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1. Beeaenmne. l3yuenue sigepHoro MaruuTHOro pezonanca (IMP) B KoHIeHCHPOBAaHHBIX
cpenax mpueso B cepeauHe XX CTONEeTHs] K 00OHApYKEHHUIO CIIUH-CIIMHOBOT'O B3aMMOJICUCTBHS,
KOTOpPOE PaclpoCTpaHsIeT YHOPSIOYECHHYIO OPUEHTAIUI0 COOCTBEHHBIX MOMEHTOB KOJMYECTBa
JBUKEHMSI OJHUX SIIEPHBIX YACTHIl HA JIPYrue, MPUBOJS K YCTAHOBJIECHUIO €AMHOM (C y4yeToM
nperneccun) ux opueHtauuu [1]. OnbIThI, MPOBEACHHBIE HA pAlle KOHJIECHCHPOBAHHBIX BEIIECTB
(manpumep, Ha Kpuctamnax @ropucroro sutug LiF), oOGHapyxuim y CHUH-CIIMHOBOTO
B3aUMOJIEHCTBUS psAl ocoOeHHocTe. YacTh U3 HUX MNpOsBIATach B  COXPAaHEHUH
YIOPSAAOYEHHOCTH SIIEPHBIX CIIMHOB W BEJIWYUHBI SIIEPHOM HamMarHu4eHHocTH M; B TedeHue
JOBOJIBHO JUIMTEIBLHOTO BPEMEHU IOCIIE yIAIEHUs KpUCTalla U3 CUIIbHOro BHewmHero oyt H, u
B HECpaBHEHHO Ooisiee OBICTPOM YCTAaHOBJIEHMU B3aUMHOW OpHEHTAllUU SIJEPHBIX CIIMHOB (3a
BpEMS, MHOTO MEHbIIIEE BPEMEHHU CIHUH-PEIIeTOYHOU penakcanuu). CaMbiM yIUBUTEIHHBIM B
3THX OMBITaX SIBUJIOCH TO, YTO NPEOBIBAHME CHUCTEMbI B CIAOOM MarHUTHOM Toje 3eMiu He
MIPUBOJWIO K CYIIECTBEHHOMY HAPYIIECHUIO YIOPSAOYEHHOCTH CIMHOBOM cucTeMsl. [Ipu 3ToM 1
IIOCJIE BHECEHUS CUCTEMBI B IPOTHBOIIOJIOKHO OPUEHTHUPOBAHHOE BHEILHEE II0JE B3aMMHAs
OPHEHTALIMS CIIMHOB COXPAHSIIACH.

Kazamoce OB, 3TH JKCHEPUMEHTHl CBHUJETENBCTBOBAIM 00 OOHapy)KeHUU Yy
KOH/ICHCUPOBAHHBIX CPEJl OONOIHUMENbHOU CMeneHu c60000bl, CEA3AHHOU C HATUYUEM A0EPHBIX
CHUHO8 U NPUCYWUM UM OCOOBIM BUOOM CNUH-CHUHO6020 3aumoodeticmeus. OIHAKO OHU ObLIH
HCTOJIKOBAaHbI COBEPIIEHHO HHA4€ - KakK CJIEACTBHE YCTAaHOBJICHMS TEIUIOBOIO PaBHOBECHS
MEXIYy MOACUCTEMAMU SAACPHBIX CIIMHOB, a TAK)KE MEXAY HUMU U KPUCTAJUINYECKON PEIIETKOU
[2]. B cooTBercTBMM € 3THM CIHMHOBBIM MOJCHCTEMaM Obla MpHUIKMCAHA OMpeaeiIeHHAas
abcomoTHast Temrneparypa 7, MpUHUMAIOIIAsA ompuyamebHoe 3HAYCHUE B CIIydyae HWHBEPCHOM
3aCeJIEHHOCTH UX HEPreTHMYECKHX YPOBHEW, T.€. JUIsl COCTOSHUM, B KOTOPBIX Mpeodiafarolee
YHUCIIO «YaCTUL» (SAEPHBIX CIIMHOB) B MPOTHBOIOJIOKHOCTh OOBIYHOMY COCTOSIHUIO HAXOAUTCS
Ha HAMBBICIIIEM YHEPreTUYECKOM YPOBHE MO OTHOIICHHUO K BHEITHEMY MarHUTHOMY MoJio [ 1-5].
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OnHako BCKOpEe OOHAPYKUIIOCH, YTO MOJOOHAs «IIOJArOHKA MOJ KIACCHKY» MPUBOIHUT K
KOH(JIMKTY C IPUHIIUIIOM UCKJIFOUYEHO BEYHOTO JBHUTATes sl 2-T0 POJa U JIaXe K HEOOXOJMMOCTH
ero «uHBepcuu» [6]. OcoOeHHO mapaJOKCaIbHBIM MPEACTABISIOCh TO, YTO BBIBOA O
HEMPUMEHUMOCTH K CITMHOBBIM CHCTEMaM 3TOrO MPHUHIMIIA 00OCHOBBIBAIOCH...Ha OCHOBAHUU
TOro *e 2-ro Hadayna! B CBfA3M ¢ 3TUM BO3HHMKaeT HEOOXOIUMOCTh PACCMOTPEHHS BO3HHUKIIICH
CUTyalluu ¢ MO3UIui Ooiee oOmIel Teopuu, 000OMIArONIe TEPMOJIUHAMUKY Ha HETEIUIOBBIC
(bOpMBI SHEPTUH U HECTATUYECKH (TIPOTEKAIOIINE C KOHEYHON CKOPOCThIO) Tporiecch [7].

2. Hponcxomenne NNOHATHUA OTPHIIaTeJILHOﬁ a0CoI0THOI TEMIIEPpATYPbI.

[TonsTHe oTpULIATENBFHONW Aa0CONIOTHONW TeMIepaTypbl ObUIO BBEACHO IOCIE OTKPBITHS
IIOJICUCTEM, B KOTOPBIX C IIOMOIIBK0 HMHBEPCUM MArHUTHOIO IIOJS WM BBICOKOYACTOTHOIO
HMITYJIbCA YAABaJIOCh CO3/1aTh «MHBEPCHUIO 3aCEIEHHOCTEN» DHEPreTuYecKux ypoBHeu. 1lox e
IIOHUMAETCs COCTOSIHME, B KOTOPOM IIpeoliasaroliee YUCiIo HOCUTeNel sHepruu (B JAaHHOM
cllydae SJEPHBIX CIIMHOB) HAXOIUTCS, B MPOTHBOIIOJIOXKHOCTH OOBIYHOMY COCTOSTHHIO, Ha Oojiee
BBICOKOM 3HEPreTHYecKoM ypoBHE. HekoTopble M3 Takux HOJCHCTEM 00JalaloT J10CTaTOYHOMH
CaMOCTOSTENIBHOCTBIO B TOM CMBICIIE, YTO «4acCTHLbD», COCTABJIAIOIIAE CHUCTEMY SIAEPHBIX
CIMHOB, BeCbMa OBICTPO MPHUXOJAT B paBHOBECHE MEXJy COOOW W, HANPOTUB, OCTATOYHO
MEIJIEHHO — C OCTaJbHOM YacTbi0 CUCTEMBI (KpUCTAINIMYECKOW pemeTkoil). MccnenoBanus
IIOKA3aJIM, YTO TAKOr'0 PoJia MOJACUCTEMBI MOKHO BBIIEIUTD B COCTABE MHOTMX T€J, B YaCTHOCTH,
B psae KpucrauioB. TakoBa, Hampumep, CHCTEMa SJECPHBIX MarHUTOB HOHOB JIUTHA B
kpucramiax ¢propuaa mutus (LiF).

[lepBoHavyasibHO TOHSTHE OTPUIIATEIILHOW CIMHOBOM TeMIlepaTyphl OBLIO BBEACHO B
TEOPETUYECKYI0 (U3UKY KaK HEKOe M3SIIHOE IPEICTAaBICHHUE, MO3BOJISIONIEE «IEPEKUHYTh
MOCTHUK» MEXIYy SJAEPHBIM MarHeTU3MOM U TepMoJauHamukoi. llerecooOpa3zHocTh Takoro
IIPEJICTaBICHUS OLICHUBAJIACh UCKJIIOYMTEIBHO BO3MO>KHOCTBIO UHTEPIIPETALNN
AKCIEPUMEHTAIbHBIX JaHHbIX. OJHAaKO B NOCIEAYIOUIEM MOHATHE TEMIEpPaTyphl CTaJIo
MPUMEHATHCS U NI ONKMCAHMS CIMHOBBIX CHUCTEM C MHBEPCHOM 3aCEIE€HHOCTBIO, B KOTOPBIX
TeMIepaType MpHUILIOCh MPHUIKMCATh OTpULlaTeslbHOE 3HadeHue. (OCHOBaHUEM JMJisi 3TOro
HOCTYXUJIa CTATUCTHYECKAs! TPAKTOBKA MOHATHHA SHTPONMM M abCoNOTHON Temneparypsl. Ecnu
MEpYy CTAaTUCTHYECKOW BEPOSTHOCTH COCTOSHUS NMPUHATH TOXKAECCTBEHHOM TEPMOJIMHAMUYECKON
SHTPOIMU HAa TOM OCHOBAaHHMM, 4YTO 00€ BEIMYMHBI AJJUTHBHBI U JOCTUTalOT MakCUMyMa B
COCTOSSHUM paBHoBecusl (mpuHuun boabimaHa), TO, COMOCTaBiIsIsl TEPMOJUHAMUYECKOE
orpeieneHue adCOIIOTHON TeMIlepaTypsl Kak MPOM3BOAHOM OT BHYTpeHHEN sHepruu cucremsl U
0 €€ SHTPONHUU S

T = (8U/8S)y , (1)

C TIapaMeTpOM pacmlpeiesieHus 3 B ypaBHeHUH BoibliMaHa Ui 3aCEICHHOCTH N KaKOTro-IHoo0 i—
r'0 SHEPTETHYECKOTO YPOBHS &;

ni=n.exp (Pei) , (2)

IpHUIeM K BBIBOJY, YTO 3TOT MapaMmeTp CBsi3aH ¢ aOCONIIOTHOM Temmeparypoil 7' mpocThIM
COOTHOULICHUEM B = 1/ksT, rone ks — xoncrantra bBombumana. OTtcroma ciemyer, 4TO
«3aCeJICHHOCTB» N, «HYJIEBOT0» YPOBHS JHEPTUH €, COOTHOCHTCS C «3aCEJICHHOCTBIO» N I-TO
HHEPreTUYECKOro YpOBHs €; CIEIYIOIIUM 00pa3oM:

ni/n,=exp [(e,— &)/KsT]. 3



Eciu T > 0, To B cooTBeTCTBUH ¢ (3) «3aCEIEHHOCThY» 00JIee BBICOKUX YHEPIETHUCCKUX
ypoBHEH) yObIBaeT MO O3KCHOHEHLUAIbHOMY 3akoHy. OpHako eciu OylIeT MOJIy4eHO
PaBHOBECHOE COCTOSIHME C MHBEPCHOM 3aCEI€HHOCTBIO, KOT1a OOJIBIIMHCTBO YAaCTULl HAXOAUTCS
Ha BEPXHEM DSHEPreTUYECKOM YPOBHE, TO TaKOMYy COCTOSIHUIO CIE€QyeT IPUIUCATh
OTPHIIATEIIbHOE 3HAYEHHE CTATHUCTUYECKH OIpe/eieHHoi abcomotHoW Temmeparypel 1 < 0.
TakuM 00pa3oM, CO CTaTUCTUKO-MEXAaHWYECKUX MO3UIMM MPUMEHEHHUE TOHATUS TeMIlepaTyphbl
(OJNOXUTENBHOM W OTPULATENBHOW) K CIMHOBBIM IIOJICHCTEMAM BBIVIAJUT HE MEHEe
000CHOBAaHHBIM, Y€M, CKaXXeM, MOHSATUE AJIEKTPOHHOW TEMIEpaTyphl B IUIa3Me HJIM MarHUTHON
TEeMIIEpaTyphbl B MarHeTukax [2].

