TONBKO B
1820 r. Opcreny.
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IlepBble ycnexy B HCCJIeJOBAHAH MATHUTHLIX SIBJICHHH
B CpenHue Beka

B Cpennue Beka m3yueHHe MarHHUTHBIX sIBJIEHMH NpuoOpeTraer mpak-
THYECKOE 3HAYEHHE. DTO MPOUCXOMIHT B CBA3M C M300PETEHHEM KOMIIaca.

Vxke B XII B. B EBpone cran uzBecteH koMrnac kak npubop, ¢ nomo-
UIBI0 KOTOPOTO MOXKHO OTpENCTIUTh HampasieHue yacTed cBeta. O koM-
1ace eBPONEHIIBI y3HATH OT apaGoB, KOTOPHIM GBUIO Y€ K ITOMY BpeMe-
HU H3BECTHO CBONCTBO MarHWTHON cTpenku. Eile panplie, BEposTHO,
TaKoe CBOHCTBO 3Hanu B Kurae.

Hauunas e XII B. koMnac Bce 1LMpe MPAMEHSIICS B MOPCKHX IyTelle-
CTBHUSAX JUIA onpelieeHns Kypca kopabis B OTKPEITOM MOpeE.

IIpakTHyeckoe MPUMEHEHUE MarHUTHBIX ABICHUH PHBOIUIO K HEOD-
XOAUMOCTH HX M3yueHHs. IlocTeneHHO BBIACHANCSA LENBIH PAO CBOHCTB
MarHMToB.

B 1600 r. Boimna keura adriuiickoro ydeHoro V. I'mmebepra «O
MarHuTe, MarHUTHAIX TeNlax H GonbploM MarHute — 3emuex». B Heit aBTop
omucaJl yxe M3BECTHBIE CBOHCTBa MarHuTa, a Takke cOOCTBEHHbIE OT-
KPBITHS.

Eme paHplie y3HaIH, YTO MarHMT BCerda MMeeT asa nosoca. OHM
OblIH Ha3BaHBI 0 MMEHH YacTeil CBETa — CEBEPHBIH MOJIOC H KOXKHbLLI
nomoc. B yucne cpoiicTs Marnura I'niabbepT ykasbiBasl Ha TO, 4TO OIM-
HAKOBBIE NMOJIIOCHI OTTANKHBAIOTCA, @ pASHOMMEHHBIC NIPUTATHBAIOTCA.

I'unpbept npennonaran, yro 3emins npenacraBnser coboit Gonbiioi
MarHuT. Yto6Bl MOATBEpAMTH 3TO Mpeanoioxenue, Iunpbept npopenan
cneuyanbHbId ONMBIT. OH BHITOYMII U3 €CTECTBEHHOTO MarHuTa OoJblioi
wap. [Ipubninkas K MOBEpXHOCTH Wapa MarHUTHYIO CTPENIKY, OH TOKa-
3aJl, TO OHA BCETJA YCTAHABIIMBAETCSA B ONpPEIEICHHOM TMONIOXKEHHI, TaK
e KaK CTpelIka KOMIaca Ha 3eme.

FunsOept omucan ABIEHHE MarHWTHOW WHAYKLUMH, crniocoObl Hamar-
HMYMBaHH{s JKele3a M ctan ¥ T. 4. Kuura I'mnsbepra sBunace nepeeiM
Hay4YHBIM MCC/IEIOBAHNEM MATHNTHBIX SBJICHUH.

II1. 3axpennenue MaTepHaa
- Kakue B3aHMOIe#fiCTBUS HA3LIBAIOT MArHHTHHIMH?
— Ilepeuncnute OCHOBHBIE CBOHCTBA MAarHUTHOTO MOJIS.
— Onuwmre onbIT DpcTena.
— YT0 nokassiBacT ONuLIT OpcTena?

IV. lloaBeaenne HTOroB ypoka

Jomamnee 3anaHHe
§ 1 yuebHuKa.
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Ypok 2. MarHuTHOe IOJI€ H €ro XapaKTepPHCTHKH

Lens: chopMHpOBaTh NPEACTABICHHA YYalMXC O MarHUTHOM TOJE
M €ro CBOMCTBaXx.

Obopyodoeanue: UCTOUHUK NUTAHHWA, KIIOY, TIEPEMEHHBIH pE3HCTOp,
aMIepMeTp, KaTylLIKa Ha N0JCTaBKe, KOMIlac, COEHHUTEIbHBIE NIPOBOJIA.

Xona ypokxa

L. Opranu3anmoHnAbIif MOMEHT

I1. AkTyanu3anus 3HaHHIH
— Yto Ha3pIBaIOT MATHUTHEIM TIOJIeM?
— Kax B3auMopeiicTBy1oT Mexay coboif nmapamrenthele Toku? Yem
BEI3BaHO 3TO B3aUMOJEHCTBHE?
— IlepeunciMre npasuia, ONpeAeNsAIOLIMe HANPaBIeHHs MarHUTHO-
ro noss. Kak ucnons3osars 3710 npaBuio?

II1. MI3y4yenHe HOBOI0 MaTepHaia
1. ITpoBeneHHE IKCTIEPUMEHTA.

Ixcnepumenm No 1

PacnonoxxuM nmnepex karymkod Kommac.
3amkneM mens ¥ OyaeMm HabGnioaaTh 3a nosele-
HHEM KoMMaca.

Kakoit BLIBOJ MOXHO clejiaTh?

Bokpyr npoBOIHUKAa ¢ TOKOM CYLIECTBYET
MarHUTHOE mnone (MarliuTHOe mnoje AeicTByeT Ha
CTpENKy KOMIIaca, OTKJIOHSAA ¢e).

Puc. 1

Ixcnepumenm Ne 2

PacnonoxxuM nepes KaTymkoi KOMIIAC TakK, YTOObI pacCTOsIHHE MEX-
Iy HUMH 6BUT0 OKOJIO 12 cM. 3aMKHEM 3J1eKTpU4ECKyIo IIenb. B gaHioM
cllydac OTKJIOHEHHs CTpesikH He Habmiopaercsd. Ilpu mpuGmmxeHnu ka-
TYIIKHM K KOMIIaCy Ha paccTossHHE 8 cM, HabIIoNaeTCs OTIIIOHEHHE CTPE-
KH (OHO MoxeT OBITh 0k0s10 30°). YMeHbas pacCcToAHHE, BUIUM YBEJIH-
YeHHE YTNIa OTKIIOHCHMS cTpenkyi. YeM Janbiie oT MpOBOAHHUKA C TOKOM,
TeM cnabee MarHUTHOE MOJIE.

2. Pacckas yuurens.

MaruuTHoe 1osie MOXXHO H300pasuTh rpadHyYeckd NMPU MOMOUIM JIH-
HMH, KacaTenbHEIE K KOTOPBIM B KaXkI0i TOYKE COBMANAIOT ¢ HanpasJe-
HHEM BEKTOpa MarHMTHOM MHIYKLHH.

JIMAMM MarHUTHOM MHAYKLMM He nepecekatoTcsa. 1IpH H3oOpaeHHH
MarHMTHOT'O MOJIA C TIOMOLIBIO JIMHAH MarHATHOM MHAYKIMH 3TH JIMHAK
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HaHOCATCA Tak, 4ToObl MX rycToTa B moboM Mecte 1ond Osina npomop-
LHOHAJIbHA 3HAYEHHIO MOLYJIS MATHUTHOM WHIYKIHH.

XapakTepHO# 0COGCHHOCTBIO JIMHUA MaTHUTHOM MHIYKUWUH ABJISETCS
HX 3aMKHYTOCTb.

MarHuTHOE 1oJjie ABAAETCA BUXPEBBIM.

OTKpBITHE 3IeKTPOMATHETH3IMA

B XVIII B. 2neKTpU4ECTBO U MAarHETU3M CUHTAIUCH XOTH M IOX0XKH-
MM, HO BCE € UMCIOLIMMH Pa3TUYHYIO NpUpoAy sBieHUsMH. [IpaBna,
ObUIM H3BECTHBI HEKOTOpRIC (aKThl, YKa3BIBAalOLWME HA CYLUCCTBOBAHHME
Kak 6yaTo 6B CBA3M MEXIY MarHETH3MOM U 3IEKTPHYECTBOM, HalIpUMeEp,
HaMarHMYHWBAHHE KEIC3HBIX NMPEAMETOB B PE3yJIbTaTE yJAapPOB MOJHUM.
boasie Toro, GpaHKIMHY YAAIOCHE, KaKk OYyATO 6l HAMATHUTHTE KYCOK
Kese3a ¢ IOMOILBIO pa3psna neineHckoll 6aHku. Ho Bce-TakH M3BeCTHbIE
¢aKTsI He MO3BOJSIIM YBEPEHHO YTBEPHKATh, YTO MEXIY ICKTPHYECKH-
MH H MarHMTHBIMH ABJICHHSAMH CYIUECTBYET CBA3b.

Takyio cBs3b BIEepBbiE OOHApYXxun JaTckuid ¢u3uk I'anc Kpuctuan
Opcrex (1777-1851) B 1820 r. OH OTKpBL! HeHCTBHE 3MEKTPHYECKOTO
TOKA HAa MarHHUTHYIO CTPEJIKY.

HnTtepecHa uctopus 3toro oTKpeITHA. Mnero o cBA3u MEXAY IIEKTpH-
YEeCKMMH W MarHUTHBIMH SBJICHHAMHM DPCTEX BBHICKA3AI €LIEC B NEPBOM
necatunetdd X1X B. OH nonarain, 4to B ABICHUAX NPHPOABI, HECMOTPS
Ha Bce UX MHOT00Opa3He, HMEETCs eJTHHCTBO, YTO BCE OHH CBA3aHBI MEXK-
Iy coboii. PykoBoacTBysce 3TOMH Haceil, OH nocTaBui Nepel coboif 3ana-
4y BRIACHHTDb Ha OIIBITE, B €M 3T CBA3h IPOABIAETCA.

JpcTen OTKPBUL, YT €CNIN HaX MPOBOJHHKOM, HAMNpaBIeHHBIM RAONb
3eMHOTO MEPHIMaHa, IOMECTHTL MarHUTHYIO CTPEIIKY, KOTOpas MOKa3bl-
BAET HA CEBEp, U IO NPOBOJHUKY MPOINYCTHTL 3NEKTPHYECKHH TOK, TO
CTpelKa OTKJIOHACTCA Ha HEKOTOPKIii yron.

[ocne Toro kak Dpcrel OMyGAMKOBAN CBOE OTKPHITHE, MHOTHE (hH3H-
KH 3aHAIHCH NCCNIEJOBAHUEM 3TOTO HOBOTO siBlicHHs. Dpatitly3ckde yue-
Heie K. buo n @. Carap nocrapanuch YCTaHOBUTE 3aKOH JCHCTBUA TOKA
Ha MarHUTHYK CTPEJKY, TO €CTh ONPEXEINTD, KaK U OT Yero 3aBHCHMT CH-
lla, XEUCTBYIOILAA Ha MAarHUTHYIO CTPENKY, KOT/J[a OHA MOMELIEHA OKOJIO
anekTpuueckoro Toka. OHHM YCTaHOBWIHM, YTO CHNa, JEHCTBYywolas Ha
MarHuTiulii nomoc (Ha KoHel JUIMHHOTO MAarHuTa) cO CTOPOHBI NPSMO-
JAMHEHHOro MPOBOJHHKA C TOKOM, HAanpasleHa NEPIeHIHKYIAPHO K Kpat-
yaifleMy paccTOSHHIO OT NOJIOCA IO NPOBOJHHKA U MOAYNE ee 00paTHO
NPOHOPLMOHANEIL 3TOMY PacCTOSHMIO.

Io3unakomuBIKchk ¢ pabGoToit buo u Casapa, I1.-C. Jlannac 3ameru,
YTO JUIA pacdera «MarHUTHON» CHIIBI, TO €CTh, TOBOPA COBPEMEHHLIM
SI3BIKOM, HANPMKEHHOCTH MArHWTHOrO MOJA, MOJE3HO PacCMaTpUBATh
JieificTBHE OJYEeHb MaJIBIX OTPE3KOB NPOBOJHHKA C TOKOM HAa MArHMTHBIH
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nomoc. HoBelif BakHeHImMi ar B MCCIEAOBaHUM DJEKTpPOMarHeTH3Ma
Ob11 caenaH GppaHLy3ckuM yyeHbIM AHnpe Mapu Amnepom (1775-1836)
B 1820 .

PasgymbiBasi Han OTKpbITHEM OpcTena, AMIEP NPHUILET K COBEPUICHHO
HOBBIM HfiesM. OH TPEANoNOXKWI, YTO MArHUTHBIE SBJIEHUS BBHI3BIBAIOTCA
B3aUMOJICHCTBHEM 3JIEKTPHUECCKHX TOKOB. Kaiplid MarHuT npeacrabiser
cobol cHCTEMY 3aMKHYTBIX JJEKTPHYECKHX TOKOB, IUIOCKOCTH KOTOPBIX
TIEpNIEHAMKYJ/IAPHBI OCH MarHuTa. B3auMoneHcTBME MarHUTOB, MX TIPHTS-
KEHHE M OTTAIKMBAHHE OOBSCHAIOTCA NMPUTHKEHHEM M OTTANKHBAaHHEM,
CYLIECTBYIOIMMH MEXAY TOKaMH. 3eMHOH MarHeTH3M Takxe 00yCJOBIEH
3JIEKTPHYECKHMH TOKAMH, KOTOPHIE NIPOTEKAIOT B 36MHOM Liape.

Ota runore3a TpeGoBana, KOHEYHO, OMNBITHOrO NOATBepxJAeHUS. KM
AMnep npojenan 1eAylo CepHI0 OTIBITOB I €€ 000CHOBaHHS.

IlepBrie onuTE AMIEpa 3aKIIOYAIMCh B OOHApYXXeHHH CHII, NEHCT-
BYIOLIHMX MEXIY NPOBOAHUKAMH, N0 KOTOPBIM TEYET JJICKTPUUECKHH TOK.
OnbITHI MOKa3ay, 4YTO JABa NMPSMOJIMHEHHEIX NPOBOAHHKA C TOKOM, pac-
TIOJIOXEHHbIE NMAapPALIEABHO APYT IpPYyTY, NPHTATHBAIOTCS, €CJIH TOKH B
HHX HMEIOT OJMHAKOBOE HANPaBjiCHHE, U OTTAIKUBAIOTCA, €CIIM Halpas-
JIEHHE TOKOB NPOTHBOIOJIOKHO.

AMriep NoKa3aJl TakKe, YTO BUTOK C TOKOM M CUPAIEBHIHbIN MPOBOI-
HHK C TOKOM (COJIEHOMI) BEXYT ce0sl kak MarHWThL. J{Ba TakMX NpOBOIHHKA
TIPUTATHBAIOTCA U OTTAIKHBAIOTCA MOZOGHO IBYM MarHUTHBIM CTPEJIKaM.

Csou nepBeie cOOOIIEHHS O pe3yibTaTax OMBITOB AMIIEp CAeNAN Ha
3acenanuax [Tapmxckoif akaxeMuu Hayk ocensio 1820 r. Tlocne 3Toro oH
3aHssICsA pa3paboTkOH TEOpUH B3aMMOJEHCTBHS NMPOBOXHHKOB, 110 KOTO-
PBIM TEYeT JIEKTPHYECKHIH TOK.

AMniep pelusa B OCHOBY TEOPHH B3aHMOACHCTBHS TOKOB MOJIOXHTh
3aKOH B3aUMOJAEHCTBHA MEXKAY 3JeMEHTaMH TOKOB. HyXHO OTMETHTS,
4TO AMIIEp I'OBOPHII YKE HE MPOCTO O B3aUMOJECHCTBHH 3JIEMEHTOB IpO-
BOAHHKOB, Kak bvo u Casap, a 0 B3aMMOIEIICTBHH 3JIEMEHTOB TOKOB, TaK
KaK K TOMY BPEMEHH Y€ BO3HHMKIIO MOHATHE CHIBI Toka. U 310 MoHsTHE
BBeJI caM AMriep.

Criexys B3risnaM TOTO BPEMEHH O MOJOOHH 3JIEMEHTApPHEIX CHI CH-
J1aM TATOTEHUA, AMIep MPeANOoNOKIII, YTO CHIa B3aUMOACHCTBHH MEXAY
3]1eMEHTaMH ABYX TOKOB OYyJET 3aBHUCETh OT PACCTOAHUA MEXAy HUMH H
JO/KHa OBITH HaNlpaBieHa 1o NPAMOH, CoeIMHAIOLIEH 3TH J1Ba JJIEMEHTA.

TIpoBens 60npnIo€ YHCIO ONMBITOB MO ONPEIEICHHIO B3aUMOACHCTBHA
TOKOB B IIPOBOJ{HHKaX pa3IN4HOif POPMBI 1 MO-PA3HOMY PACHONOKEHIILIX
OTHOCHTENILHO ApYT Apyra, AMIEp, B KOHLle KOHILIOB, ONpPEeReNn HCKO-
Myto cuiy. [lono6HO cuiie TArOTEHHs OHa OKa3anach o6paTHO mpornop-
[{MOHAJILHOH KBAApaTy PAacCTOSHHA MEXAY JIEMEHTAMH dIEKTPHYECKHX
ToKOB. HO B OT/IHYMe OT CHJIBI TATOTCHHS €€ 3HaUY€HHe 3aBHCeNO eIl H OT
OTHOCHTENBHOH OPUEHTALINH 31IEMEHTOB TOKOB.
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Amfiep NPOBOBLT ONMBITEI C 3AMKHYTHIMH MOCTOSHHBIMH TOKaMH, OH
noiydYan nmpM pacderax mo cBoeH (opMyne NpaBWILHBIE PE3yNbTaThHI.
OkaspiBaeTcs, 4T0 RS 3aMKHYTBIX POBOXHHKOB (hopMyna AMnepa npH-
BOJIMT K TEM )K€ PE3yjhTaTaM, YTO H WCMpaBICHHAA BOCIEACTBMH op-
MYNa, BHIpDAKAIONIAS CHIFY B3AHMOACHCTBHS MEXIY JNEMEHTAMH TOKOB,
KOTOpas No-NpeXHEMy HOCHT Ha3BaHMe 3aKOHa AMIepa.

IV. 3akpennenue MaTepuana

B yem cOCTOWT NpaBHAIO NPaBOro BHHTa?

Kaxy10 ¢popMy HMEIOT IMHHM MarHUTHO! HHAYKLMH NPAMOTo Toka?
OT yero 3aBHCHT MATHUTHAA WRAYKIMSA N0 BHYTPH BLITAHYTOR
KATyHmKH?

B yeM 3akmodaercd NpHHIMIE cynepno3Hipm?

V. lloasenenne ATOrOB ypoxa

Jlomawmnee 3ananue
§ 2 yne6Huxa.
H3roroBUTH SIEKTPOMArHUT M HCIIKITATH €10.
OTBETHTH Ha BONIPOCHI:

Ot KaKNX HApPaMETPOB 3aBUCHT MArHHTHOE NONIE INEKTPOMarHHTa?
OnpenennTs NOJIOCA BAIIETO 3eKTPOMAarHHTa.

B yem oTiIHUNE M B 9EM CXOJICTBO NEKTPOMArHATAa H HOCTOAHHOTO
MarnuTa?

¥Ypok 3. 3akon AMnepa u ero npaEMeHenHe

Ilens: chopmynnpoBaTh 3aKOH AMriepa H NOKa3aTh €ro IpaxKTHie-
CKY10 IPHMCHHMOCTE.

Xon ypoka

L Oprana3anHoHHLI MOMERT

II. AKTyanu3anus 3HAHMH

Onumute onnit Jpcrena.

Kaxum sBisercs MarHuTHOE nojie?

Y10 MOXHO CKa3aTh 00 OCHOBHLIX JIMHMSIX MArHUTHOIO [1014?
Y10 TaKOE CONEHOMA?

CdopMympyiiTe npaBuna 11 onpeieiCHUs HANMpPaBleHUI cUio-
BbIX JIMHHH MarHWTHOIO Nofa?

Yro MOIKHO CKA3aTh O MATHUTHBIX MOHOMNONAX?

1. Bunosnenne s1aboparopnoii paboTn:
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JlaGopaTopHas padoTa no Teme
«H3yyeHne CROHCTR MOCTOSTHHBIX MATHHTOBY

Ienn: noxyyuTh KAPTHHBI CHIOBBIX JIHHUI MArHUTHOTO MONSA BOKPYT
MOCTOSTHHBIX MArHUTOB, )

Obopydosanue: MArHAT NOJIIOCOBOI (2 IMIT.), MarHUT NOJAKOBOOGpas3-
HBIH, MATHUTHAs CTPeNKa, CKPENKH, MEHEIN TIPOBOJ, TACTHK, JKENE3HbIE
OTIHIIKH.

Xona paGoTnr

1. Haiinute ceBepHBIil MoMIOC CTPENKH, YCTAHOBUTE MOIIOCA TIONIOCO-
BOI'O MarHHUTAa M MOAKOBooOpa3Horo. O603HAYbTE CEBEPHBIH M HOKHBIH
MOMI0CA MATHUTOB.

2. Tono>xuTe JIMCT KapTOHA Ha TONIOCOBOM MAarHUT U PaBHOMEPHO
MOCBINIBTE €0 JKeNEeIHBIMH ONMIKaMu. He nBHras MarHWT W KapTOHKY,
OCTOPOXKHO MOCTYIHTE 110 KapTOHKE, YTOOH! OIIKH MOTJIH MEpeMeIaTh-
cs1. O6paTute BHUMAaHHE, KaK BRICTPOMIIHCH OMUIKH Ha nucte. Chenaite
PHCYHOK B TETPazH.

3. TTomyunTe KapTHHY MarHUTHOTO MOJS ABYX MOJOCOBBIX MArHUTOB,
PAacCIONOXEHHBIX TApAIIENBHO JAPYT JAPYTY, H NOAKOBOOGPA3HOrO MartuTa.

4. UTo MOXHO CKa3aTh O MHHUSIX MAarHUTHOH WHIYKIHHN?

IV. H3y4ueHue HoBOro MaTepuana

1. [IpoBeaeHnE IKCNIEPHMEHTA.

Ilo AByM mapannenbHbBIM NPOBOXHHKAM TIPONYCKaeM 3NEKTPHYECKU
TOK. B ToM ciryyae, eclii TOK HarpasiieH B OJHY CTOPOHY, HabntonaeTcs
HPHTSKEHNE TIPOBOAHUKOB, €CIIH B Pa3Hble CTOPOHBI, TO OTTATKHBANHE.

ITpuTsiskeHHe WM OTTAJIKHBAHME JNEKTPUYECKH HEHTPaBHBIX MPO-
BOJHHMKOB NPH NPOMYCKaHWH Hepe3 HUX 3JIEKTPHYECKOTO TOKA HA3BIBAIOT
MAarHUTHBIM B3aHMOAEHCTBHEM TOKOB. ‘

Ha npoBOIHHK C TOKOM B MarHUTHOM MONI€ IEHCTBYET CHIla, KOTOpas
NOJMy4yuna HasBaHWe culbl Amnepa. Hampapnenue sToit cuiisl MOXHO
HaliTH NpH MOMOIIM NpaBHIIa NeBOH pyKH. MaTemaTHyeckas 3anmich UMe-
€T CNeqYIOni BUA;

FA =IBlsina,

rae / — cvna Toka B IPOBOAHUKE; B — MarHUTHAs MHAYKUUS; [ — NIMHA
MPOROAHHKA; L — YrON MEXIy HATNpaBlIeHHEM MPOBOAHMKA M HarpagJie-
HHEM BEKTOpA MATHUTHOMN MHTYKI{UH.

2. Pabota ¢ yuebHUKOM.
Vyainnecs oTKpbiBaloT ¢. 900 yye6HMKa, YHTalOT § 64 ¥ 0TBEUAOT HA
CIIe/TyIOIIHE BOITPOCHL:
= Kak ycTpoen H3IMEpUTENBHEI TPUOOP MAarHUTO3IEKTPHUECKOH
CHCTEMBIY
N
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—  KaxoBO yCTpOHCTBO 3JIEKTPOABUTATENA IOCTOSHHOIO TOKA?

—  OFT 4ero 3aBUCHT BPAIJAOLMACS MArHUT BIICKTPONBHUIATENS MO-
CTOSTHHOT'O TOKa?

— Kak MOXHO M3MCHHTH HAaMpaBJICHHE BPAIICHHS SAKOPS JJIEKTPO-
JIBHrarens?

—  Kak MOXHO M3MEHHUTB CKOPOCTh BPALLICHUSA SKOPS JIEKTPOJBUTaTeN?

V. Pemensue 3ana4

1. Kakas cwia AeHCTBYET HA KaXbIH METP JUIMHBI BO3AYLIHBIX NpO-
BOJIOB TPONNeHOYCHOH JIMHHM, PACNIONOXEHHBIX HA PACCTOSHHU 52 M
JPYT OT ApYTa, eCl Ciila Toka B mpoBogax — 2000 A? (Omeem: 1,5 H.)

2. Brruucnure MHAYKIHIO MAarHUTHOTO MOJS Ha paccTosHuu 10 M oT
JUIMHHOTO MpPSIMOro MpPOBOJHHMKA NP CHJIE TOKa B MpOBogHHKE 20 A.
(Omeem: 4-107° T1.)

3. Brlupcnute MHAYKLMIO MarHUTHOTO MMOMS BHYTPH IMIMHAPHUE-
ckoH katymku mmuHoH 10 M, comepxamedt 200 BHTKOB MpoOBOAA, MpH
cHie ToKa B Katymike 5 A. (Omeem: 1,3-107 Tn.)

3ajauy MOBBIICHHOHN CIOXHOCTH:

1. B BepTHKalbHO OJHOPOAHOM MAarHMTHOM MOJie Ha ABYX TOHKHX
JIEHTaX TOPH3OHTAIBHO MOJBEUICH MPOBOAHUK JMHHOH 20 cM u Maccoi
20,4 r. Ungyxkuus marautHoro nons pasua 0,5 Tn. Ha kakoif yron or
BEPTHKAIH OTKJIOHATCS JICHTBI, €CIIH CHIIa TOKA B IPOBOJHUKE PaBHA 2 A.
(Omeem: 45°.)

2. TlpsAamonuHeHHbIH NPOBOJHUK Maccod 2 KI U JuIHHO#H 50 cM moMe-
LICH B OJHOPOJHOE MaTHUTHOE MOJi€ NEPICHANKYIIPHO THHHAM HHIYK-
un. Ungykuus nons pasHa 15 Ti. Kakoit cHIsl Tok AOIDKEH NPOXOIUTE
o Hemy, YyToOHI OH Bucen He Manas? (Omeem: 2,7-Ti.)

3. IipoRonsumii CTEpKeHh NEXWT HA TOPH3OHTANHHONH MOBEPXHOCTH
NEPIEHANKYIISIPHO OJHOPOJHOMY FOPH3OHTAIBHOMY MAFHHUTHOMY MO0 €
usgykipeit 0,2 Ti. Kakyio ciimy B FOpU3OHTATPHOM HAMpaBICHHH Hy>KHO
TIPHIOKHTH NEPICHANKYJIAPHOMY TPOBOJHHKY UL €0 PaBHOMEPHOTO I10-
cTynarenbHoro apmwkerna? Cwia Toxa B npopofHuke — 10 A, Mmacca— 100,
JuHHA — 25 oM, ko3 duumenT Tpenus — 0,1. (Omsem: 0,548 H wm 0,402 H.)

VI. llonBeneHue HTOrOB ypoKa

JlononuntenbHbIi MaTepuan
Anppe-Mapu Amnep

Auape-Mapn Amnep poauncs 20 susaps 1775 r. B JIuoune B ceMbe 06paso-
BaHHOI'0 KOMMepcaHTa. OTell ero-8CKope Mepecenuics ¢ ceMmseit B aMernue [lone-
Mb€, PacroNioKeHHoe B OKPeCTHOCTAX JIHOHA, U JIHYHO PYKOBOJWI BOCMHTAHHEM
chiHa, Yke k 14 romam Ammnep npoyutan Bce 20 TOMOB 3HAMEHHTOH «OHUHKNO-
neauw» duapo u n’Anambepa. IlposBisas ¢ meTcTBa GONBUIYIO CKNOHHOCTB K
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MaTeMaTHIeCKHM HaykaM, AMniep K 18 rosaM B COBEpPIICHCTRE WYYl OCHOBHEIC
Tpyas Jiinepa, Bepuynnu u Jlarpamxa. K ToMy BpeMeHH OH Xopoino Baaaen
JIATHIHBIO, FPCYECKHM M HTATBAHCKUM A3bixaMH. HHBIMU clioBamMH, AMmniep noty-
4un ry6okoe H SHIMKIoNeAHYecKoe 00pasoBatHe.

B 1793 r. B JInotie BCIIKIXHYJI KOHTPPEBOMOIHOHHMI{ MaTeX. OTeny AMniepa —
WHMPOH/IACT, HCTIONHABIIHHA O6Y3aHHOCTH CYALH NMPH MATEXHHKAX, AOCHE MO/AaB-
NeHus MATeXa ObT ka3uén kak coobmuuk apucrokparos. UMyniectso ero 6aumo
koHduckoBano. IOHm AMnep Hayan CBOIO TPYAOBYIO AEATENBHOCTh C YaCTHRIX
ypokoB. B 1801 r. on 3aHAN AOMKHOCTH NpenofaBaTens PHIUKH H XHUMHH IICH-
TpansHoH mkonsl B roposic bypre. 3nech on HamHcan mepBHii HayuHbli TPYA,
MIOCBRIICHHBIH TCOPHH BEPOATHOCTH «OMNBIT MATEMAaTHYIECKOH TEOPHH HIPBI». JTa
pa6ora npHBnekna BuuManue A°Anam6Gepa u Jlamnaca. 1 Amnep cran npenoaa-
BaTh MATEMATHKY H acTpoHomHio B JInoxckom nuuee. B 1805 r. Amnep 6bL1 Ha-
3HaYCH PENETHTOPOM M0 MaTteMaTHke B 3HaMenHTo#H TlonurexHHyeckoif mkone B
Tapuxe u ¢ 1809 r. sasenosan kadenpoii BHCIICH MATEMATHKH H MeXaHHkH. B
3JTOT nepHox AMMiep NyONHKYET pAfl MaTEMaTHUECKHX TPYJIOB 0 TCOPHH PANOS.
B 1813 r. ero m3bupaior wienoM Uncrutyra (1. e. Taprkckoii AxaneMHH Hayk)
Ha MecTo ckoH4aBmierocs Jlarpamwxa. Beckope nocie wibpaHus AMnep npeacra-
BHII B AKQZIEMHIO CBOE HCCIIEAOBAHHE O NMPENOMICHHH cBeTa. K 3ToMy e Bpeme-
HH OTHOCHTCA ero 3HaMennroe «[InceMo k r. Bepronne», B kxoTopom Ammep
chHOpMYNHPOBAN OTKPBTHIA HM HE3ABHCHMO OT ABOTAfip0 XHMHYECKMH 3aKOH,
HMEHYEMbifi HbIHE 3aKOHOM ABOrafpo-AMIcpa.

B 1816 r. AMnep ony6aHkoBan cBoi0 KNACCHPHKAHIO XHMHYECKHX IEMEH-
TOB, NEPBYIO B HCTOPHH XHMHH CEPbe3HYIO MOMBITKY PacliONiOKHTh XHMHYECKHE
3JIEMEHTHI 110 HX CXO/ICTBY MEXAY CODO#H.

OtxpritHe Jpcresom B 1820 r. acicTBAA INEKTPHYECKONO TOKA HA MACHHT-
HYI0 CTPE;AKY NpHBIEKAET BHUMAHHE AMIEPA K ABICHHAM JJIEKTPOMArHETH3IMA.
AMrMiep CTaBHT MHOTOYHCIEHHBIC ONMBITH, W300pPETaeT A 3TOH WENH CNOKHBIE
0NpHGOPH, KOTOPHIE HITOTARIMBACT 3a CBOH CYET, YTO CHALHO MOAPHIBAET €ro
MaTepHANBHOE TIONOXKEHHE.

C 1820 no 1826 r. AMnep onyGnHkoBan pajg TEOPETHYECKHX I IKCMEPHMEH-
TaNLHKIX TPYAOB MO JNEKTPOAMHAMIIKE H MOYTH €XCHEACNBHO BHICTYHAN C JOK-
NAJIlaMH K AXaReMHH HayK.

B 1822 r. on Buinycran «C6opHHK HabnioneHui Mo anekTpoMarHeTHiMy», B
1823 r. — «KoHcnekT TeopHH 3MEKTPOAHHAMHYECKHX ABNCHHID M, HaKoHel, B
1826 r. — 3sHamennTyI0 «TeopHio NEKTPOAHHAMHYECKHX SBACHHH, BHIBERCHHBIX
HCIUTIOYHTENBHO H3 ONKITA». AMIEp MOMY4aeT BCEMHPHYIO H3BECTHOCTb KaK Bbi-
JAtOIHHACE PHIHK.

Ypox 4. Pemenne 3ana1. Cuna Amnepa
I{ens: otpaboTka npa!cm-ﬁcm HABLIKOB NPH PEIICHHH 33/4a4.

)hﬂi ypoka

L. Opraum3anEORARIH MOMEHT
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II. I[ToBTOpEHNE MaTepuana
— Yro ycTaHaBNIMBaeT 3aKOH AMrnepa?
—  Yemy paBeH MOAyITb CUIIBL AMriepa?
—  CdopMyIHpyiiTe NpaBHITO, NO3BOJLIOILEE OMPEAENHTEL HAITPaBIie-
HUE CUITBI AMIlepa.
— [lpuBeanTe NpUMeEph! UCMONE30BAHHS CUTBI AMTIepa.

II1. Pemnenue 3ana4

1. B OI_IHOpOIIHOC MArduTHOEC T10JI€ BHECCHE! ITpOBOIIHHKH ¢ CHJIaMH TOKa,
HarpaBleHHs! KOTOPBIX YKa3aHb!l Ha puc. 2. OnpenennTe HarpaBieHUs CHIIbI,
JeiicTByoLIel Ha KaXABIH MPOBOTHKUK CO CTOPOHEl MATHUTHOTO TMOJISL.

e o oBo S X X X
L ﬂ@E — x xOx
« o o o N X X X

Puc. 2

2. OnpenennTs HampaBleHHE TOKA B MPOBOJHMKE, HAXOAALIEMCH B
MarHHTHOM IIoJle, eCli JeHCTBYIOILas Ha MPOBOJHMK CHIa WUMeeT Ha-

NPaBICHHUE:
y}
ﬂ E
Puc. 3

3. ITpsamoit npoBoauuk ab nmuuoii / = 0,5 M, Maccoit m = 0,5 r nox-
BellleH TOPH30HTANBHO Ha JIBYX HEBECOMBIX HH- ,
TAX 0a W ob B OQHOPOJIHOM MAarHWTHOM IOJNE 5
(cM. puc. 4). B = 24,5 MT1 # nepneHaANKYTAPHO K ®§
npoBogHUKy. Kakoil Tok Hafo nponycTuTh Yepes
HPOBOJIHHK, 4TO6bI OHA U3 HUTel pa3opBaIach,
€CIIH HUTh Pa3phIBACTCA NpPH HArpy3ke, paBHOH

cHlle, mpeBhlatomed Mg — 39,2 mH.

a . b
(N |

Puc. 4

Jano: Pemenne: vé
1=0,5Mm, R=mi;
m=0,5r

»2 bs 2T-mg-F =0
B=24,5MTn, &y

Mg-392mH | 1 . 1
=2 r=5(meFy); g

=)
®
w
=

1 F
T=— +F |2 M A

2(mg A) £ = Puc. 5
2(M-m)g

12 =3,75A.

(Omgem: I=3,75 A.)
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4. TIpoBonuuk ¢ TokoM I =1 A, Maccoif m = 20 T 1 nnuHOoH / =20 M
TOJBELIEH HAa JBYX TOHKHX IPOBOJIOKAX M MOMEMIEH B ONHOPOIHOE Mar-
HHUTHOE TIOJIE C BEKTOPOM B , HANPaBNEeHHBIM BEPTHKATEHO (CM. pHC. 6).

Benuuuna uaaykigau toka B = 0,5 Tn. Ha kakoif yron ot BepTHKaIH OT-
KJIOHHTCS MPOBOJIOKA, MOIIEPKUBAOIIAN TPOBOJHUK?

Jano: Pemenue: AY
I=1A, R=ma; -
m=20r, CocTaBumM CHCTEMY B
—f=?0’5 Tx x F-2Tsina@=0
o y 2Tcosa-mg=0’ )
2Tsina = Bll
= ; |
2T cosax =mg P mg
Puc. 6

tga=B—”z0,5; a=26,5°.
mg

(Omeem: a=26,5°)

5. Pamka mnomansio S = 25 cM’, cofepxantas N = 100 BHTKOB MPOBO-

1a, TIOMEIEHa B ONHOPOJHOE MATHHTHOE ToJe TaK, YTO MHAYKIMS B
NapaUie/ibHa IDIOCKOCTH paMKH. IIpH BeNHYHHE TOKAa B KaXKAOM BHTKE
I=1 A Ha paMKy €O CTOPOHEI MArHUTHOTO MOJI NEHCTBYET MOMEHT CHITBI
M = 5-10" H-m. Onpenenuts Benmuuny B BEKTOpa HHIYKIMH MarHUTHO-
ro noxs (2-107 Tn).

6. TIpAMOIHHEAHBIH NPOBOAHUK C TOKOM IMOMEIEH B OHHOPOIHOE
MarHuTHoe none ¢ HHaykuueil B = 0,2 Tn. Hafigure BenHYMHY CHIIEI,
JIeiiCTBYIONIYIO Ha MPOBOJHUK, €CNH ero JHHa [ = 10 cM, BeIuYHHA TOKa
I =3 A, a HampaBJIcHHE TOKAa COCTABIIfET C HANPABJIEHHEM BEKTOpa WH-
JYKIHH MarHHTHOTO TIONS yroll a = 45° (4,2-107 H).

7. XecTkas npoBojdIas KBapaTHaA paMKa JIEKHT HA TOPHU3OHTAIE-
HO#l HEMPOBONAMIEH NMOBEPXHOCTH H HaXOAMTCA B MardHHUTHOM TIOJE, JTH-
HHHM MHIYKIMH KOTOPOro MapajUIe/IbHBI IBYM CTOpOHaM paMkH. Macca
paMku m = 20 1, JIMHA ee CTOPOHHI @ = 4 CM, BeJIHUHHA MarHUTHOM WH-
nykiud B = 0,5 Tn. Kakoii BeNMHYHHEI TOK clefyeT MPOMYCTHTH MO paM-
Ke, 4TOOh! OfIHA U3 €€ CTOPOH\HavYaNa NogHHMaThkes (/= 5 A)?

IV. IlonBeneHue HTOrOB ypoKka

JlomaniHee 3aianne
Vopaxuenue Ne 1 (1:2).
P -829; P —830.
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¥Ypox 5. JlabopaTopHas paGoTa no TeMe
«OueHKa MOYJIfl BEKTOPA MATHHTHOM HHAYKIHHU
MOAKOBOOOPA3HOro MarHuTa»

Ilens: ucnonb3oBaHKHe CHIBI AMIepa JUIs ofpeleicHHs BEKTOpa Mar-
HUTHOH HHAYKUMH OJXHOPOAHOTO MOJIA.

Obopyoosanue: nonKOBOOOpa3HbIH MarHWUT, KaTyulka C M3BECTHBIM
YHCIIOM BHTKOB, BECHI C Pa3HOBECAMH, HUTh, aMIIEpPMETP, PEOCTAT, KJI0Y,
MCTOYHHUK TOKA, NHHEHKA, IITATHB C JIATIKOMH.

Xon paboTbl

1. Onpenenure Maccy KaTyLKH ¢ BUTKaMH.

2. 3aKpenuTe KaTYIIKY Ha OBYX HHUTAX B JANKe LUTATHBA TaK, YTOOBI
KaTylKa Ha 2 cM ynIyOHuiach B MPOCTPAHCTBO MEXIY NOTIOCAMH HAaKo-
HEYHHKaMH MOJKOBOOOPa3HOro MarHuTa M Moria cBo6oaHo konebarbes,
He Bpalasch BOKpYr CBOeit OCH.

3. Cobepure Lens, NO3BONAIOLIYI0 MPOMYCKATh TOK IO KaTyIIKe, pe-
TyJIMpOBATh €I0 U UBMEPSATH CHITY TOKa.

4. PeocTaToM OTperyIMpyiTe CHIly TOKa Tak, YTOOBI KaTyuika OTKJIO-
HSIaCh OT BEPTHKANH Ha 1—2 CM, He BHIXO/A U3 3a30pa MarHuTa.

5. ITpn 5TOM U3MEpbTE CHITy TOKA, OTKJOHEHHE X, ANMHY HUTH L.

Puc. 7 Puc. 8
 MgX  MgX MgX

6. F =Mgtga~—=—=—=—; F =]|BN; B=—""—.

ATTEBART TR Y LIIN
7. Cnenaiite BEIBO/.

JloMamHee 3a1aHue
m. 2-35.
Ypok 6. Cuna Jlopenna

Ilenu: ycTaHOBUTH CHIIBI, BIHAIOIIHE HA TOJBHXHOE 3apAKEHHOE Te-
JI0 B DNEKTPOMArHUTHOM MOMNeE.
Obopyodoearue: CTapblii TENEBHU30P, TEHEPATOP T10J10C, JIEKTPOMATHHT.,
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Xoa ypoka
1. OpraHu3auHOHHBIH MOMEHT
11. AkTyanu3auus 3HaHHI

1. @poHTanbHEIA OmpocC. .

—  Yro Taxoe 35eKTpOMarHHTHoE noJie?

—  Kakue BenHuuHBI ONPeNeSIOT COCTOSHHE MIeKTPOMarHUTHOro 1oss?

— Kakas cuna Ha3wIBaeTcs HJICKTPUIECKOiH?

— Kakas cua Ha3bIBaeTCd MarHUTHOM?

—  Yro Takoe npoGHEIHA 3apan?

— Kak onpenensercs snekTpHuecKas HarpsaXeHHOCTh?

—  UYro Ha3wsIBaeTCS MArHUTHON UHAYKLUEH?

— Kak onucriBaeTcs B3auMozeiCTBHE 3apsDKeHHBIX YacTHIl Ha A3bI-
K€ TEOpUH 11071517

2. PenieHue 3xcrnepUMEHTANBHON 3a1a4H.

— Kak, uMes B pacniopsXeHHUH 3apsKEHHBIH TEKTPOMETP C HOJNBIM
1IApOM H MpOOGHBIH WApHK Ha M30JIHPYIOMIEH pyUKe, MOJNYYHTh Ha
IpyroM 3JICKTpOMETpE € MONBIM MI1apOM 3apsi, NPEBBIMAIOLIHIA
3apdad Mo MOy TmepBoro siekTpoMerpa? (Ilpednonazaemoe
peuerue: TIpoOHEIA 1WapHK NOIHOCAT K KOHIYKTOPY 3apA)KeHHO-
ro 3JIeKTpOMETpa Ha paccTOAHHME, paBHOE 2 CM, W KacaloTcs 1Ia-
puka pyko#. Ilpu 3TOM OH npuOOpeTaeT 3NIEKTPHYECKHH 3apa,
MIPOTHBOMOJIOKHBIA MO 3HaKy 3apsaaa exTpomMerpa. Ilpu mo-
BTOPHLIX ONEpalMAX Ha HEM HaKallIMBaeTcs 3apsj.)

I11. M3y4eHne HOBOTO MATEPHAJIA

ITpoananu3npoBaB CBOMCTBA 3IEKTPOMArHWTHOTO MOJI H YCTAHOBHB
CBA3b CHITOBBIX XapaKTEpPUCTHK 3TOrO IMOMs JApYr ¢ JPYroM, a TakXke C
3apAlaMH W TOKamM, MakcBenn Hamucan cuCTeMy ypaBHEHMH, cocTa-
BHBILWX OCHOBY JUIA TEOPHH.

B 1892 r. Jlopesnt nomyuwn GopMyJly CHIIBI, ¢ KOTOPO# 3IEKTpOMar-
HUTHOE MoJie IefiCTBYET Ha /M1060e HaXofsIIeecs B HeM 3apsikeHHOE TeNo.

F =qE +qb- B — snextpomaruuthas cuna JlopeHna.
3nech BKIIOYEHEI JIBa CIaraeMbIX:
TepBoe — 3NeKTpHeckas cuna F=gE; '
BTOPOE — MATHHTHAA cwia (WM mpocto cuna Jlopenua) F =g5-B .
F= |q|vBsina .
Hanparnena marauTHas cuna JlopeHua Bcerja nepneHAMKYJISIPHO
BekTOpaM U W B B Ty CTOpOHY, Kyzia nepeMeniancs 651 6ypaBuuK B CIIy-

Jae MOBOPOTA €ro PYKOSATKH OoT U jgo B . Wnu ompenensercs npaBHiIOM
JIEBOH pyKH.
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Tax xax marHuTHas cuna JlopeHua BcerZa nepricHANKYNspHa CKOpO-
CTH JIBIOKEHHH, TO OHa paboTy He coBepuaer ( A=0).

YacTuia, BieTas B OAHOPOJHOE MOCTOAHHOE MArHHTHOE NOJIE:

md=qb-B;
ma =|q| vBsinv .

1. Ecin & || B, 10 a = 0° sin a =0, F, =0. Cuna Jlopenna He neii-
CTBYET, YaCTHIIA POJOJDKAET CBOE JIBHXEHHE.

2.a=90°, 518,

2

=|qlvB; a=%; m=U——||vB = R—l"r;
q
27R  2mm

Heenepyon I =——=——
lalB

3. YacrHia BICTACT B MArHATHOE NOJIE MOQ OCTPHIM HWJIH TYNbIM YT-

» YaCTHII2 JBHKETCA 1O OKPYXHOCTH.

JIOM K BEKTOpY B .

Yuainecs OTKpHIBAIOT yueOHUK Ha c. 169 H pa3zbupatorca camocTos-
TensHo (paboTa ¢ yuebHHKOM).

Hemoncmpayun cunst /Iopenya
[lpu nBWOKEHHH JNEKTPOMArHHTa B 30HE 3KpaHa Habmiogaercs Mc-
KPMBJICHHE MONOC.

IV. 3akpennenue MmaTepuana

— Kaxyio cany HassiBatoT cuioit Jlopenma?

— Hamwowure dopMyny R ONpeNeNCHAs CHABL, C KOTOPOH Mar-
HHTHOE MoJIe ACHCTBYET Ha JIBHIKCHHE B TeJIe 3apa/ia.

— Kak aswxercs 3apskeHHad 9acTHIA B OHOPOAHOM MArHHTHOM
fioJie B CJIy4ae, KOTr/ia HanpaBiieHHe CKOPOCTH MEpPNIEH/MKY IAPHO
MArHMTHOH WHIYKLHA?

— Tloyemy cuna Jlopenna He MEHSET MOXYNS CKOPOCTH 3apsicH-
HOH YacTHUH?

— [lo xaxoit ¢opmyne onpenensercs nepuoll obpalleHus 3apsHKeH-
HOH YaCTHIIRI 10 OKPYXKHOCTH B OIHOPOJHOM MATHWTHOM MoJie?

V. Pemeune 3aga4

1. B oaHOpoAHOM MAarHHTHOM TOJIe, HHAYKIMA KoToporo pasua 2 T,
JIBIKETCS 31eKTPOH co ckopoctsio 10° m/c NEPIICHHKYJIAPHO JIMHUAM
MarHHTHOH HHAYKIHH. BRMMHCIHTE cHIly, JEHCTBYIOMyI0 Ha 3JIEKTPOH.
(Omeem: F,=32-10" H).

2. SnEeKTPOH ABKKETCA B BAKyyME B OBHOPOJIHOM MarHWTHOM MOJIC C HH-
Aykumeii 5-107 Tn. Paguyc OKpy»XHOCTH, IO KOTOpOii OH JIBIDKETCS, PaBEH
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1 cm. Onpesiennte MOAYNE CKOPOCTH JABWXEHHS DJIEKTPOHA, €CIH OHA Ha-
TIpaBJieHa MePNCHIMKYIAPHO K IMHHAM HHIYKIuH, (Omeem: v = 9107 m/c).

VI. IlonBenenne uToroB ypoka

JomMaiuee 3ananune
1. 6.
P —839; P — 840.

Ypok 7. Ilpumenenne cuasl Jlopenua

llem.: [MOKa3aTh MPAKTHIECKYI0 3HAYHMOCTE CUJIBI Hopeﬂua.

Xon ypoka

I. Opranu3anuoHHbIH MOMEHT

I1. IloBTOpERME HIYHEHHOTO
— Kakyto cuny HasbiBaroT cunoif JlopeHia?
— UYemy paBna cuna Jlopenua?
— Uro Takoe 351eKTpHYecKoe nomne?
— Kakoe nosne Ha3bIBalOT OAHOPOAHBIM?
— B xaxkoM cyyae 3/IeKTPMYECKOE TMONE PAITOHAET 3APHKEHHYIO
YacTHITY, a B KAKOM TOPMO3UT?
= Yro Takoe MarHMTHOE moje?
— Kak onpenenuts HanpaBneHHe MarHUTHO#M cunnl Jlopenua?
— Kak asmxercd 9acTHIIa B MAarHUTHOM TIOJIE B Pa3HbIX cay4dasx?

III. Boinonxenne naGoparopuoii padorsi
JlabopaTopnas pabora

Ilenu: o3HakoMIIEHME ¢ YCTPOMCTBOM 3JIEKTPOHHO-TYYEBOH TpyOKH
ocuynorpaga, UCNoas30BaHue 3HaHUH 0 chie JlopeHua mis onpenene-
HHSA CKOPOCTH JIBIDKEHMS 3apaa.

Obopydosanue: NOAKOBOOOPa3HEBIf MarHUT ¢ PacCHUHTAHHEIM MOMY-
JeM B MarHMTHOH HWHAYKUMH, JIMHCHKa cuuiorpad (3IeKTpOHHO-

TyueBas TpyOKa). —

Xon pa6orsl
1. YcraHOBuUTE clie]l DIEKTPOHHOTO Jy4a (CBETAULytocd TOYKY) B LICH-
Tpe JKpaHa, Bpamast py4yKH BEpPTHKATLHOTO W TOPH3OHTATLHOIO CMelle-
HHA Jy4da ocuuitorpada. OCTOpoXXKHO MPMXKMHUTE NMOJKOBY Mariura K
3KpaHy U H3MepbTe TUHEHKON cMemeHne Ty4a 1o Y.
2. 3apucyiiTe NONOXEHHE MarHUTa OTHOCUTEIBHO 3KpaHa, HauyalbHOE
H KOHEYHOE TOJIOXKEHHE JIyya Ha 3KpaHe. YKaXHUTC HarpaBicHHE TUHUH
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MAarHUTHOM MHIYKIHMH MeXIy NomocaMu Marauta. Onpeaennte Hanpas-
JIEHHE IBMXKEHHS DJIEKTPOHOB.
3. Paauyc kpHBH3HBI HaliauTe no GopMye:

Y? +d?
2y
rae R — paauyc KpUBH3HBL; d — TOJILMHA CIIOS, II€ AEHCTBYET MarHUTHOE

Tone; y — CMELICHHUE.

R=

2gm

3
rae g u m — TabiuuHbIE JaHHBIE.
4. Ecin M3BECTHO HanpsiKEHHE MEXIY YCKOPAIOUIUMH 31€KTPOAaMH

ocummiorpada, To MOXHO NPOBECTH OLIEHKY:
mo?
2

IV. H3yueHne HOBOro MaTepHaIa

PaccMoTpyM HEKOTOpHIE M3 MHOTOYHCIEHHBIX NPUMEHEHHH CHIIBI
Jlopenna, KOTOpbIE BCTPEYAIOTCH B HAyYKE M TEXHHUKE.

1. YnpapneHue 3/1€KTPOHHBIM ITy4KOM.

Kak BuaHO 13 nabopatopHoil paGoTsl, ¢ NIOMOLbIO MaTHUTHBIX NOJIEH
MOXHO M3MEHHTDH HalpaBICHHE JBH)KEHHS JNICKTPOHOB. Briepsrie ynpas-
JIATB 3JEKTPOHHBIMH Ty4amy Hayuuics [hx.-J[x. Tomcon.

2. OnpeneneHue CKOPOCTH ABMIKEHHUS 4aCTHIL.

3. JlelicTBiEe MarHUTHOTO TIONA Ha JBIDKYLIMECS 3apsKEHHBIC YACTH-
LBl HCNOJB3yeTcs Ul NMpeoOpa3oBaHHs KHHETHYECKOM 3HEpPTHM Inas-
MEHHOH CTpYH B 3nieKTpHuecKyro (MI'Jl-reHepaTopsl) (MAarHUTOIMAPOIH-
HaMHKH).

ToTok mnasmel HanpaBjAeTCs B MONEPEYHOE MACHUTHOE NoJe, KOTOpOE
JIEHCTBYET Ha JBIKYINHECS 3apOKEHHBbIC HacTULB! F, = B-q- v, HanpaBieH-

=qU.

HOE MEPIEHIMKYJISIPHO K CKOPOCTH MX JIBIKEHUA. B pesynbrare nonoxuress-
HbI€ HOHBI OTKIIOHSAKOTCS BBEPX, @ SJICKTPOHBI M OTPHULIATENLHbIE HOHEL — BHU3.

BepxHuii KaToOJ NEKTPH3YETCH NOJIOKHUTENBHO, a HIDKHUHA — OTpHLa-
TENBHO, MX BBIBOJBI ABIATCS TOMIOCAMH IreHepaTopa. Mexay 3NeKTpo-
JlaMH TOK TedeT CHH3y BBepX. [IpOHCXOANT YMEHbIICHHE CKOPOCTH CTPYH
U ee KuHeTHYecKkoil sHeprun. Ha MI'Jl-renepatope KUHETHYECKast JHEP-
T TIa3MEHHO#M CTpyH Npeo0pa3oBBIBAETCH HETIOCPEACTBEHHO B JMEK-
TPUUECKYIO JHEPTHIO.

CoBMecTHOE HCMOJB30BAaHHE HA TEIUIOBBIX JJICKTPOCTAHLHUAX THAPO-
JMHAMHYECKOro METO/Ia Npeobpa3opaHus DHEPIHA M OOBIYHEIX MAapOTyp-
GHHHBIX YCTAaHOBOK MO3BOJISET 3HAYHUTENEHO MOBHICHTE 3KOHOMHYECKYIO
3¢ dbeXTHBHOCTD NEKTPOCTAHLIUH.
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4. OnpenenicHUEe 3HAKA 3apAAA JBHKYIICACH YaCTHLIEL
5. MarauTHBiC JIOBYIIKH.

6. Onpesienienye YAENEHOTO 3apAla U MacChl YaCTHIL.
7. YckopHTeH 3apsaKeHHBIX 4acTHLL.

8. DNeKTPOHHBIH MHAKPOCKOII.

V. 3akpeienne H3y4€HHOro MaTeprana
~ KakuMm MET0/I0M MOXHO OTPEAEIIHTD CKOPOCTh 3apPHKEHHBIX Yac-
™I?
~ Kak ¢ noMoupsio MarHHTHOTO M0/ MOXHO Y3HATh 3apSKEHA JM
yactHua?
~  OnummTe NPHROMN AHCTBHA LIHKUIOTPOHA.

VI. IllonBenenne ATOroB ypoka

JloMamuee 3aiaHHe
n. 6; ynp. Ne 1 (3 : 4).

JlononnHTEeNLHLIH MaTepHan
Ionspunie cugHug

OnHMM H3 KpacHBEHLIMX ONTHYECKHUX SRICHMIH NPUPOAL SRISNETCS NonspHoe
CHAHHE.

B GonbmHHCTBE CiAy4aeB NONAPHRIE CHAHHA HMMEIOT 3€NiCHbIH WIH ChHe-
3eJICHBIH OTTEHOK C H3pEAXa MOABMAICUMMHCA NMATHAMH HAH KaiiMOH po30BOro
HJTH KPacHoro LBeTa.

Tonsphsle custHuA HabMOAAIOT B ABYX OCHOBHHIX (POpMax — B BMJE JICHT H B
BHAe obnaxonopo6Hex naTeH. Korga CHAHHE HHTEHCHBHO, OHO MpHOGpeTaer
¢opmy neut. Tepas HHTEHCHBHOCTb, OHO NpeBpaiacTes B NaTHa. OAHaKO MHOTHE
JICHTHI HCYE3AI0T, HE YCNieB PasOUTLCA HA NMATHA. JIeHTH Kak 6K BHCAT B TEMHOM
npocTpancTse HebGa, HaNMOMHHas FHIAHTCKHIA 33aHABEC WIH APanHpOBKY, TAHY-
uyIocs 00BYHO C BOCTOKA Ha 3anajl Ha THCAYH KIIIOMETpoB. Brcora aroro 3ana-
BEC2 COCTARNACT HECKONBLKO COTCH KHIOMETPOB, TOJNINHHA HE NPEBHINAET He-
CKOJIBKHX COTEH METpOB, NPHYCM OH TaK HEXEH H NPO3PaygH, YTO CKBO3b HETO
BHAHH 3Be3An. Hikuuii xpaif 23aHaBeca IOBOJIHO PE3KO H OTUETIIHBO OYEPYEH H
YacTO MOJIKpanicH B KPaCHWH WIH PO3OBATHH IBET, HAOMHHAIOWMH KaliMy 3a-
HaBeca, BEpXHHHi — NOCTENEHHO TEPAETCA B BEICOTE H 3TO co3/aeT ocobeHno -
dexTHOE BicyaTAEHHE rTYOHHN NPOCTPaHCTBA.

Painnyalor yeTHipe THNA NONSPHBIX CHARHIA:

— OnuxopoaHas Jyra — cBeTHINAscA Nosioca WMeeT Hanbonee npocrtyio,
cnokoiiHyio ¢opMy. OHa Bonee spxas CHH3Y H NOCTENEHHO HCHE3AET
KBepXy Ha oHe cBeyenna Heba.

—  Jlyuncras myra — JIEHTa CTAHOBHTCA HECKONLKO Bonee akTHBHOH U noza-
BWXXHO#H, OHa 00pa3yeT MesIkne CKIIAZIKH H CTPYHKH.

—  Jlyuscras nonoca — ¢ pocTOM aKTHBHOCTH Gonee KpyIHBE CKJIAAKH Ha-
KJIAJILIBAIOTCS HA MEJKHE. :

IlpH NOBHLIEHHH AKTHBHOCTH CKIIAAKH HIW NETNH PACLIMPAIOTCH KO OrpoM-
HHX pa3sMepoB, HHXHHHA Kpail JIEHTH APKO CHAET PO30BHIM CBeyeHueM. Korpma
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AKTHBHOCTH CIIAZAeT, CKJIAAKH MCYE3aloT W JIEHTa BO3BpAILACTCA K ONHOPOJHOW
dopMe. DTO HABOIHT HA MBICHb, YTO OJHOPOJHAN CTPYKTYpPa ABAAETCS OCHOBHOM
(bopMoit TOAAPHOTO CHAHMUA, a CKITAAKH CBA3aHbI ¢ BO3PACTAHHEM aKTHBHOCTH.

YacTo BOIHHKAIOT CHsiHMsi MHOro BHAa. OHHM 3aXBaTHIBAIOT BECh NONSAPHBIN
paiioH M OKa3KIBAIOTCA OYEHb MHTEHCUBHBIMH. TIDOHCXOJAT OHH BO BPEMS YBEIH-~
YEHHS CONHEYHON aKTUBHOCTH. DTH CHAHMSA TIPEACTARIAOTCA B BHIE Genoparo-
3eseHoM manky. Takue CHAHHA HA3RIBAIOT IIKBANAMH.

Tlo ApKOCTH CHSHMA pasfleNdloT Ha YETHIPE Kiacca, OTIIMYAloNIMECs Apyr OT
Ipyra Ha OAHUH NOPANOK (T0 ecTh B 10 pa3). K neppoMy kjaccy OTHOCATCS CHSAHMS
elle 3aMeTHBIE H NPUOIH3UTENBHO paBHBIE MO APKOCTH MieunoMy IlyTH, cusHUA
€ YEeTBEPTOro KJIacca OCBELIA0T 3EMITIO TaK ApKo, Kak nojHas Jlyna.

Hano oTMeTHTB, 4TO BOZHHKILEE CHSAHHE PacTipOCTPaHAETCA Ha 3amaj] co ¢Ko-
pocteio 1 kM/c. Bepxuue ciou atMocdepsl B 061acTH BCObILIEK CHAHHA pa3orpe-
BAIOTCA M YCTPEMIISIOTCSA BBEPX, YTO CKa3anoCk Ha YCHICHHOM TOPMOXEHHH HC-
KYCCTBEHHBIX CITYTHHKOB 3&MJIH, TIPOXOJASINHX 3TH 30HBI.

Bo Bpems cusHuil B aTMocdepe 3eMII BO3HHKAIOT BUXPEBBIE SNEKTpHYECKHE
TOKH, 3axBaThiBaroliHe Gonsuie o6nacTH. OHH BO3GYXAAIOT NOMONHUTENBHEIE
HeyCTOHYHBBIE MarHHTHBIE TIONA, TaK Ha3bIBaEMble MarHMTHBIE GypH. Bo Bpems
CHAHMI aTMocdepa HM3NnyyaeT PEHTIEHOBCKHME IyuH, KOTOpHIE, MO-BHIUMOMY,
SBNAIOTCA Pe3yJIbTATOM TOPMOXEHHSA dIIEKTPOHOB B aTMOchepe.

HHTEeHCHBHBIE BCIIBILIKY CHAHHA YacTO COTPOBOXKMAIOTCA 3BYKaMH, HANOMH-
HaJOIMMH IUYM, TpECK. [JonspHble CHAHHS BBI3BIBAIOT CHIIBHBIE HIMEHEHHA B
HoHochepe, YTO B CBOIO OHepenb BINSET Ha YCIOBHA panHocBA3d. B GonbmnHeT-
BE CNTY4aeB PaJHOCBA3b 3HAUHTEITHHO YXYALIACTCH. BO3HUKAIOT CHIIbHBIE TIOMEXH,
a MHOrza FONTHAA NMOTEPA ApHEMa.

Kuax e03nuKaom nongpusie cuanun. 3eMIA NpeaCTaBigeT coboit orpoMHbIii
MarHHrT, I0XKHb!H TOJIOC KOTOPOro HaxonuTcs BOIH3H ceBepHOro reorpaduyecko-
ro MOMOca, a CeBEPHBI — BONI3H 103KHOr0. CHIOBBIE IMHHN MATHHTHOTO MOJs
3eMNIH, Ha3bIBAEMBIE F€OMATHHUTHHIMH JIHHHAMH, BBIXOIAT H3 OOJIaCTH, mpHe-
raionieif K ceBepHOMY MarHHTHOMY TMOMIOCY 3eMIH, OXBAaTHIBAIOT 36MHOM 1Uap M
BXOJAT B HEro B OGNIACTH IOXHOTO MarHHTHOTO MOJIOCA, 06Pa3ys TOPOHIANBHYIO
peLIeTKy BOKpYT 3eMIIH.

Jlonro cuuTaniock, YTO PacnonokKeHHE MArHUTHBIX CHJIOBBIX JTHHHH CHMMeT-
PHYHO OTHOCHTENBHO 3eMHOM ocH. Teneps BBIACHHIOCH, YTO TaK Ha3bIBaeMbIii
«CONHEYHBIH BeTep» — MOTOK NMPOTOHOB M 3NEKTPOHOB, M3ny4vaeMbIX CoNHIEM,
HaneTas Ha reOMarHHTHYI0 060nouky 3eMiu ¢ BricoTel okono 20000 kM, oTTArH-
BaeT ee Hazaj, B cTopoHy oT ConHua, obpasys y 3emnu cBoeobpa3Helit MarHur-
HBIH «XBOCT».

OnexTpoH WM NPOTOH, MOMABIIME B MarHNTHOE nosie 3eMiH, ABHXYTCA MO
CITHpatH, Kak 6bl HABHBAACH HA FEOMATHUTHYIO JIHHAMIO. DNEKTPOHBI H HPOTOHHI,
MONaBILIHE U3 CONHEYHOrO BETPa B MAarHUTHOE IIOJIE 3eMJIH, pa3sfe/ifioTcs Ha ABe
yacTH. HYacTh U3 HUX BJOJB MarHUTHBIX CHIIOBBIX JIMHHIT Cpa3y CTEKaeT B MoONAp-
Hble ofnactH 3emiM; ApYrHe MOMafailoT BHYTPE TEpOHAA H ABHXYTCS BHYTPH
HEro, BAOJL 3aMKHYTOH KpuBoit ABC. DTH NpPOTOHEI H 3JIEKTPOHBI B KOHIE KOH-
LIOB 0 F€OMarHUTHBIM JIHHHAM TaKXe CTEKaloT B 06NacTh MOJOCOB, TAE BO3HHU-
KaeT MX YBENHYEeHHas KOHUEHTpalns. [IpOTOHEI M 351EKTPOHB! NMPOU3BOAST HOHH-
3auHi0 M 8036yxIEHHE ATOMOB M MOJIEKYJl £a30B. [[s 3TOro OHH MMEIOT A0CTa-
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TOYHO SHEPruH, TAK KaK TMPOTOHBI NPUIETAIOT Ha 3emmio ¢ 3Hepruamu 10000-
20000 3B (1 3B = 1,6-10 [Ix), a anextpoust ¢ 3depraamu 10-20 3B. s vounza-
HUH XK€ aTOMOB Hy}HO: [ Bojopoaa — 13,56 B, mna kucnopona — 13,56 3B,
JUIA a30Ta — 124,47 3B, a Ang Bo36YKACHHS ellle MeHbLLE.

Bo36yxaeHHble aTOMBI r230B OTAAIOT 06PATHO MONYYEHHYIO SHEPTHIO B BUC
cBeTa, Hanoobue TOro, KaK 3TO MPOUCXOIUT B TpyOKax ¢ pa3speKeHHBIM ra3zoM
TIpH TIPOMYCKAHHH Yepe3 HHX TOKOB.

CrexTpanbHoe HeceJOBaHHE MOKA3hIBALT, YTO 3eJIEHOe M KPacHOEe CBEYCHHE
NpPHHALTEXKHUT BO3OYKIECHHRIM aTOMaM Kucropona, HHdpakpacHoe u duonero-
BO€ — HOHU30BAHHBIM MOJIeKyNiaM a30Ta. HekoTopble THHUM H3TY4eHHS KHCIOpO-
Jia ¥ a30Ta o6pasyrorca Ha BoicoTe 110 KM, a KpacHOE CBeueHHE KMCIOPOAa — Ha
BeicoTe 200400 kM. Jpyrum cnabbiM HCTOMHHKOM KPAacHOIO CRETA ABARKIOTCH
aToMbl BOROpPOAA, 06pa30oBaBuIMEC B BEPXHHX CHOAX aTMochepbl W3 MPOTOHOB,
npunereBminx ¢ Conuua. 3aXBaTHB 3JIEKTPOH, TakKoi MPOTOH MpeBpaulacTcs B
BO36YXJEHHBI! aTOM BOZOPOJA M M3MyuaeT KpacHsIiii CBET.

BCMBILIKY CHAHWH MPOUCXOAAT OOBIYHO Hepe3 [eHb-ABa NOCHE BCMbILIEK HA
ConHue. ITo NOATBEPKAAET CBA3b MEXKAY 3THMU ABNEHUAMH. UccnenoBanue npu
MOMOILIH paKeT MOKas3ano, YTo B MecTaX 6oNblIeii HHTEHCUBHOCTH CUSAHHI UMeeT-
cA Gonlee 3HAUHTENbHAS MOHU3ALIHSA ra30B 3MEKTPOHAMH.

B nocnesgnee BpeMsi YueHble YCTaHOBHIIH, YTO TOAAPHEIE CUAHUR Gonee HH-
TEHCHBHBI ¥ 6eperoB okeaHOB H MOpEi.

Ho nayunoe o6nacHeHHe Bcex ABNEHUH, CBA3AHHBIX C NOAAPHBIMH CHAHHAMH, '
BCTpe4aeT paj TpyaHocTeii. Hanpumep, Heu3BeCTEH TOHHO MEXAHH3M YCKOPEHHS
HACTHI{ A0 YKA3aHHBIX SHEPrHii, He BMOMHE ACHBI HX TPAEKTOPHH B OKOJO3EMHOM
MPOCTPAHCTBE, HE BCE CXORHTCA KONHYECTBEHHO B 3HEPreTHYECKOM GanaHce Ho-
HU3AUMH ¥ BO30YXIEHUSA YACTHIL, HE BMONHE ACEH MEXaHH3M OOpa3oBaHUA CBe-
YeHHA Pa3sfHYHBIX BUAOB, HEACHO MPOHCXOXKICHHE 3BYKOB.

Ypok 8. Pemenue 3aga4. Cuna Jlopenaua )

Lens: oTpaboTKa NPAKTHYECKUX HABBIKOB MPH PENCHUH 3a/1ay.

Xon ypoxa

I. OpranuzansoRHbIi MOMEHT
II. AxTyanu3anusa 3HaHHii

1. AHanu3 3KCIEPUMEHTA.
—  OOBICHUTE 3KCMEPUMEHT. AJIOMHHHEBYIO JIMHEHKY TPOTATHBAIOT
HaJl KEPAMUYECKMMH MATHUTaMH MEXJY JBYMSA CKOIIEHHBIMH KOH-
L[aMM TIPOBOJOB, MOMISHOUSHHBIX K ranbBaHOMeTpy. [ansBaHoMeTp
mokasbiBaeT Tok. [loueMmy? (Bmecme ¢ numetikoii nepemewjaromes
€80600HbBlIe 3apAdel (3nexmponsl). Ha nux Oeiicmayem cuna Jlopen-
ya, cMewan ux K oOHou kpomxe. Tem cambir Mexncoy Kpomxamu
€030aemca 1 NOGOepHCUBACMCA PASHOCMb NOMEHYUANO8.) :
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2. IToBTOpenwue.

-~ Kakyro cuiry HaseBaloT cuioit Jlopenna?

— Kax gBmxercss 3apshkeHHas 4acTHLA B OJHOPOJHOM MarHHTHOM
nojie B Ciiyyae, KOrJja HampaBlIeHHE CKOPOCTH NMEPNEHAMKYISAPHO
MarHuTHoH naaykuun? He nepnenaukyasapno?

— Tlouemy cuna JlopeHla He MEHAET MOLYA% CKOPOCTH 3apsIKEHHOH
4acTHLBI?

II1. Pemenne 3ana4

1. Ipoins yckopsmoutyo pasHocTe noreHuyanos U = 3,52 kB, anek-
TPOH BBUIETAET B OAHOPOJHOE MarHUTHOE noje ¢ uHAykuueit B = 0,01 Tn
MEPNEHANKYIAPHO JTHHHSAM HHAYKIMY H JOBIKETCS 10 OKPYXHOCTH pa-
auyca R = 2 cM. Beruucnute oTHOLIEHHE BeIHYHHE] 3aps/a dJIeKTpoHa
K ero Macce m. (Omsem: 1,76:10"" Kn/kr.)

2. 3apsKeHHast 4acTHLA ABHXKETCH B OJHOPOJHOM MAarHMUTHOM IOJIe
MO OKPY>XHOCTH CO CKOPOCTBIO L = 10° m/c. NHAayKUuUs MarHUTHOTO MOJIS
B=0,312 Tn. Paguyc R = 4 cM oxpyxHoctH. HalinuTe 3apan g uacTuus,
eciu KuHeTHYecKas Heprus U= 210" Jx. (Omeem: +3,2-107"° Ki.)

3. B HekoTopoii 0611acTH NPOCTPaHCTBA CO3/1aHbl OMHOPOAHBIE TOCTO-
sHHBIE noJA: MarHuTHoe B = 0,3 Tn u anextpuueckoe E = 300 kB/m.
[NepnenauKynsipHO 060MM TOJIAM 1O NPAMOMN ABIDKETCSA nMpoToH. Haiinu-
Te BEHYHMHY L CKOPOCTH JBIKEHHs MpoToHa. (Omeem: 10° m/c.)

4. Bextopst £ v B OIHOPOZHBIX SMEKTPHYECKOTO H MATHHTHOTO 11O~
nell OPHEHTHPOBAHE! B3aHMHO TeprneHIHKyIspHO. HanpshkeHHOCTD Jnek-
Tpuieckoro nonsg E = 1 kB/M, a uHAyKUMs MarHuTHOro nomsi B = 1 MTu.
HalinuTte BeMMUMHY M yKa)XKHTE HanpaBJICHHE CKOPOCTH U JJIEKTpOHa,
TIPH KOTOPOM €T0 ABMXEHHSA B 3THX MONAX OyneT npsaMonuHerubiv, (Om-
sem: 10° m/c.)

5. DNeKTpoH, BICTAIOUINI B BaKyyMe B OXHOPOAHOE MAarHUTHOE T10j1€
HanpsokeHHocTho H = 32 KA/M mepneHAnKyIsIpHO K HalpaBIEHHIO Mar-
HHUTHOTO MOJS, ABHXKETCS B HEM MO OKPYXHOCTH paguycoM R = 2 cM. Haii-
TH pa3sHOCTh NOTEHLHANOB U, KOTOpYIO TPOIIEN 3NEKTPOH Mepel TEM, Kak
BJIETETH B MarHuTHOE none. (Omesem: m., =9,1-10™" «r, 1 =1,6-10™"° km.)

6. INpoTon BneraeT B 061acTh OAHOPOJHOIO MarHUTHOTO MMOJIS UIHPH-
HO# /, MHyKUMs nons paBHa B . CKOPOCTH MPOTOHA TIEPIeHAMKYIApHa B
U rpaHuue obnactH. Ilog KakuM yriioM K nMepBOHaYalBHOMY HarpaBlie-

. tq,
HHUIO ABHXCHHS BRUIETAaET MPOTOH? (Omeem: a = arcsin )
mpuv

7. DNEXTPOH, MPOIICAIINH YCKOPAIIYI0O pPa3HOCTh MOTEHUHATOB
U= 10 kB, Bieraet B BaKkyyMe B OJIHOPOJHOE MarHUTHOE I1071€ HaNpsDKEH-
Hoctelo H = 79,6 KA/M nox ymioM o = 53° K HanpaeeHUIO JIHHUH Mar-
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HUTHOTO ToNA. ONpeNeNnnTs paguyc U ar CHHpaTH, 10 KOTOPOii 3JIEKTPOH
6yneT IBHraThcsA B MATHUTHOM monie. (Omeem: R = 2,7 MM, A = 12,7 MM.)

IV. llonBeneHue UTOroB ypoka

JoMamHee 3a1aHHe .
I 6;
P —841; P - 842.

¥Ypok 9. MarHuTHOe noJjie BelecTna.
MarnauTtHoe noje 3emin

He.flb.‘ OOBACHHUTD CYIICCTBOBAHHE MarHUTHRIX CBOWCTB BelllecTBa.

Xon ypoka

1. Oprann3aunoHnbIil MOMEHT

II. Aktyann3anus 3HaHH#H
— Kakue BeiniecTBa Ha3BIBAIOT MEKTPOIHTaAMH?
—  Kaxkue yacTHIbI ARIAIOTCA HOCHTENAMH TOKA B 3IEKTPOIUTAxX?
— Y10 Takoe 31eKTpONUTHYECKaA Auccoraumsa?”
—  Yro Takoe 3nekrponu3? I'1e ero npuMensoT?
— B ueM 3axmouaercs 3akoH Papanes 1nd snekTponuza?

ITI. Ananu3 3KCnepHMEHRTOB

Dxenepumenm 1

B nipo6upky ¢ BofoH IO MONHOTO MCYE3HOBEHUA €€ NMPO3PaYyHOCTH 0~
6aBIAIOT YEPHYIO TYIUb. 3aTeM B Hee IOMEMIAIOT JIBAa AIOMHHHEBBIX JIIEK-
TPOZa, PACHONOKEHHBIX Ha paccTosHuK 3—4 MM npyr oT apyra. Ilonator
Hanpsbkenne 15-20 B Ha snexrponsl. IIpn mporyckaHuy ToKa HacTHIIbI
TYIIM CIAUMAKOTCA W BCIIIBIBAIOT HA MOBEPXHOCTh BOABL JKHAKOCTh B mpo-
6upke npuobpetaeT po3payHocTs. (IIpumep, npumenenus snexmpuyecko-
20 MOKA 8 HCUOKOCMU ONSL OHUCMKY OM 836EULEHHBIX 3A2PAZHEHUTL.)

Dxcenepumenm 2

B Gonpmol karylike MoIBEeCHM Ha TOHKHX MPOBONAaxX BTOPYH He-
6onpilyo xarymwky. IlogkmouuM KaTyIIKH K HCTOYHHKY Toka. Habmio-
JaeTcd OTKIOHEHMe KaTYIIKH OT BepTHKAIBHOro noioxeHus. Ecian B
GONBIIYI0 KATYIIKY BHECTH XEJE3HBIH CEPIACYHHK, TO OTKIOHEHHE Ma-
JEHBKOM KaTYIIKH CYLIECTBEHHO U3MEHHUTCH.

BeiniecTBa, KOTOphIe 3HAYHTENBFHO YCHIHMBAIOT MArHHTHOE MOJNE, Ha-
3BIBAIOT (heppOMArHeTHKAMH.

dusnyeckas BeHUMHA, MTOKA3BIBAIOINAS BO CKOIBKO pa3 NMHAYKItHA B
MArHHTHOIO NMOJs B BEINECTRE, MOMHOCTHIO 3aAIOTHAIOMIEM IT0JIE, OTJINYa-



VYpox 9. MazHumnoe none eewecmea. MazHumHoe none 3emnu 27

€TCA MO MOAYJIHO OT HHAYKIIHH Bo MAr"HMTHOrO 1nojis B BaKyyMc, Ha3hiBa-

€TCs MarHUTHOMN MPOHUIIAEMOCTBIO:
_ B
H= —Eo— .
VY ¢eppoMarHeTHKOB 3HaUYCHHEC MAarHHTHOH NMPOHHLAEMOCTH JOCTHIA-
€T HECKOJIBKHX COTEH H JJAXKE THICHY CIHHHIL.

Sxcnepumenm 3

IloBTOpHM nNpeanAyIHA SKxcIEpHMEHT. TOJEKO BMECTO XKeNE3HOro
CTEpXHS BBEJIEM B KATyWIKy CTEPXKHH H3 Melau (UIIOMMHHY, cTekia). B
3TOM CllyJae CYNICCTBEHHRIX M3MCHCHMH B OTKIOHCHHH MalICHBKOH Ka-
TYIIKH 3aMETHTEL HE YARACTCH.

Ilo xapakTepy MpOBOAMMEIX H3MCHCHMH BHEIHEro nois Hedeppo-
MarHHTHHC BEIICCTBA AENATCA HA NAPAMArHETHKH H IMaMarHETAKH.

INapamMarHeTHKaMM Ha3HIBAIOT BEHIECTBA, KOTOpHE CIab0 HaMarHK4H-
BalOTCH B HANPABJICHHH BHEIIHETO NOAA. MarnwTHas NpPOHHIAEMOCTHL HX
Mmana (y cMetannl — 1,0034).

deppoMarHCTHKAMA Ha3KBAIOT BEOIECTBA, KOTOPHE Cj1abo HaMarHH-
YMBAIOTCE B HANPaRNCHHH, NMPOTHBONOJIOXKHOM HMHIAYKIMH HAMarHH4H-
BalOLIETO NOJIs, TO €CTH OCHabJIAIOUMMH BHEITHEE MATHATHOE MOJNE.

B BemecTBe MArHHTHOE MOJIE CO3RACTCA HE TOJBKO TOKAMH, KOTOPHIE
TEKYT IO MPOBORAM, HO H ABHDKCHHAMH JJICKTPOHOB, KOTOPHIE NPOHCXO-
JWIT BHYTPH aTOMOB M MOJEKYJI CaMOT0 BEICCTBA. JTH JBIDKCHHSA JKBH-
BaJICHTH MAKPOCKOITHYECKHM TOKAM (MONEKyJSpHEIE TOKH).

B o1cyTCTBHH BHEIIHETO NMOJIA MOJCKYJIAPHEIE TOKH OPHCHTHPOBAHE]
GecnopAnoYHO, H HX MarHMTHHIC NMOJIA CKOMIICHCHpOBaHb. [IpH Haoxe-
HHH BHEUIHETO TONS KOMIICHCAlMA HAPYIIAETCA M, KaK NPHHATO IOBO-
PHTE, — TEJIO HAMarHHYMBACTCA.

1V. 3akpenieAne RIyIeHHOT0 MATEPHAA
— Kaxkne BemmecTBa Ha3LIBAIOT epPOMATHETHKAMH?
—  Yro Takoe Temneparypa Kiopu?
— KaknMH MArHMTHRIMH CBOICTBAMH 00NaNaloT NHAMArHCTHKH H
NIAPaMarHCTHKU?
—~  CyInecTByer JH OCTaTOYHAS HAMATHHYCHAOCTD Y NapaMarHeTHKOB?
V. HHonBsenenne HTOroB ypoka

Jlomamnee 3ananne

n. 7,

P-843.

Teopuecxoe 3a0anue: Tlpepnoxwre cnocob HAXOXKACHH TEMNEPATY-
pui Kiopn. Onpeneniite ee H CBEpETE CBOH pe3yibTatr ¢ TaONHYBRIMH
JaHHBLIMH.
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JonoaHHTEILHBIA MaTEpHA
Xapalc"repucnuca MATHHTHOTO Nojs 3eMaH

3emns B LenoM npeacTaBnseT coboif orpoMublii lWwaposoii MarHuT. HYenoseue-
CTBO HAYaNo NCMONb30BAaTh MarHUTHoe Mone 3emiuy fAamho. Yxe B Havane XI1—
XIII BB. nonyyaeT WIMPOKOE PaCcNPOCTPaHEHHE B MopexoAcTse koMnac. OaHako B
Te BPEMEHA CYHTANOCh, YTO CTPENIKy KoMMNaca opHeHTHpyeT [lonsipHas 3Be3na M
eé MarHetusM. [IpeanonoxeHue o CyUIECTBOBAHHH MAarHUTHOrO MMons 3eMnH
BriepBbie Brickazan B 1600 r. anrnuiickuii ectecTBoucnsiTatens [HnbsbepT.

B mo6oii Touke NpOCTPaHCTBA, OKPYKAOILETo 3eMIII0, H HA €€ MOBEPXHOCTH
o6HapyuBaeTcs JleHCTBHE MarHHTHBIX CHI. MHBIMH COBaMH, B NPOCTpaHCTBE,
OKpYXaloleM 3eMIIo, CO3JaeTC MarHHTHOE TONe, CUIOBBIE JIHHHH KOTOPOro
u3o6paxceHbt Ha puc. 9.

MarHuTHble H reorpatHyeckHe MOMOCA 3eMiM He
cosnajaioT Apyr ¢ ApyroM. CeBepHblif MarHUTHeIA Mo-
moc N NeXUT B H0XKHOM MoJyluapul, BONH3H Geperos
AHTApKTH/IbL, a KOXXHBIH MarHUTHBIH NMoMoc S HaxoauTes
‘B CeBepHOM ToNywWapHH, BOAH3H ceBepHOTO Gepera
octpoBa Bukropus (Kanazna). O6a nomoca HenpephiBHO
NepeMeruatores (apefidyioT) Ha 3eMHO# NMOBEPXHOCTH CO
CKOPOCTBIO OKOJIO 5 KM 33 rojl U3-3a EPEMEHHOCTH M0-
POXKAAIOLMX MarHuTHoe none npoueccos. Kpome Ttoro,
0Ch MarHUTHOT® MOJIS HE MPOXOAMT Yepe3 UEHTP 3emilH,
a otcraer ot Hero Ha 430 kM. MarHuTHoe none 3eMny He CHMMETpPHUHO. Bnarojaps
TOMY, YTO OCb MarHHTHOTO NOINA MPOXOAHMT Bcero mog yrioM B 11,5 rpagycos k ocu
BPALLEHHS TIAHETbI, Mbl MOYKEM TOJI30BATHCH KOMIACOM.

OcHOBHAA 4acTb MAarHHTHOTO TMOJSA 3E€MIIH, 1O COBPEMEHHBIM BO33PEHHAM,
HMeET BHYTPH3EMHOe TNpoHcxoxaeHne. MaruutHoe none 3emnu cospgaéres ee
aapoM. BHelHee aapo 3eMIH XiHAKOe H METAUIHYECKoe. MeTann — npoBojsiuee
TOK BEIIECTBO, H €ciH Obl CYLIECTBOBANM B KHIKOM Sifpe MOCTOAHHbLIE TEYEHHS,
TO COOTBETCTBYIOLUH 3NEKTPHUECKHH TOK CO3JaBan Gbl MarHWTHoe nose. Bnaro-
Naps BpallleHuo 3eMiH, TaKHe TeYEHHA B AZpE CYLUECTBYIOT, TaK Kak 3eMs B
HEKOTOPOM MPUGAHKEHHH ABIAETCA MarHHTHBIM JAMINONEM, TO ECTh CBOEOOpas-
HBIM MarHHTOM C JBYMS MOJIOCAMH: FOXKHBIM H CEBEPHBIM.

He3nauutenbHas 4yacTh MarHMTHoro moss (oxono 1 %) uMeeT BHe3emHoe
NpoHcxXoXAeHHe. BO3HHUKHOBEHHE 3TOH YAaCTH MpPHIHCHIBAIOT 3NMEKTPHYECKUM
TOKaM, TEKYLIHM B MPOBOAAIHX CIOAX HOHOCGEpPh! M MOBEPXHOCTH 3eMiH. D1a
4acTb MarHHTHOTO MoJsiA 3eMiH NoABEpXKEHa CIaboMy H3MEHEHHIO CO BPEMEHEM,
KOTOpOE Ha3eIBaeTcs BeKoBoi BapHauueil. [IpHunHbl CyuiecTBOBaHHS 3neKTpuye-
CKHX TOKOB B BEKOBO# BapHallHH HEH3BECTHBbI.

B naeanbHOM M THNIOTETHYECKOM MPEATIONOXKEHHH, B KOTOPOM 3eMis Ovina 6wl
ONMHOKA B KOCMMYECKOM MPOCTPAHCTBE, CUIOBbIE TMHHH MarHUTHOTO TOJA [L1aHe-
Thl pacrnonarajiich TakKWM e 06pa3oM, Kak W CHIIOBbie IMHHHM OOBIYHOrO MarHuTa,
TO €CTb B BHJE CHMMETPHUHBIX JIYT, MPOTAHYBILMXCA OT HXHOTO MOJIKCA K CeBEp-
HoMy. [InotHocTb NMHKHA (HaNpPAXKEHHOCTb MAHHTHOTO NONA) Najana 6b1 ¢ ynane-
HHeM OT nnaHeTsl. Ha nene, MarHuTHoe none 3eMJIH HAXOAMTCA BO B3aMMoneHcT-
BHH C MarHUTHBIMH nofissMH ConHua, NIaHET U MOTOKOB 3apsAKEHHBIX YacTyl, He-

Puc. 9
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nyckaemsix B u3o6unnu ConHuem. Ecnn BnusHueM camoro ConHua u tem Gonee
[UIaHeT M3-32 YIATEHHOCTH MOXHO MpeHebpeyb, TO ¢ MOTOKAMH YACTHL, WHAue —
COJIHEYHBIM BETPOM, TaK He noctynuub. CoNHeYHsl BeTep NpeAcTaBiser coGoH
MOTOKY MYALUMXCA CO CKOPOCTbIO 0koso 500 kM/C 4acTHL, UCTYCKAEMbIX COJTHEY-
Hoil aTmochepoit. B MOMEHTBI CONHEUHbIX BCTIBIILEK, a TAKXKe B nepHoabl o6paso-
BadnA Ha ConHue rpynnel GOMBLUIMX MATEH, PE3KO BO3PACTAET YHCIIO CBOOOAHBIX
3NIEKTPOHOB, KOTOpBIe 6oMBapaupyroT atMocdepy 3eMiu. ITO NMPUBOAUT K BO3MY-
LIEHHIO TOKOB TEKYIUHX B HOHOoctepe 3emmu u, 6naromaps 3TOMY, NPOHCXOAHMT
W3MeHeHHe MarHuTHOro noss 3emid. BosHHkaloT MarHuTHble 6ypu. Takue NoTokH
TIOPOIAIOT CHITLHOE MArHHTHOE NOJIE, KOTOPOE H B3aUMOJEHCTBYET ¢ nosieM 3em-
7, cUIbHO AedopMupys ero. brarogaps cBoeMy MarHUTHOMY MO0, 3eMIa yaep-
JKHBAET B TaK HA3bIBAEMbIX PAJUALIMOHHBIX MOACAX 3aXBAYEHHbIE YACTHLIbI CONTHEY-
HOTO BETpa, HE MO3BONAS UM MPOXOAUTH B atMocepy 3eMin U TeM Gonee k mo-
BEPXHOCTH. YacTuibi conHeuHoro Betpa 6buUTH Obl O4EHb BPeAHbI IS BCErO JKHBO-
ro. IIpn B3auMOJEHCTBMH YNOMHHABILKMXCSA MOJEiH 00pasyerca rpaHuua, no OgHy
CTOPOHY KOTOpPOH HaXOAWTCA BO3MYIUEHHOE (MOJBEPruleecs H3MEHEHHAM H3-3a
BHEILIHHX BIHAHHI) MarHHTHOE MOJTE YAaCTHLL COTHEYHOTO BETPa, MO APYrylo — BO3-
MylLleHHOoe noje 3eMnu. OTy rpaHHLy CTOMT pacCMaTpHBaTh KaK NMpeaen OKOJI03eM-
HOro MPOCTPaHCTBA, IPaHALY MarHutochepsl u armocdepsl. BHe 3Tol rpanuup!
npeobnaaeT BIMSHHE BHEIWIHHX MAarHUTHBIX nonei. B nanpasnennn k CosHuy
MarHuTocdepa 3eMITH CILIIOCHYTa N0/ HATUCKOM CONTHEYHOro BETpa ¥ NPOCTHpaeT-
cs Bcero g0 10 pamuycor muaHeThl. B APOTHROMONOXHOM HanpaBlneHHH HMEET
MecCTO BHITAHYTOCTH 10 1000 pannycos 3emmu.

OcHoBHafA 4acTb MarHMUTHOTO MONs 3eMITH OGHapyXuBaeT aHOMAlMM B pas-
JUYHBIX paiioHaX 3eMHOH MOBEPXHOCTH. DTH aHOMANMH, NO-BUAUMOMY, ClERYET
NPHNHCATh NPHUCYTCTBHIO B 3MHOH Kope (PeppOMAarHHUTHBIX MAacc WM Pa3iuyHIo
MarHHTHBIX CBOHCTB FOpPHbIX TIopoA. [To3ToMy M3yueHHEe MarHMTHBIX aHOMAIHIi
MMEET NPAKTHYECKOE 3HAUEHHE MPH HCCIEAOBAHHH MONE3HBIX HCKOMAEMBIX.

CyluecTBOBaHHE MarHMTHOTO NOJISA B JI060H TOUKe 3eMIH MOXHO YCTaHOBHTH
C MOMOLIbIO MATHHTHOMH CTpENKH.

¥Ypok 10. KoutposnHag pa6ora.
DNeKTpHYECKHil 3apA] H 1eKTPOMArHUTHOE NoJjie

Ifens: npoBepka 3HaHUH U YMEHHIt YUALTHXCS 110 H3YUEHHOH TeMe.

Xon ypoka

L. Oprann3an4oHHbIil MOMEHT
I1. IIpoBeaense KOHTPOJIBLHOI PaGoOTHI

I gapuanm

1. 3apskeHHas 4acTHua Maccoit 2-10”° T HaXomuTCS B PaBHOBECHH B
OJIHOPOJIHOM 3JEKTPHUYECKOM ToJle HampskeHHocThio 4-10° H/Kn. Yemy
paBes 3apsa yactuus? (Omsem: 51077 Ki.)
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2. DNEKTPOH €O cKOPocTHio 5-107 M/c RIETAcT B OAHOPONHOE MATHHT-
Hoe noJie noAy yrnoM 30° k nunAsM MarautHoH HHEykmd. Hafwre cu-
Ny, NCHCTBYIONTYIO HA NICKTPOH, €CITH HHAYKIHA MaruuTHoro noi 0,8 Ti.
(Omgem: 3-1072 H.)

3. Sinpo atoma renus, aMerommee Macey 6,7-107 xr v 3apan 3,2-107° Ku,
BIETACT B ONHOPOJHOEC MATHHTHOE MOJI€ W HAYHHACT JBHIaThCA [0 OK-
pyxsocTH pagsycoM | M. Unmykipis maruwtHOro mosst paska 1072 Ti.
PaccanTaiite ckopocTs 310it yacTAn. (Omsem: 4,8 10° Mm/c.)

4. NEKTPOH, NOMAafas B OHOPORHOC JIEKTPHUECKOE TIOJIE, IBHKETCA 10
HATPARICHMIO CHMIIOBKIX JMHMHA. Paccudraifre, depe3 Kakoi NPOMEXYTOK
BpEMEHH CKOPOCTH WICKTPOHA CTAHET PaBHOH HYIHO, ©CIH HANPHKEHHOCTE
nons pasia 100 H/Kn, a nauamsuas ckopocts 3MexTpona pasna 2-10° m/c.
(Omsem: 1,1-107 ¢))

5. B mnockmit XoHCHCATOP NAPALIEALHO €10 IUIACTHHAM €O CKOpO-
creio 3-107 m/c mnetaer snextpon. pu Brutere M3 KOHJICHCATOpa OH
CMEIMAETCK K OHOMH M3 IuiacTHH Ha 8,76-107° M. Jnnxa xaxno# nuacru-
HBI KOHJICHCATOpa papHa 3 CM, PacCTOSHHE MEXAY HHMH PaBHO 2 CM.
HanpsxeHHOCTS 3NEKTpHuecKoro Tons pasxa 2-10° H/Kn. Onpenennte
OTHOINIEHHE 3aPANA HNEKTPOHA U €ro Maccy. (Omeem: 1,8-10"" Kn/kr.)

6. Isummka, 3apan xoropo#l pasen 10 mx Kin, a Macca paBua 1 wr,
BIETACT B OAHOPOAHOE MATHHTHOE HOJIC H JBWDKETCA IO OKPYXHOCTH.
Hunyxums marasTHOro noys pasta 1 Ta. Ckonsko obopoToB chenaer
MBUTHHKA 33 3,14 ¢? (Omeem: 5.)

11 eapuanm

1. Kakoit zomxna OKTE HaNPHXECHAOCTL OHOPOIHONO EKTPHUYECKO-
TO TIONA, YTOOKM HAXOAAIMICA B NMOJIC MOKOAMMICA 3JEKTPOH MONYTHN
ycxopenme 2-10'2 m/c?? (Omsem: 11,4 H/Kn.)

2. B onaopoaHoe MaruHTHOE MONE BIECTACT MEKTPOH CO CKOPOCTHIO
4,6-10° w/c, HaNPaRNEHHOH NEPIICHIHKYSPHO JTHAHAM MAFHHTHOH HHYK-
. Miapyama MaruuTsoro nons pasta 8,5-10° T, Paccunmaiire cury,
JACHCTBYIONIYIO H2 NEKTPOH B MATHUTHOM nione. (Omeem: 6,310 H))

3. Mexgny iByMs napaieNnbHBIMH TUIACTWUHAMM, BEPTHKANBHO Paclo-
JIOXCHHRIMHA, HopsenieH mapuk Maccoid 0,1 r. [InacTuHbl 3apokensi, H
npH HanpskearocTd 45,000 H/Kn mapux oTkIoHAETCA OT BEPTHKANH Ha
yron, pasumii 10°. Haiizpare 3apan mapaxa. (Omeem: 4-10° Kn.)

4. ITpoTOH BIETAET B OXHOPONHOC MarHATHOE I0JIe, HHAYKIWMA KOTO-
poro pasua 3,4-107 T, NEPNICHAHKYIAPHO JIMHAAM MATHHTHOH HHIYK-
I[HH CO CKOpPOCTBIO 3,5:10° M/c. OnpenensTe pannyc KpHBHIHE TPAcKTO-
pHM nexTpona. Macca mpotona 8,67-107 kr, 3apan nMpoTOHa paBeH
1,610 Ku. (Omeem: 10 u.)

5. B 01IHOPOHOM 3MEKTPHYECKOM oJie ¢ Hanpskennoctbio 3-10° H/kr, '
JHHAA HANPIOKCHHOCTH COCTABILIIOT ¢ BepTHKANBI0 yroin 30°, aa HHTH
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BUCHT IapHK Maccoit 2 r. 3apsan ero pasen 3,3 MKin. Haiitu cuny Hars-
KECHHS HUTHU, €CIIN.

1) NMHUK HAOPSXKEHHOCTH HAIIPABIEHbI BBEPX;
2) TUHWH HANPSAXKEHHOCTH HAIIpaBJIEHBI BHU3.
(Omeem: 1,2:107 H/Kn, 2,9 107 H/Kxn.)
6. JiBa 31EeKTpOHA OBIKYTCS TTO OKPY)KHOCTH B OJHOPOJHOM MAarHHT-
HOM TMIOJIe B IUIOCKOCTH, MEPNEHIUKYISAPHOH JHHUAM WHAYKLMM TIONS.
Haiinute oTHOIICHHE TEPHOLOB OOpALIEHHS JIEKTPOHOB, €CIH KHHETHYC-

cxas SHeprust Nepsoro B 4 pasza GoNblIe KHHETHYECKOH SHEPTHH BTOPOTO.
(Omsem: 1:1))

YueHHKk MOxeT BRIOpATh 0GB 3a/1a4H:
1,2} oyenxa «3;

,2,3
2,4
3,4,5
3,4,6
BO3MOXHEI 1 IpyrHe BapHaHTHI HA YCMOTpPEHUE YYHUTENS.
II1. IlonBenenue UTOTOB ypoka

Jomaimnee 3aanue
3amaqa Ne 250.

} oYyenka «4»;

} OYeHKa «5».

Mnaea 2. NneKrpoMarHUTHaa MHAYKLIUA

¥Ypok 11. Huaykuus 31eKTpHYECKOT0 MoJs.
Hpasuno Jlenua

Lens: 03HAKOMYTE YHAlUXCH C SBICHUEM BACKTPOMATHHTHOW MH-
LDYKUHH.

Xoa ypoka
I. Opranu3anuoHHbIH MOMEHT
II. AkTyanu3zanus 3Hanmii

1. ®poHTANBHEIH OIPOC.
— B 4eM 3akniodaercs runote3a Amrepa?
— Yto Takoe MarHUTHAg APOHHLIAEMOCTE?
— Kakue BelllecTBa Ha3BIBAIOT NTapa- M THAMATHETHKAMHU?
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— Uro Takoe peppoMarHeTHKH?
— Uro takoe depputs1?
— TI'me npamensoTcs GeppHTEI?
— OTKyA2 U3BECTHO, YTO BOKPYT 3EMAH CYIIECTBYET MarHUTHOE nosie?
— TI'ne uaxonurcsa CesepHblit M FOxHBIH MaruuTHBIE Momoca 3eman?
— Kakue npoueccsl MPOUCXOAAT B MarHuTocdepe 3emun?
— KakoBa npuuMHa CyuecTBOBaH M MarHUTHOTO Mo y 3eMan?
2. AHaIH3 3KCTIEPHMEHTOB.

Ixcnepumenm 1

MarHHTHYIO CTpEJIKy Ha MOJACTABKE MOJHECIH K HI)KHEMY, a 3aTEM K
BEpXHeMy KOHily mrtatHea. [loyeMy cTpenka noBopaynBaeTcs K HHMKHEMY
KOHLY INTaTHBa C M000# CTOPOHBI I0XHEIM MONIOCOM, a K BEpPXHEMY
KOHIy — CeBepHbIM KOHLOM? (Bce sicenesmnvle npeomemul Haxooamcs 8
MmazHumHom none 3emnu. I1o0 Oelicmeuem a3mo20 nons oHu HAMazHUYu-
8alomcsl, npuyem HUMICHAA Hacme npeomema OGHapyicusaem cegepHuiil
MazHumHbli NOMOC, A BEPXHAA — I0JICHbII.)

Skcnepumenm 2

B Gonswoit xopkoBoil mpobke caenaiite Hebonbwoi xenobok 1ns
Kycka nposonoky. [IpoGky onycTuTe B BoAy, a CBEpXY MOJOKUTE IPOBO-
JIOKY, pacnojyiaras ee o napauieny. Ilpy 3ToM NpoOBONOKa BMECTE €
npoOkoH NoBOpayMBaeTCAs H yCTaHAaBAMBAaeTCs Mo MepuanaHy. Iloyemy?
(IIpoeonoka beira Hamaznuvena u ycmarnaenueéaemcsi 8 noie 3emau KaK
MazHumHas cmpenka.)

1. M3yueHne HOBOro MaTepuaia

Mexay ABIXKYIIUMHCSA 3IEKTPHYECKHMH 3apsiaMu IEACTRYIOT Mar-
HUTHBIE CHJIBI. MarHWTHbIE B3aHMONEHCTBHS OIMHUCHIBAIOTCS Ha OCHOBE
TIPECTaBIIEHHs. O MArHUTHOM T10JI€, CYILECTBYIOLIEM BOKDYT ABMKYILHX-~
€Al IEKTPHYECKHX 3apANOB. DJIEKTPUYECKHE ¥ MATHUTHBIE MONS TMOPOK-
JIAIOTCA ONMHMMYU H TEMH K€ HCTOYHHKAMH — INEKTPUYECKUMH 3apsaiaMH.
MOXHO MPEANOA0KHUTE, YTO MEXY HUMH €CTh CBA3b.

B 1831 r. M. ®apaxei noATBEpAMI 3TOT 3KCNIEpUMMEHTANRHO. OH OT-
KpBIN ABJICHUE JIEKTPOMArHUTHOM HHAYKLHH.

Axcnepumenm 1

CanpBaHOMETP NMOACOEAHHAEM K KaTyllike, U OyaeM BBIABUIaTh H3 HeEe
NOCTOAHHBIA MarHuT. Habmonaem OTKIOHEHHE CTPEIKH TajlbBAHOMETPA,
TIOABHIICA TOK (HHAYKUMOHHBII).

Tok B NpoBoJHKHKE BO3HHKAET, KOrJa NPOBOAHMK OKa3HBaeTcs B 00-
JIaCTH AEHCTBUSA NTEPEMEHHOTO MATHUTHOTO TOJIA.

ITepeMenHoe MaruuTHoe none Papaaci NpeacTaBIsn Kak H3IMEHEHHE
YHCIA CHJIOBBIX JIMHHH, NIPOHU3BIBAIOLIMX MOBEPXHOCTh, OFPAHHYCHHYTO

/

(
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JIAHHBIM KOHTYPOM. DTO HMCIIO 3aBHCUT OT HHIYKUWK B MarHuTHOrO 1o-
751, OT IIOWIAH KOHTYpPa S M €r0 OpHEHTALNH B JaHHOM IQJIE.

@ = BScosa — MarHUTHEIH MOTOK.
@ [B6] Bebep.

WuayKuMoHHsIH TOK MOXET HMETh pasHble HAIpaBIeHHSA, KOTOphIE
3aBUCSAT OT TOro, yOBIBaeT WM BO3PACTAECT MarHUTHEIA NOTOK, MPOHH3bI-
Bawoiuit KOHTyp. IIpaBujo, MosBoyisilollee OMpPENENUTH HarpaBjcHUE
HHIYKIHOHHOTO TOKa, 66110 chopmymrupoBano 8 1833 r. 3. X. JleHuem.

Sxcnepumenm 2

B nerkoe antoMHHHEBOE KOJBIIO BJIBUracM MOCTOAHHBIN MarHuT, Komns-
10 OTTAJIKHBAETCS OT HETO, a NPH BBIXBUTAHUH MPUTATUBAETCHA K MAarHUTY.

Pe3ynsraT He 3aBHMCHT OT NOJSIPHOCTH MarHuTa. QTTalKKBaHUE W NpH-
TATMBAHUE OOBACHAETCS BOSHUKHOBEHHEM B HEM MHIYKI[MOHHOTO TOKA.

Ilpu BABMraHMH MarHMTa MATHUTHEIA MOTOK Yepe3 KOMBLO BO3pacTa-
€T: OTTAIKUBAHHE KOIBIA NMPH 3TOM ITOKA3bIBACT, YTO WHAYKIMOHHBIH
TOK B HEM WMeEeT TaKOe HANpaBlICHHE, IIPH KOTOPOM BEKTOP MHAYKLHH
€ro MarHHTHOTO NOJNA NPOTHBOMONOXEH NO HANpPABICHHIO BEKTOPY WH-
JYKLIHM BHELIHETO MarHUTHOTO TMOJNA.

MpaBnio Jenna:
Hudykyuonnviii mox umeem ecec0a makoe Hanpaeielue, Ymo e20

Maznumuoe nojie npenamcmeyem AI00bIM UBMEHEHUAM MAZHUMHO20 HO-
maoka, 8bl3blearowjuM noseierue quyK‘IﬂIOHHOZO moka.

IV. IlpoBenenne nabopaTopHoii paGorsi

JIaﬁbpaTopHan pa6ora no reme
«OnbiTHaA npoBepka npasuia Jienua»

Hpubops u mamepuansl: MUTINAMICPMETP, KaTyIKa-MOTOK, Mar-
HUT AyrooGpa3Heii.
Xon paGornt

1. TIpurotoppTe Tabnuiy.

Cnoco0 nony4enus
HHAYKIIHOHHOI0 TOKA

Ne I B B, AD,,

1 | BHecuTe B KaTyniky
CEBEPHBII MOIIOC MarHUTA

2 | Ypanure u3 KaTyIukH
CCBepHBIﬁ MnoarxC MarHuTa

3 | BHecuTe B KaTyILKy IOXHBIH
NOJI0C MarHHTa

4 | Yiaanute U3 KaTyLIKy H0KHBIH
HONIOC MarHuTa

2 B. A. Bonxos
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2. TlomkmounTe KAaTyLIKY-MOTOK K 32)KHMaM MHIIHAMIEPMETpa H
BEIMOJIHMTE AEHCTBUSA, YKa3aHHBIE BO BTOpoM cronbue Tabauusl. [lpn
BBIIIOJTHEHMH OMBITOB IMOJIOXKEHHE KAaTYIIKM HE MEHACTCA, a MAarHMr Ie-
peMeaeTCs ¢ ONHOM M TOH XKe CTOPOHBI KaTyIUKH.

3. IIns kaxaoro cnocoba Moay4eHUs HHAYKLHOHHOTO TOKA Omnpeje-
nuTe:

1) HampaBieHHe HHIYKIIMOHHOTO TOKa;
2) HanpaBJieHHe BEKTOPa MarHHTHOTO HHAYKLUMOHHOTO MOMA HHAYK-

LIMOHHOTO TOKa B B KaTyIlKe;
3) HanpaBJIcHHE BEKTOpa MATHMTHOM HHIYKIMH 10N B,, B KarylliKe;
4) u3MeHeHHe MarHUTHOTO Mons MaruuTa A®,, yepe3s KaTymIKy.

Bonpocs! s 3aKperuieHu:
— Kak n3MeHWICs MarHMTHBIA MOTOK Yepe3 KATYIUKY NpH NpHOIn-
MEHUM U yIaICHHH MaruuTa?

— Kak Hanpasnens! BekTopsl B u B,, npu Bo3pacTaHHH M yObIBa-

HHH MarHMTHOTO NOTOKa @}, yepe3 KaTymiky?
— Kakoif BHIBOJ MOXHO CHENaTh W3 NPOBEINCHHBIX OMBITOB O Ha-
TNpaBJICHHH HHAYKIHOHHOTO TOKa?

ITpumeuanue: Hanpaenenue I, B, B,, ycnoBHO W300pa3sHTh B BHJE

TOPH30HTANbHBIX CTPENIOK COOTBETCTBYIOIIETO HAmpaBieHHd, a Ad,,
3HaKaMH «» (BO3pacTaHHE MarHUTHOTO MoJs) U «—» (YObIBaHHE MarHMT-
HOTO 1OJIsA).

V. Ilponosxenne n3yueHns MaTepuaa
OTKpBbITHE YIEKTPOMATHHTHOH HHAYKIHH

CrnenylomuM BaXXHbIM LIaroM B Pa3sBUTHH JJEKTPOJMHAMHKH MOCie
OMNBITOB AMIiepa Ob1I0 OTKPBITHE SBIEHHA JIEKTPOMArHUTHONH HHAYKLHH.
OTKpsIT SIBIICHHE DIIEKTPOMArHUTHOM MHAYKIUMM AHTIMHACKHH (QH3MK
Matixn dapaneit (1791-1867).

dapareit, 6yayun emie MOJIOABIM YHEHBIM, TaK XKe Kak ¥ DpCTen, Ay-
MaJl, YTO BCE€ CHJIbI NIPHPOABI CBA3aHEl Mexay coboi U, Gonee Toro, uto
OHH CIIOCOOHBI NIPEBpaIaThCs ApYyT B Apyra. MHTepecHO, YTo 3Ty MBICIH
®apapeii BbICKa3bIBAN €llle 0 YCTAHOBIICHHS 3aKOHA COXpaHEHHs M Ipe-
BpalueHus sHepruu. dapane 3Han 06 OTKPEITHH AMIEPA, O TOM, YTO OH,
TOBOPs 00pa3HBIM S3bIKOM, TPEBPATHII 3JIEKTPUUECTBO B MarHETH3M. Pas-
IOyMbIBasi HaJl 3THM OTKpbITHEM, Dapajel mpHuIen K MBICITH, YTO €CIH
«3NIEKTPHYECTBO CO3Ja€T MAarHeTH3M», TO U Ha0OOPOT, «MarHeTH3M J0J-
MEH CO3J1aBaTh 3JeKTpuuecTBoy. M BOT eme B 1823 r. oH 3amucan B cBo-
eM naHeBHHKe: «OOpaTHTh MarHeTU3M B 3IIEKTPHYECTBO». B TeueHue
BoceMu Jier Dapasieli paboran HaJ pelIeHHEM TMOCTaBICHHOR 3a1a4m

-/
\
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Jlonroe BpeMs ero NpeciefoBATH HEYAauH, H, HakoHell, B 1831 r. on pe-
HIHJI €€ — OTKPBUI ARJICHAE 3JIEKTPOMArHATHON HHIAYKIMH.

Bo-neprrix, ®apaneii o6HapyxHi1 ABICHHE JJIEKTPOMArHUTHOH HH-
JYKIHK JUIs CHydasi, KOTla KaTylIKH HAMOTaHKE Ha OIMH M ToT e 6apa-
6an. Ecii B ofHo#i KaTylIKe BO3HHKACT HJIM MPOMAJACT MEKTPHUECCKHIHA
TOK B pe3yJibTare NONKMIOUEHUA K HEH WIM OTKJIOYEHHS OT HEE FajibBa-
HUueckol 6Garapew, TO B JApyroil KaTymike B 3TOT MOMEHT BO3HHMKACT
KPaTKOBPEMEHHKI TOK. JTOT TOK OOHapyXXHBacTCd FallbBaHOMETPOM,
KOTOPEIH NPHCOCMHEH KO BTOPOH KaTyILIKe.

3areM apaneii yCTaHOBII HABYHE HHAYKIHOHHOIO TOK2 B KaTyml-
Ke, KOTJ|a K Hel mpHOMDKaNN WIH YAQISiH OT HEe KATyIIKy, B KOTOpOii
TIpOTEKAN JJIeKTpUYECKHH TOK.

Hakonen, Tpetnii chydalf 3JIeKTpOMarHMTHOM HWHIYKUMH, KOTOpPHIA
obnapyxnn ®apaseil, 3aKINO9aNCK B TOM, 9TO B KaTyHIKE NOABISIICA TOK,
KOr/a B Hee BHOCHITH HITH XKe YJASUIN U3 Hee MaTHHAT.

Otxperriie dapajies NPHBICKIO BHUMAaHHE MHOTHX (M3MKOB, KOTO-
pHIE TalOKe CTalM H3y4arh OCOOCHHOCTH ABJIEHHS 3JICKTPOMAarHMTHOM
uHykiin. Ha ovepery crosna 3ajjada ycraHOBHTE obumii 3akon anmek-
TPOMarHUTHOM MHAYKIMH. HyxHO 6BI0 BBISCHHTB, KaK H OT 4Yero 3aBH-
CHT CHJIa MHAYKITHOHHOTO TOKA B NPOBOJHMKE HIIA OT YErO 3aBHCHUT 3HA-
YeHHE JJICKTPOIBIDKYLIEH CHIbl MHAYKIMH B APOBOAHHKE, B KOTOPOM
MHIYIMPYETCA JJIEKTPHYECKHM TOK.

3ra 3anaua okaszanack TpyAHOH. OHa 6rina nonHocThio pemena @a-
paneeM B MakcBeIUIOM NMO3kKE B paMKax pa3BHTOro WMH ydeHus ol anek-
TpoMarnuTHoM nose. Ho ee nuTanuck pemrs 0 (GH3HKH, KOTOpLIE MPH-
JepXHBAINCEH OOBIMHONM JUIs TOTO BPEMEHH TCOPHH NANBHOACHCTBHA B
YHEeHNH 00 3NeKTPHYCCKHX B MArHUTHBIX ABJICHHAX.

Koe-4ro 3TuM yueHBIM ynanoch caenats. IIpy 3ToM MM noMorio ot-
KpLITOE MEeTepOyPrckuM akafeMHKoM OMumeM XpucTHaHoBHYEM JleH-
neM (1804-1865) npaBuiio NS HaXOXKACHHA HANPaBICHUS HHILYKIHOH-
HOTO TOK2 B Ppa3HRIX CHy4asX 3JICKTPOMArHHTHOH HHAyKumu. JleHi
chopMynuposan ero Tak: «Ecny Merannuueckuii NPOBOXHHK ABMKETCHA
Nno6IM30CTH OT ralkBaHHYECKOrO TOKA HIIM MarHMTa, TO B HeM Bo36ykia-
€TCAl TANBBAHHYECKHH TOK TaKOro HanpaBiieHHs, 4TO €cn¥ Ohl JaHHBIH
TIPOBOAHHK OBLT HENOABMXHEIM, TO TOK MOr O6hl 06yclOBHTE ero mepe-
MEIIEHHE B MPOTHROINOJIOKHYIO CTOPOHY; IIPH 3TOM HPENTIONAraeTcs, 4To
MOKORIMICA MPOBOAHHK MOXET NEPEMEIAThCA TOJBKO B HATIPABIICHHH
JIBHJKCHHS HJIH B IIPOTHBOTIOJIOHOM HAIMPABICHHMY.

3TO MpaBUNO OYEHL YNOOHO JNs ONpEAEHeHUS HANPABIEHAS WHIYK-
IMOHHOro Toka. M MEI nonb3yeMcs u ceiyac, TONBKO OHO ceituac dop-
MYJIHPYETCA HECKOJIBKO WHaue, ¢ ynoTpeblieHHEM HOHATHS JJICKTpOMAr-
HATHOH HHIYKIMM, KoTopoe JIeHIT He ucnonp30Ba.

pid
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Ho ucropuveckd rnaBHOe 3HaueHue npaeuina JleHna 3axmovanoch B
TOM, YTO OHO HATOIKHYJO Ha MBICIb, KAKHM MyTEM IOJOHTH K HaXOXIe-
HMIO 33aKOHA 3NIEKTPOMArHUTHOM MHAYKIKH. [[eno B TOM, YTO B 3TOM Mpa-
BHIIE YCTAaHABIMBACTCSA CBA3b MEXIY DJICKTPOMArHUTHOM HHAyKnMeH H
SIBTICHHEM B3aUMOZAEHCTBHH TOKOB. Bompoc ke o B3aMMOJCHCTBHH TOKOB
6611 yxe peuted AMnepoMm. [1o3ToMy ycTaHOBIEHHE 3TOH CBA3M Ha mep-
BBIX [10pax Jajlo BO3MOXXHOCTh ONpPENETUThb BLIPRXEHUE JIEKTPOABHKY-
IEH CHbI UHAYKLHUH B IPOBOJHUKE AJIS PAAa YACTHBIX CIy4acB.

B of1meM Bije 3aKOH 31EKTPOMArHUTHOM HHAYKIMH, Kak Mbl 06 3TOM
ckazany, 611 yeranosneH dapaneem 1 Makcpennom.

VI. HoxBenenue HToroB ypoka

Jlomammuee 3axanne
m. 9-10.
P -902.

¥Ypok 12. 3ak0H 31eKTPOMArHHTHOH HHAYKUHH

Hens: chopmynupoBaTh 3aKOH 3IEKTPOMArHUTHOM HHAYKUHH.

Xon ypoka

I. Oprasu3auuoOHHBIN MOMEHT

11. [TosTOpeHIE

—  Onumure ONEITH, B KOTOPBIX MOXHO HAGIOAATh MHIYKIIHIO TOKA.

— Kaxkum J0mxHO ObITh MArHHTHOE 10J€E, YTOOBI B HETOABHXHOM MPO-
BOJIHUKE NOABHJICS HHIYKLUHUOHHBIH TOK?

— Ot Yero 3aBHUCHT YHCIIO CHJIOBBIX JTMHHA MarHKTHOIO TOJIS, POHH-
3bIBAKOIIMX JaHHbIH KOHTYp?

— Kax onpenensior HanpapjieHHe HOPMAIIH K KOHTYPY?

—  Yro Takoe «MarHUTHLIA TOTOK»?

— B kakux equHHLIAax U3MepAETCS MarHUTHBIA [OTOK?

— B yem 3awmougaercs npasuno Jlenna?

I11. TIposenenne naGopatopnoii paGoThi

JlaGopaTopHasn pa6ora no reme
‘«MccnegoBanne 3aBHCHMOCTH CHJIbI HHIXYKUHOHHOI 0 TOXA
OT CKOPOCTH M3MEHEHHS MATHHTHOIO NMOTOKA»

Obopydosanue: MCTOYHUK THTAHHWA, MHWUIHAMNIEPMETP, KaTyllKa-
MOTOK, KaTylika C )KENe3HBIM CEpACYHHKOM OT pazbopHOro anexTpomar-
HHMTa, MAarHUT 1yrooOpa3HbIi, peocTaT MON3YHKOBBIH, KI0Y 3aMbIKaHHS
TOKAa, KOMILIEKT IPOBOJIOB. '
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Xoa pabornl

1. TTonkMIOYATE KaTyMIKY-MOTOK K 3a)XHMaM MH/IIHaMIEPMETpa.

2. Berapngiite W BhIHHMAalTE KyrooOpa3Hell MarHHT M3 KaTYWIKH C
Pa3NUYHON CKOPOCTBIO M AT KXKJIOIo Cayyas 3aMeyaiTe MaKCHMAIbHYI0
CHITYy MHAYKIIMOHHOTO TOKa.

3. Katyuiky coelMHATE ¢ MIIIMaMIIEPMETPOM,; HAIEHBTE HAa KAaTyIIKY
C KENE3HEIM CePASYHHKOM H TIOAKIIOYHTE TOCIEIHIO Yepe3 peocTar H
KJIH0Y 3aMBIKAHUS TOK2 K MCTOUHUKY TTHTAHHA.

4. WaMeHsiiiTe cuay TOKa B KaTYIIKE dAEKTPOMAarddTa TIPH TIOMOLIM
PeOCTaTa C pasiH4HOH CKOPOCTBIG H AN KKIOTO clyvas 3aMeyvalite
MaKCHMAIBHYIO CHITY HHIYKUHOHHOTO TOKa.

5. OTBeTETE Ha BOMPOCHL:

a) B kakoM CiTyuae CKOpPOCTb H3MEHEHHS MATHHTHOTO MOTOKa Hepes
KaTyWKy, COEQUHEHHYIO ¢ MUIIHamMnepMeTpoM, Obina Gonbie:
NpH MEIUIEHHOM WM OBICTpOM JBHXeHMM MarHuta? Ilpun mex-
JIEHHOM WJIM GBICTPOM W3MEHEHHMM CUIBI TOKa B KaTYUIKe 3JIeK-
TpoMarsuTa’?

6) Yto MOXXHO cKa3aTh O 3aBUCHMOCTH CHJIBI HHIYKIJHOHHOTO TOKa
1 3JIC-HHAYKIMH OT CKOPOCTH M3MEHEHHS MarHUTHOTO MOTOKA
4epes Karyumky?

6. OTBeThI 3aAMUILNTE B TETPANb.

1V. A3y4enne HOBOro MaTepuana
MarHuTHbI TOTOK HAT/ISAHO MCTOJNKOBLIBAETCA KAK YMCIO JIMHMIA
MarHMTHOM HHIYKLMH, MPOHH3BIBAIOMMX MOBEPXHOCTH MIIOMAABIO S.
Ecnu 3a Manoe BpeMs At MarHUTHBIHA NOTOK MeHAeTcs Ha AD, To cko-
POCTB U3MEHEHHUS MTOTOKA
AD AD
— = I =—.
Ar At
HagecTHO, 4TO B HEMH MOABIAETCS dICKTPHUECCKHI TOK B TOM CIIy4ae,
ecM Ha CBOGOHBIE 3apsi/ikl MPOBOJXHMKA AEHCTBYIOT CTOPOHHHME CHIIBI.
ITpu H3MEeHEeHHH MarHUTHOTO TIOTOKA MOSBISIIOTCA CTOPOHHUE CHITBI, AeH-
CTBHE KOTOpPHIX xapakTepuzyet IJIC.

Ei
=%

ConpoTHBIIEHHE 3aBUCHT OT M3MEHEHHS MarHUTHOTO TIOTOKA. 3aKOH
JNIEKTPOMAarHNTHOH NHAyxuMK dopmympyerca ang 3JIC.

AQ
£ =—.

At

AD
£ =——
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3aKOHOM B TAKOM BHJIC MOXHO TIONE30BAThCS NIPH PABHOMEPHOM H3-
MEHEHHH MarHHTHOTO NOTOKA. B mpoTHBHOM CiTy4ae:
-0,

V. 3akpeniense H3y4eHHOro

— TloyeMy 3aKOH 3NEKTPOMArHHTHOH HHAYKIHH GOpMYITHpyETCR mlx
3/IC, a He JuIA CHIIBI TOKa?

— Kak ¢opmMynupyeTcs 3aKoH 3MIEKTPOMarHHTHON HHIYKIMH?

— Tloyemy B 3aKOHE NEKTPOMArHUTHOH WHIYKI[MH CTOMT 3HAK (MH-
HyC»?

—  Yro MOXHO CKa3aTh O 3aBHCHMOCTH CHIIbl HHIYKIJMOHHOIO TOKa H
OJIC-MHAYKIMH OT CKOPOCTH W3MEHCHHMS MarHMTHOIO TOTOKA Ye-
pes3 Katymky?

VL. Pemienne 3ana4

1. 3a xaKo# NPOMEXYTOK BpeMEHH MArHHTHRIH IOTOK M3MEHACTCH Ha
0,004 B6, ecnu B Koutype Bo30yxmaerca DJIC unayxnuu 16 B? (Om-
eem: At =25 Mc.)

2. Conenonp cogepxut 100 ButkoB nposonokH. Haittu 9JAC uugyx-
UMM, €CIIH B 3TOM COJNCHOMJIE 33 5 MC MArHWTHBIH NMOTOK PaBHOMEPHO
H3meHnsercd ot 3 MB6 1o 1,5 MB6. (Omeem: 0,3 B.)

3. B o6MoTKE Ha CTAIBHOM CEpJCYHHKE C IUIOMAALI0 NOMNEPEYHOro
cedenus 100 cm? B Teuenne 0,01 ¢ B036yxaaerca IIC unayxumu 150 B
npH M3MEHEHUH MarHHTHOW HHaykuwmH ot 0,3 Ta no 1,3 Ta. Ckonbko
BUTKOB B 06MOTKE? (Omeem: 150.)

4. TIpoBoJIOYHAs NPAMOYTONBHAs PaMKa CO CTOpoHamu 18 cM H 5 cM
PacIoIoXeHa B OJHOPOJTHOM MarHHTHOM M0JIi€ NEPNEHANKYNSPHO K CH-
JIOBBIM JiHHMAM. OnpeaennTe HHAYKLUHIO ITOrO MOIA, €CJIM [PH €ro Hc-
yesnoseHnH 3a 0,015 ¢ B pamxe Bosnukaet IJIC = 4,5-10° B. (Omeem:
AB=17,510"Tn.)

5. MarHuTHHIH [OTOK 4epe3 KOHT}? MPOBOJXHHKA CONPOTHRICHHEM
3-1072 Om 3a 2 ¢ H3MEHHIICK Ha 1,2-10 B6. Kaxora chia Toka, npote-
KaIOIIEero Mo NpPOBOAHHKY, €CIIH W3MCHCHHS MPOMCXONAT pannomepﬂo"
(Omeem: I=0,2 A.)

6. Conenonyi, cocroanmii u3 80 BHTKOB H MMEIOUMii quaMeTp 8 cM,
HaXOJHTCA B OJAHOPOJHOM MArHHTHOM NOJIE, HHIYKIMA KOTOPOro paBHa
60,3 Tn. Conenonpy noBopaunpaercd Ha 180° B reuenne 0,2 c. Haimu
cpeanee 3Havenne DJIC, Bo3HHKaIOLIEE B COJICHOMIE, €CJIM €r0 OCh 0 H
NocJie MMOBOPOTA HaNpaBJieHa BROJL Nons. (Omeem: € = 0,24 B.)

VII. loxsenenne HTOroB ypoka

Jlomamnee 3a5anne
n 4;
P-911; P-912.
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Vpok 13. JlaGopaTophras pa6oTa
no teme «3yuenne iBJeHNS JIeKTPOMATHATHOH HHAYKIHN

Obopydosanue: MHUITHAMIIEPMETP, MCTOYHHK MHTAHHA, KATYIIKH C
CepIeYHHKAMH, AyrooOpa3HbIii MarHkT, BHIKIIOYATENb KHOMNOYHBIH, CO-
€ IMHHTENLHbIE MPOBOJIa, MATHUTHAA CTpeNka (KOMIIac), peocTar.

Xon paGoTnl

1. BcraBbTe B OfIHY M3 KATYIICK JKENIE3HBIH CEPACYHHK, 3aKPENHB €ro
raiikoif. [TomkmounTe 3Ty KaTyLIKy 4epe3 MHLIHAMIEPMETP, peocTaT H
K04 K HCTOYHHKY MHTAHHA. 3aMKHHMTE KIIOY H ¢ MOMOIUBIO MAarHUTHOM
cTpenkd (KoMIlaca) OmpefeNIuTe PacTiofIOKEHHE MATHHTHBIX MOMIOCOB Ka-
TYHIKH ¢ TOKOM. 3aQUKCHPYHTE, B KAKyI0 CTOPOHY OTKIIOHSETCH NPH 3TOM
CTpenka MHIHamIiepMerpa. B pameneiiieM Npu BEINOJIHEHHH paBoThI
MOXXHO OyJeT CyIuTh O PacroJIOKCHHH MarHUTHBIX TNOMIOCOB KATYILKH C
TOKOM I10 HaTpaBIEHHIO OTKIIOHEHHA CTPEJIKH MUJUTHaMIIEpMETpa.

2. OTKIIOYHTE OT LEMH PeocTaT H KI0Y, 3AMKHHTE MISLTHAMIIEPMETD
Ha KaTyUIKy, COXPaHHB MOPATOK COCITHHEHHS HX KIEMM.

3. IlpucraBeTe cepAeyHHK K OJHOMY U3 MOIOCOB AYTOOGpa3HOro Mar-
HUTa ¥ BABHHBLTE BHYTPb KaTYIIKH, Ha6moaas OTHOBPEMEHHO 3a CTPENIKOM
MWUIHaMIIEpMeTpa.

4. IloBTOopuTe Habmo/cHHE, BBIABHIas CEpJCYHIK W3 KATYIIIKH, a TAKKE
MEHSA N0J1I0Ca MarHUTa.

5. 3apucyiiTe cxeMy OIEITa H MIPOBEpbTE BRIMONHEHNE NpaBuia JleHua
B KaX1OM ClIyuae.

6. Pacnonoxxure BTOpYIO KaTylIKy pAAOM ¢ MEPBOH Tak, 4TOOLI HX
OCH COBMaRamNu.

7. BcraBeTe B 00€ KaTYIIKH JKeNIe3HBIE CEPACYHHKH ¥ TPHCOSHHHTE
BTOPYIO KaTYIIKy Yepe3 BRIKIIOYaTedb K HCTOYHHKY THTAHHS.

8. 3aMeIKad 1 pasMBIKas KoY, HabMoaliTe OTIIOHEHHE CTPENKH MHI-
JHaMIIepMeTpa.

9. 3apucyiiTe cxeMy OIBITAa H NPOBEPLTE BRIMOMHEHHE NpaBuia Jlenua.

JlomaiiiHee 3axanue
P -913; P-914.

Ypok 14. Pemenune 3anau.
3akoHbl JNeKTPOMATHHTHOH HHAYKUMA

Iens: otpaboTka NpakTHYECKHX HABLIKOB IIPH PEICHUH 3aa4.
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Xoa ypoka

L. Opranu3auMoOHHbIH MOMEHT
II. IloBTOpEHHE

—  Yro naseBaercs DJC-unaykumeit?

—  Kakas ¢opMyna BEIpOKaeT OCHOBHOH 3aKOH 3JCKTPOMarHHTHOH MH-
IyKIMH?

— Kak popmynupyercs npasuno Jlenua?

— OG6bacHHTE, KaK ONpEEIseTCS HaNpaBleHHEe HHAYKLIHOHHOTO TOKa
B NPSMOJIMHEHHOM NPOBOAHMKE, ABMKYINEMCS B OAHOPOJHOM Mar-
HutHOM none. Kax ¢popMupyercs npaBuiio npasoH pyku?

I11. Pemrennue 3axau

1. U3 npoBojia JumHOM 2 M caenaiii KBaJpaT, pacnoyiOxeHHBIH ropu-
30oHTaIBHO. Kakoil 3apsj npoitner no npoBoay, €ciy ero NOTAHYTH 3a ABe
JMaroHaJbHO NMPOTUBONOJOXHBEIE BEPLIMHBI TaK, YTOOBI OH CIOXHICH.
Conpotusienne nposoaa 0,1 OMm. BepTHKanbHas COCTABIAIOLIAA HHIYK-
LIMH MarHUTHOTO nons 3emiy paBHa 50 MxTh.

Jano: Pemienne:
m=2M, AD
R=010mM, | &="— 3 AP=BAS;
B =50 mMxTn. 2 P
q-? AS=8,-§=0-—=-—.
16 16
2 2 2
gi=i; _&_ 8 .q=]At=i=l25 MKK1,
16At R 16RAt 16R

(Omgem: q = 125 mxKi.)

2. Merannuyeckuii CTepxeHb paBHOMEPHO BpaLIAETCA BOKPYT OJHOTO
U3 €ro KOHIOB B OJJHOPOJHOM MarHMTHOM NOJIE B INIOCKOCTH, NEpIEH/IH-
KyJISpHOH K OCHOBHBIM JIMHHSM IOJA. YTIJIOBasx CKOPOCTH BpAIlEHHS
cTepxHs @ =75 pan/c, ero mmua ! = 0,4 M, MarHUTHast HHIYKUHA NOJS
B =0,1 Tn. Haittu 3/]C-uHAYKUUIO CTEPHHS.

Jano: Pemenne:

o =75 pap/c, A® BAS

1=04wm, £= A = I rae AS — momans, ONMCEIBae-
B 290’1 Ta. Masi CTEpKHEM 3a Af.

et AS = N7zl*, rae N — uucno 060poToB.

2 2
N=w—At; AS=mI A1; £=wBl =0,6 B.
2H 2 2

(Omeem: £=0,6 B.)
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3. IInockuii MpoBOAAIIMIi BUTOK, NioLaas0 S = 60 cM’, HAXOUTCA B
OIHOPOAHOM MarHutTHoM moje ¢ uHaykuueid B = 0,4 Tn. Kakoii 3apag
TIpOMZIET TI0 KOHTYPY, €CJIH €ro MOBEPHYTH Ha yron 90°? yron 180°7?

CompotHnenenne KoHTypa R = 2 Owm.

Jano: , Pemenue:

§=60cm", £ AD O, -D AD
- =INt; I=—; g=-—=—"2—t\; g=—"|

Boodtn |1 R YR, R

a—= 90:?’ Ecau nosepryTs Ha @ =90°, 10 ®, =0, ®, =BS,

a=18°. A®=0—BS=—BS.

i=? q]=B—S; g, =1,2 MKz

th—? R

Hayron @ =18°, A® =-2BS.
®,-®, =-BS-BS=-2BS;

q, =%; g, =2,4-10" K.

(Omeem: q, =1,2 MKn, ¢, =2,4-107 Ku.)

4. U3 xycka TOHKOH NMPOBONOKH caenaHo konbuo. [Ipu BrIOYEHHH
MarHMTHOTO MOJIS, HAaNpaBIE€HHOTO NMEPNEHANKYIIPHO INIOCKOCTH KOHLIA,

1o Hemy npotek 3apsa Q =107 Kn. Kakoii sapsag Q, npoteder no npo-

BOJIOKE, €CTH NPH BKJIIOYEHHH MOJSA KONBLO JepOpMHpOBATH B KBaJparT,
PAacroJIOXKEHHBIH B TOH XKe IIIOCKOCTH?

(Omeem: —0,2:107° Kn.)

5. Karymka conporuBinenneM R = 100 Owm, cocrosmas u3 N = 1000
BUTKOB MIOMABI0 S = 5 cM” KaxIb1ii, BHECEHA B OTHOPOJHOE MATHUTHOE
TIOJIe, KOTOPOE YMEHBLIHIIOCH N0 BenuuHHe ot By = 0,8 Tn no B, = 0,3 Tn
M He U3MEHMJIOCHh 110 HanpaeieHuto. Kakofi 3apsan npolen 1mo npoBOJHH-
Ky 3a 3TO BpeMsi?

(Omesem: 2,5:107° K.)

6. BekTop MarHMTHOH MHAYKLMH MOJS MEPNEHANKYISAPEH TIIOCKOCTH
KOJIBLIA THAMETPOM d = 22 MM H €ro NMpoeKIUs Ha HOPMAllb K TUIOCKOCTH
kpyra usmensiercst ot B, =—0,4 Tnno B, =0,55 T 32 80 107 c. Haittu
SAC-uHIYKLHIO.

(Omeem: 0,45 B.)

7. TlpoBonouynoe konblo AuamerpoM d = 5 OM momelieHo B Iepe-
MeHHOEe MAarHUTHOE MoJie MEPICHIMKYJSPHO €ro IUIOCKOCTH. MaruuTHas
MHOYKUNS HapacTaeT JHHElHO 3a Af, =15 c oT Hymt 10 B = 0,02 Tn u



42 Moypounsie paspabomku k yuebruky A. Makuwesa, 6.5 byxosuesa

3aTeM JIMHEHHO YMEHBUIAETC 10 Hyns 3a Ar, =20 c. Kakoe konnuectso
TEILTOTHI BBIAEIHTCS B KONBIIE?

IV. IlogBeIeHHE HTOTOB YPOKa -

Jlomainee 3ajanue
P-915.

VYpok 15. Buxpesnoe 3j1eKTpHYecKoe NoJIE.
SAC-HHAYKIHH B ABHXKYUIHXCH NPOBOXHMKAX

Llens: BBIACHNTH YCJIOBHA BOSHUKHOBEHHS 3/IB B ABHXYyLIMXCS Mpo-
BOJIHMKAX.

Xon ypoka

L. Opranu3anuoHHbI# MOMEHT

IL. IToBTOpENHHE

— B uem 3akmovaeTcs ABNEHUE 3NEKTPOMArHHTHON WHAYKUMH?

— Kakue ycnosus HeoOXOAHUMEI IS CYLIECTBOBAHHS ABIEHHS JIIEK-
TPOMATHHTHOM HHAYKIHH?

— Kak ycranapnuBaeTcs HanpasieHHe HHIYKIHOHHOrO TOKa MpaBU-
nom Jlenua?

— Tlo xakoii ¢popMmyne onpeaenserca 3JC MHIYKUMH U Kako ¢u-
3U4ECKUH CMBICT HMEET 3HaK «MUHYC» B 3To# dopMyne?

I11. M3y4enne ROBOTO MaTepHaANA

Bo3eMeM TpancdopmaTop. BriouHB oaHy M3 06MOTOK B CeTh mepe-
MEHHOI0 TOKa, MONYYHM TOK B Jipyroif katyiuke. Ha ceoboaurie 3apaae
JelCTByeT 3NeKTpHHECKOE TIoe.

OneKTpOHbl B HEMOABUIKHOM NPOBOAHHMKE NPHUBOAATCA B JBHXKCHHE
3NEKTPUHECKUM I10JIEM, U 3NIEKTPHUECKOE NOJle HEMOCPEACTREHHO NMOpO-
XJIaeTcs NIepeMEeHHBIM MarHUTHBIM noneM. Fi3MeH4sce BO BpeMeHH, Mar-
HHUTHOE TI0JIE NIOPOXKIAET dlekTpUueckoe noue. [lone npuBoAUT B ABMXKeE-
HHeE 3IEKTPOHEI B MPOBOJHHKE U TEM CaMbiM oOHapyxXHBacT cefs. Dnek-
TPHUECKOE MoJe, BO3HHKAOLIee MPH H3MEHEHHH MarHUTHOTO nojs, HMe-
€T JpYTYIO CTPYKTYpY, 4eM 3nekTpocTtaTHyeckoe. OHO He CBS3aHO C 3a-
paoaMM, OHO HHTJe He HauHMHAeTCA W HMTAe He 3akaHuMBaerci. [Ipen-
cTaBAeT coboii 3aMKHYTHE NHHHU. Ero Ha3piBaloT BUXPEBBIM 3JIEKTPH-
yeckuM nonem. Ho B OT/IHYME OT CTaLHOHAPHOTO 3/IEKTPUYECKOTO MO,
paboTa BUXPEBOTO MOJIA 110 3aMKHYTOMY ITYTH HE PaBHa HYJIIO.

HHAYKUHOHHEIA TOK B MAaCCHBHBIX ITPOBOJHMKAX Ha3bIBAIOT TOKAMM
dyxo.
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Ilpumenenue: 11aBKa METAILIOB B BaKyYyMeE.
Bpeonoe Oeticmeue: becnonesHas NOTEPA JHEPTHH B CEpIEHHHKAX
TpaHc(opMaTopoB M B reHEpPaTOpax.

DJC npx ABHKEHHH NPOBOAHHKA B MArHUTHOM NoJje
Tlpu asixennu nepeMeidkd U Ha 31eKTpoHb! AeHCTBYeET chia Jlopen-
11a, cosepuiaionias pabory. InekrpoHn! nepememaiorcs oT C k 4. Tlepe-
Mbruka — ncrounuk I/IC, cneosatensHo,

A=F, -0=quBl; £=£=Bvl;

q
e=Bvl.
LY
dy
. A T 1 A
‘e I e oo
ie_.0 o/ |o o oi'e
;'.B.l. o o oile ||
‘e o o @ 'y oo
‘e o o||o o olie
i S— L | :
L ¢t c
[ gl
d' Puc. 10

®opMyna HCNOJIB3YETCH B ITOOOM MPOBOAHHKE, JBHXYILIEMCS B Mar-
HHTHOM Tionie, ecii & | B . Ecoin Mexuty BextopaMu & u B ecth yron
a, TO HCnoJe3yercH $popMyna:
£=Bulsina.

Tak xak u=%,a Atl=AS , 10

£= {B(Sz_sl) - B(Sl "Sz) =ﬂ
At At At

Ilpuuuna so3rukHOBeHna /1B — cuna JlopeHua. 3Hax € MOXKHO on-
PEACIIMTS N0 NPABHITY [IPABOH PYKH.

IV. 3akpelwiense H3yYeHHOr0 MaTepHaia
— Kakoe none Ha3pBaeTCs MHIYKIMOHHBIMH WIH BHXPEBLIM 37€K-
TPHYCCKHM NosIeM?
—  Yro ABAIETCA MCTOYHHKOM HHIYKIIHOHHOTO MICKTPHYECKOro nosis?
—  Yro Takoe TokH Dyxo? [IpuBeUTe MPHMEPR! X HCIIONB3OBAHHS.
" B kakux ciyqasx ¢ HHMH NpHXoAnTCs Gopothea?
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— Kaxumu oTIIMUMTENBHEIMUM CBOWCTBAMH 06J1aaeT HHAYKIMOHHOE
3JeKTpUYECKoe MOJe M0 CPaBHEHHIO ¢ MAarHMUTHBIM mojem? Cra-
[IHOHAPHEIM MM JIEKTPOCTATHUECKHM MOJEM?

V. IToaBeaeHHe HTOTOB YPOKA

JlomaiHee 3afaHue
m 12; 13.

Ypok 16. Camounayxnus

”e)’lb.‘ O3HAKOMHTh C ABJICHHEM CAMOHHIYKIWH.

Xon ypoka

I. Oprann3auHOHHbIH MOMEHT

I1. IloBTOpEHHE
—  Uro npencrasngeT coboH reHepaTop NapanieabHOro Toka?
—  Onumre €ro yCTPOHCTBO W NMPHHLIAI ACHCTBHAL.
— UYeM oTiaHuaeTCs TeHepaTop MOCTOSHHOIO TOKa OT TeHepaTopa ne-
PEMEHHOrO ToKa?

III. H3y4uenne HOBOTO MaTepHaJa

Ecnu no karyuike MAET NepeMEHHBIH TOK, TO MaTHHTHBIH MOTOK, Npo-
HM3BIBAIOLIMHA KaTyluKy, MeHsieTcs. [ostomy Bosnukaer 3J]C HHIYKUHH
B TOM K€ CAMOM ITPOBOJHHKE, 110 KOTOPOMY HJET NEPEMEHHBIH TOK. 3TO
SIBJICHHE HA3bIBAIOT CAMOUHYKLIHEH.

Ikenepumenm 1
CobepeM cxeMy (cM. puc. 11):

Puc. 11

[lpu 3amelkanMM KiIIO4Ma TiepBas jaMna BCIBIXMBAE€T MPAKTHYECKH
cpasy, Bropas — ¢ 3aMETHBIM OMO3JaHHEM.

OJIC caMOWHAYKLMH B LIEMH 3TOH NaMnbl BEIHKA, U CHJIAa TOKAa HE
cpa3y AOCTHraeT CBOETO 3HaUECHUSI.
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Ixcnepumenm 2
CobepeM cxeMy (cM. puc. 12):

Puc. 12

ITpu pazaMeikanuu monoca B kaTymke L Bo3Hukaer 3J{C caMouHIyk-
MY, MOAJEPIKUBAIOLIas MEepBOHAYAABHBIN TOK. B pe3ynsTate B MOMEHT
Pa3MBIKaHUsS Yepe3 TalbBAaHOMETP TeYeT TOK, HAlPaBIEHHEIH IIPOTUB Ha-
YabHOTO TOKA A0 PA3MBIKAHUA.

Cuna Toka IpU pasMBIKAHUH LEMH MOXET NPEBOCXOMUTH CHILY TOKa,
NPOXOIAMIETO Yepe3 TaIbBAaHOMETP NIPH 3aMKHYTOM KJIFOYE.

MaruutHslit notox @ nponopuUOHaIeH HHAYKLIMH MAarHUTHOTO MO
B, 3Ta MHAYKIHMS TpONOPUHOHATIEHA CHIIE TOKA B IICITH:

O
b=LJ

rae L — koahpHIHEHT NMpOonopLHOHANEHOCTH, 3aBHCAILMHA OT GOPMEL U
pPa3MEpOB MPOBOAALIETO KOHTYpa U MArHUTHOH NPOHHULIAEMOCTH CPEIHI, B
KOTOpOit HAXOAUTCH.

L [TH] lenpu.

Bosuukaroliee NMpH CaMOMHAYKIIHH BHXPEBOE BIEKTPHUECKOE TOJE
XapakTepusyeTcs MekTpoasHxyleii cunoii. B nannom caygae DJC ca-
MOHHIYKUHH (€g):

e = AD
Y’
Al
& =~L—;
At
g, ==LI'
MaruuTHas 3HEpIHs IPOBOJHHKA C TOKOM:
Lr
W,=—-.
2
O6neMHas MIOTHOCTE SHEPTHH.
BZ
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IV. 3akpenjienne MaTepuasa

—  Yro Ha3mnBaeTCA CaMOMHAYKUHEH?

— Kax nHanpasiieHbl 10 OTHOIIEHHIO K TOKY JIHHHH HanpAXKeHHOCTH
BHXPEBOFO JJIEKTPHYECKOTO T0J1 B NPOBOXHNKE HPH YBEIHYEHHH
H YMEHBIIEHHHN CHJIB TOKa?

—  Yro Ha3pIBacTCH HHAYKTHBHOCTBIO?

~ Y10 NpHHHMAIOT 33 €IHHHLY HHAYKTHBHOCTH B «CH»?

—  Yemy paBHa IJIC camouHgyKuun?

— TloyeMy Ans cO3MaHHA TOKA HCTOMHHK JOIDKEH 3aTPATHTh JHEp-
THI0?

—  Yemy paBHa 3HEPTHS 3JIEKTPHYECKOTO MON%?

V. Pemenne 32824

1. Onpenenure IHEPTHIO MATHHTHOIO MNMOJA KATYIIKH, B KOTOPOM NpH
Toke 7,5 A MarHMTHBIA NOTOK paBeH 2,3:10 B6. Yucno BUTKOB B Ka-
Tymke — 120. Kak H3MEHHTCS 3HEPrus Mo, €CNH CHNa TOKAa H3MEHHTCS
BaBoe? (Omeem: W= 1,035 Jlx; ymensiuurcs B 4 pasa.)

2. MaruuTHOE moJie KaTyllKH ¢ HHIYKTHBHOCTBIO 95 MI'H obnanaer
sHeprueii 0,19 J[x. Yemy paBna cuia Toka B katywke? (Omeem: 2 A.)

3. Kakoii 3apsaa npoiieT yepe3 nonepeyHoe ceYeHHe BHTKA, COIMpO-
THRAEHHE koToporo 0,03 Om, npH yMEHBIIEHHH MarHHTHOTO MOTOKa
BHYTpH BHTKa Ha 12 MB67 (Omeem: g = 0,4 Kx.)

4. KakoBa cKOpOCTb H3MEHEHHA CHITBI TOKa B 0OOMOTKE peste ¢ HHAYK-
tHBHOCTBIO 3,5 I'H, ecnu B Hel Bo3byxmaercs 3JIC caMouHAyKUMH

105 B. (Omeem: %11— =30A/c.)

5. Karymky ¢ HHYTOXHO MaJIbIM CONPOTHBIICHHEM H HHIYKTHBHO-
ctbio 3 I'n npucoenuumoT k ucTouHuky Toka ¢ JIC 15 B » HHYTOXHO
MaIBIM BHYTPEHHHM CONpOTHBIICHHEM. Uepe3 KaKoi NpOMEXYTOK Bpe-
MCHH CHJIa TOKa B KaTymke focTurier 50 A? (Omeem: t=10 c.)

VI. IlonBexenue Hroros ypoka

Jlomamnee 3ananue
n. 15.
P-918; P-919.

¥Ypoxk 17. Pemnenue 3axau
Hens: otpaboTka NpakTHYECKHX HABBIKOB MPH PEHICHAH 33a/a4.

Ob6opydosanue: MCTOYHWK TMUTAHHA, MUILINAMIEPMETP, Karylllka C
KeJIEIHLIM CEPACYHHKOM, PE3HCTOph conpotuBicHHeM 2 Om u 4 Om,
peocTaT NON3YHKOBBIH, KJII0Y 3aMbIKaHHS, POBOJA.
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Xon ypoka

I. Oprasm3anyonnbIii MOMEHT

I1. TipoBenenne 1aGopaTopHoii paboThi

Jla6opatopHras pa6ora no Teme
«Hccnepopanne 3aBHCHMOCTH D1C caMOMHIYKIHMH OT HHAYKTHBHOCTH
MPOBOAHAKA H CKOPOCTH H3MEHEHHSI B HEM CHJIbI TOK2>»

Xon paGoTnl

1. Cobepure cxeMy (cM. puc. 13):

Puc. 13

R =40M;R;=20M

2. IocTaBbTe MON3YHOK peocTaTa MPUMEPHO B CpelHEe MOJIOKEHHUE,
3aMYHTUPYHTE MUILTHAMIIEPMETP COSIWHEHHEIM IPOBOROM W 3aMKHUTE
uems. Crerka nepejsuras MON3YHOK BIIPaBO — BIEBO, XoGeHTeCH OTCYT-
CTBHA TOKa yepe3 MiUIHammepMetp. Ilocie 3TOro OTKIOYHTE IIYHT OT
MIDITHAMNIEPMETPA U MPHCTYNaitTe K HabMI0JeHHI0 CAMOMHIYKIIHH.

3. Pa3Meikad W 3aMbIKas Helb, HaOMIOHaliTe OTKIOHEHHE CTPENKH
MHJUTHAMIIEPMETPa TO B ORHY, TO B APYTYIO CTOPOHY. OOBACHHTE HabMi0-
ZaeMoe ABJICHHE.

4. BCTapbTe B KATYIIKY JXKCNE3HBIH CEPICYHHK M CHOBA TOBTOPHTE
oneiT. 3aBUcHT 11 J/IC caMOMHAYKIMH, BOSHHKAIOIAs B KAaTYIIKE OT ¢
HHIYKTHBHOCTH?

5. [NoBTOpHTe MpPeABIAYIIMH ONBIT, H3MEHHB CHJIy TOKAa B KATYIUKE.
(Otkmounte pesucrop Ri.) 3asucut mu 3JIC caMOMHAYKIHH, BO3HH-
Kalolas B KaTyIIKe OT CKOPOCTH H3MEHEHUS B Hell CHTbl ToXa?

6. Caenaiite oOIHiA BRIBOJ U 3alIHLIUTE B TETPAXb.

II1. Pemienue 3axay

3adauu na «3» 6anna
1. MarHuTHBIA NOTOK Yepe3 KATYIIKY, COCTOALIYIO U3 75 BUTKOB, pa-
BeH 4,8-10™ B6. PaccunTaiite BpeMs, 32 KOTOpOE JOIDKEH HCUEIHYTh 3TOT
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MOTOK, YTOOKI B KaTymike BosHukiIa JJ[C uunaykuuu, pasHas 0,74 B.
(Omesem: 0,5 c.)

2. B Karymike, MHIYKTHBHOCTb KoTopo#i pasHa 0,4 I'm, Bo3HMKIA
SJIC, paBuas 20 B. PaccuuTaiite H3MeHeHUE CHJIBI TOKA H SHEPTHIO Mar-
HHMTHOTO TIOJIS KaTyWIKH, €Cli 3To Mpousouuno 3a 0,2 ¢. (Omeem: 10 A;
20 Jix.)

3. Ompenenute CKOPOCTh CaMOJIETa MIPH TOPU3OHTAIBEHOM IOJIETE, €C-
i 3JIC HHOyKIMH, BO3HHKAIONIAsA Ha er0 KPBUIBIX JUIMHOM 15 M paBHa
0,12 B, a BepTukanbHas COCTABIAOIAA MarHHTHOW MHIYKIMH MArHMT-
Horo nons 3emu pasHa 0,5:10-4 Ta. (Omeem: 160 m/c.)

3adauu na oyenxy «4» banna

1. TIpoBoNO4HOE KOJIBLIO PATHYCOM 5 CM PacroIOKEHO B OTHOPOAHOM
MArHUTHOM TIoNie, HHIYKIHUS KOToporo paBHa 1 Tn Tak, 4TO BEKTOp WH-
IYKUMH MEPrieHANKyIspeH Mnumockoctu konslia. Ompenenutre 3J[C uH-
IYKIMH, BO3HUKAIOUIYI0 B KOMBLE, €CM €ro MOBEpHYTh HA yroa 90° 3a
BpeMs, paBHoe 0,1 ¢. (Omeem: 0,08 B.)

2. IlpoBoguuk nmunoii 60 cM u conpotusneHueM 0,02 OM aBHX)eTCA
O MEAHBIM MPOBOAAM H HCTOYHHKY Toka, DJIC xoroporo paeua 0,96 B,
BHYTpeHHee conpotuBiaeHne papHo 0,01 OM. Halinure city Toka B mpo-
BOJIHHKE, €CIH OH JABHXKETCSI pABHOMEPHO co ckopocThio 0,5 M/c mepneH-
JUKYNSIPHO K MarHMTHOMY IIOJIKO, ¥ KOTOPOTO MHIAYKUMSA paBHa 2,6 Ti.
(Omesem: 16 A.)

3. B pe3synbsTaTe u3BMEHEHHS CHIIBI ToKa ¢ 4 A 10 20 A NOTOK MAarHur-
HOI MHIYKIMH Yepe3 IUIOMab MONEpeYHOro CeUeHHs KATYIUKH, HMEo-
mieit 1000 ButkoB m3MeHmncs Ha 0,002 B6. Haiinute MHIYKTMBHOCTB
kaTymku. (Omeem: 0,125 T'H.)

3adauu na oyenxy «5» bannoe

1. JIpa MeTanIMuecKuX CTEPXHS PacloNOXeHbl BEPTHKAIBHO M 3aMK-
HyTHl BBEPXY MpOBOJHUKOM. [To HUM Ge3 TpeHHs 1 HapYIICHHS KOHTAKTa
CKONB3UT NepeMbIYKa JUIHHOM 2 ¢M Maccoit 1 T. Bes cucreMa HaxoauTes
B OJHOPOJHOM MAarHHMTHOM II0J€, ¥ KOToporo MHAykuus pasHa 0,01 Tn u
NEpNEHAMKYISpHA IUIOCKOCTH PAMKH, Y CTaHOBHBHIASICS CKOPOCTh PaBHA
0,8 m/c. Haiinure conpoTupienue nepeMbiuxu. (Omsem. 3,3:107° OM.)

2. Katynika uHIyKTHBHOCTH AMameTpoM 4 cM, nmeiowast 400 BHTKOB
MEJHOH MPOBONOKH, Y KOTOPOH ILIOIIA/h MONEPEYHOTO CECUEHUS paBHA
1 MM’, PacnioNoxkeHa B OHOPOIHOM MATHUTHOM mojle. MarHMTHAs HHIYK-
IS 3TOTO TIOJIS HATIPABJIEHA BIOME OCH KaTyMIKH H PaBHOMEPHO H3MEHSACT-
cs3a | ¢ Ha 0,1 Tn. KoHIBI KaTylKu 3aMKHYTBl HakOpOTKO. Omnpenenire
KOHMYECTRO TEILUIOTHL, BBIIEISIONICHCA B KaTyuike 3a 1 ¢. YiensHoe conpo-
THBJICHHE MEJIH PaBHO 8,7-107 OmM. (Omsem: 2,95 107 k)
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3. TlpoBonoYHAA KATYHIKA AHAMETPOM 5 CM MOMELIEHA B OJJHOPONHOE
MarHWTHOE MOJIe NApAVIENEHO ee ocH. VIHayKilus Mot paBHOMEPHO H3-
menstercst 3a 1 ¢ Ha 0,01 Ti. Karymka conepxut 1000 BUTKOB METHOTO
npoBofia ceyeHueM 0,2 MM’ VIeNbHOE COTIPOTHBICHHE MEIH PABHO
1,710 Om-M. K KOHIIaM KaTyHIKH TIONKIIOYEH KOHIEHCATOP EMKOCTBIO
10 Mx®. OnpenenuTe 3apsin Ha KoHaeHcaTope. (Omeem: 1,95:107 Ki.)

IV. IlonBenenne HTOroB YPOKA

Jomainxee 3ananue
m. 14-15;
P-919.

Ypok 18. Pemenne sxcriepHMeHTAILHBIX 32829

He.ﬂb.‘ HAY4YUTH ITOJIB30BATBCHA TCOPETHYCCKUMH 3HAHHAMH HA Npak-
THKE.

Obopydosanue: KaTylIKU, TaJIbBAHOMETD, NIPOBOAA, KITIOY.

Xon ypoka

I. Opranu3anHoHHBIH MOMEHT

I1. Pemmrenne 3axau
Knacc fenurcs Ha rpynmel: Kaxaas rpynina Noiydaer CBOe 3alaHHE B
3aBHCHUMOCTH OT CTCIICHH ITOATOTOBJICHHOCTH.

1. CnoxuTe BMeCTe Ba MOIIOCOBBIX MarHATa pa3HOMMEHHBIMH, a I0-
TOM OJHOMMEHHBIMH IIOJIOCaMH U BHOCHTE HX C OJJMHAKOBOH CKOPOCTEHIO
B KaTYHIKe, 3aMKHYTYIO Ha ransBaHoMeTp. OOBACHHUTE, & 4eM pa3iuyHe.

2. Uccrenyiite 1 06BACHUTE KaueCTBEHHO 3aBHCUMOCTE CHJIBI MHIYK-
L[HOHHOI'0 TOKa OT yIiia ME&XAY MPONOALHBIMH OCAMH KaTyliek. Brinon-
HHB PUCYHKH, OGBACHHTE PE3YNBTATHL.

Vrasanua. Vcnionp3yloTea KATyUIKH ¢ 0603Ha4YeHHBIM HaNpaBleHHEM
HamoTkH. Hanparnenuwe Toxa B kaTymike onpefefsiercs NO YKa3aHHOH
NONAPHOCTH KJIEMM ralibBAHOMETPA H HANPABIECHHS 0TGpOCA CTPEIIKH.
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3. Umeercsa kaTynika, KOTopas CHATA ¢ cepAcyHuKa. Koy 3aMKHYT.
BrICTPRIM JBIXKCHHEM HaJICHBTC KaTylIKy Ha cepicyHHK. OOBsACHHTE
HM3MEHEHHe HakaJla Tamrouky JI. Kak H3MeHHTCS ee Hakall, €Cld KaTyliKy
CHOBa OBICTPO CHATE C cepAeUHUKa?

4. Tlpexnoxute, ONULIMTE U MPOBEANUTE HECKONBKO BAPHAHTOB OTIBITA
IUTA ONIpERENeHHs HAMpaBJICHHS TOKA B KaTyIIKE MPH pa3MBIKaHUH LETIH.

5. Kak ¢ noMmoipio HaGopa HEOHOBBIX JIaMIIOYEK OLEHUTH TMOPSAAOK
BemmanHe DJIC cCaMOMHIYKUHHU IIPH pa3MBIKAHUK Leny?

6. Mcnons3ys KOHJIEHCATOP M KaTylIKy ¢ CEpPJEYHUKOB, paspaboTaiite
MOZENb MPOCTEHIIEro 3NEKTPpHIECKOro GuwibTpa JJIA CriIAKHBAHUS MYIIb-
callMy HANPMKECHANSA Ha BHIXOAE BRINIPAMIICHHS.

I11. IogBenenne HTOTOB YPOKA

JloManiHee 3axanue
P -920; P-921.

Ypok 19. Peuienne 3a1au

Iean: otpaloTKa METOJOB pellleHUs 3a/1ay.

Xoa ypoka

L. Oprauu3zauuonnbiii MOMeEHT

I1. Persenne 3anau
1. TIpoBo/ouHEIit BUTOK uTomasio S = 100 cM? paspesan B HEKOTO-
poii Touke M B pa3pe3 BKIIOYEH KoHjaeHcaTop eMkocThio C = 10 Mx®.
BuTok noMenieH B OJHOPOAHOE MarHUTHOE T0JE, IMHUM HHAYKUMH KO-
TOPOTO MEPHEHAMKYJIAPHEI INIOCKOCTH BUTKA. -
HHaykuns MaruuTHOTO MOJIA PaBHOMEPHO BO3pPAcTaeT CO CKOPOCTBIO

AB
—, =310 Twle. Onpenemire 3apan Q korencaropa. (Omaem: 51107 Ko
2. Ilmotay s BUTKA U3 MPOBOAHHKA YMEHBIIAETCA C HOCTOAHHON CKO-

POCTBIO

AS _
T’ =6,5-10"= M%c. BUTOK HaXOMUTCH B OIHOPOAHOM TIOJIE C
!

unykaued B = 0,42 Tn, nepneRANKyIspHOM IDIOCKOCTH BUTKa. Onpene-
nure DJIC uHayKLmK B BATKe. (Omeem: 2,73-1072 B.)

3. U3 npoBona mymHoi# / = 2 M 1 conpoTtusieHneM R = 4 OM H3roToBlIeH
kBajpar. B onHy cropoHy Kpajpara BriroueH uerouHuk JJIC € = 10 B.
Ilens moMelliena B OXHOPOAHOE MarHUTHOE MOJIE, BEKTOP MHAYKLUUH KO-
TOpOro NEpHeHIVKYJISIPEH TIIOCKOCTH KBAJIpaTa U HampasiIcH 32 Y4epTex.

i
!
i

it s A




Ypox 19. Peuserue 3a0a4 51

+ E

D5

Puc. 15

HHIyKis MarHHTHOTO 10N BO3PAcTaeT CO BPEMEHEM IO 3aKOHY:
B=K-1,
rae K = 16 Ta/c. Hafiaure Bennynny / Toka B nerrH. Baytpennee conpo-
THRIICHHE UCTOUHHMKA Mano. (Omeem: 1,5 A.)

4. TIpsmoti npoBoaHKK JUTHHOMH / = 10 CM NMOMEHIEH B OJIHOPOAHOE
MarHHTHOE none ¢ uaaykuueii B = 1 Ta. KoHI pOBOAHHKA 3aMKHYTHI
riubKHM MPOBOIOM, YXONAIMM 32 mpeaensl MarHMTHoro nons. Conpo-
TtHBreHHe BeeH uend R = 0,4 Om. Kakas mMomuocte N norpedyercs,

4yTOOK ABMraTh NPOBOJHMK NEpNEHHKYJISPHO BeKTOpy B co ckopo-
cTei0 U = 20 M/c. BekTop CKOpOCTH TiepreBAMKYASpEH MPOBOIAHHKY.
(Omeem: 10 Bt.)

5. Tlo neym BepTvkancubiM nposojgam AC u DE, coenwHednniM co-
NPOTHBIICHHEM R, MOXET ABHraThca 6€3 TPeHHS, HO C MICANLHBIM JJIEK-
TPH4ECKHM KOHTAKTOM NpOBOAHMK Juinnoi / u Maccoii m. Ilnockocts
xouTypa ACED nepneHAHKyNspHa OJHOPOIHOMY, TIOCTOSHHOMY Mar-
HHUTHOMY NOJNIO C HEAYKuWeil B . HailiiuTe BelHuHHy U yCTaHOBHBHIEHCS
CKOPOCTH JABIDKCHHS NPOBOJTHHKA.

A S

E
P E—
"=

C E

. ng Puc. 16
(Omeem:. (U = 321—2) )
6. Crepikenn Maccoi m = 0,2 KT NEXHT HA TOPH3OHTANBHLIX PENhecax
neprneHaHKyaspHo MM. Paccrosaue Mexy penscamu [ = 40 cMm. Bextop
HHAYKUHMH OJHOPOAHOrO0 MarHHTHOro mons, BexHunuHo B = 50 Tn, na-
APaBIiEH BEPTHKANBHO BRepX. KoddupHiKeHT TpeHNS CKONRKEHHS CTEPKHA
no penbcaM p = 0,1. Kakoi MHHHMAITBHLIH 110 BETHYAHE TOK CIERYET NPO-
[IyCTHTb 10 CTEPXHIO, Y1005 ol caBHHYyJica? (Omsem: 10 A.)
I11. [Tonsenense uTOroB ypoka

Jlomamsee 3a1anne
P—-923;P-924.
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Ypok 20. Pemenne kayecTBEHHBIX 33124

HeJlb.‘ 0Tpa6on<a TMPaKTHICCKUX HABBIKOB MPU PEIUICHHUH 338a1.

Xon ypoka

L. Opranu3zanMoHHBIH MOMEHT
I1. AkTyanu3anus 3HaAHHH

1. PU3NYECKHUl AUKTAHT

. SIBneHue 3NeKTPOMarHUTHON HHIYKIHH.

. @apapeii 1 €ro ONBITHL

. Ilpasuno Jlenua.

. 3aKOH 3NIEKTPOMArHUTHOW WHIAYKIUH (JUIS HETOJBIDKHBEIX H TOX-
BH)XHBIX KOHTYPOB).

. IlpaBnio neBoii pyxu.

. CaMonHIyKIHA.

HWanykTHBHOCTS.

. DHeprusg MarHUTHOTO TONSL.

. MarauTHeiH HOTOK.

10. Conenonp.

11. Apoccens.

R S N

DO GO~

2. Pa6ota B rpynmax.
I 2pynna

1. JIng yero Ha FOPIOBHHY TENEBU3HOHHBIX KHHECKONOB HANEBAIOT
Marsuthl? (B maznumnom none na osudicywyuecs snekmponst deticmayem
cuna Jlopenya, OmIOHASL UX OM NPAMOAUHEUHO20 OBUDICEHUA RO 20pU-
30HMAanu U sepmuxany.)

2. Crexnaunbie U-o6pasuble TpyOKH, HANONHEHHBIE PTYThIO, COEIH-
HeHBI KOO0 U3 TONCTO amoMUHHEBO# nporonoku. Kax NomKHEL OBITH
pacnoNOKEHB! TOMIOCH CHIIBHOTO TMOCTOSHHOTO MarHuTa, 4ToOBI MpH
3aMBIKAHHH KJII0Ya aTlOMHHHEBAS MPOBONOKA B3JIETENA BBEpX? (Beknop
UHOYKYUU JondiceH Gbimb HANPABREH K HaM.)

Al

Q—ﬂ—ll—i}i Puc. 17
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3. [MoyeMy uHOTJa HejaJIeKo OT MeCTa yJapa MOJHUEH IaBATCS 1Ipe-
JOXPAHHTENH H THOBPEXNAIOTCA HYBCTBHTENBHBIE JJIEKTPOH3MEPHTE]I-
Hble mpubopsl? (Mamensiowee mazHumuoe none MONHUU UHOYyupyem 6
INeKMPOUIMEPUMENbHBIX NPUGOPAX U 8 OCEEMUMENbHBIX CEMSX CUbHbIE
moxu.)

4. DKCNIEpUMEHT.
CobepuTe YCTaHOBKY.

VAVAVAY

1) ]
v

1

w
Z]%

Puc. 18

JlBa 0JMHAKOBHIX MarHHTa CIOXEHHI IIPOTHBOMOIOKHBIMA KOHIAMH.
Ha onuH HaneTa kaTylika, a KOHLB BBIBEAEHHI K FajbBaHOMETpYy. B Mo-
MEHT OTpPHIBa OJHOTO OT JPYTOro CTPENKa ranbBaHOMETpa OTKIOHAETCA.
(Ompuisanue maznumos opyz om Opyza u ux coeOuHeHue C83aHO C uMe-
HeHuem MazHumHo20 nomoka u Hagedenuem 6 Hei 3/]C.)

1I zpynna

1. Jlna ranieHus 3JeKTPUYECKOH ayrH, obpa3syrolueiics npH pa3MblKa-
HUH GONBIIMX TOKOB, 4acTO BONM3M pPyOWIIBHMKA pacrioNiaraloT MarsHuT
Tak, 4YTOOBI IMHUM MAarHUTHOH MHAYKUHH OBUIM MEPIEHIUKYNAPHBI BO3-
Hukatowelt nyre. [louemy? (Dnexmponul u uonvl, obpasyiowue dyzu, om-
KIOHAIOMCA 8 MAZHUMHOM nofe, OY2a CMeujaemca 8 CMopoHy u 2ackem.)

2. B Konmblo U3 AM3NEKTPUKA BABUralOT MarduT. Kakoe sBieHue Bo3-
Hukaet? (ITonapusayus ousanexmpuxa.)

3. [Touemy Ha 3aBojAe ANA NepeHoca pacKaleHHBIX OOJBaHOK HeENb3s
HCIOBb30BaTh NEKTPOMArHuTHbIe KpaHei? (ITpu Hazpesanuu gpeppomac-
HemuKu mepsiom MazHumHble C80UCMEa UAU NONHOCMbIO UCYe3aom npu
memnepamype Kiopu.)

4. DKCHEpUMEHT.

Ha >xenesHelll cepie4HUK HaNEBAIOT aNlOMUHHEBOE KONbLO. Koablo
JepxuTca B Bo3ayxe. EciM Hajers Ha CepACYHUK M MPUOIHM3HUTD K alio-
MHHHEBOMY KOJNIblly MeJnHOe (He BBIIyCKas H3 pyK), TO almlOMHHHEBOE
xonelo Gyaer noaHuMatecs. [Touemy? (Konvya cnuscaiomes, max kax 6
KOHYAx HAX00AMCA MOKU OOUHAKOBO20 HANPABNEHUA.)
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111 zpynna

1. JIpa TOHKHX NMPOBOAHHMKA, HMEIOIHX HOPMY OKDPYXHOCTH, Pacrio-
JAOXEHH! B NEPNCHANKYIAPHBIX (UIOCKOCTAX. Byner /i B nposojHHke A
BO3HMKATh WHIYKIHOHHBIA TOK MPH W3MEHEHHH TOKa B KOoHType B? (He
fydem, max xax nomox mazHumnoil unoyxyuu xoumypa B ne nponuzeiea-
em xonnyp A.) S

B
Puc. 19

2. TTouemy xopmyc xoMmaca He AenaoT U3 kenesa? (JKerezo sannem-
cA heppomaznemuKom, u 6ce MAZHUMHBIE CUWIOGbE IUHUL NOUOYm Yepe3
KOpnycC, yxce He OKa3ul8an GMUSHUA HA CrpPETKy.)

3. JU1s uccnieIoBaHus CTANBHEIX Banok, peibcos U T. A. Ha HAX Haje-
BAlOT KATYWIKY H30BHPOBAHHOM NPOBOIOKH, 3aMKHYTYIO Ha TaibBaHO-
METp, M nepeMemialoT ce Bionb Oankn. Ilpu Bcaxo# HeoxHOpOAHOCTH
CTPOCHHS B raibBaHOMETpE BosHHKacT Tok. [Touemy? (Heodnopoonocmb
co30aem UCKAaNCEHUe MAZHUMHOZO NOMOKA, a 3Mauum, &8 Kamyuike oOe-
dexmockona nasooumen /B undyxyus.)

4. DKCNIEpUMEHT.

Konunr ciioxeHnoH BABOC IPOBOJOKH MPHCOCAMHEHL! K TajlbBaHO-
metpy. IIpoBonoka nsHXkeTCH, riepeceKas JIHHUH MHAYKIHH MArHUTHOTO
TONA, HO CTPENKA TaNbBAHOMETPA ocTactca Ha Hyne. Houemy? (B ompes-
Kax npoeonoKu 03KUKAIOM PASHBIE NO 3HAKY, HO OOUHAKOBWIE NO BETUYU-

ne OJIC undyxyuu, xomopsie 83aUMHO KOMNEHCUPYIomc.)

IV zpynna

1. TlposonouHas MPAMOYTONBHAA paMKa NARAET MEXAY MOMOCAMH
AEKTPOMATHATA. YKDKATE HANPKEHHE WHAYKIMOHHRIX TOKOR B PAMKE
TIPH MPOXOXACHHHA cro onoxeHnid A, B, C. (Ilpu npoxoxcdenuu mouxu A
npomug uacoeoii cmpemat, € mouke B mox omcymcmeyem, ¢ mouxe C
PIOK HANPAGNEN NO YACO8OT CmpenKe.)
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2. TloyeMy CBepXMpOBOAAIMI APHK «IAPHT» B MArHUTHOM Tone?
(Bosnuxarom moxu Dyko, MAZHUMHOE RONE KOMOPIX NpOmMueodetcnay-
em MazZHUMHOMY nOmIO, bl3éasuiemy smu moxu. Bzaumoodeticmeyiom
00UHAKOBbIE OOHOUMEHHBLE NONIOCHL.)

3. B kaKoif MOMEHT HCKPHT pyOIIEHHK: TIPH 3aMBIKAHMN WITH pa3MEI-
kauun? (BC camMounOyKyus, 603HUKAIOWAL NPYU DAIMBIKAHUU, 8bl3bl6a-
em UcKpy 4epe3 pybunbHuKx.)

4. DKCNEepHMEHT.

£
.x‘ Puc. 21

Ecnu nBa JeMOHCTPAUMOHHEIX TajbBAHOMETPA COCIMHUTE M packa-
4aThk CTPEJIKY OXHOTO M3 HHX, TO, 4TO MMPOM3OHHAET ¢ Jpyroit cTpeaxoit?
[NoueMy? (Ona maxace bydem packawueamvcs, HO 8 npomueogase —
HanpaeneHue OMIIOHEHUS CMPEIKU 6mopo20 2anb8aHoMempy bOydem
NPOMUBONONONCHO HANPAGNEHUIO OMKNOHEHUS CMPEKU NEPBO2O.)

V zpynna

1. B xakoM MecTe 3eMII MarHUTHaA cTpenka OG0MMHM KOHIIAMH TI0Ka-
3siBaet Ha YOr? (Ha Ceseprom nomoce.)

2. Tlouemy noxsemublit xabemrsb, HO0 KOTOPOMY HOJAETCS NEPEMEHHBIH
TOK B HJIBIE JIOMA H HA MPEINpPUATHS, He NMPOKIANBIBAIOT BOIM3H Tas30-
BEIX, BOJOTIPOBOIHBIX M TeIUIOQHKAUMOHHKX Tpy6? (/Ipu evicokoii
8NIANCHOCMY 6bI3bIGAEMCA OKUCTEHUe Memaina (0bycnaenueaemcs dieK-
mponu3oM).)

3. Ilpn snexTpocBapke NPHUMEHAIOTCA CTAOGMIIM3aTOp, KATYHIKa CO
CTAIBHHIM CEpIEYHHKOM, BKIIIOYAIOMIAACS MOCJICIOBATEIBHO C JYTOi.
HoueMy crabmmmsarop obecmedHBacT YCTOHHIHBOCTL TOpeHHS Jyru?
(deiicmeue cmabunuzamopa ocno8ano Ha AeneHuu camounoyxyuu. Ilpu
UBMEHEHUU MOKA 8 KamyuwKe GO3HUKAem 8uxpeeoe noie, KOmopoe npe-
namcmeyem uIMeHeHUIo Mmoxa.)

4. OKCNEPHUMEHT.

IIpu 3aMbikaHuM LenM paboTaeT 3NEKTPUHECKHI! 3BOHOK U FOPUT He-
OHOBag JIaMIIa, a JIaMIa HAKAJIHBAHUA He TOPUT. ECIN HCKIIIOUHTS U3 Lie-
IIH 3BOHOK, TO 3aropaeTcs JiaMIla HaKaIMBaHHA, 2 HEOHOBAd JIaMIIa rac-
ner. Iouemy? (Kozda pabomaem 360HOK, npoucxooum 3amvikanue u
pasmbikanue yeny. Bcredcmeue 803nuxnosenus npu samwvixawuu IC
camounOykyuu, anpaenenroti npomueé SC zenepamopa moka, u 6vicm-
PO20 3ameM Pa3MbIKaHUA Yeny, — 6ONOCOK JIaMNbl HAKANUGAHUA He YChe-
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saem pasozpembcA. Boswuxalowas npu 4wacmom pasMbKanuu 3HAYU-
menvuan no eenunune SC camourdykyuu nodoepicueaent 2operue He-
oHoeoti namnut. Ecau uckmouums 360H0K, mo 6 yenu 6y0em meub nocmo-
SAHHBI MOK, — 3Q20PUNCA IAMNA HAKATUBAHUA.)

I11. TloaBeneune HTOTOB ypoKa
Jlomammuee 3asanue

m. 16.

P -924; P -925.

Vpok 21. Kontpoannas paGora

Ilens: npoBepKa 3HAHWH U YMCHHIA.

Xon ypoka

I. Opranuzaunosnsiii MOMEHT
I1. TipoBenenne KOHTPOJILHOMH PaboThI

I sapuanm

1. CamoneT NETUT TOPH3OHTAIILHO co cKopocThio 1200 kM/4. Halinute
Pa3’HOCTL MOTEHUMANOB, BO3HUKAKILYI0O Ha KOHIAX KPBUILEB, €CIH Bep-
THKQJIbHAd COCTAaBIAIOIAA WHIYKUMM MArHUTHOTO Tonsi 3eMIIM paBHA
5107 Tn. Pa3max KpsinseB paBeH 40 M.

2. B katyuke naaykruBHocThio 0,08 I'H mpoxoaut Tok cunoid 20 A.
Onpenenute DAC caMOWHIYyKLUMH, KOTOpPas BO3HUKACT B KATYIUKE NpH
VICUE3HOBEHMH B Heill Toka 3a 0,002 c.

3. Karymxa conporusierueM 100 OM, coctoswad n3 1000 BUTKOB,
BHECEHA B OJHOPOJHOE MarHMTHOE noie. Ilnoians monepeyHoro cede-
HUS KaXJIOTO BHTKa paBHa 5 cM’. B TeueHue HEKOTODPOro BPEMEHH HH-
JOYKLHA MarHUTHOro nons ymeHbmunachk ¢ 0,8 Tn no 0,3 Ta. Kakoii 3a-
PAA MHAYLMPOBAH B POBOJHMKE 32 3TO BpeMs?

4, Kaxo# 3apsaa npoizeT depe3 nonepeyHoe Ce4eHHe BHTKZ, COMpo-
THBNeHNEM 0,03 OM, NpH YMEHBIIEHWH MArHHTHOTO NOTOKA BHYTPYH BHT-
ka Ha 12 MB6?

5. I3 amoMmiHHeBOH NMPOBOJIOKH, II0OWIANDb NONEPEYHOTO CEYEHNs KO-
TOpO#H paBHa 1 MM%, caienaHo Kombuo paauycom 10 MM, ITepnenankynsp-
HO IUI0CKOCTH Kobna 3a 0,01 ¢ BKIIIOYAlOT MArHUTHOE MOJIE, Y KOTOPOro
uHIyKuns pasHa 1 Tn. Haiitv cpennec 3HadeHne MHIOYKUMOHHOIO TOKa,
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BO3HHMKAIOIIETO 32 3TO BpeMs B KOJNblE. YJIEAEHOE CONPOTHBIEHHE aNio-
-8
MHHHUA paBHO 2,810 OM*M.

6. B 0qHOPOZIHOM MarHUTHOM IIOJNIE, Y KOTOpOro MHAykius pasHa 0,8 Tn,
TIPOBOIOYHEIA BHTOK PAcHONOXKEH TaK, YTO €TO MIIOCKOCTh MEPHEHINKY-
AsSpHa MarHUTHOMY ToJ10. ID1omaAs NoNepeyHoOro ceYEHHUs POBOJIOYHO-
ro Butka pasHa 100 cM’. BHTOK 3aMKHYT Ha ransBaHometp. Ilpu noBo-
poTe BUTKa Ha yroa 90° uepe3 ranbBaHOMETp NMPOXOAWT 3apsAA, paB-
Herii 1 MK, Haitnute conpotuBneHue BUTKA.

II sapuanm

1. Onpenennte HHAYKTHBHOCTB KAaTYWIKH, €CH H3BECTHO, HTO CHIa
Toka B Lenu 3a 0,02 ¢ Bo3pacTaeT Ao MakCHMyMa U paBHa 4 A, co3naBas
npu 3toM 3JIC camonnaykuuu 12 B.

2. Katyuika, uMmeromast 100 BUTKOB, HAXOUTCA B MarHMTHOM TIOJIE,
VHIYKHHS KOTOporo yMensinunack ot 8 Tn 1o 2 Tn B Tevenne 0,4 ¢. On-
penenute 3HayeHHe JJ[C UHIOYKUMH, €CH IUIOUIANb NONMEPEUHOro cede-
HHA KaTyIIKM paBHa 50 cM%, a MIOCKOCTh BHTKOB MEPIEHAMKYNAPHA CH-
JIOBRIM JTHHMAMH MOJIA.

3. TlpoBonuuk anuHOM 2 M W conpotuBieHneM 0,02 OM aBwxercs B
MarHUTHOM TOJIE CO CKOPOCTBIO 6 M/C MEpPNEHOUKYIAPHO CHIIOBBIM JH-
HUAM 11015, HeMy paBHO 3HaYE€HHE CHIIBI TOK3, BOSHHKAOLLETO B IIPOBOA-
HHKe, eCllM ero 3aMKHYTh HakopoTko? VHAYKLMS MaTHUTHOTO HOJs paB-
Ha 10 MTm.

4. Karymka conpotHieHieM 50 Om n HugyktuBHocThro 0,001 T'n
HaXOAUTCA B MarHWUTHOM none. IIpiu paBHOMEPHOM H3MEHEHHH MarHMT-
HOTO MOMA IOTOK MarHWTHOM MHAYKUUH Bo3poc Ha 0,001 B6 u cuna Toka
B KaTtyuike yBenndnnach Ha 0,1 A. Kakoit 3apsan npolen 3a 310 BpeMs 10
KaTyuke?

S. Pamxa u3 npoBonoku conpotupieHneM 0,01 Om paBHoMepHO Bpa-
1aertcs B OJHOPOJAHOM MarHWTHOM II0Jle, Y KOTOpOro HHAYKLMA paBHa
0,05 Tn. Ocp BpamIECHNs JISKUT B IUIOCKOCTH PaMKH H NeprneHIHKYJISpHa
JTMHUAM UHAYKUMH. Inomans pamku — 100 M. Onpenenurte, kako# 3apag
fpoiiaeT yepes paMKy 3a BpeMs [oBopoTa ee Ha yron 30° (ot 0° no 30°).

6. [TpoBONOYHLIA BHTOK, MMEKOMMIA MITOLIANE MONEPEYHOTO CEUECHHS
100 cM?, paspe3aH B HEKOTOpOit TOUKe, U B Pa3pe3 BKITIOYEH KOKJIEHCATOP
eMKocThi0 40 MK®D. BHUTOK MOMELICH B OJHOPOAHOE MArHMTHOE MoOIE,
JHHHA MHAYKLHH KOTOPOTO, MEplNEHAWKYJSPHEI IJIOCKOCTH BHTKAa. MH-
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JOYKIMA MarHUTHOro MO paBHOMEpHO uM3MenseTcd Ha 0,01 Ta3a 1 c.
Haiigute 3apan KoHaeHcaTopa.

Pexomendayuu k nposepke:
OueHka «3» —3a 3aga4n Ne 1, 2;
OrnteHka «4» —3a3amaun Ne 1,2, 3man Ne 1, 2, 4;
OueHka «4» —3a 3amaun Ne 3, 4, S wnn Ne 3, 4, 6.
VYueHuk caMm BBIGHpAeT 3aTayuu.

I11. IToaBenenne, HTOroB paboTn

JoMmainee 3ananue
m 17.



KOJIEBAHUA U BOJIHbI

Fnasa 3. MexaHuueckue koneébanus

¥Ypok 22. ilunamrka cBoGoAHbIX KoeGann i

I{eas: BLSCHHTE, OT Yero 3aBHCAT cBoOOHEIE KONeOaHHA TIPY>KHHHO-
ro MasTHHKA.

Obopyooeanue: nepxarend Ha NPYXKHHAX, IMITATMBH, CEKYHAOMEp
HIH METPOHOM, HabOpEI rpy30B.

Xona ypoxa

1. Opranu3annoOAHLIH MOMeHT

I1. A3y9enne HOBOIO MaTepHANA

Mexanuueckue xonebanus — 310 NBMKECHAA, KOTOPHE TOYHO WIH NPH-
6NH3HTENBEHO NOBTOPAIOTCA Uepe3 onpe/Ie/ICHABIA HHTEPBAI BPCMEHH.

Bunysicoennsie xonebanus — 3to KojeOaHHs, KOTOPHE NPOHCXOAAT
noj{ ACHCTBHEM BHENIIHEH, MEPHOAWYCCKH H3MeHsIomlelca cunbl. (BH-
WEHHE HTNEI MBEHHOH MaIIHHKH. )

Ceoboonsie xonebanus — 310 KoneGaRMA, KOTOpHIE MPOMCXOAAT B
CHCTEME TIOJl ICHCTBHEM BHYTPCHHMX CWI, HOCIIE TOIO KaK cHcTeMa Oruia
BHIBE/ACHA M3 COCTOSHHA paBHoBecHa. (KoneGanus masTHHKA 4acoB, Ka-
YenH.)

Ixcnepumenm 1

Jlemoncmpanyun xonebamenvhvix cucmem
[IpyxwAHKIT MasTHHK, KonebaHue HATAHYTOH BEPEBKH, MATEMATHYE-
CKHH MafsTHWK, KAHOHWYCCKHH MASTHHK, ABMKCHHE XHAKOCTH B U-
obpa3Hoii TpyOke.
Yo obmiero y Bcex KoneGaTellbHRIX CHCTEM?
YcnoBHs BOSHMKHOBEHHS MEXZHHYICCKHX KoJleOanwii:
1. Hayiume TNONOXKEHHUS YCTOHIMBOIO PaBHOBECHS, IIPH KOTOPOM
paBHOICHCTBYIOMIast paBHA HYJIIO.
2. Xota 61l oiHa cHia JIOJIKHA 3aBHCETEH OT KOOPAMHAT.
3. Hannume B koneGmouelics MaTepHalkHOH Touke W3OHTOTHOH
IHEPTHH.
4. Ecnu Teno BHIBECTH H3 NOJIOKEHHS PaBHOBECHA, TO PaBHOACHCT-
BYIOIIaA HE PaBHA HYJIO.
5. CwiIsl TpEHHA B CHCTEME MANIHL.
PaccMOTpHM ABHXECHHE TEIEKKH MaccOl m, NPHKPEIUICHHON K Bep-
TMKANLHO#H CTCHKE NPYXKHHO#H, XKECTKOCTHIO R.
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Tpu pacTseHnu NpYKVHBI HA X, = A (aMILIUTyJa) Ha Tello HauYMHa-

€T AedcTBOBATH CHJIA YNPYrocTd, KOTOpas CTPEMHMTCS BEPHYTH TEJIO B
TOJIOKEHHE PABHOBECHS, HO JOW/S JIO NOJIOKEHHUS PaBHOBECUS, B KOTO-
pOM CHJIa YNPYrOCTH PaBHA HYJIO, T€NO HAaYMHAET CXUMATEH MPYXKHHY.
ITpu CkaTHH TIPY>KMHEI MOSABJSAETCA BO3PACTAKOLlas CHIa YIIPYrocTH, Ha-
npaBieHHas K NONIOXKEHHIO PAaBHOBECHS.

Hemoncmpayusn

Ha Tenexxy npukpenuiau ¢uioMactep, NOJX TENEKKY MOTOXHUIN KyCOK
BaTMaHa. BeiBeieM TeNexKy W3 NONOKEHUS PAaBHOBECHS, H OTHOBPEMEH-
Ho GyeM qBuraTh BaTMaH Ha ce6s. Uto xe yBuanm?

VBUINM JIHHHUIO, TaK KaK TENEKKA JBIKETCA, 3HAUUT, H3MEHSETCS KO-
opadHata. JInHusa GyAeT BeIpaXaTk 3aBUCHUMOCTH KOOPJIHHATEI OT BpEMe-
uu. Ha BaTtMane OyneT kocuHycouaa.

CBob6osHBle KoNleGaHHA TMPYKHHHOTO MasTHHKA ABISKOTCA TapMOHH-
YECKUMH.

3aBHCUMOCTb KOOPAWHATHI OT BPEMEHH MOXKHO 3alHCAaTh:

X=AcCoswyt W X=X, COSw,l .

A vy x, — aMINKTYAa — MarHNTHOC OTKJIOHEHHE OT MOJNIOXKEHHs
paBHOBECHSA.

Tak Kak KOCHHYC H3MeHseTcs oT —1 10 1, To koopJAuHaTa JNEXHUT B
npoMexyTke: —A<x< A.

Takoit BenuUHHON MoXeT OBITH He 06A3aTENBHO KOOPAMHATA, NaBJIe-
HHeE, CHJIa TOKA H T. X.

(1)0 — UMKJIMYECcKas 4acToTa.

Haiinem nepyon no II 3akony Hetotona:

ma_‘ = Fyn,,;

=-k,

y"p

—maw} Acos wyt = ~kAcoswyt ;

b =k;
co(,:\[Z = 7':2_”:2,,\/5‘
m @, k

Ilepuon onpenensieTcs XKeCTKOCTHIO MPYXKHHEBI K MAccoH, To ecTh COb-
CTBEHHEIMM XapaKTepUCTHKaMU KoJie6aTeTbHON CHCTEMBI.

Hanee yyauinecs oOTKpbIBalOT y4eOHUK Ha C. 173 H rocie MpodTeHus
TeMBl «OHeprus cBoOOMHBIX KoneGaHHi» NOMKHE OTBETHTh HA BOIPOC:
Kak moyHas MexaHWdeckas SHepTHs rapMOHHYECKHX KosebaHuii 3aBUCHT
OT WX aMIUTHTYAB1?
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1. 3axpenienne uiy4eHHOro MaTepuana
OpOHTANBHBINA 3KCNEPHMEHT:
1. Cobepute NpyKHHHBIH MasTHHK.
2. U3MepbTe ero nepHon.
3. 3Has Maccy rpysa, pacCUHTaiTe XKEeCTKOCTD NPY>KHHBL
4. MomyyeHHbIH pe3ynsTaT MPOBEPETE MO 3aKoHy ['yka.

IV. Pemenne 3anay

3adaua Ne 1

KoopnuHara konebmonterocs Tena H3MEHsfeTcs 10 3aKOHY:
x=5cosnt. UeMy paBHa aMruIMTyJla, TIEpHOJ M y4acToTa KojebaHwmii,
ecnu B GOpMyIIe BCE BEIMYHHLI BEIpaXKeHsl B enunuiiax CH?

Hano: Pemenne:

x=5cosxt. ConocraBUM JaHHBIH 3aKOH W3MEHEHHS KOOpAHHA-
A-? THI C 3aKOHOM FAPMOHHYECKHX KOJIeOaHHU.

T-?

2
v x=Acos—T—~t; x=>5cosxt.

BuaHo, 4To MHOXHTENs A fiepe]] KOCHHYCOM €CTh aMILIMTYJa KoJe-
GaHuii, creoBaTeNIbHO, aMIIMTY A KoJleOaHHii TeNa paBHa S M, TaK Kak B
JAHHOM 3aKOHE 3TOT MHOXMWTEND PaBEH S.

MHoXHTENb Niepe]] BPEMEHEM t 10 3HAKOM KOocHHyca B 06eux dop-
MyJiaX OJMHAKOB, TMOCKOJIBKY JaHHOE JBHXXCHHE TeNa fABMISETCA TakKe
rapMOHUYECKHM KonebaHvem.

2
TMostomy 27” =t,orkyna T =—I:II£ = 2c¢. Yacroty konebanuit HailgeM

no popmyne: v = = v===0,5Tn

N -
N | —

(Omaem: A=5m; T=2c;v=0,5Tuw)

3aoaua Ne 2
VpaBHEHHE [BWKEHHA TapMOHHYECKOTo KonebaHus uMeeT BHJ

T -
x=0,02cos—-¢ . Haittn koopauHars! tena yepes 0,5 c; 2 c. Bee senu-
2
4qUHBI B hopMyie BeIpakeHs! B efuHunax CH.
Jano: Pewenue:

x= 0,02cos%-t S ox = 0,0Zcos%-t ,Tormanpu t; — 0,5 ¢

x -? V4
Xy —? x, =0,02c033-0,5=0,02003

N

1 _0,02c0sZ,
2 4
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V2

cos— = cos45° == ~0,7.

4 2
Torna x; =0,02-0,7=0,014M=1,4cm; x; mpu =2 c:
x =0,02cos-’25-2:o,ozcoszr=0,02-(—1)=—0,02 M.
(Omeem: x, = 1,4 cM; x3 =—2 cM.)
3adaua e 3

Harmmninre 3aK0H rapMOHHYECKOro konebaHusi rpy3a Ha NPYIKHMHE,
ecliM aMIuMTyna Konebanwii 80 cM, a wacroTa konebanwuii 0,5 ',

Jano: Pemmenne:
A=80cmM=0,8m py
v=0,5ru X = OOS—T—'I.
x()—?
1 cnocob:
T=-l—,T.e. T= ! =E=2c.
v 05 5

x =0,8c0327”-t uid x=0,8cosxz-¢.
2 cnocob:

Tzl,m x=AcoszT”-t=Aoos27rvt;
v

1%
x=0,8cos27-0,5t wm x=0,8cosx-t.

(Omeem: x=0,8cosm-t.)

3aogua Mo 4

IMons3ysacs rpapMkoM HM3MEHEHUS KOOPAMHATH Koaebnlomerocs Tena
OT BPEMCHH, ONPE/CHHTH AMILIMTYRY, NCPHOJN M YacTOTy KonebaHwid.
3amucars ypaBHEHHE 3aBMCHMOCTH X(f) M HaHTH KOOPIHMHATY Tejia yepes
0,1 c u 0,2 c nocne HaYana OTCYETa BPEMEHH.
(Omsem: A=03cm; T=1,6c; v=0,625T1; v=0,625;
x(t) = 0,3 cos 1,25 nt; x; = 0,28 M, x5 = 0,21 M.)

V. Hoasenenue HTOroB ypoka

Jlomamnee 3ananne
n. 18-19, 20, 21.
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Ypok 23. Peiense 3anau mo reme
«MexaHHYecKHe KoJleGaHUA»

Ifenu: pa3BuTHE HABRIKOB CAMOCTOSTENBHOH paboThI, oTpaboTka Me-
TOROB pEIlEHUS 3ajay.

Xonx ypoka

[. OpraHH3anHOHHBIA MOMEHT
II. Pemienne 3apay

3aoauu na «3» 6aina

1. T'py3, noasenreHHHH K NMpYy>kuHe, coBepmaeT 10 kone6aHuil B Mu-
HyTy. Onpenenurte Nepyoa KonebaHHH, YacToTy M XECTKOCTh TIPYKHHEI,
eciu Macca rpysa — 0,6 kr. (Omeem: 6 c; 0,17 T'k; 0,67 H/M.)

2. Kak oTHOCATCS AJIMHBI MasTHHKOB, €CJH 3a OJHO H TO XK€ BpeMs
nepBelif MasTHUK coBepilun 30 konebaHu#, a BTOpoH — 15 koneGaHuii?
(Omeem: 4:1.)

3. Maremarudeckuif MasTHHK JUIMHOH 98 cM coBeplIaeT 3a 2 MHHYTHI
60 monueIx xonebanui. OnpenenuTe yacToTy, Nepuol KonebaHuii U yc-
KOpeHHA CBODOJIHOTO MaJeHHA B TOM MeCTe, TAe HaXOAMTCA MasTHHK.
(Omeem: 2 ¢; 0,5 T't; 9,7 Mm/c?.)

