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AHIIOTAilvIH 

MeTO)(bt, pa3BHTHe B TeopHH cnepxnpOBO)(HMOCTH, npl-u.reuemit K 

H3Yll8HHD CB~tiCTB s.nepuoti MaTe"pm,i • B3aHMO,I(e.ncTBH~, rrpHBO)(SIIqee 

.K CBepxTeICyqecTH H)(8pHOll uaTepmt,CtIHTaJIOCJ, CJia6HM. HyKJIOH-
-" . .,.-· 

HYKJIOHHoe B3auMo;nettcri3.~e. B3stTo B HaH6oJiee o6iqeM BH.n;e. Hati.n;em,r 

acHMTITOTH'leCKHe pemelIHSJ CHCTeMH ypairnemdt' Ha OCHOB8.HHH KOTO

phtX, noJiytI.eHR -ycn~~HII ·c.nepxTeKytfeCTH n.nepHoll 1.re.re:pid1. YcJlOBHSI 

. Cnepx.TeKyJteCTH CBO)(IITCSI, B OCHOBHOM, K Tpe6oBamuo npeo611a.n;a

J}HSJ rrp:wt's:i:llteHHSI B IIYKJIOH-HYKJIOHHbIX TIOTeHnHaJiaX rrpH 3Hepr1rn no

B8J>XHOcrH ll?epMH~ Ha OCHOBaHHH.,I(aHHbtX O HYKJIOH-HYKJIOHIII:JX IlOTeH-
---._ 

~HaJiaX c.n;eJiaH BHBO~ 0 ~HilOJIHHMOCTH YCJIOBHff CBepx-
.) 

TeKyqeCTH SI~epaon im.TepHH. 
-~ . . ·\ 

., . 
}• r • 

,i 
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Tipvt v13YtieIH·H1 cnotiCTB aTOMIIOro sr,n;pa ITOJib3YJOTCR TIOHRTHeM 

KY JIOHOBCIWe B3cl11MO,U8llCTBMe M8jlt,JJ;y rrpol'bHaHlf,·. TO TfpOI1!;3BOJibJW OOJII:,

moe · tJ.ncJto --·'ii HYKJIOHOB, cocTonrrtee n3 · X, · rrpoToHoB 11 (' ll-:::. 'l ) . 

HCi1TpOHOB npu:·:. ·'l -- · ?l/i!.; , B HH311IeM 3Hepre'.l!lPieCK0M ··cocT1rnnmr,. 

, o 6pa3yioT ycTo:i1 trn:Bym citb-:rex:ry, Ha:Jnam1)r10, R.n:epnon Ma:r.e p11en .. · BHyt pen-

1rne o6JiaCTl1 cpe.n:m1x ll TRY.t8JlbIX rr,n;ep RBJIHIO'l'C.f! npvrMepaMM 

B,nepuoit MaTepvrn. lnHaMV!llf)CKMe. Cl30ilCTBa. :ee TqIWBbI, qro OHH t} nepBOM 

nplit6Jrnt:Ce1urn: MO ryT 6h!Tb oxapaitT._ept130Bam,1 .,rr.m1~emrn1r He3am1cm.,ru:;,s::: ;/ . 

tiaCT:ti!{ B H0ROTOpOM Gq>cpeRTMBHOM n9ne. 

CTpyKTypa n.n:epHOM MaTep1rn BO MHdroM cxo,n;Ha C SJI8ItTI}Olmott ,;';'~/-. 

·crpyKTypoii MeTaJIJm. TI03TOMY . npe;n;cTaBJIHeT l-IHTepec·· npVfim!U1TI, MaTff- ~. 

MaTlitqecKne MeTo,n;u, ycrrnllIHff pasB11T61e· B Teopnvt :c13epx.npcmo,I1;11MocT:t1 {~) 

II.H."RoromJ60B <2) o6paTI,fJI BHt1M~Ifae Ha ±~, tITO n.n:epna:~ ·1'.1aife,pirn 
•: ~. , · ' .. ..- '"'', ... ~•r l "': . ; • , . ." ".-, ,_:: •, ~.; S:t •.; ·. 

MOJ!GT 06Jra.n;aTh CBOllCTBOM CBepxTeKylleCTl1. ff -CJJ~nme''if?ep1.H1-ra·3a .. 

HaMIIVf3!llei1 3Heprv1e11 OOJia~-aeT TaKaR CiiCTeMa, i' koTd'pb'n ·:1o'cne'.nc{Ba...:: ·' . 

Te.tII:iHO 3aTIOJIH8HbI Bee 3HeprenrcrncKMe ypoBHYI BilJIOTb ,n;o Ir'eKOTOpori' . .( 

. 3neprmt · E · ( K ,=-) - ~rneprirn ccpepH cpepl.m, Koropan • saBv1c11r. OT 

rrn6Tuo·e-r:n ra3al' Cxo,n;Hoe coc'romrn:e R,n;epuoii' MaTep:mt ~c. rIOCJI8)J;OBaTeJII>HO 

· 3anonneHHbIM:t1 · 3nepreTMtieCKMMH: YI)OBHSIMM · tiasdBeM .. nop1,raJI:&HhIM. 13Jiaro,D;ap.rr 
. . 
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Bbl,I(eJieHHOMY B3am,rn,nettcrmno nap cpepMl10IIOB C paBHhlMI1 M rrpOTMBOTIOJIO)kHblMll 

m.myJII,CaMM cpep1vnt-CMCTeMa M0JiteT rrpirn6p.e·cTM CBOMCTBO cnepxTeitytteCTH. 

