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§1. 

.. 
HaCTOR~aR pa60Ta npoAon*aeT HccneAOBaHHe TpeTbero nopRAKa 

TeopHH BosMy~eHHH B MOAenHnonRpOHa, Ha4aToe B HaweH npeAYAy~eH 
cTaTbe/1/ , C nO~b~ KOHTHHyanbHwx HHTerpanOB TaM 6wno nonY4eHO 
npeACTaBneHHe AnR CTaTHCTH4eCKOH CyMMW CHCTeMW B TpeTbeM nopRAKe 
TeopHH BOSM~eHHH no KOHCTaHTe CBRSH: 
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Dk = /J 
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f ft ~f~ dl. e-/J(A1+A2 +AS> 
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exp(- i ~Al(l-Ai)]PI dkexp[ -2k1It2(A.
1=1 

-A1A2) -2'l2ks(As-\As)-2tl's(Ae - AlA:)] I. 	 /1.1/ 

3AeCb 13=6)/ (J , 6) - 4aCTOTa CIlOHOHOB, a (J - TeMnepaTypa CHCTeMW. 
Onepa~HR P CHMMeTpHsyeT npoHSBonbHY~ ~YHK~H~ nepeMeHHWx A1 , 
A2 H AS OTHOCHTenbHO Bcex B03MO*HWX s,aMeH BHAa AI'" 1- AI: 

Pt('\l,A2''\S) = t(A p A2 ,As) + t(1-Al'A2 , ,\S) + 

+t(Al,1-'\2 ,A8)+ t(A1' A2 ,1-As ) + t(1-A1'l-A2 ,AS ) + /1.2/ 

+t(1-Al,A2,1-AS) + t(Al' l-A2 , 1- As) + t(1-A1'l-A2' l-As)' 

~YHK~HH dk, BXOAR~He B /1.1/. saBHCRT OT nepeMeHHWX Al ,i 
f! 	 = 1, ••• ,6. B RBHOM BHAe OHH BwnHcaHW B pa60Te/1l , Mw He CTaHeM 

HX ceH4ac BocnpoH3BOAHTb, nOCKonbKY Aanee 6YAYT B,wnHcaHW Bce 
11 HHTerpanOB /1.1/. nonY4eHHwe Bwpa*eHHR MoryT 6wTb HcnonbSO
BaHW AnR paC4eTa cpeAHeH 3HeprHH nonRpOHa npH KOHe4HoM TeMnepa
Type. B 4aCTHOCTH, MO*HO HaHTH aCHMnTOTHKY Zs npH 60nbwHx fJ. 
TO eCTb B npeAene HyneBoM TeMnepaTYPW. 3Ta aCHMnTOTHKa HMeeT 
BHA: 

Zs = 	AfJS + BfJ2 + CIJ + ... /1.3/ 

/1/
Hs ~HX coo6pa*eHHH, Hsno*eHHWX B pa60Te , CneAYeT, 4TO K03~
~~HeHTw A H B Aon*HW npHHHMaTb cneAy~He 3Ha4eHHR: 

Otn..... , . _ .......;: i ~:;I Cl'I1'J'I' 

n!e~l:;. ..u {K,' "!~:n;)!mnd 
f',i~,I!i, -r.:-~U, 
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A= .!.. 	 B ... 21n(/2 + 1) _ .!.ln2 _..[2 + ..!. /1.4/
6 . 22 8' 

K03~H~HeHT pasno*eHHR 3HeprHH OCHOBHoro COCTOJ'lHHR no CTeneHRM 
KOHCTaHTbI CBRSH a B TpeTbeM nOpJ'l,qKe CBRsaHC K03c)H1lH~HeHToM C 
aCHMnToTH4eCKoro 	 pasno*eHHR /1.3/ COOTHoweHHeM: 

5 Tn .lL 17-'2 85E, = - C + - In (V 2 + 1) - 8 In 2 - .!..!..J£..::.. + -- '" 
2 16 192 /1.5/ 

-c + 0,190463018. 

Hawa sa,qa4a - Bbl4HcnHTb C C BOSMO*HO 60nbweH T04HOCTbD, nOCKonb
KY BapHa~HoHHble o~eHKH YKasbiBaDT, 4TOE3 HMeeT nopR,qoK 10-3, TaK 
4TO ,qnR nonY4eHHR, CKa*eM, Tpex-4eTbipex sHa4a~Hx ~H~P B ES Ha,qo 
SHaTb no KpaHHeH Mepe weCTb sHa4a~Hx ~H~P a K03~H~HeHTe C. Hbi 
6y,qeM no oT,qenbHocTH Hccne,qoBaTb aCHMnToTHKY Ka*AOrO HS 11 HH~er
panoa /1.1/. 