4. Kak oTHOCATC# MacCH JBYX NpPYXHHHEIX MasTHHKOB, KOJIeGIIO-
IUXCA HAa OJNHAKOBEIX MPYKHHAX, €CIH 32 OHO M TO XK€ BpeMs NEPBEIi
cosepurnn 10 xonebanuii, a BTopoit — 40 konebanuii? (Omeem: 16:1.)

3aoauu na «4» bana

1. OnuH MasTHHK UMeET nepHof S ¢, Apyro#t 3 c. Kakos neprnon xo-
nebaHui MaTEMaTUYECKOro MasTHHKA, JUIHHA KOTOPOro paBHa pasHOCTH
JUTMH YKa3aHHBIX MadTHHKOB? (Omeem: 4 c.)

2. Yacel ¢ MasTHUKOM JuiHHOM 0,5 M 3a cyTkH oTcraror Ha 30 MuH.
Yro Hao cIenath ¢ MasTHUKOM, 4TOOHI Wacel He oTctaBanu? (Omsem:
VYMEHBIUHUTD JUIHHY Ha 2,1 cM.)

3. Yace! ¢ MasTHHKOM ANMHOM | M 3a cyTkH cnewart Ha 1 yac. UTo Ha-
JI0 CENaTh ¢ MasTHUKOM, 4TOOBI Yacel He cnemnu? (Omeem: YBenu-
4UTEH JAJIMHY Ha 8,4 cM.)

4. Kaxk W3MeHMTCH mepHojl konebanuii MaTeMaTHYECKOTO MaiaTHHKA
1IpU MepeHeCeHHH ero ¢ 3eMin Ha Mapc? Macca 3emin B 9 pa3 Goubiue
maccel Mapca, a paguyc 3eman B 1,9 pasa Gonsuie paguyca Mapca. (Om-
gem: YBemuuures B 1,6 pasa.)

3aoauu na «5» pannos
1. Kak usMeHHTCs nepHoa KonebaHWil MafgTHUKA NPH NEPEHECCHHU
ero ¢ 3emnu Ha Jlyny? Macca Jlyusl B 81 pa3 MeHbIIe Macchl 3eMiy, a
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pamuyc 3emad B 3,7 pasa Gonbme paguyca JIyHslL (Omgem: Y MEHBIIMTCA
Ha 2,1 cM.)

2. C KakHM YCKOPEHHEM M B KAKOM HAIpaBiCHHH JNOJDKHA JBHIAThCA
kabuHa, 9TOOBI HAXOASAIIMICA B HEil CeKyHAHBIN MasTHHK 33 BpeMs 2 MHH
30 ¢ corepina 100 xone6annii? (Omeem: 5,4 c.; qBMXKEHUE BHU3.)

3. Ha xakyi 4acTh HaqO YMEHBIIHUTH JUIHHY MATEMaTHYECKOTO MasT-
HHKa, 4TOGBI TIepHO) konebanuii MasTHHKA Ha BbicoTe 10 kM GBI paBeH
nepHoay ero konebarnnii Ha mosepxHocTH 3emmu? Pagnyc 3emmn 6400 kM.
(OrBer: 0,0031.)

4. U3 nByX MaTeMaTH4eCKMX MaATHUKOB OAWH coBepumn 10 xoneba-
HHiA, a Ipyroii 3a TO e BpeMs 6 koneGanuil, HallTu [NHHY KaKIOTO MadT-
HHKa, €CIH CyMMa UX JUIMH paBHa 42,5 cM. (Omeem: 11, 25 cM; 31,25 cm.)

3adauu nossiuieRRoi mpyoHocmu

1. TIpyXHHHBI MafATHHK COBEpILACT KOCHMHYCOMIATbHBIE KoneGaHus
MOCNle TOTO, KaK €ro BRIBENH H3 MOJIOXKEHHA YCTONYHBOTO PaBHOBECHS.
Yepes cxoABKO BPEMEHM B JI0JIAX NEPHONA KUHETHYECKas SHEPrHs cpaB-
HSETCA ¢ NoTeHIMANsHOU? (Omeem: t=1/7T.)

2. TIpyuHHBI MasATHUK COBEPIIACT CHHYCOUAAIBHBIC KONeOaHHS M0-
cnie TOoTO, KaK €ro BRIBEJIH W3 MONOXEHHS YCTOHYMBOTO paBHOBecHs. Omnpe-
JIENUTE COOTHOILIECHHE MEXAY KHHETHYECKOH 3HEeprHel H NMOTEHUHATBLHOM
SHEprueit MasTHHKa 4depe3 1/8 mepuwoda nocne Havana konebauuii. (Om-
éem: 1:1))

111. HopBenenne HTOrOB ypPoKa

JlomMaliiHee 3aganue
P-411,P-412,P-413,P—414.

Ypok 24. BeiuyxkaeHnHbie konebanus. Pezonane

Ifenp: chopMynHpoBaTh HOHATHE «PE3OHAHC»; OTPHLIATENHHBIE BO3-
neficTBAS pe3oHaHca.

Xona ypoka

1. OpranuzannoHHbIi MOMEHT

11 IIpoBepka noManiHero 3aianus, NOBTOPeHHE
— TIpuBeauTe NMpUMEPHI 3aTyXatolUx KonebaHui.
— MaiiTe onpeaeneHne 3aTyxXaromuM Kone6aHuaM.
— Ilpusensre npuMepsl AIEpHOAHIECKOTO IBHKECHHA.
—  IIpH kakoM yCIOBHH BO3HHKAIOT alEPHOANYICCKHE IBIKCHHAT
—  YT0 Tako¢ CTaTHHECKOE CMEIIEHHE?
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II1. H3yyeHue HOBOTO MaTepHaa

Hapsany co cBOGOIHEIMH KOeGaHHAMH, MPORCXOAAIMMH O] AcHCT-
BHEM BHYTPEHHHMX CHJI, B CHCTEME BO3MOXHEI Kojne6aHusi, BBI3BaHHbIC
nepHOAHYECKOH BHEIMHEH CHITOM.

BHIHyKIeHHbIE KONeGaHus MPOHCXONAT MOX AcitcTBHEM RHEMIHEH ITe-
pHOIHIECKON CHITBL.

[Iyctoe Teno coBepinaeT MOx AciCTBHEM HEPHOANYECKOH CHITBL:

F. =F,cosat;

F,
Q=-2=-L.coswt;
m m

F,
—L = g, — aMILIMTY 1 YCKOPEHHS TeNa.
m

Koopaunara uaMeHseTcs 110 3aKOHY x = A cos ot .

. a, a,
Jns rapMoHudecKuX koneGanui 4 =—-, A=—-.
a)ﬂl a)m

HafineM aMmnuryny BBIHYXICHHBIX KOJNEGAHHH NMPYKUHHOTO MasAT-
uuka o II 3akony Herotona:
ma, =k, +F,cosmt ;
a,=-w'Acosmt ;
—ma* Acos wt =—kAcoswt + F, cos at ;

2,
k =may ;

N
4= m(wg—wz) ‘

W3 31010 ciemyer, 4TO aMIUIUTYAa KonebaHMit 3aBUCHT OT YaCTOTHI
BLIHY)KRatoliel CHIIBL.
Ecnmn gactoTa BRIHyXRaromeil CUIBI MEHBIIC YACTOTH COOCTBEHHBIX

konebanuil @ < @, To NpY YBEIUYEHHH YaCTOTHl ( PA3HOCTH (a)g - wz)
YMEHBIIAETCA.

Ilpu HacToTe @ < @, AMILIUTY/Aa BBIHY)KIEHHEIX KolcOaHHH yBemn-
YHBAETCA C POCTOM HACTOTEHL.

)

Ilpu @ >> @y Ax—5.
mao

AMIUTMTYa BBIHYXHEHHEIX KoNebaHuil ofpaTHO NpomopiHOHANLEHA
KBAJPaTy YacTOTHI ©, aMIUIMTY/]a BEIHYXAEHHBIX KolecGaHuil yObIBaeT ¢

pOCTOM 4aCTOTEIL.

3 B. A. Boskos
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Hemoncmpauua pe3onanca Masmnuxkoe

Ecnx yacToTa BEIHYXXJAIONMX CHII HPHONMM3MTENBHO paBHA 4acTOTE |
coOcTBeHHBIX KonebaHWi, TO 3HaMEHaTelb CTPEMHTCA K Hymo. B aToM;
CiTy4ae aMIUTHTyJa KoeGaHHi pe3ko BO3pacTaer.

PesoHaHC — pe3Koe BO3pacTaHHe aMILIMTYAbl BBIHY)XXAEHHBIX Kone0a-
HHI I COBMALEHMH YaCTOTHI BHELUHEN CHIIBI C YACTOTOH COOCTBEHHBIX
kone6aHuit CHCTEMHL

TIpu pesonance BHEIHAA cHlla ACHCTBYET CHHXPOHHO CO CBOOOIHBI-.
MH KOleOaHUAMH CHCTEMBIL &

Muorre pusndeckne oObeKTrl, 061a8as ONPEAENEHHOMH YIPYTOCThIO,
MOTYT COBEpIIATh COGCTBEHHEIE Konebanus. [10aToMy BHelusee nepuo-
IMYECKOE BO3AEHCTBHE HA HUX MOXET OKa3aTbCS PE30HAHCHHIM. M3ywe-
HHE ABJICHHA PE30HaHCa N03BOJIET H30€KaTh OTPHUATENBHBIX TTOCIEACT-
BHIi 3THX BO3JCHCTBHH, U UCIIONB30BATh SHEPFETHYECKHUE PECYPCHI pe3o-
HaHCHBIX IPOIECCOB.

Xopowo H3BECTHO, YTO [UIA MPEKPALIEHNs PacilIECKHBAHHA BOABI B
Befipe HE06X0AMMO U3MEHHTH TEMMN XOABOBL. [1pn 3TOM M3MeHseTcs yac-
TOTa BHEWIHEN CHIIBI.

Tpu 3eMneTpaceHusx pa3pyIalTcs 30aHUA OXHHAKOBOM BBICOTHI, Tak
Kak Ux coOGCTBeHHas yacTora KojieGaHuii onpeaensercs BbICOTOPl H COB-
MAaJeT ¢ YaCTOTOMH KonebaHHsA [OYBBL

SIBneHue pe3oHaHca MO3BONSET C MOMOLIBIO CPAaBHUTENBHO MaNoH CH-
1Bl TIOMYyYHTH 3HAYMTCIBHOE YBENWYCHHE aMIMTYawl konebanuii. (Uc-
TI0/Ib3yeTCs B TOPHOJ00BIBAIONIEH IPOMBILIIEHHOCTH. )

IV. 3akpeniienne H3y4eHHOro MaTepHaa
— Yto Ha3BIBaETCA PE3OHAHCOM?
— Kaxoso ycioBre pe3oHanca?
— Haueprtute pe3oHaHCHbIE KPHBBIE.
— TlpuBennTe NpHMEpPBI BPEJHOro M IOJIE3HOTO INPOSBICHHUS pe3o-
HaHca.

V. IlpoBeaenne na6opaTopuoii paGoTs!
JlaGopaTopHas pa6ora no Teme
«Onpenenenne CKOPOCTH 3BYKa NPH MOMOIIH Pe3oHaHCHOH TpyOL»
Ipubop, npuMeHsiemslit B 3ol paboTe, Noka3aH Ha puc. 22.

Puc. 22
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Pezonancuas Tpy6a npencraBnser coboit JUMHHYIO y3Kyio TpYOy A,
COCAMHEHHY10 C pe3epByapoM B uepe3s pe3uHOBHIA marpybox. B obeux
tpy6ax naxommurcs soaa. Korna B nopuat, AnmHa BoagymiHoro cronfa B
A ymeHbl1aeTca, a koraa B onyckaercs, anuHa cronba Bosgyxa B A yse-
nnunBaetca. TlomecTure xoneOmiommiics xaMepToH cBepxy A, xoraa
JuiHHa ctonba Bo3yxa B A MPaKTH4YCCKA paBHa Hymio. BrI He yensimmTe
Hukaxoro 3Byka. Ilo Mepe yBenuwuenns Jumnm cronba Boinyxa B 4 BH
YCIBIIOHTE, KaK 3ByK YCHIWBAETCS, AOCTHIAET MAKCHMYMa, a 3aTEM Ha-
unHaeT 3aTHXaTh. [loBTOpHTE 3Ty NpoueRypy, perysmpysa B TakuM obpa-
30M, 9TOOR JUIHHA BO3AYIIHOTO ¢TONbGa B A naBana MakCHMAILHAIHA IO
cuiie 3ByK. 3aTeM 3amephTe JuMHY J, cTonba Bo3ayxa.

Puc. 23

I'poMKkHii 3BYK CIBINIEH MNOTOMY, YTO coGCTBeHHas 4Yacrora cronba
BO31yXa JUIMHOH J| paBHa cOOCTBEHHOH HYacTOTe KAMEPTOHA, U TIOITOMY
BO3AYWIHKIH cTonb xonebnerca B yHHCOH ¢ HMM. Brl Haum nepsoe no-
noxeHue pe3oHanca. DakTuyecKH JnHHA KoyieOmiowmerocs Bo3gyxa He-
ckoyipKo Gomnbine cronba Bo3ayxa B 4.

Hrak, %,1 =Jrl.

Jnuna I — 310 NONONHATENBHAS JIHHA, KOTOpPas JODKHA OLITh fo6as-
neHa x JMHe cronba Bo3xyxa Ji, 4Tobn Nnony4uTh Goliee TOUHYI0 JUTHHY
KoneGmonierocs Bo3Jyxa. JTa NONpaBKa Ha3hIBAETCS KPacBOW Koppex-
uHel.

Ecm 8Ll onyctHTe B eme HHDKe, Tak YTOOH JUIMHA BO3YLHHOTO CTOMN-
6a yeermumnace, TO HailfieTe APYroe NOJIOKEHHE, B KOTOPOM 3BYK IOCTH-
raeT MaKCHMATLHOH CHIIHL. TOUYHO OnpeAennTe 3T0 NOJ0XKECHUE U H3MEPE-
Te J; umHy cronba Bo3ayxa. ITo — BTOPOE NONOKEHHE pe3oHanca. Kak u
npexae, BEPIUIHHA HaXOJAMTCS HA OTKPHTOM KOHIE TpYORl, a y3enm — Ha
NOBEPXHOCTH BOJBL. JTO MOXET OKITL JOCTHTHYTO TONBKO B CHy4Yac, KO-

3
r2a JuiiHa cToniba Bo3ayxa B Tpy6e npHONMSHTENSLHO COCTaBNSET " An-
HBI BOJIHEI (—% 1) . KpnBast koppeKkius ocTaercs Tako# ke, Kak H Npexae,

no3ToMy -i—,l =J,H.

3.
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BLIuMTaHHE [BYX 3aMEPOB JAET:
%,1—%/1 =J, +1-(J, +1);

%,1 =J, —J, ¥ IONpaBKa COKPAILAETCA.

HTtak,
C=f,1=f-2(J2 —Jl),
rae f ~— 4acToTa KaMepToHa. JT0 GRICTPHIN M KOCTATOYHO TOYHBIH crio-
co0 ornpenesieHHs CKOPOCTH 3ByKa B BO3RYXE.

VL HoarenenHe HTOroB ypoka

JomauiHee 3a1aHue
m. 22,
P—414;, P -415.

VYpok 25. Kone6aTenbHas cucTema
o AeficTBHeM BHEIIHUX CHJI

Ilens: naTh XapaKTEPUCTHKY CBOGOAHEBIX KoeGaHHiA,

Xon ypoxa

L. Opranu3zanuoHHbii MOMEHT

II. TIpoBepka NOMALIIHETO 3aAaHHSA, BONPOCHI [Jisl NOBTOPEHMS
— Ilpusenute mpHUMEpE! BRIHY>KACHHRIX KoJeOaHTi.
— Kakue xone6aHns Ha3bIBaIOTCA BRIHYXXIEHHBIMU?
—  Uro Takoe niepuon?
—  Urto Takoe ammsmutyna?
—  OT Yyero 3aBUCHT MEPUON TIPYKMHHOTO MaATHUKA?
— Kax 3aBHCHMT MoNTHasE MEXAHHYECKasA SHEPTUA OT aMILTHTYIBI?

H1. U3yuyenne HOBOTrO MaTepHana
1. demonctparma. Matematnueckuii MasTHHK. [IpyxiHHBIHR MasTHUK.

— UYto MBI BHIUM C TeUeHUEM BpeMeHU? (VMenbuienue amniumyost.
Konebanusa cmanossamen samyxarowpumu. 3amyxarowue xonebanus ~
KOAeBaHUA, aMnAumyOa Komopblx YMeHbUWAEMCst ¢ meyeHUuem epe-
MeHU.)

— Tlouemy ymeHbmaercs ammnutyna? (Mexanuueckoe oeuiceHue co-
npogoxcoaemcs mpetueM. Amniumyoa HanpaeneHa 8 npomMuUEONo-
JIONCHYIO CIMOPOHY NepeMelyeHus MAsIMHUKA, cosepuiaen ompuya-
menvhyio  pabomy. Ilpu ysenuuenuu  mpeHus  conpomus-
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JICHUE OBUMICEHUIO OKA3bIBAEMCsl CIMONb 3HAYUMENBHBIM, YO 8blGe-
OeHHbIl U3 NONONCeHUs. MASMHUK, mMepss IHepIUI0, Modcem He
npotimu nonosicenue pagnosecus. IlodobHoe Ogudierue Hazvlgaem-
CA QREPUOOUUNBIM (HPUMEHAEMCA 8 CHEYUATBHOM YCMpoticmee 0na
2awenus Korebanuil Ky3oea agmomobuns — amopmusamope).)

[IycTs Ha NpYyXMHHBIH MasTHHK ACHCTByeT cuia [ TOCTOsHHas, Ha-

ipasnenHas Baonk ock X. TIpu pacTs>KeHUH NpPYXHHEI CHJIA YNIPYyTOCTH
KOMIIEHCHPYET 5Ty CHIIY:
F, =k, =F;

n “o
Xy =

5
=

CraTHyeckoe cMeUleHHe — W3MEHEHHE TOJIOXKEHHA PAaBHOBECHS KoJe-
6aTenbHOH CUCTEMBI NOA AeHCTBHEM MOCTOSHHOH CHIIBI:

[
w=,—
m
__5k
(L 2
may;

H3M€pﬂﬂ CTAaTHYECKOC CMCIUICHHE TIPYXXHHBI C HU3BECTHOH IKECTKO-
CTBI0, MOXHO ONPEACIIUTE MacCy TeEa, NOJABCINCHHOrO Ha NMPY>KHHE.

2. IlpoBenenue nabopatopHoit paGoThI.

JlabopaTopHas paboTa no Teme
«H3ydenue cBoGoAHBIX KoeGaHUiT»

Iens: uccnenoBanvie BIUSHUA CHIBI TPEHHSA W aMIUIHTYIBI HA TIEPUON
CBOOOIHEIX KOJIEOaHHH.
Ob6opydosanue: TpoHHAS HATh, HEOOIBIIOH IPY3MK, YACHI,

Xon paboTni

IMonseckTe Ipy3 Ha AByX HHMTAX JUIHHOW Okono MeTpa. OTKIOHHTE
HHTH OT BEPTHKAJIK Ha Yrol npubnuiutensto 20-30°.

Onpenenure yncno konebaHuii M BpeMs, 3a KOTOPOE aMILTHTYZAA
YMEHBIUTCSA B HEKOTOPOE YHCIIO pa3, HanpUMep, B 2 pasa.

IToBropHTE JKCIEPHMEHT, OTKIOHUB MEPBOHAYATIBHO MAfATHHK Ha
paccTofHne Xpmg, M CHOBa OmpenelHTe HHCIO KonebaHuil W Bpems

xmax

YMCHBINCHHUSA aMIUIUTYAbI B 2 pasa, TO €CTb A0 BEIUYHHEL

Pe3ybTaThl H3MEPEHHUI 3aMHILMTE B TAOTHITY:
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VYaanoce 14 BaM 00HapyKHTE 3aBHCHMOCTh BPEMEHH OJTHOTO Koye6a-
HUS OT aMILTMTYR?

Yxpenn-rc Ha JIByX HUTHX C TIOMONIBIO CKPENOK JIMCT GyMaru nnoma-
abio 1-2 gv’. TponenaifTe aHANOTHHHYIO CEPHIO OMEITOR.

VYnaiocs, i Bam 06HapyXHTL BO BTOPOH CEPHE ONKWITOB 32BUCHMOCTh
BPEMEHH OJJHOTO KOJICOAHMS OT aMILNHATYAkLI?

VYaanocs v Bam oOHApYXKHTE BIHAHME COMPOTHRICHHS HA BPEMS Ol
Horo konebanns?

ONETH, AHATOTHYHEE TeM, KOTOPhIC Bl NPOBEIH, W TEOPETHYCCKHH
aHamM3 CBOGOAHEIX koNneGaHH# NOKA3RIBAIOT cleaylolce:
a) BpeMs ofHOro KoneGaHMs ITPH JOCTATOYHO MAIBIX AMILTHTY/aX
HE 3aBHCHT OT aMIUTHTYJIkL

X A

Puc. 24

J10 BpeMs Ha3HBAcTCA ycrosnsem nepuooom. (CloBo «yCIOBHEIW
HCIIONEIYETCA JUIA TOT0, YTOOR MOAIEPKHYTh, ITO depes Bpems T Teno He
BO3BPAUIAETCS B IIPEXHEE COCTOAHKE.)

6) Crenenp 3aTyXaHHs XapakTepH3yeTcs BEMWUHHOH T («ray»),
KOTOpasA HAa3HIBACTCH GPEMENEM PENAKCAUN.

Bpems penakcanps 7 — BpeMs, 33 KOTOPO€ aMILIMTYAA KoncOaHmid
yOriBaet B e = 2,7 pas.

B) Bpemsi penakcanuy no3sonser ONpEACIHT: KOIPPHUIHEHT co-
MPOTHBICHHA 5B PopMyJic VIS CHILI CONPOTHURICHHS.

2m
Hmenno f =——, rae m — Macca koneGIIomerocs Tena.
T

IV. lloprenenue ATOTOR ypoKka

Jlomammuee 3anaHne
m 22, 23, 24.
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Vpok 26. TaGopaTopnas pa6ora no Teme
«H3Mepenne yckopeHHs ¢Bo60IHOr0 MaieHHsA
¢ NOMOIUIBIO MAATHUKD)

I[ens: BHIYHCIUTL YCKOPEHHE CBOOOXHOIO HAJCHUA C MOMOIIBIO
dopmMynsl 111 ieproa KonebanHil MaTeMaTHYECKOTO MasSTHHKA.

T=2ﬂ\/z. (1)
g

JIis 3TOro HeOOGXOAUMO H3MEPUTH MepHoA KouebaHus U JUIMHY MOX-
Beca MaATHHKa. Torma u3 ¢opMyns! (1) MOXHO BEIMHCIIHTH YCKOPEHHE
CcBOOOHOTO MaICHUS:

ax?
Cpeocmea usmepenun: 1acH ¢ CEKYHIHOW CTPENKOi; M3MepHTEeNbHAS
nenta (Ax = 0,5 cm).
Mamepuansi: mapuK ¢ OTBEPCTHEM; HUTh; IITATHB ¢ MydTOit H KONb-
11OM,

Xon paborsi

1. YcTanoBUTE Ha KPAKO CTONA INTATHB. Y €r0 BEPXHETO KOJBIA YKpe-
NUTE IPH NOMOIIY MY(TH! KONBUO U TOABECHTE K HEMY IIAPHK HA HUTH.
[Tlapyk TOIKEH BUCETh Ha PACCTOAHNH 3—5 CM OT CTONA.

2. OTKJIOHHTE [HApHK Ha 5-8 ¢M OT MOJIOXKEHNS PABHOBECHS H OTIIyC-
THTE €T0.

3. MamepsTe anyHy OXBECA MEPHOI JIEHTON.

4, U3ameprte Bpems At 40 nonHeix konebaunuii (N).

5. ITosTopHuTe M3Mepenns At (He H3MEHSS YCIOBHH OMbITA) U HaiuTe
cpenHee 3HaueHUE (At,y).

6. Beraucnure cpenHee 3Hadenue neprona konebanwmii T, o cpen-
HEMY 3HAYEHHIO At

7. BorauciuTe 3HAa9CHHE 2 O GopMyTIe:

4r?
1. 3)
2
T,

8. Tlomy4enHble pe3ynsTaThl 3aMUIINTE B TAGIHUITY:

gt:p =

At
N lim | N age| Mo | T,=—2 | g,=98wc
ONbITA




72 TMoypoutsie paspabomku K ydebHuKy ISl. Makuwesa, b.5 Byxosuesa

9. CpaBHHTE MOIYyYEHHOE CpejlHee 3HAYCHHE IUIA g, CO 3HAYCHHEM
g = 9,8 m/c’. TIpocunTaiiTe €ro OTHOCHTENLHYIO MOTPEMHOCTL U3MEHE-
Huii o dopmye:

., 8 |
g
Jlomamnee 3ajanHe
HosToputs n. 18-26.

Ypok 27. Pemienne 32134 o TeMe
«MexaHudeckue KoJIeOaHuA»

Henu: pa3sBUTHE HABBHIKOB CAMOCTOATENBHOMH paboThl; oTpaboTKa Me-
TOJOB PEIICHHA 3a/1ay.

Xon ypoka
L. Opranu3anHoOHHEIH MOMEHT

I1. Pemienue 3amay

3aodauu na «3» banna

1. MaremaTuueckiii MadTHUK coBepuiaer 100 xoneGanuii 3a 314 c.
OrnpefeiuTh NeprHo kole6anuii MasTHHKA, YacTOTY KoieOaHHi U JUIHHY
HHUTH MasTHuKA. (Omeem: 3,1 ¢; 0,32 I'y; 2,5 M)

2. Bo cko1bKO pa3s yMEHBUINTCA MEepHOA KoleOaHHil NpYKUHHOTO Ma-
ATHHKA, €CIIH BMECTO rpy3a Maccoif 400 1 K Toil ke NpyXuHe NOJABECHTH
rpy3 Maccoii 1,6 kr? (Omsem: B 2 pasa.)

3. I'pys, noaBeuieuHslii k npyxuHe, copepiact 30 kone6aHui B MU-
uyry. Onpenennts mepHoX KodeGaHHI, YaCTOTY H Maccy Ipy3a, eCciH
WECTKOCTh NPYXHHBI 24 M. (Omeem: 2 ¢; 0,5 T'y; 0,2 xr.)

4. HaiiTu OTHOUICHHE TEPHOAOB JABYX MATEMAaTHYECKHX MASTHHKOB,
eciM AIMHA HAMH OHOTO MasTHMKa 1,44 M, a apyroro — 0,64 M. (Om-
gem: 1,5.)

3adauu na «4» banna

1. Teno, npHKpeNIeHHOE K NIpY>KHHE, COBEPIIACT KoNebaHus ¢ HEKo-
TopeM mepHonoM T. Ecnu yBenmuunTh Maccy Tena Ha 60 r, T0 mepHox
xosieGannii yapanBaetcs. Kakopa nepsoHauansHas Macca 1ena? (Omsem:
20r.)

2. MasTHHKOBBIE Yachl HAYT NPABHILHO NP JUIHHE MasTHHKA 55,8 cM.
Ha CKONILKO OTCTaHYT 4achl 32 CYTKH, €CJIH YUTHHHT MadTHHK Ha 0,5 cM?
MadaTHHK cuMTaTh MaTeMaTHIeCkuM. (Omeem: 6,4 MUH.)
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3. Teno, npHKpEIIEHHOE K MPY)KHHE, COBEpIIaeT KonebaHus ¢ Heko-
TOpBIM TepuofAoM. Ecnu yMeHsRIMTD Maccy rpysa na 30 r, TO nepHoA
koneGanuii yMeHbIINTCS B 2 pa3a. HaiiTh nepBoHavaibHyI0 Maccy rpysa.
(Omeem: 401.)

4. Ha xaxoif yroia oT BepTHKaMH HaJO OTKIOHHTh MAaTEMAaTHYECKHI
MasTHHK JUTMHOH 2 M, YTOOH Ipy3 MasTHHMKa MpoIle NOJIOXKEHHE PaBHO-
BECHS €O cKOpocThIo 0,6 M/c? (Omeem: 8° (5°).)

3aoauu na «5» bannos

1. 3a 0J1HO U TO ke BpeMs OAHH MaTEMAaTUYECKHI MasTHUK jenaeT 40
KoneGanuit, a BTopoii — 30. Kakopa AJTHHA KaXXA0T0 MaATHUKA, €CITH pa3-
HOCThb UX JulMH 7 ¢cM? (Omeaem: 9 cM; 16 cM.)

2. Yachl ¢ CeKyHIHBIM MasTHUKOM Ha MOBEPXHOCTH 3eMJIM HAYT TOY-
Ho. Ha ckonbko uace!l 6yayT oTcTaBaTh 32 CYTKH, €CJIM UX MOJHATH Ha
BEICOTY 5 kM Haj moBepxHocThio 3eMnu? Paguyc 3emun 6400 kM. (Om-
eem: 67,5 c.)

3. 3a 0HO U TO Xe BpeMs OJUH NPYXUHHBIH MasTHUK AenaeT 10 xo-
nebaHui, a BTOPOii — Ha MpYXUHE C TO#H e HKECTKOCTLIO ~ 20 KoneGaHmi.
Onpenenure Maccel 3THX MaATHHUKOB, ECIIH CYMMa HX MACC paBHa 3 KI.
(Omeem: 2,4 xr; 06 kT.)

4. Bo ckonbko pa3 mepuoa konebaHuil MaTeMaTHu4ecKOro MasTHHKa
Ha HEKOTOpo#l rnuaHeTe Gonplle, YeM Ha 3eMile, €CIH pagHyC IUIaHETHI
BABOE MEHBILE paauyca 3eMiiH, a MIOTHOCTH OJRMHAKOBH? (Omeem: B
1,41 pasa.)

3adauu nosstuennoii mpyoHocmu

1. Kak u3MennTcs nepuHoj BEpTUKAIBHBIX KonebaHuil rpy3a, BHcsIlie-
TO Ha [BYX OJHHAKOBBIX MpYXHHAX, €CIIM HX MOCIEIOBATENBHOE COEH-
HEHHE 3aMEHUTH NapamensHeiM? (Omeem: T, :T, =2 )

2. IunuHapuyeckuii 6pyc HaXOAMTCA B BEPTHKANLHOM MONOXEHHH Ha
IpaHHlle pa3fena ABYX XXUAKOCTEH U IENUTCA 3TOM rpaHuueii Ha ABE paB-
Hble YacTH. J[nuHa O6pycka /, mI0THOCTh HWKHEH KUAKOCTH 0, BEpXHeH —
p2. Haliti mepuon manbix BepTHKANbHBIX KonebGaHuil 6pycka 6e3 ydera

(p] +p2)~l
(,0, —,02)'2g

I11. IonBeneHne uToros ypoka

cun tpeuus. (Omeem: T =2rx ang p, > p,.)

Jlomammudee 3ananne
P-419; P - 420; P —421.
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Ypok 28. Penllense 3KCNEPHMEHTAIbLHbBIX 33724

lIe,ub: Hay4YNThCA HCIIOJIB30BaTh TCOPETHICCKHE 3HAHHM Ha ITPAKTHKE.
Xon ypoka

I. OpranM3auHoHHbIH MOMEHT
II. Pemienne 3anas

IlepBas rpynna

3aoanue Ne 1

Cnenatb ABa MasTHHK2 NPUOIN3UTENLHO OJHOTO pa3Mepa: OIHH — U3
KapTo(henHHEl, Apyrof — 3 GyMaXXHOTO IIapHKa.

INomBechTe MX HA HUTAX ONMHAKOBON MInHEI. OTKIOHHTE HX Ha OlH-
HaKOBBIH yTOJI OT MOJIOXKeHHs paBHOBecHs. [loxcuuTaiite MX mepHOABL
CpaBHHTe noiyveHHble 3HaYeHus. ClieaiiTe BRBOJ, OT Y€ro MOXeT 3a-
BHCETh NepHof koyeOanuii Takoro MasTHHKa., OTHOBPEMEHHO JIH TpeKpa-
TATCA Kosebanmna. [ToueMy? OOBACHHTE NONYYEHHBIE PE3YJIBTATHL.

Bropas rpynna

3aoanue Ne 2

H3zrotoBeTe MaTeMaTU4eCKHN MAATHHK U3 NOAPY4HEIX cpeacts. Ilpu-
BEAUTEe €T0 B ABIKEHHE, MOACUMTAiTE HacTOTy KoleOanmii. Wsmepbre
JUIMHY MasjTHHMKa, Tak 4TOOBl 4acToTa yBedH4wiIack Baeoe. IIpoBeprte
NPaBHIBHOCTh CBOETO pacvera Ha omuite. Clenaiite BHIBOX O TOM, Kak
MEHSETCA 4acTOTa MaTeMaTH4YECKOTO0 MasTHHKa B 3aBUCHMOCTH OT €ro
JUIMHEL

TpeThs rpynna

3aoanue Mo 3

TTonreckTe Hapy4Hble MEXaHUYECKHE Yachl HA PO4HOH BepeBke. Ec-
JH K 4yacaM He TpPHKAacaThCs, TO Yepe3 HEKOTOpOe BpeMs OHH BCE PaBHO
npuayT B ciaboe nBrkeHue. [IpoBephTe, Tak au 31o. [loyemy? IIpusenu-
T€ 4YacH B Kole6aTenbHOe ABHKEHHE, TaK YTOOB! OHU CACNIATH HE MEHBIIE
50 xonebannit. Kak oTpaswioch Takoe IBHKEHHE HAa TOYHOCTH XOJa ITHX
qacoB. [loyemy? MOXHO 1M YCTaHOBMTH, KOTHA Yackl HAaYHHAIOT CIie-
IIHTh, 3 KOT/1a OTCTABATh?

Yersepras rpynna

3aoanue No 4
UsrotoBsTe MaTemaTnyeckuit MasTHHK. I3MeppTe nmepHon ero Koe-
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6anuii. U3MepbTe BpemiA, 3a KOTopoc koneGaHua 3aTyxHyT. Omycrure
MAATHHK B BOJIy H CHOBAa H3MCPETE NICPHOR €ro kofcbanuii 1 BpeMs 3aTy-
xanus. Cpasuure pesynsrartel. Clenaiite BEIBOX O BAHAHHH OKpPYXaio-
el cpenss Ha xonebaTenbHoe JBDKCHHE.

IlaTas rpynna

3aocanue Mo 5

Kak # moueMy meHAETCA NEPHOA KoAcOaHHA CTAIBHOTO APHKA, ECIH
NOJl HUM YCTAHOBHTE NMEKTPOMArHKT? 3230p MeXIy CepACTHHKOM JJIeK-
TPOMATHWTA W WiapuKa noikHo 6urte 3—-10 mm. Hlapux Gyzer 3amerHo
MPHTATUBATLECA K INEKTPOMATHUTY, MOSTOMY €r0 yCKOpeHue OKOMO Mar-
HuTa Bo3pacrer. Ilepron mapuka ymensumintes. [IpoBeprte akcnepumen-
TAILHO.

IT1. IloaBeaenne ATOrOR PAtOTHI

Jlomamnee 3ananme
P —425; P - 426; P - 427.

Mhasa 4. dneKTpoMarHurHbie Konebanuun

Ypoxk 29. KosebaTenbHbIH KOHTYD
Ilens: paccMOTpET HE3aTYXAIOMIME INCKTPHUCSCKHUE KoncGanus.

Xon ypoka

L. Opraun3anuonnniii momenT
TI. ARajiN3 IKCIIEPHMEHTOR
Obracunre:

Ixcnepumenm Ne | .

Jlge ogHaKoBHe 10 HanpXCHHIO M MowmHocTH namnel (U = 220 B,
P = 60 BT) BUROYAIOT NMOCHEAOBATENLHO ¢ PA3HKIMH KORJICHCATOPaMH B
OTACHBHbIE LETIH TIEPEMEHHOTO TOKA. JIAMNLI rOpAT C pasHAIM HaKalIOM.
(Kondencamop 6onvuiou emxocmu exn0Nen ¢ namnoii, xomopas 2o0pum
Apue.)

Ixcnepumenm Ne 2

Heonosyio namny Ha 127 B win 220 B BmoudTe B ceTh nepeMeHHO-
O TOKa COOTBETCTBYIOMmEro Hanpskenns. IlocMoTpHTe Ha ropaugyo me-
HOBINKHYIO JIaMITy B TeMHoTe. BuguMm HenpepsieHoe ceeucnse. [Ipuse-
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JIEM €€ BO BpallieHHe ABHXeHHs ¢ paadycoM 25-50 cM. Ilpu aBmxennn
naMIbl HabnroJaeTcs He CIUIOLIHOM CBETALIMICS KPYT, a NMpepbIBUCTEIM.
[ouemy? (Heonosan aamna ceemumcs npepwigucmo, cosepuas 100
ecnbiutex 3a 1 c. Dmo obycnoeneno KonebaHuAMY HANPANCEHUA 6 CemU.
3pumenvhoe enevamnenue coxpamnsemca é mexenue 0,1 c. IIpomedicymxu
8peMeHU, coomeemcmayloujue 3amyxXaHusiM 1amnsl, UIMEPAIOMCA COMmbl-
MU QOnsIMU CekyHObl. Bnewamnenue om ecneluiek HeOHOBOU namnel He
ycneeaem ucyesams, Mbl 8UOUM HenpepbleHOe 20perue (1amna 8 noKoe).
Ilpu  Osudcenuu no OKPYICHOCMU MOMEHMbI, COOMGEemcmeyuue
BCHBIUIKAM U 3aMYXAHUAM JAMNBL, PasoeneHbl 8 npOCMpaHcmee.)

I11. M3y4enne HoBOTO MaTepHaa
DnexTpryeckas HeMb, COCTOALIAA W3 KAaTYIIKM M KOHIEHcaTopa, Ha-
3bIBaeTCA KonebaTeNbHEIM KOHTYPOM.

3ap5111uM KOHAEHCATOP, NPH 3TOM KOHJACHCATOPY coo0IMM JHEPruo:

qZ

2C°
KOHI[CH(:aTop HA4YHCT paspsmca-rbca, B LICTIH NOABHUTCS BHCKTpPIquKPIﬁ
TOK. BCJICJICTBHC camouﬂnyxuuu CHUJIa TOKa yBeJIH‘{PIBaeTCSI TTIOCTOAHHO,
HpH 3TOM yMCHLHJaCTCﬂ 3HepFH$l 3JleKTpH'-ICCKOI‘0 Mnojs " BO3paCTaeT
3HepFH$l MATHHTHOTO TOJIA:

W,

2
w, =1

M

B MoOMeHT, koT/1a KOHIEHCATOp NMOJHOCTHIO paspsnunca (q = 0), sHep-
THS 3NIEKTPHYECKOTO MOJA PaBHA HYTI0. DHEPTUs MarHUTHOTO NOJS Mak-
cumanbHa, Cuita Toka AOCTUraeT MAaKCHUMAIBHOTO 3HaUYeHHS I,.

HecMoTps Ha TO, UTO K 3TOMY MOMEHTY Pa3HOCTh MOTEHLHAIOB Ha
KOHLIAX KATYIIKH CTaHeT paBHOM HYIO, TOK He TpeKpaliaeTcs cpasy.
3TOMY MPEnATCTBYET CaMOMHAYKIMA. Kak TOIRKO cuna Toka W CO3MaH-
HO€ TOKOM MAarHMTHOE MOJ¢ HAYHET YMEHBIIAThCS, BOSHUKAET BHXPEROE
2JIEKTPUYECKOE II0JIE, KOTOPOE HaNpaBleHO MO TOKY W NOJIEPXKHBAET
€T0, KOHXEHCATOP HAYHET Nepe3apskaThes.

OH nepesapskaeTcs [0 TeX NOp, MOKa CHIA TOKA, MOCTENEHHO
YMEHEBINAsACh, HE CTaHET paBHA Hymo. W, = 0, a W, cTaHeT MaKkcHMaJIb-
HBIM.

Hanee npouecc npotekaeT B 06paTHOM HANpaBlIeHHH ¥ KOHAEHCATOD
omATh Nepe3apaxaeTca. Ecnu Ob1 He GBIJIO NOTEph SHEPTHH, Ipolecc
MIPOJIOIDKHIICH GBI CKOJIB yrogno joiaro. Ho Katynika HMeeT conpoTHBIIe-
HHE M 3TO BEJIET K BBLIIENCHUIO TETUIOTHI.

ITepHon croGOMHEIX KONEOaHKH 3aNMCHIBAETCA:

T=2xJLC.
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IV. 3akpenienne H3y4eHHOTO

—  Yro HaspiBaeTCA KoneGaHUAMU KOHTYpa?

— Hapucyiire cxeMy xoneGartenbHOro KOHTYpa U OOBACHHTE BCE CTa-
JMH TpoIlecca MpeBpaLIeHHs SHEPrHH NpH CBOOOXHEBIX JJIEKTpHYe-
CKHX KoNleGaHHAX B TeUEHHE NepHoaa KonebaHuil.

— Ilo xako#t dopmyne onpenensercs coOCTBEHHAs LMKIHYECKas yac-
TOTa CBOOOJHBIX 3JIEKTPHYECKHX KonehaHHH.

—  3anwumnte popMyay TomcoHa.

V. Pemenne 3agau

1. EMKOCTb MEpeMEHHOro KOHAEHCATOpa KOHTYpa NMpHEMHHKA H3Me-
Hsietes ot C; no C, = 9C,. Onpenennte aHana3oH BOJIH KOHTYpa IpHEM-
HHKA, €clIH eMKOCTh C; KOHICHCATOPa COOTBETCTBYET JUIMHE BOJIHBI, PaB-
HO#M 3 M. (Omeem: oTh;=3M a0 A, =9M.)

2. Jlnana3oH KakHX PagdOBOJNH MOXET NMPHHHMATh PaJHONpPHEMHHK,
€CJIH €MKOCTh KOHIEHCATOpa €ro KoyeGaTeNbHOrO KOHTYpa W3MEHSEeTCs
oT 30 u® mo 300 u®, a HHIYKTHBHOCTh KaTymkud — oT 40 MxI'u no 100
MKI'H. (Omsem: 0,92 MI'u < v £4,6 MI'.)

3. DnexTpoeMKOCTh KOHJAEHCATOpa MEepeMEHHOM €MKOCTH B KOHTYpe
pagHoONpHEMHHKA MOXET H3MeHsAThes oT S0 HD mo 250 u®. UHnykTHE-
HOCTh KaTyIUKH OCTaeTcsi Hen3MeHHoi u paBHO 0,6 MI'H. Ha kakux Bon-
Hax paboraet paanonpueMHuk? (Omeem: 326 m < A < 980 m.)

4. Onpenenure 3NEKTPOEMKOCTh KOHAEHCATOPa, BKJIIOYEHHOTO B KOJie-
HarenbHBIA KOHTYDP, HHAYKTHBHOCTE KoToporo 1,5 MI'H, ecnu OoH w3nmydaer
3NEeKTpOMarHuTHele BONHbL mnuHHOK S00 M. (Omeem: C = 1400 HD.)

V1. IlonBenenne HTOroB ypoka

JloMamHee 3ajaHHe
m 21-30.

Ypox 30. Ilepemenubiii deKTpUHecKHii TOK

l(e.m;: AaThb NOHATHE NIEPEMCHHOI'O TOKaA.

Xon ypoxa

I. OpraHu3auHOHHbLIH MOMEHT
I1. AHa/IH3 KOHTPOJILHOMH patoThI

II1. U3yuenne HOBOro MaTepnajia

ITepeMeHHEIH TOK B 00BIYHOH KBapTHpE, NPUMEHSEMBIH Ha 3aBOAX H
¢abpukax npencraBiseT co0OH BBIHYXIEHHBIE 3JeKTpUYecKhe Kkoyeba-
HUg. OTH Kone6aHUs Jierko OOHAPYKHTh € MOMOLIBIO ocruuiutorpada.
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Torna BpeMeHHas pa3BepTKa GyJeT NpencTasnsts cobol cHHycouny.
Yacrora konebauuit Hanpspkenns B uemn pasHa 50 I'u. Ha nporsskenun
1 ¢ Tok B 50 pa3 nOMEHAET CBOE HANPABICHHE.

£=BS®sin(at+F),
rae £~ Mraopennoe 3Hadenue DJIC; BSw ~ ammmryna DJIC.
£m = BSo.
&, =& sin(@t+1,).
{, —HayankHag pasa.
A=l -1

Ecmu Al=0,2 n, 3 n, 5 n 4 T. A, rOBOPAT COOTRETCTBEHHO O koneba-
HWIX B NMpOTHBOGA3e, MAKCHMYM OJIHHX KoneOaHui NpUXOAWTCA Ha MM-
HHMYM JPYTHX.

Ecmn Al =0,2 n, 4 n ¥ T. &, xonebanus NPOKCXONAT B OAHOH dase,
OHM OJJHOBpPEMEHHO OYRYT JOCTHIaTh MakCHMyMa H OAHOBPEMEHHO by-
ZYT MPOXOHTH YEPE3 HONb.

Konebanua CHIN TOKa H HANIPMKEHHA B LENH C IEPEMCHHLIM TOKOM
He coBnajaloT no dase:

I=I_ snat;
U =U, sin(ax+Al),
TaK KaK CHJIa TOKA H HanNpsKEHHE HENPEPHIBHO MEHAIOTCS, TOTAA
P=1-U=I,-U,_sinot-sin(at+Al).

OTa MOHIHOCTH B HEKOTOPHIE MOMEHTH BPEMEHH HA3HBaeTCs NOJO-
JKHTENBHOH, 3 B HEKOTOPHi# MOMEHT — OTPHUATENLHOH (IneKTpHUecKas
1ienb He NOTpeONsET IHEPTHH, 2 HAa0BOPOT — OTAAET 3aNaceHHYIO IHEp-~
ruio obpaTHO renepaTopy).

sin (¢ + Al)sin ax = %cosAI——;-cos(2ax+AI) ;
lcosAl = const .

I_’=U"l'cosAI; 2=y2-2.

2
Fote U oonr:
2 V2
P=1_-U,cosAl
I, =]—"2-, U, =% ~ neiicTrylomme MM 3QCKTHBHRIE 3HANEH
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IV. Bonpocn Ansl 3aKperUIeHHsA

— Yo Ha3bIBaeTCA ACHCTBYIOIHM 3HAYEHHEM NIEPEMEHHOTO TOKa?

— Kakne 3HayeHHsA CWJIBI NIEPEMEHHOTO TOKAa HA3bIBAIOT MTHOBEH-
HBIMH? AMIUIHTYTHBIMH?

— Kaxne ¢opMysIsl BRIpaXalOT CBA3b JCHCTBYIOIHX 3HA4YCHHH
3/AC, HampskeHMs W CHIBI IEPEMEHHOTO TOKA ¢ HX aMIUINTYH-
HBIMH 3HAYEHHAMH?

— Haueprure rpaduk nepeMeHHOro TOKa H PackpoiiTe CyTh ofpefe-
JICHHSA MEPEMEHHOTO TOKa.

V. Peiienne 3axau

1. Pamka, no koTopo#i MPOXOJUT TOK, paBHOMEPHO BpalllaeTcA B 01-
HOPOTHOM MATHHTHOM Iojie, HHAYKIUA KOoToporo — 4 MTi, ¢ 4acToToi
20 ¢, Inomame pamku — 20 cM’. Och BpalllEcHHS paMKH JISXHT B €€
TUIOCKOCTH W MEpNEeHIHKYNSIpHA BEKTOPY HHAYKIMH fons. Haiiti Makcu-
MaNIbHBI MATHUTHELR NIOTOK CKBO3b TIOCKOCTE paMkH 1 DJ[C uHAYKIMH,
BO3HHKalolleid B paMke TpH ee BpameHuun. Hammcats ypaBuenue I(t).
(Omgem: 1= 107 sin 40 nt; ®,, = 8 MKB6; £, = 10~ B.)

2. HanpshxeHHe Ha KOHIIAX y4acTKa LIENH, 10 KOTOPOMY TEHeT repe-
MEHHBIi TOK, MW3MCHAeTCd C TeYeHHeM BpeMeHH [0 3aKOHY

. 3 T
U=U, -sin| ot +€ . B MOMEHT BpeMeHH ¢ = 2 MTHOBEHHOE 3HAYEHHE

pasHo 10 B. Haiitu amnnutyy Hanpsokenus. (Omeem: Uy, = 11,5 B.)

3. DnexTponBHKyIIas CHIA B LETH MEPEMEHHOTO TOKa BBRIPAKAETCA:
£=120-sin 28¢, rae ¢ — BEIpakeHo B cekynaax; DJIC — B BonwTax. Omn-
pelennrte AciicTByrotee 3Havenne JJ[C u nepuon ee usMeHeHHd. (Om-
gem: T=0,01¢c,e=85B.) .

4. 3HaueHHe CEMBH TOKA, U3MEPEHHOE B aMIlepax, 33JaH0 YpaBHEHH-
em I =85 - sin(314t + 0, 651). Onpexennts AelcTRYIONIEe 3HAYCHHE TO-
Ka, ero HauannHyo $a3y u yacrory. Haiiti Tok nipu t, = 0,08 c. (Omeem:
I=6A;v=50T1; P,=0,651;i=5,1 A)

VL. IlonBenenue HTOroB ypoka

JloManiHee 3axaHHe
. 91.
P-951;P-952.

¥Ypok 31. ConpoTuBJicHHE B lleNH IePEMEHHOTO TOKA

Iens: paccMOTpeTh LiENb MEPEMEHHOTO TOKA C PE3UCTOPOM, KOHIEH-
CaTOPOM M KaTYIIKO#f HHAYKTHBHOCTH.
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Xox ypoka

I. OpranusauHoHnbIi MOMEHT

II. IloBTOpEHHE H3YYEHHOIO

— Kaxue koneGaHns Ha3bIBalOTCA FApPMOHUYECKUMH?

—  Yro TaKkoe 3/1eKTPOMArHHTHEIE KOJIeGaHHA?

— Kaxoil Tok Ha3BIBaIOT NIEPEMEHHBIM?

—  Yro Taxoe daza xonebanuii?

—  Kak HaxoQuTcs cpequss MOUTHOCTh NIEPEMEHHOTO TOKa?

— Kakue BenHuHHBI Ha3bIBAlOTCA ACHCTBYIOUMMH 3HAYECHUSAMH CHIIBI
TOKa M HalpaBIeHHA?

— C xakoi# 4acToToH MEHSCTCS TEpeMEHHOE HamNpSDKEHUE B CETH C
HarnpsbxeHHeM 220 B?

III. IIpoBenenHe caMocTOATEILHOH PadoThI

I sapuanm
1. Kakoit TOK Ha3kIBaeTCS MEPEMEHHBIM?
A. Tok, y KOTOpOTo NeprogHIecKH H3MEHAETCS TONBKO YHCIIOBOE
3Ha4YeHHeE.
b. Tok, y KOTOpPOro nepHOAN4ECKH U3MEHSIOTCH BEIMYMHA U Ha-
TIpaBJICHHE.
B. Tok, y KOTOpOro U3MEHSETCS TOJIBKO HaNpaBJIEHHE.

2. Ot kakux BenU4HH 3aBucHT MakcumarbHat 3JIC renepartopa?
A. Toneko ot yHcIa 060pOTOB B EAHHHITY BPEMEHH.
b. Ot uncna BUTKOB OOMOTKM, Yuclia 060pOTOB B €IMHUITy Bpe-
MEHH M BEJINYMHBI TUIOLIANH BHTKA MATHUTHOTO TIOJIA.
B. Toneko oT yucia 060pOTOB B €IHHUITY BPEMEHU U YHCIIA BUT-
KOB OOMOTKH.

3. Or uero 3aBHCHT YacTOTa FeHEpHUPYEMOro ToKa?
A. Tonbko OT yMcia 06OpOTOB B €AUHHLLY BPEMEHH.
B. Toneko oT 4KcNa Nap MarHUTHBIX MOJIOCOB.
B. Or 4ucna o60poTOB B €IMHHWIy BPEMEHHM M Map MarHUTHbLIX
MOJIIOCOB.

4. Pamxa BpaluaeTcs B MaTHHTHOM ToJle, IpHYeM €, = 4 B. Kakosa
OJC B pamke uepes 1 T, ecnu npu t = 0 HOPMaIB K MIOCKOCTH PaMKH
napanienbHa THHUAM WHIYKUMH OIS,

A.l=0.
b./=4B.
B./=-2B.

5. Mamenenne DJIC B paMke, KOTOpas BpalllacTCsi B MAarHUTHOM T0JIE,
3a/IaHO YpaBHEHHEM:
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A. g, =10B; v=10—0 Tu.
n

B.£,=10B; v=100TTm.

B.g,=10B; v=200Tmu.

6. Kak usmenntca JJIC reHeparopa, eciy 4uciio o60poTOB poTopa
YBEJIN4YHTS B 2 pa3a?
A. YBeau4nTes B 4 pasa.
B. Ymensumites B 2 pasa.
B. VBennunted B 2 pasa.
I'. He n3mMeHHTCS.

(Omegemui: 1) B; 2) B; 3) B; 4) B; 5) A; 6) B.)

II sapuanm
1. Kakoe sBneHHe GrINO MCMONB30BaHO MpPH yCTpOHCTBE reHepaTopa
nepeMEHHOTO Toka?
A. Bpamense paMKu B MArHUTHOM [OJIE.
B. SIenenne 31E€KTPOMArHUTHOW HHAYKLHUH.
B. Ipasuno Jlenua.

2. Usmenenne DJIC B 3aBHCUMOCTH OT BPEMEHH JUIA PaMKH, Bpallaro-
nieiics B MArHUTHOM IT0Jie, 33/1aH0 ypaBHeHHeM € = 200-cos 100 mt. Kako-
BBI 3HAYCHMS AMIUTMTYABI ¥ HKINYECKOH YaCTOTHI BpalllcHHS paMKu?

A. £,=200B; ®=100Tu.
B. £,=200B; ® =200 I'.
B.g,=200B; ® =100nT'u.

3. KakoBO YMCI0 BHTKOB B paMKe Iomaasio 1 M2, Bpamarmomeiics B
OIHOPOJHOM MarHWTHOM 1olie ¢ Hactotoli v = 0,5 T'u? Ungyxima Mar-
HurtHoro nojg pasra I Tn. Maraurnas 2J1C B pamke — 3,14 B.

A. 1 BUTOK.
B. 2 Butka.
B. 4 Butka.
4. OnpenenuTh 4acTOTY TOKa no rpadHky (cM. puc. 25):

Ea
50

0.1 02
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A. 5T
b.50 .
B. 100 T'n.
5. Ammnutyanoe 3sadenue DJ(C-UHAYKIMH BO BPAILAIONIEHCA paMKe
PpaBHo:
A. BScosl.
B. BSw.
AD

B. ——.
At

I'. g, sinwt.
6. B 6onp1mx npoMbilieHHBIX redepaTopax JC HaxoquTcs B:
A. Crarope.

b. Porope.
B. Potope u crarope.

(Omeemui: 1) b; 2) B; 3) A; 4) A; 5) B; 6) A.)

IV. H3yuenune HOBOro MaTepHaaa
1. Cobepem uensb (cM. pHc. 26):

Puc. 26

DneKTpHYecKHe YCTPOHCTBA, Npeodpa3yolye NEKTPHUECKYIO SHEp-
THIO BO BHYTPEHHIOIO, Ha3bIBAIOTCA aKTHBHBIMH CONPOTHBIEHHAMH (NpoO-
BOJa, CIIHPAIH HarpeBaTeJbHBIX NIPHOOPOB, pE3UCTOPEI).

U=U,sinat
RzSi.
S
U=U,_sinat;

I=%=y-ﬂ-sina)t=lmsina)t.

Kone6anus CHJIbI TOKA M HANPSKEHHA HA PEIUCTOPE MPOUCXOMAT B
onHo# daze.
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P=IR;
_P
= I_Az )
2. Cobepem 1iens (cM. puc. 27): O
[

U=U_sinot
I=q'=(CH)'=CH’;

U'=(U,_sin ax)' =U_ocosax = U_a)(sinax +12[—] ;

1 =U.G£Siﬂ(al +—§-)= I- sin(a*.%);

I _=U,eC.
Pasnocts a3 Al =1, 1, =—%.
R=£;
I
LI
I, C’
1
X, =—;
‘" wC
I. ==y IA :yA,
X, Xe

rae X¢ — CHILHOE CONPOTHBIICHHE.

3. Cobepem uens (cM. puc. 28):
YN

L—o~o0o—! Pu 28

Ilycth ects L, Ho R=0.

I=]_sinet;
U+e=0;
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U=-¢,=LI;

I'=(I,sinor) =1,mcos o = Ima)[sin cot+—72£] ;
U, =1, ,wLsin-sin [wt +—72£] =U, [sin wt +%J ;

Al=1 I, =§;

X, =oL.
X;, — MHAYKTHBHOE COTIPOTHBIICHHE.

V. 3akpennenne N3y4eHHOro MaTepuaa

— Kakue BUIBI COMPOTHBIICHHH pa3NHYalOTCA B LENMU MEPEMEHHOro
TOKa?

— Hamumute ypaBHEHHS W3MEHEHHS MrHOBEHHOrO 3HAYEHMA HAnps-
JEHHA M CHJIBI TOKA HA aKTMBHOM cOmpoTHBieHHH. HadepTure ux
rpa¢uKH.

— Tlo kako#i popmMyJie onpeaesnseTcs EMKOCTHOE COMPOTHUBIEHHE?

— Y10 HarpeBarOT HHAYKTHBHBIM COTIPOTHBIICHHEM?

— Hanuumte GpopMyry Ui HHAYKTHBHOTO COMPOTHBIICHHA.

— Kakoit cnur ¢as Mexay TOKOM W HAlpPsXKEHHEM CYIIECTBYET B
LeNH MEPEMEHHOTO TOKa, CoZlepXarueH TONBKO KATYIUKY MHIYK-
THBHOCTH? TONBKO KOHJIEHCATOp?

VL. Pemienue 3a5a4 .

1. B uens nepeMeHHoro Toka ¢ JeHCTRYIOIUM 3HAYEHHEM HANpsA-
xenua 220 B BurodHig akTHBHOE conpoThsiaeHue 50 Om. Hainure neii-
CTBYIOILIEE M aMIUTMTYIHOE 3HAYEHUE IS CUIbl Toka. (Omeem: 1 = 4.4,
In=6,16 A)

2. KakoBo HMHIYKTHBHOE CONPOTHBIIEHHE NMPOBOAHHUKA C HHIYKTHB-
HocThio 0,05 I'H B Lenu nepeMeHHOro Toka yacrotoil 50 I'u? (Omsem:
X. = 15,7 OMm.)

3. Onpenenute MepHO MEPEMEHHOTO TOKA, I KOTOPOTO KOHIEHCATOP
emkocThio 2 Hk® npecTaBnseT conporuBienne 8 OM. (Omeem: 107 ¢.)

4. KonjeHcaTop BKIIOYEH B LeNb MEPEMEHHOTO TOKA CTAaHNAPTHOM
yactoTel. Hanpsxenue B cetn 220 B. Cuna Toka B nemu 2,5 A. Kakosa
emkocTh kouaeHcaropa? (Omeem: C = 36 Mx®d.)

VII. IToxsenenne NTOroB ypoka

Jlomailinee 3axanue
n. 32, 33, 34;
P-964; P - 965.
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Ypok 32, JlaGopaTopnasi paéora 1o teme
«HzmepenHe cUABI TOKA B UENH ¢ KOHACHCATOPOM»

3aoanue: paccuuraiite neficTByiomee 3HAYEHHE CHIIBI NIEPEMEHHOTO
TOKa B LIEMH ¢ KOHACHCATOPOM H3BECTHOH 3JIEKTPOEMKOCTH; BBIMIOJIHUTE
H3MepeHHEe CHIIBI TOKa B 3TOH IIEMH; CPABHUTE PAaCYETHOE H IKCIIEPUMEH-
TalbHOE 3HAYEHHE CHIIBI TOKA.

O6opydosanue: UCTOUHHK IEPEMEHHOTO HanpskeHus (6 B), koneH-
carop OGymaxusii (6 Mx®d), MWIHaMnepMeTp IepeMEHHOIO TOKa,
BOJIETMETP [IEPEMEHHOTO TOKa, OMMETD, COEMHHTE/IBHEIE TPOBOJIA.

CoaepxaHue H MeTO;| BbINOJIHEHUs paGoThl

JIBa mpoBOAHMKA, pa3/ie/IeHHBIE CIOEM JHITIEKTPHKA, 001aat0T 3IeK-
TpoeMKocThI0 C.

IIpu nogaye nepeMeHHOTO HANPSHKEHUS MEXKIY TAKHMH MPOBOAHMKA-
MH TEPEHOC JIEKTPUYECKHX 3apJ0B CKBO3b JHIIEKTPHK HE MMPOHCXOMMUT,
HO MEPHOJAWYECKH MOBTOPAOIUMECS MPOLECCH! 3apSAKH U pa3pAIKH KOH-
JICHCATOpa NPHBOJAT K BO3HHKHOBEHHIO NIEPEMEHHOTO TOKA B LIEMH, CO-
Inepkalled KoHaeHcatop. [leHcTBytomee 3HadeHHe CHIIBL TOKa J B 3TOi
LIE[TH OTIPEACAETCH 3HAYCHHEM 3NEKTPOEMKOCTH C, YacTOTOH @ BBIHYX-
JEHHEIX KOJIeOaHUH CHIHI TOKA B LETIH H JeHCTBYIOIHUM 3HAYCHHEM Ha-
npsxkeHHs U Ha oOxurankax.

C

~6B

O Puc. 29
J=UwC. €))
JlaHHOe paBEHCTBO CIpaBEeUTHBO, €CJIH MOXHO TNpeHeOpeub aKTHB-
HBIM COIMPOTHBJIEHHEM R OCTAIBHBIX YJaCTKOB IIENH, TO €CTh €CJIH
11
" wC 2avC
Takum o6paszom, paccyuTas cHiIy Toka 1o ¢popmyne (1), MoKHO cpas-
HUTH TOJydeHHOEe 3HAYECHHE C MOKa3zaHHeM MHIUTHAMINEpMETpa, MpejiBa-
puTENbHO YO MBITHCH B CTIpaBe,UIMBOCTH HEPABEHCTRA (2).

>>R, V)

Iopsok BLINOJIHEHHs PaboThI
1. BeluHCIHTE €MKOCTHOE COTIPOTHBJIEHHE X KOHJEHCATOpa Ha Yac-
Tote 50 I'm.
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2. Paccamraiite ackicTayiouiee 3HaYCHHE CWIK TOKa J,, B LIENH ¢ KOH-
JEHCATOPOM NIPH NI0RAaYC Ha ero 00KI4AKH NEPEMEHHOT0 Hanpskenust 6 B.

3. Cobeprre 3neKTPHUECKYIO 11Tk N0 CXEME, NPEACTARICHHOMH Ha pH-
CYHKeE, H BRIIOJIHHTE H3MEPEHHS CHITH TOKA B LIETH TIPH HATIPAKEHHH 6 B.

4. MamepsTe ¢ NOMOINEIO OMMETPA JNEKTPHYIECKOE CONPOTHBIICHHE R
TPOBOASAIIMX NPOBOAOB H aMIIEPMETPa.

S. BeiuncanTe rpaHMIikl OTHOCHTENBHBIX NOTPEIIHOCTEH IKCTIEPHMEH-
TAIBHOIO W3MEPCHHA CHIKI TOKa B 1IENKA J, ¥ TEOPECTHYECKOTO 3HAYCHHS
J. CpaBHUTE PE3yNHTATHL PACieTa H WIMEPEHHHA C YHETOM TPaHHI 1o-
rpemHocTed H3MepeHHH. PesynbTarhl M3MEPEHHH M BEITHCICHHH 3aHeCH-
Te B OTHETHYIO Tabnuiry.

Xo R,
U,B |ov,Fu| C,® Om Ont J,A | I, A €, &

Jononnumensnoe zadanue

Hccnenyiire 3aBACHMOCTL ACHCTBYIONIENO 3HAYCHHA CHITH TOKA B 11€-
M C KOHACHCATOPOM OT ACHCTBYIOIIEIO 3HAYCHHUA HANPSOKCHHS, [0-
ctpoiite rpaduk. Paccusraiite 3HaucHUA CHIN TOKa B HENH UPH TOCHe-
JOBATENLHOM H Mapa/jicnbHOM BKINOWEHHH KOHAEHCATOPOB C 3/1EKTPO-
eMKkocThio 6 MKD 1 4 Mxd. PesynsTaThl pactera MpoBepsTE IKCNEPHMEH-
TansHO.

JomMamnee 3ananne
P - 966; P — 967.

VYpokx 33. JIlaGopaTopuau pabora mo reme
«HaMeperine FHXYKTHBHOIO CONPOTHRICHHEA KATYIIKI»

3adanue: BuMcIHTC HHAYKTHBHOEC CONPOTHRICHHE KATYINKH H €€
HHAYKTHBHOCTE N0 Pe3yNbTaTaM W3MEPCHHH HallpsKeHMH HA KaTymxe u
CHJIH TOKA B LICTH.

Obopydosanue: HCTOTHHMK IEpESMEHHOTO HanpsokeHus (6 B); katymka
MKOALHOTO pazGopHoro TpaHchopMaTopa; BONETMETP H MH/LIHAMIED-
METP NEPEMEHHOIO TOKA; COCAHHHTEIBHEIE NMPOBOJA; KNI0Y OAHOMNONIOC-
HOW; OMMETP.

Conepxanse # METOA BUNOHEHER paboTn
HHaykTHBHOE CONPOTHRIICHAE KATYIIKH NEPEMCHHOMY TOKY C 4acTO-
TOH @ paBHO:
X, =ol=2avL.
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Ecimu  axTHBHOE COIMPOTHBJIEHHE 0OMOTKH KaTymKH 3Ha4YuTECIIbHO
MEHBIIC HHAYKTHBHOI'O CONPOTHBIICHHA KaTyIIKH NEPEMEHHOMY TOKY

(R << X L) , TO 3aBUCHMOCTh MeX(Iy ACHCTBYIOUHMH 3HA4YEHHSAMH CHIIB!

Toka O B KaTylllke W HamnpskeHus U, NPHIOXKEHHOTO K KOHLaM ee 06-
MOTKH, ONpeeNAETCA BEIPAKEHUEM:

=2 v
X, 2nvl
Hene panHo# nabopatopHoi paboThl — H3MEPUTE HHIYKTHBHOE CONPO-
THBJIEHHE M ONPEAETNTE MHAYKTHBHOCTL KaTymIKH. JT1a 3a/ia4ya OCIOXKHSA-
€TCs TeM OOCTOATENBCTBOM, YTO HAPSAY C HHAYKTHRHEIM COINPOTHBJICHHEM,
KaTyuka oObIqHO 06J1anaer emle akTUBHBIM COIPOTHBJIEHUEM R.
JUia onpeneneHus WHAYKTHBHOTO CONMPOTHBIICHUS KATYIUKH X MOX-
HO OMNpPERENUTH €€ MOJIHOe CONPOTHBIICHHE NEPEMEHHOMY TOKY Z, U3Me-
DHB JIeHCTRYIOUIME 3HAYEHHS NEPEMEHHOTO HaNpAKEHHA Ha KOHLAX Ka-
tymkHa U ¥ cuny Toka J B Heii:

2=
J

3arem, menoneays Bupaxenne Z =R +(X, - X.) =R+ X?

(tak Kak X =0 ), MOXHO HalTH HHIYKTHBHOE COTIPOTHRJIECHHE KaTYIIIKH:

X, =z -R*.

AKTHBHOE COIIPOTHBIICHHUC KaTYILKH K MoxHO H3MEPHUTE B OTACIB-
HOM ONBITE C NOMOLIBIO OMMETpA.

Ilopsxok BbINOJHEHAA PaGoTHI

1. Cobepute SNMEKTPHYECKYHO LiENb H BBINOJIHHTE M3MEPEHHE CHIIEI
TOKA B LICTIM PH HanpskeHHH 6 B. BBIYHCANTE NMOTHOE COMPOTHBIICHHE
KaTYIIKH.

2. BBIKIIOYHTE NIEPEMEHHOE HAMPAKECHHE H UIMEPBTE aKTHBHOE CO-
NPOTUBJICHUE KATyUIKH R OMMETPOM.

3. Ilo pe3ynpTaTaM U3MeEpeHHIl TOTHOTO Z U aKTHBHOTO R COTMPOTHB-
JIeHUH KaTyWKH BEIYHCIIMTE. €€ MHIYKTHBHOE CONPOTHBIEHHE X M HH-
AYKTHBHOCTE L.

4. OueHHTe TPaHHULBN OTHOCHTENBLHOM MOTPEIIHOCTH W3MEPEHUH HH-
JYKTMBHOCTH. P€3ynbTaThl U3MEpEHUit H BEIYHCIICHHH 3aHECHTE B OTYeT-
Hy10 Tabuuiy:

st

vwfu| U,B JA | Z,0m | R,Om Om

L,TH | g L
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JomaiHee 3anaHHe
P-35.

Ypok 34. ApTokoie6anus

Ilens: paccMOTpeTs HezaTyxaiowue kojcbanus.

Xoxn ypoka

I. Opranu3auHOHHBIH MOMEHT
IL. IfoBTOpenne maTepuana

1. Bonpock! s HOBTOPEHHS.
— Yo Takoe konebarensHbIH KOHTYpP?
—  UYemy paBHa nojHas SHEPrug konebarebHOro KOHTypa?
—  OnuummTe mpoueccs], NPOUCXOALIHE B KOHTYpe IPH CROGOAHBIX
3JIEKTPOMarHHTHHIX Kolie6aHusX.
—  Kakossl npuunns! cBOOOAHBIX 3MEKTPOMATHATHRIX KoneOanuit B
KOHTYpE?
2. CamocrosTensHan paboTa.

I éapuanm

1. B xonebatenbHOM KOHTYpPe TOK COBHHYT IO (ase OTHOCHTEIBHO
3aps/ia Ha:

A. E;
2
b.n;
B.Z.
4
2. 3a cueT 4ero NOMICPKUBACTCA TOK B KoneGaTeIbHOM KOHTYpeE, KO-
rja MOABIAIOIIAACA Ha KOHACHCATOPE Pa3sHOCTh MOTCHLUMANOB MPENATCT-
BYET €ro MPOTEKaHHIO?
A. 3a cuer yBenuueHHs IHEPTHH MArHWTHOTG NOJA KATYLUKH.
B. 3a cuer yBennucHMA 3apsaa Ha KOHAECHCATOPE.
B. 3a cueT yMenslueHMA IHEPTHM MarHUTHOTO TIOJA KATYLIKH.

3. Kak H3MeHHTCS 4acToTa JICKTPOMarHUTHEIX KoneOaHHii B KOHTYpe,
ecau cOAM3UTE MIAaCTHHE! KoBIeHcaTopa?
A. YMeHbLINTCH.
B. YBennunrcs.
B. He usmenwnres.
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4. Yepes kaxy1o JONIO NEPHOJA MOCIE 3aMBIKAHHA 3apAXKEHHOTO KOH-
JEHCaTOpa Ha KATYUIKYy WHIYKTMBHOCTH JHEpTHS B KOHTYpe pacrpene-
JIMTCS MEXAY KOHACHCATOPOM H KaTYIIKOH MOPOBHY?

A.lT;
2

1
b. -T;
4
1
B. ~-T.
8
S. B xoneGatensHOM KOHTYpe €eMKOCTH YBENH4CHA B 4 pa3a. Uto Hyxk-
HO CAenath, yToOwl Nepuo KojeGaHui ocTancs MpexXHUM?
A. YBeMuuTh HHAYKTHBHOCTS B 4 pa3a.
b. YMEeHBIINTE MHOYKTHBHOCTE B 2 pasa.

B. YMeHBIINTE HHAYKTHBHOCTD B 4 pasa.

(Omeemui: 1) A; 2) B; 3) A; 4 B; 5)B.)

II ¢apuanm
1. Kakue npeppalneHusi SHEprud IMPOHCXOAAT B Kojc6aTensHOM KOH-
Type?
A. DHeprus 3JeKTpUYECKOTo N0 KOHAEHcaTopa NpeBpallacTcs BO
BHYTPEHHIOO DHEPTHIO KATYIIKH HHAYKTHBHOCTH.
b. DHeprus MarHUTHOrO MOJA KATYLUIKH MPEBPAIHAETCs BO BHYT-
PEHHIOW YHEPTHIO KOHAEHCATopa.
B. DHeprus s1eKTpHYECKOro MO KOHAEHCATOpa TNpeBpallacTcs B
MarHHTHYIO SHEPrHi0 MarHUTHOTO MOJS KAaTYIUKH WHAYKTHBHO-
CTH, 3HEPTMS MarHUTHOTO TOJIA KATYIIKH NEPEXOOHT B JHEPTHIO
3JIEKTPH4ECKOTO MOJif KOHACHCATOopa.

2. B MomMeHT BpeMeHH t = O DHeprHs KOHIEHcATOpa paBHa 4-10°° Iix.
1
Yepes ET SHEprHs Ha KOHAEHCATOpE YMEHBIIUWIACK HarnonoBuHy. Kako-

Ba SHEPTUA MATHUTHOIO MOJIA KaTYIUKA?
A. 4107 ix.
B. 2107 Ix.
B. 107 k.
3. UeMmy paBeH cHBHT ¢ha3 Mex1y 3apsnoM H CHIOH Toka B KoneOa-
TENEHOM KOHTYpe?
A w;
n
b. —;
4
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4, Kak u3MEHHUTCS 9acTOTA JIEKTPOMATHNTHEIX KonebaHuii B KOHTYpE,
€C/TH B KaTYWIKY BBECTH JXEJIEC3HEIH cepaedHnK?
A. YBeanuures.
B. He n3mennTed.
B. YMenbUInTCA.

5. Kak M3MeHHTCS 4acToTa cBOGOAHBIX 3TEKTPHUECKHX KoJeOaHUi B
KOHTYpe, €CIIH €MKOCTh KOHAEHCATOpa W WHAYKTHBHOCTb KaTyUKH YBe-
nvvHuTed B 5 pas?

A. YMeHbIINTCA B 25 pas.
b. Yeemuntca B 5 pas.
B. YMensmures B 5 pas.

(Omeem: 1)B; 2)B; 3) B; 4) B; 5) B.)

IT1. H3y4yenue HOBOro MaTepuaaa

CucteMsl, nofgo6HbIE YacaM, B KOTOPBIX IEHEPUPYIOTCA HE3aTyXalo-
mKe KoneOaHua 3a cdeT MOCTYIUICHNS SHEPrHH OT MCTOYHHKA, Ha3bIBa-
I0TCS aBTOKoAeOaTenbHBIMH cHcTeMaMd (opraHHas Tpy6a, CBHCTOK,
cepaue).

Ixcnepumenm. Tpy6a Pukke.

BeinyxaeHHble ieKTpuueckHe kosebaHHs, BBIpabaTHIBalOTCH IeHe-
paropaMH Ha dJeKTpocTaHuusX. OHU HecrmocOoOHKI BHIPaGaThIBATE KOJE-
6aHuA BHICOKOI 4AaCTOTHI, KOTOPHIE MPUMEHSIOTCSA B PATHOTEXHHKE.

Kone6anus BeICOKOH HacTOTHl MOXHO MOJYHYHTE C MOMOIIBKO JTAMIIO-
Boro reHeparopa. OCHOBHOH €ro 4acTBIO ABIAETCA TPEXIIEKTPOXHAS
J1aMIa — TPUoJl.

Korza 3amsIKaloT Lienb TeHepaTopa, NOoABISETCS UMIYILC TOKa, KO-
TOpEI 3apsixacT KOHAEHCATOp KonebaTensHoro kouTtypa. s Toro
91008l KOJEOAHHA HE 3aTyXalH, KOHIECHCATOP HYXHO MNEpHOJHYECKM
NOA3apsAKaTh.

Kounencatop HauuHaeT paspskaThcs, Ha HibkHel oOknanke Haxo-
JUTCS MOJOXHUTENLHBIA 3apsa/l, Yepe3 KATYLIKy WAET HapacTalomUH TOK.
IlepemeHHOE MAarHNTHOE TONE ITOrO TOKA MPOHU3BIBAET HE TOJLKO Ka-
TyWwKy L, HO ¥ pacloNOXECHHYIO pa/ioM ¢ Hell katywky L, (kaTywky ob-
paTHOii CBA3M), OPOXIAd B KAXKIOH KaTyIIKe BUXPEBOE 3JEKTPHHECKOE
none. ITone co3paeT MOMONKHUTENBHBIN MOTEHIIMAN HA CETKE JAMIIBI, U Ye-
pe3 Hee HaUHMHACT HATH aHOIHBIA TOK. DTOT TOK MOJ3apsMKaeT KOHIEHCA-
TOp B KOHTYpE, H [IOTEPH SHEPIHH KOMIIEHCHPYIOTCA.
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Korjila HMKHAS IIACTHHA KOHACHCATOpA 3apsKEHA OTPHUATEIILHO,
KOHZEHCATOP AOIDKEH OTKMIOTHTLCA OT HCTOUHHKA.

B renepatope 3TO IMPOHCXOMMT aBTOMarHyeckd. [lepemennoe mar-
HUTHOE [OJNe YOLIBAIOUIETO TOKA B KOHTYPE CO3JIACT B KATYMKE oOpaTHOH
CBA3M BHXPEROE EKTPHIECKOE MOJIE TAKOIO HANPKEHHSA, YTO MOTCHIH-
aM Ha CeTKE NIAMITHI CTAHOBHTCA OTPHIATENbHEM. JIamMna mpH SToM 3amm-
paercs, H aHOJHKIH TOK NpEKpaIacTcs:

1
JLe

JlaMnioBRic TreHEpaTOPHI NIO3BONSIOT NOJy9aTh KoJieGaHHA ¢ 9acTOTOH
Jio MuwoHa k', B HacTosmiee BpeMs NaMmIOBHIC reHEPATOphl MOYTH
NOJIHOCTRIO BHITECHEHH NONMYNPOBOJJHRKOBHIMH Ha TPaH3HCTOPaX, 3a MC-
KIIIOYECHHEM OY€Hb MONYHEIX.

TeHepaTops Ha TPAH3HCTOP3aX KOMITAKTHEE, HAIEKHEE H IKOHOMM-
Hee JIAMTIOBRIX.

Ocnognme 3n1emenmsl, XapaKmepuue 018 MHOZUX asmoKonebamens-
HBIX cucmem
Hcrounnx sHeprum
YcrpoiicTeo, peryIHpyioiee NOCTYILNEHHE JHEPTHH
KoneGarensnas cuctema
O6parnas cra3p

1. MCTOYHKK HEPTAH — HCTOYHHK MIOCTOSHAOIO HAIIPIKCHHS.

2. YcrpoiicTBo, perymHpyiomee NOCTYIICHAC JHEPIMH OT HCTOYHHKA
(xnanaH) — TPHOA.

3. Konebarensnas cHcreMa — KoieOaTenbanIi KOHTYP.

4. O6parHas CBS3b — WHAYKTHBHAA CBN3b KATYIIKH KOHTYPA C KaTyIll-
KOM B LIENTH CETKH.

IV. 3akpemnenne H3y4eHHOTO MATEPHANA
—  Yro Taxoe aBTOKONCOaTENBHAA CHCTEMA?
— TlepeuncnuTe OCHOBHBIE JICMEHTH ABTOKONEOATENFHOH CHCTCMEL.
— TlpuBexawure NpAMEPHI aBTOKOJIEOATEILARIX CHCTEM.

V. Pemenue 3a0a4

1. Bosuukaiomas B panke DJIC muAyxiMs NpH BPATEHHH B OJHO-
PORHOM MArHWTHOM MOJE H3MEHAETCHA MO 3akoHy £=12sinl100z¢. On-
penenuTs aMIHTYRy koieGannii DJIC, ee nelicTByiomee 3HaYeHHE, IIHK-~
AMYCCKYIO M IWHEHHYIO JacToTy KoneGanmii, nepnon, $pasy B Ha9aNnLHYIO
dazy. (Omeem: 0 B; 8,5 B; 100 # pan/c; 50 I'; 0,02 c; 100 z¢£ ; 0.)
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2. KoneGarenbHBI KOHTYp COCTOMT W3 KOHICHCATOPA EMKOCTRIO
2 Mx® u KaTyuiku HHIYKTHBHOCTRI0 500 MI'H. HafiTu uactory cobctBeH-
HEIX KoseBGanuit koutypa. (Omeem: 160 I'n.)

3. UuayxkTuBHOCTD KosAebaTensHOro KoHTypa paBHa 0,01 ', eMxocTh
8 Mx®d. Konnencarop 3apspkeH 10 pa3HoctH noteHnuanos 200 B. Kakoii
HauGonbIni TOK BOHHKAET B KOHTYpE B Mpollecce 3IeKTPOMArHHTHRIX
koneGanuii? (Omeem: 2A.)

4. Onpexnenurte AJTUHY BOJIHBL, HAa KOTOPYIO HACTpOeH KoneGaTeNbHbIH
KOHTYp IPHEMHHKA, €CTH ero eMKOCTh paBHa 5 M®D, a HHIYKTHBHOCTh
paBHa 50 MxI'H. (Omeem: 942 M.)

5. B ronebaTenbHOM KOHTYpe KOHISHCATOp cOOOMMN 3apsan, paBHbIH
1 MKn, mocne yero B KOHTYpe BO3HHKIH 3aTYXAOLIHE 3JIEKTPOMAarHuT-
Hble konebanuda. Kakoe KOJHMUECTBO TErUIOTH BBIAENHTCS K MOMCHTY,
KOI/Ia MaKCHMAJILHOE HallpsHKEHHE HA KOHIEHCATOpe CTalno MeHbIle Ha-
4anbHOr0 MaKCHMalbHOro 3HaueHHus B 4 pa3a? EMkocTh koHAeHcaTopa
10 Mx®. (Omegem: 0,047 Ix.)

VL IlonBenenne HTOroB ypoka

Jomammnee 3ananue
1. 36.

VYpoxk 35. JlaGopaTopHas pa6oTa 1o Teme
«HccliefoBaHNRE YTeKTPHIECKHX CXeM ¢ HHAYKTHBHBIMH,
e€MKOCTHLIMH H AKTHBHBIMH JJIeMEHTAMM»

3adanue: uccnenyiite anekTpUdeCKHE apaMeTpbl HEU3BECTHOI 3Mek-
TPHUYECKOH CXEMBI — CUEPHOTO AIIHKAY.

Obopydosanue: aBOMETp; TEHEpaTOp 3BYKOBOH YacTOTHI; «YEPHbIi
SIIUK»; UCTOUHHK 3MekTponuTanus UDIII-2.

Xoxa ypoka

ConepkanHe H METO BBINTOJTHEHHs paboTel

HccnemoraHue «4EpPHOro ANUKA» Ha MOCTOSHHOM TOKE MOXHO BEI-
MOMHUTE MYTEM H3MEPEHHA €T0 AKTHBHOTO COIIPOTHBIEHHA H CHATHA €ro
BONBTAaMIIEPHOH XapakTepucTHKH. OXHaKO M3MEpPEHHMS Ha IMOCTOSHHOM
TOKE He MO3BOJNIAIOT OTIHYHTH B «4EPHOM SIIHUKE» PE3UCTOP OT KATYINKH,
OGHAPYXHTE KOHIEHCATOP U OTIPEIENHTh €ro 3JIEKTPOECMKOCTb.

Jlnst Toro uTOBHI OTNHYHTH PE3NCTOP OT KATYUIKH, MOXHO HCCNENO-
BATh 3aBMCHMOCTH CHJIBI IEPEMEHHOTO TOKAa OT YACTOTHI MPHIOKEHHOIro
HaNpsKeHUus. DJIEKTPUUECKOE CONPOTHBIEHHE pe3UCTOpa B JIHANA3ZOHE
yactoT oT 20 't 1o 20 xI"n ocTaeTcs NpakTHUecKH HendMeHHbIM. Creno-
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BATENBHO, IPahUKOM 3aBHCUMOCTH CHJIBI TOKA OT YaCTOTHI MPU HEU3MEH-
HOM HanpskeHuH GygeT ropusoHTanbHas npsmas (puc. 30).

Ty R

] .

»

L
0 Puc. 30 v
Kartynika ¢ anekTpH4ecKWM CONPOTHBICHHEM OOMOTKH R M HMHAYK-
TUBHOCTBIO L MOXeT OHITh NpeacTaBieHa Kak Henb W3 NOCHe0BaATENLHO
BKJIFOYEHHBIX PE3UCTOPOR C AKTHBHEIM COTIPOTHBIEHUEM E H MAEAIBHOM
KaTYIIKH ¢ HHAYKTHBHOCTEIO L.
C yBenMYeHHEM YacTOTHI V MPATOKEHHOrO HATIPSXKEHUS HHIYKTHBHOE
COMPOTHBJIEHHE X KATYIIKH PACTET NPSAMO MPONOPUHOHANBHO YacTOTe:
X, =2zrvL.

o 3akony Oma:
U U _ U
Z JR+x? JR+arrv
I'paduk 3aBUCUMOCTH CHJIBI TOKA B KaTYIUKE OT YacTOTHI MPH IOCTO-

AHHOM 3HAYEHHH aMILIMTYAbl NPHIOKEHHOTO HAMpPSXKCHUA TIPEACTaBACH
Ha puc. 31:

[ R L

o_{_—_“}_/wxm_o

—
»

0 Puc. 31 v

Hns onpeneneHus WHAYKTUBHOCTH L KaTyLIKU MOXHO BOCIOIB30-
BaThCA pe3ylbTaTaMu U3MepeHus Hanpsbkenus U u cunsl Toka J Ha foc-
TaroYyHO OOJBIIOH YacTOTe, MPH KOTOPOH AKTHBHOE COMPOTHBICHHE R
00MOTKH NpeHeOPeXXHMO Mallo IO CPABHEHHIO C €€ UHAYKTHBHBIM COTIpO-
THBJICHHEM X :

U X U
X, #Z=—nl=—~t-= .
J 2nv 2mwvd
Ecnu 3/eKTpUuecKoe COTPOTUBIEHAE Me/y BBIBOJAMH «YEPHOTO

AIIJUKa» HACTOJIbKO BEIHKO, YTO €ro 3HAYCHHC HE YJACTCA ONpEACIHTH C
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TIOMOIILI0 OMMETPA, TO MOXHO NPEUIOKHTE, YTO B LN BKITOUECH KOHACH-
carop. Hanuuse KORACHCATOPA B CXEME «UEPHOTO AIHKA» MOXKHO YCTaHO-
BHTD, TIO/IKIIOYHB K €0 KIEMMaM HCTOYHHK NEPEMEHHOTO TOKA H H3MEPAA
CWIy TOKA B IE[TH HA PavIMYHBIX JacTOTaX. Tak Kak EMKOCTHOE CONPOTUB-
nenue X¢ KOHAeHcaTopa 00paTHo NMPONOPIHOHANLHO YacTOTe V.
X, =——
2nvC
TO TIPH NOCTOARHOH aMILIHTY/IC NIEPEMEHROI0 HAaNIPSDKCHHA CHJIA TOKA
JIOIXHA THHEHHO BO3pacTaTh C YBENHYECHHEM 4acroThi. Ecan B «yepHOM
SAIAKE» 3aKID0YEH TOJBKO KOHACHCATOP, TO rPaduK 3aBHCHMOCTH CHIIH
TOKA OT YaCTOTH AMCGET BHA, MPE/ICTaBNCHALIH Ha pHC. 32.

1
l/Hﬁw
0 +>

Puc. 32 v

3aBHCHMOCTH CHIIHI TOKA OT 4aCTOTH! YTIPH NOC/NENOBATENILHOM BKIIO-
YEHHM PE3NCTOPa M KOHJICHCATOpa NPEACTaBIeHa Ha puc. 33.

|

C R
o—{__—o

>
0 Puc. 33 v ‘
Tipu napaniensHOM BKTIOYEHHH 3THX JIEMEHTOB 3aBHCHMOCTL HMEET |
BHJ, NOKA3AHHK#HA Ha pHC. 34. :

l‘} R

v

Puc. 34
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OueBHIHO, B HEPBOM CIIyHae COMpPOTHBICHHEM PE3UCTOpA NpH OIIpe-
JIedeHHH eMKOCTH KOHJICHCATOpa MOXKHO TNpeHeOpeus HAa JOCTaTouHO
HH3KO# yacToTe. Ha BBHICOKHX XK€ YACTOTAX MOXKET CTATh MPEHEOPEKUMO
MANBIM €MKOCTHOE CONPOTHBICHHE Koﬁneucaropa. Bo BTOpoM cnydae
H3MEPEHHUE 3TEKTPHYECKOTO COMPOTHBICHHA PEIUCTOPA BO3MOKHO € IO-
MOIIBK) OMMETPa, a JUIf OfpENeNcHUs €MKOCTH KOHJEHCATOpa MOXKHO
HANTH 3HAYCHUE €T0 EMKOCTHOIO COTIPOTHBIICHUA X B 00JIACTH BRICOKUX
YacToT, TIe

X.<<RuZ=Xg.;
Xo= v ,C= 1 = L .
J 2avX, 2avU

Ecnu B «uepHOM ALMKe» HAXOAWTCS AJIEKTPHUECKAs LENb U3 MOCHe-
JIOBATENBHO COCIMHEHHBIX KATYIIKH, KOHAGHCATOPAa M DE3HCTOpa, TO
rpa¢¥K 3aBUCHMOCTH CHITBI TOKA OT YACTOTHI IIPH MOCTOSTHHOM 3HAYCHUH
niepenv.eHHOro HanpskeHus U MMeeT BUj, IPEACTaBIEHHBIH Ha pHC. 35.

. R L

o~ b

»
0 Puc. 35 v
3HaueHNA aKTHBHOTO COMPOTHBIIEHHA R B 3TOH LieNH MOXHO omnpene-
JIMTB, BOCIIONIL3OBABIIUCE TEM IpadMKoM, UTO NMpPH HACTYILICHHH pe30-
HaHca Z = R n, cneoBaTenbHoO,
J =

r

~
~

N| S
=S

OTKyna crnexyert:

EMKOCTh KOHIEHCATOpa MOXHO OIpPeIEIUTh, IPHHAB, ITO HA HU3KUX
YACTOTAX TOJHOE CONMPOTHUBIICHHE LETH Z IPUOIN3NTEISHO PABHO €MKO-
CTHOMY comnpotneienno Xc:

=2 omcu.
Z Xc
OTkyna HaxOUM:
1

C= )
2avU
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HMHayKTHBHOCTL KaTyWIKH L MOXHO ONpeNenuTh U3 YCIOBHA pe3o-

1 o
HaHca —— =wl 1o 3KCIICPUMECHTAJIbBHO HAHACHHOMY 3HA4YCHHIO pPE30-

HAaHCHOH YaCTOTHI @y:
N i
@}C An™viC

ITpu monyuyenun rpaduka 3aBUCHMOCTH CHJIBI TOKa OT YacTOTHI Ta-
KOr0 BMJIa, KakOH MpEeJCTAaBJICH Ha PHCYHKE, MOXKHO CAETIaTh 3aKiloue-
HHE O TOM, YTO B «4EPHOM SIIMKE» BKIIOYEHH! MapaienbHO Pe3xCTop,
KOHICHCATOP M KaTylIKa. 3HAYCHHMA aKTHBHOTO COMPOTHBICHHA, EMKO-
CTH H HHAYKTHBHOCTH MOXXHO B 3TOM ClTy4ae ONpPEeACIINT aHAIOTHYHBIM
cniocoboM.

o—d -~V 5

0 Puc. 36 v
bonee cionble 3aBHCHMOCTH CMJIBI TOKa OT 4acTOTH OGHapyHBa-
I0TCA TIpY Pa3IMYHEBIX COYETAHUAX MApaICIBHOTO U NOCIEA0BATEABLHOTO
BKJIIOUYEHHSA 3JIEMCHTOB lieneid.

C,
¢
o—| N

L
Puc. 37

Hanpumep, a4 uenn, cxeMa KOTopoH nokasana Ha puc. 37, rpaduk
3aBHCHMOCTH CHJIbi TOKa OT YaCTOTHI IMECT BUJX:

l1u

<V

Puc. 38
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Havansueiii yuacTok KpHBoi 04 TI03BOJAET ONPENECIINTE NEKTPOEM-
KOCTh KoHAeHcaTopa C;:
1
'omvu
HUHayKTHBHOCTD KaTymKH L W 3JIEKTPOEMKOCTh KOHAeHcaTopa C,
MOXKHO PacCUHTATh U3 YCIOBUSA:
1 1

= Hyvy, = .
wJL(C+C) | 2mLC,

Y

Ilopsanox BeINOIHEHNA PaboThI

1. TlpoBeguTe WCHBITAHHE «HEPHOTO HLMKa» C MOMOLIBIO OMMETpa.
Jinst 3TOrO BBINOJHUTE M3MEPEHHS JIEKTPHUECKOTO CONPOTHBIEHHS Me-
Iy €ro BRIBOJAMH JUIS ABYX HanpaBJIeHUH 3JIeKTPUYIECKOTO TOKA.

2. TTogxniounte «HepHBIH AWK NOCAENOBaTENBHO C MHJUTHAMIIED-
METpPOM NMOCTOSHHOTO Toka K Beixony MDIIII-2 wva 12 B. Brinonuure u3-
MEpEHHUS CHIBI TOKA B LEMH MPH PadIM4HBIX 3HAYCHUAX HanpsokeHUs (0T
0 no 12 B). U3MeHHUTE NMOAAPHOCTH NOAKIIOYEHHS HAMPSXKEHUS K BHIBO-
JlaM «YepHOTO ALIHKa» U TMOBTOPUTE cepHio M3mepeHuid. Ecnu oTknoue-
HUsl CTPENKM MU/UIHAMIEPMETpa O4EHb Maslbl, 3aMEHUTE MHJUIHaMmep-
METP MHKpPOaMNEPMETPOM.

3. [Monkniouute «UepHBIH SMIMK» MOCIEAOBATENRHO ¢ MUJIIHAMITED-~
METPOM MEPEMEHHOT0 TOKAa K BBIXOAY FEHEpaTopa MepeMEHHOTO Harps-
EHUs 3BYKOBO# 4acTOTHhI. [ M3MEPEHNs NEpEMEHHOTO HAIPSKEHUS Ha
BBIXOJIE FEHEPATOPAa UCTIONB3YETCA aBOMETD.

Uccnenyiite rpaduk 3aBUCUMOCTH CHIIBI TOKA B LEIMH OT YaCTOThL.

4. Tlo pe3ynsTaTaM MCMBITAHHH «HEPHOTO SM[HKA» HA MOCTOSHHOM U
NEpeMEHHOM TOKeE OIpe/IeINTE apaMeTph! 3NEKTPHUECKOH LICMH B «4ep-
HOM SILIIMKE).

JlomaniHee 3axaHue
P —968; P —969.

Ypok 36. Petienne 3agaq

l(e.nb: HAY4YHUTh UCTIONB30BaTh TECOPETHUYCCKHUE 3HAHUS HA NMPAKTHKE.

Xon ypoka

I. Oprann3annoHHbIi MOMEHT

11. IToBTOpEeHMe H3YHMeHHOrO MaTepHana
—  Yro npeacrabnser coboi nepeMEHHBI 3IEKTPUYECKH TOK?

4 B. A. Bonkos
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Y10 Ha3bIBAETCH AMIUTHTYIHBIM ¥ MTHOBEHHBIM 3HAa4eHWAMH CH-
JIB! IEPEMEHHOTO TOKa, HATIPSHIKEHUS?

Uro Ha3mBaeTcA JEHCTBYIOMMM 3HAYEHHEM CHIBI TIEPEMEHHOTO
TOKa U Hanps>kKeHUS TIEpEMEHHOTo ToKa?

Kaxk BIMseT Ha BEIMYUHY TIEPEMEHHOTO TOKa HATMYHE B LICTH WH-
JYKTHBHOCTH, EMKOCTH?

OT 4ero 3aBHCHT BETHYHUHA HHIYKTHBHOTO M €MKOCTHOTO COMpO-
THB/ICHHSA B LIEMH TIEPEMEHHOT0 ToKa?

YeMy paBHO TIONHOE COTPOTHURICHHE B LEMH MOCNELOBATEILHO
BKJTIOUEHHBIX aKTHBHOTO ¥ PEAKTHBHOTO COTNPOTHBIICHHUH?
3anumnTe 3akoH OMa JUIS LEMH TIEPEMEHHOTO TOKA € [OC/IEN0Ba-
TETbHO BKITIOYEHHBIMM AKTMBHEIM M DPEAKTHBHBIM CONPOTHBIIC-
HUAMH.

II1. Pemienue 3anay

1. Kakyio HeoOX0AHMO B3STh €MKOCTh B KOJIcOATENHHOM KOHTYpe,

yTOOBI MPU UHAYKTHBHOCTH 250 MI'I| MOXHO OBLTO GBI €T0 HACTPOHTE HA
3BYKOBYIO yacToTy 500 I'ni?

Pewienue:
TZ
T=224L-C; C=

AntL’

(Omeem: C =0,4:10° @)

2. Ha kakyo JUIHHY BOJIHEI HACTPOEH KOJeOaTeNbHbI KOHTYp, €ClH

OH COCTOMT M3 KaTYIIKU ¢ HHIYKTUBHOCTEIO L = q - 10~ T'H 1 miockoro
KoHAeHcaTropa? PaccTosHHe MeXRy MIacTHHaMM KoHaeHcaTopa d = 1 ¢M,
JH3MEKTPHYECKAas TIPOHHLAEMOCTE BEIUECTBA MEXAY [IaCTUHAMH KOH-
neHcaropa £ = 800 cMm?.

Pewenue:
T=22JIC; c=555,

d
£-£,8 £ &, .
T=2n|L——;, A=2nC,/L . 4
d d |
(Omeem: k= 2350 M.) 3

3. HaiiTH MHIYKTHBHOCTh KATyLUEK, €CIIM AMIUTHTYa HATPSHKEHHI Ha ]
ee koHuax Uy = 160 B, amnnuryna Toka Iy = 10 A myactora v =50 I'u.
Pewernue:

X,=oL; w=2nv; I,=—; L

(Omeem: L =0,051 T'w.)

Yy =L=O,051 IH. 1
X, 2nvi,
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4. KonebaTensHslit KOHTYp, COCTOSMUIA U3 KaTYIIKH HHAYKTHBHOCTH
¥ BO3ZYLIHOTO KOHACHCATOPa, HACTPOEH HA JUIMHY BOJHBI A( = 300 M.
PacctosHMe MEKTY MIACTHHAMM KOHIEHCATOPA MpH 3TOM paeHo d; = 4,8
mMM. Kakum 1omxHO 6BITH 3TO paccTosHUE, YTOObE KOHTYp OblT HacTpOeH
Ha JUIHHY BOJHEI Ay = 240 M?

Pewuenue:
A =27rCJLAC] , Ay =271'C,[L«C2 ;
(5S¢ 85

' d

1 d2
Alzznc’Lﬁ, A, =27C fL@-,
d, d,
2
%z\/z—jg d2=dl[%-] =75 MMm.
1

(Omeem: d, = 7,5 MM.)

5. Jlamnouky ns kapMaHHOro ¢oHapf, PACCUMTAHHYKO HAa HAMpsKe-
e U =25 B u cuny toka I = 0,15 A, coelMHuIM NOCIEOBATENBHO C
KOHJEHCATOPOM M BITIOYHJIH B ceTh ¢ HampsokeHuweM U; = 220 B u vac-
Tortof v = 50 I'u. Kakoli nomkHa 6BITh eMKOCTh KOHIIEHCATOPA, YTOObI
AaMmro4Ka ropena HopMalbHbIM Hakasiom? (Omeem: 2,21 mx®.)

6. MIcTOYHHK NEpEMEHHOTO TOKAa MOAKIIOHEH K TOCHENOBATENEHOMY
MHIYKTHBHOMY CONPOTHBIEHHMIO, paBHOMY 0,2 I'i, U eMKoOCTH, paBHOH
15 Mi®. YacToTa HcTOYHHKA Toka paBHa 400 I'i, aMruATyna cunbet TOKa
pasHa 42 MB. Halinnre amnymtynHoe 3nadenne DJIC. (Omsem: & = 20 B.)

7. Kakoif MOHIHOCTH MEpeEMEHHBIH TOK JOiieT N0 NoTpeSuTen, ecnu
MOLIHOCTB MOACTaHIMHM paBHa 50 kBT npu Hanpsxendn 220 B? Vron
casura ¢az paeen 12°. ConpoTuBnenue JHHHE paBHo 1,2 Om. (Omeem:
43,5 kBt.)

1V. IlonBenenne HTOroB ypoka

JloMamHee 3a1anHe
P-971;P-972.

Ypok 37. Peutente IxcnepiMeHTATLHBIX 32124

Heﬂb.‘ HAYYHTBh NPUMCHATH TCOPETHICCKHUE 3HAHWA HA NPAKTHUKE.

Xoa ypoka

I. Opranu3auHoHHBIH MOMEHT
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I1. Pemenue 3apau

1. Mcnons3ys MICTOYHUK TIEPEMCHHOIO HANpPSHKEHHUA, KORJCHCATOp H3-
BECTHOH 3JEeKTPOEMKOCTH, PEOCTAT HEM3BECTHOro CONpPOTHUBIEHUA WIH
pE3NCTOp, a TakKe BONBTMETp, pa3paboTaiite crnocob HIMEpPEHUs COMpo-
THUBIIEHUS PE3NCTOPA.

Vrazanua:

—0 ~ O Puc. 39
Ue =ﬁ- R =ﬂ=_l_
1l RS ¥ U, eC

2. CobGepure uenb (cM. puc. 40):

ﬁi/\:l Puc. 40

OO6BsACHUTE N3MEHEHUE HaKala HU3KOBOJBTHOM JIaMIIOYKH MPU U3Me-
HEHHM MHIYKTHBHOCTH KaTYIIKH WIKONBHOro TpaHcdopmatopa.

Omeembme na eonpoc: Kak H rnodyeMy MEHAETCS HampsbKeHNe Ha 3a-
KUMAX JAMTI0YKH U KaTyIKu?

3. Ha xaTymwixy ¢ cepA€4YHNKOM HAJEHbTE CJIOKCHHOE allOMMHHEBOE
Konibo. BrntounTe kaTymiky B cetb. Habmiomaercs moabGpackiBanue
KOJIbL[A HAJLl CEPJACYHUKOM. 32T€M BO3BMHTE Pa3pe3aHHOE ANOMHHHEBOE
KOJIBLIO M HAJIEHBTE €ro Ha cepaeyHuk. [IpH BKIIOYCHHM KaTyLIKH B CETh
paspe3aHHoe Koablo noadpackipacTes. OGBICHUTE SBNEHHE.

4. JIse onvHAKOBBIE MO HAMpsHKeHUIO U MouHocty namiel (U = 220 B,
P = 60 BT) Briro4HTE NOCIEA0BATENBHO C PA3THYHBIMH KOH/IEHCATOPAMHU
B OTAC/IBHBIE YIEKTPUYECKHE LENH MepeMeHHoro Toka. ITouemy nmaMmbl
rOpsAT ¢ pa3nnuHbBIM HakanoM? B kakoM ciydae eMKOCTB KOHJEHCATOpa
6onpue?

5. Kak npoBepuTh, K KakuM KJIeMMaM Ha 37€KTpopacipeleiuTeILHOM
I{HTE MOAXOAUT (ha3OBBIH MPOBOJ, @ K KAKUM — HYNEBOM?

6. Bo3spmute yHHBEpcanbHBIX TpaHCHOpMATOp C OAHOR KAaTyLIKOW,
COOTBETCTBYIOIIEH HamlpsbkeHHo ceTH. BrmounTte ero B ceTh, a HA CBO-
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GOIHYIO 9acTh CepCYHHKa HaMoTaiiTe 13 BHTKa NPOBOJA, COEXMHEHHO~
ro ¢ namroii Ha 2,5-3,5 B. Ilpu aToM naMna ne roput. Cnenalite 4-i Bu-
Tok. ITpu 3TOM nosBAseTca cnaloiit Hakan. Janee npu 5—6 BHTKax Haxan
ycunupaerca. OOBACHUTE, TOYEMY.

III. lTonBeReHHe HTOTOB YPOKa

Jomaminee 3axanue
P -978; P -979.

Fnaea 5. NMNpousBoacTBO, Nepegava
U UCNOJIb30BAHUE 3JIEKTPUHECKON SHEpPrun

Ypok 38. I'enepaTopsi Toka

Iens: nokaszaTh MpakTHYECKOE NMPUMEHEHHE 3aKOHA DIIEKTPOMATHUT-
HOl HHIYKIHH.

Xon ypoka

I. Opranu3auMoHHBI MOMEHT

I1. NoBTOpEHHe H3YHEHHOTO

— Kakoe fBIEHHE HAa3BIBAIOT 3NEKTPOMATHUTHON MHAYKIHEH?

~ UeM oTIH4aeTCA IEKTPUHECKOE MOJIE, MOPOXKIAEMOe NEpeMEeHHBIM
MAarHUTHBIM MOJIEM, OT BNIEKTPOCTATHIECKOTO ITOJIS?

— TloueMy B HENOABMXHOM IPOBOISILIEM KOHTYpE, HaXOAsuIeMcs B
NEPEMEHHOM MATHUTHOM II0JIE, TOABNAETCS HHAYKIIHOHHBIN TOK?

—  MOoXKeT JI BBI3BATh TOK B HEMOJBIDKHOMH KaTyliKe MarHUTHAas cHJla
JlopeHna, peficTByronias B Helf Ha CBOOOIHBIE BNIEKTPOHEL CO CTO-
POHEBI MAPHUTHOTO TIONA MArHUTA?

— C noMompio Kakoro 3aKoHa MOXHO HAiTH CHIY WHAYKIIMOHHOTO
TOKa?

~  CdopMyaupyiTe 3aKOH DIEKTPOMATHUTHOMN UITYKI{HH.

—  UYewmy paBHa DJIC HHAYKIINU B KaTyIuKe U3 N BUTKOB?

III. AHAIU3 3KCNEPAMEHTOB

OOBACHUTE SKCIIEPUMEHTHL:

Sxcnepumenm 1

H3rotoBneHHyIO U3 MEIHOTO MpoBoaa TonlMHOH 0,5—1 MM KaTyIuky,
13 30-50 BUTKOB, aAuameTpoM S50 cM, NOAKITIOUHTE K TANEBAHOMETPY Je-
MOHCTpaLMOHHOFO BOJBTMETpA. PacmosiokuTe KaTymKy MEepneHIuKy-
JAPHO K IUTOCKOCTH MAarHUTHOTO MEPHIWAHA U K MATHMTHBIM JIMHHUAM
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MAarHUTHOTO ToJis. 3aTeM HOBEPHUTE Ha Non-obopoTta. I'annpBaHOMETp
oTMeuaeT Tok. [ToBepHUTE elile Ha ON-060poTa — ralbBaHOMETP OTMEYa-
eT ToK npyroro Hamnpasienus. ITouemy? (Omesem: B BBTKax BO3HHMKaeT
TOK TMOJ ACHCTBHEM MATHUTHOTO NOTS 3eMITH.)

Ixecnepumenm 2

Bo3sMHTEe MPOBOAHHUK UIHHON 10 M, CIIOXHTE €ro BABOE W cAenanTe
KaTyniKy auametpoM 4-5 cM. Ionkmounte KOHIBI 06MOTKH K FanbBaHO-
METpY U BBOAWTE BHYTpb Hee MarHuT. CTpenka HaxoauTcs B nokoe. O6b-
scHuTe Habmomaemoe apiaeHue. (Omeem: B kaxmoil 4acTH BO3HUKAET
3C, no 3JIC onHoii HacTH PaBHO W MPOTHBOTIONONKHO MO HAMpPaBACHHIO
3JIC npyroii. Toka B KaTylIKe HeT.)

Skcnepumenm 3

OcHOBHYI0 0OMOTKY ApoCCENEHOH KaTyIIKH TPHCOEAHHHTE K rajibBa-
HOMETPY JIEMOHCTPAIIHOHHOTO aMTIepMETPa.

Touemy npu BHECEHHM BHYTPb KaTYIIKH BOAOIPOBOIHOH TpYObl BO3-
HHKaeT TOK?

TloBepunte Tpyby ¢ kaTywky Ha 180°. I'anbBanoMeTp o06HapyxkuBaeT
TOK. TTouemy?

VY mapbTe HOCTATOYHO CHJIBHO MOJIOTKOM 1O KOHITy TpyObL. [louemy B
MOMEHT yapa BO3HHKAeT TOK?

Teperepaure TpyOy ¢ KaTyuikoii ¥ BHOBL ynapste. [loueMy ranbBa-
HOMETP OTMeYaeT B MOCieJHEM cilydae 60b11oii Tok?

(Omeem: B nepsoM ombiTe TpyHa AEHCTBYET KaK MarHuT, NOCKOJIBKY
OHa HaXOJUTCH B MarHHTHOM Iosie 3eMIH. Bo BTOpoM — NOBOPOT BBI3BI-
BAacT MICPEMarHMYMBaHHe €€ B NoJie 3eMIH, YTO NMPHBOIUT K U3MEHEHHIO
MArHUTHOTO T10JIs OKOJIO KATYIIKH M K BO3HMKHOBEHHIO MHJYKIIHOHHOTO
Toka. Ilpy ynape yBenuuMBaeTcsi CTeNEHb HAMArHUYMBAaHUA TpyOnl. B
pe3ynbTaTe HabNOAAETCA H3IMEHEHHE MaTHUTHOTO MOJ4, KOTOPOe MPHBO-
RUT K BOBHUKHOBEHHIO Toka. [Ipu nepeMarHuunMBaHuy B MpoLecce yAapa
Habmonaercs 6onblIoe U3MEHEHHE MarHUTHOTO MOJIA, YTO MPHBOAMT K
BO3HMKHOBEHMIO OONBIIOrO TOKA.)

IV. H3yuenne HOBOTO MaTepHaia

B reHepaTtope nepeMeHHOTO TOKa MEXaHWYeCKast 3HEPrHs BpauleHHs
npeobpa3syeTcs B 3JICKTPHYECKYHO 3HEPTHIO NepeMeHHOT0 Toka. CocToHT
reHepaTop M3 WHAYKTOpa (DJIEKTPOMAarHWTa WM MarHduTa, CO3AaroLIero
MarHuTHOE mone), skops (06MoTku, B koTopo#t BosHmkaeT 3JIC). Ero
JieiicTBME OCHOBAHO HA ABJIEHHH 3JIEKTPOMArHUTHOH HHIYKIMH.

TlycTh MarHuT Bpalaetcsi BOKpYI PaMKM ¢ IOCTOSHHOM HacToToH V.
3a BpeM4 ¢ oH cosepiiaeT N = v - t o6oporos. KaxgoMy 060poTy cooT-
BETCTBYET 360° MM 27. 3a Bce BpeMsl MarHMT NIOBEPHETCS Ha YTO:
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Al=2zN=2nvt=wt,

ric = 27V — MKJIHYECKas 4acToTa BpaIlcHUA.
Pamxka 6yne’r TIPOHU3BIBATHCA MATrHUTHBIM TIOTOKOM!

®=B-Scosl = BScos(l, +Al)=BScos(wt +B).

H3-3a MOCTOSHHOrO WIMCHEHWA YrNa NMpPOHU3NBAKOUMI paMKy mar-
HUTHEIH MOTOK TOXXE MEHSAETCA:

£, =~®' =—(BS cos P) = BSsinl-I';
P'=(wt+l-3))' =o.
& = BSwsin(wt+F,).

Ecnu noaxmo4uts ycTpoicTBo, NoTpebisiomiee SHEPTHIO, TO:
BSw

R
B paccmotpenHoii Monenu BpamwalolleHcs wacTeio (pOoTOpPOM) Gbln
MarHMT, a HENGABMXKHOM YacThio (cTaTopoM) — paMka. Ho MosxeT GeiTe K
HaoGOpOT: pamka — AKOPb FEHEPATOpPA, CTATOP — MarHuT. [IpuduHoi no-
ABJICHAS TOKa OyJer AeHCTBHME HA JJIEKTPOHBI, ABHXKYIIHECH BMecTe C
paMkoil MarHMTHO#M cilsl JIopeHLla. AHANOrHYHbBIM 00pa3oM ycTpoeH M
reHepaTop NOCTOAHHOTIO TOKa.

sin{@t+1,) .

V. 3akpennenne Marepuana
— Urto npeactasnset coboi reHepaTop nepeMeHHOro Toka?
— OnmnTe €ro yCTpoiCTBO H NPUHIHI XeHCTBHA.
Janee pemienne 3aaau Ne 979-980.

V1. llogBenenue nToros ypoka

JlomalliHee 3axaHHe
m 37.

Ypok 39. Tpauepopmatop. Ilepeaaua 3nexTpo3Heprou

Henu: noxazatk cnocoOp! Nepefady 3NEKTPOIHEPTHH; NO3HAKOMHTb C
yCTpoHCTBOM TpaHcopMaTopa.

Xoa ypoka

1. Opranu3auuoHHbIii MOMEHT

I1. Bonipochki Aas1 NOBTOpeHMs
—  UYro Takoe aBTOKONEGAHUA?
—  OmuunTE TPUHLMI AEHCTBHS J1aMIIOBOTO T€HEPATOpa.
— Haueptute cxeMy reseparopa Ha TPaH3HCTOpE.
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- Hepequcnme OCHOBHEIE 3NIEMEHTEI aBTOKONEOAHMI CUCTEMBI.
— Kakue getanu 1aMnoBoro reseparopa UM COOTBCTCTBleT?

[II. M3yueHne HOBOTO MATEPHANA

DJIC MOIHBIX TeHepaTOPOB 3NEKTPOCTAHIUI JOBOJIIBHO BenHka. Me-
JKIY TeM Ha APAKTHKE Hallle BCETO HYXKHO He CIMIIKOM BbICOKOC HATps-
xeHue. [IpeobpazoBanne NepeMEHHOTO TOKA, MPH KOTOPOM HATpshKEHHE
YBEJIMUHBAETCA MM YMEHBIAETCS B HECKONBKO pa3, NpakTHyecku Ge3
NOTEPh MOIHOCTH OCYMIECTBALETCS ¢ TOMOLIBIO TpaHCcHOpMATOpOB.

TpaHchOpMATOP COCTOMT M3 3aMKHYTOTO CTaJIbHOTO CEpACYHHKA,
cofpaHHOTO W3 TUIACTHH, Ha KOTOpHIA HafeThl ase (WHoraa u Gonee)
KATYUIKH ¢ TPOBONOYHBIMH 06MOTKaMH. OHa Ha3bIBacTcA MEPBHYHOMN
(noakMIOYaeTCst K HCTOYHHKY TepeMeHHOro HanpsxeHus). Bropyio 06-
MOTKY, K KOTOPO# NPHCOEIMHAIOT «HArpy3ky» {npnfopbi), Ha3bIBAIOT
BTOPHYHOM.

JeiicTBHe TpaHchOpMATOpa OCHOBAHO Ha SBJIEHUM 3JIEKTPOMATHHT-
HOU HHIYKIHH.

Ilpn NpoXokNEeHHH NEPeMeHHOro TOKa MO TepBHUYHOH 0OMOTKE B
CEpACYHHKE MOABIAETCS NEPEMEHHBI MArHUTHBIA TOTOK, KOTOPBIH BO3-
6yxnaer DJC HHIYKUMH K KOXKIOH 06MOTKe.

e=—d'; ¢'=-@d, sinwt.

£, = o®, —ammnnTtyna 3JIC B o1HOM BUTKE.

Mosmas 3JIC B nepauunon obmoTre ~ N -1,
Bo BropnuHoit — N, ‘15

h_N .

12 NZ
[U,|z|1,|, le!szl;
U]ziz—-N—lzK,
U, & N,

K — xo3dpduuuent tpanchopMaiim.

Eciu K> 1, TpascdopMaTop — MOHMKAIOIMHA.

Ecmu K < 1, TpanchopMaTop — MOBBINIAIOHIME. _

Ecnu BTopas o6MoTKa 3aMKHYTa Ha Harpysky, B Hel MosBIseTcs Ne-;
peMeHHBIIf ToK. MOIIHOCTh B MEPBUYHONH OOMOTKE GYJeT NpHOIH3UTENb- |
HO paBHA MOHIHOCTH BO BTOPHYHO.

U, ~U,1,; |
u L ;
U2 11 i

IToBeias ¢ moMomibI0 TpaHchopMaTOopa HaNpsHKEHHE B HECKOINBK
pas, Mbl BO CTONBKO )K€ Pa3 YMeHblliaeM CHITy TOKa, 1 HaoGopoT.
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CymecTayioiue B TpanchopMaTope HE3HAYUTENbHBIE TOTEPH DHEpP-
run (2-3 %) obycnosiieHsl MepeMarHH4YHBaHWEM CEpPACYHMKA, BbIIECHE-
HHEM TEIIOTH B 0OMOTKAX U CEpACYHHKe.

1V. 3akpeniienne maTepHajia
—  Yro Ha3bIBalOT TpaHcdopMaTopom?
—  Ha kakom siBIeHHH OCHOBaH NPHHLIMM A€icTBUA TpaHChopmaTopa?
—  OnmumTe YCTPOACTBO TpaHcdopMaTopa.
~  Yro Ha3pBalOT KO3 HUIMEHTOM TpaHchopMannn?

V. IlpoBeaenne caMoCTOSATEbHOH PaboThI

1 eapuanm

1. B xonebare/nbHbli KOHTYp BK/IIOUEH KOHIEHCATOp eMKOCTRIO 200 k.
Kakyro MHAyKTHBHOCTbL HYXKHO BKIIIOUHTH B KOHTYD, YTOOHI MMOJTYYHTH B
HeM 3JekTphyeckue konebauus yacroror 400 kI'u? (Omeem: 0,8 I'n.)

2. K 3axumaM reHeparopa NpHCOEIHMHEH KOHIECHCATOP EMKOCThBIO
0,1 Mx®. OnpenenuTs aMIUIATYRy KojeOaHUH HaNpsHkeHUs Ha 3aXuMax
KOHJIEHCATOpa, eClId CHiIa ToKa paBHa 1,6 A, mepuos kone6aHuil paBeH
0,2 Mc. (Otset: 700 B.)

3. B konebarensHOM KOHTYpe HHAYKTHBHOCTB KaTyIIkH pasHa 0,2 I'H,
a aMnnuTysAa konebaHui ciisl Toka paBHa 40 MA. Haiit suepruro snek-
TPUYECKOTO MOJNA KOHACHCATOPA ¥ MAarHMTHOTO MNOJIA KaTyIlKH B TOT Mo-
MEHT, KOIJIa MTHOBEHHOE 3HaYeHHWe CHJIBI TOKA B 2 Pa3a MEHBILE aMIlIH-
TymHOro 3HaueHus. (Omeem: 120 mx/x; 40 MkJlx.)

Hononnumensvnan 3adaua

Tpauchopmarop ¢ koddPuuHenToM TpaHchopmaluu pasueM 10, no-
HixaeT Hanpsbxkenue ¢ 10 kB 1o 800 B. Ilpu sTom BO BTOpHYHOI 06MOT-
Ke uaeT Tok cwiod 2 A. Onpenennre CONpOTHBIEHHE BTOPHYHOH 06MOT-
k. (ITorepsaMu 3nepriuu npeuebpeus.) (Omeem: 100 OM.)

II sapuanm

1. Cuna TOKa M3MEHSAETCS N0 3aKOHY [ = 3cos[1007rt+%j. Ompene-

IHTE aMIMTYAY KoneGaHHH CHlbl TOKa, NEHCTBYIOUIEE 3HAYCHHE CHIIBI
TOKAa, UMKIMYSCKYIO0 M JIMHEHHYIO 4acToTy Konebauwii, mepuon, ¢asy u
HavaibHy1o a3y xonebanuit. (Omsem: 3 A; 2,13 A; 100w; 50 I'; 0,02 c;

1007t +Z )
3
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2. KonjeHcaTop BKIIOYEH B LENb NEPEMEHHOTO TOKa € 4aCTOTOH
50 Tu. Hanpskenue B cetut pasHo 220 B. Cuia Toka B ienu paena 2,5 A.
KakoBa emkocts kongeHcaTopa? (Omesem: 36 Mx®d.)

3. Haiigvre oTHOWIEHNE 3HEPrMM MArHUTHOTO MOJA K DHEPTHH 3JeK-

T
TPUIECKOro nojd Ajis MOMEHTa BpEMCHH —8— , CUHTast, YTO NMPOLIECCEH] NIpO-

HCXOMAT B MACATBHOM KosiebaTemsHOM KOHTYpe. (Omeem: 1:1.)

Mononnumensnaa 3adava

Cuna Toka B nepBHYHOR oOMOTKe Tpancgopmaropa pasHa 0,5 A, Ha-
npsbKeHNe Ha ee KoHlax paBHo 220 B. Kakosa cnia Toka Bo BTOpUYHOH
o6MoOTKe TpaHc(hopMaTopa, ecii HallpshKEHHe BO BTOPHYHOI pasHo 12 B,
a KIIJI tpancopmaropa paBHo 87%? (Omeem: 8 A.)

OueHku:
«3» — 3a oHY 3a/1auy;
«4» — 33 BE 3anauw;
«5» — 3a TpU 3ama4u.

VL. IloaBeaenne UTOroB padoTel

Jomamuee 3ananune
m. 38.

Ypok 40. JIa6opaTropnas paGoTa no Teme
«Onpegesnenue uicaa BUTKOB B 06MoTKkaX TpadHcdopmaTopay

3adanue: onpenenuTe YACIO BUTKOB B 0OMOTKE TpaHcgopMaTopa.
Obopyooeanue: TpaHchopmarop NnabopaTopHbIfi; MCTOYHHK [iepe-
MeHHoro Hanpskenns 12 B; aBometp ABO-63; npoBo M301MpOBAHHBIIA.

Xoa ypoka

Coaepxanne 4 MeToA BLINOJIHEHHS paGoThl
Jlnst onipeaeneHus. Yucia BUTKOB B 0OMoTke TpaHcGopMaTopa ¢ HEU3-
BECTHBIMM [apaMeTpaMH MOXHO ‘BOCIONIE30BaTbCA TeM CBOHCTBOM
TpaHcdhopMaTopa, UTO B PEKUME XOJIOCTOTO XO/Ia OTHOUIEHHE HaIpsiie-
Huif Ha nepBUYHON U; v BTOpH4HO# U, €ero 06MOTKaX paBHO OTHOILIEHHIO
YKCAa BUTKOB @; B MEPBUYHONH OGMOTKE K YHCIy BUTKOB ; BO BTOpHY-
HOH 06MoOTKeE:

U _ao
U, o
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HamoTaB Ha cepieyHHK TpaHcHOPMATOpa BTOPHYHYIO OOMOTKY € H3-
BECTHBIM YHCJIOM BHTKOB @), H, N3MepHB HanpspxeHue Us; HAa NepBHYHYHO
OOMOTKY, MOXKHO OTIpeJICIHTh YHCIIO BUTKOB () B TIEPBHYHONH OOMOTKE:!

o U
@, 2U2~

Iopsaaok BuIno/iHeHHA Pa6oTLI

1. Hamoraiite BrOputiHYyl0 OOMOTKY U3 20—40 BUTKOB Ha CepJeUHHK
HCCHExyeMOoro TpancgopMaTopa.

2. INNoaxmouHTe BRIBOJBI IEPBHYHONH 0OMOTKH TpaHc(opMaropa K Uc-
TOYHHKY HEepeMeHHoro Hanpspkenusa U, = 12 B, H3MepbTe HanpshkeHHE
U, na sropHiHO# o6MoTke. [To u3MepenHnIM 3HaUCHUSIM Hanipsixenus U
H U, 1 H3BECTHOMY YHCIY BUTKOB @» BO BTOPHUHO# 0OMOTKE, ONpenenH-
T€ YHCNO BHTKOB @; B IEPBHYHON 0OMOTKe.

Hononnumensnoe 3adanue
ITpennoxure cnocob onpesrencHUs NpeAeIbHOro -3HAUYEHHS HanpsKe-
HUH, KOTOpPO€ MOXXHO NOAABATh HA MEPBHYHYI0 OOMOTKY TpaHCchOpMATO-
pa. Onpenenute 310 NpeaeNbHOE HANPmHKeHHe SKCIIEPUMEHTABHO.

JloMamnee 3ananue
m. 38.

Ypox 41. TlIpoH3BoACTBO, MepeJaia H HCNOJIL30BAHHE
3JIEKTPUYECKO SHepruH

Iens: paccMOTPETh HCMONB30BAHHE IEKTPHUECKOi SHEPrHH.

Xon ypoka

1. Opranu3anHOHHLBIH MOMEHT

I1. IloBTOpEHHE H3yHEHHOTO

— Yro HasmBalOT TpaHchopMaTopoM? Ha KakoM sIBIEHHWH OCHOBaH
MPUHIHIL ero AcHCTBHA?

— Onmumre ycrpoiictBo TpaHchopmaropa. Haueptute cxemy:' ero
BKIIIOYCHHS B [ETb.

= Yro Ha3pBaeTca k03 HHLHEHTOM TpaHchopManun?

—  Yro nassiBaerca KI1J] tpancdhopmartopa?

—  Yro 6ynet ¢ TpaHcHOPMATOPOM, €CJIH ero BKIHOYHTE B ENb MOCTO-
SIHHOTO TOKa?
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I11. M3y4yenne HOBOrO MaTepHaaa

Ipouzsoocmeo snekmpo3nepzuu

1850
1545 mMnpa
1295 kB4
49,3
1941 1980 1985 1990
Puc. 41

Ocy1ecTBIISETCS MPOHU3BOACTBO B OCHOBHOM C TOMOLIBIO 3JIEKTpOMe-
XaHHYECKHX HHAYKLHOHHBIX TEHEPATOPOB.

Hosyyenne snexrposnepruu B Opiiiem CCCP. Ot0 3nexrpocranumm:
rernosbie (TILL), rupposnexrpocranumnu (I'IC), atomusie (AIC).

Ucrounnku sneprin TOI - yrons, ras, Ma3yT, CaHilbL.

Mexannueckas

OHeprus BHyTpeHnsA »  (KuneTHueckas) ) OnexTpuueckas
TOftHRa 3HEprud Napa SHeprus 1'yp6MH 3HEPTUA
Ucrtounnk 3neprun 'DC — noTeHuHanbsHad SHEPrus BOALL.
DHeprus Kunetruueckas DnexrpHuecKas
BOJBI IHEpTHA TypOHH JHeprus
IIepedaua 3nekmpuyeckoii Inepzuu
K
r 6 xB 380
35-6 B n
131 5 0
6 xB 220B 7
! 6 ¢
2 3 4 6 kB, 6608 6
10-20 B U 400900 kB 7 T
€
Puc. 42 n
1 — pereneparop rnepeMeHHOro TOKa; 10

2 — nopepnuAKOUIHE TPAHCHOPMATOPHI;
3 — nunng snexrponepeaayu (JIOIT).
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4-7 — noHiKaromue TpaHcHOpMaTopsL.
Temnora, Bblensemas Tokom Ha JIOIL, Q=I’Rt conpoTHBIEHHE

JIBI R = pi . [Tonyyaem Q = 12p—l-t .
h S
M3 3TOr0 CIIEYET, 4TO A YMEHBIICHHS () HyXHO MMO0 YBENMYUTD S,
YTO DKOHOMHMYECKH HEBO3MOXHO, NHOO yMenpwmuth Cuiiy Toka [. Jlns
YMEHBILEHHS CHIIBI TOKA HY)XHO YBEJIMYHTE HalpsukeHWe, ML 3TOro Mc-
NOJIb3YIOT TOBBIIAOIIHE TPAHCHOPMATOPBI.

Hcnonviosanue snexmpo3dnepzu

TIpoMBItHIICHHOCTb, TPAHCTIOPT, CENbCKOE X03flcTBO, GBITOBOE MO-
TpeGnenne (OCBELICHHE, XONOAWIBHUKH, TeneBusopsl). Bosbiias yacTh
SMEKTPOIHEPIUH NPEBPAIIACTCA B MEXAHHYECKYI0; 1/3 — HAa TEXHHYECKHE
1enH (ANEKTPOCBapKa, NIaBJICHHE, 3NEKTPOIMS | T.I1L.).

IV. 3axpenJieHHe MATEPHAJIA

— Kakue THIIBI 31IEKTPOCTaHIMHA BB 3HaeTe?

— HasoBuTe NperMyecTBa 3IEKTPOIHEPriy nepe] APYyrHMH BHAA-
MH SHEPIHH.

— Tlepeuncnure, Kakie NPEBPALICHUA JHEPrUM MPOUCXONAT OPH
MPOM3BOACTBE 3MeKkTpo3Heprin Ha TOC, 'OC.

~ Kak ocyuiecTBnseTcs NEPENava IJEKTPOIHEPTMH Ha GonbluHe
paccTosHHA?

— Tlouemy, YeM AJMHHEE JIMHWA ITEPENAYH, TeM BHITOJXHEE HCIONb-
30BaTh GONlee BEICOKOE HArpsKeHUe?

— Kaxumu npenmyinecTBaMu o61afaeT nepemenHblii TOK Mepes No-
CTOAHHBIM?

V. [loaBeaeHHE HTOTOB YPOKA

Jlomaunee 3axanue
n. 39, 40.

Ypok 42. Pemenre 32134 no reme
«DJ1eKTPOMArHHTHbIE KoJiebaHus. [TepeMeHHbIH TOK»

Ienu: pa3sBUTHE HABHIKOB CAMOCTOSATENEHO paboTer; oTpaboTka Me-
TOJIOB pCUICHHA 3aaaY.
Xon ypoka

L. OpraHH3aulHOHHbIH MOMEHT
IL. IpoBeneHHe CAMOCTOATENLHOH PaGoOTHI
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3aoauu na «3» 6anna

1. KoncbaTensHbiii KOHTYP COCTOMT M3 KaTYHIKH HHAYKTHBHOCTLIO
0,2 T'il ¥ KOHIEHCATOpa, EMKOCTb KOTOporo MeHstercs oT 1077 0 40 kd.
Ha xakue JnvHEI BONH paccuTad KOHTYp? (Omeem: 266 nM; 5,33 M.)

2. o rpaduky (puc. 43) onpenenuTe aMIUIMTY/IHOE 3HAYCHHE CWIBI
ToKa, MepHOJ U yacToTy. Hanuimure ypaBHeHue sk MTHOBEHHOTO 3Ha-
YyeHua cuel Toka. (Omeem: 6 A; 0,04 ¢; 25 T'u; i = 6:sin 507zt )

l,/:jr

-6

Puc. 43

3. MOXHO 1M NPHEMHBIM KONebaTeNbHbIM KOHTYPOM, COCTOSIINM U3
KaTyWkH HHAYKTHBHOCTHIO 0,01 T'H M KoHneHcatopa eMKocThio 10 kD,
MPUHUMATH TIEpeNad paaHOCTaHLMH, paboTailell Ha BOJNHE JUTHHOM
100 M? (Omeem: Henp3a.)

4. Ypasuenue konebanmii nanpsokerns (8 CH) U =40-sin10xt. On-
pPeReNtTE aMILUTUTY/IHOE H ACHCTRYIONIEE 3HAUEHHUS HAMPOKEHHUA, TIEPHON
M 4acToTy xonebanuil. (Omeem: 40 B; 284 B; 0,2 ¢; 5 ')

3adauu na «4» banna

1. K nepsuuHoii obMoTKe Tpancdopmatopa, uMeromero koahdnuny-

enT TpaHchopmauuu 8, noxaHo Hanpsxenue 220 B. Kakoe nanpsxkeHue
CHHUMAETCS €O BTOPHYHOH OOMOTKH, €CJIH ¢€ aKTMBHOE COIPOTHBICHHE

2 OM, a TOK, TeKyIMid o Hell, paseH 3 A? (Omeem: 21,5 B.)

2. AKTHBHOE CONPOTHBIIEHHE KaTyKn 4 OM. CHila TOKa BhIpaKaeTcs |

tdopMmynofi i =6,4sin (3l4t). Onpenenuts MOMHOCTh H MakCUManbHoe

3HAYCHHE TOKa B 3TOM Heny. UeMy paBHO AeHCTBYIOIEE 3HAUCHHE TOKA?
Kaxkona uacroTta xonebanuii Toka? (Omeem: 82 BT; 6,4 A; 50 ')
3. B 1ens nepeMeHHOTO TOKA BKITIOYEH KOHIEHCATOp eMKocThio | Mk®D

U fpoccens HHaykTHBHOCTBIO 0,1 'H. HalinuTe oTHOUIEHHA HHIYKTHBHOTO |
COIPOTHBIIEHHA K eMKOCTHOMY Tipu dactote S k[ 1. [Ipu kako# yacrore atu

COIPOTUBIICHUSA CTAHYT paBHMMH? (Omeem: 100; 503 I'u.)
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4. B uens nepeMeHHOro Toka ¢ yactotoi 50 I'il BKIIOYEHO aKTUBHOE
conpotuBienne 5 OM. AMriepMmeTp nokaseiBaeT cuy Toka 10 A. Onpe-
JlelIuTe MPHOBEHHOE 3HA4YeHHe HanpspkeHUs uepes 1/300 c, ecnm xoneba-
HUS TOKA MPOMCXOMAT 110 3aKOHy KocHHyca. (Omsem: 35,5 B.)

3aoauu na «5» barnos

1. KoHTyp paiHOTpHEMHHMKA HAaCTPOEH HA PaJHOCTaHIMIO, HacTOTa
kotopoii 9 MI'u. Kak Hy»KHO H3MEHUTb EMKOCTb TIEpeMEHHOr0 KOHJEeH Ca-
TOpa Koj1e6aTe/ILHOr0 KOHTYpa NpHeMHHKa, YTOOR! OH GBLT HacTpPOEH Ha
JuHy BONHEI 50 M? (Omeem: YBenuynts B 2,25 pasa.)

2. B xone6ate)TbHOM KOHTYPe KOHAEHCATOp eMKocThi0 50 kD 3apspkeH
JI0 MakcuMansHoro HanpspkeHus 100 B. Onpenenure pe3oHaHCHYIO 4acTo-
Ty KoneGaHnii B KOHTYpe, €C/Ii MaKCUMalbHasl CHIa TOKAa B KOHTYpe paBHA
0,2 A. AKTHBHOE CONPOTHBIECHUE PaBHO Hy0. (Omgem: 6,37 nl'1.)

3. Cuna Toka M3MEHSETCA 1O 3aKoHy I=8,5+sin(3141+0,651). On-

peAennTe AeHCTBYIOLIEE 3HA4YEHHE TOKA, €T0 HAYAIBHYIO a3y ¥ 9acToTy.
Haiinure Tox B uenu npu t, = 0,08 ¢ u t; = 0,042 ¢. (Omeem: 5,02 A;
8,14 A)

4. PesoHanc B K01e6aTeTbHOM KOHTYpE ¢ KOHAEHCATOPOM €MKOCTBIO
107 @ nacTynaer npu 4actote kone6annuii 400 I'u. Korna mapanrensHo k
koHgeHcatopy C; NOAKIIOYAETCSA Apyroit koHaencatop C, pe3oHaHCHas
yacrora craHoeutcs pasHod 100 I'u. Onpenenure emxocts C, Conpo-
THBJIEHHEM KOHTYpa npeHeopedn. ({Omaem: 15 mMxd.)

3adauu nosviuiennoli cnoxcnocmu

1. Paauonoxarop padotaer Ha Bonge 15 cMm u gaet 4000 uMnyIncos B
cekyHay. JUIMTEALHOCTh KOKAOTO UMITy/bca 2 MKe, CKONBKO KoJeGaHmniH
COIEPKUTCA B KaXKJIOM HUMITyIbCcE€ W KakoBa HauGoneulas rnyGHHa pas-
Beqxu jiokatopa? (Omeem: 37,5 kM; 4000.)

2. 3apsKeHHBIA KOHAEHCATOP 3aMKHYT Ha KATYIIKY HHAYKTHBHOCTH.
Uepes kakoe BpeMs (B JOJSAX IEPHOAA) MOCHe MOAKIIOYECHUS SHEPTHA B
KOHJIEHCATOpE OKAXETCS PaBHOH 3HEPrHMM B KATyLIKE WHAYKTHBHOCTH?

(Omeem: t=—;—T )

111. Ilonsenenne uroron paGorni

JlomamHee 3aganue
m 3741.
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Ypok 43. dnexrpudukannsa Poccun

Ilenv: nokazate 3HaUeHHE IMeKTpUUKALUKM 1S pa3BuTHA M Onaro-
TIOTY'HS CTPaHEL. -

Xoa ypoka

L. OpraHu3annoHHbIH MOMEHT
IL. IpoBeaenne CaMoOCTOATENBLHOH PaboTsl

I sapuanm

1. Kakoii Tok HasbiBacTes nepeMeHHBIM? (Tok, y komopozo nepuoou-
YecKu usMeHsemcs geuNUHA U HanpaeneHue.)

2. BuTok Bpalnaercs B 0qHOpPOAHOM MaruuTHOM none. Kak pacniono-
JKEHBl MArHUTHBIC CHJIOBBIE JIMHHU OTHOCHTENBHO NIOCKOCTH BHTKA B
momeRT Bpamienus, korna DJIC wHnykumu paBHa Hymo? (/lepnenouxy-
JAPHO RAOCKOCMU 6UMKA.)

3. Ot kakux BenuuMH 3aBucUT Makcumansuas DJ1C renepatopa? (Om
YUCAA 8UMKO8 0DMOmMKY, YucIa o6opomos 6 eOUHUYY 8peMeHU U genuyy-
Hbl M10Wa0u 6UMKA MAZHUMHOZ0 NONA.)

4. OT KaKNX BeIWHHH 3aBHCHT 4acTOTa reHepupyemoro Toka? (Om
wucaa obopomos 6 eOunUYy epemeny U nap MAZHUMHBIX NORIOCOE.)

5. Pamka BpalliacTcsl B MarHUTHOM TIOJIE, IpHYEM &, = 4 B. Kakosa

1
IANC B pamke depes ZT , €CIIH Npu t = 0 HOpMaJlb K MIOCKOCTH PAMKH

napanfaensHa TUHAAM HHAYKUMN noa? (e = 4 B.)
6. Uamenenue D/IC B pamke, KoTopast BpaljaeTcsi B MarHUTHOM MOJE,
3agaHo ypaBHenHeM [ =10cos200¢. KakoBa ammautyna 3/C u cobet-

0
BeHHas 4acToTa BpaueHust pamku? (g, =10 B; v = 100 Iy)
b 4

7. Kak usmenntes 3/IC renepaTopa, ecnm uncno o6opoToB poropa
yBeJMUHTE B 2 pa3a? (Veeruuumes ¢ 2 pasa.)

8. Jlns 4ero Mcnosib3yIOT B Ka4eCTBE POTOpa MHOTOMOMIOCHOM JM€eK-
TpoMmariuT? ([na noayyenusa moxa evicoxoi yacmomul (50 I'y) npu ma-
aBlX 0bopomax.)

9. Jlns nuTanns o6MOTKM pOTOpa reHepaTopa MepPEMEHHOro ToKa Hc-
NOAB3YIOT ... (HOCMOSAHHbIU MOK.)

II gapuanm

1. Kakoe sBnenue OBIIO HCMONB30BAHO NpH YCTPOICTBE TE€HepaTopa
nepeMeHHOTO ToKa? (flenenue 31eKmpomazHUmHON UHOYKYUU.)
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2. BuTOK BpalllaeTcd B OXHOPOZHOM MarHuTHOM noie. Kak pacriono-
KEHBl MATHHTHBIE CHIJIOBBIE JTMHWH OTHOCHTENBHO TUIOCKOCTH BHTKA B
MOMEHT BpeMeHH, Korja E; uMeer Makcumanbhoe 3naueHue? (Ilapan-
NRENbHO NAOCKOCHY 8UMKA.)

3. Usmenenne DJIC B 3aBUCHUMOCTH OT BPEMEHM JUIi PaMKH, Bpa-
LIalIeics B MArHUTHOM TIOJIe, 3aJaHo ypaBHeHHeM £ = 200co0s1007z .
KakoBE1 3HaYeHHUS aMILTUTYRl M [HKIHYECKON HaCTOTHI BPAILCHHUS PaM-
ku? (&, =200 B; o= 100 nI'y.)

4. Kakoe ypaBaenue 3apucumoctH OJAC OT BpeMeHH COOTBETCTBYET
pUCYHKY?

E

50

0.1 0.2
t, ¢

Puc. 44

(E=50sin10 xt.)

5. KakoBo 41CI0 BHTKOB B paMke IUiomansto 1 M%, mpamaromeiics B
OJHOPOAHOM MarHUTHOM morne ¢ yacrotoil v = 0,5 I'ut. Unpykimsa Marant-
Horo nojs pasua 1 T Makcumansnas 3JIC B pamke 3,14 B. (8 eumxos.)

6. CormacHo pHUCYHKY (cM. puc. 44) onperenurte 4HcIO 0OHOPOTOB B
€/IMHHIlY BpEMEHH poTopa reHepaTopa (p = 1 mapa). (5 C.)

7. CornacHo pUCYHKY (cM. pHc. 44) onpeienHTe YacToTy Toka. (5 [y.)

8. AMnnutynnoe 3Hauenne DJ{C HHAYKIHH BO BpallafolleHCs pamxe
paBHo... (BSw.)

9. B 60onpluHX MPOMEILLIEHHBIX reHepaTopax JJIC naxomutes ... (¢
cmamope.)

II1. H3yuenue HoBOro MaTepHaa

TIpeumyinecTBa 3NEKTPOIHEPTHH TepeX APYTMMH BUAAMH DHEPrHH
3aKUTI0YAETCS B TOM, YTO €€ MOHO IepelaBaTh 10 MpoBoJaM Ha 60ib-
IIHE PACCTOSHUA, PACTIPENENATh MeXIy NOTPEOHTENsIMH, MOYKHO Mpe-
BpaniaTh B JIOOBIE BUIBI 3Hepriu. [IpeHMYINECTBO MEPEMEHHOTO TOKa
HaJl TOCTOSHHEBIM 32KTI0YACTCA B TOM, YTO MOXHO H3MEHATH CHILY TOKa U
HanpsXeHHe B OUeHb WHPOKOM mpenelie. OTciofa BEIBOM: NEKTpU(HKa-
U — MOKAa3aTeNlb Pa3BUTHA, OIarocOCTOSHUS H MOLIM CTpaHbl. Kak ke
pa3BHBANACk IHEPreTHKA HaIlei cTpaHbl?
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1920-1921 rr. ObITH MEPHOTOM TOTANRHOFO KpU3Mca poccHiickoro
obmectBa. B eBponeiickod uactH Poccuu yxe orrpoxortana I'pawxnan-
CKad BOWHA, mepexo]] K MHPY NMpOXOJHI B HEBEPOATHO Toxenoil obcra-
HOBKe. 3a Tofibl BOWHBI CTpaHa IMOTEpsyUla GOJbllle YECTBEPTH CBOETO Ha-
1oHaNbHOrO Gorarcrpa. HaunoHansHei noxon cokpathics ot 11 mapa
py6. B 1917 1. 5io 4 mapa B 1920 r. O6beM BaNOBO# NPOAYKUHH YMEHb-
muicd B 7 pa3s, 1o6bMa KaMeHHOTO YIiisi U HedTH Ghlla Ha YpOBHE KOHIA
XIX Beka. PaGoune NHIIMINCE CPEOCTB K CYHIECTBOBaHMI. M3-3a He-
XBATKH TOIUIMBA MpEKpaTHIOCh JBIDKEHHE HApOBO30B HAa TPHALATH Xe-
JIe3HRIX ioporax cTpaHel. B cene Toxke 6uu1 kpusuc. [Ipoaykius censcko-
IO XO34MiCTBa COCTABMIANA JIHIIL nononuﬂy nosoenHoro o6neMa. Hacene-
HHe Poccuu cokpaTunock Goibiie 4eM Ha 10 MITH YeloBex.

Pazpabotky mnana snektpuduxanun Poceun nopyuwian I'H. Kpxu-
aHOBCKOMY. ['laBHas uaesd mnaHa — oOGHOBHUTH BCIO CTPYKTYpPY pOM3-
BOJICTBEHHBIX cUJl Poccu, i vero OO 33fyMaHo CO31aTh OOLIMPHYHO
CeTh KPYIHBIX H MEJIKHUX JJIEKTPOCTAHIIMH, CBI3AHHBIX B €XHHYIO SHEpTe-
THYECKYIO CETb.

INpennonaranock, 4TO KPYIHBIE JIEKTPOCTAHLIMH CHAOAAT JHeprueit
¢$babpukH K 3aBOABI, TIO3BOJIAT PEKOHCTPYHPOBATh HX TEXHHYECKYHO 6a3y.
Mernkue 31eKTpOCTaHIHH JOMKHBI OBUTH NPHHECTH CBET B KPECThAHCKHE
U30b1, 1Tk 3HEPTHIO MEJIBHHIIAM.

ITnan TODJIPO 3aknansiBan $pyHIAMEHT JUIA HMHAYCTPUAIM3ALMU H
KOJUIeKTHBH3AIMH CENBCKOT0 XO34HCTBA, OH pa3pabaTeiBaics B pacuere
Ha «CO3HATENIbHBIX» pabo4ux. Yike Ommxe k cepenune 30-X rofoB MeTo-
JIbI PYKOBOZICTBA CMEHHITUCH: TLIAH — JH060H LIEHOM, HEBBIMOIHEHNE M-
Ha — BPEAHTENIbCTBO, HA MECTO HEJIOYYMBINUXCA pabodHX — 1apoBas cHia
I'VJIATA. Cunamu 3axnoueHHsIx cospaBanuck Konwimckas ['DC, I'OC
Ha Caupu, benoMopkanan, 3anagseiii 1 BocTounblit yuactok BAMa u
MHOTHE JIpyrHe OOheKThI.

Kax 651 To HU 6BUIO, HO 3NEKTpUHKALMA CTPAHBI COCTOAIACH. UTo
XKe MOXHO cKa3aTh o0 OJIEKTpOdHeproTulie HameH crpansl. Ilian
T'O3JIPO npennonaran CTPOUTENBLCTBO 3JIEKTPOCTAHLIMH, paGOTArOLIMX
Ha NpApOAHEIX HckomaeMbix. Ho 3anacer yrns, HedTH U rasa He Gecko-
HeyHel. CoBpeMeHHas SHEPreTHKa CTPEMHTCA HCMONB30BaTh ANBTEPHA-
THBHBIC BHJIbI SHEPTHH (BETPOSNICKTPOCTAHIINH, T€IMOIHEPTETHKA, SHEP-
TeTHKA Ha OTXO0Jax).

B nauane XXI Beka Poccus cHoBa mepeskMBaeT He JydliHe BPEMEHa.
CeroHst CTpaHa CTPOWT PBIHOYHYIO 3KOHOMMKY. Hapsmy co cTapeiMu
npo6nemMamy (Mo-NpexHeMy He XBaTaeT TOILIUBA, SHEPTHU) MOSBIIOTCS
Hosmie, HO Enmunas sueprocuctema Poccum cMoria COXpaHMTh TO, HTO
KOrza-To ¢ GonbUIMM TPYJAOM co3laBana BcA cTpaHa. B ycnosusax nepe-
XOJHOTO MEPHOAA MOXHO HANCATHCH TOJBKO Ha MYJPYIO MOIUMTHKY 3aKO-



Ypox 44. Pacnpocmparerue 8o1H 8 yripyaoti cpede 115

HoJaTeNbHOM M UcrionHuTeNsHOM BiacTH. Tem 6onee uto Poccus Teneps
He co3daer ruraHrckve mianel, nanogobume I'ODJIPO, a cocramnset
TOJIBKO MPOrHO3B! Ha PA3BHTHE TEX MIIM MHBIX OTPACHEH HAPOIAHOIO XO-
3qHCTBA.

Bynyuiee Haineii cTpaHbl 3aBHCHT OT Bac.

IV. 3akpenaenne H3y4eHHOT0 MAaTEPHAAA

— Kaxkosa uens nnana 'O3JIPO? (Coenams acto Poccuio «3nexmpu-
Yyeckolin.)

— Ha 4em gomxkHbl 650t paborars Oyayunme cranuun? (Ha npupod-
HbIX pecypcax.)

— Tnme npeanonaranock HCMONB30BaTh 3iekTposuepruw? (B npo-
MbIUREHHOCHIU, CENbCKOM X033licmee.)

— Ha kakoii ocHoBe nomkeH 6a3uponarscd wiaH? Kak ato cnenyer no-
uuMmats? (Ha HapyoicHoli ocHoge, mo ecmb Ha cmpozom pacueme.)

— Kakoe ycnosue HeobxonuMo mns peanusanuu mwiana? (Ilpueneve-
Hue Macc paboyux u Kpecmva.)

V. IlonBenenne uToros ypoka

Fnasa 6. MexaHnuyeckue BOJMHbI

Ypok 44. PacnpocTpaHedue BOJH B ynpyroi cpeae

lll:'JlIl.‘ TNNO3HAKOMHUTE Y4YalllHXCA C YCJJOBHAMH BOSHHKHOBCHHMA BOJH H
HX BHAAMH; TIOKA3aTh 3HAYCHHUC BOJIH B XHW3HH YCJIOBCKA.

Xon ypoka

1. Opraau3anHonnbIii MOMEHT
I1. AHanu3 KOHTPOALHOH PaboThI
1. U3yuenne HOBOro MaTepHana

Hemoncmpayusn: TlonepeyHnie BOMHEI B ITHYPE, MPOAOILHAN U TNOTIe-
peyHas BOJIHAa HAa MOJICJIM, BOJIHbI HA [IOBEPXHOCTH BObIL.

OcHOBHOI (u3mIecKoit MOJIENIBI0 BEMIECTBA ABASETCS COBOKYITHOCTH
JBIOKYLIIHXCSA M B3aHMOACHCTBYIOHIHX Mexry coBOH aToMoB, MONEKYJ1.

PaccMOTpHM BONHOBOH MpOLIECC, TO €CTh PacnpocTpaHeHne Koneba-
Hui, nepenady konebauu¥i, 0OyCNOBIEHHBIH TEM, YTO CMELICHHEBIC y4a-
CTKH CpeAbl CBA3AHEI MEXTY CO00#, 3Ta CBA3b MOXeET OBITH 00YCOB/ICHA
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CHIIOW YIPYroCTH, BOZHUKIIEH B pe3ynbTate AeopMaliy Cpesisl NpH ee
KoJieOaHuAX.

B pesynsrare konebanue, BBI3BaHHOE KaKUM-IHO0 06pa3oM B OJTHOM
MECTe, BJIEUET 3a coboil mocleaoBaTeIbHOe BOSHHKHOBEHHE KoNeOaHuii B
JpYTHX MecTax, Bce Gonee M OoJiee yJaleHHBIX OT NEPBOHAYAIBHOTO, — H
MOJTy4aeTCs BOJIHA.

MexaHNuyeCKHE BOJIHBI UMEIOT OTPOMHOE 3HAUCHHE B XH3HH YeloBe-
ka. PacrpocTpaHenue 3BYKOBBIX KoncOGaHHWid OOBACHSETCS YNPYrOCTHIO
Bo3Myxa. Bnaronaps stoMy MBI cnsimmuM. Kpyru, pasz6eratouivecs ot
OpOIIEHHOrO B BOY KaMHs, OTPOMHBIE OKEAHCKHE BOJIHBI — 3TO MEXaHH-
yeckue BoJIHEL KoneOaHs B 3eMHOM Kope — CeHCMHUYECKHE BOIHEI.

Ipu pacnpocTpaHeHUH BOJHBI MPOUCXOOUT MEpeABIKEHHE (GOPMEI,
HO HE MEPEHOC BELIECTBA, B KOTOPOM PaclpoCTpaHAETCs BOJHA.

B 3aBHCHMMOCTH OT TOTO, B KAKOM HAINpaBJICHHHN YaCTHIBI COBEPIIAIOT
KoneOGaHHs MO OTHOUICHHIO K HaNpaBJICHHIO NEpEMELIeHHs BOJHBI, pas-
JIUYAKOT MPOJONBHBIE U MONEPEUHBIE BOJIHEI.

B nmpomonsHO# BonHE YacTHLB COBepILalOT KoJjieGaHHs B Hanpaslie-
HUSX, COBNANAIOIMX ¢ MEPEMELIIEHUEM BONHbI, Takue BOIHBI BOZHHKAIOT
B pe3yNbTaTe CxKaTUA — pacTsbkeHus. OHM pacnpoCTpaHSIOTCSA B rasax,
JKUAKOCTAX U TBEPIBIX TENaX.

B nonepeuHo#t BOJHE YAaCTHLBI COBEPINAIOT KOJeOaHMs B ILIOCKOCTSX,
NEPNEHANKYJIPHBIX HANpaBICHUIO MEPEMEIICHNsI BOJHBL Takue BOJHEBI —
pe3ynbTar AedopManuy cieura. PacnpocTpaHsroTes UG B TBEPABIX TENAX.

Ilpu pacnpocTpaHeHUM BOIHBI MPOUCXOOUT Mepejaya IBHXEHUS OT
OJTHOTO y4acTka Tena k Apyromy. C nepenadeii ABHXEHHs BOJIHOH CBs3a-
Ha repejiaya dHepruM 6e3 nepeHoca BElecTsa.

Hanpumep, B mHype 3HEprus CKIaqbIBACTCS W3 KHHEMATHYECKOM
SHEPTHH JIBHXXCHHA YYaCTKOB WIHYpa U MOTCHIHMATBHON SHEPTHH €ro yI-
pyro# nedopmaiiuy.

IV. IloBTOpEHHE HIYUEHHOTO

— Kakue BoJNHBI Ha3bIBaIOTCA NONEPEYHBIMHU?

— Y10 Ha3sIBaCTCH BOJTHOW?

—  Kakue BOJHBI Ha3pIBAIOTCA NPOJOJIBHEIMK?

— Tlpoucxoaut nu B Heryuieii BojHe NepeHoc BemecTna?

— B kakux cpepax pacrnpOCTPaHAIOTCA MPOAONLHEIC U NOINEPEYHBIE

BOJIHBI?

V. IloaBeaenne HTOroB ypoka
JomamHee 3anaHne
1. 42; 43.
JlononHUTENLHOE 3a/1aHHE:!
1) BpoceTe nBa KkaMHs B BaHHy c Bojoii. Ilonabniopaiite 3a mnpo-
IIECCOM IPOXOXKAEHHS BOJIH APYT CKBO3b JIpyTa.
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2) [Ipuxpoiite cTeHky BaHHBI NonoTeHileM. OTpaXaroTcs JIH BOJIHBI
OT TOJIOTEHIIA, TaK K€ KaK OHU OTpaxxaliuch oT creHkn? Kak no-
BIHAET Ha OTPaXXEHHE BOJH MPHKIANBIBAHHE K CTEHKE JpYyrux
MaTepHasioB, HANPUMED, JiepeBa, METaINA U T.A.

Cnenaiite BEIBOJ.

VYpox 45. Croauue BoJIHbI

Ifens: chopMHPOBATH TIOHATHE CTOSHEH BOTHEI.

Xon ypoka

L. Oprann3anHOHHBIH MOMEHT
I1. ITosTOpEHHE

1. Bompocs! As MOBTOPEHHUS.
— Kakas BoiHa Ha3sIBaeTCA FrApMOHHYECKOMN?
—~ OO6bacHHTE BO3HHKHOBEHHE COKATHS M. PACTSDKEHHS B MPOAOJBHEIX
rapMOHHYECKHX BONTHAX.
—  Yro Takoe ATMHA BOJHEI?
—  Tlo kakoif hopMyJie BHIYMCISETCS JITHHA BOMHEL?
— B 4eM CyTh nossipu3anuu?
— Kak onpezenserca njaocKOCTh Noispu3anun?

2. dpoHTanpHad paboTa ¢ KIACCOM.

®poHTannHas saGopaTopHas paGora Ne 1
«Hccnenosanne 0TpaKeHHs IUIOCKHX BOJTHY

Xon paboTsl

VcTaHOBHTE KIOBETY ¢ BO30yAUTENIeM IUIOCKOH BOJHBI M CTPOGOCKO-
nom. [ToMecTHTE B KIOBETY MeTallIHueCKUi 6pyCOK A OTPaKeHNs BOJH.
Bel f1omkHBI YBHIAETh BOHMKHOBEHHE BOJH. 3aMETBTE, YTO 3TH BOJIHBI
OTPAXKAKOTCS KaK IIOCKHE BOJHBL.

TMonoxuTte et Genoit GymMard Ha 3KpaH M 3apHcyiTe 3TH BOJIHEI, OT-
MeThTe YIB! NafAeHHs U oTpaxkeHUsA. TakHM cnoco6oM Be cMOXxeTe ybe-
JUTRCS, YTO YTOJI NaJCHHUSA BOJIHEI PABEH YIJTy €€ OTpaXKeHHS.

®ponTanrHas nabopaTopHas paGora Ne 2
«Hcenenosanue oTpaxkenns chepHIECKHX BOJIH
Xon paboThl

3aMeHuTe BO3OYAHTEND MIOCKONH BOIHKI LIAPHKOM I 0GpasoBaHus
cepruyeCcKUX BOJH.
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IMocne oTpaxeHHs NIIOCKAM OTpaXaTeleM BOJHBI MMCIOT cepuye-
ckyio (opmy. [lentpoM 3THX cheprueckux BonH OyleT TOUKa, pacnono-
JEHHas Ha TOM )K€ PacCTOSHHH MO03ay OTpaKaTeNs, Kak H BonmHoobpaso-
BaTenb mepefl orpaxareneM. JTO YKa3bIBaeT Ha TO, HYTO PAcCTOAHHE IO
«u306pakeHUA» MO3aAH OTPAKATENIA PABHO PACCTOAHHIO JO MpelaMeTa
nepell OTpaKaTeIeM.

HI. H3y4yenne HOBOro MaTepHasa

Onpim: Bo3pMeM pe3dHOBEIH UIHYP, OIMH KOHEH KOTOpOTO 3axpen-
JeH K creHe. B3MaxHyB pa3 pykoii, NnomieM €MHMYHEIH WMMynsc. [lo
IIHYpY NOGEXKHT BOJIHA, H, JOCTHIHYB CTEHKH, OYIET OT Hee OTPaKaThCS.

B pesynrTare Ha moGoM ydacTke HIHypa BCTpEHYaloTCs [BE BOJHEIL,
Gerymue B NPOTHBOMONOXHEIE CTOPOHEL. BEI3BaHHbIC MMM KoneGanus ,
canuBatorcs. YacTorsl 3THX KoneGanuil OJZMHAKOBEHL, a aMITHTY B!
TIOYTH OAMHAKOBHIE, 3aTyXaHHe KoyeGaHuWit BAONE WHypa HE BENHMKO, HO
da3pl ux paznuuHe. bBerymas (Hesaryxaiomias) BONHa H OTpaXeHHas
TIPOXOJAT Pa3iM4HbIC MYTH MO JAHHOMY YYacTKy luHypa. B pesynstare
aMIUTHTYZa y/ABaHBaeTC. Takie TOUKH Ha3BIBalOTCS KydHocTAMH. Eciin B
KaKkoH-HHOYb TOYKe CKIaJBIBaTh KoneGaHHA C TMPOTHBOMOJIOKHBIMH
¢dazaMu, To TOuKa OcTaeTcs B Nokoe. Takue TOYKHM Ha3BIBAIOTCH Y3NaMH.
V3Bl B Ky4yHOCTH HeE MepeMelIaloTCs BAONG IIHypa. B pesynsrare pac-
npezeneHne CMEICHNA To4YEK HIHYPa OTHOCHTENBHO MX TMOJIOKEHHH paB-
HOBECHA B JI060H MOMEHT BpeMEHH 00pa3yeT BOJHY, KOTOpas He nepe-
Melaercs B NMPOCTPAHCTBE. TaKas BOJNHa HA3RIBAECTCH CTOAYCH BOJHOM.
PaccrosHne Mexay coceHHMH y3namu (HJIH Ky9HOCTSMH) PaBHO NOJIO-
BHHE JUIMHBI BOJHBL. B cTOs4elH BolHE B cpe/iHeM MO BPEMEHH HE NpOHC-
XOIMT TMEPEHOCA JHEPTUH. DHEPTHA BOJIHBI MEXIY ABYMS y3NaMH OCTacT-
cs HewsMcHHOH. CoBepmaeTCs TONBKO NPEBPAIEHHE KHHETHYECKOMH
3HEPriH B MOTCHUHAILHYIO H HA000pOT.

Crosune BOJHEI MOTyT MOJNy4aTbCs B Telax JioGoi ¢GopMsl, a He
TOJIBKO B TaKMX CHJIBHO yJUIMHEHHBIX TeJlaX, Kak CTpyHa wiH muyp. He-
TIOJIBH)KHBIE MECTA CTOSYCH BOJNHBI — €€ Y3/l — MNPEACTaBAAIOT coboi
MOBEPXHOCTH, pacceKatole o6beM Tella Ha YYacTKH, B CEpEAMHE KOTO-
pHIX HauGonee CUNbHEIE KoneOanHs.

Onvuim: Xnadnuesvie puzypit

IImacTHHKY M3 JepeBa WM CTEKNIA 3aKPEMUISIOT K OAHOH TOYKE M 3aChHl-
natot neckoM. ITo kpalo NPOBOAAT CMBIYKOM, HATEPTHIM KaHHGONBIO. Tlecok
cOpaceIBacTcs ¢ KydHOCTEH M COOMpaeTcs Ha yIOBbIX JHHHAX. Bun ¢uryp
3aBMCUT OT QOPMBI ILTACTHHKW M MECTA CKPETLICHHOM TOYKH, B KaKoi MecTte
MPOBO/IHTE CMBIYKOM, H TIE MPHAEPKMBATH IUTACTHHKY NATBLAMH.

~ m-. s on

IV. Pewsenne 3axay4
P —435; P —438.
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V. IloaBenenne HTOrOB YpoKa

JlomaiHee 3agaHne
P —440; P - 439.

Ypok 46. Ilepuoanyeckne BOTHBI

Ilens: cHOpMHpOBaTh TOHATHA <(UIMHA BOJIHED), «rapMOHHYEcKas
BOJIHA», «IOJISAPH3ALHA».

Xoa ypoka

1. OpraHu3anMoOHHBIH MOMEHT

I1. IlpoBepka nomMaluHero 3ananus

— Ha3sosute nBa dyHIaMeHTANBHEIX crocoba mepelayu 3HEPrHH H
HUMITYJIBCA B IPOCTPAHCTBE.

— Kakoil mpoliecc Ha3LIBAETCA BOIHOBBIM?

— HasosHre ycnoBHe pacnpocTpaHeHHa MEXaHHYECKOH BOJIHBL

— OOBACHUTE TIpOLECC BOIHUKHOBEHHA M PacHpOCTPaHEHHs Npo-
JOJIbHOM BOJTHBI B TBEPIOM TeEJIE U rase.

— Kakas BonHa Ha3eiBaeTCA NonepeyHon?

— B yem oTiMuMe OTpakeHHOI TMOMEPEYHOH BOJHEI B IIHYpE C 3a-
KpeMmIEHHBIMH H He3aKpeIrleHHBIMU KOHaMHU?

I11. U3y4enne HOBOro MaTepHana

Ixcnepumenm

PesnHoBRIA MIHYp, MPHBA3aHHbIA K cTeHe. Ecii B3MaxHyTh OIMH pa3
pyKoii, mpon3ofiAeT KOpOTKOE BO3MYylieHME (OAMHOYHAS BOJIHA). A 4TO
6yxeT, ecnu 3To JBHXKEHUE PyKH OyIeT noBTOpAThCA?

Ecnu Bo3MyleHHe cpellbl BeI3bIBaeTCS MEPHOJUYECKOH BHEIIHEH CH-
nol, MeHsAoLEeHCS CO BpEMEHEM IO FapMOHHUYECKOMY 3aKOHY, TO BBI3BI-
BacMBbI€ €10 BOJIHBI Ha3bIBAKOT TaApMOHHYECKUMH.

BajkHeid1Iell xapakTepUCTHKOH BOJIHEI ABJIAETCA CKOPOCTh €€ Pacmpo-
crpaHeHHs. BonHel M060i NPHPOaB! He pacpoCTPaHAIOTCA B IIPOCTPaH-
CTBE MTHOBEHHO, MX CKOPOCTb KOHeyHa. BOJHBI Ha IMOBEPXHOCTH BOJBI
yno6Hel m1s HaOmoJeHUs TO TOi NpHYMHE, YTO CKOPOCTh MX pacmpo-
CTpaHEHUS HEBENHKA.

Paccrogune, Ha KOTOpOE pacnpocTpaHsioTes KonebaHHd 3a OAHH Me-
PUOR, HA3BIBAIOTCS MTHHON BOMHEL.

v=Av;,v=

>

I'7; [Tu); T - nepuon [c].

~s

rae A — JJIMHA BOJIHEI [M]; V—gacToTa

—
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Ecnu co3naTh monepeyHyio BOIHY B PE3HHOBOM LIHYpE TaK, YTOOBI-
koneGaHua OBICTPO MEHSMM CBOE HalparjeHHe B npoctpancTse. [Ipomyc-
THIH TENEPh NIHYP CKBO3b Y3KUii IepeBAHHbIH amuk. M3 konebanuii sce-
BO3MOXHEBIX HANpaBliCHHH AIHK «BBLACINT» KoJdeGaHUA B OJHOM ofpe-
JEeNeHHOM MIOCKOCTH. IT03TOMY TOBOPAT: «H3 SI(MKA BHILIIM MNONSPH30-
BAHHBIE BOJIHEI».

Tonspusauuss — yNOpsAOYEHHOE HAarpaBieHMe KoneGaHWi yacTHL
cpensl B BONHE.

Ecnu Ha ee myTH MMeeTcs ellle TOYHO TakoH ke SIIHK, HO MOBEPHY~
THIlf OTHOCHTENBHO NepBoro Ha 90°, To KoneGaHus MPOXOIAAT CKBO3b HETO
*e. BonHa LENTHKOM TracuTes.

IV, 3akpennenne H3y4eHHOr0 MaTepHaia
— Yo Ha3piBaeTCA nepuoaoM BonHbel? YactoToi? JInuHol BONHEI?
—  YTO NpHHUMAIOT 32 CKOPOCTb PaCMpPOCTPpaHEHHS BOJTHEI?
— Hamumure GopMyny, CBA3BIBAOILYIO CKOPOCTb pacHpoCTpaHEHHs
BOJHBI C JUTMHOM BOIHBI H YaCTOTOH WK NepHoaom?
V. Pemrenue 3aqau

1. Pacctosnue Mexay GmmxaiiinMn rpeGHaMu BosHb B Mope 20 M. C
Kakoi CKOPOCTBIO PaclpOCTPaHSAIOTCA BOJHEBL, €ClTM TepHol koneGaHui
yacTuil B BonHe 1007

2. PribosioB 3ameTHII, 4To 32 10 ¢ MOILIaBOK COBepIUaeT Ha BoJHax 20
konebaHuil, a paccTosHHE MeXAy coceHUMH ropbamu 1,2. Kakosa cko-
POCTB pacnpocTpaHeHHs BOH?

3. Ha o3epe B Oe3BETpEHHYIO MOTOAY C JIOAKH OpOCHITM TAXKENbIHA
axkops. OT Mecta 6pocaHus Akops MouuM BonHbL UenoBek, cToALUMiA Ha
Gepery, 3aMeTH, YTO BOJIHA JOLLIA 10 HETo yepe3 S50 ¢, pacCTOsAHHE Me-
XXy coceHumMH ropbamu BonH 0,5 M, a 3a 5 ¢ 6su10 20 BemeckoB o Ge-
per. Kaxk naneko ot 6epera Haxoaurcs noaka?

VL. IloaBeaenue HTOrOB ypoKa

HomamHee 3ananue
n. 4445,

Ypok 47. 38yKkoBhbie BOJHBL
BricoTa, TeMGp, FPOMKOCTH 3ByKa

Hens: chopMupoBaTh NOHATHE 3BYKOBO# BONHEL.

Xoa ypoka

I. OpranuzanuoHHbBIA MOMEHT
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II. IleBTOpPeHUE MaTepuana
— Kakas Bonna Ha3biBaeTcs cTosuei?
—  O6mBacHuTe npouecc 06pa3oBaHuA CTOAYEH BOJIHbBI?
—  Cdopmynupyiite onpeneneHue Ky4HOCTEH 1 Y3/IOB CTOSUEH BOJIHEL.
—  Yro Takoe nepBas rapMOHMKa COOCTBEHHBIX KOJIeOaHWi B CTpyHe U
00epTOHbBI?

I11. M3y4yeHune HOBOI0 MaTepHAaJIA

Sxecnepumenm Ne 1

Bo3semHTe Kpenkyio 6edeBky (60 cM) ¥ IPUBSKUTE K Hell B cepeuHe
METaIIMYECKYIO JTOXKY. KOH1pb! GeueBKH TNPUBSHKNTE K YKa3aTeNbHBIM
nansuaM. O6a KOHLIA JOJDKHBI HMETh OIMHAKOBYIO JUTMHY. 3aTKHUTE YUIH
nansuamM. HaknoHurech Brepesa, yToOBl JIOkKa CBOOOAHO MOBHMCIA U
CTOJKHYyNack ¢ kpaeM crona. [locaslunTcs 3ByK, HAIOMUHAIOIMH 3BOH.
Houemy?

Omeem: Y napaachk 0 CTOJ, METa/Jl HAYHHaeT KonebaTecsa. DTH Koie-
6aHus no GeuyeBke NepemaroTcs yuiam. Mpl CBIIMM, TOTOMY YTO HalIU
YUIH BOCTIPHHHMAIOT pa3NMyHele KonebGanus. Urobbl w3naBaTh 3ByK
npeAMeT JomkeH konebarsca. Konebanus oT Hero nmepefaroTcs BO3AyXy
M pacnpocTpaHsioTcs B HeM. Kone6momuecs Moeky sl Bo3Ayxa yaaps-
10Tca 0 GapabaHHYIO NMEPENOHKY, H3-3a 3TOTO OHa TOXE Konebnerca. ITH
konebaHHA MAYT Aanblie Yepe3 KOCTHYIO TKaHb M XHUAKOCTE B yXe, IOKa
HE JOXOJAAT A0 CIYXOBOIo HEPBA, KOTOPBIH MOCHIIAET CUTHAN B MO3T.

Ixcenepumenm Ne 2

B konoxon nomMemaooT 3MEKTPUUECKHH 3BOHOK H BKIIOYaloT. CablieH
3Byk. HauuHalOT BBIKaYMBaTh BO3LYX, MO MEpE DPa3pPEKEHUA BO3AyXa
IPOMKOCTH CTaHOBHTCSI MEHBLIE, MOKa 3BYK CTAaHOBHTCH COBCEM HE CIIBI-
meH. [Touemy?

Omeem: OTCYTCTBYET cpelia, B KOTOPOH pacrpocTpaHsioTcs Koneba-
HHUsA?

Br1800: 3Byk MOXeET pacmpoCTpaHATHCH B rasax, XHAKOCTAX U TBEp-
IbIX TENax.

3ByK 06ycnOBNEH MexaHMYECKHMMH KOJIeDaHUAMHU B YIIpYyroi cpeae u
Tenax (TBEpABIX, KHUIAKUX W ra3o00pa3HbIX), 4aCTOTHl KOTOPBIX JEXKAT B
nuanasore ot 16 I'n 10 20 I'n ¥ koTopbie cioco6HO BOCIIPUHUMATH Yelo-
BEUYECKOE YXO.

Paznen ¢usmky, uayyaromuii 38yk — akyctuka. Jlrob6oe teno (TBeproe,
KUIKOE WM ra3oodpasHoe), konebnioweecs co 3ByKOBOH 4acToTo#, co3-
JIaeT B OKpyKarollei cpene 3ByK.

Oxcnepumenm Ne 3
[MepeMeuinBanie BOABI M3 OAHOrO COCYAa B ApPYroi. Yaap MoJoTKa
10 HAKOBAJILHE.
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Yauze Bcero 3ByKOBEIE BOMHBI JIOCTHTAIOT HAIIHX YIIEH 1O BO3AYXY.
Ho 3Byk pacrnipocTpaHseTcs B BOAe M TBEpABIX Tenax. HelpHyB ¢ ronosoii
BO BpeMs KyNaHHs, MOXHO YCHBIIIATh 3ByK OT yAapa ABYX KaMHeH, rnpo-
H3BOAMMOro Ha 6OMBIIOM paccTOSHUH, XOpOIIO NPOBOANT 3BYK 3€MJIS.

3ByKOBasi BOJIHA MpecTaBiseT cOO0H NMOCaeI0BaTENBHOCTE CKATHI U
paspskeHUI ynpyrod cpeabl, paclpOCTPaHSIOLINXCA € OMpENCICHHOM
CKOpOCThI0. BosHa aTa — npoaosnbHasi.

CxaTHe M paspsikeHHe BO3IyXa BBISHIBAET KojeOaHHS NaBleHHs OT-
HOCHTENBHO CPEIHEFO aTMOCHEPHOTO JaBICHHSA 0.

I'poMKOCTH 3ByKa COOTBETCTBYET M3MEHCHHE JaBICHMA Ap Ha He-
CKOJIBKO JIECATKOB Iackaiei. YXo uenoBeka BOCTIPUHMMAET Ap = 107 Ia.
VX0 BecbMa YyBCTBUTENBHBIIN NPUGop, HauGoee YyBCTBHTENBHO K KOJie-
6aHuAM ¢ yactoToit okono 3500 I'u.

3ByKOBasA BOJHA NOJOGHO APYrHMM BOJHAM paclpOCTPAHAETCA C KO-
HedHoH ckopocThio. Ecin rposa nanexo, To 3ana3apiBaHie rpoMa JOCTH-
raeT HECKOJNBKHX CEKYHI.

CkopocTth 3Byka B Bo3gyxe mpu Temmneparype 0 °C pasna 331 m/c;
CKOPOCTb 3ByKa B Boge npu Temmneparype 8 °C pasna 1435 M/c; npu Tem-
neparype 15 °C paBna 4980 m/c.

DulAYEeCKHE XaPAKTEPUCTHKH 3IBYKA

1. 3BykoBo€ JAaBlieHHE, OKa3bIBAEMOE 3BYKOBOH BOJHOH Ha CTosLlee
nepen Heit MpensTCTBHE.

2. CriexTp 3BYKa — pa3IoXkeHHE CJIOXKHOMN 3BYKOBOH BOIHBEI HA COCTaB-
JISIOLIHE €€ YaCTOTHI.

3. 'HTEeHCHBHOCTE 3BYKOBOH BOJIHBI:

s
St

rae S — miowanb NOBEPXHOCTH;

W — 3Heprus 3ByKOBOH BOJIHBI,

t — BpeM4.

4. 'pPOMKOCTB.

Kax u BbICOTa, CBSi3aHA C OUIYHIEHHEM, BO3HHUKAIOUIUM B CO3HaHHH
4eJI0BEKa, a TaKkKe C MHTEHCHBHOCTbIO BOJTHBIL

Yenoseueckoe yX0 cnocoGHO BOCIPHHHMATh 3BYKH HHTEHCHBHOCTBIO
ot 1072 (mopor cabimmmocth) 10 | B1/M? (mopor 6o1eBoro omyuieHns).

I'pOMKOCTb HE ABJNAETCA MPAMO NPONOPLMOHATILHON BENHUHHOH HH-
TEHCUBHOCTH.

VpoBeHb TPOMKOCTH BhipakaeTcs B Genax:
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1
A=lg—.
1 0
I, =107" BT/M* — OPOT CIBIIHMOCTH.
5. BricoTa 3ByKa 3aBHCHT OT YacTOTHI kosieOaHMii: deM Gojiblue Hac-
TOTa, TEM BHIIIE 3BYK.
6. TemMGp 3ByKa — MO3BOJNIAET pa3IMuaTh ABA 3ByKa OJJHHAKOBOH BRICO-

Tbl U. TPOMKOCTH, U3aBaCMbIX PA3IMYHBIMH HHCTPYMCHTAMH. OH 32BUCHT
OT CIIEKTPaJILHOTO COCTaBa.

IV. 3akpenaenne maTepnana
—  Yro npeAcTaBngioT coGoii 3ByKOBBIE BOJHBI?
— Yro aBnseTCs HCTOYHHKOM 3BYyKa?
— Kakosa yacTora n 1uHa 3BYKOBOii BOJHEL, BOCTIPHHUMAEMOM ue-
JIOBEKOM?
—  Kak Ha3bIBaloTCH Takue 3BYKOBEIC BOJTHBLI?

V. HoaBeaenHe HTOroB ypoka

JlomalHee 3axaHue

0. 73, 3axaun Ha ¢. 347 (Ne 1-3); Ne 4-5 no xenauuio.

Tropueckoe 3amanue: lIpeanoxkure cnoco® HaxOXIEHHS CKOPOCTH
3ByKa B Cpejie, HCIONB3Yd JAOCTYNHOE 000pyIOBaHHE, MPOBEANTE DKCIIE-
PUMEHT.

. 46; . 47.

Vpox 48. PemieHue IxcnepiMeHTATBHbLIX 321324

HeJlb.' HAy4HUTh UCTIOJIE30BATE TEOPECTHUECKHE 3HAHHUSA HA ITPAKTHKE.

Xon ypoka

I. OpranuzanHoHHBIH MOMEHT
I1. Peinenne 3ana4

3aoanue Ne 1 (zpynna I)

ITpoBeauTe mo 3yduam pacueckH JIHCTOK KapTOHA WK TONCTOH Oyma-
ru cHauana 6nicTpo, a 3ateM MeteHo. Koraa 3syx Beinre? Ot yero 3a-
BHUCHT BblcoTa 3ByKa? Tlouemy BooOGile BO3HHKAET 3BYK?

3aoanue Ne 2 (T'pynna II)

Tonoxure 6yAwIbHMK Ha cTOA. CHBILHO 1M €r0 THKAHBE, €CAH BbL
HaXOAWTeCh Ha paccTosHuM | M? TIpHIOKHTE yXOA K CTONY MPHMEPHO Ha
TaKOM JK€ paccTosiHud oT OymuisHuka. CpaBHHTE CIBILIHMOCTE B 3TOM
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ciy4ae. [ToBTopuTe OMBIT, ONOKUB OyAUIBHUK Ha OyMmary, BaTy, KyCOK
TKaHy, 6moaue. 3anuuMre cBol HabNOAEHUS M clieslaliTe BEIBOX O Iepe-
Jaye 3ByKa Pa3IM4HbBIMU TEJIaMH.

3aoanue Mo 3 (zpynna I1I)

PaccMotpuTe Yepe3 JIyly NOBEPXHOCTh IPaMILIaCTHHKHM. Kakoii BUA
uMeeT 3BykoBas Goposnxa? Ilouyemy? Ecnn u3MeHUTH cKopocTh Bpallle-
HHS JUCKa, TO W3MEHHTCS JIM 3By4aHHe rpaMiactuiku? Kak u nouemy
u3Mensiercs 3Byk? [loueMy ctapas rpamMmiacTHHKa 3BYy4uT xyxe? 3adeM
MEHAIOT Uriy B anekrpodone? He Baasascy B npuHUMN 3anucH Ha CD-
ZiVcKe, OOBsSCHATE IpEeMYILECTBA.

3adanue Ne 4 (zpynna IV)

Bo3bsMHTE HECKONBKO MyCTHIX CTEKIAHHBIX OYTBUIOK pa3HOro pa3Me-
pa. YiapsTe no HuM kapanjamoM, Kakue OyTEUTKH M3nawoT 6osiee BBICO-
xnit 3ByK? bonee anakuit? Kak a1 Moxete 2To 0OBACHHTL?

Bo3bMHTE HECKOIBKO OJAMHAKOBBIX OYTBIIOK M HaloONHHUTE BOXOH KO
pa3Horo ypoBHs. [TocTyumre o HuM kapaHgamoM. Koraa 3Byk Bbie?

Kakofi BBIBOI MOXKHO CIENATH U3 NPOBEAECHHBIX ONbITOB? Tlompobyii-
T€ YTO-HUOYIb CHITPATH.

3adanue Mo 5

Wcenenyiite, npy xakoM MMHUMANbHOM PacCTOSHHM BO3HHMKAET 5XO.
Cnoco6 ompeneneHus NpuayMaiite camoctoATenbHo. [IpoBepbTe ero.
IMosie3HO UM BPENHO OHO JUIA TEATPANEHOTO, KOHLIEPTHOTO MM JIeKLU-
oHHoOro 3a7108? IToyeMy MBI He CIIBILIMM 3XO0 B OOBINHO# KNI0# KOMHaTe?

I11. IToaBeaeHue HTOroB Ypoka

Jomauinee 3a1aHHe
P —-442; P - 443,

Ypok 49. Boansl. Peinense 3agau
Ienu: pa3BuTHEe HaBBIKOB CAMOCTOATENBLHON paboTHl; O0TpaboTKa Me-
TOJOB pelIeHHs 3a1a4.
Xon ypoka

1. OprannzanoHHbIH MOMEHT
I1. IIpoBegenHe camocTOATENLHOM PaboThI
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Bapuanm 1

1. [IpOHCXOAMT JIN MEPEHOC BELIECTBA M SHEPTHH NPH paclpoCTpaHe-
HuM Oeryuiei BonHsl B ynpyroit cpene? (Omeem: 3HepIUM — Aa; BEWIECT-
Ba — HET.)

2. Iepnox konebaHMs 4YacTHL BOABI PaBEH 2 C, PAacCTOSHHE MEXITY
CMEXHBIMH rpeOHAMH BONH paBHO 6 M. Onpenennte CKOpPOCTh pacmpo-
CTpaHEeHHs 3THX BOJH. (Omeem: 3 M/c.)

3. B 4eM ornuuMe rpaduka BOJTHOBOTO JABHXKEHMS OT rpaduka Koie-
GarensHOro nBHXKEHUA? (Omeem: rpaduk KoneGaTENBHOTO ABHIXEHMS
H300paXaET MOJOXKEHNE OJHON U TOH X TOUKHM B pa3THYHBIE MOMEHTHI
BpeMEHH, a rpa¢uK BOIHOBOTO ABMXEHHUS H300paxaeT pa3IHYHbIE TOUYKH
cpelpl B OAMH H TOT e MOMEHT BPEMEHH. )

4. B Kakux ynpyrux cpeaax MoryT BO3HHKATh NONEPEYHBIE BOJIHEBI?
(Omsem: B TBepABIX.)

5. Ot Kakux pu3NUecKUX BEIHYHH 3aBHCUT 4acTOTa KojeOaHHH BOJ-
HEBI? (Omeem: OT YacTOTHI BUOpaTopa, Bo30yKaatoero Konebanms. )

6. OT KakHX (U3HYECKHX BEHYHH 3aBUCHT CKOPOCTH PacHpOCTpaHe-
Hus BoJIHBI? (Omeem: OT Cpezbi, B KOTOPOH pacrpocTpaHsieTcs, H OT ee
COCTOSHUSL.)

7. UeMy paBHa pa3HOCTh (a3 TOHEK BOJHBI, OTCTAIOIUX APYT OT ApY-
ra Ha paccTosHUM 50 CM, eclii BOJHA PacHpOCTPaHAETCA CO CKOPOCTHIO

6 M/c nipu yacrote 3 I'u? (Omeem: z J)

8. B oxHoili ¥ TOM e cpelie pacIpOCTPaHSAIOTCA BOJHBI C YaCTOTOH
5 T'u n 10 I'n. Kakas BonHa pacnpocTpaHsieTcs ¢ Gonbluei ckopocTbio?
(Omesem: ckopOCTH OZJMHAKOBEIE.)

Bapuanm I1

1. PaccrosHue Mexay 6mmxaiimiMu rpebHsMH BOJIH paBHO 6 M. Cko-
pOCTh pacnpocTpaHeHHs BosHbl 2 M/c. KakoBa yacToTa ynapoB BOJH O
6eper? (Omeem: 3T'n.)

2. OnpenennTe HaMEHbLLIEE PACCTOSHHE MEXY COCEIHHMH TOUKaMH,
HaxOASAIIMNMHUCS B OAMHAKOBBIX ()a3ax, eclii BOJIHBI PaCMpOCTPaHSIOTCS CO
ckopoctbio 100 M/c, a wactoTa konebaHuii pasHa 50 ['u. (Omeem: 2 M.)

3. B Kaknx cpeiax MOT'YT BO3HHMKAaTh NPOAOJIbHEIE BONHEI? (Omeem. B
TBEPABIX, KHUIKUX U Ta3000pa3HEIX.)

4. TIpoucXOMT JIM MEPEHOC BELECTBAa NIPH PacHpPOCTPaHEHHH Nole-
peuHoi BosHBI? (Omeem: HeT.)

S. OT Kakux (U3HYECKHX BENHYUH 3aBUCHT JUIHHA BOJIHBI B OJIHHAKO-
BBIX cpefax? (Omeem. OT YyacTOTHI BHGpaTopa.)

6. OnpenenuTe MUIMHY BOJHBL, ecii (azoBas ckopocTh paBHa 1500 M/c,
a yacrtoTa Konebanuii pasHa 500 I'u. (Omeem: 5 M.)
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7. TloueMy B TBepABIX TelaX MOIYT PACINPOCTPAHATBECA NOTIEPEUHbIE U
npononbHele BOMHBI? (Oniéem: B TBEPARIX Tenax npu jedopmanusax
CHABUTA M CXXaTHH BOIHHKAIOT CHIBI YIIPYTOCTH.)

8. Jlse BOJNHBI pacHpOCTpaHAIOTCS B OJHOH M ToH ke cpene. lepsas
BOJIHA UMEET MIHMHY 5 M, BTOpast — 10 M. OnMHaKOBb! T YacTOTEI BUGpa-
TOPOB, BO30Y>XAAtOLIMX 3TH BONHBI? (Omeem: YacToTa Nepporo BUGpaTo-
pa 6onsiue B 2 paza.)

Bapuanum 111
1. PrifornoB 3ametit, 410 3a T = 10 ¢ nomiasok cosepunan Ha soge N =20
KoJieDaHuid, a PACCTOSTHAE MEXAY COCEIHMMH IrpeGHIMM BONHBI A = 1,2 M.

Haifiprre ckopocTs v pacnipocTpaHeHus BonHeL (Omgem: v = N 4 =2,4 m/c))
T

2. Onpenenvte JIMHY A 3BYKOBO#l BOJIHEI B BOAE, BBI3LIBAEMOH HC-
TOUHHKOM KonebaHuil ¢ yacrotoit v = 200 I'u, ecnd ckopocTh 3BYKa B

Bozie U= 1450 M/c. (Omeem: A = A 7,25 m.)
v

3. 3BykoBas BosHa 9acToTod v = 440 I'f pacnpocTpaHsieTcs co CKopo-
cTei0 U = 330 m/c. Haiizute BermuunHy A pasHoctH ¢a3 konebaHmit nas-
JIEHUs BO3/lyXa B BYX TOYKAX, PacCTOSAHHE MEXAY KOTOpbIMH d = 20 cM?
(Omeem: Ap = 2pﬂ = 2z )

v 3

4. B Boae pacnpoCTpaHsioTca 3BYKOBBIE KoleOaHUs YacTOTOH
v= 725 I'u. CxopocTs 3ByKa B Bosie U = 1450 M/c. Ha kakom pacCTosHMH
d naxomatcs Gmmkaiiuie TOUKH, B OKPECTHOCTH KOTOPBIX YaCTHIIbI XKHJ-
KOCTH COBepIlaioT NpoTHBodazHeie xonebanna? (Omeem: d = 21 =1 M)

v

5. JiBa KOrepeHTHBIX TOYEUHBIX HCTOUHMKA 3BYKa KoJIebmoTCs B 0H-
HaxoBbIX (pazax. B Touke, OTCTOALIEH OT NEPBOro HCTOYHMKA HA S| = 2 M,
a oT BTOpOro — Ha S; = 2,5 M, 38yk He cnsunuM. Onipenenynte Makcu-
MaJIbHY10 YacTOTy V KoJeGaHMi MCTOUHHKOB, KOTOPAsS JIEKHUT B CIIBIIIN-
MOM ueIOBEKOM AMarna3one oT 16 I'm no 20000 I'm. CkopocTh 3Byka B
Bosayxe v = 340 m/c. (Omeem: paccMaTpHBaeMoe sBiIeHHe HabionaeTcs

1 v
npd vactotax v, =|n+—|——, n = 0,1, ..., UckoMas wvacToTa
2)8,-§,
v =v,, =19380 I'u.)
6. EMKOCTE M MHAYKTHBHOCTH KOJNebaTelnbHOro KOHTypa paiHoOripH-
€MHHKA TaKOBBI, YTO NPH CBOOOAHBIX KONeOAHNAX MaKCUMAIBHLIA 3apsan
konaeHcaropa Q = 1 mxKa, a MakcuManbHsiif Tok J = 10 A. B pe3oHaHnc ¢
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KaKo# AnMHOM BONHEL A HacTpoeH KOHTYp? CKOpPOCTB 2JIEKTPOMAarHUTHBIX
onH B BakyyMme C = 3-10% m/c. (Omeem: A = 27:0%— ~ 190 M.)

7. PaguonpueMHHK HacTpOEH Ha pajMOCTaHUMIo, paboTaioulyro Ha
JUTHHE BOMHHL A; = 25 M. Bo CKONBKO pa3 n crnelyeT U3MEHHTh €MKOCTh
KOHJIeHCcaTopa Kojie0aTeNIbHOTO KOHTYpa pajHonpHeMHHKa, 4ToOBl Ha-

2
C.
CTPOMTLCA Ha JUTMHY BOJHE A; = 31 M? (Omeem: —% = ﬁ ~1,54 )
¢ &

8. B kakoMm anana3oHe AJHMHBI BOJH A;, A; MOXeT paboTaTk paiauo-
NPUEMHHK, €CJIM EMKOCTh KOHIEHCATOpa B KonebaTensHOM KOHTYpe MpH-
emHHKa u3Mensiercs ot C; = 50 n® go C, = 500 n®, a uHayKTHBHOCTS L
= 20 MxI'H? CKOpOCTb 3IEKTPOMArHMUTHBIX BONH B Bakyyme C = 3-10°

m/c. (Omeem: A, = 271\/L_C,— =60 M; A, = 27r\/ZC_2 =190 m.)

9. EMKoCTh KOHZAEHCATOpa KoseOaTeIbHOrO KOHTYpa pajnonpHeMHH-
ka u3MmeHserces oT Cy 1o 25 Cy. EMkocts Cy COOTBETCTBYET YacTOTE COO-
CTBEHHBIX Kojebanuit KkoHTypa v =70 Mru. Onpexnenute HaHMEHBUIYIO
Amin H HAHOONBLIYIO Apux JUTMHBI BOJH, HA KOTOPBIE MOHO HAaCTPOHTH Ta-
KoM KOHTYp. CKOPOCTB 3IEKTPOMATHHTHBIX BonH B Bakyyme C = 3-10% m/c.

mm

(Omeem: A, =£=4,3M; Arnax =£z21,4 M.)
v v

II1. ITonBereHue HTOroB paGoThl

Jlomaiunee 3apanue
n. 54.
P-991; P-992.

Ypok 50. Koutpoasnas paGota no temMe
«MexaHHYeCKHE H 3BYKOBBIE BOJIHbI»

Ile.’lb.' BBIABHUTH 3HAHHA yUYaIlTUXCH 10 TEME «MexanndeckHe H 3BYKO-
BBIC BOJIHBD)
Xoa ypoka

I. Oprasu3auHOHHbIH MOMEHT
I1. NlpoBenenue KOHTPOJILHOMH PaboThI

Bapuaum 1
1. Kakue 13 nepeynUCIEHHBIX HIDKE BOJIH He SBIIAIOTCS MEXaHWUECKUMHA?
A. Bonnb! Ha BoJIE.
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b. 3BYKOBBIC BOJIHBL.
B. CBeToBBIC BOJHEL.

I". BonHs! B HIHYpE.
J1. BoiHEl, co3gaBaeMEI¢ BCTAKOLIMMH Ha TpUOYHaX OoenbIIMKaMu.-

2. TIpamo#i ¥ OTpaKEHHBIH UMITYIbCH TIEPEMELLAIDTCS HaBCTpEYy MO Be-
PEeBKE CHUMMETPHYHO OTHOCHTENBHO OTpe3ka AB (puc. 45). Kakora dopma
BEPEBKH B MOMENT, Kora o6a uMmyneca 6yayT HaxoxuThes Ha oTpeske AB?

v v
—> -—

Puc. 45

>

A A B, B. ;

B. +— r. ”\/,
A B
hi \/_.
3. OTHounleHHE aMIUTHTYA IBYX BOJH 1:2, 3HEpruM BOJH OTHOCATCS
JPYT K APYTY KaK ... ...

A, 1:2.
b. 1:4.
B. 1:8.
I'.1:16.
J.2:1.

4. KakoBa cKOpOCTb pactipoCTpaHEeHHs BOJHBI, €CJIH JUIHHA BOJIHEI 2 M,
a yactorta 200 I'y?
A. 100 M/c.
B. 200 m/c.
B. 300 m/c.
I". 400 m/c.
J. 500 m/c.
5. YpoBeHs MHTEHCHBHOCTH 3Byka B kabuHe aBroMobuns 70 nb. Ka-
KOBa HHTEHCHBHOCTE 3ByKa B KabuHe?
A. 107 B
B. 107° Bt/M’.
B. 107 B/M%.
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. 107 Br/m%.
J1. 10”° Br/m?.

Bapuanm Il
1. B ctpyHe BO3HHKAeT crofdast BoJHA. J{TMHA magaroei 1 OTpaxeH-
Hoii BoMHEI A. KakoBo paccTosiHue Mexay COCeNHUMH y3TamMu?
A M4,
B. A/2.
B. k.
I'. 2h.
. 4.

2. IlpaMo#i ¥ OTpa)XeHHBIIt HMIIYJIECHI MEPEMELAIOTCA HAaBCTPeYy 110
BEPEBKE CUMMETPHYHO OTHOCUTENBHO Touku K (puc. 46). Kakyo popmy
UMEET BEpEeBKa B MOMEHT BPEMEHH, KOraa Toukd A U B oka3eiBarorcs B
touke K?

AV

A
L K ™M

B T M.
L K M

A

3. Kakyso dopmy Oyner umeTb BepeBka u3 3agaud Ne 2 rocie rnpoxo-
XIACHHUA UMITYJIbcaMu ToukH K?

o
L M
o
N A W |
L M L M
B ; r ;
L M
o e .

