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BBEIEHUE

IIo 6onpwioMy cuéry oOydeHme BemETCA IJAA TOr0, 4YTOOBI
«HAYYUBIIUHCA» MOT IPHMEHATH CBOM 3HAHWA HA IPaKTHKeE.
IIoaToMy BasKHEHIIMM 3J1eMeHTOM O0y4YeHHs ABJAETCA HpPaKTH-
yeCKOe UCIOJIb30BaHME TeX NPHUGOPOB M METOLOB M3MEpeHHId,
KOTOpBIE yiKe U3yUeHbl ITKOJbHUKAMU.

TpaguIuoHHO NIpKU M3YYeHUH (PUINKU DKCIEPUMEHTHI pasfe-
AAI0TCA Ha [Be 0ojiplide TPYNIbI: AEeMOHCTPDAIMOHHBIE 3JKCIIe-
PUMEHTBI, BBITIOJIHSEMBI€ OOBIYHO YYHUTENEeM, M NIPaKTHUECKUE
(aKcnepuMeHTaIbHbIE) paBOTHI, BHITIOJHAEMbIE IIKOJIBHUKAMY Ca-
MOCTOATENBHO.

HeMOHCTpAalIMOHHbIE SKCIIEPHMEHTHI HYXXHE B CJeAYIOUIUX
cIIydanx.

1. Korga HY:XHO II03HAKOMUTb YUYEHUKOB C (DUSHUYECKUMH
SBJIEHHUAMHU ¥ OOCTOATEIHCTBAMU, MOCHAYKUBIIMMHK OTHPABHOM
TOUKOM A GOPMYJHPOBKU OCHOBHBIX (PM3HUYECKHUX 3aKOHOB HX
[EPBOOTKDbIBATEeIAMH. KaK M3BeCTHO, oOHAapy:KeHHEBIE IIpH Ha-
OII0feHNAX 3aKOHOMEPHOCTH 0000mamred ¥ GopMyaupyloTCa
B BHJe COOTBETCTBYIOIIMX «3aKOHOB IIPHPOABI». MHOrAa Takue
«3aKOHBI» MOJYYAIOT UMEeHa CBOMX [EPBOOTKpPBLIBATEJEH, HALIPH-
Mep BCeM HM3BEeCTHBIN 3aKOH ApxuMena, UK 3akoH Kynona. Bee
3aKOHbI PU3UKH MMEIOT IPAKTHYECKYIO OCHOBY — OHH ABJAOTCA
0600IeHeM OMbITA.

2. Korma paccMmaTpuBaeTcs yCTPONCTBO M MPUHLUILI Jei-
CTBUSI M3MEPUTEJBHBIX NPUOOPOB, OCHOBAHHEIX HA DA3JINYHBIX
dusugeckux ABneHUAX. IIpubOpoB, KOTOPHIE IO3BOJIAIOT M3Me-
PATH pasanuHble hu3UUecKUe MapaMeTphl, Topasgo 0osblle, YeM
OCHOBHBIX (pM3HYeCKUX 3akoHOB. M xorss y Kaxkzoro mnpubopa
“MeeTcA CBOIl aBTOD, TO €CThb TOT UYeNOBEK, KOTOPHIA IepBhIM
IPEJIOKUI ¥ PeaJM30BaJl KOHCTPYKI[HMIO npubopa, MMeHa AaB-
TOPOB OOBIYHO He COODIIANTCH INKOJILHHUKAM. BHUMaHUe aTOMY
BOTIPOCY (AaBTOPCTBY) yAeNseTCS TOJBKO NPH M3YUYEHUH HUCTOPUH
dusukn.

3. IIpu wu3yyeHUU CJIOKHBIX TEXHUYECKHX YCTDPOMCTB HJIM
ITPOI[ECCOB, B KOTOPHIX KCHOJNbL3YIOTCA B KOMOMHALINM Da3IHYHbIE
(pusuyecKue ABJIEHUS.



4 Baedernue

[IpakTHuecKKMe camocToATeIbHBIE PKCIEepUMMeHTalIbHbIe pPado-
THI TOXKE€ MOTYT OBbITb pasfelieHbl Ha IPYNIIbI 110 HA3HAYEHHUIO.

1. KauecTBeHHBIE 9KCIIEPUMEHTHI: COOEPHTE — BKJIKUUTE —
IIOCMOTPHTE — 3apUCYiTe — cAesiaiiTe BHIBOA (cnoBecHadA Gopmy-
auposka). Takye sKCIepPUMEHTHI HYKHBI 1J151 HETIOCPEJICTBEHHOIO
O3HAKOMIERNA ¢ PU3uuecKUMu ABgeHusAME. Hanpumep, B TakoM
JKCIIepMMEHTE MPOBepsieTCA «3aKOH COOOWIAIONIUXCA COCYAOBY.

2. KonuuecTBeHHBIE B3KCIIEPUMEHTHI: cOOepUTe — U3MepbTe —
BBIYUCIHUTE — MOCTpOiiTe TpadUK — 3alUIIUTE Pe3yJbraT B TeT-
pafb. DTOT THI IKCIIEPHMEHTOB NpefHA3HAYEH [IJIA BBIPAOOTHKH
HABBIKOB IpUMEHEHUs IPOoCTeHINUX HM3MepUTENbLHBIX nNpubopos
¥ 0QOpPMIEHHUS IKCIIEPUMEHTaNbHBIX pabor. Hanpumep, skcme-
PUMEHT, B KOTOPOM PETUCTPUDYIOTCA pas3IMUHble YAJIAHEHUA
OJMHOUM U TOM e IPYKMHBI, €CJIU HAa Hell mojBelleHbl pa3HbIe
rpysbl, OTHOCHTCS K 9TOMY THUIIY.

3. TBopuecKHe 3KCIEPUMEHTHI: JaH HeKUH Habop obopyaosa-
HUSA, KOTOPOE€ MOJKHO HCIIOJIb30BATH B 9KCIepUMEHTe, AaH 00BEKT
HCCJIEIOBAHUA, cHOPMYIUPOBAHA KOHEUHAN LeJb, OAHAKO He Ja-
HBl YETKHE OJHO3HAYHbIe UHCTPYKIIUU, CJIeAys KOTOPHLIM MOXKHO
66110 GBI 0OpaThCA KO KOHEUHOH Iesu.

HmenHo nociegauii TUN JSKCIEPUMEHTAJIBHBIX TBOPYECKHX
paboT B OAPOOHOCTAX paccMaTpuBaeTcsa Ha CTpaAHWUNAX KHUIHU.
PaboTsl 3TOro THIIA «3aCTABIAIOT» YYEHHKOB CAMOCTOSTENBHO
HCKaTh NYTH, BeJylllie K KOHEUHOMY pesyJjbTary, paspadarsi-
BaTh IIJaH AeWCTBUi, YUUTHIBATL BO3MOMKHOCTH NIDENOCTaBJICH-
HBIX IPpUOOpPOB ¥ 060py/0BAHUA U JOOHUBATLCS IMOAYYEHUS MaK-
CHMAJIBHO BO3MOXXHOW TOYHOCTH He 3a CUET BBICOKOH TOUHOCTU
npubopoB, a 3a CYET TOrO, UYTO BHIGPAH ONTUMANBLHBINA MeTo[
H3MEPEeHU.

Takxue paGoThl MO3BONAIT YUEeHMKAM PeaNusoBLIBATh U pas-
BUBATh CBOM TBOpUYECKHE CIIOCOOHOCTH, KOTODBIe B PYIrUX BHAAX
yuebHOM eATEeIbHOCTH MCIOJIb3YIOTCA B MAJIO CTEIeH!.



JACTh 1

IIpennarass cepHIo 3KCIIEPUMEHTAJLHBIX 3aJaHU A4 WKOJIb-
HUKOB 9—11 xyjaccoB, MBI CTABHM LeJbIO JATH UM BO3MOXKHOCTh
OCBOUTH NPOCTHIE METOAbl U3MEPEHUIH Pas3IA4YHBIX (PUBAYECKUX
BEJUYUH, HAYYUTh KOPPEKTHO (1 0e3 MpuBjIeyYeEUs HEIOHATHBIX
MaTeMaTHYeCKHX METOLOB) OIE€HUBATH [IOIPEUIHOCTH U3MepPEeHU
M Ha 9TOH! OCHOBe MCKaTb ONTHMAJIbHLIE METOAUKHW U Da3yM-
HO OpPraHHu30BHIBATEH 3KclepuMmeHT. [louru BCe npeasaraeMeie
3alaHUA pAcCUMTaHbl HA NMPUMEHEHHe IIpeJleJIbHO IIPOCTOro 000-
PYyIloBaHUA, BIOJHE AOCTYITHOTO I/ KabuHeTa QM3UKU B WIKOJE.
TOYHOCTE MONYUYAEMBIX PE3YALTATOB AOJIKHA TOCTUTATHCS B 9KC-
rmepuMeHTe 3a CYET yAauHOTO BbIOOpa METOAMKW, a He 3a CUYET
NpYMEHEHUs (PAHTACTHYECKH TOYHBIX (M CTOJb JKe NOPOTHuX) 3a-
rpaHUYHBIX TpruOopos. B GolblinHCTBE NpeAaraeMeix paGoT HeT
«HAUJYYHIETO METOAA U3MEPEHHI» — TAKOi MeToJ O0ObIYHO ObI-
BaeT IPOJMKTOBAH HaNU4YNeM 3apaHee COOpPaHHONI XUTPOYMHOI
U3MEPUTENILHON YCTAHOBKU, METOABI MOYKHO IIPUAYMBIBATH, KOM-
OMHMPOBATH U CPABHUBATH 110 JOCTUTAEMOM TOYHOCTH U yA0OCTBY
IpOBeJeHUs HKCIEPHMEHTa — UMEHHO B 3TOM H 3aKJIo4Yaercs
cMbIica ofydueHNS YMEHHNIO U3MepsiTh. Bo MHOTMX M3 mpegJiarae-
MBIX 3aJ1a4 He TaK JIETKO AOAYMATHCS HE TOJBKO JI0 ONITUMAaJIbHOM,
HO u BooOumle [0 KaKOW-HUOYAb «paboTramoiieils MeTOTUKU —
TYT V Pa3yMHBLIX W OBICTPO COOOpaKAIOIIMX IIKOJHHUKOB €CTh
ABHOE MIPENUMYII[ECTBO Iepel YUUTEASIMHU (aBTOPHI He MCKIIUYAIOT
U3 3TOH KaTeropud u cebs — B CHOpPaABEJIMBOCTH [IPUBEAEHHOIO
YTBEDXIeHUSA OHU MHOTOKPATHO YOEXKAAJINCh 3a CyMMAapHble Ha
Bcex aBTOPOB 70 jeT paboTH ¢ OZAapPEHHBIMY AeTHMM).

Pa0oThl 110 MexXaHHKe

IIpocThie m3amepeHus

Paboma 1. Hamepenue maccol, pa3mepos u NIOMHOCMU Mes

ITenr paGorsl — mpojesaTh IIPOCTBIE M3MEPEHMA MacChl U
pPasMepoOB TeJ, ONpeJeNuTh MIOTHOCTH 3Tux Tea. JacTs Tenm —
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IPOCTON W MPABHJBLHO GopMBl (LIIHHAD, Hapassieneniiren),
4acTh —— NPOU3BOJBHOU ¢opmbi. Ha aTiIx mpumepax rnokasaHo,
KAK OIIEHHTL TOUYHOCTDL ITOJYyd4aeMbIX pe3ysabTaToB. Pabora HOCHT
TPEHHMPOBOYHLII XapakTep — HHKAKHUX NPUHIUIHAIBLALIX TPYI-
HocTed IIpH U3MepeHHAX HeT.

IIpuGopwl: Becsl M pasHoBec, TUHeHKa MeraJjnnyeckas (gepe-
BAHHAA, HAa XYA0H KOHEI — IJIacTMaccoBaf), 110 BO3MOXKHOCTHA —
IITAHTeHIHPKY b, MepHas MeH3ypKa, HUTKH, COCYJ C YMUCTOH
BOMOH. MeraJnudyecKHii UWJIHHAD (MOMKHO Tpy3uK u3 Habopa
10 MeéXaHUKe), AepeBAHHBIN NapaeelTuIe], IIJ1acTUHKOBas UJIH
MeTa/Jindeckas QUrypka HenpaBUJIbHOW QOpMBI — IJIid U3Mepe-
HUH IJIOTHOCTH MaTepualloB.

Brinosrnenuve paborsl: AnA Tea mpocToil GopMbI BBIIOJIHE-
Hue TOHATHO M OIMNCAHO BO MHOMKeCTBe INocoOuil — u3mepsior
pasMepsl XU IO HUM pacCUMUTBHIBAIOT 00BEM Tena (Cpasdy CTOUT
cKas3aTb, UTO 3TO He CaMOe DPas3yMHOe pelleHHue AJasd Noyde-
HUSA NPHEMJIeMOi TOUHOCTH — OIITHMAJLHBIN MeTox HH:Ke Dyner
OMHCAaH), Maccy Teja U3MeDsIIOT IPU MOMCIIM BeCOB — TOUHOCTDH
U3MeDpEHUM Macchl HOJyYaeTcsl OYeHb BBLICOKOH, najee HaxXOOAT
IJIOTHOCTH TeJa IPOCTHIM JejaeHueM. [t Tesl HenpaBUJIbHOM
¢dopMBI TIpAMBIE H3MEpPeHUS pa3MepoOB s HAXOMACHUA 00D~
éMa He INPOXOAAT — HYKHO BOCHOJB30BATBCA MEPHOW MEH3Yp-
KOU, paBAa TOYHOCTH NMPU ITOM IIOAYUAETCA ZOBOJALHO MIOXOM.
TyrapHas mMpuyumHA MJI0X0H TOYHOCTH — HETOUHOCTL ONpeiesieHus
00b€Ma Kak NpPAMBIM criocoboM — A Ted NpaBUJILHOM GHOpPMBEI,
TaK U [IPU TIOMOIIH IOrPYKeHuA B Boay (puc. 1).

nacae 8slcmpo2a nocae MeGABHHO20 do noepyxeHus
noepyxeHus ¢ Boanamu aKKYpamHo20
no2pyxeHus
Puc. 1

IToapo6HO O TOUHOCTH U3MEPEHHH 1 BOZHUKAMOUINX [IPU TAKUX
U3MepeHnAX NOTPeIIHOCTAX HanKcaHo B paaaene «Ilorpemnoctu».
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Topmosa

Paboma 2. Oyenra epemenu peakylill IKCNepuUMenmamopa

Hemuoro crpasHoe 110 ¢dopMe 3ajnaHUe: OLlEHWTH BpEMs pe-
AKIHH 9KCHepPHMEHTATOpA IPM IIOMOINM IIpocTeiiiero obopymo-
BaHMA — HepeBAHHOHN INKOJLHON NUHEeNKHU gianHoi 30 caHTHMEeT-
pos. OnsIT cileyeT MIPpOBOAUTL BABOEM.

Ha camom pesne 3amanue MOMXHO IIOCTaBUTH W MHaue — He
OrpaHHYUBATDH SKCIEPHMEHTATOPOB KOHKPETHBIM 3afaHueM 000-
PYZOBaHUA, TOCKOJIBLKY BPeMs peakI MU TOBOJBHO Majo — OHO
cocrasnsaer 0,1—0,3 CEKYHIBI, 1 OOBIYHBIM CEKyHIOMEDOM H3-
MepUTh ero Henb3s (Meluaer To ke Bpems peaxnuu!). JIubo
IPHUIETCHA TOJb30BATHCA 3NMEKTPOHHBLIM CEKYHIOMEPOM, N006aBiad
K HeMY HEeCJIOKHBIE€ 3JIEKTPOHHbIE HJIH 3JIeKTPOMEXaHUYECKHe
MIPHCTABKH, JIMOO HYXXHO NPUAYMATh YTO-HHUOYAL HETPUBHUAJb-
Hoe, YcJjloBHEe 3allaud IIOCTABJEHO He OYEHDb KECTKO — 3KCIIe-
PUMEHTATOD MOXKeT CaM IpPEenJIOKHTE OIpellelieHne «BpPeMeHH
peaxuuu » , IPHCIOCOBIeHHOE K IPHAYMAHHOMY UM MeTOAY M3Me-
peHuii. B HameM ciy4yae pa3yMHO IIPeAJIOXKUTH TaxOl BapHaHT:
3aMeTHB KaKoe-TO coObITHEe (CTHMYJ), UeJIOBEK JOLKEeH Ha Hero
OTpearupoBaTh, U BpeMs 3alas3AbiBaHUS MbI OyZeM CYMTATH HC-
KOMBIM BpeMeHeM peakuuu. KoHedHO, BCé TYT HY;KHO CHeJIaTb
TaK, 4ToObI He HOOABUTH K BpEMeHH PeaKi{ud HU4ero JUIHEro —
IeHACTBIE 9KCIIePUMEHTATOpa, KOTOPhIM OH pearupyer Ha CTHMY.JI,
He JOJDKHO CaMO 3aHMMaThb 3HAUHUTEJLHOTO BpPEMEHU — CKaXKeM,
TYT He TOAUTCA 3aMUCH B JKYypHaJ HabIogeHH BpeMeHH IIPUXO-
na crumyna. [IpeanaraeMmpifi aBTOPOM BApPHAHT BBIMJIAAMT TaK:
IIOMOIIHUK JepXUT JUHEHKY TaK, YTO OHa CBUCAaeT BHU3, IIPHU-
4€M HYJIeBOe JeJieHHe yAOOHO MMeTh CHU3Y. JKCIepHMEeHTATOD
JePsKUT OONBIION U YKa3aTeNbHBIN MaJjiell MPaBoi (J1eBoH — ecln
OH JIeBllIa) PYKU TaK, UTO HIKHHHM KOHeN JUHEHKH HAXOJHUTCH
MeXAYy NajbllaMM U eMy JIETKO CXBATUTH NAafalollyi0 JUHEHWKY.
IloMoutHUK HEOMUAAHHO OTIIYCKAET JUHEHKY, 3KcnepnmeHTaTob
3aKUMaeT e€ ABYMsA HajblaMu Tak ObICTpO, Kak cymeeT. JIu-
"eifka ycreeT IMpPOJIETETh HEKOTOPOE PACCTOAHHE — €r'0 MOMKHO
H3MEDUTEH 110 €€ Ke JIeJIeHUAM, yA00HOo BHauaje eprXaTh NaJdbiibl
HaIIpOTHUB HYJIEBOTO NejieHUsA Junedku. Ilo aToMy paccTOAHHWUIO
olipelleTUM BPeMsA HMaleHUs, CUMTasd ABMIKCeHUE JUHEHMKU PABHO-
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YCKOpeHHBbIM. BaxHo, 4T00b! SKCIIePUMEHTATOD AepPrKaj MaJbIlbl
nobauxe Apyr K APYry, He Kacadch IIPU 5TOM JHHENKH.

BaxHO HOHATH, YTO PE3YJILTATHI TAKOI'O SKCIEPUMEHTA HYK-
IAIOTCSI B CTATHCTHYECKOH oOpaGorke. OOBIYHOE pAacCCTOSHUE,
KOTOpOe IIpoJieTaeT JUHeNKa, cocTasiasger 14—22 ¢M, HO B 4aCTH
OULITOB 9KCIEePUMEHTATOD, 3a3€BaBIINCh, BOOOIUIE He JOBUT JAU-
HeHMKYy, a HHOTZIA eMy VJAaeTcs «IIOACTepeUb» IOMOIIHUKA U IOH-
MAaTh JUHEHKY MpakKTUUYECKH cpady. SICHO, YTO HU TOT, HU APYyroi
Pe3yJIbTaT He HMMeIOT HIPAMOI'0 OTHOIIEHUS K BpPEeMeHH peax-
Uy (XOTH — KaK IIOCMOTPETH!), IOITOMY TaKHUe PEe3yJILTATHI MBI
mpocTo oTopocum. IlpoBenémM mO0CTATOUHO NAUHHYIO CEPUIO M3Me-
PEHUH — HECKOJIBKO JECATKOB, OUeHb XOPOIIO CAeJaTh HECKOJIbLKO
cepuil, MEHAACH MECTAaMH C IIOMOIHUKOM (pasyMeeTcs, Pe3ysib-
TaThl KAKJOI0 YYACTHUKA HYKHO YIUTBHIBATH OTAENbHO!).

Moauduranuu 3T0ro ONbITa MOTYT OBITh TAKUMU — WHCIBITY-
eMBIi IePKUT THa3a 3aKPHITHIMU U JOKEH OTpPearupoBaTh Ha
3BYKOBOIl CHTHAJI, CHHXPOHU3HUPOBAHHBIH C MOMEHTOM OTIIYCKa-
HuA JuHeWKu. CUrHajgoM MOMET CJIYKHUTH pPe3Koe W3MeHEeHHe
YacTOThl 3BYKOBOTO cuTHAaJa WJIN NPHUKOCHOBEHUE K €ro pyke.
Bo Bcex cayuasix cpelHee BpeMsA pPeakuuu OyAeT [0 IOPAAKY
BEeJIMYMHBI OAHMM U TeM Ke, HO MOMKeT OTIHNYAThCS BeCchbMa
cyuecTBeHHO (1o 50%).

Ha sToM npuMepe MOKHO 00BbACHUTL pebATaM cIOCOOHI yiIyd-
LIEHUS TOYHOCTU ONEeHKHU M3MeDsAeMOil BeJUMYMHEI 3a CUET yepes-
HeHUA «pasbpocaHHBIX» pe3ysabraToB. B camom gese — Gygem
mojlaraTk, 4TO €CTh HEKOTODPOe XapaKTepHOe BpeMs peaKIuH
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NAHHOrO SKCIHEPHMEHTATOPAa U MHOMKECTBO (aKTOPOB, KOTOPBIE
HCKaKAIOT pesyJibTaT, OfHM (PAKTODPHI 3aHWKAIOT, Apyrue — 3a-
BBIIIAIOT OIl€HKY M3MepeHUA. fIcHO, YTO mpH ycpeJHEeHUH 3IHa-
YUTEJbLHOTO 4Y¥cja HU3MEPeHMIl Mbl YMEHBIINM OUIMOKY olpe-
IelleHUs uUHTepecyolllell Hac BenumunHbl. Kyna 6osiee cmo:kHBIHR
BOIIPOC — B KaKOMH cTeleHuH y Hac 310 moxyumrca. Toabko mpu
ompeneJEHHBIX (M JOBOJIHFHO HCKYCCTBEHHBIX!) NpeAnososKeHUuAX
0 XapaxTepe BIHAWIINX Ha H3MepeHHe (HAKTOPOB MOXHO 3TO
yJaydlieHne IIoCYuTarb. B udacTtHOCTH, ecnud (paKTOPOB MHOTO,
BIAMSIHHE HX HE3aBHUCHMO U OHHM IPHUMEPHO OAMHAKOBBI IO BINA-
HHUIO Ha Pe3yJIbTAT, UX CYMMY MOYKHO CUHTATh rayCCOBOH cirydaii-
Hoil Besmumsoii. HIupoko pacmpocTpaHEHHBIE METOABI pacuéTra
«CTAHZAPTHOTO OTKJOHEHUs cpefHEro» OCHOBAHbI MMEHHO Ha
rakoi mogenu. Hackonbko oma pasymua? Hy, eciu peus muaét
0 xopoumie JabOpPaTOPHO! yCTAaHOBKE, IAe NPHUYUHBL OOJBIIHUX
BO3MOMKHBIX OUIMOOK YCTPaHEeHBbl W OCTAJUCh TOJIBKO HEYCTDAHH-
Mble (QUIIOKTYyaIMid, TO TaKas MOJeJb BIIOJIHE NOAXOAUT. A BOT
B «IIKOJBHOM» 3JKCHEePHUMEHTe C He OUeHb TOUHBIMH U HUKOrAA
He NPOBEPAEMBIMH HPHOOPAMU IPEAIOJIOKEHUE 0 TAyCCOBOM CIIy-
YallHOU IIOrpemHOCTH BOBCE He SABJIAETCA Pa3yMHBIM M YacTo
[PHUBOAUT K OYEHb 3aHHMIKEHHBIM OIleHKaM IoTrpeniHocrei. B na-
eM ciayJae U3MEPEHUH «C JIuHelKoH» caMa mo cebe usmepsiemas
BeJIMYMHA HEe OY€Hb YETKO Olpe/iesieHa, II0OITOMY MBI He BhIUMCJISA-
€M IIOrPeIHOCTh €€ U3MepeHUs, a IPOCTO YMeHbIIaeM BIWAHUE
daxTopos pasdpoca.

IIpouHoCTh HUTH

Pab6oma 3. Hameperue cunvi, Heobxodumoii 0nsa o6pviea HuUMuU

IIpu momouu mpocToro 06opyAOBaHUA — HEGOJbUIOH I'MPBKHA
(100—200 r) u MuLIEMeTPOBOIE GyMaru oupeaeanTb CHIy, Heo0-
XOAUMYIO [yia oOpbIBA HUTH, KOTOpasl TOXKE, Pa3yMeeTcs, sKC-
IepUMEHTATOPY BbIIaHA, IIPUYEM B JOCTATOYHOM KOJHMYECTBE —
2—3 MeTpa. EcTb emé oCcTpo 3aTOYeHHBIM KapaHIall, KOTODBIA
MOJKHO HCIIOJIb30BATDH TOJBLKO JJIS PUCOBAHMA.

IIpoGiema cocToUT B TOM, UTO BeC I'py3a ABHO HENOCTATOYEH
I OOpBIBA HUTU U HE OYeHb MMOHATHO, KAK U3 DTOr0 MOJIOXKEeBUs
BBIXOOUTH. KcTaTu, mepBeIM AesoM pebdAra IpeajaraioT He OYeHb
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NOAXONAILME ANA KYJbTYPHBIX H3MeDEeHU BAPUAHTEI — BPAlATh
FUPBKY ¢ IIOMOIUBIO ITPUBA3AHHON K HeWl HUTY B FOPU3OHTANBHOM’,
a4 TO # B BEPTHKAJbHONA IIJIOCKOCTH, YBEeJIHMUYHBAA CKOPOCTH Bpa-
LeHUA A0 TeX Iop, MoKa HUTH He obopBércsa. Kak upu atom Ges
CeKYHAOMEpA OIpeNelsiTh CKOPOCTh rpysa, HesACHO, HeAceH u 60-
Jiee BAXKHBIH B JAHHOM CJyYae BOIIPOC — KyZa MNOJEeTHT HpbKAa
nocae o6peiBa HUTH. BINé OOMH He OUeHb XOPOIIMHA BApHAHT —
OTIYCKATh PHPBKY C HEKOTOPOH BBHICOTHI, 4ToOBI HUTH pBaiach
IIpH pe3ko¥ ocraHoBKe rpy3a. TyT He oueHb ACHO, YeMy Oyzer
paBHA CUJa IIPU PBIBKE, — 9TO NPMHIUIUANBHAA TPYTHOCTE IIPHU
TakoM cnocofe u3MepeHu,

Wpesa npuemyieMOro BapHMaHTa M3MepeHUI OCHOBaHA Ha pas-
noxeHuu cuit. [lonsecum rpys K cepeliMHe KyCKa HUTH U HAYHEM
pacTAruBaTh KOHIBI KyCKa B cTOpoHbl. IIpyM paBHOBecHu rpysa

Cujia TSXKECTH YypaBHOBellleHa BEKTOPHOHM
CYMMOM CHJI HATSOKEHUSA € ABYX CTOPOH TOY-
o KU noaseca. MOKHO M3MepUThL Yroj, Co-
CTABJSIEMbIH YACTAMH HUTH C BePTUKAJBIO
(puc. 2), u npoBecT¥ BBIwHcAeHuA: 2T x

X cos @=mg.
Puc. 2 Ha npakTuke yno06HO IIPOBECTH BEpTH-
KAJIbHYIO JWHHUIO TIOCpeauHe M cheNaThk Ha
He#l OTMETKU HOoKUupHee, 4yToObl OHU OBLIM Jyulue BUAHLI. Pac-
TATHBATh HUTH OyeM TaK, 4T0ObI OHa MPOXOAUJIA Yepe3 ABe OT-
MedeHHbIe TOYKH — eCJIM JUCT MIWIJIUMETPOBKY Yy Hac nepex rjia-
3aM{ U MBI DACTATHBAeM HUTL Ha ero ¢doHe, TO BCE BUAHO OUYEeHb
xopouro. Ham ke ocraHeTcs TOJBKO HE NMPOMYCTUTH OTMETKY Ha
BEPTUKAJIBHOM IIPAMOIL, [0 KOTOPOH IIOAHAJCA IDY3 llepel CaMbIM
obpeiBoM HuTH. Bce HeoGxozuMble AA pacyéra OTpe3ku OyayT
H8 MUJAIAMETPOBKE, ANA HAXOKIeHUA KOCHUHYyCa yrjia BOBce He
ITOHAZOOUTCA M3MEPATHL TPAHCIOPTHPOM CAM YTOJ — MOXHO BCé
HaWTH N0 OTHOWEHHUIO OTPE3KOB, a UX MOKHO H3MEPHUTH IpPH
noMomu HeQONbIIOro KycKa TOW e MIJIMMeTPOoBOM Oymarm.

Emé HeCKONBKO CYIEeCTBEHHBIX MOMEHTOB. IIpOYHOCTH HUTH
O4YeHb CHJIBHO MEHAETCA H3-32 HaJU4YUs JaKe HeOOoNbIINX pae-
(hbeKToB — NOTOMY HE CTOMT UEIIATL I'DY3MK HEeNoCPelACTBEHHO
KDPIOUKOM K HUTH (yAZOOHO HMCIIOJIL30BATH I'PY3 C KPIOYUKOM M3 Ha-
Oopa no MexaHuKe), Jy4lile CeJaTh U3 KycKa HUTH ITPOMEXKYyTOY-
HYIO IIeT/II0 U3 HECKOJbKNX BUTKOB. He cTouT 3aBA3BIBATH y3€JI0K
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Ha «OCHOBHOI» HHTH HUJI¥ TNpEIBAPUTENILHO €€ pPacTAruBaTh —
ycunue o0phIBa MOMET CHIbHO U3MEHUThLCS. PacTAruBaTh HUTH
cnenyer OCTOPOKHO U He TOPOIACh, HO periuTteabHo. He rogurcsa
pacTAHYTb, He NOBOAA [0 00pBIBA, OTIYCTHUTb HEMHOI'O, 4 IOTOM
y¥Ke MOTAHYTb CHJIBHO, HEJIB3SA M NEPTATh — JaiKe HECUJIBHO.

TIpu akKypaTHOM BBIIOJHEHHH, IOBTOPEHHUH OIIBITA HECKOJb-
KO pa3 M yCpeIHEeHUM HOJYUEeHHBIX DEe3YJILTATOB MOXKHO IOJY-
YUTL COBCEM HEMJIOXYI0 TOYHOCTH — BO BCAKOM Clydae, BIIOJHE
JOCTATOYHYIO [AJIS CPABHEHUs HECKOJbKMX pasHBIX HUTEH 1o
aTOMy IapamMeTpy (KpacuBas IIOCTAHOBKA OITbITA: KaKasd HUTH
Jlerde pBéTCs — Oenas, 4€pHAas NN KOpHUYHeBaa?).

Ha nnee passokeHKs ¢HJI MOKHO OCHOBATH U MHOKECTBO ApY-
rdx JKCIHePUMEHTaNLHBIX 3aaad. lIpumep — mporpagyupoBarth
OPYXKUHKY (Pe3HHKY) I M3MePeHUs PA3NMUYHBIX CHUJ, UCIIONb-
3ysA TOJBKO OAUH rpys3uk. IIpuMep Bulmo/NHeHUd 3TON pabOTHI:
MOABECHM IDY3 HAa HUTH, Ha HEOOJBIIOM DPacCTOAHHU OT Ipy3a
MIPpUKpPENNM K HHTH OAMH U3 KOHIOB IPYXXUHKM M TOTAHEM
€€ B CTODOHY, OCTaBJdAs BCE BpeMs TI'OPH3OHTaNbHON. 'OpH30H-
TAJIBHOCTh NPYXXKHHKH M €€ yAAHHEHUEe MOKHO KOHTDONHPOBATH
¥ U3MEPATH NPH IMOMOLIH KYCKa MIULIUMETPOBKH, YKDEILIEHHOTO
Ha CTeHe.

OToT c1ocob® 0CODEHHO TOYEH NPH MAaJBIX CUJIaX PacTSKeHMS
npy;xuHku. Ecxu ke rpys aerkuii, a UpyKHUHKA Tyras ¥ npegHa-
3HaYeHa OJIS CYIIEeCTBEHHO OOJIBUIMX CHJI, TO yA00Hee MOABECHTH
Ipy3 Ha TPYXMHKE ¥ OTBOAUTH €r0 B CTOPOHY NpPHU TIOMOLIU
TODHU3OHTAJILHO PACIIOJNIOKEeHHON HUTKU. Ilepes TeM Kak AaBaTh
MOLOOHBIN 3KCIIEPUMEHT MIKONBHUKAM, MOJNE3HO YIOMAHYTH (KO-
HEYHO, He IPAMO Iepex camol 3azadeil) 0 BO3IMOMKHOCTH MCIIOIb-
30BaHUSA PA3JIOKEHUs CUJ B IIDAKTHUYECKOH CHTYalllHu — HATPU-
Mep, pasobparh M3BeCTHYIO Npo0JjeMy BLITACKHUBaHMS OereMoTa
3 60JIOTa [IPU [IOMOLIH TPOUHOI BEPEBKU B PACIIOJNIOMEHHOr0 psi-
oM JepeBa. Bes aToro moragarbca pebaraM OyaeT o4eHb TPYLHO.

Bec xymops1

Paboma 4. Hamepenue gaeca nebonbur0z0 kKycka 6ymazu

HaMepuTh Bec HEOONBIIOTO KYCKa MHUJUJIMMETPOBKU (MIM Ky-
niopsl 10 py6). Hcnons3oBaTs MOKHO MOHETKY HOCTOHHCTBOM
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Puc. 3

1 xomeiika (oHM elé CYLIECTBYIOT M MMEWT Maccy poBHO 1 r),
KPYIJIBI He3aTOYEeHHBIN Kapaujail u coOOCTBEHHO KyCOX MHUJLIIM-
MeTPOBOH OymMaru — OH AOJIKEH HMETH (GopMYy npamoyrommmca,
ero pasmep yaobHo B3ATL O X 15 caHTHUMeETpOB.

ITpouie Bcero B3aBeCUTH KYCOK OyMard Ha Becax, HO MX ACIIOJb-
30BATb HEJb3s — B CIHMCKe ODOpYAOBAHUA BeChl OTCYTCTBYIOT.
Hanmuuwe MOHeTEI H3BECTHOM MAacChl TOACKA3bIBAET CIIocol ¢ mpu-
MeHeHMeM pbluara — HO B NAHHOW CHUTyaluuy HHUYETO IMOXO0XKero
Ha pulYar HeT — KapaHgalll MJIOX0 TOAXOAWUT AJA 9TOH Hejau, Aa
1 IPUMEHSATE €0 MOMKHO TOJBKO A/ PHCOBAHUS — B YCJIIOBHH 3TO
CHelHaJIbHO OroBOpeHo. EantcTBeHHasA Bellb, U3 KOTOPOH MOXK-
HO TOTpob0BaTh CleIaTh PhIYaKHbIe BEChl, — caM KyCoK OyMaru.
IIpaBia on coBceM MATKUI U THETCA — HO 3TO He 6e/la, ero MOXKHO
CJOKUTH B HECKOJBKO pa3, CAENATh NOJIOCKY M OTOrHYTh Kpas.
Ilonyunrca sTakuil «IBesiep» U3 6GyMaru — JOBOJBHO JKECTKM A
M JETKHUH. ITY MOJOCKY MOKHO YpaBHOBECHUTL Ha majbile, Ha
KapaHjalle, Ha elé OAHOH KOHCTPYKIUH, H3rOTOBJIEHHOH H3
OyMar#, ¥ T. 1. BaxXHO TOJNBKO TOYHO OTMETHTH HOJIOXKEHHE
IPAMOM, OTHOCHTENILHO KOTOPO# HacTynaeT paBHOBecue. Hanbure
MOXKHO MOCTYIUTHL TAKUM 00pa3oM: YKpenuTh MOHETKY Ha KDaro
TIIOJIOCKM M CHOBa €€ ypasBHOBECUTH. Bce pacCTOAHUSI MOKHO
H3MEepATH IIPAMO N0 MHJIJUMETPOBLIM OTMETKaM Ha MOJIOCKe,
cMelleHNe ABYX OCeH pPaBHOBECUA M JJIMHA IIPAMOYTOJbHOH HO-
JIOCKY ZIai0T BO3MOXKHOCTh PACCYMUTATH OTHOUWIEHHE MACC MOJOCKH
¥ MOHETKM, T. €. HaliTu Maccy 6ymakku. PasyMeercs, IOJE3HO
ceJlaTh HECKOJIBKO U3MepeHU$ IpH Pa3HbIX IOJOMKEHUAX MOHE-
THI OTHOCHTEJILHO II0JIOCKH.

Ha puc. 3 moxasaHBl CUJIBI, HeWCTBYIOLIME HA OYMaKHBIH
LIBeJUIEP CO CTOPOHBI APYTHX Tel: MOHEeThl, KapaHAgaila, 3eMJIH.
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Ecau cpaBHUTE pe3yAbTATH IPAMOTHO IIPOBENSHHBIX H3Mepe-
HAH ¥ pes3yJpTaT IPSAMOrO B3BEIIMBAHUS HA TOYHBIX Becax —
II0CJIe OKOHYaHKUA PaboTh! OUeHb [10JIe3H0 BEIHYTE U3 MIKada Bechl
U AaTh pebaTaM BO3MOMKHOCTb OLEHMTH TOYHOCTH IMOJYYEHHBIX
UMM Pe3yJbTaTOB, — TOYHOCTH MOJIYYaeTCs AOBOJBHO XOpollei,
[IOTPEINHOCTEL COCTaBaAeT mopaska 3—5%. Boobiie mHTEpecHB!
cniocofpl, KOTOPBIE MOAXOAAT [JIA B3BEIIMBAHUA COBCEM JIETKHX
TeJ — 3€PHA pHCa, TapaKaHa — OTHZelbHasA npoldjeMa BOZHUKAET,
ecJu TapaKaH emeé *KHUB, — M T. II,

MasaTuux

Pa6oma 5. HeenedosanHue Masmuuka

WccnenoBanne MaTeMaTHYeCKOrO ¥ He BIIOJIHE MareMaTude-
CKOTrO MasTHHKOB. 38J8a4a COCTOMT K3 HECKOJBKUX OTAEJLHBIX
MaJIeHbKNX KCCJIeNOBaHMME: Kakue GaKTOPh! BANAIOT HAa CKOPOCTh
3aTYXaHUA KoaeGaHMN, KaK MEeHAETCS Mepuoa KoueGaHWit mpu
yBeJUYEHUY YIVIOBOH aMIJHATYABI, KAK MOKHO MOJYYHTH Xapak-
Tep 3aBHCHMMOCTH II€PHOJA OT JJIMHEI HUTH, €CJH He PaspelluaeTcs
MOJIL30BATLCH CEeKYyHIOMEpPOM.

MaremMaTnyecKuit MAATHAK — 3TO abCTpakiius, MOAENb. I'Ipn-
6JIM3UTHCA K 9TOH MOJEaN MOKHO, YMEHBIUAA pasMepsl Tejla Ha
KOHIIE HHTH, YMEHBIIAA MAacCy HUTH II0 CPABHEHWIO C Maccoi
TeJla, CHIKAA 3aTyxaHue Kosebanuii. Memee mMacCHBHaA HHUTh
CUJIbHEe PACTATHBAETCA B CPABHEHMM C TOJCTOM HUTHIO U3 TOTO
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JKe Marepuana. YIJWHeHHe HUTH MeHseTcA BO Bpemsa Kojeba-
unit. IIpy mpoxoze rpy3oM HM)KHEro IIONOXeHUA (IOJIOMKeHUs
paBHOBeCHSH) IJIMHA HUTH HauOOJBIIAS, & IPH MaKCHMAaJLHOM
OTKJIOHEHUM OT NOJOKEHUA DABHOBECHS HUTHL UMeeT HAUMEHb-
wyrwo gauny. Ilepwon kosebaHuit (BpemMsa MexAy LBYMA INOCTe-
J0BaTeJbHBIMMN ITPOXOXIEHUAMH TPy3a NOJIOXKEHNA PABHOBECHUS
B OZHY CTOPOHY) NIpPH YBeJIUYEeHHH YIJIOBOH aMIIMTYZBI KOJIE-
OaHuil yBesMuUMBaeTCA KaK A8 HUAEAJIbHOrO MATEMaTHM4eCKOIo
MaATHHBKA, TAK ¥ JJIA PealibHOro MAasTHHKA. JJONOJHHTENbLHOe
yBeJMUeHHe IIepUoJa PealbHOT0 MasgTHUKA [IPOUCXOAUT 38 CUET
pPacTAXKeHUA HUTH, II0ITOMY 3KCIIePHMEHTANBHO IIONyYEeHHAA 34-
BUCHMOCTD Iepuoaa KoJebaHui oT aMIINTYAB! He BIOJIHE COBIIa-
JaeT C M3BECTHOM 3aBHCHMOCTBIO, OIIMCEIBAEMOY YMCTO KHHeMa-
THYeCKol GopMyIIOH.

Ha nepwone kone0aHuil ckasbiBaeTcs U TpeHue. IIpnumn
OAA 3aTyXaHuA KoJae0aHUil HeCKoJbKO — CONIPOTHBICHHE BO3ayXa
o0bIuHO gaér HambGoasUINi BKJIag. E1é ogHoi npuyKHoil yBeau-
YyeHHUS 3aTYXaHUs ABIAETCA «Ep3aHUe» HUTH B TOYKe II0ABeca —
VHKDPENJIATh HUTE CJeAyeT aKKypaTHO, JoOuBasick moaBeca B TOY-
Ke. BaKHO ¥ TO, KaK NPHUKPEIUIEH K HHUTU TIPY3HK, — ¥ B 3TOM
MecTe MOMKeT BBIJENATHCA Temnso. Ho ecTs M ADyrue NPHUYKHLI.
Kak caemaTr MasTHHK M3 HUTH H TPY3MKa, YTOGBl 3aTyxaHue
IONYIUJIOCH ITIOMeHbIue?

ITororopuM 06 sToM ReMHOro mnoapoGHee. Poar compoTus-
JIeHHS BO3AYXA MOMKHO CHM3UTb, YBEJHUYMBAA KHHETHUECKYIO
9HEPTHI0 CHCTeMbl 3a CYET YTAXKEJEeHUs rpy3uka U BbIOupas
HUTH IOTOHBIIE, YTOOBl CHU3UTE J1000Boe conpoTusaenne. OqHa-
KO IIPH 3TOM CMJIbHee BhIpaskeH elié OAWH (PaKTOp — TAMKEJNBIN
rpys3 3aMeTHO PacTATMBAET TOHKYIO HUTH. PacTsiXeHre HUTH NIPH
pacKauMBaHWM rpy3a NePUOANYECKH YBEJIINYNBAETCA M YMeHbIla-
eTcd, ¥ IPU 3TOM Bblgessercs Temyiora. OueHbs HHTePECEH BOIIPOC
0 TOM, KaKoe OTHOUIeHHE K H3MeHEHHUIO aMILTUTYAbl NUMeeT TaKoe
BBIJeJIeHNe TellIa — BpOZe Obl 9TO BCE CHUJIbI BHYTPEHHUE, U OHU
He JOJKHBI BJIUATL Ha Kojebauua. C gpyrod CTODPOHBI, ecau
TeIJIO BBIZEJAETCHA, TO aMILIMTYyAa 00s3aHAa YMEHBIIATHCHA — 3TO
cjleiyer U3 3aKOHA COXpaHeHWA osHepruu. Kax paspeuiuTh 9TOT
napagokc?

Hpnea noHATHa: TeIIO BHEIAENAETCS B HUTH NPH HAJINYHUHU OT-
HOCHMTEJIbHOIO JBHXKEHNSA 3aKPEILIEHHOrO KOHIA HUTH U I'PY3UKa
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(B UZealbHOM MasTHUKE DPACCTOAHHE MEXKIY HHUMU He IJOJIKHO
usMedsaTbcal). Ecay NpHHATE 3a HAYAJIO OTCUETA PACCTOAHUE
MeXXAY TOYKOM 3aKpeIl/IeHHA HUTH U IPY30M B TOM cjaydae, Korjaa
koNeGaHMsg OTCYTCTBYIOT, TO IPK KoMeGaHUAX pACCTOAHAE MEXIY
HUMM pAaCTET, KOrZa HHUTh HATAHYTA C CMJOH, Gonplueit mg,
H YKOpauHMBAeTCH, KOrga CHjIa HaTHAKeHHSa HUTH MeHbllle mg.
IIpn aTOoM rpys OBMMKETCA, ¥ BEKTOP €ro CKOpPOCTH U COCTaBAAET
C HANpAaBJIEeHMEM IeMCTBYIOINel Ha Hero CO CTOPOHAL HUTH CHJIBI
F yron, ne pasrsrt 90°, To eCT: MONIHOCTb, PA3BMBAEMAS JTOM
cunoit (FU), He paBHa Hymo. B cpeaHem 3a mepuox pabora
3TOH CHJIBI OTPUIATENbHA, TO ECTh 3AIAC MEXAHUUECKON aHepruu
MaATHUKE C KAXIBIM NePHOZOM YMeHbIaeTCA. AKKypaTHOe pac-
CMOTpeHUe ZOBOJIBHO CJIOMKHO — JIy4llle OCTRHOBUTHCA BOBpEMA,
IIOK& B 3TOM BOIIPOCEe IIOUTH BCE ACHO.

IIpy TmiaTeIbHOM MArOTOBJEHMM TAKOTO MAATHUKA 3aTyXaHue
nonyyaercsa HeOOMBIIMM — aMIJMMTYLA YMEHBLIIAETCSA BABOE 34
20—30 xonebanuit. Tyr MOXHO YCTPOUThL 3a0aBHOEe COpeBHOBa-
HHe — KTO M3 pe0AT clesaeT MAATHUK ¢ HAUMEHBLIIMM 3aTyXa-
HueM, PesyjbTaThl JIerko HaOMoOZaTh NpHU NPAMOM CPABHEHUH
cAe/JaHHBIX MAATHHUKOB (CTOMT 3apaHee OrOBOPHTL NPHUOGIN3H-
TeNABHYIO BeJUUYNHY IIepHOAA).

Tounble H3MepeHNT MOXKHO IIPOBOZHUTH TOJBKO ¢ TAKMM Ma-
ATHUKOM, V¥ KOTOpPOro 3aTyxaHue Mayuo. [Ii1a usMepenuil Heobxo-
IUMO MCIIOJb30BATh CeKyHAoMep. TOYHOCTh M3MEDEHHI nepuoma
kosebaHuii mpy KMCIOJBL30BAaHUM OJHOTO-IBYX NECATKOB Koiseba-
HUI DOJIyYnTca Xopouleit, €Ciu pasyMHo IIpojesiaTsr U3MeDeHu4.
Yr106bl CKOMIEHCUPOBAThL OLIMOKYM «HAKATUA», IPUAETCA OTBe-
CTH MaATHUK ¥ OTIYCTHUTb €T0, II0CJe 3TOr0 HaXaTh CEKyHIOMEpP
B MOMEHT IPOXOKAECHUA HUKHEH TOUKH (B 9TOM IT0JIOKEHHUH CKO-
POCTH MaKCUMAJIBHA ¥ TOYHOCTh DUKCAIIMH MOMeHTA [OJYyYaeTcs
HaujJy4yilel), mocJjie 4ero BbDKIATH 3aZaHHOE YHCJIO MEPHOIOB
¥ OCTAaHOBUTHL CEKYHAOMeD TOUHO B TOU e (dase konebanHMi.
B 5TOM Ciiyuae uwacTHYHO KOMIIEHCHpYETCH OlIMOKa, CBA3aHHAA
¢ BpeMeHeM peakuuu Habmogarens. Kpome Toro, outnoxku 6yayT
«PAa3JIOKEHbI» HA HECKOJBKO IEePUONOB.

Ecaun ke mHac uHTepecyeT He TOYHOE 3HAYeHUe IepHOZA,
a BIIMSAHUE MapaMeTpOB MAaATHHUKA HA MePHOJ, TYT BO3MOXMKHBI
u3MepeHua U 6e3 HUCHoaL30BaHUsS ceKyHaoMmepa. Crmocob Takux
U3MEPEeHU He OYeBHIeH, OZHAKO BIIOJIHE AOCTYIEH PadyMHOMY
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WKOJBHAKY (B TOM CMbICJE, YTO OH CMOXXeT He TOJBKO €ero
HCIIOJIb30BATh, HO M CAMOCTOATENLHO [0 HEr0 A04YyMAThCH, BO3-
MOKHO, ¢ HeGosblIMMU THojcKaskamu). Mpew cmocoba mpoule
BCEro paccMoTpeTsh Ha KOHKDPETHOM IIpHMepe.

IIpeamonoXuM, YTO HAM HY:KHO y3HaTh, BO CKOJIBKO pas OT-
JNYAOTCHa NepuoAsl Konebauuil MASTHUKOB IIPU Pa3Auuuy AJIHAH
HuTeil Ha 10%. OpuH W3 MaATHUKOB OyJeM CYMTATH OLOPHBLIM.
MaATHHK ¢ AJTHHHON HHUTBIO NIPH KOJeOaHUAX OTCTAET OT MAafAT-
HHUKa ¢ KOPOTKO# HuThio. HaunéM cuér KoneGaHUA B TOT MOMEHT,
KorZa, Hanpumep, of6a MasATHHUKA NPOXOAAT CBOM MOJIOKEHHSA
paBHOBecuda B ONHOM dase, — cuuraem KosnebaHHUA OIIOPHOTO Ma-
ATHUKA J0 TeX Nop, moka ¢asnl KoseGaHuil CHOBA He COBIAXYT.
IIpu srom 4ucja0 nepuomOB KojJeOaHMNi KOPOTKOro MagTHHKA
OKAQXXeTCHA Ha eJWHWIlYy MeHbllle ¥ OTHOILIEHWE IepPHOJOB Cpasy
Haiinérea. Keratn, He 06A3aTebHO OrPAHNUNBATBCA PA3HOCTHIO
B OXHMIH IEpHOA — MOXKHO B3fATh ¥ Gojblile, TYT BCE OrpaHHYEHO
TOJBKO 3aTyXaHueM KoseGaHuii.

dtoT crrocob obecieunBaeT OYeHb XOPOIUYIO TOYHOCTE — 1 §e3
BCAKMX CeKyHA0Mepos. C ero moMoubio MOXXHO BEIACHUTL U BJIN-
fAiHME YBeJWYEHUS aMIUIMTYARl Ha Nepuoj (Masble KojebaxHus
MafATHHKA M30XPOHHBI, NPH YBEeJMUYEHWH YIJIOBONH aMIUIMTYALI
IepHof YBEJIUYHUBAETCH, XOTHA M HEHAMHOrO — JJIA U3MEpPEeHHH
MaJbIX M3MeHeHUH NepHoZa MoHazo0ATCA TOUHBIE M3MEDEHHA).
CnenaeM BHauaje B8 ONMHAKOBBIX MAATHHKa M JZOBBEMCA XO-
polIero COBIAQAEHMSA IEPMOAOB NPH OXWHAKOBHIX HAYAJNBHBIX
aMILIUTYJaX OTKJIOHeHMA HHUTeHl OT IOJIOKeHHiII paBHOBecHA.
HeMHOro M3MeHAs JIMHY HUTH OZHOrO M3 HHUX, OyIeM OTBOZUTH
HX OT II0JI0KEHWA PABHOBECHSA M OTIIYCKATH ONHOBpeMeHHO, Ecan
OOUH MAATHUK OTCTAET OT APYroro, HEMHOI'O YKOPOTKHM €ro HHUTL,
u T. a. ITocne Toro xax MOJAYYEeHO XOpOIlee COBNafieHNe IIePHONOB
NpH OAMHAKOBBLIX HaYaJbHBIX aMIUIMTYLAX KoJieDaHUN, MOMKHO
OAMH N3 MAATHAKOB HCIIOJb30BATH B KaueCTBe OMOPHOrO — OH
OyZzeT cCoBepWIATEH KoJyieGaHNA ¢ HeOOMBIINMY aMILIUTYAaMu. AM-
NIuTyny KojebaHMil BTOPOro MaATHUKA MOMHO YCTAHABIMNBATD
IIPOM3BOJALHON (B pasyMHBIX npefiesiaXx — He CJIeIyeT OTKIOHATH
HHThL OT BepPTHXKaNIM Ha Tynoil yroJj, Tak Kak B 3TOM CJydae
Heu30eXXHb! DPBIBKM HUTH)., YuéHoe HAasBaHMe Takoro crocoba
H3MepeHHH — HU3MeDPeHMs N0 «DueHnsaM», pasHble BapHAHTHI
TaKUX M3MePEeHHIT ONMUCAaHBI B IUTEpaType.
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aJIeKTpH‘IeCKHe H3MEPEHHA HAa IIOCTOAHHOM TOKE

HJia onmucanHbIX HNke pabor Honamodbures HeboJbloi HAOOP
npu6opoB u npucrocobiennl, HUUYero sK30THYECKOro Uiy gedu-
HUTHOrO TaM HeT. BaM npuaércs, BOSMOKHO, HEMHOT'O IOTPa6UTh
kaxKoro-Hubyap paguonoduresnsa, 4To6bl HaUTH HECKOJABKO HYMX-
HBIX PE3HCTOPOB, Napy CaMbIX OOBIYHBIX NOJIYNPOBOAHMKOBBIX
OMOZOB M IOJYIIPOBOAHUKOBBIN cTabuauTpoH. IIpoBoa U3 craBa
€ BLICOKMM YAeJbHEIM CONIPOTUBJIEHNEM — JIyullle BCero, eCJIH 3TO
GyaeT HUXPOM', — COAEPMUTCH B 06LIUHON ameKTpomIuTKe. Eciu
BaM Kajb pabouell cnmpany — IOHIIUTE 34IIaCHYI0, OHA YACTO
IIPOCTO JIEXKHT B OTHAEJBHOM NaKeTHKe. B KOHIle KOHLOB, MOMKHO
pasMoTarh CJIOMAaHHBINA peocTaT. B KauyecTBe UCTOYHUKA TUTAHUA
ynofHee BCero MCIOJAbL30BaTh OOBLIUHYIO IyocKylo Oatapeiixy Ha
4,5 B, BroJsiHe NOJOWAEST ¥ ODBIYHLINA IIKOJLHBINA BHIIIPAMUTEIb
Ha Takoe ’Xe HaNpAMXKeHHe. Y TAKMX BHIIPAMHUTEJEH HACTO OBI-
BAT GONBIINE ITYJLCAIIMHM HAIIPAMKEeHUA HA BBIXOJEe — B TaKHX
caydadax IIOJNIe3HO IOAKJIIOUMTL Ha BBRIXO[ KOHAEHCATOP EMKO-
CTBI0 HECKOJNIBKO COTeH MHKpodapal (a aydine B3ATh €MKOCTh
noGonbiie — nopAaka 1—2 Teicay MuUKpodapad), MakCUMalb-
Hoe pafouee HaIps)KeHUE KOHAeHCATOpa AOLKHO OBITH BhIOpaHo
«C 3amacoMs» — JJA BeIIpAMUTeNd Ha 5 B Ha mpakTuke Hy-
skeH KoHAeHcarop Ha 10—15 B. HeoGxoauMbel MEIIMaMIIEPMETD
TIOCTOAHHOIO TOKA Ha 5 MHJIMaMIep, BOJbTMeTp Ha 6 B, MuUKpo-
amnepmeTp Ha 100 MukpoaMnep — 270 MOTYT ObITh M OOGBIUHEIE
«HIKOJIbHBIE» TIPHOOPSI, JAyYllle BCETO B3ATh CTAHAAPTHRIN Habop,
BRINYCKAEeMBbIH AJIA IIKOJ NOCNeSHUe HeCKOJBKO JIeT, — NPpUuOOpEI
3TH 0061alal0OT HEIJIOXOH TOYHOCTHIO, ¥ HUX YAOGHO Iporpagyu-
POBaHEI IUIKAALI ¥ CAMH IpHGOPH! BHITVIAAAT INPHUATHO, YTO IJIA
yCIexa 9KCIepruMEeHTA TOXe HEMAJIOBAXKHO,

QOueHp noOJNe3eH «MarasuH COIPOTHUBJIEHHUIH» — eCJIY OH €CTb,
TO MOXHO JAeJjaTh O4YeHb TOYHBIE M3MEDEHUA JaKe ¢ SOBOJBHO

TnasHoe KOCTOMHETBO HHMXPOMA He B TOM, 4TO 'y HEro BBICOKOE yAeJbHOEe
CONIPOTHBJEHNE, & B TOM, YTO OHO BeChbMa cJla0o 34BMCHUT OT TeMIIepaTyphl.
IIpu yBesamueHun reMmuepatypsl ot 20 °C no 1150 °C yaenpHOe CONPOTHUBICHHE
HUXpoMa ysennuusaercs Bcero Ha 6%. Ilpu Takom e M3MeHeHUM TeMmmepa-
TYpBl yAeJbHOE CONPOTHUBJIEHHE BOIbGPAMA YBEJIUUMBAETCA MOUTH B 5 pas.
Taxkum ofpasom, ni06ofl HAarpeBaTeqbHBIX NpPUOOP ¢ HUXPOMOBROM CHMPAJBLIO
MOXHO MCIIONB30BATh B KAYECTBE PE3UCTOPA, COIPOTHBIECHHE KOTODOTO NOYTH
He 3aBHCHT OT MPOTEKAIETO 10 HEMY TOKA.
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rpyosimu npubopamu. HenpemeHHo nocrapaiTech ero HalTH —
IPH TPAMOTHOI IIOCTAHOBKE ONLITOB MOYXHO NOJYYHUTb TOYHOCTD,
onpejeAaeMyio0 CaMblM TOYHBIM H3 Ballmx NpPuGOpoB, — a xa-
JKe IpoCTOl U melEBbI Mara3uy cConpoTuBieHu# obecneynBaeT
TOYHOCTb YCTAHOBKU CONDOTHBJIIEHUS He XY)XXe IeCATHIX XoJaeH
npoueHra. s IPoBePKH IOJy4YeHHBIX B 9KCIIePHMEHTe pe3yJib-
TATOB [OJe3H0 UMeTh XOTA ObI MpocToit udpoBoit TecTep, HO ANA
caMuX SKCIIepMMEHTOB OH He Hy’KeH.

Peaucropsl

Paboma 6. HamepeHue conpomuenenuil pesucmopos

B pa6ore TpebyeTcs H3MEPUTE C MAKCHMAJLHO BO3MOXKHOM
TOYHOCTBIO CONIPOTHBJIEHNA HECKOJbKUX BBIZAHHEIX PE3UCTOPOB.
IIpoGiaema — B cKygHOM HaOope uaMepHTeabHBIX nNpubopos. Hc-
MOAB3YIOTCA: MCTOUHNK InraHusa 4 B uan Garaperika 4,5 B (Ha-
npAXKeHUe CYNTAETCHA HEU3BECTHBIM — pa3Be 4YTO OYeHb NIpUMep-
Haf BeJHYHHA), MHAIHAMIIEPMETDP C TOKOM IIQJHOTO OTKJIOHEHUA
5 MA (A8 NOJHOTHE KapTHHBI MOXKHO ¥ 3TY BEeJIMYUHY He 3ajza-
BaTh — CKa3aThb, HATIPUMED, YTO 3TO He MUJJIMAMIIEDH! Ha IIKaje,
a4 YCIOBHBIE eXMHUILI), ABa& PE3UCTOPA ¢ TOYHO M3BECTHBIMH
conporusieHnAMH (Hanpumep, 2450 OM u 4640 OM — ux MOKHO
3apaHee NOMEPHTL IMPPOBEIM NpHOOPOM), OTPAHUYHTEJLHBIH
pesucrop npubansurtensho 100—200 Om — ykaXurte cTporo-Ha-
CTPOro, 4TO ero HCMOJB3VIOT AN OIDAHVYEHUS TOKAa B LeEMNH,
yTo0Bl MUJIHAMIIEDMETDP OCTAJICA LeJl U He ObLI NOBPEXAEH
HCTOUYHMK nuTauus. Pasymeercs, nposoga. M camu pe3ucTopsl,
KOTOpBle HY:XHO momepuTh: 1 kOm, 10 xOm, 50 kOM u 200 Om.
OTH BeJIMYUHLI 3a7laHbl TYT O4eHb IPUMEPHO — BO3BMHUTE TO, YTO
cymeere nogobpars.

Yxasanua no nposeedenuio pa6omsi. Hudero He mopcrassi-
BaiiTe — cMbICJI pabOTHl UMEHHO B TOM, YTOOBI HIPUAYMATE CIIOCOG
u3MepeHuil «0e3 HUYErO» — HU HANPAKEHUA, HH TOKa HU3IMe-
PUTH HeJb3d (HAIIOMHHMM, 4uTO NpuOOpPHI O4YEeHb HeHAealibHBIE
M II0JIHOE COIIPOTHUBJIeHHE IelHM Heu3BeCTHO). BulmaHHble IBA
pes3ucTopa MO3BONAIT IPOTrPaJiyNUPOBATH IIKANY MMIIPOBA3HPO-
BAHHOTO OMMeTpa — COeJMHsIeM TOCJIEJOBATEIBLHO «B KOJBIO»
WCTOYHUK IIMTAHUSA, OrPAHUUYNTEILHBIA PEe3UCTOP, MHJLINAMIIeD-
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MeTD ¥ U3BECTHBIH DEe3NUCTOP U OTMedaeM Ha Iukane mpubopa
TOK, KOTOPBIH COOTBETCTBYET COINPOTHBJIEHUIO 3TOr0 PE3UCTOpA.
YaobHo Ha MuaIuMMeTpoBoil OyMare HapHCOBATH OTAEJIBHO OT
MWLIHAMIIEDMETDPA INKAJY X OTMETKH AeJlaTh MMEeHHO Ha Hell —
y camoro mpuGopa CTeKJIO MelnaeT., BhIJaHHBIE JBA pe3ncTOpa
MO3BOJIAIOT ITOJIYUNTh UETHIPE OTMETKM: KaXKABIA pPeaucTop OT-
IeJIbHO, NapajjiejibHO COeIMHEHHBIE PE3UCTOPH! (COIIPOTUBIIEHNE
paccuMTBEIBAEM II0 M3BECTHOH (hopmyJie), mocJiefoBaTeJbHO CO-
eIVHEHHBIE DPE3HUCTOPHI. BeJMUMHBI CONPOTHBJIEHHI BhIAAHHBIX
Pe3NCTOPOB BhIOpaHBI TaK, YTOOLI BCE UEThIPe OTMETKM IIOIAIH
Ha KA1y (BO3MOXKHO, ObLI0 OBl M «3alIKanMBalNe» IpH Hapas-
JIEILHOM COeZHHEeHWH).

Tenepb MOXXHO NOAKMIOUATE HEM3BECTHLIE PE3NUCTODPHI ¥ CMOT-
peTh Ha Hawy wkany. IIpu Beauurnax 1 u 10 xOm MBI HONAAEM
HeJajJIeKO OT M3BECTHBIX OTMETOK, M MOXKHO OyaeT «B yMe»
CAeJaTh MHTEDIOAANVIO MM 3KCTPATIONANMIO. JTO BIOJHE pa-
3YMHBIN, XOTS. M HETOYHEIH cnoco® — ero MOXKHO YJIYYIIHUTD,
cOesaB JOIOJHUTEIbHbIE OTMETKY HA LIKaJe MPH IIOMOIIH TOHAT-

HOM dopmynst
U U

Robm = Ro +Rnon )

ITo u3BeCTHRIM ABYM TOYKAM JIETKO PACCYUTATH HE 3aJaHHEIE
HaMm U u R, — COIIPOTUBJIEHHE <«OCTAJLHOI» LeNH, KOTOpoe
BKJIIOYAET BHYTPeHHEe CONPOTHBICHHE MCTOYHHKA, OUPaHH4YM-
TeNbHBIA DPE3UCTOpP, CONPOTHBIEHHE IPOBOJOB M COOCTBEHHOE
COIIPOTHMBJIEHHE MHJIMaMIepMerpa. Ilocje 3TOro MOXKHO MaMe-
PATb. :

OTaenbHO HY»KHO 06CYANTE U3MepeHNd ¢ pesucropamn 200 Om
1 50 xOM — nepBbIH BLI3OBET OTKJIOHEHME 33 IpPEeNenbl IIKAJEHI,
BTOPOH JacT COBCEM Maj0oe OTKJIOHEHWE CTPeJKH B Hauaje IIKa-
JIBI, U HUYEro ONpeneJIEHHOrO cKasaThb OymeT HeabsdA. Beriitu us
3aTPYAHUTEIBHOIO IOJIOKEHHS U IIOTIACTh HA M3BECTHBINA YUACTOK
HIKaJIbl MOXHO TaK: JANA H3MEePEeHUSR MaJsIore COHNDOTHBJAEHHA
MBI COEAWHHMM €ero II0CNefoBaTeNbHO ¢ peaucropoMm 2450 Qm
| TOJYyYUM HOBYIO OTMETKY Ha IIKaJie, GOJIBIIOH e pe3UCTop
MOAKJIIOUNM HapaIeIbHO K COeAUHEHHBIM IOCJIeA0BATEILHO U3~
BeCTHBIM peaucropaM. Ilns yBeauYeHUA TOUHOCTH U IOJIydeHUs
6osiee onpeiesIEHABIX OTCYETOR MOYKHO IIPOBECTH OHO 3a APYI'UM
B4 H3MEDEHUs — IPHUCOEAUHAA HEH3BECTHBHIH pe3uCTop U He

I=
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MIPUCOENVHAA, [IPU ITOM Jiy4ile BUAHA HeGonblIasd pasHHUIA B OT-
cuérax. MHTEpECHO 06CYAUTDL ¢ VUAIIMMUCS BOOPOC O TOYHOCTH
MOJYy4YeHHBIX pe3yJbTaTOB — PasJHM4yHble pe3ucTopbl u3 Habopa
HEU3BECTHEIX MOTYT OBITH M3MepeHbl B HalleM cJydae ¢ OYeHb
Pa3IUYHOR TOUHOCTBIO.

Emé oaun Ba)KHBIA MOMEHT B 3T0M paboTe — TyT BUAEH CMBIC]I
B MApajjIeJIbHOM, IOCJIEZOBATENLHOM H KOMOMHHPOBAHHOM CO-
efWHEeHHNH PEe3HCTOPOB, 9TO M B CaMOM Jejie UCIOJIb3yeTcA AJdA
NONYyYeHUA IPaKTHYEeCKUX pe3yabraroB. U eué: Ha 310l npocToit
paboTe BHAHO, KAK CHJIBHO OTJAMYAIOTCH APYr OT APYra TOYHOCTH
KOHKDETHOTO N3MepeHud (¥ IpeJesibl IOTPEIIHOCTH) U paspela-
wiasa crnocofHocTs npubopa — morpeirsocts +5% NOJHOCTBIO
NOMVIOWIAET PA3HUINY PEe3YJALTATOB NPHU IIOCJIeNOBATENHHOM IIOX-
KJIIOYeHMH MaJeHbKoro peaucropa 200 OM B cofpanHylo hens,
HO pa3HMIA BUAHA, U OHA BOCNPOM3BOAMMA — OTO MO3BOJIsIET BCE
JKe HalTH BeJWUNHY CONPOTUBJACHNA.

B nameM sxcnmepuMeHTe MBI He MCHOAb3yeM MHJIHaMIIep-
MeTp Ha 5 MMaIMaMmep — 3TO Kak Obl COBepPIIEHHO HOBBIX NpH-
60p, KOTODHIM MBI TYT *Ke KaauOpyeM I10 M3BeCTHBLIM pPe3HUCTO-
paM, ¥ TOYHOCTL M3MEePEHMI oIpefesfeTcs UMEHHO BOCIPOHU3-
BOAUMOCTLI0 pe3yJbTATOB. Ecjm 6bl mOrpeumrHocTs HM3MepeHHH
onpeJendaaack TpeHEHMeM B ynopax (kak M 6mL10 B npubopax
CTapeIX KOHCTPYKHHIA), TO CTpeJKa IIPDH KaXAOM H3MepeHHU
MOTJia 3aCTBITH I'le YIOLHO B NpeResiaXx HEKOTopoil obiactu (eé
HA3BIBAJIU «3aCTONHON»), U 3TO COBEPIIEHHO UCTIOPTHAO Obl HAM
BCIO BBIODAHHYI0O METOAUKY. B COBpPEMEHHBIX CTPEJOUYHBLIX IPH-
60pax paMKa CO CTpeJKOH <«IMOABelINBAETCA» HA DACTAHYTHIX
JIEHTOYKAX, TI03TOMY CyX0e TPEHME B YIIOpax IPOCTO OTCYTCTBYET
M pe3yJabTaThl HECKOJIBKHX M3MepPeHMH IOYTH He OTIMYaITCH
APYr OT Zpyra (IPHYHHON OTIMYHA MOMET OBITH IIOCTENeHHOe
yXyZAUIEHNe CBOMCTB MCIIONB3YyeMOl OaTapeKki MJIN IIoXHe KOH-
TAKThl COEZUHHATEJILHBIX IPOBOJOB).

Boneiiue cONPOTHBICHUN

Pa6oma 7. Hamepenue 60nbwux cOnpomuenenuil

OO6BIYHbIMY CIIOCOOaMH (HATIPEMEP, METOZOM BOJILTMETPa-aM-
nepMerpa) TPYAHO H3MEPATb CONPOTHBIEHUS, BEJIHUMHBL KO-
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TOPBIX IIPEBHIIIAIOT AECATKU MUJJIAOHOB OM JUOO COCTABIAIOT
JOJHM OMa — eAMHHIBI oM. TyT HYKHO JubO NPUMEHATL OUEHb
UYBCTBUTEJbHBIE NPUGOpE! (a Tme uX B3ATH?), AuO0 UTO-HHUOYIB
npuaymars. Ilompobyem BTopoe. IlocTaBum 3amady KOHKpeTHee:
HMeeTcA B HaJdUYUM PE3UCTODP OUEHL OOJIBIIOH BeJIUYNHBI —
MPEAIIONOKHUTEIBHO HECKOJBKO coTeH Meraom. Ilpu moaxJjitoue-
HHAH €ero IOCJef0OBATEeJIbHO C CAMBIM UYBCTBHTEJALHLIM HAaIINM
IpubdopOM K MCTOYHUKY TOK U3MEPUTH He yAaéTcsa. MoxHO Ob1iIo
6Bl YBEJIMUYUTHh HANPsKeHHE HCTOUHHMKA [0 HECKOIbKHX COTEH
BOJIBT, ONHAKO TYT HAC MOXKET IIOACTEperaTh KpaliHe HEIPHST-
HBIH CIOPHPHU3 — HAIl DPE3UCTOP MOXKET He BLIAEPIKAThE TAKOro
BBICOKOTO HAMNDPSKEHUA: W <«IpoOUTHCA», T. €. CTATL HA Bpe-
M#A — MM HaBCErga — OYeHb HeGOMBIINM IO BeJWdrHe, CO BCeMU
BBITEKAIOIUMH IIOCHEJCTBUAME I H3MEPHUTEILHOTO mpHuodopa,
WCTOUYHHKA MATAHNA ¥ CaMOro sKcliepuMenTatropa. Ha mpaxkTuke
IJIsi TAKUX M3MEePEeHHH HCIIOJIb3YIOT CllelalbHble HCTOUHUKHA —
OUEHL MAJIOMOII[HLIE, He YMEIOLIMe Pa3BUBATHL CKOJIBKO-HUGYIL
3aMeTHBIH TOK B HATpPy3Ke (PYYHBLIE BJIEKTPOreHEePATOPHI — «MH-
AYKTOPBI»), HA WX OCHOBE M JAeJAI0T NpUOOPHI ANA N3MEpPEHHs
OONBIINX CONMPOTHUBIECHUI (METAOMMETDEI), UCIIOIb3yeMble OOBIY-
HO JJIs U3MepeHUH COIIPOTHUBRJICHUS UBOJIAINH, KOTOPOEe B Ujeasie
BOOOIIe JOKHO OBITh 0ECKOHEeUHBIM.

Ecau y mac B pusuyeckom kKabuHere Takux npubOpoB Her,
HYKHO NPUAYMATL YTO-HHUOYIB APyTOE,

UcnonpsyeM mj1d usMepeHHH KOHAeHCATODP. BosbMEéM KOHIeH-
CaTop ¢ AOCTATOYHO GOJbIIOH €MKOCTBIO M XOPOIIUM KAa4eCTBOM
AMBIEKTPUKA — BIIOJHE MOONAST KePAMUUECKUH MK «METAILIO-
OymaxHBI» (camMblii oObIuHEBIH!) KOHAeHCATOD HAa 1—2 MHMKpO-
dapagpl. 3apagum ero or 6arapedkH, OTKIIOYHM OT HEE M IOJ-
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KJIOUMM K HeMy 4YyBCTBUTEJbLHBIN MHKpoammepmerp. Crpenka
MHKpOaMIlepMeTpa OTKJIOHUTCA ¥ OBICTPO BEPHETCA HA MECTO.
OxasbiBaeTcs, «0TOPOC» CTPENKH ONpepessieTcs MPOTEKIUUM I10
nenu 3apAnom («OanaucTUUeCKHH» peKMM Ipubopa — MBI €ro
TONKHYJHW, a AaJblie CTDeJKa ABUXKETCHA IO WHEPHHUH), ecsH
TOJIYOK OBbIJI OYeHBb KPATKOBPEMEHHBLIM M JBI)KEeHME NPOUCXOTUIIO
B OCHOBHOM n0 MHepnuu. Teopusa Takoro pexmuma oueHb MOyYH-
TeJbHA, ORHAKO MbI 00 9TOM roBOPUTHL He OyZem — HAM BIIOJIHE
ZOCTARTOYHO TOTO, YTO MBI CMOYKEM IOJYYUThL B IPOCTOM SKCIIEpH-
MeHTe: 3apAkasd KOHAeHCATOD A0 Pa3HbIX HANIDSIKEHUH, CDABHUM
BEJIMUYMHY OTOpOCa CTPeJIKY ¥ Y0eauMcs B IPOIIOPIUOHATEHOCTH
3THX BeaWYHH. JInA TakUxXx HA3MepeHUN [OesaloT CHeluaibHbIe
npufopel — GaJIUCTHYECKHEe TalbBAHOMETDHI — Y HHX CTDEJIKa
(4AaCTO y HUX CTPEJIKH! HET, a JAJIS OTCUETA UCTIONb3YeTes: CBETOBOM
«3aiiYMK») BO3BpalLAeTCA Ha MECTO OYeHb MeJJeHHO, U OTCYET
nerko npouseecTd. [na OGBLIYHBIX MHUKDPOAMIIEPMETDOB 3TO He
TakK, NPUXOAUTCS NPHUMEHATH CHeNHaJIbHble Mepbl — HallpUMeD,
3aropasKuBas 4acThb IIKANIbl OyMaKKoiM, JOOUTBCA TOTO, YTOGBI
CTpeJiKa TOJBKO-TOJBKO BBINIPHITHBAJIA U3-3a HEE; IPU 3TOM MBI
BHAMM MMEHHO I10JIe3HbIH pes3y isTar, U3MepeHuil NPULETCH Mpo-
BECTH HECKOJIBKO, YTO M caMo 110 cebe oueHb MOJIe3HO.

Quents none3Ho y0eguTbCA B TOM, UTO OTOPOC CTPEJKU TIPO-
MOpLHMIOHATEH MMEeHHO 3apAAy KOHAeHCaTopa, a He IPOCTO HANIPSI-
JKEHHIO, 0 KOTOPOTO OH 3apAKe€H. [{JIA 3TOro MOMKHO MCIIOJIB30-
BaTh eulé OAMH KOHAEHcaTOp — Jy4llle, eClIH ero éMKocThb Dyzer
pasa B ABa OoJblie, yeM y nepBoro. Hy»XHO CpaBHUTH OTOPOCHI
CTPeJIKH IIPM DaspAAKe KaXJ0r0 KOHIEeHCATOpa B OTAEJBLHOCTH
U IPHU [apajleJbHOM HX COeIUHEHHUU — €CNIU BCE HPABUJIBLHO, TO
orbpoc B 9TOM cayuae GyAeT ¢ pa3yMHOM TOYHOCTHIO PABeH CyMMe
OTOpPOCOB ANA KAXKAOTO U3 KOHAEHCATOPOB.

Buumanne! OueHs Doe3HO IOroBOPUTH PO HAITHCTAIECKUIH
MeTOoA 3apaHee — OH By/leT OYeHb MoJie3eH II03Ke, ¢ ero IOMOIbIO
MOXKHO HM3MepATh He TOJbKO €MKOCTh KOHAEHCAaTopa, HO U WH-
AYKTUBHOCTh KATYIIKH, WHAYKUHWIO MATHUTHOIQ IIONAd U JAPYyrue
MHTEepeCHbIe BeJIMUNHEL.

A Temepb IIpO caMM H3MepeHHsA. 3aPAIUM KOHAEHCATOD He-
CKOJIbKO DPa3 M MNpPOBEpHM, YTO OTOPOCHI CTPEJIKU OJHHAKOBBHI.
Teneps oueHb BaskHaA 4YaCTh PaboOTHI — 3apAXMM KOHIEHCATOD
M OCTaBMM €ro B IIOKOe Ha HECKOJbKO MHUHYT, a IIOCJIEe 3TOro
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M3MEpPUM OCTaBLIMIICA 3apsaX. ¥ XOpOIUero KOHIeHCaTopa 3apan
mensercs MeHblre yeM Ha 1—2% 3a 100 cexynzx. Ecam Bam
KOHIEHCATODP 3aMETHO XyXKe, JIydllle BasiThb APYroi, IpUBENEH-
Hble BBIIEe UKCJA BNOJHE THIWYHBI IS OOBIYHBIX «OYMaKHBIX»
¥ KepaMHYeCKHX KOHAEHCATOPOB (OOBIUHBIX — IIOTOMY YTO €CThb
U HeoOBIYHBIE, C OUEeHb XOPOIIMM AMIJIIEKTPUKOM, HATIpUMED Ha
ocHOBe (TOpPOIIIACTA, KOTOPBIE «JepsKaT» 3apdA] MecsalaMu —
ecny BO3AYX cyxoi). Ul HakoHel, 3apsSAuM KOHAEHCATOD, 3aTeM
JanuM eMy Nepej H3MepeHUeM Da3psiKaTbCs HECKOJNBKO CEKYH[I
(BpeMA u3MepseM OOBIYHBIM CHECOGOM) Uepe3 Halll Pe3ucTop
¥ I[IOCMOTPUM HAa pe3yabTaT. Bpems paspsaga noabepéM MeTo-
oM pod TaKuM .00pasoM, UTOGBI KOHAEHCATOD 34 9TO BpeMs
paspsaxanca Ha 30—50% (caumkoM Majo — INIOXO ANS TOY-
HOCTH ¥ CJIUINKOM MHOTO — To¥Xe). Tenmepsr MOKHO PaccumTaTh
CONPOTUBJIECHUE: MYCTh IAJIA ONPEeneJEéHHOCTH KoHaencaTop 2 Mk®
paspazunca Ha 40% 3a 50 cexynp. Torma cpepuuit Tox paspaga
oIpefesseTcs MIPUMEPHO yeped NOJYyCYMMY HAauaJlbHOTO U KOHEY-
HOTO HATIpSAKEeHUN KOHIeHcaTopa:

Usp 0,8 Up

0,8-Uy-At
ICp:_ﬁ— R . _—

AQ=I At= =

=0,4-C-U,.

Orciona onpenenum Benuuuny R=2-At/C=50 MOwm. Pacuér
ATOT NpUubIMKEHHBLIN — yepe3 CpeAHHil TOK paspaga. MosxHO
[TOCYUTATHL U TOYHEE, HO CMBIC/IA HET — U3MEDEHUA 3TH BBICOKOM
TOYHOCTA He HAIOT, II0ITOMY M YTOYHEHUE PACUETa HUYEro He
mact. Pagymeercs, 3TO cIpaBeAINBO MJId PAa3psAfa Ha HEOOIBIIVIO
JIOJII0: eClU KOHAEHCATOp OTAACT, cKaxeM, 80% csoero sapsaza,
omubKa pacyéra CTaHeT HEeLOHmYCTHUMO Gonbuioi. MoxkHO BecTH
PacyéT M 1o TOYHOH ¢opmyse ¢ jorapudmamu, ecam pedsra
3HAIOT, YTO 3TO TAKOe.

HAcHo, 4TO Taxo# cr1ocod MOAXOAUT B TOM CAy4ae, KOTAa CONpO-
THBJIEHUE H30JANWHN CYIIECTBEHHO BBINIe U3MEPAEMOro, OAHAKO
¥ B 00paTHOM cjiydae BO3MOMHBI (JOBOJILHO Irpy0nie) U3MepeHus.
OueHb XOPOUIO HOAXOAUT STOT CIIOCO6 I U3MEpPeHHA «0GpaTHO-
ro TOKa» IOJYIPOBOAHHKOBOIO AHUOJLa — TOK 3TOT HE MEHSETCH
3aMETHO IIPH CYNIECTBEHHBIX M3MEHCHHMAX MNPUIOKEHHOr0 Ha-
IPSAKEHUSA, U MOMKHO CUHNTATH, 4TO KOHIEHCATOP Das3paKaercs
[IPAKTHYECKH MTOCTOSHHBIM TOKOM. IIpo6aeMa COCTOUT B TOM, YTO
y COBpPEMEHHBIX MaJIOMOIIHbBIX KPEMHHMEBBIX NHOJOB BeJIWYHHA
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obpaTHOro TOKa OueHp Maja (OHA MOKET OKazaTbCA MeHbIe
COTOH JOJY HaHOAMIEpa), U HYMXHO Jnb0 6paTh O4eHb XOPOIMIMI
KOHJEeHCaTop, JubO OTPAHUYUTHCH CAy4YaeM U3MEPeHUA IIPU II0-
BBIIIEHHBIX TEeMIepaTypax — B 3TOM cJydae o6paTHbIe TOKHM BO
MHoOro pas Gosiplue.

Tounrie H3BMepeHus

Pa6oma 8. Tounoe usmeperue conpomueneHuil

Hy:xH0 H3MepUTh TIOTOYHEE COTIPOTUBJIEHUA ABYX-TPEX pPE3H-
CTOPOB, BEJIMYUHBI CONMPOTHUBICHUN KOTOPBIX JIEXKAT B IIpeJesax
oT coreH OM J10 pecaTkoB kKOM.