3TO 3HalU1T, tITO y tl>epM;tit-CV!CTeMhl IlOSIBilfTCR 3Heprer1rqecKM doJiee BhlrO,I(HOe 

COCTOSIH:tlfe' ti,~!! HOp}!aJI~goe ". TaKO~ • aue,P°:rei'1-1,ij~CK.I:1 ,9onee ·· HH3Itoe' qeM 
•. . .. ~ ·' . : t \ .• •:, . : . ·. ·- .. , . . , : : ~ -~ , -· . ·" •. , . . . ' 

HOpMaJII,HOe. qocTO_RHHe sr,nepnoti J,mTepHH Ha~oBeM CBepxTeKy,rnM. 

K CBepxTeKytieuy COCTOHHHIO. TB~J),I(OI':·0· · TeJia rr:mrno,nSI.T OtieHI, CJiad1?Ie. 

B3aHMO,I(eilCTBI1.fI nap.: ·aJieKTPOHOB C . paBH§I~;1,1.: 1f .rrpOT!lfBC:H)OJIOJCHhIMl'I llfMI1Y JII,CaMM. 

"CBepx:reKytie.C_TI,. CB.fI3ana C .YII.Oi>~Jl01~H10·y;t'J,10:! ,I(BllfJiteHMH 3JieKTpOHOB BdJiliI3M 

noBepXHOCTH <Pepim:. · MaTeM~TMti:eb1q111 :~~F!~paT, pa3BMThli1- B /I/, cymecTBen-
\ 

HO CBH3?,H co .cJiadocTI,Rl aTMX B:lal1MO,I(811CTBPifi. · · 

.. · :0:s°BeCTHO,. tIT0 B3aMi.tti;tteilCTBHe ·cB060,I(HbIX 'Hy.kJIOHOB MeJit,ny C060i1 
. . ,· --~ - ' 

'SIBJISI0TC.fl CMJII,HhlM. O,nmf:kd:~·· 'B3at1uo,nellcTBKJI Mex,ny rtapaMtt HYKJI0H0B' C 

paBHbIMH H npOTMBOHOJIORHbIMM m.myJII>Ca?.m:, CTIOC06CTBYIOIIlJ1e no·RBJieHviIO 
. .f - • 

CB.epxTeKyqero COCTOHHI-rn sr,nepH_o,t;i MaTepx-nr' ,:~A0,KH0 CG:MTaTI, q{l!:1:~flJ,rn:. JT,eti-

CTBMTeJII>Ho, ycnewHoe rip1uJeHemrn. 9.6onpqeqnoii 1.w,neJ1H n.n;pa. cB.0:,n;eTeJinCTBY

er O TOM,· tIT0 B, rrepB0M: rrp116Jim1tem,m C_HJihI B3a1,n.m,nen,cTBvIR. Me,it.n;y HYKJI0HaMH 

MOi!tHO CB0CTH K HeKOTOpOMY 0(1)(p0KTHB_HP1~Y. n9TeHn11any' He BJU1SIIOII(eMy Ha '' 
. ' 

ll0SIBJ1em1e CB~J)X'l'~Ky'Iero COCTOHI~n_r, n :rt H3M0I-IeH!ifIO MaCChl H_Y"KJ!OHa.; l{pOMe 
... •.• . . • ; I • ·• "· • • 

Toro, B3aMJ.to,I(et1.CTBvte M~%.ItY HYKJIOH~k'!,. _npt1BO_.I(SIIItee _K cnepxTeKytteMY 
·t·. : : ··: . . : ·.: ; .. ;.:.. . . <; 

C0CT0.f!ij~IO' 3aBMCHT 'OT 9TeneH~ynop~~Otfe_~~0CTHB ).'(BHltemrn: HYKJIOHOB' 
•' ' · i- • ,, ~~ -~-~ ~ . - ; . :::L. '· . , ; ~/ •. ' . 

KOTopasr Mo:at.eT_ 6bITI> .r~~_6on1>ruon. 
. . . j, •.. '· • ~-_;. • . • ~ - .- . : G 

B ·HaCTOSI11telt pa6ore ,¥:hl He 6y,u;e:M: 'n-pe,n;pnp~.n;eJIHTh,, KaK:t!e i MS CHJI '' 

neHTpaJI:&Hble 11:JIH. HeI~eHTpa~;E,HLie, cirnrJie/P!Lie~::Ml!M. TPHITJieT~ble, 11p0TOH:, 

rtp0T0HHble.:MJifi,,:npoT0H~HeijAJ)OHlfii,r? rffe:OJIXHLI ._6UTl> OTB0l:.CTB8HijhI · ~a.- ItOff,BJiemrn .. -.-· . . •-·,. . . . ' . . . . , .. ' . . 

cnepxreKy'llero COCTOSIHUR .H.I(epHot:i Ma'.l,"epin-r. lleJU,IO ,I(aHHOll pa60TbI SIBJI.fieTCSI 
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noJiy-qemrn YCJIOBHti, KOTOPLIM ,nomr.en Y.JXOBJieTBOpHTl> Hav.c6onee o·dmu1n BH)X 

TI0TeHI~HaJla HYKJIOH-HYKJIOIIHOro B3al!M0,nettCTBl1SI )];JUI Toro, tIT0CJLI (JbJJIO 

B03MOXHO CYL~8CTBOBam1e CBepxTeKy-t-Ierp ~0CT0SIHilfI .fl,n:epuon Marep1u1I. 

PaccMOTpl'IM Ty ttaCTb. raMIVIbTOHI-IaHa B3aMMO).l;et1ci'mur, IWTOpaSI. 
;, 

OTBeTCTBeHHa 3a TT0RBJiem1e ,CBepxTeI<.yttero COCTO!IHJrrn .,sr.nepnoiii MaTeptU1 • 
.. ' .. ,. 