5 B. A. Bonkos
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4, Yactota 3syKkosoit sonust 800 i, Ckopoets 3yka 400 m/c. Hai-
JuTE JUTMHY BOTHBL
A.0,5 M.
b. 1 m.
B.1,5M.
I 2m
J.2,5m.
5. YpoBeHb MHTCHCHBHOCTH 3Byka B Gubnuoteke 30 ab. Kakosa wH-
TEeHCHBHOCTSH 3ByKa B 6uGmnorexe?

A. 107" B/,

B.10° Brim’.

B. 10° Br/m>.

. 107 B,

I 107 Br/m?.
Omeembi K KonmponsHoii pabome:

Homep sonpoca u omgem
1 2 3 4 5

Bapuanm 1 B B b r A
Bapuarnm 2 b r r | A b

1L Moamenenne uroros ypoka

Fnasa 7. dneKrpoMarHuTtHbie BOJIHbI

Ypox 51. DnekTpoMarHuTHoe noJie
Lens: chopMynupoBaTh MOHATHE «INEKTPOMATHUTHOE TI0JIE».
Xon ypoka

1. Oprauu3annoHHbIii MOMEHT

1. IorTOpenue
—  Kakue B3aMMOACHCTBHS Ha3bIRAIOT JJIEKTPOMarHHTHEIMH?
—  Uro Taxoe sJeKTpUuecKuit 3apsa?
—  Tlepeuncnute cBoiicTRA ANEKTPHYECKOTO 3apsaza.
— B 4yeM CXOACTBO W OTIHYHE DNEKTPUUYECKOTO 3apsia W rpasuTald-
OHHOH Macchl?
—  Kak Ha3pIBaeTCA €IMHUUA 3NCKTPHIECKOTO 3apana?
—  UeMy paBHO 3Ha4YEeHHE dIIeMEHTAPHOIO 3apAna?
—  CdopmynupyiiTe 3aKkOH COXpaHeHHS 3JIEKTPUHECKOro 3apsia.
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T11. AHaau3 3xcnepuMeHTa

Bo3bMHUTe ManeHbKHH phiXIBIE Kycouek BaThl Maccoit 3—5 mr. Xopo-
10 HA3IEKTPOPH3YHTE NONHITHICHOBYIO PACYECKY O HHCThIE BOJIOCHI HIIH
560HHTOBYIO MAJKY W ONMYyCTUTE Ha Hee BaTtky. OHa NMpUTSHETCA H Ha-
IEKTpopUlyeTca. PHIBKOM Najiku B CTOPOHY OTOPBUTE BaTKy M OBICTpO
NOJAHECHUTE MANIKY MO BaTKy, a Jajice MOXKHO YIPaBIATh €€ JBHKCHHEM.
IToyeMy oHa rUIaBacT B BO3ayxe?

1V. HiyuyeHre HOBOTO MaTepHaaa

Tlokosumiics 3apsn co3maet TOJbLKO BNEKTPHUECKOE MoJjle. 3apan no-
KOUTCS JIMLIL OTHOCHTENLHO ONpeAcIeHHOH cHCTeMBl oTcueta. OTHOCH-
TeJILHO APYTHX CHCTEM OTCYeTa OH OyJeT ABHTAThCA H, CleJOBATENLHO,
CO31aBaTh MarHATHOE moje. MarHuT, Jiexauldit Ha cTonle, co34aeT Mar-
HHUTHOE none. ITo ABKMXEHMIO OTHOCUTENLHO ero Habmonatens obHapy-
KHBAET U 3MIEKTpHUecKOe nojie, M Tak, 3MeKTpHIecKue 1 MArHHTHBIE 110~
JI1 — MIPOABJICHHUS €HHOTO LIEJIOTO 3JICKTPOMAarHHTHOTO ITOJIA.

B xaxmoli Touke NMPOCTPAHCTBA H B KaXABIH MOMEHT BPEMEHH CO-
CTOSHUE ANIEKTPOMATHUTHOTO [0/ XapaKTEPHU3YETCH ABYMA BEKTOPAMH —

BEKTOPOM 3JIEKTPHHYECKOTo nons £ W BEKTOPOM MarHHTHOrO rmojst B :
E —snexrpudeckad HanpsKeHHOCTb,
B — MaruuTHad MHIYKUHA,

E 1 B - CHJIOBBIE XapaKTepHCTHKH 3JIEKTPOMATHUTHOTO MOJIS.
Enunnua snekrpuyeckoii HanpsHkeHHOCTH:

E [H/Kn]; E iy
q

Enunuia MarHuTHOH MHAYKUMH:

B [Tn] (Tecna).

Kak we nepenaercs djexTpUueckoe B3auMoaeicTBrE?

Ecnu nomecTHTh B2 3apsaKeHHBIX Teja HAa HebOoJbLIOe PacCTOSHHE
HApPYT OT ApYyra, a 3aTeM OJHH U3 HUX NPUBECTH B JBHKEHHUE, TO AEHCTBHE
TiepeJlacTcs MFHOBEHHO Ha JIpyroe.

Tlepemenenne 3apsajia MeHs€eT 3NCKTPHYECKOE Noe BOnU3K Hero. 310
NIEPEMEHHOE DJIEKTPHYECKOE [10JIE MOPOXKAAET NEPEMEHHOE MarHHTHOE
1I0JIE B COCEAHUX obnacTax npoctpaHctBa. [lepeMeHHOe MarHHTHOE Noe,
B CBOIO OUEPE/Ib, TOPOXKACT NCPEMEHHOE INCKTPHUECKOE 1TOE Y T,

ITepeMelienye 3apsga BHI3HIBAET «BCIUIECKY» 3JIEKTPUYECKOro MO,
KOTOPbIHA pacnpocTpaHsieTcs, 0XBaThiBas Bce Honbiuue u 6osbuive obnac-
TH OKpYyXafolliero npoctpaHcrsa. HakoRew, 5TOT «BCruleck» JOCTHTaeT
sroporo 3apsaa. CKopocTs pacipOcTPaHEeHHs 3TOr0 [Ipoliecca paBHa CKO-
pocTu cBeta B nycTtote — 300.000 xm/c.

St
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V. Bonpoce! aJis 3aKpenjieHns
~ Y10 Ha3bIBAIOT 3JEKTPOMArHUTHBIM TIOJIeM?
—  MoryT nu 3eKTpUYECKHe U MarHUTHEIE 11071 CYHIECTBOBATh 060-
cobieHHo aApyr ot apyra? .

- Yro xapaxTepusyer Bektop E ? B Kakux eaMHHIAX OH u3mepseTca?

—  Yro xapakTepusyeT Bektop B ? B Kakux eTMHHIAX OH M3MepSeTcs?

— Tlouemy yTBepIeHHE, YTO B JJAHHOH TOYKE MPOCTPAHCTBA CYILECT-
BYET TOJIBKO 3NICKTPHYECKOE MITH TOJIBKO MarHUTHOE I10JIE HE SIBNIS-
€TCs BNOJIHE ONPENEICHHBIM?

VI. IlonBeaenne HTOroB ypoka

JloMalliHee 3anaHHe
m 17.

Ypok 52. D1eKTpOMarHuTHbIE BOJHbI
Iens: paccMoTpets runoTesy Makcsenia.
Xon ypoka

1. OpranuzannoHHBIH MOMEHT

I1. IToBTOpEHNE, NPOBEpKA AOMAILIHETO 32AAHHSA
—  Yro Takoe Tpanchopmatop?
— KakuMm crnoco6oM MOKHO YMEHBLINTE 3HEPreTHYECKHE MOTEPH B
JMHMU 3NeKTporepenaun?
—  OnuunTte NMpUHIMN JelcTBHA TpaHcdopMaTopa?
— B xakom cnyuae TpancdopMaTop MOBHINIAET HANPSDKEHHE, 4 B Ka-
KOM NOHHKAeT €ro?

III. Anaaus 3kcnepuMenTa

Ixcnepumenm 1

YHuBepcansHbIit TpaHchopMaTop ¢ karyukaMu Ha 220 B u 12 B. Ka-
Tywky Ha 12 B nmoaBecsTe kK AUHAMOMETPY M 3aMKHHUTE HakopoTko. OT-
MEeTbTe MOKa3aHWs JuHamomMeTpa. Bimouure katywiky Ha 220 B B cets
niepeMeHHOro Toka. [IpH 3TOM MeHbLIas KaTylmKa NMpUNOJHHMETCS, a Mo-
Ka3aHWs AMHaMomeTpa yMeHsmarcs. QOObsicHHTE HabmoaeMoe sIBIIEHUE.
(Omeem: Tlpu 3aMbIkaHMH BTOPHUYHOMN KaTyUIKH TpaHcdopmaropa Hako-
POTKO, B HEH BO3HMKAeT MHIYKIMOHHBIH TOK, KOTOpHIH Mo nmpasuny Jlen-
1a UMeET MPOTHUBONOJIONKHOE HANpPaBIEHHE OTHOCHTENBHO TOKa NEPBHY-
Hoii nenu. IIpoTHBOMONIOKHEIE TOKH NMPU B3aUMOAEHCTBUH OTTAJIKMBAIOT-
cs1, TO3TOMY MOKa3aHWs JTUHAMOMETPa YMEHBIIAIOTCSA.)
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Ikcnepumenm 2

Karywky tpanchopmaropa Ha 220 B ¢ cepreunnkom Ge3 spMa BKIIIO-
YHTE B ceTh. PaoM ¢ 3a30poM 3—5 cM pacloIoKHTE BTOPYIO KATYILKY Ha
120 B tarke ¢ cepaeynnkoM 6e3 spMa, HO ¢ BOIBTMETPOM:

1. TlepByto KaTyniky BKIOYHTE B ceTh. I[loyeMy BONBTMETp MOKa3bl-
BaeT Hampskenue? (Omeem: KaTyliky cBA3aHBl HHAYXKTHBHO. MarHur-
Hoe mone nepBoil kaTywky Hapogut DJIC MHAYKIMHM BO BTOPOH, 4TO H
OTMEYAET BOJBTMETP.)

2. B 3a30p Mex/Jy KaTylKaMH BHECEM JHCT xecTH. IloueMy pesko
YMEHBUIAKOTCA NoKa3anus BonkTMeTpa? (Omeem: XecTh yacTU4HO dKpa-
HHpYET BTOPYH KaTyIIKY.)

3. BMecTo KecTH B 3a30p HOMECTHTE JIMCT NaTyHH. IloyeMy yMeHb-
maroTcA NMokasanus BonbT™Merpa? (Omeem: B 1aTyHH BO3HUKAIOT TOUKH
®yko, Ha 4TO PacXOyeTCA 4aCTh SHEPTHHU.)

IV. H3y4enue HOBOro MaTepHaaa

IlepeMeHHOE MarHUTHOE TONE MOPOXIAET IJIEKTPHUUECKOE TOJNE C
3aMKHYTBIMHM CHJIOBRIMH JIHHHAMH. UeM OBicTpee MeEHseTCS MarHHTHas
HHAYKUHUS, TeM O6ojbllie HANPSXKEHHOCTh 3jeKTpudeckoro mnois. [Ipn

. AB
BO3pacTaHUU MAarHMUTHOH MHAYKUUH v > 0 HampaBleHHE HaNpMKEHHO-
t

CTH 06pasyeT eBbIi BUHT C HATIPABJICHHEM BEKTOpa B .
MarnuTtHoe mnone mopoxaaeT dnekTpudeckoe. Ho Moxer nu mepe-
MEHHOE 31EeKTpHYECKOe TT0JIe B CBOIO OYEPEAb NOPOXKIATh MarHUTHoe?
MakcBenn JOMyCTHI, YTO TaKo# NMpOLEce pealbHo INpoucxonut. Ko-
T2 3NEKTPHYECKOE TOJIE U3MEHAETCS CO BPEMEHEM, OHO TIOPOXAAET Mar-
HUTHOe noJie. Ho ToNkkO NpH BO3pacTaHHH HaNPSHXEHHOCTH 3NeKTpHue-

AB
CKOro 1oJs N >0 HampaBieHHE BEKTOPa MHAYKLIHH B BO3HHKAIOMIETO
t

MarHUTHOTO IO 06pa3yeT npaBslil BUHT C HATIpABIIEHHEM BekTopa £ .

Ortcrona MakcBeml 3aKII04HI, YTO B IIPUPOJAE MOTYT CYIIECTBOBATH
3JIEKTPOMArHUTHLIE BOJIHBI.

Ecnu B npoBoHNKE U3MEHHTL CHITYy TOKA, MHAYKIMS MarHNTHOTO MO~
11 u3MmeHnsietcs. IlepeMeHHOe MarHUTHOE Moje CO3AAET M3MEHSAoLIEECs
JJIEKTPUYECKOE. TEKTPHUECKOE T0JIe NOPOXIAET NEPEMEHHOE MArHMT-
HOE TI0JIE, KOTOPOE, B CBOX 0YEpE.h, CHOBA MOPOXKAAET HICKTPHUECKOE U
T. A. Bo3HukaeT cucTeMa B3aHMHO NEPIEHAUKYJSIPHBIX H3MEHSAIOIWUXCA
INEKTPAYECKNX U MArHUTHBIX MOJEH, 3aXBaThIBAIOLIUX Bce GonblIMe M
6oJb1uKe 06MacTH MPOCTPAHCTBA.

PacnpocTpaHstronidecs B NPOCTPAHCTBE BO3MYIIEHHS 3JeKTpoMar-
HHMTHOTO MOJIS HA3hIBAIOT 3JEKTPOMAar HUTHEIMH BOJTHAMH.
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CKkOpOCTb, C KOTOpPO#H pacripoCTPaHAETCA BO3MYLUEHHE 3EKTpOMar-
HHUTHOTO 0N, HA3LIBAETCA CKOPOCTBIO MJIEKTPOMArHUTHOMN BOJIHLY:
1

Véo Mo € 1 |

v=Av,

9=

rae A— nuuHa BosHsl [M]; v— yactora [¢”'] [Tu].

DIeKTPOMAaTHATHEIE BOJIHBI H3MY4al0TCA KONeOMIOUIMMHCS 3apAiaMH.
ITpu 3TOM CKOPOCTb ABMXEHHA TAKHX 3apAlOB MEHAETCA CO BpeMEHEM,
T. €. OHH JABHXXYTCA C YCKOPEHHEM.

Hanuune yckopeHusi — I1aBHOE YCJIOBHE H3TydeHUsA IeKTPOMArHHT-
HEIX BOJIH.

Bektopst E M B B 3NeKTPOMArHHTHONH BOJHE NepNEeHIHKY TAPHEI
Jpyr APYry M NEPNEeHAHKYJIAPHBI HanpaBieHHIO PacnpOCTpaHEeHHS.
OnexTpOMarHUTHas BOJIHA NONEpPEYHa.

Makcsemn 6su1 Tiy60K0 YOEXKIEH B PEaIbHOCTH JIEKTPOMArHHTHBIX
BOJIH, HO OH He JIOXKUJI IO MX IKCTIEpUMEHTANBHOro 06HapyskeHHs. Jlunib
uepes 10 ser nocie ero cMEPTH 3JCKTPOMarHHTHBIE BOJHBI OBUIN 3KCTie-
PUMEHTAIBHO NOMy4eHE! I'epuem.

V. 3akpenjienne MaTepHaia
— U0 Ha3BIBAaKOT 3/ICKTPOMArHHTHOM BOJTHOMH?
— Yo aBAAETCA HCTOUHHKOM JIEKTPOMarHUTHBIX BOJAH?
— KakoBa ckopoCTb pacnpOCTPaHEHHs NEKTPOMArHHTHLIX BOJIH B BO3-

nyxe?
~  Kak OpHEHTHpOBAHEI BEKTOPH £ M B B 31IeKTPOMArHUTHOI BOTHE?
VI. lloxBexeHHE HTOrOB ypoKa

JlomMaliHee 3ananHe
. 48.

¥Ypok 53. OTKpbITHE 3]1EKTPOMATHHTHLIX BOJTH
Llens: paccMOTpeTh CRONCTRA /IEKTPOMArHUTHBIX BOJH.
Xon ypoka

L. Opranu3anHoHHbLIH MOMEHT

I1. IloBTOpeHHE H3YEHHOr0
— B uem cocrout runotesa Makcsenna?
—  OnvumuTe NpoLecc BO3HHKHOBEHHS 3IEKTPOMAarHHUTHOMH BOJTHEL
—  Yro Takoe dNIEKTpOMarH1THas BosHa?
—  OT 4ero 3aBHCHT CKOPOCTh JIEKTPOMArHUTHOH BONHEI?
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I11. IIpoBeaenne caMOCTOATENLHOH PaGoTDI
1. Yto Takoe 3JIEKTPOMATHUTHBIE BOJIHEL?
A. PacnpocTpanstiolieecss B IPOCTPaHCTBE MIEPEMEHHOE MAaTHHTHOE
none.
B. Pacnipoctpansiolneecs B MPOCTPAHCTBE NMEPEMEHHOE IEKTPHYE-
CKOe 1oJie.
B. PacnpocTpaHsiouieecs B MPOCTPAHCTBE MEPEMEHHOE 3EKTPO-
MarHMTHOE T0JIe.
2. KakoBEl OCHOBHEIE TONOXEHHS TEOPHH 3NIEKTPOMArHHTHOTO MOJNS
Makcaenna?
A. Ilpu BCIKOM M3MEHEHMH 3IIEKTPHYECKOTO TOJI BO3HUKAET BUX-
peBoe MATHUTHOE MoJjie, PacHpOCTPaHsAIOLIeeCs CO CKOPOCTRIO
CBeTa.
b. Ipn BcaxoM M3MEHEHNH MarHHTHOTO TNOJIS BO3HUKAET NEPEMEH-
HOE BHXPEBOE 3NIEKTPHYECKOE MOJE, pacnpocTpaHsolleecs B
OKpYXaroIIeM ITPOCTPAHCTBE CO CKOPOCTHIO CBETA.
B. Ilpy BcakOM M3MEHEHHH MarHUTHOTO MO BO3HHKAET BUXPEBOE
3JIEKTPUYECKOE T0JIE, Y KOTOPOTO BEKTOP HANPSKEHHOCTH:

E=28
At
IIpu M3MEHEHMH 3NIEKTPHYECKOTo OIS BO3HHKAET MAarHWTHOE
ToNe, Y KOTOPOTo BEKTOP MHAYKIHA:
= AE
At
pacripocTpaHseTcsl B OKPYXaloeM NPOCTPaHCTBE CO CKOPOCTHIO
cBeTa.

3. Kak B Bo3yXe H3MEHHMTCS [UIMHA DJIEKTPOMArHUTHEIX BOJIH, H3JTy-
4aEMBIX KOJeHaTeTEHBIM KOHTYPOM, €CIIH eMKOCTE K0J1ebarensHOro KOH-
Typa yBEITHUYMTH B 4 paza:

A. YMeHbIUTCS B 4 pasa.
b. Yeennuurcs B 2 paza.
B. YBenuuurced B 4 paza.

4. KakoBa B3aMMHas OpHEHTALIMA BEKTOPOB B,E,D?
A. Bce Tpu BexTOpa B3aUMHO fIepNeHAMKYISPHEL.
b. Bexktop B coBmagaet ¢ BekTopoM E W NepHeHIUKYJSAPEH Bek-
TOpY U .
B. Bextop B coBnamaer ¢ BeKTOpoM O , HO TIEPIICHIMKY/IAPEH Bek-
Topy E .
5. Onpeaenure 4acToTy KoJleGaHMH IJIEKTPOMACHHTHBIX BOJNH B Ba-
KyyMe, €CIM JJTMHA UX paBHA 2 cM.
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A.0,7-10° T,

B.6:10° .

B. 1,5-10° T,
6. Kak nmobkHa IBHTAaTRCA 3apsDKCHHAS YacTHUA, YTOOH BO3HHKIO |

3NEKTPOMATHATHOE U3TyyeHHe? ‘

A. C NoCTOSHHOH CKOPOCTEIO.

B. HaxonuThcs B IOKOE.

B. iBuTaThCA C YCKOPEHHEM. !
7. MoxHO 11 BHIOpaTh CHCTEMY OTCHETA, B KOTOpoil 06HapyXuiach |

61 TOITBKO MATHHTHAS COCTaBIAIOIas B ?
A.Henr3s.
B. MoxHo, ecnu cucteMa GymeT OBHTaThCA ¢ Takod ke CKOPOCTS,
YTO M 3NIEKTPOH.
B. Mox#o, ecin crucTeMa Gyaer ABUTaThCA CO CKOPOCTHIO Gonbineit
CKOPOCTH 3IEKTPOHA.

(Omsemui: 1) B; 2)B;3)b;4) A; 5)B; 6)B; 7) A)

IV. H3yuenue HOBOro MaTepHalia
1. Paccka3 yunrens.
DIICKTpOMAarHUTHAd BONHA OOpasyercsa Gnarolapd B3aHMHOH CBs3H

TICPEMEHHBIX JJIEKTPUYECKHX M MAarHWTHBIX Koncbaumii. Uem OricTpee

MCHSETCSL CO BPEMEHEM MarHHWTHas WHAYKIUA, TeM GoNbIne HalpsDKeH-

HOCTh BO3HHKAIOIIETO 3JIEKTpHUYeCcKoro Ioxs, U Haoboport. s obpaso- -

BaHHA WHTEHCHMBHEIX 3JEKTPOMATHHTHRIX BONH HEOOXOMHMBEI 3IIEKTPO-

MarHUTHEIE KOTe0aH1A ROCTATOUHO BRICOKOR YacTOTEL MIX MOXHO IoTy- |

YUTH ¢ IOMONIBIO KONe6aTeIBHOTO KOHTYPA. !
I'. Tepu a1 HOCTPOSHNA SIEKTPOMATHHTHEIX BOIH HCTIONB30BAN YCT- |

poiicTBo, KOTOpOE celfuac HaseiBaoT BubpaTopoM I'epua. (TIpencrarnser

¢060# OTKPHITEI KONeOaTCHBHEIK KOHTYD.) |

Jina Bo36YxkIeHHs KoleOauuit B TakoM KOHTYpPE NIPOBOJ Pa3pe3aror!
0 cepelUHe, OCTaBIAsA HeOOMBINOi BO3MYIIHEL NPpoMeXxyTOK. O6e JacTH
IIPOBOJIA 3apsHKATH JI0 BRICOKOH Pa3HOCTH IOTECHIMAIOB, KOTTA Pa3HOCTh
IOTEHUMANOB MpEBHIIIaa HEKOTOpoe IpelelbHoe 3HadeHue. [Ipu 3ToM
IIPOCKAKHBAJIA UCKpa, HeHb 3aMbIKanach, H B OTKPEITOM KOHTYpE BO3HH-
KaH konebanna. OHM 3aTyXalld, Tak KaK y KOHTYpa €CTh aKTHBHOE CO-
MPOTHBJICHUE, ¥ BHOPATOp, U3Mydas SIEKTPOMArHHUTHYIO BOJHY, TEPAN
SHEPTHIO.

JIeKTPOMATHUTHEIE BOIHEI PETHCTPHPOBAIUCE C TIOMOLIBIO BUGpaTO-
pa (pe3oHaTopa), NPEACTABIAOIEro co6oli Takoe ke YCTpolicTBO, KaK
usTygarommii Bubpartop. Ilon geficTBHEM IEPEMEHHOTO 3NEKTPHYECKOTD;
HOJIst BNIEKTPOMATHUTHEIE BOJIHEI B IIPMEMHHKE BO3GYKaanu KoneGaHus
Toka. Ecmu coGCTBeHHas 4YacTOTa MPHEMHUKA COBMAANA ¢ YacTOTOW
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3]EKTPOMArHUTHON BOJIHEI, HabMoRaIca pe3oHanc. KoneGaHus B pesynb-
TaTe NPOUCXOAHIN ¢ GOJBIIOH aMIUTUTYXONH NP PacToONOKEHUH €ro Ia-
pannensHo U3TywaomeMy BUOpaTopy.

T'. l'eput oOnapyxnn 3tn konebGanns, Habnroas UCKOPKH B OYEHB Ma-
JIEHBKOM TPOMEXYTKE MEXy [POBOJHMKAMH NpUEeMHUKa BuOpartopa.
Iepu He TONBKO TOJIYYMIT 3TEKTPOMATHUTHBIE BOJIHBI, HO U OGHapyXui,
4TO OHM BERYT ceOs noj06HO ApYTUM BHaM BOJIH.

2. JleMOHCTpauMs CBOHCTB 3/EKTPOMATHHTHBIX BOJNH MPH IOMOIIH
CBY-reneparopa.

OneKTpOMAarHUTHBIE BOJIHBI U3JIYHAIOTCS PYNOPHOH aHTEHHOH B Ha-
npaBleHUU ocH pynopa. IlpueMHas aHTeHHa B BHJe TaKOrO Xe pynopa
YJIaBIMBAET BOJIHEI, KOTOPBIE PAacIIPOCTPAHSAIOTCS BAOIb OCH.

Mo:XHO NPOJIEMOHCTPHPOBATH:

1. ITormouteHHe 3NEKTPOMArHHTHBIX BOJH.
2. OtpaxeHue.

3. Ilpenomnenne.

4. [TonepeyHOCTH.

DNeKTPOMArHUTHBIE BOMHE 06/MaJAI0T PAJIOM BaXKHBIX CBOHCTB:

1. H3my4aloTcs YCKOPEHHO JBHXKYLIMMUCA 3apsamy, npudemM E ~ a.
2. DNeKTpOMarHUTHBIE BOTHBI MOI'YT PACHPOCTPAHATHCA HE TOIBKO
B Pa3IHYHBIX CpeliaX, HO H B BAKYYME.
1

Vot
CKOpPOCTBIO CBETA.

4. CKOpOCTb JIEKTPOMAarHUTHBIX BOJIH B BELIECTBE HHXKE, YeM CKO-
pOCTh B BAKYYMeE.
. Ilpu nepexoae >NeKTPOMArHUTHOM BOMHBI W3 OJHOH cpelbl B
JIpPYTYyH0, 4aCTOTa BOJIHbI HE H3MEHAETCA. ‘
6. DNEKTPOMArHUTHBIE BOJHB! MOTYT IOT/IOMATHCS BELIECTBOM.
7. lpenomusarotcs u orpaxarores. (JlemoHcTpanus.)
8. JnexTpoMarHMTHas BOJIHA nonepeyHa. (JemoHcTpaiys.)
9. IINOTHOCTB 3MEKTPHYECKOTO MO B 3JEKTPOMAarHUTHON BOJIHE
paBHa INIOTHOCTH MarHUTHOTO NOJIA.
10. ITn0THOCTL 3HEPTHH NEKTPOMArHUTHOTO MOJS B pacnpocTpa-
HslolIeficA B BAKYYME BOJIHE TIPOTIOPIHOHANBHA KBAPaTy JIEK-

. — ~ 2, 8 —
3. CkopocTs B BaKkyyMe: b, = ~3:10° m/c — coBnajgaet co

]

TpudecKoil HanpskennocTH: W =W, +W, =g E’.

11. HTEHCHBHOCTE 3JICKTPOMArHNTHOH BOJHBI NMPONOPUMOHATIEHA
CpelHEMY KBaJpaTy HAINpPSXEHHOCTH DJIEKTPUYECKOrO MOJi B

ponue: [ =cg E.
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12. 'HTEHCUBHOCTE MPOMOPLUHOHAJIBHA YETBEPTOH CTEMEHH ee Jac-
tortm:; I =~v*.

V. Bonpocs! nast 3aKpeniiesus .
—  Uro sBnsieTcd UCTOYHUKOM 3N1€KTPOMArHUTHHIX BOJH?
—  Yro sBNgeTCA U3ydaTENEM IEKTPOMATHUTHRIX BOJIH?
— Kak yetpoeH Bubpatop I'epua, kakoB nmpuHumn ero padotsi?
— KakoBa CKOpOCTE pacHpOCTPaHEHMs 3JICKTPOMATHUTHBIX BOJH B
Bo3nyxe?
— Tlepeuucnute OCHOBHBIE CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.

VI. [loxBesenne nToros ypoxa

Jlomamnee 3axanue
. 49, 50.
P -986.

JlonoHNTENbHBbIH MaTepUaJT

Tenpux Pyoonsdy I'epy

Cenpux Pyponsd epr (1857-1894) ponuncs 22 tespans B Fambypre, B ce-
Mb€ aJIBOKATa, CTaBLIEro MO3JHEe ceHaTopoM. Yuuimcs [epu npexpacHo u 660
HeMnpeB30iAeHHBIM 110 COOBpa3UTENBEHOCTH YueHHKOM. OH moGH BCe MpeaMeTsI,
mobun nucaTh ¢THXM M paboTaTh Ha TOKapHOM ctaHke. K coxanenwio, BCwo
#u3Hb Feplyy Mewrano cnaboe 370poBbe.

B 1875 rony nocne okoHuyaHus ruMHasuu Iep noctynaer B [peseHckoe, a
3ateM B MIOHXeHCKOe Bhicuiee TEXHHUECKOe YUHIHILE, JeNo Wwio Xopouo A0 Tex
rop, moka M3yuajuch mpeaMeTbl obliero xapaktepa. Ho kak Tonbko Hauanach
crieluanusaums, Cepll HameHun csoe pewenre. OH Gonee He xenaet GbITh Y3IKUM
CNELHATUCTOM, OH PBETCA K HayuHoil paboTte M nocrynaer B bepnuHckui yHu-
BepcuTeT. [epiy mMOBe3io: €ro HemnocpeACTBEHHbIM HACTABHMKOM OKa3aJiCs
Tenemronbu. Xora 3HaMeHUTHIH GU3UK OblT NpHUBEPXEHLEM TEOPUM NansHoaeH-
CTBHS, HO KaK HCTHHHBIN yueHblH OH 6€30roBOpoYHO npH3HaBal, uto uaeH dapa-
nes — MaxcBenna o 6nuskoaeicTBHH U (puU3HUecKOe noNe JAlOT IPEKpPAcHOe CO-
rnacke ¢ 3KCMEPHMEHTOM.

[onas B BepnuHckuii yHusepcuteT, ['epu ¢ 60NbLUIMM KeNaHHEM CTPEMHUTCA K
3aHATHAM B (H3nueckux nabopatopusx. Ho k pabore B naboparopusx aomycka-
JIHCh NHIUb T€ CTYAEHTHI, KOTOPble 3aHHMATHCh pellleHHEM KOHKYPCHBLIX 3anad.
lensmronsy npeanoxut Fepuy 3anaqy us obsacTd 3neKTpOOHHAMHKN: obnagaer
JIX TOK kMHeTHueckol aHeprueit? [enpmronbu xoTen HampaBWTb CHibl ['epua B
o651acTh 3MeKTPOAHHAMHKH, CUHTaA ee HauGoee 3anyTaHHOM.

[epu npuHuMaeTcs 3a pellcHHe MOCTABIEHHOW 3ajaqH, paccUUTaHHOW Ha 9
Mecsues. OH cam W3rotosiseT Npubopsl W oTaaxKBaeT ux. [Ipu paborte naa nep-
BOH Mpobnemoii cpa3sy ke BBIACHHIHCH 3aN0KeHHBle B ['eplle 4epThl HccleaoBa-~
TeNs: YNOpPCTBO, peaKoe TPYAOMOOHE H HCKYCCTBO 3KCMEpHMEHTaTopa. 3agada
6bina peireHa 3a 3 Mecqua. Pe3ynbTaT, Kak W 0XHAANOCh, ObUT OTPULIATENLHBIM.
(Ceituac HaM scHO, UTO 3neKTpUUECKuUit TOk, mpelcTaBnsowHi coboii Hampas-
NEHHOE ABWIKEHHE SJIEKTPHYECKUX 3apAfoB (3NEKTPOHOB, MPOTOHOB), obnazaet
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KMHETHYECKOH 3Hepruei. Jina toro 4robei I'epit Mor o6Hapy #HTh 3TO, Hafo GbLIO
MOBLICHTL TOYHOCTH €r0 3KCMEPUMEHTA B ThicAYHM pa3.) [Tomy4eHustii pesynsrar
COBMAN C TOYKOH 3peHHA [enbMroNbIa, XOTH H OLIHGO4YHOM, HO B cnocoGHOCTAX
mononoro l'epua on ne omuGes. «S yBuaen, 4yto MMEN Aen0 ¢ yHEHHKOM COBEp-
WEHHO HEOOLIYHOro AapoBaHMs» — OTMedan oH mosanee. PaGota Iepua Gbina
yJIOCTOEHA MPEMHH.

BepHyBuince nociie nethux KanHkyn 1879 ropma, epu mobuncs paspeireHus
pabotate Hag Apyro# Temol: «O6 MHAYKUHH BO BpAILAIOUIMXCA TENaXy, B3ATOH B
Ka4eCcTBE JOKTOpcKoi auccepranmy. OH npefinonaran 3aBepiuTh ee 3a 2—3 mecalla,
JAHIMTHTE M TIOCKOPEE TIONYUHTh 3BaHHE JIOKTOPA, XOTH YHHBEPCHTET €llle He Gin
3akon4eH. Paboran ¢ Gonbuinm nopseMom H BooAyuieRnenueM, Iepil Gbictpo 3a-
KOHYHJI HCCeAORAHHE. 3ALHMTA NPOLINA YCTIETHO, H eMY MPHCYIHIIK CTENEHD 0K~
TOPA «C OTIIHYHEM» — ABJICHHE HCKNNIOYHTENIBHO PEAKOE, TeM Gosiee U CTYAEHTA.

C 1883 no 1885 roa Tepu 3aBenosan kadeapoit TeoperHueckod QU3IHKH B
npoBHHIMaNEHOM ropoake Kune, rae coscem He 6Gruto ¢usuueckoii naboparo-
pHH. ['epul pemnn 3aHUMaTLCA 31€Ch TEOPETHYECKHMH BonpocaMH. OH koppekTH-
PYET CHCTEMY YPABHEHHS 37EKTPOAMHAMHKH OJIHOTO W3 SIPKHX NpefcTaBurened
naneHoneicTeua Heiimana. B pesynwrtare sroif paborel [epu Hanucan cBolo cHe-
TEMy YpaBHEHHH, H3 KOTOpO# Jierko monydanoch ypaBHeHne Maxcsenna. I'epu
pa304apOBaH, BeJib OH NLITANCA NOKA3ATh YHHBEPCAILHOCTL JEKTPOAHHAMHYE-
CKOW TEOPHHM NpeAcTaBHTeENeH AanbHOAeHCTBHA, a He Teopuu Makceenna. «Jlan-
HblH BBIBOJ HENB3 CUHTATL AOKA3ATENHCTBOM MAKCBENIOBCKOH CHCTEMBI Kak
€AAHHCTBEHHO BO3MOXHO», — NENaeT OH Ais cebA, Mo CyilecTBy, YCNOKaHBaio-
WHI BEIBOA.

B 1855 roay I'epu npHHUMAET npHCHAlIEHHE TeXHUYECKOH wkonst 8 Kapne-
py3, rae 6yayT NpoOBEAEHH €ro 3aMeHdaTesNbHbC OMBITH MO PacipOCTPaHEHHIO
anextpryeckoi chinl. Emte B 1879 rogy bepnutckas akanemus Hayk MocTaBHia
3afavy: «[loka3aThb 3kcnepUMeHTANbHOE HANH4YHE KaKoi-HHOYAb CBA3M MEXIY
3NEKTPOAHHAMHYCCKHMH CHJIaMu H IM3NEKTPHYECKOi nonapu3anueii NHINeKTpH-
koB». [Ipeapapurenshble noacueTsl I'epua nokasanu, Yyto oxuaaemsii 3ddext
6yner oueHb Man JiaKe MpH cCaMbIX GNaronpHATHMX ycnosuax. [loatoMy, Buau-
MO, OH H OTKasaiCs oT 31oif paGoTal ocenblo 1879 roga. OnHako oH He mepecTa-
BaJl AYMAaTh O BO3MOXHBIX MyTAX €€ PEWICHAS H NPHLIEN K BHBOAY, YTO M 3TOTO
HYXHE! BHICOKOYACTOTHRIE INEKTPHYECKHE Konebanns.

lepu TiaTenbHO H3y4HA BCe, YTO GBLIO H3BECTHO K STOMY BPEMEHH 00 37iek-
TPOTEXHHYECKHX KOJIEDAHHAX H B TEOPETHYECKOM, H B IKCNEPHMEHTAIBLHOM IIa-
nax. Haiing 8 ¢gusnueckoM kaGuHere TexHHYECKOH MIKONB napy HHIYKLUHOHHBIX
KaTyIIeK, H MPOBOJA ¢ HAMH NIEKUMOHHEIE JieMOHCTpauHH, ['epu o6uapyxun, uro
€ HX MOMOUBI0 MOXHO OBUIO MONY4YHTh OBICTpBiE 3NEKTpHYeckde KonebaHnz c
nepuonoM 10-8 c. B pesynstare axcnepumenToB I'epil cozgan He TOJNLKO BbICO-
KOYACTOTHHIH reHepaTtop (HCTOYHWK BHICOKOUACTOTHHIX koneDauwuii), HO M pe3o-
HATOP — MPHEMHHK THX KONeOaHHit.

I'eneparop 'eptia cocTosn W3 HHAYKUHOHHOH KaTYLIKH H NPHCOETUHEHHBIX K
Heil NpoBOJIOB, 06pa3yIOLUX pa3pAAHKIH MPOMEXYTOK, PEIOHATOP — H3 MPOBOA2
npAMoyronsHoi ¢opMbl M ABYX IIAPHKOB Ha €ro KOHLEAX, Takke obpasyoluux
Pa3pAAHBI MpoMexXyToK. B pesyibTare npoBecHHBIX onbiToB ['epil o6HapyxHi,
4TO €CJIH B reHepaTope 6yyT MPOHCXOAHTH BHICOKOYACTOTHHIE KosebaHHs (B ero
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paspsAHOM TPOMEXYTKE MPOCKAKMBANA HCKpa), TO B PAa3pPSAHOM TNpPOMEXYTKe
pe3oHaTopa, YAaleHHOM OT reHepaTopa Jaxe Ha 3 MeTpa, Toxe OyayT MpocKaku-
BaTh MaleHbkHe HCKpbl. TaknM ob6pasoM, Hckpa BO BTOpo# LienH Bo3HHKana 6e3
BCAKOTO HEMOCPEACTBEHHOTO KOHTAKTa ¢ NepBoi Lenblo. KakoB e MeXaHn3M ee
nepenaun? Unun 310 anekrpuueckas HHAYKLMSA, cOriacHO Teopun Makcsemna? B
1887 roxy [epu noka Huuero eme He roBOPHT 00 BNEKTPHHECKHX BOJIHAX, XOTA
YKE W 3aMETHJI, 4TO ABJIEHHE TeHepaTopa Ha MPUEMHHK OCOOEHHO CHIIBHO B CITY-
Yae pe3oHaHca (yacToTa KonebaHuii reHepaTopa coBmagaeT ¢ coOGCTBEHHOM Hac-
TOTOIi pe30HaTOpa).

TIpoBeas MHOTOUMCIIEHHBIE OMBITHI MPH Pa3NHYHBIX B3aHMHBIX MOJOXKEHHAX
reHeparopa U NpHeMHHKa, I'epll MPUXOANT K BEIBOAY O CYUIECTBOBaHHH 3JIEKTPO-
MarHMTHBIX BOJIH, PaclpoCTPAHSAIOIUXCA € KOHEUHOH ckopocTho. Byner nu Bon-
Ha BecTH ce6a kak cBeT? U [Cepll MpOBOANT TINATENBHYIO IPOBEPKY 3TOrO npen-
nonoxernd. Iociae H3yueHNS 3aKOHOB OTPaKkeHHS H MpENOMIIeHUS, MOche ycTa-
HOBJIEHUS MONAPH3ALHH W W3MEPEHHA CKOPOCTH 3NIEKTPOMAarHMTHBIX BOJH OH
JIOKa3an MX MOJHYIO0 aHaJIOTHYHOCTb CO CBETOBHIMH. Bce 310 6BUTO H3NOXKEHO B
pabote «O nyuax aneKTpHUECKOil CHUNLIY, BhiLeaweii B fekabpe 1888 rona. Drot
rOJl CYMTAETCA TOJOM OTKPHITHS NEKTPOMArHHTHBIX BOJIH M 9KCIIEPMMEHTANIBHO-
ro MOATBEPXJEHHA TeopHH Makcsenna. B 1889 roay, BuicTynas Ha che3sie He-
MeUKUX ecTecTBOMCIEITaTenei, I'epl| roBopui: « Bee aTH OMBITH 04€Hb MPOCTHI B
NpUHUKIIE, TEM HE MEHEe, OHH BIIEKYT 3a coboii BaxKHeiiuime HecnenoBaHus. OHH
pyluaT BCAKYIO TEOPHIO, KOTOPas CHUTAET, UTO MEKTPHUECKHE CHITbI MEPETIPLITH-
BalOT MPOCTPAHCTBO MrHOBeHHO. OHW O3HaqalOT Gnectsilyr nobexy TeopHH
Makcgenna. Hackonsko ManoBepOsTHBIM Ka3aloch paHee ee BO33peHHE Ha CYIL-
HOCTE CBETA, HACTOJLKO TPYJHO Temepb HE Pa3fe/UTh 3TO BOIIPEHHEN.

Hanpsxennast pabora I'epua He npolina Ge3nakaszaHHo s ero u 6e3 Toro
cna6oro 3n0posbs. Hauanoce obiiee 3apaxkeHue KPOBH, OT KOTOPOro M CKOHHAINCH
3HAMEHHUTHIH yxe B cBOH 37 neT yyeHbtit 'enpux I'epu.

Teply 3aBepinn OrpoMHEIH Tpya, HavaTwiil Papaneem. Ecin Makcsenn obpa-
3osan npeacrasneHus Papanes B MaremaTnueckue o6passl, To [eplt mpespaThi
9TH 06pasbl B BHAMMBIE H CITBILIMMBIE 3JIEKTPOMAarHHTHBIE BOJIHBI, CTABLIHE EMY
BeYHbIM MaMATHHKOM. Msl nomunM I [epua, koraa crymaem pagHo, CMOTPHM
TeneBu3op. M He ciyuaitHo nepBbIMU CIOBaMH, NEPENAHHBIMH PYCCKHM (hH3HKOM
A. C. INonosem no nepsoii 6ecripoBosioyuHoli ca3M 6uinn: «'enpux [epuy.

¥Ypok 54. Coznarenu 6ecnposoaHoii ceasu. Paguo

Lenb: u3yIUTE TEXHHYECKYIO CHCTEMY PAIHO.

Xon ypoka

L. Opranu3aiMOHHbIH MOMEHT

I1. TToBTOpeHuUe
— Yo Ha3wBIBAaETCA DNEKTPOMArHATHOH BOJIHOA?
—  Yto ABNAETCHA MCTOUHNKOM BIIEKTPOMArHUTHEIX BOJH?
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— Kak JOKHBI JABHTATHCA HACTHLEI, YTOOBI OHH H3NYyYalu 3JeKTpo-
MarHUTHBIC BOJIHBI?

— Hayeptute cxeMy U OOBIACHHTE MPHHLNI JEHCTBHS OTKPRITOTO KO-
ne6aTensHOTO KOHTYpa.

— Kak ycrpoen subparop I'epra?

— . Kaxos npuHumn pa6ots! BuGpatopa I'epna?

II1. U3yyeHue HOBOro MaTepHaaa

BecnipoBonounas Tenerpadus (Tak IepBOHAYANBHO UMEHOBAIACH pa-
JUOCBS3b) ABJIANACH OJHUM W3 BENHYAHIINX H300pETEHHI B HCTOpHH
HayKH H TEXHHKH.

H3zobpereHue pagyio — 3T0 IMpUMEp NPEBPaLCHHS HAyKH B Hellocpe-
CTBEHHYIO IPOU3BOJUTENLHYIO CHITY.

K 1895 r. TenerpadHbie NpoBoja y)Ke ONMOACATH BeCh 3eMHOM LIap, HX
NPOTAHYJIH Jiaxe 10 JHy okeaHoB. IlonTopa MHUILIHOHA TenedOHOB ObLIO
K KOH1ty Beka Tossko B CILIA. Ho ocHOBHBIE 3aTpaThl IpH CTPOUTENHCTBE
HOBBIX JIMHHHA CBA3H OBUIH ONpencleHbl CTOMMOCThIO Kabeneii, cpenct-
BOM Tiepefiayd HHGOPMAIHMH ABNANICA 3eKTpH4eckHil Tok. Ha coopyxe-
HHSA CBS3H YXOMWIH LENble TOPHI MeTaILTOB. Mes oCyIiecTBICHNS CBA3H
6e3 MpOBONOB Yy’ke HOCHIIACH B BO3AYXE.

JIroboe n3obpeTeHNE eaeTcs Ha OCHOBE HAYYHBIX OTKPHITHIA.

« Mapaneil OTKPHUT ABNCHHE DICKTPOMAarHUTHOH HHIYKIHH.

* JHk. MakcBenn co3fall TEOpHIO SJIEKTPOMarHUTHOTO MOJIS.

e I'. 'epiy 3KCNEPHMEHTANBHO JOKa3aJl CYMIECTBOBAHHE BJICKTpOMar-
HHTHBIX BOJIH.

* O. Dpaniu cCkOHCTpYyHpOBaNl HHAUKATOP 3JEKTPOMATHUTHBIX BOJH
(panuokoHyKTOp). M3yyadq cBoiicTBa METANTHYECKHX MOPOLIKOB peart-
poBaTh Ha 3JICKTPHYECKHE Pa3psiibl, MPOBEN ONBIT: Ha H30IHPOBAHHYIO
MOACTaBKY MOJOXHU JBE HECONpHUKacatollHecs MeTATHYEeCKHE MIaCTHH-
KH, TOBEPX KOTOPHIX HACHIIAN TOPKY XENE3HBIX OMMIOK, TAK YTOOB! KOH-
B! MJACTHHOK OBUIH MOKPHITEL. MEXAY IIacTHHKaMH IMOCHEOBATEIBHO
BKJIIOYHII 3NEKTPHYECKNH 3BOHOK. TaK KaK COMPOTHBIEHHE OMNHIIOK
fosbiioe — 3BOHOK He 3BOHMI. OJNHAKO IPH BO3JEHCTBHH JMEKTpOMar-
HUTHOH BOJIHBI, HAIPHMEP OT BO3HHKIIEH HENOZANEKY UCKDPHI, COTIPOTUB-
JICHHE OIMIIOK PE3KO MaJialo.

(eMoHcTparus onsita bpannn.)

* H. Tecna npennaraer aHTeHHY JUIA NEpeJaTIHKA.

* O. Jlomx. Cosepiuenctayet npubop bpannu.

Pe3koe yMeHbIIEHHE CONPOTHBIICHHS OMUIIOK CBA3aHO C X CIIEKAHH-
eMm. Korzma Tok 60p110ii — 3BYyKOBOIH CHTHANl €CTh, HO Ha HOBBIi CHrHaT
YK€ HeT HUKaKO# peakuum.
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O. Jlomk npepnoxw! Npoctoe BerpsaxuBaHue. s perynspHoro
BCTPAXHBAHUA HCIONbL30BANCA YacCOBOH MEXaHW3M, NOCTYKHBaIOLINA
KOHCTPYKLMIO MOJIOTKOM, Ha3BaHHBIN KOT€pepoM.

A. C. TlonoB npemnoxun COOCTBEHHYIO KOHCTPYKLHIO Korepepa.
CrexisHHY1I0 TpyOKy, BIOJIb BHYTPEHHHX CTEHOK KOTOPOH Ha paccrosi-
HHM 2 MM JpYr OT ApYra NpHKJIEHBAITUCH NMONOCKHU IUIATHHBI, TOBEPX Ha-
CHIMANNCh METAJUIHUECKHE ONMMIKK. Tpyba 3aTelkanach ¢ ABYX CTOPOH.
BerpsxuBaTh korepep nmocie KakJA0ro CHrHala MPUXOAWIOCH aBTOMAaTH-
YECKHM MOJIOTOYKOM 3BOHKA.

Ilpuemnuk cHabGxancs aHTEHHOH B BHJE BEPTHKAIBHOTO MpPOBOJA
JUIMHOH 2,5 M — 3TO PEerHCTPHPYIOLIHI CHTHA.

Xon cobuITHH
A. C. llonos:

* 1895 r. — nepenaua paauocuruana Ha 60 M (paHHss BONHA);

* 1895 r. 7 mas (25 anpens) — MPOAEMOHCTPHPOBAaH NEPBHIH B MUpE
PalHOCEanC C nepeaayei ¥ NPUEMOM KOPOTKHX M JUIHHHBIX CHTHAJIOB Ha
3acenanun  Dusnyeckoro otaeneHus Pycckoro (pM3HKO-XHMHYECKOTO
o01ecTna;

» 1895 r. — A.C. Tlonos y4actroBa1 B pabote HuxeropoAckoi sp-
MapKH B Ka4€CTBE MHXKEHEPa-3NEeKTPOTEXHHKA;

* 1895 r. (ocenn) — y3Han 06 otkpbiTis K. Pentana.

* 1896 r. (aHBapb) — M3TOTOBHJ NEPBYIO B POCCHH PEHTT€HOBCKYIO
TpyOKYy, C MOMOIIBIO KOTOPOi XkeHa [lonoBa — Bpay — NoJyynna nepBsli
B OTCYECTBEHHOH MEIMIIMHCKOM NPAaKTHKE PEHTTEHOBCKHH CHUMOK;

+ 1896 r. (aHBaph) — BHIILIA CTaThA MO AoKiany 25 anpens 1895 r.,
rae ObU1a NoAYepKHYTa NpaKTHUECKas HanpaBieHHOCTh npubopa. Ctarbs
cTajla TJIaBHBIM KOPHAMNMECKHM JOKYMEHTOM, KOTOpBIH 3a(yHKCHpOBa
cojiepaanue U narty k3obperenns. (Tam xxe ObIsI0 MPUBEICHO OMHUCAHHE.)

* 1896 r. 24 mMapra — BNepBHIE B MMPE OCYLIECTBHI PaJHOCBA3b Ha
paccroanun 250 M, nepenaB paauorpammy - asbykoii Mopse «[enpux
Tepiy;

* 1897 r. (Ha4asno roja) — OCYLIECTBIEHA CBA3b MEXAY KPOHINTAAT- |
cknM GeperoM u xopabneM Ha paccTosHHM 640 M;

+ 1897 r. (n1eT0) — CBA3bL HA PACCTOAHHM 5 KM; :

* 1896-1897 rr. — nox pykosoacreom A.C. Tlorosa ckoHCTpyHpoBa-
HBI NIEPBBIE BOCHHBIE MPHEMHO-NIEPEAAIOIIHE PAAHOCTAHIINH C HCKPOBB!- |
MH MEepeIaTYHKaMHK;

* 1900 r. - 3ansncs ocHanieHMeM kopabneid poceniickoro ¢nora cpen-
ctBamu cBa3u B Kponmranre. Tlepebiii ke oOMen paavorpamMmmamu co
CTaHIMAMH TIO3BOMMI cracTH Oonbiyio rpynny peibakoB M OKa3aTh MO- )
Mok 6poHeHocly «I'eHepan-aiMHpan ANPaKkCUH», CEBLIEMY HA KAMHH.

™
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* 1900 r. — UCHOBITaHHE TIOXOAHBIX APMEHCKHX PATHOCTAHIMII B rToJe-
BBIX YCIOBHSX;

* 1900 r. (Hos6pb—aexadpb) — OpraHU3OBAHBI pafHOTENePOHHBIE Mac-
TEpPCKHE; .

+ 1901 r. — ycTaHOBKa paJHOCTaHLMH Ha Kopabiie YepHOMOpCKOH 3¢~
KaJIpbi;

+1901 r. — IOCTUrHyTa JaILHOCTh paguocBs3u Ao 1500 kM;

+ 1901 r. — BrIGpaH npodeccopom IleTepbyprckoro ek TpoTeXHHYE-
CKOTO HHCTHTYTA;

* 1905 r. — BeI6paH aupekTopoM [leTepOyprckoro anekTpoTexHUYe-
CKOTO MHCTHUTYTA;

+ 1906 r. 13 ssHBapsA — CKOPONIOCTHXHO CKOHYANCS.

I'. Mapxonu:

« 1894 r. — 3HakomuTCs ¢ pabotamu I'epua u bpannu,

* 1895 r. — ocyuIECTBUA IepefayH CHTHAJIa B Mpejienax «y4acTKay.
OnsIT IpoBeJieH B ycannbe poauTenei;

+ 1896 r. — mpHBe3 NPOEKT B AHIIHIO, MPEUTOXKUA HUCTIONb30BATh IS
fiepeJlay CUTHAJIOB;

* 1897 r. — nony4yMn aHTIMACKUH naTeHT Ha «CucTeMy rmepeaays pa-
JMOCUTHANOBY Y Hepelall yCTOMUMBE CHrHan yepe3 bpHcToNbCKMi Ka-
Hai (9 MuUIB): OPraHM30BaN aKUMOHEpHOE OOLIECTBO MO pacrpocTpaHe-
HVIO PAiN0 KaK CPEACTRA CRA3Y,

* 1899 r. — ocymecTBHn cB43b Ha 50 kM. [lony4un nmpeumyliecTBO Ha
ocHamteHue kopabnei. lansHocts cBs3u — 100 km;

¢ 1900 1. — mpeaJIOKUI HOBYIO CXEMY HAcTpOHKH, MOBBICHN Jalb-
HOCTh CHUTHANA M TOUHOCTL. CBa3p — 10 1000 xM;

¢ 1901 . — ocymIecTBIEHA CBA3b Yepe3 ATIaHTHYECKHH OKEaH;

« 1903 r. — pansHoCTh gocturaa 10.000 ku;

* 1909 r. - Bmecte ¢ npodeccopom K.®@. Bpayuom ynoctoen HoGe-
JIGBCKOM rpeMuu B 06J1acTH GHU3NKU 32 pacillMpeHHe BO3MOXHOCTEH pa-
JMorepenaTyuKka;

¢ 1921 r. — BHEpBBIE OCYINECTBUI PETYJSAPHYIO PajHOCBA3b MEKIY
EBporno#i u AMepHKoit,

« 1934 r. — cran npe3uaeHTOM MranesHckol akaneMun Hayk;

* 1937 r. 20 nrons ymep.

IMoapobumii foknan o pabore Mapkonu cnenan B. Tlpuc, okazasuruii
eMy nomouipio B pabotax. Cxema npueMuuka I'. MapkoHu 3a Mckmiode-
HHEM BTOPOCTENEHHBIX AeTaneil nolHocThIo noBTOpseT cxeMy A. C. Tlo-
ToBa.

B 1895 r. A. C. Tlonos, 3a n8a rona 1o BeiAayu mateHra Mapkony,
co3nan cuctemy Teaerpaduu 6e3 npoBoJAOB, CHCTEMY PaIHOCBA3H.
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A. C. Tlonos mocne poknana B. ITnpca o6 uso6petenmu I'. Mapkonn
HanpaBuN cTathio B aHrnuiickuil xypuan «The Electrician», B xoTopoii
omucal CBOU paboThl M OTMETHI, 4TO IpHeMHHK MapkoHH He oTnHyaeTcs
OT ero NpUeMHHKa, CO3MaHHOro B Mae 1895 r.

IlerepOyprckas raseta «HoBoe Bpemsa» oOBHHMIA B «HEYMECTHOH
ckpomuocTi» A. C. TomoBa, Tak Kax OH Mano nHcain 0 cBoeM H300pere-
HHH, HO Y4EHbIIT OBUI CBA3aH 0043aTeIbCTBOM XPAaHUTh TaHHy CO3aBacMoit
UM CHCTEMH Tenlerpadun 6e3 npoBojIoB 1g BoeHHOro ¢siota Poccun.

B saxrogeHHe 0TBeTHTE Ha BONPOC:

Tak x10 k€ u306pen panno?

IV. ITonBenenne HTOroOB ypoKa

Jomaninee 3a7anne
m 51.

JononxuuTeaLHbIA MaTepHan

Pyccko-anoHckas BoiiHa cTana MectoM 60eBOro NpUMEHEHUs paaHocBizn. B
LfycHMCKOM CpakeHHH y AMOHLEB CBA3b OblMa HamHOro >(ddexTHRHEe. A cTano
OuTh, 30 dekTHBHEE 6b1M0 YIIPaBAATH 60eBBIMHM Kopabnsamu. PycckHe ke NmpakTH-
YeCKH NI0TEPANH CBS3b B 6010, YTO NPUBENO K 10TEPE YNPABACHHS H HHULHATHBEL.
B pesynbTate snoHckuii GnoT okpy>xun scxaapy Poccum, pacctpenan Hatiu ko-
pabiiy NOOAUHOUKE, U CpaKEHHE 3aKOHYHIOCH PA3rpOMOM poccuiickoro dnoTa.

PaauocBAsb B 3TOM CpaXXe€HNH PYCCKHMH TOYTH HE MCTIONB3OBANACh M3-32 He-
JIOOLEHKH €€ PONH KOMaHQOBAHHEM, YTO CTaslO MPHUHHOH HECNaXEHHBIX AeiCT-
Bl kopabneii. PagucThl pycckux kopabnedi nepen sxoaom B Llycumcxuit nponus
NPOCAYIUIHRATH PabOTy AMOHCKUX KOPaGENbHBIX PAAHOCTAHLMIA U MOTJIH CBOMMH
nepeaaTyNKaMH NMoMellaTh e, Ho koMaHaylotHi dutorom agmupan 3.I1. Poxae-
CTBEHCKHi1 He pa3pelu Toro caenars. Llycumckoe Mopckoe cpaXeHHeE, ¢ 0HOH
CTOPOHBI, YKA3a/I0 Ha OCTPYIO HEOOXOAHMOCTb PaRAHOCBA3H JUIS YTIpABNICHHA 6oe-
BRIMH JICHCTBHAMH Ha Mope, ¢ ApYroii CTOPOHEI, MPOWJLTIOCTPHPOBAIO HENOHH-
MaHHe KOMaHJOBaHUEM pOJH palTHoO U HEYMEHHE UM TNoNb30BaThed. Pasrpom pyc-
cxoro GnoTa npefonpefenun nopaxkernne PoccHu B Pyccko-anoHckoi Bofine. OH
ToKasal, YTo TEXHHUKA ONpPEAENACT TAKTUKY B BOGHHOM Jiefne.

IIpoTHBHHKH Poccus Snouus
Boegvre kopabau 30 131
Opyousn 228 910

®naxkH, GOHAPUKH, B ocHoBHOM,
Censze
CHrHansHble haxens PAHOCBSA3b

Pacnpocrpanenve paAHOBONH
CaMuiit npocToii cnyyaili — 3TO pacnpocTpaHEHHE PaJHOBOJHBI B CBOOOIHOM
NPOCTPaHCTBE. Yke Ha HEGONBINOM PacCTOAHHH OT PaIHONEPENATHHKE ETO MOK-
HO CUMTaTh TOYKOH. A €CJTH TaK, TO QPOHT PaRHOBONHB! MOXHO CHMTATh chepH-
yeckuM. Ecin MBI IpOBEIEM MBICTIEHHO HECKONBKO Chep, OKPYKAOLIMX pagHo-
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nepeJaT4iK, TO CTAHET ACHO, YTO NPH OTCYTCTBUH TNOTNOILEKHUS SHEPTHSA, TIPOXO0-
asimas uepes cdepsl, 6yaeT ocraBaThca HeHsMeHHoOM. Hy, a noBepxHocTh cheph
MpONOpPLHOHANIBHA KBaApaTy paauyca. 3HAUHT, WHTEHCHBHOCTb BOMNHEBI, T. €.
3HEpryd, MPHXOAALIAACH HA eAMHULLY IUJIOWAAH B €IMHHIY BpeMeHH, 6yler ma-
JaTh MO Mepe YIalneHHS OT MCTOYHHKa OoO6paTHO MpOMTOPLHOHANBLHO KBaJpaTy
paccToSHHS.

KoHedHo, 3T0 Ba)XHOE NPaBHJI0O NPHMEHHMO B TOM CJIyYae, €CIM He TIPHHSTHI
crenHanbHbie Meph! IS TOTo, YTOObi CO3AaTh Y3KOHAMpPAaBNEHHbIH NMOTOK PajHo-
BOJIH.

CyecTBYIOT pa3iiHiHble TEXHHYECKHE TPHEMBL [UIA CO3JaHHs HanpaBNeHHBIX
paguonydeii. OHH U3 CrIocobOB pelileHUs 3TOH 327a4H COCTOMT B HCIONB30Ba-
HUH NMPaBHIBLHOM PELIETKH aHTeHH. AHTEHHBI JOJDKHBL OBITH PACMOJIOKEHBI TaK,
4TOGBI MOCBLTAEMbIE UMH BOJTHBI OTTIPABAANNCE B HY3HOM HANpaBleHUH «rop6 K
ropby». Jlng 3Toii ke 1enH HCMoNb3yIOTCs 3epKana pasHoi HOpMBI.

PaauoBONHLI, MYTEIECTBYIOLIHE B KOCMOCE, 6YNYT OTKIIOHATBCA OT NMPSMO-
JMHEHHOTO HAMpPABIEHHS — OTPAKATHCA, PACCEHBATHCA, TIPETOMIATLCA — B TOM
Cllyqae, eclli Ha WX MyTH BCTPETATCA MPENATCTBUA, COM3MEPUMBIE C ITHHOH BOI-
HbI ¥ 1K€ HECKOJIBKO MEHBILIHE.

Haunbonelinii MHTEpec mNpelCTaBAseT IUIA HAC NOBEACHHE BONH, HIyIUHX
BOJMU3M K 3€MHOI MOBEPXHOCTH. B KaX10M OTHAENBHOM Cllyyae KapTHHa MOXET
6bITh BeCbMa CBOE0OPa3HOM, B 3aBHCHMOCTH OT TOTO, KaKOBa JJIHHA BOMHBI.

KapanHanbHy1o posib HFpaloT 3JIeKTPHYECKAE CBOHCTBA 3eMIIH H aTMOC(EpBL.
Ecnu nosepxHOCTh cnocobHa NMPOBOAUTE TOK, TO OHA HE OTNYCKaeT oT cebs pa-
JMOBOIHBL, DNEKTPHYECKHE CUIIOBBIE JTIHHHH 3JIEKTPOMArHUTHOTO TIOM MOAXOAAT
K MeTamny (1mpe — K 11060My NPOBOAHHKY) MO MPAMBIM YIJIOM.

Teneps npeacraBsTe cebe, 4TO pagHonepesada MPOUCXOAUT BOIU3N MOPCKOi
MOBEPXHOCTH. Mopckas BoJZa CONEPXKHT PacTBOPEHHBIE COJNH, T. €. ABIAETCH
3JeKTPONUTOM. Mopckas Boia — MPEBOCXO/IHBIH MPOBOAHHK ToKa. [1o3TOMY oHa
«AEPAKUT» paTHOBONHY, 3aCTABJISET €€ ABUTAaThcs BAOIb NOBEPXHOCTH MOPS.

Ho u paBRUHHAf, a Tak Xe€ JeCUCTass MECTHOCTH ABIAIOTCA XOPOIIHMH Mpo-
BOJHHKAMH [/ TOKOB HE CIMILKOM BHLICOKON 4acToThl. MHBIMH cnoBaMH, and
JUTMHHBIX BOJIH JieC ¥ paBHHHA BeAyT cebd Kak MeTasul.

TTo3ToMy ANHHHBIEC BONHBI YAEPXKHBAIOTCA BCEHl 3€MHOM MOBEPXHOCTBIO H
cnoco6Hu 060orHyTh 3eMHOMM ap. Kctath roBops, 3TUM cnocoboM MOXHO OFipe-
JENHUTh CKOPOCTh PAafHOBOJIH. PanuoTexHHKaM H3BECTHO, YTO Ha TO, 4TOOBI 060-
THYTb 36MHOI 1wap, paauoBoiHa 3atpauuBaet 0.13 ¢. A kax xe ropsi? Hy uro xe,
JUIS JJTHHHBIX BOJIH OHY HE CTOJb YK BBICOKH, H PafiHOBOIIHA JUTHHOI B KMIOMETp
6ontee UK MeRee cntocobHa 06OrHYTh ropy.

Yto e KacaeTcs KOPOTKHX BOJH, TO BO3MOXHOCTb JAlbHEro pagHonpHeMa
Ha 3THX BoNHax obf3ana HanHumio Han 3emneii monocdepnl. ConHenHble Ny4H
obnanaT cnocoGHOCTEIO paspyIUATh MOJEKYNBI BO3AyXa B BEPXHHX obnacTax
atmoceprl. Monekybl NpeBpallialoTcs B HOHBE U Ha pacctosHiu 100-300 kM ot
3eMIH O6pasylOT HECKONIBKO 3apAXEHHBIX CoeB. Tak 4TO AnA KOPOTKHX BOIH
TIPOCTPAHCTBO, B KOTOPOM JIBHXKETCH BOIIHA, ~ 3TO CIOH AUAMEKTPHKA, 32XATOrO
Mexy ABYMSA TIPOBOAALIMMH MOBEPXHOCTAMH.

[TockonbKy paBHHHHAA W JIECHCTaA TIOBEPXHOCTH He SBNAIOTCA XOPOIIMMH
MPOBOJHUKAMH JUI KOPOTKHX BOIIH, TO OHH HE CMOCOGHBI HX yaAepxath. Kopot-
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KHe BOJIHBI OTMPaBIAIOTCA B CBOGOAHOE MYTELIECTBHE, HO HATBIKAIOTCSA Ha HOHO-
chepy, OTpaXkaroUlyo HX, Kak MOBEPXHOCTh METAIA.

HoHu3zauns HoHOChEph He OJHOPOOHA H, KOHEYHO, Pa3IM4HA JHEM M HOUBIO.
[To 3TOMY TyTH KOPOTKHX PAJHOBOJH MOTYT OBITH CAMBIMH pPa3znH4HBIMH. OHU
MOTYT NOGpaThCA O BALIETO PAIMONPHEMHHMKA H MOCE MHOTOKPATHBIX OTpaxe-
Hul ¢ 3emneil U woHocepoi. Cyapba KOpOTKOH BONHB! 3aBHCHT OT TOTO, MOX
KaKHM YTJIOM MOMNajaeT oHa Ha HOHOChEepHBI cnoi. Ecnu aToT yron 61m3ok k
MPAMOMY, TO OTpaXK€HHE He MPOH30HIET U BONHA YHAET B MHPOBOE MPOCTPAHCT-
Bo. Ho 1aie HMeeT MeCTO NOJIHOE OTpaXeHHE W BOJIHA BO3BpALllaeTcs Ha 3eMIlo.

JIns ynbTpakopoTKHX BOJIH HOHOCGepa mpo3payHa. [ToaToMy Ha 3THX JUIHHaX
BOJIH BO3MOXEH pajHONpHEM B TNpefesaxX NpAMOH BHIMMOCTH WIH C NMOMOILILIO
cnyTHHKOB. HanpaBiiss BONHY Ha CIyTHHK, MBI MOXXEM JIOBHTb OTPaXEHHBIE OT
HEro CUrHambl Ha OTPOMHBIX PACCTOSIHHSAX.

ChyTHHKH OTKPBUIH HOBYIO 3MOXY B TE€XHHKE PagHOCBA3M, obecrneudB BO3-
MOXHOCTb PAAHONpPUEMA U TE€JIEBU3HOHHOTO NMPUEMA HA YJIBTPAKOPOTKHX BOJIHAX.

HHTepecHEIe BO3MOXHOCTH MPENOCTABNAET Nepenaya Ha CAaHTUMETPOBBIX, MMJI-
JIMMETPOBBIX H CYOMHJITHMETPOBBIX BOJIHAX. BOJHBI 3TOH MIMHBEI MOTYT MOIIO-
matscs atMocdepoii. Ho, okasbiBaeTcs, HMEIOTCS «OKHa», H, MOJ0OPaB HY>KHBIM
o6pa3oM JIMHY BOJIHBI, MO>KHO HCTONBb30BATh BOJIHBI, 3aJI€3al0LUIMe B ONTHYECKHI
nuanasoH. Hy, a JOCTOWHCTBA 3THX BOJIH HaM H3BECTHBI: B MaJIblii BONHOBOH HH-
TEPBAT MOXHO «BJIOXHTbY» OTPOMHOE YHCIIO HEMEPEKPhIBAIOIMXCS Nepeaay.

C yueToM ocobeHHOCTeH pacnpocTpaHeHHs, reHepalMy H (0THaCcTH) HU3Nyde-
HHUS BeChb JMANa3OH PajiHOBOJNH NPHHATO AENUTh HA PAJ MEHBIIHX AMAMA30HOB:
CBePXJUTHHHbIE BOJIHBI, JUTHHHBIEC BOJIHBI, CPEAHHE BOJIHBI, KOPOTKHE BOJHBI, MET-
pOBBi€ BOJIHbI, NELIMMETPOBbIEC BOJHbI, CAHTHMETPOBBIE BOJIHbI, MHILIIMETPOBbIE
BOJIHBI H CyOMUIITHMeTpoBble BOMHB (Tabn. 1). [lenenue paguoyactor Ha quama-
30HB B PaJHOCBA3H YCTAHOBIEHO MEXIYHapOJIHbIM pErjiaMeHTOM paJHoCBA3H
(tabn. 2). Bee 310 odulManbHble, 4eTKO OTIPAHHYEHHbIE YYACTKH CIIEKTpa.

B To >X& BpeMS TEpMHH «IHana3oH» B 3aBHCUMOCTH OT KOHTEKCTa MOXET
NPUMEHATHCA INIA 0003HAYEHHS KaKOro-TO MPOM3BOJNBHOIO Y4HacTKa pajHo-
BOJIH/PaHOYACTOT (HAMPUMED, «IIOOUTENbCKHI JUANA30H», «IHANA30H TIOJBHXK-
HO#M CcBA3MY, «aHana3oH low band», «auanason 2,4 I'Tuy U T. 1.).

Tabruya 1

JeseHue Bcero AMana3oHa pagHoBOJH HA MEHbIIHE THANA30HbI

H Anuna Yacrora xoJiebanuii,
a3BaHHe MOJAMATIA30HA

BOJIHbI, M '
CBepXJUIHHHBIE BOJHEI, M Bonee 10° Mesee 3-10°
JUTMHHBIE BOTIHBI, M 10°-10° 3-10°-3-10°
Cpennue BOMHBI, M 10°-10° 3-10°-3-10°
KopoTkue BONHEL M 1010 3-10°-3-10’
MeTpoBbie BOIHBI, M 10-1 3-10"-3-10°
JlenMeTpOBEIE BOJIHBL, IM 1-0,1 3-10%-3-10'°
CaHTUMETPOBbIE BOJIHBI, CM 0,1-0,01 3-10'°-3-10"
MunnuMeTpoBble BOJHBL, MM 0,01-0,001 3-10""-3-10™
Cy6GMIUITHMETPOBBIE BONHBL MM | 107°-5-10"
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Tabnuya 2.1
Jlnana3on paguouacTor
HaunmeHoBanue
AHANa30Ha I'pannnst
XHANA30HOB
OCHOBHO#M TepMHH napasuienbLHbIH
1-if ;Mana3ol yacToT Kpaiine unskue KHY 3-30T'g
2-if NMana3oH 4acToT Ceepxunzkue CHY 30300
3-it Ananas3oH YacToT Hndpannzkune UTHY 0,3-3KI'n
4-# [uana3oH 4acToT Ouenp Hu3kne OHY 1330 KI'y
S-i mana3soH 4acToT Hu3skue vacrorn HY 30-300 KI'y
6-i AMana3oH 4acToT Cpennue yacrorsl CU 10,3-3 MI'n
7-# nuana3oH 4acToT Bricokue uacrorsl BY 3-30 MI'y
8- anrana3zoH 4yacrort QOuenr Beicokne OBY 30-300 MI'n
9-#1 1nana3oH YacTot Ynstpassicokue YBY 03-31Tn
10-ii quana3oH yacToT Caepxsricokue CBY 3-301Tn
11-# nnanma3oH yactor Kpaiine Beicokne KBY 30-300I'Ty
12-it nMana3ox 4acToT I'unepsricoxne 'BY 0,3 31Ty
Tabnuya 2.2
Jinana3on paxHOBOJIH '
HaumenoBauue
AMANA30Ha I'pannub:
. - HANA30HOB
OCHOBHOH TEpMHH napaJuieliLbHbli
1-#i Anana3oH yacToT JlekameraMeTpoBbie 100-10 MM
2-# Mana3oH 4acToT Meramerpossie 10-1 MM
3-it nHana3oH YacToT I eKTOKNIOMETPOBBIE 1000-100 xm
4-# Mana3oHd 4yacToT MupuaMeTpoBhie 100-10 km
5-# nUana3oH 4acToT Kunometponrie 10-1 kM
6-H JMana3oH 4acToT I'exTOMeETpOBEHIE 1-0,1 xm
. 7-H JinanasoH 4acToT JlekaMeTpoBbie 100-10 m
18- JAHAna3oH 4acToT MeTtpogsie 10-1m
9-¥ JIMana3oH 4acToT JlempimeTpoBsie 1-0,1 m
10-# anana3oH 4acToT CantumerpoBsie 10-1 cM
11-# ananason yacrot MHIUIMMETPOBBIE 10-1 MM
| 2-i JWana3oH 4acToT JleuuMHWLIHMETpOBbBIE 1-0,1 mm
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Ypok S55. IIpHHUMI paaHOoCBA3H

IIEJlb.‘ MOKa3aTh TIPAKTHYECCKOEC MNPUMEHCHHE JJIEKTPOMArHUTHBIX
BOJIH. -

Xon ypoka

L. Opranu3anuoHHbIH MOMEHT

I1. ITloBTOpEHNE

—  Onunmre ycTpoicTBO H NPHHIMN AeiicTBHS BubGparopa I'epua.

— C nomousio vero I'epit perncTpUpoBan 3JeKTPOMATHUTHHIE BOI-
HBI?

— UYeMy paBHa CKOPOCTH 3JIEKTPOMArHUTHEIX BOJIH B BakyyMe? 3aBH-
CHT JIH OHA OT CHCTEMBI OTCHETa?

—  UYeM oTnH4AIOTCA IEKTPOMATHUTHBIE BOJHBI OT YIIPYTHX?

— Tox xakuM yriom Ipyr K Apyry HalpaBJIeHB B 3]IEKTPOMarHUTHOH
BONHE BeKTOps! E u B ?

— Yro Takoe HHTEHCUBHOCTE BONHEI?

— Kakas u3 xapakTepHCTHK BOJIHEI HC MEHsIETCA NIPH ee Mepexone H3
OJIHOI{ Cpellbi B ApYyryto?

II1. H3ygende HOBOrO MaTepnana

II)K. Makcsenn TESOPETHYECCKH IMOKa3aln BO3MOXHOCTE CYHIECTBOBAHUSA
JJICKTPOMArHUTHBIX BOJIH.

I". Tepn B 1888 1. sKcllepUMEHTaNbHO AOKA3aN CYHIECTBOBAHHE JJIEK-
TPOMATHUTHBIX BOJIH.

7 mas 1859 r. A.C. Tlonos npoaeMoHCTpUpOBaN NpUGOP Ha 3acena-

Hun Pycckoro ¢pusuko-xuMugeckoro obilectsa. JansHocts — 250 M.
1899 r. — 20 kM; 1901 r. — 150 xm.

Hpuunun paguorenedonHoi CBA3IN

.f'/‘\/ VHY p TS
.

2

Puc. 47
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VBY [ I VHY
7

Puc. 48

CrpykTypHas cxema paajonepeaTidKa U paiuolIpMeMHHKa:

1. 3anmarommuii reHepaTtop (reHepaTop BBICOKOM 4acTOTHl) BRIpAGaThI-
BacT rapMOHHYecKHe KonebGaHus BhICOKOH yacToTsl BU (Hecymas yacro-
1a 6onee 100 Teic. I').

2. MukpotoH npeobpa3oBhIBAET MEXAHUUECKHE 3BYKOBEBIE KONeOaHus
B ANEKTPUYECKHE TOM K€ YACTOTEHI.

3. Moaynarop u3MenseT (MOLYTUPYeET) MO YACTOTE MM aMILTHTYIE
BBICOKOYACTOTHBIE KoJIeOaHUA ¢ MOMOILBIO INIECKTPHYECKUX KonebaHHi
Hu3koH yactotsl HY.

4. Ycunureny BBICOKOH M HU3KkoH yactoTel YBY u YHY ycunmsaior
MO MOLIHOCTH BBHICOKOYACTOTHBIE M HH3KOYACTOTHBIEC 3JIEKTPHYECKHE KO-
nebaHus.

5. Ilepenaroias aHTeHHA U3Ty4YaeT MOAYIUPOBAaHHbIE 3JIEKTPOMarHuT-
HBIE BONTHBI.

6. IlpreMHass aHTEHHA MPHHHUMAET 3JIEKTPOMArHWTHBIC BOJIHBL. Oliek-
TPOMarHWTHas BOJIHA, JOCTHTasi MPUEMHOH aHTEHHBI, HHAYLIUPYET B HEH
riepeMeHHBIH TOK TOM ke 4acTOTHI, Ha KOTopo# paboTaeT nepenaTymk.

7. YBU.

8. JlerexTop BBEIAENSET W3 MOJYJIHPOBAHHBIX BBICOKOYACTOTHBIX KO-
nebanuii HI3KOYACTOTHEIE KosiebaHus.

9. YHY.

10. InHamuk npeoGpa3yeT 3IeKTpOMarHUTHble KONeOaHUSA B MeXaHH-
YecKHue 3BYKOBBIE Konebanus.
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Papsonpuemunx

Puc. 49

JleTekTOpHAIH PaAHONPHEMHHK COCTOUT H3 KOJIcOaTeNLHOro KOHTYPa,
aHTEHHH!, JETEKTOpa ([AHOAA), KOHACHCATOPA NMOCTOAHHOW E€MKOCTH, TeE-
nedona.

B xoHType npuHATAas BONHA BO30GYXJIaeT MOXYTHPOBaHHLIE Koneba-
Hus. KoHaeHcaTop nepeMeHHOH eMKOCTH HACTpaHBaeT KOHTYP Ha pe3o-
HAHC C MPUHATOH pamMoBOJHOH. MoxynupoBaHHele xonebanus BY no-
CTYNaloT Ha ACTeKTOpHREIH Kackasn. Ilocne nmpoxoxeHHs merekTopa co-
craBisoias Toka BU uper yepes koHzieHCATOp NOCTOSHHOH €MKOCTH, a
coctapisonias Toka HY waer Ha obMoTkn xatyuiek Tenedona, BhI3bI-
paroumii konebanus MeMOpaHb! ¢ TOi Jke 3BYKOBOI{ 4acTOTOM.

IV, 3akpennenne maTepuana

~  Yro HA3BIBAKOT PAAHOCEA3EI0?

— HauepruTe 610K-CXEMY PAIHONEPESATIHKA # OOBACHHTE Ha3zHaue-
HHE KaxJioro 6noka.

— Hageprure GnOK-CXEMY PaJIHONMPHEMHHKA H OOBACHHUTE Ha3Haue-
HHE KaXA0ro 610Ka.

- Yro HasuBaloT Moxynaumeit? Kakue BMIB MOYJIALMH BbI 3HacTe?

—  Yro Ha3KIBAIOT AECTEKTHPOBAHHEM?

— HadepTHTe cXeMy AETEKTOPHOTO IPUEMHMKA, OMHUINTE €ro YCT-
PoHCTBO H MpHHIME paGoTsL.

V. Iponeaenne npaKkTRIecKoi paboTnl

C6opxa npocreiimero pagHonpueMHEKa

3adanue: cobepure pamHonpHemMHMK K3 OnokoB komebatesnHOro
KOHTYpa, ACTEKTOPa, YCWIMTENA HH3KOH 4acToThl H Tenedona. [lo w3-
BECTHHIM 3HAYCHHAM HHIYKTHBHOCTH KATYIIKH H 3JICKTPOEMKOCTH KOH-
JicHCaTopa KoJe6aTebHOTO KOHTYp2 ONpeAesiATe YacToTy, Ha KOTOpOH
paboTaer nepefaomas pagHOCTAHIIMA.



Ypok 55. Mpunyun paduocensu 151

Ob6opyoosanue: Habop 610K0B RIS COOPKH TPaH3UCTOPHOTO pajHoO-
NpUEMHHKA.

Xon pa6oTthl

1. Cobepute nEHCTBYIOILYIO MOAEND 10 CXEME.

Puc. 50

Toaxmounte k KonebaTenbLHOMY KOHTYpY aHTeHHy. K ycumuTenio
HH3KOW YacTOTHI NOAKIIOYNTE HCTOYHUK TTHTAHHA.

2. BpaienueM pydkH H3MEHSHTE EMKOCTh NepeMeHHOro KOHAeHcaTopa
JI0 HAacTPO#KH B pe30HAHC C YacTOTOi nepenarowmeit paquoctaniuu. Onpe-
JlelIUTe 3NEKTpoeMKOCTh KoHaeHcatopa C. Ilo HalieHHOMy 3HAYEHMIO
AMEKTPOEMKOCTH M H3BECTHOMY 3HAYEHUIO MHAYKTHBHOCTH KAaTYyLUKH ON-
penenuTe 4acToTy, Ha KOTOpo# paGoTaeT nepeaaromiast paauocTaHuys.

3. Iloakniouass YBY ucrnons3ydTe ero BIMAHHE Ha Ka4eCTBO pOTOpa
MPHEMHHKA.

VI. llonBeaenne NTOroB YPOKa

JlomamiHee 3aqanHe
m 52;
P -989; P-990.

JlononnutenbHbIi MaTepnan
Hcrounnku

Paououznyuenue Connya. 3aperucTpupoBaHo panuousnydedue CosHua ¢
JUTHHOI BOJTHBI OT HECKOJILKHX MHITHMETPOB 120 30 M. OCcOBEHHO CHABHO HANYHEHUE
B METPOBOM JIMamna3zoHE; OHO POXJaeTcd B BEPXHHX cnosx atMoctepst Consila, B
ero KopoHe, rae Temneparypa nopsaka | miH K. KopoTkoBonHoBoe u3nyueHue
ConHua OTHOCUTENBHO cNiabo: OHO BBIXOAMT M3 XpoMocdepbl, pacrnonoKeHHOH Hajl
BUAUMOIT oBepxHocThio ConHua — GoTocdepoil.

Tanakmuyeckue paduoucmounuxu. Yxe nepebie HaGmomenus . Pebepa
nokasanu, 4To paauonznyuenne Mnedroro [TyTH HEOAHOPOAHO — OHO CHJIbHEE B
Hanpasnenuu yentpa [anaktuku. JaneHeHinne uccneoBaHUA NOATBEPAUNH, YTO
OCHOBHbIE HCTOYHHKHM PaJIMOBOIIH OTHOCHTENBHO KOMIIAKTHBI, UX Ha3blBAIOT TO-
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Ye4YHBbIMHM HMJIH JUCKPETHBIMH. 3aperMCTPHpOBaHHl YK€ NECATKH ThICAY TaKHX
HCTOYHHKOB.

H3nyyeHne KOCMHHECKHX PaJHOHCTOYHHKOB GBIBAET ABYX THIIOB: TEIIOBOE H
HeTeroBoe (0ObIYHO CHHXPOTPOHHOE). TennoBoe u3NnyUeHHEe pOXKAAETCa B rops-
4eM rase oT ciy4aifHoro (TemnJoBOro) ABVIKEHHS 3apAKEHHBIX HACTHL — 3J1EKTPO-
HOB M TIPOTOHOB. Ero MHTEHCHBHOCTH B LIMPOKOM JHMaMa3oHe CMEKTpa MOYTH
MOCTOSIHHA, HO Ha JAJTMHHBIX BOJHAX OHA BbICTpO yMeHbiaeTcda. Takoe H3nyueHHe
XapaKTEepHO /i OMHCCHOHHBIX TyMaHHOCTe#. OCTaibHBIE WCTOUHWKH HMEIOT
HETEIUIOBOE H3JTyYeHHe, HHTEHCHBHOCTh KOTOPOIO PacTeT C YBEIMHEHHEM JTHHEL
BOJIHEL. B 3THX MCTOYHHMKAX H3JTyYyeHHE BO3HHMKAET NPH ABMXEHHH OueHb OBICT-
PBIX DJIEKTPOHOB B MarHUTHOM noje. CKOpOCTH 3NIEKTPOHOB GIH3KH K CKOPOCTH
CBETA, U 3TO HE MOXET OBITh CIEACTBHEM MPOCTOro TEIMIOBOro ABHxkeHHs. Jns
pa3roHa 3JIEKTPOHOB 10 TAKHX CKOPOCTeH B JaGOPATOpHH HCMONB3YIOT CHELH-
aNbHEIE YCKOPHTENH — CHHXPOTPOHBL. Kak 3TO NMpOHCXOANT B €CTECTBEHHBIX YC-
JIOBHAX He cOBCeM sICHO. CHHXPOTPOHHOE M3JTyHeHHE CHIILHO MONIAPH3OBAHO. ITO
MO3BONAET OOGHAPYXXHBATH €M0 B KOCMHYECKHX MCTOYHHKAX M MO HATpaBIEHHIO
NOJNAPU3ALMH ONPENENATh OPHEHTALHIO HX MArHUTHOrO nons. TakuM MeTOAOM
HCCNIENOBaHB! MEX3BE3[JHBIE MArHUTHBIE MONS B HALIER H COCEIHHUX raNaKTHKaX.

OnHuM W3 BakHeHIIMX JOCTHXEHHH PaIHOaCTPOHOMHH CTaNO OTKPHITHE aK-
THBHBIX MPOLIECCOB B Af{pax ranakTHk. PagnoHabniofeHHs YKa3bIBANH Ha ATO €llie
B 1950-¢ roapl, HO OKOH4YATENBHOE MOATBEPKACHHE NOABUIOCH B 1962 1., Korza ¢
MNOMOMIBIO 5-METPOBOro ONMTHYECKOTO Teneckona ofceppatopuu Mayut-Tlanomap
(CIIA) 6bUTH He3aBMCHMO OGHapyXxeHbl GypHBIE MPOLECCH B SApE TanakTHKH
M 82.

JIpyruM BakHeHIIMM OTKPHITHEM pajiMOACTPOHOMHH CHMTAIOTCA KBasaphl —
oueHb JIANEKHE H aKTHBHEIC BHETaNakTHYeCKHe 0ObekThl. BHavane oHM ka3anuch
PANOBBIMH TOHEYHBIMH HCTOUYHHKAMH. 3aT€M HEKOTOPbIE H3 HUX GBIJIM OTOXIECT-
BIEHbl cO cJabhIMM 3Be3naMH (OTCIOZa Ha3BaHME «KBa3ap» — KBa3H3BE3[HbIH
pPaaMOHCTOYHHUK). JIOTINEpOBCKOE CMEILEHHE JIMHHI{ B MX ONTHYECKHX CIeKTpax
yKa3bIBaeT Ha TO, YTO KBa3aphl YAANAIOTCA OT HAC CO CKOPOCTHIO, OH3KOl K CKO-
pPOCTH CBETa H, B COOTBETCTBHH ¢ 3akOHOM Xab6na, pacCTOSHHA 10 HUX COCTaB-
JIAIOT MUUTHAPAB! CBETOBEIX JieT. Haxomgch Ha TakMX THFaHTCKHX PacCTOSHMAX,
OHH 3aMeTHbI JINLIL MOTOMY, YTO M3IYyHaloT C OrPOMHOI MOLIHOCTRIO — MOpAAKA
10*' Br. 310 3HaumTENBHO GONBIIIE MOMHOCTH MY HEHHS LENOH FANAKTHKH, XOTS
pasMmep o6nacTH reHepauny SHEPTUH Y KBA3apoB CYIIECTBEHHO MEHBIIE pazMepa
ranakTHK H NMopoil He fnpeBOCXOAMT pasMepa ConHedHOR cHCTeMBl. 3aranka KBa-
3apoB J0 CHX MOp He pacKpbITa. -

Omodicoecmenenue ucmodHuKos. 3pe3npl — cnabrie HCTOYHHKH pajuOBOJIH.
Jlonroe BpeMsi €MHCTBEHHOMN 3BE310# Ha «pajonebe» 6bu1o ConHue, U TO ML
6naronaps ero 6auszoctd. Ho B 1970-x romax P. Xenmunr u K. Yaiig us Haumo-
HanbkHOW pannoacTpoHoMudeckol obceppatopun CHIA oTkpbinu pagHounsmyue-
HHUE OT rasoBbIX obosouek, copomennsx Hooit ennduna 1967 u Hosoii 3men
1970. 3aTteM OHKM OGHAPYXHIH PaJHOU3TyHeHHE KPaCHOTO CBEPXIUIaHTa AHTape-
ca ¥ pEHTTEHOBCKOrO UCTOYHHKA B CKOPIHOHE.

B. Baane u P. MunkoBckuii u3 obcepratopuit Maynr-Buncon u MaynT-
Manomap (CHIA) oToXxxaeCTBIIIH MHOTHE SPKHE PpaRHOHCTOYHHKH C ONTHYECKHMH
obbvektamu. Hanpumep, apuakinuit Hctounuk B Jlebene okasaics CBA3aH ¢ OYEHb
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nanekoit M cnaboi ranakthkoii HeoGwiynoi GOpMEI, cTasilell MPOTOTHNOM pa-
auoranaktuk. MouwHbifi panOHCTOUHHK B Tenblle OHH OTOXAECTBHIIH C OCTaT-
KOM B3pHIB2 CBEPXHOBOH 3Be3/bl, OTMCUEHHOH B KHTalickoil setonucH 1054 r.
Mounelf  uctouHuk B KaccHonee Taxke okasalics OCTaTKOM CBEPXHOBOH,
BCnbIXHYBLUEH Beero et 300 Ha3ad, HO HUKEM He 3aMedeHHOM.

B 1967 r. 3. Xstomw, J{x. Benn u ux konnern uz Kem6pumka (Aurnus) ot-
KpPBUTH HeOGRIUHbIE NEpEMEeHHbIE PaJJHOMCTOYHHKH — Nysbcapkl. M3nyuenne kax-
JIOro TMyJbcapa MpeAcTaBAseT CTPOro MepHoH4ECcKyI0 MOCNeA0BATENLHOCTL HM-
NyJNbCOB; ¥ OTKPHITHIX MyNbcapoB MEPHOJLI JexkaT B WHTepsane ot 0,0016 ¢ a0
5,1 c. Uepes 2 rona V. Kokku, M. iucHeii u 1. Teitnop o6HapyXunu, 4to pagHo-
nynbcap B KpaGoBHaHOH TyMaHHOCTH coBmajaeT co cnaboif onTHyeckoi 3me3-
JIOH, KOoTOpas, KaK H MyJibcap, H3MEHSAET CBOK APKOCTDb ¢ nepHojoM 1/30 c. Cpeau
6onee 700 u3BecTHbIX ceHuac mynbCapoB €lle TONBKO OAWH — B co3Be3ann [lapy-
cos (Vela) — neMOHCTpHPYET ONTHYECKHE BCTBIIKH. BBIACHHIOCH, 4TO (heHOMEH
nyibcapa CBA3aH ¢ HEHTPOHHBIMH 3Be3gaMH, oGpa3soBaBIIMMHCA B pesyJibTare
rpaBHTALMOHHOrO KoJlnanca saep MacCHBHBIX 3Be3ll. MiMes auameTp okono 15 kM
H Maccy kak y ConHua, HeliTpoHHas 3Be3fa ObLICTPO BpalllaeTcst M Kaxk Mask ne-
puoaudeckn «ocietliae™ 3emmo. [NocTeneHHO cKOpOCThL BpalllEHHs Nynbcapa
3aMEIAETCA, MEPHOI MEXy HMIYIbCaMH BO3PAcTaeT, a WX MOLIHOCTbL NaJaer.
HHorna HabnionaroTes peskue cOOH neproaa, korna y HeWTpoHHOH 3Be3sl Mpo-
HCXOMAUT MepecTpoiika CTPyKTYpHl, HasblBaeMas «3BE3J0TPACEHHEM.

Donosoe uznyvenue. KpoMe OTOXKAECTBIEHHBIX U HEOTOXAECTBIESHHBIX JHC-
KPETHBIX MCTOYHHWKOB, HabmofaeTcd CyMMapHeIii (JOH OT MHITHOHOB JasleKHX
ranakTHk ¥ obnakoB Mex3Be3fHoro raza Haiedl amaxtukn. C noBblleHHEM
4yBCTBUTENBHOCTH W paspewiatoliei crnocobHOCTH PagHOTENECKONOB M3 3TOro
(oHa yaeTcs BbIAENUTH Bee GONMblle AUCKPETHBIX HCTOYHHKOB.

Paduousnyuenue nianem. B 1956 r. K. Mefiep u3 BoerHo-mopckoit nabo-
patopuu CIIA oTkpbin u3nyuenne BeHepn Ha Bosnne 3 cm. B 1955 r. B. Bypke
u K. ®panknun u3 uactutyta Kapreru B BaiunHrrone o6HapyXUnH KOpPOTKHE
BCIUIECKH pasiHou3nyudeHus oT lOnutepa Ha Bosne 13,5 M. JlanbHeiiue uccne-
JIOBaHHA B ABCTpaJIMM MOKa3aM, YTO BCIUIECKH W3NyueHHs oT HOnutepa npu-
XOJAT B T€ MOMEHTEI, KOTla ONpeJie/ieHHbIe 30HbI €ro MOBEPXHOCTH obpaleHbl
k 3emne. B neuuMeTpoBoM AMaNazoHe KpoMe TEMIOBOro M3Ny4deHus Habniona-
JI0OCh U CHHXPOTPOHHOE, YTO yKa3blBano Ha Hanuuue y IOnurepa Momuoro Mar-
HHMTHOTO NOJIfA, KOTOpoe no3xe Obulo JeHCTBHTENbHO OGHapyXeHO KocMHue-
CKHMH 30HJaMH.

PapnonokalHOHHbIE UCCNIEAOBAHUA NIAHET MO3BONAIOT TOUHO ONPENENATL HX
paccToAHUe OT 3eMIH, CKOPOCTh HX CYTOYHOTO BPAllEHHA W CBOWCTBA MOBEPXHO-
cti. Pagnonokauns BeHepbl rmo3Bosinna M3y4yHTh TonorpaHio €€ NoBEpXHOCTH,
3aKPBITOH OT ONTHYECKHX TENECKONOB MIOTHLIM O0NAaYHBIM CIOEM.

Hsnpuenue e00opoda. HeliTpansHuii aToMapHEIH BOAOPOA, BO3MOMHO Ca-
MBI pacnpocTpaHeHHbIH 3IeMEeHT B Mex3Be3HOM npocTpaHcTBe. OH criocobeH
H3ny4aTh PafHOJIHHHIO C JUTHHOH BofiHBI 21 cM, KoTopas 6blna mpejickasaHa B
1944 r. HUaepnaHackuM TeopeTHkoM X. BaH Jie XHOJCTOHOM U oOHapyXeHa B
1951 r. X. FO3HoM u 3. lNapcenom u3 Capeapackoro ynusepcuteta (CIIA). Cy-
IECTBOBAHHE Y3KOH JIMHWM B PafiHolHana3oHe OKa3aloch OYEHDb MOJIE3HBIM: H3-
Mepas €€ JONJIePOBCKOE CMELEHHE, MOXHO OYeHb TOUHO OTPEAEIIATE JIyHEBYIO
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CKOpOCTh HaGniopaeMoro obnaka rasa. [Ipu 3ToM npueMHas annapartypa pajguo-
TeJleCKoNa CKaHUpYeT HEKOTOPbIi JManasoH JUIMH BOJH B paiioHe nuHUK 21 ¢M U
OTMeYaeT MUKKH uanyyeHus. Kaxapli Takoif NHK — 3To IMHUSA H3JTyYeHHS BOJOpPO-
Ja, CMEUIEHHas 10 YacTOTe W3-32 JBWXKEHHs OJHOro M3 06NaKoB, MONaBIUMX B
MOJIE 3PEHUs aHTEHHBI TENIECKONA.

Oxkono § % Bomopoaa B ['aakTHKe BCAEACTBHE BLICOKOH TEMMEpaTypbl Haxo0-
JMTCA B MOHH30BAaHHOM cocTosiHHW. Koraa cBoGoAHbIE 3JEKTPOHBI MPONETAIOT
BOJH3K MONOKHUTENBLHO 3aPSHKEHHBIX AAEp BOJAOPOAA — MPOTOHOB, OHH HCHBITHI-
BalOT APHTANEHHE, ABHXYTCA YCKOPEHHO H NIPH 3TOM H3NIyYaloT 3I€KTPOMarHuT-
Hele KBaHTL. MHOrza, moTepsAB 3HEPruio, 3MEKTPOH OKa3biBAETCA 3aXBAYEHHbIM
Ha OJIMH M3 BEPXHHX YPOBHEH aToMa (T. €. IPOUCXOANT pekoMOuHaums). Cnycka-
ACb 3aTEM KackafHO Ha yCTORUMBBII HHOKHHH YPOBEHB, NIEKTPOH TaKXE U3NYyHaeT
KBaHTBI 3Hepru. Takoe uzny4yeHHe CBOGOAHBIX H PEKOMOHHUPYIOLHX 31EKTPO-
HOB HabNIOJaeTCs B PaMOANANa3OHe OT IMHCCHOHHBIX TyMaHHOCTeH M MO3BOJIS-
eT obHapyXHBaTh HX JaXe B TeX Cly4asX, KOrAa ONTHYECKOE H3Ny4YeHHe He MOo-
JKET AOCTHYB 3eMJIH HM3-3a MOIJIOLIEHUS B MEX3Be3HOH nbliH. Bnaroxaps stomy
PpaaoacTPOHOMb]l CMOTIY OOHApPY)XHTh NPaKTHYECKH BCE 3MHCCHOHHBIE TYMaH-
HocTH B [anakTuke.

Ypok 56. JlaGopaTtopHasi pa6ota no TeMe
«CoOopka npocTeiiniero paaionpueMHHKa»

3adanue: coGepute pagvoNpuEMHHK U3 GJIOKOB KosebaTensHOTro
KOHTYpa, RETEKTOpa, YCHIHTENd HU3KOH 4acToTel M Tenedona. Ilo u3-
BECTHBIM 3HAYEHWSIM WHAEC3UTHBHOCTH KATYLIKH U 3NEKTPOEMKOCTH KOH-
JieHcaTopa konebaTesILHOr0 KOHTYpa OINpEAENHTE 4acTOTy, Ha KOTOpPOWH
paboTaeT nepenaromas paauoCTaHLMs.

Obopyodoeanue: Habop. 6110KOB 1t cOOPKH TPaH3UCTOPHOTO PajHo-
TIPHEMHHKa.

Xoxa padoTnl

Conepxanne H MeTO BLINOJIHeHNs: padoThl

B npoBoje aHTeHHB! pagoNpHEMHHKa IEKTPOMarHMTHAast BOIHA BhI-
3BIBAET BRIHYXICHHBIE K0JI€0aHH4 31eKTPOHOB. J171s1 TOTO 4TOOKI CIylIaTh
pajyorniepenady TOJNBKO OT OXHOM PaaMOCTaHLMH, HYXHO BBIAENUTH U3
BCEX CHTHaIOB Koyebanus ¢ oHON u3bpanHOH yacToTod. Eciu yacToTh
MepefaroiX CTaHUMH HE OYeHb OJIM3KH, TO 3TO MOXHO OCYIIECTBUTH C
MOMOIIBI0 HACTPOMKH KoJieOaTeIbHOrO KOHTYPa MPUEMHHKA Ha YacTOTY
u3bpaHHOH paauocTaHumu. [lepeMeHHBIH TOK, BO30YXAaeMBIH panno-
BOJIHAMH B aHTEHHE, MPOTEKAET depe3 KaTyLIKy, HaJeTyl Ha (EeBPHTO-
BBl CTepkeHb. Ha TOT ke CTepskeHb HalETa KaTylKa KonebaTenbHOro
KOHTypa npueMHHka, YacToTy coOCTBEHHBIX KoneOaHuil KOHTYpa MOXHO
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U3MCHATDL NYTCM H3MEHEHHS 3JIEKTPOEMKOCTH C NEPEMEHHOTO KOHACHCA~
TOpa, BKINOYCHHOI0 NapamenbHO KaTyllke.

I 3 /<+o o_;_<e_
€ R] VHY
Puc. 51

Ilpn copnaneHHH cob6CTBEHHOH YacTOTH koneGaTedbHOr0 KOHTYpa ¢
4acTOTOH NMPHHMMAEMONH PaTHOBONHE HabmofaeTcs ABICHAE pe3oHaHca,
1 aMIUIMTYA2 KoJeGaHmii CHIIBE TOKa B KOHTYPE JOCTHTaeT MAaKCHMAILHO-
rO 3HAYEHHA. AMIUIMTY[BI BLIHYXJICHHBIX Kone6Gauuii, Bo36yknaeMbIx
pPaTHOBOJIHAMM C JIPYTHMHM 4acTOTaMM, OKa3blBAlOTCS NPH 3TOM 3HAYH-
TEJILHO MCHBIIIHMH.

HepemenHoe HanpsokeHHE BBICOKOH HacTOTH ¢ OOKIANOK KOHACHCA-
TOpa KOJe6aTeAbHOTO KOHTYpa MOMACTCA 4Epe3 NOIyNPOBOXHHKOBLIH
JHOJ Ha Mapamneli-HO coeliHenHbie xouaexcarop C; u pesucrop R. Jin-
01 IPOITYCKAET TOK B OJJHOM HAIIPABJICHHUH.

Konnencatop C; 3apskaercs yepe3 JHOX B TeUEHHE OJ{HOH NMOJIOBHHEI
nepHofa koneGanHii H HENPEPHBHO pa3psukaerca Yepes pesuctop R. Ec-
M KoneGaHnd BHLICOKOH YAaCTOTH aMIUIMTYIRI MONYJIHMPOBaHH Kojeba-
HHAMH 3BYKOBOH HaCTOTH], TO HanpskeHHE Ha o6KknagKax KOHICHCATOpa
C, H3MeHseTcs B COOTBETCTBHH C KOJICOAHNAMH aMIUIHTY b MOTYJISALHH.
[TosTroMy nanpskeHne Ha peaucrope R M3MEHAETCA cO 3BYKOBOH 9acTo-
TOW MOIYNAIHH.

JUig ycwienns aMIMTYAR! koJle6aHHii MOJKHO HCTIONTB30BATE TPAH3N-
CTOpHBIii yeunurenb HH3Ko# yactorel (YHY). K Bexory YHY moaxmo-
yaetca TenedoH HIH TPOMKOTOBOPHTENDb.

Hopsanok BuInonHenns paboTn

1. Cofepute neHCTBYIOUIYIO MOAENAh PANHONPHEMHHKA TIO CXEME.
Hoaxmounte k koneGarebHOMY KOHTypY aHTeHHY. K ycunenHio HU3Ko#
YacTOTHI MONKTIOYHTE HCTOYHMK MuTaHus YIL

2. BpamenueM pydKH H3MCHSITE 3JICKTPOCMKOCTh MNEPEMEHHOIO
KOHJIEHCaTopa KonebaTeNsHOro KOHTypa O HACTPOHKHM B PE30HAHCE C
4acToTOH mepenalomied paguocraniyi. OnpeennuTe no mKane MEKIpo-
eMkocTh xoHaeHcatopa C. o HalaeHHOMY 3HAYEHMIO IICKTPOEMKOCTH
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KOHIAEHCATOpa U U3BECTHOMY 3HAYCHHIO HHAYKTUBHOCTH KaTyWIKH OIIpE-
JACINTE YaCTOTY, Ha KOTOpOﬁ pa60TaeT nepeaarias paaioCTaHlu.

Hononrnumensnoe 3adanue -

Mexay Gnokamu kose6aTenbHOrO KOHTYpa M JIETEKTOpa BKIIOYHTE
610k ycunutens Beicoxoit yactotel (YBY) u uccnenyiite ero BnusHue Ha
KauyecTBo pabothl nprieMunka. [logapas curaan ¢ Beixona YHY Ha Bxon
YCHIIUTENIA BEPTHKAIBHOTO OTKIOHEHHS JJIEKTPOHHOTO ocumuiorpada,
npoHabmroaiTe OCLMIIOrpaMMy KOJIEOAHMH HalpAKEHHA Ha BXOJe
YHUY.

Jomammuee 3aqanue
§55-56.

Ypok 57. Banu-rypHup no teme
«Mexanuueckue ¥ MIeKTPOMATHUTHDIC BOTHBD)

Henu: nosropenue Matepuana no TeMe «MexaHHYeCKHE U 3JIEKTpO-
MarHHTHbIC BOJIHBI»Y; MpPOBEpKa 3HaHWH, COOOPA3UTENILHOCTH, YMEHUS
JOTUYECKH MBICIHTD.

Xoa ypoka

IIpaBuna urpes:

— BOIIPOCHI NOABUPAIOTCA 110 TEME;

— YpOK UAET B OBICTPOM TEMIIC,

— BO BPEeMS YpOKa MOXHO TOJIb30BaThCA JIH000H CIPpaBOYHON JIHTEpa-
Typo#, BKII0Yas y4eOHMK.

Vuutens 3aunThIBacT Bonpoc. UrpoK, roTOBBIH K OTBETY, MOAHUMAET
PYKY; NepBOMY MOIHSABIIEMY PYKY MpeAocTaBisercs clioso. [IpaBuibHbIH
OTBeT oleHNHBaeTca B 1 6amn. YuacTHHKH, Habpagline MeHbLIe Beex Ga-
JIOB, BRIOBIBAIOT U3 UTPEI.

Bonpoco::

1. Yro npexacrasnser coboit BoNHOBOE ABWKeHME?

2. Kakue BOJHBI Ha3bIBAKOTCS [IONMEPEYHBIMH, TPOACIBHBIMU?

3. B kakux cpenax MOTYT pacnpocTPaHATECS TIONIEPEYHBIE BOJIHBI; PO-
JONMbHBIE?

4. OnuuvTe MexaHu3M o6pa3oBaHus NOMEPEYHBIX U MIPOAOJIEHBIX BOJIH,

5. IlpoucxonuT 1 niepeHOC BemecTBa BOIHOM, MEPEHOC SHEPrHi?

6. Uto Taxoe BOJIHOBas MOBEPXHOCTh, (PPOHT BOJIHEL, JIyY BOJIHBI?

7. Kakue BOJIHBI HAa3BIBAIOTCA IDIOCKHMH, chepuuecKuMu?

8. Urto Ha3bIBaeTCsA CKOPOCTBIO paclpocTpaHeHHs BoaHbi? YUro Takoe
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JutiHa BOJTHBI? Kakas cylecTBYeT CBSI3b MEXY CKOPOCTRIO pacipocTpa-
HEHHA BOJIHBI H JITHHOH BOJIHBI?

9. OnuinTe MexaHusM obpasoBanus cTosueil BoaHBL. UTo Ha3bIBaeT-
CA y3lIaMH M MyYHOCTSMH cTesiuel BoyHel? TTodeMy 3THM BONTHAM JAaHO
Takoe HazBaHue?

10. TIpoMcxOauT 111 MEPEHOC SHEPTHHU CTOsIYEH BOJTHOM?

11. KakoBa ¢u3uveckas npuBoja 38yka? Uro Takoe akycTHka?

12. Kakue 3ByKOBEIe KOAe0aHHs BOCIPHHUMAET YXO YeloReKa?

13. Kak xraccupuuupyrores 3Byku? Uem oTIHYaeTcs IIyM OT MYy3bi-
KanpHoro Toka? Ot Hero M Kak 3aBHCHT BEICOTa ToKa? OT 4ero 3aBHCHT
TeMOp 3ByKa?

14, Kax u3aMepsioT ckopocTh 3ByKa, OT H4€r0 OHA 3aBHCHUT?

15. B kakoif cpenie ckopoCTh 3ByKka HauwGonbIUas: B TBEPAGH, WUAKOH
WK ra3oo6pazHoit?

16. MoryT 11 3ByKOBBIE BOJIHBI PAaCIPOCTPAHATECS B BakyyMe?

17. Yro Ha3bIBaeTCSA CHIIOH 3BYKA?

18. IIpuBeaHTE MPUMEPEI aKYCTHUECKOro pe3oHaHca. I'lie oH npUMeHs-
ercs?

19. Yrto Takoe yapTpa3Byk? Hasonme HCTOYHHKH yIbeTpa3Byka. I'lie
MPUMEHAETCA YABTPa3ByK B TEXHHKe?

20. Yro Taxoe uHdppas3pyk? Kakop Hx HCTOYHHK?

21. Yro Ha3piBaeTcs HHTEpdEpEeHIIHEil BOJIH U KAKOBBI YCIIOBHA €€ Ha-
6monenna? UTo npoHUCXORUT ¢ 3Heprueil Mpu ralicHUH BOJH APYT ApY-
TOM, Korjia OTKIIaABIBAIOTCA ABE€ KOr€PECHTHBIC BOJIHEL?

22. B ueM 3axmouaetca npuHUMI Noffiuekca?

23. Yro Ha3pIBaeTcA Oudpakiueii BONH, H KAKOBHI YCIIOBHA ¢ BO3HHK-
HoBeHus? B yeM cocrout 3acnyra dpenens NpH OGBICHEHHH SBICHHA
JHGpaKiHU BOXH?

24. Kakoii caBur (a3 uMeroT KoneGaHuA, CoBEpLIAOMIHEeCS B OMHAKO-
BBIX (hasax, B mpoTHBodazax?

25. HTo Takoe Cyneprno3HiHs BOIH?

26. UTo Ha3BIBAIOT FeOMETPHYECKON Pa3HOCTBIO XONIa BOTH?

27. Kakue BOJHBI HA3BIBAIOT KOTePEHTHHIMHU?

28. IToyeMy Npu pagHONIOKALHH HCITONB3YIOT YIbTPAKOPOTKHE BOJIHLI"

29. Kakue aBienus HaGMONAIOT NP H3MEHEHHH MarHUTHOro nois? B
YeM COCTOUT CYIIHOCTE JAHHOTO ABJICHHS?

30. Kakue sBneHus HabMORAOT IPH U3MEHEHUH 3IIEKTPHUYECKOTO 1017

31. Moryn Jn 311eKTpudeCKHE U MATHUTHBIE 0TI CYIIECTBOBATh 0060-
cobJieHHo Apyr ot apyra?

TlonBenenne HTOroB
VYuutens BEICTABAAET OLUEHKH 3a YPOK.
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HomaiHee 3axaHHe
§ 57, 58.

~

Ypok 58. Bainsinne HCKYCCTBEHHBIX H €CTECTBEHHBIX
3JIeKTPOMATHUTHBIX KOJ1e0aHUH Ha )KUBbIE OPraHU3MbI

Xon ypoka

L. OpraHx3anHOHHBbIH MOMEHT
11. ITpoBenense caMOCTOATENLHOH PpaboThI

Bapuanm I

1. Uro Takoe 3ieKTpOMarHHTHele BOJHEI? (Pacnpocmpansioujeecs 6
npocmpancmee nepeMmeHHoe INEKMpOMAZHUMHOe noJe.)

2. KakoBBl OCHOBHBIE TI0JI0XKEHHSA TEOPHH 3JIEKTPOMArHHTHOIO [0S
Maxcsenna? (IIpu scsikom uameHenuu MaAZHUMHO20 NOAA BO3HUKAEM BUX-
pesoe 31eKmpoMazHumHoe noje, y Komopo2o 6eKMop HANpA’CeRHOCMmu

~ AB
E=x~ I . Hpu BCAKOM UBMEHEHUU INIeKMPpUHEeCKO20 NOJA 8O3HUKaem maz-

= AE
HumHoe noixe, y Komopo2o 8eXKmop B z—A— pacnpocmpaHaemcs ¢ OK-
!

Pysicaioujes npocmpancmee co CKopocmblo ceema.)

3. C Kakoii CKOpOCTBIO PACNPOCTPAHAETCA INEKTPOMArHHUTHOE B3aH-
moneiicTue B Bakyyme? (¢ = 3-10° m/c.)

4. Kak Hy»XHO H3MEHHTb PAacCTOSIHHE MEXIy IUIAaCTHHAMH KOHIEHCa-
Topa, 4YTOOBl HACTPOMTH KOHTyp Ha mnpueM Oosiee [UIMHHBIX BOJH?
(Vmenvuwums paccmosinue mexcoy numu.)

5. Hpu KakuX YCIIOBHAX BOZHHKAET JIEKTPHUECKNH peaoHch B KOJIE-
0aTensHOM KOHType jeTektopHoro panuonpuemuuka? (Illepuoo (vacmo-
ma) npuUHUMaeMslx 31eKMpoOMAazHUMHbBIX 8OAH U nepuod (uacmoma) cob-
cmeenHblx konebanull Koumypa cosnaoaiom. B amom cryyae amnaumyoa
BbIHYHCOCHHBIX Konebanuil docmuzaem HauboRbUIE20 3HAYEHUL.)

6. IMeroTes M cyniecTBEHHbIE PasiHYHA MEXAY YCIOBUAMH pacnpo-
CTpaHeHus paguoBoiH Ha 3emie n Ha Jlyne? (HMueromcs, max xax Ha
Jlyne omcymcmayem uonocghepa.)

7. PanuonpHeMHHK HACTPOCH B AMAaNa3oHE HA JUIMHY BOJHBI 300 M
npH eMKocTH KosebatensHoro kontypa 200 mxd. Ha kaxyio mmuy Bon-
Hel OyAET HAacCTPOCH pAJHONPHEMHHK, €CIH HE MEHSs HHIYKTUBHOCTH
KOJIe0aTENBHOrO KOHTYPA, YBETHYHTE €ro eMKOCTh A0 900 Mx®D? (600 m).
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8. OT uero B OCHOBHOM 3aBHCHUT W3Ny4aTtellbHas CIOCOGHOCTE mpo-
cToro komebarensHOro KOHTypa? (Om wacmombl 31eKMPOMAZHUMHBIX
Konebanuii.)

9. Kakue sBNeHUs IPOHCXOAAT BO BpeMs paJHoNpHeMa B LIEMH JAeTeK-
Topa? (Bvlcokouacmomublie MOAyAUposanble KoNebanus npeobpasyom-
€5 8 MOH 36YKOBOI YACMOmY).)

Bapuanm 11
1. MoXHO 1M BHIOpATh CHCTEMY OTCHETA, B KOTOpOH OOHapyXuiach

OBI TOJILKO MarHUTHas cocTarusiomas B ? (Henbss.)
2. Kak M3MEHMTCS MONIHOCTb M3IY4EHHUS, €CIH YacTOTy SJIEKTpUUe-

CKOT'0 BUOpATOpa YBETMUUTH B V2 paza? (Veenuuumcs 6 4 paza.)

3. Kakue sBIEHHS NMPOUCXOAAT BO BpeMs palHONpHeMa B aHTEHHE U
KofebareEHOM KoHType TNpueMHuka? (IJod Odeiicmeuem paduosontvl
npoucxodum undyyuposanue 3nekmpuieckux BY-xonebanuil.)

4. Tlpu yBenu4eHHH HacTOTH KonebaHui B 2 paza sHeprus, usiyyae-
Mast OTKPHITBIM KOJIeOaTeNbHbIM KOHTYPOM ... (yéenuyusaemca é 16 pas.)

5. Kakue xoneGaHus BBIAENAIOTCS MpH AETEKTHUpoBaHMU? (Huskoii
yacmomel.)

6. Kak Hy»XHO M3MEHHTh HHIYKTHBHOCTh IPHEMHOTO KOHTYpa, YTOOHI
HACTPOMTH €0 Ha MpueM Gonee KOPOTKUX BOMH? (Vmenbuums.)

7. MoXHO 1M OCYINECTBUTH PAAMOCBA3b C IIOMOINBI PAXHOBOJH C
TIOJIBOJTHOM JIOJKH, HaxoAseitcs o Bogoi? (Hem.)

8. Uemy paBHa AJMHA PAIMOBOIHEI, CO3MaBacMoOl paauocTaHIueH,
paBotaromeit Ha wactote 1,5-10° I'ui? (200 m.)

9. Kakoe npeo6pa3oBaHie SHEPrUH NPOUCXOIUT Mpy paboTe Tenedo-
Ha? (Dnexmpuueckas npeobpazyemca 6 Mexanu4eckyio.)

{I1. NU3yuenne HOBOro MaTepHaia

DIIEKTPOMATHHTHBIE NOJISI COTOBBLIX TesiehOHOB

Haufonee BpenHBIMM SBIAIOTCS BBICOKOYACTOTHBIE W3IYyHEHHSA CaH-
TUMETpoBOTO AuanazoHa. OGnydeHHe BHI3BIBAECT HATPEBAHUE, UTO MOXET
OPUBECTH K HU3MEHEHUSM U JaXe MMOBPEKACHHUAM TKaHEeH opraHusMa.
HelicTBHe 3NIEKTPOMArHUTHHIX MOJeH Ha OpraHM3M MpOSBISETCA HA
(DYHKIMOHATEHOM paccTpoHCTBe LEHTpaNbHOH HEPBHOM cHcTeMBl. CyOb-
eKTHBHbIC OUIyIIECHUS — MOBBIUIEHHAA YTOMISAEMOCTh, COHINBOCTb HIIH
HapyeHHWe cHa U T.1. [Ipu cucTeMaTiHyeckoM obnyueHun HabnroaawTcs
HEpPBHO-TICHXHYECKUE 3a00NeBaHHs, M3MEHEHWE KpOBAHOTO [aBJICHUS,
3aMeJyIeHHE TTyNbCa.

BuemrHne nMpu3Haku — MOpEAEHHE BONOC, CyXas KOXa, JKEJITOBATOTO
OTTEHKa, XPHUILIBIH roJoC.

Meps! 6€30MTACHOCTH:
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— He pasroBapuBaiTe MHOTO 10 MOOHIIEHOMY TenedoHy;

— He TIOAHOCHTE Tene(OH K TOJIOBE Cpasy )Ke M0C/e HAKaTHA KHOTKH
Hayalla Habopa HoMepa. B 3TOT MOMEHT 3JIEKTPOMarHHTHOE H3Jy-
4YEHHE B HECKONIBKO pa3 Gosbllie, 4eM BO BpeMs pa3roBopa;

— onacafTech HaXOJAUThCA MOAONTY BOIH3M aHTEHHB! PETPAHCIATOPA
npoBaiinepa;

— npu BeIbope TenedoHa oTHalTe IPEeANOYTEHHE aNNaparaM C BHeEII-
HHUMH aHTCHHAMH.

DJIeKTPOMATrHUTHBIE NMOJIA OLITOBOH TEXHHKH

Haubonee pacnpocTpaHeHHEIM gBAseT HH3KouacToTHoe (50 I'u) nme-
peMeHHOE MarHuTHoe rnosne. B nopsake y6sIBaHHSA OMACHOCTH JUIA 3J10pO-
BbsS 4YeNOBEKa: MHKPOBONHOBAas Meyb, DNIEKTPOIUINTA, TEIEBU3Op, CTH-
paibHas ManiiHa, XOJOAWIBHHUK, 3JIeKTpOOPUTBA, YTIOT, JIEKTPOUYaiHHK.
Ecnu ux nmoctaBUTh psAoM HIM Gnu3ko ApYr K ApyTy, OHH cCO3JanyT
CUIIBHOE 3JICKTpoMarHutHoe nojsie. CaMoe OMmacHoe MeCTO B KBApTHpPE —
KyxHsi. Obe3onacute MOXHO cefsa caMBIM TPOCTBIM crocoboM — Kak
MOXHO MEHbIiIE BpEMEHH MPOBOJUTH HA KYXHE.

[okynaiite ManoMomHbBIE MPUGOPHL, HE BKITIOYAHTE HECKONBKO 3JIEK-
TPOOBITOBBIX NPpHUOOPOB OTHOBPEMEHHO.

Ha naHHBI MOMEHT HaYKOil KOJIIMYECTBEHHO HE JIOKA3aHO MpPAMOit CcBs-
3H MEX/IY YPOBHEM 3JIEKTPOMAarHUTHBIX NOJIEH ¥ OHKOJIOTHYECKUMHM U IpY-
THMH BHIaMH 3a6oneBaHuil. OJJHAKO KAYECTBEHHO CBSA3b MPOC/IE)KHBAETCS:
B MeCTax, [Jie MO NOABEPratoTCs BO3AEHCTBHIO IEKTPOMArHHTHBIX 06~
Tly4eHHH, Jarle BBISBIAIOTCS paKoBble 3a00JEBAHUS M PacCTpOHCTBa cep-
JIeYHO-COCYIMCTOH W HEPBHOH cHcTeMBbl. MCKycCTBEHHBIE 3IEKTPOMArHuT-
HBIE 110/I1 BPEAHBI [I1 BCeX, HO 0COOEHHO Ul GEpPEeMEHHBIX JKCHILMH, JTHo-
Jeii ¢ 3aboleBaHMEM LIGHTPANLHOH HEPBHOH CHCTEMBI, CepleuHo-
COCYIUCTON CHCTEMBI, TOPMOHANBHBEIMH HapYILEHUAMH, alIEpTETHKOB.

CrneunanmcTsl COBETYIOT HE CTaBUTH KpoBaTh Oiibke 2 M K kabenbHbIM
noxsoAkaM U 6mpke 1,5 M K X0noaQunbHUKY. TeneBH30pEI H3MYHalOT JJ1eK-
TPOMAarHUTHOE TIOJIE BO BCEX HANPABJIEHHAX, JAXKE B PEXHME 0XHAAHUS.

B Pocenn He ycTaHOBIEHO MpeaesbHO JOIMYCTHMBIE YPOBHH Tepe-
MEHHOTO MarHutHoro nons vactotod 50 I'u jis Hacenenws, mo3ToMy
3TOT BHA UTYyUEHUS HE KOHTPOIMPYETCA B MECTaX pabOoTEI M XKMIIHIIAX.

Kak ycTaHOB/IEHO LIBEACKUMH YYEHBIMH, TIPH NOBBILIEHHH YPOBHSA
Marautgoro nong ot 0,1 MxT mo 0,4 MxTn pHck pasBUTHs NEHKEMHH Y
Jeteil BospacTaet B 3,6 pasa.

Ilepconanbusblii KOMNBIOTEP
MHorue nosip3oBaTeNy NOJarakT, YTO ONMACHOCTh UCXOAUT OT MOHH-
TOpa — 3TO PEHTIEHOBCKOE H3iydeHue. B IEHCTBHTENEHOCTH PEHTIEHOB-
cKkHe U ynbTpaduosneToBsle, HH(paKkpacHble H3TYYEHIIS, KaK MPaBHIIO, HE
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NpeBHIalT 6HONOrMYECKYI0 OMacHOCTh. [J1aBHYIO OIMAacHOCTH MpeA-
CTABJSAIOT 3JIEKTPOMArHHTHHIC MOJA. YPOBEHp MX MpEBHINAeT GHOIOrH-
4eCKylo omnacHocTs. JyBcTBa 4enoBeka He BOCIPHHMMAIOT 3JIEKTpPOMAr-
HHTHBIC MO/ PAaCcCEsHHOrO AWANa30HA M MOJL30BaTellh HE MOXET oOile-
HUTE ONMACHOCTE.

VY nons3oBarens, paboTatoliero 3a MOHMTOPOM 2—6 4acoB B CYTKH,
HapyHmleHHe NEHTPATLHOW HEPBHOH CHCTEMEI MPOHCXOAUT B 4-6 pa3 ua-
mie. Jlaxke rpH KpaTkoBpeMeHHo# pabote (45 MMH.) TIOR BIMSHHEM 3JIEK-
TPOMATHHTHOTO H3JyYCHUSA MPOUCXOMAT 3HAUMTE/ILHEIE H3MECHEHHS Top-
MOHAIIBHOTO COCTOAHHMA M H3MeHeHHs 6HoTokoB Mo3ra. Oco6o Apko 3To
MIPOSBNAETCA Y KECHIIHH.

Maruntasie nogs 6b1ToBLIX NpHGOpOR
BesomnacHsii yporeHs — 0,2 MKT:
kodenapka — 0,12 MxT;
¢en - 0,1 MxT;
ytior — 0,3 MxT;
anexkrpokaMuH — 0,4 MkT;
cTHpansHag MamusHa — 0,4 MxTo.

IV.Iloasenenne HTOroB ypoka

JomainHee 3ananue
m. 49-58.

Ypok 59. O606maromuii
NMO3HABATEALHO-Pa3BaeKaTENbHBIH YPOK

Ilenu: NoOBTOpPEHWE MaTepHana Mo TeMe «JEeKTPOMArHHTHbIE BOJI-
HEI», PaCIIMPEHHE KPYT0o30pa yJalIHXcs.

Onurpad K ypoky: «S MBICTIO, CIEROBATENBHO, A CYIIECTBYION.
(P. [exapm)

Xox ypoka

OTOT ypoK MpPOBOAMTCA C LENBI0 IIOBTOPEHNA MaTepuana M OXHBJje-
Hug yueGHOro mpouecca. B nogzobHeix urpax pebar mpupiexaeTr asapt
COPEBHOBAHMSA M HHTEPECHBIC BOIPOCHL.

Borpockl nmoabuparTtca No TeMe. YpPok HAET B GRICTpoM TeMIle. Bo
BpeMs YpoKa MOXHO IOJb30BaThCsa M06oii crpaBouyHol auTepaTypoi,
BKJIIOYas YHEOHHK.

6 B. A. Bonkos
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L Banu-typunp

1. Bo Bpemsa OteuecTBeHHO#H BoifHEI 1812 r. He pa3 oTaMYanca B Cpa-
xeHHAX. B 1832 r. cospan knaBuwHbI TenerpadHrIi annapar ¢ HHAHKA-
topoM. B 1837 r. pa3paboTan mpoeXT HOABOXHON JTMHHH 3/EKTpOMar-
HuTHOrO Teaerpada Mexny Ilereprodom n KpoumrranroM. (ITagen Jlvso-
suy lutnune.) .

2. B 1837 r. ckoHcTpyupoBan TenerpadHsId anmapar, 3anHChHIBarONIHH
curnansl. CocTaBHA KoJl, B KOTOpoM Bce OykBBI anihaBuTa ObiH 3anmi-
pOBaHHI B JBOMYHOI cucTeMe: Touka—Tupe. (Camyunr Mopse.)

3. B 1850 r. n3obpen nepsrlit B MUpe GykBoNeyaTarounii Tenerpad-
HHlit annapat. (Bopuc Cemenosuy Sxobu.)

4. B 1901 r. nepenan pagHoCHrHaN yepe3 ATTaHTHYECKHA OKEaH W3
Kopuysnna B Hetodaynanenn. Korga B 1937 r. oH ckoHuancs, BCe pa-
JIUOMPHEMHHKH MHpa Monyaiu 2 MuH. (I yaveasmo Mapkonu.)

5. Pycckas nouta Opina yupexaeHna B 1665 r. npu uape Anekcee Mu-
xaiinosuye PomaHoBe. OprannsoBan ee qumioMmar ... (Aganacuii Jlas-
penmoesuy Opovin-Hawexun.)

6. C merctBa poc B atMocdepe 3BykoB U My3sikd. C 1873 r. — mpo-
deccop usnonorun oprano peun BoctouHoro yumeepcureta. Uuctas
cityqaitHOCTh B paboTe no co3gaHuio Tenerpada nomMorna eMy OTKPHITE B
1876 .

7. Paguonepenatunk paboraer Ha uactore 6-10° I'u. Paccunraiite Hu-
JYKTUBHOCTh BBIXOJHOTO KOHTYpa MeEpelaTyHKa, €ClIM €ro 3JIEeKTPOEM-
kocTs 100 nd.

8. Paguonepenaruux kopabnsa-cryTHuka «Boctok» paboran Ha yac-
tote 20 MI'u. KakoBrl eprHos v AJTHHA BOJTHBL €70 H3TY4YEHHUsA?

9. [Ipu pabote Ha BoNHE AnMHOM 3,2 MM CyI0Bas paJHONOKALMOHHAS
cTaniuA «OKeaH» HITYYaeT HMITYJIbChI C YACTOTOH cnenosanus 2,5:10° I'ny.
KakoB TeopeTHUeCKHil paanyc AEHCTBUA ITOH CTAHIIMM B TAKOM pEKIME
pabothi?

10. M3myyatoilias aHTeHHA TeAELIEHTpa MOAHATA Ha BblcoTy 150 M Han
YPOBHEM MOp#, a IPHEMHAA aHTEHHA TeleBU30pa — Ha BEICOTY 40 M Hajx
ypoBHeM Mops. Ha kakoe paccTosiHHe MOXHO OTHECTH NPUEMHYIO aHTEH-
Hy 0e3 moMex A IpHeMa H3-3a KPUBH3HBEL 3€MIIH, €CIU MeXAy mepe-
Jlatoleil i NPUEMHOI aHTEHHAMH HET BO3BHILIEHHOCTEH?

11. OHu He oTpaxaioTcsi HoHOochepoit ¥ CBOGOAHO MPOXOAAT Hepes
Hee; OHH He OrubaroT MOBEPXHOCTH 3eMIH B pe3ynbTaTe AUMpPaKIMH,
NO3TOMY CBA3b OCYILECTBISIETCS TONBKO B MpeAenax MpsMoil BUIUMOCTH
aHTeHHB! nepenar4uka. (VKB.)

12. O1a paauocBs3b OOECIIeYHBAET TENEBU3HOHHYIO INepenady u3
CIIA B 3anagHyto EBpony, SInoHuic U o6paTHO, NMO3BOJISET OCYIIECTB-
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JIATE «TeneMocT» Mexxy Hamieil ctpadoit U CIIIA, a Taioke 3anajgHoii
Epponoii u Sinonneit. (Cnymnurosan.)

13. DTOT MOABHT aji poKJAECHHE TAKOMY BHAY JETKOH aTIETHKH KaK
Mapadoucknii 6er. (Jocmaenan uzsecmue o nobede 2pexos Had nepcamu
& Mapagoncxoiu donune, 20ney npobexcan 6e3 ocmanoexu 42 xm.)

14. B 1854 1. B Poccuu co3maetes YnpasieHHe 3ToH cBa3bio. Opuun-
ANEHRIM HAuaJioM paboTel CBA3H cuntaercs 15 anpena 1855 r. — nens
otkphiTia Maructpamn [lerepbypr — Mocksa. (Tenezpaghnan.)

15. B Poccuu at1a cBazn nosBuiace B 1881 r. IlepBuie craHumu ot-
kpsuincst B Mockse, Ilerepbypre, Onecce. (Teneghonnan.)

16. Ipu Jronoruke XIV rnaBa kopoleBCKOro COBETa KapAHHan Pu-
IIENbE CAENAN 3TO CPE/CTBO CBA3H OCHOBHBIM B TOCYJapcTBe, 3alIPETHB
MOJUIaHHKIM TiepechUIaTh MHCEMA HHBIM criocobom. (ITouma.)

17. B PoccHn 3Ta Tpaauius noAsuiaack B Hadane X VI seka. OHH oka-
3AICH UICAILHRIMH CBA3HCTAMHA O6laronaps yAMBKTENLHOH CIOCOOHOCTH
BO3BpamaTLCA 0] POAHYIO KPOBIIIO M MOMHHTH JIOPOTY K AOMY B Teue-
HHE HECKONBKUX JieT. (lonybunas nouma, 2onybu.)

I1. Kpoccropn
IIpyMeHHM CBOM 3HAHUA K Pa3rajlkIBAHHIO KPOCCBOPJIOB.
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Bonpocwi:

1. Mcrione3oBaHHas BEpXHAS YACTh aTMOC(EPh], HAUWHAOLIASCS ¢ pac-
croauust npuMepuo 50-90 kM OT NOBEPXHOCTH 3eMIM U Mepexoasias B
MEXTUIAHETHYIO TasMy; 2—3. [TpruGophl, COBMECTHOE MOTB30BAHME KOTO-
PBIMH HO3BOJIACT NEPEAaBaTh 3BYK Ha janekue paccrosuus; 4. Ilo Hemy
HENb3A pasroOBapHBaTh, HO MOXHO rocnaTth curnain; 5. IlepBeiii B Mupe
Tene(poHHBIH annapar cobpai ...; 6. ABTomMaTHYEeCKas Tene(poHHas CTaH-
us; 7. YdeHsiii, usobpetaTens nepBoro pagdonpuemuuka; 8. OnHa ms
OCHOBHHIX 4acteii mpubopoB (cM. m. 2 u 3); 9. D3aneKTpOHHO-NyyYeBas
TpyOKa, BHIMOIHAIOLIAS pONb WHAMKATOpHOro ycrpoiictaa; 10. [Tepexaua
n3obpaxeHns Ha paccrosguue; 1. Kto nro6ur rosopurs no tenedony?
12. M3o6peraTesb HMEKTPOMArHATHOTO Tenerpatda u az0ykd U3 TOYeK H
Tupe; 13. Uzobpetatens neproro B MUpe TejerpadHoro anmapara, neda-
Taromero 6yKkBbl.

(Omsemer: 1. Uonocdepa; 2. Mukpodon; 3. Tenedon; 4. [Meiimxep;
5. Barcon; 6. ATC; 7. Tlonos; 8. Mem6pana; 9. Kuneckon; 10. Teaesn-
neuye; 11, 51; 12. Mopse; 13. SAxo6u. Kmoueaste cnoea: CPEJJCTBA
CBJI31.)

II1. IlonBeteHMEe MTOTOB
BricTaBneHme olieHOK 3a paboTy B XYpHa.




OnTHka

Nasa 8. CBeToBbIE BOJIHbLbI

Ypox 60. PazBuTHe B3rJIsAA0B HA NPpHPOIY CBETA
Hens: pacckasarh 0 ABYX THIIOTE3aX, YTO TAKOE CBET.

Xoa ypoka

1. OpraHH3anHoOHHBIHi MOMEHT

I1. M3y4yenne HOBOTO MaTepHaJa

[. Paccka3 yuntens.

OtBeT Ha BONpPOC O NPHPOAE CBETOBBLIX BOJH OBUI 1MONYy4YEH Ha OCHO-
BaHWH JJTHHHOTO pana HabmoAeHUN Haa O0COGEHHOCTAMH CBETOBBIX SB-
nenui. IIpn >TOM, Kak 0ObIYHO GBIBAET, MPH Pa3sBUTHH HAIIMX Hay4HBIX
BO33pEHUl NPEACTABICHHUS O PUPOJIE CBETA MEHSINCH 110 MEpE TOro, Kak
HaKaIlJIMBAJINCh HOBBIC CBEJICHHUS M JaHHBIE.

Hsa cnocoba nepedavu so3delicmeusn
Ot HUcTOYHHKA CBETA CBET PACHpPOCTPAHIETCA BO BCE CTOPOHBI ¥ MaJa-
€T Ha OKpYXawllhe NPEAMETH, BBI3BIBasf, B YACTHOCTH, HarpeBaHHeE.
Mo2HO CKa3aTb, YTO MPH PacpOCTPAHEHHH CBETa MPOUCXOAMT Nepeaaya
BO3/CHCTBHII OT OAHOrO Tena (MCTOMHHMKA) K JIPYroMy (IIpHEMHHKY).
JleficTBHE OIHOTO TENa Ha APYroe OCyUEeCTBIAETCS BYMSA crnocobamu:
1) ¢ mepeHOCOM BelLEeCTBa,;
2) ¢ H3MEHEHHEM COCTOSHHA CPEABI.

2. TIpoBeaCHHE FKCTIEPHMEHTOB.

Skcnepumenm 1

Ha wraruse nomemen konokonsuuk. Kugaem B Hero mapuk. Kono-
KOJIbYHK 3BEHHUT. 31eCh OBUT IEPEHOC BEILECTBRA.

Sxcnepumenm 2

IpuBsa3aTh K A3BIYKY KOJNOKOJbYHMKA IIHYPOK U AEPHYTH 3a Hero. B
3TOM CllyHae MepeHoca BellecTBa HEeT. IIPOUCXOXMT U3MEHEHHE COCTOf-
Hus (GOpMBI) BEpeBKH.

3. MpomomxeHne pacckasa yuuTens.

B cooTBeTCTBHM ¢ ABYMS BO3MOXXHEIMH cniocofamK niepeaady AeHCTBHA
OT MCTOYHHKA K TIPHEMHHKY BO3ZHMIJIM M HaualH pa3BUBaTHCA JBE COBEp-
IIEHHO PA3IMYHEIE TEOPHH O TOM, 4TO TaKOE CBET, KAKOBa €ro NPHPOIa.

[Ipndem, Bo3HMKNM OHH moutH oaHoBpemeHHO B XVII Beke. OxnHa
6eina ceazana ¢ nMeHeMm X. IofireHca n nogaepxuBanace JI. Dinepowm,
M. B. JlomonocoBeM H B. ®paniyinHoM. A npyras — ¢ iMeHeM HeroToHa.
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Y. HeloToH NpemiokuN NpUAEpKUBATHCS KOPITYCKYJISPHOH TeOpHH
CBETA, COTMIACHO KOTOPOii CBET — 3TO MOTOK YAaCTHLL, HAYUIHX OT UCTOUHH-
Ka BO BCE CTOPOHBI (TIEPEHOC BELIECTBA).

CorfacHo TIpeanonoxeHuaM I'eiirenca, CBeT = 3T0 BOJHEI, pacrpo-
cTpaHsoLiHecs B ocoboii, runoteTyyeckoi cpene — 3upe, 3aMOMHAIO-
IleM BCE NMPOCTPAHCTBO H MPOHHUKAIOIEM BHYTpPh BeeX Ten. Obe Teopwu
JONTOoe BpeMs CyHIecTBOBAIM mapawiensHo. H3secTHrle B TO Bpems 3a-
KOHBI pacnpocTpaHeHHs cBeTa Hoyiee HIIM MeHEE YCHEIHO OOBACHTHCE
0o0eHMH TEOPHAMH.

Ha ocHOBe kopmycKynspHO# TeopHH TpyIHO 65U10 OOBICHHTE, MOUe-
MY CBETOBBIC Iy4KH, Mlepecekasch, HHKAK HE ACHCTBYIOT APYr Ha JpyTa.
BonHoBas xe TeopHs 3TO JNerko o6bacHANa. [loBepXHOCTHBIE BONHEI BO-
Il CBOGOIHO MPOXOMAT CKBO3b APYr APYra, HE OKa3biBasd B3aHMHOIO
BIMAHHS.

Ho Hcxons u3 BOMHOBOH TeopHH TPYAHO OOBACHHTH oOGpa3zoBaHHE
pe3kux TeHeil. KopnyckynsapHas sxe Teopus oObscHANIA 3TO CNEACTBHEM
3aKOHA HHEPIHH.

B nansHeiiiem BonHOBas Teopus 6rina passuTa B paborax M. B. Jlo-
MOHOCOBa, A. Jiinepa, T. FOunra, O. ®penens, Jlx.-K. Makcpenna.

M. B. JlomoHocoB B cBoeM TpyRe «CnOBO O NMPOUCXOXKIACHHH CBETA,
HOBYIO TEOPHIO O LiBeTax mpeactasiawomee» (1756 r.) obpacHaeT Mexa-
HHM3M paclpoCTpPaHEHHs CBETA.

OH BBOAMT NOHATHE O KONeOATENHHOM ABHXEHHH HACTHI[ 3¢Hpa.
Caer, npeacraBnseT coboif pacnpocTpaHeHHe H nepegady konebatensHo-
TO OBIKCHHUS B dupe — OT OAHHUX YaCTHI K COCEOHUM. B paccyxaeHusax
JloMOHOCOBA COAEPKUTCA HIEA O NONEPEYHOCTH CBETOBBIX BOJIH.

Paznmuuue npetoB Ten 3iinep CBA3BIBAN C HEOAHHAKOBBIMH YaCTOTAMH
konebanmii. KaxnoMy BTy COOTBETCTBYET OpefieieHHas YacToTa.

Bonblioe pa3BUTHE M 3aBEpILICHHOCTH BOJIHOBAA TEOPHA CBETa MONY-
yuna B pabortax T. FOHra u O. ®penens. FOHr onpenenun mHy cBeTo-
Boif BONHBL. PaboThl 3THX yueHbIX OBUIH MOCBALEHH HHTEpGEPEHIHH,
JI(PaKLMHA U MOJSIPH3AMH CBETA.

BnexTpoMarHuTHAs NpHpoAa cBera 6pina cosmada JIx.-K. Makcsen-
oM W noxaTreepxkacHa onkitamMu I'. Tepua. IIpu pacnpoctpaneHnu cBer
BefleT ce63 KaKk BONHEL

HpI0TOH c4HTAN, 4TO CBET COCTOMT H3 CBETOBRIX YACTHUI[ — KOPITYCKYIL,
K ABIIKEHHIO KOTOPHIX OH MPUMEHST 3aKOHBI MEXaHHKH.

KopITyCKyJInl ABMXKYTCS B OAHOPOXHOH cpelie ¢ OPPOMHBIMH CKOPO-
ctaMu. IIpn oTpakeHMH M NpeNOMIICHHH CBETa Ha KOPIYCKY MBI NEHCTBY-~
0T CHJIBI CO CTOPOHBI OTPMKAIOMICH WIH TpEeIOMIIAIONICH cpeabr, Me-
"HAIOOIEH UX CKOPOCTh. JTO [IPHBOAWT K M3MEHEHHIO HaNpaBIeHHs pac~
NPOCTPaHEHUA ITOTOKA YACTHI, T. €. CBETA. o
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Onnako B Hayasie XX Beka NMpEACTAaBICHHS O MPHPOJIE CBETa HadaH
KOpPEHHBIM 06pa3oM MEHATHCA.

HeoxuaanHo 0Kazanock, YTO OTBEPrHYTast KOPIYCKYJSpHAas TEOpHs
BCe e MMeeT OTHOILUeHHe K aelictButensHocTH. KopnyckynapHyro Teo-
PHMIO CBETa B €€ COBPEMEHHOM IOHUMaHHH CO3Jal OHHIUTEHH, SIBJIAIO-
LUHCA OCHOBOITONIO)XKHHUKOM YyueHHs 0 GOTOHHOH cTpykType cBera. Oc-
HOBY TeopnH yctaHoBui M. Ilnank. Bonbuioi Bknaa B pa3sBHTHE TEOPHH
BHec H. bop.

Oka3aock, YTO MpH HM3TyYEHHH H NMOTVIOLICHHH CBET BeleT cebst Mmo-
JIOGHO MOTOKY YaCTHLL.

Bo3uukia HeoOblYHas CHTyalMs: SBJICHUS MHTepOEpeHUMH W M-
(bpakiH MO-NpEXHEMY MOXKHO 6B1110 OOBACHUTE, CYMTad CBET BOJHOM, a
ABJICHUA M3NYYEHHUS M NOTTIOIIECHHS — CYHMTAs CBET IOTOKOM YacTHl,. JTH
JiBa, Kasaloch ORl, HECOBMECTHMBIX APYT- C APYTOM IMpEJCTAaBICHHS O
TIPHPOJE CBETA, yIan0och 00beJMHITH B HOBOH TeopuH. C TeueHHeM Bpe-
MEHH BBIACHWIOCH, YTO JIBOHCTBEHHOCTH CBOWCTB IPHCYIIA HE TOJBKO
CBETY, HO M J11060# Npyroi popMe MaTepHH.

II1. TlonBenenue HTOroB ypoKa

Jlomamnee 3axanue
c. 171-174.

JononuuTtenbHbIi MATEPHAT

CBgeT ¥ CBETOBLIE ABJICHHA JIIOAHW HA4YAIH H3Y4aTh 3310JT0 10 OTKPBITHA JJIEK-
TPOMarHMTHBIX BONH. Takue u3BecTHble (unocods apesHoctH kak Iludarop
(VIB. no H.3.), Apuctotens (IV B. no H.3.), Esxung (III B. 10 H.3.) 3aHHManHCh
u3yueHueM ceta. EBkina B cBoHX TpakTaTax 0606IIK paHee H3BECTHBIE 3HAHHA
¥ H3JI0XHJI ABa 3aKOHa reoMetpHyeckod ontHkH. [To-Buaumomy, Iludarop oa-
HHM H3 NEPBBLIX BHIABHHYJ THMOTE3Yy O TOM, YTO Tella HCMYCKAKOT Menbyaiiine
YacTHUBI, KOTOpbIE MONMaNaloT B [Jia3a, Gnarofaps YeMy Mbi H BHAHM OKpYXato-
i Mup. OfHY M3 NepBBIX FHIOTE3 O CBETE Kak BO30YXIEHHH CPEenl BBIABHHYN
IpeBHerpedeckHit yueHsiii Apucrorens. PopMy TEOpHH O CBETOBBIX BOJHAX 3Ta
runotesa mpHobpena B TpyJax rojlaHackoro yueoro-dusuka X. Tioiirenca
(1629-1688).

Pa3sHTHe B3r/18/10B Ha NPHPOAY CBETA H NEPBble OTKPLITHA
B 061acTH (PH3IHUECKOH ONTHKH

INepBobie NpeacTaBneHHs O TOM, YTO TAKOE CBET, OTHOCATCA K JPEBHOCTH.

B npeBHOCTH NpeAcTaBNeHHs 0 NPHpoAE cBeTa OblIM BECbMa IPHMHTHBHBIMH,
(baHTaCTHYECKHMH H K TOMY X€ BeChbMa pa3HooOpa3HeiMH. OnHAKO HECMOTPS Ha
pa3Hoo6pasre B3rNAA0B JPEBHAX HA NPHPOJY CBETA, YKe B TO BPEMA HAMETHIIHCh
TpPH OCHOBHBIX M0/IX0J]a K PELIEHHIO BONPOCa 0 NMpHpoAe cBeTa. DTH TPH NoAxona
B JanbHelieM opopMiLTHCh B IBE KOHKYPHPYIOILME TEOPHH — KOPIYCKYJISPHYIO
H BOJIHOBY!O TEOPHH CBETA.
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Mogasnsiouiee 60NBIUHCTBO APeBHUX (PHIOCO(GOB U YUeHBIX PaCCMaTPUBAIIO
CBET KaK HEKHe JIyyH, COSAMHAIOU(HE CBETAILEECH TENO U ueNIOBEYECKMIl rnas.
TIpu 3TOM OfIHH M3 HUX MONATANM, YTO JyYH UCXOMAT U3 T3 YENOBEKA, OHM KaK
GHl OlLYNLIBAIOT pacCMaTPHBAEMEIH TIPEAMET. 3Ta TOYKA 3peHHA HMMeNa CHavyana
Gonwwoe yucno nocnefopateneii. axe Takoit kpynHefiwmii yuenstit kak EBximg
npusepxusaics ee. opMyaupys NepBhIif 3aKOH reOMETPUYECKOM OTITHKH, 3aKOH
npAMonUHeiiHOro pacnpocTpaHeHus cBera, EBkimg nucan: «McmyckaeMsle ria-
3aMH JyyH PacrnpoCTPaHAIOTCS 10 NpAMOMY NMyTH». Takoro xe B3risja npuaep-
suBanca [ToneMeit U MHOTHeE ApyrUe yueHble H GUNOCOPEI.

OnHaxko nosxe, yxe B CpellHHe Beka, TaKoe MPEACTaBIEHHE O MPHPOAE CBeTa
TepsAeT cBoe 3HaueHHe. Bce MeHsple CTaHOBHTCA YYEHBIX, CAEAYIOLHX 3THM
Barnsagam. M x Hauany XVII B. 3Ty TouKy 3peHHS MOXHO CHHTATH yXe 3abbITOI.

Jpyrue, Hao60pOT, CYNTANH, YTO JIyYH HCIYCKAIOTCA CBETALUUMCA TENIOM H,
JIOCTHras 4enoBEeYECKOro riala, HecyT Ha cebe OTNEeYaToK CBETALIErocs npeamMe-
Ta. Takoit TOYKHM 3peHHSA MpUAEpXUBATHCh aTOMHCTHI JleMokput, Onukyp, Jlyk-
peuuii.

Tocneanss Touka 3peHHA Ha MPHPOAY CBeTa yxe nosxe, B XVII B., opopmu-
Nlack B KOPIMYCKYJIAPHYIO TCOPHIO CBETa, COMIACHO KOTOPOH CBET €CTh MOTOK Ka-
KHX-TO YaCTHL, UCITYCKaEMBbIX CBETALHMCH TEIOM.

Tpersa Touka 3peHHA HA MpUpody cBeTa 6blna BhiCKalaHa ApuctoteneM. OH
paccMaTpuBan CBET HE KaK MCTEHYEHHE HEro-TO OT CBETALUETocHs MPEAMETa B ryia3s
1 TeM Gonee He KaK HEKHE NyYH, HCXOAALIHE U3 T1a3a H OLLYNBIBAIOLLHE MIPEAMET,
a KaK pacmpOCTpaHSIOLIEECs B POCTPAHCTBE (B cpeic) AeHCTBHe HIH JBHXKEHHE.

MueHne ApHCTOTens B €ro BpeMs Malo kro pasjensan. Ho B AanbHekiem,
onsaTh ke B XV B., ero Touxa apeHus nony4yuna pasBUTHE U NOJOKHUIA HAYAIO
BOJIHOBOI TEOpHH CBETA. ‘

B XVII B. B cBA3M ¢ pa3sBHTHEM ONTHKH BOMPOC O MPUPOJE CBETa BBI3LIBACT
Bce Gonbuiii ¥ Gonpwni WHTepec. ITpH 3TOM NPOHCXOAHT 06pa3oBaHHE ABYX
TIPOTUBOMONOXHBIX TEOPHH CBETA: KOPIYCKYJIAPHOH U BOJTHOBOH.

Jina pa3sBHTHA KOPNYCKYNApHOH TeOpHH cBeTa Oblna Gonee OnaronpuaTHas
nousa. JIeHCTBUTENBHO, JUTA F€OMETPHYECKOH ONTHKH TIPEICTAaBNEHHE O TOM, YTO
CBET eCTh MOTOK 0COORIX HACTHL, GBUIO BNONHE ecTeCcTREHHBIM. [IpsiMonuHeiiHoe
pacrpoCTpaHEHHE CBETa XOpPOIIO OGBACHANOCE C TOYKH 3pPEHHA 3TOH TEOPHH.
Takoxe xopoLio o6BACHANCA H 3aKOH OTpaXXEHHs CBETa. [la M 3aKOH NMpenoMIeHHA
He MPOTHBOPEHHIT 3TOH TEOPHH.

O6uiee NpeACTABIEHHE O CTPOCHUH BELLECTBA TAKXKE HE BCTYMANO B MPOTH-
BOpeure ¢ KOpnyckynsapHoil Teopueil crera. B ocHoBe TormawHux npepcrasne-
HHif O CTPOCHHH BELUECTBA JIe)Kana aTOMHCTHKA. Bce Tena cocTosT M3 aTOMOB.
Mexay aToMaMH CYUIECTBYET MyCcTOe NPOCTPaHCTBO. B YacTHoCTH, TOrAa cuuTa-
JIH, YTO MEXTIAHETHOE MPOCTPAHCTBO ABISETCA MycThiM. B HeM U pacnipocTpans-
€TcA CBET OT HebeCHBIX TEN B BHJE NMOTOKOB CBETOBSIX YacTHL. [103ToOMY BnosHe
€cTecTBeHHo, yTo B XVII B. Gbino MHOro $M3KHKOB, KOTOpLIE NPHAEPKHBANHCH
KOPMYCKYNAPHO# TEOPHH CBETA.

B XVII B., kak MBI yke CKa3au Bhlllle, HAYHHAET Pa3BHBATLCA H NPEACTaBNe-
HUE 0 BOJTHOBOH NMpHpOJe CBeTa.

PoxoHayansHHKOM BONHOBOH TEOPHH CBETA HYkHO cuHTaTh Jlekapra. [ekapt
6biT IPOTHBHHKOM CYLIIECTBOBaHHA 1yCTOrO MPOCTPAHCTBA. B CBA3H € 3THM OH He
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MOT CYMTATh CBET MOTOKOM CBETOBRIX YacTuill. Cser, no Jlekapty, 3T0 HEYTO BpO-
Jle AaBJICHHS, TIEpeJaloLIErocs Yepes TOHKYIO Cpefy OT CBETAIIErocs Tena BO BCE
ctopoHsl. Ecin Testo Harpero H CBETHTCA, TO 3TO 3HAYHT, HTO €r0 YaCTHIE! HaX0-
JATCSA B ABIXXECHUH M OKA3KIBAIOT JaBJIEHHE HA YACTHIBI TOi Cpefbl, KOTOpad 3a-
MOAHACT BCE MPOCTPAHCTBO. JTa cpefia MONyuuna HasBaHue 3dupa. [aBnenne
pacnpoCTpaHsieTcs BO Bce CTOPOHEI M, IOXOAA AO I71a3a, BHI3LIBACT B HEM olylile-
HHE CBETA.

Takosa Touka 3peHus Jlekapra Ha npupoay ceeta. Hy)XHO TONBKO OTMETHTS,
YTO B CBOEM COUHHEHHH, MOCBALIEHHOM CIIELHAILHO ONTHKe, JlekapT none3dyercs
H KOpHycKyJapHoii runote3oit. Ho 3To, kak OH caM FOBOPHT, cHeNaHo JUIA TOTo,
4TOGBI ero paccysxjaeHus 6suH Gonee moHATHLL. [To3TOMY He mpaBbl TE, KTO Ha
OCHOBE TOJILKO 3TOr0 COYHHEHHs 3auucnser JlekapTa B CTOPOHHMKH KOPITYCKY-
nsapHol Teopuu ceeTa. YueHsie XVII u XVIII BB. 3T0 XOpOIO MOHUMANIH U CHH-
Tamu JlekapTa pogoHa4aTbHUKOM BOJIHOBOI TEOPHH CBETA.

KoneuHo, y JlekapTa HeT ellle NPeACTaBleHus O CBETOBHIX BONHax. OH Mpex-
craenseT cebe CBeT KaK pacnmpocTpaHsiolleecs ABUKEHHE, HIH HMITYLC B ddupe.
Ho He 310 BaxHO. BaxkHKIM fIBNAETCA TO, 4TO JlekapT paccMaTpuBaeT CBET yXKe He
Kak MOTOK YacCTHL{, a KaK_paclpocTpaHeHHe AABICHHA, HIH ABHXeHHE HMIYJbCca
HT. M.

JlekapT mipHiien k 0TKa3sy OT KOPNYCKYJNAPHOH TEOPHH CBETa YHCTO YMOIpH-
TeNBHBIM MyTeM. HHUKakuX OMBITHBIX JaHHBIX, KOTOPHIE TOBOPHIH GBI 32 BONHO-
BYIO TEOPHIO CBeTa, TOTAA elle He 6o, [TepBoe OTKPBITHE, CBHACTENBCTBYIOLILEE
O BOJIHOBOI mpupoje cBeTa, 6bUO cHenaHo MTANBAHCKUM YydeHbIM PpaHuecko
Ipumansau (1618-1663). OHo 6o omy6nukoBano B 1665 r. mocne cmepru
Y4eHoro.

I'puMansau 3aMeTHJI, 4TO €CJIH Ha MyTH Y3KOTO My4YKa CBETOBHIX JNy4eH mo-
CTaBUTh TMpEAMET, TO Ha JKPaHe, NMOCTAaBICHHOM €33, HE MONYYaeTcs pe3koit
TeHH. Kpas TeHH pa3MBIThI, KPOME TOrO, BIOJb TEHH MOABIAIOTCA LBETHBIE MONO-
cbl. OTKphITOE ABNeHHe I'puManbau HazBan audpakuueii, Ho O6BACHUTE €0 Npa-~
BHITBHO He cyMen. OH TIOHHMal, YTo HabmomaeMoe MM SBJeHHE HAXOAWTCA B
TIPOTHBOPEYHH C 3aKOHOM TPAMONHHEHHOrO paclipocTpaHEHHs CBETa, a BMECTE C
TeM H € KOPMYCKyNApHO# Teopueil. OJHaKO OH HE PELIMICA MONHOCTBIO OTKa-
3aThCA OT 3TOM TEOpUH.

Cser, mo I'pumanbau, pacnpocTpaustoniics cBetoBoit dumous (TOHKas He-
omyTHMas xkHakocts). Korma cBer BcTpevaercs ¢ MpensTCTBHEM, TO OHO BBI3BI-
BaeT BOJHH 3Toro ¢umouna. ['puManbau MpUBEN aHATOTHIO C BOJHAMH, Pacmpo-
CTPaHSAOIHMMHCS N0 MOBEPXHOCTH BoAbL [Iomo6HO TOMY kak BOKPYr KaMHS,
6porweHHoro B BoAy, obpasyercs BONHA, TaK H TPENATCTBHE, MOMEHICHHOE Ha
NYTH CBETA, BHI3BIBAET B CBETOBOM (hiiiouae BOJNHBI, KOTOPHIE PaclpOCTPaHAIOTCA
3a rpaHH1bl TEOMETPHYECKOM TeHN.

BTOpBIM BaXXHEIM OTKPHITHEM, OTHOCALIMMCA K u3Hueckoli onTHke, OblIO
OTKpHTHe HHTephepeHuun ceta. [Ipoctoii onwIT MO HHTEpdepeHiyk CBETA Ha-
6monan I'puManeau. ONBIT 3aKTIOYaeTCs B CNEAYIOWIEM: Ha MYTH CONHEYHBIX
Ayyell CTaBAT 3KpaH ¢ ABYMSA ONIM3KHMM OTBEPCTHAMH (TIPOJENaHHEIMHA B CTaBHE,
3aKpeIBalOLIEH OKHO); MOYYAIOTCA ABA KOHYCa CBETOBBIX My4eil. [Tomemas skpaH
B TOM MeCTe, Tie 3TH KOHYChl HaKJIa[IbIBalOTCA APYr Ha ApYyra, 3aMeyaloT, YTro B
HEKOTOPBIX MECTaX OCBELICHHOCTh 3KPaHa MEHbLUe, HYeM eciid OBl ero ocpeman
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TONBKO OJIHH CBETOBOH koHyc. M3 aToro ombita Fpumansau caenan BRIBOA, YTO
npubaBieHHe CBETa K CBETY HE BCEr/a YBeIHYHBAET OCBELEHHOCTb.

Jpyro# cny4al MHTepdepeHLIHH NPHMEPHO B Te XKe roAbl HCCleJoBal aHr-
nwiicknii Puank Pobepr Iyx (1635-1703). On usyyan npeTa MBUIBHEIX LIEHOK H
TOHKHX [NACTHHOK W3 coAbL [IpH 3ToM OH 06HAPYKHN, YTO TH L[BETA 3aBUCAT
OT TOJI{HHBI MBUILHOH NJIEHKH WIH CIIOASHOMN MJIaCTHHKH.

I'yk nofowen x U3y4eHHIO 3THX SABNEHHH C MpPaBUIBHOH TOYKH 3peHus. OH
nojaran, 4YTo CBET — 3TO KonebareNbHbie ABHXEHHS, PacnpOCTPaHAIOLIHECH B
aupe. O faxce CUUTAN, 4TO 3TH KoNeGaHHs ABIAIOTCA NONEPEYHBIMH,

SABneude MHTepdepeHIMH CBETa B TOHKHX fueHkax ['yx oOuAcHan TeM, yTo
OT BepxHel W HIbkHeH MOBEPXHOCTH TOHKOH, HAMPHMED MBLILHOM, MIIEHKH Mpo-
HCXOAHT OTPaXeHNe CBETOBBIX BOJH, KOTOpble, MOMajas B [N1a3, MPOM3BOJAT
oliyleHHe pa3nuyHLIX LBeToB. OaHako y ['yka He GBilTo MpaBHNBLHOrO NpeACTaB-
TIEHHA O TOM, 4TO Takoe 1BeT. OH He CBA3BIBAT LBET ¢ YacTOTOH KonmeGanuii uim ¢
JUTHHO# BOJTHBI, TO3TOMY HE CMOT pa3paboTaTh TEOPHIO HHTepdhepeHLIHH.

TpeThe BaxHOe OTKPHITHE, OTHOCSAIIEECH K BONHOBOH onTHKE, OBINO caenaHo
JaTcKuM ydeHsIM BapTtonuHoM B 1669 r. OH OTKphIN siBNeHHE ABOHHOrO Jydye-
MPENOMIIEHHS B KPHCTalle HCTaHACKoro winaTta. bapTonun obHapyHi, 4To eciu
CMOTpETh HA Kakoii-mHOo nmpeaMeT yepe3 KPHCTANT HCTaH/CKOTO LUMaTa, TO BH-
HO HE OJHO, a [BA H300paXXeHUs, CMEIIECHHRIX APYr OTHOCHTENRHO Apyra. OTo
AIBJIEHHe 3aTeM Hecnegosan [TofireHe W nonsiTancH JaTh eMy 0OBbACHEHHE C TOYKH
3pEHHA BOJIHOBOH TEOPHH CBETA.

Crenyowuii 1ar B pa3sBHTHH BOJNHOBOH TCOPHH CBeTa 6hN caenaH I'toHreH-
com. Trofirerc pabotan Hax BonHOBO} Teopueit ceera B 70-x rr. XVII B. B 310
BpeMs oH HamHcan «TpakTaT o cBeTey, coaepxaHue KOTOporo Jaonosxkun [Tapux-
ckoif akafieMHH Hayk. OgHako ofyGNHKOBAHO 3TO COYMHEHHE 6BLIO Mmo3Kke, yxe
iociie TOro Kak CTajii M3BecTHH! pa6oThl HelOTOHA Mo onTHKe.

TojireHc nonaran, yTo BCce MHPOBOE MPOCTPAHCTBO 3allOJIHEHO TOHKOH He-
ouryTUMoH cpenoit — 3QHPOM, KOTOPHIH COCTOHT U3 OYEHH MANEHBKHX YNPYrux
wapHkoB. D$Up TakKe 3aMOTHAET MPOCTPAHCTBO MEXY aTOMaMH, oGpa3yIoLu-
MH 0OBIYHEIE TeNa.

PacnpocTpanenue ceerta, no I'tolirency, ecTs npotecc nepeaaid ABUXEHUS OT
HIapHKa K LIapHKy, NOA0OHO TOMY KaK pacnpOCTPaHSETCA HMITYJIbC BAONE CTainb-
HBIX [IAPOB, CONPHKACAIOLHXCA APYT C APYrOM H BBITAHYTHIX B OJHY JIHHHIO.

BBIABHHYB Takylo runoTe3y o cBeTe, ['tolireHc MOCBATHN OCHOBHYIO 4acTh
cBoeit paGoTh! OOBACHEHHIO H3BECTHBIX 3aKOHOB ONTHKH: 3aKOHA TNPAMONHHEHHO-
TO pacnpocTpaHEHHs CBETa, 3AKOHOB OTPAXXEHHA W NPENOMIIEHHS.

Jleno B TOM, 4TO B TOT NEPHOJ OT BCAKOH TeopHH cBeTa TpeGoBanock B nep-
BYIO oYepesib OOBACHHTE 3TH XOPOILO 3HAKOMBIE BCEM 3aKOHEBI ONTHKH. DTy 3asa-
Yy XOPpOILO BRINOJIHANA KOPMYCKYJNAPHas Teopus cBera. Ho BOT MOXeT jid cnpa-
BUTKCA C HeH BOJIHOBaA Teopua?

Benp ecnu cBer npeacTaBngeT coboil pacnpocTpaHsiolleecs ABHXEHHE B
adupe, TO KaK MOXHO OOBACHHTbL 3aKOH TNPAMONTHHEHHOro pacnpocTpaHeHHs
cBeta? Jlns 3ByKa, HalpuMep, BOJIHOBas NPHPOAA KOTOpOro Oblna ficHa, TaxoH
3aKOH, Ka3aloch, He CyllecTBYeT. JleiiCTBUTENBHO, eci Mexay HabnionareneM H
3BYYall[HM TEJOM NIOCTaBHTH HeGOJIBLION 3KpaH, To Belb Bce paBHO HabroaTessb
6yner cnsinath 3B8yx. Ho juia cBera 3To HesepHo. [IpaBaa, sBnenne qudpakiuy
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y)e OTKPHITO, HO 3TO, OHEHp MaNbliif 3(pdeKT H Ha HENO MOXKHO He OfpalaTh
BHHMaHHSA.

JU1st Toro YTo6HI T0Ka3aTh, YTO BOSIHOBAA TEOPHA CHOCOGHA OOBACHHTH NPAMO-
nHeliHoe pacnpocTpaHEHHE cBeTa, T'HoireHC BBIABHraeT CBOH M3BECTHBIN NPHH-
nun. Ipusenem gopMynmHpoBKy 3TOr0 NPHHILMNA, AaHHYIO caMHM [iolireHcoMm.

«Ilo nosony npouecca o6pa3oBaHHA STUX BONH CIEAYET €Ilie OTMETHTH, YTO
K2KAAaA YaCTHIA BEIIECTBA, B KOTOPOM PAacfipOCTPaHAETCA BOJIHA, AOJDKHA C006-
I}aTh CBOE [BIKEHHE HE Tonbko Omkaiimei wactule, Aexaued Ha NpoBefeH-
HO#i OT cBeTsILEHCA TOMKH NPAMOii, HO HeoOGX0ANMO coobiLaer ero Taike H BCeM
JIPYTHM YacTHIIaM, KOTOPhIE KacaloTCs €€ W NPENATCTBYIOT €e ABWKEeHHIO. Takum
00pa3zoM, BOKPYT KaKAOH HacTHlki JOMKHA 06pPa3oBaThCA BOJIHA, UEHTPOM KOTO-
poii oHa amnserca». Ho kaxnpas u3 3THX BONH upe3Bhyaifvo cnaba, u ceetoBoi
addext HabmogaeTcs TONLKO TaM, Il NPOXOAHT UX orubatowiasn.

Ho nns npu3HaHus BONHOBOH TEOPHH CBETA 3TOTO OBINO Mano. SiRneuns AH-
¢paxunn 1 uHTepdepeHtH He 6bUIH o6bacHEHw ToiireHcom. Ho rnaruas ne-
yaaua teopuH [NoiireHca 3axmouanack B TOM, 4To oHa 6hiNa TeopHeit BecupeTHO-
0 cBeta. Bonpoc o iseTe B Heii He paccMaTpHBaics, a K ToMy BpemeHH HbloToH
CZIENal HOBOE BaXHOE OTKPHITHE B ONITHKE — OH 0GHAPYXHI JIHCTIEPCHIO CBETA.

Ilpexne 4eM nepeiiTH K HANOXKEHHIO ITOrO OTKPLITHR, CKAXKEM €Lle 06 OfHOM
BaJHOM I11are B Pa3BHTHH OIITHKH — NIEPBOM OTIpe/IeNIeHHH CKOPOCTH CBeTa.

Briepanie ckopocTh CBeTa 6mina onpejieNieHa JaTCKHM acTpoHOMoM Pemepom
B 70-x rr. XVII 8. [lo 3TOro BpeMEHH Cpe/iH Y4eHhBIX CYIIECTBOBANO ABA MPOTH-
BONOJIOKHBIX MHEHHA. OZIHH nmonaraii, 4To CKOpOCTh CBETa HECKOHEYHO BEJIHKA.
Jpyrue xe XOTH H CYHTANH e¢ odeHb OONBINOH, TeM He MeHee, KOHEYHO#H.

Pemep nonrsepaun BTOpoe MHEHHE, MPOBERA HAOMIOAEHWA HAJ 3aTMEHHEM
cnyTtHHkoB 10nuTepa. M3mepus Bpemena UX 3aTMEHHS, OH CMOT U3 NONY4YeHHbIX
JIaHHBIX TIOICHHTATh CKOPOCTh pacnpocTpaHeHts caera. Io ero noncueram, cxo-
pOCTh CBeTa NOMy4Haach papHoi 300870 kM/c B COBpeMEHHBIX eIMHHIAX.

¥Ypox 61. OnniTHOE ONpeAe/Ienne CKOPOCTH CBeTa

Hﬂlb.‘ MNO3HAKOMHTH yYalllHXCq CO crnocobaMi HaXOXKJICHUS CKOpOCTH
CBCTA.

Xon ypoka

L Oprasn3ansuosHpii MOMEHT
IL HorTopenne
— - Kaxopa npupona ceera?
—  Kro npunepxuBanca kOprmycKylISpHOii TeOpHH cBeTa?
—  Kro npuaepxupancs BoJHOBOH TCODHH cBETa?
= Yto uzy4aer onTHKa?
— Kaxue paszensl ONTHKH BhI 3HacTe?
-—  Yro m3yyaer reoMeTpudeckas onTHka?
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1I1. U3yyeHHe HOBOr0 MaTepHaa

OpnHa U3 MIepBhIX TONEITOK IT0 H3MEPEHHIO CKOPOCTH. CBeTa NpHHAIe-
sxur [". Fannnero. Ha BepmmuHax nByX XOJIMOB HAa pacCTOSHUM 1,5 KM apyr
OT Jpyra Haxoaunuch Habmoparenu ¢ donapsmu. [lepsriit mogasan cur-
Hanel ApyroMy HabmroJartento, KOTOPBIH, YBHICB CBET, MOCBUTIAT CBOMM
torapeM cHrHansl obpatHo. TTpoMEXYTOK BpeMEHH MEXKIY MOCHUIKAMH H
npydeMaMHM CHTHANOB TIEpPBBIA HaGnioAaTenb H3Mepsil MO YHCNY YAapoB
nynbca. Bpems monyyanoch koHe4HBIM, HO odeHb ManeM. Ho Tanmuneii
TMOHSUI, YTO 3ai€pKKa OTBETHOTO CUTHAIA CBA3aHA CO CKOPOCTHIO PeaKiMH
MEILIEYHOH CHCTEMB! YENOBEka, a He C KOHEUHOH CKopocThio cBeTa. [To-
TILITKA HE 33aBEPIINIACH YCIEXOM, TOTOMY 4TO BO BpeMena I, I'amunes we
651110 cTOCO60B H3MEPEHHSA MAJIBIX TPOMEXYTKOB BPEMEHH.

Cxema, npeanoxenHas ['anuneeM, B cBoeil MPHALMITHANBEHON YacTh
COBIAJAET CO BCEMH MOCIEAYIOIIUMHU NPAMBIMH H3MEPEHHAMHN CKOPOCTH
pacnpocTpaHEHHs CBeTa.

Pemep, nepBrIit B HCTOPHH HAayKH, OTIPEIEIIHI CKOPOCTh cBeta. B 1676 1.
Pemep OBIT aCTPOHOMOM, M €ro ycmex OOBICHAETCA MMEHHO TEM, YTO
MPOXOJMMBIE CBETOM PacCTOAHMS, OBINM OYeHb BEJIMKU. JTO PACCTOSHHS
MeXIy MIaHETaAMH COJTHEYHON CHCTEMBI.

OH nabmonan 3atMmeHue cnyTHHKOB FOnuTepa. FOmurep MMeeT MHo-
KecTBO (BOCEMHANaTh) CIyTHHKOB. OOBEKTOM M3yueHus Pemepa cran
cnytHuk Ho. On Buaen, kak cnyTHHK NPOXOIWI Iepe]] IUTaHeToH, a 3a-
TEM yXOAHUN B ee TeHb. Ilocie moaBasics, kak OYATO «3aXrnach nammay.
ITpoMesxyTok Okasancst paBHBIM 42 4 28 MHH. B Hawane u3MepeHus npo-
BOAMNKCH, KOTOA paccTosiHue Mexay 3emieli n YOmitepom 6sin0 Makcu-
MaJIbHEIM. 3aTeM Yepes rmonroja, koraa 3emns yjansanacs ot FOnutepa Ha
IuaMmerp croeil opbuthl. CriyTHHK OMNa3fpiBan TMOSBIATECA HA 22 MHH.
3Has paccTOsHHE, KOTOPOE BBI3BAIO ONMO3AaHUE (AuaMeTp OpOHTHI 3eM-
1), MOKHO OBINIO pacCUHTATh CKOPOCTh CBETA.

CkopocTh Okazanack odeHb Gonbmiod — 215 000 km/c. ITH pesynera-
THI 06/1aJaF0T MaIOl TOYHOCTBIO, BCAECTBHE HETOUHOTO 3HAHUS pajaHyca
op6utht 3emnu. Takas 60bIa% CKOPOCTL HE JAET BOSMOXXHOCTH yCTaHO-
BHTB BpeMs PaclpoCTPaHEHUs MEXAY ABYMS TOUKAMH Ha 3eMJI€ B dKCIie-
pumMeHTax [Nanunes.

OtkphiTHe Pemepa noxreepmuno ydenne KomepHHkd O JBHKEHHH
3emnn. OH MepBBIM A0Ka3all, 4TO CKOPOCTh CBeTa BEJHKA, HO BCE XKE KO-
He4Ha.

B 1849 r. ®u30 BEpBbie ONpelcaHa CKOPOCTh CBETa J1aGOPaTOPHBIM
METO/IOM.

B ero oneitax cpeT magan oT HCTOYHHKA HA MONYNPO3pavHYIO TLIa-
ctury. IlpensapurensHo cBeT npoxoaun yepes nuH3y. Ilocne oTpaxenns
OT ITAaCTHHBI HAMpaBJsics Ha GBICTPO Bpaluamollieecs KOJNECo, KOTOpoe
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umeno 3y6es. [Ipokas Mexay 3y6eaMu, CBET ZOCTHIAN 3epKajla, KOTOPOE
HaXOJHJI0Ch B HECKONIBKMX KUIOMETpax oT koneca. OTpa3uBIINCH OT 3ep-
KaJla, CBET, NMpeXxJe 4YeM IomacTs B rna3 Habmopartens, JOMDkeH OblI
ONsATH NpONTH MexXny 3yObsmu. Korza koneco Bpamanocr MeIJIEHHO,
CBET OTpPaKCHHBIA OT 3epkana, 6put BUAEH. IIpH yBENIHUEHHH CKOPOCTH
KOJIeca OH ocTeneHHo ucyesan. [Touemy?

Korna cser, npowenuumi Mexay AByMs 3y6uamu, Iuel O 3epkala U
0o0paTHO, KOJNeCO YCHEBAIO NOBEPHYTHCS TaK, YTO HAa MECTO MpOpe3H
BCTaBal 3y6el M CBET mepectaBan OGbiTh BUaMMBIM. [IpH panbHeHumeM
YBEIMYEHHU CKOPOCTH BPALIEHHS CBET OMATh CTAHOBUJICH BHAMMBIM. 32
BpeMs IyTelleCTBUA CBETa JO 3€pKajla M 06paTHO KONeco ycreBalo Mo-
BEPHYTbCA HACTOJIbKO, YTO Ha MECTO NpEXHEH Mpope3d BCTaBana yxe
HOBas Npope3b. 3Has 3TO BPEMs M PacCTOSHUE MexXIy KOJIECOM H 3epKa-
JIOM, MOKHO OIIPEAENHTL CKOPOCTh cBeTa. B onbiTe ®PH30 ckopocTh cBeTa
nomyunnack 313 000 km/c.

boio paspaboTaHO MHOXECTBO APYrHx, Oonee TounbIxX Nabopatop-
HBIX METOJIOB M3MEPEHUS CKOPOCTH CBeTa. bblla H3MepeHa CKOpoCTh cBe-
Ta B pa3lMYHBIX NPO3payHbIX BellecTBax. CkopocTh cBeTa B Boje ObuTa
u3mepeHa B 1856 r. Ona okazayiach B 4/3 pasza MEHbLIIE CKOPOCTH CBETa B
BaKyyMe.

Flo coBpeMeHHbIM JJaHHbIM, CKOPOCTh CBETa B BaKyyMe paBHa 299 792
458 m/c. Ommbka B u3MepeHnax He npeBbimacet 0,3 m/c. bonee TouHble
METOZIbl OCHOBAHB! HE Ha W3IMEPEHUH BPEMEHH, a Ha N3MEPEHUM YACTOTh
M JTMHB! 3IEKTPOMAarHUTHOH BOJIHBIL. '

B 1983 r. Ha 3acenanun I'eHepasbHON KOHQEPEHIMM MEpP M BECOB
6LUIO0 NPHHATO HOBOE OMNpeleneHHe MeTpa: «Merp ecTh MIMHA MYTH,
NPOH/ICHHOTO CBETOM B BaKyyM€ B TEYEHHE BPEMEHHOTO HHTEPBaJIa, paB-

HOr o». U3 9TOro0 CIEAYET, YTO CKOPOCTh CBETA MPpHHHMA-

1
0 —_—
299 792 458
€TCA TOYHO paBHOH 299 792 458 M/c. DTO CHENAHO UIA TOTO, YTOOBL KaX-
Ibli pa3 HE MEHATH ONPEACIICHHE METPa M0 MEPE YBETUUEHHS TOUHOCTH
H3MEPEHHS PACCTOSAHUS.

(Yuntens neMOHCTpHpyeT Kiaccy cxemy onbltoB Pemepa, ®wuso,
MaiikenbcoHa.)

I1I. 3axpenaenne maTepHana
—  YeMy npuOGNH3HTEILHO paBHA CKOPOCTh CBETa B BAKyyMe?
— OOBACHUTE METOABI ONpEAENCHUs CKOpOCTH cBeta Pemepa, Duzo
1 Maiikenbcona.

IV. IloaBeneHne HTOroOB ypoka
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Jomauinee 3axanHe
n. 59.
P-1005; P-1000; P - 1007.

JonoanuTensuntii MaTepuan

Buorpadud H 1eSTeILHOCTD Y1CHOTO

Onad (One) Pemep pomuncsa B mecreuxe Aapryse B IOtnanauu 25 ceHrabps
1644 r. B ceMbe He o4YeHB yaaunusoro kynua. HauansHoe o6pazoBaHue Manbyuk
Nony4yun B MecTHo# cobophoii wkone, a ¢ 1662 r. npopomxun yueby B Konenra-
FeHCKoM YHuBepcHTeTe. CHayalla OH u3yyan MEAHLHHY, a 3aTeM CTan YYEHHKOM
Opasma BapronnHa, noa pyKOBOACTBOM XOTOPOro 3aHANCA (PH3HKOH H aCTpPOHO-
MHEi. OTHOINEHHA yYeHHKa H yunTens GuuTH BecbMa 6nuskumu: One xun B 1oMe
BapronmnHa, a yepes HEKOTOpPOE BPEMS CTall €10 IATEM.

K ToMy Bpemenn, koraa IMTukap npu6uin B JaHuio, o6cepratopus Bpare 6mina
MOYTH MOJIHOCTBIO pa3pylieHa. TeM He MeHee, C MOMOIIBIO HCKYCHBIX TIOMOLIHH-
koB IIukapy ynanock NMpOBeCTH 3anfaHHpoBaHHmle Habmonenus. Ha ¢panigys-
CKOT0 acTpPOHOM2, MO-BHAUMOMY, MPOH3BENH GONbLIOE BNEYATIIEHHE JHEPrHA H
crniocoGHocTH Monosoro natdandHa. B 1671 r. [uxap pewnn npHraacHTs ero Bo
®pannmio qns pabotel B Ilapuxckoii o6ceparopun. Pemep npuHan npurnatie-
Hue Tukapa. Tlocne nepeeana B Tlapux, KpoMe HEMOCPENCTBEHHBIX OOA3AHHO-
cTeil coTpyaHHKa 06CcepBaTOpPHH, Ha HEro BOIJAraeTCA €lile OJTHO OTBETCTBEHHOE
nopyueHue — oby4yeHHe MaTeMaTHKe HacneAHHKa ¢paHiy3ckoro npecrona. Ho
3THM He OrpaHHYHBaeTcs aesTensHocTh Pemepa. B Tlapuxke on 3aunmaerca pas-
HOOOpa3HEIMH HHKEHEPHRIMH MpoblieMamMH, B YACTHOCTH, YYacTBYET B YCTpOMCT-
Be ¢onTaHOB B Bepcane  Mapnu. B ofnacTH acTpOHOMHH MONY4aloT M3BECT-
HOCTh H300pETEHHBIE HM NNAaHHCHEPH — MOJEJIH, C MOMOIBIO KOTOPRX MOXHO
66110 MpocneANTs 3a ABHXEHHEM OJIHOrO HEGECHOro Tena BOKpYr ApYroro; mia-
nuchepa I0nurepa (Mopmnabuym) ChIrpana 3HaYHTENBHYIO POl B ONIPEACNECHHH
HEPETYJIAPHOCTEH B BHIHMBIX JBHKEHHAX cnyTHHKoB IOnuTepa. OnHHM crioBoM,
B [lapuxe PeMep cpasy npucTynwn x axTHBHOH Hay4HoH paborte. Byayuu co-
TpyAHHKOM KaccHHH, OH HEH3GEXHO 3aHANCA PEIICHHEM 3324, HHTEPECOBABLLIHUX
pykxoBoauTens obcepsaropuu. [Ipoananu3HpoBaB pe3ynbTaTel MHOTONETHHUX Ha-
‘6monennit, narckuii actporoM B ceHTabpe 1676 r. BeICTynun nepea ‘WieHaMH
[Mapuxckoii AxasieMHH Hayk C JOK/NAfOM, B KOTOPOM MPEACKA3alN, 4TO 3aTMEHHE
nepeoro cmyTHHKa IOnuTepa, koTopoe JO/MKHO L0 MO pacueTam MPOH3OHTH 9
HoAGps Toro e roaa B 5 4. 25 MuH. 45 c, B AcicTBHTENbHOCTH Gyner naGmo-
JIaTheA HA JICCATh MHHYT Mo3ke. DTO 3ana3/ibiBAHHE OH OOBACHHE KOHEYHOCTHIO
CKOPOCTH PaclpOCTPaHEHHSA CBeTa: Mo MHEHHIO PeMepa, cBety Heobxomaumo oko-
50 22 MMHYT, 4TOOBI MpPOHTH pacCTOAHME, PaBHOE AHAMETPY 3EMHON OpOHTLI.
Habmoneuune HosGpbckoro 3aTmeHus Grectdiile NMOATBEPAUNC MNpPeEACKa3aHHE
yueHoro. 310 Aano eMy BO3MOXHOCTE BRICTYNHTH 21 HOAGPA TOro Xe rosa ¢ 10k-
JIaNoM © CBOHX HabmoaeHusAX H BHIBoJax W3 HHX. B nekabpe Hanoxenue poknasa
6nu10 HanmeyaraHo B «JKypHane yYeHn!x» — TIEPBOM B HCTOPHH NEPHOAHYECKOM
Hay4HOM HW31aHuK, BeixoausuieM B [Tapuxe. Jletom 1677 r. nepeBoa paGoTei
Pemepa 6bt1 ony6nukosan B «®unocodcknx Tpynax» Jlownoxckoro Kopones-
CKOTo 06l1ecTBa.
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Haxoxpenne Pemepa Bo ®paHuuu OCnoXHANOCH AByMs ¢akTopamu. Bo-
nepBeIX, HhopManbHO OH He 6bln uneHoM Tlapiikcko#t AkaeMHH Hayk (OH cTan ee
HHOCTp2HHbIM YICHOM JHIIb B 1699 r., B oaun roa ¢ HelotoroM). Bo-BTOpHIX,
Pemep Grut npotecTanToM. Ero npe6oiBanre B kaTonnyeckoil PpaHunn Tepneny,
noka JeficTBoBan Tak Ha3lbiBacMblii HaHTckuit 3aukT, moAanHcaHHbIl koponeM
®panuun Fenpuxom IV B 1598 r. M pernameHTHpoBaBIIMi B3aHMOOTHOIIEHHSA
MpPOTECTAHTOB H KaTonuxos. B koHue 70-x roaos XVII Beka nonuTuyeckas n
penurdosHas o6cTaHoBka Bo PpaHUMH cTana MEHATHCA, BCIEACTBHE YETO MOJO-
KEHHE YUEHBIX-TIPOTECTAHTOB NepecTano GbITh NPOYHLIM, H OHH CTallH NMOKHAATh
cTpaHy. Jlaxe TakoMy BhiiaolleMycs Y4eHOMY kak [toiireHc, OAHOMY W3 MepBBIX
uneHoB [lapwxckoil AkageMHH HayK H €€ (aKkTHHeCKOMY pYKOBOAMTEMIO, NMpPH-
I1och yexats Ha poauHy, B [omnananio. PeMep He cran HOXMIATBCA OTMEHBI
Hanrckoro saukra (1685 r.) u B 1681 r. BepHyncs B KonenrareH, rje eMy AaBHO
npeanarani kadeapy MaTeMaTHKu W 3BaHHe npodeccopa CTONHYHOTO YHHBEPCH-
Teta. B nancueriuieM cynn6a Pemepa ckiafbiBanach BecbMa HEOOLIMHO.

Bckope mocne BosBpalerds y4deHoro Ha poauHy (1681 r.) patckuii kopons
XpucTHaH V HalHa4yMN €ro KOpONeBCKHM acTpoHoMoM. braroaaps stomy Pemep
MONMY4HJ BO3MOXHOCTb MONbIOBAaThCA ObGcepBaTopHeil, pacrmonarasuieiica B
Kpyrnoit 6aune H ocHoBaHHO#H B nepeoif nonoBuHe XVII B. Kopons Bckope no-
HAJI, HACKONBKO CBEIYULIHI B TEXHUKE YENOBEK HAXOAUTCA Y HEro Ha cayxbe, U
Ha Pemepa nochinanca notok HazHadeHHi. [1o Mopy4eHHIO KOPOIA OH BBIMONHAT
MHOXECTBO NMOPY4YeHHH MHXEHEPHOro XapakTepa (6blT CMOTPHTENEM OPOT KO-
pONEBCTBA, 3aHMMAJICS BOINPOCAMH CTPOMTENLCTBA MIOPTOB H T.A.).

Ho Pemep 6Bl He TONBKO NMPEKPACHBIM aCTPOHOMOM H HHAKEHEPOM, OH, TO-
BHAKMMOMY, oOnajan He3aypsAHEIMH OPTaHH3aTOPCKHMH CMOCOOHOCTAMH. OH
pa3paboTan HOBYIO CHCTEMY Hanoroo6noxeHnus, paboTtan B HECKONBKHX rocyaap-
CTBEHHBIX BEOMCTBaAX, B TOM 4ucne 6b11 M3poM Komnenrarena B 1705 r. Bugumo
6naroaaps 3TuM crniocobHocTaM Dpeneprk IV, cMeHUBILHIT HAa JIATCKOM npecTone
kopons Xpucthana V, cienan Pemepa ceHaTtopoMm, a 3ateM H rnasoif 'ocynapcet-
BEHHOr0 coBeTa. KaxeTcs, YTO B TAKHX YC/IOBHSX NMPOCTO HEKOTAa GHINO 1aHH-
Mmatbes Hayko#. Ho Her, s«uBs Ha poadHe, Pemep HH4yTh He ocnaGun cBoel Ha-
y4HOH aKTHBHOCTH. Bosee Toro, oH qaxe pacHivpun cdepy ee NpUMEHEHHS.

TMocne cmeptH Pemepa B ero nuuHoit obcepsatopuu Gsuto HaitieHo 54 u3o6pe-
TEHHKIX UM WHCTPYMeHTa. BaxHeHUIHMH M3 HUX 110 NpaBy CYMTAIOTCH MACCAXKHBIH
WHCTPYMEHT H MEPHAHaHHBIH Kpyr — NpHOOpbI, HCTIONB3YyEMBIE [T aCTPOHOMHYE-
ckux HaGniofeHui ¥ B HamM Juu. 3a uzobperarensckuii TanaHt PeMepa cripaBen-
JIMBO MPO3BaNH «CEBEPHBIM APXHMEIOM». ABTOPHTET PeMepa B Jiene OpraHn3aluH
aCTPOHOMHYECKMX HabMoeHmi GLUT CTONL BEMUK, uTo cam Jleit6HuL obpatancs x
HEMY 32 COBETaMH 110 BOTIPOCY YCTpoicTBa 06cepBaTOPHH.

O pesynbTatax acTpoHoMHueckHx HabmoleHuil Pemepa, cienaHueix B Jla-
HHUH, H3BECTHO Maslo — 6onblras 4acTk €ro 3anmuceil cropesia BO BpeMs NoXapa B
1728 r.. Takaa cyanba Hacneaus Pemepa TeM Gonee pocToliHa coxaneHHA, Tak
KaK Mo HEKOTOPBIM OtieHKaM O0BEM MPOBENEHHBIX UM HabnioAcHUi He ycTyman
o6beMy HabmoaeHuii THxo Bpare, HO HaBepHJKa OHH GLITH BBITIOTHEHH! C TOpa3-
no Gonbueil TogHOCTHIO. Ta HUUTOXHAA 4acTh 3anHceii Pemepa, koTopylo yha-
J0Ch CracTH MpH MNoxape ero npeaaHHoMy yqeHuky ITutepy [oppeby, 6bina o6-
paboTaHa HeMeLKHMH acTpoHoMaMH B cepeaune XIX B., 4To NMO3BOAMMIO ONpee-
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JIUTH NonioxeHHe 6onee 1000 3e3n. 3To NMUIHKIA Pa3 CBUAETENLCTBYET O 3HAYM-
MOCTH HabmojieHHI Beigaroierocs narckoro acrpoHoma. He 3ps ero mms 3ane-
CeHO Ha kapry JIyHEL.

Pemep ymep 19 cenrtsbps 1710 r., Tak H He JOXAABUINCEH TIOATBEPXAEHHSA OT-
KPBITHA, 06eCCMEPTHBLIETO €ro HMA.

Peakuns na orkpeiTHe PeMepa B MEPOBOIi Hayke TOT0 BpeMeHH

Jlaneko He Bce coBpeMeHHHKH Pemepa oueHmIH ero paboTy mojoXKHUTENBHO.
Mur yxe 3naeM, yTo KaccHHH BBICTYIHI NMPOTHB OOBACHEHHA 3ana3/ibIBaHHA 3a-
T™MeHHH, nanHoro PemepoM. OH MpeiIOXHA MHOXECTBO MPHUYHMH, BCIEACTBHE
KOTOPBIX MOMIH HabmoaaTbes 3TH 3anasgsiBaHud. Cpegu HUX ObUTH M BHITAHY-
TOCTh OpOGHTBI CIYTHHKA, H HEPABHOMEPHOCTH €ro IBHKEHUA 10 opbuTe, BhI3BaH-
Has HEM3BECTHBIMH MpHYHHamu. IIpu my6nukauMH cOGCTBEHHBIX AAHHBIX MO
HabnoieHHaM cnyTHHkoB lOnutepa Kaccuun aaxe pewmicas o6BABHTE Te M3
HHMX, KOTOpbIe MOATBEPXkKAANH BRIBOA PeMepa, «HEHAAEKHUIMHY.

Ha ouenke paGotei Pemepa oTpHLATeNsHO CKasanach «CeMeHCTBEHHOCTBY,
uapuBuwag B [lapixckoii obcepsaropiu — Bee uieHsl ceMbd Kaccuuu GuinM Ha-
CTPOCHBIL MPOTHB HJEH O KOHEWHOCTH CKOPOCTH cBeTa. [10-BHAMMOMY, JINIB OAWH
JoBoj ceMedcTBa KacCHHH 3acmyKHBan CEpbe3HOTO BHHMAaHHA — OTCYTCTBHME
AHANIOTHYHBIX YETKO BBIPAXXEHHBIX 3aKOHOMEPHOCTEH B JBHXEHHH JPYTHX CIyT-
HukoB IOnutepa. OtBer Ha 3ToT Bonpoc Pemep He Mor AaTk B cuily Hepa3spabo-
TAHHOCTH TEOPHH ABHXEHHA CIyTHHKOB GOMBLIMX TUIAHET, MCIBITHIBAOLINX Bia-
HMHOE BIIMAHHE, — BeJb €ro paboTa AOABHJIACH 32 JECATH JIET IO BHIXOJAA B CBET
HBIOTOHOBCKMX «MaTeMaThieckux Hadan HatypanbHoi bunocodun» (1687 r.), B
KOTOPAIX 65T CHOPMYTHPOBAH 3aKOH BCEMHPHOTO TATOTEHHS.

BuiBogst PeMepa Guuiv MONOXKHTENLHO BOCHPHHATHE 32 py6ewom: X. Toii-
reHcoM B lonmnanauu, Y. HelotonoM, Jx. ®nemctiaom, Jx. Bpagneem, J. Man-
neem B AHrnuH, I'.B. Jleli6unuem B lepmannn, ® Tonsko B ctpaHe, rae 6buio
CHEJIaHO OTKpBITHE, — BO (DPaHLIUK, OHO HE TMONYYHITO NIPUIHAHUA 10 TEM KE MPH-
4MHaM, KOTOpbIE H BbIHYAHIH PeMepa yexaTs Ha poJUHY.

OxoH4aTeNBHO MOATBEPANI TeOpHI0 PeMepa H OHOBPEMEHHO CHSJI BO3pake-
Hus Jlexapra actpoHoM Bpennm (1693-1762) B 1725 r., kxoraa oH, neiTasch HaiTH
MapaiiaKe HEeKOTOPBIX 3Be3f (BUAMMOE W3MEHEHWE NONoXeHus HeGecHOro cae-
THJIa BCNIEJCTBHE NepeMellieHHs Habmoaarens), oOHapyxun, 4To B CBoeil Kylib-
MHHALHH OHH KaXYTCA OTKIOHEHHBIMH K tory. Habmoaenns, npogomkasusecs
no 1728 r., nokasan, 4To B T€4EHHE roAa ATH 3BE3/Ib KaK Obl OMHECBIBAIOT -
nunc. Bpennu HHTEpNpeTHpOBaN 3TO ABNeHWe, HasBanHoe B 1729 r. Escraxuem
Mandpeau abGeppalveii, KaK pe3yNibTaT CROXEHHA CKOPOCTH cae'ra, HAYLEro ot
3BE3/IbI CO CKOPOCTBIO OPOSHTANBHOTO JABHXEHHS 3EMITH.

PoBepr Munnuken poanncs 22 mapra 1868 rona B wrate MnnuHoiic B ceMbe
cBAlieHHHKa. Ero aercrso mpoumno 8 HeGonbuwiom, cTosmmiem wa Gepery pexw,
ropoake MaxkBokera (wtaT Aiioa). «Mo#i oTell H MaTh BOCITHTATH LIECTEPBIX
JeTed — TpeX JEBOYEK H TPEX MANb4YHKOB, )XHMBA HA XANOBAHbE CBALIEHHHKA He-
Gonbworo roponxa B THICAYY TPUCTA JIONNAPOB B TOJ, — paccKasbiBall OH. — Mhl
HOCHITM KOCTIOMBI M TUIAThA H3 cuHel GymackHOM TKaHH M XOAWIH 60CHKOM, Ha-
4YHHAA C OKOHYAHHA LIKOJE B Mae W [0 Hauana 3aHATHI B ceHTAOpe. 3UMOH MBI,
MaNbUYMKH, ©XCIHEBHO paciiiNuBani JAEcATh YeThpexdyToBrIX OpeBeH. Tak npo-
JloKanoch 710 TeX nop, Noka Mbl He HAMHIMBAIH AecaTh KOpAoB (1 kopa = 3,63
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ky6omMerpa) apoB. Bo BpeMs KaHHKYN MO YyTpaM MBI AODKHH 6butn pabotars B
cafy, Ho mociie o6enia y Hac 656110 CBOGOAHOE BpeMs IS HIp».