§2. nEPB~E 4ET~PE HHTErPAnA 

Hccne,qOBaHHe aCHMnTOTHKH HHTerpanOB D1-D4 06De,qHHeHo B O,qHH 
pas,qen, nOTOMY 4TO OHH H TonbKO OHH ,qaDT BKna,q B K03~H~HeHTbI A 
H B CTapWHX 4neHOB aCHMnTOTH4eCKoro pasno*eHHR /1.3/. no,qp06Hee 
OCTaHOBHMCR Ha HHTerpaneD 1 ,4T06b1 Hs6e*aTb BblnHCblBaHHR ,qnHHHblX 
~opMyn B ,qpyrHx, 60nee cnO*HblX HHTerpanax, ,qnR KOTOPblX 6y,qeM 
npHBo,qHTb nHWb Ha4anbHble Bblpa*eHHR H OKOH4aTenbHble OTBeTbi. Ha 
npHMepe HHTerpana Dl npo,qeMOHCTpHpyeM TeXHHKY Bbl4HcneHHH, KOTO
paR OCTaeTCR ToM *e caMOH H ,qnJ'l np04HX HHTerpanoa. 

HTaK, HHTerpan Dl HMeeT BH,q 

fJ9/~ 3 <Ii 8 
D1 = ~ J n~fndAlexp{-fJ(Al+A2+

481'16 (1-e)3 1=1 k 2 1 .. 1 ' 
1 

8 
+ As) - 1', ii A1(1-A1)] PI 8(A:t} 8(Ae} 8(A,) 8(1- AC A!-A8} x /2.1/

1=1 

3 .... ,.. 
x (1-A1 -A! -A8 )8 exp ( 2 1', kl k j "'I Aj 11

i<j 

i,J=- 1 

npH 60nbWHx SHa4eHHRX 06paTHOH TeMnepaTYPbl fJ OCHOBHoM BKna,q 
B HHTerpan ,qaeT 06naCTb HHTerpHpOBaHHR, r,qe Bce nepeMeHHble A1 , 
A2 H AS ne*aT B6nHsH HynR. Hs BOCbMH cnaraeMblx, B KOTopble one
pa~HR P npeBpa~aeT cpHrypHYD cK06KY B /2.1/, nHWb 4eTbipe co,qep
*aT 3Ty 06nacTb HHTerpHpoBaHHR: caMO Bblpa*eHHe B ~HrypHOH cK06Ke, 
KOTopoe MbI 6y,qeM HaSbiBaTb OCHOBHblM cnaraeMblM, H TO, 4TO HS Hero 
nonY4aeTCR npH saMeHe O,qHOH HS nepeMeHHblX HHTerpHpoBaHHR Al -+ I-AI' 
Bcne,qcTBHe cHMMeTpHH no,qblHTerpanbHoro Bblpa*eHHR HaM ,qOCTaT04HO 
npOHsBeCTH saMeHY TonbKO O,qHOH nepeMeHHOH, HanpHMep, \ -+ 1 - A 1 ' 

2 

a saTeM YMHO*HTb 3TO cnaraeMoe Ha MHO*HTenb 3, 4T06b1 Y4eCTb 
BOSMO*HOCTb saMeHbI npo4HX nepeMeHHblX Ae H A8 . TaKHM 06pasoM, 
T04Hoe Bblpa*eHHe /2.1/ ,qnR Dl H ero npH6nH*eH~aR ~pMa 

fJ 9/a -+ 
It dkl 8D --_. f n - I II dAlexp{-fJ(Al+~+A8)

• . 1 - 48" 4 1=1 k 2 	 1=1 
1 

8 2 

- s!'1 klA 1(1-"'1)1x I 8(A 1) 8(A } 8(A8 } 8(1-A 1 -A! -A3 ) x
a

8 8 -It .... 

x (1- "'1 -"s! -AS) exp{ 2 1', kl k. Al Aj] + 3 8(1-"':t) 8(A2 } 8('" ) x 
i<j J 8 

i, j '" 1 /2.2/ 
8 .". ,.. 


x 8 (\- A2 - "'s )("'1- Aa - A8) exp {2k k e (1- A:t ) A! +
1 

.... -+ ... -+ 
+2ka ksA!Aa +2k1k, (I-A1)A8]1· 

OTnH4aDTCR B npe,qene 60nbwHx fJ nHWb Ha 3KcnoHeH~HanbHo Manble 
4neHbI. 

Aanee Mbi BBO,qHM B no,qblHTerpanbHoe Bblpa*eHHe e,qHHH4HblH MHO

*HTenb, sanHcaHHblH B BH,qe 1"" fdA 8(A-\-A -A ), H ,qenaeM sa
2 8 

-It 0 f7"
MeHY nepeMeHHblX A1-+ A • A 1 H kl -+ tti / V A. nocne 4ero /2.2/ npH06pe
TaeT BH,q 