OpnHako MHBEPCHOM 3aCelIEHHOCTH caMou 1o ce0e elle He IOCTATOYHO, YTOObl TOBOPUTH
00 oTpunaTeNbHON abCONIOTHOW Temmeparype. BaxxHo, 4TOOBI cHcTeMa HaxXOAWJIach B
pasHogecuu TPU WHBEPCHOW 3aceileHHOCTH. [[ns 3Toro HeoOXOAMMO, BO-TIEPBBIX, YTOOBI
YaCTHULbI, COCTABJISIIOIIME TaKyl0 MOJCUCTEMY, NPUXOAWIN BO BHYTPEHHEE PABHOBECUE MEXKIY
co00i1 3HaUUTENBHO OBICTPEE, UEM C OKPY’KAIOILIEH Cpefiol WM C OCTAJIbHON YacThIO CHUCTEMBI.
Bo-BTOpBIX, SJHEPreTHUECKUI CIIEKTP TAaKUX MOJICUCTEM JOJDKEH OBITh OTPaHUYEH CBEPXY, YTOOBI
JIOCTHKEHHE HMHBEPCHOM 3acCelIieHHOCTH HE TpeOoBaio MOABOJAa OECKOHEYHOTO KOJIWYEeCTBa
snepruu [6]. IlepBoil moaCHMCTEMOM, YHOBICTBOPUBILICH JTUM TpPeOOBAaHUSIM, SBUIIACH
yIIOMSIHYTas! BBIIIE CHCTEMA SICPHBIX CITUHOB MOHOB JIUTHS B KpucTauiax ¢propuna autus (LiF)
[1]. Ecnu kpucrayuibl LIF moMecTuTh B MAarHUTHOE TOJIE, SIICPHBbIE MArHUTBI CMOTYT 3aHSTh B
MPUHUMUIIE YEThIPE PA3HBIX HHEPreTUYECKUX YPOBHS, B TOM YHUCJE IO HANPABJICHUIO MOJIs
(HM)KHUM SHEPreTUYECKU YPOBEHb), IONEpPEK IOJIsi M AHTUIAPAIIIENIBHO MOJII0 (BEpXHMM
SHEpreTUYecKkuii ypoBeHs). Ecnu Teneps ObICTPO M3MEHUTH HANpPaBICHHE BHEUTHETO MOJs (Kak
3o Obuto B ombiTax E. Ilépcena m P. Ilaynma [1], TO siepHble MarHUTBI OKa3bIBAIOTCSI
HECMIOCOOHBIMHU  TIOCJIEZIOBAaTh 3a HUM, M OONIbIIas WX YacTb OKaXKETCS B BEPXHEM
HHEPreTUUECKOM COCTOSSHUM — IPOU3O0HAET MHBEpcus 3acerneHHocTu. Ilocime HeOonbmMX U
OBICTPO 3aTyXaroIIMUX KONeOAaHU SAepHBIE MArHUTHI MPHUXOMAAT B PAaBHOBECHE JPYT C IPYTOM.
OT1o coBepuiaercs 3a BpeMs t; , MHOro MeHbllee BpPEMEHM [ YCTAaHOBJIEHHS pPaBHOBECHUS
HOJICUCTEMBI CIIMHOB ¢ KpHcTauindyeckoi perretkoir LiF (ot 5 mo 30 mwuH.), 4To mo3BONISET
TOBOPUTH 00 U3BECTHON «CaMOCTOSATEIbHOCTH» MTOBEACHUS CIIMHOBOM MOJACUCTEMBI.

B ombiTax OBUIO YCTAHOBICHO TakXke, 4To ecnu Kpuctaian LiF yOpare u3 marautHOro
MOJIE U TIOMECTUThH €ro B clladoe MarHUTHOE Toje 3eMJIM, a 3aTeéM 4Yepe3 HECKOJbKO CEKYH]
BO3BpaTUTb B HCXOIHOE IIOJI€, TO €ro HAaMarHMYEHHOCTb OKAKETCS HEHAMHOI'O HMXKE
nepBoHauansHoii [1]. E. [1Iépcen u P. [layHa mOBTOPMIIM TOT K€ SKCIIEPUMEHT C MOJICHCTEMOM,
HayalbHas HAMarHMYEHHOCTb KOTOpOW ObUla MpPOTHBOMNOJOXHA moito. Ilpu 3TomM mocne
noMernieHuss oOpaslia B mojie 3eMJIM M BO3BpAIIEHUS €ro B CHIbHOE MAarHUTHOE I10Jie
BOCCTaHaBIMBajlach HE TOJIbKO BEJIMYMHA HAaMarHMYEHHOCTH, HO U €€ OpHeHTauus,
IPOTUBONOJIOXKHAS NoJto. Hanbonee yIMBUTEIBHBIM 31€Ch OBLIO TO, YTO NMpeObIBaHUE 00paslia B
1oJie, 3HAYUTENIbHO OoJiee ci1aboM, YeM JIOKaJIbHbIE M0JI B YCTAHOBKE, HE IPUBOJAT K IOJTHOMY
paspylieHHI0 HaMarHMYeHHOCTH. IlocienHee oOOCTOSTENBCTBO Jajlo MM OCHOBAaHHE JUIS
3aKJIIOYEHHS O CYIIECTBOBAHUU JIBYX Pa3IMYHBIX TUIIOB B3aUMOJEHCTBUS: CIIUH — CIIMHOBOTO,
IOPUBOJALIETO K OBICTPOMY YCTaHOBJIEHHWIO BHYTPEHHEIO PAaBHOBECUS B CHUCTEME SJEPHBIX
MarHuToB, M CIOUH — pEMETOYHOIO B3aUMOACHCTBUS HEW3BECTHOM NPHUPOABL. ITO
B3aUMOJICHCTBHE U ObLIO ynomobieHo temnoodmeny [2]. [Ipu 3ToM KpucTaminyeckas pemeTka
OblTa MpHUHATA 3a TEPMOCTAT, a MPOLECC pa3MarHUYMBAHMSI CUCTEMBbl CIIMHOB — 3a €ro
«oxyaxnaeHue». Ilpum Takold MHTEpHIpeTallMd NPULIUIOCH JONYCTUTh, YTO COCTOSHUSA C
OTpULIATENIbHON aOCONIOTHOW TeMIepaTypold MpOJOIDKAIOT TEPMOJMHAMUYECKYIO IIKaTy
Temrneparyp 3a obnactb 7' = co! bojee Toro, npuuuIOCh cAenaTh 3aKJI0YeHHE 00 «MHBEPCUN» B
TaKUX CHCTEMax MPHHIIMIIA UCKIFOYEHHOT0 BEYHOr0 JBUTaTes 2-ro poaa [2,6].



OnHako Mo Mepe MadbHEHIIEro U3y4eHusl CIEACTBUI TaKOro MPEICTABICHUS C MO3UIUN
HEPaBHOBECHOUN TEPMOJUHAMHUKHU TOJUBAPUAHTHBIX CHCTEM (CO MHOTHUMH CTEHEHSMHU CBOOOIBI)
CTAaHOBWJIOCH BCE€ 0Oo0Jiee SCHBIM, YTO IOHATHE OTPHUIATEIHHOW aOCONIOTHON TeMIepaTyphl
(examedt  BbIIe YpoBHSA 1 = 00) HE TOJBKO JIMIIEHO TIIYOOKOTO (DH3UYECKOro CMBICHA
TEPMOJINHAMHYCCKOM TEMIIEPATyphI, HO M Yalll¢ BCEro BBOAMT B 3a0mysxkacuue [5]. [Tokaxem 3To
10 BO3MOXHOCTH 00JIee KPaTKo.

3. HeremoBoii XapakTep CIUH-CIIMHOBOI'0 B3aNMOeiCTBUA

OzHO U3 NPUHLMIHNAIBHBIX IPOTUBOPEUUI TPAKTOBKU CIIMH-CIIMHOBOT'O B3aMMO/IEHCTBHS
KaK TemiooOMeHa C TEePMOAMHAMHUKOH COCTOMT B TOM, YTO OINpEACICHHE TEeMIIepaTyphl B
CIIOXKHBIX (TTOJIMBAapUAHTHBIX) CHCTEMax TPpeOyeT MOCTOSHCTBA HE TOJIBKO 00beMa CHCTeMBbI V, HO
U BCEX JIPYTHX KOOpAUHAT O; paboT, COBEPIIAEMBIX TOMUMO pabOTHI paCIIMPEHUSI:

T = (0U/0S)e; (4)

CornacHo 3TOMY BBIP@KEHHUIO, OTPHULATENbHbIE 3HAYEHUS TEPMOJMHAMHUYECKOU
TEMIIEpPaTypbl MOTYT OBITb JOCTUTHYTHI TOJIBKO B TOM Cily4yae, KOIJa CHUCTeMa IyTeM
oOpatumoro TermiooOMeHa OyleT MepeBeJeHa B COCTOSHUE C Oonblledl BHYTpeHHEH
sHeprueit U u ¢ MeHblmedd »HTpornuei S. Mexay TeM o00a H3BECTHBIX CIIOCO0a JOCTHKCHHUS
MHBEPCHOW 3aCeIEHHOCTH B CHCTEME SZIEPHBIX CIIMHOB (MHBEPCHS BHEIIHEr0 MAarHUTHOI'O MOJIA
U BO3JEUCTBUE PaJMOYACTOTHBIM MMITYJIBCOM) HE YAOBJIETBOPSIOT 3TUM YCJIOBUAM. B mepBom
crioco0e W3MEHEHHE HAalpaBJIEHUs] BHEIIHENO MAarHUTHOIO IOJI OCYLIECTBISETCS, KaK 3TO
noguepkuBaeTcs B [1], HACTOIBKO OBICTPO, UTO SACPHBIC CIIUHBI He YCNesaom U3MeHUums CE0H
opuenmayuto. Clie0BaTeIbHO, BHYTPEHHEE COCTOSHUAE CUCTEMBI (B TOM YHCIIE €€ SHTPOIHS S)
OCTAaBAJIUCh MPU OTOM HEU3MEHHBIMM — HW3MEHSUIaCh JIMIIb BHEHIHSS MOTEHUUAIbHAs
(3eeMaHOBCKas) HEPrusi CIMHOB B MAarHUTHOM I0OJI€, BXOAAIIas B I'AMUJIBTOHHAH CHCTEMBI
Hapsily C SHEprued CIHMH-CIIMHOBOIO B3aUMOJEHCTBUS. BHyTpeHHss ke sHeprusi cucremsl U,
KOTOpast 1O ONPE/ETICHUIO HE 3aBUCUT OT MOJIOKEHHUSI CUCTEMBI KaK LI€J0r0 BO BHEIIHUX IOJISAX,
OCTaBaJach MPU ATOM HEU3MEHHOM. B MpOTHBHOM ciy4ae Hapymaaoch Obl apyroe yciosue (4),
cocTosiliee B TpeOOBAaHUM TIIOCTOSHCTBA KOOPJIMHAT BCeX BHUJOB pPabOThl (B JaHHOM
ciydae V u M). YUto xe xacaercs Apyroro crnoco0a MHBEPCUH 3aCEIEHHOCTH, JOCTUTAEMOIO C
MIOMOIIIbI0  BBICOKOYAcTOTHOrO (180-rpagycHOro) mmmysibca, TO M €ro HeNb3sl OTHECTH K
KAaTeropuu TEIUIOOOMEHa, IIOCKOJIbKY OHO TakKe€ MMEET HalpaBJICHHBIM XapakTep H
COOTBETCTBYET aJuabaTHUECKOMY MPOLIECCY Co8epuLetUs HA0 CUCEMOU GHeLUHell pabombi.

[pyroe mnporuBopeyne € TEPMOJMHAMHMKOM COCTOMT B TOM, 4YTO B Clly4ae CIIHH-
PELIETOYHOTO B3aMMOJICHCTBHS pedyb HAET HE O TeIlooOMeHe (T.e. OOMEeHe MeXNy TellaMH,
pa3ieJIeHHbIMM B TPOCTPAHCTBE, BHYTPEHHEH TEIIOBOM 3Hepruent), a o nepepacnpeoenenuu
SHepaUU N0 MeXAHUYECKUM CMEneHsAM c80000bl OOHUX U meX Jice amoMo8 8 KpUCMALIUYECKOU
pewemxe LiF. To 00CTOATENBCTBO, YTO MEXKJY TEMJIOBOIH (OpMON NBUKEHUS U OpUEHTalMen
CIIMHOB CYIIECTBYET OIpe/eJeHHAasl CBSA3b, €Il€ HE JAaeT OCHOBAaHUM NMPUIHUCHIBATH 3Ty (hopmy
CIIMHOBOW cHcTeMe, TeM 0ojiee UTO OXJIaXJAEHHE KOHICHCHUPOBAaHHBIX Cpea A0 TeMIepatyp,
OMu3KuX K aOCONIFOTHOMY HYJIIO HE NPHUBOJUT K HCUYE3HOBEHHIO COOCTBEHHOTO MOMEHTa
BpauieHus saep [1].

