SAMEHSAIOT JIK DOUP NIOHATUSA ITOJISA U PUZUYECKOI'O BAKYYMA?
J.1.H., npod. B.OTKMH

JlaH aHamM3 colepiKaHus MOHATHN d(UpPa, CUIOBOTO MO B (PH3UIECKOro BaKyyma, a
TaK)K€ UX HKCIIEPUMEHTAJIbHBIX MPOSIBICHUN. MeTolaMH SHEProJJMHAMUKH BbISIBJICHA
HECOCTOSITEIBHOCTH IMOMBITOK MaTEPHUATU3aIlUU CHJIOBBIX TOJICH U 3aMeHBI 3upa
(bU3MYECKUM BaKyyMOM.

BBenenne. BBegenne. Hepenko mpuxoauTcs CNbINIATh, YTO MIMPOKO MCTOIH30BABIIMIICS B
TE€YEHHE TpeX BEKOB TepMUH 3¢up B XX CTOJETUU ObUI «IIPOCTO 3aMEHEH TEPMHHOM BaKyyM
win pusnueckuil Bakyym» [1], 1 4To «OT 3TOro CyTh Aena He MeHseTcs» [2]. OnHako npu Oam-
JKalllleM pacCMOTPEHHUM BBIICHSAETCS, YTO ATO JAJEKO HE TaK. 3aMeHa KJIIOYEBBIX NOHATUN OT-
paxkaer «Jie-(hakTo» CMeHy MapaJurMbl, KOTOpasi, Kak U Jr00as Apyrasi peBoOtonus (coluanbHasi,
HAy4YHO-TEXHMUYECKas, KyJIbTypHasl) O3HAYaeT JIOMKY MpPEKHEH CHUCTEMbI U 3aMEHYy €€ HOBOH, He
Bcerja Jiydineil. Tak mpou301u1o0, Ha Halll B3I, U C MOHATHEM 3(Upa, MPOMIEAIIUM ATUTENb-
HBIM TIPOLIeCC PBOJIIONMHU. DTO MOHATHE MPUIIO K HAM U3 TIIyOOKOM JpeBHOCTH. B rpeueckoit
MU(DOJIIOTUH — 3TO CaMbIi BEPXHHM, YHCTHII U MPO3pavHbIil CJI0W BO3AyXa, B KOTOPOM OOUTAIOT
6oru (OT rped. awnp - He00). APUCTOTETh Ha3bIBAI €r0 CYIIHOCTHIO BCEX BEIIEH, OTHECS €ro K
npyruMm «ctuxusim». B Hawane XVII cronetus dpanmysckuii punocod, pusuk u MareMaTHK
Pene [lexapT ctan paccmMaTpuBaTh €ro B Kaue€CTBE MAaTEpUAIIbLHOTO NepeHocduka ceera. C Tex
nop uzaes apupa MPoYHO BOILIA B HAYYHBIH 000pOT, ocoOeHHO B Tpyaax HeioroHa, dpenens,
Makcsenna, Jlopenna. DpupHas KoHLeNuus gocturia KyibmMuHauuu B XIX Beke, koraa Mak-
CBEJUI, OMHPAsCh Ha CO3JAaHHYIO MM MoJenb ddupa, monyuni (yHIaMEHTaNbHbIE ypaBHEHUS
aNIeKTpoArMHAMUKHU. HesicHOW ocTaBanach, 0JTHaKO, poJib 3gupa B ABIKEHUH CKBO3b HETO MaTe-
pHANIbHBIX TEJ: YBJIEKAETCS T OH UX ABMKCHHEM WITU OCTaeTcsl HenmoABKHBIM? [lepBbie akcrme-
pumenTsl Maiikenscona (1881) oOHapy uiu ero mpakTUYeCcKyto HEMOABIKHOCTE. OCHOBBIBASICH
Ha ToMm, A. [Tyankape B 1904 rony copmynupoBai mocTyjaaT OTHOCUTEIHLHOCTH, 0000IIAIOITNI
npuHIUn uHepuuu ['amwied. CoryiacHo eMy, «HEBO3MOYKHO ONPEIENINTh JBUKEHUE 3€MJIH IO-
CPEICTBOM ONTHYECKHUX DKCIIEPUMEHTOB» [4]. B mpoTuBHOM citydae, cuntai oH, 3pup MOT OBITh
oOHapy’KeH 0 cujie MPOTUBOJACHCTBUSA («OTHauN»), KOTOPYIO ABMXKYIIMUCS 3¢pup IOMKEeH ObuI
OKa3bIBaTh M3IydawniemMy teiny. A.JuHmTetH B 1905 roay pacnpocTpaHui 3TOT MOCTyjdaT HA
BCE SIBJICHUS IPUPOJIBI U TIOJIOKUI €T0 B OCHOBY clelasibHOI Teopun oTHOcuTenbHOCTH (CTO),
MPU3HAB TEM CaMbIM O€CTOIE3HOCTh 3(Pupa Kak abCoMOTHOU cucTemMbl otcuera [5]. C atoro Ha-
yanoch W3rHaHWe >upa u3 (PU3NUECKOTo JIeKCMKOHA. Bekope, npaBna, A. DHHIITEHHY mHpu-
IIUTOCh TIPHU3HATH, 94TO 3PUP HEOOXOIUM, XOTS M B COBEPIICHHO MHOM KadecTBe. OnHaKo OypHO
pa3BUBABIICHCS B 3TOT MEPHOJ KBAHTOBOM MeXaHMKE 3(pUp Kak CBETOHOCHAs cpesia ObLT yxKe He
HY’K€H, MOCKOJIbKY JII0ObIE B3aMMOJACHCTBHS CTAlU NPEICTABISITHCS KaK pe3ysbTaT MepeHoca
crenupUIEeCKIX 3IEMEHTApHBIX YacTUIl (0030HOB), MEPEMEMIAIONINXCS B CBOOOTHOM OT Bellle-
CTBa MPOCTPAHCTBE CO CKOpOCcThIO cBeTa [3]. CTpemiienne (U3UKOB 3aMEHHUTH MOHATHE d(Pupa B
HEMaJIol CTEeTeHU 0OBACHSIIOCH HeXelaHneM (PU3MKOB MPU3HATH CBOM MPOILIbIE OITHOKH, KOT/Aa
OHHM PE3KO KPUTHUKOBAIIM €r0 CTOPOHHUKOB. Tak WM MHaue, B pe3ysbTaTre Ha CMEHY dpupy Mmpu-
IITH TIOHSTHUS «TIOJIs» U «(pusuueckoro Bakyymay (DB), koTopble Takxke MpU3HABAIN OTCYTCT-
BHE MHUpPE MPOCTPAHCTBA, CBOOOIHOTO OT BEIIECTBA, M paccMmaTpuBanu mose u OB cromHon
Cpelloil, IPETeHYIOIIEH Ha poJib NIEPBOOCHOBBI BellecTBa. B pesynbraTre maTepus 0okKa3ajioch
MOJIEJICHHON He Ha BEIIECTBO U 3(Hp, a Ha BEIIECTBO U MOJ€ UM HA BELIECTBO U (U3MUYECKUN
BaKkyyM [6].

Hameli 3amaueii siBAs€TCS BBIACHEHHE MPABOMEPHOCTH TAaKOW TMOIMEHBI d(upa BMECTO
JabHEHIIEr0 YTOYHEHUsI COJepKaHus 3Toro noHsATHs. Hanbonee 0oObeKTUBHBIM OyJeT aHANN3
3TOr0 BOIpOCAa C MO3MUIMKM €IMHONW TEOpPHH MPOLIECCOB MEepeHoca M MpeoO0pa3oBaHUs IHEPTHH,
Ha3BaHHOM JJIs1 KPATKOCTHU «3HEPTOAMHAMUKOW» [7].



1. DHeproamnaMuka pupa. DHeproauHaMmKa 00001IaeT TEPMOAMHAMUKY HA HETEIUIOBHIC
(dbopMBI PHEPTHH M HEPABHOBECHBIE (MPOCTPAHCTBEHHO HEOJHOPOIHBIE) CUCTEMBI C MPOTEKAro-
IIMMH B HUX HECTAaTWYECKHMH (HeoOpaTHMBIMH) TporieccaMu. C 3TOH IeNbl0 OHAa W3HAYaIBbHO
BBOJWT B YPaBHEHHs TEPMOIMHAMHUKHU BPEMSs, CKOPOCTh U MPOU3BOAUTEIHLHOCTD peajbHBIX MPO-
IIECCOB, a TAaK)KE CHIIy KaK MPUYMHY MX BO3HUKHOBEHUS M (DAKTOP, MPEIOMPEICIIIONINX X KH-
HETHKY. B pe3ynbpTare sHEproanHaMuKa rmoxy4aeT BO3MOKHOCTh IEPEUTH OT OMUCAHHUS SIBICHUN
(peHOMEHOIOTHH) K aHAIHM3Y CTOSIIUX 32 HUMH MPOIIECCOB. DTO MO3BOJSET eli 000CHOBAThH OC-
HOBHBIE MPUHITUIIBI, 3aKOHBI U YPAaBHEHUS BCeX (PyHIAMEHTAIbHBIX JUCIUIUIMH, OMUCHIBAIOIINX
JUHAMUKY KaKuX-TM0O0 IpPOILECCOB, KaK ee ciencTrue [8].

