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NPEAUCJIOBUHE

B kHure «3dTHOreHe3 u Ouocepa 3emau» (1989) JI. H. I'ymunen
MPEJIOXKHI MOHSITHE «XHMEpPHOro 3THOCa» C LeIbI0 PacCMOTPEeHHs ICH-
X0JJOTHYECKHX NPUYHH XUIIHHYECKOro OTHOIIEHHS K NMPHPOAE CO CTOPO-
HBbl HEKOTOPBIX T'PYII JIIOJeH.

OxkasnBaercsi, TeopHio ['yMHJeBa noc/ie He3HaUHTeIbHOH TpaHCOp-
MallHH ee MOHSTHIl MOKHO NPHMEHHTb H MPH aHaJH3e Da3BHTHA (H3H-
YecKHX NpejiCTaBJeHHH 3a IoCJeIHHEe HECKOJbKO AecsiTKoB JeT. Huxke
IIPUBOASTCS Pe3yJbTaThl 3TOrO aHaJH3a.

Xumepoii 0OBIYHO HA3LIBAIOT HCKYCCTBEHHOE CYILECTBO, 3aHMCTBO-
BaHHOE M3 rpeyeckoi MH(OJOTHH H COCTOsIEee W3 OPraHoB, NMPHHAaA-
JexKalllHX pasJHYHBIM BHAaM cyluecTB. K HHM OTHOCSTCS: KEHTaBp —
JKUBOTHOE C TOJIOBOH M BepXHeil MOJIOBHHOH YeJoBeKa H OCTaJbHOH
YacTbi0 JiolIaaH, COHHKC — IMOJyJeB H IOJyuesOBeK, TIapnHsg —
NTHLA C JeBHUYLHUM JIHIIOM, KHOOPT — 4eJIOBeK C MAallHHHBIM HHTEJJIeK-
TOoM, KpbeL1aTholil KoHb Ilerac u 1. m.

AHnasnorHuHeM 00pasoM MOXKHO ONpeleJHTh H TEeOPHIO-XHMepy
Kax coyeTaHne NPeACTaBJieHHH, 3aHMCTBOBAaHHBIX H3 DasHHIX TEOPHH
M KOHNenuuil. DTo onpejeseHHe YTOUHSETCS B Ipolecce paccMoTpe-
HHSl KOMKPEeTHHIX IPHMEepPOB TeopHui, 00jafalolHX NpH3HAKAMH XHMEp:
KBAaHTOBOH MeXaHHMKH M CIE€LHaJbHOH TEOPHH OTHOCHTEJbHOCTH.

XuMepHbBe TEOPHH B (DU3WKE BO3HHKJH CJIELYIOIHM OOpa3OM. Ha
OpraHHYHOE H OPHTHHAJBHOE TEOPeTHUEeCKoe OTpaxKeHHe (U3MYECKOro
onbiTa a6opHreHoB — Beaymux ¢usrko Konna XIX sexka (I'. Jlopen-
na, J. ToMcoHa u Ap.) — HaKJaAblBaeTcs TOXe OpraHHYyHOE H OPHIH-
HaJbHOE MHDOTIOHHMAaHHEe AYXOBHBIX MHID4HTOB — HOBOrO, MOJIOAOTO,
JKaXKAYLIEro YCIeXoB MOKoJeHHs (H3HKOB Hauaja XX Beka (A. Diin-
wrefina, H. Bopa, B. Tleiizen6epra, Il. Hupaka, 3. Lllpenunrepa,
B. ITayau u ap.), — BO3HHKAIOT MOMEHTH B3aHMHOTO HENOHHMaHHS,
Gosle3HeHHO OTpaxkaBLIerocst Ha cyAbOax HHBIX JIIOJeH, INoNaBIIHX B
5Ty CJIOXKHYI0 cuTyauuio. [Ips 5TOM 0co6eHHO CBHPENCTBYIOT (B IIaHE
CO3[1aHHsl TeOPHH) MHIPaHTH, T. €. JIOAH, MNpHIUeJILIHe BIepBbie B HO-
BYIO AJsi HHX 06JacTh 3HaHHS, He yMeloulke obpamarbCsd 3a4acTyio €
HeOOGXONHMBIM MaTeMaTHuecKHM anmapaTtoM (Hampumep, B. TeitseH-
6epr, mo csupeTeabcTBY M. BopHa, He 3Han MaTPUYHOrO HCYHCJIEHHS
B HauaJje pa3pabGOTKH CBOEro BapHaHTa KBAHTOBOI MeXaHWKH). B ro-
HCKaX BHXOJA M3 CJOXKHBIIelics B ¢u3uke curyanuu (oueHka ee Oy-
JeT MpHBeLeHA HHiKe) BMeCTO MHTYHTHBHHIX PpelleHHH MHTDaHTaMH
NpeAnaralOTCsi HCKYCCTBEHHBIE DelIeHHs, a Bce HeYBSISKH TeopuH
06 bSICHSIIOTCS KaK NMPHHIMIIHAJNBHOE HECOBEPIIEHCTBO HJIH HEMo3HaBae-
MoOCTh HabiofaeMBIX SIBNeHHH NPHPOAH. Tak, BMeCTO aHajliH3a CJO0X-
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HOrO siBJeHHSI paclpocTpPaHeHHS] cBeTa B JBHXKYIIHXCA CpeAax
A. DiiHWITEeHAH NOCTYJHPYeT B CHeLHaJbHOH TEOPHH OTHOCHTEJbHOCTH
(CTO) orcyTcTBHE MHPOBOH MaTepHaJbHOH Cpeibl H IOCTOSHCTBO
CKODOCTH cBeTa B JiI0OOOH HHepuHasabHoH cHcreMe. OH cBsfi3aJj MOCTY-
nat o0 3KBHBAJIEeHTHOCTH SIBJEHHH BO BCeX HHepLHAaJbHBIX CHCTeMaXx,
XOpOUIO U3BeCTHHIHl B KJacCHUecKOH (H3HKe, C IOCTYJATOM O IOCTOSH-
CTBE CKOPOCTH cBeTa H oOpa3oBajiach TeOpHs-XHMepa, 3ampelaiouias
ABHXKeHHe /1060ro 06beKTa CO CKOPOCTbIO, OOJIblIEH CKOPOCTH CBeTa
B «IIyCTOTE>.

B. Teiizen6epr B CBOX oyepelb BBOAMT BCEOOWIMII NPHHIHM HEOI-
peleJIeHHOCTH H MOCTYJHPYyeT OTCYTCTBHE TPaeKTOPHH ABHIKEHHS Y
MHKPOUACTHIl, 4 CTPOr'0O rOBOpsA, y Tes J1060H Maccel. MHKpOuacTHIH
cTaju ynono6saTh cUHKCAM, KeHTaBpaM, 4TOOH COBMECTHTb HX KOp-
NyCKyJisipHBle U BOJIHOBbie CBOMCTBA, T. €. CTaJH NPHIHCHIBATh CBOK-
cTBa XuMep cobcTBeHHO npupofe. Ho npuposa HenpoTHBOpeydBa, a
MHKpOYacTHLUH — He XHMepbl. VMIMeHHO KBaHTOBasi MeXaHHKa, OTPH-
11asl, € OJHOH CTODOHBI, KJaCCHUeCKHEe IPeACTaBJIeHHS O JBUIKEHHH
YaCTHI, H HCIOJb3Ysl, C APYroil CTOPOHBI, CBSI3b MeXJy HMIYJbCOM H
SHeprueH, 3aHMCTBOBAHHYIO H3 KJacCCHYECKOH MeXaHHKH, SBJSIETCH TH-
IIHYHBIM TIPHMEPOM TEeOpPHH-XHMephl, NepeHocsllell cBOM coGCTBEHHbI@
IIPOTHBOPEUHS Ha SIBJIEHHS] NPHPOLHI.

Takune HeraTuBHBbIE IPe/JCTAaBJEHHS BIOCJAEACTBHH CTAHOBSTCA CHM-
BOJIOM BepH Ass1 MHOrHX (u3ukoB. OHH 06pa3yoT CeKThl, UIKOJIH,
KJIaHH ¢ MHPOBO33peHHEM, NepeBePHYTHIM C HOT Ha rOJOBY, H MPGHHUKA-
I0T BO BCce II0pbl Hay4HO-TeXHHUYECKOTO OpraHusMa oObIliecTBa.

Korzna :xe, B Kakux cjJyyasX BO3HHKAIOT B TEOPHH OTPHIATE/bHHIE,
OorpaHHYHTe/bHble KOHLIENUHH? OHH OOBIYHO NOSBJSIOTCS B [EPHORK
«60JIe3HH» Tpe/llleCTBYIOIIEH TEOpHH, KOrJa OHa TepsieT CBOK 3J1ac-
THYHOCTH H conpotuBasieMocTb. B koHue XIX wu Hawasne XX Beka
MOSIBH/JIOCH MHOTO HOBBIX 3KCII€DHMEHTAJbHBIX JaHHBIX O CHeKTpalb-
HBIM 3aKOHOMEPHOCTSIM, M3JIyUeHHIO H pacIpOCTPaHEHHIO CBeTa, KOTO-
pble iKOOH He yKJaJblBaJHCh B CYILECTBYIOLIHe TeOpHH. Bo3HUK KpH-
3HC B TeopeTHueCcKoH (H3HMKe, aHAJH3y KOTOPOrO MOCBSIIEHO MHOTO
pabor. Muaue rosopst, «60/1e3Hb» (PU3UKH AOCTATOYHO H3BECTHA U IOJ-
TBepxKaeHa. M Bor B MoMeHT 60JIe3HH, KOrja B TeOPHIO BTOPTaioTcs
MHIPAHThl, HayHHaeT NpOABJATbCS Oe3ylep:kHBIl BaHpaausM — 6es3-
XKaJOCTHO pa3pylalTcss crtapble (pH3HUECKHE npeacTaB/jeHHs. Bo3Hu-
KaeT MAacCOBBIH NCHXOJIOTHYECKHH CHHADOM, BBHIpa)KalolHHCA B 1OT-
peOHOCTH «MmepefiesaThb» He yCTPaHBAIOIUHE MHIPAHTOB TEOPHH, (YH-
JaMeHT (PU3HYECKHX TpelCcTaBJeHHH HauMHaeT pPa3MBLIBATbCH, H I0SB-
JifieTcs Macca MSITYIUHXCSl H YCHJIEHHO pe(JIeKCHDPYIOUHX ()HIHKOB,
JUIs KOTOPBIX «HET HHYero CBSATOrO®, KOTOpHEe CKJOHHBI CYHTATh BCE
HHIMBH/VaJbHBIE II€HHOCTH H IpaBHJa mnpelpaccyikamu. Mx npen-
CTaBJ/IeHHsI JIMIIEHbl €CTeCTBEHHONO ()yHIAMEHTa M ONMHPAIOTCA HA NyC-
TOTY, YTO HeH30€XKHO nposBiser ceGs B CTPeMJIEHHH K aKCHOMATH3a-
LMY BCEX HCTHHM, YTO B CBOIO OYepedb BHIJHBaeTcs B 6o/Jee Uy MeHee
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H3O0IIPpEHHVID AeMAarorHl HeraTHBHLIX paccy}KneHHi’i THIIA «3allpETOB».

HMckyccTBO MaTeMaTHUeCKOrO 0GOCHOBAHHS JIOGbIX pe3yJbTaTOB OIbI-
TOB CTAHOBHTCS NPHHIHNOM.

XHMepHLIE TEOPHH BHIPaBaTHBAIOT CBOIO HJ€0JIOTHIO, HHTEJJIEeKTY-
a.bHBIE IIOCTPOCHHS KOTOPOH MOryT OHITh Ype3BHlYafiHO pa3HOOGpPa3s-
HBIMH, YTOHUEHHBIMH H YBJIeKaTeJbHbIMH. Ho Bce TEOPHH-XHMEpPH
POIHHT CTPEMJIEHHE K DAacCyJOYHOMY VIPOLICHHIO H ONHCAHHIO SBJe-
HHIl IPHPOAEI, C HCIOJB30BAHHEM IpH 3TOM HalIHX cnocobHocTel CcTpo-
HTh a0CTPaKTHBIE YMO3aKJIOYEHHS BMECTO NOHCKA (byHIaMeHTaJbHBIX
3aKOHOMEDHOCTEH, He3aBHCHMBIX OT 3THX CIIOCOGHOCTEN.

Kak oriinuuts Teopuo-xumepy or IepCIEKTHBHOH KH3HeCIOoCoBHOI
TEOPHH? PasiiuyHe MeXAy HMUMH HEYJOBHMO, HO MOMET GHITh ycra-
HOBJIEHO HCTOpHYECKH. Ec/iu KH3HeHHAs TeopHs HeHCTBHTENBHO IKH-
BET, T. € 3dKOHOMEPHO NPOXOAHT BCe CTAJAHH CBOErO PA3BHTHS, TO
TeopusA-xumMepa He pasuBaercs. OHa JiMGO NPOCTO CymiecTByeT, JHGO
pacnanaercs. IlokaonHukr CTO ¢ BoCXHIIeHHeM yTBEPXKAAKT, UTO
A. DiiHWTeHH cO3[a/l COBEpLICHHYIO TEOPHIO, KOTOpas CyLIeCTBYET ¢
1905 rona 6e3 KakuX-JHOO CYIIECTBEHHBIX NONOJHEHHH H/M H3MeHe-
HUH, 4TO SABJISIETCS IPHU3HAKOM Teopuu-xumeps. Kpome toro, CTO He
TOJIbKO HE pasBHBAeTCs M He yriyOJsiercsi, HO H mo6oe ee NOTOMCTBO,
rHOpUA ¢ APYroit TeopHeH, OKa3LBaeTcs HENJIOAOTBOPHLIM, KaK, HANPH-
Mep, ru6puz ocsa u owann. Bexs me cayuaiino rubpun CTO u KBaH-
TOBOH MEXaHHKM — KBAHTOBAas TEODPHS NOJS — He cBOGOLEH OT Gec-
CMBIC/JICHHBIX G€CKOHEeUHO GOJIBIIHX BHIPAXKEHHH M HANOMHHAET HEeKOo-
TOPLIM (PH3HKaAM «MaTeMaTHYECKHEe KPy»KeBa». He pasBHBaeTCs, He
¥Ii1yOJIsSieTcss M He JaeT «IOTOMCTBa» APYrasi OCHOBHAS xuMepa (H3HU-
KH — KBAHTOBas MexaHHKa. CHcTeMa ee aKCHOM TNOCTPOEHA TAKHM

06pa3soM, UYTO ee HYXKHO JHGO H3MEHHUTDH LeJUKOM, JHOO HHYero He
MEHSTh.

CTO n KBaHTOBasi MexXaHHKa — 9TO ABe KOHIENIHH-BaMITHP B,
objiafawline ype3BLIYalHON Ie/eyCTPeMIeHHOCTRIO. Tam, rze onu
BOSHHKJIM H FOCHOACTBYIOT, HOSBJSIETCS ICHXOJOrHYECKHH HACTPOH H
epraHusallioHHasl CHCTeMa, KOTopas AYLHT JI0Gble NpPOsSBJIEHHS HHA-
KOMBIC/IHS, 3aPOABINIH HOBBIX JKH3HEHHBIX TEODPHIl, He CIOCOGHBIX 3¢-
GEeKTHBHO MM CONPOTHBJAATHCS. [HeBO3MOMKHO OTpHUATL 3HAYEHHE
(opMasIbHBIX 32KOHOB B (hu3kike. Hpl0TOH copMynHpoBan 3akon Bce-
MHPHOTO TATOTEHHsl, He OOBLACHSS €ero CYIIHOCTH. MAaKCBEJJ BHIBEJ
(opmasbHble 3aKOHH 3JIEKTPOMAarHeTH3Ma, He DacKPHIBasi MeXaHH3Ma
TIPOHCXOAANIKX siBieHuil. KBaHTOBas MexaHWKa (opMasnbHO NPaBHJb-
HO ONHMChIBAeT IUHPOKHH KPYyr MHKPOSIBNEeHHH, He yNnoMHHasi 06 ux
nopomyiexke. Ho (opMaJbHEIM TEOPHSIM H TEOPHSM-XHMepam He yna-
JI0Ch 3ayWIHTh CTPEMJIEHHE K NPHYHHHOMY, PAllHOHAJIBLHOMY OObsicHe-
HHIO Hal/loflaeMbiX (GU3HUECKUX siBJeHuil. Heo6xoaumo «BepHyThes B
npoINJIoe», B AOMAKCBENIOBCKHE BPeMeHa, YTOGE 3aHOBO IPOHTH BeCh
NyTb Pa3BHTHS TEOPETHYECKOH (QH3MKH M BOCCTAHOBHTL yTpayeHHOe
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paBHOBecHe MexAy (OpMaJbHbBIM ONMCAHHEM H NPHYHHHBIM o0bsicHe-
HHEM sIBJIEHHI.

Ucnosb3oBaHHe anmapatra MeXaHHKH CIUIOIIHBIX Cpeld AJs NpH-
YHHHOTO, PAalHOHAJLHOTO OOBSCHEHHS] OCHOBHBIX (PH3HUYECKHX SIBJICHH it
;MeeT MHOFOBEKOBYIO HCTODHIO H CBSI3aHO C HMEHAaMH KpyNHEHLIHX
yuenbix: JL. Makcsesa, M. @apanes, B. Tomcona, a Takxe H. Kac-
tepuna, Komm, Crokca, Mak-Kynjgoxa u MHOTHX JNpYyTHX. Heob6xoa4-
MOCTbL MEXaHHYECKOH HHTepnperaluu sBJeHHH NPHPOJAbl NPH3HABA-
Jlach paHee 60JBIIMHCTBOM BeyLIHX yYEHBIX:

HbloToH: «DBl1o OBl 3KeJjaTeJbHO BBIBECTH H3 HayalJ MEXaHHKH H
OCTaJbHble SIBJE€HHS PHPOABI».

Nojirenc: «ITo Kpaiinell Mepe B HCTHHHOH (uiocoduu, B KOTOPOH
HCTOYHHK BCEX SIBJIEHHH NMPHPOJAL YCMAaTPHBAIOT B MEXaHHYECKHX NpH-
uypHaxX. Ha Mo# B3rJisifi, 3TO HYXKHO JeJaTh HJIH e O0TKa3aTbCsl OT BCH-
KO HafeXAbl KOrfa-JH60 MOHSTh 4TO-HHOYIb B (PH3HKE>.

Feapmroabi: «[ToHATh Kakoii-nmubo npouecc B MpUpPOAE — 3TO 3Ha-
YHT [1EPEBECTH €ro Ha SI3bIK MEXaHHKHY».

Y. Tomcon: «[loHHMaeM Jii Mbl DaHHYIO (H3HYECKYyl [pobJemy,
onpelessieTcsi TEM, MOXeM JIM Mbl CKOHCTPYHPOBaTb COOTBETCTBYIO-
Y10 MEXaHHYECKYI0O MOJEJb... DJIEKTPOMarHuTHas TeOPHs MPEeACTaB-
JdsieTcsi MHe 1laroM Hasajl, BO3BpallleHHeM K TOMY COCTOSIHHIO HayKH,
KOTOpOe MpeAllecTBOBaJO BpeMeHH DpeHesst U ero nocJieoBaTesieny.

VpaBHeHHsI MEXaHHKH CINIOIIHBIX Cpe/l He COJep:KaT yHHBepCasib-
HBIX MHPOBBIX IOCTOSIHHBIX, KOTOPbie ONpeNeJsioT MacuTal sBjeHHH,
a NMO3TOMY He COepIKaT OrpaHHYeHHH MJsi OOBSICHEHHS H ONHCAHH#
[POIECCOB Ha JIO6OM ypPOBHE OT MHKPOYACTHIl [0 rajaktuk. Ilpu
5TOM NPeANOYyTHTEJbHee HCIOJb30BaHHe YPaBHEHHil I'HMAPOralo[HHa-
MUKH Kak Haubosee THOKOIH TeODHH JBHXKEHHS CIVIOLIHBHIX cpeA. B
Hacrosime# paGoTe MPOBOAHTCS IIOCJHEAOBATENbHO HMEHHO TI'MAPOAHHA-
MHYecKasi TOYKa 3peHHusl.



— Fnasa 1. MUPOBAS CPEJIA

1.1. Uurepnperauus ypaBHennit Makcaeana

ITpomsio ye CTO JIeT CO BPEMEHH OTKPHITHS ypaBHEHHI 3JIEKTPO-
InHaMHKH Makcse//oM, HO, XOTSl HX NPHMEeHeHHe Ype3BbIYAaHHO LIH-
POKO, OCHOBHHIE IepBHYHBIE NOHATHSA 3TOH TEOPHH ocTajuch 6e3 H3-
MeHeHHs, T. €. Bri1y6b pasBHTHE TEOPHH He moulio. buii BHIsIBJIeH pan
NPHHIUNHAJIBHBIX HEJOCTATKOB TEOPHHU:

CYLleCTBOBaHHEe MHHHMAaJbHOrO 3HauyeHUs 3JeKTPHYECKOro 3apsia,
€r0 JBY3HAYHOCTh HHKAaK He OOBSCHAIOTCS H He BHITEKAIT H3 3JIEKTDPO-
M arHuTHOH Teopuu. Haobopor, Teopus nonmyckaeT CyLieCTBOBaHHe JII0-
f0T0 3HaueHHs] JeKTpHuecKoro 3apsga (0<<e<<oo);

He NpeoJoJNIeHEl, a «3aMeTeHBl NOJ KoBep» (Mo BhipaKeHHI0 DeiiH-
MaHa) TPYAHOCTH c cOOCTBEHHOH 3HeprHeil 3/e€KTPOHA U T. M., NPHBO-
ZAIHe K 6eCKOHEUHBIM BHIPaXKEeHHSIM;

KJacCHYecKasi 3JEeKTPOMArHUTHAs TEOpHS NPHBOJUT K COBEPLIEHHO
HEBEDHBIM CJIEICTBHAM IIPH ONHCAHHH B3aUMONEHCTBHS H3JYUEHHS C
EEUIECTBOM, HCIYCKaHHUS H NOTJIOLLEHHS! 3JIeKTPOMArHHTHHIX BOJIH, UTO
BEI3LIBAET HEOOXOAMMOCTbL B BEJEHHH KBAHTOBO-MeXaHHYECKHX Ipefl-
CTaBJEeHHH;

KOHCT&@HT2 CKODOCTH CB€Ta BBeJleHA B 3JEKTPOMArHHUTHYIO TEOPHIO
iCKYCCTBEHHBIM 00pasoM. Ee ¢usnuecknil cMBICa KakK CKOPOCTH pac-
LPOCTPAHEHHsT 3JIEKTPOMArHUTHBIX BOJH H MaKCHMaJIbHOII CKOPOGTH B
IpHpoae, NPHYHHA COBNALEHMs] 3THX IBYX 3HaueHHH, coOCTBEHHO Be-
JiHYHHA CKOPOCTH CBeTa Teopuell He 06bSCHAIOTCS,

ApobHble pPa3MEpPHOCTH 3JEKTPOMATHHTHBIX BEJMYHH BHI3HIBAIOT
nelOoyMeHHe: C MOMOUIBIO ypaBHeHHiI MakcBesnna HeJb3sl PELIATDb, KaK
cTveuaercs: Awokosekum [1], psin MPUK/JIAAHLIX 32/1ay, HaNpuMep 3a-
ILa4yy O IJIOTHOCTH TOKA B NOJYINPOBOASIIIEH cpeje NPH BO30YK -eHHH
roias punojeM I'epna ¢ mapooGpa3HBIMM 3J€KTPOJAMH; NPH DPelleHHH
3allayM ONpeJiesIeHHs] MarHHTHOTO NoJisi B 6eCKOHEeYHOM KOHIEHCaTope,
uepe3 KOTOPHIH MPOTEKaeT NepeMeHHHIl TOK, BOSHHKAET NapaloKcab-
Hasl CHTyalMs, HeoOBACHHMAsi ¢ TOMOLIbI0 ypaBHeHHE Makceenia —

STIeKTPHUECKass HaAaNpAXKeHHOCTh nNepeMeHHa BO BpeMEHH, a MarHuTHOIo

10151 HeT.

HuxonaeB [2] ormeuaer, uTo pellenus ypaBHeHHH Maxkcsenna ans
MarHUTHOrO TMOJIs OAHHOYHOIO [ABHIKYIIErocs 3apsiia He SIBIAAITCH
SKBHBAJIEHTHBIMH NPH 3alHCH ypaBHeHHi uepe3 TOK NepeHoca MJIH ye-
De3 TOKH cMellleHusl. [lokazaHo cyllecTBOBaHHE NMPOAOJBLHOTO HJH akK-
CHaJbHOTO MArHUTHOrO MOJIS OKOJIO JBHXKYIIErocsi 3apsija, 4To NO3BO-
JHJ0 YTOYHHTb 3aKOH B3aHMOJAEHCTBHS 3apsI)KEHHBIX YaCTHIl H yCTpa-
HHTH HapylleHHe TPeTbero 3aKoHa MeXaHHKH.