...fJ9/2 8 dk1 .... II! -fJ,\ ..a 
D1 '" r n -- J dA'A e· J 11 d"'t 8(1-"'1

k 21=1 0 	 1=148tr 6 
1 

8 .2 . s 

-Ae-As)exp{- 1', ltiAi1t 8(A1 )8(A2) 8(A )8(1-A)(1-A ) x
a1=1 

/2.3/ 
8.... e s 

xexp{A(l', kAI )] +3A 8(1-H 1) 8(A2} tJ(A ) 8(AC"'!-"'8) x81=1 I
I 

X(A l-Ae-Ai exp{ 2k/2'\+ 2k k A s +A (-k1A! + te"'e + ~ "'sf 11.e s 

Tenepb RCHO, 4TO ,qnR nonY4eHHR BKna,qOB B K03~H~HeHTbI A , 
B H C Ha,qo pasno*HTb ~rypHYD cK06KY B /2.3/ no CTeneHRM '" 
BnnOTb AO 4neHOB O(A2 ). aTO OSHa4aeT, 4TO BTopoe cnaraeMoe 
aoo~e He ,qaeT aKna,qa a 3TH K03~H~HeHTbI. a OCTaawaRCR 4BCTb 
MO*eT 6b1Tb sanHcaHa a BH,qe 

fJ 9/a 8 -+ lie fJ 1 3 

Dl rll d!l 

00r dA A e- A r II dAt x 

4811'6 1=1 k 0 0 1=1 
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· S 2 

x 8(1-AI-A2-A8)exp[-~ kj Al]l1 +A{-3+

1-1 /2.4/ 

S... 2 2 8.... J! 1.8..... ,


+ (~ kjAj) l+A [3-3(:£ kiAt} + -(l: k1Aj)]1
1=1 i-l 2 1=1 

Bce HHTerpany B /2.4/ Tenepb nerKO BY4HcnR~TCR, H MY npHxOAHM 
K pasnOlKeHH~: 

S 2 1 5 217
°1 = A /3 + ~ tJ + 0 1/3 + A=-. B1=--. 01 c--. /2.5/
6 8 192 


3a6eraR BnepeA, oTMeTHM, 4TO 01 - eAHHCTBeHHYH HHTerpan, aCHMnTO
TH4eCKoe pasnOlKeHHe KOToporo Ha41i1HaeTCR C 4neHa, npOnOPItHOHanb
Horo /3 S. H KOTOpy~ TeM CaMYM AaeT BKnaA Ei K031\M!1HltHeHT A. 

HHTerpan 02 : 

/39/2 3 dkl . 
O ,,,, J n -- 1 d>'1_3 S exp [ -/3(A 1 + >'2 +>'s) 

8 i=l k 2 •2 
; 811 j 


S 

_ I k~>'1(1->'1)]PI8(a,>6(As)8(>'2->'s)8(As-As) x 


1=1 


J! ... ,.. 

x 8(1-A1 ->'2 ->'s+As)(1-AI -AI ->'s +>'sJ exp [-2k2 ks >'5 + 


3 ........ 

+ 2 i~ j kl kj A 1 A j ] J • 

1.j= 1 


AnR npOCTOTY sanHCIil MY C caMOro Ha4ana SAeCb III Aanee onYCKaeM 
3KCnOHeHitHanbHO ManYH 4neH e-/3B SHaMeHaTene 4HcneHHoro. MHOlKH
TenRnepeA HHTerpanaMH. 

B HHTerpaneOe cnaraeMYe, B KOTOPYX npOHSBeAeHY SaMeHY At... l->'1 
KaKHX-TO illS nepeMeHHYX HHTerpHpOBaHHR, TaKlKe He Aa~T BKnaAa 
B IIIHTepeCY~lIIe Hac K031\M!111111HeHTY A , B iii 0. ACIIIMnTOTIiI4ecKoe pas
nOlKeHHe HMeeT BHA: 
02 B2/3 2 + °2 /3 + ••• 
B 2 = In(/2+ 1) -ln2 /2.6/ 
02 = - ~ {In h/'2+1) -ln2] + 13/"%_2. 

HHTerpan Os: 

{:3 9/~ S dk 3 

0&= --8- 1 n -+ J.n dAI exp [-/3 (A 1+A2+A s)

8". 1=1 k 1",1
i 


S 2 

_ I kjAl(1-A.)]PI8(Al)8(AS)8(A2-As)8(1->'I->'2) x 


i=l 1 
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2 -+ .. a -+ ... 

x (>'2-~ )(1-A1 - >'2 J exp [-2k2ksAa + 2 l~j kl k j At >'j ] I. 


t,J = 1 


B 3TOM HHTerpane HHTepeCYIOIIIHH Hac BKnaA AaeT He TonbKO OCHOBHoe 

cnaraeMOe, RBHO BynHCaHHoe B ~lIIrypHOH cK06Ke, HO H cnaraeMoe, 


.., nonY4aeMOe HS OCHOBHoro saMeHoH >'2-+ 1- A2' ACIIIMnTOTH4eCKoe pas

nOlKeHllle IIIMeeT BillA 


° B A2 ' S = fr + °s/3 + •.• 

/2.7/'3 .., lnCi2+ 1) - .Lln2 - ~ +..!.
2 2 2' 


Os'" - .!..In( \1''2+ 1}t.!..ln2+ JhLI _...2
- 4 8 16 8 . 