B cooTBeTcTBUM ¢ METOONOTHEN SHEPrOAUHAMUKH, BMECTO (PU3NYECKUX MOJIETICH uccie-
JYEMBIX CHCTEM B HEH HCIIOJB3YIOTCS MaTEMaTHYECKHE MOETH B BU/IC YPAaBHEHUH COCTOSHHUS
JBUKECHHSI, KOTOPBIE CBSI3BIBAIOT MEXAYy CO00M MX mapameTphl. Takue ypaBHEHHS HaXOJSATCS
OTBITHBIM ITyTEM M CIYXaT Ui 3aMbIKaHUS YpaBHEHHUs OallaHCa WX DHEPTUH, BBIPAKAIOIINE
SHEPTHUI0 UCCIENYEMON CUCTEMBI B (DYHKIMHU €€ U3MEPUMBIX MapaMeTpoB. DTO JeaeT WU3IUIII-
HUM TIPUMEHEHNE KaKUX-JTM00 (BUXPEBBIX, KOJBIEBHIX, CTPYHHBIX, CTPYHHBIX U T.II.) KOPITYCKY-
JSIPHBIX Mojenel 3gupa, KOTopble Obl OOBSICHSIIN «MEXaHU3M» MPOUCXOSIINX B HEM IpOIEeC-
coB. C npyroii cTOpOHBI, MATEMaTHYECKUH amliapar YHEPrOANHAMHKH OTIEPHPYET IMapaMeTpaMu
HEOJTHOPOJHBIX CHCTEM KaK IIeJIOTO, YTO TO3BOJISIET €l eIMHBIM 00pa30M OIUCHIBATh CBOWCTBA U
MOBEJICHUE KaK CIUIONIHBIX, TAaK M KOPIMYCKYJISIPHBIX Cpell. DTO YHUKAIBHOE COYETaHUE CBOWMCTB
JeNnaeT ee MPUMEHUMON U K 3(UpOANHAMUKE, U3yYalollel B3auMOJICHCTBUE BellecTBa ¢ 3(u-
poM.

C no3unuii HeProAMHAMHUKH d(UpP paccMaTPUBAETCs KaK HEBEIIECTBEHHAs COCTABIISIONIAs
10001 MaTepuaNbHOW CHUCTEMBL. JTO COOTBETCTBYET JICJICHUIO MAaTEpPHH Ha BEUIECTBO — JIUC-
KPETHYIO 4acTh, MMEIOIIYIO ONpeAeTeHHYI0 (JOpMYy U TpaHUIIbI, U YQUp — CIUIOIIHYIO Cpeay, He
UMEoIy o Tpanull U popmel. [Ipu aTom 3dup paccmarpuBaercs Kak cpefa ¢ OTIIMYHON OT HYJIs
IUIOTHOCTBIO U YNPYTOCThIO, KOJEOMIOMIAsCs B HEOTPAaHUYCHHOM JHarna3oHe 4acToT. OCHOBHOM
0COOEHHOCTBIO TAKOM Cpebl SIBISETCS CIIOCOOHOCTD €€ IIEPEHOCUTh SHEPTHI0 0e3 epeHoca Mac-
CBIL, UTO U JIeaeT ero He 0OHApy>KUMBIM B 3KCIIEpUMEHTAaX.

BaxxHelmmM cieicTBUEM TaKOTO MOAXO0JA SBISIETCS BO3MOXHOCTh B3aMMOIPEBPAILICHHS
a¢dupa u BemecTBa. DTO ciaeAyeT U3 cooTHomeHus: ['ndoca-J/{rorema KiraccHuecko TepMOIMHA-
MUKH IIPH 0000IIEHUH €T0 Ha ClTydail IBUXKYIIUXCS cpen [7]:

Zi-k @jd\vi + Zk Pk'de = 0, (1)

rjie ®; — SKCTCeHCHUBHBIC TTapaMeTPhl HEIOIBIKHOW CHCTEMEI (€€ 00BheM, SHTPOITHS, YHCIIa MOJICH
k-X BeIeCTB, 3apsii U T.A.); J; — CONMPsDKEHHBbIE ¢ HUMU MHTCHCHUBHBIE TTapaMeTphl THIA JaBje-
HUS, TEMIICPATyPbl, XHMUYECKOTO MOTEHITHAIA k-TO BEIIECTBA, €T0 AJIEKTPUICCKOTO IMMOTSHITHAIIA
U T.1.; P}, V4 — UMIYJIBC U CKOPOCTH K-T'O KOMITOHEHTA CUCTeMBI; I =1,2,..., n — YHCIIO CTETeHen
CcBOOOIBI CHUCTEMBI.

CornacHo kiaccuueckoMy cooTHouieHuto ['ub0ca-/lrorema (6e3 2-if CyMMBI), IpU MPOTe-
KaHUU B CHCTEME KaKMX-JTHOO BHYTPEHHHUX IMPOILIECCOB OJHU (POPMBI €€ SHEPIrUu YCTyMHarT Me-
CTO JpyruM. B citydae IBIKYIIMXCS CUCTEM IO Mepe YCKOpeHHs cuctemsl (dvy > 0) Bce npyrue
(GbOopMBI SHEPTUHM CUCTEMBI BhIpoxaatoTcs (dy; < 0) U mpu JOCTHIKEHUHU MPESTHHOM CKOPOCTH
Vi = € HCUE3aI0T TIOJHOCTHI0. DTO 03HAYAET, YTO C MPUOIMIKEHUEM K CKOPOCTH CBETa BEIIECTBO
npespatiaercs B a3¢up. OOpaTHOE BICHHE «KOHIAEHCAIMW» 3(Upa COMPOBOXKIAETCS MOSIBICHU-
€M BEIIECTB C i-MU CBOHCTBaMU, He HAOIOJaeMbIMU Y (upa. ITO ¥ MPOUCXOANT, B YACTHOCTH,
P «AaHHUTWISIIIUI TaMMa-KBaHTOB B ()M3MUECKOM BaKyyMe Kak KBaHTOBOM aHajore 3¢dupa.

OpHuM U3 ypaBHEHUH CBSI3U MEXAY MapaMeTpamu 3upa SBISETCS U3BECTHOE eIle 3a710JT0
10 A.DUHIITEITHA COOTHOIICHHE MEX Ty dHepruei adupa E, u ero maccoit M,:

dE, = ¢’dM, (2)



Ero MOXHO TIOJTy4HTh, UCXOMS W3 Pa3HBIX cooOpakeHWi [3], B TOM YHUCIE W3 MPU3HAHUSI
BO3MOXXHOCTH B3aHMOIIPEBPAIIEHHUS BEIIECTBA U dPHpa MyTeM «KOHACHCAUUW» (CTPYKTypHU3a-
IIUH) TOCJIEIHEr0 MPU COOMIOACHUN 3aKOHOB COXPaHEHUs SHEPTUU U Macchl. M3 Hero Henocpe-
CTBEHHO CJIe[lyeT Hanu4yue y 3upa yAenbHON SHEPTUH €,, PABHOUM KBaJpaTy CKOPOCTH CBETa ¢
([Ix/xr).

Jpyrum ypaBHEHHEM COCTOSIHUS d(upa sBIsieTcs U3BECTHOE U3 TEOpUU KOleOaHUH U IKC-
NEepPUMEHTa COOTHOIIIEHHE MEXK]Ty CKOPOCTBIO PAcIIpOCTpaHEHHS KOeOaHui B JII000H cpezie

&= pylp,, (3)

KOTOpOE MO3BOJISIET YCTAHOBUThH HAJIMYKE Y 3(PHpa OTIMYHON OT HyJsl IJIOTHOCTH P, U YIPYIO-
CTH p, (1aBneHus). ITo MpeaonpeaensieT BO3HUKHOBEHHE B 3¢upe Oeryumx mpoIoibHbIX U T0-
NEPEYHBIX BOJH U CIIOCOOHOCTH 3(hMpa MEpEeHOCUTh SHEPTHIO 0€3 IepeHoca ero Macchl.

Eme ogauM ypaBHEHUEM, CBS3BIBAIOLIUM MapaMeTpsl d(upa, SBISETCS HailIeHHOE ellle B
paMKax TCOPUHU BOJIH U YTOUHCHHOC B SOHCPITOAUHAMUKE BBIPAKCHHUEC IIJIOTHOCTHU SHCPIrun 3(1)I/Ip-
HOM BOJIHBI P, HA YACTOTE V YEPE3 €TI0 CPEAHION0 TIIOTHOCTh P , aMIUTUTYAY A,

Py= P A2, (k). 4)

OTO BBIpa)KEHHE NO3BOJIAET BBECTU MOHATHE aMIUIMTYAHO-YACTOTHOTO MOTEHIMAJIa BOJIHBI
Y, =A,v JaHHOM MObI 3¢pupa (C YaCTOTOH V) U 3aTEM YCTAaHOBUTH €IMHCTBO 3aKOHOB IEpeHOCA
BOJIHOBOH (pOpPMBI 3HEPTUH C 3aKOHAMHU MIepPEeHOca TeIia, BELeCTBa, 3apsa, UMIyJIbca U T.1. [9].
Bcnen 3a atum ynaercss 000CHOBaTh OTCYTCTBHE y d(upa TpeHHs (IUCCUTIAIMHA SHEPTHH), YTO
00yCJIOBJIEHO OTCYTCTBUEM Y HETO TEIUIOBOM (hOPMBI IBUKEHUS, @ 3aTEM Ha OCHOBE BBIPAXKECHUS
(4) moxa3aTh HaJM4KME y BOJH 3(Upa CBOICTB COJIUTOHA — CTPYKTYPHO YCTOMUMBOM U YacTuLle-
NOJOOHON OJMHOYHOM BOJIHBL. DTO CTAHOBHUTCS BO3MOXHBIM OJarojaps €IWHCTBY IpeicCTaBie-
HUS BCEX CUJI B SHEProJIMHAMUKE KaK TpaJIMeHTOB COOTBETCTBYIOIEH (OpMbI d3HEpTUu [7]:

F, = — (OE,/or). (%)

Hanuuue map cui, npomopuroHaNbHBIX KPYTH3HE TIEpeHEro U 3aAHero GppoHTta 3hupHOU
BOJIHBI, BCKPHIBAET HAJIMYUE Y HETO CBOMCTB MEXAHUYECKOTO JTUIIOJNSI. DTO OOBSICHSIET B3aUMHOE
OTTaJKHWBAaHUE COJTUTOHOB (MOA0OME UX MOBEACHUS OWIBSIPIHBIM IIapaM) U cTpemiieHue 3dupa
3aHATh BCE MPEAOCTABIEHHOE €My MPOCTPAHCTBO. Tem cambiM 3(PHUPHO-COMUTOHHAST KOHIICTIIIUS
U3TyYEHUS] CHUMAET MPo0JieMy Jyaln3Ma «BOJIHA-9ACTUIIA.

