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EpaHKOB M.r., ToH'!eB H.C. 

0 an~HH~H crpyKrypHoro ~cKa~eH~H Ha 3Heprer~qecKy~ 
menb caepxrrpoBOA8HKa 

P4 - 9452 

Hayqanacb MOAe/lb MarHca-flaarepa anH caepxrrpoBOAH~KOB co crpyKryp
HblM HCKa~eH~eM T~IT8 YABOeH~H rrep~OJl8, nony'leHbl HOBble ABHHble ITO 38B~
C~MOCT~ caepxrrpoaonHmeti men~ or rrapaMerpoB c~creMbt rrp~ T= 0 ~ 11 # 0 . 
Y'lreHo KaK H3MeHeH~e rrnorHocrH 3neKrpoHahlx cocroHHHR, raK ~ an~HH~e 

A~3neKTPH'!eCKOH menH Ha Marp~'!Hbte 3neMeHTht penyu~poaaHHoro EKW
aaa~MoaellcTB~R. 

Pa6ora BhtrrOnHeHa B fla6oparop~~ reoper~'lecKoll qma~K~ OHHH. 

Coo6meHKe 06be):IKHeHHoro KHCTKTyTa l!AepHbiX KCCJie):loBaHK~ 

,ay6Ha 1976 

Brankov J. G., Tonchev N. S. P4 - 9452 

The Effect of the Structure Distortion on the 

Energy Gap of a Superconductor 

The Mattis-Langer model for superconductors with the 
structure distortions of the period doubling type has 
been investigated. The new results have been obtained 
on the dependence of the superconducting gap on the sys
tem parameters at T=O and 11 # 0. Both the changes of the 
electron state density and the effect of the dielectric 
gap on the matrix elements of the reduced BCS interac
tion have been taken into account. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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§ I. BBe,!IeH:ee 

B UOC~e~ee BpeMH ~ p~a CBepxnpoBO~HROB C BHCOKO~ 

KpHTKqeCRO~ TeMnepaTypo~ rrs Ouna OOHapyzeHa RBHaH KOppenH

lUIR Me.a,ey 1; H TeMnepaTypo~ 'T, , np:e KOTopo~ OHH npeTepne.Ba.DT 

CTpyKTypHHa ~SOB~ nepexo~1/. llOllHTKH OO~CHHTL STy ROppenH

IUIIl rrpe.IUJPMHHMaJmCL BO MHOI'HX pa60Tax ITO HSY'!eHHD 

MO.UeJILH!iX CHCTe~) , OOHapylltH.Ba.IIIU!X KaK CTpyRTypHIDi TaR H 

cBepxnpoBO.namH~ ~SOBH~ nepexo~~J-IJ/, 

B TpeXMepHOM CJI:ylJae Ha npHHIUIImaJILHyiO BOSMOZHOCTL YBeJIH'Ie

HHR CBepXDpOBO~el KpHTHlJeCKO~ TeMnepaTypH, CBHSaHHY.Il CO 

CTpyK'l'ypH!lM HCKaJteHKeM pemeTKH, 6HJIO yxasaHo B/3 ' 4/. B .UaJIL

HeftmeM BTOT Bonpoc HSYlJaJICH B paOoTax/5-13/, npHlJeW. 

npe~JIOZeKHHe B/g,IQ/ C~eCTBeHHO OTJIHlJaJIHCb OT OCTaJibHHX, 

0.nJ[H Jl8 BOSMO.liH!iX MeXaHJISMOB BJIHR!m.II CTpyKTypHoro qJaSOBO

ro nepeXO,na Ha 'T~ OCHOBHBaeTC.II Ha HSMeHeH.Im IJJIOTHOCTH 

BJieKTpOHHHX cocTO.IIHHI BO~s:e noBepxaocTH ~epw.H/4/. B paoorax 

/6,11-13/ Ha ~HY.epe KOHKpeTH!iX Y.O,neJiel, OnHCHBaonHX CTpyKTyp

HHI nepexo,n, B npe,neJie CJiaOol CB.IISH OHJIH ITOJiylJeHH COOTBeTCTBYD

~e RO~lJeCTBeHHHe pesyJILTaTH, 

B HaC TORme2 pa6oTe Y.H pacCY.OTpHM V.O,neJILHy.ll CHCTeM:y, rrpe,n

JIOZeHHyll MaTHCOM H iaarepoM B paOOTe/3/ , 3Ta MO.UeJIL ITOSBD

JI.IleT .UOCTa TOlJHO JierKO HCCJie,noBaTL ~eRTH, CBHSaHHHe C 

x )3.necL MH orpaaH"~JHBaewc.II o6cy~eH:ee TpeXMepHHX w.o,neJie~ . ~ 
o6cy~eHHH KBaSHO.UHOMepHOro CJiylJSS, CM,, HarrpHN.ep,/G/ 

3 



C H3MBHBHHBM KaK IIROTHOCTW 3RBKTpOHHHX COCTORH~, TaR H 

~eKTHBHOrO B36HMOABICTBHR 

(BKW) B HCRa&BHHOii pemeTKe. 