Ilns THX M3MepeHWi HaM HOHAZoOHUTCA Marasul COIpPOTHB-
neunii. Emé OyayT Hy»KHBI HECKOJIBKO DPe3UCTODPOB COIIPOTHBIE-
HueM coTHH OM — equHULBI KOM, MCTOYHHUK NMTAHUSA U YYBCTBU-
TeJILHbIM MUKpoaMiepMerp. OTMeTHM, YTO BeJJUYHHBI COIIPOTHRB-
JIEHHH BBIZAHHBIX HAM BCIIOMOTraTeJbHBIX Pe3UCTOPOB HEM3BECT-
HEI (100 M3BECTHEHI TOJBKO IPHUOIHN3UTEILHO).

Pewenue. TyT BOBMOKHBI caMble PasdjaudHbIe CII0COOBI HM3Me-
PeHuil, HalpuMep MeTOo[0M 3aMellleHus: cobupaeM Ienb, CoAep-
JKAIYIO HEH3BECTHAIIH PE3HCTOP H MHKpPOaMIlepMeTD, QUKCHpYeM
TOK M 3aMeHseM HEeWU3BECTHBLIA Pe3ucTop MarasmHoOM COIIPOTHB-
aenuii. [lénkaeM g0 Tex 1op, MOKA TOK He CTAHET TAKHUM e,
KaK ¥ B HepBOM cJydae. IIp® 3TOM cONpoTHBJeHUe Marasusa
OyZeT paBHO COHNPOTHBIIEHUIO 3aMeHEHHOro pesucropa. Cnocob
3TOT XOPOIIl, HO MOXXHO M3MEPHTh U IOTOoYHee. B JaHHOM ciayuae
TOYHOCTDL OIIpefielifAeTcs Hame#l cmocoOHOCTHIO 3aduKcHUpoOBATH
PaBEHCTBO TOKOR B [JBYX ciydasax. IlorpeimwHocTh TYT MeHbIlle
Tex 4%, KOTOphle COOTBETCTBYIOT MIKOJBHOMY MHKPOAMIIEDMET-
Py, OAHAKO, IIPOBEAs ONBIT HECKOJBKO pas (ay4diue — HeCKOJIbKH-
MH PPyOIaMM IKCIEPHMEHTATOPOB HE3aBHCHMO APYr OT ApPYyra),
MBI TIOJYYHM HECKOJbKO OTAHMYAKIIHEecH pe3yJbTaThl (KCTaTH,
3TO NPEBOCXOAHBIN MeTO[ OIEHKH MOTrpellHoCTe U3MepeHHI).

Merox nmoTouHee OCHOBBIBAETCS Ha MPHUMeHeHUU MOCTUKOBOII
cxeMul. Cobepém MOCTUK U3 ABYX BCHOMOI'aTeJIbHBIX PE3UCTOPOB
(BKIIOUMM MX HTOCNENOBATEJILHO APYr C APYTOM M CBOOGOXHBIE
KOHIIBI IPHCOEIUHUM K MCTOYHMKY NUTAHWA), HEN3BECTHOI'O pe-
3HCTOpPA M MarasuHa COIIPOTHBJIEHME (MX MBI TakKe COeXMHA-
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eM MOCIefoBaTeJbHO H IMOAKJII0YaeM K HCTOYHHUKY) M MUKPO-
aMnepMeTpa, BKAWYEHHOIO B «AHArOHAJb» MOCTHKA — MEXIY
TOYKOM COeqUHEHUs BCIOMOraTe/lbHBLIX PE3HCTOPOB M TOYKOMH
COeIMHEeHNA HEH3BECTHOr0 PE3UCTOpAa C MarasmHOM COIPOTHBJIE-
anit. O0a3aTebHO AJS Hadyasa TIOAKJIIOUUTE II0CIENOBATEILHO
¢ MAKpOaMIIepMeTpPOM OI'PaHUYNTEILHBIA PEe3UCTOP — a TO MOMK-
HO IIPOCTO MCHOPTUTHL MHKPOAMIEPMETD NIPH BKIIOYEHHUHM LENH.
MeHsas conpoTHBJIEHNE Marasuta, 100beMcs 6aJaHca MOCTMKA —
HYJIEBOTO TOKa uepes3 Mukpoamiepmerp. Ilpu takom bamamce
OTHOLIEHHE CONPOTUBRJEHUINI HEUIBECTHOI'O pPe3ucTopa U Mara-
3MHA PABHO OTHOIIEHHIO BCIIOMOTATEJBHBIX Pe3ucTopoB. Temephb
IOMeHAeM MecTaMH JubOO BCIOMOraTejbHBIE PE3UCTOPBI, JIHOO
Marasui ¥ HEU3BEeCTHBIH Pe3HCTOP — U BHOBBb KOObEMCs OaaHca.
IlonyuerHble pesdyJbTaThl (ABa 3HaUeHUS CONPOTHBJIEHHS Ma-
rasyuHa) MO3BOJAIOT PACCUMUTATh COIIPOTHUBJIEHHE HEU3BECTHOTO
pesucropa: Ry=+vRi-Ra.

TyT paske He HYXHO 3HATH TOUHbIE BEJHYNHBI BCIIOMOTATEb"
HBIX DPESHUCTOPOB — BAaKHO TOJBKO, UTOOB! HX CONPOTHBIEHUA
(nake U He caMHu CONIPOTHBJICHHA, a UX OTHOLIEHHNE) He MeHdA~
JUCh B IIpouecce uamepenuit. Takoe Moryio Ob IIPOU30UTH U3-3a
Harpepa, MO3TOMY BEJHYHHLI BCIIOMOTrATEILHBLIX CONPOTUBIECHUMN
He JOJKHBI ObITH CJAUINKOM MAaJbl.

TouHOCTH TAKOTO METOAA HOBOJBLHO BHICOKA — OHA ompenesid-
eTcsl TOYHOCTBLIO MarasuHa CONPOTUBIEHUINl M TOUHOCTHIO yCTa-
HOBJIEHUs1 OajlaHca MOCTHKA. TOYHOCTH MaraswHa COIPOTHBJIE-
HUHN OYEHDb BBHICOKA, NIOITOMY IVIaBHAsA MOTDEHIHOCTD MOJIy4aeTcs
13-3a HETOYHOCTH ¢(uKcauny Oanaunca. asa yaydimieHus TOYHO-
CTH HeoOXOZMMO IIPpHMMeHEHHEe CaMOT0 YYBCTBUTEJILHOI'O MUKPO-
aMInepMerpa, KOTOPHII Bbl CMOXKeTe pas3fo0bITh. IIpu sToM coBep-
HIEHHO Heo0a3aTeNbHO 3HATHL TOYHO €ro YYBCTBUTENLHOCTD, BAXK-
HO TOJNBKO OLHO — OTKJIOHAETCA JIM CTPEeJKa IPU MOAKAIOUEHUU
€ro B 3Ty Lelb uau HeT. M elé ogHO — ecJM IIPH MEeSIKax Ma-
ra3uHa CONPOTHUBJICHUII He IOJNIYUAETCsI TOUHOTO HajlaHca, MOKHO
NPOBECTH HHTEPIOJSIHUIO PE3YIbTATOB H3MepeHui. IlycTts npu
3HaYeHUH cOIpoTuBjeHus marasuHa 134 Om crpenka OTKJIOHH-
Jack BJIeBO Ha 6 nxeneHumii, a npu 135 OM cTpesKa OTKJIOHHJIACH
BNpaBso Ha 2 AeseHus. B aToM cayuae 6amaHc COOTBETCTBYET CO-
nporusiaenuio 134,25 Om (o6brunasn nponopius). U engé: B Takux
U3MepEeHUsIX HEeTPYAHO OIEeHUTH IOrpEeIIHOCTh pe3yJjbraTa, ec-
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Y [IOCYHUTATL MarasuH CONPOTHUBIEHHI COBEPLIEHHO TOYHBIM —
MOIEJIKaeM OKoOJIO DasaHca, HAHJEM AMAaNadoH COMPOTHBIEHMH
MarasuHa, B KOTOPOM H3MeHeHuit aToro 6ananca He Habaogaerca
¢ HallMM MHKPOaMIepMEeTPOM, a 3aTeM HaiZéM [OTrpelHOCTH
uaMepeRUH MetonoM rpasn. Takoii crtocod roguTcs Aus ciayyad,
KOrfa Haul MUKpOaMIepMerp He O4eHb YYBCTBUTEJbHBIN 1 HUMEH-
HO M3-3a 3TOr0 «HaleramoT» OCHOBHbIE IIOTPEUIHOCTH.

He Bce M3 onmMcChIBaeMBIX HUKe pabor MOXHO 0e3ycIoBHO
OTHECTH K «U3MEPEHHMAM Ha TOCTOSHHOM TOKe», OZHAKO HH-
KAKUX BHELIHUX MCTOYHHUKOB HEPEMEHHOTO WM HMIYJILCHOTO
HAIPAKEeHUS Mbl UCHONB30BaTh He OyneM. TeMm He MeHee, KPoO-
Me OOBIYHBIX BEJMYMH MbI OyJeM HN3MEDATH U MaJible OTPE3KH
BpeMeHH (IOPAAKA HEeCKOIbKNX MIILTUCEKYH), a TaK#ke 6MKOCTH
KOHIEHCATOPOB — TOUHEee, OTHOILIEeHHEe EMKOCTEeH, HHAYKTHBHOCTD
xarywku. HauuéM ¢ AByX TpaauIMOHHBIX pabor.

Harpysounasa kpusas

Pa6oma 9. Hcenedosarnue Hazpy30iHol cnocobrocmu
UCTOYHUKA NOCMOAHHOZ0 HANPANCCHUSA

B aroi1 pabore npeanaraercs mccaefoBaTh 3aBUCHMOCTb OT-
frpaeMoil oT MCTOYHHMKA MOWIHOCTH (MOIIHOCTH HATPY3KH) OT
BeJIMYNHBI COMMPOTHUBJIEHUA HArPys3KH.

Yrkazanus o opranusanuy pabotei. MccneayemMsplilt HICTOUHUK
(OGarapeiika, BRIIPAMUTENDH) IPAKTHUECKH HHKOIZAa He IpegHa-
3HaueH AnsA paboThl ¢ TAaKMMH TOKAMH, IPH KOTODPBIX HAIps-
JKeHHe Ha 3aKMMAaX CHJIbHO YMEHbIIaeTcs, — OJA Oarapeikn
3TOT PEXUM UpeBAT OhICTPHIM BBIXOAOM M3 CTPOA M3-3a BHYT-
PEHHero neperpesa, IJIS BBIIPSAMUTENA BCE MOXKET KOHUYUTHCH
M coBCeM OBICTPO — «CropAT» AMOAbLI UJIM, YUTO €II€ MeHee IIPU-
ATHO, BeIfiAeT U3 cTpos TpaHcopmarop. Ilosromy Heobxoxaumo
HCKYCCTBEHHO YBEJIMUHTL «BHYTPEHHEE COIPOTHBJIEHUE» HCTOU-
HHKAa, BIAsAB JOMOJHUTENBHLIA PE3UCTOP NOCAEROBaTENbHO € €T0
BBIBOJAMH — HYKHO JIY 3TOT PE3UCTOP IPATATh TaK, YTOOBI HUKTO
He JOrajfajca O ero HANWYUAHM, 3AaBUCHUT OT IeJH IpejjiaraeMoro
SKCIIEpMMEHTA — I OJIMMIIMAJAHON 3a/a4Yd HYXHO OJHO, JJId
naboparopHoit paborel — apyroe. Ins «niockoi» Oarapelku
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BItOJIHE JocrarodeH pesucrop 10—20 Owm, HeO6XOAHMMO TOJIBKO
1103a00TUTBCA O AOCTATOYHO OONBIION NOMYCTUMONH MOIFHOCTH
pacceuBaHUA 3TOTO pe3ucTopa — He Medee 1—2 Br. 9rto Tpebosa-
HUe CTAHET He TAKMM KECTKHUM, €CIH B3ATH PE3UCTOP C BOIBILINM
conporusierneM (100—300 Om). CosepllleHHO TakK Ke HYXKHO
no3aboTuTbcA M O BBIUPAMUTENE, €ClM paboTy Npeanaraercs
NMPOBOAUTE C HUM. KpomMe camoro ucrounmka nuranus B pabore
HY)KHO HCIIOJL30BATh aMIIepMeTp, BOJABTMETD M peocTaT — OH
M CIAYHKUT «HATPY3KOM».

B aroit pabore MHOro nOy4YHTENBHOTO — TYT HYM¥KHO M YYECTH
HenZealbHOCTh HPUGOPOB — B OaHHOM CJy4Yae 9TO OTHOCHUTCH
K aMnepMmerpy, BKIIOUEHHOMY IOCNENOBATENHLHO C PE3HUCTODPOM
Harpy3kud (COIPOTHBIEHMEe aMIIEDMETpa NPUAETCS CUUTATH Ua-
CTHIO OOIIEro COIPOTHRIEHUS HATPY3KHM), M NPHIYMATH CIIOCOO
HaXOMJAeHNsA MaKCUMyMa [10Je3HON MOIIHOCTY — B pailoHe Mak-
cumyMa (GYHKUMHU M3MEHSIOTCA MENJeHHO W HaUTH II0J0KeHHe
MakCHUMyMa He TaK Hpocto. TyT II0JIe3HO NpoaHAJU3HPOBATH
COOTHOHNIEHHE MeXAy CONPOTHUBJIECHUAMU HATPY3KH, IIPU KOTOPBIX
NOJIY4aeTcss ONMHAKOBAS MOLIHOCTh, — OZHO M3 3HaUYeHUil co-
NPOTUBJIEHUA OOJiblile ONITHMAJBHOTO, APYyroe MeHsblle, — U Hal-
TH OITHMAJbHOE COINPOTHUBIEHHE PACYETHBIM NYTEM, a IIOTOM
CPaBHHUTHL €r0 C U3BECTHBIM (BrasgHHbIM). IlosesHo mocsie sTou
paGoTsl 06CYAUTH ¢ YUEHUKAMH BOIDPOC O TOM, IIOYEMY K€ DTOT
«ONTHMAJBHBIN» PEKUM HHKOTLA HA MpPaKTUKe He yIOoTpedaseT-
¢ (moApoBHOCTU — B TEOPETHUUECKOM pasziesie PO TeXHUYeCKHe
NIPUMEHEHMUS LIKOJBHOI'O Kypca aJieKTpuuecTBa). M eme — cTouT
HMMeHHO B 9TOM CJlydae OOCYAUTH NOAPOOHO, UeM OTINYAIOTCSH
IpYr OT Apyra «CBeKad» ¥ «ceBulas» 6arapeiiku — BHyTpeHHee
CONPOTURJICHUE IIOCHedHEer B HeCKOJBLKO pas Bbllie, NO3TOMY
Takue Oarapefiku emeé MoryT paborars B pa,I.U/IOIIpPIEMHHRe, HO
He roadarcda nida oHapHUKa.

3aBHCHMOCTh COTIPOTURJIEHUSA OT TeMIIepaTypPhl

Paboma 10. HcecnedosaHue 801bmamnepHol XapaKmepucmuxu
NAMNOYKU HAKASUBAHUA

CHATH caMy XapaKTePUCTUKY JaMIIOYKH HaKaJluBaHuA (IIpo-
e BCero HCIOJb30BaTh JIAMIIOYKY [Js KapManHOro ¢oHap#,
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paccYMTaHHYIO Ha Hanpsskenue 2,5 vmm 3,5 B 1 MakcuManbHbIA
rok 0,2—0,25 A) coBceM HeTpyIOHO, HaMHOTO TPyAHee MOHATD,
YTO JKe € DTOM XAapPaKTepMCTUKOH MOXKHO CAesaTh, YTOOBI CAMO
3aHATHE He CTAJIO IIYCTHIM BPEeMANDPOBOKICHUEM.

TyT ecTb ABe IIPHUBJIEKATENbHBIE RO3MOXKHOCTH. lleppas —
MOYKHO HANTH 3aBUCHMOCTb TEMIIEPATYphl HUTH HAKajla OT TOKA
WJIM HATIPSKEHHUA HaMIIOYKH. {7 53TOrO HY:KHO BCIIOMHHUTD, 4TO
CONIPOTHBIIEHWE YHCTHIX MeTaNJIOB (HUTL Hakaja AejaeTcs U3
BOJIbGpPaMa) MOKHO CYUTATH ¢ HEIJIOXOH TOYHOCTBIO IIPOIIOPIIHO-
HAJLHBIM abCcoJIOTHOH TeMilepaType, a Koo QUIUEeHT NPONOpIM-
OHAJILHOCTY IPUMepHO cocrasiaser 1/273 rpag~}.
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Ha rpaduke (puc. 4) npusejgeHa 3aBHCUMOCTL COIIPOTHBJIE-
HUS OTPe3Ka AJINHHOHN (0eCKOHEeUHO0) BOIbPPAMOBOH IIPOBOJIOKH
oT Temneparypsl. iuHa orpeska 1 M, quameTp IpoBoJioku 1 Mm
(110 AAHHBIM CIIpaBOYHUKA «DU3NUECKUE BEAMUMHBI» ).

B rabnuue 1 npuBefeHs! JaHHBIE 9KCIEPHUMEHTA C HHINKATOD"
HOIl TaMIIOUKOM HAKANUBAHUA U PAac4yeThl.

IIpn Manwpix TOKAX MOMKHO CYUMTAThL, YTO TeMIlepaTypa HH-
TH papHA KOMHATHOH, — JaHHBIX IIOAyJYaeTcA BIIOJIHE H0CTATOY-
HO. st yTOYHEHHS 3HAYEHUN TeMnepaTypbl MOMXHO B3ATH U3
cIIpaBOYHMKA Oo0Jlee TOUHBIE 3HAUCHHA TEMIEPATypHOro Koad-
dunuenra B obiacrTu BBICOKUX TeMIIepaTyp, HO 3TO y)Ke He Tak
BaXHO. Bropas BO3MOXXHOCTb — JJiA BBINYCKHOTO Kjacca. Ilomy-
YWB 3aBUCHMMOCTDH TEeMIIEPATYpPbl HUTU HAaKAaJa OT TOKa, MOXKHO
MPOREPUTL — B CAMOM JIM Jejle H3JydyaeMasd HarpeTbIM TeJIOM
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Tabauma }

T U,B I, MA I, mA |R, xOM| T, K
(sxcmepuMeHT) (9KCIIEPEMEHT) |(PACUéT) (pacuér)
0,00 0,00 0,00 | 0,07 300 |
0,50 3,00 3,26 | 0,17 450
| 1,00 4,70 4,94 [ 0,21 574
2,00 7,10 7,49 | 0,28 761
3,00 9,10 9,56 | 0,33 890
4,00 10,90 | 11,36 | 0,37 991
5,00 12,60 12,98 [ 0,40 [ 1071
6,00 14,00 14,48 | 0,43 | 1157
7,00 15,40 15,89 | 0,45 | 1227
8,00 16,80 17,21 | 0,48 | 1286
10,00 19,20 19,68 | 0,52 | 1406 |
12,00 | 21,60 21,95 | 0,56 | 1500
14,00 23,60 24,08 | 0,59 | 1602 |
16,00 25,70 26,09 | 0,62 | 1681
18,00 27,70 28,00 | 0,65 | 1755
20,00 29,50 29,83 | 0,68 | 1831
25,00 34,30 34,10 | 0,73 | 1968
30,10 38,40 38,12 [ 0,78 | 2116
| 35,00 41,90 41,73 | 0,84 | 2255 |
40,00 45,40 | 45,21 | 0,88 | 2379
45,00 48,80 48,52 170,92 | 2490
48,00 50,60 50,44 | 0,95 | 2561
50,00 51,90 51,69 | 0,96 | 2601
52,00 53,10 52,92 | 0,98 | 2644
54,00 Jf 54,00 54,13 | 1,00 [ 2700
56,00 55,50 55,32 | 1,01 | 2724
58,00 56,60 56,50 | 1,02 | 2767
60,00 57,80 57,66 | 1,04 | 2803
63,40 59,60 59,60 | 1,06 | 2872 |

MOIHOCTb NPOMOPIUOHAIBHA YeTBEPTOH cTeneHU aGCONIOTHOM
rTemneparypuil.

"MomHoCTh M3TyueHUS IPONOPIHORATLHA PA3HOCTH YETBEPTHIX CTeleReit
TemIeparyphl HUTH HakKana M TeMIepaTypsl Okpyskatlomeil cpeast. Ilpu Ber-
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Ha rpadmuxe (puc. 5) 3aBUCMMOCTH TOKa OT HaIPSKEHUSA
(BonbTaMIIepHAA XapaKTEPUCTHKA), IOCTPOEHHOM II0 IKCIIepH-
MEHTAJLHBIM JAaHHBIM A8 HMHIMKATOPHON JaMIIOUKM HaKaiu-
BaHUA C HOMUHAJILHLIMM IlapaMeTpaMH — HanpsixeaneM 48 B
u roxoMm 50 MA, mpHBeneHb! M Pe3YJILTATHI PACUETOB B COOTBET-
cTBuu ¢ popmymnoit I/Iy=(U/Uy)%8.

«CoBmMenieHUEe» 3KCHEPHMEHTANBHOrO M PAc4YE€THOro rpadu-
KOoB npoua3Bogurcst B aByxX Toukax (I=0, U=0) u (I=1Iy.x,
U="Upax)- BuaHo, 4TO sKCIepUMeHTAJbHbIe TOUKH ¥ TOUKH, CO-
OTBETCTBYIOLIIHE pacuéraM, BecbMa OJIM3KM APYT K APYyry BCIOAY,
a He TOJILKO B MeCTax ¢COoBMemeHHsi». Tyr nosesHo nocTpouth
rpad®¥K 32BHCHMOCTH MONMHOCTH (IIEPEMHOKaeM H3MepeHHbIe
HaIIDAYKEHUSA M TOKH) OT TeMIepaTypbl HHUTH (PacCYMTHIBAEM).
B TakoMm BHJe rpaduk OpakTHIECKU Gecrioe3ed — BCE TAKOTO po-
Ja KPHBBIE OXO0XHU APYT Ha APyra, I0Je3HO BeIOpaTh BeIUUYHHBI,
KOTODBI€ MBI cOOHDAaeMcs OTKJanbIBaTh II0 OoCAM. B HallleM ciy-
yae «I0J03peBaeMasf» 3aBUCHMOCTh P=A . T?  3Hauur, nosnessHo
OTJIOKMTH O ocAM P u T4, pu 3TOM OXHAaeMada 3aBUCHMOCTD —
upAMad.

Ha rpadwuxke (puc. 6) no ocsaM OTIOKEHBI TAPAMETPHI: JJIeK-
TpHYECKasA MOUIHOCTE, noTpebigeMas NHANKATOPHON TaMIIOYKo#
HaxanuBaHud, U Benuuuna (Uly/UgI)* =(R/Ro)* ~(T/To)*. I'pa-
(UK TIOCTPOEH II0 PE3yJbTaTaM TOrO K€ IKCIIEPUMEHTA.

COKOH TeMmepaType HUTH HaKajla MOXHO IpeHe6peuh OOPATHLIM MOTOKOM
M3NYUEHNsA OT OKpYsKalolleil cpefr K naMIouke.
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(T/Tp)
14
1.2 1 .
74 [
0,8 4
06 J .
0,4 - .

Ui_/ ' . . ‘I-U, 8m

0 7 2 3 4
Puc. 6

Cpasy cieiyeT CKasaTh — He OUeHb OHa IpAMAas, 9Ta 3a-
BHCHMOCTb. [lejlo B TOM, YTO KpOMe HBJIYUeHHS HMeeTcs elué
OOUH MeXaHM3M YHOCA Telljla — TENJIOnpoBogHocTh. g sroro
MeXaHU3Ma COBCEM [pYyrafd 3aBUCHMOCTE OT TEMIIEPATYphI, a TIpH
He OYeHb BBICOKUX TeMIepaTypaXx HUTH HMEHHO TeIlIOIpPOBOA-
HOCTh ABJIAETCH «TJIaBHBIM» KaHajgoM yxoza rernal. Tonpko
npy Haxajge «Iobesa» TEINOIIPOBOAHOCT, OKa3bIBAETCA HE OUEHb
CYLIECTBEHHOM I10 CPABHEHHIO ¢ U3JIYUYEHNEM, TaM B 3aBUCHUMO-
CTH 3HAYUTEJBHO JyYlle NPHGIMKAETCA K 0XHULAaeMOMY.

Ilone3no mokasaTres YYEHHKAM €I€ OAUH MaTeMaTHUYeCKHil
PHEM, KOTOPBIM JaéT BOZMOXKHOCTH OLHOBPEMEHHO YCTAHOBUTD
HaMUYue «CTeneHHOH» 3aBHCHMOCTH MEXIAY ABYMS BeJIMYMHA~
MA U HAUTH 3Ty CTEeHb. Peub HAET O «JIOrapuPMUYECKOMH »
6ymMare — ocu HA TAKOM AuarpaMMe CXKaThbl, BMECTO CaMOI Be-
JNYUHBl (HanmpuMep, MOIIHOCTM) OTKJafbIBaercA jorapudpm —
yTOOBl CHATL BOIIPOCHI O TOM, YUTO Takoe Jorapudm 5 Barr uan
300 rpamycoB, Hy:xHO B3ATh BMecTo P m T orHomenus P/Pg
u T/Ty, rae Py u Ty MoxHO BbIOpaTh n00biMu. Ecjiu Ha TakoM
rpa¥Ke IOJIYYHUTCS NPAMAA HUJIM XOTSA Obl HACTh MOJYUYHBIUEHCS
KpWBOIl I10X0Xa Ha NpAMYIO, 3HAYMT, HcCaeayeMad 3aBUCUMOCTD

!CkaszanHOe CIpaBeIMBO TOJBLKO NS JIAMIOYEK C KODOTKOH M TONCTOMH
HUTBLIO HakKajla, TO ecTh AJA [JOCTATOUHO MOINHBIX JAMIOYEK, PACCUMTAHHEIX
Ha pabory npn HuakoM Hanpsxeunu {(1—12 B). B arom cryqae ReiiCTBHTENBHO
3HAYHUTEIhHAA YaCTh TEIJIOTHI «YXOZUT» OT HUTH HaKajia depe3 TOJCThHIE HOX-
BogAwHe (MOINOAECHORBIE) NPOBOAHUKH K LOKOIK JaMIel ¥, B KOHIe KOHIOB,
nepefaéTca okpyxerunio. OQHAKO Jiud MHAMKATOPHON JaMIIOYKH HaKaJINBaAHNA
¢ BeCchbMa JIMHHON M TOHKOH CHHPAJBIO AVANIa30H HanpsKeHWH, B KOTOPOM
ITaBHBIM ABNAETCA TAKOW MEX&8HU3M OTBOIA Telsa, 3HAUUTENBHC MEHLue
pabouero HaNpPAKEHUA.
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UMEHHO CTeIlleHHAadA, a IOKa3aTelbh CTEIIEHW MOMKHO HaWTH IO
HakJoHy upsamoii. fAcHo, uro BeIGOP Py u Ty He BaUAET Ha
HaKJIOH IIPAMOI, a TOJBKO CMEINaeT eé.

Ecan xe uccaenyeMast 3aBHCHMOCTL He CTElleHHad, a, CKa-
JKeM, JKCIOHeHIHaJIbHAA — KaK Yy BONbTaMIEPHOM XapakTepu-
CTUKH IOJYNPOBOZHUKOBOTO Anona (TaKOH BHJ HMeeT TaKKe
33aBHCHMOCTH CHJIBl TPEHHUA BEePEBKH, OOMOTAHHOM BOKpYT IUe-
pPOXOBATOr0 UMIMHADPA, OT YIJia OXBaTa), TO yAOOHO NPUMEHATH
«TIOJIYJIOTAPH(PMHUYECKYIO» OyMary — y Heé cyxara TOJBKO oJHA U3
KOOpAUHATHLIX oceil. BEcnu xe, HaupuMep, OTHOLIEHNE CHHYCOB
ABYX YIVIOB 0KHAAETCA IOCTOAHHBLIM (IIpesioMIeHHe Ha IJIOCKOH
HOBEPXHOCTH paszfiesia cpel), TO CTOHT OTKJIAABIBATL IIO OCAM
HUMEHHO CHHYCHI YIVIOB, «CIIPAMIAA» OXHAAEMYIO 3aBUCHUMOCTb.

Ecrbp emé ofHa moJie3HAA BO3MOJKHOCTH AJIA 3aJadyy C JaM-
noukoit. Eciiu conmpoTuBIeHNe HATU HAKaAa [IPONOPHUOHATBHO
abCOIOTHOM TeMIlepaType, a BCA IofaBaeMast Ha JIAMIIOUKY MOIIL-
HOCTb H3JIy4aeTcs M BBINOJHAETCS 3aKOH «TeMmilepaTypa B 4eT-
BEPTOU CTENEHN», TO MOYKHO NOJIYYUTh B ABHOM BHJAE OKHUJaeMoOe
ypaBHeHUE BOJILTAMIIEPHON XapaxkTepHCTHKM (3Ta 3ajavya paso-
OpaHa B «TeOpeTHYECKOW» 4YacTH), U dTY 3aBUCHUMOCTL MOYKHO
CPaBHUTH C IIOJYUEHHOH B 3KCIEePHUMEHTE — COBIaJeHHe Nonyya-
€TCsi COBCEM HEIIJIOXHUM, €CJIM He 0UeHb IpUuaAMpaThCcs.

Kakyio HemocrosHHyI0 byHKUHNIO (GU3NkK
MOKET CUMTATh KOHCTAHTOMH?

Ty, KoTopas HIpPH 3aMeHe Ha KOHCTAHTY
npusoguTr ¥ Gollee mpaBAOIOZOGHOMY pe-
3yJBLTATY.

Anexceli Ycmunos, mamemamux

Baaaucrauecknin MeTox

PaGoma 11. Hamepenus 3apadoe 6alrucmuLecKkum memooon.
Emrxocmy, undyxmusnocms

IIpu6opst, o6opydosarue: MCTOUHUK IOCTOSIHHOIO Toka (pe-
ryIUPYEeMBIA BeIIpAMUTENL UNU OaTapeiika), MHKpoaMuepMeTp
IMKOJbHBIA Ha 100 MkA, KoHeHCcaTOP U3BecTHOR éMkocTn 200—
500 mMxd, HaOOpP M3BECTHLIX PE3UCTOPOB 2—4 MITYKHX B Jua-
nasone 100—1000 Om, noaynpoOBOAHMKOBBIA IHOL C MAaJbIM
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obpaTaBIM TOKOM — 00bruHbI# KJ[521 nau K503 BronHe nopoii-
IET.

3adanue: U3MEPUTb €MKOCTH HECKOJBKUX KOHAEHCATODPOB M
WHAYKTUBHOCTD KATYUIKHA C JKeJIE3HBIM CEPAeUHUKOM.

Yrkaszanusa 0na yiumena: KOHIEHCATOPHI AJIA COBCEM IIPOCTO-
0 BapMaHTa MOKHO BbIODATh MIPUMEPHO TOTO K€ NOPAAKa, UTO
U JaHHBIE, AJIA 0oJjiee CIIOKHOTO M TPeOyIoIero pasgyMuit —
OAVH W3 KOHJEHCATOPOB HY)KHO B3ATH CYIIECTBEHHO MEHbIIEH
EMKOCTH — Jy4ule Bcero nopsagka o—10 mMx®P, ero xeiaTejbHO
B3ATH «OyMaKHOTO» MY APYTOro TUIIA C HEDOIBIIOH «yTEeUKOM».
B kauecTBe HccaeqyeMoi KaTyUIKW MOKHO B3fATb 0OMOTKY KaKo-
ro-HuOyab TpancdopMaTopa ¢ He 04eHb OOJIBIINM YHCIOM BUTKOB
(1ydure Bcero MMETh WHAYKTHBHOCTb IOPAAKA HECATHIX JOJeH
reHpu). Ya00HO IIPOCTO HAMOTATh COTHIO BUTKOB HA CEDACYHUK
pas3fopHOTO MIKOJBHOIO TRAHCHOpMATODA.

Boinoanenue pabomot. Brlille MBI yiKe o0CyKaaMn OaNHACTH-
YeCKHH MeTOJ, UMEHHO OH XOpoluo MOAXOAUT IJiA U3MepeHu
émioct. «Kanubpyem» mpubGop 1o M3BECTHOMY KOHIEHCATODY:
3apsKaeM KOHJEHCATOP H3BECTHOH E€MKOCTH o0 (HKCUPOBaH-
HOTO HANDSDKEHHUA (MOXKHO BOCHOJIB30BATLCA MAEIUTENAMHU H3
JaHHBIX Pe3sucTopoB) U HabiwaaeM ordpoc crpenku. Henpemen-
HQ NpoBepAeM NPUMEHMMOCTh MeTOJAa AJIA HAIIMX KOHIEHCATO-
paR (1 Hamiero MuUKpoaMmimepmeTpal), COeIHHAS KOHAEHCATOPBI
NApaIeJbHO, — IPHU 9TOM YCJIOBUSA «BaNIMCTHUHOCTH> TIPUGO-
pa HOJLKHBI COXpaHATHCA. Jlajee MOMKHO ONpeneisaTh Heu3BeCT-
Hble éMKocTH. MeToJ MOXHO NPHUMEHATH, HMCHOIL3Ys IIapai-
JleJIbHOE WJIH IIOCJIeJOBATENbHOE MOAKIIUEHHE «HEeW3BeCTHBIX»
KOH/IEHCATOPOB K HM3BECTHHIM, — 3TO pacmupser ofaacTe @3Me-
pAeMbIX 3HaueHU# eMmkrocTu. Ilpm sToM, ofHaKO, yxyAlnaercsa
TOYHOCTh M3MEPEHUH, ¥ Npu GONbIIAX OTHOWIEHUAX EMKOCTEeH
crioco6 mepectaéTr paborarh. B TakoM ciyuae MOKHO ITOCTYIIATh
WHaye.

PaccmorpuM ynoMAHYTHIA B YCJIIOBHU CJydad, KOrga OLHH
U3 KOHJIEHCATOPOB MMeET CYLeCTBEHHO MEHbIIYIO éMKOCTh. IIpo-
BeJI6M HM3MEPEeHHS COBCeM IO-APYroMy. 3apafgdM KOHAEHCATOP
HU3BeCTHON €éMKOCTH OT 0aTapefiky ¥ HAuHEM «KpacTh» €TO 3apaf
MOPUMUSAMH, YHOCA ero IIPH MOMOINH Hu3MepsaeMoro (Toro, 4TO
MaJo# EMKOoCTH) KOHIeHcaTopa. LIpofesaem oTO TakK: 3apAlNM
STOT KOHJAeHCATOp OT OaTapeiiKM M NOAKJIIOYMM €r0 K <«IJaBHO-

2—116
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My» KOHIEHCATOPY B NPDOTHBOIOJOKHON IMOJAPHOCTH — «IIJIIOC»
K «MuUHYcY». IIpu aTOM DOMHBIA 3apAX YMEHBIIWTCS HA BEJIH-
YUHY YABOEHHOrO 3apsja MAJOTO KoHAeHcaTopa. CHoBa 3apaAguM
ero or Gatapefikd W OOATH IIOAKJIOUMM K KOHJAEHCATOPY 60Jb-
mwo# émxoctu. Cpemaem 310, Hanpumep, 10 paa. ITocae aroro
NPOBepUM 3apsj GOJBIIOro KOHAEHCATOPA, MOZKIIOYAS K HEMY
MUKDPOAMIIEPMETD, — €CJIM 3a AECATh pa3 OH He pa3pAXHJCH,
nonpofyemM CHOBa IOBTOPUTH 3KCIIEPUMEHT, HO yKe And 15 pas-
PAAORB, U T. I.-—— Mbl OBICTPO «HAIlyIaeM» YHCJIO PaspAfoB, Ko-
TOpPHIe TOUYTHU TOYHO pPas3psikaloT A0 HyJA GoJILHION KOHAEHCATOD
(ecnu, HampuMep, CeMHAAATH MaJjo, a BOCEMHAANIaTH — MHOTO,
CTPeJIKa MHUKpoaMIiiepMeTrpa OTKJIOHAeTCA B APYI'YIO CTOPOHY —
MbI IIOJIy4YaeM BCE YHcJa AJMA pacuéra éMKOCTH). (

OneIT 5TOT COBEPHIEHHO HEOGXOZHMMO NPOBOAUTHL HECKOJBKO
pa3, Habupasa cratucTuKy. M emé: BaXHO B caMOM Havale
y0eauTHCA B TOM, 4YTO 3a BpeMs HAIIEro dKCIepHMMEHTa — a 3TO
20—30 cexyHz — GONBIIOH KOHAEHCATOP He OYEHL 3aMeTHO pas-
pAKAETCA CAMOCTOATEILHO — BeAbh TaKOH paspsj CUJNLHO HC-
TIIOPTUT HAM 3KCHEPHUMEHT. [[1g yMeHbIIeHHUs BpeMeHU «IIUKIa»
MOXXHO BOCIHOJIb30BATHCA TIEPEKIIOUATEeNIeM C ABYMS MOJIOKEHHU-
AMM, B KOTOPOM KOHTAKT IIEpPBOTO BHIBOZA HMMeeTcA JHOO CO
BTOPBIM, JHO0 C TPETHHM BLIBOJAOM.

I 3TOTO HYKHO CP&BHHTB OTOPOC CTPEJIKHM OT «CBEeXKe3aps-
JKeHHOro» DOJIBIIOro KOHASHCATOPa H OT «BBIAEPKAHHOTO» IOCJIe
3apaga nNpuMepHo MUHYTY. Ecau pasHuIa He OueHb 3aMeTHA —
BCE OTAUYHO. ECIM 3TO He TAK — NPHAETCA NMPHUHUMATH ILOINOJ-
HUTEeJIbHble MEpPHI, HaUpUMep 3apAXKaTb H3HAYANBHO 60JbLIOH
KOHJIEHCATODP He A0 MOJIHOTO Hampsa)xeHNs OaTapeilku, a Ko ua-
BECTHOI ero YacTH NpHU NMOMOIUM XeNUTEeNs 13 Pe3ucTopoB. ITO
MOXKET HeMHOTI'0 COKPATUTb CAMODA3DPAA, HO, IVIABHOE, YMEHbLINUT
HEOOGXOAMMOe YMCJI0 TEPeKJIIOYeHNH M COKDATHUT BpeMsA OMbITa.
ITUM *xe croco6oM MOMKHO BOCHONB3OBATLCA NPU U3MEPEHNH CO-
BceM 60sIb1I0f EMKOCTH KOHEHCATOPA — HYKHO «KPACTB» C HEro
3apAn NpH NOMOINM H3BECTHOro KOHAeHcatopa. Kcerarm, mpaa
TAKOTO OINbITa ¥ GAJIMCTHYHOCTE H3MepeHNit BoBCce He HYXKHA —
MBI TIPOBEpAeM TOJIBKO (PaKT HAJIMYUA OCTATOYHOTO 3apAna Ha
KOHJeHcaTope copceM GOJIbIION EMKOCTH nocie GPUKCUPOBAHHOTO
YMCAA «PaspAKeHHH», 8 IPONOPUNOHAIbHOCTE OTOPOCA CTPEJIKY
ero 3apany Ham He Tpebyercs.
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J1a u3MepeHUA MHAYKTMBHOCTH KaTYIUKU IPUAETCA coBpaTh
cxeMy HU3 TIOCJeAOBaTENLHO COeJUHEHHBIX OaTapeiiku, pesucropa
¢ COMpPOTUBIIeHNEM TopaaKa cored OM u KaTrymku. IlapaniensHo
KATYIIKEe MOJKJIIOUHM IOCIEJOBATENLHYIO IeNIOUKY U3 IOJYIPO-
BOJHHUKOBOIO AHOJa W MHKpPOAMIEpMEeTpa, IOJISPHOCTH OUORA
BeIOEpEM «OOpPaATHYIO» — YTOOBI TOK Uepe3 MHUKpPOAMIIepMETD He
TéK (HaOOMHHAEM, YTO KATyIIKa He HeajbHasd, HaOpAXKeHHe
MEXIY €€ KOHIIAMH IIpY YCTaHOBUBIIEMCSA TOKEe He DABHO HYIIIO).
IIo kaTyuike B Taxko#l I[eNH IMOTEYET TOK, BEJINYUHY KOTOPOTO MEI
JIETKO BBIYMCJIMM. Pa3opBéM Tenepn Liellb, OTKJIIOUUB KaTYIIKY
oT Gatapeiiku. Beck TOX KaTyIIKuU Tenepb «3aMKHETCA» depes
JAOA W MUKpOaMIIepMeTp, ¥ IPU 3TOM MHUKpOaMIlepMeTp RacT
«0oTOpoc». BTOT OTOPOC MMPONOPLHOHAJIEH NPOTEKIIEMY MO LenH
3apsny, BeJUUMHA 3apAja ompeleiasiercAd HadaJlbHBIM MarHMT-
HBIM ITOTOKOM Katymku @=L -Io=L Uy/r, rae r — conpoTusie-
HHE Ilenld, U CONPOTHBJIeHUEeM R Lenyu ¢ MHKPOaMIIEpMETPOM —
NPaKTUYECKH MOMKHO CUHUTATH, YTO 9TO COIPOTHURICHHE CAMOTO
MHKpPOaMIIepMeTpa: NPOTEKMINHA 3apas olpeAenseTcs 1o GopMy-
e @=®/R=L-Up/(R-T1).

Ecau HalI MEKPOAMNEPMETD ViKe OTTPAAYMPOBAH «Ha 3apAi»
II0 M3BECTHOMY KOHIEHCATOPY, TO HHIYKTHBHOCTH JIETKO HAXO-
gurcs. ObpaTuM BHMMAaHHe Ha TO, YTO HaNpsKeHHe OaTapeilku
HH B OJJHOM M3 OIIMCAHHBIX ONBITOB HAM 3HATHL He NOHAN06UIOCH,
Tak uro 6e3 BOJIBTMETpa MOXHO oboiiTuck. Kcrary, onmcanHble
METOLbl OYeHb IIPOCTHI M BIIOJHE IOAXONAT MJiA HNPaKTHYECKOTO
HCHONBL30BAHUA.

MaJsle HHTEpPBAIbI BPEMEHH

Paboma 12. Hamepernue manvx uHLmMepeaos 8pemeru

OOopynoBaRue: 3JMEKTPOMATHHUTHOE pejle C KOHTAKTOM e¢HAa
IlepekJIIOYeHNe» WJIK C OOHUM Ha 3aMbIKaHME M OZHHM Ha pas-
MBIKAHME, KOHXEHCATOD M3BecTHOHM (6onbioit) émkocty — 200—
500 mMx®, pe3McTOpBI C U3BEeCTHBIM compoTuBiaenneM 20 xOM,
100 xOM, HCTOYHMK IIOCTOSAHHOTO HAINDSMEHHS C H3BECTHHIM
HaIpPAKeHNEM, AMOJ IONYIPOBOSHUKOBEI, MHKDOAMIIEPMETD.

3ajaHue: H3MEPUTH WHTEPBAJI BPpeMEHH MeXAy Ionaudei Ha-
TIIpsXKeHUs Ha OOMOTKY pejie U cpabaThiBaHMeM peJieé — OTKJIO-

2*
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YeHUeM HOPMAJILHO 3aMKHYTOTO KOHTaKTa. To JKe — MexAy Mox-
KJIOUeHUeM OoOMOTKM pesie M BKIoYeHWeM HOpMAJILHO paso-
MKHYTOro KoHTakra. K 6ojee cCiOXHOE 3ajaHMe — U3MEPHUTH
MHTEepBaJ BpeMEeHH MEXKAY OTKIIOYEHHUEM HOPMAJIBHO DABOMKHY-
TOTO 1 BRJOYEHHEM HOPMAJBLHO 3aMKHYTOrO KOHTAKTa (I peJre
C KOHTAKTOM <«Ha MepeKIdeHnes!).

na eeinonneHds paboTel oT yuamuxcs rorpebyercs HEKO-
TOpasa u3obperareJbHOCTh B IPHUAYMBIBAHUM HYXHBIX 3J€KTDH-
YECKHUX CXeM — OCODEHHO B mocJezHeM ciaydae. IIaBHadg paesa —
HaXONMTh OTPE30K BPEMEHU, 3apsKasd B TedeHHe 3TOT'0 BpeMeHU
KOHIEHCATOP OT MCTOYHWKA uepes M3BECTHBIA pe3sucTop M M3-
MepAd erc 3apan 0aNnucTUJYeCKMM MeToxom. MTak, B IepBOM
cJydae BCE COBCEM IIPOCTO: IIapasuleNbHO 0OMOTKe Penie MOAKIIo-
yaeM IOCNEeHOBATEJIbHYIO LIENOUYKY U3 Pe3ucTopa, KOHAeHcaTropa
M HOPMAJILHO 3aMKHYTOTO KOHTakTa pene. Iloka MbI He mox-
KJIIOYNIIM MCTOYHMK, KOHAeHcaTop Oynet paspsixeH. Iogxnounm
UCTOYHUK — KOHAEHCATOp HAYHET 3apaAKarbes, W 3TO NPOJOI-
JKHTCS SO TOTO MOMEHTA, KOTHA KOHTAKT peJie OTKJIIOUHUT [eNOoYKy
PE3UCTODP-KOHJEHCATOP OT MCTOYHMKA, T. €. KOHAeHcaTop Oymer
3apSKATLCA KaK pas B TeUeHMe TOr0 OTPe3Ka BPeMEHHU, KOTOpPbii
MBI XOTUM H3MepuTh (pUC. 7).

—
Infne=om
s pan

ITogkniouas mMuKpoaMiepMeTp HapajlleJIbHO 3apAKeHHOMY
KOHIEeHCATOpY, H3MEepPHUM BEeIWYMHY 0TOpOCca CTpe KU U CpaBHUM
ero ¢ orfpocoM npH IOJHOCTHIO 3apsyKEeHHOM KOHIEHCcaTope.
Hamuuue xByx (a Jsyunie — OoJibllie) pa3guYHBIX PEIUCTOPOB
C U3BECTHBIM COIIPOTHMBIIEHUEM II03BOJIAET BHIOPATH Cpeau HHUX
Haubosiee MOAXOASNMIUNA -— He CIMIIKOM OOJBINONH, UHAYE 3apsik
OKaKeTCH CIMIIKOM MAaNbIM JIA HN3MEpeHHs, — M HE CIMUIKOM
MaJjbiif — HHaYe MBI He YBUAMM PasHHUIILI MEeXY NOJHOCTLIO 34-
PAXKEHHBIM KOHJEHCATOPOM U 3aPAKEeHHBIM YACTUYHO — B HalueM
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OIbITE, 4 U3-3a 9TOTO HE CMOXKeM HAaNTH BpeMdA 3apsaga. Bupouem,
eciH 3apAf OKAMeTCH C/MIIKOM MaJbiM — 3TO He 0ela, MOKHO
3apsKaTh KOHAEHCATOD 32 HECKOJLKO Pas, TOJHKO TOTAA IOCJe-
JOBAaTEJBbHO C PE3HCTOPOM HYKHO BKJIIOYUTH eIé AUOL — NPH
9TOM HAKOIIJIEHHBIH 3apsk He OYAET «yTeKaTb» Yepe3 3aMKHYTYIO
KOHTaKTOM I[€IIb.

HemBoro cioxHee el A1 KOHTAKTa, KOTODPBIH HOPMAaJLHO
Da3OMKHYT, a 3aMblKaeTcs npu cpabareiBaHuy peje. [lapansens-
HO 00MOTKe peJie MBI Tellepb HOJAKJIIUNM Ilellb, COCTOAILYIO U3
IOCJIEeA0BATEJIbHO BKIIOUEHHBIX (BHUMAaHUE, TYT HYMKHO OAKJIIIO-
YaTh HMMEHHO TaK) DEe3nCcTopa, emié OZHOTO pe3ucTropa, AUOoLa
u KoHaeHcaTopa. «CBo6oAHbI» KOHEN KOHAEHCATOPA MOAKIIIOYEH
K HIDKHEMY KOHIY OOMOTKU peJie, MeXIY 3TOH TOYKOH M TOY-
KO#l coefMHEHUA PEe3UCTOPOB BKJIIOUEH HOPMAJIBLHO PAa30MKHYTHIN
KoHTakT pene (puc. 8). Takmm obpasom, noxa peje He cpabo-
Taj0, ITOT KOHTAKT PA3OMKHYT, W MOCJe HOoJadu HANpSKeHUs
Ha 0OMOTKY peJjie KOHAeHCATOp HauYHHAaeT 3apsKaThbCA depe3d Mo-
CJIe0BATENBHO BKJIIOYEHHBIE PE3UCTOPHI. B TOT MOMEHT, Koraa
KOHTAKT pejle 3aMKHETCs, IIPOIece 3apsaga KOHAeHcaTopa npexKpa-
THTCA — HaNPsLKeHUe MeXJY KOHUAMM LEeNOYKH, COCTOaHlel u3
KOHJeHcaTopa, JUOAA U OZHOTO pe3ucTopa, o0paTHTCA B HOJb,
JUOJ OKAYKETCSA 3aIIePThIM — 3HAYUT, KOHIEHCATOP ¥ PaspsaKaTh-
cA He Oyger.

1 T 0

Puc. 8

TyT-TO MBI ¥ MOAKIIOUNM K HeMY MHUKpoaMmiepmerp!

Hdasg cayuyad HaxXQKAEHHUS BPEMEHUM MEXIY pPasMbIKaHUEM
3aMKHYTOI0 KOHTAKTa M 3aMbIKAHMEM PA30OMKHYTOr0 — BPeMEHU
«OpPOJETa» KOHTAKTA OT OAHOrO BBIBOJAA O APYroro (sTo BpeMs
00pasHO HA3BIBAIOT «MEPTBBIM») — IIOCIHEAHIOID CXeMy HYMKHO
HEMHOr0 YCOBEPHIEHCTBOBATH: HAM HYKHO, YTOOBI KOHAEHCATOP
HA4aJl 3apsKaThCid B TOT MOMEHT, KOTZa HApYUIUTCA OXUH KOH-
TAKT, ¥ 3aKOHUYMJI IIPOIECC — KOTJa BOCCTAHOBUTCA BTOPON. 3Ha-
YUT, HAJUUYKME XOTA ObI ONHOI'0 3aMKHYTOTO KOHTAKTa He AOJXKHO
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II03BOJIATL KOHAEHCATOPY 3apsAKaThCs. BBIXOA: MOAKIIOYMM Ia-
pPajeIbHO JBa KOHTAKTa peJjie, a4 BTOPHIM BBIBOAOM CjejlaeM
BBIBOJ, IIOABHXXHOTO KOHTAKTa — TOTO, KOTOPBIH MOOYEPENHO Ka-
caeTcsa JBYX APYruX KOHTAKTOB (HX Mbl M 3aMKHyJu). IIpu atom
NOJYYHUTCA KaK pPas3 To, 4ero Mbl JOOWBaIMCh: MOKA HOPMAJILHO
3aMKHYTBIA KOHTAKT He DA30MKHETCS, KOHAEHCATOP He 3apsiKa-
eTcd, ¥ MocJe ero Pa3MbIKaHKUA [elb 3apaga 6yeT CylleCTBOBATE
JO MOMEHTa 3aMLIKAHHA HOPMAaJbHO PA3OMKHYTOrO0 KOHTAKTA.
Juon B nenu npenaTcTByeT PaspARY KoHAeHcaTopa (puc. 9).

P8 %

Puc. 9

Ilna cupaBKu: M3MepseMble BpeMeHa [JIs Pas3jIMUHBIX pelie
MOTyT Kosiebarbed or 1—2 musmmcekynzn mpo 20—50 muminuce-
KyH7 (TIocJIe/lHee XapaKTePHO JIA COMMAHBIX CTAPUHHLIX pejie —
He CTOUT WMEeTh C HUMH AeJ0). ITH BpeMeHa CUJBHO YyBeJH-
YMBAIOTCA NPV VMEHBIIEHUY HANpPAKEHHUSI HCTOYHHKA — €CJIH
3TO HAIpsKeHWe HeMHOTHWM BhIllie HANPSKeHUs cpabaTblBaHUA
peJie, TO Bce NPOIECCHI 3aMeJISIOTCA.

ITorpemnoctu

Ilpu namepeHUAX (PU3UUECKUX BeJWYUH BO3HUKAET MHOMKe-
ctBO TIpobiem. HekoTopsle maMepeHUsA MOMKHO AeIaTh «HAIPH-
MYI0» — N3MepeHHe TeMIEepaTyphl BOALI B CTAKaHE TEPMOMETDPOM,
U3MepeHUe HaNpAKeHUs Oarapeilku BONABTMETPOM, H3MepeHue
INWHBI KapaHjalma JimHelkoil, uaMepeHne QIMTEIBHOCTH YPOKa
cekyHAoMepoM. Takue u3MepeHUA HA3BIBAIOT MNPSAMBIMH, OHHU
LOCTaTOYHO NPOCThbI. BripoueM, TDYAHOCTH MOTYT NOSABUTHLCA H B
STHUX CHAyUadX — IPU IOIBITKE M3MEPUTh MajIeHbKUI HHTEepBaJ
BpeMeHHU (HaIllpEMep, BpeMsd NafeHUA WapukKa ¢ BeicoTel 20 cMm),
Py M3MEPEeHHH AUaMerpa 1liapa — He TaK NIPOCTO IPUIOXKUTH
K HeMy JHHelKy, IPDY U3MepeHUN HAUPSKEeHUA B BLICOKOOMHOM
Henu (MOAKIIOYEHUE BOJIBTMETPA MOXKET CMJIBHO H3MEHUTh 3Ty
BeanuuHy). [Toxokasa curyalyss BO3HMKAaeT, KOTIAa MBI IBITaeM-
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¢ HU3MEPUTH TeMIepaTypy MajeHbKOM IMOpLUM ropadyeil BOAbI
B cocyje IpH MOMOIIM 3JOPOBEHHOrO TEPMOMETPa: OH HOKAKeT
HAM TeMHOepaTypy, Oa)ke HOBOJABHO TOUHO, €CJAH 3TO TOYHBIHN
TEPMOMETP, HO COBCEM He Ty, 4TO OBLIA y BOABLI B IPOGUPKE 10
Hamero usMepenusa. Ho yalje NpuxXoauTCs HMEThH AEJI0 C H3Mepe-
HUAMH, B KOTOPBIX PE3YJIBTAT IIOJYYAETCA IIPU KOMOMHUPOBAHNH
HAIIPAMYIO M3MEPEHHBIX BeJnudH. Hanpumep, Ipu HaXOKICHUHN
ILJIOTHOCTH MAaTepHajia, U3 KOTODPOTO chAeJiaH JaHHBIN TpeaMerT,
OpUAETCA HW3MEPHUTHL €ro Maccy U pasMephbl, IIOCJIE Uero Mbl
CMOXeM IOCUMTATh ILIOTHOCTh. Takue HM3MepeHUs Ha3bIBAIOT
«KOCBEHHBIMH » .

Kcratu, He Bcerga yaaércs Y€TKO OHNPENEJHUTh, UMEEM JIM MBI
JeJI0 ¢ MPAMBIM HJIM KOCBEHHBIM U3MEPEHHEM — HAaIpHMeD, IIPH
U3MepeHNH TeMIlepaTypbl OOBIYHBIM TEPMOMETPOM MBI HabJIIO-
IaeM u3MeHeHHe 00bEMA KHAKOCTH [IPH HAIDEBAHUM, TOYHEe —
PasHUIly U3MEHEHHUs BHYTPEHHEro o0hEéMa COCYANUKA, B KOTOPBIA
HaJIUTa KUJKOCTh, U CAMOM ’KHJKOCTH, IIPOCTO TePMOMETD 3apa-
Hee «OTrpafyupoBaH» B e€JUHUIAX H3MEPSIEeMON TeMIIepaTypsl.
Ilonyuaercst, YTO HpAMOe HU3MepPEeHUEe HMeeT MeCTO B CJydae,
KOTJla y Hac €CTh CIelHaJIbHBIN Npubop AJsA U3MepeHUd JaHHOH
BeJMYnHbI. Bopouem, JeJI0 TYT He B ONpefeIeHUAX, BAXKHO IO-
HATH, KAK MOKHO OLIEHUTDH [IOIPEIIHOCTL U3MepeHU I — BOZMOMXK-
HYI0 HETOYHOCTh IIOJIyYeHHOTO HaMH peayJbrata. Pasbepémcs
C TIOTPelIHOCTAMH Ha HPOCTOM IPUMEpE.

WNrak, Mbl XOTHM H3MEPHUTH IJIOTHOCTH MaTepuasa, U3 KOTO-
poro caejaH BBIAAHHBIN HaMm Opycok, MycTh 3To OymeT MeTas-
JUYEeCKHH CILJIOIIHOH OpyCcOK IpAMOYroJbHOU ¢dopmbl. Basecus
6pycox Ha Becax, moay4um ero Mmaccy. llyere B Hamem cay-
yae nmoaydymaoch 74,3 r. IlpeanonoxuM, YTO MbI U3SMEPHJH €I0
JJIMHY, IIUDUHY M BLICOTY IIPU IIOMOLIM OOBIYHOH AepeBSAHHOMN
JIVHEAKN ¥ MOJYYHJIN NN HUX 3HadeHud 32, 25 u 12 musanm-
METPOB COOTBEeTCTBeHHO. KaKyi0 TOYHOCTDL CleflyeT NPUIINACATH
MOJNyY4eHHBIM umucaam? Ecam 6b1 MBI M3MeDAJM NPH IOMOLIK
2TOM NVHENKM PacCTOLHUE MEXKAY OIBYMSA YETKO 0603HAUEHHBIMH |
TOYKAMM Ha IJIOCKOCTH (IIOCTABMEHHLIMM TBEPABIM M XOPOILUO
3aTOYEHHBIM KapaHIalloM MJIH, YTO JIYYIlle, HAKOJOTHIMU TOHKOMH
UTJ0M), MBI MOTJIM OBl CYMTATDH, YTO IIOTPELUIHOCTDH OIpeleIseTCs
TOJLKO TOYHOCTBIO M3MepPHTEJBLHOro npubopa — IMHEeHKH, TOrAa
MOHO B3(Thb «IIOJAEJeHUsA» B KauecTBe PasyMHON OLEHKH II0-
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rpeurHocTy. Taxkoil BuIGOD He TaK yiK IIJIOX — €CJIM U3TOTOBUTED
JIMHEHKH pasymMeH, OH He CTaHeT yBelIWYuUBaAThL LEHY HPOCTOro
M3MepUTeNIs, HAaROCS Ha Hero 0oJblle JeJleHni, yeM Heo6XoanMo
OJI peanus3aliy ero TOYHOCTHU (pasMmepbl JHHEHKH K3 AepeBa
H3MEHSIOTCS CO BpeMEHeM — OHa pasbyxaeT npd yBeJUYEeHHOH
BJIAYKHOCTH, Ae(pOPMUPYETCS NP BLICEIXaHMM, IIPOCTO MEHAETCHA
CO BpeMeHeM; MeTaJlIndecKue JIUHEHKHY Jydiie, OQHAKO 1 UX pas-
Mephl 4yepe3d HeKOTOPOe BpeMs NOocjie U3TOTOBJIEHUS CTAaHOBATCA
He OYeHb TOYHBIMHM, KDOME TOTO, TOJMIIMHA IITPUXA HA JIHHEHKe
He TaK Maja, Kak xoTejoch 6bpl. B ToM caydae, Korma pasmephbl
LJIsT W3MepeHUsT He TaK XOpOLIO oIpefeseHbl, — a B HalleM
cJiydyae 3TO MMEHHO TaK, — [NOIPEeIHOCTD IIOJYUUTCA BBIHIE, KaiKe
eciu GopmMa Tena o4eHb OM3KaA K NPABUIBHOU, IPAMOYTOABHOM
M MBI PACTIOJIOKHJIM JTUHEHKY TOYHO BROJL IpaHeil. ’

B obmem, eciu oTHecTHMCh K TOYHOCTM HAIUMX W3MepeHU
C HEKOTOPBIM ONTHUMH3MOM, MOXXHO B3ATH TAKWe 3HAUEHUS: JJIN-
Ha 31—33 mm, mupuna 24—26 mm, Beicora 11—13 mm. s
HAXOXKAEHUA ITOrPEHIHOCTH OMpejeseHus 00bhEMa BOCIOJIL3YEM-
CA TaK HA3bIBAEMBIM <«MeTOJOM IpaHUIl» — CMBICJI €ro BIIOJIHE
fACeH W3 HasBaHusA. MMHMMAJbHOE 3HaUeHNe 00bEMa onpesess-
eTcs ITPOM3BENeHUEM HAWMEHBHIWX BEANUNH, MaKcuUMajibHoe —
HAUOOMBIINK: Vi =381-24-11=8184 Mm%, Vyaee=33-26-13=
=11154 mm3. Torga V =(9669+ 1485) Mm3, xora nydme OKpYT-
auTh ¥ Hamwmcarb V =(9,7+1,5)-10%3 mm3. Cumuras usmepennoe
3HaueHUe maccsl OpycKka 74,3 T TOUHBIM (ZayKke IPOCTHIE MIKOJIb-
HbIe BeChbl 00eClIeYMBAIOT OYEeHb BBICOKYIO TOYHOCTH M3MEPEHHSA
Macchbl, HETOYHOCTh HM3MepeHHA IPH aKKypaTHOM NOAXOone He
npepsicat 20—30 Mr, uro cocrasiger 30-1073/75~4.107%<
< 0,05%, uTo BO MHOTr'0 pa3 MeHbIIle OIUUOOK IIPU U3MEPEeHNH Pas-
MepOB),” Mbl NOJIYYUMM BepxHee 3HAUEHHE IUIOTHOCTH, DPas3lesliB
Maccy Ha HauMeHblllee BOSMOJKHOE 3HAUEHNe 00'béMa — HHKHIOI0
rpaHuny AJs U3MEPEHHOH HAMH BeJIMUUHEBI, a HIJKHee 3HaUeHNe
IIIOTHOCTHU — Pa3feInB Maccy Ha Haubosbliee 3HaueHUe o6bEMA.

Jlanblle BCEé TPOCTO -— B KayeCcTBE HM3MEPEHHOr0 3HAUCHUS
pasyMHO B3ATH NOJyCyMMYy IOJYUeHHBIX 3HAUeHHIl, a B Kaue-
CTBE IOTPEIIHOCTH U3MepeHu il — noypasHocts. HyHO ckasaTh
BIIOJIHE OIIPeJleJIEHHO — HUKAKOTo foJiee pa3yMHOTo0 crocoba, uem
onucaHHbI, npocTo Her! Hukakme M3OMPEHHBIE MaTeMaTHue-
CKHe MEeTOAbl He MOTYT YJIYYHINTb TOYHOCTh IpyOBIX M3MepeHu!
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Mgl Mo)xeM, KOHEYHO, cAesaTh 0oJjiee ONITHMMCTHUECKYIO OUEHKY
TOYHOCTH HAIIUX M3MEPEHUI. ITa OlL[eHKA MOMKEeT ONMpaThCsA Ha
NPEANOIOKeHNe 0 TOM, YTO HEe CTOHUT OpaTh caMble KpaiiHHe BHI-
YyUCIeHHbIe 3HAYeHHA 00bEMA, MOKHO BMECTO HHUX MOIPOBOBATH
«HauboJIee BeposaTHbIE» 3HaAUEHHUA (00BIYHO B TAKUX CIIYUasaAX DKC-
NepUMEHTATOp HaunHaeT OBICTPO U yOequTeJIbLHO TOBOPUTH O TOM,
YTO H3MEPeHWs AJUHBI, IIVPHUHHI U BHICOTHI — He3aBUCHUMBIE,
BPSAM J¥ ONIMOKY IIOJYYATCA «B OAHY CTOPOHY» # T. 11.). B obmiem,
TPYAHO TIOMENIaTh 3KCIEePUMeHTaTOpPY 0OMaHbIBaThL cebd camoro,
ecJU OH CTECHSETCs CBOMX I'PDyOBbIX U3MepeHUM 1 XO4YeT IOJIYINUTh
pe3yJbTaThl «IIOTOYHEe»... HO B TaKMX cCJIydasix y»Ke HeJb3d
rapaHTHPOBAaThH «NolajaHyes UCTHHHOTO 3HAYeHHSA U3MepsAeMoi
BEJIMYWHBI B YKA3aHHBIN OUANla3oH, 4 3TO IJIOX0 — BBIBOALI HA
OCHOBe HAIIUX U3MEPEHMl MOryT 6bITh COMHUTEIBHBIMUA.

B HameM ciyuae mocJie HeDOJBIIOTO OKDPYIVIEHHA IONYyIUM
0=(7,8+1,2) r/cM®. IMeHHO B TAaKMX TPAHMIAX JEXUT Mpa-
BUJILHOE 3HAUYeHNEe M3MEepPEeHHOH HaMH BeJUYHHBI. TOUHOCTHL MO-
Jy4YuJiach ZOBOJILHO IJIOXOH — ¢ TAKMMM U3MEPEHUAMU OTIAUUYUATH
JaXke OOUH METaJIJI MJIM CILJIaB OT APYroro MOKHO He CJIMIIKOM
yBepeHHO. [J1aBHBI BKJIajJ B IOrPEIIHOCTh JAlOT U3MEPEHHA paa-
MepOB — MO;KHO HONpPOO60OBaTh MCHOJbL30BATH IITAHTEHIIMPKYJb
UJIN MHKDOMETD, 3TO IO3BOJHMJO OBl YAVUIIHTL pPe3yAbTAT AJIA
TeJI IpaBUIbHON (GOPMBI, XOTA AaXKe AJS UINHAPUYIECKOT'O Teaa
U3MepHUTH UaMeTp He TaK YK IIpocTo... KeTartu, B Tex ciaydadax,
KOTla TOYHOCTH M3MEPUTENBHOTO NPHOOpa IpeBhlIIAeT BO3MOMK-
HOCThH OTCUETA N0 ero rpy0oil MUJIMMETPOBOHN IIKAajle, MOKHO
BOCIIOJIb30BATBECH « HOHUYCOM», KOTOPBIH €CTh U Ha IITAHTeHI[AP-
KyJie, U Ha MHKDOMeTpe.

Heno ycnoxHsiercsa, ecam 00BEM He YZAAéTCSa ONpeReTHTh
NPAMBIMEA M3MEDPEHUAMH DasMEpOB TeJa, Hanpumep, Ijad Teja
HelpaBUJIbHOH ¢Gopmbl. B aTOM ciiyuae peKOMEHAYIOT H3MEpPATD
00BEM, IIOTPY’KasA TEJI0 B H3MEPHUTEIBHYIO KIOBETY C BOAOH, — IO
IOBBIIEHNIO YPOBHS BOJbI. OTH U3MEPEHUA TOMKE HE CAMIIKOM
TouHbl. I'7TaBHAA npobiieMa BCE paBHO OCTAETCs — MBI ONPEReIst
€M IIJIOTHOCTB II0 HeCKOJIbKHMM BeJMYUHaM, KOTODble U3MeDEeHbI
¢ OYeHb pasjauualouleiicsi TouHocTeio. MzBecren crocod HaMHOIO
foJiee TOYHOTO ONpesieSIeHUs MJIOTHOCTH TeJl IPOM3BOJIBHOM ¢op-
MBI — IIPH [TOMOIIH «THAPOCTATHYECKOrO B3BelUNBaHuA». Merox
CBOANTCA K JIBYKPATHOMY B3BEILIMBAHUIO TeJia — OAMH Da3 B BO3-
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ayXe, IPYTOM — NpH IOTPYXXEHUHN TeJa B BOAY UEIHKOM (B 9TOM
BaApMAaHTe MOXHO OUDPEIeNATh IJIOTHOCTH TOJBKO Y «TOHYLIHMX»
Tesl, a AAS OIpeRejieHUs IJIOTHOCTEH, MEHBIINX, YeM V BOJBI,
cnocof HY>XHO HEMHOTrO YCJIOKHUTH, IIPUBA3AB K JIETKOMY Tejy
rupbKy). Yamka IIKOJMBLHBIX BECOR JIETKO IIOBOpAuMBaeTcs Ha
90° BOXPYr FOPH3OHTAJNBLHON OCH M B TOM NOJOXKEHHMH IO3BO-
JIseT NpUBA3aTh TeJO0 HUTBHIO K BecaM. Ilo pesyawraram gByxX
H3MepeHHUil JIETKO OlpeAeUTh IJIOTHOCTh — TOYHEEe TOBOPSH, OT-
HONIEHHEe NJIOTHOCTH Tejia K IIOTHOCTH BOJbI, & IIJIOTHOCTE BOABI
M3BECTHA JOBOJLHO TOYHO. IIpHM TaxMxX H3MepeHUAX 00BEM Tela
OIpeesATh He HY)KHO, II09TOMY U JOIIOJHUTEBHOrO yXYAIUIEHUS
TOYHOCTH M3-3a HETOYHO HBBECTHHIX PasMepoB Teja He Oyaer.
Bnpouem, rpaMoTHO IpOBECTHM HN3MEpEeHHA He TaK IIPOCTO —
HYKHO TI03a60TUTHCA O TOM, YTOOBI HHUTK4, Ha KOTOPOH TesId
MoABeNIeHO, He HaMOKJAa, 4ToGbl He IPHINIOCHL YYUTHIBATHL HE
TakKo# y:K Majblii nobaBiieHHBIN BeC BOABI, C NOBEPXHOCTH Teja
UPUAETCA TILATENbHO VAANUATH NIPUAKIIIINE IY3HIPbKU BO3AYXA —
INs TpyOBIX HM3MepeHMiT BCE DTO HeCYWIECTBEHHO, a B HalueMm
cJydyae JKaJKO TEpATh TOYHOCTH M3-3a (PAKTOPOB, O KOTOPHIX
JerKo 3apaHee 1I03a00TUTHCA.

Ina cunenuanbHBIX cAy4aeB, HANpUMED IJIA OIpeJeleHHs
IJIOTHOCTH TeJl YyTh TAXKeJee BOAbI, MOKHO HPUAYMATh CIeIu-
aJbpHbIE CTIOCO0BI: PACTBOPUTH B U3BECTHOM 00bEME BOJBI M3BECT-
HOE KOJIMYECTBO CONH, noaobpanHoe TakK, YTOOBI TEJIO HE TOHYJIO
M He BCILIBLIBAJIO, — TAKMM 00pa30M MOYKHO JOBOJBHO TOYHO H3-
MepHTL HeOOoJbIINe OTKIOHEeHUA IIJIOTHOCTH OT IMIOTHOCTU BOALL.
A eciaum mpeaMeT 4yTh Jierde BOABI, MOXKHO NDHUKPENUTL K HEMY
HECKOJIPKO MaJIeHBKHX THPEK — IOKA He HAYHET TOHYTh. B aTux
cIydasX MOXKHO Ja)ke He B3BelIMBaTh Teao. OdeHb IIOJIe3HO
COOPYAHUTH M3 IIPOOMPKH, HECKOJNBKNX APOOGUMHOK M IIJIACTUIMHA
MIPOCTOM apeoMeTp AJS HAXOKAEHUS IIJIOTHOCTU SKUAKOCTH — IO~
ayyuBmniica npubop MOKHO NIpOrpaZyupoBarTbh N0 HECKOJIbKHM
pacTBOpaM, a 3aTeM CPABHMUTH Pe3yJILTATH] ¢ pACYETHBIMH.

CraxeM ellé HeCKOJBbKO CJ0B O IIPUMEHeHHH KUAKOCTEH: IIPHU
nomoumy OOBIYHON BAHHBLI MOYKHO B3BEIIMBATHL HOBOJLHO TOYHO
IPOMO3JKNE U TKENbIe IpeaMeTsl (IIA TeJl MOMEHbIe TOIUTCA
He BaHHA, a 0oJsblnas KacTploois). B crmeumanbHO NPUTOTOBJIEH-
HYIO «JIOROYKY» HOMEUIAI0T B3BEIIMBAEMBIH IpeAMET M OTMEYAIOT
Ha O0KOBOH CTeHKe ypOBeHb BOABI. BEIHYB MpeaMeT U3 JIOJOYKHU
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(AcHO, UTO OH No¥eH OBLI IJ1aBaTh C JOAOYKOIA, a HE TOHYTH!),
OyzeM HOJMBATh BOAY MEPHBIM CTAKAHOM -— II0KA YPOBEHL He CTa-
HeT paBeH OTMeYeHHOMY. Macca BAHMTOHR BOJABLI paBHA Macce BbI-
HYTOT'0 U3 JOoZouKY npeamera. OOpaTuM BHUMAaHME HA TO, YTO 9TO
U3MepeHue MPOBOAUTCA «MeTOAOM 3aMellleHUs» — BINTAd BOLA
«3aMeNnIaeT» MHTEPECYIONIUM HAC NMPeAMeT, TOUHOCTh M3MEepeHH
onpenenseTcsa TOYHOCTLIO OTCUETA YPOBHA BOABI, GOpMa BaHHBI
(xacTprojin) poau He urpaeT. KcraT, TYT BO3MOMKEH U elé OANH
Xopouwnid cmocod — He JonuBarb B BaHHY BOAY, a 3aMellaTh
B3BeIIMBAEMBIN NIpeIMeT TUPAMH, ecad ux OyZeT AOCTaTOYHO.
Ha srux npuMepax BHUIHO, KaK aHAJAU3 MOTPEIIHOCTEH MOMKeT
MIOICKA3aTh HeOOXOAMMOCTh U3MEHUTH METO M3MEPEeHUIT; UHOTAA
STOT aHAJNM3 IIOMOraeT X IIPH BHIOOpPE KOHKPETHOM METOIHKH
3MepeHHii.

Ha mpaxkTuke pasbpoc peaysibTaTOB IIPM HECKOJbKHUX H3Me-
PEHHAX MOMKET CYUIeCTBEHHO IPeBbIIIATh BBIYMCJIEHHYIO «IIpH-
OopHyl0» OWMOKY. B oTmMX cay4adx MOXKHO YTBEPXKAAaTh, UYTO
B IIpoIece H3MepeHuit BTOPraeTcsa HeYYTEHHBIH MOIMOJHUTETbHBIH
(aKTOp, KOTOPHIH HEW3BECTHBIM JJISI HAC CIIOCOOOM TO YBeIMYH-
BaeT, TO yMeHbIaeT (HMJIM — IIO-APYTOMY YBEJIHUUBAET) U3MepsAe-
myi0 BenuunHy. CoOCTBeHHO, IMEHHO 10 HAJIMYUIO pazbpoca Mbl
MOJKeM 3ToT QaKTOp YBHUAETh — ecjiit Obl OH NPOCTO YBEJIUUHUBAJ
M3MepeHHYI0 RaMM IUIOTHOCTD, CKaXkeM, Ha 2 r/eM®, Mbl Moran
6b! ero BIMAHUA ¥ He 3aMeTUTh... Kaxk ke IOCTynare B Ta-
KHX CAyYasaX, Korga Mbl (puxcupyem pasbpoc pe3yabraTos Npu
HeCcKoJbKNX namepeHusax? Eciu sTor pa3bpoc HaXoAuTCA B IIpe-
Jenax MpuOOPHBIX OUIMOOK, HA HETO MOXXHO NIPOCTO He ofpalnars
BHUMaHus. Ho yacTo OH monydaeTcs JOBOJIBHO GOJIBIINM.

KoHeuHo, ny4ille BCero MpoaHalu3upoBaTh CUTYALUIO, HAUTH
npuuuHy paszbpoca n yerpaHuTs eé. Hanmpumep, Kakaoe cienyio-
1lee M3MepeHHe IJIMHBI TIPOBOJIOYKKM JIUHEHKOU NAET pe3ynsTar
fosblle MpPEeAbIAYIero — TYT BCE MOHATHO, HE HaA0 ObLIO TakK
CUJIBLHO TAHYTH, BHIOPOCHTE 3TOT KYCOK IMIPOBOJIOKK M IOBTOPHUTE
H3MepeHHs — TOJBLKO akkypaTriee. Mnm zpyroil ciyudait: npu
M3MEpPEHNAX CUJIL] TPeHUS, AeUCTBYIONIEN HA [ePeBAHHBIA KyOHK
CO CTOPOHBI CTOJIa, DPA3bpoC MoKeT OBITH CBA3AH C TeM, 4TO
B IIpoliecce M3MepeHMH KYyOMK omupajicd Ha CTOJ TO ORHOIM,
TO IpPYyro#l TpaHblo MJIHM [ABUTAJCA HHOIAA «BIOJb BOJOKOHS»,
a MHOrHA IIoImepEK. B aToM ciayuae JocTaTOYHO CAesiaTh Mpouecc
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U3MepeHu? eANHOOOPA3HBIM (eIlié Jyuule — ACCIeJ0BAThH 3aBHCH-
MOCTB CHJIBI TpeHnA OT OpMeHTalWHu BONOKOH). Ho uame rcero
B YCJIOBHUAX HEXBATKHW BPeMeHU NPUUYNHY YCTAHOBUTH He YAAETCA
au6o eé me ymaérca yeTpaHuTb. dro genats B TAKUX ciaydaax?
MO:KHO IPOBECTH CTATUCTUYECKYIO 00paboTKy pe3yJsibTaToB u3Me-
peauii. IIpeacraBum cebe, YTO Mbl KaXKALIH pa3 MOJAYYAEM TOU-
HBIA pesyJIbTaT, HO IO NPUYUHE MOCTOPOHHETO BMeEIIATEeILCTBA
Pe3yJIbTaT - UCKAKAETCSH — K HeMY TO UpubABASeTCA 3HAYEHUE
HEKOTOpOU CAYIYaHHOMH BEJIMUYMHBI, TO ellié OfHO 3HAYEHHE BbIYM-
TaercA. MOMXHO JH II0 pe3yJbTaTaM HEeCKOJLKHX He3aBUCHMBIX
n3MepeHuil (HYXHO M B CaMOM jfejieé UpPOBOAUTH M3MEpeHWUs
CHOBa 1 CHOBAa, & He IIPOCTO HECKOJNLKO Pa3 CMOTPETh Ha IIKaIy
aMniepMeTpa) oueHuTh 3Ty JNoOaBKy, 3aTeM KaKHM-TO 00pa3om
YMEHBIUINTL €€ BAWUAHME U, HAKOHEI, IPAMOTHO 3alHCATh OTBET?
MoxHO, ¥ B GOJBIINHCTBE CIAy4YaeB (PU3HKU-IKCIIEPUMEHTATOPBI
Tak 1 DOCTYIAIOT.

Wrax, agropurM Haliux AEHCTBHI TAKOB: IIPOM3BOAMM 3KC-
MEePUMEHT HECKOJIBKO pas — ecJu pasfpoc MaJi, TO BCE XOPOILIO
¥ HUUero GoJipire AejaTh He Hafo. Eciau pasbpoc BeIHK — TYT
BCE M HAUYMHAETCA. BBIUMCJIUMM cpelHee 3HAYeHHe H3MEPEeHHOIo
napaMeTpa M HaiifiéM JAJisA KaXAOoro pedysbraTa M3MepeHUMN «OoT-
KJIOHeHHe OT cpefHero». OQUeHHM TaKoe OTKJIOHeHHEe — 3TO KakK
pas Ta camaa «npubaBiaseMas BeJuunHa». CUUTATh CpefiHee 3HA-
YyeHMe 3TOH BeJMYHUHBI OECCMbICIEHHO — HEMPEMEHHO MOMYUMUTCS
Hyab! [IpuxoguTcsa IoOCTYIIaTh MHaYe — Bedb JAJAS HAC OAUHAKO-
BO BaKHBI M OTPHUIATENbHble, U MOJOKHMTEIbHBbIE OTKJIOHEHUSA.
Haitném «cpemHekBagpaTHdecKoe» 3HaUYeHUE ITHX OTKJIOHEHMI:
BHa4aJjle BO3BEJEM pa3HOCTH BO BTOPYIO CTENIEHb, IPOCYMMHUPYeEM
MX U pasfejiniM CyMMY Ha Yucio ciaaraeMbix. OcTajoch BBIYHC-
JIATh KBAAPATHBLIA KOPEHb M3 3TOI BEJIWUMHBI, B MbI HOJYYUM
PasyMHYI0O OLEHKY TOTO CJYYAaWHOro BJIHSHUA Ha pe3yJbTaThl,
0 KOTOpOM IILIA PeYb.

HanpuMep: pesyabTaThl U3MEPEHUA POCTA TPEX IIKOIBHUKOB
1M, 2 mu 3 M. CpegHee snauenue nonyyaercs (1+2+3)/3=2 m.
Teneps Haligém pasmoctu: —1, 0, +1, cpenHee 3HaveHHE KBA-
paror orux BenuuuH (124 0+(—1)?)/3=2/3. Ksanparubiit xo-
pens cocraraseT 0,83 (TouHble BHIUUCACHUSA TYT HE HYXHBI, MBI
HOACYNTHIBAEM He CJIMIIKOM YETKO ONpPefeéHHYIO0 BEJIUYUHY).
O3HauaeT JM 370, YTO HAIlA «CHyYaHHAA HMOTPEUIHOCTL» DaBHA
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aroii BenuunbHe? HeT, Begp 9To omubra Ij1d OAHOrO M3MEpPEHUA,
a MBI B KQ4eCcTBe OTBETA BeIOpasy cpelHee 3HAUEHHE HECKOJNbKUX
u3MepeHwuii, omubKa 3To#l BeJIWYMHBl ABHO MeHbIIE, Belb IIPHU
VCpeIHEeHHH OTKJIOHEHHA CYMMHUDOBAJNCH, YacTh OTKJIOHEHHH
OBLJIN IIOJIOKMTEIBHBIMH, YACTb — OTPUIATEJIbHBIM, OHH JOJUKHBI
OBLIM XOTh KAaK-TO CKOMIIEHCHPOBATbCA. Tak M AOMIKHO OBITH.
Bonpocsl 3TM MHOTOKPATHO HMCCJAENOBANNCH MaTeMaTHMKaMH, HUX
BBIBOJBI TAKOBBI: ecjii pasbpoc pesyJsbTaToB M3MepeHUH CBA3aH
¢ obmuM JeiicTBHEeM MHOXecTBa (DAKTOPOB INPHMEDHO OJUHA-
KOBOM MHTEHCUBHOCTH, TO ommOKa CpeJHero MeHblie OMIUOKU
OAWHOYHOr0 U3MEPEHUA MPUMEPHO B «KOPEHb U3 NI» Pas, TO eCTh,
npoBels COTHI WM3MEpeHHi, Mbl MOIMH OBl M3PAAHO CHUIUTH
BiInAHMe paxkTopos pasbpoca — npumepro B v 100=10 pas.

