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B !946 rolf.Y H.H.Boro.JIIl6oB IIOR838JI, 'ITO .IIBJieHHe Cl!lepXTeKJ"IeCTH B 

6oseBcRBX cxareuax co cxa6HM BsaHMO~eftcTBHeM o6ycxo~eao rroKBXeHHeM B 

CKCT8M8 6ose-Ko~eHCaTa. llpz aTOM B38BMO~eiCTBH8 Me~ 'laCTIUBMH MO
llteT CTa6HJIH3llpOBaTI> KOI{IteHCaT, KOTOp!ift 6y~eT ~Hl'&T:&M 6es TpeHWl OT

HOCHTe~:&HO a~eMeHTapHHX B036~eHB! C !IpOH3BO~HOI, ~OCT8TO'IHO M8JIOA 

cxopoCT.hll. B ~aHHoA pa6oTe paccuoTpeaa Mo~e~ ue~eax:&uoro 6ose-rasa 

H ~OX&3aHO C~eCTBOBaHH8 B Heft XO~eHCaTa !IpB ~OCT&TO'IHO BH3KHX TeM
nepaTypax. Hcn~soBaua TeXHHRa uaao~oHHHX o~eaoR nalcoaa~6a

Ca!Moaa B MeTO~ ~UHOBaX:&HOro BHTerpHpoBaHWl B ro~OMO~HOM IIpe~CTa

:a.teliDDII. llo~eHo ypaBHeBHe )1,1ISI RpHTnecxoA orewepaTypii cpasoBOro nepe

xo~a B O~eHRa CBepxy ~ aHeprKH O~HO'I8CTB'IHHX B036~eHHA. 

I. M91Ie~ geuean:l'oro dose-rasa 11 Teopewa Borq,g&ou o6 oco6eH-

HOCTJ!X 'l'BII& ~ .£ 
PacCMOTPBM l!l 7 -uepaou xy6e 1ft: R c ROOJWIH&TBMli ~ = 

f.t ' ' 4 · /J K =={x,x , ... , x ), xJc(-L;~, t~).j~f,-'j ... .C, • o61>eMOM Y=l c.llc-
TeJIY IV o~HaKOBHX 6ecciiilHOl!IHX 'I&CTIU. Eynoft V 6Y.JteM o6osuaqaT:& 
KaK 06~aCT:& \( , TaR B ee 06'1>814. COCTORHHK TaKOA CHCT8Mii xapaxTepH-

3YJnM BODOBHMB ~ I(?{ X,, K.:, ·· ·1 ?f,.v) , r~e .x'n -COBOxyJIHOCT:& 

npOCTpaHCTB8BHHX KOOp~aT ft-1 'I&CT~. 
B paccuaTpHBaeuou MY'Iae BO~HOBHe <liYHRI.tHH JlBJtiDlTM KBB,D;paT.H"'HO-HHTe
rpxpyeM!lMB B CHMMeTpB'IHNMH OTHOCHTe~HO Jm6oft rrepeCTaHOBKB jJ Cpe~ 

AI apryMeHToB )'{, X,v ... , ?(AI: fP<f'= ({', TO ecn 1om BMeeM coraTBCTBRY 
6oseBCKOro TBIIa. 

rBMBJI:&'l'OHHaH CHCTelom H COC'l'OBT B3 8,I{,IUITliBHOA CBMMeTpB'IHoA CYM
Mii ~~~HHX aaeprd qacTIU z 6Haapaol CBMMeTpwmoA cyYMH aaep
rxft BSaBMO~elcTBHH pas~HHX nap qaCT~ H BMeeT B~ 
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,.; 

H=-L~ ~Xn +Z ¢{Xn-Xm), (I) 

n= 1 l{n<m~N' 

r.I(e L1 X'n -onepaTop JiariJiaca no rrepeMeHHolt :Xn , a noTeHUHaJil>Ha.li aHep

rHH cP B3aHMO.I(8HCTBHH xapaRTepHsye'l'CR B8~8C'l'B8HHO! ~YHKUKeft, HHBa
pHB.HTHOH no OTHOWSHHJ> R OTpaJteHHJl cp (X) "' cP (-X'). 

Y~THBBH, ~o B cTaTHcT~ecRoA MexaHHRe o6merrpHHET rrpe.I(e~HHA 

rrepexo.I( II/~ ()() J v---.. oO ) /1.1 I v = n ::: con 5 f' HasHBaeMJd Tep

MO~~eCRHM, ~06HO BOCnOJI:b30Ba'l'l>CS RBa3JI,JI;J!CKpeTHIAl IIpe.I(C'l'aBJieHB

eM • Ha BOJIHoBHe cWHRUHE 'f HaRJia,n;HBamCR yCJioBHH rrer:o~HOCTH c 

nepHo.I(or., L no RBJt.I(oA Hs rrpocTpaucrBeHHHX .Roop.I(HHaT :X,. : 'T'~Jlc.p.,. l.f, 
r.I(e '1\} - orrepaTop, saMeHIIIllltHA X~ H8. xA ..,. ~ B OC'l'~ Bee 

OCT~HHe ROOp.I(HHaTH ~ BHP8Jt8HHH ¥? H8B3M8HHHMH. ~'1'069 o6ecne

~T:b BHIIOJIHeHHe YCJIOBHH rrepHO.I(l't'IHOC'l'B ~ BC8X MOM8H'l'OB BpeMeHH t , 
6epeM ~ nOTSHUJ!~Hoit aHeprBH B3aHMO.I(elCTBBH nap ~aCTHU BM8C'l'O HH

TerpaJia ~:be .I(HCRpeTHYD CYJIIMY 

ik:x 
(2) cP{x}:: _{_ L e v(k), 

r.I(e k~(k 1,kz, ... ,k;) ~k5 ~J.rCtni, n; e'Z~ f, f,~ ... )/. 
Hcno~s7e' ~ OIIHCaHHR Hamelt MO.I(e~ IIpe.I(C'l'aRneHHe B'l'Op~HOro 

RBaHTOBaHBH 2 , f~TOHHaH (I) npHMeT BH.I( 

~ = J LV+(x) (- j_ L1x) lf(x) I~+ 
I( (3) 

+ 1 J <f>(x,-:K~)lJJ+(x,}lfJ+(1~)~(1.tN1x,)Jr,J~ · 
y t 

OnepaTOpH!le cWHKW!H lj} (~), <f(X) ~OBJISTBOJliiDT nepeC!'aHOBO'IHIAl COOTHO

meHJUIM Bose: 

\J)(~I.fl+(x')- '1-'+(x')lf()') = Srx-x'), 
~(x)\f{,x 1)- tf-'fx')t.f>f.x) == o, 
4-'-t(x)t'+(x')- \f'+(x')'l-'1(x) =0, 

b (x)- 1-tiepHM 6 -(flyHR~ .lUipalta. 

2 

(4a) 

B :KBa3JI,JI;J!CRpe'l'HO• npe;ztCT8.BJI8HJI:H BBO,ltiiTCR RBaH'l'OBaHHHe 8MIIJDI'l'~ 

Bose a;,a, -onepaTopH po~eHJlll ~ yo'lTOZ8HJIJl 'laCTHD; C mmyJtl>CaMH p: 
o/{x)~ ~ f e_ cpX (Xf' • 

I ... ;rx + 
f+{x)=-.;r.;:;; L e ctr· 

rr !=> 

(5) 

Onepa'l'Op!l po~eHJIJl H YJJH'l'l'oa8HJIJI ~OBJIS'l'BOp!Dl'l' ROUMYTan;HOHHHM COOT-

HomeHliJDI 

[a,,aiJ-= Sf>,i.) [ap,~I=-o, [ap~a;J&o, · <46 > 

b~~ -cBMBOJt KpoHexepa. 
1Icnonsy.11. ( 2) , ( 3) :a: ( 5) , DeeM 

tf, t + { ~ (k) + .f H = Z Tat at-f-L-.. v a rat ap+k a,-k, <6> 
~ ,tV~.,,~ 

r.Jte v(J<l .. v(-~) = /''(k\. 
C.C'1'911B., OIIJICHBaeiiSJl r8Mitll:b'l'OmiHOM ( 6), HO.CH'l' HasBaHHe MO.I(eJDI 

He_.ea.DHOro 6ose-rasa • .~ ocHOBRHM K~aTOM sa o6~cHeHHe 

.IIBJI9HJUI CBepr1'8JC1'18CTK ml,ltROro re.DJI-2. 
CBeprreKY'leCT:& npe;zr;cTaBI.Ile'l' co6ol ~soBHI nepexo.Jt B c:a:cTeMe 6ose