Bwmecte ¢ Tem Bripaxenue (5) yka3blBaeT Ha CHUJIOBYIO IIPUPOAY B3aUMOACUCTBUS ddupa C
BEIIECTBOM, YTO JIeJIaeT MPUMEHUMBIM K HEMY BCEX 3aKOHOMEPHOCTEH B3aMMOACHCTBHS KOMIIO-
HEHTOB MaTepPUAIBHON CHCTEMBI. B 4acTHOCTH, y1aeTcst HAMTH YCIIOBUSI PAaBHOBECHSI BEIIECTBA U
a¢upa Ha 000 YacTOTEe V U BBIACHUTH YCIOBHS €ro HapylieHus. CorjaacHO OOIMIMM TEPMOIH-
HAMUYECKUM YCJIOBHSIM PaBHOBECHSI, JETATLHOC PABHOBECUE COCTOHUT B TPEOOBAHWH PaBEHCTBA
MOTEHIIMaNa KaKoro-TM00 CTPYKTYPHOTO 3JIEMEHTA BEIIECTBA /4, U3MYUYAIOLIETO HAa ATON 4acTo-
T€, U COOTBETCTBYIOIIETO MOTEHIMANa dupa y, (Wim oOpalieHus B HyJIb €ro rpajueHTa Ha rpa-
HUIIE CUCTEMBI). JTO PaBHOBECHE HOCUT AMHAMHYECKUN XapakTep, BCIEACTBHE YEro MoJje IMo-
TEHIIUAJA 4, TETEKTUPYEMOE KaKUM-THO00 00pa3oM, omnpeesieT WHINBUTY ATbHBIM «aMIUTATY -
HO-4acTOTHBIA mopTper» (AUII) manHoro BemiecTBa. DTOT «HOPTPET» MOIYIUPYET dPUp U
Oylarogaps MPaKTUUYECKOMY OTCYTCTBHIO B HEM JUCCUTIAIIMU MOXKET OBITh MEPEHECEH Ha 3HAYM-
TeNbHBIE PAacCTOSIHUSA. Tak OCyIIecTBIseTCsl N30UpaTeIbHOE B3aUMOICHCTBUE MEXKAY TEIaMU U
WX CTPYKTYPHBIMU 3JIeMeHTaMu Ha paccrosiuuu [10]. Takum obpazom, 3¢up BO3IEHUCTBYET Mpe-
MMYIIIECTBEHHO Ha YaCTHIIBI BEIIECTBA, UMEIOIUE ONM3KHUE K PE30HAHCHBIM YaCTOThI COOCTBEH-
HBIX KosieOaHWid. BBUIYy HEOrpaHWYEHHOTO YHciaa MO KoJjebmromerocs 3dupa 3To B3auMoei-
CTBUE OCYIIECTBIISICTCSI BO BCEM CIIEKTPE YaCTOT, XapaKTEePHBIX ISl CTPYKTYPHBIX IJIEMEHTOB
TaHHOTO BemiecTBa. C 3THX MO3HUIUI CBET — 3TO Ta YacTh AUara3oHa Kojiebanuit adgupa, KoTopas
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HAXOJUTCS B PE30HAHCE C KOJICOAHUSIMH JIEKTPOHOB BEILIECTBA U MPOSBISIETCS B HEM B BHJIE OTI-
tuyeckux 3¢dexroB. B obmem ke cimydae BOJHBI d(upa BCTyHarOT B PE30HAHC C JIOOBIMU
CTPYKTYPHBIMH 3JIEMEHTAMH BEIIECTBA, PA3UYAIONIMMHUCSA HE TOJIBKO 3apsijioM, HO M CIIMHOM,
Maccoi, MOMEHTOM MHEpLMHU U T.I. YacTh 3TUX KojeOaHHH BEIIECTBOM PACCEUBAETCS U MOTOMY
Ha3bIBACTCS TEIUIOBBIM M3IyYeHHEM. B pEHTreHOBCKOM JMana3oHe 4acTOT BOJIHBI d(Upa B3au-
MOJICHCTBYIOT C BELIECTBOM 3HAUMTENIBHO ci1aldee, TaK YTO MHOTHE U3 HUX, B TOM YHCIIE METal-
JI6I, OKa3BIBAIOTCS JIJIsl HUX TIOYTH MPO3PAaYyHBIMU. DTa YacTh CIIEKTPa UMEET Ty K€ MPUPOAY, U4TO
U TaK Ha3bIBaeMble «IJTyOOKO MPOHMKAIOIME» H3IYUYEeHHUs, U JUIsl HUX HEPUMEHUMBbI OObIUHBIE
AIIEKTPOMArHUTHBIE SKpaHbl. OTHAKO WX YHOPHO NMPUMHUCHIBAIOT K AJIEKTPOMArHUTHBIM BOJHAM
(OMB). Ha npyrux uyactoTax BOJHBI 3¢upa BbI3BIBAIOT (OTOAPHEKT, HOHNU3ALUIO, TUCCOIHA-
o, GoTocHHTE3, (OTOSIEPHBIC peakuuu W T.I. Bce 3T AQeKTsl BO3HUKAIOT BCIIEICTBHE
npeoOpa3oBaHus FHEPTUU KosebaHui r¢upa B pazuyHble (OpMbI JBHXKEHUS YaCTHUI] BEILIECTBA,
4yeM 1 00yCJIOBJIEH U30MpaTeNbHbIN XapakTep uX B3auMmojencTus. Takum oOpa3om, a¢up sBis-
eTCsl UCOYHUKOM dhghexmos nt0bou npupoowvl. C 3TUX MO3ULUN XapaKTep ero BO3JeicTBUs Ha
BEIIECTBO OIpPENEeNIeTCs HEe MPUPOAOH MaTepUAIbHOTO HOCUTEINST HEKOEro THUIOTETHYECKOTO
«1oJis» (HEUTPUHHOTO, CIIMHOPHOI'O, HYKJIOHHOTO, ME30HHOT0, OGapHOHHOr0, 0030HHOTO, MHK-
POJIEITOHHOTO, TAXHOHHOTO, TOPCHOHHOTO, XPOHAILHOTO, MOP(OTEHETUIECKOTO, TOHKOTO, WH-
(GOopMaLMOHHOTO H T.X., U T.I.), a JUAMa30HOM 4acTOT KosiebaHui 3(pupa, pe30HaHCHBIX TOMY
WM MTHOMY CTPYKTYPHOMY DJIEMEHTY BEIIECTBA. DTO TO3BOJISIET PEOIOJIETh MHOTHE TPYAHOCTH,
IPUCYIIUE KOPIYCKYJISAPHBIM MOJIENSAM 3(pHpa, U BEAET K COBEPIIEHHO MHON KOHUEMIHUU «EIH-
HOi Teopuu mois» [11]. B To ke Bpemst Ta cnienuduka 3dpupa HCKIFOYaeT BO3MOKHOCTh YIIO-
J00JIEHUS €r0 KaKOMY-JINOO KOHKPETHOMY BEIIECTBY.

2. CusoBoe noJe. B xnaccuueckoit pu3uke mpourioro ¥ HeIHEUTHETO CTONETHs peodiaia-
eT JIeJICHHe MAaTepUH Ha BEIecTBO U mose. [lpu 3ToM moja BemecTBOM MOHUMAETCSI COBOKYII-
HOCTb TUCKPETHBIX 00pa30BaHMii, 00JIaJaloNIMX MacCoil OKOs (aTOMBI, MOJIEKYJIbI, TeNa U T.1.),
CHJIOBOE JK€ I10JI€ XapaKTepU3yeTCsl KaK KOHTUHYaJIbHAs Cpella, MMEIOIIas HyJIEBYI0 Maccy IO-
kosi. «[loneBasiy mapanurma, cBOJSIIAsl BCIO (PU3MUECKYIO PEAIbHOCTh K HEOOIBIIOMY YHUCITY
KBaHTOBAaHHBIX MMOJICH, IO Mepe pa3BUTHUS KBAaHTOBOM ()M3MKHU cTajna riaaBeHcTBYomei. Cormac-
HO «CTaHJIAPTHOM MOJENHU» CTPOCHMS BEILIECTBA, KaKIOMY HE3aBUCHMOMY MapameTpy 0o
€ro YacTHIbI @;, YJOBIIETBOPSIOIIEMY 3aKOHY COXPaHEHMsI, COOTBETCTBYET CBOE MaTepUaIbHOE
nojie A;, 4epe3 KOTOpoe OCYIIECTBIISIETCA B3auMOeiicTBre Mexay HUMH. [Ipu sToM yTBepx aa-
eTcs, YTO TMoJie 00JaJaeT MPaKTUYECKH BCEMHU aTpHOyTaMu MOJHOIICHHONW (hru3nyeckol peaib-
HOCTH, BKJIIOYasi CIOCOOHOCTh MEPEHOCUTh YHEPTHUIO U UMITYJIbC, U JJaXKE B OINPEIETICHHBIX YCIIO0-
BUsIX 001a1aTh 3¢ (HEKTUBHON MacCoil.