C,UIJ:TaeM, l!TO TaK j!te, KaK B Teopmt CBepxnpOBO,J.JJIMOCTI1, B3aJr1Mo.n;et1c;B11UI 

rrap cpep:MMOHOB C paBHm.rn: 11 npoTMBdnOJIOlCH_1IMH nM,i:tYJtECaMVJ: npl1-B-OJVIT 

K cynteC,TBOnamno cnepxTeKyt1ero cocroRHlrn ,.:: Rsam,10,neitcTBHSI hap nyrcnoHOB 

C npott:3B0Jil>Hb!MM m:fnyn1,c·aMYI npHBO,!(RT. K H8KQ·T-~po1,1yi acp<p~KTH'i1t~1-,w•,.. '',::•:.;· 

ITOTeHuvrany · n,n:epn6:w MaTepJrrn, KOTOphlt! MbI · ue ··,6y,neM YlIHTI:rnaTb • 

. ; 

Mo,nen:01111tt rm.mJII>TOIH1aH B3ain,to;n;eilcTBVIS( ·npe,n:CT?,BM:M B CJI~,ILYIOmeM 

(I)· 

' ,' "~ 

COCTaBJ181Ih! ti3 onepaTOp0_13 
' ;_: ', :: ·:1.. .. ,, . ,r,; r !\· : . 

poJlC,nemrn_ YI nor now,e1mn npq.iono.n :vi net1T,po1~0B. Bsam;1:9)tet1cTBne Me'.l!,ny·· 

.n;nyMSI HYKJionaut1 V { K, t< ') · no~I>ueM -~ Ha:vroonee o('.jnteM B11.n;e', a 

WM8HHO: .·, . 
' r 

V (~,t<) cJss ( K,K)+ (1-if/() f {t~ 'ri,ri{ )1:: . 

+Js-1: (i(t<j ~- (1.c.f '°s_) + {Hcf Of)'+ ,, 

(2) 
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{., 
,' i,;:'-rl"' 

-t-Its (~,;}ij-{H~f;Ji (f-~i;,)+ 

t - c;-r, ., ~ ........ I I ( -- .. h-t ( K-,KJ Lj'' 1f l, ~.;;),11 lj +~~ ).~ 

~---J st ( K, K 'H- (1-T,T,,) fj,( ff) (f eJ-Gf <if e "] -
' . 

,~ftr (K,K.}; (-?+(()p (ff)(ofl)-0'~_e':]+ 
. ,. •" .-·, . .. : 

· tJse ( k,1<').fr(1-if,i:;_) ('f +<Jj, e] + 
i-J .- (K, ~'f:L (,tf.cf;_)(~+~, .f) . - · ·· i 

3)lecL e = t:-1' 7;,, 1 K 1 ,,,",e:., ;r. -;r,; :i. 1 K! , B (pynKrtl'IBX xfl, ( K, K ') 

nepBiidt HH,1(0KC . 5 HJII'! f; O3HaqaeT · ClirnrJieTHOe l'I T;p:VmJI,eTHOe 

COCTOHHMH B npocrpaHCTBe H3OTqn11qecKoro GDHHa, BTOpol I1H,1(8KC OTHO-
1·.r ··,., • 
·-:. 

CHTCSI K OdbIQHOMY cm-IHOBOMY npocTpaHCTBY, S o6O3HatraeT crmrJieTHOe 

B3aHMO,1(0i1CTBHe, t - TpliHIJI8THOe, 7' - B3aHMO,rr;eitcTBHe T8H3OpHoro 

TI1I1a, a e _:: CTUUI-o'p'o~Ta~:OHO~O. 

Hs ycJIOBHH 3p1.UiTOBOCTH H MHBapIIaHTHOCTH -OTHOCHT0JI!:>IIO orrepau;mt 
:.~'-., .· ·, -'.~~:ttr. .. ,•~·- ,. . . . ~ . · ... ; \ . / 

orpaE:eiurn rrpo_crpaHcTBeHHhlx _Koop)(HHaT TIOJiyttaeM,: qro cpyH1tu,1,n1 hn ( 1<..,1<) 

SIBJISIIOTCSI ,l(ei-t·c;TBvITeJI1>HIIMR 11 odiia)(aIOT · cJie'.I(y10mM1m cBoncT-BaMH: 

I~ {K;K
1

) =Ji~ (i:K) 
. . 

'f , . . I .. , Jiw { K, K) _::•]i,i, (-~, ~ K ): 1 - ··-- >; 
' ,; ¼, 

(3) 
' ~ . 

PacnHmeM ra:MvIJib1'0,!HfaI):.:,B3am.IO)(ell~T~-UJI' (I) qepe3 onepaTOphI 

po,ic,l(eHIMI 11 nor JIOll{eirnR neUTpOHOB ;;r npoTOHOB, a MM8HH0: 

'f.: 



- 7 -

\ 

( ') -,. & -f- g I a ,; --,.. t J.,.. K,K QK+ -K+ -K+ 1(-,. . 

-"~ ' 

+J {K,K) C!_:_ (5 :~ 8~~ a_,~+ 

+ - K, K a o o , a , + a o Ii , a , + I T ( ') ·[ + pt I) + p+ J 
.:{. JJ K+ -t<- · ·. -1(- K+ -K• Kf K+ -K 

(4) 

~ ,~ 

t ]![ ( K, K ') a,;,{;_:, gK~ ~.~+}Ii_,-,.{ K, K ') a:.._ ( ~K~ ti,~} 
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+ 0 ·+ 
3;~eci:, Cltl(± I t> I(±. - onepaTopb! po,r:;i;emrn npoTona M uenrpona, 

Q, 1<t , f!na. . -. orrepaT\q_pu nor JI0nteH!Ifl Mx, (t) xapa15re~11sye:r. 