§ 2. Mo8eJibHH~ raNHJil>TOHlrlaH 

rmm Bap.!UIHa-Kynepa-lllpH@Jepa 

~CXOAHaH ~HaMH~BCRSR CHCTewa llpeACTannRBT C060fi O~OSOH

HH~ MBTaJI C aJIBRTpOHHHM CIIBKTpOM E~ , 06JI~~ CBO~CTBOM 

E = _ E ~= Tt (±1;t1:!:1), 
1C K+~ J G\. (!) 

rAe Q. - IIOCTO.HHHM pemeTRa (2~ -BeKTOp o6paTHO~ pemeTKH) • Kax 

6HJIO IIOK83aHO / 3,S/, RpHCTaJIJIH~BCKBR CTpYKTYp!l MeTaJIJia C 

T8KHM CII8KTpOM IIpH OllpB88JI8HHHX ycJIOBRRX CT8HOBHTC.H HeycTOlt«m:

BO~ npH BKJID~BHJriH SJIBRTpOH~HOHHOrO BsaHM08B~CTBH.Ho llpH STOM 

BOSHmtaeT MaKpocxon~ecKoe sanOJIHeHHe !IJoHoHHol M08LI Q 

4 # j 

y-1. _gQ. ~ - ( 2JJ.f A (2) 

H nepecTpo~a SJIBKTpOHHOro CIIBKTp!l 

€~-- EK = ~~ €KYf~ +~'1. • 
(3) 

3ABCb v - 06'l>BM CHCTBMH, g:- IJ>OHOHHH~ onepaTOp1 8- - KOH

CT8HT8 SJIBKTpoH..,poHOHHOrO Bsa.HMOAB~CTBH.H, f:l. -napaMeTp liCKa-

lKeHH.H pemeTKH, KOTOpHE onpeAeJI.HeTC.H H8 YCJIOBH.H a6COJIDTBOro MHHH

MYMa MOTBOCTH cB06o;n;Hoit aHeprm/14/. 
MoABJibHHii raMHJibTOHHBH llOJiy~aeTC.H ( CM/3/) B ,eyxe 

Tp88KUROHBOD TBOpHH EKru{IS/ liS raMHH:LTOHHaHa THna ~enBZa, 
08lfaKO IIPH HCKJID~eHHH IJ>DHOHHHX nepeMesnuxf16/ y~HTHBaeTC.H 

4 

Ma.RpocROIIHlJecRoe sanOJIHeHHe !lloHoHHoi! M08LI Q • B c.ny~ae 
9~HWTBIHOBCKHX ~HOHOB (~t =~) S~BKTHBHHH raMHJibTOHHaH 

pe.IzymtpOBaHHOro BKill THna HMeeT BPIJJ./3/ 

~(A)=-L ( EK -f) CtjCtr,r + i V ~t + 
t:.,f' 

(,..) 'l .f + AI /E.: E.:· c +- c... c c 
+ 2.jz_V ~. (E -E \a_ ' ~e,1 -~.-• -t-t·• lc~t 

K,l( It k'J C.U 

(4) 

~ecb c ... ~ ' G:,,. - onepaTOpH pox,n.eHH.H H YHK'ITOlleHH.H, COOTBB'f-

CTBBHHO, 8JI.H 9JIBKTpoHOB B COCTO.HHH.HX C KBaSHHMTiyJibCOM k 

H CIIKHOM <r(a-=%~) • KOHCT8HT8 ~~ Ollp8AeJI.HBTC.H BHpaXeHHBM 

21" 
9" =~ (5) 

H B CJIY~ae HaTIOJIOBHHy sanORHBHHO~ SOHH CB.H98Ha C Be~HHO~ A~-

SJI8KTpKtleCKO~ meJIH ~o COOTHOWeHHe~3 ,6/ 
'W 

A = -w ~ 'W' !:l! 2.1S€ -iii 
0 ,~ ~ol ( f ~ 0 j : ;>71) J (6) 

rAe 2 'IS - mHpHHa SJIBKTpoHHOi! SOH.bl, CpeAHee ~CJIO SJIBKTpOHOB 

IJ>HKCl!pYBTCSI C IIOMOmbll XHMH~eCKOrO IIOTeHnHaJia .fl • 
CJie.D;YeT OTMBTHTb, ~TO B BNpaEBHHH (4) S~BKTH nepeHOpMH

poBKH IJ>DHOHHHX ~acToT He Y'DITHBB.Jl'l'C.H. 

Tenepb, B OTJI~He 0'1' pa6orll'3/, MH BOCllOJibSyeMCSI SIBHO 

BKm annpoKcKMBUHeD/IS/ 

azw . -
-~~a--~ ~ -Ssc\((F"-ri)A(lftr, rl)' (?) 
( E~t -F~,) - l4J 

r.D;e 
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1. • ' E~-rl ~ Wp 

~(lEr.-_fl)={ o, \ f"- f4\ '> w~ · 

EAHKCTBe!l!IOe OTJIII'Die plCCMaTPBBB.eMOI s,n;eCb MO,IJ;eJIIl OT 

nepBOH8'1aJibHO npeAHOaeHHOI MaTTHCOM H !aHre~3/ COCTOBT B 

TOM, '!TO Mil BBO,ll}JM HeSaBHCHMJiA napaMeTp BHl1l BSaHMO,IJ;eiCTBHii 

9s (nopa,Jtra 1'/w ) E DaJBMeTP o6pesaHI!Jl ~ (nopH.n;Ra t;.J ) , 

KOTOpble B IIpliHigiOe JUWlJlTCH ~HOMeHOJIOI'Jf'leCltiiMi!l DaplMeTpaJ.!B 'feQ

JlHJ!'IS/. JJD,n;em/31 cooTBeTCTBYeT 'i&CTBOMY CJIY'i81l 3$ = 1'/w 
H I,.JJ) = c.> • 