3aKOHOMEpEH BOMPOC, KAKUM 00pa3oM CTPOTroe MaTeMaTH4eCKOe OMpeieleHHe OHATHUS 110~
51 KaK COBOKYNHOCMU KAKUX-TUOO NAPAMEMPOS 8 PA3IUUHBIX MOYKAX NPOCMPAHCIMEA 8 OAHHbIIL
MoMeHm 8peMenu WM 0OJiee y3KOe MOHSTHUE CUI08020 TOJNS KaK 001acmu npocmpancmed, 8
KOMOpou 0OHApy*CUB8aromcest Kakue-moo cuisl, TpaHCHOPMUPOBATIOCH B GUIIOCOPCKYIO KaTero-
PHIO «pazHo8UOHOCMU Mamepuuy M KaK 3TO 0Ka3ajoCh CBSI3aHHBIM C MOHATHEM 3dupa win Qu-
3U4YECKOro Bakyyma?

Uto0Ob! NpUOIN3UTHCS K OTBETY Ha 3TOT BOIMPOC, CIEIYET 3aMETUTh, YTO A0 co3/laHus Mak-
CBEJIJIOM KJIACCHYECKOW TEOPHH JIEKTPOMArHeTU3Ma MOHITHS 10JIs KaK (JOPMBI MaTEpPUU HE CY-
miecTBoBajio [3]. [llupoko HCTIOIB30BAIOCH JTUIIIH TOHITHE CHIIOBOM (PYHKITMHU (TTOTEHIIMAIA) KaK
OTHOIIECHHS BHEIIHEH IMOTEHIMAIBHOW 3HEPIMM OIPENEICHHON COBOKYMHOCTH 3apsioB WU
Macc K OJIHOMY U3 HHUX, CUMTAIOIIEMYCS «IIPOOHBIM» (T.€. HE HapyLIAIOMIMM HMX MPOHOPIHO-
HanbHOCTH). IlpencraBineHue o moje W €ro CUJIOBBIX JIMHUAX Kak O (hU3nyecKod peasbHOCTH
BIIEpBBIE MOSIBUIOCH B Tpyaax Maitkna @apanes [12]. EMy ke npuHaIIKUT UAes U3YYCHUS
B3aMMOIIPEBPAIICHUH 3JIEKTPUUECTBA U MAarHETH3Ma KaK pa3InyHbIX (hopM 3HEpruu.

[loHsiTHE 37EKTPOMArHUTHOIO MOJS KaK €JUHOM MaTEepUAJIbHOW CYINIHOCTH BO3HUKIIO JIMILb
nociue co3gaHusi MakcBeUIOM TEOPUM 3JIEKTPOMArHETHU3Ma B CBSA3HM C €r0 MPEICTABICHUEM O
CBETE KaK 3JIEKTPOMAarHUTHON BOJHE. J[o 3TOro MakcBei, Kak U BCE €ro NpeIIleCTBEHHUKU B
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TE€YEHHWE MHOTHX BEKOB, BIIOJHE YJIOBJIECTBOPsUICA KoHUenmuen 3¢upa. OH Kak HeNlb3s JIydie
OoTBeYaJl TPeOOBAaHUSM CBETOHOCHOW Cpelibl, MOCKOJIbKY 00janan coOCTBEHHOH (BHYTpEHHEH)
SHEpruei u Obl cocoOEH NEPEHOCUTh SHEPTUIO B MPOCTPAHCTBE «IIOCJE TOTrO, KaK OHA MOKH-
HyJIa OJTHO TeJIO M ellle He A0ocTurio apyroro» [13]. OgHako u3HavanbHbIi 3aMbicen MakcBeria
O00BETMHUTD ONTHKY C 3JEKTPOMArHETU3MOM TOOYXIal €r0 TPAKTOBATh AIEKTPOMArHUTHOE T0-
JIie KaK HEKYI0 CaMOCTOSITENIbHYIO CYIIHOCTh, 00JIaAa0Iy 0 SHEpPruel 1axke B OTCYTCTBHE €€ Ma-
TEpPUAJIbHBIX MUCTOYHHUKOB (Haroao0ue ToMy, Kak MpOJOJIKAET CYLIECTBOBATh CBET JAaBHO IIO-
TyXIIeH 3Be3/IbI).

Mexny TeM BIOJHE ONpPaB/aH BONPOC, K UeEMY OTHOCHUJIMCH B JI€HCTBUTEIBHOCTH MOCTYJIU-
poBaHHBIE MaKCBEIOM YpaBHEHHUS: K DJICKTPOTEXHUUYECKUM yCTPOHCTBAM, C KOTOPBIMH JKCIIe-
PUMEHTHPOBAIM €r0 NPEIIIECTBEHHUKN U YbH PE3YJIbTAaThl OH BbIPa3uJl MaTeMaTHUYECKH, WM K
BBEJICHHOMY MM aOCTPaKTHOMY 3JIEKTPOMAarHUTHOMY MOJ0? ApPryMEHTUPOBaHHbBIM OTBET Ha
3TOT BOIIPOC CTaJl BO3MOXHBIM I10CJI€ TEOPETHMYECKOTO BBIBOJA 3TUX YPAaBHEHHMH M3 IEPBBIX
IPUHIUIIOB SHEPTOJMHAMUKHU B €€ MPUIIOKEHUH K JIEKTPOTEXHUYECKON cucTeMme, obanaromen
AIIEKTPUYECKON W MAarHUTHOW CTETIEHBIO CBOOOBI M TOTOMY CIIOCOOHOM K B3aMMHOMY TipeoOpa-
30BaHMIO UX 3Hepruu [14]. OO0bennHeHHOE ypaBHEHHE 1-T0 U 2-r0 Hayan TePMOJUHAMUKH, JUIS
TaKON CHUCTEMbI UMEET BU/I:

d3y = E-dD + H-dB (6)

rae Oy — TOJHAs PHEPTUsl CHCTEeMBI enuHInIHOro o0beMa; E m H — HanpsHKeHHOCTH COOTBETCT-
BEHHO 3JIEKTPUYECKOTr0 U MarHuTHOTro nois B Hell; D = D(E,P), B = B(H,M) — BekTOpbI 37eK-
TPUYECKOW M MarHUTHOW WHAYKIUHU KaK (YHKIUH COOTBETCTBYIOIIETO IOJISI U BEKTOPOB MOJIS-
puzanuu P u HamarunumBanus M paccMaTpruBaeMoii CUCTEMBI.

[IpaBast yacTh 3TOTO ypaBHEHHUS XapaKTEPU3YET JIEMEHTAPHYI0 00patumyto padoty dWe, =
E-dD u dW,,=H-dB, xoTopy1o coBepiIaeT BHEIITHEE HIEKTPHUUECKOEe M MAarHUTHOE T0JIe HaJ pac-
cmaTpuBaeMoii cucremoit. Ilpu d3y = 0 ypaBHeHue (6) onuchIBaeT 0OpaTUMBIi MPoLEcC Mpeod-
pa3zoBaHUs JIEKTPUUYECKON M MArHUTHOW 3HEPIHMM B BELIECTBE. DTOMY MPOCTOMY ypPaBHEHUIO
0Ka3aJI0Ch HECJIOXKHBIM NpUIaTh GopMy MEepBOM Mapbl ypaBHEHUN MakcBena, NpeyioKeHHYIO
I''T'epuem u O. X3Bucaigom:

rot E = — (0B/0t), (7
rotH = j. + (0D/0%). (8)

Hanuune B 3TOM BbIpa)KeHUM TOKa MPOBOJAUMOCTHU je ABHBIM 00pa3oM yKa3bIBaeT Ha TO,
YTO ATH YPaBHEHMsI OTHOCATCS K BEILIECTBY, a He K abcTpakTHOMY moiio. bonee Toro, mpu
MPUMEHEHUU 3TUX YpaBHEHUH K CyOCTaHIIMH, HA3BAHHOW MM 3JIEKTPOMAarHUTHBIM I10JIEM, OOHA-
pPY’KHBaeTCsl MPOTUBOPEUNE C 3aKOHOM COXPAaHEHMs SHEpIuH. M3BECTHO, YTO MEXKIY YETHIPbMS
napametpamu E, H, D u B, urypupyromumu B 3TuX ypaBHEHHX, B BakyyMme wiu DMII cymie-
cTBy10T 3 ypaBHeHus cBsizu: D = g,E; B = . H, rne €, po— nocrostuusie, 1 H = H(E), uTo BbiTE-
kaeT u3 cuHpazHoctu n3MeHeHus BektopoB E u H, o6HapyxeHHoi eme Papageem. ITo 03Ha4a-
eT, uTo ecau OMII onuceIBaTh TEMU ke MapaMeTpPaMHU, YTO U MEKTPOTEXHUYECKYIO CUCTEMY, TO
u3 4-X mapaMeTpoB HE3aBUCHUMBIM OCTAHETCS JIMIIb OJHWH U3 HUX. JTO O3HAYAET, YTO HUKAKOTO
npeoOpa3oBaHus B 3(Upe SHEPTHU IEKTPUUECKOM CTENEeHH CBOOOIBI B MAarHUTHYIO U HA000pOT
OBITH HE MOXKET. B MPOTHUBHOM ciydae 3JeKTpOMarHUTHAsT SHEPTHsI TTOJIS e B2 + uOH2/2 HE OC-
TaeTCsd HEM3MEHHOU. DTO ellle pa3 JAOKa3bIBaeT, YTO OTHECEHHE YpaBHEHHI MakcBemia K mpo-
CTPaHCTBY, CBOOOJJTHOMY OT BELIECTBA, ABJISETCS OLIUOOYHBIM.

