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B TeopHH TBePAoro Tena xOPQWO H3BeCT~a cpaBHHTenbHO npqcTan,
 

HO B TO }Ke apeMR HeTp.I-1BHanbHaR MOAenb nonapoaa /1/, onacuaaouraa
 
B3aHMOAe~CTBHe HepemlTHB~CTCKOH 4acTHu.b1 /3neKTpOHa/ C KBaHTO

BaHHblM CK,anRpHblM nonex ,Kone6aHHL1 peurenor /<tJOHOHaMHf. OAHHM vt3
 

OCHOBHblX MeTOAOB H3y~eHHR mo60H KBaHTOBo-noneaOH MOAenH aanaer>
 
~R TeopHR B03My~eHHH no KOHCTaHTe CBR3H; B oco6eH~OCTH HHTepec

HbI ee Bb\CWHe nopRAKH. B HaCTORl1.leH pa60Te H3nomeHbI CTepmHeBble
 
HAeH	 MeTOAa Bbl4HcneHHR 3Hepn1H noriapoua B r per s ex noparnce r eo1, PHH B03MYl1.leHH~. 

t Mbl HCXOAHM H3 npeACT~BneHHR CTaTHCTH4eCKOH CYMMbr CHCTeMbl'; 
I B BH.qe KOHTHHYÇlnbHOrO HHTerpana. nonHaR CTaTHCTH4eCKaR-'CYMMa 
I Q>aKTopH3yeTcfI.; 

z == Sp exp(-H/8) = Zo . Z int' 

3AeCb Zo - npOK3BeAeHHe CTaTKCTH~eCKHX CYMM CB060AHO~ HepenR
,i"'	 

THBHCTCKOi1 4acTHu.bl H cB060AHoro KBaHTOBaHHoro cxanapaor-o nOI1R. 
Bce 3<f><t>eKTbl B3aHMOAeHCTBHR 4aCn1Ltbl C nonex onHCbIB?IOTCR CTan1CTH
4eCKO~ CYMMOi1 Zint' AnR KOTOPOH MomHO nonY4HTb npeA~TaBneHHe: 

. o~ .... 
Z.	 t = [ - expS[ x] ,
 

in
 N 
1(0) == 1(1) 

-- ... 1 1 ~ ap'3/ 2 dk 1. -hf21[~(s)-i(u)1 . 
st x] = - - f x 2(s) de + -~--.r- [dsdoe ' ch{3(1/2-ls-ol). 

2 o 411 2 sh{3/2 k2 o 

3AeCb w - 4aCTOTa <t>O~OHO~, KOTopaR ~peAnonaraeTcR He 3aBHCRl1.leH 
oi HX BODHOBoro BeKTopa IHMnY~bca/, 8- TeMnepaTypa cHcTeMbI, 
{3 = w /8, a HOPMHPOB04Hbli1 MHomHTenb N onpenenaer ca H3 ycnoaua 06
pal1.leHHR Zint B eAHHHu.y npH paBeHCTBe HynlO KOHCTaHTbI CBR3H a. 

§ 1. 05111~E <J)OPMynbl lr1 nOCTAHOBKA 3A,lJ,AYl-1. 

Pa3naraR Zint B PRA no cTen~HRM a, nonY4aeM 06b14HblH PRA TeopHH 
B03My~eHHi1 

" 
Z. = 1+ I a n Z

ín t n==1 n 

- -.... ----_.-- 
" 9tniiei'lÇq,;!. ':"l.li'l ~m,crf:l,.-ryr 1.	 1 ,I© O&&e.AJlHeHBhIA IDICTHTYT Jl,qepBYX HCcne,nOBé1HH.A Jly(SBB. 1985 
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e K03$~~~~eHTaMH Zn,B~pa~eHH~M~ B B~Ae 

1 3/2 n n dk. 1" n"1Z ==..--( f3 ) r TI -2 rJ TI (dS i dai chf3(1/2 -\ Si - ai l)) • /1,.1/n 
n nt ,477 2 shf3/ 2 i=1 k i . O i=1 ~ 

, 
Bell~4~Hbl J n aanaor'ca r:1pOCTbIM~ KOHT~HyallbHbIM~ ~HTerpallaM~ ray~


coaa runa
 

a-t 1 1· J- n -+ -+ -+ ' 
J == f' -~expt--rx2'-i 2 ~ k [?t(si) -x(oi)ll,n 

.... '-+ N .? O 1=,1
 
x(O) =x( 1)
 

B~W~ClleH~e KOTOp~X npO~3BOA~iefl eTaHAapTH~M~ MeTOAaM~ /eM.' OPH
llomeH~e/. B pe3YllbTaTe ~MeeM 

" n_ n-)-+
t 2 J n ;= exp(- ~ K. a .. - 2 ~ ki k, 'Gi' I, 

i=1 1 11 í'<j J J 

i,j::::1 , 

/1 .2/
'Gil = \'Si -ai 1(1- j'si -ai \), 

'a ; {-I's i -'sjl-Iui -Oj I+\'si -Oj 1+ I'sj :-0i i) -(Si -O'i) (6 j-Oj).i j = 

r 

B.np~H~~n~MomHO ynpoeT~Tb OOPMYll~ /1.1/ ~ /1.2/ M nOllY4~~b
 

60rlee YA06Hwe M K6MnaKTH~e B~pameH~f1 Allfl K03$$~~~eHToB Zn,XOTfI
 
npaKT~4eCKM 3T~ B~HollH~MO TOllbKO AllA H~3W~X nopflAKOB Teop~~
 

B03My~eH~i1. 