TaKBM o6paSOM , C OOMOIIU>II annpoKC:HMainUI ( 7) MH IIpJIXO,II;IIM 

K MO,IJ;eJ!bHOMY r8MHJibTOHH8HY z 

~<A)= E. (E~e-r)ctct ... +! v ~ -
- o~.!. L ~(1Et-tt9~(1E;,·J4lX!•Ed-£ )C:.~! ... c.~·-f'c~.f' ' <B> 

<f V k,c:r tc 11: • • 

KOTOpblii ~nyCKaeT 8CHMTITOTB'ieCKH TO'IBOe pemeBBe • ~aMB'i8C-

KBJI CHCTeMaf onpe,neJljl.eM!Ui I'8.MlriJ11>TOHHaHOM (B), npHHQAHeDT R 

KJiaccy MO,lleJlb!WX CJICTeM C cenapa6eJ1bHHM BSBJI.->,n;eiCTBHeM, BSY

'ieHHHX H.H. EoroJI116oBiiM {MJI.li?/ 

§ 3. B!RHCJieBBe WIO'fHOCTB CBo60J1HOI &Bepl'IIB 

BBe.n;eM CJie.nyDitllle orplBB'IeHHHe oneplTOpbl: 

tj.=! 2: ~GM.-ri(lf"-t-tl)c_tc-f'Ctcr 
.I V ICf 6- ' I 

J :.!.l. ;iGM(F'~(IEt·.f49A. C-r-f'CIC,r 
. ~ v tc6 6-· · EIC ' 

Ill C mt UOMOIItbll npe,D;CTaBJIM raMHJII>'fOBBaH (B) B BB",lle 
& 

~(t.)= !'(f,rJ4)~+,.c"~"-; ~;v l ':It 'Ji + 1 v#;. ,., ' ,,. ,fA 
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(9) 

(10) 

Momo Jier:Ko npoBepHTD, 'ITO ~ (A) y,n;oBJieTBOpSieT BceM 

yCJioBWIM o6meii TeopeMY, .n;o:KaaaHHoii H.H. EoroJW6oBw (MJI. )/17/, 

corJIBCHO KOTOpOI nJIOTHOCTb CB060.n;HOI aHeprHH CHCTeMH (IO) 

CXO~TCH B TepMO~HaMK'IeCKOM npe,n;eJie K ~YHKUKH 

tim \ (ta.~S41 S,)e -ICJ" hm V-~ Tr- expt-1l.(AJ.,s.,) 1.<n> 
v-." v v~010 

S,necb annpoxcHMHpyJJIIJII raMHJibTOHHSH !lfo (A~ S., Sa) HMeeT 

BB,IJ; l. 1- *) 
~ot A: s s) = L ( f"-Jt)c:,.Ccr- .i..z. V ~ ( :1,· S; + l;.S,. 4-

-..: ' •• • IC,r • ' ,., 
~ tS·I 1 At ) +tv (? -t- + Q . (12) 

a.:f <fS <!,j 

IlaJBMeTPH s. III ~1 onpe,n;eJIRDTCH HS ycJIOBH.ll 

r (b' s. S )==- ?n.f'H f (~;sf#Sa). 
Tv, •' (.Ss)v 

f, ' 

ITOACT&BHB (9)B (12) Ill COBepmKB HeROTOpHe npoCTHe npeo6pa-

30B8BBH, sanmneM dfo(A~S,,s.) B BH.n;e 

- Jt l £t!~.t' -I(£~e) ck,i :Jl,(~>;s.,s.)= fCc: .• ,c-t./-I.( ) _r c+ + K, <r3> ~ fr r:ac+f4 ·k;1 

r,n;e 

,.., 
Z:<E.:)= A(lf~-t'I)I<E.) • 'Z:fF~)=(s4+ t s,), 

t Is 12 z 
J< = .i v(r. -.i.... + ..£ - 2t) . 

2. i=f ~s ~tl 
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O~eB~Ho, o~Ho~aCTHqH~ cneKTp rBMRnbTOHMaHa (12) onpe~e~eT

ca BbipaJK9HM9M 

±VCEK-t-tl"+liCt:.J\~ + J< • 
(I4) 

OTKY~ ~ ~OTHOCTM annpoKCMMHpYD~eH CBOOO~HOH aHeprMM 

.~me eM 

{(iljS.)S,)=-2t(;TV-tL ~ 2 cJ, ~)a+li-CE"~r)r + k 
~ 2 ~;r V tiS) 

KaK M B c~~ae o6~Hoii MO~~ EKrn, 6ea noTepM o6~HOCTH 

MOJKHO C~RTaTb !)1 M S~ ~eHCTBHT9~HiiMM napaMeTpaMM/I?/. 

