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MpeAuCAOBHE

B npeamaraemoil pabore cienaHa NOIBITKA PEATHIOBATE JHHAMHYECKHMN
(CYLTHOCTHBIH) TIOIXON K ANEKTPOMArHeTH3MYy H 31EKTPOMATHUTHBLIM SIBJIC-
HHSIM HA OCHOBE TNPEACTABACHHM O CYIHIECTBOBAHHMH B IIPHPOOE MHPOBORA
Ccpevl — ra’onofaobHoro aupa, TBNAICNIETOC CTPOMTEIBHBIM MATEPHATIOM
JUTSL BCEX BHAOB BEUICCTRA H IONEH. BTOT MoaX0od Briepnble ObLT H3NOXEH aB-
TOopoM B 1974 1. B cratee «Dynamiks des Athers» | 1], 3aTem pa3BuT B ri1aBse 6
NENOHYPOBAHHONA PYKOMKCH «BBenenne 5 3dupoauHaMuxy» [2], B Iia-
B¢ 7 MoHorpaduu «Obuias >buponuHaMuka. MoaenupoBaHue CTPYKTYD
BEILIECTBA U NMOJIEH Ha OCHOBE NPEACTARICHMIE 0 Tazononobrnom sdupe» [3].

HeobxoaumocTe pa3odpaTbesi BO BHYTPSHHEH CYIHOCTH 3ACKTPOMAT-
HETH3MA CBs3aHa, B YacTHOCTY, € TEM, YTO MHOIHME 3aJayH 3JIEKTPOMAr-
HETM3Ma OKa3a/I0Ch HEBO3MOXHLIM PEIIWTh HAa OCHOBE CYIHECTBYIOLIEIO
O0IIENTPUHATOTO (HeHOMEHONOTHYIECCKOIO METOMA, TIpi KOTOPOM BHYTDEH-
HH CYIIHOCTHBLIA MeXaHW3M SBICHMH WTHOPHpPYeTcsa. TakuM 3adadaMiu
SIBJIAIOTCA, HAaMPHMED 3alaya O ABMXCHMMN IBYX OZMHAKOBBIX M HEIOABUX-
HBIX APYF OTHOCHTEJIBHO APYTa IeKTPUYECKUX 3apsaicB, KOTOPHIE HAYHHAIOT
NPATATABATLCH OPYr K APYry, MOCKOJIBKY TEOEphk 3TO TOKH, 3alada 06 H3-
Jy4eHUU JUIIONS ¢ COCPENOTOYEHHBIMY HAPAMETPAMHK B IIONYIIPOBOASIICH
CpeOe U MHOTHE [IPYyTHE.

O6i11as METOTOMOTHS AMHAMMUYECKOrO MOAXoAA K w3ydyennio duiuuec-
KMX SIBICHHA HITOXEHA aBTOpOM B MoHOrpaduu «MaTepHanuiM U peaTH-
BM3M. KpHinKa METOROAOMY COBPEMEHHON TeopeTHYecKon husnxm» 4],
a Taxke B bpounope «MarepuaninsM M pelSITHBH3M B COBPEMEHHOH Teope-
TMUECKOI (pu3uke» |5].

KpHTHYECKUH aHAaH3 MoNoxXeHNH CrelMaNbHOH TEOPUHM OTHOCHTEND-
HOCTH, OTpMLAIoICH Hanyuue B Ipupone 3¢dupa, 1 Obmieit Teopry OTHOCH-
TEJBHOCTH, YTREPXKIAOLICH HATNINE B IPUPOAE 3dHpa, JaH aBTOPOM B pe-
epatuiBHBIX paborax «JIormueckue M SKCIICPUMEHTAIbLHBE OCHOBBI TEOPHH
OTHOCHTENBHOCTU» [6] 1 «KpuTHUESCKIH aHANH3 OCHOB TEOPUM OTHOCKUTEIb-
noctu» |7]. [lepeBoabl crateil McceroBaTeneil 3PUPHOrO BETPa B NEPHOL
¢ 1881 no 1959 rr. npuBeseHsl B COOPHHKE cTaTEi «DPupHbIA BeTEp» [8].

B HacTOosimeM “3JJaHMK aBTOP MOIBITAICH OaTh IIPOCTYKD HarIfag-
HYIO 3(PUPONMHAMMYECKYIO HHTEPIIPETAUMIO CYITHOCTH 3AEKTPOMAIrHETH3MA
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H OCHOBHBIX 2/ICKTPOMArHUTHBIX ABICHNWH H 110Ka3aTb Ha 3TOH OCHOBE Heo0-
XOAMMOCTh YTOMHEHW HEKOTOPBIX YCTOHBIIMXCS NPSACTABNCHAR B 001ACTH
ameKTpoMardeTuzMa. Manoxenusiii MaTepman HY B KOEM cliydae HE vcdep-
NBIBACT BCEH IIpOOAEMBI, HO 0DO3HAYEET BOSMOKHLIC HATPABICHHA [aib-
HER KX MCCACROBAaHYA B UJIAX yIray0ile HHOTO TOHHMaHWA CYIHOCTH 3JieK-
TpomarHeTusMa. Ilpennaraeman pabora, gBngioiascs 00j1ee NOCTAHOBKON
TPobIeMbl, HEXKEIH €& pCIUSHHEEM, TeM HE MEHEEe MOXET 0Ka3aTbhCs NMOAE3HOH
Kak TEOpPeTHKaM JJCKTPOMarHeTH3Ma, Tak H [IPUKIATHHKaM, 4 TAKKE BCEM,
KTO xoTren Obl pa3odparbcsi BO BHYTPEHHEN CYIIHOCTHM NTEKFPOMATHUTHBIX
ABRICHH .

ABTOpP HaACETCA HA KOHCTPYKTHBHYIIO KPHTHKY M3NIOXSHHOIO MaTEPHAIa
H Ha TO, YTO AaHHad paldoTa MOCHYXUT MPAMEPOM JLIs ZPYTHX ABTOPOE, TAKCKE
He YROBACTBOPEHHLIX MOJOXKEHHUEM B TEOPHU IJIEKTPOMATHETH3MA.



BeeAcHue.
Kparkaa ucropus CTaHOBAGHMS
TECOPHHM IACKTPOMArHeTM3ma

Kax M3BecTHO, pa3BuTHE TEODHU 3EKTPOMATHETUIMA NMPOLILIO STAIThE:
—~ CTHXVMIHHOINQ HakKOIUIEeHAA DaKTOB;
— OINBITHOIO HAKOIUICHUS] (PaKTOB;
— [ONLITOK CO3AaHMS (PH3HUCCKHX TCOPUH, OOBACHAKUIMX ABICHNY;

— OONBITOK CG3AaHMs MaTeMaTHYECKHX TCOPH ﬁ, OITHCBIBAICUINX HRICHHSA
H NMOJROAAIONTIX CO3NaTh METOAUKH HX PACUHETA,

— 00001eHNg PHIKYECKNX TEOPHE Y CO3TAHUA CAMHOR MaTeMaTNIeCKOH
TEOPUN;

~— JKCTIEPUMEHTATLHBIX UCCIeACBAEUA, UMCIOUIMX LENTLI0 TPOBEPKH
W NOATBEPXACHUN NOAOKEHWI 001EN TEOPUH;

— BHEOPEHHA NOJYYCHHEIX PE3Y/bTATOB B HIHPOKYIO TIPAKTUKY.

Ha 6a3e MHoroyucneHHbsIX OMBITHEIX AAHHBIX ObBUIN HapaOdOTaHm Me-
TOABl PAcYE€TOB, IMO3BOMUBIUME TOYHO PACCUUTATL CHAOBBIE M cHaboTOY-
HBIE YCTPOMCTBA M arperaThl, JMHWM MNEPEAAYN U IIEKTPHUYECKME LNy,
A B XX croneTMu Ha 0ase [MOJyYEeHHBIX K 3TOMY BpPEMCHM 3HaHBi Opuin
CO30AHEI BAXHEWIIHE OTPACIM COBPEMEHHONR NPOMBILLIEHHOCTH -— 3JI€K-
TPOMAIMHOCTPOCHHE, PANHOTEXHUKE H SACKTPOHHKA, HE3 KOTOPbIX HEMDI-
CJIMMO CYLICCTBOBAHYME COBpEeMEHHOro deaonedectnsa, Ilonoxenue o ToMm,
4YTO «HET HUYero Oojiee NpUKIAAHOTO, €M XOpOLUasi TEopUs», NONHOCTBIO
ceGs1 OnpaBIAIo Ha MPAKTHKE. -

CospemeHHas TEOpHs INEKTPOMArHETH3MA ObLia ITPAKTHYECKH TTOTHO- -
creio opopmiena B konne XEX cronetus. Eiil npeamwecrsosan aAnyrenbH bt
MEPHOI HAKONNEHUs] 3HAHMHA 00 3INMeKTpHYCCTIBE M MarHetuaMme. B XVII
H XVIII Bexax uCCneaOBAHMIO QPHPOABI NEKTPUYECTBA ObLAM MOCBALIE-
HB Tpynel M. B. loMoHocona, T. B. PuxMmada, b. ®pankiauna, 1. Q. Ky-
wona, II. Jlvswisa 4 Apyrux yueHsiz. Pelrajornee 3padeHMe WAMENO CO-
3naHue A. BonbTOM MepBOTO MCTOMHHMKA HEIIPEPHIBHOrO Toka. B repnoii
Tpet XIX ¢TONeTHA OBLTM NpoBeaeHM MHOMOYHUCNSHHKIE MCCAEAORaHMS
XMMIMECKHX, TEINOBHIX, CBETOBHIX M MATCHWTHRIX SIBAICHHN, BRI3RIBACMBIX
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WEKTPUUECKHM TOKOM (1pystes B. B. IMerposa, X. K. Dpcreaa, 1. ®. Aparo,
M. ®apajiesn, Ax. lewpu, A. M. Amnepa, I. C. Oma u apyrux). Bo sropoir
TTOIOBUHE 3TOTO XKE CTOJCTUA 3TH paboThl NOAVUHIN MHOICYUCIIEHHBIE
MPaKTHYECKHE BHEAPEHHUsI BO MHOTUX paspadorkax, HaleMUMX LIHPOKOe
IpUMEHEHWe B TpoMbliwteHHoCcTH [9, 10].

WU npu BceM 3TOM MPaKTHIECKH HUKTO HE 3HAET, KAKOBa Cyms IJEKTpH-
YeCTBA ¥ MarHETH3Ma, Mo oHY CODON TIpEACTaBAsgIOT, B YeM 3aKilouaeTcd
ux PusndecKas Ipupo;a.

Hyxato ckasarbh, uTO B npeiLAyIee CTORETHE ObLIW [IPSAITPHHSNATHI
HEKOTOPLIC HOIMBTKA pa3odparTkes B BOOPOCE O TOM, YTO XK€ NPeAcTARIAIOT
COOOW JICKTPHUECTBO KM MATHETU3M (DUIHYCCKH, H3I 4ero oOHM COCTOAT
H KaK OHM ycTpoeHH. Takx MM MHade pce OHH ObLIHM BbIHYXAEHB NPUBICYDL
K pacCMOTPCHUIO IpencTapieHusT 06 adupe, ABUXKCHUA KOTOPOro, 0O HUX
MHEHMIO, M JIGXKANN B OCHOBE BJIEKTPOMATHETHIMA.

M. Qapaneil BLIIBUHY TIPEATIONOKEHHAC O CYIIECTBOBAHUE CHAOBBIX
Tpy6OK anextpuyectBa («PapaaeeBnl cuiosble JuHuK») |11, 12]. Tipen-
CTaBieHUA 0D INEKTPOMATrHUTHBLIX ABAEHMAX KAK O BHXPEBBIX IBHXCIIMAX
3(UMPHON XUAKOCTH ObtH chopmMynmposans T, Tensmronbuem {13, 14],
B. Tomconom [15-19], Yeanucom |20, Maxcaemom [21-23], a Takke He-
KOTOPHIMY APYrUMH aBTOpaMy — XeBHcaiinom |24, 25), Kemnbennor 1],
Jlapmopom 27|, Namxesenom |28{, AGparamom {29] m ap. 3HaunTCABHBIA
BKJIaf B TIOHMMAHWE NPOLECCOB, CBA3AHHBIX C IIPOXOXIECHHEM IMEKTPH-
YECKOI0 TOKa MO OpoBoaaM BHechu Hemeukwih duauk I dpyze |30, 31,
COBHABLUIUM DIIEKTPOHHYIO TCOPHIO NPOBOAKMOCTY METANNOB, ¥ HUjiepaanil-
ckuit pusuk I, Jlopenn {32, 33| cynecTBeHHO Pa3BHBLUMHA W AOTONHWE LI
9Ty TeOpHi0. B XX cronetuu nogoOHble uaeH BeicKasbiBamuch JIx. ToMco-
noM [34, 35|, H. K. Kactepursim |36], B. ®. MuTkepnuem |37-42].

‘Teopust onekTpuvecTBa ¥ MarHeTM3Ma 6blia CO3AaHa U NMPAKTUYECKHU -
BEpLIICHA BO BTOPOH MOJ0BHHE Tpouuiore cronetusa. Ee anodeo3oM sBnuacs
3HAMEHHTHIA « [pakTat 06 2)IeKTpUIecTBe U MarHeTuaMe» [43], Hanucaru b
MaxkcpestoM B 1873 r. B Hem Makcseny yoatock oB00LIMTE pe3yJbTaThi
pabor psga yueHwx XIX cromerma, rakmx kKak B. Tomcowu, M. @apaseit,
[". IeasMromsu, Kupxrog, Pasxun, KynoH, Amnep, Puman, Heltman, 3p-
crea, Jlevu v muorux apyrux (Crokc, Bebep, Yemnuc, Ouso, Bepue,
Pus, bup, Xoan, KsuHke, Ipun, JxenkuH, Jarpanx, ®eauyu, Pyko,
Kuo6nayx, [lynpe) 1 fONOAHUTE JOCTUXEHUS HCCAEAOBATENCH INEKTPOMAT -
HATHAIX ABICHHY TOIO BPEMEHM Teopue 3eKTpoMariuTHOro nosns. B Ttakom
BHIIE TEOPUS HICKTPOMArHETH3IMA COXpPaHWIACch A0 HANMX THEH NPAKTHYECKH
6¢3 n3meHerun. B «Tpakrate» Makcigessiom Ghuin OKOHYATEIbHO OOPM-
JIeHbl 3HAMCHUTBIE YpaBHeHUT SJEKTPOMMHAMUKMU, MOJIYVUHBIIHUE €ro HMsl.
B takoM BUae TeOpUSA INEKTPOMArHETHIMa COXpaHWUNAch O HALIUX IOHeH




Kpatkas MCTORmMS CTAHOBACHMS TEOPMM IACKTDOMArHETU3MA G

npaxTHYeckn 6c3 na3MeHenuid. Tpaktar Makcsenna BUWACA OCHOBOM BCex
MOCSAYIOIHX YICOHUKOB MO SNEKTPOTEXHMKE U INEKTPOAUHAMUKE.,

- Hoxanyif, He MecHbIuee 3HauCHHe MMena U pabota I JlopeHiia «Teopus
ANMEKTPOHOB M €€ NIPUMEHEHHE K sIRIeHUAM CRETA H TETUIOBOTO H3MYYEHU»,
HanucauHasg uM B 1909 r. [33].

Paborbl Maxkceesmia H, B YACTHOCTH, €r0 YPABHEHUH 3NEKTPOMAIHUTHO-
I'G TIONS OKa3aI4 peniaiolnee BIMAHRE Ha pasBUATHE yXe B XX CTONETHH TAKHUX
obnacTel HayKy, KaK 3JIeKTPOTeXHUKA, 3NCKTPOTHHAMHKA, PAAHOTEXHMKA,
WICKTPOHHKA M JaXe OonTrKa. Y13 3TMX 3HAMEHMTHIX YDAaBHEHHW# BbITEKANO,
970 MOTYT CYLISCTBOBATh 3MCKTPOMATHMTHEIE BOTHLI, paCTiPOCTPpaHsOIIMe-
8 B NPOCTPAHCTRE CO CKOPOCTLIO CBETA. D10 NpeAcKazaHue ObUIO cAelaHo
MaxcpesioMm B pabore «O dpu3HIecKux CHIOBLIX TUHMAsMX> (1861-1862) [22].
B atoit pabore Makcpeut, 11ob3yACh MOIETIbIO HEKOETO BUXPEBOIN0 MEXaH N 3-
Ma B 3dxpe, BIICPBRIC IIPHXOANT K CBOMM 3HAMCHHUTHM YPAaBHEHMAM ¥ BBOIHAT
TIOHATHE TOKA cMeeHnd. MakcpeluT CoRepliueHHO ONpPEaeSieHHO CTAHOBUTCS
Ha Mo3sMuMK Papanes, CBA3AHHBIE ¢ NPU3HAHKMEM PEalbHOCTH (PH3AYECKO-
ro COCTOAHHS Cpeabl, TIPEACTABIAESMOrQ CHIOBBIMH NUHHAMYU. KoHNenuus
ONU3KOAECTBUA CIOKUNACE ¥ HETO OKOHYATENbHO U AaThHel el ero 3aaa-
YeH CTaNI0 OTPaINTh CTPYKTYPY TOAA B MOASAAX U YpPaBHECHHAX, 9TO M OBIHO
WM BRITOJIHEHO B 1873 1. B « TpaxkTaTe 00 27eKTpUYecTse ¥ MATHETU3MES.

Mcxonss w3 ypasHeHwit MaxkcBenna, OCHOBAHHBIX Ha HpeacIaBne-
HMSIX O BUXpEBbIX ABUXCHEAX 30upa, HeMeukuit gu3uK leHpux Iepu
B 18861889 rr. ¢ noMompbio H30OpeTeHHOrO UM BHOpaTOpa 2KCIIEPHMEH-
TANBHO JOKA3ZAT CYILECCTROBAHUE IJEKTPOMATHUTHBIX BOJIH ¥ HCCEL0BAN MX
cBolicTBa (OTpaXeHUe OT 3€PKal, HPEIOMICHHME B NpA3Max M T.1.). Tepn
[TONTBEPIM BCe OCHOBHLIE BBIBOAA MAKCBEILTOBCKOM TEOPHH O CBOMCTBAX
ANMEXTPOMArHMTHEIX BORH.

- Nlocne omyOmukoBarua B 1888 1. pabor Tepua 1o 3NexTpoaMHAMUKE
pycckuit dusuk ¥ usodbperarens A. C. Tlonos B 1895 r. coznan HeobxomuMyIo
IS TIEPEAAYM U [TIPHEMA YIEKTPOMATHHTHBIX BOJIH anmimapaTypy, HeM TTOJOX U
HaYalIo paauoTexXHUKe.

Taxum 0Opa3zoM, ypaBHEHMA 3AEKTPOMATHHUTHBIX TPOLIECCOB, BhBEAEH-
nie Ix. K. MakcBe/uioM Ha OCHOBE NPeICTARICHUH O BUXPEBRIX ABMAKEHUAX
adHpa, UMEIOT HE TOMLKG TEOPETHUECKOoe 000CHOBAHNE, HO M TIPOILTH BCe-
CYOPOHHIOIO TIPOBEPKY ITPAKTHKOM.

TTone3Ho HaNOMHWTL, YTO YPABHEHHA NEKTPONHHAMHWKW BHIBSHECHHI
MakcBe oM Ha OCHOBAHHY Moaelei nsixeHnsa 20HpPa, B CYINECTBOBAHKH
Kotoporo Maxceenn 66t yoex/1eH.

«[leticTBUTETLHO, — OueT Makceselwn, — eclu Bo00We 3IHEprus
MepenaeTcd OT OAHONO Tej1a K ApyroMy He MFHOBEHHO, a 33 KOHEYHOE BpeMsl,
TO NONXKHA CYIIECTBOBATDL Cpelid, B KOTOPOH OHAd BPEMEHHO NpeOLIBAcCT,
OCTaRMB NEPBOC TENO M HE AOCTHTHYB EBroporo. lloaToMy 2TH Teopum
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AOAHE MPHBECTH X CYILECTBOBAHUKY CPenkbl, B KOTOPOHA M MIPOHUCXOINT BTO
pPACnipoOCTPAHEHUEY.

YpoBeHb 3HaHWH CBOUCTE 3puUpa TOTNA OKA3ANCS HEJOCTATOUHAIM U1
ITOHM LENHM, BOMOXHO, [0 3TOH IPUYHHE CKOIBKO-HUOYAL VAOBNETBO-
PUTENBHON KAYECTBEHHOM TeOpHMH >SJEKTPOMATHUTHBIX sRISHWH CO3RaTh
HEe yIanoch, W BHUMaHME Hccachosaresicd Obinio 00palgeHO K KOaXM4e-
CTBCHHOMY H3YUEHUIO MEKTPUUESCKMX U MATHUTHEIX ARIEHWH, BBIABICHUIO
JAKOHOMEPHOCTEH M CO3TAHHTIO HA UX OCHOBE PacyeTHBIX MeTonoR. Ha 3ToM
IYTH ObLAM NOJAVUEHLI BbIAAOIKECH PE3VAbTAThI, NMO3BOJMBIITHE CO3MaThL
COBPEMCHIIYI0 MATEMAaTHYECKYIO0 TeOpUIO IMeKTpoMardHeruama. Ho He du-
3UYECKYH,

B cBazn ¢ TpyaHocTamu co3panua (BpH3NUSCKON TEODHUH 3NEKTPOMAr-
HETH3IMA, 4 TAKKE B CBA3M € YCIEXaMH KOAMMECTBEHHbLIX METOLOB Y MHOTHX
TCOPETHKOB M TIPAKTHKOB CIOXMIOCH RIEYATNEHUE O TOM, YTO HHUKaKOH
HEOOXOOMMOCTHA B HOHMMAHWM CYTH JJICKTPHUYECKHX H MarHMTHLIX ABACHHH
HeT. OfHAKO Takoe MHeHUe pryboko omubouHo. HenoHumanue dbu3uvec-
KOH CYHIHOCTH SBIIEHUM TPUBOAUT X TOMY, UTC CO3AAHHbIE KOTUYECTBEHHEBIE
METONB! HAYMHAKNT MPUMEHATLCA 0€3 KakMX OBl TO HH OBLIO OFpaHMnye-
HHH, YTO WHOrAa NPHBOAUT K DOIBIMHM ommnOkam B pacuyeTax. Bonee
TOIo, HE YUYTEHHBLIMH OKA3LIBAIOTCH MHOIHME CVIHECTBCHHBIE ODCTOS T T~
ctea. M eme O0nee — ROHBAMIOTCH HOBHIE 34J44H, KOTOPHIE COITa1iHbLim i
METOMAMU PELIKTL HE NPENCTARISIETCS BOZMOXHBIM, U OHHY OCTAIOTCS HEpe-
nreHHbIMU. [IpyMepoB TOMY MHOT'O M B SNIEXTPOTEXHNKE, U B PATHOTEXHUKE,
M APYTUX ODJAcTH#X, TAK WIM HHAYE CBAZAHHBIX € 2NeXTPOMarHUTHBIMH
ARICHWSIMM, JaKe B OITTUKE.

Ecnu Obl Gwuta co3ndHA KAYECTREHHAA TEopHnd INEKTPOMaTHUTHBIX
ABIIEHUU, TQ, BEPOATHO, OONBIUMHCTBG GYHKUHOHAIbHBIX OMHUCAHUN U BbI-
TEKAIOIIMX M3 HUX KOMWUECTBEHHbLIX METQOOB PacyeTOB COXPAaHUIMHCH Obl
HEeHU3MECHHBIMK, HO B HEKQTOPbIX CIYYasX OHU MHPETEPHen Obl CYIIECTREH-
HBIC YTOYHEHHUA. A 3TO [MO3BONIMNO §H CO30ATh HE TOJALKG HOBBIE METOMbi
pacueToB, DONEe TOYHLIC, HO JAXKE HOBbIE HAIPABICHHS.