IIpaBna, B aTOM CJjy4ae MOXXHO HONY4YHUTh H Dojiee TOUHYIO
OLIEHKY AJs1 « HOTPEINHOCTH OXHOKPATHOTO U3MEPEHUA» — OKa3bl-
BaeTcA, NIpH €€ HaAXOKIEHWU AEJIMTh CYMMY KBAAPaTOB HYKHO
He Ha 4YMuCJIO u3MepeHuil N, a Ha Benuuuny N —1, u npu sTom
noaydaercs Oosiee TouHasA (Tak Ha3blBaeMas «HECMEILEHHAaA»)
orenka. B HameM ciyyae MOrpeuIHoCTs OZHOTO U3MepeHus Oyaer
pasua /(12 +0+(—1)2)/2=1 u IOrPeIIHOCTb CPETHETO COCTABUT
1/ V3 ~0,6. Mpr morjam 6bI Temepr 3amMcaTh: CPEAHHHM pOCT
Hep=(21+0,6) M.

I[Ipumep He CAMMIKOM XOPOII — YHCJIA B3ATHI «C MOTOIKA», HO
34TO MOMATHO, KAaK HYXKHO cuUTaTh. PazyMmeeres, Aad noaydyeHnA
XOpOIUETO Pe3yJIbTaTa B YCJOBHAX «CIYYAWHBIX MOMeX» HYIKHO
MPOBOANUTE 1ODOJNBIIE HE3AaBHCHMMbBIX HM3MepeHHH, HO HA Ipak-
THKE MOMET ITPDOCTO He XBATHUTH OTBENEHHOTO HA SKCIEPHUMEHT
ppeMenHn. Ham mpuzaérca B caMOM Hauajge M3MepPeHMH OLEHHWTh
npubopHYIO OIMMOKY M NpPOBECTH ABAa—TPH HE3aBUCHMMBbIX U3Me-
penusi, 9Tobb! rpy0o onenuTs pazdpoc. Tenmeps HYKHO CPaBHUTH
3TH BEJWYUHBI ¥ IPUHATH pellleHNe — CJEeAYyeT JU IPOBOAUTH
IJIHHHYI0O CEepHI0 U3MepeHMil, Wiy pasdpoc normiomaercs mpH-
oopuoit omubkoii. Hanpumep, i cayuas TpubopHO OMIHOKM
5% u pasbpoca 2% cepus u3MepeHUl He MOHAXOOUTCA, a NpH
pas6poce 20% HY»KHO CTaTHCTHYECKOIT 06paGOTKOM 9TY BEMTHUHHY
yMeHbIIaTh. X0pOoIno Gbl IPOBECTH TAKYIO AJHHHYIO CEPHIO, YTO-
ObI «TIePeCYUTAHHBII» pa3bpoc okalaincs xora Obl BABOe MEHbIIe
npuGOPHOU TMOrPENIHOCTH; B HALUeM cJjydae Ajs aroro Oynmer
HyxHA cepusa amuubl (20/(0,5-5))2=64. KoneuyHo, aTo o4eHs
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MHOT'O — MOJXHO He yCHeThb. 3aT0 NOHATHO, K YEMY CJedyeT cTpe-
MUThcA. M ecoiy MBI yenesnn nposecTu Tonbko 10 usmepenui, To
MBI He DoOUINCh ITOrNIoIeHua ounbok pasbpoca — «CaydadHbIX
omuboK», MOITOMY OPUAETCA B O6IIell OlleHKEe NOorpeurHocTei
ydecTb Kak npuGOpHYIO, TaK U cayyaiiHyio omubkn, OGBIYHO aTO
JesaioT no dpopmyne '

Aot = /D25 + A2y = 1/ 0,052 + (0, 22/10)~0,08 = 8%.
(MokHO OBLIO CUHTATD U IIPAMO «B IMporeHTax»: /52 +(202/10)=
=v25+40~=8%.)

Xouerca IPUBECTH MHTEPECHBIA npumep: B pabore «Hamepe-
HUe Nepuoja KojebaHMIl MaTeMATHUYeCKOr'o MAasATHHKA» IOHOIIA
H3MepuI nepuon KosebaHuit npu muHe uutu 40 cm, 3aTeMm —
npu anuHe 60 cM U, HakoHel, NpH anune Hutu 80 cm. ITory-
yeHHble pesdyabTarel (0,9 cex, 1,1 cex u 1,8 cex) oTinuuanucek
Apyr OoT Apyra (pasymeercsi!), Aasnee OH Halllés cpenHee 3Hadve-
Hue nepuoga 1,27 cek, a 1Mo IPUBENEHHEBEIM BbIlle GOpPMYJaM
nocuuTan «pasbpoc cpegHero 3HaueHus». llocje aTOro OH 3a-
nucan orseT: «I[lepwos komeSaHMl MaTeMaTUYECKOIO MAaATHHUKA
T=(1,27+0,14) cex».

IlonsaTHO, uTO 3TO0 wyws! Hy a yro TyrT HempaBuabHO? BMme-
cTo TOro 4robhl (Kak M II0JArajoch) MCCAeloBaTh 3aBHCHMOCTD
nepuona KojiebaHMil MasTHHKA OT AJUBBI HHUTH, SKCNIEpUMeHTa-
TOP CYEJ 3TY 3aBUCHUMOCTH Pe3yJbTATOM JefCTBUA NMOCTOPOHHUX,
Melanux GakTOpoB — M YCTPAHUI BIUAHUE 3TuX (GaxKToOpoB
craTucTHueckoy o6paboTkoii. B pesysnsTare OH Hallé)l 3HaUeHHE
Hepuoja IOJas HEKOTOPOH «cpefHed» INJIUHBI HHUTH, OPH ITOM
9Ta caMas AJIMHA BOBCe He PAaBHA CpeaHeMY 3HAUEHHWIO IJIUH
B 3KCIIEpHMEHTe, OHa ocTaércsi HeusBecTHOU. Mopanb: npexne
4eM NIPHMEHATH Cephé3Hble MaTeMaTHYeCKHe MeTOAbI, cleAyeT
MOAYMATh — a 4T0, COOCTBEHHO, MbI cODMpaeMcst CUUTATh?

CraxeM HeCKOJIBLKO CAOB O IPHOOPHBIX OIIMOKax OOBIYHBIX
usMepureneit. Jiuueika Jaér MOrpeHIHOCTH IOPAAKA TTOJIOBUHBI
JEeJICHUA NIKAJIbl — HO TOJIBKO B CJIyYae U3MepeHUA PACCTOIHUA
MEeXJYy UYETKO 0003HAYEeHHBLIMHM TOUKAMHK. ECHIH camMa «TOYKa»
npejcTaBiasgeT coboil KASKCYy pasMepoM 3 MM, OXKUAATE 00b-
ABJIE€HHOU TOYHOCTH He npuxopurcs. llorpemrHocTs OOBIYHOIO
TePMOMeTpa TOXKe MOYKHO CUUTATL PABHON IOJIOBHHE AeseHud, HO
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€CTh M JONOJIHUTEJbHEIE MCTOUHNKY OINNO0OK M3MEPEHHA TeMIIe-
PaTyphl — TEepMOMETD [OKAa3LIBAET C6010 TEMIIEDATYpPy, a OHA MO-
SKeT OWINYAThLCA OT TEMIEPATYDHI HCCAegyeMoro Tena (He ycmes
YCTAHOBUTHLCH PEKXUM PABHOBECHUA — HYXKHO aHAJIM3UPOBATH Bpe-
Ms YCTAHOBJIEHUS TeIIOBOrO PAaBHOBECHA B CHUCTeMe, IpPH H3-
MepeHHHU TeMIIepaTypbl KycKa MeTajjia WUJIu JepeBa TepMOMeETp
BOODOIIIe MOJKeT NOKa3bBaTh YTO YIOZHO), eCTh M APYyrue NMPUYU-
Hbl I'pyObIX OWIMOOK M3MepeHMA TeMIlepaTypbl (BCIOMHUM IIPO
«TeMIIepaTypy BO3AyXa B TeHH»). BpeMs mamepsercd CeKyHIO-
MEPOM JOBOJBHO TOYHO, HO CAMO HajKaTue KHOIIKM Bcerga 3a-
nmasabsiBaeT (HONBITKH HAXATHL KHOMNKY NOpaHblie, YTOObI «CKOM-
TIeHCUPOBATh BpeMsA PeaKnHu», JAIOT BoOOIle HelpeaCcKa3yeMble
pes3ybTaThI). '

Ho anas mepuMoguYecKMX MPOIECCOB BCE CHIIBHO YIIPONIaeT-
CH — U3MEPATh HYXXHO BpeMs He ONHOIO IepHOZA, &, CKAXKeM,
20 — BpeM#A peakIN¥ MOXKHO IIPU 9TOM «DAas3JIOMKMTH» Ha MHOMKe-
CTBO [EPUOJOB ¥ B HECKOJIBKO Pa3 YMEHBUINTL COOTBETCTBYIOUIYIO
MOrpelIHOCThb. MCnoabayoilne 3TOT IPUHIMI 3JEKTPOHHBIE 4a-
CTOTOMEpPBI (M3MepAIHe OrPOMHOE — MUJIJIVMOHBI — YHMCJIO Ile-
PHOAOB), MO3BOJAIOT MOJYUHUTH OIMWOKKA M3MepPeHUS Iepuoia
(1 yacToThH!) OBLICTPONPOTEKAIOUINX MEPHUOANUYECKNX HPOLECCOB
BCEro MOpPAAKA THLICAYHLIX, & TO M AECATUTBICAYHBIX HOJEM IIpO-
ueHTa. [lorpemHocTh 0OBIYHOIO, CTPEJIOYHOIO BOJBTMETPA MOKET
I0XoauTL A0 4% (MJIA IIKOJBHBIX H3MEPUTEJIbHEIX Npubopos),
IIPUYEM 3TH MPOLIEHThI HYKHO CYUMTATh HE OT H3MepAEMOi Be-
JUYUHBL, & OT MAKCUMAALHOZO 3HAUEHUA ITKAJIbI. ITO 03HAYAeT,
Y70, U3BMEPHUB OOBLIYHBIM BOJILTMETPOM (MAKCUMAJILHOE 3HAUCHUE
Ha wkane 6 B) manpsa:xkenue OaTapedKH M IONYUUB PE3YJALTAT
1,5 B, cnegyer 3anucats orser: U=(1,510,24) B, norpemrsocTts
npu atom pocturaer 16% ! Iludposrle aMepuTensHble IPUGOPLI
obecneynBaOT KyJa JYYIIYI0O TOYHOCTb, OrPEIIHOCThL OOLIYHOIO
«KATAfiCKOTO MYJIbTHMETPA» DU H3MEPEHUM HAIDPAMEeHUH co-
CTABJIAET IPUMEPHO MOJIIPOLEHTA ILIIOC AOTOJHUTENLHAA OUING-
Ka IIpu orobpasxeHUH pe3ynbraTa Ha AUcILIee Mpudopa (0OBIYHO
€€ OLeHWBAIOT KaK IUIIOC-MUHYC ABe—TPH €JUHHIbI MJIAIIETO
orobpakaeMoro pas3psma, TO €CTh NP NOKA3aHHUAX BOJIBTMETPA
12,06 B yxaszaHHas HETOYHOCTb MOYKET COCTABHTH JONOJHHUTENb"
Ho +0,03 B. B aroM cayuae norpemsocts 0,5% ot usmepaeMoi
BEJIWYUHBI cocTaBUT npumepHo +0,06 B u npakTudyecKd omnpe-
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OeJHAT TOYHOCTh uamepeHuii. Ho npM u3MepeHMM TOKOB KM
COIIPOTHUBJIEHUI TAKOH MYJBTHMETDP MOXET JaBaTh Kyna Oosbpinmne
TIOT'PELIHOCTH U IepBoro (xo 2—3%) BuAa, u BTOPOro (B HEKO-
TOPBIX cayuaax Ao 10—15 egumun Miazinero paspsafa) — s
YTOYHEHHA CTOUT IIPOYUTATEL IOAPOOHOE ONUCaBHe KOHKDETHOTO
npubopa.

PazymeeTca, npuBeJE€HHBIE DENENTHl He CIMITKOM 000CHO-
BAHHBI U CTPOrH, B MHOT'OUMCJIEHHBIX IOCOOMAX AAIOTCA caMble
pa3Hble COBeTHl IO MOBOAY OIEHKH HPHOOPHBIX OmUOOK, pac-
4€TOB IIOTpPELIHOCTell KOCBEHHBIX M3MePeHUH U CTaTUCTUUECKON
obpaboTku pesysirraToB usMepenui. He creayer aymartn, uTO
NIPABUJILHBIMH MOTYT OBITH TOJNBKO Te BAPHAHTHI, B KOTOPHBIX
NIPUMEHAOT HEeIIOHATHBIE MaTeMaTHYECKHEe MeTOIbI (M UeM Hero-
HATHee — TeM NpaBUJjibHee), NpobieMbl TYT HE CTOJBKO B CIIO-
cobax cuéra, CKOJBKO B aHANH3e NPUYMH Kak npubGopHOro, Tak
U «cay4alHOro» pasbpoca.

Buidepicka uz npozpammut kypeca uzurxu 7—8

«Crroco6er mamepenwnii. IIpsaMble U KOCBEHHbIE H3MEDPEHHS.
TounocTe Mamepenuit. Ilena genenma mkanpt npubopa. Knace
TOYHOCTU NNpubopa. Oumubky n3aMepeHKH clCTEMaTHYEeCKHe U CIy-
vaifasle. Crioco6ul ymerblieHusa omubok. CTaTHCTHYECKUE CIIO-
coOb!I NMOBBINIEHHUS TOYHOCTH B TOM CJydae, €CIU CiaydaiHas
omunbKa Gosbllle NpefelbHOM TOYHOCTH Hpubopa.

Brigep:kka npusegeHa AJs TOro, 4ToObl HATIOMHUTH, YTO
OCHOBHBIE TOHATHUSA, HCHOAb3yeMble AJs XapPaKT€PUCTHKU H3Me-
peHuii, BBoguANCh eli€ B 7T—8 kaacce. OpHako HeaummeumM Oyger
MOBTOPHUTH 3Ty TEMY UM C YYEHHKAMHU CTAPIIHNX KJIACCOB, KOTODHIE
foabIIyI0 YacTh TOro, 4YTO ObLIO U3YUeHO B 7—8 Kaaccax (ecau
He BCE), yceau no3adpIrh.

IIpu6opsr M coco6s1 H3Mepennit PU3NUYCCKUX BEJTHIMH

IIpuGopsl, ¢ OMOILIBI0 KOTOPBIX MOMKHO IPOBOAWTH M3Mepe-
HUSA, XapaKTepU3yIOTCA TOYHOCTHIO. Ecam mMaMepseMas BeJaAYH-
Ha «CUMTHIBAETCA» CO IIKanb! npubopa, TO PACCTOSHHUSA MEXAY
ABYMS COCEIHHMMM MeTKaMu (LUTPHXaMu) Ha luxkaxe mpubopa
OIIPeAENSTIOT MAKCHUMANBHYIO TOYHOCTH, KOTOPYIO «0o0ecreynBa-
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eT» paHHbI nprbop. Hanpumep, MUAIUMeTpOBLIE felieHUSA Ha
mIKajge MeTaNANYECKON JUHEHKH WA DYJIETKU OrpaHMYHBAIOT
TOYHOCTE N3MepeHWH BeauduHoM mnpumepno 0,5 mm. MoxkHO
[OBITATHECA YBEPATH ce0A, UTO «Ha Iuad» BHAHO U 1/5 paccrosnus
MeXIy JeJIeHUAMHU LIKAJIBI, HO 3T0, KaK IOBOPHUTCA, caMooOMaH.

«f1 cam oOMaHBIBaThCA pai» — aTa cTpoka A. C. IIymxusza
NOAXOANT IJA TAKUX IKCNEPHMEHTATOPOB.

WcrtuHHOEe 3HaYeHHe H3MepdAeMoil BeJlWYWHBI M 3HauYeHue,
KOTOPOE JKCIEePMMEHTATOD CYHTAJ CO IIKaJLI npubopa, MOryT
OTANuATECA. Pasnnune 3TUX BeJIVUYHWH SKCIEPUMEHTATOPY HEH3-
BECTHO, HO OHO MEHbIIIE, YeM TOUHOCTh USMEDPEHHH, KOTOPYIO MO-
sKeT ofecrneyUTh MJAaHHBINA IPUOOP NMpU NPABUILHO NPOBEAEHHOM
n3mepennu. COOTBETCTBYIOIIEE OTIMYME HASBIBAETCA NPUGOPHOIL
nozpewnoCcmyi) I3MepeHuii.

O6b1yHO HpUGOD, HANPMMED CTPEJIOYHBLIA Hpudop ANA HU3Me-
peHHA TOKa, cCHal:kaeTca MeTKOH, KOTOpas HeceéT MHODOPMALUIO
0 «KJacce TOYHOCTH» npubopa, mamMepsieMoil B npoieaTax. Eciau
npubop mMeeT ’KJIacc TOYHOCTH 1, TO 3TO O3HayaeT, UTO TOY-
HOCTh M3MEPEHWA COOTBETCTBYIOIEH BeJWYuHLI He Jayyine 1%
OT MAaKCHMaJBHOI'O IIOKa3aHuA npn6opa HA [JaHHOM I1IpeAjeJie
U3MepeHuH.

Jnist npuGopoB ¢ YUCIOBOH WHAUKAIMEH UMEIOTCA CBOM Orpa-
HUYEHHA TOQYHOCTH. B HacTHOCTM, /JIA TAaKuX NpUOOPOB BaKHO
KOJIMYECTBO BBIBOAMMEBIX HAa WHAWKATOPHYIO nadenb nudp. Yuc-
JIO, TIpEACTABISEMOe B BHJEe OrDAHHYEHHOIO KOJHYECTBA HUQP,
MOKET OTIWYATHLCA OT MCTHHHOrO 3HAUEHUS M3MepsieMOM BeaH-
JUHBI «Ha NIpefiesie BO3MOKHOCTeli» Ipubopa B «mocjefHeM 3HA-
Ke» HA +1 wiam — 1. 310 Tak HasblRaeMasa OMINOKa «OKPYTIeHU>»,
HIIM OIIMOKA «MUCKPEeTH3al(Mi» YUCIOBOro npubopa. Inda Takux
npubopoB BAXKHBLI M OIIHOKYH, BO3HUKAIOUIAE NPH cCPABHEHHH
HEKHMX JJIEKTPUYECKMX ITapaMeTpPOB, B KOTOpLIe ripeoOpasoBaHbl
uaMepsieMble Gpusndeckue BenuuUHbl. OmMOKU npeofpazoBaunn
HOCAT cucTeMaTHuecKUil xapakTep. Pasnuunble ajleKTpUYeCKUe
IOMEXYM BHOCAT CBOM BKJAJA B OIUMOKY M3MepeHUil, U COOTBET-
CTBYIOIIMI BKJal MOMET HMeTh CJAyYalHbIA HelpeacKasyeMbIi
xapakrep. IIpuGopHaAa DOrpedIHOCTL CKJIAALIBAETCA B DTOM CIy-
Yyae M3 NOrpelIHoCcTeld Ipeobpa3oBaHuA B ¢ JMCKPETH3ALHM».

UmncoBsle (MU, KAK UX elUlé Ha3bIBAIOT, YUPpossie) IpubopsI
TOKe XapaKTePU3YIOTCA KJAaccoM ToUYHocTH. COOTBeTCTBYIOLIHNE
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Ipoueaypsl pacuéra MOrpeirHocTel npubopoB ¢ YUCIOBOM HHAN-
Kanuel o6bIMHO AAI0TCA B ONMMCAHUH K IIPpUOODY.

HW3mepasemas BesMumHA MOXKET OT M3MeDEHUA K U3MePeHHI
IIPUHUMATH Da3Hble 3HaueHuA. Hampumep, HYKHO YCTaHOBUTH
JaJbHOCTD IIOJETOB MYJb, BHUTYUIEHHBIX C ONPEeAEJEHHON BEICOTHI
B FOPDM3OHTAJIBHOM HAINpPaBIeHMM H3 JaHHOro opyaus. Ilomsr-
HO, YTO OT BBICTpeJIa K BBICTpEJly HEMHOT'O MEHJAIOTCH YCJOBUS
BHYTPH CTBOJIA OpPYAHMA, TaM NOABIAETCA U CUYHIIAETCA Harap,
CTeHKH CTBOJIA OPYJ#A M3HALIMBAIOTCA. 3apAbl II0POXa K MacChl
IIyJIb B PA3HBIX IIATPOHAX HEMHOIO OTIHYAIOTCA, JaxKe eClIH BCe
TATPOHBI OBINY BHINYIIEHLI OAHUM ¥ TEM JKe 3ABOJIOM B OXHY M TY
JKe CMeHY OIHUM H TeM K& MacTepOM.

Kpenenue opyaus or BhICTPEJa K BBICTpENY MeHAETCH, IIO-
ITOMY JHUIIL ¢ HEKOTOPOH IOTPEIIHOCTHI0O MOXKHO YCTaHAaBJIH-
BATH TOPUBOHTANBHOCTE OCH CMMMETPHH CTBOJIA opyaua. U Ttomy
nono6Hoe. Takum o6pasom, cyliecTByeT MHOKeCTBO (PaKTODOB,
KOTODbIe HEBO3MOYKHO Y4€CTh, HO KOTODbIE BIUAIOT HA Pe3yJIbTaT,
NPHUYEM MOT'YT M3MEHUTh €ro Kak B 00y, TaK U B MEHBIIYIO
cTopony. MaMeHeHHMs TalbHOCTH IOJETA OT BBICTpEJSa K BBI-
cTpedy IPHHUMAIOT PAa3Hble 3HAUECHHS, KOTODPBbIe TpeNcKas3aTh
HEeBO3MOXXHO, — OHU HOCAT cay4alHbil xapakrep. Ilpn arom npu-
6opHaa owmbka M3MepeHUIl ropaszo MeHbllie, YeM CpeJHee IO
BeJIMYMHE 3HAYEHWE OTKJIOHEHHS NAJLHOCTU IOJIETA IYJIH B Of-
HOM BBICTpeJIe OT pe3yJibTaTa, NOJYYEHHOrO B JPYTOM BHICTDEJE.
B Takux ciyuasx FOBOPAT, UTO MMeETCH HENpeACKasyeMHBIil ciy-
YaWHBIA pa30poc N3MepsAeMbIX 3HaAUeHHUH OT ONbBITA K OIBITY.

Urobbl 0xapakTepu30BaThb H3MEPAEMYIO BEJAWYHHY, HYXKHO
HAUTH (BBHIYUCIAHUTH 110 pea3yjbTaTaM MHOI'MX BBICTPENOB) HEKOE
cpelHee eé 3HAYeHHWE M VKAa3aTh CPEAHIOI BeIWUYUHY pasbpoca
3HaYeHU#d BOJM3M ITOr0 CpefHero 3HAUEHUS. ITHUX CBeJeHHH
Oyzer AOCTATOYHO, YTOOBI B TEXHHYECKHX NOKYMEHTAX OpYIHsk
JaHHOTO THUIIA YKa3aTh JJIs HEro JajbHOCTb CTPEJbObl «IIpAMOH
HaBOAKOM » .

Kaxoe pazymsHoe uucjo uamMepeHuil Hy;KHO IIPOBECTH, YTOOBI
HAWTH 3TO CpefHee 3HaYeHUE ¢ MAKCUMANbHOH BO3MOXXHOH TOU-
HOCTBIO?

Ecau npeRnmososxuTh, 94To OT U3SMEPEHUHA K U3MEPEHHIO CIIy-
YallHple OTKJIOHEHHMS HHKAK He CBA3aHbl APyl ¢ ADYIoM, TO
MaKCHMaJibHasi TOYHOCTL OrpaHudYMBaerTcs HNPUOOpHON Iorpem-
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HOCTHIO d MCIIONB3YEMOrO AJIA N3MEPEHUA PacCcTOAHUS npubopa.
Ecau ywxe nposegeHst N uaMepeHHH M cpegHuii pasdpoc oOT
OLHOI'0 M3MEePEeHus K APYyroMy cocrasisfeT D, TO IpH ouepesHOM
H3MepPEeHUU M BBIYHCJIEHNU «CpefHEro» 3HayeHHe 3TOI0 HOBOI'O
CPefHEro MOXKeT W3MEHHTHCA 0 CPABHEHHIO € IPedbIIyIM
BBHIYMCJIEHHBIM 3HaueHHeM Ha Beauundy D/(N+1). Ecau ara
BeJIMUMHA M3MeHEeHHs MeHblue d, TO [IpoBeleHHe eilé GOaBIIEro
KOJIMYEeCTBa H3MEPEeHHWH He MMeeT CMbICJIa, TaK KakK Ipubop-
Had NOTPEIIHOCThL Ooibule, YyeM M3MeHEHHe CpegHero 3Haue-
HUA, NoJdy4aeMoe B pe3yJkTATE NOMOJHUTENbHBIX H3MepeHHI.
Wrax, MUHEMAJIbHOE KOJHYECTBO M3MEPEHHUH, KOTOpOe CIenyer
IpPOBECTH, PaBHO npumepHo D/d—1. Exununueil B [I0Ty4eHHOH
dbopMysie MOXKHO npeHeGpeUYb X OPUEHTUPOBATHCA HA YHUCIIO H3-
mepenui#t D/d.

ITpasuaa 3anMcH U3MepeHHBIX BeJIMUMH ¢ YKA3aHHEM OIIMOOK

IIpu namepeHNn OIHH YEPEHKOB JIONAT OBLIX MOJYYEHEBI CJie-
ayiowmmne 3avenns 120,3 cm, 130,0 em, 127,56 em u 1. . Ilpnm
BBIUMCJIEHUAX C MOMOLUBIO KAIBKYJIATOpPA MOJYYHJIOCH CpelHee
sHauenne Xcpenn=123,045678 cm m cpenHumii Mogy/b OTKJIOHE-
HUA OT cpeadero 3Haveuns AX =6,789123 cu. Kax npasniabHO
3anucarTh NOJyYeHHbIH pe3yibraT? ¥ BCeX U3MEePEeHHBIX BeIUYUH
00A3aTeIbHO COXpAaHAIOTeHA Yucaa 1 — B coTHAX, 2 -— B JlecATKAX,
a YHUCJIO eJMHUI[ MEHAEeTCA OT OAHOIO 3HAYEHUA K APYTroMYy.
3HauyuT, B CpeAHEM SHaYeHHUHU CJIeJyeT COXPAHUTL TOAbKo 123,
a Bce ocTajibHbIE IHM(QDhI (HAYMHAA C JecATHIX J0JeH) OTOPOCHUTD.

BenvuuHa OTKJIOHEHUA OT CpPeJHero sHAYEHUA 3aIlIMCLIBAETCHA
Tak, 4yToOBI 0cTanack OfHA 3Haualas uudpa, ecan osa doanie 1,
U ABe, ecny nepsasa uudpa paBHa 1. 3HauuT, B HalleM caydae
ciegyeT oKpyraursh 6,789 xo 6aurkaliniero 4ymuciaa ¢ ofHOR 3Ha4a-
et uudpoi: 6,789=17.

TakuM o6pa3oM, MPaBUIbHAA 3ANMKCH [TOJIYYEHHOTO PEe3yJIbTA-
Ta TaKoBa: Xcpeqn TAX =1231 7 (cm).

Beposraoctu ocyuiecTBiieHNs COOBITHH

¥ mycroro xopobka 1HEeHTD Macc CMel€H OTHOCHTEJILHO €ro
reoMeTPUYeCKOro meHTpa. L[eHTp Macc CMelUéH B CTODOHY TOH
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Oonbuioit rpagn Kopobka (N 1), K KoTOpo# mpumJjeraer gHO IIy-
CTOT'O JIOTKA JJIs CIIMYEK, ¥ YAAIEH OT TOM OONbINOHK MO MJIoImanu
rpaHu (Ne 2), Kk xoropoit oOpainena €MKOCTE JoTkKa, OH Takxke
CMEILIEéH B CTOPOHY TOH cpeimell o IJIOMAnW TPaHM KOpoOKa
(Ne 3), Ha xoTopoit 06GosOYKa BABOE TOJINE, YeM Ha Apyroi
Tako# ke no nuomany cropoue (N 4). Ha aroit Tomcroil rparn
KapToHHaA 000JIOYKA CKJeHBaercA. J[Be caMblie ManeHBKHEe IO
IIomagy rpaHyM kopobka (Ne 5 u Ne 6) auuem gpyr or Apyra He
OTJIMYAIOTCS, 110 OTHOIIGHHIO K HAM HEHTP MacC paclojaraerca
CHMMETPUYHO.

Ha npusenénnoit dororpaduy criuvyeyHoro KOpoOKa MOMKHO
VKa3aTb, Kakue HOMepa OyAyT UMeTh IPaHy NapajjiereluTena
(mocye 3akprlraHusa Kopobka). 'pans Ne 1 camas manpHAA OT
Hac. I'pab N¢ 2 — cepxy (Gnmkaiimad K Ham), Ne 8 — HIRHAA,
Ne 4 — BepxHaa, u Ne 5 u Ne 6 — rpasu cupasa U CJIeBa.

3axanaue: nposectu mMHOro (6onpmre 100) ucnerranmit ¢ mox-
OpacelBaHUEeM WIETYKOM IAJIBLEB IIYyCTOI'0 CIUYEUHOI'0 KOpoOKa.
’pasan xopoOka HYKHO IOMETHTL B COOTBETCTBMM C JAaHHBIM
BbIlle onmucaHueM. lIpwBecTH uyHcaa OCTAHOBOK KOpOOKa ITocje
nageHUi Ha IPaHAX C Da3sHBIMM HOMepaMu. BuIpasurh B IpO-
IEHTAaX BEPOATHOCTH OCYLIECTBJIEHHWSA TOTO WJIHW WHOTO MCXOAA
6pocka.

O6paborka 3500 6pOCKOB CIMUYEYHOTO KOPOOKa (Takie sKCIle-
PHMEHTBI IPOBOAUAY JOMa YYeHMKM JBYX KJIacCOB) JaJja cJeny-
I0I{ie Pe3YJILTATHI:

rpagb N 1: 50,14:0,6%;

rpaEp Ne 2: 42,24-0,5%.

CymMma BepOATHOCTell OCTAHOBKM KOPOOKa IocJe TajleHus Ha
GoJBINX M0 MIOIaAN rpauax pasna 92,3+0,6%.
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Cpeznnne no niomany rpasu (Ne 3 m Ne 4, cymma): 5,74+0,4%.

Masennkue rpagm (Ne 5 u Ne 6, cymma): 2,0+0,3%.

Hrak, Xopouo 3amMeTHO, YTO CMelleHUe LEHTPA TAMXKECTH OT
reoMeTpUYECKOrO [EHTDA NPHBEI0 K N3MEHEHUIO BePOATHOCTEH
U JBYX PA3HEIX CAMBIX OOJBIINMX 0 MJIOLIAAHA rpaHeli!

Pasmeps! kopobka 50 MM x 37 MM x 15 mM. BepoAaTHOCTH OcTa-
HOBKM KOpoOKa IIocjie NAfeHUs Ha pasdHbIX rpaHdX OTHIOAL He
IPONOPIMOHAJNBHBL ILIOIAAAM rpaHell «0OJbUINX : CPEHUX I Ma-
JneHpKUX». [Inowanu oTHoCcATCA npumepHo Kak 10:5:3, a Bepo-
ATHOCTY NafleHWi Ha GOMbIIMe, CpefHIE ¥ Majble MO MIOIIAAY
rpauu oTHocaTesa KaK 46:3:1.

BepoATHOCTb OCTAHOBKM KOPOGKa IOC/e HafeHus HA MaJleHb-
KO# rpany MaMepeHa ¢ OTHOCHTEJIbHON TouHOCTBIO 15%. Hus
TOT0 YTOOBI IIOBBICHTH TOYHOCTh M3MEPEHUSA BEPOATHOCTH Haje-
HHUS KOPOOKa HA MajleHbKyIo rpadb B 10 pas, To ecTh U3MepHUTL
eé ¢ OTHOCHUTEJBHOH TOYHOCTBHIO 1,5%, HYKHO IIPOU3BECTH B CTO
pas 6onblite HPOCKOB.

Kax He caeayer mocryrnaTsh, HIM TMOOTETUYECKHH WIKOJIBHHK

IIpencraBum cebe, 4TO IMIKOJIBHUKY AAlH 3afaHHe U3MEDPUTH
ILIOTHOCTh MAaTEPHAala, U3 KOTOPOrO CAEeNiaH BbIIAHHBIN eMy Opy-
cok. Ilyers aT0 6yzeT MeTamaudecKuil cnaomuoi 6pycox npsimo-
yroypHoi ¢opmel. IIIKOJBHUK He 3HaeT, YTO YYHUTENIb, JABIINH
3ajlaHue, TOXEe IPOBEJ U3MEPEHUA, TOJBKO HCIIOJH30BAI rOpas3io
GoJsiee TOUHBIE MPUOOPHI, UEM HMEIOTCH B PACIOPSIKEHUN KO-
HuKa. Basecus 6pycox Ha Becax, HIKOJBHUK noayuui 74,3 r (Toy-
HOe 3HAYeHue, MOJYYEHHOE NPU M3MEPEeHHH ¢ MCIOJAb30BAHUEM
aHAJUTHUYECKUX Becos, coctasadeT 74,321 +0,001 r). Ilpenmouro-
FKUM, UTO HIKOJbHHK U3MEPHJI er0 IJIUHY, IIHPUHY M BBICOTY DU
oMoy OOBIUHOI fepeBAHHON THHENKHT M MOJYYINIT AASA NJIUHBI,
MIUPUHEI 1 BBICOTHI 3HadeHud 32, 25 u 12 muaaumerpos (Cay-
JaifHO UK HET, HO TOYHBIE 3HAUYEHHS ITUX Pa3MEpPOB, TIOJIyUEH-
Hble yUuTeJeM C IIOMONI[bI0 MUKDPOMeTpa, paBunl 32,000+ 0,001,
25,000+0,001 u 12,000+0,001 mm.) Kakywo TodHOCTH caemyeT
NPUIINMCATh IIOJYYEHHBIM YMCIaM IUKONIbHMKY? Boclnpoussemém
BO3MOXKHBIH X0J €r0 PacCyKIeHM:

«BEcan 66! 4 M3MepSII IIPX TIOMOIIH 9TOH JIMHEHKH PACCTOSHHE
MeXIy AByMA YETKO 0003HaYeHHBIMHM TOYKAMH Ha ILIOCKOCTH
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(ToCTaBIEHHBIMH TBEPALIM M XOPOIUO 3aTOYEHHBIM KapaHJalloM
WX, 4TO Jy4lle, HAKOJOTHIMH TOHKOI MIoit), To mMor ObI cum-
TATh, YTO IIOTPEIIHOCTH ONpPeJenAeTCH TOJBKO TOYHOCTBIO W3-
MepHUTEeJIBHOr0 Hpubopa — JUHEHKH, TOTAa MOXKHO B3ATH «IOJI-
IeJleHUs» B KauyeCcTBe DasyMHOH OUeHKM norpemrHocTH. Takoi
BBIGOD He TAK Y3 IINIOX — €CJIM M3TOTOBUTEJb JHHEHKNU pasyMeH,
OH He CTaHeT YBEJIWYHBATH LUEHY NPOCTOTO U3MEPUTEN, HaHOCHA
Ha Hero Oojbllle JeJeHUH, 4eM He0oOXoauMO AJIA peaTu3alnuu
ero TouHOCTH. PazMeDphl JHHEHKH M3 JepeBa H3MEHSAIOTCHA CO
BpeMeHeM — OHa pa3byxaeT IpH YBEJIHUYCHHON BIaXHOCTH, Je-
¢dopMHpYETCA IIPH BBICBIXAHUH, IPOCTO MEHSETCHA CO BpeMeHeM;
MeTa/LUIMYecKie JHHEUKH Jy4lne, OAHAKO M HX pas3Mepbl uepes
HEKOTOpOe BpeMd I1ocje U3TOTOBJEeHUA CTAHOBATCS He 04eHb TOU-
HBIMU, KPOMe TOTO, TOJI{MHA IHTPHXA HA JUHeWKe He TaK MaJa,
KaK XoTeJsioch Gbl. B TOM ciyuae, kOTAa pasMeps! AJIsT H3MePeHus
He TaK XODOlIO OmpefielleHb], a B HAlIeM CAy49ae 9TO MMEHHO
TaK, HOTPEIIHOCTH IIOJYUHTCH BBIIE, gake ecjd (opma Tena
oueHb OyM3Ka K NPAaBHUJIBHOM, IPAMOYIOJBHON M MBI PacHoJio-
KUK JUHEWKY TOYHO BRONB rpaHeil. B o0uieM, eciii OTHECTUCH
K TOYHOCTH HU3MEPEHUH ¢ HEKOTOPHIM OIITHMHU3MOM, MOKHO B34Th
takue s3HaveHusA: anuHa 31—33 mm, mupuHa 24—26 MM, BBI-
cora 11—13 mm. [{na HaXOXKAEHHS NOTPEUIHOCTH ONpeAeseHus
00 bEMa BOCIIOIb3yeMCH TaK HA3BIBAEMBIM «METOJOM I'DaHUI[y —
CMBICJI er0 BIIOJIHE ACEH M3 HasdBaHUA. MuHHUMaNbHOEe 3HaUEeHHe
00BEéMa ompezenaeTcs IPOU3BEJeHUEM HAaHMEHBIIUX BeJNYHH,
MaKCHMaJbHOe — HAauGOMbIIUX.

Ving=31-24-11=8184 mm3, Viuue =33-26-13=11154 mm®.

Torna V =9669+ 1485 mm3, xoTa sydine OKPYIJIHTb ¥ HAIMCATH
V=(9,7+1,5)-10% mm3. Cunras naMepeHHOe 3HAUEHHE MACCHI
6pycka 74,3 r TOYHBIM (ajke IPOCThE IIKOJLHBIE BeChl 0bec-
TeYMBalOT OYeHb BHICOKYI0 TOYHOCTb M3MePeHUS Macchl, HeTo4-
HOCTBb M3MeDEeHUA MACCHI IIPH aKKyDPATHOM MOAXOJe He MPEeBLICUT
20—30 mr, uro cocrasur 30-1073/75~4-10"4 <0, 05%, uro Bo
MHOTO pa3 MeHblle OmmubOKX IpU N3MEpPeHUH pPA3MepOB), MBI
TIOJIydYnM BepXHee 3HaueHHe IJIOTHOCTH, PasleNluB Maccy Ha Hau-
MeHblllee BO3MOKHOE 3HaUeHHe 00b6Ma — HMXKHIO IpaHUIY IJ1d
H3MEPEeHHOI HaMU BeJINYMHBI, & HUKHEe 3HaUYeHe IIJIOTHOCTH ~—
pa3gesuB Maccy Ha Hambospluee 3HaueHue obwéma. [Manniue Beé
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[pOCTO — B KayecTBe M3MEPEHHOTO 3HAYEHUS pPasyMHO B3ATH
IOTyCYyMMY IOJIyUeHHBIX 3Ha4YeHHI, a B KayeCTBe MMOTPEIIHOCTH
U3MepeHnit — IIOJYPa3HOCTh. B HallleM ciiyuyae, HEMHOTO OKpPYI-
nasa, noayuum p=(7,8+1,2) r/CM3.»

3HaueHMe IJIOTHOCTM, BBIYMCJEHHOE HA OCHOBE MCHOJIbL30BA-
HUA Bosee TOYHBIX U3MEPEHMIH, COCTABNAET

7,7418+£0,0008 r/cm3~7,742+0,001 r/cm3.

BuagHo, 4to Gojiee TOUHOe 3HAUEHME IIONMaZaeT B WHTEDBAJ,
YKa3aHHBIN NIKOJBHAKOM, HO «JIO(PT», KOTOPLIH OH OCTABUJ AJIA
BO3MOJKHBIX 3HAUCHWI IIOTHOCTH, HEMIOMEPHO BEJIHK.

Bo-nrepBrIX, paccy:kaeHna ruIoTeTUYECKOro MIKOJIBHUKA O Je-
PEBAHHOI JIMHeliKe HEKOPPEKTHBI. YChIXaHHe H KopobJeHue JIn-
HElKV TIposBJisiercs B HaIllpaBJIeHHU, IIONEPEUYHOM BOJIOKHAM,
a JUHeHKM nonepéx 80a0KOH He H3roTaBauBaioTcd. axke ecam
HAMOYUTDH AEPEBAHHYIO JUHENKY I0 NOJHOTO «IPOMOKAHHA», €&
IJINHA U3MeHUTCS MeHee ueM Ha 1% ! CiroBa mIKoIbLHHUKA O TOJI-
IUHE HaHEeCEHHBIX Ha JIUHEHKY IUTPUXOB MMOKA3bIBAIOT, YTO OH
He YMeeT I10JIb30BATLCA €10 npasuibHo. Ha TouHoCTs M3MepeHu#t
JUHEeHKOH TOoJIMWHA INTPUXOB He BiauseT. IIITpuxoBka MoOXKeTr
OBITH ¥ TAKOIl, UTO IIMPUHA 3a30pa COBHANAET C IUMPUHOM LITPH-
x0oB. HUKTO He MelllaeT MPOBOAUTH OTMETKY II0 MPaBOil MJIH JIEBOH
rpaHMie ITPpUXa, 4 OHU HAaHeCeHLl IIPH M3TOTOBJICHUM JIMHEHKU
€ IOMOIILIO ZOCTATOYHO TOYHOH «MaTPHI(bI» ¢ TOYHOCTBIO, ABHO
ayqureit 0,2 MM InA DepeBAHHONH JUHEHWKM, W ¢ ellé OoJbieid
TOYHOCTBIO JJIA MeTajaaudeckoil juHedkU. [IIKOJIBHUKY Kak pas
¥ CJIeZIOBAJIO BOCITOJB30BATHCA JIMCTOM OYMaru M TOHKO 3aTOYEH-
HEBEIM KapaHIAIllOM, KOTOPBIHM OCTaBJISAET IUTPUX TOJILMHONA MeHee
0,1 mMm. Hanbosapmas olIn0Ka BOZMOKHA TIPH U3MEPEHUN MAJBIX
PacCTOSHUH, TO eCTh B JAHHOM CJIydyae NpU U3MEPEHHH CTOPOHBI
Opycka 12 mm.

TouHOCTH M3MEPEHUI MOXKHO M HY)XHO HOBBICUTb. [laa aTOro
Opycok momeluaercA Ha OyMary ¥ oUyepuYMBaeTcid 3aTOYEHHBIM
KapaHJalIoM C ABYX CTOPOH [UIA M3MepPeHHUs caMoil MajieHBKOI
croponsl (12 mMm). BaTeM OpYCOK cABUraeTcsl BAOJIH HaHECEHHBIX
Ha 6yMary JUHHHA M OTMeUaeTcs «HAa IJ1a3» OTJIAYHE ero MINPHHEI
¥ DacCTOSAHUSA MeXKAY HAHEeCEHHBIMM HITPUXaMU. JTO AeIaeTcs
IJA TOro, 4ToObl NPU HAHECEHMH OYepeJHBIX OTMETOK KapaH-
nalroM He HOenaThk Gosbluux omubokK. Ecnu ZoBepATE CBOEMY
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3peHuIo (a 4TO JKe elli€ NpUKaKeTe JejxaTh), TO OTINYNe pa3sMepoB
B 0,1 MM orMmeuaerca 6e3 ocoboro Tpyaa. 3areM GpycoK CABH-
raeTcss B HATIPaBJIEHHUU, MOIEPEUHOM K HAHECEHHBIM IUTPHUXAM,
Ha CBOIO IIHUPHUHY, W [J€JaeTCs HOBBIM INTPHUX, 3aTeM Olepalusd
MHOro pas nosropsercsa. Takum obpaszoM, Ha OyMare «Kak ObI»
YKIaABIBAXOTCA APYT 34 APYTOM HECKOJIbKO OJUHAKOBBIX OPYCKOB.
ITocsie 10 Takux onmepanuii BO3MoXKHad oMIMbGKa COCTABUT OKOJIO
1 MM, TO ecTh 60obIle yeM 10—15 onucaHHbBIX onlepauuit MPoOBO-~
JUTHh He UMeeT CMBbICa,

Ecrb u emé oauH cmocof yayyIINTG TOYHOCTL H3MEpPEeHUH
aTOTO paszMmepa OpycKa ¢ mOMOIIBIO TOH Ke NUHEHKH, OH CPOIHU
«HOHUYCY», TOJNBKO IOCTPOEHHOMY Ha OyMare caMoOCTOATENIb-
HO. TOHKO 3aTOYEHHBIM KapaHJAlIOM MPOBOAATCS JHHUU MEXTY
aBymsi napamu toueKk A—B u C—D. Onma mapa TO4eK CO-
OTBETCTBYeT OTMeTKaM JuHelku, Hanpumep 0,0 u 10,0 cm,
a apyrasa napa — ormMerkam 0,0 m 10,2 c¢cm. Orpesgkn AB u CD
neprnenguKyIapabl Juanu AC 1 HaXOBATCA OpPYr OoT Apyra Ha
paccrosiuuu nopAaka 10 cm. Jimnua BD — jgusEuA HOHMyCA.
Puc. 10 wmwoerpupyeT 3ToT cuocob.

A (0 cr) B (10 cM)
”—ﬁ—V-’_T——r*—T—I—_T—, 1
R
| ! | \ 10 ¢em i 1 1 \\ t
| ! | i i | 1 i Vi
| I I I | I i i Vi

\
\
‘\
L(0cm) 0 (102 cm)
Puc. 10

ITocste mocTpoeHUA TAKOTO PHCYHKa JalbHeHilIMe OIepamuu
OYEBUIHBI.

Jns ucKAOUeHUsT BO3MOXKHBIX OIINOOK, CBS3aHHBIX C TEM,
YTO JUHEHKA «ToJICTasg», CJHeAyeT JUHEHKY pacimoJjararbh Tak,
4TODB! €é YYACTOK CO IITPUXAMHU HAXOMUJCH MO BO3SMOXKHOCTH
OmmKke K Oymare W COOTBETCTBEHHO K Opycky. Bce atu «ma-
JeHbKHe VXHMIIPEeHUs » KAXKIToe IMOPO3HL He AAI0T 3HAYUTENHLHOTO
yJIy4YmIeHus TOYHOCTH, HO U IpeHefperaTs BO3ZMOYKHOCTBIO yJIyd-
HIATh TEeXHUKY H3MeDeHUH He CTOMT. I[OHATHO, 4YTO MHOLOTO
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13 IPOCTOH HepeBAHHOM JHHENUKH «HEe BBIKMEIb», HO HPH H3-
MepEeHUHM PACCTOSHHUA Iopsaaka 12 MM cuurarh, 4TO pPe3yabTaT
12+1 MM BHoOJHE YAOBAETBOPUTENBHBIN, MOXET TOJLKO OYEHDb
«HepPa3syMHBIl» IIKOJIbHUK.

A BO-BTODBIX, IPOAHAIN3MIPYEM PE3YJILTAT, KOTOPBIA NOJIYyUA-
eTcsA IPpHM HCHOJIB30BAHUM «MeTOJa rpaHull». Eciau yUUTBLIBATH
BCe IIpeAIiojiaraeMbie OIIHOKY IPU U3MEePEeHUU pasMepoB OpycKa
cHaJvasJa C OJHUM 3HAKOM, & 3aTeM ¢ APYrdM 3HAKOM, TO IIpH
BLIYMCJIEHHH IIOJYCYMMbI MAKCUMAILHOIO 1 MUHUMAJILHOTO 006~
€MOB pe3yJbTaT IMOJYUYAETCS «CMEI[@HHBIM » :
(A+a)B+b)(C+c)+(A—-a)B—-b)C-c)

- >
OneHnka omUOKKY U3MEPEHUH 1I0JIy4aeTCss ABHO 3aBBIIIEHHON:

(A+a)(B+b)(C+c)~2-(A—a)(B—b)(C—C_):ch+AbC+ABc,

ITpu sToM OTHOCHTENBHBIE OUITHOKY U3MEDPEHUS Pa3HBIX PA3MEPOB

a b ¢
"y + B + —C,) , 9TO 3aBEAOMO «3aHWKaeT»

=ABC+Abc+aBc+abC.

NPOCTO CKAQAJBIBAIOTCH (

TOYHOCTS!

H ew€ ogua MeTogudeckas omIMOKa, KOTOPYIO JONYCTHJ HAII
«TUMIOTETUYECKUI » MIKOJBHUK: OH B ITPOIlECCe BbIUMCIEHUH IPO-
BOAMJI OKPYIVIEHHUHA, IIO3TOMY HOJYUHaA 60Jbliee 3HAYEHHUE CPEX-
Hell BeIMUMHLI IJIOTHOCTY MaTepuajia, 4YeM e€ TOUHOE 3HauYeHue,
XOTA JOJKEH Oblal OBl B COOTBETCTBUU IPUHATOM UM CaAMHM
MEeTOANKOH BLIUKMCACHNI NOAYUNTL MeHblUiee (3a CUET CMEeleHIs)
3HaYeHUe.
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BxiodeHne 9KCIEPUMEHTATBHOTO Typa B QM3UYECKYI0 OJIMM-
muany — JOTUYHBINA U He Tpebyrommi nogpobHOro apryMeHTipo-
BaHus war. HasHayeHHe 3TOro Typa B TOM, 4TOOBI BEIABUTD (a 3a-
TE€M W HArpaguTh) HauboJiee AOCTOMHBIX NIKOJIBHUKOB, KOTODbIE
MOI'YT H4 IPAKTHKe NPHUMEHATH CBOM «(pHU3NUECKHEe» IHAHUI,
NPOBEPUTH, Y KOTO U3 OYAYIINX YYACTHUKOB CJEAVIOUIMX 3TAIIOB
ONMMMIIMAAL] HE XBATAET HABLIKOB BBIMOJHEHHUA QUIHMUECKUX U3-
MepeHni, 4ToOBl MOKHO OBLLJIO 3a BpeMA MEXAY IIPOIIedHIHMM
¥ IPeACTOAIMMHU 3TallaMi OJHUMIIMAbl BHIIIPABUTE 00HADYKeH-
Hble HeAOCTATKH IOAIOTOBKH.

IocTaHOBKA 9KCIIEPUMEHTAJLHEIX OTUMIINAAHBIX 3a0aY IIpea-
NoJjaraer, 4To B YCJIOBHAX OrPaHMYeHHOTO BPEMEHU M OrpaHHU-
YeHHBIX dKCIEPUMEHTAJBHBIX BO3MOKHOCTEH YUACTHUKU HAWAYT
ONTHMMAJILHOE pellleHue, KOTOPOoe IIO3BOJIUT C MAKCHMAJILHO BO3-
MOXXHOA TOUHOCTHI0 M3MEPUTL HYKHBIE NAPAMETPHI WX HANUTH
HEH3BEeCTHBIE 3aBUCHMMOCTUA. B YCIOBUSAX ONMMINANBI UIKOJAbLHU-
KM MOTYT NPUMEHATH HeCTaHAAPTHOe 00OpyAOBaHUE, CAeJIaHHOE
13 MOAPYYHEIX [IPEIMETOB, MPOABIATEH CBOIO M300DETATEIBHOCTS,
HaXOXIMBOCTDL, AKKYPATHOCTD U LeJeyCTPEeMJIEHHOCTS.

IIpuBosguMBIE YCJAOBHSA 3KCIEPUMEHTAJLHBIX 3ala4 B 0OJb-
IIMHCTBE CBOEM COBIIAJAIOT C YCJIOBUAMH 3a/1a4 9KCIIEPUMEHTAb-
HBIX TypoB MOCKOBCKO¥ TOPOACKOR 0UMITHAALI HIKOJBHYKOB 11O
dusuKe, Tak YTO OHM NPOLULIK «GOeBOe KpellleHue» B PA3HbIE I'O-
abl. lgen peineHnil MHOTMX 33Jlay B 3HAYUTEJILHOM CTENEeHM IIe-
PEKPLIBAIOTCH, M KaXKALINA T'of Ha 9KCINEePUMMEeHTAJILHOM Type pu-
3UYECKOH oIMMIINAAE! IIpeAsaraloTca 3ajauy 10 MeXaHUKe, dJIeK-
TPHYECTBY, TEmnJaore, KojlebaHUAM U T. J. ITO CBA3aHO He TOJLKO
C TeM, YTO B LIKOJEe B OIpedeJIéeHHOE BpeMs H3y4aloT olpene-
néHHble TeMbl. IIpu6GoOpE!I U cpeacTBa AJIA H3MEepeHNi# HEKOTOPHIX
Gu3uIYeCKuX BEJIUYUH HOCTYIHbBI U UIHMPOKO PACIPOCTPAHEHHI,
aTo 00yciaBaMBaeT MONYJASPHOCTL HEKOTOPBIX TUIOB 3aaad. Ilo-
3TOMY [JA IOCTPOeHUA KHHUIHM BHI6paH He uHcTOpMUecKHil (IO
BpPeMEHHN HCIOJIb30OBAHUSA 3ad4 B ONUMIIMAJe), 4 TeMATHYeCKUH
npuHnun. Bmecre ¢ HasBamueM 3agauM npuBOAMTCA MHGOpMAa-
Iudg 0 TOM, B KAKOM KJlacce ¥ B KAKOM I'OAY OHAa mnpejjarajach Ha
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onumnuane. Hanpumep, ecin B ckob6kax crout (11—1—2001),
TO 3TO O3HAYAET, HTO COOTBETCTBYIOLIAA 3ajada 6blaa Ha JKCIie-
pUMeHTaJbHOM Type B 11 Kiacce mepsoit 8 2001 roay!.

IIpepnaraemole 603MOMCHbie BApUAHTHI pEIIEHWH OJKCIEPHU-
MEHTANBHBIX 33484 He MCYEDNBIBAIOT 6CeX BO3MOKHBIX IyTeu
pemeHusa. Kakue-To pelleHUs HanucaHbl cOoBceM KpaTko. Hexo-
TOPBIe PeuleHUs ZaHbl, BOSMOXHO, C M3JHIIHUMH [TOAPOOHOCTA-
MH, OTHAKO 9TO CAEJIaHO JJIA TOTO0, YTOOLI II0DKA3aTh, KAK MOXKHO
ydecTb caMble pAa3HbIE HCTOYHHUKH U IPUYAHB! YMeHbUIIEHUS
TOYHOCTH PEe3YJILTATOB U KAaK MCKIIOUHATH AeHCTBUE COOTBETCTBY-
IOIUMX HEraTUBHBIX (aKTOPOB.

HexoTopsie 3ajjaud MO CBOeil NOCTAHOBKe HANOMMUHAIOT Jia-
6oparopuble paboOTHI, OKHAKO OHH He CHaOKeHbI MOAPOOHON MH-
CTPYKLuei, B KOTOPOil Ob170 DLl YETKO ¢pacuMcaHo», KAaKoM Hiar
3a KaxkuM cjenyer caenats. IIIKoJIbHUK HA OJIMMITHALE UJIH B XOJe
DKCIEPUMEHTAJILHON MMOATOTOBKM K BBIINOMHEHHIO TAKHX 3ajau
caM paspabaTeiBdeT HJaH AeHCTBUH M CaM ero BBLIIIOJTHSAET.

IInanvporaHne 3KCTIEePUMEHTA

Wamepenusi, kotopble OyneT NPOBOAUTH IKCIEPUMEHTATOD,
MOYKHO pas3fejiiTh Ha JBe TPYINbI: NpeaBapUTelbHbIE M KOH-
TposkHble. [IpeaBapHuTeNbHBIE H3BMEPEHUS HYMHBI IS TOrO, YTO-
OBl BLISICHUTDL, UMEIOTCHA J HenpeacKasyemble U HEYCTPAHUMBIE
OTKJIOHEHHA U3MepseMOi BeIHYUHBI OT OXHOTO-€AMHCTBEHHOTO
3HAYEHHA, U OHEHUTH BEIWUWHBI ITHX CIY4aWHBIX OTKJIOHE-
Huii. Kpome TOro, mpejBapuTe]bHBIEé H3MEPEHUS IO3BOJSAIOT
OLIHUThL CpefHee 3HAUEHHE HM3MepAEeMON BeIWYHHLI M (camoe
riaBHoe!) «OPUKHHYTb» KOJHYECTBO HeOOXOTUMBIX H3MepeHHIl
INA DONYUEeHUS MAKCHMAaJbHO BO3MOXKHON TOYHOCTH ¢ JaHHBIMH
npubopamu. IlpeaBapuTenpHbie U3MEPEHRA W UX QHAJAU3 JAOT
uHGOPMALNIO ANA YTOYHEHUS ILJIaHa JeiicTBHH H IIPaBUJILHOTO
pacmpefe/ieHUA BpeMeHH (OrpaHHYEeHHOro 0GBIYHO 2 YacaMHi) Ha
OJIHY 9KCIIEPUMEHTAJIbHYIO paboTy. ‘

Ecau no cocTaB/leHHOMY 3KCIIEPUMEHTATOPOM IIJIaHy Ipeano-
naraeTc MPOBECTH MHOr0 HU3MepPeHUM, TO ciaeqyeT 3aroTOBHUTH

lHa IKCNIEPMMEHTANBHOM Type B KaXKAOM KJIacce npexnarajlock ABe 3a4avu.
Hx HOMepa 9HCTO YCJIOBHLI: CHAUAJIA YaCTh UIKOJbLHMKOB BHIIIOJHACT ¢I1€DBYIO»
3a7a4y, OCT&AbHbIe -— « BTOPYIO», 3ATEM MIKOJbHHKH MEHAKTCA MECTAMH.
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Tabauny AJAsl BHeCeHUA B Heé IKCIePUMEHTAJbHLIX 3HAUeHUR.
Cronbusr TaGaUILI NPeAyCMOTPEHBI ISt 3HAYEHUN H3MepsaeMbIX
BEJIMUWH ¥ AJIA NMOTPEUIHOCTEHN 3THX YK€ BEJIHUMH.

Odopmaenune otuéra o pabore

IJKcnepuMeHTANbHaA pabdoTa UIKOJLHUKOB Ha OJUMIONajie
cpoxHKW Hay4yHOH pabore, BBITOJIHAEMOH IPODECCHOHATIBHBIMMI
yuénsiMyu. PesynbraToM Taxoil paboThl sBNAeTCA HanucaHue
0T4éTa U ONyOJUKOBAHHE €ro B KaKOM-JIM00 HAyUHOM JKYpHAJE
O O3HAKOMJEHUS CBOMX KOJIJIET YYEHLIX € BBITIOJHEHHOH
paboroii. TpeboBauus, NperpABIAAeMbIE K MAaTEPHAIAM HAYUHBIX
nyOmukanuili 1 K oTué€Ty 00 JKCIIepUMeHTaJbHOM pabore Ha
OJHMMIINAME, OUeHDb MMOXOMKH.

Otuér JROMKEH HAYWHATLCA 3arojiOBKOM M Pas3BEDHYTOM
¢$opMyTHPOBKOI ITOCTaBIeHHON 3agaud. 3aTeM CJieAyeT CIHCOK
NPEAOCTABIEHHOIO 9KCIEPUMEHTANBLHOrO 0B0OPYIOBAHNSA.

O6BIYHO 3anpeilaeTcss HCIOJb30BaThL Kaxkume-aub0o mpegMeTbl
u npubophl, He yKasauHble B cuucke. OpHaKo caM 3KCIepH-
MEHTATOP, CTOJ, CTYJI, PACIIOJIO}KEHHbBIE PAAOM CTEHBI HAXOAATCH
B ayAHTOPHH, 4 TeTpafb C JUCTAMH B KJIETOYKY BHYTpPH, aBTO-
py4Ka, Kapaujall UIu JUHeHKa (Yrojok) IPHHOCATCA SKCIepH-
MEeHTATOPOM ¢ cO0OM M IO YMONYAHHUIO TOXE BXOLAT B COCTAB
000pyoBaHUA, PA3PEIIEHHOTO K NCIOJIb30BAHWIO.

Hanee cieyeT KpaTKoe TEOPETHYECKOe PACCMOTpeHNe Puan-
YEeCKOTr0o ABJIEHUA, B KOTOPOM UIPAIOT POJIb (PU3NUYECKIe BEJIHYU-
Hbl, OAJERATINE H3MEPEHUAM.

Ha ocHOBe TeOpeTHYECKOro pacCMOTDeHMS IIpeijiaraeTcs Mme-
TOJ U3MEPEHUH WM OMHCBIBAETCA II0CAEROBATENBHOCTDh Ollepa-
LU, KOTOPBIE HY>KHO BBITIOJIHUTH, YTOOBI HAYITH OTBET HA IOCTAB-
JIEHHBIH BONpoc. B WacTHocTH, MOTYT OBITE TpUBeaeHbl GOpPMYa
AJIA BLIYUCJAEHHA BEIHIUH, KOTODbIe HeJlb3A IIOJYYUTH IIPAMBIMHU
M3MEepPeHnsIMH.

IIpu HeoGXOAMMOCTH B 3TOM paselie OTUETa IIOMEIUAETCA cXe-
MaTHYECKOe H300parkeHne 9KCIEPUMEHTAJBHON YCTAHOBKHY C I10-
ApOoOHBIM ONMCAHMEM eé feTajieil U y3JIOB.

Cnenyer Taxyxe UoApoOHO OMMCATh KHCOONbL3yeMble IIPUEMBI,
npeAHa3HAYeHHbIE IJI YMEeHbIIeHUA BO3MOXKHEBIX ONIUOOK 1 yBe-
JHYeHUsT TOYHOCTH M3MepeHuil. B yacTHOCTH, ecid NPOBOAUTCS
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MHOTO M3MepeHHH INA HAXOMIEHUA CpeIHero 3HadeHWs, OUeHb
IIOJIEBHO YKA3aTh, KAKHUM CIIOCOOOM OIleHEHO YHMCJIO M3MEepeHHit,
KOTODble HEeOOXORMMO IIPOBECTH IUIA IOJydYeHHsA 3aJaHHOM Tod-
HOCTH.

BosmorkHO, YTO OIS HaXOXKIAEHWS OTBETa HA IIOCTABIEHHDIN
BoNpOC TpebyeTCsA HCIONb30BaTh rpauyeckKoe IpeICTaBIeHUE
KaKUX-1u060 3aBUCHMOCTeR. B aToM ciyyae ciaeayer pannoHaabHO
UCNOJb30BaTh BBLAAHHYIO MHJLIMMeTpOBYI0 Oymary. Ha koopam-
HATHBIX OCAX 00A3aTeJIbHO CllefyeT YKa3aTh pasMepHOCTU GU3HU-
YeCKHX BEJUUYNH, HAHECTU METKH, COOTBETCTBYIOIIUE NEIeHUAM
wKajasl. MaciuTabsl 110 0CAM HYKHO BBIOpaTh TaK, 4T00BI rpadhuk
3aHMMaJl IO BO3MOXKHOCTH GOJIBINYIO ILIOIIAAL HA JUCTE OyMaru.

JKCllepUMeHTalbHbIE Pe3yJIbTaThl, HAHECEHHEIE B BUJl€ METOK
Ha MHJIMMETPOBYI0 OyMary, HO/LKHBI CHAGXKATBECA yKa3aTeIAMuU
nmorpemHocTei (KpecThbl OIIAGOK).

Ecnu BennuuHbI, OTKJIAAbIBaEMbIE 110 OCSM, CBA3aHBI CTEIICH-
HOH 3aBUCHMOCTHIO, TO TIO0 OCAM IDA(PHUKa KeaaTeJIbHO OTKJIAbI-
BaTh 3HAUYEHUA (PUINUECKUX BeJUUYUH B Takoil ¢opme (¢ TAKMMU
II0Ka3areJAMH cTeleHeH), wrodbpl IoayduBminiica rpadur ObLI
npamoit nuaneit. Ha rpaduke MOXHO noMemarb KOMMeHTapuu,
KOTODBIE TOSACHSIOT CMBICJI HADMCOBAHHOTO.

B koHIe 0TuéTa 0OBIYHO IPUBOLATCA «BBIBOALI» . Ecin Tpeb6o-
BAJIOCH HAWTU 3HAUYEHNeEe KAKOH-JIN00 BeJIMUNHEI, CJIeyeT YKa3aTh
e€ m3MepeHHoe (BBIYHCJEHHOE) 3HAYEHHE H YKa3aTh NOTPElIHO-
cru. Ec/iu mpocHiIM YCTAHOBUTL KAKYIO-TO 3aBUCHUMOCTH OZHOM
BeJIMUMHLI OT APYTOH, CleyeT NMPUBECTH I'PpadHuK U (€CJIU 9TO BO3-
MOKHO) GOPMYJIY, KOTOPAS CBA3BIBAET YKa3aHHbBIE BEJMYUHBI.

Eciu HyKHO OBLJIO YCTAHOBUTH COHEPIKUMOE «4EPHOTO AUH-
Ka», ClIefyeT MPUBECTH PA3railaHHYIO CXeMy M MapaMeTph! AeTa-
Jeil, HaXOAMBIIUXCA BHYTDH «YEPHOro AIIHKa», KOTOpble TIpes-
Jarajgoch HaUuTH.

MOKHO JOTONHUTENBbHO YKa3aTh, YTO IPY U3MEPEHUAX NPH-
MeHSJIOCh TOJIBKO DaspelieHHOEe K MCIONH30BAHUIO 000pyHAOBa-
Hue. '
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JKcnepuMeHTaJbHbIE 3a4auM PU3NYECKHUX OJMMNIHAL
Mexanuka

Crambleanuiuecs WapuKu

CranpHO#l mWApWK OTIYyckKaioT 6e3 HavadbHOH CKOPOCTH Ha
MOBEPXHOCTH CTAJIBHOTO HAKJIOHHOTO €004, 1 OH CKaThbIBaeTcA
o 8100y ¢ HEKOTOPOH BBICOTHI.

3adanue: onpene/INTe 3aBMCUMOCThL IIPHOOpETaeMoil eHTPOM
IIapuUKa CKOPOCTH OT BBICOTHI, ¢ KOTOPOH OH cKaTwpiBaerca. Cuum-
Tate g=9,81 M/c2.

O6opydosanue: cranbable mapuku 10—12 mm (3 wr), wra-
THB C KpPeNJeHHAMH, NpAMOH xEno6 1 M, Hacagka Ha €06,
HMCKPHBIASIOLIAS TPAeKTOPHIO JBIIKeHUA IIapHKa, KADTOHHAA KO-
poOka (n0BylIKa OJist IIapUKOB), JAUCTHI Gesot Gymarm (3 mr),
JIMCT KONMHMPOBaJBbHON Oymaru, jauHelika ¢ MMJIJIUMETDOBBIMH
neaenuamu 40 cm.

Pewenue. Ménob6 Kpenurca Ha IUTATHBe B HAKJIOHHOM I10JI0-
sxernn. K xénoly npucoexmHAeTcs «KpUBOit» yuacTok. Hakion
wéno0a BrIGMpaeTCA TAKHMM, uTo0BI KacaTejbHa#d, [IPOBeIEHHAN
K X€J00y B KOHLE H30THYTOrO Y4YacTK&, IIPHHUMAaJa I'OpM30H-
TaJIbHOE ITOJIOXKEeHHe. ITOT KOHell M30THYTOro y4acTka xémoba
pacnojaraercsi Ha HEKOTOpPoit BrlcoTe Hapa crosoMm (puc. 11).
IIMapuxyn ornyckamoTcA B PasHbIX MeCTaX HAKJOHHOI'O YYacTKa
xénoba Oes HauaJdpHOM ckopocTH. OTopBaBmIMCHL OT XKénoba,
WIADWK TIPOJIeTaeT Iepef YAapoM O CTOJ HeKOTOpOoe PACCTOSHME
no ropu3oHTauIH. MecTa nafeHUA IMApUKOB (PUKCUDPYIOTCA Ha
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aucrtax 6enoil 6GymMary ¢ mOMOIIBIO PACIIOJIOKEHHOTO CBEPXY JIM-
cTa KOMMPOBANLHOUN Gymaru. s Ka)xJoH BBICOTH IPOBOLUTCS
HECKOJIbKO «IIYCKOB» IIapuKa. Pe3yabTaThl (AJIMHEI MIOJETOB IO
ropuaoHTann) yepeauamorcsa. CKopocTs, npuobpeTéHHAas HEHTPOM
WwapuKa IPU CKaThIBAHMH ¢ BbICOTHI i, MeHbIlIe BeJIMYUHEDI +/28H.
9TO CBA3AHO C TE€M, YTO INAPMK JNBHIKETCA He IMOCTYNAaTeJbHO,
a KaTuTcH, TO €CTh Yy HEro KMHeTHuecKasd JHeprus CBA3aHA K C
MoCTynaTeIbHBIM, ¥ C BPAIATENHLHBIM ABUYKEHUEM.

Bsgewusanue—1

3adanue: namepeTe Maccy BRITAHHOrO BaM IpeaMeTa.

O6opydosarnue: npunamometrp 0—4 H, mpounasa TOHKasi Ka-
TNIPpOHOBaA HNWTL JMuHON 1 M, MHUIauMeTpoBaa Oymara, LITATUB
¢ KpOHUITeHHaMH.

Macca npeaMera Gonpmre 1 kr. MoykHO, HampuMep, BEIAATh
ILJIACTUKOBYIO OYTHUIKY ¢ HAachIIaHHBLIM B HEE TIECKOM.

Pewernue. Cnegyer NpHKpPEenuTh NpegMeT NIPHUMEPHO K cepe-
anHe HuTu. ONUH KOoHell HUTHU 3aKPENHUTh Ha INTATHBE, 4 3a
cBOOOJHBIN KOHEell HUTH, CIeJlaB Ha HEM Ipeiasa-

PHUTEJIBHO IIeTEJBKY, TAHYTbL C IIOMOIIBIO AWHA-

MOMeTpa ropHu3oHTansHo. IIpu aToMm nmpexgmer He

KacaeTcs CT0Ja, a BUCHT PAAOM C HHM. YUYacTOK (g

HUTHU, COEIMHAIOENd IWHAMOMETDP M IpeAMeT,

OOJKEeH PpAachoJjiaraThcA IapalJIeJIBHO CTOJY, TO

ecTh ropu3oHTanbHo (puc. 12). C momoirsio MuiI-

JNMeTPOBOH OyMarm MOMKHO H3MEPHTH TAHTEeHC Puc. 12
yIia @, KOTOPBIH cocTaBaseT HAKIOHHBIA YIACTOK

HUTH C BepTUKaAbI. EcAM AHHAMOMETD IIOKA3BIBAET 3HAYEHUE
cuawl F, To macca npexmera paBHa M=(F/g)tg a.

Bszeewusanue—2

3adanue: u3MeppTe MacCy BBILAHHOI'O BaAM NPEAMETA. .

O6opydosarnue: nuaamomerp 0—4 H, nérxas TOHKAsA KaIpo-
HOBAf HUTH AJIHHON 2 M, MUIJIUMETpPoBad fymara, ABa IITaTHBA
¢ KpoHUITeilHAMH.

Macca npenmera MeHbuie 5 r. Mo)XHO, HampuUMep, BHIZATH
METAIIUYECKYI0 CKPEIIKY MJIM KOJINAYOK OT MIAPMKOBOM PYUKH.
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Pewenue. Opua xKoHel, HUTH HY/KHO 3aKpeNUTb HA ONHOM
IITaTUBE, & 3a CBOOONHBIA KOHel HUTH, CAeJaB Ha HEM Ipen-
BAPUTENILHO METEJNIbKY, TAHYTH C MOMOIILID AUHAMOMETpPA TO-
PU30HTAJILHO. [IMHAMOMETD 3axperuigercss Ha BTODOM HITaTHBE.
Cnenyer pacHoJIOKUTh HUTH IO BO3MOMHOCTH OJIHIKEe K MOBEDX-
HOCTH CTO0J1a, 9TODBI ¢ MOMOIILIO MUJIJIMMETPOBOH 6yMaru MoKHO
OB17I0 POBEPHUTH €€ «TOPUBOHTAJILHOCTE» M H3MEPATH PACCTOS-
HUe OT HUTH A0 NOBEPXHOCTH CTOJA. 3aTeM NIpeMeT IToMeljaeTcs
Ha cepeamHy HUTH. llpm sToM mnpeaMeTr He KacaeTcs CTOJa,
a BucuT Hag HuUM. Hutp nposuciaa. C 0oMOIILI0 MUJLIMMETPOBOM
Oymaru MOYKHO M3MEpHMTh TAHTEHC YIJIa @, KOTOpBIH Tenepsn
COCTABJAIOT YYaCTKM HUTH ¢ TropusoHTtansio (puc. 13). Ecau
IUHaMOMeETp NOKas3blBaeT 3HaueHUe cuabl F, To Macca mpeamera
paBra: M=2(F/g)tg a.

Pnc. 13

Bsgewusarnue—3

3adarue: HAHAWUTE OTHOIIEHHE MACC MOHETHI M TETPAJHOIO
(nBOMHOrO) I1CTKa HyMmaru.

Q6opydosarnue: moHera 1 xou mau 2 Kom, MMelollas Mac-
Cy B 'paMMax, IPUMEPHO COOTBETCTBYIOWLYIO CBOEMY HOMWHANY
B xonelikax!. JIBOWHOM JMCT M3 MIKOJLHON TETPAXU «B KIETOU-
Ky», KapaHAall UM aBTOPYYKA ¢ HUIMHAPUYECKNM KOPIIYCOM.

Pewenue. JIncr 6ymaru npu npoBeleHUH dKCIiepuMeHTa Oy~
AeT ONHOBPEMEHHO CIIY)KUTL M PbIYaroM M U3MEPUTELHOW JH-
HeHiko#. W3 »BOMHOrO JaucTa CKJIAALIBAIOT, ofecrieudBas eMy
¥ECTKOCTH, KOHCTDYKITHIO, HMEIOIYI0 B IONEPEeYHOM CeYyeHHuH
dopmy <«mBessepar. HesmarenbHo, 4TOGB! 3TOT IIBEJIED HUMEJ
IO BO3MOXKHOCTH GOJIBINYIO JJIMHY, TO €CTh CAMBIH «BBIFOIHBIHN »

'Umerorcs B BuAy MOHeThl obpasuma 1961 roma, obpamasmmeca s CCCP
M CTpaHaX, BO3HHMKHMINX B pesyiasrare pacnaza CCCP, ¢ 01.01.1961 mo
31.12.1998.
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CHOCO6 CNOXKEHUSA — 3TO TAKOM, NPU KOTOPOM JAJIMHA KOHCTPYK-
nun OyZeT paBHA IJMHe NUaroHaju ABoIHOTO aucra. IllBesnsep
YPABHOBEUIMBAIOT HA KPYIVIOM KOPIIyCe KapaHaalia, JeXallero
Ha ctojie. [IJI HaXOMKAEHHUA IOJIOMKEHHUS PABHOBECHS LUBeJLIEPA
B TOPU3OHTAJIBHOM ITQJIOKEHUUM KapaHAall MOKHO NJIABHO «IIe-
peraThiBaTh» nanbieM. MecTo KoHTakTa 6GyMa)XHOTO LIBeJLIepa
¥ KapaHzama oTMedaeTcs. IlepBasg oTMeTKa mo03BOJIfeT onpeje-
JIUTh FOPU3OHTAILHYIO KOODAWHATY IeHTPAa Macc JucTta Oymarwm,
CJIOEHHOIr'0 UIBeJIJIEPOM. 3aTeM Ha OJHOM K3 KOHIOB ILIBeJlgepa
3aKpenJisieTcsi MOHeTa, ¥ CHOBa MHUIETCA IOJOXXKeHue KapaHaama,
Ipyd KOTOPOM ILIBeJJep BMecTe ¢ MOHeTOM OyzeT HaxXoJHUTLCA
B PODHU30HTATIBHOM IMOJIOXKEHMH B paBHOBecuu. VI B sTOM cirydae
OTMEUYaeTcA MeCTO KOHTAKTa KapaHfania ¥ Oymaru.

Insa nmojiydeHUsA BTODPOTO pe3yJibTaTa MOYKHO MEepeHEeCTH MO-
HeTy Ha ApYrof KoHel WBejiepa M NPOJENaTh TAKYK JKe OIle-
panyio Mo ypaBHOBEWMBAHMIO OyMaru B TOPHM3OHTAJILHOM I10-
JgoxeHuu, Ilocje JIoNyYeHRs OTMETOK, COOTBETCTBYIOIUIMX KOOP-
JUHATAM PacloJIOKEeHHs Ha OCHU HIBejulepa LeHTpa macc (Jucra
Oymarm BMecTe C MOHETOM), JHCT OyMaru MOKHO pasBepHYTH
1 «II0 KJeTodkaM» (¢ umcrnoiab3oBaHmeMm Teopembl [Iudgaropa)
U3MEPUTHh PACCTOAHHUS OT MeCT KOHTAKTA [0 MECTa PACIOJIONe-
HUA HeHTpa mMoHeThl. Ilmeud peI9aroB Ha OyMare H3MepSIOTCS
¢ Xopoumeil TouHOocThiO. IIpu mauHe miaeu oxoao 100—50 mm
omubka B 1 MM IIpH onpejieIeHUH MOJIOKEeHUH [[eHTpa Mace HaéT
TOYHOCTL He Xyxke 2%. (Cm. puc. 3).

ITnacmunun (9—1—2001)

Hy:KHO HailTM MacCy BBIJAHHOTO BaM KYCOUKA IJIACTUJIMHA
¥ ero INIOTHOCTb.

Ob6opydosanue: Tpo3padyHblii CTAKAHYUK, €IIE€ OAMH CTAKAH-
4WK, BOAA — U0 HeoOGXOAMMOCTH, MUNIUMeTpOBasd Oymara, HUT-
Ka.

IIpednonazaemutii cnocob peutenus. 3 naacTUINHA JETIUTCA
Kybuk. Ero pasmeprl uU3MepdIOTCSA ¢ IIOMOUIbI0 MUJIJIMMETPOBOM
oymaru. Takum crmocoboM HaxoAUTCA 00BEM KyCKa IJNACTHJIN-
Ha. 3aTeM U3 NJACTUJINHA JETTUTCHA <«JIOAOYKA» NPAMOYTOJILHON
WA NUIMHAPUIECKOH (PopMel (BO BTOPOM ciaydae oHa Gosabure
HANIOMMHAET IIYCTYIO IPOOHMPKY C TOJCTRIMH ILIACTHIHHOBHIMM

3—116
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creHkaMu). Eé miaBy4decTs NpoBepsaeTcs B BOJe, HAJNUTOH B CTA-
kad. PasMepsl J0Z04YKH NoAOMPAIOTCA TAKUMU, UTOOBI e€ DopTa
HaXOMUJINCH BPOBEHL C BOAOit. MsMepeHHe BHEMIHUX pasMepoB
JIOROUKH MO3BOJIAET Y3HAThL 0OBEM BOALI, KOTODBIA OHA BHITEC-
HAeT, IJiaBasg, TO €CTh MOJKHO HANTH OTBEeThl HA NOCTABJEHHBIE
BOINPOCH! ¥ 0e3 UCIIONb30BAHMA BTOPOTO CTaKaHYMKa.

Pasmepsr nMANHAPHYECKHUX 0 OpPMe CTaKaHUYMKOB nonobpa-
HBl TaK, 4TO BHYTPb MPO3PAYHOro CTaKaH4YMKa BXOAUT BTOPOH
HeNpO3pavYHblii CTakaHYMK ¢ HebosbmuM 3asopoM. IIpm atom
CTEHKH ADYT APyra He 3aAeBaoT. MOKHO 3aCTaBHTL OLUH CTAKAH
IIABaTh B APYIOM M Yepe3 Npo3padvHble CTEHKH OTMEeYaTh rIyou-
HY ero Norpy:keHus B BOZY.

BapuaHTOB pellleHHA ¢ HCNOJHL30BAHMEM IBYX CTAKAHUMKOB
MOJKET OBITH MHOIO. '

Oauu u3 HUX, HATIpUMep, TAKOW: ONyCKaeM Hempo3padHBbIN
CTAKAHYMK BHYTPH NPO3PAYHOro CTAKAHYMKA, KOTODPHIA Onla 3a-
noJHeH Boxoi. Boga BeuIMBaeTcA uyepes Kpasa. BelHuMaeM Hellpo-
3payHBIA CTAKAHYHMK H OTMEUaEM YyPOBEeHb BOJbI, OCTaBIIeHcs
B NPO3PAYHOM CTAKaHUYMKE. 3aTeM MOMeUaeM KYCOK IUIACTUINHA
B HEIPO3PauyHBIH CTAKAHUYMK, ¥ CHOBA OCTOPOIKHO OIIyCKaeM €ro
B NpO3pavyHbId crakaH. BhuimBaercss RONMOJHUTENBHAS IIOPIUA
BoAbl. OnATL BBIHUMaeM HENPO3PAYHBII CTAKAHYMK U3 IIPO-
3pavHOro M oTMedaeM HOBLIH (MeHBIINII) YPOBEHBb OCTaBLIEHCSH
B cTakaHe Bogpl. JlanbHeimue AeficTBUS OUeBUIHEL,

IIpuBeném Apyroit Bo3MOXKHBIN BapuaHT AeitctBuit. Kycouex
IJIACTHIMHA CHAaUajla YIep:KMBAaeTCsHd Ha Becy Ha HHUTKe B BOje
BHYTDPH IJaBalolllero cTakaHa, MPUYEM OH JOJXKeH ObITh IIOJHO-
CTBIO TIOrPY:KEK B BoAY. A saTreM NJACTHIMH ONyCKaeTcs Ha AHO
3Toro crakasa. MamepsoTcs ABa 3HaYEHUA U3MEHEHUS TIYOUHBI
norpykeHusa. C moMomsio MHIJIMMETPOBOM OyMar® HaXOAWTCH
nJoumaap MONePeYHOro CeueHus cTakaHunka/Kopabauka. Ilosay-
YeHHbIe JAHHLIE TTIO3BOJIAIOT HAUTH MAcCy KYCOUKA ILJIACTHIHHA.