'lacun;, conpo~BI)DlldtCJI BOSIDIKHOBeDeM •,Jt&naero nopiJJlKa•. IlyCT:b 

}1'4 fx, ?(,..) = ~ 'f+(xf) ~(Yz) > -<>.JtHO'IIaC'l'FUWI IIB.'l'JlKil9. n..o'l'Hocu. < · · · > 
osHB.'IIaeT paBBOBecHOe I'JI66coBcxoe ycpe,JtHeoe c r8IOLil>'l'ODaHOM H . 
B cuy npoCTpaHCTBeHHOI O.JtBOpo;zr;Hocu c•c'l'eiGI F'1 (x ,, Y.z.) = F', ( /Jr, - X2 I)· 
Ha.lrule .Jt&ll>Bero IIOPIIJtKa osaa'lae'l', 'l'l'O 

{/m ~(x,,-x-~)=n0 >0. 
lxt4~J ..... f)O 

Ha JisHKe WJI:t.e-npeo6pasoBaHJIJI 

J 
'kx 

-zJ(k)., ~ P,!x)e' lx 
{thj 

•s YCJlO:BU (7) ae,Qu, 'l'l'O _
1 

(7) 

w-(k)= no b (t)-+ uJ{ (K ), 
r,Jte W, ( K) xap8X'l'ep•sye'l' HenpepYBBoe pacnpe;zr;e.-eoe 'llaCTHD; no HeJ11.ae

BHII JDIII1.u.e&ll, a Yl. 0 -IUO'l'BOCT:b KOB,lt8Hca'!'a, 'l'O 8C'l'l> 
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no = 4- <a: ao '> z;., fj<tf'+(y,J<f(x,)>fi;J.r; >0. (8) 

y 
TaRHM o6pasoM, BOSHHRHOBeHHe q>asoBOro nepexo,~~;a B MO,D;e.nt HelfJI;eSJI:LHoro 

6o~e-rasa, CBR9aHHOe C IIOHBneHBeM B CHCTeMe ,D;SX:LHero IIOpa,D;Ba B CMBC

.ne COOTHomeHHH (7), o6yc.noaneHO B09HHKHOBeHBeM OTJDI'mOI OT lf1U MO

THOC'l'B 6ose-KOB,D;eHcaTa no • 38MeTJIM, 'ITO yc.noBBe (8) 0118BB,ltBO CM-

9aHO CO CTpaTerzel ~.nzxa B T80pHH qla90BHX nepeXO,II;OB B CBCTeMaX C 

HenpepYBHOI rpynnofi CJ!MM8TpHH ( CM. CJ[8~1 pas,D;eJI) Jl ,II;O.DHO BH

IIOJIHHT:LCH B TepMO,II;HHBMFl'C'OM npe,D;e.ne, 'liTO OTBe'llaeT o611181 KOHD;elii(IIJI 

Teopu q>asoBYX nepexo,D;OB 
3 • 

06~cHeHHe poJIK KOB,D;eHcaora B cBcTeMe c.na6o-B~eaJI:LHOro 6ose-ra

sa ( V{K\ "MSJIO") Ha OCHOBe IIOHJITU KBa9:B:Cpe,II;BliiX 
4 

6WIO BnepBYe ,D;a

HO Eoro~OB~/5/. 
B pa6oTe 4/ Eoro~OB ,II;ORa9M B8ZBYJl Teopeuy, IIOJIY'IHBIIYll BasBa

HJie oreopeMH o f -z. • 3Ta TeopeMa ,~~;aeT on;eHI<y cHHsy ,D;.nH xoppe.lJJ!D;II-

oBHol Cpe,D;Bel <'a; a1 ) : • 

f I LJ no 
<([ tl > > -- + 0'-t f- rl n 

m f):~:o, z' t· 
(9) 

-f 
r,D;e m -Macca 118CTJID;H, f3 :: 9 -o6pa'l'B8R: 'l'eMIIepa'l'ypa. ITpocyu-

MJipyeM o6e t~acu ( 9) no BceM ~ ( f :F D ) • ITpB aToM It / ~ F> me~;f -

mmync .Ue6M. 

1 "5 + I no -... - L- <a a >- - -? 

N f*D t f - n 

.f { /10 1 no _f_ KJ !f . ~- :i {- nl[ + f) n m(ilrl t1/ f 2 

(IO) 

If/' p,.~ 
HanOMHJIM, 'ITO 1-IIpoCTpaHCT,HHrui pasMepHOCTl> CJICTeMH. Jie-

BM tfaCTl> (10) o~eHa npH BCeX , a JIB'l'erpax B npaBOI tfaC'l'JI 

pacxo,II;JITCH npz tl ~ I, ,t. , To ecn B a'l'OM c.ny'lae Heo6xo,II;JIMO, 11'l'06H 

Yl0 = 0 . KTaiC, HepaBeHCTBO (9) 03Ba'llae'l', 11'1'0 B O,II;HO- Jl ,D;ByYepHYX 

cHC'l'euax npH B '4' D ,~~;a.n:LHd nopH,D;oR OTCY'l'CTByeor. 
-.J. 

TaKD o6pa3oM, oreopeMa o 'l HBKJl8,ltllBaeT sanpeT Ba BOsmm-

HoBeKHe qla90BYJ: nepexo,D;oB npH "fl~:D B MO,D;eJll'! He~r.neSJI:LHoro 6ose-ra::~a 

4 

\I 

I' 

JipJI ,:/ = f, .1. • 38Me'l'JIM, 11'1'0 STOT pesy.n:L'l'a'l' Be OrpaBJI'qeH Ma.nOCTl>ll 

B98JDIO,D;eiCTBJIH Jl C'l'poro BimOJIBIIe'l'CH B npe,II;IIOJIOJJ:eHHH rpa,D;HeHTHOI JIB

BapHaH'l'HOC'l'B B9aBMO,D;eftC'l'BBHo_~ 
C IIOMOID;l>ID TeOpeMH 0 f_ MOJJ:HO JICc.ne,D;OBS.Tl> 'l'aiOite CIIeR'l'p a.ne-

MeBTapHHX B096yx,D;eHHft CJICT8MH B ~HHOBOJIHOBOM npe,D;e.ne r~ D • 
ITpH aToM no~aeTCH "axycTH'IIecxrut" 6ec~e.neBSH saBBCHMOCT:L aHeprBH 

aJieMeHTapHHX BOs6yx,~~;eHHI OT nmynca t; "' ff CJ- • 
Hmte MY IIOJJY1DIM on;eHKy: cBepxy ;ri.Jiii <a/ a( :> ( f ':!: D ) H Ha ee 

OCHOBe ,II;ORaJJ:eM, 'ITO IIpl! £~3 B CHCTeMe He~eBJI:LHOrO 6ose-rasa B09-

mmaeT \flaao:aiDl nepexo,~~; c n 0 > D • Mu TaiOite IIOJIY'U'IM ypaBHeHHe ;ri.Jiii 

TeMIIepaTypg a'l'oro nepexo,~~;a B on;eHKy cBepxy ~ aHeprKH a.neMeHTapHHX 

Bos6~eH:B:I, HMeDmYJD "cBepx'l'exyqzl" xapaxTep. 