M3 nepeunst HeOCTATKOB BHIHO, 4TO YPaBHEHHS 3JIeKTPOAHHAM HKH
/ HYXIaloTCs B nepepaboTke, yTOYHEHHH H HHTEpPIPETALHH.
/ CneunanbHasi TeOpHA OTHOCHTENbHOCTH (CTO) ycyry6uaa repoc-
TaTKH 3JICKTPOMAarHHTHOH TEOPHH, KOTOpash MOLJia Obl HCIPAaBJIAThCA
HJIM TOTOJTHATBCS, KAHOHU3UPOBAB UX GopMy. TeM caMbiM GBI CO3-
“JlaH, no-BHAHMOMY, ellle OfHH LIar B CTOPOHY OT «CTO0JIOOBOI» HOPOrH
Pa3BHTHS QHU3HKH.

B cBere ckazanuoro Bhiwe, TpebyeTcsi HaliTH COOTBETCTBHE MeKIY
YPaBHEHHAMH THAPOAHHAMHUKH H 3JIEKTPO/HHAMHKH.

KoHkpetHoe pewenue mocrasiiemHofl 3ajaun B OCHOBHOM MpoOBe-
neno . 1. ToMCOHOM H H3JI0KEHO B [3], rae nokasamo, uTo ABa H3
ypaBHeHHH MakcBeasa SBJASIIOTCA YCIOBHSIMHE COXpaHeHHs] BEKTOPHBIX
JHHHI, a IBa — YCJOBHSIMH CBSI3H IOTOKA BEKTOPHHIX JIMHHH C HX HC-
TOUHHKAMH, €C/IH TaKOBHEe CyllecTBYOT. Bonee nompo6uo TEOpHA
Tomcona u ee npuoxennss (H3MeHeHHe Macchl Co CKOPOCTBLIO, BHIBOL
BLIDA/KEHHSl LISl CHJIBI, JefiCTBYIOIIell Ha 3apsil B MarHUTHOM IoJe,
BeIBOZ (popmyne Jlapmopa A HHTEHCHBHOCTH H3Jy4yaeMOH SHepTHH)
naHb B [3]. !

W3 sHepreTnueckux coobpaxenuii CIelyeT pacCMOTpeTh Npexkje
BCEro Ba BapunanTa: nepBblii — E£2 COOTBETCTBYeT IJIOTHOCTH SHEPruU

- MOCTYNaTe/IbHOro ABHXKEHHst cpenl, H2 — nyoTHOCTH 3Hepruu Bpauia-
TEJBHOIO JIBHIKEHHS; BTOPOH — cooTBeTCTBHE 06patHoe (E, H — na-
NPAXKEHHOCTH 3JIEKTPHYECKOTO H MAarHHTHOTO nojsen).

Paccmorpum g8a Bapuanra: PR .

l. B stoM cayyae E ~ ov/ot unu E ~ v, H ~ rotv IpHYem v
— NoCTynare/JibHast CKOPOCTh CPEeiHI.

Muaue roBops, BEKTOPHBII NOTEHIHA 3/IeKTPOMArHUTHOrO T10-

JIA COOTBETCTBYET CKOPOCTH cpeabl (A = — )/ 4x0'2AT, A— Heko-
TOpas B2/MM4YHHA C PA3MEPHOCTBIO JUIHHBL), a CKAaJAPHBI MOTEHUH-
a1 ¢ —nOTeHUHaNy CKOPOCTH Cpeal Q{9 =—V4rpl2%). Jnsa

PacCMaTpHBAacMOro BAPHAHTA 3/1EMEHTApPHBI 31eKTPHUCCKHUH 3apan
€CTb CBOHCTBO YaCTHUBI COBEPiNATh MNYJAbCAUHH W/ KosnebaHHuH,
4TO HEONHOKpATHO mpejnonaranoch paHee (CTaHIOKOBHY K ap.).

Torpa cusna JlopeHua B ocHOBHOM CBOJUTCSI K HHEPIIHOHHLIM CHJIaM
H cuiae JKykoBCKOro ¢ teMm NPHHIHIIHANBHBIM OTJHYHEM, YTO O6DbeM
T€1da U ero NpHCOeAHHEHHass MacCa HMEIOT JHHAMHUECKOe NPOHCXOXK-
neHHe (CM. HH¥XKe).

IT. Tlyets E~roly. THIOTe32 0 TOM, YTO CHJIOBLIE JIHHUH 3JIEKTPO-
MAareEuTHOTO TOJISI eCTh BHXPEBBIC JIHHHH CPefbl, BLICKA3LIBANAChL He-
onnokpatHo (QPapamedt, 1. Tomcon, H. Kactepun u Ip.). DJaexTpH-
HEeCKHIl 3apsil B JAHHOM CJlydae SIBJISIeTCS] HAaYajioM (uam xoHiOM) Ta-
KHX HHTeH, KOTOPble ONHPAalOTCsl Ha ero MOBEPXHOCTh. Toraa 3apsan M3
YCJIOBHISI yCTOHUHBOCTH OpPHEHTHPYET CBOHU BHXDE€Bbl€ JIUHHH BAQJb JIH-
HHI IOJs. XapakTepHo, uYTO eCJIH 3apsin noeepuercs Ha 180° T1o
HalpaB/eHHe BpalleHusi COGCTBEHHLIX JIHHHI 3apsAja He H3MEHHTCS M
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€ro B3aHMOJeECTBHE C BHEIUHMM IIOJIEM OCTaHeTCH NpexHuM. I[lo-
CKOJILKY BO3SMOZSHBI TOJILKO JIBA HANPABJEHHS BPalleHHS, TO CYILeCTBY-
€T TOJIbKO N1Ba 3HaKa 3apsina. Bo3MoXHO, 4YTO dH3HueCKOl MOMENBIO
CHJIOBOH JIMHMH 3JIEKTPHYECKOTO I10Jisl, OKAHYHBAIOLIelicsl Ha 3apsne
fBJsieTcs «cT06 Telnopa» uwin ctonb Bpamaroueiics Cpeabl, KOTOPhIf
MOPOKaeTCsl M MPOTAJKHBAETCH ABHIKYIIHMCH TENOM.

1.1.1. Hosble cneacTBUs M 3KCIepUMEHTHI

YpaBHEHUS THAPOAHHAMHKH HEOJHOKPAaTHO HCIIOJIb30BaJIHCh €
UEJbI0 HHTepIpeTaluHH ypaBHeHHH MakcBesa, OHAKO y6elHTe bHBIX
P€3yabTaToB NnosyyeHo He Gwui0. IlnogoTBOPHOCTH rMAPOAHHAMHYECKO-
r0 NnoJ1Xola MOXeT OHTh 10Ka3aHa TOJNBKO B TOM CJy4ae, ecJH, TOMH-
MO HMHTEpIpEeTAalnd H3BECTHHIX sIBJEeHHI, GyayT npeiackasansl H o6Ha-
PYKEHBI HOBBIE 3JIEKTPOAHHAMHUECKHE SIBJIEHHs, HEe CJefyOLlHe H3
ypaBHeHH! 3/IeKTPOJMHAMHKH, HO OOBSCHUMBE C THAPOIHHAMHIECKHX
no3uuil. Takue sIBNEHHS paccCMOTpPeHB HUIKe.

OcCHOBOfi 1JIs MOCTAHOBKH IEJIOF0 KOMILJIEKCa 3KCIIEPUMEHTAabHHX
paboT siBasiercst GakT CyLIeCTBOBAHHS B FHAPOAHHAMHKE TPeX OCHOB-
HBIX PEIKHMOB TEYEHHS: AAMUHAPHO20, nepexo0Ho20 U TypbyAeHTHOZO,
CMEHAIOUIAX 1IpYT ApYyra NpH H3MeHeHHH yncia Pefinonbaca Re=ulL /u
(v, L — XapakTepHasi CKOPOCTb H MacIITal sBJeHHs, L — KHHEMAaTH-
YeCKas BA3KOCTb CPeJbl).

PaccMOTPEM TONILKO OHO siBJeHHE HaH 5 deKT Teiinopa [4]: nBu-
HKEHHE JKUAKOCTI MeX/ly ABYMS COOCHHIMH BPaIAIOMMMUCS LHJIHHApPA-
MH (aBHxKeHHe Kyarra).

OxasbiBaercs, yTo ecau 06a WHIHHApA BpalamTCs B OJAHY CTOPO-
HY, 1360 BHEWHHH UMJMHAD NOKOHTCH, a BHYTPEHHHUH BpallaeTcsi, TO
o6pasyeTcss CHCTEMa M3 NBYX-TPeX AECSTKOB BHXDEBBIX KOJIEl C ye-
PEAYIOMIUMCS NPABHIM H JIEBLIM BpallleHHeM, HaHH3aHHHIX Ha BHYTPeH-
HHIl LWIHHAD M 3aMOJHSIOWKMX BCe MPOCTPAHCTBO MEeXAY HHMH.

Ecau unnuuaper Bpamarorces B pasusie CTOPOHHI, TO 06pasyiorcs nBa
Psilla BUXDEBBHIX KOJIEU C YepeAyIOLUMCS HamnpaBJeHHeM BpalleHHus,
NpUYeM BHXPH ¢ GoJIbllel HHTEHCHBHOCTBIO CONPHKACAIOTCS ¢ BHYTpEH-
HHM LHJHHIPOM, a C MeHbUIe#l HHTeHCHBHOCTBIO — C BHELIHHM LHJIHH/I-
poM. _

Hccnenosannmii untepan wncen PefiHonbaca cocTaBiisier 102103,
BO3MOXKHO OH wHpe. Ywucao PefiHonbaca Re=vh/u, v — okpyxKHas
CKOPOCTb BHEIIHEr0 UMWJHHAPA, /i — BeJMYMHA 3a30pa MeXIy LH-
JHHAPAMH.

Tlpn Menbmux ssauenmsx uymcna Re TeueHue Mexiy IHJANHADAMHU
JlaMHHapHoe, npu Gonbiinx Re — TypOyneHTHoe, 6e3 3aMeTHOI me-
PHOAHYHOCTH.

Hcnosib3yst 5TH 4eTko BOCNPOH3BOAHMHE H PE3KO PasiHYaIoHecs
CMeHOfl peXXHMOB TeueHust HiH 3pdekr Tefinopa, MOKHO NpeAOXHTh
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HECKOJIbKO 3KCMEePUMEHTOB, MO3BOJISIOMIHX IPOBEPUTb pPSJ THIOTE3 ©
npupojie 3J1eKTPeMarHuTHOrO NnoJs.
~ Ecan MarHHTHOH SHEPrHH N0JIsi COOTBETCTBYET Bpallare.1bHas sHep-
rus cpean, T. e. H~rofv, To nasi moucka MarHUTHOro aHaJjora 3¢-
dexra Teitiopa HeoOX0AHMO NPOBECTH HCCIEJOBaHHE MarHHTHOrO IM0-
Jisi BHYTPH JABYX KOaKCHaJbHHBIX coJieHOHA0B. OOHapyKeHHe 00JiacTH
HeYCTOHUMBOCTH MAarHHTHOrO NoJjsi MAOJMKHO peasiu30BaThcsl B BHIE
9, TeKTPOMArHUTHOTO H3JyUeHHS] BAOJb OCH COJIEHOHJOB.
Ecny MarHuTHON 5HEPrHH NOJs  COOTBETCTBYET IOCTyNaTelbHast

SHEPrHs Cpefn, T.e. H~u, TO Hcc/elLyeTcsi MATHHTHOE NOJie BHYTDH
ABYX KOaKCHAJbHBIX UHJHHIPOB, N0 KOTOPHM NPOTEKAIT NapaJielb-
HO OCM UHWJHHAPOB TOKH Pa3jIMUHON CHJBI COBNANAIOMIEr0 HJIW IPOTH-
BONONOXHEX HanpabieHuil. IlosgsaeHne o6sacTH HeyCTOHYHBOCTH
NoJIA Tak:Ke JOJXKHO peasH3oBaThbCsl B BHJIE H3JyueHHs B OCEBOM Ha-
npaBJeHHH.

Ecan 27eKTpHUECKOll HEPTHH MOJS COOTBETCTBYET BpallaTteibHas
3HEPrHs cpedbl, T. . E~rotv (uHaue rOBOPS, CHJIOBEIE JIHHHH 3JI€KTPO-
MAarHuTHOrO MOIS CYTh BiXDeBble JIMHHH CPellbl, UYTO BBEICKa3bIBaJiOCh
HeonHokpaTHO Dapajeem, TomcoHom, KacrepuhbiM u ap.), TO AJIA
MOHCKA 3JIEKTPOMArHHUTHOTrO an(I)eKTa Telinopa posKHA pacCcMaTpH-
BaTbCsl CHCTeMa, BKJloyalomasi ABa koHIeHcaTtopa. Ilosiienune ofnac-
TH HEYCTOHYHMBOCTH NOJKHO peasjii30BaThCsl B BHJE H3JYUEHHS.

Hucao PefiHonbaca anst o6acTu HeYCTOHYHBOCTH ONpeJeNIsieTcs H3
coo0paxKeHuil pa3MepPHOCTH CJAEAYIOMHM 06pasoM:

EL HL

= ~ 2 — ~ 2
g = n, 10?2, Re n, 102, (1.1)
Ecau p~Ac, 1O p'p~ ]/ZE/A. I[Ipu A~ 10~ cm, L~1 cM
Haxonum E ~ 1012 B/cM, H ~ 101 3. O6uapyxenue sjeKTpomar-

HHTHOTO aHajaora acp(pema Tefinopa NO3BOJMHUT yTOYHKHTHL 3HAYEHHE
QyHALAMEHTaNbHON ILJIHHBI,

IIpepnioxeHHBIl KOMIUIEKC 3KCNEPHMEHTAJbHBIX HCCIefOBAHHA He
fiB1sieTcs eAMHCTBeHHBIM. Tak, Hanpumep, JlebeneB T. A. (meonyG.H-
KOBaHO) Mpej1araer NMOCTABHTh CJEAYIONIHe SKCIePHMEHTHI.

C neablo onpejeleHus pasiHuYHs B CKOPOCTH pPAaclpoCTpaHeHust
CBETa NPOTHB H II0 [BUKEHHIO MOTOKA CPesibl Heo6XOAHMO NPONYCTHTH
CBET CKBO3b COJIEHOHJ, B KOTOPOM BHI3BIBAETCsl JOCTATOUHO MOILHOE
MaruutHoe moJge. CieflyeT OXKHAaThb H3MEHEHHS! OCBELEHHOCTH 3KPaHa
BIJIOTH 10 HCU€3HOBEHHSI OCBEIIEHHOCTH B CJydYae, eCJH CKOPOCThb
CPellel, 3KBHBAJEHTHAsi MArHHTHOMY IIOJIIO, OKAaXKercsi COM3MepAMoil
CO CKOpOCTBIO CBeTa, BEJHYHHY KOTOPOH B coJleHoHAe TpebyercAa H3-
MEpUTh.

Moikno Tak:Ke NOCTaBHTH aHaJOr omuiTa PH30: ponycKkas OAHH
H3 PAa3[BOEHHLIX NYYKOB CBETa 110 HANPABJIEHHI0 MAarHUTHOrO NOJX B
ORHOM COJIEHOH]IE M IPYroi NyyoK CBeTa NPOTHB HamnpaB.jeHHs MarduT-
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HOTO 10JISi B IPYTOM €OJIEHOHIE, C NOMOMLIbIO HHTepdepoMeTpa 3aduk-
CHpOBATb CABHI IOJIOC. :

Kpowme Toro, Tpebyer TImaTenbHOr0 paceMoTpenus ekt ['paHo u
onbiTel Hukosaesa 1o onpejeneHHIo NpofoJabHOrO MarHHTHOTO MOJIS
IpH JIBUKEHHM B PTYTH MeTaJIMYeCKHX NPEAMETOB BAOJIb HaIpaBJe-
HHUSI BEKTOpa CHJIBI TOKA; H3y4YeHHe BPaIleHHs AU3JEeKTPHKOB B KOH-
AEHCATOPE, NOMEIIEHHOM B MarHUTHOE IIOJIE, C LEJbIO ONpeeseHHs
MOMEHTa KOJNMYECTBA JBHIKEHHs IOJI H BO3MONKHON (DHKCALHH 30-
¢ekra Teiiaopa.

1.2. dneMeHTaPHBII 3JEKTPHYECKHH 3apsf,

-C 1uesbI0 OlIEHKH COCTOSIHUSI Pa3paGoOTKH OJHOTO M3 OCHOBHBIX du-
BHYCCKUX TIOHATHH — 3JIEMEHTAaPHOro 3JEeKTPHUECKOro 3apsaa — pac-
CMOTPHUM Psi1 €ro omnpeaeseHui.

MakcBens: «3apsiibl — y3JI0BbIe TOYKH NOJISI».

Jlopenu: «diekTpuuectBo — ocoGast cyGeraHuus. B sjeKTpH-
YECKOM I0JIe HMeeTcsi 0c060€e COCTOsIHHe, KOTOPOe NaeT HauaJo CHJE,
AEHCTBYIOLLEll Ha HasJeKTPH30BaHHOe Teso. O NPHPOIE 5TOrO COCTOS-
HHf MBI He OyjleM BBHICKa3HIBaThb Kakoe-n1uHG0 Gosee ompeeieHHOe
CyXJeHHe».

Aupak: «HekoTopelM, BO3MOKHO, XOueTCs 3afaTh BONpPOC: HUTO
Takoe 3JeKTpoH? IlbITasick OTBETHTH Ha JaHHHIH BONpPOC, MBI GBI CKa-
341H, UTO 3JEKTPOH — 3TO YACTHIA, NepeHocsilas Heboabllioe KOJIH-
YeCTBO 3.JeKTpHuecTBa. TakoH OTBET HeMeNJEeHHO NpHBeJeT K BO3-
HUKHOBEHHIO HOBOrO BOIPOCAa — YTO TAKOE€ 3JIeKTPHYeCTBO? EauH-
CTBEHHBIHl OTBET, KOTOPEIl MOXHO JaTh HA 3TOT BOIPOC, CBOJAHUTCS K
TOMYy, 4YTO 3.1€KTPHYECTBO €CTb TO, YTO NMEPEHOCHTCS 3JEKTPOHOM>».

JiiHwTedH: «Mbl 3HaeM, Y4To 3JEKTPHYECTBO COCTOHT H3  3Jie-
MEHTapHBbIX YacTHI, HO TEOPETHUYECKH He MOMKEeM OCO3HATb 3TO.

AnnuurroH: «Ilouemy nBHIKETCSI 3apsiKeHHas uacTHla, IOMe-
HleHHas B 3JeKTPOMarHuTHoe noJe? Mpel Morau 6vl MONBITATHLCS OTBE-
THTD, UTO OOBSICHEHHE OUEBHIHO: HMEETCsl 3JIeKTPHUECKAs CHJa, KOTO-
pasl, TaK CKasaTh, YyiKe MOJKHNAET YaCTHLY, a IPUPOLA 3TOH CHJBl H
3aKJII04aeTcsl Kak pas B TOM, 4TOOBl 3aCTaBMTL Teja ABHrathcsi. Ho
3TOT OTBET, II0 CyILECTBY, HTPa CJOBAMHUY.

Jlanpay: «OkasbiBaercsi, 4TO CBOHCTBA WYaCTHLUH B OTHOIICHHH
€€ B3aHMOJEHCTBHsl C 3JIEeKTPOMATHHTHBIM IOJIEM ONpeAelsioTCst BCEro
OJHHM NapamMeTpoM — TakK Ha3biBaeMbIM 3apsiioM YacTHLH e, — KO-
TOPHIHl MOXKET OBITh KaK INOJNOMXKHTENbHOH, TaK H oTpuuaTeNbHOR (HJIH
PaBHOH HYJIIO) BEJTHYHHOHY.

JleBuy: «3apsaj yacTHubl JaHHOTO THNA SIBJASETCA OLHOH M3 oc-
HOBHBIX, IIEPBHUYHBIX €€ XapaKTe€PUCTHKY.

Tamm: «ATOMBI Bcex TeJ NOCTPOEHBI H3 3JIEKTPHYECKH 3apsAXKeH-
HBIX YaCTUIL».
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lMaxomos [5]: «DyeMeHTapHBI 3JeKTpHYECKHH 3apsii -— HHTe-
rpajbHasi, riob6a/jpHasi XapakTepHCTHKA MHKpoyacTHil... I[oBopuUTb O
YyacTH 3apsijia He UMEeeT CMBIC/Iay.

Muaanken: «J1 monmpoumry Bac BblcAylIaTh OTBET 3KCHepHMEH-
TaTopa Ha OCHOBHOH M 4acTO NpeAJaraeMbiii BONPOC: UTO TaKoe 3/1eKT-
puuectBo? OTBeT 3TOT HaHBEH, HO BMeCTe C TeM NPOCT M ONpejeJeH.
DKCNepHMEHTATOP KOHCTATHPYET NMpeKAe BCero, YTo O MocJeaHeil Cyll-
HOCTH 3JIEKTPHYECTBA OH He 3HAeT HHYEro».

Baiickond [6]: «K coxanenuioo, HaM cJefyeT TpPH3HATH, YTO
NPOUCXOKAEHHEe 3TOr0 KBaHTA 3apsijia (3/7eKTPHUYECKOr0) BCe elue CJy-
’)KHT OCHOBHOH 3arafiIkoil HpPHPOJABI U O Ceil AeHb, CHYCTS CTOJeTHe
nocJje ero oOHapyKeHHSsI.

OxkyHb Jl.: «..ocTaercsi HepaCKpPLITOH BHYTPEHHSIT CYIIHOCTH Ta-
KHX OCHOBHBIX NOHSAATHUH, KaK CIIUH H 3apsiy.

Takum o6pasom, JHOO OTKPOBEHHO NMPH3HAETCS OTCYTCTBHE MOHH-
MaHUa IPHPOABI 3JEKTPHUECKOro 3apsna (IDUHWITEHH, DAAHHITOH,
OxkyHb, Musnnuken, Bafickond), naub6o noHsiTue 3apsiia He onpemes-
erca (TammMm, a Takxke B OOJBIIHHCTBE YYeOHHKOB IO 3JEKTPHYECTBY),
Ja1u00 NOHsITHE 3apsiia ONpelessieTCsl yepe3 NMOHATHE 3J1eKTPOMarHHTHO-
ro noJs, obpasys Joruueckuii kpyr (Maxkcsens, Jlaunay, dupax), Jiu-
60 NpoCTO YKa3bIBaeTCsl, YTO SJEKTPHUECKHIl 3apsii — ocoboe, mep-
BUYHOe cBOHCTBO Tes1 (JlopeHu, ITaxomos, JleBuu).

DaKTHYeCKH MOHSITHE 3JeMEHTApPHOrO 3JIEKTPHUECKOro 3apsiga HC-
MOJb3yeTcsl AJS Liesied MapKHPOBKH MHKpoyacTHll. Ero BHyTpeHHSIs
CYIIHOCTb, TIPOHMCXOKJEHHe, MNeJHUMOCTb Ha YacTH HE PACKPHITH H
NPaKTHUECKH He 00CYKAalTCsi B HACTOsIee BPeMs.

1.2.1. llonsitue 3apsna B rHAPOAUHAMUKE

BsanmozelicTBHe OAHOro Teja, NOMeLleHHOTO B KaKyl0-aubo cpeny
(}uAKOCTh MMM ra3), ¢ APYTHM TEJOM BO3HHKaeT «caMo co6oii» mpoc-
TO B CHJY TOTO OGCTOATE/NIbCTBA, YTO BTOPOE TEJIO MEHsieT pachpeje-
JICHHE CKOpOCTeil M JaBJIeHHH B Cpele, CyLIeCTBOBaBlIee O €ro nome-
LleHHsl B cpely. IJTO H3MeHEHHe [OCTHTaeT MePBOro TeJa, BCJIeICTBHE
Yero MeHSI0TCsl YCJIOBUSA ero 0OTeKaHusi Cpeaoi, onsATh MEHSIeTCs B Iie-
JIOM pacrnpejesieHHe CKOPOCTeH H JaBJIeHHI, OHO OTPaKaercsl Ha NBH-
JKeHHH BTOPOro TeJia U T. . [0 TeX Iop, NI0Ka He YCTAHOBUTCH HEKOTO-
past cymmapHas kKapTHHa TeueHus. IloicunraB cuily Bo3jmefcTBHS cpe-
Jbl Ha KaxJoe TeNo, MOXKHO yOelUTbCsl B BOSHHKHOBEHHH CHJbI B3aH-
MOJIEHCTBHSL Mexay TenaMH. Hanpumep, Mexny asyms mymabcHpyio-
WMMH B cpelie chepamMu BO3HHKAeT CHJIAa B3aUMOAEHCTBHS bBbepk-
Hecca, NMOCJYXKHBIIAS B CBOE BPEMsi OCHOBOH [/ NOCTPOEHHSI MO-
Aeseil cuibl TATOTEHHsl. [Insl IBYX ABHIKYIIMXCH TeJ BO3HHKAeT CHJIa
Kenura u . A.