H{1.ITJJaBJtemre cmrna~ cpyHKn;irn: JN {K,1,1), · J+ { K,t<') H ,npyrmr· 

Bb!pai!CaJOTCR qepe3 cpyHK1rn11 Ji~ ( 1<;.K ,') • 

TainIM o6pa3OM MO,T(0JibHb!li raMMJII,TOlUtaH npe;i;cTamn.r B CJie,nyronteM 

KOMilaKTHOM BM)J;e: 

M .:: r ··{:'E (K Fe~ t c": c.s + 
K,S J 

+ 1/v r J (1<,1/ls,,s;.,; s:,s,'JcK: c:s c~\, CK's' r /{/( 1 
. I' . I J., .t, , 

' 

.. ~ ... 
,':! 

"\ (5) 
~- ~ .. ,. 

r.n:e E F - napaMerp, :vrrparomirt1 po.JI:o xrumttec1wro rroren~HaJia, B 

HOpMaJII>HOM COCTORHlU'I OH paBeH 3Hepr:vrn ,nonepXHOCTlt cp~p}.il-1, . .5 
,T(MCKpe THLill MH.U0KC, xapaKTepM3YIOL1MM crurn, M3OTOTIMtJ8CK1111 crnrn, a 

Tamie snaK n1mym,~.a K. 
·.,' /~-

§ 3. Cl-rcTeMa OCHOBHb!X Y:J2aBHeHMil 
_., 

~: ... ~.\ . 

)taJiee cJie)~ye11 paccY}:c,nemrnM padoru H.H.Eoro;nodoBa /2/. ITpoBe,neM 

KaHOHMtteCKOe npeo6pa3QBaHMe 

{ 

I I +}· a KS • f. LI ( K .s,s ) cl t<s' + (J' ( K,S, s ) o( ,(S' (6) 

OnpeneJIUM HOBOe BaKyyMHOe COCTORHI!e o(,KS co = 0 M Hati,neM cpe,n;nee - ~ -
3Hatremrn "1-=- < CO "-f C0 > .. ITpeHe6peraeu B /./ trJieHaMH, KOTopue 

ocTaroTcsr KOHetrHhIMM rrpH V --,.. 00 • Hai1.n;eM ~ymn1;1rn LI (1<,s, 5 ), 

l.r ( K, 5, S ') U3 Tpedonamrn 3IWTpeMy.Ma f../ npu BUITOJIHeHJ!H 



,UOTIOJlHV!TeJI:bHb!X YC}IOBVItl" YpaBHemrn -CTarrt,rnHapHOCTM .nonycK~eT peme
/l (ti,) 

mm' K0T0poe COOTBeTCTByeT H0pMaJH:iH0MY COCTOB'HMID 'L, .. 

)InH'Toro/ ttTOOLI pelUHTb>BO!Ipoc O TOM, npw ItaKnx y:JIOBUSIX 
' ' ' (~) 

3Hepnrn HOpMaJ[bHOI'O COCTOSIHYI.H C He 6y,neT HI1HllfMaJH,HOi1 :vr, CJie,I(C-

c (s) 
BaTeJlJ,HO, TIO.f!Bt1:TCll CBepxTeKyttee- COCTOmrn:e ,- Hati.n;eM BTOpJ':K> 

.Ba~I-Ian,vno' OT ' H_ : •• Jj;oJIH ·. BTOpaf! Bap1tart1rn OT A/ , ·no l( ( K, 5, 5,) 

it v(Kr5,S
1

) npH HaJUt'IYfH ,n:onomnrreJI'.hllbiX YCJIOBH.ll 6y,n;eT MeH:&me 
. ,,, ('t,-J 

HY JIH ,!I.JUI :pemeu:vrn:, C00TBeTCTByromer6 HOpJ,{8,.iibHmly C0CT0RH:vno v 

TO 3TO 03HaqaeT, 'I.ITO OCHOBHHM,' mrepreT~tieCKI1 oonee B!:ff'O,ItHHM, oy,::;eT 

C 
(s) . 

CBepxTeKyqee COCTOHHVte .. 

Tionyqaeu, qTo cnepxTeKy1-1ee cocTOfiH~e n;tepnoil MaTepriV:: c:r:._r.:c ::nyB !' 

Tor.n;a, 1wr.n:a lU,10IOTC.fI pemeuvrn: c· OTpHua:reJI1>H~l1tH co6CTBeHHhIMH 3HF..i.-Iefnrn-

1m E CJie,n;yIOnten C:vICTeMbI y:paBHe1rn.i1: 

.: (7) 

·.· -- if E {Kr EF 11t<KJ+t ·f { 1 {K.KJ'f.. {K)+J/0.KJ f. {K J + 

f- j_ (Y){K,K} (0 (K'}+ f_'" (K.1·0 f (t<'J}~ E f- {K) (9) 
" r - 1.t . .!!. + . 
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2/ E ( K)-Ed f, (K )+ f rI{J,, {K, /()f [~J+} ).., (K,K)'f._r,<ho) 
' '. . .... , ' 

. + ;/'
1
*( K,1<) fr ( K')r 1/\K, K) f_ ( I( 'J} ~ E 'f, {K) 

2/r(.K)-E -!if} {K)+ \II r /i -r:. {K,K}~ (t<'J+ l T (K,K)<f. (KJ+ . . . ,. l.i . K' ( Ji, {:1., Jov I . ., '(-r)· 
. . .. , . . ·.:' •·, ' ,- . . .L 

(l) * . I 1 . (v) I I } . <.{) ( .) _+JI {K,K Jf+{K}+jI {K,K}i_(K) =E;/~ _K ,' 