2. lleTOJI m,ma-Ca.ftMoua-CneHcepa B Teopo diasom nepexol[()B 

ITpo6~eua nocTpoeHHH MaTeMaTH'IIecxoA Teopu ~soBYX nepexo,~~;oB HB
JIHeTCH O,II;HOI 1:3 OCBOBHHX npo6.neM CTaTHCTHtfeCKOI MeXaHHRB. T~oH

Hrui TO'IIRa speHBH Ba ~90BHe IIepeXO,II;H "COC'l'OJ:T B TOM, 'ITO CMeHa !pas 

npoHBMeTCH B Hapymemm pery.nHpHOC'l'JI TeJWO,D;HH8MJI'I8CKJIX (f>YHKIJ;d, HB

~CH BHe TO'IIKH ~90BOro nepexo,D;a Be~eCTBeHHO aHaJll'!TH'IeCKHMK. C 

8TOI TO'IIRH speHBH TeOpHH (fla90BYX nepeXO,D;OB iOXEHa COCTOH'l'b B ,II;OKa-

9a'l'e~:LCTBe p;yCO'IHOI aHanHTH'IHOCTH TepMO,D;Kij~eCKJIX ~HKIJ;BI l! Hcc.ne-

~~ ~~~~-~~~":~~~~~~~~o=:~~:::::~6~~e= ~~a-
........ "'"'~· v ... .., ......... k'V ... .t'-... _ .... .___.....,~~ .... ..,- ......................... ..,~~ ....... -·....a.- ' 
IIpe,II;JIODl!IIIIIX 'l'eopiiiD (flasOBYX nepeXO,II;OB, OCHOBaBHYJI Ba lfJI;ee ,11;0Ka3aT8Jil>

CTBa TOrO, '1'1'0 BCe HYJDI 60Jil>MOI CTaTHCTH'IIeCKOft CYMMJi B KOMn.neKC

BOI MOCKOCTB 9BatfeHHI aiC'l'l!BHOCTH ;e npH Y -t o0 ( "'{' -o6'1>eM 

CBCTeMH) .neza'l' Ha oxpyuoc'l'H I~ I -= 1 • JIB H HBr paccMoTpeJll'! c.ny'lal 

pemenaTYX CJIC'l'e,. B ,D;aJI:LHelmeM, JICIIOJil>9YH TaR HasHBaeMHI ROH'l'ypHHI 

MeTo,D; ITalep:a:cal? , y,~~;a.noc:L ,~~;oxasaT:L PfJ,It 'l'OHKJIX 'l'eopeu o ~ecTBOBa
HJIJI ~OBHX~epexo~OB B peme'l'tfaTHX CJICT8M8X KJiaCCH'I7£K~ •

9
/JI KBBB

'l'OBOI O,II MexaHHRB, a TaiOite KBaH'l'o:eolt Teopo noM 2 • ITo.npo6HHI 

o6sop B aHaJDls co:sr-M?HHX zcc.ne,~~;oBS.HHI B ,D;aHHOM BaiipaaneHJ!H co,~~;ep

DTCH B MOHOrpa4ilm 
13 • B 60JilmiBCTBe c.ny'laeB BCIIOJID90Ba1Dlli apryMeH

TOB KOH'l'YPHOro MeTO,D;a MY JIMeeM ,D;eJIO C HapymeHHeM ,II;JICRpe'l'HOI rpynny 

CBMMeTpl!:B: MO,D;eJDI. 

B 1976 ro,D;y ~Jll'!X, Ca.IMOH H CneHcep B pa6oTe/I4/ ,D;OKa9a.nH cy

~eCTBOBS.HHe ~90BOro IIepexo,D;a B KJiaCCJ!11eCKOI MO,D;eJDI reftseH6epra H B 

HeKOTOPYX po,D;CTBeHHHX MO,D;e.nHX. B 8TOM c.ny'lae Mli JIMe~ 'enpepHllHYJ) 

rpynny ci!MMe'l'pl!:B:. B A:rHelmeM JIJI6, .UalcoH • CaAMoH 
5 (,~~;a.nee ,nne) 

pa9BHJIB B,D;eJ: pa60'l'H 4 Ha RBaH'l'OBHft c.ny'laft B BnepBHe ,II;ORa98JIH HaJll'!

'qJie ~30BOro IIepexo,D;a B H6K0'1'0pHX Tl!IIBX RBaHTOBHX CIIJIBOBYX pemeTtfa-
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THX CHCTeM C HenpepHBHO! CHMMeTpHe!, B ~aCTHOCTH, B MO~e~ re!seH6ep
ra - cnHHoB I/2 c B3aRMO~eRcTBHeM 6xaxaimRx coce~eR Ha npocTo! KY6R
~eCKo1l pemeTKe npH pa3MepHocTH npocTpaHCTBa 3 H 6oJree ( c.nyqaA {flaso
BOro 'epexo~a npa pasMepHOCTH I H 2 sanpemeH Teopeuol MepMHHa-BarHe
pa/IS ) • M3JIODIM Kp8'l.'KO OCHOBHHe ~eH .ll)IC, OCT8HOBHBIIHCl> Ba HaH60Jiee 
BamHOM ~ npHJIOEeHHR c.nyqae H30TponHol ~ppoMarHHTHOI MO~eJIH rel-
seH6epra. ~ 

PaccMoTpHM Ha npocTol af-MepHol KY6~ecRol pemeTKe ~ napaJI
JieJienHne~ A = [ ~ I 0:5 rl., ~ L,- {, ... , 0 ~ c(tl ~ l,t-1 J. C Kaz.ztHM ys
JIOM ct. e: A acco~HpoBaHo ( .2. S + f) -uepHoe rHJI:D6ep'l.'oBo npocTpaHCTBO 

CR ~ c.tsff 
,J. ( S =I/2, I, 3/2, • • • ....q\lmcxpoBaHHoe ~eJioe RJIH 

no~eJioe ~CJio -"cmm") 11 TPH caMocoiiplDlteHHHX onepaTopa S :/1 

( j =I,2,3), f,nOBJie'l.'BOpaDmHX 06~ ROMMYT~OHHHM COOTHomeHBRM: 

[ 
{j) 0::1 (' s (tl 

so{ , sP J .,. t ~ot:,p <GJkl e~.. , <n> 
r,~~;e ~"',f. -cHMBOJI KpoHeRepa , 6 i k f -noJIHOCTl>ll a.H'l'HCHMMeTp~
HH1l TeHsOp paura 3, a no ITOBTOpmmnDICJI J[8THHCKHM H~eKCaM npOK3-
BO~TCJi CYMMJipoBaHHe. MMeeu Taue yCJione 

2. 3 (j) :t. s = z (so( ) := ~rs~-J). (I2) 
rJ.. i:: f 

(II) H (I2) onpe~eJiall'l.' HerrpxBO~oe YHHTapuoe npe~cTaBJieHHe rpynny 
£ (..{. ( .Z) B g'(' o( H 3~810T Sol e,ItliHCTBeHHHM o6pasoM. 0CHOBH08 r.II,!Ur 

A r-fiJ r.;o, r::u ,.. ,r(.l~~rJ fAT 
6epToBo npocTpaucTBO B o6'LeMe .E L ecT:D en A == -~ Ul,£ = ""' , 
So( OSHa~aeT on.epaTop B .;tt'A , ROTOpHI ecu TeH30pHOe npoKsBe,D;eHHe 

I B K~D,D;ou ~, .-.m tl.. t J3 ua S« B oteD( • raiiJLI[])TORBI'lH uo,~~;eu 
re:ll:se&6epra c BsaHMo,D;elcTBHeM 6JJD'afhma ooce,~~;el, paccuaorpnaem~l .ll)IC, 
eCT:D 

H = - 2_. st( · st(~~· , 
cl. • :J 

(I3) 

Jj 

I',ll;e j € ( (, .t, ... , JJ, of. ~A . 3,~~;ec:D b.s· -e~ BeRTop, j -H. 

ROMIIOHeHTa KO'l.'Oporo paBHa I. HaJIOZHM nepHO,IJ;J['qeCRlle rpa~HHe fCJI:OBU: 
eCJIK .,(j :: L j - 1 , To ( ol. -1$ j J J =- 0. McnoJI:DsyH. ( I2) , raMBJI])TOHHaB 
uo,~~;e.or: (I3) uouo nepenxcan B B~e 

~I= cot1stcmf -+ J Z ( Sr~-- S«+&J) ~ 
rA1j 

6 

(I4) 

CoraTJlC'f]l['qeCRSJI CYMMB H TeMIIepaTypHHe cpe,D;Hlle 38,11;81lTCJI CT~ap'l.'HHMH 

l!HpUeHUMH: % H 
~ = r'T ore e-

A , 
11 

(I5) 

-f A -fn 
<A >A,~ = z TT e . 