Hapnyymni ¢ Touky 3peHHS TOYHOCTH C€IOCO0 Ma3MepeHHH
COCTOMT B TOM, UTO HCIIOJb3YETCA ABJIEHHE NOABEMA YPOBHA
BOZABlI B 3a30pe MEXKIY CTAKAHYUMKAMHM TIPH NOMELIeHHH OXHOTO
B apyroii. IIp sTomM KOMMUYECTBO BOAL! BO BHEINIHEM CTAKAaHE
[OJKHO 6BITL NOZOGpPaHO TAKMM, YTOOHl BOJA He BBLIJIHBAJACH.
3HaA nonepevyHoe ceyeHMe BHYTPEHHEro (HeIpo3payHoro) cTaka-
Ha S, MOJXKHO BBIYMCJ/INTD €r0 MacCy, YMHOKHUB PasHUIY YPOBHelk
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BOIEI (B 3a30p€e U Ha BBHICOTE PACMOJIOKEHHUA JHA HEIIPO3padHOIo
CcTaKaHYMKa) Ha mJowagh S ¥ HA MJIOTHOCTH BoAbl. Jlob6ase-
HHEe BO BHYTPEHHWI CTAKAH IUIACTHJIMHA U3MEHAET 3Ty PA3HHUIY
ypoBHeii. OTciofa oueBueH cnoco6 BEIYHMCIAEHHST MacChl ILJIaCTH-
JIHHA,

ITouemy mocnegHUit U3 ONIMCAHHEIX CIOCO60B H3MEPEHUA Ja6T
MaXCHUMAIbHYIO TOYHOCTH? [les10 B TOM, YTO TOYHOCTH H3MEPEHHUA
YPOBHA BOJILI B CTakaHe He jyume 1 MM, a yBepEHHOCTH, YTO
BHYTpeHHHe CTEHKM IIPO3PAYHOTO CTAKAHYMKA HMEIOT CTPOTrO
GUAVMHIpUYecKYy0 ¢dopMy, BRoBce HeT. A nnA BHemHed ¢GopMel
HeIIPO3PaYHOro CTAKAHYNKA YCTAHOBUTE « [UIHHAPHUYHOCTDY CTE-
HOK I'opasjio mpolie.

Ha ¢ororpadunu npupeseHns: crakaHunku. CireBa BHYTpH He-
IPO3PAYHOro CTAKAHYMKE HAXOAUTCH I'PY3 — MJIACTUIMH.

HamepeHue maccor naacmmaccodoiil npyxunru (9—2—2008)

3adaHue: U3MepbTe MacCy IJIACTMACCOBOM NMPYXKUHKH.

O6opydosatue: miacTMaccoBas NPyKUHKa, MOHeTa 1 pybas —
eé Macca M3BECTHA M COCTABIAET POBHO 3,3 I, MUJIJIHMETPOBASA:
Oymara, MepHad JIeHTa, JUMIKaA JEHTa — II0 Mepe Heo6xomquMo-
CTH.

Hy:xB0 npnaymaTs ciocod ¥ IPOBECTH M3MePDeHMA, UCIIOJIb"
3yd BBIZAHHOE CKyaHOe o6opynoBanme. IlocTapaitTech NOJTYIHUTH
pe3yJanTaT ¢ MAKCUMAJILHO BO3MOXKHOM TOUHOCTHIO.

3*
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Peuienue. Cama OIpy:KMHKA MOXKET CJYKUTL U TPYIOM, U NPY-
JKUHOU 1u1d maMepeHuii. CHauaga ciaelyeT mepecuuTaTh BCe BUT-
KW MOPYKMHBI, CAeJaTh OTMeTKY Ha eé cepeimHe (Mau B APY-
TUX TOYKAX, JEJAUIMX IPYKUHY B OHNPEESEHHBIX IIPOIOPIIUAX)
1 U3MEePUTh HAYAJILHYIO AJUHY Hege(OPMUPOBAHHON NDPYKUHBL.
3aTeM NOpyXHUHA ONHHM KOHIOM KpelnuTcs Ha UITAaTUBE TakK,
4TOOBI €€ 0Ch 3aHAJIAa BEePTUKAIbHOE MTOJ0KEeHNe, KOTHAa NPYKUHA
cBoOOZHO BHCHUT B IIOJOXKeHUHN paBHOBecus. Hyxuo ybeautbes,
YTO CBOHCTBA HPYXKUHBLI TPUMEPHO OJUHAKOBLI BAOML BCeH eé
IUIMHBL, 115 8TOTO M3MepAloTCA YAJUHEHUS BepxXHel M HILKHEU
NOJOBUH TpysKHHBI. [locJjie 9TOro KOHUBL IPYKHUHBI MEHAIOTCS
MeCTaMM{ ¥ BHOBb WU3MEPAIOTCA VAJNUHEHNS BepXHEeH W HUK-
Hell MOJOBUH IPYKMHLI. 3aKpeluB NPVKUHY He 3a e€ KoHel,
a B HEKOTOPOH APYro#l Touke, MOKHO yOeANTHCA, YTO VAIHHEHUE
KaKOM-TO 4acTH NPY:KUHBL (HAUPUMEp, NOJOBUHL] OBIIEro KO-
YeCTBa BUTKOB) IIPONOPLMOHAJBLHO UNCIY BUTKOB, 3aKPEILIEHHBIX
MO/ 3TOH YacThio CHU3Y.
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3areM K HIDKHUM BUTKAM NDPYXXWHbB] JUIIKOW JeHTOU KpenuT-
ca mMoHeta. CHOBa u3MepsAeTcs yANUHEHNE BEPXHEH NOJOBHHBI
OpYy>KUHBI. YJIMHEHNE 04 AeHCTBUEeM MOHETHI U3BECTHON MacChl
COOTBETCTBYET YIJMMHEHHIO 2TOT0 JKe ydacTKa IIPYKHHBI TOx
JefcTBMEM HEKOTOPOro KOJMYECTBA IPUKPEITEHHLIX CHHU3Y BUT-
KOB TpyXUHBI. OTCI0a MOKHO BBIYUCJIUATH IOJHYIO Maccy Ipy-
JKHUHBI.

Hena (9—1—2002)

WNaMepeHUe BHYTPEHHETO AUaMeTpa UTOJAKU A INpuna.

IIpubopwst u obopydosarue: MIPUI, C UTVIOH, THHeNKA, MU~
Jumerposas OyMara, HITATUB C JANKON, CTAKAHYMK ¢ Bofol. llpu
HeoOXO0AMMOCTH MOKHO NTPOCUTL KyCOUYKH JIMNKOM JIEHTHI U — Ha
KOPOTKOE BPEMA — U3MEDUTEJIBHYIO PYJIETKY.

3adaHue: UBMEPUTH BHYTPEHHUU fUaMeTD UTOJKU A ILITPU-
Ua ¥ OUEHUTH MOrPeHIHOCTh H3MePeHu .

OcCTOpOsKHO, He YKOINTECH!

ITpednonazaemvtii cnocob peuwenus. VI3 mupuna yepes Uray
BbIABJIUBAETCH BOJA, IPUYEM CTPYS HATPABAAETCHA BEPTUKAIBHO
BBEpX, IapaJlJIeIbHO YCTAHOBJEHHOH B UITATHBE BePTUKAJILHO
auHeilike. HaTpeHupoBaBIIUCH, MOMXKHO HOOHUTHCH TOTO, YWTOOBI
KalJju B3JeTaJnu IPHMEPHO HA OJHY W TY JKe BBLICOTY. 3HAH BbI-
TeCHEeHHBIIN 13 OaJUTOHYUKA HInpuia o6bEM BOJbI, BPEMA BhbIJAB-
JIUBAHUS BOJbI (€r0 MOXKHO OIpenenuTh aubo mo coOCTBEHHBIM
yacaMm, 00 O «BHYTPEHHUM» YacaM, OTCUUTHIBAS CEKYHIBI)
¥ MaKCUMAaAbHYIO BBICOTY NONBEMA BOABI BO BpeMsdA ITI0JIETA,
MOJKHO OLEHUTSH IT0IIepedHOe CeueHe OTBEPCTUA B UTJIE.

ITockonbKy CeKyHAOMED He BXoAMJa B HabGop obopynoBamHus,
HY»HO OBLIO MPUAYMAaThL CHOCOD M3MepHUThL BPEMsA BHITECHEHUA
Boxsl M3 mapuna. Cambelil «4ecTHBIA» cmocod B 3TOM CiIydae —
M3TOTOBUTH MasiTHUK, MepUoa KonebaHnii KOTOPOro MOMKHO Jier-
KO BBIYMCAUTEH. [[JIA HUTH MAsATHUKA BUOJHE MOAOUAET TOHKAA
oJIocKa MHJUIMMETPOBOM OyMard, a ¢ rpy3ukom npobsem Her —
HM MOXKET DbITh KapaHZAUI, JACTHK MM KOJIMAYOK OT aBTOPYUKH. «
«CeKyHIHBIH» MAATHHUK C IIePHUOIOM Kosebanuii 1 ¢ nMeeT AJIUHY
HUTH

L=g (2%)2 ~0,2485 M.
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VexopeHue cBOGOAHOTO NAAEHHS IPUHATO PaBHBIM g =9,81 m/c?.
Boay moxxHO HanpaBAATE He TOJbKO BEPTUK&JIBHO, HO M I'O-
PHUBOHTANBHO C HEKOTOPOM BBICOTHI, U HOOUBATHCA TOrO, YTOOBI
Kanmjayu BOABI TaJajy Ha CTOJI WY TOJ IIPHUMEPHO B OJHOM
u TOM Ke Mecre. 3Had BBICOTY HafleHUA M JaJILHOCTEL IMOJIETa
MO TOPMBOHTAJM, MOXXHO HAWTH CKODOCTH CTPYH HA BBIXOAE U3
WFOJIKM, a 3aTeM, 3Had BPeMsA BBIAABIUBAHWUS BOZbI, BHIYHCJIUTH
NPUMEPHO IJIONIAAb IIONEPEUHOTO CeUeHsA OTBEPCTUA B MIJIE.

Boda 6 mpy6e

Hailijure 3aBHCHMOCTE cpefHel (110 CeUYeHHIO) CKOPOCTH Te-
YeHHs BOABI B TpyOe, 3alOJHEHHOW BONOH, OT PA3SHOCTH BBICOT
pacnoyIoKeHus KOHIOB TpyObl. HmxHMI KoHel TPyObl OTKPHIT,
BEPXHUI KOHeIN NPHCOeANMHEH K COCyAy ¢ Bomoi. I'myOuua cuos
BOJBI B COCYlie Majla B CPABHEHUU C JJIUHON TPYOHI.

O6opydoeaHue: WTATUB € KPEIJIECHUAMM, IUIHMPOKHH COCY.X
C OTBEPCTHEM H UITYIEpOM B HIKHEH YacTH, MEH3ypKa, BOJAA
no tpebopannio, gamHHaA (1,5 M) nuacTukoBasi TpyOKa c onu-
HAKOBBIM BIOJIb BCei TPYOKM BHYTPEHHHUM IUAMETDOM, 3aKUM
ana TpyOxu, mupu 20 Ma (6es urael), cTekaAHBaA 6anka (1 n),
CeKYHIOMeED.

Pewenue. Hy:xHO yOeZUTHCS, UTO BpeMsA BBITEKAHUA onpefe-
JEHHOTO KOJIMYeCTBa BOABI (AJI51 OTMEepUBAHUSA BOXBI CIYKUAT MEH-
3ypPKa WM MWIIPUI]) He 3aBHCHUT OT GOPMEI, KOTOPYIO IPHMHUMAET
B NIPOCTPAHCTBE TPYyOKa 3aJaHHOH JAJMHBI U NIOCTOAHHOIO cede-
HUSA, a 3aBHCHUT TOJbKO OT PA3HOCTH BBLICOT MECT DACIHOJIOKEHHUSA
€€ BXONHOI'0 W BBIXOJHOIo OTBepcTuil. I[JisA STOTO KeJaTeJbHO
npoBect 3—4 U3MepeHMA JNI KaKIONU PasHOCTH BBICOT MPH
pasandHbIX (PopMax pacloNOKeHUs TPYOKM (TOJABKO He HYKHO
«IIepeKuMaTL TPYOKY).

Yro6ul y3HATH IJIOWIAAL HOIEpeuHoro cedeHusa S TpyOkwu,
MOXHO 3aNOJHATE €€ BOLOU ¢ IoMolbio mnpuna. O0béM Boasl V,
KOTODBI moTpeboBancs, uTob6bl 3aONHHUTH BCIO TPYOKY, HYKHO
pasmenuTs Ha AAUHY L Beeht TpyOku: S=V/L.

3Has 06péM BOABI Vy, HepeTEéKIIel U3 BePXHero coCcyia B HUM-
HHAH, BpeMs IlepeTeKaHudA ! W IIONEePEeUHOe CeueHHe OTBEePCTUA
TPYOKH S, MOXXHO BBIUYMCJWTD CPENHIOI MO CeUeHHIO OTBEPCTHH
CKOpOCTh TeueHus Boabt u = Vy/(St).
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T'paduk 3aBHCHMOCTH 9TOM CpegHEM CKOPOCTH U OT Pa3SHUIbI
BBICOT Ah DACIIOJIOXKEHHMS KOHILOB TPYOKM mpejcrasiseT coboit
OIPAMYIO JHHHIO, TO €CTb PACXOA BOALI IPH 3aJaHHBIX ITapaMeT-
pax TpyOku (e€ miuHe, IOIEPEYHOM CEYEHHU OTBEPCTHSA) IIPAMO
MTPOMIOPILIMOHATEH pas3Hulle NaBJIeHU, KOTopasi B JAHHOM cjydae
paBua pgAh. Cratudeckue LamjeHus Ha BXo4e TPYOKM M Ha eé
BBIXOle NIPMMEDHO DPaBHBI aTMOC(hepHOMY JaBJIEHMIO, TaK Kak
BOZa B BEpXHEM COCYJe HaJNUTa TOHKUM CJIOEM.

Luamemp uznwi

Haiigure BHYTDeHHVE AMaMeTPbl OTBEPCTHH UIJ OT IINpHUNa
¥ YCTAHOBUTE 3aBUCHUMOCTh pacxofa BOALI (MJ/c) uepes KaKAYIO
UTOJNKY OT PasHHUILI NABJIEHHH Ha BXORE B OTBEPCTHE M BBIXOZE
U3 OTBEPCTHA.

O6opydosarue: MTATUB ¢ KPEILNEHUAMH, wpul 50 Ma ¢ ABY-
MS UI'7IaMM C PA3HBIMU JMAMeTPaMy U ¢ pa3HBIMU AJUHAMH, ABa
oTpe3ka mo 1,5 M KamapIl IIJTACTUKOBOM TPYOKHM ¢ JHAMETPOM
BHYTDEeHHero oTBepcTusa 2—3 MM, TPOHHUK, 3aXKUMBL AJS TPY-
00K, COCYABI ANA BOALI, HUTH 1 M, rupbka 10 r, MUIIUMETPOBAS
oymara.

Kopnyc wnpuya
be3 nopuHs

Bmopas mpybka

i

ypoBeny xudkocmu
8 manomempe

nepbas mpydxa

vena 2

__— e

vena 1

Puc. 14

Pewienue: 13 HUTH U IPY3UKA U3TOTABIUBAETCA «CEKYHIHBIH»
MaSITHUK — OH OyJeT MCIOJb30BATHCA AJIS M3MEpPEHHs BPEMEHH.
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Cobupaercsa ycTaHOBKA, B KOTOPOHl OAHA TPYOKA MCIIOJNB3YeT-
cA OIS MepeaMBaHuUsA BOALL, a BTOpas TPyOKa HMCNOAL3yeTcs
B KauecTBe MaHoMmeTrpa. Hrojxkm 1o ouepegu MPUCOSHUHSIOTCS
K OQHOMY H3 BBIXOZOB TPOWHUKA, a K ABYM [APYTHM BBIXOAAM
NPUCOEAUHAIOTCH TPyOxku. K BepxHeMy oTBepcTHIO OfHON M3
TPYyOOK IpPHUCOoeAWHsIeTCA WTyllep mnpuuna. Bropasa Tpybka pac-
nojgaraeTcd Tak, 4ToObl €€ OTKPBITHIH KOHEI| ObLI Ha YDPOBHE U
HEeMHOro BhIllle npuna (puc. 14).

Ilnpun 3akpensasieTcs Ha WTATURE HA 3aJaHHOU BbICOTE H 3a-
HseTCcs BOMOU. 3aTeM OTKPBIBAETCS 3aXKUM, U BOAA IepeTeKaeT u3
mnpuna B HmxKHUHN cocys. Ilo pasHoOCTH BBICOTHI BOABL B TPyOKe
(MaBEOMeTpE) U BBICOTHI MECTa ITOAKJIIOUEHAA 9TON TPpYyDOKYU K TPOH-
HUKY BBIUHMCJsIETCA NaBJIEHUE HA BXOJHOM oTBepcTuM urasl. Ilo
BpPeMEHH TNEePETEKaHUA uepe3 UIJIY onpeaeJaeéHHoro obbemMa' BoJbl
MOJKHO BBIYHCJIUTH A®aMeTp BHYTPEHHET0 OTBEPCTUA HTJILI.

Yrobsl YMEHBIINUTH MMOTPENIHOCTL M3MEPEeHUNS, HYKHO TOCIe
3aNOJIHEHUA INPUIA BOZOH YCTAaHOBUTHL €ro B HAKJIOHHOE IIO-
JIOJKeHHME ¥ 0 Mepe BHITEKAaHWS BOABl HAKJIOHATEH LINDPHI] TaK,
4yTOOBl YPOREHL BOABI B HEM HaXOAUNACH Ha OJHOII 1 To# Ke
pbicoTe h] M OJHOBPEMEHHO MECTO MNOAKJIIYEHHA K IINPULY
TPYOKM TOXKe HAXOJHJIOCH Ha OAHOM U TOU e (Apyroit) BeicoTe hy.

Ilpounocmv Humu

3adanue: n3aMeppTe MAKCHMAJBLHYIO CUIY, KOTOPYIO €1ié BhI-
HepyKUBaeT HUTh IIPU PACTAKEHUH.

O6opydosanue: KaTymka HUTOK (HECKOJIBKO METPOB HUTH),
IBa KPOHIITeHHA M3 TOJCTOH ¥ NPOYHON M30THYTOH NPOBOJIOKMH,
JIETKO Kpensimyecss Ha KpasaxX CToNa, MUJIJIUMEeTpoBas Oymara
dopMmarta A4, AUIIKAA JeHTA «CKOTU», HOMKHUIIBI, I'PY3 N3BECTHOM
Macchl, A KoToporo Mg B 2—3 pasa MeHbllle IpeaelbHON CHIIBL
pacTsKeHUus HATH.

Pewenue. KoHusi HUTH, JJIHHA KOTOPOH IIDUMEPHO paBHA
mupu”e croiaa (1,2—1,5 M), KpenrATCA K ABYM KpPOHIITeliHAM.
Paccrognue mexay KOHIAMH HUTH MOXKHO IIJaBHO H3MeHSITh,
nepenBUras OGUH M3 KPOHIITEeHHOB. Ha cepeiuHY HUTH BellaeTcs
rpys usBecTHOM Macchl. Ilocrenenno ygmanss ApPyr OT Jpyra
KPOHIITEHHBI, NOOMBAIOTCA TOTC, UTO HHUTL HATArCMBAETCH BCE
cHJIbHee 1 cuibHee. B KOHIle KOHIOB HUTL peéTcst. OTMeuaercd
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[I0JIOJKEeHHEe, KOTOpOoe 3aHMMaJla HUTb HENOCDEACTBEHHO IIepern
paspbiBoM. TaHresc OZWHAKOBBIX YIVIOB, KOTOpBIE COCTABJIAIM
VYACTKM HUTH C TOPH3OHTAJbIO, BBIYHCIASAETCA C HOMOIbIO MHJI-
JAuMeTpoBod Oymaru. [l aToro oma 3apaHee IpUKDEIIAETCH
K Kpaio crojla Junkoil jdeHToH. [lpepenpHas cmja HaTAXKeHuA
uuTH F BRIUMC/sIETCA ¢ IOMObIo opmyasl F=Mg/(2tg a).

Ipuwenxa (9—1—2000)

WN3mepuTh CHUIy, ¢ KOTOPOH NOPUIKUMAIOTCA APYr K IAPYyTy
«TyOKU» NepeBSHHOI MPUINENKH.

O6opydosanue: npumenxa, rpyssl 100 rpaMmm — 2 mTykm,
HHUTKA, creluajbHas 3ené€Haa Oymara, MuauMerpoBad Oymara,
LHTATHB.

3ajmaya peliaeTrca B ABa 9Tana: CHAYANAa HAXOAUTCHA KO3(D-
¢dunuenT Tpenus Gymarum o Oymary, a 3aTeM HaXOoQuUTCA cHJja
NPIKHMA «T'y0OK» NPHIIENKU APYTr K APYyry. Ha kKaxkIoMm aTa-
IIe MCIOJIb3YeTCA «PasjIoKeHNe» CHIJLI Ha cocraBasoiiue. Hasa
9TOH 1esd MCIHOJIB3yeTca HUTh U MIauMerposad bymara. Hurse
ONHUM KOHIIOM KpenuTCs K KyCKy Oymaru, a Imocepeiute HHUTH
KPEemuTcsi oouH u3 rpy3oB. Ha 6Gymary ykiageiBaercsa BTOPOH
rpys, 1 3a CBOOOAHBIA KOHEL HUTHL TIAHYT TaK, YTOOBl y4aCTOK, CO-
eqUHANK GyMary ¢ Tpy3oM Ha HUTH, IPUHAJ FOPH30HTAIbHOE
(mapasiiesbHOe CTONY) IosioxkeHue. 1lo yrny HakjJOHA K BepTH-
Kanu BTOpOro (He ropH30HTANBHOIO) YYACTKA HUTH BBIYUCIISAIOT
TOPUBOHTANBHYIO ITPOEKIUIO CHJIBl HATAXXEHUA HUTH. 3Has eé,
MOJKHO BBIYMCIUTEL KoahdunHenT TpeHus bymaru o Gymary.

Ha BropoM aTane Kycok 6ymaru 060payYMBaIOT IPYTIHM KYCKOM
6yMaru ¥ HOJAYUUBUINHCA «0yTepOpoA» 3a'KUMAIOT IPUIIEITKOM.
Cpeauuit TUCTOK GyMaru BeITATMBAIOT HAPYKY M U3MEPAIOT MH-
HUMAJILHYIO BEJIMUHWHY CHJIbI, HeOOXOANMOU AJsT BHITACKMBAHUS
oymaru. U3 koagpduipenTa TpeHUS 1 BeTHUYHHBI CUJIBI BHIYHACIIS-
0T CUJIy NMpMXKUMa Ty0oK ADYT K Apyry, cuurasi, HTO OHa MaJio
M3MEHMJIACh OT TOrO, YTO I'YOKH CJerkKa pashBHHYJIMCh (Mexcny
HUMU ITOABUJIUCH TPU JIMCTKA Oymaru).

Tpénue (9—1—2003)

O6opydosanue: nepeBAHHBLIN 6pycoK, rpyssl Macesl 100 r —
2 mrr., HuTH, MIWJLIMMeTpOBad Oymara.



T4 Yacmpy 2

3adaHue;: K3MEePUTL KO3 DUUMEHT TPEeHKA MEXKAY IOBEPXHO-
cThIO JepeBAHHoOro Opycka M jucroMm 6ymaru. IloBepxnocTs, IO
KOTOpO# MOXeT CKOJb3UTH OPYCOK, AOMKHA OGBIThH FOPH3OHTAJb-
HOM, HAKJIOHATH IIOACTABKY He paspeuaercs!

Bo3MoxHEIA crioco6 pelreHus: rpy3sl (MM OAMH Ipys) Kpe-
NATCA NPUMepPHO NtocepeanHe HUTH. OgUH u3 cBOGOAHBIX KOHLIOB
HUTH KPEeNmUTCA K AEePEBAHHOMY OpyCKY. YWaCTOK HUTH MEXIY
rpysoM (rpysamMu) ¥ OpYyCKOM pacrionaraercf IapasijlejlbHO II0-
BePXHOCTH CTOJI&. 3a BTOPOH KOHEL HUTH Ipy3 IPHIOGHUMAIOT
H pacnoJsiaraloT He HaJ CTOJIOM, & PAAOM C ero KpaeMm. 3aTeM,
HOCTeIIeHHO MeHAA YroJl HAaKJIOHA HUTH, no0uBalTCA Hadaja
CKOJIL)KeHUS nepeBAHHOro 6pycka (puc. 15). ¥Yroa Hakjaona HU-
TH, IIPH KOTOPOM HaYMHAETCA CKONBIKEHHE, MOMKHO ONDEAETHTS
€ IOMOINbBIO MMIVIMMETPOBOH Hymaru.

S

Puc. 15

Tpernue (11—2—2001)

V BBIJAHHOTO BaM IepeBsIHHOrO Opycka orMedeHbl rpaHu 1, 2
u 3. Hy:XH0 naMepuUTb KO3(PDULMEHTH! TPEHHUA KAXK/ON U3 9TUX
rpaHei Np¥ CKOJLKEHUM IO BRIZAHHOMY KYCKy ODymaru.

O6opydosanue: GpyCcoK, BRIZAHHBIN JIUCT OyMaru, rpysnl Mac-
col 102 r— 3 wiT., HUTKY, MUIIHMeTpoBas Oymara.

Buumaune! He paspemmaercss HAKJIOHATH IIOBEPXHOCTb, IIO
KOTOPO# CKOJIB3KUT OPYCOK.

Pewenue. CM. pelieHUe IpeabIAyIIEd 3a aun.

HaxoxncOenue kospuyuenma mpenus

Harignre xosdduuueHT TpeHUA MEXAY IIOBEPXHOCTLIO CTONA
M OCHOBaHMEM BBIAAHHOW BBICOKOM HuMpaMmuAbl, cAejJaHHOW u3
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CILIOLIHOTO ONHOPOAHOro Marepuaaa. HakJIOHATH CTo sanperma-
ercs.

OGopydosearue: nupamuzga Bsicoroit 30 cm—40 cMm ¢ oguHa-
KOBBIMH AJIMHAMHM Bcex pébep ocHoBaHHMA 5 cM—10 cM, nuHeiika
0,4 M.

IImpamuaa cAesaHa U3 CILIOLIHOTO AepeBa (MJIK U3 I1aCTHKA,
MM U3 TEeHOmJAacTa M T. II.), BbICOTA IIMPAMHIB! 3HAYUTEILHO
fonpie pnuHBl pébep B eé ocHoBaHuMM. DopMa IIOBEPXHOCTH
OCHOBaHUA — IIPABUJIBHAIH NJI0CKUHA MHOrOYTroabHHUK (3, 4, 6 cTo-
por). Ha ocHoBamme nupamMupgbl HakjeeHa niéHka (6ymara),
obeceynBalomad 3aMeTHBIN K0adGUNUEHT TPEHUA.

Cnoco6 pewernusn. Croamyo Ha CTOJe HUPAMHUIY TOJKAIOT
B MOPH3OHTAJLHOM HAIpABJEHMN KOHUMKOM DPYYKHM WJIM KapaH-
Jama. Touxky npuiaoskeEus cuibl BRIOHMPAIOT HA Takoi BmICOTE,
4TOObl PEXXUM ABHKEHUS NUPAMHABI «II€PEXOJUI» OT rOpPH30H-
TAJILHOTO CKOJIBYKEHUSA K ONpOKHAbIBaHWIO. IleHTp Macc nupa-
MHOBl yOANEéH OT e€ OCHOBAHMA HAa paceTosHHe, paBHoe 1/3
BBICOTBI MUPAMUALI. 3HaA GOPMY OCHOBAHUSA, MOXKHO BHIYMCIUTE
Koa¢ddunuenT TpeRud.

Koagppuuuenm mpenus

3adanue: uamepsre K03QGHULMEHT TPEHUA U HUTH O CTEKJIO.

O6opydosarue: crekasHHAS MPOOUPKA ANaMETPOM OKOJIO 2 CM,
LITAaTUB C KPEeIJIEHNSIMM, IPOYHAasA KAIpPOHOBask HUTL, rpys 50 r
(unu 1 kr), auaamomerp (max 4 H).

Pewenue. Huth ¢ IpuUBA3aHHBIM Ha €€ KOHIIE IPY30M IIepeKy-
OBIBAeTCH Yepe3 3aKPEeNJIEHHYI0 B TOPU30HTAJNBHOM IOJOMKEHHHU
npobupky. 3a CBOGOAHBIN KOHEL HUTH eé TAHYT BHU3. Ilpm
9TOM [NOOWBAIOTCA DPaBHOMEDHOTO IepeMelleHUs Ipysa BBEpPX.
B 3aBMCHMOCTH OT yrJjia «0XBaTa» HUTbHIO IPOGUDKH ¢ TpeGyIoTCs
pasnuyHble 3HAUYEHHUA CHJIBI JJIS TAKOrO ABMKEHHUA rpysa. Cuia,
KOTODYIO IMOKA3kIBaeT AUHAMOMETD, B exp{uy) pas Goapme (Ppop-
MyJsa Jijepa) CHALL TAXKEeCTH rpysa mg. Ecau Beigan TAMKENLIR
TPY3, TO B AHAJIOTMYHBIX YCIOBUAX OH HOJIKEH OIyCKaThCA BHHS,
IPU 3TOM NOKA3aHUsS AUHaMoMeTpa OyAyT MeHblle BEeJINMYHMHBI
CHJIBI TAMECTH Tpy3a mg.
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Tpenue

O6opydosanue: aucr Genoit Gymaru ¢gopMara A4, kapasjau,
JepeBAHHBIN OpyCOK, JJACTUK, JUHEHKA.

3adanue: onupefenure KoadPULHEHTH TPEHUS ePeBAHHOTO
Opycra ¥ pe3adHOBOTO JIaCTHKA O AePEeBAHHYIO JHHEHKY. JIuHeika
AOJDKHA JIeKaTh ropuaonTanbHo! HakjoHATL JHHEHKY M CTOJ
3arperneHo.

Kosddunnenr rpeaus onpefendeTca Kax OTHOIIEHUe KOMIIO-
HEHTHl CHJIBl B3aWMOAEHCTBUA ABYX TeJl, HAIPABJIEHHOH BIOJb
IJIOCKOCTH HUX COIPUKOCHOBEHHUS, K KOMIIOHEHTEe CHJIbl B3au-
MOZEHCTBUA, HANPABJIEHHON NePNEeHAUKYJIAPHO 3TOU ILIOCKOCTH
TIpY B3AaUMHOM IIPOCKAJBL3LIBAHUYU TeJl APYr OTHOCUTEJBHO APYTa.

ITpu mocrynarenbHOM JBH/KEHUHM JUHERKM BAOJL FOPH3OH-
TaNbHOrO JNHMCTA OyMary B HaNpaBieHWM BeKTOpa V JHHeHKa

TOJIKAeT T'Py3, M TOT CKOJB3UT IO Oy-

AW Mare d BAONb JHUHEHKH, IepeMelasich
> B HanpaBleHMM BeKkTopa A. IIpm pas-
HOMEDHOM IBHXKEHUHN CyMMa CHWJI, IIpH-

Fop JIOJKeHHBIX K Tedy, paBHa Hymwo. Cuna

v ‘([[mmh) BO3OEHCTBUA JIMHENKHU Ha I'py3 3apaHee
- usobpaxeHa B BHJE CYMMBI JBYX CHJI
N u FTp. BexTop N HepneHAUKYIApeH

Prc. 16 JHUHEHKe, & BEKTOPD FTp napaiienes eu.

ITH [gBe CMJBl YDPAaBHOBEIUMBAIOTCSA CH-
JIOW TpeHUdA rpy3a o Gymary 7 (puc. 16). KoasdpdpunueHT Tpeans
rpysa o JIMHeHKy paBeH OTHONIEHUIO BexndyuH Frp k¥ N. 9ro oTHO-
[eHue pPaBHO TAHTEeHCY Yrja, KOTOPbIH 00pas3yioT HamnpapjieHue
ABVIKEHUA rpy3a ¥ NepIeHTUKYNADP K JIHHelKe.

Ilenmp mace

3adanue: HalauTEe PACCTOSIHME OT LEHTpa Macc AJHHHOTrO
KDYTJIOr0 DMJMHApPaA [0 ero ocu cumMMerpuu. Haxjgonares cron
Henb3A! Ha ocHOBaHMAX IMAHMHApPA HMEIOTCA pal3Hble HaKJIel-
ku. (In1a cospaHmsa acHMMeTpHU DpaclipefeleHNs MacChl BHYTDb
OUIUHAPA AOTIOJHHUTEIBHO IIOMEIEH YTAXKEINTeb UJIU BHYTDH
IMUMINHADA CAeNaHa IT0JIOCTh. )

O6opydosaHue: UWAINHAP KDPYIVIOTO CEYEHHUsT JHAMETPOM
5 em—10 em 11 BoicoTO# 30 cM—40 ¢cM, MHAIIMETPOBasE HyMmara
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0,4 M unu marxkas (6ymaxkHasa) pynerka 1 m. Ilunuugp Bcé
BpeEMA JOJKEH HAXONUTHCA BOJMU3M CEpPEeNUHLI CT0JIa, TO eCTb
TIOJTB30BATHCS KpaeM CTOJIa 3alperieHo.

MOoKHO «ZJIA OCTPACTKH» HPUKPENUTHL HUJVHIAD K CTOJIY HU-
ThIO ¥ HoTpeboBaTh, UTOOBI HUTH ocTajach lenoin. [[ImHa HUTH
JocTaTodyHa AJIA IMPOBENeHUA HpenrojaraeMbiX dKCIEpUMeEHTOB,
HO HEOCTAaTOYHAa, YTOObI MepeMecTHTh UJIMHAD Ha Kpad CcToJia.

Pewernue. Koaddunuents: Tpednsa Mex 1y OCHOBAHUSAMM KPYT-
JIOr0 NUJIMHAPA U IIOBEPXHOCTHLIO CTOJI4, ITO-BUAHMOMY, pa3HbIe,
TaK KaK HaKJIeHKM HeoJAuHaKoBble. CTOAIMH Ha CTONE HA OX-
HOM U3 CBOUX OCHOBAHUHU HUAHMHAPD TOJKAIOT B I'OPU3OHTANBHOM
HaNpaBIeHUU KOHYUKOM DYUYKHM HJIU Kapaugama. Touky IpH-
JIOKeHUS CHJIbI BBIOMPAIOT HaA TaKOil BBICOTE, YTOOBI DPEKUM
IBWIXEHUA HUJINHAPA <«IIE€PeXOoAuji» OT TOPU30HTAIBLHOTO CKOJIb-
JKeHHsI K OIpoxuabiBaumio. Hymo Oyaer Halitm Ha GOKOBOM
IOBEPXHOCTH NUJIMHPA TaKue IBe TOUKH, 17 KOTOPHIX PA3HOCTH
PacCTOAHUN 110 HHMKHETO OCHOBaHUA OyneT Haubomnblleil, a 3ateM
BBIYMCJUTL IIOJIOKEHME IeHTpa Macc. IJist KOHTPOAS SKCIIepH-
MEHT HYXXHO IPOBECTH IJIsd 060MX OCHOBAHMI LUJIHMHADA.

Crpvimas npyxcuna (11—1—2005)

HyHO sxcnepuMeHTaJLHO ONpPeeUTh 3aBUCUMOCTDL YAJIU-
HEHUS <«IPYXUHBI» OT IIPUJOKEHHON K HeH CHJIbI (IOCTPOUTH
rpaduK!) 1 TIpHU IOMOLIH 3TOM «HIPYKUHBI» B3BECUTHh BbLIIaHHBIN
rpy3 HeU3BECTHOH MAaCChi.

IIpubops: u ofopydosanue: CKpbITasg B ILJIACTMACCOROMH 000-
JIOUKe YIpyTas <«IPy’KuHa», FPY3 U3BECTHON Macchl (poBuo 102 r),
JiMHelika (MepHad JeHTa), MHUJLJIUMETPOBKA, HUTb, <«YTOJOK» U
JUIKAaA JIeHTa IS KpeIlJIeHUs ero K CTeHe, I'py3 Heu3BeCTHOH
Macchl.

Buyrpyn Henpo3padyHO NJIACTHKOBOH 00OJOYKM HAXOZHMMACH
IIuHHAA pednHKa (Ha puc. 17 HapHCcoOBaHAa.TONCTOM JMHKEH), KO-
Topas Oblila CBA3aHA «IeTIEi», 1 IpouyHasa rubkas M npakrTude-
CKM HepacTs:KuMas (B cpaBHEHUH C Pe3UHKOI) HUTh (HAPHCOBaAHA
TOHKOU JIMHUEe).

IIpx ToOCTeNmeHHOM BHITATMBAHMK HHTH W3 HENPO3PAYHOro
KOpIyca B HEKOTOPBLIM MOMEHT NeT/IeBOHl yYaCTOK DPE3VMHKH BHI-
HPAMIAETCS M «IIOMOTAeT» COINPOTHMBISTHCA PACTSIKEHUIO BCeH
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ocTanbHOM pesnHKe. Ha rpaduke 3aBUCHMOCTH BEJUYUHBI CUJIBI
OT YAJMHEeHUsA BO3HHUKAET «U3JI0M». Ero-T1o u Hy»Ho ObLI0 00HA-
PYXKUTH 3KcilepuMeHTaTOpAaM.

Jna maMepeHMs CHJIBI HATSXKEHUA HUTU MOMHO HCHOJB3O-
BaTh METOJ PasJIo:KEeHUSA CHJI II0 HampasieHHsM. McciaepyeMslit
0OBEKT KPEHUTCH K IIPOYHOMY YIrOJIKY, IPHUKJIEEHHOMY HA CTEHY.
K Hutu B cepeguHe e€ BBICTYHAKIOIIEro M3 KOpIyca ydYacTKa
IIPHKpeIIAeTCA TPY3 HU3BECTHOH MAacChl. 3a CBOOORHBINA KOHEI]
HUTH TAHYT, CTAPasaCh, YTOOBI YIaCTOK HUTHU, COeJAMHAIOIIVIA I'Py3
M pe3NHKY, OCTAaBaJICA TOpPU3OHTAJIbHBIM. Musjimmerponas 0y-
Mara HCIOJb3yeTCcHd JJIsi HAXOXJeHUS YIJOB, KOTOpble 00pasyioT
Mexay coboif pasubie YUaCTKH HUTH.

T'pys HeusBecTHOI Macchl OBIJI TAKUM, UTO IPU €0 B3BEUIMBA-
HUH ¢ TOMOIIBIO BEIJAHHOI'O YCTPOHCTBA Pe3NHKA DACTATNBAETCA
CHJIBHO, TO €CTH eé IeTIeBOH yYacTOK OKa3bIBaeTCs BBINIPAMJIICH-
HBIM U HATAHYTBIM.

T'udpocmamuueckoe 83gewusanue

3adanue: U3MEPUTH IJIOTHOCTH MATEpPUANIOB, U3 KOTOPBIX
cAeJaHbl ABe MOHETHI (ABA NpeaMera IPou3BOJBHON GopMBbI).

O6opydosanue: [Be MOHETHI PA3HBIX NOCTOMHCTB, CACTaHHBIE
M3 PasHbIX MATEPHAJIOB, C MAJIEHPKUMHI OTBEPCTUAMU B HUX, TOH-
Kasg HUTh AJUHOIH 1 M, cTakaH ¢ BOJO¥, MU/LTUMeTpOBas GyMmara,
WTATUB C TFOPHU3OHTAJIBLHOM JEePEeBAHHONH (WU MeTaJlJIdYecKoi)
perikoi pauuoi 0,7m, HOMKHHUIBI, KHONKH AJA KPeIJIeHUs HUTH
K AepeBAHHON peilke (MM JUIIKaA JEHTA [Js KPEeNJIeHHA HUTHU
K MeTaJlJIn4ecKoi pelike). Peilky or mtraruBa oTzenaTs 3anpenie-
Ho. IToBepxHOCTE CTOMIA, HA KOTOPOM HaxogutTcsa obopyzoBaHue,
MOXHO CYMTaTh rOpHU30HTANbHOR. IIIOTHOCTE BOABI CUMTATL U3-
BecTHOI: 1000 xr/m°.

ITpednonazaemsiii cnocob pewenus. OT HUTH OTPE3AIOTCA ABA
KOPOTKHX y4acTKa. KopoTkue ydyacTKu KpersaTes K MOHeTaM (41
3TOrO0 B HMX M IIDOCBEpJIEHB! OTBepCTHs). MoHETBl IOABENINBA-
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oTcsa Ha KopoTkux (5—10 cMm) oTpeskax HMTH K OCTaBLIEMYCH
AJUHHOMY YYACTKY TaK, YTOOBI OH Jennjcsa mMecTaMu (TOYKaMH)
KpennaeHus B orHomeHnsx 1:1:1. CBoGogubie KOHIBI JIMHHOTO
OTpEe3Ka HUTH KPEeNsTcA Ha peHKe Tak, YTOOBI yIACTOK HUTH MEX-
Ly TOYKAMH KPEILIeHUs 3aHUMaJI FOPU3OHTAJbHOE IOJIOKEHHe,
a HAKJIOHHBIE YYACTKM COCTABJISNY C BEPTHKAJBIO YITThl, 61I1M3KNe
K 45° (puc. 18). Oguu u3 yriaos OyJer HeMHOro MeHblue 45°,
a gpyroi — "HemHoro Oosswe. Ias TOYHOH HACTPOMKH «ropm-
30HTAJLHOCTH» MOKHO MICIIOJIb30BATH MHJIJIMMETDPOBYIO Oymary,
OTMEepAA €10 PACCTOAHNE OT IOBEPXHOCTH CTOJIA JO TOYKH KperLe-
HUA. TOUHOCTE HACTPOMKH IIPH MPABUJLHBIX U3MEPEHHAX MOMKET
65Th ayume 5x 1073 pag. MmmiumerpoBas 6yMara Kpenutcs
K pelike IapajajieIbHO IIJIOCKOCTH, B KOTOPOH pacmojioKujach
OLAnHHAA HUTH. C noMombio 3Tod OyMaru MOXKHO H3MEpHUTh
TAHTEHCHI YITIOB, KOTOpbIe 00pa3yIoT HUTHU C rOpM30HTaNnbl0. Tou-
HOCTH U3MEPEHUA TAHIeHCOB YIJIOB TAKUM cmocoboM ayuime 1%.
OtHOWeHWe MAacC MOHET DaBHO OTHOIUEHWIO TAHI'€HCOB 3THX yI-
qoB (tg oy / tg ag).

B ol o

7,

Puc. 18

3aTeM MOHETHI IIOOYEepPENHO MOMEIIAIOT B BOAY TAK, YTOOBI
HaXo4ALIAACA B BOAE MOHeTa ObLIa IOJHOCTHIO MOTPYKeHa B BO-
Iy, HO He Kacajach JHA CTaKkaHa. B 29TOM MOJOXEHHH MOHET
(omna B BO3myxe (Ne 2), a mpyrasa B soge (N¢ 1)) cuosa wu3-
MepAITCA TAHIEHCH! VIVIOB, 00Pas3yeMbIX HAKJIOHHBIMH Y4acT-
KaMH HHUTeH Cc IOPU30OHTAJNbIO, M BBIYUCIAETCA HX OTHOIIEHHE
(tg B1/ tg B2). llpu TaKoM pPaCHIONIOMEHUH MOHET CUJIA HATAMKEHHUA
HUTH, YACPKMBAIONEH NOrpy:KeHHYI0 B BOAY MOHeTY, MEHbIe
mi1g Ha BeJIMYMHY BBITAJIKHUBalouled cuisl Apxumega. Popmynst
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ISt pva'é'ra JOTHOCTH MaTepuasia, U3 KOTOpPOro M3roToBJIeHa
MOHEeTa, TaKOBBI:

tgan my, 8L tga (1 Proat )

tgas  m2’ tgfe tgas

[OMO HETHI

Meps! IpegocTOPOKHOCTH, KOTOPhIe TO3BOJIAIOT HE NMOTEPSATD
TOYHOCTH TPV U3MEDEHNAX, TAKOBDBL.

Crnexgyer morpyskaTh MOHETY B BOAY TaK, yroObl Ha Heil M Ha
MOTPYKEHHON YacTu HUTH He Ob110 BO3AYINHBIX MY3bIPLKOB.

Inst Toro urobbl yAOCTOBEPHTHCA B JOCTATOYHOH «TOPHU30H-
TaJlbLHOCTH» CTOJA, MOKHO JU0O0 PasBePHYTH YCTAHOBKY Ha CTOJIE
Ha 180° BOKpYr BepTHKAJBHOU OCH, JUOO IepPeBEeCUTh HHUTH
¢ MOHETaMH TaK, 4YTOObl OHU MOMeHSAJHUCh MecTaMu. [lepBolit
cocob nyulle, TaK Kak OH He HAPYUIAET «[eOMEeTPHU» NOIABECKH
M HACTPOMKH M C €ro NMOMOUIBIO IIPOBEPAeTCss UMEHHO NOPH30H-
TaJIbLHOCTh IIOBEPXHOCTH CTOJa, a He yMEHHe 3aHOBO MPOBECTH
TOYHYIO HACTPOUKY.

Kpenurs MUATHMETPOBYIO GyMary HYXKHO IO BO3MOJKHOCTH
OamKe K HATSIM, HO Ba)KHO CJIEAWUTh 32 TeM, YTOObI HMTH He
Kacamuch 6ymaru. IIpy naMepeHuu IJIMH OTPE3KOB HUTEH C HO-
MOUIBI0 MHJJIMMETPOBOUN GyMaru cieiyeT TaK pacroyararh Ijias
(oauu!), TOYKY KpemjeHUs BepTUKAJIBHOI'0O KOPOTKOrO OTpe3ka
HUTH K AJTUHHON HUTH M TOYKY «OTCUETa» Ha Gymare, uToObI ayy
3peHusi OB TOPH3OHTAJIeH U IePINeHAMKYJIApeH IJIOCKOCTAM,
B KOTODBIX PACTIOJIATAXOTCH HUTH U Oymara.

He Hy®HO 00J10KauYuBaTHCA 0 CTOJ ¥ BOODIIe KacaThCsy CTOJA,
4TOOBI HUTH ¥ MOHETH! He PACKaUUBAJIMCH BO BpeMs M3MepeHUuH.
YuacTok HUTH, KOTOPBlIH OyRer HOTPYXKEH B BOAY, NMpefBapu-
TeJILHO, [OKA OH ellé Ccyxol, MOXHO NOTepeTb O CBOM JIAJOHU
(manpupl uau Jg06), 1 OH HeMHOTO Oyaer cMasaH xupom. Torma
9TOT y4ACTOK Oy/JeT IJIOX0 cMaYyrBaThLCS BOLOHM M, MOAKJIaAbLIBASA
Uy yéupasa cMATbie JUCTKM GyMard MOx KHO CTakaHa, MOXKHO
JOOMTECA TOro, YTO BOLHBLIM MEHHUCK BO3Je HUTH He OyJeT TAHYTH
HUTL BHU3 WJIM BBITAJIKUBATh BBEDX.

IThomuocme (10—1—2000)

WsmeprTe NMIOTHOCTL ABYX NPEAMETOB — MOHETHI JOCTOWH-
creoM 50 pybieit U JeKOpaTUBHOIO KETOHA.
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O6opydosanue: ynoMsHyThie NPeAMETbi, JUHeiKa JepeBsH-
Hasa (B Hell nIpocBepJeHbl HECKOJBKO TOHKHUX OTBEpCTUl), Oynas-
Ka, IUTATUB, MeTaJLINJYecKas [elOo4YKa, CTaKaH4YUK, Bona (Tpebyii-
Te!), MUIIuMeTpoBaa Oymara, HUTKH (TPU KOPOTKUX OTpPe3Ka II0
10 cm).

Pewenue. TloCKONBKY HHTKHU JOCTANMCh KODOTKHE, METOH
pa3JIOKeHUA CHJ MO HATIPABJAEHWUAM (TOPU3O0HTANBHOE M BEPTH-
KaJpHOE) He nogoinér. CilenosaTeqpHo, I U3MEPEHHN MOXKHO
TMOJB30BATHCA IENIOUKONA KAK NPEeAMETOM, ¥ KOTOPOTO Macca pac-
IIpegesieHa M3BECTHLIM 00Pa3oM MO AJIMHE (BCE 3BEHBS I[€NOYKH
HMEIOT OLUHAKOBYIO MACCY).

CpenHee oTBepcTHe B JiMHeliKe NpeaHasHaveHo Iis Oysas-
K — OoHa OygeT ocbio, BOKPYr KOTOpPOH OyAeT IOBOPDaYHBATLCH
auHelika. Clefyer MpoBepUTh, 6yeT AU HAXOMUTHCA B PAaBHOBE-
cuH JUHeHKa, eClid € NPUIOAHATE Hal CTOJIOM 3a OyJIaBKY, NpO-
MyUIeHHYIO B cpefHee oTBepcrue. JKenaresbHo, 4yTo0Bl JINHEHKa
3aHUMAaJIa TOPUBOHTAJIBHOE MOJIOXKeHNe NTHO0 eé paBHOBecHE ObI-
70 651 Ge3pasIMUHBIM, TO €CTb He 3aBHCEJO OT yIla, KOTOPBIM
COCTaBJIAET JUHENKa ¢ TOPU3OHTOM. ECJH jKejlaeMoe paBHOBECHE
He YCTaHABJIUBAETCSA, MPUAETCA 3TO 0OCTOATENBCTBO YUUTHIBATS.
Henouka kpenrurca x 60jiee JETKOMY KOHLY HeypaBHOBEIICHHOM
auHeikn. CHavyaa HaxoAUTCSA YHCJI0 3BeHbeB IeOUYKN, KOTOPhIe
YPaBHOBENIUBAIOT JIMHeHKY. K MoHeTe HJIM KeTOHY IPUKPEIIsi-
IOT OJJHUM KOHIIOM HHTH, a APYTYUM KOHIIOM 5Ta HUTH IIPOAEBAETCSA
B OHO U3 CBOOOAHLIX OTBEPCTHH B JHMHEHKEe U NPHKPEINIeTCs
K JuHelike. Eciip B MoHeTe M jKeTOHe HMEIOTCA 3apaHee IPOCcBep-
JIEHHbIe OTBEPCTHA — 3TO 06JIerdyuT PabOTy SKCIIEPUMEHTATODY.
Ecau orBepcTHil HeT, TO MOKHO HA KOHIE HUTKHM CHeNaThb ca-
MO3ATATHBAIOMIYIOCS NeTN (YZAaBKYy) M MOHeTa OyxeT HaLEKHO
YIepXKHBATBCA HA HUTH. DJIEMEHTHI CaMOJEJBHBIX PBIYAKHBIX
BECOB ONUCAHBI.

IIpuniofHAB JHHEIKY HAa HEKOTOPYIO BBICOTY OT NOBEPXHO-
CTH CTO0Ja, MOKHO JOOUTLCS paBHOBecUsA, IIDH KOTOPOM MOHeETa
HJIM JKETOH BHCAT, JMHEHKA PACIIOoXeHa TOPU3OHTAIBHO, YacTh
HEeNOYKM BHCHUT BEPTUKAJIBHO, a YACTh 3BEHLEB LIEIIOUKM JEKHUT
Ha croje. HeTpyaHO cocumMTaThs KOJHMYECTBO 3BEHLEB, BHCAIINX
B Bo3gyxe. 3aTeM IIO4 MOHETY HJIHM JKETOH <«IIONBOLAT» CTaKaH
¢ BOAOH ¥ BHOBB J0OMBAIOTCA DAaBHOBECHUSHA, IPDHU KOTOPOM MOHeTa
BHUCHT, HAXOAACH B BOJe M He Kacaichb gHa craxkada. Ilpm atom
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KOJIMYEeCTBO BUMCAIIUX 3B€HbLEB LeNH IIO CPABHEHMIO C HEePBbLIM
OIIBITOM YMEHBIIUTCH.

Hsmepenue nnomnocmu mamepuana KOCmMAULKU JOMUHO
(10—2—2004)

O6opydosanue: 4aumeyHble Bechl 6e3 rupb, APOOHHKYU CBHHIO-
Bble, IPDaHyJbl NMJIACTMACCOBbIE, CTAKAHYHUK, KOCTALIKA AOMUHO,
HUTKA, MHJIIUMeTpoBad Oymara, Boga — 1o TpebOBaHUIO.

Pewenue. CBUHIOBBIE APOOHMHKMA ¥ IJACTUKOBBIE I'DAHYIBI
WUCIIOJB3YIOTCH KaK NpeaMeTsl, HMeIOIe OQHHAKOBbIE JJIS ApO-
6unox M m ofuHaKOBble Ius rpaHyn m wMaccbl. OTHoOLIeHHe
M /m nerxo ycTaHaBIMBAEeTCS ITyTEM YPABHOBEIUMBAHUSA, Pa3HBIX
KOIuuecTB APOOMHOK M rpaHya Ha Becax. KocTsamka ZOMHHO
KPEenuTca ¢ NOMOILILI0 HUTKH CHHM3Y K OJHOH W3 uyalleK BeCcoB.
Eé Mo:xHO B3BECHTH, KOIZIa OHAa BHCHT B BO3LyXe M KOTJga OHa
TIOJIHOCTBIO MOTPYXEeHa B BOJY U He KacaeTcsA SHA COCyJa ¢ BOJOM.

ITromrocme (10—1—2003)

O6opydosatue: TUpPbKa IMUAMHAPNYecKas macchl 50 r, wrTa-
TMB, HUTbh, MUJIJINMeTPOBasi Oymara, 6pycok U3 IJIACTUINHA.

3adanue: U3MEPUTH IJIOTHOCTD MIIACTUINHA.

Pewenue. Maccy 6pycka U3 IlacTUIMHA MOXHO HAalTH Me-
TOZOM DAa3JIOMEHUA CHJI 110 HANPABACHHWAM C HCIIOJIb30BaHMEM
IJIMHHON HUTH U TUPHKYW C U3BECTHOM Maccoii. Muianumerposas
OyMmara npumeHseTCs A8 U3MEpeHHs YII0B, KOTOPBLIe HAKJIOH-
Hble yYacTKM HHUTH 00pasyloT ¢ FOPH30HTOM. 3areM u3 Opycka
aenurcsa KyOuWK, M AjguHa ero pebpa n3MepseTcsa C NOMOIILIO
MuaiauMerposoit 6ymaru. Takum 0ob6pa3oM, CTaln M3BECTHBI Mac-
ca IacTuIUHA U ero oO0néM. MX OTHOIIeHHWEe — 3TO HUCKOMAs
MJIOTHOCTHh MaTepuaa (IJIaCTUINHA).

Hsmepenue nnomuocmu pacmeopa (9—1—2004)

O6opydosanue: cTaKaHYUK TOHKOCTEHHBIH C PACTBOPOM, BECHI
¥ pasHOBeC, KOCTAIIKA JOMHHO, HUTKa, MUJIJIMMETpOoBast Oymara.
Pewenue. Chauasna Ha Becax B3BeIIUBAeTCA CTAKAHYUK € pac-
TBOPOM. 3aTeM KOCTAULIKA AOMHHO HA HHUTKe IOTPYXKaeTcsa B pac-
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TBOD TaK, 4YTOOBI OHA OblJla IIOJHOCTBIO MOrpy’KeHa, HO He Kaca-
Jach JHA COCYZa, M CHOBA IIPOM3BOAUTCS B3BelluBaHue. Pazme-
DBl KOCTSILIKH MOYXHO YCTAHOBUTH C IOMOIIBI MUJLINMETDOBOMN
6ymaru. Pasauna noxkasaHWN BeCOB BO BTODOM K B II€PBOM
U3MePeHNHU JeJUTCA Ha 00BEM KOCTAIUKH JOMHHO — Pe3yJbTarT
1 OyJeT IJIOTHOCTBIO PACTBOpA.

Hamepernue nnomuocmu mamepuana (11—2—2004)

HW3mepenue IJIOTHOCTM MarepuaJa, M3 KOTOPOIo cleJiaH Iu-
JUHAPHAYECKHN I'PY3 (C KPIOYKOM -AJIA KpelJeHusd).

O6opydosarue: uaMepsieMbli TPy3, CTAKAH, [IJIACTMACCOBBIH
CTaKaH4MK ¢ KPBIMKOH, HuTKa (1,5 M), mummmerpoBad Gymara,
BOZA — 110 TPpeOOBAHUIO, JMIIKAA JEHTA.

Pewenue. B cniucke o60opyZoBaHUA HeT WITATHBA, IO3TOMY
HUTHU ¢ BUCANIMMH HA HUX NIPEeIMETAMH HY)KHO KPENuTh K Kpalo
CTOJIA C IOMOWIbI0 JMIKOM JeHThl. Ilpupérca Hexoropoe Bpe-
Msa mnopaboraTh, CUAA Ha KOPTOYKaX. I'pys HUIMHIAPUUIECKOMH
¢dopMHI cleslaH M3 IJIOTHOro MeTtasia. QOpHUeHTHDPOBOUHAS BEJIM-
quHa mI0THOCTH T—10 r/cM®. TINacTHKOBBIA CTAKAHYUK C ILIOT-
HO 3aKpbIBapUleficA KPHIIIKON MOMKHO HCIIOJB30BaTh AJA HM3rO0-
TOBJEHUS AOMOJHUTEJILHOTO Ipy3a ¢ MacCoil, KoTopas HeMHOTO
MeHbIIIE MacChl METAJJIHYECKOTO Tpy3a. [Ja aTOTO B CTaKAHYUK
HaJMBaeTCA BOAA M OH 3aKpbIBaeTcAd KpHIMIKOW. C mOMOUIbLIO
HUTU ITPOBOAUTCA CpaBHEHHWE MAacC Irpysa M CTaKaHYUKa C BO-
npoi. Crioco6 cpaBHeHHS HM3BECTEH: OH OIIMCAH B pDelIeHUH 3aja-
uyn «'HApOCTATUYECKOE B3BEIIUBaHUE» . 3aTeM I'py3 ITOMeIaeTcs
B BOAY, IIDHM 3TOM OH JNOJ’KeH ObITh MOJIHOCTBIO IIOIPYKEH B BOAY,
HO He JOJIKeH KacaThCst OHA M CTeHOK cTakaHa ¢ Bomoi. Hutb
B MUJIIuEMeTpoBas OyMara NO3BOJAIOT NIPOBECTH BCe HeobOXomm-
MbIe U3MeDeHUs.

Bodanwvie gecvt (9—1—2005)

Hy:xHO M3MepUTh IJIOTHOCTHL (Maccy eguHUIBI 00héma) I11a-
CTHJIMHA U MAacChl IBYX MOHET.

ITpubopwt u 060pydoeariie: MEH3YPKa C AeJI€HUAMH, BOAA, Ky-
COK ILT&CTHJIMHA, ABEe MOHETHI, MHJIIIMETPOBKA, HUTh U IITATUB.

Crocofbl pemieHuss MoryT OBITh pasHble. lIpeAsioKeHHbIE
SKCIEPHUMEHTATODAME peEILUeHUA OIeHUBAJINUCH MCXOASA M3 BO3-
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MOKHOHU TOYHOCTH, KOTOPYIO TEOPETUUECKY NO3BOJIACT HOJTYUNUTD
IIPEJIOKCHHBIA METO, a TaK¥Xe ¢ YUETOM UPAKTUYeCKH JOCTHUT-
HYTOH TOYHOCTH U3MEpEeHUU.

Hsamepenue naomuocmu (11—1—2006)

O6opydosarue: apeomerp, HuTKa — 0,5 ™M, MeraimyecKas
IIPOBOJIOKA B MJACTUKOBOH wm3onAnum — 2 kycka mo 20 cwm,
MeH3ypPKa, BOJa, MUILIXMeTpOBas dymara.

3adanue: N3MEPUTH CPEJHIOW ILIOTHOCTDL (ILJIOTHOCTH — 3TO
Macca, MPUAXOAAIIAACS HA efUHMUY 00b€Ma) HPOBOJOKH BMECTE
¢ usonsiueit. C4uTaTh, UTO BOJA MMeeT miaoTHOCTH 1000 kr/M3.

Pewenue. Apeomerp (OBITOBOM CIIMPTOMETD) IIIaBaJ, B BOJE,
H ero IJIaBydyecTH XBaTasio, 4ToObI yIepyKaTh Ha cebe euié u Ky-
COK NnpoBojoxu. ECAH HPOBOJOKA CROPAYMBANACH B HECKOJIBKO
BHTKOB U HaJeBaJIach Ha apeoMeTD CBepXY, TO OH liepeBopaym-
BancA. Hyxmuo 6bL10 morafaTtbesd, KaK HPUKDEIUTH IIPOBOJIOKY
K apeoMeTpy, 4T0ObI OH OCTABAJCS HA IIJIABYy B BePTUKAJIBLHOM
HOJIOKEHNH. ITO 00eCHeunBaOCh CAEAYVIOIUM [IPUEMOM: OIWH
BHTOK HOPOBOJIOKM 00OpauuBajiCcA BOKDYI' TOHKOM uacTu apeo-
MeTpa, a BCH OCTaJbHas NPOBOJIOKA u3rubaiach BHHU3 BHOJIb
apeoMeTpa 1 060paYNBAIACh BOKPYT er0 «TOJICTOM» YaCTH BHHU3Y.
ITousaTHo, uro riyGxHa IIOrPyXKeHUs apeoMeTpa, Harpy>XeHHOro
MMPOBOJIOKOH, YBeJIHYUBAJACh B CpPaBHEHUM C IryOMHOU morpy-
JKeHus Oe3 npoBosioku. IIpu onucaHHOM criocobe saxperieHUs
IIPOBOJIOKH BCSI OHA OKAa3bIBAJIACH MTOTPYIKEHHOMN B BOAY, [I0ITOMY
Ha Heé OelicTBOBAJa BLITAJKHBaloWad cuna (cuiia Apxumezna).
Ecau Xe npu 3aKpelyieHUH IIPOBOJOKM HA apeoMeTpe OCTABUTH
BEPXHIOI0 M3BECTHYIO UaCTh AJHHBI IIPOBOJIOKM (HAmpHUMep, 10~
JIOBUIHY AJIMHBI) B BO3JyXe, TO MIyOMHA IOIDY)XKEeHHA apeoMeTpa
cTaHoBUNach eié Oosblle. 3Had OO0 OOMEH AJAMHEI ITPOBO-
JIOKH, HaXOAAHUIYVIOCS B BO3AYXe, M IVIYOMHB! JOMOJHUTEIHLHOrO
NOTPYKEHUS apeoMeTpa B JIBYX OIMHMCAHHBIX CAyYadX, MOMKHO
BBIYUCIUTH CPEJHIOI IIJIOTHOCTL IPOBOJIOKH B HM30JIAIUH.

Jurneiika (10—1—2001)

HyxHO sxcrepMMeHTAJILHO OIIPeNeJTUTh Maccy AepeBSHHOM
JIMHEeHKH.
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Ob6opydosanue: nuHeiika AepeBAHHAS, KYCOK IJIACTHJIWHA,
CTAKAHYMK ILJIACTMACCOBBIH, BOJAa — II0 TPeOOBaHUIO, HUTKA, Ka-
paHjaul, MUJIJINMETPOBasI Oymara.

Peuwernue. C moMOUIBI0 HUTKY, JUHEWKHU U BOJIHI MOYKHO OIIpe-
JeJATh MacCy KycKa IJIacTHJIMHA (CM. pellleHme ONUCaHHOM pa-
Hee 3afauu ¢ Ha3BaHueMm «I[lmacTunmH»), a 3aTeM Ha KPYyTJIOM
KapaHjaalile MOXKHO cOAIaHCUPOBATH JUHENKY ¢ NPUKDPENIEHHBIM
K OJHOMY M3 €€ KOHIIOB KyCKOM ILIACTHJIMHA M3BECTHOH (yixe)
Maccel. M3 yCJIOBHH DaBHOBECHUS MOYKHO HAWTKH HEU3BECTHYIO
Maccy JAUHEHKH. ‘

Mosxao 060iiTHCE 663 HAXOXKJEHN MACCHI KyCKa IIIaCTAJINHA.
IocTaToOYHO TONBKO 3HATH ero o6ném V. Ilis aToro M3 Kycka
nnacTuanHa dopMupyercsa KyOUK M ¢ MOMOIIbLIO JTUHENKN H3Me-
pAercA qauHa ero pebpa.

Hurka menurca Ha aBe yacTu. CHauvajla JuHellka ypaBHOBe-
MHBaeTcst Ha OAHON W3 HUTOK B TOPU3OHTAIBHOM IIOJIOKEHHMU.
Takum cmocobGoM MOMXHO HaWTH NOJOKEHHE IIeHTpa Macce Jd-
Heliku. Ha ofHOM KycKe HUTKW KpeHUTCA KYCOK ILJIACTHUJIMHA,
KOTODBIHA ITOABEIIHBAETCA K OZHOMY M3 KOHIOB juHeilru. Jin-
HellKa ¢ IMOoJBeIUleHHBIM Ha HUTH KYCKOM ILUIACTUJIMHA YPaBHO-
BEIIMBAECTCS B TOPU3OHTAJILHOM IOJIOKEHHH Ha APYyroM KyCKe
HUTH, MpPH 3TOM MECTO KDENJEHMS 3TOI'0 BTOPOTO KycKa HUTH
K JINHeliKe, eCTECTBEHHO, HE COBNAJAET C IIOJOKEHUEM eé HEeHTpa
Macc. 3aTeM MJaCTUJIMH IOMeIlaeTcs B BOAY, NPH 3TOM OH He
JOJLKEH KacaTbCd JHA M CTEHOK CTAKAHYWKA, HO JOJKEeH OBITH
IOJIHOCTBIO IOTPY:KEH B BoAy. MecTo KpenneHus BTOPOro KycKa
HUTH MeHSeTcs Tak, 4YToObl JMHEHKa C IDY30M CHOBa HaXOH-
J1ach B IOJIOKEHUY PABHOBECUS B FOPH30HTANLHOM IIOJOXKEHHH.
IIneuu COOTBETCTBYIOMUX CUJI U3MEPSAIOTCH HEIOCPeACTBEHHO IO
OeeHuAM INKajbl Ha nuHeidke. IJoCKONBKY cuila HaTsReHHA
HWTKH, YAEePKUBaloUlel MJIAaCTHINHOBBIHM KYCOK, IpHU ero norpy-
JKeHUHM B BOAY YMEHBIINJACh Ha BeJIUUYUHY pogV, U3 BeJUYUH
pACCTOSAHHM MeKAYy MecTaMU KpelJieHUA HUTeil Ha JHHeiKe
M cuJibl ApXUMeZa MOXHO BBIUMCINTL U MacCy JUHEHKH. '

Hsmepenue copocmu 66tcmpo08UNYUUXCA INEN ¢ NOMOULLIO
6aNNUCMUYLECKO20 MAAMRUKA

BamnuceTHuecKUil MasTHUK OpPeACTaBaseT coboit MmaccusBHoe (M)
TeJI0, MOJABEIleHHOe Ha HUTAX AAUHLI L K KpoHmTeiny (puc. 19).
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B aT0 Teno yaapseTrcsa u# 3acTpeBaeT B HEM CHapAL MAaccChl m.
Hutn HYKHO KpemuTh K Tenry M (X JOBYIIKe) Tak, 4YTOObI mIOCIe
nonafaHusg B HEro IyJM TeJo (JIOBYLIKa) BMecTe C IryJieil ABUra-
JIOCh HOCTYIATEJNBLHO.

Ecnu 10 cTOnKHOBeHMA MASTHHUK HAXOAWJICA B IIONOKEHUH
PaBHOBeCHA, & CHAPAJ HeIlOCPEeICTBEHHO Nepel CTOJKHOBEHHUEM
HMEJI TOJIBKO IOPHU30HTAJIBHYI0 COCTABIAIONIYIO CKOPDOCTH, TO IIO
OTKJOHEHUIO MaATHUKA OT [TOJIOXKEeHU PABHOBECHSA MOXMKHO OIIpe-
AEJINATHh CKOPOCTH CHapAAa Iepefi CTOJKHOBEHUEM.

Bpems coyzapeHusi cHapsAAa C TeJOM 3HAUMTEJIbHO MEHBIIE
nepuona xoneGauuit maarHuka. [1osTOMY 3a BpeMs COyAapeHus
HUTL He OTKJIOHAETCH Ha CKOJbKO-HUOYZL CYLIECTBEHHBIN YIoJ
OT MOJIOJKEHUS paBHOBECHS. 3HAYUT, Cpasy Mocje COyAapeHus Ha
CHCTEMY TeJ IeHCTBYIOT ABe YPABHOBEIIWBAIOIINE APYT APYra CH-
JIBL: CMJIA TSPKECTH M CUJIa HATAXEeHHs HUTH. UMOyJabc cHCTEeMBI
TeNl 0 COYRAPEeHHUA UMeJ TOJBKO TOPU30HTAILHYIO COCTABIIAIO-
HIYIO, CJIEeXOBATENbHQ, MMOC/e COYAAPEHUA UMIIYJILC CHCTEMBI Tela
COXpaHHUTCA:

vm=(M+m)u,

rie u — CKOpOCTh Teja M ¢ 3acTpABIMEM B HEM CHapPSAOM
HENOCPEACTBEHHO I10C/e CTOJKHOBEHMS .

ITocyrte CTONKHOBEHNS MASTHUK OTKJOHSETCA OT HMOJOXKEHUH
pPaBHOBeCHA Ha MakCHUMaJbHbIH yrona (P), a ero ueHTp Macc npu-
NOAHMMAETCHA B MOJe TAXKECTH 3eMJIH Ha BBICOTY h, U UPHU ITOM
BCA KMHETHYECKadA 3HepI'us, KOTOPYIO HMeJ MAATHUK B HAUAIDb-
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HBIA MOMEHT BpeMeHH, IIePexXoqUT B IIOTEeHINaNIbHYIO dHEPruio:

(M +m)u?

—s = (M +m)gh.
BricoTy nmogpéMa h MOMKHO OIPEResINTh, 3HAA MaKCUMAalbHOe
OTKJIOHeHHE MaATHHUKA OT IOJIOXKEHUSA PABHOBECUS IO I'OPU3OH-

ranu S
L2=(L-h)®+ 82

Tak kak BblcoTa A MHOI'O MeHbIlle, YeM OTKJIOHEHHE II0 ropH-
30HTATH S, MOXHO BBIDA3UTh h weped L u S rax: h~S?/(2L).

CropocTh cHapsAzAa mepel CTOJKHOBEHHEM HAXOZUTCA U3 cJle-
AYIOLIEero COOTHOIIEHW:

~
~

M+m SvE
m \/f

Ydap wapos

3adanue: n3MepLTE BpeMsA COyAApPeHUA ABYX CTaJbHBIX IIa-
pPOB APYT C APYTOM.

Ob6opydosarue: HITaTHB C KPOHIITeHHaMH, OBA CTAJIbHBIX
uapuKa ¢ KPIOUYKaMU, TOHKWUe MeAHBIE [IDOBOLA, DaTapeika, pe-
suctop 1 kOm, morennumomerp 0—1 MOwm, kougencarop 10 Mx®,
CEeKYHIOMED, BOJILTMETP.

Pewenue. Tlperocrasnennoe 060pyaoBaHre Pe3Ko OrpPaHHUYH-
BaeT BO3MOKHOCTH uaMmepenuil. Iloaromy cnoco® HaxoxaeHusa
OTBeTa OmIpeJessieTcs BIIOJHe omHOo3HauHo. Cobupaercs paso-
MKHyTasg dJeKTpHYecKasd Lenb, B KOTOPOA Bece aJieMEeHThI CO-
eUHEeHBI I0CJeA0BaTeNIBHO: IBa KyCKa IIPOBOJIOKM, HA KOTOPBIX
OynyT BHCETb LIADHKH, PE3UCTOP, NMOTEHUUOMETD, KOHLEHCATOD
u Garapeiika. YUToObpl KyCKH ITPOBOAA HE HMEJH 3IJIEKTPHUUECKO-
ro KOHTAaKTA 4Yepe3 KpelJieHHe Ha ULITaTHBe, MecTa KPeIIeHWUSA
IPOBOJIOK 3apaHee 00MAaThIBAIOTCS OYMAaKHBIMHU JIEHTOUKAMU, KO-
TOpbIe MOJKHO cjJleJlaTh U3 JiicTa pabodeii rerpaau. KoHus! nposo-
JIOK 3aUHIIAIOTCA OT JIaKa, 4ToObl 00ecIIediTh XOPOIINM SJIeKTPH-
YeCKHI KOHTAKT C COeIMHHTENbLHBIMY IpoBofamu. Ilapuku nox-
BEIIMBAIOTCA HA OJHOW BBICQTE PAAOM, TAK, UTOOBI IPOBOJOIKH,
Ha KOTOPBIX OHHM BHCAT, PaCHOJarajinch BEPTHKaNbHO. Mesxay
mapuKaMu ycTaHaBauBaeTcsa OymarkHas HPOKJIaAKa, CTOAMAN Ha
crose. OHa Hy»Ha s Toro, uro0Onl Garapeiika He paborana
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nocroanuo. [Tocse yaapa 1 3apAaKu KOHAEHCATOPA MapAJIETBLHO
KOHIEHCATOPY MOZKJII0YAeTCHd BOJABLTMETP B PEKKUME N3MEPeHUS
MOCTOAHHOI'O HANPAXKEHUSA.

OnpobopaHue YyCTAHOBKU IIOKA3LIBAET, YTO MOCJE BCEro JUIIL
ONHOTO yjapa HaNpsDKeHWe Ha KOHAEHCATOPEe He J0CTaTOYHO
BEJINKO, YTOOBI €ro MOKHO OBLIO ONpefesinTh C BLICOKOH TOUHO-
crhi0.. CaegoBaTenbHO, HYIKHO MOXKIATHLCH, KOTAA WAPUKYA yaa-
pAaTcst Opyr o apyra 4—»5 pas, a 3aTeM BCTaBHTL MEXIY HUMU
oymaskky. TonbKO MoOCNe 9TOTO CaeAyeT MOAKJIIOYATb K KOHAEH-
catopy BoabpTMeTp. IloKazaHusA BOJBTMETPA 11OCJEe NOAKIIUYEeHUA
CHauaJja pe3Ko BBIPACTAIOT, a 3aTeM ILJIaBHO yMeHbmaored. Mak-
cHUMaJIbHOe IIOKas3aHle BOJILTMEeTpa HCIIOJB3YeTCs IJI PacyeéTOB
BpEMeHU COyAapeHHus. '

ITpumevwarnue: nas Toro urobBl WAPUKM [10CJIe coynapeHui
NPOAOJIKATA JBUrATHLCS TOJIBKO B OLHOM BePTHKAJIBLHOM IJIOCKO-
CTH, HYKHO KAaXK/Jblil M3 HUX [OABEIIMBATH He HA OJHOM TOHKOM
IPOBOJIOKE, a HAa IBYX KYCKaX IIPOBOJIOKH, 00pasyouiux ¢ BepTH-
KaJbio Heboabuime yrisl (20—30°).

Cuna u degpopmavus

YcranoBuTe 3aBUCHMOCTH AedopManuM TEHHUCHOTO INapUKa
(a1 HacTONMBHOTO TEHHUCA) OT BEJIMUYMHBLI CUJIBI er0 B3aUMOJeH-
CTBHSA C JKECTKHUM CTOJIOM.

O6opydosarnue: TeHHHUCHBIe HIADUEKH (3 1IT), KOIUDOBAJIbHAA
Oymara, WITATUB C KPEIJIEHUAMH, JepeBAHHAA peika JIUHOHN
1,5 M, 6ymaskuble candeTky, KYCOK MPaMOPHOU MOJMPOBAaHHOH
IJIATH!, JTUHAMOMETP.

ITpumenarnue: Beauuuny AedopMallui MOIKHO 0XapaKTepU30-
BaTh JUAMETPOM 00J1aCTU KOHTAKTA MIOBEPXHOCTH CTOJIA U IIapUKA.

IToxgckaska ¢ KoumposaiabHOR OyMaroil HpocTo OUEeBUIHO 3a-
JAA€T criocob uKcaluUA Pe3yIbTATOB.

TepMoauMHAMHKA M MOJEKYJAsipHAg PU3UKA

Tennoma czoparusa CnuikKu

(Bapuaar — yaenpHas TenJjoTa cropadus mapaduHa.)
3adanue: naMepbTe TEILIOTY, KOTOPaAs BblJIEIAETCS MIPH CrO-
paHu OAHON CIIMYKH.
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O6opydosanue: cumuedHbIil KOpoOOK ¢ 10 cunuukamu (4au 3a-
JKMrasKa u napaduHOBAA CBEUKA), UITATUB ¢ KPEIUJIEHUAMHU, aJII0-
MWHUEBBIA CTAKAHYMK OT LIKOJBHOIO TEPMOCTATa, TEPMOMETD,
HUTH 1 M, pbiYaKHBIe BEChI, aBTOPYYKA, LIKOJbHAS TeTpaib
12 nucroe. CunraiiTe yAeAbHYIO TENJOEMKOCTL BOJbl H3BECTHOM:
Cy;=4200 Ix/(xr-K).

HpennonaraeMsiii crocod pellleHnsa TAKOB.

C ToMo1pI0 Becor MOXKHO UBMEPUTh Maccy ctakaHa M U mac-
Cy m HAAMBaeMOH B cTAaKAH BoAbl. I1OCKONBKY CTaKaH AJIOMHUHH-
€BBhII, MOMKHO OIIEHUTH ero TeIIOEMKOCTD

3RM
“

CCTaK =

(3akon Hdomonra u [Itu). KonuvecTBo HaauBaeMoil BOABI HOJIK-
HO OBITH TAKUM, UTOOBI B Hell IIOJHOCTBLIO IIOMeIajach KoJba
TEPMOMETPA ¢ paclInpsAIomuMesa BeltecrsoM. OfHAKO He clenyer
3aN0JHATL CTAKAH BOJAOHU MOJMHOCTBHIO, TAK KAK KOJAMUYECTBO CIIH-
HyeK OrpadyMyeHo M 3aMEeTHO HArpeTh ITOJIHBIH CTaKaH ¢ BOJAOU He
YAACTCA B CHJY OOJILIUIOH YAENBHON TEIJIOEMKOCTH BOJBI.

CTakaRuHMK II0CJIe «3alpaBKU» BOOOH YKpenJseTcs Ha IITa-
THUBE TaK, YTOOBI CHHU3Y MOXKHO OBIJIO IMOAHECTH TOPAILLYI0 CIIHY-
Ky. TepMomMeTp foABeUINBaETCA Ha HHUTH TAaK, 4TOOBI ero kKojba
C paCHIMPAIOUIMMCS BelleCTBOM HAaxOAWJIach B BOJAe, a WIKaJa,
IO KOTOPOH OTCUUTHIBAIOT TEMIIEpATypy, HOJKHA OBITH BUIHA
1 obpalleHa K dKCIIEpHUMEHTaTopy.

Ilocne marpeBa BoAgbl B crakaHe Ha 5—7 rpajycoB (mmis
9TOro MOXKeT NoTpeboBaThCa 2—3 CIIMYKH) B CTAKAH A0DABIASIETCA
ellé Bofla M N3MepAeTCHA TeMIepaTrypa IoaydeHuon cmecu. Ilo
pe3yibTaTaM H3MepPeHHN TeMIepaTypbl M Macchl CTaKaHa ¢ BOZOM
MOXKHO YCTAHOBUTH OTHOIIEHHE TEIJIOEMKOCTH CTAKAHUMKA M HAa-
JUTOH B Hero Bojbl. TakuM cnocoboM mpoBepsercsa ClHelaHHasd
OlleHKa IJisl TeIJIOEMKOCTH CTAKaHUMKA.

UTo0bI OIEHUTH CKOPOCTH TEILJIOBLIX IMOTEPDb, CIAEAYEeT HEKO-
Topoe BpeMs (3—5 MHHYT) IIOCJIe IIpEKpallleHns HarpeBa NogJe-
AUTHb 32 NOKA3aHUAMU TepMOMETPa U OTMETUTh BpeM#, 3a KOTO-
poe Harpesiuasca Boja 3aMeTHo (ma 1—2 rpaayca) oxyagurci.
Ecnu 3a Bpemsi HaOmoZeHHUA 3aMeTHOrO OXJNaKAeHUA He IIPO-
M30ILJIO0, TO NPU NPOBeZEHMH OCHOBHBLIX IKCIEDUMEHTOB MOJKHO
He TOPONHUTHCA. Bcam ke oxyakJeHWe NMPOUCXONUT C 3aMeTHOH
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CKOPOCTBIO, TO ClIeAyeT Y4YecTh 9THU I[MOTePH IIPM BLIYHCJIEHUH
TEeILJIOTHI, MPOU3BEAEHHON IIPU CTOPAHUY CIINYKH.

TIpeaBapuTebHbIE 9KCIIEPUMEHTHI II03BOJNAT NOA0OPATh OUTH-
MaJbHYIO CTPATeruio NpoBeleHHs paGoThl (pacnpeseauTs orpa-
HUUYEHHOEe KOJHUUYEeCTBO OCTABINUXCA CHMYEK Ha 2—3 KOHTPOJIL-
HBIX 9KCIIEPUMEHTA).

MoxkHO NPUMEHATH CIeAVIOHMIME Mephl YCTPDaHEHUA HexKella-
TEJIbHBIX TOT€PH TEIJIOThI.

Cixuras COMUKy IIOJ CTAKAHYUKOM, CIefyeT MOMIAATBCH, KO-
FEa yoKe CropeBIUWi OOYIVIEHHBIH KOHeI[ CIIMUYKH IliepecTaHeT
CBETUTHCSA, M TOJBLKO TOCJE ITOTO NEPEeMEeHUTh YAEPKUBAEMbIH
maJabllaMK KOHEIl CITHYKM. ITO IO3BOJISIET 10 MAKCUMYMY HUCIIOJIb-
30BaThk BCE TEILJIO, IIPOM3BOAUMOE BO BpEMS IOPEHHUS CIUUKH.
IIpu aTom cHauana cITHYKa NEepPKUTCHA TaK, YTOOB! €€'ropaIrui
KOHell OBl cBepXy, a Mnepel «CMEHOH» NaNbIeB CIUYKY HYMKHO
MepeBeCTH Ha HECKOJIBKO CeKyH] B TOPHU30HTANILHOE IIOJIOMKeHMe.
ITO HYXHO, 4TOObl CrOPEBLUIMHA KOHEI CTMYKK HEeMHOTO OCTBLI.
Yro6sl He 00Kedb IMAJBIBI, MOMHO BOCHONB30BATHCH I€JAbBIMU
CIMYKAMHY AJIs YAEDIKAHUA ropAwen cnuaku. Hanpumep, MOXHO
«pacIlenyuTh» KOHell IeJION CIWYKH M 3aKPEenHuTL B 5TOM MECTe
CIIMYKY, KOTOPaA GyeT ropeTs.

IInamsa ropdaiei cuuyky TOKHO CBOeU BepxHeill cBerdAleiics
4acTbhio (CaMOil TOpAUYeiT) TONBKO «UyTh KACATHCA» CEPeNHHBI AHA
CTAKAHUYMKA.