HmeroTest U qpyrue BECKHE apryMEHThI, CBUAETENIbCTBYIOIINE O TOM, YTO €IMHOW MaTepH-
aJbHOM CYILIHOCTH, XapakTepuzyeMou BeKTOopoM [IOMHTMHra M MMEHYEMOHN 3JIEKTPOMArHUT-
HBIM II0JIEM, B IPUPOJE HE CYyIIeCcTBYET. J[elicTBUTENbHO, C BBEICHUEM B SHEPIOJUHAMUKY I10-
HATHUS MOTOKA CMEIIEHHS CBSI3aHHBIX 3apAJ0B U MATHUTHBIX MOJKOCOB jo U jy CTAJO ACHO, YTO
BekTop [loifHTHHTa BOOOIIE HE OTpakaeT MpPoOIecC MEePeHOca MEKTPOMAarHUTHON SHEPTuu de-
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pe3 IpaHuLbl paccMaTpuBaeMon cucteMbl. CyTh Jiena COCTOUT B TOM, YTO IMOJISIpU3aLUs U Ha-
MarHM4MBaHUE HEKOEro 3JIEKTPOTEXHUYECKOI'0 YCTPOHCTBA CONPOBOXKIACTCS B3aHMMOIIPEBpa-
IIIEHUEM B HEM NIEKTPUYECKOW U MarHUTHOM 3HEPIUHU, YTO U 00YCIIOBINBAET MOSIBICHUE B HEM
BHYTPEHHHX MOTOKOB je U j IPOTHBOIOJIOKHOM HANpPaBIEHHOCTH. HBIMHU CIIOBaMH, BEKTOD
[ToliHTMHra MOXET OTpa)kaTh JIMIIb PA3HOCTh MOTOKOB IEKTPUYECKON U MarHUTHOM SHEPIUU Ye-
pe3 rpanuibl cucteMbl Mexay OMII u BemecTBoM. TO 00CTOATENBCTBO HE MOIJIO OBITH OOHa-
pyxeHo camumu ypaBHeHUsIMH (7) U (8), TOCKOJIIBKY OHM ONEPUPOBAIN UCKIIOYUTEIHHO UHTEH-
cuBHbIMHU mapamerpamu nosis E u H. Otu mapamerps! sBisitoTcs (QyHKIUSAMHM COCTOSTHUSI U HE
oOpamiaroTcs B HyJb ¢ IpeKpalieHHeM YHEProoOMeHa MEX/y CUCTEMON U BHELITHUM IOJIEM.
XapakTepHO, YTO BBITEKaromiee u3 (6) paBEeHCTBO MOIIHOCTEH 3JIEKTPUUECKOW M MarHuT-

HOM cocTaBiisitoniedr M BOJIHBI AKCIEPUMEHTAIBHO HE TMOATBEPKIAEHO A0 cuX mnop. Hampotus,
HAJIMYME y CBETA HEDJICKTPOMATHUTHOM (HE 3KpaHUPYEMOil COOTBETCTBYIOLIMM 00pa3oM) co-
CTaBJISIIOIIEH OOHApy»KEHO N1aBHO M Ha/lexHO. Bce 3To yka3pIBaeT Ha HEIJIEKTPOMArHUTHYIO
npupoy cseta BooOmie [15].

He BblepkuBaeT KPUTUKU M YTBEPXKJCHHUE O TOM, YTO IEKTPOMArHUTHOE U JII000e Ipyroe
CHJIOBOE TI0JIE TPENCTaBIIAET cO00M HEKOTOPYIO MaTepHabHYIO CYIIHOCTb, HE 3aBHUCSIIYIO OT
ero uctouHnkoB. CoryacHo 3akoHaM Herotona, Kynona u Ammepa

Fy=—e,MiMy/R 1S5 Fy= 0102/4meoR12" ; Fo = polil/21R 12, 9)

CUJIa B3aUMOJICUCTBUA IBYX Macc M| u M, 3apsanoB O u O, win TOKOB [} U [ KaKk TjlaBHas Xa-
pakTepuCTHUKa MOJIS P HEU3MEHHOM PACCTOSHUU MEKIY HUMH R IpONOPLMOHAIbHA UX IPO-
n3BeAeHuto. OTCroga ClIeayeT, 4To NpPU yAAJEHUU U3 MPOCTPAHCTBA BCEX MPUCYTCTBYIOUIUX B
HEM Macc, 3apsa10B UM TOKOB COOTBETCTBYIOIIEE noje F, [y unu F, ucuesaer. MIHbIMU clioBa-
MU, BOBHUKHOBEHHE CHJIOBOTO IOJISI B IMIPOMEXKYTKAX MEXKIYy MaTEpHAIbHBIMU TEJIaMU HEBO3-
MOXHO 0e3 «mosieo0paszyrommx» Mace Mj, 3apsaaoB Q) U TOKOB /), SBISIOIIUXCS €T0 «UCTOYHH-
kom». bojee Toro, HalmMuyuMe TakUX HCTOYHUKOB SBISETCS TOJBKO HEOOXOOUMbIM, HO €LIe He
00CMAamoyHbiM yCIOBUEM BO3HHUKHOBEHHS CHIJIOBOTO MOJsL. YTOOBI yOemuThcs B 3TOM, JAOCTa-
TOYHO «pa3MaszaThy» Maccy M, 3apsan Q) WK TOK /| IO BCeMy MPOCTPAHCTBY, TaK, YTOObI B HEM
HE OKazaJoch MecTa JUIsl «IpoOHOW» Macchl Mo, 3apsina (O, unu toka [r. Takum oOpas3om, mosne
BO3HUKAET TOJILKO TOT/Ia, KOTJa «1ojieo0pasyromue» Maccsl M, 3apsabl Q wiu Toku [ pacmipe-
JIeNieHbl B TIPOCTPAHCTBE HEPABHOMEpHO. DTO CleAyeT W u3 obuiero ompezaeneHus cuibl F B
SHEproauHaMuKe (5) Kak rpaJiieHTa COOTBETCTBYIOMIEH (POPMBI SHEPTHH.

TakuMm 00pa3om, Jr000e CUIIOBOE TMOJIe SBIsSETCs (GYHKIMEH pacipeiesieHus: B IPOCTPAHCT-
BE€ MAaT€pHAIbLHBIX HOCUTEJICH SHEPIuH, T.€. ABJISETCS CBOMCTBOM MaTrepuH, a He €0 camoi. [1o-
MHMO I'PaBUTAlIUOHHOHU &g, IMEKTPUIECKOH €, U MATHUTHOM |1, IOCTOSHHOI 3¢upa 310 mosue om-
peaensercs JUIb BEIMYMHON U B3aUMHBIM PacIOIOKEHUEM M0JIe00pa3yIoIuX Mace, 3apsaa0B U
TOKOB, T.€. SIBJISIETCA MX MOTCHUUAIbHOW (yHkuuei. [ToreHnmanbHas sHeprus, Kak M3BECTHO,
MPUHAJJICKUT BCEH COBOKYITHOCTH B3aUMOJCHUCTBYIOLIMX OOBEKTOB, U €€ Hellb3s MepenaTh OT
OJTHOT'O TeJIa TOM COBOKYIHOCTH K JIpyroil. IHbIMU CJ0BaMHU, 10JIe HE MOXET OBbITh EPEHOCUH-
KOM SHEPTUM OT OJHOIO Teja K IPYyroMy. DTy poJib MOXKET BBIMOIHSITH TOJIBKO Cpea, o0aiato-
mas coocTBeHHOH (BHYTpeHHei) sneprueil. IMeHHO TakoB 3¢up. CUI0BOE MOJIE JIUIIb OTpaxa-
€T €ro HaIPsKEHHOE COCTOSTHUE.

Bce 3T0 B COBOKYIHOCTH BCKPBIBACT OLUIMOOYHOCTH MOMBITOK «MAaTepHATU3AIII» CUIOBBIX
noJiel U AoKa3bIBaeT npaBoTy P. deitHMaHa, KOTOPBIM CYUTAN, YTO «PEeaJbHOE IMOJIE — 3TO MaTe-
MaTHyeckasi QyHKLHUS, KOTOpasi UCIOJIb3YyeTCsl HaMHU, 4TOOBI N30€XKaTh MPEACTABICHUS O J1ajlb-
HOJeHCTBUM [16].

3. ®u3nvecknii BakyyMm. [lorpeGHOCTD 3aMeHUTH d(pup PU3HUIECKUM BaKyyMOM BO3HHKJIA
HC TOJIBKO B CBA3HM C HCAOCTATOYHOCTBIO U IIPOTUBOPCUUBOCTHEIO MCXAaHNYCCKUX MOIIGHGI\/'I 3(1)1/Ipa.
BBISICHHIIOCH, UTO «IIyCTOTa OKasajach OYEHb CIOXXKHBIM (PU3UYCCKHM OOBEKTOMY», B KOTOPOM
CPOKAAOTCA U UCUC3AIOT 3JICKTPOHBI U IMO3UTPOHBI, IMPOTOHBI U AHTHIIPOTOHBI, U BOO6IJ.I€ BCC



AJIEMEHTapHbBIE YACTHIIBI - U3 «ITYCTOTHD POXKIAETCS CHOI YacTuIip [17]. DTo 03Hayano, 4To «TO,
YTO B (PM3HMKE CUMTANIH ITyCTOTON, HA CAMOM JIETIE SIBISIETCS HEKOTOPOM Cpeioii».