BBO,D;HTCJI ~yp:De-npe,~~;cTaBJieHHe CnHHOBHX onepaoropoB 

~I' = / ;1J 'l.r..z. e -ipJ r;._' <rsJ 

~ Je-.A _, L.. L· 
I'.l{e p ~A -,D;yanHM pemeTXa, To ecn ~ j ,.. JTL Mj , Mj =- !)!- + 1, ... , J 
( Lj -~eTHoe) llJIH nj:c-Jftl-1), ... , ffltJ-1) (Lj He~eT&o). 
B aoru nepe11emmx r8MJIJI])TOHHa& H npHHHMaeT B~ 

A " 

~ = cons+an f + z E1' ~~ s_p , (I4a) 

p 
~ I ~'~ J 

Eb = - L I 1- e I =d -Z cos fj ~ D. <r7> 
r ;.. ISI=-1 J::1 

~3 \ll) JMeeM KOMMYT~OBHOe COOTHOmeHie •I 

" m " (1::) -lf.t s" re, 
[ st> , sf J = fA I 1 &j k e r+f . (Ira) 

B nono,~~;e JTJIC ~SMeB'l'Ml>BOe sJUAeue BM&&T CTpaTel'liJl ~D.X,/!7 ~ 
OCHO:saJIH&II B8 MBO.'&eC'l'BeHHOCTB cPaS npK .JtOC'l'a'l'01UIO BHCO:UX p . B 
CJI:Y'IM paccuTpnaeMol MO,ne.or: .namroe yCJioBile Deeor u.n 

3 

tm <Z ( IAI-{Z s:n)'t> '*D. 
,A-.pO j::1 lllGA A,p 

(IS) 

_.-Cj\ > 0 , 3 3aMeTD, 'l'l'O :e c:uy CDIMe'l'pD ~ ;:, ,;., A, p = > j :: l1 .Z, • 06c~e-
ue CBIISK (IS) C ~ lflol*Y.DpOB:KmrsiDIKHOBeiUIJI {flaaOBYX nepexo
,IJ;OB, OCROBIJIHOe Ha 'l'80pelle ~Tea S , CO,ll;epuTCJI B pa6oTe .JU[C • 
Hs !'eope& IJ.;ugepe.m Jllleell CJie.nyD~tee npaB:UO c;r.: 

1 JM L }b = S(S-1- f) J 

p~A -J( r 

(!9) 
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" " g ~=>-= < sr s_~ >.A.fo 
r~e 

Yc~oBHe (!8) npxHBMae~ B~ 

~·m /.itr 1
tt :~:o 

A-oO oo (20) 

(20) oaHalJaeT Ma.RJlOCRolUilJecRoe aanoJIBeHHe HY~eBOI MO.JtH, ~o ecT:& B 
~aHHoM no~o~e ~aoBHI nepexo~ npe~CTaBnffeT co6ol cBOeo6paaayD KOH
~eHc~ CnBHOBHX BOJIB. 

.IJ)IC ~ ~oxaaaTe~:&cTBa ( 20) no~am o~eHKy cBepxy ~ B t> ( p 1: D). 
llpH 3TOM HCDO~:&ayeTCR TaR HaaHBaeMaR ~B,YXTOlJeqHSH ~ ~eAR, 
Onpe~e~eHHe H CBOICTBa KOTOpol M9 paCCMO~pHM B cne~eM paa~e~e. 
KJm'leBoe aHalJeHHe m.~eeT cBoitc'l':so rayccoBOI ,II;OIIBH8Jl'l'HocTH, ,~~;oxaaaH

Hoe .lJ)lC c nouom»m MeTo .. a KBaHToBOI ~P~~p-MaTpHUY, o6o6~~ero xnac
QJilliecm Me'l'o.n: ,~~;oxaaa'l'e~:&CTBa pa6oTii 14 • HMesr o~eHKY cBepxy .n:AR g p 
( p :f: o ) 11 xcnonayJJ npaBuo cyw ( !9) , ~erxo ycTaHOBHT:& ycnoBHe no
JJBXeHIIJ! B CHCTeMe ~aOBOrO nepexo,~~;a B CMHCXe (20). llpll BTOM ROHOTpy
KTHBHHM o6paaoM BOaHHRaeT ypaBHeHHe ~ onpe.n;e~eHHJJ 06pa'l'HOI TeMnepa
Typli ~aoBoro nepexo,~~;a foe. : 

S {S-d) == S 1/T ~ ~ ( Br ~lff) 1 

(2!) 

- \} . . 

f1,(3)-~ }cMrE~)Jp. 
/p.iiP7r 

r,~~;e 

(22) 

llo,JtllepxxeM, no RJ[J)tleBOe aHa~ne B no.n;xo,~~;e .lJ)lC oeeT '!'eopeMa o 
rayccoBOI ,II;OMBHaHTHOCTH, ROTOpaJJ ,II;OKaaaxa HMH B cxyqae pemeTlJaTOI 
CIIC~eMH cneD;IIM:&HOro Bl!,D;a, O~B,II;Bill!lel O'l'pazaTenHol CIDIMeTpJieft. MH 
B paa.n:e~e 4 o6o61!l11M Teopeuy o rayccoBOI ,II;OMIIHaHTHocTH, 'lTO ,~~;acT 

BoaMOZHOCT:& B paa,~~;e~e 5 Hccne.n;oBaT:& ~aoBlift nepexo.n: B MO,~~;e~ Re..n:e
M:&Horo 6oae-raaa. 

3. .liBmolJeme ifJyJnqnm l!J?aMeJIII 
BnepBiie llorHe ,II;ByxTOlJeqHOft qlylm~ .l[maMe.m (.D;.«Jl.) DOSIBUOC:& B 

pa6o'l'e Ky6o 9 • B .D;M:&HeftmeM MHOrBe Bll'l'O.IJi aR'l'llllHO o6CYQ8JDI pas.mn
~e CBOICTBa II I!plDieHeHIIJ! .D;.<lJ. ( CMo, HB.IIpiJM6p{20/) • 

llyc'l':& KBaHTOBaJJ czcTeMa c rSMHX:&'l'OHHaHOM H HaxO.D;BTCJJ B o6~e~~e 
lf" II HMeeT CTaTl'ICTHlJ6CRYJ> CfMMY 

8 

• 

~ == rtz e -ftH 
,U.!J>. rrpoH3BO~l>HHX onepaTOpoB ~ l'l d3 Ha3LIBaeTCR 6IIJJDIIHeftHaJJ <l>op.ta ., 

( :16, §3) = z -{ s rT. ( e -~f~ e-(f-KJfts)l~. (23) 

0 

Mo~HO noxaaaT:&, 'ITO (23) 3RB~eHTHO cne~eMY COOTHOWeHHro, Brrep
Bii6 .n;oRaaaHHOMY ,UmaMe~eM: 

( fi, 83) == z. _{ (;)
2 rz e -fJI+_!'~-~-j./3 

Ha STIJX onpe.n;e~eHHit cpaay Bl'I,II;HO, 'ITO 

(A I (f3) <: ( fB, :fi) ' 

(vlb~:ft)';:::O, ---
1 r~, R>JI ~ (r fi/;~Jfv3/ sJ. 

(24) 

(25) 

(26) 

(2?) 

B OTJDI'Die OT o61iqHOI TeMnepa'fYPHOI ,II;ByxTO'IelJHol cpe,llHel ~ ~ 13 > , 
KOTOpaH HeCHMMeTpHlJHa. nxR n.m. Blin0~6HO VCXOBH6 CBMM6TDBl'l (25). C 
TOlJKJI apeHHJJ np&eHeHHft ,11;.~. DMe3HO TO 06CTOJ!TenCTB0 0 lJTO OHH Ha
H60~ee "~aKl'l" K CB06Mj' UaCCHlJeCROMf aRMOry B TOM CMHCX6, 'ITO 
( ~ ~ Jf.) He 3aBHCJIT O'r fiOCTOJ!HHOI ~a B cxyqae rap.toHHlJeCROro 

0 CD;IIUJ!'l'Opa. 
3HWI .D;.<lJ • .D;JIII Bcex nap .:A> , d3, ~erxo BlilJIJcnHT:& o6lilluoe TeMne

paTypuoe cpe.~~;uee <' .J4, '>"'1ft, fJ • 
HMeeT uecTo ~e~ee no~eaxoe xepaBeHCTB0/201: 

( yb ~ .tb) - 1 < .,4,.,6 +~ ~,+.)4J '> . (28) 

Kpoue 'foro, Y'DITHBBJ!, lJ'fO < [.-.(,8] > = { f .J4>,f51111 fB), MOPO 
~erxo YCTaHOBHT:& H6paBeHCTBO Eoronm6oBa/2I/: 

.t + ( ... + 
j[.;A,,631/ ~<[v~>,[pH,.>tJ1>r<I3S+!313>. <29> 

3aYeTHM, 'ITO B 6ecxouelJHa. o~EMe onpe.~~;e.n:eHHe AID~ .n:.<P. (23) uexoppexT
uo • xeo6xo.D;BMO Bcno~aoBaT:& 6o~ee 'l'oBRBe apryMeHTli, cBJJaaBBHe c rpa
IIJI'CIBJBI KMill-yCJIOBBeul221. 
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PemaJllllee sBB.'tleHJie B cTpaTel'IDI ~pe.miXa-CaJbrom-CneHcepa, RaK MH 
ys.e OTMe'laJDI, liMeeT on;eHRa CBepxy ~ TeMIIepaTYJlHOI )UI)'X'l'O'tle'IHOI cpe.-
Hel. 3Ta on;eHRa IIOJIY'Ianc' HS on;eHRH CBepxy COOTBe'l'CTBYJJitel .-.q,. H 
CJie.JC'lllllero YTBeJm,ttemm 5 : 

TeoneMa I(JJ,IIC). lllm saJJaua~ f .a [o,oa) ~ [o, f) , 
olijlene.neHHas; COQ%BOIIIWJIIml 

xf(xHx)-l4:t. 
Uvcn sa.nauH, Kl!QM§_~, 

3 (,t) =;} .( .AA + +.>6 ~'>I 
6(.;4,}"' (~+~~), 

c(v£) .. <[.7f/, [pH, .:A>]]'>. 

