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C) 1975 061teOUHeHHbiU UHCIIIUIIIY/11 AOepHbiX UCC/Ie006QHUU )ly6Ha 

Hccnea~Bauue cTeneuu~x aBToMoaenhH~x acuMnToTHK 

HyKnou-uyKnouuoro pacceHHHH ua 6oJibUJHe yrnbi npeacTao

JIHeT B HaCTOHUICC BpCMJI oauy H3 HHTCpCCH~X 3aaalf <jJH3HKH 

B~COKHX 3HeprHH. JIBJICHHC CTCOCHHOrO y6biBaHHJI au<jJ<jle

peHI.{HaJibH~X CC'ICHHH B 06JiaCTH 60JibUJHX yrJIOB paCCCHHHJI, 

06Hapy)I(CHHOC .B HeaaBHHX 3KCOCpHMCHTaX ,'I/. 6biJ10 06bJIC

HCHO Ha OCHOBC OpHHUHOa aBTOMOACJibHOCTH B paMKaX 

COCTaBH~X MOaenen 3J1CMCHTapH~X 'laCTHU C HCDOJ1b30Ba-

HHCM AHHaMH'ICCKOH HHTepnpeTaUHH KBapKOBWX AHar-
1 I 

paMM;2 • 3', 

H3y'ICHHffi 3Toro oonpoca B paMKax KBa3unoreHuuanb

Horo noaxoaa noryuooa-TaBxenua3e 6~nu nocBHll.leHw pa-

6oTbi -'
4 

• 
51. B HHX 6bino noKa3aHo, 'ITO <jJeuoMeuonorulfeCKHe 

KBa3unoTeuuuan~, 3aaauu~e HHTerpaJibH~M npeacraone

HHCM BHAa 

\( "'. t) /dxr:( '"'· x) f'xt 
0 

/1/ 

rae \( S. t) - HCKOTOpaH MaTpHI.{a, B CJiylfae CYUICCIBOBa-

HHJI cna6oro npeaena anH <jJyHKUHH 

A ry A 

fim sN p ( s, x = - ) ~ lJ ( ry) 
S-• "'- S 

/2/ 

DpHBOAHT K CTCOCHHbiM aBTOMOACJibHbiM aCHMDTOTHKaM: 

d" 
dt 

1 t t 
- f( -) . - - f!li1KCHflOBaHo. 

5 M s s /3/ 

B HaCTOHU~eii pa6oTe Mbi pacnpocTpaHHM MeToa, pa3ou

T~H pauee B /
4

' 
5Z Ha CJiy'laH BbiCOK03HepreTH'ICCKOrO pac

CCHHHH Ha fiOJibUJHC yrJibl AJIH aByX 'laCTHU CO CDHHOM 1/2. 
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,Jl;JUI 3a,l].aHHOrO KJiacca I<Ba3HIIOTCHI.J;HaJIOB, OIIpC,l].CJIBCMbiX 

4JopMynaMH /1/ H /2/, 6y.D.eT nonyqeHo cTeneHHoe y6biBaHHe 

.D.Hii>4>epeHUHaJILHbiX ceqeHHH HYKJIOH-Hyi<rtOHHoro pacceBHHB 

Ha 60JihWHe yrJihi THIIa /3/ H IlpOBC,l].CHO cpaBHCHHe pe 3YJih

TaToB c 3KcnepHMeHTaJILHbiMH ,l].aHHbiMH. llpH 3TOM CYll.\CCT

BCHHbiM o6pa30M HCIIOJih3YCTCB Tpe6oBaHHe y5 HHBapHaHT

HOCTH B 06JiaCTH BhiCOKHX 3HeprHH H 60JihWHX nepe,l].a'l 

HMIIYJILCa i6/. 
0TMCTHM, 'ITO I<Ba3HIIOTCHI.J;HaJILHble ypaBHCHHB, OIIH

ChiBaiOll(HC B3aHMO,l].CHCTBHe B CHCTeMe ,l].ByX qacTHU CO 

cnHHOM 1/2, Hccne,l].oBaJIHCh B PB.D.e pa6oT 17-10 I. B .D.aHHOH 

pa6oTe Mbl 6y,l].eM HCIIOJih30BaTh ypaBHCHHe, IIOJIY'lCHHOe 

B pa6oTe /10 I H no3BOJIBIOll.\ee 6e3 oco6blx H3MeHeHHH npH

MCHBTh MCTO,l]. H3Y'ICHHB aCHMIITOTH'lCCI<OrO IIOBC,l].CHHB aM

nnHTY.D. pacceBHHB, pa3BHThiH B /4' 5 I. PaccMaTpHBaeMoe 

ypaBHCHHC HMCCT DH,l].: 