.UaJiee , aaMeHAA B npe~e~e V ~ 00 cyMMMpOBaHMe no KBaaM

HMDY~bcaM K MHTerpMpoBaHHeM no ~eKTpOHHOMY cneKTpy ~~ , 

no~ ~a eM 1\oJ' ,_..---.,,...-

( () I V<~-}-t)2..+Z" 1(F) + l< t .... (A.:,S .. ,S~=-2t:;£' J f.(~)olE.fM2.CNI. z Jc:~ V' 
._,. -w 

r~e ~0(f) -~OTHOCTb MeKTpOHHHX COCTO.B:HM:0 B liCXC~CH acHe 

\ ~ IC. ~ • ,IlJJ.H KpaTKOCTH aanHCH Mil CIIyCKaeM apryMeHTI:.I ilJYHKIJ,HCHaJI:b-

HOM aaBHCHMCCTH E or E: H b. ( eM. (3) ). 

HTaK, B TepMC~H~eCKOM npe~e~e ~CTHOCTb CBC6C~

HCH aHeprMH paccttaTpHBaeMOH MO~e~HOH CRCT9MI:.I (8) ~eTca 

WHKIUI9H 

{ (&·S ~)::: ~V\. f ( ~:5 ... ~,). 11)0 ) I .) l (!:.. s s ) OQ ( I?) 
l t• a 

Yc~cBHe a6cOJIIlTHcro MIDIJmYMa (I?) npHBC~T K ypaBHeHM.B:M 

caMocor~accBaHM ~ cnpe~MeHRH napaMeTpoB ~ , $,4 H S
1 

•• 

8 

~foo(AjSpS,) ::.0 , (I8a) 
oA 
~ !ooCA.;~ •. S,) = o ' CI8o) 
~ ~. 

~ ~- (A·l ~ •• ~)= O (I8a) 
"7> ~. 

CMCT9MY ypaBH9HMH (!8a)-(I8B) Heo6XO~O ~OllO~MTb 

ypaBH9HM9M ~ onpe~e~eHRH XUMMq9CKOrO llOTeHUMana ~ 

(I9) - ~~ .Joo ( l!. j s ... s,) = 'h, 

r~e i)i" - Cpe~rul KCHIJ;9HTpa.mtll MeKTpCHCB. Eo~ee Y~OOHO, C~HaKC, 
BMeCTC 1f HCllC~bSCBaTb SHeprHD ~epMM B HeHCKa&eHHCH ~eKTpCH-

HOA acHe, KCTOpa.B: CB.B:3aHa C ?; CCOTHOWeHMeM 

~· 2 5.fo(f)d~ :-h. 
(20) 

-')V 

,Ua.Jiee MH Oy~eM HCITC~3CBaTb llpH6n.Hx8HHe TICCTO.f.I:HHOH ~CT-

HOCTH 3Jl8KTpoHHHX COCTO.f.I:HHA 

no(E-) = _!_ 1 - -...; ..5 E- ~ 'l..f ~ Z1J ' " (2I) 

KCTCpoe ~eTC.B: ~CCTaroqsc KCppeKTHI:.IM B paCCMaTpHBaeMCH a~-

qef3/. 

§ 4. AHa.nHs YpaBHeHd caMcccrJIB.cCBaHHJJ npH T = 0 
B llOO~Me CJIB.OOI CBJlSH 

3~9Cb Mil HC~e~eM ~qal ilJHKCHpoBaHHCrc OT~CH9HRH SHep

I'HH ~pMH CT IJ;8HTpa 30HH (cu.pa!loTyiii/). B STCM c~qae CTpyK-
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TYPH~ H CBepxrrpOBO~ wasOBHe rrepexo~ BITQnHe COBMeCTHMH 

(B OT~HqHe OT ~~aff HaiTQnOBHHy 3aDO~eHH02 ;OHH/11,12/) ~ro
napa TOMJ, ~TO B OCHOBHOM COCTORHHH HCKaESHH02 Wa3H ~60 

BepxHR.H rro.nsoHa f F lC. )'A~ ~acTHWO sarro~eHa "JilllllHHMH" 

3JI8KTpOHaMH ( .r ) .A , eMH fl•) 0 ) , ~60 HlUHM ITO,D;30Ha 

~ t K ~-A\ OCTaeTC.fi HenonHOCT:bD 3allQnH8HHO:« ( )' (- 6. , eMH 

f4• ~ 0 ). CJre,nOBaT8~:bHO, TaKoe OCHOBHOe COCTO.HHHe.HeyCT02-

~BO OTHOCHTe~:bHO BKHD~eHH.H HH~HHTe3~HO C~6oro EHffi

B3aHMO,ne:«cTBH.fi. ~ orrpe,ne~eHHOCTH ~ee paCCMaTpHBaeM C~~a:a 

r·) o . 
Hs BwnecKasa.a:Horo c~e,eyeT, ~o rrepexo,nH K npe.ne~ c~-

6oil: EKIII-CB.fi3H (gs/w (<1), MH MOlt8M C~HTaT:b '"f!> ~<'T'c( , TaK 

'lTO ,li,IDl Jll06o:n WHKCHpOBaHHo:a TeMrrepaTypH T 1: T s rrapaMeTp HCKa

JKeHH.H peweTKH A HMeeT KoHewoe, oT~'lHoe OT HYM 3Ha~eHHe. 