B riéPBOM noparnce ac e ~HTer'pallbl Bbl4~ellfllOTCfI AO KO H1..\ a : 

z _vrr· f33/2" . 
. 1 - 2shIJi2 lo (f3/2) • /1 .3/ 

3TOT pe3YllbTaT 6~ll nonY4eH B 1957 r. B pa60Te H.A.Kp~aorlla3a 

~ C.H.neKapa 12~ B AallbHe~weM HaM nOHaA06~TcR pa3ll0meH~e .Z1 
no eTeneHflM TeMnepaTYP~, KOTopoe.HeTPYAHo B~n~caTb, 3H~f1 e~oi1

CTBa MOAM~H~~poBaHHoi1 ~YHK~~~ 6eceellfl: 

. 1 -J_+ ... 11 .4/i 1 = f3 +"4+ 32f3 , 

Bo BTOpOM 'nopflAKe r eopua B03tAYllIeH~~ T04Hoe Bblpa)KeH~e Allfl Z2 
np~ KOHe4H~X TeMnepaTypax 6~~0 BnepB~e nOllY4eHO B 1980 r. 
B paõqr e E.A.IC04eTõBa ~ onuor'o 1-13 aBTopOB /M.A.C./ /3/, «oropue 
~CXOAl-1ll~ ~3 06~~x B~pameH~A /1.1/ 1-1 /1.2/. K COmalleHI-1IO, 3Aeeb 
yme He YAalloeb B~4l-1Clll-1Tb ace l-1HTerpall~ ~o KOH4a, HO no cpaB
HeHlIIlO c cj)opMYllaMI-1 /1.1/ H /1.2/ BblpameHMe õuno CYllIeCTBeHHO yn
pouieuo ~ aanucauo B Kpac~Bo~ c~MMeTp~f4Hoi1 oopxe : 

2 

, (33 t 
Z,2 == . . f &1 da 8 (1 -01 -02) chf3(1!2 - 0 1 } çhf3(1/2 - 02) x2

277 slf f3/2 o 

1 -a - ir _.... K dxx 1__1__2 arcsín« + 2Jx'arcsinxl, /1.5/ 
/ 0 1 °2 

K=\!0"10'21(1 - u ) (1 - o
1 2)· 

H3 cPOPMYll~ /1.5/ Clle,QyeT pa3ll0meH~e Z2 no 06paTH~M CTeneHflM f3: 

f32 3 . '2 1 
Z 2 = 2"" + f3 [ 2111 (J2 + 1) - 2"ln2 - -X[ + A] + 

/1.6/ 
- 1~2 7 

+ [21n (y2 + 1) - ln2 - -nr-+12J+ ..• 

ECTeCTBeHHO, CllO}f{HOCT b Bblpa}f{eH~i1 /1. 1/, /1.2/ õucrpo B03
paCTaeT c YBell~4eH~eM nopflAKa TeOp~1-1 B03M~llIeH~~. Yme All~ ~3 

M~ nOllY4aeM 6-kpaTH~~ ~HTerpall no ne~eMeH~~M co6cTBeHHoro Bpe
MeHIt1 S t ~1 ai : He C4~Tafl It1HTerpallOB no" ~MnYllbcaM. 3T~ ,noclle,QH~e 
MorYT 6blTb Bbl4~ClleHbl CTaH,QapTHbIM cnocoõoa , HO ltéHOi1 BBe,QeHIitR 
ellle r pex nonoruurr ensuux ~HTerp~p'oBaH~~ lHanp~Hep, n.p~ ucnoru,> 
30BaHi.1~ a -npencr aaneuun ,Qllfl MHO}f{~Telle~ l/k~ /. 

nOllY4a~~~~CfI TaK~M 06~a30M 9-KpaTH~~ HHTerpall ~o*eT 6~Tb 
HeCKOllbKO ynpoureu , HO He HaCT~ll~KO, 4T06LI npenc r aanar e, npak tu
4eC'K~~ ~HTepec ~ame Allfl 4~ClleHHbIX pacueroa C npl-1Blle4eHIt1eM :tB.M. 
Ta~, eCll~ M~ 3aXOTHM ~OllY4~Tb ~3 3Toro HHierpana 3Hepr~~ OCHOB
Horo YPOBHA nOll~pdHa /a M~ BnpaBe Ha 3TO paCC4~T~BaTb/~ TO HaM 
HaAO nepeü tu K npeneny 60llbW~X f3, TO ec r s K ,HYlleBbIM r earrepa t y
paM. B 3TOM npeAelle aCIt1MnTOT~Ka Z3 It1MeeT B~A: 

23 = Af33 + B[32 + Cf3 + .•• ),1. 7/ 
---... 

BKIlaA B 3Hepr~1O nOllflpo~a ,QaeT TpeT~~ 4JleH aC~MnTOT~4eCKoro pa3
llo~eHHA /1.7/. ECll~ $~Tlt1pOBaTb ~e3YllbTaTw 4~ClleHHoro ~ac4eTa 

9-KpaTHoro ~HTerpalla $OPMYllOi1 /1:7/, TO nplt1AeTCfI B~4~C~ATb era 
,Qllfl MHqr~x 3Ha4eH~~ f3. np~ pa3YMHWx 3aTpa!aX MaWIt1HHOrO BpeMeH~ 

T04HOCTb onpe,QelleH~f1 K03$$~~~eH~a C MomeT OKa3aTbCfI Cll~WKOM , 
HIt13KO~.·C ,QPyro~ CTOpOH~, KaK MW ce~4ac y6eAI-1MCH, 3Ha4eH~e K03$
(PHI..\~eHTa C AOJ1)~HO 6blTb ~3BeCTHO c 60.r:!bWO~ T04HOCTblO. 

