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l.BBE.!I:EHHE 

EcTh .nsa y.rUIBHTeJlhHLIX ¢u3HtieCKHX 51BJieHH51, OTKpbiTbiX c pa3HHueH OOlJTH 

B 30 JieT, HO npHpo,na KOTOpLIX OKa3aJiaCI. HaCTOJlhKO 6JIH3KOH, qTQ OHH MOI)'T 

6hiTD Ha3BaHLI O,UHHM 11 TeM JKe CJlOBOM - CBepXTeKyqecn.: 3TO - CBepxnpo­

BO,UHMOCTh, OTKPLITrul rorutaH)lCKHM ciJMJHKOM X.KaMepnHHroM-0HHecoM s 1911 

fO){y, H CBepxTeK)"IeCTh, OTKphlTID! pyCCKIIM <jlH3HKOM TI.n.Karmueii B 1938 roey. 

flOJlHOe OOHHMaHHe 3TMX 51BJieHHH HacrymiJIO OOCJie ny6JlHKauHH Bhl)la10IIIHXC51 

pa6oT Haillero reHHaJibHoro cospeMeHHMKa aKa,ueMHKa HHKOJirui HHKonaeswm 

Eoromo6oaa. 

TionseKa HaJa){ s >Kypnane "l13secTiil! AH CCCP" (ceplill <jJHJHqecKa>~, 1947 

ro){, TOM II, BhmycK N.l (•nsapb-<jlespanh)) no .. HJ1aCh craTh> H.H.Eoromo6osa 

"K Teopmt csepxTeKyqecrH", s KOTopoH 6bmo ,naHO 6necT51IUee no rny6HHe aHa­

mna o6'b51CHeHHe 51BJieHIDI CBepXTeK)"--ecTH Ha MMKpOCKOOHtieCKOM ypOBHe. 

A cnycr• 10 neT, s OKr>6pe 1957 ro){a, s npenpHHTe P-94 06oe){Hnennoro 

HHCnrryra 51,UepHbiX MCCJ1e,llOBaHHfi (J1a6opaTOpiD1 TeOpeTHtieCKOfi ciJH3HKH) OO.U 

Ha3saHHeM "0 HOBOM MeTO,Ue B TeOpMH csepxnpOBO)lHMOCTH" 6&1Jl0 ,UaHO MHKpO­

CKOOHtieCKOe o6ocHosamie 5IBJieHH51 csepxnposo,nHMOCTIL B nepsbiX JKe crpOtiKax 

3TOfO npenpMHTa H.H.Eoromo6os HanHcan: "B HaCTO.SIIUeii CTaTbe Mhl OOKruKeM, 

tiTO nyreM pa3BHTIDI MeTo.na, npe)J.JlarasweroCSI HaMH paHee ,liJUi TeopHM csepx­

TeK)"--eCTH, MOJKHO ,naTb OOCJie,llOBaTeJibHj'lO TeOpHlO CBepxnpOBO)lHMOCTM ..• ". 

15 Hmt6p.s 1957 ro,na COCTO.SJIOCh 3ace.naHHe YtieHoro COBeTa JIT<l>, Ha KOTOpOM 

cneuHaJI&HO 6bma OTMetieHa Bbi.Il:aJOIIIa.sc.s pa6oTa aKa,neMMKa Eoromo6osa no co-

3.Ua.HHIO MHKpOCKOOMtieCKOfi TeOpHH csepxnpOBO,lUiMOCTH. 

Ha -rperheii ceccHH Yqenoro cosera OID111 (20-25 no•6p• 1957 roua), na 

-rpent:H .!leHI. Jace.naHHH, s IDITHHUy. 22 Ho.s6p51 1957 ro.11a H.H. Boronlo6os 

C.Uenan .UOIUla!l "0 HOBOM MeTO)le B TeOpHH CBepxnpOBO)lHMOCTH". EneCTSIIUrui 

pa6oTa H.H. Eoromo6osa npmnsena CilllhHOe sneqaTJieHHe Ha l!JleHos Cosera 

'iepe3 ro){ B "BeCTHHKe AKa){eMHH naYK CCCP" (1958 r., T. 28, Bhm. 4) HH­

Konaff HwKonaesw-t ny6nMKyeT craTblO ,'Bonpocbl TeopwM csepxTeK)"--eCTH 6o3e- H 

<f'epMH-CHCTeM". B 3aronosKe o6De.UHIDIJOTC51 o6a xBJieHHSI s o.nHo - csepxTeicy­

tieCT&. Csepxnposo.UHMOCT&- 3TO .sBJieHHe, CB513aHHOe c nose.ueHHeM KoJIJieKrnsa 

ttaCTMU C 0011YlleJlh1M 3HalleHHeM CllHHa = l/2, T.e. C flOBe)leHHeM t!JepMH-CHCTeM, 

a csepXTeKyq.eCTb - 51BJieHHe, CB513aHHOe C noBe,lleHJ-t:eM KOJIJieKTHBa '-IaCTHU C 



uenblM 3Ha'-IeHHeM cnHHa (= 0, 1), r.e. c nose..ueHHeM 6o3e-cHcTeM. OrciO..ua o6o­

e.llHHeHHe o6oHx aBJieHHH s O..UHO s 3aronosKe craTbH H.H.Eoroni06osa "Bonpocbl 

csepxreKyqecrH 6o3e- H cjlepM!!-CHcreM". 

,UaBHO 6biDO H3BeCTHO, '-ITO C flOHH)KeHHeM TeMnepaTypbi 3JleKTpHl.JeCKOe 

COOpOTHBJieHHe MeTaJIJIOB pvteHhl!laeTC.H. Ho HHKTO He 3HaJt, KaKHM QHO 6y­

.[leT npH nOHHJKemni reMneparypni no a6comoTHoro Hyna, r.e . .uo reMneparyphi 

-273,15° no UenbCHIO (ll) llll!f no 0° no reMneparypHoii WKaJJe KenhBHHa 

(K). (COOTHOIIIeHJ.ie Me)!(!{)' 3THMH l!lKanaMH MO)KHQ 330HC3Th B BHJle <!JopMyJihl 

TK = T + 273, 15 K. B 1908 racy KaMepnHHry-OHIJecy yJlaJJOCh nonyqHTb B Jleii­

..ueHCKOM )'HHBepcHrere Ol.JeHb HH3Kyro reMneparypy ......., 1 K. (Ceronm1 .uocrHrnyrbi 

BeCbM3 HH3KHe TeMnepaTypbi, OTJIHl.JaiOIUHeCSI OT a6comoTHOfQ HYJI.H JIHlllb Ha 

MWIJIHOHHbie ,UOJIH rpa,uyca). J1, eCTeCTBeHHO, O)lHHM H3 nepBbiX 3KCnepHMeHTOB 

6Lm 3KCnepHMeHT 00 onpe..ueneHHID COOpOTHBJleHHX npOBOJlHHKOB npH HH3KHX 

reMneparypax. KaK H O)KH,IlaJlOCb, 3JieKrpHqecKoe conpoTHBJieHHe yMeHblllaJJOcb 

c noHH%eHHeM reMneparypbi. Ho scKope (s 1911 r.) KaMepnHHr-OHHec o6Hapy­

)KHJJ, l.ITO conpOTiiBJleHHe pryrH BMecro nocreneHHoro )'MeHbUJemm Heo:am.uaHHO, 

npH reMneparype 4, 15 K H mDKe, pe3KO na.uano .no Hyna. 3-ror ro.n cran ronoM 

OTKpbiTIDI csepxnposO)lHMOCTH. OnniTHblM nyreM yCTaHOBJ1eHo, 'liTO conporHBJie­

HHe MeTaruiOB B CBepxnpOBO,IDHUeM COCTOXHMH na,uaeT JlO <fJaHTaCTHlieCKH MaJibiX 

BeJIH'lHH :::; 10-23 OMicM. 3neKTpHtieCKHH TOK s nposo.uHHKax, He HcnbiTbiBaa 

conpon-tBJiemur, .nep)KHTCX s retteHwe .ll11HTeJibHoro speMemL HanpHMep, csepx­

nposo,runuee KOJibUO C HaBe)leHHhiM TOKOM coxpaHSIJIOCh 6onee IlByx C flOJlOBHHOfi: 

neT npH TeMnepaType HfDKe KpHTHlieCKOfi (KOJI.nJ.iH3). ,U.I151 cpaBHeHHSI yKIDKeM, 

't!TO conponmneHHe HaH6onee 't!HCTLIX o6pa3UOB MeJIH np11 HH3KHX TeMneparypax 

pasHa ~ 10-9 OM/eM. 

HecKOJii>KO TI03.UHee Kru.tMepmmr-OHHec ycraHOBHJI, 't!TO sneKrpM'-IecKoe co­

npOTHBJ1eHHe pTyrH B CBepxnpOBO,IDUUeM COCTOXHHH MO)KHO BOCCTaHOBHTh B )lO­

CTaTOl.JHO CWibHOM MafHHTHOM none, KOTOpoe Ha3hiBaeTCa KpHTHl.JeCKHM IIO.IleM. 

3KcnepHMeHTaJihHbJe Hccne.nosaHrut, npose.neHHble nocne 1911 ro.na, o6oraTHJUf 

XBJ1eHHe MHOnfMH <jlaKTa.MH 33BHCHMOCTH CBepxnpOBOllHMOCTH OT CBOiiCTB npo­

BOllHHKOB, OT BJIIDIHIDI MarHHTHOfO H 3JleKTpH'tleCKOfO nonei1 H HX I.JaCTOTHOCTH 

H T . .U. B 3TOfi KpaTKOii CTaTbe Mbl He B COCTOSIHHH nepettHC11HTb BCe 06Hapy­

)KeHHbie Q:laKThl. CsepxnposonHMOCTh H3 't!HCTO na6oparopHoro aBJieHIDI s Harne 

speMSI aKTHBHO BHe.UpaeTCX B I1p0Mbtlll1IeHHbie TeXHOJIOntH, HaiipHMep, C03}laJOTC51 

csepxnposo.namHe MarHHTbi )llla ycKopHTeneH. Ho Mbl Ha 3TOM ocraHaBJIHsaTbcs 

He CTaHeM. 

Iloxo%ee no cBoeii cjlMJMqecKOii cymHOCTM >BneHHe 6hmo o6Hapy%eHo fle­

rpoM JieoHH.UOBW·IeM KanHueH s noseneHHH )KH,llKoro rem-t:a npH HH3KHX TeMne­

parypax. TipH T ·::; 2, 17 K )KH,UKHH renHii 4He craHOBHTCX csepxreKyqHM (oH 

nonyq:Hn Ha.JBaHHe He II, s OTJlHttHe or HecsepxreKyqero He I). He II, KaK BbiSIC­

HHJIOch B pe3ynnTare HCCJiertOBaHHH, COCTOHT H3 .usyx B3aHMOTipOHHKafOIUHX KOM­

IIOHeHT: csepxTeKyqeH H HOpMaJibHOH. CaepxTeK)'l.Jrul KOMOOHeHTa COsepmeHHO 
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nmueHa Ba3KOCTH, cso6o,nHo nporeKaeT ttepe3 )'3KHe menH H Kamrnn9pbi. KaK 
H3BeCTHO, BX3KOCTb B03HHKaeT B pe3yJ1hTaTe B3aHMO,llei1:CTBIDI MOJieKyJI )KH)lKOCTH 

Me)I(Jly co6oH H co creHKa.MJf cocyna. OrcyrCTBHe sa3KOCTH MO:iKeT 03Haqarn, qro 

MOJieKyJibl XH,UKOCTH npe,ncTaBJISIIOT co6mo "H.lleaJibHbiH ra3" Hes3aHMO.UeHCTBY­

lOlUHX MOJieKyJI, HaXO.IDIIIUti.fcSI S COCTOSIHHH "KOH,U,eHC3UHH" (HH)Ke Mbl fiOXCHHM 

3TOT repMHH). OTcyrcTBHe BX3KOCTH csepxreKyqeH KOMnoHeHThi He II ecTb cso­

ero pOJ.ta orcyrcrsHe "conpoTHBJleHllil" TeKyqecrH rem-ta, qro ..uenaer noseneHHe 

"reKyqefi" KOMOOHeHTbl npH Hli3KHX TeMneparypax OOXOXHM Ha 3JieKrpOHH)'lO 

CBepxnpOBO.[LHMOCTb pTyrH, 0 qeM Mbl fOBOpH11H BbtUie. 3-fo CefQ,lllUI, KOf,lla CTaJUi 

H3BeCTHbi pe3yiihTaTbl TeopeTl-ti.JeCKHX pa6oT H.H.EorOJII06osa, Mbl BH.IlHM TO)I(Jle­

CTBeHHOCTb B IIOBe)leHHH 603e- H clJepMH-CHCTeM IIpH HH3KHX TeMneparypax. Ho 

s 1938 ro.ny, n~c.ne OTKpbiTIDI TIJ1.KanHueH 51BJieHIDJ csepxTeKyqecni 4He, 3TO 

6htno naneKO He oqesHJlHbiM. 