Ecan «3armaTh» XapakTepPHCTHKH CPeiH (IIOTHOCTb, HalpHMep) B
BbIpaxeHHe Al CHJbl B3aHMOJEHCTBHs ABYX TeJ B HEKHH napamerp,
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XapaKkTepPH3YIOIHKIT YaCTHIy, M Ha3BaTb €ro «3apsiioM», TO MONKHO
3a6bITh O CYLIECTBOBAHHM CPEbl H ONEPHPOBATH TOJLKO CHJIAMH B3aH-
mozeiicTBusi. OQHAKO H3BECTHO, YTO BCAKAS «HIeasu3alldsi MCTHT 32
ce6si». HMCKIIOUMB H3 DpaccCMOTpeHHst cpelly, HeBO3MOMKHO NMOHSTD
CYLIHOCTb «3apsifas.

B cootBeTcTBHM C mOCTaBJIeHHON LeNbI0, HeOGXOMUMO HAlTH 0606-
LIEHHOE NOHSITHE 3apsila B FHAPOAMHAaMHUKe. Takasi BO3MOMKHOCTb Cy-
Ll1eCTBYeT.

HUTo npomusoiizier B cayuae ABHMKEHHS CHCTEMB HCTOYHHKOB H CTO-
KOB H/IH 3aMKHYTBIX BHXpeBbIX HHTeH? OKasbBaeTcsi, BO3HUKHET NpPH
HEKOTOPBEIX YC/IOBHSIX 3aMKHYTasi IOBEPXHOCTb, XapaKTepHHIl pasMep
KOTOPOI1 ompejiesisieTcsl He T€OMeTPHYECKHMH, a JNHHAMHUYECKUMH dak-
TOpaMH: MOLIHOCTBIO HCTOYHHKOB H CKOPOCTBIO JBHIKEHHS HCTOUHHKOB
HJH TOTOKA Uw. IlosiBrsiETCSH, WMHAYE TOBOpPS, AHHAMHUYECKHI] pasmep
CHCTeMbl HCTOYHHKOB M CTOKOB HJIH BHXpe.

CJ102KHMB NOTEHIHAJ CHCTEMBI MCTOUHHKOB H CTOKOB C MOTEHIHAJIOM
PaBHOMEPHOIO NOTOKA, H3 yCJIOBHS A/ QYHKIHH TOKA =04 HaXOZHUM
3aMKHYTyl0 IOBEPXHOCTb (€C/IM OHA CYIIECTBYET), KOTOPasi MOMKeT
ObITH YCJIOBHO 3aMeHeHa TBepJoH CTeHKOH.

O6pasoBanneie TakHM 06pasoM Tesa HA3HBAIOTCH TeslaMu PaHKH-
Ha. PaccMOTpUM HECKOJIbKO NMPHUMEPOB Takux Tea [7].

KapTuna o6TekanHsi AWIIOAA MOULHOCTH P 5KBMBa/jeHIHa oOTe-

: it
KaHHuio 11apa paauyca R = / P12 TV , Voo — CKOPOCTh [10TOKA Cpe-

aul. Beanunna R aBisieTcs YMCTO AHHAMHYECKOMN XapaKTepHCTHKOM
AUnoJis.

BuxpeBoe KoJIbIlo, PACIIONOKEHHOe B OJHOPOJAHOM IOCTYIATENbHOM
NIOTOKe, HanpaBJeHHOM BJOJIb OCH KOJIbIld, B CEYEHHHM Ha INJOCKOCTH
npeacTaBisieT co60l0 [Ba BUXDPS, HHTEHCHBHOCTH KOTOPHIX PaBHHI IO
BEJHYHHE M INPOTHBONOJNOXKHL M0 3Haky. TpeGyercst HaliTh KapTHHY
oOTeKaHHs Napbl BUXpeH.

KoMIMeKCcHbIA  1IOTEHUHAN IS 3TOrO CJyyas 3amuchBaeTcs,
KaKk M3BeCTHO, B BHJE

w:vo‘z—QL_ln(z——ia) +-r—.ln(z+ia)scp+i\p, (1.2)

i 2ni

rae I' —uupkyasiung BUXpsi, o-i@ — KOOPAMHATH BUXpEil.

Otnenss B (1.2) MHUMY10 u4acTb, HAXOLIM TEM CAMBIM pyHK-
unio Toka . [lonaras satem =0, HaxoauM GOpPMY mNOBEPXHOCTH
O0OTEKaHHA B NPOJOJLHOM CEYEHHH:

oy Ling/ RS g 13
W +2:—.1nl/ x*+ (y+a)? L)

IMTonaras B (1.3) x=0, mwnailizeM paauyc IOMNEPEYHOro CEYEHHS AJIs
JaHHOTO TeJ1a U3 YPaBHEHH:
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Figi=2_ 1.4
vmy-i—%lny_!_a 0. (1.4)

TpanueHneHTHOe ‘ypaBHeHHe (1.4) TOuHO He pemaercsi: TNPHOJH-
JKe#HO IS Pajinyca NonepeyHoro ceueHust 06TEKaHUst BUXPEBOTO KOJIb-
1a HalIeHo CJelylollee BIpaKeHue:

0,67
R ==

Voo

+ a. (1.5)

Kom6uuHpyst mMO-pasHOMY HCTOYHHKH H CTOKH HJIH 3aMKHYTbIe BHX-
peBble JIMHHHM, MOXKHO MOJYYHTb pPasHooOpasHele MOBEPXHOCTH o6Te-
KaHusl.

Kak BHIHO H3 NPHBENEHHHIX INPUMEPOB, AHHAMHUECKHH HJIH 3¢-
(QexTHBHBIE pasMep HJIH CeueHHe TeJia ONpefessieTcs] KaK MOL[HOCTHIO
H pacnosoXKeHHeM HCTOYHHKOB (ABMXKYylLelicss rpaHuleil), Tak H CKO-
POCTbIO €ro JABHMKEHHS (MM CKOPOCTBIO TOTOKA, 06TEKAIoLIero TeJo).

J{BHXKyIas rpaHHLa Tela MeHseT CTPYKTYPY BTOPHMUHOrO IOTOKA,
o6pasyemoro npu o6TEKaHHH Tesla, H, B 3aBHCHMOCTH OT Xapakrepa
ABHZKEHHSI TPAHHLBI H T€OMETPHH TeNa, MOXKHO IMOJYYHTh H CHJY COII-
POTHBJIEHMS], H CHJY TATH, H CHJY CONPOTHBJIEHHS, paBHYIO HyJo [8].

Teno ¢ aBHKYyIelca rpaHiLed obaanaeT PASIOM HEOXHJIAHHBIX
CBOUCTB. Tak, nHanpuMep, s AHIONS MPHCOCAMHEHHAN Mdcca m—
__2wpR® P

3 3v,

, d KHHETHUECKasd 3Heprud

7 mu?x, Puv,,

JIIHEHHO 3aBHCHT OT CKOPOCTH NOCTYNAaTeJbHOrO0 NBHIKEHHS.

Ecin  Rumonb XaoTHYHO JBHIKETCSl B CPEXe, TO CPefHee 3HAYEHHE
€r0 NPHCOCAHHEHHOH KHHETHYeCKOH 5HEPTHH OKA3HIBAeTCS pPaBHEIM
HYJIIO:

mo?, PUo

= 0.

CJTEJI}’ET OTME&THTb, OAHAKO, YTO JABHIKEHHe TeJl C IOABHIKHOI} rpa-
HHLIEH B HeCTallHOHADHOM IIOTOKE He HCCJIEeNO0BaJioCh, [NI0O3TOMY BO3-
MOZKHO, YTO NOJYY€HHBbI€ BBIPaXKeHHs HYXKJalTCAd B YTOUHEHHH.

1.2.2. 3apsn, kak CBOHCTBO TeJ ¢ IBMKYLIEHC rpanHieil

W3 npuseleHnbIX Bhillle TPHMEPOB BHIHO, UTO TEJO ¢ ABHKYILeHCs
rpaHuledl o6JafaeT npH ABHXKEHHH B cpefie COGCTBEHHBIM JMHAMH-
YECKHM 06'beMOM, KOTOPHIfi MOXKET 3HAUHTENBLHO MPEeBOCXOAHTh [eoMer-
pHuecKHi 06beM Tea. B TakoM ciyyae W NpHCOeNHHEHHas Macca Te-

14



Ja' (AHHaMHYECKOro NPOHMCXOXKICHHS) MOKET 3HAUHTENLHO NPEBHILIATSH
COGCTBEHHYIO Maccy TeJsa.

Kakumu ypaBHeHHSIMH onuchIBaeTcs ABHXKEHHEe Tesa ¢ MOABHNHOMN
rpanuueil B cpefe? OueBHAHO, cTPOro TOBODA, CHNEAyeT HCIIONb30OBATh
vpaBHenusi Hasbe — Crokca, sanapas ONpeJe/ieHHble I'paHHYHbIE YC-
JOBH#A Ha NMOBEPXHOCTH TeJla H APYTHX IOBEPXHOCTSAX M paccMaTpuBas
3aTeM, KaKUM 00pasoM MNepeMeIlaeTcsi AHHAMHYeCKas rpaHHLa TeJa.
Mnave rosops, wus YPaBHEHHUH nosst (B gaHHOM caiyyae ypaBHEeHHI
THADOAMHAMHKH) CJIEyIOT YypaBHEHHs TeJa, Onnako stor mnythb B
MAaTEeMATHYECKOM OTHOIIEHHH OKAa3biBaeTCs UPE3MepHO CJI0KHBIM. [Ipo-
Ie C enpejesieHHON CTeNeHbIO Orpy6ieHHs SBJIEHHS paccMaTpHBaTh
ABHXKEHHE Tesa B CPefile, XapaKTepuays ero ABHIKYILIYIOCSI I'PaHHIly
TaKUMH MHTErpaJibHBIMM  XapDAaKTePHCTHKAMH, Kak MOIIHOCTh HJIH
LHUPKYJIALHS HCTOYHUKA, JUHAMHYECKHI 06beM, ompelneseHHbH TeMy
HCTOUHHKAMH H CTOKaMH (MOHONOJSMH, JAHUIONSAMH, KBaAPYNOJSMHU
H T. ) H TEMH 3aMKHYTHIMH BHXDEBLIMM JIMHHSIMH, KOTOPHe pacmHo-
JTOMENL  BHYTpH 3TOro o6vema. Torma u sapsimom Tesa cJaenyer Has-
BaTb €ro CBOHCTBO — 06,1a1aTh ABMXKyIIeHCs TpaHuLel, a 3anaya mo-
JIyUCHHSI YDaBHEHHH [BHIKEHHs! 3apsiia W3 YPaBHEHHH 3JieKTpoMar-
HHTHOTO IIOJIS1 Tak¥Ke TPyAHA, KakK ¥ TOYHOe pelleHHe ypaBHeHuii
Hasbe — Crokca npu 3anannbix B Haua/bHbll MOMEHT IPaHHYHHIX Y-
JIOBHSIX HA NOBEPXHOCTH TeJia.

Ecau ckopocts Tena wunm  nortoka Cpelbl MeHsIeTCs CO BPeMeHeM
(Hanpumep, NEPHONMYECKH), TO MEHSIETCSI COOTBETCTBEHHO I adpdexk-
THBHHH 06beM Tena. Torma u3 cooGpakeHHH pasMepHOCTH A5
9JICKTPHYECKOrO 3apsiia MOJy4aeTcsl CJefyloliee BhIp aXKeHHe:

e = const o'’V (1.6)

TZ€ TO4YKa Haj 3HaueHHeM 3(deKTHBHOro o6beMa 0603HayaeT audode-
PEHLHPOBaHHE N0 BpeMeHH. Besuunna consta].

Kak usBectno, wmexny NyJbCHPYIOLIHUMH TeJlaMH BO3HHKAaeT CHJa
B3aHMOJEHCTBHS, 06pPaTHO MPONOPLHOHANbHAS KBaJipaTy pacCTOSTHUSA
MeXIy HUMH (cuna BrepkHecca). _

Ycnosue (1.6) He sBASieTCS eMMHCTBEHHO BO3MOXKHHM. Ecnu yyu-
THBATb IBySBHAYHOCTb 3JIEKTPHUYECKOTO 3apsifa, To GoJee BEpOsITHA
CBSISb €ro C LHPKYJIAUHel 5eMEeHTOB, 06pa3ylouHX 3apsiL.

H3 coobpaxennii paameprocT

e = const p!”?TL, (1.7)

rae I' — siemeHTapHast UMPKyJSILHsS AJIsS 3/1€MEHTOB, obGpasymouux
3apsA (ABa 3HaKa LMUPKYJSAHUHH); p — NJIOTHOCTD cpensl; L — Heko-
Topasi InHA (BO3MOXKHO, XapaKTepHBIl pasMep sJjeMeHTa 3apsiga).
YcioBHE KBAaHTOBAHUS LHPKYNALHHU

§vdl = I'n, (1.8)
15



rjae n — IeJoe YHCJIO, COOTBETCTBYET NpaBHJy KBAHTOBAHMS 3JIEKTPH-
yeckoro 3apsnaa.

Veaous (1.6) uau (1.7) no3BOJSIIOT NMOHATH CYLIECTBOBaHHE BepX-
Hefl TpaHMUbl 3HAUYEHHH JEMEHTapHOTO KOJIHYECTBAa 3JIEKTPHYECTBE,
ec/¥ JAMHAMHUeCKHe pa3Mepbl yYacTHIl (GHUKCHPOBAHBI, HJIH HHXKHEH
rpaHHUBl Pa3MepPOB YACTHLB, €CJH ee 3apsjl (UKCHPOBAH.

B camMoM Jese, ecid He BBOJAHTH MOBEPXHOCTH Pa3pbIBa, TO B CIKH-
MaeMoii cpelle HCTOUHHK HJIH BHXPb HE MOXKET HMeTb pa3MepoB MeHb-
IIe HEKOTOPHIX:

Foin > V4w, (1.9)
Fmin > Iﬁ/QT‘:UKp; (110)

Ile fmin — MHHHMAaJbHO BO3MOXHOe 3HaueHHe pasMmepa TeJda; Uxp —
KPHUTHUECKAasl CKOPOCTb CPEJibl.
3aMeHss NPHOJIHKEHHO Uxp HA ¢ (€ — CKOPOCTb CBeTa), HAXOAHM
,2

2. o B fplike, (1.11)

U3 ycaosuss (1.11) Takxke cienyer, uyTO ToueyHasl yacTuua (eciu
Takas BOOGLIE CYIECTBYET) MOXKeT OBITh TOJNBKO HeHTpaJbHOH.

Heo6x0HMO OTMETHTb, YTO NOCTyNaTeJbHOE JBHXKEHHE Cpe[bl MO-
JKeT MHIAYLHPOBATH €€ BpallaTesbHOe JBH:KeHHe (BOJOBOPOTHI, BOPOH-
KH), a BpalllaTe/JibHOe [BH)KEHHe — IOCTyHaTeJbHOe BAOJb OCH Bpa-
uienst. Tak wam WHaue, HO BO3HHKAaeT BHUHTOBOE JBHIKEHHE. .

JIJ1si BUHTOBOT'O JBHXKEHHS, KakK H JJs 0e3BHXPEBOro, CrpaBe/JHBO
ypaBHeHHe BepHyJsJin U MO3TOMY CyIIeCTBYeT HHBapHAHT ¢>—uv?=const,
c?=dp/dp, KOTOpBI/l HETPYAHO COINIOCTABHTbL C HHBAPDHAHTOM HHTEpBaJ/a
B CIleHaJbHOH TEOPHH OTHOCHTEJBHOCTH, YTO NO3BOJH/I0 BOBYEHKO
[9] HaliTy aHasOrHIO MeXJAy YypaBHEHHUSIMH 3JIEKTPOAHMHAMHKH M TH[-
POAWHAMHKH NPH OJHOM cHenu(pHUIECKOM INIPEANOJNOKEHHH.

YyeT BHHTOBOr'O ABHXKEHHUSl MO3BOJISIET B3[JIAHYTh Ha 3JIEKTPHUECKOe
W MarHuTHOe TIOJIsl Kak Ha JiBa JUKa ONHOrO M TOrO XK€ NBHIKEeHHS
cpelnl, JejaeT SKBHBAJIEHTHBIMH JBa ONpeleseHHs 3JeKTPHYECKOro
sapsina (uepe3 koseGaHHsl M BpallleHHs), COKpallaeT, IO-BHIAHMOMY,
YHCJ0 BApHAHTOB 3JEKTPOJAMHAMHuYeCKoro aHajora s¢gdekra Teitso-
pa.

B nesoM cieayer OTMEeTHTh, YTO HCCJeJOBaHHe 3JIeKTPOMarHHTHBIX
SIBJAGHUH JaJIeKO OT 3aBeplueHHsi, HeoOXOLHMO NpOBEIeHHEe SKCIepH-
MEHTOB, KOTOphle yriy6unu Obl HallM MpeACTaBJeHHs! O NPHPOe,
CYILHOCTH 3JIEKTPHYECKOTO H MAarHHTHOrO TOJel, 3JieMeHTapHoro
3jleKTpHYecKoro 3apsjaa. Kax BHAHO M3 HM3JIOXKEHHOro BhllUe, HCIOJb-
30BaHHe THAPOAMHAMHYECKHX MoJeJsell NMO3BOJISIET HaMeTHTb TaKHe
9KCIIePHMEHTHI.

B cucreme CH, kpome OCHOBHBIX MexaHHuecKux emnunun M, L, T,
BBeJlleHa He3aBHCHMasi eUHUIIA — CHJA TOKA, 4TO IIPHBEJO K HCMOJb-
30B&HHI0 B YPaBHEHHSIX 3J€KTPOJAHHAMHKH JBYX pa3MepHBIX IOCTO-
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SIHHbIX: JH3JEeKTPUYeCKOH M MAarHHUTHOH NPOHHIIaEMOCTH BaKyyMma
(g0, mo). Ceiluac, korza npeacTaBJeHHsT O Bakyyme HJIH 3pupe
BHOBL NPHOOpeTaroT ryyOOKHH CMBICT, BeJHUYHHBI €9 H W HEJIb3S
CYuTaTh  HHOPOJAHBIMH MOHSATHSMH B YyueHHH 06 3JeKTpHYeCT-
B€, OJAHAKO, YYHTHIBasi IIPOH3BOJIbHBIH XapakTep oOmnpeae’eHHs
€lHHHLbl CHJIBI TOKa, YHCJCHHBIE 3HAYeHHS €y M o NPEACTaBJSIOTCS
T4KXKe NPOHM3BOJILHHIMH  (KPOMe 3aBHCHMOCTH gopo=c2). C npyro
croponr, ['ayccoBa cHcTeMa eIHHHIL NPHBOJAHT K JPOOHBIM pa3Mep-
HOCTSM  (DU3HYECKHMX BEJHYHH, YTO TPYAHO OCMBICJHTHL H NPH3HATh
HAHWJAYYLUHM pellleHHeM.

B cBs13u ¢ 3THM 1neJecoo6pasHO BBeleHHE CHCTEMBI €IHHHIL, B KOTO-
poi ycrpanenn Hejpoctatku cucteM CH u T'aycca. ITocrasaennas uenb
JOCTHUTaeTcsi ¢ NMOMOILBI0 BBEleHHSI TPeX OCHOBHBIX MEXaHHYECKHX eJIH-
Huu M, L, T, kak B cucreme ['aycca, u 0OZHOH pasmMepHOil NMOCTOSHHOM
THUNA JHM3JIeKTPHUECKOH MOCTOSIHHON BakyyMma gy, Kak B cucreme CH,
HO ¢ pa3MepHOCTbIO oOpatHOH muotHoctH L3/M. B 3toii cucreme
€IUHMIL 3JIEKTPHYECKHEe H MAarHUTHble BeJHYHHBI NPHOOPETAIOT SICHBIM
¢$HU3NYeCKHIl CMBICJI.

3anuceBast 3akoH KyJoHa Tak ke kak B cucreme CH, Haxomum
PasMepHOCTb 3JIeKTpHYecKoro paspsana [g]|=L3/T-!, orkyna caenyer,
YTO 3apsil ONpenesieTcs: CKOPOCTbI0O H3MeHeHHUsl 06beMa ero HOCHTes,
BO3MOXKHO, nepHojuyeckoil. HampsiKeHHOCTb 3JIeKTPHUECKOro Moy,

onpeaensieMast M3 3aBUCHUMOCTH F=g¢gE, uMeer pasmepHocTh [E]=
=_]}4L‘“'~’T—’, T. €. IpeicTaB/ser €000l HMIYJbC ABHMKEHHs 3¢dupa
(pv).

Beanynna gy 1no CBoeMy ONpe/eseHHIO SIBISIETC XapaKTePUCTHKOM
BakyyMa WM 3¢QHpa, INO3TOMY B CHJIY CBOE€H pPa3aMepHOCTH He MOKEeT
ObITL HHYEM HMHBIM KaK BeJHYHHOI, 06paTHOH ero IJIOTHOCTH.

BennuuHa ¢p 10/KHA ObITh HaleHa W3 onbToB. OuEHHM ee umHC-
JIeHHOe 3HaueHHe MO NOPSIIKY BEeNHYHHBI: 3anuchiBas 3akoH KyJsoHa
J1sl B3aUMOLEHCTBUA JBYX OJHOMMEHHHIX 3apsiioB B [ ayccoBoii H
TpeAJIOXKEHHOH CHCTeMaX elMHHI, HaxOAMM, INPUPABHHBAS CHJIHI:
q’=Vep,q.

OueHuB BeJHYMHBI ¢’ U ¢ He3aBUCHMHIM 06pa3oM, MOXKHO HaHTH
snauenne g. Ilycrb B I'ayccoBoit cucreme g paBeH sieMeHTapHOMY

3JIeKTPHYECKOMY 3apsiny. B npennaraemoit cucreme ¢'~V~Vaw, rae V,
® — XapakTepHble 3HaueHHs1 o0beMa H YaCTOTH NMEPHONHYECKHX H3-
MEHEeHHH I/ 3.JeKTPOoHa, T. e. V~10-3 cM3, w~10% ¢-!. Toraa Ha-
xoauM Veo=10-% cm®2 r—1/2 y BesMuMHY NJOTHOCTH 3pupa p=€_\|; e li o
T/cMm3,

H3 cooTHOWIEHHST eopo=C"2 HAXOAHTCSI Pa3MEPHOCTb H UYHUCJIEHHOe
3HaYeHHe [y, a 3aTeM M3 ONpellesieHHsi B3aHMOAEHCTBHS ABYX TOKOB
pa3MepHOCTh HampsixkeHHOCTH MarHutHoro noas [H]=L2?T—2. Conoc-
TaBlleHHe HaNpsKeHHOCTH MAarHHTHOTO MOJSI C KBaJpaToOM CKOPOCTH
3¢upa MHTYHTHBHO KaXKeTCsl HeylayHBIM, Ho3ToMy Tpebyercs coBep-
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.IIeHCTBOBaHHE CHCTeMBI €JMHHIl H (OpM ONHCAHHS MarHHTHHIX SBJIe-
HHH.

1.3. CyGcBeToBBIE NPOUECCH M CNENHajJbHas TE€OPHA OTHOCHTEJNbHOCTH

M3BeCTHO, YTO MaTeMaTHYeCKHe OCHOBBI CMEIHAJIbHOH TEOpHH OT-
nocuteapHoct (CTO) u Teopun JlopeHua, moxosimuecss Ha npeobpa-
3oBaHuAX JlopeHlLia, TOXIECTBEHHHl H, IO MHEHHMIO HEXOTOPBIX YYEHBIX
(M. Jlays, JI. SIHomu u np.), BEIGOP B NOJB3Y OJHOH H3 TEOPHH MOXKET
6BITH CA€JaH TOJbKO Ha OCHOBAHHH OOLIHX (HIOCOMCKHX HJIH 3CTETH-
YyeCKHX coobpaxeHHH.

B Hacroslee BpeMs nof0OHBI BBIBOJ, cjelyeT NPH3HATL He06OCHO-
BaHHBIM, IIOCKOJIbKY MOKHO MOKa3aTh, 4TO PsJ (DU3HUECKUX SIBJIEHHM
NPOCTO YNYIIeH M3 PacCMOTPEHHSI H CYHMIeCTBYIOT BeCKHe AOBOJAHI B
0Jb3y NpPeANOYTHTENBHOCTH NpuMeHeHHsi TeopHH Jlopenua [10]..