Tak Wi uHaye, HO INHPOKO HCTIONB3yH MAareMaTHYEeCKue 3aBUCUMOCTH
TCOPHU IEKTPOMArHeTH3IMa U [OeAas U3 HWX MHoraa Jaxe obnedusio-
COPCKHE 3aKNIOUCHMR, TSOPETUKHM M HPaKTHKH B0 CHX TIop He WMeor
HY MANCHUIETo MIPeaCTaBICHNAA O CYIIHOCTH AanexTpuiecTsa. Tlosasistioice
OOJIBLUNHCTBO K ITOMY [PUTEPNCIOCh 1 HE CUMTAET HYXHEIM 3TOT BGIIPOC
nodauMars. Ho e cnenyer 3alblBarh, YTO paHO WIM MNO3IHO HECOBEP-
WICHCTBO TEOPHH HEW3DEXKHO HPHBEACT K CTOJIKHOBEHHID C WHTEpecaMH
MPaKTHKOB, KOra OKAXKETCs, HTO CO3/IaHHOIQ TEOPEeTHUYECKOTO 3afeNna He-
DOCTATOYHQ JIST PEINCHUS TPUEKITATHBIX 3adad. DTO MOTpeQyeT TalbHEHIIero
PA3BUTUA TEOPHH, HO PAIBUTHEC TCOPHUY, HEe HMEIOILel IpelcTaBicHi
O CYITHOCTH pacCMAaTPHMBAEMbIX €10 SABJSHHH, HEBOIMOXHO.
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Ha HeoOXxoqHMOCTE CYLHHOCTHOTO LOOX0AAa K M3YUEHMIO EKTpOMar-
HHTHLIX ABTeHHH obpamiaiy BHMMaune MHOTWe ydycHule. Eure @, Burennc
» 1882 roxy mucan [44];

«McnoynTembHAS IMITUPHSA, TO3IBOIAOLIA ceO¢ MbIIIUIEHHE B JIYYILICM
CAydae pa3pe MMilib B POPME MATEMATHUYECKHMX BBIUMCJICHHH, BOODpAXaer,
6yaro oHa onepMpyeT TOAbKO OeccnopHbIMH daxraMu. B aedcTBATENbHO-
CTH XK€ OHA OMEPHDYET IPCHMYIIECTBEHHO TPATHIIMOHHBIMM IIPEACTABIIE-
HMAMMH, Y10 OONBINEH YACTH YCTAPEBIUNMH NPOAYKTAMH MBINUIEHHA CBOMX
npemtiecTBe HHUKOB. Flocneanue ciayxar eil oCHOBOH UM OECKOHEYHbIX
MATEMATHYCCKNAX BBIKNAJ0K, B KOTOPbLX H3-33 CTPONOCTH MATEMATHYECKHMX
dopMyn nerko 3abEIBACTCS THITOTETHYECKAs! NPHUPONA FIPEAMOChUIOK. JTa M-
IMpMA yXe He B COCTOSHHM TIpaBHUIbHO N3o0paxarsk hakTel, N60 B U306pa-
XEHME MX ¥ Hee TIPOKJTAXLIBACTCI TPAOUITUOKHOE TOIKOBAHHUE 3TUX (DAKTOB»,

B 1906 r. B uisectHoM pabore «Tcopusa aaexrpoHop» . Jlopewil or-
MEYReT:

«XoTs ypaBHECHUS (INEKTPOMATHUTHOrO Nnoiasi. — B. A.) SBAAIOTCA nO-
JIC3HBIMH TIPH PACCMOTPEHUU MHOIHX 331249, OHH HE MOTYT OBITh MPHMEHEH b
BO BCEX 6e3 MCKIDoYeHMA citydasx. Ecam Obl faxe 2T0 #f MMeIO Mecto, Ralua
TEOPHA nepecTana Obl HAC YAOBIETBOPATH NP IONBITKE 3alVISHYTE TyGxXe
B IPHPOOY ABJCHUN: ACHCTBHUTENBRO, BEAb B 3TOH 0DMEH TCOPMHM MBI BhIpa-
XxaeM 0COOeHHRIE CBOICTBA PANTHYHBIX BECOMBIX Tel, MPOCTO LPUTHCHIBAA
KAKOOMY W3 HUX CMELHAIbHBIE 3HAYCHHUS AANTEKTPHYCCKOMH NOCTOSTHHOM,
nponomqmocm H MATHUTHON IIPOHHUAEMOCTH. ECAM MBI XOTUM IIOHSTS,
KGKRM oﬂmm (KypcnB Moil. — B. A.} sneKTpHYeCcKHe U MArHUTHHIE CBOIL-
CTBA 3ABMCAT OT TEMIIEPATYPHI, IIOTHOCTH, XMMMYECKOIO CTPOCHMS WU
XKPHCTA/UIMYECKOTO COCTOMHHSI BEIIECTBA, TO Mbl HE MOXEM VIORIEIBO-
PUTBCA [IPOCTBIM BBEACHHEM IS KAXAOro BEUIECTRA ITHX KO3 PUILHCHTOR,
3HAYEHHMS KOTOPbIX JO/KHBI OTPEACTATHCSH K3 ONbITA: Mb! GyIeM TpHHY-
XACHBI 00PaTMTLCA K KaKOM-HHOYAb THOOTE3C OTHOCUTEIHHO MEXaHH3MAa,
JeXALETO B OCHOBE BCEX ITUX ABACHUNY,

CneayeT ¢ HNpucKkopOMeM KOHCTATMpPOBATh, YTO YCHEXH IPUKAARHBIX
Hayk CO30IH HBIHE CYLUECTBYIOMIEH TCOPHM INEKTPOMArHNTHEIX ABJICHUHA
H, B ocobDeHROCTH, TcopH Makcbeitna opeon abCcomoTHONR WCTHHHOCTH,
a COBpPEMEeHHAst TEOPeTHIECKAs (PM3UKA UCKITIOYMAA TIPSACTABIIEHHSA O CYILEe-
CTBOBAHHMA 3Pupa B [IPHPOJE, BHXPEBHIC ABIDKCHHWA KOTOPOIO paccMarpu-
BanHCh MaxXCBEATOM KaK OCHOBA JJICKTPOMATHHUTHBIX SBRICHHMA. TeM CaMbiM
ORUIA BCKTTIOUCHA XaKas Ob1 TO UM ObUI0 BO3MOXHOCTb AAIbHEHIIENO YIIY-
ONEHHA B OHHMAHHC CYHHOCTH 3ACKTPOMATHUTHBIX SABCHHNI. TTpsiMbiM
CICACTBUEM 3ITOT0 SBWIOCH TO, YTG MATCMATHYCCKHE 3ABMCHMOCTH 3NEK-
TPORUHAMHKM, CO3laHHON Maxcaeniom Oonee cra JleT Ha3aja, NPaKTHYECKH
HMKAK HE Da3sBHBAIHCH.
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[TonWTKH HeKOTOphIX HCClemosateaet uto-aMb0 H3MEHHTE B ITHX
YPaBHEHMAX HEUIMEHHO OXaHuMBAMCH Heylaueil. ITO Han0 OCHGCRIHUE
J1. bonsuMaHy B CRBOMX [TPUMeYaHVsIX K Neperoly paboTel Makxcaenia «O ¢u-
3UYECKHUX CUTOBBIX TuHusx» B 1898 r. wanucats [22, c. 194]:

«f Mor ObI CKa3aTh, 1TO nociaesoBaTen Makcene/uia B 9THX YPaBHEHMX,
I1OXanyi, HUYero KpoMe DykB He nepemcHHMau. (QaHako 310 Onl10 Obi
CIIMITKOM. KOHEUHO, HE TOMY CISAYET YAUBIATLCA, YTO K DTUM ypaBHeHMIM
BOOOIE YT0-TO Moo 061 ObITHL A00ARTEHO, a TOpa3go Doslee TOMY, KaK Majlo
K HUM 06010 g00aBlieHO».

CeroxHsi, CTO JeT CIyCTA, 3TC YauBiesne BosbuMaHa coxpaHser CBoio
CHLIy: K YpaBHEeHHAM MaxkcBenna mpakThieckH He A00ARIeHO HHIeTrO, XOTS
3a 3TO BpEMs HAIIMCAHbl COTHH YYeOHMKOB MO TEOPETHUSCKMM OCHOBAM
QNEKTPOTEXHUKHY, NCKTPOIMHAMHKA H paduOTeXHUKE, pelieHbl ThICAYH
TPUKAAAHBIX 3afay, CO30aHbl pasHooODpazveHiuMe vcTpoHcTBa. Kaszaisoch
Obl, 4TO HET HUKAKUX OCHOBAHUH BO3BPAIATLCS K 3TOMY BOMpocy. (OaHako
9T0 HE TaK.

Bo-nepBrix, HACaNU3UPOBAHHbIE OPEACTARICHNA O ABUKCHHUAX 3dup-
HOM XMAKOCTM NPHUBEAH K IAPagOKCAM B MOUCTX ICKTPOMATACTA3MA,
MTOBOOHBIM TEM, KOTOPLIE MMEIOT MECTO B MNMADOIMHAMUKE AASATbHON KH/I-
KOCTY, HAIPUMEP, HEPrusa €IMIIMIL] IIMHbB BUXPA paBHA DecKoHouy e .
HE3ABUCHMO OT €ro MHTEHCHBHOCTM, B 3eKTpoOMHAMUKE BOIHWK Tabii-
JOKC, aHalOTHYHbIH PACCMOTPEHHOMY. 3HEPIUsd eJUHUIlbl WIMHBLL [IPOROA-
HUKA ¢ TOKOM pasHA OECKOHEYHOCTH HE3ABMCHUMO OT BellHYWHbI TOKA.
Ilpasaa, nmockonbKy OXMHOYHOIO MPOBOJHHKA B IPUPOILE HE CYILECTBYET,
NOABAACTCA BOIMOXHOCTE PAIPCHICHHS 3TOYO IapajoKcad 34 CMET PaccMo-
TPEHH BCEH KOHCTPYKUMU B BEIOM, 8KAKO4as oDPpaTHHI NPOBOAHUK, TOTAA
3TOT NMApagoKc paspeulaeTcd. Tem He MeHee, MaPAIOKCANBHOTO IONOKCHUA
HE HOIDKHO CYVINCCTBOBATb HM LTS KAKOM CUCTEMKEI, B TOM YMCIE A A
YCJIOBHOMO OAWHOYHOTO NPOROIHRIKA,

HiMeroTca ¥ HeXOTopHC APYIMe BedOCTAaTKH CYHISCTBYIOUIAX MOOE-
AeH: OCONMBIIMHCTBO M3 HMX HE PACCMATPUBAET B3aMMOACHCTBMS BelUecTsa
U 3MCKTPOMATHUTHBIX NOJCH, OTPHIBAK MX T€M CAMBIM JIPYT OT APYTa, B He-
KOTOPBIX BbIpaXeHMWIX HUKAK HE OTpaXeHO B3aWMOJeHcTBHE UCTOUHHKOB
TOJICH ¥ T, Ha KOTOophie OHH BO3NEHCTBYIOT M T. 0.

Bo-BTOpPBIX, BHIACHAROCH, YTO MHOTHE PACYEThI, NOCTPOEHHBIE H3 OCHO-
Be YpaBHEeHUi# MakcBeina, JaiT BECbMa NPUOINKEHHDIE PE3yIbTaThl, 0TI -
YAOINECd OT HAWICHHBIX SMITHPHYSCKUM [IyTeM Ha ASCATKY TIPOLEHTOB,
VHOT/IA X B HECKONBKO pa3. BTO KacdeTcd, HaupuMep, B3avMOnHIyKIMK
Oombumx KouTypoB. [lpapaa, npuxiagHvKu K 3TOMY (IPUBBIKITH, OTHOCAT
HEYBA3KH K HE YUETY COIYTCTBYIOWWX JakTopOB U B IPOIIECCE OTIANKH YOT-
POMCTB BHOCAT HE0OXOAMMEBIE KOPPEeKRTHBE. Ho aHanus noxaswiBaer, yTo 01~
HUM# HEYITEHHBIMA (PAKTOPAMM OTKIIOHEHMA B pacyeTaX OOBACHH T HETb3s,
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B-TpeThux, oOHAPYXHIOCH, YTO CYINECTBYET CEpPMS 3a1a¥ SACKTPORU-
HaMUKY, KOTOPhIC HC MOI'YT OBITE PELICHEI HA OCHOBE CYUICCTBYIOIHX FIpETI-
CTaRJIeHUH. DTO CRBA33HO, B NEPBYIO oYepelb, ¢ TEM, YTO ARTOPAMHA Moaeneil
pPaccMaTPUBATUCh JHLIL ITepBbie TIPADIIMKEHUA K DAeKTPOMarHUTHBIM SIBJIE-
HUSIM, 4 TAKHX NPpUOIMXEeHRH N0 MEPE HAKOIUIEHHMA HOBBIX JAHHBIX MOXET
OBITH CKONBKO YTOHHO, TIPHREH K TOMY, 4TO HEKOTODBIE NPHKIAAHLIE 3a8a9W
3NEKTPOIHHAMHNKN OKA3biBAKOTCA HEPEICHHBIMY, HPHYEM MMEIOTCA 3aAaYH,
KOTOPBIE MPHHUKIHAABHG HENb3 PCIIMThL Ha Da3e ypasHeHMEI Makcsenna.

K TakuM 3amavam, HampuUMep, OTHOCHTCH COBMECTHOE IBHXKEHHE ABYX
OMHAKOBAIX 3apsai0B, HEOOABXKHBIX OTHOCHTENIBHO OPYT ApYyTa: TI0KaA OHU
002 HEUOIBUXHBI, OHU OTTUIKUBAIOTCS APYT OT apyra no zaxkoHmy Kyrnona,
HO €CN1M OHM BMECTE, HE CMELLIAA4Ch OIWH OTHOCUTEAbHO APYTOTQ, TIEpeMeLa-
IOTCA B GPOCTPAHCTBE, TO OHU TENEPb CTAIM TOKAMM, TPUTATHBAIOUIUMHUCS
ApYr K apyry. Iouemy?

Tako# 3anaueil, HanpuMep, sBAAETCSH 3a7Aa4a O PACIIPOCTPAHCHUH INEK-
TPOMArHMTHBIX BOJIH murioneM [epuad, nomMenieHHbIM B IOJYIPOBOISILYIO
cpeant. JIunoan Tepua, T.€. AMNOIb ¢ COCPEROTOTEHHBIMH MApPAMETPAMH,
KOTOPHIE HM3BECTHLI, [TOMELIEHHBII B NMOIYRPOBONANEYIO CPeny, HapaMeTph
KOTOPOH TOXE H3IBECTHLI, WANYYACT TOK HM3BECTHOH BEJIMUMHE!, YaCTOTA
KOTOPOINo TOXe U3BecTHa. HyXHO onpeneuTh IUIOTHOCTh TOKA B Cpelie B 3a-
AAHHOHM TOYKE IMPOCTPAHCTBA. DTa 334344 DOAHOCTLIO (PH3HYECKH OTIpeIeiie-
Ha. HecMOTpsl Ha TPUBMAIBHOCTDL MOCTAHOBKH M 3aMaHYKMBYIO BO3MOXHOCTh
H3 ODLUIEro pelleHus 3TOoi 3a2a4yd NOJIYYUTh KAK ITPeJeTBEHbIH CIydai MHO-
TUC YaCTHBIE PE3YyIbTAThl — HATYYCHUE B HICATBLHONR Cpene Py OTCYTCTBNY
AKTHBHOY TPOBOIMMOCTH, 3aTVXAHHE TINOCKOM BOJHBL B IIQAYTIPOBOAHMKE
npy DECKOHEYHBIX PACCTOSTHUIX OT AUNIOISI M HEKOTOPHIC ApyrHe, — 3akaua
06 uutyueHud punons lepua B nonynposoasiest cpele HUKOMAA M HUKEM
He ObLTa pelleHa, ¥ TIOOKTKH €€ PeHTh HEN3MEHHO KOHUATUCH Heydayel,
HmewTes, npaena, nonkITky ChHOpMyIMpORaTh TOTOBOE pEIiEHME IIYTEM
NEPEMHOXEHWS ABYX YACTHHIX PELUCHNH — DPELUCHNA 3aJa4KH O PaclpoCTpa-
HEHHM N0JA JUoneM [eplia B MASATbHOR cpede U pellleHHs 3a1a4H [I0CKO
BOMHBI, HO TaKO{ MOAXOX COBepLUISHHO HekoppekTeH. Ha camom mene Ira
3ajada He MOXeT ObITh perlicHa HA OCHOBe ypasHeHuH Maxcsenna, TakK Xak
TMPUBOIHAT K CUCTEME YPABHECHHHN, HE UMEIOUIHX 00IEeTo pelueHms.

He peiwuenp! 1ipeaenbibie 3anaunt o6 371eKTPHYECKOM YIONE B IYIHCHUPY-
IOT1eM OGHODOMHOM JNEKTPHYECKOM NOJe U MHOTHE ApyrHe. CymecTBYIOT
M IpyTue TMPHUMEPHL M JaXe LENBIe KNACChl 3AEKTPOAHHAMUYECKUX 3aaay,
QHU3UYECKH TNIONHOCTRIO OfIpele/leHHbIX, KOTOPbHIE, TEM He MeHee, Hellbis
penuTh ¢ NOMOIIBIO YpaBHEHWU Makcpena.

B-yeTBeprBiX, CIEAYET OTMETUTH, YTC HEe BCE MOHHTHS, UCIIONb3VEMbIE
B TCOPETHYECKON INEKTPOTEXHUKE, HMEIOT YeTKUH PUzHueckudit cMBICT. YTo
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TAKOE «BEKTOPHBIH moTeHUWan A»? 3710 Takas BeAMUWHA, BHXPBE KOTOPOWN
€CTh REKTOp MATHUTHON UHAYKOMHK B

B =10t A.

MU3UYCCKUI K€ CMBICI 3TON BEIUIMHbI OTCYTCTRYET.
B-0aTBIX, B JOr'MKe JIEKTPOMATHETA3MA UMCKOTCH HEKOTOPHIC HEYRH3-

k1. Hanpumep, crarudecxkuii nioctynar Makceenna

%Dd&'zq,
8

TOMEUIEGeMBIN B V4eOHMKAaX TEOPETUYECKHX OCHOB 3NEKTPOAUHAMHUKH B pa3-
JAENAX CTATNKY, TOCIE NpencTasneHng ero 8 aupdepeHnHATLHOHR GopMe

div D = p

NOMEIIACTCA YKe B pasien JHHaAMMKH, XOT# NOCHeAHAA (QopMa rpencra-
BJIEHHA 10 (PUINYECKOH CYUTHOCTH HHYEM HE OTRUYAETCH OT NMPEeAbIayLICH,
B pesynerare urHopupyeTcs 3amazhlBaHUE B 3HAYCHHIX 3MEKTPUYECKOH
WHAYKUUY D) upH nepeMeniedny 3apgaaoB ¢ BHYTPH OXBAUEHHOIO [I0BEPX-
HOCTBIO § NPOCTPAHCTBA.

A B-LWIECThIX, HEOOXONMMO HATOMHHUTE, UYTO HY OLHO SBACHKE HC MOXCT
OBITE CUWCAHO TOTHOCTLIO, HTO BCAKOE oNUCaHKe NPUBINXKEHHO, ¥ €C/IY Ha-
MMCaHO YPAaBHEHHE, OTPaxafoice HEKHM Ipouece, To caM PaKT HarrucaHusd
3TOT0 YPABHEHMSI C KOHEYHbLIM YHCIOM ‘WICHOB O3HA4YacT, 4YTO 3TO ypasn-
HEHHME OMCHIBACT MPOLECC 9acTHYHO, APUOIMXEHHO. A 3HAYAT PAHO WIH
ITO3AHO BOIHUKHET HEOOXOIUMOCTD €r0 YTOUHEHHS . JTO OTHOCHTCH KO BCEM
KOHKPETHBIM TipoueccaM u (hu3UUECKMM SRISHHAAM, U NTEKTPOMATHHTHEIE
SIBIEHM HE ABNAIOTCA HCKNIDYEHHIEM,

ManoxeHHbIE MOMEHTEI, a TAKKE HEKOTOpble Apyrie coobpaxeHus
HE II03BOJAIOT CYMTaThb pAa3BUTUE TEOPHU DICKTPOMarHeTH3Ma TMOJHO-
CThi0 3aBepieHHBIM. O/NHAKO paipleinas IBOMOLMS e¢ BOIMOXHA THIkL
HA OCHOBE JIETANbHOIO KAYECTBEHHOrO PACCMOTPEHHMS [IPOIIECCOB, [IPONCXO-
JAINHMX B 2IEKTPOMaTrHUTHBIX SBICHUSX, YTO W 3aCTARIAET BHOBb BEPHYTLCH
K paspaboTke Moaenel 2THX ABJeHWH ¢ YUeTOM TCX HeJOCTaTKOB, KOTOpPhle
OLUTH TPUCYIIM PAHHUM THUAPOMEXaHHUCCKUM MOJCTSM.

ITo3ToMY HONBITKH YTOUHEHHS YPABHEHUHI 3eKTPOIM HAMUKY He JOJ K-
Hbl BbI3BIBATEL NporecTta. Heodxoaumo mnib yOeanTheest B KOPPEKTHOCTU
ITOCTAHOBKI 3a1adH.

OnHako BCAKOE YTOUHEHHE YPABHEHMM IOKHO 0a3uMpopaThcs Ha
ApeACTaBIEHMIT O CYIITHOCTH ABRCHUSI, Ha €ro KaYeCTBEHHO# MOAEIMN.
Jx. K. MakcBesUT cenoBsan IWHAMHYCCKOMY METONY WCCNCAOBAHWIA 2J1eK-
TPOMarHeTn3aMa. OH npencTaBngn IMeKTPUISCKHE M MarjiTHbLIC SBJIEHMA
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T oh s he—

Kak HeKMe BUXPEBhIE NpOLEcChbl, NpOTeKawonme B 3dupe — cpene, 3a-
NOMsIIONER BCe MHPOBOE NpocTpaHcTBo. M nockossky OH monaran, 4ro
3PUP — ITO HEUTO BPOLE UICAIBLHON XUIAKOCTH, TO OH LUMPOKO UCMIOAB30BAT
NpeacTaBIeHUs1 THIPOMEXAHUKOB CBOCIO BPEMEHHM O CBOMCTBAX M ¢dopmax
HBYMXEHAA TAKOM XUAKOCTH, B YAaCTHOCTH, npeacTasneHust . [enbmrone-
ua, ¥. PAHKMHA W ApYIMX HCCACAOBATENCH. YUKTHIBas, UTCG [IPENCTaBICHHS
MakcBesina 06 3MeKTPOMATHUTHBIX ABNCHUIX, BRIPAKEHHBIE €10 YPABHEHY-
MU, TTOTTYYMNN Xopollee NONTBEPXKIACHNME, XOTS B He abCcoMoTHoe, ODrno Ol
JIOMYHO BEPHYTLCH K €r0 MOAEAU C MONPaBkoid HA COBPEMEHHbBIE [TPeICcTa-
BreHust 00 adupe. OnHAKO Ha MYTH TOJOOHBIX NONMBITOK CTEHOM BCTANU OBA
OCHOBOIIOIATAKOIIMX Pa3desa cOBpEMEHHOM TeopeTHueckoi (PUUKY — cCrie-
UHAIbHAs TEOPUA OTHOCHTENBHOCTH A. DHHImTefiHa — CTO v KBaHTOBAs
MexaHuka, O0e 31M TCOPHH SABIAIOTCH OCIHOBOH BCErO 3NaHHMA COBPEMEHHOM
(GH3MYEeCKOl TEOPHUH B IIPUSHAHEI ITPAKTHYECKM BCEMU BeiyIHHMH $U3MKA-
M. Ho oHN 00e KaTteropuueckil OTpUUAioT caM (akT HAJIMYns B IPUpode
3QHPA, TEM CaMblM BRIOWBast MOUYBY M3 104 HOT JOOOBIX OOOBITOK BBIAC-
HCHHUS CYLUHOCTA INEKTPOMAIHUTHLIX ABJICHUH M YTOYHEHHUS YPaBHEHHA
INEKTPOARHAMUKH. | |

HecMoTpsi Ha BCe ROCTMXKEHMS, (pUnUEcKas TEOpHs IACKTPOMAar#ur-
HbIX IBIIEHHH TaKk U HE POOMAACH, U BCE MONBITKA Pa3MdHBIX aBTOPOB Kak-
TO BHECTH ACHOCTb B 10T BOTPOC B XX CTONCTHM HATRIKAMUCD HA YKOpe-
HUBLUEECH TpeacTaBaeHne o0 OTCYTCTBHU B npupole 3dupa KaK TaKOROTO,
TOYKe 3pCHUS, NPUHYHHTEILHO HAaBA3aHHOM (YM3HKe IIKONOH pPeisATHBH-
CTOB, BAABUIEN HA Ce0si CMENOCTb ILENTBMOBATE BCAKOIO, KTO MbITANCH KaK-
TO UCTIPABUTH MOJCXECHUE B 3TOH 001aCTH.