Tperbe 3aMeuaHue KacaeTcs MPaBOMEPHOCTH MPHCBOCHHUS CUCTEME SIEPHBIX CIHUHOB
SHTPONUH S B Ka4eCTBE KOOPAUHATHI €e cocTosHUS. Kak M3BeCTHO, HEOOXOAUMBIM YCIOBHEM B
TePMOJAMHAMUKE VISl CYIIECTBOBAHUS Y KAaKOW-THOO CHCTEMBI DHTPOIIUU SIBIIACTCS HATWYUE B
OKPECTHOCTH MPOU3BOJIBHOTO COCTOSIHUS A3TOM CHUCTEMBI JIPYTUX COCTOSIHUM, KOTOpBIE HE
JTOCTHKAMBI M3 HEro agauabarnyeckum myteMm [8]. CMBICT 3TOro MONOKEHHUs, H3BECTHOIO Kak



«aKcuoMa anabaTuyecKoil HeJJOCTUKUMOCTUY», COCTOUT B MPU3HAHUHU TOTO OUYEBUIHOTO (hakTa,
YTO TEMJIOBOE B3aUMOJIEHCTBUE MPUBOANUT K TAKUM U3MEHEHUSIM COCTOSIHUSL, KOTOPbIE HE MOTYT
OBITh JOCTUTHYTHI KAaKUM-JIHOO JAPYTUM KBA3UCTATHMUYECKUM IyTeM. Mexay TeM, Kak MoKa3aiu
Te ke ombITHI [ 1], oxnaxkaenne kpucramwia LiF 1o TemmepaTypsl JKUIKOTO Telvs B HYJIEBOM IOJIE
naet ToT ke 3 ¢eKT, yTo U aguadbaTuyecKkoe pa3MarHnduBaHue odpasna. OTCyTCTBHE B JaHHOM
ciiyyae «aanabaTudyeckoil HEIOCTHKUMOCTH» HCKIIIOYAeT BO3MOXKHOCTh TPHIIOKEHHUS K
CIIMHOBBIM CHCTEMaM OCHOBAaHHOM Ha 3TOH akcHMOME «MaTeMaTHYecKd Haumbosee CTpOrod u
JIOTHYECKU TIOCJIEJ0BATEIbHOM CHUCTEMbl OOOCHOBAaHHS CYIECTBOBAHUS SHTporuu» [6]. DT0
OOCTOSITENTLCTBO TAKXKE CBUJETEIILCTBYET O HEAOIMYCTHMOCTH OIHMCAHUS CIHUHOBOM CHCTEMBI
napaMeTpamMu TePMUYECKOH CTENEeHHU CBOOOJBI M O PACXOXKACHUHU TAKOTO OMHMCAHUS CO BTOPHIM
HA4yaJioM TEPMOJUHAMHKHU JJisi KBAa3UCTATUYECKUX MPOLECCOB (MPUHIMIIOM CYLIECTBOBAHUS
SHTPOIHH).

Eme onHuM mnoAaTBEp)KICHHEM HECBOJAMMOCTH CIHUH-COIMHOBOIO B3aMMOACHCTBUS K
TEIUIOOOMEHY ~ SIBIISIIOTCS ~ OMBITBI 10 «CMEIICHHWI0» JIBYX CHUCTEM IPOTHUBOIOJIOKHO
OPUEHTHPOBAHHBIX CIIMHOBBIX CHCTEM (7Li u 19F) kpuctaiia LiF [1]. DTy onbITel MoKa3ainu, 4To
«CTIMHOBAsl TEMIIepaTypa» OTHIOAb HE MOJUYUHSAETCA OOBIYHBIM IS JIIOOOM CMECH 3aKOHaMm
COXpaHEHHUS BUJA:

¥ =3 GY; /% G (5)

rae Wi — kakoil-mubo MHTEHCHUBHBIN MmapameTp (TemrepaTrypa, XUMHUYECKHM, AJIeKTPUUYECKHI,
TPaBUTALMOHHBIA U Jp. nmoTeHnuan); Cj — COOTBETCTBYIOIIMIA SKCTEHCHUBHBIN MmapaMeTp (IoHas
TEIJIOEMKOCTh, YMCIIO MOJEH, 3apsan, macca W T.m.). Jleno B TOM, 4TO B cilydyae CHHHOBOM
CUCTEMbl B  BbIpaxeHHMM (9) €O  «CHMHOBOM  TEII0eMKOCTbIO» Cj CONpsKEHHAs
BeJIMYKHA, 0oOpamuas abcomomuoi memnepamype [2]. Otcioaa ciemyet, 4ro 3akoHam tumna (5)
MOTYMHSACTCS HE TEMIIEpATypa, a siiepHas HAMarHH4eHHOCTh M, OTHOCSIIAsCS K HETEPMUYIECKOM
CTETEeHU CBOOO bl CTUHOBOM CHCTEMBI.

Onnako eme 0Oojiee  BECOMBIM  CBHJIETEIILCTBOM  IICEBIOTEPMOIUHAMUYECKOTOY
OIHCAHMsI COCTOSHUS CIMHOBOW CHCTEMBI B [2] sIBIIeTCS BBIBOA O HEOOXOAMMOCTH 3aMEHBI
MPUHIIMIIA UCKIIFOUEHHOTO BEUHOTO JBUTATEINS 2-TO POJia TPOTUBOIOIOKHBIM yYTBEPKIECHUEM O
BO3MOXXHOCTH TOCTpoeHus B oOjactu 7'< (0 TEmIoOBOil MalIMHBI, paboTaroleil OT OJHOTO
ucrtouynuka tera [2, 6]. Takoli BbIBOA OBUT ClelaH HA OCHOBE W3BECTHOTO BBIPAKCHUS
tepmuueckoro KII/I nuxna Kapno:

Me=1-To/T1=1—|Q2//|Qul. (6)

rae T1 u To — aOCOJIOTHBIC TEMITEpaTyphl HCTOYHHKA M IPUeMHHKa Tera; |Qq, Q2| — konuuectBa
MOJIBEICHHOTO Y OTBEACHHOTO B IMKJIC TETLIA.

Ecnu takoit ukin ocymectButh B oonactu T1 <0 u T, <0, rie 6onee BBICOKOMY YPOBHIO
SHEepruu (ropsyemMy UCTOYHHUKY) COOTBETCTBYET CUCTEMa C MEHbILEl o aOCOIIOTHON BEIUYHHE
oTpUlaTeNnbHON Temmepatypoit [2, 6, 9] u To/T1 > 1, tepmuueckuit KITJ] 1 okaxercss MEHbIIe
HyJas. DTO O3Ha4yaeT, 4YTO TeIUIOBas MalllMHa B OO0JACTH OTPULATENBHBIX a0CONIOTHBIX
TemrepaTyp OyaeT mpou3BOAMTH paboTy, ecnu |Qz| > |Qi|, T.e. Tero Oymer orbHparbes OT
«XOJOAHOTO0» HCTOYHMKA, a TEIJIONPUEMHUKOM OyIeT CIyXHTb Oojiee «ropsdee» TeJo.
[TockonbKy K€ IIyTeM TEIUIOBOrO KOHTAaKTa MEXIy HUMH Bce Teruo Qp, TmepenaHHoOe
«rOpsiueMy» UCTOYHHKY, MOXKET OBITh €CTECTBEHHBIM ITyTE€M BO3BPAILEHO «XOJIOJAHOMY», TO B
HETPEPBIBHON TOCIIE0BATENIFHOCTH TIOAO0OHBIX ONepanuii paboTa B KOHEYHOM CUETE CMOMKET
OBITh TPOM3BEIEHA 33 CYET TEIJIOTHl TOJIBKO OJIHOTO «XOJOAHOIrO» Tena, 0e3 Kakux-Iuoo
OCTaTOYHBIX W3MEHEHHWH B OKpYXaromux Tenax. [[omoOHBIM ke 00pa3oM aenmaercs BBIBOJ O
HEBO3MOYKHOCTH TIOJTHOTO MPEBpAlIeHUs] TEIUIOTHl B paboTy B obmactu T <0. Tak, B [6]
HaxoauM: «BeuHblli ABUTraTens 2-ro pojaa, T.€. YCTPOHMCTBO, KOTOPOE MOJHOCTBHIO MPEBpAIIAIO



Obl B paboTy TEIUIO Kakoro-iubo Tena (0e3 mepegavyd 4YacTh ATOTO TeIula JPYTrUM Tejam),
HEBO3MOXEH..., IPUYEM ITO YTBEP)KIACHUE HE OMyCcKaeT 0OpalIeHNs B CIIy4ae OOBIYHBIX CUCTEM
u jomyckaer oOpamenue 1pu T1<0» Camoe yIMBUTEIBHOE B O3TOM 3aK/IIOYEHUH,
«OIPOKH/IBIBAIOIIEM» OJHO U3 OCHOBHBIX MOJOXEHUM 2-T0 Hayajla TEpPMOJAMHAMUKH, COCTOUT B
TOM, YTO OHO C/EJIaHO... HA OCHOBAaHUU TOTO k€ 2-ro Havana!. J[edCTBUTENbHO, BOZMOXKHOCTD
MIOJIHOTO TIPEBPAICHHSI TEIUIOTH B paboTy 03HauaeT, uto camo noustre KIIJI u ero Beipaxenue
(3) cranoBsTca HecnipaBeUIUBBIMU. HO TOr1a yTpauuBaroT CUITy U BCE BBIBOJIbI, OCHOBAaHHbIC Ha
sTOM BbIpaxkeHuu! Hanuuo «mopounsiii Kpyr!».

XapakTepHO, YTO B IPUBEJCHHBIX BBIIIE PACCY)KICHHUSIX IIEPEHOC SHTPOIUM IpH
COBEpIICHUM TMOJE3HOW paboThl M TMpPH TEPMHUYECKOM peNakcalMd OCYIIECTBISETCS B
IIPOTHBOIOJIOKHOM HalpaBI€HUH, XOTs C MO3ULMI HEPABHOBECHON TEPMOJMHAMUKU 00a 3TUX
mporecca INOPOXKAATCA OJHOM M TOM K€ TEPpMOAMHAMUYECKOM CHIIOM — pa3sHOCTHIO
temmeparyp T1 — T2 [10]. Tem cambiM HapymiaeTcs He TOJIBKO IPHHIMIT HCKIFOYSHHOTO BEYHOTO
ABUraTens 2-ro poga, HO U Oosee (QyHIAMEHTAIBHOE TMOJOXEHHE 2-TO0 Hayaia o0
OJTHOCTOPOHHEH HaIpaBIEHHOCTH BCEX €CTECTBEHHBIX IMpOLEeccOoB. JIOCTOMHO COXaJeHMs, YTO
HO[[O6HI)I€ YTBCPXKACHUA TIPOHUKIIM Ha CTpPpAaHUIbL y‘-Ie6HI/IKOB mo TCPMOAMHAMUKE U
BOCIIPOU3BOISTCS JIaXKe B JIy4IIUX U3 HUX [6].

Mexy TeM BO3MOKHA COBEPIICHHO WHAs MHTEPIIPETAIHS PE3yJbTATOB YKA3aHHBIX BHIIIIC
sKcriepuMeHTOB [7]. M3BeCTHO, 4TO KiTaccHMyecKas TEPMOJMHAMHUKA Pa3IndacT MpPOLECCHl He 1o
npuuunam, — ux  evizvlearowum (Kak B (U3MYECKOH  XMMHH, KOTOpas  pas3jiddacT
KOHIIEHTpauuoHHyo auddysuro, tepmomuddysuo u O6apoauddys3ur), u He no mexamuzmy
nepenoca suepeuu (KaKk TEOpUs TEIIOOOMEHA, pa3Indaroniasi KOHYKTUBHBIA, KOHBEKTUBHBIA U
JTYYUCTBIA TEIIOOOMEH), @ N0 UX HOCIeOCMBUSIM, M.e. NO 0COObIM, GeHoMeHoI02u"ecKu
OMAUYUMBIM U HECBOOUMBIM K OPYeUM USMEHEHUSIM COCMOSIHUS, Komopble oHu vizvisatom [T].
TakoBBI, B 4aCTHOCTH, U30XOPHBIN, H300apHBIN, U30TCPMUUCCKUHN U aMadaTUICCKHIA TTPOIICCCHI.