(30) 

Torn JLil!l JIIJ6oro gpepe.TpW A L..lll6.oro CaMQCOJ.Il)llUHHQro onepaT~ H 

_...,1110 ~~(A) f ( #;~~}). (31) 

~ TeOpeMa IIOSBOARe'l' IIOJIY'IHT~ He06XO~ B MeTo.-e on:eHKY 
cBepxy ,JtJI~~ g. , SBM on;eHKJI c:eepxy )tJIJI B H C . • B cSMoM .-e.ne , oe-
.... .,..,"""' , r . -

-- --;~- 2(.JUlC). ~liiiOMQM, 3m g >at (Iii) t rJUl { -

OJll1UeJteHRIH BHII!e WYumul• ~ ~ 1 a , C > 0 • ItP.!JWO.liOQM, :!1m C ~eo , 
c t Co • TorD o-~8o • rB 

a = J__J;/) 1h X ~o = .. /§. (32) 
0 o ;_ 1C0 ~o c/tj o 1 ffi: 

88Me'l'DI, '1'1'0 B c.IY'Iae raJ*OHH'tleCJCOI'O OCn;JLILJUl'l'Opa,B 'l'O.I:&ICO B STOM 
c.IY'I&e, BepaBeHC'l'BO ( 31) npeBpa!llaeTC.fl B paBeHCTBO , 'ITO yxasHBaeT Jla 

OII'l'D8.1l>ROCU ~BJ(n;Dl ~ B (31). 
TeopeMB. 2, TaKJDI o6pasou, cBO.-:aT IIOJIY'IeJIJie on;eBJ(H c:eepxy .1tltfi 

TeMIIepaTJPBOI cpe.-ael IC on;eHKe ;o;.ns: .-.ell. B cpe.-ael OT .-BOIHoro ROIOIY
Ta'lopa. On;eoa c:eepxy .1tltfi .-.q,. c.:a:e.JlYeT Hs T.a. rayccoBOI .-oMIUI8.H'l'Ho
cu. 

4. Qnega c:sem w nmo'tle'tiBol W;youu lii!aKeAR 
J1811a n;en fOCTOft B IIo.Q'IeHJIII on;eBRB CBepxy )tJIJI .-.ell. B CJJY'Iae 

110.-e.iet B F , sa..uaeMYX c IIOMOllll>l> 6ose-onepaTopoB B oDCHB8IllltHX 
noBe.-eHBe CBCTeM TBIIa ue..-eax~HOro 6ose-rasa. 

PacCMO'l'pDI CBC'l'eJIY 6ecc:mm:oma ucTBD;, ne.-e!DfYil B pas.-eJJe I. Ee 
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raME.n~TOHHaH BOsDMeM B HeMHoro 6o.nee o6meu B~e: 

1-1 = Ho-+ ~.' 
+ 

\-1 6 = LLJ"' a"' a", 
"' 

(33) 

~ 
1 

= i- Z v(k) a; a'l+ a~~k a1-k. 
JY~,z,k 

Teopeva 3. ~~~to~ (33), P-QB.Jre];lK)l).IIIl!!lel'O IQQ~P-

l.U~ ';l: D, (34) 

BM~~gg~ 
{ 

+ ) -1 -1 
a~,a~ ~ p 0r , p+ o. (35) 

CJJe.:ey-11 :w.-ee 0 BIIepBlle IIpe.ltJIO&eHHoft B/!4/, Mli 6y:neM .-oRa:nmaT~ STY 
TeopeyY Ha OCHOBe c.ne~ero YTBe~eHBII. 

TeoooMa 4. (rayccoBa .-oMHHaHTHOCTD) • ~C'!~ h I< tE C -~~~Q.ll£
mre .KPMIIJieKCJme ~c.na. ~~=g=~~;ll_~~~l~M:~~~~g~au 

f-Uh\: l-Ib (h)+ ~t, (36) 

1, rl' ~ , "l fa+, L ~ \ ( n. , L \ 
H lhi"L.-.t'VJ<~"'-J<::'''t::'\""1< ..... /. 

() tJk 

Q~eJDJM ~~ -fH(h} 
t(fLO== 7'-ce 

1:~~ 

t(£ htn ~ t(foO. 

''"""""' \ <J I J 

(38) 

,II;oi<axeu, 'ITO us TeopeMH 4 c.ne;eyeT Teopeua 3. 
lis ( 38) BHTeRaeT, 'ITO B TO 'IRe f ~ ... ~ "' ~ 0 I , 1IBJl1lllllleiCII CTa.n;BoHap

Hol TO'IROA ,l(JI1I !C ( [ h .. l} , pacno.noaeH .IORB.n~IWA MaRCJJMYM STOro cl>YHR
n;HOHa.na, 'ITO OSHaqaeT HeiiOJJOKK'l'6XDHJD onpe.-e~eHHOCTb KB~aTMqHoA 
cPoiNH BTOporo .ztWMJepel{URa.na J .{ :i B TO't!Re 0 . BWJHc.nHM STY Be
JIH11HHY. TeXHHqecRJII y.-o6Hee paccuoTpen Q ({ h k 5) == e._ :;( ( [ h d ) I 

BBeC'l'H .-eAcTBHTe~IWe rrepeMeHHHe 'X 1c " R e h " H "}" :: I rn h " . 
Tor.-a 6y:neu HMeTL ~ ~ .2_ 

cQ(x,~) =- ft~ 4J,< (1(k +!/-1<) + R(x,(f-), 

II 



r:~te R(:x\1) = ~ rr'-r exp[ -p? iU~c[~~e(a,t +t1~e)4-ljl( (tr.t"''~e)]-pwrC)J}, 
aG a1< t)Q ~R . 
~Xr = -.t~tJp ~p + ~XI' ' (;)d~ = -J.fltc)p(j~ + agr > 

a2Q b a'R. C:/() az R 
dip~t1 == -..t.p LJr J>·~ o~ ax,. ax1 > ax,.t>~t ., a)t',. f) !it 

' a1
R 

d Q - J,.R.c.:J s -t ' 
~~t<l~f -- r r ~~~ ~;jptl~f f -flr/x,J)] 

C}R 1'-z[fttp+trp) e . 
~ == - f l..Jp ~ ~;-~ap'>r = -~t..Jr 'l'z e -fl r(x,(f) ' 

r -ftr/K,ylf 
~R , + . fz [ftr/-tt;;,} e 

C}:Jr '" -r ~ wr <ar -a~ >r = -}wp V'z e -!rt¥{}J 

• BBe;~teHo o6osHa~eHHe 

rtx.(J) = z kJK [ ~" (a: fav.) + t'JI< (a:-aK)] + W(D). 
k 

YpaBHeHHR ~ onpe;~te~eHBH CT~OHapHHX ToqeK ~ (COBIT~~ CO CTa-

u-oHapH!OOI TO~aMII ;;( ) BMell'l' BltJ[ ' 

X~ ~ - f <a;+ a,. >r i 
' + n :: -l <a,.- C<p >r. 

(39) 

B ca.T/ rrpasM oT6opa ,IVtf! r8MBJil>TOHia.Ha (33) JIMeeu, ~o (39) Bcer;~ta 

m.~em TplriBiaJI.bHOd pemeHHe X,. :::-a p ~ D • IIoKa&eM. '1'1'0 B 8'1'01 TO~e 
BTOpoli .I(JIIf¢epeHUIIaJI HeiTMODTenHO OIIpe;Jte~eH: £~ (/) ~ 0 . HlleeM 

clQ a ( 4 + ) 
- :: - .,t.R t.J-. ~P•t + Pk)r 0 t ap +ap, az +tlt r -
~1(rax-1 r , 

;:)2 1"\ 
.... '-'< 

~xrt)J1 

~ + + 
- ~ LJ~tJf <ap +ttp >r < a.1 J.tlf >r , 

- ,')t + + ) 
- l P'Jr0f (ap+a~. ar-ttr r-

- l p -tw, wr <a,~ +Ct.p '>r <a..; -tlt >r ' 

1:! 