B caMOM ~elle, cpe,QHfIfI 3Hepr~H nOllflpQHa np~IlI060i1 TeMnepaType 
Mo~eT 6~Tb BW4~ClleHa no ~opMYlle 

E/w =- ~,lnZ ínt ' 

nOACTaB~RfI clO,Qa pa3nomeH~e Zint B pflA' TeOp~l-1 803My.llIeH~i1, no~y

4aeM: 

\. 3 
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00 \ an
E/l'Ll = L a E n " 'E 1 = - a{3Z1 ' 

11=1 11.S/, 
. a . ',1 3a 1 2 = __' -(Z - Z Z '..:r;.Z )'

E? = - a~ (Z 2 - 2"Z 1) , E 3 a{3 . 3 1 2 +3' 1 • 

npIII cTpeMneHlII1-1 r exneparypu K HyntO ({3 --.. 00) Cpe~HJUl 3Heprl-1~ 

nepeXOAMT B 3Heprl-1~ OCHOBHoro COCTO~HI-1R ·non~pOHa. MCnOnb3YA COOT
HoweHMR 11.4/,/1.61 1-1 11.7/, nonY4aeM K03$$I-1~l-1êHT~ pa3nOmeHI-1~ 

3~eprl-1l-1/otHoBHoro COCTO~HI-1R no TeOp1-11-1 B03My~eH~~: 
- 3 '/2 . ti

E =-1, E = -21n(\f2 +.1) + "21n2 + T = -0,~15919g22.
1 2 

3Ha4eHI-1é Anfl K03$~1-14I-1eHTa El 6~no 1-13BeCTHO"C MoMeHTa pomAe
HI-1~ MOAenl-1 nOJ}RPoHa.·· Ilpaanns aoe 3Ha4eHI-1e AnR E2 B 41-1CneHHOM I 

BI-1Ae E 2= ;"0, O1'6 6blIlO anepaue Ha!:1AeHo B 1959 r. B paõore Xepepa 
11 MIOJlneH31.-1(j)~Ha 14/. AHanl-1TI.-14eCKOe Bl:.lpameHl-1e Ànfl E2 6bÜ10 nOIlY4eHo 
P~3enepOM 8apl-1a~1-10HH~~ MeTOAOM/5/ B 1968 r. KaK T04H~~ pe3ynb~ 
TaT npRM~X B~4I-1CneH~~ no TeOpl-1~ B03My~eHH~ YKa3aHHoe aHanMTH4e- . 
cxoe 3Ha4eHI-1e K03<P~H'-'HeHTa. E2 nonyueuo 1-13 <popMynbl /1.5/ B /3/. 

3aMeTIr1~,4TO B TO I3peMR Mbl euie He nonoapeaana o cy~ecTBoBaHI-1I-1' pa
60T 14.5/, a B rurreparype õuroaano YTBep}KAeHl-1e, 4TO TOl~Hbl~ pesyner ar 
BO BiOpOM nopanxe TeOp1-11-1 B03My~eHI-1~ 6blI} n0J1Y4eH B 1954 ·'r. B pa
60Te Xara/e/,KOTop~~'Hawen, 4TO 

2 1 1E = - - (- ._.,-) = -0,012598. 
2 .3 8 ,377' 

/CM.4 Hanpl-1Mep, !.1II-1P~KO 1-13SeCTHble KHl-1rl-1 OeI:1HMaHa/7/ /. 

-B,TpeTbeM nopRAKe TeOp1-11-1 B03My~eHI-1~ AnH 3Heprl-11-1 non~poHa no
nY4ae/Q\· B npenené HyneBo~ TeMnepaTypbl cnenyouree aupaxe-ure : 

E =:-3f32(A -'l/S)' - 2f3(B - 21n(J,2 + 1) + 
S /1.,.9/ 

3 '/2 1 5· 1- ' 11 17.J..2 - 85
+-·ln2+~- -) -(C- -.ln(y2+ 1) +-lrr2+ . - -.-. )+ .••

2 2 8 2 . 8 16 1.92 

npl-1 õonsurux f3 K03<P$I1'~HeHT Ea nonxe» cT'peMI1TbCR K KOH.e4HO~y npe
'Aeny, TaK 4TO 3Ha4eHI1~ nepB~X ASYX ~03~$I1~l1eHToB B $opMyne /1 .7/ 

'- AOJl>KHbl 6PITb cneAYIOIllI1Mf.1:" 
t ~ ( . - ~ 3 J2 1 

.~ =: l/G,B = 2ln(v2+ 1) -T1n2 - 2 +8" /1 .10/ 

Toriie Bblpa>KeHl1e nna .E{ 6Y.qeT onpenenar s ca !10cIIeAHe~ .cKo6KOH 

B /1.~/ I1nH, 4I1cneH~0, 

E.3 =: -C + 0,190463018. /1.11/ 

An~ opl1eHTl1pa BcerAa none3HO XOTR 6~ rpy60 npeACTaBl-1rb, 4TO 
Hac Oml1AaeT B KoH~e An~HH~X 8u4~CneHI1~? nn~ ~HTe~nonA~I1~ 3Hep

4 

rl1l-1 nonapoua npl-1 nlO6blX 3Ha4eH-ltlRX KOHCTaHTbl CBR3J.1 npl1MeHRJlC~ 

113BecTHbl0 Bapl-1á~110HHbl~ MeTOA Ôe~HMaHa/8/ ICM. TaK>Ke /7/ / .• .nm~ 
Ha4ana M~ B~4I1CnI1JlI1 -ltl3 ~OPMYJl $e~HMaHa 3Ha4eHI1e K03<p~1-14I1eHTa 

E 3, OKa3aBlueeCR paBHbtM . '., 

23 - -3E = - - (7y7 -.18) =: -0,634.10 •
 
3 ."3S .
 