TipH Dp1i6JIH%eHHH K a6COJ1IDTHOMY HYJ110 )lBH)KeHHe aTOMOB B JII060M Tene 

3aMe)lJI.HeTC51 H CBO.UHTCa K MaJlhiM KOJie6aHlliiM OKOJIO HeKOTOpOfO fiQJIQ)KeHIDJ 

pasHosecH.H. TaKHM o6pa30M, nro6oe reno nonxHo 3aTsep.aesarn. fenHM OKa.3anca 

e)lliHCTBeHHOfi )KM)lKOCTbiO, KOTOprui He ycneBaeT "3aMep3Hyrb", npeBpaTHTbCX B 

TBep)lOe TenO - )l<UKe npH Ol.JeHL HH3KHX TeMneparypax OH OCTaeTC51 )KHJlKOCTbiD 

C apKO BbipiDKeHHbJMH KSaHTOBbiMH CBOiiCTBaMH. ,Ue-EpofuleBCKaJI ,WlHHa BOJIHbl 

aroMOB renllil (.>. = m" ) npH reMneparype ~ 1 - 2 K cpasHHMa c Me%MO-
H•" 

neKynS~pHbiM paccroHHHeM (A ......, 10-8). A 3TO H 03Haqaer, qTo He II .nOJI)l(eH 

6hiTb KBaHTOBblM o6oeKTOM H npe)lCTaBJUieT C060IO He 06bi'tJHYlO KJlaCCHl.J:eCK)'lO 

)KH)lKOCTb, a KBaHTOByiO, H rny6HHH)'i0 cyrb CBepxTeKytteCTH MOXHO flOJUITb JIHIIIb 

8 paMKaX MHKpOCKOfiHtteCKOii Teopvm. 

2. TEOPIDl CBEPXTEKY'IECTll 

"Xora aBJieHHe csepxTeKyqeCTH remrn 6nmo orKphiTO MHoro nOJ)Ke ».BJiemrn 

CBepxnpOBO,llHMOCTH, OHO OKa.3aJ10Cb TIOH51TbiM 3Hai.JJITeJibHO paHbiiie, oqeBH,!lHO, 

6naroD.apa cneumfm'-IeCKHM oco6eHHOCTXM craTHCTHKH Eo3e. Tax. MHKpocKonH­

ttecKaa Teopllil smneHHSI csepxreKyqecTH 6o3e-CHCTeM 6bma pa.3pa6oTaHa asropoM 

HacTOSIIUefi. CTaTbH HCXO,llSI H3 MO}leJIH 6o3e-ra3a CO Cna6biM B3aHMO..UeiiCTBHeM" 

- IIHCan H.H.Eoronro6os B CBeOH BLIIIIeyn01-t51HyroM CTaThe, o6y6nHKOB3HHOi1: 

s "BecTHHKe AKa.ueMHH Ha)'K CCCP'~ (1958). H3 KJiHeTHqecKoH TeopHH ra30B 

H3BeCTHO, qTO }lJlll H.UeaJibHOfO O,llHOpO.IDiOfO raJa TeMIIeparypa H CKOpOCTb MOJie-
2 

Kyn raJa CB.H3a.Hbl COOTHOWeHHeM m2v = ~kT, r.ue m - MaCCa l.J3CTHUbl raJa, 

v - cKopocrn I.JaCTHUhi, T - reMneparypa B rpa.n.ycax KenLBHHa, k - no­

CTO>HHasi EonhUMaHa ~ 1, 38 · 10-23 )loKoynh/KenbBHH. EcnH reMneparypa ra3a 

T crpeMHTC.5! K Hynro, TO~ Ka.K Mbl yxe fOBOpH11H BbiWe, .UBH::KeHHe MOJieKyJI 

raJa 3a.Me.!IJUJeTCX H npH a6COJIIOTHOM Hyne BCe MOJieKynbl ra3a OCTaHaBJIHBalOTCX, 

"KOH.UeHCHp)'lOTCa", o6pa3)'10T "KOH)l,eHCaT" (Ha.JBaHO TIO aHaJJOrJUI C KOHJieHCa­

UHeii napos BO,llbl B BO.Ily). Tipas.ua, B KBaHTOBOii TeOpHH nOml yrsep)K,[laeTCX, '-ITO 
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.uaxe npH H)'nesoH TeMnepa-rype ecn "HyneBbie Kone6aHH51" ttacnm, Ho HaM 3TO 

cefiqac He HYJKHO. KoHJleHcaT feJIHSI npH 0 K npe.ncTaBnS~n 6bt co6oii H.neanb­

HDIH 603e-3i1:HIIITei1HOBCKHii raJ. "Ji,!leaJJbHbiM" fa30M H33bJBaerca ra3, B KOTOpOM 

OTCyrCTsyer B3affMO.UeHCTBHe MC)K,lly 1.J3CTHUaMH. "H.neanbHO~f' )!(HUKOCTbiO Ha3bi­

B3eTC.II )KWlKOCTb, B KOTOpOfi OTCyrCTBYeT B33HMO.Ue:H:CTBHC Me)K)ly MOJ1eKynaMH 

JKH.UKOCTH, HeT B513KOCTH, HeT rennonposo.uHOCTH. H.H.6oroni06os noKa3an, l.JTO 

B cnyqae, eCJJH KOH.llCHC3T eCTb Hll.eanbHhiH 6oJe-raJ C HeB33HMOneifCTBYiDlllliMH 

"13CTHU3.MH, OH He MQ)KCT o6nauaTb CBOii:cTBOM csepXTCK)'liCCTH. 

.[(e:HCTBHTeJ1hHO, npe,nnOJIO:JKHM, liTO BCCb £'33 !lBH:JKCTC.II C HCKOTOpofi: CKOpO­

CThiO "U
11 

H BCC ero t.JaCTHUhi, CJ1CllOB3TeJibHO, fiy.uyr .UBHraTbCSI C TOH iKC CKO­

pOCTbiO. HHliTO He nperuJTCTByeT 3THM "13CTHU3M 33MC.Wl.S1Thca H3-3a coy.uapeHHH 

CO CTCHK3MH COCy,na llJIM lJ.3CTMU3MH npHMCCH H Bhma,uaTb H3 KOH,UCHCaTa. ECJIH 

Ka.KIDI-JIH60 1.J3CTHU3 nocne COyJlapeHIDJ nOTCp51eT CKOpOCTb, TO H3 KOHllCHCaTa C 

nonHoH ::meprneH l/2Nmu2 
r.ue N -lJ.HCJIO 1.J3CTHU, m- HX Macca, 3Ta qacrwua 

Bbiml,llaeT M 3HepriDI KOHJleHCaTa CT3HeT paBHOii l/2(N -l)mu2 + l/2mV2, me 

V - CKOpOCTh ttaCTHUhi nocne coy.uapeHIDJ. B npouecce coy.uapeHH» cKopocTb 

lJ3CTHllbl )'MCHhlll3CTC51 (V < U) H KOH,UCHC3T H3lJHCT 33MC.[LJUlTbC51. 0pOUCCC 

3aMe,!llleHllil .llBH)KeHlUJ :~mepreTHlleeKH BblfOlleH, 11 HllCaJlbHbifi: 603e-r33 Hal.JHeT 

0CT3HaBJIMBaTbeSJ, CBOHCTBO TeKyqeCTH 6y.UeT TepSITbCX. 3-ro 6y..!leT npOHCXO.llHTb 

BCJ1e,IlCTBHe CBOi:fcTBa H)leanLHOCTH f333, TaK KaK l.JaCTJ<IUhl HJleaJILHOfO raJa He 

"t~ysCTByroT" .upyr ..!lpyra, He B3aHMO.rtefi:CTBYIOT Jlpyr C .upyrOM, KOH,lleHcaT HMKaK 

He pea.nipyeT Ha Bbina,ueHHe lJ.aCTMUbi H3 KOJJJ1eKTMBa, Ha ero 33Me)lJleHHe. 

"TaKHM o6pa30M, .UJ151 06'bSJCHeHH51 .HBJieHJUI CBepXTCKytJCCTH Heo6XO.UHMO 

)'l.J.HTbiB3TL B3aHMO.Uefi:CTBHe MC)K,lly l.JaCnUiaMH H fl03TOMY paCCMaTpHB3Tb HeH.ue­

aJILHhie 6o3e-eHeTeMbt" - rosopHJI H.H.6oroni06os s csoeM .uoKJian.e Ha o6llleM 

co6paHMM AKll,lleMMM Ha)'K CCCP 20 moH• 1958 ro)la. 

5JsneHHe CBepXTeKyt~eCTH :am,!lKOrQ reJIIDJ npHBJieKJIO BHHM3HHe MHOrHX TC­

opeTHKOB, 11 n051BHJ10Cb fiOJ1blUOe l.JMCJ10 TeopeTH"'eCKHX pa60T nO era o6'bSJC­

HeHJUO. <f>eHOMCHOJ100it.JeeKa51, HJIH MaKpOCKOnHliCCKa.SI TeOpH51 CBepXTeKytJCCTH 

He II 6hlna npe,!lJIO)KeHa n 1938 ro.uy Jiacno THeca H cylUeCTBeHHO ynyqrueHa 

JlhBOM .ll.aBH.UOBHl.JeM JiaH,llay B 1941 ro.uy. 0Ha Ha3biBaJI3eh JlBYXKOMnOHCHTHOfi:. 

"B Teopim THeca :JKH.UKHH re;mH HH)Ke TeMneparypbi ¢a3osoro nepexo.ua paccMa­

TJ'HBancx KaK COBOKynHOCTb CBepxTeKyq:eH H HOpManbHOfi KOMITOHeHT, KIDK.lla.SI 

H3 KOTOpLIX MO)KeT JlBHfaTLC.H CO CBOefi CKOpOCTblO. B COOTBeTCTBHH C 3THM 

ypasHeHH.H rHnpO!lHH31fliKH COCT3BnSIJ1HCh KaK ypasHeHH.H rH!lPO.UHHaMHKH ..!lBYX 

)KI-fJlKOeTeH. B TeOpml: JlaH,llay 6LIIIO 06palUCHO BHHMaHHe Ha TO, lJ.TO JlBH)KeHHC 

CBepXTeKyqeii KOMflOHeHTbl OTJnlttaeTC.H OT llBJDKeHtrn HOpMaiiLHOJ1 He TQJ1bKO OT­

CyrCTBHeM B513KOCTH, HO H TeM, l.JTO OHO 065133TCJ1bHO noTeHUHaJlbHO. TaKHM o6pa-

30M, 6bmH nonyqei-fbi HeCKOJihKO HHbie flf.UpO.UHHaMWieCKHe ypaBHCHIDL raupo­

.UHHaMHlJeCKHe ypasHeHllil JiaH.Uay H THeca npHBO.lliDIH K pa3HhiM JaBHCHMOeTaM 

eKopOCTH TaK Ha3hiBaeMOfO BTOporo 3B)'Ka OT TeMneparypbi. 6neCT51UlHe 3KCnepH­

MCHTaJibHLie HeCJ1elloBaHJi51 B.D.OeiiiKOBa ITOllTBCp.UHJIH npaBHJibHOCTh ypasHeHHfi: 
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JlaH.Ilay",- rosopnJl H.H.Eoron106os s· csoeM noKJiane Ha o6IIIeM co6pamm AH 

CCCP 20 HIOH51 1958 rona. 

noTeHUHaJibHbiH xapaKTep llBH)!(CHllil He II, ynOMSJH)'ThlH Bblllle H.H. Do­

romo60BbiM, 03HaqaeT 6e3BHxpesoe llBH)KeHHe )K.H.llKOCTH. B TOM )Ke .uoKIIa.ne 

HHKonaii HHKOnaeBHl.J no.u~,~epKHyn pa311H1,1He Me)K)ly MaKpocKOnHI,ICCKHM (H11H 

4JeHOMeHOJ10fH1.JeCKHM) H MHKpOCKOnH"'eeKHM TIO.UXOLtaMH K nOCTpoeHHiO TeO­

pi-nt CBCpXTCK)'l.JCeTH: " ... 3a,naqei1; MaKpOCKOTIHl.feCKOfi TeOpHli .51BJUJeTCSI, KaK H3-

BecTHO, nonytteHHe ypasHeHHfi nma Kll3CeH"'ecKHX ypasHeHHH MaTeMaTHl.fCeKOi1 

¢tBHKH, KOTOpbte OTpa)K.aJlH 6bt sero CQBOKynHOCTh 3KCDepHMeHTaJlbHbiX ciJaK­

TOB, OTHOeSJlUHXCSI. K MaKpOeKOflHqeeKHM 06'bCKT3M. 3TH ypaBHeHHSI. BbiBOMTCSI. 

Ha OCHOBC p51lla npe.UnOJ10)!(eHHii, CBOCfO pona aKCHOM, yeTaHaBJIHBafOWHX CB513H 

Me)K.,!ly pa31IHl.fHhiMI1 MaKpOCKOTIHl.feeKHMH BCJIH'UtHaMH. 