OAarako B HaCTOSAIHEE BPEMA CTANO MOHATHO, ITO HHKAKOro 000CHOBA-
HiAA 00 orcyTcTBUM 3¢upa B npnpone y CnelinanbHoR Te0puH OTHOCHUTE b~
HOCTH HeT, a O01uad Teopusa OTHOCHTEIBHOCTH TOIO KE aBropa NPu3HaeT
cyllecTsoBaHue 3(pupa B npupone. KsaHToBas Xe MexaHuka, OTKazaRillHCh
OT adbupa scaed 3a CneUHaIbHON Teopnell OTHOCHTENBBOCTH, TEM CaMbIM
OTKA3a1aCh OT PACCMOTPEHUS PU3UYECKON CYLIHOCTH BHYTPMATOMHBIX MIPO-
LLECCOB, YTO CO30aN0 Ll Hee DoJIbIUME TPYAHOCTH.

ClleunanibHasg TeOpUS OTHOCHTEIBHOCTH A, DHHITENHA He 0DOCHOBANA
OTCYTCTBHE 3upa B npypoae, a NOCTYAMPOBAIA 3TO HONAOXEHHE, OHHPAsICh
H2 AOXHO NMOHATHIE PE3YABTAaTBI UCCIEHOBAHMSA AMEPUKIHCKHM (DHU3UMKOM
A. MankeabcoroM >QupHoro Betpa. OaHAaKo NpOBeNeHHHIE B HAaCTOSLEE
BpeMsl aHaan3 paboT No OoOHAPYKEeHHIO 3(PHPHOTO BETpa, BHINOJHEHHBIX
pAOOM Hccneloparened — MailikeabconoM, Mopny, MuwoepoM, a rakxe
paaom Apyrux ¢ 1881 o 1959 1., nokasan, 4o B 3TOM HalipaBjieHduy GbUIx
BHITIONHEHDBI CEPLE3HBIC UCCACAOBAHHS W 3QUPHBIN BeTep Obin OOHAPYXEM,
ripuyeM, eile MaikeilsCOHOM, 4 €ro nocacaoBaresiMu ObLIU OIIpenc/c-
Hbl €70 CKOPOCTL: W HATIPARICHHE B OKOMOIEMHOM NPOCTPAHCTBE. B cBs3A
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¢ H3NOXEHHEIM aBTOpOM HacToAwueH pabothi Obina ACTANLHO WCCAeaOBala
apryMeHTauus apropos CT{) ¥ KBaHTOBOH MEXaHHKN 0D OTCYTCTBHY & NpY-
pone >bnpa ¥ BBIACHEHO, YTO MX ApTYMEHTALMS He cocToaTebHa |4--8).

ABTOPOM Oplila BHITOMTHEHA TONLITKA Pa3paboTKU 3PUpPoINHaAMHUYIECKOM
KapTUHBI MHpPA HA OCHOBC [MPEACTARAEHHUN 0 razornoaodbvoM xpupe. B vroii
paboTe, B YacTHOCTH, ofpencaeHbl PUINUSCKUE mapaMeTpBl 3drpa Kak
BSA3KOr0 CKUMaeMOro raza. CreaoBaTeIhHO, MTOSBUNIACH HEKOTOPAST OCHOBA
A1 HOBOW MOMBITKA YTOUHEHUM NPEACTAaBACHUH 0 U3INYECKOH CYIHHOCTH
3NEKTPOMArHUTHEIX ARJICHHHA H YTOYHEHH HX OIMUCAHU.

B HacTtosiuice BPEMsT €CTb BCEC OCHOBAHHUS BEPHYTBCA XK MOOEISM 3NeK-
TDUYECTBA U MATHETU3MA, paspaboraHubiM [Ix. K. Maxkcsemiom ¥ ero nipen-
HISCTBEHHHKAMH, HOTIBITATHCH TIOHATD UX HEAOCTATKH C MO3ULTHMA CEI'OMH S 11 -
HUX PeicTABICHN U 00 3ype N NONBITATHCS MOHATH QHIHYECKVIO CYIIHOCTS
INEKTPHYECTBA, MATHETH3MA U 3MICKTPOMAIrHUTHBIX ABIACHHUH, AJIA 4ETO He-
00X0[MMO YTOUHWTE PHIUUECKYK) MOASTh AEKTPOMaTHETU3IMA B Ha >rol
OCHOBE NIPOM3BECTH COOTBETCTRYIOIUNE YTOYHCHUS VPaBHEHU 3heXKTpoMar-
HUTHBIX ABNEHAUH. [1py 370M HeobXxoamMMo He 3adniBaTh, YTO U YTOUHeHHAA
MOAE/b, U YPABHEHUS1, BbITEKAIOIIHME W3 HEE HE MOTYT ObITh OJTHBIMU M Ad/1h-
HeHIINE YTOTHCHHS MONCINU N YDABHEHHH YWIEKTPOAUMHAMUKY B Oynyiuem
HEN30eXHEI.

H31oxeHHoOe ZaeT OCHOBaHUE 1JIA TOMBITKU MCITOJHHATE HALTAbijt-
Hue ®. DHrennhca, BeicKasaHaoe uM B 1882 r. B «/Ananextrke npHpoabi»
144, ¢. 452]:

«3TEKTPUYECTRO -— 3ITO ABHXEHKHE YacTHL 2>(PHpa U MOJEKYiIbl Tel
NPUHKAMAIOT YYacTUE B 3TOM ABWKEHHH. ... PasnnyHbie TCOPUN NO-PAZHOMY
A300PakaloT XapakTep 3ITOro JABWACHMWs, ...ONUPAACh Ha HOBENIIVE HCC/e-
AOBAHUA O BHXPEBLIX ARBIKCHWAX BUIAT B HEM - KaxJas TO-CBOEMY —
TOXE BAXpEBOC JBUKEHWE.

.. IhUpHAsA TeopuA... FAeT HANEAIY BBIACHUTD, ¥MO ARIICTCH Cob-
CTBEHHO BEWECTBEHHDBIM CYOCTDATOM NEKTPUUYECKOIO ABUXEHHE, ¥mo cob-
CTREHI{O 3a BELlb BbI3KIBAET CBOUM ABUKEHUEM BJICKTPHUCCKUE STBICHKL, »

He n0mxBO ObITh COMHEHUA B TOM, YTO HPESATNPUHATAN HUXE [O-
ILBITKA NIPEACTABHTL CYDIHOCTh 3ACKTPOMATHUTHBIX YRICHHAN, KAK U BCAKAS
moaobHas MONLITKA, HOCHT YacTHUHBIM XapakTep. Dr1o 60Jee MocTaHOBKA
IPOOJEMBI, HEXC/U €€ PeIUCHME. TeM HE MEHEe, aBTop YBEPEH, YTo nonodb-
HBIC TMOMBITKHW ONE3HWbI, IIOCKOILKY [MOMOTalT Av4ilie ROHAThH CYLHOCTD
ACKTPOMArHUTHBIX SIBJIEHMHA, ONPENCAUTE HOBBIC HATTPARICHHS HCCnel0Ba-
HHH, @ B HEKOTOPBIX CIYYaAX YTOUHHTH YXKC U3BECTHbIE MATEMATHYECKME
3aBUCHUMOCTH.

[IpenctapnesHble HMKe MOJEIW AEKTPOMAIHETUIMA, [1O-BUTMMOMY,
HMEIOT CBOM HENOCTATKH, NOSTOMY B JaibHeRINEM H MX TAKKE CACAveT
YTOUHSMTED ¥ JONOJHATE, KAK H BCAKHE ApPYIe MOJE/IH.
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{eronHs cTpeMIIEHMNE MOHATS (PHINUECKYIO. CYILHOCTD TEKTPOMATHHAT-
HBIX ABACHHH Oonee weM cBoeppeMeHBO. MOXHO CYUMTaTh, 4T0O HA DTy
apobaemy cneroBanio Gbl 0O6paTHTL BHHMAHME 3HAUMTEIRHO PaHbile, HOO
BCe MaTepuanbl 1nd 3Toro Obun. PgooM aBropos NOgo0OHBIE HOIBITKY Ob)-
M npeaAnpuHsThl. Cpean HuX cieryeT oTMeTUTs Tpyas B. O. Murkesnya
{(NNewnuepag, 20~30-¢ rr.) [37-42], coppemennrie pabots . H. Hugonaesa
{Tomck) {45), B xoTtopoir nprpeneH OBMUPHBI NEPEYEHD BPAROKCATL-
HbIX C TOUKM 3PCHUS COBPEMEHHON SNEKTPOIAMHAMMKY SIBICHAN, a TAKXKE
U HEeKOTOpbIX Opyrux. MX HedocTtaTKOM BCE Xe ClelyeT CYMTATh HenoJ-
HOTY (PHINYCCKHX NPEOCTaBACHUiE 0 CYIIHOCTH 3NEKTPOMATHETH3MA, 10
HE MO3BOJTWIO CO3JaT: €IUHYIO U HEIPOTHBOPSUUBYIO (PUIHYECKYIO XAp-
TUHY 3ICKTPOMATHUTHBIX ABNCHHi. HUXE CACNaHAa NONLITKA B KAKOH-TO
CTENEHU BOCIIQIHHTL 3TOT Npode.

Creayer OTMETHTDL, YTO TP PETM3ALMW 3TOW NOHLITKH BO3WHKIW
OINpeeNeHHBIE TPYNHOCTH, CBH3AHEHBLIC C HE NPOpadOTaHHOCTBHIO OTHENb-
HbIX TYOTOXKEHNHA ra3oBoi MEXAHHUKH B JAKE OTIAS/IbHBIX TIONOXKEHHE TAKOTO
pa3gesia MaTeMATHKHM, KAK BEKTOPHLIR aHanu3. K nepspiM OTHOCATCHA SBHO
HEOCTATOMHBIN YPOBEHD TEOPHU TOTPAHHYHON0 CI0A B CXKHMAEMbIX Cpe-
JaX, TCOPUMH B3AUMOJACHCTBHN BHHTOBBIX CTPYH, TCOPHH B3aHMMOACHCTBHS
BYHTORBIX BUXPEBBIX TOPOHIOB M HEKOTOpbIe apyrue. Ko BTOPBIM OTHO-
CATCH HEKOTOPBIE MPENCTABICHUS, YKOPEHHNBIINECS B BEKTOPHOM aHATIH3E,
HO HEAGCTATOMHO ODOCHOBAHHLIC (PU3WUCCKMA, HATIPAMED, 3AMPeET ASICHUSN
KO/LTHHEAPHBEX {COBNANAIOIOHAX MO HANPABJACHMUIO) BEKTOPOB APYT Ha Opyra,
XOTH PU3HYSCKUH CMbBICH TAKOH OMepanvi OYeBMICH, 3alpeT HA NpeACTa-
RIICHHE TAXOH BCIMYMHEL, KAK IPAIUEHT BEKTOPA, XOTH ¥ 37eCh PHINYECKHi
CMBICH siceH (HANIpUMEp, PPAIMEHT CKOPOCTH NOTOKA Boubl B pexe). Heko-
TOPBIE M3 3TUX TPYAHOCTEH yAA/Ioch 000ITI, HO JeTabHAs TIpopaboTKa Beex
NoNOOHEBIX BOITPOCOB BIEpEN.
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Hexoropbie NoAOKeHUA 3PHPOAMHAMUKMH

1.1. CBOMCTBA 3PUPA B OKOAO3EMHOM NPOCTPRAHCTBE

Kax mokazano B [3] sbnp — cpena, 3anoiHsOIAs BCEe MWPOBOE
[IPOCTPAHCTRO, SABAACTCH CTPOUTE IBHBIM MATEPHANOM A BCEX BUAOR MaTe-
PHATTLHBIX OOPA30BAHNK — OT 3JeMEHTAPHLIX YACTHUI] BELECTRA /10 3B€3/H bIX
CKOIUIEHUAN ¥ ranakTtuk. JsuxeHus 3pHpa NpostiIAOTC KAK CHITOBbIE TIOJI
B3aUMOJIENCTBYH, Bdmp -- razonoiodyas cpena, obranaiomas BCeMU CROM -
CTBAMMK OBBIYHOTO, T. €. BA3ZKOIO ¥ CKHMACMOTO ra3a. TaMm xe IoKa3aHo, 9T
1a BCEX yPOBHSIX OpPravM3aliMd MaTtCpuH ACHCTBYIOT OAHM H Te XKe by o
CKME 3aKOHBI, H HHKAKHX «OCODLIX» WY «KBAHTOBLIX» 3aKOHOB MUKPOMIMDE
He CyulecTByeT. B gacTHOCTR, KBAHTOBLIE 3aKOHOMEPHOCTH MWKDOMHPA
ATEMEHTAPHO QOBACHANOTCS 3aKOHOMEPHOCTAMH CKMWMAEMOT0O Tasd. A 2T0
3HAYHT, YTO M% ONPEAcIcHUA NapaMeTpoB 2Phupa MOTyT DLITh NCTIOABI0BA-
Hb! 3aKOHbI OOBIYHON ra30BOH MEXaHHKH, Y0 U GBUJIO CIEJaH0 aBTOPOM.

PacueTs! MOKa3aIU, YTO SUIOTHOCTDL U JABICHHE 2(hHpa B OKOIO3EMHOM
[IPOCTPAHCTBE COOTBETCTBEHHO cocTaralor 8,85-107 1 kr/m® u 2-10°% H/m?,
TPU HTOM €r0 BA3KOCTh CORCPINCHHO HesHauuTenbHa, Monekyna zdupa —
aMep MMecT Pa3Mephbl MHOTOKPaTHO MeHbLIME pasMepa 3mekrpona. Ho p
BCEM JTOM D(PHP KAK UPE3BBUAMHO PA3PEKREHHbIH Ta3 TTOJAUHHACTCI BCEM 34-
KOHOMEPHOCTHM Fa30B0i MEXAHKUKHU, H €ro INIOTHOCTE B PASTHIHBIX TA30BbIX
0OTOKAaX MOXET MEHATHCH B 4PE3BBMANHO UIMPOKUX Npesienax ot YKa3aHHOM
Bbilue a3 CEOboaHoTo dupa no 10'7 — 10'° xr/m° B 1ene npoTona.

HapaMeTpsl adbupa B 0KOI03eMHOM MPOCTPAHCTBE NPUBEIEHB! B Tabn, 1.

1.2. QopMbl ABuneHus adupa

JnemedT 3dhupa — amep — obnajgaer eNUHCTBEHHON hOPMOK NBIXKE-
HWA — pPABHOMEPHBIM HOCTYNATENBHBIM JBHKEHHEM B fpocTpaHcise. Bzau-
MOJEHCIBHE aMEPOB APYT ¢ APVIOM OCYHISCTHANETCH €AMHCTBEHHBIM CIIOCO-
DOM — NyTEM YIIPYTOTO COYAAPEHHMA H, TEM CaMbIM, OOMEHOM KOIN4ECTBOM
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Tabmauma 1
11apameTprnl 3dupa B OKONO3eMHOM TIPOCTPAHCTRE
1lapamerp Beanuuna Enuxuua Hamepéﬁuﬂ
Bohap B nenom
[L1oTHOCTDL p, =885-107% | kr-m™?
Hanncune P> 107 H.m?
¥neabnHoe 2HEPTOCONEPKAHUE w > 107 Mok -m?
Temnepatypa T < 39.107 K
CxopocTs TEPBOTO 35yKa er > 1,3-10% Mm-c”!
CKOpoCThs BTOpOro 3nyKa c=3-10° M-c L
Koadduunent teMneparyponporongocth | a = 107 mE e
KoapdHipeuT TennonpoBoaflOCTH KR T 10% Kr-M-c > - Kl
KnneMaTHIeckas BI3KOCTh x #5107 M* ¢!
AHaMHIeCKan BAIKOCTS L koMo
MoxasaTenr amuabaTs I-14 —
TenaoeMKOCTb NPH TOCTOSHIOM fasaesnn | ¢, > 3.3 - 10! M?-¢7¢ KT
Tenn0eMKOCT® NPH TOCTOSHHOM ofbeMe | ¢, > 2,35-100 | M2 2. K7
AMep (anemenT 3thupa)
Macca m, < 6,3-1077 | xr
AduaMerp &, < 10~ M
KoAMMECTRO B eaMHMue O0beMa iy > 1,4 1plts M2
CpeiHsst (JTWHA CBOGOIHOTO 1pobera A< 6310718 M
Cpeansaa CKOPOCTDb TEILIOBOIO JBMKEHMS u = 1,6-10% MecT!

Ilpusesanue: B HACTOAIMEH 1a0/IMIIE HEKOTOPBIC MAPAMETPRI 3DHPA YTOMHEHEI
NO CPABHEHMIO ¢ MapaMeTpamMM, npxBedennbiMa B |1,

meuxelusa (uMnynscamm). DTo coynapeHue ¢ OGONLINOH CTEmeHbLlo MpH-
CAMXKEHMA MOXHO CUUTaTh aDCOMOTHO YIPYIHM, T. €. MpOHCXOAAKUM 6e3
HOTEPDL KOTUYCCTBA IBMKEHMA.

COBOKYITHOCTh aMEPOR — IMEMCHTAPHMI 00heM 3dwipa — obnanaer
TPEMS (POPMAMMH ABIDKCHMA — ANGQPYIHOHHOH, IOCTYHATEILHOA N Bpalila-
TexbHoH (puc. 1.1).

Anddysvonnan dopMa ABKEHNST aMEPOB B 2PHUPE €CTh BCETAa, AAXE
KOrna 3¢up HOJHOCTBIO YPaBHOBEIIEH M HHKAKOro BHEIIHETO NBUKEHUS
B HeM HeT. [loaTroMy 57a popMma ApDKEHMH SBISEICS OCHOBHOMN, MCXOIHOW
U1 pacCMOTPEHNA HIO0RIX ApYyTMX GopM ABUXKEHHA,

Huchdysvonnan Gopma aaokeuns 3dupa, Kax ¥ 1060ro rasza, odeceuu-
BACT TPH BUIA JABHXKECHHSL NEPEHOC IVIOTHOCTH, NEPEHOC KOIHISCTEA ABIDKEHHA
(MMUYIRCA), NEPEeHOC IHEPryu,
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HBHXCHHE aMepa:
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HocrynareanHas dopMa aBiGKeHns 3PHpa obecricuuBacT ABa BV JIBA-
KEHMs: JAMHHAPHOE TedeHHe (TUna BETpa) M mpoAoaBbHOE Ko.1efarelnbroc
(THma 38yXa, B NIpeAenax MOIYAA yIIPYTOCTH). -

Bpamaresibnaa gopma asrxeHnns dthupa odecreunBaeT ABa BHIA ABHXKE-
HISL PR3OMKHYTOE BPRNATEIsH0E (THITA CMEPYA) ¥ JAMKHYTOE BPAIATENbHOE
(Tra Topouaa),

Bcero cemMb OCHOBHBIX BHIOOB NBHXCHMA.

[lepeuncneHHnIC BUABL JRMXEHHUA MOTYT JIaTh IIMPOKHH CHEKTP KOM-
GHHMPORAHHBIX BUAOR HBMXEHHS, COOTBETCTBYIOIMX TEM W.TH MHBIM (DH3K-
YECKMM B3AMMOICHCTBVAM, DUINICCKUM TOIsIM M stBieHuAM. Kpome Toro,
C YYeToM B3aWMONCHCTBHSA NOTOKOB 3¢Hpa, o0MAJalONIMX PaNTHYHBIMY
dopMaMu ¥ BHEAMM ABHXEHHM, KOMIHYECTBO BapHAHTOB B3aBMMOICHCTBUSI
MOXET OBITH AOCTATOUHO BeAHMko. OnHaxo BO BcexX 3THX (popMax M BHIAX
IBVIXEHUA sdspa NeXUT €ARHCTBCHHBIA BHA IBHXKEHHS — HepeMelieHHe
dAMEPOB B IPOCTPAHCTBE U CAMHCTBCHHBIH BHI MX B3AUMONCHCTBM — YIIPYy-
roe coyaapeHue, 4YTo H ABNIeTCs 0biueik ocHOBOH 1na BeceX PopM XBYDKEHHS
>(hHpa W 1UKI BCEX BUAOB OPTAHM3AIIMH BeLIECTBA, HAYHHAA OT 3/1EMCHTAPHbIX
YACTHL BELIECTBA U KOoHuas BceaeHHOH B 11enoM,

1.3. CTPYKTYpPa rasoBoro TOPOMAS
U NPOUCXONKACHUE BUHTOBOIO ABMXEHUS dOUDE

st BBISICHEHHST XapaxTepa ABMXKEHMS NOTOKOB 3(HUpa B OKPECTHOCTAX
YILAOTHEHHOTO Ta30BOr0 TOPOMa, PaCCMOTPUM CTPYKTYPY CaMOI0 TOpOHaa
(puc. 1.2).