IlpH 9THX YMOBH.fiX, ,li,IDl ,n:H9~8KTpH~8CKO:a ~~~~ ( CM. ( I8a)) H 

~.fi XHMH~eCKOrO ITOT8HUH~ ( CM. (19)) B OCHOBHOM COCTOHHHH 

CHCT8MH H8XO,n:KM M8.D:YD!IIH8 XOpDWO H3B8CTHH8 pe3y~:&TaTul11f; 

6. = V 6-o(Ao -2JA•) Ao~Z.fo 
(22) 

~ = v f': + t: = Ao-f' 0 

(23) 

BHprutteHH.H (22), (23) CrrpaBe~BH B rrpe,ne~e ~1~ 0 H £ 1 ~ 0 

C TO'lHOCT:bD AO qneHOB IIOpaARa 

A1.o/'),J 1. c!c.. i. 

PaccMoTpHM Tenep:& ypaBHeHH.fi (186) H (18B) 

(24) 

rrpH T=O . 
llpex,ne BCero 3aM8T:IlM, 'lTO CBepxnpoBO,IVlllla.H !IIM:b B crreRTpe 9Jie-

10 

I 
J 

I 

M8HTapHHX B036y~eHHH (14) ITO.fiBMeTC.H Ha ITOBepXHOCTH WepMH 

E I("= ~ H ee Be~'lHHa paBHa 

L" = '1 (f)= £~. + ~ s z 
(25) 

TaRHM o6pa30M, 3Ha.H pemeHH.a: ~~' sl ypaBHeHIDt (186) H (18B), 

MH ~erKo MOlKeM orrpe,ne~HT:b BeJIH~HY 9HepreTHq8CKOH li\8JIH ;[. • 

3aMeHR.H B yKa3aHHHX ypaBH8HHHX nepeM8HHYD HHTerpHpOBaHH.fi Ha 

£ = VE: 1+ 6.1 , rrpeHe6pera.a: -q~eHaMH rropa,n:Ka tf/,.j1 << 1 , rro~'l'aeM 

~ icE> _ ~ 
~ p (E)~£ '"l - ~!. 

A \{(F- ~)''+ 1.. (E.) 
-"'.S (26a) 

...r d.E i,'(~) = ..&!.._ 
~ ~> )f>.\9( Vc•-.r}'+Z'cEi ~· -'II.) 

(266) 

r.ne fACE) - MOTHOCTl> MeKTpOHHHX cocTORHHil: B HcKaJKeHHoii tiJase 

"~ 
j:l,.CE) = l hsOVE•-,i 

6~\E:\~"\S' 

1£\c::b. 
(27) 

B .nBYX rrpe,ne~:&HHX c~qa.a:x. a HMeHHO. ~ >') fl H w/) <<f'o' 
MOlKHO IIO~'lHT:b ,nocTaTO~HO ITpOCTYD acHMIITOTHqecKJD WoPMY 

(IIpH gs/?>J 7 0 ) pemeHH.fi CHCTeMH ypaBH8HHH ( 26). 

PaCCMOTpiDl crrepBa C~'lail: w~ )/ .f' . B 9TOM C~'lae MOlKHO 

rrpeHeOpe~:& pasHHUeil: MeJK.IlY o6pesannm.m: qzyHKUllHMH A (IE"~< -r l) 
H ,\(\ f~~:-trl) , C'lHTaff HX rrpH6~JteHHO paBHHMH 

ACE)= l ~ ltl S.. tJ D (28) 

ltl ;>IWD 
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Tor,na ypaBHemm (26a) H (266) ITpHHHMaiOT BH.D:, 

I <4) )!c'' 1Af £. l.).,.(s..lSl)+J(~4 .. fr s. ~/~ .. .S,)= cS.-f. I 

(29a) 

I ('l) ) I f')) - S 'W' I 
~.A ,.,J c~1' s, -u~ sl r~.~~~ <~4l~) - ~ a~ 

(296) 

r.ne W» f -/4 t +/I l 
l~) .. ( olE f ,-t a. ~ I l 
I~ <~1.~.}=2 )~E·-A~·ly(e-rt•tieJ V(E-+r) +l t-Eboa> 

b 

w. -\ 1 1 
It) \ d.E - I ..., ( I.,,cs...~h ) YE._ e \v< E-f.f ..zt~ f<E '~' J'· z!:: E) < 306 > 

A 
~,. -\ 1. rt,>es )-i ~ d.£: -\ + . ' • 

ul> •• ~ -2 )E(E'-/i (E-f)2+T(E) Vcnrf+Zt-fJ (30B) 
~ 

Tenepb HaM HeOOXO~O onpe,neHHTb aeHMITTOTHKy HH-

TerpaJIOB ( 30) npH ~\ ~ 0 H .S,1_,.0 • .1J,Jm t:~ ( ~~~~) 
epasy no.nytJaeM 

t·"Wl I~~ (~.s.)=A,.J,~-Ard tf :!!L 2 W/). 