,'\ A A. A A A 

·->-> '-->-> ( ... ' ->->. -> -•,-1(1) (2) ->-> 
T(p,k) =V(E;p,k)-J dqV(E;p,q)[E-H 1(q)--ll

2
(-q;l y

0 
y

0 
T(q,k). 

/4/ 

[.D.C E - DOJIHaB 3HeprHB 'laCTHQ B CHCTCMC QCHTpa Mace, 

H 1, 2 (q) - orrepaTopbl 3HeprHH nepaoii H BTopoii qacTHU , 

COOTBCTCTBCHHO: .. 
H ,_,q) =my< 1,2) + Y(1,2)y·"'(1.2J q' 

1, 2 ' 0 " 0 ' 
a I<Ba3HIIoTeHuHan V( E; p, !i} MO)I(eT 6b1Th npe.D.cTaaneH 

B BH,l].e MaTpHIJ;bl 16 X 16. 
,ll;nB Y.D.06CTBa ,l].aJILHeiiwHx BLI'lHCJieHHH I<Ba,l].pHpyeM 

B /4/ 3HaMeHaTeJIL. Tor.D.a ypaBHeHHe npHMeT BH.D. 

_, 
A -) ....,. "" _,. -) -)"" ....,. --) A ( q) A _,. ....,. 

T(p,k) = V( E;p,k) + J dqV(E;p, q} T( q,k) , 
2 2 ->2. 

E - 4E(qJ.,.. !~! if 

r.D.e E( q2) = y1 m 2+ {j2 

"' _, E2 2E2(->2) " -> A -> 2 "' _, " _, 
A(q) =-[ + q +H1(q)+H2(-q)+EH1(q)H2(-q}]y~ny~2l 

E . 

4 

'9 

" 

Bb16HpaB I<Ba3HnoTeHI.J;Han B BH.D.e /1/ H pewaB ypaaHeHHe 

/5/ HTepai.J;HBMH, IIOJIY'IHM 

-> _, 

T 2 
n=O 

T 
n + 1' T1 = V( E;p,k) 

A " A tA A 

T0 + 1= f dql' .. dq0 V(E;p,q ... 1) A (q1) V(E; q 1o q2} A( q2) 

1 ""' -) ~ n _, _, \'(F· k) fl V(Ei<\,_1' q") A(q") . , q", icl E 2_ H'Coi~+i< 

llocne 3aMeHLI 

q. -> ~. + A.' 
I I I 

_, 
,\ = 

i 

-> _, 
p + k 1 

2 +{1-2 -

XE 

IlpHXO,l].HM I< Bhlpa)I(CHHIO: 

" n + 1 t 

_, -> 

p - k 

2 

T0 + 1 =f ... f II dx i exp ( 
i = 1 

n+1 
1 

)Jn(xr ... ,xn+ 1),/6/ 
2 . 

r.D.e* 

J (xl' ... ,xn+ n 

i = 1 Xi 

1) = J ... J d,-\ d;; exp (-C.. ~~ -; ) t··· L\
0 

I] i'\ j 

n 2 2 _, ->2 
lJ [F - 4E ((~.+A.) }+id 

i = 1 I I 

A A ~ 4 A A -+ -+ A 

x p ( E; x 1) A ( ti 1 + A 1 ) . . . p ( E ; x0 ) A ( ~ 0 + .\0 ) p ( E ; x 0 + 1 ) . 

* JIBHhiH BH,l]. MaTpHl{hl Cij IIPHBC,l].CH B pa6oTe/'ll. 

X 
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KaK 6LIJIO noKa3aHO B pa6oTaX / 4 ' 5/, OCHOBHOH BKJia,ll 
npu I tl-•"" a uurerpan /6/ .IlJIJI KBa3HnoTeu.w.uanoa, y.noaner
BOPJIIO~Hx yCJIOBHIO /'1,/, ,llaeT o6JiaCTb, KOr,lla O,llHH H3 
x"'O .B pe3yJibTaTe ,llJIJI T0 + 1 nonyqaeM 

A A 

n+l x(O)A__. i'-1A A__.x(O) n-e+1 
T = ~ [-i--B(p)] V(s,t)[-iB(k)--] X 

n+lf=1 4 4 

X 

( p - 1) ! (n - r + 1}! 

3.nech 

BCp) =(y(1) -y<l) j_)(y(2)+ y-->(2)__L)=~(1l(p)~(2)(-p) 
0 I Pi 0 I PI 

A 

X (0) 
... 

f dz V ( F ; z , p = 0 ) 
4 -(X) 

r.ne ~(0) • 3HKOHaJibHaJI $a3a npH HyJieBOM npHUeJihHOM 
napaMeTpe, p = 0 . 