KpOM€ TO,:"O, I1MeeTCfl Bapl1.a41-10HHar-l oue-uca.;: .nbnY4eHt"laR B 1961 r. 
A. B. Tyny6dM 19/:' Es = .'1 ,875- 10-3 • 

Haao nOA4epKHYTb, 41'0 y)!(e 3Ha4eH~1R KOsc!><pJ.1LJ.l1eHTa E 2' nony-ren
Hble B 3TI1X paõo r ax /-1,23 J.1 -1 ,26 cooraercr.eeuuo/', õonee '4'BM 
Ha 20% OTIlI14a~TC~ OT T04Horo 3~a4eH~~. n03TOMY 3aBeAOMO HeT 
HMKaKI-1X oCHOBaHl1~ Cnl1WKOM AOBepRTb B~nI1CaHH~M 411cnaM AnR Es. 
Ho ecrui 3TI-1 O~~HI.('11 npaaans ao nepenaor XOTR '61:.1 nopsao« 'SellJ.14l1Hbl 
K03cjJepl-141-1eHTél ES,TÚ, KaK cnenyer 113 /1.,11/, An~ ortpeneneuaa 
Tpex • 4eT~pex 3Ha4a~l1x ~11C!>P sEs M~ AonmHW Ha~TI1 nO'Kpa~He~ 

Mepe wecT~ 3Ha4allll-1X ~11C!>P K030qH1~l-1eHTa C. KaK yxe rOSOpl1nOCb, 
B08ce H~ o4eBH,QHo, 4TO npRMwe paC4eTN Ha' 3BM c I-1Cnonb30BaHI1eM 
06~l1x B~pa~eHI1~ lf.1/ ~ /1.2/ MorYT 6WTb 3<p~eKTI-1BHO B~nonHeH~ 

,/ 
c TaKOH T04HOCTb~0 

Bce CKa3aHHoe npeAonpeAenl1no Hawy nporpaMM~ BW4VicrieH~~ 

3HeprV111 nonRpOHa B TpeTbeM nop~AKe Teop~11 B03~y~eHI1~. 
Bo-nepeux , Ha OCHOBe 0611~I1X Bblpa}!(eHI1W (1 .1/ 11 /1.2/ Mbl nony

4aeM npeACTaBneHHe ,AnR ES, YAo6Hoe AnR AanbHe~w~x npl1nO}!(eHI1~ ~, 
B 4aCTHOCTI1, Anr-l nonY4eHIII~' acl-'ÍMnTOTI14eCKOro pa'3J10}!(eHI1~ /1.7/ .""~ 

I' 

,Qanee Heo6xoAI1MO y6eAI1TbCr-l, 4TO nepaue K03C!l$I1LJ.l1eHTbl pa3nO>KeHI1R 
A 11 B YAoaneTBopRIOT COOTH0uteHI1~M /1. 10/. C06cTBeHHo rOBOp~, 

HI14erO I(lHOrO \li 6blTb He MomeT, HO. coananeuae pe'ayns r aros , nony
4eHHblX pa3I-ÍblMI1 r1YT~M'V1, 6YAeT CBI>1AeTenbcT~oBaTb o cornaCOBaHHOCTI-1 
nOAXOAa. notne 3Toro OCTaHeTCR HaCTonbKO ynpocTMTb IIIHTer
panu , 4epe3 «o ropue Bblpa311TCfI K03C!l<PI1'-'l1eHT C, ,4TÇ>6bl 'ef~ f-lO}I{

HQ 6~no B~4I1CnI1Tb H~ 3BM c 60nbwo~ T04HOCTblO, KOri~ ~~ópo 
He YAacTcR CA€11aTb 3TO aHanViTI14eCKI1. Peanuaauau ,nepaol1 4aCTI-1 
3TO~ .npo~paMMw 11 nOCB~meHa HaCTOfl~aR ~a66Ta. 

B .saKIÍ104eHl1e 3Tor'0 na6ar'pa<l>a 3aMeTI1M-, 4TO ~blpa}/(eHI1R ,QJ1R 
.Zrr' 3KBJ.1BaneHTH~e /1.1/ H /1 02/, 6~nl-1 ~~Aa~Ao ~onY4eH~ ·H.H.6~
rOIlfo6oBblM /Mrl. / 11 B.H. nne4Ko/10/ B paMKax M~ToAaT -npouaaene
HI1~ AnR paanoaecuoci TeOpJ.111 nonapoua , pa3'SI1'TOrO H. H. 6oronlO60BblM 
1-1 H.H.60ronI06oB~M /Mn.//l1~ ., 

-,
§2~ CBO~CTBA CHMMETP~~ 

Ir~ 

..., ~1TaK, 113 o6~l1x Bblpa}KeHH~, /1 .. 1/ 11I /L2/,~m1 Zn npl1 KOHKpeTHOM 
3Ha4eHI-1H n = 3 cneAyeT npeACTaBneHl1e 

5 
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Za =-'-----'- f TI -J TI (ds l dui ch{3(1/ 2 -1'SI -Ui .1) x
 

38.417 ash3 [3/2 i=l K1 i=l . 

/2.1./
3 -. ~ . -. -. -. -+ "+ -. • i ~l
 

x expl-~ k i G H - 2k1 k2 'G12- 2k2ks'G23.- 2k(k aG1SJ,
 
~1	 . 

t<OTopoe TPY,QHO Hcnonb30saTb ,Qnfl rwaKTH4eCKHX Ltenei1. 

AanbHeAweMY ynpo~eHH~ 3~HX ~HTerpanOB MeWa~T 3HaKH MO,Qynfl . 

B Bwpa~eHHH /1.2/ ,QJlR ~ij. ~x MO~HO CHflTb, pa35HBafl nonH~H HH-' 