B MHKpOeKOflHI·iCCKOii :IKe TCOpHH CTaBHTCSI. 6onee myfiOKa.SI 33lial,la, 3aKJ1IOl.fa­

IDll!asie.si B TOM, l.fTOfihi TIOH.HTb BH)'TpeHHHi1: MexaHH3M SJBJ1eHH51, HeXO.!lSI 113 3aKOHOB 

KBaHTOBOli MCX3HMKH. .Il,JUI ITOCTpOeHllil MHKpOCKOTIHlleCKOil TeOpiUi He06XO,!lHMO 

paecMOTJ'CTb TIO.!lXO.ID!WYfO JlHHaMHt.JeCKYID CHCTeMy, xapaKTepH3yeMyiO onpe,!le­

JlCHHbiM raMHJlbTOHH3HOM, H C ITOMOlllbiO aHarnna COOTBeTCTBYIDWHX ypasHeHHfi 

KBaHTOBOi1: MeXaHHKH yeTaHOBHTb OeHOBHhte CBOiicTBa H3)'l.JaeMOfO aBJleHIDI. 0pH 

3TOM, 8 l.laeTHOCTH, Ha,nnC:JKHT ycTaHOBHTb T3K:JKe Te CB513H MC)K)ly llHHaMHl.ICCKHMH 

BCJ1WU1H3MH, H3 KOTOpbiX BbiTeKaiOT ypaBHCHHSI. MaKpOCKOITHl.JCeKOH: TCOpJH-1 ... ". 

¢eHoMeHOJIOnt4eeK3.SI TeOpllil csepxTeKyqecTH He II, npe.!lJlO)K.eHHaSI J1.,U. 

JlaH,Uay, CTpOH.11aCb Ha OeHOBe p.Hlla npennOJlO:lKCHHii. CnenaeM HeeKOJlbKO OT­

CTynneHHfi. 

PaecMOlpHM KpHCTaJIJ, npH Ol.JeHh HH3KHX TeMnepaTypax. "3aMopmKeHHLie" 

aTOMbl pellleTKH KpHeTaJJJI3 "6y.nyr KOJJe6aTbeSI s6JIH3H nOJIQ)KeHH51 paBHOBeellil, 

TaK l.JTO C06CTseHHa.SI 3HCpOUI KpHeTanJia 6y,neT CYfl'iMOt:i 3HeprHH KB3HT0BbiX OC­

mtnJISITOpOB. B TeOpHH KpHCTaJUlOB KB3HT0Bble OCUH.IlmiTOpbi accomnrpyiOTC.si C 

TaK Ha3biSaeMbiMH ¢oHOH3MH. 3Heprna ¢oHOHa pasHa ftw, r.ue W - l.faCTOTa 

KOJie6aHHi1, n- nOCTOSI.HHa.H f1naHK3 JleneHHSI Ha 2rr(h/2tr). PacnpocTpaHeHHe 

KOJ1e6aHHH B KpHCTaJlJle paceMaT(JHBaerca KaK pacnpocTpaHeHHe 3B)'KOBhiX BOJIH 

- cf:lOHOHOB., 3 CaMHM 4JOHOHaM npHnHCbi83CTC51 eTaTyC KBa3Hl.faCTHU, 06na,naiO­

WHX 3Heprnei1: £, HMTIYJlbCOM p H MaCCOH m, COOTHOllJeHHe Me)KJly KOTOph!Mli He 

seerna npe,UCTaBJ1SJCTC51 B BHlle KJlaCCJilieeKOrD BblpaJKCHllil KHHeTHlJ.eCKOH 3Hepnm 

mv2 /2 H HMnynnea mv, r.ue v o6o3Ha1.JaeT "3B}'KosyiO" cKopocTh pacnpocTpaHeHHSJ 

4JoHoHa. KaJK.UaSI lJ.3CTHua s KpHeTanne HMeeT rpH npocrpaHCTBeHHbiX cTeneHH 

CBOfiO,llbi, 4HCJ10 l.JaCTHU B l CM3 eOCTaBJISieT, npHMCpHO, 10+22 -1023 • T.o., 4HCJIO 

npocTefiumx Kone6aHHH s KpHcTanne pasHa 3. 1022 - 3 · 1023. 3m Kone6aHHSJ 

cymeeTByiOT OL{HOBpeMeHHO H He3aBHCHMO, KaJKUOe H3 HHX npoHeXOJlHT TaK, K3K 

eenH 6bi .npyrnx KOJle6aHHfi He 6Mno. 

He II He KpHCTaJlJl, a )KH.IJ.KOeTh. Ho H K )KH.llKOCTH npHMeHHMbi npe.ucTa­

sneHIDI o cjJOHOHax. 3neMeHTapHbie (npocreiiume) so36)"K.lleHH• B He 11 TaKOKe 

Ha3b!BaiOTC51 ¢oHOH3MH (H11H KBa3H1.JaCTHUaMH). 
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Jl.Jl.J1aH.Uay npe.UDQJIO)KHJI, l!TO 3Hepnt51 £ 3B)'KOBbiX KB3HTOB (Q:IOHOHOB) 

JIBn.sleTCJI JHiHefiHOfi <fJYHKUHCfi HMDYJibC3 p, T.e. £(p) = C · p, r.ue C- CKOpOCTb 

3BJKa. O.uHaKo Jl!l51 o6DSICHCHHSI csepxreKyttecrw, ee TeMnepa-rypHoii 33BHCHMO­

CTH, TermoeMKOCTH, 33BHCHMOCTH OT CKOpOCTH fl0TOK3 CBepxreKyttef.i )I(H.l!KOCTH 

O.llHHX ¢loHOHOB 6LIJIO He,UoCTaTO"'HO, H JI..U.JlaHJlay npe.unonmKHil ewe cywecrso­

saHHe T3K HaJbJB3CMbiX pOTOHOB, 3HCpriD1 £ KOTOpb!X Bblp3)K3CTCSI l.lepe3 HMOYJibC 

pOTOHOB p B BH)le C = t. + (p-fo)', [Jle t. - HeKOTOpall KOHCTaHTa, paBHall 

MHHHMaJibHOM)' JHa"'eHHIO 3Heprnw Emin (npH p = Po). Po - no.nroHottHbiH na­

paMeTp TeOpWH. AHaJIHTHqecKall 3aBHCHMOCTh BblpaJKeHHa e(p) OT WMilYJlbCa p 
,!lJlSI pOTOHOB HMeeT npHBC,UeHHYIO 33BHCHMOCTb JJHWb s6mnH £min· c.l>H3lfl-le­

CK3.SI KapniHa .srsneHIDI csepxTeKyttecTH no reopww JI . .D,.JlaH.uay npe.ucraBJJ.srnac& 

8 CJJe.llyroiUeM BH.Ue. flpH TeMneparype a6COJIIOTHOro HYJISI re.rmH H3XO.UHTC51 B 

OCHOBHOM COCTO.HHHH - COCTOHHHH "KQH,lleHC3Ta... C ysenwtteHHeM TeMnepa­

Typbi B HeM B03HHK310T KOJJe6aHllil MOJJeKyJI - B036)')K,!leHHSI (IDIH cfJOHOHbl) C 

3HeprnH E = c · p, H noKa HX ttHcno HesenHKO, <PoHOHbl Moryr paccM31pHBaTLc.sr 

KaK Hllean&HLIH raJ. Y)l(e s caMOM H3l.J3Jle s reopm:1 JiaH.Uay ocraercSI HeBbi.SJc­

HeHHhiM BOnpoc: flOtteMy 3HepreTHlJeCK3.SI 33BHCHMOCTb ypOBHJI 3JJeMCHTapHOrQ 

soJ6}')K.IleHllii .uomKHa HMeTb BHll E = c · p? C JlaJJLHeHlllHM pocroM reMneparypLI 

ysenHttHsaercs lJHCJ10 ¢'oHOHOB, H npH HeKOTopoH KpHTHlJCCKoH reMneparype TA 
JKH.UKOCTh nepecraer 6&ITL csepxreKyttefi:. flo reopww JlaH,Uay JKH.UKOCTb nepecraer 

6biTb CBCpXTCKyttefi H B TOM cnyqae, K0f,U3 ee CKOpOCTb npeBbilll3CT HCKOTOpoe 

KpHTHlJCCKOe 3H31.JeHHe, npH KOTOpoH H34HH3eTCSI o6pa30B3Hiie BbillleynoMSIHyTbiX 

pOTOHOB, lJTO BeJleT K TOpMOXeHJUO TIOTOKa )I(H,llKOCTH. HTaK, ,!U151 CBepxTeK)'lJCCTH 

Heo6xo.nHMO, 4T06&r CKopocTh JlBHxeHM.SI He II so BCSIKOM cnyqae 6Lrna MeH&llle 

HeKOTOpoH KpHTWlJeCKOH Vkp = min:(p) ::;:. 0. Pemawwyw poJJb B ofu51CHeHHH 

SIBJ1eHH.II CBepxnpOBO.UHMOCTH HMeeT 3HepreTHlJCCK3.SI 33BHCHMOCTb 3JJeMeHTapHbiX 

so36}')K.IleHHii (ci>oHOHOB wm KBaJHlJ3CTHU) oT HMnynLca (eM. HHXe pHc. 1). Ha­

JIHlJ.He MHHHM)'Ma B 3TOif 33BHCHMOCTH 3HeprnH QJOHOH3 OT HMTIYJJbCa BC.llCT K 

TOMy, l.JTO 33Me.llllCHHe JlBHJKCHllil KBa3HlJ3CTHU B Onpe.neneHHOif 06JJ3CTH CKOpO­

CTeH: 0 < V < VKp CTaHOBHTC51 ::mepreTHlJeCKH HCBbJfO.llHbiM. 3HepreTHlJCCKH 

HeBbfrQ.llHbiM CTaHOBHTC51 T3K)KC pmK.lleHHC B036}')K.Il.CHHii B 3TOi1: 06JJaCTH CKOpO­

CTeif. )KHJlKOCTb B 3TOii 06JJaCTH TelJeT 6e3 TIOTepH 3Hepnm, He 33Me,W1.SieTCSI, 

craHOBMTC.I! csepxreK)'lJeH. K CO)KaJJeHHID, JHal.JeHHe KpHTH'·iCCKOfi: CKOpOCTH no 

reopwH JlaHJiay HaMHOro npesocxo.nHT 3KcnepHMeHTaJJbHO Ha6mo.naeM&te JHalJe­

HHa. 

ll,mi TIOC1pOemrn MHKpOCKOnHlJeCKOf.i reopHH csepxnpOBO]l,HMOCTH " ... He06-

XO.llHMO 6biJJO 6bi paCCM3TpHB3Tb )I(HllKHii rem-tH Ka.K COBOKYTIHOCTb B33HMOJlei1:­

CTBYIOIUHX 3TOMOB H Ha 0CHOB3HHH pellieHIUI KBaHTOBO-MeXaHHl.JeCKOJi npo6neMbl 

MHornx B33HMO.lleHcrsyrowwx Ten ycTaHOBHTb coorseTcrsyrowyro cTp)'KTypy 3Hep­

remqecKHX ypDBHeH •.. " (H.H.ooromo6os. "JleKUHH no KBaHTOBOH CTaTHCTHKe", 
H36paHH&Ie TPY.ULI, H3.Il-BO "Hayx:osa .ll)'MKa", 1970, TOM II, cTp. 371). HHKO-
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Pwc. I. 3HeprerwlJeCKaJl 3aBHCHMOCTh KBaJHlJaCTHU or mmynbca 

naif HHKOJJ3eBHlJ nocrpmrn MO.IleJJb HeH.UeaJihHOfO 6o3e-3HHlllTeHHOBCKOro f3.3a 

CO cna6biM B33HMO.lleJiCTBHeM Me)!(,Uy lJaCTHUaMH H, I1pOBe,WI flOCJIC.IlOBaTeJJbHOe 

H crporoe MaTeMaTI-IlJeCKOe pelllCHHe CHCTeMbi ypaBHeHHH 3TOfi MO,UeJUi, Ha.J.Uen 

BblpaJKeHHO e(p) )JJ]a cneKTpa B036y;K.lleHHhiX COCTOaHwil He II: 

e(p) = V2T(p)~v(p) +T2(p) = 
IPI 2

v(p) IPI4 

+-mv 4m2 ' 

r.ne p - HMnynhc qacTHULI (KBaJHlJaCTHULI), T(p) - KHHeTHlJeCKasJ 3Hepf'IDJ 

lJaCTHUbi, V - o61>eM sceH CHCTeMLI, v = V / N - sneMeHTapHbiH o6oeM Ha 

O.QHY qacnmy, N - lJHCJ10 qaCTHU BO scefi CHCTeMe, m - Mace a cfJOHOHa, v(p) 
- KOMTI0HCHT3 ciJypbe-pa3.l10XeHllil $)'HKUHH TIOTeHUHaJibHOfO B33Hft.iOJlefiCTBlli! 

napbl MoJJeKyn renwa, v(O) > 0. 3HaqeHwe v(p) > 0 o6ecneqwsaeT semecTBeHHoe 
JHatieHHe KOpHeH £(p). EcnH ycJIOBHTbCji npHnHcLIBaTh KBa.npaTHOMY KOpHio 

TOJJbKO llOJIOJKHTeJJbHble 3Hat.~eHllil KOpH.sr H paCCMorpeTb JlBC B03MQ)KHQCTH: 

1) oqeHb MaJJhiX HMllYJJbCOB p H 

2) Ol!CHb 60JILlllHX HMllYJibCOB p, TO TIOJij'lJHM npH6JIH:JKeHHbie 3H3lJeHH.£: cneK­

Tpa B036y;K.UeHHbiX COCTOSIHHii: 

I) B cnyqae MaJihiX p: e(p) = CIPI(l + ... ), 
' 2) B CJJyqae 60JlhlllHX p: e(p) = f,i;: + ~v(p) + ... 

f.lle C - CKOpOCTb 3B}'K3 B renHH. 