Kak nokasano B |1|, npu o6pa3oBaHUM ra30BBIX BUXPEBbIX TOPOHIOB
MIPOMCXOAMT MX CAMOTIPON3BOJIbHOE YIINOTHCHYME A0 TeX Nop, MoKa JiffoT-
HOCTh ra3a B CTEHKAX HE ROCTHTHET HEKOTOPOM KPHTHUCCKON BeJIMYHHDI.
SPupHBIH TOPOUNANLHBIH BHXPE, XaK W BCAKWH YILNIOTHEHHbIN ra3oBsii BA -
Xpb, TIpejicTarideT coboii Hekoe nonoOue TPYOH!, 1TAMKHYTOH caMy Ha cebs.
Becr ocHOBHOM 3(Mp cOCpeacTOoYeH B €re YONOTHEHHBIX CTEHKAX, IPHUEM
ITIOTHOCTh CTEHOK BUXPA HA 1-2 mopsaka Bblle, YeM CPeOHsst IUTOTHOCTh
Bcero Topouda. MoxHO npeailonoXuTh, 4TO IAH YILUIOTHEHHBLIX 2(UPHBIX
TOPOMIANLHBIX BUXPEH IIOTHOCTS 2(Mpa B VX CTEHKAX YXC IBJIAETCH KpHU-
THYECKOU M JIATee CxaTHe (Upa, 110 KpailHEM MepE, B OKOJIO3EMHOM 11PO-
CTPAHCTBE HEBO3ZMGHKHO. DTO O3HAYAET, YTO M B HAPYXHBIX CI0AX 3PHPHOrO
BUXPSA, U BO BHYTPEHHHMX [UIOTHOCTHL CTEHOK OHA ¥ Ta Xe. TojxlmHa cTeH-
KM BO BHYTpeHHEH 00JACTH YIUIOTHEHHOTO 3(QHPHOTO BAXPS AOIXKHA OBITH
HEeCKOTbKO WHpe, YeM TOJUMHA BHECUIHEHW CTCHKM, HO B LCIOM ILTOMIATb
IQMepEIHOI0 CeYSHUSA BHYTpEHHEH 00/acT TopoHIa S|, Yepe3 KOTOpbie
OOJIKEH ITPOUTH NOTOK bupa B TOPOMAATLHOM ABMKEHWH, CYIIECTBEH-
HO MEHBIE, YeM IUICIaAbL NONEPEeYHOro CEYEHUS BHEWIHel obmact S,
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a} 6)

Puc. 1.2. Tlonepeunoe cedeHue rajoBoTe TOPOUJAIBHOTO BHXPSL: @) MPABOBAHTOBOS;
6) BUHTOBOE; | — YILTIOTIIEHHbIE CTEHKH CTOPOWIAILHOTO BHXpSL, 2 — MOrPaHUuHLLHA
CIO¥; 3 — BEKTOP TOPOWTANLIONG BpatUeHUs; 4 — BCKTOD KONBICBOIO BPALICHWS

W CACA0BATENBHO, IIPH OMHOM h TOM Xe pacxone 3dupa TopouaatbHas co-
CTARJIAIOIIAsA CKOPOCTH MTOTOKA 3(hupa NOJUKHA CYIIECTBEHHO CHU3UTBCH, Tak
UTO CKOPOCTH {I0TOKA B TOPOHAAILHCOM HampaBi1eHUW BO BHEWWHEH 00dacTh
CTe¢HOK M BO BHYTPEHHEH OYAYT COOTHOCHTCS KK
5

o — 3*; (l,])

Ecau Obl BUXPEBOM TOPOUA COCTOAT M3 HECKMMASMON XKuaKOCTH, MOX-
HO OBIA0 OB CYHTATH, YTO YMEHBUICHUE CKOPOCTH TOPOHAABHOTO IOTOKA
B €70 HAPYXHOU YaCTH ANPUBOIUT K OOMEHY 3HEepIrUe ¢ OKPYXAIOLIEH CpeaA0i
H YMeHbILaeTCst 3a CYET OTAAYH 3HEPTUHM BO BHeIlIHIO cpelly. Ho yIDIoTHEH-
HBIA 2(DUPHBIA TOPOUI COCTOMT U3 CUITLHO CXATOrG 2(hupa, W MOTOKY HEKYAA
OTOATE 2HEPryui0 CBOEI0 ABAXEHHS. ENUMCTReHHBIM CIIOCOOOM COXPAHEHHS
SHEPIHHU TIOTOKA WIH, YTO TO X€ CaMOe, CKOpPOCTH NOTOKa SIBIAETCA U3IMEe-
HEHHE HANPaBICHUA €T0 ABMKEHUA, MpeobpasoBaHie TOPOUIAILHOIO /iBU-
KEHHMA B KOABLCBOE, T.€. B ABMXCHHE BOKPYI OCH TOPOHAA, TPOXOIAILEH
YEpEe3 €ro BHYTPEHHES OTBEPCTHE. [eM caMbiM TOpOMOAThbHOC ABHKEHWE
Hpeo0pazyeTcss B BUHHTOBOE, COCTOSIINES W3 B3dMMHO NepleHIUKYISIPHBIX
B KLKIOW TOUKES TIa NPOTOHA TOPOHUAALHOFO U KOJBUEBOTO JABMXEHWIA.

BuHTOBOC NBIXEHKE TENA YILIOTHEHHOLO TOPOMAZ NEPEIACTCH BO BHEL -
HIOIO cpeny Onaromapsi BA3KOCTH 3(HKpa. BTO BUHTOBOE NBMKEHUE TOPOHIA
OyZeT HiepesaHo BHEIMIHEN cpede, NIOTOKH KOTOPOH TAKXe CTAHYT BUHTOBbI-
MH. U takuM o6pasom, B3aUMOUEHCTBIC TOPOUAAIIBHBIX BUXPEl B raszoBoii
cpee — 3Upe OyaeT OCYIICCTRITECS Yepes MOTOKU >dupa.

CKOpOCTh TOPOUALLLHOFO TBIKEHUST B HPOCTPAHCTEE BOKPYT TPOTOHA,
KaK H BCHKOIO TOPOWAANLHOTO BUXPA (TIPH NTpEHEOPekKeHUH U3MEHEHUEM
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1Y
Nis

Puc. 1.3. K BriBojly 3aK0Ha pacupeneseHusi CKOPOCTeH BOKPYE TOPOHAAIBHOIC BH-
XpA: i TOPORAAThHOLO ABMXCHM () M A1 KOAbIeBo1o (6); 1 — pacnpocrpadeine
KOABTICBOI'D JIRMKCHUS BEPTYIHKOM LIDH OTCYICTBHH TOPONAATLHOIO ABWKCHIA, 2 —
PACcTipOCTPAHEHHE KOABIICBOID JIBHAKCINAA TOPOUUAIHHMM BHXPEM

MIOTHOCTU U TEMIepaTyphl B OKpYXAWUIEM NMPOTOH 3Qupe) HUIMEHIETCA
no 3akoHy buo—Casapa:

SF-; r—p)xd
‘U(T‘)=-—- l { p) 3 p: ' (12)
4w Ir — pl

rae S = 7 R*® niowads GOMepeYHOro cederus Koasua Topouaa: B — paguyc
Kobua Toponaa; 't = § vr dl = 2A710rg — UMPKY/IALMUR CKOPOCTH TOPO-
UIATBHOIO ABIDKEHMS, Tp — Paguyc TeAa TOpOMI3;, ¥rp —- TOPOHAAIbHAA
CKOPOCTE Ha NOBEPXHOCTH TOPOWIa NO €To aKBaTopy (pHc. 1.3).

Koneiiesoe apuskenue >prpa 3axBaThlBacTCA TOPOHIAIbHBIM ABIDKEHH -
€M, ¥ BOKDYT BCETO T¢Ja NpOTOHA 0bpasyeTcs obIee BUHTOBOE IBHXKCHHE
apupa, pacrpocTpaHsoilieecs Ha BCe OKPYXalllee NPOTOH NPOCTPAHCTBQ,

CKOpOCTh KONBLEBOTO ABKKEHHS B NPOCTPAHCTRE BOKPYr TOpOMIa

HIMEHACTCH 111G 3aKOHY.

'U(T) - 4_1;51

rae b — tomunua 1ena Toponaa; I'c = $ v, dl = 27 Rvg — mMpKyNsuHA
KOJAbLEBOTO IBUXCHHUA, R — pagnyc KoOmbllda TOPOHHR; Uy — KOMAhle-
Basi CKOPOCTh HA MOBEPXHOCTH TOPOWMAA N0 3KBATOPY. ITO COOTBETCTBYET
Teopeme [aycca.

Takum obpasom, TopoKIainhHas COCTARIAIONIAA CKOPOCTH TOTOXA BO
BHEIUHEM IMPOCTPaHCTBE YOLRIBaET C PACCTOAHUEM B COOTBETCTBHH € 3aKOHOM
buo—Capapa nporroplUHOHANLHO TPETLEH CTENEHH PACCTONHHS, a CKOPOCTD
KOJBLERON COCTARIAIOWICH B COOTBETCTRHUM ¢ TeopeMod [aycca —— mponop-
LAOHAJIBHO BTOPON CTENEHH PACCTOAHHNA.
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1.4. B3aumoaencteue LMAMHAPUYECKOTO BUHTOBOTO
ra3oBOro BUXPS ¢ NOTOKaMK rasOBOM CPEAD!

BiaumoaeicTere MO6LIX MATCPUABHBIX CTPYKTYP — HACTULL BEeILECTBA
M CHJIOBBIX NOASH MOXET OCYIIECTRAATLCA TOJBKO B TOM CAYYAe, €CIH HMI
CO3IAIOTCS TpalHeHTB! daBneHHl B ddupe. Toraa Tesio, momasilee B He-
PaBHOMEDHO PaclpeicaeHHoe NoNe JaBNEeHWM, CO3AaHHOS APYTMM TENIOM,
HAYMHAET VICIbITBIBATE BO3ACHCTRUE DTOSC Tejla Hepes 3TOT TPAJUESHT Jasie-
Hu#. CriocofoB CONaHUA TPAAMEHTOB JIaB/icHUH B adHpe, Kak ¥ BO BCIKOH
razopofl cpeac, BCEro gpa — TepMOIN(PPYIHOHHRIE H CKOPOCTHOH. B nep-
BOM CIy4dae nwboe BuXpepoc odpa3oBaHue 3pupa — YdaCTKIA BEBIECTBA,
Oyayu DOJICE XOTOAHBIM, HEXKEIM OKPYXKAloIlas cpela, CO3AAET BOKPYT ce-
65 HEpaBHOMEDHOEL TEMTIEPATYPHOE TI0MIE U, KakK CACACTBUE, HEPABHOMEPHOR
noJe NaBjleHuil, NONaB B KOTOPOS APYIoe BUXPEBOe 00Pa3oBaHue - Hpyras
YacTHLA BEIICCTBA HAYUHAET WCNLITBIBATL PASHOCTH AABACHUIE, CTPEMSINY-
I0CH CONM3UTE 3TN YaCTMigkl. TaK CO3JACTCA TPABUTAIHOHHOE TIPUTIXECHNC
macc {puc. 1.4 a). Bo BTOpOM cayyae rpagMeHT AaRJIEHMI CO3IAETCA TPalki-
SHTHLIMH TeueHUsMU 3¢upa (puc. 1.4 4). |

1 BRACHC HUS (PUMIAYECKON CYTH B3AMMOOCHCTBUA BUXPEH APYT C APy~
TOM Yepe3 3QUp PACCMOTPHM B3aUMOIEHCTBYE UWIMHIPHIECKOTO 1a3oray’
BHXPS ¢ TAMUHAPHBIM Ta30BOM MOTOKOM, OMbIBRIOIWM ero (pHc. }.5).

tHa Toi cropoHe BHXpd, Ha KOTOPOH HaNpasieHMAa ABUAXCHIA 10-
BEPXNOCTH BHXPH Uy H [MOTOKA ¥ COBNAJAAIOT, IPARMEMT CKOPOCTH 3(pHpa

M,
PN
L
' 1., R v,
— ] p— —— — — r— -
| T —
T F
N\ , |a
\ P=T
i
a) 0)

Puc. 1.4, B3auMoueiicrene 4acTwil BeIecTsa 9¢pe3 TPAnMeHThI JIABACHHIN:
() B CTyuae TepMOuMG Y3MOHHOIO BIAMMONCHCTRAS; 0} B Ciydae rpaiueiia
CKOpocied TIeToKoB pupa
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Fe

| P
a) 6)
Puc. 1.5. BiaumoeiicTsiue 1MAMHAPIYECKOTO TA30H0I0 BUXPS ¢ OMBIBAXO-
IIUM eT0 HOTOKOM Ta3d

Oyaer MehnbLle, YeM C NPOTHRONOIOKHOH CTOPOHDLI, ¥ JTODTOMY NaBlIeHHE
a¢hIpa Ha CTOPOHE, BTOM CTOpPOHE BUXPA Ovaer Gombmie. B coorsercTMM
C YpaBHEHHEM BepHynnu 5Ty AaBiIeHUsA ONPEAEHSITCA BRIPAXEHUIMM:

— B 0DJIaCcTH a: )

P=P- Pa(ﬂaz— n) : (1.4)
— B obnacty b; ,

P:PG_PB(TJB;*“H) | (1.5)

[Ipou3Benst COOTBETCTBYOLINE BEIUUCACHUA U NipeHeOperas ManbIMu YiaeHa-
MU, TONYYMM 3Ha4eHHA pasHOCTH AanneHuM, IeHCTBYIONINY Ha BUXDPD:

AP = pyvy0y, (1.6)

KOTOPOE CO31acT CWILy, BO3ACHUCTBYIOULYIO HA BUXPb B HamnpasiICHHH, MEpP-
NEHAMKYASAPHOM OCH BUXPS M HaIIpaBJIEHHIO ioT0Ka.

[Tp¥ B3aUMOZEHCTBMY BHHTOBOIO TOPOHAA C OMMIBAIOILHM €70 BHH-
TOBBIM NOTOKOM JIIOOOI0 3HAKA CYIIIHOCTH B3aUMONCHCTBUSI HE MEHSIETCH,
NPH PACCMOTPEHUU €70 HYXHO JWITh YYWTBIBATh MOAYAL OTHOCHTEABHOM
CKOPOCTH 3(pHpa. |

BaauMmongiicTeie LATHHAPHYECKOIO BHXPSA C NOTOKOM OMBIBAIOLIETO
€TO Ta3a CYWECTBEHHO MEHSETCS, eCAM C€aM JIOTOK Taza YCKOPSETICH MJH
TOPMO3UTCH HEKOEH IUIOCKOCTRIO, rapaUIebHOM OCH BHUXDH. 31eCh TIPHH-
HMITHATBHOE 3HAYEHHE UMEIOT AIBa NpPEAe/bHbIX Cayyas:
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— EeCAY TIIOCKOCTD ABHKETCS OTHOCHTENBHO MOREPXHOCTH BMXPS C TOM
XC CKOPOCTBIO, YTO M caMa NIOBEPXHOCTL, ITOMY CIIVYaio COOTBETCTRYET
HaNMYMe ABYX OAMHAKOBHIX HUNMHAPUYECKHX BUXPEeH, PACIONOKEH-
HBIX MApajUeBHO APYF APYrY W BPAIIAIOMIMXCS B TIPOTUBOTIONOXK HEIX
HanpapiIeHnax (puc. 1.6 a);

— eCJIH ILTOCKOCTS HEMOABILKHA B TIPOCTPAHCTBE, 3TOMY CNYYAl0 COOTBCT-
CTBYET HANMYME OBYX OAMHAKOBLIX LWIMHAPHUECKUX BUXPel, pacrio-
JIOXKEHHDBIX HapanieasHo APYT APYIY M Bpallalomuxcsd B OAMHAKOBBIX
HarpaBieHuax (puc. 1.6 6).

s O\
7~ AN
NP, S

1P

Puc. 1.6. BiauMoueHcTBHC IBYX UMAMHAPWYCCKVMX Ta3OBBIX BHXpeEI:
BPALIATOLIUXCH B TIPOTHBOTIONOXKHEIX HANPABIEHUAX (@) M BPaTIAIOTLK-
¢ B ONHOM Haupapieuny (6)

B oboux chyyasix WCTOUHHKOM 3HEPIHM JUIA ABMXKCHHSA IIOTOKA Fasa
SIBSIFOTCH CaMA BUXPH. PaceMaTpusaeMOW TWIGCKOCTHIO ABASETCH ITOCKOCTD
CUMMETPHH, PACITOIIOXKEHHAN MEXIY BUXPSAMHK. ¥ B TOM, n B Apyrom ciryya-
#X KOKUBIY BMXPb 3arOHfAET Fa3 W3 BHEILHEero NPOCTPaHCTBA B HPOMEXYTOK
MEKAY BUXPAMU, CKUMAA €0 H UpUaaBasl TIOTOKY JOTIOTHUATENLHYD IHEP-
10, Ho B nepsoM cavude rpanid€HT CKOPOCTH ITOTOKA MEXKNY BUXPAMY MaJl,
a BO BTOPOM CjIV4ac BENHK, Y [IO3TOMY B3aUMOJCACTBNE BUXPEH C ITOTOKAMM
rasa ¥ TeM caMbiM APYr € APYIOM CYIIECTBEHHO OTAWYAIOTCH APYT OT Apyra.

OBbrvA0 A8 TOACOHBIX PACYETOB HCIIONB3YIOTCH YpasHeHusa beprysyg,
Onnako 8 HEX TIpEANONAracTCa TONLKO B3aMMHBIM 0OMeH 2HEPTUHM HaBNEHUT
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M IHEPIYM MOCTYNMATEALHOIO ABUXCHHA raza npH MOCTOSHCTRE UX CYMMEL.
[ToaTOMY 3TH YPABHEHHUA 0Ka3bIBAIOTCA HETIPUTOAHEIMHA I8 PACYETa YKA3aH-
HpIX caydyaeB. O0Luas ra3jomuMBaMUdecKas 3a0aua pacyeTa BlauMORCeHCTBUI
BUXpEA C YyIETOM M3MEHSeHWA TeMOEPaTypH, BA3ZKOCTH M JaBJeHMIA OKa3bi-
BaeTCH AOCTATOYHO CAOXHOH. TeM He MeHee, ornpegelieHHEIe Coobpaxenus
3/16Ch MOXHO NPUBECTH.

B mepBoM ciywae npu OTCYTCTBUM TPAAHEHTA CKOPOCTEH INaBRneHHe
fa3a MEXIDY BMXPAMHU MOBHIUACTCA 34 CYST €0 CKATHA, NOCKOJBKY fa3
A3 CROBOOHOTO MPOCTPAHCTBA 34arOHACTCH B OTHOCHTEABHO Y3KHIE NMPOCBET
MeXAy uMmmaHapaMH. [lopplieHMe AABIEHMSA ITPMBEACT K OTTAIKHBAHMIO
BUXPEH APYT OT Apyra.

Bo BTOpOM cliydae raz TOYHO TAK Xe¢ 3aroHsercs M3 cBoBOAHOro
OPOCTPAHCTBAM B TOT X€ NPOCHET, MTO XOPOUTO BHAHO U3 PHCYHKA, HO 316Ch
BOIHMKAECT DONBINOA IpaJMEeHT CKOPOCTH, B PE3YABTATe KOTOPOTO AaB/ICHHE
B ra3e NajacT CymeCTBEHHO DOMbIIES, YEM MOBBIIACTCH 33 CUET CXATWHA rala.
ITO MPOUCXOLHUT, B YaCTHOCTH, TIOTOMY, YTO B TPaiMEeHTHOM MOTOKE rasa
TeMIlepaTypa CHAXAeTCs 110 3aKOHY

Al
AT = ——, (1.7)
2¢p
rae ,:lu — MIepenald CKOPOCTH, Cp — TEILMTOEMKOCTDb fa3a IPH NIOCTOAHHOM

DABAECHUN.
Cuaa, BO31eHiCTBYKOILAN HA CTEHKY BUXpH, MOXeT OBITh BHIPaXEHa

HEXOTOPBIM aHatoroM GopMynnt HeloToHa I BE3KONO TpeHNs
7 dS dv,
dy

Ota cuia, MNPOMOpHUOHANbHAA KOSPORINEHTY BHYTPEHHETO TpeH#s 17,
FUIOLIAJIM IFOBEPXHOCTH S M IPAIHEHTY CKOPOCTH TAa30BOI0 MQTOKa BOIM3N
AoCKocTU dv,/dy, chilaHa ¢ 3arpaToi JHepPrHd MOBEPXHOCTHIO BUXPA
Ha NepecMEIIMBAHUE CJIOEB I'a3a B [IOTOKS M HAIMPAaBAEHa NeprieHAUKYAIPHO

TUIOCKOCTH CHMMETPAM (BIOAL OCH Y).
YpapHeHUue HbIOTOHA BMTAAAMT TAK Xe, HO B HEM MHIEKCH HHEIE:

ds d
_7 % il (1.9)

dF, = (1.8)

dF, =

M 3Ta CHJIA HAIPABIEHA BOOAb IWIOCKOCTH CHMMETPHW (BIoas ocyu ).
baaropaps 3T0H CHJAE BHXpU CTPEMATCSA NEPEMEHIATHECA B NPOCTPAHCTRE
B TIEPBOM CJIydae BMECTE JIOCTYIATENIBHO BIOIL OCH £, BG BTOPOM ClTydae —
TOXE BAONb OCH T, HO B MPOTHBOTIONOXHBLIX HalpaBleHWsX, Bpaiagch

BOKPYT ODIMENO LIEHTPA CHMMETPMY.
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: t
YpaBHEHHE COCTOAHUA ra3a, KaK M3BECTHO, ONPEAL/IACTCA BupaxXeHUeEM

PV = RT, (1.10)

tne P — namnenuwe raza; V — o0peM rasza; R — yHMBepcalbHad Ta3o-
Rag wmocrTosiHHasn; T — abcomorHas reMneparypa, IpHYeM, KaK CIenyer
A3 KHHETHUYECKOH TCOPHH TA30B

MUy
| T = Ta | (1.11)
34eCh M, -— Macca OJHOM MQUIEKY/IbE ra3a (B IaHHOM CHIydae Macca aMepa);
¥t — CKOPOCTB TETIOBOTO ARHXeHUA aMepa; K = 1,38-107% Ix - °K~! —
nocrosHHas bonbomaHa. -
U3 eeipaxenua (1.10) caenyer, uro

AP AT AV

= —_— = —, 1.12
P T vV (1.12)
W yuuthiBast, uTO MABNEHHME BO3PACTaCT IPH YMEHBUICHMH O6BEMA,
a UMEEM AT AV
—— R ———, 1.13
T V (1.13)
TTonywin
AP AV
—_— =2, 1.14
P V (1.14)
Wi uHaue P v
2 1
— = — =k, > 1. 1.15
PI vrz p ( )

B ofmeM cinyyae DapieHHME KCHBITHIBAEMOE TIOBEPXHOCTAMM BHXpEl MOXer
GbiTh BRIpAXKEHO KaX
n dv,
dy ’ |
rae Py — maBneyue raza s ¢oboaHoM NpocTpatetee; ky, > 1 — xoaddmu-
€HT, YUMTHIBAIOWINH CKATHAE ra3a U MOBBIBIEHNE €10 TEMIIEPATYPLL, B NEPBOM
PHONMXEHHK TIPONOPLMOHANBHBI KBagpary cokpameHus ofpema {(oa-
Ha CTedeHb 3a cYeT CxaTusd, ecay Ol TemIiepatypa rasa He H3MEHSJACD,
BTOpast -— 3a CYET MOBBLIEHUA TEMNEPATYphl).

B peayasTare B3auMOOeCTBMS ABYX OJMHAKOBBIX BHXpPeH Yeped obuyio
ra30Bylo CpEAy BHEODHEe papleHne OyieT nNPpnXuMaTh MX IPyr K APYFY, [IpU
3TOM OHH HAYHYT ITPHXMMATLCA APYT K ADYIY T€M CHJIbHEe, YeM MEHbIUE
OKaXeTCHd BEIWUYMHA TPOMEXYTKE MEXAY HMMH, IMOCKONBKY IpagUeHT CKO-
poCcTy OyZeT Opu 2TOM Bo3pactaTh, COmMXeHne DyneT NPONCXOAHTL JO TOH
BEINYHMHBI, TTOKA HE BCTYIIAT B ACHCTBUE BTOPHMUHLIE (hAKTOPbI, NPENATCTBY-
ollKe JaibHedIeMy CHHXCHHYO AABNECHMS, HaNpUMEp, COMIMEPUMOCTh
IPOMEXYTKA € JUIMHOH CBOOOLHOIO Mpobera MONEKYA U IP.
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1.5. B3aMMOACUCTBUE ABYX BMHTOBBIX Fa30BbiX TOPOUAOB

JHCTaHIMOIHOE B3aUMOIEHCTBHE ABYX BHHTOBBIX TOPOWIANBHBIX KO-
neitr (puc. 1.7) MOXeT GBITb PACCMOTPEAO ¢ YYETOM HANIOXEHHORO BHILLE.
CyluecTBeHHAS pPa3HMila 3aKINOYaeTCa B TOM, YTO 3Ta 3alaya YXe He IIoc-
Kasi, a TpeXMepHad, XoTd Ka4eCTBEeHHO Bce TPenbUAyIiHe coobpaXeHns
OCTAKOTCH B CHJIE.

NN
Q’-;)/'\, FM, M ,F
X f
(exzo)j(exts) GG

(

Puc. 1.7. JIMCTAHITMOBHOE B3aMMONCHCTBHE TODPOHAATBHBIX BHHTOBLIX BHXpeH Ha-
XOIOUXcs B OOMed TiockocTH (@), TPU COOCHOM IMotoxeHuur (6), B 0biueM
cayyae (8)

EciiM B HEIoCpeACTBEHHON OJIM30CTH APYr OT APYId HAXOLSTCA ABA
OAMHAKOBBIX BHHTORBHIX TOPOMAA, TO TOPOWIAIBHOE ARVXKEHWE 33CTABISICT
UX B3aUMHO COPHEHTHPOBATLCH TakK, YTOOBI HaTIPaBleHUE TOPOWNAJIBHbBIX
MOTOKOB HAa MTOBEPXHOCTH BTOPOIC TOPOHAA OKA3410Ch aHTHITApAUIE i bHBIM
MO QTHOLIEHWID K HaNpaBlIeHUK TOPOMAUIBHOIO MOTOKAa, CO3AABACMOro
NEPBLIM TOPOMIOM.