Jletu nnaeany B peke, urpamy B GeiicGon, nea pasa B JeHb NOWIH KOPOB,
BCTAaBaJIM B TPH Yaca HOYH, YTOGBI BCTPETHTH 6poasuyr0 LIUPKOBYIO TPYIIY, Bbi-
YUHIHCh KPYTHThCS Ha CAMOAENTBHBIX MapajuieNkHEIX 6pyChAX H HUKOTAA HE CJIbl-
XaJH O TOM, 4YTO B3POCIBIH 4EOBeX MOXET 3apaboTaTh cebe Ha KHU3Hb, IPOBOAS
BpemMs B naGoparopun U paboTas Haj kakoit-to dusuxoit. JIng Hux cnoso «pusn-
Ka» CBA3LIBAIIOCH C TIOHATHEM O cnabuTtensHoM (pa3r. «physic» — cnaGutensHoe).

Kypc ¢usuku B cpeaneit mikone MakBOKETE BeNl caM AMPEKTOp, KOTOPHI B
JIeTHHE MecALbl 3aHMMAJICA TJIaBHBIM 06pa3oM MOMCKaMH MOA3EMHBIX BOA TPH
MOMOLLH Pa3fBOSHHOI'O OPEXOBOTO NPYTHKA H YK BO BCAKOM CIy4ae He OYEHb TO
BepUJI BO BCIO 3Ty epyHAy, HaneuaTaHHy1o B yueOHuke: «Kak 3T0 MOKHO U3 BOJIH
cmenatb 38yk? Epynza, Manbunku, 3To Bee epynaa?». Ho 3ato yuntens anre6pst
MHUNIAKEH ¢ YBaXEHHEM BCITOMHHAT BCIO KH3Hb.

Korzma eMy HCHONHHIIOCH BOCEMHAMIATE, OH MocTyNui B OGepIUHCKHIA KoN-
nemx — 6par ero 6a6Gyiiku Gbl1 OJHUM U3 OCHOBaTesel 3Toro yye6HOro 3aBejie-
Hus. Ha BTOpOM Kypce komnnehka OH BHOBB NPOCITyINal Kypc eKuHii no ¢pu3uxe,
KOTOpble GBUTH HHUYTh He Beceliee TeX, YTO MY YMTAIH B cpefHeii mwkone. Ha-
BBIKM B CMOPTHBHBIX HIpax H aTiieTHKE, MpHOOpeTeHHbIe B AETCTBE HA 3afHMX
IBOpaX, MOMOTJIH eMy MOIYYHTh MECTO MpenofaBaTeiiA THMHACTHKH, a JAOXOX OT
npenofaBaHus GUIHKK B cpelHeil wkoe elie Gonee YKpenus ero ¢pUHaHCOBOE
TIONIOXKEHHE.

MHuHKeH, HaIoO cKa3aTb, JOGPOCOBECTHO OTHOSHAICS K CBOMM NpemojaBa-
TENbCKHM 0683aHHOCTAM. UTO6B MATH BriepellH CBOHX YUEHHKOB, OH M3y4al BCe
Y4YeOGHHKH, KaKHe TOJNBKO MOT A0CTaTh. B To BpeMs B aMEPHKAaHCKHX KOILTEIDKAX
61110 BCETO JIBE KHHTU NO (U3NKE — NEepeBeaeHHbie ¢ (paHiy3ckoro a3bika pabo-
Thl 'ano u Jemanens.

TIpr Takux obcToATeNbCTRAX MMWUIHKEH AeCTBHTENHHO XOPOLIO HayuH
TIpeIMeT.

Io okoH4YaHuH Konnemxa B 1891 rogy MunnukeH npoposmxan npenojasats
buauky B O6epnune, nonyyas Hebonploe xanosanse. OH GBI BRIHYK/AEH 3aHH-
MaThCA 3THM, 0O, KaK FOBOPHII OH CaM, «B TOT FOA ACTIPECCHH HHKAaKOi BakaH-
cHu He 6buton. OHako npenofasarenu O6epiHHa 3HAYHTENBHO CEpbe3HEE OTHO-
CHIIHCH K poH MuUIHKEHa B HayKe, YeM OH caM, U 6e3 ero BefloMa HaNpaBHIH
ero noxyMenTol B KomyM6uiickuit yHusepcutet. EMy 6bia npeioxkeHa CTHIICH-
s, ¥ MIJUTHKEH NOCTYNHA B YHUBEPCHUTET, KOO Apyroif BOIMOXHOCTH NONy4aTh
perynspHo 700 nonnapos y Hero e 6bino. B KonymM6uiickoM yHHBEpCHTETE OH
BIEpBble BCTPETUICA C MOABMH, [Ty6OKO HHTepecOoBaBIIMMHUCA GU3HKOH, Mun-
NHKEH pelHI NMOCNeA0BaTh HX MPHMEPY M TOTBITATACA CTaTh HACTOALIHM y4e-
HBIM, HECMOTPA Ha TO, YTO YKE MHOTO JIET Tep3aJicsi COMHEHHAMH OTHOCHTENBHO
CBOHX CIIOCOOHOCTEH.

B 1893 rogy Hayka B AMepuke 6nia oTcranoil. TONbko JM0AH, NOTyYHBIIHE
o6pazoBatie B Esporie, Xopollo MpeACTABIAAN cebe, Kak HMEHHO ClelyeT BECTH
Hay4YHO-HCCNeOBaTeNbCKylo paboty. Ha dusnyeckoM odakynerete Komymbwuii-
CKOr0 YHHUBEpPCHTETa GBI TONMBKO OAMH TaKoil uyenosek — mpodeccop Maitkn
TsronuH, nosyunsumii o6pasoranne B Kem6pnmxe. Mumnuken rosopun: «Cy-
Ias Kypc ONTHKH, KOTOPBIH unTan goxrop ITeiomuH, 1 Bce GoNbllle YAHBIANCA.
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Briepaele B XKH3HH A BCTPETHI Y€JIOBEKA, KOTOPhIH HACTONBKO XOPOLIO 3HAJ aHa-
JUTHYECKHE TIPOLECCH], YTO, HE TOTOBACH K 3aHATHAM, MPHXOAHIN €XEAHEBHO B
ay[MTOPHIO M M3aTAl CBOM MBICIM B BUAE YPaBHEHMIi. S pelHN MOMBITATHCA
HAYYHThCH JCNATh TO Xke caMoey. Korja cpok cTHneHauH, HasHaYeHHbIH MHH-
KeHy JUIS u3y4eHUd GU3NKH, HCTeK, OHa He Obina Bo3o6HOBneHa: [TionuH npen-
noyenn MIUTHKEHY ApYroro KaHauaara.

Korpa IetonuH y3Han, 4to MujuHkeH ocrancs 6e3 BCAKUX CPEACTB K Cylle-
CTBOBAHHIO, OH 3aHMHTEpecoBaNca ero cyanboil. Ha cnenyiowmuii ron UMeHHO mo
HactosHWio [IblonnHa MUNNHKeR pemn noexars yuHThes B 'epManuio. Munu-
KeHy NpPHILIOCH NPU3HATBCS, YTO Y HETO HET cpencTB, H IlbtonuH nan emy B3aid-
MBI Heobxoaumyto cymMy. InionuH xoten momaputh eMy 3TH JeHBTH, Ho Mun-
JIMKEH He cornacuincs v Bpy4un [IbIonuHy pacimicKy B MONy4eHUH JCHET.

IMepen camMbiM oTBE30M MUIIMKEH BCTPETHICA €llle ¢ ONHHUM HYENIOBEKOM,
CHITpaBUIMM 3HAYUTENBHYIO PONb B €ro XH3HH. Bo BpeMs netHel ceccnn Mumnu-
KeH MoOBIBANl B HE/JABHO OTKPEITOM UHKAarcKOM YHHBEpPCHTETE, Tl NTO3HAKOMUIICS
¢ A. A. MaiikenbconoM. HH 011H YenoBeK HHKOTAA HE MPOH3BOAMI HA MOJIOJOTO
YUEHOTO CTOJNb CHJIBHOTO BheyaTieHHA. B atom ke ynuBepcutere IlbtonuH B
1895 roay noyiyyun AOKTOPCKYIO CTENEHD.

MusnnukeH Haxoauwncs B Espone (pabotan B bepnuHckoMm u I'eTTHHreHckoM
YHHBEPCHTETAX), KOT/Ia 32 cepueil 3KCNEpHMEHTANIBHBIX paboT nocneaoBan rpaH-
THO3HBIH B3PEIB BCEX KNaccHuecknx TeopHil. B 1895 u 1896 romax npospyyanu B
Hayke uMeHa bekkepens, Penrtrena, Kiopu u ToMcoHna.

BpoxenHe eute npofomxanock, korna nertoM 1896 roga MunnnkeH nomy4un
oT A. A. MaiikenscoHa Tenerpammy ¢ NpefaoKeHHEM 3aHATh MECTO aCCHCTEHTA B
YukarckoM yHuBepcuTeTe. Munnukeny 65010 torga 28 yer. «S oTman Moo ofie-
Xy BMECTE C YEMOLAHOM B 3aKaj KalHTaHy OIHOTO U3 CyIoB AMEPHKaHCKOM
TPaHCMOPTHOM JIMHUH, 3aBEPHB KOMIIAHHIO, YTO 51 BBITIAYY KANHTaHY CTOHMOCTh
npoesna B Heto-Hopke 1 TONbKo Mocrne 3TOro mpijy 3a BeaMiy.

Crenymwouuye [BeHaauaTh neT MUIHKEH npoBen B 06CTaHOBKE HEYTOMHMOIA
HayyHOH aKTHBHOCTH, XapakTepHoii 1na Uukaro B Hauane Beka. Unkarckui yHH-
BEPCHTET COOpall B CBOMX CTEHAX MOJIOARIX JItOJieH, KOTOPBIX B CKOPOM BPEMEHH
OXHAANa LIHPOKast U3BECTHOCTh: acTpoHoMa Jhopmxka ['eiins, uctopuka Jxeitm-
ca Bpectena, axoHomucta Credena JlukoHa, Pobepra JIoBeTTa U MHOTHX, MHOTHX
Apyrax. B ogHoM maHcHOHe ¢ MHIUIMKEHOM NpPOXXHBaIH fBoe loHouteH: Top-
creitn Bebnen u laponexa Uke.

Mepsrie roael, npoBeneHHble B UYukaro, MUIUIHKEH TOCBATII HANHCAHHIO
yR060BAapUMEBIX aMEPHKAHCKHUX YueOHUKOB Mo ¢H3nke U 3a60TaM o CBOEH MoINo-
noit ceMpe. MaiikeNbCOH B3BANILT Ha HETO BCIO MpeTioflaBaTenbekyto paboty, ko-
TOpas HE COOTBETCTBOBAJIA HPaBY CTAPHKA.

B roxs! Tlepsoti MupoBoii Bofinel (1914-1918) Munnuken 6511 3aMmecTuteneM
npeaceaaTens HAUHOHAIBHOTO HCCIIEROBATENLCKOTO COBeTa (paspabathiBan Me-
TEOPONOrHYeCcKHE TIPHOOPEI AN 06HAPYKEHHS NOABOMHBIX JIOLOK).

MunivkeH Hayan cepbe3HO 3aHMMAThCR HAyYHO-HCCIENOBaTeNbcKoi pabo-
Toii, koraa eMy 6bUIO MOUTH copok neT. [IpobneMel Ang HccnenoBarus OO6BLIYHO
BBIGHpATHCE UM M3 YHCNA TEX, KOTOPHIE TaK MOTPACHH Y4YeHBiHf MHp, KOTAA OH
eile 6bi1 B EBpore. MuinnkeH, noHeBone craButdii $GpH3MKOM, MOCTaBUN fBa
3KCNEPUMEHTA, KOTOPHIE H OHBIHE ABJAIOTCA KITACCHYECKHM 006pa3LoM H3ALIECT-
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Ba 3aMmbicna H BomnomieHus. OH 3acayxun nonydennyio um Hobenenckyio npe-
muio (B 1923 roay).

Ypok 62, IIpenomaeHne cBeTa
I{ens: yrnyOGHTL M CHCTEMaTH3HPOBATh 3HAHNA yJammxcs o6 ocobeH-
HOCTAX PaciipOCTPaHECHHS CBETA HA IpaHHLE pa3fiena JByX cpea.
Xoz ypoka

L. Opranu3aiMOHHLIH MOMEHT
IL IIponenenue saboparopuoii pabornl

JlaGoparopuas pabora
no Teme «H3yaenne oTpaxeHHs CBeTA B IUIOCKOM 3EPKAJIE»

Lens pabombi: 3KcTiepUMEHTATLHAA NMPOBEPKA 3aKOHA OTPOKEHHSA.

0b60pydosanue: NNOCKOE 3epKAIO, -IUCT “HCTOH Oymarn, sxpan co
[eNbI0, TPAHCIIOPTHP, KapaHjall, cBeya (WIH APYrod MCTOYHHK CBETA),
CIHYKH. -

Xon paboTht
1. Pacnionoxmre obopynosaHne cornacHo puc. 52.

3KpaH

-

IIOCKOE
3epKaio,

4

CBCHA

Puc. 52

2. 3axkrdTe cBedy H C MOMOLIBIO IKPaHa C LIENBI0 BHRCIHTE Y3KHH
Iy40K CBETa. DTOT IYy4OK HANPaBLTE Ha IJIOCKOE 3EPKaNo.

3. KapannauiomM npoBefiiTe Ha JIUCTE YUCTOH OyMaru JHHHIO NO Ha-
TIPABNCHHIO NAJAIOMIETO H OTPAXCHAONO CBETOBOT'O JIyda, @ TAKKE BAOIb
TIOBEPXHOCTH 3epKalia. B TouKy naxeHus fy4a nocrasbTe NepnCHIMKY AP
K MOBEPXHOCTH 3epkaia. Ha nHcre GyMarn ykaxure Najalonmud oTpa-
MEHHBIH NyY, NEpACHAHKYAP, IUIOCKOCTh 3epKaia, YIihl aJicHHsA H OT-
pAKCHHUA.
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4. C moMOIBIO TPAHCTIOPTHPA H3MEPETE YINIbI MANEHHS H OTPaXKESHUS
Tydeil. MeHsAA TONOXKeHHE 3epKana, 3aMephbT€ HOBHIE 3HAUEHHS YIJIOB
NaJeHHs ¥ OTPAKCHHS.

5. Tabnuna.
Homep Vron Vo CpaBHeHHE YIJIOB
najaenust
onbITa nageHus oTpaxeHust
H OTPAXKEHUA
1
2
3
4
S

I11. M3y1eHHe HOBOTO MaTepHAN]

Ha rpannne 1Byx (a3 cBET MEHSET HallpaBJIEHHE CBOETO PacpocTpa-
HeHus. YacTh CBETOBOH 3HEPrHH BO3BpallacTCi B MEPBYIO cpedy, T.c.
TIPOUCXONHUT OTpaskeHne creTa. Ho wacte cBeTa, ecn BTOpas cpexpa fpo-
3payHa, MIPOXOJAMT Yepe3 IpaHHIly pa3fieNa cpel TaK ke, KaK MPaBHIIo,
MEHSA TIPH 3TOM HamparicHHe. JlaHHOe SBJICHHE Ha3bIBAIOT NPEITOMIICHH-
€M CBETA.

Sxenepumenm ¢ onmuueckol waiibou

1lafiby 3akpeluisoT Ha Aucke. Yepe3s OCBETHTENb MOMYYAIOT Y3KUit
my4ok cBeTa. CBETOBOM MyYOK HAET OT OCBETUTENA BAOJL PajHyca AUCKA
H Ha rPaHHIIE — CTEKJI0 YACTHHHO OTPAKAETCA, YACTHUHO TIPEJIOMIIAETCA.

Jarckwuit actponoM u Mmatematik B. Caenn no X. Iwiirerca u M. Heto-
TOHA B 1621 I. 3KCHIEPUMEHTAILHO OTKPBLT 3aKOH TIPENOMIICHUS CBETA:

sina
=—=const .

sinf v,

n, >n;

v, <Y

Puc. 53
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AGBCONIOTHEI 1TOKa3aTeNs NPeJOMIICHAS JaHHOH Cpeb!:

n=—.
[
Ecna n, <n,, 10 a> f;

ecnd m <n,,T0 > f.

Puc. 54
IIprumenum npuHuun [NofireHca A1s BBIBOJIA 3aKOHA NpENOMIICHHS:

B,

Puc. 55
MM' — rpanuua pasaena JByX cpexn;

AjA u BB - nagaromue yqu;

AA,; u BB, — npenoMieHHbIE JTy4H.

@ — Yo najaeH|s; f— yroi npeaoMiIeHH.

sing=——=——
AB AB sina _u_m_
- 21
sin 8 = AD vat sin ,B v, n
AB 4B
TA€E Nyj — [IOCTOSAHHASA BENHYHHA JBYX CPEA.
n_u
— ==,
B b

sina _n, _y
sin ﬂ n v,
msina =n,sin 5.
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3axon nperomnenus

1. Jlyu nanalommii ¥ dy4 NpeIOMACHHBIN AEKaT B OJIHO#H TUIOCKOCTH C
TIEPICHAMKYJBIPOM, TIOCTABIEHHBIM B TOUKE MafAcHHA Jyua K NMOBEPXHO-
CTH pa3fielia IByX Cpefl.

2. OTHOHICHHE CHHyCa MAfCHMA K CHHYCY YIjia TIPCIIOMIICHHS Uis
JIBYX NAaHHEIX CPEJl €CTh BEJINYHHA NOCTOSHHASA (JUIS MOHOXPOMAaTH4ECKO-
ro CBeTa).

BriBesieM 3aK0H nNpenoMIeHHs CBETa, HCTIONEL3Ys npuHIHN PepMa.

AI X
1,
% ) v
v o 1
h 0 .
V., <V
I 2 1
AR
A,
L ? Puc. 56

Hycts B cpene I ckopocts cBeTa vy, B cpeie 1l — ckopocTs cBera vL,.
Jlns npoXoXACHHS CBETA U3 TOYKY A B TOUKY A, 6yAeT 3aTpaueHo BpeMs:
II+x? N JI; +(L—Jc)2

b b, )
BribepeM H3 Bcex BOIMOXHBIX TPACKTOPHil pacIpOCTPaHCHHA CBETA

Ty, KOTOPOH COOTBETCTBYeT MHHHMAJIBHOE BpeMs paclpOCTPaHCHHS.
HponuddepeHunpyeM H NpHpaBHAEM MPOH3BOAHYIO K HYJIO:

1=

a ., 1 x 1 L-x
& v, 40 v, 04,
. x . -x
VuuThBag, ¥TO Sing, =——, sin@, =———, NONY4IHM:
A0 04, .
singy _sina, __ sine, _u _c c_m
D, v, sina, v, m n, n

3710 ¥ ecTh 33aKOH TIpeNoMIICHHSA CBeTa. 3anHiieM ero B 6onee yno6-
Hoii dopme: n, sina =n;sina, .

Ha rpanmne paspena JBYX cpell NMpaKTHYECKH BCETJa MyHOK CBETa
paszienseTcs Ha JIBa — OTPAaXCHHBIH H MPEJIOMACHHHIHA. .
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IV. 3axpenyienHe maTepuana

—  Uro HasKBacTCH NMPETOMIICHHEM CBETa?

—~  ChopMynupyiTe M 3aNUIINTE 32KOHBI MPETOMIICHHS CRETA.

—~ Kakoi#i pusmyeckuii cMBICT OTHOCHTENILHOTO TIOKA3aTeNs IpeioM-
seHHA? AGCOTIOTHOTO NOKA3aTeNA PETOMICHHA?

—~ Hanummure ¢popMmyny, BRpaXalONyl0 CBA3b OTHOCHTENBHO IMOKa-
3aTelid NpeJIOMJIEHNst IBYX TPAaHMYAINUX Cpel ¢ UX aGCOMOTHHIMH
NOKA3aTeNAMHU NPETOMIICHHS.

V. Pemienne 3agay

3aoaua Mo 1

Ha gHe py4ps qexuT KaMeHB (CM. prC. 57). Malpuuk XO4YeT TOIKHYTh
ero nankoil. [Ipunenyrasce, MaTBIHK AEPKUT NANKy mox yriaoM 45°. Ha
KaKOM PacCTOAHHH OT KaMEHIKa BOTKHETCH MajIKa B THO PY4bsi, €CIIH TIIy-
6uHa ero 50 cM?

BO3AYX
BOda
A B/ ic
Al 1
1 i Puc. 57
Jlano: Pewmenmne:
a = 45° Al=1-1.
n = 1; Pacemotpum AAOC:
y = 1,33; LAOC = Lo ; ZAOC =45°; LCOA=90°.
ZI—O(;SM. 0C=AC:h:l-
o L=h1gp.
sina  n, . sina
CormacHo 3aKkoHy TpeloMJeHMA: ——=-2 orcioga sinf = ,
sinff n n,

n=1. Al=h-higf=h(l-1gp);

e ; B =arcsin sin45® ~=32°,
1,33

. [ sin
p= arcsm(

n,

(Omeem: Al =0,19 m.)
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3adava Ne 2

Jly4 cBeTa Majmaer Ha TPaHULY pasfena ABYX cpel noAa yriaom 32°
(cm. pHc. 58). AGCOMOTHEIA IOKa3aTe/lb NpPETOMIICHHS NEPBOi Cpeisl
2,4. TlpenomiieHHbI JTyy NEpPHesINKyIApeH oTpaxeHHoMy. Kakos abco-
NIOTHBIA NOKa3aTeNkb NPEJIOMIIEHHS BTOPOH Cpebt?

A

! Puc. 58
Jauo: Pewienne:
o =32° sina _ n
m =24 siny n,
0A L 0B. U
—5 3 PHCYHKA BHUJIHO, YTO
= ZKOB=f; LKOA=y; a=p.
ZKOB+ £ZK0A=90°; a+y =90°.
sing _ sin@ _sina _

n
— = = =tga=—=; n,=ntga=15.
siny sin(90-a) cosa n,

(Omeem: n,=1,5)

3adaua Ne 3

CaeToBoif JTy4 nagaeT nox yrioM a = 30° Ha IIOCKONapaLIeIbHYO 1a-
cTrHKy TomumHoi d = 10 cM (cM. pHc. 59). OnpenenytTs cMeLieHHe JTyya
TUIACTHHKOM, €CITM OHA TIOrpYKeHa B CEpOBOJIOpo ¥ Boay ny = 1,63, n, = 1,5,

o
-

l
0:

u

Puc. 59
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Hano: Pemenne:
o = 30°; H3 AOAB u ACOB mist onsofi u TOM e TMnoTes:l
d=IOCM; R Sl a aSlﬂ(ﬂl—a)
n; = 1,63; 0B: sin(ﬂ —a) = coSﬂ ; Sl = Cosﬂ )
n,=1,5. 1 ] - )
S-? Taxxaxﬂi=ﬁ,sinﬂ‘=”lsma;

sinff, n n_2

: 1 -
cos f, =l —sin® §, = —\[n} —n}sin’a ;
n

2

sin 2¢ .
S, =0 = —sina (=6 cM.

n )
2./l 2| —sin’e
n,

(Omeem: S =17,2 cM.)

VL. llogBenenHe HTOroB ypoka

Jomamnee 3anaHue
m 61. .

JlonoJiHHTEILHBIH MaTepHAan

Tlepnbie I1arn B pa3BUTAH FeoMETpHUuECKOi ONTHKH

B ontuHke, Tak e KaK M B MeXaHWKe, NEPBBIC Lard GBUIH CAeNaHBl yXKe B
JpeBHOCTH. Tora GBI OTKPHITHI Ba 3aKOHA2 FEOMETPHYECKOI ONTHKH: 3aKOH
NpAMONHHEHHOTO PacpOCTPAHEHHSA CBETA M 3aKOH OTPAXEHHS CBETA.

K nosHaHHIO 3THX 3aKOHOB JPEBHHE NPUILITY, BEPOATHO, O4EHb AaBHO. ONuIT
MOBCEHEBHON WHM3HU: HabIOfieHUE TEHH, NMEPCNEKTUBLI, MPUMEHEHHE MeToAa
BH3HPOBAHHA NPH M3MEPEHHM 3eMENBHBIX MNUoLIafeif U NPH acCTPOHOMUYECKHX
HabNoleHHAX — NPUBOJHIT ADEBHUX, BO-TIEPBRIX, K MOHATHIO JIy4a CBETa, a BO-
BTOPBIX, K MOHATHIO NPAMONHHEHHOT0 PacnpocTPaHEHHS CBETA.

Ha6nronas 3aTeM sBJIEHHE OTPaXKeHHS CBETA, B YACTHOCTH, B METANITHYECKUX
3epKajiax, KOTOpbIE XOpPOWIO GLUTH M3BECTHHI B TO BpPEMsA, APEBHHE MPHILIH K
TIOHUMaHHIO 32KOHA OTPaKEHHA CBETa.

VxalanHble [BAa 3aKOHa OhUIM OMHCaHBl 3HAMEHHTBIM TDEYECKHUM YUYEHBIM
EpxsugoM, supiinm B 1 B. 10 H. 3. C nomonisio 3THX 3akoHoB EBKinA o6biac-
HUM uenslif paa HabmoJaeMbiIX ABNEHUH W, B YaCTHOCTH, ABJNEHUH OTpakeHHs
CBETa OT IIOCKUX H Jaxe CPepHLSecKHX 3epkall.

HccnenosanneM oTpaxkeHHs cBETa MNOCKUMH W CHepHHECKHMH 3epKalaMu
3aHUMAJICA ApYrod 3HAMEHUTHIH yYeHbld APEBHOCTH — ApXuMel, :KUBLIHH TaKKe
B Il B. o H. 3. OH 3Han cBolcTBO BOrHyTOrOo cheprueckoro sepkana cobupars
cBeToBble Ny4H B hokyce. O6 3ToM coobluaeTcs B COYMHEHHAX YHEHBIX JPEBHO-
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CTH: ApXUMe/, 3HAI, «1104YeMY BOTHYTHIE 3€pKANa, OMEIEHHBIE IPOTHR CONHLLA,
32KHTAIOT MOJNIOKEHHBIH TPYT».

ApxuMeny Jaxe TIPUITHCHIBAIOT H300peTeHHE CMELHANBHBIX 3KHIATENbHBIX
YCTPOHCTB H3 BOTHYTRIX 3€PKal, ¢ IIOMOLIBIO KOTOPRIX OH BYATO 6bI Cxer Bpaxe-
ckuit GuoT. 310, KOHEUHO, JiereHAa. Ho To, uTO ApxHuMen 3HAN 3aXHraTelhHOE
CBOJICTBO BOrHYTOTIO 3epKana, 3T0 GaKT.

VueHble APEBHOCTH HMEITH NPEACTABIEHHE O NPENOMIICHHH CBETA H JaXe IThi-
Tanuch YCTAHOBMTBH 3aKOH MNpeyioMieHHsA. IITonemell mocTaBun ¢ 3TOH UenbiO
cHeuUanbHbli ONBIT. OH B31J AHCK, IO KOTOPOMY BOKPYT LEHTPa BPAILATHCh [{BE
JHHeNKkH — ykasatenmd A u B. Ortot auck Iltonemeit HanosioBUHY norpyxkan B
BOZAY H MepeMellall BepXHIO TUHEHKY 1O TeX Mop, foKa OHA He Kasanach fpo-
JIoJDKEHHEM HIKHel, Haxonsieiica B Boge. BeIHYB 3aTeM AHMCK U3 BO/IBl, OH Ofl-
peflenan yrin NajeHus ¥ npenoMieHHs.

OpnHako XOTA 3KCHIepUMEHT [ITosieMes H GBI MOCTABNEH MPABHIIBHO H OH NO-
JIy4HJ1 JOCTATOYHO XOPOIUME YHCIIEHHBIE 3HA4YEHHS AN YIJIOB MAAeHHA M rpe-
JIOMJIEHHS, HCTHHHOTO 3aKOHa OH YCTAHOBHTB HE CyMel.

B Cpennue Beka onTHKa NpoJoIKala pa3BHBaThCs Ha BocToke, a 3aTeM H B
EBporie. OpHako kaxux-nHGO HOBBIX CYHIECTBEHHBIX pE3YJILTAaTOB 3a 3TOT ANH-
TeJIbHBIH NEepHOA B JKH3HH YeNOBEYecTBa MONy4YeHo He 6bulo. EOHHCTBEHHBIM
BaXHBIM JOCTH)XEHHEM 3a 3T0 BpeMs 6110 H3o6perenne B XII B. oukoB. Ho ato
H306peTeH e CYIECTBEHHBIM 06pa3oM He MOBJHANO Ha pa3BHTHE TEOPETHYECKOH
OITHKH.

CrneayromwnM BaxHeHIIMM H300PETEHHEM, CRIrPABIIMM OUYEHE BoNbillyio ponb
B NOCTENYIOIEM Pa3BHTHH ONTHKH, GBIITO CO3MaHHe 3pUTENBHOMH TPYGEI.

3putenbuan Tpyba 6buta H3o6peTeHa He OJHUM 4€NIOBEKOM. BO3MOXHO, 4TO
elle BeJIUKHi HTanbSHCKHHA XyA0XHHK JleoHapno na Buuuu B camom Hayane X VI B.
TIONIB30BANICH 3PHTENBHON Tpy6Oi.

HmeroTca cBeficHHA O JIPYTHX YYeHBIX M u300peTaTensXx, KOTOpHE Takxe
MPHILTH K 3TOMY H306pETeHH!O.

OpnHaxko pewaromuii mwar B u300peTeHHH 3pHTeNbHON Tpy6HI 651 caenan IMa-
JIHNEEM.

B 1609 r. I'anuneii nocrpoun 3puTensHyio Tpy6y. Ceoe n3obpeTeHHe OH HC-
NoJB30BAN KaK TEJECKON i HabMIoACHUA HEOECHBIX TeNM H CAeNan Npu 3TOM
HeNbIf pAf BAXHEHIINX aCTPOHOMHYECKHX OTKPHITHI, KOTOpHIE falH eMy BO3-
MOXKHOCTH BBICTYTHTH B 3aliNTy yuyeHus Konephuka. OgHako Ianuneil He 3aHH-
MaICs TEOPeTHYECKHMH HCCe0BaHHAMH 110 onTHke. OH Jaxe He pasobpan Teo-
PHIO AeiCTBHA M306peTeHHOH UM 3pHUTENBHOMH TPYOHL.

OCHOBBI TEOPHU NPOCTEHIIMX OHTUYECKHX HHCTPYMEHTOB pazpaboTan Benu-
knii HeMenkuit actpoHoM Horaun Kemnep (1571-1630). Eme B 1604 r. oH Hansu-
can paGoTy, B KOTOPO# HANOKUIT OCHOBEI FEOMETPHYECKOIH OTITHKH.

OH 06BACHHN JeHcTBHE IJ1a3a M ONTHYECKOro npubopa Boobie, paccMaTpH-
BaA KAKAYIO TOUKY MpeAMeTa Kak UCTOYHHK pacXoasmmuxcs Jydeil. Xpycramuk
ria3sa, 3epKano, JIMH3a WIH CHCTeMa JIHH3 MOTYT BHOBb cOOpaTh 3TH pacXopsliue-
CA JIydH U W3 pacxopdllerocs my4ka ciaesnars cxopdumuifcsa. Ipuyem st nyuu
onATh cOGEPyTCA B OQHY TOUKY, KoTopas OyAeT npeAcTasisth cobol wiobpaie-
HHe TOYkH npeaMera. Takum ob6pa3oM, KaKAOH Touke H306pakeHHs COOTBETCT-
BYET OAHA H TOJLKO O/IHAa TOYKA MpeAMETa.
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Kenep paccMaTpHBaT ¢ 3TOii TOYKH 3peHHS X0/ JIyueil B npocTefilMX onTH-
YeckHX NpHGopax, B IBOAKOBHIYKIIOH H ABOSKOBOTHYTO# JIMH3E, MOCTaBNEHHBIX
JpPYT 33 ApyroM. DTa CHCTEMA JIHH3 NpeACcTaRiana coboil cUCTeMy, TPHMEHEHHYIO
["anuneem B ero 3purensHoit Tpybe — Teneckone.

B 1611 r. Keruep H3zan HoBoe COYMHEHHE 1O ONTHKE. B HeM yw4eHslii npo-
JOMXKan pa3BHBaTh TEOPHIO ONTHYECKHX NpHGopos. B dacTHocTH, OH omHcasn
3Jeck 3pHTENBHYIO TpyOy, OoTnHuHylo oT Tpy6H [ammnes, koropas okasaiachk
6onee ynaunod. Tpy6a Kennepa cocrosna H3 AByx ABOAKOBHIMYKIHIX MHH3. CaMm
Kennep Tonsko onucan ee ycrpoifcTso, Ho Tpybu He noctpoun. Ee caesnann apy-
THE YYeHBIE.

Pazpaboras Teopuio nocrpoeHHus H30bpaxeHHs B onTHUEeCKHX Apubopax, Ke-
nJiep BBeN HOBLIE MOHATHH: «GOKYC» H «ONTHYECKAA OCh». ITH TOHATHA NpPHMe-
HAIOTCA H B HACTOSIEE BPEMA B ONTHKE.

CrnenytouidM BAXKHBIM IATOM B PA3BUTHH ONTHKK OBUIO OTKPHITHE 3aKOHA
NpesOMIEHHS CBETA.

Kennep euie He 3Ha 3TOro 3aKoHA. 3aKOH, KOTOPHIM OH MONb3oBanci, Obin
HeBepHBEIM. OIHAaKO 3TO He [OMEINano YueHOMY B €ro uccnejosanusx. Jleno B
TOM, 4YTO BO BCEX Cily4asX, Koropslie Kemnep paccMartpupasn, MOXHO 66UI0 CHH-
TaTh, YTO CBETOBHIC JNY4YH NMPOXOIMT 3aKOH, KOTOPHIM mnonb3oBanca Kemnep mas
MaNbIX YTIOB NAACHHUA U NPEIOMNEHHS, IPHBOIIWI K NMPABHIBHBIM PE3YIbTaTaM.

3aKon NpeiOMIIEHNA CBeTa Obin YCTaHOBNEH MOIAHACKHM YueHbIM CHenmnuy-
COM, HO OH ero He onybnukoBan. 3TOT 3akoH Obin omy6nukoran Jlexaprom B
1637 r. Teneps reoMerpuueckas onTHKa, dyHaameHT koTopoi 3anoxun Kennep,
MOrJIa Pa3BMBAThCA JaNblie.

Ypox 63. [Tpunnun Medirenca.
3axoH OTpaxkeHHA CBETA

Henu: N03HAKOMUTH YYAINHXCA C OCOOEHHOCTBIO PACTIPOCTPAHEHHS
CBETA HA IpaHHMLE pasfiena ABYX cpex; chopMynupoBaTe npHHOEN Iok-
TeHca.

Xon ypoxa

L. Opranuzansounniii MOMEnT
II. lloBTOpEHNe HIYUEHHOTO

1. Bopoch! [Is TOBTOPEHHSA.
—  Uro Takoe crer?
— Kak HassiRaercd pazfien Gpuauky, HIYHAIOUMMil CBETOBHIC ABICHUA?
— Kaxue uCTOYHHKH cBETa BHI 3HaeTe?
— Kakas cpena HassiBacTCS ONTHYECKH OXHOPOIXHOM?
— Kak pacnpoctpasseTcs CBET B OJHOPOJHOI onTHYEcCKO# cpenie?
— Kakue OnBITB! AOKA3BKIBAIOT, 4TO CBET B ONTHYECKH OJHOPORHOM
CpeAe pacpoCTpaHAETC NPAMOIHHEHHO?
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2. AHanu3 3KCIIEPUMEHTOB.

1. ITocraBbTe ABE OJUHAKOBBIE CBEYM Ha paccTOAHUH 5060 cM OT 3k-
pana. [locepeaune Mexay 5KPaHOM H CBEYaMH BEPTHKANLHO TMOMECTHTE
nuHedKy. 3axrute ceun. YTo nmosyuunocs Ha skpaHe? 3apucyiite B TeT-
pajii, YTO y Bac IONYYHIOCE.

2. Ilpou3BonsHo nmepemeliaiiTe 3KpaH W JIMHEHKY. 3adukcupyiite u3-
MCEHEHHA OUEPTaHUH TEHEH U MOTyTeHER.

3. IToracute oxny cBeuy. IaMeHunocs mu npu 3ToM U3o6paxeHue Ha
skpare? Ecny uaMeHHnocs, To kak?

4. TToMecTuTe 3KpaH Ha paccTostHHEe 5060 cM OT 3XKEHHBIX CBEYEH.
Mexmy 5KpaHOM M CBeYaMH IIOMECTHTE KapaH/aill CHayalla BEPTHKANBHO,
a NIOTOM TOPH30HTAJIBHO. Pe3ynbTar 3aHecHTe B TETPALb.

—  Yro m0Ka3bIBAIOT AAHHEBIE OIBITHI?

I11. M3y4yeHne HOBOro MaTepHaaa

B onTuke, Tak e KaK U B MeXaHHKe, TIepBbIe mard ObUIN CleNaHbl B
JpeBHOCTU. Torja GRUIH OTKPRITHI 1B 3aKOHA TEOMETPUUECKOH OMTHKH:
3aKOH NMPAMOJIMHECHHOrO pacrpOCTpaHEHHs CBETa U 3aKOH OTpaxkeHus. K
MO3HAHMIO ITHX 3aKOHOB JPCBHHE TPHIINH, BEPOSTHO, OYEHHL JIABHO.
OnBIT NMOBCENHEBHOHN >XH3HHM: HAOMIONEHHE TCHH, NMPHMEHEHHE MeToAa
BH3HPOBaHHA TIPH H3IMEPEHHH 3EMENBHBIX TUIOMANCH H NPH aCTPOHOMH-
4eCKHX HaGMIOJIEHHAX — MPUBOJMI APEBHUX, BO-TIEPBLIX, K TIOHATHIO J1y-
Yya CBETa, a BO-BTOPHIX, K MOHATHIO NMPAMOIHHEHHOTO pacipOCTpaHEHHA
cBeta. Habnmoas 3aTeM SBICHUS OTpaXKEHUS CBETa, B YaCTHOCTH, B Me-
TAJUTMYECKUX 3epKallaX, KOTOpble OBUIM XOpPOINO W3BECTHBI B TO BpEMS,
JIpEBHHE TPHINIM K TOHMMaHMIO 3aKOHAa OTpaxkeHWA. JaHHBie 3aKOHEBI
OBUTH OTIHCAHBI 3HAMEHUTHIM TPEYECKUM yUeHBIM EBKIHMIOM, )XMBIOMM B
I Beke o uH.o.

3aKoHbBI OTPaXXEHHS CBETAa MOXKHO BBRIBECTH W3 NPHHIMIIA OMUCHIBAIO-
LIEr0 MOBEJEHHE BOMH. JTOT MPHHLMII BNEPBHIe OLUI BHIIBHHYT COBpE-
MeHHHKoM HeloToHa — XpuctHatnoM Ioifrescom.

Cornacuo npunnuny TiofireHca, Kaxgas TOYka cpeilbl, 10 KOTOpPOi
JIOLIJIO BO3MYIIEHHE, caMa CTAHOBHUTCSA HCTOYHHKOM BTOPHYHLIX BOJH.

3TOT NPUHLMIT IPUTOEH JUIS OIHCAHUA PACTIPOCTPAHEHHS BOJH JIO-
60#1 NPHPOABI: MEXaHUYECKHX, CBETOBBIX.

B,

1 C

Puc. 60
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MN - oTpaxeHHE NMOBEPXHOCTH;

A A u BB - n1Ba nyua nagaroiueit BOJNHBI,

AC — BOJIHOBas NTOBEPXHOCTE;

o — YToJI afieHus.

BoyiHOBY10 MOBEPXHOCTE OTPaXK€HHOH BOJIHBI MOXHO TOJYUYHTh, €CITH
pOBECTH OrubaroLIyI0 BTOPUYHBIX BOJH, LEHTPHl KOTOPEIX JIEXAT Ha
rpanuie pasaena cpen. PasnuuHele yuactkn BoaH nosepxHoct AC noc-
THTAIOT OTpaXkalolleH IpaHHLBl HE OXHOBPEMEHHO. B Touke A paHsine,

CB
yem B Touke B Ha Bpems At =—— . Korza BoiHa KocTUraet To4ku B, B
v

3TOH TOYKE Ha4yWHAeTCs BO3OYIEHHE BTOPMYHOH BOJHBEI C LEHTPOM B
ToYKe A:
r=AD=0At-CB.
Otpaxennsie myun AA, v BB, nepneHaukynsapHsl BONHOBOH I0-
BepxHocTi BD. Vron y — yron orpaxenus. Tak xak AD = CB, AADB u
AACB — npsamoyronbiuky, 10 £DBA=ZCAB = a =y = yroa na-

JICHHs paBeH YTy OTPaKeHUsI.

[Mapatomuit myd, Ty4y OTpa>keHHBIA U NEPHIEHAUKYIISP, MOCTABJIECHHBIA B
TOYKE MAJICHUS, JIEKAT B OJHOM MUIOCKOCTH. 3TO M €CTh 3aKOH OTPAKEHHS.

B cepenune XVII B. dpanuysckuii ydensiii I1. ®depma BBIABHHYT
TIPUHLIAI, U3 KOTOPOTO BBITEKANH BCE 3aKOHBI ONITHKH.

Caer, UAyILHUA U3 OAHON TOUKH NMPOCTPAHCTBA B APYTYIO, BCETNa pac-
MIPOCTPAHSAETCS N0 My TH, TpeOyoLleMy MUHHMATIBHOTO BPEMEHH.

A X

L Puc. 61

IlycTh Ha 3epKalbHYI0 TOBEPXHOCTD MAJAET CBET U3 TOYKU A. B Tou-
ke A' cobHpaloTcs JIydH, OTpaKeHHBIE OT 3epKaia.

[pearnonoxumM, 4To CBET U3 TOYKH A B TOYKy A MOXET NOmacTsh
JIByMs IyTAMH, oTpaxkasacsk oT Todek O U 0'. Bpems npoxokaeHus yepes

TouKy 0:
_A0 o4 _ N/ +,/l§ +(L-x)
v v v v ’

II¢ L — CKOpPOCTh CBETA.

t
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TlokaxeM, WTO BpeMsi NpPOXOXACHHMS CBeTa MO TpaekropuH AQ A’
MeHblIe, yeM 1o Tpacktopun A 0’ A’ . Haiinem npoussoamyio ¥ npupas-
HSIEM K HymIO:

o0 , Il x 1L-x 1,. .,
—=f =——-———=—(sina-sina’)=0;
Ox VA0 v 04" v
. x
sin@ =—;
A
. ’ -X ’
sing’'=—— = a=a'.
04’

B 3aBHCHMOCTH OT CBOWCTB M KauecTBa OTpaXalolleH MOBEPXHOCTH
OTpaXX€HHE MOXET MMETh PavIMYHbLIA xapaktep. Paznnuaior orpaxenue
3epKanbHoe (PaBAAbHOE) B PACCEAHHOE.

Ecim oTpaxaionias nmoBEpXHOCTh HMEET BUJ NMOBEPXHOCTH, pa3MepEl
HEPOBHOCTEH KOTOPOH MEHbIIE JUIMHBI CBETOBOH BOJIHH, TO OHA Ha3bIBa-
€TCSi 3EPKANTLHOH.

Puc. 62

Ecan pasmepbl HEPOBHOCTEH COpa3sMEpHBI C JUIHHOW BOJIHBI HJIH €€
HPEBHILIAIOT, TAKOE OTPXKEHHE Ha3hIBAIOT PACCESHHBIM WIH IH(PY3HEIM.

Jindbdysnoe orpakeHHe NO3BONAET HAM BHICTH NPEAMETHI, OHO HMECT
MECTO B Masoi CTENEHH H NPH OTPAXECHUH OT CaMOH TMAKOH NMOBEPXHO-
cTH. Haye Mbl He MOrIIH Obl YBHIETH IIOBEPXHOCTE 3€pKaia. )

ILnockoe 3epxano
TInockum 3epKanoM Ha3biBAIOT ILIOCKYIO MOBEPXHOCTH 3€PKANLHO OT-
paxatonnyio cBer. U3obpaxeHne npeaMeTa B IUIOCKOM 3€pKale MHHMOE,
CHMMETPHIHOE TIPSAIMETY OTHOCHTENLHO 3epkana. Mzobpaxenmne paBHO
10 pa3Mepy NpeaMery.

Puc. 63
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ITnockue 3epkana MMEIOT MIUPOKOE MPUMEHEHHE. Y CTaHaBITHBAIOTCS B
canoHax aBToMoOMJeH, A IeKOpaTUBHOro oQopMieHHS BHYTpH Mara-
3KHOB, B IIKANAX H3MEPUTEIBHBIX NPHOOPOB BHICOKOH TOYHOCTH.

IIInpoko npHAMeEHsIETCS Ha NPaKTHKE YCTPOMCTBO, COCTOsIIEE H3 TpeX
B3aUMHO MEPNEHAMKYIAPHEIX 3epKall. Y CTPOHCTBO HA3BIBAIOT YIOJIKOBBIM
otpaxaresneM. OH o0sajjaeT 3aMedaTenbHBIM CBOHCTBOM: IpH J1060M
yIile MajieHus JIyd NaJaroiuid U JIyd, 1mocjaeoBaTenbHO OTpa3HBLUMIACS
OT TpeX 3epKail, — OKa3bIBAOTCA HapannenbHBIMU.

VYronkoBele OTpaXaTenu AocTaBieHs! Ha JlyHy M MCHOJIB3YIOTCS JUIs
TOYHOTO H3MEpPEHHUS PaAcCTOAHHWS O HEe ¢ MOMOIIBIO J1a3epHBIX Jy4YeH.
IorpewmHocTs H3MEpEHHS COCTABIIAET Beero b 0,1 M.

Bonbioe pacnpocTpaHeHHe NOIy4MIN kKaTtadoThbl — KpacHble OTpaxa-
TEllH CBETA, YCTAHABNIMBaeMble Ha aBTOMOOMIIAX, BEJIOCHIIENAX U JOPOXK-
HbIX 3Hakax. KatadoT npeacraBnser co0oi MO3aMKy TPEXTPaHHBIX 3€p-
KaJIBHBIX YIJIOB.

IV. 3akpenienue H3y4eHHOTO
— B uem 3akmroyaerca npuHumn [Novirenca?
— B uem 3axmoyaetcs npuHuun depma?
— Kakoe otpaxenne Ha3bIBaeTca AUDHY3HBIM, 3€PKaNbHBIM?
— CoopMynupy¥iTe 3aKOH NPAMOJIHHEHHOr0 paclpoCTPaHEHUS CBETA.
—  CdopMynHpyiTe 3aKOH OTPAKCHHS.
— Yro Takoe miockoe 3epkaio? I'’ne oHo npuMeHseTcs?

V. Hoasenenne HTOros ypoxa

JlomamHee 3axanue
m. 60.
H3roToBeTe MOJENE NEPUCKONA U MCTIBITAHTE.

Ypok 64. Pemienne 3a8a4 Ha TEMY
«IIpesioMJIeHne CBETA HA IUIOCKOH FpaHALe»

l(e.’lb.’ Hay4YHTb 1OJIb30BATHCA TCOPETHYCCKHMH 3HAaHHAMH Ha IIpak-
THKE.

Xoa ypoka
I. Opranu3anMOHHBbIH MOMEHT

I1. IToBTOpeHME H3YUCHHOTrO
— B kakoM ciy4ae yroj naJieHus paBeH yIiy OTPaXEHHA?
— Tlouemy, HaXOASACH B JIOAKE, TPYJHO NONACTh KOMBEM B PHIOY?
— Tlouemy m3obpakeHue npeaMeTa B BOAE BCEra MEHee SAPKOE, YeM
caM npeaMet?
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—  YTo NpOMCXOAMT MpH HepeXoe JTyda B ONTHHECKH MEHEE IUIOTHYIO
cpeny ¢ yTJIOM NpenoMIIeHHs?

— Kak u3menunocs 0Bl BHAMMOE pacriosioXkeHue 3Be3] Ha Hebe, ecnu
651 Hcuesna atMocepa 3emau?

III. Pemenne 3apayu

1. Ilox xakuMm yTIoM o JOJDKEH NaJaTh HA TPaHMLy pasjena cpel
nyd, MAYWHHA U3 BO3yXa B )XMAKOCTH, YTOObI Yroll ApenoMieHus Obi B
JiBa pa3a MeHblIe yriia naaeHus (cM. puc 64.)? CkopocTs CBETa B Ba-
xyyme ¢ = 3-10° fi/c, cxopocTs cBeta B xuaKocTH L = 1,73-10° M/c.,

(Omsem: a = 2arccosEc— = %; a=60°.)
)

2. B Bo3ayxe JUIMHA BOJTHEI MOHOXPOMAaTHYECKOTO CBETa Ay = 0,6 MKM.
I'lpu nepexoze B CTEKIO JUTHHA BOJNHBI CTAHOBHTCA paBHOM A, = 0,42 Mxm.
Tlox xakuM yriIoM najeHus & CBET MaJaeT Ha MIIOCKYIO IPpaHuIly pa3zena
BO3AyX — CTEKJIO, €CIIH OTPAXCHHHKI ¥ NPEIOMIIEHHBIA Ty4d o0pa3yioT
npsmMoit yron?

A

(Omeem: a =arcig—=0,96; a =55°.)

3. JIy4 cBeta nonajaer u3 Bo3ayxa B ckumuiap. Haiinure nokasarens
TIPEJIOMIIEHHA n CKMITMIApa, ECIM U3BECTHO, YTO MpU YTJIE MajieHus o = 45°,
yron npenomnenus § = 30°.

sing ~1,4)
B

(Omeem: n=

Sin

4. Hafinute yron majeHMs ‘@ 1y4a Ha MOBEPXHOCTH BOMABI, €CIU HM3-
BECTHO, uTO OH Gonblie yria npenomieHus ¢ = 30°,

nsin @

(Omsem: « = arctg =1,35; a=77°))

ncosp-—1
5. Ceet nazaet Ha IJIOCKYIO TPaHHLY paziena Bo3ayX — crekio. [o-
KazaTenb NpenoMicHus crekiia n = 1,5. Haiinute yron nagenus «a nyua,
€CIIH YTOJI MEXXAY OTPXKEHHBIM ¥ NIPENIOMIIEHHBIM Ty4aMH NPAMOii.
(Omeem: a = arctgn~0,98; a =56°.)
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6. B3auMHO NEpHEHAMKYIAPHBIC Y9 1 M 2 MAYT U3 BO3LyXa B KUA-
KocTh. Yriuul nipenomaenus By = 30°, B, = 45°. Haiinute noxasarens npe-
JIOMJICHHS 1 )KHUIKOCTH.

1

\/sin2 B, +sin’ B,
7. B ropusoHTANBHOE JHO NpYAa BEPTHKANBHO BOHMT IIECT BHICOTOM
H = 1,25 M. Onpenenute JUIMHY TEHH OT ILIECTA Ha JHE NpyJa, €CHH COJl-
HEUHEIe IYJH MAaJaioT Ha TIOBEPXHOCTH BOJKI O] YTJIOM NafeHus o = 60°, a
LIECT HENTHKOM HaxoauTes B sofie. [lokasartens npegoMieHust BOAEI n = 4/3,
sina
vn? —sin’ a
8. B mHo Bonoema riy6uHol H = 2 M BOHTa BEpTHKANLHAA CBas, Ha
h = 0,5 M BricTynaromas Hax Bogpoit. Halinure ;oMHY TeHM OT cBaM Ha
FOPHU3OHTAIRHOM JHE BOAOEMa, ecid Bhicota COJHIIA Hall TOPH3OHTOM
6 = 60°. TTokazaTens NpeTOMICHHS BOOR 1 = 4/3,
cosd

Jn* —cos’ &

9. ManpuHK CTapaeTcs MonacTh Naikoi B NpeaAMeT, HaXoAAmulica na
TOPH3OHTANEHOM JHE pyubs rnybuHol H = 40 cMm. Ha kakoM paccTosHuH
I oT npeaMeTa nanka MONANAET B THO PYYBA, €CIIH MAITBYHK, TOYHO Halle-
JMBIIKCEH, ABHTAET MAaNKy noj yriaoM &= 45° k nosepxHocti Boas:? Ilo-
Ka3areNpb NpeNoMIICHUS BOXKI 1 =4/3.

(Omeem: n = =1,15)

(Omeem: |=H =11 M)

(Omeem: I =hcigb+ H =11 M)

1
siné \/n2 —cos' &

10. KakoBa uctunHas rinybuna H o3epa, eciid n3obpaxeHue JHa Ha-
XONUTCA HA pAcCTOSHMHM h = 2 M oT nmoBepxHocTH Bomnl? Ilokasatens
npenoMiieHus Boas! n = 1,33. Habmonenne Beaercs BIOAb BEPTHKANH.

(Omgem: H =nh =27 M.)

11. B cocyx HATUTH ABe HeCMEUIHBalolHecs kHIKOCcTH. CBepXy Ha-
XOIUTCA WHAKOCTh ¢ MOKaszaTeneM npenomnesus n; = 1,3, Tonmmna ee
cnos H, = 3 cM. Tloxazatens npenoMIeHUs XUAKOCTH 1, = 1,5, TonmuHa
cros H, = 5 cM. Ha xakoif riy6une h pacnonoxeHo H3o6paxkeHHe IHa
COCYZa, €CIIM CMOTPETh Ha HEro CBEpXY BXOJNb BEPTHKATH?

(Omeem: 1=H cosé = 0,15 m.)

H H
(Omgem: h=—"1+"L~56 cm)
noon

IV. llonBenenue HTOTOB YpOKa
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JloManiHee 3aaHHe
P—-1022; P-1023.

Vpok 65. Pemenne 3anay
Iens: oTpaboTka NPaKTHYECKHX HABBIKOB IIPH PELIEHHH 3a1ay.

Xon ypoka

L. Oprasn3antHOHHBIR MOMEHT

I1. Permrenne 3ana4

1. Yron mameHnsa dyua M3 BO3AyXa Ha CTEKISIHHYIO IIOCKONApai-
JENBHYIO MIACTHHY TOMWMHOM d = | CM M MoKa3zaTeneM IpeloMIcHHS
n = 1,5 paBeH YTy NOJHOTO OTPAXKEHUA JUIA 3ToM napsl cpen. Haifinure
cMeleHHe S Jyua B pe3yNbTaTe MPOXOXKIEHHS CKBO3b IUIACTHHKY, TO
€CTh PACCTOSHHE MEXIY NMPOJODKCHHEM MOMANaroIiero JIyya ¥ BhIIIE]-
IIMM JIYHOM.

d 1
Omsem: S =—|1-——

( h Jn? +1

2. Haiinure cMemenue § JIy4a, TPOXOASINETO 4YEPE3 MPO3PauHYIO
TUIOCKOTIApAIENBHYIO TUIACTHHKY, €CIIH YToJl TafieHus JIyya ¢, yrol npe-
JoMIIeHHA S, TONIIMHA IIaCTHHKH d.

(Omsem: =M@ =F) 4 |

cos f3

3. JIy4 ceera majgaet moJ yrilioM maneHus o = 30° Ha miockonapai-
JENBHYIO CTEKISHHYIO IacTHHKY. Haiinure TomuuHy d NacTHHKH, ecii
paccTosHUE MEXTY MPOJOJDKCHHAEM MANAIOIIETo dy4Ya H BHIIICILINM JIy-
yoM S = 1,94 cM. ITokazarens npenomieHus ctexia n = 1,5.

(Omeem: d = § ~0,1 Mm.)

cosa
Vn® —sin’ a
4. [1y4ok napanielpHbIX Iy4YeH NagaeT Ha TONCTYIO CTEKISHHYIO IhIa-
CTHHKY ITOJ YTTIOM MajieHus ¢ = 60° |, IpeIOMIIASCh, IEPEXOANT B CTEK-
1o. HlupuHa mydka B Bosayxe a = 10 cM. Onpenennrte WHpHHY b MydKa B
ctewre. [loka3atens npenomienus crekia n = [,5.
2 02
Jn* —sin’ a .
(Omeem: b=a—— = 0,16 M.)
ncos«

=0,3 cM.)

sina| 1—

5. B onTHYECKOM CTeKJIe ¢ MOKAa3aTeleM hn = \/5 HMEECTCA HAIlOJIHCH-
Had BO3,I[yx0M NoJI0CTh B BUAC nnocxonapaﬂnenbnoﬁ MIIACTUHKH TOJIH-
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Ho#t d = 0,2 cm. JIy4 cBera majaer Ha rpaHHily pa3sfena CTEKI0 — BO3IYX
nox yriaom naneHda a = 30°. Haiiaurte cMemeRrue S ay4a rocnie mpoxox-
JIEHHs BO3AYIIHOHN MOJIOCTH.

(Omeem: S =dsina L HeSE =0,2 cM.)

V1-n?-sin*a

6. Moxer i1 JTyy4, npoi i CKBO3b TNIACTHHKY C MApa/lIENibHBIMH I'Pa-
HAMH, CMECTHTHCA Ha paccTosHHe GoJblle TONHHHBI IUTacTHHKH? [lna-
CTHHKA [TOTpY’XeHa B ONTHYCCKHU OJJHOPOJHYIO Cpely.

(Omeem: TlycTh nokasatenhb NPEIOMIICHHS n; cpeabl 6onblue nokasa-
TeNs MpPENOMIICHHA 1, MaTepHana racTHHkH. M3 omerra mpenpigymiei
3a{ayd CREMYET, YTO €CNIH Yrol MaleHus « NpHOIMKAETCs MOIHOro OT-
paKeHHSA, TO BBIpDAXXEHHE B CKOOKAaX HeOrpaHHYEHHO BO3PACTAET, TaK YTO
CMEILICHHE Ty4a MOXeT GBITh GoNblIe TONMHHBI TIACTHHKH.)

7. Onpenenute Bpema T NpoxoxIeHHs CBeTa laepe:«l TUlocKomnapan-
NENBHYIO CTEKIAHHYIO TITACTHHKY ToMMHOH d = 3:107° M. Vron najerus
Iy4ya Ha NIacTHHKY a = 30°. Hoxasarenb npeJjioMJieHus crekia n = 1,5,

CKopocTh cBeTa B BakyyMe ¢ = 3+ 10% m/c.
2

(Omaem: T =i—’1——

¢ Jn*—sin’ a
8. JIyu cBera nagenus a = 60°. BpeMs npoxoxieHus cBeTa yepes Mia-

crunky T = 1-107° ¢. Onpenennte TonumHy d nnactuHku. Ilokaszaress

IpeNoMIEHHs CTeKa 7 = 1,5, ckopocTs cBeTa B Baxyyme ¢ = 3-10° m/c.

Jn? —sin’

2
n

~1,6-10" ¢.)

Omegem: d=c-T ~1,6-107 m.
( )

9. JiBe niockonapaieslbHbie TUIACTHHKH OJAMHAKOBOH TOJMILMHBI ¢
[MOKa3aTeNsIMHU ApesioMneHns n; = 1,5 ¥ n, = 2 COOTBETCTBEHHO TPHXAThI
Ipyr k Apyry. Ha nepsylo miacTHHKy najaet H3 BoO3JyXa JIyd CBETa NoA

yrioM nageHus a = 30°. Haliaute oTHOMIEHHE —T‘— BpPEMEH TIPOXOXJICHHSA

2
CBETA 4€PE3 NEPBYIO U BTOPYIO IMJIACTHHKHA.

2 R
T _(n ‘Jng—smza ~0.77)

(Omeem: — = —_—
T, \n) n-sin’a
I11. IoneenenHe HTOroB YPOKa

JomMaluHee 3a1aHHe
P —1026; P — 1034.
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Ypok 66. [losiHoe BHYTpeHHEE OTpakeHUe
lIem.: NO3HAKOMHTD C ABJIEHHEM MOJIHOIO BHYTPEHHETO OTPAXKCHHA.
Xox ypoka

L. OpranM3auMoHHBIH MOMEHT

IL. NoBTOpenne N3yu4eHHOTO MaTepHana

— Yo Takoe npenoMieHHe cBeTa?

— Kakas cpena HasbiBaeTca OIITHUECKH Goliee TUIOTHOM WITH MeHee IUIOT-
HO#?

— [ouemy HabmozaTe0, CMOTpALLEMY CBEPXY Ha BoLy, ITy6MHa peKn
Ka)KETCS MEHBLIIE, YeM Ha CamoM Jienie?

—  CdopMmynnpyiiTe 3aKOH NPETOMIICHHS.

—  Cpenaiite uepTex W Aaite 06BACHEHHE, B KAKOM ClTyyae yroi npe-
JIOMJIEHHs1 60JIbIIE yII1a MancHH.

IIL ITpoBeaenHe caMOCTOATEILHOI padoThI

Bapuanm I

1. B kakoM ciydae yron npenoMiieHus paBeH yriy naneHus?
A. Tonsko Torna, korja rnoka3aTent npeloMiEHUs ABYX cpell olu-
HaKOBBIL.
b. Toneko Toraa, korga NajaroLMi Nyd NEpHEHAHKYNSpEH K Mo-
BEPXHOCTH pa3szena cpen.
B. Korna nmokasatenu mnpelnoMieHHs IBYX Cpel ONHHAKORBBI, Ma-
JAIOIHHA Tyd NepleHIMKYISPEeH K MOBEPXHOCTH pasjiena cpel.
2. IloueMy, Haxoasch B JIOMKE, TPYAHO NONACTh KONbeM B phify, ruia-
BaroLILYIO HeBJlasieke?
A. Tak kak n3o6pakeHue peIObI B BoJE MHHMOE H IPHIOIHATO K
MOBEPXHOCTH BOMHI.
b. Tak xak u306paxeHHe PHIOEI B BOJAE MHHMOE H CMELIEHO B NpPo-
THBONIOJIOXHYIO CTOPOHY OT JIOAKH.
B. Tak kak uzo6paxeHHe phIOLI B BOAE NEHCTBUTEILHOE, HO TNpH-
MOAHATO K MOBEPXHOCTH BOIBI.
3. Ecin paccMaTpuBaTh OHO BojoeMa Ha ritybuHe 2,66 M, To Oyner
Ka3aThCH, YTO [NIyOHHA paBHa:
A.2 M.
B. 1,38 m.
B. 2,66 M.
4. TTouemy uzobpaxeHHe npeaMeTa B BOAE BCETa MEHEE SPKOE, YeM
caM npeameT?
A. Ha rpanmniie cpej Bo3nyX — BoAa CBET MOTTIOLIAETCS.
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B. Ha rpanune cpel BO3myX — BOJA CBET YAaCTHYHO OTpaXKaeTcd,
YaCTHYHO MPENOMIIAETCS.
B. Ha rpanune cpest BO3yX — BOJa CBET NPEIOMIIAETCS.

5. Bopona3s paccMaTpHBaeT H3 BOJbI CBETAINYIOCH JIaMIly, IOABEHICH-
HYIO0 OT MOBEPXHOCTH BOJBI Ha BhicoTe 1 M. EMy 6yner kaszarecs, uto
BBICOTA:

A. Bonsime 1 M.
Bb. Menbiie 1 M.
B. PaBHa 1 M.

6. Ecnu yron naneHus dy4ya Ha MOBEPXHOCTD pa3jieNa ABYX Cpell yBe-

JUYUBACTCA, TO OTHOCHTETBHBII MOKA3ATENb IPETOMIICHHS 3THX CPEA:
A. VBennuuBaercs.
B. YMensiaetcs.
B. He usmensercs.

(Omeemui: 1.B;2. A;3.A;4.B;5.A;6.B)

Bapuanm 11
1. JIsa yenoseka, CTOAIME MO Pa3HBIC CTOPOHBI CTEKISHHOH ABEpH
JKLIOM JIpYr K JpYyTry, MOTYT OJHOBPEMEHHO BHIETh BHYTPEHHOCTH MO-
memeHus. [ToueMy 3to npoucxomut? Jlis Koro U3 HUX KapTuHa Gyner
6onee sapxoii?

A. Tak kaK OfMH BHIUT BHYTPEHHOCTh ITOMENICHUS B MPOHCXOMi-
ImeM, a Apyrod — B OTpaXCHHOM CBETE. B mpoucxoasieM CBeTe
KapTHHA OyAeT MeHee spKas.

B. Tak xak oAMH BHIMT BHYTPEHHOCTH MOMEIIECHHA B NIPOMCXOASA-
IieM, a ApYroil — B OTpaXXEHHOM CBeTe. B OTpaxeHHOM CBeTe
KapTHHa OyJeT MeHee apKasl.

B. DT0 BO3MOXXHO TONBKO TOTA3, KOTJAa B KOMHATE YCTaHOBIEHBI
3epkaina. SIpKOCTh OIUHAKOBA.

2. Ha kakoii no3uuuu puc. 65 6onee NpaBUILHO HadepueH XOH Ny-
yen?
BO3AYX BO3AYX BO3yX

BOAA BOAa BOAa

a) 6) B)

A. «a».
B. Toneko «6».
B. «6», «B».

Puc. 65
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3. Ecoii paccMaTpHBaTh KaMeHb, AeKalHi Ha JHE BOZOEMa B TouKe 1
1o HeGOMBIIMM YITIOM, TO MEI BUXHM €T0 B TOUKE:

Puc. 66
Al
B.2.
B. 3.

4. Kax MEHAIOTCA KaXXyHiecs pasMepsl npeameTa B Boae?

A. YBenuuuBarotcs.
b. YMensmarorcs.
B. He uameHsiorces.
5. JUis HaxOXIEeHHA NpeaenbHOro yria npH NajJeHH! JIy4ya Ha rPaHu-
1y CTEKN0 — BOJIa HYKHO HCIONB30BaTh hopMyny:

. n

A sing,, =—.
4

h,

b.sinea,, =n -n,.
) n
B.sina,, =—+%.
nC

6. Kak m3MeHmnocs 661 BHAUMOE pacriofio’keHHe 3Be3] Ha Hebe, ecliH
651 BIOpYT Mcue3na atMocdepa 3emMmn?
A. CMmecTHIOCH OB OT 36HHUTA.
B. CMmecTsiioch 6bl K 3€HHTY.
B. CMellieHus He Npou3ono Okl
(Otsetni: 1.5; 2. B;3.B;4. A;5.B; 6. A)

IV. U3yyenHe HOBOro MaTepHaia

1. JleMOHCTpAall1s ONKITA.
OnwiT ¢ onruyeckoi maiibo. (Tonsko Teneps HabmonaeM mepexon
CBETA H3 ONTHYECKH Goliee IUIOTHOH CPelbl B MEHEE TUIOTHYIO.)

2: Pacckas yuurens.

Ha rpaluie cTEKIO — BO3/IyX 4acTh IydKa OTPa3sHUTCS B COOTBETCTBUH
€ 33KOHOM OTPDKEHUS, @ YacTh TIPOMAET B BO3XYX, WIMEHWB Hampasne-
Hue. [Ipy 3ToM yron npenomieHus Gonbiie yTia najicHus. YBelnu4dHBas
yron nafieHus, YTOJ NpeJIOMIICHHS YBEIHYHBacTCs GhICTpee, yBenu4duBa-
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€TCA MHTCHCHBHOCTB JIy4a OTPaKCHHS, a2 MHTEHCUBHOCTH YIJa MpPEIOM-
JICHHSA TIaJaeT.

IIpu nanbHe#eM yBeNHYEHHU Yria Yroj NPEIOMICHHUSA CTAHOBHTCA
paBHEIM 90°. CBeT UIEeT BJOJE IPAHHULBI pa3felia cpel CTEKI0 — BO3MYX.

Puc. 67

sina@, n, . n,
——=—*=>a, =arcsin—=.
sin90° n n,

.1
Jns Bo3ayxa «, = arcsin— , pH @ > @, CBeT OTpaxaeTca 00pPaTHO B
n

TIEPBYIO CpENy.

Haumenswvii yron najeHuss ap, NpU KOTOPOM HACTYMaeT MOJIHOE
BHYTPEHHEE OTpaXKCHHE, HA3BIBAETCS NMPEACIBHBIM YIJIOM MOJIHOrO OTpa-
skeHHs. JlaHHOe ABJICHHE HabaomaeTcs NPH Nepexoje CBETa W3 ONTHYE-
ck#t GoJiee MIOTHOM cpelibl B ONTHYECKH MEHEE IUIOTHYI0, €CIIH CBETOBO#H
My4OK MAJacT Ha PaHHMIy pa3jielia ToJ YITIOM, KOTOpHIA Gomblie mpe-
JENBHOTO.

[TonHEIM BHYTPEHHHM OTpaKEHNEM OODBACHAETCA GlIeCK Karelb pochl
Ha COJIHEYHOM CBeTe, CBETALIMECS (OHTAHBI, Oneck GpPHIUIMAHTOB, Xpy-
crans. OHN GRECTAT, MOTOMY YTO MAJAIOUMA Ha HUX CBET MONHOCTHIO
OTpaXKaeTcs, He nonaaas BHyTph My3EIPHKOR.

HanHoe ABIeHNE UCIIONB3YETCA B BOJIOKOHHOWM ONTHKE AN Mepeaayn
CBETA M H300paXeHHs Mo MyYKaM MPOo3payHbiX FHOKHX BOJOKOH — CBETO-
BOJIOB,

On npexacrapisger coboi TOHKOE BOJNOKHO LMIHHApHYECKOH (GOpMEI
13 KBapleBoOro cTekna ¢ foGapneHueM repManvs ¥ 6opa. Tonmuna Bosio-
KoH ot 100 MKM 10 1 MKM.

3a cueT MHOTrOKpAaTHOrO MOJHOTO OTPAXKEHHUA CBET MOXET OHITh Ha-
TpaBjieH 10 NI00OMy TIPSIMOMY MIIM M30THyToMy myTH. Co3/1a10TCS BOJIO-
KOHHEIE JIMHMM CBY3M TPOTSDKCHHOCTBIO JI0 COTEH KuioMeTpoB. Boo-
KOHHBIH Kabenp ToHbILIE TeehOHHOro U MO3BOJSET NepefaBaTh GONbLIE
coobineHmil. XXryTbl H3 BOJOKOH HCIIONB3YIOTCS B MEIMIIMHE I8 MCCTe-
JIOBaHM# MOJBIX BHYTPEHHHX OPraHOB. CTEHOK KellyiAKa, MHIEBOMA, KH-
LIEYHHKA K J]ake KPOBEHOCHEIX COCYIOB.
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3. AHaJIH3 3KCIIEPUMEHTOB.

Dxcnepumenm 1

Mennylo MOHETY 3apaHee 3aKONTHTB. 3aTeM IOJNIOKHTH €€ repboM
BBEPX Ha JHO cocyna ¢ BoJoH. U B TakoM Buze nokasath yyammuMcs. OHa
KaXeTcs cepeOpaHoii.

Obvacnenue senenua: V3-3a KONOTH NOBEPXHOCTh MOHETHI NOKPEHITa
CJI0EM BO3[yXa, Ha IPaHHIIE KOTOPOrO C BOXOH IPOHCXOOHT MOJHOE
BHYTPEHHEE OTPAKEHHE CBETa, OCBEILAIOIETO MOHETY.

Dxcnepumenim 2

Bonsiyio crexngHHyio GyThuib ¢ GOKOBEIM TyOycOM YCTaHOBHTH Ha
Beicote 40 cM Han croioM. B TyGyc BCTaBHTE NpoGKy, CKBO3b KOTOPYIO
MPOMyCTHTh HEGONBIIYIO CTEKIAHHYIO TPYOKy. Jlyuu cBeTa OT Mpoekiy-
oHHoro ¢oHaps cobpaTh Ha OTBepcTHM TyOyca. ByThuih HAITOJHMTE BO-
JIOi, M MyCTH BOJA BHITEKAET M3 CIHBHOI TpyOKku. Ecnu Boay cnerka 3a-
MYTHTBH MOJIOKOM, TO BBITEKalomIad Boia 6yIeT CBETHTHCA.

Obvacnenue agnenus:

Jlyun cBera, NOCTYMAMIIEr0O BHYTPh CTPYH, HCIBITHIBAIOT MOJHOE
BHYTpEHHEE OTpaXKEHHE H CIEAYIOT BIOJB CTPYM. A YacTHIIBI MOJOKA
PacCEeHBAIOT CBET BO BCE CTOPOHH! U AENAIOT CTPYIO BUAMMOM.

V. 3akpenienne MaTepuaia

= CpenaB yepTex, OOBACHUTE CYIIHOCTh SBJIEHUA TOJAHOTO BHYTpEH-
HEro OTpaXKeHUA cBeTa?

— U0 Ha3BIBAIOT NPEAEIBHBIM YITIOM NOJTHOTO BHYTPEHHETO OTpaXe-
HHs cBeTa?

— KakoBo npaktHueckoe NpUMEHEHHE MOJIHOTO BHYTPEHHETO OTpaXke-
HHA cBeTa?

— Uro Takoe cBeToBO? .

VI. lloaBeaeHne HTOTOB ypoKa

JlomManiHee 3axanue
C noMolIbio CTekNSHHON TpyOKH H30THYTH Ty4 cBeta. IIpemnoxmure
CBOM NPOEKTHI PpELICHUS.

Ypok 67. Pemerne 3anay

Ue.’lb.‘ HAYYUTHh NOJB30BATECA TCOPETHHYCCKUMH 3HAHUAMH Ha IIpak-
THKE.

Xon ypoka

1. Opranu3auMoHHBIH MOMEHT
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11. IloBTOpPEHHE HIYHEHHOTO

—  Uro Ha3HBAKOT OTPaXEHHEM CBeTa?

—  Urto Ha3mBaIOT NajlalomuM Ny4oM? YriioM najenus? OTpaKeHHBIM
ay4om? YIJIOM OTpaXkeHUs?

—  CdopMynupyiiTe 3aKOHBI OTPaXEHHS.

—  YTo Ha3BIBAIOT NpEIOMIIEHHEM CBETa?

—  CdopMmynupyiiTe U 3aIHIIMTE 3aKOHHI IIPEIOMIIEHHUSL.

— Kaxo#t ¢u3vueckuif CMBICI OTHOCHTENLHOTO TMOKA3aTENS MpPENIOM-
neHus? AGCONOTHOTO MoKa3aTe s NpenoMiaeHun?

— Kaxoe oTpaxkenne HazpBaloT 3epkanbHEIM? [uddy3HeM?

— YTo Ha3BIBAIOT NPEAENBHBIM YITIOM MOJHOTO BHYTPEHHETO OTpaXke-
HuA?

— KaxoBo npakTnyeckoe NPHMEHEHHE TOJNHOTO BHYTPEHHEro OTpa-
XeHHus ceeta?

II1. Pemenne 3amau

1. Ha nHe BomoeMa riryGuHoii H = 1,2 M HaXOAWTCA TOYEUHBIH MCTOY-
HUK cBeta. Hailinure HanbGosnpinee pacctosHue S OT WCTOYHHMKA O TEX
TOYEK Ha MOBEPXHOCTH, I'ie JIy4H BBIXOAAT W3 BoAbl [loka3zartens mpe-
JIOMJICHHS BOJH 1 = 4/3.

(Omgem: S = ——ee-H ~ 1,8 M.)

n* -1
2. ToyeyHBI#t HCTOYHHMK CBETAa HAXOOWTCA Ha JHE COCYHa MOX CIOEM
®upkocTH TonmuHoi H = 0,9 M. Tlokaszatens npenomieHus XKUZKOCTH
n = 1,25. onpenenute MakcHMallbHOE BpeMs T, 3a KOTOpOE CBET, BHIXO-

IUIIHH B BO3AYX, IPOXOAHT CJIOH JKHAKOCTH. CKOPOCTEL CBETA B BaKyyMe
8
c=3-10" m/c. .

(Omgem: T = ——-—=6,25-10"° ¢.)
21 C

3. HosepxHocTs 03¢pa rnyGuHoi H = 1,3 M MOKpHITa TOHKHM CJIOEM
JIbJa CO CHEToM, NMPAaKTHYECKH HE NpomycKatomum ceet. Haiinure mnuto-
mangs S CBETNIOTO MATHA Ha FOPHU30HTAJLHOM JHE OT IMOJILIHBEH B GopMe
Kpyra panuycoM R = 2 M. O3epo ocBelaeTcs paccesHHEIM cBeToM. [Toka-

3aTeNb NPEJIOMIIEHHs BOJIbL n = 4/3.
2

(Omgem: S=rx| R+ ~38 M%)

H
vn? -1

4. KBagpatsblii 10T cO CTOPOHOIf @ = 4 M aBaeT-B Boxe. [Tox ueH-
TPOM IUIOTAa HAXOJQMTCS TOYEHHHIH MCTOYHMK cBera. Ha kakoii Makcu-
ManbHOH riy6uHe H cieyer NMOMeCTHTb TOYEYHBIH HCTOYHHK, 4TOOHI
CBET HE BHIXOIUI B BO3XYyX? [lokazaTesns NPENoOMIICHHUS BOAK n = 4/3.
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(Omeem: H=£21-\/n2 -1=1,76 m.)

S. Ha kaxoii riybune H noa BOJIOH HaxOAMTCH CTOSWHMK HA QHE BOJAO-
Na3, eCnH OH BHIUT OTPAKEHHLIMH OT MOBEPXHOCTH BOJBI T€ YaCTH TOPH-
30HTAIBHOIO JHA, KOTOPBIE PAaclONOKEHEI OT HEro Ha pacctosHmm / = 15 M
u Gonbie? I'naza BojoNna3a HAXOAATCA Ha PaccTOAHUHM h = 1,8 M OT aHa.
INokasatens npenomieHus Boasl n = 4/3.

(Omgem: H =-;—(h+l\/n2—1]z7,5 M.)

6. ToueuHBIH HCTOYHHK CBETA PACMONOXKEH HAa FOPU3OHTANLHOM JHE
BojloeMa ry6uHOM A = 0,6 M. B HEKOTOpO# TOYKE MOBEPXHOCTH, BbI-
uwreAmed Ha BO3MYX, HCTOYHHK CBETAa NEPMNEHIMKYISIPEH OTPAKCHHOMY
ny4y. Ha kakoM paccrosiiie / 0T HCTOYHHKA OTPRKEHHBIH MyY JOCTUTHET
naHa? TTokazaTens npenoMyIcHHA BOAH 1 = 4/3,

(Omeem: [ = Zﬁ =0,9 M)
n

7. Tlol xakHM YIJIOM @ K TOPH30HTY BHAMT 3axofstee Connile yeno-
BeK, Haxoasuuiica mon Bonoi? Ilokaszatens npelIoMIICHHS BOIBI n = 4/3.

(Omeem: ¢ = arccosl =0,72; p=41°.)
n

IV.IloaBenenne NToros ypoka

Jomaumnee 3aganne
P -1033.

Ypoxk 68. JIaGopaTopnas pa6ora
no Teme «M3MepeHHe MOKa3aTeNs NPeTOMICHHS CTEKJIa»

Obopydosanue: HeOOXOANMBIE CPEACTBA H3MEPEHHS.
Xon ypoxa

B paGoTe n3MepseTcs MOKas3aTeNb NpeIoMIIEHHS CTEKIAHHON NIacTH-
Hbl, HMetoed popmy Tpanmeuuu. Ha ogny U3 mapaulenbHEIX rpaHei mwia-
CTHHEI HAKJIOHHO K HEHl HampaBlsOT y3KMH CRETOBOH my4ok. IIpoxons
4yepes TIACTUHY, PTOT My4OK CBETa MCHBITHIBAET ABYKPATHOE TMpEoMIe-
Hue. UcTOYHHMKOM CBETa CIYXHT RNIEKTpHUecKas JaMIIO4Ka, OAKIIOYCH-
Has 4Yepe3 KMoY K KakoMy-ITHO0 HCTOuHMKY Toka. CBeTOBOHM My4ox co3-
JaeTcs ¢ NOMOUIBIO METALIMYECKOro 3KpaHa co mensto. [Ipu stoM mH-
pHHA My4Ka MOXXET MCHATHCA 3a CHET M3MCHEHMA PACCTOAHHS MEXIY
3KpaHOM H JIaMIIOYKOH.
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=N
A
A

IToka3sarens npesoMiIeHHs CTEKNIa OTHOCHTENBHO BO3MyXa ONpelciiA-
ercs no gopmyne:

Puc. 68

sina
sing’
rJie @ — yrof naJieHds My4yKa CBETa Ha IpaHb IUTaCTHHBI U3 BO3AyXa B
CTeKJI0; — yroJl IPEIOMIICHHS CBETOBOTO Iy4YKa B CTEKIIE.

Jlst onpenesieHAs OTHOLIEHHS, CTOSIIErO B NPaBoit yacTd popmysl,
MOCTYNAIOT cieaylomuM o6pazom. [lepen TeM kak HatipaBHTH Ha MTacTH-
HY CBETOBOH IIy4OK, €€ PaclonaraloT Ha CToJe Ha JIMCTE MIITTTMMETPOBOMH
G6yMmaru (mH nucre GyMaru B KIETKY) Tak, 4To0bI OHA M3 ee napajeinb-
HBIX TPaHCH COBNANA C NPeABApHTENBLHO OTMEYCHHOH TunMeli Ha HyMmare.

JTa IMHMA YKaXET MpaHuly pa3jiena cpefl BO3AyX — cTeklo. ToHko
OTTOYCHHBLIM KapaHJAINOM MPOBOJST JIMHHIO BROIbL BTOpOH -Napaeinb-
HO# IpaHH. JTa THHHAA W300paXaeT rpaHHLy pa3jelia Cpex CTeKJIOo — BO3-
ayx. I[Tocne sToro, He nepeMemas IIACTHHEL, HA €€ MEPBYIO NapaiLicib-
HYIO TPaHb HaNpaBIMIOT Y3KUH IMy4YOK MOJA KakUM-IHOO yrioM K rpaHu.
Baone najalomero Ha NJIACTHHY My4Yka H BHILCAMINUX H3 HEE CBETOBBIX
Iy4YKOB TOHKO OYHHCHHEIM KapaHJaloM CTaBsaT Touki 1, 2, 3 n 4. [locae
3TOrO NaMIOYKy BBHIKJIIOYAIOT, [IACTUHY CHUMAIOT H C MOMOLUBIO JIHHEH-
KH MPOYCPHHBAIOT BXOAALIHI, BEIXOAAWMHA H MPEIOMIICHHBIIA JTy4H.

Yepes Touky B rpaHMusl pasznena cpel BO3AyX — CTEKIIO TPOBOAAT
fIepNeHAMKYJSP K MpaHHIle, OTMEYAlOT YFNEl NaJICHAS @ ¥ NpENoMieHHs
B. laniee ¢ noMoLIBI0 UHPKY/S MPOBOAAT OKPYXKHOCTb C ICHTPOM B TOUKE
B u ctposT npaMoyronbHeie TpeyronsHukd ABE u CBD.

Tak xax sina=i4£, sin,6=2 n AB=BC,
AB BC
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TO hopMyna 1ns onpeJesieHus MOKa3aTens NPENOMIICHHS CTEKIa IPUMET
BU
. AE
" = DC M
Jlinny otpesxkoB AE u DC usMepsioT no MHIIUMeTpoBoii Gymare
WM ¢ noMounto nuHeliku. [pn 5ToM B 060MX Cily4asX HHCTPYMEHTaNL-
HYIO MOIPEIIHOCTE MOXKHO cUMTaTh paBHol | MM. [TorpemHocTs oTcueTa
HAJI0 B34Th TakXKe paBHOM 1 MM 111 yyeTa HETOYHOCTH B pacloNOXEHHH
JMHEHKH OTHOCHTENBHO Kpast CBETOBOTO NMy4YKa.
MakcuManbsHas abconioTHas IMOTpEUIHOCTh omnpejensercs no gop-
Myne:
An=n -¢.
(3xech n,, — mpubIHXEHHOE 3HAUCHHUE TI0KA3aTeNd pEeNoMIIEHHS, Oll-
penensemoe no gopmyne 1.)
OxoHYaTENbHBIH PE3YNBTAT H3MEPEHHS MOKa3aTelA NpelOMIICHHS 3a-
IHCEIBAaETCS TaK:
n=n,,tAn.

Ioaroroska Kk npoBeAeHHI0 paboThbI
1. ITogrorosuts O1aHk oTyera ¢ Tabnuuel Lis 3aliCcH Pe3ybTaTOB
W3IMepeHui U BBIYMCTICHHI:

H3mepeno Boiuncjieno
AE, mm | DC, MM Ny, AAE, MM | ADC, MM | £, % An

2. TIoAKIIOYMTE NaMIIOYKY Yepe3 BRIKJIIOYATENh K UCTOUHHKY ToKa. C
MOMOMIEIO 3KpaHa co WENBIO MOTYYHTh TOHKHI CBETOBOH My4oK.

TIpoBeaenue axcnepumenTa, 06paGoTka pe3yabTATOB H3MepeHHiE
1. MamMepuTh 1moKasaTenb MPEOMIEHHA CTEKNIa OTHOCHTEIBHO BO3.Y-
Xa TIpH KaKoM-HUOyZAb yT7le majieHHs. Pe3ynsTaT u3MepeHus 3amnucath ¢
YUYETOM BBIYUCIECHHBIX TOMPELUHOCTEH.
2. [ToBTOPHTSE TO K€ MPU JPYroM yriie NaJiCHHS.
3. CpaBHHTL pe3yJbTaTHl, IOJMy4EHHbIE 110 hopMyIaM:
m —An <nm<n +An,,
n,, ~Any <n,<n, +An,.
4. Cpenatb BBIBOJ O 3aBMCUMOCTH (MJIM HE3aBHCHMOCTH) IoKa3aTens
TIpeNIoMIIeHHs OT yria najgeHud. (Metol cpaBHEHHs PE3yJbTaTOB HM3Me-

PEHHIi H3NOXEH BO BBEACHHHU k J1abopaTopHBIM paboTaM B yueGHHKe du-
3UKW.)
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Konumponususiit gonpoc

Yr1obbl OnpencauTh TOKa3aTenb MpEaOMJEHHS CTEKla, AOCTATOYHO
H3MEPHTh TPAHCIOPTHPOM YTIBl @ M f M BBIYHCINTH OTHOLIEHHE UX CH-
HycoB. Kako# K3 3THX METOJOB OMpECICHHS [TOKa3aTeNs MMPETOMICHUA
IpeAnoYTUTEIFHEE: 3TOT HITH UCTIONB30BaHHbIH B paboTe?

JdomamHee 3ananne
n. 59-62.

Ypok 69, JIuuzel. [locTpoenHe B AHH3AX.
®opMmyJia THH3BI

Henv: nats 3HaHKUA O THMH3aX, UX (DH3UUECKUX CBOMCTBAX H XapakTe-~
PHCTHKaX.

Xonx ypoka

L. OpranuzannoHRbIH MOMEHT

1I. U3y4eHne HOBOro MaTepuana
SIBNeHMe NPEJIOMIIEHHS CBETA JIEXHT B OCHOBE JCHCTBHS JHH3 U MHO-
IMX ONTHYECKHX IpPHOOpOB, CIHyXaliuX JUIA YMpaBICHNS CBETOBBIMH
IIy4KaMHU U TIONY4EHHA ONITHYECKNX U300paskeHHiH.
Jlunza — 310 oNTHYECKOE MPO3PavHOE TENO, OTPAHHYEHHOE Cthepuie-
CKHMH noBepxHocTsAMHU. CyIIeCTBYET JiBa BUIa TUH3 (CM. puc. 69):
a) BRIMYKJIBIE;
6) BorHYTHIE.

Puc. 69

Beinyknbie 1HH3BI 6BIBAlOT: JBOAKOBBITYKIIBIMH, TJIOCKOBBINTYKJIBIMH,
BOTHYTO BEIMYKJIBIMH.

BeIrHyThIE TMH3BI MOTYT OBITH: JBOSKOBOTHYTBHIMH, ITOCKOBOTHYTHI-
MM, BBITYKJIO BOTHYTBIMH.

JIuH3BI, Y KOTOPBIX CEPEAMHBI TOJILE YEM Kpas, Ha3sIBalOT COOHPao-
IIMMH, a Y KOTOPBIX TOJNIE Kpas — pacCEHBAOLUMH.

Sxcnepumenm
Tly4ok cBeTa HampaBNsAOT Ha JABOAKOBHITYKTyH0 NHH3y. Habnronaem
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cobuparwuiee AefiCTBHE TAKOH IHH3BI: KKABIH JTyd, NaKaloudii Ha THH3Y
noclie TPENOMIIEHHA €10 OTKIOHSETCA OT CBOETO MEepBOHAYAIBHOTO Ha-
TIpaBIIeHUs, IPHOITMKAACEH K TIAaBHOM ONTHYECKOH OCH.

OnuxcaHHBIH ONBIT €CTECTBEHHBIM 0OOpa30OM TOXBOAMT YYalMXCA K
TIOHATHAM [JIaBHOTO (oKyca H OKYCHOTo pacCTOSHHA JIMH3IBL.

PaccrosiHHe OT ONTHYECKOTO LEHTPa JIHH3E 10 ee rnasHoro ¢okyca
Ha3bIBalOT (POKYCHBIM paccTosHHeM IuH3K. Obo3Hawatotr ee Oyksoii F,
Kak 1 caM ¢okyc.

Jlanee BBIACHAETCS X0/ CBETOBBIX JIy4eil Yepe3 pacceHBaioulyIo JIHH-
3y. AHaJIOTH4HBEIM 00pa3oM paccMaTpHBaeTCcsl BONPOC O JCHCTBHHU U ma-
pamMeTpax pacceuBarollei TuH3b. OCHOBBIBAACh HAa SKCNEPHMEHTAIIBHBIX
JIAHHBIX, MOXCHO CAENATH BRIBOJL: POKYC pacceHBalONIEH MHH3E MHHMBIH.

Bbi60d ¢popmynst mouxoii nun3s

W3 noobus 3aTpUXOBaHHEIX TPEYroJIbHHKOB (pHc. 70) cnenyer:
h d-F h F

“_
H F H f-F
F

OTKYaa =—,
v F f-F

_ _ __ 4
df =dF +Ff, df =F(d+f), F—d+f

11
— T — + -,

F [ d

rac a— paCCTOHHPlC npeaMeTa oT .ﬂPlHBBI;f— PacCTOAHHUE OT JIMH3BI 1O

u3obpaxenus; F — GpoKycHOE paccTosHHe.
OnTuyeckas CHIA JTMH3BI PaBHA:

RIIN
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1,11

fd F
Hpﬂ pacuye€Tax “HCJIOBBIC 3HAYCHUA IleﬁCTBHTCHI:HBIX BCIIMYHH BCECraa
NOACTABIAIOTCA CO 3HAKOM «ILTIOCY), @ MHHMBIX — CO 3HAKOM «MHHYC».

Juneiinoe ysenuuenue
A
h
F
d‘ F
H
Puc. 71 v
U3 nopobus 3amTpuxoBaHHLIX TPEYrodLHKKOB (pHc. 71) cnenyer:
H
H_ f p_f
h d d

II1. 3akpenneuue N3y4eHHOTO
— ToueMy doxyc pacceuparollieil TMH3BI HA3HIBAETCA MHUMBIM?
—  UYem ominyaercs AeHCTBUTENBHOE H300paKeHUE TOYKH OT MHUMOTO?
— Ilo xkakoMy MpH3HAKy MOXHO Y3HaTh: cobupaloniad 3Ta JIHH3a HIH
paccenBaroIas, ECN CyANTDb TOJIBKO 1o popme?

IV. IloaBeaeHne HTOTOB YPOKa

Ypok 70. Pemienne 3axau
1o Teme «CoGupalouias JAH3»

Ue.’lb.’ HAy4YUTh I[10Jb3OBATECA TCOPECTHUUYCCKUMHK 3HAHUAMM Ha Mpax-
THKE.

Xon ypoka

I. Oprann3annoHHBIA MOMEHT

I1. IloBTOpEeHHe H3YyIEHHOTO
— Haszosure cBoiCTBO BEINyKNo# nuH3K. (Cobupame napaninenvhvie
ZY4U 8 OOHY MOUKY.)
~ C noMoms1o0 JHH3E! Ha 3KpaHe NOoNy4YHiaH H300paxeHHe npeiMeTa.
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Yro mpousoiaeT ¢ 3THM H30GpaKeHHEM, €CIH /2 NHUH3B 3aKPHITh
Hernpo3pa4Hod HupMoit? (¥YmMenvuwumca apkocme usobpasicenus.)

— I'me momy4aetca m306paXkeHHe MOCIE MpPENOMIICHHS JydeH cobu-
paroneit THH3bI, €CIIH MPEIMET HAXOMHTCA MEXIY GOKYCOM M JIMH-
30#? (Medicoy ghoxycom u 0eotlinbiM oKycHbIM paccmosHuem co
CMOpoHbl npeomema.)

— Tloctpoiite xox ny4ei B cobupatolieit nH3e.

— [lepen cobuparorieii JHH30H, OITTHYeCKas CUia KOTOpoH pasHa 2,5 mmp,
Ha paccTosHHM 30 cM HaxoxuTcs nmpeaMet BblcoToi 20 M. Ormpe-
JeJIuTe Ha KAaKOM PacCTOSHHH OT JMH3Bl HAXOAMTCS H300paKeHHe.
(-1,2m.)

IIL Pemenne 3apa4

1. ToueuHBIit HCTOYHHMK CBETAa HAXOAUTCA Ha paccTosHUH d = 15 cM oT
cobuparomieil TMH3BI ¥ HA PacCTOSAHMK h = 15 cM OT ee Ti1aBHOH onTHYe-
ckoi ocH. PokycHoe paccTosuue nuH3b F = 10 cM. Halinute paccTosnne
v H OT H300paskeHHa O JMH3b! H 10 TIaBHOH ONTHYECKOH OCH COOTRET-
CTBEHHO.

dF hF

(Omsem: f=m=30, =d——_F=10 CM.)

2. [lpenMer HaxoauTcs Ha pacctosHuH d = 1,8 M OT cobuparomeii
mun3bl. Haifnute doxycHoe pacctosnue F JIMH3BL, €CIH H300pakeHHe
MEHBLIE NpeaMeTa B 1 =5 pa3.

(Omeem: F=—2—=0,3 m)
n+l
3. ®okycHoe paccTosHUE JIMH3bI F' = 5 cM. ToueUHBIH HCTOYHHK CBETa
HaXOMHUTCS Ha TJIABHOH ONTHYECKOH OCH JIHH3bI Ha paccTosHuu d = 6 cM
oT nuu3sl JIMH3y pa3spe3aloT MO JMAMETPY M IOJOBHHKH Pa3/BHTaloT
CHMMETPHYHO B IUIOCKOCTH JIMH3HI 10 NEPIICHAMKYNAPY K JIHHUM pa3pe3a
Ha pacctosHHe [ = 1 cM. Haiinute pacctosnue S Mexay H300paXkeHHAMH
TOYEYHOTO HCTOYHHKA.

(Omeem: S =——=6 cM.)
d-F

4. V300paxkeHHEe MHJITHMETPOBOTO JEIEHUA IKATBI, PacTON0XECHHOH
Tiepe 1 JIMH30M Ha paccTostHuM d = 12,5 oM, umeeT Ha skpaHe WwmHy H = 2,4 cM.
Onpenenure GoxycHoe paccTOsiHHE F THH3BL

d

(Omeem: ¥ = =0,12 M, 31ece h=1Mmm.)

—+1
H
5. Ha xakoM paccTosHHM L HaxopsTcs NMpeaMeT H ero H3obpakeHwue,

co3pmaBaeMoe JIHH30# ¢ GoKycHbIM paccToAHueM F = 0,6 M, eciiu aeiicT-
BHTeNbHOe n306paxkenne B I"= 3 pa3a Gosslie npeamMeTta?
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(Onigem: L = [2+1"+%]F =32 M)

6. Paccrosnue or npeamMera Ao skpaHa L = 3 M. Kakoii ontHyeckoii
cwisl D cnefyeT B3ATH JIMH3Y M Ha KaKOM PAcCTOSHHH d OT MpejMeTa ee
MIOMECTHTB, YTOOK MONYYHTh H300pakeHHe INpeAMeETa, YBEJIHYEHHOE B
I'=5pa3?

1)1 L
(8, :D=[24T+=|—=2,4 , d=——=0,5 m.
(Omeem ( FJL AITp T+1 )

7. JIunza ¢ $HOKYyCHBIM paccTOSHHEM F = 3 cM cO3JaeT MepeBepHyTOE
H3o0pakeHue npeaMera. PaccrosHie OT peaMeTa O JIMH3H H OT JIMH3H
10 H300pakeHHs oTiHyaeTcs Ha a = 8 cM. C kakuM yBenudeHHeM I H3o-
6paxaeTca npeaMer?

a

2
F-24 P +2
2 \/ 4

M€Ta A0 JIHH3Bl MEHBHIC PACCTOAHHSA f OT JHH3BI 10 n306pa>!ceﬂml;

(Omsem: T', =1+ =3, eciu pacctosnue d OT Npen-

1 1
IN=—==,ecmmd>A)
3
8. JInn3a co3naer Ha 3KpaHe H300paxeHHe NpeMETa ¢ YBENHICHHEM
I' = 4, Ecnu npeaMeT OTONBHHYTE Ha [ = 5 ¢M OT JIMH3BI, TO YBEIHYECHHE
yMeHBHINTCA B 71 = 2 pa3a. Halinute dokycHoe paccTognune F IHH3EL
r

(Omeem: F = 1-1 =0,2 cM.)

n-

9. Jlunsa ¢ $hoKycHEIM paccrosuueM F; = 12 cM co3naer JeHCTBH-

TeNbHOE H300paXKeHHe TpeAMeTa ¢ yBenndenueM I = 9. Bropas nuH3a

IIPH TOM K€ PacCTOSTHHA MeXIy IpPEIMETOM H JIHH30H co3aeT NeHCTBH-

TenbHOEe n300pakeHne ¢ yBennuenneM I = 3. Haiinure ¢oxycHoe pac-
crosaue F, BTOpOil NHH3HI.

(Omeem: F = Ll =7,5 em.)

1+—=
r

10. Hpeamer u ero neficTBuTeNbHOE H30OpakeHWe, NONydeHHOEe €
TIOMOIIBIO JIMH3BI, HaXOMNTCA Ha paccTosHun L = 180 MM apyr ot Apyra.
®oKycHOe paccTOSHHE JHH3BI F = 25 cM. OnpeaennTe paccTosHHe f oT
H300paXkeHHs A0 JIHH3HL

(Omeem: f,, =% 11‘11—4% fi=1,5m =03M)

IV. IlonBenenne HTOroB Ypoka
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JomaiuHee 3anaHne
n. 64

Ypok 71, Pemmenne 3a1a4
no Teme «PacceHBAIOMASA JTHH3A)

[Ie.flb.' HAY4YHTh IOJB30OBATHCI TCOPCTHYCCKUMH 3HAHWAMH Ha Mpak-
THKCE.

Xon ypoxa

I. OpranH3anHoOHABIH MOMEHT

1L Bonipocsi AJist NOBTOPEHUS

— CpoiicTBO BorHyTO# MHH3KL (Pacceusams napannenvHble ayvu, npo-
X005iuue yepes MuH3y.)

— Tlocrpoiite xon JTydei B pacceHBaIOIICH JTHH3E.

— TI'ne nonyunrtcs usoGpaxkende nocne NMpeJIOMICHHS Ty4eit B JBOAKO-
BOTHYTO JMH3€E, €CIIH MpeIMET HaXOOUTCs Mexay HOKycoM M JIHH-
30H? (Mesicoy npeOmemom u NuH30U, ecau cMompems CO CMOPOHbI
npeomMema Ha TuH3Y.)

—  INapannenpHble JIy4dH NagaroT Ha BOTHYTYIO NOBEPXHOCTh JIMH3BI H ...
(npenomassce cmanosImMes pacxooAUMUcA.)

— C NoMOIIBIO JIMH3EL Ha 3KpaHe MOJMy4YHsIM H300paXeHHE MpeaMeTa.
Yo nmpou3oHAET € 3TUM H300paxkeHHeM, ecld 2/3 JUH3BI 3aKpPHITh
Henpo3padHod MHpMoi? (Vmenvumumes apxocmeb uzobpasicenus;
Modicem yeenuuumsca 2nybuna pe3xocmu.)

IIL Pemrenue 3aqayu -

. HsobpaxeHde NpeameTa, MOMEUICHHOTO NepeX JHH30M Ha pac-
ctosunu d = 50 cM, MHHMOE M YMEHBIIEHHOE B # = 3 pasa. Onpenenure
¢oxycHoe paccrosuue F IHH3BL

(Omsem: F = L =-25 cM.)
1-n
2. PoxycHoe paccrosHue nuH3bl F = 20 cm. Ilpenmer ynaieH ot
NMH3B! Ha pacctosHue d = 10 cM. Onipestenute paccTosHue f OT u306pa-
KEHHS 10 JIHH3EL

(Omeem: f =—L1-F— =-6,7 cMm.)
d+F
3. Jlunza cosnaer mpsiMoe H300paKeHHe NMpeXMeTa C YBEIHMEHHEM
I'=0,25. ITpepMmer pacnionoxeH Ha paccTosuud d = 40 cM oT auH3sL On-
pelleTHTe ONTHUECKYIO CHITy D JTHH3BL.
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r-1
(0] D=——-=-175
(Omeem: rd JUTTp.)

4. ToueuHbli HCTOYHHK CBETAa HAXOJHTCA Ha paccTosHUMH d = 8 cM OT
pacceuBaiouieif JIMH3K ¥ HA pacCTOAHMHU & = 6 CM OT ee rlIaBHO# ONTHYe-
ckoit ocH. MokycHoe paccTosHre MHH3M F = —8 cM. Halipute paccrosHue
f OT HCTOYHHKa 210 H30OpaXKeHH.

dr+d®
(Omgem: S = =5 cMm.)
CJA+a

5. To4yeuHbIid HCTOYHMK CBETA HAXOAUTCS Ha pacCcTOAHMH d = 3 CM oT
paccemBaioniei JIMH3E M HA PacCTOAHUM k = 1 cM OT ee riaBHO# onTHYe-
ckoil ocH. oKycHoe pacctosHHE MHH3KW F = — 9 cM. Haiinure paccros-
HHE f OT W306paXEHHA 10 NHH3BEI H paccTosHHE A oT u300pakeHHS J10
FJIaBHOI ONTTHYECKOH OCH.

(Omsem: f=-F— =225 cm; H = Al
d-F d

=0,75 cm.)

6. Ilpeamer HaxomuTca Ha paccTosuuu 4 = 10 cM oT cobuparomieit
nvH3b ¢ hoxycHBIM paccTosHHeM F = 20 cm. Bo ckoneko pa3 u3MeHHTCS
pasMep #300pakeHHS, eclH Ha MecTo cobHparoiedl AMH3H NOCTABHTb
PACCEHBAIOUTYFO JIMH3Y € TEM XK€ MO BeNHYHHE (OKYCHBIM PacCTOSHHEM?

H, F-d 1

(Omgem: —L=——=—)

H, " F+d 3

7. Jlyu ceeta mafiaer Ha NOBEPXHOCTH CTEKIAHHOTO IIApa NAPAILIENb-
HO HekoTopo# npaMoii 00,, npoxofsiieil Yepe3 LUeHTp uiapa. Yroi nane-
HHS JTyYa Ha NOBEPXHOCTH tapa a = arcsin (24/25). [IpenomnenHsiii myy
MPOXOJIUT Yepe3 TOUKY nepecedcHus npsaMoii 00, ¢ NOBEPXHOCTHIO INapa.
Haiinure nokasarens npeJioMIeHUs n cTekna.

(Omeem: n= 2005—2- 1,6.)

8. Ha TOHKOCTEHHYIO NPO3PAYHYIO CHepHUECKYIO KOOy, HANOMHEHHYIO
MHJIKOCTBIO, NAJACT y3KUH LMIHHAPHYECKHH ITyHOK CBETA TaK, YTO OCh My4-
«a MPOXOAMT Yepe3 HEeHTp konobl. B xuaxocTn nHaMeTp my'xa MOHOTOHHO
yOrIBaeT B ipa pa3a. Haiinure nokasaresis npesioMNeHUs 1 IUAKOCTH.

4
(Omeem: n= 3 J)

IV. llonBenenne HTOroB ypoka

HomaiuHee 3ananHe
L 64, 65.
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¥Ypok 72. JIaGopaTopHas paGora
no Teme «Onpeaenenue GoKycHOro pacCTOSHHA JTHH3bI

3adanue: onpepencHue GHOKYCHOTO PACCTOAHUA H ONTHYECKON CHIIBI
coupatotiieit NUH3bL
Obopydosanue: KOMIUIEKT 1aGOPATOPHEIA MO ONTHKE, TUHEHKA.

Xon ypokxa

CoaepxaHue 4 MeTOJ BLIMOTHEHHA PaGoThI
ITomyyuB ¢ MOMOIUBIO JTMH3EI AEHCTBUTEILHOE H306paKEeHHE CBETH-
LIIETOCA TIPEMETA Ha SKpaHe M U3MEPHB PacCTOAHHUE f OT JIMH3BI JO 06b-
eKTHBa U paccTossuue d’ 10 U306PAKEHHS, MOXKHO BRIYUCIHTDH (OKYyCHOE
paccrosiHUe 110 GOpMYyJIE JTUH3bL

1 1 1
—=—+—, OTKyJa

f d d’
d-d' 1
=22 . o=—.
! d+d’ f

IMopaok BLInOIHERHs PaboTL

1. ins onpenenenus GOKycHOTO paccTOSHHSA CODHpalOIIE JIHH3EI yC-
TAHOBHTE Ha CTOJIé MCTOYHHK CBETa W3 11abOpaTOPHOr0 KOMIUIEKTa MO
OTITHKE, BCTABBTE B OKHO MPHGOpa AVATIO3UTHBHYIO PaMITy C OTBEPCTHEM
B BUJE CTpekH. IIpH BKIIOYEHUH HCTOYHHKA CBETA B CETh MEPEMEHHOTO
TOKa ¢ HanpshkeHHem 42 B cTpeika B oxHe npudopa JOIKHA CBETHTHCA.

2. ITocTaBpTe Meped OKHOM HCTOYHWKA cBeTa MMH3Y Ne 1, 3a nuH30H
6exptif 3xpan. IlepemMernias JIMH3Y ¥ 9KpaH, HAHUTE TaKOEe HX IOJ0KEHHE
OTHOCHTENIBHO OKHA B MCTOYHHKE CBETa, IIPH KOTOPOM Ha JKpaHe MOoy-
YaeTcs YeTKOE H300paKEHHE CTpEIIKH.

3. UsmepbTe paccTosiHME OT OKHA NpUbBOpa 0 JMH3BI H OT JIMH3BI JO
skpaHa. Beranciure ¢poKycHoe paccTOSHHE JIMH3BL.

4. U3meHHTe paccTOSHHE OT NMHMH3BI JI0 HCTOYHMKA cBeTa. Ilepensu-
KEHHEM 3KpaHa BHOBb RobeiiTech NONYHEHHA DPE3KOTO H300paxKeHus
CTpEeNKH Ha 3kpaHe. VI3MephTe pacCTOSHUS OT NHH3BL O JKpaHa M OT
JUH3LI A0 UCTOYHUKA CBETA, BLIYUCIINTE HOKYCHOE PacCCTOAHUE JTHH3BI.

5. [ToBepunTe NMHH3Y K OKHY W MONYYHTE Ha 3KpaHe W300paxeHune na-
JEKUX TPeIMETOB 32 OKHOM. M3MepbTe pacCTOAHHE OT JIMH3BL JO dKpaHa
U CpaBHUTE €70 C NOMY4YEHHLIMH paHee 3HAYEHUSIMH (HOKYCHOTO paccTos-
HHS JINH3BL

6. OueHUTE TpaHMUBl MOTPELIHOCTH B ONpeAeneHuH (oKycHoro pac-
CTOSIHHSL JTMH3Bl U clenaifTe BBIBOX O TOM, COTJIACYIOTCS JIH MExIy coboit
Pe3yJIBTATH TPEX OIIBITOB TI0 ONpeaeeHUI0 (OKYCHOTO pacCTOAHMS JIHH3BL.

7. BeiyucIuTe ONTUYECKYIO CHITY JIMH3BL.
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Hononnumensnoe sadanue

Onpenenute dokycHoe paccrosHHe coGuparomeii mHH3EI Ne 2 U do-
KyCHOE pacCTOSHHE ONTHYECKOl cHcTeMBI U3 aByX nuH3 Ne 1 u Ne 2, co-
eWHeHHbIX BMecTe. ClenaiiTe BBIBOJ 00 ONTHYECKOH CHiIE CHCTEMBI,
MOTy4EHHOM COETHHEHHEM TOHKHX JIHH3.

Ypok 73. [na3. Jlyna

Ieny: paccMOTPETH CTPOEHHUE T1a3a ¥ IpUOOPHI ET0 BOOPYIKAIOILIHE.

Xon ypoka

L. Opranu3anmoHHbLIH MOMEHT
I1. Pemienue 3kcniepMMEHTANBHO# 32024 H

3adanue: onpencIUTh NIOKA3ATENb IPENTOMIIEHUS.

Obopydosanue: BHYTpeHHUi cocyl KajopnMerpa, 0aHKa ¢ BOAOH,
SKpaH U3 HeGoNbIIoro NucTa daHepsl, INTATHB, IHHEHKa MAJLTHMETPOBas,
OTPEe30K MUIJIMMETPOBOH WIKANBl OT JHMHeHKH AnuHOH okono 40 MM c
320CTPEHHBIM KOHLIOM.

Pexomendayuu: YctaHoBKY (cM. pHc. 72) coOMparT Tak, YTOGH 3a
KpaeM 3KpaHa BHETH TOJIBKO HYJICBOE JIENEHHE OTPE3Ka LKallbl, Haxo-
nsuieics Ha JHe KaJJOPUMETPUYECKOTO CTakaHa. 3TO COOTBETCTBYET XOAY
Jyva pH OTCYTCTBHH BOJBI B CTakaHe. [locie TOTO Kak HalbIOT BOAY JO
Kpast cocyJia, BUJHO JEIEHHE IKaIbL.

Puc. 72
sin . d
- B ;o osinf = ——m—,
sina ) /dZ +h?
rae d — AMaMeTp aTIOMHHUEBOTO CTaKAHYUKA.
d-1

sing = ————
it +(d-1)?

, TOrJ1a OKOHYATEJIbHO NMECEM
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d"h2+(d ])
\[ d*+h’ (d- ])

II1. Hiywenue HOBOFO MAaTEPHANA

I'na3 — 310 90 % nudopMamy.

I'na3 cocTouT K3 cKiieph (3aIUTHAA 000JI0YKA H3 3NaCTHIHOW TKaHK);
POTOBHINK, KaMepHl (TONOCTh, 3allONHEHHAs TNPO3PAYHOH HKHMAKOCTHIO),
cocymucToli 0005 109KH, pafykHO#H 0DOJIOUKHA, OTBEPCTHA (3PAYOK AHAMET-
pom ot 2 1o 8 MM), xpycTamka (n = 1,44), MBI, H3IMECHSAIOUIUX ONTHYE-
CKHE CBOMCTBA rjasa, MPO3PavyHOH CTYACHHCTOM MaccH (rja3sHoe AHO),
cetuatkd (7 muH Konbouek, 130 MIH Nanodek, KOTOPHIE PearupyloT Ha
CBET Pa3HOH YaCTOTH HEOJMHAKOBO), Pa3BETRIICHHH 3PHTENIBHOIO HEPEA.

Ocnoenwie ceolicmea 2nasa
AxxomoOdayus — cBOWCTBO [1a3a, obecrieyHBajoLiee YCTHOE BOCIIPH-
ATHE pa3HO YAANeHHEIX npeaMmeroB. Uamensercs rnasHeii poxyc rnaza
ot 16 o 13 mm. Orrueckas cuna miaza or 60 antp ao 75 amrp. Ilpe-
JeNbHEI yron 3peHns @, =1'. C npHbIKeHHeM NPEAMETa YBenHYNBa-

€TCA YOI 3peHHs g, NOJ] KOTOPHIM ME BHJMM JiBe O1H3Kue TOUKH npe-
MeTa.

Adanmayus — NpACIIOCOONEHHOCTs K Pa3MYHBIM YCJIOBHAM OCBe-
HeHHOCTH: dy, oT 2 MM 10 8 MM, S, u3Mensercs B 16 pas.

Tone apenus. [lo ocu 0X 150° no ocu OY — no 760 mm. Camas
Gonbuias YyBCTBHTEIBHOCTE A = 555 HM (3eNeHnIi uBeT).

Ocmpoma 3penus — CBORCTBO r71a3a pa3sAcibHO Pa3IMyaTh ABe 6ims-
KM€ TOUKH.

Paccrosnue Hanwnmyqero 3penus dy = 250 mm. JancHue npe,zwe'rm
rnas BUAMT 6e3 HanpsHKeHHA.

Heodocmamxu 2naza
I'na3 He MOXKeT co31aTh pe3koe 3obpakeHHe Ha CeTHaTKE.
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OnrtHyeckHe npHGOPLI

Jyna
VBeRM4UTH Yroi 3peHHA MOXKHO HCTIONB3YA JIyIly.
Miukpockon:
ro4Bl_0B,
|4B| 0B

Tak kak 0B, =d,,a 0B, = F, 10 l"=9}—:°-. ~

JononunreanHblii MaTepnai

AKKOMoJallHg MPOHCXOAUT HenpoHu3BonbkHO. Kak Tonsko rnas nepeBogutes ¢
OJIHOTO TIpeaAMeTa Ha JIpyroii, HapyluaeTcs pe3KocTh H306paskeHHSA, O YEM B MO3T
NpuUXoAMT curHal. O6paTHEIH CHrHANM U3 Mo3ra K IHIHApHOH MBILIUE BR3LIBACT
ee COKpauleHHe HIH PacTSXEHHe N0 TeX Nop, MoKa HE MONMYYHTCH pe3Koe H30-
OpaxeHue. Touka, KOTOPYIO a3 BUIUT TIpH paccnabiaeHHoll HAHApHOH MbILILe,
Ha3bIBaeTCA AanbHEH TOUKOM, BUAMMOI NPH MaKCUMAIbHOM HanpseHHwu Biix-
Hel TOYKO#.

TTpu 6nu30pyKOCTH AANBHAS TOYKA JIEKHT Ha KOHEYHOM paccTosHuH. MHoraa
npH cHibHOH 6M30pyKocTH — oveHb GiM3ko oT rnasa. [Tostomy Gnusopykue
BHJIAT nyyvure npuban3ue npeaMetsl. Koppekums 61M30pyKoCcTH TIPOH3BOIHTCS C
TIOMOILIO OYKOB C BOTHYTBIMHU JTHH3aMH.

JlanbHO30pKOCTh NMPHBOAMT K yJaleHHIO GnvkHeH Touku oT riasa. JansHo-
30pKOCTh OGBIYHO BO3HHKAET B CTAPHYECKOM BO3pAcTe, KOTAA XPYCTaHK TepAeT
ynpyrocrs. Jins KOppeKuHH MPUMEHSIOTCA OHKH C BBIMYKIGIMH HH3AMH.

[Mon6op oukoB:

D = Doq + Dl‘n ; Doq = Dox.l‘n

1.1 11

—.DPJI;

ou.l'n

rae f — rny6uHa rnasa;
dp, - paccTosHHe, Ha KOTOpOe BUIHUT IMa3 6e3 OHKOR;
dy = 25 cM — paccTosiHuEe HAWJTYYLIETO 3PeHUA [la3a.

1 1

oy .
dO dl‘ n
BIIP[BOpyKOCTL U JANIbHO30PKOCTL MOTYT GBITH HCIIPABJICHEI € MOMOILBIO XH-
PYypruv no U3aMEHEeHHIO Q)Oth[ POroBHLbI UK XpYyCTaIHKa.

T'1a3 kak onTHYecKas CHCTEMA
OpranoM 3peHHsi 4eNOBeKa ABAAIOTCA IJaza, KOTOphle BO MHOTMX OTHOLIEHH-
AX NPEACTABAAIOT COOOH BECbMa COBEPLIEHHYHO ONITHYECKYIO CHCTEMY.
B nenom rna3s yenoseka (cM. puc. 74) — 3To mwapoobpaszHoe TeNo JUaMETPOM
OKOMO 2,5 cM, KOTOpPOE Ha3BIBAIOT rNazHeIM a610koM. HenpospauHyto 1 npouHyio
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BHEINHIO 060M04KY INla3a HasLIBAIOT CKJepoii, a ee npo3payHyro M Gonee BhHI-
MYKIYIO IEPEHION0 YacTs — poroBuueif. C BHyTPEHHEH CTOPOHbI CKIIEpa MOKpPLITa
cocyaucToif o6onoukoi, COCTOALLEH U3 KPOBEHOCHBIX COCYIOB, MUTAIOLINX a3,
IpoTuB poroBuusl cOCymHcTas 060/104Ka MEPEXOAUT B PalykHYH OGONOUKY,
HEO/IHHAKOBO OKpAILEHHYIO0 Y Pa3H4HbIX NIOAEH, KOTOpas OTAeNeHa OT POroBH-
LB KaMepoii ¢ Npo3pavHoii BoasHUCTOH Maccoil. B pagyxHoit o6onouke nmeetcs
KpYTJioe OTBEpPCTHE, HA3bIBaEMOE 3paikKoM, JHAMETP KOTOPOTO MOMXET WIMEHATh-
ca. Taxum o6pasoM, panyxHas o6onouka HrpaeT posib AnadparMel, peryaHpyro-
e Joctyn csera B ria3. [IpH fApKkoM OCBEILEHHH 3pauyoK YMEHBIIAETCH, a fpH
cnaboM ocBeuleHnn — yBenHUHBaeTcA. BHyTpH riiasyoro a610Ka 3a paaysxHoi
060N04KOH pacronoKeH XpyCTaTHK, KOTOpHIH mpeacTaBnser co6oil JBOAKOBBI-
MyKIYIO JIHH3Y W3 MPO3payHOro BELIECTBA C MOKa3aTeNleM MpPeNOMIEHHs OKOJO
1,4. Xpycranuk oxaifiMnsier KONBIEBAs MbIMIUE, KOTOPAX MOKET U3MEHSTb Kpu-
BHM3HY €ro MOBEPXHOCTEH, a 3HAUHT, H ET0 ONTHYECKYIO CUITY.

Poresryn
R Cxnopa

Pagyxxa

Cocyauncrar
-~ ofonoNKa

Jpavox

3puTencuun
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Puc. 74. Cmpoerue yenoseseckozo 2nasa

Cocyaucras obonouka ¢ BHyTpeHHeH CTOPOHBI If1a3a MOKpPBITa pa3BETBIIE-
HUAMY CBETOUYBCTBUTENBHOTO HEPBa, OCOOEHHO I'YCTBIMHM HaMpoOTUB 3pauka. JTH
pasBeTBleHHA 06pa3yloT ceryaTyro 06004Ky, Ha KOTOPOi Mony4aetcs AeHCTBH-
TensHOe H300paXKeHHE MHpeMETOB, CO3NaBacMOE ONTTHYECKOH CHCTeMoii rnasa.
TlpocTpaHcTBO MEWAY CETYATKON U XPYCTATHKOM 3ANOJTHEHO NPO3PAYHBIM CTEK-
JOBUIHEIM TeNOM, MMEIOIIHM CTyJeHHCTOE cTpoeHHe. M3obpaxkeHne npeaMeros
Ha CeTYaTke INasa nonyyaercsd nepesepHyToe. OfHAKO AEATENBLHOCTL MO3ra, No-
NYHaloILEro CHrHaJibl OT CBETOYYBCTBUTENLHOTO HEpBa, MO3BONAET HaM BHIETH
BCE MPEAMETh! B HATYPATLHBIX MOIOKEHHAX.

Korza xonbuesas Meluua rhasa paccnabneHa, To uzobpaxkeHue RUTEKHX
NPEIMETOB NONyYacTCs Ha ceTyaTtke. Boobmie yctpoficTBo rnasa TakoBo, 4TO
YEN0BEK MOXET BUICTh 6€3 HanpskeHHA NpeaIMEThl, pacnonoxeHHbie He bmke 6
MeTpoB oT rnasa. M3o6paxeHue Gonee 6IH3KHX NPEJMETOB B 3TOM CNy4ae Nomy-
YaeTcs 3a ceTyaTkol Tnasza. JUiA monyyeHHus OTYETIIHBOIO H300paXKEHMS Takoro
MIPEAMETA KONbLEBAA MbILIIA CXUMAET XPYCTANIHK BCE CHIIBHEE OO0 TeX Mop, noka
n3obpaxeHre npeaMeTa He OkakeTcs Ha CeTyaTke, a 3aTeM yJepKHBaeT XpycTa-
JINK B CHATOM COCTOSHHH,
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TaxkuMm o6pa3oM, «HaBoJKa Ha ¢oOKyc» Iia3a 4eNnoBEKa OCYIIECTBIACTCA M3-
MEHEHHEM OINTHYECKOH CHIIBl XpyCTanuka ¢ MOMOILBI0 KoJbleBoii Mermipl. Cno-
cOOHOCTh ONTHYECKOH CHCTeMBl INia3a CO3NABATh OTHETIIMBEIE H30OPaKEHHS
MPEeAMETOB, HAXOMAIMX HA Pa3NIHYHBIX PACCTOAHUAX OT HEro, HA3BIBAIOT AKKOMO-
nanuedt (OT NMaTuH. «accommodatio» — npucnocoGnenue). Ilpu paccMaTpUBaHUH
O4EeHb JalleKNX MPeIMeTOB B IJia3 MONanatoT napaniensHeie 1y4H. B atom cnyuyae
TOBOPST, YTO IJia3 aKKOMOAHPOBaH Ha 6ECKOHEYHOCTb.

AxxoMopanus riasa ne 6eckoHeyna. C NoMOUIBIO KONBLEBOH MBIIIIBI ONMTH-
4eCcKas CHIIa I7ia3a MOXKET YBENIHUHBAThCA He 6osbine yeM Ha 12 auontpwil. [Tpu
JIOJINOM PacCMaTPHBAHHK GJIM3KHX MPEAMETOB Ia3 yCTaeT, a KoJbLeBas MBIIILa
Ha4YHHaeT paccnabnaTecs U H3006paxeHHe MPEIMETA PACIUIEIBACTCA. -

T'naza uenoBeka no3posifrOT XOPOIIO BUAETH PEAMETEI HE TOJBKO MPH JHEB-
HOM ocsetleHHH. Cnoco6HocTh rnasa npucnocabiiMBaThCs K pasNU4HON CTENEHH
pa3sfipaxkeHHA OKOHYAHHIf CBETOUYBCTBHTENILHOTO HEPBA HA CETHATKe IN1a3a, T. €. K
PasiH4YHOMN CTEMEHH APKOCTH HabmonaeMbIX 06BEKTOB, HA3KIBAIOT aAanTaLMed.

CBeaeHHe 3pHTEJIBHBIX OCeli IJ1a3 Ha ONpeAeNeHHOH TOYKE HA3bIBACTCA KOH-
Beprenuued. Korma npeamersl pacronoxeHbl HA 3HAYHTENBHOM PacCTOSHHH OT
4eJoBeKa, TO NPH NIEPEBOAE B3TNAAA C OHOTO MPEAMETA Ha APYroil MeX Iy OCAMH
a3 MpaKTHHECKH HE H3MEHACTCA, H HYENOBEK TepAeT CNocOGHOCTH NpaBHUILHO
omnpenenATh NMOJNOKEHHe npeaMera. Korna mpenMers! HaxoasTcs O4eHb AANEKO,
TO OCH IJIa3 pacroNaraloTcs NMapamnesbHO, H YeNOBEK HE MOXET Aaxe ompene-
JIMTh ABHXETCA HITH HET TOT NPEAMET, Ha KOTopHI#i OH cMoTpuT. Hekotopyio pons
B ONpEREICHUH TONIOXKEHHA TENl UrpaeT H YCHIIHE KONBUEBOH MBIILEI, KOTOpas
CKHMAET XPYCTaUK NMpPH PaCCMATPHUBAHHM NIPEAMETOB, PACTIONOXXEHHBIX HEAANE-
KO OT YenoBeKa.

OnTHyeckuii nmaMepuTeabuLIii npubop

OnTHYeCKUi N3MepHTENbHBIH NPHOOD — CPEACTBO H3MEPEHHA, B KOTOPOM BH-
3UpoBaHKe {(COBMEICHHE IPAHNL] KOHTPOJTHPYEMOTO NPEXAMETA ¢ BH3HPHOMN JTIHHH-
eif, nepeKpecTHEM H T. I.) WJIH ONpefeNieHHe pa3Mepa OCYHIECTBIAETCSA C MOMO-
1[BIO YCTPOHCTBA ¢ ONTHYECKUM NMPUHLMNOM AcHCTBHA. PasnuualoT TpH rpymnmst
ONTHYECKUX HIMEPHTENBHHIX NMpubGopos: MpHOOPH ¢ ONTHYECKUM TNPHHUHMIIOM
BH3HUPOBAaHHA M MEXAaHUUYECKUM CHOCOGOM OT4eTa nepeMetieHus; npuboprl ¢
ONITUYECKHM CTOcO60M BH3MPOBAHHA H OTHETA MepeMeleHUS; NpHOOpH, HMeto-
HIHE MEXAHWYECKHil KOHTAKT ¢ U3MEPHTENBHBIM NPHOOPOM, ¢ ONMTHYECKHM CIHO-
coboM ornpenesicHHs NepeMelleHHs TOYEK KOHTaKTa.

M3 npubopos nepBoii rpynnel pacnpocTPaHEHHE MOJNYHHAM NPOEKTOPbl s
H3MepEeHHA M KOHTpOJA JAeTaneil, MMEIOIHX CIOXHBIH KOHTYp, HeGonblne pas-
MEPBIL.

Haubonee pacnpocTpaHeHHbIii NpHGOp BTOpoil rpyNnel — YHHBEPCAIbHBIH
M3MepUTENBHBIH MHUKPOCKOI, B KOTOPOM H3MEpAeMas ETalb NMEpeMEliacTcs Ha
MPORONBLHONM KAPETKE, a TONIOBHOMH MHKPOCKOI — HA NMONEPEUHOM.

Tlpu6opEI TpeTheil rpynMsl NPUMEHSIOT A1 CpPaBHEHHS H3IMEPAEMBIX JIHHEH-
HBIX BEJIMUMH ¢ MepKaMM WM 1wukanamu. X o6neauHsior o6biuHo mof obuiuM
HaspanueM KoMnapatopsl. K 5Toii rpynne npu6opoB OTHOCATCA ONTHMETP (ONTH-
KaTop, U3MEpPUTENLHAd MalllHHA, KOHTAKTHBIH uHTEepdepoMerp, onTHuecKuit
JNaNBLHOMEP H Ap.).
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OnTuyeckue H3MepUTENbHbie NPHOOPH TakkKe WHPOKO PacrnpoCcTpaHEeHbl B
reojlesuH (HUBENUP, TEOAOHT U Ap.).

TeoA0MUT — reofe3nyeckuii HHCTPYMEHT JUIS OMpeleneHHs HaNpaBiaeHHH W
H3MEPEHHS TOPH3OHTANIBHBIX M BEPTUKANBHBIX YTTIOB NMpU reojeindeckux pabo-
Tax, Tonorpaguyeckoil U MapKiueiiiepcKuX CheMKax, B CTPOHTENLCTBE U T. .

Husenup — reoe3nyeckuii HHCTPYMEHT JUIR H3IMEPEHHS NpPeBbIIEHAH To4ek
3eMHOIi MOBEPXHOCTH — HUBETMPOBAHHSA, 4 TAKKE JUIA 3aAaHHA TOPH3OHTATbHBIX
HanpasjieHHH NP MOHTAXHKIX H T. M. paboTax.

B naBurauuM IIMpoOKO pacnpoCTpaHEH CEKCTAHT — YIJIOMEpHBI 3epKalibHO-
OTpaXATENBHEI WHCTPYMEHT JUTS H3MEPEHHMR BBICOT HEGECHBIX CBETHN Hajl ropH-
30HTOM HITH YITIOB MEXAY BHIUMBIMY NPEAMETaMH C LIENBIO ONpEICICHHs KOOPIH-
HaT MecTa Habmopnarens. Baxkuelmas oCOGEHHOCTH CEKCTAHTA — BO3MOXHOCTH
COBMELLCHHA B NoJe 3peHUs Habnmronatens OJHOBPEMEHHO JBYX MPEAMETOB, MEKAY
KOTOPBIMH M3MEPSAETCS YroJ, YTO MO3BOJSET MONb30BAThCA CEKCTAHTOM Ha caMoné-
Te U Ha Kopabie Ge3 3aMeTHOTO CHIXKEHHS TOHHOCTH Jlaxke BO BPEMS KauKH.

[TepcnekTHBHBIM HanmpaBleHUeM B pa3paboTKe HOBBIX TUNOB ONTHUYECKHUX W3-
MEPHMTENBHBIX MPUOOPOB ABIAETCA OCHALIEHHE MX JIEKTPOHHBIMH OTCUHTBIBANO-
LIMMH YCTPOWHCTBAMH, MO3BONSAIOLMMH YIIPOCTHTE OTCYET MOKa3zaHUH M BH3HPO-
BaHUsA, H T. 1.

[Ipofnemur xopoluero 3peHun

[MpencraBere cebe, YTO BH CTOMTE Ha yrily OXHMAICHHON yiMue Kakoro-
HHOYB aMePUKAHCKOTO ropojia U 4TO BAPYT BCe HEJOCTAaTKH 3pEHHA NpeBpalia-
I0TCA B HEJOCTATKH Hor; Toraa Gonee 50 % nelrexoloB HayHYT XpoMaTbh HIH
O6ynyT uecnocobHul XOAUTS 6e3 KOCTuuleH, MK BuIHYKACHBI OyRyT NpHOErHyTh K
xonsckaM. Ecny BMeCTO yRHUBI B3ATH CTA/IHOH KOMJIENXKa, TO YHCIO IOCTpanaB-
wHx 6yaer coctapiaTs okono 40 %, a Ha nepuaToyHoii pabpuke NocTpaaaBILIUMH
okaxyTcs 8 yenosek uz 10. ConpeMentas uvBHiM3aums obneryuna 3HayMTENb-
HYIO YacTb HAIEro KaAOJAHEBHOIrO TpyAa H OCBOGOAMIA HAC OT MHOTMX XH3-
HEHHBIX 3300T, HO BO MHOT'O pa3 YBEJIHYMIIa HAarpy3Ky Ha riasa.

HUccnenonanus nokaseipaior, yto 6onee 95 % MnaneHues poxpaercs ¢ Hop-
MaJIbHBIM 3peHueM H Ge3 nedexroB ra3. Ho, xak BuAHO u3 Tabmuusl 1, odeHb
Manslil POUEHT HX JOCTHIAeT MOMKHIIOrO BO3PacTa Co 3pEHHEM, KOTOPOE MOXHO
6uino Ob1 B Kaxo#-uuOyap Mepe cuuTaTh HopManeHeIM. Ha 3penne monelt Bozna-
raeTcs TAxXeNan Harpyska. B pesysisTaTe 3Toro AMepHka 66ICTPO NpeBpalaeTcs B
CTpaHy «OYKApHKOB». HecOOTBETCTBHE YETOBEYECKOTO 3PEHUA B LENOM — ORWH
U3 CaMBIX CEPbE3HBIX NedEKTOB COBPEMEHHON UHBHIIN3ALHH.

YacTb neperpy3kH ria3 o6BACHAETCA TEM, YTO YeJOBEK MOJB3YETCA ria3aMH
MpH YCIOBHAX COBEPILICHHO WHBIX, Y€M T€, MPH KOTOPBIX IM1a3 MEPBOHAYAIBHO
pa3BuBaICA U [N KOTOPBIX OH mpHcnocabnupaics. TTepBo6bITHELH YeNoBeK TONb-
30BANCA CBOMMM TTIa3aMH 1A TOTO, 4To6bl CMOTPETH BAWIL NMPH APKOM COMHEY-
HOM CBETE — JJIf OXOTBI, pribHOH JI0BAH H 1A cpaxkenni. Korna connue 3axoau-
1o, 06s3aHHOCTH a3 KoHYanHcs. KoHeuno, nepBoOBITHEIA YeioBek He paGoTan
uensiil AEHL C MPeAMETaMH, PacrONONKEHHBIMH BOH3H a3, H He XOAWI 11I0TOM B
MaHOpaMHOe KHHO, HE CMOTPEN TENEBU3HOHHBIE NEPEIaiH B TEHEHHE HECKOIBKUX
4acoB H HE YHTAT KHUIY JIAJIEKO 3a MOJTHOYb.
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TockonbKy MHOTHE HEHOCTATKH T11a3d, NO-BHAWMOMY, CO3RAIOTCA HArPy3KoH
Ha HHUX H YCJIOBHAMM, NPH KOTOPHX INa3a BHIIUIHAIOT paboTy, nmonoxeHHe Mo-
*eT OBITh 3HAYHTENBHO yay4ieHo. OfiHako 3T0 TpebyeT Hay4yHOro NoAxofa co
CTOPOHH PaxNHYHRIX PN MoAcH M KaXI0ro YEJOBEKA B OTACALHOCTH. MR, co
CBO€ii CTOPOHH, NOJDKHE Y3HATH, KaK YCTPOEH INa3, KakKOBH €ro QyHKIMH, KakHe
GuiBatloT AedexTh H Kakue pafouMe yCAOBHMN BRIBRBAIOT meperpysxy. IMpewae
BCEr0, HAYHEM C M3Y4CHUSA rMias3a.

Tabauya 1
IIpubauxeunnlii IPONEAYT HOPMAJILAOTO IPeHHE -
CPEQH JIAU PAIHOIO BOIPACTA
Bolpacruas rpyona Hpoueur aun
C HEIOCTATKAMH IpeHus
Hosopoxaennnsie 0.5
Vyamueca cpenHei mkons 20
Vuauuecs xonnemxa 40
40 ner 60
95 ner 95

I'na3 kaxk xusag xaMepa Obckypa

Yacto rna3s Ha3mBalOT XHBOH kamepol O6ckypoii, HO Kak BONBIIHHCTBO
AHANOTHIf W 3Ta aHANOTHA BEpPHa JWIUbL YacTHYHO. Tna3 npeacrasnser coboii
6eckoHeusio Gonee TOHKHH M CNOXHBHA npubop, 9eM caMui syamuii poToan-
napar, XOT# B NMPHHIHNE OHH OXHHakoBH. B doroannapare rakke mmeerca
npoctas cobHpaTenbHas JMH3A HIH CHCTEMA JIMH3, JAcHcTBYomas nojobHo
cobHpaTensHOMY XpYCTanHKy rnasza. UyBcTBHTENbHAA MicHXa B poToannapare
COOTBETCTBYET YYBCTBHTEABHOCTH K CBETY CETUATOH 0DONOYKH Ha 3aaHei# cTo-
POHE [11a3a; Ta M JApYras MONY4aloT MEPEBEpHYThiC, ACHCTBHTENbHBE, YMEHD-
weHHBe H3o6pakenus. JluadparmMa perynaHpyer KONHHECTBO CBETa, JONMycKae-
Moro B ¢OTOANMApaT; pajfyXHas oG0NOYKa perylHpyeT KOMM4YECTBO CBETa,
BXOAALIEro B ria3. B TEMHOTE 3payoK WAH OTBEPCTHE pajyxkHol 060j04ky
MOXET MMETh AHAMETP NMOYTH 1 cM, 2 Ha APKOM CBETE OH MMeeT pasmep Oyna-
BOYHO#H MOMOBKH.

Ypox 74. JIa6opaTopnas pabora
o TeMe «H3yuensne MojieJieH onNTHYECKHX npHGopoB»

3adanue: paccuuraiite ¥ Henprraiite Mojiend ¢oroarmapara ¥ Npoek-
L{HOHHOT'O aNmnapaTta.

OG6opydosanue: KOMIUIEXT 1a6OPaTOPHEIH N0 ONTHKE, THHEHKA, JIHH-
361 coGuparowue Ne 1, 2.

* Jautwe 3 u3 kuuru M. Jlexuma (Luckiesh M. Light, Vision and See-
ing, N.-Y., 1944).
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Xon ypoxa

Conepxanne #H MeTOA BLITIOJTHEHUA PaloThl

TIpu pacnonoxeHHH NpeaMera Ha pacCTOSHHH d, Goinblie ABOAHOrO
¢dokycHoro paccrosHus 2f nuusel (d > 2f), u3oOpaxeHHe nosyyaercs
YMEHBIIECHHOE, AeHCTBUTENILHOE, MepeBEpHyTOe. JTa cXeMa 0ObIYHO HC-
none3yercs NpH GpotorpapupoBaHUH.

ITpu pacnonoxeHHH NpeaMeTa Ha paccToAHUM d, GonbiieM GOKYCHD-
rO pacCTOsiHUA f TMH3Bl, HO MEHBIIEM e€ JBOHHOrO (OKYCHOTO pacCTos-
Hug (f < d < 2d), n3o6pakeHue nomy4aeTcs yBeMUYEHHOE, AeHCTBUTENb-
HOe, nepeBepHyTOe. JTa cXeMa MCHONB3YETCA B MPOEKLHOHHEIX anmnapa-
TaX pa3HBIX THIOB. Y BelnueHHe [ B 060HX CiTydasx paBHO:

AB d'
P=T8~a
rae A'B’' u AB — pasvepsl u3oGpaxenns u npeamera, ¢ u d — pac-
CTOSIHME OT JIHH3BI 10 H300paXKEHHS M NpeIMETA.

Iopaaok BeINOJHeHHA patoThI

1. YcranoBuTe Ha CTOJIE HCTOYHHKH CBETa M3 KOMILIEKTA TaGopaTop-
Horo o6opyaOBaHHs 110 ONTHKE, BCTABBTE B OKHO npubopa AHano3vTHB-
HYI0 paMKy cO cTpenkoi. Brrodure npubop B CETh MEPEMEHHOIO TOKA C
HamnpsbxeHHeM 42 B.

2. Jina MCHBITaHMS MORENH (oToanmnapara 1o U3BECTHOMY 3HaUEHHIO
¢dokycHoro pacctosHus nuH3BI Ne | paccuuTaiiTe pacCTOAHHA, Ha KOTO-
PBIX JOJDKHA HAXOXMTHCA JIMH3a OT MpPEeAMETa U OT 3KpaHa, 4ToObl NOoJIy-
4uI0Ch W300paxkeHHe, yMeHbIIEHHOE B 3 pa3a. YCTaHOBMTE ‘Ha pacCH-
TaHHBIX PacCTOSAHMAX JHH3Y H 3KpaH. M3MephTe pa3mMepe! CTPENIKH B OKHE
npubopa u e¢ U300paxkeHHs Ha 3KpaHe. ONpelenuTe NONYUEHHOE YBENH-
4EHHE H CPABHHTE €ro C PaCYETHHIM 3HAYECHHEM.

3. JInsa ucIBITaHUs MOJENH IPOEKIHOHHOTO amnrnapara paccyuraite
paccTosiHHe, Ha KOTOPOM JAO/DKHAa HAXOAMTRCA JIMH3Aa OT MpeaMera Uit
TIOJMy4YEHHs HA IKpaHe U300pakeHHs, YBEIMYEHHOrO B 2 pa3a.

YCTaHOBHTE IMH3Y Ha PaCCYMTAHHOM PaCCTOSHHH OT OKHa npubopa H
NONMy4HTE YBEJINYEHHOE H300pakeHHe CTpENIKH Ha 3kpaHe. HM3mepere
pasMepsl u300paXeHHA CTPENIKH Ha DKpaHE M BBIYHCIHTE YBEJIHYEHHE.
CpaBHHTE €ro ¢ pacyeTHLIM 3HaUYCHHEM.

Hononnumensnsie 3a0anun

1. PaccuuTaiiTe pacCTOAHHE, HAa KOTOPOM AOJDKHBI OBITH YCTAHOBIICHBI
nuu3el Ne 1 u Ne 2 11 Mcnonb3oBaHUA HX B KayecTBe OOBEKTHBA H OKY-
nsipa Mukpockona. CoGepute MOZEb MHUKPOCKOIA H PACCMOTpPHUTE CJlain
yepe3 5Ty MoAenb. Hapucyiite cxeMy xoa Jrydeit B MUKPOCKOIIE.
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2. PaccyuTaiiTe paccTOSHMA, Ha KOTOPRIX JOMKHE! GBITH pacnonoxe-
HbI JUH36I Ne 1 ¥ Ne 2 f1g McoNIb30BaHHs HX B KadeCTBe 0OBEKTHBA U
OKyJIfpa TeNeckonta. BEIYHCIHTE yBenawdyeHHe Teneckona. IlposepbTe
MpaBWILHOCTE pacdeTra SKCIEPUMEHTANRHO.

Ypok 75. Pemrenue 3ajgau no reme: «OnTuKa»

Henu: pa3BuTHE HABHIKOB CAMOCTOATENIBHON paboThl; oTpaboTka Me-
TOJIOB pElICHHUS 3a/1aY.

Xoa ypoka

3aoayu na «3» 6anna

1. PHuCYHOK Ha IMaNO3MTHBE UMEET BBICOTY 2 ¢M, a Ha 3kpaHe 80 cMm.
OrnpesienuTh ONTUYECKYIO CUITy 06BeKTHBa, eClH pacCTOAHHE OT 0OBeK-
THBa 10 JHa no3utusa 20,5 cM. (Omeem: 5 nirp.)

2. Jlyy creTa MEpeXONUT U3 TIHUEpHHA B Bo3xayx. Kakom yron mpe-
JIOMIICHMS JTy4a, €CJIH OH NMafaeT nox yriom 22°? [loka3atens npenomie-
Hu# rnuuepuna — 1,47. (Omeem: 33°.)

3. OnTuyeckas cuna JMH3E paBHa 2 antp. Ilpeamer BeicoToi 1,2 M -
nomMeleH Ha paccrosHud 60 cM oT JauH3EL. Ha kakoM pacCTOSHUM OT
NUH3BI ¥ KaKOH BBEICOTE MONyduTcs usoOpaxeHue storo npenMera? (Om-
gem:3 M; 6 M.)

4. JIy4 cBeTa NepeXORUT U3 BOAHL B CTEKJIO C MTOKa3aTelieM NpesioMile-
Hug 1,7. OnpenenuTs yroi NageH!s 1y4a, eclid yroJjl npeioMIeHus paBeH
28°. Ilokasarests npeaoMICHHA BOJBI paBeH 1,33. (Omaem: 37°.)

3aoauu na «4» 6ana

1. Tlpeamet pacnionoxeH Ha paccTostHHM 40 CM OT JMH3BI C ONTHYE-
ckoli cunoit 2 qntp. Kak M3MEHUTCA pacCTOfHUE [0 U300paXeHus Mpea-
MeTa, eCld TocleAHuil mpubnu3uTh K JuH3¢ Ha 15 cM? (Omeem: cme-
CTHUTCA Ha 1,5 M OIHoKe K TUH3e.)

2. MoHera nexur Ha riy6ure 2 M. Byxem cMoTpers Ha Hee cBepxy Tmo
BepTHkanu. Ha xako# riy6uHe MBI yBHAHM MoHeTy? TlokasaTens npeiom-
neHust Boxel — 1,33, Jlnst Manelx YrjloB TakKe CYUTATh PaBHEIM CHHYCY.
(Omeem: 1,5 Mm.)

3. Tlpenmer BBICOTO#H 16 cM Haxonutes Ha pacctosHuy 80 cM OT paccew-
BAFOLIEH JIMH3KI C ONTHYECKOH cunoif — 2,5 arrrp. Bo cko/bko pa3 u3mMeHHTCs
BBICOTA H300p2KEHHA, €CIH NPEeAMET NOJABHHYTH X JimH3e Ha 40 cm? (Om-
eem: B 1,5 paza.) .

4. JTy4 cBeTa nmajjaeT Ha CTEKIAHHYIO TUIOCKONApANEIBHYIO IUIACTHHKY
¢ TIOKa3aTeneM npenomienus 1,5 mop yriom 60°. Kaxosa Tomuuna na-
CTHHKH, €CITH IIPY BBIXOZE M3 Hee JTyd cMecTHiIcs Ha 1 cM? (Omeem: 2 M.)
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3adauu na «5» 6annos REAY

1. Ot npenMera BHICOTO# 3 cM NOJYUHIIH € NOMOIIBIO JIMH3BI AeHcT
BHTENBHOE N300pakeHne BeicoToit 18 cM. Korma npeamer mepensHHyH
Ha 6 cM, TO MOXYYHIIH MHHMOe H306paxkeHune BbicoTor 9 cm. Ormpene-
1uTh GOKyCHOE pacCTOSHHE M OTITHUECKY1O CHITY JIMH3BL. (Omeaem: 0,12 M.;
8,33 antp.)

2. Bopnonas BeicoToit 180 cM crouT Ha qHe 03epa riy6uHoi 5 m. Bri-
YHCJIMTL MUHHMAIIBHOE PacCTOSHHE OT TOYKH, II¢ CTOMT BOJONA3, 10 TEX
TOYEK HA, KOTOPhIC OH MOXeT YBHACTH B Pe3yNbTare MOJHOTO BHYTPEH-
Hero otpaxeHus. (Omeem: 9,43 M.)

3. Paccrosnue oT npeaMera [0 JIMH3BL H OT JIMH3BL 10 JEHCTBUTENb-
HOTO H300paXcHHA NpeaMeTa OJUHAKOBHL H paBHBl 60 cM. Bo ckxoneko
pa3 yBenuuuTcs M306paxeHHe, eclii MpeAMeT NOMECTHTL Ha 20 cM 61H-
#e K nuu3e? (Omsem: B 3 paza.)

4. Ha ane cocyna, HANOTHEHHOTO BOAOH J0 BRICOTH 40 cM, HAXOIHT-
€ ToYeuHRI# HCTOYHMK cBeTa. Ha noBepXHOCTH BOARI MNaBaeT KPYTIIBIA
JIHCK, 1IEHTp KOTOPOrO HaXOAHTCs Hajx HcToYyHMKOM. Ilpu kakom MHHM-
MaJIbHOM pajiyce OMCKa JIyYH OT HCTOYHHKA He OYXYT BHIXOAMTH M3 BO-
11?7 Tlokazarens npenomneHus Boabl paBen 1,3. (Omeem: 0,48 m.)

3aoauu noeviwennois mpyonocmu

1. Cobuparoinas 1HH3a AaeT H306pakeHHe NPEAMETa, YBENHUEHHOE B
5 pa3. DxpaH NpPHABHHYIH K NpeaMmery Ha 50 €M, 3aTeM nepeMECTHIH
JHH3Y TakK, YTO MPEAMET HA IKPAHE NMOJYYHICS B HATyPANBHYO BEIHIH-
Hy. HaiiTn onTHuecKylo cHily JHH3B H TIEpPBOHAYANIBHOE PaCCTOSHHE Me-
¥y APeAMETOM H 3kpaHoM. (Omeem: 6,4 arrrp; 1,125 M.)

2. C noMolipio cobHparoLier THH3bI Ha SKpaHe NMOMy4MEeHO YMeHbIIEHHOS
w3obpaxenne. Pazmep npemera pasen 6 cM, pazMmep w3oOpaxenus — 4 cM.
OctaBnss 3kpaH ¥ NPCAMET HETTOABIDKHBIMH, JIMH3Y HEPEMELLAIOT B CTOPOHY
npeaMeTa. ONpeEiHTE BENHYKHY BTOPOrO YETKOTO H3oOpaxeHus. (Omsem:
9 cM.)

JioMainee 3a5aHHe
. 60-65.

¥Ypok 76. JlaGopaTopuas paGora
o Teme «Onpeaelienne paspemaioineli cnoco6HocTu riaaza»

3adanue: nabmonas nBe 6nU3KO pacnonoXXeHHbIE TOYKH Ha 6enoM
JMCTE ¢ pasHBIX PacCTOSHHWM, onpeaeiHTe pa3pelatolyio cnocobHocts
CBOErO rnasa.
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Obopydosanue: Urna, JUCT MHIUIAMETPOBOi Gymary; nuct Oenoi
6ymars; pynerka.

Xon ypoka

Conepxkanue H METO BLINOJHEHNS PaGoThl

Paspeinarontast ciocCOGHOCTE I'a3a Kak ONTHYECKON CHCTEMBI 3aBUCUT
oT aMameTpa 3payka. Eciu mepen riasom pacmonoxeH Henpo3payHslif
9KpaH C OTBEPCTUEM, AUaMETp KOTOpPOro MEHbIlle AMAMETpa 3payka, TO
pa3pemaiomas crrocoOHOCTH I1a3a YMEHbBUIAETCS BCAEACTBHE AUPPAKLIHHA
CBETa Ha OTBEPCTHH.

Jns npoBeACHUA HCCJICHOBAHUA HEOOXOOHMO MOATOTOBUTE OOBEKT
HaOIOJICHUA U PAA OTBEPCTHI pa3iMyYHOro AUaMeTpa B HEMpO3payHOM
skpane. [Ins HaOIIONCHUS MOXHO MCIIONB30BAThL JIMCT OyMaru ¢ JByMs
YEepHEIMH TOYKAMM Ha pacCTOSHUHM 1 MM ofHa oT Ipyroil. B kauyecTBe
JKpaHa MOXXHO B3ATk NONOCY MU/LUTHMETPOBOi OyMaru, B KOTOpoi HIiIoi
MpOKaJbIBAOTCS OTBEepCTHS quametpoM 0,3; 0,5; 0,1; 1,5 1 2,0 mM.

BhIMONHATL U3MEpEeHUs yao6HO BIBoeM. OIuH U3 3KCIEpHMEHTATO-
poB HaGmomaeT uepe3 OTBEPCTHE B SKpaHe YepHblE TOUYKH, a BTOPOH H3-
MepseT MaKCHMANBHOE PAcCTOSHUE OT rf1a3a Habmrogares 10 3TOTO JINC-
Ta, IPH KOTOPOM HYepe3 JAHHOE OTBEPCTHE JBE TOYKM €lle BMAHBI pa3-
ZENBHO.

INopaxox BeINOIHEHNS PaboThl

1. YcTranoBHTE NEpeN NMpaBRIM T1Ia30M 5KpaH U3 MUIIMMETPOBOH Oy-
Mard u Habmonaiite depes oTBepcTe aAnameTpoM 0,3 MM B 3KpaHe JBE
TOYKH Ha nucte Oenoif Gymarn, Haxonsuecs Ha paccTosHHA 1 MM apyr
ot apyra. IToctenenno ynanssce ot nucta 6yMmaru, onpeaeaure MakcH-
MaJIkHOE PacCTOSHHE, Ha KOTOPOM JIBE TOUKH €Ile HE C/IMBAKOTCA B OJHY,
a BHIHEI pa3fieNibHO.

2. Taxue e HabIIOIeHHS BLINONHHTE, HAOMIOAAs STH KEe TOUKH Fepes
otBepcTHa auametpoM 0,5; 0,1; 1,5; 2,0 MM. PesynbraTel usMepeHuit 3a-
HECHTE B OTUETHYIO Tabmuuy.

3. MpurnMas paccTosHHe [ MeXAy TOYKaMH, paBHoe | MM, 32 JIHHY
JIyTH — OKPY>XHOCTb, 4 PacCTOSIHUE R OT riasa o jucta OyMaru — 3a pa-
IMYC OKPYXHOCTH, BBIUNCIINTE MHHUMANBHOE YTIIOBOE PAcCTOSTHHE MEX-~
Iy TOUKaMH MpH HabmogeHHH Yepes orsepeTis guametpoM 0,3; 0,5; 1,0;
1,5 u 2,0 MM no dopMyne:

_1-360° /-360-60" 3438'-/
PEToR 27R R

TNocTpoitre rpauk 3aBUCUMOCTH paspeltiaroniel cnocoGHOCTH Iiasa

¢ oT quaMeTpa d OTBEPCTUS B SKpaHe.
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4. YcraHOBHTE 3HAYeHUs YT, MPH KOTOPOM IMPAaKTHYECKH HE MEHS-
eTcd pa3pellaomas criocoGHOCT NPH NalpHeHIneM H3IMEHEHUH AHaMeT-
pa oTBepcTHsi B 3KpaHe. OLCHUTE JHHEHHBIE Pa3MEPHl CBETOYYBCTBH-
TEeIBHBIX IEMEHTOB IN1a3a — koJa6ouek. B pacueTax MOKHO NPHHATH, YTO
paccTOSHHE OT POrOBHLB 0 CETYAaTKH TJa3a paBHO 18 MM, H CYHTATh,
YTO JiBa TOYEYHHIX MCTOYHHKA CBETA PETHCTPHPYIOTCA IJIa30M Kak pas-
JEJIBHEIE, €CITH PacCTOAHHE MEXIY HX H300paKEHHAMH MpPEBHILAET YA-
BOCHHEIN pa3Mep KONOOUKH.

Jlomamnee 3axanne
. 60-65.

Ypok 77. KouTpoibsHas pabota
o teMe: «OnTHKa»

Hens: BHISBUTH 3HaAHUA YHaLIHXCA N0 TeMe «ONTHKA».

Xona ypoka

Bapuanm 1

1. TIpenMeT BBICOTOM 60 CM NoOMeIlLEH Ha paccTosHuM 60 cM OT cobu-
parolueit THH3B ¢ PoKyCHBIM paccTosHHeM 12 cM. Onpenenute, Ha KakoM
PacCTOSHUH OT JIMH3BI MONYUYNIOCh U306paXKeHHe U pasMep NOTyYEHHOTO
m3obpaxenus. (Omeem: 15 cm; 15 eM.

2. Ilox kakuM YTJIOM ClieAyeT HAlPaBUTh JIyd Ha OBEPXHOCTh CTEKJIa,
MOKa3arenb NpenoMIeHHs KoToporo 1,54, 4toOsl yroa mpeoMieHus no-
Jyuuscs paBHeiM 30°? (Omeem: 51°.)

3. B ano Bonoema rmyGuHoif 2 M BOHTa cBas, BeICTynatoilas Ha 0,5 M
u3-Boanl. HaiiT ATHMHY TEHHM OT CBaH Ha JHE BOJOEMA TMPH yTie NaacHUS
nyugeii 30°. Iokasarens npenoMieHus Boawl 1,33, (Omaem: 1, 036 M.

4. PaccTosiHME OT MpeAMeTa A0 JMH3BI H OT JHH3BI 10 M306pakKeHHs
OAMHAKOBHI M paBHH 0,5 M. BO cxosIbko pa3 yBeIM4HTCS H30GpakeHHe,
€CIIH CMECTHTB NpEeAMET Ha paccTosiHHe 20 CM 1O HAMPaBICHHIO K JIHH3e?
(Omeem: B 5 paz.)

5. IlpenoMnsowHii yron ctekngHHoH npusMer 60°. IToa KakuM yriioM
JOy4H ROMKHBI TafaTh Ha MPH3MY, YTOOB BBHIXOIOMTHL M3 Hee, CKOIB3A
BAOJb TIOBEPXHOCTH MpoTHBoNoNoxHoH rpaHu? Ilokasarens mpenomme-
HuA crexaa 1,6. (Omeem: 35°.)

6. Bricota npeaMerta pasHa 5 cM. JluH3a Jaet Ha 3KpaHe Hzo0paxe-
HHe BeICOTOH 15 cM. IIpeamer nepeBHHYIH Ha 1,5 cM OT JTHH3HI H, Nepe-
JBHHYB 9KpaH Ha HEKOTOPOE PacCTOSIHHE, CHOBA MONYYHIH H306paXeHHe
BbicoToii 10 cm. Haiith dokycHoe paccTosHHe TMH3EL (Omeem: 9 cM.)

] AN A s M e

[P A J
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3aoaua nosvrutennoii choscnocmu

1. IlpeaMer, pacnonoxeHHHH nepen cobuparolueii THMH30M, naeT Ha
3KkpaHe u3oOpaxeHHe BBICOTOH 96 MM. ITpn nepeMeleHHH MUH3BI HOTY-
qaloT BTOPOE 4ETKOE H300paXKeHHE NpenMeTa Ha 3KpaHe BRICOTOH 6 MM.
Haittu sricoty nmpeamera. (Omsem: 24 MM.)

Bapuanm IT

1. JIy4 cBera nepexoauT U3 CTekna B BoAy. Yron nageHus 45°. Yemy
paseH yroi npenomienus? [Tokasarens npenoMieHus ctekna 1,6; Bons! —
1,3. (Omeem: 61°.)

2. Iepen cobuparomeit MMH30M ¢ GokycHBIM paccTosHHEM 10 cM fmo-
MeitteH npeamer. Ha kakom paccTosHMM HaJo MOCTABHTh NPEAMET, HTOORI
ero AeificTBUTENLHOE N306paxeHne Ob1I0 B 4 pa3a Gosblile caMoro npea-
MeTa. (Omeem: 12,5 cM.)

3. KakoBo cMemeHte Jy4ya IMIoekod CTEKISHHOM MIacTMHKOH ToJ-
INMHOM 3 cM, eclii Jiy4 MajxaeT Ha Hee noj yriaoM 70°? TlokasaTens npe-
noMnedus crexkna 1,5. (Omeem: 2 cM.)

4. Cobuparowas JTHH3a JacT Ha IKpaHe YeTKoe u3obpakeHue npeamMe-
Ta, XoTOpoe B 2 pasa Ooaniiie mpeaMera. Paccrosinue oT mnpeameTa Jio
JMH3b Ha 6 cM npeBBHDaeT ee pokycHoe paccTosiHUe. Haittu paccrosnue
OT JIMK3EI 10 3kpaHa. (Omeem: 36 cM.)

5. Ha creknannyio npusMy ABC (cM. puc.75) ¢ npenoMASIONAM yr-
qoM 30° manaet jy4 cBeTa, KOTOPhlil BHYTPH NPU3MBL UAET NApaJLICIBHO
BC. Onpeaenuts yron cmelueHua ayda, ecim AB = AC, a nokazarens
npenomieHns crekna 1,6. (Omeem: 18°.)

A

Puc. 75

6. JIunza naeT NeHCTBUTENBHOE M300paXKEHUE MpPENMETA C yBEIM4e-
HaeM [ = 3. KaxaM OyzeT yBeaudeHMe, €C/IM HA MECTO NMEPBOH JIMH3H
MOCTaBMTE BTOPYIO C ONTHYECKOi cmtoit Basoe 6onpmei? (Omeen: 0,6.)

3aoaua nosvruennoli cnoscnocmu

1. CpeTamascs TOYKa HAXOAUTCS Ha TIaBHOM ONTHYECKOHW OCH JIMH3BI
(rnaBHOE (GOKYCHOE paccTOsHHE KOTOpOH paBHO 3 CM) Ha PacCTOSHHH
4 cM OT €€ ONTHYECKOro leHTpa. Ha paccTosHun 3-CM OT mepBoil JIMH3BI
HAXOJAHTCA BTOPaA TAKOH ke onTudeckoi cuibl, OnTHYeckue ocH 06enx

8 B. A. Bankos
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JIMH3 coBrnagarT. I'ae nomyuures uaobpaxkenue cBetsmekcs Toukn? Ilo-
CTPOMTE X0 Jyueit. (Omeem: 2, 25 cM.)

Ypox 78. lucnepcus ceTa

lIer: OOBACHUTD ABJICHHE JMHUCIIEPCHH CBCTA.

Xona ypoka

1. Opraau3anuoHHBIH MOMEHT
I1. A3y4enne HOBOI0 MaTepuana

1. Paccka3 yyurens.

Bomnpoc o npuyKHe pa3IHdHOH OKPACKH Tell €CTECTBEHHO 3aHHMA YM
yenoseka. Brnnots 10 1666 r. B 3TOM Bompoce OblIa MoiHas HeoTlpene-
neHHocTh. CYUTAIOCh, YTO [BET €CTh CBOHCTBO caMoro Tena. C Hesana-
MSATHBIX BpEMEH HabmroJallocs pa3fielicHHe [IBETa Paayrd, U Aaxe 610
U3BECTHO, YTO 0Opa3oBaHME PATyrd CBS3aHO C OCBELICHHOCTBIO JOXHe-
BBIX Karelb.

Tak, JlekapT Habnioxal HUCKYCCTBEHHYHO panyry Ha BOJSHOH NBUTH
(OHTaHOB H NMPOM3BOAMII OMBITHI 110 MOJYHYEHHIO PATYTH CO CTCKIAHHRIMHI
IapaMH, HanoJHeHHBIMH Boxoif. Jlexkapt Mor o6BACHHTE QopMy H yc-
NOBHHIC pa3Mephi pafyrd Ha HeGOCKJIOHE, HO NMPWYMHEI LIBETOB PajiyTh
€My OCTAITUCH HESACHBIMH.

HrloToH oOpaTHiICA K HCCIEAOBAHMIO LBETOB, HaGmiomaeMBIX TNpH
TIPEIOMJIICHUM CBET3, B CBA3M C YCOBEPLIEHCTBOBAHHEM TEJNCCKOIOB.
HEI0TOH XOTEN NOJNYYHTD JIMH3EI XOPOIIETO K34eCTBa, OH OGpaTHII BHH-
MaHHE Ha HalH4He OKpallleHHRIx KkpaeB. Mccnellys okpamieHHble npu
MpeJIoMIIEHHH kpas, HBI0TOH clienal CBOM OTKPHTHA B 06J1aCTH OMTHKY,

2. DKCNEPHUMEHT.
JieMOHCTpalLHsa JACIIEPCHH CBETA.

3. Iponomkenne M3yUEeHHUS MaTEpHAIA.

HrioTon HanpaBul Ha MPU3My CBETOBOH Iy4OK Majloro fonepeYyHoro
ceueHud. [lanas Ha CTEKNAHHYIO MPH3MY, OH MPENOMIANCA W AABal Ha
TIPOTHBROIIONOXHON CTeHe W300paXKeHNe C pPafyXHbIM YepelOBaHHEM
nsetos. CaMy nonocky HEIOTOH Ha3BaH CIIEKTPOM.

[Ipu 33KpEITHH OTBEPCTHA LIBETHBHIMH (UIBTPAMH Ha CTE¢He Habmio-
JAKOTCA TOJNIBKO Te LBETAa, KOTOPHIMH 3aKPEIT Iy4ok cBeta. OTCIOAA BHI-
BOA — NpPH3Ma He OKpalIUBaeT GelHid 1IBET, a JIHIIb Pa3NaraeT ero Ha co-
CTaBHBIE Y4aCTH.
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Vingpaxpacuas oinacts

Buanmuii crer

Puc. 76

3aBHCHMOCTE TIOKa3aTeNs NPEelOMIIEHHA CBETA OT 4acTOTH kKoncbaHui
(WIH JUTHHB! BOJIHBI) HA3KIBACTCA AHCTICPCHEN.

CkopocTh CBETa B BAKYyMe He 3aBHCHMT OT d Wi A BOJHEI U PaBHa
npubmsutensho 3-10° m/c. Ecnu noouepenno npomyckars yepes CTek-
ASAHHYIO PU3MY My4YKH MOHOXPOMAaTH4ECKOIO CBETa Pa3HOH HBETHOCTH
IO OTHMM M TEM K€ YTJIOM TAJIEHHs, TO YBHJIMM, YTO (PHONETORLIH my4
npenomisercs 6onblue, 4eM KpacHEIH. O4YeBHIHO, ng > n,. AGCOMOTHRIA
10Ka3aTeib NPEJOMIICHHA CBA3aH CO CKOPOCTHIO PaCHPOCTPaHEHHS CBETA

. : . c
B 310# cpene GopMynoit: n=—.
v

c
CnenoBartenksHO, ny=—,n =
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=
v, v,

: n oo
. — .0 5%
Orciona cnenayer: nvy =n0,; oo

x Utb

Tak xak v, <v,, n, >n,, A OJ{HOH M TO# Xe cpeaibt, TO U, >U,.

3HayMT, B OHOM H TOM X€ BEIECTBE CKOPOCTH CBETa IS Pa3IMHAIX
YacToT (WIH JUIHHLI BOJH) pa3iM9HB. Paznuynu GyAyT M nokasarenu
npenomienns. ClenoraTenbHo, NOKa3aTeNlh APENOMICHHSA CBETA 3aBHCHT
OT €ro YacTOThi.

3Had, yTo Genblii CBET NMEET CIIOXKHYIO CTPYKTYPY, MOXKHO OOBACHUTE
YRMBHTENEHOE MHOroo6pa3ue kpacok B npupoae. EclA npenmer oTpaxa-
€T BCe MafaloliHe Ha HETo JyYH Pa3fTHYHKIX LBETOB, TO OH ByJeT Ka3aTh-
cs GenbiM. [lokpriTas cnoeM kpacHoH kpacku Gymara, oTpaxacT TOJBKO
KPacHBH{ JTy4H, ocTanbHBIE e NOTMOTATCS clioeM Kpackd. Tpasa a mm-
CThfl IEPCBbEB KAKYTCA HAM 3EICHBHIMA JIMIIL NOTOMY, YTO M3 BCEX Na-
JAIOIMUX HA HUX COJHEYHBIX JIy4eil OHM OTpPaXaIOT 3CJICHBIE, NOrioIas
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ocTanbHble. Eciu MoCMOTpETh Ha TPaBy YeEpe3 KPacHOE -CTEKII0, Mpomyc-
Karonjee JIMIIb KpacHbIe JIy4H, TO oHa OyeT Ka3aThes MOYTH HepHOH.

Onbitamu HeloToHa ycTaHoBieHO, 4To Genbrii uBer ConHua uMeet
CIIOXHBI XapakTep. AHATU3NPYs COCTaB CBETAa IMPH MOMOIUM NPHU3MBI,
MOXHO YOeHTECS, YTO CBET OOJIBIIMHCTBA NPYTHX MCTOYHUKOB (JIAMIIbI
HaKalnBaHus, Nyropoi GoHaphb U T. .) UIMEET ClOXHBIH XapakTep. CooT-
BETCTBYIOLIME YHACTKH CIICKTPOB HMEIOT Pa3/INYHYIO PKOCTh, T. €. SHEp-
THA paclipeleficHa pa3nuyHo.

Oxkpacka pazIH4HBIX NPEAMETOB, OCBEIIEHHBIX OJHAM M TEM e HC-
TOYHHUKOM CBETa, GhIBaeT BechbMa pa3zHooOpa3Ha, HECMOTPA Ha TO, UTO BCE
3TH NpeJMETHl OCBEIIEHBI CBETOM OAHOro coctaBa. OCHOBHYIO pOJb B
Takux 3¢ ¢ekTax UrpaloT ABJICHUS OTPAXEHHUS M NPOIYCKaHHS CBETA.

I11. 3akpenneHue H3Y4EHHOTO

— B yem cocTouT sABJIEHHE AUCTIEPCUN?

- Kax Ha onsite HabnonaTs sBAcHUE AHCTIEPCHH?

— Kakne BriBoam cnenan HeloToH B pe3ynbrate 3KCHEPHMEHTANBHOTO
H3YYeHUs AHcnepcH?

— KakoBa npHynHa pa3noxkeHus Oenoro cBeta B CIIEKTP MpPH MPOXOXK-
JICHUH uepes Npu3My?

— B yem npuuvHa BO3HUKHOBEHHSA panyra?

— MOXHO M HCKYCCTBEHHO MONY4HTh paayry?

— B Kkakoii cpefie CBET pacnpocTpaHseTcst KpMBOIHHEHHO?

-

IV. IlonBeneHne HTOTOB YpOKAa

JomamHee 3aganue
. 66.
TloaroTOBUTE AOKAAIKI 10 TEMaM:
. «CBeT ¥ 1BeTa Tem».
. «lIBeTHBIE TENA, OCBELEHHBIE GEBIM CBETOMY.
. «IBeTHBIE TENa, OCBEIICHHAIE I[BETHBIM CBETOMY.
. «HachImeHHOCTh I[BETOBY.
. «Pagyra».

bW~

JIOTIOJTHHTENLHBIH MaTepHan

Onruka Huwotona

Ewe B 60-e rr. XVII B. HetoToK 3aHHTEpeCOBaNCA ONTUKOR M cAENAN OTKpHI-
THE, KOTOPOE, KaK Ka3aloch CHadana, FOBOPHIO B [ONb3Y KOPMYCKYNAPHOH Teo-
pHH cBeTa. DTHM OTKPHITHEM GBUTO ABNEHHE AUCTIEPCHH CBETa U MPOCTHIX L{BETOB.

Pa3noxenne Genoro ceeTa MPU3MOii B CHEKTP 6bLIO H3BECTHO OYEHb NABHO.
Onnako pazobpaTbes B 3TOM ABAEHHH 10 Hbl0TOHAa HHKTO HE cMoT.

Y4eHbIX, 3aHHMAIOLUXCA ONTHKOMN, UHTEPECOBAN BOMPOC O NPUPOAE LBETA.
Hau6onee pacnpocTpaHeHHBIM GblO MHEHHE O TOM, 4To Genbliii CBET ABMNAETCA
npocTsIM. L[BeTHBIE JKe JyHH NMOAYHaoTCA B Pe3yNbTaTe TeX HIH HHLIX €T0 U3MeE-
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nHenHil. CyIlecTBOBANH pa3IHYHBIE TEOPHH ITO 3TOMY BONPOCY, Ha KOTOPHIX MBI
OCTaHaBIIHBaThCA He 6yneM.

H3yuaa ssneHHe pa3noxeHus 6enoro crera B cnexTp, HbloToH npHuien k 3a-
KIIFOYEHH!O, UTO GeNnbiii CBeT ABNAETCA CNOXHBIM cBeTOM. OH TMpeACTaBiseT co-
60if CyMMy NpOCTBIX LBETHBIX Ny4ek.

Hetoton paboTan ¢ npocToii ycraHoBKo#. B cTaBHe OkHa 3aTeMHEHHOH KOMHa-
ThI GbINO NMPOJIENAHO MaTIeHbKOE OTBepcTHE. Uepes 3T OTBEpPCTHE MPOXOANA Y3KHH
ny4ok conHeuHoro cBeta. Ha myTu cBeToBOro nmyya crasuiachk MpH3Ma, a 3a MPH3-
moit akpaH. Ha akpane Hb10TOH HaBMIONAT CIEKTP, T. €. YATHHEHHOE H306paKEHHE
KPYIJIOTO OTBEPCTHS, Kak GBI COCTaBICHHOrO M3 MHOIHMX UBETHHIX kpy)kkoB. [IpH
3TOM HauGoNblIee OTKIOHEHHE UMENTH GHONETOBBIE JyHH — OHH KOHEN CTIeKTpa, H
HaHMeHbLIee OTKIIOHEHHE — KPacHBIe — pYroi KOHEN creKTpa.

Ho 3TOT onBIT ewte He ABNANCA YOEANTENBHBIM JOKA3aTEIbCTBOM CIIOXXHOCTH
6enoro ceera H CyIeCTBOBAHHS MPOCTHIX NyueH. OH GBI XOpPOILIO H3BECTEH, H H3
HEro MOXHO GBUIO clienaTh 3aKiOYeHHE, 4TO, NPOXOAA MpH3My, Genblii CBeT He
pa3naraeTcs Ha MPOCTHIE JIy4H, a H3MEHAETCA, Kak MHor#e aymanu 1o Helotora.

JIns Toro 4To6b1 MOATBEPAMTH BBIBOA O TOM, UTO GeNBlii CBET COCTOMT H3 Mpo-
CTHIX LBETHBIX JIy4ei M pasnaraeTcs Ha HHX TpH MPOXOXACHHH Hepe3 MPH3MY,
Hb10TOH MpoBOAWI APYroOif OMBIT.

B skpaHe, Ha KOTOpPOM Habmiofancs CHeKTp, AeNanoch Takke Maloe OTBep-
crie. Yepes oTBepCTHE NPOIYCKAIH yKe He Genblii CBeT, a CBET, HMEIOLIHI onpe-
JIENIEHHYIO OKPacKy, MOBOPS COBPEMEHHBIM A3bIKOM, MOHOXPOMATHYECKHH My4OK
ceeta. Ha nmyTtH 3Toro mydka HblOTOH CTaBHI HOBYIO MpPH3MY, a 3a HEH HOBBIH
skpaH. Yto 6ynet HaGNmOmaThes Ha 3TOM 3KpaHe? PasNoXHT OH OJHOLBETHBIH
My4OK CBETAa B HOBBIH CrexTp WM HeT? ONBIT MoKasal, 4TO 3TOT MyHOK CBETa
OTKJIOHAIETCA NPH3MOH Kak OJHO LeNoe, moj onpejeneHHbIM yrnoM. Ilpu atom
CBET HE H3MeHAET cBoeil okpackH. [loBopauusas nepsyto npuamy, HetoToH npo-
MycKaJl yepe3 OTBEPCTHE 3KpaHa LBETHbIE JIyYH PasNHYHBIX YYacTKOB CIEKTpa.
Bo Bcex cny4asx OHH He pasNarajiich BTOpOi NPHU3MOii, a MW OTKIOHANUCH Ha
onpenefieHHBIH yroi, pasHblii Ans ny4ed pa3siH4yHOro UBETA.

[Tocne atoro HeloToH npuwen k 3akirodeHHIO, yTo Genblii cBeT pasnaraercs
Ha UBETHBIE JIy4H, KOTOPHIE ABIAIOTCA NPOCTHIMH M MPH3MOH HE pasnararmoTcs.
Jins xaxporo HBeTa MOKa3aTeNh MPENOMIIEHHA HMEET CBOE, ONpENe/IEeHHOEe 3Ha-
yeHHe. L[BETHOCTB 3THX Jydelt M UX NPENOMISEMOCTh HE MOKET N3MEHHThCA «HH
MPENOMIICHHEM, HH OTPaXEHHEM OT €CTECTBEHHBIX Tel, WIH Kaxoii-mibo WHO#H
npuynHOH», — mucan HeloTon.

3TO OTKpHITHE HpoU3BeNo Gonbwoe BneuatneHue. B X VI B. ¢ppanuysckuii,
noat JoBapa nucam: «Ho uto 310? ToHKast CyIHOCTB 3THX Jy4eH HE MOXET
H3MCHAThCA MO cBoeli mpupofe! Hukakoe HCKYCCTBO HE B COCTOSIHHH €TI0 paspy-
UIHTh, H KPaCHbIH HIH CHHHI JIyY HMEET CBOIO OKDAcKy, nobexnan Bce YCHITHA».

Takum o6pa3oM, NpocThie JIyHH ABIAIOTCA HeH3MEHHBIMH. OHM MpeacTaBis-
10T, MOXHO CKa3aTh, aTOMbI CBETa, NOJ06HO aToMaM BelECTBa. DTOT BBIBOJ Ka-
3QJICA B XOPOIUEM COITaCHH ¢ KOPHYCKYJAPHOH Teopueit cBeta. JleHicTBUTENBHO,
HEH3MEHHBIC aTOMBI CBETa, MPOCThIC JIYYH, ABISIOTCH MOTOKOM H OJHOPOAHBIX
YacTHIL, KOTOpBIE, Momajias B Halll [71a3, BHI3KIBAIOT OMIyHICHHE OTIPE/ICIEHHOTO
useta. CMech ke PasHOPOIHBIX CBETOBBIX YacTHI spiserca 6ennim caeToM. TIpu



230 Moyponbie paspabomxu K yuebHuxy I' 5. Makuweea, b.b Byxoeyeea

TIPOXOXICHHH Yepe3 mpuaMy Genniii ceet pasnaraerca. [Tpuama coprHpyer cie-
TOBBIE HACTHIIbI, OTKIOHAS HX HA Pa3HbIH yroil 8 COOTBETCTBHH C HX LBETHOCTBIO.

OtxpriTHe cnepckH 66110 paclieHeHo HploTOHOM H GONBIIHHCTBOM €ro co-
BPEMEHHHKOB H NoclenoBarened Kak ¢akT, NoATRePXKAAIOUIHI KOPMYCKyNAPHYIO
TEOPHIO CBETA.

C Touk# 3peHHA BOJHOBOH TEOPHH TPyAHO 6bino 06BbAcHUTEL oTKpHiTHE HbIO-
TOHA, NOTOMY YTO TEODHH PAcTpOCTPAaHEHHA BONH eme He 6vino. [loHumanHe
TOro, YTO LBET ONPEACNAETCA NEPHOJOM CBETOBOI BOJIHLI, NMPHILUIO 3HAYHTENLHO
nozxe. Ho paxe ecnm 6K k10 M jorafanca o6 3ToM, To Bce paBHO HeNerko Gruio
npeacrasuTk cebe, noueMmy NpH OTPHKEHHH H MPENOMIEHHH NEPHOMA OCTaeTcd
HEH3MECHHRIM.

Taxum 06pa0OM, C TOUKM 3peHUs BONHOBOM TEOPHYU MOHATL OTKpHTHE Hilo-
TOHa B TO BpeMA Owuto mouTH HeBosmoxHo. M He cnyuaiiHo TNoiirenc B cBoeii
pabote, 0 kOTOpPOIi MK TOBOPHIH BHIIllE, COBCEM O0OILEN BOMPOC O JHCIEPCHH
cBeTa, xoma B 1690 r., xorna 6sina ony6nHKoBaHa ero KHHra, OH yXke 3Han o pa-
6otax HuloToHa no omruke.

Hrak, Hul0TOH BCTan Ha TOYKY 3peHHA KOPIYCKYNADHOH TECOpPHH CBeTa, Ha
OCHOBE KOTOPO#H OBUIO JIETKO MOHATH OTKPHITOE HM ARJICHHE AHCNepcHH cBeta. Ho
BEJib, CIPOCHTE BBI, K 3TOMY BpeMEHH ObUIH Y)ke M3BECTHH ABJICHHA M3 00nacTH
BOJIHOROIi ONITHKH — HHTepdepeHiHA H audpakuus. 3aHHMasCh HCCJIEIOBAHHAMH
no ontHke, HBIOTOH HE MOT MPOHTH MHMO HHX M JIOJKEH GbLT CTOMKHYTHCA C
3ajiaueli OOBLACHEHHA ITHX ABJICHHH Ha OCHOBE KOPIYCKYJIApHOH TEOPHH.

H peiicreHrensio, HeloToH He 3a6bin 06 3THX ABJIEHHAX H MOMBITAACA 1aTh
UM obnacHeHue. Uto kacaercs sABneHHA audpakiMH, TO OH Gojiee HIH McHee
JIETKO, KaK Ka3anoch, CNpaBMACA C YKa3aHHOH 3anaucii. Korna ceer nmpoxoiut
MHMO 3KpaHa, TO MEXIY YaCTHLAMH, H3 KOTOPbIX COCTOMT 3KPaH, H CBETOBBIMH
Jy4aMH (aTOMAMH CBETA) NeHCTBYIOT CHIH MPUTSIKEHHA. BeneAcTRUE 3TOrO Tyuu
3aXOJAT B 0OJACTh FEOMETPHYECKOH TEHH. ‘

IpusencHHoe 0b6bACHeHHE OLINO, KOHEYHO, HeBepHBIM. Ho B To Bpems, korna
fBJIeHUe RUPPaKLHH GbLNO ellle HENOCTATOYHO H3Y4EHO, TAKOe OOBACHEHHE Ka3a-
JIOCH YOenUTETBHBIM,

Tpynuee obcrosno peno ¢ obbAcHeHueM ABNeHUA UHTepdepeHuuu. Ero yxe
Havanu u3ydats. M cam HuioToH caenan RakHbIH 1War B HCCNIEROBaHHU HHTepde-
PEHLIHM CBETA B TOHKHX TJICHKAaX.

Vuenstii cobpan cneuuanbHyio YCTaHOBKY XIS H3yueHus 3Toro aBnexus. O
B3N JIMH3Y, MOJNOXHI €€ HAa CTEKIAHHYIO TUIACTHHKY M Hablionan Temmble H
CBETJIble KOJMbIIA, KOTOpble BHAHB MPH OCBELIEHHH JIMH3BI H MNACTHHKH MOHO-
XpPOMATHUYECKHM CBETOM. JTO TaK HasaiBaeMble kosibLia HuloToHA.

Kak MOXHO OOBACHHTL MOABICHHE 3THK KOJIELl C TOUKH 3pEHHS KOPITYCKy-
nApHOH TeopuH cBeta? [anasa cBepXy Ha JIMH3Y, CBCTOBLIC JIyYH HAa ONpeaeieH-
HBIX pacCTOAHHAX OT lieHTpa JH60 oTpaxaiorca, THOO NMPeIOMISIOTCS H MPOXO~
DT Yepe3 yCTaHOBKY. B pesynbTare Hero Msr BHIHM CHCTEMY CBETJIBIX U TEMHBIX
xonew.

Ho noueMy *e Ha ORHUX PACCTOAHUAX OT LEHTPA JUH3bI CBET OTpaXaercs, a
Ha apyrux npenomnsercs? Ha 1ot sonpoc HetoTon oTseriin, 4To B OJHHX Mec-
TaX CBETOBLIE AY4H (CRETOBbIE HACTHIIH) MCTIBITHIBAIOT «IPHCTYNL JIETKOro ot
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paxeHHs», a B APYIHX — «IPHCTYMBI JIETKOTro TpesiomieHda». Ho moueMy sto
MPOUCXOAMT, YUEHBIH HE MOT CKa3aTh.

O6bacHenue xosbliaM HeioToHa 6bU10 faHO B Hadane XIX B, Ha OCHOBE BOJI-
HOBOH TE€OpHM CBETa aHINHiicKHM yueHbIM FOHroM. Ho 06 aTom MbI cxaxeM nos-
xe. [Tocne HrloToHa KopnyckynsapHas TeOpHS CBETa CTAHOBHTCS OGLIENpH3HaH-
Hoii. B Teuenne Bcero XVIII B. ¢¢ npHaepXHBTHCE TOYTH BCE GHIHKH.

Ypok 79. HutepdepeHuns H ee npuMeHeHHe

Ilenb: o6BICHATE UHTEPEPEHLMIO M €€ NPUMEHEHHE.

Xon ypoka

I. Oprann3annoHHEIH MOMERT

II. IloBTOpPEHHE HIYHUEHHOTO

—  UYro Ha3sIBaeTCa aucnepcueii ceera?

— HauepTtuTe cxeMy MOTy4EHHS ¢ NOMOILLIO TIPH3MEI crieKTpa Genoro
ceeta. Kakve 1Bera ¥ B Kakoif NoCnea0BaTeNLHOCTH Mbl Habmoaa-
€M B criekrpe?

~ B kakux npezenax ANHH BOJIH 3aKNIOYEHEI JUIMHBI BOJH BUIAMMOTO
cBeta?

— Kakoii cBeT Ha3RIBAKOT MOHOXPOMATHYECKHM?

— Tloyemy 6enblif cBeT, MpOXoAsd CKBO3b NPH3My, pasjaracrcs B
HBETHO#H criekTp?

— Jinsa ¢moneroBoro Wi Jis KpacHOro csera 6ynet Gonblue noxasa-
TeJIh NPENIOMIIEHHS BELECTBA NPU3MBbI (cTeka)?

— Kakoii cset 6yner pacnpocTpaHaThed B BemecTse ¢ 6onbliei cko-
POCTBIO — KpacHBIH MIIH (HHONETOBBII?

—  Yrto NpoM30HIET NpH COEINHEHHH BCEX CBETOBHIX Ty4eH criekTpa?

II1. M3yueHHe HOBOTO MaTepHaJa

OueHpb 4acTo B cpefic OJJHOBPEMEHHO PAaCTIPOCTPAHAIOTCH HECKONBKO
pa3nuyHeIX BonH. IIpu Geceie HECKOBKHMX YENOBEK B KOMHATE 3BYKOBBIE
BOJIHEI HAKNAJBIBAKOTCS APYT Ha Apyra.

CnosxxeHune B MPOCTPAHCTBE BOJIH, NPH KOTOPOM 006pazyeTcs NOCTOAH-
HOE BO BPEMEHH paclpereneHHe aMIUIMTYX pe3yNbTHPYOMUX KonebHa-
Huii, HasbiBaeTca HHTepbhepeHnmeit. (JeMoHcrpauus uHTephepeHLUH
MEXaHHYECKHX BOJIH.)

Jlns toro ytobBI MIpH HAJIOKEHUM CBETOBBIX BONH Habmonarace yc-
ToMyYMBas MHTep(EPEHIMOHHAA KapTHHA, HeoOXOoAMMO, 4YTOOBl BOJIHBEI
OLUIH KOTEPEHTHBI, T. €. UMEIH OAHHAKOBYIO ANMHY BOJNHLI M MOCTOSH-
HYIO Pa3HOCTh (as3.
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HuTepdepeHIMo cBeTa yaloch HAOMOAATh ¢ MOMOILUBI YCTAHORKH,
npeanoxeaHoi T. KOHroM. OH 6511 OZIHAM H3 NEPBBIX, KTO MOHAT, YTO H3
JBYX HE3aBHCUMBIX HCTOYHHKOB CBETa HHTEP(EPEHIIMOHHAA KapTHHA He
nomyyutcs. [Io3ToMy OH MIPOITYCTUI B TEMHYIO KOMHATY COJIHEYHBIH CBET
yepe3 y3KOe OTBEpCTHE, 3aTeM C MOMOLIBIO OTBEPCTHA PasfCaHi 3TOT
My4OK Ha JiBa. DTH JIBa My4Ka HaK/IaJbIBaAch APYT Ha Apyra, obpa3oBanu
B HEHTPE 3KpaHa Gemylo MoJocy, a no KpaiM — pagykHy1o.

=
.

Takum o6pasoM, B onbite FOHra uHTEpdhepeHLHOHHAdA KAPTHHA TIOMy-
YUNACh IyTeM JeNeHHs (PPOHTA BOMHBI, HCXOMALIEH M3 OHOTO HCTOUHH-
Ka, TIPH €€ NPOXOXKAEHUH Yepes Ba GIN3KO pacrnoIOKEHHBIX OTBEPCTHA.
B cBoeM onwite ORI 10CTaTOUHO TOYHO ONMPEAENHN JUIMHY CBETOBOM
BOJIHBL: AN KpajiHe (PHONICTOBOI H4acTH CIEKTpa OH MONYYHI 3HaueHHe
JUTHHE BOJIHEI 0,42 MKM, A kpacHoro cBeta — 0,7 MKM.

IloueMy BO3HHKAIOT paiyXHble NMATHA Ha acanbTe WIM paly:KHbie
MBUIBHBIE MIEHKH?

Bensiit cBeT magaeT Ha TOHKYIO IIIEHKY. YacTHuHO cBer (BoaHa 1) oT-
paxkaercd OT BepXHeil OBEPXHOCTH ITUIEHKH, YaCTHYHO (BOJHA 2), Npoias
yepes IUIEHKY, OTpaXaeTcd OT HMkHel NoBepxHOCTH. O6e OTpaXeHHBIE
Bomael (1’ 1 2') OTIHYAIOTCS Pa3sHOCTLIO XO/a.

/AN

Puc. 77

v

i Puc. 78

EctecTBenHo, uTo GONbIUMI{ MyTh MpOMET BOJNHA, OTPaXEHHaH,OT
XHeil TOBEPXHOCTH IUIEHKHU, XOTS Pa3HOCTh X012 HEBEIHKA.
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Bemeiii cBET HEMOHOXPOMATHYEH, OH COLEPXKHT 3ICKTPOMATHHUTHEIC
BOJIHEI pa3Hoil JUIMHEL W3-3a TOTO, YTO Pa3HOCTH X0Ja 3aBHCHT OT JUTHHBI
BOJIHEI, MaKCUMANIEHBIE HHTCPGEPEHIMOHHbBIE KAPTHHEI JUIS PA3HBIX JITHH
BOJIH MTOJTYHAKOTCA B Pa3HBIX TOYKAX MPHEMHHKA.

ABATOrH4HO BO3HHKAIOT U Konbua HeroToHa.

pal
-

B ‘ Puc. 79

Hpumenenne nuTephepeHun

CymiecTBYIOT CIieHHANBHBIE NPUOOPBI — HHTEPHEPOMETPEI, JeHCTBHE
KOTOPBIX OCHOBAHO HA SBJICHHHM HHTEPHEPECHIINH.

HasnaueHue HX MOXeT GHITh pa3IMYHEIM: TOYHOE H3MEPEHHE [UTHHE]
CBETOBBIX BOJIH, H3MEPEHHE ITOKa3aTeMs1 MPEIOMIIEHHA Ta30B H JIp.

TpoBepka kauecTBa 06paBOTKH MOBEPXHOCTH A0 ONHOH AecATOM LTH-
HBI BOJIHEL, T. €. 70 1078 M.

HecoBepuieHCTBO 06pabOTKH ONMPEAEASIOT MO HCKPHBICHHIO WHTEP-
(bepeHIHOHHEIX TOJIOC, 00PA3YIOUIMXCA TIPH OTPAKEHHH CBETA OT TIPOBE-
pseMoi NOBEPXHOCTH.

B 4acTHOCTH, Ka4ecTBO ULTH(OBKH JIMH3Bl MOXHO MpPOBEPHTH, Ha-
6monasa xonsua Hetotona. Kosbua 6yayT B GopMe NpaBHIBHEIX OKPYXK-
HOCTeif TOJNIBKO B TOM CiTydae, €ClIi NOBEPXHOCTH JIHH3BI CTPOro cepH-
yeckad. Jlio6oe oTcTymenne ot chepuuHocTH, Gonbire yeM Ha 0, 1)\. 6y-
JET 3aMETHO CKa3BIBAaTECA Ha GOpMe Kolell,

JhoboneITHO, uTo MrambsHckuil ¢u3nk 3. Toppuuewm (1608-1647)
yMen nuTHdOBaTH JHH3H ¢ MOrpenrHocTsio 1o 107° cM. Ero mum3m xpa-
HATCA B My3ee. Bunumo, Toppuuenan o6Hapyxun HHTepdepeHHOHHbIE
kofbla 3amonro ao HeioToHa M jmorajancs, 4To HX NMOMOIIBIO MOXHO
MPOBEPATH Ka4eCTBO LITHGOBKH.

HpocBeTiennas ONTHKA

OO6GBEKTHBEl COBPEMEHHBIX (OTOANNAPATOB WM KHHOIPOEKTOPOB, Ie-
PHCKOITEI ¥ pa3IM4HEIe JPYTHE ONTHYECKHE YCTPOHCTBA COCTOAT M3 GOJb-
IIOro 4YHCIa ONTHYECKHX CTEKON — JIMH3, mpu3M. IIpoxoas uepes Takue
YCTpoifcTBa, CBET OTPAXACTCS OT MHOTHX MOBepxHocTeil. Yucmo orpa-
JKAMOIMX TOBEPXHOCTEH B COBpPEMEHHBIX O0OBEKTHBAX MpeBEInact 10, a B
TIEpUCKONax NOABOAHLIX JIoAOK 1o 40. Ilpn manennu cBeTa neprieHAUKY-
JIIPHO TMOBEPXHOCTH OT KKJOH MOBEPXHOCTH orpaxkaerca 5-9 % mceil
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sHeprun. Yepes mpubop mpoxomut gacro Beero 10-20 % nmocrynaroutero B
HETO CRETA.

Jis yCTpaHEHHs 3THX HENPHSATHBIX MOCIEACTBHH HaNO YMEHBIUHTDH
JIOMO OTpa’X€HHOH 3Hepruu cBéra. JlaBaeMoe npHOopoM u3oOpaxeHHe
IenaeTcs TIpH dToM spde — «mnpocBeTngercs». OTciofa U MPOHUCXOAUT
TEPMHH «IPOCBETIICHHE ONITHKHY.

IIpoceTiieHHe ONTHKM OCHOBaHO Ha HHTepbepeHunH. Ha nosepx-
HOCTB ONTHUYECKOTO CTEKJIA HAHOCAT TOHKYIO TUIEHKY C TIOKa3aTelleM Tpe-
TOMJIEHHS Ny; ¢ MEHBUTHM 1.

Jlna Toro 4T06K BOIHBI OCIAGIIH APYT APYra HOJDKHO BEHMIOMHATHCA
YCIOBHE MHHHUMYM.

hd Puc. 80
A

B oTpaxeHHOM CBETE pa3HOCTH XORXa BOIH paBHa Al =2hn—-2—,

.

[

(IIpoHCXOAUT TIOTEPA —;—/1 ).

2
VYcnoBHe MHHEMYM B OTpakeHHOM cBete Al = % =kA.

Al =2hn, —%= ba,
IJIE N, — IOKa3aTeNb MPETOMICHUS MISHKH; # — TONHHA TIeHKH.
1
Orcrona 2kn, = k,l+5 (k=0,1,2..).

A
MimuManbHas TomunHa 6yger npu k=0 2hn, =—.
Tlpu paBeHCTBE aMIUTYA rateHne OyAeT NOIHHM. TOMIHHY TUIeH-
KH, CJIEOBaTENbHO, MOAGHPAIOT Tak, YTOOH! MOJIHOE ranieHue NpH HOp-
MAJIBHOM TIaJICHHH HMEII0 MECTO JUId JUTHH BOJIH CPERHEH HacTH CTIEKTpA.

A
Torna Ang 3eNeHOro MBeTa — K = —— .

Ny
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Jlyun xpacroro u $HONETOBOTO LBETA OCNAGNAIOTCA HE3HAUHTENBHO,
MO3TOMY OOHEKTHBEI ONTHYECKHX MPHOOPOB B OTPAXKCHHOM CBETE MMEIOT
CHPEHEBHIEC OTTCHKH.

1V. 3akpennende H3yTeHHOTO MATCPHAIA
—  Yro HassBalor HHTepdepeHimeii crera? [Ipy Kakux ycioBuax ee Ha-
—;-, ObBsACHUTE HATEPHEPEHITHIO CBETA B TOHKHX ILICHKAX.
—  Kak 3amicath yCNoBHA 0Opa3oBanus HHTEPHEPEHIIMOHHBIX MAKCH-
MYMOB H MHHHMYMOB JUTH CBETOBHIX BOJH?
— TIlpuBesuTe MPHMEPH MPAKTHYESCKOrO NPHMEHEHHS HHETepdhepeHIMH
cBera.

Jomamuee 3aganue
n. 67; 68.

JIonmoIHHTEALHLIH MATEPHAT

Bospoxaenue BoIHOBOH TeOPHH CBETA

Onuaxo Bee e H B XVIII B. 66in1 yuensle, KOTOPHE BO3paxarnti POTHB 3TO#H
Teopun. M3 KpynHBIX yueHHX MOXHO HAa3BaTh pycckux akaaemukos M. B. Jlomo-
Hocosa H JI. Diinepa.