TaK KaK v(p) npH ysemitieHHH p cTpeMHTCs K HYJJiO, ro npH 6onblllHX HM­

nynncax p 3Hal:leHHe £(p) npH6Jm)!(aeTCjl K KHHernqecKofi 3Hepnm OJlHOii Mone­

KYJJhl £(p) = p 2 (2m. 
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fJOJIHOe lJHCJlO KBa3HlJaCTHU (cf>OHOHOB) He COXpaHSieTCSI, OHH MOryr 803HH­

KaTb H )'HW.JTOJKaTbCSL B COCTOSIHHH CTaTHCTW·IeCKOro paBHOBeCHSI cpe.UHHe lJHCJia 

3anOJIHeHllil fip (cpe,llHee lJHCJIO 1-laCTHU C MMilYJibCOM p) onpe.neJISIIOTCSI cf>opMynofi 

_ t:(p)-p·u -1 
np = [exp( n - 1)] , 

me u - HeKoTop~>Ifi: npoH3BOJihHhiH seKTOp. TaK Ka.K. fip .nomKHO 6~>1Th nonmKH­

TeJlhHhiM lJHCJIOM, TO Jl)lSI BCeX p :j; 0 .llOmKHO BbinOJlHSITbCSI HepaseHCTBO 

t:(p)- p. u > 0, 

H3 KOTOpOro CJie,UyeT, lJTO 3HalJeHHe £(p) ,UOmKHO 6b!Tb 60JibWe npOH3Be.UeHHSI 

MO/lyJieii u H p: t:(p) > IPI·Iul, HJIH, HHaqe, 

lui < mint:(p)fp, 

TrumM o6pa30M, yc.nosHe coxpaHeHIDJ csepxTeK)"--eCTH reJUUI no JiaHLtay 

mint:(p) # 0 
Vkp = p 

y H.H.Eoromo6osa BbiTeKaer KaK cne.ucTswe MHKpocKonwqecKoH TeOpHH. Bhlpa­

:KeHHe ,Wl.H iip .naeT TaKoe pacrrpe.ueneHHe HMnyn~>cos B ra3e Ksa3HlJacnm, npH 

KOTOpbiX ra3 KaK lleJIOe ,UBmKeTCSI CO CKOpOCTMO U. TeopentlJeCKOe paCCMOTpe­

HHe npOBOJlHJIOCb B KOOp.UI-iHaTHOfi CHCTeMe, B KOTOpOfi KOH.UeHCaT, T.e. COBOKyn­

HOCTb MOJieKyJI remrn, B OCHOBHOM COCTOSIHHH Il0KOHTC5J. ECJUi :Ke, Ha060pOT, 

nepeihH K KOOp,IlHHaTHOif CHCTeMe, B KOTopofi ra3 KBa3H'•IaCTHU Ka.K UeJIOe no­
KOHTCSI, TO KOH)leHcaT .UBHraJIC51 6bl CO CKOpOCThlO U. " •.. fiOCKOJlbKY 3TO OT­

HOCIITeJII.HOe ,ll,BJ·DKeHHe npOHCXO,UliT CTaUHOHapHO B COCT051HHH CTaTHCTHY:eCKOrD 

paBHOBeCIDI npH OTCyrCTBIU1 BHelllHHX CHJI, Mbl BHJ:UiM, l.fTO OHO He conpOBOJK,ll,a­

eTCSI TpeHHeM H npe.ncTa.BJISJeT co6oH:, cne.nosaTeJibHO, csoikTBO csepxTeK)'l.feCTYI .. 

(H.H.Eoromo6os. H3 cTaThH "K TeopHH csepxTeK)'l.JeCTH", eM. "Ybsecnu1 AH 
CCCP", cepw• <j>H3HqecKal!, T. II," N. I, CTp. 77-90). nepBbiH pa3neJJ 3TOH 

UHTHpyeMoi1: CTaTbH H.H. Eoronro6os JaKJIIOl.JaeT. cnosaMH: " ... KBa.JHY:aCTHua 

npH MaJibJX HMnynhcax npe.ncTaBJI»eT co6oi1: He l.JTO HHOe, KaK cf>oHoH. OpH yse­

JIHl.JeHHH HMJIYJibca, Korna KHHeTHl.JeCKa.SI ::meprnSI T(p) cTaHOBHTC51 6onbwofi no 

CpaBHeHHIO C SHepmii CB23H MOJieKyJihl, 3Heprl1ll KBa3H4aCTHUhl Henpepb!BHO ne­

peXO,UHT s HH.UHBH.UyaJibHyiO 3HeprHIO MOneKynhl T(p). TaKHM o6pa30M, HH o 

KaKOM pa3,UeJieHHH KBa3Hl.J3CTHU H3 ,UB3 pa31IW·IHhlX COpTa - Q:lOHOHbi li pOTOHbi 

-He MO:tKeT 6bJTb.peq:w". 

MeTo.u perneHIDI CHCTeMbl ypasHeHHH .WUI c.na6os3aHMO.Uei1cTBYKlllleM 6o3e­

c:wcTeMDJ, npHMeHeHHblH H.H.Eoromo6osbtM npH paccMorpeHHH 51BJieHHSI csepx­

TeKY1..feCTH He II, conep:Ka.n O.UHO HCKJIIOl.JHTeJibHO BIDKHoe MaTeMaTH'l.JecKoe npe-
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o6pa30BaHHe - Bb!lleJleHHe H3 raMHJlbTOHHaHa B3aHMO,Uei1:CTBH51 HeKOTOpofi cne­

UHaJlbHOfi: KBaupaTW.JHOH l.JaCTH (no onepaTOpaM po;K,UeHH51 If. YHHlJTO)f(eHHSI 6o3e­

KBa3Hl.J3CTHU) C TIOMOIUbfO K3HOHHY:eCKOrD npeo6pa30BamUJ, H33BaHHOrO BTIO­

CJIC.UCTBHH HMeHeM Eoromo6osa. f1peo6pa30B3HHe npHBO.UHJIO K HCKJllO'l.JeHHID H3 

OCHOBHOfO COCTOSIHHSI CHCTeMbl TeX COCTQ}lHHH, KOTOpl.le COOTBeTCTBOBaJlH BHp­

TyaJibHOMy pOJK.UeHHIO 113 BaKY)'Ma napbl 4aCTH C paBHbiMH H npontBOllOJIO:KHO 

HanpaBlleHHbJMH MMnynr,caMH, nocne Y:ero MO)f(HO 6nmo nonD30BaTbC51 MeTOllOM 

TeOpHH B03MyllleHHH .lLII51 pellleHHii HOBOH CHCTeMbl ypaBHeHHft. 3-fo KaHOHW.J:e­

CKOe npeo6pa3oBaHHe cnycTSI }leCSITb neT 6nmo ucnoJib30BaHO HHKOJiaeM HHKO­

JiaeBHlJeM npH C03,ll,aHHH TeOpHH CBepxnpOBO,UHMOCTH, 0 l.JeM Mbl 6y.UeM rQBOpHTb 

mt:Ke. 

fpa<j>H4CCKOe H306pa>KeHHC 60fOJII060BCKOfO COeKTpa £(p) npH HeKOTOpb!X 

npe.nnono:aceHH51X 0 33BHCHMOCTH v(p) OT p HMeeT BHJl- CM. pHC. 1. B 06Jla­

CTH 0 ~ p ~ p1 3HepreTHl.JeCKIDI 3aBHCHMOCTb cneKTpa cfJoHOHOB OT HMTIYJibca p 
JIHHeHHaJI £(p) = C · p. Y KpHBOH, H306pa><eHHOH Ha pHC. !, eCTb OTHOCHTeJib­

HbiH MHHifMYM B TOt.IKe P2 (3TO - TOl.fKa £min = f:1 y Jl.)l.JlaH,Uay). MHHHMYM 

£(p) o3HaqaeT, l.JTO npH 3TOM 3Hai.J:eHHH HMnyJinca JaMennemte '-:lacnm B noToKe 

CBepXTeK)'l.fei.:f iKH,llKOCTH 3HepreTHI.J:eCKH HeBblfO,llHO, TaK K3K npH JHOfiOM 3Ha1..fe­

HHH p H3 HHTepsana p1 < p < p2 3Hep!W! KBaJHqacTHU £(p) 60Jib!lle £(p2). 
T.o., CHCTCMa o6.rta.naeT csoHcrsoM csepxTeKyq:ecTH. B CJIYl.Jae M)lea.nnHoro raJa , , 
t:(p) = f,i;, mint:(p)/IPI = f,i; -+ 0 npH p-+ 0 " csepxTeKyqecTH He 6&mo 6&1 

... ". C cf>H3H'.J:eCKOi1 TOI.J:KH 3peHHSI nOSIBJieHHe 3TOrO CBOii:CTBa (csepxTeKY1..feCTH) B 

CHCTeMe 603e-I.J:aCTHU CO B3aHMO.UefiCTBHeM paccMaTpHBaeMOfO THna o6ycnoBJieHO 

TeM, l.JTO B TaKHX CHCTeMaX KOH.JleHCaT o6pa3yeT CB513aHHblfi KOJJJleKTHB, pearnpy­

!Oll1Hi1 Ha BDman.eHHe H3 Hero Y:aCTHU IlOBbJliieHHeM 3HepfHH" (H.H.Eoron106os. 

HJ nmUJa.ua Ha 06meM co6paHHH AH CCCP 20 HIDH• 1958 r.). 

B OKT.s~6pe 1946 ro.na H.H.Eoromo6os nonmKHJI cso10 pa6oTy no reopHH 

CBepXTeK)'4eCTH feJIWl Ha 06WCM C06paHHH OT.UeneHJ.:ISI cf>H3HKO-MaTeMaTHI.J:eCKHX 

HaYK AH CCCP. 

" ... K 3TOMY MOMeHT)' ,!{ay {fl.,!{.JiaH.llay) )"Ke OKOJIO n•TH JleT 6&m KJiac­

CHKOM CBepXTCK)'T.JeCTH, aBTOpOM H3BeCTHOi1 nonycf>eHOMeHOJlOfH'·IeCKOii TeOpHH, 

HCilOJlb3YIDWeii npe.UCTaBJieHHSI 0 BBe}leHHbiX HM KBaHT3X OC06biX KOJlJleKTHBHbiX 

B036)')KlleHHi1: BHXpeBOrO XapaKTepa - pOTOH3X ... - TIHWeT B CBOHX BOCTIOMH­

HaHHSIX 0 H.H.Eoromo6ose aKa,ueMHK .U.B.lllHpKOB. - ... no BOCilOMHH3HHSIM 

)'l.faCTHHKOB 06wero co6pamrn. nay pe3KO KpHTHKOBa.n .UOKllanl.JHKa. OnHaKO OH 

6blcTpo nepesapHJI 11 oueHHJl ycnhJWaHHoe, TaK KaK scero JlHlllb .nse-TpH He.UenH 

cnycTSI HanpasHJl s nei.J:aTb CTaTnro [5], rne adhoc 6h!na npenno:KeHa KpHBaJI c 

neperH60M .ll11SI cneKTpa B036j')KlleHHH (CM. pHC. I B HaweH. CTaTbe - n.H.E. H 

f1.C.J1.) H, B l.laCTHOCTH, 6bmO CKa3aHO: " •.. }lnSI TaKOfO cneKTpa, pa3)'MeeTC51, 

Henh3.H roaopHTh o cpoHoHax H poToTax, KaK o crporo pa3J1Hl.IHbiX THnax 3ne­

MeHTapHbtx B036)')K.ileHHif'. tl>eHOMeHOJlOfH'·JeCKasl KpH.Ba.sl JlaHJlay BbiTeKaeT H3 
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cjlopMyJlhi H.H. np11 HeKoTopoM npeanoJloJKeHllll o xapaKTepe BJaHMOJleikTBll$ 

Me)l(lly aToMaMH zeJIU.J£-Jl. O.riHaKo KaKoii-IIH6o ccbiJJKH Ha H.H. s ny6m1Kaw·m 

J1aH.Uay He co.uepJKHTcsC' *. 

E(f) 

·o 
0 

/ 
_.P~"-oV/o 

0 ' ' ' ' 

f 1 fz f 

PHc. 2. 3HeprenJqecKasl 33BHCHMOctl> :::meMeHTapHbiX so36yxD.eHHM (KBaJH<~acruu) E(f) 
OT HMriYJlbCa f. Kpy.KO'lKaMH OTMe'-leHbl 3KCnepHMeHTaJibHbTe TQt{KH. 