Terpan /2.l/ Ha 4atT~~ ,Qa~~H~ BKnaa~ DT HHTerpHpOBaHHfl no OT

AenbHblM oõnac r an, Ka>K,Qafl H3 KOT-OPbIX COOTBeTcTByeT KaKOMY-,TO 

onpeneneuuoxy OTHOCHTenbHOMY pacnonoxe-uno weCTH T04eK 'Si H Ui 

li::; 1,2,3/ Ha OTpe3Ke [0,1]. Bcero HMeeTCfl 6!=720 TaKHX o6nac

TeA, HO B~4HcneHHe ~aKoro 6onbworo KonH4eCTBa HHTerpanOB -

BeCbMa Henepcnet<THBl;ioe H ManOHHTepeCHoe '3aHRTHe o KaK 06b14HO, 

nonoxeaue cnacaur c soücr aa CHMMe'U)HH nonsnrrer pane aor-ó Bblpa~eHl1fl, 

cy~eCTBeHHO YMeHbwa~~He 4Hcno pa3nH4H~X HHTerpanOB. ~ 

- 06paTHI'-1Cfl euie pas K B~pa>l<eH'HIt) /1.2/ ,QnR 'Gij • Jlerxo y6eÁHTbcR, 

4TO npH 3aMeHe~_O't ,QnR KaKorO-TO KOHKpeTHoro 3Ha4eHHR HH,QeKca 

i <PYHKLtHfl IG.ij,(i f; j) MeliReT ~HaK. üocne 3aMeHbl HMnynbcHoH nepe

MeHHoM HHTerpHpoBaHHfl ki -. -ki nonu-rrerpane aoe Bblpa~eHHe BOC

CTaHaBnHBaeT CBOM npe~HHH BH,Q. 3TO n03BonReT orpaHH4HTbCR HH

TerpHpoBaHH~M TonbKO no 06naCTRM'S i > O' i' 1::; 1 ,2,3, ,Qo6aBHB COOT

BeTcT·13Y~L!.4Hi1 4HcnOBOH MH9~HTenb, Y4HTbIBa~~HH BKna,Qbl np04HX 

o6~acTeH HHTerpH~oBaHHR. ~H~MH cnOBaM~~ B nO,Q~HTerp~nbHoe B~pa

~elil1~ /2. 1 /- ~O~HO BBecTÍII MHO>IU1TeJlb 

80(S1 -0'1) 'O(S2 .... 0'2) 0(8 S - O'S ) '	 /2.2/ 

n03BOD~~~HH CBeCTH 4Hcno pa3nH4H~X 06naCTeH HHTerpHpQBaHHR ,QO 
720/8 = 900 ,. 

Aanee, clJy'HKLtI1H 'aij , paBHO KaK H ace nO,QblHTerpanbHoe Bblpa>l<eHHe 

/2. 1/, C~1MMeTpH4Hbl OTHocHTen6Ho 3aMeHbl 1.., j, T. e. OTHOCHTenbHO 

3aMeH~ noõux nap nepeaeauux 'S i .... s , O'i - O'j C O,QHOBpeMeHHOH aa-re_HOH HMnynbco~ HHTerpHpoBaHHR t i tj . n 0 3 TOMY B nO,Q~HTerpanbHoe
 
'B~pa~eHH~ MO~HO BBeCTH TaK>l<e MHo~HTenb, KOTOp~~ ynopR,Qo4HT
 

OTHocHTenbHo~ pacnonomeHHe T04eK Si:
 

60(s -'s) 0(8 \ -5 )	 12.3/1 2 2 S' 

YMeHbwaR TeM C'a,.(~M 4HCJlO pa3nH4H~X HHT.erpanoB AO 90/6 = '15.
 

KaK M~ YBH,QHM' HH~e, H 3TO 4Hcno HHTerpanDB Mo~eT 6~~b YMéHbweHO
 

,	 finar'onapa ,QPyrJ1.M CBOHCTBaM CUMMeTpHH clJYHKLtHH G ij, HO .3TO y~e 
He HM~eT C:Mblcna paCCMaTpHBaTb B 06~eM BH,Qe: Y Hàc OCTanOCb He 

TaKoe6onbwoe 4Hcno pa3nH4H~X HHTerpanOB. K~mA~A H3 HHX COOTBeT

CTsyeT pa3n""4HblM OTHOCHTenbHblM pacnonon:eHH11M. To4eK ui nplt1 YCJ10

BHH BblnonHeHHR or,paHH4eHHH /2.2/ H 42 J/ . 

.-••,.----•• ---.-.-~-;-"'J----".,-:--.-----.,.-- 

~l·
~I 

t' nO,QCTaBJ1Flfl 12.2/. H /2 o 3'1 B /2,.1/ H BBQ,Qfll HOBble nepeneuuae 
1~ HHTerpHpOBaHHR À i / .i = 1,2, ••• ,6/ BMeCTO npe~HHXS1 H O'i /.i = 1 , 

2,3/,/MO~HO nepenHcaTb /2.1/ B BH,Qe: 

~r~l
15. 

,Z ::; ~ D.• 
\ I 3 k=l k 

(i, 9/2 3 dki e a /' 
D k = (3 f TI - f II dÀi TI ch{3(1/2 - Ài)X 

87T 6'8h s{3/ 2 i==1. K~ 1=1 i::::1 

3 -'2 -. -. 
)(expl-~ k. À.(! -À i ) -2k1k2(À4-À1À2)

i=11. 1 1 

~-.	 -... I 
- 2k2 k3 (À S - À2Às) - 2k1ka(Àa - À1À3 ) • d k • 

~H,QeKC k B /2.4/ 0603Ha4ae~ nopRAKoB~~ HOMep 

OCTaBWHXCfl 'oõnac r eã HHT.el"'p~pOBaHHfl no nepeMeHHb.IM 

BeTCTBY~~~1~ BKna,Q Dk onpe,QeJ1ReTCR ~1HTerpanOM no 

1 3 ,_
 
dk = rUi (q8 i daí Ô(À i ";'8 i + Ui» O(k} x
 

o 1= 

- '1 

/2·.4/ 

O,QHOH H3 15 

81- H Ui , a COOT

3TOH o6naCTH: 

...l xÔ(À4+"2(1-s1-821+lu1-0'21-I,s1 -0'21-182 -u11» x 
)}	 ,I 

~! ~ /2.5/ 
)" 

x 8('\s + ~(1 82 - 8 al + 10'2 -0'31-1'82.- "a l-IsS - a~l» x 
1,\' 

I: «e (Àa + : (1 8 1 -S31 + j0'1-O'sl-1'81 -O'sl-18 3 -UI;!»' 
I, 

Cl1MBonOM o(k ) 3,QeCb Mbl ycnoaao 0603Ha4HnH npOH3Be,QeHHe 0
<t>YHK4Hli 113 /2.2/ H /2.3/ H '0 -q:>YHKLtHH, onpenenaouax AaHHoe 

KOHKpeTHoe pacnonoxeuae T04eK Ui • Pe3YJ1bTaTbl B~4HcneHHFl <PYHKLtH~ 
, qk npHBe,QeH~ B CJ1e,Qy~~eM naparpaQe~ 

.f-
I 

§3. q,YHKU~H1 dk 

~ 6J1arOAapR npHCYTCTBH~ weCTH Ô -clJYHKLtH~ HHTerpHpOBaHHe ,Qnfl 

Ka~AO~ KOHKpeTHOH 06naCTH B /205/ B~nonHFleTCR ,QO KOHLta: 
'. 