S, S _,o A A Ao (31) 
• 'l 

3,neeb MH HeiTOHb30BaJIH eOOTHOWeHHR (23). ~ee 3aMeTHM, 'ITO 

e TO'JHOeTbD ,no 'J~eHOB ITO~ 

{). [l(t) (C. s)- I( I)(::, s ):\"" jt& <:<. i I 
... .{A IN\ e.o .... l & ~ 1o I I} /,..)I 
J' » D s •. ~l~o 
~~.z .f:- [It')(c:. ~~- l,'rs s.\1"" g <<. ~ 

Q I ••• 111<:1 ~1 ,..;11 1.1 I• ljj f,JI> 
.\,S,...,o • 

(32) 

12 

BepXHJ<m npe,ne~ HHTerpHpOBaHKH P (306) H (30B) MOJKHO 

SaMeHHTb Ha 00 • llo,neTa:BJI.ff.ff aeiDaiTOT>I'JeeKHe Bb!palK8HKH 
( l.~) 

,JI.JIH HHTerpMOB I oa (.S,,Sl) (eM. llPMOJKeHHe) 

l (t)(~ ~) ~ .i ~ ~ft· 
00 1

' 
1 f'lo AoZ 

I ()] ( ) "" _1 ~ 4f'• + j_ a.-rc.tQ 1::.! 
b() ~~.~~ - .f .f• ~. £ A.f d A 

(33) 

B Ypa:BH8HKH (29), ReTpy.nHO HaRTH HeKOMOe 3Ha'JeHH8 eBepxrrpo-

Bo~eR me~ _ .t 

2 }4o ~ 

L = 't ~o ( ~o)6.o-~• 4 

((/.){)>>f) , (34) 
Ao ~ 0 

r.ne 

c?£, -::: ~ + ~?. .f., Ao [.e.., 2 WJ) _ ~ a.r-cJJ ~] • 
1
• 

,_.~. z o ~0 r (35) 

3,neen MH BEe~ napay,eTp 

., _y 
~o=2wD-e 8'. (36) 

3aMeTRM 1 qro (34) OT~'JaeTCR OT pesy~TaTa paOOT~/11/, 
ITOJIY'IeHHOrO ,JI.JIH MO,IJ:eHH ~yxSOHHOrO ITOJIYM8T~a e 'JeTHpe~ep

MEOHHHM B3aHMO,neHeTBHeM ( B e.ny'Iae paBHHX KOHeTaHT MeJKSOHHoro 

H BHYTPH30HHoro BSaHMo,neAeTBHH) TMbKO H~'llleM !fJYHKUHH; 1.. 

l(~:o B Bb!p8.1t8HHH ,JI.JIH (fi (eM. (35)) • 

TipoHexoz,neH:He Be~'JHHH ~' ooye~oBJieHo YBeH>!'IeHHeM 

MaTpH'JHHX a~eMeHTOB BHIII-BSa.HMO,neAeTBKH B c~ + - pa3 
. J::.'&) 

E,.f, 
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(eM. (8)) ITO Cp:1BH8HP!Il C H8HCKBJJ[8HHO! cJRao1' (A.•O} H npz

BO.n;HT K CJie.nynue:A rrepeHOpMHpOBKe KOHCTaHTH CBH3PI 9 S 

a!>- ce,.~.s (w~~ ft). (3?) 

H3 (34) PI (35) B~HO, 'liTO ~KT nepeHOpMHpoBKiti (3?) H 

~eKT IIOBHmeHRH IIJIOTHOCTH SJieKTpoHHHX COCTOHHHl Ha ypOBHe 

~epMPI 

}l 6.-J'o 
fJA f!Jjp, (_f) = JA• ::: ~ (38) 

- BeJUNHHH O,ltROfO IIOpA,!UtB. H npHBO,ItAT It YJe111NeHHil 111e11H r. 
no Cpl.BH8HHil c 'l"o ( TaK K8R 7:./A 0 <<. i ) • 

PaccMOTpHM orenepl> BTopo:A npe,ne..nl>Hirli CJIY'IIa:A: W.~> <<.f'•. 
3~eCh ypa&ReRHA (26) rrpHR~~T BHA: 

j.( 1- W/) 

.fT).A d.E 
2. £. -n4 (E);-;::::==== 

V(''C- M)l+ za(E) 
JA-w~ J ·. 

- s '\J' - 4-

~s (39a.) 

"' .. fA)/) 1 z ) -ft lE) d.£ = S, -...r 
,..~: V(E:-rJ~ + "l:~(EJ ~, 

(396) 

r;ne 

1J (f)=_!_. Z:(E) 1,(£j=~·~.fE) 
., VE'-tf Z' ' 'I V£"l_~l z. . (40) 

KaK JierKo ~eTl>, PI3MeHeHPieM iflYHKnHl ~.. (E) 
"•' 

Ha yaKoM aHepreTP!'IIeCKOM HHTepBBJie [ f'-t..JJ> ,}-f ~ w~] 
MOlKHO rrpeHe6peTh, TaK KaK OHO IIpHBO,IUIT K llOnpaBKaM llOPJl,l(KB. 

14 

~ (,.)p <:< 1.. 
}'f! (41} 

C<iH'l'M YC1IOBHe (4!) BHIIOJIHeHHHM, MH llO,l(CTaBJIJI8M B ypa.BH8HPIR 

(39) BMeCTO 1t.,, {f) ItiX 3Ha'lleHHSi Ha llOBepxHOCTiti ~epMPI: 

~ 1z,'f') = ~· .I 

~ 

1,~'J') = P• 
H JICIIOJil>SYSl aCHMIITOTJI'II8CKYil clX>IJMY HHTe:rpa.na ( CM. llpHJIOllteHHe) 

.f + "'o 
( :;::::::::::::ol=t== ~ 2. lA, 2; II ' 

J v (c-rt+'Z'(fJ <42> 
jA-W. 