CHIIBl OPUCHTALIMM BBM3BAHLI TEM, YTQO BUHTOBOU MOTOK, BBUXOASIHNWH
M3 OQHOTO TOPa, OMBIBaLT TENO BTOPOro topa. M3 nByx 1onoxeHnH, IIpA Ko-
TOPBHIX IUTOCKOCTE BTOPOTO TOPOHAA TIEPNSHAWKY/ISIpHA HanparneHyo Habe-
TA10IIETI0 NOTOKA, TONMLKCO OIHO YCTOHYUBO, TO, [IPH KOTOPOM TOPOMIATBHLIE
MMOTOKM 3(uMpa Ha TIOBEPXHOCTH TEja BTOPOT0 TOPOMAA aHTHIIapAJINCIbHbI
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HalpaBIeHHK HaOcraomero s10Toka. Bropoe MOMoXeHHe, NPH KOTODPOM
TOPOUAAIIbHBIE MOTOKK HA WOBEPXHOCTH TEAA TOPONAA NApAEeIbHbl Habe-
raloIiero NoTOKa HEYCTOMUMBO.

B obmem cayuae TopouaanbHbB IIOTOK OEPROro T0pa CO3/AaeT Ha no-
BEPXHOCTH BTOPOTO TOPA PaxMYHLIC TPAAMEHTH! CKOpOoCcTeH. TaMm, rue rpa-
NUEHT CKOpPOCTEH MEHBIIE, T.¢. TAM, TUC HANMPABACHHE OBHXCHMUS CTEHKH
RTOPOYO TOPA U 3PUPHOIO NOTOKA 1[EPBOTO TOPA COBIIAAAIOT, AABeHUE Bbl-
1Ie, YeM Ha TOW YacTH BTOPOTO TOP2, FIE HANPABACHHA IMPOTHBONONOXKHSI.
B pesyibrare Ha TENQ BTOPOroc TOpa OKA3LIBACTCH AABICHHUE, HOPMAJbHOC
K NOBEPXHOCTHU TOPAa U CO3MACTCA MOMEHT, CTPEMAUTHICS Pa3BEPHYTh BTOPOH
TOP Tak, YT0O0bl €I'0 IOBEPXHOCTHBLIE TIOTOKHM OKAa3aJi#Ch HallpaBileHHBIMH
I POTHBOIONOXHO TTOTOKY 2(hUpa, BEIXOAAIETO H3 UepBOro ropa. MoMeHT,
KOTOPHIA OYVieT WMCNBIThIBATE BTOPAs MOMOOHAS TOPOMAATIbHAS YacTHLA,
MOMABILAA B €€ 10N, OYIdeT ONPEACHATLCS 1POU3BEAEHUEM COOCTBCHHbIX
MOMEHTOB TOPOHAANLHOTO ABMKEHUS ABYX YaCTHL H YIJIOM MEXIy HX BEK-
TOpaMH TOPOMAXTEHOrO ABMKECHMS:

R S1v11 RS0,
R >

14¢ ¢, — IUIOTHOCTH okpyxamouleh topouam adgmpa; Ry, 8§, vy, Ry, 57
VT2 — COUTBETCTBEHHO PAAMYChl TOPOMAOR, TLICWIAAYM MX CEYEHMH W 3KBa-
TOPHUATBLIIBIE CKOPOCTH WX TOPOHIAIBHOIO ABMXEHHMSA; € — Yronm Mexay
HAPABAECHAEM OCH TOPONAE W HANPABICHUCM TI0TOKOB 3(bHpa, ero oMblsa-
JOUMX. 3aTeM KOIbLEBOE ABUKEHHE HAUYHET MX OTTalKWUBaTe APYT OT Apyra,
[IOCKOJIBKY MEXIY YaCTHLAMKM KOThUEROE JBHXKECHUE MMEET MUHHMATIbHBIA
TPAgUEHT CKOPOCTEH, a 0 NCPHMEPHN TPafUMCHT CKOPOCTER OTHOCHTEIBHO
OONHIION. JTO 3HAYUT, YTO MEXIY YaCTALMAMHM JaRTCHUE 2PUPa BoILIE, IEM
C OPOTHBOMOJOXHLIX CTOPOH M OHH HAYHYT OTTAKHBATLCHS APYI OT APYIa.
Ecny xe y 9acTvll KONblieBbIe ABMKEHUS OPHEHTHPOBAHbLI OTHOCWISHBHO
MX TOPOMJABHBIX ABHXCHHH Pa3aiuyHo, TO IPaAHCHT CKApOCTEl MCXKIY
yacTHIaMh Oyaer Oosbliue, Y4eM ¢ BHEIIHMX CTOPOH, W YACTHIBI HAYHYT
HCNILITHBATL CUNEL CONMMDKeHUS. CHabl, HeficTRYIOLIME Ha 00a Topodina,
ONMPEacasTCA NPOUIBEACHUEM

M = p, iné, (1.17)

8101 - a0
R? "

re Sy 1 53 — TuIomaIu NOBEPXHOCTEN TOPOHUAOB; Uy, Uy — 3IKBATOPM-~
anbHbE CKOPOCTH MX KOJbLIEBOTO ABIKCHHS.

JHAKY «—+» COOTBETCTBYET CHJIA OTTANKMBaHHS TOPOUIOB IPYT OT APYTa
HpY OIUTHAKOBOM 3HAKE RMHTOROIO (BHXEeHNA 3Hpa B TeJe 0G0HX TOPOUA0SE
(06a Topouna IGO0 NPABOBHUHTOBLIE, SIGO 00a NEBOBMHTOBbIC), 3HAKY «—»
COOTRETCTBYET CHAA IPUTAAKEHHA TOPOUI0B APYr K APYTY IPU Pa3HbIX 3HaKax

F = 4p, (1.18)
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BMHTOBOIO HABMXEHMs >dupa B vx TenaX (OGMH TOpouJ TIPAaBOBMHTOROH,
a Ipyroif — JEeBOBMHTOBOW). JlaHHOE BHIpAXKEHUE COOTBETCTBYET 3aKOHY
KynoHa.

STOMY BBIDAKCHHMIO COOTBETCTBYET UHTEIpalbHOE BEIpAXKeHNe

f ve 48 = BT, (1.19)
S

M, TAKUM 00pa3zomM, MOXHO FOBOPUTE O IIOTOKE XOJAbUEBOW CKOPOCTH 3HApa
CKBO3h 3AMKHYTYIO FIOBEPXHOCTE S CBODOIHOIO MPOCTPAHCTBA.

1.6. (ipoenue selnecTsa

Kak yXe yNnoMHRHAIOCh, €0MHCTBEHHOH (opmoil ABHXEeHNH, TO3BO-
Ag0med cobpaTs ¥ YIEpKATE VIUTOTHEHHEBIN Ta3, SRISSTCd TOPOUAANBHOE
BUXpeBOC ABMXeHHE. 3ra thopma IBWKeHMA peaTn3oBaHa B IIPOTOHE —-
OCHOBHOM 49acTHIIC MUKPOMHpA.

IIpoTOH — BUHTOBO# TOPOMAAIBLHBIA BHXpPL VYIUIOTHEHHOIO 3upa
ABRIICTCA OCHOBHOHM YacTHLEH MHUKPOMMPA.

[Ipotonm oOpasyrorcs B ueHtpe lanakTukit B pe3yiasTaTe coyaape-
HHST ABYX CTpYH adupa, MOCTYNAOMMX B Sapo [anakTMKHU COOTBETCTBEHHO
MO ABYM €¢ CHHUPATLHBIM pyKaBaM. BprIBAAChH B AP0 O CKOPOCTAMM I110-
psiaka gecgty uav 0o/ee TeICHY KWIOMETPOB B CEKVHAY, CTPYH XaOTHUECKM
IMepeMEIINBAIOTCA W 00PA3YIOT RUXPH, B TOM YHUCJIE U KOJbLEBRIE. T BUXPH
CAMOYTIIOTHAIOTCH N OJHOBPEMEHHO IENATCs A0 TeX NOpP, HoKa ILUIOTHOCTH
3(Upa B BUHTOBBIX BUXPEBBHIX TOPOWAAX HE JOCTUTHCT KPHTHYECKOW BENU-
YHHEL. Takue MPeAcNbHO YINOTHEHH B¢ BUHTORBIE 3(DUPHEIE TOPOMAK H €CTh
HPOTOHBI.

Cpeansas MaccoBad INIOTHOCTH HPOTOHa CocTanaseT nopaaka 10 Ko,
4yTO Ha 29 nopsiakos Hoaee, YeM IUIOTHOCTD OKpyKariuera ero sgpupa.

YiaepxaHue CUBLHC CXartoro >pvpa B 00beMe ITPOTOHA BO3IMOXHO
TWIlb, €CIY TEMIICPATYPa HpHpa COOTBETCTBCHHO NOHMXKECHA Ha CTONLKO Xe
ITOPSIMKOB, 4TO M UMeeT MecTo. [{loaToMy 1IpOTOH, KaKk R BCAKDE Ta30BOe
BUXpeBOC 00pazoBaHKMEe, MMEET IOHWKEHHYID TeMOSpaTypy OTHOCHUTCALHO
OKpyXamoiueid cpeabi. Ha HOBEPXHOCTH 1IPOTOHA MMEESTCH NOTPAaHNYHEBIA
CIOH 3dupa, B KOTOPOM IUIOTHOCTE 3PHMpa MOHWXKAESTCI NOYTH IO IHOTHO-
CTH 30upa B ¢BOOOAHOM MPOCTPRHCTBE, XOTA B oCTacTcsa HeboabiLag pas-
HOCTh, TEMTICPATYPA OBMILAECTCA JO TEeMIIEpaTypsl OKPYXaroulero 3QHpa,
XOTA ¥ 31eCh COXpaHAeTCH HebobLIas pasHMua, & CKOpPOCTh TTOTOKOB upa
CHMXAcTCs. B morpaHMIHOM CA0€ Ha TTOBEPXHOCTH TPOTOHA BA3XOCTh a3a
MOHMAXECHA 33 CYET CHYKCHMA TEMICPATYPHI, YTO TIPEIOXPAHIET TCIO MTPOTO-
Ha OT NOTEPH FCPIruy, Oaronaps 4eMy BHXpPEBOE TEJO NPOTOHA COXPAHSCTCH
JOCTATOYHO JIONT0 — B TeYeHue Ooiee YeM NeCaTd MWLIMApAOB jeT.
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Ja CYET pa3HOCTH TeMIIEPATYPhI IOBEPXHOCTH MOFPaHHUHOTO CJIOA [1PO-
TOHOB H TeMiepaTypsl OKPYXAICHICH CpeAb! OCYIIECTBIAIOTCH TEPMOIH(D-
OY3HOHHbBIE B3aMMOACHCTRAS YACTULl REILIECTBA, 32 CHET CKOPOCTH NOTOKOB
53(upa Ha MOBESPXHOCTH TIOTPAHUIHOTO CJI0S1 TIPOTOHOB OCYINECTBAAIOTCA BCE
FPATMEHTHBIE CKOPOCTHHIE B3aMMOIEHCTBMA — CHILHBIE SIEPHEBIE M 3JCK-
TPOMATHUTHRIC.

CrpykTypa OpoTOHAa ¥ CO3[aBaeMbIX WM MNOTOKOB >(pHpa NpHBEILHA
Ha (puc. 1.8).

Puc, 1.8, Crpykrypa OpoTOHA U ¢OINABAEMBIX UM TTOTOKOB (pupa

[lotoku a¢prpa B Tese OPOTOHA ABMXKYTCS IO BUHTOBOH JMBWH (B Ha-
CTogillee BpeM# 3HAK BHUHTOROIO NBMKEHUS B TS NPOTOHA €1MIe HE yCT4-
HOBNEH), |

B caMOM LieHTpe MpOTOHA CKBO3b €10 OTBEPCTHE NBUXETCI IOTOK 3¢hu-
pa BOOAL €10 OCcH. 3aech 3PUP CHIALHO YIVIOTHEH, CKOPOCTEH €T0 BJAONL OCH
NPaxKTUYECKU PABHA CKOPOCTH BHYTPEHHMX CTEHOK NPOTCHA, I'PAaZUEHT CKO-
POCTH MaJ, TEMITEPATYpa MOTOKOB 3¢ upa, IpoXOIAIlNX CKBO3b HEHTPAIBHOE
OTBEPCTYC NIPOTOHA MOBBUIIEHA 33 CUET €70 CKATHA, ITO O3HAYAET, YTO 3LCh
BA3KOCTE MPpUPa BbICOKAst, CLENNEGHUE 1TOTOKA € TCIAOM ITPOTOHA BLICOKOE,
MTOITOMY TOPOMAANBHOE LBIDKEHWE TEId [POTOHA OOCCIICUMBACT IIPOKAUKY
ITOTOKA BHEIIHEIO 3(upa CKBO3b 3TO OTBEPCTHE, COBSPILAS MPH 3TOM pPaboTy
W Pacxoxys CBOIO IHEpPIHI0. [loAyUeHHYIO 3HEPruio 9TOT NOTOK, BHIPHIRA-
SICh M3 LEHTPANBHOIO OTBEPCTHS NPOTOHA OTHACT BHEINHEMY 3dpy. Taknm
00pa3zoM, XHHETUYEeCKast SHEPIus TeJid TipoToHa U ABNIETCS TOH 3HEpruei,
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KOTOpas pacxoayeTca Ha odpa3oBaHse TIOTOKOB 2(bnpa BO BHEIUHEH cpene.
BoipblBascy HapPyKy, MOTOK pacrekacTcst, 00pasys BOKPYT NMPOTOHA BUHTO-
BOH MOTOK 3¢hupa, OXBaThIBAINKK BCE TeMO TIpOTOHA CHapyvxH. Ilpu 31oM
3HaK BHHTOBOTO ABUXEHHUS MOTOKOB >QHpa B 3TOM TPOCTDAHCTBE TOT XE,
YTO M B TEJIE CAMOTO TIPOTOHA.

Ob61mas razonqMHaAMAYECKas 3a/ada pacyeTa B3awMONEHCTBUS Teja 1Ipo-
TOHA ¢ OKPYXAIOLUUM €10 3(PUPOM JOCTATOMHO CNOXKHA, TOCKOABKY TpebyeT
yyeTa U3MEHEHMA TeMIIepaTyphl, BA3IKOCTH M NAaBNCHMA 3@upa KakK BIoJIb
OCH IPOTOHA, TaK Y IO €r0 NOBEPXHOCTHU, A TAKXKE NPOLECCOR, TPOUCXO-
JAUIWX B HOTPaHUYHOM Cj10€ B paitOHe OCH M Ha IMTOBEDXHOCTH TPOTOHA,
TO3TOMY H& JaHHOM 3Tare NPUXCAUTCH OrpaHu4HBaTLC MpuOIKe HHbIMH
MPCACTRBIIEHUIMM.

Kak usBecTHo, npoTod 065aaaeT COOCTBEHHBIM MATHUTHBIM MOMEHTOM,
Haubonee OilM3kum napaMeTpom JUisl Ta30MEXaHHYECKON HMHTEpTIpeTAIMK
MarHUTHOTO MOMEHTA ABRACTCH [MONHAA SHEPrHA BUHTOBOTO NBHAKCHMUS,
onpeaeiseMas Kak

Wp = ﬁ[f ’UKE di, -+=f ‘11"1'2 {ﬂT] (120)
2 [Jr Ly

3acch mr, ~- Macca NPoTOHaE; ¢ M U1 -— KOJbUEBas M TOpOUJallbHAS 3KBA-
TOPHAABHLIE CKOPOCTH Ha NOBEPXHOCTH nporona; Ly W Lt coorseTCcTBEHHO
ANUHBI TIYTH KOABLEROIO W TOPOUAAIBHOTO TMOTOKOB 3¢dHPpa B TeSle IPOTOHA.

HpakTHYeCKN MOXHO CYHTATh YCTAHOBAEHHDBIM, YTO BOKPYT CBOEU OCH
NPOTOH BPALIAETCA 10 3aKOHY TBEPAOTO TEN3, T. €. €T0 YrRoBas CKopocTh I0-
CTOSTHHA, a THHEHHAsa CKOPOCTh HApacTaeT IMPOIIOPUHOHATEHO PACCTOSHHAIO
OT OCH BpalucH#Hs. KompueBoe aBukeHue oOpa3veT MOMEHT KONMHYECTBA
ABUKEHWA MPOTOHA BOKPYL CBOEH OCH, T.€. ero CIWH. 3Ha4yeHUe CTNMHA
ONPEACAUTCST BLIPAKEHHEM:

§ = kd]mpfc vx dl = kg2nm, Ry, (1.21)

rae mp, — Macca HPOTOHA; § ¥y dl — TIMPKYISHMA KOJBLEBOTO ABYOKEHWR;
Il -- paguyc MpOTOHA TOPOMIA;, Ty — KOMALIEBAas CKOPOCTb ITOTOKA 3Mpa
HA [TOBEPXHOCTH TOPOKMIA (10 3KBATOPY; kg — KO3QdHIHEHT QOpPMEI, yyu-
TLIBAIOLIUH, YTO HE BCA Macca IPOTOHA COCPEAOTOYEHA B e1'0 BHCILHEH JacTu.

[IpoToH — OCHOBHad 4YacTHLl@ MUKPOMHpa MOXET HaXOMHW1bCH B Tpex
COCTOSHHWAX: B COCTOAHMMU coBCTBeHHO npotoua (puc. 1.9a), B cocTosnnm
HefTpoHa {puc. 1.96) u B coctosinnn aroma sogopoza (puc. 1.9 8).

B cocrosnuy coOCTBEHHO NPOTOHA TOPOMAANLHBIN YIUIOTHEHHbIA BUH-
TOROH BUXPP —— TMPOTOH 3aXBAThIBAET CBOMMHM ABUXCHHAMH OKPYXaio-
WA 3(pHUpP, B KOTOPOM CO3HAIOTCA KakK TOPOMAANBHOE, TAK U KOJbIEBOE
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. H
{lorparuanniid §
CJIOH MTpHCOSUHENTHEH
BUXDE
a) 6) )

Puc. 1.9. Tpu cocTosHMA MPOTOHA: COOBCTBEHHO NMPOTOH (a), HEHTPOH (6) 1 aToM
BO2OpOIA {6)

ABUXEHMSI, CKOPOCTH KOTOPLIX YOLIRAIOT B COOTBETCTBUH C YKAZAHHLIMH BbI-
we 3akounaMy buo--CaBapa jig ToporiaintsHoro M Iaycca AN KOAbUEBOTO,
BuHTOBOE 10OME CcKOpoCcTeil HOTOKOB 3HpPA BOKpYr MpPOTOHA U BOCTIPMHY-
MASTCH KAK €70 3NeKTPOMATHUTHOE TTONE,

Bo BTOpOM COCTOSHMU — HEHTPOHA HA MMOBEPXHOCTH NIPOTOHA 00pa3y-
€TCA ITOTPAHMYHLIH cnoli 3¢gupa, B KOTOPOM K3-3a 110BBIIIEHHOIO rPanneHTa
CKOPOCTEH BSI3KOCTh FMIOHWKEHA M TEM CAMbIM 3KPAHHPYETCHA KONLLEBOE
ABMXXKCHUE, KOTOpOe y HEHTPOHA He TPOHUKAEST 33 MPEASHul 3TOr0 Clos.
ToponJaTeHOE XKe JABHXEHWE TACHTCS 3ITKM NOIPAHUUYHBIM CHOEM JHIIb
qacTHUHO, B pesymbrare IpoTon B COCTOMHUM HEHTPOHA OKpYXeH TOMBKO
TOPOHAATbHEIMU [TOTOKAMH 3hUpa, IPpHUEM OCIaAbICHIIBIMH, |

B tpeTtheM cOCTOSHUMM — aToOMAa BOJAOPOIA NMOTOKH 2(MPUPa 3aMblIKIrOTCT
HE 9e¢pe3 UCHTPATbHOE OTBEPCTHE IPOTOHA, 3 BO BHE, o0pasyd NMpUCOSIy-
HEHHBIM BHXPb, KOTOPLIM IMOAKPYYHBACTCS MOTOKAMY HPHpa, BLIXOASIIKMMU
U3 LIEHTPAJIbHOIO TOPOUIA — CaMOro NpoToHa. B ITOM NpHCOCIMHEHHOM
BUXPE KOJBIIEBOE OBIDKEHME MMEET TO XK€ HaTnpaslIcHWe, YTO M KONblie-
BOE ABIKEH#ME HPOTOHA, HO TOPOUIATBHOEC MMEET IPOTRBONONOXHBIH 3HAK.
[losToMy ¥ BHHTOBOE ABMIKEHUE 3QUpPa B NMPHCOSINHEHHOM BMXPE HMeeT
3HAK, TIPOTUBOMOMOXHLI TOMY, KaKOH MMEeT BHHTOBOE ABICKEHUE B Telle
TPOTOHA, BTOT MIPUCOCIHHCHHAIA BUXPb BOCITPHHHMAETCA KaK 3AeKTPOHHAY
odonoYka aroMa BOJOpPOIA. |

Slapa aroMoOB (QOpPMHPYIOTCS M3 HPOTCHOB M HEUTPOHOB DE30 BCAKHX
HOTIONTHUTEALHBIX YAcTUII Drarofapd HANWYWAIO MEXIY HYKIOHAMM rorpa-
HWYHOIO CJIof, B XOTOPOM BeCbMA BEJIMKO JHAYCHME IPAJMEHTa CKOPOCTH
(Gosnee wem 10°7 M - c"’/ M), NaBlIeRHe 3Pupa NOHWKEHO, Baaronaps yemy
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Prc, 1,10, O6pazopasue CIOXKHNX SUIEP ATOMOB. d) COEHHEHME TIyKIOHOB §o-
KOBRIMH CTEHKaMM; O} 3u10pa TOPOWAATBHKIX CKOpocTeil B TNPOMEXYTKE MEXIY
HYKACHAMU; ¢} 2MHopa AasicHuii >bupa

BHeWHece RasleHye ahupa npyximaeT HVKIOHBI APYr K IPYry OOKOBBI-
MM [TOBEPXHOCTIMM, ITHM DPEATH3YCTCS! CHIBHOC SHCPHOE B3auMOICHCTBUE
HYKIOHOB B aTOMHOM siape (puc. 1.10)

Bce npoTeoHbl, HAXOAANIMECH B 40P, BEUIYBAIOT M3 CBOUX LIEHTPAJIBHLIX
OTBEPCTHUI BUHTOBBLIC CTPYH 3¢ Hpa, K KOTOPHIM BO BHEIITHEM TPOCTPAHCTRE
A00aBJAKTCH NPHCOCANHEHHbLIE BUXPH, YMCIO KOTOPAIX OXa3biBacTCH paB-
HbIM YHCIY MPOTOHOB. Tak GOPMHUDYIOTCSL ANEKTPOHHBIE 000NI0YKH CIIOKHEBIX
sjep (puc. 1.108).

DNeXTPOBHBIE ODOMOUYKH aTOMOB MOFYT COCAMHSITLCH ABYMS CIIOCO-
faMu — nyTeM TPMIHMBAHHMA APYr K APYTY IIpH aHTHIapauieAbHOM Ha-
(IPABJICHUH TOBEPXHOCTHEHIX MOTOKOB 3(pUpa, 3TO COOTBEICTBYET MOHHOWU
XHMUYECKOM CBi3d atomos B Monexyse (puc. 1.11 @), win nyrem obpennne-
HUSI ABYX TPHUCOSTHHEHHBIX BHXPEH B ONHH OOUIHA JA ABYX aTOMOB BHXPb,
3F0 COQTBETCTBYET KOBANCHTHOM XMMUYeCKo# chsisu (puc. 1.116).