I. . " I	 k == 1, o6nac T b- 1 > 8 1> O'1> S 2> O' 2> 8 a> O'a > O. 

~ -""' 

fl : d 1 = ~ B(À4) B(À 5) S(À6 ) 0(À1) O(~ 2) O(À 3) ~(1-À1-À2-À3) (i--ÀJ - À2-À a> 3. 
li 

h	 k c 2, o6~acTb l>'s 1> O'1> '8 O.• 
2>8 3>0'2>.0'8>i .~I <1-2 = 2",-ô(À 4) Ô(À.) O(À-1' O(À. ).0(m1n(À 2' Às) -Às) 0(1-Àl-~2-À3+À5 ) x 

. 2 õJ	 • 

,/ 

.6	 x (1 - À2" - Às + Às) 2 • À1 -	 "1 



~ ... _ ,or::"7." ==:::Z:::::.. __," 

I. 

BKJla;q 06IlaCn1 i'lHTerplt1p,OBaHV1B 1> '8 1>'S2>0'1> O' ri: 'S3 > 0'3 > O OTIlIt1
~q'\min(À2,À3)' - À~) O-C~ -À1-À 2-À 3 + À~ + À5~(l,:-ÀI-À2-À3,+À4 +À5)·4aeTCR OT npeÁbtAY14erO 3aMeHO~ À4 _ÀS ,À1""'\ 3 ,nplt1 .KOTOPO~ nonuarer>
 

pansuoe Bblpa>KeHlt1e /2. )-+/ OCTaeTCfI I.1HBaplt1.aHTHbIM o n03TOMY BKJlaA . ), ,
 

R = 10, .oõriacr s 1. > 's 1>s2> 's3> O' 2> 0'3 >0'1' > O.
3TO~ 06IlaCn-1 Bbl41t1CIlflTb He rpeõyerca: OH YLlTeH HaMH AOnOllHvtT€Ilb

HWM MHO>KIt1TeIleM 2 B ~~pa>KeHIt1It1 AIlfl d2. t.

/ 

,d'10=0(À ) 0(min(À2'~3) -Aã)~O(l ~À1) X
4 

-À 2)8(À 6-À 3) O(À sI 
k == 3, 06.naCTb 1> '81> O' 1>:8 2> 'S3>0'3'> 0'2 - o. 

X O(À1 +'À -À2 -À3) (1- À1) (A,l + ÀS - A2 - À 3) • 5r . 2 
d 3 == 2.-8(À4 ) 8(À6 ) 8(À5-À3) (}(À 1) 0(À 3) 0(À2-À3 ) 0(1-Àt-À2)(>'2-Àa)(1-Àl~) • '" :2 k = 11, oõnacr s 1> s 1>.'82>8 3> 0'1 >0"3> 0'2 > o. 
MHO>KIt1TeIlb 2 Y41t1TWBaeT 3AeCb TaK>Ke 

HMfI 1> 'sl> '8 2>0'2 >0'1> '83>0'3 > O. 
lt1 8KJ1aA 06IlacTIt1 It1HTerplt1pOBa ' 

d ='2. 0(À 
5 

 'À 3 ) 0(À 6) 0(À 1-À4 ) 0(min(À3,À4 ) -À6 ) X 
\ . 

k = 4, ' oõnac r s 1>'Sl>'S2> 0'2>'83>0"3>0'1 >0. 1,_ X OEÀ
2 

+À 6 -À3 -À4 ) 0(1 - À1 -À 2 +À 4) (1 :- ~1 -À2 +À4 ) · 

d 4 = ~ 8(ÀS)8'(À4-À2)8(À6-À3) 8(À 2) 8(À3 ) O(1-,Àl) 0(À I-À 2-ÀS ) 

x,(l - À1 ) (Àl - À2 - À3) 2. 

x t1HO>KItt'TeIlb 2 B Dl1 Y41t1TblBaeT TaKO~ }l{e BKIlaA" 06IlacTIt1 It1HT~r.pllipoBa-

HIt1f1 1.> S1>,'S2> 8 3>0'2>0'1>0'3 > O.. , 
~1TaK, Mbl Bblnlt1CaIlI4 Bblpa>KeHl-1f1 dk AIlB acex 15 06IlaCTe~ It1HTerplt1,-_ 

pnBaH~R. ~3-3a cOBnaAeHIt1R BKIlaAOB OT 4eTwpex nap o6IlacT~~ ~~CIlO 

/' 

k = 5, 06IlaCTb 1>'Sl>'S2>0'2> 8 
3>0"1 

>.0'3 >0. 

d 5 = 2 . 8 (ÀS) 8(À
4 

- À
2

) 0(À
2)0(À6 

) 0(À
3-À6

) 0(À 
1 

-À
2 

-À 
6 

) x 

XO(1-À1-À3'+À6)'(ÀI-À2-'\6),(1-À1 -À3 :À6 ) · 

pa3Illt14H'blX It1HTerpaIlOB YMeHbWIt1IlOCb AO 11. 3TO 41t1CIlO Y>Ke He npen

~TaBIlfleTcfI HaM CIlIt1WKOM 60IlbWIt1M. BWpa>KeHIt1~ dk HaAO nOACTaBIt1Tb 

B, /cj)OPMYIlY /2.4/, Bbl41t1CIllt1Tb AIlrr Ka}l<AOrO 1t13 11 IIiHTerpaIloB aCIt1MnTO

n14eCKIt1e pa3IlO>KeHIt1f1 npa 60IlbUJIt1X f3, a 3élTeM CIlO>KIt1Tb ace BKIlaAbl, 