CrpemiieHne 3aMeHUTh 3(Up APYTUM TEPMUHOM B HEMAJION CTENEHU OOBSCHSAETCS HeXela-
HUEM (U3UKOB TpHU3HABaTh MOCIE KBAHTOBO-PESTHBUCTCKOW PEBONIOIMH CBOM MPOIILIbIC
OLIMOKH, KOTJa OHU PE3KO KPUTHUKOBAJIM KOHLENIHUIO 3¢upa. B mpoTuBHOM ciyuyae TpyJaHO Io-
HSTh NIPUUMHY BBEJICHUS TEPMHHA, KpaiiHe HEYAauHOTO B 3TUMOJIOTUYECKOM OTHOIICHUU (BaKy-
YM OT JIaT. «vacuus) - «IyCTOTa», U HUKAKOE MPHJIaraTeibHOE THIA «(PU3NIECKU» HE MOXKET
CHENaTh €ro «HEMYCThIM», «COJEP>KATEIbHBIMY, «IJIEKTPOH-MIO3UTPOHHBIM» U T.M.). He mMoxker
CUMTAThCS OCHOBAHMEM JUIsl BBEZCHUS MOHATUS OB 1 NpUHLINIT OTHOCUTENBHOCTH, COIJIACHO KO-
TOpPOMY HE CYIIECTBYET Cpebl, KOTOPYIO MOKHO OBLJIO ObI IPUHATH 32 a0COTIOTHYIO CHUCTEMY
oTcyeTa ABMXKyluxcs Ten. Otcroaa cienyet, uro @B — 310 mpocTpaHcTBO, HE ColEpIKallee HU
BEIIIECTBA, HU CUJIOBBIX MOJIEH, KOTOPBIE MO3BOIHIN Obl €ro OOHAPYKUTH, T.€. HEYTO HEMATEPH-
albHOE M HE MOJJAIOIIEECs PETUCTPALUU HUKAKUM IKCIEPUMEHTaNbHBIM IyTeM. C HUM HEBO3-
MOJKHO CBSI3aTh KaKyr-TuO0 cucteMy oTcueta. OH He MOJAaeTCs PEeruCTPAllud U TIOTOMY SIBJISI-
eTcsi 00bEKTOM «BHUpTyalibHbIM». Hannume uero-to momoOHoro ®B oOHapykuBaeTc TOJIBKO
KOCBEHHBIM 00pa30oM B 3KCIIEpUMEHTaX ¢ BemiecTBOM. bojee Toro, ¢ mo3uIuii sHeproJuHaMUKN
npuHuun uHepuuu (1-i 3akoH HproToHa) BroiHe MokeT ObIThb 0000IIEH U Ha BpallaTelbHOe
IBUKCHHUE «II0 HHEPIUU», AN KOTOPOrO CYHIECTBYET MPEUMYIIECTBEHHAs CHCTEMa OTCYeTa
[18]. TlosTomy koHIeNIHs (U3HMUECKOTO BaKyyma O CBsI3aHa C MPUHIIUIIOM OTHOCHUTEIHHOCTH
JIMIIb B CUITY UCTOPHUUECKUX TPUUHH.

[IpoTuBOpEeyaT NMPUHLIKUITY OTHOCUTEIBHOCTH U MOMBITKH HpeacTaBuTh @B cocrosumm u3
KaKuX-1100 IUCKPETHBIX MaTepuaibHBIX 00Opa3oBanuii. I3BecTeH psn moneneit Bakyyma: [{upa-
ka, Yumiepa, ne Currepa, Tapuepa-Bumueka, Axumona, ['epioBuna u ap. OnHON U3 MEPBBIX
Mojeneil sBisics BakyyMm Jlupaka, mpeCcTaBiICHHBIH «MOpEeM» 3apsDKEHHBIX YacTHUIl, HAXOJf-
IIMXCS B CAMOM HU3KOM SHEPreTU4YEeCKOM COCTOSIHMU. Bakyym Yuiepa cocTouT U3 reoMmerpuye-
CKHX SY€eK MIAHKOBCKUX pa3mepoB. COriacHo 3TOM MOJENH, BCEe CBOMCTBA PEalIbHOTO MUpPA U
caM peaJbHBbI MUpP €CTh HE UTO MHOE, KaK MpOSIBICHUE F€OMETPUM NPOCTpaHCTBa. Bakyym ne
Currepa mpelcTaBieH COBOKYMHOCTBHIO YACTHI] C IEJIOYUCICHHBIM CIMHOM, HAaXOIALIUXCA B
HU3IIEM SHepreTuYeckoM cocTosiHuU. B monenu ne Currepa Gpusnueckuii BaKyyM - MHOTOKOM-
MOHEHTHAs cpelia, B KOTOPOM MJIsi KOMIEHCAIIMU CONMPOTUBJICHUS MOCTYJIUPOBAHO CYLIECTBOBA-
HUE OTpULATENBHOrO naBieHus. Bakyym Topuepa-Buinueka nenuTcs Ha «MCTHUHHBIN» M <JI0XK-
HBIN», TPUYEM TEPBbIM HAXOJIUTCS B COCTOSIHUM C SHEPrUEd, MEHBIIEH TOTO, YTO B HACTOSIIIECE
BpPEMS CUUTAETCSI «CAaMbIM HM3KUM JHEPrE€THUECKUM COCTOsSIHHEM». B monenn AkumoBa mpen-
MOJIaraeTcs, YTO HEBO3MYILIEHHBIH BaKyyM COCTOUT W3 BJIOXKEHHBIX APYT B Jpyra BUXPEBBIX
CTPYKTYP «(HUTOHOBY», UMEIOIINX MPOTUBOMOIOXKHbIE ciuHbl. B Mogenu . ['epioBuHa BBeIcHO
YK€ JIEBSTh BUJOB BaKyyMma, 00pa3yromux «cMmech». OJHaKo IpHU 3TOM 3aMETHO IMPOSBIISAIOT Ce-
0s1 B (M3NYECKOM MHpPE TOJBKO J[Ba BHJA BaKyyMa, MMEIOIIHE HAaHOOJBIIYIO TNIOTHOCTh — MPO-
TOH-aHTUIIPOTOHHBIN U NMEKTPOH-TIO3UTPOHHBIN BaKyyM.

Crnenyer 3aMeTUTh, YTO HU OJIHA U3 3TUX MOJEJEH HE YJIOBJIETBOPSET BCEM 3KCIEPUMEH-
TanbHbIM NposiBieHusiM @B. 3neck Mbl HabMO1aeM Ty K€ CUTYallMIO, YTO U B MOJENAX 3¢upa,
KOI'Zla CBOMCTBA «I1€PBOOCHOBBI» MaTEPUU IBITAIOTCA NPEACTABUTH COBOKYITHOCTBIO CBOMCTB €TI0
YaCTHBIX MPOsIBICHUNU. IMEHHO B 3TOM COCTOMT, Ha HAIll B3IJIsLA, TpoTUBOpeune moxaeneit @B ¢
dyHIaMEHTAIBHBIMH PUHITUIAMH (PU3UKH.

HcTuHHON npuYuHON 3aMeHbl 3pupa GU3NYECKUM BaKyyMOM CIEAyeT CUUTATh Pa3BUTHE
KBAaHTOBO-MEXaHUYECKUX NpecTaBieHuil. COrIacHO «CTaHIAPTHOM MOJENIN» CTPOEHUS BEIlle-
CTBa, KAKJOMY HE3aBUCHUMOMY IapaMeTpy JIF0OOH ero 4acTUIbI a;, YIOBIETBOPSIOIIEMY 3aKOHY
COXPaHEHHUs, COOTBETCTBYET CBOE MaTepHalIbHOE IoJie A, uYepe3 KOTOpOE OCYLIECTBISETCS
B3auMO/ieiicTBre Mexy HUMU. [Ipu 3TOM paznuune MeXAy BEIIeCTBOM U IOJIEM MOCTEHEHHO
CTaJI0 MCYe3aTh: MOJIA YTPATHIU CBOW HENPEPHIBHBIA XapaKTep B CBSI3U C BBEACHHEM 0O030HOB
(¢poTOHOB, HEUTPUHO U TPABUTOHOB), SABISIOLIUXCS YaCTUIIAMU — HOCUTEJISIMU B3aUMOJICHCTBUS,
a (hepMHOHBI (IPOTOHBI, HEUTPOHBI, FNEKTPOHBI U T.[.), ABIAIOMIMECS YACTUIIAMH — HOCUTEIISIMU
MaTEepUU — CTAJIM JIEMEHTAMH COOTBETCTBYIOLINX (PyHAAMEHTAIbHBIX MOJIEH (CUIBHBIX, CIA0bIX,
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HYKJIOHHBIX, ME30HHBIX U T.J.). BereacTBue Takoro pacmvpeHus MOHATHS MOJs JeJIEHue Marte-
pUHM Ha OO0NaJalolIyl0 Maccod U «Oe3MacCOBYIO» yTpaTHIIa CBOIO SBPUCTHUECKYIO LIEHHOCTD.
Bo3nukina He00X0AUMOCTh IPUMUPHUTH IIOJEBYIO MAPAAUTMYy» C MPEACTABICHUSIMU KBAaHTOBOM
¢buznku Mukpomupa. Takoi «KOHCEHCYC» ObLT HalIeH B MPEACTABICHUU O TOM, YTO B BaKyyMe
IPOUCXOAT HENPEPhIBHbIE KOJEOAHUS 3JIEKTPOMArHUTHOIO MO (TaKk Ha3bIBa€MbIE «HYJIEBBIE
Konebanusy). Gusnueckuil BakyyM B TaKOM ClIydae MPEeCTaBIsIeTCA KaK MIPOCTPAaHCTBO, 3aIl0JI-
HEHHOE CBSI3aHHBIMHU MEXKIY CO00i rapMOHUYECKIMH OCIHIUIATOpaMu. Kaxaplil 13 HUX sIBISET-
csi QyHKIHEH TOYKH, B KOTOPOH OH HaxoAuTcs. B oOpa3oBaHHOM TakuMm 00pa3oM CKalspHOM
0JIe OCIIIISITOPOB C OECKOHEUHBIM YHCIIOM CTENEHEH CBOOOIBI MOTYT PAaCIpPOCTPAHITHCS BOJI-
HBI KOJIe0aHU 3TUX OCHUIIIATOPOB, HAPUMED, OTKIIOHEHHUH UX OT MOJ0KEHUSI PABHOBECHSI.