§ 4 • .YcJIOBirn CBeI?XTe.§.Y,"lleCTV! B cJiyttae :;ttt~Ta p-p vi 

ri,- n,, Bsa1u.10~ei1cTn utt · 

Tipex,ne tte1~ nepexo,n:vtT:b K 1£cne,n:0Bamno _ ycJioBui1 cBepxTeKylleCTH 

.H,n:epHOH l,mTepm1' B Hat160Jiee o6rueM. mu:i;e, paCCM0TPHJ'.i ,I!;Bcl. ttaCTHHX, 

cJiyqan. TiepBHti CJiyt:iatJ, Irnr,na ytmTI:IBaJOTCSI B3aMM0,n:ei1CTB11W np0T0H0B 

C npOTOHru,m H H8HTpOHOB C HettTpOHaMH, · HO He YtIMThIBaIOTC.H B3a:mso,nef.i-

CTBI,rn npOT0H0B C nettT.ponaM11. TI0-Bt1,I(l1M0HY, 3T0T CJiyttaH rrpe,n:cTaBJIJI-
., . ' •. 

eT naM60JI:&m11n 1n1Tepec"· npn rrepexo,n:e · or SI,nepnon MaTepmt K K0Heq11ouy 

n,npy. 

Hart,n:e:M rrpu Ka1mx · JM { K, K ') HM8IDTCH pemeHHSI ypaBHeHHH 

1.f (K)~E;/!f (K)t ~ ,;, )N. {K,K}lf {K
1

)• E <f {K) (7) 

c OTpnuaTeJihHl>1MH coOcTBennbn.rn 3Hatiemuum . f-::.-,Z d ,. fl>- 0 • JJ.JIR 
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sToi'a ixeim 11ccne,uyeM ac11unTOTM'ltec1t11e: peniemur' (7) np11 cTpeMnem•rn 

.L ( I<, K ') f Hy.1uo;·1:•itb'r)ia~: E TakY.te CTpe1iMTCSf t Hy:tnb, OCTaBastCh 

•. •_.. j:_' 

\ r·~"' ... ; 

..... · .. : _, . \':.. ~ 

nepeXO,UV!M OT cyMMllipOBaHv'I.R .. K MHTerpHponamno vI ·TIOJiyqaeM 

Tip:tnB1Ma.R BO BHtU,iaHl·le, ttTO npu• O ~ 0 11'.HTerpaJI B (I2) CTaHOBMTC.fI 
- ' ? 1\ . ii • ? :, ~) : ... ~ - . ; ~) . . ·, ~- , _,* • • : .i . • r . > ; .. ·. i 

JIOtapl1q>MH'lleCKii pacxo,n;RII{HMCJ1 B6JIH3:t1 TIOBepxHOCTli @ep1.rn:, .· rrepeit,neM It 
. \ .. ' .. :·.: 

.' · ~ ~1\. ·::/ .:_·.-=-~-. _"<}- . -,;· -~~---i;"< ··~1;•'•, · j·~;{ <_ 

paCCMOTpemno np:vH5muteHHOTO ypanHeIUtH 

{ (K,il;)+~ m-~~KF~ fi:F) c~::,}~~'1J/Kf. KF~Co~o1) \{~,;(I3). 

- /c ),.;dD)( :rK:tn,/·:~;F; /.¾[·'.}"· .... 1/K/JK'/ c:;,I·:·)···· K,,,, X (K'.il)lto 
~ J,1f J } . ·. Cl "' . . N li . . I •. ' • E { I( ) . ~ ' , •. 'J . 

0 
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I , 

. . / (KF) = f,,,, mEl,) >0 
np11tteu 

.. 

Tor,na ypaBlieIUrn ,!(JUI '.r ( K,0.) fIOJiytrnµ ·B BH,I(e 

. f (K,Q )+ /lF) (;HJ' j J~t (/KJ, K,:f-cjo1) : ~~·-~; -
. Jt 00 ·. . . . 

- { /~r,l j alnj dK'~/K:KF fc,:. [J,,(i<t.fKi,Coso1JE~::,;1 (K'.Q)' 
• . ·.:, IJ . . • . .x {K~,Q.'Y (K '"')] :0 0 . 

. . ,c. . .. . . ){ F ~i. 
i · . ,;_•J • '\, I . '.· 

Pemem~e ypaBHe~MH. (I4) B TOttKe K =- K F npH CTpeMJieI1HH 

. L (K,=,K,:- ,.cos"') K HYJilO cymecTByeT B. TOM CJiyttae, ecJrn 

JJQ' \(Kf,Q') I: {K,:,K,,, Cos,()< 0 
J( (_KF;n.) 

0 . 

(I4) 

(I5) 

nei'icTBRTe,JI:&Ho f ( K F ) > o . , a nocne.14md1 ttJieH. B• (I4) srnJineTcH 

B8JIHtIHHOit 6oJiee BblCOIWro rrorH,I(Ka ~aJIOCTH, ec~. ,n;JISI L {KF /i<1 ~osc1.) 
_ ue cymecTByeT 06JiaCTH B J< - npocTpaHCTBe, r,tte OHa 61:lCTp0 

M:e~neTCSI. 
, 

PasJiaraeM B pH,ttN no fI0JIHH0MaM Ile,taH,I(pa 

T_ (Kf:' K '± Cos 1))7 ~ T_ t (-K,=)· Pe (+ ;s iJ). 
J lft, 1 

f: - e-o j in, 1 

1 ( K", cos iJ} = f O d e ( K. F ) Pe ( Cos iJ) 
1-.:·· 

ij npoBO,n;HM COOTBeTCTBYIOIItHe MHTerpHpOBaIU·UI. YCJIOBMSI CBepxTeKy

tie CTH SI,I(epHOtt m TepHH noJiyqaeM B CJie,I(yIOmeM BM,I(e: 
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e:.O 

J t5 ( KF) < 0 
. ec~ . , .. · 
~5 {KF Y< 6'}· (I6) 

(!., I .. ~ e.;f . 