[Moaxons ¢ THX MO3UIMHA K MEXaHHMYECKUM (opMaM JBHIKCHUS, CICIAyeT pa3linyaTh,
HaIrpuMep, IPOLECC YCKOPeHUsl, COCTOSIINI B U3MCHEHUH MOJYJIS UMITYJIbCa CUCTEMbI MV Ipu
HEM3MEHHBIX YIJIaX TPAcKTOPUHU Tella B JIeKapToBOM cucteme koopauHat ¢j (= 1, 2, 3), u
npoIecc

nepeopueHmayuy 08UNCeHUsl, COCTOSIIUN B U3MEHEHUH YTJIOB (j TP HEM3MEHHOM HUMITYJIbCE
cucremsl. llepBblli M3 3TUX NOPOLECCOB NPOUCXOAUT MOJ JACHUCTBUEM CHJI, SIBISAIOLIUXCS
MOJISIPHBIMUA BEKTOPAMH, U COMTPOBOKIAETCSI N3MEHEHHUEM KUHETUUYECKON SHEPTUHU TEJl, BTOPOU —
oA JEHWCTBHEM CHUJI, SIBJSIOIIMXCS AaKCHUAJbHBIMU BEKTOpaMU (LIEHTPOCTPEMUTENbHBIX,
KOPHOJINCOBBIX HJIM JIOPEHIIOBBIX). B COOTBETCTBHM € 3aKOHOM COXPAaHEHHS KOJIMYECTBA
JBU)KEHUS B TIPOLIECCE NEPEOPUEHTALMM OIHOTO Tela JOJDKHO HM3MEHUTHCS HANpPABICHUE
JIBUKEHHSI U UMITYJIbC JAPYTUX TeN, a Takke KOH(QUTYpalus U SHEPrus BCEH COBOKYITHOCTH
B3aUMOJICHCTBYIONINX (B3aUMHO JIBIDKYIIUXCS) Teld. BwimenuTs «KOHPUTYPAITHOHHYIO
COCTaBJIAIOLIYIO IIOTEHIMAJIBHON SHEPTUU B PsJIE CIIy4aeB HECIOKHO. PaccMoTpuM, Hanpumep,
Bpaliaronmecs MakpoOOBEKThl — BOJYKK WM TUpPOCKOmbl. Korja mx MOMEHTHI KOJUYECTBA
IBUKeHUs L opHeHTHpOBaHbl B MPOCTPAHCTBE OMPEICICHHBIM (B MPUHIIUIE MPOU3BOJILHBIM)
o0pa3oM, TO OTKJIOHEHHWE HX OT D3TOr0 HampaBJCHHS TpeOyeT, KaK W3BECTHO. 3aTpathl
oTpeAeNieHHOM paboThl. DTO 03HAYAET, YTO TaKkue OOBEKTHI HAPSAAY C KHHETHUYECKOW dHepruen
BpaleHus: 001a1at0T JOMOTHUTEIHHOM MOTCHIIMATLHON SHEPTHEH, 3aBUCSIICH OT OpUEHTAIUU
OCH BpAILIEHUS B IPOCTPAHCTBE. BenMuuHy 3TON SHEPTrUU MOKHO U3MEPHUTH, €CIU YUYECTh, YTO
MPY HAJIMYWHU MTOCTOSSHHOTO «BO3MYILIEHHS» B BUJIE MPUII0KEHHOTO K OCH BOJTYKA MOMEHTA CHJI
OH HAuYMHAET MPELECCUPOBATH C ONPEACICHHOM YIVIOBOM CKOPOCTBIO, 3aBUCAILLIEH OT
COOTHOIIIEHUSI MPWIOKEHHOTO MOMEHTa W MOMEHTa KOJIMYECTBA JBWIKEHHUS BOJIUKA
OTHOCHUTEJIBHO €r0 OCH CUMMETPHUH. BennunHa 3TON JOMOJHUTEIbHOW KUHETUYECKON SHEPruu



IPEIECCHH U ONPEAeIsieT BEMMUMHY Iepenie/eii B Hee «koH(pUrypannonHoi» sueprun. Ilocie
CHSTHS BO3MYIIEHHUSI CIIMHOBBIE OOBEKTHI, KAK U3BECTHO, CAMOIIPOM3BOJILHO BO3BPAIAIOTCS B
ucxoaHoe cocrosinue. Ilocnennee o3HavaeT, 4To MOJOKEHNE YCTOWIMBOTO PABHOBECHS CHCTEMBI
BPAILIAIOIINXCS TEJI COOTBETCTBYET MUHUMYMY KOH(HUIYpallMOHHOHN (3aBUCSIIEH OT B3aMMHOM
OPHMEHTALUH TEJ WIN YacTell Tena) sHeprur. I1ockoIbpKy Takue Tena 00JalatoT STHM CBOWCTBOM
U B OTCYTCTBUE y HUX COOCTBEHHOT'O DJICKTPUUYECKOTrO WJIM MarHuTHoro momenta [10], ciexyer
NpU3HATh CYIICCTBOBAHWE HE3aBHCHMOW COCTABISIOMICH KOH(UIYpallMOHHOW JHEpruu
Bpamaomuxcs Teia. B ciydae kakux-nm10o mepruognYecKuX HapyIICHUH B3aMMHOIN OpUEHTAIUH
CIIMHOBBIX Ten (HampuMmep, MpHU HEOJHOPOAHOW TPENEeCCHH) «KOH(UTypanuoOHHAsH
COCTABIISIIONIAsl HHEPIMU NpETepreBaeT KoOJIeOaHUs, €CTECTBEHHBIM CIEICTBHEM KOTOPBIX
SBIISIETCS PACPOCTPaHEeHNE B 3(HUpe TaK HA3BIBAEMBIX CIIMHOBBIX BOJIH.

TakuMm 00pa3om, Mpu TEPMOJAUHAMUYECKOM ((HEHOMEHOJIOTUIECKOM) TIOIXO0IE HAPSIy C
KMHETHYECKOW DHEprHell BpalaTeabHOro ABMKCHHS Tel E(m), 3aBHCAICH OT abCOIIOTHON
BEJIMYMHBI YIJIOBOM CKOPOCTH BpAalIECHUS ®, U NOTEHUHAIBHOM DHEPrUEN HX IOJOXKEHUS B
CHJIOBBIX IMOJIAX (DJIEKTPHYECKOM, MATHUTHOM U TPaBUTAMOHHOM) Ey(I), 3aBUCSIICH OT MOIYJIS
paauyc-BeKTopa I' ieHTpa HX MAacCCHlI, ciemyer pasnuyarh KOH(UTYPAITHOHHYIO
(OpHEHTAIIMOHHYI0) COCTABJIAIONIYIO TONHOW SHepruu E,(@i). Kak u mrobas apyras ¢opma
BHEIIHEH  DSHEPruW, OHA  MNPUHAMISKHT, CTPOTO  TOBOPS, BCEH  COBOKYITHOCTH
B3aMMOJICHCTBYIOIUX (M3MEHSIOUIMX OpPHUEHTAIMI0) Tell. B mpuHnume, 3Ta cocCTaBiSIOMIAs
SHEPTUU MPUCYIIA BCEM YIOPSIOYCHHBIM (hopMaM SHEPruu ¥ OTIMYHA OT HYJIS JJIS BCEX TEll C
Hecpepuueckord cuMmmeTpuei. M3BecTHO, HampuMmep, YTO TOJAPU3ALMS  JIUDJICKTPUKOB
COTPOBOXKIACTCSI HE TOJBKO pa3/ielIEHUEM B MPOCTPAHCTBE MOJIOKHUTEIBHBIX U OTPUILIATEIBHBIX
3apsAoB (T.e. CO3/aHHMEM JUMOJEH), HO M MEPEOpUEHTAlMedl MO TOJI0 YK€ HMEIOLIUXCS
OKECTKUX» JUIIONICH (COXPaHSIONMX BEIWYUHY IUICYa JHIONS). AHAJOTHYHBIM 00pa3oM B
Mpoliecce HaMarHWYMBaHUS TEJ HapsSAy ¢ U3MEHEHUEM IJleua MarHUTHBIX TUTOJICH MTPOUCXOIUT
WX TIEPEOPUCHTANMS BO BHEIIHEM MAarHUTHOM TMojie. He cocTaBisieT WCKIIOYCHUS W
rpaBUTAIMOHHAS SHEPrusi. B 3ToM Jierko yOenuTbes, pacCUMThIBas PA3HOCTh MOTEHIMAIBLHOM
JHEPTUU JKECTKOH TaHTEeNd C HEW3MCHHBIM IICHTPOM TSIKECTH IPH €€ TOPU30HTAIBHOM H
BEPTUKATHHOM PACIIONIOKEHUH B TPABUTALIMOHHOM TOJIEe 3eMITH.

PaccmarpuBasi ¢ 3TUX TO3WIIUNA OINMCAHHBIE BBIIIE IKCIEPUMEHTHI, MBIl TMPUXOIUM K
3aKJIIOUYEHHI0, YTO B HHUX OOHApyXeH HOBBIA, HEU3BECTHBIA paHee BHJ B3aUMOACHCTBUA
Bpamaromuxcsi 00bekToB. Cnernuduka CHUH-CIIMHOBOTO  B3aUMOJICHCTBUS COCTOMT B
CaMONPOU3BOJIBHOM YCTAaHOBJICHHMM U TOAJEPKAHUM €IMHOM OPUEHTALMU CHUCTEM SIIEPHBIX
MarHuTOB. OTOT BHJI B3aUMOJICUCTBUSI HE CBOJMM HE TOJBKO K TEIJI0OOMEHYy, HO M K
AJEKTPUYECKOMY WIJIM MarHUTHOMY B3aUMOJIEMCTBUIO, IOCKOJIbKY, BO-IE€PBBIX, MNPUCYIIE H
AJEKTPUYECKH HEUTPaJbHBIM YacTULaM, a, BO-BTOPBIX, HE BBI3BIBAET Pa3yNoOpPsAOUYMBAHMS
CHUCTEMBI AJIEKTPUYECKUX U MATHUTHBIX JUMOJIEH MPU OCTAOJICHUH BHEUTHErO JIEKTPUUECKOTO
WIM MarHuTHoro mnojs. IloaToMy B JaHHOM cilydae HET CEpbE3HBIX MPUYMH CBOJAMTH
OOHApY)KEHHBIA B DKCIIEPUMEHTAX BHJ B3aUMOJCHCTBUSA K «IUIOJLHOMY MAarHUTHOMY» WU
«KBaJIPYIMOJBHOMY 3JIEKTPUYECKOMY» B3auMoaeiicTBuio [1].

4. 3HepronnHaanecxoe ONIUCaHME CIIMHOBBIX CUCTEM

N3BecTHO, 4TO AAEpHBIE YAaCTHUIIBI P CBOEM BPALIEHUM HCIBITBIBAIOT MPELECCHIO, T.C.
JBUKEHHE, TPU KOTOPOM OCH MX BpallleHUs 00pa3yroT C BEKTOPOM HalpaBiICHHs BHEIIHETO MOJIs
H npoctpaHcTBeHHO OpUMEHTHPOBAaHHBIA yroia (.. C TepMOIMHAMHYECKOW TOUKU 3PEHHS ITO
03Ha4YaeT HeOOXOIMMOCTh y4yeTa B €€ YPaBHEHMSIX €Ile OJIHOM CTeneHH cBOOOIbI, 3aBUCALICH He
TOJIBKO OT CYMMAapHOIO COOCTBEHHOI'O MOMEHTa KOJHMYECTBA IBMKEHHS sJIEpP HCCIEAYyeMbIX
BellecTB Jo, HO U OT €ro OPUEHTAllUK B MPOCTpaHCTBe (yria @.). B 3aBucuMoctu ot 3T0oro yria



HpPOEKIUs CIMHOB |, i—X 3JIeMEHTApHBIX YacTHI] Ha BHIOPAHHOE HAMpPABICHUE B MPOCTPAHCTBE
(HampuMmep, Ha HalpaBJIeHUE BHEUIHEro MarHuTHoro noisg H) usmensercs ot — I go + I (4ro
COOTBETCTBYET (.= 180° u ¢.= 0). CnenoBatesbHO, CYMMapHBI MOMEHT J. CBSI3aH CO CITUHOM
|, cooTHOILIEHHEM:

J.=%ihl.cos ¢, @)

rae h — nmocrossuuas Ilinanka.