[na nperoTBpallieHUs [IOTEPHh TEILVIOTHI U3 JIMUCTA TeTPaJHOH
OyMaryd U3roTaBINBaeTCA TEILJION30JANPYION[as «pyDdallikas, B KO-
TOPO#l CBepXy MIPOAENLIBAETCA OTBEDPCTHe AsT TepMoMerpa. [HO
CTAKAHUMKA OCTABJISAETCSA OTKPBITHIM, HO KpasA «pyOallku» JOJIMK-
HBI OBITH HUMKe [HA cTakaHuuka Ha 1 cm—1,5 ecM. OTo obecrieyur
yaepixaHue ropAdero Bo3Ayxa, HarpeBlIerocs OT CIIMYKM, BOJIN3H
JIHA CTaKaHUMKA.

Tennoémcocms monemsvt (93—2—2003)

3adanue: U3MEPLTE YIEJbHYIO TEIJIOEMKOCTL MaTepuaia Jo-
HCTOPHYECKON MOHETHI JOCTOMHCTBOM D KoIleek (e€ Macca coCTaB-
JIZeT POBHO 5 rpamm).

O6opydosanusz: TepMoMeTp, TOpAUasi U XOJa0AHasd Boga (B oT-
JIEeNbHBIX OBYX COCYZAX — BO3MOXKHO, OOIUX OJs HECKOJBbKHX
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IIKOJbHHUKOB, BHITIOJTHAIOUIMX 3Ty paboTy), HUINHEIpHUYECKUe CTa-
KaHYUKM — CTeKJIAHHBIA M aJIOMUHUEBLIN (0T (GOTONNEHOK),
IITATUR, HUTh, MUJJIUMETPOBAS OyMara, CTapUHHAS MOHETa — eé
Macca 5 r (a1 3 T B 3aBHCHMOCTH OT TOTI'O, MOHEThI KAKOT'O ZO-
CTOMHCTRA COXPAHUJIACEH ¥ OPTAaHH3aTOPOB OJXMIIMAABI OT BPEMEH
conuasinaMa), Oymarkunle canderku. B MoHeTe IPOCBEPJIEHO OT-
Bepcrie maaoro nuamerpa. (Ecau BeigaHo HONMOMHUTENBbHOE 000-
pyZI0OBaHKE — TEepMODE3UCTOP M Hpubop AJid U3MEePeHUs COIpo-
THBJIEHUSI, — TMOJIYYAeTCH el€ ONHNH TEpMOMETD, KOTODHLIH npex-
BapUTENbHO HYXHO OTKAJUOPOBATH 10 'OTOBOMY TEPMOMETDY.)

TIpuBeéM mpexNoIaraeMoe pewmeHue.

IlepBoe, UTO HYXXHO IPMHATL BO BHUMaHMe: HarpesaTb ¢ 110~
MOIIBI0 MOHETHI, MEPEHOCH €€ U3 COCYyAa ¢ TopAuel BOXOI B COCYX
C IPOXJIAXHOM BOMOM, cileiyeT BOOY, HauaJbHAS TeMIlepaTypa
KOTOpO# OnMmu3Ka K KoMHATHOM. JIyulile, ecnu cHaualra BoJa Jae
HeMHOro (Ha 2—3 rpagyca XoJiogHee), yeM BO3IYyX B KOMHare.
B aToM cisiyyae yMeHbIIAeTCs CKOPOCTH TensmoobMeHa Harpesae-
MOro cocyza ¢ BOAOH M OKpYIKarllel cpenoil.

Bropoe BayKkHOE coobparKeHNe: HAaTPEBATh HYXKHO [0 BO3MOMK-
HOCTY MeHblllee KOJHYECTBO BOJABI, MacCy KOTOPOI MOXHO ycTa-
HOBHTb C JOCTATOYHOH TOYHOCTBIO. JlJ1d 3TOro HOAXOOHUT AJIO-
MUHHEBBIH CTAKaHYMK Majgoro o6bvéma. Ero nomepeuroe cedenue
3HAUYNTENLHO MeHbIIe CeUeHHA CTEeKJIAHHOTO CTaKaHa, ero Macca
M TEeIUIOEMKOCTB TOMKE CYILIECTBEHHO MEHBIIE COOTBETCTBYIOIIMX
BeJIMUMH, XapaKTEePHU3YIOUIUX CTEeKJAHHBIN crakaH. A auaMerp
MOHETBHI TAKOB, YTO OHA CBOOOAHO BXOAUT B 3TOT CTAKAHYHK.
PasMepsl CcTakaHUUKA JIETKO YCTAHOBHUTH € TIOMOIIBLIO MMJLJIH-
MEeTPOBON OyMaru. 3allofHHThL CTAKAHUUK ITPOXJIAafHOM BOAOM
HY’»XHO JI0 TAKOT'0 YpOBHH, UYTOOBl MOHETA HA HUTKe MOIJIAa OLITh
[OTPYXKEHa B CTAaKaHYHK IOJHOCTBIO. Kceratw, BOAbl MOMXKHO
OBITH CTOJILKO, 4YTODBI B HEE MOXKHO OBLIO MOJHOCTBIO IOTpPY-
3uTh OAJUIOHUYMK TepMOMETDa ¢ PACIIUPANMENHCca KUIKOCTDHIO.
TnybuHa costi BoApl B CTAKAHYMKE MOXKeT GBITH yCTAHOBJIEHA
¢ noMoiunbio mnosiockd Oymaru. IloocKy OnmyckamT BepPTHKAJL-
HO B COCyJ OO yropa ¢ AHOM M OTMeYaloT IpPa”HUIly pa3lfena
CyX0olf M MOKpPOW YacTH MOJOCKKM. B sTOoM Mecre, TO ecTh IpH
H3MEPEeHHHN IJIYOMHBI -CI0A BOIBI, BO3MOXKHa Hamnbojswiad oOT-
HOCHTeNbHAsA oumwubra usmepenuit. J[pyroit cmocob nMaMepeHHs
KOJIMUECTBA BOJABI B CTAKAHYMKE OCHOBaH Ha OBICTPOM H3rOTOB-
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JEeHUH PBIYAXKHBIX BECOB M3 HOJAPVYHBIX MATEPHAUIOB. B RagectBe
pblyara BeCOB MOJKHO MCIIOAB30OBATH COPHVTBIH B HECTKVIO MOJI0C-
Ky JucT dDymari, BhIpBAHHBIL U3 padoyeld TeTpajiil, a B KadecTse
OTOPbI — HMJIHHAPWUECKHU KOPIYC KapaHJalia, aBTOPYUYKI WU
sKe CBEPHYTVIO B TyvrVio TpyOKy TeTpaunyr Oymary. Ha maxkux
UMOPOBUIHPOBAHHLIX BecaxX MOMKHO € TMOMOIUBIO MOHETBHI € HU3-
BECTHOH MacCoil ypaRHOBECUTH NYCTOH CTAKAHYMK U BBIYMCJIUTH
ero maccy. [IocKOnbKY cTakaH aJIOMUHHUEBbIH, MOKHO Cpasy olle-
HUTH €ro Tema0eMKOCTb Cerax = SR M /u (3akon Hronoura u Iltu),
a MoJIsIpHas Macca ainoMuHuA u=27 r/Monan. 3aTeM MoHeTa Iie-
penBHUraeTcs Ha phldare fajblile OT OCH Ha 33JaHHOE DACCTOAHUE,
a B CTAKAHYWK HAJMBAeTCd BOJA B TAKOM KOJIMUYECTBe, 4TOOBI
BOCCTAHOBHUTL OanaHc «BecoB». IIpu takom crocobe namepeHuMit
Macchl BOJAbI 1 MacChl CTAK&ZHUYHUKA TOYHOCTh PE3yabpTaTa MOMKeT
OBITH CYIIECTBEHHO BhIUIE.

B crexasHHEBIA cTaKad ¢ TIOMEUIEHHBLIM B Hero TEPMOMETPOM
HajlusBaeTcs ropsuas BoOa, W CTAKAH IO BO3MOXKHOCTH «yKYTbI-
BaeTcHd» OYMaKHBIMU casiheTKaMu, 4To0bl YMEeHbIIHTh TejI006-
MeH ¢ Okpyskaromeid cpejoii. las asroii e nean ua3 canderox
U3roTap/JAuBaeTCs W KpbIMIKa JJIA BTOTO cTakaHa. Korma moka-
3aHUA TEpMOMeTpa YCTAHOBHMJIMCH, TEPMOMETD M3 3TOTO coCcyna
TIIepeHOCHUTCA BO BCIIOMOTATeJNbHBIA COCYA C NPOXJNAAHON BOJOU.
IIpoxnapgHaa Boma B M3BRECTHOM KOJIUYECTRBE HAXOAHTCS ViK€ U B
aMOMUHMEBOM cTakaHuMKe. Ilocie oxjaxkaeHUA TepMOMETPA OH
IIEPEeHOCHUTCSH B AJIOMUHHEBBIH CTakaHYMK. YToOBI pYyKHU JKCIIe-
puMeHTaTOpa ObILMN CBOOOMHBLIMHK, TEPMOMETD € ITOMOLILI0 HUTH
MOoABEUIMBAETCA HA NITATHMBE HA TaKOM YPOBHE, UTOOBI MOXKHO
ObLII0 ero NOMECTHUTb B ajIIOMHHUEBBIA cocyx M OH OBl cOCyn He
ONIPOKHUHYIJL.

IIpoueaypa «IlepeHoca TeIIOThl MOHETKOH» NUKJIUYeCKasd,
A OQUH [UKJ BKJIKOUYAET B ceDA HECKOJBKO IIOC/Ie[0BATENbHO
BBITIOJIHAEMbIX Ollepanuii.

begin

Ne 1. Monera Ha HUTKe Ha HeOOJblIoe BpeMs (3—95 CeKyH[I)
IOMeHnIaeTes B CTEKJSIHHBIH COCY[ ¢ TopAUeli BOAOM.

Ne 2. MoHeTta BbIHUMAETCA U 0CBODOMKIACTCA OT KalleJb BOIbI
Ha €€ MOBEPXHOCTH OYMAaKHOU capeTKOH.

Ne 3. Mosera mepeHOCUTCSA B IIOJHUITHIACHOBBIM CTAKAHUYHK
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Il [TO;THOCTBHIO HOTPYIKAETCA B BOAY HA HECKOJBKO CEKYHI.
Ni 4. MoHera BRIHIIMAETCA, OUATH «OCYyIIaeTcA» cani(peTKoi.
end

3ateM BHOBb H BHOBL MOBTOPAETCS LHUKJ ¢ ouepaiuu Ne 1
mo No 4,

Nzbasinenre MOHETHI OT Kallenb TropsAYel BOABI ¢ MOMOUIBIO
DyMakHOM candeTKy YMEeHBIHT oUINOKY, CBA3AHHbIe C JOTOJIHU-
TeJbHOH TEILJIOTOM, nepexaBaeMoil U3 CTAKAHA B CTAKAH BMECTE
C 9TUMH KaIlLJIAMH, €CJU OT HUX He usbaBiasTbes.

Cocymsl HYIKHO IIOCTABUTH OJIHU3KO APyl K APYyry, 4TOOBI Te-
DATEL MeHbllIe BpeMeHH Ha KaXIbIHA IIUKJI.

TlepBbie mnepenocht MoOHeThl U HAOJIOAEHHS 34 TEPMOMET-
POM NOKa3b(BAIOT, UTO 34 OJUH IHUKJ He yIae€Tcs HArpeTb BOAY
HACTOJIBKO, YTOOBI MOJKHO OBLIO 9TOT HArpeB H3MePUTh TOYHO
C IOMOUIbIO AOBONBHO rpy6oro tepmomeTpa (0,5°). TTocae 10—12
MEPEHOCOB BOJA B AJIOMHHUEBOM CTAKAHYWKE HArPEBAeTCS Ha
5—6 rpagycos.

Teneps TepMOMETp CHOBA MIEePEHOCHUTCHA CHAYANA BO BCIIOMO-
raTeJIbHBIW cOCyJl ¢ TOpsadeil BOJLOU, a 3aTEM B CTEKJSHHBIN Ter-
JIOM30JIUPOBAHHBIN CTAKAH ¢ HEMHOTO OCTHIBILIEH TopsAYeil BOJOH.
HMamepserca eé remneparypa. [Ipu BbIUUCIEeHUAX TepeHECEHHOTO
KOJIMUEeCTBa TEILJIOTHI HY;KHO OpaTh cpelHee MeXXIy HAUAJIbHBIM
3HaYeHUeM TeMIeparTypbl ropsidyeil BOAbl B CTEKJIAHHOM CTaKaHe
H €€ 3HAYEHHUEM I10CJIe 3aBepUIEHUA HECKOJIBKUX IHKIIOB MEePEeHo-
€4 MOHETHI.

Ocranachr HeyUTEHHOU TeIJIOEMKOCTb CaMOTO TEpMOMETpa.
IIpu ganuuum BpeMeHH MOXXKHO aHAJIOTUYHBIM CIOCOOOM, TO eCTh
MHOIOKPATHBIM E€PEHOCOM TEPMOMETPA U3 COCyla ¢ ropadeil BO-
[0 B COCY[ ¢ IPOXJIAAHOMH BONOMN, BBIYUCJIUTE 9TY TEIJIOEMKOCTb.
Ho mosxho mocTynuth mnpoule. B kauecrsBe pacmupsioumeicd
JKHUAKOCTH B TepMoMeTpax OOBIYHO HCIIONB3VIOT HOAKPalleHHbIH
cnupT. Ero 0666M MO)KHO BBIUNCJIUTE, U3MEPUB reOMEeTpUUYECKHEe
pasMepsl KoJObl ¢ pacliupawlleiica KUIKocTho. YaensHass (Ha
00bE€M) TEMJOEMKOCTE CIIUPTa CYIIECTBEHHO OONbile YyHeJIbHOH
00BEMHON TEIJIOEMKOCTU CTEKJa M JIUils HemHoro (B 0,7 pasa)
yCTymaeT yaeabHoM 06béMHOM TertoéMkocTy Bonsl 4 [x/(kr - K).
OTHUX CBelleHUH JOCTATOUYHO, UTOOBI OIIEHUTH TENJIOEMKOCTh «pa-
fouell 4YacTH» TEpMOMeTpa.
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Tennoémrxocms denez (11—2—2003)

ObopypoBaHue: Bojga CO JbAOM, BOMA IIPH KOMHATHON TeM-
neparype, ra3oBbIH TepMOMETp — TOHKasl CTeKJAsSHHAA Tpybka
¢ puyrpenHum guamerpoM 0,9 MM, Ha KOHIle KOTOPOH HAXOAATCA
nrapux o6béma 1 cm3, MOHETE — nepBas JOCTOMHCTBOM 5 KOIIEeK
(macea 5 r), Bropas — 1 pybas (Macca 3,3 r), IJIacTMacCOBBIM
¥ CTeKJAHHBIN CTAKAHYMKH, MUIAMMeTpOBaA Gymara.

3adanue: uaMeppTe yAEIbHBIE TEIJIOEMKOCTH MaTepUATIOB, U3
KOTOPBIX CAEJAHBI MOHETHI.

ITpumeuanue: Kak caM 9KCHEPUMEHTATOP, TAK U €0 YacTH
Tesia (HO He NpUHecEHHBIE ¢ OO0 npeamersl!) BXOAAT B CIIMCOK
000pyROBAHUA — 10 YMOJTYAHUIO.

TIpennonaraempiit crioco6 peineHud. Vi3 TOHKOH CTeKIAHHON
TpyOKU ¢ IIAPUKOM H3roTaBiMBaeTcss Tepmomerp. Ins aroro
BHYTPb TPYOKH HYKHO MOMECTHTL HeDOJBIIOH MO AJHHE CTOJI-
6ux BOoAbl. UrOOLI OTKANMMOpOBATH TEpPMOMETD, HY)KHO HAUaTh
3aM0JIHEHME BOAOI IIPU BIIOJHE ONpeneIéHHON Temueparype. Bee
310pOBble JIOAU (a 6OJbHBIX HA ONUMIIMALY He IMYCKAaIOT) UMEIOT
HOPMAJILHYIO TeMiepaTrypy okoso 36,6 °C.

Brigepxas HECKONBKO MUHYT IIAPHUK BO PTY, HYKHO OYCTUTH
OTKPBITHIII KOHEI TOHKON TPYOKHM B BOAY, BBIHYTH IMIAPHUK M30
pra ¥ JaTh BOAe BCOCAThCA BHYTph TPyOku. Bopma BcacwiBaercs,
TaKk KaK BO34YX, HAXOAWBUIMICSA B lIapyKe, oxjaxaaercs. Omy-
CTUB IIADUK B BOAY CO JBAOM, HAXOAWM IIOJIOXKEHHEe BOAAHOTO
MOPIIHA, COOTBETCTBYIOLee aTOM TeMieparype. OTkaaubpoBaH-
HBI TepMOMeTD MCIOJL3YeTcA IJIA M3MEpEeHUH TelJIOEMKOCTeH
MOHET CIIOCOGOM, KOTOPBIH OmHMcaH B npeAnlAyiueil 3agave. Tob-
KO TellePb MOHETHI IIEPEHOCAT TyJa 1 o0paTHO MeXAy COoCyZaMu
¢ BOZOM IpY HAYaNbHON KOMHATHOH TeMIIepaType U ¢ BOAOU Npu
usBecTHOI Temneparype 0°C.

H3amepenue yOenvhoil mennoémrocmu mamepuaaa 2upbku
(10—1—2004)

Ob6opydosanue: xasopuMeTp (METAJIMYECKHME U IJIaCTMACCO-
BBIM CTAKaHbI), CTAKAHYMK [JIACTMACCOBBIN C KPBIIIKOH, TepMO-
MeTp, HUTKA U IHTATHB C «JIANKOH», TMPbKA, ropA4Yas ¥ X0N0AHAA
BOZa (10 TpeGORAHUIO).



SKxcnepumenmanshole 3adavu pusuveckux orumnuad 95

ITpumerarnue: TEPbKA [OJHOCTHIO NMOMEINAETCH B MAaJICHbKUM
[IJIACTMACCOBBIN CTAKAHYMUK, M I[IPU 3TOM B CTAKAHUYHKE eIé
OCTaeTCsA MEeCTO AJA BOABI.

Pewernue. CHavana B cTaKaHYMK HAJHUBAETCH TAKOE KOJHYE-
CTBO BOJB! IPA KOMHATHOM TeMIlepaType (MJIH HEMHOTO MEHbILE:
Ha 2—3 rpagyca), 4ro0pl rUpPEKa IPH HOMEIEHHU B CTAKAHYUK
IIOJIHOCTBI0 B HeE morpyxanack. C MOMOIIBIO 3TOr0 IJIacTMAac-
COBOTO CTAKAHYUKA C BOAOM M HHTKHU C XOpolleHd TOYHOCTBHIO
onpejeaseTcs OTHOUIEHUE MacChl BOAbI U I'UpbKH. TepMoMeTpoM
u3MepsaeTcHd HayalbHAA TeMOeparypa BOAbl B CTaKaHUYMKeE. 3aTeM
FUpbKA IIOMeIlaeTcsA B TOPSAYYIO BOJAY M BblAep:KHBaercad B Hel
OKO0JI0O MWHYTHBI, YTOOBI OHA BCS BHYTPU yCIleJa IpOrperbca IO
TeMnepaTypbl BoAbI. TemmepaTrypa ropadeil BoAbl (M T'MPBKH)
n3Mepsaerca tepmomerpoMm. Temeph ruprka mepeHocuTcs U3 Ka-
JIOpUMeTpa ¢ ropadyeil BOAOH B CTAKAHUMK C IPOXJIajHOM BOMOI.
Tlocsie ycTaHOBIEHHA TENJOBOTO PABHOBECHA M3MEPAETCH TeM-
neparypa. Momnp NPOBECTH HECKOJbKO IMKJOB IIOJOTpPeBa Mpo-
XJIagHO# BOABI Ge3 eé cMennl. Torma pasHoCTb HAYaIbHOM U KO-
HEeYHOH TeMmnepaTyp OyJeT B HECKOJBKO pa3 6ojpIle, H TOYHOCTH
N3MepeHusA AdTOU pasHOCTH TOXKe cTaHer Oonbuie. ITo BenumumHe
pPa3HoCcTH KOHEYHOM M HAYAIBHOH TeMmepaTyp MOMKHO BBIUKC-
JIATH OTHONIEHVE YAEJbHBLIX TEIIJIOEMKOCTEHl MaTepuHaja IM'MpbKU
1 Bozbl. UToOB! M36exKaTh TENJIOBLIX MOTEPh HA BpeMs IpeGnI-
BaHUA THDHKH B XOJIONHOI BOAE, TOPAYYIO BOAY B KaJIOPUMETpE
HYXHO 3aKpbIBaTh KPHIIIKON M3 JucTa TeTpagHoil 6ymaru. Ecau
HCIIOJIb3YeTCA HECKOJIBKO IIMKJIOB IIePeHOCa TMPBKU M3 ropaAuei
BOJBI B XONOAHYIO, TeMIEpaTypy BOAbl B MAJIEHBKOM CTAKAHUYWKE
cJeAyeT M3MEPATL B Hauajie M IIOCJIE 3aBePIIeHUS IIOCAeZHEro
nukiaa. Beé ocranbHOe BpeMst TEDMOMETD U3MepAeT TeMIepaTrypy
BOJIbI B KAJIOPHMETPE ¢ ropAYel BOJOI.

IIpu BrIYMCIEHUAX HEOOXOAMMO yUecTh, UTO TeMIlepaTypa ro-
pAdell BOABI MOCTENEHHO YMEHBIAETCA, 8 TEMIIepaTypa X0JI04HO
BOJABI BO3pACTaeT. ITO 03HAUAEeT, YTO 3a KAKJIBINA NOCJeayIolui
MK IIepeHOCca BOXe B NMJIACTMACCOBOM CTAKAHYHKE IleperaéTcs
BCE MeHblllee KOJIHYeCTBO TEILIOTHI. '

IIpu mepeHoce PUPBKM clIeAyeT obpalnaTh BHUMaHue Ha TO,
yTOOBI BMECT€ C THPBRKOM B INIACTUKOBBIA CTAK&HYHK HE IIO-
najaay Kamay ropsaueit sogel. IS aTOro MOXKHO, Halpumep,
yIapATs M’MPBKOH No cTo/My, 4TOGBI CTPAXHYTH OCTABIIHECHA HA
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Hell KalJy BOXAbI, MOMHO HMCIIOJb30BAThL JJIA yAaJeHHUA Kamelb
JIUCT TeTPagHoi OyMaru Uau cobCTBeHHBIH HOCOBOM NJIATOK.

Hsmepenue yoenovrnoii mennoémrocmu (9—1—2006)

O6opydosarue: TepMOMETpP, CTAKAHYMKHU, MUJLINMETDPOBAA
6ymara, WITATHB, HUTKA, TOpAYaf U XOJOAHAA BOja — IO Tpebo-
BaHWIO, Yackl (MOKHO MCIOJIB30BATL HApy4YHble dackl). I'pys —
FHPBLKA M3BECTHON Macchl, HECKOIBKO OJAMHAKOBLIX MOHET JIOCTO-
HHCTBOM 5 KOIIEEK.

3adanue: uU3MepbTe yAeJbHbIe TEILJIOEMKOCTH Ipy3a W M-
Taka.

Pemenne MoxxeT ObITh CTaHZAPTHBIM: CM., HAlpuMep, pe-
HmleHMe mpejabiAyiielt samaum. JINsd HAXOMKAEHHS MacChi BOABI
B CTAaKaHUMKE MOJYKHO OIIpe[e/IUTh 3aHUMAaeMBIA BONOH 00BEM
¢ NOMOIIBIO MUJITUMETPOBOH GyMaru.

B kprimxke crakaHuuMKa HMeeTCs OTBepPCTHe AJSA TEPMOMET-
pa. Ecan cieauTh 3a maMeHeHMEM TeMIIEpPATyphl B 3aKPHITOM
cTaKaHYUKe, TO IPH OAUHAKOBBIX BHEIIHUX YCJIOBHSAX CKOPOCTH
U3MeHeHHUA TeMIIepaTypsl BHYTPH 3aBHCHT OT TEIJIOEMKOCTH BCe-
ro COZEepPIKMMOro CTaKaHYukKa. MOKHO 3alpaBiATh CTAKAHYUK
OQUHAKOBBLIM KOJIMYECTBOM ropsiyeil BOALI U MPOBECTH HECKOJABKO
HaOnonenui. IIpu aToM B cTakaHYUK MOXKHO NOMeNAThH HJIH
HEe NOMENATb HOIIOJHHTEJbHbIe IpPeAMETh] — PMPbKY WM ISATa-
ku. Cuuras, 4TO IpM 3IAZAHHOH pas3HUIle TeMIEepaTryp BHYTPH
U CHAPY’KH MOINHOCTb TEMJIOBBIX IOTEPL OAMHAKOBA, MOXHO
110 pasHHIEe BPEMEH OXJAXKIAECHUA CTAKAHYNKA C COLEPKHMBIM
BBIYHCITUTh «U30BITOYHYIO» TEIJIOEMKOCTD, IIOSIBUBLIYIOCA B De-
3yJbTaTe NMOMEILIEHUS B CTAKAHYMK I'PY3a MJIM MOHET.

H3amepenue ydenvroli menaomo nanagaenus (9—1—2007)

IIpubopst u npucnocobiernus: TePpMOMETPHI — 3JEKTPOHHBIN
Y OOBIUHEBIN, CTAKAHYUKM AJS ropsavyeil N XOJIOAHOM BOJABI, KYCOK
cnaBa (MIPUNoH — 0JIOBO U CBHHEI), CTIMUKH, WINPKUI 0e3 UrIbl —
MepHBIH, MHJIMMeTpoBas Oymara, IITAaTHB ¢ Jamnkoil. Macca
10 cm mporomokm W3 ciylaBa (CIJIAB BHIZABAJICHA B BHIE TaKOH
TIPOBOJIOKM) cocTasaser 1,35 r.
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3adanue: sKCIepUMEHTANBHO ONPENCIIUTE VASALHYIO TEIJIOTY
miasnenus A (Jl>k/rpaMmm) BeigaHHOTO 00Opasua cmiapa. Temiepa-
Typa naasjeuus ciaba 230 °C cuuTaeTCHA U3BECTHOM.

Pewenue. 3xcnepUMeHTATOp JOJKEH 3apaHee OIPeJeNUTh,
KaKYI0 4aCTh IPOBOJIOKH OH PACILJIABHT B IIpEeABAPUTEJBHBIX 3KC-
MepHMEeHTaX, a KakKylo B pemaiomux. MoKHO HOpeKOMEH0BaTh
Taxoe pacrpegenenue: 1/4 u 3/4, to ects 0,35 r Ha TePBOM 3Talle
1 1 r 1js1 KOHTPOJNLHOrO 9KCIIEPHMEHTA.

C moMoinb0 MepHOro IIMpHNAa B CTAKAHYMK HaJIUBaeTCA H3-
BECTHOe KOJIMYeCTBO BOAbI, Hampumep 3 mja. C momollbio Tep-
MOMeTpOB (DUKCHDYyeTCA TeMIepaTypa Boabl B crakaHuuke. Han
CTAaKAHUMKOM YJeD:KHUBaeTcid B pyKax (uepes HECKOJBKO CJIOEB
Oymaru — TexHUKa 0e30IIaCHOCTH) CILJIAR B BHJe TOHKOI IIDOBO-
aoku. CHU3Y K IIPOBOJIOKE IIOAHOCUTCA ropdAiuasi cumdyka. Kak
TOJIbKO CILIAB HarpeBaeTcA A0 TeMIlepaTyphl MIaBJIeHUs, Kaneab-
Ka CcIIaBa HajaeT B BOAY. PacrijlaBUR HeCKOJIBKO CAHTHMMETDPOB
IIPOBOJIOKH, HYXHO BBIACHHTE, HACKOJbKO IOAHSAIACHL TeMIIepa-
Typa Bogbl. Eciiu mpeHeOpeus TEIIOTOMH, BHIAEISAIONIEHCH IOCTE
3aTBepIEBAHUA CIJiaBa B BOJe, TEILIOTA, NOJIYJYEeHHAasl BOIOM, —
9TO M eCTh TEMJIOTa 3aTBeplieBaHUA ciuasa (WiaHd, 4TO TO Ke
caMmoe, TeMJIOTA HJABJEeHUA CILJIaBa).

ITocne pacmiaBieHHs OKOJO 3 CM MPOBOJOKH TeMIepaTtypa
BOJIBI nOZHUMeTcA Bcero Ha 1°. CienoBaresibHO, B KOHTPOJBLHOM
9KCIIEPHUMEHTE HYKHO HCIIOJL30BaTh TEPMOMETD C MeHbIEH Ten-
JIOEMKOCTBIO, TO €CTh He JKUJKOCTHBIH TEPMOMETD, a «3JEKTPOH-
HBIMi», KPOME TOT0, HY)KHO B3SITh MeHbIliee KOJUYECTBO BOIKI,
yTo0bl TeMIlepaTypa BOABLI IOAHSJACH IIOBBILIE.

IIpu BrI6OPE BCcero 1 MuI BOABI AJIst HArpeBa U OPU OCTHIBAHUH
B Hell 7 ¢cM pacHIaBJIeHHON MPOBOJIOKH TeMIIEpATypa MOJIMKHA
Opl moAHATHCA Ha 10°, ofHAKO OHa IOJHMMAaEeTCA MeHblue —
NpUMepHO Ha 8°. TO 0O3HAYAET, YTO HYXKHO YUECTh TEIJIOEMKOCTD
CTaKaHYMKA.

CuesaTh 3T0 MOXKHO ¢ IOMOIIBIO IopsYeil BOAEI 6e3 HCIOAb30-
BaHUA CIJIaBa, KOTOPBIH YXe CYIIeCTBYeT He B Buje ITPOBOJIOKM,
a B BHAE KalleJb Ha JHe cTakaHumka. OTcofla MOYKHO HaiTu
TelJIOTYy IJIaBJeHMs crjaBa — oxkojo 40 I /r.

Ocoby10 yacTb paboThl, KOTOpas olleHuBaiack npumepHo 30%
obuiero kKoaudecrBa 0ajiyioB, TpEACTABIAET OLEHKA MOrPEeIIHO-
cTell U3MepPEeHU B 3TOM SKCIIEPUMEHTE.

4—116
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Ceaeua (10—2—2000)

M3mepbre yAeAbHYIO TENJOTY CrOPaHUs MaTepHaa CBEYH.

O6opydosarue: cBeya, cnuuku (TpedyiiTe!), cCTaKAHYMK AsI0-
MHWHUEBLIHA, BOJla — IPU HeoOXOAUMOCTH, TEPMOMETP, dacwl (Hc-
NONML3YUTE CBOM, €CJU €CTh), BEeChl 1 Pa3dHOBeC, IITATUB, HUTKH,
MUJLIUMETPOBasA Oymara.

TToxasnyiicra, pacxoayire CBEUYKY S9KOHOMHO — jKTHTE €€ TOJIb-
KO IIpU U3MepeHuax!

3azaua mpocTtas, Tpelylollad aKKypaTHOTO NPOBeJeHud M3-
MepeHuil Macchl CTaKaHYWKa W BOABI, MacChl CBEUYH, a TaKKe
H3MepEeHNs BeJUUYNHbl TOBBINIEHUA TeMIepaTyphl IIPU HaArpese.
TennoéMKoCTh AMIOMUHMEBOTO CTAKAHUYMKA OIEHMBAETCHA 110 HU3-
BecTHOU opmyie Jrosoura u IItu, OHa xoTh 1 Majya, HO ZOJIKHA
OBbITHL yuTeHa IpU AKKypPaTHBIX H3MepeHuAX. MHILIMMETPOBYIO
Oymary uim Gymary u3 pabouedl TeTpaAl MOKHO HCHOJbL30BATH
A YaCTAYHOM TENJOM30JAINY (GOKOBON IOBEPXHOCTH CTAKAH-
YUKA U JIJIs8 M3IOTOBJAEHHUs KPBIIUKU HAa CTaKaH ¢ HarpesaeMoi
Bogoii. /KesaTebHO MCHOJB30OBATE BOAY C HAYAJLHOM Temnepa-
TYPOIl, HEMHOI'0 MeHbIllell TeMIIePATYPHI OKPYIKAIOLIEro Bo3ayxa,
yToOBI TEILIOBLIE IIOTEPU B Npollecce HarpesBa GLLIM II0 BO3MOMK-
HOCTH MeHbIIe.
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Boda v nap (9—2—2001)

ITocraBpTe IIaCTMACCOBBIN CTaKaH KAJOPUMETPa JHOM BBEDX,
TIOMECTHTE HAa Hero MeTaJUIMUeCKUi CTaKaHYUK U HaJledTe TyAa
OYeHb ropauyio BoRy (fipocure —u BaM 5agyT). CHUMUTe 3aBUCH-
MOCTh TeMIEPATYPh! OCTHIBAIOWIEI BOABI OT BPEMEHHU B JMaNa3oHe
TeMIlepaTyp He MeHbine yem or 85°C mo 60°C um mocrpoiire
rpadpuxk. IIpugymaiite cmoco® omnpegeivTh IKCIepUMEHTATBHO
M HalljuTe KOJIMYECTBO BOJABI, KOTOPOE Hcrnapaercd 3a 1 cekyHRy
c 1 cm? moeepxmocTH Bogbl mpu TemmepaType 70°C. VaenabHas
TeIlI0EMKOCTh BoAbl 4200 Ik/(xr-K), yaenbHas TenjaoTa mcoa-
pedus Bogel 2200 rIlx/Kr.

O6opydosanue: KaJoOpuMeTpP — MeTaNIMYEeCKHH U IlJIacTMac-
COBBIM CTAKAHUYMKW, BOJA ropadas — o TpeboBaHUIO, TepMO-
MeTp, Yachl, HUTKH, MUAJUIUMETPOBas Oymara, Kycouek ¢oasru,
HITATUB C JIATIKOM, JUNIKAA JIEHTa — 110 TpeGOBaHUIO.

Cnocob pewenus, MeTaJuIn4eCKHi CTAKAHUYUK OTKDBIT, U €TO
CTEHKH OYeHb XOPOUIO IIPOBOAAT TEILIO, TO €CTh IPH AOCTATOYHO
BBICOKOH TeMIepaType BOJbI HMEIOT MeCTO 3aMeTHbIe IO0TepH
Tern1oThl. OHH OPOUCXOJAT KaK 4Yepe3 CTeHKM CTAKAHYHKA, TaK
M NYyTEM MCIapeHUs BOABI C OTKPBLITOM mnoBepxHocTH. CHadaya
HY)KHO 3aperHCcTpPUpOBATL 3aBHCHMOCTL OT BPEMEHU TeMmIepa-
TYphl BOABI B CTAaKaHe NIPH OTKPHITOM €€ TIOBEDXHOCTH. 3aTeM
HYJKHO CHATH 3Ty XK€ 3aBHCHMOCTb, HO IIPU 3aKPHITON (Oabroii
IOBEPXHOCTH BoAbl. O6paboTKOI NONYYEeHHBIX I'PA(PUKOB MOKHO
onpeesiUTh OTHOCUTEJIbHBIN BKJIaJ B oOljue TENJOBEIE NOTEPH,
KOTOPBII CO3AET UCIIapeHNe BOJBI ¢ OTKPHITON ITIOBEPXHOCTH.

Hcenapenue (10—2—2002)

VismMepeHMe OTHOUIEHUS NaBIEHUA HACHIIIEHHBIX IAPOB BOLBI
IIpU OBYX. TEMIEpaTypax.

ITpu6opsvt u obopydoeanue: TepMoOMETD, IIACTHKOBBIA cTa-
KAHYMK AJNA ropsiuedl Bousl, 4achl (CEKyYHAOMED), UITATHB C JIAll-
KO, HUTKA, MUJLIMMETPOBasA Oymara, ropsiuas Boga — o Tpedo-
BaHMIO. \

Badanue: CHATH 3aBUCHMMOCTL TEMIIepATYPhI OCTHIBAIOIIEH B
cTaKkaHe ropsiueil Bogbl OT BpPeMEHH B [quarasoHe TeMIepaTryp
He ¥xe 85°C—60°C u mapmcoBaTh moaydeHHYIO xpusymo. Ilo

4%
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pe3yabTaTaM U3MEPeHHil Ompexe/UTh OTHOLHEHHEe AABJCHUN Ha-
CHIIIEHHBIX IAapOB BOAB! IpH TemnepaTypax +60°C u +75°C.

Peurenvie 3agayu OCHOBBIBAETCA HA M3MEPEHMH OTHOUIEHUS
CKOpPOCTH IIOTEPDH TEIJIOTHI BOAOH NpU e€ mcmapeHuu. s atoro
HYJKHO I10 BO3MOXXHOCTH N30aBUTHCA OT [IOTEPDb TEILJIOTHI, CBA3AH-
HBIX C TEeIJIONPOBOJHOCTLIO cTeHOK. VI3 6yMaru nJia cTakaHduKa
HM3TOTaBIMBaeTCA TEIJIOU3ONHpYIINas «pybamuka». Ytober Ha
pesyJbTaTe He CKas3alach PasHas CKOPOCTH CaMOIMPOH3BOJIBHOM
KOHBEKIMK BO3LyXa HaJ IOBEDXHOCTBIO Tropsideil BOABI, HYXKHO
obeclleylTh MPMHYAUTENLHYIO OBICTPYIO CMeHy BO3AyXa Haj Io-
BEPXHOCTBIO ropsiueil BOJbI B crakaHe. IIOCKOJILKY BEHTUIATOP
He BxOAUT B Habop 000pyAoBaHMSA, HYKHO 00AyBaTb XOMOAHLIM
BO3LYXOM CTaKaH € ropsuei Bogo#, MOJALIYACH CBOMMHU BO3MOMK -
HOoCTAMH. /I 9TOTO MOAOKRAET COTHYTHIN BABOE UM BTPOE JIUCT
TeTpagHoil OyMaru — Beep. Bceiu NPeANoON0oXKUATEH, YTO CKOPOCTH
UCHAapeHUs MOJIEKYJ C IIOBEPXHOCTH BOABI H JABJEeHHWe HACHI-
IIeHHOro mapa nmponopIHOoHANLHEl APYT APYTrY, TO MOXKHO Oymer
OLIEHUTL OTHOILIEeHMEe JaBJeHHUH HACBHIIeHHOro nmapa NpU pasHbIX
TeMIepaTypax.

Jezxonnasxoe sewecmeo (10—1—20085)

Hy:xH0O M3MepHUTL TeMIlepaTypy ILJIaBJIEeHHS, YAEIbHYIO Tel-
JIOTY IJIABJIEHUA N YIAEJBHYIO TEIIOEMKOCTh BBIJAHHOTO CJMTKA.

ITpubopst u 060pydosanue: CIUTOK JETKOIJIABKOrO BELIECTBA
(Macca CIMTKa POBHO D I', BElleCTBO IJIABUTCA B ropadeil Boje!),
CTAKAHUYMK AJIS ropsiyeil Bojabl, ropadast Boga (o Tpe6oBaHHIO),
TEPMOMETD, CTAKAHYUK JAJA XOJOAHOH BOABI, XOJOIHAA BOAA
(mo TpeGoBanmIo), Yachl (MCIONAB3YHTE CBOHM YACHI WM JIFOOOH
TaiiMep), MUINMETPOBKa, HUTH, LITATHUB.

B 9T0i1 paboTe HcroNb30BAJICH TaK HasblBaeMbIi cruiaB Byna,
TeMHIeparypa IjasjieHus aTtoro ciasa Hyke 100°C, To ects 0H
TUIABUTCA B ropsdel, eUlé He KUOAmeit, Boze.

Pewenue. Ina onpefeNeHus TeMIepaTyphl IJIaBJIeHUSA HYXK-
HO HUCIIONB30BATh BPEMEHHYIO 3aBUCHMOCTb TEMIIEPATYPhl BOJLI,
KOTOpasi OCThiBaeT, U IIPHYEM B CTAKAHYMKE BMECTe C BOADH
HAXOAUTCA u3yuyaeMplil ciiaB. CTakaHYMK ¢ TAKUM COJEPKMMBIM
JOJLKEeH ObITHL TelJIOU30JUPOBAH CBEPXY, UTOOBI He CKal3bIBAJIOChH
ncnapeaue BoAbl. Ilejio B TOM, YTO CKOPOCTH IOTEPH TEIJIOTHI,
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CBsI3aHHASA C MCIApeHHEeM, OYEHb CUJIbHO W HEeJUHEHHO 3aBUCUT
OT TEMIIEPATYPHI, a IIOTEPH TEILIOTHI Yepe3 JHO U OOKOBBIE CTEHKH
He TaK CHJILHO 3aBUCAT OT TeMuepatypsl. [IpakTrka nmokaswiBaer,
YTO MOINHOCTDL 3THUX IOTEPh NPONOPLMOHANbHA PA3HOCTH TeMIIe-
pPaTyp COCYAAa M OKPYIKaroleil cpexbl.

B TeueHue 3TOro sKcHepuMeHTa HYXHO KAKHM-TO CIIOCODOM
nepeMenIuBaThL BOAY B COCyHe, 4TOObI BO BCEM COCYyHEe OHa bbplia
oxmunakoBoii. Ha rpadmke sasucuMoOCTH TeMItepaTypsl OT Bpe-
MeHH MOKHO OOHaDYXXHTh «IIONOUYKY», KOTOpas COOTBETCTBYET
Ipoueccy 3aTBepAEBAaHUS BelljecTBa B COCYIE.

HaliTu «TOuk#» Havaja ¥ 3dBepINEHUS Ipoliecca 3arBepje-
BaHUA MOXHO METOOM SKCTPANOJALUN, TAK KaK «IIOJOUKa» He
BMeeT YETKUX «H3JI0MOB». II0 BpeMeHH 3TOro Ipoilecca X MOII-
HOCTH TEIJIOBBIX IIOTEPb MOKHO BBIUMCIIHNTL TENJIOTY ILJIaBIEHMA
BelecTBa.

s onipenesieHUs1 YAENLHON TEILIOEMKOCTH BellleCTBa MOXKHO
[IOTH30BATHCA M3BECTHHIMU CIIOCO0OAMI, KOTOPbIE OIKUCAHLI B pe-
IIeHUAX OPYTUX 3anad.

Cocydut ¢ 2azom (10—1—2007)

HM3BecTHO, UTO B «UYEPHOM AIHKE» — KOPODKe, IPUKPEILIEH-
HOH K CTOJY, — HaXOZUTCA JBa COEAUHEHHBIX KOPOTKON TPyOKo#
cocyna. OIMH M3 HIX BHYTPH SAUUKA coodiaercs ¢ arMmocdepoii,
U3 Apyroro Tpybka BbIBeeHA W3 «UYEPHOTO AIHMKa» HADPYKY.
BHyTpH OLHOr0O U3 COCYAOR HAXOMUTCS MTOPIIEHDb, KOTOPBIA MOKeT
6e3 TpeHNd IlepeMelllaTbCA BJAOJIL CTEHOK cocyla.

IIpennaraercss HapuUCOBATH CXeMY «YEPHOTO AMUKA» U C IO~
MOWIBIO BBIJAHHOTO O0OPYAOBAHMSA Y3HATh, KAKOBLI 00BEMLI V)
1 Vy KaKAOTO U3 COCYNOB B ALIMKE.

Oo6opydosanue:

1) mmpun Ha 20 Mu (6e3 urisl), KOTOPBIA MOMXHO «IIONKJIIO-
4aTb» K ILJIACTHKOBOM TPYOKe M «OTKJIIOYATL» OT HeE;

2) nnacTukoBad TPyOKa ¢ 3aThIYKOH, IIpegHasHayeHHAA JJId
M3roTOBACHUSA MAHOMETpA. 3aThIYKY MOMHO BCTABIATH B TPYOKY
U BLIHMMATH U3 HEe;

3) B DaHOuUKe — 3eJIEHad >KHAKOCTH, IpeljHa3HadeHHAdA IJIdA
HM3roToBJIEHHA MAHOMETPA;

4) 3a’KUM, MO3BOJAIOIIUI IePEeKUMATE TPYOKY;
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5) TPOMHHUK ¥ PE3UHOBBIC MY(PTHI;

6) «uSpHBIH AIUK» C BbIXOAALIEH U3 Hero TpyoKoii;

7) usMepuTeJbHAA JIEHTA C MHJJIUMETPOBBLIMU JeJIeHUAMH,
TIPUKPETIEHHAS K CTOJY;

8) HeCKOJLKO KYCOYKOR IIPO3DAYHON JHOKOH JeHTHI (1S
KpeIjieHnsA MaHoMeTpa K CTOJNY).

Ilpumevanue: B wadyecTBe ONHCAHHBIX B YCJAOBUH 3afadH
cocynoB ¢ nopmHem 0e3 TpeHus ucrnoib3oBanuck (1-i cocyn)
JJAMHHAA TJNacTUKoBasA Tpydka u (2-B1 cocyna) pe3swHOBLIN II1a-
puk (peauHOBad obOJIOUKA «BOZAYIIHOIO ADUKA»), TOMEILEH-
HBIH B IJIACTHKOBYI) KODOOOUKY € JKECTKMMH CTEHKAMH U C
OTBEPCTHSAMHU B CTEHKAaX AJIs cooblleHUd ¢ aTmocdepoii. 'ubkue
CTeHKH DE3WHOBOIO WIAPUKA HIPAJIM POJIb IOPIIHA, KOTOPBIN
nepemelgaercsa 6e3 TpPeHUA BAONAL CTEHOK MOAEJLHOrO ‘COCYHA.
Paameprl pe3anHOBOM O0OJIOUKM HIADHKA M pa3Mepbl KOPOOOUKH
Oblin Momo6paHbl Tak, YTO, KOTAAa LIapUK 3aHHMaJl Bech 00bEM
KOpoOOYKH, ero pe3WHOBBIE CTEHKHU ellé He ObLIIN DPacTAHYTEHI,
TO €CTh He TPeOOBAJIOCH U3DBITOUHOTO AABJIEHUS BO3AyXa, YTOObI
pasayTh MapHK [0 MAKCHMAJLHOIO JOIYCTHMOTrO 06beMa.

Pewenue. Uz pnunHoit n1acTUKOBOH TPYOKU, 3aTLIUKU U 3e-
JIEHOH >XKUAKOCTH U3TrOTABINBAETCS caMOJAeNbHbINl MaHOMeTp. OH
VKNaAbIBAETCA HA CTOJI BAOJB JIEHTHI ¢ MUJIJIUMETPOBBIMHU JeJie-
HUAMHKA. Bxox MaHOMeTpa nojknwo4aeTca K OOHOU U3 TPEX TPY-
fouek TpoiiHuka. K gByM apyruM BEIXOJAM TPOMHUKA IOAKIIIO-
YapTCA 4Yepe3 KOPOTKHE OTPEe3KH TJIACTHKOBOW TPYOKM IIIpPHI]
U «4EpHBIH AMHUK». 3aKUMOM cHabGxaercsa TpyOKa, COeMMHSIO-
masa TpodHuMK u mnpui. LInpum MOXHO OTKIOYATH OT TPYO-
KM, 3al0JHATH BO3AYXOM IIPH aTMOC(hEpPHOM JABJEHUN WJIM H3-
0aBIATBCA OT BO3AyxXa IIYyTEM IepeMeUleHuA IMOPIIHSA U BHOBB
MOAKJIOYATL K TPYOKe, TO eCTh MOYXHO H3MEHSITh KOJIMYeCTBO
BO3yXa, HaXOAAILErocsi B OTHEJIEHHOM OT aTrmoc(epbl 4acTH
YCTaHOBKM. MOXKHO «OTKauYMBATH» BO3AYX WUJM AOIIOJHHTEJILHO
«HaKaYUBaTH» BO3AYX BHYTDb.

HNsmepssa komuuecTBo H06aBAeHHOTO MM H3BSATOTO BO3AYXA,
¥ PETHCTPUPYA NOKA3aHUA MaHOMETPA, MOYXHO OOHADYKHUTh, YTO
B HEKOTODOM [AManasoHe 3TH IIOKAa3aHUA He MEeHSIOTCA M COOT-
BeTCTBYIOT PaBEHCTBY HAaBIeHWH BHYTPU M cHapyxu. OTMETHB
MOJIOXKeHWe, KOTOPOMY COOTBETCTBYET MOMEHT Hadaja yMeHb-
MIeHUs [ABJIeHMA BO3AyxXa BHYTPH IIPU OTKAUKe BO3[yXa, MBI
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MOYKEeM YTBEP)KJIaTh, YTO BHYTPEHHHUH 00BEM cocyzAa ¢ MOPIIHEM
B 9TOT MOMEHT paBeH HyJ0. [TocTeneHHO HakaunBaa Bce GOJbIIe
BO3AYX4 B CHUCTEMY, OTMeYaeM MOMEHT, KOTODbIH COOTBETCTBYET
HayaJy poCTa AaBJeHUs BHYTPU. ITOMY MOMEHTY COOTBETCTBYET
TAKOE IOJIOKEeHHe MMOPINHA, YTO 00bEM COCYyLa C IOPIIHEM CTAHO-
BUTCHA MaKCHUMaJbHO BOSMOMHBIM.

IlocTpouB rpaduk 3aBHCHMMOCTH MOKA3aHMW MaHOMeETpPA OT
00BéMa U3BATOrO M J0OABIEHHOTO B CHCTEMY BO3AYXa, MOYKHO II0
HAKJIOHAM pPa3HbIX YUACTKOB OIPEIEJHUTh OTHOIIeHUS HEU3BECT-
HBbIX OO0BEMORB COCYZOB B «UEPHOM sSUIHKe». OHU OBIIM IPUMEPHO
pasupl 10 M (6e3 mopmas) u 30 mua (¢ mopurHem). IIpu BBI-
YUCJIEHUM HEU3BECTHBIX 00b€MOB HEOOXOAMMO ObLIO YyYUTHIBATH
1 00BéM BO3AYXa B TpyOKe MaHOMeETDA.

Hsmepenue ammocgeprozo dasnenus (10—2—2008)

3adaHue: uamepbre arMochepHOe maBiieHHe B IOMeUIEHUU
radenpsr busuku MHIOO.

O6opydosanue: TepMOMeTp, TOHKAsA CTEKIAHHAA TPyOKa -
HOM 15 ¢M ¢ NOCTOAHHBIM BHYTPEHHHUM CeUeHHneM, OTKDhITasd ¢ Of-
HOTO KOHIIA U COEAUHEHH&S CO CTEKJIAHHBIM LIADHUKOM C APYTroro
KOHIIa, NJacTUKoBas rubkas TpybOxa miuHOoil 1 M ¢ BHYTpeH-
HHMM CeUeHHEeM, KOTOpOe HeMHOrO MeHbllle BHEIIHero ceueHus
CTEeKJIAHHOHI TPYyOKHU, NJIACTHKOBAs €MKOCTb AN BOABI, MepHas
JIeHTa, ropsayad Boja (1o TpefoBaHMIO), JUIKAA JIeHTa — [I0 Mepe
He00X0ANMOCTH

HyxHo npugymath croco0 M HM3MEPUTH JaBJIeHUE BO3AyXa
B IOMEIIEHNH C MAKCUMAJbLHO BO3MOKHON TOYHOCTHIO.

IlpepgnonaraBmuiica xo4 pelleHUs 3aJayl TAKOB.

Yacts 1. Bropaueit (83 °C) Boxe HarpeBaeTCst CTEKISAHHBIN
LIAPHK, a 3aT€M OTKDBITHIM KOHeIl CTeKJISIHHOA TpyOKM OIycKa-
eTcs [OX BOAY. B peaynsrate oxmamaeHusA TPyOKH M BO3AyXa
BHYTPH He€ N0 KOMHATHOM Temmepatypsl (23°C) B TpybOry BTA-
ruBaeTca Boja. Pasmepsl TPYOKM M mapuka ObLIM TAKUMM, UTO
CTeKJsAHHaA TPyOka moutHu uesmkoMm (Ha 150 mMM) samosaHsanack
BOJOH, & B LIADMK BOJa He MONAAaja. DTOT SKCIEPUMEHT O3B0~
JISleT YyCTAHOBUTHL OTHOUIEHWE BHYTPEHHUX 00BEMOB mapuka Vi
U QUIMHIPUYIECKOH Y4acTy CTeKIAHHOMN TPYOKU Va:

o 1%
(V14 V2) Txomu = V1(Txomn + 60°); 7;‘%5'
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HJacres 2. C NOMOIIBI0 HAarpeBa ¥ OXJAXKJEHUA IIapHUKA
MOXXHO IIOMECTHUTL HeOGOJBbUION CTOJNOMK BOABl BHYTDL ITUJIHMH-
JAPUYECKOH YacTH CTeKNAHHON Tpyb6oukm. OH oThenster BO3AyX
BHYTDH HIAaPHUKA U TPYOOUKH OT BO3Ayxa cHapyxu. HauameHbiil
00bEM BO3ZIyXa, OTAEJEHHOTO BOASHBIM ITOPLIHEM, PaBeH

Vo= (Vl-l-%Vg) .

3necy L — BcA piMHA MMJIMHAPHMYECKODO YHACTKA CTEKJISIHHOM
TPYOKH, a | — [InHa UAMHPUYIECKO# YacTH, 3aTl0HEHHON BO3~
OYXOM ¥ TIPUMBIKAOIIEH K MIaDHKY.

IlonyuuBmeecs ycTpOMCTBO MOXKHO UCHONB30BATH KaK YacTh
YCTAHOBKH JJIA U3MeDpeHMs RaBieHuA. Bropad 4acTb YCTaHOBKM
HM3roTAaBJUBAETCA U3 MJIACTUKOBON TPYOKH 1 BOABIL. llmacTukoByio
TPYyOOUKY CJIeHOBAJIO PACHOJIOMHUTH TOPU30OHTAIBHO M 3aIONHUTH
BOJOIl IPDUMEpHO HAa TOJOBMHY AJMHBL. Bozga noimxna Oblina Ha-
XOZWUTbCA B CpeXHEH 4acTH TpyOKHM, a OcTajJbHaAsA 4acTb TPYyOKM
(BOMH3M €€ ABYX OTKPBITHIX KOHUOB) AOJKHA Oblja OCTATHCHA
nycrtoil (3amosHenHoi Bo3xyxom). JinHa cronbuka BOABI B IIja-
CTUKOBOH TpyOOuKe HM3MepsieTCA C NOMOIIBIO MUJIJIMMETDPOBKU
MJIHA JUHEeHKY. 3aTeM OJHUM KOHIIOM 3Ty ILJIACTUKOBYIO TPYDOUKY
HYKHO COGIMHHTH C OTKPBITHIM KOHLIIOM CTEKJIAHHOMN TPyOOUKwH,
B KOTOPOH yiKe HaXOAUTCA Pa3leNUTeNbHbIH CTOJNOUK BOJBI.

Ecin nmacTMKOBYIO TpyOKY NPHBECTH B BEPTHUKAJIBHOE HOJO-
JKeHHe, TO MOKHO YBEeJIUYNTDh MJIN YMEHbITUTE AaBlleHUe BO3AyXa
B CTEeKJAHHOM miapuke. JlononHuTeNbHOE AABJIeHME, CO3RaHHOE
B TpybKe crosboM Boawt xnmHON h, paBHO pgh. Temmepary-
pa BO3JNyXa BHYTDHM LIapPMKa OCTAETCA NOCTOSHHOMN, HO3TOMY
nasaeHue P u o6béM V 3ameproro BOAsSHOM INPOOKOH BO3AY-
Xa CcBsI3aHbI cOOTHoweHneM PV =const. IamepuB nepemeiteHue
pPasgeNuTeNILHOrO CTONOHKA BOABI B CTEKIAHHON TpyOouke X,
MOKHO HaliTH JaBjeHUe BO3xyxa Py B KOMHaTe:

(Vi+ £V2) Po=(Vi+ 155 V2) (Po-+ pgh).

Cienyer npoBecTH HeCKOJbKO M3MEPEeHHil, pacrosaras Ia-
CTUKOBYIO TPYDOOUKY mo-pasHoMy (MOPM30HTAJbHO, BePTUKAIBHO
¢ yBeJIMUeHHEM AABJIEHHWS BHYTPH CTEKJIAHHOIO IIAPHKA, BEPTH-
KaJIbHO ¢ YMeHbIIEHUEM [aBjIeHUsA BHYTPH CTEKJIAHHOIO LIapH-
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Ka). 9T HECKOJIbLKO U3MEPEeHUI [103BOJISIIOT BBIYUCIINTE JaBjaeHHe
BO34yXa B KOMHAaTE U ONPEeJeuTh [IOTPeHIHOCTH M3MepeHUuA.

OJNeKTpHYeCKHEe M3MepPeHHd

Ommemp 6es3 paspviea yenu

3adanue: U3MepbTE BEINYMHY pesucTopa 0€e3 OTKIIOYeHHsd
€ro OT CXeMbI, B COCTAB KOTOPOH 3TOT Pe3UCTOp BXoAUT. (3amaua
onybnukoBaHa B Horocubupcxom cOopHuKe 3a1au no Gusuxe nof
pezaxkumeii O. f1. CaBuenko.)

Y4uacTok cxXeMbl COCTOMT M3 HEU3BECTHBIX CONPOTHUBIICHUH.
Kak, umesa ammnepmerpsl, BOJbTMETD, OaTapew W COENHMHHUTE/Ib-
HBIe MPOBOJAA, U3MEPHUTHL COIpoTuUBIeHWe R, He paspeiBaa HU
OZHOI0 KOHTaKTa B cxeMme (puc. 20)?

Puc. 20

Obopydosarue: KycOK NedaTHOH NJATHL C OOJBIIUM KOJIH-
YeCcTBOM 3JJIEMEHTOB (B TOM 4YHCJie DPEe3UCTOPOB) HA HEM, JBa
amnepmerpa, Hudposoil BoasTMeTp, Oarapeiika 4,5 B, coegqunu-
TeNbHble IPOBOMA C HAKOHEYHMKAMHK «KpoKoaunaamu». Ha nnare
OTMe4YeH Pe3NCTOP, BEJIMUNHY KOTOPOTO HYKHO OIIpedeUTh.

3ro Ta Ke camMas 3agava (TeoperHueckKasd), IIePeBeRSHHASA
B 3KCIIEPMMEHTANBHBIA TYD.

[Ipuseném YacTh CXeMBbl, BKIIOYAIOIIYIO HCKOMOE COIIPOTHBIIO-
ume. K yanam A u O moakiounm Garapero, a k yaaam Cu O —
BONBLTMETP, K y3jaM C. u A, C u B — amuepMeTpsl, a y3iusl A
u B coegunum npoeogom (puc. 21). Tok yepes conpotusienue R
paeeH Icas +IeB.
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Torna R=U/{I¢cs+IcB), rie U — nokasanue BonbrMetpa. Ha
caMoM feJie IPY HAJTMUNH KOPOTKOro 3aMbIKaHUA MEXY, Y3I1aMHu
A u B ger He00XOZNMOCTH HCIIONAB30BATh ABa aMIlepMeTpa — OHU
Beib BCE PAaBHO BKJIIOUEHLI NAPaJeabHO APYT APYTY.

Hsmepenue conpomusnenuil

Hanbl 6arapeiika, oguH MHJIHAMIIEPMETD, COeQUHUTEILHbIE
IIPOBOLA ¥ TPH pe3ucTopa: OAMH C TOUHO M3BECTHBHIM COIPOTHUB-
adeauem 200 OM, a cOMPOTHRIEHUS ABYX OPYruX HEU3BECTHHI.
Haiinure HeusBecTHbIE CONPOTUBICHUA JBYX Pe3UCTOPOB.

Pewenue. TTockonbKy B YCJIOBHU He OTOBOPEHO, UTO HENb3sA
HOAKJIIOYATh M3MEPUTEABHBIN Npnbop HemocpeACTBEHHO K bGara-
pelixe, mompobyeM 3To chesarhb. [lonyuaeTcsa OXKugaeMbld pe-
3yJIbTaT —— NPUOOP «3allKaJINBAET», TO €CTh ero HY»XHO HOAKJI0-
9aTh [MOCJAEA0BATENBHO C pesucropamMu. CIoco0OB NOAKIIOUEHHA
pPE3UCTOPOB MHOIO, B YACTHOCTH, MOMKHO IIOAKJIIOUHTL K Oara-
peiike cHauaja TOJBKO M3BECTHBIH PE3UCTOP U MOCJIeN0BATEALHO
¢ HUM usMepureJbHBId nmpubop. 3aTeMm K OaTapeilike aHAIOTHU-
HBIM CIOCOGOM MOAKJIIOUAIOTCS OCTABINHMECS Pe3uCcTOphl (C Heus-
BECTHBIMM CONPOTHBICHUSIMH). BrisicHAETCSI, UTO OJIST OZHOTO U3
HUX TOK, MOKa3blBaeMbId NpHOOpPOM, OoueHb MaJj, a LA APYroro
HaCTOJIbKO BEJIMK, UTO MPUBOP «3aIKATUBAECT» .,

M menHO 3TOT pe3ucTop NO3BOJUT IPOBEPUTL, HACKOJIBKO «XO-
poma» Oataperka. [{ns Tako#l NpPOBEePKH M3MEePUTEJIbHbLINA NpPU-
00D yepes PE3UCTODP C U3BECTHHIM COMIPOTHUBIEHHEM MOAKIIYAET-
ca K Oarapeiike, a 3aTeM HENOCPEACTBEHHO K BRIBOKAM OaTapeiiku
MOAKJIOUAaeTCA PEe3HCTOP C HEU3BECTHLIM MAaJIbIM COIIPOTHUBJIE-
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HueM. Peayaprar oOHangéxuBaeT — MOKasaHue npubopa mnpak-
THYEeCKN He H3MeHseTcs, TO ecTh BHYTpeHHee CONPOTHUBJIEHNE
fartapefixu 3HAYUTEJBLHO MeHbHIE€ COMPOTHBIEHUA JHOO0rQ M3
PE3UCTOPOB.

HogknrouaeM Tenepb aTOT pe3UCTOP NapayielbHo npubopy
Y II0CJHeJ0BATE/BLHO C PE3UCTOPOM C HU3BECTHBIM COHNPOTUBJICHM-
eM — noKasanus npubopa ymensinarorca noutu Basoe (B 1,9 pa-
3a). ITO O3HAYAET, YTO CONPOTHUBJIECHHE 3TOTO Pe3UCTOpa IIprMep-
HO DaBHO BHYTDEeHHeMY comnporusiieHuto npubdopa. logxawouaeM
TellePb ITOT PE3UCTOP HOCIeN0BATENLHO B I[eNIb ¢ IPUOOPOM U pe-
3HCTOPOM C U3BECTHBIM conporuBiaeHunem. llokazanust npubopa
yMeHbawTeda Ha 8%. CrnemoBaTenbHo, CONMPOTUBIIEHNE PEZUCTO-
pa ¥ BHYTpPeHHEe CONpOTHBJIeHUe Ipubopa paBHBI NPUMEDPHO II0
20 Om.

st usMepenus 60BILIOT0 HEU3BECTHOTO COUDOTUBJIEHUA TPe-
TBETO PE3NCTOPa MOMKHO NOAKJIOUUTHL ero IapasulebHO peau-
CTOPY € M3BECTHBIM CONpOTHBJeHuWeM. [Ilpu sTOM IOKazaHUs
npubopa BeIpacTaroT uUpuMmepHo Ha 10%. 3to os3mauaer, UToO
HEH3BECTHOE CONIPOTHBRIeHHEe paBHOo npumepao 2000 Om.

38e30a (mpeyzonbrUK)

B «uéprom amuxe» ¢ TpeMsa BbiBomamMu Ne 1, Ne 2, Ne 3
HaXOoHsATCsA TPU PE3UCTOPA.

3adarnue. OnpeaennTe CONPOTUBIIEHUS PE3UCTOPOB, CIIH CXe-
Ma UX COEJUHEHUS — «3Be3ja» {«TPEeyroJjibHUuK»), cMm. puc. 22,

38e2da mpey2onLHUK

Puc. 22

\

O6opydosarnue: «4EpHBIN AIIUK» C TPEMS BBIBOJLAMM, BOJBT-
MeTp, MUJLIMAMIIEpMeTp, OaTapelika ¢ HeM3BeCTHBIMHU Iapamer-
paMu, HeH3BECTHBIH pPe3UCTOop.

IIpuGops! TIOKAa3bIBAIOT IIPABUJIbLHBIE 3HAUEHUS M3MEpAEMBIX
BeJINUMH, HO OHM HEe HIEaJIbHbI, TO €CTb BHYTPEHHEE CcOIpo-
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THUBJIEHWEe MUJIJIHaMIlepMeTpa He pPaBHO HYJ0, a BHYTPEHHEe
COIIPOTHBJICEHE BOJIBbTMETDA HE 6eCKOHEYHO BEJIUKO.

meocmb

Onupenenvre HEM3BECTHYIO EMKOCTh KOHIEeHCATODA.

O6opydosanue: KOHAEHCATOD HeudBecTHON éMyocTu C), KOH-
pencatop Ca, EMKOCTh KOTOPOTO M3BeCTHA, Oarapeiika, NJIAHHAA
HHUXPOMOBas NPOBOJOKa, HAMOTAHHASA Ha NEPEBIHHYIO JUHEHKY
YeTLIPbMA IIHHHBIMH BUTKAMH, PE3HCTOP ¢ HEM3BECTHBIM, HO
JOCTATOUYHO OOJIBIINM COUPOTHBJICHHUEM, MUKPOAMIEepMeTp, €O-
eIMHAUTEeJbHbIE IIPOBOJA.

Buumanue! He nopkirouaiiTe H3MepUTENIbHBIN Ipubop HeIo-
CPEeACTBEHHO K baTapeiike — OH MOXKET BBIHTH M3 CTPOs!

Ilepsoe pewienue. MukpoaMiiepMeTp MOKHO HCIIOJIBL30BATH KAK
npubop ¢ 60Jab1IOH YYBCTBUTEJLHOCTHIO K TOKY. Ecan BKIIOUHUTH
B Llellb IIOCJENOBATEJIBHO APYT 3a APYIrOM MHKpPOaMIIEPMETD, pe-
31CTOp ¢ OOJLIINM COIPOTUBIeHUEM M baTapeliky, To mpubop mo-
Ka)XeT TOK C «3allKAJIMBAHMEM» (IPH 3TOM HpHGOD He HOPTUTCA).

Cobupaercss MocTOoBass cxeMa. B ILiedM MOCTa BKJIIOUYAIOTCSH
C OOHOW CTOPOHBI KOHAEeHCATOPHI. MecTO X CoeguHEeHHS — 3TO
OIVH U3 BHIBOJOB AuMaroHanu mocra. C Apyroil CTOPOHBI ILjie-
yaMy MOCTa sABJgeTcsa HUXpoMmoBas npoponoka. OT HEKOTOpOM
TOYKH MeXKAY KOHI[aMH HUXPOMOBOH HPOBOJIOKH AeAa€TCH OTBOJ
COEIVHUTEIbHBIM IIPOBOOM — 3TO BTOPOH BBIBOJ AUATOHAJIN MO-
cta. B guaroHans MoCTa BEJIOUaeTcHs MPHOOP mocIef0BATEILHO
¢ De3HCTOpOM, OTPAaHHYMBAKIUM TOK. MocT Ha KOpDOTKOe Bpe-
MA moakmouaercss K 6araperike. IIpu arom npubop nmoxaswiBaeT
HEeKOe 3HadyeHHe TOKa, ecJaM MocT He cbanamcupoBan. Bribo-
POM TOUKH MOAKJIIOUEHHS Ho0uBapTca 6amaHcuposBku mocta. Ilo
OTHOLIEHUIO IJINH YYaCTKOB HUXPOMOBON IIPOBOJIOKM B TJIEYaX
MOCTa OITpeAe/sIOT OTHOIIeHHE EéMKOCTEl KOHIEHCATOPOB.

Bmopoe pewenue. Kongeacarop mogKIH04aeTcsi CBOUMH BbI-
BogamMu K Oarapeiike. Ilpu 3aToM macTUHBI KOHAeHcaTOpa 3a-
PAXKAIOTCA: OlHA IJIaCTMHA NpuodperaeT 3apsan +Q, a apyras
niaacTuHa —@. Ecan Temepn Tako#l 3apssKeHHBIN KOHAEHCATOPD
OTKJIIOUUTL OT Oarapedikym M NOAKIIOUHTL K BHIBOAAM CTpEJIOY-
goro npubopa, To cTpeinka GygeT «0TOPOINEHA» OT IOJOKEHHS
paBHOBecHsI (IPNOOD B TIOJIOXKEHUU DABHOBECHA CTPEJKH IHO-
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Ka3bIlBAeT HYJb) Ha HEKOTOPhIM yrosa. Eciau crpenka npubopa
«0oTOpackIBaeTCA 10 yropas, TO KOHJAEHCATOD HYXKHO 3apsKaTh KO
Hanpa:xeHua Mensinero JJC 6arapeiixu. IIpu sTom HuXpoMoBasd
TIPOBOJIOKA MOXKET OBITH HCIIONB30BaHa B KAueCTBe «JeJIUTeJd»
HanpssKeHusA. B aToM ciyuae HanpsizkeHMe Ha BBIBOAAX KOHJEH-
caTopa (pPasHOCTL ITOTEHIMAJOB €ro ILJIACTHH) MOXHO cJejaTh
meHbule, yem JI[C Garapeu, U Ho6UTLCA TOrO, YTOOBI OTKJIOHS-
I011aACs CTPEJIKA He YAapAIach 110 OTPAHHYNTENIO.

Takoil cmoco® uaMepeHus HasbIBaeTCA OANNUCTUUECKUM, TaK
KaK BpeMsa NIPOTEKAHUS TOKA Yeped KATYIIKYy CTPEJIOYHOI0 NpH-
0opa BecbMa Maso, ¥ CTDPEIKA 3a CUET IIPUOOPETEHHON KMHEeTH-
YECKON DHEPruu IIOBOPAUYMBAETCS HA 3HAYKUTENBHBIR yros B Te-
YeHHe BPeMeHH, KOTOpOoe ropasao 0ojblile BpeMeHH NMPOTeKAHMS
3apsiga.

Ecin cumraTh, 4TO TpeHHMS B MEXaHWYECKOH cucTeMe cTpe-
JIOUHOTO TpUdopa HeT, TO MOMEHT KOJINYECTBA ABMKEHUS, NPHOO-
PEeTEHHBIH CTPEJIROI U KATYIIKOH Npubopa Mocle MOAKIIOYEeHN
3apsKEHHOr0 KOHJIeHcaTopa, IPOIOPINOHAJIEH 3apAAY, HPOILe/-
meMy 3a Majioe BpeMsa uyepe3 KaTywky npuoopa. Ilpu arom
KHHeTHYeCKasa JSHeprus BpallleHuda, NpuobpeTéHHAs CTPENKOH
M KaTYUIKOil, IPOIOPIHOHaIbHA KBaAPATY 3apafa Q2.

MakcHMAJLHBIA YIoJl OTKJIOHEHHUA CTPEJKH COOTBETCTBYET
TOMY, YTO BCS KHHETHUECKas 3Heprusd MeXaHW4YeCKOH Bpalnaro-
utelica yactu (paMKM M CTpeJKH) Npubopa Nepeuria B 9HEePTHUIO
yIpyroii fedopManuu Bosppamalomeil npyxunsl K¢?/2, to ecThb
yTOJI OTKIOHEHHUS NMPOMOPIUOHATEH §.

Ilogbopom koadduIpmeHTa HeIeHNsA HAUDPAMKEHHA [IJIsS U3~
BECTHOTO M JJISI HEM3BECTHOTO KOHIEHCATOPOB CaeayeT JOOUThCHA
OJMHAKOBBIX MaKCUMAaIbHBIX YIVIOB OTKJIOHEHHS CTPEJIKH OT «HY-
JIEBOTO» IIOJIOKeHHS B 00oux cay4asax. IIpu sTtom Bo3MOKHASA
HeJIVMHEeRHOCTDb npulopa He OYAeT CKasbIBAThCA HA pe3yJkTaTe.

Yro6s1 IO BOZMOXKHOCTH TOUHEe ONpeReATh MaKCUMAJIbHOE
OTKJIOHEHHE CTPEeJKH, MOKHO 3aKPhIBATH JIUCTKOM OyMaru 4acTh
HIKanapl npubopa M 3aMedaTh JIMIIL CJErKa «BLICYHYBIIYIOCS »
W3 IOJA MPHKPBITHA cTpenky. [lepememtas Jjiuct OyMaru, MOMKHO
C TOYHOCTBIO IO IIUPHHBLI CTPEJKN HAHTH MOJOKEeHUe MaKCH-
MaJbHOTO OTKJIOHEHHUS.

«AneansupiMu» ObLIM GBI TaKue yCJIOBUsA: cTpenka Gemas,
a (¢oH mKansl Hpudopa M JuCTOK 6yMarm — 4yépHsle.
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Jamnouka-duod

JlaMmouky HakaIWBaHUA [JA KApMaHHOroO (PpOHAPHUKA OKYHH-
Te B COJIAHON PacTBOp TaK, YTOOb! €€ [OKOJb He Kacajcsd pacTBO-
pa. ITomecTuTe B pacTBOD METAJLIMYECKHI 3JIEKTPOJ ¥ IIOJIYUUTE
BOJLTAMIIEDHBIE XapaKTEePUCTUKM TAKOH CXeMbl B 3aBHCUMOCTHU
OT CTelleHW HaKaJla JJAMIIOUKH.

O6opydoearnue: pacTBOpP B COCYAe, JaMIIOUKa, HOKOJbL IJIs
KpeIIeHns JaMIIOUKH, MeJHbIE 3JIEKTPOLbI, ABe DaTapeiiku, mudg-
POBOM TecTep, COeAMHUTEIbHbIE TIPOBOAA.

Jamnoura (11—2—2000)

CHHUMUTE BOJBLTAMIIEDHYIO XaPAaKTePUCTUKY JaMIIOUYKHA B Aua-
nasoHe HaNpsKeHMH o 5 B, mocTpoiiTe 3aBUCUMOCThH TEMIIepa-
Typbl HUTH HAKaja OT IIPHJIOKEHHOTO HANPAXKEHHS W HauIuTe
JOJII0 NOTpebyigeMoOil JIaMOoO# MOIIHOCTH, OTAABaeMYKI B OKpY-
JKAIOINYI0 Cpefy IIOCPeACTBOM Telljiollepefadu (He usinydeHnem!),
npu Hanps:xeHuun 3 B.

O6opydosanue: JIAMIOUKA, pPEryJIHpyeMblil OJI0K UUTAHHA,
NpOBOJA, YVHUBEpCcAJbHBIM UH(PPOBOM H3IMepHUTEJLHBLIH Hpudop
(ero morpemniHoOCTh NPH U3MEPEHUAX HA «IIOCTOAHHOM TOKe» He
npeBbiuiaeT 1% oT MakCHMANBHOTO 3HAYEHHSA Ha BHIODAHHOM
mKasne), YHUBEpCAAbHBII «IKOJIbHBIN» U3MEPUTENIbHBIH IPUOOD
{ero morpeIHOCTb — HY, OH IIKOJbHBINA, H3MepAeT OH XOPOLIO, HO
He OYeHb TOYHO), MHJLTUMETpOBas Oymara.

TemnepaTypHbiit Ko2dPHUIMEHT COMPOTUBJEHUA Boabdpama
MOJKHO CUMTATh MOCTOAHHBIM M paBHbIM a=0,0037 K1, orza-
BaeMasi MOU(HOCTh NIPHU TeNJolepefade NpooOpUAoOHalbHa PasHo-
CTH TEeMIIEPATYyp.

IToxkanyiicra, He npeBpllLalTe HANpsKeHUA 5 B, He pousiite
Ha NOJ M He Xrure U3MepUTeJbHbIe IMPHOOPH!, HE 3aMBIKalTe
«HAKOPOTKO» perymupyeMbIil 610K NUTaHWsA, HY oxKaayicral

Pewenue. B yeoBun 3afayu HaHO YETKOE YKa3aHWE — CHATH
BAX nammnouku. Ilo aToil xapakTepuCTHKE MOXKHO IIOCTPOMTH
3aBUCUMOCTH COIIPOTHRBJIEHUSA HUTH HAKAJA JAMIIOYKH OT 3JIeK-
TPHAYECKOX MOUIHOCTH, BBIJE/SIONIENCA B JIaMIOUYKe. B YCI0BHU
3agavi KaHA NOACKA3Ka: CONPOTHUBIEHHE HUTH IIPAMO IIPOIOPI[M-
OHANBHO €€ abcoIITHON TeMniepaType.
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IIpu GonpuION TeMIilepaType HUTY MOYXHO CUUTATh, YTO [O-
AAaBIAAOUAA YaCTh HOTEPH TEIJa ¢BA3aHA C U3JIYYEHHEM, MOLL-
HOCTBH KOTOPOTO IIPONOPIMOHANILHA ueTBEPTOI cTeneHu abcosior-
Hoit Temneparypbl ATY=1U. Eciu conpoTHBIeRMe HUTH HaKkasa
JIaMIIOYKH NpH BbICOKOM Temmeparype B 10 pas Gospie coupo-
TUBJIEHUA OPU KOMHaTHON Temuepatype (To~290 K), To MoxkHO
BBIYUCIHNTE U TeMIIeparypy (oxono 2900 K), 1 xosdduunesT npu
€€ YeTBEPTOM CTEINeHU B (PopMyJje AJIA BHIUUCIEHHS MOIIHOCTH
1oTeph, CBA3AHHBIX C U3JIYYEHHEM,

IIpu HebOABIMINX HANPAMKEHUAX HA JAMIIOUKE OJHOBDEMEHHO
paboTaloT ABa MeXaHW3Ma IOTEePhb TEIJIa: U3JAYUYEHUEM U TeIIo-
IIPOBOJAHOCTBIO:

IU=A(T*~ T$)+B(T - To)~(3T3 A + B)(T — T).

ITocTpour kacaresnbuyio K rpaduky 3aBucuMocTu MoiHoctu [U
oT conporusaeHust U/l npu MaIblX 3HaUEHUSAX MOUIHOCTH, MOXK-
HO Haiitu oTHOWeHHe AT /B.

s oTBeTa Ha BONPOC O A0JIE TOTEPh [TOCPENCTBOM MEXaHu3-
Ma TenJIONPOBOAHOCTH NPY HANPSIKEHUM Ha jJamie 3 B myxHo
BBIUMCJINUTEL OTHOUIEHNE

B(Ti )y~ To)
A(Tfa B Tg).

Heussecmnuwvil anemenm (10—2—2001)

BuyTpu «4€pHOro simuKa» HAaXOOUTCSA Oatapeiika, OOCaAeno-
BaTEeNbHO ¢ HeM BKIOUEH HEM3RECTHBIN aneMenT IJ. Ilomyuure
OKCIEPUMEHTANBLHYIO 3aBUCUMOCTh HANMPSKeHUsI dJIeMeHTa J OT
NMpPOTEKAIOIIero Yyepe3 Hero TOKa, nocrpoiire rpaduk. Ilonpobyii-
TE€ IIPEeJCKa3aTh CHJY TOKa, KOTODPHLIA NOTEYET yepes OaTapenky
HampsaxenueM 4,5 B, DOAKIIOUEHHYIO CHAPYKH K BhIBOAAM <«4€p-
HOT'O AUTHKA».

Ob6opydosarnue: «4EPHBIA SAMMK», HECKOJIBKO DE3VCTOPOR
(4—5 mTyK), yHUBEpCAJBHBIA M3MEpUTENbHBIH Ipubop — Te-
cTep, IpoBoaa.

ITpumeyanue: mpubOp ZOBOJIBHO TOYHBIH — IIOFPEITHOCTD IIPH
U3MEPeHUM HANPAXKEHUA U TOKa He nTpesbiuaer 1%, npu usMepe-
HUH CONPOTUBIeHUA — He 6oablie 2% . Couporusierne npubopa
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UpY HU3MEPEHUU HANpAXKEeHUS O4eHb BeJHKOo (MuAnuoHbl OM),
IpYU M3MepPeHHHU TOKa — LOBOJIBHO MaJjlo.

(9 — 3T0 NTAMIIOUKA.)

Pewenue. JIns1 mauajla MOXKHO U3MEPUTH C IOMOI[LIO BBIJAH-
HOro IpUOOpa CONPOTHUBIEHUA BCEX HAJUYHBIX DE3NCTOPOB BHE
«U8pHOTO SWMNKA». 3aTeM cienyeT ycraHoBuTh I C 6aTapeiikn,
SKUBYIIEH BHYTPU SAIMKAa, H MaKCUMAaJbHBLIM TOK KOPOTKOTO 3a-
MbIKaHUA (II0Ka barapelika ellé cBexasi).

3aMeTHO, UTO B MOMEHT MOIKJJIOUEHUS aMIepMeTpa K «4ép-
HOMY AUMKY» TOK HauMHaeT OLICTPO BO3PacTaTh, a 3aTeM YMeHb-
HiaeTcs. ITO rOBOPUT O TOM, YTO CONPOTHUBIICHHE 3JIeMEHTAa, MOI-
KJI0OYEHHOTO [OCJeZOBATENBHO ¢ OaTapefKoil BHYTPH «YEPHOTO
AMMUKA», 3aBUCUT OT BEJUUHUHBI TOKa. M3MepeHUs Ha Makcu-
MaJILHOM TOKe JKeJaTelIbHO IIPOBOAHTH B TEeYEeHHE KOPOTKOTO
BPEMeHHU, YTOOb! He «IIOCAAUThL» DaTapeiky.

IIocie aToOro K BHIBOJAM «YEPHOTO SUIMKA» HOAKJIIOYAIOTCS TI0
ouepeny HMeIOUIVecsa PEe3UCTOPbl M ¢ IIOMOIILI0 IpHOOpa H3Me-
pAIOTCA MANeHUs HANpPSKeHUsT HA HUX. MOMKHO COeAUHATL PE3U-
CTOPLI ITOCJENOBATEJILHO, ITapAJIJIeJbHO APYT APYTY HJIH B HEKHUX

OoJiee CIOMKHBIX KOMOMHAUMAX AJISA I10-

Jy4eHUs GOJIbIIero KoJiu4ecTBa BIXO-

HBIX [TapaMeTpoB (HanpAXKeHUA U TO-

Ka) «4YEpHOro AIHKA».