JIoMOHOCOB CHMTaN, YTO CBET 3TO pacnpocTpaHsoleecs konebarensHoe
JBHXEHHE YACTHII 2PHPA, T. €. HEOLLYTHMOH CpEbl, 3aNONHAIONICH BCE MHPOBOE
MPOCTPAHCTBO H NPOHH3BIBAIOLIEH IOPHI BECOMBIX TEIl.

TIpotuB kopnycKynspHOii TeopHH cBeTa, no JIOMOHOCOBRY, TOBOPMT TO 06-
CTOATENLCTBO, YTO CBETOBBIC JIYUH, NPOXOAsA 4epe3 MPO3PavyHOE Tejio C PasHbIX
CTOpOH, He MewaloT Jpyr apyry. Bokpyr anma3sa, nHuler JIOMOHOCOB, MOMXHO
MOCTaBHTH THICAYH CBEYEH, TAK YTO THICAYH MY4KOB cBeTa 6yayT nepecekars Apyr
ZApYTa U NPH 3TOM HH OJIHH Jiyd He OyieT Mewars ApyroMy. IToT ¢akT npoTHBO-
PEUHT NPEACTARICHHIO O TOM, YTO CBET — 3TO [IOTOK CBETOBBLIX YACTHIL, HO OH HE
TIPOTHBOPEYHT BOJIHOBOH TeopHH csera. [lofobHO BONMHAM Ha BOJie, KOTOpble
MPOXOAAT Yepe3 OJIHY H TY XK€ TOUKY HE H3MEHSAACh, CBETOBLIC BOJIHH MPOXONAT
yepes Mpo3padHbie TENA, HE MEWa JPYT APYTY.

H3 u3noxeHHOro BHAHO, 4YTO JIOMOHOCOB yXe MOAXOAHS K MOHHMAHHIO SR-
JieHHns HHTepdepeHHH.

Ditnep, Tak ke kak H JIOMOHOCOB, BRHICKA3HBAICA NIPOTHB KOPMYCKyTNAPHO#
TeopHH cBeta. OH yKe OTHETIIMBO MPEJACTAaBMsN CBET KaK BOJIHbI, pacrpocTpa-
HaromHecs B pupe. IIpu sToM Dfinep snepBHe BRICKA3aN HACKO O TOM, YTO L{BET
ONpeNiC/IAETCA HacTOTOH KonebanHii B CBETOBOI BONHE.

Onnako HH JIoMOHOCOB, HH DHAEp He CMOTIH MPHBJIEYb YUCHBIX HA CTOPOHY
BOJIHOBOH TEOPHH CBETA.

B koxtie XVIII 8. onTHYECKMMH HCCACIOBAHHAMM 3aHAICA aHTHHCKHA yde-
Heiii Tomac IOHr (1773-1829). On npuwen k BaxcHo# uiee, 4to konsta Hetoto-
Ha OYCHb MPOCTO MOXKHO OOBACHHTH C TOUKH 3PEHHA BOJIHOBOH TEOPHH CBETa,
onupasch Ha npuHUMN HHTepdepeHUHH. OH e BNEPBBIC H BBE/ HA3BAHHUE «HMH-
TepdepeHuus» (OT NATHH. «inter» — B3aUMHO H «ferio» — yapsio).
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BecbMa BepoAITHO, 4TO HHTepdepeHimio FOHT OTKpHUT, HabIoAas 3To sABJe-
HHE JUIS BOZAHBIX BOJH. Bo BCAKOM ciyuae, onMChIBas 3TO ABJICHHE, OH paccMat-
pHBan HHTepdepeHIMIO BOIAHbIX BOIMH. OH nucan: «[IpenctasuM cebe, uTo Heko-
TOpOE KONHYECTBO OJIHHAKOBBIX BOJSHBIX BOJH ABHXETCA MO MOBEPXHOCTH INaf-
KOTo 03epa ¢ HEKOTOpOH MOCTOAHHOH CKOpPOCTBIO H MOMafaeT B y3KHH kaHan,
BBIXOMAIHI U3 03epa, MPEACTaBHM cebe Takxke, UTO Moj AcHCTBHEM ApYroif mpH-
4YHHBI 06pa3oBalicAl TaKOH k€ PAA BOJNH, KOTOPBIH, kak M NEpBhlil, ZOXOMUT A0
3TOro KaHaja ¢ TOoH ke CKOpocTbio. HH OMH M3 3THX PANOB BOJIH HE PaspyLIHT
JIpYroro, a ux JeHcTBHA coeanHATCS. Ecnu oHM BeTynatoT B KaHan Tak, 4to rpeb-
HH OJIHOTO pAfia COBMANAIOT ¢ rpeGHAMH Ipyroro, To obpasyeTcs psj BOJH ¢ yBe-
H4eHHBIMH TpeGHAMH. Ho ecnu rpe6HH omHoro psga 6yayT cOOTBETCTBOBATh
BOAJHHAM JAPYToro, TO OHM B TOYHOCTH 3aMOMHAT 3TH BM2AHHH H MOBEPXHOCTh
BOABI OcTaHeTcs rnaakod. S nonarato, uto MojgoGHbIe 3PhEKTH UMEIOT MecTO
BCAKHIi pa3, Koraa nofpoGHeIM 06pa3oM CMEILHBAIOTCA [BE YacTH CBeTa. DTO AB-
JIeHHe S Ha3bIBAIO 3aKOHOM HHTEPGhEPEHIIMH CBETaN.

IOHr, ucnone3ys sABACHHE HHTephepeHUHH, OGBACHHI MOABIEHHE -KOJELl
HeloToHa. DTH KoOJIbLia B OTPaXEHHOM CBETE BO3HHKAIOT B Pe3yNbTare HHTEpGE-
pEeHLHH NBYX Jyuell CBETa, OTPAXEHHBIX OT BEpXHeii M HIDKHeH MoBepxHocTel
BO3AYLIHOH MpOCnoifiku, 06pa3oBaHHON NHH30MH U CTEKNAHHON MnacTHHKOM. OT
TOJLHHEI 3TOH NpocnokH 6yNeT 3aBHCETh Pa3sHOCTh XOAA MEXNY YKa3aHHBIMH
nyyaMH. B 4acTHOCTH, OHM MOTYT YCHJIMBATh MJIM FacuTh ApYyr Apyra. B mepsoM
cJydae Mbl BUIMM CBETNOE KONBLIO, BO BTOPOM — TEMHOE.

Ecnu ceeT, ocBemaromuit ycraHoBky, 6enblif, To 6yAyT HabmomaThes HBeT-
Hele konbla. [To pacnonoxeHHo KOJEL s Pa3HBIX LBETOB MOXHO NOACHMUTATh
JUTHHY BOJIHEI COOTBETCTBYIOINX LBETHHIX Jyueil. FOHr nponenan »ToT pacuet H
ONpEAETHN ITHHY BOJIHBI JUIS Pa3HBIX y4acTKoB criekTpa. HHTepecHo, uTo mpu
3TOM OH HCTIOfb30BaN AaHHBIe HBIOTOHA, KOTOPHIE ObIH AOCTATOUHO TOYHBIMU.

FOHr 06BACHHN M ApyTHE Cy¥aH HHTepdepeHLHH B TOHKHX MJIACTHHKax, a
TaloKe NpojeNal CrelHANbHbIH ONBIT Mo HHTepGEPEHIMH CBETa. DTOT OMKIT, KO-
TOpbIH, Kak MBI TOBOPHH, TIPOBOXHUN ellle I"pUManbaH, H3BECTEH MOJ, HA3BaHWUEM
oneita fOnra.

B naHHOM omnmiTe HabmomaeTcd He TONBKO ABNEHHe HHTephepeHLHH, Ho H
ABJICHHE AU pakUMH cBeTa. EciiH 3aKpEITH ONIHO OTBEPCTHE MABUEM, TO Ha 3Kpa-
He BUAHHI AHOPAKUHOHHBIE KONbLA, 06pa30BaHHbIE B pe3ynbTaTe MPOXOXACHHS
CBETA Yepes Manoe OTBEPCTHE.

PesyneTatTel cBoMx HcclenoBaHuil o ontuke FOHT DONOXHI Ha YMEHOM 3ace-
JiaHHH JIOHZOHCKOro KOPOJIEBCKOTO O61IECTBa, a Takke omyOIHKOBAI HX B Haya-
ne XIX B. Ho, HecMoTps Ha ybeauTensHocTh pabot JOHra, HHKTO He XOTen Hx
npH3HaBaTh. Beas nmpH3HaTh npaBoTy BriBoAoB IOHra o3Hauano oTkasarbcs OT
NPHUBBIYHBEIX B3rMAA0B H, KPOME TOTO, BBICTYNHTh MPOTHB aBTopHTeTa HetoToHa.
Ha 310 noka eme HukTo, KpoMe camMoro FOura, He perancs.

Ha pa6otsl FOHra He o6paTiai BHHMAaHUA, a B MEYaTH AaXe MOSBHIACH CTa-
TBR, COAEpXkaas rpybuie Hananku Ha Hero. KoprmyckynspHas TeopHs cBeta no-
NpexXHeMy Ka3anach HEMOKONEOGHUMOIA.
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¥Ypok 80. Andpaxuns

Henu: wabmoneHue sBicHus Andpaxuuy; o6BACHEHHE STOTO ABJIEC-
HUA.

Xoa ypoka

1. Opranu3auHOHHEIH MOMEHT
I1, TpoBeaenye caMOCTOATENLHOH PaGoThI

Bapuaum 1

1. OXMHAKOBHI JIM CKOPOCTH PacIpoOCTpaHeHHs KpacHOro U ¢Honero-
BOTO H3NyYCHHA B BakyyMe, cteiiie? (B eakyyme — da, 6 cmekne ~ nem.)

2. IToka3zarens npuioxeHus BoAH NpH t = 80 °C ans pa3nuuHBIX MO-
HOXPOMATHYECKHX JIydeil BUXNMOTIO M3Iy4eHUs HAXOOUTCS B MHTEpBale
oT n; = 1,3308 no n; =1,3428. Kakoii u3 3Tux nokasareiacii aBiaseTcs Mo-
KasaTejieM TIpeoMIIeHus (GHONETOBRIX JTydeii? (ny).

3. Ot uero 3aBUCUT LBETHOCTh CBETOBBIX BOJIH? (Om vacmomsl.)

4. B HEKOTOPYIO TOYKY NMPOCTPAHCTBA NMPUXOAAT CBETOBBIE My4KH KO-
TEPEHTHOTO U3NyHeHHs C ONTHYECKOH PasHOCTHIO X0Na B MKM. Y CHIICHHE
MM OcnablieHue CBETAa MPOM3O0IMAET B 3TOH TOYKE, €CH JUTHHA BOJHEI
pasHa 500 HM, 480 um? (Vcunenue, ocrabaenue.)

5. ManyyaoT nM OOBIMHBIC MCTOYHHMKM CBETA KOTE€PEHTHBIE BOIHBI?
(Hem.)

6. KakoB xapaxTep cBeTOBbIX BOJNH? ([Tonepeunsie.)

7. [ToBepXHOCTb BOJBI OCBELICHA KPACHBIM CBETOM, ¥ KOTOPOro JUIHHA
BoaHb! A = 0,7 MxM. Kako#i uBeT YBUANT 4eioBeK, OTKPHIB I71a3a Moj Bo-
noit? Kak usmMeHutcs JuinHa BOAHBI? (KpacHvlii; ymenvuuumes.)

8. JIns MpocBETIIEHHS ONTHKHU Ha MOBEPXHOCTH ONTHYECKOIO CTEKNA
HAHOCAT TOHKYIO MpO3payHylo IUIEHKY C TOKa3aTeleM MpeioMIICHHS. ..

((ny <n.).)

Bapuanm I

1. MoryT nv ABe pa3HOLBETHEIC CBETOBBIE BOJHBI, KPACHOTO M 3¢lle-
HOTO M3IY4CHHs, HMeTh OIUHAKOBBIC JUIHMHEI BONH? (Mozym, eciu pac-
NPOCMPanAIOMea 8 pAsUHbIX Cpedax.)

2. Kakne cBeTOBbIC ROJIHBI Ha3blBAOTCA KOTepeHTHHIMU? (Mumerowue
0OUHAKOBblE Hacmomel.)

3. Kak MensieTcs 4acToTa (HHONETOBOIO U3NYyYEHHS NPH NEPEXOAE JIy-
4a U3 Bakyyma B Boay? (He mensemcs.)

4. O6BEKTHB ¢ NPOCBETICHHON’ ONTUKOH B OTPaXEHHOM CBETE HMEET
cupeHeBbli OoTTeHOK. O3HAa4acT JIM 3TO, YTO KPacHbie M (HONCTOBEIC Ny-
Yy, Aarouiue GUONCTOBHIH OTTEHOK, HE MPOXOAAT Yepe3 00sekTHB? (Ipo-
X00Am, 0CAQBAAACH He3HAYUMENbHO.)
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5. Jlng 4ero B ONKITE MO PANIOKEHHIO CBETA B KAYECTBE MCTOYHHKA
cBeTa Geperca y3kas ceersmasca mens? (Umobul nonyuueuwuecs yeem-
Hble NONOCH He omKAadLleanuch Opyz Ha dpyaa.)

6. Yepes npusmy cMotpaT Ha Gombmiyio Genyio creHy. Byjer nu sta
cTeHa oKpaticHa B cBeT criekrpa? (Hem.)

7. Uto Ha3KBaETCA AWCTIEPCHEH?

8. Jins npocBeTNeHHOH ONTHKH HA MOBEPXHOCTH ONTHYECKOTO CTEKIa
HAHOCHT TOBKYIO NPO3PAuHYIO NICHKA C NOKA3ATENEM TPEIOMICHMS. ..

((n, <n).)

III. H3yuenne HOBOIO MaTEPHAIA

Bnepsue nndpakimio CBETA HAGMONAN WTANBSHCKME YHEHRIH
O. I'pumaiman B cepeanne XVII B. B y3xmii mydok cBera I'pumMansmam
roMeIan pa3lIfyHLIe NPEAMETH], B YAaCTHOCTH TOHKWE HMTH. IIpH STOM
TENO Ha 3KpaHEe OKa3aloch HIMPE, YEM 3TO JIODKHO OMTE cornacHo reo-
MeTprueckoi onrukn. KpoMe Toro, no obe CTopoHs! TeHH 00HapyXHBa-
JIACH LBETHBIE IIONIOCHL.

Hemoncmpanun ougppaxyuu c y3xum 3xpanom

JKpaHOM CIY)XWT TOHKad NpoBonoka (nHamerp 0,1 mwm), rnankas xa-
MPOHOBasA HUTh, Bojoc. IIpoBONOKa, HUTH WM BOJIOC HATATHBANOTCA HA
JCPEBIHHYIO WM KapTOHHYIO paMKy. FICTOUHHKOM CBETa CITyXHT JlaMna
npoekropa. JindpakiHoHHas KapTHHa BHAHA HA GEnOM NEPEHOCHOM 3K-
paHe, pacceMBalOIMM CBeT. B cepenyHe nudpakiMoHHON KapTHHH Bee-
raa obpasyercs ceernas nonoca. [Ipu ocsemeHuH GeikiM CBETOM 3Ta
cBeTnas nosoca Aensgercs 6enoii. Ecnu MeieHHO M3MEHATH pacCTOAHHE
10 HCTOYHUKA, MOXHO HaGNIOAaTh CMEHY HEHTPANLHOH CRETION NMONOCK
HA TEMHYIO.

Jindpakunio chepryeckx BONH TPHHATO Ha3piBaTh AMpakimei

®penens.

Hudpaxyun na xpyznom omsepcmuu

Hetpyaso oneHNTs HHTEHCHBHOCTL CBETA B IIEHTPE AM(PaKHOHHO#M
KapTHHH B 32aBHCHMOCTH OT pajivyca oTeepcTHs (cM. puc. 81). J{ns storo
HY)KHO TIPOBECTH c(hepy C LEHTPOM B TOUKE A, rlie PACTONOXKEH UCTOY-
HHK, 4ToORI OHa MpOXOAMNa Yepe3 Kpai OTBEpCTHA.

Puc. 81
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3areM noctpoiTe 30HBI DpeHens H MOCMOTPHTE, CKONBKO 30H yKiIa-
HOBIBAETCA B OTBEPCTHH. MakcCHMyM aMrmiuTyjabl KoleGauuii B Touke B
9KpaHa, a 3HAYHUT U MaKCHMYM MHTEHCHBHOCTH OyJeT npW ogHOH monHo-
cThi0 OTKpBITOH 30He. IIpu aByX OTKpEITEIX 30Hax Ppenens B Touke B
HabnogaeTcs MUHUMYM ¥ BO3HHKAET TEMHOE MATHO.

Bcerna npu 4eTHoM 4dmncie OTKpHITRIX 30H PDpeHens B Toike B Oyner
MHHHMYM, a TpH HEYETHRIX MakCUMyM. Ecnu 4YHCIIO 30H, YKIaJBIBAIO-

- g{UXcs B OTBEPCTHH, BEJIHKO, TO 3KPaH He BIHAET HA HHTEHCUBHOCTH CBe-
Ta B TO4YKe B.

JroGonbITHEIA CiTy4al mpou3olen Ha 3acefaHun DpaHirysckoii aka-
nemuu Hayk B 1818 r. TIpucyTcTBYrommii Ha 3aCeXaHHUM W3BECTHEII GH-
3uk C. Ilayccon oGpaTin BHHMaHHE Ha To, 4TO U3 Teopuu DpeHens BeI-
TekaeT (akT, sBHO NMPOTHBOpEYAILHi 3ApaBOMY CMBICTY. 3a MalleHEKHM
HENnpo3payHbIM JUCKOM JOJDKHO HaXOJWTHCS CBETJIOE MATHO B LEHTpE
TeHd. KakoBo ke ObUT0 yAUBIEHHE YUEHBIX, KOTIA TYT e MOCTaB/IeHHBIE
Jl. Aparo 3KCIEpHMMEHTHI ZOKa3a/IH, YTO TaK H €CTh Ha CaMOM JelIe.

TI'panuyst npuemnemocmu 2eomempuiecKoli ORMuUKY
2
Ecitu HabniogeHne BeJeTCs Ha PACCTOAHHUH 1>-;1—, rae d — pasMep

npefMeTa, TO HAYMHAIOT TPOABIATLCA BOJHOBBIE CBOMCTBAa cBeta. MH-
TepdepeHIHANBHBIE KAPTHHE! OT PAa3]MYHBIX TOYEK NpEeIMETa MepeKphI-
BalOTCA, U H300pakeHHEe CMa3RIBAeTCs, TMOITOMY NpUOOp He BHLIENseT
OTHAeNbHBIE JeTand nmpeaMera. Judpakums ycTaHaBIHBaeT mpefen pas-
pemarotteii ciocoGHOCTH moboro ontHyeckoro npubopa. Paspemarouras
CNOCOBHOCTE IJ1a3a NPUGIH3RTENEHO PaBHA YIIIOBOI MHHYTE:
A
a = 2
D
rae D — nuaMerp 3paudka; Teneckon — a = 0,02" ; MUKpOCKOIl — yBe-
nuyeHue He Gonee 210° pas.
MoxHO BHIETH NPEAMETHE, Pa3MEPEI KOTOPBIX COM3MEPHMBI C JUTHHOH
CBETOBOH BOJHHL

IV. 3akpennenne H3y4eHHOro MaTepHana

—  UYro Ha3piBaeTcs Audpakiei ceera? IIpy Kakux YCIOBHAX OHA Ha-
6monaetcs?

— Cdopmynupylite U noscHuTe NpuHuMN [1oiirenca. Uro MoxHo om-
PEENUTE C €r0o MOMOIIBI?

— TlonmiTaltiTech Ha ocHOBe mpHHIMNA ['toiireHca OOBACHUTE Avdpax-
LMIO BOJIH.

— B uewMm cymuocTts npuHuuna Noirenca—Ppenens?

—  Kak BHrISAuT JupakoHHAA KapTuHa?
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Jomamnee 3ananue
m 70-71.

JononHuTenLHbIH MaTepHan

Bopn6a 3a npuinanne BOJIHOBO#H TeOPHH CBeTa

®peHens He cy4aiiHO B MepPBBIX CBOMX paboTax o6olesn BONPOC O MOJspH-
3aupM cBeTa. Benb, paccMaTpuBas CBETOBbIE BONHBI KaK BOJHE! B 3dupe, Dpe-
HEJb CYMTAN WX NMPOAOABHBIMH. DdHp — 3TO OYEeHb TOHKas MartepHs, OoH noaoben
OYeHb pa3peXeHHOMY BO3JYXY. A B BO3ZYyXe, KaK y)Ke BCE 3HANH, MOTYT pacnpo-
CTPaHATBCA TONBKO NPOJONBHBIC BOJHBI, HATIPHMED 3BYKOBBIE, T.€. CTYLLEHHA H
pa3spexeHus BO3LYWIHOH cpelsl. B 3BYKOBHIX BONHAX HHYEro mOROOHOro simie-
HHIO MonApu3auuy He HabmoxaercH.

Ecnu 611, kOHEUHO, nonspu3alHs cBeTa He Obija ellle H3BECTHA, TO BOMPOC O
BOJIHOBOH MpHpofie CBera peluth 6pu10 681 mpome. Ho ABnenHe nonspuzauuu
CBETa OBUIO OTKPHITO.

Jarckuii pusuk bapronun eme B XVII B. Hccnenosan ssjieHWe ABOHHOrO Jy-
yenpenomienus. OH HabmOaan, YTO €CH Ha KPHCTAIUT MCIaHACKOro LINaTa ma-
JlaeT JIy4 CBeTa, TO OH NIpH NpEJOMIICHHH pasfiBauBaeTcd. Eciy ¢cMOTpeTh Ha To-
yeyHbI HCTOUHUK CBETA Hepes 3TOT KPHCTAN, TO MOXHO YBHUAETD HE OHH, a 1Ba
TaKWX WCTOYHHKA. ITO SBNEHHE 3aBHCUT OT OPHEHTALMH KPHCTALIA OTHOCHTENb-
HO Jyya.

B kpHcTanne ecTh HanpasJieHHE, IO KOTOPOMY pasfBaHBaHUe Jyda He MpoUc-
XOJHT. DTO HanpaBJieHHe Ha3bIBaeTCA ONTUYECKOH OCBIO KpHCTANLIA.

SlsneHneM pBOiHHOrO JyuenpenoMncHus B Hadane XIX B. sauHTepecoancs
¢panuysckuif umkeHep Manmoc. Hecnenys ato sBnenne, oH oOHapyXui, yTo
€CJIH CMOTPETh Yepe3 KPHCTAMI HCIaHACKOTo Hinara Ha uiobpaxenne ConHua B
CTexJie, TO NpH OJHHX NOJIOKEHHAX 3TOTO KPHCTA/Ia BUJHO JB3 COJHIA, a MPH
OTIpERENEHHOM TOJIOKEHHH CTEKIIAa H KPHCTALIa OXHO U3 M300paxeHHit mponana-
€T, laXe €CITH CBETOBBIE JIy4H HAMPABJEHBI HE BJOJIb ONTHYECKOH OCH.

Manioc 6ei1 CTOPOHHHKOM KOPILYCKYAAPHOH TEOPHH CBETA U C TOYKH 3peHHs
3ToH TEOPHH MOMBITANCA OOBIACHUTD HaGMIORAEMOE ABNEHHE.

OH paccyxaan Tak: CBETOBBIE YaCTHUBI He ABNAIOTCA lapukaMH. OHu mo-
JI06HO MarHMTaM HMEIOT MOJMIOCH. B 00BIYHOM CBETE 3TH YaCTHIBI JETAT, By ayuH
OpHEHTHPOBAHEI B TIPOCTPAHCTBE XaoTHYHO. [IpH OTpakeHHH ke OT CTeKNa WiH
BORBI OHHM Kak 6bl copTHpyioTca. OnHH, Y KOTOPBIX MOJHOCH OPHEHTHPOBAHBI
onpeJieNeHHbIM 06pa3oM, NpesIOMIIAIOTCS, a JIDYTHE, OPDHEHTHDPYEMbIE HHaue,
otpaxatoTcd. TIpu onpenencHHoM yrie najeHHs 31a cOpTHpoBKa Oyner naubonee
nonHo#i. I B 3TOM cilyyae oTpaXeHHbIE CBETOBBIC HaCTHLBI OYAyT OpHEHTHPOBA-
HBI BCE B OIMOM HanpaBiieHHH. B 3ToM ciydae oTpaxkeHHbIi cBeT 6yzmeT mosHo-
CTBIO MONAPH30BaH. Maiioc M HasBan 3To ABiAeHHe nonApusaured. CnoBo «noss-
pH3aLMA» OH OpHAYMAJl HCXONS M3 HIAEH O TOM, HTO YaCTHUBI CBETa UMEIOT HO-
SIOCHL

Tlocne oTkpeITHA Manioca CTalM YCHJAEGHHO H3y4yaTh ABJEHHE MONAPH3ALMH
cBeTa. BBl BEIACHEH LEABI pAX CBOWCTB MONSPHIOBAHHOTO cBeTa. OQHAKO yue-
HBIE BCE-TakH NBITAIHCH OOBACHHTE 3TO JBJICHHE C TOYKH 3pEHHS KOPNYCKYJIApP-
HOMH TEOpHH.
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Co3znanock Takoe nonoxkeHue, koraa IOHr u PpeHens NpekpacHo 06BACHUIH
AIBNIEHHe MHTep(EPEHUMH U AHPPaKLKH, MONB3YACH MPEACTABIEHHUIMH O BOJHO-
BOH MpHpoje CBETa, HO HE MOTJIH OOBACHUTE TIOJNAPU3ALIHIO CBETA.

PasqymeiBas Haj SBIEHUAMH HOAPU3ALNM W ABOWHOTO JyYenpeNoMieHHs,
IOHr u ®penens npumK K y6eXkaeHHI0 0 HEOOXOAMMOCTH CYHTATh CBETOBBIE
BOJIHBI HE MPOAO/BHBIMH, a NoniepeyHbIMH. C MOMOLIBIO 3TOH rUaoTe3s PpeHesb
UCCNEe0BaN YKa3aHHBIC ABNEHUSA H pa3paboTan TeopHi0 MPOXOXEHHS .nonepey-
HEIX BOJIH uepe3 ABOSAKO Mpenomisioulee Teno. Ho Bce xke runortesa o momnepey-
HOCTH CBETOBEIX BOJIH BBI3BaNIa MHOTO BO3PaXXEeHHH,

JeiicTBuTensHo, yxe ObIIO M3BECTHO, YTO (TOTIEPEYHBIE BOJHBI MOTYT Cyllle-
CTBOBaTh M PacTIpOCTPAHATHCA TONBKO B TBepAbiX Tenax. [Toatomy adup Hyx)HO
6110 paccMaTpuBaTh Kak TBepaoe Teno. Ho abup Belib oueHs «TOHKas cpeaay,
ropaszio Gonee «ToHKasn», YeM Bo3ayX. OH He OKa3bIBAET HHKAKOrO COMpPOTHBIIE-
HMA JBHXEHUIO B HeM Tell. [lnaHeTsl, HanpuMep, ABHXKYTCA B 3GHpeE, HE HCTIBITHI-
Basi HUKAKOro COMpOTHRIIEHHA. Kak e MOXHO CYHTATh 3Up TBEPALIM Teaom?

Boneitie Toro, BcsAkoe Teno obnanaeT ynpyrocTslo MO OTHOILIEHHIO K CKATHIO.
A 3TO 3HAYMT, 4TO B HEM MOTYT PacrpOCTPAHATHECA BONHEI CHATHA H pa3pexenns,
T.e. MpoJobHEIEe BONHbL. ClleIoBAaTENBHO, B KaXIOM TBEPAOM TENE MOTYT BO3HH-
KaTh ¥ NPOJONBHRIE W TONEPeYHble BOMHB. ECNH TONBKO MpH3HATh, 4TO TENO
ABNsAeTcH abCoONMOTHO HECXKHMAEMEIM HITH abCONOTHO TBEPABIM, TO B HEM 10K~
Hbl OTCYTCTBOBaTh MPOACAbHEIE BONHBL. Clefosatensto, 3¢up HyXkHO 6buT0 6B
paccMaTpHBaTh He TOJIBKO KaK TBEPROE TENO, HO M Kak abCoTIOTHO TBEpAOE TENO.
Takoi adup, xoHeuHO, npeAcTaBUTE cebe Obio TpyAHO.

OnHako MOCTENeHHO, HECMOTPA Ha BCE TPYAHOCTH, CTOSABLIHE flepe THoTe-
30if 0 MoMepPeYHOCTH CBETOBHIX BOJIH, BOJHOBAsK TEOPHSA CBETA Hayana nobexaars
U BBITECHATBH KOPMYCKYJIAPHYIO TEOPHIO CBETA.

HoBbie uccrnenoBaHHs MHTEphepeHUHH H ANPPakUHWH CBETa, B YaCTHOCTH
m3o6pereHne nnpaKIMOHHOMN pelieTKH, Bce Gonblile U Gonbilie MOATBEPKAUIH
3Ty Teopuio. Bee 6onbIe yYEHbIX NEPEXOUT Ha CTOPOHY BOJHOBOI TEOPHH CBe-
Ta. MoxHo cynTath, 4to Kk 40-M rr. XIX B. BOnHOBas TeopHs CBETa CTaHOBHTCA
obimenpU3HaHHOM.

Yro ke xacaeTcd Teopud 3dupa, TO HaA TMOCTPOEHHeM ee GHINCH MHOTHE
yueHble. Ho HHKTO U3 HHUX HE MOT MONYYHTh YIOBJETBOPHTENBHBIX PE3YIBTATOB;
HHKTO HE MOT COCTAaBHTb YHOBJIETBOPHTENILHOTO MPEACTABIIEHHA O TaKOH cpene, B
KOTOpO# MOTYT CyLIECTBOBaTh TONBKO MOTEPEeYHbIe BONHEI, obnajatoiue cBoi-
CTBaMH CBETOBBIX BOJH.

B 1864 r. Makcsenn Beicka3an runorte3y o6 3/eKTpOMarHMTHOH mpHpoje
cBeta. CriycTa 1OYTH ABaAuath net ['epu noATsepaui ee Ha onsite. [Tocne atoro
nepen ¢u3nKaMu BcTana npobneMa MOCTPOHTL TeopHio 3¢Hpa, KOTOpas AaBaia
681 OOBACHEHHE INMEKTPHYECKHMM M MAaTHHUTHBIM SBJICHHAM, a 3HAUMT H ONTHYe-
CKHM.

VueHpie J0ONro TPYAMNHCH Han 3ToH npofiiemMoil, npeanarad pazniH4HbIe MO-
JieT 3TO# MMNOTeTHYecKoH cpeabl. BblIo co3/aHo MHOTO TeOpHil, HO HM OAHY H3
HUX He NPH3HANH YIOBJETBOPUTENLHOH. DOHP YCKONB3AN OT NMOMNLITOK (PHIHKOB
MOCTPOHTH €O TEOPHIO. )

TloABunock Aaxe MHEHHE O HEBO3MOXKHOCTH MOCTpoeHUA Takoli Teopuu. Tax
TIPOOMIKANOCH 10 BOSHHKHOBEHHSA TEOPHH OTHOCHUTENILHOCTH, KOTOpas NpHBeNa K
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HOBBEIM NpPEACTABNCHHAM O CYLIHOCTH 3eKTPOMArHHTHEIX, @ BMECTE C 3THM H
ONTHYECKHX ABJICHHH.

Ypok 81. JlaGopaTtopuas padora
1o teme «Habnroaenue unTepdepeHuun u THPPAKIHHE CBETA»

Obopyoosanue: NMNaCTHHEI CTEKISHHBIE — 2 IIT.; JIOCKYTHI KanpoHO-
Bble M 6aTHCTOBLIE; 3aCBEYEHHaA (POTOMIIEHKA C MPOPE3bIO, CAENaHHOH
yie3BdeM OpPHTBBI; rpaMIIaCTHHKA (MM OCKOJIOK IpaMILIaCTHHKH); IITaH-
TEHIMPKYJIb; 1aMIIa ¢ PAMO HUTHIO Hakala (OfiHa Ha BeCh KJ1acc).

Xon ypoxa

Habnwooenue unmepghepenyuu

1. CTerIAHHEIE MIACTHHBI TINATENBLHO MPOTPUTE, CIOXHTE BMECTE H
COXMMTE NaJbLAMH.

2. PaccMOTpHTE MAAcTHHBL B OTPOKCHHOM CBETE HAa TEMHOM (oHE
(pacnonoxuTh UX HAIO TaK, YTOOHI Ha MIOBEPXHOCTH CTeKIa He o0pa3oBa-
JIMCh CIIMIIKOM APKH GJIMKH OT OKOH WIH GElIbIX CTEH).

3. B oTAeNBHEIX MeCTax CONPHKOCHOBEHHA IUIACTHH HaGJIoalTe Ap-
KHE pafyxHBIE KONbLIcoOpa3Hbie WM HENPABUIILHOK GOPMEI TONIOCH.

4. 3aMeThTe M3MeHEHHS (DOPMBI M PACHONIOKEHUS NOTYYEHHBIX MH-
TepPEPEHLHOHHBIX M0JIOC C H3MEHEHUEM HAXKHUMA.

5. [NonsbITaliTeck yBUAETh UHTEpeEePEHIMOHHYIO KapTUHY B [POXO-
JAILIEM CBETE.

Haé6mwodenue ougppaxuyuu

1. YcraHoBuTe Me Xy ry6kaMH IITAHTCHIMPKYJIA WIENb IMpHHO# 0,5 MM.

2. HpucraBbTe menk BIVIOTHYIO K IJ1a3y, paCMONIOXHB €€ BEPTHKANBHO.

3. CMOTps CKBO3b ILNENb HAa BEPTHKAIBHO DPACIONOKEHHYIO CBETH-
IIYIOCH HHTH JTaMIbl, Habofaiite 1o o6e CTOPOHBI HATH paXyXXHble IO-
JI0CK (AudpaKHOHHEIE CTIEKTPBI).

4. U3Mmensas mupuHy wenu ot 0,5 1o 0,8 MM, 3aMEThTe, KakK 3TO H3Me-
HEHHE BIUSACT Ha AUPPAKIIMOHHEBIE CIEKTPHL

5. HabmonaliTe RudpakiMOHHBIE CIIEKTPEI B IIPOHUCXOJAILEM CBETE C
TIOMOIBIO JIOCKYTOB KaNpoHa WIH 6aTHCTa, 3aCBEYCHHOH (HOTOILIEHKH ¢
IPOpe3kIO.

6. [Ipoeenure HabGmoaeHue quPaKIMOHHOTO CIIEKTPa B OTPAKEHHOM
CBETEe C MOMOLIGI0 I'PaMIINACTHHKH, PACTONOXHB €€ TOPH30OHTAIBHO HA
YPOBHe Ijas.

Jomamnee 3agaHue
n. 68-71.
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Ypox 82. /IludpakuuonHas pemerka
Ilens: paccMOTPETE NPaXTHYIECKOE IPHMEHEHNE JHPPAKIAK CBETA.

Xon ypoka

. OpranH3anHOHHLIH MOMEHT

1, ABann3 HKcnepEMeHTa

Ha6monenue nadpaxnHn ceera
Obopydosanue: nBa NE3BH, HCTOYHHK CBETA, INIEHKA C OTBCPCTHAMH
Pa3nOTO HAMETPA, TPAMILIACTHHKA, KOMIAKT-IACK, MOJIOCKA KATIPOHA.

1. Habmonenue.
CKBO3b BEPTHKIBHYIO LENb, 00Pa3OBaHHYIO ABYMA Jie3BHsiMM Opur-
BH, HAOMOAAHTE HCTOYHAK CBETA. '
—  MoXHO 1M 3aMeTHTH pa3lieNlcHHE CBETOBOTO IIOTOKA HA JIHHWK?
—~  MHoro n¥ 3THX TMHMI?
— Kaxoro onn 1gera?
~ YeM SBISIOTCH OKpAINCHHEIC CBETOBHIC JHMHHMA: MAKCUMYyMaMH
WIH MMHUMYMaMH HHTEPGEPEHITHOHAON KapTHHLI?
~ Tlouemy nponcxomut paznoxenne Genoro ceera B creKTpe NpH
TPOXOXCHWH UM EeH?
— WsMensercs 14 RabmoaeMan KapTHHA, €CH Pa3MEp IEH yBe-
nanTs?
2. Bomomure Habmonenue ARQPaKIHH Ha KPYTAIOM OTBEPCTHH.
— UYem oTnr4aeTcs BHJ NOJYHEHHOH KaPTHHH OT KapTHHEI IM(pak-
IHH HA IXEIH?
—  Joxaxure, MakCHMyM HIM MHHMMYM Habmojaerca B LCHTpe
KapTHHEL
Brnonnaute NpUMEPHEIH PHCYHOK HabOKAeMOMH KapTHHEL.
3. Cpasunte nM(pakiMOHHEIE KAPTHHH, NOJy4YacMHE C MOMOINLIO
MONIOCKH KAIIPOHA, YACTH IPaMIUIACTHHKA MM KoMINakT-ucka. Cnenaitre
CXEMATHYECKHE PHCYHKH.

HI. H3yyenne HOBOIO MaTepHana

JinppaxuvoHHas pewieTka npeAcrarisier cofoi COBOKYNHOCTH GO~
[IOro YHC/A Y3KHMX IieNei, pa3ZieNeHHHX HEMPO3PaYHRIMH POMEXXYTKa-~
MH. Xopoias pelieTKa W3roTABIKBACTCA C NOMOINLIO CHEHATBHOIN Jc-
JMTENLHONH MAUIMMEB], HAHOCAIICH HA CTEKHHOM IUIACTHHKE [Hapauielh-
uEie IITPHXK. KoNM9ecTBo NITPHXOB JIOXOAWT JIO HECKOJNBKHX TRCAY Ha |
MM. TIpOCTH B M3IrOTORJIEHAN TUIATUHOBRIE OTIIEYATKH C TAKOM PemeTKH,
323KATHIE MEXIY JBYMA CTEKISHHGIMK IJIACTHHKAMH. HawnyqamumM xave-
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cTBOM 00afaloT oTpaxaTenbHble pelieTkH. OHM mpejacTaBasAlOT coboit
YyepeIOBaHHE YYaCTKOB OTPaXaIOIKX CBET U PACCEUBAIOLINX €TO.
Ilepuon pemerku:
d=a+b,
rae d — TepHOA pelleTKH; a — IUMPHHA NPO3PavHbIX menel; b — mwu-
pHHa HENPO3payHBIX LIETEil.

—
e
e
—_—» B
d 0
Al Puc. 82

ITycTs Ha pemieTky najgaeT IUIOCKas MOHOXpOMAaTHYECKas BOJIHA JUTH-
Hoit . BTOpHYHBIE HCTOYHUKH B IIENAX CO3AAIOT CBETOBHIE BOJHHL. Pas-
HOCTb X0Ja MexJy BonHamu paBHa amuHe AC. Eciii B 3TOM OTpeske yk-
JTagBEIBacTCA €TI0 YHCIO JUIMH BOJH, TO BOJNHEI OT Beex wenei 6yayT
CKITaIEIBATECA, YCHIIMBAs JIPYT JIpyTa.

W3 AABC AC = ABsing=dsing.

Maxcumym 6yaer HabIrOAaTECS IPH YCIOBHH:

dsing=kA, k=0,1,2..

Hamm pecHHLBI ¢ MpoMexyTKaM¥ MeXAY HHMH TPEACTaBRIAIOT TpY-
6yio nudpakiMoHHyI0 pemeTky. I103TOMy €ClIi CMOTpETh, MPHILYPHBA-
ACh, Ha APKUA MCTOYHHK CBETa, MOXHO OOHApYXHTh panyXHbIE IBETA.
JlazepHsrii quck mogo6eH oTpaxaTensHON AUPPAKIHOHHOHR peleTKe.

IV. Pemenue 3agau

3adava Ne 1

Ha kakoM paccTosHHM OT AMPaKIMOHHOH PEIIETKH HYXHO MOCTa-
BHTB JKPaH, YTOOBl pacCTOAHHE MEXIY HYJIEBHIM MAaKCHMYM M CIIEKTPOM
YETBEPTOro TOPAIKA GBUIO paBHO 50 MM, JUTMHA BOJHE! 5-1077 M, nepHox
pemetky 0,02 MM.
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Jano: Pemenmne:
k=4, C
1=5102 m; |
A=5107 m;
d=2-10" w. A B
*_9 X Puc. 83
' dsinp=kA.
U3 AABC sin¢=£=L, AC? = AB* +BC?, AC =~ AB* +BC? ,
AC AC
sin ———l sin kA kA ! x= P -4
v R R s sy A OO
x=0,5m.

(Omegem: x=0,5 Mm.)

3aoaua Ne 2
Haiitn HanGonbuuii MopsAmOK CIEeKTpa KpacHOH JIMHHH JIUTHA C M-
Ho# BoNHEI 671 HM, ecnv nepuon audpakumoHHoi peurerkd 0,01 Mm.
Jano: ' Pemenmne:
A=6,71-107 M dsinp=kA.

d=10" m dsinl

. 5 k= 7 u 6yeT MAKCHMAITBHBIM, €CITH

max

d

sinp=1= k_, =—/1-; k.. =15.

max

(Omgem: k,,, =15)

3aoaua N 3
ITpu nomomwn audpakunoHHOM perieTkH ¢ neprogoM 0,02 MM mony-
YeHO MepBoe IuppakuMOHHOE M300paKEHHE Ha paccTOSHMH 3,6 M OT

LEeHTPAIBHOro 1 Ha pacctosuuu 1,8 ot pemrerky. Haiitn nmuHy cetoBoit
BOJIHBL

JNano: Peumienue;

d=2-10" m; c

k=1; |

[ =3,6-10"m; !

I=18m. A _~ B

A—2 -1 Puc. 84
dsinp=kA; A:ds;c‘w’.
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BC |

Paccmotpum AABC: igp=——=-1.

oTp £4 1B 1
Tak kak [ >> 1, To npy ManeIx yrnax fgl =sing.
PIRCL_ LI Ny

k ki
(Omeem: ). = 0,4 MxM.)
Jlomammnee 3afanne
m 72.

P - 1064; P — 1066.

JlononnATe LRI MATEPHRAN

Hccneposanng ®penens no narepdepenuns u upakuEua coera

@Dpaniy3cKnii HHXeHep, CTABIIMH BNOCIEACTBHH 3HAMECHUTHIM (PHINKOM,
Onocren @perens (1788-1827) Hauan 3aHUMATBLCH HIYYECHHEM SBACHHIH HHTEP-
depenv u madpaxiuu ¢ 1814 r. On He 3nan o paborax IOQura, Ho noxobHo emy
YBHZEI B 3THX ABACHHUAX JIOKA3TEILCTBO BONHOBOH TEOPHH CBETA.

B 1817 r. Axanemms nayk Opanimuy oOBLABANZ KOHKYPC Ha JTywnyio paboTy
no mudpakunu ceeta. MpeHens PElHA YYacTBOBAaTH B ITOM KOHKypce. OH Harm-
can pa6oTy, B KOTOPO#H HNOXHI pPe3yNbTaThl CBOHX HCCIENOBAHHH, H HaNpaBHA
ee B Akasemnio nayk B 1818 r. B aToit pabore ®peHens HIanoxun psag chyqaes
HHTEp(EPCHIIHH CBETA, KOTOPhIC OH HCclienoBal. B 4acTHOCTH, OH onHcan onwT
No HHTEphEPEHUHN CBETA NMPH MPOXOXKCHHH Yepe3l JBe COCAHHEHHLIE BMeECTe
NPH3MAL, TaK HaskBaeMas GunpHsma @peHens.

OnuT @peHend ACHO NOKAILBAET CiTyyai HHTEpPEpEHINH OT ABYX HCTOYHH-
koB cBeta. C nomouisio 3Toro onnra PpeHens NOACYMTaN JUIHHY BOJHBI INA
kpacHoro csera. [Ipu 3ToM oHa nonmyuyunace, paBHOM JUIHHE BONHE ANA KPACHOTO
CBETA, ONpeIe/IEHHOH U3 APYTHX ONHITOB.

OcHoBHOE Xe BHHMaHHE B CBoeil pabore ®peHens yAENR ONBITAM MO JH-
¢paxiMH cBETa, JUIA KOTOpOil pazpaGoTan CHEHHANLHYIO TEOpHIO. JTa TeopHA
OCHOBLIBIACH Ha YCOBEPILCHCTBOBAHHOM NpHHUHNE [oifrenca, koTopuii B No-
cheAyiollem CTan Ha3LBaThes npuHyuNoM Nolrenca — Opexens.

INo Tiofirency, xax Mbl BHACNH Bbillie, BONHOBYIO MOBEPXHOCTL B JAHHBIH
MOMEHT BPEMEHH [ MOXHO PaccCMaTpPHBATH KaK orubaromyio Beex cepHuecKHx
BOJIH, HCTOYHHKAMH KOTOPhIX ARIAIOTCH BCE TOUKH BOJIHOBOH fIOBEPXHOCTH B
Gonee panHHuH, NpeALAYIHMH MOMEHT BPEMEHH I

Tlo ®peHeno, 3Ha%eHHE aMIVIHTYAR CBETOBOH BOSIHBI B Kako#-mHOO Touxe
APOCTPAHCTBA B MOMEHT BPEMEHH { MOXHO PACCMITPHBATH KaK Pe3yJIbTaT HHTEp-
¢drepenusn Beex cepHUSCKHX BOMH, HCTOUHHKAMH KOTOpHIX ABNAIOTCH BCE TOUKH
BOSIHOBOH NOBEPXHOCTH B Gonee paHHHiA, NPEIBbUAYLIHA MOMEHT BPEMEHH £,

DpeHens, HCMONEIYA ITOT MPHHUMUI, HCCNEAOBAI PATHLIE CTyHad AUQPAKIHK
W PacCHHTAI PAacTiONOXEHHE NONOC JNA ITHX CITy4aes.

Tak, OH paccMOTPEN APOXOKACHHE CBETA YEpe3 MANEHLKOEC OTBEPCTHE H ON-
PENENIIT, KaKas KapTHHA ROIDKHA GLITH BHJIHA HA 3KPaHe, NOCTABNCHHOM 32 3THM
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otBepcTHeM. [To ero pacyeTam mony4anock, 4To Ha 3kpaHe 6yXyT BUIHBI TEMHEIE
" M CBETNIBIC KOJNbLIA, ECITH CBET MOHOXpoMaTudeckuit. Tlpy stom ®penens sulumc-
! JIMJ PagHyCHl 3THX KOJIELl B 3aBHCHMOCTH OT Pa3MEPOB OTBEPCTHS, OT PacCTOAHHA
HCTOYHHKA CBETA JIO OTBEPCTHS H PACCTOAHHA OTBEPCTHA JIO 3KPaHa, Ha KOTOPOM
. Habmopaerca AMppakUHOHHAsA KapTHHA.
@peHens onHcan H Apyrue cnyvaH AH(PpaKIHH CBETA OT PaTHYHBIX 3KP2HOB
H paccyHTall pacrioNoXeHHE NHGPAKLUHOHHBIX MOJNOC, HCXO/S H3 BOJNHOBOI Teo-
puH. ITpu 3ToM Bce pacyeTs dpeHens coBMajanH ¢ pe3yikTaTaMu, HabGmonae-
MEIMH Ha OIIBITE.
Pa6oThl, NpeACTaBNEHHBIE HA KOHKYPC, PacCMaTpHBana cHeliHallbHaA KOMHC-
. cHfi AkajieMHu Hayk. B ee cocraBe GbUTH KpyMHeHUIME YYEHBIE TOTO BPEMEHH:
-Aparo, Ilyaccon, Buo, I'efi-Jlioccak. Bce oHH npuaepxuBagnch HHIOTOHOBCKHX
B3MIAJOB Ha mpHpojy cBeTa. EcTeCTBEHHO, YTO OHH HENOBEPYHBO OTHECIHCH K
pabote ®penend. Onanako cosnajeHue pacyeToB PpeHeNs ¢ ONBITHHIMH JaHHBIMH
6BIJI0 HACTONBKO XOPOMUIHM, 4TO KOMHCCHS HEe MOTJa OTBEprHyTh paboty ®dpene-
1% ¥ OBUIa BRIHYXKACHA NPHCYANTH €MY TIPEMUIO.

Ipu 3TOM NpoH3oweNn HHTepecHEI cny4aii. PaccMarpuBas pacyerst @pene-
Iifl, uneH koMHCCHH [lyacCOH 3aMeTHII, YTO OHM NPHBOJAT K NapafoKcalbHOMY
Pe3yNbTaTY: COTNacHO PpEHEMo NOMyYanoch, YTO B LEHTPE TEHH OT KpPYIJIOro
3KpaHa HODKHO ObITh CBETNOE NATHO. ONHAKO 3TOTO JO CHX NOP HHKTO HE Ha-
6mopan. Y3 Teopun OpeHens cnegoBano, 4To 3T0 CBeT0e NATHO 6yneT 3aMeTHo
TOJILKO B TOM Cllydae, €CJIM pafHyc Kpyrioro skpaHa 6yner mansiM. Ilponenan-
HbIH ONBIT MOATBEPAHI IPEACKa3zaHHe TeopHH PpeHens, uTo npoHsseno bonsoe
BIICYaTIEHHE Ha 4JIEHOB KOMMCCHH.

Hitak, kOMHCCHA AKaJIEMHH HayK NpHCyauna npemuio OpeHento 3a ero pabo-
Ty no onTtuke. OHAKO 5TO BOBCE He 3HAUHT, 4TO BOJHOBaA TeopHA ObiNa NpH3Ha-
Ha npaBunbHOU. [Tpemus ydyeHoMy 6bla JaHa 3a Meton pacyera. Urto xe kaca-
JIOCh caMUX TIPEACTABICHHH, Ha OCHOBE KOTOpBIX OBLT cienaH pacuert, T.e. Npel-
CTaBJieHHii O BOJNIHOBO} MPHpOJE CBETA, TO aKaEMHKH, paccMaTpHBaloine pabo-
Ty OpeHens, He COrMaCHIIHCh ¢ HUM.

OHH pacCyXAaH NPHMEpHO Tak: (H3HYECKHE OCHOBBI TEOPHH MOTYT OBITH
HEBEPHBI, a pe3yJIbTaThl pacyeTa NMpaBUIBHEL. TakHe ciyyan HCTOpHA 3Hana. Ha-
MpuMep, monb3ysck TeopHeii IItoneMes o crpoenun BceneHHol, MOXHO BECTH
pacueTsl M HONYYaTh NpaBHILHBIE pe3yJbTaThi MONOXEHHH HeGECHBIX CBETHN Ha
Hebe, oHaKo MO CYIECTBY OHa HeBepHa.

Hy>XHO cKa3aTh B 3aIUTY aKafeMHKOB, YTO, HECMOTPA Ha GlecTAIIHE pe3yib-
TaThi, nofy4YeHHble PpeHeneM, B ero TeOpHH Obil onpeneNeHHbIH H3bsH. Jleno B
TOM, 4YTO KpoMe HHTepdepeHHH U AU paKLiHH, GHIUKH Yike HCCIEJOBANH TONA-
pu3aumio cBeta. Ho Teopus ®peHens BONPOCOB NOJNSPU3aLMH CBETa HE Kacanach.
Bonee Toro, ka3anock, 4To OHa He B COCTOSHHH HX OOBACHHTS.

Ypok 83. Jla6opaTopHas paboTa
no teme: «M3mMepenne JTHHBI CBETOBOMH BOJHBI»

Obopyodosanue: HeOOXOTUMEIE CPEICTBA H3MEPEHHUA.
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Xoa ypoxa
B paGote ans onpenencHus IIHMHBI CBETOBOH BOJHBI HCIMOJNB3YETCA

|
mudpakUHOHHAs pelieTka ¢ MepHOaOM ﬁ MM I -53 MM (TICPMOX

yka3aH Ha peuerke). OHa ABIfSETCS OCHOBHOH YacThI0 H3MEPHTENBHOM
YCTaHOBKH, IIOKa3aHHOH Ha pHc. 85.

Pemretka 1 yctaHaBIHBaeTCA B AepikaTene 2, KOTOpHI NpUKpenneH K
koHLY nuHeikn 3. Ha nuHeiike xe pacnonaraetcs 4epHblid 3kpaH 4 ¢ y3-
KOl BEPTHKANLHOH INENIBIO 5 MocepenrHe. FKpaH MOXKET IepeMenaTbed
BJIONb JTHHEHKH, YTO NIO3BOJAET UBMEHATEH PACCTOAHUE MEXIY HHM M IH-
dpakunoHHoi peuerkoil. Ha axpane v nuHelike UMEOTCA MUITUMETPO-
BHIE KNkl Bes ycTaHOBKA KpenUTCs HA ITaTHBE 6.

Ecnu cMOTpeTh CKBO3B PELICTKY M NMPOpe3b Ha UCTOYHHMK CBETa (NaMIty
HakallMBaHMs WM CBedy), TO Ha yepHoM (oHe 3kpaHa MOXHO HabmoxaTh
no obe cTopoHs! OT Henu AudpakHOHHSIE CeKTpHt 1-ro, 2-ro U T. A. mo-
PSIKOB.

JnuHa BosHE A onpenensercs no dopMyne:

A= dsing
k
rae d — Nepuoxk pelieTky; kK —IopANOK CNEKTpa; ¢ — YroJl, Nox KoTo-
puiM HabJmo1aeTcss MAKCHMYM CBETa COOTBETCTBYIOIIETO LIBETA.

ITockonbky yriel, NOX KOTOPBIMH HaOIIOKAIOTCA MAaKCHMYMBI, 1-TO U

2-ro MOpAJAKOB, HE MPEBBIMIAT 5°, MOXHO BMECTO CHHYCOB YIJIOM HC-

[

b
TI0JIB30BaTh WX TaHreHcHl. Y3 puc. 86 BuaHo, 4TO 129 =—.
a
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MaKCHMYM
cBeTa ~

peuseTka

DTN

3KpaH
Puc. 86

PaccTosHHe @ OTCYNTHIBAKOT MO THHEHKE OT PELIETKH A0 3KpaHa, pac-
cTosiHHe b — Mo 1Kale 3KpaHa OT [eny 10 BHIGpAHHOI IHHHK CleKTpa.

OxonuarenvHas ¢opMyna Juis onpenesieHHs JUIHHBI BOAHBI HMEET
B

P
ka

B 310ii paboTe NOrpenIHOCTE H3MEPEHUH JUIMH BOJIH HE OLIEHHBAETCA
W3-32 HEKOTOpOW HeonpeaeneHHOCTH BHICOpa CepenuHbl YacTH CrieKTpa
JIaHHOTO 1[BETA.

IToaroToBka Kk NpoBeAcHHIO paGoThI

1. TogroroBrTe Gnank oTyera ¢ Tabmuiueli AN 3amMCH pe3ynLTaTOBR
H3MEPEHHI H BBIMHCIICHUIH.

2. Cofepute H3IMEPUTENBHYIO YCTAHOBKY, YCTAHOBHMTE 3KpaH Ha pac-
cTosiHHH 50 CM OT peLIETKH.

3. Tnans ckBo3sb AMGpaKIMOHHYIO PEHIETKY M IIENE B DKpaHe Ha UCTOY-
HMK CBET4 M NepeMeLLas PELETKY B JepXKarene, yCTaHOBHTE ee TaK, YToOH
IuGpaKiiNoHHbIE CIIEKTPH! PACTIONarantch MapajviebHoO MKANE SKpaHa.

IIpoBenenue 3xciepHMeHTA,
o6paGoTka pe3yI»TaToB H3MepeHHui

1. BeryHcanTe JUIMHY BOJIHBI KPaCHOTO CBETA B crieKTpe 1-ro nopsnka
cripaBa H CII€Ba OT INENH B 3KpaHe, ONpEeEIHTE CPeAHEE 3HayYeHHE pe-
3yNBTaTOB H3MEPEHHHA.

2. IIpoaenats To ke Ans HHONETOBOTO CBETA.

3. CpaBHuTe moJydeHHBIE Pe3yNbTaThl C JUIMHAMH BOJIH KPacHOTO M
¢droneroBoro 1seTa Ha LBeTHOM Biueiike (V, 1).

Konumponvnblii sonpoc
Yem oTinyaerca QTUPPaKUHOHHELH CIEKTP OT AUCTIEPCHOHHOTO?

JlomMamnee 3aaanne
m 72;
P-1067.



250 Moypounsie paspabomxu k yuebHuky 5. Makuwesa, b.b Byxosuesa

Ypok 84. IlonepedHocTs CBETOBBIX BOJIH.
Tloasipuzanus cBeta

Ifens: paccMOTpETH SIBICHHE NOJISPH3aLIAH.

Obopydosarue: aBe UHCTHIE CTEKIAHHEIE INIACTHHKH HEGOIBIIOrO
pa3Mepa; COMIOMHHKA JIA BBUTYBaHUA MBUTBHEIX ITy3bIpeii; NpoBONIOYHOE
KOJIBLIO, PACTBOP MBLIA.

Xon ypoxa

1. Opranu3anuoHHBIH MOMEHT
I1. AHanu3 HKCNepHMeHTA

Habnwoenue unmepepenyuu ceema

1. UncTeie CTEKIAHHBIE IUIACTHHKH MOJIOKUTE APYT Ha JApyra, NpH-
skMHTe. B 0TpakeHHOM cBeTe Ha TeMHOM ¢(oHe nmoumute (ocobeHHo mo
KpasAM) LBETHRIE HHTEP(HEpEHIIHOHHEIE MONIOCHL.

Buigenure ocobeHHOCTH HabNMODaeMoro sBjeHMS: NMOCTOSIHHAs Kap-
THHA WX HeT; €CTh JI1 MAaKCHMYMBI; OKpalleHbl JIH MOJI0CHL.

Bup kapTHHBI 3apucyiiTe. BEINONHHTE PHCYHOK ¢ OOBACHEHHEM Me-
ToJ/1a 0Opa3oBaHMsA KOTEPEHTHBIX HCTOUHHKOB cBeTa. Msyuure, Kak MeHs-
erca uHTepdepeHUHOHHas KapTHHA. [JoNyuHTCs M OMBIT B MPOXOAALIEM
cBete?

2. ToxyuuTe MEUTBHYIO ILTEHKY Ha MPOBOJIOYHOM KOJIBLIE H MBUIBHEIE

My3BIpH.

— Kak noka3zars, 4To W B 3TOM ciiydae HaBnmomaeTcs WHTEpQEepeHiU-
OHHast KapTuHa?

— OtnuuaeTcs M 3Ta KApTHHA B ONBITE € MIACTHHKaAMH?

— B kakom cBere Habmonaercs HHTep(epeHUMOHHAs KapTHHA?

— O 4eM FOBOpPHT H3MEHEHHE BHJIA ITONIOC HA MBLIBHOMN TNeHKe?

—  CKONBKO MaKCHMYMOM MOXHO 3a(pHKCHPOBATH?

I11. M3ydeHne ROBOTO MAaTEPHANA

1. AHanu3 3KCepHMEHTA.

SIBneHne uHTepdEpeRLNA ¥ ANdpaKIUH He OCTaBIIOT COMHEHMiT B
'TOM, 9TO pacTpOCTpaHsIoIIMiics cBeT oOnamaer cBojictBamu BoiH. Ho
0CTasICs BOMPOC: KaKHe 3TO BOJIHEI — IPOAOJBHEIE HITH MoNepedHEIe?

Onovtm ¢ KpuCMAL10M MYPMATUHA

Bo3bMHTe MIACTHHKY TypMaTuHa. EciH HampaBHTh HOpMANBHO Ha
TaKy10 IUTaCTHHKY IY4YOK CBeTa OT 3MEKTpUuecKoil jgammsl i ConHua,
TO BpalleHHe IIIACTHHKH HUKAKHX H3MEHCHHIT He MpHHeceT. 3acTaBHM
My4OK TIPOMTH 4Yepe3 BTOPOit TOUHO TaKoH e KpHCTalll TypMalHHa, ma-
pajnenbHEI nepeoMy. B 3ToM ciyuae nmpH OJMHAKOBO HANpABICHHHIX



Ypok B5. Ypok-uzpa. KOHKYPC yMHUKOS U yMHUY 251

DCAX KPHCTANIOR ONATE HHYETO HE MPOM3OH/IET, TONBKO CRETOROHM IyHOK
Bynmet 6onee ocnabnennnmM. Ho ecnu Bropod kpHcTaml Bpamars, T0 o6-
HAPY)XHTCA TAIICHHE CBETA..
W3 >tHx daxToB cienyer, yTo:
—  CBETORaj BOJHA, HYINAN OT HCTOYHHKA CBETA, TIOJHOCTHIO CHM-
MCTPHYHA OTHOCHTENILHO HANPABJICHHIO PAaCHPOCTPAHCHAS;
— BHOIENmAas BOJHA M3 NEPBOT0 KPHCTALNA HE OONAaeT OCEBOi
CHMMETPHIHOCTBIO.

TIpoionsHKEe BONMHK 00/1a/1al0T NOXHOH CHMMETPHYHOCTBIO TI0 OTHO-
MEHHIO K HATIPaBIICHHIO pacnpocTpaHeHHA. OOBICHHTE 3T0 MOXKHO, CCIIH
OpeIONOXKHATh, YTO CBET — NoTiepedHas BojiHa. CBeToBas BOJIHA € KOlle-
BaHMAMH 1O BCEM HANPARICHWAM, NICPHCHMKYNAPHA HAaNPaBICHHIO pac-
OpPOCTpPaHEHRS, Ha3HBaeMON €CTECTBEHHOIA.

Kpucramin TypMaiuHa oGIajaloT CliocoOHOCTRIO IPOMYCKATh CBETO-
BHIC BOARKI ¢ KOJICOAMAAMH, JICKAUHAMH B OJ{HO# IIockocTH. Takoil cet
HA3KIBAIOT NOIAPHIOBAHHEIM. ‘

TakaM cBolicTBOM obllajiaeT He TONBKO TypManHH, HO H NONAPOHIEBL,
npencTapngmomue ToHky1o (0,1 MM) TICHKy KpHCTailla repanaTiia, Ha-
HECCHHYIO HA NE/UTYIOHR HIIM CTEKJIAHHYIO TUIACTHHKY.

2. KomMmeHTapuii yunrens.
ITpumenenue nonapu3oeanHozo céema
PerynupoBka OCBEILICHHOCTH, TalicHHe 3epKanbHeIX Gaukos nipu do-
TOrpaMpoBaHuH, NPENYNIPOKACHHE OCICNIICHHS BOJMTENA BCTPEYHBIM
TPAHCNOPTOM.
[MTonspu3sanus NpOMCXONHT TaK XKe MPH OTPaXKEHHH CBETa OT MOBEPX-
HOCTH JMDJICKTPHKA U NIPH TIPEJIOMJICHHH CBeTa.
1V. 3akpenaenne H3y9eHHOro
—  Uro npencraBnger coboif eCTeCTBEHHELH CBET?
— B uem coctrouT gBiicHHe NOAIpU3aLHM BOIH?
— KakumM croifcTroM o0nanaeT kpHcTawl TypManyssa?
— O yeM CRHJICTEJILCTBYET HAHHHKII ONMBIT?
V. HloaBeaeHRE HTOrOB YPOKa

Jlomauinee 3ananue
n. 73; 74.

Ypox 85. Ypok-urpa.
Konkypc yMHHKOB H YMHHIL 110 TeMe: «OnTHKa»

-t . I{enu: o606HMTE, NOBTOPHTE MatepHan no TeMe «ONTHKa»; pasBH-
BATE YCTHYIO Peub YYalIUXCH, KOMMYHHKATHRHEIC CIOCOGHOCTH.
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Obopyoosanue: opieHa «YMHHKOB» IO YHCIy BOIPOCOB; AOPOXKKH
TpEX [BETOB C KJIETKAMH — KBaJpaTaMH (KpacHas JOPOXKa COCTOMT M3
JABYX KBaJpaTOB; XKENTasx — H3 TPEX; 3eMeHasd — U3 YEThIpEX); BONPOCH H
3a/aHusl.

Xon ypoka

L. Oprann3anvoHnbIi MOMEHT

I. BerynutensHoe C10BO yuUHTENs
«Ecnu 65l ONTHK NBITANCA NMPOJATh MHE HHCTPYMEHT, B KOTOPOM OKa-
3anuch OBl HENOCTATKH, MPUCYIIHE TJIa3y, To s cudTan Gl cebs Brpase
BBICKQ3aTh €MY B CAMKIX PE3KNX BBIPOKEHUSX MOpULaHKe 32 HEOpexHY0
paboTy 1 BEpHYTh €MY HHCTPYMEHT C IIPOTECTOMY.
(I'. I'enbmzonby)

IL. Xoa urpsi

BHigBnseM TPOMX «YMHHUKOBY». YualllMecs OTBEYaWT Ha «OTOOpOY-
HbIE» BOMPOCHL. 3a TOJHBIA M NPaBUIBHBIA OTBET YYCHHK ITOY4YacT Op-
IEH «yMHHKa». Tpu Blafenslua HanGONBIIETO YKMCNIA OPACHOB Pasbirphl-
BalOT JOPOIKKH.

OcobeHHOCTH TOpOXKEK:

— Ha KpacHOi OPOXKKE — UrPOK HE JOJIKEH omMNbaThCs, eMy 3a/a-
10T BCETO OJIMH BOIIPOC;

— Ha XEIITOH JOPOKKE — HIPOK [I0JDKEH BEPHO OTBETHTEH HA OJMH U3
JIBYX MPEJI0KEHHBIX BOMPOCOB, OH MMEET MPAaBO Ha OHY OLIHOKY;
— Ha 3€JIeHOi JIOPOXKKE — HIPOK JIOKEH OTBETHTH MPABUIIBHO XOTH

61l Ha OMH M3 TPEX BOIIPOCOB.

Hrpok, nepBbIM NMPOUIENIINA CBOIO JOPOXKKY, CTAHOBHTCA «(YMHH-
KOM» M CaJUTCA Ha «TpoH». OcTaBiiMecs Ba HIpoKa MPUCOEAUHSAIOTCA K
«TEOPETHKAM».

Janee urpa HaeT MexIy «yMHHKaMU».

V4acTHHKH UIPH NOTYYal0T OLUEHKH B XCypHaeC.

«OTO60pPOUHBIE» BONPOCHI

1. IIpuBenuTe HOKA3aTENLCTBA NEKTPOMArHUTHOM NPUPOABI CBETA.

2. MoxHO JIN YBUJIETh CBETOBOIA JIy4?

3. Yro Takoe «y3kmii» cBeroBod Mmyuok? Hackonbko y30K «y3xHit»
CBETOBO# ITyuOK?

4. Yro Taxoe cBETOBOI 1yy? ABnsercs M cBeTOBOH J1yd 0OBEKTHBHOM
peanbHOCTRIO?

5. Kakumm cBoficTBaMu 00s1aaeT TOYeUHRI HCcTOYHHK cBeTa? Kakux
CBOHCTB y HETO HET?

6. Kaxumu csolictBamMu obnajaet ceeroBoii yu? Kakux cBoitcTs y
HEro Her?



Vpok 85. Ypok-uzpa. KOHKypC yMHUKO8 U yMHUY, 253

- 7. Yro mo3BonSeT HAM HCIONB30BATh TAKHE BRIMBILIICHHBIE OOBEKTHI,
'KaK TOYECYHBIH UCTOYHHK CBETA, CBETOBOM Jy4, U1 OOBACHEHUS U Tpel-
CKa3aHWA CBETOBBIX ABICHHI, 1T pa3paboTKH CBETOBBIX MPHOOpPOB?

8. Kak cooTHOCATCA reoMeTpHYecKas U BOJTHOBas onTHKa?

i 9. Ha mpumepe pa3BHUTHA B3IIAN0B HA NPHPOAY CBETA MOKAKHUTE Xa-
[ PAKTED H3MEHEHHS OCHOBHBIX HJel M TeopeTHdeckMX KOHuemwii. TH-
“IINYHO JIN MOJOOHOE OTPHLAHHE IUIA MPOHecca MO3HAHUA HIIH 3TO eIH-
; HYHBIH CiTy4ait?
¢ 10. Kakoit MeTOR onpeneneHus CKOPOCTH CBETA BayKHEE: aCTPOHOMH-
! qeckuii MM TaGOPATOPHEI?
»  11. Kaxyio ponpb B Hayke chIrpan (aKT COBIAICHHS SKCIIEPUMEHTAIb-
{ HO OTIPENENEeHHOr0 3HAUEHHUS CKOPOCTH CBETA C €T0 YHCIICHHBIM 3HAUEHH-
€M, TeOPETHYECKH NOTy4eHHBIM MakcBeriom?

12. Tloyemy npunuun ['oifireHca HA3KIBAIOT NPHHLIUIIOM, a HE 3aKO-
{ HOM WIH TIpaBHIOM?

13. O 4eM roBOpHT TOT $aKT, YTO SKCMNEPUMEHTAIBHBIHA 3aKOH Tpe-
JOMJICHHS CBETa MOXET OBITb MONyYeH TEOPETHYECKH Ha OCHOBAHHU
npuHumna Itoiirenca?

14. Kaxo# 3aKOH JMANCKTHKH MOXET GbITh NMPOHITIOCTPHPOBAH pac-
CMOTPEHHEM SBICHUS IPEIOMICHHS CBETa IIPH MPOXOXKICHHUM JIyd4a H3
onTH4yeckH Goliee MIOTHOH Cpeapl B MEHee IUIOTHYIO, KOTJa Yronl Maje-
HHA MOCTENeHHO yBennunBaercd ot 0 o 90°7

15. CKoJIBKO I[BETOB B CIIEKTPE COMHEYHOTO CBETa?

Bormpocsi A4 onpeaeeHUN JOPOKKH

Jna uzpoxa na kpacuoii 0oposicxe
1. Manbymk onmpenensn BpeMs o AMHHe TeHH: «Koraa TeHs oT KphI-
LM COCEICKOTO IOMa, MAJaBlllasg Ha CTEHY, MOKPHITYIO B BepxHeil CBOCH
“4acTu JBYMS pAJAMM JTHCTOBOTO XKejle3a, IPOXONMUT BEPXHUIL psan, — ca-
Moe BpeMs UATH B ukody». [loToM Hememo 1IN JOXIH, elle HEXEN0
6bII0 MacMypHO, M KOTJa MalbyHK IIOIIEN B HIKOJNY, OPHEHTHPYSCH Ha
* TEHb OT CBOETO JI0OMa, TO OH OMO3/IAIL.
_ IMoueMy MansuHk ono3nan? (Beicomda cornya HAO 20PU3OHMOM 8 00-
HO u Mo dice 8peMsl CYMOK, HO 8 pasnble OHU HEOCOUHAKOBA ecredcmeue
. 0sudiceHus 3emnu eoxpyz Connya.)

Hna uzpoxa na sicenmoii 0oposicke
_ 1. Kak BHI 3Ha€Te, HHTEPHEPEHIUHIO MOXHO HabII0aTh TONBKO B TOH-
! kpx IieHKax. UTo 3HAYHT «TOHKasy myenka? CBoil OTBET obocHyiiTe.
2. «Komnata, B KoTopylo BeTym Misan MiBaHoBMY, Gbina coBepileH-
' BO TEMHA, IIOTOMY YTO CTABHH ORIIH 3aKPBITHI, M CONHEYHBII Jyd, MPOXO-
- i B IBIPY, CIENAHHYIO B CTABHE, IIPUHSIL PAXYXHEIH IIBET H, yIapaiach B
MPOTHBOCTOSINYIO CTEHY, PHCOBAN Ha Heil mecTphlil TaHAmadT U3 oyepe-
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THHBIX KPHIL, JCPEBHEB H PA3BEHIAHHOIO HA JIBOPE IUIATHA, BCE TONBKO B
ofpameHHOM BHJIEN.

OGracuute asnenue. Kakoii ¢pusmaeckuii npubop Aelicteyer Ha oc-
HOBE 3TOTO ABICHHA?

Jna uzpoxa na 3enenoii dopoxcke

1. MoXHO NM YTBEPXAATh, YTO CBETOBBIC BOJHLI nsamaonencrnymr
KOrZia NpOMCXOAMT sBicHHe uATepdeperiuu ceeta? BosmoxHo nu Bo-
o0imre B3aMMO/IeHCTBHE CBETOBEIX BOMH JPYT ¢ APYrom? SR

2. Kak BH CHHTAeTe, HMeeM JTd MbI [IPaBO HAZHIBATH FEOMETPHYECKYIO
ONTHKY (H3HYECKOR TEOPHEH WIH 3TO CHC/ICTBHE, KAK TOROPKT, MPEACb-
HBIH CJTy4ad BOJNHOBOM ONTHKH?

3. «C xaxnoii MunyTo# nonHstit auek Jlynst Bce 6onee u 6onee Bxozmn
B TCHb 3eMJIH, M ThMa HEYMOJIMMO ¥ BEJIMHYECTBCHHO HAINBIBANA HA JIYH-
HEle KpaTephl. Ka3anock, 1o orpoMHbIi Ge/THENH ap npuGImM3micd K 3eM-
nie u ctan enie Gonbme. JlyHa npHoOpena MeNHBI OTTEHOK, a 3aTEM Ta
9acTh €€ MOBEPXHOCTH, KOTOpas He Oblia eufe OXBa4eHa MPAaKOM, CTana
nenenbHo-cepoil <...> Komuo TeHn Bce Gonsmie H Gonbine 3akphiBano
JIyHY — OHO Terephb ye 3aBoioKNI0 6oliee MONOBHHEI €€ KPOBABO-KPACHOTO
Jmcka. <...> ... 6arpoBas Mria crymanack Bee H 6onpiie i Gonbite. . . ».

Kaxoe spyienve Bnl y3naere B 3ToM otphiake? [Towemy Jiyna npro6-
pena menuslii orreHox? (Jlynnoe sammenue. Iokpacuenue Jlynsl 80 spe-
M5 3aNIMERNSA CBA3AHO C MEM, YmO AYy4U COTHEYHOZ0 céema docmuzawm
ee nosepxHocmu nPoiioA ckeo3b ammocepy 3emnu. Onu okpawueaiomcs
& KpacHoeamulii yéem, nomomy ¥mo 201ybble ommeHKU pacceusalomc ¢
6030yxe. Oxpauueanie Npoucxooum makK Xce, KAK MeHemcs yeem
Connya u Jlynwt y zopusowma: smu mebecHble ceemuna Cmanoamcs
Kpachoeamuswuiu Ha e0cxode u saxame. Ompaxcanch om nogepxHocmu
Jynws, ayuu ceema nonadaiom 8 21a3 Habmooamens, ewe paz nPPoLoA
cx803b ammocipepy. Ilpu smom onu ewye 6onee kpacreiom.)

Fnasa 9. SneMeHTbl TEOPUM OTHOCHUTEJILHOCTH
Ypok 86. Ilocrynarsi
CHEeNHANLHOM TEOPHH OTHOCHTENLHOCTH

Ilens: noxa3aTs HEOOXOAMMOCTE HOBO TeopHH «CrnenuanbHas Teo-
PHA OTHOCHTEIIBHOCTH».

¥ Oteper — TPOCTHHK.
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Xona ypoka

L. OprauM3anHoOHHLIH MOMEHT
II. Ananu3 xoHTpoJibHO paboTsl

III. H3y4yenne HOBOIO MaTepHaIa

Bo BTopo#i nonosuse XII B. MakcBenn pa3BHI TEOPHIO JIEKTpOMar-
HeTtH3ma. OH MOKa3aj, YTO CBET — NICKTPOMAarHWTHasA BONHA. YpaBHEHHE
MakcBena nojfcKasano, 4To CKOpOCThL CBETa = 3-10% m/c. Tlpenckazanus
COBMATH C 3KCIEPMMCHTAIBHEIMHA M3MEPEHUSMH B IIpeJienax MorpeiHo-
ctu. Ho B Kakoi#t cucteMe otcyera?

Y MakcBenna B ypaBHEHHAX HET OTOBOPOK HAacHET OTHOCHTEIBHOM
ckopocTH. DH3NUKH NPeANOI0KMITH, YTO CBET PACTIPOCTPAHAETCA B KaKo#H-
TO cpefie. DTy cpexy Ha3Banu 3¢UPOM, KOTOPBIH 3allONHAET BCE Mpo-
CTPaHCTBO.

HpennonoxuM, 4To 3Ha4YeHHE CKOpOocTH No Makceenny gocTuraercs
B CHucreMe orcueTa, cBA3alHOH ¢ adupoM. Toraa ckopocts CBeTa B pas-
JUYHBIX CHCTEMAX OT4eTa pasiTuyHa’?

A. Maiikenscon 1 3. MopHH mpoBenu ONBITHI O H3MEPEHUIO CKOPO-
CTH CBETa B HAMpaBJICHUH ABHXEHUS 3eMIM H B IIPOTHBOMOJIOKHOM Ha-
npasnenvu. HUKaKOTo painuuus B CKOPOCTH CBETAa UM OGHApyHTh He
yJanock. 3To 03HaYyaso, 4TO HUKAKOH cpenpl 3dupa He CymiecTByeT.

Takum 06pa3om, 06HAPYKHMIHUCH ONPECACHHEIE MPOTHBOPEYHS MeEK-
Jy 31eKTpOANHAMHKON M Mexanukoi HEBIOTOHA, 3aKOHBI KOTOpO# corna-
CYIOTCA C NPUHLMIIOM OTHOCHTENbHOCTH. BO3HHKIIME NpoTHBOpEUHS
MOKHO OBITO TIPEORONETH TPeMA Pa3AUYHBIMHA CT10CO6aMH:

1. OOGBACHHTE HECOCTOATENBHOCTh MPHHUMIA OTHOCHTERBHOCTH B
MPUMEHEHHH K 3JIEKTPOMAarHUTHBIM ABneHUAM. Ha 3Ty Touky BcTan roi-
nauackuii Gusnk X. Jlopexu.

2. CuuTath HENpaBUIBHEIMM CaMH ypaBHeHHs MakcBenna # nomnsi-
TaThCA U3MEHHUTh WX TakuM 06pa3oM, 4To6BI OHH NIPH NMEPEXOAe OT ONHOH
HHEPUMOHHON CHCTEME! K Jpyrod He MeHAnHCh. Takas momkrtka Obuia
npeanpundrta I". I'epuem.

3. B oTka3e oT KJIaccH4ecKHX NMpEACTaBIEHH 0 NPOCTPaHCTBE U Bpe-
MEHH, C TEM YTOOBI COXpAHUTh KaK MPHHIMI OTHOCHTENBHOCTH, TaK M
ypaBHeHHA MakcBena.

EnnHCTBEHHO MpaBHIRHEIM OKAa3allaCk HMEHHO TPEThA BO3MOXXHOCTS.
[MocnenoBatensHo pa3Bun ee DiHwTeitH. OH NPHIIET K HOBBIM Hpea-
CT4BJICHHAM O IIPOCTPAHCTBE U BPEMEHH.

Hepaeie aBa My TH GBITM OMPOBEPTHY TH SKCIIEPUMEHTAMH.

(MoxHO HaTh y4YEeHHKAM JOKJIabl O MPOBEAEHHEIX DKCIEPHMEHTAX,

yKa3aB TUTEpaTypy.)
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IIpuHIUAN OTHOCHMTEJLHOCTH — TJIaBHBIH NOCTYIaT TeOpHH OiH-
LITEiHHA.

Bce 3aKOHBI NPUPOKI OAWHAKOBHI B M1000# MHEPLMAIBHOM cHCTEME
oTcYeTa. JTO O3HAYAET, YTO BO BCEX MHEPLHMANBHBIX CUCTEMaX (usude-
CKHE 3aKOHbI MMEIOT OfMHaKoByi0 ¢opMy. TakuM oOpasoM, MpHHUMN
OTHOCHTEIBHOCTH KJIACCHUYECKON MEXaHHKM 0606IIAETCS Ha Bce Mpolec-
CBI B IPHPOJE, B TOM YHCIE H HA JIEKTPOMArHUTHEIE.

BTopoit nocTyaaT — CKOpOCTh CBETa B BAKYyME OJMHAKOBa JUIA BCEX
HHEPUHATBHEIX CHCTEM OTCYETA.

OHa He 3aBHCHUT HE OT CKOPOCTH MCTOYHHKA, HH OT CKOPOCTH MpPUEM-
HuKa cBeTa. CKOPOCTH CBETA 3aHHMAET 0C000¢ NONOKEHHE.

B naHHOM cily4ae crielHanbHA TEOPHS OTHOCHTENBHOCTH HaXOIUTCA
B MPOTHBOPEYHH C KIIACCHUECKHMH [IPEACTABICHHSIMH O MPOCTPAHCTBE H
BPEMEHH, KOTOPBIE MPH GOJBLIMX CKOPOCTAX ABMKEHHS YXKE HECMpPaBen-
nuBel. HanuuueM BepxHero mpenena cKopocTd OOBACHSETCH CYILECTBO-
BaHUE «YEPHOH JBIPBD) — aCTPOHOMHYECKOTO OGBEKTa.

IV. 3akpenjiennn u3y1eHHOro
~  OGBACHHTE CYIIHOCT: TEOPHH OTHOCHTENBHOCTH.
~ KakuM nmyremM DHHImITEH pelini NPOTHBOPEYUA, BO3HUKIUHE NPH
NPUMEHEHHH MPHHUHNA OTHOCHTENBHOCTH K 3aKOHAaM 3JIEKTPOIH-
HaMHUKH? .
~  CdopMyanpyiTe nocTynarsl TEOpHH OTHOCHTEIBHOCTH H 0OBACHH-
T€ MX CyIIHOCTb.

JloMauiHee 3a1aHue
. 75-76.

Ypok 87. Pe S THBHCTCKHH 3aKOH CJ105KEHHS CKOPOCTEH

Ifens: BbIBECTH PENATHBUCTCKHUI 3aKOH CIOXKEHHS CKOPOCTEH.

Xon ypoka

L. Opranu3auHORHbLIH MOMEHT

IL. IoBTOpEHHne

—  Kaxoe BpeMs Ha3b1BatoT COGCTBEHHBIM?

— UeM onpenenseTcs 3aMeUICHUE BPEMEHU: CBOHCTBaMH CBETA, KOH-
CTPYKLIMEH CBETOBBIX YacOB WIH CBOHCTBAMHU CaMOT0 BPEMEHH?

— Tlouemy npu JBIXKEHHH 3aMeUIAETCS HE TOJBKO XOJ 4YacoB, HO H
NIPOTEKAHHE BCEX (PUIHYECKHUX NPOLECCOB, a TAKXKE XHMHYECKHX
peakuuii B 4eNOBEYECKOM Opranusme?

— B ueM cyTs «napanokca 6nM3HEIOBY»?
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—  Kakoii skcnepuMeHT noaTBepkAaeT 3G HEKT 3ameIeHus BpeMeHN?

HI. U3yuenueé HoBoro MatepuaJja
 Onwrt Maiixenscona-Mopiu nokasarn, YTo CKOPOCTh CBETa B BAKYYME
TIOCTOSIHHA M HE 3aBHCHUT OT CKOPOCTH JIBWKEHHS MCTOYHHUKA VITH APHEM-
HHKa. DTO 03HauaeT, 4TO npeoOpazoBaHue ['anvnes W 3aKOH CIOXKEHHA
‘CKOpOCTeld HeBEpeH HpH CKOPOCTH JBWKCHHS, COH3MEPHMOH €O CKOpO-
CTBIO CBETA.

MaTtepuansHas 4acTh (TeNno) He MOXKET ABUTaThCs ¢ GonblIeH ckopo-
CTBIO, €M CKOPOCTb CBETA.

CkopocTh Tena, KaK OTHOCUTENBHO HEMOABMIKHOM CUCTEMBI OTCHETa
X, TaK ¥ OTHOCHTEJIBHO CUCTEMBl X', IBHKYIIEHcA CO CKOPOCTBIO U:

v, <<cC
vl <<c
v , v v
VYMHOXHB Ha |l-—| nocaegnee, HMeeM U, |l-—|<cll-—1,
4 c c
vl -v v, D vl -v
U, ——F—<c—L WM U +v<c| I+ |1 1+ |,
c . c c
!
v+
——=—=<C.(1)
vl-v
1+ —
c

Tlycts »] W v Mansl MO cpaBHEHHIO €O CKOPOCThIO C:

f
v, <<C !
, =<<1, —<<1;
v<C C
’
vV LD
“— = —%.— <<l (MoxHo npeneGpeds). Torna v, +o<C.
¢ c c

B neBoii yacTu Purypupyer v; OTHOCHTENBHO HEMOABHXHON CHCTe-
MBI OTCYETA.
OTHOCHTENBHO TIPOM3BOJIBHEIX CKOPOCTEH MOXKHO MPEANONIOKHTS,
YTO NEBas YacTh HepaBeHCTRa (1) Taroke NpeicTaBIAET CKOPOCTh U, .
PensaTUBHCTCKHIA 3aKOH CIOXKEHHSA CKOpPOCTe# cripaBeUTHB npy 1oboi
CKOPOCTH JBHKEHHA, T. €.:
v, +v
v L

02

d, =
1+

9 B. A. Bonkos
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IV. Peuienne 3anau
3aoaqua Ne ]

JiBe pakeTsl OBIDKYTCS HaBCTpedy JpPYr APYTY CO CKOPOCTAMH % c

OTHOCHTENIBHO HENOJABHXHOTO Habmopaatens. Onpenenuts CKOpOCTh
cOMDKEHVS pakeT.

Hano: Pemenne:
o =D = 3 o CesikeM c NIEPBOi pakeTON HEMOABHKHYIO CUCTEMY
1T, 7 koopauHaT K, OTHOCHTEJIBHO KOTOpO# pakeTa JBM-

c= 3108 M/c. XKETCA CO CKOPOCTBIO U . Co BTOPOH paKCTOH CBA-

u-2 | xeM cHcteMy K, ABMXYIIyIOCS BAONB OCH X CO
CKODPOCTEIO U, OTHOCHTENIBHO HETIOABHKHOM CHCTeMbl K B HanpaBiieHHH,
APOTHBOMONOXKHOM 0cH 0X, TO €CTE IIPOTHBOIIONOXHO CKOPOCTH D, .

Torna, ucnoas3ys peNATHBUCTCKHIT 3aKOH CIIOXKEHHS CKOPOCTEM, MOX-
HO 3aIMCaTh BLIpaXKeHMS AN CKOPOCTH B HETOJBIDKHOM CHCTEME KOOp-
JHHAT:
U-v,
U-v?
1- 2
c

rae U — oTHOCHTENbHAA CKOPOCTh pakeT. (1Ipoexuns ckopocTH U, Ha ochk

v =

s

X oTpuLaTeNnkbHa, TOITOMY HEPeX L; B GopMyJie MOCTaB/IEH 3HaK MKHYC.)

y 4 y

Vi
v,
o)

4

o X Puc. 87

OTcrona HaliZieM OTHOCHTENBHYI0 CKOPOCTh pakeT U:
U-v? U-v?

2 .
O l-——=U-0" = 0 -0, —5—=U~-0y;
¢ c
vV v +u
U l+—52 =y 40, = U=——""2;
¢ 1422
2

[
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U =[(.M/c+M/C)-(.M/C)2 =£:|

Mlic-Mmlc c
3 3 6
—c+—c “C a4
U=-4_4 __ 4 _%._096-c=0,96-3-10° = 2,88-10° m/c.
3 3 9 25
—c-—c l+—=
1+4_4 16
C
(Omeem: U =0,96c = 2,88-10° m/c.)
3adaua Ne 2

JBe yacTUIBE YAQNAIOTCS JPYT OT Apyra co ckopocTeio 0,8 ¢ oTHOCH-
TeNbHO 3eMHOro Habmonarens. KakoBa oTHOcHTENbHas CKoOpocTh 4ac-
Tan? (Omeem: 0,978 c.)

3adaua e 3

C xocMmuyeckoro kopabms, ABHXyUlerocs Kk 3eMlle cO CKOPOCTHIO
0.4 ¢, MOCHIIAIOT ARA CHTHANA: CBETOBOH CHIHAN M Iy4YoK ORICTPHIX Hac-
THIY, HMEIOLYX CKOPOCTH OTHOCHTENBHO Kopabis — 0,8 c. B MoMeHT myc-
Ka CHrHanoB kopabnp Haxoawicsd Ha paccrosHuH 12 I'm ot 3emunu. Kakoii
W3 CHTHAJIOB M Ha CKONBKO paHblie 6yner npuHaT Ha 3emne? (Omsem:
CBeTOROI — Ha 4 ¢ paHbIUE.)

Jomamnee 3ananue
m. 79.
P-1078,P-1077.

Ypox 88. OTHOCHTE/ILHOCTL BPEMEHH

lle.m.: JAO0Ka3aTh, YTO BPEMS OTHOCHTEIIBHO.

Xon ypoka

L. Opranu3auHOHHBIH MOMEHT
I1. HlpoBepka noMamIHero 3ajaHus

III. IloBTOpeHHE H3Y'IEHHOTO
— Yro nokazan 3kcnepuMent Maiikenscona-Mopnu?
— TloueMy pe3ynbTaThl 3KcniepuMeHTa Maiikenscona-Mopnu npoTHBo-
PEYHIIH KNACCHUECKOMY 3aKOHY cKopocTeit?
— Yra u3yuaer cnenuanbHas TeOpHs OTHOCHTENBLHOCTH i 06Inas Teo-
PHs OTHOCHTENBHOCTH?
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— Cioopmynupyiite nepBplii H BTOpOi OCTYNAThl TEOPHH OTHOCHTEJIb-
HOCTH H OOBSCHHTE HX CMBICIL,

— Tlouemy cymiecTBOBaHME YEPHBIX JBIp OOBACHACTCS HANMYHUEM BEPX-
HETO MMpejieNia CKOPOCTH pacpocTpaHeHus Moboro B3auMoelcTahs?

IV. H3y4yeHnue HOBOTO MaTepHAJIA

CyniecTBOBaHHE MHpeleNbHOH CKOPOCTH MEpeladyd B3aHMOACHCTBUE
BBI3bIBAET HEOOXOAUMOCTE I'TyO0KOT0 H3MEHEHUS OOLIUHERIX MpECTaBIe-
HUii 0 NPOCTPAHCTBE M BPEMEHH, OCHOBAHHAIX HA MOBCEIHEBHOM OIBITE.
IlpencraBnenue 06 aGCoMOTHOM BpEMEHH, KOTOPOE TeYeT pa3 U HABCETAa
33JaHHBIM TEMIIOM, COBEPLICHHO HE3aBHCHMO OT MArepHaia M ero JABH-
WKEHHUS, OKA3BIBACTCA HENPABHUIBHEIM.

Ecnu pomycTHTh MIHOBEHHOE PacIiPOCTPAHEHHE CHTHANIOB, TO YTBEDKIC-
HHE, YTO cOOBITUSA B ABYX Pa3fiefbHBIX TOYKax A U B npomsonum ogHoBpe-
MeHHo, 6yner umers abcomoTHbt cMBIc. [TomecTTs B Toukax A U B yacH u
CHHXpOHH3HpoBarth. Ecim B Touke A vachl mokassmsatot 0 u 30 MHH u oTTIpa-
BUTh CHTHAJ B TOUKY B Toske B 0 4. 30 MHH, TO 4achl NOKKYT OJUHAKOBOS
BpeMd, T. €. OyJyT HITH CHHXPOHHO.

Tonrko pacnonaras B ToUKe A U Touke B CHHXpOHH3IUPOBAHHBIMH Ya-
CaMH, MOXHO CYAHTB O TOM, IIPOM3OLILIH JIH JBa COOBITHS 3THX TOYKAX
OITHOBPEMEHHO MM HeT. Kak MOXKHO CHHXpOHHM3MPOBATH Yachl, HAXOJIS-
Imyecss Ha HEKOTOPOM pPACCTOSHHM JIPYT OT ApYra, €Clid CKOPOCTh pac-
NPOCTpaHCHHA CHrHAIOB He 6ECKOHEYHO BenHKa?

Tako#t cnoco6 MCHONB3YETCA MU NPOBEPKH 4YacoOB 110 pagwo. 3Has
paccTosHUE OT PaJHOCTAHIIMH JO JOMAa, MOXHO BBIYHCIHTEH MONPABKY Ha
3apa3JbIBaHHE CUTHANAa. 3Ta INONMpPaBKa HEBEJWKA, HO MpPH OrPOMHBIX
KOCMHYECKHX PACCTOAHUAX MOXKET OKa3aThCs BEChMA CYIIECTBCHHOM.

Hanpumep, KOCMOHABT CHHXPOHH3UPYET Yachl, HaXoldIHecs B pas-
HBIX KOHIAX kopabns. Jis 3Toro ¢ 1IoMOMBI0 HCTOYHUKA, HAXOAAIETOCH
HENOJANEKY OTHOCHTENBHO KOpabis W pacloNOXEHHOro B CepeadHe,
JOJDKHA Npousoiith Beneiuka. Ecnu cBer nomen ogHoBpeMeHHO 10 060-
HX 4acoB, TO OHH HAYT CHHXPOHHO. JTO OTHOCHTCS K CHCTEME, CBA3aH-
Ho# ¢ KopabneMm.

B cucreme oTcueTa, OTHOCHTENBHO KOTOPOW JABIDKETCS KOpabib, Mo-
JoxeHHe uHoe. Yachl Ha HOCY Kopabns ynansioTcs OT TOTO MECTa, [he
TIPOU3ONLIA BCHBINIKA, CBET [IPEOJONIEBAET PACCTOSHHE GOMBLIE MONIOBH-
HBI kopabua. HanpoTHB, Ha KopMe Yachl MPUOIHKAIOTCH K MECTY BCIIBIII-
KH, U NyTh OKasbIBACTCA MEHBIC MONOBUHKE Kopalnsa. Habmomatens
NIPHACT K BBIBOJY — CHTHaJ JIOCTHTHET 4YacOB HEONHOBpeMEHHO. Yachl
6yayT UATH HEOTHHAKOBO.

Brieoow::

¢ OnHOBPEMEHHOCTh MPOCTPAHCTBEHHO pa3lieleHHBIX COOHITHI
OTHOCHUTENBHA.
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o TlpuuuHOW ABNSETCS KOHEUHOCTH CKOPOCTH DACIpPOCTpaHEHHS
CHTHAJIOB.

" JomamHee 3axaHue
m 77.

JononHuTeAbHBIH MaTepnan

Kphinc ki1accHuecKHX npeacTaBiIeHui
0 NPOCTPAHCTBE H BPEMEHH

BHayane BCOMHHM, 4TO KOHUENUMsA cBeTa PpeHens BKIOYana NpH3HaHHE
CyllecTBOBaHHA 2(hHpa, 3aMOJHATOWIEro BCE NMPOCTPAHCTBO M MPOHHMKAIOIIEr0 BO
BCE TeNa, B KOTOPOM paclpOCTPaHSIHCh CBETOBbIE BONHBI. KoHuenuus ceeTa
Maxcsenna nonaTHe 3hupa caenana He Hy>XXHBIM. HecMOTps Ha 3TO, KOHUEMNUHA
adupa He comna ¢ apenn! GU3NkH. [leno 3aKno4anock B TOM, YTO YpaBHEHHMS
3NleKTpoAHHaMHkH MakcBenna GsUIH cripaBeVIMBBIMH B OJHOMN CHCTEME KOOpPAH-
HaT ¥ HecMpaBeJIHBBIMH B APYTroH, ABHXYyLIEHCS NpAMONHHERHO U paBHOMEPHO
OTHOCHTeNIBHO NepBoH. KinaccHueckas MeXaHMKa, MCXOAWBIIAA U3 TNPH3HAHMA
CyILECTBOBAHUA aGCONIOTHOTO BPEMEHH, SAMHOrO IJis BCEX CUCTEM OTCYETA M
mo6eix Habniozatened, mpu3HaBana, YTO PACCTOAHHE MEXAY ABYMA TOYKAMH
TIPOCTPAHCTBA JOKHO UMETh OJIHO 3HAaYEHHE BO BCEX CHCTeMax KOOPAMHAT, MC-
TOMB3YEMBIX ISl ONpeleneHUs MOJIOKEHHS TENl B MPOCTpaHcTBe (T. €. JaHHOE
paccTosHue sBasercs WHBapHaHToM). TlpeobGpasoBaHue Tanunes onpeaensnio
npeo6pazoBaHne KOOPAHHAT NPU NEpexoje OT OJHOM CHCTEMB! OTCYETa K APYTOii.
HWnave roBops, ecnu, HanpuMep, ypaBHeHHs HbioToHa GHINH cnpaBeUIMBLIMH B
CHCTEeMe KOOPIMHAT, CBA3aHHOH C HENMOABHXHBIMM 3BE3JaMM, TO OHH OKA3bIBa-
JIUCh CTIPaBEANUBBLIMH H B PYTHX CUCTEMax OTcYeTa, KOTOphle JBHCAIMCh MpH-
MOJIMHEHHO U PaBHOMEPHO OTHOCHUTENBHO JaHHBIX HEMOIBHXKHBIX 3Be3n. TakuM
00pa3’oM, MoNyHaioch, 4TO ypaBHEHHS MakcBellia crpaBe/UTHBEl TONbKO B OAHOM
CHCTEME OTCYeTa, CBA3aHHOM C Hekoel cpesloi, 3anonHsllell BCHO BCENEHHYIO.
BoT a1y cpeny u nmpojomxand cuutate 3dupom. Bee paszmuumne ¢ nepronavais-
HOM TPaKTOBKOH 3(Hpa 3aKITI0¥aIOCh B TOM, YTO €CIIH paHbiue 004 3GHPOM I10-
HUMaTH 0cobYI0 YNIPYTYIO cpefly, KoTopas Gblla cnocofHa nepenaBaTh CBETOBbIE
kone6Ganus, To Teneps 3GUpy CTana OTBOAUTECA ponb abcTpakuuu, HeobxoauMoii
Ans GUKcauMu TeX CHCTEM OTCYETa, B KOTOPBIX CIpaBEIMBHI ypaBHeHus Mak-
csesnna. OHaKo ¥ JaHHYIO poJib 3GHpP UrpaTh HE MOT.

H3yueHue cBETOBBIX SIBIEHHI B ABHXYLIEHCA cHCTEME KOOPAHHAT Mpearnona-
rano onpeaeneHue CKOPOCTH JaHHOM CHCTEMB! KOOPAWHAT OTHOCHTENbHO 3dHpa.
OJHaKO HUKOMY HE YAABanock B DKCNiEpHMEHTe OGHApYXUTh ABWXEHHE 3eMin
OTHOCHTENBHO 3(}Hpa, HTO HAXOAHIOCH B MPOTHBOPEYHUH C KIIACCHYECKOH TEOpH-
eil. 3HaMeHUTRH dKkenepuMeHT Maiikenscora-Mopnu (1887 r.) Bce comHeHMs
TIONHOCTBIO OTBEPr W MO3BOJHI OKOHYATENBHO OTKA3aThesl OT KOHUENUMu 3¢upa.
I".A. Jlopenn nonsiTaics OTPHLATENBHBIH PE3YJIbTAT IKCHEpMMEHTa MalikenscoHa-
Mopnu cornacoBath ¢ CyIIECTBYIOLIHMY TEOPHAMH, BBICKA3aB MPEATNONONKEHHE O
TOM, 4TO TENa OpH CBOEM ABHXKEHHH OTHOCHTENLHO 3dHpa COKpALIAlOTCs B pas-
Mepax 3Toro ABmwkeHn. Takoll NOAXOA NO3BOMSUI COXPAHHTH KOHLENLHIO 3dupa:
3dHp cymecTByeT, OH HeNOABHKEH, ABWKEHHE Tena OTHOCHTENBHO 3¢upa obHa-
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PYXHTE HEBO3MOXHO, NMOCKONBKY B HANPABNCHHH JBHXCHHA TENO MEHSET CBOH
pasMepsl. U3 ypaBHeHnii JlopeHna cnenosano, 4To Bce CBETOBHE ABNEHHA OyxyT
MPOTEKATE OIMHAKOBO B PA3HEIX CHCTEMAX KOOPAHHAT, MO3TOMY MO 3THM ABIICHH-
M 0OHapYKHTE aBCOMOTHOE JBHXEHHE MO OTHOWEHHIO K 3PHPY HEBOIMOXHO. B
CBETE 3TOro OTPHUATENBbHLIH pe3ylibTarT 3KcrepHMeHTa Mailikenscona-Mopau
BBITJIACH BIOJIHE €CTCCTBCHHBIM, A TOUHAA CBA3b HaGmiofnateneH, ABHXCYUWHXCH
PaBHOMEPHO H MPAMONHHEHRO APYF OTHOCHTENIBHO APYTra, BhIpaXkanack He mpe-
obpaszoBanHaMH "anwies, a npeobpasopanusmu Jlopenua. FToHUMaHHe NMPHYHH
3aMeHBbl npeoOpa3zosanuii Tanunes npeo6pazoBanusmH Jlopenua u BeiSCHEHHe
duzHYeCKHX CNEACTBHIT 3Toil 3aMeHBl mMoTpeboBaNO NMepecMoTpa MOHATHH Mpo-
CTPaHCTBA H BPEMCHH.

BcnoMHHM Takke, KaK pa3sBHBANHCH NPEACTABICHHS O NPOCTPAHCTBE H Bpe-
MeHH. Jlns apHcroTensckoit GhH3HKH XapakTepHO MpeJCTaBicHHE O MOKOe Kak
€CTECTBEHHOM COCTOAHHH A0OOTO Tena. JTO 3HAYHT, YTO B JABHKEHHE TENO MO-
WeT MPHHTH TONBKO MOA AcHCTBUEM CWIK HIH ummynbca. CNEICTBHEM TaKoro
npeAcTaBneHHs OB BBIBOJ O TOM, HTO TAXEINBIC Tea JOMKHE NafaTh ¢ 6onbuiek
CKOpOCTBIO, YEM JIETKHE, T. K. OHH CHJIkHeC MPUTArHBalOTCa K 3emie. B pamkax
3TOH TPAaRMUMM 3aKOHBI, KOTOPHIM NMOAYKHANACH BceneHHasA, BRIBOAHIHCE YMO-
3PHTEABLHO H HE MPOBEPANUCH HA OMBITE.

lanwnneif, 3anoxusiinii HaYano COBPEMEHHBIX NPEACTABACHHH O 3aKOHax
JBH)XCHHSA TeJl, MEPBBIM MOABEPT COMHEHHIO TPEACTABJICHHS apHCTOTENECBCKOM
¢dusnkH. CxaTsiBas MO rMAAKOMY OTKOCY 1HAphl pa3Horo Beca, ['anuneit ycrano-
BWI, YTO CKOPOCTh YBEJTHUMBACTCA HE3aBHCHMO OT Beca Tela — Ha Karduieecs
TeNo BCETAA ACHCTBYET OJIHA H Ta e CHia (BeC Tena), B pe3yNbTaTe 4Yero CKo-
pOCTh TeNa BO3pacTana. JT0 03HAYANI0, YTO MPHIIOXKEHHAS K TENy CHa HE MPOCTO
3aCTaBIAET 3TO TENO JABHIaThes (Kak monarand Ao [anHned), a HIMEHSET CKo-
poctb Tena. HeiloTOH Ha ocHOBEe NMpoOH3BeACHHBIX I'anuieeM H3MEpeHHil BhIBen
3akoHB! BIkEHUA. [IepBhbiif 3akoH: BCAkoe Telo Npe6GhIBACT B COCTOAHHH MOKOs
HJIH PABHOMEPHOTO NMPAMONHHEHHOro ABHKEHHS O TeX MOp, MoKa AelicTByIomuMe
Ha HEro CHIIB! He HIMEHAT 3TO COCTOsHUE., BTOpoii 3aKkoH: mpoH3BeiIcHHE MacChl
TeNa Ha ero YCKOPCHHE PaBHO ACHCTByiouwleH CHile, a HampaBlcHHE YCKOPEHHS
COBITANACT C HaNpaBieHHEM cuibl. Tperuii 3akoH: AEHCTBHIO BCET/Ia COOTBETCT-
BYeT PaBHOE M MPOTHBOMONOXHO HANpaBICHHOE ACHCTBHe (uHaue: nelcTsus
JBYX T€N APYT Ha ApYra BCeTAa PaBHAI MO BEHYHHE H HATPARJICHH B MPOTHBONO-
JIOXHBIE CTOPOHK). KpoMe 3TuX 3akoHOB HBIOTOHOM OTKDBIT 3aKOH BCEMHPHOTO
TAFOTEHHA: BCAKOE TENO MPHTATHBAET Moboe APYroe TeNo ¢ CUIoH, MponopuHo-
HaTBHOH MaccaM 3THx Ted. UYem jpanbiie HAXOAATCA Tefa JAPYr OTHOCHTENBHO
Jpyra, TEM MeHblIe cuna B3auMoAeHcTBHa. ['paBUTALHOHHAA CHNIA HPHTSXKEHHS
3Be3/ibl COCTARAACT YETBEPTYIO HACTh CHIBI MPHTHKECHHA TaKoH ke 3BE3AB, Pac-
MONOXCHHOH HA BABOS MEHbLIEM paccTOSHHH. JlaHHBIH 3aKOM NO3BONAET C
601bIOH TOYHOCTBIO BHIMUCAATE OPOHTHI MAAHET.

Ecin ans ApHCTOTENS COCTOAHHE MOKOA CHHTANOCH NPESANOYTHTEIBHBIM (ec-
% Ha Teno He AeficTBYET Xaxas-TO CMja), TO W3 3axoxoB HeloToHa cineposano,
YTO SAHHOTO ITTOHA MOKOS HET. DTO 3HAYHT, YTO MOXHO CUHTATh Teno A ABH-
MYIUHMCA OTHOCHTENIbHO MokoAumerocs Teina B u Haobopor — cuutarh Teno B
JABIDKYILHMCS OTHOCHTENBHO MokoAuerocs Tena 4. Orciofia cnegyer, 4To HeBo3-
MOXHO ONIPEACIHTE, HMENH JIH MECTO JIBA COOBITHA B OJIHOH TOYKe NMPOCTPAHCTRA,
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fecnu OoHu mpou3ouUTH B pa3HEie MOMEHTH BpeMeHu. HHaue roeops, HHkakoMy
COOBITHIO HENB3A MPHMNHCaTh a0CONIOTHOrO MOJNOXEHHA B [POCTpaHCTBE (Kak
/cunTan ApHCTOTenb). DTO BbiTeKano u3 3akoHoB Hetotona. Ho sto mportuBope-
Muno ugee abcomotHoro Gora. IToatoMy HeioToH He npu3HaBan oTcyTcTBHsA ab-
)COMOTHOrO NPOCTPAHCTBA, T.E. TOTO, HTO CEAOBANO U3 OTKPBITHIX 32KOHOB.

' OBwmm a1s ApuctoTens u HeloTona Gbio npu3HaHie aGCOMIOTHOrO BpeMe-
‘au — 06a Monaranu, 4To BpeMs MeXay ABYMS COBLITUSMM MOMXHO H3MEPHTE Of-
HO3HAUHO M YTO pE3yJIBTAT HE 3ABHCUT OT TOTO, KTO OCYUIECTBIISET H3IMEPEHMUA,
- THILB Gbi OBITH B HATIHYMH Y H3MEPAOLIErO MPaBHIIBHBIE Yackl. Bpems cunTanocs
“OJTHOCTHLIO OTAENEHHBIM OT NIPOCTPAHCTBA H HE 3aBUCAILMM OT HETo.

! B 1676 r., 3a onuHHanuats J€T A0 BhIXOoAa «MaTeMaTHUECKHX Hauyal HaTy-
} paneHoii hunocodun» HetotoHa, natckuit actponom O.X. Pemep ycTaHoBHI, 4TO
{ CBET PacnpoCTpaHseTcs ¢ KOHEUHOH, XOTd H odeHp Gonewoil ckopocTeio. Ho
. b JILK. Makceenny ~ co3aaTento KIaccH4ecKo MeKTpoAHHAMHKH — YAAIOCh
. OOBEAMHUTD [IBE HaCTHblE TEOPHH, OMHCHIBABILIHE SMEKTPHYECKHE U MarHMTHhIE
cuwisl. CormacHo chOpMyTHPOBaHHLIM MaKCBEANIOM YpasHEHHAM, ONMCHIBAIO-
MM 3JIEKTPOMArHHTHBIE ABNEHHS B MPOH3BONBHAIX CPEAAX H B BAKyyMe, B 3JIeK-
TPOMAarHUTHOM [OJle MOTYT CYIECTBOBATh PaCMpPOCTPAHSIOUIHECH ¢ NOCTOAHHON
CKOPOCTBIO BOJHBI (PaZHOBOINHB! C JUIMHOR METp W Gojiee, BOMHBI CBEPXBHICOKO-
4acTOTHOrO AHana3oHa ¢ ANHHOH MOpAAKa CAaHTHMETPa, BOJHE HHQPAKPACHOro
JMAraloHa ¢ ATMHOW A0 AECATH THICSYHBIX CAHTHMETPA, BOJHBI BUAMMOTO CEKTO-
pa ¢ JUMHOH COpOK — BOCEMBJECAT MHJUTHOHHBIX JAONEH CAHTUMETPa, BOJHBI
YIbTPaONETOBOTO, PEHTIEHOBCKOrO H raMMa-H3nyueHHs ¢ JANKMHOR BOJIHB! ellle
Goiee KOpOTKOH.

13 Teopun MakcBenna BHITEKAIO, YTO PAHOBONHBI U CBET HMEOT PHKCHPO-
BaHHY!O CKOPOCTh pacrpoctpaHeHus. Ho mockonisky Tocne MOSBIEHHS TEOPHH
HatoToHa npeacrtaBnenns o6 abcomoTHOM MOKOE YLUIH B TIPOLITOe, BO3HHK BO-
Npoc: OTHOCHTENBHO HEro U3MEPSTh CKOPOCTh. JIjist 3TOro OBUTI0 BREAEHO MOHATHE
a¢upa ~ ocoboi cybcranunH, 3anonHsBieH npocrpaHcTo. CTany cYUTaTh, 4TO
CBETOBbIE BOJIHBI paCIPOCTPaHAOTCS B 3¢dupe (kKak 3ByKOBbie B BO3AYXE), a CKO-
POCTb pacrmpOCTpaHEeHHs OMNpeAenseTcds OTHOCHTenbHO 3dupa. Habmonmatenw,
JBHXYLUHECH OTHOCHTENBHO 3dHpa ¢ PasHBIMM CKOPOCTSMH, AOKHBI ObLIH BH-
JIeTh, 4TO CBET K HHM HJET C pa3Hoii CKOPOCTBIO, HO CKOPOCTh CBETA OTHOCHTEIb-
HO 3¢Hpa NOMKHA OCTaBaThCA HEU3IMEHHOH. DTO 03Hauyano, 4TO fpH ABHXEHHH
3emid B adupe o croeii opouTte Bokpyr CoslHLA CKOPOCTD CBETA B HAnpaBlIeHHH
JIBXKEHUS B CTOPOHY HCTOYHHKA CBeTa AOMKHA ObiTh BbIllE MO CPABHEHHIO CO
CKOPOCThIO CBETa IIPH YCIIOBHH OTCYTCTBUS ABHXKEHHUS K UCTOUHUKY cBeTa. OnHa-
KO ONLIT, TIocTaBneHHbl A. Maiikensconom u 3. Mopuu B 1887 r., B xoTopoM
OHH CPaBHHBAIH CKOPOCTL CBETA, U3MEPEHHYIO B HATPABIICHHH BUXEHHSA 3eMITH,
€O CKOPOCTBIO, H3MEPEHHOM B MEPHEHAUKYJISIPHOM 3TOMY HAMPaBIEHHMIO ABHKe-
HHA, Toka3an, 4to obe ckopocTH oanHakoBsl. JlaTckuit dusnk X. JlopeHu pe3yns-
TaT 3KcneprMenTa MaiikenscoHa-Mopmu oGBACHS TeM, YTO BCE ABYXKYLUHECS B
aupe 06BeKThl COKpAIAKTCS B pa3Mepax, a Yachl 3aMeJIAI0T CBOM X0[.

Crnenytomuit war caenan A. DHIITEHRH CO3RaHHEM CrieUHallbHON TEOPHH OT-
HOCHTENILHOCTH, U3 KOTOpOH BHITEKIO0, YTO MpPH YCIOBHM OTKa3a OT MOHATHS
aBcomoTHOro BpeMeHH HeT HHKakoii HanobHocTH B 3dupe. (UyTs nozxe aHano-
FHYHYO MO3HLMIO Bbickasal u A. [lyankape.)
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Ypok 89. 3amensieHue BpemMeHH

Leau: w3yuuts (HakT 3aMeIeHHA BPEMEHH; OTpabaTHIBaTh HABBIKH
pEIICHHSA 3aay.

Xon ypoka

L. IpoBepka gomManIHero 3axaHHs, NOBTOPEeHHe

— IloyeMy pesynnTarel 3kcrnepHMeHTa Maiikenscona-Mopmu npo-
THBOPEYAT KJIACCHYECKOMY 3aKOHY CIIOKEHHS CKOPOCTEH?

— Ilouemy ocymiecTBneHHE COORITHIt B HaleM YyBCTBEHHOM BOC-
TIPHATHH HE 03HAYAET UX OXHOBPEMEHHOCTH?

— Ilouemy, riusus Ha 3Be3gHOE HEOO, MBI Kak Obl 30HIHPYEM IIpoO-
urnoe?

— Byzer nu onpeReNieHHBIM HOPSIOK CIEXOBaHHS COOBITHIA, ecnu
PpasIeAOMHUi X IPOMEXYTOK BPEMEHH GoMblle BpeMEHH, HEOO-
XOJMMOTO JUISl pacIpOCTPAHEHHS CBETA MEXKIY HHMH.

II. H3y4enue HOBOr0 MaTepHajia

CornacHo KIIaCCHYECKHM TPEICTABICHHAM, TEUCHHE BPEMEHH abco-
moTHo. Ilpennonaranock, 9ro IBIXKYIIHE HacH HEe H3MEHAIOT CBOETO
pHTMa.

Hab6mioneHns cBETOBBIX SABJIECHMII MOKA3BIBAIOT, YTO ABHXKYIIHECS Ya-
CBI H3MEHAIOT CBOH PHTM.

ITyneT KOoCcMHYECKOro xopabins, ABHXYINETOCA CO CKOPOCTBIO L MO-
XKET H3MEPATH BpeMS 110 YacaM, MOKOAIUMCH OTHOCHTENBHO KOpabns.

Bpems ¢ HaspiBaeTCs COGCTBEHHBIM BpeMeHeM. COOGCTBEHHOE BpeMs —
BpEMA, H3MEPEHHOE HabmoareneM, IBHXKYIIMCS BMECTE C YaCAMH.

BpeMs B HenoABIDKHON CHCTEME OTCHeTa M ABHXKYILECCS OTHOCH-
TEIILHO HEE, TeUeT C Pa3HO# CKOPOCTHIO:

t#1.

t = ——= — BpeMs HETOABHXXHOTO HAOIIOAEcHMS.

SIBnenue 3aMeqIeHHs BpeMEHH OOHApYXXHBAEeTCS SKCIICPUMEHTAIILHO,
npy HaboJICHHH pacnana HecTaGMIBHBIX 3JIEMEHTAPHBIX YaCTHL, TAKHX
KaK MIOOH, n-Me30H. CpenHee BpeMsl KH3HH MIOOHA, T. €. BpEMS MEXKIY
pOXICHHEM MIOOHa M €T0 pacrajoM, B CHCTeMe ITOKOA B CPEIHEM
7,=2,2-10" ¢ ('). Yem GrICTpee OBHXETCS MIOOH OTHOCHTENBHO J1a-
6opaTopHO#t cCHCTeMBI, TeM 60JEBIIe BPeMs eT0 KU3HH.

Ecmu 6Bl yganock MakpOCKONUHMECKOMY THIy COOGIIMTE CKOPOCTS,
OIM3KYI0 K CKOPOCTH CBETA, TO KOCMOHABT, CTAPTOBABHIMH ¢ 3eMiaH H
MPOBELIHI B KOCMOCE 10 4acaM pakeThl 1 rojl, ¢ TOYKH 3peHHs ofHTaTe-
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neii 3eMIH poBen B kocMoce, ckaxeM, 10 et. B To BpeMs kak Ha 3emie
npoiiger 10 net u moxau nocrapetot Ha 10 nert, Ha pakere npoiiger 1 rox
U KOCMOHABT MOCTapeeT TONbKO Ha 1 Tof.

I11. Pemienne 3anau

3adaua Ne 1

PakeTa IOBHXKETCA OTHOCHTENBHO HEMONBIXXHOTO HabmiomaTens co
CKOPOCThIO, paBHOii 0,6 CKOpPOCTH cBeTa B BakyyMe. Kakoe BpeMst Mpoii-
IET T0 YacaM HETIOIBIKHOTO HAGIIoNaTe s, eCTd 110 YacaM, JBIDKYIHM-
cA BMECTe ¢ pakeToil, npouo 6 ner?

Pewrenne:
BpeMs, mpoineniiee Mo yacaM HENOJABHXHOTO Ha-

Gmtomarens, HafieM 1o ¢popMyne 7 =

Tlie To — COOCTBEHHOCTH BpEMs; L — CKOPOCTb PaKeThl OTHOCUTEIBHO He-
MOABYDXHOTO HAOMIOAATENS.

B nanHoli 3anaye BpeMA Tp MOXKHO HE BBIPAXKaTh B CCKYHIaX, a OCTaBUTH

6 6
Broxax 7 = = =7,5 ner.
\/ 0,6-c> 4/1-0,6°
1-—=—
c
(Omgem: 1="11,5 Rert.)
3aoaua Ne 2

Kakoii npoMexxyTok BpeMEHH MpPOHIET Ha 3BE3I0JETE, BIDKYILEMCS
OTHOCHTENBHO 3EMIIH CO CKOPOCTHIO, paBHOM 0,4 ckopocTH cBeTa, 3a 25
3eMHBIX NeT?

Hano: Pewmenue:

v =0,4 c; IIpuBenenHrie B 3aa4e AaHHBIE OTHOCATCS K CHCTE-
1=25 ner; Me OTCYETa, CBA3aHHOH ¢ 3eMieif, — ckopocTh kopal-
c=310°wm/c. | 1% L ¥ IPOMENKYTOK BPEMEHH T.

To—2 HeobxomuMo HalTH NPOMEXYTOK COGCTBEHHOTO

BPEMCHH Ty, B CHCTEME, CBSI3aHHOM CO 3BE3/I0NIETOM.
Tax kax TIPOMEKYTOK CcOBCTREHHOTO BpEMCHH CBA3aH € NPOMEXKYTKOM
BpEMEHH T, OTCYUTAHHBIM MO 3EMHBIM YacaM, COOTHOIICHHEM !
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0,4¢* —
1- = =25-41-0,4* =23 rona.

(Omeem: 23 rona.)

7, =25-

IV. IlonBeneHne UTOroB ypora

Jomamnas pabora
. 78.
P—1081; P - 1082.

Ypok 90. BianmocBaA3L Macchl B IHEPTHU

l’ejlb.‘ TOKa3aTh B3aUMOCBA3b MEATY Maccoif 1 3HCpFPICi;I.

Xoa ypoka

I. OpraHu3auMOHHBIH MOMEHT

IL. IIpoBepka nomMaurHero 3a3aHus, NOBTOPeHHe

— Tloyemy npeobpasoBanue ['anunes H KJaccHYECKHUH 3aKOH CJIOXKe-
HHA CKOPOCTEH HE BEPEH MPH ABHKEHHUAX, COU3MEPUMEIX CO CKOPO-
CTAMH CBeTa?

—  CdopmynupyiiTe peISTHBUCTCKHI 3aKOH CNOKEHHS CKOPOCTEH.

—  VKaXuTe rpaHuubl MPHUMEHUMOCTH KJIACCHYECKOr0 32KOHA CIIOXKE-
HHA CKOPOCTEH.

— Kak penstHBuCTCKMI 3aKOH CIIOXXEHHA CKOPOCTEH coryacyercs ¢
pe3yneTaramMu 3kcnepumenTa Maiikenascona-Mopiu?

I11. W3yueHue HOBOro MaTepnana

ITokoseecs Teno AMeET onpeAeNcHHYIO Maccy, KOTOPYIO Ha3bIBAKOT
MAaccoM [TOKos my.

3aBHCHMOCTB MaccHl TeJa OT CKOPOCTH:

HaiineM 3aBHCHMOCTB CKOPOCTH OT MACCHI IIPH L << C.
3HaMeHATENb MOXKHO 3aIIHCATh B BUAE!

1v'
IlpeHebperas ——-, Manas BETHUHHA!
4ct
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2

1]
VMHOXHB YHCIHTENE H 3HAMEHATENS HA 1+5—2 H CHOBa IIpCHCGpC-
C

v 1 L1
TasA WICHOM ——-—,l'lpP[XO,llHMK m=m, +—muv — = Am=m—-m, .
4. 077 2 0

. 1 5
IIpu yBenu4yeHnH KUHETHIECKOH sHeprun AE = Emov BRIPAXKAETCA:

Am:EZ.
c

Ecny M3aMEHACTCA SHEPTHA CHCTEMEL, TO H3MEHSETCA M €€ MACCa.

TIpu xMMMYECKHX PeakUMSX WM HarpeBaHHH Tel B OOBIYHEIX ycho-
BHMAX M3MCHEHHE SHEPTHH HACTOJNBKO MAJO, 4TO COOTBETCTBYIOLICE H3ME-
HEHWe MacCHI He yJaercs o6Hapy»uTh Ha omnbiTe. JIMIIL mpH npespare-
HHAX aTOMHBIX SACP M 3JEMECHTAPHBIX YaCTHIl H3MEHEHMC SHEPTHH OKa-
3BIBAIOTCA HACTOJNEKO OOMBLHOIMMH, YTO M CBA3aHHOEC C HHMH M3MCHEHHE
MACCHI YK€ 3aMETHO.

Knaccuueckas Teopus pasfesnsicT ¥ ONPERCASCT ABa Pa3AHUYHBIX BHAA
MaTepu: BemectTBo M mnosie. Heobxoaumeim aTpubyToM BelijecTra ABIA-
eTcs Macca, a nons — 3Heprud. CymecTBYIOT 33aKOH COXPAHEHHA MacChl H
3aKOH COXPaHEHHA SHEPTHH.

CornacHO TEOpHH OTHOCHTEJIBHOCTH HET cymec'meﬂnoro paznyyHs
MEXRY Maccoii H 3Heprueii. BemecTso umMeeT Maccy H obnanaer 3Hepru-
efi, none UMeeT 3HEPruIo U 06JIANAET MacCoi.

BMecTO IBYX 3aKOHOB €CTh OJHH 33KOH COXPAHEHHS MAcChl — 3HEp-
THH.

Hanyyenne ConHua W 3Be3l HMEIOT 3HEPTHIO M, 3HAYMT, Maccy. W3-
Jy4as sHepruto, ConHIe H 3BE3/LI TEPAIOT MacCy:

am=tE
c

IlosTomMy packanennsiii obpasen BelliecTBa HMMeeT GOJBUIYIO Maccy,
9EM XOJOJHBIH, HO ITO H3MEHEHHE NPAKTHYECKH HEBO3MOXKHO OOHAPYKHTh
A@KE Ha OYEHD TyBCTBUTENBHEIX BECAX H3-32 GONBIION BETHUHHBI C”.
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IV. Pemienue 3a0au

3adaua 1

OneKTpoH nBHxkeTcs co ckopocThio 0,8 ckopocT cBeTa. OnpenennTb:
Maccy 3JIEKTPOHA, JHEPTHIO MOKOS 3MEKTPoHA (B JHKOYIAX, 3TEKTPOH — B
BOJIBTAX), NMOMHYIO 3HEPTHIO 3JIEKTPOHA, KHHETHYECKYIO DHEPTHIO dleK-
TpOHa.

Hano: Penrenne:
v=028c¢c; OHepruio MOKOs 3NEKTpoHa HaiaeM nmo Qopmyre
m, =9,1.10> kr; | Ditnwreitna E, = my c*,
c=3-10° Mmle. TJe mqo — Macca NOKos 3NeKTPOHA, BeNH4HHA NO-
E.—? CTOSIHHAS. 2
m-? M
B9 E0—|:K2 = =H M—-ﬂ.‘)lc}.
Ey-?
Macca JBiDKynIerocs MEKTpOHa 3aBHCHT OT CKOPOCTH JBHXKEHHMS M CBA-
"y
32HA COOTHOLIEHHEM M = =
1—-=—
cZ
cZ
ITonnas 3Heprus snekTpoHa E = mc® = —= =
1-=
cZ

TTonHas 3Heprud Taxxe paBHA CYMME 3HEPTMH MOKOS M KMHETHYECKOM
aHepruu aswxenns. E = E, + E, , oTciofa HailieM KHHETHYECKYIO JHep-

THI0 3NekTpora: E, = E+ E, . BRIYMCIIMM 3TH BEINYHHEL
E,=9,1-107"-3%(10°)* =81,9-107"'° =8,19.10™* JIx. Beipasum >Hep-
THIO SJIEKTPOHA B 3IEKTPOH-BOJIBTAX, YUHTHIBas, uTo | 3B = 1,6:107"° JIx.
_8,19-10™
©1,6:10™
Macca JBIDKYLHErocs 3J1eKTpoHa:
9,1-10°"  9,1-10™"

\ﬁ_ 0,82 4/1-0,8
2

c
IMonnas JHEprug JJICKTpPOHA:
E~1,52-10%.(3-10°)* ~13,68-107 ~13,7-10™* JIx.
KuHeTnueckas sHeprus 31eKTpoHa:

~5,12-10° ~ 0,512-10° 3B.

0

m=

~15,2-107" = 1,52-10™ «kr.
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E, ~13,7-10 -8,19-10™ = 5,49.10™ =5,5-10™ JIx.
(Omeem: E,~8,2-10™ Jix=0,52 MaB; m=1,52-10" kr;
E~13,7-107" JIx; E, ~5,5-10™ Ix.)

3adaua Ne 2
Yaiinuk ¢ 2 xr Bojs! Harpenu ot 10°C g0 xunenus. Ha ckoneko u3-
MeHMJIach Macca Boael? (Omeem: yBenuIuinach Ha 8,4-107%2 KT.)

3aoaua Ne 3
Ha cko/iBKO M3MeHseTcsa Macca | KT JipJa fpH rviaBineHun? (Omegem:
yBenuuMBaeTcs Ha 8,4-107'2 kr.)

3aoaua Ne 4

Ha ckoneko OTIMYaeTcs Macca MoKos NPOAYKTOB CropaHus | Kr ka-
MEHHOTO YTJIs OT MacChl OKOS BEIIECTB, BCTYNAIOIIHWX B peakuuo? (Om-
éem: Macca TIOKOs IPOyKTOB cropanus Ha 3,2-107'° xr MeHb1ne.)

3adaua Ne §
HaiiTi KHHETHYECKYIO SHEpTHio 3nekTpoHa (B Ms3B), aemxymerocs
co ckopoctbio 0,6 ¢. (Omeem: 0,128 M»3B.)

V. IloaBeaeHue HTOFOB YPOK2

Jlomamuee 3ananue
. 80.
P -1087; P - 1989.

Ypok 91. Kourposnuas paora
no TeMe: «PeJISTUBHCTCKAA MEXaHHKAY

l(ams: BBISABUTH 3HAHHUA YYALIUXCH MO TEMEC «PensaTuBucTCKas Mmexa-
HUKa».

Xoa ypoka

Bapuanm I
1. Ecnu 3neMeHTapHas yacTHIa ABIKETCH CO CKOPOCTBIO CBETA, TO ...
A. Macca nokost 9acTuIl paBHa HYJIIO.
b. Hactiua obnagaer 31eKTpUYECKHM 3apAL0M.
B. Ha yacTuny He JieiicTByeT rpaBHTallHOHHOE TOJIE.
I'. YacTiua He MOXET pacrafaTscs Ha Apyrue.
J1. YacTHua MOXeET YBEJIMIHTL CBOK) CKOPOCTE.
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2. Hon, obnanarommii ckopoctsio 0,6 ¢, ucityckaer GoToH B Hanpas-
JICHAH, IIPOTHBONONOXHOM CKOPOCTH JiBIDKeHHMs MoHa. KakoBa ckopocts
¢oToHa oTHOCHTENBHO HORA?

A . 06c.
B.1c.

B.0,8c.
I'.04c.
A 16c¢.

3. C xocmuueckoro kopabi, ynansionierocst oT 3eMIIH O CKOPOCTBIO
0,75 c, cTapTyer pakeTa B HampaBICHHH ABHXCHHA Kopabnsa. Cxopocts
pakeThl oTHocHTENBHO 3eMir — 0,96 ¢. KakoBa CKOpOCTb pakeThl OTHOCH-
TeNbHO Kopabns?

A.0,7c.
B.0,75c.
B.038c.
I.085c.
J.096¢.

4. C kakol CKOpOCTLIO AOJDKHA JIETETh pakeTa, YToOBl BpeMs B Hei

3aMeJuIsnocs B 3 paza?
A.2,77-10° m/c.
B. 2,8-10° w/c.
B. 2,83-10° m/c.
I. 2,89-10° m/c.
1. 2,96-10° m/c.

S. BuelnHee 3nekTpHyeckoe none cosepuiaet paboty 0,26 v’d no yc-
KopeHHio 3nekTpoHa. C Kakoil cKOpoCThIO OyJIeT HBHTaThCA 3NEKTPOH,
€CJIH €ro HayanbHas ckopocts 0,5 c?

A.06c.
b.0,7c.
B.0,75c.
I.0,8c.
J.0.85c¢.

Bapuanm IT
1. HoH, nony4usmnii B yckoputene ckopocts v = 0,8 M, ncmyckaer

¢doroH B HanpaBneHUM CBoero ApibkeHHs. Kakora ckopocts (oToHZ OT-
HOCHTENIBHO MOHa?

A . 1,8-c.

B.02-c.

B.c.

Ir.09-c.

JA.04-c.
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2. Jlpa na3zepHRIX MMITYNbCA H3IYHAIOTCA B BaKyyMe HaBCTpedy IpYyr
Ipyry. C kakol CKOPOCTBIO OHM PacIpPOCTPAHAIOTCA OTHOCHUTENBHO APYT
apyra?

A2-c
b.c.
B.0,5-c.
1,5 c.
H.0,75-c.

3. JiBe raymakTHKH pa3beraroTcsd OT neHtpa Bceenenuoii B npotusono-
JIOXKHBIX HAMPABICHUAX C OMMHAKOBBIMHE CKOpoCcTAMH 0,8 ¢ OTHOCHTENBHO
ueHTpa. C KaKko# CKOPOCTBIO OHM YAANAIOTCS APYT OT Apyra?

A.0,97c.
B.0972¢.
B.0,974 c.
I.0,976c.
A. 0,09 c.

4. Paketa nBuxkercs co ckopocTeio 0,968 ¢. Bo ckoanko pa3 Bpems,
H3MepeHHOE B paKeTe, OTAHYAETCA OT BpPEMEHH, U3MEPEHHOTO TI0 HENoI-
BIDKHBIM Yacam?

A. 5 pas.

B. 4 paza.
B. 3 pasa.
I'. 2 paza.
I. 1,5 paza.

5. Kakyio paboty (8 MaB) Hano coBepunTh ISl YBENUICHHA CKOPO-

¢t snexrpona ot 0,7 ¢ 10 0,9 c?
A. 0,46 MOB._
B. 0,5 M3B.
B. 0,54 M3B.
I". 0,6 M3B.
L. 0,66 MOB.

Omeems! K KOHMPONLHOL pabome:

Homep Bonpoca 1 oTBeT

1 2 3 4 5
Bapuanm 1 A b B B I
Bapuanm 2 B b r b A
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Fmasa 10. N3nyueHue U cnexkTpbsl

Ypok 92. Buast nanydennii. UcTouAMKH cBeTa

IIeJlb.‘ IMO3HAKOMHTH Y4alluxcsa ¢ BHIaMu HBIIy‘{CHPIi;I.

Xon ypoka

1. OpraHH3anHOHHKLIH MOMEHT

I1. M3yuenue HOBOro MaTepuaia

CBeT — 3TO 3NEeKTPOMATrHUTHbIE BOJHBI C JJIUHOH BOJIHBI 4107 M u
81077 M. DNeKTPOMATHHTHbIC BOJHBI H3IYHalOTCA HPH YCIOBHH YCKO-
PEHHOTO ARMXKEHHSA YaCTHIL. DTH 3apsKeHHBIE YAaCTHIILI BXOAAT B COCTAB
aTOMOB, M3 KOTOPBIX COCTOHT BelleCTBO. BHyTpH aTroma Het cBeTa. [lis
TOro YTOOBI aTOM Hauall H3NY4aTh, EMY HEOOXOXHUMO NeEpeNaTh SHEPTHIO.
H3znyuast, aTOM TepAeT NONYYEHHYIO SHEPTHIO M JJIA CBEYCHHS BEILECTBA
Heo6XOMM NPUTOK SHEPTUM K-aTOMaM H3BHE.

Tennosoe usnyuenue

[Tpu cronkHOBeHHHM GHICTPHIX aTOMOB (HIIH MOJEKYIN) APYT € APYroM
YacTh UX KHHETHYECKOH DHepruu NpeBpallaeTcs B 3HEprHio Bo3byxne-
HHUS aTOMOB, KOTOpHIC 3aTeM HaIy4aloT cBer (ColnHlle, TaMna HaKalHBa-
HUS, TUIAMS U JIP.).

dnexmponomunecyenyua

TIpu paspsiie B rase snekTpHueckoe Hosie yBenuuuBaecT E; anekrpo-
HOB. BEICTphIe 31IeKTPOHBI BO30YKAAIOT aTOMBI B PE3YNLTATE HEYIIPYTOTO
COyJapeHHs ¢ HUMH. BO36YXIEHHEIE aTOMBI OTHAIOT SHEPIHIO B BHJC
CBETOBBIX BOJH (TPYOKHM uis peKIaMHBIX HAANMUCEH, CEBEPHOE CHAHUE W
Ipyrue).

Kamooonomunecyenyus
CBeycHHe TBEPABIX TEJ, BEI3BAHHOS GOMOAPAHPOBKOH 3THX TEN DJIEK-
TpPOHaMH (3NEKTPOHHO-Ty4YeBbIe TPYOKH TEIEBU3OPOB).

Xemunwomunecyenyus
DNEKTpOHBl BO3OYKHAIOTCA OT XMMHYECKHX PEaKIUil (CBETISAYKH H
JPYTHE XKUBBIE OPraHN3MBbI, GAKTEPHUH, HACEKOMBIE, MHOTHE PHIGHI).

DomonomunecyeHyus
[Tamatommit Ha BEIIECTBO CBeT BO30YXNAET aTOMBI BEINECTBA, MOCHE
eT0 OHH M3Ny4alOT CBET (CBETAUIUECS KPACKH).
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dxcnepumenm 1

Hsrotosaenue Goproro moMuHodiopa. B Bofe pacTBOPSIOT XBOHHEIH
XOHIIEHTpaT. Ha IyiacTMHKY M3 MeTala HACHIMAKOT YalHYIo JOXKy 6Op-
YHOH KHCIOTHL B Hee BBOIAT pacTBop XBOHHOIO KOHLEHTpara, IIOKa pac-
‘TBOp HE MpPEBPATUTCH B KAIIMITy. 3aTeM IUIaCTHHKY HarpeBaloT Ha 3NeK-

_"l'pPl'-leCKOﬁ TUIMTKE, NIPH 3TOM BOJA HCIIAPACTCA. Cocran HarpeBarT 00

ﬂ"(‘""i e YT

e

S

mnasnenns. [Tocne ocThiBanmMs MoMHUHOGOP FOTOB.

Ixcnepumenm 2

DiryopecuupyOMHe KUAKOCTH.

CTeKIsHHYIO KIOBETY HANONHUThL YHCTOH BOJOH H IOCMOTPETh Ha Hee
cboKy — Iyu B BoZie He BuzieH. Ecii Bogy 3aMEHHTh KEPOCHHOM, TO BHYT-
pH KIOBETEI TIpOCMaTpuBaeTcs CHHeBaro-Oeniecas monoca. Ilpuumna —
¢$nyopecuenus KepOCHHA. ITO MOXXHO HabMIONaTh B IaMIyHe «SI6mo-

- HeIi» 1 «CocHay.

3asucumocme uznyuenus HaAKAIEHHBIX METL 0N MeMNepamypbt

H3nyyenne HaKaNEHHBIX TE OYEHb CHIIBHO 3aBHCHT OT TEMINIEPATYPHL.
C NOBHIIEHHEM TeMIEpaTyphl 00Iee KOMMUECTRO H3NydaeMOil 3HEPrHH
3aMETHO YBETMYHBAETCA, HO Haubonee GBICTPO HApacTaeT HMHTCHCHB-
HOCTh BUIAMMEIX JTy4ci.

II1. 3axpennenne H3Y4eHHOro
— B 4eM nposBnseTcs TEILIOBOE JeiiCTBHE CBETA?
— Yrto Ha3piBaeTCA TIOMHHECLCHIMEH?
— Jaiite o6bacHeHHe ABYM BHIaM JIOMHHECLIEHIHH — (iryopecueH-
MU U pocdopecleHIHH.

1V. IlonBenenne HTOTOB yPOKa

JoManiHee 3anaHHe
m. 81. .

Ypok 93. JlaGopaTopHasi paGoTa
no teme: «Mcnoan3oBanue 3aBHCHMOCTH MOUTHOCTH
Ten10BOro HIJIyueHHs TeJia OT ero TeMNepaTypbd

HeJlll.‘ YCTAQHOBHUTH 3KCIICPHMEHTANIBHO 33KOH 3aBHCHMOCTH OOHOIO
mapaMeTpa OT Apyroro B CI)H3PI'-ICC](0M nmpouecce; UcCneaoBaTh 3aBHCH-
MOCTb MOIIMHOCTH U3ITyYCHHA HArpeTOro Tejia 0T TEMIICPATYypHL.

Xon ypoka

Ilopsanok BrinoJHenHs!
1. Ucnome3ys oMMeTp, HU3MEPhTe BJIEKTPHIECKOE CONPOTHBIECHHE R
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HHTH JaMmIsl OpH KOMHaTHOM Temneparype. IIpu u3MepeHHH ydTHTe
BIHAHHE COCAHHHTEIBLHBEIX MPOBOAOB Ha PE3yIbTaTel H3MepeHus. i
3TOro, mocjie W3MEPEHHS JIEKTPHYECKOro COMPOTHBNCHHUS HUTH JIaMIIbi
COEMHATE KOHIILI NPOBOOB, COEIUHAIONMX OMMETDP C BBOJAMH JIAMIIbL,
M CHHMHTE NOKa3aHHs OMMeTpa. [[id HaxoXJCHMA -CONMPOTHBIEHHS R,
HYXHO BRIYECTh M3 MOJYYEHHOTO B IEPBOM U3MEPEHHH 3Ha4YeHHs o01Iero
COIPOTUBIIEHUA R,; POBOJIOB ¥ HHUTH JIAMIIE 3HAYECHHUE COMPOTHBICHHA
NPOBOAOB R, MOMy4YeHHOE BO BTOPOM H3MEPEHHH:
R =R,;-R,,

Rl
l+at’

2. Vicnons3ys ¢opmyny R, = R, (1 —at) BRIYHCIHTE R =
TJIe { — TeMIepaTypa BO3lyXa B KOMHate, @ = 5-107 K.

3. CobepuTe 31eKTPHYECKYIO LIETb U3 JIAMITBl, HCTOYHHKA MOCTOAHHO-
T0 TOKa, BONBTMETpA H aMnepmeTpa (cM. puc. 88).

l_,/_

X ©

Puc. 88

TlonafiTe Ha naMiTy HanpsXKEHUE C ABYX NOCAEAOBATENBHO COCAHHEH-
HBIX TaJIbBAHNYECKHX 3JIEMEHTOB MM 3 BOJIBTA C BBIXOAA HCTOYHHKA NO-
CTOSIHHOTO TOKa.

H3mepbTe cuity Toka / B 1iend W Hanpspkenne U Ha namne. PesynbTa-
ThI 3aHECHTE B TabIH1LLy:

U,B LA P, BT R, OM T, K

4. TloBTOpHTE H3MEPEHUA, UCTIONB3YA 3, 4 ¥ 5 MOCICA0BATENBHO CO-
€MHEHHBIX 3JIEMEHTOB. Pe3ynbTaThl 3aHeCHTE B TabIHLLy.

5. MomHOCTs P f0oMKHa yBETHYMBATHCA € YBeJIHIeHHEeM abcomoTHOM
TEMIEPATyps! HUTH. TIpeanonoxkuM, 4ro 3Ta 3aBHCHMOCTb BBIPAXKAETCH
dopmyoii:

P=aT",

Tze n — Uenaoe 4uco.

Beiunciure:
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HIN . : " P

6. Tlocrpolite rpadHx 3aBHCHMOCTEH OTHONICHHS F or T nns pas-
“tprx auawenmii n. Ecim s ogsoro w3 asaveHmit n rpadguk Gyner ropu-
*30HTANLHO#N NMPAMOI, TO MPENONOKEHNE O CBA3H MOUTHOCTH M3Ty4ECHUNA

Pc Temnepatypoit T no 3akony P=aT" mis JAaHHOTO n OKAXKETCA KC-
NEPHMEHTANBHO NOATBEPAACHHEIM.

KonTpoiLHRE BONPOCH:
1. Kaxum o0pasomM B nanHoi paboTe onpeenseTcs TeMneparypa Huru?
2. Kakum 0OpazoM oONpesenanach MOIMHOCTh TEIIOBOTO H3My4YeHHs
HHUTH JIaMTI?

o P
3. C Kakoif 11lens10 CTPOICA rpadHK 3aBHCHMOCTH OTHOLICHHS Il oT

T npu paznwgHeIX 3Ha9cHAAX n?
4. BiM3KHA JM NONy4YCHHLIC BaMHM PE3yNbTaThl 3KCNECPHMEHTAa K pe-
3ynsTaTaM Mccnenosannii Credana u bonsimMana?

¥Ypok 94. CnexTpn H CHEKTPANLHDbIH ANAIN3

Ilens: nokasaTs NPaKTHYECKYIO 3HAYUMOCTD CIIEKTPATLHOTO aHATH3A.

Xon ypoxa

L. OpranuM3aunonHEIH MOMEHT

I1. May4yenue HOBOIO MATEPHAID

CnoBo «cnextp» B ¢u3uky BBen HbloTOH, HCmOnk3oBaBIIHK €T0 B
CBOMX HaydHMIX TpyAax. B mepeBosge ¢ knaccudeckoll faThiHH CIOBO
«CTEKTP» O3HAYAET WIYX», KNPHBEACHHE, YTO AOBONLHO TOMHO OTpaXa-
€T CYTh ABJICHNA — BO3HHKHOBEHHE NMPa3iHMYHON pa{yTH HpH MPOXOXKAE-
HHUH GECLIBETHOTO COJJHEYHOTO CBETA Yepe3 NPO3padHyIo MpH3MY.

Bce MCTOYHHKH HE JalOT CBET CTPOTO ONPEAENCHHOMH JUTHHEI BOJHEL
PacnipezieieHRe H3Ny4YeHHS TI0 9aCTOTaM XapaKTepH3yeTcsd CHEKTPaIbHOMH

- NAOTHOCTBIO HHTCHCHBHOCTH M3ITyYEeHHA.

THOH cnexTpoB

Cnexmpu ucnyckanus

CoBOXyNHOCTh 9acTOT (MM JUIMH BOJIH), KOTOPHIE COJIEPXKATCA B M3-
JIyYEHUH KaKOro-inbo BEMIECTBA, Ha3LIBAIOT CIEKTPOM HeIycKaHus. Onn
OnIBalOT TpEX BHIOB. )
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Crnaownoil — 3TO CIEKTP, COAEpXalMH Bce JUTMHBI BOJIHBI OINpene-
JICHHOTO JHana3oHa OT KPacHOro ¢ y, =7,6-10" u no ¢uoneToBoro

Vp = 4.107 M. CrutowHo# CIIEKTp M3JIy4arOT HarpeThie TBEPABIC U KU/~

KHE BEIIECTBA, Ta3bl, HArpeThie Noa OONBIINM NaBIECHHEM.

Jluneliuamoli — 3TO CIEKTP, MCMYCKAaeMBblil ra3zaMi, nmapamu Majoi
TUIOTHOCTH B aTOMApHOM COCTOSHHM. COCTOHT M3 OTACNIBHBIX JHHUH pas-
HOTO WM OHOTO LIBETa, MMEIOUIMX pa3Hbie pacnonoxeHus. Kaxapli
aToM H3yuaeT HabOp HJIEKTPOMArHUTHBIX BOJH ONpPEACJICHHBIX HacTOT.
TTo3TOMy KaXkabIii XUMHYECKHHA 3IEMEHT HIMEST CBOM CIEKTp.

—

7 Puc. 89

Ilonocamvuii — 3T0 CHEKTP, KOTOPHIH HCMYCKAeTCs Fa3oM B MOJIEKY-
JIIPHOM COCTOSIHHH.

JIuneityaThlie U MoNOCaThie CIIEKTPbl MOXHO MOJIYYHTh IIyTEM Harpena
BEIIECTBA MITH NIPOIMYCKaHUs 3JEKTPHYECKOTO TOKA.

Cnexmpbsl noznowienusn

CrekTphl NOTJIOIEHUS MOMYYaroT, NpPOMyckas CBET OT HCTOYHHKA,
JAOLIETO CIUIOLIHOM CIEKTp, Yepe3 BEleCTBO, aTOMbI KOTOPOro Haxo-
JATCS B HEBO30YXKJICHHOM COCTOSIHHH.

napst wpau
— 1 -7 I-
- — s T —
— Tl
- Puc. 90

Cnexmp noznowjenus — 3TO COBOKYNHOCTb HacCTOT, MOTJIOUIAEMBIX
JaHHBIM BemecTBoM. CornacHo 3akoHy Kupxroda, BellecTBO norjiomaeTt
Te JIMHUY CNEKTPa, KOTOPBIE H UCIMYCKAET, SABIAACH HCTOYHUKOM CBETA.

OTKpbITHE CHEKTPANEHOTO aHAJIM3a BHI3BATIO JKUBON MHTEpeC AaxXe y
nmyOJIHMKH, MaJIeKOH OT HAYKH, YTO MO TEM BpEMeHaM CIly4alioch BeChbMa He
yacto. Kak Bcerna B TakMxX Ciyd4asiX, JOCYXXHE JIOOMTENH OTBICKAIH
MHOXECTBO APYTMX YUCHHIX, KOTOpBIE KOOBI BCE CHENANHN 3aJ0JIro 10
Kupxroda u Byn3sena. B oraHuHe or MHOXXECTBA CBOMX NpeIIIECTBEHHH-
koB, Kupxrod u ByH3eH cpa3y e NMOHAIM 3HaYEHHE CBOETO OTKPBITHA.
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OHH BHIEPBLIE OTYETIHBO YACHHIH cebe (M yOeaunu B 5TOM JPYTHX), 4TO
CHEKTPATILHRIE JIHHHH — 3TO XapaKTCPHCTHKA aTOMOB BELIECTBA.

IMocne otkpriTHa Kupxroda u Bynsena 18 asrycra 1868 r. ¢paHuys-
ckuif actponoM [Tbep-XKrons-Ce3sap XKancen (1824-1907) Bo BpeMa con-
HeuyHoro 3atMeHHs B MHaum Habmolan B CHEKTPE CONMHEYHOH KOPOHBI
KENTYIO TUHHIO HEW3BecTHOH NipUpoasl. [[Ba Mecsna CITyCTs aHTTHIHCKUIA
dusnk Jxo3edp Hopmanu Jlokeep (1836-1920) wayumncs wabmonarts
KopoHy CoJHIA He JOXHUAAfACh CONIHEYHBIX 3aTMEHHI U NpH 3TOM obHa-
PYXKHJI B €€ CIEKTpE Ty e XKENTyo JIMHHI0. HeusBeCTHRIH 3eMeHT, KO-
TOPBIH €r0 NCITyCKall, OH Ha3Ball FeJIHEM, T. €. COTHEYHEIM JJIEMEHTOM.

062 y4eHRIX HAIMCATH O CBOEM OTKPHITHH NMHChMa BO (DpaHIly3CKyIo
axaJeMHI0 Hayk, 06a nHuchMa NpHITY OJHOBPEMEHHO U OBUTH 3a4HUTaHbBI
Ha 3acefaHuy AkaaeMuu 26 okta6ps 1868 r. Takoe coBmajeHHe NOpasu-
710 aKaJEMHMKOB, 1 OHH PEUIHIH B YECTh 3TOT0 COORITHA BHIGHTEL MaMAT-
HY!0 30JI0TYIO MeJalhb — ¢ OAHO# cTopoHs! npoduns XKaxcena u Jloxsepa,
¢ apyroi — 6or AINNOJIOH Ha KOJIECHHIIE U HANTUCh: «AHAIN3 COJTHEYHBIX
npoTy6epaHueBy.

Ha 3emne renmit 6601 oTKPHIT B 1895 r. VieamoM Pam3aeM B Muxe-
panax Topus.

HccnenoBaHus cnekTpoB HCIycKaHHs M IOTTIOMICHHS NO3BOJSET YC-
TaHOBHTh KA4YeCTBEHHBIA COCTaB BellecTBa. KoNMYECTBEHHOE COIEpia-
HHE DJIEMEHTA B COECJAMHEHMH ONPEAENSETCA MyTeM HM3MEPEHUsS APKOCTH
CNEeKTPAILHBIX THHHA.

Metox onpeleneHus KaueCTBEHHOTO M KOJMYECTBECHHOTO COCTaBa
BEILLECTBA 10 €T0 CIIEKTPY HA3BIBACTCS CIEKTPAIBLHBIM aHATM30M. 3Has
IUTHHE! BOJIH, MCITYCKAaeMBIX Pa3lMYHBIMH TapaMM, MOXHO YCTaHOBHTB
HATHYHE TeX WIH UHBIX 3NEMEHTOB BEILECTBA. DTOT METOA OueHb YYBCT-
BUTENIbHBIA. MOXHO 0OHapyKHTh JJIEMEHT, Macca KOTOPOrO HE NpPEBBI-
maet 107'° r. CrexTpanbHEIil aHATH3 Chirpal GombuIyio ponk B Hayke. C
€ro NOMOILIBIO OB U3yYEeH COCTAB 3BE3N.

Bnaromaps cpaBHHTENBHOH NPOCTOTE M YHHBEPCATBLHOCTH, CIIEK-
TPaIBHBI aHaIHU3 ABNAETCS OCHOBHBIM METOJOM KOHTPOJS COCTaBa Be-
IHeCTBa B METAUIYPrUM M MAlTHHOCTPoeHHH. C TMOMOLIBIO CHEKTPATBHO-
ro aHamu3a OMNpeAensoT XUMHYECKHH cocTaB pyld M MuHepanoB. Crek-
TPANBHBLH aHATN3 MOXHO ITPOBOJUTH KaK 1O CIIEKTpaM IOIIOLIEHH, TaK
M 1o cnekTpaM uciyckaHus. CocTaB CIOXHBIX cMecei aHaTN3upyeTcs 110
MOJIEKYJIAPHOMY CIIEKTDY.

II1. 3akpenjieHne H3Y4UEHHOTO MAaTepHana
— Jlnneituatble CNIEKTPH! M3Ty4YEHHs AalOT BO3GYXAECHHBIC aTOMBI, KO-
TOpbIE He B3aUMOACHCTBYIOT MeXy coboit. Kaxune Tena uMeroT mi-
HeluaThlil criexTp uanydeHus? (CunbHo paspsdicerHble 2a3bl U He-
HacvlyjeHHble napbl.)
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— Kako#l criekTp HaioT packalieHHhie 1o0ena MeTaUIN, pacniaBJicH-
Helit Metain? (Cruiownoii.)

— Kaxoii cnexrp MoxHO HaOmoaaTs ¢ NMOMOINBIO CNEKTPOCKONA OT
packalicHHOH ciMpaiu eKTpuyeckoi amisi? (Crunownoil.)

— B kakoi arperaTHoM COCTOAHHH B JaGOpaTOPHAX CNEKTPAILHOTO
aHanW3a uccllenyIoT Jnofoe BEIIECTBO A ONPEICNCHHS €ro Jne-
MenTapHoro cocrtasa? (B zazoo6pasnom.)

— [louemy B CHEKTpE NOTIOMEHHA ONHOTO H TONO e XHMHYECKOTO
3JIEMEHTAa TEMHRIE JINHHA TOYHO PACTIONOKEHB B MECTaX IBETHBIX
JMHUA NMHEeHYaToro crekTpa M3ydeHus? (Amomer Kaxcd020 xu-
MUYECKOz0 NeMenma Ro20wam mosko me ay4u cnexmpa, Ko-
mopble OKu Camu u3Ty4am.)

— Yro onpeaensiercs 1o JHHHSM TIOTTIOLIEHHS CONTHEYHOroO cniekrpa?
(Xumuuecxuti cocmae ammocgpepor Connya.)

Jlomamnee 3a5anne
n. 81-84.

Ypok 95. Jla6oparopnasn paGora
no teme «Hab/ioaenue CIJIOMIHOrO H JHHEHYATOro CNEKTPOBY»

Obopydosanue: TPOCKIMOHHLIK anIiapar; CNEKTpalsHLIe TPYOKH C
BOJOPOJIOM, HEOHOM WM T€JINEM; BEICOKOBOJIETHRI HHIYKTOP; HCTOYHHK
NMHTaHu; MITATHB; COCAHHHTENBHRIC MPOBoAa (3TH MPHOOPHI ABIAOTCA
OGIIHMH U1l BCETO KJIACCa); CTEKIAHHAY IUIACTHHA CO CKOLIEHHBIMH Ipa-
HSMH (BBEIACTCH KAXKIOMY).

Xon ypoka

L IpoBenenne 3xcnepumMenTa

1. Pacnionoxwre niacTHHy TOPM3OHTAIGHO Nepe] IMazoM. CKBO3b6 IPaHH,
COCTaB/MIOMHE Yroii 45°, HabMoNaiTe CBETIIYI0 BEPTHKATHHYIO MOJIOCKY Ha
3KpaHe — H300paxenHe pazBIKHOMN 1IeJM MPOEKLMOHHOTO anmnapara.

2. BoytenuTe OCHOBHEIE HBETAa MOJYYEHHOTO CILIOMIHOIO CHEKTPa H
3aMMIINTE HX B HalmoJaeMoi nocneI0BaTelIbHOCTH.

3. [loBTOpHTE OMNKIT, paccMaTpHUBas NOJIOCKY Yepe3 rpany, obpasylo-
me yroa 60°. 3anuunTe pa3iHius B BHAE CNEKTPOB.

4. Habmonaiite nHHeHYaTREe CNEKTPH BOAOPO/A, Ie/iMs WIM HEOHa,
paccMAaTpHBas CBETAIMECA CHEKTPAIbHBIE TPYOKH CKBO3b I'DaHM CTeK-
JUIHHOH IacTHHLL. 3anHmmMTe HanGoee SPKHE JIHHHUH CTIIEKTPOB.

Jlomamnee 3ananue
m 81-84.
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Ypok 96. MudpakpacHoe ¥ yanTpaduoneroroe HIyuenue

HeJlb.‘ pacuIHpUTh 3HAHUSA 00 SNEKTPOMArHUTHBIX BOJTHAX.

Xox ypoka

L. Opranu3anHoHHbIA MOMEHT

IL. TloBTOpEHME

1118

Kakoif criekTp marOT Tenma, COCTOSIIHE M3 HEB3aUMONEHCTBYOLIMX
MeXY coboit Bo30YxaeHnbIx Monekyn? (Ionocuameie.)

YeMm OTIHUAIOTCS MUHEHYATHIE CHIEKTPBl HAMYHYCHUS PA3THYHBIX XHMH-
yecKHX 3NeMeHToB? (Konuuecmaom, pachonosxicenuem u yéemom nuHull.)
Jlns onpeseneHuss XUMHYECKOTO COCTaBa BELIECTBA HEOOXOMHMMO C
MOMOIUBI0 CIIEKTPOMETPA HCCIIEJIOBATE CIEKTp MMIYHEHHS H CPaB-
HHUTB €ro ¢ KaTajloroM CHEKTPOB M3JNy4eHHS XHUMHYECKUX SNIEMEHTOB.
Yro ans 3TOro HYXHO cAenaTh ¢ HeGONbIIOH HacThio BeuiecTsa?
(Hazpems, pacnnasump u uchapums.)

IIporomkute npeanokenune: «Ilo cnexrpanpHoMy 3akoHy Kupxroda
aTOMBI KaXKI0T0 XHMHYECKOTO 3IIeMEHTA MOTJIONAIOT TONERKO T JIy4YH
CIIEKTPa, KOTOPRIE ...» (OHU camu usyuaom.)

YeM OTAMYAIOTCH CTIEKTPBI U3NMYUCHUS METU ¥ CTallf, HArpeThIX 10
1000 °C? (ITpaxmutecku ne omaunaomcs opyzs om opy2a u A61Aom-
CA CROWHBIMU.)

Ilo KakuM creKTpaM MOXHO TIPOM3BOAMTH CHEKTPATbHBIA aHANN3?
(o nuneiiuampim, No2IOWeEHUR U UCHYCKAHUA.)

Kaxkoii xMMH4eckHii 3JIeMEHT BIIepBEIC GBUT OTKPHIT G1arogaps criex-
TpansHoMy aHanmay? (Ienuil.)

Yro onpeAensAloT H3MEpAS HHTEHCHBHOCTH CNEKTPANBHBIX JIHHHM
3neMenTa? (Konuuecmso oauHo20 3nemenma 6 uccnedyemotl npobe.)

Hzydenue HOBOro MaTepHana
HexoTopEie 3/IEKTPOMAaTHUTHBIC BOJIHK paHee He H3yuannch. Ho »tu

BOJIHBI OKPYXalOT Y€JI0OBEKA 1 UMEIOT JJIs1 HEFO BAXXHOE 3HAUYCHHE.

Hupaxpacrnoe uznyuenue uiu mennosoe

3xcnepumenm

BOAAHOH
MaHOMETp

Harperoe
TCNO

TCILUIOTPHCMHHK Puc. 91
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1. ByxeM H3MEHATH paccTOAHHE OT HCTOUHHKA M3IYUYCHHA IO NpUEM-
HHKA.

Bonpoc: N3Mmensercs TH HHTEHCHBHOCTH H3IY4eHHS MO MeEpe yaane-
HHSA OT HCTOYHHKA?

2. TToMeTHTe MeXAy MPHEMHHKOM H3NYUCHHS H HCTOUHHKOM H3JTyde-
HHs et Gymaru.
Bonpoc: Tlponyckaer nu 6ymara HabpaxpacHoe H3nydeHue?

3. TToo4epeHO MOMECTHTE JIUCT CTAHHONSA M JIHCT GyMarn Mexay Mc-
TOYHHKOM U3IYHYECHHUS U TIPUEMHHKOM.

Bonpoc: Kaxoii npenmer ny4ie nporyckaeT undpakpacHoe H3nyde-
HHe?

Yaempaguonemoeoe usnyuenue

CobepeM yCcTaHOBKY (cM. pHc. 92):

UCTOUHHK —
yasTpacdHoneTororo | ——————— 3KpaH
HaNlydeHHs T

1. OcBeTHM JIIOMUHECLIEHTHBIH KpaH.
OkpaH OyIeT CBETHTBCA.

Puc. 92

2. TlomecTuM MeXRY DKpaHOM M HCTOYHHMKOM YibTpaduosneToBoro
H3Ny4eHUs CTEKIIO. .

Crexno He TpoityckaeT yiusTpadroneroBoe uanydcHue. Kpome sroro,
yIbTpaduoIcTOBOEC H3NyUeHHE HOHM3UPYET BO3MYX, OTPAKAETCA METAN-
JIaMH, UMEET BRICOKYIO XMMHYECKYI0 akTUBHOCTE (poTobymara).

Bomasl, nMeronme 6ONpIIyIo JHHY, 4eM KpacHBIC, IPUHATO HA3bI-
BaTh HHOpakpacHeIMH. OHu ObUTH OTKpHITEI [enMeneM (1738-1822),
acTpoHoMoM M ¢u3sukoM, B 1800 r. npu ucCIeNOBaHUH pacIpene/IeHHS
SHEPryH B CIIEKTPE € MOMOINBIO 0MEHb UyYBCTBUTENBHOTO TEPMOMETpA.

VistpaduoneroBoe H3NydeHHe ObIIO OGHAPYKEHO aHTIHICKAM (u-
3ukoM BosmtactoHoM (1766—1828) B 1801 r.

IV. 3akpemieHHe H3y4eHHOr0 MaTepHaia
— Kaxkue nyuu Ha3piBaloTCA HHPpaxKpacHemMu?
—  Kakue qy4H Ha3bIBalOTCA YIBTPaGHOIETOBBIMU?
— Tlepeuucnure cBoiicTBa UHPPAKPACHOTO U YILTPAGHONETOBOrO M3-
JTy4EHHSA.
— Kakogsl ux crotictra?
— T'me oHM mpUMeEHSAIOTCA B TEXHHKE U B OBITY?
—  Kem u xorna GbLIH OTKPEITEI?
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~1¥, IlonBeaeHHE HTOTOB YPOKA

Jlomamnee 3axanue
m. 85.

Ypok 97. PentreHoBckue Jy4u

Ilem;: MO3HAKOMHTD Y4alllUXCA ¢ pEHTTEHOBCKUMH JIyJaMH, MOKa3aTh
HX NPAKTHYECKOE IPUMEHCHHE.

Xona ypoka

I. Oprann3auMoHHEIH MOMEHT

I1. M3y4yeHHe HOBOrO MaATEpHAJIA

B 1901 r. HoGenerckuii komutet llIBenckoit akaneMuu Hayk u3bpain
Pentrena nepseiM naypeatoM Hobenesckoii npeMun. IMeHHO ¢ paboThi
PeHTreHa Hayanace Lenb ONMMCTATENBHBIX OTKPHITUi, KOoTOpylo Pesep-
¢dopn HazBan repoUYECKMM MEPHOOM B MCTOPUHM (HM3HKH, TUIOABI KOTO-
pOro MbI ceifyac MOXHHAEM. '

Ko Bpemenn oTkpsiTus Pentreny 6s11o 50 ner. OH Ben pasMepeHHYIO
HM3Hb HEMELIKOTO npodeccopa, OTIUYAICH CTPOrOCTBIO CYXXACHHH U He-
3aBHUCHUMOCTBIO B3rsgoB. OH Geut yueHnkoM Pynoneda Knaysuyca, a
TaKKe M3BECTHOTO (PH3HKa-IKCIEpUMeHTaTopa ABrycta Anonsha Kyna-
Ta, MKONY KOTOPOTo NpOIUIH TaKkke 3HAMEHHUTHIE pycckue (Gu3MKM —
ITerp Hukonaesuy JleGenes u Bopuc bopucosud I'onuupiH.

K 1895 r. PentreH 6b11 aBTOpOM 50 HayuHBIX paboT, a ero akcnepu-
MEHTaTOPCKHH TaNnaHT 6bIn o6LIenpU3HaH.

Bo BpeMena Pentrena 3namenuras TpyOka ['eficmepa Omita u3BecTHa
yxe 6onee 40 ner, ¢ Hel paborann caMblie Bblaatomuecs ¢uzukn XIX
CTONIETHS, U BCE %4 MPUPOAA KATOJAHHIX JIyueil OcTaBanach HEBBISCHEH-
HOH. PeHTreH Taioke He ocTaBasics K Hell paBHORYLIEH H NPOBOJMI OIbI-
Tel. Kak U cOTHM HcclenoBaTesned, HabMoRan KpacuBOE KEITO-3€JCHOE
CBEYEHHE, KOTOPOE BO3HMKANO B MeECTE MAJCHHA KaTOJHBIX Jyded Ha
CTEHKY TpPYOBI, OTKJIOHEHHE 3TOTO MATHA MOJ ACHCTBHEM MarHUTHOIO
HOJIA U T. A.

Tak npomomkanoce 1o Bedyepa 8 HosOps 1895 r., xorma Pentren
BAPYT 3aMETHJI CBEYECHHE MOJIOCKM Oymaru, 1MoKphIToil ¢iyopecuupyto-
mei conbo Gapusi, KOTOpas Jiexasa B CTOpoHe oT pabotatomeit TpyOku
Kpykca. Bonee Toro, TpyOka Gbl1a B 3T0 BpeMs 3aKpbiTa HEMPO3PaYHBIM
KapTOHHBIM QyTIApoM. PeHTreH He ocTaBmil Oe3 BHHMaHHA JTO Ciy4ai-
Hoe HabmoaeHue: OH OBLT AOCTATOYHO 3pENbIM U ONMBITHBIM HMCCIENOBA-
TesieM, 4TOOR! Cpasy NOHATH 3HAYEHUE CBOETO OTKPHITHS.
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TlocnexoBao Mtk HeJCIb HANIPSXKEHHOIO TPYAa, B TeYEHHE KOTOPHIX
OH BeJeN (PUHOCHUTH eMy NHUILY B nMabopaTopuio M JaXe MepeHec Tyda
CBOIO KPOBATh.

K xoHuy nexabps PenTreH 3Hanm yxxe Bce OCHOBHBIE CBOHCTBa OTKPHI-
TBIX UM X-mydel (Tak OH MX Ha3Bad), BKJIOYAA MX 3HAUEHHE IS MEIH-
LIMHEI.

22 nmexabps 1895 r. MOXHO cunTaTh HadaloM (iarooporpaduu: cHHU-
MOK JIEBOil PYKH IoCIOXH PeHTreH, fojyuyeHHBIH B 3TOT A€Hb, BOLIE
BITOCIICACTBHM BO BCE KHHTH IO PEHTT€HOBCKHM JTy4aM.

28 pmexabps PeHITeH MOMOXWUNI O pe3yiabTaTax CBOMX HCCIeNOBaHUHN
duspueckoMy oO0lecTBY H OTNpaBWI CTaThlO C ONMCAHWEM CBOJICTB
X-myueil B HayuHbIif xKypHall. Kpome Toro, 110 00BI4al0 TeX JIET, OH HalK-
can micbMo B0 DPaHIy3CKYIO aKaJeMHIO Hayk.

OT1kpeiTHEe PeHTreHa BhI3RANO OecnpelieIEHTHBIA M MOBCEMECTHBIH
HHTEpPEC Cpel y4YeHBIX M HIMPOKOH MyOINKH: NOCTATOYHO CKa3aTh, HTO
cTaThto PeHTreHa B TEMEHHE HECKOJNBKUX HEeNb M3JaBajii HATh pa3 OT-
JeNHOH Oportopoii H MepeBeNnt Ha HeCKONBKO A3bIkoB. ToNbKo B Teye-
Hue 1896 r. 6p110 onmy6nukoBaHo ceine 1000 HayyHEIX paboT U OKOJIO
50 KHUT, NOCBAIICHHBIX M3ydeHHto X-nmydeil, a B MeauluHe X-ITy4YH CTa-
JIM MCTIONIB30BATH YK€ Yepe3 HECKOJIBKO HeJleNb.

ITy6auuHEIe IOKa3bl HOBOTO SBJIEHHA MPOBOIWIHCH MOBCEMECTHO, Ha
HHX XOIHMIIM KaK B TeaTp, MpH BHJE YENOBEYECKHX KOCTeil Ha 3KpaHe B
MyOJIHKE CIyHaTHCh HCTEPUKH H 0GMOPOKH.

B mae 1896 r. 3namMeHuTHIH Daucon noctpoun B Heto-Hopke nemon-
CTpallMOHHEIN ammapaT, KOTOPHIH NO3BOSI KDKIOMY NOCETHTEIHO YBH-
JIeTh TeHb OT CBOeH PYKH. DTOT ONBIT OKOHYHIICA TParn4eck: AEMOHCT-
paTop DAMCOHAa yMep OT TSXKENBIX OXOTOB. BeposTHO, M JuIs caMoro
PentreHa paBora ¢ X-mysamu He npouuia GecclefHO: YEeTBEPTh BEKa
CIyCTsl OH yMep OT paka.

Crnoco6 mosydeHHs PeHTT€HOBCKUX JIyueil SCHO yKasbIBaeT, 4To 06-
pa30BaHHE HUX CBA3aHO C OCTAHOBKOH (MM TOPMOXEHHEM) OBICTpO JETA-
IIeTo 3eKTpoHa. JleTAIuil 31eKTpOH OKpY>KeH 3IEeKTPUYeCKUMH U Mar-
HUTHBIMH NIOIAMH, UO0 ABHKYIIHIICA 3JIEKTPOH NPENCTaBIseT coboi ToK.

OcTaHOBKa (TOPMOXEHHE) 3NEKTPOHA O3HAYAeT M3MEHEHHe MarHWT-
HOTO TOJS BOKPYI HEro, H3MEHEHHWE MArHHTHOTO HMJM JJIEKTPHYECKOTO
NOJIA BBI3KIBAET M3MyueHHE IEKTPOMATHHUTHBIX BOJH. DTH 3JI€KTpOMar-
HHUTHBIC BOJIHBI W HabmoJatoTcA B BHJEC PEHTTEHOBCKHMX myuei. [(ng yc-
TaHOBJIEHHS BOJHOBOH IPUPOJB PEHTTEHOBCKUX INydeill HeoOXxoaumMo
OBUIO MPOM3BECTH OMBITHI MO HX HHTepbepeHIMM WiIH Judpakimu. OnHa-
KO OCYIWIECTBHTH TaKHeE OTIBITH OKa3aI0Ch O4eHE TPYAHOI 3afaueii.

3ty 3ajgady peminn HeMeukwit ¢usuxk Makc Jlays (1879-1960). B
1912 r. B kauecTBe AMPPAKUHOHHOM PEMIETKH A/ ONbITa OH MCHONB30-
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‘BNl €CTECTBEHHLIH KPHCTALI, B KOTOPOM aTOMBI PacroJIOKEHK! B Mpa-
{BHJIGHOM TTOpAJIKE.

TIL. 3akpennenve H3y4eHHOT 0 MAaTEpHaa
— KeM H Korja Brepebie CACNAHO OTKPHITHE PEHTTEHOBCKHX JTyueii?
— KakoBbl Hx cBoiicTBa?
— ['ne oHH NpUMEHAIOTCA B TEXHHUKE H ObITY?

JlomMawnee 3aaanne
. 86.

A

JlononHATEALHLIA MaTepHa

Pentren Bunsrennm Konpan

BunsrensM Konpan Pentren poawncs 17 mapra 1845 r. B norpanuuHoii ¢
Tonnanaueit obnactu I'epManu, B r. Jlenene. On nonyunn TexHuieckoe o6pas3o-
panue B L{iopuxe B To# camoil Buicuieit TexHuueckoii wkone (MONUTEXHHKyMe), B
KOTOpo# modxe yuwnca JiiHwTelH. YaieyeHne GHIHKOH 3aCTABHIO €ro noclyie
OKOHYaHU#A LWIKONL! B 1866 r. npoaonkuTh GpH3KHuecKoe 06pa3oBaHHe.

3aumurtue B 1868 r. guccepraumio Ha creneHs goxropa dunocodpun, oH pabo-
TaeT aCCHCTEHTOM Ha kadenpe ¢H3HKH ~Hadana B Lliopuxe, notom B ['Hcene, a
3ateM B Ctpacbypre (1874-1879) y Kynara. 3neck Penrtren npouen xopowyio
3KCMIEPHMEHTANIBHYIO LIKONY W CTaN MEPBOKJIACCHBIM 3KCMEPHMEHTATOpPOM. OH
NPOU3BOAHA TO4YHBIE M3MepeHHs oTHoueHus C,/C, mis rasos, BA3KOCTH W AM-
3MEKTPHUIECKOH MPOHHI[AEMOCTH PAJIa HAKOCTEH, HCCNEAOBAN YNPYTrUe CBOHCTBa
KPHCTALIOB, HX NBE303AEKTPHUECKHE H MUPOINEKTPHYECKHE CBOWCTBA, H3MEPAN
MarHHTHOE 1OJIE NBUXKYINUXCA 3apaaoB (Tok PeHtreHa). YacTh BaXKHBIX HCcneno-
BaHMii PEeHTreH BHIMONHUA CO CBOHM YYEHHKOM, OJJHHM M3 OCHOBaTeneii coBeT-
ckoii pusnkn A.@. Hode.

HayuHsle ucCneoBaHHA OTHOCATCA K 3NEKTPOMArHeTH3My, pH3UKe KpucTai-
TIOB, ONITHKE, MOJIEKYJIAPHOH (H3HKe.

B 1895 r. oTkpsin H3ny4eHHe C [THHOH BONHBI, Honee KOPOTKOH, HEXENH TH-
Ha BOAHB! ynbTpaduoneToBbix ay4eii (X-ny4H), Ha3BaHHOE B JaNbHEIHILIEM pPEHTTe-
HOBCKUMM JIy4aMH, ¥ HCCNEA0BaN HX CBONCTBA: CMOCOBHOCTh OTPAKATLCA, NMOTIIO-
IATbCA, HOHHIHPOBaTh BO3AYX H T. A. IlpeanoxkHn npaBHNBHYO KOHCTPYKLHIO
TpyOkH Ans nomyuenus X-nyueH — HAKJIOHHBIH NNATHHOBBIA AHTHKATOJ H BOTHY-
TR katon. Ilepewii cnenan (OTOCHHMKH NPH TIOMOIIM PEHTMEHOBCKHX Nyueif.
Otkpein B 1885 r. MaruuTHOE NoNe AMBACKTPHKA, ABWKYILETOCA B AMEKTPHYECKOM
none (Tak HasLIBAaEMEIH (PEHTreHOB TOk»). Ero onbiT HarnsgHo mokasan, 4To mar-
HHUTHOE TNOJIE CO3JAETCA MOABKXKHBIMH 3apANaMHu, H HMENI BAXKHOE 3HAYEHHE UM
co3nanna X. JlopeHueM aneKTpoHHOH TeOpHH. 3HaUHTENIbHOE YHCNo pabot Pentre-
HA MOCBALLICHO HCCJIEAOBAHHIO CBOWCTB XHAKOCTEH, ra3oB, KPHCTALIOB, JEKTPO-
MarHHTHBIX ARJICHHH, OTKPbLJI B3AKRMOCBA3b NEKTPHYECKHX H ONTHYECKHX ARNCHHH
B KpHCT/ILax. 3a OTKpuITHE Ny4ei, HocAtMx ero Hms, Pentreny B 1901 r. nepsomy
cpeay ¢u3nxoB Oruta npHcyxaena HobesieBckas npeMHs.

C 1900 r. ¥ go nocneuux AHeil %u3HK (ymep oH 10 despana 1923 r.) ou pa-
6ortan B MIOHXEHCKOM YHHBEPCHTETE.
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Ypok 98. lllkaja 3.1eKTPOMATHHTHBIX BOJIH

Heﬂb.‘ PacCMOTPETH KAy 3JICKTPOMArHHTHHIX BOJIH H UX CBOICTBA.

Xoa ypoka

1. OpraHH3alHOHHBIH MOMEHT
I1. HosTOpeHHE HIYYEHHOTO

— T'me HaxoauTcs MHPAKPaCHBIH YYacTOK criekTpa?
— B Kakux npejienax 3akIiO4YeHsb! JUIMHBL BOJTH HH(PAKPaCHOTO H3Iy-

YyeHus?

= Yo sBNAETCA UCTOUHUKOM MHOPAKPACHOTO M3TyYeHHS?

—  OnuumTe cBOHCTBa HH(PAKpaCHBIX ydeH.

— Kakoe M3JyueHHe Ha3BIBAIOT YIBTPaQHOIETOBRIM H3TyUEHHEM?

— B xakux npenenax 3aKiarodeHbl JTHHBI BOJH HITH 4acTOTHI YBTpa-

(uoneroBoro HaTydcHUs?

—  Yro sBNseTCA UICTOYHUKOM YIIBTPaHOIETOBRIX JTyueit?
—  Kakumn cBoficTBaMu 061a1at0T ynbTpadHoIeToBEIE TyuH?
— Hapucyiite cxeMy M o6BICHHTE YCTPOACTBO W NPHHLMIN paboTE!

PEHTTEHOBCKOH TpYOKH.

— B kakux npeaeinax 3aKnOYEHb! JUIHHBL BOJTH pEHTICHOBCKOTO HU3JTy~

qeHHA?

- HCpC‘lHCJ’IHTC HUCTOYHHKH PEHTTCHOBCKOI'O H3JTyUCHH.

1. 3y1enHe HOBOTO MATepHAJIA

Obwue ceolicmea u xapaxmepucmuKy INEKMPOMazH UHIHbBIX 60IH

CBoilcTBa

XapakTepucTHKH

1. PacnpocTtpanenye B IpocTpaH-
CTBE C TEUEHUEM BpEMEHH

CKopOCTh 3/IeKTPOMArHUTHBIX BOJTH
B BakKyyMe MOCTOSHHas W paBHa
npubmsurensHo 300000 xm/c

2. Bce BOJHEI NOTJIOWAKOTCA Be-
IIECTBOM

Pazmuuneie k03QGHUHEHTHI TO-
TAOIEHUA

3. Bce BonHb Ha rpanuile pasnena
JBYX CpeX HYacTH4YHO OTPaXKaroT-
s, YaCTUYHO TIPETIOMIIAIOTCA

3aKOHBI OTpaXEHHA U Tpeomie-
nua. Koaduumentst otpaxxenns
JUIA PasIHYHBIX Cpell U pasiud-

. HBIX BOJIH

4. Bee aneKTpoMarHUTHbBIE H3NY-
YEHHSA TIPOABJISIOT CBOHCTBA BOMH:
CKIANLIBAIOTCA, OrubaloT MNpendr-
crBue. HecKONBKO BONH OJHOBpE-
MEHHO MOTYT CYLIECTBOBaTh B
OJITHOM 00JIaCTH MPOCTPARCTRA

IlpuHumn cynepmosduud. [lns
KOI€PEHTHBIX HCTOYHHKOB IIPaBH-
na  ONpEjENeHHs MaKCHMYMOB.
IIpunuun Trojfirenca — ®penens.
BonHEl Mexny coboil He B3auMo-
JIefCTBYIOT
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s

5. CnoxHple 3NE€KTPOMAarHUTHole | 3aBUCHUMOCTh TOKa3aTeNns Iipe-
BOJIHBl MpH B3aHMOJCHCTBHH C | IOMJICHHS Cpelbl OT YacTOTHI
BEIECTBOM PpacKIAABIBAIOTCA B | BOJNHBL. CKOPOCTH BONHBI B Belle-
CIIEKTp — AUCHEPCHS CTBE 3aBHCHT OT [PEJIOMJICHHA

c
cpeasl L =—
n

6. BonHel pa3Hoit MHTeHCUBHOCTH | TIIOTHOCTH MoTOKA M3MyyeHHs |

PaauoBoaHbI
v=10°-10" T'y; A=10"-10" m.

IMony4aloT ¢ NoMOLIBIO KoNeGaTEeNbHBIX KOHTYPOB H MaKpOCKOIUYE-
CKHMX BHOpaTOpOB.

Ceoiicmsa

PasnoBOHBI pa3IMYHBIX YaCTOT U C Pa3jIMYHBIMM JUIMHAMU BOJIH 110~
pa3sHOMY NOrJOLIAIOTCA M OTPAKAIOTCA CPEAAMH, TIPOSBIAIOT CBOMCTBA
IudpakuMn U HHTEpEPEHIHU.

Hpumenernue
PaguocBssb, TeneBUACHHE, PANHOJIOKAIHSA.

Hudpaxpacnoe niayuenne
Tennosoe
v=3-10"-4-10" Tuy; A=8-107-2:107 m.

W3yqaroTcs aTOMaMM M MOJIEKYJIaMH BEILECTBA.

HHppakpacHoe uznyueHue JAOT Bee Tena npu moboit Temneparype.
YenoBek M3Ty4aeT 3EKTPOMarHHTHBIE BOJIHEL:

A%9:10° m.

Caoiicmea

IIpoxoauT Yepe3 HEKOTOPEIE HEMPO3paYHEIE TENa, IPOU3BOJUT XUMH-
geckoe AeHCTBHE Ha (POTOMIIACTHHKH, TOTJIONMAACE BELIECTBOM, HarpeBa-
€T €70, BbI3KIBAET BHYTPEHAHH POTOIPPEKT y repMaHis, HEBHIAMMO, CIIO-
co6Ho K sBNeHNAM HHTephEpeHLUMH ¥ AU PAKIHH.

Peructpupyercs TenNOBEIMH METOJaMH, (POTOINEKTPHIECKUMY H (o-
TOrpaduUECKUMH.

I1pumenenue
ITomy4aroT n300paXkeHHss MPEAMETOB B TEIIOTE, NMPHOOPEI HOYHOTO
BUJICHWUS, CHCTEMBl CaMOHaBeAeHuA. HcHonb3yloT B KPUMHHATHCTHKE,

. (bmum'epanmd, B IPOMBIIUJICHHOCTH AN CYWIKH OKpAUICHHBIX H3}.ICJIPIﬁ,

CTeH 3/1aHHii, APEBECHHBI, PPYKTOB.
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Buaumoe wiryuenue S
YacTth 3MEKTPOMArHHTHOTO U3JIyYeHHs, BOCIpUHUMaeMas ria3oM (OT
KpacHOTo J10 ¢HONETOBOrO):
v=4-10"-8-10" Ty, A1=8-107-4-107 m.
Ceoiicmsa
OTpaxaercs, NpeJOMIACTCA, BO3AEHCTBYET Ha I7na3a, CHOCOOHO K
IucnepcHu, HHTepdepeHIMH, TH(PAKIHH.

YarTpaduoneroBoe HiTyueHne
v=8-10"-3-10"Ty, A=10"-4.10" ™
(MeHblIe, 4eM Y (PHOETOBOTO CBETA).
Hcrounnxn: rasopaspsajHbic MawMHel ¢ TpyOkaMu K3 kBapua (kBap-
[EBHIC JIAMIIED).
H3nyyaercs BceMH TBEpJBIMH TeJIaMH, y kotophix t > 1000 °C, a Tak-
e CBETALIMMHCA NapaMH PTYTH.

Csoiicmea

Bricokas xuMHuecKas aKTHBHOCTh (pa3ioxeHHe xiopuuaa cepebpa,
CBEUCHHE KPHCTAUIOB CylbujIa LHHKA), HEBUAMMO, Gonpmas NpoHH-
Kalolas crnoco6HOCTh, yOHBaeT MHKPOOPraHK3MEI, B HeOONBIIMX 032X
6naroTBOpHO BIMAET HA OPraHH3M YejoBeka (3arap), Ho B 6ONBIIKX J0-
3aX OKa3bIBAET OTPHLATENLHOE GHONOTHYECKOE BO3ACHCTBHE: H3MEHEHHE
B pa3BHTHH KIICTOK H 0OMeHe BEILECTR, ACHCTBYET Ha riasa.

Ilpumenenue
B meannune, NpoMBILUIEHHOCTH.

PeHTreHoBcKHe JIyuy

Hanyyaiorca npu GONbIIOM YCKOPEHHHM JNEKTPOHOB, HanpHMeEp, HX
TOPMOXEHHH B METAJIAX.

TTomy4asoT NMpH MOMOINH PEHTTEHOBCKOW TPYOKH: 3MEKTPOHEI B BaKy-
yMmHo# Tpy6ke (p = 10°-10° T1a) ycKOpAIOTCA SNMEKTPHUCCKHM TONEM [pH
BBICOKOM HAITPHKEHHH, IOCTHIas AaHOJA, NIPH COYIAPEHHH Pe3KO TOPMO3AT.

TIpH TOPMOXKEHHH INEKTPOHBI JBWKYTCH C YCKOPEHHEM H HTy4aloT
3NEKTPOMArHUTHHIE BOJHBI ¢ MaNO# JmvHo# o1 100 uM 10 0,01 HM.

Ceaiicmea

Hurepdepenuus, AMPpakuys PEHTITEHOBCKHX JIyuell Ha KPHCTALIH-
Yyecko#l pemietke, Gonbas npoHHKalomas cnocobHocte. Ob6nyuyenue B
GonbIIMX A03aX BEI3bIBACT JyHEBYHO DONE3HE.

ITpumenenue

B MeauuuHe (auMarHocTka 3a6oNeBaHHi BHYTPEHHHX OPraHos), B
NPOMBILLUICHHOCTH (KOHTPOJb 33 BHYTPEHHEH CTPYKTYPOH PpasiIH4HBIX
H3/IeNHH, CBapHBIX IIBOB).
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Y-u3MepeHue
v=310" T, A1=3,3-10" m.
HCTO'{HP[KH: ANCPHBIE PEAKLUH.

Ceoiicmea

Hmeet orpoMHylo MPOHHKAIOIIYI0 CNOCOOGHOCTD, OKA3bIBacT CUIIBHOE
6uonornyeckoe RO3ACHCTRHE.

Ilpumenenue
B mMeauuuye, npOMBILIIEHHOCTH (Y-A€EKTOCKOTIHA ),

Bsigoo

Bces mikana 35ieKTPOMArHUTHEIX BOJH ABASETCSH CBUAETENLCTBOM TOTO,
4TO BCE HINMYYEeHHS 06MaAal0T OQHOBPEMEHHO KBAHTOBEIMH H BOJTHOBEIMH
cBolicTBaMu. KBaHTOBEIE U BOJIHOBHIE CBOHCTBA B 3TOM Clly4yae He HC-
KII0YaloT, a JONOIHAIOT APYr Jqpyra. BoiaHoBbie CBOHCTBA Apue MpoOsB-
JIAIOTCA TPH MaibIX 4acToTaX U MeHee Apko — NipH Goaemmx. K Haobo-
POT, KBaHTOBBIE CBOMCTBA Ap4e MPOABIAIOTCSA FNpH GONBILMX YACTOTAX H
MEHee SpKO — MpU MaiblX. YeM MeHbLIe AJTMHA BOJHBL, TEM spde NposB-
JISIOTCS KBRAHTOBBIE CBOHCTBA, a yeM Gojble JJIMHA BOJHBI, TEM fApYe
TIPOABIIAIOTCA BOJIHOBHIE CBOMcTBA. Bce 3TO CIYXMT HOATBEpJEHUEM
3aKOHA JHAEKTHKH (TIEpeXOA KOJNHYECTBEHHBEIX H3MEHEHMH B KayecT-
BEHHEIE).

IV. 3akpensienne n3y4eHHOro MaTepuasa
— Yro mo3pongeT OOKEIMHUTE BCE BHABI 3JIEKTPOMArHHTHOTO H3IY-
YEeHHS B OJIHY LIKANY SNCKTPOMAarHUTHBIX BOIH?
— Ha kaxue BHABI H3TyyeHUi TMPHHATO IETWUTH LIKaNy 3JIEKTpOMar-
HUTHEBIX BOJH?
— Ha3spIBas BHAB 2JEKTPOMArHUTHBIX H3NIYyHeHHH, yKaXHTe UX IHa-
11a30HBI JUTMH BOJH WM JHAMA30HbI YacTOT.

V. lloaBeaenne HTOroB ypoka

JlomamHee 3apanne
m. 87.

Ypok 99. Hrpa «Yre? I'ne? Korna»

Ifeau: o6o6muTs, CUCTEMATH3UPOBATL 3HAHMA To Teme «Mznyde-
HHE»; COBEpIICHCTBOBATS HABHIKH DELICHHS 33134 pa3IM4yHOro THIIA;
PACIUMPHTE KPYro3op ydJamuxcs.
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Xon ypoka

MoaroroBka k ypoky

[Tepen nHayanoM ypoka-urpel orjaiuaroTes npaBuna. HasHawarotes
KanuTaHbl KoMaH. KanuTaHsl Ha THCTOYKAX NMHIIYT CIIMCOK 4YIEHOB CBO-
eif KOMaHJb! U MPOCTaBIMOT Moboe ABy3HauHoe uucino. Komanaa, obo-
3Ha4MBIlIas HAUMEHBIIEE YUCIIO, HAYHHACT HIPY.

Bonpoce! coCTaBNseT caM Y4YHTENb HJIH COBMECTHO C aKTMBOM CTap-
mux yyamuxcs. Kaxasiii Bopoc 2o/mkeH HAUMHATBCS € OJHOTO H3 CHOB
Ha3BaHHA UrphI («4YTO, TAE, KOTAa, odyeMy?») U ObiTh MHTepecHsM. Ha
BCE BOTIPOCH! Y BEAYLIETO 3apaHee JOMKHBI ObITE IPaBHIBHBIE OTBETHI.

Ycnosus urpel

— Ha 06 1yMBIBaHME BONpoca qaercs | MHH;

— ecJIM KOMaH/Ia, IOCOBELIABIINCE, AT NPaBUIBHBIA OTBET, TO KaX-~
JIBTH ee YYACTHHK MOy4aT OJHO OYKO, a OTBEYABIIMH — OYKO CO 3HAKOM
«+» (TI11I0C 03HAYAET YHET OTBETA);

— eCITH KOMaHAa He CMOTJIa OTBETHUTh Ha BOMPOC, TO HA HETO OTBEYAET
mo6oit 3puTeNb, NoTy4as 3a 9TO TOXE OYKO CO 3HAKOM «1»;

— BBICKa3BIBaThCS MOTYT Bce xenarouye. ExuncTseHHoe yenosme — He
TIOBTOPATHCH;

— eclld ¥ KOMaH/1a, ¥ 3pUTE/IH He OTBETHIIM Ha BOIIPOC, OH CHUMAETCH,
U BeOyIIUil 3a4HTHIBAET TPABHIIBHBIA OTBET;

— €CJIM KOMaHJa He Jana BepHBIH OTBET Ha MPEMJIONKECHHBIH el Bo-
npoc, oHa 0CBOD0XKAAET HTPOBOH CTO;

— KOMaHJa, TpaBWIBHO OTBEYalollas Ha BOMPOCH, MOXXET AaBaTh
HOApPsA OTBETH He HoJiee YeM Ha 5 BONPOCOB;

— BO BpeMs OTBETa HUKTO HE UMEET 11paBa JOOABIATh UK HCTIPABIATh
TOBOpALIETO. Y TOYHUTH BOTIPOC H OTBET MOXET TOJILKO BEIYLIMH;

— eJaloue NOMOJHHUTH OTBET, BHICKA3aTh YTO-TO MO XOJY HIpHI
0043aHbI MOAHATH PYKY;

— 33 OPUTHHAJIBHBIE JONOJIHEHHA BEAYIIIHI MOKET JAaTh TOBOPHBILEMY
HOOLIPHTENBHOE OYKO CO 3HAKOM «H»;

— 3a MOJICKa3KH, pa3roBOpHl, Mepenady MOACKa30K JKECTaMH MM 3a-
MMCKaMM YYacTHHKM WIpbl (B TOM 4HCIIE W 3PHTENH) MOABEPraloTCs
mTpady. Y HUX BEIYHTAIOT OAHO OYKO;

— B KOHILIE UTPHI YYaCTHUKH, HabpaBiue 6 u 6onee 0YKOB, MONYYArOT
JBE MATEPKH, 5 OUKOB — OLIEHKY «5», 4 ouka — «4». [IpaBo Ha oLlCHKY B
KypHaJie JaloT TOJIbKO OYKH CO 3HAKOM «+», CBHAETENRCTBYIOUINE O Ca-
MOCTOSTENbHOM TIOJTHOM H MIPaBHIBHOM OTBETE;
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— BEAYLOUM MOXeET OBRITh JTI0O0H YUeHHK 3TOr0 WIH ApYroro Kiacca,
1160 y4uTens,;

— BO BpeMs HIPHl MOXKHO MOJIB30BAThCS CIPABOYHON IHTEpaTypoii H
yueOHHKOM.

Bo3MoskHBIE BONPOCHI

1. [ToyeMy rpeMyusie U Jpyrue SMKOTOJIOBEIE 3MEH JIETKO OTHICKHBA-
I0T JOOBIYY B TEMHOE, HECMOTPS Ha TO, YTO HOYHOE 3PEHHE Y HUX He pa3-
BUTO? YeM 3T0 MOXHO 00BsicHUTL? (V makux ameti no obe cmopous! 20-
J108bl, MeXCOY HO30PE U 21A30M, UMEIOMCA 08Q KOHUHECKUX Y2IyONeHUs,
NO KpasM KOMOPHIX HAXOOAMCA 0cobble KemKu, YyecmeumenbHule K uH-
dpaxpacrvim ayuam. B nouckax oobviuu ames meoneHHo noasem u o6-
cnedyem 3eMnio U HUKUe Kycmul, CMAapaacs y10eums éce, Ymo meniee
Wi xonooHee okpyxcaroweli cpeovr. TemnepamypHas paswuya 6cezo
nuwb 6 0,0018 °C yoce 3acmasnsenm ame0 HAcCMopoxcumsca. 3amem ona
becuiymHo npubnudicaemcs K scueomy obvexmy, 6yob mo Aazywika, ox-
RANCOEHHAA 3a CHEM UCRAPEHUA 8A2U C KOJICU, UNU CRAWAS. hmuya, usu
opyzoe dcusomuoe. Hcnonv3ys ceou nepexpoléarouyue KOHUHeckue nons
mennoeoll yyecmeumenoHOCuU (MepMOIOKAmopel), 3Mes Modicem onpe-
denums, K020a UMEHHO OHA RPUBIUSUMCA K JHCUBOMHOMY HA PACCMOAHUE,
docmamounoe, Y¥mobul nopazums €20, OHA MOXNCem MAKdCe Y3HAMb O
nose u pazmepax 803MONCHOU JHCepmabl.)

2. [ToyeMy B npouecce co3peBaHHs pacTeHH OOBIMHO MEHSIOT LBET,
HAIIpUMEDP poOXb, MIIeHHLA, oBec H Ap.? (Bo epema ceoezo pazeumus
PAcmeHUs umeronm 3e1eHYI0 OKPACKY, MO eCmb OHU OMpaxicaiom 3eneHvie
AyHU U no2nowarom KpacHyio yacme cnekmpa. Kpacrnwle nyuu obnadarom
HaQubONBLWUM MENNo8bIM 3hghekmom u cnocobecmeyiom o0bpa3e8aHuIO
xnopogunna. B npoyecce cospesanus pacmenue He Hysxcoaemcs bonvuie 8
Op2aHuYecKux 6ewjecmeax U MeHAem OKpacky HA  3010Mucmo-
opaHdicesyito unu benosamyro. Pacmenue maxozo yéema noznowjaem sHa-
YUMENbHO MeHbUE KPACKBIX yuell.)