Ilpu oOpazoBaHMK KOBaJcHTHOH CBA3H oOllad AIWHA 3(PUPHOIO NO-
TOKa B MOACKYJIE OKA3BIBAETCH MEHBLIC, YeM CyMMapHas UiHa >@HPHBIX
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Pac. 1.11, Xumuyeckne csa3u aTOMOB! @) HONHAS, 6) KOBANEHTHAS

OOTOKOB B aroMax A0 WX QOLEAWHEHMA, NOITOMY 4YacTh >Pupa B Bujae
CTPYUKY YITAOTHEHIIOMO BUHTOBOIO NOTOKA BHIOPACHIBACTC BO BHEUIHEE T1PO-
CTPAHCTBO. TAKON KycOUeK CTPYH HE MOXET CYLICCTBORATH, ¥ OH 0o6paluacrtcy
B CaMOCTOSITENILHBIN TOPOHIATBHBIW BHXPb — JIENTOH, NETKYID YACTHLLY.

B nmpocThiX xuMuuecKYX pcakuMax TuNa INeJoYb — KUCHOTA Macca
TAKOTQ JIEIMTOHA COCTABMACST MOPAKA 10™* 3NEKIPOHHON MaACChl, paiMep
JeliTOHa B OOLICH Macce BCeX JCITOHOB, BbUICIWBLIUXCH B IIPOUECCE pe-
akKUMH ¥ 00PA30BABILKX «IENTOHHYIO NEHy», cocTaBlseT mopsaaxa 0,01 mm,
YTO ONPEAESEHO ABTOPOM IKCTICPHMEHTAILHO.

B MeTaiiie upy oOBeIMHEHMM ATOMOB B OOLIMH KpycTams K3 obutei
BUXPEBOH ODOIOYKN HECKONBKHX ATOMOB BbiOpachiBAIOTCH 3PUPHDIE CTDYM,
Macca KaxJoW W3 KOTOPLIX COOTBETCTBYET MAcCe Uenoro sackrpoua. Ka-
XANH Takas CTpyilka oOpa3zyeT CaMOCTOATENbLILIH TOPOMAANBIEIN BUXPh —
INEKTPOH.

ITpucoeAHECHHBIC BAXPH — INMEKITPOHHBIE 000JI0MKN AaTOMOB CBOMMHU
TIOBEPXHOCTHLIMKU NOTOKAMKA W Onarofgaps Ba3KOCTH 3QHpa CTUMYANDYIOT
HOSBICHUE BO BHCUIHEM NPOCTPAHCTRE RTOPALX IPUCOCIMHSHHBIX BUXpe#k -
ofonoueK BaH jAep Baansca. Ecau B 2TOT BTOPOH NMPpUCOCAUHEHH LI BUXPD
nonageT cule OAHAa MOJeKy3a, OHa OYAET YIepXKHUBATLSS B 1HEM, JIOTOMY 470
COIABACMbBIE B 3TOM BUXPC NMOTOKH 3UpPa co34aayT O €€ JOBEPXHOCTH
rpapueiThl TeYeHHd, B KOTOPbLIX AaBNMeHKe >¢upa OyaeT NOHHXeHo. Tak
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00pa3vIOTC MEXMOACKYBIpHBIE CBAIK. OAHAKO €CIH CKOPOCTh MOJSKYb]
OVICT AOCTATOMHO BLJIMKA, 3THX CHA MOXET HE XBATUTL M YACPDXAaHHWH
MOJCKYNhkI. Torga oHa BEUIETHUT M3 3TOH 0bGIacTd.

TakuM o6pa3oM, Bce BEIUECTBO MPEACTABASET COO0W HabOp BHUHTIOBLIX
BUXped 3(PUpa PasiNIHON TWIOTHOCTH, a caM >Pup HIPaeT pollh BCEODLIEro
CTPOUTEABHOIO MAaTEpHana IS RCEX BUAOB BEILECTEA.
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Ousnveckas CywHoOCTL
KATeropMi 3AEKTPOMAarHeTM3ma

2.1. Pusnueckas CyuHOCTb
SAEMEHTAPHOTO IASKTPUUSCKOTO 3aPAA3

ConocTarisas B3aUMONSKCTBHE TOPOUIAILHBIX BUHTOBRIX KOJIEL C NO-
BCICHMNEM 3aPAXCHITBIX YACTHL, MOXHO CAENATh CACAVIONIME BbIBO/LbI.

1. Tlockoapky opiterTaltva YacTHL B NPOCTPAHCTRE ONMpPeaeIsieTCs] TO~
DOHIATLHBM ABHKSHHEM, TO MAUrHHTHOS ROAS TOPCHAANMBHOM ‘TACTHULI
OTOXICCTBASETCH ¢ TOPONAAAbHEIM ABMXEHHUEM CPEAB! B €€ OKPECTHOCTAX.

2. [lockonpky (hakr NMPHTEKEHWS WIH OTTATKMBAHWA OIpeacadeTca
OpHEeHTAMEH KONBUIECBOIO BPAauICHUS OTHOCHTENLHO TOPOWAATBHOTO, TO
ANEKTPUUYSCKHUM 3apAN YACTHIIBl CHEAYET OTOXACCTBUTHL C HAIHUMEM KOMb-
1IEBOTO BpanIeHus .

3. IonsprocTe 3apsina ONpeseascIcs OpUeHTauueil XONpueBoro NBK-
XKeHMsE OTHOCHTENbHO TOPOHIANLHOro. Bee aaexTpoMarsvTible ABRITEHT
WMEIOT B CBOCH OCHOBE YKa3aHHbIC BbINIS ABHXKEHMSA H MOQIYT OBITH HHTED-
NIPETHUPOBAHBL ¢ 3TUX [TO3HIHH.

IMonaras popmy nipotoHa npubnsbkeHHO#M K GopMe 114p4a, CONOCTABUM
SHEPIUul0 TIOJIA KOJBLEBOH CKOPOCTH pUpa BOKPYD IPOTOHA ¢ IHEDIUEH
NIEKTPUIECKON HANMPSDKEHHOCTH ero HOMA, YIUTBIBaM4, 9TO

2

VT
0= B0 @)
GHeprus KoNbLUCROIQ JRWKEHHA COCTABUT;
< 2
W, = f pr -dV = 2mp,u e, (2.2)
¥

rie p -— TUIOTHOCTH CPERbl, KT/M°; ¥ — CKODOCTb Cpembl, M/C; Tg —
DANMYC 1apa, M, W, — SHEPIMA MO KOAbUEBOH CKOPOCTH, JX.
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A8 20eKTPUIECKOTO 3apsiia  HCPIUs COCTABASET:

EQEEZ g
— dv: FE = : 2.3
“q / 2 47(6‘[]51"[)1 | ( )
Vo
N, TAaKUM 0Opa3oM,
2
wq N q 3 (2-4)
STE[]E'T{]

e ¢ — 3apan, K, g — InyeKTpryecKas mpoHHHacMoCTh Bakyyma, @ /u;
£ — OTHOCHTEAbHAA AMIJCKTPHYECKAA TPOHMLIACMOCTD CPEADL.

ConocTaeisis BoIPOKEHUS I MEXAHUUECKOR IHEPTHM NOJIA CKOPOCTEH
Cpeabl € YNEKTPHUSCKON DHEPTHACH MO 3apsaia IMpOTOHA, HMEEM:

Wy = Wy, T =Ty (2.5)
H na_r[éc MOAY9aeM:
27 PV T = ¢ 2.6
TPV Ty S'H'E{]E'Tg? ( )
i CIEAOBATENIBHO,
2 g \?
pa(”xsp) — &pfy — ) , (2.7)
Epf
OTKYyAa
E0€ = Pa; 4 = Patix5p. (2.8)
TakuM 00pa3oM, BETHUMHEL €5 M ¢ TIPHOOPETAIOT NIPOCTYIO HMHTEPRPETALWIO:
0, [®/M] = p,, fxx/n), (2.9)

T. €. NUIAECKTPMYECKAs! NTPOHHMIIAEMOCTh RAKYYMA, BhipaXeHHast B eqUHKIax
D/M, €CTh IUIOTHOCTh 2pHpa B CRODOTHOM MPOCTPAHCTRE, BbIpaXKeHHas
B COUHMUAX KI/M°, a JMEKTPHMECKUN 3apay eCTh LUPKYISIUMN KOblle-
BOH CKOpPOCTU NJIOTHOCTH 3(HPA Ha BCEH €ro [MOBEPXHOCTH M COUHHLE
n3MepeHnst Kim (Ky oK) COOTBETCTRYET EAMHULIA U3MEPEHHMSA KI/C;

g,1Kn} = sV Sp, | KT/, (2.10)

T. €. INEKTPHYCCKHAN 3apsa mpeacrasaseT CoQON NUPKYIALDMIO KOMMMECTBA
KONbLLEBOTO ABMXKEHUA HpUpa HA BCeH TOBEPXHOCTH BHHTOBOIO BUXPEROrO
TOpOMAA.
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2.2. EAMHULIbI 3ACKTDUYSCKUX
1 MArHMTHbIX BeAMUHUH B cHcTteme MKC

Ho HeHaBHETO BpeMEHH B JECKTPOTEXHHKE HMCHOIL30BANNCH abconior-
Has snexTpudeckas cucremMa eaunpuu CICH, abconioTHas s3RcKTpOMar-
auTHAas cucteMa enuuHl CI'CM, a takxke abconwrtHas [ayccora cHcTeMa
¢AMHALL, B KOTOPBIX OCHOBHBIMM CAWHUIAME AB/AUINCH, CAHTUMETP, TPaMM
Y cekyHRpa, Ho B cucreme CI'CH abcoomorHan nuaeKTpUyeckas MpoHMLUae-
'MOCTh CUKTACTCH Oe3pa3MepHoi U paBHOMH eIMHAIE IS BAKYyMa.

€p == 1;

B cucreMe CI'CM abcomoTHag MaruuTHaa IpOHHUAEMOCThL CunTaeTca bes-
PasMEPHOM M paBHOWN €AMHILIES A BAKYYMA:

po =1

a B [ayccosoit cucreMe el a0COAKTHAST JMIEKTPRMECKAs M MArHH THas
UPOHHITIAEMOCTY CYMTAIOTCH De3pasMepHpIMU ¥ SIDMHHX MAIOTCH ONNOBPEMEH -
HO paBHbBIMM €AUHMLE 11 BAKyyMa:

Eo = g = L.

B pesynpTaTe onHA ¥ T4 Xe 2ACKTPHYECKAA MIM MATHATHAA BEJIMIMHA OKa3h -
BaeTCA WMEIoNIeR pasnyio pasmMepHocTs. Hanpumep, KonAdecTBO NEKTPA-
qectpa (FNeKTpUNecKnil 3apan) uMeet pasmeprocTs: B CI'C3D n Taycconoi
CUCTEMAX eIMHHL — oM’ - ri/?. ¢t a B cucreme eaurny CICM —
cM! /2. 012 qaruuTHELT TroTox B cucTeme emurmi CICD uMeeT pasMep-
HocTh — oM’ 21~ s CTCM 1 layccoBoit cUCTEMaX €AWHMIL — e/ 2P gL,
Hainume Tpex NpakTPUueckd OAHOBPEMEHHO ACHCTBYIOINX CHCTEM
MCKTPULECKMX W MaTHUTHDLIX ¢JHHHIL BCErAa BHI3BIBAMAC DOIBIIME TPYAHO-
CTH B pacueTax, HO IMABHOW TPYAHOCTRIO ARIMIOCH OTCYTCTBHE KAKOTQ Obi
TO HHA OBLIO (PU3MMECKOTO CMbICTA B 3THX SAMHMIIAX, KaK TIOHHMATL, Ha-
IIpUMED, KOPEHh KBaOpaTHBIM M3 rpaMMa, WM CAHTUMETD, BO3BENEHHDIH
B crenens 3/27! |
MexaynaponHan cucTema JIEKTpUHecKnX 1 MarHUTHEIX eanan MK CA,
OCHOBaHHAsA Ha TEX Xe npenctapieHusax, 9vo u cuctema MKC, o egnuunax
MacChl — KWIOFpaMMe, JUIMHBl — MEeTpe H BpeMeHu — CeXyHIe, nobasuia
K HAM HOBYIO OCHOBHYIO SAWHHLY — €XWHMUY CUAB TOKa AMilep. B nei
[IPUBEACHHBIC BRIIIE BEJWYHHE] HMCIOT NEJOYHCICHHLIE CTeNEHH, KOMye-
CTBO JJEKTPHUECTBa — A -¢; MATHHUTHBHINA NTOTOK — M KT A7 .¢7% TaK xe
KaK H BCE QCTANIbHBIC IACKTPHICCKHME M MATHUTHHIEC BEIHYMHLI,
Henocrarkom cucremui MKCA, omiiaxo, no-npexdeMy SBARETCH OT-
CYTCTBUE (U3MUECKOID COXEpPXaHHS B NMOHATHH «CUId TOKa», Yepe3 ITo
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M B €€ eJUHHUNE «<AMICD», A JANEe N BO BCEX MIEKTPHYECKHUX H MATHUTHEIX
BEAMIAHAX.

IMockonbKy BHINE OLLIO YCTAHOBIEHO (HU3NYECKOE COREPXAHKE TIOHSA-
TH3 «NEKTPUYECKUN 3apaI», & MEPES OTC U fIOHATHE «CWIA TOKa»

_

= 2.11
3 2.11)

2
I Xr/c*,
TO MIOABJISIETCS BOSMOXHOCT pacnipoCTpaHuTh cuctemy efuHHI MKC 1a nee
BAEKTPHUCCKHE W MATHHUTHBIE BCAUYMHLL, IOACTABMA B HHX 3HAYCHHE €1-
HUIIB n3MepeHus T1oka. Huxe npuBescHa Tadmua exdavy WaMepeduis

OCHOBHBIX 3JIEKTPHICCKUX M MAarHUTHSIX BEIMYUH B cucTeMe ey MKC.

Tabnena 1
RBesimguna Hasgadue O6osuage- Exnra Emvansaa
€ MMHUILL HHE AIMEPEHM HIMEDCHMS
B MKCA* B MKC
Pabota 1 axeprna HKOYAL X M xr{cz Krem-c?
MougHocThb BATT By M xr{c3 kr-me-e”°
KonwiecTsBo 3N€XTpH- KYI01L Kn A-c¢ xro¢ !
uccTna {NSKTPURECKHH
Japsi)
Cuaa Toxa aMnep A A KT ¢ 2
TtoTok 3AEKTpMIECKOTO | KYAOH Kn A-c xr-m?
CMEILEHHH (MHuyK1Ivn)
DNeKTPHYECKOE cMelue- | KyJIoH Ha Kea- | Ka/ M2 A -c/M’ KT - M2 - ¢
HHe (MHIYKI) APATHBLH MeTp
Hanpsokerwe, pasHOCTL | BOSBT B mMioxr/A-¢d Mt
NOTCHLMATOB, 3ACKTPO-
ABHAKYLNAA CHIR
IMEKTNOEMKGCTh ¢apana & A c"{ M? - KT aeml
INEKTPUIECKIH MOMENT | — Kn- -~ Arcm Kromock
BexTop mossipp3anvM - Kﬂ,’Mi A c/m? gr-m? . ¢l
{iroanpu3oBanHoCTD) |
WeKTPUYECKasT RpoHU- | dapa- 3 JI Y A ct ;’M3 - XT Xrem3
HACMOCTS HA Ha METp
Hanpskeruocrs 231K~ | BOAMT Ha MeTp | B/M M-KrfA - ¢ M-
TPWIECKOrD 1101
, -
IAEKTPHIECKOE COTIPOTH- | OM Om M - r_rjA:' v Jrrlom? e
RiIICHHE
YaenbHOE MEKTPHUCCKOE | — OM - M M kA |krem?ee?
CONPOTURICHHUC
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Iipodorncenue maba. |

Benmavna Haspauue OBasnane- Fannuia Erymntia
EAMHVLI HHe H3IMEPEHUA H3IMEPCH U
8 MKCA* 8 MKC
Vaenpuas MeKIpudeckas | — 1/Om-m Az ke jatomt el
POBOAUMOCTh
[loaBHXHOCTH HOHOB - M3 /B.c |A-¢ fKr —
MarHMTHRIL NOTOK BeGep BG M - KT/A - ¢? M2
Maruurnas MHEYKUUs TECAA Tn xr/A - c? MM
MarioaTibIi MOMEIT — A M A M Ki-m2 g2
BexTop moTeHCHMBUOCTH | — A/M A/M kromhoe?
HaMarHugenHs (amar-
HHTCHHOCTD)
UHAYKTHBHOCTE M B3aHM- | TEIIpH 1H VLR - GNP e S PEOC
1189 HHAYKTHBHOCT
MauHit rias rexsps Ha merp | Hiy/m M - KT/ A?.¢? kr oM. c?
MPONHIEAEMOCTYS -
HanpaxenHocrs | amnep Ba Metp | A/m A/M KoM et
MArHHTHOTQ OIS
MaruTouBAAKYILAH aMIcp MR Awiy Az 1A K¢ 2
CHNa AMTEPBHTOK
P ‘¥ — -
MartnTHoe - A/BS6 wiu- | A% - c* /M’ kT {xr M 2.¢72
COTIPOTHBACHHAL An/BG6

* INo mapieiv CnpabouimiKa 110 PH3MKe AN MHXEHEPOB M CTYACHTOB BY30B. M.: Havxa,
1971,

2.3. PuUsmnuecKan CYIHOCTb 3ACKTPO-
U TENAONPOBOAHOCTH METAAAOB

B mMeTanmax atoMbl COSAMHEHbLI HPYT ¢ APYTOM SMEKTPOHHBIMH 060~
JOYKaMp, obpasyd B HIpeaciax OAHOro JAOMEHa CIUTONIHYYW CHUCTeMY THIiA
BOTLIIOK MOJIEKYNBI, CBS3U 30€Ch KOBANEHTHB. DTO NPUBOAUT K TOMY, YTo
1IPH COEANHEHWH aTOMOB HAMHA 2PUPHOIC LIOTOKE YXKe ¥ MOJIEKYJIbl, COCTO-
FIe# BCero M3 ABYX aTOMOB, DKA3BIBACTCA MEHLIIE, YeM CYyMMAa JUTHH JTyTeil
(pHEPHLIX TOTOKOB vV ATOMOB 10 coeanHeHua. [loatomy Tiph CoeaMHEHMH
aToMOB B MONECKYJY YacTh YIIOTHERHOTO 3aBHHTOBaAHHORO 2(d#pa BbIOpachI-
BACTCA N3 0OPA30BABINE ACA MOJICKY.TBI M 3aMbIKaeTcs cama Ha cedst, odpasys
HOBYIO 4acTHUy — ceoDOAHMI »nexTpoH (puc. 2.1), KOTOpblil XaoTUYECKH
HAYMHACT MEPEMEUIATHLC B MEKMOICKVIADHOM TPOCTpaHCTRE B IIpederax
cDolouKy BaH Hep Baansca, coynapasick C DJIEKTPOHHBIMH 06030YKaMH
MOJIEKY 1 OOMEHHBAICH C HUMY SHEPTHUEH.
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Prc. 2.1, O6pazopanme CROGOANBIX 3NCKTPOHOB B MCTALIC

ComnacHo SMEKTPOHHON TEOPUN, CBODOJHBIE 3MEKTPOHLI B METAIUYE-
CKHMX TIPOBOAHHKAX 00PA3YIOT TAK HA3EIBAEMAIN JIEKTPOHHEH ra3. JABUrascs
Xa0TUYHO B MEXATOMHOM NPOCTPAHCTBE Tefa MPOBOIHUKE, INCKTPOHBI CO-
VIApSIIOTCA € TIOBEPXHOCTAMY ATOMOB M MOJICKYJ], OOMEHMBAACH ¢ HUMM
AMOVABCAMH U TEM CaMBIM NoJacpKuBasa o01UYyI0 IS BCETO Teda TeMIepa-
Typy. UMeHHO Hanyyne ¥ NOABMXHOCTb 2ACKTPOHHOTO rasa odecnednBaeT
BBICOKYIO TEIIOIMPOBOAHOCTL METAIMUECKMX MPOBOAHUMKOB. OOHAKO IIhw
ITOM BO3HHUKACT BOTIPOC, YTO NpEACTaBIAeT CODOU TEnora TBEpAOTO Teaa.

B 4yeM 3akniodaercs MeXaHM3M TeMIIePATYPhl TBEPIOTO Te/a, YTO ABNA-
€TCA B TBEPAOM TEJI€ HOCUTENEM TCIUIOTA U YeM (QUIHYESCKH TelllloTa
TBCPAOTO TENA OTIAYACTCH OT TEIUIOTH Trasa.

Kak u3BeCTHO U3 r430BOM AHMHAMUKNA, abCco0THAs Temneparypa T rasa
€CTh Mepa KHHETHYECKOU YHEPIUH OAHOMN €50 MOJICKYJ¥bi:

mv
= ——, (2.12)
3k
rac — My Macca MOJICKYAbl Fada, v CpeaHsiaA CKOPOCTh €€ TEMIQOBOTO

asmxeHus;, k= 1,38 107 Ik - (K) ~ nocrosunas Bonsumana. B cuecn
Fa30B TEMUCpATypa OJHA U Ta X A BCEX COCTARIAIONIMX CMECh Ta30B,
Npd pa3sHoN Macce MOJAEKY 3TO O3HAYAeT, UTO ¥ HUX CKOPOCTb TEIUICBOrO
ABVKCHUS PA3iinyHa: 4¢M MEHBINE Macca MONEKVIIH rasza, TeM Soiblie ee
TEITORAs CKOPOCTh.

TBepnoe Teno, HAXOMACH B ra30Bo cpe/(e, BOCIIPHHUMAET CBOEH NOBEPX-
HOCTRIO yadpsl MomeKyn rasa. Ho yuap npuxoantcs se 110 SaApy MOREKY/IB!
TBEPAOIO T€14, a 10 €T0 IACKTPOHHOW 0DOIOYKeE.

B cooTseTcTBUY C© MOTOXEHUIMM MDUPOANHAMHKH INEKTPOHHAS 000-
JJOUKA aTOMa IPEACTaBAgeT COOOM JIPUCOSAMBEHHDIA BUXPy 2Mpa, BHEMI-
HUN pasMep KOTOPOro cocTapisieT mopsaka 107 0 M, B TO BpeM# KaK QUaAMETD
snpa wMeeT pasmep nopsizka 107" M. [TockoNBKY S3pa aTOMOB B CpENHEM
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nMerT Maccy B 3 700 pas GomnbLie, ueM BCs 3NeKTPOHHAs 000A04YKa, TO TOMy-
YaeTcd, YTG Maccopad NMOTHOCTh DNeKTPOHHON oboiodkH Ha 18 nopaakos
MCHBLIC, YeM MAaccoBad NAOTHOCTh sAApa. YIap Xe Ta30BOH MOMEKYIOM,
B KOTOPOU UMeeTCs MOLOOHAA Xe 3nekTpoHHan obonodka ¢ aHATOTWYHOIM
[IOTHOCTBIO, NPHAXONUTCA TIPAKTHYECKM HA BCIO I0WMAAL SNEKTPOHHOM
ofonouxu TBepaoro Tesa Npu npuBene HHBIX COOTHOIUEHMNAX TUIOTHOCTH HET
HHKaxoro OCHOBAHMA T0GJAAraTh, YTO yAAp FA30BOH MONEKYXH O MOJCKYITY
TBEPAOLO TENA BbI3OBCT KOJMCOAHHUS MOACKYNBH TBEPHAOTO TeAa Kak HEKOEero
enoro odpazopannsa. OOHAKO 3T0T yAap HEW3DeXHO BLI30BET achopMalio
CaMOI HNIEKTPOHHOM 060J0YKH MONEKYNB! TBEPACTO Tejla, B PE3YILTATE JET0
Ha ee MOBEPXHOCTH BOSHUKHYT BOMHDL], PACipOCTPAHIIOIIMECS VKE IO BCEE
€€ MOBEPXHOCTH M NEpenawlme MMOAYYeHHOE BO3SMYILEHUE COCEAHUM MOJe-
KYAaM, U TOXE NX JIEKTDOHHHIM obonoukaM, HIpH 31OM Bee siapa MONeKyls
KaX MacCHBHbIE TEjIa OCTAHYTCA B ITOKOE.