Kaxaomy BHelllHeMY COIIPOTHBJE-

HUIO, NOAKJIIYEHHOMY K OaTapeitke

II0CJIeIOBATEJILHO C HEM3BECTHBLIM 3Je-
! MeHTOM, COOTBETCTBYeT CBOA HArpy-

vre 3ounasd JuuuA. OHa HAa PUCYHKE COOT-

Pue. 23 BeTCTBYET HpAMOH auuauu. [as Kax-

HOTO CONPOTUBJIEHMA MILETCH MaKCH-

ManbHBI TOok U/R, a 3aTeM Ha HArpY30YHOH JIMHUM CTaBUTCS

TOYKa A, COOTBETCTBYIOUIAS TOKY, MOJYYEHHOMY IJS RAHHOIO

3HAYEHUA COIPOTUBICHUA DE3UCTOpPA. TAKUX TOYEK ITOJAYIUTCA
MHOro, 1 BAX sjiemeHTa nonydaeTcs B SsBHOM BHAe (puc. 23).

Joranarecs, UTO HEM3BECTHLII AIEMEHT — 3TO JAMIIOYKA Ha-
KAJIMBAHUA HECJOMKHO, JOCTATOUHO IMpoBepuTh BAX Ha coorseT-
cTBue dopmyae I~ U6,

ITocne aToro MOXKHO M peAcKa3aTh, KAaKOM TOK TIOTEYET yepes
«4EpHLI AUNK» P ero NoAxIIOUYeHUN K Darapeitke ¢ 9IC 4,5 B.




JKxcnepumenmanvubie 3adanu pusuieckux oaumnuad 113

BoamoxkHBIX 3HaUeHWH TOKa ABa: MepBOe 3HAYEHHE COOTBET-
CTBYeT II0CJIefOBATEeJILHOMY BKIIOYEHHIO DaTapeil (BHYTpeHHel
¥ BHEMNIHEH) CO CJIOKeHHEeM HX 3JIEeKTPOABHYKYIIHUX CHJI, a BTOpOe
3HAYeHMeEe COOTBETCTBYET IMOCTeN0BATEIPHOMY «BCTPEYHOMY» Ba-
pUaHTy BKJIOUeHuA GaTapel, Koraa WX 3JeKTPOIBHMYIINE CHIIBI
BBIUUTAIOTCA.

Jlamnourxa (9—2—2002)

CHATHe BOJILTAMIIEPHOH XapaKTEPUCTUKH JAMIIOYKH.

ITIpubopvt u ob6opydosanue: Gatapelika, YHHBepCAIbHBIA H3-
MepHTeJbHBII npubop (HndpoBoil aMmnepMeTp, BOJABTMETD U OM-
MeTp), 6 OAUHAKOBBIX JlaMIIoueK (OAHA JaMIIOUYKa OTAEIbHO,
coeIMHEHHDBIE NTapalieJibHO ABE JJAMIIOYKH, COEUHEHHBIE MAPAJI-
JIeJIBHO TPH JIAMIIOYKH), NPOBOJA.

3a0anue: CHUMHTE BKCHEePHMEHTAJBHO 3aBHCHUMOCTL CHJIBI
TOKA 4Yepe3 JIAMIIOUKY OT NPHJIOMEHHOTO K Hell HaNpsyKeHHs
¥ HapucyiiTe MONYUEHHYIO KPUBYI0. MCcIOnb3ys pe3yabTaTh IKC-
NePHIMEHTA, ONPeJleJINTe, BO CKOJHKO Pa3 OTIIMYAIOTCA BEINYNHDI
CONPOTHUBIEHUNH HHTHU Haxkaja npu HanpsoxkeHusx 0,8 Bu 3 B
(IpM CUJIPHOM HArpe€BAHHU CONPOTHBJICHUE IIDOBOLHUKA MOXKET
CUJIBbHO H3MEHUThC!).

Brumanune! MamepurepbHBIil Ipubop MoXXKeT oDecreuuTs Xo-
pouiyio TouHOCTh (He Xy:xe 0,5% 0T MakCUMAaJILHOI'O 3HAUEHUS
U3MepAEMON BeJMUYMHBI Ha BBHIODAHHOM NIpejesie U3MepeHHIt),
CONIPOTHBJICHHUE BOJLTMETPA OUEHb BEJVKO, COIPOTHBIIEHHE MUJI-
THaMIIepMeTpa, K COXKaJleHHIO, He 0YeHDb MaJIo.

U ewré: me nmoariarovaiite mpuGop B peKuMe H3MEDPEHHS TO-
KOB IPAMO K BeIBOJAaM OaTapedKy — TOJBKO NOCJENOBATEJILHO
C JaMNoOYKoM (yammnouykamm)! A TO OH CropuUT, Ja U BaM TOXe
JOCTaHeTCH. .. )

Pewenue. IlockoabKy B YCJIOBHM CKa3aHO, UTO BCE JAMIOUYKH
ONWHAKOBbIE, DyleM cUMTaTh, UTO CBA3bh MEKAY YCTAHOBUBIINMCS
yepe3 JAaMIOYKY TOKOM ¥ HAaNpSAKeHHeM Ha e€ BBIBOJAX OJHA
U Ta e ANA Bcex JaMnovek. O603HaYUM OSHY JAMIIOUKY CUMBO-
JoM A, ABe COeOUHEHHBIE NAPAVIENBHO JIAMIOYKH — CHMBOJOM
B u Tpu mapansnenbHO COeIMHEHHBIE JAMIIOYKH — cuUMBOJIOM C.
ITonyunTs HeCKONBKO TOYeK Ha BAX MOXKHO, COELUHSASA TaMIIOU-
KM Pa3HBIME crocobaMy M MOAKJouasd UX K Darapeiike.
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g Havajga MOMKHO M3MEPUTh TOK Yepe3 OAHY JaMIIOUYKY,
COeJUHURB TOCAEA0BATENBHO aMIepmerp, A 1 Garapeiiky.

Y1066l cpaBHUTL BHYTDEHHee COIPOTHUBJICHHUE aMIepMeTpa
A CONPOTHUBIEHUS JIAMIIOYEK B XOJOJHOM COCTOSHHMH, Mapa-
JIeJIbHO aMIepMeTrpy MOXxKHO nonxiaiouuts B, C u B+C. Ipu
'9TOM TOK, KOTOPBIH ITOKA3BIBAET aMIIepMeTp, YMeHbIlIaeTesi, U o
9TOMY YMEHBIIEHHIO MOXXKHO CYAUTH O COOTHOLIEHHH COHPOTHUB-
JeHUMH.

CpaBHHUTb BHYTPEHHEe COTIPOTHUB/IEHUE IpUOOpa B peskuMe Ua-
MepeHHs HalpAXeHUs (BOJIBTMETpPa) U CONPOTUBJIEHHAE JIAMIIOU-
KM MOXHO, COeIUMHHRB IIOCJeN0BATeJbHO 0aTapeiiky, BOJBTMETD,
A, B u C. Tenepp HY»>KHO 3aKOPOTUTH JIAMIIOYKH X OTMETHUTD K3-
MeHeHHe INToKasaHuH BoJbTMeTpa. Eciy m3MeHenus IOKa3aHUM
He 3aMeTHO, TO 9TO 03HAYAeT, YTO BHYTpPEeHHee COIPOTHUBICHUE
BOJILTMETPA BO MHOTO pas3 OoJibllle CONMPOTUBIHUA JAMIOUEK
B XOJIOJHOM COCTOSHHH.

s cpaBHEHHA BHYTPEHHETQ COIPOTHBIEHHUS BOJLTMETpA
¥ CONPOTHUBIEHUA ropsdyed HUTH HAKaJUBAHUS MOXKHO cobpaTh
nocJeoBaTeIbHO BKJIIOUEHHBIE B Lelb OaTapeifiky, 4 u A
(unu B). HyxHo, 4T06bI JIAMIIOYKH, BKJIIOUEHHBIE MapaIelbHO
IPYT ADYTY, CBeTHAUCH AOCTATOYHO APKO. (MOXXHO UX IIOMECTHTh
B KaKOW-HMUOYOb TEMHBINA «yTrOJIOK», YTOOBI BHEIIHAA NOICBETKA
He Melllaja YBUeTh M3MeHeHHe APKOCTM MX CBeUYeHHA.) 3aTeM
napajiieIbHO JIAMIIOUKEe A TOZKIIOUAEeTCS BOJLTMETP M OTMeda-
eTcAd Hanuuule WIH OTCYTCTBHE H3MeHEHUs APKOCTU CBeUeHUA
JIaMIIOYeK, COeIUHEHHBIX 1apaIesIbHO.

CamMblil MaJIEHBKHI TOK Yepe3 JIAMIIOYKY MOYKHO IIOJYYHTD,
ecJ COeAUHUTHL IIOCJIefOBaTeNIbHO OaTapedky, aMmepmerp, A
U mapajanelsHo coepuHésunle nammouku B u C. Ilpu astom
MHUHUMAaJbHbIE TOKH Yepe3d 5 mapauieJIbHO COeJUMHEHHBIX JIaM-
MOYeK OAWHAKOBBI, IIpH 2TOM 3Ke COeJUHEHUM MOKHO TIOJYYHUTH
¥ ell€ ofHy TouKy Ha BAX, KoTopas cOOTBETCTBYET TOKY uepes
JaMIIOUKy, B 5 pas OojbllieMy, YeM MHUHHMAAbLHBIA TOoK. [{nsa
3TOT0 HYXXHO H3MEPUTH HalpsikeHHe Ha A. Urobmr ybemurbcsa
B TOM, YUTO Ha OpHOOpe, U3MepAOLEM TOK, Nafaer HeboaAbIIoe
HalpsXKeHHe, MOXKHO BaKOPOTUTE eIr0 OAHUM U3 COeANHUTEIbHBIX
mpoBoxoB. Eciu npu aToM He 3aMeTHO U3MEHEHUS SAPKOCTH rope-
HHUA JIaMIIO4eK, TO IPUOOP MMeeT NJOCTATOUHO MaJioe BHYTPEHHee
conpoTtuBieHne. Eciu ApKocTs cBeYeHMs JaMIIOUEK 3aMETHO
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u3MeHsAeTCH, HY)KHO IMPUAYMATh Croco0 y4eCcTh HaJU4YUe BHYT-
peHHero conporusienus npubopa.

Jpyrue cnoco0bl coefUHEHUA JIAMIIOUEK U aMmepMerpa K 0a-
TapeiKe ZalT BO3MOIKHOCTh IOJVUUTE €Il€ HeCKONbKO TOUEK Ha
BAX:

1) nocnemoBaTenbHO COeAUHEHHBIE aMIlepMeTp, A4, B u C;

2) nocJseJoBaTeJbHO COENUHEHHBIE aMIIepMeTp, A u B;

3) HocaegoBaTeNdbHO COeTUHEHHBIE aMIlepMeTp, B ¥ BKIIOYEH-
Hble rapaJjeJasHo APYT Apyry A n C;

4) A n napannenbHo coeguHEHHBIe amuepmerp 1 B u C.

Ecau 6arapeiika mMeeT 3aMeTHOe BHYTpPEHHee COIIDPOTUBJIE-
HUe, TO HanpAXeHHe Ha Hell MeHAeTCA B 3aBHCHMOCTH OT IIOX-
KJIIOYEHHOM HArPY3KHA. 3T0 00CTOATENLCTBO MOXKHO HCII0JIb30BaTh
IJISI TIONMyYeHUs AOIOIHUTENbHBIX Touek Ha BAX!,

Ommemp (10—1—2002)

H3Mepenye CONPOTUBIEHUA ABYX PE3HCTOPOB.

ITpubopvt u obopydosaHue: nBe OJHOTUINHLbIe OaTapeHKH, CO-
eAHHEHHBIE MOCJAEA0BATEIbHO, ABA PE3UCTOPa ¢ HEH3BECTHBIMH
COTNIPOTUBJEHUAMMU, €llé OJUH PEe3HUCTOP C TOUHO H3BECTHBLIM CO-
nporusieruem 60 kOm (unu 70 Om), yHUBEpCAJLHBIA BOJBT-
MeTp-aMIepMeTp (IIKOJNBHEIN), IPOBOJA.

3adanue: n3MepsTe COIPOTHBJIEHWE PE3HCTOPOB H OUEHHTE
OTPEeNIHOCTh MHOJNIYYEHHBIX pe3yabTaroB. Haiigute OTHOUIEHHE
Pa3HOCTH COMPOTUBICHUMN HTUX PE3UCTOPOB K BeJINUUHE MEHBbIIIe-
ro U3 HUX M OLIEHHUTEe IOTPEUIHOCTDb IIOJIYyYeHHOro 3HAaYEeHUA.

HeussecTHble pe3rMCTOPH MAaji0 OTAWYANYCH (IIPDUMEDHO Ha
5%). x conporuBienus — 2 kOm u 2,1 kOm. TouHo u3BecTHOE
COIMIPOTHUBJIEHHE TPeThero pesucropa B 30 pas MeHslle (MOXKHO
B 30 pas Gonabwe). Wnes — mocTtuk ¥M3 AByx Oarapeek um AByX
peaucropoB. Iloakaoyas M3BeCTHBIM PE3UCTOD, CMEIaeM OTKJIO-
HeHUe B MOCTHKE.

Pewenue. C nmoMoliblo BONMbTMETpA yOexmaeMcs, 4ro Gara-
peiixu umeror ofunaxoeBble I[C ¥ IPU MOAKIIOUEHUU K HUM

! JIyyure we omuchIBATH BCE BO3MOMKHBIE CIOCOBLI MOAKIIOUEHHH M M3Mepe-
HWH, uTOBLI ¥ MIKOJIBHUKOB U Y OPraHN3ATOPOB OJIUMINA/bI OCTABANCS HHTEPEC
K IPOBEJEHVIO AONOJHUTENbHBIX MccaeqoBaHuil. Braro obopynoBasue secrma
ZOCTYIIHOE ¥ TEOPHUSA He SIBNAETCH CIOMKHOM.
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BBIAAHHBIX PE3UCTOPOB HanpsKeHWe Ha BBIBOAAX Garapeek He
MeHSeTC. \

Pas 6Garapeiikn HaJE€XHO CNAasiHbl CBOMMU BBIBOJAMU, Pa3db-
CIUHATL WX He HYKHO. IIpM MOgKIIOUEHUHM I10CJIEeL0BATENBHO
batapeiiky, ammepMeTpa U HEU3BECTHOTO PE3NCTOPA MOMKHO IO-
JYYUTH 3HAYEHHSA TOKOB [JIA Ka’kAOTO U3 PE3UCTOPOB. OTH 3HA-
YeHUsA O4eHb OJIHUIKU APYT K APYT'Y, TO €CTh NpUbOp He NO3BOJIAET
HaAWTH UX PasHUIY € XOPOIIeH TOYHOCTHIO.

Jl1s TOBBILIEHUA TOYHOCTH 3aMKHEM J(Be OaTapedkm u JBa
HEU3BECTHBIX pe3ucTOpPa B KoJbLo. Ilpubop B peXuMe MUJ-
JUBOJALTMETPA HMJAM B peKUMe MuIIuamnep™merpa (Ha camoil
60JbIION YYBCTBUTEJBHOCTH) IOAKJIIOUNM K MECTY COeIMHEeHMA
faTapeek M K MeCcTy coefdHeHus ABYX peauctopos. I[Ipubop
TIOKa3bIBaeT 3aMeTHOe OTKJIOHeHMe. Tereps mapaebHO OMHOMY
113 HEM3BECTHHIX PE3UCTOPOB ITOAKII0UaeM PE3UCTOP C U3BECTHHIM
CONpOTUBJIEHNEeM. B oAHOM ciyuae IoKa3aHue Mpubopa CTAaHO-
BHTCA enjé Oosbiie, a B ApyroM cJjydae IoKasaHuWe npubopa
yMenbniaetrcsi. [Tons3ysich TOMYyYeHHBIMH AAHHBIMH, MOXKHO ITO-
JYUUTH OTBET Ha IIOCTABJIEHHBIN B 3ajjade BOIIPOC.

Pesucmoput (10—2—2003) .

O6opydosarue: ne DaTapel Ky, YHUBEPCAJBLHBIN M3MepHUTEb-
HbIM npudop «ABOMeTp MIKOJBHBINA», MJIAHKA ¢ ABYMSA PE3HCTO-
pamu 1 u 2, CONPOTUBJIEHUA KOTODHIX HEU3BECTHBI, M PE3UCTO-
poM, compoTusjeHue Kotoporo ussecrrno (10 Om), mposoaa.

3adanue: u3aMepbTe pa3HOCTh CONIPOTHRBIEHUN 1 1 2 U oueHu-
T€ TOUHOCTH IIOJIYUEHHOI'0 pe3ybTaTa.

ITpumevanue: U3MEpHUTENBLHEBIN IPUOOD HE CAMINKOM TOUYHBIH
¥ BOBCe He MIeasbHBbIii!

Pewenue. TIomsITKa U3MEPUTH COUPOTHBIEHUSA C IOMOUILIO
ABOwMeTpa npuBOAUT K Heyxadye — Ju6O XUTpble OPraHU3aTOPHI
oJIMMIIMaAbl BeIHYJIU M3 mpubopa Oartapelky, nubo Oartapeiky
B npufope He MEHAJIH C MOMEHTA ero npuobpereHUsT XU OHa
«cena». Ilpunérca oboiiTucy 6e3 ommerpa. Ilpy uaMepeHnu Toka
yepes IIOCJe0BaTeJIbHO BKJIIOYEHHBIE B Ilenlb HaTapeiiky, mpubop
B PeXKUMe M3MePEeHUS ToKa U JI060H U3 Pe3UCTOPOB NpHOOp «3a-
wraausaeT». CllefoBaTeAbHO, HYKHO OJIb30BATBCS MOCTOBBIM
MeTOAOM TOAKJIIYeHNs npubopa.
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OpHo#l U3 COCTABASIOUIMX MocTa OYEYT ABE IIOCJIEeNOBATEILHO
BRJIIOUEHHBIE OaTapeiku. Bropoil cocraBasiiomeid Mocta OyxyT
IBa II0CJIe0BATEJHFHO BKJIIOUYEHHBIX pes3uctopa. Bor Teneps npu-
00p MOKa3bIBaeT TOK, He «3allKajuBas». [floMeHsAeM IOJIOKeHHE
Pe3uCTOPOB — TOK M3MEHUJI 3HAK, HO OCTAJICA IIPEXHUM II0 Be-
JAUYNHE — 3TO F'OBOPUT O TOM, 4YTO OaTapeidiky HMEIT OJHHAKO-
Bble XapaKTepUCTUKU. Ecan BKIKYNUTE B Lieb NOCIEJ0BATENBHO
C HEeU3BeCTHBEIMU PE3UCTOPAMH €lll€ ¥ PE3UCTOD C U3BECTHHIM CO-
nporusiennem 10 OM, To pasbananc MocTa HEMHOrO M3MEHsET-
cA. BapuaHToB moAKIIOUEHUsT M3MEPUTEJILHOTO NMpHUbOOpa U TPEX
pe3ucTopoB B MocT MHoro. IlosyuuB pasHble HaHHBIE WU IIPO-
aHaJM3UPOBAB WX, MOXHO BBIUHCJIHUTL PA3HOCTh HEM3BECTHBIX
COIPOTHUBJEHUH.

Hizmeperue conpomusenenuii (9—2—2004)

HyxXHO u3MepuTh CONPOTHUBJIEHHE TPEX PE3HCTOPOB H Olie-
HUTH TOYHOCTb U3MEDEHUH.

O6opydosarue: UCTOUHUK ITEKTPOITUTAHUS, YHUBEPCAJLHBIH
N3MepUTENbHBIH Npubdop (TaM HeT OaTapeMKH, HO3TOMY COIPO-
THBJICHUE OH He U3MepsSeT), TPH PesrucTOpa HAa KapTOHHOM mja-
CTUHKE, IIPOBO/AA.

ITpumeuarnue: pe3ucTOPE! OBLLIM MOJOOPAHEI TAK, YTO OAUH U3
HUX HU3MepsaJicA HEeIOCPEACTBEHHO C IIOMOHILIO M3MEPHUTEJIbHOTO
npubopa M UCTOYHUKA IIUTAHUSA, NOCJIE Yero ABa JPYIHX MOXHO
6BLIIO0 U3MEPHTD, IMOJH3YSCHh HEPBBIM KAaK HIYHTOM.

«[IlyaTupoBanme» mpubdopa pesucTOpOM, TO €CTh NOJKIIOUe-
HHE Pe3ucTopa IapalleJbHO Hpubopy, IPHBOAUT K «OrpydJe-
HHUIO» Ipubopa — YMEHBIIEHHIO er0 YyBCTBHUTEIbHOCTH. Hampu-
Mep, I YMeHbUIeHUA TYBCTBUTENLHOCTH aMIIEPMETPa B JeCAThH
pas HYXKHO ITapajliejIbHO IPUOOpYy HOAKJIIOYUTH PE3HCTOP C CO-
IIPOTHUBJIEHHEM, KOTOPOE B IEBATH pa3 MeHbIle, UeM BHyTPEeHHee
CONPOTHUBJIEHUE aMIlepMeTpa.

Hamepenue conpomuenenuii (10—2—2004)

Ha xapromHOH njacTuHKe IIPDHUKJIEEHBbI TPHU pe3ucropa. Pe-
3UCTOP 3eJIEHOro nBera uMeer conporunineHue 200 Om (o cie-
IUaabHO moZobpaH, MOXKHO CUMTATH ITO 3HAUEHUE TOUHBLIM).
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WsmepbTe CONpPOTUBIEHHE ABYX APYrUX PE3HCTOPOB, OLIEHUTE
TOYHOCTE M3MEepeHMHA.

O6opydosarue: barapeiika, HoTeHIIKHOMeTD (IIPOBOJIOYHBIH pe-
3UCTOP C TPEMSA BBHIBOJIAMH, €I'0 COTPOTUBJIEHUE NPUOGAUIUMENbHO
500 Om), MuIIHaMIIEDMETD, IIPOBOIA.

OauH M3 HeM3BeCTHBIX pPEe3UCTOPOB MMeJ COIPOTHBJIEHHE,
61uskoe k 200 Om (B npezenax +£10%), Apyroi HeM3BEeCTHHIM
Pe3UCTOp KMeJ B HECKOJBKO pa3 Oosiblnee (MM B HECKOJBKO pa3
MeHbUIee) CONpOTUBIeHWe. Hampumep, BO3ZMOMKHBI BapPHUAHTLI:
220 Om 1 510 OmM, 220 Om u 3 kOm, wam 180 Om u 51 Om.

Pewenue. IlocnepoBaTesnHOe IOAKIIOUEeHMEe baTtapedku (c
3]IIC oromno 4,5 B), MmuimnamoepMerpa (¢ MAaKCHMaJbHBIM TOKOM
5 MA), moreHuMOMeTpa M JOGOTO M3 PE3HUCTOPOR TIPUBOIUT
K «3allKaJuBaHUIO» npubopa. CremoBaTeNbHO, HYMKHO TIOJAb-
30BaThbCA MOCTMKOBBIMM cxeMaMu. IlycTh moTeHnuomerp Oyuder
ONHOH cOCTaBJAIIEH MOCTa, a PE3UCTOP ¢ U3BECTHBHIM COIPO-
THUBJI€HUEM M OJUH W3 HEHU3BECTHHIX PE3HUCTOPOB OYAYT BTOPOII
cocTaBifAwnied mocTa. K CKONB3AMIEMY KOHTAKTY IOTEHIMOMET-
pPa ¥ K MeCTY KOHTAKTa ABYX De3UCTOPOB IOAKJIIOYaeM npubop,
a MoCT moAKJruyaeM K Oarapeiike. HacTpoiikoil moTeHuymomeTpa
JobHuBaeMcsaA YMEHBINEHUS TOKa udepe3d npuOop. o HyJs TOK
MOXKeT ¥ He YNacTh, TaK KaK [BUIKOK IOTeHIMoMeTpa obec-
IeYyuBaeT He MNJIABHBIM CKOJB3AHIMN KOHTAKT € IIPOBOJIOKOH,
a KOHTaKT ¢ €€ Pa3sHbIMHM TOUKaMH Ha PA3HBIX BUTKAX 3TOH Ipo-
BoJoku. Takoe CKauKooOpa3Hoe U3MeHeHMe COIIPOTUBIIEHUH IIed
MOCTA B HEKOTOPBIX Cydasx He I03BOJSIET IIOJYYUTh TOUHLIH
basyaHc. .

Ilnst ogHOrO M3 HEM3BECTHBIX DEe3UCTOPOB IpU banaHce Mo-
CTa CKONB3AIMMUN KOHTAKT MOTEHIMOMETPA HaXOAUTCSA NOYTU I10-
cepeAUHE MeEXAY ero BLIBOAAMY, a AJA BTOPOI'0O HEM3BECTHO-
O Pe3NUCTOpa CKONL3AIMI KOHTAKT PACIOjaraercst JOCTATOYHO
ONM3KO K OJHOMY M3 KOHIOB IDOBOJIOKH, M3 KOTODOH CHeJaH
MOTEHIMOMETP, TO €CTh BTOPOHW HEHM3BECTHBIW PE3UCTOp HMeeT
COIMIPOTHBJIEHNE B HECKOJIBKO pas 0oJiblle (MNM B HECKOJLKO pas
MeHbIIe) n3BecTHoro conporusaenus 200 Om.

ITorernmomerp MOKHO CHAOAUTHL CAMOAENBHON OyMakHON
mWKajaoi n DymMasKHO# CTpPenkKod. A MOMXKHO (ecyiu 3peHHe Xopo-
1lee) MPOCTO CUYMTATh BATKH IPOBOJIOKH MEXKIY €ro KOHIaMu
M CKOJB3"IINM KOHTAKTOM IIOTEHIMOMETDA.
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Ona bonee TOYHOTO M3MEPEHUS CUJIBHO OTJIHYANOINETOCS MO
COIIPOTHUBJIEHHIO PE3UCTOPA MOXKHO €r0 BKJIIOUYATH TapasjesbHO
(ecu ero 3HadYeHne BO MHOro paz Oonabuie 200 Om) uam mo-
CJIeNOBATENLHO (€CJIH er0 CONPOTHURIECHME 3HAUUTEILHO MEHBIIE
200 Om) ¢ apyrumu pesucTopamu. I10 UBMEHEHHIO COOTHOIIEHU S
CONPOTHBJIEHUN YacTeH IOTEHIHOMETPA MOMKHO BBIYHCIHNTHL CO-
NIIPOTHURBJIEHNE U 3TOT'O PE3UCTOPA.

Yrobbr Gosee TOYHO M3MEPUTH CONPOTHUBJIEHHE DE3UCTODA,
6mskoe no pennuuHe ¥ 200 OM, MOKHO ITOMeHATH MECTAMU 9TOT
pPe3HCTOP ¥ Pe3UCTOp ¢ U3BECTHLIM CONIPOTHRIeHHeM. Bananc mo-
cta Hapymnrces. IlepemenienneM IBHKKA HOTEHIIHOMETPA HY)KHO
BHOBb J00UTBHCs OanaHca MOCTa M 3aMETHUTh, HACKOJbLKO M3-
MEHHJIOCH IIOJIOKEHUE CKOJB3ALIEr0 KOHTAKTA IIOTEHIMOMETpAa.
MosxxHo 1Ny 3TOi JKe Iean (6oNlee TOUHOrO M3IMEPEHHS CONpPO-
tuBeHudA, 6au3goro K 200 OM) moab30BATBCS W DPE3UCTOPOM
C CUJIBHO OTJHYAIOIIMMCS COINPOTHUBRIEHHEM, TAaKKe MOAKJIIUA
ero nu6o mocjefoBaTeNIbHO, JH60 mapasiiesabHO ¢ IPYrUIMU pPes3u-
CTOpamu,

Heudeanvnoiti munnuamnepmemp (9—2—2005)

Hysxno HaitTH CONPOTUBICHNE MUIMaMIIepMeTpa Ha KaXKA0M
U3 ANAana3oHOB €ro YyBCTBUTebHOCTH (5 MA m 50 MA).

ITpubopst u obopydosanue: Garapeiixa, MHJJIMAMIEDMETD,
HECKOJIBKO Pe3HCTOPOB (MX CONPOTHUBIEHUA MOXKHO CHUTATH TOU-
Ho sazawueiMu: 200 Om, 110 Om, 30 Om, 12 Owm), mpososa,
CcoeIUHUTENbHAA aHeAb ¢ NPYKUHHBIMM KOHTAKTAMU.

Pewenue. Kaxk Bcerma, nnsa Havyaja HY)KHO HPOBEPHTH, HA-
CKOJNbKO Xopoina barapeitka. I[loaxiaodyaem IocjefoBaTesibHO 6a-
Tapewn, MIInaMnepMerp Ha upereie 50 MA ¥ HECKOJBKO BBI-
JAaHHBIX Pe3HCTOPOB, MCKIIOUAA TOT, Y KOTOPOrO camMoe MajleHb-
Koe comporusienue. IlpuGop mokassiaer uTo-TO OKOJIo 10—
15 MA. Temepr K BbiBOAaM OaTapeiKU HOAKIIIOYAEM JOIOJIHH-
TeJABHO PE3HCTOP C CAMbBIM MAaJIEHBKHUM conpoTubaeHueM. Iloka-
3aHUA NpubOpa IPAKTHYECKU He U3MEHMINCH. BriBoa: GaTapeiika
xopolias.

Teneps 5TOT XKe Pe3UCTOP € CAMBIM MaJIEHBKHMM COIIPOTHBIIE-
HHEM [IOAKJII0UaeM napajiejibHo MuiLiMamMiepmerpy. [lokasanue
npubopa pe3Ko YMeHbIIAeTC .
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TTop6upas BeNMYMHY WIYHTHPYIOWIETO CONPOTHBIEHUA, MOXK-
HO goOuThCA TOro, 4yrobbl MokazaHusd nmpubopa B ciayvae ¢ UIyH-
TOM M B cliydae 0e3 MIYHTA IIO3BOJMJIH NPOBECTH H3MepeHHe
¢ Hebonbwoi omubroit. UMeerca B BUAY, 4TO IPHOOP B o6oMX
cjydasix ROJ/DKEeH II0Ka3blBaTh OOJblle IIOJOBUHBI (MW OKOJIO
TOT0) OT MAaKCUMAaJILHOI'O 3HAUYEHUS TOKa Ha BLIOPAHHOM ITpeee
uamepenunil. Takue U3MepeHUS NMO3BOJIAIOT BHIYUCIUTL BHYTPEH-
HHUEe CONPOTHUBJIEHUS MHJLIHAMIIEPMETPA, TO €CTh HATh OTBET Ha
BOIPOC 3aJa4u.

Cnpamannbstil kondencamop (10—2—2005)

Hy:xH0 u3MepUTh EMKOCTHL BHIJAHHOTO KOHAEHCATOPA H JDY-
rve ero napaMmeTphbl.

IIpuboper u ob6opydosanue: KoHAeHCATOD (OH CIPATAH BHYTPU
KapTOHHOTO MUWJINHIpPAa, OAWH M3 ero BBIBOJOB 3apailee IpPUIaSH
K MuHyCYy OaTapeiiku, €ro He paspeliaeTcsi OTKJOUaTh!), Ga-
TapeiiKa, BOJBLTMETP «UIKOJIbHBIN», peducrop 1 kOM (Tounol),
yackl (MOXKHO MCIIOJb30BATh CBOM Yachl WU JO00M Taitmep),
IIpOBOZA.

ITpumevarue: BO3MOXHO, 3TO He COBCEM OOBIMHBIN KOHAEH-
caTtop, HOIpoOyiTe SKCIEepUMEHTANbHO OIPENEINTL He TOJbKO
€MKOCTb, HO U ADYTrue 3JIeKTpUYeCKue lfapaMmeTphbl KOHAEHCATOpa
(kakue — pemniaiiTe caMH, HO HANMIOMHHAEM — HEJIL3A BCKPHLIBATH
# BoOOIIe NOpPTHTH KAPTOHHYIO 000JI0YKY KOHAEHCATOpA, He HYXK-
HO ero TPACTH, IYNaTh, CIYIIATh H CMOTPETh «Ha IpPocBeT»!).

(Tam 6b11 noHucTop Ha 0,1 @, 103TOMY BpeMeHHEIE COOTHO-
IHIEHUsI BCE O3BOJISIOT CAEJIAThH.) '

Pewenue. Ilockonbky He cka3aHO, KaKue NMEHHO 3JEKTPH-
JecKHe HapaMeTphbl, KPOME EMKOCTH, HYKHO U3MEPHTh, MOMKHO
MONbITATbCA HAWUTHA BEJIMUYWHY CONPOTUBJIEHUS YTEUKH TAKOI'O
KOHJIeHCATOpa, Y3HATH 3aBHCHMOCTL €MKOCTH OT PasHOCTH IIO-
TEHLIMAJOB Ha OOKJIAZKAX 2TOTO KOHAEHCcAaTOpa M, BO3MOKHO,
4TO-HUOYAL eIlé.

IToackaska npo cBou coOGCTBEHHBIE Yachl TOBOPHUT O TOM, YTO
BpeMsA caMopa3pfAzia U Jake pa3paja Uepes3 BbIAAHHBIN PE3HCTOP
¢ cornporusieHueM 1 kOm cymecrsenHo 6oapiie 1 cexynapl. Yro
3Ke, BOCIOJIB3YEMCA ITOH TIONCKA3KOU.

Cuauasna ¢ IOMOUIbIO BoJbTMeTpa naMepum JJ1C barapeiiku.
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3apaavM KOHIEeHCATOD, IOAKIIOUUB ero CBOOOIHBIN BBIBOJ
K cBoOOAHOMY BeIBOAY Oatapeliku. IlogepxuM UX COeTUHEHHBIMU
C MOJMHHYTHI «JIJs TAPAHTUM». 3aTeM OTKJOUYAM KOHIEHCATOD
oT GaTapefiKu M IMOAKJIOUNM €0 K BbIBOJAM BOJBTMETPA. BOJbBT-
MeTp IIOKasblBaeT HalnpskeHne, nodytu cosnagawigee ¢ 3J1C
faTtapeliky, MPUUYEM MMOKA3AHUs BOJBTMETPA MOCTENEHHO YMEeHb-
HIAI0TCA, HO He OBICTDPO. OTO TOBOPHUT O TOM, YTO IIPOU3BeJeHUEe
6MKOCTH KOHJZ[eHCATODA Ha BEeJIWYMHY BHYTPEHHEro cOllpOTUBJIe-
HHA BOJIBTMETPA 3HaUUTeNbHO Goabiie 100 cexyny. Ioaknounm
napajieNbHo KoHjgeHcatopy pesuctop 1 kOm. Paspsaa HauuHaer
HATH <«IIyCTpee», HO BCE paBHO He OvicTpo. Ilo BpeMeHHOH 3a-
BHCHMOCTU MOKA3aHUH BOJIBTMETPA MOXKHO OL[EHUTH IIOCTOSHHYIO
BpeMeHH paapaja uepes u3BecTHBIN pesucrop: T=RC. Ilonyua-
eTcst 0KoJsio 100 ceXyHA, TO €CTh €MKOCTL KOHJEHCATOPA IOPAIKA
0,1 dapan.

Ins olleHKW BHYTDEHHEIO CONPOTHUBIEHUA YTEUKH 3apsluM
KoHjeHcATOp OT OaTapedkM ¥ OTKJIWYMM ero. Bnixaem oKojo
10—20 mMunyT (B TeueHHe 3TOr0 BpPEeMEHU MOMKHO OGOpPMIATH
otuér no pabore, pHCOBATHL 3JJEKTPUYECKME CXEMbI, 00OJYMBI-
BaTh AaJIbHENIIe BapUaHTHI skcriepuMenTa). CHOBA MOAKIIOUNM
KOH/ACHCATOP K BOJAbTMeTpy. Hanpszkenue, KOTopoe MOKa3biBaeT
BOJILTMETP CPa3y MocJie MOAKIIOYEHUST KOHIEHCATOPa, 3aMEeTHO
(1o He HamHOro) medbuie IC Garapeliku. Ha ocHoBaHUM 9TO-
ro 3KCIEepUMEHTa MOXKHO OIeHUTDL COTIPOTHBJIIEHME caMopas3pala
KOHJeHcaTOpA.

Iloxa mo Bpemsd, B IoJIOBY IPHUILIA elllé oJHA HAes: Hocje
MOJHOH 3apAJSKY KOHJeHCAaTOPA U MOJKJIIOUYEHNS ero K BOJIBTMET-
Py 3aKOPOTUTH €ro COeIUHUTENEHBIM IPOBOAOM M OBICTPO OTKJIIO-
YUTEH STOT NPOBOA. IToxasaHus BOAbTMETPA (3TO YIHBHUTEIBHO!)
HocNe TaKoro «paspaga» KOHIAEHCATOpAa HAYHMHAIOT BOCCTAHAB-
JHUBAThCA, U MAKCHMMAJILHOE 3HAUEHNE HAIIPDAYXXEHHS COCTABIAET
3HAYHUTEIBHYIO QOJIO OT NMEePBOHAYAJBHOM BEIHUYNHBI (KOTOPYIO
BOJILTMETD TTOKa3LIBAJ Cpasy I0ocje MOAKIIYEHN HOJHOCThIO 34-
PAKEHHOTO KOHJeHcaTopa). MomKHO IpoaesiaTh Takue «paspsafabl»
HECKOJIbKO pa3s, M YaCTHUYHOE <«BOCCTAHOBJEHHE» IIPOROJLKAET
HAOI0IaThCsA. 3aTeM CTOMUT HOIpPOoOOBATH HE Cpady OTKJIKUAThL
OPOBOJ, 3aKOPAUYUBAIOUIMN KOHAEHCATOP, & BBLIEPKUBATL €r0
B TeUeHHe HEKOTOpOro BpeMeHH (BOT rie NOTPeOYIOTCA Yachl
C CEKYHJIHOH CTpeJIKOoi).
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B pesyabTaTe aHanus3a 3THX IKCIEPUMEHTOB MOYKHO IIPeJIO-
JKUTh VIIPOLIEHHYIO 9KBHBAJIEHTHYIO CXeMy BHYTPEHHEr0 yCTPOi-
CTBa TAKOIO KOHIEHCATOpA.

K ero BeIBomaM HeNocpeACTBEHHO MOAKIIOYEH ONNH KOHJEH-
catop Ci, a 4yepe3d pPe3UCTOP C COMPOTHBIEHHEM B HECKOJIBKO
OM K mepBOMY KOHIAEHCATOPY HOAKIIOUEH HapaLIelIbHO BTOPOH
KoHneHcaTop Cz. CyMMAapHas éMKOCTb 9THX ABYX KOHIEHCATOPOB
pasua 0,1 ®@. OHnr UMeIOT TPUMEPHO ONMHAKOBYIO EMKOCTb.

Ecnu ewé ocraércsa Bpemsa (a ua pabory BbhlgeJeHo Bcero 2 ua-
ca), TO MOKHO IIOIIpo0OBaTh YCTAHOBUTL 3aBHCUMOCTH €MKOCTH
9TOro KOHZEHCATODA OT PA3HOCTH MOTEHIMAJIOB ero miacTuH. s
ATOr0 HYKHO 3apsKaTh (He IIOJHOCTHIO) KOHAEHCATOD OT Harapei-
KU Yyepe3 Pe3UCTOD C M3BECTHBIM COIPOTHBIEHHUEM, a 3aTEM Daj3-
PSKATH 70 Yeped 9TOT XKe pe3ucTop. KeraTu, 9TH 9KCIIepUMEeHTHI
MOYKHO NPOBOJUTSH HPH HENPEPHIBHOM IIOAKJIIOUEHHY BOJBTMETPA
K BBIBOAAM KOHAEHCATOpa, TaK KaK BHYTPeHHee COIPOTHUBJIEHHE
BOJIBTMETpa 3HAYUTEJbHO Gomnblie 1 KOm.

Hsmepenue conpomusienua pe3ucmopa 6 «4épHom sujuxe»
(10—2—2006)

O6opydosarue: B «9EPHOM AnUKe» (BOOOILE;TO OH HE OUeHb
4€pHBIA, TAK HA3LIBAIOT OOBEKT, KOTOPBIA HY:KHO MCCJIEN0BATH
0e3 HapymieHUs ero IeJIOCTHOCTH) HAXOAUTCS POBHO ABa 3Jje-
MeHTa — [IOJYIPOBOAHUKOBBINA AUOA M pe3uicTop. ECTh €llé ofuH
TOYHO TAKOM e Auoj, pesucrop 75 OM (Zuof — KpoieyHbIid
IOJYIIPO3PAaYHbIA NUJIMHAD C ABYMs BBIBOJAMH, PE3HCTOD YYTh
nobonpliie, oH OoJsiee moJ0CAT, YeM IHUON), YHUBEPCAJIBHBIM N3Me-
pUTENBHBLI IPUGOD, HOTEHNHOMETD (DEOCTAT C TPeMs BEIBOJAMU)
conporuBinenueM 470 Om, Oarapeiika B KOpIyce € BBIBOAAMU,
TIpoOBOAA.

3adanue: onpegenuTe SKCNEPUMEHTAILHO COTIPOTUBJIEHUE pe-
3UCTOPA B <«YEPHOM SUIMKE», OIPeAeIUTe CXEeMY COeIHMHEeHUs
3JIeMEeHTOB BHYTpHM SAUIMKA (IapaebHO HWJIM I10CJIefoBa-
TENBHO).

Brumanue: MuanmaMmnepMerp M AUON HeNb3A MOXKIIOYATH
npsiMmo k 6atapeitke — cropsit! IIpo fuoa 3HATH HHUEro He HYXXHO,
KpOMeE TOro, YTO 3TO HEeNHHEWHBIN 3JeMeHT M IIPOBOAUT TOK
TOJILKO B OZHY CTOPOHY.



SKxcnepumenmanvHble 3a0a4u Quinieckux oaumnuad 123

ITucaTtpy pelienue IJs1 TAKOH 3448yl — 3TO BCE PABHO, YTO
OTHHMATh HOBYIO UI'DYIUKY y pebOEHKAa, KOTODPBIH €€ TOJBKO UTO
nonyuunsi. He 6ynem!

Hsmepernue conpomusnienus peaucmopa 6 «4€pHoMm AujuKe»
(9—2—2006)

Obopydosanue: B «4épHOM dAIMUKe» HAXOAATCS POBHO [Ba
2JIeMeHTa — MaJieHbKas JaMIIOUKa W pe3uctop. EcTh emé ox-
Ha Takas e JlaMIIouKa, peamcTop 75 Om, MuUIIHaMIlepMerp,
BOJIBTMETD, HOTEHIMOMETD (PeocTaT ¢ TpeMs BBIBOJAMI) COMIPO-
tunenuem 10 Om, Garapeiika, npoBoja.

3adanue: onpeneInTe IKCIEPUMEHTAIBHO CONPOTUBIIEHNE pe-
3UCTOpa BHYTpH Almnka. OnpeseuTh cXxeMy SIIUKa (Mapasieib-
HO B HEM BJIEMEHTHI MOAKIIOUEHEI, UIH MOCIEA0BATENBHO).

Pewenue. B niepsyro ouepeab HeOGXOAMMO MOCTPOUTEH BOJIBT-
aMnepHble XapakTEePUCTHKH «UEPHOro SAUUKA» U JlaMmmouku. Ilo
BUJY BOJBLTAMIIEPHBIX XaPAKTE€PUCTUK CPA3y MOXXHO YCTAHOBUTD,
napajjiejibHOE COeAWHEHHE 3JIEMEHTOBR BHYTPU HUJM IOCJIELOBA-
TeJasHoe. Koraa Ha roiaBHBIH BONpoc OTBeT HalifeH, IPOBOAUTCS
«06paboTKa» MOJYYEeHHONH BOJABTAMOEPHON XapaKTePUCTUKH.

Ecau coeguHenMe rmociefoBaTelbHOE, TO IS KaXA0ro 3Ha-
YeHUS TOKA M3 COOTBETCTBYIOIIETO 3HAYEHHUST HANDSKEHHUS Bbi-
yuTaeTcsl 3HaUYeHHe HaNpPS'KeHWA, NOJIYUeHHOe IJIA TAKOI'o JKe
3HaYEeHUS TOKAa IJIA «HAPYXHOMH» JaMIIOYKH.

Ecan coeznHenNne napajiessHoe, TO AHAJOTUYHASA oIlepalus
NPOBONUTCS B OTHOLIEHHMH 3IHAUEHUS TOKA, TO ecTh U3 TOKa,
TEKYIIero uyepe3 «UYEPHLIM AMK» IPH JaHHOM 3Ha4YeHUH HAMDH-
JKeHUs, HYKHO BbIUECTH 3HAUEHWE TOKA, KOTODLIA TE4ET depes
HAPYIKHYIO JIAMIIOYKY IIPH 3TOM Ke HAllPAKeHHU.

ITo pesyabraram «o6paboTKH» HaXOZMTCS 3HAUEHHE PE3UCTO-
pPa B «UYEPHOM AILUKE». '

Hsmepernue conpomuéneHuil peaucmopos, 6KA0HEHHbLX
8 anexmpuieckyrw uyensv (9—2—2007)

Hpu6opv: u npucnocobaenus: 6arapeiika Nockas, YHUBep-
CAJIbHBIN M3MepUTebHbIH Npubop («TecTep» 1UdpPOBOH), MOTEH-
uuoMmerp 1 kOm (aTO pesucrop conporuBiesua 1 kOm, y Hero
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cAeNaHbl TPH BBIBOAA — OT KOHIOB DPE3UCTOpPAa U OT MOABHIKHOTO
KOHTAKTa, IpU IMOBOPOTE DYKOATKM MeHAETCA IMOJOoKeHHe Io-
JBHMKHOTO KOHTAKTa, 4 TAK/Ke MEHSAIOTCA BEeJIMYUHBI COIIPOTHBIIE-
HUHM MEXIY BLIBOLOM OT 3TOI'O KOHTAKTA U KDAalHUMH BBIBOJAMH,
‘ocraBasich B cyMMe pPaBHBIMH 1 KOM), KOJIONKA ¢ KOHTAKTAMH —
Ha KOJOZKe IIPHNASH «YEPHBIHM SMUK», B KOTOPOM HAXOTHTCS
MOJYINPOBOAHUKOBBIN [MOJ, NapajljieJbHO THOLY NPHCOeZHHEH
pesuctop Ry, DOCHe0BaTENbHO C HUM IIOAKJIIOUEH pesucTop R,
pesuctop 100 OM — ero COupoTHUBIIEHHE MOMKHO CYATATDL TOUHBIM,
M TaKOH ’Ke AMOJ, KaK HAXONALNHACA BHYTPH AIIMKA, IPOBOJA.

3adaHue: 3KCIIEPUMEHTAJILHO ONpeleuTe CyMMY COIPOTHB-
Jeuu#t (Ry+ Rjy), a Tak:Ke CONMPOTHUBICHUE KaXKJIOTO U3 PE3UCTO-
poB R, u Rs.

Pewernue. Hy:XHO OCTPOUTH BOJIBTAMIIEPHYIO XaPAKTEPUCTH-
Ky AMOJa, KOTOPHIH AaH B KauecTBe OOOPYAOBAHUSA. 3aTEM CleAy-
€T HNOCTPOHUTHL BOJILTAMIIEPHVIO XapPaKTEPUCTHUKY «UEPHOTO SIM-
kxa». Ilpu 3ameprom auone (Ipu onpeneEHHOM MOJAPHOCTHA O/~
KJIIOYEeHHUS MCTOYHHMKA TOKA K «UEPHOMY SIIIHKY») MO BOJLTAM-
IepHO¥H XapaKTEePHCTHKE MOMKHO BBIYHCJIHTL CyMMADHOE COIIPO-
TuBiieane Ry + Ro. Ilo BonpTaMmepHOH XapaKTepPUCTHKE, KOTO-
pas COOTBETCTBYET OTKPHITOMY IOJTHOCTBHIO MJIM Y4CTUYHO AHUOAY,
MOXXHO YCTAHOBUThL BEJMUYMHY COINPOTUBJIEHUA PE3NCTOPA, MOA-
KJIIOYEHHOIO MapaJINeJbHO TUOAY, a TaKKe BeJHUYHUHY CONPOTHB-
JIEHUS Pe3ncTopa, BKJIIOYEHHOTO MOCAeI0BATEILHO ¢ HUMHU.

dnexmpuieckuil «4épubil awurx» (10—2—2007)

B «uépHOM AHMKE» HAXOAATCA IOCIEAOBATEJIBHO COEIUHEH-
HBI€ PE3UCTOP ¥ HEeJIMHEHHbIN 3JIeMeHT ¢ ABYMA BBLIBOAAMHU (B OT-
JUYHe OT OOBIYHOI'C pe3ucTopa, JJisS HEeJIUHEeHHOIro 3JIeMeHTa
rpadUK 3aBUCHMOCTH MeXXAY TOKOM Yepe3 Hero M ero Hanpsaxe-
HUEM NOJYy4aeTcsd KPUBOJIWHENHBIM).

Ilpubopst u npucnocobnernus: KOJNOAKA C IOXKJIIOYEHHBIM
K Held «4YEPHBIM AM[MKOM», BOJbTMeTp 6 Bosbr, MuiLimammep-
meTp 5/50 MA, barapeiika niaockasi, moteHuuomerp 470 Om (unu
1 kOm), npoBoja.

3adanue: nocTpoiiTe rpadux 3aBUCHMOCTH TOKA OT HAIpA-
JKEeHHUS A «IEPHOro sAmuka». Oupenenure, B KaKUX Ipefeaax
MOX{eT HaXOLUTbCA BEIWUYMHA CONPOTUBIEHUA PE3HUCTOPA, HAXO-
BALUIErocA B «YEPHOM SINIUKE» .
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Pewenue. Pa3 B 3aJaHNM ME€PBLIM JEJIOM CKA3aHO ITOCTPOUTH
3aBHCHUMOCTD TOKA OT HANDSAXKEHUsA, He MYIADPCTBYSA JIYKABO, IIO-
CTPOUM 3TY 3aBUCHUMOCTD.

Bapuaunrt 1. IIpoBepka moxkasbiBaeT, YTO IIPU [OCJEeOB&-
TEeJIbHOM COeJIMHeHUU DaTaperKd, «UEPHOro ALIHKA», IOTEHIIUO-
MeTpa U MUJIMaMIIepMeTpa IIPH OTHOU IOJSAPHOCTH IOAKJIOYe-
HUA OaTapelKd TOK uepes MUImaMIepMerp UIET, a IpH ApYy-
ro¥ MOJAPHOCTH HMOAKIIOUEHHS OH HACTOJBKO MaJ, YTO CTPEJIKa
pHudopa MpakTUYeCKHd He OTKJOHAETCS. BpiBOJ: BHYTPH AILNKA
HaxoanTca guon. M mo suneinoi yactu BAX MOKHO OLIEHHTD
BEJIMYUHY CONPOTHUBJIEHUS PE3NCTOPA.

Bapuanr 2. Ilpu nmociaegoBarelbHOM coefuHeHWU Oara-
pedKH, «4EPHOTO ANMKa», MOTeHIIMOMETPA U MUJIInaMIIepMeTpa
TOK 4Yyepes MHJLIHAMIIEDMETP HIAET, NPUUYEM CMeHA MOJIAPHOCTHU
nogxaoUeHna GaTapeMKM NPUBOAUT K M3MEHEHUIO 3HaKa TOKAa,
a BeJIMYMHA €ro OoCcTaéTca TakoiH Ke. BbIBOA: HelHMHEHHBIN 3je-
MEHT B «YEpPHOM SAINHKe» — 3TO JUOO JaMIIOUKa HaKaJIUBaHHA,
aubo ABa KMOAA, COeIHHEHHDbIE TTapaiaeabHO.

2a. Eciy nopu Masipix TOKax CyMMAapHOE COIIPDOTHBJIEHUE pe-
3UCTOPa U HEJIMHEMHOro dJIeMeHTa CYIIeCTBEHHO MeHbIlle, 4YeM
COIIPOTHUBJAEHHNE TIPU GOJBLIMX TOKAX, TO HEJIUHEHHBIN dJIEMEHT —
aTo JsaMnouka. CBA3b MeXAY BEeTUUYWHON CONPOTUBICHHA JIaM-
MOYKH (BOAM3M pabouell TOYKH, KOr/la HUTH HAKaJIeHa) U TOKOM,
KOTOPBIHA Uepe3 Heé IIPOTEKaeT, U3BeCTHA:

A

RNI2/3,

TO eCTh COIIPOTHBJIEHHE JAMIIOYKH CaMOe MaJleHLKOe, KOrZa TOK,
TekyIUHA yepe3 Heé, may. Haknos BAX BO1u3u Hysesoro 3Ha-
YyeHusl TOKA JaéT CyMMapHoe CONPOTHBJIECHHE Pe3sucTopa M Ma-
JIOTO COHPOTHUBJIEHHS JaMIOYKU. A TIPpHU OOJBIIMX TOKAX COMPO-
TUBJICHHE JIAMIIOYKK 3HAYHUTEJIBHO BBIPACTAET (MOMKET BBIPDACTU
B 10—12 pas). O6paborkoii peaynbraToB (rpadpura BAX) MoxHO
OLIEHHATHL BKJAJAbI B 00Ij€€ COIIPOTURJICHNE JIUHEeTHOTO ¥ HeJIrHeH-
HOTO COTIPOTHUBJEHUH.

26. Ecau npu ManbslX TOKaX CyMMapHOe CONPOTHUBJIEHHE pe3u-
CTOpa U HEeJUMHEHHOro dJeMeHTa CYIIeCTBEHHO 0OJIbIIIEe, YeM CYM-
MapHOE CONPOTUBJIEHHE IIPHU OOJbIIMX TOKAaX, TO HeJWMHeHHBII
3JIeMEeHT ceJlaH U3 JBYyX AWOAOB. B atom ciyuae conporuBieHue
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pe3ucTopa MoOXKeT ObITh OLleHEHO .o JHuHelHok yacTu BAX upu
0oNbIIMX TOKAX Ueped «UEPHBIN SIUK».

Hceenedosanue noaynposodrnuxosozo duoda (9—1—2008)

3adaHue: CHUMHTE BOJBTAMIIEDHYIO XapaxkTePHUCTHKY THUOAA,
ollpeAesIATE HaNPsKeHUe, IPU KOTOPOM TOK Uepe3d IMOJ COCTaB-
aser 0,1 MxA.

O6opydosarue: nuox HeM3BECTHOTO Tuna, Oarapeiika 1,5 B
¢ OepkareneM, nmorenimomerp 1 KOm, pesucropsl 1 kKOMm, 10 kOm,
39 kOM, MYJIBTHUMETP 3JEKTPOHHLIA.

Juon DOAKIIOUEH K M3MEPHUTEJbHOH cxXeMe IpPH IOMOIIU 3a-
JKMMHOH NaHenu (IOJSPHOCTL TNOAKIIOYEHMA AWOAa BhifpaHa
npasuapHo!). UaMensas mogaBaemoe Ha MO HAIPAMXKEHHE NPH
HOMOUIY [NOTEHI[OMEeTPAa, HYXXHO OIlPeJeNUTh 3aBUCHMOCTh TOKAa
yepe3 AUOL OT MPMIIOKEHHOTO HANPSKEHHs B JOCTATOYHO INM-
POKOM Auanasoxe Tokos. IIpobGiemMa B TOM, UTO B BallteM PacIio-
PSKEHUHU BCEro OAMH U3MEPHUTENbHBIN npubop (YHUBepCanbHBIA
MHOTOIIpEJeNbHBIA aMuepMeTp — BOJILTMETD — omMMmerp). Ilpuay-
MaiiTe Crioco0 M3MepeHUs HYKHBIX BeJTUYHH C HCIIOJb30BAHMEM
BBIIAHHBIX PE3HCTOPOB (MUX COMPOTUBIEHUS MOKHO HM3MEpPHTH
TEeM K€ MYJBTHMETPOM € TOUHOCTLIO He Xyxe 1%).

Cnpasourbie JanHble: B DEXMUME H3IMEPEeHNd HaNDPIKEHUH
BOJILTMETp HMeeT conporusiaeHrne 1 MOwm (oguHakoBoe Ha pas-
HBIX Ipejesax, 3TO 3HAYeHNE MOXKHO CYUTATH TOYHLIM). B pesku-
Me M3MepeHus TOKOB «IaJeHue HaANPAKEHHA» NPH MaKcHMalb-
HOM 3HaUeHHUH H3MepsAeMOi BeJIMYHHBI cocTaBaser poBHo 0,2 B.
Conporusnenune 1 kOm — 1o posuo 1000 Om, 1 MOmM — posHO
1 munmuon Om. :

IToxanyiicra, He nNoakaOYaiiTe npubop K OarapeiKe Hamps-
MYIO B DeKHMe H3MePeHUA TOK0B — npubop byaer ucnopuern. He
HOAKJIIOYaiTe JUOA HANIpAMYIO K GaTapeiike — ocjaenoBaTeIbHO
¢ AUOZIOM JOJIIKEH OBITh MOAKJIIOUEH KAKON-HUOY/bh U3 BBIAAHHBIX
BaM PE3UCTOPOB!

Hamepenue émrocmu koudencamopa (10—1—2008)

3adaHue: U3MepbHTE EMKOCTD 3JIEKTPOJIUTHUECKOTO KOHAEeHca-
TOpa.
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O6opynoBaHue: KOHAeHCATOP GOBILONH 6MKOCTH, ITOAKIIOUEH-
HBIH K 3aXMMHOMY YCTPOHCTBY (KOHAeHCATOD IIOJSPHBIHA, ero
«MHHYCOBBIi1» BBIBOJ IOJKJIOYEH ¢ Kpamw), Oarapeiika (rpmu-
6nusurensHo 4,5 B), MyJabTHMeTp CTpeNOUHBIR, CeKyHIOMep,
pe3ucTop ¢ U3BEeCTHLIM conpoTusaenuem 152 xOm, nporoza.

Hy:xHO HM3MepUTh C MaKCHUMAJbHO BO3MOXHOH TOUYHOCTBHIO
6MKOCTh BBIAHHOTO KOHZAeHCAaTOpa. TOK IOJHOTO OTKJIOHEHHS
npubopa B peXUMe H3MepeHus HampsixeHui 50 MKA — ero
CONpOTHBJIEHHE B peXHMe H3MepeHnsa HanpspxeHuni 20 xOm
(1 kOm — posro 1000 OM, 1 MKA — MUIJIMOHHAA YacTh AMiiepa).
«Knacc Tounoctu» npubopa npuHsTs 1,5%.

Crioco6 pelleEus OYeBUAeH: HYXKHO 3apaXKaTh YU PaspaKaTh
KOHJeHcaTop ot faTapedKy yepes3 Pe3uCTOp ¢ U3BECTHBIM COIIpPO-
THUBJEHUEM.

Konebanusa U nepeMeHHBIH TOK

H3yuenue nonebanull

Ha miratyBe Ha TpEX HUTAX OJUHAKOBON IIHMHLI BUCUT HENIPO-
3paYHbLI# COCYZ, B KOTOPBII MOKHO HaJHBATHL BOAY, ¢ JIMHHOU
OUAHAPUIECKON 4acThIO.

3adanue: A3yUUTE XapaKTep MaJibIX KPYTHUIBHBIX Konebanuii
OHJIWNHIPUYECKOrO COCYZa NPM ero BpallleHUW BOKDPYr OCH CHM-
merpun. IlocrporiTe rpaduky 3aBUCHMOCTel ITeproja Korebauuii
¥ DO6BOTHOCTH KONIeGaTebHOM CUCTEMBI OT KOMUYEeCTBA HATUTOH
B cocyl Bogbl. QO0bACHUTE NNOJyUEHHBIE PE3YIbTATHL.

(Hag guoM cocyza Ha ONpeXesIEHHOM PACCTOAHUU OT HEro
VCTAaHOBJIEHBl HeBUJHMMBIE CHAPYXH INeperopoaky purcuposaH-
HOI BbICOTH! 1,5—2 cM, KOTOpBIe HNPENATCTRBYIOT COOTBETCTBYIO-
MM TOPH3OHTANBHBIM CJOAM BOJABI CMelaThCcs CBOGOLHO OTHO-
CHUTEJILHO CTEHOK IIPH BpaluleHWM cocyna.)

O6aopydosakue: UMINHAPUYECKHH COCYZ, NHOABEIIEHHBLIA Ha
TPEX HMTAX HA LITATHBE, CEKYHAOMED, JNONONHUTENLHBIA COCY
C NMpO3padyHBIMM CTEHKAMH M IeleHUSMH Ha CTEeHKaxX, BOJa IO
TpebGoBaHUIO.

ITonyuennwvie pe3yremamst: Ha rpadHUKax 3aBUCHMOCTEH me-
puona kojebaHmii u HOOPOTHOCTH KoJae6ATEIBHOM CHCTEMBI OT
KOJIMYeCTBa HAJIWUTON BOJBI BUAHBI HeKOTOphie ocoberHocTH. IIpn
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MaJIoOM KoJudecTBe BOABLI Hepuoj KojebaHUIl cHadajla OCTaércs
MOYTH IIOCTOAHHBLIM, 3aTeM YMEHBIIAETCH, a IPH HEKOTOPOM
KOJMYECTBe HAJUTOM BOABl er0 3HaueHWEe CHOBA HAUUHAET PACTH.
HobporHocTs cHavasia OBICTPO YMEHBIIAETCS, IIOTOM BBIPACTAET
TIOYTH N0 NMpPEeKHEro sHaUeHHUd, a 3ateM cHoBa pacTtér. IIpeamo-
JIarajioch, 4TO IIKOJBHHKH JOTaflaloTCA O HAJUUYHU IEePEeropoioK
HeDOJbIIOI BEICOTHI.

Masmuux Makceeana

3adarue: uccaenyiiTe 3aBUCHMOCTL BpEeMEHHU JBMIKEHUS Ma-
ATHUKa MaKcBeana OT BepxHEro IOJNOKEHUA [0 HIDKHEro Io-
JIOKEHUA OT PACCTOSAHHUSI, KOTOPOe Ha ITOM IIYTH IIPOXOAUT OCh
masaTHHKA. Ilocrpoiire rpaduk astoil 3aBucumocTH. Briacuwure,
KakKoil cTelmeHHOHN 3aBMCHMMOCTH BEJIMUMH APYT OT APyra COOTBET-
CTBYeT 9KCIIepPUMEHTAIbHAA 3aBUCHMOCTD.

O6opydosanue: wratuB ¢ peiikoii, IIpoYHasA KalpoHOBad
HUTB, IVCK CO CTEPIKHEM, 3aKPEIlJIEHHBIM Ha AUCKE COOCHO C HAM,
CEeKyHAOMED.

ITpumeuwarue: HUTH IPY HAMATBIBAHUHN HA CTEPMXKEHb JNOJKHA
T10 BO3BMOKHOCTH JIOXKUTHCHA BUTOK K BUTKY B OJMH CJOM.

Mamemamuneckuil Maasmuur

3adanue: uccaenyiiTe 3aBUCUMOCTE NMEPHOIa MaJIbIX KoJyieba-
HHUH MaTeMaTHYeCKOro MasiTHHKA OT ero AauHbl. ITocTpoiiTe rpa-
duxk aToil 3aBuCHMOCTH. BoisicHUTE, KAKOHA CTEIIEHHOMH 3aBUCHMO-
CTU BEJWYUH APYr OT APyra COOTBETCTBYET 3KCIIepHMEHTANIbHAA
3aBUCUMOCTh. HCIIonb3ysa OfMH MasgTHUK C MaJILIMHM KoJieOaHM-
AMH B KayeCcTBe H3MepHUTeNsI BPEMEHU, IOJYYNTE 3aBUCUMOCTD
nepuona xojeGaHM APYroro MareMaTUIeCKOTO MAaATHUKA OT
aMILIUTYABI Kosrebauuil (0T MAKCHMAILHOTO yrijia OTKJIOHEHUS OT
BEePTHKAJIH IIPU KoJeDaHUAX).

O6opydosanue: MITATHB ¢ PEHKOi, MPOYHAA KAIIPOHOBAA HUTH
(npouHas peI6ONOBHAA JIeCKA), MACCHBHEBIE MAPUKH C KPIOUKAMH,
CeKyHIOMEDP.

OnunuieM IIPHEMBI, MO3BOJAIOI[UE IIOBLICUTE TOYHOCTH HM3Me-
pPeHU UM HaJEeXXHOCTh paboTh! YCTAHOBKH.
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1. Kenatensno, 4To0bl KoJeOaHUsA Ipys3a MPOMCXOAUIU BCE
BpeMs B OJHOM IJIOCKOCTH. JTO MOXXKHO 00ecleduTh II0/BelInBa-
HUEeM T'py3a He Ha OJHOH HMTH, a HA ABYX HHUTAX OAUHAKOBOI
IJIAHBI, KOTOpble 00Pa3yIOT ¢ BEPTUKAIbIO OJMHAKOBBIE YIIbI.

2. MoMeHTHI IyCKa U OCTAHOBKY CEKYHIOMEDpa CJeJyeT BbI-
OupaTthb Tak, 4ToOBI Ipy3 MasgTHHKA B 9TH MOMEHTHI IIPOXOIHJ]
MHUMO MOJOKEHUA paBHOBeCHA. ITO MO3BOJISAET IOBLICUTH TOY-
HOCTH OIpejle/leHilsd MOMEHTa IyCKa M OCTAaHOBKH CeKyHIOMepa
(TO eCTH YMEeHBIUINTE PA30POC PE3yNLTATOB U3MEPEHUI UHTEPBAIA
BpeMeHH), TAK KaK MOMEHT IIDOXOKAeHUA MUMO TIOJOXKEeHUS pas-
HOBecHUs ONpefedeTcs «Ha Iiad» ropasfio TOUHee, yeM B APYTux
cayJyaax.

B yacTHOCTH, ropasno xyxe (B cMbICJe TOUHOCTH M3MEPEHUH)
Oyzer samyckaTb CEKYHAOMED M OCTAHABIMBATL €r0, OPUEHTUPY-
SICb HA MOMEHTBI BpeMeHH, KOTZIa HUTh C TPDY30M OTKJIOHAETCH OT
[IOJIOJKEHUS PABHOBECHS Ha MAKCUMAaJBHBIH yroj. B taxkue mo-
MEHTBI CKOPOCTDb ABMIKEHUs IPy3a AOCTUTaeT MUHUMYMA, TO €CTh
Osn3ka K Hya0 (Wian paBHa HyJN0). Ho TOYHOCTDL yCTaHOBIEHUSA
«Ha IJ1a3» MOMEHTAa, KOrla CKOPOCTh paBHa HYJIIO, HEBeJIUKA.

IIpu cpapHenuHn riepuofoB Koebauunii rpy30B, 3aKPEIIEHHBIX
Ha HUTAX OAMHAKOBOH JJWHBI, HO KOJeOJONINXCA C Pas3HbI-
MU MAKCHMAaJIBHBLIMKE aMIINTYIAMH, HYXKHO HAWTH TPOMEKYTKH
BpeMeHH, B KOTOPble «YKIAJbIBAIOTCA» pa3Hble KoJIWyecTBa me-
PHoJ0B Konebauuit N1 u No. 9T KONUUeCTBa LOJLKHBI OTJIAYATH-
ca Ha 1.

3. OxHoBpeMeHHOe HabMIOAeANe 33 KOJIe0aHUAMY BYX MaAT-
HHUKOB yIOGHO BECTH, KOTAa MasgTHUKH KOJIeOJIOTCSA BO B3aWUMHO
HePHeHUKYIAPHBIX BEPTUKANBHBIX ILJIOCKOCTAX M KOTOa UX IO-
JOMEeHnA PABHOBECHUSA HAXOJAATCH HAa ONHOU BBICOTE HA YPOBHE
riaas sKclepuMeHTaTopa. Ilpu aToM cieflyer CMOTpPeTb BIOJIbL
JUHUM, HA KOTOPOH HAXOAATCA I'PYy3hl MAITHHKOB B NMOJOXEHUH
paBHOBeCHS.

4. OTMeyaThb HOUTH OJHOBPEMEHHBIE NPOXOXKACHHsS MAaAT-
HUKOB MHMO IIOJIOMKEHUA DaBHOBeCHs YHOOHO, eClIH TI'DPY3UKH
MasITHUKOB MMEIOT pasHble (CBeTIbie) IBETA M SIPKO OCBEIEHBI,
a boH TEMHBIII.

5. Ina madanga cuéra KOJIMYeCTBA IIEPMOLOB KoJebaHUN cie-
ayeT BHIOpaTh MOMEHT BpPeMeHM, KOrZa MASiTHUKHW HODPOXOOAT
TIOJIOKEHUs PAaBHOBECHUA OJHOBPEMEHHO M B IIPOTHUBOIOJIOMKHBIX

5—116
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HanpasJeHuax IjA Habmwonaresils, TO €CTh OJUH H3 MasTHUKOB
IPOXOAUT IMOJOXKeHUe DaBHOBeCHSA, ABUTAACH CJieBa HAIPAaBo,
a gpyro#l cmpasa HalleBOo. MoOMEHT OCTAHOBKH BbIOUpAaeTCAa MO
AHAJOTMYHOMY KPUTEPHUIO, KOIJa MAasATHUKH COBEPIUMJIM pasHbIe
KoJpuyecTBa KoseDaHmil, OTVIHYAIOIIUEeCa Ha eJUHULY.

Konebanusa MagaTHuUKa ¢ Oojblllell aMILIUTYZoU Koaebamuil
IPOUCXOAAT U ¢ BOJNBIINM TEPHUOAOM. ITOMY CIIOCOOCTBYIOT ABAa
obcToATe BCTBA.

Bo-nepBpix, B ypaBHEHUM KoJeDaHMI MaTeMaTHYECKOTO Ma-
ATHUKA BMECTO yIJIa ¢ CTOUT ero cuuyc. IIpm ManeIx yriaax
MaKCHMAaNbHBIX OTKJOHEHUH HUTH OT BEPTHKAJLHOIO IIOJIOMKE-
HUA PaBHOBECHUA @Pmax K1, kKorza sin ¢= ¢, mepuon xoiebauuit
MasATHHUKA cj1abo 3aBUCHUT OT yIjla M MOMHO CUHTATH, YTO KO-
nebaHusl IPOMCXONAT ¢ OAWMHAKOBBIMHM Iepuofamu. Korma xe
MaKCHMAJIbHBIHA YTOJI OTKJOHEHUs HUTH OT BEPTHKAIM IIPU KO-
nebaHUAX He Y/JOBJIETBOPAET YCJIOBUIO @Pmux K 1, CKasbIBaeTcs
OTIIMYHe Sin ¢ OT .

Bo-BTOphBIX, peasbHble HUTH, Ha KOTOPBIX ITOABEUIHBAIOTCA
rpys3sl, He ABAAIOTCA HEPACTAKUMBIMH. 1Ipu Manblx aMILIUTyAax
Koje0aHMH MAasITHMKA CHJIAa HATAKEHUA HUTH OJIU3KA K BeJu-
yure mg. Illpu 6onpioi aMniuTyae xojebaHy MasgTHHKA CHUJA
HaTsDKeHusd HUTH U3MEHseTCS B IMUPOKHUX mpelenax. B wacrao-
CTH, eCJIM MaKCUMAJBHEBINA YIroJI OTKJIOHEHUst HUTH OT BEPTHKAIU
paBeHn 90°, To HATAKeHUe HUTH MEHAETCS OT HYJA 10 BEIHUYNHBI
3mg. CUIbHO HATAHYTAA HUATh YBEJIUYHUBAET CBOIO IJIUHY, ¥ 9TO
TOXE IIPUBOLUT K POCTY HepHoja Kone6aﬁm?; MASATHHKA.

Kone6anusa cmepycna na numax

CrepixeHb 3a CBOM KOHIIBLI TIOABEINEH Ha ABYX IIPOYHBIX HUTAX
OJVHAKOBOM [IKMHLI. B MOJI0OMKeHH paBHOBEeCHSA HUTY pacIiojara-
IOTCSI BEPTUKAJILHO, 4 CTEP;KEeHb — I'OPU30OHTAJIBHO.

3adarue: onpeaenuTe 3KCIIepUMEHTAILHO OTHOIIEHHE IIEPHO-
JOB MaJbiX KoJjebaHuil cTep:KHA OKOJIO NOJIOKeHUsI PaBHOBeCHUA
B IBYX CJIydasax:

a) cTepKeHb ABMIKETCH IIOCTYIIATeJbHO,

0) cTepieHb BpallaeTcA BOKPYT BePTHKAJILHOM OCH, IOXOLA-
mei yepes ero cepeauHy.
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IIpukpennTe K KOHUAM CTepyXKHSA MAOIIOJHHUTENLHLIE TI'DY3bI
OQMHAKOBOU Macchl ¥ BHOBL OIIpeJeNIUTe OTHOIIEHNE IMEePUONOB
Kojie0aHU NpPU TexX ke ycaosuax. IlpoxenaiiTe sty M3MepeHUA
IJIs PA3HBIX MAacC MOMOJHUTENbHBIX rpy30B. IlocTpoiite rpadux
34aBHCHMOCTH MOJIYUYEHHOI'O OTHOIIEHHA I1€PUOJIOB OT OTHOLIEHUS
Macc: (Macca OJHOrO JOMOJHHTEJILHOrO Ipy3a)/(Macca cTepsKHs).

Ob6opydoeanue: mTaTUB € peHAKOH, NPOYHBIE KAaIPOHOBBIE
HUTH, CTEPIKEHb, NOMOJHUTEILHbIe Ipy3sl (10 1mT), ceKyHIOMED.

MoOvt Konebarull

Mopoit xonebaHUil HA3BIBAETCSA TAKOE ABMKEHMHE TOYEK Te,
BXOISAIHX B KoNMebaTelbHYI0 CUCTEMY, KOTJla BCE OHM ABUIKYTCS
110 TApMOHHUYECKOMY 3aKOHY C OJHOH M TOH *Ke YIiIoBoil 4acTOTOH,
Npyu 9TOM aMIIUTYABI U daskl KouebaHUH Pa3HBIX TOYEK MOTYT
OBITH padHBIMHM. JacTOTHl KOJIe0aHUN MOJ Ha3bIBAIOTCs COOCTBEH-
HBIMH 4aCTOTAME KoJeOaHHM koJiebaTebHON CHCTEeMBI.

Konebarennnas cucreMa COCTOUT M3 ABYX IIAPUKOB OAMHAKO-
BOM MAacchl, [IOABEUIeHHBIX Ha HUTAX K KECTKOM ropn30HTAJIBHON
omope (CHCTEMY OKCIIEPHMEHTATOD LOJIKEeH cobpaTh CaMOCTOSI-
rensHo). CMm. puc. 24.

N

Pue. 24

HaxnonHble YYaCTKM HHUTEH COCTABJAIOT C NOPH3OHTOM YTOJ
45°, ux puHa B 5 pa3 MeHbIle IJIHUHBEI BEPTHKAJBHBIX YYACTKOB
HUTeH, IIMHA rOPU30OHTATLHOTO YYACTKa B 2 pasa 0oJblle OJINH
BEPTHKAJLHBIX YYACTKOB.

3adanue: HAoUTE OTHOLIEHUS PAa3HBIX COOCTBEHHBIX HaCTOT
ManbIx KojieGaHmil BOJIM3U TIOJIOXKEHUSA PABHOBECHS B JaHHOMH
KoJieDaTeJILHOI cHucTeMe.

5*
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O6opydosanue: mMTATHR ¢ DPeHKO#, NpoYHas KaupoHOBas
HUTb, HOMHMIILI, CTAJBbHBIE IIAPUKKM ¢ KpHOYKaMu (2 mTykKu),
CEeKyHIOMED.

IlepeuuncianmM pasmaUUHbIE MOALI KoJMebaHM H3ydyaeMoi cucre-
MEL.

1. Camasa Manas 4acToTa KoJebaHU MMeeT MECTO IpU CHH-
XPOHHBIX KOJMeOaHUAX HIADHUKOB, KOIAA OHM KAYalOTCs, BBHIXOAS
U3 BEPTUKAJIBHON NJIOCKOCTU B OJHY M TY K€ CTOPOHY IO OTHO-
LIEHUIO K IJIOCKOCTH PaBHOBecusi. J[yis mpuBeg€éHHOrO0 pPHCYHKA
9TO COOTBETCTByeT OJJHOBDEMEHHEBIM BLIXOAAM LUapPUKOB U3 ILIOC-
KOCTH DHICYHKA «K HAM» U «OT Hac».

2. Hemuoro 66apman 4acTota KoaeGaHui MMOJydaeTesi, Korga
IIapUKU, He BBIXOASA K3 MJIOCKOCTH PAaBHOBECHA, OJHOBPEMEHHO
OTKJOHAIOTCA Ha HebosibmiMe yrabl JuGo B pasHbIe CTOPOHBI
(BipaBo u BJeBo), JuMbGO B OJHY M Ty K€ CTODPOHY (BIIPaBO
M BIPAaBO MJTU BJIEBO U BJIEBO).

3. Emgé 66ubmas gacToTra COOTBETCTBYET KoJjebDaHUAM, IIPU
KOTOPBIX UIADUKU OTKJOHSIOTCS OT IJIOCKOCTY PaBHOBECUSA OJHO-
BpeMeHHO B Da3Hble CTOPOHBI (OJMH U3 HUX «OT Hac», a APYyrou
«K HaM»).

4. Emé 60spInadg 4acToTa COOTBETCTBYET KOJIeOaHUAM, TIPHU
KOTODBIX LIIADUKW He BBIXOAAT U3 IJIOCKOCTU ROJIEOAHUH M cMe-
AITCSA B HpOTUBO(dA3e BBEPX U BHUS.

5. Camasa 6oibluas uyacrora KoJjebauuii mMeeT MeCTO, KOTZa
HIaPHUKHA, He BBIXOASA M3 ILJIOCKOCTH PABHOBECHS, CMEIAI0TCSA
CUHXPOHHO, TO €CTh B OAHOM ¢ase BRepX/BHU3. B arom ciydae
HUTb paboTaeT, KaK IPYyKHUHA.

Hepa 6 «uépuuii awurx» (11—2—2001)

BHyTpH «46pHOTO SALIHUKA» C BYMdA BEIBOAAMU POBHO TPH dJie-
MeHTa (BO3MOXKHBI Pe3UCTOPLI U KoHAeHcaTopbl). Hy:kHo onpene-
JHUTH CXeMY HX COeAUHEHUA U IapaMeTpsbl JeMeHTOB.

O6opydosanue: «4EPHBIA ALUUK», FeHEPATOP 3BYKOBOUI, MHJI-
JuaMIlepMeTp mepeMeHHoro toka 5/50 MA, pesucropsr 5 kOm
u 1 kOMm, npoBoza.

IIpumevarnue: ncnoan3yiite BoiBogabl «OBI» u «5 Om» re-
HepaTopa, He IIOJABANMTE CIMIIKOM OONbIIOe HANpsXEeHHE Ha
MUJINHAMIIEpMETP — OH 3TOro He JIOOHUT, NIpuGOpPhI He CIHIIKOM
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TOUHBIE — JAJEKUE OT WACAJLHOCTH — IIOCTapalitTech OOOUTUCH
TeM, YTO eCTh.

(BHYTpH «4€DHOrO ALIMKa» HAXOQWJIHMCH COeAMHEHHBIE TTOCIe-
JOBATeNBbHO [IBA PE3UCTOpa, CONPOTHUBIEHUA KOTOPBIX OTIAUYA-
JUCh IPUMEPHO B 3 pasa, NapaijesbHO pe3ucTopy ¢ OOJIbINM
COTIPOTUBJIEHUEM OBLI HOAKIIOUEH KOHAEHCATOP.)

Pewernue. U3 munnuammoepMerpa ¥ OQHOTO H3 PE3UCTOPOB
(c BHambOJBIIUM COMPOTHUBJIEHNEM) MOKHO CI€JaTh BOJIBTMETD
¢ 6OJBIIMM BHYTPEHHUM conporuBieHneM. IloarjouyuB ero u
«YEPHBIA AMMK» MMapajjielbHO K BBIXOJAY TeHepaTopa, HYKHO
OpPOUTHCL 10 BCeMY AMAINA30HY YACTOT M yOeIuThcsA, YTO aM-
OJIUTYAA KoJsebaHuii Ha BBIXOAE PeHepaTopa HE 3aBUCHUT OT Yac-
TOTHI.

3aTeM ciefyer yCTPONTL H3 «UEPHOro sIUKas» U OCTaBlle-
rocs BHELIHETO PEe3NCTOpa AEeNVUTEeNb U MOCTPOUTH 3aBUCUMOCTD
Koo pHuIMeHTa Nepefadu TAKOTO JeJUTeNsa OT 4acToTsl. CHUMATE
HaupaXKeHne CJHelyeT ¢ BHEIIHero pPe3nuCTOopa, COMpPOTHBIIEHUE
KOTOPOTro B 5 pad MeHbllle BHYTPEHHEro CONPOTHB/ICHHUSA BOJBT-
metpa. OKas3bIBaeTCA, HA HU3KHUX 4acTOTaxX KoddduIimeHT nepe-
Jauu paBen nupumepHo 1/9, a Ha BBLICOKMX B TPH pasa Gosblre —
npumepHo 1/3.

Ecau BonsTMETD BKJIIUYNTL He NapajljleIbHO pe3ncTopy ¢ Ma-
JILIM COITPOTHUBJIEHNEM, a IOCIeNOBATEJBHO C HUM, TO HA HU3KUX
qacToTax KoahdpHuIMeHT nepesauyu JeJUTels BhIpacTaeT IIpUMep-
HO B 4 pasa 70 3/7, a Ha BHICOKMX YacTOTax — IPUMEDHO B IBa
pasa po 5/7.

N3 9TUX XaHHBIX MOMHO CJeJlaThb BBIBOJZ, YTO B <«4YEPHOM
SIIMuKe» OBa pesucropa Ry m Rz coefuHeHBI NOCHeH0BATEILHO
u K ofHOMY U3 HUX (R9) napajieJibHO MOJKIIOUEH KOHAEHCATOP.
ComrporuBiieHns pe3ncTopoB Takne: B =2 kOm, Ro =6 xOwm.

Teneps MOXKHO MNOAKJIIOUUTL TeHepaTop, MUJIIHAMIIEDMETD
U «4BPHBIH AMUK» TOCAeJ0BATENBHO APYT 3a ApyroM. ConpoTus-
JleHHe MUJLIAaMIIepMeTpa Majo B CPABHEHUH C COIIPOTHUBJIEHUEM
2 kOM. Mo)xHO cunTath ero uieanbHuiM npudopom. Ha uacrore
orono 1,5 KI'm Tox MuianuaMilepMeTpa HpHUMepHO B JBa pasa
MeHbIlle, YeM er0 MaKCHMAaJIbHOE 3HAYeHNEe HA CaMbIX BBICOKHMX
4acToTax.

Orcrola MOMHO BBIYUCIUTH 3HaYEeHNE EMKOCTU KOHAEHCATODA:
npumepso 0,04 Mx® =40 ud.
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«Hépubit awurx» (11—1—2002)

HM3mepesrns Ha DepeMeHHOM TOKE.