HHTerpan 0.: 

/39/2 3 dk S° -- J n dA exp[-/3(A1+A 2 +A
S
) r n .:.!1.

4 16 IT 6 . 1= 1 k 2 i=l 1 

1 


S 2 

-i~ k Ai (l-A )] P\8(A2)6(As)6(1-A1)8(A1-A2-AS) x
t t 

2 ... .. ... -+ 
x(1-A1 )(A1-A2 -AS) exp [-2k 1k2A2 - 2k1ks>'& + 

& -> -+ 
+ 2 I k k Ai A . ]I .
i ji <j J 


i,J= 1 


nOMIiIMO OCHOBHoro cnaraeMOro BKnaA B HHTepeCYlOIIIlile Hac K03~HlIllleH

TY BHOCHT III cnaraeMOe, B KOTOPOM npOHSBeAeHa saMeHa A1 ... 1 - A 1 . 
OKaSYBaeTCR, 4TO HMeHHO 3TO nocneAHee cnaraeMoe OTBeTCTBeHHO sa 
KBaAPaTH4HYH no /34neH B aCIIIMnTOTH4eCKOM pasnolKeHHH. TaKaR CH
TyallHR, KaK BYRCHHnOCb, SaCnYlKHBaeT 60nee BHIIIMaTenbHoro paCCMOT,
peHHR. III n03TOMY MY BynHWeM BKnaAY KalKAoro illS cnaraeMYX nOOT
Aenb HOCTH. BKnaA OCHOBHoro cnaraeMOro 06osHa4HM O! 1) = - 01 (:3 + ... 
BKnaA BToporo cnaraeMOro HMeeT BHA 0~2) = B4/3 2 + O~ 'fJ +... TaKHM 
06paSOM. aCIIIMnTOTIII4eCKoe pasnOlKeHllle IIIHTerpana 04 MY SanHCYBaeM 
KaK 0, = B.{:32 + ° 4/3+.... rAe 

8 4=.1., 04=04-01' 04=-~'4 16 


01=5~2 In(/2+1)_23{2 In2_~5ln2(\1'2+1)+ /2.8/ 

J2 15 3+2V2 dz+ __ .1..+_ r -In(l+z) =-0.173361050. 
4 2 8 1 z 
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MY nOnY~HnH aCHMnTOTH4eCKHe paSnO*eHHR BCeX 4eTWpeX HHTerpa 3 ' 2 
- l: klAl(1-Al)]P(8(A2)9(A6)9(A3-A6)8(AI-A2-A6) xnOB, KOTOPWM nOCBR~eH AaHHWHpaSAen paeOTW. CYMMHPYR Bce BKnaAW • 1=1

/2.5/-/2.8/, nonY4aeM aCHMnTOTH4eCKoe pasno*eHHe 
. 4 ~ 

4 3 2 4 x 8 (I-AI -A3+ ..\s)(AI -A 2-..\s)(1-A1-A3+A6) exp[ - 2kl ~A2 
1: Dk =A,9 + B,9 +,9 1: Ck + •.• 

k= 1 k"'J 

1 ' 4 
A -6 • B = l: Bk ",,2ID(v'2+ 1) - !..ID2-~ +..!..:0 

k=I' 2 2 8 ' . 
/2.9/

4 11 - 4 n. r;;: . 
l: Ck = - -ID{v'2 + 1) + ..1ID2 + fu...g - 467 - a 

k"" 1 2 8 18 192 1 

'" -0,987 428 318 - a1 =-0,814 067 268 • 

B AanbHeHweM BWRCHHTCR, 4TO Bce nOCneAY~He HHTerpanw Dk npH 
60nbwHx,9 BBAYT ce6R KaK O(,9),TaK 4TO HS /2.9/ CneAYeT, 4TO 
K03~H~HeHTw A H B npHHHMaOT B T04HOCTH Te caMwe SHa4eHHR 
/1.4/. KOTopwe OHH H Aon*HW npHHHMaTb HS 06~Hx co05pa*eHHH. 

6pocaeTcR B rnasa cnO*HOCTb aHanHTH4eCKoro Bwpa*eHHR AnR 01 
no cpaBHeHHD C Bwpa*eHHRMH AflR OCTanbHWX K03~H~HeHTOB. 3TO He 
cny~aHHO. AnR BW4HcneHHR 3HeprHH nonRpOHa no TeopHH BOSM~eHHH 
MO*HO pa3BHTb AHarpaMMHYIO TeXHHKY 12/. OKaSWBaeTCR. 4TO a1 · - He 
4TO HHoe, KaK BKnaA OAHOI:; H3 CDRsaHHwx AHarpaMM TpeTbe.ro nCpRAKa. 
Bcero HMeeTCR BoceMb paSflH4HWX CBRsaHHWX AHarpaMM TpeTberono
pRAKa. ~X BKnaAW, KorAa OHH 'HaM 6YAYT BCTpe4aTbCR B npo~ecce BW
4HcneHHH, MY CTaHeM 06osHa4aTb 6YKBOH a C HHAeKCOM, coorBeTCT
BYIO~HM nopRAKOBOMY HOMepy AHarpaMMW. Bce OCTanbHwe BKnaAW. 060s
Ha~aeM~e HaMH 6YKBOH C C HHAeKcaMH, COOTBeTCTBYOTHeCBRsaHH~M 
AHarpaMMaM. 