1.3.1. BeanuuHa CKOPOCTH CBETA B BAKyyMe

[IpuHUHT MOCTOSTHCTBA CKOPOCTH CBETa B BaKyyMe NPHHHMaeTcs B
CTO kak mnocTyJjaTt, YTO NPOTHBOPEUHT H3BECTHBHIM 3KCIEPHUMEHTa/b-
HBIM J1aHHBIM.

OkasbiBaeTcs, CKOPOCTb CBeTa B BaKyyMe He fIBJSIETCS YHHBep-
CaJIbHOH MOCTOSIHHOH, He 3aBHCSIIEH HU OT KakuX (akTopos, a MOHO-
TOHHO yOBLIBa€T ¢ POCTOM 4YacTOTH 3JIeKTPOMarHMTHbHX BoaH [11].

COOTBETCTBYIOIIHE 3KCIEPUMEHTAJbHbHE [JaHHBEe TIPHBELEHH B
taba. 1.1.

Tabauua 1.1

3aBHCHMOCTb CKODOCTH CBeTa OT YacTOTH KoseGaHHii

i

YacToTa 3.1eKkTpo- 1010 1015 1010 102"
Mar““’”}’;‘g BO.as, (panuoBoAHBL) {(BnanMBN cBeT) Y — nyun E, =170 M3B
CkopocTh cBeTa, 299792 4- 3 299773 4 1 298300 297400

KM/C

Ecau aucnepcHsi CKOpPOCTH CBeTa B BaKyyMe CYLIeCTByeT, a 3TO
BUJAHO H3 Tabu. 1.1, To HoMKHA CyLleCTBOBATH NpefiesbHasl yacToTa H
HEeKOTOpasi MHHHMAaJbHasi AJIHHA A, XapaKTepH3YyIOLIHe CBOICTBA 3JI€K-
TPOMarHUTHOTO BAKyyMa KaK HeKOTOPOH CpejHl.

Ilns y-xBautoB ¢ sHeprueii 10 I'sB nmpuBoaMTcs 3HaveHHe c=2,977.
-10'0 em/c [12], koTopoe otrsaHYaeTcsi OT OOLUENPHHSITONO 3HAYCHHS
€=2,9973-10!° cM/c u corjacyercss co 3HaueHueM A=10"17 cm.

1.3.2. 3asucumocts E=mc2

BaaumoneificTBHe MHKpPOYACTHIl, H3MeHeHHe HX BHYTpeHHell CTpPYK-
TYPH NPHUBOAHT K COOTBETCTBYIOLIEMY H3MeHeHHI0 HX 5(¢eKTHBHOro
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IMEamuueckoro ob6bemMa. Ilpu sToM 3aTpauuBaercs (BblAeISIE€TCA)
sHeprusi WM paboTa NPOTHB CHJL AaBJEHHs OKpYKaiollell Cpensl
AE=pAV, rne AE tpara (uiu BhjJesieHHe) 3HepPrHH; p — JaBJeHHE
cpenn; AV — H3MeHeHHe JHHAaMHYeCKoro o6bema.

Panee oTMeyajioch, YTO MHPOBAs cpela MOXKET OKa3bBATh CyIlecT-
BEHHOE BJIMSIHHE HAa XapaKTep JBHXKEHHS NOTpPYy:KeHHOH B Hee YaCTHLH
B TOM CJiyyae, KOrJa IIPHCOEIHHEHHAsl Macca YacTHIH (HHEpLIHOHHAS
peakilusi Cpelbl) m; CONOCTaBHMAa HJH IIPEeBOCXOAHUT COOCTBEHHYIO
Maccy 4YacTHLIB My, T. € m=my+m;~m, IlpucoesnHennass Macca
BHIUHC/IEHA JIHIUL 715 HeMHOrHx (opMm Tena (ccepbl, 3ATHICOHAA,
UHJIHHAPA, AMCKAa H TOpa) H NPHOJH3HUTETBLHO OlpellessieTcs BhIpaKe-
HHEM:

my—n =, (1.12)
]
rae V —sddexruBHbli 00beM YacTHIB, 6— MJOTHOCTb CPeIbl.

BesunHa naBieHUs olupefesiieTcsl U3 ypPaBHEHHUA COCTOAHMA

Cpelbl, a OHO B Hacrofilee BpeMsl HeH3BecTHo. Ilpeamonoxum, B

COOTBETCTBHH C KHHETHUECKOfi Teopueil rasoB, uTO p ~ov% rae
v? — yCpe/lHeHHbIH KBaApaT CKOPOCTH JIBHXKEHHS B3JNEMEHTOB cCpe-
nul. Kak 6yner cnemoBath M3 manabHefwero, v —wmepa HHTEHCHB-

HOCTH XA0THYHOro TypOyJEHTHOTO ABHXeHHA cpead. Torna us-
MEHEHHE DHepTHuH

AE ~ o2 AV &~ 0% Am.

JlopeH1, moxasan, 4ToO Cpeja, HaXONfAIAACHA B COCTOSTHHM TYyp-
6VJIEHTHOIO B3BHUXPEHHOro JABHXeHHs, o00Janaer HEKOTOPLIMH
»,KBA3HTBEPIALIMH“ CBOACTBAMH, B YaCTHOCTH B Hell BO3MOXHO

S 1
pPacapoCcTpaHeHHe INOIEPeyHblX BOJH CO CKOPOCTBIO ¢ —.-—.]—3—1 V2.

[Monaras Bcaen 3a JlopeHuem, 4TO CKOPOCThb CBETa"CNVUz ,

HaxomuM AE ~ v2 Am ~ Amc®, ¢ TOUHOCTBIO 1O YHCAEHHOTO Ko3(d-
duuHeHTa MOPsiAKA eJUHHIB SKBHBANEHTHOE OCHOBHOMY COOTHO-
menuio CTO.

KpoMme Toro, mpeinaraercst (usnyeckas HHTEPIDETaIHs CKOPOCTH
CBeTa Kak Mephl HHTEHCHBHOCTH TypOyJeHTHOro ABUIKEHHS MHPOBOH
cpensl.

1.3.3. BuxpeBoe KOJblIO B CXKHMaeMoi cpefie

BoipaxeHHst 1Js CKOPOCTH JBHXKEHHsl, SHEPIHMH H HMIYyJbCa BHX-
PEBOTO KOJIbIla C YYETOM CKHMAeMOCTH CPe/lbl NPHBEACHB! B [13].

[Tonyuennsle pe3yaeTaTh, a Takmxe BhiBoan CTO cBeleHs nis
cpapHeHus B Ta6i1. 1.2.
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Tabauya 1.2

ITapaMeTpsl BHXpeBOro Kosbia B conocrasnerun ¢ CTO

Ha:::::{l:?::“e HecwnmaeMmasn cpe.:é ‘ CxuMaeMas cpeAa ‘ CTO
C T ( 1 ) vo =
KODOCTE Vp=r—— [ — — v = il v ©
p 4= R 4 ]/ p
Yo
1—[—-—6—2—
1 7 Eq Eo
DHeprus Ey=—pl2R |7 —— Fe—————— E=——
2 4 e ————-v,
]+~—- P ——
c‘ c’
s Vg i Vo T Tl -~ Evi
MIIYJIBC po = mpl'RE. = P=p,+ 2 P
OGosnaueHusi: I' — UMPKYyJsLHs CKOPOCTH JJIsl BUXPEBOIl HHTH,

o6pasympomeil Konblio; R — panuyc Koablla; m=I[n (8R/a); a — pa-
IHyC BHXDeBO#l HHTH, OCTaJbHHE 0003HauyeHHsT H3BECTHHI.

Kak BupHO u3 Tab6a. 1.2, cyumecTByer NMOYTH IOJIHAS TOXAECTBEH-
Hoctb B BhBogax CTO M XxapakTepHCTHKaX JIBH2KEHHSI BHXPEBOrO
KOJblla B CXKHMaeMo# XuJIKocTH. Ecam e ydecTb, YTO BHXPEBOE
KOJBIO (HJIM MX COBOKYNHOCTb) SIBJISIETCSl OJHOM M3 HEMHOTHX (€ciH
He e[MHCTBEHHO#) ycToHuuBOH (GopMOH BHXPEBOro IBHXKEHHS KOHEY-
HHIX Pa3MepoB, TO 3HAU€HHe 3TOTrO BEIBOJA ellle 6oJiee MOBHILIACTCH.

1.3.4. 3apucuMocTh NPUCOEAMHEHHOH Macchl YaCTHUBl OT CKOPOCTH
ee ABHXKEeHus

CTpororo BEIpaxKeHHs JJs 3TOH 3aBHCHMOCTH B THIADOJAIIHAMHKeE
HeT, NOTOMY IpeAJaraercss TOJbKO OpHEHTHPOBOuHas olenKa 3pdek-
Ta.

AHajloroM 1apa B CKHMaeMOll XKHIKOCTH SIBJIS€TCA 3J.THICOHJ,
nonepeyHoe CEeYE€HHe KOTOPOTO HeOrPpaHHUEHHO BO3PacTaerT ¢ POCTOM
CKOPOCTH [ABHIKEHHS, pacTeT HeOrpaHHUYEeHHO H NPHCOeJHHEHHAas Mac-
ca. Cgl%locmsnm BO3pacTaHHe NPHCOEJIHHEHHOH MacChl C pe3vibTara-
MU )
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3anaya o6TeKaHHs 3JJMICOHAA BPallleHHs] MOTOKOM HECXKHMaeMof
Cpelbl pelreHo uncneHHo [7]. Ilpucoenunennas macca NpH JABHIKEHHH
BJOJIb OCH X BBIpakaercs CJeAYIOIUM 06pasoM:

4
ml:gpa’bsz:

rAe a, b — pasMepw mosyocedl ssunca B NPOJOJIBHOM H NONEpeqyHOM
HanpaBJIeHHH.

I
Ecam a =08, 1o = my =pV/2 kaxk pas mapa. B rta6ui.

1.3. mpHBeNeHHl pPe3yJbTaTH BHIYHC/EHHUI Hx, coryacho [7], u comoc-
JIEHHE HX ¢ pesyabTatamu CTO.

Tabauya 1.3
O6rekanue sanunconna u pesyabtathi CTO

M= e Y 1= e Wy
0 1 1
0,6 1,25 1,34
8.7 1,41 1,50
0,84 1,82 2
0,95 3,33 4
0,98 5,0 6,2
0,995 10,0 12

Kax Bunno us taba. 1.3, pasnuume MEXLY HABYMS CpaBHHBae-
MBIMH BEJHWYHHAMH He npeswimaeTr 20 IIpOLIEHTOB U C TaKOH TOY-
HOCTBIO COOTBETCTBHE CNPABElIMBO BO BCEM PacCMOTPEHHOM HH-

Teppase unces Maxa M=uv/c, 1. e. p,~ 1/2) T=M?.
YUHTLIBAS, YTO B COOTBETCTBHH C npeoGpasoBaHHeM KoopaH-
HaT b=a )/ 1—M?, naxonum torna

2npad il m
e— [ ] ——

W e e
. VI—My YTy

Ho Touno Takoe e cooTHouienue ectp B CTO.

— —_ v2
Ecau uMnyasc wvactuum p:mv/‘/’l—c—!, TO NPH BO3-

AeACTBHHU CH/L, HANPABJEHHOH 10 CKOPOCTH IBMXEHHSI YaCTHUBI,
UMeeM: '
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IcHO, OHAKO, UTo MpH yHcaax Maxa, GOMbIIMX KPHTHIECKOTO Mgp
(M;p>~0,7 pas cdepsl), B CBA3H C HAUAJIOM o6pa3oBaHHus yAaPHBIX BOJH
Ha NOBEPXHOCTH TeJla 3aKOH BO3PaCTaHMsl MAcChl NIOJIZKEH H3MEHHThCH.
Uzvuass 5KCIEPHMEHTaJIbHO 3aBHCHMOCTb MaCChl MHKPOYaCTHIbl OT ee
CKOPOCTH, MO-BHANMOMY, MOXKHO 06HapyXKHUTb OTKJIOHEHHE 3aBHCHMOC-
ti o7 npeackasannoii CTO, 3arTeM onmpefe]HTb BEJIHIHHY Mg, u TeM
caMEIM B HEKOTOpOH CTeNeHH YTOUHHTb (HOpPMY YACTHLHI. CorJacso [3],
npu M>0,7 3aKOH H3MEHEHHs MacChl He COOTBETCTBYET CTO, Oue-
BUIHO TaKiKe, UTO BO3pacTaHHe MACChl MHKPOYAaCTHIbI IO MEpe npub-
JIMMKEHHs] ee CKOPOCTH K CKODOCTH CBeTa He JOJIKHO O6wuTH Oecrpe-
JIe.TbHBIM.

1.3.5. 9ddexTHBHBIE Pa3Mephi IBUKYIIUXCS TE]

Cornacio CTO, u3MeHeHHe Pa3MepOB ABHXKYIIHXCA TeJ sBJACTCAH
KuHeMaTHIECKHM, Kaxymumcs: addekrom. JlopeHu H dunpxkepaIbi,
Ha060pOT, CUMTAIH 3TO H3MeHEHHe peaJbHHIM H IPOHCXOLAIIHM OTHO-
CHTETbHO HEMOABHKHONO HJIH NOUYTH HENOABHIKHOrO 3¢Hpa.

B rufpoAiuHaMHKe H3BECTHBl CHJIbI B3aHUMOJEHCTBHS T€J, 3aBUCH-
1iHe OT CKOPOCTH MX NBHIKEHHs, HalpHMep, Chia Kenura, ynoMmHHaB-
Hmasicsi BuILIe. DTO cHJa, Booflie ropopsi, NPHBOAUT K H3MEHEHHIO ra-
GapUTHHIX DPa3MepoB TeJ, HO ee HCNOJb30BaHHE He pellaer, MO-BH-
fuMoMy, Bompoca. Iopasmo Gosee oOIEM  SBJSIETCS pPAaCCMOTDEHHE
5¢hexTHBHOrO pasMepa ABHXKYILIErocsi Tejla, KOTOPOE ob6nanaer ABH-
)ylleiica rpaHuuell (Tena PaHkuHA). IMoHsiTHE O TaKUX Tejlax Yxe
HCTOJIb30BAJIOCh TPH aHaJH3e NMPHPOLH 3J€MEHTAapHOro 3JEKTPHYEC-
KOro 3apsijia M, eCTeCTBEHHO, YToOH He NpHGeraTh K H3JIHIIHHM THIIO-
TesaM, ero HCIoJb30BaHue H B JaHHOM clyyae.

SddexTHBHBEIN pa3mep Tes PanKHHa 3aBHCAT OT CKOPOCTH MX
MOCTYMATEeJbHOro JABHXEHHA (mpumepnl Ha c. 13). TeMm cambiM
CO31aeTCs NPHHIMIIHAILHAS OCHOBA AJs1 OOBSICHEHHS peaybHOr0
coKpauleHus Tej B Jyxe runotessl Jlopenna u  QuiiKepanbaa.
OrMeTuM Takxe, uto, corjacHo Kennu [10], peasTuBucTCKOE

_pactskenue Bpemenu no Jlopenuy-Jlapmopy t=t, YV 1I—M?

SKBHBAJEHTHO M30TPOMHOMy cxaTtiio Tema R =R, ) 1—M? cos-
MECTHO C COKPALLeHHeM E€ro NOIepeyHoro pasMmepa.

1.4. OCHOBHbBIE XapAKTEePUCTHKH MUPOBOJi CPeAbI

Hcropus 3BOJIOLMH B3rJISAAO0B Ha 3¢Hp HJH (du3HYecKuil BaKyyM
H3J0XeHa, Hanpumep, B [1] u 3/1ecb He paccMaTPHBAETCH.
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OTMeTHM TOJbKO, 4YTO B HacTrosllee BpeMs NpH3HAHO, YTO (PH3H-
yeckHil BAKyyM, B KOTOPOM HET peasIbHHX YacTHL, «B CYIIHOCTH HH-
yeM He OTJHYaeTCcsl OT MaTepHaJbHHIX cpel Makpo(H3HKH, NPEACTaB-
1551 coboil HX 0coOYyI0 Pa3sHOBHAHOCTb. B BakyyMme paBHBI HYJIIO CDel-
HyYe 3HAYeHHS HEKOTOPHX (PH3HYECKHX BEJHYHH, HO CaMH BEJHYHHH
GJAYKTYHPYIOT OKOJIO 3THX CPEeJIHHX 3HAYeHHH.

Takass KapTHHa BO MHOTOM <«HamnOMHHaeT TypOyJieHTHBHIH NMOTOK
XHAKOCTH» [14].

PaccMOTpHM OCHOBHHIE XapaKTEPHCTHKH MHPOBOI Cpelbl HJIH Ba-
KyyMma.

1.4.1. IlnoTHOCTH

B nacrosiiee BpeMsi OOIIENPUHSITON BEJHYHHH IJOTHOCTH BaKVyMa
HeT. 3HayeHUsl MJIOTHOCTH, HNOJY4YeHHHIE YMO3PHTENbHO pPa3JIHUHLIMHU
KCCI1€10BaATENISIMH, OTJIHYAIOTCA APYT OT Apyra Ha KECATKH MOPSIKOR.

Vunep [15] nonaraer, uto 3@ ¢exkTuBHAsi MJIOTHOCTH BakKyyma
o ~ 10% r/cM3. OHa onpenenseTcs M3 CJAELYIOIHUX CcooOpaxeHu#,
XapakTepras A/HHA, CKOHCTPYHPOBaHHAsA H3 CCHOBHBIX YHHBEP-
caJbHbX noctosHuex Ilnamka h, TAaroTenns G M cKopocTH cBeTa

he
¢ onpenensieTcs BhHpaxeHuneM L — e 1,6- 10-% em. Torna
3¢ ¢exTHBHAS NMJOTHOCTb 3HEpPTHH, T. €. (aKTHueckass NJOTHOCTh
cpeanl, p ~ fi/cL* ~ 10° r/cm® — 3T0 BepxHfifl TPaHHIA 3HAYEHHS.

HuxHsisg rpaAMna 3HaueHHH IJIOTHOCTH cpefnl 6sHM3Ka K HabJio-
IaeMoil cpefHell NJOTHOCTH BellleCTBa BO BcesJeHHOH p~10—%0 r/cms.
Pasinuyre MeXAy STHMH 3HaueHHsIMH mJIoTHoctH B 10125 pas.

Ecau nmpennoJioKHTh, YTO CyLLECTBYET HEKOTOpasi KOHKpeTHas Xa-
pakrepHas (WJH YHHBepcasibHasi, MJIH (yHAaMeHTalbHasl) IJHHA A
1151 3JIeKTPOMArHHTHOrO (IJisl OonpefeNeHHOCTH) BaKyyMa, TO MQXKHO
ONEHHTb IJIOTHOCTb €r0 3HEePruH, a 3aTeM H ILIOTHOCTb 3TOH CpeIH.
Cornacno PeiinmMany umeeM [16]:

p=E%¢* = Hi/8nc AL

[Tpu A=5. 101 cm p = 10" r/cM3. Bamnskuii mopsnok Besu-
YHHB TMJOTHOCTH Bakyyma faert Takxe Oxywb [17] 1083-+1017 r/cM®
u 3eapposuy [18] 2 - 10 r/em3.

3eJbIOBHY OTMEYAET KaK HEOOBSCHHUMHIH (akT AJs TEOPHH THAro-
TeHHs!, 4TO MJIOTHOCTb 3HepruH Bakyyma B 104 pas mpeBOCXOAHT MJIOT-
HOCTb BEIlleCTBA BO BCeJI€HHOH. YuJjep npennonaraer, 4yTO0 MPOHCXOLHT
KaKasi-To KOMIIEHCAlHsl SHEPTHH MeXKAy OTAeJbHBIMH (JIYKTYallsaMH,
TaKk 4TO noJiyyaercss HabJmoofaeMas BeJTHYHHA NJIOTHOCTH BENIECTBA.

BhicOKOe 3HaueHme MJOTHOCTH BakyyMa 10'4+-10'6 r/cm3 moxer
6LTh MOJYYEHO M3 yCJIOBHsI CYLIECTBEHHOIrO BJIHSIHHMsI CPelbl HA IBU-
JKeHHe MHKPOYaCTHIIb, NOCKOJBKY TOrJa mosjHas macca m~pV, rie
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P — TJIOTHOCTbL Cpensl; V — nunamuueckuit o6vem. [osaras mis npo-
ToHa V~1073 cM% m~10-% r, Haxomum p~10% r/em3. S$cHo, yto
CyecTBeHHHM 06pasoM 3Ta OLEeHKa He H3MEHHTCS LIS MHKPOYaCTHI{
Apyroro BH/AA.

Ho nnsa Bakyyma ¢ miotnocTsio 10131017 r/cM3 cKOpocTH ero aBH-
PKCHHA, OUCHEHHLIC 10 3HAYEHHAM HamNpsKEHHOCTe! SJEKTPHYECKOTO H
MarHHTHOTO TOJIeH, COrIaCHO NMpPHBELEHHON BhIILe THAPOJAHHAMHYECKOH
MHTEPNPETALHH, MONYJAIOTCH HHYTOXKHO MAaJBLIMH, YTO <OMKHBJSET»
runotedy JIopeHna o mOYTH HemoABHKHOM adupe. B cBowo ouepenn
TAKHE SHAUCHHS NJIOTHOCTH CPeAbl HEOGXOAMMEl NPH OHEHKAaX BesHuu-
HBl 3JIEMEHTAPHOrO 3JIEKTPHYECKOTro 3apsina. Takum obpasom, nosy-
Ya€Tca  caMocorsiacoBaHHas M0 NapaMeTPy MJIOTHOCTH KapTHHA
3JIEKTPOMarHUTHHIX SIBJEHHH.

1.4.2. KuneMaTuyeckas BA3KOCTD cpenbl

Eciu npunsate 3a ocHoBy npennonoxenne o TOXAECTBEHHOCTH BOJIH
ne Bpoitns n Kapmana (cw. TJ1aBy 2), TO He OCTaeTcs BHOOpa B BeU-
UHHE KHHEMaTHYECKOH BA3KOCTH cpef. B camowm Jene, uncsa Pefi-
HOJMIbAca Agisa mpouecca Kapmana 3apaum, CKOPOCTH MHKPOYACTHIl H3-
BECTHBI, 3()(exTUBHEIC pasMephl NPHOJIHIHTENLHO OIIpeNiesIeH , M03TOo-
My BGIHYHHA W ONpeAessieTcs JOCTaTOYHO TOuHO. JIJist BapHaHTa, yKa-
3aHHOro HMXKe, Korjga d=Sth/mv, waxogum Re=vd[p=Sth/mp. as
3J1ekTpoHa npu Re~108 p=10-6 cm?/c.

1.4.3. UHTE€HCHBHOCTD TYPGOYNEHTHOTO NBHIKEHHUS CPelbl

Kak ynomunamnocey Beime, s HHTEPIPETalHH COOTHOIIeHHsT E=mc?
CTEAYET, 9YTO MEPOHl HHTEHCHBHOCTH TYpGYJEHTHOrO NBHIKEHHS MUpO-

BOH CPeABI ClefyeT CYMTaTh KBaJipaT CKOPOCTH CBeTa: v2= 2,

1.4.4. Buxpegoii <mym» u 3aKoHsI Credana — boabumana, Maaunka

O0yx03 [19] samerus, uro HHTEHCHBHOCTD SHEPruH, H3Nyyae-
MOH €AHHHUEH Macch TYpPGYJIEHTHO Cpebl W~(E§)4/c51\ (¢ — cko-
pPOCTb 3BYKa, Hampumep, A — Mmacurtac TYpPOYJEHTHOCTH), MoxeT
PaCCMAaTpUBATLECA KAK aHA/IOr M3BECTHOLO 3aKOHA Crecdana-Boabig-
MaHa, €C/IH MPHHATL MO AHANOTHH C KUHETHYECKOil TEOpHeH rasos
3a ,3(pdexTuBHYIO TEMIEpAaTypy TypOyJNE€HTHOCTH® CPemHION KHHe-
THYECKYI0 SHEPrHiO ABHX2HHUA BUXpell RTypp ~pA%2, Torgpa W ~
~ () ~ Tise.

OHeprernyeckui CNEKTP TypOyJIeHTHOrO H30TPONHOrO JBHIKEHHS
HMEET KOJIOKO0JI006pasnyio ¢opmy, aHAJIOTHUHYIO MOJIyuaeMoH 10 ¢op-
Je Ilnanka aas miotHoCTH SHEPTHH 3JIEKTPOMarHHTHOI'O MOJIS.
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1.4.5. OcHOBHBIE XapPAKTEPHCTHKH MHPOBOIi Cpebl

O6o0mas comepxkaHue TrJaBH 1, MOMKHO CHeNaTh cleyrlHe
NpenBapUTEebHbIE BHIBOMM.