BKU 33BHCMMOCTH 3HepreTHtJeCKOfO CfleKTpa KBaJH'-IaCTHU OT HX HMriYJibC3 

6b!Jl rrposepeH B Oflb!Tax flO pacce51HHJO MOHOXpOM3THl!eCKOfO nyqKa HCHTJ>OHOB 

s He II. 3TOT npouecc pacce51Hilll MOJKHO npe.ucraBHTb KaK cTOJJKHOBeHHe HeiiTPO­

HOB C KBa3H'-IaCTHU3MH. 3Ha51 HaqaJibHYJO 3Hepnuo MOHOXpOM3Tf.it.JeCKOfO nyqKa 

H H3MeWHJ 3Heprul0 Hefi:TpOHOB nocne pacce.BHH51 fiO.U pa3Hb!MH yrnaMH MO)KHQ 

pacct.JHTan. 3Heprnro H HMnynLc KBa3WJacntu. Ha pHc. 2 npHBe)leHbl 3KCne­

pHMeHTa.JibHLie .naHHhie no H3Mepemuo 3HepreTwtecKoro cneKrpa 3JleMeHTapHbiX 

B036)')K,IleHHfi **. iloBe,lleHHe 3KCnepHMeHTaJlhHOH KpHBOii £(p) OTJlJil::IHO coma­

cyeTC.H c npe.ucKa.JaHllilMH ¢opMyJibl H.H.Eoromo6osa H c}leHOMeHonorwqecKofi 

KpHBOH JI.)l.JlaH)lay (CM. pHC. 1), 0 KOTOpOH nHCaii )l.B.lll!!pKOB. 

•eM. c6opuHK CTaTeH non Ha:JB3.HHeM "HHKOJJaif HHKOJlaeBH'I 6oro.mo6os. M<rreMaTHK, Mexa­

HHK, ¢H3HK", .Uy6ua, 1994 r., crp. 194-195. AKarteMHK .U.B.lliHpKOB 6W! 6JJHJKHM corpyliHH­

KOM H.H.6oro..rno6osa npai..>H'IeCKH C 1950 r. H BllOCJie.ilCTBHH CTaJI CoaBTOpoM HaY'fHbiX CTaTeii H 

MOHOrpatfmii. 

'"'"CM. CTaTE>IO ,U.B.K)'KHHa "CsepXTeK)"JeCTE>" B KHHTe "¢H3HKa MHKpOMHpa Ma.'leHE>KIDI ::!HUH­

K.'lOne.!lWI" (crp. 361-361). rn. pe.aaKTop .U.B.lllupKOB. H3Jt-BO "COBCTCKWI 3HUHKJ10DCJlHH", MOCKBa, 

1980. 
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3. TEOPIDI. CBEPXllPOBOLUIMOCTH 

"HaH6onee cepbe3HOMY HCnhiTaHHto caMomo6we .[(ay no.usepmocb B 1957 ro.uy 

npll BHeJanHOM BTOpJKeHllll H.H. B TeOpliiO CBepxnpOBO)lHMOCTll, - npOJl0Jl­

)1(3eT B CBOHX BbiWeynOM.HH}'ThlX BOCTIOMHHaHruJX 0 H.H.Eoromo6ose aK3,lleMHK 

)l.B.illHpKOB- cjleHOMeH CBepxnpOBO)lHMOCTH, OTKpbiTbiM B I9I I rDJlY, C KOHUa 

20-x ro.nos .HBn.HJIC.H 6one3HeHHbiM Bhi30BOM se..n)'IllHM TeopeTHKaM. Ebmo .HCHO, 

ttTO csepxnposomtMOCTb npe.ocTaBmleT co6oH MaKpocKonHqecKoe npo.SIBJieHHe Ja­

KOHOB KB3HTOBOH MeXaHHKH. 0Ha HHTeHCHBHO H3)lllaJI3Ch 3KCnepHMeHTaTOpaMH, 

o.oHaKo K11IOI.J TeopeTHt.IeCKOro TIOHHM3Hllil He .uasanc.H s p)'KH. )J,ay pa6oTan s 3TOH 

o6nacTH c cepe.UHHbl 30-x ro.uos H sMeCTe c B.fHH36yproM noc-rpmm ¢eHoMeHo­

nornqecKyto TeOpiUO CBepxnpOBO.Il.HMOCTH. 

3anycKaiOWHM HMnynhcOM .WlSI HHKOJia51 HHKonaeBHt.Ia .HBHTIOCh noSJBJieHwe 

3aMeTKH Kynepa, s KOTopoH 6bmo npe.ononmKeHo, t.ITO ocHosoH ¢eHOMeHa SJBn.SI­

eTCSI KOppeJHIUH.H 3JleK'rpOHHbiX nap, 065133HHa51 B33HMO.llefi:CTBHIO C liOHHbiM OCTO­

ROM, H DpHBe,UeHO BbipaJKeHHe ,UJlSI 3HepreTHt.feCKOfi: llleJIH CO CfleUHcf>Ht.IeCKOif 3a­

BHCHMOCTblO exp ( -~) OT KOHCT3HTbl 9 3JieK-rpOH-c}lOHOHHOfO B3aHMO)leikTBIDl. 

H.H. cpa:;y YBlllleJl aHanorniO c cjleHoMeHOM napHoii Koppe11~UHII 6oJOHHOro 

THOa, OTKpb!TblM liM npH C03.ll3HHH TeOpHH CBepxTeKyqeCT:H. B351B 3a OCHOBy ra­

MHJibTOHHaH 3JleKTpOH-clJOHOHHOf0 B3aH.MO)leiiCTBllil (raMHJibTOHHaH ClJpenHXa) H 

nepecjlopMyJJHposas csoe ( u, v )-npeo6pa:;osaHHe Ha cnyqail cjlepMHOHOB, OH npo­

aHaJIH3Hposan YCJIOBHe KOMOeHC3UHH B03MOJKHbiX CHHJYJUlpHOCTefi B OKpeCTHOCTH 

nosepxHoCTH $epMH H nonyqH.JI BbipaJKeHHe nma ¢opMyJihi Kynepa. 

B nepHO.[l, KOf.lla H.H. 3a.KOWUlJI HCCJie,llOBaHHe H Hal.faJI BbiC1)'I13Tb Ha CCMH­

Hapax, crane H3BeCTHO o no.SIBJieHHH Ha 3ana.ne o6oeMHOro npenpHHTa Eap.Jl.HHa, 

Kynepa 11 lllpHcjlcjlepa. OnHaKo no MocKBbi aTOT npenpHHT He llOllleJl. KaK no­

MHHTc•, )lay 6biCTpO oueHl!Jl pa6ory Eoroni06osa. DbiJIO )laJKe o6"b•BJleHo o6 

o6pa3osaHHH cosMeCTHoro ceMHHapa no TeopHH csepxnposo.nHMOCTH. Ha nepsoM 

Jace.naHHH, noCJie .noK11a,ua H.H., )J,ay CKa3an: 

- HHKOnaH HwKonaesHt.I, 5I He 3HaKJ, LITO TaM co.nepJKHT pa6oTa :Sap.o1ma 

H .UpyrHX, HO ,ll}'MafO, t.ITO TaKOfO KpaCHBOro H y6e,UHTeJ1bHOfO pe3yJibTaTa y HHX 

Hef .. 
Cnosa .[(ay OKa3aJJHCb npopoqeCKHMH .•• ". * 

11cToprn~ co3.UaHH.H TeopHH csepxnposo.uHMOCTH 6onee 6oraTa co.uep)l(al:UieM, 

t.IeM TeOpHSI CBepXTeK)'lJCCTH. 0Ha B CBOeM pa3BHTHH nponma LJ:epe3 .llBYJOKH,UKOCT­

HYJO MO)leJJb fopTepa-KaJHMHpa (1934 r.), ypaBHeHl!ll <!>. H f .JlOH)lOHOB (1935 r.), 
HeJlOKanbHYJO TeOpHIO l111nnapua (1950- I 953 rr.), cjleHoMeHonornqecKyro TeopHIO 

fHH36ypra-flaH.llay (1950) H, HaKOHeU, qepeJ CaMO COJ)laHl!e M!!KpOCKOnl!qeCKOH 

'"CM. npHMe'I3.HHe1 (H3 BOCfiOMHH3HHH :uca!teMHKa ll.B.I!IHpKOBa. CTp. 195-196). 
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TeopMM, BKmoqaiOweil pa6oTbi <!>penMxa (1950), EapnMHa (1950), Kynepa (1956) 
H ocHOBHYIO pa6ory EapnMHa, Kynepa, IllpH<!><jiepa (1957). 

KaKOBbi 3KCnepHMCHTaJlbHblC ¢aKTbl SlBJJCHllil cnepxnpOBO.UHMOCTH? nepel.IH­
CJIHM p.SI,U HaM6onee H3BCCTHhlX: 

1. CymecrsyeT HeKoropaJI KpHTH'-IeCKCUJ reMneparypa Te {W1SI pa3HhiX sewecrs 

H l.JHCTbiX 3JleMeHTOB p33HIDI), HH)Ke KOTOpOif HacrynaeT SBJieHHe CBepx­

npOBO.UHMOCTH. Bem1l.J:HHa KPHTHl.JecKoH TeMneparypbi )l.JUI 6onblllHHCTBa 

semecrs KOne6neTc.SI, s OCHOB"HOM, B npe.nenax 0,5 K::; Tc ::; 10 K. 

2. Cymecrsyer KpHTHl.JecKoe MarHHTHoe none He. KOTopoe pa3pyrnaeT csepx­

npoBO.UHMOCTh, eCJIH OOMeCTHTb CsepxnpOBOllHHK 80 BHeWHee MarHHTHOe 

none. TaK,HanpwMep, W1.51 HM06llil He "'-' 1950 rc. WlSI aJ.IlOMMHllil He "'-' 
100 rc. 

3. MarnMTHbii1 TIOTOK BbiTeCm~eTCSI H3 BHyrpeHHei1 o6naCTl1 CBepxnpOBO.UHHK3 

(3<!><jieKT MeiicHepa). 

4. TennoeMKOCTb s HOpManbHOM Meranne Cn CK.Jia.ribiBaercSI H3 TennoeMKOCTH 

3JieKTpOHOB npoBOliHMOCTH Cne H reruiOeMKOCTH perneTKM Cn9 : Cn = 
Cne + Cng· )ln51 csepxnpOBO.llHHKa reruweMKOCTh Cs TaK)I(e CKJia,!lhiBaeTC51 

H3 rennoeMKOCTH 3IIeiCTpOHOB npOBOllHMOCTH Cse H rennoeMKOCTH peweTKH 

Csg : Cs = Cse + C59 . Tipe.unonaraeTC.sl, '-ITO TennoeMKOCTb peweTKH 

C9 MaJID MeH51eTCSI npH nepeXO}le MeTaJIJI3 OT HOpMaJibHOrD COCTO.siHH51 K 

cnepxnposo.wnueMy, T.e. Cng "'-' C59 • Tor:ua pa3HOCTh Cs - Cn r-..J Ces -
Cen· Ee MO)I(HO HaiiTH, T.K. Cne MO)KHO H3MepHTb He3aBHCHMhiM nyreM. 

0Ka3aJ10Ch, qTQ 
c., 

Cen(T=T) =Aexp(-B) c t , 

r.ue t = f, a A H. B - HeKoTopbte KOHCTaHTbi. 

TaKOe nose,UeHHe OTHOIIIeHllil TermoeMKOCTei1 CBHiteTeJibCTByeT 0 HaJIW.JHH 

TaK Ha3biBaeMOi1 "wenw" B 3HepreTHl.JeCKOM cneKrpe 3JieKTpOHOB. 3-fa lUeJlh 

OT,UeJISieT OCHOBHOe COCT051HHe OT CaMOfO HH31llerQ B036)')K.lleHHOfO COCTO.si­

HH.SI. 'Y:HCJI0.3J1eK1'pOHOB, B036YJK,llCHHbiX Ha.rl OCHOBHhiM COCTO.HHHeM, H3Me­

trneTCSI 3KcnoHeHUHaJJhHO c HJMeHeHHeM TeMneparypbi. TaKax mem, onpe­

.uenaeT repMO,!lHHaMHqecKHe CBOi1:CTBa BCeX csepxnpOBO,UHHKOB, H HaJJHl.JHe 

3TOfi me.nH SIBJISieTC51 06513aTeJJbHbiM )lJISI BC51KOii TeOpHH CsepxnpOBO.UHMO­

CTH. 

5. B csepxnpOBOi\llllleM cocroxHIIII Her rennoaoro 3!jlcj>eKTa ToMCOHa, cyrh 
KOTOpOro COCTOMT B Bbl)leJieHJ.tH HJIH TIOfJ10llleHHH TenJlOTbl B npOBO)lHHKe C 
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TOKOM, BllOJib KOTOpOfO H3MCHjJCTC51 TCMOepaTypa (OOMHMO Bbl,!l,CJICHHSI ,D;KO­

YJICBOJ1 TCTlJIOTbi). Orcyrcrs11e 3cfJ¢eKra ToMcoHa OJHa'-:laeT, l.JTO s csepx­

nposo.wnueM COCTOSIHHH 3JlCKTJJOHhi, HaXO,IDlllUICCSJ B H3HHI-f3WCM COCT051-

HHH, OT,llCJICHhi 00 ::meprm1 OT B036)')K,UCHHbiX COCT051HHH lll.enblO p33MepOM 

kbTc, f.UC kb - OOCTOSJHHa.H fiOJJbUMaHa. 