§3. CJlE.lIYIOIQ~E 4ETbiPE HHTErPAJlA 

~HTerpan~ D&-D8 06DeAHHReT TO, 4TO Bce OHH B KOHe4HOM HTore 
CBOARTCR K 0AHOKpaTHWM HHTerpanaM, Bwpa*aeMWM. nOA06HO at 
B /2.8/. 4epes TaKOH *e norapH~MH4ecKHH HHTerpan C pa3nH4H~MH 
npeAenaMH HHTerpHpOBaHHR. CBOAHMYH K cne~HanbHoH ~YHK~HH. HS
BeCTHOH KaK AHnorapH~M 3Hnepa. M~ He 6YAeM 3AeCb npHBOAHTb aHa
nHTH4eCKHX Bwpa*eHHH AnR HHTerpanOB D& -Ds ' orpaHH4HBWHCb HX 
,~HcneHH~MH SHa4eHHRMH. KOTop~e B npHH~Hne HSBeCTH~ C npoHSBonbHO 
BWCOKOH T04HOCTbO. HCKnlO4eHHe CAeflaHO TonbKO AflR BKnaAOB. He 
06osHa4eHH~x 6YKBOH a . 

I 
• , ... -+ 3 ...... 


-2klk3 Aa+ 21~/lkJAiAj]1. 


l,j= 1 

BKnaA B rnaBH~H aCHMnTOTH4eCKHH 4neH AaOT OCHOBHoe cnaraeMoe 
H nonY4aeMoe HS Hero 3aMeHoj::j AI'" 1-A1 • BKnaA nepsoro cnaraeMoro 
sanHcwsaeM B BHAe 0~1) '" -02 ,9 + ... , a SKnaA sToporo - S BHAe 
0~2) - Cli ,9 +... , 

TaKHM 06paSOM. B npeAene 60nbwHx,9 D.5...= C,,9 + •..• rAe 
. CS =Ci- a2' C5 =2{ln(V2"+1) -ln2]- u.2:'+ 2, 

O =-0,170935051. 2 /3.1/
2 


HHTerpan D6 : 

,99/2 3 dk 3 3 2
1D8=--' f 0_ I 0 dAi ell.p{ -,9(A1+A2+A3) - E k A (1-A )]x
8#8 l",lk 2 1= 1 1.=1 1 1 1

1 

x P 19(1-A1) 8(>. C A2) 9('\2- A3) 9(A3)(1- '\1)( Al-A2)(A2 -A ) x3

3 ...... 

. x exp[ -2k1 k2 A2 - 2~ ~'\3 - 2ltl kg'\3 + 2 E k,k. Al AJ]I.


i< J • J 

I.J= 1 

rnaSHWH aCHMnTOTH4eCKHH 4neH nHHeeH no ,9, H B Hero AaOT BKnaA 
TPH cnaraeM~X. BKnaA OCHOSHoro cnaraeMoro 0603Ha4aeM KaK 
D~) = -a 3,9+ ..• CYMMa SKnaAOS ASYX APyrHx cnaraeMWX. nonY4aeMYX 
HS OCHOSHoro saMeHaMH A1 -+ I-AI H \ ... 1-A 1 • A2-+ l-A 2 COOT-
BeTcTBeHHo. sanHc~saeTCR B BHAe: 0~2) = Ce',9 + '" 

• 
, TaKHM 06pasoM. HHTerpan D6 HMeeT pasno*eHHe: D = C ,9 + •.• , 
rAe a 8 

C8 = Cli -: 0 3 ' 

/3.21 

'j 
Ce' '" Lln(v'2+1) - Lln2- 3,,2 +,L

2 4 8 2' 

'" -0,037 6la 108 • 0 3 

HHTerpan 0, : 
,99/2 3'" I)~HTerpan DI): 

D7 .. ----:r r 0 ~f 0 dA l ell.p[-,9('\I+'\2+ A3),99/2 3 dkl
D -- f.O 2 f dA I _ 36 exp[-,9(A 1 +A2 +A 3)- 8# 1=1 k~ 1=1 

I) 4# 6 1= 1 k ' 
1 

6 7 

http:TpeTbe.ro


S 2. 