J-t.-t ( K F) + 0, 8 j +. 7' ( K. r:·) < 0 

''; j... , '.::~ • '! .'' :.\~; ;·-:.: 

ecJrn Kax.n;oe COCTO.f!Hl'!e C f> ;J., .n;aeT OTHOCHT0JIJ,HO 1.!aJib!il BIOia,n; B p-p 

BSaI1Mo,rceilCTBHe. 

§ 5. YCJIOBH.f! CBepX_TeKytJeCTH B CJiytme I.fErnTJ2a.IT:&HbIX CHJI . 

Tipe.n:c~aBJISieT mrrepec paccM0Tper1:, cJiyttaiii uenrpaJI:&Hb!X c11JI. Jiu , 

rrpHXO,Il;HM K HeMy' ecJIH npe.n;noJIOi!iHM, tITO TeH30pHI,1e I1' Cl1I1H-op6HTaJibHble 

i. ·' CHJihI c5HCTpee CTpeMRTCR K Hymo, qeu uenTpaJILHiiie •. -~---·:: ·-· 

B cJiyqae ueHTfaJihHbIX CHJI cHcTeMa ypaBne1rni1 (7)-(II) cBo,n;11Tc; 

K TpeM He3aBl1CHMHM ypanHeHHSM, a HMetino~ 

' ,, 0, ' '. 0 . . ,. . . : ' . , ·,• : ... ·,-. 

,. /E (K} EF/<f {K)t,i ~' J,, (K.Kj <p {K')= E 'f(Kl~~,''', 

:>./ f (1<)-Epf i ,{KJ;+ i 1: {K,K 1),f+ ( K} E f+J K) .. · ,, (I9) 
••.,••,}':'· I • 

,; ·.... :,,;;,;·:·, ·•.L"'.i-. J_,i•, -· -~:•:.: .. , _ . ,tr . 

'l / E ( K: )- E" / 'f, ( K) +; v 'i. { I~· (,<, K' Jt h,. {k, K)} <f (i)~"P 'f, ( K)" (20)' 

Cne.n;y.rr paccyj!t.n;eH11.fIM npe,rcbI.D:Y!l(~ro pa3.n;eJia, nonyirnM ycJioB11R 
'• 

cBepxTeKyqecrn R,n;epHoi1 uaTepMH B cne.n:yromeu BH.n;e: 

.. t 
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l=O 15 {KF) <0 
. e,,,~ 
It!, (KF ) < 0 

l-:::1 

-J~s ( KF )< 0 Jt:~I ( KF )< 0 
(2I) 

ecJrn: BKJia).( COCTOSIHHM c fr,- 2 neBemnt. 

. --
\ ·' ~= ••• 

§ 6. rc110B11s cBepxTeKyqecTH B o6meM cnyqa~ 

~!ccJie,1tyeM·, Ka.Ktrn orpau;rqerrnn neo6xo,n11Mo HaJIODTh Ha $yHKUvrn: 

~ (K K-,)~·,· q~o6bl- ~~CTeua ypaBH0HI111 (7):iir) :.~i!eJia p' e.ilieHiiSI - ·C 
Jin. I . " 

OTp:0:µaTe JibHlilMH ·-co 6cTB8HHID.m sna l!eIJR.fUA.H. E •. ,Q ~TO~ U~JibIO. nOJJ8:;aeM , 

'. 

t {K)= f)± {t<,n) . 

- . ... / E ( I< )- E F J + o 
i;.,. ( I( }-- 0,,~ ( I(, Pc) , . 
. _--·_ IE {K)-EF j+S 

:> y.:r. 'j 

ITo,no6HO TOMY, KaK 3TO c,neJiaHO B pas,neJie 4; rrepeXO).(HM K npH6JIM

%8HHOi1 CHCTeMe ypaBHemdi, KoTopasi np11 MaJibIX. I· ac11MnToT11ttecKH 
I • :·. . I ·- trt. . . .,-.. .:: i ' 

COBna,naeT C CHCT81{0tI (7)-(II ). ]IaJiee BBO).(HM HOBble H8I13B8-~THI:ite, ' 

ipyHKUHH _ fi. (K, Q.) ____ _ _coBTia).(aromvre Melt~~ c.o6oit rrpn - K"' K F • 

Tipe).(n'oiiaraeM, 'ttTO ,n:JUI fPYHKUHil. ·_ T. / /(,__ /K '//a')- . He HMeeTCSI' ... . J Lit, l ,- I I;. , . 
o6JiaCTeit B K. - npocTpaHCTBe, r.ne OHl! otteH:& 6bICTpo l-13M0HSIIOTCH. 

J{JISI Y.Jt06CTB8. ,.o.6o_3Hag~~~f"\i ::_·.) ,::,\'i ~:\ •• '.. 
' . '', 

., 

' 

I
,(±>,11 -- -,) - -- _, 1 

in, :: fi'[' s.·J;; (- KF ,-kt= -J:. }i/1/ 0K:J:I; ± 1<t1):'j , 
.. ''._\\_'{i.: '. t !"'~~: 1 • \ ::_: __ -~ ')?: ~'; f:i· '.\ .':; . '.·- :·: .-.~ •) l"'f\ 

I 
I 

...... 't' 
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Tor.na YCJIOBH.fI CBepxTeKyqecTvI sr,n;epHOPi MaTep1rn .D;!UI Ha11:60Jiee 

o6mero CJiytia.fI B3aYIMO,n;eUCTBMJt uy1rnonpB C HYKJIOHa}.m TIOJiytiaeM B 

cJie,n;y10nteM nu,n;e: . 

id , ){_ (KpQ') [ (-t-) · (-) ~ (->] ,. 
Q { (I<pn) Jt/ J.1c/~(3 ei-e")J+:r < O · • 

(22) 

(23) 
-~· ; : ~'f . ;t . ·-~ 

Ref di{:~'~;~~) {Js:~ J,; (je~~~2)(Js>1.:1)_;~'(}.}!;;t~: · .. • , ; 
. I• . . ' ··. • . . ... - .... • .. 