3. IloyeMy cunbHee HarpeBaeTcs Ha COJHIIE: XOPOMIO 3aropeBLIMM
YeIIOBEK WIIM COBCEM He 3aropeBummii? (Obpasosanue Kopuunesozo 3aza-
Pa ecmb camo3aupuma op2anusMa Om upesmeprozo Oelicmeus yiompa-
ghuonemosvix u @uonemogvix nyueil: AYy4U GbICOKOU HACMOMbBL CUNABHO
no2noWaOMCa IMuM HUSMEHMOM, 8bI3bl6AR MONbKO be3spednoe Hazpe-
sanue. Tlosmomy xopowio 3azopeswiuii uenoeex Hazpesaemcs Ha CONHYe
CUNbHee, YeM He 3020pPesuiull, HO OH He Uchbimblédem 8pedHO20 Xumuye-
CKO20 Oelicmeust C6emosblx Jyyeil.)

4. TloueMy B OpaHXepesix PAcTyT BEYHO3ENEHBIE PACTEHHMA, B TO
BpeMsS KaK Ha OTKPBITOM BO3JyXe €Ile He PacTasi CHET H TeMIlepaTypa

10 B. A. Bonxos
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Huke 0 °C? (Conneunbiii céem, ¢ komopom Haubonbuiee KOMUHECMBO
IHEp2UU NPUXOOUMCS HA OONI0 GUOUMbIX yyel, NPOHUKAem 8 OpaHice-
peio ¢ HesHauumenbHbiMu nomepsamu. Iloznowasce nowgol u pacmenus-
MU, OH @bl3bléaem Hazpeeanue, 8CledCmeue Ye20 HauuHaemcs obpammoe
ayueucnyckanue stepzuu. OOHAKO 3MO JYHeUCHyCKaHue cogepuiaemcs
UNDpaKpacHbiMu Ayvamy, O KOMOPbIX CMEKISHHOE Nepekpulmue He-
nponuyaemo. Takum obpasom, opaHdicepes aensemcs kax Ovl N106YUWKOU
015 COAHEYHOU FHEP2UU, KOMOPAA NO2N0UWAEm SHEPZUIO U OUEHb MAO ee
uznyyaem. Iloamomy @ opansicepesx dadice 6e3 UCKYCCMBEHHO20 nodozpe-
8a Modxcem b6blmb noRYyueHa 00CMAMOYHO GbICOKAA memhepamypa npu
CDABHUMENbHO CNABOM CONHEUHOM caeme.)

S. IloueMy TrHE3/1a TEPMHTOB UMEIOT (hOpMY KpbLa, TNIOCKOCTH KOTO-
poro obpalIeHsl TOYHO K BOCTOKY M 3anaiay. [loueMy TepMuTBI Tak CTpo-
At ceou xxwmima? (Takou gopmul u maxk copueHmupoeanHsvie coopydice-
HUSL MepmMumo8 no21owaiom MeHbie COMHeYHO20 Menia 6 NON0eHb, HO,
cobupas usnywaemoe menio om 60CX00a COMHYA U 00 CaAMO20 3ax00a,
VEEAUNUBAIOM NPOOONINCUMENLHOCMb MENN08020 OHSL OIS HAXOOAUUXCS 8
HUuXx TUYUHOK.)

6. IloueMy B T'yCTOM €NOBOM JIECY HET HM KpacHBIX, HU CHHUX, HH
KENTHIX LBETOB, — OHH Oefkle WK OneaHo-po3oBele. UeM 3To 00bACHSET-
ca? (B nonympaxe noo zycmelMu 6emesmu enell Xopowo 3amemeH u3oa-
Nleka Moabko benvlil uny 61e0HO-po308bINH Y6em, NOIMOMY HaceKoMbie (8
ROUCKAX HeKmapa) ONbLASIOmM JUb My yeemsl.)

7. OnTuMasibHas TeMIeparypa Teda 6abouku-niepnaMyTpoBkd 32,5-
35,5 °C. B conHeuHyio noroxy 6a0ouka nopnepxXHBaceT TeMIepaTypy He-
3aBHCHMO OT TeMNepatypsl oKpyxaioweit cpensl. Kak €t ato ynaercsa?
(Pabouxa noddepscueaem nOCMOSHHYIO memnepamypy ceoezo mena C
nomowbio Kpulives. Bonve 6cezo menia Kpulibs ROAYHAIOM, €CAU CON-
HeuHble YU naoaom nepneHOuUKYIApHo Kk Hum. Yem 6orvwe yzon nade-
Hus, mem crabee Hazpesanue. Kax monvko memnepamypa mena docmu-
2aem 35 °C, 6abouka uzmeHsem nONOdNCEHUe KpblIbe8, NOKA He Hatldem
makoe NOROJCEHUe, NPpu KOMOPOM KOAUHECn80 NOAYHAeMo20 menia 6y-
Oem ycmotinugo no00epICUBAMb HYICHYIO memhepamypy.)

8. [Mouemy GoawmmnHCTBO XMBOTHLIX Kpaiinero Cesepa 6enoro uera,
a Te, OKpacka KOTOPBIX WHas, HampuMep, Oelka, 3asdll, MEHSIOT €€ 3UMO
Ha Gemyro? (JKusomuoe 6enozo yeema menvuie usnywaem meniomel 8
OKpydicalouee nNPOCMpanHcmeo, Ymo ocobenHo éaxcro @ ycrosuax Kpai-
nezo Cesepa.)

9. IloueMy XHBOTHBIE BOCHPHHHMAIOT MH(ppaKpacHble nyuu? (Heko-
mopute u3 21yO0K0BOOHBIX KATLbMAPOS, NOMUMO OObIYHbIX 21A3, HAO0eNeHbl
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ewje MAaK HA3bIBAEMbIMU MEPMOCKONUMECKUMY 21a3AMU, M. €. OP2aHamy,
cnocobHbIMU ynasaueams UHPpaKpackble 1yuu. Smu 21a3a 'y Hux pacces-
Hbl N0 8cell HUMICHEH NOBEPXHOCHIN MeAa, U KAXCObIH uMeem 81O HeboNb-
wott memuoti mouxu. ITod Mukpockonom 6uoHo, umo ycmpoeH OH, Kax
OOBIHBI 21143, HO CHABICEH C8eMOpUILMPOM, COEPHCUBAIOWUM BCE TIy-
yu, kpome ungpaxpacuvix. Ceemodunbmp pacnonodsicern neped npenom-
arfoweti aunzoii-xpycmanuxom. Jlunza ombpaceisaem cxonyenmpupo-
6QHHBII NYHOK CEeMOSHIX Nyuell Ha Yy8CMEUMENbHbII K HUM BOCHPUHU-
Marowjuil op2an.)

Tlonpenenue uroron
IToBOAATCA UTOTH UIPHI, BRICTARIAIOTCS OLUECHKH.

Jomamnee 3ajanHe
n. 81-87.

1n*»



KsaHTOBan ¢pm3uka

Fnasa 11. CeetoBbIe KBAHTLI

Ypoxk 100. Kpanrosas ¢pH3nka
1Jenp: 0O3HAKOMUTE C HOBBIM pa3ieloM QU3NKH.
Xoa ypoka

L. Oprauu3annoHHbI MOMEHT

I1. A3yuenue HOBOrO MATEpHAA

B wontie XIX B. MHOTHE y4EHBIE CYHTATH, YTO pa3BHTHe (H3NKH 3a-
BEPUIMJIOCH MO CIIEAYIOMINM NMPUYHHAM:

1. bonsie 200 neT cyuecTBYIOT 3aKOHBI MEXAHHKH, TEOPHS BCEMHp-
HOTO TATOTEHHS.

2. PazpabotaHa MOJIEKyNApHO-KMHETHYECKAS TCOPHSL.

3. IloxBeaen npounslil GyHAaMEHT Noj TePMOAMHAMUKY.

4. 3aBepiueHa MaKCBEIUIOBCKAA TEOPHS 3NMEKTPOMArHeTH3MA.

5. OTKpHITEl (PyHIaMEHTAIBHBIE 3aKOHEI COXpaHEHUS (3HEPIHH, UM-
MyJIhCa, MOMEHTA UMIYJIBCA, MACChI M 3JIEKTPHYECKOro 3apsa).

B konte XIX — Hayane XX BB. OTKPBITHI:

B. PentreHom ~ X-nyuu,

A. BekkepeneM — sBICHUE pATHOAKTHBHOCTH;

JIx. TOMCOHOM — 3JIEKTPOH.

OnHako Kiaccuueckas GpU3MKa He CyMena OOBACHUTE 3TH ABJICHHUS.

Teopus otHocuteneHocTH A. DifHIITelHa HOTpeboBana KOPEHHOTo
MepecMOTpa NOHATHH MPOCTPAHCTBA M BpeMeHH. CIENUANLHLIE OIBITH
JIOKa3aJy CIpaBeANIMBOCTE runotessl . MakcBenna o6 3nexTpoMarnur-
HOM npupojie cBeTa. MOXHO OBIIO MPENnONOKHTE, YTO M3NTyUEHHE IIEK-
TPOMArHUTHBIX BOJIH HArPETHIMH TellaMU 00YCIOBIEHO Kone6GaTenbHEIM
IBIDKEHHEM JIeKTpoHOB. Ho 3To mpeanonoxenue Hy»HO GbLIO NOATBED-
JIUTH COMOCTABIICHHEM TEOPETHYECKHMX M IKCTIEPUMEHTANBHEIX JAHHBIX.

18 TeopeTHueCKOro paccCMOTPEHHS 3aKOHOB M3NYUEHHH HCMONB30-
BaJIM MoJieNib aBCOJIIOTHO YEPHOTO TeNa, T. €. Teja, MOJIHOCTLE) MOIJIOo-
IIAOIIETO 3NEKTPOMATHHTHEIE BONHBI JIF0G0H NMUHEL ABCTpHiicKHe OH-
sukn U. Credan u JI. bonpiMan skcnepuMEHTANBEHO YCTAHOBMIIH, YTO
MOJTHAS JHEPTUd, u3y4yaemas 3a | ¢ aGCoMIOTHO YEPHBIM TEOM C EIMHH-
LBl TIOBEPXHOCTH MpOMOPLHOHANBHAS YETBEPTOi cTeneHu abcomoTHOH
TEMINEPaTyphI:

E=pT*,
rae v=>5,67-10"% —'[[;K— — MocTosHHaA BosiMaHa.

2
M2kt c
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3akoH 6bu1 Ha3zpaH 3akoHoM Ctedana-bonpumana. OH [TO3BOJIUI BHI-
YUCIUTL SHEPIHIo U3NyueHus abCOMIOTHO HEPHOro Tena IO W3BeCTHOM
TeMmneparype. Ilo 3amaHHBIM 3HAYEHWAM TEMIIEpPATypbl MHTCHCHBHOCTB
W3Ty4eHHs YePHOTO Tela MAaKCHMaNbHa H COOTBETCTBYET ONPEACIEHHOMY
3HAYEHHIO JIHHbI BOJHBL

Hemenxuii pusux B. Bun o6Hapyxu1, 4To Mpu M3MEHEHUH TeMIepa-

1
Typbl JUIHHA BOJIHBI, HA KOTOpYIO npuxoautcs E,,, yObiBaer Ha ~}-,

nostomy A_.. -T = const .

Hcnons3ys 3akoHsl TepMoAHHaMUKH B. Bun mony4mn 3akoH pacripe-
JleNeHust PHEPriu| B CIIEKTpe YEPHOTo Tena, KOTOPHIN COBMANACT ¢ BKCIe-
PHUMEHTATEHBIMH PE3yIBTaTAMH.

Anrmiickuii pusnx [Dx. Paneii cnenan nonsitKy 6onee cTpororo Teo-
pEeTHYECKOTO BBIBOJIA 3aKOHA paclpeleieHus 3Hepriau. Ero 3akoH npuso-.
IMT K XOpOIleMy COBMAJCHHIO C ONBITaMH B 0OnacTH Mansix yacrteit. Ilo
3TOMY 3aKOHY MHTEHCHBHOCTh W3NTyUcHWS JOJDKHA BO3DACTaTh HA ~V .
CrenoBarensHoO, B TEIUIOBOM H3TYYEHHUM TOJKHO OBITH MHOTO YIbTpahHo-
JIETOBBIX M PEHITEHOBCKHX JIyYeH, yero Ha OIBITEé He Habmonalnoce. 3a-
TPYAHEHHSA B COTJIACOBAHHH TEOPHH H pPe3yJbTATOB 3KCIIEPHUMEHTA MONTY-
YWIH Ha3BaHHe YIbTpadpuoneToBoill KaTacTpodhl 3aKoHBI, MOMYHEHHBIC
MakcBenoM, OKa3aIuCh He B COCTOSHHUH OOBACHUTL (HOpMY KPHBOI pac-
TIpefleNieHHs] MHTEHCHBHOCTH B CIIEKTpe abCOMOTHO YepHOTO TeNa.

B camom koHue npomuioro Beka Makc [Inauk (1858-1947), kak u MHO-

' THE J0 HETO, HCKaJl YHUBEPCANBHYHO GOPMYITy IS CIEKTpanbHOH GyHKIHH
. abcomoTHO YepHoro Tena. EMy mosesno Gojblle, 4eM IpyruM — BHavane
¢ OH €€ TIPOCTO yrajal, XOTs NOABHNACH OHAa HE BAPYT: JBa Iofa Hamps-
¢ JEHHBIX pa3MbIIUIEHHI moTpeboBanuck [Inanky, 4To6sl 0O6LEAUHUTE B
. ONIHOMH (opMyie pa3po3HEHHbIE KYCKH €IMHOH KAPTHHBI ABJIEHUS TEILIO-
| BOTO M3TYYEHHA.

* 19 oxta6ps 1900 r. npoucxoauso ouepeanoe 3acefanne Hemeukoro
. (U3HUECKOro 0BIIeCTBa, HA KOTOPOM 3KcriepHMeHTaTopsl ['eHpux PybeHc
- (1885-1922) u ®epaunann Kypnbaym (1857-1927) poxknansiBaju o HO-
. BBIX, 60JIee TOYHBIX H3MEPEHHAX CIIeKTpa abCOMOTHO YepHoro Tena. [o-
Cclle IOKJIa[a COCTOANACh TUCKYCCHS, B XOZI€ KOTOPO#t dKCIEpHMEHTATOPbI
¢ CETOBAIH HA TO, YTO HH OJHA TEOPHS HE MOXKET OOBACHHTE UX PE3yJIbTa-
oL, [Lnank mpeanioxkun BocTions30BaThest cBOeH Gpopmyoi. B Ty e Houb
. PyGenc cpaBHMI ¢BOH H3MepeHHA ¢ dopmystoit [Tnanka u ybenuncs, uro
- OHA MPaBHJIBHO, 0 MEJIBYAHIINX NOAPOOHOCTEH, OMUCHIBAET CIIEKTp a6-
- CONIIOTHO YepHoro Tena. Ha yTpo oH coo6wun 31o Kosiere U GIH3KOMY
: apyTy TL1aHKy U MO3ApaBKII €ro € YCIEXOM.

£  Onnaxo IDman 6BUT TEOPETHK M MOTOMY LEHWI HE TOJNBKO OKOHYA-
TeJIbHBIE PE3YJbTATHl TEOpHid, HO M BHYTpEHHeE HX COBepIIEHCTBO. K
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TOMY € OH W He 3Hall, YTO OTKPHII HOBHIH 3aKOH MPUPOJBL, 1 BEPHIL, 9TO
€ro MOXHO BBIBECTH U3 paHee H3BECTHBIX. I103TOMy OH cTpeMmIca Teo-
peTHYECKH 060CHOBATH 33KOH M3NYyHeHHSA, HCXOAM U3 NMPOCTHIX MOCBIIOK
KHHETHYECKOH TCOPHH MaTepHH M TepMOIMHaMuKH. TlociemoBanu mma
MecsALa HenpephIBHOH paboThl U NpeAebHOro HanpskeHus cui. EMy 3to
yaaroce. Ho kakoif nenoii! B nponecce BEIYHCIEHHI OH NPEITIONOXHIL,
YTO 3HEPrHs HCIMYCKAEeTCs MOPIMAMM (MK KBAaHTaMH), KOTOPHIE OMpeie-
nA10TeA HopMynoii:
E=hv,

TAe V— 4acToTa H3Mydeuus; i — nocrosHHasa Inarnka.

ITpeanonoxenue [Inanka 6510 NPOCTEIM, HO MO CYLIECTBY NMPOTHRO-
PEYHIIO BceMy MpexcHeMy onmTy Gusukd. «HsmyueHne — 3TO BOJHOBOH
npotecc». Ecnu Tak, To 3Heprus B 3TOM MPOLECCE JOMKHA NEPEIaBaThCs
HENIPEpRIBHO, 3 HE MOPLMAMH — KBaHTaMH. 310 npoTuBopeuyne [Inamk
oco3HaBall. OH BEIABHI 3Ty (HopMyITy, KOTa eMy 6eino 42 roga, HO NMOYTH
BCIO OCTaBUIYIOCA XH3Hb OH CTpajan OT JOTHYeCKOro HECOBEPIICHCTBA
UM e co3JaHHO# TeopHH. JIBaxuaTh NeT cHycrd, B AOKIaje, KOTODEIi
ITnan cpenan mo cay4ato BpydeHus eMmy HobGenesckoii nmpemMuu 1o ¢usu-
Ke, OH BCIIOMHHAJ, YTO B TO BpeMs NpPU3HAHHE PeasibHOCTH KBAaHTOB 6B110
JUIS HEro PaBHOCHIBHO «HApYIIEHHIO HETPEPHIBHOCTH BCEX MPHYMHHBIX
cBa3eit B npupose». Y manmee, B 1933 r. B muckMe k Pobepty Byuy on
Ha3Ball CBOIO TEOPHIO «aKTOM OTHASHHUS).

Tonexo ¢opmyna ITnanka yaoBIeTBOpHIIA YYEHBIX: OHA TIOPA3HTEND-
HO COBMAJaia ¢ PE3yNbTATAMH ONBITOB, XOTH H HE CTAHOBHJIACE OT 3TOTO
6onee noHATHOH. TONBKO YeTBEPTH BEKa CIYCTS HOBas HayKa — KBAHTO-
Basi MEXaHNKA — OOBACHNT UCTHHHBIH CMBICI PEBOIIOLHNH, KOTOPYIO, IOJ-
YHHAACH JIOTHKE HAYYHOTO WUCCIEIOBaHHA, H BO MHOTOM BOIPEKH CBOeii
BOIle, coBepiunn B puznke Maxc ITnank.

B narauny, 14 nexabps 1900 r. B 3oHe 3acenannd Hemenkoro pusm-
4ecKOro oOUIecTBa POANIACE HOBas HaAyKa — YUEHHE O KBAHTAX.

I11. 3axpennenue ulyieHHoro

— Kak cornacHo runotese [natka abcomoTHO YyepHOE TENO HITyYaeT
3Hepruo?

— CornacHo 3IeKTpoAMHAMHKe MakcBella Harperoe Telso, Hempe-
PBIBHO Tepsisi 3HEPTHIO BCIEACTBHE M3NMYYCHHS IEKTPOMATHHTHBIX
BOJIH, JOIDKHO OXJamuThes Ao abcomoTHoro Hyns. Tak nM 310 B
JEeiiCTBUTENBEHOCTH?

— 3a cdeT yero MojdydYeHa TEOpHs TeIUIOBoro m3mydeHus IDiaHka B
MPUMEHEHHH K MaKpO« - 0[THYECKHM CHCTeMam?

— Uro NpoMcXoauT ¢ MAKCHMYMOM HHTCHCHBHOCTH W3TyYCHHS NpH
YBEIHYEHHUH TEMIIEPATYPHI HArPETOro Tena?

— Kakue sBieHHs H3ydaeT KBaHTOBas (pHU3HKa?
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1v. Honsenenne HTOroB ypoka

:JloMalHee 3313BMe
c. 269-270.

JonmoaHHTeALHBIA MaTEpPHAJ

Maxe Kapa Jpucer Joasur Iliank (1858-1947)
:  Maxc Kapn OpHer Jlroasur IInank poauncs B 1858 roay B ropone Kune, rae
 ero orell 6611 MpodeccopoM IOPUCTIPY AeHLIHH.
3 Makc [InaHk nonyuyui B OCHOBHOM MaTeMaTHdeckoe obpa3zosanue. OH yumniics
- 8 MroHxene, motom B BepnuHe. Ero yuurenamu 6bl1H Takue BblJamoLHecs HeMell-
i Kue yueHble, kak [easmrost 1 Knupxrod. Ero pannue paGoTel Mo TEOpHH TEMNOThI
| TIPUHECITH €My M3BECTHOCTb H, HE OCTHIHYB Jake TPUALATHABYX/IETHErO BO3pac-
FTa [TnaHk pyxoeoaun kadenpoit ¢pusmku B BepmmHckom yHHBepcuTeTe.
i OH HHKOTJa He 3aHUMAICH 3KCNEPUMEHTAILHONH pabGoToil U BCIO XH3HL OCTa-
¢ BaJICs TEOPETHKOM JI0 MO3ra KOCTEH.
' [TnaHk BCIO XU3HL HHTEpeECcOBANCA GUNOCOPCKHMH BOmpocaMud GU3HKM, ObLT
i ybeKileH B peaslsHOCTH BHELIHEro MHpa M B MOTYLIECTBE pasyMa. DTo cyuiecT-
- BEHHO OTMETHTh, MOTOMY UTO OYEHb BAXHBII 3Tan ero AeSTeIbHOCTH NpoTeKan B
" 06cTaHOBKE KpH3nca B BH3HKe.

OpnHako MaTepHaNHCTHYECKH HacTpOeHHbIi [InaHK TBepao MPOTHBOCTOAN

. MOJHBIM MO3HTHBHCTCKUM YyBIeueHsM Maxa u OcTBaibla, 0 KOTOPHIX MBI ele
6yneM rosopuTh. «OH GBUT THIIHYHBIM HEMLIEM B JIyYLIEM CMBICJIE 3TOTO CIIOBA, —
nuiteT B cBoei kHure Jixopa [amxer ToMCOH, BUAHBIH $U3KK HAWEro BpEMeHH,
cbiH JIx.-Jx. ToMmcona. — UecTHblH, MeJaHTUYHbIA, ¢ YYBCTBOM COOCTBEHHOIO
. JOCTOMHCTBA, TI0-BHAUMOMY, CMOCOOHBIH OTOpPOCHTL BCIO YOMOPHOCTD U TIpeBpa-
: THTLCA B OBAATENLHOTO YENOBEKAN,

Pa6oTas oaHO BpeMs B YHHBEpCHTETe BMecTe ¢ DiiHIuTelHOM, [Thank 66in ¢
{HHM OueHb ApyXeH. YacTo BeuepaMH B MMIIPOBH3HPOBAHHBIX KOHLEpPTax OHH
. BBICTYNaJIH BABOeM: TTnank urpan Ha dopTenuaro, DHHILITelH — Ha CKPUIIKE.

Makc T1naHk 6bl1 CIIOKOHHBIM 4ENOBEKOM € CHIIBHBIM XapaktepoM. OH 1o
! KOHua CBOE XXH3HHW OcTaBajcs NMpeJaH Hayke, BCEra XOPOILO OTHOCHUIICA K JIHO-
| IAM U HUKOTA He CTOAN B CTOPOHE OT OOLECTBEHHBIX AEN H COOBITHIA.

' O TBepAOCTH M NPUHUMIIHATIBHOCTH €r0 XapakTepa rOBOPHT TOT akT, 4To B

; I‘OJ.II:I daurcTcKoro pexnma Ha ofiHOM W3 ouuManbHbIX npuemos ITnank Gec-
¢ CTpalIHO OCyQHJ NMpecnef0BaHHE BNACTAMH eBpeeB M MpocHs o6 0cBOGOXKIAEHHH
pAaa cBOHX 3HaKoMbIX. BabeurenHolii Gropep BLICTaBHA €ro U3 kaGuHeTa.

HekoTopoe Bpema cnycTs Maaniuii chii IlnaHka BMecTe ¢ APYTHMH NaTpHO-

TaMmJ Mocjie packpbuITHa 3aroBopa npoTus I'HTnepa GbT apecToBaH M KasHeH ¢a-
LINCTaMHU,

Takoii ocrantack namate o Makce I1naHke — 4eCTHOM, HEMHOTO CTAPOMOJHOM
_IJIs CBOEro 6ypf10ro BpEMEHH HEMELKOM TNpodeccope, 6€3rpaHHyHO MpefaHHOM
s KJlacCHUECKOH HaykKe, B KOTOPYIO, caM TOTO He jKeNlas, OH BHec camoe Gonblioe
§ MoTpAceHue.

Takum ocrasncs Makc ITnank B BOCIOMHHAHHAX TeX, KTO €70 3HAJ M JIOOU.
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Ypok 101. @oTo3ddext

Iens: paccMotpeth aBneHHE ¢GoToddderra H BHISACHUTH OCHOBHBIC
€ro 3aKOHHI.

Xon ypoka

L. Oprau3aunoOHHBIH MOMEHT

I1. IloBTOpEeHHE

— Kax U3MeHHTCS 4acTOTa M3MEPEHHSA, €CIIM SHEPrHIO KBAaHTa YBENH-
4UTH B 2 pasa?

— Kakue u3 ¢pu3nyeckux ABJICHUH He cMoria OGBACHHUTH KIaccuye-
ckad puzuka?

— Kax HCIycKaroT 3HEprHIO aTOMBI corfiacHo runotese [nanka?

—  Kak u3nmyyaer 3Hepryio HarpeToe TeNo COrNIacHO TeopHH MakcBemna?

~  Bce 1 Tena H3My4aioT SHEPruio?

—  3anuummre dopmyny sHeprud M. [Tnanka?

— YeMy paBHa noctosHHas [[nauka?

IT1. M3y4eHne HOBOT0 MaTepHaJIa

Oxenepumenm 1

ITnHKOBas MIACTHHKA COEAMHEHA C JIEKTPOJOM H OCBEILACTCS 3JIEK-
Tpuueckol nyro#l 6e3 cTexisHHO#H onTHKH. L[HHKOBYIO NMIacTHHY 3aps-
5KAIOT OJIMH pa3 OTPHLATENBHBIM 3apslioM, a ApYrofl pa3 MOTEHUHAILHO.
B nepBoM ciyuae 3MeKTpOMETp pa3psKaeTes, BO BTOPOM — HeT.

OneIT ¢ OTPHLATENBHO 3apAKEHHOH IMHKOBOW MJIACTHHKOH MOBTO-
psioT. Ho my4ok cBera MEpeKpHIBAIOT HEMPO3PAauyHBIM JKPAHOM, a 3aTeM
y6uparot, 3pdekT 0OHApYKHBAETCA TIPH OCBELICHUH MPAKTHYECKH Cpasy
(gepes 107 ¢).

OKCIEpHUMEHT ¢ OTPHUHATEIBHO 3apSXXEHHBIMH IUIACTHHKAMU JPYTHX
MeTaoB. ITo BpeMeHH pa3psana 3MeKTpoMeTpa 10 HyNIA AENalOT BRIBOJ O
CKOPOCTH pa3psja IUIaCTHH.

Oxecnepumenm 2

TIoBTOPAIOT OMBIT C OTPHUUATEIBEHO aMAJIbTAaMHUPOBAHHOM TLTACTHHKOM,
YCTAHOBJIEHHOMN OJHH Pa3 Ha PacCTOSHHM 1 M OT HCTOYHHKA CBETA, 2 NPY-
roit ~ Ha paccTOAHWH BIBOE¢ MeHbIue. CKOPOCTh paspsaa 3NeKTpoMeTpa
YBENHYHBACTCA.

DKCNEPHMEHT ¢ OTPHIATENBHO 3apSXKCHHBIMH TUTACTHHKAMH LHHKA U
Meau. DKpaHOM H3 OPraHHYECKOTO CTEK/IA MEPEKPHIBAIOT HCTOYHHK YIIBT-
padbuoneroporo uanyucHus. Ha nuunke ¢potosd ekt ecTs, Ha MEIH — HeET.

Brisoani: ¢otosdpdexT COCTONT M3 BRIPHIBAHHSA 3JIEKTPOHOB M3 IO-
BEPXHOCTH METAILIA MPH €r0 OCBEIICHHH. 3IEeKTpHYECcKOE MoJe OTPHIIA-
TEJIBHO 3apSKEHHOMH MIACTHHKH METAIA CIIOCOOCTBYET YHOCY SMHTHPO-
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BAHHBIX 3JIEKTPOHOB C MOBEPXHOCTH METAa, a 3JIEKTPHYECKoe rone
HONOKUTENBHO 3apAXKCHHOM IIaCTHHKH BO3BPAIUAET JICKTPOHBI B Me-
Tamn. JlaHHoe sABJIeHHE MpakTHueckd OesbiHepliMoHHO. MHTEHCHBHOCTD
doTorddekTa 3aBHCUT OT polia METalIa, BEIUYHHH CBETOBOTO MOTOKA W
CTEKTpPANLHOr0 COCTaBa H3TYUYEHUS.

g: M
, g M
«— 0| :&

o |- +

oW

— Puc. 93

BangHue 3HAK2 JIEKTPHYECKOr0 3apsAaa IIACTHHKH
Ha POTOINEKTPOH

Bonnosas meopusa

OcBoGoXk/ICHHE 3TEKTPOHOB C MIOBEPXHOCTH METAIUIA HE SBIFETCA Me-
xaHuyeckuM dhdextom. [Ipn nafeHUH SNEKTPOMATHUTHON BONHEI HA
MOBEPXHOCTH MeTallla IEPEMEHHOE 3EKTPHYECKOE 10JI€ BBI3BIBACT KO-
nebanus CROOOXHBIX EKTPOHOB B METANIAX: MX KHHETHYECKAs DHEPTHS
Bo3pactaet. [Ipn GonblIoit HHTEHCHBHOCTH DJIEKTPOMarHHTHOTO H3Ny4Ye-
HHA, a 3HAYWT, HANPSKEHHOCTH E 3/IEKTPHYECKOTO MojA, KHHETHIECKas
DHEPrHs 3J1EKTPOHA MOXKET KOCTHYBL BENMUYMHBI, JOCTATOYHON AIA TOTO,
YTOGBI MPEOJONETE CHIIBI NPUTHKEHUA K METATy U TIOKHHYTH ero. OnHa-
KO ONBITE! NOKA3BIBAIOT, 4TO (oTO3(hGEKT HACTYNAET JAOKE NPH MAIBIX
HUHTEHCHBHOCTSX CBETa. OTO HE MOXKET ObITh OGBACHEHO HA OCHORBE BOJI-
HOBOI TEOpHH.

Keanmoesaa kapmuna
Ipu nornomeHHu ¢GoTOHA 3Heprus ¢oroHa E =hv nepepaercs

cBOOOIHOMY 2MeKTPOHY. OHA pacxonyeTcs Ha ocBOOOKAEHUE 3MEKTPO-
Ha U3 MeTauia — Ha paboTy BBIXOJA U Ha COOOIEHHH €My KUHETHYe-
CKOM 3HEpruu.

IIpu 3TOM 3Heprus (PoToHA MepeacTcs IEKTPOHY B METALIE TOJNBKO
LETHKOM, a CaM (POTOH TEpecTaeT CyLIECTBOBATS,

CerogHss BHEIIHUM (pOTO3((PEeKTOM MBI Ha3blBaeM SBJIEHHE, KOTAa
MOJ AeHCTBHEM JIEKTPOMATHHTHOTO HM3JIy4EHHA BEIECTBO MCITYCKAET
AEKTPOHEL. Hadyano 3ToMy OTKprITHIO OBUIO moyoxeHO cule B 1887 r.,
korna 'enpux Iepu, 3aHUMasch OMBITAMH C 3JICKTPOMATHUTHBIMH BOJ-
HaMM, 3aMeTHI, YTO €CIM OCBETHTh LIMHKOBYIO TUIACTHHY YIbTpadHome-
:TOBBIM CBETOM, TO OHa 3apAAUTCH.
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KonnuectseHnass 3akoHOMepHOCTh oTodbhdekTa Obula ycTaHOBIEHA
A.T. CtoneToBbiM.

Ilepeésiii 3axon

®oToTOK HACHINIEHWS MPOTIOPLMOHAIEH CBETOBOMY MOTOKY, Malar-
HIEMY Ha MEeTaJLI:
I =vD,

a
riae v — ko3 QUIMEHT MPOIOPLIHOHATBHOCTH, Ha3bIBaeMBIil GOTOYYB-
CTBHTENBHOCTBIO BEMIECTBA.
CriefjoBaTenbHO, YHCIO JEKTPOHOB, BEIOHBAEMEIX 3a 1 ¢ U3 Bewmect-
Ba, MPOMOPLUHOHALHO MHTEHCHBHOCTY CBETA, MAJAIOLIEr0 Ha 3TO Bele-
CTBO.

Bmopoii 3axkon

Usmenss ycnosus ocsemieHHocTH A. I'. CToONETOB ycTaHOBMI, 4TO
KHHETHYeCKas 3HeprHA (QOTOINEKTPOHOB He 3aBHCHT OT HHTEHCHBHOCTH
[QJIAIONIEr0 CBETA, @ 3aBUCHT OT €r0 YacTOTHI.

Ecnu k ocBellleHHOMY 37ICKTPOAY MOAKIIOYHTE MONOXKHTEIBHEIH 10-
moc GaTtapeu, TO MPH HEKOTOPOM HampskeHUH (HOTOTOK MpeKparaeTcs.
OTo ABNEHME HE 3aBUCUT OT BEIMYHHBI CBETOBOTO MOTOKAa. Mcmone3ys

3aKOH COXpaHEHHUA 3HEPTHH:

2
mu

2
rzie e — 3apaj; m — Macca 3EKTPOHA; U — CKOPOCTh 3NeKTpoHa; U, —
3anuparoliee HaMpMXEHHE, — YCTAHABNHBAIOT, YTO €CIK HACTOTY dy4eid,
KOTOPBIMK  00.Iy4aloT d1eKTpoj, yBenuwuuts, to U, >U, , nostomy

Ey, >Ey .

=el,,

CrnenoBatenbHoO, Vv, > V.

Takum 06pazom, KMHETHYECKas 3HEPrus (HOTOINEKTPOHOB NHHEHHO
BO3PACTaET C 4acTOTOH cBeTa.

Tpemuii 3axon

3amensas B npubope Marepuan Qotokaroaa; CToNeToB yCTaHOBHI
TpeTuii 3akoH poTtodddekTa.

JIns kaxaoro BelleCTBa CYIIECTBYET KpacHas rpauuua ¢portosddexra,
T. €. CYIIECTBYET HAUMEHBLIAS YACTOTA Vpnin, IPH KOTOPOH €111€ BO3MOXKEH
dororddekr.

Ilpu v<v,, — HY NpH KaKOK MHTEHCMBHOCTH BONTHBI NANAIOLLETO
cBeTa Ha poTokarol potoddpdexT He NPOH30HALT.

Yemeepmolii 3aK0H
dotoaddexT npakTHiecKu He3bIHEPLIMOHEH.
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Teopus pomorppexma

A. Diininreiin, passus uieio Ilnanka (1905 r.), nokasan, YTo 3aKOHEI
doToaddexTa MOryT GHITH OOBACHEHBI TIPH IOMOUIM KBAHTOBOH TEOPHH.

SBnenne (PoTOIPPEKTa IKCNEPHUMEHTATBHO HOKA3LIBAET, YTO CBET
MMEET [IPEPLIBUCTYIO CTPYKTYPY.

Uanyuennas nopuus E = hv coxpaHSeT CBOKO HHIMBHIYAIBHOCTH H

TOTJIOIAETCA BELIECTBOM TOJBKO LEIHKOM. Ha ocHoBaduu 3aKoHa CO-

XpaHEHUA SHEPTUH:
2

hv=A+mU
Taxkaxt):i,ro:
A
mo* e
=Use; A=v,,, h= -h;
k2.
h—C-= ¢ h+U,e.
A

K.2.p.

MectHaquars TeT cCHyCTS KNACCHYECKYIO NPOCTOTY YpaBHEHUA DHH-
urreiiHa iBeckas akanemus Hayk otMeruna HoGenerckoii npemueit. Ho
B 1905 r. Korjga ypaBHeHHE GBIUIO HANHCAHO BIEPBBIC, HA HErO OMOMYH-
JIMCH Bee, naxe ITnank.

A. DiiHirre#fH NOCTYNHN TaK, kak OyATO A0 HETO BooOlie He CylecT-
BOBaJIO QHU3MKHU, MM, 110 KpaiiHeil Mepe, KaK 4en0BeK, HUYEro He 3HA0-
mMil 06 UCTHHHO# NMPHPOJE cBeTa. 3ACCH CKA3anack 3aMevarenbHas 0co-
6eHHOCTh DJifHINTENHA: B COBEpIICHCTBE Biajies JIOTHKOH, OH Gonblue
JIOBEPSI HHTYHLNH U pakTaMm, mpuueM ciyqaitHeix ¢pakToB B HH3UKe Lo
Hero He cyuiectBoBaio. [ToaTtoMy B asnenus GotosddexTa oH BUneNn He
JOCaIHOE MCKITIOUEHHE H3 [IPABH BOIHOBOM ONTHKH, 2 CUTHAT NPHUPOHB!
O CYIIECTBOBAHHUH €lle HEM3BECTHBIX, HO TIyOOKHX 3akoHOB. Tak yxk
CIYYNIOCh, YTO HCTOPHUIECKH CHavana ObUTH M3y4YeHb! BOIHOBBIE CBOMCT-
Ba cBeta. Tonbko B ABICHHH (oTO3(dGhEKTa GHINKH BECPBHIC CTONKHY-
JIHCh C €r0 KOPIYCKYIAPHBIMH CBOHCTBAMH. Y GOJBIIMHCTBA M3 HUX
HUHEpUMA MBIITeHHs ObUIa HACTONBKO BENIHKA, YTO OHM OTKA3BIBAIHCH
BEPUTE.

1V. 3akpennenne H3y4eHHOT0 MaTEPHAIA
— B geM cocTout aBacHHE poTodddekra?
— Korna u xeM 65110 OTKpHITO siBReHUE PoTodddexTa?
— Hapncyiite cxeMy ycTaHopkd onbiTa ['epiia U 0OBACHUTE, B UeM
CyTb OITBITA.
—  O6pachure onbiTei A. I'. Cronerosa.



300 [loypoutbie paapabomku k yuebruky 5. Makuwesa, b.b Byxosyesa

— O6wacauTe 3akoHBI (OTO3(hdeKTa ¢ TOYKH 3pEHHS KBAHTOBOI
TEOPHH CBETA.

— Hannuute dopmyny OitHiuteiina anst potoaddexTa n obbacHUTE
ee PU3IHUECKYIO CYTh.

— Kakoso ycnoBue cyuiecrBosanus porosdpexra?

— Yro Ha3mIBalOT KpacHOH rpanuieit dotodddpexra?

—  3anumute dopMyTy U KpacHOi rpaHuiisl potosddexra.

V. Pemrenne 3axayu

3adaua No 1
OnpenenuTs HauGOMBIIYIO JUIMHY BOJHBI CBETA, MPH KOTOPOit MOKET
TIPOHCXOANTh POTOdPPEKT JUIK THIaCTHHEL

Hano: Pemenue:
Ana =8,5107 Jk; | ho, = A,
c=310% m/c;
h= 6,63'10‘34 Jhicc. lmax - 4 . A'max =i :
)\'max — ‘) Umin abix
—- JInc-c
i
Lo

(Omeem: A, =2,34-107 m.)

m

3aoaua No 2
OnpenenuTs HauGONBIIYIO CKOPOCTH HJIEKTPOHA, BHUIETEBUIETO U3 Iie-
3Msl, HPH OCBEIIEHNH €r0 CBETOM C YaCTOTON 7,5:10" I'n.

Hawuo: Pemrenne:
v=7510"Tn; mu?
h=6,6310" ixec; | A= A +——-

Agx =3,2:107° sz;

m, = 9110_31 Upae = 2(th )s

v max —

/ﬂ:»cc[‘u ﬂ.‘)ICJﬂ.’)IC \/HM \/sz MM
k2 ¢ |
(Omaen: Vs = 6,2:10° M/c.)

3adava M 3
HaubGonpmas JiMHa BONHEI CBETa, NPH KOTOPO#H NMPOUCXOMUT (OTO-
a¢dexT ansa sonsdpama, 0,275 MKM.
Haiitu:
1) paboTy BBIX0O/a 3IEKTPOHOB U3 BONb(HpaMa;
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2) HanbOIBIIYIO CKOPOCTh JJIEKTPOHOB, BEIPLIBAEMBIX U3 BONb(pa-
Ma CBETOM JJIMHOM BOJHEI 0,18 MKM;
3) HauOOMBIIYIO SHEPIHIO 3THX 3JEMEHTOB.

Jlauo: Pemenue:

Aomax = 2,75:107 ™5 he

A=18107 m; A ==

h=6,6310"* [ix-c; e \

c =310 m/c; wed MW ., _C g MU
m,=9,1-10"" kr. o 2 72 max 2
ABHX_? C hc

Umax—? hI=Aawr+Emax’ Emax =7_Anux;
Emax - ?

(Omeem: A, =7,2-10" Jix; E_ =3,85-10" Ix; v, =9,2-10° M/c.)

VI. IloaBeaeHHe HTOTOB yPOKA

JoMainee 3ananue
. 88, 89.
P-1103; P-1005.

JlonoJIHMTENbHBIH MaTepHAT

IepBrie onwbiTE MO HccneaoBaHUIO doTodddekta A. I'. CroneroB Hauan 20
despans 1888 r., uccie0BaHHA MPOAOIXATUCH MPAKTHYECKH HENPEPbIBHO 10 21
uroHs 1889 r.

B onbiTax KCNONb30BaNCA ralbBAHOMETP € LEHOH aeneHns 6,7 «Ha 10 B Mu-
Hyc 10-# crenenu» A. C NoMOLIBI) CNELHAIIBHOTO MAarHUTa YyBCTBHUTEIbHOCTD
ralbBaHOMETpa yBENM4MBaNach, LigHa JeJIeHHs cocTtapnsna 2,7 «Ha 10 B MuHyc
10-# crenenn» A. MlcTouHMKH TOKA MPUMEHAHCH Pa3siIMuHble, HHOTAA OMbIT Mpo-
BOJMIICH 6€3 HCTOUHHKA TOKA. '

A. T. CroneroB Ha3BaJy [iBa Jucka (CIUTOUWIHON W B BHAE CETKH) CETHATHIM
koHzeHcaTopoM. CrutolHON JHCK OCBEIIANCA C TOH CTOPOHEI, IA€ HaKarIMBaJICA
JNEKTPHYECKHH 3apsaj, a ceTKa OCBemaiach cO CTOPOHbI, TAE 3aPAJOB MPaKTHYE-
CKH He 6bUIO. OTO MO3BONAJIO HAMNYHIIHMM O0pPAa30M HCCIEAOBATh «pa3psixaro-
iee» JeHCTBHE CBETOBBIX JyYeH.

Pasmepnl a1cKOB MOAGHpATHCE TaK, YTOOBI NP HEGONBIIOM PacCTOSHUH OT
anekTpyieckor ayru (mpuMepHo 20 cM) CINOUIHOH AUCK MOMHOCTBIO OCBEWIANICA
OT OTBEPCTHSA, OKPYKaBIUETO jlamity, AuaMeTpoM 10 cMm. PaccrosHue ot qucka 1o
JaMrbl MOAGHpanock Tak, YToObl He GbIIO CHITBHOIO HarpeBa AMCKa.

C uyBcTBHTENBHBIM rasibBaHOMeTpoM A. I'. CtonetoB 06Hapysui TOK B LEMH
CIUIOUIHOTO AMCKA M CETKH JaXKe NPH OY€Hb MANEHbKUX 3HAYEHWAX HarpsKEHHs
MeX [y HUMH, HO TIpH HENPEMEHHOM YCIIOBHH, YTO K OCBELIAEMOMY JHUCKY OBLI
MpUCOEeNHHEH OTPUUATeNbHBIA Montoe HaTapen ranbBaHHYECKMX 3JIEMEHTOB, a K
CEeTKe — MOJOXHUTENbHbIHA. [1pH Manbix HanpsHkeHUAX TOK BO3HHKAJ NMpH GIHM3KOM
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PacroNIOKEHUH EKTPOAOB (AMCKA W CETKH), NMPH GoJiee BHICOKMX HANPAKEHHAX
TOK 6bL11 3aMeTeH faXKe NpH paccTofHuax 6onsie 10 cMm.

Ecnu ocBelaemblii IMCK COSAHHANCA C NOJOXHTENBHBIM NOMocoM batapen, a
CEeTKa C OTPHLATENbHBIM, 3NEKTPUUECKHI TOK B nenu orcyrcraoBan. A. I'. Crone-
TOB Ha3Bajl 3TO CBOHCTBO Habn10NaeMOro ARJICHHA — HEYYBCTBHTENBHOCTH NOJNO-
KHTENIBHBIX 3apAJI0B K CBETOBBIM JlyyaM — YHHNOJNAPHOCTBIO «aKTHHOIJIEKTPHYE-
cKOro aeicreua» (HMeHHO Tak HasbiBan A. I. CToneToB sBneHHe, KOTOpOE OH
HCCIIeRoBan). .

A.T. CroneroB o6HapyXHIl, YTO Ha NPOTEKaHHE ABAECHUA CYILIECTBEHHBIM 06-
pas’oM BIIMAET COCTOSHHE MOBEPXHOCTH MeTaminueckoro Rucka. J{axke nnoxo
OKHMCNISEMblEe Ha BO3yxe METamnbl (HHKeNb, cepebpo, MiaTHHAa) naBanu cnabble
TOKH, €CIIH HX NOBEPXHOCTL He 3aYHLIANACh HENOCPEACTBEHHO NMEPEN NPOBEAEHM-
eM IKCepHMEHTa (XOTA Ha B3rIA/l OHH BWITNARENH BRojxe YHCThiMH). OueHb
TPYARHO, TPAKTHUECKH HEBO3MOXHO Obln0 HabnmoAaTh ABJEHME C RUCKAMH, Mo-
BEPXHOCTH KOTOPBIX RaBHO He 3a4YHILANUCh HIIH U3 IETKO OKHCIIAEMBIX METAINOB,
HanpuMep, uuHka. Jlakxe Maneiuii cnoH okMCNa CYWECTBEHHO BIMAN Ha XOR
ABJICHHA.

CToneroB ycTaHOBHII, YTO HCTOYHMKOM TOKA JOJXHA 6bina ObITE MMEHHO AY-
roBas namma — 3nekTpuueckas ayra. C ApyrMMU UCTOHHMKAMM CBETa OMBIT He
noJy4yancs.

B onbitax CToneroBa 66110 BLIABAEHO, YTO AEACTBHE CBETA — NEKTPHUECKHIH
TOK — 3aBHCHT OT TOTO, HACKOJILKO HHTEHCHBHO OCBellaeTcs 3nekTpoA. Kax nmucan
cam CroneToB: «.JeiicTBHe (CuNa TOKA) MPOMOPUHOHANBHO HaANPSXEHHOCTH
OCBELLEHHUS UNH, Ny4lile CKa3aTh, KOJUYECTBY aKTHBHBIX JIyuei».

B onbiTax NpUMEHSIOCH H NPEPLIBHCTOE OCBEIIEHHE AHCKA C NOMOLUBLIO Kap-
TOHHOTO KPYTa C CEMbIO OKOLLKaMK Mo ceKTopaM (OKOWKH H NPOMEXYTKH MEXITy
HUMH ObINH OAMHAKOBBI MO LuKpHHE). KapTOHHbIA Kpyr NpUBOAMICS BO Bpallie-
HHE C pa3JIM4HON CKOPOCTBIO — OT OJHOI0 KO OAMHHARUATH 06OPOTOB B CEKYHAY.
W3MepeHHs Cunbl TOKa NMPH TaKOM OCBELIEHMH MOKA3aH MPAMYIO MPOMOPLHO-
HaJIbHYIO 3aBUCHMOCTB CHITb! TOKA OT CBETOBOH 3HEPrH, Majaiouieii Ha MeTanau-
YECKUH RHUCK.

3TOT ONBIT € MPEPHIBUCTEIM OCBEUIEHHEM Jan €LUE OJHH OYEHb BAXHBIH pe-
3yNbTaT. DNEKTpHYECKHi TOK 0GHApYXHBAJICA AaXe eClIH AMCK OCBEWANICS O4EHb
MaNEHLKHX TPOMEXYTOK BpeMeHu —~ okono 1/150 ¢ npwu camobi 6onsiuoii ckopo-
CTH BpateHus aucka. OaHako CTONeToB NOHUMAJ, YTO 3TH PE3yNbTaThl HE MOFYT
J1aTh OKOH4ATENBHOrO OTBETA Ha BOMPOC, 00NaRaeT NH H3Ny4eHHe, BhI3bIBalOLIEE
INEKTPHUECKHI TOK, NPEPHIBUCTBIMH UK HENPEPRIBHBIMH CBOHCTBAMH.

YauBHTENBEHO, KaK CO CTONb HECNOXKHBLIMH C TOYKH 3PEHHA COBPEMEHHOMH
Haykd ycraHoskaMu A. I'. CtonetoBy yRanocr 0O6HapyXHTh Raxe Oe3biHEpLHOH-
HocTb oToaddekra. 310 68110 OueHb Henerko! A. I'. Croneros caenan BHIBOR O
TOM, YTO INEKTPHUECKHH TOK BO3HHKAET NPAKTHYECKH MTHOBEHHO MOCNE OCBe-
IEHHUS JHCKA, C MOMOILBIO XHTPOYMHBIX MPUCNOCOONEHNH, NO3BONABIIUX OYEHb
6bICTPO MEHATH OCBELIEHHOCTh QHCKA H OJHOBPEMEHHO OYEHb OBICTPO 3aMbLIKaThL
M pa3MblKaTb Lenb ranbBaHOMeTpa. [IpH 3TOM OKasanoch, YTO MpH BCEX AOCTYN-
HBbIX B ONBITaX CKOPOCTAX NPEPBIBAHUS CBETOBOTO NOTOKA W EKTPHUYECKOH HEmM
NPONOPUHOHANBHOCTL CHUNBI TOKA W JHEPTHH CBETa He Hapylanack. CTonetos
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CJlenajy BbIBOJ O TOM, 4YTO 3nex'rpuqec1(ui7| TOK «yCTaHaBAUBACTCA MITHOBEHHO M B
KQXABIH MOMEHT COOTBECTCTBYET CHIIC OCBELICHHAY.

Ypoxk 102. Peutenue 3a5a4
Lfens: oTpaboTKa HaBBIKOB peLIEHHA 3a4aY.
Xoa ypoka

I. OpraHM3auHOHHBIH MOMERT

II. IloBTOpEHHE
— B uem 3akmouaercs gnenue ¢porodddexra?
— Korzaa u xem 65110 OTKpBITO sABNEHME HoTOdhDeKTa?
—  Hapucyiite cxeMy yctanoBkH onsita I'epia?
— Hapucyiite u o6bscuute onbit A. I'. Cronerosa.
— OObsacHuTe 3axoHBI ¢oToddderTa ¢ TOYKH 3IpEHHA KBaHTOBOII
TEOPHH CBeETa.
—  Hanummre popmyny DiiHuTeiina qns potosddexta u oGbsicHuTE
ee PUIUIECKYIO CYTh.
— KakoBo ycnosue cyuectsoBauus ¢potodddekra?
—  Yro Ha3pIBaeTCA KpacHo# rpanuuer ¢potodddexra?
~  3anumuTe GOpMyITy AN KpacHOi rpanuust horosdpdexra.
— Tlouemy 3HeprHs QOTOIICKTPOHOB ONPEACHAETCA TOABKO HacTo-
TO# cBeTa?
1. Pewenue 3axa4
1. HalinuTte 4acToTy Vv CBETa, KOTOPBIM OCBEILAETCA MOBEPXHOCTh ME-
TajUla, €CIM MAaKCHMANTbHAasd KUHETHYECKas SHeprus (OTO3NEKTpOHA
K= 4,5-10’20 Jlx; paboTa BEIXOZa BIICKTPOHA U3 MeTaIa A = 7,6:107"°
JIx; noctosiunas [Lnauka h = 6,6:107* [px-c.
A+K

(Omsem: v = ~1,2:10" I'y.)

2. CreT ¢ AnuHOit BOHBI A = 589 HM MajaeT Ha MOBEPXHOCTb LE3HS.
Hakiaute Benn4nHy U MakCHUMaJbHOH CKOPOCTH ()OTOIJNEKTPOHOB. Pa-
6oTa BbIXOJa dNekTpoHa U3 ne3ns A = 1,89 3B; mocrosHuas [Tnaunka
h = 6,610 Jix-c; ckopocTsb cBeTa B BakyyMme ¢ = 3+10° M/c; Macca anek-
tpona m = 0,9-107° kr.

15B=1,610" Jx.
he

—[——A] ~2,7-10° m/c))
m\ A '

(Omeem: v =
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3. Kakoii nomkHa GEITE JTHHA A 31€KTPOMArHUTHOTO M3MyYeHH, Ta-
JAOWIEro Ha KaaMui, 9robel npu ¢oTodddexTe BemMyHHA MaKCHMAIB-
HOW CKOPOCTH BBUIETAIOMIMX 3NEKTPOHOB Gbima pasHa » = 7,2-10° M/c.
PaboTa BBIXOMA dnekTpoHa U3 kanMusd A = 4,1 3B; nocroaunas [Tnanka
h=6,610"* [ix-c; ckopocTh cBeTa B BakyyMe ¢ = 3-10% M/c; macca >7ek-
Tpona m = 0,9-107 kr.

13B=1,610" Ipx.

(Omeem: A= Lz ~ 225 uM.)

muv
A+

4. Haifinute AauHY BOJIHBI A CBETA, KOTOPHIH ciocobeH BHIGUTE U3 1e-
3ueBOTO OOpasila 3IEKTPOH ¢ MAKCHMAaNbHON KHHETHYecKO# 3Heprueit
K = 2 3B. Pa6ora Bxona 3nekTpoHa u3 uesus A = 1,89 3B; nocrosuHas
Inaska b = 6,6:107* Il c; CKOPOCTB CBeTA B pakyyMe ¢ = 3-10% m/c.

15B=1,610" Ix.

e o318 m)
K

(Omeem: A=

5. Hamydenue ¢ ;uuiﬂoﬁ BOJHEL A = 0,3 MKM MagxaeT Ha METAUIHYE-
ckyto mractuHKy. Kpachas rpanuua $otosddexra ans mertanna, us Ko-
TOpOTO H3TOTOBIEHA TUTIACTHHA, paBHA vy = 4,3 10" Ty, Haiigute B 37eK-
TPOH-BONBTAX KHHETHUECKYI0 3Heprui0 K ¢oroanextpoHos. [locTosHHas
Inanka h = 6,6-10~** [lx-c; ckopocTs cBeTa B BakyyMe ¢ = 3-10 m/c.

15B=1,6:10" JIx.

(Omsem: K = h(%—vk] = 2,35 3B))

6. IIpu moodepeAHOM OCBENIEHHH NMOBEPXHOCTH HEKOTOPOrO MeTaIa
CBETOM C AJMHAMH BOJH A, = 0,35 MM u A, = 0,54 MKM OGHapyXHIIH,
YTO COOTBETCTBYIOLIHE MaKCUMAIBHBIC CKOPOCTH (OTODNCKTPOHOB OTIH-
HaroTes B # = 2 pasa. Halimure B 3neKTpoH-BONETax paboTy BBIXOMY A 3MeK-
TpoHa ¢ ToBepXHOCTH Metamta. [loctosunas [Mnanka h = 6,6:107* bxc;
CKOpOCTB CBETa B BakyyMe ¢ = 3-10% M/c.

15B=1,610" Ix.

o
(Omeem: A= ﬂ—z—% =19 3B.)
h, (n"-1)

7. KpacHas rpannua Gotodddekra 1 MaTeprana $poTokaTona coor-
BETCTBYET JUTHHE BONHBEI Ay = 700 HM. OTHOIIEHHE MaKCHMAIBHBIX CKO-
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pocTeil GOTOINEKTPOHOB, BEINETAKOLIMX M3 KAaTOAA TIPH OCBEIUCHHUH €ro
CBETOM C JJIMHAMH BOJIH A U Ay, paBHO n = 3/4. Omnpenenute A,, €ClU
A = 600 uM.

Omeem: A, = =~ 540 HM.)
( & 1{1 1 1

w\&4 &) 4

IV. IloxBenenne HTOroB ypoka

Jomauinee 3agaHue
P-1106;,P-1107.

Ypox 103. Jla6opaTopHas paGota
no Teme: «M3mepenue paGoTsl BbIX0a 3JTEKTPOHA
npy $orodrnexTpuieckoM d3PpdekTe»

Iens: npnobpeTeHue ONBITa NMPOBEICHHS JKCIEPUMEHTANbHBIX HC-
clenoBaHUN ¢ NMPUMEHEHHEM (POTOIEKTPOHHBIX MPUOOPOB A1s U3MeEpe-
HuUs c1abbIX TOKOB

Xon ypoka

IIpu HopMabHOM pexume paboThl kaTol GOTOINEMEHTA COENUHAETCS
€ OTPHLIATENBHBIM MONIOCOM MCTOYHUKA MOCTOSHHOTO HANPSKEHHA, aHOI —
€ MONOXHUTENHLHBIM NOJIFOCOM MCTOYHHMKA. ECIM HET ocBeleHns cuna To-
Ka B Llen¥ (oTodneMeHTa paBHa HYJIIO, TaK KakK MeXIy KaToJOM H aHO-
oM Bakyym. TIpu ocBemieHMH kKatoAa ¢ JUIMHOH BOJIHBI KOpOU€ KpacHOHR
rpaHdpl GotodddexTa B ueny BOZHNKAET INEKTPUYECKHI TOK.

hv = A+tk A= hV—Ek

MakcHMaTBEHY0 KMHETHYECKYIO JHEPTHIO (POTORJIEKTPOHOB MOXHO
H3MEPHUTBh, TPUMEHNB METOA 3aj]epKHBatoniero notenumana. Karon ¢o-
TO3NEMEHTA COCOUHSAIOT C MOJOXKHUTEILHBIM MONIOCOM PETYIUPYEMOTO
WUCTOYHNKA NOCTOSHHOTO HAMPSOKEHMA, aHOJ — C OTPHUATENIBHBIM MO0~
coM. K doToanementy nomximoyaloT rainbBaHoMerp. [Ipu ocBenieHUH
KaToAa B LenH ($HoTod/IeMeHTa NMPOTEKAaeT JNMEKTPHUYECKUM TOK, TaK Kak
YacThb OCBOGOXIEHHBIX € KaToAa (OTODNEKTPOHOB MOMAfaeT Ha aHOA.
ITpu nmaBHOM yBEIMHYEHMM HANpPSOIKEHHs MEXKAY KaTOAOM ¥ aHOAOM ¢
TIOMOLIBIO FIOTEHUMOMETpA CHJIa TOKA B LeMM (POTo3NEeMEHTa MOCTOSHHO
yOBIBaET, T. K. DNIEKTPUYECKOE MNoNe NpH 06paTHOM MOAKIIOYEHHH (HOTO-
ANlEeMEHTa K MCTOUHUKY HATPSKEHUS NMPENATCTBYET ABHKEHHIO dNEKTPO-
HOB OT Karoja K aHojy. MUHHMANBHOE 3HAYEHHE HaNPsHKEHUs, MpeKpa-
IAKOIIEro TOK B UMK (GOTOdIEMEHTa, HA3bIBAETCH 3aMUPAOLIMM Hamps-
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weHneM. MakcHMalbHasi KHHETHYECKas SHEPTUs (POTOINEKTPOHOBR PaBHA
paboTe CHII 3J1. oM.
Ey=eU A=hv-eU.

Xoxa pa6oTnl

1. CoBepute 31EKTpUUECKYIO Helb 1o cxeMe (puc. 94). YcraHoBHTE C
TTOMOIIBIO NOTEHIIMOMETPA HAIpsHKEHHe Ha (HOTOINEMEHTE paBHBIM HY-
mo. Hanpasere Ha GOTOINEMEHT COTHEUHBIN CBET WIH CBET OT ICKTPH-
yeckoit naMnel. ['ameBaHOMETp B LieNTH OOHAPYKUT 3NEKTPHUECKHI TOK.

+ A
| W

o

Puc. 94

2. YcraHoBHTE B OKOIIKe MepeR (OTOINEMEHTOM CHHHH CBETO-
¢uneTp. HampaseTe crer yepes ceTodmnbTp Ha dorosnement. Ilocte-
MICHHO YBENIMYWBAs 3aNMpPaIOllee HAMpsKCHHE, ONpeieluTe 3HauYeHHe
3anuparolero Hanpsokenus U, pu KOTOPOM CHIIa TOKAa B Lenu (oTodie-
MCHTA CTAHOBHUTCS PAaBHBIM HYIIO.

3. [To u3MepeHHOMY 3HA4YCHHUIO 3alMparoIero HanpspkeHus U, wacro-
ta cBetad = 7,15 - 10"c™, mpormyckaemoro cHEMM CBETODUIBTPOM U H3-
BECTHHIM 3HauyeHHeM nocrossHuoi Ilnanka h = 6,6 - 1073 Jix-c u 3apsana
snexTpoHa e = 1,6 - 10-"° K. Beruncnmre paGoTy BBIXOa A 3IEKTPOHOB
¢ TIOBEPXHOCTH Karona (porodnemeHTa. BeipazuTte 3HaueHHe paboThl BHI-
XOIa B JUKOYJISX M DICKTPOHBONbTaX. Pe3ynnTaTel H3MepeHH M BHIYHC-
JIeHHii 3aITHIIUTe B Tabnuiy.

v, ¢! U, B Ay Ik A>B

JlomailiHee 3axaHHe
P-1108,P-1109.
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VYpok 104. ®oToHbI

Lens: chopMHpoBaTh y yyalMxcs npeAcTaBieHye o hoToHe.

.

Xon ypoka

L. Opranu3auHoHHbIHA MOMEHT
11. J1a6opaTopuas pabora (PpoHTANLHEIA IKCIEPHMEHT)

3aoanue: Uccnenyiite v 06bICHNTE ABJICHHS, BO3HHKAIOIME B JJIEK-
TpHueckoii ueny (puc. 95) NpH oceellleHHH HEOHOBOH JIAMITOYKK JaMIIoin
HaKaJIMBaHUs.

Puc. 95

R =310 m/c; C, = 1 Mmx®d; C, = 0,5 Mx®d.

HCOHOBHC JJaMIlbl HMECIOT uC3HCBLli7I KaTox. 33 CUCT ATOr0 JaMnodkKa
OKAa3BIBacTCA YYBCTBHTENLHOW K OenoMmy cBety M ynbTpaduoneToBoMy
’ HMquHH}O. Hepen OIIBITOM TIOAAIOT HaﬂpH)KCHHC, HECKOJIBKO MCHBIICE
Haﬂpﬁ)KCHHH 3aXKHUIraHud HCOHOBOﬁ JaMIIOYKH. an OCBCIICHHUH KaTona
KBAHTHI CBETA BbIﬁHBaIOT C €ro HOBCPXHOCTH BJICl(l‘pOHH, 4YTO BbI3LIBAET
)'CPUICHHC TOKA H 3KHTaHHC JIAaMINTOYIKH. an 3TOM COl’lpOTHBHCHPIC peaxo
nagaer, U Oarapes KOHACHCATOPOB paspsXKaercs 4uepe3 JIaMIIOUKy H
I‘pOMl(OI‘OBOpPITCJIL, BBI3LIBAA ICTYHOK. MCHHH paCCTOﬂHHC OT JIJAMOOYKH
JIO0 OCBETHTCR, 3aME€YacM NIMCHCHHE YaCTOTHI CIICRAOBAHHS NCAYKOB.

HI. H3y4yenne HOROrO MaTeprasa
doTon — MaTepHaNbHad, MEKTPHUECKH HEHTpanbHAs YacTHLA. JHep-
s $oToHa:
E=hv vin E=ho;
h= —h— s =2mv
2m
h=6,63-10" Jix-c;
h=~1,55-107 Jix-c.
CornacHo TEOpHH OTHOCHTENIBHOCTH:
E=mc* =hv.

hv
Orciona m =—,
C

TAE€ m — Macca (bOTOHa, 3KBHBAJICHTHad 3HCPruM.
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E
Nmny e p=m-c=ﬂ=—=1’-,r. K.c=Av.
c ¢

HUmnyinsc $oToHA HanpaBlieH M0 CBETOBOMY MYYKY.

OcHoBHEIe CBOHCTBa (HOTOHA:

1. SIBnAeTCA 4acTULEH DNEKTPOMArHUTHOTO MO,

2. JIBMkeTCS CO CKOPOCTBIO CBETA.

3. CyuiecTByeT TONBKO B JBHIXCHHH.

4. OctaHoBHTH (POTOH HENB3S: OH NGO ABHXKETCS CO CKOPOCTBIO L = C,

1ubo He cymectByeT. CneoBaTeNnsHO, Macca Mokos GOTOHA paBHA HYIIHO.

Takum 06pazoM, MHorue GU3HKK B Havane XX B. MPHULLTH K BRIBOAY,

YTO CBET obnanaer ABYMS CBOICTBaMH:

1) IIpu pacnpocTpaHEeHUH OH IPOSBIIAET BOJHOBEIE CBOMCTRA.
2) I'lpu B3aNMOJEHCTBHH C BEIIECCTBOM IPOSBISET KOPITYCKYIAPHBIE CBOH-

crBa. Ero cBoiicTBa He CBOAATCS HU K BOJIHaM, HH K YaCTHIAM. Hozrmepma-
€T 3aKOH JMAJICKTHKH: KOJMYCCTBO INEPEXOAUT B KAYCCTBO. YeMm Gonslie v,
TEM ApYEC BbIPAKECHEB] KBAHTOBBIC CBOMCTBa CBETAa U MEHEE — BOJTHOBbIE.

Iv.

3akpenJieHHe H3y4eHHOT0 MaTepHasa
Yro npencrasnseT coboit poron?
ITepeuncnmnte ocHOBHBIE CBOMCTBA (hoTOHA?
Hannwure ¢opMyiy 3Heprin ¢oTOHa, 3Has 4acTOTy KolebaHMi
cBeTa, MO0 MCMONB3YS JUTHHY BOJIHEL
Kak onpenenuts Maccy U UMnynsc otoHa?
Kak nanpaBnen nMmnynsc ¢otona?

V. Perrenne 3axau

3aoqua Ne 1

OHpC)ICJ'IPlTC JHEPru0, MacCy H UMIIYJIbC (bOTOHa BUAUMOTO CBETA C

JUIMHOM BOJHEBI A = 500 HM.

Hano: Pemenme:
?»=5~108_] M; I M
c=3-10° m/c. c Hee
E_9 E=hv=hz; E= T =[,Zlofc].
m-—7?
p—?
Macca: mzi;
A-c

¢ Mo -c* __H-M-Cz ke m*-c?
m= o |- O =72 2 =[K2]

w2 c M
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h . MM .
Hmiynse potoHa: p =me=—; p:[ﬂ‘m c_k ’;‘ MC_ke M]_
A M ctom c

(Omgem: E = 4-107" ii; m=4,4- 107 kr; p= 1,310 kr- m/c.)

3aoaua Mo 2
Onpenenute JJIMHY BOJNHEI ()OTOHA, MMITYJILC KOTOPOTO paBEH HM-

IMyNBCY 3JIEKTPOHA, MPOJIETEBIIETO YCKOPSAIOUIYIO Pa3HOCTE ITOTCHIIHAJIOB
4,9 B.

Jano: Pewenue:
U=49B,
Py = Pg; B=me=t i pamp; Bamp; 2=t
] 13 a4 /1 /1 meU
h=6,63-10"" Ix-c; 5 )
le|=1,610""Km; | MT ML _ o 4oy
me=9,1-10"" kr. 2 2 P =T Ame
A=? 2
mu —eU:v= 2eU_
me
B h _ h
me.\j2eU \/2eUme
me

(Omsem: 0,56 uM.)

3aoaua Ne 3
Ckonbko (hoToHOB nomanaer 3a | ¢ B Iiia3a 4enoBEKa, €CJIM Tiia3 BOC-

TIPUHAMAET CBET C JUIMHOH BONHBI 0,5 MKM NpPH MOLIHOCTH CBETOBOTO
notoka 2-107' Br?

Jamno: Pemenne:
t=1c¢; ITonunas >Heprus (oToHa, MOMaBLIETO B Tias3,
A=510"m; paBHa W =Pt .
p=2-10""Br; OHeprus oJHOro QoToHa:
h=6,63-10" Jixc; he W Pt
c=510° m/c. E=hv=7’N=E= he
N-?
N = Bm~c-):‘44 _ Hoc/c-c =1l
Jowe-c 2 Ax
c

(Omgem: N =150.)

V1. IloxBeaeHHe HTOTOB YpoKa
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JomainHee 3axanne
n. 90.
P-1117;P-1119.

¥Ypok 105. Peuienve 33124

Iens: oTpaboTka HABKLIKOB PELUICHMUS 3a/1aY.

Xeox ypoxa

I. Opranu3anMoHHKIH MOMEHT

IL. MoBTOpenHe
= Yro npeacrasnger coboit poton?
— [lepeuucnure ocHoBHbLIE CBOHCTBA (OTOHA.
— Hanuummure dopMyny 3Hepruu ¢oToHa, 3HAA 4acTOTY Konebauwuii
CBETA WIH JUIHHY BOJIHEL
— Kak onpenennts Maccy 4 uMmynsc potoHa?
— Kak HanpaByieH HMImynbc poTona?
II1. Pewsenne 3224
1. MomHocTh MOHOXpOMATHYECKOTO HCTOYHHKA cBera P = 132 Br. 3a
BpeMs 7= 2 C HCTOYHHK ucmyckaer N = 8-10% cretorix kBanToB. Haii-
Aute AnuHy BOIHBI A uanyuenus. [Toctosunas ITnasxa 4 = 6,6:10™* Jix-c;
CKOpPOCTH CBETA B BakyyMe ¢ = 3-10° m/c.
Nhc

(Omeem: A= = 0,6 MKM).

2. Py6unoBsIit nazep 3a BpeMs 7= 2107 ¢ uzayyaer N = 2:10' ksan-
TOB Ha AmuHe BOSHE A = 690 HM. Hailaure MomHocTs P nasepa. [octosH-
uas ITnaxka A = 6,6-10* J-c; ckopocTs cBeTa B Bakyyme ¢ = 3+10° m/c.

Nhe 2.9 kB,
T

(Omgem: P=

3. MICTOUHMK CBETa MAyHaeT execekyruHo n = 10'° poToHoB Ha pmune
ponuel A = 500 HM. Kakyio MouHOCTs P notpebIseT 3TOT MCTOYHHK, €CIH B
CBETOBYIO 3HEPTHIO nepexoanT 77 = 10% norpebnsemoii sneprun? Ilocro-
suuas [nanka & = 6,6-10™ [bx-c; ckopocTs cBeta B BakyyMe ¢ = 3-10° m/c.

0,
(Omegem: P = 100% nhe =40 Br).
n A
4. Xumuyeckuil nasep co3naeT HMH(QPaKpacHEIl JIyd MOIMHOCTHIO
P =36 MBr. OfiiH KRaHT H3y4eHHs nmeeT 3Hepruio E; = 7,2:10%° ik u
ummynse P; = 2,4-107%® xr-m/c. Haiinure senmuuny F cunsl, aeiictayio-
1€ Ha Takoif nasep B npouecce paboTsl cO CTOPOHH H3TyHeHHS.
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p _
(Omeem: F =—-P =1,2-10"° n).

E]
L 5. MOImHOCTh TOYEYHOIO MOHOXPOMATHYECKOIO HCTOYHHKA CBETA
P =10 Bt na wmHe BonHe! A = 0,5 MrM. Ha kakoM MakCHMANEHOM pacCTos-
MHI1 7 5TOT UCTOYHHK OyJeT 3aMedeH 4eOBEKOM, €CITH Ta3 HAZIeXKHO Perd-
upyeT n = 60 ¢doToHOB B cekyHIy? Jluametp 3pauka d = 4 mM. [ocTosn-
ILnanxa h = 6,6:107* [bi-c; ckopocTb cBeTa B BakyyMe ¢ = 3-10% m/c.

PA

(Omeem: r=£ =6,5-10° m).
4\ hen

% 6. Ilyyok nasepHoro uamydeHus momHocteio P = 100 BT mapmaer Hop-
%ﬁaﬂLHO Ha Henpo3pauHylo IUACTHHKY. [InacTuHKa morowaer 77 = 50% na-
SRAIOUICH SHEPIUH, A OCTAIBHYIO, 3ePKAIbHYI0, — oTpakacT. Haliure Bemn-
*guHy F CIIBI JaReHNS CBETA Ha IUIACTHHKY. DHeprus F (hOTOHa cBA3aHa ¢
“BEMIMMHOI p ero UMMYITBCa cooTHomeHueM E = p-c. 3xech ¢ = 3-10° m/c —
~CKOpPOCTh CBETA B BAKyyMe.

(Omeem: F =£[2— 7 ]: 0,5-10° n).
¢ 100%

7. B peHTreHoBCKOH TpyOKE DIEKTPOHBI, HCIYCKAaEMble HArpeToi
“MpoBONOYKOH K, YCKOPAIOTCS JJIEKTPHYECKUM TIONIEM, YIAPRIOTCA O MH-
:HMIEHb A U TOPMO3ATCS, HCIyCKast MPH TOPMOXKEHUH OJUH HIH HECKOIBKO
s’peHTI‘CHOBCKHX dotonoB. Haiinute caMyro KOPOTKYIO JUIMHY BOJHBI Ampin
| pEHTT€HOBCKOTO H3NTydeHHS, €CITH HaMpsDKEHUE MY 3JEKTpofaMu 4 U
bK paBHo U = 30 kB. INocrosunas ITnanka h = 6,610 Jix-c; CKOPOCTh
paCHpOC’I‘paHeHHﬂ 3JIEKTPOMATHHTHBIX BONH B BakyyMe ¢ = 3-10° m/c;
{aneMeHTapHbIid 3apag e = 1,6-107 1 Ki1. CKkopoCTb 57eKTPOHOB TIpH BbLIE-
FTe U3 KaToJa cYUTaliTe paBHOH Hy MO,

(Omesem: A_. =£z41 HM).
elU

min

i

;,llomamﬂee 3aJaHHe
P-1121;P-1125.

Ypok 106. CamocToATebHA" padoTa

. Hens: Hay4uTh ‘HCTIONE30BATh TEOPETHUECKHE 3HAHHA Ha TIPAKTHKE
NpH peleHHH 3a71aY.

Xona ypoka

Bapuanm 1
1. Kak usMeHseTcd CO BpeMEHEM HHTEHCHBHOCTH HCITYCKAHHUS DIIEK-
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TPOHOB I[MHKOBO# IMJIACTHHKO# HpH OONydYeHHH ee yIbTpahHONEeTOBBIM
ceeToM? (Vumenvwaemes.)

2. Kak W3MeHHTCS KHHETHYECKas 3HEPTHs 3JeKTPOHOB npH (HoTo3¢-
¢exte, ecny, He U3MEHAR YACTOTY, YBEIUYHUTE CBETOBOM MOTOK B 2 pasa?
(He usmenumcsi.)

3. Kak usMennTcs QOTOTOK HACHIIECHHUS MPU YBEIHYEHHH YACTOTHI
obmyyaronlero cBeTa H HEH3IMEHHOM CBETOBOM notoke? (He uzmenumcs.)

4. YacroTa obIy4aromero ceeta yBeaIu4yniaace B 2 pasa. Kak u3MeHu-
Jloch 3anupalouiee Hanpsbkenue gortosneMenTa? (Vaeanuuunoce bonvuwe
yem 8 2 paza.)

5. 3anumnte ypaBHeHHE JiHIITEHHA.

6. MoxHo 511 3aKk0oHH poToatdhdexta 06BACHHTE Ha OCHOBE BOJNHOBOI
TeopHH cBeTa? (Henbssn.)

7. HeszapshkeHHY!0 METATHYECKYIO [UIACTHHY OCBEIIAIOT PEHTTECHOB-
CKHMHM WM ynsTpaduoneToBeiMM Nyuyamd. KakoB pesynsTaT orbiTa?
(IThacmuna 3apaocaemcs nonojicumenbHo.)

8. Kak u3MeHHUTCA BpeMA pa3psiKH UHHKOBOH TIAaCTHHBI 3apsKeHHOM
OTPHLATENLHO, €CNIH TMOCTaBUThL CBETOQMIBTD, 3ajepxuBalouid HHppa-
KpacHy10 4acThb crektpa? (He usmenumes.)

Bapuanm I1

1. Kaxo#i 3aps oKaXeTca Ha JJBYX LIMHKOBBIX IIACTHHAX, OJHA H3 KO-
TOPBIX 3apsiKeHa NMOJIOKHUTEIbHO, 4 IPYTas OTPHLATENBHO, eClTH UX o6y~
4YUTh yNbTpaduoneToBeIM cBeToM? (Obe naacmunel 6ydym umems nono-
JrcumenvHblll 3apao.)

2. Kakue ¢dakTops! onpenensioT KpacHylo rpanHuly tortosddexra?
(Bewecmao xamooa.)

3. Kak M3MeHHTCS CKOPOCTH BBUIETAIOIIMX M3 BELIECTBA JJIEKTPOHOB,
€CJIH YacToTa obayHarouero ceeta yBenuuutea? (Veeauuumen.)

4. Inuna BonHE! oBiywarouiero cBeTa yMeHpHiMIach B 2 pasa. Kak
HU3MEHHNach paboTa BeIxo/a dniekTpoHoB? (He usmenumcsi.)

5. Kak MoxHo o6bsacHuTh sienenue dorosdbexra? (Torvko xeanmo-
8oii meopueii ceema.)

6. Tlpu ocBemeHHM TUIAaCTHHBI 3eleHBIM cBeTOM (hoTo3ddexTa Her.
Byner nu on Habmonatbes fpH 061yueHHUM TOH ke [IACTHHBI KPaCHBIM
cBeToM? (Hem.)

7. Kak 3aBUCHT 3anMpatoliee HanpsKeHHE GOTOTOKa OT AJTHHBI BOJHEI
o6nyyaroulero cseTa? (ObpamHo NpONOPYUOHATLHO ONUHE BOTHBI.)

8. Kak M3MeHHTCA CO BpeMeHEM paspsii OTPHLATEIbHO 3apsiKEHHOM
LHHKOBO} IUIACTHHBL, €CNIH ee O6MYy4UTh YAbTPadhHONETOBBIMU TydYaMu?
(Vmenvuumes.)
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Bapnant ypoka 106. Pemmenue 3ana4
no Teme: «BoJIHOBBIE H KBAHTOBble CBOHCTBA CBETAY

Ilennp: pazBHTHE HABBIKOB CaMOCTOSTENbHOH paboTel; oTpaboTka Me-
TOJIOB PElCHHSA 33]1a4.

;_L Xon ypoka

“'I. OpranusanuoHuBIi MOMeRT
II. Pemenne 3ana4

3aoauu na «3» 6anna
1. KpacHas rpannua ¢oroaddexra s cepebpa pasHa 0,33 mxMm. Ye-
- My paBH2 B 3JIEKTPOHBOJIETaX paboTa BRIXOHA MJIEKTPOHA M3 cepebpa?
(Omeem: 3,75 3B.)

2. Yemy paBHa dHeprus, Macca ¥ UMIyJsCc (HOTOHA [UIA PEHTITEHOB-
ckux nydeit (v = 10" T'p)? (Omgem: 6,62:107'¢ i, 7,3:107 «r;
2,2:10™ kr-m/c.)

3. Pabora BBIXOIa DJIEKTPOHA C MOBEPXHOCTH Ie3us paBHa 1,9 aB.
Boszuukuer mu porozdpdekt noa aeiicTBUEM HITYHEHHUS, HMCIONIETO JJIH-
HY BOJHE 0,45 MKkM? (Omeem: BOSHHKHET.)

4. BRINUCIHTH SHEPTHIO, MACCY U UMNYNRC (POTOHA, [UTHHA BONIHEI KO-
Toporo 400 uMm. (Omeem: 4.97-107" Iix; 5,5:107% kr; 1,65-107%7 KT-M/C.)

3adauu na «4» 6anna

1. Kakyio MakCHMaIBHYIO CKOPOCTh MOTYT TOJYYHTH BBUICTCBIIHE H3
KJIHA DJIEKTPOHHL MpU OONy4YEeHHH ero (GHONETOBBIM CBETOM C JUIMHOM
Bonubl 0,42 Mkm? PaGoTa BEIXOfA DIEKTPOHOB JIA Kajius paBHa 2 3B.
(Omeem: 580 xkM/c.)

2. Kaxoif RaHHBI BOJHH cnefyeT HAlPaBUTh Jy4Hl Ha NMOBEPXHOCTH
IMHKa, YTOOBl MakcUMajibHas CKOpOCTh (OTORIEKTPOHOB OBLIAa paBHA
2000 tn/c? KpacHas rpannua dotoddexra ais uuHka papHa 0,35 MxM.
(Omeem: 83 uM.)

3aoauu na «5» 6arnos

1. IIyuox J1a3epHOTO H3NMy4eHUs ¢ ANHHOM BOMHEL 0,33 MKM HCTIONB3yeT-
€A Ans HarpeBaHMs | Kr Bompl ¢ yAeMbHOH TertoemkocTeio 4200 Jhi/kr-K.
3a kaxoe BpeMs Boga Harpeercs Ha 10 °C, ecny j1asep exXeECEeKyHIHO HC-
myckaer 10%° hboToHOB H Bce onm nornonaroTcs Bonoii? (Omeem: 700 c.)

2. HesapsokeHHBIH MeTannudeckuii map eMkocThio 2 MK® obmyaror
MOHOXPOMHEIM CBeTOM ¢ AnuHoi# BoaHel 0,2 MkM. ITocne mpekparenus
obmy4eHns wap 3aseMisoT. ONpenenuTh KONHYECTBO TETUIIOTHI, BBIAE-
JMBINEeCA TpH 3a3eMiIeHHH. PaboTa BRIXOAA 3JEKTPOHOB M3 MeETaia
paeHa 1,8 3B. (Omgem: 19,36 mx/JIx.)
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3. HcrounMk MOHOXpOMATHYECKOTO CBETA MOIIHOCTEIO 64 BT nenycka-
€T eXKECEKYHIHO 10%° GoTOHOB, BBI3EIBAIOMINX (POTOIDPEKT HA TNACTHHEI ¢
paboToii BEIXOZa 3NEKTPOHOB, paBHoi 1,6 3B. Jlo kakoro nmoteHimana 3a-
pAAMTCS MIaCcTHHA IPH JUTHTENEHOM ocBelleHnu? (Omeem: 2,4 B.)

4. Peutrenonckas TpyOka, paboraronias nox HanpsbkerneMm 50 kB u
notpebnsoman Tok 2 MA. u3nydaer 5-10" thoToHOB B cekyHay. Cuntas
CpPeIHIOI0 ANMHY BOJIHBI U3NTydYeHHUs paBHOH 0,1 HM, onpenennTb, CKONBKO
TIPOLIEHTOB MOIIHOCTh M3NYyYEHHs COCTAaBIAET OT MOILHOCTH NoTpebnse-
Moro Toka. (Omeem: 0,1 %.)

3adauu nossimennoi mpyonocmu

1. ®oroH ¢ ajrHO# BoHEI 300 HM BBIPBIBAET € MOBEPXHOCTH MeTallna
IMEKTPOH, KOTOPLIH OMWCHLIBAET B OXHOPOJHOM MAarHWTHOM MONE C WH-
nykuueit 1 MT okpyxHocTs paguycoM 3 mMM. Haiitu B amekpoHBONbTax
paboTy Brixona 3NEeKTpoHa u3 Metaina. (Omeent: 3, 33 3B.)

2. Dnextpuueckas jamna mowHocteio 300 Bt uznyyaer 1,2 % no-
TpebnsieMoii 3HEpTHH B BHE CBETA PABHOMEPHO 110 BCEM HAINpPAaBIEHUAM.
CkonbKO (OTOHOB BUIMMOrO CBETA [TONAJaET 3a 1 ¢ B 3pa4yOK YeNOBeKa,
HaxoAsierocs Ha pacctosHun 1 M oT nammbl? [{uamerp 3pavka 4 MM,
cpenHss 1UIMHA BOJIHEL 550 HM. (Omeem: 10‘3.)

Jlomaixee 3ananune
P-1126,P- 1127

Ypok 107. ®oTo31eMenTbl H HX NPHMEHEHHE
Ue]lb.‘ O3HAKOMHTL YJalIUXCA € NMPAKTHYE€CKHM NMPHUMEHEHHUEM (1)0’1'0-
addexTa.
Xoa ypoka

L. Oprauu3annonHbIi MOMEHT
II. M3y4enne HOBOrO MaTepHana

Axcnepumenm
Cobupaetcs cxema (puc. 96):

Puc. 96
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(doTopene BKIIOYHTH TaK, YTOOBI OHO cpabaThIBaNo Npu 3aTEMHEHHH
oroconpoTupieHnss. B kayecTBe Harpy3ku BKJIIOYHTH 3EKTPOIaMIy.
Ecnu 31oit ke Namnoit ocBeTHTs GOTOCONPOTHBIIEHHE, TO MaMna Gyjer
NEePHOAHHECKH 3KNIAThCA M TaCHYTh. OOBICHUTEL SBICHHE.

(Omeem: Korna namna L ocBeTHT (OTOCOMPOTHBICHHE, YEPE3 HETO
FOMJIET TOK, penie r pa3sopBeT Lenb MaMnbl L H oHa noracker. doToconpo-
THBIECHHE 3aTEMHMTCA, TOK, TEKYLU(WH uepe3 Hero, mpepBerca H SKOpb —
penie, BO3BpAIIasch B HCXOJHOE MONOKEHHE, 3aMKHET Lielb U T. &. [1onob-
HOC YCTPOItCTBO MOXHO OBLIO GBI, HAPUMED, HCIIONIL3OBATE IS YIpaBJie-
Hua muratomumi cherochepamu. [TpuBopsl, B OCHOBE MpHHUMNA JeiCT-
BHSL KOTOPLIX jieXuT asieHue GoToadpdexTa, HastipaloT GoTosneMeHTamMu.)

Brewnuii ghomorggpexm
Hcnyckanue 3NEKTPOHOB € MOBEPXHOCTH METAILTIOB MOA JcHCTBYEM
CBETA.

Puc. 97 Puc. 98

A — anop. K — xaTox cBeTOYYBCTBHTEIBHRIN, O — OKOIIKO Ul KOCTY-
na cBeTa.

JoctounctBo (oToaneMeHTa: 6e3MHEPLHOHANBLHOCTh, $oTOTOK [
TIPOMOPLIHOHAJIEH CBETOBOMY NMOTOKY .

Henocratok horoanemenTa: cnaGuiii TOK, Manas 4YyBCTBUTENBHOCTD K
JUTHHHOBOJIHOBOMY M3TYHEHHMIO, CIIOXKHOCTh B H3rOTOBJICHHH, HE HCIIONb-
3yeTcs B LENAX NEPEMEHHOTO TOKa.

Ilpumenenue 8 mexnuxe:

1. KiHo: BOCIIPOH3BEICHHE 3BYKA.

2. ®dototenerpad, porotenedon.

3. @oToMeTpUA: U1 K3MEPEHHA CHITBI CBETA, APKOCTH, OCBEIIEHHOCTH.

Buympennuti pomosghghexm

H3MeneHns KOHLEHTPaLMH HOCHTENEH TOKa B BelECTBE M Kak Ciief-
CTBHE U3MEHEHHE SIEKTPONPOBOIHOCTH.

domopesucmop — yCTpOiCTBO, CONPOTHRNEHHE KOTOPOTO 3aBHCHT OT
ocBenIeHHOCTH. Hicmons3yeTcss NpH aBTOMAaTHYECKOM YIPAaBiAGHUH DIIEK-
TPHUECKHMH LIETNAMH C TIOMOIBIO CBETOBBIX CHTHAJIOB M B HEMAX Mepe-
MEHHOTO TOKa.
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A\

Puc. 99 Puc. 100

Beumunvuwiii pomospgpexm

BosuuxHoBen#ne 3JIC 1mox neicTBHEM CBETA B CUCTEME, COTEPHAILEH
KOHTAaKT JABYX pa3jIMyHEIX MoONyrpoBoxHukoB. Hcnonesyercs B conxeu-
HbIx Oatapesx, koTopsie umetoT KI1J 12-16 % u npuMeHsoTCs B UCKyC-
CTBEHHBIX CIYTHHKaX 3eMJIH NpH MOJy4EHHH 3HEPrUH B mycThiHe. [Ipun-
(UM JeHCTBUS CONHEUHOH 6aTapen: Npy NMOIJIOIECHHH KBAHTA SHEPTHH AV
HOJIyIIPOBOJHUKOM OCBOOOXIAETCS JOMOJHUTENbHAS Tapa HocuTelel
(2NIEeKTPOH M ABIPKA), KOTOPhIE JBIKYTCS B PA3HBIX HANPABJICHUAX: ABIP-
KH B CTOPOHY IPOBOJHHUKOB p-THIIA, 4 3JIEKTPOH B CTOPOHY MOJYPOBOI-
HHUKOB n-THNA. B pesynprate obpasyercs B MONYNPOBOIHHUKE n-THMA U3-
OBITOK CBOOOIHBIX NEKTPOHOB, 2 B NOJYIPOBOZHHKE P-THNA — H3GHITOK
IBIpoK. BO3HHKAET PasHOCTH MOTEHIMANIOB.

HI. Bonpoce! ajid 3aKpenieHus
—  Yro Ha3wIBaeTca PoTodNEMEHTOM?
— B 4eM cyTh aBneHus BHelHero Gpotosddexra?
—  Yro Ha3wkIBacTCA BHYTPEeHHUM GoTO3DDeKTOM?
— Uro Takoe doropesucrop? Kakos ero npuunuun neiicteua? Kak
H TZie uconb3yeTcs potopesncTop?

JlomailHee 3axaHHe
§ 91

¥Ypoxk 108. KonTponsnas pabora
no teMe «BonHoBbIe H KBAHTOBbLIE CBOHCTBA CBETA»

Llens: BRIABUTE 3HAHMA YUALMXCA TI0 TeMe «BOIHOBEIE U KBAHTOBBIE
CBOMCTBaA CBETAY.

Xon ypoka

Bapuanum I
1. KakoBa kpacHas rpanuna ¢potoddhdekta Ul allOMHHUS, €CNH pa-
60Ta BEIX0/Ja JNIEKTPOHA paBHa 6- 107" ITx? (Omeem: 3,3-107 m.)
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2. Onpesie/INTL 3HEPTHIO, MAcCy H HMITYNLC (QOTOHA, JUIMHA BOJIHBI
kotoporo 500 HM. (Omeem: 4-107"° Jix; 4,4-107¢ kr.)

3. Pab6ota BEIXOAa DNEKTPOHA M3 LIE3UST paBHA 3-107" Jx. Haiinure
[UTMHY BOJNHBI MAJAIOIETO CBETA HA TIOBEPXHOCTD LE3Hs, €C/IU CKOPOCTh
hoTosnexrponos pasna 0,6:10% M/c. (Omsem: 428 nm.)

4. Ha noBepxHOCTh miomanpio 1,5 cM’ NajnaeT HOPManbHO MOHOXPO-
MAaTHYECKUM CBET ¢ JUIMHON BONHBI 663 HM. CReT NMOJHOCTBIO TOTJIOA~
eTcs MOBepXHOCThIO. Onpenenure, Kakoi HUMITYIbC MEPENAH MOBEPXHO-
CTH, €CJIH 3a BpeMs | ¢ Ha Hee monaio 2:10" ¢otonoB. Kakoe namiecHue
OKa3BIBACT CBET Ha ToBepXHocTs? (Omeem: 2:107° Hec; 13107 Ma.)

5. Ha ckonbko rpanycos HarpeeTcs 3a 1 ¢ kamig Bojsl Maccoit 0,2 T,
eciTi OHA execeKyHHo nornomaet 10'® poTOHOB ¢ JTHHOI BOMHE! 750 HM?
IMotepsamu aHeprum npeHeOpeus. (Omgem: 3,1-10° K.)

3adaua nosviwieHHOU ClOdCHOCMU

TIpoTon aBMKeTCK co ckopocThio 7,7-10° m/c. Ha kakoe HanMenbiuee
paccTosiHue MOXET NPHOXH3NTBCA 3TOT MPOTOH K SJAPY aTOMa antoMH-
Hus? BrAusHWEM 31eKTpOHHOH 000JIOYKH aTOMa amoMHMHHS NpeHebpeys.
Macca npotona 1,67-1077 kr. (Omeem: 6:10™ m.)

Bapuanm I1

1. Kakoif 4acTOTHI CBET clielyeT HanpaBUTh HA MMOBEPXHOCTh JINTHA,
4TO6BI MAKCHMATTBHAA CKOPOCTh (POTOANIEKTPOHOB Gbita pasra 2,5-10° m/c?
PaboTa BbIX0J1a 27IEKTPOHOB U3 THTHUA 2,39 3B. (Omeem: 4,87- 10" T'u)

2. Haiitn sHepruio, Maccy H UMnyisc (OTOH2 AJIA HHGOPAKPACHBIX
nyueit (v = 10" T'). (Omeem: 6,6:107% Jix; 7,3-107° kr.)

3. ®oroaddekt y naHHOro MeTanIa HauMHAETCA MPH YacTOTe CBETA
610" ', PaccunraiiTe YacTOTy M3IyUYeHHs, NaJAIONIEro Ha MOBEPXHOCTH
METalIa, €CJIH BBUIETAIOIINE C TIOBEPXHOCTH DIIEKTPOHEI MOTHOCTRIO 3a-
JIEPKUBAIOTCS PA3HOCTHIO noTeHHanos 3 B. (Omgem: 1,32- 10" T'u)

4. Cxonbko (OTOHOBR BHIMMOTO CRETA C JUIMHOH BOMHBL 560 HM H3J1y-
yaeT JaMmna MolHocThio 40 BT B 1 ¢, eciu ee Tennopas o0TAava coOCTaBJIs-
et 5 %? (Omeem: 56:10"".)

5. Menupiii mapuK, yIaneHHBIH OT JIPYrHX Tell, oOJy4aeTca MOHO-
XPOMATHYECKHM H3NyYeHHEM, JUTHHA BOJIHKI KoToporo 2:107' M. J{o kako-
rO MaKCHMANLHOTO MOTEHIMANA 3apsAAnTCs HApHK, €CIM paboTa BEIX0JAA
3NIEKTPOHOR € MOBEPXHOCTU Meau paBHa 4,5 3B? (Omeem: 1,7 B.)

3adava nosviuiernoti mpyonocmu

OnHa U3 TUIaCTHH HE3apsKEHHOTO MIOCKOT0 KOHZAEHCATOpa OCBela-
€TCS PEHTIeHOBCKHMHM JIyYaMH, “BBIPBIBAIOLIMMH M3 HEE DIIEKTPOHHI CO
cKopocTsio 10° M/c. DneKTpons! coBHpaloTes Ha BTopoit macTune. Uepes
Kakoe BpeMs (DOTONOTOK Mexay IUIacTHHAMH TIPEKPATHTCA, €CIK ¢ KaxK-
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JOTO KBAJpaTHOTO CAHTHMETPA IUIOWIAAH BHIPHIBAIOTCA €XKECEKYHIHO
10" anexrponos? Pacctosume Mexay nnactuuamu — 10 MMm. (Omeem:
1,57107 ¢)

JNoMamnee 3aganue
n. 88; 91.

Ypok 109, lasnenne ceera

Iens: paccMOTpPETE JaBicHHE CBETA KaK SKCMIEpHMEHTANLHOE JIoKa3a-
TENBCTBO, HTO (JOTOHKI 00JIaAK0T HMITYTECOM.

Xon ypoka

L. Oprann3annoHHBIH MOMEHT

I1. [losTOpenne

— B 4eM COCTOMT pa3nH4ue MEXAY BHEIIHHM U BHYTPEHHHUM (GoToddh-
tdexrom?

— Ot 4ero 3aBUCHT YWYBCTBHTENBHOCTH (POTOINEMEHTA K NajarounieMy
Ha Hero cBeTy?

— Kaxkue ¢$oT031eMEHTR HCTIONB3YIOTCA B LIENH NEpEMEHHOro Toka?

— Tlpy xakoii nimHe BOJNHBI M3TMydeHus macca QoToHA paBHa Macce
TIOKOs 3JieKTpoHa?

II1. M3y4yenHe HOBOro MaTepHaIA

B 1873 r. JTx. Makcsem, HCX0As H3 IPEACTABNICHHI 06 3/exTpoMar-
HHTHOH TIpHpOJie CBETa, NMPHIIEN K BBIBOJY — CBET JIOMXKEH OKa3biBaTh
JABJICHHE HA MPENSTCTRHE.

[Mog neifcTBHEM 3NEKTPHYECKOTO MO BOJHBI NEKTPOHA B TeNaX CO-
BepiaroT konebanus. O6paszyercsa snexTpuueckuii Tok. TOK HanpasleH
BJI071b HANIPAXKEHHOCTH drekTpHueckoro nons. Ha apmxyumecd anekTpo-
HEI fieficTRyeT cuia JlopeHna co cTopoHsl MarHutHoro nons. Cuna Jlo-
PCHIIa B CTOPOHY PAclpOCTPaHEHHs! BOJHBI 3TO H €CTh CHJAa CBETOBOTO
JaBlieHHd. Jnd noKa3aTeqbCTBa HCOOXOAHMO H3MEPHTE 3TO JIABJICHUE.

MHorne yueHble NBITAMCH 3TO ClesaTh, HO Ge3ycneniHo, Tak kak OHO
odeHb Mario. BniepBrie 310 ynanocs B 1900 r. pycckomy yuenomy I1. H. Jle-
GeneBy (1866-1912). ITpuGop cocrosn H3 OHEHb JIETKOTO CTEPXHSA Ha
TOHKOH CTEKISHHOH HUTH, MO KPasM NPHKIEEHBI JIETKHE KPBUIBILKH.
Beck nprbop noMeitieH B cocyl, M3 kKoToporo 651 BrIkayaH Bo3Ryx. Ceer
naan Ha KpeUTbIMIKK. O 3HAYCHMM JaBREHMS MOXHO CYIMTh 1O YTy
3aKPYYHBAHHUA HHTH.

Tpynaocru:

1. HeRo3MOXHOCTB BHIK3UaTh H3 COCYJIa BECh BO3IYX.
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2. Ha 3akpyuHBaHUe BIHACT HEOJHHAKOBBIH HarpeB KpPbUIBILIEK.
- 3. OTtpaxenne MOJIEKy OT GOIEe HArpeTOH CTOPOHBI, NEPEAAIOT KPbi-
' ABIIKY OOJBIMMI MMIYNBC, YE€M MOJEKYJEl, OTpaXaromuecs OT MeHee
HarpeToit CTOPOHEI.
“. Jebener cymen npeononers Bee TpyaHocTH. [lomyuennoe 3HaueHHe
® coBmano ¢ npejickazalHbiM MakcBemioM. BrocreacTsuu, nocie Tpex jaer
F-paﬁo'm JleGenery ynanoch oCyHECTBUTS ellle 6oee TOHKHIL IKCIIEPUMEHT:
. M3MEpHUTH JlaBJIeHUE cBeTa Ha rassl. IlogBneHHe KBaHTOBOI TEOpUM CBETA
no3BoNUIO GoJlee IPOCTO OOBACHNUTE NPHYHMHY CBETOBOTO IABJIEHMS.
¢ llanas Ha Teno, GOTOHH MOrNOIIAIOTCA WIM OTpaxaloTcs. (POTOHBI
r obnagaroT Maccoit M uMmynabcoM. Ilpu mornoineHnd cBeTa MMMYJBCHI
¢ PoToHOB nepenaroTcs Teny. I103TOMY OHO HCITLITLIBAET aBIEHHE CO CTO-
{ | poHbl cBeTa. [Ipy OTpaKeHHH CBETA HANpPABJIEHHE CKOPOCTH N HMITY/IbCa
¢ KaKjoro GoTOHA MeHAeTcs Ha npoTHBononoxHoe. [Ipu stom Temo npu-
" oOpeTaeT MMMYNEC, PABHBEI W3MEHEHMIO CYMMapHOTo ummyibca $oTo-
* woB. [Tpoucxonut sBnenue otpaud. Teso UCMIBLITHIBAET CBETOROE JaBle-
Hye. JlaneHneM cBeTa Ha ra3bl 00bACHAETCS 00pa3oBaHKE «XBOCTOBY.

Jle6Genen nucan:

«1. INaparowmit nMy4ok cBeTa MPOU3BOAWT JABAECHHE KaK Ha INOTJIO-
Malye, TaK ¥ Ha OTPaXAoMmue TOBEPXHOCTH: 3TH KOHAEPOMOTOPHBIE
CHUIIBl HE CBS3aHBI C YK€ W3BECTHBIMM BTOPHYHBIMU KOHBEKLIHOHHBIMH H
PAIMOMETPUUECKUMU CHIIAMHU, BEI3BIBAEMBIMH HATPEBAHHEM.

2. Cunbl naBsieHUs CBETA NMPAMO NPOMOPLUMOHANBHBI 3HEPTHU Majar0-
HIEr0 CBETA U He 3aBUCAT OT LBETA.

3. HabmonaeMble CUIBI HaBIECHHA CBETa B Npefeliax MOrpemHocTel

. HaOoroneHU, KONMYECTBEHHO paBHBI MakcBelL1-6apTonmMeBbIM cHIaM
J2BIEHUS TYUUCTON SHEPTUM».

Onprrel 1. H. JleGeneBa — 3xcIepHMEHTILHOE AOKA3aTENLCTBO (Pak-

Ta: GOTOH 006NaNaeT UMITYIECOM.

IV. 3akpennenne u3y4eHHOT0 MaTepuana

— Kak Ha OCHOBE 3JIEKTPOMATHHTHOMH TE€OpHH OOBACHAIOT [aBlEHHE
ceera?

—  Pacckaxute 06 onbite I1. H. JleGenea no usmepenuio cBeToBoro
JABJICHHUA.

~  Yemy paBHa cna faBleHHs, NpHXoasmascs Ha 1 M>?

— Kak oOBSICHUTH CBETOBOE JIaBjieHHE Ha OCHOBE KBAHTOBHIX MpEA-
CTaBJICHHI O cBETE?

V. HonBenenue UTOoroB ypoka

Tlomauaee 3ananve
n. 92.
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JonoaHurenbHblil MaTepnan

ITemp Huxonaesuu Jlebedes

Terp Hukonaesuy Jlebenes ponuncs 8 mapra 1866 roma 8 Mockse, B kyne-
ueckoit cembe. I'pamoTe [lets o6yyanca noMa. Ero otaanu B koMMepueckoe oT-
nenenne EBaHrenuueckoro uepkoBHoro yuunuma [erpa u ITasna. C centabpa
1884 no mapt 1887 roaa JleGeneB nocewman MockoBckoe Beiclliee TEXHHUECKOE
YUHIHLIE, OJHAKO AEATENBHOCTh HHXKEHepa ero He npusiekana. OH oTnpaBHics B
1887 roay B Ctpacbypr, B oaHy 3 ny4wwux ¢pusHdeckux wwkon EBponsi, wkomy
Asrycra Kynnara. B 1891 rony, ycneumso 3aluTHB RuccepTtaluio, Jlebenes cran
JOKTOpOM ¢ustocodun.

B 1891 roay Jlebenes BoapaTuics B Mocksy  no npurnawesnuio A. I'. Cro-
neToBa Hayan pabotath B MoCKOBCKOM yHHBepcHTeTe B JOMKHOCTH nabopaHTa.
Hccnenosanue cBeToBoro aapiieHHs ctano genoM sceil skuanu TTetpa Hukonae-
BHYya. OcHOBHble (H3MYECKHE MIEH 3ITOTO TNaHa GBUIM HamedaTaHb! MOJIOJBIM
yueHsIM B Mockse, B Hebonbiuol 3amerke «O6 oTTankuBaTenbHON cHile JTydeHc-
nyckatomux Temn. M3 Teopun Makceenna ciefosano, HTo CBETOBOE AaBIEHHE HA
TENO PaBHO TUIOTHOCTH JHEPrHH 3JNeKTpoMar{uTHoro mond. Jlebenes coamaer
CBOIO 3HAMEHHUTYIO YCTaHOBKY — CHCTEMY JIErKMX H TOHKHX JHCKOB Ha 3aKpY4H-
BatoleMcs mojapece. TINaTHHOBBIE KPBUIBIWKH MoABeca ObINMM B3ATH! TONLKHOM
Bcero 0,1-0,01 MM, 4TO MpHUBOAHIO K OLICTPOMY BBIDAaBHHBaHHIO TEMMEPATYpEI.
Bcs ycraHoBKa GBLTa NOMeELEHa B HAUBBICLIHH JOCTHXKUMBIH B TO BpEMS BaKyyM.
B crexisHHOM GannoHe, riae Haxoduwnack ycTaHoBka, JlebeseB moMewman kariwo
PTYTH M cnierka noaorpesan ee. PTyTHele mapsl BEITECHSNIH BO3JAYX, OTKauMBae-
MBIl HacOCOM. A TOCTIe ITOTO TEMIepaTypa B 6aloHe MOHHKANACh, H JaBlICHHE
OCTaBLIUXCA PTYTHBIX MapOB PE3KO YMEHBILANOCh.

IpenBaputensHoe cooblueHHe O naBNeHMU cBeTa 6wi0 caenavo JlebeneBsiM
B 1899 ropy, 3arem o cBOWX omblTax oH pacckasan B 1900 roay B Ilapwxke Ha
Bcemuphom konrpecce dusnkos. B 1901 rogy B HemeLKoM XypHane «AHHaIbI
du3nkuy» 66112 HaneyaTana ero pabora «OnsITHOE HCCTIEAOBaHHE CBETOBOTO AaB-
neHus». U3 pakra cyluecTBOBaHUS AaBNeHNs 3EKTPOMArHUTHBIX BOJIH CleI0BAT
BBIBOJ, O TOM, YTO OHH 06J1AfaOT MEXaHHYECKUM UMMYJBCOM, a 3HAYMT, U Mac-
coit. Mtak, anexTpoMaruuTHOE nojie o61afaeT WMITYJILCOM H Maccoii, TO €CTh OHO
MaTepHaIbHO, 3HAYHT, MAaTEPHA CYILECTBYET He TONbKO B (hOpPME BELLECTBA, HO U
B dopme nons.

B 1900 rogy npu 3ammuTe Marucrepckoil auccepraunn Jlebenesy 6bina npu-
CYX/ICHA CTENeHb JOKTOpa HayK, MHHys cTeneHb Maructpa. B 1901 roay ox cra-
HoBHTCA mpodieccopom MockoBckoro yHHBepcdTeTa. B 1902 roay JleGenes Bei-
CTYINHI Ha Cbe3fle HEMELIKOro aCTPOHOMHYECKOro 0611ecTBa ¢ JOKIIAAO0M, B KOTO-
pOM BHOBB BEPHYJICS K BOMPOCY O KOCMHYECKOW poiM CBeTOBOTo JaBnexus. Ha
€ro MyTH OKAa3aIHCh TPYJHOCTH HE TONBLKO IKCMEPHMEHTANBHOIO, HO U TEOPETH-
4eckoro xapaxtepa. TpyAHOCTH 3KCHEPUMEHTAIBHOTO TUIAHA COCTOANIH B TOM,
YTO CBETOBOE AaBJICHHE Ha ra3el BO MHOTO pa3 MEHbLIE, YeM JaBjieHUe Ha TBEp-
asie Tena. K 1900 roxy Bce moaroToButeNnbHEIE pabOTHI JUIS PELIEHHA CIOXHEH-
meit 3anaun 6u11M BeIMonHewst. Tonsko B 1909 rony oH genaer nepsoe coobiue-
HHE O MOoJy4eHHBbIX pe3ynbratax. Ouy 6b1ny ony6aUKOBaHe! B «AHHATAX (H3H-
ku» B 1910 roay.
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Kpome paboT, cBsi3aHHBEIX cO CBETOBBIM AaBieHHeM, [Tetp Hukonaesuu MHoro
CIENan NS U3Y4eHHA CBOWCTB 3NEKTPOMATHMTHLIX BONH. Crates Jle6enena «O
ABOHHOM MPENOMIIEHHH JTy4eH 3EKTPHYECKOH CHITBD) MOABHIACH ONHOBPEMEHHO
Ha pYyCCKOM M HEMELKOM s3blkax. YcoseplueHcTBoBaB meTon I'epua, JleGenes
TIONY4KIT CaMble KOPOTKHE B TO BPEMA 3IEKTPOMATHHTHBIE BOJIHBI JUTHHON B 6 MM,
B onbitax I'epua onu 6b1in 0,5 M, U 10Ka3al MX ABOHHOE JyuenpenoMieHue B
8HH3OTPOMHBIX cpefax. CreayeT 3aMeTHTh, 4TO npubopsl yuyeHoro Obiny Ha-
CTOJIBKO MaJTbl, 9TO HX MOXHO GbUIO HOCHTE B KapMaHe.

B nocnexHme rofibl XU3HK €ro BAHMaHue NpuBnexia npobnema ynsTpassyka. B
1911 roxny Jlebenes BMecTe ¢ ApyruMu npodeccopamu nokHHy MockoBekui yHH-
*BEPCHTET B 3HaK NMPOTECTa NPOTHB ACHCTBHII peakLIHOHHOTO MHHHCTpa NpocseLie-
Hus Kacco. B atom e roay JleGenes ABaxcap! nosyyan npurjaieHdst W3 HHCTHTY-
Ta Hobens 8 Ctokronbme, rae eMy mpeajaraiy QOHKHOCTE AMpekTopa nabopato-
_pHM W MaTepHanbHbIe cpeicTBa. Bbln noctapneH Bonpoc o NpHCyxacHuu eMy Ho-
‘Genesckoii npemun. OnHako [lerp Hukonaesuy ocranca Ha poauHe, CO CBOHMM
yueHHkamu. OTcyTcTBHE HEOOXOAMMBIX YCIOBUt [UIA paloThl, NEPEXXMBAHMA, CBS-
3aHHbIE C YXOJOM B OTCTaBKY, OKOHYAaTeNBHO nojopsaity 3xoposbe Jlebenesa. OH
ymep 1 Mapra 1912 rona B Bo3pacTe BCero iiiib COPOKaA IECTH JIET.

Humepecnsiit haxm

HurepecHslit cnyuait nponsowen ¢ aMepHKaHCKHM CIYTHHKOM «3Jxo». [Tocne
BLIXOZla CMyTHHKa Ha OpOMTY cxaThiM rasoM Obuta HanojHeHa GOnbLIas MOJH-
aTunedoras obonouxa. ObpasoBancs nerkui wap auameTpoM okono 30 m. He-
0XHAAHHO BBIACHUIIOCH, YTO 32 OJHH O0OPOT 3TOT UIap AABIEHHEM COMHEYHBIX
Jydeil cMewaercs ¢ opOMTHl Ha 5 M. B pesynbtate smecto 20 ser, kak 6bu10
CMIaHUPOBAHO, CAIYTHHK yJIepXancs Ha opbHTe MeHbile roja. BHyTpH 38e3a npu
TeMMepaType B HECKOJBKO JECATKOB MHIIHOHOB KEJIbBUHOB NaBIEHHE 3NEKTPO-
MarHHTHOTO M3JIy4eHHs JOJKHO AOCTUraTh rPOMagHOro 3HadeHds. CHIlbl CRETO-
BOTO J@BJIEHUS HApAQy C TPaBUTALHOHHBIMH CHJIAMH HIPalOT CYUIECTBEHHYIO
POJIb BO BHYTPH3BE3AHBIX NMpPOLIECCaX.

Ypok 110. Xumnueckoe aeiicTBue cBeta

Ifenb: MO3HAKOMMTS YHAIHMXCA ¢ POTOCHHTE3OM U QoTOrpaduei.

Xoa ypoka

I. Oprasn3aHoOHHLIK MOMEHT

-I1. TIpoBepka 1oOMalIHEro 3aaHusl
~ Kak 00BsicHseT CBETOBOE JaBAE€HHE KBAHTOBAs TEOPHUS CBETA?
— Kro mpenckasan cylecTBOBaHHE CBETOBOTO AABICHUSA U KTO €ro H3-
Mmepin?
— Yemy paBHa 3Heprus $poTOHa ¢ 4acTOTOH d?
. — IloyeMy XBOCT KOMETHI HaNpaBJE€H BCETHa B CTOPOHY, NPOTHBONO-
10xHY10 cropony CosHuy?

E11 B. A. Bonxos
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ITI. U3y4eHHe HOBOTO MaTepHAJIa

®oToxuMHA H3yyaeT XHMHYECKHE PEaKLHH, KOTOPEIE MPOTEKAIOT N0/
leiicTBHEM cBeTa (fpH ero noryioueHnH). POTOXUMHYECKHE NPOLECCH
nexar B ocHoBe (portorpadun, poTocHHTE3a U MEXAaHU3MA 3peHHS. XHMH-
YecKoe AEHCTBHE CBETA ABJAETCH €Lie OJHUM JI0KAa3aTelIbCTBOM KBAHTO-
BOH TEOpUM CBETA.

Dkcnepumenm 1
®otobymara ocselaeTcs NMy4ykoM cBeTa. Uepes HeKoTopoe BpeMs
6ymara TeMHeeT.

Sxcnepumenm 2

B cocya ¢ Booii MOMEIAKOT 3€1EHOE PACTEHHE, KOTOPOE HAKPBIBAIOT
CTeKISIHHON BOPOHKO. Ha mocnenHiolo HaneBaloT pe3UHOBYH TPYOKy,
KOHell KOTOpOH 3axkphIBatoT 3axxuMoM. Cocyl BEICTABIAIOT Ha cBeT. Ye-
pe3 HEKOTOpOe BPEMS JIUCThS Ha CBETY MOKPHIBAIOTCH Iy3bIPbKAMH ra3a,
KOTOpBIE BCIUIBIBAIOT M COGMPAKOTCA B y3KOH 4acTH BOpoHKH. K KOHIyY
PE3HHOBOM TPYOKH NOJHOCAT TJICIOUIYH ITy4HHY, W 3aTeM 3aXKHM pac-
cnabmnsror. JlyunHa BoclulaMeHsAeTCs. OToT ra3 — Kuciopos. B teMHoTe
3TO ABJICHHE HE UMEET MECTA.

®doTtorpaduyeckuii mpomecc

[pouecc nomyuenus ¢ortorpady COCTOMT W3 YETBIpEX ONEpauuii:
(doTochemKa, POsABICHHE NIIEHKH, €€ 3aKpeIieHHe, HoToIe4aTh.

domocvemKa — noay4deHHe JeHCTBUTENBHOrO H306paxkeHHs 06bekTa
B CBETOYYBCTBHTEIBHOM cJIo€ (OTOMIEHKH. POTOIMYIBbCHS: KENATHH,
MenkHe 3epHa AgBr. KBaHT aHepruu sd OTpBIBACT JJEKTPOHBI OT HEKO-
TOPBIX HOHOB 6pOMa, KOTOpHIE 3aXBaTHIBAIOTCS HOHaMH cepebpa. B 3ep-
Hax AgBr obpa3syroTcst HeHTpalbHble aTOMBI, KOTHYECTBO KOTOPHIX NpoO-
MOPLMOHANIBHO OCBEILEHHOCTH THICHKH. OTH aTOMbl 06pa3yloT CKpPBITOE
H300paxeHHe 06bEKTa ChEMKH.

Iposgnenue nnenxu. TIposBUTENL THAPOXHTOH MIM METOH BOCCTa-
HaBiMBaeT 6poMucToe cepebpo B cBoboaHOE MeTananyeckoe cepebpo. B
npolecce 3aKperuieHHsl B pacTBope THocyibgara Hatpus Na,S,0; npo-
UCXOIUT yJajicHHe U3 (OTOCIIOs BCEX CBETOUYBCTBHUTENBHBIX 3€PEH CO-
Jeli cepebpa, HE yCNEBUIMX pA3NIOKHTHCA. 3aKpeIIEeHHE 3aBEpHIAcTCs
NPOMBIBKOH IUICHKH B BOJIE.

Domoneuamp — niepeHOC U306paxeHus ¢ (POTONIEHKH HAa CBETOUYB-
cTBUTENBHYI0 (poToGymary. HeratusHoe n3obpaxeHue ¢ (OTONMIEHKH
npoeunpyercs Ha ¢otodymary, rae obpasyeTcsi CKpHITOE MO3HTHBHOE
usobpaxenue. 3atem 31y GoTtofymary ¢ H300pakeHHEM MPOSABISAIOT,
GHUKCHPYIOT, NPOMBIBAIOT, CYLIAT M NOJMYYaroT gororpaduio odbexTa.
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HauGonbmiee 3HadeHHe MMEET XHMHMYECKMH mpoliecc, KOTOpHIH pa-
3BITPBIBacTCA TOJ JIeHiCTBHEM CBETa B 3eleHBIX 4YacTax pacteHHd. Kax
M3BECTHO, /IBIXaHHE BCEX JKUBBIX CYLIECTB COMPOBOXIACTCA OKHCICHHEM
yriepoa, BXoAsilero B coctaB ux Tena. CropaHue yriaepoaa B YrieKu-
cnoty (CO,) conpoBoxaaercsd 0cBOGOXAEHHEM SHEPIHH, KOTOpas M Hc-
MOJIb3YeTCS XXUBOTHBIMHU TNPH UX JBHXEHUH. TOYHO TaK k€ TNaBHBIA Hc-
TOYHUK SHEPT1H, UCTIONL3YEMBIA B TEXHUKE, 3TO MPOLECC COKUTaHNA TOM-
NuBa, TO €CTh ONATH-Taku mpouecc obpasosaHus CO,. ObpaTHei npo-
nece pacuienneHus CO, MPOUCXOIUT B 3eJIEHBIX YaCTAX pacTeHW nop
JIeiiCTBHEM COJTHEYHOTO CBETa, Kak (oroxuMHuecknid nmpouecc. Pacmen-
JieHHe YTIeKUCIOThI CONPOBOXKAACTCS JaibHEHIIMMH XUMHYECKUMH Tpe-
BpPALICHHUAMY, TPUBOAAUINMH, B KOHIE KOHIIOB, K 0Opa30BaHHIO TeX Oc-
HOBHBIX OPTaHHYECKHX COE/MHEHHH, U3 KOTOPBIX [TOCTPOCHO TENO pacTe-
HUi 1 XHUBOTHBIX. Hapsaay ¢ 3THM npoueccoM, HAYIIHM B MPHPOJE B I'H-

" FaHTCKMX MacluTabax, H3BECTHO H MHOXECTBO JAPYTHX GOTOXHMHYECKHX
npeBpauteHuii. Hampumep, BhILIBETaHHE MHOTHX KPAacoK, COCTOSAIIMX B
OKHMCJIEHHH 3THX KpacoK KHCIOpOIOM BO3JyXa MOJA JEHCTBHEM CBETa.
TlokpacuB pacTBOPOM HEKOTOPOH Kpackd (LIMAHHHA) CITOH XXEeMaTHHA, MbI
MOXEM COXPaHATh TaKylo OKpallleHHYIO TUTACTHHKY JoBoABHO poaro. Ho
€CIIM HANMpaBHTh Ha Hee HHTCHCHBHEIH my4ok cBera (ot ConmHua win ay-
roporo (oHaps), TO IJIACTHHKA B TEX MECTax, Ky/Ja MaJacT CBET, BHILBe-
TaeT Tak OBICTPO, YTO 3TH YHAaCTKH CTAHOBATCA GECLBETHBIMHM Ha ria3ax.
OrfenuBanue X0JCTa, PACTAHYTOTO HA COJHIIETIEKE, 10 CYLIECTBY Mpea-
ctaBisgeTr coboi ¢doTtoxumudeckoe BriBeTaHHe. MHorue QoTtoxummie-
CKUe TIPOLECCH] B HACTOAIEE BPEMS HCMONL3YIOTCA B TEXHHKE JNA YCKO-
PEHHOTO TOJYYEHHS TeX WIM HWHBIX BeleCTB. BOJBIIMHCTBO TakHX Mpo-
HECCOB HAET OCOOEHHO DHEPrHYHO MO JEHCTBHEM KOPOTKOBOJIHOBOrO
ynisTpadHONETOBOTO CBETA.

IV, 3akpennenue H3yueHHOro MaTepuana

— B ueM nposBisercs XUMHYECKOe CHCTBHE CBETa?

— Kakue peaxuun HazwBawTcs ¢oroxumudeckumu? IlpuBenure
TIPUMEPEI.

— Yto cnocoberByeT obecneyeHnio KpyroBopoTa yTiiepoAa H KH-
CJ0poAa B npupoae?

— Yro Ha3bBaeTcs POTOCHHTEIOM?

— Kakoga ero pons B xu3HH 3emuu?

— Yro nmpeacTaBnseT coboH UyBCTBHUTENBHBIN ClT0i (OTOMLIACTHHKH?

— OnuuMTe Bee OnepaLuH npoiiecca noay4eHHs GOTOCHHMKA.

— KakoBo 3Hadenue potorpadun?

V. IlonBenenne HTOroB ypoka
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JononuuTenbBEli MaTepaai

doToxHMHUECK2A Teopust IpeHUs

3pHUTENBLHOE OILYIIEHUE YeTIOBEKA H XKXMBOTHBIX CBA3aHO ¢ (JOTOXUMHYECKHMH
npoueccaMu. CBeT, JOCTUTas CETUaTKH, TMOTNIOLIAETCH CBETOUYBCTBUTENbHBIM
BelllecTBOM. MeXaHu3M paznodkeHUs STHX BELIECTB W MOCHeAYHOLIEro UX BOCCTA-
HOBJIEHHS 1TOKA HE BHIACHEH, HO YCTaHOBJIEHO, YTO MPORYKThI PA3NIOKEHHS BbI3bl-
BAlOT pa3JpaxeHHe 3pHTENBHOrO Hepsa. B pesynwTaTe 4ero mo HepBy MPOXOAAT
3NMEeKTPUUECKHE UMIYJIIBCHI B TOJOBHON MO3T, H BO3HHMKAIOT OILYIIEHHE CBETA.

TTockonbKy 3pUTENbHBI HEPB MMEET pa3BETBNEHUS 10 BCEH MOBEPXHOCTH
CETHATKH, TO XapaKTep pasipaKeHHs 3aBHCUT OT TOTO, B KAKMX MECTAX CETYaTKH
npousoio GOTOXUMUYECKOE pa3noxeHHe. PazfpaxeHHe 3pHTENBHOTO HepBa
MO3BONAET CYRAUTH O XapakTepe H300paKeHHd Ha CeTyaTKe, M, CNEAOBATENBHO, O
KapTHHE BO BHEUIHEM NMPOCTPAHCTBE, KOTOpas ABIAETCA HCTOUHHKOM 3TOTO H30-
6paxeHus. Mbl BMONHE OTYETIIMBO BHIMM MpPEAMETH, OCBELLEHHbIE SPKHM CONH-
1leM, paBHO Kak TE Xe MpeAMEThl MPH YMEPEHHOM BEuYepHEM OCBELIEHUU. ITa
CIOCOOHOCTS TN1a32 MPHCTIOCAGNUBATECA K BEChMA LIMPOKOMY RHAMA3OHY SPKO-
cTeil HOCUT HA3BaHHE aJanTaLUA.

TIpu cnuiukoM nepexoe K SpKOMY CBETY riia3 CeMnHET Ha BPEMS MIIH HaBce-
ria — B 3aBUCHMOCTH OT TAKECTH OCNICHNEHHA. BpeMeHHad HoTepA 3peHHA XOpo-
HIO W3BECTHA ABTOMOOHIUCTAM NPH OCNENNeHUH GapaMu BCTPEYHbIX ABTOMALUNH.
PasnoxkuBILee BEIIECTBO pa3fipakaeT 3pHTEbHBIH HEpB B TedeHHe HEKOTOPOro
BpeMeHH npuMepHo 1/7 cekynapl. [To3TOMy BO3HHKUIEE 3pHTENBHOE OLYILEHHE
COXpaHAETCA B TEUEHHE 3TOTO BPEMEHH, xOoTH Obl camMo pasfipaxeHue U ObuIO
OUeHb KPATKOBPEMEHHBIM. 3Ta CHOCOGHOCTD Mia3a MCMONB3YETCA B Pa3fH4HBIX
npucnocobneHuax. CaMoe u3BeCTHOE X HUX KHHeMarorpad.

Jomaiuxee 3ananme
§93.

Masa 12. AToMHana puU3uka

VYpoxk 111. Ctpoenne atoma. OnsiTel Pezepdopaa
Ifens: no3HaKOMHUTE YYALIUXCS C ANEPHON MOJENbBIO aTOMA.

Xon ypoka

I. OpranuzauoHHbIH MOMEHT

I1. M3yuenye HOBOTO MaTepHana

I'unoTes3a 0 TOM, YTO BCE BEHIECTBA COCTOAT M3 BOJNBIIOro YHCHIA aTo-
MOB, 3apOAMJIAcEk CBEHIE ABYX THICSHeneTHil ToMy Hazal. CTOPOHHMKH
ATOMHYECKOll TEOpUW pacCMaTpHUBaiH aTOM KaK MeNnbyHakllryto HeleNH-
MYI0 YaCTUIly ¥ CHUTAIH, YTO BCE MHOTOOOpa3Ne MHUpPa €CTh He 4TO HHOE,
KaK COYeTaHHE HEN3MEHHBIX YaCTHUL — ATOMOB.
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IMosznius Jemoxpura: « Cywecmeyem npeden OeneHus — amomy.
IMosuums Apuctorens: «Jerumocms 8ewecmea 6eCKOHeUHAY.

KoHKkpeTHble MPeACTaBIeHHs O CTPOCHHH aToMa Pa3BMBANICh MO Me-
. pe HakomneHus ¢u3nKoil (akToB O cBOicTBaxX BeuecTBa. OTKPHUTH 3MIEK-
' TPOH, U3MEPHUIIH €r0 Maccy W 3apsi. MBICIE 00 3IEKTPOHHOM CTPOSHMH
aToMa, BIEepBhIe BhICKa3aHHYy0 B. Bebepom B 1896 rony, passun JI. Jlo-
peHU. VIMEHHO OH CO31ai 3NEKTPOHHYIO TEOPHIO: JJIEKTPOHEI BXOAAT B
COCTaB aTOMa.

B Havane Beka B ¢u3MKe OBITOBaNM CaMbiE pa3HBIE W 4acTo (paHTa-
CTHYECKHE NMPeACTaBICHAA O CTpOeHHH aToMa. Hanpumep, pektop MioH-
XeHCKoro yHuBepcutera ®DepavHann Jiunpeman B 1905 r. yTBepxknaan,
YTO «aTOM KHCJIOpOAa MMeeT (HOpMY KOJbLIA, a aTOM cepbl — HopMy Jie-
newmkuy. [Ipomoipkaia >XUTh ¥ TEOpHUs «BUXpeBOro atoMa» nopaa Kens-
BHHA, COTJIACHO KOTOpOii, aToM YCTPOeH momo6HO KoJibLlaM AbIMa, BbI-
MTYyCKaeMbIM K30 PTa ONbITHEIM KyPWIbIIHKOM.

Onmupasice Ha oTkpbiThs, [Hk. TomcoH B 1898 r. mpemnoxun Monens
aToMa B BUJE TOJOXHMTENBHO 3apMKeHHOro mapa paauycoM 1070 M, B
KOTOPOM «IIIABAIOT» 3JICKTPOHBI, HEATPAIM3YIOUIME MOIOKUTENBHBIA
3aps. BoNbIMHCTBO (HH3NKOB CKIOHSIIOCH, 4To npaB Jk. ToMcoH.

Onnako B ¢u3uke yxe Gonee 200 neT NPHUHATO NMPaBHIO: OKOHYa-
TENBHBIN BRIOOp MEXKRY THIOTE3aMM BIpaBE CAENATh TOJIBKO OMBIT. Ta-
koii oneIT noctasui B 1909 r. DpHect Pesepdopn (1871-1937) co crom-
MU COTPYIHHKaMH.

Tpomyckas mywok c-vacTun (3apan +2e, Macca 6,64-107 xr) uepes
TOHKYIO 305I0TyI0 Gonbry, D. Pesepdopa obHapyHi, YTO Kakas-T0 M3
YacTHL OTKJIOHSETCS Ha JOBONbHO 3HaYHTENbHBIN Yrol OT CBOETO NMEPBO-
Ha4yadbHOTO HampaBJicHUs, a HeOONbIIAs YacTh Q-4aCTHI] OTPAXaeTCs OT
¢oneru. Ho, cormacio Mozmenu atoma TOMCOHa, 3TH Q-4acTHLBI TpH
B3aUMOJEHCTBHM C aToMaMM GONBI'H JODKHBI OTK/IOHATHCS Ha Mallble
yriel, nopsaka 2°. QQHaKO HECIOXKHBIH pacyeT NMoKa3bIBaeT: YToOs 00b-
SACHUTD JaXe TaKue HeGOoIblINe OTKJIOHEHHS, HY)XXHO IOIyCTHTB, YTO B
aToMax (OJIBTH MOXET BO3HMKATh OIPOMHOE JJEKTpHYECKOoe IMOoje Ha-
npsKeHHOCThio CBbIte 200 kB/cMm. B monuatunes#oBoM mape TomcoHa
TaKHX HanpsikeHH# GBITh He MOXeT. CTOIKHOBEHHS C 2JIEKTPOHAMH TOXKE
He B cueT. Beb 1Mo cpaBHEHHIO C HHMH, (-4acTHila, JIETALNAsA CO CKOpPO-
¢TI0 20 KM/C, Bce paBHO, YTO IYIIEYHOE PO ¢ FOPOLIHHOM.

B nouckax pasranku Pesepdopn mpemnoxun Ieiirepy m Mapcneny
NPOBEPHTH: «a HE MOTYT JIH @-9aCTHLBI OTCKAKHBATh OT (O/ITH Ha3am).

TIpouno gBa roxa. 3a ato BpeMs ['eiirep 1 MapcnaeH cocyurtany 6onee
MHIUTMOHA CLIMHTHIUIALMI M JOKAa3aJaH, YTO Ha3all OTPaXXaeTcsl MPUMEPHO
OJIHA @-4acTHila U3 8 ThICAY.
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Pesepdopa noxazan, yro moaens ToMcoHa HaxoauTCs B NPOTHBOpE-
yuH ¢ ero onsiToM. O606IIas pe3ynsTaThl CBOMX oOrikiToB, Pesepdopn
TIPEJUIOKUI SAEPHYIO (TUIAHETAPHYI0) MOE)Ih CTPOCHHS aTOMa:

1. AToM UMeeT AApo, pa3MepPs KOTOPOro Majbl O CPaBHEHHIO C pa3-
MepaM¥ caMOoro aToMa.

2. B sizipe CKOHIIEHTPHPOBAHA MOYTH BCs MAcCa aToMa.

3. OTpyuaTENBHEIA 3aps]] BCEX 3MEeKTPOHOB pacripesieNieH MO BCeMY
o6BeMy aToMa.

PacueTsl mokazan, 4YTO @-YacTHLEI, KOTOpPHIE B3aMMOJEHCTBYIOT C
3NMEKTPOHAMH B BEIUECTBE, MOYTH HE OTKIOHAIOTCA. TONBKO HEKOTOpHIE
Q-4aCTHLB! TPOXOAAT BOIN3U 4pa M UCTIBITHIBAIOT PE3KHE OTKIOHEHMUS.

Ecmu F = i‘L"z WIH NOTEHIHANILHAS SHEPTUA CHCTEMBI (-4aCTHILIbI —

e, r
ALPO.
W=-— 9, "9,
4me,r
2
mav .
wy —%< 4.9 , To a-4actuna 6yner otbpolueHa Hazaa.

2 Ane,r

Ipu pacuere y4HTHIBAIOT, YTo g, =2e, IN€ e ~ 3apsj JJIEKTPOHA:
q, = Ze ; Z — 3apsa10BO€ YHCNIO, PABHOE KOJHYECTBY 3JICKTPOHOB B aTOME;
auamerp sapa 107-107° m, atoma 1070 m.

Coobuienne Pesepdopaa ¢pusnku npuHsaam cuepxanHo. CaM oH B Te-
YeHUe ABYX JIET TaKKe HE O4EHb CWIBHO HAacTauBal Ha CBOEH Moen,
X0TS M 6B yBepeH B 6e301IMO0YHOCTH ONBITOB, KOTOPhIE K HEH MpHBe-
s [Ipyansa 6pina caeayromas.

Ecnu BepHTH 3MEKTPOJHHAMHKE, Takad CHCTEMa CYLIECTBOBaTh HE
MOXET, MOCKOJIBKY 3JIEKTPOH, BpaIaOLHiics [0 €€ 3aKOHaM, HEH36exHO
M OYEHBb CKOPO ymazeT Ha apo. [Ipuxonnnocs BEIOUpaTs: 6O 3nexTpo-
JHHaMMKa, JHO0 mnaHeTapHas Moaenb aroMa. OH3MKH Momya BeIOpanu
nepBoe. Mo4a, HoTOMY YTO Helb3s GBHUIO HH 3a6BITh, HH ONPOBEPTHYTH
oneithl Pesepdopna. dusuka aroMa 3aiia B TYIHK.

II1. 3akpenjenne MaTepnana
— B yeM 3aKnoyaeTcs CyuHOCTE MoJenu ToMcoHa?
— Haueptute u ob6BACHHTE cxeMy onmita Pesepdopna mo paccensa-
HMIO @-yacTuil. Uto HabmonaeM B 3ToM oneiTe?
—  OO6BACHHTE NPUUHHY PACCEHBAHHS @-4AacTHLl aTOMaMH BellecTBa?
— B yeM cymHOCTb IUTaHETapHOH MOJeH aToma?

IV. IlonBenenne UTOroB ypoka
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JonosiHuTeNbHBIH MaTEepHaN

Sprecm Pesepghopo

Aurnufickuii dusnk Dpuect Pesepdopa poaunca B Hosoii 3enananu, neno-
qmanexy ot r. Henbcona. O Gbln oaHum U3 12 aereii konecHoro Mactepa M CTpoH-
TenbHoro pa6ouero xefimca Peseppopaa, WOTNaHALA O NPOHCXOXEHHIO, H
Maptel (Tomncon) Pesepdopn, WkonsHOH YYHTENBHULE! U3 Anrnuy. Chayana
Pesepdopa noceman HayanbHYO W CpPeAHIOD MECTHBIE LIKOMbI, @ 3aTEM cTal
CTHNMEeHAHaTOM HenbCoH-Konnenxka, 4acTHOH BhbICIIEH LIKOMLL, rae NposBUI cebs
TANAHT/IMBEIM CTYIEHTOM, 0cobeHHO no MaTeMartuke. bnaronaps ycnexam B yue-
6e Pesepdopa monyuun eule oaHy CTHHEHANIO, KOTOPAs [03BOJIHNA EMY NOCTY-
nuTh B Kentepbepu-konneaxk B Kpaiictdepye, oaHOM W3 KpynHeHIIMX TOpofoB
Hosoii 3enanaun.

B konnemke Ha Pesepdopna okazanu Gonbllloe BIHAHHE €r0 YHUTENS: Npeno-
nasaslinii $uznky U xumuio D.Y. BukeproH u matematuk JOx. Kyk. Tlocne toro
xak B 1892 r. Pesepbopny Gblna npucysiaeHa cTeneHb 6akalaBpa ryMaHUTapHbIX
HayK, oH octaica B KentepbepH-konnepke ¥ TIPOJOIDKHI CBOH 3aHATHS Brrarogaps
TIONMY4EHHOM CTUNEHIMH No maTeMaThke. Ha cnemyroimii ron oH crajn MarucTpoM
TYMaHHTapHbIX HAYK, Ny4llie BCEX C/IaB IK3aMEHEI [0 MaTeMaTHKe U dpu3mke.

B 1894 r. Pesepdopny 6vina npucyxieHa cTeneHb 6akanaBpa eCTECTBEHHBIX
Hayk. 3atem Pesepdopa B TeueHHe HeONrOro BpeMeHH Mpenojasan B OJHOH U3
Myxckux wkon Kpaiictuepua. Bnarogaps CBOHM HeoObIKHOBEHHBIM CMOCOGHO-
cTAM K Hayke Pezepdopa 6bu1 ynocroen ctuneHaun Kem6pupkekoro yHuBepcu-
TeTa B AHIIIMH, Tle OH 3aHuMancs B KaBenaHuickoid nabopaTopuu, ofaHoM H3
BEJyLUIMX MHPOBBIX LEHTPOB Hay4YHBIX HCCIENOBaHHIL.

B Kem6pumxe Pesepdopa paboran noa pykoBoAcTBOM aHriuiickoro dusnka
Jlx.JIx. Tomcona. Ha TomcoHa npoussesio riy6okoe BreyatieHyue, NpoBeleHHOe
Pesepdopaom uccrnenosanue paauoBosiH, U od B 1896 r. npeanoxknn coBMecTHO
W3y4aTh BO3/EHCTBHE PEHTTEHOBCKHX Nyuei (OTKPBITHIX rofoM paHee Bunbresns-
‘MOM PeHTreHOM) Ha 3niekTpuueckue paspsaabl B razax. Mx coTpy AHH4ecTBO yBeH-
4aJloCh BECOMBIMH DE3yNbTaTami, BKJIO4YAas OTKDPbITHE TOMCOHOM 23NeKTpoHa —
‘ATOMHO# HaCTHIBI, Hecyllell OTpHLATENLHBIH MeKTpuueckuii 3apsa. Onupach
#Ha CBOH uccienoBaHus, ToMcoH i Pesepdopa BbIABHHYH MpeanoNoXeHHe, YTo
JKOIJa PEHTTEHOBCKHE JTyHy NPOXOJST YEPE3 a3, OHM PaspywIaloT aTOMbI 3TOTO
rasa, BICBOGOXIas OJMHAKOBOE YHCIO MONOXKHMTENBHO M OTPULATEINLHO 3aps-
?I(CHHHX 4acTHL. 3TH YaCTUUbI OHM Ha3BalM HoHamH. [locne 3Toit paboTel Pe-
BepdOp1, 3aHANCS M3yUEHHEM aTOMHOH CTPYKTYPGI.

; B 1898 r. Pesepdopa npunsn Mecto npodeccopa Makrinickoro yHusepcH-
freta B Monpeane (Kanapna), rie Hauan cepHio BaXHBIX 3KCTIEPUMEHTOB, Kacaro-
HUXCSl pajiHOAaKTHBHOFO H3NyuYeHHs 3JieMEHTa ypaHa. Bckope oH oTKpbil ABa
pBUNA STOr0 M3NYYEHHA: UCTyCKaHHe anbda-myyeil, NMPOHHUKAIOIMX TONBKO Ha
KOPOTKOE paccTosiHhe, M GeTa-Myuel, KOTOPHIE MPOHMKAIOT HA 3IHAYMTENHLHO
fonbliee paccTosHue. 3aTem Pesepdopa o6HApYXH, UTO PaTHOAKTHBHBIH TOPUIA
icnyckaeT ras’oo6pasHblii paMOaKTHBHBIH NMPOLYKT, KOTOPbIA OH Ha3Bal «3Ma-
yanusy» (OT NAT. «emanatio» — UCTEYEHHE).

Kcraru, 3a otkphiTHe ansda v Geta u3nyuyeHds oH nonyuun Hobenesckyto
BPEMHUIO N0 XUMHHK. B cBOeil peun npu NMoJyueHuH MPEMUH OH S3BUTENBLHO CKa-
an: «MHe nPUXOAMTOCE HMETB JIEN0 ¢ BECHMA Pa3NHYHBIMH TPAHCMYTALUMAMH BO
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BpeMeHH, HO GbicTpefiliasg U3 BCeX, KakHe A BCTpeUan, 3To Moe CoGCTBEHHOE Npe-

BpallleHHe U3 PpU3MKa B XHMHKA — OHO NIPOU3OILTO B OHO MrHOBeHHe». Bo3Mox-

HO 3TO MPOU3OILIIO U3-32 TOTO, 4TO CaMO MOHATHE aTOM TIPHHAIEKATO CROBApIO

1 (PHU3MKOB U XMMUKOB, XOTS HU Te HH JIpyTHe eflle He YMERH ero paciiHpoBaTs.
OpnHako riaBHas €ro 3aciyra B OTKPhITHH CTPOECHHA aToMa.

Ypok 112. KpanToBsie noctynarsl Bopa.
Tpynaunocrd Teopun Bopa

IJens: cOOpMHPOBATE NpPECTABICHHE O KBAHTOBOH MEXaHHKeE.
Xon ypoka

L. Opranu3auMoHHbIH MOMEHT

I1. TIoBTOpPEHHE H3YHEHHOr0 MATEPHANA

— Kakne ¢usmueckue spiaeHUs MNOATBEPKAAIOT HOHHOE CTPOCHHE
atoma? O HAIHYUY KaKHX YaCTHL, BXOAANIHX B COCTAB aATOMAa, CBH-
IETENBCTBYIOT OTH ABICHUA?

— Omuumre Momens aroMa Tomcona. IloueMy 3Ta Mojenp aToMma
0Ka3aJ1aCh HECOCTOATENBHOM?

~ Hapucyiite cxeMy ycraHoBKH Pesepdopna mins omelToB 1o pac-
ceanuio a-4actvi. K kakuM BBIBOJAM IMpUBENM 3TH onbiTel? Ka-
KOBa NPHYHHA PACCEAHUA -HaCTHI] AaTOMaMH BenecTa?

— Pacckaxure o nnanerapHoi Mofieny atoMa Pesepdopna. B gem ee
JIOCTOHMHCTBA U HEJJOCTATKU?

— Kakue skcriepuMeHTaNBHBIE TOKa3aTeIbCTBA CIyKaT B MOAB3Y TO-
TO, YTO MOJIE/b ATOMA AZIEPHAA?

— Kaxne skcniepuMenTansHple HaKTE! HEBO3MOXKHO OOBACHUTH, HC-
XOHA U3 AfiepHoii Moenu aToMa Pesepdopna?

I11. M3y4yeHne HOBOIo MaTepHaia

Mogens, npemnoxennas PesepdopnoM, He no3soauaa 0GBACHATH yC-
TOIYUBOCTE aTOMA.

VckopeHHOE ABHXKEHHE BJIEKTPOHA COTJIACHO TEOpHH Makcaela co-
MIPOBOXKIACTCS HNEKTPOMATHHTHEIM H3JTy4EHHEM, MO3TOMY SHEpPTHA DIleK-
TPOHA YMEHBILIAETCA, U OH JIBHKETCA 110 CTIUPATH, IPUOIH#KaiACh K AApY.
Kazanock 651, 3ME€KTPOH JOMKEH YNacTh Ha PO, TaK KaK MPH ABHXCHHH
MO CITHpaJIi YMCHBIIAeTCHd DHEprus 3IeKTpoHa. B neiicTBHTENBHOCTH
aTOMBI ABJISIIOTCA YCTOHYUBEIMH CHCTEMAaMH.

Berxon u3 atoro 3atpyaHenus Ovi1 npemioxern H. bopom. B ocHore
€T0 TEOPHH JIEKAT CIEAYIONIHE NOCTYIaThL:
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1. ATOMHas cHCTEMa MOXET HaXOAMUTHCA TONMBKO B 0COOBIX CTAalMOHAp-
HBIX KBAHTOBBIX COCTOSHHAX, KAXKJIOMY M3 KOTOPHIX COOTBETCTBYET OTpe-
JeneHHas sHeprus E,. B cranmoHapHOM COCTOSHHH aTOM He H3ITyYaeT.

2. Tlpu nepexozme aToma W3 CTallHOHAPHOTO COCTOSHUS ¢ Gonbleit
sHeprueil £, B cTaiMOHapHOe COCTOSHUE C MEHBILEH sHeprueil E, H3nmy-
YaeTcsl KBAHT IHEPTUH:

EI( _ El
h,=E -E; v, = ; .
E)BA E)BA
E, E,
E‘} i E‘3 j
E, E,
E Hiayuaor E Tormomator
! > ! > Puc. 101

Bropoit noctynar npoTHBOpEYUT 3JEKTPOAHHAMHMKE MakcBenna, Tak
KaK COTJIACHO 3TOMY NMOCTYJIaTy, YaCTOTAa U3TyUE€HHOrO CBETA CBHAETEb-
CTBYET He 00 0COOEHHOCTH ABHXKEHHUS 3NEKTPOHA, a T 06 U3MEHEHHH
3HEPTUH aToMa.

Bop paccMatpuBan npocreiittne Kpyrossle opOHTHI:
2

e
Wp =——r7, rae e — MoayJb 3apsia 3JICKTpOHA; ¥ — pPacCTOIHHE OT

3JICKTpOHA 10 Anpa.

Cornacno Mexanuke HploToHa MonHas 3HEprus paBHa:
mv® &
2 e
KynoHoBckas cuna coofmaer 3J1eKTpoHY LEeHTPOCTPEMUTENILHOE Y-
KOpEHHE:

2

my 2

2

€ 2
=— WIH mrv° =e
ror
Tlo kmaccuueckod MexaHuke paamyc opbutr Moxer ObITh MO6BIM,

CNeOBATENBHO, NIOOBIE 3HAYEHUS MOXKET MPUHUMATE U JHEPTHA.
2
e
E=——.
2r
Tlo moctynary Bopa 3Heprus MoxeT ObITh TONBKO ONPENCICHHOTO
3HadYeHUs E,,.
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TIpu ABHMXEHHM JJIEKTPOHA MO KPYToBOi OpOUTE MOAYIE €TO UMITYJih-
ca mu W paguyc OCTAITCA HEH3MEHHBIMH.

MUF — MOMEHT MMITYJIbCa. JTO COBMANAET C MOCTOsSHHOM [Inanka no
HaUMEHOBaHHSM:

Ke'M

Hxc-c=
c
Bop nmpexanonoxun, uto mur =nh ,raen=1,2, 3. 3To # ecTh Npagy-
JI0 KBAHTOBAHUSA:

mrv’ =e' u mor=nh.
2

Tonyuaem r, =—.
me

Paguycel op6UT MEHSAIOTCA JUCKPETHO YHCIIaM H.
Haumensinasg opbura:

n=510" cm.
310 U ecTh paguyc atoMma. Teopus Bopa jaeT ans Hero npaBUiIbHOE
3HaUCHME.

CornacHo BTopoMy noctynary bopa, BO3MOXXHBIE YaCTOTH U3NyHEHHS
aTOMAa BOJOPOAA ONpeeNstoTcs GopMyIoi:

v ~EE,_me [L_L]_R[L_L]
e h Azh\ B &P ok

4

me
rae R= 2 — NOCTOSAHHAA BCIIWYHHA.

T

Tepexonnl B nepBoe B30y JIeHHOE COCTOSHUE (HA BTOPOH SHEPreTH-
YecKHi YpOBeHb) ¢ BEPXHHX YpoBHeH obpasyroT cepHro bonsmepa.

[MornouieHne cBeTa — MpoLecc, oOpaTHBIA H3NYHEHHIO. ATOM, IOLJI0-
[Ias CBET, NEPEXOAMT N3 HU3LIHX JHEPTeTHYECKHX COCTOSHUH B BEHICLIME.
IIpu 3ToM OH morioulaeT U3NMyYeHHUE TOM K€ caMoH YacTOThI, KOTOPYIO
H3ITy4aeT, NepexXos U3 BRICIIMX SHEPTETHYECKNX COCTOSHUN B HH3LIHE.

OnHako TIOCTPOMTH KOJMYECTBEHHYIO TEOPHIO AN CIEAYIOIIEro 3a
BOJIOPOZOM aTOMa refius Ha OCHOBe DOPOBCKHX IMpENCTaBIEHHIA He yla-
JI0Ch. 3TO HEYAHBUTENBHO, TaK Kak TeopHs bopa 6bi1a NonoBHHYATOM.

C onHo#i cTOpoHHI, Hcnonb3yeTcs 3akoH KynoHa v Mexanuka HeloTo-
Ha, a ¢ Jpyroit — BBOAATCA KBaHTOBbIe nocTynatel. Beenenue B dusuky
KBaHTOBBHIX NMpeNCTaBIeHHH Tpe6oBano paaukaJsHON NEepecTpoiiku Mexa-
HHUKH U 3JIEKTPOJAMHAMHKH. JTa nepecTpoiika 6b11a OCYIIECTB/IEHa, KOTIa
OBUTH CO31aHB! HOBBIE (PH3MUECKNE TEOPHH: KBAaHTOBAss MEXaHHUKa M KBaH-
TOBasA 3NEKTPOAHHAMHKA.

Tloctynatel Bopa oka3anucek COBEpIIEHHO MNpaBHIbHBIMU. [IpaBHio
e KBAHTOBaHHs Bopa, Kak BBIACHMIIOCH, IPHMEHUMO JIATIEKO He BCET/A.
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1V. 3axpenJieHHe H3y4eHHOI'0 MaTepHaja
~—  Cdopmynupyiite nepesiii noctynar bopa — mocTynar cranuoHap-
HBEIX COCTOAHHIA.
~ Kakue 3arpyaHeHus Bei3Bana njaneTapHas Mmoaenb Pesepdopaa ans
OOBACHEHHA MPOLECCOB M3TyUYEHUS SHEPTHH aTOMaMK?
~ Kakum nytem Bop Beimen u3 sroro nonoxxeHus?
—  3anumute ¥ chopMyaupyiite BTopoit noctynar bopa.
—  3amumure # chopMynHpyiiTe TPaBAIO KBAHTOBAHUS KPYTOBBIX Op-
6ur.

V. IloaBeneHHe HTOTOB ypoKa

JlomauHee 3anaHHe
. 95; 96.

JononHuTenbHbl MaTepHan

Teopus Bopa riazamMu coBpeMenHHKOB

«Ecny 3To npaBHIIbHO, TO 3TO 03HAYAET KOHel QH3HKH Kak Hayku» (A. DiiH-
wrefin, 1913 r.)

«Teopus kBaHTOB noaoGHa ApyruM nobefiaM B Hayke: MecALlaMu Bl yibibae-
TECh WM, a 3aTeM rofamu nnavete» (I'. Kpamepc, 1920 r.)

«TeopHio KBaHTOB MOXHO CPaBHHTD C JIEKAPCTBOM, H3JIEUHBAIOLNM Gonesnb,
Ho y6usatouum Gonshorox (I'. Kpamepe, X. Tonnet, 1923 1)

«Bce 310 0YEHb KPacHBO M KpaiiHe BaXKHO, HO, K COXANEHHIO, HE O4eHb MNo-
HATHO. MBI He MOHMMaeM Hu runotesst [InaHka 06 ocuunnsATOpax, HU 3anpera
HECTALHOHAPHBIX OPOHT, H MBI HE MOHHMaeM, KaK e, B KOHLE KOHLOB, 0bpa3y-
eTcs cBeT cornacHo Teopuu Bopa. He noanexuT coMHeHHI0, YTO MEXAHUKY KBaH-
TOB, MEXaHUKY AHCKPETHOTO, e1ie npeacTonT co3fathy (I .-A. Jlopeny, 1927 r.).

«Pu3nka Tenepb CHOBa 3allila B TYNHK, BO BCAKOM CIy4ae, /IS MeHH OHa
CHIIKOM TPYZHA, W 1 npennoyen Obl 6bITh KOMHKOM B KHHO MIH KeM-HUOY b
BPOJIE ITOr0 U HE CNBIIATh HWYero o pusnkey (B. MNaynu, 1925 r.)

Orro LlTepH BcnoMuHan MHOTO JIET CMYCTA, YTO B TO BpeMs oHM ¢ Jlays no-
KISIMCh OCTAaBHTL 3aHATHe (U3HKOH, ecnm «B 3TOH GopoBckoit GeccMmruicnuie
XOTb YTO-TO €CThY.

JlopeHu cerosan, 4To He yMep NATLIO TOlaMH paHee, Korfa B Gu3uke eue co-
XPaHANach OTHOCHTENbHAA SCHOCTb.

Jlaxe y Bopa co3zaBiieecs MONOXKEHHE TEOPHH BbI3bIBANO «4YBCTBO IPYCTH H
6€3HaNEKHOCTHY.

KBantoBas ¢m3nka poaunach B JIOHE €BPONEHCKOH KyNbTYphi, a JIKOH, €€
co3JiaBLINe, — JyIllHe ee mpeAcTaButenu. DitHwTelin, BopH, Ieiizenbepr, Jpen-
¢ecr, Jlays 6nnn npeBocxoAHBIMH My3bIKaHTaMH, a [InaHk Jaxke 4uTanm B yHH-
BEPCHTETE JIEKLHH TI0 TEOPKH MY3BIKH M B IOHOCTH HamepeBalics cTarh npodec-
CHOHAILHBIM MHAHKCTOM. (OH PYKOBOIMA TaK k€ XOpoM, B kKoTopoM men Orro
Tan, TpUALATSH AET CYCTs OTKPHIBIHIT KenieHyie ypana.)

Tefizen6epr, [Taymn, Jlaya, lp&aunrep Bnagenn apeBuUMy A3bikamu, Jlyu e
Bpoiins — no npodecchn ncropuk, a llipenunrep 6uin rny6okum 3HaTokom uno-
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COPUU U penuruu, oCOBEHHO HHAMHCKOH, NHCAT CTHXH H B KOHLE XXM3HH H3Jja)
cBO¥ MO3THYECKHIT COOPHHK.

Jaxe B HayuHoli nepenucke Ilnan u 3omMepdenba oOMEHHBATUCE CTUXAMH.
B Te roasl B Konenrarene B uHcTHTyTe Bopa cosnaBanach He TONbKO Hayka o6
aToMe — TaM BbIpOC/Ia HHTEPHALHOHANBHAA CeMbA MonoabiX Gu3ukoB. Cpean HHX
661 Kpamenc, INayaemut u Pesendensn — w3 lNonnananu, Kneitn — u3 llseunu,
Jiupk ~ u3 Aurnum, Ceitzenbepr — u3 [epManuu, bpunniost — n3 ®panuuu, [Tay-
11 — u3 Aectpun, Humnna — Snonun, Ynenbek — u3 AMepuku, 'amos 1 Jlanaay —
u3 Poccum.

Yepes MHOTO €T nonuTHYeckHe Gypu pazbpocanu ux no Bcemy MHUpy: [eii-
3eHOepr cran rnaBoii HEMELKOro ' «ypaHOBOro mnpoektay; Humnna BosrnaBun
SMOHCKYH0 YpaHOBY10 nporpammy; caMm Hunsc Bop, cnacasce ot HauucToB, oka-
3ancs B aMEpHKAHCKOM HEHTpe aTOMHbIX HccieaoBanuii — Jloc-Anamoce. A [a-
YIOCMHT CTall pyKOBOJUTENIEM MUCCHH «AJICOC», KOTopas OyleT npu3HaHa Bhisc-
HUTB, YTO ycnen caenats I'el3enGepr Ans nocTpoiiku HeMelkoil atToMHoH GoMObL.

Otnx mopeli yxe Her B xuBbix. [lpexunrep ymep B 1961 r., Bop — B 1962 r.,
BopH -8 1970 r., I'efizentepr — B 1976 1., Tupak — B 1985 r., e bpone — B 1987 1.

¥Ypok 113. Jlazepsi

Iens: Ha npuMepe Ja3epa NOKa3aTh Kak pasBuTHe QyHAAMEHTAIBHOMH
HayKH (KBaHTOBOH TEOPHH) NMPHBOAMT K MPOTPECCY B CAMBIX Pa3IMYHBIX
o6acTaX TEXHHKH.

Xon ypoka

L. Oprann3zaunonnslii MOMeHT
II. IIpoBenenne camocToOATEIBbHOH PaGoThI

Bapuanm I
[. Kakas ¢opMmyna Gbina BeiBeleHa IKCIIEPUMEHTANBEHO BamsMepoM
JUTs CTIEKTpa BoAopoaa?
1 1 1
(Omgem: | —=R| = -— ||
A 2 R
2. Haumensimuit pagnyc opOUTEI 3NeKTPOHA B HEBOIOYKIAEHHOM aTo-
Me Bozopoaa 7 =5,28-107"" M. Onpenenute patuyc Op6HTE 3MEXTPOHA
B aTOMe BOJAOPOJA, KOr/Ia DIEKTPOH HAXOAWTCH Ha TPETHEM IHepreTuye-
CKOM YPOBHE.
(Omeem: 4,75:107° m.)
3. Dneprua atoma BOAOpOAAa B HOPMATEHOM COCTOSHUM £, =—13,53 3B.
Ornpenenute 3HEPruI0 KBAHTA, NOMJIOUIEHHOTO aTOMOM BOJOPOJa, €CIH
JNMEKTPOH TNepellen ¢ MEepBOro JHEepPreTHYECKOro YpPOBHS HAa TPETHi.
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DHeprusl SMEKTPOHA Ha n-if OPOMTE CTAIMOHAPHOrO COCTOSHHMA aToMa
E

Bogopona: E, =—;.
n

(Omeem: 12,02 3B.)

4. OnpenenuTe JUIMHY BOJHBI 3]IEKTPOMAarHUTHOIO H3JTy4EHHS aToMa
BOJOPOZa IMpPH MEPEXO[e 3NEKTPOHA C MATOr0 dHEPreTHUECKOTO YPOBHSA
Ha Bropoit. [Toctosnnas Punbepra R = 109737,31 em.

(Omeem: 437-107 m.)

5. DnexTpoH, CBS3aHHEIH C aTOMOM, IIpH Mepexofe ¢ Gonee ynaneH-
HOU Ha MeHee YIAJCHHYO0 OT 4/jpa aToMa opGHTy B MOMEHT [1€PEXOa. ..

(Omeem: U3My4aeT >HEPTHIO.)

6. Onpenenute MUHMMATBHYIO SHEPTHIO BO3OYIKIEHHS aToMa BOJO-
polia, eciu ero SHEPTUs B HopMabHOM coctosiHuu E, =—13,53 5B,

(Omeem: 3,39 3B.)

7. C pocTOM INIaBHOTO KBAHTOBOIO HHCIHa # (IHEPreTHYECKOTO YPOBHS
aToMa) 3HepTrys CTALIHOHAPHOTO COCTOSHHS aToOMa ...

(Omeem: yBenuuMBaeTcs.)

8. DIeKTpoH B aTOMe BOAOPO/A MEpelleln ¢ NATOro SHEPTeTHIECKOro
YPOBHS Ha BTOpOi. Kak npy 5TOM H3MEHMIIACh SHEPTHS aTOMa?

(Omeem: yMeHBIINIACK.)

9. Kakoe yTBepskAcHHe Gblo OBl CIpaBeANHBO, eCIH OBl IBHXKEHME
3JIEKTPOHA B aTOME TMOJYHHAIOCH 3aKOHAM KJIaCCHYECKOH NUHAMHKH? 1)
Ipu nBuxeHMH BOKPYT sApa DIEKTPOH NOKEH HENpEpRIBHO W3TydaTh
3]IEKTPOMArHUTHEIE BONHEL, 2) Yepe3 KOpOTKOe BpEMS 3NIEKTPOH HOJDKEH
ynacte Ha sapo; 3) YacroTa JIEKTPOMArHUTHEIX BOJIH, MCITyCKAEMBIX
aTOMOM, IOJDKHA ORITH paBHA 4acTOTE OOpalleHMs JJEKTPOHa BOKPYT
azpa.

(Omeem: Yepes kopoTkoe BPpeMA 3JICKTPOH AOJKEH yIacTh Ha AApPO.)

10. Yto ¢ TOYKM 3peHUs IUIaHeTapHoii monenu aroma Pezepdopna
YAEPKUBAET HJIEKTPOHBI H He TI03BOJIAECT UM pasleTaThes?

(Omeem: KyTOHOBCKHE CHIIBL)

Bapuanm I1
1. Kakyw ¢opmyny npeasioxun bansMmep IUIS oNpenecHUs JTHHBI
BOJTHBI, HCIIyCKaeMOH aToMoM Bofopoaa?

1 1 1
(Omeem: | —=R| 5-—||-)
A 2* R
2. HauMmenbuuii 60poBckuii paauyc opOUTEI JJIEKTpoHA B HEBO3OYXK-
JICHHOM aToMe Bojopoza r; =.5,28:10""" M. Onpenemure pamuyc op6HTEL
SNIEKTPOHA, KOTZa aTOM BOJAOPO/Ja HaXOIUTCS Ha MATOM DHEPreTHHECKOM
YpOBHe.
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(Omeem: 132:107"" m.)

3. Dueprus aToMa BoAOpOJa B HOpMATBHOM cocTosHuK E; = —13,53 3B.
OrnpesenyTe SHEPTrHI0 KBaHTA, NOTJIOUIEHHOTO aTOMOM BOJIOPOAA, €ciH
9JIEKTPOH MepelieN C [epPBOro JHEPreTHYECKOro YPOBHS Ha BTOpPOH.
DHeprus JIEKTpOHA Ha n-i OpOMTE CTAUMOHAPHOTO COCTOSHHS aToMa

E
Bonoponia: E, =—-.
n

(Omeem: 10,147 3B.)

4. OnpesennTe ANKHY BOJHBI 31EKTPOMArHUTHOTO H3Jy4YEeHHS aToMa
BOJIOpOJa TpPH IIEpeXoJie INMEKTPOHA C YETBEPTOro 3HEpreTHYECKOTO
ypoBHs Ha BTopoii. [TocTosnnas Pun6epra R = 10973,31 cMm ™.

(Omeem: 0,49 MKM.)

5. 9nek'rp0f{, CBA3aHHBIH C aTOMOM, {IPH NMEPEXOE CO BTOPOH OpOHTHI
Ha YETBEPTYIO ..

(Omegem: ornoaeT SHEPTHIO. )

6. Onpenenure MWHUMAIBHYIO JHEPrUIO KBaHTA, nornomeHHoro aTo-
MOM BOZOPOJA, €CJIM MPH 3TOM 3JIEKTPOH Mepellen ¢ NEPBOro Ha TpeTHi
JHEPreTHYECKUH YPOBEHb. DHEprus NEpBOTO JHEPreTHYECKOTO YPOBHA
E,=-13,53 3B.

(Omgem: 12,02 53B.)

7. CocTosiHue aTOMOB, COOTBETCTBYIOILEE BCEM pa3pCIIEHHBIM SHEP-
TeTHYECKHM YPOBHAM, KPOME HM3KOTO, Ha3bIBacTCA. ..

(Omeem: BO30Y>XAEHHBIM. )

8. DneKTPoH B aTOMe BOAOPOJA NEPELIEN € NEPBOTO IHEPreTHUECKOro
ypoBHs Ha Tperuil. Kak npu 3ToM H3MeHHnack 3Heprus atoMa?

(Omeem: yBenuuniach.)

9. Ecnn 6p1 JBHXEHHE JJIEKTPOHA B aTOME MOJYHMHAJIOCH 3aKOHAM
KJIACCHYECKOH 3/IEKTPOJHHAMKKH, TO KaKoe yTBepxJIeHHE Ob1Io O He-
BEPHBIM?

(Omgem: B CTallMOHAPHOM COCTOSIHMH aTOM JHEPTHIO He H3TyYaert.)

10. D5eKTPOH M NPOTOH ABHXKYTCA C OJMHAKOBOMH ckopocThio. Kakoi
W3 3THX YaCTHI{ COOTBETCTBYET MEHBIIAs JHeprus?

(Omeem: anextpony.)

II1. M3y4yeHue HOBOro MaTEpUana

B 1917 r. Diinirtedin npeackasan BO3MOXKHOCTb WHIYLHHPOBAHHOTO
(BBIHY)KIEHHOTO) HIy4eHus cBeta artoMaMH. [lox HMHXyHMPOBaHHEIM
M3TydYeHHEM TIOHMMAETCH U3MEPEHHE BO3GYMUIEHHBIX aTOMOB TOJ JeHCT-
BHEM IAJIAIOLIETO HA HUX CBETA,

Eute B 1940 r. coBetrckuii ¢pusuk A. dabpukanT ykasan Ha BO3MOX-
HOCTb HCTOJIE30BaHNUS ABJICHHS BBIHYXAEHHOTO H3NYYESHH [UIA YCHIIEHHS
3JIEKTPOMATHHTHBIX BOJIH.
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B 1954 r. coBerckue yuenrie H. I'. bacoB 1 A. M. IIpoxopoB u He3aBH-
CHMO OT HHMX aMmepukanckuil ¢usux Y. TayHc HcHonB30BaIH SBIEHHE VIS
CO3MaHHUA MHKPOBOJHOBOTO TeHepaTopa pamvoBOJIH. 3a pa3paboTky HOBOro
TIPHHIIMNA TeHepaluu ¥ ycwrenus paanosonH H. I'. Bacos, A. M. I1poxopos
n Y. TayHc B 1964 r. 66uH ynoctoeHs! HobeneBekoit npeMu.

B 1960 r. T.I'. Meiinanom B CIIIA 6bIn co3aaH nepsblii azep — KBaHTO-
BRI FEHEPATOP NIEKTPOMArHHTHBIX BOJH B BUIMMOM JHAaIa3oHe CIIEKTpa.

Ilyrem BHelrHero ocBeueHUs BO30YKAEHHBIE DIIEKTPOHBI U3 COCTOS-
Huit E; u E; nepexonqat B cocTosHue E;, koTopoe sBnsfetcsa pabounM co-
CTOsHHEM JNasepa. JIazepHoe u3My4eHHE MOXKET OBITh pa3IMYHOTO L{BETA.

PyOuHOBBIH JIazep reHepUpyeT Mmy4ok (GoToHOB (A = 694 HM) pyOHHOBO-
KpacHOro CBeTa.

Yempoiicmeo pybunosozo nazepa

Py6uHOBEIi cTep®eHb Jlazepa — 3TO WHIHHJP, TOPLBI KOTOPOTO OTIO-
JMpPOBaHB! M MOKPHITHL clloeM cepebpa TakuM 0o0pa3oM, YTO OAWH TOpeil
MOJIHOCTBIO OTPaXKaeT CBET, a ApYyroi — 4acTHYHO OTpaXaeT, a YaCTHYHO
MPOIMYCKaeT.

i
Henpoap. sepkano :I@nynhcﬂan namna| 1 NMa3epHbIN MyHOK |

=

VCTOMHVK MUTAHWA
Puc. 102

[py BenBINIKE AMTIBl HAKATHBAHUA Ha pyOMHOBBII CTEPXEHB NAJaloT
(OTOHBI pa3NHYHOM YacTOTEL. B cTepiHEe BO3HHKAIOT KoneGaHusA. ATOMEI,
TIOTJIOTHB 4acTh (POTOHOB, NEPEXOIAT B BO30YKACHHOE COCTOSHHE.

Bo3HHKaeT BBIHY)XICHHOE W3IYYEHHE, KOTOPOE DPAaclpOCTpaHACTCS
CTpPOFO BJIONb OCH CTEPXHSA U YCHIMBAETCA NPH MHOFOKPAaTHOM OTpaXe-
HHUHM OT 3epkall. B pe3yibTaTe BO3HHKAET MOLIHOE MOHOXPOMATHYECKOC
M3MydeHHe — MYYOK CBET2, YaCTh KOTOPOrO BBEIXOAWT HeEpe3 TOIyNpo-
3padHoe 3epKasio. JUTHTENBHOCTh H3TyHenns yuka — 107 c.

Caoiicmea nazepnozo usnyuenus

1. Manblif yron pacxoxaeHus Mmyyka CBETA.

2. UckmounTensHas MOHOXpOMATHYHOCTB.

3. Camsiit MoLIHELH HeTouluk ceera 10'* Br/c, Connue — 7-10° B/c.
4. KITJ1 — oxono 1%.
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Hpumenenue

TlepcrieKTHBHO NpUMEHEHHE HA3€PHOTO JIy4a JUIA CBA3U, 0OCOOEHHO B
KOCMH4ECKOM NpoctpaHcTBe. OrpomMHas MOIIHOCTD HCHOJB3YETCH IVl
UCTMIapeHUs MaTEepUAIOB B BaKyyMe, cBapku. JlasepHbie JIyuH packpauBa-
10T TKaHH, PEXKYT CTAIBHBIC AUCThI, C NMOMOILBIO Ny4ya Ja3epa MPOBOAAT
XUPYPTHYECKHE OMEpaly, ONpEACHAoT paccTOSHUS € TOYHOCTBIO 11O
HECKOIBKHX MUIITUMETPOB.

TlepcnekTHBHO UCITONB30BAHME JNA3EPHBIX JIyded U OCYLIECTBIEHUS
YTIpaBNEHUS TEPMOSACPHON peaKIHen.

B Hactosniee BpeMs Jla3epsl NMOJIyYHIH BecbMa pa3Hoobpa3Hoe MpH-
MEHEHHUE.

IV. 3akpennenue u3y4eHHOro MaTepHaNa
— Uro Taxoe nazep?
— Kakoe uaMepeHHe Ha3BIBAIOT CIIOHTAaHHBIM W IOYEMY OHO KOre-
peHTHO?
—  O6BsAcCHWUTE NPUHITMIT AeHCTBHA Ja3epa?
—  ObssacuuTe yCTpOoHCTBO PyOMHOBOTO Ja3epa?
— Tlepeuncnure ocHorHbie cHepbl MPUMEHEHHS J1a3epoB?

JononnuteabHbIH MaTepuan

Cnoro «nazep» mpeactarnfer coboii ab6pesuarypy anrnuiickoii ¢pass
«Light Amplification by Stimulated Emission of Radiation», nepesoanMoi kax
YCHIIEHUE CBETa B PE3yNbTaTe BBIHYXACHHOTO (MHAYUMPOBAHHOTO) M3NyueHHs.
I'unoTte3a o CyLIeCTBOBAaHMM WHAYLHPOBAHHOTO H3Ny4eHUs Oblla BhICKa3aHa B
1917 r. A Sitnmrreiinom. Coserckue yvennie H.I'. BacoB u A.M. TlpoxopoB u
HE3aBUCHMO OT HUX aMepukaHckHii busnk U. TayHc ucnonb3opanu ABJIEHUE HH-
AyUHPOBAaHHOTO W3My4YEeHHs AfiA CO3JaHHS MHKPOBOTHOBOTO FeHEpaTopa pajHo-
BOJTH C ITUHHOH BOSIHBI A = 1,27 cM.

Urobel co3aaTk Jlazep WM ONTUYECKHH KBaHTOBBIM reHEpaTop — WCTOYHHMK
KOTE€PEHTHOTO CBETa HEOOX0ANMO:

1) pa6ouee BellecTBO C UHBEPCHOH HACENEHHOCTBIO, TOMBKO TOTA2 MOXKHO
MOJIYYKTh YCUJIEHHE CBETa 32 CHET BBIHYMICHHBIX NEPEXOO0B;

2) paGouee BEILECTBO CleXYET MOMECTUTh MEXIY 3epKallaMi, KOTOpble Ocy-
HIECTB/AIOT OOPATHYIO CBA3G;

3) ycunenue, aasaemoe pabO4YHM BEILIECTBOM, 2 3HAYUT, YUCIO BO36YXKIEH-
HbIX aTOMOB MIH MoJiekyn B pafodem BelecTBe, JOMKHO GbITh Gonbiie noporo-
BOTO 3HAYEHMs, 3aBUCAILETO OT KOIP(PHUMEHTA OTPaXKEHHA MONYPO3PAUHOTO
3epkana.

[TepBbiM KBaHTOBBIM TeHepaTOpOM Obll pyGHHOBBLIH TBEpAOTENBHBIN Nasep.
Takxe ObLTH cO3aHbl: Ta30BkIE, MONYMPOBOAHUKOBBIE, KHAKOCTHBIE, ra3oHa-
MHueckHe, KoNbLeBbie (erylueii BOMHBI).

Jlazepsl HawAK¥ WHPOKOE MPUMEHEHHE B HayKe ~ OCHOBHOM MHCTPYMEHT B
HEeNUHEHHOH OrTHKe, KOT/a BelIEeCTBa Mpo3payHbie WK HET AN MOTOKa OOBIYHO-
o CBETa MEHAIOT CBOH CBOMCTBA HA MPOTHBOMONOKHBIE.
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JNaszepsl NO3BONMIHN OCYLIECTBHUTH HOBBIH MeETOX NoNyueHus OGBEMHBIX U

. uBeTHBIX H300pakeHHH, Ha3BaHHLIA ronorpadHei.
B mMemiuMHe, ocobeHHo B 0TanbMONOrHH, XHPYPrMH H OHKOJIOTHH LIWPOKO
¢ MPUMEHSIOTCA JNasepbi, CMOCOOHbIE CO3ATh Manoe MATHO, Gnarofapss BHICOKOH
; MOHOXPOMAaTHYHOCTH H HanpaBjeHHOCTH. B odransMonorun nasepHoe Manyue-
: Hue ¢ aHeprueit 0,2-0,3 Tk No3BoNSET OCYLIECTBIATL PAL CNOXKHBIX ONepaLti,
., He Hapyuas LeNOCTHOCTH caMoro rnasa. OfHOH W3 TakuxX onepauui sBnsercs
NpHBapKa Y YKpemIeHHe OTCNONBIICHCS CETYAaTKH C NOMOLIBI0 KOaryNSALHOHHBIX
cnaex. KpoMme Toro, nasepHuifi nyy npuMMeHseTCs Ans BBIKUraHUs 3710KAYeCTBEH-
HbIX U 100poKadecTBEeHHBIX oflyxoneil. B xupyprun cdokycHpoBaHHblii CBETOBOIH
JIy4 HenpepeiBHOro nasepa (MowHocThio Jo 100 BT) cnyHT uypesBniyaiiHo ocT-
PBIM ¥ CTEPHIILHBIM CKAJIBTIENEM, OCYILECTBIAILIMM OeckpoBHbie onepaLuHu Ja-
e Ha feyeHn W celleseHke. BecbMa MepcnekTHBHO MCMONB30BaHHE HENpepbiB-
HBIX U MMIYJLCHBIX JIa3€POB AN MPHKUTAHHSA paH U OCTAHOBKH KPOBOTEUEHHH y

GONbHBIX C MOHMKEHHOH CBEPTHIBAEMOCTHHO KPOBH.

JlasepHas o6paboTka MeTannos. BoaMoxHOCTb MoONy4aTh € MOMOLIBIO Nase-
POB CBETOBBIE MTYUKH BLICOKOH MoLHOCTH 10 10'2-10'¢ Br/cu’ nipn hoKycHpOBKe
H3Ny4eHHs B maTHO AuameTpom jo 10-100 MxMm genaer nazep MOLHBIM CPEACT-
BOM 06paGoTKH ONTHHECKH HENPO3pauHBIX MaTepHATIOB, HEAOCTYMHLIX s obpa-
60TKH OOBIYHBIMU METOIAMH (ra3oBas M AyroBas cBapka). DTO MO3BOJAET OCYylLe-
CTBJIATH HOBBlE TEXHONOTHYECKHE OMepaliy, Hanpumep, NpocBepiuBaHHe OYEHb
y3KHX KaHaIOB B TYrOTUIABKHX Marepuanax, pasfiuiHble orepauuu npH U3roTos-
JICHUH TIEHOYHBIX MUKPOCXEM, a TaKxke YBENHYHBAET CKOPOCTh 06paboTKH aeTa-
neii. [Tpu npoGuBaHMH OTBEPCTHII B ANMMA3HBIX Kpyrax cokpaiaeT Bpems o6pa-
6oTkH oHOroO Kpyra ¢ 2-3 aneii no 2 muH. HanGonee wMpoko npumMeHsieTcs na-
3ep B MUKPO3IEKTPOHUKE, [€ MPEANOYTHUTENbHA CBAPKA COEAHHEHUI, a He nah-
ka. OcHOBHbIE NPEMMYLIECTBA. OTCYTCTBME MEXAHHUYECKOro KOHTaKTa, BO3MOXK-
HOCTb 00paboTkH TPYAHOAOCTYMHBIX JAeTallell, BO3MOXHOCTb CO3AaHMA Y3KUX
KAHAJIOB, HATIPaBIeHHBIX MOJ Y rIIOM K 06pabaThiBaeMoit NOBEPXHOCTH.

Jlazepnan cesasb H nokaums. [lo cpaBHEHHIO € CYLECTBYIOWHMH CPEACTBAMH
PanMOCBA3M M PANMONIOKALMH NasepHule 06NafaloT ABYMA OCHOBHBIMH NPEHMY-
IleCTBAMHU: Y3KOH HanpaBNEeHHOCTBIO NEpeAadH M LIMPOKOI nosocoil npomnycka-
Hua nepegabaeMblx yacToT. Cam nasep co3naeT HanpaBleHHBIN nyu (pacxoaumo-
cTbi0 ~10'), a NnpuMeHeHHe ONTHYECKOH cucTeMs! no3BonseT chopMHPOBATH ellie
Gonee napasnenbHbii Nyy (PacxoAWMOCTsIO ~ 2-3"). OfHH NasepHsiil N1y N03BO-
JifeT nepefaraTh CHrHajd B nojoce yactoT — 100 MTI'u. 3To naeT BO3MOXKHOCTH
0JIHOBPEMEHHO# nepeaaun 200 TeneBH3HOHHBIX KAHAIOB.

[Mepable cBeneHns o MpHMEHEHHU NaszepHoH nokauMu oTHocaTes k 1962 r.,
Koraa 6eina ocywectsnena aoxanHa Jlyner. Y pesnyeHue MOLIHOCTH, N31y4aeMOH
Nia3epoM, cIenaeT BO3MOXKHBIM KapTorpagpoBaHue NoBepxHOCTH JIyHBl ¢ 3eMiH
¢ BBICOKOH TOUYHOCTBIO (Okono 1,5 M), JlazepHan nokalus NpUMEHAETCA TakkKe B
reoH3MKe N ONPEAETSHHA BbICOThI 00NAKOB, HCCNEOBAHHH MHBEPCHOHHBIX H
a’pO30JIBHBIX cTOEB B aTMochepe, TypSYNeHTHOCTH W T. M.

JlasepHbie cucTeMbl HaBurauuu H obecneyenns GesonacHocTd nonetos. On-
HUM H3 OCHOBHAIX 3TEMEHTOB HHEPLHANbHBIX CHCTEM HABHTALMH, LIHDOKD HC-
TIONb3YEMBIX B aBHALIMH, ABNAIOTCS FHPOCKOTbLI, KOTOPHIE B OCHOBHOM H ompeje-~
NS0T TOYHOCTh CHCTeMBI. JlazepHbie rHPOCKOMNbI OGNANAIOT AOCTATOUHO BRICOKOH

- e xpg e
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TOYHOCTbIO, GONBIIHM THANA30HOM H3MEPEHMS YTIIOBBIX CKOPOCTEil, MATBIM cO6-
CTBEHHBIM JIpeiithOM, HEBOCMIPUMMUYHBOCTBIO K JIMHEHHBIM Meperpy3xam. JTazepsl
YCMELIHO MPUMEHSIOTCA KaK H3IMEPHTENH CKOPOCTH MOJETa, BEICOTOMEPHL. JTasep-
Hbl& KypCO-TJIHCCaAHble CHCTEMBI 00ECTIEYHBAIOT HE30TacHOCTh TI0NIETOB, CBA3aH-
HYI0 C YBENHYEHMEM TOYHOCTH CUCTEM MOCaikH, CHH)KCHHA OTPaHHYEHHH Mo
MeTeoycnoBuaM, obecrieyeHreM GONbIIHX yA0BCTB paGOTR! 3KHMAKA MTPH BhINON-
HEHHH TaKOr0 OTBETCTBEHHOrO YHacTKa IMOJNETa, KaK NMOCAAKa. YCTaHOBRNEHHbIS
BOMU3H B3METHO-TIOCAZIOUHOTO TMOMOTHA NasepHble JyuH CO3IAlT IeOMeTpHue-
CKYI0 KapTHHY, TTO3BOJIAIOLLYIO CYAUTE O NPAaBUNLHOCTH BBLAEPKHUBAHUSA TPAaeKTO-
PHH MOCAKH.

JlazepHble CHCTEMBI yIIpaBIeHHA OPYKHEM Pe3KO MOBBICHIM TOHHOCTH MOMa-
nanun. JlazepHas NonyaxTHBHAs CHCTEMa HABEIACHHA COCTOHT W3 JIa3epHOTO le-
neykaszatens (Jla3epHON CHCTeMBI MOJCBETA UeNH) H GoenpHnaca ¢ nasepHoit ro-
TOBKO CAMOHABE/ICHUA.

¥Ypok 114. Ypok-urpa «CBost urpa»

Ileap: moka3zath, uro (M3MKA CBA3aHA CO MHOTHMH HIKOJBHBIMH
TPEAMETAMH.

Xon ypoxa

L HoaroroBHTeALHBIH 3TAN

Ot pebaT Tpebyerca cepbe3Has MOATOTOBKA 10 (GH3HMKe, e HCTOPHH,
MaTeMaTHKe U JTUTEpaType.

Kaxcaeiii Bonpoc BBHIHCAH HA OTIACIHBHYHO KapToyky (IUIOTHBIA Kap-
TOH), HAa APYTOH CTOpOHE KOTOPOH yKa3aHbI Akl

3puTeN pacKIaJBIBAIOT KAPTOYKH HAa CBOEM CTOJIE B ONpPEdc/iCHHON
NIOCJIEIOBATEILHOCTH, HAIPUMED:

Orrruka 100 200 300 400 500
Benukue OTKpHITHS 100 200 | 300 400 500
KpantoBas dhusmka 100 200 300 400 500
Duspka U npUpoaa 100 200 300 400 500

~ ITono6Hele xe cxeMbl HaXOATCA HA CTOJAX MIPOKOB. IIpaBHIa HIpBI
Te %e, 9To M B TB-urpe: 3 typa u punan.

I1. Xon urpsl
1-ii ryp
Onmuxa
100. Yto Taxoe iy4 cBeTa?
200. Uto Takoe CBETOBO# My4OK?
300. KaknumH SBJIICHUAMH MOXXHO MOATBEPJUTE NPSAMOJIHHERHOCTH pac-
IPOCTpAHEHHSA CBETa?
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400. B 1eM cOCTOUT NPUHIMIT 0OPaTHMOCTH CBETOBRIX Jyd4ei?
500. Kakoe oTpaXkeHHE CBETa Ha3bIBAIOT 3€PKAIbHBIM?

Benuxue omxpsimun

100. C ero damunmeii cBia3bpIBaeTCS Ha3sBaHHE CWIBI, C KOTOPOH Mar-
HHUTHOE TI0JIE AEHCTBYET Ha ABHXKYLIYIOCH 3apsHKEHHYIO YacTHLLY.

200. UzsecTHblii Bpay, PHU3HK, aCTPOHOM, MEXAHHK-METAILTYPT, €rHII-
ToJIOr, PU3HONOT, TIONHTOJIOT, CIIOCOOHEBIH r’MMHACT.

300. B 1821 r. y4yensiit 3anncan B cBoeM aHeBHuke «[IpeBpatuts mar-
HETH3M B JyreKTpHiecTBO». Yepes 10 nmer 31a 3a/1a4a Ghu1a HM pelticHa.

400. O 3KCHEPUMMEHTAIBHO AOKa3ad CYIIECTBOBAHHE 3JIEKTpOMar-
HUTHBIX BOIH.

500. C ero uMeHeM cBA3aHbl YCTAHOBJICHHE NEPBOH B MHpE Teile-
rpadHoii cBa3u Mexay Amepukoii u EBponoit u abcomoTHas mkana tem-

neparyp.

Keanmosas gpusuxa

100. Kaky1o ponb chrpano B GpH3HKE H3yueHME H3MyyeHus abcomoT-
HO YEepHOTO Tena?

200. TToyeMy 3aKOHBI KITACCHYECKOH NEKTPOJMHAMHKY HE MOTYT 06b~
ACHHTH H3TydeHHe abComoTHO YepHoro.Tena?

300. Kakue u3 3akonoB ¢orodddekra, nomyyeHHble B pe3ynsrare
IKCTIEPHMEHTOB, He OOBACHAIOTCS C MO3NIMI KNACCHYECKOM MEKTPOAH-
HaMHKH?

400. ConocraBpte THnoTtessl [Lianka u DfiHmTelHA 06 3neKkTpoMar-
HUTHOM H3JTY4EHMH.

500. Kax B3auMoCBs3aHB ypaBHeHHE DifnmreiiHa mns gportodddexra
 3aKoHHl Croj1eTOBa, MONYYECHHbIC IMITHPHIECKHM Iy TeM?

QDusuxa u npupoda

100. TToueMy B ACHBIH CONHEYHBIH JleHb CONHEYHBIE OGIMKM MOJ -
pPEBBAMM KAXKYTCA HAM KPYTTIBIMH — BEb TPOMEXYTKH MEXKAY JIHCTHAMH
HMEIOT caMylo pa3HoobpasHyto Gopmy?

200. HeobxoauMo PacmonoXuTh 1O MPSAMOH JTHHHH MOJIONBIC Aepe-
BbS, BBICAKMBAEMBIE B 3EMIIIO TIPH O3elicHeHHH ynuubl. Kakum cBoict-
BOM CBETOBBIX JTy4eil MMONB3yIOTCS TPH 3TOM?

300. INouemy JuIHHHAS ajules AEPEBbEB Ha 3HAYMTENLHOM PAcCTOSHHH
oT HabmoaaTeNns KOKETCS CXOASAIIEHCS B OfHY TOUKY?

400. IToueMy y KOLIKH B TEMHOTE CBETATCA INaza?

500. Yro npexcraBnser co00# 3epkaigo, MPUMEHSEMOE PH HCCIELO-
BaHHH IMa3HOro aHa 60oabHOr0?
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2-i Typ

Onmuxa

100. Kakue ycnoBHs HEOOXONHUMBI JUIA MONYYEHHS H300paXCHHS B
TLIOCKOM 3epkane?

200. Kaxoe n3obpaxeHHe HMEET HCTOYHUK B IIJIOCKOM 3epkaie?

300. Kakoe n3o6paxcHHe HA3BIBAIOT NEHCTBUTETBHBIM, MHIMBIM ?

400. MoxeT I HCTOUHHK OBITH MHUMBIM?

500. Kakoe oTpaxeHue cBeTa Ha3bIBalOT AU DY3HBIM?

Benuxue omkpoimus

100. Yro otkpbin X. Opcren 15 despans 1820 r., untas nexmuio cry-
JIeHTaM YHHUBEPCUTETA?

200. B croem nuesmyke nemenkwuit ¢pusmk 'eopr Cumon Om miier:
«51 6pan KyckH HUIHHIPHYECKOH NMPOBOJIOKH MPOM3BOIBHON JUIMHBI U3
pa3snMYHBIX MAaTEPHAIOB M NOMELIAl HX TOOYEPESHO B LENk...». Kakylo
3aBUCHMOCTD YCTaHOBIA OM B 3TUX SKCIEpUMEHTaX?

300. HazoBuTe nepBOro pycckoro akajgeMuka?

400. OTKpBIT BOIOPOA, YTIEKUCTBIH ra3, ONpEASINN COCTaB BO3AyXa,
TIOCTOSTHHYIO TSTOTEHMA, OyNy4H aHTJIMACKNAM JOPAOM, OH NEPBEIM yCTa-
HOBHII 3aKOH B3aUMOJEHCTBHUA 3IEKTPHYECKHX 3apsanoB. KTo 31o?

500. ABTop Hay4HOTO TpyJa «MaTeMaTHYeCKHE Hauala HaTypanbHOM
dunocopumn».

Keanumoesasn ¢pusuxa
100. Yro obuIero UMEIOT M HYeM OTAHYAIOTCS (POTOHBI H YACTHILHI Be-
mectpa?
200. Kakoe U3 crnenyromnx YTBEPXKACHHIA O CBETe SBIACTCS, Ha Balll
B3TJI, Haubonee BepHBIM:
a) «CBeT — 3TO 3NIEKTPOMATrHUTHEIE BOTHEI»;
6) «CBeT — 3TO MOTOK YaCTHIL HOTOHOBY;
B) «CBeT — 3TO 3NEKTPOMATHUTHBIE BONHBI U MOTOK (OTOHOB OA-

HOBPEMCHHO®;
r) «CBeT — 5T0 HH SAEKTPOMATHUTHBIC BOMHBI, HH MOTOK (oTO-
HOBY;

1) «CBeT — 3T0 U TO H APYTO€, HU TO HU JPYroe OXHOBPEMEHHOY.
300. MoxHo 1mH cuuTaThk GOTOH MAaTEPHATEHBIM OOBEKTOM, BEL €r0
Macca paBHA Hyo?
400. TlokaxxHuTe B3aHMOCBA3b MATEPHH H ABH)XCHHA Ha IPHMeEpE:
a) CylIecTBOBaHMA (POTOHA;
6) pacnipocTpaHeHUA 3ACKTPOMArHUTHOH BOJTHEIL.
500. CpaBHHTe BEILECTBO H 3NEKTPOMArHUTHOE MOJe KaK BHJBI MaTe-
pHH.
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Quszuxa u npupooa

100. Kakue >XHMBOTHBIE HCIOJB3YIOT «IIEPUCKOM» AN HabnomeHHus
IIPeIMETOB M3-32 YKPBITHH?

200. IToyemy pacTeHHs He cledyeT MOJHBATh B TO BpeMs, KOTJa Ha
HHX IANAIOT COJMHEYHBIE Ty4n?

300. Yemy paBHa ONTHYECKAs CHIIa XPYCTAINKA YEJIOBEYECKOrO riia3a’?

400. Kakas 4acThb 4YeJIOBEYECKOTO Iiaza 6oiblIe BCETO NpEroMIseT
CBETOBBIE JIyuH?

500. U3BecTHO, yTO NMpUHLUMN paGoThl TNasza nmojaobeH NMpHHUMIY pa-
60151 MHOTHX onTHYecKHX npubopoB. Ho nouemy xe B xu3um Ge3 cre-
LUHAIBHBIX NPHUCIOCOOICHU MBI HE 3amedaeM XpoMmaruueckod abeppa-
LHY r1asa?

== > mopes

PR

3-i 1yp

Onmuxa

100. B ueM cymHOCTE METOOB FEHETUYECKON ONTHKH?

200. IToyemy TIOCKOE 3epKajlo MHOFA JaeT HCKaKEHHOe H300pakeHne?

300. CripaBeAnMBEI 1M 3aKOHB! OTPKEHHUS B ClIyYae nMageHus CBeTa Ha
JHCT TeTpagHoit 6ymarn?

400. [ToyeMy Hemb3s UCMONB30BATH MIOCKOE 3€PKANO B Ka4eCTBE KH-
HOdKpaHa?

500. Kakumu crioco6amu HaMepsinace ckopocth cBeta? B ueM tpya-
HOCTH U3MEPEHHA CKOPOCTH CBETa?

Benukue omxpoimus

100. «OBpuka! Ispuka! 5 Hamen!» — KOMy NpHUHALNEKAT ITH ciioBa?

200. YueHslf, KOTOPBIH NOJA Yrpo3odl CMEPTH, BBIHYXIEH ObLT OT-
pedbcs OT CBOETO Y4EHMS, HO, TI0 MpEJaHuIo, YXKe BBIXOIA U3 3ajla CyAa,
Mpon3Hec HCTopHyecKylo ¢pasy: «A Bce-Taku oHa BepTutcs!y. K10 on?

300. ®dpanuy3ckuit yueHsld u ¢unocod chopMynnpoBan 3aKoH CO-
XPaHEHHA KOJMYECTBA JABHKCHHS, €TO CUCTEMOH KOOPJAHHAT NONB3YIHOTCH
B TEOMETPHH.

400. TIpo Hero cka3anu: «OH ocTaHoBHI COJHIIE H CABHHYJI 3EMITION.
O xoM uzer peds?

500. O kakoM pycckoM yueHOM Haml Beaukuit noat A. C. Ilymxun
CKa3all, YTO OH CO3jall NMepBhIi B POCCHH YHMBEPCHTET, YTO «OH, JyqLIe
CKa3aTh, caM GbLI IEPBBIM PYCCKUM YHHBEPCHTETOM»?

Ksanmoeasn ¢usuxa

100. Kak 651 BBI OTHECIHCEH K COOOIIEHHIO O TOM, YTO OTKPBIT HOBBIH
BHJ MaTEPHH, OTJINYHBIA OT BELIECTBA M OT NMOJA?

200. Kak BBl NOHNMAETE CJIOBA O EMUHCTBE BHAOB MAaTEPHH — BELLECT-
Ba H nmoys?
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300. YkaxHTe BOMHOBHE, KOPHYCKYNSPHBIC H KBaZHTOBBIE CBOHCTBA
cBera. KakoBa CBA3b MEXAY 3STHMH CBOHCTBaMu?

400. Morno n# CIYMHTHCA TaK, HTO B HCTOPHH Hayku mobemuna 6t
OJTHA H3 KOHUETHI O IPHPOIE CBETAa — BONHOBAs WIIH KOPIYCKyIsApHas?

500. Kak BeI noHHMaeTe yrBepkieHHe: «KopnyckyaspHO-BOJIHOBOH
Jyann3M — 3To oftnee CBOMCTBO MaTepum»?

Duzuxa u npupoda

100. IToyemy Gnu3Opykue MOAH, YTOOH Jyullie BHAETH, IYPAT T/1a3a?

200. 1Ba nabmonarens — GIH30PYKHii H NanbHO30PKHIT — paccMaTpH-
BAKOT NPEAMET YEpe3 NNy, paciiofiaras €€ Ha OfIHHAKOBOM pPAaccTOAHHUH
ot raaza. Korophii w3 nabmonateneii JoJbkeH pacnoONOXHUTE TIpEAMET
6mxe x nyne?

300. TTouemy ¢ HacTynJICHHEM TEMHOTHI MBI CTAaHOBHMCS Kak Ot 6111-
30PYKHMH, H OUEPTaHHSA NPCAMETOB TIEPECTatoT ObITh PEIKHMHU?

400. TToueMy nmHEM 3padvKH y JIOJACH CYXAaIOTCH, 2 HOUBID PACIIHPS-
woTCA?

500. Tlouemy Haxomsch B OCBEIICHHOW KOMHATe, MBI HHYCTO HE BH-
JHM 33 OKHOM, KOT/ia CteMHeeT?

dunan
Yuurens 3anaer Bonpoc. [lepeoiit oTBeTHBIINAI NOGEXACT.
— O6GBACHUTE C TOYKH 3pEHHA ONTHKH BhpaxeHHe «Hodbio Bce Koll-
KH cephbD».

I11. lloaBeneHHE HTOI'OB HIPHI
[loaBOAATCA HTOTH W BHICTABAAIOTCH OLCHKH.