-. I k 1A1(1--\) JP 18(A.) 8(~) 8(ACA4)6(AS -A5) x 


1",1 

. X 8 (A2-A4 -A6) 6(1-Al-A2-AS+ A4 +AS>(1- AI-A2-~ + A4 +A6) X 

. X exp [-2k1k2A4 - 2k2'.SA6 + 2 it 1:1 ~ AiAj J I. 

i,j= 1 
B rnaBHWH aCHMnTOTH4eCKHH 4neH AaeT BKnaATOnbKO OCHOBHoe cna
raeMOe: 
Oq = c,a + ••• , C 7 --04 , 

13.3/
04 = -0,045185941. 

HHTerpan 0 8 : 

~9/2 S ~ 4 S 
0 =--.-.r D.!!.if ndA1exp[-~(A1+A2+As) _Ik2A (l-A )]X

8 81t 6 i=1 k2 i=l 1",1 iii 

i 


X PI 8(A ) (J(A -A 4) 6( A2 -A4) 6( A4 -A 8) 9(l -A -A 2+A4) .( A.-A8) X
S 1 1

........ -+~ ..... 

X (1-AI-A2 +A 4) exp{ -2k1 ~A4 - 2k2kSA8- 2k1 k S

A8 + 

8 ....... 

+ I kik AiA.H.ji<j J 

1.j = 1 

nHHeHHaR no ~ 3aBHCHMOCTb CneAYeT H3 ABYX cnaraeMWX: OCHOBHoro 
H Toro. KOTopoe H3 Hero nonY4aeTCR npH 3aMeHe Al .... 1- Al • 
A~.... 1 -A2' BKnaAW 3THX cnaraeMwx 0603Ha4eHw. COOTBeTCTBeHHO: 

,1) ° (2), 0'" - 5fJ + ••• ,Ds .. C fJ + .•.• TaK 4TO HHTerpan S HMeeT0 8 s
aCHMnTOTH4eCKoe pa3no*eHHe 


0s-Cs~ + .... CS =C8-°6 , Cs= 3{f -1. 

13.4/

06 .. -0.032 259 338. 

Ha 3TOM 3aKOH4HnHCb HHTerpanw. KOTOPWM nOCBR~eH AaHHwH pa3Aen 
pa60Tw. CYMMHpYRBKnaA~ /3.1/-/3.4/. nonY4aeM 

8 5 9 9·12 3 5'IC -In(J2+1)--ln2-~+--I01
k = I) k 2 4 8 2 i=2 /3.5/

I) 


"" 0.552 882 554 - I 0· = 

i=2 1 

= 0.838 835 990 • 
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§4. TPH nOCnEAHHX HHTErPAflA 

To 06~ee. 4TO n03BonHno d6~eAHHHTb paccMoTpeHHe HHTerpanoB 
De -011 B OAHH paSAen HaCTOR~eH pa60TW. SBY4HT He cnHWKOM npH
BneKaTenbHO: HaM,He YAanOCb CBeCTH 3TH HHTerpanw K KOMnaKTHOH 
a~anHTH4eCKOH $OpMe. nycTb Aa*e B BHAe CKonb yroAHo cnO*HWX• 

J 
cne4HanbHWX ~YHK4HH. MaKcHMYM Toro. 4TO MW CYMenH A06HTbCR 
3TO nOHH3HTb KpaTHOCTb HHTerpanOB. B HaweH KOHe4HOH ~pMe Bce 
3TH HHTerpanw TpeXKpaTH~. OAHaKO y.e 3TO nosBonReT BW4HcnHTb 
HX Ha 3BM C xopoweH T04HOCTb~ 6e3 oc06wx 3aTpaT MawHHHoro Bpe~ 
MeHH. 


HHTerpan D9: 


~9/2s dk 5 3 2
De .. - ..- .f n -21 .r n dAi exp{ - ~(A I+A2+A 8) - I k A (1- A )]

8"0 1=1 k. i=1 1=111 i 
\ 1 

X PI6(A +A -A )fJ(A -A) 9(A -A ) (J(AS-A.,) 6(A -A ) x;
.62' 14 24 .. 21) 

X 6(1-A1 -A 2-.\S +A4+~)(1- '\1-A2-AS +A. +A ) exp[ -2k k2A • .,.6 1 

.............. 8~-+ 

-2k2ks As - 2kl k8(A. + \ -A2) + 2 I. I[i k. A1 AJ] I . 


. 1<j J 


i. j'" 1 

BKnaA B rnaBHWH aCHMnTOTH4eCKHH 4neH AaeT TonbKO OCHOBHoe cna
raeMOe: 
Og=CgfJ+ ..•• C 9 =-06' 

/4.1/° 6 ", -0,015 0200(2) • 

3AeCb H Aanee 4H~PW B Kpyrnwx cK06Kax OSHa4aQT norpewHocTb 
B nocneAHHx 3Ha4a~Hx 4H~pax pesynbTaTa. 

HHTerpan 010 : 

/3 9/2 8 dki . 