CyMMHPYJI no n, 6y.neM HMeTb 
... " 

... __. ... x(O) A -· " A .. x(O) 
T(p,k) =exp L-i 4 -B(p)l V(s, t) exp 1-iB(k) -,

1
--J. /7/ 

OTMeTHM, 'ITO npu BLICOKH.x 3HeprHJIX H MaJILIX nepe.na-
qax HMnyJibCa aMnJIHTY.Ilbl C nepeBopOTOM CnHHa MaJibl no 
cpaBHeHHIO c aMnnury.naMH 6e3 nepeaopoTa cnuua/11/. 3ToMy 
caoii:cray y.noaneraopJieT, uanpuMep,/12/ 3ii:KoHaJibHaJI $a3a 

~(p) = Y~l) Y ~2l x(pL 

llo.ncraBJIJIJI /8/ B /7 I, nony'IHM 

/8/ 

i( p k) = [ 1 + y < 1)~ (l)(p) y <2h <2l( -p) F] \·( s, t)[ 1+ y(l)~(l)(k}y< 2~< 2l(~) Fl 
' 0 0 0 0 J, 

r.ne -i)(( 0) 
e - 1 

F 
4 

6 

1 

] 

" 
Kaa3Hnoreuuuan V( s, t) , onucLIBaiOIUHii: pacceJIHHe ua 

60JibillHe yrJihi,BLI6epeM B y5 ·HHBapHaHTHOM BH,lle: 
" 
V(s,t)=y~l)yll{2lC(s,t) + y~1l rci2) y~1lyld2) P(s,t), 

r.ne C( s, t) H D( s, t) - KBa3HnoreuuuaJibl, onHCbiBaiOIUHe 
BeKTOp-aeKTOpHOe H aKCHaJI-aKCHaJibHOe B3aHMO,lleHCTBHJI. 

llepexo.nJI K .nu4141epeuuuaJibHOMY ce'leHHIO pacceJIHHJI 
da -•--> + ·• --> - ~ ~ M(p,k) M (p.k) 
d t CIDIH 

r.ne 

__. ,.. a1' __. a; __. __. __. a 1 _. a
2 

_, 
M(p,k) =<t/; 1 (p)~12 (-p)IT(p,k)\~;1 (k) ~~ 2 (-k)'·-

, , 
a ----) o ---)o --) ----) a ----) a -) 

- < ~J 1 ( p) '-/; 2 ( -p) I T( p, -k) I '-/; 12 ( -k) ~J 2 1 ( k) / ' 

noJiy'IHM B npe)J.eJie S "' "' , 
Bblpa:>Keuue: 

I t I 
- $HKCHpooauo cne.u.y10~ee 

" 
~"' le-4i)((0114l(C(s,t)-D(s,t))(C'(s,t) -IJ*(s,t)) + 
dt 

+ ( C( s, u) - D ( s, u) ) ( c• ( s, u) - IY ( s, u) ) + ( C( s, t) + D( s, t) ) x 

X ( C' ( s. u) + D* ( s' u) ) + ( c ( s' u) + D( s' u) ) ( p ( s' t) + [}* ( s, t) ) I + 

+ ( 1 + z) 2 
( C( s , t) + D ( s, t)) ( C * ( s, t) + D " ( s , t) ) + /9/ 

+ ( 1- z) 
2 

( C( s, u) + D( s, u) ) ( C*( s, u) + D * ( s, u) ) I, 

B KOTOpOM Z - KOCHHYC yrJia pacceJIHHJI. 
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OnpeAenus Aanee KBa3unoTeHuuanhl C u D c noMOIUbiO 

npeAcTasneHH.II /1/ c tPYHKUH.IIMH p c H • Pn, YAOBneTsop.IIIO
IUHMH YCJIOBHIO /2/, HMeeM: 

I t I 
1 

~ - -s-TJ 
C(s,t) "" --- J dTJr/;c(TJ)e 

S' t-·) DO N + 1 0 /10/ s 

i t i 
1 

-s--1J 
D(s,t) "" f d TJ ~~ D ( TJ ) e 

s,t-•oo N+1 0 s 

fiOACTaBJI.II.II /10/ B /9/, HeMeAJieHHO nony'!aeM AJI.II 

AH4>4>epeHuuanbHOro ce'leHH.II Bblpa)KeHue BHAa /3/ c M = 2N + 2. 
3aMeTHM, 'ITO .IIBHbiH BHA yrnOBOH 3aBHCHMOCTH d u / dt 

onpeAen.lleTC.II tPYHKUH.IIMH rj; c (TJ) u rj; 0 (TJ). PaccMoTpHM 
npOCTOH npHMep, KOrAa 

!/-· (' 
0 

(TJ) == const TJ m - 1 
, 

TorAa 
a /:! 