3KcnepHMCHTaJlbHO ycTaHOBJICHO, liTO BeJIHLJHHa IUCJii·l llllSI CaMbiX pa3HLIX 

CBepxnpOBO.LIHHKOB MaJID MCHHCTC.SI H KOJIC6JieTC.H B npe.IIeJiaX 3 < kbTc < 4. 

6. Pa3Mep memt MCWICTCSJ c HJMeHeHHeM TeMneparypb!, H Kor.ua t = f --+ 1, 
OHa CTpCMJfTC51 K HYIIfO. 

XapaKrepHaJI ttepTa 6onbworo MHO)I(eCTBa 3KCnepHMeHTaJJhHhlX naHHhiX no csepx­

nposoliHMOCTH COCTOHT 8 HeKOeM n01106HJ1 CBepxnpOBOIDIWHX CBOikTB MeTan-

1108, HMeK>UUiX CilllbHO pa3IIHttaK>IUHeC51 KpHCTaJJJIW-IeCKHe H aTOMHbie XapaK­

TepHCTHKH. OpwseaeM npHMep OllHOH TaKoH xapaKTepHCTHKH -- 3TO pa3HOCTb 

3HeprHH Me)!(Jly csepxnposo,ll.HweH H HopManbHOH ¢a3aMH. CsepxnposonHwK MO­

)I(eT 6hiTb nepeBe,UeH H3 CBepxnpOBO.IDilUero COCT05l.HH» B HOpMailbHOe C flOMOlUbiO 

MarHHTHOro nons, KpHTHttecKoe 3HatteHHe He KOToporo npH a6coniDTHOM Hyne 
H' 

COCTaBJ15l.eT COTHM rayCCOB. EcnM BeJJH'·:IHHY ~ (3Hepfl19 MarHMTHOfO TIOJJ» 8 e.llH-

HHUe 06t.eMa) pa3,UeJIHTb Ha ttHCJIO aTOMOB {see H3Mep.HeTCS! Ha e,!lHHHUY 06"beMa), 

TO flOJlyttHM se.nHttHHY "'-' 10-S 38 Ha aTOM, ttTO KaJKeTC51 YllHBHTeJlbHO MaJJOii se­

JIWH·iHOH no cpasHeHHfO, HanpwMep, c KoppemiUHOHHoH 3Heprnei1 KynoHoscKoro 

B3aHMOD.eikTBHS! 3JJeKrpoHOB nposo.nHMOCTH ("'"' l 3B). Pe3KHH ¢a30BMH nepe­

xon OT HOpMaJTbHOfO COCTOSIHH.H npOBO.UHHKa K CBepxnpOBO.IDillleMy COOTBeTCTByeT 

BbiCOKOfi KoppemUUH-1 3JleKrpOHOB, BKJUOttafOLUHXC.sJ B COCTOS!HHe CBepxnpOBO.llH­

MOCni. 

B 1950 ro.uy E.MaKcsenn 11 C.Pei1HOJJbLIC (He3aBHCHMo) ycTaHOBJ.UIH, '-ITO KpH­

THttecKa51 TeMnepaTypa nepeXO.Ua H30TOTIOB pTyrH B CBepxnpOBO.IDIWee COCTO.HHHe 

CB5:13aHa C MaccoH H30TOTIOB fvf] COOTHOllleHHeM Te ,..._, co~;;. 3-foT 3clJ¢eKT 6blJ1 
1L!l 

HaJBaH H30TOTIHl.JeCKHM. 0H )'Ka3biBaJJ Ha TO, lJTO KOJie6Jll01Ua51C51 KpHCTaJIJIW·te­

CKa51 pellleTKa HrpaeT BaJKHYJO pOllb B SIBJ1emm CsepxnpOBO.UHMOCTH. 00CKOJlbKY 

Macca H30TOna MO)I(eT BJimlTb JlHllib Ha cneKTp ciJOHOHOB, TO H30TOnlilJeCKHH 3cfl­

clJeKT HaCTOfil.JHBO HaBOlllUI Ha MblCJlb, '-ITO CBepxnpOBOLIHMOCTb .llOBOJlbHO cyme­

CTBeHHO '3aBHCHT OT B3aMMO.UeiiCTBMH 3JleKlpOHOB npOBO.llHMOCTH C perneTKOi1, 

J.UJH, HHalJe, OT B33HMO.UeikTBllii 3JJeKTpOHOB C cpoHOHaMU. 

Mbi )')Ke ynoMHHanH ¢oHoH npH onHcaHHH SIBJieHH51 cnepxreK)"--eCTH. Hano­

MHHM KpaTKYJO HCTOpH!O B03HHKHOBeHH.sl nOHHTHSI cjJOHOHa. Lf.HH3MHlJeCKaJI TeO­

piD1 KpHCTa..JUIHl.JeCKOii pellleTKH KaK COBOKYTIHOCTH CB.H33HHblX KBaHTOBbiX OClUU1-

Jl51T0pOB pa311Hl.JHbiX l.JaCTOT fihlJla TIOCTpOeHa f01l113H)lCKHM <lJH3HKOM TI.JJ.efiaeM 

(1912), HeMeQKMM cj>MJHKOM M.EopHOM "T.KapMaHOM (1913, CiliA), a raKJKe 
aBCTpHHCKHM cfJH3HKOM 3.illpe.UHHrepOM (1914) B cjJOpMe, 6mi3KOi1 K COBpeMeH­

HOfi. KsaHTOBhie Kone6aTe.nhHble .llBH)I(eHIDI aTOMOB KpHCTaJJJ1HlJecKoii perneTKH 

13 



6blJUf H33BaHbi cpoHOHaMH l..f.E.TaMMOM B 1929 f. (CM. "<t>H3Ht.JeCKHif 3HUHK.nO­

De)lHqeCKHil cnosaph", 1983, cTp. 735). AMepHKaHCKHH qmJHK Enox o6o•cHHn 

npHt.JHHY B03HHKHOBeH~ 3neKTpHt.JecKOfO COTipOTHBneH~ TeM, t.JTO DBH~yuiH­

ec51 3J1eKTpOHhl, CTanKHBaJICh C aTOMaMH perueTKH, OT)lafOT eii: t.JaCTh ::meprHH 

H HarpesaroT MeTann. Yt.JHTbiBa51 KBaHTOBbiH xapaKTep KOne6aHHii peWeTKH, OH 

npe.UCTaBWI B3aHMO,UeJ1CTBHe 3J1eKTp0HOB npOBO)lHMOCTH C peilleTKOfi KaK o6MeH 

¢0HOHaMH. 

l130TOTIHt.JecKHH 3¢£fJeKT, Ha6mo.ueHHbiH MaKCBeJ1110M H PeiiH011h.UCOM s 1950 

f., t.Jyrh paHbille, HO B TOM )t(e fOJly, 61>111 TeOpeTH1.(eCKH npe.r:tCKa3aH Cl>pe11HXOM. 

0H OOK33aJ1, liTO JlBa 3JieKTpOHa MOryT B3aHMO)leiiCTBOBaTb Jlpyr C .upyrOM nyreM 

06MeHa cfloHOHOM H npH 3TOM MO)I(eT B03HHKHyrb CJ1a6oe npHTSI)t(eHHe MeJK.Uy 

HHMH, HeCMO'fP51 Ha KY110HOBCKOe OTTaJ1KHBaHHe, t.JTO MQ)I(eT npHseCTH K 3Hepre­

THt.JeCKOii WeJUi. 06MeH 3J1eK'rpOHOB cfJOHOHaMH 3KBHsaneHTeH B3aHMOJleHCTBHlO 

3neK1p0HOB C pellieTKOii:, l.JTO .llaJlO B03MO~HOCTh <PpeJIHXY npe)lCKa3aTb H30TO­

TIHt.JeCUiif acpcpeKT no ero aKcnepHMeHTanbHoro OTKpLITH51. ,.,_ .. CMeJia51 H.IIeSl 

Cl>peJIHXa, BblCKa.JaHHrut B I 950 fO)ly, KaK pa3 H COCT051J1a B TOM, t.JTO HMeHHO 3TO 

B3aHMoneiiCTBHe, soo6me sect.Ma CJia6oe, Bbl3biBaiOlllee conponiBJleHHe cwcTeMa­

THlleCKOM)' JlBIDKeHHlO 3J1eKlp0HOB, OpH H3BeCTHbiX ycnOBmiX MO)I(eT npHBO)lHTb 

K 0051BJleHJ.UO CBepxnpOBO.UHMOCTH. 3-fa H)le51 H 6hlna HM MaTeMaTHt.JeCKH OcjJOpM­

JieHa C OOMOlllblO npe,UCTaBJieHIDI BTOpHt.JHOfO KBaHTOBaHHS ..• ". 

•• •.. HoBbie BIDKHbie H.UeH Bbi.UBHHynH WaQJpoT, EaTnep H Enarr. Hat.JHH351 

C I 954 r. OHH eHeTeMaTHt.JeCKH pa3BHBaJ1H npe)lCTaBJiemte 0 CyWeCTBeHHOii pOnH 

napHbiX Koppen51UHH aneK-rpOHOB, o6 o6pa3oaamm csoeo6pa3HbJX "Ksa3HMone­

Kyn", eOCT0511UHX H3 .llBYX 3J1eKT}JOHOB H TI03TOMY TIO,Ut.JHHSHOWHXe51 eT3THCTHKe 

EOJe ... ". B KOHuenuHH WacjlpoTa, Eamepa H Enarra ocHOBHhiM cjlaKropoM, 

o6yCJI3BJ1HBaiOIUHM 06pa30B3Hlie KB33HMOJieKyJT, SIBJUieTC51 ¢peJJHXOBCKOe npHTSI­

xeHHe .usyx aneK-rpOHOB s oKpecTHOCTH nosepxHOCTH <t>epMH. " ... O.uHaKo llla­

cppoT. EaTnep H Enarr He pacnonaranH Ha,unexawHM MaTeMaTHlleCKHM annapaTOM 

H He CMOIJIH OOe1'pOHTb eKOJ1bKO-HH6y_nh y6e.UHTeJibHYlO CXeMy ... ". (J13.il.oKnana 

H.H.Eoromo6osa Ha 06weM co6paHHH AKOileMHH Ha)'K CCCP 20 HIOHO 1958 r.). 

llpepseM 3.lleCb UHT3TY H3 H.H.Eoromo6osa H noaCHHM, '-:ITO TIOHHMaeTe51 

TIO.ll "nosepXHOCTblO ¢tepMH". fa3 3J1eKTp0HOB npOBOJlHMOCTH npH TeMnepaType 

a6eomoTHoro HYJlS! KOH.UeHCHpyeTCSI. H o6ne.uHHseTc51 s KyneposeKHe napLI e pas­

HLIMH H npOTHBOTIOJJQ)KHO HanpaBJieHHbiMH CTIHH<lMH H HMTIYJ1bCaMH {p1 -p ). B 

eoOTBeTCTBHH C npHHUHTIOM flaymi .UBa TOJK,IleCTBeHHbiX 3J1eKT}JOHa He MOJYf O,U­

HOBpeMeHHO H3XO.llHTbe51 B O.UHOM H TOM )Ke COCT051HHH. B KB3HTOBOfi MeXaHHKe 

yrsep)t(.UaeTc51, ttTO see LJaernuhi o.uHoro w Toro ~e eopTa TOJK.UecTseHHhi. ToJK.Ue­

CTBeHHhl 11 Bee 3J1eKlp0Hbl. 3TO npHBO.llHT K TOMy, liTO Ka)K.Jla51 napa CBS33HHhlX 

3J1eKrp0HOB C HMTIYllbC3MH p H -p 33HHMaeT KaKoii-TO CBOfi: 3HeprenfLJeCKHii 

yposeHb, H3l.JHHa51 OT HYJtesoro H Bhlllle. TaKHM o6pa30M, KOH.UeHcHposaHHhlii 

ra3 3JieKTpOHOB 3anOJUfSI.eT eHH3Y onpe.aeJieHHYIO 3HepreTHl.JeCKylO o6naeTb, WIH, 

HH31.!e, B03HHKaeT HeKOTOpas 3HepreTW·IeCKIDI rpaHHUa (nosepXHOeTb B rpexMep-
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HOM HMnynhCHOM npoCTpaHeTse) C(p) = Ep. KOTOpa51 OT.lle.rtsleT JanonHeHHYID 

o6naCTh OT nycToH. 3Ta nosepxHOCTb Ha3biBae-reSJ. nosepxHoeTbiO <t>epMH. HaH-

6onhiUee LJHeno aneKTpoHHhiX nap pacnonaraercSJ. s6mnH nosepxHoeTH <lJepM», 

TaK KaK 3Ta 1.J3CTh _WMeeT HaH60J1bUIHH Q:>a30BLiif 06DeM. 3TH 3J1eKTpOHbl (HJIH "no­