010 = -- J. n -2- r dA l _ 8 sexp[ -/3(A1 +A2 +AS) 

;. 8 1T 6 1=1 k • 

i 


8 - i;\ k~ \ (1-'\1)] PI (J(A ) 6(A2""A5) 8(AS-A5) 8(1-A1) B( A1 + A, 5

- A2-As)(1-A1)(A1+A5-Aa-A8)exp[ -21[1 i 2 A2- 2£2k8A, 
'w 

... -+ 8 :o-t ... 


- 2k1ks As + 2 I k i kj Ai Aj ] \. 

i < J 


1,j = 1 
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,. 


nOMH~O OCHOBHOrO CnaraeMOrO BKnaA B rnaBHW~ aCHMnTOTH~eCKH~ 


4neH AaeT TaKme CnaraeMOe. nony~aeMoe HS nepBoro saMeHO~ 


'\'1'" 1-,\,1' BKnaA OCHOBHoro cnaraeMoro 06osHa~aeM D~l) .. -0,13+-..•

0 a BKnaA ,BToporo - D:~) = C;o f3+ ... TaKHM 06pa30M. D 10 HMeeT aCHMn

TOTH~eCKoe pasnolKeHHe =° 13+ ••• , rAeD 10 10 

010 =C;o - 0" C;o ... ! [In(y'2+1) -ln2], 0,= -0,022 8823(1). /4.2/ 

HHTerpan Du: 

Q9/2 s .... S


D =_/J_ f n dkl fd'\' 
 exp[ -f3('\' 1 +~ +,\,S) - I k~'\'i (1-'\'1) 1u 4,,6 1=1 k2 1-4,6 1=11 

p 18(.\e) 8('\'1-'\'4) 8(..\s-\) 8('\'4 -\) 8(~ +'\'6 -'\'S-'\'4) 8 (1 -,\, 1

- ~+ "\4)(1-'\'1 -'\'2 +..\4) exp [-2~ ~'\'4 - 2~ks'\'s 

... ... S ,.. .... 

-2k1 kS..\6 + 21~j ktKj\,\,jll. 


t.j =1 

HHTepeCY~H~ Hac BKnaA AaeT TonbKO OCHOBHoe cnaraeMoe: 

D11 = Cu f3+ ... , Cll .. -0 8 , . °8= -0,034581 4(3) • /4.3/ 

CYMMHPYR BKnaAW /4. 1/-/4.3/, nony~aeM 


11 _ 8 

I CI!.=.l...ln(v'2+1)_Lln2- IOl= 


11=9 2 2 i=6 

/4.4/ 

= 0,094113 203 - ~ 0. = 0,166 596 9(4) • 
1=6 1 

§5. PESYflbTAT 

Hs ¢oPMyn /2.9/, /3.5/ H /4.4/ nony~aeM ~HcneHHoe 3Ha~eHHe 

AnR K03~H4HeHTa C H3 aCHMnTOTH~eCKoro pasnolKeHHR /1.3/: C = 

= 0,191 365 6(4). nOAcTaBnRR 3TO 3Ha~eHHe B /1.5/, HaXOAHM 

K03~H4HeHT pasnOlKeHHR 3HeprHH OCHOBHoro COCTORHHR nonRpOHa 
 ,B TpeTbeM nopRAKe no CTeneHRM KOHCTaHTW CBRSH 

ES =-0,000 902 6(4) • /5.1/ 

nony~eHHOe ~HcnO RBnReTCR OCHOBHWM pe3ynbTaToM HacToR~e~ pa60
TW. 


10 

B SHa~eHHH K03~H4HeHTaE3 MOlKHO RBHO BWAenHTb BKnaAW 8 CBR
saHHWX AHarpaMM, Hcnonb3YR Te lKe ¢oPMynw /1.5/, /2.9/. /3.5/

8 \ 
H /4.4/: E s'" I 0t +4. rAe 

t=1 

4 ... 5ln(J2+ 1) - !!LIJl 2 - 15v'2 + 181 = 0,530 915 579. 
4 8 /5.2/ 

BwpalKeHHe AnA 4 B TO~HOCTH COBnaAaeT C CYMMapHWM BKnaAOM 
HeCBR3aHHWX AHarpaMM/2~ TaKHM 06pasoM. 3HeprHR nonRpOHa BnnOTb 
AO TpeTbero nopRAKa TeopHH BosMy~eHHA Hsy~eHa HaMH ABYMR pas
nH~HWMH MeTOAaMH - C nO~b~ KOHTHHyanbHwx HHTerpanOB H AHar
paMM. 06a MeTOAa AanH oAHHaKoBwA pesynbTaT, ~TO nOATBeplKAaeT 
ero CnpaBeAnHBOCTb. 