Hapsiny ¢ 3TuM, Kak M3BECTHO, Spa, aTOMbI U MOJICKYJIbI KOH/JICHCHPOBAaHHBIX BEIICCTB
0071a1al0T HEKOTOPHIM MAarHUTHBIM MOMEHTOM Z,, OOYCJIOBIEHHBIM TJaBHBIM 00pa3oM
OpOHTANBHBIM JIBIDKCHHEM JJICKTPOHOB BOKPYT S/Ipa U WX CIHMHAMHU. TakuM 0Opa3oMm, MOJHAs
9HEpPrusi KOHJACHCHPOBAHHBIX BEIIECTB O 3aBUCUT B O0OmEM ciydae HE TOIBKO OT HX
TeMIreparypbl (WX SHTPONHH S) M OT WX MArHUTHOrO MOMeHTa Z,, HO M OT B3aHMMHOM
opueHTaluK cnuHOB (yria ). [lapamerpsr S, Zy U @, ABISIOTCS HE3aBUCHMBIMU, TaK YTO
sHeprus D Kak QYHKIUSA cOCTOSHHUS umeeT Bua D = I(S, Zy, @.), a ee HMoaHbIH quddepeHiman
BBIPAXKACTCS COOTHOIICHUEM:

d?2 =TdS - H-dZ,, — M.-de. , 8)

rne T = (02/0S) — abcomrotHas Temmeparypa cucrembl; H = (09/0Z,) — HanpspKeHHOCTh
BHEIITHEr0 MarHuTHOTO moust; M, = (09/0J) — opreHTalMOHHbBI MOMEHT. B 3TOM BbIpaKeHUH
yieH Mc-d@. xapakrepusyer paboTy, CBSI3aHHYIO ¢ OPUEHTAIMOHHOM MOJSPU3AIMEH CHCTEMBI
SACpHBIX CnUHOB (rmogo0HO Tomy, kak wieH H-dM ompenenser pabory, CBA3aHHYIO ¢
HAMarHW4YuBaHueM cucrteMbl). OTCIOa HAa OCHOBAaHWUM CBOWCTB TOJHOTO nuddepeHmmana
CIIEYIOT JIOTIOJIHUTENbHBIE aU(GepeHIHATbHBIC COOTHOMICHUS MEXIy MOAyIsaMU Zy, u H
BekTopoB Z, 1 H Buja

(0Z,/00o)n = (0Z,/OH),. 9)

CornacHo 3TOMY COOTHOIIEHHIO, YTOJI OPUEHTAIIMOHHON MOJISIpU3aLUN CUCTEMBI SIIEPHBIX
CIIMHOB (). U3MEHAETCS IOJ BIUSHUEM BHEIIHEro MarHuTHOro noins H B Toi ke mepe, 4To U
HaMarHW4YeHHOCTb CUCTEMBI Z,, — BCIEACTBHE MEPEOPUEHTAIIUN CIIMHOBON CUCTEMBI (M3MEHEHUS
MOMEHT KosuyecTBa JBUXKeHUS J.). [IoCKOIBbKY ke B YCIOBHIX MOCTOSHCTBA MAarHUTHOTO IMOJIS
H usmenenue Z,, MoxkeT ObITh 0OYCIIOBJIEHO JIMILb W3MEHEHHUEM SIJIEpPHOII HaMarHW4eHHOCTHU
(IMMOJIBHOTO MAarHUTHOIO MOMEHTa sifep) Z;, KOTOPBIA CBsI3aH C CyMMapHbIM MOMEHTOM
KOJIMUECTBA JIBW)KEHUS J. TaK Ha3bIBAEMbIM THPOMArHUTHBIM OTHOIIEHUEM Y,

Z;=vJd, (10)
TO BMecTO (9) MOKHO HAIUCATh

(a(PclaH)J =Ye- (11)

Takum 0Opa3om, OpUEHTAIIMOHHAS TIOJIIPU3AIUS CUCTEMBI SIIEPHBIX CITUHOB IO/ BIUSHAEM
BHEIIHEIO0 MAarHUTHOTO IO JIEUCTBUTEIIBHO MMEET MECTO U BBIPAKACTCS TEM IKE
THPOMArHUTHBIM OTHOIIIEHUEM .. OTIHuUne OT HYJIS JICBOM M NpaBoii yactel cooTHomienus (11)
MOJTBEPXKJIaeT OOOCHOBAaHHOCTh y4yeTa JOMOJHUTENbHOM CTEeNeHH CBOOOJBI, CBSA3aHHOM C
OpUEHTAIlMe CIIMHOBBIX CHCTeM. Takum oOpa3om, mpu3HaHue ¢akTa CyIEeCTBOBAHUS
OPHUEHTAIIMOHHBIX TIPOIIECCOB M CBS3aHHOW C HEW JOMOJHUTEIBHOW CTETMEHH CBOOOIBI
KOHJICHCUPOBAaHHBIX BEIIECTB IPUBOJAUT K pe3yJibTaTaM, COIVIACYIOLIUMCS C OIBITOM. Tem



CaMbIM SHEProJIMHaMHKa YCTpaHSET Mapajoru3M OTpPULIATENbHBIX a0CONIOTHBIX TEMIEpaTyp,
elle pa3 NoATBEepXk/1asi He3bI0JIEMOCTh 3aKOHOB TEPMOAMHAMUKH.

5. D¢pupHO-COIUTOHHAS MPUPOAA CIUH-CIMHOBOI0 B3aNMO1eHCTBHS.

KocHemcs Tenepp Bompoca O TOM, KaK OCYLIECTBIISIETCS IEPEHOC CIUH-CIMHOBOIO
B3auMOJIeicTBUs B mpocTpaHcTBe. C MO3UIMIA SHEProJUHAMUKH, LIETUKOM Oazupyrolencs Ha
KJIACCUYECKOH (pU3MKe, SHEprusi mepeaaeTcsi B MPOCTPAHCTBE OT TOYKM K TOYKE ¢ KOHEUHOU
CKOpocThiO. Jlyis 3TOro HEoOXOAMMA CHIOWHASA NPOMENCYMOYHAsA Ccpeodd, CHOCOOHAS
nepeHocums 9Hepeuto. B KadecTtBe Tako cpenpl mnocie Papages u Makcsewia
paccMaTpuBalOTCs OOBIYHO pA3IUYHBIE TMOJISI, CYIIECTBYIOIIHME SKOOBI HE3aBUCUMO OT HX
UCTOYHUKOB. 3a BpeMs TOCIIOZACTBA IOJIEBOM MapaJurMbl ObUIM MPHUIyMaHBl JIECSTKH TOJEH:
«CUJTIBHBIE» M «claldbley», «HYKIOHHBIE» M «ME30HHBIE», «OapUOHHBIC» M «CIIMHOPHBIEY,
«OO30HHBIE» U «MHKpPOJENTOHBIE», «TAaXUOHHBIE» U «TOPCUOHHBIE», «HEUTPUHHBIE» W
«TOHKHE», «OMOJIOTUYECKUEY» U «XPOHAIbHBIE», «MOP(OreHeTUUECKue» U «MHPOPMAIL[HOHHBIEY,
U T.J0., U T.0. 1 Bce OHM HajemsuMch HEOOBIYHBIMH CBOMCTBAaMHU M BBIAABAINCH 32 HEKHE
MaTepuaibHble CYITHOCTH, YTO JIUIIMIO (PU3UKY HE TOJBKO 3KCIEPUMEHTAIILHON OCHOBBI, HO U
3/1paBOro CMbICIIA.

BcnencTBue 3Toro ucciaenoBarenn Kak-To YIyCTHIM U3 BUJa, YTO IIPOMEKYTOUHAs cpeaa
MOJKET HEPEHOCUTb TOJIBKO 6HYmpeHHIOI0 (COOCTBEHHYIO), HO HE 6HEWHIO NOMEHYUANbHYIO
SHEPTUI0, MOCKOJIbKY IOCIEIHSS 10 onpedeiieHuio 3aBUCUT OT B3aUMHOTO MOJIOKEHHUS Tell ¢
IPUCYIIMMUA UM MaccaMmy, 3apsiiaMd U TOKaMH, T.€. NMPUHAMJIEKUT BCEH UX COBOKYIIHOCTHU U
JUIIb YCIOBHO TMPUIIMCHIBACTCS TMOMI0 KAk HEKOTOpOW MaTeMaThyeckor  (yHKuuu
MIPOCTPAHCTBEHHBIX KOOPAMHAT, YTOOBI N30eKaTh «HanbHOAcHCcTBU (P.Delinman). [lonnmanue
3TOr0 0OCTOSATENHCTBA BO3BPAIIAECT HAC K 3(pUpy, U3THAHHOMY U3 (PU3UKHU CHEHATBbHON Teopuei
otHocutenbHocTH (CTO) 1 BHOBB OKa3aBiieMycst BoctpedoBaHHbIM B OTO.

W3BecTHBI necATKU Mojenel 3upa, Halesone ero MHOTUMU CBOMCTBaAaMH BEIIECTBA, B
TOM 4YHUCJE KOPIYCKYJSIPHOW CTPYKTYpOM, TOJIBHKHOCTBIO, TEMIEPATypOu, BA3KOCTHIO,
TEKy4eCThbI0, C)KMMAEMOCTbIO, MHEPLUOHHOCTBIO U T.I. BONBIIMHCTBO (hu3MyecKuX Mozemnen
s¢Hupa paccMaTPUBAIOT €ro Kak pPa3sHOBHIHOCTh JKMIKOCTH WJIM rasa, T.e. BemiecTBa [4].
HaunOonee mnonmynasipHbIMM OBITM MOJIENTM, OCHOBAaHHBIE Ha IMPEINOJOXKEHUH O BUXPEBOM
IBrKeHUH 3¢pupa. OIHY U3 NMEPBBIX «BUXPEBBIX» Mojened 3¢dupa npeanoxuna B 1858 roay
I'Tensmronsn [5]. DTy uaero B panbHeidmem paszBuin B. Tomcon, xoropsiii B 1904 roamy
MPEJJIOKUIT BUXPEBYIO MOJIENb aTOMa, MOJOOHYI0 «IyIUHTY ¢ u3tomMom». OnHako eme Komu u
Crokc noka3any, 4To Jitodast 4acTHla UAeaIbHOM KUIKOCTH HE MOXKET MOJIY4YUTh BpallaTeabHoe
JIBIDKEHUE TPU COJCHCTBUM OKpYXKarolleil cpesibl, €cu OHa He 00J1a1aeT UM B Ha4aJlbHOU TOUYKe
oTcyeTa BpeMEHHU. DTO 03Hayajio, YTO BUXPEBOE ABMKEHHE MOKET BOSHUKHYTH JIMILb B BA3KOM
KUAKOCTH. B TakoMm cilydae UIMTENbHOE CYIIECTBOBAHME BUXPEW B TAKOW Cpelle CTAaHOBHUTCS
HEBO3MOXKHBIM M3-3a JIMCCUIAIMM dHepruum Buxped. Cwmymiana wucciefoBareneil Takxke
HEM30€KHOCTh BO3HUKHOBEHHSI IIPU ITOM COIPOTHUBIICHUS JBIXKEHUIO TBEPJBIX TEJ yepe3 aup,
YTO PacXoAMJIOCh C HaOJI0JaBIIelicsi HEU3MEHHOCTBIO TPAaeKTOpUil HeOecHbIX Tell. B pesynbrare
BUXpEBas MOJieNb 3(Upa oKa3allach HECOCTOATENbHOM U ObUIa OTBEPrHYTA.

Mexy TeM NpH COBPEMEHHOM YpPOBHE Pa3BUTHSI 3KCHEPUMEHTAIbHON TEXHUKU HET
HUKAaKUX OCHOBaHMH NPUIHUCHIBATH 3S(QUPY TUCKPETHYIO CTPYKTYpy, T.€. CUHTaTh €ro
Pa3HOBUAHOCTHIO BemiecTBa. HampoTus, 1enecooOpa3Ho Bech MaTepUalbHbIM MUpP MOAETUTH HA
BEIIECTBO (IMCKpeTHOEe 0Opa30BaHUE, 3aHUMAIOIIEe JIMIIb YacTh MPOCTPAHCTBA M HUMeEIOIee
rpaHdlbl) W 3(Up Kak CIUIONIHYIO Cpeay, He HMeIollylo TpaHull. VMeHHO TakoB
HHEProJUHAMUYECKHM MOJIXO/, KOTOPBIH o0o0r1aer TEPMOJUHAMHUYECKH
(peHoMeHOMOTNYECKUIT) METOJ] HA HETEIUIOBbIE ()OPMBI PHEPTUU U MOTOMY TpeOyeT oTKasza OT
KaKMX-THOO MOJENbHBIX TPEACTAaBICHUH O MHUKPOCKOIHMYECKOH CTPYKType OOBEeKTa
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MCCJIEIOBAHMSI U MEXaHU3MeE MPOIIECCOB B HEM M, a TAKXKE€ MCKIIOYEHMs TUIIOTE3 U MOCTYJIaTOB
W3 OCHOBAHMIA TEOPUHU U UACATU3ALNUN TPOIIECCOB M CHCTEM BHE PaMOK YCJIOBHI OJHO3HAYHOCTH
(3amaBaeMbIX OOBIYHO TPH TMPHIOKEHHH TEOPHUHM K PEHICHHI0 KOHKPETHBIX —3ajau).
DHeproAnHaMHKa JUIIb YCHIMBAaeT AITH TPeOOBaHUS, JOMONHSS HMX YYETOM CKOPOCTH U
MIPOU3BOJUTENILHOCTH pPEalbHBIX MPOIECCOB, MX OJHOCTOPOHHEHM HAMpaBiICHHOCTH, a TaKke
MEXIUCIUIUTMHAPHBIM ~ TIOJXOJJOM K M3YyYEHUIO OO0BEKTAa CO BCEMH TPUCYIIUMHU EMY
«cHucTeMooOpasyomuMny cBs3aMu. [losTomy nanpHeiimiel 3agaueld BISETCS 0 BO3MOXKHOCTHU
0osiee KpaTKOE H3JI0KEHUE IHEPTOAMHAMHYECKOro TOAX0Ja K 3Hpy Ha NIpuUMepe IMepeHoca
CIIUH-CIIMHOBOTO B3aWMO/IEHCTBUS.