IIpubopset u o060opydosarue: «UEPHBIH AUIMK» C ABYMA BbI-
BOJAMM, COAEPIKAIIME BHYTPHU CJIOMHYIO CXeMY K3 DOBHO JIBYX
3JIEMEHTOB, NeHePATOP 3BYKOBBIX 4aCTOT, MHJJIMAMIIepMerp Ie-
pemenHoro toxka (5 u 50 mA), pesucrop 440 Om (aTO0 TOUYHOE
sHauenne!), KougeHcarop maBecTHON émroctu (? MKD, TouHOe
3HAUEHUE YKA3hIBAJIOCHh KAXKAOMY ITKONBHUKY OTAEIBHO), IPOBO-
Ia, MULIAMeTpoBas byMara.

3adaHue: OIpPERAETINTE COACPIKNMOE «YEPHOT'O AIMMKA» H CXe-
My COeIVHEHUus 5JIeMeHTOB, HW3Mephre NapaMmeTpbl 3JeMEeHTOB,
NOMEIUEHHBIX B «UYEDHBIM ANIMK», OLEHHTE IOrPelrHOCTh Moay-
YEeHHBIX PEe3yJIbTATOR.

IToxkanyiicTa, nocrapaiirtecb COXPaHHTh B HCIHPABHOCTH BbI-
manHoe obopyaoBaHue!

(B «u€épHOM ANIUKE» HAXOAWUJIKUCH NMapalIeJIbHO COeTUHEHHbIE
pe3ucTop 1 KOHAeHCcaTop.)

Pewenue. lockonbky B yCIOBUKX UMeETCS ITpeAVIIDEXIeHUE
0 COXpaHEeHUY B MCIPABHOCTH BBIIAHHOIO ODOPYAOBAHUA, CKOpee
BCero, Tak NMpeJyNpexgaioT, 9TO He CJIeAyeT JOAKJIIOYATH MUJI-
JuaMIiepMeTp HelOCpeACTBEHHO K BXOAY reHepaTopa, Korga Ha
BbIXOZle OONBIIOe HanpsixeHUe. IlonpoGyeM YMeHBIIUTH HAIIps-
JKeHue [0 MUHUMYMa U IMOAKJIOUUM-TaK MIJJINAMIIEpMETP K re-
HepaTopy. IIpubop cpa3y mokaspiBaeT MHOrO ¥ OpH Maneiliuiem
VBEJIMYEHNN HANPS)KeHHUS IeHepaTopa «3allIKaJNuBaeT» — Hallu
moJo3peHus noareepanaucs! CieloBaTe/lbHO, MUAIUAMIEPMETD
MOJX(HO BKJIOYATH TOJBKO ITOCJIeIOBATENbHO C KAKUM-TUb0 (KCTa-
TH, OOHUM €IHMHCTBEHHBLIM) PE3UCTOPOM.

CHauajia, Kak OObIYHO, yOeAuMcs B TOM, UTO TeHEpaTop Ao-
CTATOUHO «XOPOII», TO €CThL €70 BBIXONHOE CONPOTHUBIIEHHE JOCTA-
TOYHO MAJIO ¥ HANpAKeHHe HA BEIXOJE reHepaTopa He 3aBUCHUT OT
yacToThl. 718 3TOTO M3 MUJLIMAMIIEPMETPA ¥ BHENIHEr0 Pe3ucTo-
pa CoOpyAMM IJOXOHBbKME BoabTMerp. Ilpu mocnemoeaTessHOM
BKJIIOUEHUH STHX JJIEMEHTOB BHYTPEHHEE CONPOTHBJIEHUE TAKOI'O
BOJIETMeTpa uMeeT nopagok 440 Om. ITogkmiounM TakoM BOJBLT-
MeTp K BBIXOAY 'eHepaTopa M NPOWAEMCA IO BCEMY AUana3oHy
YacTOT, Ha KOTOPBIX PeHepaTop MoKeT paboTaTb. AMILIMTYAA
HAIPAKEHUA BCIOJY OLUHAKOBA — XOPOIIO.
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Tenepr MOIKIYUM K BBIXOAY TeHepaTopa M BOJILTMETpP, U
«4E€pHBIH AIUMK» (napasieabHo). OKa3bIBaeTCS, Ha BBICOKHX 4a-
CTOTAX aMILINTYAA HAIPAXKEeHHs, KOTODPYIO ITOKa3bIBAET BOJIBT-
MeTp, nanaer. JTO I'OBOPHUT O TOM, YTO Ha BBICOKHX YACTOTAX
UMIEJAaHC AUUKA CTAHOBUTCA IO MOAYJIO MeHbIIe BHYTPEHHErO
CONPOTHBIEHNA IeHepaTopa, TO €CTh K BBIBOAAM «4YEPHOIrO sUIU-
Ka» MNOAKJIIOYEH KOHAEeHCATOP.

CoenuHuM Tenepp BOJIBTMETP, «UEPHBIA AILIUK» U TEHEPATOp
nocJenoBaTeNibHo. Ha HU3KMX 4acToTax IIOKaszaHHe BOJbTMETpa
IpHMEPHO B [ABa pa3a MeEHbIe, YeM NOpPH HENOCPEeACTBEHHOM
TIOAKJIOYEHNHM K BBIXOAY reHepaTopa. 9TO I'OBOPMAT O TOM, UTO
B «UEPHOM HAIIUKE» HMEEeTCA PEe3UCTOP, TOMXe MNOLKIIOUEHHBIN
K BBIBOJAM <«YEPHOTO SAWMKA», NPUYEM COIPOTUBJICHUE 3TO-
ro pesucropa npumepHo pasHo 440 Om. Ha dyacrtore oxoiao
2 xI'y noka3aHue BOJIBLTMETDA YMEHbIIUIOCH npuMepHo B 0,7 pas
B CpPAaBHEHUM CO 3HAaYeHKHeM Ha HU3KUX uacrorax. CiemoBaTelib-
HO, BEJINUUHA EMKOCTH KOHAEHCATOPA MOXKeT ObITh BRIUMCIIEHA U3
cooTHourenus WCR=1.

Hiamepernue napamempos «uépHozo awurxa» (11—1—2004)

3adaHue: B CINYEUHON KOPOOKe HAXOOUTCS CIOXKHAA CXeMa
U3 YEeTHIPEX 3NeMEeHTOB (TaM MOryT ObIThH Pe3UCTOPhI, KATYIIKH,
KOHZEeHCcaTOPhI) — Mexgy ToukaMyu O u 1 BKJIOYEHBI POBHO ABa
3neMeHTa, MexAy Toukamu 0 u 2 — Toxe DOBHO ABa 3JIeMeHTA.
Touku 1 ¥ 2 HemoCpPEACTBEHHO APYT C APYrOM He COEXMHEHSI.
Hy:xuo oupenenuTs cxeMy BKJIIOUYEHHS 3JIeMEeHTOB M HU3MEDHUTH
HX 3JIeKTpUYecKUe IIapaMeTpsl.

O6opydosaHue: reHepaTop HHU3KOYACTOTHBIX IapMOHHYECKHX
KoJjiebanui, yHUBepCaJIbHbIH N3MepuTeabHbli npubop (ABOMeTp
HIKOJILHBIA, OH B HalleM ciydae ToJdbko AB-merp, conmporuse-
HUI OH He HU3MepsAeT — HeT BHYTpPeHHe#l Oarapeilkm), pes3mcTop
conporusienueM 1,3 KOM (ero comnpoTuUBIEHNE MOKHO CYHTATDL
TOYHLIM), IPOBOJAA. YUTUTE, UTO U3MEpUTENbHbIe TPUOODEI (reHe-
patop, AB-MeTp) BOBce He HeadbHbl. A BOT BXOAALIWE B COCTAB
«4EPHOTO AUIMKA» 3JEeMeHTBbl MOKHO CUMTAThH IIPH 3TUX M3Mepe-
HUAX UAEATBbHBIMU.

ITpumenanue: mexay Toukamu 0 u 1 GbLIM TOCIEJOBATENBHO
BKJIIOUEHBI KOHJAEHCATOP M PEe3ucTop, mMexay roukamu 0 m 2 —
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KOHIEHCATOP TOH Ke 6MKOCTH U PE3HUCTOP TAKOTO JKe COMPOTHUB-
JeHHS, HO NapaljiejbHO.

Pewenue. Jlna onpeneneHUsT CONEP:KHMOTrO «YEPHOro sIIU-
Ka» MOXHO co0parh c¥emy, NPeiCTaBiIAIoONIyio coboll AenuTteinb
Hanpsxkenus. K BpIBOJaM reHeparopa NOAKIIOYAIOTCH COefu-
'HEHHBIe MOCJeJOBATENIbHO PE3UCTOP M «YEPHBLIA sAmuK». H3-
MepUTEJIbHBIH IIPpHOOP 1O ouepenu IOAKIHYAETCA K BBIBOZAM
reHeparopa, BBHIBOZAM pPEe3HCTOpPa, BBHIBOAAM «UYEPHOTO ALIMKA» .
ITogkarouerue npubopa K BLIBOLAM eHepaTopa U IIPOXOX IO Bce-
MYy AUANA30HY YaCTOT NO3BOJAIOT YAOCTOBEPUTHLCH, YTO HArpy3Ka
(TmocJyie1oBaTE€IbHO COEAMHEHHBIE «UYEDHBIN SIMUK» U PE3UCTOP)
He BAUAET Ha aMIANTYAY KoJebaHUil HanpsiKeHHusA Ha BbIBOJAX
reHepaTopa, TO €CThb ero BHYTPeHHee CONPOTUBRJIEHUE NOCTATOUHO
MaJIo B CPaBHEHUM C CONIPOTHUBJIEHHWEM PE3ucTOpa.

BapuaHTOB HOOKIIOUEHUA «UYEPHOrO AMMUKA» BCEro UeThIpe:
ucnoas3yioresa BeBoAbl (0 1), (0 u 2), (1 1 2) u (0 u 1+2). [{un
KayKJAOTO BAPUAHTA MOAKJIOUEHUA CTPOATCS aMIIJINTYIHO-4aCTOT-
Hble xapaktepuctuxku (AUX).

Ecnn He ucnonb3oraTh pe3ucTop, a NOAKIIUATL «UEPHLIN
AIUK» HENOCPEACTBEHHO K BBLIBOJAM TreHepaTtopa, TO AJA ABYX
cr1oco6GoB MoAKJIIOUeHNA «uépHoro amuka» (0 u 2) u (0 u 1+2)
Ha BBICOKHMX YacToTax HabiiofaeTcd YMEHbIUEHME AMILIUTY/bI
KoneDaHuil, TO eCcTh B 3THX ABYX CIyYadX K BHIXOLY reHeparopa
HeTIOCPeACTBEeHHO IIOJAKIIOUEH KoHAeHcaTop. [Ipu aToMm ckasbiBa-
eTCs HaJlu4Yhe HeHYJIEBOTO BHYTPEHHErO CONPOTUBIEHNS TeHepa-
Topa. Takum obpasom, clemyer CUHUTATh, UTO MEMAY BBIROZAMMU
0 u 2 «u€pHOro ALIMKA» BKJIOYEH KOHAEHCATOD. A TOCKOJBKY
npu Ttakom sKe noakiaouenuu (0 m 2) Ha HUBKMX YacTOTax
Ha <«4YE€PHOM SAIIMKE» nagaeT He BCE HallpsKeHHe TeHeparopa,
3TO O3HAYAET, YTO MHapaIeJBHO KOHAEHCATOPY TOAKJIIOUEH pe-
3HCTOP.

Ilpn mopkmioueHum «uépHOro sAWMKa» BpiBogamu (0 m 1)
mwa (1 1 2) Ha HH3KUX YACTOTAX HA «UEPHOM AUIUKe» Iajnaer
BC€ HalpAXKeHUe reHeparopa. JTo o3HaydaeT, 4To B BeTBH (0—1)
BKJIIOYEH KOHZEHCATOD. A TIOCKOJBKY Ha BBICOKHX YacTOTax Ha
«YEPHOM AUMKE» IMAJAeT OpPEeAeNéHHAA JOJs HANDSIKEHUA, He
paBHas HYJK, 3TO O3HAYAET, UTO B «UEPHOM SIIHUKE» MEMXIY
BeieogaMu (0 u 1) nocinegoBaTelbHO ¢ KOHAEHCATOPOM BKJIKYEH
pe3ucTop.
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{Ipu mopxIIOYEHUH K FeHEePATOPY «UEPHOTO AIUKA» BBIBOJA-
MU 1 u 2 Ha AYX nHabawgaeTcs MakCUMYyM BOJIM3U HEKOTOPOI
YaCcTOTBI: 9TO COOTBETCTBYET TOMY, UTO B «UYEPHOM ALUUKE» NDU
€ro nofgkaAwdenuu cunocoboM (1 u 2) maxoauTcd Tak HasbiBaeMasd
«Ienouka Bumas.

Ilocte ycTaHOBJIEHHA CXeMBb! «UEPHOrO SAIIHKA» HYMKHO BBI-
YYCJINTDL 3HAUEHUA O0HAPYKEHHBIX EMKOCTEN ¥ Pe3HCTOPOB.

Hna cnocoba moaxmodenuda (0 u 1) Ha BHICOKUX YACTOTaX
npu nocaeJoBATEIBHOM COeJUHEHUU «4YEpPHOTO AUIUKa» U pesu-
CTOpA MOYKHO Y3HATH COIPOTUBJIEHHUE PE3NCTOPa, HAXOAAIIETOCH
B «YE€PHOM ANIUKE» MEMIY 3THUMHU BEIBONAMMU.

O cnocoba mopkmioueHus (0 u 2) ma HU3KMX UaCTOTAxX
OpHY HOCJAeJ0BATEeJIbHOM COEJUHEHUU «YEPHOro AMUWKa» U Pe3u-
cTOpa MOXXKHO Y3HATH COIPOTHUBRIEHHE PE3UCTOPA, HAXOAAILEroCs
B «YE€PHOM SAIUKE» MEXKAY STUMU BhIBOXAMM.

3Has BeJUUYMHBI CONMPOTUBICHMNM, MOKHO BBIOHMpATH pas3Hble
YacToThl TE€HepaTopa ¥ HAJA Pa3HBIX CIIOCOO00B MNOAKJIIOUEHUS
«UEPHOro SIUIUKA» YCTAHOBHUTH, KAKHE UMEHHO BeJUYHHEBI éMKO-
cTell UMEIOT KOHAeHCATOPbI, HAXOAsAN1ecss BHYTPH.

Jdamnoura (11—1—2003)

Ob6opydosanue: TeHEePATODP 3BYKOBBIX YaCTOT, MHJLIHAMIIED-
MeTp NepeMEeHHOT0 TOKa, ABa KoHpeHcaTopa éMmikocTtH 0,68 mMxd
Ka’Kblil, IJAMIIOUKA, Pe3UCTOp (ero COIPOTUBJIEH e HEU3BECTHO).

3a¢aHue: MpoReIUTE U3MEPEHUS U IOCTPONTe rpadUK 3aBU-
CHMMOCTH TOKA uepes JIAMIIOUKY OT IIPHJIOKEHHOIO HATDIKEHHA.
Haiignre oTHOIIEHHE COMTPOTHBIEHUI JJAMIIOYKHY ITPHU TOKax 5 MA
u 20 MA.

IIpumenarus: reHepaTop U MHJIIHAMIIEDMETD — WIKOJBbHBIE
(Hy, caMH IOHUMAaeTe, He COBceM uaeanbHble). JlaMnouka BuIep-
sxuBaeT Tok o 50 MA, npu OoJbIlleM TOKe MOXKET U NepPeropeTh.
Kongencarop MOXKHO CUMTATh HACANBLHEIM,

Pewenue. CHavyana OPOBEPHM, HACKOJBKO XOPOIMHM MHUJIJIH-
aMIlepMeTp ¥ reHeparTop. BricTaBUM caMyl0 MaJyi 4acToTy U
HeOOJIBIIOE HANPSKEHME Ha BbIXOAEe reHeparopa. Iloakiaouyum
IOCJIeJOBATENLHO KOHAEHCATOD, MHJLINaMIIepMeTp U reHepaTop.
IlocTeneHHO yBeJHUYUBas YaCTOTY U HampsKeHUe, J0ObEMcHA TO-
ro, 4yroObl MHUAJMUAMIIEPMETD IOKasaj s3aMmeTHbI# TokK. Teleps
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HOAKJIIOUHM IIapajljielIbHO MHAJUJINAMIIEpMeTDPy HEeW3BECTHBIA pe-
aucrop. Ilorasanue MuUAIHaAMOEpPMETpa MPAKTUYECKH He H3Me-
HUJIOCH, CJIeJOBATEIBHO, éT0 BHYTPEHHee COMIPOTURIEHNE 3HAUM-
TeJILHO MeHbIe COMPOTUBJEHUS 3TOoro pesucropa. Takmm obpa-
30M, M3 MHIJLIMAMIEPMETPa M 3TOI0O Pe3ucTopa MOXHO cAejaTh
BOJILTMETP C HEM3BECTHOU (IIOKA) YYBCTBUTEJNbHOCTHIO. IlomKtio-
YuUM I[0CJIeAOBATEAbHO KOHIEHCATOD, BOJBTMETD K TreHepaTop.
Ternepr MOXHO H3MEDHUTH COIPOTHUBIEHHE HEH3BECTHOIO DE3U-
cropa. Hns aroro mopbepéM TaKylOo YacTOTy reHeparopa, IIpHu
KOTOpPOH 3aMBbIKaHNE HAKOPOTKO 3TOT0 HEU3BECTHOTO Pe3ycTopa
BBI3LIBAET YBeJIMUeHNE MOKA3aHNHA MIIIMaMIIepMEeTPa HPUMeDHO
g 205 pas. Ilpu aroM MexXAy €MKOCTHIO KOHJAEHCATOpa, COIPO-
THUBJIEHWEM PEe3UCTOpa U VIJIOBOH HACTOTOU KOJIeGaHus HMeeTCSa
c¢Bsa3b WCR=1 (R=0,5 xOm).

C noMoubio BOJIBTMETPA MOMKHO M3MEPUTH BHIXOJHOE HAIpPHA-
JKeHue reneparopa. IToCKOJBKY Hac npeaynpeauad O TOM, UTO
P TOKe, 6oabiieMm 50 MA, JaMIIOUKa MOXKET [IePEropeThb, HY»KHO
¢ Hed OBITH OCTODOXKHBIMHU, TO €CTh He CcJeAyeT IOAKJIIYarh
JaMIIOUYKy HeIOCPeACTBEHHO K BBIXOAY TreHepatopa. BHOBBL co-
OepéM leNb U3 IOCJIEJOBATEJILHO COCIHUHEHHBIX KOHIEHCATOPA,
MHJITHAMIIEpDMETpa M TeHepaTtopa. BbiCTaBUM Takue 3HAUCHUSA
YacTOTHl W HANPSKEHUsI TeHepaTopa, 4ToOb] MU/LInaMIepMeTp
nokasbiBay ToK 50 MA. Eciin 1aMITOUKy MOAKJIIOUNTE Iapajieilb-
HO MHJLIMAMIEPMETPY, TO €ro NoKasaHne HeMHOTO YMEHBIIUTCA,
a JIaMIIOYKa IIPH 3TOM CBETHUTHLCS He Oyzer. ITO O3HAYAET, UTO
CONPOTHUBJIECHNE JAMIIOYKH B XOJIOAHOM COCTOSHUU U BHYTpPeHHEE
COIPOTHEBJIEHUE MUJUIAAMIIEDMETPA MMEIOT OAVUHAKOBBIH IOP-
IOK BenuuuHbl, Temephb BKJIIOYMM B 9Ty Ledb JaMIIOUKY IIOCje-
noparenbHo. [lokazanue MuIIHaMnepMeTpa yMeHBIIMIOCH. ITo
BeJIUYHHE HOBOTO IIOKA3aHUS MILULIMAMIepMeTpa, HalpAXeHUs
Ha BBIXOJe TeHepaTopa M 3HaueHHSIM HacTOThHI FeHepaTopa U éM-
KOCTH KOHAEHCATOpa MOXKHO HAWTU HaNpsKeHHe Ha JIAMIIOUKe
¥ eé COIPOTHURICHME IJIs JAHHOTO 3HauyeHUs Toka. Iy mocrpoe-
HUSA BOJABTAMIEpPHOR xapaxkrepucTuru (BAX) JaMIOUKKH HYKHO
IOJIYYUTh JOOCTATOYHO OOJBIIOE KOJHUYECTBO TOUeK (Hampsxe-
HUEe-TOK).

OTHOLIEHNE CONPOTUBJICHHUI JAMIOYKH IIPU PA3HLIX TOKAaX,
TEeKyIIMX 4epe3 Hee, MIIETCA ¢ HOMOHILIO NOJYYeHHOM BOJIbTaM-
TepHOM XapaKTepUCTHKH.
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«Yépuuiit awury (11—2—2005)

Hy:xHO sKCHepUMEHTANbHO OIpENeJUTh CXEMY, 3aKJIIOUEH-
HYIO BHYTPH «YE€pPHOI'0O ANMKA», 1 M3MEPUTHL ITapaMeTphl [IOMe-
HUIEHHBIX B HETO 2JIEMEHTOR,

Ilpubops: u 060pydosarue: «4EPHBIM AUUK» C YETBIPbMA
BBIBOJAMH (HOMEDA BBIBOJOB YKa3aHBbl Ha KOpPIyce), TeHepaTop
HUBKOW YaCTOThl, YHUBEPCAJIbHBIA H3MepHTENbHLIH HuGpPOBOHA
npubop (M3MePAUINI HOCTOSIHHOE U IIepeMeHHOe HAMpsKeHue,
CHJIy TOKa, COIPOTHUBJIEHKE MOCTOSHHOMY TOKY), mpoBoza. Ma-
BECTHO, YTO BHYTPH SII[HUKA DPOBHO TPHU JJEMEHTA — MMH MOTYT
OBITH PE3VMCTOPHI, KOHAEHCATODHI UM KATYIIKH.

ITpumevanue: mexkny BoIBogaMu 1 u 2 ObLI HOKJIIOUEH KOH-
JeHCATOP, MeXKY BBIBOZAMHU 2 U 3 — KaTYINKA, MEXY BbIBOJAMHU
3 u 4 — pesucTop.

Pewernue. Cradasna ciaefyeT NonpoboBaTh «IMOUyIAThE» «4ép-
HBLIH AUMEK> ¢ TOMONIBI0 IpUbOpa B PEKUMe U3MEDPEHHUS COIpPO-
TuBaeHuii. Mexay seisogamu 1 u 2 (unu 1—3, 1—4) npubop no-
KasplBaeT paspbiB. Mexay BbIBoZaMH 2 u 3 npudop noKasbIBaeT
OueHb MaJjioe coupoTuBaeHne. Mexxny BeIBogamu 2 u 4 (a Taxxe
3 u 4) npubop NOKa3LIBaeT HEKOTOPOe COIPOTHURIIeHHNEe K.

Terneps sKCIEPUMEHT HYKHO IPOBECTU HA ITePEMEHHOM TOKeE.
HN3mepdaercs BEIXOAHOE HATIpAXKeHHe reHepaTtopa Up.

TIpu BKJIIOYEHHUH IIOCIENOBATEILHO TeHeparopa, MHJIHaM-
nmepMerpa ¥ BBLIBOAOB AWMKAa 1 ¥ 2 Ha MaJsblX YacTOTAX TOXK
yepé3 aMIrepMeTp MaJi, a IIPH YBeJHYEHUU YaCTOTHI TOK DACTET
BILJIOTH M0 «3alllKaJIMBaHUs» Ipubopa. ICHO, 4TO MEXKAY aTUMU
BHIBOJJAMHU BKJIIOUEH KOHAEHCATOD.

IIpu BKIOUEeHUH IIOCJEJOBATEJIbHO IeHEeparopa, MHUJIuaM-
nepMeTpa # BbIBOAOB ANIMKA 1 1 3 Ha MaJbIX YaCcTOTaX TOK Yepes
aMIepMeTp MaJl, a HPHU YBEJHUYEHUH YaCTOTHI PACTET BILIOTH JO
gHaueHuss U/R. OTo 0O3HaYaeT, YTO NapajiejibHO Pe3UCTOPY He
IIOIKJIIOUEH KOHIAEHCATOP.

IIpu BrIIOYWEHHUU I1IOCJIEAOBATEIBLHO TeHEpaTopa, MUJJIAaM-
MepMeTpa ¥ BLIBOJAOB AILUKA 2 U 4 HA MaJIbIX YacTOTaAX TOK Yepes
aMmepMeTp paBeH mpumepHo U/R, a 0pu yBeJWUYeHUH YACTOTHI
TOK YMEHBLIIAeTCA IIOUTH OO HyJIA. ficHO, YTO MeXAy STHMHU
BBIBOJAMHK BKJIIOUEHBI IIOCJIEJOBATEIBLHO PE3UCTOp M KaTyUIKa
WHYKTABHOCTH.
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Tlocae YCTAHOBJIEHHA COAEPHNMOTO <<‘-IépHOI‘O AU Ka» Y3HATh
nmapamMeTpsl HaXOAAIIHUXCA BHYTPH 3JIEMEHTOB HE€ IIpeAcTaBJAeT

Tpyaa.

Hecnedosanue «uéprnozo awuxa» (11 —2-—2006)

Ob6opydosarnue: «4YEPHBIA SIIUK», CONEPKAUHMIl POBHO IBa
JJIEMEHTAa, KOTOpPble He COeMUHEHBI APYr ¢ APYTroM, JBe MHUHHA-
TIOPHBIE JIAMIIOUKH, IMTOTEeHIUOMeTD (peocTar ¢ TpeMA BLIBOLAMM)
conporunneHueMm 0,2 kO™, reHepaTop 3BYKOBOM, IPOBOJA.

3adanue: onpefeanTe SKCTIEPUMEHTANLHO COAEPHKUMOE ALIM-
Ka U U3MepbTe MapaMeTphsl HOMEIEHHBIX B HETO 3JeMeHTOB.

(BHYyTpU AINMKA HAXOAWUJIUCH PE3UCTODP ¢ COIPOTHBJICHUEM
HECKOJBKO JecATKOB OM (B 3aBUCHMMOCTH OT THUHA JaMIIOYEK)
M KOHAEeHcaTop eéMKoCThio 1—5 MEdD.)

Pewenue. [Ina uHavama, Kak OOBIYHO, MPOBEPUM KAadveCTBO
paboTsl reneparopa. CoefHHUM HOCJIEJ0BATEIbHO TeHEePATOD, 10~
TeHIUOMETp U jlaMIIouKy. HacTpoum reHeparop u IOTEHIUOMETP
TaK, 4YToObI JaMIIOUKa 3aMeTHO cBeTujach. lIpoiimémcs mo Bce-
My JAUAaIla30Hy 4YacTOT, B KOTODOM reHeparop paboraer. Hakan
JAaMIIOYKU MPAKTUYECKH He 3aBHCUT OT 4YacTOTHI — 3TO XOPO-
mo! IlogkmounM K BBIXOAY PeHepaTopa emé v BTOpyIo JiaMOoou-
Ky. CBeueHue JIaMIIOYKM, MOAKJIIOUEHHON yepe3 NOTEHIIMOMETD,
NpakTUYEeCKH He U3MeHUJIOoCch. BBIBOJ: BHYTpeHHee CONPOTHRIE-
HHe TeHepaTopa AOCTATOUHO MaJIEHBKOE, 3TO TOXKE XOPOIIO.

Teneps 3aliMéMCs «YEPHBIM SIIIIKOM» .

CoennHMM IIOCJI€LOBATEJILHO TeHepaTop, JaMIIOYKy, HOTEeH-
OUOMEeTDP M OJWH W3 HEW3BECTHBIX 3JIEMEHTOB, HAXOIAIUXCHA
BHYTDHU simuka. HacTpoum reHeparop 1 HOTEHIIUOMETD TaK, UTO-
OBl TaMIQYKa 3aMeTHO cBeTuaack. [Ipoiifémea Mo Bcemy amamna-
30HY 4YaCTOT, B KOTOPOM reHepaTop paboTaer.

1A ogHOro 13 Hed3BECTHHIX SJEMEHTOB CBEUEHNE JIAMIIOUKY
He 3aBUCHUT OT 4aCTOThl. EC/IH «3aKOPOTUTH» 3TOT 3JIEMEHT, CBe-
YeHHe JIAMIIOYKH BbIpacTaeT. BhIBOJ: STOT aJIeMEHT — PE3UCTOD.

Jast BTOpPOro HeM3BECTHOrO 3JIeMEHTa KapTUHA Apyrad: Ha
HUBKHUX YacTOTaX JIaMIIOUKa lacHeT, a4 Ha BBICOKHX YacTOTax
pasropaerca sipde. BuIBO/: 9TOT 3J1eMEHT — KOHEHCATOP.

IToTenmuoMeTp Ham HocCTajicsd POBONOUYHBIA C MOBODOTHBIM
ABIJKKOM CKOJIB3SIIIEro KOHTakTa ([IOJHBIH yroJjl [IOBOPOTa OKO-
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o 300°). CompoTuBIeHUA YacTell HOTEHIMOMETPA, BRIIOUEHHBIX
MEeXOy ero KOHIAMHX U CKOJB3AUIHM KOHTAKTOM, MIDPONOPIIHO-
HaJbHBI COOTBETCTBYIONIMM yryilaM MoBopoTa ABrkka. CHabaum
TIOTEHI[IOMETP CAMOJEJBHOH IIKAJIOH M3 OyMarud u CTpPeJKoi,
TOXe CJeJJaHHOW U3 Oymaru. 3Has COIPOTHBJIEHUA DA3HBIX Ua-
cTell MOTEeHLMOMETPA, MOXKHO HAWTH COIIPOTHBJIEHYE DPE3HUCTOPA,
HaxXOALEr0Cs B «YEPHOM ALIMKe» . [JIs 5TOTO NIOAKIIOYAM Cpasy
JBe JIaMIOYKHM K I'eHepaTopy ABYMsA IlapalIeJIbHBIMU LelAMHU:
OAHY TOCJEeJ0BATEJILHO C NOTEHIIMOMETPOM, & APYTYIO ITOCIeN0-
BaTeJbHO ¢ HEM3BECTHBIM DPe3UCTOPOM B Aliuke. HacTpoiikoil
TIOTEHIIUOMETPA HOOBEMCS OAMHAKOBOM SPKOCTH CBeUYEeHUA 00eHXx
Jammnouek. IloMensiB MecTamMu JIaMIIOYKHU, yOEIHMCH, YTO U B
3TOM cJydae MX CBeUeHHA OJUHAKOBBI, CIeJOBATEIBHO, COIPO-
THUBJICHHA TIOTEHIIMOMETPA ¥ HEWU3BECTHOrO pE3UCTOopa B ITOM
cirydae OMHaKOBEI.

Temepsr 3aMeHMM CTABIIMI H3BECTHLIM pPE3UCTOP BTOPBLIM
HEM3BECTHBLIM ajleMeHTOM. IlogbepéM Takyl 4acTOTy reHepaTo-
pa, 4TOOLI U B 9TOM cjiyuae o0e JIaMIIOUKUA TOpead OAWHAKOBO
ApKO. 3Had 4acTOTy leHepaTopa U COIPOTUBRJIEHHE TOTeHIMOMET-
pa, MOXHO BBIYHACJHTL €MKOCTh KOHJEHCATOpa, HAXOJAUIerocs
B «YEPHOM SII[HKE» .

Heenedosanue «uépnozo auurxa» (11 —1—2008)

3adanue: oupegenure cXxeMy CoeqUHEHUA 3JI€MEHTOB BHYTDHU
«YEPHOTO ALIMKA», U3MEePbTe IapaMeTPhl 9TUX 9JIEMEHTOB.

O6opydosarnue: «4EpHBIA AMUK», TeHEPATOP HU3KOH UACTO-
Thl, MIJLIMaMIIEpMETpP TIepeMeHHOro ToKa, peauctop 1 xOmM, mpo-
BOZA.

B amuke comepskarcsa JBa 3sjleMeHTa — HYXKHO OIIpeAesuThb
THO 9TUX 5JIEMEHTOB, CXEeMY HX COeIUHEHUA, U3MEPHUTDH ¢ MAaKCHU-
MaJIbHO BBLICOKOM TOYHOCTBIO UX IapaMeTpsl. Muimamoepmerp
uMeeT JABa npegena uamepeHuit — 5 u 50 MA, oH xopomo pa-
6oTaeT Ha Tex YACTOTax, KOTOphie obecreyupBaeT reHepaToOp, OH
COAEPIKUT MHOTHBINA BBEIIPAMUTENb, «IalleHUe HANPMXKEHUA» Ha
MUIMaMIlepMeTpe IIPH MaKCUMaJIbHOM OTKJIOHEHHUU CTPEeJIKH
upubopa cocrasyiseT npumepso 0,6 B.

(B Aamuke HaXOAMINCE UHIYKTUBHOCTh ¥ EMKOCThb, BKIIOUEH-
Hble NTapasleJIbHO ADYT APYry, puc. 25.)
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Ecian BKJIWUUTL 1I0C/IE0BATEJBHO TeHe-
paTop, PE3UCTOD, «UEPHBIN AIUK» U MUAJIN-
aMIepMeTp ¥ NJIaBHO M3MeHATDH YacToTy, Ha
KOTOpOH paboTaeT reHepaTop, TO HA YacCTo-
Te oxos0o 10 xI'tt MokHO OBLIO OOHADYKUTDL
«nafeHue» IIOKA3aHUMP MUJIMaAMIIEpMeTpa
B Y3KOW MOJIOCE YacCTOT. ITO COOTBETCTBY-
eT Pe30HaHCy KoJiefaHHil B KOHTYpE, COCTOAINEM U3 KaTYIIKH
HHAYKTUBHOCTH U KOonpeHcaTopa. [Ipu arom obiiee compoTusie-
HYe II0CJIeIOBATEIbHON I{€N¥ CTAHOBHUTCA OYeHb OOJBIIMM, YTO
COOTBEeTCTBYeT NNapajjleIbHOMY COeAHHEHNIO KOHAeHCATOPA U Ka-
TYIIKM HHAYKTHUBHOCTHA BHYTDH «4E€PHOr0O ANUKAa». II0CKOJBKY
3JIEMEHTOB BHYTPM ANHKA BCEro ABa, MOXHO yOeIHUTHCA B TOM,
9TO TaM JAeHCTBUTENBHO KOHAEHCATOD M KaTyIIKa WHAYKTHUBHO-
cru. [ns atoro cobupaemM cxemMy, B KOTOPOM NOC/JA€LOBATENLHO
coeAHHEHbl TEHEPATOD, «UEPHBIH AMWMK» U U3MEPUTEABHBIN MIPH-
6op. IIpu gocraTouHOM yZaNeHHUM MO YACTOTE OT pPe30HAHCA KaK
BHH3, TaK M BBepX [OKaszaHus mpubopa pacTyT BIJIOTH 0 €T0
«3alIKANUBAHHUA». ITO COOTBETCTBYET TOMY, UTO CYMMAPHbBIHA UM-
HeJaHC «YEPHOTO SAIUKA» YOBLIBAET M HA HU3KUX, M HA BBHICOKHX
4acTOTax.

Yrobbl TIpOBEPUTH, HACKOJIBKO «XOpoui» redepartop (B ToM
CMBbICJIE, HACKOJIBKO MaJI0 ero BHYTpPeHHee COINDOTHBJEHUE), CO-
OepéM cxeMy, B KOTOPOH «YEPHBIH AUMK» I10CJIEI0BATEIbHO
¢ MHJLINaMOepMeTPOM TOJKJIIOUEH K reHeparopy. Bribepem ua-
CTOTY, NPH KOTOPOH IOKasaHwe mpudopa COCTABUT IPHUMEPHO
MOJIHYIO ero INKaAy U IpH JajbHeHIIeM yAaJIeHUuH OT pe3QHaHCA
pogoJKaeT pactu. A sToro HY)KHO YViTH OT pesonanca aubo
BBepX, An6G0 BHU3. 3areM NOAKJIIOUNM K BBIBOZaM IeHeparopa
pesuctop 1 kOm. Ecam nokasanme mprbopa M3MEHHJIOCH MAJTO,
3HAYUT, ero CONPOTHUBJIEHUE 3HAYHUTEJbHO MEHBbIIEe COIPOTHUBIIE-
HUS Pe3uCTOPa, TO €CTH MeHepaTop AOCTATOUHO XOPOII.

Telleph HOAKIIOUMM JTOT e PEe3UCTOp IapajjiejIbHO HU3Me-
puTreabHOMY npubopy. Ecam ero nokaszaHue H3MEHUTCS MAJIO,
3HAYUT, €r0 BHYTPEHHee COIIPOTHUBIEHHE 3HAUUTEJILHO MeHbIIe
COTIPOTUBJIEHUA pPe3VCTOpPa, YTO TOKE TOBOPDHUT O KadeCTBe NIpPH-
6opa.

Ilpn n3MeHeHMH dYACTOTHI TeHepaTopa BOJNM3KM pe3oOHaHCa
BBEPX M BHU3 MOXHO AOOUTBHCA TOro, 4TOoOLI MMLIMaMIIEepMeTD
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MoxasbiBaJl MaKCHMaJbHOEe 3HavyeHHMe TokKa [, Koropoe ompe-
JeJisieTcsl TlapaMeTpPaMH <«4YE€PHOro ANHKa» (COMPOTHUBIEHMAMU
reHepaTropa M MuJuImamMnepmerpa npenebperaem). Ilocse srToro
BKJIIOUAaEM B LeNb IOCJIEOBATENBHO C «UEPHBIM ALIUKOM» U Te-
HepaTtopoM eué U pes3ucTop. Ilo maMeHeHHIo NOKa3aHuUi npubdo-
pa I MOMXKHO BBIYUCJHTH PEAKTUBHOE CONPOTHUBJIECHHUE «IEPHOrO
AMMKa» Ha COOTBETCTBYIOLIEH uacTore. 9TO0 NO3BOJUT HAWTH
BEJIUYUHBI EMKOCTH M WHAYKTHBHOCTH, CPABHUB MX MMIIEIAHCHI
¢ comporuBiienueM pesuctopa. Tounsie GopMyabl IJIS TOKOB
C YU4ETOM MAaJOCTH COIIPOTUBJIEHMH npubopa ¥ reHepaTopa Tako-

BBI:
Us Up

[ L/C 2 [~ Ljc
(1/wC—wl)? +R (1/wC—wL)?

Ecau cunuTaTs, 4TO BBIIE YaCTOThHI PE30HAHCA OCHOBHOM BKJIAT
B MMITeJAHC JaéT KOHAEHCATOD, a AJAd HHU3KHX YACTOT OCHOBHYIO
poOJib UrpaeT MHAYKTUBHOCTh, TO HalUcaHHbIe GOPMYJabl GYAYT
BBITVISAJETh 3HAUKTEJBHO IIPOIIE:

Up Uy
L= e mer h=2or W Cpess
Ig= Yo I{ =wCUy, W22 pes-

T —
V wZICZ +R?

k]

Heenedosanue xonebanuil aunelixuy, 3aKpeniéniol 00HuUM
woryom (11—2—2008)

3adanue: uccrenyire KosebDaHUsA JUHEHKH, 3aKPENIEHHOH
OAHHUM KOHIOM.

Obopydosarue: NIACTUKOBasA JHUHelKa AMUHL 42 cM (1BeT —
pPO30BLIM, NJIU OPAHMKEBBIil) — 06'BEKT U3YUeHHUA, IITATUB C NJIOC-
KMM YYI'yHHBIM OCHOBaHKEM, CTPybluHa, DIpokIanka (6pycok U3
ANIOMUHEASA), BTOpast JUHeHKa anuubl 40 ¢cM, TOHKad U NpoyHas
KalpoHoBasd HUTb ¢ OycuHKOH Maccoit m=0,34 r (cmenana us
KaMHf ¢ Ha3BaHMEM <«KOWAYHHA rnass), TPy3 € KDPIOUKOM H C
PE3MHOBBIM KOJIBIOM (KOJBIO IpeAHa3HAUYEHO AJIA 3aKpellieHHsd
HHUTH), JUHAMOMETD IIKOJBbHBIN (mpeAesnbl uamepeHus or 0 mo
4 H).
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I1.1. Teopernueckoe 3ajaHue: HalguTe UYACTOTY KoJaeOaHM
OYCHUHKU, 3aKpellJIEHHOH Ha HUTH, KOTOpas DPACTAHYTA C CHJIOH
F>» mg. KoHnpsl HUTH XECTKO 3aKkperieHbl. OT KOHLIOB HATH X0
6ycuuku paccrogHua L, u Lo. Bycunka cmemaercs B Hanpas-
JIleHUH, NepneHJUKYIADHOM PaBHOBECHOMY IIOJOXKEHUIO HUTH,
U OTIIYCKaeTcH.

11.2. HMsmeperuda. Hlrarus ynoxure «"Habox». Hcmonpays
KHUI'M B KadeCTBe OIIOpHLI, A00eiTech BEepPTUKAJIBLHOTO DAaclo-
JOXKEHUsA YYPYHHOIO ocHoBaHUsA. OObeKT uaydeHus (UBETHYIO
MAACTHKOBYIO JIUHEHKY) ¢ MOMOIIbIO CTPYOIMHBLI 3aKPENUTE T'o-
PU30HTAJIBHO MEXAY IIPOKJIAAKON M UYTYHHBIM OCHOBaHMEM Tak,
uTo6bI CBOOOAHON OKazasach 4acTh JuHelku gnuHoi L (ot 25 no
7 cm). F3MepbTe 3aBUCHMOCTL HACTOTHI KOJIeDAHUMI JIMHEHKN OT
JJIMHBI €€ CBOOOHOU YacTy ¢ IOMOIILI U3MEPUTENHLHOM CUCTEMB]
M3 HUTKM, OyCUHKH, rpy3a.

IlepBas (TeopeTruueckas) yactb paboThl OBINA YCIEINIHO BBI-
nmonHena BceMu yuactHukamu III rypa. Bee mamnu 3aBUCHMOCTD
COOCTBEHHOM YaCTOTHI KOJEOAHUM CHMCTEMBI U3 HUTE M OYyCUHKH
OT JaHHBIX B YCJIOBHU IIapaMeTpOB:

[ F(La+Ly)
W= mLsL;

YcinoBue sKCIEPUMEHTAJBHON YacTy 3afadydl IIPeAIIOoJaralio
BNOJIHE OTPEAENEHHBIH croco® 3aKpeIieHusA JUHEHKH ¢ IIOMO-
IIbIO MITATHBA U CTPYOUMHBI: JIOCKOCTD JIMHEHKHA B NOJOXKEeHUHU
paBHOBecUs OblJIa BePTHKAJILHOH, IpW 9TOM JNHelKa Oblia BbI-
TAHYTA B AJUHY F'OPU30HTANLHO.

CBoGOXHBIE KoJeGaHUA JHHEHKH BO3GYMKAAINCH BPYIHYIO
YAAPOM IO JIMHeilKe WJIH IYTEM BHIBEAEHHS €€ U3 MOJIOKEeHHUS
PABHOBECHS ¥ OTHYCKAHHUA. ‘

Hnsa usMepeHusA YACTOTHI KOJe0aHUH JIHHEUKH Ha JIHHEHKY
BOIM3K MecTa e€ 3aKUMa CTPYOIIMHOI KpemuTea OOUH U3 KOHIOB
HUTHU KoJjebareJbHOH cuUCTeMBbl, IIpeXHa3HAUEHHOW IJsi m3Mepe-
HUa 4yactrorbl. Takoe MecTo KpeleHus ofecneuuBaeT cnabyro
CBA3b KOJIe0ATeJNILHBIX cHCTeM (JNHeiKM U OYCHHKM Ha HHUTKe),
TO €CTh HATKA ¢ OYCHMHKOH He CHUJLHO BJIMAET Ha COOCTBEHHLIE
konebaHusa JgHHedkwW. [Ipu Bo3OyxmeHMH KoaeGaHmMil JIHHEAKH
BO30OyKaalTCA U KoMebaHus 6YCUHKU. BOnu3M pesoHaHca KoJe-
6aHnsa OYCUHKH UMEIOT AOCTATOYHO OOBIIYI0O aMIJIMTYAY, YUTOOEI

3



Jiccnepumenmansvisie 3adaiu Gu3uLecKux onumnuad 145

3aUKCUpOBATL HAIWUYHME aTuX KojiebaHmit m moxobpars mapa-
MEeTPhl M3MEpHUTEJLHON CHCTeMbl AJA IOJYyYEeHUsA Dpe3OHaHca.
IToa6op ocyimecTBIAANICA U3MEHEHHEM AJHH CBOOOIHBIX YHACTKOB
HUTH U U3MEeHEHHEeM CHJIbl HaTskeHust HuTu. Pesonanc ¢ukcu-
poBaicA BU3YANBHO, INPHU 3ITOM TOUHOCTH MOAOOpA HapaMeTpoB
(AIMHBI YYACTKOB HHUTU) He TUpPeBbIINANA 2 CM IIPH AJUHE COOT-
BeTCTBYIOILEr0 YIACTKA HUTU 0K0JIo 20 ¢M, TO €CTh MOrpellHOCTh
U3MEePEeHUs YacTOTh! Ob1JIa He MeHbie 5%.

Ha ocHOBaHMM npOoBeXEHHBIX UBMEPEHHUH CJEJ0BAJIO NOCTPO-
HUTh TPaHK 3aBHCUMOCTH YACTOTHI COOCTBEHHLIX Koae0aHuit mu-
HEWKHN OT AJMHLI €6 cBOOOHON YacTu.

KBazpar yrioBod 4acToThl KonebaHWN oOpaTHO MpOIOPIMO-
HaJIeH Ky0y AJuHBI CBOOOAHOH 4acTH JIMHEeHKU. ITO Jerko oboc-
HOBATh: NIpH (PNKCUPOBAHHOM H3THbe JHHelKH BOAM3U MecTa eé
3aKpeNJIeHAsa CO3AAETCA ONPEJeJIEHHbIH MOMEHT CHJI, IPOTIOPIH-
OHAJILHBIN YIJIy U3rnda JUHEeHKN. STOT MOMEHT CUJ obecrieduBa-
eT IBMIKeHHE ¢ YIJIOBBIM YCKOPEHHEM yJacTka JUHEHKH, Macca
KOTOPOr0 MPOMOPIMOHANBHA AJIUHE ydacTka. MOMEHT MHepUHUH
3TOr0 yYacTKa IPOIOPIHOHANEH, COOTBETCTBEHHO, Ky6y AJHMHBI
3TOro y4acTKa:

2 ATS 2_ K
Kp=—0AL° - w =B

Bropywo (9KcllepuMeHTANbHYI0) YaCTh 3a4a4u YYACTHHKH
III Typa eeinosHUIN MeHee ycnelnHo. Ckopee BCero, 3To CBA3aHO
¢ TeM, UTO METOLMKA HACTPOUKM M3MepUTeIbHOH KojebaTebHOH
CHCTeMbl He 6bljIa ABHO OIIMCAHA B YCJIOBUAHM 3a4auy, a Ha IPHAAY-
MBIBaHHe COOCTBEHHON METOAMKH TPEeGOBATIOCH BpeMs.

Boanubst Ha pesunke

3adanue: HafifuTe 3aBUCHMOCTD CKOPOCTH PacCIpOCTpaHeHUs
MONepeYHbIX BOJH OT CUJIbI HATSKEHNS pe3UHKH.
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6—116
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O6opydosanue: enbpatop 50 11, caesanBbIl 13 AKBAPDUYMHO-
ro KOMIIpeccopa, pe3uHKa, KPOHIITEeHHB! (HECKOJBKO IITYK), KO-
TOPBIE JIEPKO KpemsATcA HA Kpaw CcToja, pyJerka, AHUHA-
MOMeTD.

* Upes onblTa npejacTaBieHa Ha puc. 26.

Tenepamop «38yro060l» vacmomoi

3adanue: M3TrOTOBBTE reHEPATOD 3BYKa Ha AMAINA30H YaCTOT
50—200 I'.

Obopydoeanue: pejie ¢ OJHON TIpynmnoil M3 TPEX BBIBOLOB
(HOpMaJBbHO 3aMKHYTHIX U HOPMAJIBHO PA30MKHYTHIX ), GaTaperika
«Kpona» (9 B), nepeMmennsnlii peaucrop (IOTEHIMOMETP) C COIIPO-
tuBiaeHueM 0—70 Om, Kougencarop émMkocthio 10 Mr®P, coenu-
HUTeNbLHBIE IPOBOJA.

Pewenue. Ina aBTOMAaTHUECKOrO NEPEKNIOUEHNA peje U3 of-
HOr'o peskuMa paboTbl B Apyro¥ MOMKHO MCHOJb30OBATH IIPHHINAT
paboThl AJEKTPUYECKOrD 3BOHKA (ecTh Takoe YCTPOMCTBO s
OBEeMOHCTpAanMil Ha ypokax (pmua3ukm B mkoyae). O6mMoTKa pese
BKJIIOUAETCH NOCNeJ0BATENBEHO ¢ HOPMAJIBHO 3aMKHYTHIM KOHTaK-
TOM U NMOAKJIIOYAETCA K UCTOUHUKY. TOK uepe3 0OMOTKY HaunHAeT
BO3paCcTaTh, W, KOrJa OH JNOCTHraeT HY)XKHOTO 3HAYEHUA, KOH-
TAKT paapbiBaercs. HekoTopoe BpeMs KOHTAKT OTCYTCTBYeT, 3a
3TO BpeMs TOK B OOMOTKe yMeHBIIaeTcsa A0 BEJHUYHHBI «OT-
NYyCKaHUA» K «A3bIY0K» (MOAKJIOUEH K BhIBOAY Ne 3) cHoBa
nepebpaceiBaerca K BbiBogy Ne 1. Jlasee BCé cCHOBa IOBTODA-
ercs. N

IMapannensHo 0OMOTKE peJle MOXKHO BKJIOYUTH KOHAEHCa-
TOp GONBIIOH EMKOCTH, 3TUM MOJKHO CYIIECTBEHHO YBENUYUTH
BpEMs, B TeYEHHE KOTOPOI'0 HOPMAJBHO 3aMKHYTBLIE BbIBOZIEI
OYAYyT pasoMKHYTHIMH. IIOTEHHHMOMETDP MOXKeT MCIOJIB30BAThCA
il OTPaHWUYEHNA TOKa, IIPU 3TOM H3MeHseTcH (YMEHBIIAETCH)
BpeMsdA, B TedeHHEe KOTOPOrO OTCYTCTBYET KOHTAKT HOPMAaJbLHO
3aMKHYTBIX BLIBOJOB pelie. »

ITocne HacTpoiikM COGPAHHOM CXeMBl 3KCIIEDHMMEHTATOD MOJI-
3bIBAaeT AEXKYDHOrO M IpeAbABJAdeT eMy paboTaiouiyio cxemy.
Y mexypHoro umeercs upubop Ajas H3MEePEHUA 4acTOThI (YacTo-
TOMep, UM ocuunorpad).
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MarauTasie H3MepeHus

Maznumnoe none (do 2000 zoda)

3adarue: HaNJNTE 3aBHCHUMOCTEL BEJIMUMHLI HHAYKLIWHA Mar-
HHUTHOrO IOJS Ha OCH CHMMeTPUY IUWJIHMHAPUYECKOTO MarHuTa
HeDOAbIUX Pa3sMepoB OT PACCTOSHUA A0 MATHHUTA.

O6opydosarue: fBa «CHIALHBIX» HUIAHZDHYECKHX IIOCTOAH-
HBIX MarHuTa HeGONPIINX Pa3MepoB, KOMIAC HeGOJBIINX pasMe-
POB €O NIKaNOi HampaBJeHU} B rpagycax, TUIACTAKOBAT JuHeii-
Ka, MWJITUMeTpoBasa bymara, cKoru.

Pewenue: MarouThl TPHKPEIUIAIOTCA HA CTQJE TaK, YTOOBI
HX OoCH cuMMeTpuH OBLIM B3aMMHO NePUEeHANKYIAPHbI. B Touke
mepeceueHMs ocell CHMMETDHH PacIojaraeTca KOMIIac, KOTOPhIit
NOKa3blBAET HANpPAaBJIEHHE CYyMMAapHOTO MATHUTHOIO IIONHA, CO-
3JaHHOI'0 B MECTE €ro pacmojiOXKeHHUA MarHuramMu (1 3emnéit).
IlepenBurasi MATHUTBI, MOXKHO MEHSATH COOTHOIIEHHE MEXKIY KOM-
NOHEHTAMH CYMMAapHOTO TOJIA.

KenarenpHo, yTo6BI KOMIIAC HAXOAWJICS IIOCEpeJUHEe Aepe-
BAHHOM CTOJNIEIMHUIIBI, KAK MOXHO Jajbllle OT JKeJIe3HBIX uacTreit
KOHCTPYKUMK cToja. MarHuThl )KeiaTeJbHO DACIOJIOXHTH TaK,
yroObl HaANpaBleHUE OCH CHUMMETPHM OJHOr0 M3 HHUX COBIAJIO

} ¢ HanpaBJeHMEM T'OPH3OHTAJIBHOW COCTABJAAIONIEH MarHUTHOTIO

nona 3emsn. KcraTu, ropH3oHTaNBHYIO COCTaBAAIOMYI0 MArHUT-
HOTO TI0Jis1 3eMAH B 9TO# 3ajjaue MOKHO UCIIOJbL30BATh B KAUECTBE

" eAUHHIBI N3MEPEHHUA BEJINYHHBI MHAYKI{MU MarHUTHBIX HOJIGﬁ,

¢osaBaeMbIX MarHUTaMu (OHa paBHa npumepHo 1,5-107° Tu).

Mazrnummnuiii ycxopumenv

3adanue: HaliAUTe OTHOUIEHNE CHJLI, C KOTOPOHW CTAJIBLHOMI
HIAPHK NPHUTATHBAETCA K MarHUTY, HAXOAACh BIJIOTHYIO K HEMY,
K CHJie TSXKeCTH 3TOro JKe INapHKa.

Ob6opydosanue: npe HeMarHUTHbie JuHeHKH aauHoi 40 cm,
AUOKAA JIEHTA «CKOTY», NWJIMHAPHUYECKHN MarHuT HeOoJbUINX
PasMepoB, YeThIpe OAMHAKOBRIX CTAJbHLIX IaPHUKa, KOMUPOBAaJIb-
HaAa bymara 20 cm x 30 cM, MuIEMeTpOoBaA GyMara.

(Macca mMarHuTa IIOYTH TaKasd ’Xe, Kak M Macca KaXJOro
mapMka.)

6!
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Ilpednonazaemuiti cnoco6 pewenus. VsroraBinBaerca «Ha-
IIpaBasiiomas» AOPOXKKA IJsA LIADUKOB. JIMHEHKH KpemATcs K
CTOJIy JIHIKOH JEeHTOH TaK, UTOOBLI IMADHMKK KaTaJuCh MEXIY
HUMHU UI¥ BAOAL HUX. MarHUT ¥ JBa UAM TPH IUApPHKaA ¢ OFHOM
CTOPOHBI OT HEro JieXKaT MeXJy JWHelHKaMy Ha Kpalo CToja,
NpHKABIINCH APYr K APYyry. MarauT JUNKO# JIeHTOH Kpenurcs
K CTOJy, IPUYEM WAPHKM U MATHUT KACAIOTCA APYT APYra HeIo-
cpeacrBeHHo. K HUM ¢ Ipyroi cTOpOHEI HalIpaBjiseTcd ¢ HYyJIeBOH
HAYaNdbHON CKOPOCTHIO YeTBEPTHIA mapuk. OH pasronsercs me-
PeXA CTOJIKHOBEHMEM C MArHHTOM H TOCJKe yaapa HepefaéT CBOH
MMITyJILC MO HEMOYKe CaMoMy KpaiHeMy MapuKy. JTOT KpalHuU
IIApHK OTPLIBAETCA OT BCEHM «KOMIIAHWK» , HOKUAAET CTOJI U JETUT
B BO3AyXe [0 COYAapeHUs ¢ 1mojaoM. V3aMepuB BBHICOTY CTOJa
H JaJbHOCTH IOJETa IapHUKa MO TOPU30HTANIM, MOYKHO BBIUHC-
JUTH ero HadaJIbHYI0O CKOpPOCThb. 3ajaBas pasHble HadaJbHbIe
PaCCTOABMA MEeXAY MATHHUTOM ¥ YEeTBEDPTHIM MIAPUKOM, MOXKHO
BBISICHUTH 3aBHCHMOCTH HpPHOOpeTaeMol 3THM LIAPDUKOM CKODO-
CTH OT BeJIMYHMHLI PACCTOSAHUA, IPOHAEHHOTO «K MarauTy» nepej
yaapoM. Ilo aToil 3aBHCUMOCTH MOXKHO BBIYMCJUTH OTHOLIEHHE
CHJI IPUTAKEHUS. K MATHUTY U K 3eMJe.

Hcenedosarnue maznuma (10—1—2006)

O6opydosanue: mariuT — 1 WT., MeTAJIMYECKAE YIOJKH —
5 mr. (3armymIKM raé€3fi B MATEDHHCKOM OJI0Ke KOMIIBIOTEPOR),
nuaamMomMeTp — 1 1IT., MPOYHBIA KanpoHOBHIA mmarar — 1,5 M,
AunKas 6yMara, MHAJIMMeTpoBas Gymara, IJIOTHASA 6ymara, eé
«ILIOTHOCTE» (Macca OXHOTO KBAZPATHOIO Me'rpa) 160 r/m? —
1 smucr dopmara A4,” ABe MaJIOUYKU CO CPE3aHHBIMM BATHBIMU
TAMIIOHAMY, MepHasa JIeHTa.

3adanue: HallAuTE 3aBHCUMOCTS OT PACCTOSHHNSA CUJIBL TIPUTS-
JKEeHUsS MarsuTa W OTOTHYTOM HOJ IPSAMBIM YIJIOM HaCTH JKeJe3-
HOTO YroJika (oHa pacrmojiaraeTcs IapajjgelbHO 0oJBIIOH rpaHu
marHura). HHoctpoiiTe rpaduk 3TOH 3aBUCHMOCTH.

IInnuHapHuuecKe TAJIOYKM — 3TO MaJIeHbKHe KATKH, Ha KOTO-
PBIX MOYKeT cMeInaThes 0e3 TpeHus oauH u3 yroakos. OcranpHble
YPOJIKH HYSKHBI, YTOGBI MOXKHO OBLIIO KPENUTh K HUM IIPOYHBIH
mnarat ¥, HaTATHUBAsS €ro IUHAMOMETDOM, HAXOAUTH CHJIYy HATH-
SKeHHs WnaraTa.
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Cuya IpUTAMKEHUA MATHUTA M YrOJKAa B cAyYae, KOTLA OHHU
CONPUKACAIOTCH, HACTOJBKO BeJIMKa, YTO, IPOCTO MOTAHYB 3a
YTOJIOK JUHAMOMETPOM, €€ M3MEPHUTL Helib3sA. TaKue CHUJIIbI MOXK-
HO M3MEPATb METOAOM DAa3jIoXeHHA CHJbl Ha COCTABJIAIOIIME.
IIpounblil mmaraT, IPpUKPENIEHHBIA K MOABMXKHOMY YTOJIKY, Ha-
TATHBAETCS HACTOJBLKO CHJIBHO, YTO MArHUT M YTOJOK TOTOBBI
oTopBaThcA APYr oT Apyra. Ecnu B cepeauHe mimarata 3allelIUTh
ero ANHAMOMETPOM U IMOTAHYTH B HANIPABJICHWU, NepPlIeHAUKY-
JAPHOM HINAraTy, TO OH JedopMUpYyeTcss M NpUHUMaeT (HopmMy
ABYX OTPE3KOB, COCTABIAOUINX APYT ¢ APYToM HeBGOJIbIION yIoJ.
Benwuuny sToro yrjia MoXXHO USMEPUATH ¢ MOMONILI0 MHJLIMMET-
poBoii 6ymaru. IloMeumas Mexay YroJlKOM M MATHHTOM ILJIOTHYIO
byMary (KapToOH), CJOXKEHHYIO B HECKOJBKO CIOER, MOXHO yCTa-
HABJIWBATh PasHble PACCTOAHUA MeXAY MArHUTOM M BHIOpaHHOM
MOBEPXHOCTHI0 CTANBHOTO yroaka. Jlnsa OGoJblIHX paccTOAHMM
MeXAY MAaTHUTOM H YTOJIKOM CHJIA TDEHUS MEXIY YTOJKOM M CTO-
JIOM HAYMHAET MI'PATh CYIIECTBEHHYIO pOJib. YTOOB YMEHBINUTH
BIANSHNE TPEHUA Ha Pe3yJbTaThbl H3MEPEHU HYKHO VCKIIOYUTH
TpEeHHNEe CKOJNbKEHUSA, 3aMEeHUB ero TpeHueM KadeHus. InA aroit
e MOKHO HCIOJb30BaTh IJIacTMaccoBble TpybOouku. Ha nux
NOMeIAeTCH YroJioK, M, AJSA TOTO UTOObLI CABUHYTH C MECTA 3TOT
Vronok, Tpedyercs cuja, 3HAUMTEJbHO MEHbIIAs II0 BelNYHHe,
YeM B TOM CIy4Yae, KOrfa «KaTKH» He ucloabsyiorcda. {aa eué
OONBLUINX PACCTOSHUAH MOKHO YIOJIOK IIPOCTO MOJBECUTD Ha JAJINH-
HOM MIraraTe U M3MepsATh C HOMOIIbID MHJIJIMMETDPOBOH Oymaru
MaJple Yrabl MEXAY BEePTHKAJAbI0 M INNaraToM. JTO TOT XKe
caMbIil MeToJ PA3JOKeHUd CUJI Ha COCTaBJIAIOLINE, feliCTBYIOIIIE
B Pa3HBIX HalpaBJICHUAX.

Kamywwxa (11, 0o 2000 zoda)

3adanue: onpesenTe YHCI0 BUTKOB MEJHOTO IIPOBOAA B Ka-
TyLIKe.

O6opydosarue: KaTyuika C HEU3BECTHBIM YUCJIOM BHTKOB,
MOTOK mpoBoga (xauHa 2 M), INOCKUH MarHuT ¢ pasMepamy
1 cmx7cmx10 cMm, cTpesIoUHBI IPUOODP «HEU3BECTHOTO Ha3HA-
YeHHA» ¢ JUHEHHON wxanoil. [JuaMerp Karymku 5 ¢M MHOIO
Gospire e€ TONIHHBI M PA3HUIL GOJbLIero (BHEeIIHEro) U MeHb-
mero (BHyYTpPeHHEro) JNaMeTpoB BUTKOB.
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Bosmosncnoe pewernue. ITogrAI0OYUB BbIBOJAB! KATYIIKH K [IPH-
60py «HEeM3BECTHOrO Ha3sHAYEHUS» YU MoAHOcA (MJIH yAaNAd) Ka-
TYIIKY K MariuTy (MJIM OT Hero), JIEIKO YCTAHOBUTD, YTO CTPEJIOU-
HBIH OpubOp MOKa3bIBaeT HaMW4YNe MHAYKIMOHHOTO ToKa. Eciau
IIepeBOPAYNBaTh KATYHIKY Ha 180°, npmwxumas eé 10 IepeBopoTa
W IOCJIe IIepeBopoTa K MATHUTY, TO OTKJIOHEeHHE CTPENKH B MakK-
CHMyMe OT IIePeBOPOTa K IIePEBOPOTY XOPOII0 BOCIIPOU3BOIUTCA.
3apaj, OpoTeKaloNuni 10 ey, IPOIOPIUOHANIEH BEeJIMYUHe U3-
MEHEHUs MArHHUTHOTI'O INOTOKa 4Yepe3 BUTKH KATYIIKK OpH eé
mepeBOpoOTE.

3aTeM MOKHO IIOBEPX HMMEIOHUIMXCA BHTKOB KATYIUKU HAMO-
TaTh elllé U3BECTHOE KOJIMYECTBO BHUTKOB IPOBOAA C IOMOIIbLIO
MOTKa IPOBOJIOKY, BBIJAHHOM B KadecTBe obopynosanuda. Ilox-
KJIIDUUB BBIBOJBI HOIIOJHUTEJIBHBIX BUTKOB K BHIBOJAM KaTYIIKH,
MOJKHO IIOJIYYUTH HOBOE KOJIMYECTBO BUTKOB (00JIbIlIee MM MeHb-
Hiee HEU3BECTHOI'O Y¥MCJa BUTKOB B 3aBUCHMOCTH OT IOJAPHOCTU
MOAKJIIOYEeHUS BBIBOAOE). 3aMepeHuss OTKIIOHEHHUS CTPEJIKH IIpH-
6opa B MaKCUMyMe MPH AHAJOTMYHBIX II€PEBOPOTAX KATYLIKH
C ZOTOJNHUTEIbHBIMY BUTKAMH HO3BOJIAIT BHIUMCIUTE HEM3BECT-
HOE KOJUYECTBO BUTKOB KATYIIKHU.

Hndyxmuenocms .

Hatignre MHAYKTUBHOCTD KaTYUIKH peJie.

O6opydosanue: pene PICY (unu nopobHoe), Garapeiika, au-
0f, KOHEHCATODP, CTPEJOUYHBIA IPHOOD, KOTOPLIA MOMeT pabo-
TaTh B GANIHCTHYECKOM DEXKMME, COeJHHHUTEIbHbIE IIPOBOAA.

Pemienyie onucaHo B IepBOM YacT¥l KHUTH ‘B pasnenie «Hame-
PEeHHA 3apAA0B OAITHCTHYECKEM MEeTOAOM. KEMKOCTh, HHAYKTHB-
HOCTb». ‘

Hsmepenus maznumuozo noasa (11—2—2007)

W3mepeHne MArHUTHON MHIYKIUK YACTO IIPOK3BOLAT C IOMO-
B0 NaTYNKOB, OCHOBAHHBIX Ha 3dderre XoJia — MarduTHoe
ojie AeHCTBYyeT HA ABMIKYIMECH 3apANbI C <«IIONEPEUHOoii» cH-
JIOi, BHI3BIBAsl IOSARJIEHHE JJIEKTPHUYECKOTO MOJIS, KOTOpOE Iiep-
NEeHANKYAAPHO HATPABICHUIO ABHKEHUS 3apSKeHHBIX YacTHII.
Usmepsasa «IOIepeuHyYi0» Pa3HOCTh IOTEHIMAJOB, MBI MOKEM
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OIIPEAENUTh BeJIMUUHY MATHUTHON UHAYKUHY B. B Hamem oneite
JATYUK MpeAcTaBisgeT COOOM TOHKYIO ILJIACTHWHKY H3 TOJyNIpoO-
BOJAHMKA C IHIPHMECBHIO, KoTopas obecrnednBaeT NPOBOAUMOCTH
n-tTuna (9JEKTPOHHYIO), IO Heil mponyckamoT Tok (OaTapeixa
MOAKNIOYaeTCs K BBIBOJAM 0ejioro 1BeTa), 3MeKTPOHHBIM BOJILT-
METPOM H3MEPAIT Pa3HOCTh MOTEHLIHAYOB MexAy APyrou ma-
poi1 BLIBOAOB (KOPOTKHE, HOJAynpospaunsie). [[1a ucroabs3yeMoro
JaTYUKa: TOJIYIPOBOAHMKOBBIM oOpasern mMmeer (POpMYy TOHKOH
KBaJ[paTHOU IJIACTUHKH, €€ padMepHs! (1 x 1 x 0,05) cm. Tox Tedér
BIOJIb AJUHHONH CTOPOHBI, IPOBOAUMOCTE IPHUMECHAA, 3aPIABI —
HOCHTENH — 9J€KTPOHBI. 3apdjl aNeKTpPOoHa q:~1,6-10‘19 Ka,
KOHHNEHTpauuA Hocurendeit cocrasmger n=1,3-102! 1/mM3. Ke-
paMuyeckKas ILJIJAaCTHHA, Ha KOTOPOM 3aKpeIlIEH JAaTYUK, HMEeT
Toamuny 0,05 MmMm.

OGopydosanue: GaTapeiika IJIOCKadA, YHUBEPCAJIbLHBIA U3Me-
puTeNnbHLIN npubop (uudpoBoll «TecTep»), JaTYNK XO0Ja ¢ Bbl-
BOJAMM, AB& IHJIUHAPUYECKHX Maruura (MajieHbKue, 0OJecTs-
e, JerKo TepdaIoTca), MarHur «0abouykas, MUILIHMETPOBAS
6ymara, HECKOJIBKO JIMCTOB OyMaru ofMHAKOBON TOJIL[UHEI.

3adanue: usMeprTe MAaTHUTHYIO MHAVKIUIO ¥ TOpHA IUJIHMH-
APHYECKOTO MAarHUTA, U3MephTe OTHOIEHNE MaKCHMAJbLHBIX Mar-
HHTHBIX HoJell «0abouxku» M IHUIMHIPUUYECKOIO MArduTa, che-
naiiTe 60Jiee TOUHYIO OLEHKY MATHUTHON MHAYKIIUH [{UINHADIUIE-
CKOro MarHuTa HeHNOoCPeACTBeHHO Y ero mosepxHoctH. Crapaiitecs
BO BCeX CAyYasdxX HM3MepATb HMEHHO MAaKCHUMaJlbHOEe 3IHAYeHHEe
MarHUTHOM MHAYKIHMH, TAK KaK IOJIA B Pa3HBIX MeCTaxX y Topua
MarsvuTa 3aMeTHO OTJINYAIOTCA [pyT OT Apyra.

Ontuka

Koagpguuyuenm npenomnenus cmexaa (11—2—1—2004)

Hamepenune Bequunasl KoohOUIMEHTa TPENOMICHUS CTEKIA,
3 KOTOpOro cAejaHa mpuama. MosxHO ncnoab30BaTh MUJIHMMET-
PoBYIO byMary u xapangam (PYYKy) A8 PHUCOBAHUA, COMHEUHbIH
ceeT. Ecniym moHamoOuTCa NUIKAA JeHTa, OYJIaBKH, HATKH, JIH-
HeilKa — DOIIpocUTe MX y JexypHoro. IIpyrue npucnocobiaeHust
M TIpU6GOPHI HCIOJBL30BATh HeJIb3sa!
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Pewenue. TlockoNbKy BBIZAHHAS IIpuU3Ma — 3TO CTaHAAPT-
HOe UIKOJbHOe 000pyHOBaHME M BCEM IIKOJHLHMKAM OHO XOPONIO
HM3BECTHO, ONEeHUBAJINUCH CIIOCODODI TTOJIyYeHud pe3yibTaTa, U Hau-
OONBIUIYIO OI[EHKY IIOJIy4YaJH Te clocoObl, KOTOpble B IpHUHLUIE
MOTJIM JATh MAKCHMMAJNBLHYIO TOYHOCTh. C mMoMolIbio JucTa Oyma-
rB, Kapagzaula, JAHeHKH U OyJIaBOK MOMHO ObLIO ¢ 60nbIION
TOYHOCTBHIO MPOBECTH JIMHUU, KOTOpPbIe PACIIOJATAIOTCA Mapaji-
JIeJIbHO ABYM TPaHAM IPU3MBI, 00pasyioIuM OCTPBIA yIroJ OKO-
a0 30°—40°. CooTBeTCTBEHHO, MOMHO OIpeAeNUTh 3HAYECHHE
9TOr0 yIJla M €ro TPUTOHOMETDHYeCKHMX (GYHKIWUN ¢ BBICOKOH
TouHOCTBbIO. Ecau nucrok Oymarn mMeeT XapaKTepHBIe pasMepsl
200 MM, TO TOYHOCTH YCTAHOBKHM HWTIOJIOK I10 HapaJIelbHOCTH
«Ha IIa3» MOXeT OBITh AOCTMIHYTA OKOJi0 1 MM, TO ecTh yrjio-
Bas omubka He mperpimiaer 0,005 pagman. 3areM ¢ Taxko# xe
TOYHOCTBLIO HA DyMare MOYKHO IIPOBECTH JIH-
HUM, DapajieJbHBIE JIy4aM CBeTa, KOTOPhIe
MPEJIOMISIIOTCST B CTEKJIE HA 3TOM CAMOM YT~
Jie IpuU3Mbl BOJIM3HU ero Bepuruusl (puc. 27).
MoskHO Jierko IozoOpaTh TAKOE PACIIOJIO-
JKeHUe JJIA BXOAANIEr0 M NPEJOMJIEHHOTO
ayueit, 4TOOBI OHHM OBLIM CHMMETPUYHDI-
MU OTHOCHTEJBHO PSAAOM PAaCIOJIOMEHHBIX
rpa"eii yria npusmel. IIpu sTom BHyTpH
OpU3MBI CBEeT UAET NepHeHANKyJIApHO Ouc-
ceKTpHce yria, oOpa3oBaAHHOI'O S>THUMH rpa-
Hsamn. Takoe pacmosioskeHHe NPU3MBI COOTBETCTBYET JKCTPEMY-
MY, KOTOPHIH JIETKO «yJaBJIUBAETCS» IPU HaONIONEeHHNHU TIa3aMuU.
VkasanHOe pacmoioKeHUe Yrja OPU3MBI M Jyded cBeTa MO3BO-
JsIeT MOJIVIUTL HOpocTyio dopmynay Iaad pacuéra. B pesynbrarte
UCXOJHble JaHHbIE AJIA BBIYMCIEHUH Koadduimerra nperomie-
HUA NO3BOJIAIOT HOJIYYHATH OTBET ¢ TOYHOCTBHIO OO BTOPOTO 3HAKA
nocne sanAaroi (nanpumep, 1,545+0,005).

Tounee mamMepuTs K03(PPUIMEHT MPEIOMICHUS C IHOMOIILIO
NpeZOCTABIEHHOr0 060PYAOBAHNA B IPHHIHUIIE HEBO3ZMOMKHO, TAK
KakK AMCIIEPCHUA CBeTa IIPUBOAUT K Pas3sHBIM 3HAYEHUAM Koapdu-
IUeHTa NPeJOMJIeHH s JJsl CBETA C PA3HBIMHU AJUHAMM BOJH. 3HA-
yeHuA KOI(DIHUIUEHTOB IIPEJOMJICHUA IJIA Pa3HBIX IJHH BOJH
KaK pa3 ¥ HaXxoQATCA NPUMEPHO B 3TOM Auanasode. Ha rmas mo-
JIoKeHe OyJIaBOK ONpeReNA0TCS IO AJIUHAM BOJH, AJIS KOTOPBIX

/f/
//%/
Puc. 27
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YYBCTBHTEJIbHOCTh 3PDEHUA HauboJblIasdg, TO €CTh B AUANa3oHe
JKENTO-3e1€HOTO cBeTa. KpacHbIil cBeT MMeeT MeHBINNH, a CUHMI
U (QUOIeTOBBIN HMEIOT Goablini Ko3(GHUIMEHT NPEJOMJIEHU.
Eciz 3a OKHOM SpKO€ COJIHIIE, TO MOXHO HalTM m pucnep-
CHIO CBETa, TO eCTh PasHUNy Koah)GUIMEHTOB MPEJOMIEHHUA A5
rpaHHUI BHAMMOTO AHAaNasoHa (OT KPacHOTo OO0 (hroseToBOro).
IIpasga, fua sToro TpeGyOTCS ropasno OoJbIIHe 10 AJIMHE «ILIe-
qu» — OT MeTpa u boJiee.

Kocasa nunsa (11—1—2007)

B kKopobouke ¢ IByMA OTBEPCTUSIMM HAXOAUTCHA YACTh ILJIOC-
KO-BBIIIYKJION JIMH3bI.

3adanue: He paszbupas KopoOOUKY, OIIpeesiuTe IapaMeTphl
9TOH JNUH3BLI — eé (OKycHoe paccrosHume F u paccrosume L
OT TVIABHOIH ONTHYECKOH OCH J0 MeTKH (KPecTHKa) Ha TJIOCKOMH
IIOBEPXHOCTH JIMH3HI.

Ob6opydosanue: KOpoOOUKA C YaCThIO JIMH3BI, UCTOUHHK CBE-
Ta — JIa3epHAad YKaska, MILJINMETpOBasg Oymara, JUMKasA JTeHTa.

Buumanue! 3ampelnjaeTca HAOPABJATHL JydY CBETA Jiazepa HA
cocemell 1 B cBou masalll

He pep:xuTte nasep BEIIYEHHBIM JIHTeJabHOe BpeMsa (Gara-
peiiku cagarcal).

7—116
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Pewenue. Paccrostiue oT MaNeHbKOTO IATHA HA TOBEPXHOCTH
KyCKa JMH3Bl (METKM) OO ONTHYecKoil ocu cocraBiasao 12 cwm.
DoKyCcHOE pacCcTOsIHUE JIMH3bI OBLI0 OKOJI0 27 ¢M. ITO OBLIIM BbI-
pe3aHHble KPYKOUKH U3 MJIACTHKOBOH JUH3bI DpeHesIs, KOIa-To
BXOAMBIIIEIH B COCTAB TAK HA3BIBAEMOI0 «KONOCKONA».

Ha dororpaduu yuenuk KEePKUT UMEHHO TAKYIO JIMH3Y.

ITockoabky oTBepcTHA B KOPOoOOUYKe GBINIM PA3HOTO AHMAMETPA
(0AHO OKOJIO b MM B gUaMeTpe, a Apyroe npuMepHo 1,5 ¢M B Ana-
MeTpe), BO3IMOXKHLIA AMANa30H YIJIOB AJIA HaNpPaBJA€HHS CBeTa
Jasepa Ha KycOK JHMH3LI ObLI orpanuued. [[oCcTpoeHUs JyUei,
OCHOBaHHBIE Ha CBOMCTBE NPSAMOJIMHEHHOCTH PAaClIpPOCTpPaHEHUS
CBeTa, JaBajM BeChbMa HeMaJjble morpeiuHoctd. OgMH U3 sKcne-
PHMEHTATOPOR JAOTafaNICsi HAHTHU TaxKoe PACIOJNOMKeHWe JIUHA3bI,
Jjagepa ¥ 3KpaHa, IIpU KOTOPOM JIyd cBeTa Jjiadepa (HeMHOTO pac-
XOAAWKICA NYYOK KPACHOPO CBeTa C HadaJbHBIM TNONEpPEeUHBLIM
cedeHHeM B (OpMe 9JINIUINCA € [IOTIePEUHBIMY Pa3MepaMy MOPAIKA
2—3 MM) cobupasica Ha 3KpaHe B MATHO HAWMMEHbUIEr0 pasMepa.
Y Hero monyYMIUCH PEIYJILTATEI, Haubojee GIU3KUE K MCTHUHE.

Junsa (11—1—2000)

LS

Hamepbre KoadIUIMEHT NPEIOMJIEHUA HANUTON B MEH3YPKY
JKHUAKOCTH M onpefenTe (pOKyCcHOE PACCTOSAHHUE BbIJAHHON JIMH-
3bI.

O6opydosarue: MEH3ypKa C HEU3BECTHOM KUITKOCTHIO, JIUH3A,
cBeuka (¥ crinuky — TpebyiiTe!), moaynpospauHoe CTEKJI0 HA MOI-
CTaBKe, JIMIKAA JIEHTA — IPH HEODXOZUMOCTH, MHJLIMMETPOBAL
6ymara. "

Iloxanyiicra, pacxoayiiTe CBEUKY 3KOHOMHO — JKI'UTe €€ TOJIb-
KO IIpH u3MepeHUuAX!

Kommenmapuu;: BBIZaHHAs JTHH3A pacCceMBAIOIAd M HMeEeT
HeGOIBIIYIO ONTHYECKYI0 CHJIY IopAnka Muuyc 1 anrTp.

BoamorkHBINE BapuaHT pellleHNsa 3aJayl TakoB. MeH3ypka
NMeeT UIMHAPHYecKyo Popmy. MeH3ypKka ¢ HanuToH B Heé Npo-
3pPAYHOM KHUAKOCTHIO HCIOJb3YeTCA B KaueCTBe LUIHUHIPHUYECKOH
cobuparoineit guu3bl. Y1001 HONYIUTH JOCTATOUHO YETKOE M300-
paxeHue ropsaugeil CBeYH, HY>XHO OTPaHUYUTh 10 BBICOTE YUYACTOK
MEH3YyPKH, 4epe3 KOTOPLIN CcBoBOAHO mpoxogut ceeT. [na sToro
HCNOABL3YIOTCS ABa OYMaKHBIX KOJIbLIA Ha NOBEPXHOCTH MEH3yp-
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ku. Ix MOHO cliesiath M3 JuCcTa Oymaru, BasiToro mus paboueir
Terpaay, Jubo u3 muinumerposoil Oymary. Ilupuny npocsera
MexJ1y OyMa’KHLIMU KOJbIAMH, HaMOTAHHLIMM Ha MEH3YPKY,
MOYKHO YCTAHOBHTH MeHbIe 1 ¢cM. IIo 0ZHY CTOPOHY OT MEH3YDKH
Ha OAHOH BRICOTE C IIPOCBETOM YCTaHABJIHBAETCHA ropAllad cBeya,
a MO APYTryI0 CTOPOHY OT MEeH3YPKH YCTaHABJIMBAETCSA BEPTHKAb-
HO JIUCTOK Oestoit 6ymard, Ha KOTOPOM MOJYYA0T JeHCTBUTEIbHOE
nepeBEPHYTOE n3006paskeHue cBeur. Ecau BappHpOBATh PACCTOM-
HHE OT CBeYH 0 MEH3YPKH, TO MOXKHO NOOUTHLCA BO3SHUKHOBEHUS
YETKOT'O0 U300paeHHUA cBeyd Ha Gymare. Haunyduiee B ¢cMBIC/IE
MUHMMAJIBHOCTH OIITHO0K U3MEPEHNA PACCTOAHNH PACIIONOKEHIE
cBeud, MeH3ypKkU U OyMaru Takoe, IPH KOTOPOM pasMep usobpa-
JKeHHS COBIAJAET ¢ pAa3MepoM HCTOYHUKA CBETd, TO €CTh PacCcTo-
AHUA OT U300paXKeHns N0 MEH3YPKH M OT CReUH J0O MEH3YPKH —
OAVHAKOBBI. [IuMaMeTrp HUAMHAPA, OOpPa30OBAHHOIC NMPO3PadyHOMN
JKHUIKOCTHIO, HA IIOBEPXHOCTAX KOTOPOTO IIPOMCXOAWT IIPEJIOM-
JIeHUE CBETa, MOXKHO HM3MEePUTH ¢ IIOMOIIBI0O MHJIJINMETPOBOH
6ymaru. ITocite HAXOXKAEHUA ONTHUECKOH CUJIBI LIUIHHIPUIECKON
JIMH3bI MOYKHO BbIUHCIHTL K03(h(HUIMEeHT NpesioMJIEHHS CBeTa

. AJIA HEU3BECTHOH HKUAJAKOCTH.