4TO lt1 np~BeAeT K pa3IlO>KeH~~ /1.7/. 
nOIlY4eHHoe npencr aaneuae cn paBeAIlIt1 80_ npl1 Il106blX r eanepa'rypax , 

MHQ}I{l-1TeIleM 2 3Aech, Y4TeH BKIlaA'06IlaCTIt1 1>'8
1>'82>0'1>'si>0'3>0'2 

> o. HO 

,f3~ 

oc06eHHO OHO YA06HO AIlR HaXO>KAeHIt1R aCIt1MnTOTIt1KIt1 nplt1 60IlbWIt1X 

BBeAeM·onepa~lt1~ P, CIt1MMeTpIt13YIO~Y~ KaKY~-To $YHK~~~ nepeMeHH~X 

k = 6, 06IlaCTb 1 >'8 1> 'S2>'8 3>0'3>0"2>0 1> o. 

d6 = 8 (À4 -À2)8(À5 -À
3)8(À6 

-À 3) 0(1-À
1 

) 0(À
1-À2) 

0(À
2-ÀS

) (}(\) x 

x (1 - À1 ) KÀ1 - À
2 

) (À2 -À
3 

) • 

, 

P f (À1 ' À2 
' À3) = f (À1 ' À2 ' À3 ) +, f (1 - À1 ' À2 ' À3) + f (Àl' 1 - ).,2' À3) '7 

.' + f(À l' À 2' 1 -Às) + f(l - Àl ,\1 - À2 , À3 ) + f(l  À1 , À2 • 1 - À3) + /3. 1/ 

À
1, 

À 
2 

lt1 'À
3 

OTHOCIt1TeIlbHO 3aMeHbl Ài ~ 1-\ oAHoi1 ~1IlIt1 HeCKOIlbKIt1X 1t13 

HIt1X: 

'k = 7, 0,6IlacTb 1> 's 1> 'S2> 0'1> '8 
3 

> 0'2 > 0"3 > O. 

d7 c O(ÀO) 0(À 4) 0(À5 ) O(À l --À4 ) 0(À3 -ÀS) 0(À 2-À4 
-'Às)'x 

x0(1-À1-À 2-À 3+À 4+ÀS> (1-À1,-À2-À3+À4+À5)· 

( 

k = 8, oõnac r s 1 >'8 1>'8 2>'83>0'3 >0'1>0"2 > o. 

dg = 0(À5 -À3 ) 8(À6 -À3 ) O{Às ) O(min(Àl ' À2) -À
4

) ~(\ -À
3 

) x 

x 0(1 - À1 -''2 +À4 ) (À 4 --ÀS)" (lJ, - Àl-À 2+ À4 ) • J • 

,.... 

,~ 

'i 
" 

.... , 
TorAà np0lt13BeAeHIt1e rlt1nep6bIlH4ecKIt1x KOCIt1HYCOB B 

BLlpa>K€HIt1It1 /2.4/ MO>KeT 6bITb~pe~cTaBIleHo B' B~Ae 

~ ~(1/2-Àd = 1 P exp[-,á(À
l 

+À 
2 

+ À
3

) ].
~=1 shf3/2 Ç1- ef3 )3 

+ f(À1'~' -À2 , 1-À3 ) + fel! -À 1, t -À 2, 1-À3 ) · 

I 

/3.2/ 

nOAWHTerpaIlbHoM 

\ 

k = 9, 06JlaCTb 1> 's1>'s2> 's3> 0'1 '> 0'2> 0'3 > o. 
d g='Ô(À 6+À2  À4, -À5)0(À4 +À5 -À2) 0(min(À 1,À2) -::-À 

4) 
X 

, 

nplt1 nOACTaH08Ke 13.21 8./2 0 4/ lt1 cooTBeTcTaYI014e~ aaMeHe nepe-

MeHHblX Al , A2 lt1 Às Aél1CTBlt1e onepauua P MO>KeT 6bITb nepe6poweHo 

Ha 9cTaBwYIOcfI 4aCTb nOAblHTerpaJlbHOrO Bblpa)!{eHIt1f1: 
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,./ 

' ..~ \, 
j .. I ~ 

/ 

9/2 ....
D = fJ 3 dki 6 . . 2+À 3) ~TBeT AnR ~HTerpaJ1a I xopowa H3BeCTeH~

877 (1 _ e-fI) 3 ~ ri~l -k f fi dÀ· e -f3 (Ãt +Àk 2i 1=1 I x6 
1 1 .... ~ /
 

3 ' 
r = exp {- fdsda 1(s) rea) O(s -a) I,
 

I 2 O •I
~2 .... .... .
 

x exp[~k k i Ài(1-Ài)-].·P{dkexp[-2k1k2(À4 -À1À 2 ) 
1=1 

n: 3/ 
rAe G - 'etlYHK4H~'rp~Ha rapMOHH4eCKofo ~C4HnnRTopa, YA0~neTBopRIO. . . , . 
~afi HymHwM rpaHI14HWM ycnoBHRM:-2k 2k3 (À 5 - À2À 3) - 2k1k3(À 6 - À1À 3)] l, 

(a2/as 2 _ E" 2) O(s - a) = -8(s' - a) , '0\ 8=0 =01 8= 1 ?Tenepb fiCHO, 4TO B npeAene 60nbWHX ~ HaM HaAo Hccne~OBaTb 

TonbKO 06naCTb, rAe nepeMeHHble À1, À2 ~1 Às HaXOARTCR B6nH3H 
Hym~. l13 BblpameHHt1 AnR dk BHAHO, 4TO TorAa 3Ha4eHHR npO~HX ne- .,.ao I = .aO \ ,'peMeHHblX HHTe["pHpOBaH~1R À4 , À ó 11 À6 6YAYT HaXOAHTbCR TaK>Ke B6nH