BepXHOCTb ct>epMI..f') H onpe.UeJJ51lOT 6ont.wHHCTso esoHcrs MeTaJIJJos. Bcne.ucTBHe 

B036}')K..IleHHSJ. O)lHH H3 SmeKrpOHOB napbl, paenOJ10)KeHHOif BHyTpH TIOBepXHOCTH 

<!>epMH, MOJKeT 6h!Th Bbi6HT Ja npe)lenbl ilOBepXHOCTH. TOr)la BHyrpH DOBepXHO­

CTH ccflepbi OK<UKeTCSI CB060)lHOe MeCTO, ".llblpKa", KOTOpaJI, B OpHHUHTie, MO)KeT 

6hiTh 3aHsTa K3KHM-nH6o .npyrnM 3JieKTpOHOM. Ba)lmo oTMeTJITh, l.JTO BMeCTe c 

ynaneHHeM O.UHHO'-IHoro 3lleKrpoHa H3 CHCTeMhi y.uanSJ.crcSI 6om.woe t.JHcno nap 

3J1eKTpOHOB, KOTOpble CTpeMIDJHCb 6hi JaOOJIHHTh He33flOJIHeHHhie COCTO~Hllil (e 

~- K). TaKHM o6p330M pil3HOCTb 3HeprnH Me)KJ!y JanonHeHHhiM COCTOSHHeM 

enapeHHOH CHCTeMbl H eOCTOSIHHeM C O,!lHHM B036y;K.lleHHhiM 3J1eKTpOHOM 0Ka3bi­

B3eTCSI BO MHOfO p33 60J1hllle 3HeprnH CBSI3H O,UHHOl.JHOJ:i napbl, a TeOpllil CBepX­

npOBO.llHMOCTH, paCCMaTpHBasi Beero J1Hlllb Cll)'l.Jaii O,!lHHOl.JHOfO B036}')K,lleHllil, TeM 

He MeHee npaBHJihHO onpe.lleJI51eT BeJIHliHHY 3HepreTHtJeeKoii llleJIH. HaM HeT Ha­

.no6HOCTH BXO.llHTh B OO.llp06HOCTH 3T0f0 MeXaHH3Ma • .QOCT3T0l.JHO TIOHHM3Tb, l.JTO 

no.upa3)'MenaeTC51 no.u nosepXHOCTbJO <lJepMH. 

flpo.nomKHM npepsamcy10 Bbillle UHTary H3 .umcna.ua H.H. Eoron106osa: " .•. 

.I{anbHeiiwee npo.usH~emte s pa3BHTHH TeopHH 6hmo .UOCTH:rHyro s pa6oTax: Ky­

nepa H, nanee, EapllHHa, K ynepa, Wpwcjlcjlepa. Pa60Ta K ynepa noBBHnach B 1956 

rony, KpaTKa. JaMeTKa Eap)lHHa, Kynepa, illpHcjlcjlepa 6w1a ony6nHKOBaHa B 

anpeJie, nonpo6Hasi 3aMeTKa- s .ueKa6pe 1957 r .••. ". 

EapllHH, Kynep H illpHcjlcjlep B npouecce nonyqeHllil OKOHqaTenhHOro perne­

HIDI npmunw, s pe3ynhTaTe p~.ua Heo6ocHosaHHbiX ynpomeHHii MaTeMantqecKoH 

eXeMbi p3CLJeTa, K BbiBOll3M, B H3Jle)f(HOeTH KOTOpbiX B03HHKaJ1H 60JiblllHe COMHe­

HH.SI. " ... 0HH ycTaHOBHJIH, - npo.uon)Kan s csoeM .noKna,ne H.H.Boron106os, 

- LITO 3HeprHH B036}')K..IleHHblX eOCTOSHHH OT.lleJieHbi ll.leJihlO OT 3HeprnH OCHOB­

HOfO COCT051HHSI H '-ITO B HX CXeMe TIOJI)'l.JaeTCSI. CBOfiCTBO CBepxnpOBO.llHMOCTH. 

OcHOBHhie xapaKTepHeTHKH csepxnposo.nHMOCTH B HX TeopHH .UOCTa.TO'-IHo npo­

cTo Bbip<DKaJOTCSJ. llepe3 .usa napaMerpa . • • H Hax.O.!VITCS s y.uoBJieTBOpHTeJJbHOM 

KaLJeCTBeHHOM CornacHH C 3KCnepHMeHTOM ... ". 

" ..• Ellle .uo Toro KaK B MocKse CTana H3secrna no.npo6Ha51 pa6oTa Eap­

ilHHa, Kynepa, illpHcjlcjlepa, B KOHUe ceHTB6p• 1957 r. MHe ynanoch nOKaJaTh, 

l.JTO MeTO)l, p33pa60T3HHbiif HaMH .llilll OOC1pOeHIDi MHKpOCKOTIHI.IeCKOH TeOpHH 

csepxTeKyq:ecTH Eo3e-eHcTeM, MO::KeT 6biTb o6o6weH H .1lJUI nocne.nosaTenhHOro 

llOCTPOeHH• CBepxnpOBO)lHMOCTH Ha OCHOBe nepBOHaqaJ1bHOii MO)leJ1H <l>pem<Xa. 

CooTseTCTBYIDIUHe ypasHeHWI y.uanoch pelllHTh, He npH6erasr K KaKHM-JIH6o He­

o6ocHosaHHbiM .UOTIYIUeHHSIM HJIH npe.llnOJIO)f(eHHSIM .•. ". 

~ TIOClpOeHHH MHKpOCKOTIHt.JeeKofi TeOpHH esepxnpOBO.llHMOCTH HHKOnaH 

HHKOnaeBHtt Bhi6pan raMJ.UlhTOHHaH ,llHHaMHtteCKOii CHCTeMbi B Bttne C)'MMbi 34>­

¢eKTHBHhiX 3Heprnii 3J1eKTp0HOB, ciJoHOHOB H raMHJihTOHHaHa ::meKlpOHHO-cpOHOH-
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Horo s3aHMO.UeikTBIDI. Tpy.UHOCTH o6htt{HOH Teopuu so3MymeHHii J.uecb oKa3anHCh 

'fPYtJ:HOCTSlMH TaKOrD )Ke nma, KaK M B cnyqae 6o3e-CHCTeM B TeOpHH csepXTeKy­

qeCTM. MeTOJl KaHOHM'!eCKilX npeo6pa3osaHI1il, non)"'HBli!MX B MHpoaoii Ha)"!Hoil 
JIHTepaType ml3samte "KaHoHHqecKHX npeo6pa3osaHHii Eoromo6osa", wcnonh30-

saHHhiX H.H.Eoromo60Bb!M npH c03.llaHHH TeopHH csepxTeKyqecTH, 6Mn o6o6meH 

Ha cnyqafi clJepMH-aMIUIHTy.U, OflHCbiBaiDWMX flOBe.!leHJ-Ie CHCTeM C nonyueJibiM 3H3-

qeHHeM emma. MaTPHt{Hbte aneMeHTbt, cooTseTCTBYIDlllHe npoueccy BHpryanbHoro 

po~eHIDl qaCHIU (illlH ciJOHOHOB) H3 BaKY)'Ma, MOryr CO,D.epJKaTh 3H3MeHaTeJIH, 

o6pawatowHeC5t s HYJih npH onpe;~:eneHHbiX ycnosmtx. 3To npMso.rumo 6bi K 

6ecKoHe'IHO 6onhliiHM 3HatteHH5tM HeKoTophiX HHTerpaJIOB. DpH Bbt6ope KaHOHH­

ttecKHX npeo6pa3oBaHHJ.i He06XO,llHMO 6hlJIO o6ecnetJ.HTb B3aJ.iMHOe COKpaWeHJ.ie 

T3.KHX MaTpHttHhiX aneMeHTOB, KOTOpbte cooTseTCTsosanH BHPTYaJlbHOMY poJK.Ue­

HHID H3 BaK)'YMa napbl ttaCHill C npoTHBOTIOJIO)KHbiMH HMny.IJbCaMH H CmiHaMH. 

HMeHHO TaKyiD KOM.neHcaumo pacxo,USIWHXC~ KJiaccos ,llHarpaMM HHKonaro Hw­

KonaesHGY npHXO.!laliOCb ocyweCTBn51Tb npH COJnaHHH TeOpHH CBepXTeK~eCTH 
6oJe-cHcTeM. Teneph OH o6o6mHJI npeo6pa30BaHHe Ha cnyt-IaM cpepMH-aMID!HTyJl. 

Bhi
1
-IHCnl1B 3HepnHO OCHOBHOfO COCT051HH51 CHCTeMhl BO BTOpOM npH6JimKeHHH, 

HMKonaii HHKOnaesHq nonyqHll MaTeMaTw-tecKH cTporne pe3yJibTaTbl, o6c~cH~IO­
IIIHe H npOHCXO)K.!le!-Uie 3HepreTH'-:IeCKOii wenH, H ee 38BHCHMOCTb OT KOHCTaHTbl 

CB.H3H <IJOHOHOB C 3JleKTpOHaMH npOBO.!lHMOCTH, H ::mepreTW::IeCKHM cneKTp B03-

6j')K.UeHHblX COCT051HHI1" .•. flO.ll'llepKHeM, ttTO npose.ueHHbie HCCJie.llOBaHllil TIO.ll­

TBep,llWlH npaBWlhHOCTb, B nepBOM npH6JIM)KeHHH, COOTBeTCTBYIOIIIHX cpopMyll, 

nonyqeHHhiX Dap.unHbiM, KynepoM, lllpH¢cPepoM. C noMOWbiD MeTo.ua npH6nH­

)KeHHOfO BTOpHl.JHOfO KBaHTOBaHH~ Mbl npOBeJIH CHCTeMaTW.JeCKOe HCCJie,lloBaHHe 

MO,lleJlH <l>peiiHXa H ycTaHOBHJlH, qTQ B HeJ.i, KpOMe B036)')K.lleHHfi q>epMHOHHOfO 

nma HMelOTC51 eme KOJlJleKTHBHbJe 6030HHbie B036)')K.UeHH51 6e3 3HepreTJ.il::leCKOii 

ll!enM ... " (H.H.Eoromo6os. !13 )loKnllJla ... ). 
Mo.llenh 'llpenHxa He )"''HTbtBaeT KynoHoscKoe OTiaJIKHBaHHe Me)I(,[J.y 311eK­

TpoHaMH KyneposcKoH napbi. B TeopHH bap,nHHa KynoHoBcKoe OTTaJ1KHBaHHe 

6biJIO yqTeHO npOCTO K8K HeKOTOpasi ycpe.uHeHHa51 KOHCTaHTa JKP.• He )'l-IHTbl­

BaiOUlrui xapaKTepa KynoHoscKoro s3aHMO.rteMcTBH~ "'-' ~, r.ue r· - paccTo»HHe 

Me:>Klly aneKTJ)OHa.MH. 3TH He.uocTaTKH 6hmH yc1'paHeHh1 s pa6oTe B.B.TonMalieBa 

H ,D..B.lliHpKOBa, KOTOpbte BBeJIH B raMIDibTOHHaH B3aHMO)leiicTBH51 lJJleHbl, COOT­

seTCTB)'lOWlile peanhHOMY KynoHOBCKOMY orranKHBaHHIO Me:JK.LI.y 3JieKTpoHaMH. " ... 

B pe3yJihTaTe HX HCCJie,llOBaHIBI OKa3aJ10Ch, liTO ycnOBHe CBepxnpOBO.UHMOCTH OT­

JIHl.J8eTC~ OT 6ap.uHHCKOfO TeM, ttTO KOHCTaHT)' Icyn Heo6xo.UHMO npe.usapHTeJtbHO 

pa3,llem1Th Ha senH'IMHY nop•JlKa norap11<jlMa OTHoll!eHil• sHepnm <!JepM11 K cpell­
HeH 3HeprnH QJoHoHa ... " (H3 nmrnaua H.H.DoroJIID6osa Ha 06weM co6paHHH 

..• ). BcKope pe3yilbTaTbi Mccne.uosaHHH H.H.Eoromo6osa c coTflY.UHHKaMH 6hinH 

o6o6ll!eHhi a MoHorpa<jlllll H.H.Eoromo6osa, B.B.TonMa'!esa 11 )l.B.WHpKoBa 
"HoBhiii MeTOJl s TeopHll csepxnpOBOJlMMOCTll" (113Jl-BO AH CCCP, MocKBa, 1958) 
" ... B o6meM ctJH3HqecKaSI KapTHHa crpyKT)'Pbl csepxnposo,IDIWero HJIH csepxTe-
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Kyqero COCT051HMSI QJepMHOHHOfi CHCTeMbl pHcyeTCSI CJle.U)'lOlUHM o6pa30M. BsHlly 

HaJIHlJH~ B3aHMOLleHcTBHii B TaKOM CHCTeMe scer.ua cymeCTBYIOT KOppell~UHH, B 

qacTHOCTll, Me)I(Jly napaMH <jlepMHOHOB c HMnynhcaMH K 11 ( -K + q). Tip11 srOM 
3HalJeHHe q = 0 HHtteM He BLt.neneHo. B cnyqae :IKe nepexo.ua K csepxreKyqeMy 

HJIH csepxnposo.wnueMy cocTO.SIHHJO no~B1151eTC51 pa3pbiB npH q = 0 (pa3)'MeeTC51, 

pelJb H.lleT 0 CHCTeMe, KOTOpasl K3K uenoe TIOKOHTC51). ,lln5J ,UaHHOfi lJ8CTHULI C 

HMnynhCOM K HMeeTC}l OTJlHl.JHa.SI or HY1151 sepOSITHOCTb HaifTH npyryro 1..faCTHUY c 

HMnynhCOM, TOlJHO paBHhiM - K. B HOpMarJbHOM cocTO.HHHH TaKa.H sepo51THOCTb, 

otteBHJlHO, pasHa Hynro. Hama.uHo 3TO nono~<.eHHe MO)KHO HHTepnpeTHposaTh 

KaK o6pa30BaHHe CHCTeMbi nOKO.HWHXC.H CB5133HHblX nap - KBa3HMOJieKyn, T.e. 