(40) 

) 

I 
J 

zt!l ~ + f ) 
~ c- .t.p ~ .. Sr•f -~ 0r0t ( a,-af. at -at r + 

d3r a~f . ' .t .... .f 
+ p wrw.?~ <ar-- a~'>r <~-a, >r' 

r;~te BBe;JteHo o6osaa~eoe ~ ;Jt.~.: -{ r xpr -rr-KJj1r )/ -jf' 
(.;6,U3)r=Z Jcr'Z(e- .:tbe S :K,R.""'f'ze . 

PaccMaTplriBM ( 40) B 
0To~e [ ?( r, )/,J = [ 0 J, Hcnonsy.ll 611J[](He1Hocn 11 

CHMMeTpK'IHOCTI> ;Jt.~. II :upa:B:Ua OT6opa, nOJcy"ta8M 

J~/ == L [-J.PtJr + -tp~r.t(a;,a,)J [fiKr(+(IJrti~ D. 
0 ~ 

(4I) 

Hs (4I) cp8.3y ae CJie,eyu Tpe6yeMOe Teopeuol 3 Hepa.BeHC'l'BO. 

3aun8Bile I • HepaBeHCTBO ( 38) H8.3BaHO rayccoBOI ;JtOMIHaHTHOCT:LI) B 

c:uy 'l'Oro t ~0 OHO 06pa!llaeTCJI B paBeHC'l'BO Ha rayCCOBHX Mepax 1 '1'0 

eCTI> B CJIY11ae KB8,Itpa'l'Jl11HJiX rBIIIIJII>'l'OHHB.HOB. 

3aue~8Bile 2. HcnonsoBS.HHe xoop.u;IIHaTHoro IIpe;JtC'l'aBJieHIUI rrosBOJIJI

eT H8 OCHOEe rayCCOBOI ;JtOMIHaH'l'HOC'l'B ITonyqRTI> HeMHoro <Soxee ;Jte'l'ax~>-
... - I. • I ..... ..t ' 

JqJJ O~eMy ,JJ.IJJt ,ll.oqlo.D 'f.C1C'l'HUCT.Il 1 ts U,II.HUMtlj.IHUM ~'!.Cit: \ ...,,. - ~ J J 

lOieeM .f J. ( s/tt e.l") (a,.,ap) ~f? (- bl , f<FD, 
l',D;e L -~ CJIC'l'eMH • 

.IloKa&eM 'l'eopeuy 4. 
HCITOJII>3YJI MeTO;Jt ~OHaii>HOro BHTe~BaHBH B ro~OMO~OM 

npe;~tcTaBJieHIIB, paspa<SoTB.IUIJoll EepesUYM7
2 , BBe;~tell onepaTop 

U
" {I ) _ -if ~6{~) i(4-<t:)~ i 't' f./0 {h) 

t,'t' - e e e 
II onepaTOpH -iJ.f0 (~)f Ulofkli 

ap{fJ==e a~e , 
-t _ 1'JI0 (kJf -f { Ho(4>f 

ap(fl = e ape 
Hcnon3y.ll JIBHHft BltJ[ J-1 o (~J,MOllHO ITOJIY1DI'I'I>, ~0 COOTBe'PC'l'BYDQile one

paTopBM /Xp(+) B 0.~+ (f} KOMIYJieKCH03Ha'!IHHe <fJyHKI1)Ut ec'l'l> 

I :J 



•{l<J j, I ap(-1), e' ~>(a,.+ ,J-n,, 
I _,'-l:0p * I *\ j, 1-

ap(-/}=e (ap-lhl';- ,. 

(42) 

Tor~a (jlym<UBOHaJI u (/ ,'7:' I a'~, a)' OTB611B.Il!lllll HOJN8JlbHOI (jlopMe 
onepaoropa Q.(l:,-f>, eCT:b Slla'leHHe npH a~(f). a/fM. ~a.BaeMllX (42), 
(jlym<UBoHaJia U d I, 'L( Ci •,~?..) oor npo:asBOJil,mcx 4JYHRUBI a,. (f J , ~ • (f) , 
r~e 

~ s 
Lli {-l,-r{c:l ~ aJ = up [ ~ b at>t (1,) J (p,4c; p.z, t.t) _ ){ . . , 

t 
J~, Jp,.H,il.t} exf[ 1'j V(S)a~a\JS]' (43) 

y(~/€A~a)=- Z: J(k)a; (Oa; (tJaff~L(fJa,_k(l!. 
f>l1t k (. -/: 1-/o {hJ 

HOJNaJI:bHM (jlop.ta qJym<UBOHaJia onepaoropa e meeT B~ 

,·-f lio {h) (a 111 h.~) ( e t'w~ 1) ( a:t-h) (44) 

e =- e · 

r~e MH :acnOX:bsyeu coxpameHHoe o6o3Ha'leHHe, onycRBH cyYMHpOBaHHe no 
JIMIIY.II>CaM 11 HHTerpllpoBaHHe no t 'I'Jlna 

a*f = 2 ~ Jf a~"(f) f~!f) 11 or.~. 
,lJ.nsi u~ HMeeM CJI:.nymmee npe~CTa.BJieHHe: ( , }f( -( )-

/ 
f s.r ,_ -i~ - tt R +A a 

Ui (/,T a ,tt)"' y/J?)E e e 
r.tte R -onepaorop c JI.IUIOM 

R(?c,{c/p.z,t.z.)= R1 {p,, P.ti-lt) S(-lf-i.d, 

Rf ( Pf> P.z; i) 0:: 'It (p,- p.z) i.(~,- ~<,f)+ \J.z (p.z-pt )E it'(p.z-}'t, -l-J . 
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E(,,-t \ • ~"(.,,-o -ROMJJ.IeRCHOSHa'UIHe (jlyHRIJ,IIJl, a v~ fr-) • v2. (~) -npollS
BOJI:bBHe ~, rnoueTBOJli!Dlllle yC.IoBilll 

v, rp) Y.t {~)= J v(p). 
/1 -onepaTop c JI.IUIOM -i{4r~c)l.Jp1 

.Ll(~,,ic lp.t,L.)= f)fl,-t.r.)bp,p,. e ) 
8(+)~ f 1, +:o, L o, i- o. 

Hcnonsys: s:Bmd BJJ.1{ ( 42) , oeeu ,. 

u. ( t, 't' I a. ", ~ \ = s) J B d ~ .. e - ~.; u-p r -h )(- 1' (I)) h -
(45) 

-{a~lt") T{tl-~-~)-~- (a ,-+k ... )rpr-\ h + k•rrf-\(a+h) J, 
r.D;e t .1 *' SJ ,· .(2. t.)r2- l ( 0 f't , 
T(e,t) ... JI,J.f2.e S(pi>-lt;p.l,J,_/~ ,~t 

't"t l 
ff-) r ,· .t t.Jr~ k 

m t ... • .:.L r }J .11. o c f .. J .. ..., .J./,2 .~\: 
I I c:;; I .... I - J J ,. I , ... ~ ... '""' ""' l r' J ~ I " r"'' -- . . 