5.1. DHeprusi 3¢upa. M3BeCcTHO CBOMCTBO 3dHpa KaK BCEMPOHUKAIOIICH Cpenbl. DTO
BBIHY)KJIA€T  paccMaTpuBaTh €ro Kak  HENPEMEHHBIM  HEBEIECTBEHHBIM  KOMIIOHEHT
M30JIUPOBAHHOM CHCTEMBbI THUIa BceneHHOW B 1meloM H JIF00OW MaTepHallbHOW €€ YacTH.
M3BecTHO Takke CBOMCTBO 3(hupa Kak CBETOHOCHOM Cpeibl, MepeHocsAled Konebanus Jro0oi
IPUPOJIBI B HEOTPAHUYEHHOM JMara3oHe 4acToT. M3 sKCrneprMeHTOB U3BECTHA TaKkKe CKOPOCTh
CBETa ¢ KaK TpeIelbHas CKOPOCTh PACIPOCTPAHCHHS IONEPEYHBIX KOJEOAHWU Cpelbl ero
pacmpocTpaHeHusi. JTOro B  NPUHIMIE JOCTATOYHO JUIsl  TOPUJIIOKEHUS K  HEMy
ASHEPTrOAMHAMUYECKOTO METO/a UCCIIEOBAHUSI.

C no3unmii Ki1accU4ecKol TeopuH KoJieOaHHi KBaapaT 3TOM CKOPOCTH BBIpakKaeTcs
OTpEeIETISIeTCSl OTHOLICHUEM JABJICHUS CPEIbI p K €€ TUIOTHOCTH p:

c?=p/p. (12)

Ortcrona cienyer, 4To 3¢up 00J1alaeT OTIIMYHON OT HYJIS IUIOTHOCTHIO P U BHYTPCHHEH
HOTEHIMAIBHOM dHEPrueil, Mepoil KOTOPOH C MO3ULUIA TEPMOJAUHAMUKH U SIBIISICTCS TABICHUE P
(I[)K/Ms). [Ipu xoneGaHUSAX TIJIOTHOCTH 3PUpa p B HEM BO3ZHUKAIOT BOJHBI, YHOCSIIUE
COOTBETCTBYIOIIYIO 4YacTh €ro YIOps0YeHHOW sHepruu E, B Qopme Oerymieli BosiHbL. B
HpOILIECCe MOTJIONICHHUS 3THX BOJH BEIIECTBOM BO3PACTACT €ro dHeprus mokos E, (dE, = — dEy) u
Macca MoKosi M, TaK 4TO B COOTBETCTBHH C 3aKOHAMH COXPaHEHHs1 Macchl U dHepruu —dM = dm
1 —dE, = — c®dM = c’dm. Otcroia mocie HHTErPUPOBAHMIS HAXOLHM:

E,=mc?. (13)

K stomy BeIpakeHHIO 3310110 10 A.DWHIITEHHA NpUIIeN LEeIblid psj UcclieoBaTeneil:
HIpamm (H. Schramm), Bpaymromrep (W. Braumiiller), H.YmoB, k. Tomcon (J.Thomson),
Xoucaitn (O. Heaviside), Ilyankape (J.H. Poincare) m Xaszenopns (F. Hasenohrl) [17].
3aMeTHM, YTO K 3TOMY BBIBOJY HENb3sl ObUIO MPUNTH, HE JomycKas (XOTs Obl MOJIYAJIMBO)
npeBpaleHust A3pupa Kak KOMIOHEHTa CUCTEMBI B BELIECTBO, B TO BpeMs KaK MEPeHOC YHEPruu
dboToHamu cuntaercsa «oe3maccoBeiM». [lockonbky ke p =M/V, yaenbHas 2Heprus nokos 3dupa
SIBJISICTCS BIIOJTHE ONPE/ICIICHHON BETMYHHOM &, = pVIM = C 2 Hammane coGCTBEHHO SHEPTUH Y
adupa M JenaeT ero ToM cpenoil, KoTopas CIOCOOHa NMEPEHOCHTh JHEPIHI0 B MPOCTPAHCTBE
«I10CJIE TOT0, KaK OHA IOKUHYJIA OJHO TEJIO U €LIE HE JOCTUIIIO Apyroro» [7].

5.2. OrcyrcrBue B 3¢upe BsaskocTu. [lpencraBnenne o Haauuuu B 3(upe BI3KOCTU
BBITEKACT JIUIIb W3 HAWBHBIX MPEACTaBICHHUI MPOLUIOr0 O TEMJI0Te KaK HEYHUYTOKHMMOM
duronse, coneprkameMcsi BO BceX 0e3 MCKIIOYEHHs MaTepHalbHBIX OOBeKTax. JTa TOuKa
3peHusi, Kazajuoch Obl, MOAKpPEIUIsIach 3-M HauyajJoM TEPMOJUHAMHUKHU, OMINOOYHO TPAKTyEeMbIM
KaK yTBEp)KJIEHHE O HEJOCTH)KMMOCTH a0COJIIOTHOTO HYJSl TeMIIepaTypbl HE TOJBKO ITyTeM
OXJIQKJEHUS, HO M HUKAKUM HHBIM 00pa3oM (BOIpPEKH JAOKAa3aHHOM B HSKCIEpUMEHTax
BO3MOXXHOCTH aCHUMMTOTHYECKH MpuOnmm3utbess k Temmeparypam menee 0,001K). B cszu ¢
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MOCTYJIATOM O «HEYHUYTOKMMOCTHY TEIJIOTHI TUCCUIIALINSI SHEPTUH, BbI3BaHHAS MIPEBPALICHUEM
YIOPAIOYCHHBIX (POPM DHEPrHU B TEIUIOTY, CTAHOBUTCS HEOTHEMJIEMBIM CBOMCTBOM JIFOOBIX
MaTepuaibHBIX Cpel, IOCKOJIbKY TIE€pEeMEeIEHHEe Tell OTHOCUTENbHO JI000W  Jpyroi
KOPILYCKYJIIDHOM Cpefbl HENPEMEHHO COIPOBOXKJIAETCS PAa3pbIBOM CTAapblX U 00Opa30BaHUEM
HOBBIX «MEKYaCTHUHBIX» cBs3eil. [IepBbiii U3 3THUX MpolieccoB TpeOyeT 3aTpaThl OMpPEIEICHHON
paboThl, BTOPOil — mpeacTaBiseT COOOW peaKCAllMOHHBIA MpoIece, MpU KOTOPOM padoTa,
3aTpaueHHasl Ha pa3pylleHue CBsi3el, BO3BpaIllaeTcs yxe B popMme Tera.

WNHoe neno, eciu TEIVIOTY paccMaTpuBaTh € IMO3ULUN DHEPrOJUHAMHUKM KaK CUHTE3
KMHETUYECKOM SHEPruM XaoTHYECKOTO JBUKEHUS CTPYKTYPHBIX OJJIEMEHTOB BELIECTBA U
NOTEHLIMAJIbHON SHEPruu UX B3auMojaeucTBUsa. Torma CTaHOBUTCS SICHBIM, YTO TEIJIOTA Kak
cnenuduyeckas (opma IBHKEHUS BO3HUKAET JIMIIb HA OMPEICIIEHHOM (MaKpOCKOMHMYECKOM)
YPOBHE CTPYKTYpHOW OpraHM3allid BEHIECTBA, M 4YTO Takas (opmMa SHEPrud OTHIOAb HE
CBOMCTBEHHa MHUKpPOMHpPY M TeM Ooiee 3dupy. Oto cienyer u u3 CTO, MOCKONBKY dHEpPrus
nokost d¢upa E, COOTBETCTBYET MOJHON ero sHepruu O = MC 2 T.o. ahup cremyer
paccMaTpuBaTh KaK MOJIHOCTHIO YIOPSIOYEHHYIO CUCTEMY, 00JIaJalollylo JIMIIb KoJebaTeabHON
¢dopMoil nBukeHus. B Takoll cucteme npoiiece pa3pbiBa CTapbIX U 00pa30BaHUsl HOBBIX CBS3EH B
HEeM oOpaTuM. DTO OOCTOATEIHCTBO MPUBOAUT K BO3HMKHOBEHHMIO B HEM HE3aTYXaroOIIHUX
aBTOKOJNEeOaHnii TuIOTHOCTH. OOpasyromyecs MpH 3TOM BOJHBI IJIOTHOCTH MOTYT OBITh Kak
CTOSYUMH, TaKk M Oerymumu (B TOM 4YHCIE KOJIbLIEBBIMHU, JBHTAIOLIIUMUCS MO 3aMKHYTHIMH
TpaekTopusiM). OCHOBHBIM CBOWHCTBOM BOJH SBIISICTCS, KaK HW3BECTHO, HMX CIIOCOOHOCTB
MEPEHOCUTHh PHEPrUI0 0e3 MepeHoca BElIeCTBA. JTO U IMO3BOJISIET CHATH P MPOTHBOPEUMIA,
CBOWCTBEHHBIX pSAy Mozeneill sdupa W MpencTaBIeHHSIM O HEU30€KHOM «yBICUCHUH» €ro
MaTepHalbHbIMU TEJIAMHU.

5.3. BzaumonpeBpamenue 3¢upa u BemecTBa. CylniecTBYIOT BECKUE OCHOBAHUS CUUTATh
BEIICCTBO MPOJIYKTOM «KOHJICHCAITUNY (CTPYKTYpPHOU MEpPECTpOiKU 3upa, T.€. paccCMaTpuBaTh
ahup Kak «aepBoMaTepuio». BoO3MOXHOCTh B3aMMOIIPEBpAICHHS BemiecTBa ©  ddupa
CTaHOBUTCA 0COOEHHO oueBUAHOM c no3uuuil TO, onepupyromieil MOHATHEM PENSATHUBUCTCKON
Macchl M, ¥ BBIpa)KEHUEM MOJIHOW sHepruu O = E + E, = M,C 2. U3 sToro BBIPAXKEHUSA CIENYET,
YTO MPHU JTOCTHKEHUU CHUCTEMOM CKOPOCTH CBETA, KOrJa €€ KMHeTh4deckas sHeprus E, = M,C 2
CTaHOBUTCS PABHOM TIOJIHOW SHEPTHHU I, SHEPTHA MOKOs CUCTEMBI £ 00palaercst B Hylb. ITO