Nasa. 13. ®u3nkKa aToMHOro siapa

Ypok 115, PaainoakTHBHOCTD.
PannoakTHBHBIC NpEeBpallicHHA ATOMHBIX 1/lep

u&’lb.’ AATh YYaNniuMCes NPENCTARICHNE O PAZINOAKTHBHOCTH.
Xon ypoka

L Oprann3anHoHBhLIH MOMEHT

II. HpoBepka nomMauIHero 3aaanns
~ Yo npeacraBiger coboii aTOM COrJaCHO MOJEIH, TIPEIIOKECHHOM
Tomconom?
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— Kak npoBOJUTCS ONBIT MO pacCEMBAHHIO A-YaCTHI(?

— Kakoii BeiBog Opin crenan PesepdopaoM Ha ocHOBaHUM TOrO, YTO
HEKOTOpble Q-4acTHLBI NPU B3aUMOJEHCTBHU C (ONBIoi paccenna-
JIMCh Ha Gonbiine yriiby?

—~ Yro npeacranser coboi aToM COrNacHO ANEpHONH MO, BBHLIBH-
HyTo# Pesepdoprom?

—  Pacckaxure, kKak @-4acTHIBI POXOIAT CKBO3b ATOMBI BELIIECTBA CO-
IJ1aCHO AAEPHOM MOJETH.

1. M3y4enue HOBOro MaTepuana

OTKpBITHE €CTECTBEHHOW PAJMOAKTHIBHOCTH — sIBJIEHHE, JOKa3bIBalO-

1I{ee CJIOMKHBIA COCTaB aTOMHOTO spa, MpOU30LLI0 Gnarofaps c4acTiu-
" BOM CITy4aiHOCTH.

Bekkepens 06HapyXHII, YTO XHMHYECKHI 3IEMEHT YpaH CaMOIpOM3-
BOJIBHO (T. . Oe3 Kakux-mubo BHEWIHMX BO3NCHCTBHIT) M3ny4aeT paHee
HeBUAMMBIe Jyud. Hayamice unHTeHCHBHEBIE MccnenoBaHus. OOHapyxu-
JOCh, YTO M3JTyUEHHE YPAHOBEBIX CONEH MOHHU3HPYET BO3AYX M pa3psikacT
BJIEKTPOCKOTI.

Beio ycTaHOBIE€HO, YTO MHTEHCHBHOCTH HM3IYHEHHS ONpenensercs
TOJNBKO KOJNMYECTBOM ypaHa B TIperapare ¥ COBEPIICHHO HE 3aBHCHUT OT
TOTO, B KaKH€ COEAMHEHHS OH BXOAMT. CBOICTBO MPHCYLIE XUMHUECKOMY
BJIEMEHTY YpaHy.

B 1898 r. Mapus Ciuogosckas-Kiopu (1867-1934) Bo ®dpanuuu, a
Taloke JpYrue ydeHble OOHapyXHIu M3lyyeHHe Topud. B mancHeimem
OCHOBHBIC YCHIIHSl B TMOHCKaX HOBBIX J3JIEMEHTOB OBUIH MPENTPHHATHI
Mapueit Crironosckoi-Kropu n ee myxem ITrsepom Kropu. Camo xe sB-
JIeH’e CaMONPOM3BOJIBHOTO M3y4YeHHs OblIo Ha3BaHO cynpyramu Kropu
PaIHOaKTHBHOCTHI0. BHocaeJCTBUM OBUIO YCTAHOBNEHO, YTO BCE XMMH-
YeCKHE DJIEMEHTH! C MOPSAOKOBBIM HOMepoM Gojiee 83 sBNAIOTCA paguoak-
THBHBEIMH.

B 1989 r., noxBepras paXHoakTHBHOE H3Ny4eHHe NEHCTBHIO MAarHWUT-
Horo nons, 3. PesepdopX BeLIennn ABa BHAR H3TYyHeHH: a-Ny4uH (Tshxe-
JIble MOJOXKHTENBHO 3apshHKeHHBIE YACTHLEI, SJpa aToMa renus) U S-yqu
(OTpHLIATENBHO 3apsHKEHHBIE YaCTHIIbI).

B 1900 r. I'l. Buknapn oTKpbLi y-Ay4u — HEHTPaIbHOE H3Ny4YeHHe, Tae
Macca TOKOsl paBHa HyIIO.

OTH TpH BHIA U3TYYEHHS OYeHb CHIBHO OTIMYAIOTCA ApYr OT Apyra
MO0 MpOHMKawowmeH crocobHocTH. HanMeHbIel npoHMKalomel cnocob-
HOCTBIO 00J1a/1al0T Q-1TyHH. '

Cnoit Gymarn TomuuHol okono 0,1 MM JUIS HHX Y)Ke Henpo3paueH.
Jing S-nyueil HempolpayHOH SBNSETCS AMOMHHHEBas IJIACTHHKA [pH
TOJNUIMHE HECKOJNbKO MHInMMeTpoB. HanbGonbuieil mponukaioweil cro-
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COGHOCTRIO 06N1aMal0T )~IyH4H, COil CBUHIA TONIIMHOM 1 ¢M He ABIsieTCH
JUISL HHX HETpeoA0NUMOi Mperpanoit.

Ilo cBouM CBOICTBAM HNydHd HATIOMHHAIOT PEHTIEHORCKHE. 3TO
3NEKTPOMArHUTHBIE BOJIHBI C JTMHOW BOJIHEBI OT 10°® 1o 107 oM.

Ipoute Bcero 6pUIO0 IKCMEPHMEHTHPOBATh ¢ f-TyyaMH, TaK Kak OHH
CWIBHO OTKJIOHANHCH KaK B MATHUTHOM, TaK U B JJICKTPUYECKOM [MOJIE.
ITpu uccnenoBanuu 6BUIO YCTaHOBIEHO, YTO OHH MPEACTABIAIOT coOoH
He YTO MHOE, KaK 3JIEKTPOHBI, ABHXYLIHECA CO CKOPOCTAMH, OYEHb OJIM3-
KHMH K CKODOCTH CBETA.

TpyaHee oka3anoch BHIABHTb NPUPOAY @-dacTul. OKOHYATENbHO 3TY
3anavy pewrua Pesepdop. a-4acTUHBI OKAa3aIMCh AIpaMH aTOMa Telus.,

YT0 K€ MPOHCXOMUT C BEIUECTBOM IPH PagHOAKTHBHOM H3ITyHeHHUH?
Vke B caMOM Hayane HCCIEOBaHMS PaXHOAKTHBHOCTH OOHApyXHIIOCH
MHOT0 CTPaHHOTO H HEOOBIMHOTO.

Bo-nepBRIX, YAMBUTEJILHOE OCTOSHCTBO, C KOTOPbIM PaTHOAKTHBHEIC
3JIeMEHTHI HCITyCcKaloT H3lydeHHs. Ha npoTsikeHUH cyToK, MeCSLIEB U JIeT
HHTEHCHBHOCTb M3JIyuCHHS 3aMETHO He H3MeHsAeTcs. Ha Hero He okasel-
BAaET BIMAHHME HArpeBAHHE WIIH YBEIHYECHME NABJIEHHA; XHMHUYECKHE pe-
aKIUH, B KOTOpbIE BCTYNaN pajHOAKTUBHBIN 3JIEMEHT, TalOKe HE BIHATH
Ha UHTEHCUBHOCTD U3ITyUYeHH .

Bo-BTOpBIX, PamHOAKTHBHOCTL COMPOBOXKAACTCS BRUICICHHEM 3Hep-
T'M, ¥ OHA BBIACNACTCA HENPEPBIBHO HAa NPOTXKEHUH paaa yeT. Otkyna
xe Gepercs 3Ta SHeprus? [IpH paTHOaKTHBHOCTH BELIECTBO HCIMBITHIBAET
KakHe-TO TNyOOoKHe H3MEHEHMA. BBIIO clenaHo MpeanoiokKeHHe, 4TO
NpeBpailicHUs NPETEPIEBAOT CAMH aTOMBL.

B nmanbHeiiem 66u10 06HApYKEHO, YTO B pe3y/IbTATE aTOMHOTO Tpe-
BpailieHns o0pasyeTcs BELIECTBO COBEPIIEHHO HOBOTO BHIA, NOJIHOCTHIO
OTJIMYHOE MO CBOUM (DH3HYECKUM M XMMHUYECKHM CBOICTBaM OT IIEPBOHA-
YaaLHOro. DTO HOBOE BEILNECTBO, OJHAKO, CaMO TAaK K€ HEYCTOHYMBO U
HCTIBITHIBAECT MpPEBPALEHHS C MCIYCKAaHHEM XapaKTEpHOTO PaJHUOAKTHB-
HOT'O U3TY4CHHS.

1V. ITonBenenne HTOTOB ypoKa

Jomalunee 3ananue
m. 99.

Jlonoaunrenbublii MaTepHan
AnTtyaH Bekkepean

AwnTyan Bekkepens — dpaHuysckuii ¢gpu3uk, poaunca 15 nexabps 1852 r, B
Mapuxe. ChiH Anexcanapa DaMoHOa Bekkepens, NMpOCTaBUBIUIErOCA CBOMMHU
HcenenosaHuaMu docdopecuenunu. Bekkepenu: oTell, ChiH U 16X — XHIH B JOME
tpanuysckoro ectecTBoucbITaTens Kioese, NpuHamiexauem HauuoHamsHOMY
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MY3€l0 eCTECTBEHHON MCTOpHK. B 3TOM JloMe AHpH H caeflan cBoe BEIUKOE OT-
KkpbiTHE. MemopuansHas aocka Ha dacaje rmacut: «B naGopatopuu npukiaaHoi
bu3uku AHpH Bekkepenb OTKpbIT paauoakTHBHOCTL 1 MapTa 1896 ronan.

AHTyaH Bekxepens yuuncs B nuuee, 3aTeMm B IIonHTeXHHUYeCKOi LIKONE, MO
OKOHYaHHK KoTopoH paboTan uHxeHepoMm B MHcTHTyTe myTeit coobuenns. Ho.
BCKOpE €ro MOCTHIIIO FOpe: YMepiia ero MoJiofias XeHa, U MOJIOfIoN BJOBEL C Chi-
HoM XanoM, 6yayimuM yeTBepTeiM usukoM BekkepeneM, nepeeaxaet K OTLY B
Mya3eii ecrecTBenHoif nctopun. CHauana oH pabotaer penetutopoM IlosnuTexHu-
yeckoil Ko, a ¢ 1878 r., nocne cMepTH 1ena, CTAHOBUTCSA aCCHCTEHTOM CBOETO
orua.

B 1888 r. AHpH 3amHINAcT JOKTOPCKYIO NUCCEPTALHIO U BEAET BMECTE C OT-
L{OM pa3HOCTOPOHHIOI Hay4yHyio paboTy. Uepes roa ero usbupaior B AkageMu:o
nayk. C 1892 r. on ctaHoBuTCH npodeccopom HauHoHaNBHOrO My3es eCTECTBEH-
HOI HUCTOPHH.

OcHoBHBIE paloThl MOCBAILEHBI ONTHKE (MarHUTOONTHKa, dochopecueHuus,
UHPpaKpacHble CMeKTPsl) H paguoakTHBHOCTH. B 1896 r., usyuas meiicTeue pas-
JIMYHBIX JIIOMHHECUMPYIOIHX BEWECTB HAa (DOTOTUIACTHHKY, B YaCTHOCTH cofiei
ypaHa, OTKpbIJl HEH3BECTHOE M3Ny4eHue, NMPHUCyllee CaMoil ypaHoBO# CONH H HU-
yero obluee He HMeILee C JIIOMHHECHHPYIOLUHM H3JIyYeHHeM. DTO ABJIEHHE ca-
MOMpPOH3BOJIBHOTO H3NY4YEHUA CONAMH ypaHa siyueil ocoboli mpupoas GeuIO Ha-
3BaHO PafHOaKTHBHOCTEIO.

IMponyckas GeTa-nyun 4yepes nepecekaolUecs AMEKTPHYECKOE U MarHUTHbIE
NoJIf, OH MEPBbI H3MEPHJT OTHOLIEHUE 3apAiia K Macce 6eTa-yacTHL U YCTaHOBHI,
YTO OHO TaKOTO e MOPARKA, KaK W JUTA 4aCTHL KaTOAHEIX dyuyeii (1900 r.). O6Ha-
pyxun B 1901 r. (nezaBucumo ot I1. Kiopn) gusHonorideckoe aeficteue paano-
aKTHBHOTO H3JTy4eHHH, a Takxe cnocoGHOCT: HOHN3UPOBATh ras.

3a OTKpBITHe ABNEHHS €CTECTBEHHOW PaJHOaKTHBHOCTH ypaHa Bekkepens B
1903 r. 6b11 ynocroen HoBenerckoit npemun. OGnanares Bcex 3HAKOB OT/IHYHA
IMapuxckoit Akanemuut Hayk, Unen JloHnoHckoro koponesckoro obuiecrsa. Jle-
ToM 1908 r. akanemus H30HpaeT €ro HENPeMEHHBIM CeKpeTapeM (GH3IHYECKOro
OTAEJIEHHA.

Vmep Autyan Aupu Bekkepens 25 aBrycra 1908 r.

¥Ypok 116. JxcnepuMeHTAIbHBIE METOAbI
HCCJIel0BAHHSA YaCTHI

He.’lb.' NO3HAKOMHTDL YUAIIUXCH C IKCNEPHMEHTAIBHBIMH METOJaMH
HCCICTOBAHNA YaCTHIL.

Xox ypoxa

L. Opranu3auHoHHbI# MOMEHT

II. TlpoBepka noMamIHero 3aaHus
— B ueM saxmovanocs oTKpeITHE, caenaHHoe bekkepeneM B 1896 1.7
~ Kak cranu Ha3biBaTh CIOCOGHOCTH aTOMOB HEKOTOPBIX XHMHUE-
CKHX 3]1EMEHTOB K CaMOIIPOU3BOIBHOMY H3ITy4eHHIO?
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— Kax 611 Ha3BaHBI HAaCTHLEI, BXOJIINE B COCTAB PaMOAKTHBHO-
ro M3ny4eHHa?

— O 4eM cBUIETENBCTBYET SIBJEHHE PAAHOAKTHBHOCTH?

— UYrto npoucxoaut ¢ pagueM B pe3ynbTaTe o.-pacnana?

— Kakas yacTh aToMa — PO WIIH DIIEKTPOHHAs 000JIOUKa — TPETEp-
MeBaloT U3MeHEHU MPH paIuoaKTUBHOM pacmane?

— 3anuummTe peaklHio o-pacnafia pafgus 1 oOBACHUTE, YTO O3HAYAET
KaX/IbIii CHMBOJI B 5TOH 3aIHCH.

— Kak Ha3eiBaloTCS BepXHee M HW)KHEE YHCIA, CTOAIHUE nepel Oyk-
BEHHBIM 0003HAYCHHEM DlleMeHTa?

—  UeMy paBHO MacCOBOE YHCIIO?

— Ha npumepe peakuuu a~-pacrana panus oO0bICHHTE, B YeM 3aKII0-
YAIOTCH 3aKOHBI COXpaHEHHs 3apsa (3apsaIoBOro YHCa) U Macco-
BOToO yncna?

— Kakoit BoIBo# crenoBan M3 OTKpHITHA, cienanHoro Pesepdoprom
u Conan?

—  Uro Takoe paJgHOaKTHBHOCTH?

TI1. M3yueHne HOBOTO MaTepHaiIa

Jas u3yveHus s/iepHBIX ABIeHWH OBUTH pa3paboTaHBl METOIBI Peru-
CTpaLlUM 3JCMEHTapHBIX 4YacTHL W u3nydeHuid. Hambonee pacmpoctpa-
HEHHBIMH SBIIAIOTCS METONBI, OCHOBAHHBIE HA HOHM3YIOHIEM H (OTOXH-
MHYECKOM JACHCTBHH YaCTHIIL.

CyunmunnayuonHblii cuemyux

B 1903 r. V. Kpyne 3aMeTHI, 4TO Q-YaCTHIBI, UCITyCKAEMBIC PAIHO-
aKTHBHBIM aNmapaToM, IIONajas Ha MOKPBIThIH CEPHHUCTHIM LIMHKOM 3K-
paH, BBI3BIBAIOT CBedYCHHE. YCTpoiicTBO ObiMo Hcmone3oBaHo 3. Pesep-
doproM. CUHHTHITALMM TeNEph HAOMIONAIOT H CHUTAIOT HE BU3yallbHO, 4
¢ TIOMOIL{BIO CIIEMANBHBIX YCTPOHCTB — CUMHTHIINALIHOHHBIX CYETYHKOB.

T'azopaspaonstii cuemuux I'eiizepa

JelicTBHe OCHOBAHO Ha yHapHOW MOHHM3aUWH. 3apsXeHHAs YacTHIA,
NpoNeTaroiiad B rase, OTPHIBACT Y aTOMa 3NEeKTPOH H CO3/1aeT WOHHBI-U
SNEKTPOHBL. DIEKTPHUIECKOE TOJIe MeKAY aHOJOM M KaTOoIOM YCKOpseT
37IEKTPOHBI IO SHEPTUH, TPH KOTOPOH HauMHaeTCs yaapHas HOHH3aIvs.

Urobel cueTunk I'elirepa Mor perMcTpUpoBaTH HArlSHO MONAJAro-
LIYI0 B HEr0 YacTHLly, HAJO0 CBOEBPEMEHHO TPEKPATHUTH JIAaBMHHBIN pa3-
psA. Brictpoe ramenue pa3psna MOXHO JOCTHYb MPHUMECAMH, H0OaBIIeH-
HBIMH K HHepTHOMY rasy. [lonmoxkuTenbHble HMOHBI Ia3a, CTAIKHBAACH C
MOJIEKYJIaMH CIIHPTA, PEKOMOMHUPYIOT B HEHTPAJILHBIC aTOMBI H TEPSIOT
cnocOBHOCTh BHIOHBATE M3 KaTOAA 3JIEKTPOHEI (CAMOTACSHIMECS CHETHH-
ku). B npyrux cueTdqHKax rauiende paspsjia MpPOH3BOJSLT, MOAOMpas of-
pelelIeHHOE HArpy304HOE CONTPOTHBIICHHE C EMTH CHETYHKA:
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R=~10’Om.

Tak, BO3HMKarOLMA NPH CaMOCTOATENBHOM pa3pfie MPOXOA 4epes
PE3NCTOP, BHI3BIBAET HA HEM GONBILOE NMafieHNE HATIPSIKECHHS, YTO TIPHBO-
JHT K GBICTPOMY YMEHBLICHHIO HANPHKEHHS MEXNY aHOAOM H KaTOAOM:
JIaBMHHBIA pa3pai NpeKpamaeTcs.

Ha snexTponax BOCCTaHAaBIMBAETCA HA4YAIBHOE HANpSIKEHME, H CYET-
YHK TOTOB K PErHCTpalMy cneayromei qactuisl. CKopocTk Cyera paBHa
10* yacTun B cexynny.

Kamepa Bunscona

JlefictBue kamepsl BwibcoHa OCHOBaHO Ha KOHACHCAIMH TEPEHAchl-
IEHHOTO TIapa Ha MoHaxX ¢ oOpa3oBaHMeM Kanedb Boasl. Ecnu B reomer-
PHYECKOM COCYJle C TapaMH BOIK WM CIIUPTA NMPOMCXOAHT pPe3Koe pac-
IIHMpeHye rasza (anuabaTHeli npoliecc), TeMnepatypa youiBaer. U eciu B
3TOT MOMEHT 4epe3 o0beM KaMephl NPOoJIETaeT 3apshkeHHas 4acTHIA, TO
Ha CBOEM ITyTH OHa CO3/aeT HOHbLI, HA KOTOPHIX OOpa3yloTCA KanelhKH
CKOHJIEHCHPOBaBIIErOCs Mapa.

Takum o6pa3oM, yacTHIa ocTaBiseT 3a coboi cien (Tpek) B BHAE NO-
JOCKM TyMaHa. DTOT TpeK MOXHO HabGmionate unu coTtorpadmposats.
Ilo TpeKy MOXHO OTIPEAENMTEL SHEPTHIO B CKOPOCTh HacTHIkl. Eciu mo-
MECTHTh KaMepy B MarHWTHOE MOJIE, TO MO0 HCKPUBJIECHHIO TPEKa MOXHO
OMpPEAENUTD 3HAK 3apAfia ¥ €T0 IHEPTHIO, a MO TOJIMHE TPEKAa — BEIIUYH-
Hy 3apsja U MacCy YacTHILEL.

Ily3sipsxosan xamepa

B 1952 r. JI. I'neiisepoM Juist perucTpalii 3apsykK€HHBIX YacTHIL,
HMMCIOIMX BBICOKYIO 3Hepruio, ObUla CO3AaHa mMy3LIpHKOBas KaMmepa.
TIpuHIMN NeiACTBUA €€ OCHOBaH Ha TOM, YTO B NEPErPETOM COCTOSHHH
YUCTas XKUAKOCTh, HAXOICh MO BHICOKHM JIABIICHHEM, HE 3aKMMNAeT NPH
TEMIIEpaType Bblille TOYKH KumneHus. Ily3sippkoBas Kamepa 3amofiiHEHa
XHUIAKHM BOAOPOAOM IOJI BRICOKMM AarieHHeM. IIpH pe3koM ymeHblue-
HHH JIaBJICHNs NEPEBOAAT KHUAKOCTD B IIEPErPETOE COCTOAHAE.

Ecnu B 310 Bpems B paGouunii 06beM KaMephl MOMANaeT 3apsHKCHHAas
YaCTHI{a, TO OHa 00pasyeT Ha CBOEM ITYTH B XXMAKOCTH {EMOYKY HOHOB. B
obyacTn mpoJneTa YacTHIE! XUAKOCTh 3aKHNAET, BAONL €€ TPAacKTOPHH
TIOABJISIOTCS MEJIKHE IMy3hIPBKH Tapa, KOTOPHE ABIAIOTCS TPEKOM 3TOM
YaCTHIIBI.

[Ipeumymiectso nepea kamepod BribcoHa: my3sipbKOBas KaMepa
MOXET PErHCTPMpOBaTh YacTHIH ¢ Gonbineid >Heprmeif, Tak kak B mMy-
3HPbKOBOH KaMepe Gonpinas TIOTHOCTH paGouero BemecTa. Kpome To-
IO, 10 CPABHEHMIO C kKaMepoii BunbcoHa, Iy3sppkoBas kamepa obnajaer
6nicTponeiictBueM. Pabounii iyukn pasen 0,1 c.
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Memoo moncmocnoiinbvix pomoamynscuii

D10T MeToa Oblit paspaboran B 1928 r. dusukamu A. I1. XKnaHOBBEIM u
JI. B. MricoBckuM. Ero cymHocTs 3aKkio4aeTcsd B UCNONB30BAHHH CIie-
L{MaIBHBIX (OTO3MYIBCHH VIS PETHCTPAIMH 3apsKEHHBIX dacTul. Ilpo-
JeTaroulas ckBo3b GoTo3MYNIbCHIO GpicTpast YacTHLA JSHCTBYET Ha 3€pHa
6pomuctoro cepebpa U obpasyer ckpriToe 3o6pakenue. Ilpu nposiBne-
HUH oromnacTuHkH obpasyercs Tpek. [locie nccnenoBaHus Tpeka oue-
HHBAETCS BHEPTHA U Macca 3apsOKCHHOH 4aCTHLIBL.

IlpenMyiliecTBO METOAA: C €ro NOMOLIBLIO TTONYYAT HEHCHE3AIOIHE
CO BpEMEHEM ClIe/lbl YaCTH1l, KOTOPHIE MOrYT OBITh TIATENBHO H3YUEHEL.

Cerogns IMPOKOE NMPUMEHEHUE HALIIH TOJYNPOBOAHUKOBEIEC JECTEK-
TOPHI, PETHCTPUPYIOLLME -, [-, F~H3ITyHCHHS.

IV. 3akpensienHe MaTepHaia

— Ha xakoMm npHHUMIE OCHOBaHO NEHCTBHE ra3opa3psagHOro cyer-
qyka ["eiirepa?

— Kakoro Buza H3ny4eHHs perucTpupyer cuetyuk I eiirepa?

— Kakue n3MeHenHsa MOTyT HPOH30iTH B paboTe cyeTHHKa, ECIIH pe-
3uCTOp R 3aMEHUTH APYrHM, MMEIOIIMM MEHBIIEE COINpPOTHBIIC-
Hue?

— Kakoit BUA UMeeT TPaeKTOPUS NBHXKCHHS IEKTPOHA B Iy3bIPHKO-
BO# KaMepe, MOMELIEHHONH B MarHUTHOE noje?

— MoxHo 11 B Kamepe BuiscoHa HabmiofaTh Tpeku 3apsiKeHHOM
YaCTHIIEI CO BpEMEHEM KU3HU 102 ¢?

— Ha xakoM npuHIMIe OCHOBaHO JEHCTBHE Iy3bIPHKOBOH KaMephI?

V. IlonBenenne HTOroB ypoka

JoMamHee 3apanue

m. 98,

ITonpobyiiTe pelIMTh CAEAYIOUIYIO IPAKTHYECKYO 3a/1a4y:

ITo Tpy6onpoBody TeueT GeH3uH, a Benes 32 HuM — HedTh. Kak onpe-
JIEIATh MOMEHT, KOTJ]a Yepe3 JlaHHOe CeYeHue TpybGonpoBoaa NMpOXOauT
rpaHuua pasnena 6ensuHa U Heptu? (IIpoby 6paTh Henk3s, HO y Bac €CTh
cueTyHK ['elirepa W paauOaKTHBHEIA Npenapart.)

Ypok 117. JlaGoparopHas pabora
no reme: «3yyeHHe TPeKOM 3apsKeHHbIX YACTHLD

Henu: npoBecTH HACHTHOHUKALKIO 3apSHKCHHON HACTHIIBI 110 PE3YIIb-
TaTaM CpaBHEHMS €€ TPEKA C TPEKOM NpOTOHA B kamepe Buibscona, mo-
MEIIEHHOH B MarHUTHOE TOJIE.

Obopyoosanue: HeoGX0UMBIE CPECTBA H3MEPEHHUS.
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Xon ypoka

PaGorta npoBuauTCcs ¢ rotoBoit doTorpadueit TpEKOB IBYX 3apsKEH-
HeIx yacTul. Tpek I npunamnexur npotoHy, Tpek II — yactuue, kotopyro
HANO0 WACHTUOUIUPOBATh. JIMHMM MHAYKUUN MArHUTHOTO MOJsS NepreH-
JUKYNSpHBl nnockocTH tortorpadun. HawankHeie ckopoct obeux uac-
THL] OJIMHAKOBEI H TIEPTICHINKYISPHE! Kpato dororpaduH.

UnenTudukans HeW3BeCTHOM UACTHIIEI OCYIIECTBISCTCS MyTeM

CpPaBHCHHUA €€ YACIBHOIO 3apsaa —q- C YACJIbHBIM 3apAJIOM NPpOTOHA. D10
m

MOXCHO c/IeNlaTh, U3SMEPUB U CPaBHMB PaJHychl TPEKOB uyacTHIl Ha Ha-
YaNbHBIX YYacTKax TPeKoB. JIeHCTBUTENIBHO, IS 3apsSKEHHOM YacTHIIHI,
JIBIDKYLLIEHCS MEpNeHIUKYISPHO BEKTOPY HHIYKIMH MAarHHTHOTO TOJS,
MOJKHO 3aIIHCaTh:

v
U —q—=—.

un=m

U3 3T0it hopMyIBI BUIHO, YTO OTHOLIEHHE YIETBHBIX 3apS/I0B YaCTHI
paBHO 0OpaTHOMY OTHOLIEHHIO PaIHyCOB MX TpacKTOPHH.

Panuyc kpnBH3HBI Tpeka yacTuubl (cM. puc. 103) onpenensior cre-
AyromuM obpaszom.

Puc. 103

HaknaneisaroTt Ha doTtorpaduio TucT nNpo3payHoit GyMaru H nepeso-
JST Ha Hee TPEK (3TO HYXHO JENaTh OCTOPOXHO, YTOOBI HE TOBPEAUTL
¢doTorpaduo).

BHIuepuMBAIOT, KaK MOKA3aHO Ha PUCYHKe, JBE XOPIbl H BHICTaBJIA-
10T K 3THM XOpJIaM B UX cepeArHax nepnenankyaspol. Ha nepeceuennu
NIEPTIEHAUKYIAPOB JEXUT LEHTP OKPYXKHOCTH; €€ Paluyc H3MepsioT
nuHelkoi.

IMoareroBka Kk ApoBeAeHHI0 PadOThLI
1. TloaroToBuThs Bnagk ordera ¢ Tabnuuelt s 3anucu pe3ybTATOB
HW3MEPEHHI U BEIYUCIICHUIA.
2. TlepeHecTy Ha KanbKy Tpeku 4acTL ¢ ¢oTorpaduu.
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IIpoBeaenne IKCHEPHMEHTA,
o0paboTka pe3yibTaTOB H3IMepeHuki
1. U3MepuTh pafidychl KPUBU3HBI TPEKOB YacCTHL, CKOTHPOBAHHbIX Ha
KaJIbKY, Ha HX HAa4aJlbHBIX Y4acTKaX.
2. CpaBHHTH yHENBHBIC 3apsAIbI HEM3BECTHOH YaCTHUBI M MPOTOHA.
Hnentnduuupoats yacTHIy no pe3y/bTaTaM H3MEPEHHH.

KonTtpossHbie BONPoCs
1. Kak HampaBneH BEKTOp MarHMTHOH MHIYKLHH OTHOCHTENIBHO TLIOC-
KocTH QoTorpaduu TPeKoB YacTui?
2. TloueMy paguychl KPHBH3HEI HA PasHRIX Y4acTKaX TpeKa OHOH M
TOM K€ YACTHIIH Pa3TU4HbI?

¥Ypok 118. Crpoenne aToMHOr0 fpa
llem.: TNIO3HAKOMUTH YYAIIHXCHA CO CTPOCHHEM aTOMHOTIO sapa.

Xon ypoka

I. Oprann3anuoHHbIH MOMEHT

IL. TIpeBepka nomainnero 3axauus. Ilosropenue

— Pacckaxmre 06 ycrpoiicTBe M NpuHIHIE qeicTBUA cueTunka [eil-
repa.

— Jlna perucTpauMM Kakux 4acTHIl MPHMEHAETCH cueTyuk ["efirepa?

—  Pacckaxure 06 ycrpoiictBe H NpHHUHMNE AeiicTBHA Kamepsl Bub-
COHa.

— Kakue xapakTepuCTHKH 4YaCTHL, MOXHO ONPENENHTH C MOMOIIBIO
KaMepsl BriibcoHa, moMemeHHoH B MarHUTHOE none?

— B ueM npeHMymecTBO My3BLIPPKOBOH KaMephl TNepes KaMepoi
Briscona? Yem ominuatorcs 3ti npubophi?

1. H3y4yenne HOBOro MaTepHaaa

B 1911 r. B pesynsTate NpoBEACHHLIX PesepdopaoM HccnenoBaHHH
MO PacCEHBAaHHIO @-YaCTHIl MpPH NPOXOKACHHH uepe3 BEIECTBO, ObLI
OTKPHIT NPOTOK (AAPO aTOMa BOAOPOJA), KOTOPHIA o0Namaer mosjoxH-
TEJILHBIM YJICKTPHYECKHM 3apsoM, PaBHBIM MOJYJIIO 3aps/ia JE€KTPOHA.

3apsix saapa aToma
Anrnuiickuii ¢usuk I'. Mosun B 1913 r. npeackasan, uro 3apsaa aapa
aToMa q, > Z, Tlie e — 3IeMEHTapHbIH IeKTpHYECKHH 3apsaa; Z — nopsn-
KOBLIH HOMEp 2JneMeHTa B TabnHue MeHpeneeBa, OnpeAenseT 4HCIO
3JIEKTPOHORB B aTroMe. XHMHYECKHE CBOHCTBA 3aBHCAT TOJNBKO OT 3apANo-
BOTO YHCJIA.
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Hemeukne yuensie B. bote u . Bekkep, u3yuyast peakuin, npoxoms-
mue npu obnyyenun Gepumns q-dactuuamu (1930 r.), oGHapyxuin
HOBOE M3TyueHue, obnanatouiee oueHb GONBIION NPOHUKAKOLUEH cnocob-
HOCTBI0.

B 1932 r. anrnmmiickuii ¢u3uk [x. U>ABHH BRIBHHYA runotesy: Ge-
PHIUTHEBBIE Jy4M COCTOAT H3 HEHTPAJBHBIX HYAcTHI], Macca KOTOPBIX
61M3Ka K Macce MpoToHa. Vx Ha3samu HeWTponamu. JaneHeiinine uccie-
JOBaHUA MOKa3aIH, YTO HEWTPOH — HecTaOWIIbHAA YacTHIIA: CBOGOXHBIN
HEWUTpOH 3a BpeMsa 15 MHMH. pacrmanacTcs Ha MPOTOH, 3JEKTPOH H HEHUTPH-
HO-4acTHLy, JMIIEHHYI0O Macchl Moxos. Macca Helitpona m, = 1838,6
3NICKTPOHHBIX Macc, Macca NMpoToHa — m, = 1836,1 anekTpoHHEIX Macc,
m,, Gonbiue m, npuOIH3KHTEIRHO Ha 2,5 Macchl 3neKkTpoHa. [Tocne oTkphI-

A Heiitpona n ¢usnku . JI. Usanenko u B. I. Feiisen6epr Beuasu-

HyJIM THIIOTE3Y 0 NIPOTOHHO-HEHTPOHHOM cTpoeHnH sfnpa. [To 3Toil rumo-
Te3e YHCNO MPOTOHOB B Aape Z, YKUCI0 HEHTPOHOB N, MacCOBOE YUCIO —
3TO CyMMApHOE YHCIIO HYKJIOHOB B siIpe — A:

A=Z+N,Z,=2,.

1 0,012k

=-13 m= 1,6605810—27 K2 .

laem

Hiotonsr
B 1911 r. ®. Coany npeamnonoxkui, 4To apa ¢ OJHHAKOBBIM YHCIOM
TIPOTOHOB, HO Pa3IHYHBIM YHCIIOM HEHTPOHOB, ABJIAIOTCA SApaMH OJHOTO
H TOTO XK€ XUMHYECKOTO 3JIeMeHTa. TakHe siljpa OH Ha3Ball MU30TOMAaMHU.
H30TOMBl UMEIOT OJMHAKOBBIE XHMHYECKHUE CBOWCTBA, YTO 00YCIOBIEHO
Maccod. Brectsinee noxarsepxkacHHe — ¢u3M4eCKkHH mpubop Macc-

CTIEKTPOMETP.
Hanpumep, u3otonet ypana: U , ‘wU ;

1 2 3
usotonsl Bogopoxa: H , (H, [H.

IV. 3akpensienue H3Y4EHHOr0 MaTepHaia

— Kak uHaue Ha3kIBacTCA M KaKMM CHMBOJIOM 00O3HadaeTcs AApo
aToMa Bozgoponaa?

— Kakogs! ero Macca u 3apsa?

— Korzaa BnepBbie ObLIO BBIABUHYTO IMpPEANOIOXKEHHE O CYLUECTBO-
BaHMH JIEKTPHUYECKU HEHTPANBHBIX YacTHII C Maccodl npHOnu3m-
TEbHO paBHOH Macce IpoToHa?

— Kro u koraa nepBuIi 10Ka3ai, 410 OEPHILTHEBOE H3MYYEHHE Npel-
cTaBnseT co60d NOTOK HEHTPOHORB?

— Kak 6b1U10 I0Ka3aHO OTCYTCTBHME 3JEKTPUUECKOTO 3apsja y Hei-
TpoHOB? Kak oH o6o3HauaeTca?
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V. Pemenue 3a1a4

1. SIapoM kaxoro 3JeMeHTa ABILECTCA IPOTOH?

2. CKONBKO IPOIEHTOB COCTAaBIAET PAa3HOCTh B MAaccax MOKOS NpOTo-
Ha M HEITPOHA MO OTHOUICHHIO K Macce TMOKos IIPOToHa?

3. CKOJNBKO HYKIIOHOB COJEPKAT SIpa NUTHst sL , Mexu 53Cu , cepeb-
pa 'wAg , ceunna ‘O Pb?
4, Oupenennte HyKIOHOBBIH cocTaB sjep remus ,He, kucnopoia
9 5
%0 , cenena [, Se , prymn G Hg , pamus “2XRa , ypana U .
5. Jlond KakuxX HYKIOHOB B SApaxX 3JEMEHTOB BO3pacTaeT ¢ yBelIMue-
HHEM 3apsAA0BOTO YHCTa?
6. HazoBuTe XUMHUeCKMH 3JICMEHT, B aTOMHOM f1pe KOTOPOTO CO-
ZepXKaTCS HYKIOHBL
a)7p+7n;
6) 18p + 22n;
B) 33p +42n;
r) 84p + 126n.

Jomamnee 3ananue
§ 105, ymp.
P-1172;P-1173.

JonoanuTenbabIi MaTepual

Illen 1910 roa. To 6bi0 BpeMs HENPEPBIBHOTO H3YHEHUA alibda-nyyeil. Dkc-
nepuMeHTH Pesepdopa, nauyatbie eile B KaHane Besies 33 OTKPHITHEM 32KOHOB
PaJAHOAKTHBHOCTH, MO3BONMIIH YCTAHOBHTH MpHpOAY anbha-mydeif. Okazanoce,
YTO 3TO ABAXKBI HOHU3UPOBAHHBIE aTOMBI TenHs (ronsle Anpa 6e3 3neKTpOHHBIX
o6onouex), BHIIETAOINE NPH PAMOAKTHBHOM paclalne ¢ KONOCCATBHOR CKOpo-
cthio 10000 kM/c, MOCKONLKY OTHOCHTENBHAS aTOMHas Macca anbda-yacTai pas-
Ha 4, a 3apaq +2, OHH, Kax TS)KeJIble CHapABl, MPOHHKAIOT B TONILY BEECTBA H
MOTYT KO€-4TO «paccka3aTh» o6 yCTpoicTBE MaTepHH.

Pesepdopna yauenano, 4to anbda-yacTunsl, NpoHU3bIBas MulileHn (06BIYHO
JIUCTKM METALIMYECKOH (GONBIU), OTKIOHANUCH Ha CaMble pa3Hbie yriel. OueBn-
HO, BHYTpH BEINECTBA ACHCTBYIOT MOIUHBIE 3MEKTPHYECKHE FMOMA: Beh TOJIBKO
OHM MOTYT HCKPHBIIATL TPASKTOPUH MACCHBHBIX 3apAKEHHBIX YaCTHL.

H ot B 1909 r. HacTynun TOT 3UMHUI neHs, korga Mapcaen (Momonoit co-
TpyaHuk Pesepdopna no uccaenoBaHNsIM) OCTaHOBHI HA YHHBEPCHTETCKOMH JiecT-
Huue Pesepdopaa u cocem 6ynHHYHO npousHec: «Bbl 66inn npaBwl, npodeccop:
OHH BO3BPAINAIOTCA. .. ».

«OHn» BO3BPAILATUCE PEaKO: B CPEAHEM OJHA alb(a-qacTHUA H3 BOCHMH Thi-
ca4. OTpaxeHHe OT MHILIEHH 03HAYANO, 4YTO anbha-4acTHIa BCTPETHIA HA CBOEM
OyTH IOCTOHHYIO Mperpaay — MaCCHBHYIO U MONOXHTENBHO 3apAXEHHYIO, TOJIBKO
Takas MOXET C CHJIOH OTTONKHYTh OT cebs NPHNETEBUIYIO TOCThIO. PenkocTh co-
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6riTHA TOBOpMNA O KpaiiHe ManeiX pasMepax nperpanel. U nortomy Hemuorve
anba-yacTHUBI NONANAIOT B CEPALEBHHY .

Tlocne atoro cobmTHA, Pesepbopn, «3abbiB OCTAHOBHTBCA», MPENCTABUI B
CBOEM BOOODaXCHUHU I1AHETAPHBIA aTOM: BOKDYT MOMOXKUTENLHO 3aPAIKEHHOTO
Anpa, kak miaaHeTel BOkpyr ConHua, BpalIAIOTCA OTPUUATENHHO 3apSXKEHHbBIE
3NEKTPOHBI.

C 0CMOTpHTENBHOM TOYHOCTLIO CKa3an Toraa Pesepdopa, uTo 3HaeT TonskO
Kak BBIDJIAOMT aTOM, a He Kak OoH ycTpoeH. [To 3axoHaM knaccuueckoil uanky,
aToM He MOI HMETh NMOROGHOIO CTPOSHHA: Bpallasch BOKPYT AIpa, INEXTPOHHI
JIOJKHBI H3Mly4aTh, a 3HAYHT, TEPATH IHEPrHIO H HEH3GEKHO Majarh Ha apo. B
o6uiem, Pesepdopn yBunen o6peueHHslif aToM.

Cnacenne npumno B 1913 r. B Manuectepe nossuncs 28-netHuit natyaHuu
Hunec Bop — tixmii TeopeTHk U mep3kuit Meicnutens. OH npunec ¢ coboit To
HeAoCTalolee HOBOE — HAEH TeopuM KkBanToB. [lnanerapHbifi arom — neruue
6e3yMHOr0 3KCHEPHMEHTA H MOrydeil HHTYHUHH — HaBCETAa YTBEpOMIICS Ha
KBaHTOBOM OCHOBaHHH,

Ypok 119, IIpaBuiio cMmelieHns

Hens: HayunThb pewiats 3aj1a4n N0 TeMe «CTPOEHHE aTOMHOTO Spay;
cthOpMYJIHDOBaTh NPaBHJIO CMELLCHHA.

Xona ypoka

I. Opranu3auHoORHBLIH MOMEHT

IL. IlpoBepka nomaumtero 3agavns. IllosTopenne

~ Kak Ha3pIBarOTCS OPOTOHBI M HEWTPOHEI BMecTe?

— Kak HasbiBaeTca M Kakoif OykBOif 0003Ha4aeTcs YHCIO MPOTOHOB B
anpe?

—  T'ne craBuTCH 3apAn0BOE YHCIO MO OTHOLICHHIO K CHMBOJTY 3l€MeHTa?

— Kakx B obmem Bnae obosHauaTe 14po Jo6OT0 XMMHUYECKOTO 3Jle-
MeHTa?

~—  Kakoit 6ykBoii 0603Ha4aeTcs YHCAO HENTPOHOB B AApe?

— Kak B obmeM Bune nprHATO 0003HaYaTh AP0 N0OOro XHMHUECKO-
TO 31eMeHTa?

~  Kakoii hopMynoii ceazansl Mexay coboii MaccoBoe dncio, 3apaio-
BOE YHCJIO H YMCIIO HEHTPOHOB Apa?

- Kakoif coctas n3otona Heoua oNe, 5 Ne, 2Ne?

— H3mensercs I MacCOBOe YMCIIO, Macca M MOPANKOBHIH HOMep 311e-
MEHTa MpPH HCNYCKaHMM fapoM ykBaHTa? (Z U M He MeEHAIOTCH,
Macca H3MeHSeTCs Ha MacCy, »-KBaHTa.)

12 B. A. Bonkos
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LII. H3y4yeHne HOBOro MaTepuana

Annta-pacnan
[IpeppaieHne aTOMHBIX H1€p, CONPOBOXAAEMOE HCHYCKaHUEM o-
YaCTH], HA3HIBAETCS ANTb(A-PAcTIa/iOM.
Hau6onee ycroiiunBeiM U3 Bcex 0Opa3zoBaHMil BHYTpH AApa ABIseTCA

06pasoBaHHe JBYX MPOTOHOB | p M ABYX HEHTPOHOB O'n . Ecnu npw pac-
Mipe/ieieHNH 3HEPTHH MEXAy HacTHUaMu fnapa 5To obpasoBaHue Oyner
obnagate Heprueii H60MbmIeH, YeM DHEPrus CBA3H, TO OHO MOKHHET AAPO
B BHIE (-4aCTHIBI.

Ecnn X — MaTepHasibHOE S/pO, TO NIPEBpALIEHHE ITOTO SAPA NPH o~
pacmajie MPOUCXOAUT MO CHCAYOLIEH cXeMe:
X o> Y+ ja+hy,
rae 473Y — cUMBON A0UEpHETO Aapa;

4
ja —snpo atoma renus ;He;

hv — XBaHT JHEPTHH, UCTIYCKAEMOH s1pOM.

Hanpumep, “ssRa — “2Rn+ jHe — T. €. IPOMCXOIHT TepeMelIeHHE

XHMHYCCKOTO 3JICMEHTA Ha ABE KJIICTKH BJICBO.

Bera-pacnan
PagnoakTHBHEIE A/ipa MOFYT BBIGPAcHIBaTh TMOTOK 3IEKTPOHOB, KOTO-
pble pOXKAAIOTCA COTJIACHO ruroTede PepMy B pe3yabTaTe NPeBpalleHHA
HEHTPOHOB B HPOTOHBI B COOTBETCTBMH C MPAaBHJIOM CMEUICHHUS:
SX =0V + e,
T. €. MaCCOBOE YHCJIO 4]Pa HE HIMEHSETCS.
TakuMm obpa3som, npu GeTa-pacnajie XMMHYECKHI IEMEHT nepeMelna-
€TcA Ha OfIHY KIETKY BIIpaBO B MmepHoaudecko#t cucreMe MeHnaeneesa u,

KpOME 3JIEKTPOHOB, MCITyCKACTCA JJIeMEHTapHas YacTHIIA — AHTHHEHTPOH O .
6

Hanpumep: ;;Co —> wNi+ je+D .
IV. 3akpenyieHHe H3y4eHHOr0 MaTepHaJia

— CodopmynupyiiTe W 3alHIINTE MpaBHIa CMEWIEHHS Ui anboa-
pacnana.

— CdopMmynupyiiTe M 3aHIINTE TNpaBHIO CMelleHHs i GerTa-
pacnana.

— Kakue aneMenTapHbI€ 4aCTULBl HCITyCKAlOTCA MpH anbga- ¥ bera-
pacnajax?

— KakHe 13 H3BECTHBIX BaM 3aKOHOB COXPAaHEHHUA BBITIOJIHAIOTCS MPH
paJHOaKTHBHBIX APEBPALCHUAX !
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V. Pemtenne 3aaa4
1. Ipotakranni 2;fPa a-pagnoakTHBeH. Onpenenure, Kako# sne-

MEHT NOJIYYMTCH C IOMOLIBIO ITOTO pacnaja.
Pewenue:
BiPa—> jHe+ 3 X ;
"Z=91-2=89, A=231-4=227.
(Omeem: 310 axTnBHMIH ) Ac )

2. B kako# dneMeHT npeBpalacTes 2,329U nocsie IRyX f-pacnaios u
OHOTrO a-pacnana?
(Omeem: B w3oton ypaua U )

10
3. Snpo u3oTona BUCMyTa 28331 TIOTY4HIIOCH H3 APYroro sapa nocne

OZtHOTO a-pacnaja u ogHoro fpacnanga. Yro 3to 3a aapo?
(Omeem: B w3oton nononus 4 P, .)

Jlomainxee 3axanue
§ 101.
P-1165,P—1167.

JIonoMHATENLHLIA MaTEPHan

Mvep Kiopu u Mapus Crnodoeckas-Kiopu

Tsep Kiopy (1859-1906). Pomuncs B cembe Bpaua. ITepsoHauanbHoe o6pa3o-
BaHHE MoNy4YHN JoMa, a B 16 ser cran crynenrom Copbonnnt. [locne npucyxae-
Hus eMy B 1877 r. marucTepckoi cTeneny on 22 rofa npenojasan B mkone. Ibep
Kiop# BHeC 3Ha4YHTENbLHEIA BKIAJA B pantHyHbie o6nactH ¢pu3nku. Bmecrte ¢ Gpa-
Tom JKaxom TTsep Kiopn oTkprin npsimoii nee3oanektpuueckuii abdexr (1980 r.)
Taicke oHH OTKpLIIN 0OpaTHHI Nbe3o3nekTpHyeckhii dpdexr. XKak u IMuep Kro-
PH CKOHCTPYHPOBANH NEPBLI NMbE30NEKTPHUECKHIT JaTUNK 1S H3MEPCHHS Ma-
JIbIX NEKTPHYECKHX 3apAA0B H cnabrix TOKOB.

IMrep Kiopn paspabotan TeopHio 06pa3zoBaHHs KPHCTaIOB, chHOpMYnHpoBan
obuwuii NPHHIMO HX POCTa, BBEN NOHATHE NOBEPXHOCTHOH 3HEPIHH KPHCTAMIH-
yeckux rpaHed (1884-1885). U3ayyas cHMMETPHIO KPHCTAJUIOB, OH BBIABMHYJ
NPUHIHI, Ha3BaHHBIH €r0 HMEHEM, KOTOPLIH NO3BOJISET YCTAHABINBATh CHMMET~
PHIO KPHCTaJINa, HAXOARIETOCH O/l BHELWHNM BO3JICHCTBUEM.

I1. Kiopn Hceneosan BAMAHHE TeMNEPATYPhl HA MarHUTHLIE CBOHCTBA Tesl. B
1895 r. oH oGHapyun, YTO Y AHAMArHETHKOB MAarHWTHas BOCIPHHMYHBOCTb HE
3aBHCUT OT TEMIIEPATYPhi, @ Y NapaMarHETHKOB — 0OPaTHO NPONOPLUHOHANbLHA eif
(3axon Kiopn).

1895 I. 03HAMEHOBANCA OTKPLITHEM TEMIIEPAaTYpPhi, BHILIE KOTOPOH TEpSIOT
CBOM CBONCTBA H CKauKOOOpa3HO H3MEHSIOTCA APYTHE CBOWCTBA XKeEnesa.
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Mapus Cxnoposckas-Kiopn (1867-1934). OHa mosBunack Ha CBET B yHH-
Tensckoii ceMbe B Bapmase (Koponescto [lonsckoe B To BpeMs Bxoauno B Poc-
cuiickyto uMnepuio). Mapus npekpacHoe ycneBana B IKoJe, HO Bhiclee 06pa3o-
BaHHE A XEHWHH B Pocciu Toraa 6bno HecOuTouHol Meutoi, U Mapus 8 nert
paboTana ryBepHaHTKOi, OTChUIas MOYTH BCe 3apaboTaHHbie JEHbIH cecTpe Bpo-
Hucnase B [lapux, rae Ta usydana MepuunHy. B 1891 r. cectpa nonyuuna au-
MJIOM H BhILNA 3aMyxk. B ToM ke roxy Mapus otnipaBunace k Hell [apui u no-
crynuina B Copbonny. B 1893 r. oHa 3aHsAna NePBOE MECTO Ha MTOFOBEIX JK3aMe-
Hax no ¢usmke, a 1894 r. — BTOpoe MecTo Ha IK3aMeHaxX MO MaTeMaTHKe.

3naMeHarensHas Bctpeya [Isepa Kiopu 1 Mapuun Cxofosckoit npousounia B
1894 r., a 24 urons 1895 r. oHH BCTynuiH B Gpak.

Cpasy nocne oTKpeiTHa Bexxepenem paguoaktHBHocTH (1896 r.) cynpyru
KtopH Hauann nnaHoMepHoe HCClieoBaHHE PaJHOaKTHBHBIX MaTEpHanoB, NPOBO-
JIA 3KcTiepUMeHTHI OykBansHO B capae. Heckonbko net Mapuun Kiopu 3a paboty
He NIaTUIH, ¥ Tonbko B 1904 ., koraa IIsep Kropu ctan npogeccopom ¢H3uku B
CopboHHe, ee B3AIM Ha AOMKHOCTh ACCHCTEHTKH. B neHCTBUTENBHOCTH Xe co-
BMECTHas paboTa cynpyros Oblla cOTPYAHHYECTBOM paBHEIX. [lepeMbiB TOHHBI
YPaHOBOH pyIb!, OHH CYMEJTH BBIACAUTH M3 HEC HOBBIH 3JIEMEHT — MOJIOHHUI (Ha-
3BaHHBIA B 4ecTh [IOJIOHMM — NaTHHU3MPOBAHHOTO HasBaHHs [loNbLIH, POAMHEI
MapHun), a U3 ypaHOBO# CMOJIKH — pagHit (0T naT. «radio» — HcTycKaio JyuH).

B 1903 r. Mapus CxnogoBckas-Kiopu cTana nepBoil KeHLHHOH, YI0CTOeH-
Ho#t Bo O paHLIMU JOKTOPCKOMN CTEMEHH.

Iocne nonyuenusn Hobenebckoif mpemun cynpyramu Kiopu, mis Ilbepa B
Cop6oHze 6bina yupexaeHa kadenpa ¢uznku u naboparopus (1904 r.), nozxe
npeobpa3zosaHHas B Panuessiii uHcTHTyT. Kiopu wacto Gonen. [Mo-sugumomy,
cKaswIBaniach paboTa ¢ paauoakTUBHBIMH MaTepHanaMH. OT MOXENTEBIIHX JTHCT-
KOB M3 nabopaTopHbIX XKypHasioB cynpyroB KIOpH H MOHBIHE HCXOIHT CHIILHOE
PaHOaKTHBHOE H3Jy4YEHHE, OMACHOE JUIS 3OPOBBA.

Ieep KropH noru6 B pesynbrate HecuacTHOTo cnyuas: 19 anpens 1906 r. o
TIEPEXOANN YITHLY, TOCKONB3HYJICA M MONaJT MOA NMPOe3kKaBIUIHHA MUMO SKHIAK.

Ha pykxax Mapuu Kiopu ocranuce ase pouepu: Hpex u Eba.

Kadenpa ¢puzuxu B CopboHHe, yupexaeHHas s [Teepa, nepeuna k Mapuu.
B 1910 r. Mmanam Kiopu omy6nukosana GyHJaMEHTATBHYIO KHHIY O pafgHOaKTHB-
HOCTH, a 4epe3 4eTelpe rofga Bo3riaBuia JlabopaTOpWIO PagvOaKTHBHOCTH B
TONBKO YTO OTKpHITOM Paauesom Unctutyte (Iapux). Bo Bpems Iepsoit Mupo-
BOIf BOIHBEI Ha YacTHBlE MOXEPTBOBaHHs MapHH 000pynoBaliM nepeaBHXKHLIE
TOCTIMTalli PEHTTEHOBCKHMM YCTaHOBKAMH H OHA BO3rJIaBUJia PafHOJIOTHYECKY KO
cnyx6y O6utectsa Kpacroro Kpecra.

Iocne okoHuyaHus Bo¥iHBI Mapus BbICTYnana B pa3sHBIX CTPaHax C JIEKLMAMH
no mpobnemam HaykH. bnaronaps ee ycwinaM B PajHeBOM MHCTHTYTE YAaioCh
cobpatb GonblioH 3anac pajgHOaKTHBHBIX MAaTEPHANOB JUIA HCCIENOBATENLCKHX
uejiei (10 co3daHus MepBbIX yckopuTeneii). HMeHHo 3TH marepuanst B HEMaJIoH
cteneHu cnocobcTroBany oTkpeiTHio Mpen ¥ ®peneprukoM Xonmo-Kropu Hekyc-
CTBEHHOH PajiHOaKTHBHOCTH.

B yects cynpyroB KiopH HazBaHbI: BHECUCTEMHAs €AHHHLA H3MEPEHHA aK-
THBHOCTH H30TOMOB — KiopH (Ku) ¥ XHMuyeckni 3IeMEHT ¢ aTOMHBIM HOMEpPOM
96 — Cm (xiopuii), a B yecTb poauHsl Mapun — INononuii 84-it anemenT.
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Ypok 120. SinepHsble cuiibl, AepHbIE PEaKIHH,
Jneprus ceasu. Jedekr macc

Lens: no3HAKOMHTH YYAILHXCA C MOHATHEM SAEPHOH pEaKUHH, je-
thexTa Macc, sHeprueii ceA3m.

Xoa ypoka

I. Opranu3auHOHHBIH MOMEHT

IL. Mposepka gomamnero 3afauus. IloBropenne
— Uro npOoHCXOAHT C AAPOM paaHOAaKTHBHOIO 3JIEMEHTa NpH o-pac-
nage?
— IlpuBeauTe npHMep peakunu Q-pacnaja.
— Kak unraerca npasuno cMewleHus s a-pacnana?
— Yro npoucxomut B AApe aroma, npetepnesiuero S-pacnan? Kaxue
YacCTHIB! NPH 3TOM H3Ny4arTcA? UTO MPOMCXORUT ¢ 3apafoM sAzxpa
U noyemy?
—  Cdopmynmpyiite npaBuiIo cMelleHHs Juist f-pacnaja.
—  W3amenuTes i1 MaccoBoe uncno sapa 1pu S-paciiane? [Touemy?
— Kakum BHIOM M31My4yeHHs YacTO CONMpOBOXAAETCA - U F-pacnan?

II1. IlpoBexenne camocTonATeAbHOHR paboThl

Bapuanm I

1. Kakoii 3apsan uMeroT a-4actiua, f-yacthua?

a) @-4acTHLa — OTPHUIATENBHEIN; f-4acTHIa — MOJOKHTENBHHII;
6) a- 1 f4acTHLBI — NOTOKHUTENLHBIH;
B) -4aCTHLA — MOJIOKUTENBHBIH, f-4acTUIia — OTPHULATEIbHBIIA.

2. Q-H3JIy4EHHE — ITO:

a) NIOTOK 3JIEKTPOHOB;
) moTOK SAep aTOMOB relus,;
B) U3JTy4YeHHEe KBaHTOBOH 3HEprHH.
3. Kakue yacTunbl H31y4aloTcs OpH yKa3aHHOM Mpouecce pacnana?
M IMyX.
a) spo reyus;
6) anekTpoH;
B) SO TelHs M BJIEKTPOH.

4. Tor ¢axt, 410 1IpH paRHOAKTHBHBIX NPEBPAILICHHIX H3 aTOMOB OJ1-
HHMX BEIecTB 0Opa3yloTcs aTOMBI JPYTHX BeLUECTB, SBISETCA JOKa3a-
TENBCTBOM TOTO, YTO PaANOAKTHBHBIE NPeBpAIEHH NIPETEPIICBAIOT:

a) sapa aTOMOB; k
6) 3/1eKTpOHHEBIE 06ON0YKHY;
B) KPUCTaJLIBL
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5. B pesynnrate f-pacnaa HOBBIH 2JIEMEHT 3aHAI MeCTO B Tabimue
Menneneena:
2) Ha JIBe KAETKH MpaBec;
6) Ha JIBe KIETKH ieBee;
B) Ha OJJHY KIETKy Mpasee;
T) Ha O/IHY KIICTKY JIeBee.

Bapuaum I1
1. Kaxoii 3apsn HMeloT f-4acTHna, puinydcHHe?
a) A4aCTHIA — NONIOKUTENBHEIH; }HIYyICHHE — OTPHIIATENIHHBIMH;
©) fyacTHiig — OTPHLIATENBHLIN, FH3MyHuCHHE — HE HMEET 3apajia;
B) f-UACTHIA H J~HITYICHHE — OTPHUATCIBHEIA.
2. f-HIyHeHHE — 3TO0:
a) fu3iydeHue KBaHTOR SHEPTUW;
6) NOTOK #/IEP renAs;
B) NOTOK IEKTPOHOB.

3. B pe3ynsTaTe Kakoro pajHOAKTHRHOIO paciajia HaTpHii -.Na mpe-

Bpamaetcs B S Mg ?
a) a-pacnaja;
6) Bpacnapa.
4. INoyeMy pazHOAKTHBHAIE NPENAPATHI XPAHAT B TOJCTHIX CBHHIIOBBIX
KoHTeHHepax?
a) yTo6H H30EekaTH ONACHOTO HIMY4CHHA;
6) uTO6K! yBEIHUMTE IEPHOA NIONYpacana;
B) 9T00K1 yMEHBIINTH ABICHHE PAXMOAKTHBHOCTH.

5. Kaxye 9acTHUN WIH HUTYYEHHS MMEIOT HAHGONBNIYIO MPOHHKA0-

yio cnocobHocTs?
a) @-JacTHIRI;
6) p-uanyuenne;
B) JH3Iy4cHHE.
IV. Hayuende HOBOTo maTepaana

I'mnote3a o TOM, 9TO aTOMHBIE Apa COCTONT H3 MPOTOHOB W HEHTpPO-
HOB, MOATBEPKAATACH MHOTHMH KCIIEPHMEHTaMH. JTO CBHACTENLCTBYET
O CTIPaBeUIHBOCTH [IPOTOHHO-HEHTPORHOH MOJIENM CTPOCHHSA Spa.

Ho moveMy sipa He pacnafaroTcs Ha OTAe]bHBEIE HYKJIOHK NMOA ACH-
CTBHEM CHJI 3IEKTPOCTATHYECKOTO OTTANKHBAHHA MEXAY MONOXHTECILHO
3apsAKEHHBIMH IPOTOHAMH?

Snepurie cwikl npuMepHO B 100 pa3 npeBOCXOAT 3NEKTPOMATHHT-
HBIE. DTO CaMble MOIHBIE CATBI H3 BCEX, KOTOPHIMH PACIIONIaraeT MpHpo-
na. [ostoMy B3aMMOAEHCTBHA AREPHHIX YACTHI[ YaCTO HA3BIBAIOT CHIIb-
HEIMH B3AHMOJICHCTBHAMH.
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Cunsl NPHATAXKECHHUA, CBA3BIBAIOIIIHE NMPOTOHBI H HCﬁTpOHI:l B A41p€, Ha-
3BIBAKOTCA ANCPHBIMH CHIIAMH.

Csoiicmsa a0ephvix cun:
— SABJIAIOTCA TOJIBKO CHJIAMH NPHUTSXEHHS;
— BO MHOTO pa3 6oJIbIle KYJIOHOBCKHX CHIT,
— HE 3aBHCAT OT HATMYHA 3apsa;
— KOpPOTKOAEHCTBYIOLIME: 3aMETHbI Ha 7 = 2,2 107" M;
— B3aUMOJICHCTBYIOT C OTpaHMYCHHBIM YHCIIOM HYKJIOHOB;
— HE SBJIAIOTCS LIEHTPaSIbHRIMH.

BaxHyl0 pois BO BceH sAepHOM (PMIMKE MrpaeT NMOHATHE JHEPTHH
CBAI3M sApa. DHEPrua CBA3H MO3BONAET OOBACHUTH YCTOWYMBOCTH Azep,
BBIACHHTH, KAKHE IPOLIECCHI BEAYT K BBIACIEHHIO ANEPHO JHEPTHH.

Tlon aHeprueit ¢BA3M AApa NOHMMAIOT TY IHEPTHIO, KOTOpas Heobxo-
JIUMa 115 NONHOTO PacLIETUIEHNUs Apa Ha OTACIBHBIE YaCTHLEL

Ha ocHOBaHMM 3aKOHa COXpPAHEHHS SHEPIMH MOXHO TAaKXKe yTBep-
WJATh, YTO IHEPrUs CBA3M paBHA TO# JHEPrHH, KOTOpas BBIENSETCH NpH
06pa3oBaHHK ANPa U3 OTAENBHBIX YaCTHIL.

DHeprus CBA3M aTOMHBIX sAep ouyeHb Benuka. Hanpumep, oGpasopa-
HHUe 4 I renns COMPOBOXKAAETCH BBLACICHHEM TaKOH K& SHEPIHH, YTO H
cropanus 1,5-2 BaroHoB KaMEHHOro yIJis.

HauGonee npocToH mNyTh HaXOXIEHHS OTOH JHEPrHH OCHOBAH Ha
NIPAMEHEHHH 3aKOHA O B3aHMOCBSA3H MAacCHl X SHEPTHH:

E=mc*.

Macca nokos sapa M, Bcerza MEHbIIe CyMMBI Macc [OKOS Cllaraio-
KX €ro MPOTOHOB M HEHTPOHOB:

My <Z, +N,, ,

T. €. CyHIecTByeT AeeKT Macc:
Am=Z_ +N_ -M,.
» 'p

DHeprus CBA3M AApa:
ABcq = Amc? =(Z,, +N, M, )c.

SlnepHHIMH peakuMAMM Ha3BIBalOT H3MEHEHHS AaTOMHBIX SAEp NpH
B3aUMOJCHCTBHH UX C SJICMEHTAPHBIMH YaCTHIAMH WIH APYT C APYTOM.
TlepBas saepHast peakuys Ha OBICTPBIX NPOTOHaxX ObiNa OCYIIECTBIEHA B
1932 r. Ynanocs pacienuTh JUTHI Ha ABE Q-4aCTHLIBL:

JLi+H — jHe+ jH .
V. 3akpenjicHHe MaTepHaa
— Kakue cunnl JeHCTBYIOT MEXIY HyKIIOHAaMH B aTOMHOM sape?

— TlposBnenneM Kakoro Buia (YHAAMEHTANTBHBIX B3aHMOJCHCTBUHR
ABJIAIOTCA 3TH CHJIBI?
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— KaxuMmu cBoiicTBaMH 061aAaI0T ANEPHbIE CHUIIBI IPHTAXEHHA?
= UYTo HA3BIBAIOT 2HEPIrHEH CBA3ZN aTOMHOTO AApa?

—  Yto Ha3BIBAIOT AeEKTOM MacCHI?

—  Hammmurte dopmyiy aebexra Macchl.

—  Yto Ha3HIBAIOT ANEPHBIMH pEAKIIMIMHU?

VI. Pemrenne 3amau
3adaua Neo 1

BrrucauTe nedekt Mace Sapa kucaopoga O .

HMano:

1870 ;

m, = 1,6724-10" xr;
m, = 1,6748-107% kr;
My = 28,2282-107 kr.

Am-7?

Pemenue:
Jledext Macchl snpa paBeH:
Am=Z-m,+(A-Z)y-m —M,.

U3 cuMBONHYECKOil 3anMCH dNeMeHTa (O

cnexnyer, uto A =17 nZ =8, 1. €. B cocTap
Anpa KHCIopoja BXOAMT 8 mporoHoB H 9
HelTpoHoB: N=A -Z=17-8=9.

Torna Bupaxcemle A necbelcra MAacCC MOXHO 3alTHCaTh:
Am=8-1,6724-10"7 +9-1,6748-1072 - 28,2282-10™ =0,1656-107% =

=1,656-10"* kr.

(Omaem: Am=~1,6-10" xr.)

3adaua Ne 2

HaifTi SHEpruio CBA3H SApa H3oToMa MUTHS ,Li .

Jano:

Ty

,Li ,

m, = 1,6724-10" kr;
m, = 1,6748:107% kr;

Mg = 11,647510" x;
c=3-10%m/c.

Ep-?

Pemenue:

DHeprus cesasu sapa E, = Am-c?, rne Am—
Iedekt Macch Aapa:
Mm=Z-m,+(A=-2Z)-m,-M,.

Orciona Egy =[Z-m, +(A~Dm, —-M,]-c*.
W3 cuMBoiMueckoii 3amUCH HM30TOMA JTUTHA
JLi sumuM, uTo A=7u Z=3,T. €. B AApe

H30TONA JUTHA 7 HYKIOHOB, M3 HHX 3 npoToHa H 4 HeftitpoHa (N = A — Z).
TopcTtaBus 3HaYeHHS A H Z B BRHIPAKEHUE SHEPTHH CBA3H, TOMYHM:

By =[3-mp+4m, —-M]-c;

Ee = [3-1,6724-1027 +4.1,6748-107% -1 1,6475A10'27:|~(3-103)2 =
=0,6201-1077.9.10" = 5,58-107" IIx.

(Omgem: E., =5,58-107" Jix.)

i
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VII. [lonsenexnue NTOroB ypoka

Jdomauinee 3aganue
m. 106.
P-1183;P-1184.
Pewnthb 3amaus:

1) B pe3ynbTate 3axBaTa @-YaCTHLAMH spa H30Tona asora 3N 06-

pasyercs HEHM3BECTHRIN 3JIEMEHT U NpOTOH. Hanucats peaKkii A onpe-
JEJIUTh HEU3BECTHBIA DJIEMEHT.

(Omeem: ;N + ;He~ |H +'70 )
2) Ipu GomGapmaupoBKe U30TONa a30Ta TN HEMTPOHAMH MOMy4aeTcs

U30TON yIiepoaa ':C , KOTOpBIH Okasaics f-paauoakTuBHbM. Hanumure
YPaBHEHHS AACPHBIX PEaKLHH.
(Omeem: |H —npoton; TN+ jn— 'iC+ |H )
3) SImpo Kakoro 3JEMEHTa MONyYaeTcs MpH B3aUMOIACHCTBHH HEHTPO-
Ha C MPOTOHOM (CONPOBOXKAAIOMIMMCS BBIIENICHHEM }-KBaHTa)?
(Omeem: waoton Bofopona, (H — AeiitepHii.)
4) lonuinuTe peakuuio:
10 1 Tr:
sB+,n—?+,Li.
OnpefenuTe 3HEPTHIO CBA3M APa TENHA.
(Omeem: '\B+ jn— jHe+ ]Li; Egy =4,53-107" JIx.)

Ypox 121. 3akoH pagHOaAKTHBHOIO pacnana
Lens: u3yunTs 3aKOH PasHOaKTHBHOTO pacriaja.
Xon ypoka

I. OpraHu3aHOHHLIA MOMEHT
IL Ilposenenne camocToATeNbHOK PatoThl

Bapuanm 1
1. 3apanst mpoTOHA H AEKTPOHA. .. (PasHbI N0 MOOYIIO.)
m, 1836

2. Macca npoToHa ¥ 3JeKTpoHa ... (

e 1 )
3. B cocTas sapa BXOAAT: ... (NHPOMOHBL U HelimpoHel.)
4. CooTHOUIeHUE MAcChl MPOTOHA H HEHTpoHa... (Macca neiimpona
He3HauumenbHo 6onbule Maccel NPomMoHa.)
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5. UeMy paBHO yMclO NpoTOHOB B snpe? (Hucay anexmpornos 8 obo-
aouxe amoma Z.)

6. UeMy paBHO 4HCIIO HEHTPOHOB B s1pe? (4 — Z.)

7. Yro takoe nedexr Macc? (Pasnocme medcdy cymmapnoll maccoi
HYKJIOHO8, He C8A3AHHbIX Mexcoy coboll, U cyMmapHou maccoll écex Hy-
KJIOHO08, C8A3AaHHbIX MedCcOy coboil.)

8. Onpenenure, 4TO Takoe yAeNbHast 3Heprus cBa3u. (¥oenrvnan anep-
2Us C6A3U A0pa — IMO 3Hep2usl c8A3U A0PA, paz0enenHasl Ha YUCI0 HyKI0-
HOB, M. €. IHep2Us CéA3U, NPUXOOAWAACA Ha OOUH HYKIOH A0pa.)

9. Slnpa aTOMOB y H30TONOB OJHOTO H TOTO XK€ JJIEMEHTA COAEpKaT. ..
(0Ounaxoeoe yucno npomoHo8, HO pasHoe YUCAO HelimpOHO8.)

10. CkonbKO HEHTPOHOB COAECPXKHUT H3oTON ‘WU ? (146.)

11. DHeprus cBasu sAzmpa aeiirepus _H pasna 2,224 M3B. UeMy paBHa
yZenbHast 3Heprus cBs3u 31oro Anpa? (1,112 m3B.)

Bapuanm I1

1. SInpo aTOMOB COCTOMT. .. (43 NPOMOHO8 U HeliMmPOHO8.)

2. Yto uMeeT HeATPOH — Maccy unH 3apsan? (Heiimpon umeem maccy,
HO He umeem 3apa0a.)

3. V Bcex XHMHHYECKHX 3JIEMEHTOB €CTh H30Tombl. UTo MOXHO yTBED-
®1aTtk 06 H30TONAaX OJHOTO H TOTO e 3AeMeHTa? (Aopa amomos y u3o-
monoe 00HO20 U MO20 Jce 31eMeHma codepxcam OOUHAKOB0E HUCHO
PPOMOHOB, HO PANUYHOE HUCAO HelimPOHO8.)

4. KakoMy ycnoOBHIO YAOBIETBOPAIOT NIpH 006pa3oBaHHM AApa ero Mac-
€a MoKOos M Macca Nokos o6pasyromux yactuu? (M, < Z, +N, )

5. VI3 npenrinyieit 3anaum cieayer aedext Maccsl... (4AM > 0.)
6. Yto Takoe 3Heprus cBa3u? (OHepzus, Komopyro HeobX00uUMo 3a-
mpamumb, Ymobul yoanums u3 A0pa 0OuH HyKIOH.)

7. Kakos cocras sinep Hatpus 2, Na ? (11 npomonos, 12 neiimponoe.)

8. Slnepnas peaxiMs NpPOTEKaeT C MOTIOLIEHHEM SHEPrHH, KOTIa
CyMMapHas Macca flep M 4acTHl, o6pa3oBaBLUMXCS NPH SJEpHOH peak-
LIHH,... (6OIbuie MACCel UCXOOKBIX A0Ep U Yacmuy.)

9. DHeprus cBA3M H30TONA IMTHA ,Li paBna 39,24 MaB. Onpenenure
YIENBHYIO 3HEPrHIO Anpa nuTus. (5,6 MaB.)

10. CxonbKo MPOTOHOB CONEPUTCA B H30TONE 55U ? (92.)

11. OnuHAKOBBI JIH XHMHYECKHE 3NEMEHTHI, 0003HaYCHHBIE CHMBOJA-
Mu X, 5 X, 25X, 7 X ? (Odunarosst.)
1. May4yenne HOBOFO MaTEPHAJIA

Y10 € MPOMCXOANT C BEIECTBOM [P paIHOAKTUBHOM H3ITYHYCHHH?
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1. PaguoakTHBHEIE 3MIEMEHTHI — ypaH, TOPHiA, pajiuii UCITyCKAIOT M3-
syuenus. Ha npoTsokeHuy CyTOK, Mecslle M JIET HHTEHCHBHOCTh 3aMETHO
He u3MeHsaerca. Ha Hero He OkaspiBalOT HHKAKOE BIHAHHE HarpeBaHHeE,
YBeHYEHHE AABIEHUA U T. A.

2. Pai0akTHBHOCTH COPOBOXIAETCA BBIICIICHHEM JHEPIHH.

Pesepdopa obHapyxmn, YTO aKTHBHOCTL TOPHS, ONpeAesiseMas kak
YHCNO PAacNafioB B eAHHHIY BPEMECHH, OCTACTCA HEM3MEHHOI B 3aKPBITOR
amrryne. bpulo 06HAapyXeHO, YTO B pe3y/bTaTe aTOMHOI'O MpeBpallCHHA
00Gpasyercsl BEIIECTBO COBEPIICHHO HOBOTO BHJIA, MOJIHOCTHIO OTIHYHOE
M0 CBOMM- (H3MHECKUM H XMMHYECKMM CBOJCTBAM OT NEpBOHAYANBHOTO
BEIECTBA. JTO BEIECTBO CaMO TaK jke HEyCTONYHBO H HCITHITHIBAET TIpe-
Bpall{eHHe C UCITYCKaHHEM XapaKTepHOTO PaZIHOAKTHBHOTO H3NyUYCHHH.

3axoH papuoakTHeHOro pacnazga ycranosieH ®. Comqu. OneITHBIM
nyteM J. Pezepdopa ycTaHOBHA, YTO aKTHBHOCTE PafiHOAKTHRHOIO pac-
najia YObIBaeT ¢ TeyeHHEM BpEMeEHH. [ KaXaoro paauoakTHBHOIO Be-
MIeCTBa CYHIECTBYET HHTCPBAI BpPEMEHH, Ha NMPOTHKCHHH KOTOPOro aK-
THBHOCTH YOHIBacT B 2 pa3a, T. €. mepuoJ nonypacnajsa 7 naHHoro Belie-~

crea. Hanpumep, ana anpa z,f:Ra nepuoa T = 1600 ner, ecn B3aTe 1 ¢

znga gepe3 1600 ner, ero Gyaer 0,5 r, a yepe3 3200 net — -}1- r. Takum

06pa3oM, HCXOHOE KONHYECTBO paiusa AOJDKHO OOPaTHTECA B HYJIB CITyC-
TS GECKOHEYHBIH NMPOMEXYTOK BPEMCHH.

z

Puc. 104

Ilycts guciio papuoakTHBHEIX aToMoB N, Bpemst t = 0. Yepez 1, = T

N,
YUCIIO HepacnmaBuiuxcs suaep N, =% , uepes t; = 2T octanerca 2—;’,
N, N,
yepes £3 = 3T Takux sfep OKAKETCH —;—2—; = —231 T A

CJ'lC}IOBaTCJIBHO, B KOHLEC NMPOMEXYTKAa BpPEMCHH [ =nT HEpacnas-

N,
IHHXCA sIEp OCTaHeTCs —— .
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1
t —-—
Tak kak n = T 10 N =N,-2 7 —3T0 3aKOH, KOTOPOMY MOAYHUHAETCS

pacnaj 60JIBIIOTO KOMMYECTBA PAIHOAKTHBHEIX AED.

V paIMOAaKTHBHBIX 3JEMEHTOB T HMEET PasiIHYHYIO BETHUYMHY, HA-
npumep 3. Th umeet nepron nomypacnaga T =1,4:10' ner, a y xpun-
ToHa 5 Kr mepuon nomypacnana T= 1,4 c.

IV. 3akpennenne H3y4eHHOT0 MATEPHAJIA

1. dpoHTANEBHELH onpoc.

— Yro Ha3bIBalOT HEPHOROM NOJypaclala pajHOaKTHBHOTO BeEIECT-
Ba? Urto oH xapakTepuzyer?

— Breante ¢opMyny 3aKoHa pagMoakKTHBHOTO pacnajna. Kakor xa-
paxTep 3Toro pacnaga?

— IlpuBeauTe NpHMEpHI NEPUOJOB MOJMypacnaga HEKOTOPBIX paaHoaK-
THBHBIX 3JIEMEHTOB.

— Kak BBIIIAgMT rpaduK 3aBUCHMOCTH ClIafa aKTHBHOCTH pajMOaK-
THBHOTO DJIEMEHTA OT BpeMeHH?

2. Pemenne 3anaun.

HmMenocs HekOTOpoe KOMHYECTBO pagHOaKTHBHOrO panona. Komnue-
CTBO paJioHa YMeHbIIHIoCh B 8 pas 3a 11,4 aus. KakoB nepwon nomypac-
maja pagoHa?

Pewenue:

t
Mo g7 o Ly pob p 104

_L
N=N,-27;

V. HoaBeaeHHe HTOrOB ypoKa

JlomMaminee 3anaHue
n. 102.
P-1170; P-1171.

Ypok 122, Heiitpon

Ilens: pacckasath 06 HCTOPUN OTKPHITHS HEHTpPOHA.

Xoa ypoka

L OpraHM3auHOHHBIH MOMEHT
I1. IlpoBenenne camocToATEbHO# paboThl
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Bapuanm I

1. Kaxo#t 3apan umeer a-yactuua, fuactuna? (Q-yacmuya — nono-
JicumenvHas, f-vacmuya — ompuyamenbHas.)

2. Yro npeacrasnsiet cobor a-msnyuenne? (Ilomox amomos 2enus.)

3. Kakne 4aCTHIBI M3Jy4aOTCs B JAHHOM MPOLIECCE:

M > MLEZ+ X ? (Adpo zenus.)

4. Kakas yactuua ocBoG0KIaeTCs NPH AAEPHOH peaKiuH:

JBe+ jHe — "2C+ X ? (Heiimpon.)

5. Urto mpeTepneBaeT NpeBpaileHus NMpH pagHOaKTHBHBIX MpeBpaLie-
unsax? (Aopa amomos.)

6. Kak Bosuukaer fuactuua npu SFpacnane? (IIpoucxooum npespa-
wenue nelimpona 6 npomou ¢ 6vibpocom 3a npedenslt s10pa INEKMPOHA C
bonmvwoii ckopocmoio. Ilpomon ocmaemcs 6 siope.)

7. AmeeTcs panuoakTHBHBIA Le3uit Maccoi 8 kr. Onpeaennre mMaccy
HepacnaBuierocst 1e3us nociae 135 €T pagMoOaKTHBHOIO pacmaja, €ciu
€ro nepHoA noaypacnana paseH 27 1er. (0,25 ka).

Bapuanm I1

1. Kakoii 3apsx uMerot fyactuua, pusnydyenne? (fyacmuya — om-
puyamenvrblll, FusnydeHue — He umeem 3apsoa.)

2. Yro mnpeacraBaser coboit y~m3myueHue? (fusmyueHue kearmos
3Hepzuu.)

3. BHyTpH aTOMHBIX s1ep, AN KoTopsix M > 200, nsa npoToHa H ABa
HEATpOHA B3aMMOJCHCTBYIOT Mexdy coboi (B TeuyeHHe 107 ¢). Kornma
JHEPIUs CHCTEMBI U3 YETHIPEX YAaCTHL CTAHOBHUTCS JJOCTATOYHOM AJIS mpe-
ONOJICHUs SINEPHBIX CHII, OHA BBUIETAEeT M3 sApa. Kakoit mpousomen pa-
JHOAKTHBHBIH pacnan? (a-pacnad.)

4. B pesynpTare Kakoro panHoakTHBHOIO pacrajga HaTpUi ,2,2Na npe-

Bpamaercs B ,zzzMg ? (B pezynbmame f-pacnaoa.)

S. IloueMy paaMoaKTHRHBIE MPENAPATHl XPaHATCA B TONCTBIX CBHHLIO-
BbIX KOHTeiHepax? (Umobbl usbescamp ONACHO20 URTYHEHUs.)

6. CkonbKO NpPOLEHTOB PATMOAKTHBHBIX AJep KoOanbTa OCTaHETCS
yepe3 35,5 cyT., ecnu nepuoj noiaypacnasa paseH 71 cyt.? (75%.)

7. Umeercs 4 r paanoakTHBHOro kobampta. CKOJNBKO 'paMMOB KO-
6anbTa pacnanaercs 3a 216 cyT., ecu €ro nepHoj noaypacnaja paBeH 72
cyr.?2(3,52)

II1. M3yyenne HOBOTrO MaTepHaJIa

HelTpoH — 3To KITI0Y, OTKPHIBIUMH JOCTYI K 3ariacaM BHYTPHSAEPHOH
sHepruH. Teneps MbI 3HaEM O HEM MHOTO — OH JIMILIEH 3apsna, ero Macca
m, = 1,008665; a.e.M HE3HaUMTEIBLHO — MPHMEPHO HA JBE JECKTPOHHBIX



366 [loypoutbie pa3pabomku k y4ebruky 5. Makuwesa, 6.6 Byxosyesa

MAacchl NPEBLILIAET Maccy NpoToHa. B cBOGOXHOM COCTOSHHM HEHTpOH
JROBONBHO GRICTPO, ¢ nepHoaoM monypacnafa 10,7 MuH, pacnanaeTcs Ha
TIPOTOH, 3NIEKTPOH H 3JIEKTPOHHBIH aHTHHEATPOH MO cXeMe:

n—o pte+v.

B snpe HeHTpOH CBS3aH MPOYHBIMH SACPHBEIMHM CHIIAMH H, KaK NIPAEHJIO,
crabunen. SlaepHBle CHIIbI CYIHECTBEHHO MEHAIOT CBOMCTBA HEHTPOHOB U B
3aBHCHMOCTH OT THIA ffjpa TiepHOJ €ro f-pacnajga MoxeT GBITh CaMbIM
pazneM. Pesepdopa npeackasan ero cymecrsosanue euie B 1920 r.

B 1930 r. bore ¥ bekkep obnyuanu a-yactuiamu 6eprmnii. Ha6mo-
JIanH OHM NPH 3TOM HE NMPOTOHHI, a H3IYYEHHE, KOTOPOE NPOXOANIIO e-
pe3 cioti CBHHIIA TONIHHOM B 2,5 cM.

JBa roga cnycts Upan n ®penepuk XKamo-Kropu nponomxwnd uc-
ClleI0BaHHA NPHPOJBI HOBOrO uinydeHus. Brnocnencreuu UsaBuk, y3Has
06 onsitax YXamo-Kiopy, nonsan, yro bore u bexkep nHabnonanu snep-
HYIO peakili0 NpeBpailileHHs GepHILIMA B YIJIEPOA C HCTyCKaHHEM Heli-
TPOHa:

a+ Be—'IC+ n.
B 1935 r. otkperre Uaneuka otMeueHo Hobenerckoit mpeMucH.
IV. 3akpennenne H3yueHHOro MaTepuana

—  Paccxaxnre, xak Gb11 OTKpPBIT HEHTPOH.

— Kakoga ero mMacca, 3apan?

— OO6wmscuuTe, NoYeMy NPH LEHTPAILHOM CTOJNKHOBEHHH C TPOTO-
HOM HEHTPOH NEpefacT €My BCIO SHEPTHIO, A IPH CTONKHOBEHUH C
SAPOM a30Ta — TONBKO €€ HacTh.

Jlomamnee 3ananne
n. 104.

JlononHKTENbLHBIH MaTephan

B 1914 r. navanacs [lepsas mupoBas BoiiHa u Pesepdopay npuwnocs Ha
BpeMsl OTJIOXHTh CBOM uccrienoBaHus. Ho nepuonmyecku, pabotas Ha BOEHHY1O
NPOMBILLIEHHOCTh, OH BO3BPALIANCS K CBOMM COOCTBEHHBIM 3KCnepHMenTaM. B
CBOMX Clieay1oLIHX dKkcnepumeHTax Pesepdopa minanupopan p3noMaTh aToM.

JTH NONKITKH YBEHYANKCH TIONHBIM M NoTpscaloniuM ycnexoM. Hoswlii Banet
Pe3sepdoproBckoro reHHs npHBeN K OTKPBITHIO, KOTOPOE BIIOC/NEACTBHH PEBOIMIO-
LUHOHW3HPOBAJIO BCIO HAYKY M TEXHHKY COBPEMEHHOCTH. Buut laH nepBhiil curuan
K Hawany atomsoro Beka. Pesepdopn pacuennn atoMHoe sapo.

Meicns 06 3Tom Boznukna y Pezepdopna npu Habnionenun B kamepe Bunb-
coHa (K TOMY BPEMEHH OHa Ohila yxke M300peTeHa M YCOBEpLIEHCTBOBaHA) U B
CUMHTHJUISLIMOHHOM CYeTYHKe 3araflodHbiX TpekoB (cnepos), ropasno 6Gonee
JUMHHBIX, 4eM TPEKH YacTHIl, XOPOLIO 3HAKOMBIX €My 10 GeCHHCIEHHbIM OTbI-
TaM. OH moaymarn, 4TO CyLIECTBYIOT KakHe-TO HEHIBECTHBIE eMy TIPHUHHBI Pe3KOo-
ro yjmmHenns npobera uyacruu. Jlpyroe npennonoxeHue (OHO OKa3anoch npa-
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BHJIBHBIM) 32KJII0YATIOCh B TOM, YTO JUIHHHBIE CIIEbI OCTABMIAIOT APYrHe HEONo-
3HaHHBIe YacTHLEL. [lepen uccnenoparenem BO3HMKNA 3371a4a BEIACHUTB, KaKOE U3
JBYX NpenonoxeHni UCTHHHO.

Jlns nonyyeHus oTBETa Ha CBOH BOTIpOchl Pesepdopa peinn BHIMOTHUTD ce-
PHIO OMHITOB 1O 6OMOAPAHPOBKE HACTHLAMH PA3THYHBIX BewecTB. OH MOCTPOHN
npH6op, KOTOPBIH Tenepb KaKeTcA HaM HeOGBIKHOBEHHO NMpocThiM. Ho MBI Komk-
HE NpPH3HATB TaKKe, UTO TOJNBKO OH 6L HaHbGoONee NMpPHrofieH JUIA HATJAAHOTO
pelueHHs 3anauk. B HeM MHmeHAMH mns 60MOGapAHPOBKH JOJKHEI OBUM GLITH
raspl (T. €. JIETKHE aTOMBI), 2 HE METAIMYECKHE MIIACTHHKH, OOBIUHO HCTIONB30-
BaBuMecs Pe3epdopaoM Bo MHOTHX MpeAbIAYLIHX ONBITAX.

CobeTBeHHo noctpoeHHbIi Pesepdoprom npubop, ¢ NOMOWIBIO KOTOPOTO MY
YAQIOCh BNEPBBIE PACIIENHUTH A1pa aTOMOB JIEFKMX 3JIEMEHTOB, CXeMATHHECKH
n306paxkeH Ha pUCYHKe.

L Puc. 105

JlatynHas Tpy6ka 6 mnuno#t 20 cM ¢ ABYMS KpaHaMH HaloJHAETCA rasoM.
BHyTpHu Tpy6KH HaXOAMTCA THCK PajMOAKTHBHOTO H3MyyaTens 7, HCMYyCKalOIEero
yacTHUBL. JIHCK 3TOT YKpeNieH Ha CToifke, JBUratoiLeiica no penbcy 4. Bo Bpems
OMBITa OAMH KOHEL TpYyOKH 3aKpbIBaeTCA MaTOBOH CTEKNAHHOH NMIacTHHKOH, a
JpYroif KoHel — CTeKIAHHON MNacTHHKOH (NpHKperuieMoii BockoM). ManeHbkoe
TIpAMOYTONBHOE OTBEPCTHE B JIATYHHOH IIACTHHKE 3aKPBIBAIOCH cepebpsHoit
mnacTurkoif 3. CepebpsAHas nnacTHHKa obnafana cnocOOHOCTBIO 3aEPKHBATh
4aCTHLbI, SKBHBATEHTHBIE CIIOK BO3AyXa TOMIUMHOH nmpuMepHo 5 cM. Ipotus
OTBEPCTHA MOMeLHAICSA NIOMMHECUHMpPYIOUH 3KPaH U3 LHHKOBOH o6maHkH. J{ns
cyeTa CLIMHTHILIALMH HCCNEOBaTENb MONB30BAICA 3pHTENbHOM Tpy6oid 1.

Korna Pesepbopn HanonHun Tpy6ky a3oTOM, TO B M0J€ 3PEHHSA MOSBHIHCH
YaCTHLR, OCTARIAIOILNE O4eHb JUTHHHBIA criell, NoJO6HO TOMY, YTO OH YXe Ha-
6monan. KoHeuHo, Pesepbopa, npexe ueM MpHIATH K OKOHYATENbHBIM BBIBOJAM,
npojenan eme MHOro onesToB. Ho okoHuYaTeNnbHOE 3aKiioueHHe Ghulo TaKOBO:
TIPH CTONKHOBEHHH 4acTHI( C SAPaMH a30Ta, HEKOTOpBIE W3 3THX fifep paspylua-
10TCH, HCNyckas f[pa BOXOPOJa — MPOTOHEI, a 3aTeM NPOMCXOAHT 0Opa3zoBaHHE
fi7pa KHCIOpoJa.

KonoccansHoe 3HaueHHE 3TOro OTKPHITHA GBLIO ¢ caMOro Havyama siCHO caMo-
My Pesepdopay u ero corpyaHukam. BrepBble OCYIeCTBHIOCH pacilEnieHHe
aTomHbIX aaep. Hemokone61Mble, kak Ka3anock 0 3TOTO, NPEACTARNCHUA O «HE-
Pa3sNoKHUMOCTH» XHMHYECKHX 3TIEMEHTOB ObITH HArmsaHo onpoBeprHyThl. OT-
KPBIBAMCH COBEPLICHHO HOBBIE H YAUBHTENBLHBIE BO3MOXHOCTH HCKYCCTBEHHOTO
TIONYUYEHHS OJJHUX 3NIEMEHTOB U3 JPYrHX, BHIICTIEHHA OrpOMHON Hepruu, coaep-
)Kallleiics B A4pax, H T. 1.
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[Iponomkas uccnefOBaHHA, OH TIONY4AET 3KCIEPUMEHTANIBHOE MOATBEPHKAE-
HHE paHee YKE YCTaHOBJIEHHOTO WM MOJIOXEHHA, YTO HEOONBIIOE KOJHHECTBO
aTOMOB a30Ta NpH 60MOGapAUpOBKE pacmanaercs, Henmyckas GbICTpblE NPOTOHEI —
sfpa BoJioposia. B ceere no3aHeHrnx uccnenosanui, nucan Peszepdopa, «obuimii
MEXaHH3M 3TOTO TIpEeBpalleHus BNOJIHE AceH. BpeMs OT BpeMeHH yacTHURI feficT-
BUTENBHO MPOHNKAIOT B AAPO a30Ta, 06pa3ys Ha MIHOBEHHE HOBOE SApO THINA
s1pa ¢pTopa ¢ Maccoit 18 u 3apsnoM 9. 3To AApo, KOTOPOE B NPHPOJE HE CylLecT-
BYET, 4pe3BbluaiHO HEYCTOWYMBO H Cpaly e pacnanaercd, BoIOpacsiBas MPOTOH
W npeBpallasch B yCTOHYHBOE AP0 KHCI0poaa ¢ Maccoit 17 ...».

B pesynbTaTe miMTENBHBIX 3KCNEPUMEHTOB Pesepdopny ynanoch Bhi3BaTh
ANepHble PeaKunH B 17 JeTkux 3NMeMeHTax.

[Mponomxas onsiTel Mo pacuienneHuto aaep, Pesepdopn npuwen k cnenyro-
meMy BbIBORY: XOTA HacTHUM H 06najatoT GonsloH 3HEprHeil, HO N8 MPOHHK-
HOBEHHS B A/1pa DJIEMEHTOR OHU BCE XK€ ABJAIOTCA HEJOCTATOUHO MOLIHBIMH CHa-
pazami. OH peLHNT TIOBBICHTE 3HEPTHIO YaCTHL, PAa3rOHRs UX B BBICOKOBOJILTHOM
yctraHoBke. Tak 6511 caenaH nepBelit IIar B pa3BHTHH YCKOPHTENBHOW TEXHHKH.

Ypok 123. Jlesienne aaep ypana

Lenv: chopMupoBaTh y yHallUXcs MpPEICTABICHHE O AENEHUH flpa
ypaHa.

Xon ypoka

L. Opranu3aunouHsIi MOMEHT

IL IlpoBepka nomammuero 3aganus. Ilosropenne
— Kakoit Bonpoc BO3HMKAET B CBA3H C THMOTE30H O TOM, YTO sJpa
aTOMOB COCTOST U3 NPOTOHOB U HEHTPOHOB?
— Kaxoe npeanonoxenue NMpHLUIOCH CAENATh YYEHBIM IS OTBETA Ha
3TOT BOTIPOC?
— Kak Ha3BIBalOTCA CUNIH NPHTHKEHUA MEXAY HYKIOHaMH B SAPE H
KaKOBBI HX XapaKTepHble 0COOEHHOCTH?
—  Yro Ha3BIBaeTCA 3HEprueii cBa3y Aapa?
— 3amuwute dhopmMy IS pacyeTa IHEPrUH CBSA3U AAPaA MO ero AedekTy
Macc.

II1. Hay4enue HOBOrO MaTepHaia
Vyamuecs caMOCTOSTENLHO YMTalOT Naparpad M COCTaBisIOT IUIaH-
KOHCIIEKT TIPOYHTaHHOTO.

IV. 3akpenjieHHe H3y4eHHOr0 MaTepHaia

— Korzna 6110 OTKpHITO NENCHHE sifiep ypaHa npu 6ombapaupoBKe HX
He#rpoHaMu?

— Tlouemy neneHHe sapa MOXET HayaThCsA TONBKO TOrJA, KOrjAa OHO
nedopMupyercs ol AefiCTBHEM MOTrJIONIEHHOTO UM HelTpoHa?

— Uro obpasyercs B pe3yasTare JeaeHus aapa?
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=~ B KaKylo 3HEpPruio MepexoAUT YacTh BHYTPEHHEH HepruM sapa npu
€ro JfeJIcHHH?

— B kaxoii BUJ 3HEpruH npeobpasyeTcss KMHETHYECKas SHEPrHs OCKON-
KOB /ipa YpaHa NIPH UX TOPMOXKEHHH B OKpyKaroleH cpene?

— Kak umer peakius JeneHus sgep ypaHa ¢ BbIICICHHEM SHEPrHH B
OKpYKaIOILYIO CPeAy HIN Hao00pOT, C MOTJIOIEHHEM SHEPTHU?

V. Pewenne 3agau
1. Onpenenure HEW3BECTHRIH MPOAYKT X KaXJOH U3 ANEPHBIX peak-

LHiA:

YN+ He—> H+X;
B+ H — jHe+ X ;
JAl+ jn—> jHe+ X ;
B+ He—>,n+X.
2. JonnmuTte HeJOCTaIOWKE 0603HaAYCHUS:
fH +y o> X+ (}n ;
5Cu+y - 32Cu+ X ;
X+ |H > JHe+y;
X+yo ¥waln.
3. HammuMre sinepHylO peakiuio, NPOHCXOoAslylo npu Gombapau-

POBKe AMIOMMHHUS '3 Al @-4ACTHLIAMH H CONPOBOX/AIOMIYIOCS BHIOHBA-

HHEM NpPOTOHA.
4. HanumHre sAAepHYIO PEaKUUIo, NMPOHCXOAAMWYI0 npu Gombapan-

poBke 6opa 'y B @-yacTHHAMH M CONPOBOMIAIOMIYIOCS BHGHBAHHEM HEH-
TPOHOB.
S. Tpn 6ombapauposke u3oTona 6opa 'sB HelTpoHamu W3 06paso-

BaBwLIerocs sApa BeiGpackiBaeTcs a-4acthua. Hamuimnre peakuuro.
6. DneMeHT MeHaeNeBril OblT NoyyeH npu o6MydeHUH >iHHINTEeAHNS

2;;’ Es a-yacTHiaMH ¢ BoiAenieHUeM HelitpoHa. HannmnTe peakiumo.

VI. IlogBeaenne HTOroB ypoka

Jlomamnee 3aganune

. 108.

1. Hanumure Henocraromiee 0603HAYEHHE B CIECAYIOMMX SAEPHBIX
peaxuuax:

27 ‘l 4 .
sAl+,n—? +3He;

? +/H- %Na+ ,He;
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55 56 1.
wMn+?— 3 Fe+ n;
27 26
pAl+y > Mg+ 2.
2. DNeMeHT Kyp4aTOBHii MOMy4HIH, o6Nydas MIyTOHMH . Pu sjpa-

MH HeoHa 72 Ne .

HanumuTe peakumio, ecii M3BECTHO, YTO B pelyJsibTaTe obpazyercs
elie YeTrlpe HEHTPOHa.

¥Ypox 124, Pemenne 3aaa4

Iens: Hay4UTh TPHMEHATH PU3NYECKHE 3aKOHBI IIPH PELLICHHUH 3aad.

Xon ypoka

L. OpraHuM3auHOHHBIH MOMEHT

IL. [IpoBepka nomMaurHero 3aganus. IloBTopenue

— Y7o Takoe H3oton?

— Kak ynTaeTcs npaBuio cMeweHUs 1 a-pacnajga?

— Kak guTaeTcs MpaBiiio cMeEHUs IS a-pacniajga?

— CdopMmynnpyiite npaBuIo cMeIeHHs JUA f-pacnaja.

— KakuM BHIOM H3TyHeHUS 4acTO COMPOBOXAAETCS - U fpacnan?

— 3amumuTte hopMyIty 1jid onpeaenenns nedekra Mace 1oboro sapa.

— 3amuumnrte $hopMyiy IS pacdeTa SHEPTHH CBA3M A1pa IO ero ne-
tekTy Macc.

— Kakoii dopmyoii ceszaHb Mexy cofoif MaccoBoe YHCIIO, 3aps-
JOBOE YHCJIO H YHCIIO HEHTPOHOB B si/pe?

— Kaxk Ha3pIBaroTCS MPOTOHBI ¥ HEUTPOHEI BMecTe?

— Hamensercs 11 MaccoBoe YMCiI0 A1pa OpH SF-pacnaae?

— Uro NpOHCXOIMT C ANPOM paTHOAKTHBHOTO JJIEMEHTA NPH Q-pac-
nane?

L. Peurerne 3ana4

Jlns caMOCTOATENBHOTO PELCHHS YUUTENb MOXKET BEIOpaTs pasl 3a1ad
U3 NIPEeITOXKEHHBIX:

1. TTon meiictBueM KakoW CUIBI - U [FHU3NY4YEHHE OTKIIOHAETCA B
MarHuTHoM none? Yro mpomsoiiner ¢ uzoronoM ypaHa-237 mpu S
pacnage? Kak wsMmeHsieTcs MaccoBoe 4Mcio HOBOro ajaeMeHTa? Bneso
WK BNpaBo B Tabnuue MeHaeneesa NpoMCXOaUT CABUT? 3amucaThk peak-
LHIO.

2. 3anucarh peakiMl0 HEMOCPEACTBEHHOTO MpPEBPAICHUS aKTHHUSA-
227 o dpanuuii-223. o- uiK f-pacnag UMeeT 31ech MecTo?
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3. Bo 4T0 npeBpamaercs U TOCKE ONIHOTO @-pacniajia M JBYX -
pacnanos?
4. Bo 4TO NpeRpAlaTCS M30TON TOPHA ‘slh, ANpPA KOTOPOTO Tpe-

TEPIICBAKOT TPH MOCHCNOBATENBHBIX a-pacnaua?

5. Kaxoii u3 Tpex a-, /- 1 }<H3nyueHHi He OTKJIOHACTCA MArHHUTHBIM H
BAEKTPHYCCKIM TIONAMH?

6. Anpa u3orona 9oTh TIPETEPNERAIOT Q-Pachiafl, ABa f-pacnana M
ellie oMH a-pacniaf. Kakue s1pa nocie 3Toro nosy4aiorcs?

7. Kakor coctas snep Bosiopona ;Hu , ypana 53U ? UTo MOXHO CKa-
3aTh O KONMYECTRE HEHTPOHOB B AJIpaxX C BO3PACTAHHEM HX MOPAIKOBOTO
HOMepa?

8. Ilpu 6omGapaupoBke HEHTPOHAMH aToMa a3oTa 'sN  HMCIycKaeTcs
npoToH. B snpo kakoro u3orona npespamaerca sapo azora? Hanummure
PeaKiHIo

9. KakoB cocTaB H3070MoB Heona JNe, S Ne u 2Ne? Uro xapak-

TEPHO JJI H30TOMOB OJHOTO 3NEMEHTa?

10. SInpo n3oTona MarHus ¢ MacCOBHIM YHCIIOM 25 moaBepraercs 60M-
6apnupoBke npoToHamH. Slpo Kakoro ’neMeHTa npu 3TOM obpasyercs,
€CIIH AJICPHAA PEeaKIMA CONPOBOXIAETCA HIMydEHHEM Q-4acTHII?

11. TIpu 6oMGapaupoBKe -4aCTHIIAMH aJFOMHHHA 0Opazyercs HOBOE
SApO M HEHTPOH. 3anucaTh AAEPHYIO PEAKIIMIO H ONIPENICIHTh, ANPO KAKO-
TO BJIEMEHTA MPH 3TOM 00pasyeTcs.

12. Kaxos cocTa anep natpust . Na , dropa 's Fu v Mennenesust 2o Md ?
13. lormuire peakinn:
MPu+ He >?+n;
H+y—> |H+?.
14. Kaxos coctas sinep cepebpa ') Ag , Kiops s Cm W pamns awRa ?
15. Kakor coctaB smep repmanns ,,Ge, HHobus ,;Nb W CBHHUA
207Pb 9

16. Snpo Topust “0Th NpeBpaTHIOCH B PO pamus 2 Ra . Kakyto wac-

THLY BRIOpochIo aapo Topusa? Hanmumure peakimio.
17. Hanmucars nenocraroiiiee 0603HaueHHE B CIEYIOMNX AIEPHBIX Pe-
AKIMAX:

65 1 I
wZn+n—>?+ He;

? +,H-> %Mg+3He;
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14 r 1.
N+ H—>?7+n;
27 23

nAl+y = {Na+?.

18. Hanmncatp HexocTtarouine 0603Ha4YEHNs B CIEAYIOLIMX SAepHBIX pe-
AKLHAAX:

a1 4 -
K +?—> 5Ca+ H;
?+3He > 'B+ n;
55 1 35 .9,
swMn+ H — s Fe+7?;
2 1
H+y—>?7+n.

IV. IloaBenenne HTOroB ypoka

Jomaurnee 3apanue
ITosTopHTs . 98-103.

Ypok 125. Pemtenne 3apau

ueﬂb.‘ Hay4YuTh IPUMCHATH (bPBH'-lCCKHC 3aKOHBI IPYU PCIICHUH 331aY.

Xona ypoka
L. Oprann3auHoHHBIH MOMEHT
I1. Pemenne 3anau

3aoauu na «3» 6anna
1. Ilpu nepexoje 3IEKTPOHA B ATOME BOJOPOJAA M3 OJHOTO CTALHO-

HApHOIO COCTOSHMS B JpYyroe H3JIy4eH CBET ¢ 4acTOTOH KonebaHMi
4,57 10™ T'u. Ha ckonpko YMEHBIIUIAck dHeprus atoMa Bogopoaa? (Om-
sem: = 3-107'° JIx.)

2. CKoJNBKO HYKIIOHOB, NMPOTOHOB M HEMTPOHOB COAEPXKMTCA B AJpe
Hatpus ;,Na ? (Omeem: 23 Hyki0Ha, 11 NPOTOHOB, 12 HEWTPOHOB.)

3. Jlonuimre SAEPHYIO peakLuio:

JHe+ }Be - 2C+...

(Omeem: jHe+ ]Be — 2C+ yn.)

4. Onpenenute IIHHY BOJMIHBI QOTOHA, UCIMYCKAEMOTO MPH MEpeXoie
3JIEKTPOHA B aTOME BOJOPOJAA C TPETHEr0 IHEPreTHYECKOTO YPOBHSA Ha
niepestii. (Omeem: = 10° Bm.)
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5. Tlpu obcrpene anep dropa 'gF NpOTOHaMH 0Opa3yeTcs KMCIOpos

"0 . Kaxwue sapa o6pasyrorcs nomumo kucinopona? (Omsem: ;He .)
6. CKOMBbKO HYKJIOHOB, IPOTOHOB M HEHTPOHOB COJEPXHMTCA B sMpe
asota N . (Omsem: 14 HyKnOHOB, 7 IPOTOHOB, 7 HEHTPOHOB.)

3aoauu na «4» 6anna
1. Haijmare nedekt Macchl, SHEPIHIO CBS3H M YCIBHYI0 SHEPTHIO CBA3U SJI-

pa iucnopoaa 'SO . (Omsem: 0,133 a.e.m; ~ 123,5 MaB; = 7,7 MoB/Hykion.)

2. CKOJNBKO aTOMOB TIONIOHMS pacnajaeTcs 3a cyTkd u3 10° aTomos,

€CIIH iepHo/ Noypacnaza paseH 138 cyt.? (Omeem: 5000.)

3. Kakoii aneMeHT obpasyercs 3 50U TOCIe OJHOTO Q-pachiana

nByx Bpacnanos? (Omsem: U .)

4. PaccumnTaiite nedekT Macchl, SHEPrHIO CBA3H M YJICNBEHYIO 3HEp-
THIO CBSI3M slpa amoMunus . Al . (Omeem: 0,234 aem; = 218 MaB;
~ 8 MaB/HykJoH.)

5. CKONBKO @- M (-pacnajioB UCTILITBIBAET YPaH U B MpoLECCe Mo-

ClleNI0BATENLHOTO MpEBpAIIEHHs B cBUHEN ‘o Pb? (Omeem: 7 — a-pac-

nauos; 4 — f-pacnajos.)
6. AKTUBHOCTE PagHOAKTHBHOIO 3JEMEHTAa YMEHBIHIACh B 4 pa3a 3a
8 cyt. Haiiamute neprHox nonypacnana. (Omeem: 4 cyrt.)

3adauu na «5» bannoe

1. TIpu neneHuH OZIHOTO SPa ypaHa U Ha /IBa OCKOJKA BHLIENSET-
cs 200 M»>B sneprun. Kakoe xonu4ecTBo sHepruu ocBoboxmaetcs npu
CHKHMTaHUH B AICPHOM PEaKToOpe N30TOIa YpaHa, Macca KOTOpOro paBHa 1 r?
Kakoe xomu4ecTBO KaMEHHOTO YIis HEOOXOAHMO CXeub JUIS HONMy4eHHs

TAKOT0 Xe KoJHyecTBa sHepruu? (Omeem: 8,2:10' Jix; =3 m.)
2. OmnpenenuTe 3HEPTETHHECKHH BBIXOM CleAyloleil saepHoH peak-

uun: JLe+ |H — 23 He . (Omeem: Buiniensercs 16,85 MaB sueprun.)
3. Paccuuraiite, uepes Kakoil NMPOMEXYTOK BpeMEHH paclafaeTcs
80 % aTOMOB PaTMOAKTHBHOTO XpoMa ,,Cr, ECIH €ro NepHoj NoTypac-

naga paseH 27,8 cyT.? (Omeem: 64,5 cyr.)
4, PaccunTalite 3HEpreTHYECKHIl BBRIXON CleAyIOIIEl s1epHOi peak-

wan: N + JHe — 'J0+ |H . (Omeem: nornomaercs 1,2 MaB sHeprun.)
5. AToMHas anextpoctaHiMa MomHocTeio 1000 MBT umeer KITJ,
paBHHiii 20 %. KakoBa Macca pacxoayeMoro 3a cyTkd ypaHa-235? (Cuu-
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TaiTe, YTO NpH KLKJIOM ACICHHH OfHOTO A/pa YpaHa BBIACJIACTCA SHEP-
rus 200 MaB.) (Omeem: 5,3 kr.)
6. Kakas fons aTOMOB paaHoaKTMBHOTO H3oTona kobamsta :Co

pacriagaerca 3a 20 cyrt., ecnu nmepuod monypacnaja 27 cyr.? (Omeem:
17,5 %.) o

HL Ilonsenenue uToros ypoka e

JloMamHee 3aiaHHE
P-1180; P—-1183.

Ypok 126. Koutponnnas paGota
no Teme «Slaepuan puznka»

Ilens: BLIABHTS 3HAHHA YHAMXCA O TeMe «AnepHas du3nxa»

Xon ypoka

Bapuanm I
1. TIpu mepexoae aToMa BOZOPOAA H3 TPETHETO CTALHMOHAPHOTO CO-
CTOSHHS BO BTOPOE H3Ty4acTcs (POTOH, COOTBETCTBYIOLIHA NJIHHE BOIHBI
652 kM. Kakyio sHepraio TEpSCT aToM BOAOPOAA NP U3MYUEHHH ITOFO
doroua? (Omeem: 3107 ix.) )
2. CKONBRKO HYKIIOHOB, IPOTOHOB H HEHTPOHOB CONEPKUTCA B AJpe
235

ypana ‘3, U ? (OtBer: 235 HyK/10HOB, 92 npoToHa, 143 HeifTpoHa.)

3. Tlpu GomGapnuporke amoMunus Al a-vacrmuamm obpasyetcs
u3oron ¢ocdopa TP . Kaxas 4acTHUA HCIYCKAETCA TIPH ITOM AIAEPHOM
npespamenun? 3anmMmmuTe  sAepHylo peaxio.  (Omeem:  on,
YAl+ He > PP+ !n)

4. Tlepuon nosypacnana paaMoaKTHBHOTO #ioxa-131 pasen 8 cyr. Pac-
cyMTaiiTe, 32 KaKkoe BpeMs KOIHYECTBO aTOMOB ifoAa-131 ymeHbIUHTCA B
1000 pa3. (Omeem: 80 cyt.)

5. Onpenenute aedexT MAcChl, SHEPTHIO CBA3H H YACABLHYO SHEPTHIO
anpa asota ;N . (Oteer: 0,109 a.e.m.; ~ 101 MaB; = 7,2 MaB/aykion.)

6. B Kkaxoil 3/1eMeHT NPCBPALIAETCA W3OTON TOPUA “oolh TOCAE -

pacniaja, IByX S-pacnanos H etle oxsoro a-pacniana? (Otser: 4 Ra )
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7. Onpenenute MOIHOCT NMEPBOH COBETCKOM aTOMHOM 3ME€KTPOCTaH-
MM, ecu pacxon ypaHa-235 3a 1 cyT. Cocrasun 30 r npu KI1]I, paBHOM
17 %. (OtBet: = 5 MBT.)

8. Paccumraiite, Kakas 3Heprus BhiIENAETCS NPH TEPMOSJEPHON pe-

axuun: ‘H + 3 H — ;He+ }n. (Otser: = 17 MaB.)

9. OTHocHTenbHas HOAA PaMOAKTHBHOro yrimepoaa C B CTapoM
Kycke nepeBa coctariser 0,0416 oT ero Joau B XHBEIX pacTeHuax. Ka-
KOB BO3PACT 3TOTO KyCKa JIEPEBa, ECIM TepHOA Nodypacnana '(C paBen
5570 ronam? (Otet: 2550 net.)

Bapuanm I1
1. Hpu anexTpryeckoM paspsae B TpyOxe, HalTOJIHEHHOH KPHNTOHOM-
86, mamydaiorcs (OTOHE, COOTBETCTBYIOIUME PAa3HOCTH 3IHEpruil IBYX
CTAllMOHAPHBIX COCTOSHHH aTOMa, T. €. 3,278-10‘19 Jx. Haiigute nianHy
BOJHEI 3TOr0 M3IY4YEHHs, NMPHUHATYIO BO BCEM MHPE B Ka4yecTBE €CTECT-
BEHHOTO JTANOHA JUIMHEL (Omeem: 6:0,6” M.)

2. Cxonbko HYKJIOHOB, NIPOTOHOB H HEHTPOHOB CONEPXHTCH B AApE

Maruus 3 Mg ? (Omeem: 24 HyxioHa, 12 npoToHOB, 12 HeHTPOHOB.)

3. 3anumure AnepHYO peakuMio S-pacniana Sapa MapraHua ,,Mn .
(Omeem: ;]Mn~ _C+ 5 Fe.)

4. Kakas nosis paaHoaKTHBHBIX AI€p HEKOTOPOro 3JIEMEeHTa pacraza-

€TCA 3a BpeMs, paBHOE MOJOBHHE Nnepuoaa nonypacnaga? (Omeem: 0,29.)

5. Slgpo m3oTONA BUCMYTa 5, Bi MOMYdMIOCH M3 APYTOTO SAPa Mocie

NOCTefOBaTENLHEIX @- M f-pacnianos. Uto 310 3a anpo? (Omeem: %, Po .)

6. PaccunTaiite A€hexT Macchl, SHEPTHIO CBA3M M YIEABHYIO SHEp-
THIO CBA3M sfOpa yriepona 'éC. (Omegem: 0,092 aeM.; =~ 85,5 MaB;
= 7,1 MaB/HyKIIOH.)

7. Onpenemure KIIJ aToOMHOM 31€KTPOCTAaHLIMH, €CIH €€ MOLIHOCTH

pasHa 3,5-10° kBT, a cyTouHsIit pacxon ypaua pasen 105 r. (CuurTaiire,

YTO NIpH JIENEHHH OJTHOTO S/pa YpaHa ,U BELAENAETCH SHEPrUs, paBHas

200 MoB.) (Omaem: 35 %.)
8. KakoB 3HepreTHYECKHH BHIXOJ CEAyIOMEH ANEPHOM PeaKLIHy:
JHe+ He — ]Li+ |H .
(Omeem: nornowaercs 16,85 M3B sneprun.)
9. Umeercsa 10'° aromos pazus. CKOIBKO aTOMOB OCTAaHETCS Hepes

3200 net, eciv epHOR noNypacnana panus pased 1600 ronam? (Omeem:
7,1-10°)
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¥Ypok 127. llennas saaepHas peakuusa

Hens: chopMupoBaTh y y4aluxcs NpeACTaBICHHE O UEMHOHN saepHoi
pEaKiHH, BLIACHHTH YCIIOBHS €€ NPOTEKAHUA.

Xox ypoka

L. Opranu3anMoHHbBIH MOMEHT
I1. AHanu3 KOHTPONBLHOH PaboTh

III. IlpoBepka qomainero 3agauns. Ilosropenne
— M3 4ero coctout aupo?
- Kakyro Maccy uMeroT Heiitponb? KakoB 3apan veittpona?
— Kakos coctas sapa Hatpus Na?

~  CKONbKO HEHTPOHOB CONEPXHT H30TON ypaHa U ? UeMy paBHO
YHCNIO MPOTOHOB B AApe?

—  Yro MOXHO CKa3aTh O 3apsAAax NPOTOHa U ANEKTpoHa?
— Yem ornH4YaeTCad XHMHUYECKHH DJIEMEHT M €0 H30TON?

IV. M3yy4eHne HOBOro MaTepHasa

Ilennas peakuus AeNeHHA sAep ypaHa.

B 1940 r. I'. . dnepos u B. Iletpruan o6HapyXunu caMorpous-
BOJIbHOE (CIIOHTAHHOE) JieJIeHHe AJep YpaHa.

B 1938 r. I'. I'an 1 ®. lllTpaccMaH oTKpeUIM: AZpa ypaHa npu Gom-
6apmupoBke ero HeHTpoHaMH 00pa3yiOT ApyTHe SIEMEHTHL. A 0OBACHEHuE
9TOMY siBnenmto 610 Jano B 1939 r. acrpuiickum dusrkom JI. MaitrHepom
o aHrmiickuM $usukom O. Opumem:

WU +on = 5U = '(Cs+ 3Pb+2. gn .

(BoMbapauposka HeHTpoHaMM naeT U , KOTODHIii pacnanaeTcss Ha
ue3ui u pyoHauii.)

Tosxe o6Hapysxunu, 4To npu GombapaMpoBKe HelTpoHaMu U 06-
pasyercs 80 pa3nmuyHeIxX aaep. Han6onee BeposaTHOE AeICHHE OKA3a10Ch:

9
my xKr 2
‘U - ”xiz P
n 56B 3

OTOT npouecc NMPOUCXOAUT C BHIeneHueM 3Heprun 200 MOB =
3,2:107™" JIx. DHeprus BLHIZENAETCS B BUIE:

a) E; ockonkos = 2,6:107"" JIx;

6) E; neiitporor = 0,110 JIx;

B) ym3myuenns = 0,5-107"" Ixg

r) f-U3Iy4eHHs.
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Mexanusm nesrenus

H. Bop npepnoxun kanensHyr Moaens sapa atoma. OHa paer npen-
CTaBJIEHHE O AAPE KaK O IOJIOXKHTEIBHO 3apAXXEHHOM KaIlle HIKOCTH.
SAnpo, normoTHBLIee HEATPOH, HAXOAUTCSA B BO36GY)KICHHOM COCTOSHHUH H
110706HO Kalle PTYTH NpH TOTYKE HAYMHAET KONe6aThCs, HIMEHAS CBOKO
dopMy. Korna sneprus Bo30yxJeHUs cTaHeT GONbIlie 3HEPTHH CBA3H, TO
33 CYET KYJIOHOBCKHMX CHJ PO pa3opBeTcs Ha ABE YacTH, KOTOPbIE pas-
AETATCA B IPOTHBOIOJOXHEIE CTOPOHEL. TakuM 06pa3oM, KHHETHYECKas
3Heprus HOBHIX sAziep 00YCNOBIHBAETCSA KYJIOHOBCKMMH CHIIAMH.

IlerHas peakuus neacHUs AAEP ypaHa — 3TO peakuus, B KOTOpOH Yac-
THLUBI (HEHTPOHBI), BBI3BIBAMOIIME ITY peakiiiio, 00pasyloTcs B NpoLecce

meneHuns aapa. JIng ocyuiecTBIeHHA UEMHOW peaKuWH TMPUrOAHBI JIHUib

aupa 55U . EcTecTBenHsIi ypaH cocTouT m3 U (0,7%), 25U (97,3%).

Snpa U nenstcs Kak GLICTPEIMH, TaK M MeUIEHHLIMH HEHTPOHAMH.

28U — Toneko 6uicTprMH ¢ 3Heprueit 1 MaB. Heiitporos ¢ Tako#

aHeprueit npu eneHuH 60 %, HO TONBKO OJHH M3 IIATH NPOH3BOXHT Xe-
JieHHe.

B8 OCYIIECTBUTE METEHHBIMH
92

HelTpoHaMH HeBO3MOXHO. J[ns ee TeueHne HeoGXxonumo, 4yTobbl KOdG-
GHLMEHT pa3sMHOXEHHUs k-HeliTpoHoB 6bin 2 1. B 3TOM ciyuae uucno
HEUTPOHOB n YBENMYHBAETCS WIM OCTAETCS MOCTOSHHBIM M LETHAs pe-

HCHHle pEeaKLHIO YHCTOr0 U30TOMA

aKIMA POTEKAET.
TIpu k < 14HCNO 47 YOBIBAET H LEMHAA PEAKIHA HEBOIMONHA.

Ko3ahGHumreHT pasMHOXEHHS YBENHM4YHBAEeTCA MpPH 3aXBaTe MeUIeH-

HEIX o1 AAPOM U WM GRICTPBIX on sapaMH U U BU c mocre-

DYIOLIHM JENCHHEM.

YMeHbliaeTcss Ipy 3axBaTe HEHTPOHa spoM Ge3 Mmocieayoulero ne-
JieHHs, TIPH BbUIETE HEHTPOHA M3 [ENALICrocs BeLIeCTBa, MpPH 3aXBare
HeWTpoHa MPOIYKTaMM AENeHHd, 3aMEITUTENIMH U KOHCTPYKTHBHBIMH
3IEMEHTAMH YCTAHOBKH.

C UeNbIO YMEHbIIEHHs BEUTETA o7 YBENMYMBAIOT Maccy ypaua. Ko-

JIMYECTBO PACNaBHINXCA SAEP NPONOPHHOHATEHO Macce ypaHa, KoTopas
pacTet ObICTpee, YeM MAOLIAAEL €r0 MOBEPXHOCTH.

MunnmansHOE 3HaYeHHE MacChl ypaHa, TIpH KOTOpoil BO3MOXKHA Lier-
Has peaxiysi, Ha3LIBaeTCs KPUTHYECKO Maccoii. B 3aBHCHMMOCTH OT ycT-
policTBa YCTaHOBOK M THIIA FOPIOYEro KPUTHHECKAS Macca N3IMEHSETCa OT
250 r 10 COTeH KMIOTPaMMOB.

CyliecTBYIOT JjBa BHJA AJEPHBIX PEaKLHii: HEympapisdcMas LETHas
peakuus H ynpaBiseMas LemHas peaKiHs.
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V. 3akpenjieHne u3ysieHHOI0 MaTepHAJIA

—  Uro Ha3pIBAIOT HEMHOH AZIEPHOIl peaKuuei?

— Bnarogapsa demy oka3anoch BO3MOXHBIM OCYIICCTBJICHHE LETIHOM
ANepHON peakiMH JeneHuA?

=  Yro Ha3bIBAIOT KOADPUIHMEHTOM PA3MHOXKEHHUA HEHTPOHOB?

— UeM BhI3BaHa HeOOXOAMMOCTH 3aMEIJIEHHSA HEHTPOHORB, HCITyCKae-
MBIX TP JEeHUuH saep?

— llepeurcnure ycnoBHsl NMPOTEKaHHS NEMHO#H saepHON peakUud B
ypane-325. .

V1. lloaBeneHne HTOroB ypoka

Jomauinee 3ananne

IIpounraiiTe 1 BrIyuuTe MaTepHan 0. 109.

Onun u3 myTefi, KOTOPEIM OCYLIECTBISETCS JENIEHHE siuep MpH Iiel-
HOM SICpHOM pEaKi{uy, BBITISIHT TaK: ypaH zng 3aXBaThIBasi MeJJICH-
HBIH HEHpOH 7, pacnanaercs HAa JBa PaqHOAKTHBHHIX OCKONKAa — HE3HH
'2Cs wn py6unuii 37Rb, ¥ HECKONLKO HEHTpOHOB. OCKOIKH IpeTepIle-
BAIOT LEMOYKY S-paclaioB, CONPOBOXKAAEMBIX JH3TyueHHeM. KoHeuHbte
IPOIYKTHI — LepHil 'sCe M LMPXOHHI wZr . 3anuummTe BCE CEMB AAEP-

HBIX peaKLui.

Ypok 128. TepMosiaepHble peakiuu

Lfens: paccka3ats O TEPMOAREPHOI peaKIHU

Xon ypoxa

I. Oprasu3anuoOHHBIH MOMEHT
I1. TpoBenenne camocTOATENIbLHOH paéoThI

Bapuanm I

1. SinepHble CUABI B aTOMHOM SAIpE MOTYT IMPOSIBIAATHECH KaK... (monb-
KO KAaK CUNbl NPUMSHNCEHUSL).

2. Ecnu 651 NEHCTBOBANHN TONBKO KYJIOHOBCKHE CHIBL, TO... {2#0po pas-
nemenoce bvl).

3. Kaxne peakuuu HasbIBAIOTCA SOepHBIMA? (HameHenus amomubix
A0ep npu 63aUMOOeticmeuY UX ¢ SNEMEHMAPHBIMYU YACMUYAMY WY OpYy2 ¢
Opy2om.)

4, Tlpn peakuuy fAenenus auep U Beuenunocs 1.204.10% MaB

3Hepruu. OmnpelenTe Maccy pacHaBIIErocs ypaHa, eclH TpH JeJICHUH
oxHoro sinpa Beienserca 200 MaB sueprum. (235 2.)
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5. Jlns npotekaHus ynpaBIAeMOoH AJepHOil LIEMHOM peakiui Heolxo-
JIAMO, YTOOBI K03 PHIMEHT Pa3MHOXCHHA HEHTPOHOB ObiN... (pasen ).

6. UeM onpenenserca xputndeckas macca? (Budom sdeprnozo 2opio-
4e20, 3aMednumeneM, KORCmpPYKmu@HbMu 0CObEHHOCMAMU.)

7. TloueMy HEHTPOHHI NIETKO NMPOHHKAIOT B AApo atoMor? (B sudy om-
Cymcmaus y HelimpoHoe 3apsoa.) . :

PRI Bapuanm I1
1 Yc'rommnoc'n, ffipa 00yCNOBJICHA HANIHYHEM IBYX KOHKYPHPYIO-
MX CHI — ... (Cwt npumaxcenusn (A0EpHbIX) U OMMANKUSAHUS (KYROHOS-

cKux).)
2. Ecyii 651 AeiiCTBOBAIH TONBKO AACPHBIC CHITHL, TO. .. (20p0 nodo6HO
yepHoil Obipe, cHCAnocs but.)

3. INpu 3axBate M u30Tona U CcBOBOAHONO HEHTPOHA OHO Te-
92

PEXOMHT B BO3OYKACHHOE COCTOAHHE. Y HEro yMeHBINACTC YAeNbHas
3Heprua cBasH. Sapo nedopMHpyeTCca, HauMHACT KonebaTsca H JeHTHCA
HA JaCTH NMOA ACHCTBHEM. .. (K} IOHOBCKUX CUN.)

4. Kak BzaumMofieiictByer ina Heirrpona? (IIpumszueaomces noo oeti-
cmeuem A0EepHbIX Cun.)

5. Yro HasuiBaeTCA KOG PHIHEHTOM pasMHOXCHUS HeHTpoHOB? (Om-
HOWeHue YUCNA HEMPOHO8 8 KAKOM-TUDO NOKONEHUU K YUCTY HelimpoHo8
npedutecmayIomux noKoAe )

6. [IpH neneHHn OIHOTO SApa H3oTONMa 35U ocBoboxaaetcs 200 MaB.

Kakoe koNMHYECTBO SHEPTHH BHLUICIIMTCSA MPH ACJICHHH BCEX ANEp ypaHa
Maccoii 10 kr? (2.123.10” M5B.)

7. KakoBH ycloBHA BOIHHKHOBCHHS H NPOTCKAHUA LEMHOH peakiuH
npd JeleHHH Tsokensix aaep atoMon? (Koagpuyuenm pazmuoncenus
Hetimponog Odomxcen 6bimov pasen wiu 6oavue [. Pazumeper axmuenoii
30HBI QONICHBL ObIMb He Menee KpumuyecKoll, Macca 0enanezocs eewje-
Cmea — He MeHbuULe KpUumuieckoil.)

TII. Hay1enne HOBOrO MaTepHAJIa

Jlerkue sanpa MOTYT CHHMBATHCA C BRIAENECHHEM 3HeprHH. Macca sapa
refusA 3HAYMTENBHO MEHBINE CYMMBI MAacc MOKOS JABYX SAEP THAKENOro
BOJIOPO/IA, HA KOTOPRIE MOXHO PA3EIKTD AAPO TEMHA.

Tlpu cnusRvM SAEp Macca MOKOA YMEHBINACTCHA, M, CAEJOBATENbHO,
JIOJDKHA BRIRENHTHCA 3HAuUMTeNbHas dHeprua. [logobHoro pona peakuuu
CIIHSAHMA JIETKUX SAAEP MOTYT MPOTEKATE MPH OUYEHBh BRICOKHX TEMIEPATy-
Pax H Ha3KBAKOTCA TEPMOACPHBIMH.

TepMOS/ICpHEIE PEAKIMH — 3TO PEaKIHA CTHAHHS NETKAX sjcp HpH
QUYEHBb BRICOKO# TeMIlepaType.
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Jna ciusHMS HEoOXOAMMO, YTOObI OHM CONM3MINCE HAa PAcCTOSHHH
10"'2 cm ;s monazganms B ciepy AeHCTBHS ANEPHBIX CHII. ITOMY NIPEMAT-
CTBYIOT KyJIOHOBCKHE CWJIBL. DHEPrus, KOTOpas BBLAEISICTCA MPH TEpMO-
AEPHBIX PEAKLMAX B PacyeTe HAa OJHH HYKJOH, MPEBHINAET YAEIBHYIO
SHEPTHIO, BBUICISIOIIYIOCS HPH LIEMHBIX PEAKLHAX AeICHHS Aaep.

TepMosiiepHBIE peaklMH MIPAIOT PELIAIONIYIO POk B 3BOIOLKH Bee-
JICHHOH. 3Be3/Ibl B OCHOBHOM COCTOAT H3 Bofopoja. TemniepaTypa BHYTpH
npoTeKalollel peakuuy ¢ 00pa3oBaHHEM FeNus:

|H+!H > ?He+ Se+y, no }H mne cymectsyer. Ha pasmuumbIxX cTa-
JMSX PA3BUTHA 3B€3N BHLIBHTAIOTCA PA3THYHBIE UHMKIB peakiyu. Koneu-
HBIM PE3YILTATOM SBAAITCH 5 H |

Execexynano B ConHLe 0K0J10 600 MJPA T BOJOPOAA MPEBPAINAETCS
B rejwmii. Ho 3anmaca sogopona B ConHue JOCTAaTOYHO IS TOTO, YTOOBI
OHO HENPEPHIBHO CBETHIIO € TOH XK€ MOIIHOCTBIO €1ie 10" ser.

OcyecTBICHHE YNpaBASCMBIX TEPMOSAEPHBIX peakuHd Ha 3emie
CYJIHT Ye/IOBEYECTBY HOBBIH, NMPAKTHYECKH HEHCYEpNaeMbli HCTOYHHK
sHeprun. Hanbonee nepcnekTHBHA peakuus

{H+H > jHe+ ¢n.

B atoii peakuuu Beiaensetcs aHeprus 17 MaB. OcHoBnas TpyaHOCTD
COCTOMT B TOM, YTOOKI yEpKaTh J1a3My BEICOKOH TeMIIEpaTypbl BHYTPH
YCTaHOBKM Ha tpoTsxeHnH 0,1-1 c. ExpHCTBEHHBIH cnoco6 MCmosib30-
BaTh MarHuTHeIE Nojg. OAHAKoO 40 CHX MOp 3Ty 3ajady PEIIHTh He yla-
JIOCh.

IV. 3akpennenune u3y4eHHOro MaTepHaa
— Kakue peakuyun Ha3bIBalOT TEPMOAIEPHEIMU?
— UYeM 0OBACHHTD, YTO MPH CHHTE3E JIETKHX AJep BHIICIACTCA DHEP-
s?
—  KakoBs! ycIIOBHS OCYLICCTBICHUS TEPMOAEPHOM peakuuu?
— IlpuBeauTe NpUMEphbl TEPMOAIEPHBIX PeaKLMii, HAIMIIMTE UX ypaB-
HEHHA?
— YT0 #acT yenoBeyeCcTBY yIIpaBisgeMas TepMOsACPHAsA peakLus?

V. IloaBeaeHue HTOroB YPOKA

JomanrHee 3apaHHe
§ 111,

¥Ypoxk 129. SinepHbiii peakrop

Ilens: 06BACHATH NPHHLKN AEHCTBUA SAEPHOTO PeaKkTOpa
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Xon ypoka

I. Opranu3alHOHHbLIH MOMEHT
II. Iporepka nomamnero 3aganus. IlosTopeHue
—  PaccxaxuTte 0 MexaHH3Me MPOTEKAHKA LEMTHOM SAEPHOH peakiuH.
— Yro Ha3BIBacTCA KPUTHYECKON Maccoli ypaHa?
— Bo3mMoxHO 1M NpoTeKaHHE LEMHOH peakuHH, eclii Macca ypaHa
MeHbllle kpuTHdeckoi? [Touemy?
— Kax upeT nennas sipepHas peaxuds B ypaHe, eciu ero Macca 6ob-
e kputHaeckoi? [ouemy?
—  3a cuer xaKux (aKTOPOB MOKHO YBEJIHYHTH YUCIIO CBOOOIHBIX Heil-
TPOHOB B KycKe ypaHa, o0eclleY’B TeM CaMbIM BO3MOXHOCTE MPOTeE-
KaHUs B HEM peakiu?

III. M3yuyenne HOBOTO MaTepHaJIa

SnepHble peakTopbI

Ipu neneHnH TskensIx aaep obpaszyeTcst HeCKOIbKO CBOOOIHBIX Heil-
TPOHOB. DTO MO3BOJIAET OPraHU30BATh TaK HA3BIBAGMYIO LIEMHYIO peak-
1110, KOTAa HEMTPOHEI, pacpocTpPaHssACh B Cpejle, COAEPKALIEH TaxXeNbie
3IEMEHTBI, MOTYT BEI3BAaTh MX HEJIEHHE C MCITyCKAHWEM HOBBIX CBOGOJI-
HBIX HEWTpOHOB, EciH cpefla TakoBa, YTO YHCIO BHOBb POMIAROLIMXCH
HEHTPOHOB YBEIMYHMBAETCA, TO MPOLECC JEIEHUA TABHHOOGPA3HO pacTeT.
B cnydae, korza u4HMciIO HEHTPOHOB NPH MNOCIETYIOWMX AENECHUAX
yMeHbLIAETCs, LEMTHAA AfepHasd peakus 3aTyXacT.

JU1s noJry4eHus CTalMOHAPHOI LENHOI AAepHOH peakuHH, OYEBHIHO,
Heo6X0MMO CO3AATh TAKHE YCIIOBHS, YTOOBE KaXKK0e AAPO, MOTIOTHBRIIeE
HEHUTPOH, MpH JEJICHUH BBLIEISAIO B CPEHEM OJNH HEHTPOH, UAYLIMH Ha
JleNIeHHE BTOPOTO TSXKEIOro AApa.

SlnepHBIM peakTOpPOM Ha3bIBACTCH YCTPOHCTBO, B KOTOPOM OCYILECTB-
JIAETCA H NOAREPAKHBACTCA YpaBiseMas LEMHaA peakLys NeleHHR HeKo-
TOPBIX TSXKEIBIX AAEP.

HenHas anepHas peakiMs B peaKTope MOXKET OCYIIECTBIATLCA TONBKO
TIPH ONIPEAEIIEHHOM KOJIMYECTBE JEINALMXCS Alep, KOTOpble MOLyT Je-

JUTbCA NpH moboit dHepruu HelTpoHOB. U3 aensumuxca MaTepHaioB

BOXHEHIIWM SBIAECTCH M30TON ZS;U , A0JIA KOTOpPOro B €CTECTBCHHOM

ypane coctasiuseT Bcero 0,714 %.

Slnepuble peakTOpbl B 3aBUCHMOCTH OT B3aMMHOTO Pa3MEIIEHHS ro-
PIOYEro W 3aMEATIMTENS MOAPA3AENAIOTCA HA FOMOTEHHBIE H TeTEpOreH-
Hele. B roMoreHHoM peakTope akTHBHas 30Ha NpeAcTasisier coboit onHo-
POAHYIO MacCy TOILUIMRA, 3aMEMNMTENA H TEIIOHOCUTENA B BHIE PacTBO-
pa, CMecH UM pacruiaBa. I eTeporeHHbIM Ha3blBacTCs PEaKTop, B KOTOPOM
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TOIUTMBO B BHIC GJIOKOB WMIIM TETUIOBBIACIAIOUMX COOPOK pa3MeunicHo B
3amennMTene, o6pasys B HEM NpPaBWILHYIO TEOMETPHUYECKYIO PEHIETKY.

Ilpu paGote peakTopa B TENNOBHBOAAIIKX 3JNEMEHTax (TBIMax), a
TAKKE BO BCEX €T0 KOHCTPYKTHBHGLIX 3JIEMEHTAX B Pa3MUHLIX KOJHIECT-
Bax BbiAensercs teriora. OcoGeHHOCTD SACPHOTO PeaKTopa COCTOHT '8
ToM, 4TO 34 % JHEpIruM AeneHNS NpPeBpaIlacTCs B TCILUIOTY NPaKTHIECKH
MTHOBEHHO, T. €. 32 BpeMsi, B TEUEHHE KOTOPOTO MOIHOCTL peakTopa WiH
TUIOTHOCTh MAaTEPHANIOB B HEM HE YCNEBACT 3aMETHO W3MEHUTBCs. [loyro:
MY OpH M3MEHEHHH MOIMHOCTH PEaKTOpa TEIUOBHCNEHHe caenyeT Oe3
3ana3IkiBAHUS 32 NIPOLIECCOM JICJICHNsA TOTLINBA.

OnxHako NpH BHIKIIOYECHHH pEakTopa, KOTAA CKOPOCTh JeNeHHs
yMmeHbiuaeTcs 6ornice yeM B JECATKH pa3, B HEM OCTalOTCA MCTOYHMKH 3a-
Na3/LIBAIOIIETO TEIVIOBBIACNCHHA (ramMMa-~ H GerTa-uiTydeHHe NPORYK-
TOB JieieHus ), KOTOPbIE CTAHOBATCH MpcobuiaialonmMu.

MouHoCTs AAEPHOTO PEaKTopa NPONOPUHOHANBHA NIOTHOCTA NOTOKA
HEHTPOHOB B HEM, [I03TOMY TEOPETHYECKH JIOCTHXHUMA M100ast MOLHOCTS.
IpakTHyecKkH Ke MpeAENbHAA MOIIHOCTD ONPEAENIETCA CKOPOCTBIO OT-
BOJIa TEILUIOTH, BBIZIENIIEMOM B peakTope. YJIe/bHbIH TEMNOCHEM B COBpE-
MEHHBIX JHEPTETHYECKUX peakTopax coctasnser 10°-10° MB1/M®, B Bux-
perbx — 10°-10° MBT/M.

OT peakTopa TEIUIOTA OTBOAMTCA HHPKYIMPYIOUAM Hepe3 HEro Tell-
noHocuTenmeM. XapakTepHO# OCOGCHHOCTBIO peaKTopa ABNAETCA OCTa-
TOYHOE TEMIOBBIACHECHHE MOCHE JPEKPAIICHHA PEAKUHH JIENCHHA, 9TO
TpebyeT OTBOAA TENNOTH B TEHYECHHE JNUTENLHOIO BPEMEHH TOCE OCTa-
HOBKH peakTopa.

XOTS MOWMHOCTH OCTATOYHOTO TEIIOBRIACNICHHA 3HAYHTENLHO MEHB-
1€ HOMMHANbHOH, LMPKYIALMA TEIUIOHOCHTENA YEpE: PEakTop JOMKHA
obecneyuBaTh OYEHb HAJEKHO, TAK KAK OCTATOYHOC TEILTOBBIACICHHE
perylnpoBaTh HENb3A.

Vianenne TEIUIOHOCHTENA H3 pabOTaBliero HEKOTOPOE BpEMs pEak-
TOPa KaTeropH4eCKy 3alpenicHo Bo H30exaHue neperpeBa H NOBPEXkKie-
HHS TENJIOBBLICAAIONMX JNIEMECHTOB.

YcTpoiicTBO JHEPreTHHECKHX AAEPHBIX PEAKTOPOB

I'naBHBIM 31EMEHTOM SJICPHOTO PEAaKTOpa ABNACTCA aKTHBHAs 30HA. B
Heit pasMellaeTes AIEpHOE TOTUIMBO M OCYIECTBIAETCA HEMHas peakius
JieTICHHA.

AKTHBHasl 30Ha IpeAcTaBaseT coboil COBOKYNHOCTL ONpejeICHHbIM
00pa3oM pa3sMEICHHEIX TETUIOBBIICASIOMNX 3JIEMEHTOB, COAEPIKAIUX
A/ICPHOE TONMNHBO. B peakTopax Ha TETUIORBIX HEHTPOHAX MCMONBIYETCH
3ameuTenb. Uepes axTHBHYIO 30HY INPOKauMBAETCA TEMIOHOCHTENS,
OXJIAXAAUOLUA TETUIOBBIACAAIOMNAE 3IEMEHTR. B HEKOTOPBIX THNAX pe-
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aKTOPOB pOMNb 3aMEUINTENS H TEIIOHOCHTENS BBINIONHSAET OJHO U TO XKe
BEIIECTBO, HanipuMep, oOpIMHAs WIIK TsXKeNnad BOAa.

Jna ynmpaBneHds paboToil peakropa B aKTHBHYIO 30HY BBOAATCA pe-
IyJHPYIOIIHE CTEPXKHH M3 MaTepHaIoB, UMCIONMX OOJbIIOE CedeHHe
MTOTJIOMEHUS HEUTPOHOB.

AKTHBHAs 30Ha JHEPTETHYECKMX PEaKTOPOB OKPY)KEHa OTpaxkaTeneM
HEATPOHOB — CIOEM MaTepHasla 3aMEANMTENA A8 YMEHBLICHHA YTEYKH
HeHTPOHOB U3 akTuBHOH 30HEl. Kpome Toro, 6naromaps orpaxaTento
TIPOMCXOJHUT BhlpaBHHBaHHE HEATPOHHO! INIOTHOCTH M SHEPTOBBIIENCHUs
1o o0beMy aKTHBHO# 30HBL, YTO MO3BOJAET NMPH AAHHBIX pa3Mepax 30HBI
TNOJYHHTE 6OBIIYI0 MOLHOCTB, JOOHThCA Gojlee paBHOMEPHOTO BHIrOpa-
HMS TOIUIMBA, YBEJIMYHUTH HPOAODKUTCIBHOCTH paboThl peakTopa, Oe3
TIEPErpy3KH TOIMJIMBA M YIPOCTHTH CUCTEMY TEMIOOTBOAA. AKTHBHAs 30-
Ha, OTpaXaTelb U JPYrue JJIEMEHTH pasMELIAIOTCA B F€OMETPHYECKOM
KOpITyCce MM KOXYyX€, 0OBIMHO OXpYXEHHOM 0HOIOTHYECKOM 3aLMTOM.

OCHOBHO# KOHCTPYKTHBHOH JETANbIO TETEPOTCHHONH aKTHBHON 30HBI
SBJISETCS TB3J, B 3HAYMTEIBHON MeEpe ONpEHENAIONI ee HANEXKHOCTD,
pa3sMepbl M CTOMMOCTB. B 3HEpreTH4ecKHX peakTopax, Kak MpaBuilo, HC-
TIONB3YIOTCA CTEPKHERBIE TBIMBI C TOIULTMBOM B BHJE NPECCOBAHHEBIX Tal-
JIETOK JBYOKHCH YpaHa, 3aKII04CHHBIX B 000JIOUKY W3 CTAIM MK LUPKO-
HHEBOTO CILIaBa.

B TB3n1ax npoucxoauT reHepailMs oCHOBHON JONM TEMOBOH 3Hepruu
U nmepefava e¢ TemmoHocuTeno. bonee 90 % Bceli aHEprum, ocBobOXK-
Jarolieiics MpH AENCHHH TAXENBIX AAep, BHIACIACTCA BHYTPh TBIJIOB H
OTBOAMTCA OOTEKAKOLIMM TBIJIBI TEIIOHOCHTENEM. JHEproHampsKeH-
HOCTb IEPHOTO TOIUIHBA OUYCHb BBICOKA. YIEABHOE TEIIORBIAEICHHE B
aKTHBHOIT 30He focturaer 10°-10° BT/M’, B To BpeMs Kak B COBPEMEHHBIX
NapOBBIX KOTJIaX OHO HE NPEBHIIIAET 10" Br/m’.

Vcnorus paGoTel TBIJIOB B 3HAYHTENBHOH Mepe ONpEeAcIsioTCs KOH-
CTpYKilHel akTHBHOH 30HbI, KOTOpas JOJDKHa O00ecleynBaTh MPOEKTHYIO
TEOMETPHIO pa3MeLIeHnst TBIJIOB M HeOOXOANMOE, C TOUKH 3pPEHHS TEM-
MepaTypHEIX YCIOBHI paclpelencHUe TEeMIoHocHTeNsd. Yepes akTHBHYHO
30HY Mpu paGoTe peakTopa U3 MOLIHOCTH JOJ/DKEH MOLNEPKUBATHCS CTa-
OUNBHBII pacxXofl TETIOHOCHUTENS, TapaHTHPYIOLEro HaAeXHBIH TEIo-
OTBOA. AKTHBHAA 30Ha JOKHA OBITH OCHAIEHA JaTYHMKaMH BHYTPHpPEaK-
TOPHOTO KOHTPOJS, KOTOpPHIE JAT WHOOPMALMIO O pacnpeleicHHH
MOIIHOCTH, HEHTPOHHOTO IOTOKA, TEMIEPATYPHBIX YCIOBHAX TBAJIOB H
pacxone TemoHocuTene. [Ipy KOHCTPYHpOBaHMM aKTHBHOM 30HBI JOJK-
Ha OBITH MPEeAYCMOTPEHA BO3MOXKHOCTH BBEAEHHUS TOTIOTUTENS HEHTpO-
HOB JUUTA NpEKpalieHus LeNHON peakiuy B MOOBIX clyyasx, CBA3aHHBIX C
HapyLICHUEM OXJIKACHNS aKTUBHOH 30HBL
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Knaccuduxaunsa peakropos

PeakTopsl KnaccHPUIMPYIOT 110 YPOBHIO SHEPTHH HEHTPOHOB, YHacT-
BYIOILINX B PEAKUNM ACNCHUSA, 10 NPUHLMIY pa3MelieHus TOMINBA H 3a-
MeuTens. 1leneBoMy Ha3HAYCHHIO, BUAY 3aMEITUTENS M TENIOHOCUTE-
N5 ¥ UX QU3NUECKOMY COCTOSIHHMIO.

Ilo ypoBHI0 3HepreTHueCKHX HEATPOHOBR peakToOpnl MOTyT paboTaTh
Ha OBICTPBEIX HEHTPOHAX, Ha TEMIIOBBIX M Ha HEHTPOHAX MMPOMENYTOUHBIX
(PE30HAHCHEBIX) DHEPTUI{ M B COOTBETCTBUM C 3THM JCNATCA HA PEaKTOPBI
Ha TEIUIOBBIX, OBICTPBIX M TIPOMEXKYTOYHBIX HEHTpOHAX (MHOIAA A
KPAaTKOCTH MX HA3BIBAIOT TEMIOBLIMU, GLICTPBIMH U MPOMENYTOUHBIMH).

B HacTrosiee BpeMsl HAMGONbIIEE PACNPOCTPAHEHUE MOMYUHIM peak-
TOPHl Ha TEILUIOBHIX HefiTpoHax. Jlns TemoBBIX PEaKTOPOB XapaKIEPHBI

KOHIIEHTPAIMH AIEPHOTO TOIUIMBA 5, B akTMBHOI 30He ot 1 o 100
Kr/M® ¥ HamMuKe GoMbIIHX Mace 3amemmmrens. Jia peakTopa Ha OBICT-

pBIX HEWTPOHaX XapaKTEPHBI KOHUEHTPAUMH AAEPHOTO TOIIHMBA ZS;U

umn 32U nopsmka 1000 kr/M® M OTCYTCTBUE 3aMEUTMTENS B aKTHBHOM

30HE.

B peakTopax Ha MpoMEXyTOYHBIX HEHTpOHAaX M B aKTMBHOH 30HE 3a-

MEJUTMTENS OUCHb MaIo, M KOHHEHTPAUUS SACPHOTO TOMIHBA L) B Hei

ot 100 10 1000 xr/M*. B 3aBHCHMOCTH OT clOCcO6a pa3MelLeHUs TOITHBA
B aKTHBHO# 30HE PEaKTOPH! JAC/ATCA HA TOMOTEHHBIE U TETEPOTCHHBIE.

B romMoreHHoM peakTope AAepHOE TOILTURO, TEMNOHOCUTENb U 3aMel-
JUTERb (ECITM OHY €CTh) TIIATENBHO TIePEMEILAHBl H HAXO/IATCH B OJHOM
GU3MYECKOM COCTOSIHMM, T. €. aKTHBHAd 30HA MOJIHOCTBIO FOMOTEHHOTO
peakTopa MPEACTABAAET KUAKYIO, TREPAYIO WM ra3oo6pasHyo ogHOpo-
HYIO CMECh AJAEPHOTO TOIUINBA, TEILIOHOCUTENS WIH 3aMeuTens. [omo-
rEHHBIE PEaKTOPBI MOTYT OBITh KaK Ha TEIIOBBIX, TaK U Ha GBICTPBIX Heid-
TpoHax. OXHAKO TOMOTEHHEBIE PEAKTOPHI UMEIOT CEPhE3HBIE HETOCTATKH.
FoMorerHasi cMech, UMPKYJIHPYIOLIas N0 KOHTYPY, MCITyCKaeT CHILHOE
PAOHOAKTUBHOE M3NydeHHE, UTO TpeOyeT MOMONHHUTENBHOH 3alUTHI U
YCIIOXKHSAET YNpaBleHUE PEAKTOPOM. TONBKO YacTh TONJINBA HAXOAUTCA B
peaKTope M CHYXHT JUisf BelpabOTKYM SHEPrUM, a ApYras YacTh — BO BHEIL-
HUX TpyGONpoBoOAaX, TEMIOOOMEHHHUKAX H HACOCAX.

Hupxynupyiomas cCMeCh BBI3BIBAET CHIBHYHO KOPPO3HIO H 3PO3HI0
CHCTEM H YCTPOHCTB peaktopa M koHrypa. OOpa3oBaHHe B TOMOTCHHOM
peakTope B pe3ykTaTte PagMONIN3a BOJBI B3PHIBOONACHON rpeMyycil cMme-
cn TpebyeT ycTpoiicTB Ans ee Aoxuranus. Bee 3To npuseno k Tomy, 4To
TOMOTEHHEIE PEAKTOPRI HE NONYHMUIH NPOKOTO PaCIPOCTPaHEHHUS.

B rereporenHoM peakTope TOWNHBO B BHIE OJIOKOB pasMelleHo B 3a-
MEJUTUTENE, T. €. TOIUIMBO M 3aMEINTEIL NPOCTPAHCTBEHHO Pa3JesieHEI.
B Hacrosuiee Bpems ANf IHEPreTHHECKHX HENeH NPOEKTUPYIOT TONBKO
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TETePOreHHBIEe PEeakTOphi. SIepHOE TOIUIHBO B TaKOM PEaKTOPE MOXET
HCHONB30BATECA B ra2000pa3HOM, XHIAKOM H TBEPAOM COCTOSHHSX. On-
HAKO ceHd4ac reTepOoreHHEIe peakTophsl paboTaloT TOJBKO Ha TBEPAOM TO-
TUTHBE.

B 3aBHCHMOCTH OT 3aMeUIAIOLIEr0 BEILECTBA FETEPOTeHHbIE PEaKTo-
PBI JEIATCA Ha rpadUTOBEIE, IETKOBOAAHBIE, TAKCJIOBOAHEIE U OpraHHYe-
ckue. 1o BUILYy TEMIOHOCHTENS FETEPOrEHHbIE PEAKTOPHI ObIBAIOT JETKO-
BOJSIHBIE, TAXKETOBOJAHBIE, FA30BbIE H KHIKOMETATHYECKHE.

XKunxve TENIOHOCUTENN BHYTPHY peakTopa MOryT ObITh B OJHO}a3-
HOM H JBYX(a3sHOM cocTOsIHHAX. B epBoM citydae TEINIOHOCHTENb BHYT-
PH peaKTOpa HE KHUIHT, 2 BO BTOPOM — KHUITUT.

PeaxTopbl, B akTHBHOH 30HE KOTOPBIX TeMIIEpaTypa KHAKOTO TeIlo-
HOCUTENS HUXE TEMIIEpaTyphl KUMEHHS, HA3BIBAIOTCA PEAKTOPaMH C BO-
JIO#i oA JaBICHHUEM, a PEaKTOPhI, BHYTPH KOTOPLIX NPOUCXOAHT KHITEHHE
TENJIOHOCHTENS, — KUTISLIHMMH.

B 3aBHCHMOCTH OT Ha3Ha4YE€HHs AAEPHBIE PEakTOphl OBIBAIOT JHEpre-
THUYECKHMH, KOHBEPTOPAaMH H Pa3MHOKHTENAMH, HCCIICNOBATEACKHMH H
MHOTOLIENIEBBIMH, TPAHCIOPTHEIMHU U NPOMBIIIIEHHBIMH.

SlnepHble dHEpPreTHYECKHE PEaKTOPhI MCIONB3YIOTCA LIS BHIpabOTKH
3NEKTPOIHEPIUH Ha aTOMHBIX 3JEKTPOCTAHUHUAX, B CYJOBBIX 3HEPreTHYe-
CKHMX YCTaHOBKaX, Ha aTOMHBIX TerrodnekTpouentpamax (T3L1), a Takke
Ha aTOMHBIX CTaHLUsAX TemocHabxenuns (ACT).

PeaxTophl, npeaHa3HayeHHbIE 111 NMPOM3BOJACTBA BTOPHYHOTO Anep-
HOTO TOIUIMBA W3 MPHUPOJAHOTO ypaHa M TOPHSA, Ha3bIBAIOTCS KOHBEPTOpa-
MU WIH pa3MHOXHuTeNIMU. B peakTope-koHBEpTOpPE BTOPHYHOIO SAEPHO-
O TOIINBA 06pa3yeTcs MEHblIIe EPBOHAYAIBLHO H3PACXOL0BaHHOIO.

B peakTope-pasMHOXHTENE OCYIHIECTBASETCS PACLIMPEHHOE BOCIIPO-
M3BOJICTBO AJECPHOrO TOMIHUBA, T. €. €ro nomy4aercs Gosbiue, yeM ObUIO
3aTpayeHo.

HccnenoBartenbeckue peakToph! cIyKar A HCCIE0BaHKi NMPOLECCOB
B3aHMOJIEHCTBHA HEHTPOHOB C BEIIECTBOM, H3y4YECHHs MOBEACHHS pEak-
TOPHBIX MaTEpHAIOB B HMHTEHCHBHBIX NOJIAX HEHTPOHHOrO H TraMMa-
HM3Ty4eHHH, paIHOXUMHYECKHX U GHOJIOrH4eCKHX HCCIeIOBaHUM, MPOH3-
BOJICTBa M30TOIOB, 3KCTIIEPHMEHTAILHOTO HCCNENOBaHHA GH3UKH spep-
HBIX PEaKTOpPOB.

PeakTophl MMEIOT pasaM4HYI0 MOUIHOCTh, CTAalMOHAPHBIA WIH HM-
MyJIBCHBIN peXXuM paboTEL.

MHoroueneBbiMH HasbIBAIOTCS PEAKTOPBI, CIy>Kalue 11 HECKOIBKHX
neneif, HanpuMep, A1 06pabOTKKM IHEPTHH U NOTYUSHUA ALEPHOrO TOI-
nuBa. -

13 B. A. BoakoB
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OHeprerudeckas npodieMa — ofHa N3 BAXXHEHIIAX NpoblieM, KOTOpbie
CEerOJIHA NPUXOJHTCS pElIaTh YENOBEYECTBY. YK€ CTAlH NPHBBIYHBIMH
TaKHe JOCTHXKEHNS HAyKH M TEXHMKH, KaK CPEICTBA MTHOBEHHOM CBS3H,
6BICTPHIH TpaHCMIOPT, OCBOEHHE KOCMUUECKOTO NTpocTpaHcTBa. Ho Bee 310
TpeGyeT OrpoMHBIX 3aTpaT >Hepruu. Peskuit poct mpoussoacTsa M mo-
TpeGIeHHs] SHEPTMU BBLABHHYI HOBYIO OCTpYIO mnpollieMy 3arps3HeHus
OKpYXarotlle cpebl, KOTOpPOE NPEACTABNAET CEPBE3HYI0 OMACHOCTE s
4eNIoBEUECTBA.

MpupoBble aHepreTuueckue noTpebHOCTH B Onxkaiiiie necaTUIIeTHS
6yIyT HHTEHCUBHO Bo3pacTaTh. Kakoii-nnbo onMH UCTOYHMK SHEPTHH HE
CMOXET HX obecnednTs, MOITOMY HeoOXOIUMO pa3BHBaTh BCE MCTOUHHMKH
3HEPTHH H 3O GEKTUBHO HCIIONB3OBATH SHEPrETHYECKHE PECYPCHL

Ha 6amxaiiieM sTane pa3sBUTHA SHEPTETHKH H TNEPBbIE NECATHICTHA
XXI B. HauBofee NEPCHEKTUBHBIMH OCTAHYTCA YrOJIbHad DHEPreTHKa M
siepHas SHepreTka ¢ peakTopaMH Ha TEIUIOBBIX H OBICTPBIX HEHTPOHAX.

1V. 3akpennense U3y4eHHOr0 MaTepHaa
—  UTO Ha3BIBAIOT SANEPHBIM PEAKTOPOM?
—  Yro sBnseTcA sSIEPHBIM TOPIOYHM B peakTope?
— Kakoe BELIECTBO CIYXHT 3aMeJUIHTENeM HEHTPOHOB B SJIEPHOM pe-
aktope?
— KakoBo Ra3HaueHHe 3aMeTTelNs HeHTpOHOB?
—  UYrto ucnonb3yerca B Ka4eCTBe TEMIOHOCHUTENS B AAEPHEIX PEAKTO-
pax?
— Yro ucnons3yeTcs B CHCTEME YNPABJICHHA XOAOM LIENMHOH sIepHO#
peakuuy aeneHus?
— Uro npumeHseTcAd B CHCTEME OHMOJOTHHECKOH 3alIHUTHI OT TOTOKA
HEHTPOHOB ¥ raMMa-H3/yueHHs, BOSHHKAIOMIUX B peakTope?

Jlomamnee 3ananne
IpoyutaTs ¥ BEIy4TS 1. 110.
OTBETUTH Ha BOIPOC MHKPOTEKCTA!
SAnepHste peakTopsl Ha OBICTPHIX HEHTPOHAX HA3BIBAIOT PEAKTOPAMH-
PA3MHOXUTENAMU. UTO Pa3MHOKAIOT TaKHE PEAKTOPhI?
a) aaepHoe roprotee;
6) HEHTPOHHI,
B) Ha 3THUX PeaKkToOpax pasTOHSIOT HEHTPOHE! 0 TAKMX CKOPOCTEH,
MpH KOTOPBIX OHH MOTYT OCYLIECTBIATH LiENHBle ANepHbIE peak-
I[MH, T. €. PA3MHOXATHCH.

JomoaHuTenLHBIH MaTepHAT

ATOMHLIii peakTop
AnepHblii peakTop — 3TO TeXHHYECKAd YCTAHOBKA, B KOTOPO# OCYECTBISA-
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eTcs CamMOoNOUIEPKUBAIOIIAACA LETTHAA PEAKDUS AENEHUA THKENbIX fAep C 0CBO-
GoxacHHEM ARCPHOH SHEPrHH. SIIepHbIH PEakTOp COCTOMT W3 aKTHBHO#M 30HBI W
oTpaXarei, pa3MEIEHHbIX B 3alllMTHOM Kopryce. AKTHBHas 30Ha COAEPKHT
;ulepnoe TOFJIHBO B BHIE TOTUIMBHOM KOMMO3HULUMH B 3aALIHTHOM IOKPLITHH H 3a-
MeaAnTENb. TONIUBHBIE 3JIEeMEHTHI OOBIYHO UMEIOT BUJ TOHKUX cTepkHedl. OHH
coOpaHm B MYYKH U 3aK01104€Hbl B 4eXUibl. Takue COOpHbIE KOMIO3MLMH Ha3bIBa-
10TCA cOOpKaMH WIIH KacCeTaMu. )

B10sib TOTUIMBHBIX JIEMEHTOB ABMIMACTCA TETIOHOCHTENb, KOTOPHIH BOCIIPH-
HUMaeT TEMNO siiepHbIX NpeBpamienuit. Harpersiit B aKTHBHOI 30HE TEMIOHOCH-
Tenb JABUraeTCs N0 KOHTYPY LUMPKYJSALHH 32 cyeT paboThl Hacocos KGO noa nek-
CTBHEM CHJI ApXHMeNa H, Tpoxoas Yepes TemnooOMeHHHK, THbo naporeHeparop,
OT/IaeT TETIO TEMIOHOCUTENIO BHEWHETO KOHTYpa.

TepeHoc Tenna u ABWXEHUs €ro HoCUTENEH MOXHO NPeCTaBUTEL B BUAE Tipo-
CTOH CXEMBI:

h
<

— " g Puc. 106
1. Peaxrop

2. TennoobMeHHu1K, NaporeHeparop
3. [Taporyp6unnas ycrasoBka

4. lenepatop

5. Konpesicarop

6. Hacoc

IIpoGieMbl pa3BHTHS 3HEPreTHKH

PaseuTHe HHAYCTPHANLHOTO OOIIECTBA OMMPAETCA HA MOCTOAHHO PACTYIIHH
YPOBEHb NPOM3BOACTBA Y MOTPeONEHUS Pa3NUUHBIX BUI0B JHEPTHH.

Kak n3BecTHO, B OCHOBE NMPOH3BOJICTBA TEMIOBOK W NEKTPHHECKOH IHEPriUH
JIEXKHUT TMPOLECC CHMUMaHWUA HCKOMAEMbIX JHEPropecypcoB: yris; HedTH; rasa, a B
aTOMHOH JHEPreTHKE — JIeJieHHE s/iep aTOMOB ypaHa W TUIYTOHMSA MPH nornoule-
HUHK HEHTPOHOB.

Macwitab fo6b1umn ¥ pacxol0BaHHA HCKOMAEMBIX IHEPTOPECY PCOB, METAILIOB,
notpe6GneHns BOJIbI, BO3AYXA A [POH3BOACTBA HEOOXOAHMOrO YENOBEYECTBY
KOJTMYECTRA 3IHEPIHU OTPOMEH, a 3anackl PeCypcoB, YBbI, orpaHuueHbl. OcobeHo
OCTpO CTOHT npobiema GBICTPOro HCHEPNAHHA 3aNacoB OPraHUUYECKHX MpUpon-
HBIX HEPropecypcos.

Ypox 130. AToMHas 3HepreTHKa

I[ens: noka3ats HEOOXOAMMOCTD TAKOH OTPACHIH KaK aTOMHas dHepre-
THKa. N

13*
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Xoa ypoka

I. OprauusanuoHHBIH MOMEHT

II. IlpoBepka nomamuero 3axanus. IloBTopenue
—  Uro Takoe AnepHEIit peakTop?
— B 4eM 3akmroyaeTcs ylpaBieHHE SACPHOH peakuueit?
— Ha3oBHTE OCHOBHEIE YacTH peaKTopa.
~ Yro HaxomUTCS B aKTHBHOI 30HE?
—~ Jlns dero HyXHO, 4TOOBI Macca KaXAOro YpaHOBOrO CTEpXHS Orina
MEHbUIE KPUTHYECKOH Macchl?
~ Jins 4ero Hy»HBI perynupyroiue ctepxun? Kak umMn monesyrores?
— Kakylo Bropyo ¢yHkuuio (MOMMMO 3aMEIJICHHS HEHTpOHOB) BBI-
MOMHAET BOJA B IEPBOM KOHTYpE peakropa?
~ Kakue nporieccsl npoHcXxosT BO BTOPOM KOHTYpe?
~ Kakue npeobpazoBaHus 3HEPruy MPOUCXOIAT MPH TOMYUEHHH HJIEK-
TPUYECKOTO TOKA Ha aTOMHBIX 3JIEKTPOCTAHLMAX?

ITI. U3yuenne HoBOYO MaTepHana

SnepHan JHEPreTHKA

IpumereHue A0EpHOH SHEPTHH A Npeobpa3oBaHHA €€ B ICKTpHYe-
CKY!O BIlepBble GBIIO OCYIIECTBICHO B Hailel crpade B 1954 r. B r. 06-
HHHCKE Oblla BBEJeHAa B AEHCTBUE TEpBas aTOMHasA 3JICKTPOCTAHIMA
(A3C) mowHocTeo 5000 BT, JHeprus, BEACTAOMANACS B SAEPHOM peak-
TOpE, HCIIONB30BAIACh IS MPEBPAILEHHUA BOJAB B Map, KOTOPBIH Bpaial
3aTeM CBS3aHHYIO C reHepatopoM TypOuHy. Ilo TakoMy ke NpuHIMITY
IefCTBYIOT BBEICHHBIE B JKcITyatauuio HoBoBopoHexckas, JleHuHrpan-
ckad, Kypckas, Konsckas u apyrite ASC. PeakTopsl 3THX CTaHUMI HMe-
10T MoIHOCTEIO 500-10000 MBT.

ATOMHBIE 3JIEKTPOCTAHIINH CTPOATCA, MPEXKILE BCEro, B €BpolNeiickoi
YacTH CTpaHbl. 3TO CBA3aHO ¢ nMpeHMymiecTBaMi A3C MO CpaBHEHUIO C
TEIIOBBIMH 3JICKTPOCTAHUMAMH, paGoTAOILMMH HAa OpPraHU4YecKOM TOIl-
nuBe. SlnepHele peakTophl He MOTPeGIAOT JEHULHTHOrO OPraHUYECKOro
TOIIMBA U HE 3arpy’aloT NEePeBO3KAMH YIIIA JKeJE3HOAOPOKHBIH TpaHc-
HOPT.

ATOMHBIE 3EKTPOCTAHIMN HE MOTPEOIAIOT aTMOCepHBIH KHCIOPOA
U He 3acopsAIOT cpedy 30J10¥ U NpoXyKTamu cropanus. OnHako pa3Meine-
Hue ADC B rycTOHaceNeHHEIX 061acTAX TauT B cebe MOTEHLMAIBHYIO
yrposy.

B peaktopax Ha TernoBBIX (T. €. MEIUICHHBIX) HEHTPOHAX ypaH HcC-
nosib3yeTcs JUb Ha 1-2 %. [loaHoe Uconb30BaHKE ypaHa JOCTHTAETCs
B peaKTopax Ha GBICTpBIX HEHTpPOHAX, B KOTOPRIX ofecreynBaeTCs TakKe
BOCIPOH3BOJICTBO HOBOTO SIAEPHOI'O FOPIOYETO B BUJIE TUTYTOHMSL.
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B 1980 r. na Benospckoii ADC cocrosiics Myck NEpBOro B MHUPE pe-
aKTOpa Ha OBICTPHIX HeHTpoHaX MOIIHOCTHIO 600 MBT.

SnepHoii sHepreTHKe, Kak H MHOTHM APYTHM OTPAacisiM HPOMBILICH-
HOCTH, NMPUCYIIN BpeIHBIE HIH ONacHLIe (GaKTOpEl BO3AEHCTBHSA Ha OK-
pyxaromyio cpefly. Hanbonsnryo NoTeHIHANIBHYIO ONAaCHOCTH PEICTAR-
JISIET paJHOAKTUBHOE 3arpg3Henue. CIoXHBIE MPOOIEMBI BO3HHKAIOT ¢
3aXOPOHEHHEM PaJMOAKTHBHEIX OTXOJOB M JEMOHTAKEM OTCIYKHMBLINX
cBoit cpok ADC. Cpok ux ciyx6b! okoio 20 JieT, mocne Yero BOCCTaHOB-
JeHHe CTaHIMH H3-32 MHOIOJICTHETO BO3ACHCTBHA pajHallMM Ha Mare-
PHAITBI KOHCTPYKLHA HEBO3MOXKHO.

A3C npoekTHpyeTCcs ¢ pacyeToM Ha MaKCHMaibHYH 6e30IacHOCTD
mepcoHana craHuuii U Hacenenus. OmeiT dkcmiayatanmn A3C BO Bcem
MHpE T0Ka3BIBaeT, uTo GHoCchepa HANEKHO 3aIlHIIEHa OT PATHOAKTHBHO-
T0 BO3ACHCTBHA MpeANpUATHN sAepHON JHEPreTHKH B HOPMAIBHOM pe-
XUMe IKCIUTyaTalMH.

OpHako B3pBIB 4ETBEPTOro peakropa Ha UepHoOrinbckoit A3C moka-
341, YTO PUCK pa3pylleHUS aKTHBHOH 30HBI peakTopa H3-3a omnbok mnep-
COHaNa ¥ NMPOCYETOB B KOHCTPYKLHH peaKTOPOB OCTAETCH PEATbHOCTHIO.

[ToaTOMYy NpPHHUMAIOTCS CTpOXKAMIINE MEPHl HJIs CHIDKEHHS 3TOrO
pHCKa. SmepHble peakTOphl YCTAHABIHBAIOTCS HA ATOMHBIX IOABOJHBIX
TOJKax U JeJOKONaX.

SnepHoe opyxme
Heynpasnsemas uenmHas peakims ¢ 6onsuuM xo3¢¢UIMEHTOM pa3-
MHOXEHHS HEHTPOHOB OCYILECTBIISETCS B aTOMHO#H 6oMOe.
Jlis Toro uTOGH! MPOHCXOAHIO TIOYTH MTHOBEHHOE BEIIENEHHE DHEP-
T'HH (B3pHIB), peaKiUs JOMKHA HATH Ha ORICTpERIX HeHTponax (6e3 npiMe-

HEeHHs 3aMemiuTeneii). B3pbIBUaThIM BEINECTBOM CHYXKHT YHCTBIH ypaH

235 w239
02U/ WIHM IUTyTOHHUI ‘g, Pu .

Uto6Bl MOr TPOM30MTH B3PHIB, pa3Mephl HensIierocs MaTepHata
JIOJDKHBL TIPEBBIIATE KPUTHUECKHE. 3TO JOCTHraeTcs Jnbo myTeM OBICT-
pOTO COENMHEHHS JBYX KYCKOB JEMAINETOCS MaTepHala ¢ JOKpUTHYE-
CKHMH pasMepamu, JIH60 ke 3a CYET Pe3KOro CxaTHA OJHOTO KycCKa 10
pa3MepoB, TIPH KOTOPLIX YTEUKa HEUTPOHOB 4epe3 MOBEPXHOCTH IafaeT
HACTOJIBKO, YTO Pa3MEpPBI KYCKa OKa3BIBAIOTCA HaAKpuTHYeckuMu. U To, n
IpYroe OCYIHECTBISETCS ¢ MOMOLIBIO OOBMMHBIX B3pBIBUATHIX BEIIECTB.
[Ipu B3pBiBe 60MOBI TEMIIEpaTypa AOCTHIAET AECATKOB MHILUTHOHOB KeNb-
BHH. [Ipu Tako# TemnepaType pe3ko MOBBIIIAETCA JaBleHHE H obpazyeT-
¢Sl MOIIHas B3phIBHAA BOJHA. OJHOBPEMEHHO BO3HHKAET MOINHOE HM3ITy-
yeHue. [TpoayKTHI LEMHOH peakiyd MpH B3phiBe GOMOBI CHIBHO paiuo-
AKTUBHBI H OTIACHBI JJIS XKHBHIX OPTaHH3MOB.
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Atomusie 60M6r1 6511 ipumenensl CIIIA B xonue Bropoit MUpOBO#
BoitHb! nipoTHB Snonuu. B asrycre 1945 r. 6ptan cOpolIeHB! aTOMHBIE
60MOEI a2 sanoHckHe ropofa XupocuMa 1 Haracaxu.

B TepMosaepHoit (BogopoaHait) 65oMOe HCTOUHHKOM 3HEPruH, KOTopas
HeoGxoMMa IS TEPMOSIICPHOTO CHHTE34, CHYIKHT B3PBIB aTOMHOH 60MEEBI
(YpaHOBOIi UM IWTYTOHHEBOH ), MOMEILEHHOH BHYTPH TCPMOAAEPHOH.

HeTpHBUQIBHBIM PEUICHHEM OKa3aIOCh TO, MpPH KOTOPOM B3phIB
atomsioii 60MOB! HCMONMB3yeTesA HE IS MOBBIUCHHS TEMNEPATYPH!, a Uit
CUITBHEHINEro CXKATHS TEPMOSJIEPHOrO TOIUTHBA H3NMyduceHHEM, 00pasyio-
LMMCS TIPH B3PBIBE ATOMHOM GOMOBL.

B Hame#i cTpaHe OCHOBHEIE MEM CO3[aHUs TEPMOAJEPHOrO B3pHIBa
6uu1d BRIABHHYTHL A.J[. CaxapoBsiM.

IV. 3akpenjienne H3y4eHHOro MaTepHaia

— B cBasu ¢ yeM B cepenuie XX B. BO3HMKNZ HeOOXOAMMOCTE Ha-
XOXIACHUA HOBRIX HCTOYHMKOB HEPTUH?

— Hasosure iBa ocHOBHEIX npeuMyliectsa AJC nepen TOC.

— Ha3zosHTe TpH OCHOBHEIE NPOOIEMBl COBPEMEHHOM aTOMHO#M 3HEp-
TETHKH.

— TlpuBenure NpHMEpH! myTel pelieHus npodieM aToMHOMH 3Hepre-
THKH.

V. lloxBenenHe HTOroB ypoka

JlomaumHee 3axanHe
[IpountaTh ¥ BEIyYHTH MaTepHan n. 112,

¥Ypox 131. buonoruieckoe AeiicTeHe
PaAHOaAKTHBHOrO HJIyYeHust

Llenas: nokazath HEOOXOMUMOCTE 3ALUUTHI OT HIMYUEHU.

Xon ypoka

I. Opranu3anHOHHBIH MOMEHT

11. IlpoBepka nomaumnero 3ananus. Iosropenue

~ B cBasy, ¢ yeM B cepennde XX B. BOZHUK/IA HEOOXOMHUMOCTh Ha-~
XOXAEHHs HOBBIX HCTOYHHKOB DHEPryu?

—~ Ha3zosute nBa ocHOBHEIX npenMyiectsa ADC nepex TOC.

— Hasosure TpH NpUHUMIHANBHBEIE MPOOGIEMBI COBPEMEHHOH aTOM-
HO# YHEPTETHKH?

~ [lpuBeanTe NMpUMEpEI NyTEil peleHus NMpobaeM aTOMHOMN 3Hepre-
THKH.
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I11. M3y4yeHne HoBOro MaTepnasa

BoajaeiicTBHE aTOMHBIX CTAHUMHA Ha OKPYKAIGLIYIO CPeAy

TexHOreHHOE BO3JEHCTBHE HAa OKPYKAOLLYIO CPeMy MpH CTPOUTENb-
CTBE W IKCILTyaTallu aTOMHEIX 3JIEKTPOCTaHLAH MHOroo6paseH. O6bIuHO
TOBOPAT, 4TO MMeEKTCA Puluueckre, XHMHYECKHE, PaHAlHOHHBIE H JpY-
rue pakTophl TeXHOTeHHOTo Bo3AeHcTBHA dkcrtyaTtauui AJC Ha obbek-
TBI OKpYXKatollel cpeasl.

Hanbonee cyuiecTBeBHBIe (PaKTOPHL:

— JIOKaJIbHOE MEXaHHYecKoe BO3JCHCTBHE Ha penbed OpH CTpPoH-
TENbCTBE;

— CTOK TOBEPXHOCTHBIX W [PYHTOBBIX BOJI, COREPHALIMX XUMHYE~
CKHE W PaJiOaKTHBHEIE KOMIIOHEHTBI;

— H3MEHeHHe XapaKTepa 3eMJIENONb30BaHuA U 06MEHHBIX Npouec-
COB B HeMOCpencTBeHHOMH onu3octi oT AIC,

— M3MEHEHHE MUKPOKIMMATHYECKUX XapaKTEPUCTHK MpHIISKAIINX
paiioHOB.

Bo3HMKHOBEHHE MOLUHLIX HCTOYHHKOB TeIlIa B BUE IPaJHpeEH, BOJIO-
eMOB-OXNaguTenei pu sxcryaTauid ASC o6bIuHO 3aMeTHEIM 00pazoM
WU3MEHSET MMKPOKIMMATHYECKHE XapaKTEPUCTHKH MpHieKaMX paH-
OHOB. JIBHxeHHe BOJBI B CUCTEMe BHEIIHETO TEILIOOTBOAA, COPOCH! Tex-
HOJIOTHYECKHUX BOJ, COAEPXAIIUX pa3sHOOOpasHBIE XHMHUYECKHE KOMMO-
HEHTBI, OKa3bIBAIOT TPAaBMHUpYIOLIEE BO3ZEHCTBHE Ha MOMYNALNA XHUBOT-
HEIX, QIOpy M QayHy 3KOCHCTEM.

Ocofo€e 3HaueHHE UMEET PaCIPOCTPAHEHUE PAAHOAKTUBHBIX BEIIECTB
B OKpYXalollleM IpOCTpaHCTBe. B KOMMNEKce CIOXHBIX BOIPOCOB IO
3aMTE OKpY*aloled cpeasl GONblIyI0 OOLIECTBEHHYO 3HAYMMOCTH
HUMEIOT mpobieMsl 6e30MacHOCTH aTOMHBIX cTanumii (AC), uaylMx Ha
CM¢HY TCIUIOBBIM CTaHIMAM Ha OPraHW4YecKOM HCKOMaeMOM TOIUIMBE.
O6menpusHanHo, yTo AC rMpy X HOPMATBHOW JKCIUTyaTaudyd HAaMHOTO,
He MeHee 4eM B 5-10 pa3, «uuilie» B 3KOJOrH4eCKOM OTHOIICHHUHU TEMIIO-
BeIX snektpoctanuuid (TIC) Ha yrne. Onnako npu asapuax AC Moryt
OKa3bIBaTh CYLIECTBEHHOE PalHallMOHHOE BO3JEHCTBHE Ha NoAei, 3Ko-
cucteMbl. ITlosTomy obecnedenne 6ezonacHOCTH 3kocdepbl M 3aIMUTHI
OoKpyXaroule cpejibl OT BpeHEIX Bo3jecTBuil AC — kpynHas Hay4Has H
TEXHOJIOTHYECKAd 3alaya sJICpHOH OHEpreTHKH, obecneuMBalolias ee
6ynymiee.

OTMeTHM BO3MOXHOCTh HE TONBKO pafHAlHOHHBIX (DaKTOPOB BO3-
MOXHEIX BpeJHbIX Bo3fcHcTBMH AC Ha DKOCHUCTEMY, HO M TEIUIOBOE U
XMMHYECKOE 3arps3HEHNe OKpYXKaloweH Cpellbl, MEXaHHUEeCKOe BO3JCH-
cTBHe Ha obOuTaTenell BONOEMOB—OXNIaAMTENACH, M3MEHEHMSA THIPONOTH-
YeCKHX XapaKTepHCTHK npunexamux k AC paiioHOB, T. €. BECh KOMILIEKC
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TEXHOTCHHERIX BO3ICHCTBHUIL, BIMAIOWMX HA DKONIOTHYecKoe Onaromoiry-
gue okpyxkatomeit cpeasl.

BriGpocel 1 cOpochl BpeaHbix BewecTB NpH 3xcnayaraunn AC.
[epenoc palHOAKTHBHOCTH B OKpYXatomieii cpege

HcxomHbBIMH COOBITHAMY, KOTOPBIE MOTYT NPHBECTH K BPEAHBIM BO3-
JICHCTBUAM Ha YENOBEKa U OKPYKAIOLLYI0 Cpely, ABIAOTCA BHIGPOCHI H
cOpOCHI PaJMOAKTUBHBIX M TOKCHYECKHX BeulecTB M3 cucteMbsl AC. 3tH
BEIGPOCH! JENAT Ha raloBHIC M a3pO30IIbHBIC, BRIOPACEIBaEMbiC B aTMO-
ctepy uepe3 TpyOy, M xuakue cOPOCHI, B KOTOPHIX BpeIHBIE MPUMECH
NPUCYTCTBYIOT B BHJE PACTBOPOB WM MENKO IMCIECPCHBIX cMecel, roma-
JAIKX B BOZOEMbL. BO3MOXHBL U MPOMEXYTOYHBIE CHTYALMH, KaK MpPH
HEKOTOPRIX aBapusAX, KOTJa rops4as Boaa BeibpaceiBaetcd B atMocdepy
pasaenseTcd Ha Iap M Bofdy.

BeiGpockl MOIyT OHITh KaK MOCTOAHHRIMH, HaXOAAWMMHCA MOX KOH-
TPOJIEM 3KCIUTYaTallMOHHOTO MEPCOHANa, Tak M aBapHiiHbIMK. Britogasce
B MHOTOOOpa3HEIE IBHKEHUS aTMOCepH], TOBEPXHOCTHRIX H MOA3EMHEIX
MIOTOKOB, PaAHOAKTHBHBIE U TOKCHYECKUE BELIECTBA PACIIPOCTPAHAIOTCH B
OKpyXatoteil cpene, NOMaaOT B PACTCHHA, B OPraHU3MEbl XUBOTHEIX U
4elnoBEKa.

Bo3zneficTeHe paauoaKTHBHUAIX BHIGpocoB
HAa OPraHK3IM YeJIOBeKA
PaccMOTpUM MEXaHU3M BO3ACHCTBUS paAMaliii Ha OpraHH3M 4YenoBe-
Ka: IyTH BO3JIEHCTBUSA PA3IUMHBIX PaJiHOAKTUBHBIX BEWECTB, UX PacIpo-
CTpaHEHHE B OpraHusme, JCIMIOHMPOBAHHE, BO3ACHCTBHE HA pa3aUdHBIE
OpraHbl U CHCTEMBI OpraHu3Ma M MocleJCTBUS dToro BosaeicTeus. Cy-
IIECTBYET TEPMHH «BXOJHBIE BOPOTa paAuanuu», obo3Havaonuii myTH
MONAJaHKUA paJIMOAKTHBHBIX BEILECTB B OPTaHN3M.
Pa3nuuHble pagquoakTUBHEIE BEIECTBA MO-Pa3HOMY MPOHUKAIOT B Op-
TaHU3M YeJ0BeKa. JTO 3aBHCHT OT XHMHYECKHX CBOHCTB pajHOaKTHBHOIO
SIIEMEHTA.

IIyTu NPOHRKHOBEHHA PAAHALMY B OPTAHH3M HeJI0BEKA

PanuoakTHBHBIE W3OTONBI MOTYT IPOHMKATh B OPraHH3M BMECTE C
nuumieli unu Bopoil. Uepes opraubi MuileBapeHns OHA pacupOCTPAHAIOTCH
IO BCEMY OpPraHH3My.

PanuoakTUBHEIC YACTUIBI M3 BO3yXa BO BpEMS JBIXaHHS MOTIYT [lO-
nacTs B jJerkde. Ho ouu o6my4aroT He TONBKO JIETKHE, a Takke pacrpo-
CTPaHAKOTCS TI0 OPTaHHU3MY.

H3oTonsl, HAXOAAUMECS B 3eMJle WM Ha €€ MOBEPXHOCTH, UCITyCKast
TaMMa-U3NydeHHs, CrocoOHbI 0OIYyHUTh OPraHHU3M CHapyXH. 3TH U30TO-
MBI TaKXKe HEPEHOCATCS aTMOCHEPHBIMHU OCATKAMH.



Ypok 131. Buonoauueckoe delicmeue paduoakmugHO20 U3Ny4eHUR 393

IV. 3akpennenne n3y4eHHoro MaTepuaia

~ B yem npHyMHa HeratMBHOrO BO3JACHCTBMA pafiHaLMH Ha JKHBBHIE
cyuiecta?

~ Yto Ha3BIBaeTCH MMOTIOMICHHO! JI030# H3NydYeHHA?

~ Pacckaxmute 0 ciocobax 3atUTEl OT BOSACHCTBUA paigHOAKTHBHBIX
YaCcTHL ¥ U3TyYEHUA.

— YTO MCHONB3YIOT 1A 3alIUThI OT HEHTPOHOB?

— C noMouIpio Kakoro MpuGopa MOXHO 3aperHCTPUPOBATH BETHYHHY
panMOaKTHBHOTO H3y4eHus

— Kak 3aBHCHT WHTEHCHBHOCTH PAaJIMaliii OT PACCTOAHUA 10 MCTOY-
HHKa PaJIHOAKTHBHOTO K3JTy4eHHA?

V. lloaBeeHHe HTOTOB YPOKa

JToMmaurnee 3ananHe
ITpounTaTts ¥ BEIy4nTH MaTepHaiH § 114,

JIonONHHTENLHLIA MaTepHan

O6oiiTuch 6€3 UCTIONBE30BAKHA PAJMOAKTHBHOCTU H M3OTOTOB YENOBEYECTBO
HE MOXET. Mbl MCMOJIE3YEM 3TH ABIEHUS NPAKTHYECKH BO BCex ofnacTsx nes-
TENBHOCTH: MEANLIHHE, apXEONIOTHH, J1eDEKTOCKONNH, CENEKLMH CENbCKOXO03AHCT-
BEHHHIX KYJILTYp.

Hanpumep, UCMONL30BaHHE MEYEHBIX aTOMOB fO3BONAET MPOBECTH QHATHO-
CTHKY MHOrHMX 3aboneranuii, ¢ MOMOIIBIO PaAHOaKTHBHOIO W3oTOMa Hoja auar-
HoCcTUpYIOT 3aboneBaHHe WKTOBUAHON Kene3bl HA paHHeH CTaiuu, pakoBbie HO-
BoOGpasosanus cHadana o6Nyd4aroT PafMOAKTHBHBIM KOOaNLTOM, a 3aTeM Yike
ynansiot GosbHbIE TKaHW, 3a00NEBaHMA NErKNX pacro3HAOT Ha paHHed cTaauu
6naropaps ¢pnooporpaduu, MOMEHTAILHOMY PEHTTEHOBCKOMY CHHMKY.

Mo KonHYeCTBY PafAHOAKTHBHOTO H30TONA YIJIEPOAA H.OPraHHHECKHX OCTAT-
KOB (flepeBO, YriH W3 KOCTpa, KOCTH XHBOTHBIX) aPXEONOTH ROCTATOYHO TOUHO
OTpeIENAOT BO3PACT CBOHX HAaXOJOK. B npoMBININEHHOCTH ¢ NOMOWIBHD pajgHo-
AKTUBHBIX H3OTOMOB ONPEAEHAIOT KAYECTBO MW3AENMS, OJAHOPOAHOCTh MOCTaB-
asowmux (HanpHMep, B GETOHE), CTENeHb MEXAHW4ECKOro M3HOCa TPYILHXCH H
BpaLLaoLWUXCA MOBEPXHOCTeH H MHoTOe Apyroe. COBpEMEHHas cenekuus npocTo
He MoxeT 060jiTHCE 6€3 paTUuoaKTHBHOrO 06Ny4YeHHS, C €ro NOMOLLLIO NONYYaloT
HOBRLIE COPTA YXE Yepe3 HECKONBKO MOKONEHHIA, a TO H B ClIEAYoIlEeM.

U emwe ogHo ucnons30BaHWE — SACPHBIE B3pBIBHBIE TeXHOnoruH. K HacTos-
IEMY BpeMeHH BEIMONHeHO 115 MUpPHBIX SaepHBIX B3pHIBOB. I'y6unHoe celicMo-
30HUPOBAHHE 3EMHO KOPBI ¢ UENBIO MOMCKA MONE3HBIX HCKONAEMbIX, HHTEHCH
¢duKauus HedTIHBIX M ra30BEIX MECTOPOXAEHHH, CO3/laHKE TIOA3EMHBIX EMKOCTel
JUIS XpaHEeHWs rasa ¥ KOHIEHCATa, raiieHHe 2BapHitHBIX Ta3oBbIX (OHTAHOB K
MHoroe apyroe. JlocToBepHble JaHHBIE O HAaHECEHUU MPH ITOM Yiep6a KU3HH i
310pOBBIO XOTA O OfHOTO uesoBeka OTcyTcTBYHOT. Hano noMuuTs, uto abeo-
MOTHO Ge30TACHBIX TEXHONOTHIt He GbIBacT.
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MaTepuaiibl Aif XpaHeHUs] PATHOAKTHBHBIX 0TX0/10B

Hemansle TpyAHOCTH BO3HHKAIOT C 3aXOPOHEHHEM DPAaAMOAKTHBHBIX OTXOMOB.
OO6ulenpHHATHIH MOAXOR K pa3paboTKe MaTepHAIoOB T 3TUX Leied COCTOUT M3
Tpex cTaauif:

1. OTxoxab! BBOAATCA B OTHOCHTENBHO HEPACTBOPHMOE XUMHMYECKH CTOliKoe
BEILIECTBO,

2. DTO BELLECTBO 3aKJIIOHAIOT B FepMETHYHEIH KOHTEHHep.

3. KouTefiHepbl 3aX0paHHBAIOT B Cyxoi M cTabnIIbHOM reonoruyeckoli cTpyk-
Type.

Jlns nepBoit CTafiuN NPUMEHSTHCH M NIPHMEHSIOTCS GOPOCHITUKATHOE CTEK-
o u GopocunukaTHas kepaMHka. I'nasHoe TpeboBaHHe, MpeabIBIAEMOE K Ta-
KOIi KepaMuKe, — CHJIbHAsA NMOTIOLIaomias CocoOHOCTh M0 OTHOLIEHHIO K saep-
HBIM YacTHUaM — HeHTpOHaM W jkBaHTaM. M3 Bcex BeulecTs HauboJbinei no-
rnouratoteii cnocobHOCcThI0 HERTpOHOB 0bnanaloT nerkue aneMentsl H, Li, B,
HO MPH TIOT/IOLIEHHH HEATPOHOB MPOUCXOMAT AAEPHBIE peakiHH, Pe3ybTaToM
KOTOPHIX SBIAETCA BTOPHUHOE H3NyueHHWe. [10 3Tol NpHYMHE 3ALINUTHBIN MaTe-
pHal AOMXKEH cOAepXaTh, HA0GOPOT, TAXKENBIE DIEMEHThHE, TIaBHBIM 06pa3oM
CBHHELL

TIpuMeHeHnE YUCTOrO CBHHIA OKa3bIBAETCHA HELENECOOGPA3HBIM H3-3a €r0 3Ha-
YUTENbHOMN TeKy4eCTH NMOJ BINSHHEM Jaxe COOCTBEHHOTO Beca 3allUTHOH KJIaaKH,
cocToAlled U3 CBUHLOBBIX KupnHueil. Bonee 3¢ QexTHRHRIMU j<3a(UTHBIMH MaTe-
puanamu senstotes PbO u 6onee cnoxuble okeuasl Tuna 2PbO, PbSO,. Ouu obna-
JaKT BBICOKHMH TIIOTHOCTAMH, JOCTaTOYHO BBICOKHMH PabouMMU TeMMeparypaMu
W TEXHONOrHYHBI B MPOLIECCAX U3TOTOBIEHHA MOPOILKA, [PH IPECCOBAHHK U CTIEKA-
Huu. [lo npeccoBaHHs 3TH OKCHABI CMEWIHBAIOT ¢ 60pcofiepKalliiMK BEILECTBAMH,
Hanpumep ¢ B,0s, ¢ kapbunom 6opa B,C uan ¢ 6opatuaamu MeBO; u 6opunamu
tuna MeB win MeB, kakoro-nu6o metanna Me, namolero, B CBOIO 04epeis, HU3-
KHil ypOBeHb BTOPHUYHOrO pH3nmydeHus. [locie crniekaHusa nofoGHele cMecu 06pa-
3yI0T IUTOTHYIO KEDAMHKY Manofi TOPHCTOCTH.

Ho kepaMuxa U3 60po- H CBUHLOBOCOREPKAILHX BEWECTB HMEET MHOTO He-
noctatkoB. OCHOBHOH W3 HUX — MOHMXEHHas XUMHYECKas CToikocTs, Cheayer
OTMETHTE elle 6onee HU3KYK CTOHKOCTb OCTaNbHBIX H3BECTHRIX H LIMPOKO MPH-
MeHAEMbIX MaTEPHaTIOB, HANMPHMED GETOHOB pa3mHyHOro coctasa. [lo 3Toit npu-
4uHe, B GOJILLIMHCTBE CllydaeB, H 6eToHbI, H Gopcofepxatas KepaMHKa HCTONb-
3YIOTCA CKOpEe Ha BTOPOH CTaguH B BHIE IEPMETHYHBIX KOHTelinepoB. Jlnd nep-
BOil cTaauu obwenpHsHaHHO, YTO NHWE Bopcoaepikalllee CTEKIO XOpOoWwo YAep-
HBACT PaIHOAKTHBHBIEC OTXOMBL.

Jlns BTOpO¥ CTafMM KpOME PACCMOTPEHHBIX BBIIIE KEPAMUUECKUX MATepHAIOB
HCHBITRIBAIOTCA M clieUMaIbHBIE CIaBbl, 06pasyioliiHecs B cuctemax Pb-B, Pb-Li
M crnaBbl Ha OcHoBe THTaHa. CaM 3auUIMTHBIA MaTeEpHat HArOTOBIISETCA B BHIE Ke-
paMHKH, CrIeYeHHOH U3 MOPOIIKOB TaKUX CTUIaBoB. BO3MOMXHOCTE X MpaKTUYECKO-
TO NPHMEHEHHA MOXHO BLISICHHTb TOJIBKO TIOCHE MTyGOKOro H3y4eHUs WX yCTOMUH-
BOCTH K KOPPO3HH B YCIIOBUAX OOTyueHHs }KBAaHTaMH M NpH MOBBILIEHHBIX TeMIe-
parypax. Hanpumep, panHoakTUBHBIH 1e3Hil M CTPOHLHI criocobGHBl coXpaHaTh 6e3
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paspyiueHis 060NOYKy K3 TAKHX CILTABOB, NPH Temitepatype noutu 200 °C, okono
100 ner. Kpome Toro, Hy»HO J0GHTECS BRICOKOH MEXaHHYECKOH HPOYHOCTH Npea-
naraeMsix CILIABOB, BO H30eXaHue HOBPEXICHHA KOHTEHHEPOB C PaaHOaKTHBHBIMH
OTXO/IAMH TIPH MEPEBO3KE K MECTaM 3aXOPOHEHHA.

Fnasa 14. DneMeHTapHblie YacTulbl

Ypok 132. 3apoxaenue GHINKH 3JIeMEHTAPHbBIX Y2CTHIL

I{ens: paccka3aTs 06 3NEMEHTAPHEIX YaCTHIAX.