+ :· ((~,~~ [{i, + i e.)(r./~ le_,,)+3e (e~i~)· (T (+~ j (-))/r· .· ·: .. - _--:_ 
- . t=', . tJ 'l; l K j 57' t.7' . 

. - . 
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e, (1< rtJ,· -._ .... , , , .. _ -
- · 

0
: c :: ,n) (3 e.~-Je;·+ 6 i(e3) (t~1 

- Tt:>1} < o 
·~ ; , 

(24) 
.,, :1.1. 

I . i· \. . '.· . : : . _., _:- . 

j ,_ {, e, (KF,n.) [' (-> _ <+> c+> (-) ~ .\. (t-) <-> _ 
Re dn. T e, ( K~;n) lss + 1st r ~s -t-TH + (3~ ~ e )({r + T.r ) ] + 

t·''•. 

. •:':t, 
,., ... 1_ 

. I .. . ,. ·:· .. ;·. ". • .. ": --,· ~ -·~•-:.•·.·.,. •. . . 

, . :e,., {K,=,n.) [ .. I· c-> T <+> T:_J+>.J '(-j ·1,.·•~ -~J-\(:r·(+1:·:r·-·<->)] ::,:, :, ·:·; + - ---'--- -t - J / - - l j e - e --J - -. + · 
~ 0 (K Q) SS St tS ·H t S1' -er 

I t=, 
/ 

I . . . ·._ ·, . . . . .' -·, :_ .. ·. ·:. . •·. ,.· 

+ :,+ /KK;::; [((+is)O/~ Jt(;)-~ek (e,+i~;>r£}!'Tt~))]/ ··) ... 
(25), 

.\ . 
I •· , ' . , 

+ :~ [~,'~: [{(-i)){J
5
t~ ~:-1)+5ek (4,-iitd)(Ts:~ i~-)}< O 

) Y, 
--1· 

j , /, 0 (K1= a'> [ (-) <+J (-1-J <-) _ <+J . f> 
Re d ~\P· e: ( K:,Q) 1s/ ~t + t+ ¼.t + {je:,~ e')(~r +}r )] + 

' 
., , : •. '·. •... ••: • :, ~ ' • ' I ·•, : -•'• •• • '; 1. 

, ·. ·.>. ·'' 

+ _!_ e, (KF,o.' _) l·-I c-1 c+> . (+J - ,-, t, ,._ c.,., ~ <-, - ; 
)., -.· .+ - - + 3e-e T - + e,. (KFU) sf ~F T.s. 1.Jcto (., •.• )( ~r 

1t'I')] 
. : .,,_;-- : -/· ; : _,..:;;)· .. :Y) :·. (. ':·. L,\. ··. ' ·:: .. - ,_; -· '. ' . :·';/: - _;,. 

l 

' '• 

-, ·. 
·, . 

~ ... , .. -
--: ':~. 

-, 

;; { (• 
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~.· ..... ,..c, ,w ..... 
. ; :· . . ,( 

'·::,,3 .,_ 
,\ \ 

. \ ~- ! ;:· '· ·.· 

g 
tJ..; 

. , ,, • ~. . .. ., r • (26\;;,.•·. 
··:·-,_,_,·tt>" / ..... : i 1,., t :::-·- · .. 

·:, ,·,• 1·; 

H. ],IHMMblJ~. qaCTI-I. Bhipai!t$)Ut~ (23 )-(26) ,](OJIXtHbI ()hIT!l Taiwro • l\8 · nopJI,n;Ka 
,· ··,~ . '\L!l: · .. · .. · __ .., 1--i .:_ :.r·"';•·:.:-:··:-:.1_·~)<: _ .. !~{~:/~')·-. ·:.'·!_:-~

1

:"'.'.····•'; 

uaJIOCTM, Ka~ u OT6pp~~HH~Ie qJiem,1. . 
~ . • ·.,. ·• •{ • . ·•· :·:•· ,•" ·~\f.•.,•.T-,.·,·, ·-~-:'\.· "" ~~ • •r-

"lt .;.i. ... ~-; '., -~ ·.: ;'-... -~;:; 

YPJIUBHSJ ·cnepxTJmyttecr11 R,n;epnoii 11~T~p1111. (22)~(?\6) H o,r.p<l.HFiqe.~j',·,, .... .,.-:· 
. _, '.' . . -.-.. ,. ·'·· . __ .,, ·- :.· ,. 

Ht1:R Ha MHvIMiiie qacTH,;JleC:&l,!~ rpOM0,3,1l;~I1 ·.ll CJIOl\HI::l., O,n;I~aI~0, .KaK. ~~q. 
. -- . •• . . ' ' • ' '" • ·._!.,1.,,._ 

6mrn npo:.ne14oacTpHpPiBaHQ,·B np~l-J;hIAYn.t~i pa~,n;e,nax, Q.Jir! .no3~Q}l!Ji'.>T ... , .... ~,~~-~,-,. 
' . . - . :: ,._ .. . . l .! . "-· .. ; . •· . .'. \. •.. ~ : 

rt: ... 
' ,. 

• . .., r. • : •· ... 