O3Ha4YacT, 4YTO BCC CTCIICHU CB06OI[I)I CUCTCMbI, KpPOMC KI/IHGTI/ILICCKOI\/’I, BBIPOKIAIOTCA
(ucye3aroT), ¥ €IUHCTBEHHOW (POpMOIl NBMKEHUS CTAaHOBUTCS BOJHOBas ¢opma, MpHcylas
3¢upy. OmHAaKO STOT Mpolecc HE HMMEET HUYEro OOIIero ¢ AHHUTWIISIIMENH 3JIEKTPOHAa C
TUIOTETUYECKUM TO3UTPOHOM - IPOCTO T€ (OPMBI B3aUMOAEHCTBHSI, KOTOPbIE OTBETCTBEHHBI 32
TCIIJIOBBIC, MEXAHUYCCKUE, XUMHUYCCKUC, ANCPHBIC U T.II. IPOUCCChI B HEM, 11O MCPE YCKOPCHUA
YCTYNalOT MECTO JPYTuM, yHopsioueHHbIM (opmam awxkeHus. C 0co0o0il sSCHOCTBIO 3TO
00CTOSITENLCTBO MMPOABIACTCA C HO3I/IIII/II\/'I MOJ'ICKy.]'IprHO-KI/IHCTI/ILIGCKOI\/JI MOJCJIN BCLIECTBA, B
KOTOPOH TEIUIOTa paccMaTpUBaeTcss Kak XaoTWyeckas (opma JBHKEHMS YaCTHUI] ¢ HEKOTOPOU
CpeIHeCTaTHCTHYECKOI CKOpOCThI0. Eciu cKopoCTh IIeHTpa Macchl MaTepualbHON CUCTEMBI, T.€.
CpedHsisl CKOpOCTb €€ 4YacTUl, paBHa ¢, TO XaOTHMYECKOE JBWKEHHE B HEW CTaHOBHUTCA
HEBO3MOKHBIM, TOCKOJbKY HUKAaKHE CIydallHble OTKJIOHEHMSI OT 3TOM CKOpPOCTH B OOJIBIIYIO
CTOPOHY HMCKJIIOYEHBI CaMUM (aKTOM MpeAeTbHOCTH 3TOH cKOpocTH. OIHAKO 3TOT K€ BBIBOJ
CICAYCT U U3 DHEProJuHaMHKH, B KOTOpOﬁ IMOJIHAasA SHEPruss CUCTEMBI 2 MMpeacTaBjI€Ha B BUAC
CYMMBI «IapIMaJIbHBIX» dHEpruil Ji Bcex ee creneHed J = X D;. B TakoM ciydae cTaHOBHUTCA
O4YC€BHUAHBIM, YTO C HpI/I6J'H/I)KeHI/IeM CKOpPOCTH U KHHETHYECKOH OHCPIrun CUCTEMBI K Hpe}leHBHOﬁ
MC ? BBIDOKIAIOTCS BCE OCTATBHBIE €€ COCTABIAIONIHE Ji. DTO M 03HAYACT NPEBPALLCHHE
BemiecTBa B 3¢gup. CTaHOBUTCSA MOHATHBIM M CMBICII W OOpPAaTHOTO TpOIlecca «KOHICHCAIIUN)
3¢upa, CONMPOBOKIAIOIIMNACS MOSBICHUEM Y BEIIECTBA HOBBIX CBOICTB, HE MPUCYLIUX YPHPY.



12

5.4. CTpyKTypHasi yCcTOiiYMBOCTH BOJIH 3(pupa. HemanoBaxHO Moka3aTh, YTO BOJIHBI
adupa MO CBOMM CBOWCTBAM IOJOOHBI COJUTOHAM — OJMHOYHBIM CTPYKTYPHO YCTONYHMBBIM
YaCTHUIENOA00HBIM BoJIHAM (OT aHrd. solitary wave — yeauHeHHas BOJHA). Takue BOJHBI TPH
CTOJIKHOBEHUH JIPYT C IPYrOM HE U3MEHSIOT CBOCH (POPMBI, UCIIBITHIBAS B HEKOTOPBIX CIydasx
b (a3oBBIA CABHT. YOEIUTHCS B CTPYKTYPHOH YCTOWYMBOCTH BOJH 3(Upa MOXKHO, €CIH
BOCTIOJIb30BAThCSl KJIACCUYECKUM BBIPQKCHHEM ISl TUIOTHOCTH SHEPTUU BOJIHBI, CIUHBIM IS
BOJIH JIO0OH IPUPOIBI (AKYCTHYECKHX, THAPABINYECKUX, JIIEKTPOMArHuTHBIX U T.11.) [11]:

PE, = pA12, (14)

rae p, Ag, V — INIOTHOCTh, aMIUTMTY/Ia U 9aCTOTa KOJICOAHHI CPEJIbI.
Beenem a5 HarysaAHOCTH KO3 duieHT GopMbl BOJIHBI K KaK OTHOILEHUE €€ aMIUIUTY bl
A K JUIMHE BOJHBI A

Ky= A (15)

Torna mI0THOCTh SHEPTUU BOJIHBI NIPEICTAHET KaK BEJIMYMHA, HE 3aBUCALIAS OT YaCTOThI U
3aBHCALIASA TOJIBKO OT €€ (POPMBI:

pE, = pKyc?l2 (16)

C npyroi CTOpOHBI IJIOTHOCTh SHEPTHH BOJIHBI MOXET OBITh BBIpAa)XKEHA Yepe3 CKOPOCTh
cBeTa B BakyyMe pE, = pc?. IIpupaBHEBAs 5TH BHIPAKCHHUS, JIETKO YOSIUTHCA B TOM, UTO Ky =
const.

Ha HavyanpHOU cTaguu U3y4eHUs COJUTOHOB CUMTAJIOCh, UTO CTPYKTYpHAsl YCTOMUHUBOCTD
YEIMHEHHOM BOJIHBI 00YCIIOBIIEHA pAaCcTIPOCTpaHEHNEM YEIMHEHHOM BOJIHBI B HETUHEHHOM cpee,
IJle «pacHoj3aHue» BOJHbI BCIEACTBHE AUCCUIIAIIMU €€ SHEPTUU KOMIIEHCUPYETCs AUCIIepCUeii,
T.€. BO3pPACTaHHEM CKOpPOCTH BOJHBI C yBelIW4YeHHEM ee ammuTyael. OnpHako B 3¢wupe
OTCYTCTBYET Kak JHCIEpCHs, TaK U JUCCHUIIALMS BOJH, TaK YTO 3TO YCJIOBUE COOJIIOJaeTcs
BCEerJa. DTO CYIIECTBEHHO pacimupsieT cepy NMPUMEHHMOCTH TMOHSATHUS COJIMTOHA W CHUMAET
npobaeMy qyanu3ma «BOJHA — YacTHIa». JIMCKPETHOCTh COJIMTOHA KaK BOJHBI 1a€T OCHOBaHHE
ISl 3¢)upHO-conumonnol  KOHLGTIIMKM Iporecca w3nydeHus [12] w mosBomsier nmath
KJTacCHYecKoe 0OOCHOBAaHHUE psily MONOXKEeHUH KBaHTOBOW MexaHuku [13]. Ilpu atom doTon
IpeACTaeT Kak IaKeT COJUTOHOB C IIEJIOYHMCIEHHBIM KOJIWYECTBOM Y3710B. IIpu3Hanme
HEIJICKTPOMArHUTHOU (3()UPHO-COTUTOHHOI) PUPOABI cBeTa [14] U JIF0OBIX APYTHX U3ITydCHHIH
OTKpBIBAET HOBYIO CTPAaHHUIly B HM3yYEHMM TaK Ha3bIBa€MbIX «CBEpPXCIAOBIX» W3IyYEHHH,
MO3BOJISIST OOBSCHUTh WX HEMPOIOPIMOHAIBHO BBICOKYIO aKTHBHOCTH CBOMCTBOM 3(upa Kak
«CBEPXITPOHUKAIOIIEH» CPEIBI.

5.5. CunoBoii xapakrep B3aumojeiicTBusi 3¢pupa ¢ BemecTBoM. PaccmoTpum
OJIMHOYHYIO BOJHY d3¢pupa p (puc.l). Ona mpeactarisier coO0H HEOTHOPOAHYIO CHCTEMY,
00pa30BaHHYIO OTKJIOHEHHEM €€ IIOTHOCTU P B 00€ CTOPOHBI OT €€ PAaBHOBECHOT'O 3HAYEHUS P .

Kak mokazaHo B [7], 3TO NPHBOAMUT K MOSIBICHUIO HEKOTOPOTO «MOMEHTA DAaCIpEIe/ICHHS
IUIOTHOCTH 3(Hpa B BOJHE, KOTOPHIN B HAILIEM CIIydae ONpPeeNIIeTCs BBIPaKECHUEM

Zy = ©,AR, = [[p(r,) - p(B)]rdv 17)

PazbuBast nnst mpocToThl 00beM cucteMbl V Ha nBe yactu V' u V", u 0603Hayas yepe3 @' u
@" wmurerpanst O'= [[p(r,t) — p®]dV' u O"= [[p(r,t) — p(0)]dV", coorBercTByIOMmME
OTPUIATENILHOM U TIOJOXKUTENIBHON TMONYBOJIHE, HAaXOIWM, YTO TOJIOKEHHWE WX IICHTPOB
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COOTBETCTBYET PaJuycC-BEeKTOpaM, 0003HAUEHHBIM Ha PUCYHKE 4depe3
Py R'" u R". T.., »5>HeprogMHaMMYecKMi TOAXOJ K OLICHKE
HEOJHOPOAHOCTH CHUCTEMbI B IIEJIOM IIPUMEHUM M K BoJHaM 3¢pupa,
oOHapy>KuBasi CBOMCTBO 3(PUPHON BOJIHBI KaK AUIONS C miedyoM AR,
HecnoxxHo Takke 3aMeTHTh, YTO YHHMBEPCAJIbHOE OIpE]eIICHUE
CHJbl B JHEproguHamuke [7/] Kak TpajueHTa COOTBETCTBYIOILCH
dopmbel sHeprun Fi = — (03i/0r) mpuMeHMMO W K BojHam 3(dupa,
IIOCKOJIbBKY JIOKQJbHOE€ OTKJIOHEHUE IUIOTHOCTH BOJHBI p OT
PABHOBECHOU P MEHSETCS 10 IIPOCTPAHCTBEHHON KOOpAUHATE I

r
Puc.1. BoAHa kak AUTIOAD

F, = — (GE,/ar). (18)

Takum 00pa3oMm, NPOCTPaHCTBEHHAss HEOJHOPOIHOCTh OCIIJLIHPYIOLWEro 3dupa
HOPOXKIAET €ro «IOJIIPU3ALMIO», MOJA00OHO TOMY, KaK 3TO IPOUCXOIUT B JUIJICKTPHKAX.
OOpa3zoBanue «3QUPHBIX AUIONCH» MOPOXKIACT BO3HUKHOBEHHE B HEM JalTbHOACHCTBYIOIIMX
CHJI TOJO0HBIX XOPOIIO U3YyYCHHBIM CHJIaM, MCXOMSIIMM OT 3JCKTPHUYCCKHX MM MarHUTHBIX
nunosieil. PaBHOIEWCTByIOIIAs TakUX CHJI B KakKOH-IMOO TOYKE MPOCTPAHCTBA I OT BCeX
3upHBIX IUIIONEH, M CO3/MaeT TO, YTO MBI Ha3bIBaeM cunoguim nosem. OTCIOa U TOHSATHE
CHJIOBOT'O TIOJISl KaK 001acmu npOCMpPAanCcmed, 8 Komopou 0OHAPYIHCUBAIOMCS KAKUE-TUOO CUTTbL.
Kak Buaum, mojie — 3TO MPOCTO HANpsHKEHHOE cocTosiHue 3¢upa. s BBISICHEHUS] MPHPOIbI
cwibl F, Bocmonb3yeMcs BBIpQKEHHEM MOJHOro AuddepeHiraia MIOTHOCTH YHEPIHU BOJHBI,
JaBaeMoi BeIpakeHueM (14):

d(pEs) = -(PAsv) d(Auv). (19)

Conocrasisisi (19) ¢ BbIpakeHHeM >JeMeHTapHOI ynopsgodeHnoi padorsr dW' B
TEPMOJIMHAMHMKE W SHEProJMHAMUKE KaK IPOM3BEIEHHUS OOBEKTa MPUJIOXKEHUS CHIbl ®; Ha
BBI3BAHHOE €10 M3MEHEHHE OOOOIIEHHOTro MOTEHIHANA Vi, HAXOAUM, YTO B HAIIEM CIIydae Y,
=Asv u PO, = pAgv. DTOT MOTEHIMAN BOJHBI Ha3BaH HAMH aMIUIUTYI0-4acTOTHBIM [15].
[TockoNbKY B CTallMOHAPHBIX YCIOBUAX TMOTSHIUAN \f, SBISETCS (DYHKIMEW MPOCTPAHCTBEHHBIX
KOOPJMHAT I, TO €ro MOJHbIN 1uddepeHan iMeeM BU

dyy(r) = (dr-V)y, . (20)