"(' 

r(-l(i ~ z.) = sf ).f,Jt.t e_,·4,~f s ( pc, -l( j pol.l £.1 ~ ~~); 
'f:t 

T(ol{~~~) .. JS ,(.f( lf.t S (~1, -/_f j p.l, t.{ I~~ i-J 1 

'L -1 
a S ( ~{, ~ t} p.z, {.t 12- ~ Z:-) -s:;ttpo onepa!'opa R. { 1-1- A R) • 
Hcnonsys: IP.ol*Y.IH ( 44) , ( 45) np11 'l:' = D • 4>ol*YJI1 yYHoeHRs: onepa
TopoB, H8XO,IlJDI qJYlfRUBOHU, O'!'Be1181llll1ll HOJ1118.1:DBOI qJoJMe &nepa!'Opa 
~P (,·{H): 

lH{ r r ' r , , e = JJJiJ~ up 1 -~e -att. + 

I f I ¥' I ,. (-lh 
+(a~ h-)( e '

0
- 1) h- h T(a-~-4J ~ " r' + 

(46) 
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4-h.. rp(+l(tr+~J -h:E rp(<>Jh + 

+[tJ. ¥+(a ~-+h 11
)( e t'w~ 1)] [a- T(tu-~)+ rpr-'},J] · 

.Ua.nee , BH'Dl CJ1IJJI omyp: 

IT1 itl-l JfA ~sr "¥ fiJI (f-) lie ;- ji{gJ.~ jlat£a up h rr a+ 

~ ,·tJf r-11 I ..,[mr+J ,'c..Amr-J rrrroJJj,_ 
+a e 'f n -1- h. ·r -1- e I - '/ j 

(47) 

- (a~+h") {etwf{r'-1)+ t](a+lr)], 
~QJlaJI B (47) !'lBMeHY rrepeMeHHHX HH'l'erpHpoBamJJI a= ~-h , COBepllaJI rrpe
o6pa30B8.Hl'le t "l'f 1 r.ne r ... p=o, oeeM 

IH J -t?~IT .aw -t h ''()j, 
f.c e -r = J Jp/.e- 'e hf[l-e-r·· (r-rJ] e ,<48

> 

r.ne 

to) r+-l[ -fw 17-f -fie..> f-l 
Q: -T + 7' 1-e {f-r'}J .e rp . (49) 

,.. . 

3BMeTIIM, 'ITO orrepaTop 1- e -p~..-V( f- "f') IIOJIODTeJI:&HO orrpe,neJieH, 

TO ecT:& 

Re{V'U-e-pw(1-T)]~J~ ;)2h ~h, 
(o) (:!-} n1 

r.ne de>O -BemecTBeHHoe tmCJIO. OrrepaTopH rp , 'f' H ,. orrpe.neM-

(50) 

llT CH JI.JtpaMII fo 
r'(i~z-)= Jr 14rt11~ S(~,,{f;p.~.,-l.~.l2- ~il-); 

(f-1 - tJ. tc)fl. 1( ? 7' (e~~J:o J Jl,lt.t. e ~(~,,~,j~.z,J.z.}E ,~); 
0

/:. if wpr 1 ( ~ J 
r'-'(t~i:) = s r j{, JIJ. e s (p,, tti J>.t, l.l. E: I~ ; 

1./ 

(51) 

k 0 f3 l,uJ,, -1J..tJtz. . If 

rp (z ,~}~ fj )I( j/,_ e s(p.,-1.<} p.z,-lJ.J~ , t}. 
0 
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06osHa'lw:r: -qepes S rn ( }'11 ~ i i p.~., ..l_ I Z. ~ ~) JI.Jtpo orrepaTopa 
HMeeM, ytO!ITHBIU! (5!): oo 

AS 

e-~w(f-7')== J rsrp-tJ[pt,p<- (52) 

mo f' ,z -twl.t -orp-I:J S (p1, t; p.z, ~I~ , e)je lf. 
Hs (50)-(52) • YCJIOBBR (34) BH.JtHO, 'ITO 

lr(+ll ~tr'o'/, lrr'-'l~e'£.)Jr'ol/,Jf-e-f1(t_r,J}~ {rrror (53) 

f,J 
Y'IUITHBIU!, 'ITO r(w=O) = r ' ms (50)' (53) 3a.R.JII)"qaeM, 'ITO 

Re{k "ak) ~ R~ [ k v [-r'o~ /rr+'(f-e 1(1-rlf~ -!wcrH/1 h] ~ o, 

TO eCT~ R~TH'IHaR ~pMa B SRCIIOHeHTe IIO.D;HHTerpaJI:&HOrO BHpaEeHHR 
(48) OTPBnaTeJI:&HO orrpe,neJieHa, TSRBM 06pa30M 

m -A f.l(~) 
"'!~ r ~ 

- ~~ 1f jJt.J -( -ftJ.I!o) 

~jSJ~Il?-*e ~f{r-e- (f-V')j =fre , 

' 

'ITO 3aBepoaeT .JtORa::laTeJI:&CTBO TeOpeMH 4. 
OneHRB THIIa (38) msBeCTHH B KBaHTOBOA Teopo IIOJUl R8.R gut,/((/-

oneHRH, a yCJioBl!e IIOJIBJieHHR 6ose-xo~meHcaTa ecT:& o6o6meHIIe Ha 

TeMJiepaTypmrlt CJIY"'al rrpe,ncTaBJleiDIJl KaJIJieHa-JieMaHa. 

5. KoBieBCfH!Jl B ae~neaxpaow 6ose-rase 
Ceft'lac MH rrpHMeHKM pe3yJI:&TaTH pas.neJioB 3 H 4 H BUqKCJIBM .JtBO!HoA 

ROMMYTaTop B MO.JteJIH He~eaJI:&Horo 6ose-rasa ~ .noxasaTeJI:&CTBa ~soBO
ro rrepexo.na, conpoBO~~roCJI rroJIBJieHHeM 6ose-Roi~eHcaTa H o6yCJiaB
JIH~ero JlBJieBHe cBepXTeRyqecTH. 

Orrpe.ne~HM,KaK H B~e,cJie.nyxm~e BeJIH'IBHH: 

~, ftr,~apl J !t =: f~~ tit ++tlr'f a,>' 9;:<[tr/!J"'t~tll>. (54) 
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HMeeM cne~mee ~o CfMM B ~aHHo~ Mo~e~: 

V _, L (§!-i) = n, (55) 

f' 
r~e n -IIJIOTHOCT:b lD!CXa 'laCT~. Ha (55) H TeOpeMH 2 HeMe,IIJleHHO cne-

;tcyeT 

TegpeMa ~(JOIC). ~.nng.zw&~W, ~~~e :U:3Me-

l!l!Mli!L~ B J> , C p ru:. 'f HiHKIWI 11( {3), :r.wm~ 'ITo c~:-
B~BH c.neliJlOillHe ouemm: 

n ~ ~{Q) .-t·m ~(!<);a- ~co ; 
, ... , , ..... .x> r 

gr t; f-t Bp ' Bp <A?, p =FD; 

cr£fCp. 
!I~JIODM JIBJle~ ;l 

-t·rt? ~ -~z Bp = f s~' t? , 
"V--"<'0 p¢0 . {~ llj 

~ t ..:.papepBOCTl> IWOCTPSHCTB8,. liaJn,mrlt nopJ';[llOIC CYJ!l9CTBl9T np:u; H9-

ICOTOpo.l KOHQ1DlOI fJ ~.a.-IQrJULmmOJIHE!JDi COO{BomeBlHl 

. . . . ,/ f' I r.;:-;:- I. 
~a:1 > ( el7rj -· J X Y5, Lp Af I (56) 

j B;~ < XJ' YJa:) <«:J. 
·I 

TeamQ.l!aT;ypa f ~ aTOM TB.RQ~..3m 

9fiJ ~ (hJ-'j Jic,q, ~1J.(1!;ff)lt· 

(57) 

(58) 

~91ROC'lll, eCJII. ~fftJ- M()HQ'l'OHHQ &eJlS!ffiBJIMB if1mmtJr ft :1 BWIOJIHOJIH 
COO'l'IJOUBIIII (56), (57), 'l'O liMpmd nopsmQE C!lllOCTBleT ~ f>/c' 
r.m1 fc ~;r, elJHHCTBeHHQe peme111e ypaBBeBJI.II 

9 ffcl ~(.1NJ-'j1~ di{Jtclff)~;>. (59) 

llpJIMOBD4 '1'0Gp81Q' 5 ~ :ICC.IO,VeMOI 110,11;0.101. Ha npe~ero rs.ne.m 
:u:aBecTBO, 'ITO~ .P .::- Wp 1 

• S(/5) ecu, o'leBl!I,!Uio, n. + jj;z f> '"""'ffL 
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r~e p.._.Jf -mvmyJI;r,c ,ne6M. Ilpswoe Blllll!cne~me ~aeT 

rr'c ::- 0 -+ J_ 2 [ v(o)+ v(f-kJ 1 <tl~e+ a">. r r r -v k 
Ilpe~UOJiai'M UOJIOliUIT8JILHOCT:b l'l orpa.HH'I8HHOC'l'R 0 .t{ v/k) ~ ~ 
note~Ma, :u:MeeM 

(60) 

~"' - , , -+ n . ., < 6I > L-r - c.vf vo;. 
r~e BBe~eHO o6oaRa'lemte Vo :. v(o) 4 \} • YcnoBHe (57) nplmm.sa.eT ~ 