H8JCO,l]JIM ft 
0 

_ 4. 

--~z 
Z = 2w. (Z'o JAo-J4o {t.J~ <<./'•), (43) 

:z, 2tAJ~ 

r;ne 

Az. 
'-.a-"+-~l - ~ .Yl • J . (44) 

TaRHM o6pa30M, B 8TOM CJIY'Iae KOB@lrun'l8HT (~ -t N/EI<EIC,) 
B :ratiJUll>TOHHaHe (8) rrpHBO,IUIT K nepeHOpMP!poBKe 

3s. .... ~l9.s ((,.)~ ccfto), 
(45) 

r.ne BeJIHtmBa ~~ paBHa aHa'lleHPIIl aToro KOB@lHUPieHTa Ha rroBepx-

HOCTB ~epMII. 

AB'ropw IIpP!3HaTeJibHH D.B. Konaeey, H.M. llJiaKPI;ne PI 

B.A. 3arpe6HOBY sa noJieaHHe o6cyz,neHPIR. 
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ilpRJIOllteHHe . 
3~8Cb W.H ITpHB?~KM M8TO~ IIOJiy~8HKR aCHMTITOTH~eCRKX 

BHpaxeHH~ (33) H (42). 3TOT M8TO~ OCHOBHBa8TCR Ha ~eRX 

aHaJIH3a"ypaB1:18HH~ ROMII8Hca.tnm" B 'l'eOpHH EKlll,JtO'l'Op!ilt npoe,J;eR 

B. B. TOJIN'.a'leBnm FiiB/ H 0606lll!leT CX8MY, rrpe~OlreHHYil B 

ra6or/III. 

J(ORruK8M CHa~aJia CIT:raB8~0CTb B!ipaE8Hd ( 33) • 3aM8TID.l, 

!
(1.,'~) 

~TO ~ H3 RHTerpaJIOB "" (~h$l) rrpe~CTa.BJIHeT C060i:\ 

(eM. (30)) CYNJMY ~yx ~eHOB, IIeplliD! l'IS KOTOpbiX pacxo,nwrCR 

Jiorap:HqJMHqecKH , ROrM ~1-.0 H Sa~ 0 , TOr;na RaK BTOpoft 

OCTaeTCJI orpaH~8HHIDt.. 0603Ha'l8.f! COOTB8TCTBYIIJIIH8 paCXO,IJ.liii1R8C.fi 

AU,\)( ) Y.HTerpa.nu 'lepes ,...._ ~., ~~ , FIMeeM 
00 

('~) AC2). ~ ( r:J. E 
IOCic~,~s~)~M ~~ •• s,)-z lvr:a-d(E-tJ 
Il~) C1) - oLE' (A.I) 

c.o (r;:, •• s~j ~ fl. (~ •. ~a)+.! t w::tf . 
z J E e~-tt (£ ~>JfJ 

C IIOMOIIIb!O CJI8~101llHX HHT8rpa.!IOB A 

E £ 

(&)( r\- L~~ i , ~{!) ~\= {£ 1. ) 
!jf '!j- Jvx~-A?. V<'~--r/+zl. E ~::; Jxvl(~-Al Yft-J9'+z~-

t::. A (A.2) 

racClv.arp:HBaeMbiX RaR ljlyHKIUm OT BepXHero rrpe.n;eJia E • aarm

meM A(Z.,SJ(s4.Sl) B Bltl.n;e 

00 

~2'3)(~4,Sl)= ~ Cf(EjcS •. S,)jf ':J:',l}(Z" )d.F ~ (A.3) 

0. 

r.n;e 

'{iE-~)'+7~ 
• l..f(t;·cS,,~,) = yr E-JIJ' +z-tF) 
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JlaJI8e, HS (A.3) HaxO.n;HM 00 00 -

~'·\t~.~~=<ffEj~ .. .s,)'J~'·~~ )1- )~:·rz-J~ ~(Ejs.,~df= 
- b t. 

h (l,~Jr ) ~ ""c•.~J d. \ j 
:. Joa ~ - )JE rz)dE 'f'(EjSt.S')t.\ E • (A.4) 

A 
(Z,S). 

Mil IIpe1JliOJIODJIH, 'liTO Be~IIIM acB:MIITOTHKa HHTerpa.noB A ~.~) 
onpe.n;eJIIleTC.fi B!ip8.X8HHHMH I ~'1( r) . llT06!i .n;oKasaTD STO. 

oneHHM nocJie.n;H:d ~JieH B npaBO'A 'laCTH paBeHCTBa (A.4). HMeeM 
00 

l ~~(a.~J(I)&. tf(f~S4,SJ)d£\~ ~~~(Z)) \ol~ 'f(~~ . .s,)jdt. 
t. f dE A 

Bwm:CJI.fi.fi IIJlOHSBO.n;HYil 1:e l.('(E) ~ ... s.) 1'1 Ma.JKOpHJ>Y.fi ee Bli-

pazeHHeM 2"" -1. 
A ~t ~ A~~ 7 [1 +-}I·- ] =-:::==;;:::=;-}4.P f -;;-·"'if£) E Z"ff) EVrF-r_r.,zz' 

MOliHO IIOKa3aTb, 'ITO 

OQ d ) \ \:r 'f(EjS~.S.,)ldt: f 0( ~l ~ 7 . 
~ Ulf (J,l) (A.5) 

3aMeTit!M Tenepl>, 'liTO ~ oo (7) MOliHO B!ipa3HTl> ~epe3 9JL1Il'III-

TH~eCRH8 HHT8rpa.mi nepBOro H TpeTDero po.n;a, KaK CJie~eT 

~t;! ('I)= _L F ( \('_. K) 
Vp, . 