TakuM oOpasoM, ecam TEIUIoBas 2HEPIrUs MOJCSKYJ Ia3a peansyercd
B BUIC KMHCTHUCCKON DHEPIUM MOACKY KakK Neoro 00pa3oBaHMsd, UMEr0-
IEr0 MacCcy M TIEPEMENIalOLIEToCs B MPOCTPAHCTBE, TO TETUTOBASI SHEPrHd
TBEPOOTO TENa peaU3yeTcss B BUAE BOIH JSIMEKTPOHHLIX 000J0YEK aTOMOB
1 MONEKYI, COCTaBJIAIOHINK TBEPIOE Te1o. DHEPINA ITHX BOMH M- COOTBET-
CTBEHHO TeMIeparypa TBepraoro tefa I' oyaeT npomnopuvoHaibHA KBagpary
AMIUTMTYR BOAHLI A U NIOTHOCTH JCKTPOHNOH OOONOUKM P!

T = k.p. A’ (2.13)

30ech k, — KOMPpPUUMEHT NponopLisioHaNnbHOCTH. CKOPOCTh nepeMeneH s
BOJIHBL TIO TIOBEPXHOCTH 3JeKTPOHHOM ODOJMIOUKH 3aBMCHAT OT YIPYTOCTH
000OYKH, HO HA TEMIEPATYPY TEJI2 OHA HE BIIUNET.
Loy TeMuepaTtypa TBEpUOro Tena PACTET, TO COOTBETCTREHHO PacTeT
H AMILTHTYIA BONAH HA HOBEPXHOCTH 3ICKTPOHHBIX ODONOMEK €r0 MOJNEKyA
A TIO3TOMY YBEAWYUBACTCA CPEAHEE PACCTORHWE MEXIY LIEHTPaMH MOJE-
i, YeM M o0BACHAeT A TErUIoBOE pacinupeHue 1eepaoro Texa. Oanospe-
MEHHO 3PMEKTUBHBIH MPOMEXKYTOK MeXIy MOJIEeKYJIaMH, CKBO3b KOTODLIS
CBODOAHBIE 3NEKTPOHBL MOTYT (IPOHMKATh OT OQHOH MONEKYMBI K APYIoi,
YMEHRIIAETCSH, YTO W JIPHBOAUT K YMCHBUIEHMIO GPOBOIMMOCTH MeTajllla
H YMEHBIIEHHMIO €70 KO3DPHIIMEHTE TETUIOIPOBOMIOCTH, YTO H UMEET MECTO
B PEATbHOCTH.

B cOOTBETCTBMH ¢ 2ACKTPOHHOM Teapuei CBOOOTHBIC 3NCKTPOHDL, KBU-
rasich XaOTHYeCKM MeXOy MOJEKYJaMM Tella, HelpephiBHO OOMECHMBAIOTCH
C HUMH HMITYJIbCAMH, 9eM U CROCOOCTRYIOT BHIPABHMBAHHIO TEMIIEPATYPhi
B METAJLIC C BBICOKOH CKOPOCThIO, YeM METAMUIBI M OT/IMYAI0TCA OT HEMEeTall-
T0B — BRICOKHMM 3HAaYCHHEM KO dDULMEeHTa TEILTONMPOBOIHOCTH. |
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TeruroBas ckopocTs NepeMemeHus 3JeKTPOHOB B METALIE ONPEAS/ IMTCH
B paXeHHEM:
kT
Yo = : (2.14)
mﬂr

rie m, = 0,9108 - 1070 xr — wmacca NEKTPOHA, OTKyJa HAXOANM, YTO
npy TeMneparype 20°C (293, 3°K) cpenuns CKOpPOCTh TEMJIOBOTO JBMXCHHA
IAEKTPOHA cocTasiT 115 kM/c. MMes B BUAY, UTO KOJXMYECTBO 3NEKTPOHOB
B METAJUIE AO/DKHO ObiTh pABHO KONKYECTBY ATOMOB, TO MX YHCJIO B EAMHULE
00beMa, KaK U ATOMOB, COCTABASET [TOPSIKA N = IO 2 10 m~>. Ecimm 681
2JIEKTPOHMBIA ra3 cyuniecTBoBaJl caM o ¢ebe, To cpeansst ATHHA ¢Bo0OIHOTO
npobera sAeKTpOra COCTaBnaa DB 3HaYeHHue

A= ——l—, (2.15)
V2no,

TIE O, -— TUIOILAAEL TIONe qﬂom CeUEHUA IEKTPOHA, BEIHYHHA KOTOPOH.
cocrapasier nopsiaka 1077 M. CrmeposaTenbHO, JIHHA CBODOAHOYC NpoO-
bera gomkHa ObUta Obl COCTARMAATH BEJWYMHY NOPAAKA €AUHHUL METPOB,
B TO BPEMsT Kak pElECTDHHHE: MEXIY LIEHTPaMi MOJCKYII COCTABJSIET BEJIH-
wuHy nopagka 107'% M. Dro osmavaer, yro 3nekTpoHBl B MeTaTE HMKAK
HE B3aUMOAEHCTBYIOT MEXIy CODOM, a KAXABINH HEIpPEepbIBHO COVIapSIETCs
C NOBEPXHOCTAMM MONEKY/, OKOIO KOTOPBIX OH HAXOOUTCH, W NepeMelllaeTcs
MEXIY MOJCKYJIaMHU. |

B coOTBETCTBHU € TO Xe ANEKTPOHHOH TeOpHEH YXE B COBPEMEHHOM €8
UI0XKeHUH KODOUUHEeHT TefIONPOBOIHOCTH METAJUIOB U CIUIZBOB MOXHO
OUCHUATh, HCMONBAYH 3aKoH BuaeMana—@pariua

k'[ = LQG'T, (2 16)

rae Lo = 2,445.107° Br. OM/K? — wneno Jlopenua;, ¢ — 3REKTPONPO-
BOAHOCTb, {OM ™! - M); T — abcomoTHas TeMIeparypa. D10 COOTHOLIEHIE,
YTBEPXKIAIOIIEE NPONOPIUOHAIBHOCTE TENAOIPOBOTHOCTH H [IPOBOIHUMOCTH
METAMTIOB 1 WX CRJABOB, MOATBEPXICHO LIAPOKOW IPAKIMKOH M BOWNO
B ClIPABOYHMKM KaK OCHOBA, XOTS M He Bceraa ToyHas. Tlockonbky cyue-
CTBYIOT €1Ie M ApyIue (bakTopbl, BIAMSIOIHNE HAa YKA3aHHOE COOTHOIICHHE,
Tem He MeHee, MOXHO YTBepXKAATh, YTO 3JCKTPOHHASI TCOPHA META/LTOB ITOM -
TBEPXKAEHA. B COOTBETCTBMM ¢ 9TOM TEOpPUENH INEKTPONPOBOAHOCTL PABHA

2

ne'T
o= (2.17)
.
AW IS VOSIBHOTO COYIPOTHBACHUS
mﬁ

= 2.18
p= 3 (2.18)
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TAC N — KOHUEHTPaUMg INMEKTPOHOB B elWuMuile obbema, e — zapsin
IMMEKTPOHA, T — BpeMst CBODOAROTO Nipobera; m, — Macca MICKTPOHa.
C pocTOM TEMIIEpaTYPhl YACTOTa COYAAPEHHSI DACKTPOHA C INOBEPXHOCTIMM
MOJIEKY/ VBEIHUYHBACTCA M BpPeMs CBOOoaHoro 1npodera COOTBETCTBEHHO
ymenpmaercd. OTciona U CHUWXECHWE ITPOROAMMOCTH # COOTBCTCTBYIOLL VA
POCT VASTLHOTC COlIPOTHRAEHHUSA METAANOR,

Taxum 00pa3oM, COBMECTHLIE IPEJICTABIEHHS BACKTPOHHOU Teopuu
U 2OUPOLHHAMUKH TIOIBOJAIOT YACHHTD MEXxaHH3M 31eKTPONpPOBORHOCTH
METAITOB M €TI0 CBA3Eh C TEIIONPOBOAHOCTRIO. Ha 370T OCHOBHOM npouecc,
KAK W BE3ne, HaKMAAbIBAIOTCA TOTIONHHUTEbHBIE FIPOLCCChI, MTPUBOLIIIME
K OTKJIOHEHUSIM OT OCHOBHOTO 3aKO0Ha, KOTOPhIC KONXKHbI PACCMATPHBATHCA
OTUESbHO,

2.4. CTpYKTYPa CBOOOAHOIO IAEKTPOHA.

Kak nokazano BBliie, TTpH COEIWHEHWH ITOTOKOB 3()upa, COCTABIAIO-
HIMX SMEKTPOHHbIE O00MIOYKM ATOMOB METaNAa B ODNIYIO CTPYKTYPY, 4acrth
3aBMHTOBAHHONO H YILIOTHEHHOTO >(upa B CTPYKTYPE 3THX 00010YEeK OKa-
3LIBACTCHA JMIUHEeH H BMOpachBacTCA BO RHEUIHEES NPOCTPAHCTBO. BUHTORAS
CTPYHKa He MOXeT COXpAHATLCA B TAKOM BUie, ub0 OOMH KOHEIl, NBYKY-
IMMHCSH BIIEpea, rpeacTanaser cobod MCTOK Fa3a, 4 NPOTHBONOROXHBIK €¢
KoHeU — CTOK. llepentuit Korel CTpyHKM 00A3aTETbHO J0/DKCH 3aMKHYTBCS
Ha 33JHHH KOHELU, B pe3yIbTATE Y4ero 00pa3yeTCs HOBBIH BUHTGBOIN TOpOUA
adhupa HeOOMbRION MacChl — CBODOIHBIN 3MeKTpoH. B npHyumie, Iucio
TAKHX IEKTPOHOB B METAUIE NO/EKHO OBITL PaBHO YMCAY ATOMOB, NO-
CKOJIBKY KKALA aTOM BhOPACH BAET NIPU COEMUHEHM U B ODIIYIO CTPYKTYDY
CTpYHKy >¢upa, 06pazyionyic cBOOOAHIMH UIEKTPOH M COCTABIAET YHUCHO
nopsiaka 102 m~3,

Ha sneMedT moBepxXHOCTH BHOEBL 00pa30BaHHOTO TOPOMAANBHOTO BUH-
TOBOIQ BUXpS — 3AE€KTPOHA ACHCTBYET PA3HOCTh CHJ. ¢ BHEIUHEHW CTOPOHI
NCUCTRYET JaBNeHre ¢BoloIHoTo 3dupa, ¢ BHYTPEHHEH — CYMMa CHJ BHY-
TPEHHETO JABNCHUS, KOTOPOC CYUIECTBCHHO MEHBINE BHEIHEro AABICHHA,
MOCKOHABXY BpallenseM ra3 oTOPOLISH U3 NIEHTPaIbHOM 0O/IacTi Ha nepude-
PHIO BUXPR, U USHTPODERIION CHABL. Takaa CHCTEMA HEYCTOHTUBA H HAaYMHA -
€T CAaMOTIPOUIBOILHO CRXHEMATHCA, ITOCKOJILKY B MEXATOMHOW 0DacTH CKO-
pocTH TedeHUs! 2BHpa MEHBILE, 46M B MICKTPOHHLIX 000I0YKAX aTOMa, Tpa-
IHEHTEI CKOPOCTEH MEHBMIC, CIEAOBATC/ILHO, AABACHHUE 3PYPa 3AECh REIDE.

Hast ¢pOGOIHOr0 BMXPA JOIDKEH COXPEHUTHCA MOMEHT KOMUIECTBA ABH -
XCHHS U ¥ TOPOMIANLHOTO, M V KOSBLEBOTO BPALiCHUN, YTO NPH CKATUK
(IPUBEACT K CAaMOAPOH3BO/IbHOMY BO3pacTaHKIO ¥ NAMHEHHOM, N YIJIOBON CKO-
pocTeit 000X ABMAKECHUI, IPHIEM AUHECAHBIX CKOPOCTEH NPONOpUKOHANLHO
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NICPBOA CTEMNeHM CXATHS, & YIVIOBMIX — B KBaaparte. Ilponecc caMonpouns-
BOJBHOTO CXATUSI Ta30BOTO BUXPs N DHEPIeTHYECKHAE COOTHOLIEHHS 3TOYO
mponecca paccMoTpeHst B | 3].

CxXarne BUXPA W BO3pACTAHHE CKOPOCTH Bpawenua OyaeT npoacn-
Xarhca 10 T€X [op, NOKa TCDIOTHOCTh BUXPS HE BO3PACTET MO HEKOTOPO
KPHUTHYECKOH BEIMUYMHBL, MMPEATIOJOXUTCABHO TOH XK€, YT0 U V¥ HPOTO-
Ha, T.e. 1o BesmuuHb 107 — 10" xr/v’. B pesvisrate nomyumesmeecs
BUXPEBOS BUHTOBOC KOABUO NPHOOPETET pasMepbl, CYIHECTBEHHO MEHbIDHE,
yeM OBUTH ¥ MCXONHOTO BUXPA. ITO U Oyiet CBOOOIHEIH 3MeXTPOH.

- OuucanHmit MexaHnIM GoOpMUPOBaHUS CBODOIHBIX IMEKTPOHOB B KPH -
CTALIE META A CRA3AH C [TEPECTPOMKON BHeMHeH 00ONOYKK aTOMOB MeTald-
JOB B CBSI3U ¢ 00pa3oBaHueM o0 i KPUCTATTMYECKOM pelteTkH, OO0nequHe-
HUEC BHCINHEX TTPHUCOSAWHEHHBIX BUXPEH aTOMOB B CAWHYIO CTPYKTYPY JOMXK-
HO NPABOIHUTE K RBICRODOXKASHHIO CBOOOAHBIX BUXPEH — JIEKTPOHOB, KOTO-
phie HRUMHAIOT DJIYKAATh IT0 KPACTAUTY B BUJIE TAK Ha3bIBAEMOT0 «3JIEKTPOH -
Horo ra3a». Hedto ananoryyHOe 0OHAPYXECHO aBTOPOM U TIOATBEPAKAEHO IKC-
NEPUMEHTANIBHO B KOBANEHTHMX PEAKLIKMaGX, fIPU KOTOPHIX Xaxdasl TTapa B3a-
UMOJIEUCTRYIOIMUX MONEKYT BEICBOOOXKAAET YacTh 3aBHHTOBAHHOIO YIJIOT-
HEHHOrO a(pupa, KoTophiii TyT Xe ofpasyer TopounanbHbi BUXPh 3dHpa.

TakuMm o00pa3om, c¢BOGOAHBIA 3MEeKTPOH OYyieT npeacTassiTh ¢oBoit
BHHTOBOC BHXPCROE KOALIO CXATOrO 3(pmpa, B KOTOPOM 3HaK BWHTOBOTO
ABUKEHUA, T.€. OPHEHTAIIMA KOILLUEBOTO ABMXEHHSI OTHOCHTEALHO TOPO-
MIANbLHOTO IMPOTHBONCAOXEH 3HAKY BHHTOBOTO ABMKeHUA 3(dupa B Tene
APOTOHA, HO KOJMYECTBO KOABUEBOIO ABMXEHHA TO Xe€ camMoe, CheaoBa-
TEJIbHO, OH HeCeT B cehe 3apsl TOH XKe BeNMHUHEL, YTO ¥ INPOTOH, HO 3HAK
3ap#aa He IMOAOKUTEILHLIA, KaK ¥ IPOTOHA, a OTPULIATEAbHBIN.

Hayuune KonblueBoOro ABMKEHUS ¥y 3ACKIPOHA

TOATBEPXKAAETCH TEM, YTO Y INEKTPOHA 00BapyXeH

CIMHH — MOMEHT KOAUMECTBa NBMXCHMH Bpalua-

TEJABHOTO ABWKEHWUA, papiuid 1/2 B eanHdnax k.
a) 0)

I'NaBHOH OCBIO 3/1EKTPOHA ABNSETCA OCH KOABUEBOIO
spatueHnn (puc, 2.2).

Bo3MOXHO, 4TO Tako#l 3JIEKTPOH MMEeT TOHKOS
1en0. B caMoMm pene, ecitd yiecTh, 4TO Macca CBO-
GORHOTO IEKTPOHA COCTaRIseT M, = 0,9108 - 107 cpobonmora HoKTPOHA.

_ @) B METALIC; 6} B CBO-

K, TO, [HOJaras IUIOTHOCTD TE€.1a 3NCKTPOHA PABHOH  GogiioM IMpOCTPaHCTRE
18" wr/m>, nojyuum o0peM Te4a 3AeKTpoHa V, =
9-107* M’. Ecnn xe PAANYCOM KOMbilA CUUTATH TAK HA3LIBAEMBIN K1acCH-
YECKMHA pagHyC SACKTPOHA

Puc.2.2. Crpykrypa

62

m.c?’

o = {(2.19)
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TO IIMHA OKPYXKHOCTY KOMbUA COCTABUT
, 2
) 8- 10-15

0 CHGHOHEITEJIhHD TLTOUAIL MOMePeYHOrO CCHEeHUA KONbLA OKAXETCH PaBHOH
[,6- 107 M°, pannyc Xe Tena Koiblia OkaxeTcs PABHBIM Tq = 1 31071 M
Leau xe monoxuTh TNOTHOCTh DIEKTPOHA paBHOMN 1018 Icr/M . TO Pajguyc
TeJa DISKTPOHA OKAXETCs eife Medblie. Takum obpazoM, ¢ClIH 0JaTaTh
PARMYC IEKTPOHA COOTBETCTRYIOIM BRIpAXeHUo (2.19), To Toanmuya tena
KOJIblla JIEKTPOHA Ha B4 TOPsUIKa MEHBIIE pa3MepoB paguyca camMora
KOjIbUA, TIO3TOMY B 3TOM C/1y9ac MOXIIO YIOMAraTh, YTO CBOOOIHBIH 3IEKTPOH
Opeactapnsaer coboil TOHKOE BHHTOBOE BMXPEBOE KOJNbIID CHKATOTO 3dupa.

HyX10 OTMETUTYL, Y10 BHYTPH METALIOB ATTEKTPOH B HE HAXOAATCH B aT-
Mocdepe cBobonHoro apupa. Tam CYHIECTBYIOT U OPYIHe NPUCOEIHBEHABIC
BUXDH, KOTOPBIE MOXHO YCITOBHO HaszsaThk 0DONOYKAMM BaH dep — Baamnca
1 KOTOpoIe 00eCHIeYHBAIOT MEXATOMHBIE CBA3H HE XMMBUecKo# (He 371ex-
TPOHHOH) UPHPOABL. DASKTPOH, HAXOASIIUCK BHYTPH TakuX BHXpeH, ByReT
UCBITBIBATL NABNCHHE MCHAILEE, YeM B CBOGOTHOM >dUpe W pacdeT ero
pazMepos yxe OyreT nubiM, Masio TOTo, nepeMelasch B IPOCTPAHCTBEE MEX-
AY aTOMaMU MeTajuld, 3NEKTPOH BCE BPEMS TICPEXOAMT M3 OAHOH 0GracTH
BaH-Aep-BaabcoBoil 00010UKH B APYIVI0, CKOPOCTH NOTOKOB >bHpa M pa-
JHEHTH CKOPOCTEW B HHMX pPazfivduHB, CISI0BATENBHO, ¥ JABICHUM B HHX
PAINHYHB, TO3TOMY 3IEKTPOH HE MOXET COXPAHATDL CBOW Pa3MCDbl HEM3MEH -
HbBIMHM, OHH BCE BpeMs MEHSIOTCA, panMyc KOAbLia IeXTPoHa He SBIAeTCH
IOCTOSTHHBIM K MEHACTCA B JABUCMMOCTY OT BHEUIHUX GaKTopoB.

[Ipeacrasiesye 00 NEKTPOHE KaK O BEXPEBOM KONbUE ¢ NEPECMEHHBIM
panuycoMm Onuto BeegeHo B. @ Murkesuuenm [42f. OcHosHbIM Bo3paxeHeM
1poTHB Mogett MuUTkeBuya GbUIO yTBEPKISHME, TTO 3aPAR M MArHWTHBIN
MOMEHT 3IEKTpOHa Che pHUECKH CRMMETPHAYHbE. JIHAKO NOC/AeIyIOUMe pa-
OoThl By M HEKOTODBIX 1pyIrux PM3UKOB OKA3AHU, YTO NEKTPOH BEAET ceds
FOIO0HO BPAIUAIOILEMYCH BHXPEBOMY KOIbLLY, CIIMH KOTOPOro HANPAaBIEH
BIOJIb OCH €T0 NBUXEHUS. DTOT (PAKT CHHMALT YKA3aHHBIC BO3PAXKEHHA.

OnHako B ¢BODONHOM TPOCTPAHCTBe, vide gaBnedHue >hHUpa Maxcn-
MUTbHO, EKTPOH MOXET WMCTh TIPOMOPLIHM, aHATOMHIHbIE HPONOPLHUIM
ODBIYHOIO ra30BOr0 BUXPEBOIro TOPOMIA: €70 BHELIHUM AuaMeTp 1D HECKOND-
KO MEHBIIE YABOSHHOrO AMaMeTpa Tena 2dr (IoTiepeuHoro pasMepa Topa).
O0BeM Takoro Topa paBed NPUMEPHO

V,=25d."; D,=174d,. (2.21)

=1,8-107"u (2.20)

M ecma D, = 5,6 - 107" M, To cpelHss WiIOTHOCTL Tena 3MEXTPOHA CO-

craput nopsagka 10 kr/u®, 1. e. Bcero Ha 4-5 MOPSIAKOB MCHBLIE, YeM
ONOTHOCTH TpoToHa. [lpn 3TOM BnoiHEe BO3MOXeH M OBparHM BapHaWT,
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T e

KOrIa B CBOOOMHOM MPOCTPAHCTBE DJICKTPOH AaBlicHUeM 3dUpa cXUMaercs
O OPENEIbHON NIOTHOCTH, TOM XK€, YTO M Yy TIPOTOHA, T.€. HO DeIu4i-
et 10" — 10'® kr- M. Torma AUAMETD NEKTPOH2 CKAXKETCH PaBHbLIM,
npumepuio, 107 M. i

Kax w3BecTHO, 2neKIpOH 00nagaeT coOCTBEHHOM PHEPrueil, papHoOu

E = hv =m. (2.22)

H CHHHOM — MCXAHHYECKHM MOMCHTOM BpanicHd

[
2 .
CnMH oTpaxaeTr coboil TONBKO MEXaHWYECKUHM MOMEHT BpalleHUs KoJble-
BOTO IBIDKECHWA, B TO BPEMA KaK SHEPTUA — IMONHYIO BHYTPCHHIO 3HEPTHIO
IACKTPOHA, VUHTBHIBAOIIVIO KAK KONBHEBOE, TaK H TOPORAANLHOE NBHKEHHUS.
1 KONLNEBOro ABMKEHH
Jriwy
E, = : (2.24)
| 2
EcAn B COOTBETCTBUM C NPUHLUMOOM MakcBenna 3Heprud IO CTeleHAM
cBOOOALI pacnpeldensaIoTCa PaBHOMEPHO, TO

B, = Er (2.25)

H N0 KPanHeW MeEpe 1M NEPBOIO CIYy4as — CYIIECTBOBAHUS 3RCKTPOHA
8 cBODOMHOM 3DHPE MOXHO YTBEPXIATh, YTO JAMHEHHBIE CKOPOCTH KOJIb-
IIEBOTO H TOPOHUANBHOIO ABYOKEHUH 3(PHpa HA IOBEPXHOCTH 3AEKTPOHA
paBHbl, M CNENOBATCIbHO, 9YACTHObLI 2(Upa B TCNE UIEKTPOHA ABRXKYTCH
IO BHHTOBOM JIMHMH ¢ HAKIIOHOM BHHTA OKOTO 45°, |

Ecim asiexTpos nomagaet B o6MacTh, T CYWECTBYIOT KaKHe-anfo 1no-
TOKW 3(Upa, TO OCKONBRKY TPAAUEHT CKOPOCTEH YBenMUMBAeTCs, JaBlicHIe
HAa NOBEPXHOCTH JJEKTPOHA NAJAET, ¥ BHXPEBOE KOJABLO YBEINYUBACTCA
B pasMcpax.