J t..J,-~Jp < .oa, n < ~. (62) 

f. .t I E~ UOJIODTR, 'ITO lc) b ".,t. ~ , TO ( 62) 6~eT BlmOJIHeRO npx d ~ 3 , r -2 
'ITO COOTBeTCTByeT TeopeMe tj, • 0TM8THM, 'ITO BCIQI{y B HHTerpa.nax ITO 

HMUYJILCSM B9pXHRi npe~9JI RHTerpRpOBBHRR orpaHR'IeR HeKOTOpHM 

MaiCCRMaJIRHHM HMDYJILCOM - HMUYJILCOM .ne6aa. B rrpocTpaHCTBeHHo-Tpex-

MepRoM CJIY"qae yCJioBHe (56) npKHBMaeT ~ 
f,~>rA;r ...., 

n > _!_ J J. ({A)e +l1~ b.z'l· 
1t1fJ. J. 4.Jf I 

{ .t. D 
C'qHTaff, 'ITO Wp = ;£ p , oeeM , " 

~ > ~ [ (p~-~Jnvo)i-_ (Jnvo):tj. (63) 

11--lf 3 l 
.lJ)m npoCTOTH MOJEHO ITOJIODTR, 'q'l'Q p /tiQ..f ~ 611 (11'tt<>) , r~e no -lD!CJIO 

'laC'l'BD; B e,Jt:~HHD;e 06'LeMa ROH.D;8RCaTa, Ylo,nofft), 0'- no~l'l. Jlei'RO sBMe

TKTR, 'ITO yCJioBHe (63) mmoJIHIIeTM npH Jm6HX rt • TatGIM o6pasoM, 

RBMJI ~oxaaaua 

Teoneg 6. B....JioBJIB Hel1[eaJIJ,agro_JlQM~_!LII()JIOUTM!!HI!M. ~
Bll'!eHJU.JII !pym.e-o@a.aoLliQTOHIIB'ura B3NWWl~ltg~~=m1X JII!CSHX RQ!Ill9%

~JJI8T n<oo ~~IIQ_UISRJIX !eMJ!~~ ( fi > jic ) ~me%
~laT .18AUBI ~QK._~HOM ~_onpene.!(~Jmii..%~MII~~~Wgl!QrQ 
gmxQJia J~MeeM mm!~~ 

~-J(rpc\ ~ 

n = J- )± (1 .. .!;ft tf~ijfc f(J:'+nv./Jf''t· <
64

l 

C> 

YCXOBHe orpamrqeHHOCTH ITO'l'eHD;HaJia IJ(p), UO-Bl'I,Iti!MOMJ, MOJEHO ocna-

6HTL. 
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Hs TeopeMH 2 B ~oRasSHHHX BHme oueHOR B MO~e~ He~eanLHoro 6ose
rasa MOXHO n~L oueHRY cBepxy ~ cneRTpa a~eMeHTapHHX BOs6~e
l!lll B MO~eJIB. ,lJ;eiCTBKTMLHO, BS COO'l'BomeHd (32) HeMe.Jtl[8HHO nteeM 

~al'a; -+a;ap "> ~ {1.. .pf ~~ J {J #'}fr.Jr mv.j j. <ssJ 

llpB H,YJI8BOL\ TeMIIepaType BS ( 65) no.xyqaeM 

< a~at ta/ a,> I _, ~ r-~-~-----:i-v:-0 __..,. 
p =0 '!' -2. ~ -f 

C ~yroft cTopoHH, BsBeC'l'eH pesyJIL'l'aT oreopeMH f npx I = 0 

(66) 

( 
-t 

~ _, I no ~ =o) 
..:::aral' +a, a,"> f?''"'o ~ n 

6(£) (67) 

r~e ~(p) -aHeprKR a~eMeHTapHHX BOs6~eHBI. 
H CpaBHBBasl C ( 66) , nOJIY'IaeM 

p.L , 
TIODrasl B (67) rlo: f n 

r & (f>) ~ ~ _; J.mJo f.t.' (68) 

~0 HBXO~TCR B COO'l'Be'l'C'l'BIH C pesyJILTa'l'SMB EorOXD6oBa ~ CJia60He

~eanLHOro 6?se7asa B pesynora'l'SMB ~arpaMMHol TeXHBRil ~ rpBHoB
CRBX <l>YHRUHft 23 • 3BMeTD, 'l'l'o oueHRa (68) ~aeT ses8.BllcHMOt no,JtTB8p
~eHRe cBepxTeJ<yqero xapaRTepa cpasoBOro nepexo~a B Mo,neu. BeJDI'DIHa 

n Vo , BXO,Itiiiii8SI B (68), c:Msaaa c !IJym<UHeft l'p:ua :Z:..u 110~e.m. 

ABTop HcKpeHHe 6~aroAapeH H.H.horOAQ6oBy sa nocTOHHHOe BHHMaHHe 
K pa6oTe H A.M.Kyp6aToBy sa MHoro~eTHee n~OAOTBOpHOe coTpyAHH~ecrBO B 
npouecce npOBeneHHR 46HHOrO HCCAeAOBaHHR. 
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TEMATHqECKHE KATErOPHH OYBRHKAUHA 

OBnE~HHEHHOrO HHCTHTYTA H~EPHYX 

HCCRE~OBAHHA 

Hu,neKc TeMaTHKa 

1. 3KcnepHMeHT8nbH8A ~H3HK8 B~COKHX 3HeprH~ 

2. TeopeTH4eCKaA ~H3HKa B~COKHX 3HeprH~ 

3. 3KcnepHMeHTanbH8A He~TpOHH8A ~H3HK8 

4. TeopeTH4eCKaA ~H3HKa HH3KHX 3HeprH~ 

5. HaTeMaTHKa 

6. RAepHaA cneKTPOCKOnHA H paAHOXHMHA 

7, ~H3HK8 TA*en~X HOHOB 

8. KpHoreHHKa 

q, YcKODHTenH 

10. AaToMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbH~x 
A8HH~X 

11. B~4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TBePA~X Ten H *HAKOCTe~ 
AAePH~MH MeTOA8MH 

15. 3KcnepHMeHTanbHaA ~H3HKa AAePH~x peaK~H~ 
npH HH3KHX 3HeprHAX 

16. ,ll03HMeTpHA H ~H3HKa 381QHT~ 

17. TeopHA KOHAeHCHpOB8HHOrO COCTOAHHA 

18. Hcnonb30BaHHe pesynbT8TOB H MeTOAOB 
~YHA8MeHT8nbH~X ~H3H4eCKHX HCcneAOB8HH~ 
B CMe*H~X o6naCTAX HayKH H TeXHHKH 

19. 6H~H3HK8 

CauKoBH'l ,ll.n. 
HuclJpaKpaCHbJe o~eHKH H cllasoBbJ1t nepexo~ 
B Mo~enH HeH~eanbHoro 6ose-rasa 

P17-88-348 

PaccMoTpeua Mo~enb HeH~eanbuoro t5ose-rasa. ,lloKasaHo 
cy~eCTBOBaHHe B He1\ KOH~eHCaTa npH ~OCTaTO'lHO HH9KHX TeM
nepaTypax. HcnonbSOBana TeXHHKa MaJKopa~HOHHbJX o~enoK MR 
~BYXTO'le'lHbiX clJyHK~H1i ,llJOaMenR H MeTO~ clJyHK~HOHanbHOrO HH
TerpHpOBaHHR B ronoMopclJHoM npe~cTaBneHHH. llonyqeuo ypaB
ueHHe MR KpHTH'leCK01\ TeMnepaTypbJ H O~eHKa CBepxy MR 
3HeprHH O~HO'laCTH'lHbiX B036y~eHH1\, 

Pa6oTa B~nonueua B na6opaTOPHH TeopeTH'leCKOA clJH9HKH 
OHHH. 

Coo61QOHH8 06118AHH8HHOrO HHCTHTJT&JIAOpHW;I HCcnOAOB&HHA. lJ.y6aa 1988 

Sankovich D.P. 
Infrared Bounds and Phase Transitions 
in Non-Ideal Bose Gas Model 

Pt7-88-348 

A model of the non-ideal Bose gas is considered. We 
prove the existence of condensate in the model at suffi
ciently low temperature. The method of majorizing esti

;mate for the Duhamel Two Point Functions and the functio
nal integral method in the holomorphic representation are 
used. An equation for the critical temperature and an up-
1per bound for the energy of one-particle exitations are 
obtained. · 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Communication of the .Joint Inatltute for Nuclear Reaearch. DubDI 1988 
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