MupoBas cpella CylecTByeT H HaXOLUTCS B COCTOSIHHH Xa0THYHOTO,
BHXPEBOrO, TypOyJieHTHOro ABuxKeHHs. OHO OXHOPOJHO, H30TPOIIHO,
CTalMoHapHO U 6e3rpaHHYHO.

OcHoBHEIE TapaMeTpHl MHPOBO# CpejIbl:

HHTEHCHBHOCTb TYPOYJIEHTHOrO NBHXKeHHsI v?a¢c?]1021 cm2/c2:
NA0THOCTL p=~1013—1017 r/cm3;
' KHHeMaTHyeckasi BS3KOCTb u2210-% cm?/c.

Faapa 2. YPABHEHHUS ABU)KEHHUSA MUKPOYACTHLL

2.1. CraTHCTHYECKAsi THAPOMEXAHMKA M KBAHTOBAsl MeXaHHKA

Ckaukoo6pa3Hoe, NpPEPHLIBHCTOE H3MEHEHHe HEKOTOPHIX MEeXaHH-
9eCKHX BEJHYMH (HEPrHH, MOMEHTa KOJHUYECTBAa ABHIKCHHS H T. 1),
XapaKTEPU3YIOIIHX BHYTPEHHHE CTeNeHH CBOGOAB MHKPOOGHEKTOB,
HallpIMEP KBAHTOBOINO OCLHJISITOPA, HEOAHOKPATHO SIBJISIOCH Npe-
Merom obcyxjennsi. Hanpumep, Basapos [20] yreepxmaer: «Bes
HeOOLIYHOCTL KBAHTOBOH MEXaHHMKH ONpefe/sieTcss MMeHHO TeM, U4TO B
HeHl NPOM3BOAMTCS SIBHBHIA YUYeT CaMONBHIKEHHS martepuu». Ho npa-
BHJILHO [TH IPOHU3BOHTCS 3TOT y4yeT?

PaccMOTPHM KOHKPETHEIH pHMep — OCHMILISITOP.

CraunoHapnbie KoneGaHHS BO3MONKHE TONBKO IS JIBYX THIIOB
CHCTEM: KOHCEPBAaTHBHBIX H aBTOKOJe0aTe/NbHHIX.

KoncepBaTiBHbIE CHCTEMB XapaKTEPH3YIOTCS KOHTHHHYMOM KOJe-
6aTe bHBIX COCTOSIHHI, M aMIUIUTYAa KOJeGaHHi HJIs KasKIOTO KOH-
KPETHOTO COCTOSIHHMSI M3 HHX ONpPEeNeNsieTCs HauyaJbHBEIMH YCJOBHSIMH.

AMnauTynn aBTOKOsNeGaHUH, Hao6opoT, 06pasyioT NHCKPETHHIH
CNEKTP M HE 3aBHCAT OT HAYaJbHHIX YCJIOBHH, a ONPEAeNSIOTCS B INH-
POKHX NpeJlesiax CBOHCTBaMH caMo# CHCTeMbl. BHelHHe cHIH MOTyT
JINLIb H3MEHHTh B3aHMOPACIMOJIOKEHHEe AHCKPETHHIX COCTOSIHHE, HO He
OTBETCTBEHHBI 32 X NMPOMUCXOXK/EHHE HJIH HCue3HoBeHHe. MHaue, aBTO-
KoneGaTesqbHast CHCTEMa SIBJSETCS THIHYHBIM IIPHMEPOM CHCTEMH @
caMollBHKeHHeM. BEIGOp ee B KauecTBe mpoToTHIA NPH paccMOTPEHHE
MHKDOOGbEKTOB B OTHOUIEHHH HX JHCKDPETHHIX YpOBHeil SHEPTruH Npej-
MouTHTEJNEH ¢ ¢uiocopckoit n GpusHUeCKOH Touek 3peHHs (3TO NpsSMof
nyTs). Ilpennoxenne 06 aBTokose6aTebLHOM XapakTepe CaMOIBHKe-
HHSL MHKpOyacTHIl 6BTO BEICKa3aHO aBTopoM emte B 1962 rony, satem
OHO HE3ABHCHMEIM oGpasoM OwlIo chopmynupoBano PomrimoBmm [21].

Cosnaresn KBaHTOBOM MeXaHHKH LUIECTBJECAT JeT Ha3aja MOULIH 1o
HHOMY, HCKYCCTBEHHOMY, 0GXOZHOMY, XHMEDHYeCKOMY MNyTH. DBmua

25



paccMOTpeHa KOHCEDBAaTHBHAs CHCTeMa, HampHMep rapMOHHYECKHR
OCLMJIJIATOP, M €r0 MeXaHHYeCKHe XapaKTePHCTHKH OBblIH 3aMeHEHB:
orepaTopa:H, onpeJleNIeHHEIMH TaKHM o6pa3oM, uToObl 13 KOHTHHHYMa
SHEpreTHYeCKHX COCTOSIHHH  OCHMJJISATOPA BBULENSIHCH AHCKPETHHE
vpoeuu. CoriacHe ¢ Hab/0faeMBIMH 3KCIEPHMEHTAJIbHBIMU AaHHBIME
6bIJI0 JIOCTHUTHYTO, HO JOporoil ueHoil. B 4acTHOCTH, MHKPOYaCTHIH,
KaK KOHCEpPBATHBHHIE CHCTEMBI, CTAJH PacCMaTPUBATbCS B OTPHIBE OT
OKpy:Kalolleli HX cpefb (BakKyyma), H TeM CaMbIM ObliH OTpesaHbI ny-
TH JJ15 Aa’bHeHIIero aHajin3a uX CBOHCTB.

[1penosoXuM, 4TO THIIOTE€3a O TOM, YTO MHKPOOOBEKTH SBJISAIOTCS
aBTOKO.TIeﬁaTe.HI:.HI:.IMH, 4 He KOHCEPBATHBHBIMH CHCTEMaMH, OKa3ajacCh
cnpaeej1uBoil. Torza BO3HHKaeT BONPOC O 3aMeHEe MaTEMaTHYECKOrc
annapaTa KBaHTOBOH MeXaHHKH Ha Kakoii-nu6o apyro#t. Ecte sn B
HacTosillee BpeMs Takol MareMmarnueckuil ammapar? OxasbiBaetcs,
OH JIefICTBHTEJLHO CyLleCcTBYeT.

Qenbemt [22] nokasad, yTo KBaHTOBas MeXaHHKa JBHXKEHHS MHK-
pOYaCTHIl SBJISETCS YACTHBHIM CJyyaeM MapKOBCKOTO CJyyalHOro mpo-
Hecca. Dhla mokasaHa NPUMEHHMOCTH ypaBHeHHs Pokkepa B KBaH-
TOBOH MeXaHHKe, JaHa HHTepNpeTalHs COOTHOLIECHHsI HeompeneaeH-
HocTell, O6bSICHEHO OTCYTCTBHE KOMMYTALHH MEXAYy HMIYJIbBCOM H KO-
opAuHaToil uwacTHUBH (NDpaBHJa NepecTaHOBKH M ONEpalHOHHOEe HC-
yHcJieHne) U T. .

B yacTtHOCTH, JAJ5 ABH:KeHHSI GPOYHOBCKOH uacTHILBI, paccMaTpH-
BaeMOro KaK MapKOBCKHil ciyuaiiHblii mpouecc, ObjIo noayyeHo @mop-
TOM COOTHOLIEHHE HeolpelleIeHHOCTeH B BHJIE:

Av Ax=D, (2.1)

rae D — koaddunuueHt 1uddy3un YacTHIHL.
denner nokasaJg, uyto nocrosHHas IlnaHka cesisaHa ¢ Kos3(dHIH-
eHTOM D ¢l1eAyIIHM COOTHOLIEHHEM:

h=2mD. (2.2)

CywecTtsyer euie ueabil psan pabor, OJU3KHX HJAH NMOBTOPSAMIIHX
pabory Qemnbellla H NpelacTaBieHHEIX B 063ope Xamcpas [23]. ¥Yna-
JIOCh YCTAHOBHTb TECHYIO CBS3b MEXKAY TeOopHell caydyaiiHEIX mpouec-
COB — CTOXACTHUYECKOIl MeXaHHKOil U KBaHTOBOII MexaHUKOH. Tem ca-
MBIM HaliJleH MaTeMaTHYeCKHH anmnapart, NMPHrOJHBIA 1Jis 3aMEeHBl Ma-
TeMaTHYeCKOro annapaTa KBaHTOBOH MeXaHHKH. DTOT anmapaTr sBJs-
ercsi laxe He e[MHCTBEHHHIM, TaK KaK, KpoMe ypaBHeHHs Pokkepa
ISl BeposSiITHOCTeHf Mepexoia, BO3AECHCTBHE CAy4YaHHBIX CHJI MOKHO
HccaenoBaTh cnocobom JlaHKeBeHa, Korfia paccMarpuBaroTes audde-
peHLuaNbHble YypaBHeHHS! U1 CaMbIX CAy4YafHbIX BeJHuuH. OpHaKO
KOHKPeTHOro (H3HYeCcKoro COJEPIKaHHA aBTOPaMH CTOXaCTHYECKOIt
HHTepIpeTaliyl KBAHTOBOH MEXaHHKH He IPE/JIOKEHO U He CJAyYalHHOo
OHH He HaulJH HH OJHOro 3KCNEpPHMEHTa, KOTOPHH Mor 6B IPOTHBO-
peuHTh NpeACTaBJICHHSAM KBAHTOBOH MeXaHHKH.
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PaccMOTPHM rHApPOAMHAMHYECKYIO HWHTEpPNpETalHI0 VPABHEHHS
Illpenunrepa. Ilepsyio nomelTKy Takoro poma HHTEpPNPETALHK
cnenan Manenynr |[24]. 3anucweiBasi BOJHOBYIO (GYHKLHIO ¢ =
—aexp (—img/w), o BMecTo ypaBHeHnus lllpeaunrepa mno.iyuaer
JABa YpaBHEHHS:

L +div(y9o?) =0,

o 1 2 .
o S = eEspes—m, el O.
o T W —
[lepBoe — 06bIYHOEC YypaBHEHHE HENPEPLIBHOCTH M.1 HEKOTOPOH:
BeJHUYUHLI a2,
Bropoe nanomuHaer ypasueHnue bepry.anu:

Rk ()

rpe @ — noTeHuHaJa CKOPOCTH TE€UEHHS.

iiky Aa ,
[To MHenuio MapnenyHra, BeJHYHHA g — COMOCTAaBJAfIETCA C
m a

d i
j—‘?xakc CHJ0BOH (GyHKIMell BHYyTPEHHUX CHJ KOHTHHHYyMa, a Be-
P

JUUHUHA 02 CYUTaeTCs €ro MmJIOTHOCTHIO.

HepmocraTkoM 3Toil MHTepNpeTaluM SBJSIETCS, MO CYIIeCTBY, KaK K
nis uHTeprnperauuu @eHbelna, OTCYTCTBHE KOHKPETHOCTH B onpenese-
HHHM CBOHCTB KOHTHHHYMa, €CJIH CUMTATh €ro CPeno, NpHpOIbl BHYT--
PEHHHUX CHJI U T. I

Huzke npencraBjieHa peasbHasi (H3HUeCcKass HHTEpIpeTallisi ypas--
Henuss Ulpenunrepa, yuuTHBaKOLlas H HCHOJbL3YIOIIAsi ITOJOXKHTE]b
HBIe 3J1eMeHTH paboTthl PeHbelia u MazenyHra.

IMpencraBuM, UYTO yacTHIlA JBHXKETCS B HEKOTOPOH Cpeje, ONMHCH-
BaeMOH OOHUHBEIMH YypaBHEHHSMH THIPOJHHaMHMKH. Bcliencrsue:
JBHXKEHHS] BOKPYr uacTHUH o0pa3yeTcsi HEKOTOpPOe pachnpeleseHHe
CKOPOCTEH, JBHKYIIHXCS COBMECTHO C yacTHIeH. DTO pacnpejesieHHe;.
HJIH «00J1aKO» BOKPYr 4acTHIbl, obJsiafiaer onpeleseHHOd KHHeTHYec-
KOH 3Heprueil M co3/laeT NMPHCOENHHEHHYI0 MaccCy 4acTHUH. Ecau OHa
CONOCTaBHMa C COOCTBEHHOH MacCOH YaCTHLUBE HJH 3HauliTeJbHO €€
NpEBHIIAET, TO CPela OKa3hiBaeT CYIeCTBEHHOE, eCJH He OCHOBHOE,
BJHSIHHE Ha XapakTep ABHKeHHs uacTHubl. [IpeamosoxuyM, uTo peasH-
3yeTcsl HMEHHO 3Ta BO3MOKHOCTb.

[TycTth cpefa no KakuM-1u60 NMpHYMHAM MPHILIA B COCTOSHHE Typ-
6yJieHTHOro ABHXKeHus. Toria pacnpesiesieHHe CKOPOCTeii Cpeinl B «00-
JlaKe» BOKDYT YaCTHIbI CTAHOBHTCS CJy4aHHEIM, ee NPHCO€AHHEHHas:
Macca TakiKe MeHsieTcsi caydaiiHeiM 06pa3oM, a Bce «00.12K0» CKOpOcC-
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-Telt Bokpyr uactuusl Aubdynaupyer B TypOyseHTHOH cpefe Mo 3ako-
@aM TypOv.1eHTHOH AuGGY3HH, yBIEKas 3a coboii yacTuuy, T. €. «BOJI-
4ia THAHpYeT 4acTHIly» 1o e Bpoiio.

Takuy o0pa3oM, yacTulla B cpejle npHobperaeT 6eCKOHEYHOE YHCJIO
.creneHeil ¢BOGOAL, XapPaKTEPHCTHKH KOTOPHIX MEHSIOTCS CJydYaHHBIM
«06pa3oM, MO3TOMY ee OMHCaHHe CTaHOBHTCS UPE3BHYAHHO CJIOXKHBIM.
Kpome Toro, eciu Ha YacTHIy H CPely AeHCTBYIOT BHEIIHHE CHJIH, TO
noGaBiisieTcsi ellle HEKOTODPHIH OCpelHeHHBH, IJIaBHHIH Npouecc ABH-
JKEHHS cpebl H YaCTHIH.

Heo6x01uMO HaliTH yNpoOLleHHOE ONHCAaHHe JBHXKEHHSI CpeAn H
4gacTHIBI H CONOCTaBHTbL ero ¢ nBH:KeHHem llpenuHrepa. .

IMpennosaoxuM, uTo cpefia HecXKHMaeMa, T. e. p == const, Vo =
= b=t

[Mycts U — noTeHuHasJbHasi 3HEPTHsi Cpelbl Ha €AHHHIY MacChHl.
Jubdysuonnsii moTok o6aaKa pacnpelesieHust CKOpOCTell BOKPYr yac-
THIB CYILLECTBYET BcJiefiIcTBHe TypOyJIieHTHOrO IBHKEHHS CPEIH JlaixkKe
NpH OTCYTCTBHM BHeEILIHEro TEYeHHsl, a B cJlyuae CTaTHCTHYECKH paB-
“HOBECHOTO paclpelesieHuss CKOpocTell MPH BO3JEHCTBHH BHEIIHEH CHJIbI
nudPy3HOHESE [aBJeHHe PABHO NMOTEHIHAJBHOI SHEPTHH CPeAH, T. €.
-onpenensercs ypasHeHuem: p(Ve’')?/2 = U, rne ¢’ — mnoreHnuanp-
Hasl CKOPOCTb CJyyaflHOro NBHIKEHHs cpelnl, Vo' — ciyyaiiHasi CKO-
POCTb CPeIH.

dTo cTauHdoHapHOe ypaBHenue. EcC/aH paBHoBecHe HapywaeTcH,
T. €. BO3HUKAET CKauyoOK [aBlIeHHS Yp, TO MEHAeTCd CKOPOCTL Te-
yeHHd M, cAeL0BarelibHO, MEHAeTCH MOoTeHuHana TEYeHHd, onpene-

nseMblit U3 ypaBH2Hud dq’/dt = —plo. TlosaToMy B HecTauuonap-
HOM cayyae umeew:

299" o) _ ;7
e U=0.

[TepefizeM B 3TOM YypaBHEHMH K IJOTHOCTH BEPOATHOCTH W,

HCnosb3ya p23yabratel PeHbelna M HECKOJNbKO MeH i 0H503Haye-
‘HUS -

I._IOCKOJIbevl].H(beyE}HOHHaﬂ ckopocTh paBHa Vv’ = —Dyw/w,
(D — kosdduuuent nuddysuu), To W = o2exp(—q’'/D), 0¢'/0t =
= —(D}w)ow!ot.

U3 ycaosust HecxkuMmaemoctd cpeabl A’ =0 caenpyer, 4TO
Aw/w = (yw/w)?, n03TOMYy BMeCTO MNpeiblLylIero ypaBHEHHS HMe-
€M:

pD%f- + pD?*Aw — Uw = 0.

ITosivyzercss, B LesoM, YPaBHEHHE, aHAJOTHYHOE MOJYYeHHOMY
‘Penpeiier: 1M Magenyurom. 18 monHOro cooTBETCTBHS YypaBHEHHE
CJAeAyeT AOMHOMXHTb Ha o06beM 4YacTHLH M IPHHATbL €ro Maccy pas-
Ho#t pV.
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KpoMe MO:IYYEHHOTO YpPaBHEHHs, CyLeCTBYET ellle o6hiuHOe
ypaBHEHHE TMEpeHoca JUIA IJOTHOCTH peposiTHOCTH:  (0w/0l) +
+ div (yow) = 0.

[pu D="1/2m, p = aexp[(—i¢ — ¢)/2D], w = P¢*, cornacHo
deHbEY, W3 ITUX YPaBHEHHH Cjelyer H2CTauHOHAapHOEe ypaBHE-
Hue lllpenauHrepa.

Omnpejaesenue BOJMHOBOH (YHKLUH 1 yepe3 MmoTeHunan ckopoc-
™™ ¥ Ko3pduuueHT audpdpysuu, mo denbeuy, NPOU3BOAUT BHE-
yaTJeHHE KaKOro-TO JIOBKOro (oKycCd MM TPOU3BOJLHOH omnepa-
Uy, He HMmewueil Mol co6oil peaibHOM $13H4YecKoii OCHOBHI.
TMo3TOMY YyKaxeMm THAPOLHHAMUYECKYIO HHTEPNPETaunio 3TOro
CONOCTAaBJIEHHSA.

CpaBHHM BhIpaxKeHHe JJIs JJIHHBI BOJIHEL Ji€ Bpoitng [ = h/mv u
ABa BbIpAXKeHHsl [Jisl SHEPrHH YaCTHIH, KOTOphle NpHPaBHHBAGM NPT
K Apyry: hv = mov?/2. 3aecp v — 9acToTa HEKOEro (moxa Heompene-
JIEHHOr0) NepHOJHYECKOoro mpouecca, CBsI3aHHOTO C ABHXKYLIeHCs Yac-
THIell; U — ee CKOPOCTb.

[Moncraesisi 3HaueHne [ B yKasaHHOE DaBeHCTBO, HaXOAHM:

mu?
2h

V==

= 0,5 v/l.

ToaydeHHas 3aBHCHMOCTb C TOYHOCTBIO /IO MOCTOSHHOIO MHOXKHTe-
715 NOpSi/KA e[MHHIEl COBMAJaeT ¢ 3aBHCHMOCTBIO HACTOTE! CPLIBA BHX-~
pefi KapmaHa ¢ NMOBEPXHOCTH JABHXKYIIET0Cs Te1a [25]. Bosee moxpoG-
HO ony OyayT pacCMOTpPEHBl HHIKE.

CTaHOBHTCSl TOHSTHON TakKe 3aBHCHMOCTD Kos(uunerra TypOy-
geHTHON puddysuu D = i/2m = vl/4n OT XapakTepHOro pasMepa
yaCTHIB, KOTOpasi aHaJlorTHYHa 3aBHCHMOCTH koaduuuenta Typoy-
nenTHO AHOQdY3uH LI IJIOCKOMapallesIbHOro TEUCHHS OT paccros-
nms no creHku d ~ z. To e caMoe sBjieHHe HaGmoAaeTcd H A
Teyenusi B TpybOax.

TosiBiienne Muoxureas exp(—ig/D) B onpefe/eHHH BOJIHOBOH
GYHKLMH MOXHO HHTEPIPETHPOBAaTb KaK ONHCAHHE IIePHOJHYECKOTrO
IBHKeHHs moj nefictBueM Buxpell Kapmana. B mocielneM ciyyae He
HCKJIOUEeHO TAK¥Ke, 4TO IOSIBJIEHHE MHHMOCTH SIBJISICTCS cBO€OOpa3HbBIM
y4eTOM OTpHUATENbHOH TypOYJeHTHOH BSSKOCTH [26]. Torma cranuo-
Hapuhie GOPOBCKHE COCTOsIHHS B aToMeé MOXKHO paccMaTpuBaTh Kak
pesynbTaT NMOANMTKH TEPSIOILero >HEprHio OCpEIHEHHOro JBHIKEHHS
QaCTHIlbl TOJ JIefiCTBHEM KYJOHOBCKOH Cuibl (H3JyueHue, BSI3KOCTD)
32 cyeT KHHETHUYECKOil SHepruH TypOyJeHTHOTO NBHKEHHSI CPENBl.

Takum o6pasom, GPOYHOBCKOC ABHKCHHE MHKPOUYACTHIL OTOKAECT-
BaseTcsi ¢ UX TypOyJenTHOH nupdysued MOA BIHIHHEM TypOyJI€HTHBIX
nyJibcalHil NaBJeHHs] H CKOPOCTH CPEAEl (uHaue rOBOpPS, «BaKYYMHBIX
¢aykiyanni»). KoappuuueHt aupdysun D OTOXKAECTBJISETCA C KO-
3QPNUHEHTOM TypOyJaenTHON AHPPY3HH 4aCTHLEI B CPEE.
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TpaekTopusi yacTHIBl B 9TOM cllyyae sIBJsieTCs CJydaiiHoH GYHK-
uHel, U306pa3uTh KOTOPYIO IpaHuecKH HJIH NPEICTaBHTb B OOIeM
Bune HeBo3MoOxkHO. OnHako nwobas ee peanu3auusi SBJASETCS HECHy-
yafiHOH (YyHKLUHeH, T. e. TPAaeKTOpPHEH B KJACCHYECKOM CMBICTIE, YTO
NIPOTHBOPEYHT IPEJCTaBJIEHHI0 KBAHTOBOH MEXaHHKH O TNIO.THOM OTCYT-
CTBHH TPAEKTOPHH AJs1 MHKPOYaCTHIL.

HMrak, HCnOJb30BaHHE annapaTta CTOXAaCTHUYECKON MeXaHHKH OCy-
IIECTBJISIET ONpe/leJIeHHBIH CHHTEe3 TNPeJCTaBJEHHH KJaCCHUECKOR H
KBaHTOBOH (DHU3HKH. :

CoBepllueHHO NpPO3PayHbIM CTAHOBHTCA H (DH3HUECKOe COMepKaHHe
npUHIHNA HeonpeleneHHocTH ['efizenbGepra, a BeNHYHHA MNOCTOSHHON
Ilnanka B TakOM cJyudae ONpefiesisieT KOPPeNSIUHOHHYIO CBSI3b MEKLY
KOODAMHATOH H CKOPOCTBIO YACTHIB M 3aBHCHT OT CBOHCTB CpelHl
(nnotHOCTH, MacwuTaba 3HEProcojepiKallMx BHXpell, HHTEHCHBHOCTH
dbnyKTyauni CKOpOCTH).

B mnocnennne ronn oOHapy:KeHO, YTO M KBaHTOBAs TEOPHA  [OJSA
nopasuTebHO 6JM3Ka, aHAJOTHYHA CTAaTHCTHYECKOH THIPOJAHHAMHKE

[19].
2.1.1. CnyyaiiHble BO3/IECTBHS HA aBTOKOJIEOATEJbHYIO CHCTEMY

PaccmoTpuM rapMoOHHUECKHH OCHHJISTOP, HA KOTOPHH NeHCTBYET
cayuaitHaa cuaa f(f), ucnonwpsya momxon JlaHxkeeeHa [27]. 3artem
NoJlyueHHble pe3yJbTaThl 0006IIHM  NPHMEHHTEIBHO K aBTOKC.Ie0a-
TeJbHEIM cucTeMaM. KoHeuHo# mesibio OylneT CuHMTaThCsl HaXOXKACHHE
crnocoba BBefieHHs! mocTosiHHOM. I1naHka B KapTHHY OMHCAHUS IBHKE-
HHSI aBTOKoJieOaTesJbHOH CHCTEMBI IO/l BO3JEHCTBHEM CJAydYaWHOH CHJIBL
f(t) (xoHkpeTHo, BcoencTBHe TypOyJEHTHHX (GAYKTyaluil cpemni).