~ HTore, pasnOlKeHHe 3HeprHH OCHOBHoro COCTORHHR nonRpOHa 
no CTeneHRM KOHCTaHTW CBRSH HMeeT BHA: 

E/(U =-a-l,591962(..Lf -0,903. (.!!..)S_ ... /5.3/ . 10 10 

3TO BwpalKeHHe MOlKHO Hcnonb30BaTb AnR BW~HcneHHR 3HeprHH no
nRpoHa npH He cnHWKOM 60nbWHx sHa~eHHRx (a;;;j 5 + 6) KOHCTaHTW CBR
SH. npH 60nbwHx 3Ha~eHHRX a MOlKeT npORBHTbCR BnHRHHe cneAY~~HX 
~neHOB pasnOlKeHHR. BwpalKeHHe /5.3/ MOlKeT TaKlKe cnYlKHTb KpHTepH
eM npH npOBepKe HCTHHHOCTH pasnH~Horo pOAa npH6nHlKeHHblx MeToAoB 
BW~HcneHHR 3HeprHH nonRpoHa. 
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C006~EHH~, KPATKHE C006~EHH~, nPEnPHHT~ H C60PHHKH TPY~OB 
KOH~EPEHUH~, H3~ABAEM~E ODbE~HHEHH~M HHCTHTYTOM ~~EPH~X HCCnE
~OBAHH~, ~Bn~~TC~ O~HUHAnbH~MH nY6nHKAUH~MH. 

Cc~nKH Ha C006~EHH~ H nPEnPHHT~ OH~H AOn~H~ coAep~aTb cne-
AY~He 3neMeHT~: 

- ~aMHnHH H HHH~Han~ aBTOpoe, 
- COKpa~eHHOe Ha3BaHHe HHCTHTyTa /OH~H/ H HHAeKC ny6nHKa~HH, 
- MecTo H3AaHHR I ~6Ha/, · 
- rOA H3AaHHR, 
- HOMep CTpaHH~~ /npH He06XOAHMOCTH/. 
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1. flepeywuH B.H. u op. OHJIH, P2-84-649, 
Py6Ha, 1984. · 

C c~nKH Ha KOHKpeTHy~ CTATb~ , noMe~eHHy~ e c6opHHK 
COAep~aTb: 

- ~aMHnHH H HHH~Han~ aBTOPOB, 

AOn~H~ 

- 3arnaBHe c6opHHKa, nepeA KOTOp~M npHBOARTCR COKpa~eHH~e 
cnoea: 11 8 KH. 11 

- COKpa~eHHOe Ha3BaHHe HHCTHTyTa /OH~H/ H HHAeKC H3AaHHR, 
- MeCTO H3AaHHR /~y6Ha/, 
- roA "H3AaHHR, 
- HOMep CTpaHH~~. 

npHMep : 

Ko~na~oe H.~. B ~~-~. X1 MexoyHapooH~u 
cUMn03UYM no RoepHou 3~e~mpoHu~e, OHJIH, 
P13-84-53, PY6Ha, 1984, c.26. 

CaeuH H.A., CMupHOB r .H. B c6. "Kpam~ue 
coo6114eHuR OHJIH", N 2-84, PY6Ha,1984,c.3. 

CenrorHH O.B., CMOHAb~eB M.A. P17-86-I69 
TpeTHH nOPHAOK TeOpHH B03MY~eHHH B MOAenH nonnpoHa, 
3HeprHH OCHOBHOrO COCTOHHHH 

B pesynbTaTe HCCn~OBaHHH, npOB~eHHOrO B HaCTOH~eH pa-
6oTe, nonyqeuo, qTo pa3nO~eHHe 3HeprHH OCHOBHOrO COCTOHHHH 
nonnpoHa B PRA no CTeneHHM KOHCTaHTbl CBH3H a HMeeT BRA: 

E/ ill= -a ·- 1,591 962 ( 1~ )2 -0,903 ( 1~ )3 - ... 

B~HcneHHe 3HeprHH nonnpoHa B TpeTbeM nopHAKe TeopHH B03MY~e
HHH AaeT OAHHaKOBbie pesynbTaTbl KaK B MeTOAe KOHTHHYanbHOrO 
HHTerpHpOBaHHH, TaK H B AHarpaMMHOH TeXHHKe. PesynbTaT corna
cyeTCH no nOPHAKY BenHqHHbl C BapH~HOHHbiMH o~eHKaMH. 

Pa6oTa Bb!DOnHeHa B na6opaTopHH TeopeTHqeCKOH !l>H3HKH OIDIH. 

Cooe.eHHe Oe~e~HeHHOrO HHCTHTyTa RAepHYX HCcneAOBaHHA, llyeHa 1985 

llepeBOA 

Seljugin O.V. , Smondyrev M.A. 
The Third Order of the Perturbation Theory 
in the Polaron Model. Ground State Energy 

PI7-85-169 

It is found that the expansion of the polaron ground 
state energy in powers of the coupling constant a is as fol
lows: 

E/ill =-a -1,591 962(-!Ll -0,903 (~)3 

to 10 

Both path integral technique and the diagram method lead to 
the same value of the polaron energy in the third order of 
perturbation theory. This value is also in accordance with 
the variational estimates. 

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