OTO NO3BOJIAET BBIPA3UTh PAaOOTy B NPUBBIYHOM JUII MEXAHWYECKHMX BHIOB pabOTHI
dopme:

dW' = F,dr, (21)

rne F, = - O, rady,. T.o., cuma B3aumopneicTBus 3(pHUpa C BEIIECTBOM BbIpaKaeTcs
OTpULATCIIBHBIM T'PaJUCHTOM IMOTCHIHAJIAa BOJHEBI, T.C. TaK K€, KaK U CHUJIbI )Iperﬁ IIpHUpoOabI.
[Ipu 3TOM BBIpa)KE€HHE TpaJUEHTa AMIUIMTYHO-4YaCTOTHOIO MOTEHLMAla ONpEAEseT YCIOBUS
PHEProOoOMEeHa MEX/Iy BEIIECTBOM U A(PUPOM, PABHO KaK U yCIOBHUS PACIIPOCTPAHECHHUS JTYIHCTON
SHEpPruu B morjiomatomei cpene. CTaHOBUTCS SICHBIM, YTO PACHpPOCTPAHEHHE CBETa a TaKUX
Cpefax CONPSHKEHO C «pacIUIaCTHIBAHMEM» BOJIHBI, T.€. YMEHBIIEHHEM €€ aMIUTHTYABl A; H
YacTOTHl V, T.€. C «KpacHbIM cmemieHuem» [15]. To ke kacaercs M BelIeCTBa, 3aTyXaHUE
Kojie0aHUN B KOTOPOM 3aBHUCUT OT €r0 CBOWCTB M COCTOSIHMS, U K TOMY K€ M3MEHSETCS Mpu
pe3oHaHce. DTO HapyllaeT PaBEHCTBO MOTEHIMAIOB \, B BEIIECTBE U 3(UpPE, U MOPOXKIAET
HSHEProoOMEH MEXIy HHUMU. ODTO OOCTOSTENBCTBO M TPEIOINPEAEseT PaBEHCTBO 4YacTOT
MOTJIOIIEHHOTO M OTPaKEHHOT'0 M3JIy4eHHs IPU paBHOBECHUU 3(upa ¢ BEIIECTBOM U, HANPOTHUB,
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MOHMKCHNE YaCTOTHI TIEPEH3IIy4aeMOro CBETa NPU IUCCUIIATHBHOM XapaKTepe JIYYHCTOTrO
sHeproodMena. Urto ke KacaeTcs MpOCTPAHCTBA, CBOOOIHOrO OT BELIECTBAa, TO B HeM (opma
BOJIHBI COXPAHSETCS U SHEPTHUS BOJIHBI HE PACCECHBACTCSI.

6. 3axuouenne. [logBoast UTOT, 3aMETUM, YTO JIFOOBIC TPOIIECCH B BEIIECTBE HAXOMIST
a/IeKBaTHOE OTpaX€HHE B A(pHpe, KOTOPbI U NEPEeHOCUT KosieOaHHUs OT OJHUX Tel K JIPYIUM,
CHOCOOHBIM K WX BOCHpUATHIO. biaromapss sTomy mo0ble B3aUMOJCHCTBHS TNPHOOPETAIOT
€IMHYI0 NPUPOLY M OTJIMYAIOTCA JIMLIb JUANa30HOM YacTOT KojeOaHWH MEepEeHOCSIEro 3To
B3auMoJieiictBue 3¢upa. VIMEHHO MOATOMY OH CIOCOOCH BBI3BIBATH B BEIIECTBE HE TOJIBKO
dboToapdexkr, HO M HOHHM3ANMIO, (POTOCHMHTE3, (IyOpecleHInI0, (OTOSAEPHBIC PEaKIUH,
CTpyKTypooOpa3zoBanue u T.n. C 3TUX MO3MLUI CBET — JUIb Ta YacTh JUarna3oHa KoieOaHun
s¢upa, KoTopass HpOsBIAETCS B Tenax B Buie onrtudeckux s¢¢exros. Eme Oornee y3kuii
JMana3oH JTUX KOJNeOaHWH TemaMH pacceMBaeTcss M ITOTOMY Ha3bIBAaeTCs TEIUIOBBIM. B
PEHTI€HOBCKOM  JHMala30He YacTOT MHOIME BELIeCTBA  OKa3blBAIOTCA  MPAKTUYECKU
po3payHbIMU. Torja M3JIydeHHE HAa3bIBAIOT PEHTTEHOBCKUM, IPUYHCIAS €ro K KaTeropuu
3JICKTPOMArHUTHBIX. TakuMm o0pa3oM, F3(Up ABISICTCS UCMOYHUKOM P GeKkmos 11000t npupookbl.
Ero Bo3zeiicTBHE pa3inuyaeTcs He MPUPOJION MO KaK HAPSHKEHHOTO COCTOSHUS d(Hpa, a TeM,
KaK BEIIECTBO €ro BOCIPUHUMAET. DTUM K€ ONPEAEISIOTCS U CIOCOOB! M30JSIIMU BEIeCTBa OT
3THX BO3JACHCTBHA. Hampumep, 31meKTpOMarHUTHBIE SKpaHbI MOTJIOMAIOT M3IydeHue 3¢dupa B
TOM JIMaNa30HE YacTOT, KOTOPbIE CIIOCOOHBI BO30YX/1aTh JIEKTPOHBI, HO 3HAYUTEIBHO ciabee —
B PEHTI€HOBCKOM JMala3oHe, W €Ill€ MEHbIIE — B JAMANa30HE YacTOT, COOTBETCTBYIOIIUX TaK
Ha3bIBAEMBIM «TOHKHM», KTOPCUOHHBIMY» U T.II. MOJIIM. FIMEHHO 3T0, a He Manas («HEeTerIoBas»)
MHTECHCUBHOCTh TaKUX BO3JAEUCTBUH  OOYCIOBIMBAET MX TIJIyOOKYIHO IPOHHUKAIOIIYIO
CHOCOOHOCTh, OTHIOAb HE CBOMCTBEHHYIO 3JIEKTPOMAarHUTHBIM KojieOaHusM. C Apyroi CTOPOHBI,
ITH «TITyOOKOTIPOHUKAIOUINE)» U3ITyYEHHSI B PSJIEC CIIy4aeB XOPOIIO MOTIIOMAOTCS IMTOJIMMEPHBIMA
IUIEHKaMH, HE TNPEJICTaBJIAIOUIMMU MPAKTHUECKU MPEMATCTBUHA JUIs 3JEKTPOMArHUTHBIX BOJIH.
Takum obOpazom, (usmyeckas MpUposa BCEX B3AMMOACUCTBUI e€IuHA — PAa3IMYCHBI JIUIIb WX
YacTOThl M MX IPOSBJICHUS B BeleCTBE. VIMEHHO 3TO M CIy’KUT OCHOBAHUEM I pa3iMyCHUs
MH(paKpacHbIX, TEIUIOBBIX, ONTUYECKUX, PAINOYACTOTHBIX, PEHTT€HOBCKUX, KOCMUYECKHX U T.II.
U3JIy4CHU.

TakuMm o0pa3zom, «MexaHU3M» B3aWMOJEUCTBUA 3(upa ¢ TelnaMu eIuH: KojeOaTelbHbIe
IpPOILIECChl, TPOUCXOASIINE B JHOOBIX CTPYKTYPHBIX JJIEMEHTaX BEIIECTBA, BBI3BIBAIOT
MOJYJIALMIO 3(upa HA PE30HAHCHOW OTHUM IpoleccaM dactoTe. Yactora MoOLyIsAUUN
OTIpeieNIeTCsl YaCTOTOM KoJeOaHUM CTPYKTYPHBIX 3JIEMEHTOB BEIIECTBA, YYACTBYIOUIMX B 3TOM
npoiiecce, T.e. ero cpoicTBamMu. Ecnu 3Tu koneOaHUS B BELIECTBE HE M3MEHSIOT IMOJIOKEHHS
OCUWJUTMPYIOIIUX 3JIEMEHTOB, OHM CO3/1al0T B 3(upe CTosuue BOJHBI. B mpoTHBHOM ciiyuae
BOJIHBI 3(pHpa CTAHOBATCS OETYIIMMHU U MIEPEHOCST SHEPTHIO B OTCYTCTBUE MEPEMELICHUs CaMOro
adpupa, T.e. TMOPOXKAAIOT TO, YTO MBI Ha3blBa€M B3aUMOJAECUCTBUEM TeJl HAa PACCTOSHUM B
KOHIeNUK Onu3koaeicTBus. Ecnm koneGaHMs B BeIIECTBE HOCAT XapakTep KpyroBOTo
Ipolecca WM BpaIlalOTCs, OHM IMOPOXKJAA0T B 3(Upe a/JeKBaTHbIE 3aMKHYTbIE (KOJbIEBBIEC)
BOJIHBI. Takue BOJHBI JIETKO MpPEJICTaBUTh, COEAMHHUB HA4ajJ0 M KOHEIl JII0OOro BOJIHOBOTO
nakera. B wyacTHocTH, eciM B BEIIECTBE MPOTEKAIOT 3aMKHYThIE MOJIEKYJISIPHbIE TOKH,
00yCJIOBIMBAIOIIME MAarHeTU3M, OHH MOPOXAAIOT B 3GHUpe KOJBLEBBIE BOJHBI,
BOCIPUHHUMAaEMBbI€ JIETEKTOPaMU KaK BUXPEBOE MarHUTHoeE 1ose. To e caMmoe MpOUCXOAUT IpU
BpallleHUH B MPOCTPAHCTBE HEHTpPaJbHBIX Ted, O0O0JaJalOMIMX CKOMIEHCHUPOBAHHBIM
MOJIO)KUTEIBHBIM U OTPHUIATEIbHBIM 3apsAOM, HO OTJIMYAIOUIMMCSI MAacCOll M COOTBETCTBEHHO
yacTtoToi Konebanuil. Cam ke 3up Hpu 3TOM MOXKET He o0lajgaTh HHM DJIEKTPUUYECKOH, HU
MarHUTHOM CTEMEHBIO0 CBOOOIBI, YTO MOATBEPKIACT HEATEKTPOMATHUTHYIO IPUPOY cBeTa [14].
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YHuBepcalbHOE CBOMCTBO 3dHpa MEPEHOCUTH KoJIeOaHUs JIFOOOW YacTOTHI IMO3BOJISET
00HapyXHUTh CYHICCTBOBAHHE HAPSAY CO CIHHH-CIIMHOBBIM M JIPYTHUX BUJIOB B3aMMOJCHCTBUS, B
YaCTHOCTH, O0YCIIOBJICEHHOTO 3aBUCHMOCTBIO IMOTCHIIUAILHOW SHEPTHH TEJI OT MX OPUEHTAIUU B
NPOCTPAHCTBE WM HEOIHOPOTHOCTBIO MOJS YIJIOBBIX ckopocted [16]. B 3Tom oTHOmIECHUU
CIIMH-CITMHOBOE B3aUMOJICHCTBUE MPEICTACT KaK YaCTHBIN CIIy4all IMOCIIEIHETr0, OTINYAIOIIHMMCS
TEM, YTO BEJIMYMHA CIIMHA Y B3aUMOJICHCTBYIOMIMX SACPHBIX YaCTUI OJIMHAKOBA U HEM3MEeHHA. B
TAKOM CJIydae B3aMMOJICHCTBUE MX HOCUT YUCTO OpueHmayuoHHulli xapakrep. B 6onee obOmem
Cllydae BpallalOIIMecs Tela MOPOXKIAI0T HE TOJIBKO TMPOCKONMYECKHE MOMEHTHI Tumna M, HO U
3¢ (HEKTHI «OIPOKUIBIBAHUS», «KTHPOCKOITUYECKOMN TATH» B «00e3BemuBanus» [17].

[TpuHIMIHATHFHO Ba)KHO, YTO BCS YIIOMSHYTasl BBIIIE COBOKYITHOCTH CBOWCTB 3(upa
Haii/ieHa 37ech 0e3 KaKux-T1M00 JIOTIOHUTEIIFHBIX TUIIOTE3 U MOCTYJIATOB, BBIXOSIINX 32 PAMKH
KJIACCUYECKON MapajurMbl. OTO OOCTOSATENLCTBO HApAAy C BBIIBUHYTOH 34€Ch 3(HUpPHO-
BOJIHOBOM KOHIENIIMEH JIIOOBIX M3IyYCHHI OTKPBIBAET HOBYIO CTPaHUIly B HM3yYCHHH TaK
HA3BIBAEMBIX «CBEPXCIIA0BIX» U3yUYECHUN HEIIEKTPOMATHUTHOU TPUPOIBI, TIO3BOJISIE OOBSICHUTh
UX BBICOKYIO TIPOHHKAIONIYID  CIIOCOOHOCTh BPOXKJCHHBIM  CBOHCTBOM 3¢dupa  Kak
«BCETPOHUKAIOMICH» CPEIBL.
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