Tem caMbIM B COOTBETCTBUU C KOPITYCKYJISIPHO-BOJIHOBBIM Tyallu3MOM OOBEKTOM HCCIEN0-
BaHUsl CTAaHOBHUTCSA HEKOE «BO30yKIeHHey, 00Naaaroliee TaKUMHU ke, KaK U BOJIHA, DHEPTUel U
UMIYJbCOM (a CII€AOBATEIbHO, U Maccoil). IT0 «BO30YXAECHUE» HENb3 OTOXKAECTBIATh HU C
OJIHUM U3 OCIIJISITOPOB MOJS B OTJAEIBHOCTH: OHO TPECTaBIsIeT cOO0M pe3ynbpTaT mpoiiecca,
3aXBaTHIBAIOIETO OECKOHEYHO OOJIBIIOE YMCIO OCHMIIITOPOB, M OMUCHIBAET HEKOE II0JIEe» ITUX
BO30Y>KIeHM. V3yueHue Takoro mosjsi CBOAUTCSA K PACCMOTPEHHIO KBAHTOBAHHBIX BOJH (BO30Y-
JKICHUHN) U OTIEPATOPOB UX POKACHMS U ToTJomeHus. Takue Bo30yx aeHust u onepatropsl OB B
KBAHTOBOU (hr3uKe — 00bEKThl He MaTepuanbHbie. [lo3ToMy KoHIENIHs (HHU3HMUECKOTO BaKyyMa,
pa3BuTas B paMKax KBaHTOBOW (PM3HMKH, OKa3ajach HEYAOBJIETBOPUTEIHLHON HE TOJIBKO B STUMO-
JIOTUYECKOM OTHOIIIEHUH. PeaqbHOCTh TaKOBa, UTO «OCHOBBI CYIIECTBYIOIIEH TEOPUH HYKIAIOT-
cs B pemmuTenbHOM mepecMmotpe» [19]. Bo Besikom cityuyae, ocTaeTcsi OTKPBITBIM BOMIPOC O CIie-
U(UIECKOM HOCHUTENE, PACIIPOCTPAHSIONIEM 3TH BO30YKIEHUS B CBOOOTHOM MPOCTPAHCTBE.

4. JxcnepuMeHTaJNbHbIE NposiBiaeHus d¢upa u ®B. Heonpenenennocts nousitus OB
BBIHYKIA€T UCKATh €0 OTIUYHS OT 3(QHUpa B UX BIUSHUU HA BEIICCTBO. DKCIEPUMEHTATHHBIMU
MPOSIBICHUSMU Takoro BiusHuA y @B cuurtarorcs: poKAeHHE U3 HETO SJEKTPOHOB M MO3UTPO-
HOB U UX «AQHHHUTWISIIIFS); BOSHUKHOBEHUE JI’DMOOBCKOTO CIABUTA ATOMHBIX CHEKTPOB; d(h(eKTs
Kasumupa u Yapy. Poxxaenue u3 «Bakyyma» LEJI0r0 «CHOIMAy pa3IUYHbIX YACTHUI] U aHTUYACTHUIL
P CTOJKHOBEHHSIX YACTHI] BEICOKUX YHEPTUI WM B CHIIBHBIX TOJISIX SBJSICTCS JIaBHO YCTaHOB-
JICHHBIM (haKTOM.

Db ekt «pacmieruieHns» ypoBHEH 3HEPTUU AIIEKTPOHA, YCTaHOBIEeHHBIH B. JIamOom u P.
Pezepdopaom B 1947 rogy METOIOM paglOCIEKTPOCKONUH, COCTOUT B HEOOJIBIIOM (JIOJIH TPO-
LIEHTa) CMEIICHUH MO0JIOC B CHEKTPE BOAOPOJa MOJ BIUSHUEM (IIPEANONOKUTEIBHO) HYJIEBBIX
KoJeOanuit (QryKTyammii) HaPsSHKEHHOCTH JIEKTPUUECKOTO0 U MAarHUTHOTO TTOJIA.

Dddext Kazumupa, npenckazanupiii UM B 1948 1 3KCHIEpUMEHTANBHO TOATBEPKIACHHBIN B
1999 roxy, cOCTOUT B BOSHUKHOBEHWH HEOOJIBIIIOHN (B TMKOHBIOTOHBI) CHJIBI MIPUTSHKEHUST MEXKTY
JIBYMSI OJIM3KO PACIIONIOKCHHBIMU MapaljIeIbHBIMU HE3apsHKCHHBIMU TUIACTUHAMU M3 TPOBOJISI-
niero Marepuaina B Bakyyme. OObsiCHsIeTCS TakKe BaKyyMHbIMHU ¢uiykTyarusmu @B, B pe3yiib-
TaTe KOTOPBIX IJIOTHOCTh UX SHEPIHH B 3a30p€ OKA3bIBAECTCS MEHBIIIE, YEM Ha BHEIIHEW CTOPOHE
TUTACTUHOK.

Dddext Yapy, npenckazanubiii B 1965 u skcnepuMeHTaIbHO 00Hapy)eHHBIN B 1997 rony,
COCTOUT B BO3HUKHOBEHHUU (DOHOBOTO M3IyUYEHHUS OT YCKOPSIEMBIX YaCTHUIl, B TO BpeMs KakK He-
MOJIBIKHBIM OTHOCUTENLHO HUX HAOMoaTeNb ero He 3aMmedaet. O0bscHsaercs Tem, uro OB ka-
KETCS COCTOSIHUEM C HEHYJIEBOM TEMIIEPATYPOH B YCKOPSAIOUIEHCS CUCTEME OTCUETA.

[TepBoe, uTo OpocaeTcs B Tia3a MpU 03HAKOMIICHUU C ATUMH dPPeKTamMu, IBISETCS UX Kpaid-
HSIE MaJjioCTh. 3aTeM MPUXOAUT MOHUMAHUE TOro, YTO 3TU A(P(HEKTH MOKHO OOBSICHHUTH ellle
IPOIIE C MO3UIUH 3PUPHO-BOITHOBOM KOHIICHIHMH. Tak, pOXKICHHUE M MCUC3HOBCHUE YACTHIl U
AHTUYACTHUI] OOBSACHsIETCS TTpeoOpa3zoBaHue d(pupa B BEIIECTBO M 0OpaTHO, HEM3OEKHOCTh YETO
ObL1a Toka3aHa Beimre. Dddekt Kazumupa Takxke MOKET ObITh OOBSICHEH T€M, YTO 1O YCIOBUSIM
pe3oHaHca B IPOCTPAHCTBE MEXAY IUIACTUHAMHU BO3MOXKHBI TOJIBKO T€ KOJI€OaHUs, AJTUHA BOJHBI
KOTOPBIX KpaTHA PACCTOSTHUIO MKy HUMH. [103TOMY MIIOTHOCTH 2HEpruH 3upa B 3a30pe MExK-
Ny TJIACTUHAMH MEHbIIIE, YEM CHApPYKH, UTO U 00yCIIOBIMBAET cONMKEeHUeE IIacTUHOK. Pacien-
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JIEHHE YPOBHEHN AHEPrUM AJIEKTPOHOB B aTOMaX BOJOpOJa OOYCIIOBJIEHO UX IHEPrHed OTHOCH-
TEIBHO OKpYKAroIIel cpelbl, Oyap TO »Gup UM BHEIIHEE dJeKTpoMarHuTHoe mnoje. CToib ke
OYEBHUIHO C MO3UIUHN cOOTHOIIEHUS (1) BOBHUKHOBEHHUE KOJieOaHUM mapaMeTpoB O; 1 y; B Bellle-
CTBE MpHU KOJIEOAHHSIX €ro CKOPOCTU Vi OTHOCUTENBHO 3¢dupa. CIoBOM, pe3ylbTaThl IKCIEPU-
MEHTOB, OTPaKAIOIINE YIOMSIHYTHIC BhIIIE 3PPEKThI, HE 3aBUCIT O TOTO, KaK MbI OyJIeM HX HH-
TEepIpPETUPOBATh — KaK MposiBIeHUs dupa uin pusndeckoro Bakyyma. MlHoe neno, Koraa Mbl
3amaeMcs BOIIPOCOM 00 MCTOYHHMKE DHEPTUH, KOTOPBIA JenaeT BUpTyalbHble YacTuisl OB pe-
ANbHBIMHU.