KaK o6pa3osaHHe 6oJe-3iiHlllTeMHOBCKOro KOH.lleHcaTa raKHX nap. B aToif CBH3H 

O,llHOCIJepMHOHHbte B036}')K.lleHHSI. CJiellyeT paCCMaTJ)HB8Tb KaK o6pa3)'lOU1HeCH B pe­

Jy.fJbTaTe ,llHCCOUH3Ul'IH raJa, 3HepreTHGeCKa51 WeJib HarJISI.!lHO HHTepnpenipyeTCSI 

KaK 3HepfH51, Heo6XOJlHMa.H ,[UUI )lHCCOUH8UHH. 

KpoMe B036yxnemtH, conposo)KJlaiOwHxca pa3phiBOM nap, HMeiDTC.H ewe KOJI­

neKTHBHhte B036)')KlleHHSI BCefO CB5138HHOfO KOJIJleKTHBa (B lll!JIOM TaKOfO )Ke THna, 

KaK H s o6blttHOM EoJe-ra3e). 

3aMeTHM, LITO KOr,Ua rOBOp.HT 0 CHCTeMe MOJieKyJI HJJH B006me 0 CHCTeMe, 

COCTOSIWeH: H3 CB5133HHhiX KOMIUieKCOB lJ3CTHU, BCerna HMelOT B BH.UY CHTY3UHIO, 

B KOTOpoH 3Heprm1 CB.H3H KOMIUieKCOB MHOrD 60Jlbllle 3HeprnH B33HMO,lleJ1CTBH5l 

MeJKUy KoMnneKca~m. 

B CHJIY OCHOBHbiX npHHUHTIOB KBaHTOBOii MeXaHHKH Mbl HHKOf,lla He MQ)KeM 

CttHTaTb, lJTO ttaCTHUbl, BXO.WHUHe B O.ilHY MOJieKyny, OT.IJHl!aiOTC.H OT aHaJ10I1il!HbiX 

G3CTHU, BXOJJ.Sillll1X B JlpyryiO TaKyiO )Ke MOJleKyny, H He MOryr B33HMHO MeRSITbCSI 

MeCTaMH. 0.UHaKO BBHJlY OTHOCHTeJibHOM: MaJIOCTH B3aHMO)leifCTBH.H MeJKUy MOJie­

KynaMH 00 CpasHeHHIO C 3HeprHeM CBSI3H OT,UeJibHbiX lJaCTHU B MOJieKyne, TaKHMH 

3cl>¢eKT3MH o6MeHa MO)KHO npeHe6pellb. B pacc~mTPHBaeMOM CJI)'l·iae c8epx­

nposo.wnuero runt csepxTeKyqero cocTO.HHH.H CHCTeMbt cpepMHOH08 noJIO)KeHHe 

cosepweHHO HHoe: 3Hepm51 CB513H nap MO)KeT 6biTb roro :IKe nop.H.nKa H na)Ke 

MeHbille 3Hepi11H B33HMO.UeifCTBJ.i51 Me)!(Jly HHMH. 3JleCb 3cpcfleKTbi 06MeHa BeCbMa 

cywecrseHHbl. 

TaKHM o6paJoM, Mbl HMeeM .ue11o c HOBhiMH npencraBJieHH51MH o llHHaMHKe 

CHCTeMbi. Ksa3HMOJieKyJihl, 0 KOTOpbiX Mbi fOBOpHM, HaXOIDITC51 8 npouecce no­

CTOSIHHOfO OlJeHb 6blCTpOfO 06MeHa OT.UCJILHbiMH l!3CTHUaMH, H3 KOTOpb!X OHH 

DOCTpOeHbl. flo CylUeCTBy, Mbl )')Ke He MQ)KCM 60JlbUie fOBOpHTb 06 OTJleJibHblX 

MOJieKyJiaX, a JlOJlJKHbJ npe.UCT3BJI.HTb ce6e BeCb KOJIJieKTHB lJaCTHU 8 UeJIOM. npo­

uecc B33HMO.Uei1CTBMSI 1.laCTI-IU 3.UeCb 33KJII01.laeTC~ B TOM, liTO B Ka)KJlblfi MOMeHT 

OHH B pa311H'-IHl>IX KOM6HHaUH51X CBSl3btBaiOTC5f B KOMfLtteKCbl. B npOTHBODOJIQ)K­

HOCTl> H3CTO.HWMM MOJieKyJiaM, speM51 )KH3HH OT,UeJibHOfO T8K0f0 KOMOJleKca -

KBa3HMOJieKyJlbl - H BpeMSI CB060.UHOfO npo6era 3T0f0 KOMOJleKca, T.e. speMSI 

Me)K)ly OT.UeJibHbiMH aKT3MH B3aHMO!leiiCTBH51 3TOfO KOMIDieKca C .!lPYrHMH KOM­

IUieKCaMH CHCTeMM, - BeJlHLJHHbl O,llHOfO H TOfO )Ke nop51JlK8 ... ". 
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11, HaKoHeu, nocne.aHMe .asa a6Jaua H3 ".UoKJTa.aa ... ,; co.aep:JKaT )'KaJaHml Ha 

nepcneKTMBHOCTb MCflOJlb30BaHHSI MeTOlla TeOpHH csepxTeKyqeCTH H CBepxnpOBO­

llHMOCTH s TeopHH 51,apa: " ... B TeopwH aTOMHoro Sl,apa He pa3 BbiCKaJb!BaJIOCb 

MHemie, liTO xnepHJ'lO MaTepwiO cne.ayeT npencTaBJI51Th ce6e nocTpoeHHOH He M3 

OT)le.nhHhlX Heli:TpOHOB 11 npOTOHOB, a 113 HX KOMITJJeKCOB- Jlei11'pOHOB, 0:-t.taCTHU 

H T ..n. O.aHaKo TaKHe npeJlCTasneHH51 Bhl3htBanH cepneJHhJe so3pruK.eHHSI, noToMy 

'-ITO 3HeprHS1 CB513H TaKHX o6pa30BaHHfi: - Bemtl.JHHa TOfO :JKe nopSUI.Ka, l.JTO H 

Be.nHl.JJiHa 3Hepnut B3aHMO,!lefiCTBH51 Me)K,lly HHMH. J1MeHHO TaKaJI CHTyaUJ.U!, KaK 

OTMeLJaJIOCb BbiWe, XapaKTepHa )lJUI 3JleKTpOHHOi1 CHCTeMbl 8 CBepxnpOBO)Uil!leM 

MeTaJIJle. flO-BH.UHMOMy, B 060HX CJ1}'4a51X Mhl HMeeM ,!leJIO C O,[IHHM H TeM )Ke 

,!lHHaMHI.JCCKHM MexamBMOM. fl03TOMY MOJKHO .UYMaTb, l.JTO MeTQ,U, pa3pa6oTaH­

HbtH: ATUI flOC1pOeHHSI TeOpHH csepXTKyt-~eCTH H CBepxnpOBO,!lHMOCT.H, OKIDK.eTCSI 

ITJJO,UOTBOpHbiM H B TeOpHH 51)lpa. PemeHHeM :noH npo6neMbl Mbl H JaHHMaeMC51 B 

HacT05llllee speMSI". 

lleikTBHTeJI&HO, s aKaneMHlleCKOM :JKypHane ")loKJian.LI AKa.aeMHH HayK 

CCCP" s TOM "'e 1958 rony (T. 119, N. 1, c-rp. 52-55) no•sHJJacb CTaTbO 

H.H.Eoromo6osa "K sonpocy o6 ycnOBMH csepxTeK}'4eCTH s TeopHH 51JI.epHoi1 Ma­

TepHH", B KOTOpoH 6LmH 3aJIO:JKeHhi OCHOBhi CBepxTeK}'4eH MO)le.nH Sl}lpa H KOTOpa51 

snocne.aCTBHH aKTHBHo pa3BHsanach coTpy.aHHKOM flTct> B.f.ConosbeBbiM. 

11TaK, Mbl Ha6JIIO,aaeM nOpa3HTeJlb,HOe TBOplleCKOe Hanp51:JKeHHe seJIHKOfO }'4e­

HOf0. TonhKO liTO B csoeM "llmma.ue ... ", nocssnueHHOM npo6neMe csepxTeKy­

l.JeCTH 6o3e- H cpepMH-CHCTeM, C,UeJiaHHOM 20 HIOffil 1958 f. OH }leKJiapHpyeT 803-

MO)I(HQCTh HCOOJih30B3HI-UI CBOefO MeTO)la )l.J151 OOC1pOeHH51 CBepxTeK)"llefi MO,!le.nli 

51.Upa, a cnyCTII JIHlllb 3-4 MeC51Ua 0051BJ151eTC51 era HOBa.SI cpytUJ.aMeHTaJihHaJI pa6oTa, 

co.aep)fGll.UaJI nonHoe pellleHHe HOscH KpynHoH npo6neMhi. 

"3aH51ThCSl pernemteM npo6neMLr'', KaK Bhipa3anc.s~ Bhillle s csoeM ".UoKJJa,ne 

... " H.H.Eoromo6os, 03HaqaJio wm Hero naTb ToqHyiO MaTeMamqecKyiO ljlop­

MynHpDBKY np06JleMbl, HaDiiC3Th TOt.JHYiO CHCTeMy ypasHeHHH, HaiiTH nOJlHOe 

H TOl.JHOe perueHHe CHCTeMbl ypaBHeHHii, OOJl)"llHTb TOlJHble pe3yJILTaTbl H ,!laTh 

HHTepnpeTaiiHIO SIBJleHIDJ, He OCT38Jl5l:l0lll,HX COMHeHHi1 8 pellleHHH 3a!la1.JH ".uo 

KOHUa''. TaK 6h1Jl0 C C03}l3HHeM MHKpOCKOOHlJeCKOi1 TeOpHH CBepxTeK}'4eCTH 

(1947), TaK 6hiJIO C )lOKa3aTe.nbCTBOM )lHCnepCHOHHhiX COOTHOllleHHif B TeOpHH 

CllilbHbiX B3aHMO.UeikTBHH (1956), T3K 6biJIO C C03)laHHeM aKCHOMani1.JeCKOH Te­

OpHH 001151 (1955-1957 IT.), TaK 6hiJIO C C03,UaHHCM MHKpOCKOnHl.JeCKOH TeOpHH 

CsepxnpOBO,UI-iMOCTH (1957 r.), TaK 6LJJI0 C C03.UaHHeM CBepxTeK}'4ei:f TeOpHH SI.Upa 

(!958), TaK 6bU10 C )IOKaJaTOnbCTBOM TeopeMbl 0 KBaJHCpe)lHeM (!961 ), TaK 6binO 

c peweHHeM npo6JJeMbi "useTa" KsapKos ( 1965). 
Hay'-moe TBopqecTBO H.H.Eoromo6osa, era MeTo.uonont51, era no.uxo.uw K 

pei.UeHHiO KpynHhiX Ha}'4HhlX npo6.rreM OKa.Jarm OfPOMHOe BJIH.SIHHe Ha pa3BHTHe 

MHpOBOH TeopeTMl.JeCKOii cfJH3HKH He TOJibKO MHQ)I(eCTBOM perueHHb!X Bhituenepe­

lJHCJieHHhiX np06JieM MHpOBOfO KJ1acca, HO B TOM l.JHCJie flOJIHOii: H MaTeMaTW·Ie­

CKOH cTporocTbiD HX peweHHSL Pa6oTbl H.H.Eoromo6osa cranw, o6pa3HO rosOp51, 
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onpe,aeJieHHOii BhiCOTOH ruJ3HKH TeopeTHt,IeCKOfO MhiUIJleHHB 11 pememm npo6neM, 

K KOTOpOii .ll,OmKeH CTpCMHTbCSJ B CBOeM pa3BHTHH H TBOpt,IeCTBC JU060ii TeopeTHK 

MHpa. 

B 33K..TliOlJeHwe asToph! npliHOC51T rny6oKyiO 6naro.aapHOCTh A.T. <PH.mmnosy 

33 UeHHhle 3aMel.laHHSJ H .ll.OOOJIHeHHSI. 

PyKonHch noCTymma s H3naTe.nhCKHH oTnen 

3 I Mao 1999 rona. 
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