Xon ypoka

L. Opranu3anHoHHLI# MOMEHT
IL. Hposenenne camocToATEILHOH PaGoThbI

Bapuanm 1

1. Kax momy4aiot paaHoakTusHule u3otomnel? (Obnyuenue a-vyacmu-
yamu, yuznyyeHuem, HelimpoHtoe obnyuenue).

2. Yro nemecooOpa3HO TPHMEHATH AN 3ALUUTHL OT J-H3Ny4YEHHA?
(Ceuney.)

3. Yro nenecooGpa3HO NPUMEHSATH JUIA 3aLUMTH OT Heittponos? (Body,
bemon.)

4, C KaKoif Heablo HCTIONB3YIOT PalHOAKTHBHBIE H30TONEI B MEIHIIH-
He? (C yenvio uccnedoearnus obmena eeujecme, NOCMAHOBKU OUAzHO3A,
mepaneemuueckux yene.)

5. C noMoLpI0 Kakoro npuéopa MOXKHO 3aperHCTPHPOBATh BETHYHHY
paananHoHHoro uaiyueHua? (C nomowvio cuemyuka I'eitzepa.)

6. JIpa yenosexa maccamu 50 v 100 kT nomy4WIM OZWHAKOBYIO O3y
obmyuenms: 3 I'p. B onuHakoBoii /In cTeneHn oHH 3apakeHB! paJramue?
(B oounaroeoti.)

7. Kakoii ecrecteennslit pon panuauun? (2-10-3 I'p/200.)

8. Ecau paccTosHHE OT MCTOYHMKA PAJMOAKTHBHOTO M3ITy4EHHA yBe-
JuyuBaercs B 4 pa3a, TO HHTGHCMBHOCTb pagvaunu ... (yooieaem ¢ 16
pas.)

9. inuna ceoboaHoro npobera B 0JJHOH U TOI Xe cpelle @-4acTHLBI
3HAYMTENBHO MEHbIIe, YeM S-yactunel. Ilowemy a-yactHua obnamaer
HauGoJibIIeH CNOCOGHOCTBIO BRI3HIBATE HOHH3ALMIO MOJIEKYT?

10. Kakas cyuiecTByeT 3aBICHMOCTh MEXAY INIyOHHOI [MPOHHKHOBE-
HHA - M [-4aCTHI] B BELICCTBO M MX MOHHIMPYIOLIEH CrIOCOOHOCTRIO?
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(I'y6una nponukHoseHus Q-4aCMuy MeHbule, HO UOHUZUPYIOWAA CHO-
cobrocmb bonvue, yem 'y Fuacmuy.)

Bapuanm I1

1. KakuM cnocoGoM HOMy4alOT PaaMOAKTHBHBIE H30TOMBI XHUMHYe-
cKHUX sneMeHTOB? (Ob6myuaiom Helmponamu, a-4acmuyamy, y-KeanHmamu,
npomonamu.)

2. JIns 3aIMUTHl OT XKECTKOTO PEHTTEHOBCKOTO U FH3NMy4eHUH nmpuMe-
HSIOTCA BELIECTBA, COCTOSALIHE U3 DIIEMEHTOB ... (C 8bILCOKUM AMOMHbBIM
HOMepOM U uMerowuUx GORbULI0 NIOMHOCMb.)

3. Kakne BemniecTra Mpu paBHBIX TONIHHAX AAIOT HAWITYYIIYIO 3aIH-
TY OT }H3Iy4eHHH — YyTyH, cTanb, cBuHen? (Cauney.)

4, Kakue BemiecTBa MCHONB3YIOTCA JUIS 3alUTH OT HedTpoHOB? {C
HeBbLCOKUM AMOMHbBIM HOMEPOM.)

5. C kako#i 11eNb10 HCHOJB3YIOT PaJHOAKTHBHEIE JEMEHTH! B apXeo-
noruu? ([[na onpedenenusn 603pacma npedmemos Cmapumbml.)

6. Ecny paccTosiHHe OT MCTOYHHKA PaJHOAKTHBHOTO W3NMy4eHHS yBe-
JIMYMBaeTCA B 3 pa3a, TO MHTEHCHBHOCTE panuaiui yObiBaer ... (6 9 pa3.)

7. Ecmm teno denorexa Maccol 60 Kr morioTHIO B TeUeHHe KOPOTKO-
rO BpeMeHH paJHallHoHHyo sHepruio 180 [k, To Kakyro 103y obaydyeHus
noyuun uenosek? (3 I'p.)

8. KakoBa npeaensHas 103a oO6MyueHHs AJIs UL, paboTaroumx ¢ 06-
TydeHueM juutensHoe Bpema? (0,05 Ip/200.)

9. Kakas CyIecTByeT 3aBUCHMOCTD MEXIY [JTyOUHOM IIPOHMKHOBEHHSA
a-, [FYacTHIl B BEIIECTBO M UX HOHW3HpYIoleii cnocobHocTe0? (I 1ybu-
Ha NPOHUKHOBEHUA C-4ACMUY MEHble, HO UOHUUPYIOWAas CnocobHOCMb
6onviue, yem fuacmuy.)

10. Bonpias 1M MpoHUKAIOIWAA CIIOCOOHOCTD }H3NIYyUEHUS, HE HECY-
11as 3JeKTpudeckoro 3apana? (Ja.)

III. U3y4yenne HOBOro MaTepHaia

B Hayane XX Beka GbUIO YCTAHOBIIEHO, YTO BCE aTOMBI [TOCTPOEHH! U3
HEHTPOHOB, NPOTOHOB H 3JIeKTPOHOB. [IoMHMO HuX GBLTH OTKPBITH HO3H-
TPOHBI, HEHTPUHO U #KBaHT ((HOTOH).

B 1898 r. [Ix. ToMcoH A0Ka3al peadbHOCTh CYIIECTBOBAHHUS JIIEK-
TpoHOB. B 1909 r. P. MunnukeH BIepBbie H3MEPHI 3apsil DICKTPOHA:

g, =-1,602-10" Kx; m,=9,109-10 r.
B 1919 r. 3. Pezepdopa npu 6omGapaupoBke a30Ta @-4acTHIIAMH 06-

Hapy>uJl YACTHILY, 3apsAfl KOTOPOH paBeH 3apsAay ICKTPOHA, a Macca B
1836 pa3 6onbIie Macchl JNEKTPOHA:

N+ jHe— "0+ |H .



Ypok 132. 3apoxdeHue ¢puauKu aneMermapHbIx yacmuy 397

HasBauy 4acTHIly npoToH, m, = 1,6726:107 kr.

Pesepdopa BeICKa3an NpeANoNoOKEHHE O CYLIECTBOBAaHHH YaCTHLI,
He UMeIoLIel 3aps/ia, Macca KOTOpOM paBHa Macce [POTOHA.

B 1932 r. J. YsgBuk OTKpHUI YacTHIy M HA3BAT €€ HEHTPOHOM:
m, = 1,001 mp.

He BXozsmuii B COCTaB A1pa ,n uBeT okojio 1000 ¢, noTom pacma-
JlaeTcs Ha MPOTOH, 3JIEKTPOH U HEHTPHHO:

0
n>p+ _je+v.

OnebIT, NpoBEAEHHEIH cynpyramu Kiopu:

4 9 13 12 1
H+ B> C—> (C+n.

B 1928 r. I1. lupak npenckasan, a B 1932 1. I'. AHaepcoH OTKpHIT Mo-
3uTpoH (e), doTorpadupys ciebl KOCMMYECKHX YacCTHI B kKamepe Buiin-
cona. ITo3UTpOH pojkAaeTcs B Mape ¢ JJIEKTPOHOM, a [IPH HEKOTOPBIX pe-
aKIMAX MO3UTPOH POXKIAETCH B «OAMHOYECTBEY.

I'unote3a A. DiHINTEHHA, YTO CBET PaCIPOCTPAHAETCH B BUIC YaCTHII
Ui GOTOHOB, O3Hayana OTXOJ OT KJIACCHYeCKMX npenctasieHUH. OHM
SBJIAIOTCA MaTCpUAIbHBIMH YaCTHLAMM, MMCIOT MHEpPTHYIO Maccy, HO
MOTYT CYIIECTBOBATh TOJBKO JABHIasCh CO CKOPOCTBIO CBETA, HE CYIRECT-
BYIOT B COCTOSSHHM NoKkos1. CHila TsKeCTH NeHCTBYET Ha (JOTOHBIL.

B 1931 r. B. ITaynu npenckasain, a B 1955 r. 3xcnepuMeHTaIbHO 3ape-
THCTPUPOBAHbI HEHTPHHO V M AHTHHEHTPHHO V :

m, =0;q,=0.
OHO NoSBIIAETCA B XOJI€ pacnana ,n . [IpOTOH, 21€KTPOH H HEHTPHHO

SBJIAIOTCS CTaOMIBHBIMH YaCTHLIAMH, HO KaXKIas M3 HHX MPH B3aUMOEH-
CTBHH C JIPYTHMH YaCTUIAMH MOXET NPEeBPAILATECA B IPYTHE YaCTHLIbL.

B 1935 r. snonckuit pusuk X. FOkaBa npeackasan CylieCTBOBAHHE
HOBOM YaCTHLIEI, KOTOpas SBJIACTCS NEPEHOCUHUKOM CHIBHOTO B3aHMOJCH-
crBus. B 1947 r. yactuna Gbiia OTKpHITA M .10JIyYHJIa Ha3BaHHE TT-ME30H
(unu n-1oH). Y 3TOi YaCTHLBI TPH 3apAA0BBIX COCTOSHHS (+; —; 0).

IV, 3akpernienne H3y4ueHHOTO MaTepHaIa
—  UYro Takoe 3neMeHTapHas yactua?
— KakoB rnaBubiii (axT CylIeCTBOBaHHS 3NEMEHTAPHBIX YacTHL?
— 3a cyer 4ero OCyIIECTBISETCS B3aUMOJACHCTBHE MEXAY MPOTOHA-
MH U HEHTPOHAMH NPH CHIIBHOM B3aUMOAEHCTBHU?
~ B yem 3akmoyaeTca npupoaa cinaboro B3auMoaeHCTBHS?
— Yo sABNsAETCA MEPEHOCUHKOM Cl1aboro B3aMMOAeHCTBUA?

V. [MoaBeneHHe HTOroB ypoxa

JoMaimHee 3a1aHue
m 115.
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¥Ypok 133. dneMeHTapHbIe YaCTHIbI, KX KIacCHPHKALUA
Lenn: paccMOTpeTh KJIACCUPHKALMIO SIEMEHTAPHBIX YaCTHLL.
Xon ypoka

I. Opranu3auuoHHbIH MOMEHT

I1. IIpoBenesne caMocToSTEABHOK PatoTLI

Bapuaum I

1. OnHO U3 CBOWMCTB 3ME€MEHTApHBIX YaCTHI] — CIIOCOOHOCTS ... (npe-
epawamscs opy2 8 opyaa.)

2. Kakue sneMeHTapHble YaCTHLBI Ha3bIBalOT ctabuibHBIMH? (Yac-
muysl, KOMoOpble MOZYym Cyujecmeoeams 6 c60600HOM COCMOSHUU HeOo2-
paHuvenHoe epems.)

3. AnseTca M HelTpoH cTabunsHO# Yactuieii? (Hem.)

4. O3nauaer JiM pacnajl YaCTHIG! HA ABE HITH GOJIbIIEE YHCJIO YaCTHIL,
YTO JIaHHas YacTHLA COCTOUT M3 HECKONBKHX YacTHl? (Hem.)

5. Uto sBisieTcs TaBHBIM GaKTOPOM CYLECTBOBAHMSA JJIEMEHTapHBIX
yacTHI? (B3aumnoe ux npeepawyenue.)

6. Kakue B3auMoJeHCTBHS ONpEAENSIOT YCTOHYHBOCTH slep B aTo-
Max? (Aoepnvie.)

Bapuanm IT

1. CymiecTBYIOT M B IPHPOAE Heu3MeHHbIe yacTuusl? (He cywecm-
ayrom.)

2. CKoNBKO XHBET HEHTPOH BHE aroMa sanpa? (15 munym.)

3. OnbiToM, MOATBEPXKAAIOIMM pPEAILHOCTh SBICHHUS TpeBpalleHHs
3NEKTPOMArHUTHOTO MOJS B BEILECTBO, ABIACTCA POXKACHHE Map 3JIEK-
TPOH-TIO3UTPOH TIPH TIOTJIOICHUH Y-KBAaHTOB, 0OJIaalolMx SHeprues ...
(bonvwe 1 M>B.)

4. Kakoe B3aMMOJEHCTBHE OTBETCTBEHHO 3a MPEBPALICHHE 3JIEMEH-
TapHBIX yacTull ApyT y apyra? (CunsHoe, cnaboe, snekmpomaznumuoe.)

5. Uto sBiIseTCA TNaBHBIM (PGKTOPOM CyLIECTBOBAHHS 3JIEMEHTapHBIX
yactHi? (B3aumnoe ux npespawenue.)

6. Kakoe B3anMojeiicTBHE HOCHT YHUBEpCalbHBIH xapakrep? (Ipa-
eumayuoxHoe.)

I11. H3yuenne HOBOro MaTepnaja

B 1955 r. 68UT OTKPHIT 2HTHIIPOTOH, a B 1959 1. — anTHHeiiTpoH. Ilo-
ciie oOHapy»eHHsI T-Me30Ha ObUI0 06HAPY)KEHO MHOTO JAPYTHX HacTHLL.
HeiHe MX HACUHTHIBACTCSA HE OJIHA COTHA.
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DneMeHTapHBIe YaCTUIRI JeNIATCS HA YETHIpe Kiacca:

I — ®oTOHBI — TONBKO 3NEKTPOMAarHUTHOE B3aMMOJICHCTBHE;
II — JlexToHH! (12 yacTHL): 3NEKTPOH, MIOOH, HERTPUHO H Ip.
IT1 — Me3oHnt (8 yacTun): T-Me30HEI, T-HOHKI U Jp.

IV — Bapvons (18 yacTuly) NpoTOHE!, HEHTPOHBI U Ip.

OnHH U3 crocoBoB KIacCH(HUKALIMA 2IEMEHTAPHBIX YacTHL| OCHOBAH
Ha B3aUMOICHCTBUM YACTHIL.

OTHOCH- YacTHubr —
Bun B3aumo- Pannyc 1
. = TeJLHbIE HOCHTEIH
B3aHMO- neicTeHe neiicr-
. CHJILI B3aH- B3aHMO-
neiicTBus YACTHUBI BHSA CHJ1 » o
MoaeHCTBHS | AeHCTBHA
Ksapku _ ["mro0HE!
CuneHoe P 10 M 1
Hyxnonm MezoHbl
YacTHI ¢
DnexTpo- 3JEKTpUYE- _
P P © 1072 doToHBI
MAarHuTHOE CKHMH 3a-
panamu
[Tpomexy-
KBapxu _ _
Cnaboe p 107" M 107 TOYHBIE
JlenToHEI
0030HEI
I'paBuraiu- | Bce yacTu- . _
P i o0 107 ['paBUTOHEI
OHHOE LB

Mexty 3IIEMEHTapHBIMM YacTHLAMH MOTYT OCYIIECTBIATHCS HETHIpE
pasnMuHBIX THNA B3auMojeHcTBUH. Kaxnplii THI B3auMonelcTBHs ocy-
IIECTBIAETCA C MOMOIIBI0 KBAHTOB COOTBeTCTBYHOMIero rnons. He obua-
PYXEHBI TIOKa 3KCHEPUMEHTANBHO KBaHTHI IPaBUTALMOHHOrO 1ons (rpa-
BHTOHBI).

K HacTosllieMy BpeMeHH Ha pOilb «HACTOSAIIMX 3JIeMEHTAPHBIX 4ac-
THUII, T. €. YaCTHUL], HE TOCTPOEHHBIX U3 KAKUX-TO APYTHX YACTHL, IPETCH-
JYIOT IIECTh JIETKMX YaCTHL], HA3BIBAEMEIX HENTOHAMHM M IIECTh KBAPKOB.
3TH 4acTHUB! Ha3BIBAlOT QYHIAMEHTAJIBHEIMHM 3JEMEHTAPHBEIMH YacTy-
uamu. [IpaBpa, y xaxao# U3 3TUX 4aCTULl UMEETCS CBOS aHTHYACTHLA,

B 3j1eMeHTapHBIX TPOLECCAX COXPAHAIOTCA UMITYJBC, SHEPrus, 3JeK-
TpUYECKHUit 3aps]l, MOMEHT HMIyNIbCA.

Marepus He TONEKO MHOrooOpa3Ha B cBoux (opMax, HO U elMHA B CBO-
eif CYLIHOCTN. AHHMIHIALMA Me[UIEHHOTO TIO3UTPOHA C 3NIEKTPOHOM TipH-
BOJIMT K BO3HMKHOBEHMIO JBYX (OTOHOB, KaxJblid ¢ 3Heprued E = mec2
(aHHUTMIAUHOHHOE H3NYyYEHHE).
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MoxeT NpoHCXOOUTh MpeBpalicHie GOTOHOB B BemecTBO. DOTOHHI
IBIDKYTCA U3 TOYKW AHHUTHIALNY B TIPOTHBOTIONOXKHEIX HAIpaBICHUAX B
COOTBETCTBHH C 3aKOHOM COXpaHEHHs UMITYJIbCa.

IV. Bonpocs! aud 3aKpenJieHHus
— Kakue tunn ¢pyrnaMeHTaIBbHBEIX B3aUMOJCHCTBHI BB 3HaETE?
—  Urto 00mmiero MOXXHO CKa3aTh 0 MexaHusMe (YHIaMEHTATBHBIX B3au-
MozaeHcTBUii?
—  UYto0 ABMAETCA NEPEHOCYHKOM MPaBUTALMOHHOTO B3aUMOACHCTBUSA?
— TlocpencTBOM 4ero OCYHMICCTBIACTCA 3JIEKTPOMArHUTHOE B3aHMO-
IIEHCTBHE MEXIY 3apsKEHHBLIMH YaCTHMI[AMH U YTO SBJIAETCA Iepe-
HOCUHKOM B3aHMOACHCTBHA?
— 3a cyeT uero NPOMCXORHT B3AMMOAEHCTBUE MEXAY MPOTOHAMYU M
HEHTpOHaMM ITPU CHILHOM B3aUMoaeHCTRUN?
—  Uro Takoe KBapKH?
— B 4eMm 3akmouaeTca nprpoa cnaboro BzauMoneitctBuaA?

V. IlonBeaeHne HTOrOB YPOKa

JlomaiiHee 3axanue
m 116.

¥Ypok 134. Ypok-urpa «lloJie yyaec»
N0 TeMe: «(ATOMHAS PH3AKA H PH3HKA ATOMHOIO iTpa»

Xon ypoka

L. llpaBHaa Hrpsl

EclM y4acTHHK OTTaAbIBacT TpH OYKBEI, TO MOXKET BHIGHpATH OJIHY U3
TIPEJUIOKEHHBIX MIKATYNIOK: OfHA — TyCTad, B JAPYroit — npu3 (IOKOMaj-
ka). Ecnn Beman cextop «I1» (npu3», TO B 3a]1 BHOCAT AIIHK C NPH3OM
(TeTpanp, JTaCTHK, IMPKYNb, pyUKa, KapaHIal d T. [I.); CEKTOp «+H» IaeT
BO3MOXHOCTb OTKPBITE If00y10 6yKBY; cekTOp «b» — 6aHKpOT.

I1. Xona nrpei

1. 3adanue ons nepsoit «mpoiixu»

B 19 5eT oH OKaHYMBAET TONBKO YTO OTKpPBITHI KoponeBckuit xumude-
CKHii KOIIEIDK ¥ TaM )K€ MPOXOJDKaeT pabotath accHcTtenToM. OmHOBpe-
MEHHO TpofomKaeT paboTaTh accHCTEHTOM. OXHOBPEMEHHO ¢ 3THM OH
nocemiaet B KoponeBckoM unctutyte nexumu dapapes, KOTOpsIe Mpous-
BENT HA HEro He3zabbIBaeMoe BnedaTneHHe. B 1861 r. oH OTKpBLI 31eMEHT
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.mmm, a B 1863 r. ero n3bpamu uneHom Koponesckoro obuectsa, rae 30

#o4A6ps 1878 I. OH NOKJIARKIBAN O CBOHCTBAX KATOJIHAIX JIy4eid.
Xoaun ynopHsiii cityX, 9T0 oH OB 6JIM30K K OTKPBEITHIO PEHTTEHOB-

3aoanue: Hazosute ¢amunuio 3Tof yaMBHTENBHO GoraToit HaTyphI:
. w306peTaTens, GUPKEBOTO JeNbla, M3NATens XypHama «XMMHYECKHe
HOBOCTH» H HCCJIEIOBATEIL.

Omeem: Yunbam Kpyke.

2, 3adanue ona smopoiu «mpoiixu»

Paccka3spiBaioT, 4TO OAHAXKEI €My JUIT OYEPETHOTO ONBITA MOHAA06H-
jack HOBas noplvs pagus. Kpynuuky panueBoil conH, fo6eiTeie ¢ 6osb-
LIHM TPYAOM, JIEKAlH, 3allasHHEIE B CTEKIHHBIE aMIyJikl, B 1aGoparop-
HOM inkady. BelHYTE npemapat, oTOMTE KOHYHK aMIyNsl — MHHYTHOE
Aeno. YaeHsli He pa3 y)ke IPOH3BOIHI 3Ty onepatiio. OH mogHec HOX K
cTexy, npumepuiica... Ho kak TOJBKO N€3BHE KOCHyJOch cTexiaa. Pas-
nancs cnabbiii Tpeck. OT aMITyJibl K HOXY MPOCKOYMIIA KPOXOTHAA HCKOP-
Ka, a B CKIIAHKe 00pa3oBanack TpelyHa 1 KpOXOTHAs JBIPOYKa.

HaBepHoe, B Hamie BpeMs 3TO fiBJiEHHE He NPUBIEKIO GBI K ce6e BHU-
MaHHS. MBI CIMIIKOM MPHUBBIKIH K TOMY, YTO TPELAT H CTPENAIOT HC-
KpaMH G6prokM M py0Galliky U3 CUHTETHYECKOH TKaHH, ofesia u my6rl. Ho
Torza Bce ObL10 HHaue. KpoMe Toro, on GbLT HACTOAIIMM YYeHBIM — Ye-
JIOBEKOM, JUIS KOTOporo moboe HeoOBACHIMOe ABIICHHE CO3aBallo yco-
BHA JHCKOM(OPTa, OYIIEBHOTO HeyRo6CcTBa. Tak MpOoJOIKaAToCs OOBIMHO
JI0 TeX MOp, MOKAa OH HE MOHUMAaN CYTH sBicHHA. OnHako OOBLACHATH,
MoYeMy 3a BpeMs XpaHEHUs B aMImyjiaX ¢ paJHeBOH CONbI0 HAKOMWIHCH
3MEKTPHYECKHE 3apAIbl, OH HE CMOT ...

3adanue: HazoBute haMuITHIO 3TOTO YYEHOTO.
Omeem: Tlsep Kiopn.

3. 3adanue ona mpemveii «mpoiixu»

Hraneanckuid ¢pusuk. BHec 601b1I0H BKITaJ B Pa3BHTHE COBPEMEHHOH
TEOPETHYECKOH U 3KcnepUMeHTaNBHON GH3uKH. Pomnica B ceMbe kelnes-
HOROPOXHOTo Ciyxaitero. B Bozpacte 25 net cran npogeccopoM Teope-
THYecKoil ¢u3nkn B PumckoM yHuBepcutere. B 1838 r. amurpupoBan B
AMEpPHUKY, Omacasnch NMpecneOBaHNHH CBOEH CeMBH CO CTOPOHBI MTAlbAH-
CKHUX (alncros.
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3adanue: HazoBuTe ydeHOro, KOTOPOMY BIEPBBIE Ha NpakTHKE yha-
J0Ch OCYLUECTBUTH YHPABIAEMYIO AAEPHYIO LIETHYIO PEAKLIHIO.
Omeem: DHpHko Depmu.

4. Hzpa co 3pumenamu

PacckaseiBaroT, 4To cnyuywiiocs 310 10 aBrycta 1915 roma. AHrimid-
CKWii fiecaHT Bbicaguics Ha Gepery 6yxTe1 CyBna [atnunonuiickoro no-
ayoctpoBa. [Toka aHrIH4aHe OKAmNbIBATHCh, TYPELIKHE YacTH MEpELU B
HacTyIuleHHe. 3acBUCTENH MyJH. CBA3NCTH elBa YCHETH NMPOTAHYTE NPO-
BOJl B MEJKHH, HE NOPHITHIH OKON KOMaHAHOTo INyHKTa. «KoHTpartako-
BaTh, KOHTPATaKOBaTh!» — HaJpbIBalcs MojeBoil TenedoH, Mocklnas B
IMyCTOTY CBOM koMaHIpl. Dypaxkka, crion3uias ¢ rojgoBel o¢HUEpa CBA3M,
TIPHKpbIIIa MAJIEHHKOE OTBEPCTHE B BUCKE OT TYPELIKOH MyITH.

3adanue: Kak 3Banu oguuepa cBsi3H, KOTOPOMY OBUIO TONRKO 27 NeT,
HO OH YK€ cJeNan Ul HayKH CTOJNIBKO, CKOITbKO OONBIIHHCTBY HE yIaeT-
cs cienaTh U 33 CPOK BABOE OONBLINHA?

Omeem: I'enpu Mozan.

5. @Qunansunaa uzpa

®Du3nK ¥ XUMHK, 110 HALMOHAIEHOCTH NOJBKa, paboTana Bo PpaHuuy,
YJIEH aKaAeMHUil MHOTHX CTpaH, B TOM 4Hcle uWieH-KoppecrnoHjeHT Ile-
TepOyprckoil akaJeMHM Hayk, a 3aTeM TNOYETHBIA uleH AKaJeMHH Hayk
CCCP, naypeatr HoGenerckux npemuii 3a 1903 u 1911 rr. OHa aBnseTcs
OJHHUM M3 OCHOBOIOJOXXHHKOB YUEHUS O paJIMOaKTHBHEIX 3NeMeHTax. B
1898 r. cOBMECTHO ¢ MyXeM OTKphIIAa paJAHOAKTUBHBIE 3]IEMEHTHI MOJIO-
Hui 1 paauii. ITo nopyuenuto Bproccenbeckoro paanosIorH4ECKOro KOoH-
rpecca H3TOTOBHWIIA MIEPBBIH ITAJOR pajius, XpaHALLHiC MOHBIHE B Mex-
JIyHApOJIHOM GIHOPO MEp U BECOB.

3adanue: DTy KEHIMHY NO MPaBYy MOXHO HA3BaTh BEITHKUM YUECHEIM.
O koM ujer peun?
Omeem: Mapus Cxnonosckas-Kropn.

6. Cynep-uzpa

HeMenxuii yueHBIH, OOMH U3 OCHOBOMNOJOXHHUKOB ¢H3UKH XX B.,
€03/1aTeNb TEOPHH OTHOCUTENBHOCTH. OH BIEPBBIE YCTAHOBUII, YTO CBET,
HapsAy ¢ BOJIHOBEIMH 001aJ1aeT Takxke ¥ KOPNYCKYJISpHBIMH CBOMCTBAMH.
EMy npuHamiexar Takke paloThl MO KBaHTOBOH CTaTHUCTHKE, TEOpHA
GpOYHOBCKOTO JIBH>KCHHA, Teopus ¢oToaddekra. Ero, pemutensHOro
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MPOTHBHHKA KOCHOCTH MBIIUICHHA BO BCEX €€ NMPOSABICHUAX, HEeHABUACIH
' peaKIMOHEPHI OT HAYKH JIO MOMHTHKH.

IIpuxoa k BnacTH HaLIHCTOB CAEJIAI HEBO3MOXXHLIM NIpeObIBAHAE 3TO-
ro y4dernoro B I'epmanun. B dammucTckoM cnenansGome nocie nepeyns
€ro (MpEeCTyIUIEHNI» CcTOfIa NoMeTKa: «eile He noBemien». Ero crmacna
smurpauus — B 1933 . on okazasncs B CIIIA. TaM OH 3aHSN MECTO Npo-
deccopa [IpUHCTOHCKOrO MHHCTHTYTA BRICIUHX HCCIIEAOBaHHUIA.

3adanue: Hazosute GaMHIIMIO 3TOrO 3HAMEHHUTOrO YYEHOTO, Iaypeara
Hobenesckoii npemun 1921 r. 3a pa3paborky TeopuH dorosddexTa.
Omeem: Anp6epT DHHIITEHH.

1. Noasenenne HTOroB UIrpbl



3HaueHue dn3nkKu ann
06bsAACHEHUs1 MUpa U Pa3sBUTUA
NPoOu3BOAMUTENbHbIX CU obecTBa

Ypok 135. ®du3znka n Beeslennas
Iens: nokazaTh B3aUMOCBA3L ABRCHUIA.
Xon ypoka

dusuka — Hayka O IpUpOJie, U3yYarolllas NPOCTeHIIHE U BMECTE C TEM
Hanbojee oblue 3aKOHOMEPHOCTH NPHPOIB], CTPOSHHE M 33aKOHBI JBH-
MeHUs MaTepud. OH3UKY OTHOCAT K TOYHBIM HaykaM. Ee nonsaTus u 3a-
KOHBI COCTABJIIIOT OCHOBY €CTECTBO3HaHMA. I paHHLEI, pasjensroiye
(GbU3MKY U ApYTHE €CTECTBEHHBIE HAYKH, HCTOPHYECKH YCIIOBHEL. [IpHHATO
CYHTaTh, YTO B CBOEH OCHOBe (uU3MKa SBIAETCS HAYKON IKCIIEPUMEH-
TANLHOM, MOCKONBKY OTKPHITHIE €10 3aKOHHI OCHOBAHBI HA YCTAHOBAEH-
HEIX OIIBITHBIM NyTeM JaHHBIX. PHU3HYECKHE 3aKOHHI MPEACTABIAIOTCA B
BHJIE KOJIHYECTBEHHBIX COOTHOLICHHI, BHIDQKEHHBIX HA A3bIKE MaTeMa-
THKU. B 1enoM ¢usika pazaenseTcs Ha IKCNIEPHMEHTANBHY 0, HMEIOLLYI0
JeNo ¢ TPOBEJEHHEM BKCIEPUMEHTOB C LENBI0 YCTAHOBJICHHS HOBBIX
(aKTOB, NPOBEPKH THIIOTE3 M M3BECTHBIX (GM3UYECKHUX 3aKOHOB, H Teope-
THYECKYIO, OPUEHTUPOBAHHYIO HA (OpMYIHPOBKY (GH3MHECKHX 3aKOHOB,
OOBACHEHHE Ha OCHOBE 3THX 33KOHOB NPHPOJHBIX ABJIEHHI H NMpeACKasa-
HHUE HOBBIX ABNEHMIA.

Crpykrypa dusuku ciaoxua. B Hee BKIIIOYAIOTCA pasMUUHEIE AUCIHIL-
JIMHBI WM pa3fensl. B 3aBUCHMOCTH OT M3y4aeMbIX OOBEKTOR BBHIICIAIOT
¢Gbu3MKy 3meMeHTapHBIX yacTHL, QU3NKY siapa, GU3MKY aTOMOB M MoJje-
Kyn, $GH3NKY ra3oB M XHAKocTeH, UMKy miaasMmel, ¢HIUKY TBEPAOIO
Tena. B 3aBHCHMMOCTH OT H3y4aeMBIX NPOLIECCOR HIH (GOPM JABHIKEHHS
MaTepUH BBIACIAIOT MEXaHMKY MaTepHallbHBEIX TOYEK M TBEPIBIX TEl,
MEXaHHKYy CIUIOMIHBIX cpejl (BKIIFOHAs aKyCTHKY), TEPMOINHHAMHKY U CTa-
THCTHYECKYIO MEXaHHKY, SJIEKTPOAMHAMHKY (BKJIIOYas ONTHKY), TEOPHIO
TAFOTEHHA, KBAHTOBYI0 MEXaHHWKY M KBAHTOBYIO TeOpHIo Moisd. B 3aBu-
CHMOCTH OT OPUEHTHPOBAHHOCTH Ha NOTPEGHUTENS MONTYYaGMOro 3HAHUS
BRLICTAIOT $HYyHAAMCHTANBHYIO W NMPHKIAAHYIO GHu3nky. [IpuHATO BBHINE-
JATH TaKXKE y4eHHe O KoNeGaHnaX M BOJIHAX, pacCMaTpHBAOLIEe MEXaHu-
YeCKHe, aKyCTHYecKHe, 3MEKTPHYECKHE W OMTHYECKHe KojeGaHus H BOI-
HBI NOJ E€IUHBIM YIJIOM 3peHHA. B ocHoBe (u3HKM JexaT GyHIaMeH-
TanbHbie (U3NUECKUE TPUHIMNB K TEOPWM, KOTOpHIE OXBATHIBAIOT BCE
pazaensl GU3UKK U Haubonee MOJHO OTPaXKAaroT CYTh (PUINUECKUX SABIIE-
HHUIi M IPOLIECCOB JNeHCTRUTENBHOCTH.
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Enunyro nmonHyo TEOpUIO BCEro MpoHcXoaduiero Bo BeenenHoii no-
CTPOMTH HEBO3MOXHO, O3TOMY CHayala CO3JAIOTCA YaCTHBIE TEOPHH,
ofbeuHsOINE KaKue-To YacTH Beenennoil. Hanexxasl Ha co3aaHue He-
NPOTHBOPEYNBOH eIMHOM TEOpHH, B KOTOPYIO BOMIYT BCe YACTHEIE TEO-
puH, He ocTaBnalT hu3ukos. Co3aHNe Takol TeOPUH MPHUHATO HAa3hI-
BaTh oGbequHeHHeM ousuku. Ero cospmanmio JiiHinteitH Ge3ycmeirHo
oTAan nocnexHue roasl cBoei xu3Hu. Ho, oTkazaBmMCh MPUHATE pealb-
HOCTh KBAaHTOBOW MEXaHHUKH, ee TIPUHIMI HEONpeJeICHHOCTH Kak (yH-
JaMEHTANBHBIA NPUHLUWI MHPO3JaHMA, OH HE CMOI JOCTHYB YCNeX Ha
3TOM TOMpPHILLE.

C. XoxuHr u apyrue GpUINKH-TEOPETHKH C ONTHMHU3MOM (XOTH M OC-
TOPOXHBIM) CMOTPAT HAa BO3MOXHOCTE TOCTPOCHHSA €IHHOI TEopuH, 3a-
Beplaronieii MOUCKH OKOHYATENBHBIX 32KOHOB IIPUPOALI.

Ceiiyac nMeet Mecto 0o61as TEOpHA OTHOCHTENBHOCTH, NPEACTABILAIO-
mas coGoif YaCTHYHO TEOpHIO rpaBUTaLMi. EcTh 4acTHBIE TEOPHM, OTUCHI-
Batouue cnabbie, CHILHBIE M 3NEKTPOMArHUTHBIC B3aUMOJEHCTBHSA, — WX
MOXHO OOBEIUHHUTH B TEOPHIO BelnHKoro obweaunenus. Ho nocnennss
dH3MKaMM HE IPH3HAETCHA YAOBIECTBOPUTENBLHOH, TOCKONBEKY HE BKIIIOYA-
€T IPaBUTALMIO H COIEPXUT BENUYUHBI, KOTOPHIE HE BBIBOJAATCA TEOPETH-
YecKH, a NoACHPAKOTCA MYTEM MX HAWTYYIIEro COTNIACHA ¢ 3KCNepUMEeH-
- TOM (HampuMep, OTHOCUTENBHBIE MACChl Pa3HbIX YacTHll). CuMTaeTrcs, 4To
OCHOBHOH TPYJHOCTBIO MOCTPOCHMS TEOPHH, 0OBEAMHSAOUIEH IpaBHUTa-
IMI0O C JpYTHMM CWIaMH, SBISETCS HEBKIIOYEHHOCTh KBaHTOBO-
MEXaHHYECKOTo MPHHLUNIA HEONPENENeHHOCTH B KJIaCCHYECKYIo oflyto
TEOPHKD OTHOCHMTENIBHOCTH. [I03TOMY HCXONHEIM MOMEHTOM CO3JaHHA
€uHOM TeopHH ABNAETCA 0ObeIMHEHNE 00ILEH TEOPHH OTHOCHTENEHOCTH
M MPHHLUMIIA HEONpeJeNCHHOCTH KBAaHTOBOH MexaHWKU. B pesynwraTe
3TOro 06heAUHEHUA YEPHBIE JBIPH! TIEPECTAIOT OBITH TAKOBLIMHU, HCUE3a-
0T CHHIYNApHOCTH, BeeneHHas CTaHOBHTCS 3aMKHYTOH M 6e3rpaHHYHOM.
Ho B 3TOM ciyuae BO3HHKAIOT TPYIHOCTH, OOYCIIOBICHHHIE TeM, 4YTO, B
COOTBETCTBHH C TIPHHIMIIOM HEOMpPeIe/ICHHOCTH, TIPOCTPAHCTBO AODKHO
GEITH 3alI0JIHEHO TAPAMH BHUPTYAIRHBIX YAaCTHI{ H aHTH4acTvl, obia-
Jarolmx GeckoHeuHOM 3Hepruedl U GeckoHeuHoi Maccoil. Co3maBaeMmoe
HMH TPAaBHTALMOHHOE MPHTIXEHHE JOJDKHO NMPHBECTH K CBOPAYHBAHHIO
Beenennoit 1o 6eckoHeuHo Manbix pasMepoB. [Tono6HBIE Mapanokchl
6eCKOHEYHOCTH OOBIYHO YCTPAHSIOTCA C TOMOIIBK0 NMEPEHOPMHPOBKH —
npolenypsl BBEAEHHA HOBHIX OECKOHEHUHOCTEH IUIi KOMIIEHCALHH CTa-
peIX. B 4acTHRIX TeopHAX MONYYEHHBIE C TOMOILBIO TEPEHOPMHUPOBKU
fpelcka3aHHs COrJacyroTcs ¢ pe3yasTataMd HabmoneHuid. B nnane xe
CO3/IaHHA TIONHOH TEOPHM METOJ MEPEHOPMHPOBOK HE TIO3BOIISAET TEOpeE-
THYECKH NPECKasbIBATE JACHCTBUTENBHBIE 3HAYEHHMSA MACC M CHJI, TI03TO-
MY MX NpHXOAMTCs noAGHpaTh MOATOHKOM K 3kcnepuMenty. EcTs mums
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JiBa YHMCAA, KOTOPhIE MOXHO MOATOHATH NPH BKINIOYECHUM NMPHHLHNA He-
ONMpPEAEICHHOCTH B OBIXYI0 TEOpHI0 OTHOCHTENBHOCTH. JTO — BEIHYHHA
IPaBHTAIMOHHON CHITRI H KOCMOJIOTHYECKAS TIOCTOAHHaA. OAHAKO HX H3-
MCHEHHA HE MOTIYT YCTpaHHTh Geckoneunoctb. Ilomywaercs, 4TO MBI
HMEEeM TEOPHIO, B COOTBETCTBHM C KOTOPOii, HEKOTOPHIC BENHYHHHI (Ha-
NpHMeEp, KPHBH3HA NPOCTPAHCTRB2 — BPEMEHH) SABJIAIOTCH GECKOHEUHBIMH,
XOTA M3 M3MCHCHHI BHITEKACT, YTO OHH KoHeuHE. [loaroMy Juia Bexona
H3 TIONIOXKEHUS CTAM HCTIONL30BATh TAaK HA3EKIBAEMYHO TEOPHIO Cyneprpa-
BHTAIMH, KOTOpas 6ECKOHEYHOCTH YCTPaHAJA, XOTA OCTABANIOCH COMHE-
HHE B TOM, BCe ¥ GECKOHEUHOCTR YCTpPaHANMCh, a 3ateM (u3nku ofpa-
THIHCh K TEOPHAM CTPYH B KOTOPHIX NPOrHO3HPOBANIOCH COKpALIEHHE
GeckoReuHocTed' .

C. XoKHHr KONMYyCKAaET TPH BapHAHTA OTBETAa Ha BONPOC, BO3MOXHA JTH
enunas teopud. IlepBriii BapHaHT: HoJMHaA TeOpHS MOXeT ORTH chopMy-
nupoBana. Bropoii BapHaHT: equHOM TONHOM TEOPHHM HET, a eCTh JIMIIb
BGeckORedHAs TIOCNENOBATENFHOCTE TEOPHH, JAMAX Bee Gonee TouHOE
onucanmne Beenennoii. TpeTwit BapHanT equno# nonHoit Teopan Beenen-
HOH He cyulecTByeT, COORTHA B NOCHENHEH MPOHCXOAAT NPOH3BOILHO H
6ecnopaIouHO H He MOTYT GRITH NPEACKA3aHBl AAlee HEKOTOPOTO Npeie-
na. Ecnu cTaBuTh NeNb — HAlTH CHCTEMY 3aKOHOB, NAIOMHX BO3MOXHOCTD
NIPEICKa3bIBATH COOKITHA B Ipejie]laX TOYHOCTH, YCTaHABIHBAEMOH MpHH-
LHIIOM HEOMpeJeNICHHOCTH, TO TEM CAMBIM TPETHH BapHaHT HCKIIOYAET-
cs. Bropas BO3MONKHOCTh, HCXONAMAN H3 CYIICCTROBaHUA OGeckoHeunol
NOCHEAOBATENEHOCTH Bee Gollee TOUHBIX TEOPHi, COTJIACYETCA C HAIIHM
onerroM. Ho nmocnenoBaTensHOCTE Bee Boliee TOUHRIX TEOPHId HPH mepe-
xoJie K 6olee BRICOKAM JHEPTHAM MOXeET uMmers npeaen. Ilpa kakux-to
3HEprHAX H JOJDKHA CYIIECTBOBATH efiuHas Teopusa Bceesennoii. Crons
BHICOKHME SHEPITHH MOTJIH BOHUKHYTh Ha PaHHHX CTagusx pa3BHTHs Bee-
nenHol. IlosTtoMy n3ydenmne pauneit BeeneHHOH MOXeT NPHBECTH K €O3-
JQHHIO NOJHOMH eTMHOH TCOPHH.

Ecnu 611 nonxas eiMHas TeOpHA 0Ka3aach MATECMATHYCCKH HETIPOTH-
BOPEYHBOH H €€ NIPEICKa32HNA COBMAZANH C OITBITOM, TO «3THM 3aBepIIH-
Jack 6l JUIMHHAS H YMBHTCIBHAS THABA B HCTOPMH MHTEILICKTYAILHOM
6opLO HenoBeyecTra 3a nosnanue Beenennoin’. Ho conanme Taxoit
TEOPHH HE O3HAYAET, YTO MEI CMOXEM NPEACKa3bIBaTh COORITHA BOOOIIE,
HOO BO3MOXHOCTH TPEACKa3aHMH OrpaHUYHBAIOTCA, BO-TIEPBBIX, MPHUH-
IMIIOM HEONPENCICHHOCTH H, BO-BTOPHIX, HEYMCHHEM HAXOIMTH TOYHELIC
pelleHMs ONHCHIBAIOIHX TEOPHIO YpaBHeHHH (a moroMy HeoOXommma

' CM.: Xoxunz. C. KpaTkas HCTODHA BPEMEHH OT GONBIIOrO B3pHIBA 10
YEePHBIX JIRIP.
2 Tam xe.
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pa3paboTka NpPUOTIKEHHBIX METOJOB, NO3BOJSIOLUX TIPEJCKA3BIBATH
Pe3yNBTaThl B PEAUIBHEIX CUTYALUAX ).

Jo HenaBHero BpeMeHH CHHTAIOCH, UTO BeelleHHas He u3MeHsIeTca ¢o
BpPEMEHEM — U3 TOro, YTO FPAaBUTALIOHHBIE CHIIBI SABISIOTCA BCETAa CHIa-
MU TIPUTSDKEHHUS, clieqyeT, uTo BceneHHas pomkHa NGO pacIUiupsThC,
1160 coxuMathes. M3 obmel TeopHH OTHOCHTENBHOCTH H3BECTHO, UTO B
nmpouioM 6BIIO cocTosiHHE ¢ OecKOHEYHOH MIOTHOCTBIO M OoyblLoR
B3pbIB, MMOJOXKUBIIMIA Havano oTcuery BpemeHd. Ecnu Beenennas naunet
CKUMAThCS, TO B OynyllleM JOIDKHO NOSBHUTHCS €UIE OAHO COCTOSHHE C
6eCcKOHEUHOH TIOTHOCTBIO — MPOM30HAET GONBIION XIJIOMOK, O3HAYA0-
Uil KoHel TedeHus BpeMeHU. B 0Opa3oBaBILHXCS YEpHBIX ObIpax BO3-
HHKHYT CHHTYJIIPHOCTH, B KOTOPBIX 3aKOHBI [IEPECTaHyT JCHCTBOBATE.

IIpu o6beanHEHNN KBAaHTOBOH MEXaHMKH M o6liei TeopuH OTHOCH-
TENBHOCTH MOXET BO3ZHHKHYTH HOBasi BO3MOXHOCTbB, KOI/Ia MPOCTPaHCTBO
U Bpemsi o0pa3yloT KOHEUHOE YETHIPEXMEPHOE MPOCTPaHCTBO 6€3 CHHIY-
nspHocTed U rpanuil. C NOMOLIBIO 3TOH BO3MOXXHOCTH MOXHO OBIIO ORI
oOBIACHUTH OJHOPOAHOCTH BeenenHoit B Gonpniux MacutaGax ¥ oTKIO-
HEHHs OT OJHOPOJHOCTH B MEHbIUMX MaciuTabax (rajakTHKH, 3BE3JBI,
YeJIOBEUECKUE CYIECTBA), 2 TAKKE CYLICCTBOBaHHE HabmogaeMbIxX cTpel
BpPEMEHH.

IIpeanonoxuM, 4To eMHas MojHas TeopHs CO3aHa — 3TO OyJeT Ha-
6op mpaBun ¥ ypaBHesuil. Ho Besib OHa He OTBEYAET Ha BONPOC, NOYEMY
JO/DKHA CyLIeCTBOBaTh BceneHHas, KOTOPYIO OIMCHIBAET 3Ta TEOpHS.
«IToka GONBIIMHCTBO YUEHBIX CIMIUKOM 3aHATHl Pa3BUTHEM HOBEIX TEO-
pHi, OTIMCHIBAIOIIMX YTO €CTh BceneHHas, B UM HEKOIa CpocHTh ceb,
noyeMy oHa ecTb. Ounocodr! xe, 4bsd paboTa B TOM H COCTOMT, YTOOBI
334aBaTh BOMNPOC «TIOUYEMY», HE MOTYT YrHAThCS 33 Pa3BHTHEM HAYYHBIX
teopuit. B XVIII Beke dunocodrr cuntaim Bce YenoBeueckde 3HaHHS, B
TOM YHClI€ W HayKy, [10JIEM CBOEH NEATENLHOCTH M 3aHUMANCh 00CYX-
JeHHeM BomnpocoB THna: 6510 i y BeenenHoit Hauano? Ho pacueTsl U
MatemaTHueckmii anmnapat Haykd XIX u XX BB. CTaH CJIHIIKOM CIOKHbI
s punocodoB u Boobie g Bcex, KpoMe crennanuctos, Ounocodsl
HACTONBKO CY3WJIM KPYF CBOWX 3allpOCOB, YTO CaMEIil W3BECTHHIA (huio-
cod Haurero Beka Butrenmreiin no 3tomy nosojy ckasan: «EnMHcTBEeH-
Hoe, uTo enle octaetcd Gunocodmu, — 3To aHATH3 A3bika. Kakoe yHmxke-
HUe Ans ¢punocopun C ee BEIMKUMH TpaAHLHIMH OT ApPUCTOTENs J0
Kanra»'.

Hrak, uto xe npeicraBnser cobodt coBpeMEHHas (HU3WKa M KaKoBa
TeHJleHUs ee pasBuTHA? ByneT uenecoobpa3Ho B3rNsHYTH HA TpoiiieH-
HEIH (PH3HKOM NYTH I7a3aMHu e TBOPUOB H OLEHMUTH JOCTHIHYTOE HX CNO-

! Xoxunz C. KpaTkas NCTOPHS BPEMEHH OT GONBIIOTO B3PHIBA O YEPHBIX
JBID.
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Bami. [Ipexae Bcero, 4yto mpeacrtaBigeT coboif GpH3MKa Kak LENOCTHOS
obpasoBanue?

®du3uka, B npencraBnenuu B. Bajickonda, — 310 nepero, B HuXHEH
4acTH CTBOJIa KOTOPOTO HaXOAATCA Kjaccuueckas ¢pH3nKa, 3JIEKTPOMHA-
MHKa ¥ (H3MKa TEMNOTH BMECTE C IHPOKO PACKHHYBINHMHCH BETBAMH,
CHMBOJM3NPYIONMMH OONIMPHBIE NMPWICKEHHS THX HalpaBlNenuii. Bri-
[le MO CTBOJy HAXOAMTCA aTOMHas (pM3HKa C ec BETBAMH, TAKHUMH Kak
XHMHSA, MaTepHaIoBeleHue, 3NEKTPOHHKa M onTiKa. Eue Beiue pacro-
NoXeHa gaepHas GH3NKa C €€ MONIOABIMH BETBAMH, CHMBOAM3NPY IOIMMH
HayKy O pagHOaKTHBHOCTH, METO]l MEYEHBIX aTOMOB, T€OJIOTHIO H acTpo-
¢du3nyeckue npwiroxkeHus. Ha BepliuuHe, Tle Noka HET BeTBEH, NoMelna-
IOTCS COBpPEMEHHBbIE (H3HKA 3MEMEHTAPHBIX YacTHIl W KOCMOIIOJIOTHS.
IllecThaECAT NET Ha3al BEpXyMIKOi 6e3 BeTrel Gra aTomMHas (pusnka.'

Crenyrouumit Borpoc: KakoBa pois GpHU3HkH B coBpeMeHHOM Mupe? ITo
atoMy moBogy B. T[eiizeHbepr Bruipaswics cregyroumM obpasom:
«...coBpeMeHHas ¢M3HKa NpeAcTaBugeT coboil TOMBKO OAHY, XOTH M
BECBMa XapaKTEPHYX CTOPOHY OOIIEr0 HCTOPHYECKOro Ipoliecca,
HUMEIOIIET0 TEHJICHLHIO K 00beAMHEHHIO U PaclIMPEHHIO HALIETO COBpe-
MEHHOTo MHpa <..> B JIByX DEILAIOIIHX IyHKTaX, OHA, 0-BHAHMOMY,
NOMOTaeT HanpaBHTh Pa3BHTHE IO MHMPHBIM peiabcaM. Bo-nepBbix, oHa
TIOKA3LIBACT, YTO TIPUMEHEHHE OPYXHSA B 3TOM Mpoliecce uMeno Bel Hyno-
BHILHEIE TIOCIEICTBHS, U, BO-BTOPBIX, CBOCH JOCTYMHOCTBIO /I MHOTHX
HCTOPHYECKH CIIOKMBLUMXCA CNOCOOOB MBIIITIEHUS OHA MpobyxkJaaeT Ha-
JexXy, YTO0 B OKOHYATENHFHOM COCTOSHHMH pa3lTH4HBIC KyNbTypHbIE Tpa-
JHUILY, HOBBIC M CTapsle, Oyy COCYIECTBOBATh, YTO BECEMa Pa3sHOPOJ-
HEIE YENOBEYECKHE YCTPEMIIEHUS MOTYT OBITh COEIHHEHB! I TOFO, YTO-
6Kl 6BUIO HOBOE PABHOBECHE MEXJY MBICIAMHU H JCHCTBHEM, MEXIY CO-
JEepKATETHHOCTBIO ¥ AKTHBHOCTBION .

U ee oauMH Bompoc: KakoBa Ienn Gu3Hyeckoit Hayku? A. DHHIUTEHH
u JI. Undens, 3aBepinad cBo0 KHUTY «BOTIONNS UMK, OTMEHAIOT,
Y10 (HU3UYECKHE KOHIIETILMH CTPEMATCS MPEACTaBUTH KAPTHHY pealbHO-
CTH M YCTAHOBMTE €€ CBSI3b C MHPOM YYBCTBEHHBIX BOCTIpUATHH. OfHUM
H3 NMEepPBHYHBIX MOHATHH BHICTYIAeT NoHATHE o6bekTa. IlonaTne moboro
MaTepHanbHOro obbekTa co3aaercd Ha ocHoBe ormbiTa. DusHka dakTHue-
CKH HaYMHAeTCs C BBEJICHHS MOHATHA MAacChl, CHJIBl H MHEPLHANBHOM CHC-
TeMbi, KOTOphle MPUBOAAT K (OpMY/HPOBKE MEXAHHYECKOH KapTHHBI
neiicreurencHocTH. Jlns ¢uznka XIX Beka pearnbHOCTH BHEIIHETO MHpa
COCTOSJIA U3 YACTHL, MEX/IY KOTOPBIMH JCHCTBYIOT NPOCTHIE CHIIBI, KOTO-

' Cm.: Baiickongd B. dusuka B 1RajuaToM croneTnu. M., 1977.C. 265,
2 l'eiizenbepe B. duswka n punocodus. M., 1963.C. 175-176.
3 Biinwmeiin A., Hughenwd JI. Spomonnsa dpuzuxu. M., 1965.C.240-242,
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pHi€ 3aBHCENH TONBKO OT paccTosSHHA. OH BEpHI B TO, YTO C NOMOILBIO
3THX MOHATHIE yAacTca o6BACHUTE Bee ABNeHHA npHpoasl. Korna ¢usnku
CTOJIKHYJIMCH C ABIICHUAMH 3JIEKTPOMArHUTHOTO XapakTepa, 6510 BBEE-
HO MOHATHE BIIEKTPOMATHUTHOrO Mo (HOO MOHATHE BIEKTPOMEXaHUYe-
ckoro 3¢upa B OOBACHEHMHM 3NEKTPOMATHHTHBIX SABICHHH HE MOTIO
BCKPEITE HX CYLIHOCTE). st Toro, 4To6kI MOHATH, YTO HE MOBEAEHUE TE,
a MOBEJIEHHE YEro-To HAaXOIErocs MeXIy HHMH, T. €. [ond, yIopAao-
YHBAET SABICHHSA U MO3BOJSET NOHATE UX CYIIHOCTh, TPpeOOBAIHCE 3HAYH-
TeNbHEIE TICHXOJIOTHYECKHE ycunus. JlansHeiillee pa3sBuTHE Haykd OT-
6pOCHIIO CTaphle OHATHA M BBENO HOBEIE. Tak, TEOPUS OTHOCHTENBLHOCTH
otOpocHna MOHATHE abCOMOTHOTO NMPOCTPAHCTBA M BpEMEHHM M BBeENa
TIOHATHE YETHIPEXMEPHOTO MPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa.
KBaHTOBas TEOpHs pacKpbLla HOBHIE CYLIECTBEHHBIE YEPTHl PEABHOCTH:
NPEpPLIBHOCTE BCTANIA Ha MECTO HEMPEPHIBHOCTH, BMECTO 3aKOHOB, YIIpaB-
JAIOWXX WHANBHAYAIBHBIMH OOBEKTAMH, TIOABHIIHCH BEPOSTHOCTHEIC
3akonbl. Ho uens ¢pu3Hdeckux TeopHil ocTanack npexHeH — ¢ X FOMO-
[IBI0 MEI HBITAEMCS BCKPRITH CYIIHOCTh HabmiojaeMbix (akToB, ymops-
JOYMUTE W IOCTHYB MHDP MyBCTBEHHBIX BocmpusTHil. To ecTb MBI cTpe-
MHMCA K TOMy, 4ToObI HaGmonaeMeie (aKTel CIIEJOBAIM H3 HALlEro Mo-
HMMaHHUS pPEajbHOCTH. Be3 Bephl BO BHYTPEHHIO TapMOHMIO HAMIETO
Mupa, 6e3 BEphl B BO3MOXHOCTb OXBATHTh PEAIBHOCTE C MOMOIBIO TEO-
PETHYECKHX MOCTPOCHHH HE MOXKET OBITH HAYKH.

OrpoMHoe pazHoOOpasue (akToB B 0ONacTH aTOMHBIX SBJICHHH 3a-
CTaBIsIeT U306peTaTh N BBOAMTH B 0OHXO HOBBlE (M3NYECKHE TTIOHATHA.
BellecTBO COCTONT M3 3JIEMEHTPHBIX YaCTHL — 3IEMEHTAPHBIX KBAHTOB
BewlecTBa. CBET TaK)XK€ COCTOMT U3 (POTOHOB — KBAHTOB 3HEpriu. [Toucku
OTBETOB Ha BOMPOCH, YeM ABJIACTCH CBET — BOJIHOM WIIH TMBHEM DOTOHOB,
YeM ABNSETCA My4YOK DIICKTPOHOB — JIMBHEM 3JIEMECHTAPHBIX YACTHL WIH
BOJTHOH, MoByXIaeT eule gaibine OTCTYNHTh OT MEXaHHYECKOTO MHpO-
Bo33penus. KpantoBas ¢uznka H GOpPMYIHpYET 3aKOHBI, YNPaBISIOLIHE
COBOKYMHOCTAMH, 2 He HHAMBHAyyMaMH. B kBanToBoit du3uke onucel-
BAKOTCA HE CBOMCTBA, 2 BEpOATHOCTH, GOPMYIHPYIOTCS 3aKOHBI, YTpaB-
JAIOIIMEe M3MEHEHHWAMH BO BPEMEHH BEPOATHOCTEH, OTHOCAIMECH K
GONBIIMM COBOKYITHOCTAM MHAMBHIYYMOB, a HE 32KOHhKI, paCKphIBAIOIIHE
Oymyliee cHCTEMBI, KaK 3TO MpHCYIIE Kaccuyeckoit dhusuke.

Taxkum ofpazom, HemMHOrHM (onee cTa JeT Halzajg Hayka ObLIa
ONHCATENbHOMN: ONMHCaHHE ABMXKCHHA TBEPABIX TEN MIH KHUAKOCTEH B
MEXAHHKE ¥ THIPOJNHAMHKE, CBOWCTB JJICKTPHICCKHX H MAaTHUTHBIX [0~
neif B 3MEKTPOJIMHAMMKE, PEAKIMM aTOMOB M MOJIEKYJ B XHMHH. 3aTeM
HeaH GU3MKH H3MEHWITUCh: OT ONMUCAHWA OHA MNepemuia K 0OBACHEHHIO.
Tporpecc Hayku, ocyluecTeneHHbIi IInankoM, DitHmreiiHoM, Pesepdop-
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oM, bopoM, 3ommepdensaom, [Ipeaunrepom, Iefizenbeprom, Ilaymu u
JlupakoM IpUBEN K OTKPHITHEO KBAaHTa ACHCTBHSA, aToMa, obaamaronero
SApoM, KBaHTOBAHHBIX OpOMT, KBAHTOBOH MeXaHMKH, JTHHAMHKH aTOMa.
Crenyiomuii 3tan B pa3BUTHA GU3HKA OTKpbuica pabotamu M. Crirogos-
ckoil-KiopH, MO3BOJIMBIIUMH HPHCTYNUTHE K H3YYEHHIO BHYTPEHHErO
CTpoeHHsA aToMHoro simpa. MccnenoBaHHS CTPYKTYpBI aTOMa BBISSBHIIH
OrPOMHOE pa3HOOOPA3NE SNEMEHTAPHBIX YACTHIL, YTO 3aCTABUIO QU3UKOR
HCKATh B 3TOM Pa3HOO0pa3uH e TMHCTBO U MBITATHCS CTPOUTEH KOHIETILHIO
obrenuHeHus ¢u3nky. Knaccuyeckunit aTanm B pasBUTHH (GU3UKH ¢ TO-
CTpOEHHEM KBAaHTOBOW TEOPHH YCTYNHMI MecTo HeklaccuueckoMy. Cero-
JHA QH3UKA HAUMHAET MEPEXO] K MOCTHEOKNACCHYECKOMY 3TAITy CBOEro
passuTUA. CIOXUBINAACS HA HEKIACCHHYECKOM 3Tale pa3BUTHA (PU3HKH
KapTHHA MHpa SBISETCA NPHHIMIHAIBHO HE3aBEPUICHHOH — OIyI{aeTcs
Bce HonbInas moTpebHOCTD B EpeXO0e K 3BOMOIMOHHON mapaaurMe.



MOYPOYHbLIE PA3PABOTKU
K y4ebHuky

B.A. KacbAHoBa

Ypok 1. Inexrpuieckuii Tok. CHiia Toka. YCjioBHS,
Heo6X0AnMbIe VISl CYLIECTBOBAHHA JIEKTPHYECKOr0 TOKA

lIeJHl.‘ BBIACHHTE MPHPORY JJICKTPUUCCKOTO TOKA; 3AKPCMUTL 3HAHHA
06 YCA0BHUAX BOZHHKHOBCHHS U CYIHCCTBOBAHUSA JNICKTPHUYCCKONO TOKA.

Xoa ypoka

L. OpraHu3auHOHHLIH MOMEHT
IL. M3y4enne HOBOro MaTepHana

Ixcnepumenm

3apsKeHHBIH SJIEKTPOMETP COCHHEH C TAKHUM K€ HE3aPAIEHHBIM.

Yro npoucxomut? Bropoli sneKTpockon MOKAILIBAET HANNYHE 3aps-
na? 3apsa nepeHecen CBOOOJHEIMH 3apsiaMH DICKTPOHAMM, JBHKYHIM-
MHCS [0 NPOBOJHHKY.

HanpaeieHHOE ABHKECHHE 3apMKEHHBIX YACTHIL HA3bIBACTCA 3NIECKTPH-
4ECKMM TOKOM.

B Meramnax cBOGOAHEIMH SBNAIOTCA 3NEKTPOHEL, B pacTBOpax CoJlei,
3MIEKTPONIUTOB — MOJIOKHTENBHEIE H OTPHLATENBHbBIE HOHEI, B ra3ax — Ho-
HEI H IEKTPOHEI.

YT100R! CyIECTBOBAN INCKTPHYECKHH TOK HEOGX0AMMO:

1. Hanwyne cBOOOAHBIX 3apAXKEHHBIX YacTHIL.

2. Hanuume 3MeKTpHYECKoro nojs (1noje co3aloT HCTOYHHKH TOKa).

YBHACTL 3NEKTPOHBI (HOHBI) B NPOBOJAHMKE HeBo3MoxHo. Kak ke
MOXHO OOHApYXHTh dNieKTpHYecKHit Tok? Tok OOHapyXuBaeTcs Mo Aek-
CTBHIO, KOTOPOE OH NMPOH3BO/IUT.

Tennonoe neHcTeHe TOKA
Ixcnepumenm
IIpHcoeauHnTe K MOJMIOCAM HCTOYHHMKA TOKA XENE3HYI0 WIH HHUKEIH-
HOBYI0 mpoBonoKy. [IpoBonoka HarpeeTca M YUTHHHTCH, Clerka NMpoBHC-
HeT. Ee MOXHO pacKkauTs TOKpacHa.

Xumuueckoe AeiicTBAE TOKA
Jkcnepumenm
B cocyn ¢ 3nEKTpoIMTOM, B Ka4eCTBE KOTOPOro Henonsdyerca CuSOy,,
OMYCTHTE JIBAa YTONBHEIX JEKTPOAA H MOAKIIOUHTE HX K HCTOUHHKY TOKA.
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HpPI 3TOM KaToJ IOCTEIICHHO IMOKPHIBACTCA KpAaCHEIM CHOEM MEIH, a Ha
aHOJ€ BBLICIAIOTCA ITY3BIPEKH ra3a.

MarnuTHoOe JeiicTBHe TOKA
Sxcnepumenm
Ha jxenesHeIii rBO3AF HAMOTANWTE MEIHBIH MPOBOJ, MOKPHITHIH H30JIA-
LMOHHEIM MaTepHaIoM, a KOHLIEI IIPOBOAA COCMHHUTE W HCTOYHHUKOM TOKA.
I'BO3b CTAHOBHUTCHA MAarHUTOM W NPHUTATHBAET HeOONBIINE XKeTe3HbIe
TIpeAMETHI: OYNaBKH, )KENE3HEIE OMHIKH.

MexaHu4eckoe AeHCTBHE TOKA
Oxcnepumenm
Ha pamxy HaMoTaiiTe HeCKOJILKO BUTKOB MEIHOTO TpoBoaa. KoHLE
06MOTKH NMPHCOEIHHHUTE K MONI0CaM HCTOYHHKa Toka. [ToMecTHTe paMKky
Mexay MMoJIocaMi MarauTa. I1py 3ToM OHa HayHeT MOBOpa4HBaTHCA.

DH3HO0J0THYECKOE NeHCTBHE TOKA

TIpy NpoxoxIeHHH depes KHBOU OpraHu3M TOK BHI3BIBAET COKpalle-
HHE MBILILL.

Ecnu B Lleny ycTaHOBHICA 3NIEKTPUYECKUI TOK, ITO 03HAYAET, YTO 4e-
pe3 nonepeyHoe ceueHHe MPOBOHHKA BCE BpeMs ITEPEHOCHTCS JNeKTpHYe-
cKMif 3apsa/. 3aps, NepeHeCeHHEIH B € IMHHIYY BPEMEHH, CIIYXXUT OCHOBHOI
KOJTHYECTBEHHOH XapaKTePHCTHKOM TOKa, HA3kIBAEMOi CHIION TOKa.

Ag
I=—.
At
Cuna Toka BenWunHa cKanApHas. OHa Moxet OriTe Kak 1 > 0, ecnu
HamnpaeJIeHUe TOKA COBIAJAET ¢ YCIOBHEM, BRIGPAHHBIM MOJIOKHUTEILHBIM

HanpaeneHHeM BIOJb IPOBOJHKKA, B MPOTHBHOM ciydae [ < 0.

Puc. 107

[TycTe npoBoaHUK HMeeT cedeHne mromaneto S (puc. 107). B o6beme,
orpanuieHHoM 1 u 2 coaepxutcs N =nSAl vactun ¢ oSmuM 3apsaaom

qg=q,N, g=q,nSAl, rne g, — 3apsan oOTHOH 4aCTHLEL.

Ecnn yactuua apmxercd co cpe;u{eﬁ CKOPOCTBIO U
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At=A—l;
v
]=£= genSAly
At Al
I=gq,nos .

HalineM cKOpOCTB NepeMeIleHHS JIEKTPOHOB B METALTMYECKOM HPO-

BOJHHKE. D=7 10~ m/c. OHa JOCTATOYHO MaJTa.

Jlas co3naHus W MOJUICPKKH YOPAIOYEHHOTO JBHIKEHUS 3apsiKeH-
HBIX YacTH1l HeoOXOoAuMa cuna, ACHCTBYIOIas Ha HHUX B OINpeAelIcHHOM
HarpaBJIeHUH.

Ecny cuila nepectaHeT AeHCTBORATH, TO YIOPAZOUCHHOE YREJIHYCHHE
3apsAHKEHHBIX YacTHL[ MPEKPATHTCA H3-32 CONPOTHRIICHHS:

F=qE.

HIMEHHO 3NIEKTpUYECKOEe MOJNE BHYTPH MPOROAHUKA CIY)KHT NPUHH-
HOM, BBI3BIBAIONIEH M NONNEPKUBAOIUEH YNOPSJOYCHHOE JBHKEHHUE,
€CJTH BHYTPHU NMPOBOJAHUKA UMEETCA JIEKTPHUUYECKOE MONe, TO MEXAY KOH-
L[aM¥ MPOBOJIHHKA CYLIECTRYET Pa3HOCTH MOTEHIUATIOB:

U
Ad

Ecnu pa3sHocTs MOTEHIMANIOB HE MEHSETCA BO BpPEMEHH, TO YCTaHAB-

JIHBAETCA MOCTOSHHBIN 3JIEKTPHYECKH TOK.

I11. 3akpenienne H3y4EHHOro MaTepuaia

~  Yro Takoe dMeKTpHYecKuit TOk?

~  Uto0 HyXHO CO3AaTh B MPOBOAHHUKE, YTOOHT B HEM CYLIECTBOBAN TOK?
~  Kak MoxHO HabnrogaTh XUMU4eCKoe JeicTBHe ToKa?

~ ['me ucnonp3yercs TEIIOBOE ACHCTBHE TOKa?

~ HanpaBnenue OBMXEHHS KAKUX 4YacTHLl B MPOBOAHHKE MPHHATO 32

HarpaJieHUe Toka?

~ Kakoif BenmuunHOI onpenensercs cHia Toka B 3NEKTPHIECKo Lemu?
— Y70 npHHHMAIOT 3a eJHHULLY CHNbI TOKa?

~ Kak Ha3wIBaeTCs 3Ta BeTHYHHA?

IV. lonsenenne NToroB ypoka

JlomauiHee 3anaHne
mi,2.
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Ypox 2. DiekTpuyeckas NpoBoAHMOCTDL Pa3IHYHBIX BelllecTB.
DJIeKTPOHHAS NPOBOXHMOCTEL MeTAJLIOB

I{ens: ycTaHOBMTH pasNuyMe B YCIOBHU CYIIECTBOB2RHHA B TBEPIHIX,
KHAKHX ¥ Ia3006pa3HbIX TeNax.

Xonx ypoka

L. Opranu3anuoHNbIH MOMEHT

I1. Mzydenne ROBOro MaTepraia

JlnsA cyiecTBOBaHMS 3NEKTPUUECKOTO TOKa HEOOXONMO JIBa YCIIOBHS
CyINECTBOBAHHA 3ACKTPHYECKOTO MONA H CBODOHEIC 3aPAKCHHBIE YACTH-
el. MBI yke 3HaeM, 4To B MeTamiax CROOORHBLIMH 3apAIaMH ABJIOTCH
3J1eKTpOHEL. [103HAKOMIIUCE ¢ BOJNBTAMAEPHOH XapaKTEPUCTHKOH 3THX
TIPOBOJHUKOB.

Hemenkuii dusuk K. Pukke B 1901 r. npoBen caenyrommit onwit. Tpu
TIPSABAPHTENHHO BIBCIHECHHBIX HWIMH/PA (ABa MEJIHBIX H OfMH AJTIOMHHHE-
BBIif) Prkke croxi oTnuingoBaHHKIMH TOPHAMH TAK, YTO ATFOMHHHEBbIH
0Ka3aNCH MEXKAY MEAHBIMH. 3areM IHUTMHAPHI ObiM BKMIOYEHBI B 1iCHB
NOCTOSHHOTO TOKA: Y€pe3 HUX B TEYECHHE rofia Npoxoana Tok. Bropuunoe
B3BCIIMBAHHE IMIMHAPOR [10KA3aJI0, 4TO Macca HWIMHIAPOB HE M3MEHH-
nack. ITpu uccnepoBaHHH TOpLUOB He OBUIO OOHApYKEHO MPOHHKHOBEHHE
OJIHOTO MeTAJIa B ApYroiil. Pe3ynbTaThl CBHIETENBLCTBOBANH O TOM, YTO B
NepeHoce 3apajia B METAIIAX HOHBI HE YHaCTBYIOT. JUid BGIABJICHMS IIpH-
ponsl Hocureneid Toka B metaiiax JI. M. Maupensmram u H. /1. Takanek-
cu B 1913 r. npoBenu cAEAyOMHA OMIBIT.

Ecnu MetannugeckHii crepkeHb ABHXETCA MOCTYIATENRHO CO CKOPO-
CTBIO V, TO HOCHTENH TOKa B PE3yJIbTaTe MX B3aUMOJEHCTBHA C KpHCTal-
MUYECKOl pemreTkoii ABWXKYTCA Takke co ckopocthio V. Ilpu pezkom
TOPMOXEHHH CTEPXHA HOCHTENIH TOKa OYIyT NPOAOIXATE ABHUTAThCS MO
nrepid. [To3TOMy B 3aMKHYTOI 1EIH NOABIACTCA KPATKOBPEMCHHBIH
TOK, KOTODBI OOHApyXHBaeTcd ¢ IIOMOINLIO FanbBaHOMeTpa. B 31X
onbITax GBUIO OMpPEAENICHO OTHOLIEHHE 3apsJa K Macce HOCHTeNeH 3aps-
na. 3Had 3apsi MEeKTPOHA, MOKHO ObUIO onpenenuTsh Maccy actul. OHa

okazazach mopsizka 107" kr, 4To B HECKONBKO THICAY Pa3 MEHBIIE MACCHI
HOHa. BEIBOJI: HOCUTENAMH MOTIIH OBITH TOJNBKO 3MEKTPOHBL.

Hemenxnii ¢uzux IL. Jlpyne B 1900 r., onupascs Ha npeAcTaBlIeHHE
006 JNEKTPHYECKOM TOKE B METAJLIaX KaK YIOPSAIOYECHHOM JIBHXXEHHH CBO-
6OIHBIX D3NEKTPOHOB MEXAY HOHAMH KPHCTAIUIMYECKOH PpELIETKH MOJ
JIefiCTBHEM BHELIHETO 3JIEKTPHYECKOTO NOJA, CO37ajl TEOPHIO 3IIEKTPO-
TMPOBOJUMOCTH MeTaUIOB. B OcHOBE 3TOH TEOpHM JEXaT CIEAYIOILIHE
JIOMyICHAA:
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1. CBoboaHsle >1NEKTPOHB! B METALIaX BETYT cebsl kak MOMNEKYJIBI Hae-
ANBHOTO T'a3a: «3J1eKTPOHHBIH ras» NoMYHHSIETCA 3aKOHAM HeallbHOTO Tasa.

2. [iBuxeHue CBOGOIHBIX 3NEKTPOHOB B METAaIaX MOTUMHAETCA 3a-
KOHaM KJIaccHueckoi mexaHWku HeroToHa.

3. Cro6onHEIe 3TEKTPOHBI B MPOLIECCE MX XAOTHYECKOTO JBHIKEHHS
CTAIKMBAIOTCA HE MEXAY coOOM, a ¢ HOHAMH KPUCTAILTHYECKON pellieTKH.

4. TIpH CTONKHOBEHMSX JNIEKTPOHOB C MOHAMH JIIEKTPOHBI TIEPENAIOT
HOHAM CBOI0 KMHETHYECKYH0 SHEPFHIO MOJHOCTHIO.

DT monyueHHs orpyOisIOT UCTHHHYIO KapTHHY SIBICHHUs, HO, He-
CMOTpPS Ha 3TO, HA OCHOBE JIICKTPOHHOH TEOpHH U yoanock o0BbACHHTH
OCHOBHBIE 3aKOHBI JEKTPHIECKOFO TOKA B METANNAX.

[locTpouTs YHOBIETBOPUTEIBHYIO KOHYESCTBEHHYIO TEOPHIO JBHXKE-
HUS 3MEKTPOHOB B METATIE HA2 OCHOBE 3aKOHOB K/TacCHUECKOH MeXaHWKH
HEeBO3MOXHO, JIBIDKEHHE 3IEKTPOHOB B MeTalle MOMUMHACTCH 3aKOHaM
KBaHTOBOM U3HKH.

Hapsny ¢ meTannaMu XOpOIUHMH NPOBOJIHUKAMH SIBISFOTCS BOMHEIE
PacTBOpPHI MJIH PaciUIaBBI SNEKTPOIUTOB.

3xcnepumenm. TIporyckaHye 3JEKTPHYECKOrO TOKA HEPe3 BOJHBIH
pacTBOp MOBApEHHOH CONH.

B 06BIYHBIX YC/IOBUAX a3 SBISETCA M30JIATOPOM, HO €C/IU ra3 WOHH-
3UpyeTcs, TO OH CTAHOBUTCS IIPOBOJTHUKOM.

Sxcnepumenm. DneKTpAHEcKas Ayra.
K ABYM yroibHBIM 3JIEKTpoJiaM MPUCOEAUHSIOT TpaHchOopMaTop TUNA
_KAT, y kotoporo uMetoTcs riezaa Ha 30 B. CBOOAT yriM A0 COMPHUKOC-
HOBEHMA U pa3BoaT. HabmoaaeTcst ropeHue AyrH B BO3IyXe.

KpoMe mNpoBOJHHKOB M AMRIEKTPUKOB HMEETCH IpyIlMa BELIECTB,
MPOBOUMOCTE KOTOPHIX 3aHHMAET NPOMEXYTOUHOE MOJIOKEHHE MEXY
IPOBOJHUKAMH M JH3NEKTPUKaMU. OHHM IOMYyYHIM HA3BAHKS FI0NYIPO-
BOJIHHKOB.

1I1. Bonpock! a1 3aKpenneHus

- B ueM saxmodaercs onslIT Pukke? KakoBa ero ocHosHas naes?

— B yem 3akimoyaercs uaes onsita MannensmtaMa—I lanaiencu.

~  KakoBBl OCHOBHBIE ITOJIOKEHHR 3JIEKTPOHHOHN TéOpHH ICKTPONPO-

BOJAMMOCTH METAIOB?

— Kakue BelecTBa Ha3bIBAKOT NOMYNPOROAHUKAMU?

~  Kakde BelecTBa OTHOCATCS K DACKTpOIMTAM?

- B pesynpTaTe Kakoro npotecca ra3s CTAHOBHUTCA 3JICKTPOIPOBOAHBIM?

1V. llonBenenne HTOroB ypoka
JloMauHee 3aaaHKe ’

§2
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¥Ypok 3. OcHoBHbIe ApeacTaBICHHA
3JICKTPOHHOM TEOPHH METALIIOB.
ITocToaHNbIH TOK B NPOBOJAHHKE

Iens: paccMOTpETH KIACCHYECKYIO JNEKTPOHHYIO TEOPHIO.
Xona ypoxa

I. Opranu3auuoHHbI# MOMEHT

II. IToBTOpEHNE H3YYEHHOr0 MATEPHATA
—  Yro Ha3BIBaeTCH 3NEKTPUUECKHM TOKOM?
— Kakue HanpaneHus TOKa MPUHUMAIOT 32 NTOJOXUTETbHbIE?
— Kakoe ycnosue HEOOXOAMMO I8 CYLIECTBOBAHUS 3JIEKTPHYECKOTO
nosus?
—  Yro Ha3pIBaeTCA cUIIOi TOka?
— Kakas ¢popMyna BEIpaXKaeT CMBICJI 3TOTO NOHATUA?
— B kakux eguHHLAX U3MEPAETCH cHna Toka?

I11. H3yuenne HOBOro Matepuajaa

DNEKTPHUYECKHIT TOK MOXKET MPOXOANTH YEPE3 Pa3dJIMYHbIE BElEeCTBA:
META/IHI, PACTBOPH! U PACIUIABhI SMEKTPOINTOB, IPH 0COOBIX YCIOBHAX B
rasax. '

Jins Toro utoGBl BO3HHUK 3NIEKTPHYECKHt TOK HeobOXOAHMMO, YTOOHI
HMEJINCh 3apsHKEHHBbIE YAaCTHULBI, CIIOCOOHBIE MepeMelaTses moj aekct-
BHEM 3JIEKTPUYECKOTO Moad, TakuMu 4acTHIIAMH MOTYT ORITh 3MEKTPOHBI
¥ HOHEI.

[Ip¥ mpOXOXKAEHHUH 3NIEKTPHYECKOTO TOKA Yepe3 MeTALIHYECKHEe Npo-
BOJIHMKH, 3JIEKTPHYECKHH TOK HE BBHI3BIBAET HUKAKHX M3MEHEHHIi B NpoO-
BOJIHMKE, KPOME HATPEBAHHA.

310 GsUTO NOATBEpKAeHO omeiToM J. Pukke (1901 r.). B ero omsire
3/IEKTPHYECKHI TOK ApONYCKAliCs B TEYEHUE IO Yepe3 TPH MPUKATBIX
JpPYT K Ipyry, XOpoIio OoTULTHGOBAaHHBIX LIUIUHIpPA — MEIHBIH, aNiOMH-
HUEBBIH, MEAHBI. 3apad, KOTOpPBIH NpouIeN 3a 3T0 BpeMs, OYeHb BEHK
(3,5:10° Ku). TMocne okoHuaHHst GBLIO YCTAHOBJNEHO, MAcChl HITUHAPOB
HE U3MEHWIIHCh, MMEITUCh HE3HAYMTENBHbIE ClIe/Ibl B3AWMHOTO TIPOHHKHO-
BEHHS METAIUIOB, KOTOPBIE HE NPEBBIIATM pE3yabTaTOB OOBIYHON AHb-
¢dy3un. CrenoBaresbHO, CBOOOAHBIMH 3apiiaMH B MeTasiax SBIAIOTCS
3MEKTPOHBI.

ITpsMoe noOKa3aTeNbCTBO CHPABEANHBOCTH 3TOTO TMPENFIONOXKEHHS
OBLJI0 ONYYEHO B OTBITAX, MOCTABIEHHBIX B 1913 T. pycckuMH ¢pU3HKaMu
JI. 1. Mangensirramom w1 H. J1. Tananecku u B 1916 r. aHraMyanamn
P. Tonuenom u T. CtroapToMm.

DJIEKTPOHBI B METAUIAX HAaXOAATCS B HEPEPHIBHOM ABIKEHUH. Y GONb-
IMHCTBAa METALIOB KA aToM HoHM3MpoBaH. [loatomy 0 =0,7 Mm/c.
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CkopocTs YNOPAAOYEHHOTO ABHXKEHHA 37CKTpOoHOB Mana. OHa B COTHH
MWLIHOHOB Pa3 MEHBIIC CPEAHEH CKOPOCTH TEILIOBOTO ABHXKEHHA JJIEK-
TpoHoB. [loueMy e namna BKIIOMAETCH NOYTH MrHOBeHHO? C orpoMHO#i
CKOpOCTBIO PacHpOCTpaHACTCA eKTpuyeckoe noje 300 000 m/c.

OcCHOBHbIE NpEJACTARICHUS KIACCHYECKOH J/IEKTPOHHOH TEOPHH Me-
TAJJIOB CBOAATCAH K CIEAYIOLIHM M0JIOKEHHAM:

1. Metannsl MMEIOT KPHCTAILIHYECKYIO PElETKY, B Y31ax KOTOpo#H
HaXO/IATCS NOJIOXKHTENBHBIE HOHKI.

2. Mexuy y3naMu KpHCTALIW4ECKOH PElIETKH JBWKYTC cBOOGORHBIC
3JICKTPOHH. J[BIOKEHME TIPOHCXOAMT TI0 3aKOHAM KIIACCHYECKOM MEXaHHKH.

3. HM3-3a MHOTOYHCICHHEIX CTONKHOBEHHH IBHXEHHME cBoGOAHBIX
3NIEeKTPOHOB HOCHT YaCTHHIH XapakTep.

4. Ilpu HanH4MM 3NCKTPHYECKOTO MONA K XAO0THYECKOMY JABHXCHHIO
HaKJaJpiRaeTcs qpeiig SNCKTPOHOB.

5. BremHee mone He BIMAET Ha KOHICHTPALMIO HOCHTENEH TOKa M
cpenHee BpeMs WX cBoboaHoro npobera.

IV. 3akpensiense H3y4eHHOro MaTEpHaNa
— Tlepeumcnute BemecTsa, SBASIOUMECS XOPOIIHMHM NPOBOAHHKAMH
3MEKTPHYECKOTO TOKA.
— Ilepeuncante HeoOXOAMMBIE YCNOBHA MIA CYHICCTBOBAHMS 3JEK-
TPHYECKOTO TOKa B METAIIAX.
~  Yro HA3BIBAIOT HJIEKTPHYECKMM TOKOM B MeTajLnax?
— Kakoif 3KCrIepUMEHT MOATBEP/HN CYLIECTBOBAHHE B METaNlaxX CBO-
60/1HEIX 3NEKTPOHOR?
-~ Ilo xaxoit popMyne onpeaensercs cwia TOka B POBOIHUKE?

V. lloaseaenne HTOroB ypoka

Jomaunee 3a1anue
ml,2.
IToBTOpHTE 3aNIHCH B TETPaTH.

Ypok 4. ConpoTuBJjicHHE NIPOBOAHHKA

lIe/m: ONpEACNIUTh, OT KaKHX IapaMETpOB 3ABHCHT COIMPOTHBJIICHHE
MPOBOJAHHAKA; O3HAKOMHTL C ABJICHHEM CBEPXIIPOBOAUMOCTH.

Xon ypoka

1. Oprann3annonnbli MOMERT

I1. HonTOpenne .
—  Tloyemy npoBoHHK, MO KOTOPOMY HAET TOK HarpeBaerca?
—  OT 4ero 3aBHCHT NIEKTPHYECKOE COMPOTHBICHAE HPOBOIHHKA?

14 B. A. Bonkos
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—  Cdopmynnpyiite 3akon Jxoyna-Jlenua.
III. IpoBenenne naGopaTopHoii paboThl

JlaGopaTopHan paGora
«Onpenesende TENI0EMKOCTH TBEPIOro TeJia
(31eKTPHYECKHM METOAOM)»

Xon pa6ornl

1. Bo3bMHTE TRepAOE TENO LUIHHApHYECKOH QOPMBI M onpeicnuTe
€ro Maccy Ha-PBIYaKHEBIX BECaX.

2. [oMecTuTe €ro B BOHITOYHBIN Y€XON M YCTAHOBHTE UMMEPCUHOHHBIA
Harperatenb ¥ TEPMOMETP.

3. 3aMKHHTE Lenb U NPH MOMOIIH peocTara Ko6eRTECh NoNMy4yeHHs
TMORXOJANIETO 3HAYECHUS CHIRI TOKA Y HANPSIKCHMS.

4. OTMepeTe Ha4YaNbHYIO TEMIEPATypy, BIUIIOUMTE CEKyHIXOMEp H
3aMKHHTE LeNb KIH0YOM.

5. Korna npousoier 3aMeTHOE IOBEILIEHHE TEMIIEPATYpPhl, OTMETBTE
BPEMS U HANRBBICUIYIO TEMIIEPATYpY.

O=mcAt; Q=1Ur;

mcAr=1Urt;
Uz
c=——.
mA¢?

Merannuueckmii
Harpesartens 6pycoK
LLL

4 Uzonsatop

; (Boiinok)

V1

V]

Puc. 108

6. Cnenaiire BEIBOJ.

IV. Hiyuenne HOBOTO MaTepHaia
CorntacHO 3NEKTPOHHOH TEOPUH:
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r=_m 1
PPnr S’

l
HO R = pE =>p= — YAENbHOE COTPOTHBIIEHHE NPOBOJHMKA.

Pnr
ConpoTHBIIEHHE METAIIOB CBA3aHO C TEM, YTO BJIEKTPOHBI, ABHXKY-
IIHECS B MPOBOJAHMKE, B3aMMOAEHCTBYIOT C HOHAMH KPHCTALTHYECKOH
PELICTKH M TEPAIOT YaCTh CROEH HEPTHH, KOTOPYIO OHH NpHOOpETaIoT B
3NEKTPHYECKOM Tone. Tak Kak Macca M 3apsl 3JeKTPOHa IOCTOSHHBI,
+ KOHIIEHTpAlHs 3JIEKTPOHOB NPOBOAHMOCTH B MeETa/lIaX (aKTHYECKH He
3aBHCHT OT BHEHIHHX BO3AeHCTBHMH, YMCIIO COYIApEHHH 3IEKTPOHOB C
HOHAMH 3aBHCHT OT TEMIEpATyphl, O3TOMY YHAEIBHOE CONPOTHBIICHHE
METAIIOB JOKHO 3aBHCETh OT TEMIIEPATYPBI.

Oneim

B uens, cogepxamyio 6atapero akKyMyJISTOPOB H CTAJIbHYIO CIHPATb
MOCNIE AOBATENBHO BKIIIOYHTE JIaMITy, HalpaBiAd CNMpanb NPH ITOMOLIH
ropenki. Ilpm sToM HabmogaeTcs YMEHBIUCHHE SPKOCTH JIaMIIBL
‘YMEHbIIMIACh CHIIA TOKA, YREITHYHMIOCH COTPOTHBIICHHE.

3aMeHHUTE CTAIBHOM MPOBOJHUK Ha Apyroi. IIpH MoBHIUEHHUH TeMIle-
paTypsl CONpPOTHBICHHE META/LUIOB YBEIHYMBAETCA NPHOIH3HTEIHHO
MPONOPLMOHANIBHO KX abCOTIOTHOH TeMIeparype.

p=p,(1+aAT);

o~ 0,004 K"
mU
H3 BelpaxkeHHs p = Pl A=Ur cnexyet, 4To yIeJIbHOE COMpO-

THBJEHHE NOMKHO OBITE NPONMOPUHOHATEHO KBALPATHOMY KOPHIO M3
TeMIlepaTypbl. Mexay TeM, W3 ONBITa M3BECTHO, YTO YACIABHOE COMpO-
THBJIEHHE MPONOPIHOHAIBEHO abCOIIOTHOMH TeMnepaType.

3T0 HE EIMHCTBEHHAsA TPYAHOCTh KJIACCHYECKOR TEOPHH MPOBOAHMO-
CTH METAJUIOB. DTH W ApYrue NMPOTHBOPEYMS DPa3s’peLUMMBI TOJIBKO C IO-
MOIIBO KBAHTOBOH (PHU3HKH.

B navane XX Beka romtanackuit yyensiid I'. Kamepmuar-Onmec npe-
BpaTH B XMAKOE COCTOSHMEe renni. TemriepaTypa KHIEHHS >XHAKOTO
renusd 4,2 °K.

HUccnenys conpotusiieHde pTyTH oH oOHapyxmui, 4to npu 4,12 °K
COMpPOTHUBJIEHHE YNAlO A0 HYJI.

310 ABJNEHHE TIOTEPH METAIIOM 3MEKTPHYECKOrO CONPOTHBIICHNS IMPH
OMNpenesieHHON TeMMneparype INOMYy4YWIO Ha3BAHHE CBEPXIIPOBOAMMOCTb.

14*
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Hurepec k ABIEHHIO BO3pacTall 110 Mepe OGHapYyKCHHA MaTCpHANOB, y KO-
TOPHIX CBEPXNPOBOAMMOCTH HACTYNAET NpH Gollee BEICOKOH TeMneparype.

B 1987 r. cranu u3BecTHEI MaTepHalhi, ofnanaromme CREpXIPOBOAH-
MocTBio nipu Temriepatype okono 100 °K. UccnenoBanus B 3To0it obnactu
BENYTCA OYEHh MHTEHCHBHO. TeopeTwuecku NpeAcKasaHa BO3IMOXHOCTh
MONydeHHs CBEPXHPOBOMANIMX MATCPHAIOB MPH KOMHATHOH TeMneparty-
pe. HHTepecHo, YTO TaKMMM MaTepHaIaMH ARIACTCA MPOCTas KEpaMHKa.
B HacTosimiee BpeMs HAayWHJINCH NONY4aTh CBEPXNPOBOASIIME THIACTHHEI
H NPOBOJIOKY M3 3TOTO XPYIKOro MaTepHaia.

V. 3akpeiuienne H3Y3¢HROIO MaTEpHAIA

— B uyem npHUMHA 3aBHCHMOCTH CONPOTHBICHHSA NPOBOAHHKOB OT
TeMrneparyphi?

—  Ilpu BKIIOYECHHH 3NEKTPHYECKOH JIaMIbI CHJIa TOKA B NIEPBRIA MO-
MEHT 3Ha49HMTENIBHO OTIIMYACTCA OT CHIIBI TOKA B JlaMIle, KOT/a OHa
HauMHaeT CBeTHTE. [Touemy?

— B ueM COCTOHT SRIICHHE CBEPXHPOBOIMMOCTH?

VL. Pemenne 3aga4

1. DnexTpHUECKOE CONMPOTHRICHHE BONbGPaMOBOH HATH 3NEKTpHYE-
ckoi namMnul npu TeMneparype 23 °C pasno 4 OM. Haiingute anexrpuie-
cxoe conpoTuricHue Hirh nipu 0 °C. o = 4,8-10° K.

(Omeem: 3,6 Om).

2. DneKTpHYECKoe compoTHRICHHE BoibdpaMoBoii HuTH npH 0 °C
paBHo 3,6 OM. Haiinure snexTpriecKoe CONPOTHRIECHHE NIPH TEMIIEPATY-
pe 2700 °K.

(Omeem: 45,5 Om).

3. DnexTpU4ecKoe CONPOTHRICHHWE NIPOBONIOKY NpPH Temneparype 20 °C
paBHo 25 OwM, npu Temneparype 60 °C — 20 Om. Haiigure temneparyp-
HBIH KO3 HIMEHT MEKTPHYECCKOTO CONPOTHRICHHS.

(Omeem: —4,5-10° K.

4. KakoB TemneparypHblii K03GGHIHEHT IEKTPHUECKOrO CONPOTHB-
JICHHA MaTepHana NpoBOJHMKA, €CIH NpH HarpesaHuH ot 0 °C no 100 °C
€TI0 JICKTPHYECKOE CONPOTHRIEHHE yBesMuwioch Ha 0,1 %.

(Omeem: 107 K™).

VIL. HoaBenenne HTOTOB ypoKka

Jlomaminee 3apaHMe
n.9,10.
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¥Ypok 5. 3akon Oma ans yyacrka nenu. Conpornsiienne

Henu: NO3HAKOMHMTHL Y9AIHXCA C IEKTPHYECKHM CONPOTHBJIEHHEM
TPOBOJHHKOB KaK (H3nyecKOi BEIHYMHOM; BCIOMHHTS 3aKOH OMa.

Xon ypoka
L. Oprann3anaoHAbLIH MOMEHT

1L IloBTOpEHEE HIYIEHHOIO MATEPHANIA
—  Yro Takoe anexTpuucckoe HanpsokenHe? (Paznocms nomenyuanos.)
— [lo xaxoit dopMmye HaXoAMTCA HaNpsHXEHHE?
~ Kak Ha3zmBaerca npabop Juis n3MepeHHs RanpsxeHHs?
— Kax o6038a9aeTcs HANPSACHHAE HAa cXeMax?
— KaknMH npaBHJIaMH CJIEAYET PYKOBOACTBOBATHECA IPH BKIIIOYEHHH
BOJIETMETPA B LENB?

IH. Hiyuenue HOBOro MaTEpHARA

JUis cymiecTBOBaHHA TOKAa B NMIPOBOJHHKE HEOOXOAMMO CO3NaTh pas-
HOCTHb NOTEHIHAIOB Ha ero KoHnax. Cuya Toka onpezenserca 3ToM pas-
HOCTHI0 MOTeHIManoB. UeM Gonbme HaNpSKEHHOCThL 3JJIEKTPHUECKOrO
0N B MPOBOJHKKE, TeM GOJMBIIYI0 CKOPOCTH HAMPARICHHOIO IBIDKCHHA
NMpHOOPETAIOT 3apsDKEHHRIC YaCTHLIbL.

JIns xaKI0TO MPOBOJHHKA — TBEPJOrO, XENE3IHOro H razoobpasHoro
CYIIECTBYET ONpEHCNEHHast 3aBHCHMOCTE CHIIBI TOKa OT NPHIJIOXKCHHO#H
Pa3HOCTH NOTEHIMAIOB Ha KOHLAX MPOBOJHHKA.

Takas 3aBHCHMOCTL Ha3LIBAECTCA BOJNLT-AMIIEPHOH XapaKTEPHCTHKOH
npoBoaHuka. Han6Gosiee npocToii BuA HMeeT BOJLT-aMIEPHas XapaKTepH-
CTMKa META/UIHIECKHX NMPOBOJHHUKOB H PacTBOPOB 3NEKTPOJIMTOB. Briep-
BHeE (A MetamioB) ee ycraHoBwi I'eopr OM, no3roMy 3aBHCHMOCTB
CHJIM TOK2 OT HaNPKCHUsI HOCHT Ha3BaHue 3aKkon Oma:

=L
R

IV. Asann3 IKCoepaMenToB
Ixcnepumenm 1
Cobepem nenn (cM. puc. 109):

(|
R

Puc. 109

Pesucrop npencraBisieT co6oif Kycok nMpoBoNOKH. 3anoMHHM NOKa3a-
HHA aMniepMeTpa.
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3aMeHMM pe3UCTOpP Ha KyCOK IMPOBOJIOKH M3 JIPYroro MaTepuana Ta-
KOH ke JUTHHEI ¥ ¢ TOH XKe IUIoNIaabio NonepedHoro ceueus. Ilokasanus
H3IMEHWIHCh. HanpsikeHne 0CTaBaloch HEM3MEHHBIM.

Cuna ToKa 3aBHCHT OT CBOWCTB INPOBOJAHHKA. Pa3sHEle npoBOAHHKH
061a1a10T pa3H4HLEIMH COMPOTUBICHHAMH. BHHO, 4TO conpoTHBIEHHE
3aBHCHT OT MaTepuaia, H3 KOTOPOro M3TOTOBJIECH IIPOBOJHHK.

Axcnepumenm 2

CobepeM cxeMy Kak B TIpedblAyILEM OIBITE, HO BMECTO PE3UCTOPa MO
oyepeAH BKIKOYaeM B Lelb KeJie3Hble NPOBOJIOKH Pa3HOH [THHBI, HO C
OJIMHAKOBOM TJIOIIAA5IO [TONIEPEYHOTO CEHEHHUS.

ConpoTHBIEHHE 3aBHCUT OT [I/IMHBI IPOBOAHHKA.

Oxcnepumenm 3

Ta e cxeMa, 4TO H B NPeJRUIYIIHX ONBITaX. B KadecTre pe3ucTopa
TIO OYepeny BKIIOYAEM B IIETIh JBa KYCKa XEJE3HOH MPOBONOKH paBHOM
IUTHHBL, HO C PasHOI IJIOLIABIO MONEPEYHOr0 CEYeHHS.

ConpoTHBAeHHe 3aBUCHT OT IUIOLIARM MOMEPEYHOTO CedeHMs Ipo-
BOJIHHMKA:

R=pt
Pg

V. IloaBenenne HTOroB ypoxa

¥Ypok 6. Pemenue 3agau
no teme: «3axkon OMa A8 y4acTKa LEnu»

lIenu: HAY4YHUTh [IPUMCHATE HA IIPAKTHKE TEOPETHICCKHUE 3HAHUA.
Xon ypoxa

L. OpranM3aunoHHBIH MOMEHT

IL Pemnenue 3agau

1. TIpn npoTekaHWH NOCTOSHHOTO TOKa CHNOH 3,2 MA depes nonepey-
HOE CeueHHe TpoBOAHMKa mpouto 18-10'® snexTpoHoB. Onpenenuts B
MHHYTaX IpOTEKaHHe TOKA.

(Omeem: 15 MuH.)

2. Obl1iee COMPOTHBIEHHE BYX NOCIEAOBATENLHO COEMHHEHHBIX MpO-
BOJHHKOB 5 OM, a mapamiensHo coequHeHHBIX 1,2 OM. Onpepenutsd co-
TPOTHBIEHUE KKIOTO MPOBOJHKKA.

(Omeem: R, =2 0M, R, =3 OM.)

3. IMporosnoka umeet conpotusneHue 20 Om. Korna ee paspesann Ha
HECKOJIBKO YacTeil ¥ COENHHHIIM 3TH YacTH MapalIeNIbHO, TO MOJY4YHIOCH
conpotuBienre 1 OM. Ha ckonsko yacTeit paspesaid NpoBONoOKy?
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(Omsem: n=15.)

4. Isa compotuBaenusa Ry = 8 Om u R, = 24 OM BrIHOYEHBI Napaj-
nensHo. Cula TOKa, TEKYLIEro 4Yepe3 CONpOTHBIeHHEe R, paBHa 25 MA.
Haiigure culy TOKa, TEKYILETO YEpE3 COMpoTHBIECHHE R.

(Omsem: 75 MA.)

5. K uctounuky toka ¢ HampsbkeHueM 200 B mOAKIFOUMIM TPH COMpo-
TuBIEeHHA R; = 60 OM, R, = 30 OM — napawiensHo Apyr apyTy u Ry =36 Om
TIOCHEAOBATENEHO C HUMH. OnNpeNeNnuTh HanpshbkeHHe Ha R .

6. AMNepMeTp, BKIIOYEHHEIH MOCIEA0BATENBHO C COMPOTHBIEHHUEM
10 OmM, nokaseieaet Tok 0,4 A. ITonknroueHHEIH K TOMY e CONpPOTHURIIe-
HHUIO BOJITMeTp MoKa3sniBaeT 3 B. Onpenenurts BHyTpeHHee CONPOTHUBIIE-
HHE BOJIBTMETpA.

(Omeem: R =30 Om.)

7. Haiinure pacrnipenienieHue CHII TOKOB M HanpsOKeHHUil B cxeMe, W3obpa-
s>xeHHO# Ha cxeMe, eciii Uag = 100 B, R; =3 OM, R, =2 OM, R3; = 7,55 OM,
Rs=20M,Rs=50M, Rg=19 Om.

Puc. 110

(Omesem: 3 A; 12B; 6 A; 12B; 10B; 75,5 B; 6,25 A; 12,5 B; 2,5 A;
12,5 A; 25 A; 12B))

8. Tpu pesuctopa R, = 20 OM, R; = 20 Om, Ry = 5 OM noaxiio4eHs! K
HCTOYHUKY TOCTOALIHOre HampskeHus. HanmpskeHue Ha pesuctope R,
paBHo 10 B. Onpenenure cuily TOKa, KOTOpBIH OyAeT mpoTeKaTh 4epes
pesucTop R; nocie toro, Kak R; M R3 noMeHATs MecTamu.

Puc. 111
(Omeem: 0,5 A.)

9. MumamnepMertp ¢ MpefeaoM H3MepeHHs TOKOB 25 MA Heo6xo-
JUMO MCMOJIb30BaTh KaK aMIlepMETp ¢ npepenoM HaMepenus 5 A. Kakoe
COMPOTHBJICHHE NOMKEeH HMeTh MIYHT? CONpOTHBRIEHHEe MHUJLTHAMIIED-
Metpa 10 Om.

(Omeem: R, = 50,2 OM.)

10. IMpenen usmepenns BonsT™Merpa 100 MB. Jlo6aBouHOe CONPOTHB-
nende 4 xOM, MOJKNIOYEHHOE K BOJNBTMETPY, YBEIHYHBAET NPEIEN €ro
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mmepenus no 400 MB. Kakoe nobaBounoe conpoTnsieHne HeobxonmMo
MOAKIIIOUMTE K BOJIETMETPY, Y00kl 1Ipesien u3MepeHnns cocrasun 1,6 B.
(Omegem: R, = 20 xOM.)

Ypok 7. Ctpoenne canbl. IAC.
3axon Oma gna noanoil wenn

Iens: chopmymmpoBath 3akoH OMa Juis NOJHO#H HEMH.
Xon ypoka

L. OprannianuonuLIii MOMEHT

I1. IIpoBenenue camocToSTEILHOH paGoTh:

1. Kakopo conporuBneane 1 M NpoBoJia A3 KOHCTAHTAHA JIHAMETPOM
0,8 MMm. (Omeem: 1 Om.)

2. HU3BecTHO, 4TO CONPOTHBIICHHE CIOHPATH JIAMIIOYKH KapMaHHOIO
tdonapuka cocraBmger 15 Om. Kaxoit mmHE BONBGPAMOBEIH TTPOBOJX
B3AT JUIS H3TOTOBJIICHHA CNHPANH, eCJiH ee auametp paseH 0,1 Mm? (Om-
gem: 2,14 m.)

3. IIpn HaMOTKE KaTyLIKH W3 METHOTO MPOBOJIA €€ Macca BO3pocna Ha
17,8 r, a conporHBncHue okazanoch paBHbIM 34 Om. OueHHTE IO ITHM
NaHHEM JNAHY H IUIOWIaAh MONCPEYHOTO CeudeHHs npoBopa. (Omeem:
20 m; = 1078 M%)

IT1. M3yvenne HOBOro MaTEPHAJIA

Jlns Toro 4yToOK TOK HE TIPEKpAamIANCA, HEOOXOAMMO, ¥TOOLI MONOKH-
TENLHBIC 3apSbL nepcuemaxomnebsl Ha Teno B ¢ Tena A, BHOBB BO3Bpa-
IMANKCh HA TeNO A, a OTpHIATENLHEIC — BO3BpaiNamchk Ha Teno B. Ha ne-
KOTOPOM YYacTKE 3aMKHYTOH LENH 3apsil BHIAIHCH HPOTHB JACHCTRYIO-
[MX Ha HUX HJIEKTPOCTATHIECKHX CHIL JJIf 3TOTO Ha 3apA/Thl ROIDKHE JEH-
CTBOBATH ApyrHe CHIILL, HANIPARNCHHKIE B MPOTHBONONOXHYIO SNEKTPOCTa-
THYECKHM CHIAM CTOpOHY. Takue CHIEI HE3NCKTPOCTATHHECKOIO MPOHC-
XOMCICHHS HA3BIBAIOTCA CTOPOHHHMH CHiIaMH. B HcTOuHHKe TOKA Ha 3JIeK-
TpUYECKHE 3apSAK NEHCTBYIOT cTOpoHHHE CHILL. CTOpOHHHE CHIIHI B pa3-
JIHYHAIX HCTOYHHKAX BO3HHKAIOT NO PA3HEIM NipHyHHaM. Bo Bpems paboTw
HCTOYHHKA HETIPEPRIBHO MEPEMENIAIOTCH MOJIOKNTENLHEIC 3apSH MEKIY
SNIEXTPOJIAMH OT OTPHIATENILHOIO TOMIOCa K MONOXHTeNbHOMY. Hem
6ompime 3apan nepemeinacred, TeM 6onbinas pabora A, coBepmacTcs.

OTtHomenne paboTEl CTOPOHHHMX CHII K 3HAYCHHIO MOJIOXHTEIHHOTO
3apsAfa, TIEPEHOCHMOrO BHYTPH MCTOMHHKA, HA3BIBAIOT JINEKTPOIBHIKY-
el cunoii ncrounuxa (3J1C).
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£=%, —[B].

VyacTk 3JeKTpHUecKoi eI, HA KOTOPHIX 3ICKTPHYCCKHH TOK CO3-
RAETCA TONBKO IEKTPHICCKHM [I0NEM, HA3RIBAIOT O{HOPOIHEIMH.

3axon Oma:
U

R
VHacTok 1enm, Ha KOTOPOM ACHCTRYIOT CTOPOHHHE CHUIEI, HA3LIBAIOT
HCOIHOPOHEIM.

3axon Oma ons nonnoii yenu:
£

R+r’

T I' — BHyTPEHHEC COIPOTHBICHHWE MCTOYHHKA Toka [OM]; R —
BHENTHEE CONMPOTHRIECHHME 1erH [Om].

31C ucroYHMka MOXHO W3MEPHTh, €CJIH HCTOMHAK 3aMKHYTh HA
BONBLTMETD Rjp, CONPOTHBIICHHE KOTOPOro 3HAYATENHHO 6oNbllie BHYTPEH-
HEro COINPOTHBICHHS, TOrAa BHYTPCHHAM COLPOTHRICHHEM MOXHO Npe-
Hebpedn.

Ecna x nomocaM HCTOTHHKA MPHCOSAHHCH MPOBOXHHK, COTIPOTHRBIIC-
HHE KOTOPOTO Majlo MO CPAaBHCHHMIO C BHYTPCHHHM CONIPOTHBICHHCM HC-
TOYHHKA, 3TOT Cy4aii HA3KBAIOT KOPOTKHM 3aMBIKaHHeM: R = 0.

I=

I,==%.
r

Tok XOpOTKOro 3aMBIKAHHA MOXET JIOCTHIaTsh nopamka 20-200 A, a uHo-
raa u 1000 A. B 31oM citydae MoxXer OpoH30HTH NEpErpeB MPOBOOR, NOXAP
MAHHA, YTOORI M30EHKATH FTOrO B LIEb BKIMIOYAIOT NPEI0XPAHHTETH.

IV. 3axpennenne marepHana

— Kakopo Ha3HaYeHHE HCTOYHHKA TOKa?

—  Yro TaKoe CTOPOHHHE CHILI?

—  Yrto Takoe 3JIC?

- Kax ¢popmyimpyercs 3axon Oma g y9acTka nermm?
~ — Kak ¢popmympyercs 3akon OMa Juist HONHOH HenH?
" —  Yro TaKoe KOPOTKOE 3aMbIKAHHE?

V. Pemeune 3anaq

1. Barapeiixa mia xapManHoro ¢oHaps 3aMKHyTa Ha peocrtar. [Ipu
CONPOTHRICHHH peoctata 8,65 OM ranpsxenMe Ha HeM 3,3 B, a npu co-
npotaricHun 3,5 OMm — Hanpsxenne 3,5 B. Haiipmre BHyTpennee conpo-
Tupnenue B DJIC barapeitin. (Omeem: r=0,2 Om, € =3,7 B).

2. HAcrounnxom Toxa B ueny cnyxwur 6arapeiixka ¢ 3JIC = 30 B. Ha-
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MpsOKeHWe Ha 3axkuMax Gartapeu 18 B, a cuia Toka B uenu 3 A. Omnpene-
JIUTE BHEIUHEE CONPOTHBICHHE H BHYTPEHHEE CONMPOTHBIICHHE LIETH.
(Omeem: R=6 O M, r =4 Om).

3. K nomocam ucrounnka toka ¢ 3/IC 8 B npucoenunum npoBoHuK
conpotuBieHHeM 30 Owm. Ilpu 3TOM HanpsikeHHEe MeXIy KOHLAMH Ipo-
BoaHMKa cTano 6 B. UeMy paBHO BHYTpEHHEE COMPOTHBIEHHE HCTOYHHKA?
(Omeem: 10 Om).

JoMaumHee 3axanue
m 3, 4.

Ypoxk 8. Pewtenne 3a0a4

”Wlb.' HaY4YHUTh Yy4alUHUXCs NMPHMCHATE TEOPETUYCCKHE 3HAHHA IIPH
peuICHNH 3anay.

Xon ypoka

L. Opranu3auHOHHBIH MOMEHT

I1. HoBTOpeHue

— U3 yero cknajpBaeTca MOJHOE CONMPOTHBICHHE HETH?

— Yo TaKoe cropoHHee nonae?

— Kakyio Be/IHUHHY Ha3BIBAIOT AIEKTPOABHXKYLIEH cHIoi?

— T'nme co3natotcs cropoHHHeE nona?

—  Cdopmynupyiite 3akoH OMa st ydacTKa HElH.

~  Cdopmynupyiite 3akoH OMa 1J1st MOTHOM LIETH.

— Yemy paBHa CH1d TOKa PH KOPOTKOM 3aMbIKAHHH?

— CdopMynupyiiTe 3aKOHBI NAPAVICIBHOTO H MOC/IENOBATENBHOIO CO-

€NHEHNS.

II1. Pemenne 3anau

3adauu na «3» 6anna
1. Onpenenure ClIy TOKA M MaJIEHNE HaNPsSXKEHNSA Ha MPOBOJHHKE R,
ecmn R =2 OM, R, =4 OM, R, =6 OM. DJIC=4B,r=0,6 Om.

fl
j|

Puc. 112
(Omeem: =08 A, U= 1,6 B.)
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2. Yemy paBHO obllee CONPOTHRICHUE ANEKTPUUECKOi 1tenu?

R] R]

Puc. 113
R =R,=150M; R, =R, =25.
(Omeem: R =20 Om.)
3. Onpenennte cuily TOKa B NPOBOAHHKE Ry, ecymt Ry =9 Om, R) = 6 Owm,
ecnu DJIC=2B,r=04B.

il
!

(Omsem: I=0,2 A.) Puc. 114

4. Haiitu o6iiee conpoTurieHye, eciim R =8 OM, R, =2 OM, R; =4 Om,
Ry=6 Om.

Puc. 115
(Omegem: 5 OMm.) “

3aoauu na «4» 6anna
1. KakoBa cuna Tokxa B npoBojHuke Rz, ecimu 3JC = 3 B, ero BHyT-
pennee conpotusiaeHue | OM. R =R, =1,75 OM, R; =2 Om, Ry =6 Om.

(Omeem: 0,13 A.)
2. Haiiti o61iee cConpoTHBIEHHUE.
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Ri R

Puc. 117

Ry =150M, R, = 150M, Ry =15 0M, R, = 8 OM, R; = 8 Owm,
Rs=120m.

(Omeem: 21 OM.)

3. Onpenemums, 3JIC H BHYTpCHHEE CONIPOTHRIICHHE HCTOMHHKA TOKA,
€CllH IpH BHenmMeM conpotuBiernn 3,9 OM chwia Toka B e 0,5 A, a
NPH BHEITHEM CONPOTHRIICHHK 1,9 OM cina Toka 1 A.

(Omeem: 0,1 OM,2B.)

4. Halirn obmee comporuenchMe, ecii R, =4 Owm, R, =5 Om,
R,=40m, R, =20 OM, R; =12 OM, R, =4 Om.

(Omeem: 19 OM.) Puc. 118

3aoauu na «5» bannos
1. Haiit ciry Toka BO Becex pesmcrTopax, a taxke JJIC ucrounuxa
TOKA C MAIILIM BHYTPCHHHM CONIPOTHBICHHEM, eciM R; = 7,5 OM, R, = 4 Om,
Ry =12 Om, Ry = 6 OmM, Rs = 3 OM, Rs = 6 OM, a ioKa3aHus aMIiepMETPa
10 A.
R2

Puc. 119
(Omeem:5A;15B;19A;25A;06A;25A;758B;758B;15B)
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2. Haiftu o6iiee conpoTHBIEHHE:

R, R> Rs

Ry Rs Rg

Puc. 120

R =0,50M, R, =150M, Ry=R, =R, =1 OM. R, =§ Om.

(Omeem: 1 OM.)

3.0JC=20B, r=10OM, R =4 Om, R, =3 OmM, R, =12 Om,
R, =6 Om. HaiitTi noka3aHus BONbTMETPA M amrniepMerpa. Paccunralite
CHITY TOKA H NaJICHUE HATIPSDKEHHUA Ha KDKIOM H3 IPOBOIAHHKOB.

& S Puc. 121

(Omaem:5 A;15B; 1,9A;25A;06A;25A;7,5B;15B.)
4. Haiitn obmee conporusneHue. Conporusnenue kaxaoro 1 Om.

— . 122
(Omeem: 1 OMm.) Pue

Jlomammuee 3ananHe
P - 340; P - 345.
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VYpok 9. 3akon Jxoyas—JIenna

Ilens: BbiBecTH 3aKOH JDkoyns-JleHua, HMCXOA M3 KNACCHUYECKOWH
3JIEKTPOMArHHTHOH TEOPHH.

Xon ypoxa

L. Opranu3auHOHHbIH MOMEHT

I1. IToBTOpPEHHE
—  Yro Takoe 3nexTpudeckuii TOK?
— Kakoii BbIBOA cllenaH U3 pe3ybTaToB OnbITa Pukke?
—  OmuiuTte oneIT MawgensimtaMa n Iananekcn?
— 3anumiuTe ypaBHEHHE ABWKECHHA JJEKTPOHOB B NMPOBOAHHUKE C TO-
KoM?
— Yo TaKoe KOHIEHTPAlKA 4acTHL?
—  Yro Taxoe cuaa Toka?
— BrBeaute (opMysTy CKOPOCTH HANpAaBJICHHOTO IBHXXEHHA BIICKTpO-
HOB.
—  Kaxoit ToK Ha3bIBa€TCA MIOCTOAHHEBIM?
—  Yrto MOXHO CKa3aTh 00 3JIEKTPHUYECKOM T10JIE MOCTOSHHOTO TOKa?

II1. IpoBenenne camocTosiTebHOH paboThl

Bapuanm 1

1. KakuMH HOCHTENAMH 3JIEKTPHYECKOro 3apAzga CO3aeTCs 3JEKTPH-
YecKHii TOK: a) B MeTayuiax; 0) B razax?

A. a2 — TOJIBKO 31IEKTPOHAMM; 6 — MOJOXHUTENBHEIMA H OTPUIATENE-
HBIMH HOHaMH.

B. a — TOJBKO 2JIEKTPOHAMH; 6 — MOJIOXUTENLHBIMH W OTPHLATENE-
HBIMH HOHaMH H 3JIEKTPOHaMH.

B. a — 371eKTpOHaMHM U MOJIOXHTEJBHEIMH HOHaMH; 6 — TONBKO
3NEKTPOHAMH.

2. Kakoe MHHHMAJIBHOE KOJIMYECTBO JIEXTPUUECTBA MOXKET OBITH Ie-
PEHECEHO INEKTPHUECKHM TOKOM YE€pe3 ra3, pacTBOD JIEKTPOIMTA M ue-
pe3 metann?

A. Moxert GEITH NepeHeceHo M060e MUHUMAJIBHOE.

B. Yepes ras nroboe, uepes pacTBOp INMEKTPOJIUTOB M METAT —
1,6:107"° Kn.

B. BosmosxeH nepetoc 1,6:107° K.

3. EcnM co3iaTh XOpOLIMii KOHTAKT MEeXy MEAHON M altOMHHHEBOMH
IUIACTHHAMHU M TPOIYCKaTh TOK B TEYEHHME rojia, U3MEHHTCHA ]I Macca
6pyckos?

A. my; YBEJTHUHTCS.
B. mc, yMeHBIIATCS.
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B. Macca 6pyckoB He M3MEHUTCSI.

4. DnekTpoHBl B MeTaJlIaX BeayT ces kak MoneKysl raza. Kak name-
HUTCS. TOK B MPOBOJHHKE, K KOTOPOMY MPHIIOKEHO HAMpsDKEHHE, eCln
YBEIMYUTEH TEMIEPATYpy NPOBOJHHKA?

A. VYBemuuurces.
b. YMmenbuuTCs.
B. He usmenwures.

5. Kax M3BECTHO, JIEKTPOHEI B METALIAX YYaCTBYIOT B JIBYX ABHXEHH-~

X TENIOBOM M ynopsaaodeHHoM. CKOPOCTb Kakoro JARIWKEHHA 6oiibLie?
A. Temnosoro.
B. Ynopsanoyensoro.
B. HouTH paBHEI.

6. OnexTpudeckas NPOBOAMMOCTEL BOJAHBLIX PAaCTBOPOB 3JIEKTPOJIUTA

ofycioBieHa;
A. TTonoXuTeILHRIMH HOHAMH.
B. OTpHuaTeNBHEIMH U HOJIOXATENEHBIME HOHAMH H JICKTPOHAMH.
B. Ion0oXNTENIEHBIMH H OTPUUATENEHBIMH HOHAMH.

(Omsemsr: 1.5.2.B.3.B. 4.5.5. A. 6. B.)

Bapuanm 11
1. KakvMHM HOCHTENSMH 3JIEKTPHUYECKOTO 3apsifia CO3/acTCs 3IEKTPH-
YecKHii TOK B pacTBOpE 3JIEKTPONHTOR, B razax?
A. B pacTBOpax 3JI€KTPOJIMTOB — MOJIOKHTEILHEIMA H OTPHLATENb- °
HBIMH HOHAMH, B I'a3ax — JIEKTPOHAMH.
b. B pacTBOpax 31E€KTPOJIMTOB M ra3ax — MOJIOXKHUTEIEHBIMA H OT-
pHUATENEHBIMH HOHAMH.
B. B pacTtBOopax 3/E€KTPOIHTOB — MOJOXHUTEILHBIMU H OTPHIATENb-
HBIMH HOHAMH, B ra3ax — MOJOXHTCILHBIMHA H OTPHLUATEIBHBIMH
HOHaMH M JIEKTPOHAMH.
2. Kakoe MHHUMAILHOE KOJIMYECTBO EKTPHIECTBA MOXKET OBITH Me-
PEHECEHO IEKTPHYECKUM TOKOM Yepe3 AOIYNPOBOAHHK U BaKyyM?
A. Uepe3 nonynpoBOJHUK CKOJILKO YTOJHO Majoe, Yepe3 BaKyyM —
1,6:107° K.
b. Uepes BakyyM CKOJIb YrOJIHO MaJlog, a yepe3 HOMYNPOBOIAHUK —
1,6:107"° K.
B. Bosmoxen neperoc 1,6:107° Ki.
3. Onwmrtel Mangensmtama-Ilananekcn, Crioapra-TonMena, Pukku
MOATBEPAUITH, YTO MPOBOJHMOCTE B MEeTA/LIAX:
A. DNeKTpoHHaA.
b. HoHHas.
B. DnexTpoHHO-HOHHAS.
4. Ilpu yBeTHUYCHHH TEMIIEpaTypPbi NPOBOJHMOCTS rasa:
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A. Veemuuusaercs.
b. YMeHnmaercs.
B. He usmensgercs.

5. Ecnu y NmpoBOAHMKA TEMIEpATYPY OMHOro KOHHA NOAINEPXKHBAThH
BBILIE TEMIEpaTyphl JAPYroro, TO Kakoi OyAET pa3HOCTh MOTEHLHANOB
U —Uy-?

A. Pasna nymo.
b.U.—-U,<0.
B.U.-U;>0.
6. DneKkTpnueckas MpoBOIUMOCTb METAILIOB 00YCIIOBNIEHA:
A. TTonoXHTENEHRIMH HOHaMH.
B. CBoGOAHBIMH DIIEKTPOHAMH.
B. OtpHuatrensHeIMH HOHAMH,
(Omgemui: 1.B.2.B.3.5.4. A.5.B.6.b.)

IV. H3yuyenne HOBOro MaTepHana

[TpoBOAHHK, O KOTOPOMY Te4eT TOK, HarpeBaetcsa. Harpepanue 06nb-
SCHAETCA CTANKUBAHHEM 3JIEKTPOHOB NPOBOJKMOCTH CO BCTPEYHBIMH
JaCTHUAMH:

m
F=—-7.
T

<
IMycTs 32 3T0 BpeMs npouno N anextpoHos. [Toacuuraem paboty, co-

BEPUICHHYIO CHJIAMH CONPOTUBJICHHSA TIPH INEPEMEIHECHHN 3JICKTPOHOB Ha
PaCCTOAHHUK 13a BpeMd L.

2

Q=|4,.|=NFi=NFv-1=NZ24;

T
1l o ml?
v=—=0=I"|—|t;
NI Q [ Nzl ]
N=nN=nSl,
ml* 2
=|=—11;
Q (Izan]
m I 2
R= —=>0=IRt.
Pnr S Q
V. Pemienue 3ana4
C. 344, 323-326.
V1. IloaBeaenue HTOroB ypoka
Jlomamnee 3aianue
n. 14,

3amauya Ne 327.
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Ypok 10, Pemenne 3ama4
no teme: «3axon lxoynsa-Jlenna»

l[eth: HAYYUTH IPUMEHATH Ha NIPAKTHKE TCOPETHICCKHE 3HAHHNA.,
Xon ypoka

I. Pemrenue 3anau

1. Haiftn BpeMd, B TeucHH e KOTOPOro Mo NPOBOJHUKY ILEN NTOCTOSHHBIH
TOK, eCIIH JIjIa NiepeHoca 3apsija B 10 Ki yepes npoBoJHHK ¢ COMPOTHBIICHH~
eM 1 OM notpebopaiiock copepiiath paboty 10 k. (Omsem: t=10 c).

2. isa nmpoBogHuKa conpoTHBiieHHeM [0 OM u 14 OM coenuHeHs! na-
PAJUIENBHO W MOAKIIIOYEHB! K HCTOYHHKY TOKAa. 3a HEKOTOpoe BpeMs B
HIEpBOM TIPOBOAHHKe BhIAeTmIock 840 hk Ternothl. Kakoe xonmwdectso
TEIUIOTHI BHIAETUIIOCEH 32 TO XK€ BpeMs BO BTOpoM NpoBofHuke? (Omesem:
600 D).

3. Jlra cONpOTHBIICHUA NPH IOCITEIOBATEIFHOM BKIIOYEHHH B CETh C Ha-
npskeHueM 100 B notpebnator u3 cetu motHocTs 40 BT. Ilpn mapannesns-
HOM BKJIIOYEHHMH B Ty XK€ C€Thb OHM MOTPESIAIOT CYMMAapHYIO MOLIHOCTH
250 Bt. HaiiTn BETMYHHRI 3THX CONpOTHBIeHUIL. (Omsem.: R; = 50 OM,
R, =50 Om).

4. Ilpu pemMoHTE IUTUTKH €€ CAMPAJHL YKOpoTHIH Ha 0,1 mepBoHaYans-
Ho#l nuHEL. HaiiTi oTHOlIEHHE HayanbHOI MOIIHOCTH IUIHTKH K KOHEY-
HO¥i APH BKITIOUYEHHH €€ B Ty XKE DJIEKTPHUYECKYIO CETh.

- 5. Ise onuHakoBBIe JaMMOYKH MomHOCTEIO 100 BT Kaxcmas, paccuu-
TaHHbIC Ha HampsbkeHue 120 B, coenunens! napamnentHo. Kakoe conpo-
THBJICHHE HANO0 MOAKIIOYHTH MOCIENOBATENBHO ¢ JIAMIIOYKAMH, YTOOBI
OHH TOpenH B HOPMAJTBHOM peXHMe MPH BIJIIOUYEHHH B CETh HANPSKEHH-
eM 220 B. (Omsem: R = 60 Om).

6. Ecn 1Ba cONPOTHBIICHHS COCNHHMTEL NMapaie]bHO H BKIIIOYHTH B
CeTh ¢ HEKOTOPhIM HANIPSHKEHHEM, TO Ha ONHOM H3 HHX BBIJEITHTCH MOIL-
HocTh 100 BT, 2 Ha apyrom 400 Bt. Kakas MOUTHOCTB BBIIENHTCS Ha Ka-
WJIOM M3 3THX CONPOTHBJICHHI, €CIH UX MOCIEAOBATENBFHOE COCAHHEHHE
BKJIIOYHTH B Ty XK€ CaMyIO CETb.

7. OnpeneanTts MOUIHOCTB, MOTPeOIAeMyIO DIEKTPHYECKUM YaiHH-
KOM, eclii B HeM 32 40 MuHyT HarpeBaetcs 3 1 Bogsl ot 20 °C mo 100 °C
npu KII[ = 60 %. (Omsem: 700 Br).

8. DnmexkTpokaMuH HMeeT ABe o6MOTKH. IIpy BKIIIOUEHMH ORHOH H3
HHUX TeMIiepaTypa Bo3dyXa B KOMHaTe noBbiunaercs Ha 1 °C 3a 10 mMun.,
MpH BKTIOYEHHH Apyroil yepes 6 MuH. Ha cKOJIBKO MHMHYT HaNO BKMIO-
YUTH KAMHH, YTOOH TIOBBICHTE TéMIlepaTypy Ha 1 °C npH napamienbHOM
COETMHEHHH >THX 0OMOTOK?

15 B. A. Bankos
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9. DnexTponsurarens Tpampas paboraer npu ciuie Toka 108 A u Ha-
npsokeHuu 500 B. KakoBa cxopocTs TpaMBas, €CJIM JBHTaTeNb CO3NAET
cuty Taru 3,6 xH, a KITJ] = 70 %? (Omeem: v = 10 m/c.)

10. Konnencarop eMkxocThio 10 Mx®d 3apsxkaeTcd HOCTOAHHBIM TOKOM
4yepes conpotuBicHie R — 1 MOMm. Uepes kakoe BpeMs nocie Hadajia
3apAAKH 3HEprud, 3amaceHHas B KOHJCHCATOPE, CTaHET PaBHOH SHEPruu
BBIIETUBIICHCA TIPH CONIPOTHBACHHU? (Omeem:‘t =20c¢.)

JomamHee 3agaHue
m. 15.

VYpoxk 11. JlaGopaTopHnas paGora
no TeMe: «OnpeesienHe INEKTPHIECKOTo CONMPOTUBIEHH»

Obopyodosanue: IIpoBOOYHBIE PAAHATOPHI (3 IUT.), HCTOYHHUK MOCTO-
AHHOTO HaNpSXEHHA, aMIIepMeTp, BONBTMETD, KII0Y, clelHalbHBIE Npo-
BOJA.

Xon ypoka

1. CoGepurte 3nmexTpuyeckyro Lers (puc. 123). Hamepbte cumy Toka 8
LIEITH, HalIpSXKEHHE Ha Pa3muyHBIX y4acTKax.

Puc. 123

3anonuuTe Tabnuny:

I U] U2 U3 U R =— R2=_ R =3 R=

CpaBHUB CyMMY COTPOTHBIEHHH OTIAENBHBIX Pe3UCTOPOB (R + Ry + R3)
¢ obImuM cCoNpoTUBNICHUEM R, caieTaiiTe BBIBOA.
2. Cobepurte ammexTpuHecKyro Hems (puc. 124):
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R,

—l Puc. 124

H3mepHB ciuTy TOKa M HANpsKEHHE, HAHANTE 001Iee COMPOTHRIICHHE R.
Hcnonb3ya HakHjaenHpie B NpeAbIylieM 3a1aHHH CONPOTHBIEHUA, 3aT10J1-
HHTE Tabnuiy.

1

R

|-
|-
&=

3. Onpenenute 3KCNEpHMEHTANBHBIM TIyTeM Oblllee CONPOTHBICHHE
LMK H CPaBHHUTE €70 C TEOPETHYECKH HAWACHHbIM.

Ri R2
— 11
T
R3 Puc. 125

Jlomaunruee 3aganue
P-331; P-332.

¥Ypok 12. Pemrenne 3anau

Iens: HayuuTh yyammxcs MPUMEHATh TEOPETHYECKHE 3HAHHUS TpH
pELICHHH 3a/1ad.

Xoa ypoxa

I, Opranu3anHoHHLIH MOMEHT

I1. Bonpocs! 1715 NOBTOPeHHS
— Hanumwnre dopMyny CONPOTHBICHHS OXHOPOAHOTO MPOBOJHHKA
MOCTOSAHHOTO CeYeHHUs?
— Yemy paBHa cuiia TOK2 IPH KOPOTKOM 3aMBIKQHHH?
= Cdopmynupyiite 3akon OMa I8 y4acTKa LienH.
— 3anumuTte 3akoH OMa JU1s 3aMKHYTON IIENH.

15*
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—  CédopmMynupyiiTe 3aKOHEI TApALIETLHOTO COEAHHEHHS IPOBOHUKOR,

—  3anuiliuTe 3aKOHBI IOCIEI0BATEIBHOTO COSANHEHNS TIPOBOJIHHKOB.

~ Yemy paBHA MOIIHOCTE TOKA B 3aMKHYTO# uenu?

—  Kaxk HaxoguTcs mone3sHas MOIIHOCTE? :

— Ilo kakoii popMyJic MOXKHO HalTH NOTEPH MOLIHOCTH B HCTOUHHKE?

—  Yemy pasen KIIJ] uctounuka toxa?

— Ilpu xakoM CONpPOTUBAEHUU HArPY3KX NONE3HAN MOIIHOCTH MAKCH-
MaJbHa?

[IL. Iposenenne camocTonTenbHOH paboTns

1. Paccuuraiite cuny Toka B Lenu HcrouHuka ¢ JIC paBHnM 9 B u
BHYTPEHHHM CONpPOTHBIEHHEM | OM IpH IOAKIIOYEHHH BO BHEIIHIOND
LEeb PE3UCTOpa ¢ CONPOTHRIICHHEM B 3,5 OM. (Omegem: 2 A.)

2. K uCTOYHNKy TOKa C BHYTPEHHHMM conpoTuBieHueM | OM nomuito-
YIWTH NOCJIEN0BATENBHO aMIIEPMETP W PEIUCTOP € CONPOTHBICHHEM 2 OM.
TIpu 3ToM amnepmMeTp mnokazan 1 A. Urto mokaxker aMnepMerp, eciy Hc-
TI0JIb30BATh PE3UCTOp coNpoTHBIeHHEM 3 OM? (Omsem: 0,75.)

3. B uenn BonsTMETp MokasbiBaeT 3 B, a amnepmerp 0,5 A. Ilpu cune
Toka 1 A BonkTMeTp nokasesiBact 2,5 B. KakoBsl OJIC n BHYTpeHHEE co-
NpOTUBNIEHHE HcTouHHKa? (Omeem: 3,5 B; 1 OM.)

IV. Peurenne 3ana4

3adauu na «3» 6anna

1. ConpoTuBiieHHe M1aTHHOBOMH MMPOROIOKHM NpH TeMnepartype 20 °C
paBHo 20 OM, a npu Temrieparype 500 °C npuHHaMaeT 3HaueHHe 59 OM.
Haiigute 3HaueHHe TeMIlepaTypHoro ko3p@HUMEHTa CONPOTHBIICHHSA
mwiatiHel. (Omeem: 0,0041 1/°C.)

2. Kakyro paGoTy coBepiniacT ABMraTeNlh FONOTEPA 32 BPEMSA, PABHOE
30 muH, ecin oH Notpebaser B ienu HampsbkeHHeM 220 B Tokx cumoi
1,25 A, a ero KI1J] = 80 %. (Omeem: 396 k[Ix.)

3. UeMmy paBHO HampsKEHHE Ha KOHLAX TIPOBOJAHHMKA, HMEIOILETO CO-
npotusieHue 20 Owm, ecu 3a Bpems, paBHoe 10 MuH, Yepe3 Hero MporTe-
KaeT dnexTpHdeckuii 3apan 200 Kn. (Omeem: 6,7 B.)

4. KoTH4eCTBO TEILIOTHI, BBIAEIAEMOE 32 54 MHH NPOBOAHHKOM C TO-
koM, pasHo 20 k/Dx. Ompenenute cHly TOKa B MPOBOJAHHKE, €CITH €ro
conpoTusieHue pasuo 10 OMm. (Omeem: 2,6 A.)

3aoauu na «4» banna

1. BJC ucrounuka Toka paBHa 1,6 B, ero BHyTpeHHee conpoTHBIe-
Hue pasHo 0,5 OM. YUeMy pasen KI1J] ucrouynnka npu cune Toka 2,4 A?
(Omeem: 25 %.)

2. JlupTt Maccol 2 T MOAHUMAETCA PABHOMEPHO HA BICOTY 20 M 3a |
MUHyTy. HanpsbkeHue Ha 3axuMax 3fieKTpoABHrarells pasuo220 B, ero
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KITJ[ pasen 92 %. Onpenennre cHiy TOKa B HEMH 3JIEKTPOABHUIraTeNs.
(Omeem: 32 A.)

3. [TogpeMHusbIi KpaH IOAHKUMAET rpy3 Maccoit 8,8 T Ha BricoTy 10 M B
TeyeHue 50 c. Onpenpenvre HampsHKeHHe B LIENHM, €CIM CHJIA TOKa, IO-
Tpebnsemas kpanom, pasHa 100 A, KI1J] = 80 %. (Omeem: 220 B.)

4. BonsT™MeTp, paccUHTaHHBIH Ha H3MepeHMe Hanpskenns o 30 B,
uMeeT BHyTpeHHee conpotusieHne 3 kOM. Kakoe nononHutensHoe co-
TIPOTHBJIEHHE HYXXHO TNPHCOCAMHUTH K BOJBTMETPY, YTOOBI HM MOXXHO
6x110 M3MepATH HarnpsbkeHHe 10 300 B? (Omeem: 27 kOM.)

3adauu na «5» bannos

1. OnexrpoBo3 mMaccoit 300 T cryckaeTcs BHH3 € TOphI CO CKOPOCTBIO
72 km/4. Yinon ropsl paseH 0,01. Kos¢duiueHT cOnIpOTHBIEHHA ABH-
®eHHio paseH 0,02, HanpshxeHHe B THHHMHA paBHo 3 kB, KI1JI = 80 %. On-
PEAENHTs CONpPOTHBIEHHE OOMOTKH 3JIEKTPOJABHMraTeNis 3NEKTpOBO3a.
(Omeem: 2,4 Om.)

2. HUctounuk nuTaer BHewmHow uens. [Ipu chne Toka 2 A BO BHell-
Hell Henu Bblensercs MouHocts 30 Br. Onpexennte cuny Toka npu
KOpPOTKOM 3aMBbIKaHHH UCTOYHHKA TOoKa. (Omeem: 8 A.)

3. ObMoTKa 3)1eXTPOABHIaTeNs MOCTOSHHOTO TOKA CHENaHa W3 TIPOBO-
Ia, conpotueienneM 2 OM. ITo o6Motke Teder Tok. Kakyio MomHocTs
NoTpebAseT ABUTaTENb, €CJIH M3BECTHO, YTO HANpSIKEHHE B CETH PaBHO
110 B, cuna Toka pasna 10 A? Kakos KI1[I neurartens? (Omeem: 80 %,
1,1 xBT.)

4. OQC ncrounvka 16 B, ero BHyTpeHHee compoTHBiaeHHe 3 Owm.
HaiiTu conpoTHBieHHe HenH, eclny W3BECTHO, YTO MOIIHOCTE TOKA B Hell
16 Br. Onpenenurte KI1[ ncrounnka Toka. (Omeem: 1 Om u 9 Om; 25 %
u75%.)

V. IlonBenenne HTOroB ypoka

Jomammuee 3anauue
m11;9.
P -354; P-357.

¥Ypoxk 13. JlaGopaTopHas pa6ora
no reme «Onpenesnenne IJIC n BHyTpeHHero
CONPOTHBJIEHH HCTOYHHKA TOKA»

Obopyoosanue: MCTOUHHK TOKa, PEOCTAT, aMMEepMETP, BONBTMETP,
KITI04, COCHHUTENbHEIE [TPOBOAA.
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Xon ypoka

1. Pemmure 2anauy.

OmuH H TOT Xe HCTOYHHK TOK3 CHAa4ana MOAKIHOYAlOT K OOHOMY pe-
3UCTOPY, a 3aTEM K JIPyroMy: B NIEPBOM CiTydae HATIPDKEHHE Ha MOJI0caX
UCTOYHMK2 paBHO U, a cuna Toka B iieny /;, BO BTOPOM CIly4ae COOTBET-
ctBeHHO U; M 1. Uemy paBab! 3/IC # CONPOTUBIICHHE HCTOYHHKA.

2. Cobepnre uens (puc. 126).

I

|
"

@
—ﬂ— Puc. 126

3. Ilpu aByX pasHRIX MONOKEHHAX MOJIYHKA PEOCTATa UIMEPLTE 3Ha-
YeHHsi BeMHYHH, HeoOxoauMmux ans onpenenchus JJIC ¥ BHYTpeHHero
CONMpPOTHBACHUA UCTOYHHKA.

4. 3anonnuTe Tabnuny.

I, U; I U,

5. Bocnonb3osapiuch GpopMynaMu, NONy4eHHBIMU B Hauale paboTh,
BeiduciuTe JC u BHyTpeHHEE COMPOTHRIICHHE HCTOUHHKA.

6. OTwmovHTe 1ENMb OT UCTOYHHKA H C MOMOLUBIO BOJLTMETpa H3-
mepbre ero JJIC. H3amepeHHOe 3HAYEHHE CPABHUTE C HAWICHHHIMH B
UpeBIRYLIEM 3aNaHHH.

Jlomamnee 3ananue
P-367,P-370.
n8,9.

¥Ypoxk 14. KoaTpoanuas pabora

Iens: npoBepka 3HAHUH H YMEHHIi yJanHxcs.

Xoa ypoka

Bapuanm I
1. Onpenennts CHy TOKA 8 TIPOBOJHHKE K3 M HAIPSHKECHHE HA KOHIAX
MpOBOAHHKA R;, ecii DJIC ncrounuka 2,1 B, ero BHyTpeHHee CONpOTHR-
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nenue 1,2 OM, R, =7 Om, Ry = 5 OM, R; = 4 OMm. (Omgem: 0,375 A,
1,5B))

N
jI

R1

Puc. 127

2. OnpenenuTs MOIIHOCTD 3JEKTPUYECKOTO HaiHMKA, €CIIM B HEM 32
20 muH HarpeBaercs 1,44 xr Bomst ot 20 °C mo 100 °C KIIJ = 60 %.
Y nenbHasn TerwtoeMkocTs Boabl 4299 Jhi/xr-K. (Omsem: 672 Br.)

3. Onpexaennts moKazaHus Bcex NPHOOPOB, €CIH JABMXKOK. PEOCTaTa
HaxoauTcs Ha cepenune. DJJC uctounuka 9,5 B, BHyTpeHHEE COMPOTHB-
nenue 1,5 OM, R; = 40 Om, R, = 60 Om, R; = 120 Om, conpoTHBIEHHE
peocrtata 52 OMm. Kak H3MeHSTCS NOKa3aHUs BceX MPHOOPOB MpH JBHIKE-
HUH TIOJI3YHKA peocTaTa cHusy BBepx? (Omsem: 0,2 A; 5,2 B; 4 B.)

Puc. 128

4. 3a kakoe BpeMs 3 AM® BOZBI HarperoT ot 20 °C 1o KMIeHHs dJek-
TPOKHMIIATHILHUKOM, €CIM HanpspkeHue B cetu 220 B, compotuBnenue
HarpeBatens kunaTuiabhnka 55 Om? KI1J] kunstunsuuka 60%. (Omeem:
32 MuH.)

5. B anexTponasnsauKe Npy HanpsxeHun 220 B Bo3HUKaeT TOK cu-
so# 0,2 A. Kakoe konuuecTBo onoBa, B3sitoro npu 22 °C, MoxHO pac-
nnasuTe 3a 2 MuH, ecnn KT1JT nmasnennka 90 %. Y nencHas TemIoeMKoCTh
onosa 230 Jhx/kr-K, yaensnas tennota nnasnesus 59000 Dx/kr, Temre-
parypa nnassieHus oidoBa 232 °C. (Omeem: 44 1.)

6. Kakoii TOk TeueT uepe3 aMnepMeTp ¢ npeHeGpexuMo MajbIM BHYT-
PEHHHM COTIPOTHBICHHEM?

R;=150M,R;=100M,R; =10 OM, Ry =10 Om, 3/IC = 7,8 B.
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Puc. 129
(Omeem: 0,26 A.) ue. 1

7*. TpamBaiiHelii BaroH Maccoit 20 T JBHXKETCS paBHOMEPHO MO TOpH-
30HTAMBHOMY Y4YacTKy NMYTH cO CKOpPOCThIO 54 kM/4. Ilocne oTkmodyeHus
SHEKTPOABUTATENS BATOH MIET PABHO3AMEICHHO M TIPOXOAUT KO OCTAHOB-
k# 450 M. Kakyio 3HEpreTHYecKy0 MOILHOCTb MOTpeONsa JIEKTPOABHra-
Tenb go ero otkmoueHns? KITJ nurarens 75 %. (Omeem: 100 kBT.)

Bapuanm IT
1. OnpeaeauTs cHly TOKA B IPOBOAHUKE R> U HaNpsUKEHHE HA KOHIIAX
npoBoaHHKa R,, ecnu DJIC uctouHuka 9 B, a ero BHyTpeHHee COIPOTHB-
nenve 1,8 Om.

R|=30M,R2=20M,R3=,]00M. Puc. 130

(Omeem: 135 A, 2,7 B.)

2. DNeKTPOKMMATHIBHHK MOIMHOCTBIO 1 KBT, paboTarouiuit oT ceTn ¢
HanpsokeHHeM 220 B, 3a 12 Mun Harpesaer 1,5 1 Boasr Ha 88 °C. Uemy
paseH KI1JI arpeBatens. Y aensHas TemnoeMKoCTb BoAsl 4200 Jlx/kr-K.

3. Onpenenuts MoKazaHHWA Bcex NMpUOOPOB, €CIM IBIXKOK peocTara
HaxoAUTCA B KpaiiHeM IpaBoM nonoxeHHH. Kak HIMEHSAIOTCH MOKa3aHUA
npH6OpOB, ecy ABHKOK PEOCTaTa NepeMEIaTh BIEBO?
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BAC=124B, r=020M R, =29 0M, R, = 1,6 OM, R; = 6 OM,
R,=20m.,

4. DnexTpojBHraTenh TpaMBailHEIX BaroHos paGoTaeT npu Toke 112 A
u HanpsoxkeHH® 550 B. C kaxoii CKOPOCTBIO ABHXKETCA TpaMBail, eciu
JBHratean cosjawTt cuiy Tard 3,6 xH, a KIIJX ux pasHo 70%? (Omeem:
12 M/c)

5. Cxonbko nbaa, B3atoro npu —10 °C, MOHO pacTOnHTE 3a 10 MuH Ha
3NEKTPOITUTKE, paboTatomieii oT cetn HanpsukeHueM 220 B npu Toke 3 A,
ecnu KI1JI ycranoBku 80 %. Y aensHas TeILoeMKOCTh Jbaa 2100 Tx/kr-K.
VY nensHas Temnora mnasneuus 340 kIPx/kr. (Omeem: 0,88 kr.)

6. HaiiTi pacnipeJieieHHe TOKOB U HAalIPAXKEHUI B IPOBOJIHHKAX.

Puc. 132

r=10M, R =30M,R,=40M, Ry =4 0OM, R4=2 OM, Rs =3 Om,
Rs =10Mm.

(Omeem: 2 A; 1 A;0,5A;1A;05AN0,5A;6B;4B;2B;1,5B;
0,5B.)

7*. DnexTpudecKHi YaiiHHK HMeeT B HarpeBaTene JBe ceKiuu. [Ipu
BKJIIOYEHHH TIEPBOIi CEeKIMH BOAA B YaifHHKe 3akHmaeT 3a 10 MHH, a npi
BKJTFOYEHUH BTOpoii ceximy 3a 40 MuH. Uepes CKONLKO BPEMEHH 3aKHITHT
BOJA, €CJIM BKIOYATE 06¢ CEKIMN MapajuIeNIBHO MIH MOCNEN0BATENBHO.
YcnoBua HarpeBaHHA 0AMHAKOBHL (Omsem.: 8 MHH; 50 MHH.)

Ypok 15. DnexTpuyecknii TOK B 31eKTPOJIHTAX

Ilens: BLIACHWTH, KaKue YacTULH ABJAIOTCA HOCHTEISIMH TOKa B
3JIEKTPONIATAX.

Xon ypoka

L. Opranu3anHOHHBIH MOMEHT

1I. TIoBTOpEnKe
—  Kaxue yacTuiipl ABIAIQTCH HOCUTENSIMH TOKA B ra3ax?
—  Kax oHu nomyyawrca?
—  UYeM 0TIHYACTCH CAMOCTOATENLHBIN Pa3ps OT HECAMOCTOATEIIBHOIO?
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—  3acuyer xakux ¢axTopOB NOJAEPKHUBAETCS CAMOCTOATENBHBIH pa3psan?
—  Kakue BHABI CaMOCTOATENBHOTO pa3psAsia BB 3HacTe?

— Yo Takoe miasma?

—  IlpuBeawnTte mpUMepHI BEILIECTBA, HAXO/AILIETOCA B COCTOSHHM TUTa3MBL.

I1L. TTpoBsexeHHe caMOCTOATENLHOI paboThl

1. Tlon peificTBueM MOHW3ATOpA ra3 CTANl NPOBOJHUKOM, 3apAKEHHBIH
3NIEKTPOCKOTI, CTOALIMI PAJIOM, HauHHaeT OpICTpO paspsxarscd. [loueMy
Tioclie YAaneHUs MOHH3aTopa paspaj Npekpaiaercs?

A. HoHu3zaTop pa3psaami 3J1eKTPOCKOIL.

B. B pesynbTate pekoMOHHALMK 3apsDKEHHBIE YaCTHLBL GRICTPO HC-
4e3al0T, NPEBpAllafch B HEATpaNbHBIE aTOMBI, ra3 cTaln Helpo-
BOJIHHKOM.

B. B rase 6yayT ToIbKO OZHOMMEHHBIE 3apsAbL.

2. TloueMy 1A YMEHBIICHHS NOTEPH JIEKTPOIHEPTHH HA KOPOHHBIH
paspsA B IMHHAX DIEKTpPOIEpesad BBRICOKOTO HAIIPSHKEHHA MPHMEBAIOT
MpOBOJA BO3MOXHO Gonpllero auamerpa?

A. HampsxeHHOCTE 110111 BOIHM3H NMOBEPXHOCTH NMPOBOJHHKA YBEIH-
YHBaeTcs.

B. Hanpsxxennocts 1o B6IM3M NOBEPXHOCTH NMPOBOJHHUKA HE ME-
HAETCA.

B. HanpsokenHocTs mons BOIH3M NOBEPXHOCTH NPOBOJHHKA YMEHb-
IIaeTcA.

3. Kakoii BuJ pa3paga HMEET MECTO B amiiax JHEBHoro ceeta? Hazo-
BHTE HOCHTEIH 3apsAAO0B IIPH 3TOM pa3pse.

A. Tnerouuii: >1eKTPOHBI, HOHBI I'a3a U MapoB PTYTH.

b. KoponHsiii: 371eKTpOHbI, HOHBI T'a3a.

B. UckpoBoii: 3neKTPOHBI, HOHEI T'a3a.

4. Kak 3aBHCHT IIpOBOJIMMOCTb I'a30B OT JaBJICHHA?

A. He 3aBucHT.

b. Yem Gonsuie naBiieHne, TeM OONbIUE MPOBOAMMOCTS.

B. Yem Gonsle naBsneHue, TEM MEHBLIE IPOBOAHUMOCTS.

5. Kakue ¢u3nyeckue ABICHHA HCTIONb3YIOTCA HA MOHH3aLMH ra3a:

1) VBenuuenue TeMneparypel.

2) PeHTrenoBckue y4.

3) YMeHbllieHHe TaBlIEHHS.

4) PanuoakTMBHOCTE.

5) VisrpacdHoneroBoe usimydyeHue?

A.1,2,3,5.
B.1,2,4,5.
B.1,2,3.

6. Cuna Toxa HachbllleHHS B T'a3e 3aBUCHT:

1) Ot npuoXkeHHOTO HATIPSXKEHHUA.
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2) JleitcTBAs HOHH3aTOpA.
3) O6Bema MeNUTy PNEKTPOJAMH.
Al
b.1,2.
B.2,3.
7. Inocknii KOHIeHcaTOP, 3Ha4YCHHE HANPKEHMA Ha KOTOpoM GH3Ko
X npo0oiiHOMY, OTCOCMHHIN OT HCTOYHHKA Toka. HacTynut nu npo6oii,
€CIIH [IACTHHH Ha9aTh cOMmKaTsh?
A. Hactynwr.

b. He nactynur.
B. Hactynur, ecu rutacTHHHE cOkats ¢ 601b1I0H CKOPOCTEIO.

8. KopoHHRIH pa3psai NOAMEPKABACTCH 32 CHET ... ...
A. VOHH3HPYIOIIETO U3MYYCHHA.
b. TepMo3seKTPOHHOM 3MHCCHH.
B. Bricokoii TeMnepatypsl raza.
I'. Bricokoif HAaNPMKEHHOCTH IEKTPHYECKOTO NOJA,
9. MoxeT TH BO3HHKHYTh TOK HACBHIIICHUA TPH CAMOCTOSTENILHOH
TIPOBOAMMOCTH raza?
A_Her.
B. la.

(Omgemu: 1.5.2.B.3.A.4.B.5.5.6.B.7.5.8..9.A)

IV. H3y'enne HOBOTO MATEpHATA

Ixcnepumenm

K HMCTOYHHKY TOKa COCTMHIIIM NOCIEIOBATENBHO JIAMITY W 3JIEKTPO-
JIMTHYECKY0 BaHHY ¢ AMCTH/LIHPOBAHHOH BOJIOH, B KOTOPYIO ONYUICHHI
anekTposl. 3aMkHyIH uens. Jlamna ne ropur. Jlobasunu B BoAy Kakyo-
HHOYZB conb (MeHn# Kynopoc). Jlamna 3aropaercs.

PaccMOTpeB YToabHBIE 3NEKTPOAbl 0OHAPYXKHJIM XapaKTepHEIA Kpac-
HEIH et (Menn). IlpH nporekalny Toka yepes pacTBOPBI ICKTPOIHTOB
BMECTE C 3apAJIOM Bcerja nepeHocuTes pemectso (dnekrponaus). Hocure-
TISIMM TOKa B 3THX NPOBOJAHHKAX SABIIOTCH WOHEL B pacTtBopax snekrpo-
JIMTOB BCETAA COJCPKHTCH HEKOTOpOE YHCHO WOoHOB. Ecnii Toka HeT, OHH
aswiytes Gecnopanoddo. Ho B ayekTpHUeckoM Mone MoNOXKHUTENbHbIE
HOHH JIBHXKYTCS K KaTOJly, OTPHLATEIbLHEIE — K aHOXY.

JIns pacTBROPOB NEKTPOIUTOB CHpaBeyMB 3akoH Oma.

Ipu 3neKTpONIH3E NPOHCXOAMT BHJICICHHE BElllECTRA:

m=nmy, -N,;

my =

H
i’ N‘
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Ag I-Ar
9oi Doi ’

[Oe 4 — MONAPHas Macca; n — BAIEHTHOCTh; N; — 4UCII0 HOHOB, JOC-
THIIIHX 3JIEKTPOAA; My; — 3apafl OAHOIO HOHA.

N, =

qo; =n-€,
m= L 1At no £ =const=k.
neN, neN,
rae k — 3NeKTPOXMMHUECKHI SKBHBAICHT, 3aBUCAIIMI OT BEUIECTBA.
m=kIAt.
1
m=£. -TAt.

n eN,

e-N,=F —uncno ®apazes.

F=9,65-10° Ki/Mons.

Jing BeineneHus 1 MOJIA OXHOBANEHTHOrO BEHIECTBA HEOOXOAHMMO
9,65-10* Ku.

OTcroia MOXHO HAHTH 3apAf 3NEeKTPOHa:

)7
mni

e =

IAt.

Ipumenenue anexmponusza

1. FansBaHOCTEHKH (HHKEIMpOBaHHE, cepebpeHne).

3. FansBanomnacTuk (marorosnenne konui) (b.C. Sko6u, 1838 r.).
4. DneKTpOHATHPAHHE.

5. OynCTKa MeTaJUIOB, NOJYYEHHEBIX NIPH BEHILTABKE U3 pYIBI, OT IPO-
4q¥X MpUMECEH.

6. DNEeKTPOTOHHPOBKA MIOBEPXHOCTH.

V. 3akpennenne H3y4eHHOT0 MaT¢PHATA
— Tlouyemy unctas Boja He IPOBOAMT EKTPHIECTBO?
TToyeMy Boja cTaHOBHTCS IIPOBOJHMKOM TNPH PACTBOPEHUH CONH?
YTO Ha3bIBaeTCs MNEKTPIXUMHUUECKUM IKBHBATEHTOM?
Kak MOXHO OlpeIe/IHTh 3apAn IEKTPOToKa?

VL. Pemnenne 3agau

1. TIpu cepebpennn u3nenus Ha katofe 3a 30 MHMH. OTIOXKHIOCH ce-
pebpo maccoii 4,55 r. Onpenenure CHIY ToKa MpH snekTponuse. (Omeem:
I=226A)

2. CKOJIBKO HMKEJS BHIIEIUTCS IIPH JJIEKTPONH3e 3a | vac MpH cHie
ToKa 10 A, ecnmn M3BECTHO, YTO MOJIApHas Macca HUkens 0,0587 xr/mos,
a BaIeHTHOCTh 1 = 27 (Omgem: 11 yac.)
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3. Ilpu snextponnse pacrsopa ZnSO, 6b1na 3aTpauena sHeprus 20 kBru.
Onpenenure Maccy BRIICTHBLIETOCS LIMHKA, €CTH HANpsXKEHHE Ha 320KH-
Max BaHHBI 4 B. (Omeem: 612 1.)

4. Onpenenute Maccy cepebpa, BRIICTIUBLIErOCS Ha Katoe IpH 3JIeK-
TPOJIM3e a30THOKHUCIIOTO cepebpa 3a BpeMa 2 Jac, €CITM K BaHHE NPHIOKEHO
HanpsbxeHue 1,2 B, a conpotuBnenue BanHbl S OM. (Omgem: m=1,9r1.)

5. OnpenenuTe TOMMHY CNOS MEJH, BBLIEIMBIIEHCS 33 5 yac NpH
3JIEKTPOJIU3E MEJHOTO KYNOpOCa, ECIH INIOTHOCTh Toka 0,8 A/am>. (Om-
gem: h=5310" m.)

Jlomauinee 3aganue
m. 16;
3amaun Ne 379-382.

VYpoxk 16. Inexrpo.ini. 3akonsl Papajes

Xoxa ypoka

I. Opranu3aunoHHBIH MOMEHT

I1. IipoBenenue caMoOCTOATENLHOH paboThI

1. Haiitn mocrosHHyo Papanes, ecy MpH MPOXOKACHHH HeEpe3 JJIeK-
TPOJIMTHYECKYHO BaHHY 3apsa ¢ = 7348 Kur Ha kaToae BBIAENHNACH Macca
3o0ta m = 5 r. XuMHueckuii sKkBUBaIeHT 30y10Ta 4 = 0,066 Kr/MOIb.
(Omeem: 9,65-10° H/mons.)

2. AMNEpMETp, BKIIOYEHHHIH MOCIEIOBATEILHO C 3NICKTPOINTHYE-
cKo#t BaHHO#H, NoKka3biBaeT Tok [y = 1,5 A. Kakylo nonpaBky Halo BHECTH
B IIOK23aHHA aMIICPMETpa, eciiM 3a BpeMsa 7= 10 MUH Ha KaToAE OTJIOXKH-
nmack Macca Meau m = 0,316 1?7 DIeXTpOXUMHYECKUI 3KBUBAJICHT MeIH
K =3,310" xr/Kn. (Omeem: 0,1 A.)

3. JIna cepebpeHus JIOXEK 4epe3 pacTBop coiu cepebpa B TedeHHe
BpeMeHHM 7= 5 r nponyckanu Tok [ = 1,8 A. Katomom cnyxar n = 12 no-
KeK, Ka¥aas M3 KOTOPBIX HMMeeT Iomaisr noBepxHocTH S = 50 cMm2.
Kakoit TommuHel cioif cepebGpa OTIOXHTCA Ha jJoxkax? MonspHas
Macca cepebpa g = 0,108 kr/M0nB, €ro BajleHTHOCTh Z = | M MIOTHOCTH
p= 10500 xr/m’. (Omeem: 58 MKM.)

4. Haiitn Maccy BelenuBlIeiics Meqy, €ClM JUIA €€ NOTy4YEHHs JTIEK-
TPHYECKUM crocobOoM 3arpayeHo W = 5 kBT-4 31eKTpo3IHEpTHH. Dnek-
TpoA mposoautcs npH Hanpskenuu U = 10 B. KITJ] ycranoBku 75 %.
(Omeem: 0,445 xr.)

5. Kakoii 3apan npoxogut Yepes pacTBop cepHoit kucnote! (CuSO,) 3a
BpeMs 7= 10 r, eclIH TOK 3a 3TO BpEMS paBHOMEPHO Bo3pacTtaeT ot [, =0



446 TMoypoytbie pa3pabomku k yuebHuxy B.A. Kacoarnoea

1o I, = 4 A. Kakas Macca MeIH BRUICIHTCA NPH 3TOM Ha Katozie? Dnek-
TPOXHMHUECKHiK SkBHBaneHT Meu K = 3,3-107 kr/Kn. (Omeem: 6,56 mr-.)

6. TIpu pathMHHPOBaHHM MEIH C TIOMOILBIO 3NECKTPONH3A K NOCIEIOBA-
TENILHO BKJIIOYEHHBIM 3JICKTPOJIMTHYCCKHM BaHHAM, AMEIOMMM oblilee co-
nporusaeHue R = 0,5 Om, noaseneHo Hanpsoxeane U = 10 B. Halitu Maccy
YHCTOH MeaM, BHIACTHBILICHCS Ha KaToJaX BaHHH 34 BpeMaA f = 10 4.
3/JIC = 6 B. DneKTpoXHMH4YECKHIi SKBHBANCHT MeH k = 3,3-107 xr/Kn.
(Omeem: 95 1.)

7. Ilpu 3neKTpoNH3e BOABI 9€pE3 INEKTPOIMTHYECKYIO BaHHY B Teve-
HHE BpeMeHH 7= 25 muH wen Ttok I = 20 A. Kakona TeMnepartypa Bryie-
JIMBIIErOCs KHCIOPOJA, ECIH OH HaxoaWTcsA B obreme V=1 1 noxn nasne-
HueM p = 0,2 MITa. MonspHas Macca Boas 4 = 0,018 kr/Mons. Dnekrpo-
XHMHYECKHil SKBHBaICHT kuciopona K = 8,29-10° xr/Kn. (Omeem:
312K)

8. Ilpu anexrponuTHUecKOM criocobe MONYyHYCHHS ANIOMHHHA HA €H-
HHIY Maccel pacxonyerca W; = 50 xB1-y/kr 3nekrposHepriau. JneKrpo-
M3 npomoautcs npu Hanpsokenud U; = 16,2 B. Kakum Gyner pacxoxn
3NMeKTpO3Hepruu W; Ha eAMHMIYY Macch! npH HanpsbkeHud U, = 8,1 B.

MAT'HETH3M

Ypok 17. MarnuTHoe nmoJjie JIeKTPHYECKOro TOKa
(cM. Ypok 1, Msakumes)

‘Vpoxk 18. MaruuTHoE noJie H ero XapaKTepHCTHKA
(cM. Ypok 3, MakuieB)

Ypok 19. JleiicTBHe MATHHTHOTr'O OJIA HA NPOBOAHHK
(cM. Ypok 3, Mskuines)

¥Ypok 20. Pemenne 3apa4. Cuna AMuepa
(cM. Ypok 4, Mskumien)

¥Ypok 21. Jla6opaTopHas pa6ora
o reMe «OueHKa MOAYJIf BeKTOPa MATHHTHOH HHAYKIHI»
(cM. Ypok 5, MsakHies)
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Ypox 22, [lelicTBHe MATHHTHOIO OIS
HA ABHXKYLIHECH 3apsAKeHHble YACTHIIBI
(cm. Ypok 6, Makurues)

Ypok 23. Macc-cnexkrporpad H UHKJIOTPOH
(cM. Ypox 7, Maxuuies)

VYpok 24. Pemenne 3aga4. Cuna Jlopenua
(cM. Ypok 8, Msakumies)

VYpok 25. MarHuTHoOe noJie BellecTBa
(cM. Ypok 9, Makuiues)

Ypox 26. Kourpoanhas pabora
o TeMe «JNeKTPOMATHUTHOE MoJie, DJIeKTPHUECKHE 3aPAAbD
(cM. Ypok 10, Msxumien)

SJIEKTPOMAT'HETHU3M

Ypok 27. MarHuTHbIH NOTOK
(cM. Ypok 15, Msikues)

VYpok 28. DneKTpOMarHUTHas HHAYKIHA
(cM. Ypok 12, Makumes)

¥Ypok 29. Cnocobnl HHAYUMPOBAHUSA TOKA
(cM. Ypok 11, Msaxuines)

VYpok 30. JlabopaTopHan paGora
nmo Teme «3yyeHHe siBJIeHUA JIEKTPOMATHHTHOH MHIYKITHH»
(cM. Ypok 13, Makumes)

Ypok 31. Peiiense 3a7ja4. 3aKOH 3J1eKTPOMATHUTHOH HHIYKIMH
(cM. Ypok 14, Msxumen)

Ypok 32. OneiTel FeHpu
(cM. Ypok 16, Msxuies)
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Ypok 33. Pemenne 3aaa4. SisieHne caMOMHIYKLIHH
(cM. Ypoxk 17, Msakniues)

Ypok 34. Pemienne 3xcepHMEHTANBHBIX 32824
(cM. Ypok 18, Makues)

Ypok 35. Peutenne 3agau
(cM. Ypok 19, Mskuiues)

¥Ypok 36. Penienue kauecTBeHHBIX 32824
(cM. Ypok 20, Msaxniues)

¥Ypok 37. KouTponbnas paéora
no Teme «JIeKTPOMATHHTHAsE HHIYKIHA»
(cM. Ypok 21, MskumeB)

Ypok 38. Hcnonb3loBaHMe 3JIEKTPOMATHUTHON HHAYKUMH
(cM. Ypok 39, Msakumes)

Ypoxk 39. 'enepupoBaHne NepeMeHHOr0 TOKA
(cMm. Ypok 38, Msaxumes)

Ypok 40. JlaGopaTtopHan paGoTa
no Teme «OnpeneleRne YHCJIa BHTKOB
B 00MoTKAaX TpancdopMmaTopa»
(cM. Ypok 40, MaxHueB)

¥Ypok 41. Ilepenaya 31eKTPOIHEPrHH HA PACCTOAHHH
(cMm. Vpok 41, Mskuuies)

Ypok 42. Peuienne 3anau. IlepemMennbiii 31eKTpHYECKRil TOK
(cM. Ypoxk 42, Msikuies)

Ypok 43. Dnexrpupukauus Poccuu
(cM. Ypok 43, MskHuies)

Ypok 44. [lepeMeHHBIH JIEKTPHUECKH I TOK
(cm. Ypox 40, MsikreB)

Ypok 45, ConpoTHBI€HHE B 11NN NEPEMEHHOI0 TOKA
(eM. Ypok 31, MakHmes)
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Ypok 46. JIaGoparopHas pabora
no Teme «M3MepeHHe CHIIbI TOKA B LieNH C KOHAEHCATOPOM
(cM. Ypox 32, MsxwuineB)

Ypok 47. JlaboparopHas paGora
no Teme «H3MepeHHe HHAYKTHBHOTO COMPOTHBJIEHHS! KATYLIKH»
(cM. Ypok 33, Msakuines)

Ypox 48. JIaGoparopnas paGora
no Teme «McciaenoBanue 3J1EKTPHIECKHX CXeM
¢ HHIYKTHBHBIM, EMKOCTHBIM H AKTHBHBIM 3JIeMEHTaAMH»
(cM. Ypox 35, Mskuiies)

Ypok 49. Pemenue 3apaq
(cM. Ypok 36, MsaxuuieB)

Ypok 50. PemieHHe 3IkcMepHMEHTAILHbIX 32124
(cM. Ypok 37, Msku1ieB)

Ypok 51. CroGoaHble rapMoOHHYeCKHE 31eKTPOMAarHUTHbIE
Ko/1eGaHus B Kojle6aTeILHOM KOHTYpe
(cM. Ypok 29, Mskuwies)

Ypok 52. IloynpoBOAHHKH
Ienp: MO3HAKOMUTH YHaIIMXCA C HONYTIPOBOAHHKAMH.

Xon ypoka

L. Oprauu3auMOHHBIH MOMEHT
I1. AHaJIM3 KOHTPOJILHOH paboThi

III. U3y4yeHue HOBOro MaTepHaJia

MHoruye BemecTBa B KPUCTALTMYECKOM COCTOSIHHH HE SBNSIOTCA XO-
POLIMMH TTPOBOINHHKAMM JNIEKTPHYECKOTO TOKA, KaK METAJUIBl, HO HX
HENb3s OTHECTH H K JWIIEKTPHKaM, TaK KaK OHH He ABJAIOTCA XOPOLTHMH
H30MIATOpaMH.

HanGonee xapakTepHbIM CBOHCTBOM IONYIIPOBOJHHKOB SBJSETCA TO,
YTO MX yJEJIBHOE CONPOTHUBICHHE PE3KO W3MEHACTCH MO BIHAHHEM He-
KOTODPHIX BHEIHNX BO3ACHCTBHIA.

IKcnepumenm
BrnrounTe repMaHMeBBIH KpHCTalnn NPH KOMHATHOH TeMnepaType B
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Lemnb, coJepaKaiieil HCTOYHUK TOoKa M raneBaHoMeTp. IIpu 3ToM crpenka
OTKJIOHACTCA HesHaunTenbHo. IlomynpoBoaHHk obnamaer GObIINM CO-
nporusicHueM. IIpH HarpeBaHMH MOXHO YBHAETh, 4TO CTpeJKa OTKJIO-
HwiIack Ha GONBINOH yro.

M3 TakHx NOMYNPOBOJHHUKOB YAEIBHOE CONPOTHBIIEHHE KOTOPBIX pe3-
KO H3MEHSETCA CO CHMIKEHHEM TEMIIEpaTyphl H3TOTaBIHBAIOT TEPMOMET-
Pl (MCNIONB3YIOTCA AJISi H3MEPEHHSA TEMIIEPATYPHI).

ConpOTHBIICHHE MOXKET M3MEHATHCA NPH W3MEHEHHH OCBEIIEHHOCTH.
M3 Takux NOTYyNPOBOHUKOB JENaK0T OTOPE3UCTOPHI.

Bruno ycTaHOBACHO, YTO 3JICKTPUYECKHUH TOK B MOTYNIPOBOAHHKAX HE
COMPOBOXAAETCA NIEPEHOCOM BEHIECTBA — HUKAKHX XHMHYECKHX H3MEHE-
HH# ¢ HUMU HE IPONUCXOJIUT.

Ortcrofa crieyer, YT0 HOCHTENAMH TOKa ABJISIIOTCS 3JEKTPOHBL.

B no/ynpoBOHHMKAX BAJICHTHBIE 3IEKTPOHBI CHIIBHEE CBSA3aHBI C aTo-
Mamu. ITo3TOMY KOHLEHTpalMs 3JEKTPOHOB MPOBOAMMOCTH Maia. IIpu
HH3KHX TEMIIEpaTypax NPaKTHYECKH BCE BAJICHTHBIE 3IEKTPOHBI POYHO
CBA3aHBI C ATOMAMH, HO NIPH BHEIIHEM BO3IECHCTBMHM Ha KPUCTALI 3JIEK-
TPOHBI IPHOBPETAIOT SHEPTHIO, JOCTATOUHYIO ISl Pa3pbiBa KOBAIEHTHBIX
CBA3Eil.

V TOro atoma, OT KOTOPOTO 3JIEKTPOH GbLI NEPEBEIEH B CBOGOMHOE
COCTOSHHE, TIOSBHIOCH BAIEHTHOE MECTO C HEAOCTAIOMIMM 3JIEKTPOHOM.
Ero HasblBaloT «ILIPKOi». «JIbIpKa» BEAET cebs KaK MONOKHMTENBHO 3a-
psKEHHAd YacTHua. DIEKTPOH MOXKET 3aHATh BAaKAHTHOE MECTO, TOTAa
«apIpka» obpasyeTcsl B coceliHeM aToMe. I1oaToMy «IbIpKay» GiyxaaeT
10 KPUCTAILTY.

TIpH CO3NaHHHM 31EKTPHYECKOTO MO «IBIPKU» ABUTAIOTCA B TOM Ha-
MpaB/icHHH, Ky/1a 6bl ABUTAIMCE OJOXATENBHBIE 32PA/bI, @ HIEKTPOHBI —
B NIPOTHBONOJIOKHYI0. B MOTYNPOBOAHHKKE 31EKTPHYECKHI TOK CO3/a€TCA
«IBIPKAMH» M 3JIEKTpOHaMH. Takoe IBMKEHHE B KpHcTanne 6e3 npuMe-
ceit Ha3bIBAIOT COBCTBEHHOMH MPOBOIMMOCTHIO.

TIpoBOAUMOCTE, 06YCIIOBICHHAA HAIMYMEM TPUMECEN B MOJTYMPOBOA-
HHKE, HA3BIBAETCA KPUTHYECKOM MPOBOANMOCTHIO.

TTpuMecH, MOCTaBASIOMIHME EKTPOHBI MPOBOAUMOCTH 6€3 BO3HHKHO-
BEHHs PaBHOTO MM KOJHMYECTBA «IBIPOK», HA3BIBAIOTCA JOHOPHHIMH. B
TAaKHX KPUCTALIaX 3JEKTPOHBI SBJAIOTCS OCHOBHBIMM HOCHTEISMH TOKA,
HO HE €IUHCTBEHHBIMH.

TakHe NOJTyNPOBOAHHUKH NOMYYH/IH Ha3BAHUE N-MUnQ.

TIpUMecH, 3aXBATHIBAIONIHE 3IEKTPOHBI U CO3AAIOIME TEM CaMBIM
TIOZBIIKHEIE (IBIPKHY, HE YBEJHYMBAs IPH 3TOM YMCIIO 3JIEKTPOHOB, Ha-
3BIBAIOT AKLETITOPHBIMH.

Takue NONyNpPOBOSHUKHU TIOTYYHIIH HA3BAHNE P-MUNQ.
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~_ITpoBonawxh 061ajal0T OHOCTOPOHHEH MPOBOJMMOCTSIO P Tiepe-
X0J1a KOHTAaKTa JIBYX HONYPOBOJHHKOBHX KPHCTAUIOB PaxIHYBOrO THIA
TIPOBOIIMMOCTH.

JIng co3maHMs TAKOTO NMEpexXoA2 HyXHO CO3/aTh B KPHUCTALIE C b
POYHOM MPOBOAMMOCTHI0 O0ONACTH INEKTPHIECKO#N IMPOBOAMMOCTH (MIH
HaobopoT). Takyio 061acTs CO3AAIOT MyTEM BBEACHHA B MPOLECCE BhIpa-
IHBAHUA KPHUCTAJUIA WIH aTOMa NPHMECH B roToBbif KpuCTALL Yepes
I'PaHHLly pasaelisiomyo obIacTy KpHCTaILIa C Pa3IAYHEIMH THIIAMH IIPO-
BOJIMMOCTH ITPOMCXOAMT AU Py3HA INCKTPOHOB H «IBIPOIO).

Ecnu p—n NIepexo COCAMHATL ¢ HCTOUHMKOM TOKA TaK, WTOORI C ero
HOJIOXUTENBHEIM TIONIOCOM OBUIA COSAMHEHA OONIACTL C JNIEKTPOHHOH
MPOBOIUMOCTBIO, TO EKTPOHEI H JLIPKH YANAIOTCA BHEIIHHM TONEM OT
3aMMPAIONMIETO CIIOA B pasHble CTOPOHHL, YBellMYHMBasA ero tomuuHy. Co-
TIPOTHBIICHHE p—N Nepexoaa Bemuko. Tok man. EciH cOeIMHHTE HCTOY-
HHK TOK2 TaK, YTOOK! NOJNOXHTENLHBIH NIOMIOC 65UI COEAHHEH ¢ 06NacThIO
JBIPOYHOi MPOBOJMMOCTH, 3aNMMPAOLIAH cloH yMeHbmaerca. IToT cno-
c06 HA3LIBAETCA BIIIOYEHHEM B MPOINYCKHOM MIIH NIPAMOM HaNpaBJICHUH.

Cnoco6HOCTE NPOIYCKATh p—N MEPEXOA TOKA B OJHOM HANPABJICHHH
HCMONE3YI0TCA B NpHOOpPaX, KOTOpHIE HAa3LIBAIOTCA NONYMPOBOJHHKOBAI-
MH juonaMu. OHH HMCHOJNB3YIOTCS A MPeoOpasOBaHHA NEPEMEHHOTO
TOKA B MOCTOAHHEIH. JIOCTOMHCTBA — MAJIKIE pa3MEPH M Macca, JUIHTElh-
HBIH CpOK cIyX0, BBICOKaA MeXaHWYeCKasA MpOYHOCTH, Bhicokmi KIT/,
Henoctatok — He MoryT paborars Hipke —70 °C, 1IpH BRICOKHX TeMriepa-
Typax pe3ko yXyMHalTcsa paboyne MapaMeTphL.

IV. Pabota ¢ yueOnuxom
OTkpoiiTe yueOHHK Ha c. 239, npoydTaiTe M 3aMHIIATE HHPOPMALHIO
0 TIOMYTIPOBOJHHKOBOM TPHOAE (TpaH3HCTOpe).
OTBETHTE HA CICAYIOUIHE BONPOCHL:
~ Kak ycTpoen Tpan3uctop?
~ Kaxk BKJII09a10T TPaH3HCTOP B MMECKTPHYECKYIO LEb?
~ Ha 4em ocHOBaHA CMOCOOHOCTL TPAH3HCTOPA YBEIHYHBATH JJICK-
TpHUECKHH CHrHAN?

V. [loaBeaeHHE HTOTOB YPOKa

Jlomammnee 3ajanne
n. 78-80.

Ypok 53. TepmodnekTpadeckas IMHCCHS
H 3J1eKTpOBaKyyMHALIC HpHOOpLI

Hens: chopMUpoBaTL NOHATHE TEPMOSJICKTPOHHON SMMCCHH H M10Ka-
3aTh ¢ MPaKTHYECKOE PUMEHEHHE.
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Xoa ypoka

I. Oprasu3anHOHHBI# MOMEHT

I1. IloBTOpEeHHE H3YHUEHHOTO MATEPHAJIA
— Kakue BemecTBa Ha3pIBalOT MOTYNPOBOJHUKAMM?
—  Yrto TaKOE «IBIPKU»?
— Kakue HocHTeNnd Toka 00ecneunBalOT COOCTBEHHYIO TPOBOJANMOCTD
TIOJYTIPOBOJHUKOB? )
— Kakyro npHMech Ha3kIBalOT JOHOPHOH?
— Kakyro npHMeck Ha3bIBalOT aKLENTOPHON?
—  Uro Takoe 3J1EKTPOHHO-BIPOYHBIH nepexon?
—  Onwuiunre npouecc o6pa3oBaHNs 3aNHparolIero cios?
—  UYro Takoe NonynpoBOJHUKOBEIA Anoa?
—  Onunomre YCTPOHCTRBO W NPHHLUI NEHCTBUS MpoCTEiinero ycumm-
Tens.

IIL. IlpoBenenne caMocToATEILHOM PaGoThI

Bapuaum I

1. [ToueMy c TIOBBIIIEHHEM TEMIIEPATYPHl MONYMPOBOJHMKOB UX CO-
IIPOTHBIIEHHE YMEHBILAeTCA?

A. YMeHblIaeTCS KOHIEHTPALUS CBOOOAHBIX HOCHTENEH 3apsIoR.
b. YBenmumBaeTcs KOHIIEHTpalys CBOSOAHKIX HOCUTENnekh 3apsaIoB.
B. YBennuuBaercs cKopocTh 3JIEKTPOHOB.

2. YeThIpexBaJlIEHTHBIIt KpeMHHIT B KayecTBe MPHMECH BBOJIAT TPEXBa-

neHTHbli HHANA. KakuMm Gyaetr ocHOBHO#M TOK B KpeMHHH?
A. DnexTpOHHBI.
B. JIpipo4HBIii.
B. OnexTpOHHO-IBIPOYHEIH.

3. Ilpu paBHBIX TeMnepaTypax ABYX Da3fM4HBIX MOXYNPOBOJHHKOB
KOHLEHTPALHH MPOBOAMMOCTH JIEKTPOHOB pa3IMYHbIE: N > Ny. B Kakom
U3 3THX MOJYMPOBOAHHUKOB 3HEPrHs, HeoOXomuMas Ay 06pa3oBaHHA
cBOOOJHBIX NEKTPOHOB, §0sbIIE?

A. B nepBoM noxynpoBoAHHKE.
B. Bo BTOpOM mOJIynIpOBOJHHKE.,
B. DHepruu paBHEIL.

4. B KakoM MONyNpPOBOJHUKE NPOBOANMOCTS GOMbINE: B KPHCTANIE
KPEMHHS WK KPHCTAIE KPEMHHS, TA€ YaCTh aTOMOB 3aMEHEHA aTOMaMH
uHaua? (BanentHocts Si=4, In = 3).

A. PaBHa.
B. Bonbie Si.
B. Bonkle B mpuMecHOM NOJIYIPOBOAHHKE.

S. YucTeif NONYNPOBOAHHK TOMECTHIM B JJIEKTPHYECKOE TMOJje
(cM. puc. 133). Ilpn 3toM B «1» cobpanicek 3NEKTPOHE!, B IOJOBHHE «2»
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IBIPKM. 3aTeM TONYNPOBOAHHK pa3NeNid To4HO nononaM. Kakas 4acthb
TsDKenee?

—® s 51—
_ © 1 2 ®|—»
A. 1.
B. 2. Puc. 133

B. OauHakoBEI 110 BECY.
6. Kak MeHseTcst CONPOTHBIEHHE NIPUMECHEIX NOYIIPOBOAHHKOB TPH
YBETMUEHHH TEMIIEpaTyphl?
A. YBenuuuBaercs.
b. YMenbinaercs.
B. He mensercs.

(Omeem: 1.5.2.5.3.5.4.B.5.A.6.B.)

Bapuanm 11
1. Byner ym kpeMHWit CBEPXTIPOBOAAUIHIA, €CIIH €T0 OXJIAHTDH A0 TEM-
neparypel, GIH3Ko# K aGCOMIOTHOMY HYJIO?
A. Her.
B. Jla.
B. Ila, ecni oxaaauTh B MArHUTHOM TOJIE.
_ 2. B deThipexBaNcHTHBIA FepMaHHil B Ka4€CTBE MPHMECH BBOJAT s~
" THBaJIEHTHBI MblbAK. Kakum GyaeT OCHOBHO#M TOK B repMaHun?
A. DIeKTpOHHDIIA,
b. /Ipipo4HBIii.
B. D1eKTpOHHO-ABIPOUYHBIH.

3. Oueprus, HeoOXoAHMEIE 11 06pa3oBaHHS 3NEKTPOHOB NPOBOIH-
MOCTH B FTEDMAaHHMH H KPEMHHH, COOTBETCTBEHHO paBHEI 1,12:10™ [Ix un
1,76:10™"° lx. B xakoM M3 3THX MOJIyTIPOBOJAHUKOB NIPH JaHHON TeMIie-
paType KOHLEHTpauus CBOOGOXHEIX SJIEKTPOHOB NpPOBOAMMOCTH Gyner
6onpuie?

A. B repmannu.
B. B xpemMuuu.
B. PaBHBI.

4. B xakoM mNOJynpoOBOAHHKE IPOBOAUMOCTH GoJbille: B KpHCTAILIE
KPEMHHS MK B KPHCTAJLIIE KDEMHHS, TA€ 4aCTh aTOMOB 3aMEHEHa aToMa-
MH Mbibska? (Baneatnocts Si = 4, As = 5).

A. PaBna.
b. Bonsme B Si.
B. Bosbine TaM, rae npou3BeaeHa 3aMeHa.
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5. IlpoBOHHK ¢ aKIENTOPHOH NMPOBOAMMOCTBIO MOMECTHIH B 3JCK-
TpHueckoe Tone (cM. puc. 134). TIpH 3TOM OCHOBHKIE HOCHTENH (IHIPKH)
cobpamcek Ha monosuHE «2». 3aTeM MONYNPOBOJAHMK PA3NEIMIN TOYHO
nontonaM. Kakad gacrs Txenee?

E,
— | o —
O
—» O 1(]2 ®| —»
o
—» | O | — »
A. 1. ’
E. 2. Puc. 134
B. OaunakoBH o Becy.

6. UTO NPOHCXORHT NPH CAHAHHH MEKTPOHOB H AKPOK?
A. Obpazyercs HEHTPANLHRIR aTOM, SHEPTHA HE BRACHACTCA.
b. O6pa3yerca oTpHIATENBHEIH HOH, SHEPTHA BHACIACTCA.
B. O6pasyercd HeHTPAIBLHEI 2TOM, SHEPTHA BHJCIIETCH.

(Omgemui: 1 A;2.A;3.A.4.B;.5.A;6.B)

IV. Hiy4enne HOBOro MaTepHANA

Ecmu nBa 35€KTpoAa TIOMECTHTH B TEPMETHYHEIH COCY H YAANHTL H3
cocyZia BO3IyX, TO TOK B BaKyyMe He BO3HHKHET. B Bakyyme HeT 3apskeH-
HEIX gacTvil. OHH €CTh B JJIEKTPOJIaX, HO OHM HE MOTYT BHIHTH B BaKyyM,
TaK KaK MX YACPXHBAIOT CHITH KYJIOHOBCKOIO NPHTDKECHUA APYT K JIPYTY.
Jns ocBoGOKAECHAR 3AEKTPOHA C OBCPXHOCTH TBEPAOTO TeNa, HYXHO CO-
BEPHIHTH paboTy IPOTHB CHII ANEKTPOCTATHYECKOTO TIPHTDKEHWA.

Takas pabota HazwBaetcs paboroii Brxona. T.A. DaucoH obHapyxwHI,
YTO TOK MOXET BOSHMKHYTH, CCIH OJHH M3 HMEIOIMXCS 3NEKTPOJOB Ha-
TPETh JI0 BRICOKOH TeMIeparypHl. SIniicHHe Helyckanus CBOOOIHBIX JJEK-
TPOHOB C MOBEPXHOCTH HArpeTOro TEjia HA3KIBACTCA TEPMOJJICKTPOHHBIM
37IEMEHTOM. JTO ARJICHHE OOBACHACTCA TEM, YTO TIPH MOBLITICHHH TEMITe-
paTypH TeNa, YBENHYMBACTCH KHHETHICCKas JHEPrHs HEKOTOPOH 4acTH
3MIEKTPOHOB B BemiecTse. Ecmi 3Ta sHepras mpeBLICHT paboTy BRIXOJA, TO
OH MOXET NPESOJ0JIETh CHIIHI IPUTSDKEHHAS H BHUATH C TIOBEPXHOCTH TEla B
pakyyM. Ha 3ToM sBneniy oCHOBaHAa paboTa 3/ieKTPOHHKIX JIAMIL.

Ipocreitmeii snexTponHo#H MaMroi senserca aHoA. OH COCTOMT W3
BaKyyMHOro 6ansnoHa (CTEKNIAHHRIH WIH KEPAMHYECKHEH), ABYX 3JICKTPO-
JIOB, aHOAA H kaTofia. KatoJ — MpoBoIoYHas CIIMpaih ¢ ABYMS BRIBOXAMH
JUIA MOAKINOYMEHAS K HCTOMHHKY ToKa. BTopoit anekTpon — aHoA — MeTan-
JIHYECKHH JIHCK WIH IAIHHP.

IIpu noaxmodYeHnH K HCTOYHHKY TOKA KATOJI HarpeBaerTcs, € €ro no-
BEPXHOCTH HCIYCKalOTCA MEKTPOHK. EciM HeT a3jleKTpHtHecKkoro morns,
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YACTh JJIEKTPOHOB MOCTUracT aHoAa. Ecmu ecth none 3JIEKTPHYECKOC
MEXJ1Y JJIEKTpPOJaMH, TO B LI€MH TEUYET TOK.

qCpCS JHUOJ TOK MOXET MPOTEKATh TOJIBKO TOrJa, Korjila HUTh HakKaia

ABJIACTCA KaTOJOM. HOSTOMy OH HCNIONB3YETCA B IPEBPAUICHHH TIEpe-
MEHHOTO TOKa B IOCTOSHHBIA.

V.

3akpenienne H3y4YeHHOT0 MaTephana

MoxHo 11 co37aTh 3JIEeKTPHHECKHii TOK B BaKkyyMme?

YTo MpensaTCTBYET BRIXOJY 3/IEKTPOHOB ¢ IOBEPXHOCTYU TeIN?

Yro HasriBaeTcs paboroii BeIxoja?

Kaxumu 3apsikeHHEIMH 9acTHLAMH MOXKET CO3/1aBaThCA NIEKTpHUE-
CKUil TOK B Bakyyme?

Kak yctpoen BaxyyMHHIiH n1104?

Jlnst uero npUMEHsI0T BakyyMHBIA anoa?

Kax ycrpoeHa 3nexTpoHHO-TyueBas Tpybka?

VL IloapBenenne nTOroB ypoka

Jlomamnee 3aganne

n. 81.
3agaum Ne 373-376.

Ypok 54. DjieKTPOMarHdTHas BOJIHA
(cMm. Ypok 52, Mskuies)

" Ypok 55. PacnpocTpaHeHue »IeKTPOMATHHTHBIX BOJIH

(cM. Ypok 51, Msakuies)

VYpok 56. CnekTp 371eKTPOMATHUTHRIX BOJIH
(cM. Ypok 98, Msakuiues)

Ypok 57. Panno u CBY-BoiHEI B CPeCTBAX CBSA3H
(cM. Ypok 54, Msxkuines)

Ypok 58. IIpuHUHn pagHocBA3H
(cM. Ypok 55, Msakuiiles)

Ypok 59. JlaGopaTopHas paGoTa
1o Teme «COopka npocTeiiltero paxHoNpHeMHAKA»
(cM. Ypok 56, Mskuies)
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Ypok 60. BausinHe HCKYCCTBEHHDLIX H eCTeCTBEHHbIX 3JIeKTPo-
MATHUTHLIX NOJIeH Ha KHBbIE OPraHH3MbI
(cM. Ypok 58, Msakuiies)

Ypok 61, IToBTOpeHHe TeMbl «DJEKTPOMATHHTHBIE BOJIHBI»
(eM. Ypok 59, Mskuimes)

Ypok 62. Banu-TypHup
«MexaHuYecKHMe M YIEKTPOMATHUTHDBIE BOJIHBD)
(cM. Ypok 57, MskuiieB)

Ypok 63. PazBuTHe B3r1A/10B Ha IPHPOAY CBeTA
(cM. Ypok 60, Msikuiues)

VYpok 64. OnbiTHOE ONpe/ie/ieHHE CKOPOCTH CBETa
(eM. Ypok 61, Mskumes)

Ypok 65. lIpuunnn INoiirenca
(eM. Ypok 63, Mskuimes)

Ypok 66. Orpaxenune BONH
(cM. Ypok 63, Mskuiies)

Ypok 67. llpenomieHne BOJH
(cM. Ypok 62, MskuieB)

Ypok 68. Pemlenue 32124
(cM. Ypok 64, Mskuinen)

Ypok 69. Pemenue 3axa4
oo TeMe «l'lnocxonapannenbﬂaﬂ NJIACTHHKA»
{cM. Ypok 65, Makuines)

Ypok 70. IToiHOe BHYTpeHHee 0TpaXeHHe
(eM. Ypok 66, Maknines)

Ypok 71. Pemienne 3a1au
(cM. Ypok 67, MaknineB)

Ypok 72. iucnepcus cBeta
(cM. Vpok 78, Mskuiies)
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Ypok 73. JlaGopaTopHas paboTa
no teMe «M3MepeHne nokxa3areis NpeJoOMJIeHHS CTEKJIa»
(cM. Ypok 68, Msakulues)

Ypok 74. JInH3b
(cM. Ypok 69, Msxuies)

Ypox 75. Pemienue 3aga4
no reMe «CoOuparoimast JinH3a»
(cM. Ypox 70, MskuuieB)

Ypok 76. Pewsenne 3anau
no teme «PaccenBaiomas JHH3a»
(cM. Ypok 71, Msaxutes)

Ypoxk 77. JlabopaTtopHas pa6ora
no teme «Onpenenenue GoKycHOro pacCTOSHHS JTHH3bI»
(cMm. Ypok 72, MskuieB)

Ypok 78. I'nas. Jlyna
(cM. Ypok 73, Mskuiues)

Ypok 79. JlaGopaTopHasi paboTa
no teme «M3yyeHne Moaeleil onTH4yecKkHX npubopos»
(cM. Ypok 74, MskuiueB)

Ypok 80. Pemrenne 3agau
(cM. Ypok 75, Mskuies)

Ypok 81. JlaGopaTopnas pa6ora
no TeMe «OnpegeieHue paspemawiueii CNOCOGHOCTH IJ1a3ay
(cM. Ypok 76, MskuieB)

Ypok 82. KosTponsuas pabora
no TeMe «OnTHka»
(cM. Ypok 77, MsaknmeB)

Ypok 83. UnTepdepenuns cBera
(cM. Ypok 79, MsKHIIEB)



458 lNoypoyHbie pazpabomku k y4ebHuKy B.A. KacbaHosa

Ypok 84. {u¢ppakuus cBera
(cM. Ypok 80, Makuiies)

Ypok 85. JlaGopaTopHas paGoTa
no teme «Habnionenne uHTepdepeHIMN U THPPAKUHHY»
(cM. Ypok 81, Makuiner)

Ypok 86. IudppakunonHas peuieTKa
(cM. Ypoxk 82, Msaxkuies)

¥Ypox 87. JlaGopaTopHas paGoTa
no Teme «M3mepeHHe JIHHbI BOJIHBI»
(cM. Ypok 85, MskuieB)

¥Ypok 88. Ilonspusauus cBeTa
(cM. Ypok 84, Makuiues)

Ypok 89. O6o6marouunii ypok
no Teme «OnTUKa»
(cM. Ypok 85, Mskuines)

Ypok 90. Tennosoe uznydeHue
(cM. Ypok 92, Makuiies)

Ypok 91. JlaGopaTopHas paGoTa
(cM. Ypok 93, Msakuiies)

Ypox 92. CnexTpbl H cneKTPAJIbHBIH aHAJIH3
(cM. Ypok 94, MsaxuiieB)

Ypok 93. Jla6opaTopHasi paGoTa
no teme «Haéawaenne cnekTpos»
(cM. Ypok 95, Msxuiies)

Ypok 94. UndpakpacHoe H yabTpadHoeTOBOE H3JTYUeHHE
(cM. Ypok 96, Msaxkuies)

Ypoxk 95. PeHTreHOBCKOE H3Ty4UeHHe
(cm. Ypok 97, MskuiieB)



Ypox 112. Nasepus

Ypox 96. O6o6matomuii ypox
no Teme «M3y1enne»
(cM. Ypok 99, Msakuiies)

¥Ypox 100, ®otoddpexr
(cM. Ypok 101, Msakumen)

Ypox 101. Pemenne 3ana4
(cM. Ypox 102, Maxuines)

Vpok 102. JIaGopatopnas paGoeta
(cM. Ypok 103, Makumen)

Ypox 103. ®oronnt
(cM. Ypox 104, Makuiner)

¥Ypox 104. Pewreuwe 3a1a4
(cM. Ypok 105, Mskumer)

¥Ypok 105. Pestenwe 3a1a4
(cM. Ypoxk 106, Maxuiuer)

Ypok 107. ®ororddeKT H ero npumeneHne
(cm. Ypok 107, Makumes)

Ypok 108. Kourpoannas pabora
(cM. Ypok 108, MakHies)

Ypox 109. /lapnenne cBeTa
{cm. Ypok 109, Msaxumes)

¥Ypoxk 110. Crpoende aToma
(cM. Ypok 111, Maxumier)

¥pok 111. KpanTosnie nocryaarnt Bopa.
Tpynnoctu Teopun Bopa
(cm. Ypok 112, Msxumen)

 Vpok 112. Jazepu
(cM. Ypok 113, Msaxuiner)
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¥Ypok 113. O6o6malomuii ypok
(cM. VYpok 114, Msxuies)

Ypok 114. PaiHoakTHBHOCTH
(cM. Ypok 115, Msakuies)

Ypok 116. MeToaAsl perHcTPalHH 3apAXeHHBIX YaCTHI]
(cMm. Ypok 116, Msixuiies)

Ypok 117. Jla6opaTopHas paboTa
(cM. Ypok 117, Msxuiues)

Ypok 118. CTpoesse aToMHOro s/1pa
(cM. Ypok 118, Makuiies)

Ypok 119. Sinepnas 3neprus cBsuzu. [ledekrt mace
(cM. Ypok 119, Mskunies)

Ypok 120. 3akon pagHoakTHBHOrO pacnaja
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