B »TOM oOTHOLIEHMH pelaroliee 3Hau€HUE NMPUOOPETAIOT AKCHEPUMEHTHI, OTpa)karollue
cTenieHb BnusiHUS sHeprun OB unu sdupa Ha mporeccsl, MPOUCXOIAIINE B BEIIECTBE. JHEPTHUs
@B paccuuThIBaeTCsl, KaKk U3BECTHO, 10 BEJIMUMHE CPEIHEKBAAPATUYHOTO OTKIOHEHUS MapaMeT-
POB CHCTEMBI OT MX CPEIHEro (HyJIeBOT0) 3HAYCHHs. DTO JAeT 3HAYCHHs YHEPTHMH BaKyyMHBIX
baykTyamnuii (B MacCOBOM JKBHBAJICHTE) HE MEHEe 10" r/em’. Tlo 00pa3HOMY BBIPAKEHUIO
P.®eitnmana, «B BakyyMme, 3aKIIOUEHHOM B 00beMe OOBIKHOBEHHOM 3JEKTPUYECKOM JTaMIOUKH,
DHEPTUU TaKoe OOJBIIOE KOJIUYECTBO, YTO €€ XBATHJIO ObI, YTOOBI BCKHUIIATUTH BCE OKCAHBI Ha
3emie». OIHAKO COTJIACHO TEPMOIMHAMHKE SHEPTUsl (PIYKTyallii He MOXKET ObITh MCIONB30Ba-
Ha JUIsl coBepiueHus: paboThl. Ee ciienoBano Obl MO3TOMY Ha3bIBaTh HE SHEPruell, a aHeprueu
(T.e. TEXHUYECKU HEMPHUTOIHOM, HepaboTocmocoOHO aHeprueit) [7]. CpeaHss ke dHEprus Ba-
KyyMa Kak CpeJibl, HaXOJASIIENHCs B SHEPreTUUEeCKH HAaMHM3IIEM COCTOSHUM, paBHA HYJIO. DTO
00BSICHSIET, TOYEMY JI0 HacTosmero Bpemenu oT @B ynanock nmony4uts paboTy, CONOCTaBUMYIO
pasBe 4To «CO B3MaxoM KpbLia 6adouxm» [20].

Wnoe neno s¢dup. DHeprus ero KonebdaHuil sBisgercs cBoOOAHOMN (peBpaTuMoit). UToOb! ee
UCTIONIB30BaTh, IOCTaTOYHO KaKMM-IHOO 00pa3oM HapyIIUTh PaBHOBECHE BEHIECTBA C IPHPOM,
HanpuMep, MOHU3UB aMIUTUTYAHO-4aCTOTHBIN MOTEHIAN BEIIECTBA |y HA KAaKOM-THOO ydacTKe
crieKTpa Konebanuii a¢upa. Ecinm Takoe HapyIlIeHHe paBHOBECHS MPOU30MICT B IUAa30HE Yac-
TOT, BOCIIPUHUMAEMOM BEIIECTBOM KaK TETIOTa, Mbl TIOJYYUM «T€HEpaTOp U30BITOYHOU TErlIo-
BOI MomrHOCTH». K HacTosimeMy BpeMEHH M3BECTEH s/ SIBICHUN (K COXAJICHHUIO, MJIOXO BOC-
MIPOU3BOJUMBIX), B KOTOPBIX TEIUIOBBIIEJICHUE MPEBBIIIAET 3aTPAUCHHYIO SHEPTUIo, HE OyIyun
MPU 3TOM CBSI3aHHBIM C THUIOTETUYECKUMU «PEaKLUUSIMHU XOJIOJAHOTO CHHTE3a» B BellecTse [7].
Takoe «mpoayuupoBaHHE» TEIUIOBOM SHEPTUM HAOIIOAANOCh B KHUCIOPOA-BOIOPOJHBIX 3JEK-
TpoJiu3epax Ha oObIYHOM U Tspkenon Boae (B. dunumonenko, 1957; C. Ixonc, 1989), nmpu «co-
nomomuHectiennmny (P, Tanespxan, 2002), B BuxpeBbix Temioreneparopax (lO.Ilortamos,
1992), npu mnnasMeHHOM U Ma3MoxumudeckoMm auanuse (A.Dpornos, 1998; @.Kanapes,
2001), mpu snextpoB3peiBe ¢Goabru u T.1. [21]. Tlockonbky paBHOBecHe BemiecTBa ¢ dpupom
BOCCTAHABIIMBAETCSI OUEHBb OBICTPO, MOHU3UTH MOTCHIIMAT KAaKOK-INOO MOABI KOJeOaHUI Belie-
CTBa MOKHO JIUIIb CBEPXOBICTPHIM UMITYJIbCHBIM BO3JACMCTBHEM Ha HEro. DTO OCYLIECTBIIAETCS
Ype3BbIUAiHO KOPOTKMMH MMITYyJIbCAMM TOKa (Kak B «ycClIMBawoIuX TpaHcmutrepax» H.Tecna),
BO30Y’KJI€HHEM B JKUIKOCTH KaBUTALIMOHHBIX MpoIleccoB (Kak B TeryoreHeparopax [loranosa),
OBICTPBIM pa3pyIIeHUEM KPUCTAJUIMYECKON CTPYKTYpPBI METaLIOB (Kak B 3¢ ¢ekrre YIIepeHKo),
UMITYJIbCHOM Pa3pbIBOM MOJIEKYJISIPHBIX CBsI3el (KaK B DJICKTPOJM3HON sueiike Maiiepa) u T.1I.
EcTh Beckue 0OCHOBaHMSA MOJaraTh, 4To Takod 3(h(HEKT MOKET MOPOAUTH U SACPHBIN B3PHIB, KaK
9TO CIIYYHJIOCH TIPU MCTIBITAHUSX BOJIOpOHON O0MOBI HAa HoBoit 3emie B 1961 r., korma pacyer-
HOE TEIUIOBBIICICHIE TEPMOSICPHOI Peakiiiy ObIIO IPeBbImeHo B 10° pas.

M3BecTHO Tak)ke MHOXKECTBO LUKINYECKH JEHCTBYIOIINUX YCTPOIMCTB, B KOTOPBIX MOJIE3HAsS
MOIIHOCTh Ha BBIXOJIC MPEBBIIIAET MOIIHOCTH, MOJAaBaeMyt0 Ha ux Bxoja. Hambonee MHOTOUMC-
JICHHBIN KJIAaCC TaKMX YCTPOMCTB, Ha3bIBAEMBIX «CBEPXEAMHUYHBIMUY», COCTABISIOT MAarHUTHbBIE
AIIEKTPOTEHEPATOPHI MM MOTOPBI, B KOTOPHIX OCYIIECTBIISETCS MpeoOpa3oBaHUE SHEPTUU TO-
CTOSIHHBIX MarHUTOB B 3JIEKTPUUECKYIO MJIM MEXaHUUYECKYIO HEPTHI0. B HUX MOANMUTKA 3HEPTU-
el adupa MPONCXOUT B IHUATNIA30HE YACTOT, COOTBETCTBYIOIIUX MpoIleccaM MepeMarHiuuBaHus.
Jlns 3Toro HEOOXOAUMO HAPYIIUTh CUMMETPHUIO MPSAMOIM M 0OpaTHOW BETBM LIMKJIA NIEpEeMarHu-
YUBAHUS C TEM, YTOOBI TUIOMIA/Ib IMKJIA CTajda OTIMYHOM OT Hys [21]. DT0 MokeT OBITh OCyIIle-
CTBJICHO, HallpuMep, MyTeM BPEMEHHOTO SKPAaHUPOBAHMSI BHEIIIHETO MarHUTHOT'O TMOJIsA, KaK B yC-
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taHoBke JIx. Oknuna (CLIA, 1975) u ero nocnenosareneit (Ixadde,1976r.; Monpo, 1976rT.,
O.I'penn, 1976r.; B.Pusac, 1977r.; I'. [Ixxoucon, 1979r.; @.Puuapncon, 1987r.; Jl.Peran,
19891.; V. Xaitn, 1990r.; I'. Acimen, 1990T. u ap.); cABUTOM MOMEHTA TMOJAYU pa3MarHUYU-
BAIOIIETO MMITYJIbCA, KaK 3TO OCYIIECTBIEHO B reHeparope 3.I'pamma (1869r.) u ero pemnnuka-
musix A. @ponosa (Poceust); O. bepenca (LlBenus); . Xodpmanna (CIIA); B.I'epmana (OPI) u
Ip. «ACUMMETpHUS» MPOLECCOB HAMAarHUYMBAHUSA U pa3MarHUYMBaHMUs MOXKET OBITh IOCTUTHY-
Ta TaK)K€ U3MEHEHHEM KOH(PUTYpaLUHU I0JI B MpOIeccax CONMKEHUS U yJaleHUs MAaTHUTOB Po-
TOpa M CTaTOpa, OCYIIECTBIEHUEM «TPUITEPHOro» pexxkuma nepemarHuuuBanus (C. unoiix,
CIIA) u t.m. [21]. PabGoTta Takux yCTpONHCTB HE NPOTHUBOPEUYUT HUKAKUM 3aKOHAM TEPMOJAMHA-
MHUKHU U 3HEproanHamMuku. TakuMm oOpa3oM, B BOIPOCE O BHIOOPE «AHTUIOa» BELIECTBY B TEO-
peTndeckor GU3UKE paHO CTABUTH TOUKY.
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