It /4 Sf (tl.-PJ' ) 
~C::(z)~'(iiry-ptl ((f,K)-.D1{~.1Pf 'K + 

+ 1 a,r~ Y.,..,...-:~~---=.,. 'Z~l < 
AYf'+'r,. A I 
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r.ne 

~ = Vrfi+.AJ2 +zz 

lf ~ A. a,r~~ Vf 
F = V(f~ 4?+ 2:' _ v (fl-f>P}' ~946 

} J::.- 9pe, 
Be.nympR aCRMITTOTKKa COOTBeTCTBYDmHX ITO~HX annEnTHqecRHX 

ZHTerpanoB, Ror.na 

1r.-:-:-; A 'L 
I( I: V 'I - ~ t ::::!. /1 o' ~ 0 ' 

.naeTCH BHpaMeHHRMH/!9/ 

JF'(f~~)"" ~ lf/K' 
.[1 c r )~~I() -~: " 1 ~ 4/K, + v;; rMc:IJ Vh ?. (A.6) 

TipHHHMM BO BHIDlaHHe (A. 6) :I'J Blfl:i!:CJJJUI OCTalUJU'IeCSI OrpaHHqeH

Hfle HHTerpanu ITOC.JI8 IIOll.CTaHOBRH B HHX ~-=cS, :-Q , IlpHXO,nHM 

K BflpaJteHRRM ( 33) • 

COOTHOIDeHHe ( 42) MO!t!i'O IlpOB8p:i!:T:b aHMOr:wJHUM o6pa-

30M. BBe,neM r; 
( d. 'I( 

GEC-r)=- )V(: 
p-wJ> 

H saiTHmeM h "" 
f+W~ • 1'1 J 

) d.E" \ I . J =- Cf(E·~ s r). G (Z")c-t F = -~(E-f-4)z+'1'l(f) J t, ')olF E 

t"- • JA-w, f'?t..JI) 

- tA/ ·s )~ (1")- jGrl'1)r!_ 'f(EiJ. • .S~)d€= 
- r(fit-~W/)J f.~~ "'~"""'.11 #lf 

p- '-'D 

= G~+w,("I") [~ + fJ(.s~~ e...~)] 
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3,1\eC.b l't.H pa3JIOJmJD! f(t+'"'J ~s., $,) B CTeiieHHOR pSI.Il IIO ~~ 
H BOCITOn.b30BanHC.b TaR~e oueqKoU (A.S).Terrep.b rrpHMHM BflQHC-

JieHMeM HB.XO,nHM 

Gi tx)=2Ar~~~z&~ ~+~ ~ ~ ' 

T.e. ro xe, qTo :11: (47). 
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II 
Y c-osag o6MeHa 

llpenpBBTw a coo6UleBB.s OHJIH paccWJJAIOTcA6ecnnaTao,aaocaoae 
B3aBMBoro o6weaa, yaaaepcaTeTaw, BBCTBTyTaw, na6opaTopa.BM, 6a6-
liROl'exaw a aa)"'Halw rpynnaw 6onee 50 cTpaa. 

llowawo peryn•paoi paccwnxa B uop.s~e o6weaa,B3~TenbCKai 
OTJleJI e:lKerOJlHO. BWDOJIB.BeT OKOJIO 4000 OTJlenbBWX 3&DpOCOB B& BW· 

, cwnxy npeupBBTOB a coo6UleBBi OHJIH. B T&KBX 3aupocax cneJlyeT 
o6A3&TenbBO yxa3WB&TJ. BBJle.Kc 3aopaDIB&aeMoro B3~BB.B. 
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llBCJ.N:a DO BCeM BODpOCaM o6MeBa oy6nBK8.UBJIMB, a TaK:lKe 3aopo· 
CW H& QTJlelll>BWit B3JlaBBJI CJieJlyeT HaDpaBnJITJ. JIO 1!-JlPeCy: 

101000 MocKea, 
T.lla6HWii no'l•aM•, n/JI 79, 
H:JOa•eAt.cKurl o•i}e.ll 
·Otfl.ei}uHeHHOZO UHc•u•y•a 
JJ(>epHWX UCCAei}oeaHUU. 

AJlpec JlliJI noc:wJIKB acex ny6naxauai 8 I{OPJI~e o6weua, a TaK:lKe 
JlliJJ 6eCOn&THOi DO,IUIBCICH Ha Hay'IJIWe lKYPH&nW: 

101000 MocKea, 
FAa6HWU IIO'I.QM., n/JI 79. 
Jl~y'IHo·•exHu'lecKaJI ou6.11uo•eKa 
~~ei}UHeHHOZO UHc•u•~a 
Jli}epHWX UCCJiei}oeQHUU. 