[lycte OpoyHOBCKAas yacTHLA JABHXETCS B HEOrpaHUUYeHHOH
Cpeae W Ha Hee BO3AEHCTBYIOT CHCTeMaTHYeCKas CHJIA COMPOTHB-

JIEHHA yX W cJay4yaiinas cuJaa f(l), TaKk 4TO ypaBHeHue JABHKeHUd,
paccMoTpenHoe JlaHKeBeHOM, BHIMIAAHT CJAeAYIOIUM obpasom::

mx - 1x = f(t) = [ — 1),
rae f,=const — Mepa 'HTEHCHBHOCTH CJy4YaHHBX TOJTYKOB.
IIpeanonaraem, uto ¢—- oo cpefHHil KBaPaT CKOPOCTH IBHKEHHS
YyacTHIH v? COBMafaeT C TePMOJHHAMHYECKH PAaBHOBECHHIM 3HAYCHHEM
H 110 TeopeMe O paBHOpachpelesieHHH SHEPrHH pPaBeH:

mu? kT f
- P e S P 28
s A Y (2.3)

rae T — temmepaTypa cpenbl, 31ech H Haljiee NMOHHUMaeMmasi Kax 3d-
dexTHBHAS TemmepaTtypa Typ6yneHTHocTH (cM. m. 1.4.4).

Ilns nauxeBeHOBCKOH OpPOYHOBCKOH YacTHIB CpPeHHil KBAZPAT
CMeIIeHHs] ONnpefessieTcsl YpaBHEHHEM:
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X=Dlt= —,» (2.4)

T. e. k03(pduuueHT aHhPy3nH paBeH:

D= BTy (2.5)
¥ OTIpeflesisieTcsl HHTEHCHBHOCTBIO CyYaiHBIX TOJNYKOB.
VyHTHBAs KOHEYHYIO LeTb HCCIENOBaHHs, COIMOCTABHM ypaBHEHHS
(2.2), (2.5):

D=—1—i—:{?—?—.

2m 1

Torpa nas nocrosHHoil IlnaHka HaXxoAHM BbIpaxKeHHeE:
1= 2kTm/y = [o/%. (2.6)

T11060NBITHO OTMETHTh, UTO TOJyueHHOe BHIpaKeHue s h Hemen-
JIeHHO NPHBOAMT K NpOTHBOpeuHio. Jliisi sHEPTHH OCLMIATOPA HAXO-
oHUM:

mu? k 1 fioo (27 )

g - @ am &

Floayuaercsi, yTO B BbIPaXKeHHH JJisi SHEPTHH KBAHTOBOTO OCLHJIJIA-
TOpa QUrypHpyeT He 4acToTa KojeGaHUH, a BeJIHuHHA C Pa3MEPHOCTLIO
yacToTH (y/m), KoTopas onpejenser AHCCHNIATHBHBIE CBOIICTBa CHC-
TeME. DTOro NPOTHBOPEUHS y2Ke JOCTATOYHO, NO-BHAHMOMY, KaK OCHO-
BaHus JJISI TIePECMOTpa HHTepPIpeTalH KBaHTOBOH MEXaHHKH.

WUcnoneays ypasuenusi (2.3), (2.6), ynaercs cBsizaTh MOCTOSHHYIO
[I12H Ka ¢ HHTEHCHBHOCTBIO CJYYaiHBIX BO3JEHCTBHH Cpelbl Ha 4acCTH-
Ly 1 CHJOfl HX B3aHMOJEHCTBHA.

VueT cayya#HHIX TOJNYKOB, JeHCTBYIOWUHX Ha 4aCTHLy BCIEACTBHE
eCcTeCTBEHHON TypOYJEHTHOCTH Cpelbl, MOXHO IPOM3BECTH TAKKe C IIO-
MOIIbI0 BHGPAIHOHHOH MEXaHHKH H BBEJIeHHOr0 B Hel NMOHATHA O BUO-
paiHOHHEIX chiax. ITockonbky B BHOPAIMOHHOM TOJIE MOSBJSCTCS CH-
na F ~ mo?A (A — amnuntyna BuOpauui; o — 4acroTa BuGpauuii),

TO ISl YCTAHOBMBLIErOCS ABHIKEHHA Mw?A~vyx (yX — cuia Compo-
THBJIEHHS), TIO3TOMY CKOPOCTb JIBHXKEHHS:
mw?4 A kT 1 h

— ) 8 me—— N e—

1 A ' A mA’

X ~

B urore mosiyueHa 3aBHCHMOCTb JJis AJIMHBI BOJIHBI € Bpoiins, 410
onpaeJbiBaeT BBeJleHHEe BHODAHOHHBIX CHJIL. ,

JInst aBTOKOJe6aTeNbHBIX CHCTEM AHCCHIATHBHBIE XapPaKTEPHCTHKH
HeJiHHeHHH M cllyuafiHasi CHJia yXe He BbipaxKkaeTcsi ¢ NOMOILBIO ypaB-
HeHHsl (2.3), NMOCKOJIBKY OHAa CTaHOBHMTCS ¢yHKUHel COCTOSHHA CHCTe-
Ml B 1IeJIOM H 3aBHCHT OT BceX ee nmapamerpoB. KpoMe TOro, IOCKOJIb-
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Ky aMIUIATy/la H 4acTOTa CTAallHOHAPHBIX aBTOKOJeGaHHil ompeenser-
Csl CBOFICTBaMH CaMOil CHCTEMEI, TO H 3aKOH PaBHOPaCIpeeseHH 3Hep-
THH B CJIy4aHHOM TOJIe TOXe CTaHOBHTCH HeNPHUMeHHMBIM. C.1e0Ba-
TEJIbHO, HEOOXOJUMO HCKaThb pPelIeHHe B Ka’KIOM KOHKDETHOM CJiyyae
OTAENLHO, KaK, HanpHMep, AJsi reHeparopa Tomcona [27].
CyluecTBeHHbIM SBJISAETCS TO 06CTOSATENBCTBO, YTO CNIEKTpP YpOBHEH
SHEPrHH OCUHJIATOPA ONpeNessieTCs, C OJHOH CTOPOHHI, AHCCHIATHE-
HOW (YHKUWEH oCUM/IATOpa, a ¢ JAPYrofi HHTEHCHBHOCTBIO TOJIYKOB
C/yyaHHOH CHJIEI, KOTOpas B CBOIO Ouepeib NPONOPIHOHAIbHA [IOCTO-
sinHoi Ilnanka. PacemartpuBas rpaduueckoe pelleHHe Takoil 3agauy, |
ybexnaemes, uto mocrosinHast [lnanka onpemensier CIIEKTP YpOBHeit |
SHEPrHH H TOCTaBJIEHHAs LeJb TeM CaMBIM JOCTHTHYTA.

2.2. Boannl ne Bpoiias wan puxpu Kapmana?

YCTaHOBNEHO 3KCNMEepHMEHTAbHO [28], uTo cymecTByer AuQpakuus
SJIEKTPOHOB, HEHTPOHOB, aTOMOB H MOJIEKYJI BOAODOJia, aTOMOB reJius.
Hns wactuy ¢ maccoit Gosee 4miy (ms — Macca Bozopoja) Hab.Iona-
JHICh HHBIE€ THIIbI paccesiHusi: AH(P(Y3HOE, JenecTKOBOe, panyxHoe.

Takum o6pasom, cnpaBennuBoCTDH ¢dopmyarl  nme Bpoiiasg A =
= h/muv, onpenensiomeii BOJHOBHE CBO{CTBA 4acTul, TBepAO ycTa-
HOBJIEHA TOJIbKO B Y3KOM JHanasoHe H3MEHEHHS macce MHKDPOYacCTHIL.
C ZIpyrofi CTOpOHE, COrVIaCHO KBaHTOBOI MeXxaHHKe, BOJIHOBLIE CBOfI-
CTBa NPUCYIIH YacTHIIaM JIIOG0H Macchl.

Tem caMbM cosmaeTcsi siBHOe NPOTHBOPEYHE MEXKAY TEOpPEeTHYEeCKH-
MH IIPEICTABJIEHHSIMH H SKCIIEPHMEHTOM.

C nenbio paspemenus IIDOTHBOPEYHS PAaCCMOTPHM THAPOAHHAMHU-
9ECKYI0O HHTepIpeTalHio BOJH fe Bpoias.

OxkasmiBaercsi, cymecTsyer NIEPHOJHYECKHH TMpOLECC, CBS3aHHBI
C NBHXYIIIMCA B CPElle TeJOM, KOTOPHI SIBJASETCS K TOMY XKe eJHH-
CTBEHHLIM, CaMONPOH3BOJILHEIM M YHHUBEpCAJbHBIM. DTO npouecc ne-
PHOJIHYECKOro 06pa30BaHMs H CPHIBA BHXpeil ¢ TIOBEPXHOCTH YaCTHIH,
06TeKaeMO# MOTOKOM KHIKOCTH HJIH rasa, MOJIYYHBIINX Ha3BaHHe BUX-
peit Kapmana [25].

Hacrora cpuBa  BuXpeii ONpeaeNnsieTcss INPOCTOH 3aBHCHMOCTBLIO

v=Sfv/d

U —— OTHOCHTE/JbHAs CKOPOCTb 4aCTHUB; d — ee XapakTepHHIH pas-
Mep; St — uncno Crpyxans, St~0,18 U3 ONBITHEIX JLaHHBEIX). dTa 32-
PUCHMOCTD CMpaBeIHBa B UIMPOKOM HMHTepBaje umceJ PefiHoabgca
Re = vd/p (n — kuHemaTHuecKast BSISKOCT cpenw) or 102 go 108
HJIH, BO3MOXHO, no 107, no manunim Pomko [29].

o neficteuem cunm Kapmana, BOSHHKAIOIIEH BCJEICTBHE CPHIBA
BHXDEIl, 4acTHIa JBHKETCS 10 CHHYCOMIE HJIH BHHTOBON JIMHHUH, U CO-
OTBETCTBYIOIast AJIHHA BOJIHBI, WJIH LIAT BHHTA OIpeMeNsercs BLIDa-
&KenueMm A = v/v = d/St. Ipeanonoxum, yro YKasaHHas JJIHHa BOJI-
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HE TOXKACCTBEHHA JJIMHe BOJHH Jie bBpoiina A = h/mv, yto GHao

chenano asTopoM B 1964 romy [30], u paccMoTpuM cielcTBHS STOR
THIIOTE3H,

HMsBectHo [31] ypaBuenne nBuxenus YacTHIB, COBepLIaoHlel
NJIaBHOE JBHXKEHHe moj| AeicTBHeM monst U oJHOBpPEeMEHHO C MaJbIMK
OCUH/VIALHSMH MOA JNEeHCTBHEM MNEPHOLMYECKOH CHNIH f, MeHSIOIeRCs
¢ Gosbwoi uyacrotoft. IosnyyenHoe ypaBHenue pacnanaercs Ha JIBa
ypaBHELHs, ONHCHBAKIINE IVIABHOE H OCUMVIHPYIOILEe IBHKEHHE:

mx == —GU/OX,

mt + §(02U[0x2) = f, (2.8)

TA€ X — KOODJHHATa IJIaBHOTO ABHMKEHHS; § — MaJible OCLHJISLUES
m — Macca YacTHIIH.

Onpenesns M3 NMepBOro ypaBHEHHS! TPAEKTOPHIO IJABHOTO JBHIKe-
nus x(t), t — Bpems, moacraBisieM x(7) BO BTOpOe ypaBHeHHe H Ha-
XOJHM €ro CTalHOHapHble NepHOAMYECKHe pelleHHs §(?), KOTOpHe cy-
INECTBYIOT TOJILKO NPH ONpPE/e/eHHBIX 3HaUeHHsSIX MapaMeTPOB IJIaB-
HOro ABHKeHHA X (7).

TakuM o6pasoM, BTOpoe ypaBHeHHe ompelie/sieT IHCKPETHHE. pe-
II€HHsl MJIaBHOTO JIBHXKEHMS, T. €. NPUBOJHT K KBAaHTOBAHHIO €r0O JBH-
XeHus. TeM caMBIM KBaHTOBaHHe ABHIKCHMSI PAcCMAaTPHBAETCH KAK
3ajlaya HeJHHEHHOTo pesoHaHca, a He KaK 3ajaua OnpejeieHHsi co6-
CTBEHHBIX 3HaueHHi omepaTopa. B atom cayuae ypaBmenme penun-
repa 3aMEeHseTCsl Ha NPHBEJEHHblE BhIIIE YPaBHEHHS,, KOTOPHE AOJIK-
HBl DacCMaTpPHBATbCS COBMECTHO C YDaBHEHHSIMH IBUiKeHusi TypOy-
JieHTHOH cpelrl. CrnenudHuka 3afay B TaKOM cjydae OmpefeNseTcs 3a-
nandeM nons U u nepHonmuyeckoil cHaw f.

ITpumep. Tapmonnueckuit ocuunnsitop ¢ U = kx?/2 u cunoit Kap-
MaHa.

f=8cos (m;t'zt/h, rape B = const.

34ech YYyT€HO, 4TQ A = L =—d—-, T. €. d = Sth/imv u 3a-
A

mv St

BHCHT OT CKOPOCTH ABHXXEHHA YACTHUBI, 4YTO XapaKTEPHO A TEH
C ABHxyuwelica rpanunedt (ten Paukuua). Iloacrasiass d B 3aBU-
CHMOCTb 4YacCTOTh! CpbiBa BHXPei, HaxoauMm v = mui/fi.

M3 ypaBHenus nJis NJNABHOrO JBHMXKEHHsi HaxoAuTcd X =

k
= Acosot, rpe co:l/—-, M B CJy4yae TrapMOHHYECKHX Majbx
m

ocuHAAnHMi &€ =§ sin®f cTaulioHapHbBIE pPELeHKs HaXOAATCHA No
metony Ban-npep-Ilons [32] us ypaBuenus:

2r
j‘ sinT. cos(arsin?t)dt = 0, (2.9)
0
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THe T — of; UACJIEHHOE peuleHHe 3TOro YypPaBHEHUS MPUBOLUT

caeayoluuM 3HaueHHAM napamerpa a: 1,3; 3,1; 5,2; 7,0; 9,0 .
mA2w )
Besnununa a = - APOMOPUHOHAJIbHA TOJNHOI 3HEPTHH IJIABHBIX
1

Kosie6aHui, NPpHYEM NPHOJHKEHHO KOPHHU ypaBHeHHa a,~2n--1=
| Y
=2(rz—}—j}, n=0,1,2,3 . . T. e KBaHuTyeICAd ero moJjHas

sHeprusi KosebaHuit u HabaoLaeTCcsi COOTBETCTBHE CO CINEKTPOM
YPOBHEH 3HEPrHH KBAHTOBOIO OCUMJAATOPA.

U3 cormocrasnienus nJiuH BoJIH e bpoiins u Kapmana crienyer, uto
d = Sth/mv n Re = Sth/mp. Orcriona BuAHO, uTO uyHcaI0 PefiHosbA-
€a 3aBHUCHT OT Macchl MHKpouacTHubl. IlockoabKy mpouecc cCphiBa
Buxpe#i KapmaHna ocyumectBHM B HHTepBajie uucea PefiHonbaca or
102 mo 10% 7O BCJEACTBHE NMPHHSATOM THIOTE3HI Macca MHKPOUYACTHII,
06J1alal0ulilX BOJHOBHIMH CBOMCTBAaMH, MOXKET H3MEHSITbCSI TOJBKO B
104 pas. Eciu MHHUMaJbHOE 3HayeHHe MacChl B 3TOM HHTepBaJse Co-
OTBETCTBYET 3JIEKTPOHY, TO MAaKCHMaJIbHOE COCTaBJISIET YeThipe—IMATh
HYKJOHHHIX Macc. Eciu Xe yuecTb pe3ysnbTaThl POIUKO, TO 3TOT HHTEp-
Bas pactsagercs go 150—200 mp.

ITO yTBepKIeHHe BeleT K LeJOMY KOMIJIEKCY BO3MOMKHBIX 3KCITe-
PHMEHTaJbHBIX CJEJCTBHH, NOMHMO MNPSAMOrO HccJeloBaHus AHDpak-
UHH. B yacTHOCTH, He JOJKHO CYIIECTBOBaTh KoJebaTelbHBIX H Bpa-
LlaTeJNbHLIX CIEKTPOB THAXENBIX ABYXaTOMHBIX MOJIEKYJ THna A, HJIH
caMHx TakHx MoJekya. Corsnacho [33], cymecTByloT KosebaTesbHbIE
VPOBHH 3HEPTHH AJSI MOJIEKyJs cBHHIa Pby u BHcMyTra Bi, ¢ Maccoi
aapa 207 u 209 coorBercTBeHHO. JlaHHHIX MO CMEKTpaM MOJeKyJ ¢ Go-
Jiee TSAXKeNTbIMH siipaMH He oOHapyxeHo. Bo BcsikoM ciayuae, npencka-
3bIBaeTCs HX OTCyTCTBHe AJs Macc 6ojnee (150-+-200) my, dyto sABJSA-
€TCsl HOBBLIM, He CJEeNYIOUIHM M3 MPeACTaBJEeHUH KBAHTOBOH MEXaHHKH,
CIeNCTBHEM, JOCTYNMHHIM 3KClepHMeHTanbHOH mpoBepke. Kpome To-
ro, H3BECTHO, YTO aTOMHI PTyTH (aTOMHHIH Bec MEHsIeTCsl B NpejeJsax
196+-204) ne obpasywor monekyn Hgo. Her, kaxkercsi, M MoJiekyJa
ypaHa Uy, penns Re,.

Cornacno [30], MMKpoYacTHUB (3/1€KTPOH, MPOTOH,  $APO, aTOM)
HMEIOT OIpeJe/IeHHHH reOMeTpHUYeCKHH pasMep H IBHXKYTCS B HEKOTO-
pofi MHDOBOIl cpefle. B HekOTOpOM MHTepBajie CKOPOCTEH MX JBHIKe-
HHS BO3HHMKaeT IpoliecCc BHXpeoOpas3oBaHHs, KOTOPHIH INPHBOAHMT K
TIOSIBJIEHHIO y YaCTHIL «BOJHOBHIX» CBOMCTB, IPHYEM l'j—:“ff~104_,, Kak
3TO cJiefyeT H3 OTHOLIEHHS COOTBETCTBYIOIIMX yHces PefiHoublca, ec-
J1 He YYuTHBaTb pe3ysbTaTh Pormiko [12].

PaccMoTpuM, Kak OHO H3 CJIEACTBHH  Hallero NPeanoJoxKeHHs,
BONPOC O NPHYHHE BO3HHKHOBEHHMSI CBEPXNPOBOILHMOCTH B MeTaJliax.

[IpumMeM B KayecTBe HCXOIHOH MOJAEJb CBOGOIHLIX 3JEKTPOHOB.
ITycTb, COr/IacHO IP2ANONONKEHHIO, 3JEKTPOH TepaeT BCE CBOH
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BOJIHOBBIE CBOHCTBA NPH CKOPOCTH ABHXKeHUA V< Upy,. TOrna n.as
9JeKTPOHOB, HAXOAAIINXCA HA HEPreTHYECKHUX YPOBHAX C 3HEp-
rueit e<<mv?. /2, npuuunn [Tayan nepecraer 6LITh CripaBe1lHBBHIM,
M HX NBHXEHHE OMNpelenserca 3aKoHaMH KJaCCHYECKOH CTAaTHCTH-
yecko# ¢u3ukH. B uyactHocTH, ecsiu Temneparypa Mmetaina T =+ 0,
TO NOAOCHHE 3JEKTPOHH nNPHOGPETAIOT B CpejiHeM 3HEPrHIO

_3_#';1 3kT > MUinin
2
pacTaeT 10 3HaYeHMi v >v_;,, H OHH ONSTh JOMKHB TOAYHHATH-
Cs 3aKOHAM KBaHTOBOH MEXaHWKH M MOPHHIMNY 3anpera. TaKHm
06p330M dBTOMAaTHUYEeCkKH VCTAHARJIMBAETCHA HHKHAA rpaHulia

2
mvmi

. Ecnu eresnuuna

, TO CKOPOCTb 3"€KTPOHOB RO3-

n

3HEPTEeTHYECKHX C(CCTOSIHHE 3/ACKTPOHOB B MeETalje g, =

__ 3kT,
L

CTOS HHOM 3HEpPTHH, aHaJorHyHas OOBLIYHOH Teneph VYiKE BHELHEed
NOBePXHOCTH Pepmu.

Ecan Bennuura T > Ty, TO HUKAKHX 3aME€THHIX  OTKJIOHEHHI OT
OObIYHOH KBAHTOBOHW HMHTEpNpeTalHH CBOHCTB METaJJIOB He IPOHCXO-
AHT, NOCKOJIbKY TENJOBOH MEXaHH3M He MO3BOJSET 3JIEKTPOHAM IIpH-
HHUMaTbh 3Ha4YeHHs SHEPTHH & < €o.

P

2

-

. O6pasyercs, KkaK BHAHO, BHYiPCHHsSl MOBEPXHOCTh MO-

Ecnn T<<T,, To BO3HHKAET CJEAYIOLlass BO3MOXKHOCThb., _[Ba 3.1€-
KTPOHA, Pacno/IOKEeHHbHEe Ha CaMOM HHXKHEM H3 BO3MOXKHBIX 3JIEKTDH-
YEeCKHX COCTOSIHHH, NMOTePSAB 4aCTh SHEPTHH, JHINAKOTCSI TeM CaMBIM
Bcex KBaHTOBHX cBOHCTB. Ilockoabky T << To, TO momoGHBIT mpolece
HeoOpartuM. Ha ocBoGonuBIUHiicS ypOBEeHb SHEPrHH ONYCKAIOTCS CJe-
AyollHe Ba 3J€KTPOHA U B CBOIO Ouepeflb TEPSIIOT KBAHTOBHIE CBOCT-
Ba. B urore Bce cBo6o/iHEe 3neKTpoHK npu T << T, «MNOKHAAIOT» pac-
npeneneHre PepMH, Kak MOKHAAIOT INpPeAMETH pPBaHyl0 OGOJIOUKY.
Bosnukamwouiee cocTosiHHe 3JI€KTPOHOB MOXKHO, IO-BHAHMOMY, Ha3BaTb.
CBEPXNPOBOASIIHNM, NTOCKOJbKY 3JeKTPOHH MOTEPSJIH BOJIHOBHE CBOH-
CTBa, BCJEACTBHE YEro OTCYTCTBYeT B3aUMOIEICTBHE ITHX 3JEKTPOHOB.
¢ (pOHOHAMH.

Bennunna Ty mMoxeT GbiTh onpejieseda He2aBHCHMBIM 06pa3oM.
MsBecTHO, Y4TO B cneKTpe morgolleHus atoMa BOAOPOJAa OTCYTCT-
BYIOT JHHHH C n=2700 0 B CBA3H C 3THM, BHIUMO, HE CJAYyYaeH
daxr, yTo 3KCIEPUMEHTANbLHOE 3HAYCHHE 3HEPrUH HOHM3aLHH 3Je-
KTPOHA atromMa BOJAOpOJa MEHblle paCyeTHOrO Ha HECKOJbKO CO-
THX 3J1eKTPOHBOabTA. Ecau npu n>700 3/1eKTPOH TepsieT KBAHTO-
Bhle: CBOHCTBAa, TO TPAHHYHOE 3HA4€HHE CKOPOCTH Uy = ac/n =
= 3. 105 cm/c (a :e—z). Torna BesuunHa Ty =~0,3K, urto 6.1H3KO K

C

PeanbHo HabawpaeMbiM 3HaueHHAM Ty~ 1K. He6oJabmoe pasan-
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YHe CBfI3aHO, MO-BUAUMOMY, C PA3JMYHBIMH YCJAOBHAMH ABHKEHUA
3JeKTpOHa B aTOME H KPHCTAJNJIMYECKOH pelerKe.

Onnako H30TONUYECKHH 3(QekT Jerye OOBACHUM, €C/H MPENNOJO-
2KHTb, UTO BOJHOBBIE CBOMCTBA TEPSIOT HE 3JIEKTPOHH, a HOHBI KpHC-
TaJJIMYECKOH PeLIeTKH NpH YMeHbIUeHHH HX cpefiHed koaebaTesnbHOMH
CKOPOCTH [BHKEHHsI BOJIM3H NOJOXKEHHS DPABHOBECHS /0 HEKOTOPOro
KPHTHYECKOTO 3HaueHus. Torja ABHKEHHE 3JEKTPOHOB CTAHOBHTCS
JlaMMHapHbIM, 06€3BUXPEBBIM, YTO 03HAUaeT BBHITECHEHHE MAarHHTHOTO
NOoJisi U3 TOJIIH CBEPXIPOBOJHHKA, T. €. 00bsicHsAeTCSl 3 ekt MaiicHe-
pa. dpdekrsl [Ixo3e¢pcoHa, B NPHHLHUIE, MOXKHO COINOCTABHTb ¢ BO3-

BpaTHLHIMH TeueHHsSIMH B JH(pdy30pax.