I 

TeKvtJeCTH o6Jia.rraIOT it,em.fJ11-CI1CTeMlii c rrpeo6Jia;ranJlleJ;t CYIJI ITPUTSIJ.WHvUI .•. 
06masr reH,I{eHI.(HJI · npeodJia.I{a10m11x cHJI np11'isi:iil:eirnJI 

rrpoRBJISieTcii· B, ·ycJIOBHi{x. CBe·pxTe-kytiectli : . .rr~epnoi1 MaTe'JJll.m, : X01'.H Y,CJ!OBIW 

cnepxTeKftiec-ri1 )J.iiir. uaM6iiJiee· ot:5~ero :avr,na HYitJioH-HYKJI01-moro n3aHtW-···· 

,n;ef.iCTB:vt:ri 
I 

RBJI!tIOTCS! ,: i3ectira rpo:Mo3.n;K:vf1rn, r•a ?3aBHCvIMO CTI,: 0.1'. . TIOTeHitM{.\lW B 

.n;oB0JibH0 c.rro;JCuan. CymecTB0BaI-rne cnepxreKyYer-o cocroR~mr R,nepHotr . :v:;1: 

Ma.Te p11vr .. GBSl3.crno JiC IIQBe.n;emnh1rr:,rr,1n,r.,~1re4-?r1nr, noBepxno_c:i:f! tepi.rn tt~THLIX 

'' \ 
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cocroSIHJidl nsam.m',z~eilcTBHlr Js-1: ( KF ), ~~ (KF) ,··7sr ( ~) , ~e ( KF) 

H HetteTHbIX COCTO.R'Hllli B3aHMO,n;etlcTBHti Tss {K,J, Ts-1:: (1<F), ~t {KF), 

~7' ( KF) , T-1:.e ,( K,: ) • B- tJaC:THEX CJiy:aHX ytteTa TOJ[&KO p-_p 
B3aHMO,n;ellcTml~ HJIH TOJI:&KO r~eHTpaJ[f,HEX B38.HMO,n;eilcTBl1l1 YCJIOBVUI 

··~(· 

CBepxTeKytieCTl1! CBO)VITCH I~ ?Pec5oBainno, tIT06bI noTeuuuaJihI -

€cO e .. a., . e ... / f,:I ·, _ e=-1 e,,_f 

~s (KF ), ~s (1\),. T~d: (t<,J+o, 8 , Ter (t<,:), Tss (1<,:), T-1:t. ( K F) 
1- ~ .... '; ' • , . ; - ~.i:' • f · . 

6bIJUI noTeHuuanm.m IlJ)HTSIJ!Cemrn:. TIOCKOJII,KY COCTORI!HSI g {;,, 2 BHOCSIT 

cpaBHHTeJI:&Ho Mam,ri1 BicJia,n; B HyxJion~HYKJIOHHue Bsam.m,n;eilcTBHJI B 0001'-: : . . 

B8TCTBYKlntef1 o6JiaCTH SHe pr11tt, TO Ha HHX H·e HaKJia,n;BaeTCR HHKaKMX 

orpam1tJeHHit. 

CpaBHIU.{ ycJIOBHSI CBepxTeKytJeCTH SI,n;epHoii MaTep1111 C IIOTeHuuaJiai,rn, 

noJiytteHHbllm Ha OCHOBaHftH aHaJivI3a SKcnepHMeHTaJI:&HhIX ,n;aHHhtX no 

HYEJIOH-HyKJIOHHOMY paccesmmo. H3B0CTHO, tJTO TIJIOTHOCT:& tJaCTHU ·n,n;ep

HOit MaTepHVI np:rr6JIH3HT~Jll,HO paBHa 2' 2I. ro38 
tJaCT1U~/cM

3
' npH STOW . 

TIJIOTlIOCTH 
0

,nJIHHa BOJitm, 'coOTBSTCTBYIOma.H 3Hep:bur nonepxttocTM cpepMM 

;t F = 0,675.IO-I3 M., Ha ocHOBaH1u1 pn:,n;a pa6oT /J/ Moxuo - c.ne11atI> 

BhIBO,n;, l!TO noTeHqHaJilJ. H:MeIOT xapaKTep OTTaJIKHBamrn np11 .nmnmx BOJIH 

nopsi,n;Ka (0,2-0,5).Io-13 
C}.{ H MeH;J?me, rtpl1 ()QJII:,IDVIX xe ,n;mrnax BOJIH 

OHM iUielOT xapaKTep npvrTm!Cemrn. TaKHM o6pa30M, BC>JIM3M IlOBepxnocTllf 

4 

<I>epMlit HyKJIOH-HYKJIOHH~e IlOTemi;ttaJII,I m.m~T' B' OCHOBHOM, xapartTep rrpllf-
•, •. ,.. ' .. , ' 

T snite HHSI • . ·:· i ~ 

:.~ ... 

Ha OCHOBaHVIll ,n;a1mux:· 0 HYKJIOH-HYKJIOHHbIX · noTennvraJiax ),107JCHO, 

c,n;eJiaTI> BbIBO,n; 0 '.rOM, 'llTO' ycJIOBY!.fI - CBepxTercyqecTl'I sr,n;epHOH MaTepHn,. 

B OCHOBHOM, ~HTIOJIH.f!IOTCR~· ecnm B3aHMO.IJ;eDCTBHR, rrpHBO,n;Rnwe K cnepx~ 

TeitytieCTH·, SIBJI.HIOTCR CJia'{)bJMM:.:~ ,, 

B 3~\KJIJOqemrn BHpa:i!aIO rnyddKyIO, 6Jiaro,napHOCT:& H.H.EorOJIIO(JOBY 

sa ITOCTOHIUIL!tt :£1:HTepec I{ pa.doTe 11 ueHHhie 3aJ,IetiaIUUI • ,.;,,,?' 
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