Hatitu doxycHoe paccrogaHue paccerBaroileil JTUH3bI MOKHO,
IIOMECTUB €€ Ha IIYTH CBeTa, HAYIIETO OT CBEYH K MEeH3yDKe.
IIpu sTOoM cyMmapHas ONTUYECKAs CHJIA CTEKJISIHHON JIMHS3BI
H KUJKOM IUJIMHIPHYECKOH JIMH3bI OyZeT MeHbIIe ONTHYEeCKOMN
CHJIBI OAKOH MUJIMHIPUYECKON JIMH3EL.

Donaps (11—2—2002)

OnpegesieHne NapaMeTpoB ONTHYECKUX NPHUOOPOB.

ITpubopvt u obopydosaHue: GoHAPHUK, JBa OINTHYECKHUX 3IJIe-
MeHTa — MPO3PAYHbIA M OTPAKAWOU[UI, IUTATHB C JAIKOM, MUJI-
auMeTpoBaa Gymara.

3adanue: onpefesnTe TUI ONTUYECKUX DJIEMEHTOB M OmMpese-
JUTEe Y KaXK/IOTr0O U3 HUX ero riaBHbIi napamerp. Ecau cymeere —
chesaiite IPeANONOKEHUsT 0 HA3HAYEHUH TeX YCTPOMCTB, OT KO-
TOPBIX OBLJIH OTIOMAHBI 9TH ONTUYECKHE 3J1eMEHTHI.

Buumanue! Huuero He pucyiite Ha BBIJAHHBIX 3JIEMEHTAX, He
DaparnaiTe, He JIoMaiiTe B BooOule He MeHANTe MX HAYAJILHOTO
COCTOAHHUA.

rid
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(B kauecTBe oTpaXkaoUlero sjeMeHTa OblJ1 UCNIOJIB30BAH KYCO-
yeK KoMIakr-gucka ¢opmara DVD, B kauecTBe mpo3padyHOro —
Kycodex ONHOKpaTHO 3amucbiBaeMoro gucka CD-ROM. Hyxxo
6bLI0 ONpEeNHTh PACCTOTHME MEXAY JOPOXKKAMH — IePHOJ JH-
GPAKIMOHHOUN PEIETKN.)

Bo3moxcnoe peweHue. PoHApUK 3aKpeIrisgeTcss B Jallke Ha
LITaTHBE HA HEKOTOPOH BhICOTE HAJl IOBEPXHOCTLIO cTosa. Hero-
CpeACTBEHHO IO/ HUM MOPHU30HTANBHO YKJIAABIBAETCA U3yYaeMbli
06bekT. VI3MeHAd moyo;keHre CBOEH roJIOBBI, SKCIEePUMEHTATOD
00HapYKUBAET, UTO NPHM HEKOTODBIX DPacIOJIOKEHUAX ero IJas
BUJIEH CBET, OTPAXKEHHLIA OT IOBEPXHOCTH 3JIeMeHTa He IlepueH-
JUKYJASPHO K Hell, IpUYEM CBeT PasJoiKeH B cnekTp. Mcnoawssys
MWLIUMeTPOBYI0 OyMary, MOKHO HaWTH YIVIbI, IIOJ KOTOPBIMH
BHUJHEI OCHOBHEIE IIBE€TA BUUMOrO CBeTa: KPACHbIH, 3eJIEHRIH, cH-
HUH. [[JIMHBI BOJIH, COOTBETCTBYIOIME 3TUM I[BETaM, M3BECTHBI.
Orcoga MOXHO ONpENeNuTs NMepuo] AUGPAKIIMOHHON PEIIETKH,
naloueil Takoe pasioKeHUe 6eJIoro CBeTa B CIEKTD.

Camopeapabiii MaHOMETD

Hsmepenue dasnernus ,

H3BecTHO, UYTO MOXKHO MHOTO pa3 OTKPHIBATH H 3aKPBIBATH
OYTLLIKY C CHJIbHO ra3dMpOBaHHBIM HAMUTKOM U IIOCJHE 3aKpPhI-
BaHuA OYTHLLIKM AaBJIEHHME ra3oB B Hell Yepe3 HEKOTOpPOE Bpems
B 3HAYUTEJILHOH CTEITIEHH BOCCTAHABJIMBAETCA.

3adarnue: U3MepbTE JaBJIeHUE Fa30B B IIJIACTUKOBOM OYTHLIKE
C CHUJIBHO N'a3UpPOBAHHBIM HAIIUTKOM.

OGopydoseanue: 3aKppITas MJIACTHKOBAs OYTHUIKA € CUJIBHO
Ta3upPOBAHHBIM HANUTKOM (CTEHKHU OYTHLIKYU ¥ HAIMTOK NIPO3pady-
HBI — «CnipaiiT» , HapuMep), MeAHIMUHCKUHA IINPHAL ¢ TIIACTHKO-
BbIM KOpIycoM Ha 10 MJu1 ¢ HaHeCEHHBIMHU Ha KOPNYyC JeJIeHUAMHY,
Y KOTOpPOIQ OTpe3aHbl «NpPUJUBBI» HA KOpIyce (Ilocje Takoi
onepagMH UHIPUIL ¢BOOOMHO IIPOJie3deT B TOPJBIIIKO OTKPLITOU
OYTBLIJIKM), KOJANAYOK AJA IIIIPUIA.

IIpeanosiaraemMslil cioco® pelileHUA 3aJaYd COCTOUT B CJELY-
I0LIeM.

B mnopune «3annpaercA» KOJMAYKOM (PMKCHPOBAHHBIN 00BEM
BO3[yXa IIPH BHEUIHEM aTMOoC(hepPHOM naBleHHHU. ByThLIKa ¢ Ha-
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IIATKOM AaKKypaTHO OTKDbIBaeTcsl 0e3 TPACKH, YTOObI M3DERaTh
obunbpHOro neHoobOpa3oBaHus. B OyThLIKYy momelraerca MIOPUIL
C BO3AYXOM BHYTDH, U KPBHIMKA OYTBIJIKYM BHOBb 3aBUHUYHBAETCA.
ByThINKY HECKOJBKO pa3 HMHTEHCUBHO BCTPAXHBAIOT M CKBO3b
NpO3payHble CTEHKHU OTMEYAIOT HOBOE 3HAUeHHe 00bEMa BO3IyXa
BHYTpPU IINPUIA. 34TeM KDBINIKY BHOBbL OTBMHUUBAIOT M AKKY-
paTHO BRIHMMAIOT WIIPHI, He CABUTASA €ro MOpPIIeHb MalbilaMU.
Kpbpllky BHOBb 34KpBIBAIOT M CHOBA OTMEYAlOT OOBEM, 3aHH-
MaeMBIfl BO3AYXOM BHYTPH wWNOpuia. IIpelmoiiosKuB, 4TO CHJIA
TPEeHU IIOPITHA O CTEHKU IIIPUIA OJNHAKOBA IIPU ero ABHKEHUHT
B ofe CTOPOHBI, IO pe3yJjibTaTaM H3MepeHni# O00DbBEMa MOXKHO
BBIUNCIATH BeIUUNHY JABJISHUA ra3oB B 3aKPBLITOM OYTBLIKE.

Hsameperue dasnenusn

3adarue: uaMepbTe ¢ NOMOIUBIO BBIZAHHOTO O0ODPYAOBAHUA
JaBJIEHHUe BO3AyXa B MJIACTHUKOBOI 6yThiIKe. B 3aBuHUNBaronIyo-
cs1 IpoOKy 9T0¥ OYTHIJIKHM BCTaBJEH LITYIlep, HA KOTOPBIA Ha/leTa
KOPOTKAad MJIaCTUKOBAA NPOo3pavHasi TPybKa ¢ 3aXHMOM.

ITpumeyanue. Boanyx B OYTBIIKY IO OaBleHWs, HEU3BECT-
HOTrO 3KcuepuMeHTaTopaM (2 aTMm), HaKauMBAJIU OPraHU3aTOPHI
(cTynmeHTHI), HAXOAUBINNECA B cocefHell KomHaTe. [laBneHune us-
MepsijIoCh MaHOMETPOM.

O6opydosanue: pavuHHan (1 M) nacTHKOBAas TPpyOKa ¢ BHYT-
PeHHUM ﬁnaMeTpOM 3 MM (oT cucTeM IlepesIUBaHUA JIEKAPCTB),
3aThlYKa A8 TPYOKH, CTaKaHYHK C MOJKpalIeHHOW BOXOM, «He-
PEXOOHUK» IJISI T€PMETHUYHOIO0 COeUHEHUA TPYOOK, MHIIJIMMET-
poBad 6ymara, mpospauyHas JIMIKAA JEeHTa «CKOTY».

Ilpednonazaemoe pewenue. B pnuuHYyI0 TPYOKY BOIU3M OX-
HOI'O U3 €€ KOHIOB [IOMeUIaeTCs «BOAAHON nopinenb». C Apyroro
KOoHIla TpyOKa sakpsiBaeTcs 3aThIYKONH. OTKDEITHIE OTBEpCTHA
INIVMHHON TPYOKU C «BOJAHBIM IODIIHEM» K KODPOTKOH Tpy6-
KM TepMeTHYHO coeguHsorcda. [JnmHHaa TpyOka pacmonaraercs
TOPU3OHTAJILHO Ha CTOoJie. BIOJIL HeE€ YKJIaAblBAeTCs HapesaH-
Has II0JIOCKAMM MHJIIMMeTpoBas Oymara, BBIIOJHSAOIIAA POJb
auneiku. Koraa saxum ociabnsiercs, BO3AyX M3 OYTbLIKH, pac-
WIHAPSACH, 3aCTaB/IAeT NepeMeCTHUTLCA BOAAHON mnopimeds. llo
U3MeHeHHI0 00bEMa, 3aHUMAeMOr0 BO3AYXOM B IJIHHHOU TpyDOke
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MeJKAY 3aThIYKOH ¥ BOASHBIM I[IODIIHEM, MOXKHO BBIUYMCIHUTH
JaBJIeHNe BO3AyXa B OyTBLIKe.

HeuszsecmHubtit 005ém

B «uépHOM dAmuke», 3aKpelJIEHHOM Ha CTOJe, HaXoRUTcA
cOCyN HEM3BECTHOTO O0BEMA C IKECTKUMU cTeHKaMu. M3 Amuka
BEIBEZleHA KOPOTKas IJIACTHKOBaA TPyOKa, COeMMHEHHAA BHYTDU
ANTMKA ¢ BHYTPEHHOCTHIO COCyIa.

3adarue: onpegennre BHYTpeHHUN 06péM cocya.

(B kauecrBe cocyna mcnosin3oBasack 0,5-TUTpOBaA CTEKJIAH-
Has OYTBIJIKA, YJACTHUYHO 3aIIOJHEeHHAasi BOJOM MU IIeCKOM.)

Of6opydosanue: pnmuunas (1 M) muaacTukoBad TpyOKa ¢ BHYT-
PEeHHUM JUAMETPOM OKOJIO 2 MM, MeAMIUHCKHUHA MITPUIL] 00HEMOM
150 MJi ¢ HeJIEeHUAMH Ha KOpIlyce, TPOMHUK U IePEeXOJHUKH IJis
COeUHeHUS COCYIOB ¢ TPyOKaMu, 3aThIYKa, 3a’KUMBI, pyJeTka,
npo3pavyHas JUIKAsA JeHTa.

s perreHus: 3aflauM HYMKHO U3 «IIOAPYYHBIX» CPEACTB H3-
roToBuTh MaHoMmeTp. A aToro ucmoab3yercsa GIUHHAA IJIACTH-
kKoBaA Tpyb6ka. C omHON CTOPOHBLI OHA 3aKphLIBAeTCA 3aTHIUKOH,
a ¢ APYyroM CTOPOHBI B HeE IOMELIAI0T HeOOJBLION IO AJIHHE
(3—4 cM) BogAHOI mopiieHb. Ecau K cocyAy, B KOTOPOM HMe-
eTcsi BO3AYX NPU MOBBLIUIEHHOM (B CpaBHEHUU B aTMOC(EDHBIM)
JaBiaeHHH P, MOAKJIIOYATH COCYA C BO3AYXOM NIpU aTMochepHOM
maBneHun Py, TO IOCJe YCTAHOBJEHUS pABHOBeCcUS AaBjeHue P
B 00BeIMHEHHOM cocyhe OydeT MMEThb HEKOTOpOoe 3HAYeHHe, 3a-
KJII04éHHOe Mexxay Po m P;. 3HasA, 4T0 mpouecc W3oTepMHuye-
CKHMH, MOYXHO BBIYHCJIUTH HEU3BECTHEIN 00BEM.

ITopucmocms mamepuanos

3adarue: onpexeauTe KOO MYCTOrO (3aIlOJHEHHOTO BO3AY-
XOM) NPOCTPAHCTBA B HOPUCTOM MaTepHAJe.

Obopydosanue: UNJIAHAPUYECKAA CTEKIAHHAA IIPpoGUpKa, pe-
3uHOBasg mnpobka co mrrynepoM, anuHHaa (1 M) maacTukosas
TpyOKa ¢ BHYTPEHHMM AMaMeTDPOM OKOJO 2 MM, MEIULUHCKHH
wnpul oopémMom 50 MJI, TPOMHUK U NEePEXOTHUKH AJIS COefHHe-
HUS COCYZOB C TPYOKaMH, 3aTBIUKA, 3a)KHMBbI, IIOPUCTBIE Mare-
pHalbl B CTAKAHYMKAX: MECOK, IJIACTUKOBBIE IDARVJIbl, MEJKHE
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KYCOUKH OHUTOro CTEeKJa, YIaKOBKA BaThl, CBEPHYTON B PYJIOH,
CTaKaHYMK C [OJKPAaIleHHON BOLOM, IMpo3padyHas JUIKAS JIEHTa
«CKOTY».

IIpednonazaemoe pewenue. Vicmonbayercsa cBOHCTBO BO3AyXa
3aHMMATE BEChb IIPEJOCTABJIEHHBLIH eMy 00BEM B 3aKPBLITOM CO-
cyze. Ilpobupka ¢ Mateppasiom (miau 6e3 Hero) MOAKIOYAETCS
K cocyny (IINpHUIy), B KOTOPOM HAXOAWTCHA BO3AYX, MMEIOLIN
6osiee BBICOKOE AaBleHHe, yeM aTMochepHoe. [lo yMeHbIIEHUIO
JaBJeHUA MOXXHO BBIYHUCJIHUTH, BO CKOJBKO Pa3 YBEJIUUYHJICA O0Bb-
€M, B KOTOPOM I10CJie 00heJUHEeHUA COCYAOB HAXOAUTCHA BO3AYX.
Cunraercsa, 4YTO TeMIepaTypa BO3AYXa N0 COCAMHEHUS COCYHOB
H TIocJe COeAUHEeHUA OAUHAKOBA, TO €CTh COOTBETCTBYIOIIHE Ia-
30BBbI€ ITPOIECCHI ABIAIOTCA HU30TepMMYecKUMH. MaumoMeTrp AJas
n3MepeHUs OABJIEHUA BO3AyXa B COCYIAaX M3COTABIMBAETCA M3
INMHHOM NJNACTHKOBOHM TpyOku. 14 3TOTO ¢ OZHOH CTOPOHBI
TpyOKa 3aKPHIBAETCSA 3aTbIYKOM, a ¢ IOPYroil CTOPOHBI B Heé
MOMeI{AeTCs «BOAAHON ITOPIIEHb» .

JHaenenue nacoluwennozo napa

3adaHue: nU3MepbTe JaBJieHe HACBILIEHHOrO ITapa BOALI (CIIH-
pra, anetoHa) npu Temireparypax 50°C, 60°C u 70°C.

O6opydosanue: TePMOMETD, HIKOJBHBLIA KaJOpHMETD (cocya,
B KOTOPOM BOAA He Cpa3y OCTHIBAET), ABE ONUHAKOBLIE CTEKJIAH-
Hble OYTHUIOUKHM (OT AETCKOrO NMUTAHUA), IPOOKY O WITyIepaMH,
rnuHEAs (1 M) nnacTukoBast TpyOKa ¢ BHYTPEHHUM AMaMETPOM
OKOJIO 2 MM, MEPEXONHUKH [IJA COeTUHEHWUS, 3aThbIUKa, JUIIKAA
JIeHTa «CKOT4Y», pyaerka, mmpul 10 Ma 6e3 UI/Ibl, Ba3eJJMHOBOE
(MM MaNIMHHOE) MAcCJIo, ropsYas BoAa, CHUPT, alleTOH 1o Tpebo-
BaHUIO.

HcenonpzoBaHne TEXHHYECKHX cpencrs

OnexmpornHbLLll cexyrdomep

3adanue: ycTaHOBHTE 3aBHUCHMOCTH BPEMEHM DAacCIIpocTpaHe-
HUA [OIePEeYHOod BOJHAI 10 CBOOOAHO BUCAIIEH IeNoYKe OT HUK-
Hero cBOGOLHOrO KOHIIA 0 BEPXHEro 3aKpemJIEHHOrO KOHIA OT
IJIMHEI MEIOYKH.
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O6opydosanue: pruHHAA (2 M) Ieno4YKa OJUHAKOBBIX IIa-
PUKOB, HAHM3aHHBLIX HA TUOKYI0 HUTH (€J04YHOe yKpalleHUe),
IITATUB ¢ KPemJNEeHUSIMHU H MOUOJHUTEIbHBIM CTEDKHEM JIUHOMH
1,5 M, sJeKTpPOHHBIA CEKyHIOMEep H JBe Hmapbl AZAaT4YUKOBR Ha
3allyCK M OCTAHOBKY CEKyHIOMEpa, COCTOAIME U3 CBETOAMOIOB
1 HoTOAMOMOB, KOTOPbIe NPH INEepEKPHIBAHMK CBETOBOIO IIOTOKA
BbIJAIOT CUTHaJIbl Ha 3aIllyCK M OCTAaHOBKY CEKyHIOMepa.

Pewienue. Ilenoura nogpemiiBaeTcd Ha KPOHIITEHHE K CTEPIK-
HIO, KOTODHIY 3aKpeIiéH Ha HTaTuBe. HaTyukd ycTaHABIWBA-
JOTCA DPAAOM ¢ HUKHUM KOHIIOM LIENIOYKU II0 PasHble CTOPOHBI
ot Hero. CaMplil HUIKHHMH IIAPUK pacrojiaraercs 4yTh HIIKe
matyukoB. lequxkom manapua UIN JWHENKH IO HUKHEMY LUApY-
Ky Ha Ielloyke BO30Oy:KmaeTcs nonepedHas BOJHA. AMIOIuTyna
OTHKJIOHEHUA HIKHUX IIAPHUKOB AOJIKHA OBITH [OCTATOYHOMH IS
cpabaThiBaHUA JaTYUMKOB 3allyCKa M OCTAHOBKH CEKyHJOMepa.

Bpemsa aBu:keHUs BOJIHLI BBEPX U BHU3 OAMHAKOBO U IIPOIIOP-
HUOHAJIBHO KBaJPATHOMY KOPHIO M3 JJIHHBI LEMOUYKY.

Bosdyxodyera

H3BecTHO, UTO B CTPYe BO3AYXa, BBIXOAANUIETO U3 BO3XYXOOYB-
KH, MOJKHO «IIOJBECHTh» MaCCHUBHBIH IIaPUK. .

3adanue: yCTAHOBUTE 3aBHUCUMOCTL CHJIbI, ¢ KOTOPOiH BO3-
IyX, BBIXOAAIIMI N3 OTBEPCTHA BO3AYXOAYBKH, IEUCTBYeT Ha
IAPUK, PACHOJOKEeHHBIA Ha OCH CHMMETDPHM BO3AYIIHOMH CTPyH,
OT PACCTOAHHA MeXAY HeHTPOM IAPHKA ¥ CePeIUHON BBIXOJHOIO
oTBeperus. HalizuTe 3aBHCHMOCTH 3TOM CHUABI OT Pajuyca Uiapu-
Ka M OT PACCTOSHUS IO OCH CUMMETPHH OPH HAJUYHA CMEN[eHUs
mIapuKa OT 9TOH OCH.

O6opydosarnue: BO3AYXOAYBKA, CO3FaloUiasd CTPYIO BO3Ayxa,
HalIpaBAE€HHYI0O BePTHKAIbHO BBEPX (BMECTO BO3AYXOAYBKH MOMK-
HO HCIIOAL30BaTh OLITOBOM NLLIECOC), HIAPDMKH PA3HBIX Pa3MepoB
¥ MAacC, TPM IITATUBA, HUTKH, IUHAMOMETDHI, CTOIIKA KHUI pas-
HOM TOJIIMHHBLI ¢ CYMMApPHOR TONIIMHON okojo 20 cM, JiMHelika
0,4 m—0,6 M unm pyreTka.

Boamoxucnoe pewenue. MoxxHO 3adUKCHPOBATE MMOJOMKEHHUE
HrapyKa B POCTPAHCTBE HAX CTOMOM, 4 IOJA HHUM IlepeMeliaTh
BO3AyXonyBky. st yaep:kaHMA mapuxa Ha OJHOM MECTE MOMK-
HO HCIOJIb30BaTh ABE WAH TPH HUTH, HATSAKEHHS KOTODhIX M3-
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MepAIOTCA ¢ IIOMOINBIO AuHAMoMeTpoB. Ecim mopobpaTs takoe
pacrosiokeHue HUTEH, yAepKUBAOIMX IIapUK HA MecTe, YTOOBI
OHH OBLIM B3aMMHO IePHEeHIUKYJISIPHBI, TO PACUYET BENUYHUHBI
CyMMapHOH CHJIBI He IIpejcraBider TpyAa. BepTukaibHoe mo-
JIO}KeHUe BO3RAYXONYBKM HM3MeHseTcs IOAKIAJBIBAHNEM IIOI Heé
pasHoro KOAW4ecTBa KHUKEK.

Bo3dywnsiii komnpeccop 05 axgapuyma

3adanue: HalguTe MAKCHMAaJbHOE AABJIEHUE BO3AYyXa, KO-
TOPOE MOXKET CO3XaTh KOMIIPECCOP, M YCTAHOBUTE 3aBMCHUMOCTH
NMPOU3BOJUTEILHOCTY KOMIIpeccopa OT Pa3HULELI AaBJeHUi (BbI-
XOAHOe [aBjieHre — aTMocdepHOe AaBileHne).

Ob6opydosanue: IIACTUKOBaA Ipo3padyHad 6yThijika 2 J, Ipo-
Oxa co mTynepoM, TpyOka ¢ BHYTpEeHHUM AumaMeTpoM OoJiblie
5 MM, COeUHUTENbHbIe TPYOKYU, KPAaHbl, 3aTHIYKHU, MIACTHKOBAA
TpyOKa anuHO# 1,5 M ¢ BHYTpPEHHUM ANaMETPOM 2 MM.

Anexmpomomop

3ajaHue: YCTAHOBUTE 3aBUCHMOCTH Pa3BHBaeMOH KOJJIEKTOPD-
HBbIM DJIEKTPHYECKUM MOTOPOM MEXaHWUYeCKOW MOI{HOCTH Ha Bajy
OT «HAIPY3KH».

O6opydosarue: KONIEKTOPHLIN JIEKTPOMOTOD, MCTOUHUK M-
TaHWA, COeJUHUTENbHEIE IPOBOAA, aMIIEPMETD, BOJXBTMETD, IITa-
B (2 M) ¢ KpOHIITeHHAMY, GJIOKH, IIPOYHBIE KATIPOHOBbIE HUTH,
Habop IPY30B ¢ MPOpe3AMHU.

ITpumenanue: oquH U3 GJIOKOB [OJKEH COLEDIKATh ABa CKJIe-
€HHBIX COOCHO WIKMBA pasHbIX auamerpos (1:5) Ha oxHONi ocu —
3TO PEAYKTOpP ANA JIeKTpoMoTopa. MOXXHO HCIOIB30BATH 3NEK-
TPOMOTOP ¥ PEAYKTOP, KOTOpPble OGbeTUHEHD! B OGHH MEXAHU3M.

MIxoabusie Mmunu-1adoparopun «NOVAS5S000»

Tennonposodnocmp

3adanue: HaliguTe BEIWYUHY YIeJbHON TEILIONPOBOAHOCTH
MarepHala, U3 KOTOPOTO CAeJAHA TOJICTAA NPOBOJIOKA C M30JIA-
IIHOHHBIM CJIOEM HA IIOBEPXHOCTH.
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O6opydosanue: 6a3oBaa moxeab NOVAS000 ¢ yeTvipbMmsa gar-
YHMKAMM TeMIIEPATYPHI, JBA CTAKAHYNKA C MEPHBIMU JeJICHUAMH,
nauka 6ymakHBIX candeToK, MUJLIHMeTpoBas Oymara, KYCOK
TOJICTOM IIPOBOJIOKH HOJHHOI okoio 15—20 cm ¢ IIBX wusona-
nueil, M3OTHYTHI B GQOPMe MOAKOBBHI, KOHIbI IIPOBOJOKH OCBO-
Do AEHB! OT MB3OJAALMM M pacIuliolleHsl. MOMKHO MCIOJL30BaTh
ToncTyo (¢ momepedHbIM ceuenneM 30—100 mMm?) Mexuyo WiIn
ATIOMHUHHEBYIO IPOBOJIOKY. I'opsivas u xonogHas Bomxa o Tpebo-
BaHMIO,

Xo00 pabompui: MOArOTAaBIUBAIOTCA K M3MepeHnsM naaboparo-
pusa NOVAS5000 u natuuku reMuepaTypsl. B Kaablil CTaKaHYMK
MOYKHO OHYCTHTBH OT OJHOI'O O YETHLIPEX HATYHKOB TeMIEPaTyPhI
B pasHble MecTa 00BbEMA. ITO HYIKHO AJid IPOBEPKHM TOro, YTO
TeMIepaTypa BOABl BO BCEM o6béMe CcTaKaHa NMPUMEDPHO OAMHA-
KoBa. B ouH cTakaHuMK HaIMBaeTcs XOJ0LHAsT BoJA C TeMiepa-
TYpoil HH¥e KOMHATHOWH, a B Apyroil — ropsiuasi Boja C TeMIe-
paTypoil Bhllle KOMHaTHOH. B cTakaHUMKM ONyCKalOTCA pa3Hbie
KOHIIBI TOJICTOU NpoBoaokHM. Ilo M3MeHEHUIO TeMIepaTyp BOALI
B CTAKaHAX BBIUUCJIAETCH yAeJbHAs TeIJIOMPOBOJHOCTH MaTepH-
aja TpPOBOJIOKH. [[JIWHA HM30JMMPOBAHHOIO YUYACTKA HIPOBOJIOKH
¥ TJIOLIAAL €ro MOIEPEeYHOTO CeYEeHUS H3MEPHIOTCA C IOMOIIBIO
MHJIJINIMETDPOBOH OyMaru. .

Mepwt npedocmoporicHocmu, TPpAHUMAaEMbIe AJIs TOTO, YTOOBI
YBEJWUYHATH TOUHOCTH U3MEDPEHHII U YMEHBIIUTh TEIJIOBbIe IIOTEPU
HJU «NpUOOPETEeHUA» : JKeJIaTeJIbHO, YTOOB! PAa3HHUIIA TEMIIEDATYD
BOABI U KOMHATHI He mipeBbIlana 15 rpanycos. Torma TemnoBhlie
IIOTOKH OT OKpYKalollleil cpeabl kK XOJOJHOM BoJe MJIH OT ropsdei
BOAbI K OKDy)awiueil cpeae OyAyT He COMINKOM Beduku. na
OLEHKH MOLIHOCTH COOTBETCTBYIOIIUX IOTOKOB HYKHO IOCHEAUTD
3a NOKA3aHUAMM IPHUGOPOB, NOMEIEHHBIX B H30JIHPOBAaHHEBIE CTA-
KaHYMKH, B KOTOPBIE ellé He OMyIeHbl KOHUBI npoBonoku. llepen
HaJajioM pPerMcTpaluy JAHHBIX B JKCIEPUMEHTe ¢ NPOBOJIOKOMH
HYKHO BBLKJATh HEKOTOPOE BPeMd, B TeueHHe KOTOPOTO B IIPOBO-
JIOKe YCTaHOBHUTCA CTALMOHAPHOE pacnpelereHUe TeMIlepaTyphl,
MU 3aTeM OBICTPO CMEHHTH BOJy B OODOHMX CTaKaHYMKax. TojbKO
MOCJI€ ITOT'0 CTOMT PErHCTPUPOBATHL 3ABMCHUMOCTH IIOKa3aHMM
nipuGOpOB oT BpeMeHu. [[Jid oueHKy BpeMeHH BRUKUAAHHUA MOXKHO
OKYHYTh HPOBOJIOKY, HMEIOIIYI0 KOMHATHYIO TeMIeparypy, 060-
UMM e€ KOHIAMHU TOJBKO B OAWH CTAKAHYUK M IIOCKEAUTH 3a
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M3MEHEHUEM IMOKa3aHuil TepmoMerpoB. CieayeT uUCHIONB30BATHL
OymaskHbple candeTKN IJId TePMOU3OISAIHMU CTAKAHYUKOB U IIPO-
BOJIOKH.

Ocgewénnocmes— 1

3adaHue: MONYYUTE 3aBUCHMOCTh OCBEIIEHHOCTH OT PacCTo-
AHUA [0 UCTOYHHUKA CBETA B JBYX CJIy4asdAX: HCTOYHHK HMeeT
Masble pa3Mepn! (TOYEUHBIH), MCTOUHHK IpeAcTaBiser coboit
OIUHHBIN CBETAIUNCA IUJIMHAID.

O6opydosanue: muru-naboparopusa NOVA5000, ocHaléHHAast
JATINKAMH OCBEUIEHHOCTH ¢ PA3HbIMK YYBCTBUTEJIbHOCTAMH, aB-
TOoMOGUNbHAA JaMIloyka HakaauBaHuA 12 B x 50 Br Ha mwratu-
B€ ¢ WUCTOUHHMKOM ITUTAHHS, JIOMHUHECIEHTHBEIA HCTOYHUK CBETa
B (popMe UIMHHOTO IHJIUHApa C GJOKOM NHUTAHMA Ha IITaTHBe,
coeIMHHUTENbHbIE TPOBOAA. BoNbIIONH KyCOK KapTOHA, MOKpalleH-
HOTO C OJJHOI CTOPOHB! YEPHBIM LIBETOM, & C APYroid CTOPOHBI —
6ensIM (M3 Her0 MOMKHO CAeJIaTh KOPOOKY AJA 3aTeMHeHUus 60JIb-
INX pPasMepoB, UTOOBI B Hell moMecTusiock obopylopanme 0es
aKcrepuMeHTaTopa u 6Joka NOVAS000). JIuneiika ¢ MAILIAMET-
POBBIMHU JeJIeHUSIMM, HUTKA, JUNKASA JIEHT4, HOXKHUULI.

IIpennonaraeMsele geficTBUA: Ha CTOJIe YCTAHABIUBAaeTCA 000-
pyzosaHue. JIuHelKa IIDUKJIEHBAETCSI K MOBEPXHOCTH cToja. K
IITATUBY C ACTOUHMKOM CBeTAa KPENUTCsH HUTKA U BhITATMBaETCA
BHONb JHenku. WarorasanBaeTca KapToHHAAs KopobOka ¢ BHYT-
peHHUMH YépHBIMU cTeHKamu. CobpaHHas ycTaHOBKA HAKpHIBa-
€TCsI KAPTOHHOM KOpOOKOM, 1 KOPOoOKA KPETUTCA K CTONY JIHITKOHN
nenTo. IlonosxeHme MCTOUHMKA CBeTa MOYKHO MEHATH C HOMO-
WBI0 HUTKH, HepeABUrasa ero Mnojf KOpoO6xKo#d BROJb NOBEPXHOCTH
crosia. Be3 KOpoOKM NIpOBecTH HOCTATOYHO TOYHBIE M3MEpEeHHs
HEBO3MQIKHO, TAK KaK MeulaeT BHeNIHee OCBEIeHHe.

Ocesewénnocmo—2

3adaHue: MONYyYUTE 3ABUCUMOCTD APKOCTH CBEYEHU A JaMIIOU-
KM HaKaJUBaHUA B BUAMMOM JUaNasoHe LJMH BOJH OT NOABOAM-
MO K Hell 3JIEKTPHUUECKOIl MOIIHOCTH.

O6opydosanue: munu-naboparopua NOVAS000, ocHamuénHas
JaTYUKaMy OCBEIlEHHOCTH ¢ Pa3HBIMH YyBCTBHTEJIbHOCTAMH, aB-
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TOMOOMAbHAA JaMIIouKa HaxkaauBauug 12 B x 50 Bt ga mraruse

C UCTOYHHWKOM IIMTAHUA, aMIEePMETDP, BOJIBTMETD, KAPTOHHAA KO-

polOKa ¢ UEpHBIMHA BHYTPEHHHUMU CTEHKAMHM, CBETO(PUIBTD, BbLIE-

JAIOIMEA cBeT BOau3u JauHbl BoJusl 0,5 MM (0,48 —0,56 MKM).
\

KIT/] npeobpazoearnus snexmposHepeuu 6 ceem Aamnoiroll
HAKAIUBAHUS

ITockosbKy r1a3a UYeoBeKa HATOJHEHBI BOJOH, YIACTOK CIIEK-
Tpa 2JeKTPOMAarHUTHBIX BOJIH, IPONMYCKaeMbIX BOJ0M, IIPUMEPHO
coBIIaJaeT ¢ BUAVMMEIM IVIa3aMH AUANA30HOM IJTHH BOJIH.

3adaHue: onpeleNuTe MOJIO SHEPTUHN BUAMMOTO CBETa B U3-
JY4eHHUH, cO3JaBAeMOM JIaMIIOUKOH HaKajuBaHus, paborarourei
B HOMHHaJIBbHOM pekMMe. B kKauecTBe (HuIbTpa, HOIVIOUIAIONETO
HNK-n3nyuenre ¥ NpoOIycKalOWero BUAUMBIN CBeT, MCIOJL3YHTE
IPO3padvHyIO BOOY.

O6opydosarue: muau-aaboparopusa NOVAS5000, ocuaménnas
4eThIPbMA AATINKAMH TeMITepaTypbl. ABTOMOOUIbHASA JIAMIIOUKA
nakanupagna 12B x50 Br uHa wmraTruBe ¢ MCTOYHHUKOM HHTA-
HUS, aMIEePMETp, BOJABTMETP. TpPH TOHKOCTEHHBIX ILJIOCKOHOH-
HBIX CTEeKJIAHHBIX HUJIUHAPHYECKHX CTAKAHA OAMUHAKOBOH BBLICO-
Tl (OKOJIO 15 cM) ¢ pasHbiMu AuaMerpaMu (CrakaHbl BXOAAT
APYr B Apyra ¢ 3a30paMud WHPHHOH 0KOJO 1 ¢cM; BO BHYTPEHHHI
cTakad ¢cBOOOJHO BXOAHUT JIAMIIOUKA C 3a30paMu mopsAnka 1 cm).
CreknaHuas MeH3ypKa C geneHusMu o0O6bémom 150—200 ma.
IIpamoyroybHbIil KycOK DapxaTtHoi GymMaru 4€pHOro uBeTa HIU
KYCOK 4épHoil 6apXaTHOM TKAHH C TAKUMHU pasMepamMu, 4TOOBI
MOXKHO OBLLIO 06epHYTH DOKOBYIO TOBEPXHOCTH CTAKaHA C CAMBIM
6onbiinm guamerpom. Yucras Bofa mo TpebOBaHUIO.

IIpednonazaemoe peuwerue. CrakaHbl MNOMEIAIOTCS COOCHO
BHYTDH ApYr B Apyra. BHeNIHNH U BHYTPEHHHUI CTakaHbl HAMOJ-
HAIOTCA BOXOH, 00BEMBI 3aJIUTON BOABI H3MEPAIOTCH MEH3yPKOH.
IMonyuaercs BO3LYLUIHBIA 3430D MEXAY CpPeLHUM U BHYTDEH-
HUM cTakaHamu. DapxarHas OyMara cCBopaumBaeTca B IUJIUMHID
¥ ONyCKaeTcda B BOAY BHYTPh BHEINHErO CTakaHa. JlaMmIouxka mo
e€ BkIOUeHUd (1), TO ecTh B XOJIOQHOM COCTOSTHUM IIOrpysKaercs
IMOJHOCTHIO B BOJY BHYTPb CAMOI'0 MAJEHBKOIO MO IHAMETPY CTa-
KaHa. JJlaT4MKH TeMIepaTyphbl HOMEMAI0TCA BO BHYTPEHHUM CI0OHK
BOIBI ¥ BO BHEWIHHUH cJ0# Boabl. BCE, 4TO NPOXOAUT CKBO3b IIPO-
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3padYHYIO BOAY B BUAUMOM JHalas3oHe AJUH BOJH, IIOIJIOLEAETCS
qyépHo# Oymaroit, a 6onblias yacte UK-usnyuyenusa 6ymer mnorio-
1leHa BOJOH BO BHYTPEHHEM CTaKaHe CaMOr0 Majioro JHaMeTpa.
1o nameHeHMIO TeMNIEPATYPBI BOABI MOXKHO BbIYNCJIUTh TEIJIOBbIE
MOITHOCTH, BBIAENAIOLIMECA BO BHYTPEHHEM CJI0€ M BO BHEIIHEM
ciroe BoAel. CyMMapHas TeIJIOBas MOUIHOCTL NPWUMEPHO paBHA
9JIEKTPUYECKON MONTHOCTH, TOABOAUMON K Jsamnouke. [lorepmu
9HEPruy MMeIOT MECTO TOJbKO BOJHM3M JHA W BepXa BHEIIHEro
CTaKaHa, Ile CBeT He yJaBIMBAaeTCA YEPHOU Oymaroi.

Pene B JKCIIepUMEHTAJBHBIX 3agavyax

Pesie POCY (P3C10 unu apyrue mogo0Hble UM pele) UCIIOMb-
3yeTcs B KauecTBe oObeKTa U3ydeHUsA. ¥ pesie uMeeTcsa o6MOTKA,
cocTosAnas u3 OOJBUIONO KOJNYECTBA TTPOBOJIOYHBIX BUTKOB, BbI-
BOJXBI JANA MOLKJIIOUEHUS KOHIOB OOMOTKU K HCTOYHMKY TOKA,
rpymnns! BLIBOJOB (ONHA WM HECKOJBKO), MEKAY KOTOPHIMM MO-
YT CYILIECTBOBATh IEKTPHUECKAE KOHTAKTHI.

B rpynmy o6bIuHO BXOZAT TPH BBHIBOAA (MM COOTBETCTBYIOT
TPU BO3MOJKHBIX COCTOAHUSA KOHTaKTa). [IBa U3 BHIBOJAOB T'PYIIIIBI
(N2 1 m Ne 3) 3aMKHYTBI, Koria 4epe3d OOMOTKY pejie TOK He
TeyéT BOBCe WJIM TEUET HeZoCTATOuHO Gosbiioit Tok. IIpum aTom
Tpetuii BeIBOJ (N2 2) ¢ AByMA KOHTAKTHPYIOIIMMH BBIBOJAMH
He coefmuéH. O Tako# mape BbLIBOJOB, KOHTAKTHPYIOIIMX IIPHU
OTCYTCTBUM TOKa B 0OMOTKe peJie, FOBOPAT, UTO OHU «HOPMAaJbHO
3aMKHYThIE» .

BeiBojbl pesie MHOrAa Ha3hIBAIOT «KOHTAKTAMH», UTO C TOUKH
3peHUs JIOTHKYM HEeNPABUJILHO, HO TPANUIHA eCTh TPAAMIHS. ..

Ecau Tok B 00MOTKe pejie APEBLIIIAET HEKOTOPYIO IOPOTOBYIO
BeJIMUUHY — TOK cpaldaThIBAHUSA, TO peJie «BKJIOYAETCA» H HOP-
MaJlbHO 3aMKHYTas apa BHIBOAOB Pa3MbIKAETCs, a 3aMbIKAETCS
npyras napa Ne 2 u Ne 3. VIx Ha3bIBaloT « HOPM&JILHO Pa3OMKHY-
TBIMM» BLIBOZAMH.

IIpu ymenbumieHun TOKa B 0OMOTKe cpaboTaBuiero peje 10
OIpeneéHHOTO 3HAYEHNA — TOKA OTIYCKAaHUSA — peJie BHOBDL IIe-
PEeKNIoUaeTca K HOpMaJIbHOMY IOJIOXKeHHIO BRIBOAOB. OGRIYHO TOK
OTIIYCKAHHSA peJie MeHbllle ToKa cpabarbiBaHmsa Ha 10—20%.
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Bripaior pese, y KOTOPBIX TPYIIBI COCTOSAT TOJBKO U3 ABYX
BBIBOJOB, OPUYEM €CThb IPyHIIbl KaK C «HOPMAJbHO 3aMKHYTHI-
MH», TAK ¥ C «HOPMAJbHO PA30MKHYTBIMU» BHIBOZAMM.

B reuenve mebosbLIOr0 BpEMEHH, IMOKA NPOHUCXOLHUT «Iie-
ﬁeﬁpocxa» oaHoro u3 BBIBOAOR (N2 3) — ero emnié Ha3BIBAIOT
«SI3BIYKOM» -— OT IIEPBOT0 KO BTOPOMY (MM 0GpaTHO), BCE TPH
BBIBOJla HE€ KOHTAKTHUDYIOT ADYT C APYIOM. JTO BpeMs Has3blBaIOT
«MEpTBBIM» . MépTBO€E BpeMs f1._2 MOMET OTJIHYATLCS OT BpeMe-
HH o3,

Bpemsa cpabamuviganus pene

Hafisnre 3aBHCHMOCTb IIPOMEKYTKA BpPEMEHH, OTCYUTBLIBAE-
MOTO OT MOMEHTa MOJKIIYEHUA pelle K HCTOUHHUKY TOKa [0
MOMEHTA 3aMBIKaHUS HOPMaJIbHO PAa3OMKHYTHIX KOHTAKTOB peJle,
OT MOJAHHOT'0 Ha OOMOTKY peJie HalpsaKeHHA.

O6opydosarue: pene ¢ OZHON TIpYMION M3 TPEX BHIBOJOB
(HOpMaNbHO 3aMKHYTHIX M HOPMAJILHO PA3OMKHYTHIX), 6aTapeiika
«Kpona» (9 B), nepemennbiil pe3uctrop (IIOTEHIIHOMETP) C COIIPO-
tusineaueM 0—70 OM, KoHAEHCATOp U3BECTHOI émKocTH (10 MED),
Pe3UCTOp ¢ HeUudBeCTHBIM conporubienueMm (10 xOm), myabTH-
MeTp, MuKpoamiepMeTp (MoxeT paboraTh B HaLIMCTHYECKOM
pesKuMe), coOeANHUTENbHEIE IPOROTA.

Crioco6 pemeHua onucad B yactu 1 kHuru B pasgaene «Mzme-
peHne MaJbIX IPOMEXKYTKOB BPEMEHH» .

Bpems omnyckanus pene

Haligure mpoMeXXyTOK BPEMEHHM OT MOMEHTA OTKJIIOYEHHUS
0OMOTKH peJie OT MCTOYHHKA TOKA O MOMEHTA 3aMbIKAHUSI HOP-
MaJIbHO 3aMKHYTBIX KOHTaKTOB peJle.

Obopydosanue: pesie ¢ OXHOH TrpPYyNNoO# u3 TPEX BBHIBOJOB
(HOpMAaJIBHO 3aMKHYTHIX U HODMAJBHO Pa30MKHYTBIX), OaTapeiika
«Kpona» (9 B), nepemeHHbIil peaucTop (IIOTEHIMOMETD) € COMPO-
tusnesueM 0—70 OM, KoHAeHCcAaTOp u3BecTHOM éMKocTH (10 MrD),
pe3UCTOP ¢ Heu3BecTHhIM conporuBieHueM (10 kOm), mynsTHn-
MeTp, MHKpoaMnepMmeTp (MosxeT paboTaTh B 0aNIMCTHYECKOM
pexnmMe), coelHHUTEJIBHBIE TIPOBOJA.
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Crioco6 perienus onucad B wacTH 1 KHUTH B pasnesne «Hame-
peHHe MAaJIbIX IPOMEKYTKOB BPEMEHU » .

Mépmeoe epems

IIpu mepekaOUEeHUH DeJjie U3 IOJONKEHHA ¢ HOPMAJBHO 3a-
MKHYTBLIMM BBIBOZAMHK K IIOJIOKE€HUIO, KOrga 3aMKHYTHI HOpP-
MaJILbHO PA3OMKHYTHIE BBIBOJBI, UMEETCH IIPOMEXYTOK BDEMeHH,
B TeUeHMe KOTOPOro A3bIUOK PeJjie He MMOAKJIIOUEH HH K HOPMAJIBHO
3aMKHYTOMY, HA K HODMAJILHO Pa30MKHYTOMY BhIBOLY. Hataure
3aBUCUMOCTSL 3TOT'O IPOMEKYTKA BPpeMEHHU OT IOAAHHOIO Ha 006-
MOTKY peJie HalpAKeHHA.

OGopydosanue: pene ¢ OJHOH TPYNION M3 TPEX BBIBOAOB
(HOpMaJTBHO 3AMKHYTHIX ¥ HOPMaJbHO PA30OMKHYTHIX), 6aTapetka
«Kpona» (9 B), nepemeHHBIH pe3ycTOD (IOTEHIIHOMETP) C COIPO-
rusaenneM 0— 70 OM, KOHJeHCATOD U3BECTHOM éMKocTH (10 MKD),
pe3ucTop ¢ HeusdBecTHHIM conporusieHueM (10 xOm), MynbpTH-
MeTp, MHKpoamuepMmerp (MoxxeT paboraTe B OaliUCTUYECKOM
pexuMe), coeqUHNATEIbHbIE IPOBOAA.

Cnocob peurenus: onucam B 4acTu 1 Kuuru B pasgesne «HMame-
peHHe MaJbIX HPOMEXYTKOB BPEMEHH » .

lucmepesuc

BHyTpu «4épHOro fAIIMKAa» HAXOJATCA COEJUHEHHBIE HEU3-
BECTHBIM 06pa30M peJle ¥ Pe3UCTOP.

3adanue: onpenesanTe MapaMeTphl 3JIEeMEHTOB, HAXONAUINXCS
BHYTPH «UYEPHOTO AIIUKA».

O6opydosarnue: «u€pHBIN AIMK», OaTapeiika « KpoHa», MyJib-
TUMETD, BOJLTMETD, IOTEHI[HOMETD, COeJUHHTEIbHbEIe NPOBOAA.

Pewenue. Hy:XHO IOCTPOMTL 3aBUCHMOCTH COHPOTHBJACHUA
«YEPHOTO AIMKA» OT HAIIPAKEHNA Ha ero BeIBOAaxX M HapHCcOBaTh
BO3MOXKHYIO 3JIEKTPHYECKYIO CXEMY, KOTopas Morja Obl obi1agaTs
TAKHMH CBOHCTBAMU.

O6MoTKA pejle ¢ CONPOTHBJEHHEM R B «4€pHOM SIHIHUKE»
IOAKJIIOYAETCS K BBIBOJAM <«YEPHOTO ANMMKA» IOCIELOBATEIBHO
C Pe3UCTOPOM, UMEIOIMM CONPOTHBIerENe R /2, uepe3 HOPMAIBHO
3aMKHYTBIe BHIBOAKI pene. IIpm sToM HOpManabHO Pa3sOMKHYTHIMI
BBIBOJ peJlie MOAKNIOUEH K BBIBOAY M3 «YEPHOTO AN[MKA» HEIO-
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CpeICTBEeHHO (To ecTb MHHys n06aBouHbI pesuctop). Ilocre
cpabaTLIBaHUSA pesie TOK 0OMOTKM BeIpacTaeT B 1,5 pasa, TaK Kak
CyMMAapHO€ COIPpOTHBJIEHHUE 1elTd CTAHOBUTCA MEHbLIC B 1,5 pa-
3a. D10 obecleynBaeT yBejnuyeHne pasIudnd TOKa cpabaTbiBaHUSA
U TOKa OTIyCKAHM:A peJie — rucTepesuc.

IIpenmonaraercs, 4YTO IIKOJLHUKH HAPHUCYIOT CXeMy C pefe
(puc. 28).

3amaun, KOTOphIe elé He NaBAJHCh HA OJMMITHAJe

CmonrxnogeHiLe MOHEN

VeTaHoBUTE N0JI0 MEXAaHHUYECKON 9HEPTHUH, KOTOpas TEPAETCSA
IPH YIPYTOM yaape ABYX MOHET.

O6opydosanue: pBe MOHETHI 10 5 Py6. ¥ ABE€ MOHETHI HO
2 py6., WITATUB ¢ 3aKMMaMH, ynpyras IJIaCTUKOBas (UJIH Jepe-
BAHHAs) JUHeHKa, MUILIMMeTpoBaA OyMara, nuer Gesoit Gymarm
dopmara A2 nnu Al.

IIpednonazaemsiii cnoco6 pewenus 3adadu. Wsrorasnusa-
eTcsi «IyCKOBas ycTaHOBKa» JJisi MoHeT. [Ina sroro ymnpyras
JIUHeHKa KpenuTcs B MITATUBE TAK, 4TOOBl IPK €€ OTTATHBAHMM
W OTHYCKAaHUH OHA VAapAia II0 MOHeTe K coobuana eil HEKYIO
¢ukcupoBaHHY0 cKopocTh. IlpoBepsercd «kKadecTBO» IYCKOBOU
ycTaHOBKU. ITlocje IenYKoB MOHETA CKOJIB3UT N0 I'OPUIOHTANb-
HOM NMOBEPXHOCTH CTOJIA, IOKPLITON OyMaroil, 1 ocTaHABIUBAECTCA
Ha HEKOTOPOM DacCTOAHUH OT Mecra crapTa, CHavaga 3aMepsioT-
cs «IJMHBI Ipobera» MOHeTHI, He MCHBITaBIIEeH yxapa. A 3areM
U3MepAIOTCA «JUIMHBI mpolera» MOHETHI, JiedKaBLIeH Ha CTOJe
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U IMOJy4YHUBIIeR UMOYJALC IIOCTEe CTOTKHOBEHUSA C APYTOH MOHETO,
KOTOPYIO 3aIyCTHIHM U3 «ITYCKOBON YCTAHOBKH» .

MouwHnocmb iamnoiru

3adaHue: n3MephTe 3J1eKTPUYECKYI0 MOLIHOCTD, [TOJBOAUMYIO
K JJaMIIOYKe HaKaJIMBAHUA.

O6opydosanue: ucTouHUK nuranus 5 B, namMnouxka Haka-
JINBaHWs, IITATHAB, TEPMOMETD, MJIACTUKOBLIN KMJAMHIPUYECKUI
CTaKaHUHK, UYE€pHasa KomnuposajabHasa Oymara (10 cmx 10 cm),
MuanuMeTpoBasd Oymara. Henpas ropauyio (ropaiyio) JaMIoIKy
U3 BO3Ayxa omyckarTh B Boay! CrexkjasHHBIA 6a/uloH JIOMHET,
a BTOPYIO JaMIO4YKy BaM He Jaayr! V3 Boabl B BO3AYX TOPSAILYIO
JIAMIIOYKY BBIHMMATHL MOJKHO.

JlaMnouka B XOJIOMHOM COCTOSIHUM IOMeIlaeTcd BHYTPL CTa-
KaHYMKA, YépHAA GyMara ToKe MMOMeIAeTcs BHYTPb — OHA IIPO-
KJIaABIBAETCSA BAOJb CTEHOK CTAKaHYHKa. TOJBKO TOCNE 3TOTO
B CTAKAH 3aJIMBAeTCsS BOJA, B HEE OIIYCKAaeTCHd TEPMOMETD, a YK
3aTeM JIAMIIOUKA MOAKIYAETCS K UCTOYHUKY TOKA.

ITnomrocme 6006t

Haiigute 3aBUCUMOCTb TLJIOTHOCTH BOALI OT TeMIIEPATYpPHI B
avanasone 0°C—50°C mpu armocdepHOM JaBJIEHUH.

O6opydosarue: cTekJIAHHaA OYTHLIOUKA OT JETCKOI'0 IMTa-
H¥A, poOKa CO IUTYLEepOM, IJIACTHUKOBasA TpyOKa ¢ AUaMeTpoM
BHYTDEHHETO OTBEPCTUS IPUMEPHO 2 MM H [iuHoki 1,5 M, Irnpuig
10 mn G6ea urisl, creknAnHas 6anka 1 j1, cHer, ropAvas U XOJI04-
HasA Bofa Mo TpeboBanmio. Cumraiire, uro npu 4 °C NIOTHOCTHL
BozbI paBHa 1000 kr/m3.

Boavuioil nepuod xonebanui

3adanue: cuenaiiTe yCTPORCTBO, B KOTOPOM GBI MPOUCXOLUTIHN
koneGaHus ¢ mepuoaoM 5 c.

O6opydosarue: mWITATUB ¢ JBYMSA KPOHIUITEHHAMU, LEPEBSH-
Hasa auHelKa 40 cM, HUTB.

DKCEePHMEHTATOP IOCJIe H3TOTOBJEHNSA YCTPOHCTBA IOA3LIBA-
€T JeXYPHOTO C CeKYHAOMEPOM, M AeXYyPHBIH MpPOBOSUT H3Me-
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peune nepuoga konebGauumii. Pesyaprar duxcupyercs B paboueil
TeTpagyu M BU3UDYETCA NEeXKYDHBIM.

I[TonbzoBarbesa cobcTBeHHBIMU yacamMu 3anpetiaercal OueHka
3a peayJbraT TeM BbIle, yeM OjMiKe mepuoz KoJdebaHHI B HU3TO-
TOBJICHHOM YCTPOMCTBE K 3aKa3aHHOW BeJHUYUHE.

Tourxa Kwopu

3adanue: HAAUTE 3AaBUCUMOCTD CUJIbBI TPUTAKEHUS MarHura
H KYCOYKa Kele30-HHKEJIEBOTo CIJIaBa OT TeMIepaTyphbl.

O6opy0o8arue: MATHUT, CTEP)KEHEK M3 CIIJIaBa, CTEKISHHBIN
COCYZA [IAJaA BOABLI, OYMa)KHbIEe Cad(eTKH, TepMOMETp, IITATHUR,
HHUTh, JIMIIKAA JIEHTA «CKOTY», XOJOXHAs W ropadas Bojga IO
TpebOoBaHHUIO.

(CnnaB nMeeT Touky Kropm oxoso 60°C.)

Cusbsl MOXKHO M3MepHATh M3BECTHBIMU MeTOHaMu, HaNlpHMep
METOMOM pa3JIoKEeHUs CHJI C UCIIOAb30BAHUEM HUTH U rpy3sa. Ua-
MeHeHHe TeMIIePATYPhl CILIaBa JOCTUTaeTcsa IOMe e HNEeM CILJIaBa
B TOPAYYIO BOIY.

Pas6opnuiii mpancgpopmamop

Hauna 6araperika «Kpona» 9 B, nsa xougencaropa C; =1 mrd
u Cy,=900 mr®, pas3dopHbIi TpanchopmMaTOp ¢ OXHOW HaMO-
TaHHOW U oAHOM mycTo#dl Karymkoi. HamoraHHas KaTylmika —
roToBad 00MOTKA HeHZOAeNaHHOTo TpaHcdopMaTopa — COAEPIKUT
2—3 ThICAYM BUTKOB, 9TO YMCJIO ykasdaHo Ha Hed. Karymxa
TIPOBROJIOKHU AJISl HAaMaThIBAaHUA BTOpoi o6MoTku. [lepexmaiouarens
QJIEKTPAUECKOM IemnH, COeJUHMUTeNbHble IIPOBOAA AWOXA, JJIeK-
TPOCTATUYECKUH BOJBLTMETD WJM BOJLTMETD € OYeHb OOJBIINM
BHYTPEHHMM COUPOTHUBIeHUEM ((KeIaTelbHO B HECKOJBKO COTEH
MOm)!.

3adarue: ¢ TOMOWILI OaTapeiKu MOXKHO 3apsisKaTh TOJb-
KO KOHZeHcaTop €MKocThio 900 mMrd®, OT 3TOro 3apaKeHHOTO
KOHJeHCAaTOpa HYKHO 3a OIHUH pa3d IIepelaTh He3apAXKEHHOMY

'Keratu, a8 Ueneit sToro 9KCOEePUMMEHTA IOAOWAET ILLKOJBHbIL AEeMOH-
CTPALMOHHBIA ocumiorpad, y KoOTOPOTO BbIBOABI OTK.IOHAIOLIMX [LAACTEH
BbIBEJIEHB] Hapy)Ky M He COeIMHEHEI ¢ KAaKUMU-11G0 APYrHMU OJIOKAMU 3TOro
ocuutorpaga.



IKCNnepuMeHmanpHble 3a0aNU QU3ULECKUX OALMNUAD 171

KOHIeHCATOPY C €MKOCTbio 1 MK®P MaKCHUMAJIBHO BO3MOMKHYIO
aHeprup. Ilociie mpoBeneHUA YCHEIIHOTO 9KCIIEPHMEHTA HYMKHO
MOJ03BATE OJHOTO M3 JEXXYDHBLIX U IIPOBECTH KOHTPOJBbHBIN JKC-
IIePUMEHT B ero npucyrcreun. IlosyueHHBIR pesyibrar B Boub-
Tax 3amMUChIBaeTCA B pabouyio TeTpanb, a NeKYPHBIH «BU3HDYET»
ero.

(B mepBuuHOiT 00MOTKe TpaHcdopMaTopa AOMKHO OBITE B
v C2/Cy =30 pa3 MeHbllee KOJIUUECTBO BUTKOB, UEM BO BTODHU-
HOH 00MOTKe.)

Tpyb6a 6 «uépHom Aawuke»

W3 «u€pHOTO AIUKA», KECTKO 3aKPEIIEHHOTO HA CTOJIe, BbI-
XOIAT JBa KOHIIA IIJACTUKOBOU NIpO3pauyHoi TPYOKHU ¢ BHYTPEH-
HnM nuamerpoM 1—1,5 cM. YyacTKu KOHIOB AauHOM 15—20 cm
pacrosioKeHbl BEePTUKAJIBHO M 3akpenyenbl. OZHH M3 KOHIIOB
BBepxy «3arubaercsd BHU3» — B HEro BOAY HAJMBATH HEBO3MOMK-
HO.

3adanue: onpenenuTe AXUHY OAHODPOTHOH TPYOKH, HAXOUSA-
uieiica BHYTPH «4EPHOTO AIIUKA».

O6opydosanue: ceKyHAOMED, BOPOHKA, BoJa 1o TpeDOBAHUIO
(ne>XypHBIi HAMUBAET BOAY B TPpyOKY M3 YalilHUKAa, a SKCIEePUMeH-
TATOp KOMAHAYET: «Jiell — CcTOoI»).

Pewernue. Boga HanmuBaeTcs A0 TeX [Op, IOKA B IBYX Bep-
TUKAJBHLIX YYaCTKaxX TPYOBl He IOABATCA «CTOJIDHKH» BOIBI,
3aIIONHUBIINE ATH BEPTHKAJNbHbIE YYACTKM HaIoloBuHY. B mo-
CTYIIHBIHM [JI HAJHBAHWS BOJBI KOHeH TPYOBI 3KCIIEPHMEHTATOP
AyeT ¥ 4OGHMBAETCA TOrO, YTO B APYIOM BUAUMOM BEPTHKAJILHOM
yuyacTKe TpyObl Boja IOJHANACH MOYTH AO BEpPXHEH TOUKU. 3a-
TeM «IyThbé» IpeKpallaeTca U UaMepsAeTcs MepHOJ BO3ZHUKILIUX
kosebanuit Bogel B TpybOKe. DTOT IepHoy CBsI3aH ¢ o0meN AnuHoM
yJyacTKa TPyOKH, 3aOJIHEHHOT0 BOHOM, a He TOJBKO C BUAUMBIMHU
3aM0JHEeHHBIMH BOAOH YYaCTKAMH.

Hlapuk ¢ za3om

3adanue: yCTAHOBUTE, KAKHM [a30oM HAIOJHEH BbIIAHHBIH
pe3uHOBBIH mIAapUK ¢ AuameTpom npumepro 20—25 cm. Obo-
JIOYKY TIapUKa SKCIEPUMEHTATOP CaAM OTHACT OpraHu3aropam.
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¥ OHM BO3BpallalOT eMy 3Ty O060J0YKy ¢ rasoMm BHyTpH. [as
«BBLEAETCH» TOJBKO OJUH Pa3 B TOT MOMEHT, KOUZA €ro MOIMPOCHT
3KCIIePUMEHTATOD.

O6opydosanue: pplYaskHble BeChI, MITATUB, HECKOJbKO He Ha-
AYTHIX PE3UHOBBIX (BO3ZYIIHBIX) INAPHMKOB, OYMAMKHASA pyJeTKa
1 M ¢ MWUIMMETPOBBIMU [eNeHUAMH, HUTKA, JUIKAsA JICHTA
«CKOTY», y4eGHUK 110 PU3UKe UIU IIo Apyromy npeamery. (Kau-
ra JOOJJKHA WMETh CTAaHJApTHBIE pPasMephl M MAaccy, OJMBKYIO
K Macce CTaHAapTHOro yyeOHuKa. Habop rups u rabapursl BeCOB
JOJKHB! OBITH TAKUMH, UYTOOBI KHMUIY Henb3s ObLJIO B3BECUTH
HEeIOCPEeJCTBEHHO Ha Becax, a TOJBKO METONOM <«YaCTUYHOIO»
B3BemMBaHuA.) KHUTYy MOXKHO 3aMeHUTH HA IJIOCKOE CTEKJIO
TOJIMUHON 3—4 MM, AJHHA U IIMPHHA CTEKJa JOJLUKHBI ObITH
NPUAMEPHO TAKMMU K€, KAK V KHUTH.

Hlapuku MOXKHO HaAYBATH YIJIEKUCJIBIM rasoM HJH apro-
HOM — 3TH ra3bl UMeIOT OONBIIYI0 TJIOTHOCTb, YeM ILJIOTHOCTh
BO3AyXa B KOMHare. Kuura Hy»Ha, 4TO0BI y3HATH JaBJIeHHE rasa
BHYTPH, [AJA 9TOr0 OHA KJIAAETCS CBEePXY HA LIAPUK, U HaBJeHUe
N3MepAeTcA M0 pasdMepy IATHA KOHTAKTA KHUTH W IIAPHKA.

Pemenwne oueBuanoe — 060Ji0UKa AaPUKA B3BEIUMBAETCS 0
3aIIOJJHEHUA €€ ra3oM, a 3aTeM B3BelUBaeTcA Ta e 000J0UKa
¢ Ta3oM BHYTDPH. PylieTKa HMCHONBIYETCA A HAXOMACHUA 00h-
€éma rasa B mapuxke. C nomMoupbi yueOHHKAa WJIM JIUCTG CTEKJIA
MOJKHO OLIEHUTDH JaBjieHWe ra3a BHYTpM miapuxa. OHO He CHJIBLHO
oTiuvaeTcAd OT BHeliHero armochepHoro naBienus. Ilo pesyns-
TaTaM NPOBEIEHHBIX MU3MEPEHHU OUEHUBAETCA MOJAPHAS Macca
rasa.

Ourosas nuH3a

3adanue: HaaUTE KO3(PPUIIMEHT IPEJIOMIEHNA BHITYKJI0-BO-
CHYTOU JIMH3bl OT OYKOB ¢ ONTHUYECKOH CHJI0H mpumepHo (+2)—
(+2,5) anrp. Ha noroaxe (Beicora bonee 3,5 M) HoxeH GbITH
SAPKUH HCTOUHUK CBeTa — JlaMOa HAKAJTWBAHUS HeOOABUINX pas-
MepOB.

O6opydosanue: muu3a, MHJILIMMETPOBaA Gymara, ApKUil TO-
YeUHBIH MCTOYHHUK CBeTa HA ITOTOJIKE.

Pewenue. IloBepxHOCTL CTEKJIAa YACTHYHO OTDAXKAET CBET.
ITosToMy B TOM ciydae, KOraa HEHTPhI KPHABU3HLI CTEKASHHBIX
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TIOBEPXHOCTEN HAXOOATCA MEXKAY CTEKJIOM U JAJEKUM TOUEUHBIM
HCTOUYHHUKOM CBETa, MOXKHO MOJYYUThL HAeHCTBUTENbHbIE H306-
paskeHUs MCTOYHHUKA CBeTa He TOJBKO «3a JIMH30H», HO U B
TIPOMEXKYTKe MEXIY JIMH30M M MCTOYHMKOM cBera. ITH H300Dpa-
JKEHUA MOMKHO IIOJYIUTh, HATIpUMEp, Ha JHCTOUKe Oymaru. s
pellleHUsT 3aa4M HEOOXOAMMO HANWTH U (POKYCHOE PACCTOSIHUE
auH3bl F, u pacecroanus Ly u Ly OT JMH3LI J0 AeMCTBUTENLHBIX
n300pakeHn, MONyYaeMbIX MeXAY JHUH30M U HCTOYHUKOM CBe-
ta. Takux nzobpakeHuil JOCTATOUHO GOABIIONA ApKOCTU JBa (MX
Ha caMoM [JeJje O0oJbliie, HO BCe OCTaJIbHbIE U300paKeHUA NMEIOT
CYIIECTBEHHO MEHBIIYIO PKOCTh, UeM IBa caMbIXx ApKux). OnHo
U3 9TUX U300parKeHu CO3LAETCA TONLKO IPHU OTPAKEHHU CBeTa
OT BOTHYTOTO «3epKaja» ¢ HeOONbIIUM K03QDHUIIHEHTOM OTpaKe-
uuA. laMepus paccTosiuue OT JMH3bI 4O 3TOrO U306pakeHus L
(0HO pJanbHie OT JIAH3LI, UYeM BTOpPOe wuH3obpaskeHMe), MOIKHO
BBEIUMCJIINUTE PAANYC KPUBRU3HEI 3TOT0 «3epKaja»: Ry =2L. Bropoe
uzobpaskeHve MeKIy JUH30M W HCTOUHHUKOM CBeTa CO3maéTcs
[PU NBOWHOM MPOXOKIEHUU cBETA Uepe3 JIUH3Y U OTpaKeHHUHU OT
IPYTOrO TOMEe BOTHYTOrO 3epKajia, Y KOTOPOI'O TAKOH JKe MAJIbIA
koadpunuenT orpaxkeHusa. MaMmepusB paccTosHHe o Hero Lo,
MOXKHO HallTH 3HadYeHuUe Beauuuusl: 1/Lo=2/F+2/Rs.
Boiuncnus ¥3 9THUX AAHHBIX PAAMYCHI KPUBM3HL! NOBEPXHO-
crelt muH3bl Ry 1 Ro, MOXHO BOCIIONB30BATHCA HOPMYI0H JUHIBI

1 ( 1 1 )

==(n-1) {5 +51.

F=(n— DR Tr,
W3 aroii popMysIbl BLIUKCIAETCSA 3HaUueHue KoadduiyeHTa npe-
JIOMJIEHUA n MaTepuaja, U3 KOTOPOTO cIesaHa JIWH3a.

Mynsmueubpamop

3adarnue: cobepuTe yCTPOHCTBO, KOTOpOE Obl MeHEePHPABAJO
alleKTpUUecKe kojaebanus Ha ocHoeHou yactore 200 T'm (unu
B guamnasoue 100—500 I'n).

Ob6opydosarue: aBa OJUMHAKOBBIX TPAH3UCTOPA (C MACIOPTOM
Ha HUX), 0aTapeika, COeAUHUTEJAbHBIE IPOBOJA, MOHTAXKHAS 1712~
Ta, PE3UCTOPLl M KOHAEHCATOPHI U3 ONpefelE€HHBIX AUANA30HOB
(100 Om—10 MOm, 0,01 Mr®P—10 mx®P) Bpigawica no Tpebosa-
HUIO SKCIIepHMMEHTaTOopa.
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YUaCTHUK COPeBHOBAHUI TI0A3bIBAET HEXYPHOIO U COOOIIAET,
4TO MOXKET NpeAbABUTH DE3YJbTAT. JKCIIEPUMEHT IPOBOAMTCA
B IIPUCYTCTBUU JIEKYyPHOTO, pe3yjabraT GUKCHUpyeTcs B pabodei
TeTpagH, U JeXypHBI ero «BU3UPYyeT».

Yem MeHblIe AeTalleil 3aKa3aj M HOJAYUUI YYACTHUK U UeM
ObICTDEe OH 3aCTABHJI CXeMy FeHepMpOBATh Ha HY’KHOM YaCTOTe
(£10%), Tem 6osee BbiCOKUI a1 OH IOJyYAaeT.

daszospawamens

3adanue: cobepute cxeMy, KOTopasi Obl O3BOJISJIA U3 CUHY-
COMAATBHOTO CHrHaMa Ha yacToTe 102 'y mody4duTs CUTHA, TOMe
MeHSAWUNCA [10 TapDMOHHUYECKOMY 3aKOHY, HO CO CABUIOM (has3hl
Ha ONIpedeNEHHBIA yroa (B gnanasone ot +70° go —70°),

O6opydosanue: nepeMeHHblil pesuctop 100 xOm, coeguHu-
TeJIbHBIEe IPOBOJA, MOHTAXKHAA I1JIaTa, PE3UCTOPHI B KOHAEHCATO-
pel M3 oOIpefeN€éHHBIX auanazoHor (100 Om—10 MOwm,
0,01 Mmx®—10 Mx®) BrigaTes 1O TPeOOBAHMNIO IKCIIEPUMEHTA-
TOpAa.

YuacTHHK COPeBHOBAHMUI IIOA3LIBAET AeKyDHOro M cooblIaer,
YTO MOYKET IpeNbSBHTH Pe3yJbTaT. JKCIEPHUMEHT IPOBOAUTCH
B IIPHCYTCTBHH [eKYyPHOT0, pe3yasraT (hukcupyercs B padouei
TeTpajgu, U JeXKYyPHBIA ero «BU3MpyeT». ‘

Yem MeHbUIe AeTajiell 3aKasak M NOJYYMI YYACTHHUK M 4eEM
OblcTpee OH 3aCTaBUJI cXeMy paboTaTh Tak, KaK YKasaHO B YCJIO-
BUH 3aJa4y, TeM 60Jee BHICOKMI 6aJlyl OH ITOJy4YaeT.



IIPUJOKEHNA

HHeTpykuna no TexHHKe 6e30N1aCHOCTH IS YUEHMKOB,
paboTalomux B IIKOJABHOH y4eOHO-HAYUHOHI JabopaTopuu

0. PaGoraTs B OMMHOYKY B Ja6OpPaTOPHH 3anpemeHo!

1. ByasTe BHUMATENbHBI, JUCHUILIHHUDOBAHHEI, OCTOPOXKHBI:
CHavyasia BBIMIOJHUTE YKa3aHUA YYUTEJsS, a 3aTeM CHPOCHTe, II0-
YeMy OH ero Zaj (MHaue BOIIPOC MOJXKET IOTePATH aKTYalhHOCTD).

2. Bxoaa B nabopaTopuio, CHUMHUTE CYMKH ¢ 1eda. CyMKoH
JIETKO 3a4eThb NPUOOPHI, CTOAUINE HA CTOMaX (BCIIOMHHTE HeJiOBe-
Ka C PIOK3aKOM B aBTOOycCe).

3. Hpubopsl m obopynoBaHue, HaxogAuueca B Jjgaboparo-
pun, He oaHopasosble! He ciaemyer yHocuTh, MX ¢ cofoit u3
nabopatopuu! MHCTPYMEHTOB HEMHOro, IIO3TOMY Jy4llle PYKO-
BOJCTBOBATHCA TIPABHJIOM: «TI[e B3sJ, Tyla Ke H MOJIOKH IIoCcJje
HCIOJb30BAHHA > .

4. Y6epure co croja Bcé auiiHee. JIuiIHIe MpeaMeTsl GyayT
MellaTb, a TETPaA¥ H KHHUrM IO APYrdM IIpeZMeTaM MOKHO
3a7IUTh WK MOJKAPUTh. EAUHCTBEHHBIH IpeMeT, KOTOPBIH Ipu-
rogutca npu nwboi pabore, XOTA M He YKAa3aH OTAEABHO, — 3TO
rosioBa. Ho pacmososkeHune M KpensieHHe €€ BBITTIOJHEHO CTOJb
yZlauHO, 4YTO OHA HHKOTrJa He MelllaeT B pabore.

5. llepen paboToii mpoaymaiiTe BCe 3aTanbl €€ BHIMOJHEHUA.
CoamaHHasi BaMHM YCTaHOBKa J0JKHA ObITh Oe3omacHOM u He
IOJKHA MellaThk paboTe Bamux KoJuler. Eciu mocie BHMMaTesb-
HOTO 3HAKOMCTBA C 337ja4eil y Bac OCTAJMCh BONPOCH — 3ajgaiTe
uxX yuurtear. Byapre rymausel, Begb OJHOBpPEMeHHO DaboraTh
HaJ MHOTMMH 34Ja4aMH He MOMKeT JaXKe YUUTEb.

6. CoOpaB sneKTPUYECKYI0 Lenb, IIpOBepbTe e€ elie pas,
a 3aTeM N030BHUTE yuuTesi. [locie ero paspeleHusa MOXKHO moaa-
BaTh HanpsiKeHNe Ha cxemy. KoHCTpYKTOphI mpubopoB He MOIIA
NpPeAyCMOTPETh BCeX BANMIUX OIMOOK. JJMeKTpHUecKue NPUOOPHI,
KaK [pPaBHJIO, BBIXOAAT U3 CTPOA ropasno OblcTpee, YeM BbI
ycIieeTe MOHSATH, YTO AOIYCTHIIN OINUOKY.
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7. K oronéuupiM MecTaM IPOBOLOB HE CTOMT IPHKAcCATbCA
He TOJBbKO pyKaMmMu, HO M IIPOBOAHHMKAMH (Hampumep, rpudenn
KapaHAalla ABAAETCS NPEKPACHBIM IDOBOLHUKOM).

8. IloMHHNTE, YTO KOHJEHCATOP M I10CJE OTKJIIOUYEHHSA OT CeTH
ocTaérca sapAakeHHbIM. KoHAeHcaTopy BCE paBHO Yepes KOro pa3-
pAKaThea, a Bam HeT. IIpeaocraBpre KOHAEHCATOPY BO3MOKHOCTh
paspsaguTLCA Yepe3 NPOBOAHHUK, KOTOPBIN ciaeayeT AepikaTh 3a
U30JUDPYIOWYI0 PYUYKY (0OBIYHO 9TO JAeIal0T OTBEPTKOM).

9. ITocne oxoHuanusi paboThl CHAYANA OTKJIIOUUTE CXEMY OT
VCTOYHHKA HAIPSKEHUS, a 3aTeM e€ paszbupaiite. Begpr HUKOMY
B r'oJIOBY He NpUAET OTBHMHUYMBATL Darapero, He IepeKpbIB ropd-
YyI0 BOAY.

10. Byawrre 0coDeHHO OCTOPOKHBI IIpu paboTe CO CTEKJIAHHOH
MOCYAO# MJIM TePMOMETpPAMU, OHM OYeHb XpYynKu. Pas6us crek-
10, He TeITafiTech caMy JUKBUAMPOBATH MOCHAEACTBUA. Bbl cBOé
clle1aliv, OCTANBLHOE MOXKEeT CAeJIaTh U YUHTeNb.

11. Hepen paboTo¥t HYKHO aKKypaTHO IoA00paTth paciy-
lEHHBIE BOJIOCHI (OTHIONL He M3 dCTETHUECKUX cooOpakeHmit).
Jauunasle pacuyiieHHbIe BOJOCHI HE TOJLKO UPEKPACHO BBIFIA-
AAT, HO ¥ BEJHKOJEHHO ropar (e BCSAKOe YTBEPIKICHHE CTOUT
MPOBEPATH BKCIEPUMEHTANIBHO).

12. He merTaiiTech 3araAHyT, B paboTarominil Jasep, 5TO
o4YeHb onacHO (He JJist jJjasepa, a A1 BallUX Ta3).

13. Ecau BaM 1oTpeb0BasIOCh JOITONMHUTENbLHOE 000pyIOBaHIE
uax npubophbl, BBl MX MOKere MOJYUYUTH TOJBKO C pa3pellleHnd
VUHTeA.

14. Ecau BbI IPOYHTAAN BCIO MHCTPYKILIUIO M COIJTACHBI ¢ Hel,
cMeJIo IpUCTYIAlTe K paboTe, ecau HET, cM. m. 1.

ABTop nucTpykunu EBrenuit Jleonosnu Meumepckuii

Ouemcn ycnesaeMoCTH B aKaJAeMHH reHepaJIbHOro mrada
(1880 1.)

1-a cremeHb: ycmexm ciaadsle. YUeHHUK eJBa NPUKOCHYJICS
K HayKe IO JeHCTBHUTEILHOMY JIM HENOCTATKY IIPUPOAHBIX CIIO-
cobuocreil, TpedyeMBIX Ajd ycaexa B Heil, MJIH MMOTOMY, 4YTO
COBEPUIEHHO HE Pajel IPH HAKJIOHHOCTAX K 4eMy-iu00 HHOMY.
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2-51 CTemneHb: YCHEXH MOCPEeNCTBEHHbIe. YUEeHHK 3HAET HEKO-
TOpble OTPHIBKH U3 NIPEeNoJaHHON HAYKH, HO U Te IPHUCBOUJ cebe
ofHON namMAThio. OH He NPOHUK B €€ OCHOBAHIE U B CBA3b YacTell,
COCTaBIAKINUX IIOJHOEe 1ejoe. llocpencTBEHHOCTL CUS, MOXKET
ObITH, NPOUCXOAUT OT HEKOTOPOH ¢aabocTH IPHUPOLHBIX CIOCO6-
HOCTeH, 0COOMBO OT CHABOCTU TOTO CAMOMBINLIEHHSA, KOTOPOTro
OH He MOT 3aMeHUThb TPYAOM M IIOCTOSHHLIM ynpakHenwem. Ot-
JUYHBIEe JapOBaHHUA NP JETKOMBICIHH W IPasfHOMIOONH BIEKYT
3a coDOM Te jKe IMOCJIeNCTBUA.

3-1 cTeneHb: ycHeXH YJOBIETBOPHUTEIbLHBbIC. YUEHUK 3HAET
HayKy B TOM BHJE, Kak OoHa eMy ObLia mpernogana. OH HOCTHTAET
Jake OTHOIIEHMSA BCex dacTed K I1IeJIOMY B HSJOMEHHOM eMy
[OPAAKe, HO OH OTPAHUYUBAETCH KHUTOH WU CJIOBAMH YUUTENH,
PUXOAUT B 3aMellaTeJbCTBO OT COIPUKOCHOBEHHBIX BOITPOCOB,
npejpjaraeMbIX Ha TOT KOHell, UTOOb! OH cOIuaua Mexay coboio
oTAaNEéHHeH e Touky. [lake BEIyueHHOE OH IPUMEHSAET He MHAa-
ye, K&K ¢ TPYAOM M HalpsaKeHHeM.

Ha ce#i cTremeHun ocTaHaBINBaIOTCA OJapEéHHbIe ropasgo 0oJjee
NaMATHIO, HeYKeNIW CAMOMBIIIEHHEeM; HO OHHU IPUJIEKAHUEM CBO-
MM JIOKa3bIBAIOT JIOOOBh K HAayKe. JTY CTENEHb MOMKHO HA3BaTh
CTETEHBI0 YAOBJIETBOPHUTENABHBIX YCHEXOB, IIOTOMY YTO Y4YEHUK,
NOCTUTHYB OHOM, B COCTOSAHUHU OyJeT ClIel0oBaTh 3a JadbHEeHIINM
pasBuTHEM HAYKH M NMPUMEHATH €€ B cayuae HanoOHoctu. Ilpu-
TOM W pasMbIIIJIEHNe, BCerna II03)Ke IMaMATH Hac Iocelniaoliee,
mpo0yxIaeTcs 4acTo JaxKe Cpelu aToil MexaHU4ecKoil paboThI.

' 4-5 cTemeHs: ycHexW XOpOIIME. YUeHMK OTUYETIMBO 3HAeT
IpenofaHHoOe eMy Y4YeHWEe; OH yMeeT U3bSACHUTH BCe YACTH U3 Ha-
YaJ, MMOCTUTAEeT B3AMMOCBS3b UX ¥ JIETKO IIPUMeHAET YCBOEHHBIE
HCTHHBI K OOBIKHOBEHHBIM cjIydasM. TyT meHCTBYWOIIuil pasym
yUeHHKA He YCTyHaeT aMATU W OH IIOUHMTAaeT HEBO3IMOYKHBLIM
BBIVYHUTH YTO-JIH00, He mouuMasn. OgquH HeZOCTATOK NPUJIeKAHUS
¥ yIpa)XKHeHUA NPensATCTBYeT TAKOMY YIeHHUKY IOXHATHCA BBIIIE.
C npyroii CTOPOHEI, ¥ TO IPaBAa, YTO CAMOMBIILJIEHUE B KaXKAOM
yeJOBeKe HMEeT M3BECTHYIO CTeleHb CHUJbI, 3a KOTODYH HepTy
OpPH BCeX HANPSAKEHHUSAX NepeidTH HeBO3MOKHO.

5-51 cTemeHb: ycnexM OTIHMYHbIE, YUEHUK BialeeT HAVKOI:
BeCchbMa JICHO M OIpeNeJIEHHO OTBEYAET Ha BOIPOCH!, JIEFKO CpPaB-
HUBAaEeT OTAAJNEHHEN e TOUKN YIEHUS U ¢ MIPOHUHATEIBHOCTHIO,
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JOBOJIbHO H3OIIPEHHOK YHPaKHEHUSIMH, pasbupaeT HOBBIE H
CJIOYKHBIE IIpefjiaraeMble eMy cJydad; 3HaeT cJjiabble CTOPOHBI
YYeHHsI, B KOUX COMHEBATHLCS JOJIXKHO, M YTO MOYKHO BO3Pa3UTh
MPOTHB TeopuHU... TOJABKO HEOOLIKHOBEHHBI YM IIDH IIOMOUIH
Xopoleil MaMATH, B COeIUHEHUU C IJIaMeHHOH JIOOO0BBIO K Ha-
yKaM, a ClefOBATENLHO, ¥ C HEYTOMUMBIM IIPHUIEKAHUEM MOMKET
NOAHATHCS HA TAKYIO BBICOTY B 00JIACTH 3HAHUA.
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