C(s,t) D( s, t) = 

sN+1(1-z)m s N+ 1( 1-z)IT' 

B 3TOM cnyqae AJI.II AH<W>epeHuuanbHoro ce'!eHH.II nony'!aeM 
cneAYIOIUee Bblpa)Keuue: 

da 

dt 

, -4iX(0) 
I e 1 

s - :;:-i0"~2~ l I a+ /312 [ ( 1 + z)2m + 2 +( 1- z)2m+2+ 

/11/ 

m m 2 . . 2m 2m 
+4((1+z) -t(1-z)) ]-8(a,B*+/)a*)[(1+z) +(1-z) H. 

TaKHM o6pa3oM, Bhl6pauublii: HaMH Knacc y 5 -aHsapuauT

HbiX KBa3HnOTeHUBaJIOB npHBOAHT K CTeneHHblM aBTOMOAeJib

HblM acuMnTOTHKaM B HYKJIOH- HYKJIOHHOM pacceJIHBH Ha 
6onbwue yrnhl c yrnosoii: 3aBBCBMOCThiO, onpeAen.lleMoii: 
KOHKpeTHblM Bbl60pOM tPYHKUHH rf; (Tf) • 

cl>aKTOP e -<li X ( 01 , no.IIBJI.IIIOIUHHC.II B Bblpa)KeHHH /9/ 
AJI.II AH4>tl>epeuuuanbHoro ce'leHBJI pacce.IIHHJI Ha 6onbwae yr-

8 

nhl, xap.aKTepu3yeT "cTeneub npo3pa'IHOCTH" qacTHU Ha 

ManbiX npuuenbHbiX paccTO.IIHHJIX u onpeAen.lleTC.II, soo6me 
rosop.11, napaMeTpaMH, onucbiBaiOIUHMH pacceJIHBe ua Manble 
yrnhi. 

0TMeTHM, 'ITO HCnOJib30BaHHOe B AaHHOM nOAXOAe CBOH
CTBO JIOKaJibHOCTB KBa3BnOTeHUBana HaKJiaAblBaeT onpeAe

neHHble orpaHH'IeHBJI Ha BHA yrJIOBOH 3aBHCHMOCTH AHtP

tl>epeHUHaJibHOrO ce'leHBJI pacce.IIHB.II Ha 6onhll1Be yrnhl. 
flpeACTaBn.lleT BHTepec cpasHeHue nony'leHHoro B pa-

6oTe Bblpa)KeHH.II AJIJl AH<t>4>epeHUHaJibHOrO Ce'leHHJl C 3KCne

pBMeHTaJibHblMH AaHHblMB no npOTOH-npOTOHHOMY BbiCOK0-

3HepreTH'!eCKOMY pacceJIHHIO Ha 6onbll1Be yrnhl /eM., 
Hanp., /13/ I. ,D;n.11 3Toro HaMB ucnonh30Banocb Bhlpa)KeHae 

/11/, B KOTopoM N 6blno Bbi6paHo paBHbiM 4, a AJIJl tPaKTopa 
2 i X ( 0) BBeAeHa napaMeTpB3aUHJI 

2ix(O) =0,74 + 2,34/ys/l(l'a6/c)2 , 

cnpaBeAJIBBaJI B o6nacTH 3Hepraii: 300 I T3B/c/ 2 2 s;:: 
:::_ 15 I T3B/c/li 14/. 

PeJynbTaTbl o6pa6oTKH 3KcnepHMeHTanhHbiX AaHHhlX, 

npHBeAeHHhle Ha pBCYHKe, COOTBeTCTBYIOT CJieAYIOIUHM 3Ha
qeHBJlM napaMeTpOB: 

m = 2, 59 ± 0 ,0 3, 

a=f3 =(1,64±0,04) • 10 4 (l'a6/c)- 1 . 

HHTepeCHO OTMeTHTb, 'ITO HaBJiyqwee OnHCaHHe 3KCne

pHMeHTaJibHblX AaHHhlX nonyqeuo B cnyqae a= ,B, 'ITO co

OTBeTCTsyeT paBeHCTBY BeKTOp-BeKTOpHOrO B aKCBan-aK

CBaJibHOrO B3aHMOAeHCTBHH. 
flony'!eHHble B pa6oTe pe3yJibTaTbl xopolllo cornacyiOTCJI 

c 3KcnepaMeHTanbHhlMB AaHHhlMH no p p - pacceJIHHIO. 

B 3aKniO'Ieuue as Tophi Bblpa)KaiOT rny6oKyiO npH3Ha Tenb

HOCTb H.H.BoroJII06osy, A.H.TasxenHA3e, ,D;.B.WupKosy 3a 
BHTepec K pa6oTe B CTHMYJIHPYIOIUHe COBeTbl, a TaK)Ke 
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B.A.MeiQepJIKOBY, P .M.Mypa~JIHY, A.H.CHcaKJIHY, P .H.cl»a
ycTOBY H A.A.XenawBHJIH 3a nno~oTBopHble ~HcKyccHH 

H :u;eHHble 3aMe'laHHJI. 
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