} 
aS 8=0 a. s. 8=1 

3H HynR HnH eAHH~~b'. TaKHe CBOHCTBa HaMHoro 06ner4a~T HccneAOBa
HHe aCHMnTOTHKH YKa3aHHblX HHTerpanOB, XOTR COOTBeTCTBYIO~Vfe 'peLUeHH~ 3THX ypaBHeHHi1 ne rko 'HaXOA~-tTCfl H TaK)Ke AaBHo 1-13BeCTHO:
 
BWKnaAKH no ynpo~éHH~ BwpameHHH AnR K03$$H4HeHTOB npH RBH~BW \
 

neneuuux 3aa~1CHMOCTRX OT (3 MorYT 6blTb ace euie AOCTar04HO rpOM03A G(s _ a) = ché (1/2 -ls - ui)
I<HMH. . 2l'Shf/2

Ilpenc r aaneuae /3.3/ H Bblpa»<eHHR AnR etlYHK~H~ dk aaaepurao r 
-+ _.0..... .

nepBYIO 4aCTb paC4eToa 3HeprHH nonRpOHa B TpeTbeM nopRAKe TeOpl1H nOACTaBnHH B HHTerpanI Bblpa>KeHl-le f= -iy2 i~l k i [o(s-'s1) -0(8 -<7i)l. 
B03My~eHVfH. BbI4HCnéHl-11O 8blnHcaHHblX ~1HTerpaJ10B nOC8RlI~eHa Hawa r]o:nY4aeM 
CJ1eAY~:>Ll.\aR paõor a. CeH4aé Mbl ynoMflHet-1 'TonbKO ee KOHe4HblH peayns> 

...... -+ . 
TaT, I1MelOll~~1H npeABapHTenbHbH1 xépaxrep: .E3=-O ~9' 1O-~' In(E) = expl-l ri.k. [G(s. -'s.) + G(c. -a.)f' 

i,j 1 J 1 J 1 J 

B 3aKnlO4eHHe M~:6naroAapHM Bon.repATa, ~~r04eBa, A.H.Ka3a -'O (s i - Ul>j) .: G(s j - a i) ] L 
KOBa, B.H.Qne4Ko H-~.nywKapoBa 3a none3Hwe o6cY)KAeHHR H 4eHHwe 
coaeTW. • , 3Ha4eH!tle HHTerpana I npn YI<a3aHHm-1 auõope 7 Mbl o603Ha4HnH 3AeCb 

In (~). B npenene E" ..... O HHTerpan In (E") nepeXOAHT B' HCKOMblH HHTer
.. pan J : 1 =J o. B 3TOM npenerre <PYHK4HR rpHHá npHHHM~eT 'BHAo 11(0) 

11 1 l' ( 2')
G(s-a)=-+- --ls-al(l-ls-al)+O ( . 

nPMnO)l(EH~E 2E 8 2 • 

Ilpa nOACTaHOBKe aror'o pa3J1O>KeHHR B aupaxeuae Anfl In (E") pacr yuiae
HaAO Bbl4~cnHTb 

4neHbl B3aHMHO COKpaLl.ialOTCR H Mbl HeMeAneHHO npHXOAHM K qJ0pMynaM 
/1.2/. nO-BHAHMOMY, 113no~eHHWH MeTOA npeACTaBnReT C060H caM~~

t'.... 1 • 
uX I 1 .... 2 - n ~.... ....

J = ( -n- exp-'-2'( x -iy2 ~ k [x(s) - x(a.)] I. p ~KOPOTK~~ nYTb K npeAcTaBn~HH~ /1.1/ H /1.2/. .
 
o -+ .... l~ '-1 i i 1
 

'x:(0)=x(1) o 1 I 
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Cernor-an O.B,., CMOHP;bIP~B M.1L P17-85::-9
 
Tp'eTHH rropHp;OK TeopHH B03M~eHHH B Mop;enH rronHpOHa. 06~HH
 

rrop;xop;
 

B paõore	 H3JImKeJ-fa ne paaa xac-rs nccrrenonanaa TpeTbero nop srr
,/ xa TeopHH B03My~eHHrl B MOp;eJIH rrOJIHpOHa. Ilonyxeno npenc-raane-: 

HHe p;JIH CTaTHCTHqeCKOI{ CYMMbl CIICTeMbI npn KOHeqHOH TeMrrepaType, 
KOTopoe npeoõpaaoaano K BH,IJ;y, yp;o6HOMY P;JIH p;anbHeHillHX BblqHC
JIeHHH H, B rrepayio oxeperrs , P;JIH onpezrenenaa anepr-aa OCHOBHoro 
COCTOHHHH rrOJI5IpOHa B TpeTbeM nopnmce 'reopaa B03M~eI:mH. 

Pa60Ta BblrronHeHa B na60paTopHH TeOpeTHqeCKOH ~H3HKH OH~H. 

Coo6~eHHe 06beAHHeHHOro HHCTHTyTa RAepl~IX Hccne~qpa.mA. Ay6~a 1985 

ITeoeBon O.C.BHHorn~ITn~nü 

ISeljugin O.V., Smondyrev M.A. P17-85-9 
The Third Order of the Perturbation Theory in the Polaron 
Model: General Approach 

The first part of the calculations of the polaron ground 
state energy in the third order of the perturbation theorv is· 
presented.Our startirig point is the representation of the l 

partition function in the form of the path integral, from 
which one easily obtains the expressions for the expansion 
coefficients in arbitrary order. But in the higher orders these 
general expressions are not of the practical use because of 
the large number of integrations.,To overcome such a problem 
the new representation for the partition function which is 
more convenient in the investigation of the limit of zero 
temperature is derived. 

The investigation has been performed at the Laboratory
 
or Theoretical Physic8, JINR.
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