BaxHO NMOAYepKHYTb, YTO MOCKOJBKY BSI3KOCTb MHPOBOIl Cpelbl He
‘PaBHa HY.110, TO CBEPXNPOBOJHHK 00JialaeT KOHEYHHIM COIPOTHBJIE-
HUEeM TOKY, COCTABJAIOILUM, [0 HEKOTOPHIM oueHkKaM, 10— o6riyHoro
‘3HAYEHHs1 COMPOTHBJIEHHS TAKHX METAJJIOB Kak cepebpo WJIH Melb.

MoxHO Taxe NPeANoJIOXKHTb, YTO BO3HHKHOBEHHE CBEPXTEKyyec-
‘TH TeJiisi 00yCJI0BJIEHO NOTepell UM BOJHOBBLIX CBOHCTB NMpPH JOCTATOY-
HO HH3KHX 3Ha4yeHHsIX TeMmmepaTypol (cpefHeidl CKOPOCTH ABHKEHHS).
Tounee, o6HapyKeHO, YTO OTCYTCTBYIOT AHGPAKLHOHHLIE SIBJEHHS JJIS
JKHAKOrO KBAHTOBOrO resivsi, T. e. npu temneparype I << 2,2K. Ha-
TpallnBaeTcst npesioxeHue 06 H3y4eHHH NHPPAKLHK aTOMOB IIPH CKO-
'POCTSAX HX ABHMKEHHS, COOTBeTCTBYWOINUX 1K, H NpH Takoi ke TeMIle-
paTtype mullend. Bosnukaer Bompoc, mouemy 3HauyeHHs TeMMepaTyphl
TIepexo/la B CBEPXTEKy4yee H CBEPXNPOBOASAIIEE COCTOsiHHE (KpOMe BHI-
‘COKOTeMIIepaTypHOl CBEPXNMPOBOAHUMOCTH) OJIH3KH  JPYr K APYry H K
‘TEMIIepaType pPeaMKTOBOro usaydeHusi 1 ~ 3K? B0O3MOKHO, 4TO TeM-
TniepaTypa MHPOBOH Cpelbl HJIHM BakyyMa 6JM3Ka K YKa3aHHBIM 3Haue-
HHAM, & caM BaKyyM HaXOAHUTCS B CBEPXTEKYYEM COCTOSIHHH.

DKCIepUMEeHTalbHAsl IPOBEPKA MOTEPH BOJHOBBIX CBOIICTB MHKpO-
MaCTHUAMH MOZKeT BECTHCh B Pa3JIMUHBIX HampaBieHusx. [loMuMo nps-
MBIX IH(PAKIHOHHBIX ONBITOB, MOMCKA H HCCJIEOBAHHUS CTIEKTPOB TSIKe-
JIBIX IBYXaTOMHBIX MOJIEKYJI THUIA Ajp, ClellyeT H3yuuTh mpolecc 3ep-
KaJIbHOrO OTPa{€HHsl 3JIEKTPOHOB INPOBOAHUMOCTH OT TOBEPXHOCTH Me-
‘Tajlia NpH HH3KHX TeMmeparypax, HampuMmep, AJs BHCMYTa; GajbMe-
'POBCKHH CKAQyOK TEMIEPATypH Ha TPaHHIe CNEeKTPaJbHHIX CepHil A
3B€3/l; CMEKTPOCKOIHIO NMEepexoJioB B u-Me30aToMax NpH 3apsiie siapa
2 < 10, korga BO3MOXKHA IOTEPsI BOJHOBHIX CBOHCTB MIOOHAMH; NOHCK
TpeleJIbHO MaJiOH YacTOTBl pajHOBellaHHUsl MPH HCMNOJb30BAHHH B H3-
JiyyaTeqasix MeTaJljoB, HaxOASLIUXCS B CBEPXNPOBOASILEM COCTOSIHHH,
# T. W
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Inasa 3. CTPYKTYPA MUKPOYACTHULL

3.1. ®orToH

P OTOH TeHEeTHYeCKH CBSI3aH C 3JE€KTPOHOM, €ro H3JyyarollHM, MO-
3TOMY €CJH B aTOMHHBIX IpOLeCccax y»Ke MCI0Jb30BaHO MNpeiCTaB/]eHHe
0 BONMHax M BHXpsix KapmaHa, To NpeAcTaBJeHHs O CTPYKType GoToHA
B KAaKOJN-TO Mepe SIBJSIOTCS NpenonpefeseHHbIMH.

Coraacuo JI:x. Tomcony u H. Kacrepuny [3], ¢oTon npeacrasiser
co6oii 3aMKHYTYI0 B KOJIbLO (apajeeBy TPyOKy, ABHKYLIYIOCH CO CKO-
pOCTLIG cBeTa. Ecsiu pafnyc KoJbla paBeH R, TO CooTBercTBYyMOILas
IMHA BOJIHB 1O ONpeleseHHio paBHa: A = 2nR.

MNosyuennsle aasi aGeTpakTHOro (papalieeBoro KoJblia pe3yJibTaThl
CTAHOBATCS HArJSAHBIMH, €CJH MepeHTH K FHAPOAHHAMHYECKHM Mpe-
crasaenusm. Cornacuo Jx. Tomcony u H. Kacrepuny, ¢otoH ecth
BHXPEBOE KOJIBLO, OKPYXKEHHOe CBHTOH OOGBIYHHIX BOJIH, T. €. (apa-
neeBa Tpybka oTOKaecTBjsieTcs ¢ BHXpeBofi TpyOkoil. [last BHXpeBO-
IO KOJblla € TOYHOCTBIO N0 UHCJEHHBIX MHOXKHTeJeH MOopsiika eJHHH-
bl ANS CKOPOCTH, SHEPrHH M HMIyJbca ABHXKEHHS HMeeM CJEeNyIoLlHe

Boipaxenusi: v ~ I'/R, T ~ pI'?/R, p=~pl'R®?~T/v, rne = 2mx,
% = ®a?/2 — HHTEHCHBHOCTb BHXPEBOrO KOJbLA, ®, @ — YIJIOBas
CKOPOCTb M PaJHyC CeYeHHs BHXPEBOro Kosiblla; R — pajHyC BHXpe-

BOrO KOJIblLA.

B pamkax runotesbl o (oTOHE KaK BIIXPeBOM KO/bLE BeEJHYH-
Ha v OTOXAECTBJSIETCS CO CKOPOCTbIO CBETa, TOTAA M3 NABYX IIO-
CJEeLHUX ypPaBHEHUH caenyer B3aUMOCB®3b -~ HMIIyJbCaA
M SHEPrMH BHXPEBOro KoJbla kak janas ¢orona. Ho Buxpesoe
KOJbo HA 6O0JbILMX PACCTOSHHAX BSKBHBAJEHTHO JHIOJIIO MoOUL-
HOCTH p,=xR?/4. B cBoio ouepenb ABHXYLIHIICA B CPEAE ILHIOJb
3KBUBaJeHTeH (kak Teso PankuHa) chepe ¢ 3HEKTHBHBIM paiHy-

I
COM == =
adb ‘ 2nv
INpucoesnuennas macca Takoil cheps m=2mpR3, /3 cocTaBaser
TOraa

m = pp,/3v = pxR2/120 = pI'R2/24rv ~ p/v.

IloayuyeHHoe BHIpa)Ke€HHE €CTb OTHOLIEHHE HMIyJbCa BHXPEBOIO
KOJbIla K €ro CKOPOCTH, T. €. JJIfI MacChl IMOJIyUeHO BhIpaxeHHe KakK
s macchl (orona. Kak BHIHO, OHa HMEET YHCTO AHHAMHYECKOE IpO-
HCXOJKIEHHE.

OnHako ecJd paccMaTpHUBaTh ONHO BHXPEBOE KOJbLO, HJIH BHXpb
Xuana, win Slpmunkoro kak «o6pas» ¢(oroHa, TO HEKOTOPbI€ H3 ocC-
HOBHLIX CBOiiCTB (DOTOHOB OOBSICHHTb He yHaeTcs. Tak, Hampuumep, B
CHJIY TOr0 OGCTOATENBCTBA, UTO IJIOCKOCTh BUXPEBOrO KOJIbLA TMEPIEH-
AuKynspga BEeKTOPY CKOPOCTH €ro IOCTYNaTelbHOro ABHXKEHHS, CBOK-
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CTBO NOJIfPH3AUHH CTAHOBHTCH TPYAHOOGBSICHUMBIM, XOTs AJIS BHXPS
SIpMuLKOrO Takasi BO3MOMKHOCTb, KaXKeTcs, cywectsyer. B uesom, ec-
JTH He Jle1aTh CKAYKOB B JIOTHYECKOM Pa3BHTHH aHAJOLHH, TO CJEAYET
MPeaNoJIOKHTL Gosiee CJIOXKHYIO, YeM pacCMOTDPEHHas BhILE, MOJeJb
¢oToHa.

DJIEKTPOH NOPOXKJAeT B CpPelle BHXPEBYIO HopoxkKy Kapmana, u
MpH TIEPEXOJIE H3 OJHOrO SHEPTETHYECKOTO COCTOSHHS aToMa B APYroe
MEHSIETCA CKOPOCTb €r0 MOCTYNaTeNbHOrO JIBHXKEHHs, 3¢ ¢eKTHBHHIM
pasMe€p, H B MTOre¢ TAaKOro MePexXoia BO3MOMKHO, UYTO 4acTb BHYTpH-
aTOMHOH BHXDeBOH J0pOXKH KapMmaHa nepecTpauBaercss M OTPHIBaeT-
Csl OT CBOEr0 HCTOYHHKA-3JIEKTPOHA.

Ycnosue usnyvenus hv = E,—FE,, ecTb CJIEACTBHE ONpereseHHs
BOJHBl KapMana, MOCKOMbKY H3 MOCJAENHEr0 BBHITEKAET, yTO - Ay —
= mv% BuxpeBoe rosoBHoe 06pasoBanue H NOpoxKKa npuobperaoT
SHEPTHIO, PABHYIO PAa3HOCTH SHEPTHH, T. €. He NepHOAy obpalleHus .1e-
KTPOHA Ha OpOHTE COOTBETCTBYET ONpefeseHHAsl IJHHA BOJIHBL.

Ecin uuTeHCHBHOCTB ros0BHOrO BHXpsi T, ero pasMep R, To npu
I'~R v ~T/R = const pns n106bx BOJNH, KaK 3TO H Habnonaercs
AJIsL 9JIEKTPOMArHHTHBIX BOJIH. EC/iM BHXDH HOpOXKKH pacrnosioers! B
OJIHOIT MJIOCKOCTH, TO 5Ty BHIEJEHHYIO OPHEHTALHIO BHXpeH BIIO/IHE
MOKHO pacCMaTpHUBaTh KaK TNJOCKOCTb MOJSpH3aUMH (NHHeHHAs! 10.15-
pusaumusi). Ecin BuXpeBast 1opoxkka Bpalaercs (BuXpeBasi crmupasn),
TO, COOTBETCTBEHHO, Ha6/I0aeTCs  KPYroBasi MOJSAPH3ALHSs ¢oTona
(neBast unu npapas).

Takum o6pasom, BHXpeBHE 00pasoBaHHsl H JOPOXKKa 06JagaioT
coGCTBEHHOIT aHepruet, HMIIyIbCOM, MOMEHTOM KOJIHYeCTBa NBHIKEHHS,
NMOJISIPU3aLHel], T. €. CBOHCTBAMH «HIOJIBYATOrO» H3JYUEHHSI.

IIpu cBoeMm nBHIKeHHH B cpesie BUXpeBas AOPOZKKa HJIU CIHpaJib BO3-
OyK/aeT, ecii CyILIECTBYIOT KaKHe-JIH60 reOMeTPpHYeCKHe M pensiTcT-
BuSl (AMdpaKUMOHHAS pellleTKa, HanmpHMep), BTOPHYHOE II0JIe CKOPOC-
Tei, o6najamouee nepHOIHYECKHMH CBOHCTBaMH, aJeKBATHHIMH [0-
poxke. B aToM c/10XHOM mosie cKopocTell rooBHOI BUXDb U HOPOXKKa,
KdK COCTOsIHME BO3MYLIEHHUS] CPEAB!, ABHIKYTCS, UCIBITHIBAS (pJyKTya-
LUHOHHEIE BO3JIeHCTBUSI TypOyJieHTHOrO «doHa». B nemom nepuogugec-
KHe CBOHCTBA JIOPOKKH CO3AAIOT MPENNOCHIJIKH s o6pasoBaHus JH-
(paKUHOHHON KapTHHH, a TYpGY/eHTHBI «(on» 0o6yc/OBIHBaET CJy-
YaHHBIA XapakTep NONAfaHHS JOPOKKH — GporoHa B Ty MM uwrylo
TOYKY 3TOH KapTHHH. BOJHOBEIE CBOficTBa (DOTOHA TeM caMbim Tak.ke
obbsicHsiiorcst. Eciin He ynomuuaTh 0 cpese, To noJIyyaeTcss TPyAHONO-
HHM4EMOE, HO BIIOJIHE 4ETKOE BRHIparKeHHe: «(OTOH MHTephEpUpYeT caMm
¢ c06010».

Inst panuoBosiH OTHENbHBIE BHXDH B CHJy HX 3HAauyHTeJbHHIX pa3-
MEpOB (~A) H, COOTBETCTBEHHO, MaJoi SHEPrHH BBIDA’KEHBl HEYETKO U
AOPOKa MPAKTHUECKH MOXKET PacCMaTPHBATHCS KaK IEePHOLHYECKHIT
BOJIHOBO# MNonepeyHsfi npouecc B OGBLIYHOM €ro noHuManuu. OnHako
NIo Méepe yMeHbLIEHHS! AJIHHBI BOJHBI MPOHCXOLUT KOHIEHTp giitst Iuep-
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ruy BO Bce Gosee yOniBaiomeM o6beMe u BHXpeBas JOPOXKKa Bce 6o-
Jiee NMPHOOPETaeT KOPMyCKyJsipHbie CBOHCTBA. BO3MOIKHO, UTO JKECT-
KHM Y-KBaHTaM COOTBETCTBYIOT OT/Ae.IbHEIe BHXPEBHIE KO.TbIIA.

3.2. JlenTousl

3.2.1. aekTpoH

TTocko.1bKy d=Sth/muv, To MHHHMaIbHOE 3HAUeHHe 3(h(PEKTHBHOTO

J1HaMHYeCcKOro pajiuyca 3JeKTpOHa (ero XapakTepHOro pasmepa) coc-
TagJseT:

L :% A a2 101 cu. (3.1)

mc

¥I3 mpencTaByieHH# KBaHTOBOI 3JEKTPOJHHAMUKH CJEAYeT, 4TO BO-
KDY 2JEKTPOHa cyiiecTByeT 06./1aCTh NOJSPU3ALMH BakyyMma C Xapak-
TepHEIM pasMepoM mopsinka 10~-!! c¢M, HO cam 3JIeKTPOH CUHTAETCH TO-
yeyHHIM Ha paccrosHuAx Gosnee 10-15 cm. Takum o6pa3oM, BEJHYHHA
L coorBeTcTByeT 06J1aCTH NOJSPH3ALUH BaKyyMa BOKPYT 3JIEKTPOHA.

Macca snekTpoHa, TpakTyeMasi, B OCHOBHOM, KakK NPHCOEIHHEHHAs
mMacca cpennl, cocraBasier m = pV/2, rane V — nunamuueckuii 06bem
5J1€XTPOHa.

Ecau npeano/ioKutb, 4TO 3J€KTPOH HMeeT GopMmy cepsl paguyca L,
TO TPH NMPHHATOM 3HAueHUH MJIOTHOCTH cpelsl p = 1016 r/cM® BHUHC-
JCHHOEe 3HaueHHe MaccHl 3JeKTpoHa cocramisier m = 10~ r, T. e. Ha
OJ1NHHaJALATh NMOPSAJAKOB IIpeBHIIIAeT 3SKCIepHUMeHTaJbHOe 3HaueHHe.
BrixonoMm M3 CJ0XKHBIIErocsl NPOTHBOPEUHS SIBJSETCS NPEANOJOXKeHHe
00 «a)XypHOil» cTpyKType ajekrpona. IIpocrefitiei 1 Hambosaee mep-
CIEKTHUBHOI AJISl MCCJIeJOBaHUS CTPYKTYypo# siBasiercs Top. Topoobpas-
Has CTPYKTypa MHKPOYACTHI, HEOJAHOKPATHO NOCTYJHPOBalach paHee,
013aK0 GO.JIBLIHHCTBO NMPENJIOKEHHBIX MOJenell OCTalHCh HeonybBJaHKo-
BaHHBIMH, MOITOMY OTMETHM ToabKo Junsika [34]. He uckmnoueHo Tak-
JK€, YTO 3JEKTPOH COCTOHT H3 TPYIIbl CUMMETPHYHO PAaCHONOXKEHHBIX
TOPOW/OB, B YaCTHOCTH, KAK MHHHMYM, ABYX.

U3 paccmoTpennss MOJAENH 3JEKTPHUECKOrO 3apsifia BUAHO, UTO rpa-
HHLla TOPOHLA NOJXKHA OLITH NBHIKYILEHCS.

Bo3MOXHH 1Ba OCHOBHBIX BapHaHTA ABHXXEHHSA: BO-NEpPBHX, TOP
BpalllaeTcsl KAaK 1leJioe BOKPYT OCH, Mpoxonsiieil uepes ero LeHTp Hep-
NeHJHKYJIIPHO ero IJIOCKOCTH, H, BO-BTOpPHIX, CaM0 TOpPOHAAJbHOLC
KOJIEYKO Bpallaercsi Kak BHXpeBoe KoJbLo. CoryacHo AIIOKOBCKOMY
[1] onnma xomM6uHauMsi 3THX ABYX THIIOB BPalLleHHs COOTBETCTBYET MO-
JOKUTEJILHOMY 3apsify, Apyras — OTpPHIIAaTEJIbHOMY.

Ho B Takofi Mome/NH, €CiM OCTaHOBHTH BpallleHHe, 3JEKTPOH IpeJ-
CTa2BJseT co6ol0 TOp ¢ BHemHHM pasmepom L ~ 10-1! cM. 3a cuer oce-
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BOIO BpalleHHsi 3TOT pa3Mep AHHAMHYECKH MOXKET YBEJIHUMTHCH 10
3HaueHHui nopanaka h/mu.

CyuwiecTByeT, OAHAKO, Jpyrasi, 6ojiee mNepCHeKTHBHAS, BO3MOIK-
HOCTb: TOpPOHA ¢ pasmepom 107!l cM sBaseTcss He craTHYecKHM o6pa-
30BaHHeM, & NHHAMHYECKHM, 06pa30BaHHBIM BCJEACTBHE BpallleHHs IO
OKPY2>KHOCTH MaJIOTO Tejla C XapakKTePHbIM pa3MepOM, DaBHBIM  €ro
KJ1aCCHYECKOMY pajuycy Ro = e?/mc? ~ 3- 10-13 cM, Kak ofpa3syer-
sl OTHEHHBIH KPYr NPH BpalleHHH B TEMHOTE 3aXXKeHHOro dakena. Kax
BO3HHKAeT TaKoe BpallleHHe? 31eCh KaK pa3 HCIOJb3YeTcsl NOHSITHE O
BUXpsiX Kapmana, koTophie packauuBaloT IBHXKYIIEeCS TeJlo C yac-

o v o
TOTOH v ~ 0,2 R B pesyabraTe cphiBa BHXpPEH 3JIEKTPOH JBHAETCH B

LeJIOM IO CNHpaJH, IpHYEM MHHHMAJbHBIA paguyc cnupaiy L ~
~ 10~ ¢Mm.

Torpa nonyyaercss HenpuHHyXKIEHHOE OODBACHEHHE CYIIECTBOBAHHS
CIIHHA 3JIeKTpOHA S ~ MuL ~ i ¥ ero MarHUTHOro MoOMeHTa. Kpome
T0r0, vL ~ h/m =~ D — kosdpduunenty typOyaentroli auddysiu, no
Qenberny. ITonyunics caMOCOrIacOBaHHLI Pe3ybTarT.

Mrak, nepsoiii YpOBEHb JBIDKEHHA 3JEKTPOHA - CIHPAILHOE
ABHXKEHIIE C XapaKTepHuiM paauycoMm L ~ h/mu (,npoxanue“ no
Hlpeaunrepy).

CeueHue paccesiHMs 7-KBAaHTOB HA 3JeKTpoHE 0, = 8=R¥/3 nas

2> R, v HauMHaeT y6bBa1b MPH JOCTIKEHHH (DOTOHOM 3SHEPrUK
mc* (Hanpumep, ecan Ey==10%mc?, 10 0, = 10~30,). [Ipeauo.so-
KHM, 4TO NIPH A> R, GOTOH ,BOCNPHHUMAET" 3NEKTPOH KaK He-
NTO LeJ0e, a IPH A< R, HauHHAaeT CKa3biBATLCS CTPYKTYypa 3JEKT-
pona. B npocrefiieM cayyae onsiTb-TaKH CYMTA4EM SJEKTPOH TO-
pouznoM, Ha KOTOpOM (OTOH ¢ A > R, pacceuBaercsd Kaxk Ha urape,
a mpH A R, npo/ieTaeT HaCKBO3b M CeYeHHe pPACCESHHST BCJ/EIACT-
BHE 3T0ro najaer.

Haiinem xapaktepunie pasmepnl Topouua. FEro paanyc R, ~
o~ e’/mc?, xax npennosaranoch 3apaHee. Pamuyc cevends KOAbLA
TOpPOHJAa HAXOJHM, MCHO/bL3ysl 3HAYEHHUE MACCHl 3JeKTpoHa. O6bem
Toponna V==2z*R;2? rie a — paguyc ceyeHua KoO.ibua topa. [lon-
CTaB/sAs B coOTHOuwleHne m=poV/2 3nauenuss R,= 10-P cMm,
p =101 r/cM3, m = 1077 r, Haxonum a = —16 cm.

Takum 06pasoM, 3JIeKTPOH HMeET TPH XapaKTepPHEIX JAHHAMHYECKHX
pasmepa: KBaHTOBHI L ~ 10~1! cm, snekTpomarHuTHeit R ~ 10-13 ¢y
H COOTBeTCTBYIOIUHI caabomy B3aumonelicTBuio a~10-16 cum.

HOJ’IY‘IEHHHH pe3yJ/ibTaT HaXOJAHTCH B COOTBETCTBHH C H3BECTHBIMH
AAaHHBIMH O CYLIE€CTBOBAHHH Y 3JIEKTPOHA KBAHTOBHIX CBOﬁCTB, 4 TaK-
K€ 3JIeKTpPOMAarHHTHOIO H caaboro «3apsAnoB».

Bo3Mo0xKHO, UTO 3JE€KTPOMArHUTHBIH TOPOHA ¢ R, ~ 10-13 cm sB/s-
eTcsi He CTaTHYeCKHM 00pasoBaHHeM, COBepIIAIOIIHM fABAa THHA Bpa-
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menHst (YTOOBI CyILLECTBOBAJ 3/IeKTpHYECKHH) 3apsij), a 1HHAMHYECKHM
«006pyyeM», BOSHHKAIOLIEM BCJIE[ICTBHE JBHXKEHHS 110 OKPY:KHOCTH Ma-
JIOTO TeJla C XapaKTepHHIM pasMmepoM ~ 1016 cM, KoTOpoe MOMKHO
OTOXKJECTBHTEH ¢ HeiiTpuHO. MHaue rosops, BO3MOXKHO, YT¢ HeHTPHHO—
3TO 3JIEKTPOH, NMOTePSABIIHH 1ABa XapaKTePHBIX CHHPaJbHBIX BHAA JBH-
JKEHHS. _

M3 (1.7) caenyer, uto e~ p2['R,, I ~vR,, I" — unpkynsinus
cKOpOCTH Bpamenus. [lonaras e~10-1 CGSE, R ~ 10~/ CM, 0~
~ 101 r/cm3, maxonum v~10% cm/c ~10-2¢. :

[Tockonbky he~ pAtc® ~ 1017 rem®/c2, 1o A=>~R,/5 u sna no-
CTOAAHHOH TOHKOH CTPYKTyphl a=e?/lic Haxonum BhipaXxeHHe, pas-
noe WRYAAY= 1072, | - 10-8

C Ipyro# CTOPOHBI, CKOPOCTH BPALICHHH SJIEKTPOHA MOKHO
OLEHHTb, HCMOJbB3YA AdHHBLIE MO THPOMATHHTHOH aHoManuu. Co6-
CTBEHHOE BpalleHHEe 3/eKTpoHa (Ha yposHe 10-13 cMm) naet Bknan
B CnHH (BPauleHHe Ha ypoBHe 10~1! cM), pashnil mvRy=rmve?/mce=
=afiw/c. [Tocko/IbKY MAarHHTHBI MOMEHT SJEKTPOHA paBeH p =
=po(l+a/2r), To 2/c~12x, 1. e. v~10-1c, yTO 6MM3KO K TOJY-
YEHHOH BHIIE OlleHKe.