2.5. OusnyecKas CYLLHOCTh SASKTPHYESCKOTO NOAS

Ilpy MOABICHMH Ha OBEPXHOCTH IEKTPOAA SNEKTPHYSCKOTO 3apaia,
T. €. TIPH BbIXO/I€ HA €0 [MOBEPXHOCTh 3ASKTPOHOB B OKPECTHOCTAX ANCKTPOAR
YCTAHARIMBAETCS INMESKTPHUECKOE TOJIE.

W3 puc. 1.8 puaHo, yTo Npu BhIXoOe HA NMOBEPXHOCTL SJIEKTPOAA BUH-
TOBbIX BUXPEBEIX TOPOHIOB -- AJCKTPOHORB WM NPOTOHOB OHM CO3AAIOT
B [IPOCTPAHCTBE BHE JIEKTPOAOR BUHTOBBIC BHXPEBBIC TPYOKH ABMXKYIHEIrocs
upa. B Buxpesoil TpyOxe, oOpa30BaHHOM B CPEllE BHHTOBEIM TOPOWAALh-
HbIM KOJNbIIOM, IOTOKH 3(hHAPR IBUXYTCH HE TO;TbKO 11O KOMBLY B IUIOCKOCTH,
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NEePUCHAMKYNSPHOR OCHU TPYOKM, HO M MapaieibHO 3710 ocH. lipu 3Tom
B HEHTPATbHOH 9aCTU BUXPEBOH TPYOKU 3hup KBUXETCH OT BHHTOBOIO TOPO-
Wia, a 1o nepudepun — K BUHTOBOMY TOPOUAY, TAK YTO 00iliee KOIUYECTRO
HOCTYIATEABHOTO JIBHXEHUA dhyUpa BAOAL TPYOKU B CpeAHEM PABHO HYMO,
Takoe nocrymaTenbHOe DBUXERME HMEEST DOJILIIOE 3HAYCHHE, TTOCKOALKY,
OVAYUM pPazHbiM [I0 BEIMNWHE W HANPABIEHHIO HA PA3SHBIX DACCTOMHMNX
OT OCH TpyOKM, DTO ABMXEHUC CO3INACT PA3IMUHbIC 3HAYEHWSI BHHTOROIQ
akTopa, NpHYEM MO OCH TpyDKW BUHTOBOE ABIDRCHHE MMECT ONHH 3HAK,
a o Nepudepru — NPOTUBOTONOXHKI (puc. 2.3).

Pac. 2.3. Brxpceo¢ tone, co33aBacMoe BHIFTONBIMA BUXPEBBIMI TOpOU-
RaMu {2JICKTPRICCKOE TO%E)

Kax nmokazano B paborax [39, 40], cymMupoBathes MOTyT NM1ib BUATO-
BEIE ITOTOKHU, ¥ KOTOPBX BUHTOBOH (akTop HOCTOSTHEH H OIMHAKOB 110 BCEH
nnune BUXps. Takoe BMHTOBOE ABIKEHHE XOIIKHO YIOBIETBOPATL YpapHE-
HAO

rot v = A v; {2.26)
W W wy W A
v N ﬂx N U}r - T}z N 1
IPU ITOM
A
v grad — = comnst. {2.27)
T

Hugero nopoOHOTO 18 BUXpEBBIX TPYGOK IEKTPHYECKON MHIAYKLHUH HET,
CNeZOBaTEbHO, CYMMMpPOBATLCH HOTOKH 3THMX BHXPEBHIX TPYOOK He Mo-
[yT, a MOTUYT JRUIbh Pa3BUBATBCA B NPOAOALHOM HANPARIEHUH, CKOAb3H
10 NOBEPXHOCTA APYI APYTa ¥ CMELIATHCA B TOTIepevHOM HANMPAaBJICHUHM J10d
JABNEHHUEM COCEAHMX BHXPCBbiXx TPYOOK.

TarkuM 0BpazoM, CHIOBBIE THHUN JMCKTPHYECKOTO ONST — 3EKTpHYe-
CKasl MHAYKUMS — CYLECTBYIOT KaK OTAC/bHbIE BUXPEBHIE TPYOKM («TpyOKu
Mapanes»), OAHAKO NCKTPHYECKOH HHAYKLIMK COOTRETCIBYET HE BCE BTD
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ABMKEHUE, A TONBKO €70 KOAbLIeBast cocTapnomas. HHTtencusHocTy anek-
TPHYCCKOTO NOJIS OPEASHSICTCA €10 HAMPSLKCHHOCTHIO, T. €. YHCIOM TPYOOK,
NPRXOMALINXCA HA CANHNNY TWIOIANH TONEPEYHOro CCYeHMs MPOBOAHHKA
M COOTBETCTBEHHO CEYCHHEM KAxXnoi TPpyOKN: yem BhIHIE HAPHXKEHHOCTb
IAEKTPHUCCKOro mond, Tem bonblice Yueno TpyOooK MPUXOAUTCH HA €IMHUILY
ILTOWEAM M TEM MEHbIe OVIST ceucHUe Kaxnoi TpyOKH, Yro HaxoAWTCs
B NOJTHOM COOTBETCTBMH C TEOpMACH razosnix puxpeit. Ans rajoBoro Buxpst
NPy OCTOAHCTHEE BN BUXPA LIMPKYLIMH £a3a HANPAXCHHOCTD H JTHHCH-
Has CKOPOCTh BpallleHUsT TeM Dofbui¢, 4€M MEeHbIE eT0 CCHeHHE.

s OfMHOYHOIO 32p#)a NOXHBIIA YTON, 3AHUMAEMBIH KOMbI{EBEIM IBH-
KEHHEM, COCTaRIACT 447, CIEAOBATCIbHO, IUIA 7 TpyDOK YIoNl, 3aunMacMblii
KaKIA0W U3 HUX, COCTABISET

= — 2.2%
", (2.28)

NPA ITOM JUIS KAXIOA TPYOKU B COOTBETCTBHMM € TeopemamM lenpMronn-
ua [7, 8] Ha BCceM ee NPOTSKEHMH COXPAHSCTCH LIS KAKIOH SHEMEHTapHOM
CTPYHAKH UUPKYIAIHS ¥ MOMEHT KOAWYECTBA ABWXKCHUS:

I' =327nrv; L = mvr = const. (2.29)

Kax 6buto mokasano seine {1.20, 1.28), penwuuna OaMHOMHOTO 3apsna
onpeesierca. Kak
€ = P30 5.

[TockOMBKY TOPOHRANBHOE ABVDKCHHE PAa3MBIBAET XOABIEBOE ABHKCHUE
Ho BCeH cepe NPOCTPAHCTBA, TO MACCOBBLIA NOTOK KONLUEBOrO IBMXE-
HHA Yyepesd cepy onpeaAenTnuTCs U3 BEIPAKEeHHUS

‘9{ P>V 45 = ¢, (2.30)
S .

HAH

f D ds, (2.31)
g

IAe ¢ ~— BeCh 3apal HAXOAHTCH BHYTPH cpepnl; D = p, v, — €CTh MACCOBRIA
FIOTOK KOMLUEBOH CKOPOCTH IVIOTHOCTH 3(bMpa, Ui HHAYE NOTOK 3JEKTPH-
yeckOl MHAOyKUmu. [losiyueHroe BoIpaxeHHe COOTBETCTBYET TeopeMe faycca.

[1pouecc BOZHMKHOBEHHSA JIEKTPUYECKOTO MO [TPH MOS BJICHWUM HA TI0-
BEPXHOCTH SNEKTPOAA YIIOPANOUESHHBIX 3APAIA0OB 33KNI0U2ETCH B TOM, UTO BH-
Xpesoe ABHXEHHE KAXION TPYOKM HAMHHACT PACIIPOCTPAHSITBECS BAOAD OCH
1pyokM. Ilpu aToM Ha Topue TpyOKM nBUKeHMe 3hupa NEXHT B IIOCKOCTH,
NEPREHAUKYNIPHOM OCH TPYOKH M HOITOMY CKOPOCTb PACIPOCTPAHEHMHS
3MECKTPHYECKOTO TIOAA B BaKyyMe paBHa CKOPOCTH BTOPOTO 3BYKA B 3¢Hpe —
CKOPOCTH PacnpOCTPAHEHUs NONEPeYHOro IBWXEeHHS, ODeCcreYHBacMoro

4
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BAZKOCTLIO 3(PHPA, T, €. CKOPOCTH cBetd. CKOpOCTh PACTIPOCTPAHCHASA IEK-
TPHYECKOro NOJs1 B KAKOM-NTHOO MaTepHane MeHpllle B k, pa3, Ce

k, = ] P (2.32)

| P>’
P, — TUIOTHOCTL 3dhMpa, BOBJIEKASMOIo B IBRKEHUE 3AEKTPHUYECKOrO MO
B MaTepnane; p, — TOTHOCTL 3PHpa 8 cBOCOOHOM RPOCTPAHCTERE.

B onthyeckux cpenax k, = n, T.e. paBHO INOKA3ATEMO MPEIOMICHHS.
OO0BIYHO NOKA3ATEAh NPCIIOMACHMS HaXoowrcs B nipegenax 1.4-1.6, moato-
MY MIOTHOCTH dPupa, BOBICKAEMOTO B NBUXEHHE B ANMCKTPUUCCKOM TOSe
QONBIIE TRIOTHOCTH CBOOOABOTO 3¢dupa Bcero B 2—2,5 pasa, T. €. COCTABISIET
BCIMYUHY OKOJIO 2 - 107" kr-m72.

ConocTaBngas €€ ¢ MaCCOBOM TIOTHOCTBIO TeX K& OMTHYCCKUX CTEKOJ,
COCTARNAIOMEH BENUIMHY Hopsaka (2,65 — 3) - [0° kr- M™°, BHAMM, 4TO
B ABRXKEHHE B AEKTPAYCCKOM NOJIE BORICKACTCH BeCcbMa HeOONbUIasg YacTh
2¢dhupa, nopaaxa 10°* or Bceit maccnl adupa, obpasyioleil Marepual.

B MeTamiax, Bo3aMOXHO, ?Ta noias DoablLLe.

2.6. KOHACHCATOP (3ACKTPOEeMKOCTh )

PaccMoTpHUM 3apsaXeliibplit KOHIEHCaToP, Ha OOHOR W3 IIacTHH KOTO-
poTO MOMEIUEH 3apsj ¢, a Ha Apyrod —q. Hannuyuve paBHbIX M ITPOTHBO-
TIOAOKHBIX 10 3HAKY 3apAJIOB O3HAYaeT, 9TO HAa BHYTPEHHEH MOBEPXHOCTH
OIHON M3 MAACTHH COCPEAOTOYCHO 3JeMEHTAPHBIX 3apsiaon

n=1 (2.33)

€

CO3JaBUIMX rmone y3 N BHxpesbIX TPYOOK, XKOHHDLI KOTOPBIX BCC BXOOAT

BO BTOPYK) TUIACTUHY, T. €. YHCIO BBUUCIUHX H3 OSZHOH IUIACTUHb TPYDOK

PAaBHO YHCAY BOIIEAIINX BO BTOPYIO IU1ACTHHY 2THX Xe Tpybox. Ecnu 6w

3apsigbl He OBLTH PaBHbl MTA MMEH OAKH M TOT XXE 3HAK, TAKOrO paBeHCTBLA
H¢ OhUIO Obl.

IInomane rmonepeyHoro ceyeHvis oaHoM TPYOKY COCTABMT (B CpeaHeM)

S

Sﬂ —— —-E‘] (2.34)
n,

e Sy — WNNoWaAb MIACTHHLL KOHASHCATOPA, 4 CKOPOCTh KOJBLLEBOTO
OBVDKCHUA 10 nepudepyH TpyOoKHA paBHa:;

L (2.35

vy = .
j I o ) )

rae I' — MHTEHCHBHOCTD NUPXKYIALMMA 2¢dmnpa B TPyOKe.
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Hpu asmenenuy nnotlaay TPyOK® 3a CUET YBEAMYEHWS YUCAA ITMX
TpYOOK — yBEJMYEHMSI 3apsia Ha IIaCTHHAX — IUIOTHOCTL 3¢Hpa B TpyD-
Kax p OyAeT H3MEeHATHCA 110 CPABHEHHUIO € MAOTHOCTLIO 3dpa B CBODOIHOM
cpene p,:

. 2
p_ ST

— = —. 2.36

4 S 7 ( )
Kak noxazano B [41-45|, ypasueHue Bepry:im IpuMeHUMO K BHHTOBOMY
NOTOKY B UeJOM. Pa3HOCTb MABNEHUA B 2ICMEHTaPHOM CTpyiiKe Ha nepude-

PHU BUXPA Y B CBODOAHOM 2(HHPE COCTABIALT:

2

pPav
2 ?
a Anpd BUXPEBOU T]J}"ﬁ]ﬂ'] B CpCIAEM TIaAcHUEe NaRnceHHUA BOJONb 'l‘pyﬁ.KH

10 CPABHEHUIO ¢ AawieHUeM B cBOGOAHOM Cpene, ecnw Tpybka MMeer
KPYTOBOC CEYEHME, PasHOCTL JaBiEHUK cocTabisieT [23]

AP =

(2.37)

2
x
Ap="2 —, (2.38)
Ama TpYOOK HEKPVIOBOTO CeYCH U
kp,I*
2 ]
AP =kp,v° = pY ey (2.39)

3aech & — xo3(pQHINEHT MPONOPLHOHANIBHOCTY, YIATHIBAIOIARH op-
My CeYeHUA TpyOKH.
[TocKONLKY pacxol raza B Kakaoi TpyoKe

Py = VP = const, (2.40)
MONYYACM:
7
w’po’ _ I py?

AP = kpv' =k
P p 4ripis’

(2.41)

rie €/€g — OTHOCUTENbHASI TUIOTHOCT: >(HPa B BHXPeBOH TPyOGKEe B M-
WIEKTPHKE.
Obuwan cwia, AelicTBylowan Ha 1ACTUHY KOHAEHCATOPA, pPaBHA:

P2 P S P? 2 S 112 n? 2
F=APS=k-t22 o p= P00 (2 P00, & (o)
dm-ric 4854¢ 48 2epeS
TakuM obpazoM, duspmyecKuil CMBICT OTHOCKTENLHOM AMNEKTPMYE-
CKOH TPOHMLEAEMOCTH € — OTHOWEHHE ILVIOTHOCTH 3()HUpa B BHUXPEBHIX

TPyOxax B cpeae {IMINEKTIPUKE) K IUIOTHOCTH 3dupa B BUXpeBoil TpyOKe
B BakyyMe (B cBODOIHOM OT BellecTRa 3¢pupe).
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ChaeayeT OTMETHTH Clieayioiliee CylUEecT Be HHOe 00CTOATENbCTRO AT NPO-
XOXICHHUA BHXPEBBIX TPYOOK 3ACKTPHYECKOrO TOAX CKBO3b AUOJIEKTPHK.
IfoToku ahupa B I3TUX BUXPEBbBIX TPYOKaAX TPEACTARNAIOT COOOH CTaAauMO-
HApHOE ABYDKEHUE 3(Pupa, KOTOPOS MOXET IIPHBECTH JIHUIb K TOCTOAHHOMY
CMELUEHHIO SMPHbIX BHXPEH, M3 KOTOPBIX COCTOUMT CaMO BEIIECTBO IH-
ACKTPHAKa, HA HEKOTOPYIO BEJIHUHHY, HPH 3TOM HaA Mepexoddbid Ipolecc,
T. €. H2 YIPYroe cMeilie HUe MOAEKYA DyAeT 3aTpaueHa HeKOTopad 2HepTisl.
B ocTanLHOM Xe HAIMYKE CTAHOHAPHOTO BUXPEHOTo HoToka DGHpa B HH-
NMEKTPUKE HHA K XaKUM KonebaHHAM YacTHLL BellECTBa NPHUBECTH HE MOXeT.
3TO O3HAYAELT, YTO SHEPIUd BUXPH HE PACXOAVETCH W MMeEET PEeaKTHBHDbIW
XapaKT1ep (IHEPrusl He TIEPeXOIMT B TETJIO — 3IHEPruio KoaehaHui aToOMOB).

2.7. ®u3nyeckas CYWHOCTb IASKTPUYECKOTO TOKA

Ilpu oTCYyTCTBMM 3eKTPUYCCKOIO N0 S7EKTPOHLI B METaTe COBEp-
IAIOT XA0THUECKOE TETUIOBOC JIBUXECHHC 1 HMCIOT B IIPOCTPAHCTBE Xa0THYE-
CKYK0, T. €. PABHOMEPHO PacTIpPEAECICHHYIO OPUSHTANMIO.

[log nedcrBueM MEKITPUMECKOrNO NOMA XaOTHUECKOS IBMWKCHUE BACK-
TPOHOB B IIPOROIHHUKE HECKOMbKO YNIOPAHOYHBACTCA, DTO YNIOpPAI0YEHHE
NMPOSBASETCH ABOAKO: BO-TIEPBbIX, 2NEKTPOHBLI BO BpeMA CBODOIHOrO fpO-
Bera HaYMHAIOT OPHUEHTHUPOBATECH MO {1010, T.e, HAMPABACHUE HX OCeH
NMPHOOPETACT OOLIYIC COCTAB/SONIYIO BAOSL HATIPABNCHMA ICKTPHYECKOTD
[10/1%; BO-BTOPBIX, SNEKTPOHE IIPHOOPETAIOT HEKOTOPOE YCKOPEHUE B 00IneM
HaITpaBiCHUMA BIOAB TIOM, YBEAWYMBAs CKOPOCTh M TEM CaMBIM CBOIO KMHE-
THYECKYID SHepTvIo. [To3TOMY HECMOTPS HA TO, YTO COYAAPEHUS IJIEKTPOHOB
C ICKTPOHHBIMM 00OM0YKAMH dTOMOB IMMPOBOAHWNKA MX BHOBL JS30PUCHTH-
pyer, B Ue10oM 00pa3syeTcs NOTOK JIEKTPOHOB, MUMEIOHIMX YXE HEKOTOPYIO
O01OYI0 OPHMEHTALMIO. DTa OpUeHTAUHS JJAEKTPOHAMH TEPASTCH ITOC/Ae Ka-
KAOTO coyaapetns ¢ MOBEPXHOCTIMH MOJICKY METa/Na, HO 3aTEM YACTHUHIO
BOCCTAHABIHBACTCH 3a BPEMSI 1IpoOCra Mexay coyaapeHHsMH. B pesynerarte
B CpEAHEM BCH COBOKVIIHOCTE MIEKTPOHOB B MeTadle CMEILUAeTcHs BAOJb
OCHU HPOBOXHHKA W, KPOME TOro, OKa3hiRacTCHd pPasBepHYTOU 1104 HEKO-
TOPHM OOIDHMM YINMOM OTHOCUTENBHO IVIOCKOCTH, NEPNEHIMKYASIPHON OCH
NPOBOAHMKA.

Benuvuvna toka, IpoTeXaiouieTo 1o NPOBCIHMKY, OPEICIUTCHS YHCIOM
JICKTPOHOB U ITHM YTHOM U COCTABUT

edn  dg

dt T at’ (243)

I =eNSv =

rie e — 3apsal 31eKTpoHa, papHbli 1,6 - 1071 Kia;, N — 9UC¢/I0 21eKTPOHOR
B eMHHUIE OObEMA MPOBOAHUKA, § — CEUEHHME NPOBOIHNKA; Uy — CKOPOCTD
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CMELUEHUSA EKTPOHOB BACAL OCH NPOBOJHMKA, Nt — YHUCIC BJEKTPOHOB
B 3apAfe ¢, MPOTEKAIOIETO YEPe3 CeHeHre TTPOBOIHNKA.,

CKOpPOCTE MepeMeLeHUS D/IeKTPOHOB Unp BAOJb IPOBOIA CEYEHHEM S,
OTIPENCTUTCH BhIpAXKEHHACM:

|
eNS, .

Lp
Eciy mmonarars, 4To YMCIO MeKTPOHOB N B ITPOBOIHHKE PABHO qucny
ATOMOB METAIUIA, TO TOTAA B €ANMHULLE 00beMa COMEPKHUTCT NIOPAAKA 107
JJICKTPOHOB, cne,uoﬂarem.nn cpenHee pacCTOAHUE MEXIY 3JIeKTPOHAMH
coctaBmsieT d = 107'% M n nipu cevenun nposonika B § = 1 MM TIOTYUAM,

YTO B €ro (loMepedHoM ceyeHuy comepxurcs n. = 10'* anextporos, wro
COOTBETCTBYET 3APSAY

guo =T =10"-16-10"" = 1,6 - 10 ° Kx,

[Ipn Toke B 1 A uepes monepeudoe ceyeHHe NpoBOAHHMKA B 1 € mon-
KCH TPOATH 3apsa B 1 KYJAOH, CJIENOBATEIbHO, AOMIKHO mpodtn 6,25 - 10°
3apANOB ¢np. YYHUTRIRAA PACCTOAHHME MEXAY 3JEKTpoHaMK B 10 M, TIOTyuuM
CPC/THIOD CKOPOCTh IEPEeMELIEHU 3/1EKTPOHOB BIWIL TPOBOJIHMKA

Venp = dup == 107" 6,25 - 10° = 6,25 - 107" m/c = 6,25 mxm/c.

CpenHMH yroyl pa3sBopoTa BCeX JIEKTPOHOB ONPESAMTCH Yepe3 OTHO-
HICHIAE CPETHEH MOCTYNATENBHON CKOPOCTH INESKTPOHOB B IIPOBOAHUKE Uy cp
K CKOPOCTH CBETA — CKOPOCTH PAcHPOCTPAHEHUS NOMNEPeyHoro NBUXEHUA

a¢Hpa g:

Vip =

(2.44)

ﬁt‘:ﬂ
2. (2.45)
¢
ilpu Toke B 1 A B CeyeHHH IIPOBOIHMKA B | KB, MM CPeaHHME yrou
PA3BOPOTA BCEHM COBOKYITHOCTH 3MEKTPOHORB COCTARUT BCETO NHILD:

_6,25.107°
- 3-108

40 COOTBETCTRYET YTy NoBopora 2- 107> yraosoi cexynasl. CaeayeT OTHAKO
JAMETHTE, YTO COOTBETCTBHE YIJIa TOBOPOTA 3NEKTPOHOB YIJIY [TOBOPOTA
IHOTOXOB 2hupa 104XKHO ObiTh B GyayilleM YTOYHEHO ¢ YYETOM VTOUHEHMUS
BCEHW MOUEIH CHAOROTO B3aWMOACHUCTBUS.

HanpaXeHHocTh 3JeKTPUYECKOTO 1T £ ecTh cuia, OedcTmyloinas
HA COMHWUYHBIA rekTpudeckuit 3apyn. Cuna, neHCTBYIOUIas Ha NMCKTPOH,
OnpedeinTCA KakK IIpousseactive Fe, tme e — 3apsan 3iekrpoHa. [loag geit-
CTBMEM ITON CHJIbI JJICKTPOH, MMCEIOIHK MacCy M, IPHOOpETET YCKOPEHME,
PaRHoOe

tg o =

= 2,08 - 1o~ pan,

o = (2.46)
| 1)
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U 3a BpeMs Al MeXOy COVIApeHUaMY ¢ TIOBEPXHOCTAMN aTOMOB NIpHOGPETeT
TOMORHATCILHYIO CKopocTh Aw, Ecnd A ecrs paccrosgHue, npoGeraemoe
INEKTPOHOM MEXAY [IBYMSE CTOJKHOBEHUAMU U ¥, €CThb CKOPOCTH JIEK-
TPOHA, TO BEAHYMHA DTOTO MIPOMEXYTKA BpPEMENH DYICT paBHa

A .
At = —, (2.47)

'U'I AP
{{posoanmMocTh TPOBOAHKKA ¢ TeM DOIBI