3.2.2. MiooH

Kak oTmeuanoch Bbinie, GOTOH ¢ aHeprueit Goabuie m e (m, —
Macca 3JIEKTPOHA) ,MOCKAKHBAaeT* CKBO3b TOPOHA 0€3 3a/1epPiKKH.
UTto mpousoiiaeT UPH QanbHelweM yBeJHYEHHH 3Heprun GhoToHa?
CornacHo Ilytunosy [25], npH HEKOTOpPHIX 3HAYEHHAX AJHHBI BOJI-
HHl GOTOHE, COU3MEPHMBIX C PAAHYCOM B3JEKTPOHA, NPOHUCXOAUT
pezoHaHCHBIH 3axBaT QoToHa. /[N mepso.o pesoHaHca A2 = 2R,,
TOrjla macca ,3axBayeHHOro“ Qortona m = hfhc=hmc?/4¢* ~ 215m,.
Takoe cnoxHnoe o6pazopanue [TyTHJIOB OTOXIAECTBIAET C MIOO-
HOM, macca Kotoporo (207 m,) He3HAUHTEJNILHO OTJ/JMYAEeTCA OT IO-
JYYeHHOro pacueToMm 3HayeHHus. ,HarpyxeHHnii* ¢hoTtoHom snek-
TPOH, T. €. MIOH, ABHXETCsI MO CHHPAJIH C XapaKTEPHbLIM pa3Mme-
pom: L ~h/muv~10-12 cMm, v~ec.

Ecim MecTo BHYTPH 3/1€KTPOHA 3aHSTO (DOTOHOM, TO 3aBHUCHMOCTH
CeyeHHs] paccesiHHsi (OTOHOB Ha MIOOHE O,y JOJIKHA OT.1HYaTbCA MO
Xapakrepy 3aBHCHMOCTH OT CEYEHHSI Oey. Pe3ynbTaToB 3KCIEPHMEHTOB
B 3TOM HallpaBJi€eHHH OOHapy:xKeHO He OblJIo.

CBsa3b (hOTOHA C 3JIEKTPOHOM, NMO-BHAMMOMY, He $IBIseTcsl yCTOH-
YHBOH, YTO NMPHUBOJHT K HeCTaOHJIBbHOCTH MIOOHA.

3-2.3. HeditpuHo

dTta yacTHua o6aafaeT CBOHCTBOM TOJIBKO cJaboro B3auMmojeli-
CTBHSI U He 00pasyeT 3JIEKTPOHHO-IIO3HTPOHHBIX Nap. 3a HEHMEHHeM
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JleTa/IbHbIX AAaHHBIX O HEATPHHO NpeJrosaraeM, yTo ero XapaKTepHbIH-
pasmep R ~ 10 cm, a macca m, = pR® npu p = 1016 r/cmM3 cocTas-
asier 10~22 r (10—°m,), uTo BCero JMLIbL B HECKOJbKO Pa3 OTVIHYAeTCs
OT 3KCIEPUMEHTAJIbHO HAHJEHHOr0 3HAayeHHS MacChl 3/JEKTPOHHOTO
HefitpiHOo m, = 4-10—32 r [36].

3.2.4. Cna0Oble B3aUMOAEHCTBUSA

Msyueune pacnaga MIOOHOB, f-ME30HOB, aApOHOB, pB-pacnaja
silep NPHBEJO K BBIBOAY O CYLIECTBOBAHHMH CJ1a60ro B3aHMOJEHCTBHS,
paauyc neficrBusi koroporo R ~ 10-16 cm, KOHCTaHTa B3aUMOMAEHCTBHS
Gp = 1,4-10-% 3pr. - cM3. YUncnenno Gp =~ e2[2, L ~ ]0-15 cM, uro
NOCJTYXKH.10 OCHOBaHHEM IJIsI OObeAHHEHHS 3JIeKTPOMArHHUTHOIO H cJa-
Goro BzauMojielicTBUS B 3JekTpocnaboe B3aumojeiictere. OnHako pas-
BHBaeMast B HAaCTOsllee BPeMs TEOPHS] 3JeMEeHTapHBIX YacTHI[ HAa Oc-
HOBE KBapKOBHIX MOJeEJelH SBJSETCS COBEpIIEHHO HeyIOBJETBOPH-
TeJbHOH KakK M3 o06mux coobpaxKeHH, NOCKOJBKY SIBJSIETCS NPOIYK-
TOM XHMEDHHX TE€OpHH, TaK M IO YaCTHEIM MOTHBAM — H3-3a NMpaKTH-
YeCKH Oe3rpaHHMYHOro IPOH3BOJIA, CBSI3AHHOTO C PAaCCMOTPEHHEM BCe
6osee «(pyHAAMEHTAIbHBIX» CHMMETPHI, HOBHIX HeHabJlofaeMBIX Yac-
THI, MPOU3BOJIbHEIX InapaMeTpoB H T. N. CHTyallus HECKOJBKO Harmo-
MuHaeT BpeMeHa IIToseMesi, KOTOPOMY JJISi ONMCAHHSI BpallleHHs] CeMH
IJIaHeT NOTpeGOBaJIOCh BBECTH OKOJO COPOKA YMO3DHTEJbHHX Bpalie-
HHH — 3IHLUHKJOB H 3KBAHTOB.

Ho, oTpunasi KBaHTOBHIE MOJE/H, HEOOXOAUMO NPeNJOXKHTh IOJO-
KUTEJbHEIE JIOBOJAB B IIOJIb3Y HMHHIX MOfeJsefl. B Hacrosiee BpeMs
MOXHO TOJBKO FOBOPHTh 00 OOLIMX KOHTYpaX W/ HanpaBjieHHsIX B
[IOHCKE NMPHEMJIEMOH TEOpHH c1abbiX B3aHMOIEHCTBHH.

IIpexxze Bcero, B paMKax THAPOAMHAMHKH He IpeACTaBJAsieT TpyAa
06HapyXHTb LeJblii Ha60p KOPOTKOAEHCTBYIOIHX CHJ MeXAy KoJe-
Guorumricst yactuuamu [37], npumeps Kotophix GyAyT NpPHBENEHH B
pasnene 3.4. Ilapannenbro, nasi or6opa HeoGXOAMMOH 3aBHCHMOCTH
CHJIBl B3aHMOJEHCTBUSI OT PACCTOSHMSA, CJIeAYyeT YYHTHBATh B PaMKax
aQHaJIOTHH KOPOTKOAEHCTBYIOLIHE CHJIbl, H3BECTHbIE B (PH3HKE ATOMOB
U MOJEKY. — cuJH BaH-mep-Baasnbca.

HOTCHHH&JI B3aUMOJEHCTBHUSI 3THX CHJI, B YaCTHOM CJyyae JIHIIOJIb-
HOrO B3aUMOJeHCTBHSA ONIpENe/IsIeTCH BBIpazKEeHHEM: )

4
P
B gt D
3 kTRS
Py — wvoMent aunoasi (Py=el); K — nocrosiunas BoJabuMmaga:

T — remnepaTypa; R — paccrosiHue MeXAy JAHIO/SIMH.
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* \Tlocrosiunasi a B ypaBHenHH Ban-ziep-Baaisbcas:

(p+—v“;)(V—b>-—-—RT

¥

COCTaBJIsIET NO NOpsiiky BesuyuHH 10!2 spr. cm3, B nepecuere Ha |
YacTHly, MOAe/HB @ HA KBaJpaT uucia ABOrajpo, HaXOZHM 1Jisl SHep-
run B3auMmoneiictBusi Uy B o6beme yactuunl Vo Beanuuny UogVo ~
~ 10-3% s3pr. cm3. ITo pasmepuoctu Benuuyuna U,V, coBnapaer ¢ KoH-
CTaHTOH cna6oro B3aMMOJEHCTBHSI M IO aHAJOTHH ONpeLensieT KOH-
ctaHTy cnaboro B3aMMOAEHCTBHS aTOMOB HJIH MOJeKkY.l. [TpupaBHHBas
ANl OBYX B3aMMONEHCTBYIOUIHX YaCTHL LEHTPOGEXHVIO CHIY K CHJe
tina Ban-mep-Baanbca u mosaras, yTo MOMEHT Bpaunewus moR ~ h,
HAaXOJIHM XapaKTepHOe BpeMs JKH3HH HJIH YacTOTy pachara:

2 474
o~ :TI;: _, v=0R (3.2)
e[ 4
Ol e (3.3)

[Tockoabky G~e%l2 10 & ~G2R—5. D10 BHIpa)KeHHe COOTBETCT-
ByeT BBbIpaxKEHHUI AJisI BEPOATHOCTH pacnana AJs c1abbiX B3anMo-
AeidctBUi w~G2A% A —aneprus, BrojenseMas NpH pacnaje,

Huraue roBopsl, co3laeTcsl NpPeANOCHJIKA CYHTATh HellTDEHHHIA 2a-
PSL YeM-TO NMOXOXKHM Ha 3JIEKTPHYECKHH JHIOJb.

3.3. bapHonbl

Kak n nJs JIenToHOB, B HaCTOsllee BPEMsi OKa3hHIBZETCH BO3MOXK-
HBHIM TOJIBKO HAaMEeTHThb KOHTYPBl THAPOAHMHAMHYECKOrO0  MNOAXO0AAa K
CTPYKType 6apHOHOB.

BBHAY MaJoCTH NOCTOSIHHOH TOHKOH CTPYKTYpH o = ¢?/hCc MOX-
HO OTJEeJbHO OOCYIHTb KBAHTOBBIE M 3JIEKTPOMATHHTHEIE CBOMCTBA,
CKajKeM, 3JIEKTPOHA.

OzHako 1/l CHJBHHIX B3auMoJefcTBUiI 6apHOHOB KOHCTaHTa B3aH-
mozeficTBust g2 ~ hc, MO3TOMY Takoe pasfie/ieHHe CTaHOBHTCS He BIOJ-
He 000CHOBAHHHIM, a IOCKOJIbKY BOJIHOBBIE CBOMCTBA MHKPOYacTHI GbI-
JIH CONOCTaBJIeHH C BHXpeoOpasoBanuem Kapmana, To BO3HHKaeT He-
OGXOIHMOCTb B BHIICHEHHHM B3aHMOCBSI3H MEXJy CHJIbBHBIMH B3aHMO-
AeHcTBUAMH M npoueccom Kapmana. OxasniBaercs, Takasi B3aHMO-
CBSI3b BO3MOXKHa.

[Ipennonoxum, uTo HyKJOH NpPH CBOEM ABHIKEHHH B MHPOBOH cpe-
e MopoxaaeT BUXPeBYI0 NopoxKKy Kapmana. Pacemorpuy B3anMOAeH-
CTBHe IBYX HYKJOHOB, BO3HHKalOllee B Cjyyae pean3zlUHH obwmed
BHXpeBOH MOpOKKH KapMaHa, H KayeCTBEHHO IIOKaxeM, HYTO TakKoe
B3auMOJelicTBHe BO MHOTHX CBOHX OCOGEHHOCTSIX aJE€KBAaTHO CHJIbHOMY
B3aHUMOJEHCTBHIO.
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ITpexze BCero, MCNOJb3ysi ypaBHeHHe DBepHYy/IH, HeTPYyAHO MOKa-
3aTh, 4TO BHXPeBasi NOPOXKKA MEXIY JABYMS YaCTHIAMH CO3[aeT CHJY
fIpUTSIKEHHS. DTa CHJA SBJSETCS KOPOTKOJEHCTBYIOILEH, NOCKOJbKY
JlaBJieHHe CPelbl BHE NOPOXKKH 3aTyXaeT 3KcnoHeHuuaanHo [25]. Tlo-
CKOJIbKY BHXDE€Basl IOPOXKKA COHEPXKHT KOHEYHOE WYHCJIO BHXpeH, TO
‘CHJIBI B3aHMOJEHCTBUSI MEXKAY HYKJIOHAMH OTJIHYAIOTCS HAaCHIIIEHHEM.
Ecin HYKJOH NpPH JBHXKEHHH BpalllaeTCsi, TO BHXpeBasi JOPOXKKa CTa-
HOBHTCSl HECHMMETDHYHOH H3-3a, U3MEHEHHs] YCJOBHH CXola BHXpei
pa3HYHOH LHPKYJSLHH, H TEM CaMbIM BO3HHKAaeT 3aBHCHMOCTb CHJIBI
“B3aMMOJIEHCTBHSI OT OPHEHTALUH CIHHOB HYKJIOHOB.

OOMmeHHEIHI XapaKTep B3aUMOAEHCTBHS CJeyeT U3 TOTo, yTo obimas
BHXpeBasi JOPOXKKa YCJIOBHO MOXKET pacCMaTPHBATHCS KaK NPHHaAJEXK-
"HOCTB OJHOTrO WJIH Jpyroro HykjoHa. IIpu peskoM yCKOpeHHH HJIH TOp-
_MOXEHHH €ro 4acTb NOPOKKH MOXKET OTPHIBATHCS WJIH TIOPOXKAAThCS,
'YTO HHTEPIPETHPYeTCs KaK 0O6pa3oBaHHE ME30HOB, COCTOSIIIMX H3 Ma-
pBl BHXpEH IIDOTHBOMOJOXHOH LHUPKYASIIHH (KBapKOB?).

apsiioBasi He3aBHCHMOCTb PacCMaTpHBAeTCss KakK CJeJCTBHE pas-
JIHYMsI B Macuitabax sJeKTPOHHOH CTpykTyphl Topa (~30-10-'% cM) u
‘PasMepoB HYKJIOHOB H AOPOXKKH (2 =+ 10-10-1* cm).

3.4. I'paBMTaLHOHHOE B3aMMOJEHCTBHE

H3sBecTHO, 4TO, CyMMHpPYs 3JIeMeHTapHbie KOPOTKOEHCTBYIOIHE CH-
JIbl B3aHMOIeHCTBUS aTOMOB ONHOrO TeJa C aTOMaMH APYIoro, MOKHO
'TIOJIYYHTH 1a.1bHOJIEHCTBYIOLee B3aUMOJeHCTBHe MexXay OOOHMH Tesa-
Mu [38]. Tak, HanpuMep, AJISL 3JleMEHTapPHOTO B3aHMOJEHCTBHS aTOMOB
-c sHeprueil U = —¢;/x® (U — noTeHuHa/bHAS 3Heprus B3aHMOJeEH-
-CTBHS; €1 = const; X — paccTosiHue MeXAy aToMaMu) SHEPrHsi B3aHMO-
neiictBuss £ a8vx chep unm cdeps ¢ maacTHHOH GeCKOHEUHOH TOJILIH-
'HBl 06paTHO NPONOPIHOHAJbHA MEPBO CTENEHH PACCTOSHHS MEXIY HH-
MH I, mosTomy cuna B3aumopefictBusi (~ OE/O0l) siBnsieTcsi AasbHO-
. BeHfcTByIOLLEeH. _

Coraacro [39], mexnay sHeprueii sjeMeHTapHOro B3aHMOAEHCTBHS
uactun U(x) w sHeprueil B3aumoneiictsusi 1Byx ten E(I) cymecTByer
»CJIEIyIOlllee COOTHOUIEHHE:

1 03E
Ux) = — :
(x) nn,2nSx o3 x=7’ (3.4)

rae ny, hy — KOHUEHTpalHs aToMOB B TeJax | u 2; S — nJiomanb
KOHTaKTa.

3aKOH 1.1 3JIeMEHTapHOH CHJIB B3aUMOMAEHCTBHs [o=A/r" B TOU-
HOCTH COOTBETCTBYET CHJIE B3auMoJeHcTBus Bau-mep-Baanwca u mpu-
BOIAHT K pe3y.bTaraM, npuBefeHHHIM Anamconom [38], corsacHo koTo-
PHIM miist chep (MM «poeB» yacTHi) npH R >> a. b cuia B3aHMoOneli-
CTBHS
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Hab
Fo=2, (3.5)

rie H — mocrosinHas I'amakepa; R — paccTosiHMe MexAy LIEHTPaMH
chep; ¢, b — panuycs cohep.

BsauMoieiicTBHe, ONHCHIBaeMO€  ypaBHeHHeM [o=A/r’, Jerko
uHTepnpetHpyercsi B runponuHamuke. Cornacho [37], ecnn yacTuunb B
chepe pamuyca a mokostcs, a B chepe paauyca b Koaebmorcs €O
cpelkell CKOPOCTBIO U, TO MeXJy HHMH NeHCTBYeT CHJIa NPHUTHKEHHS,
paBHasg

f oV, vt
R :

M3%eCTHO, YTO KaK CHJIbHOE, TaK H cjJaboe B3aHMOIEHCTBHSI 3Jie-
MEeHTaPHBIX YaCTHLl SIBJSIOTCS KOPOTKOAEHCTBYIOUIMMH C  NPHCYIIHM
Ka)KAOMY M3 HHX 3((EKTHBHHIM pajuycoM B3aumojedcTsus. B mopsiz-
Ke NOCTaHOBKH MOXHO c(hOpMYJHPOBAThH BONPOC O TeHEPHPOBAHUU ITH-
MH CHJI2MH IBYX JHaJbHONEACTBYIOIIMX B3aHMOJEHCTBHH MeXAy Tesa-
MH, OAAHO H3 KOTOPHIX, BO3MOKHO, fIBJIsieTCs] TPaBHTALIMOHHBIM, a JApY-
rO NMOKa OcTaercsl He OOHapyXeHHBIM (msTasi cHJia?).

Hnaue rosopsi, CTaBHTCH 3ajlaya €CJIH He OObeJHHEHHS CHJIbHOrO,
c1a60ro W IpPaBHTAllHOHHOTO B3aMMOJeHCTBHil, TO, MO KpaiiHeil Mepe,
YCTaHOB.IEHHSI MeXKJy HHMH B3aHMOCBSI3H.

Cuna B3aumojelicTBusi cdep, onpefessieMasi ypasHenueM (3.6), He
COOTBETCTBYeT cHje IHbloTOHA, NMO3TOMY 3aBHCHMOCTD 3J1eMeHTapHOR
CHaBl f~r—7 cjeiyeT CuMTaTh upe3MepHO CHibHOH. OnTHMaNbHOH SB-
JISITCS 3aBHCHMOCTD :

(3.6)

f e (3.7)

[ToBTOpSAA BBHIYUHCIEHHS, aHAJOTHUHbBIE [38], nsist B3aHMOAEHCTBUS «POS»
YaCTHI, ¢ YacTUlled HaXOAHM CHIY:

a T
d [ in 6d0
17 o ?11_4_ p2dp sin 6d - 2rla . (3.8)
i R24p2—3Rp cos 1dh)? ViR4
0 0
3aTeM AJs1 B3AHMOJEHCTBHS THIIA «POK» — «POii» HaXOAUM CHJY:
b m
3 j i n2Aab
YF = 2rxda [ dV 4=?da N 2o sin 040 _ 4n%da 4 (3.9)
ViV, | Rt ViV, R24-2—2Rpcosl  ViV:R

KOTOpasi COOTBETCTBYET CHJIC tssroTreHuss HploTOHAa B OTHOLUEHHH 3aBH-
CHMOCTH OT pacCTOSIHUSA MeXJy TeJlaMH.
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@usnyeckHi CMBICJ NIOCTOSIHHOH A H3 COMOCTABJICHHS ¢ H3BECTHBIMHU
THAPOAHHAMHYECKHMH cHIaMH [37] e ompejiensiercs.
M3 coobpakeHnii pa3MepHOCTH H CHMMETDHH

A ~ p lil8?, 13.10)

rae h, Iy — XapakTepHHE pasMepH YacTHI U — HX OTHOCHTE/bHAS
CKOPOCTb NIBHXKEHHS| HJIH M€Pa HHTEHCHBHOCTH TYpOYJEeHTHOTO ABie-
HHUS CPEJIH.

Torna, nockonwky Vy~13, Vy~iI3, 10
F ~ pgv3l,l,ab/R2. (3.11)

B npuBeaeHHON T'HAPOIHHAMHUECKO HHTePNpeTanuu Cuaa TAroTe-
HH5 SIBJISIETCSl HE 3JeMEHTapHBIM, a KOONEPaTHBHHIM, CyMMapHHM (-
¢ekrom. Huxe onpenenennoro ypoBesi meneHus MAaTepPHH CH.Ia TArO-
TEHHS MPOCTO OTCYTCTBYeT. /il OTAEJBHBHIX 3J€eMEHTAPHHIX ©alTHIY
(HYKJIOHOB, 3JIEKTPOHOB M Jp.) He JOKa3aHO 9KCIIEPUMEHTAJBED, uTO
MEXKNYy HHMH CyHIE€CTBYeT cHia taroreHus HploToHa.

Ilepexon B ypasuenun (3.11) x maccam Ten u onpene,IeHHI0
CMLIC/IA TIOCTOSAHBOH TATOTEHHS TpeOyeT JMONOJHHTEJbHHX MPef-

. ' - B e 2 .
NOJIOXEeHHH THNA { ~a/ ]/N, a®/m = const KaK Ana sSMIHPHYECKOR

3dKOHOMEDPHOCTH, npuBensHHOI CranoxoBHueM [40], N — qucaoc
YyacTHI,.

3AKJIIOYEHHE

[IpuBeneHHasi TMAPOAHHAMHYECKAS HUHTEpPIIPEeTAlHs] OCHOBHALIX HB-
JIEHHH HJIH NPOLECCOB MHUKPOMHpA SIBJISIETCS 3aMKHYTOH, He Tpebyio-
Ied NMpHBJeUeHHs] THIOTE3 W3BHE, H camocorysacoBaHHo. Oua. nyue-
Ha TIOPOKOB 3JIEKTPOMAarHUTHOH TEOPHH, KBAHTOBOH MEXAHMKH I He CO-
SIA€T B3aMeH JIMKBHAHPOBAHHHIX CBOH COGCTBEHHBbIE HeNOCTaTKM. OHa
OTPAKaeT OCHOBHHIE NOJNOXKHTEJIbHBIE CTOPOHBI  CYIIECTBYIOILHX Teo-
PHIl, a TO MPOCTOTe M I/yOHue NpPEeCTABICHHH 3HAYHTENLHO EX IIpe-
BOCXOAHT. Kpome Toro, B pamkax 3toi HHTEPNpeTalHH NpenIaraercs
HesBIH PAN 3KCIePHMEHTANBHEX CJIEACTBHY, HHKAK He BBHITEK2W0UIHX
H3 CYIIECTBYIOIIHX TEOPETHYECKHX NpPeJCTaBJICHHH.

KJloueBLIMH NOHATHSIMU TIpe10KeHHOol THAPOANHAMHYECKOH HH-
TepnpeTauuy SBJSIOTCH CJACAYIOLHe. ’

Craructuueckas (croxacTHueckasl) THAPOAUHAMHKA — ypaBHeHHs
ABHMKEHHS MHPOBOH Cpellbl, ONUCHBAEMEE C MOMOLILIO  3TOf TEOPHH,

OYeHb GJIM3KH 10 CBOEH CTPYKType yPaBHEHUSIM KBaHTOBOH TEODHH II0-
as.
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¥ pzBHEHHs JIBUIXKCHHUSA YACTHIIBI — MapKOBCKUH CJy4YaHHBIA MpoLecc
BC/AEACTBHE TYPOYJIEHTHOTO CJy4aHHOrO JBHIKeHHS MHPOBOH Cpefbl—
ociHoBa JJs1 OOBSICHEHHS! HEKOTOPBIX KBAHTOBO-MEXaHHYECKHX OCOGeH-
gocTell IBHXKEHHS MHKPOYACTHII.

BuxpeBas nopoxka Kapmana u Bosnn Kapmana B ompeneneHHoM
uHTepBasie ynces PefiHONbACAa — OCHOBa JJisi 3aBepileHus 06DBsCHE-
His OCTAJbHBIX KBAHTOBO-ME€XaHNYeCKHX OCOOEHHOCTEH NBHIKEHHUS MUK-
pPOYACTHIL.

JABHXyIlascs rpaHuna teia PanKuHa — OCHOBa JUisi HHTepIpeTa-
UHMH 3JIEKTPHYECKOrO 3apsiia, 33aBHCHMOCTH 3(G(EKTHBHEHIX pa3MepoB
4aCTHL, OT CKOPOCTH HX JBHXKEHHS H COIIOCTaBJIEHHsI C Pe3yJbTaTaMH
CleuMasNbHOH TEOPHH OTHOCHTEJNbHOCTH, MPHHLHUIIHAJBHOTO pelleHHs
npoGJeMBl CONPOTHBJIEHHS J[BHXXEHHIO TeJla B CBeDXIJIOTHOMH cpefe.
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