
I ~ , 
C.B.roJIOCKOKOB, c.n.KyJieWOB, 

B.A.MaTseeB, M.A.CMoH,nblpes 

"3YqEH"E CTEnEHHNX 

ABTOMO~HWX AC"MllTO~K 

ME30H-HYKnOHHOrO PACCEHH"H 
HA BOJiblll~ Yr Jlbl 

P2 - 8337 



C.B.roJIOCKOKOB, c.n.KyJieWOB, 
B.A.MaTBeeB, M.A.CMOHAblpes 

H3YqEHHE CTEnEHHYX 
ABTOMO~HYX ACHMOTOTHK 
ME30H-HYKnOHHOrO PACCEHHHH 

HA BOJibWHE YrJibl 

. -~.....r--·__.,.--,-,··-~~ ~~ l .v,..,._,.,,., .. ' . <> •• 

uvc~r- ·~·· 

n .. r.·;.·"·~·... ' ' ' ~- -
i ~!{, ... ' .. .,.; ~. L-~t ~~ 
(~, ... , ....... · .... -- -

P2 - 8337 



Pe3yJILTaTLI He,IJ.aBHHX 3KcrrepHMeHTOB 

pacceJIHHJI 'laCTHU BhlCOKHX 3HeprHH Ha 

110 H3y'leHHIO 

6onLwHe yrnhl 

yKa3hlBaiOT Ha B03MO)I(HOCTL CyiUeCTBOBaHHJI CTeiieHHhlX aB

TOMO,IJ.eJILHhlX aCHMIITOTHK .D.Hcl>cl>epeHUHaJILHhlX Ce'leHHH .D.BYX

qacTH'IHoro pacces:HHJI /I/ 

da __ l_f(..!..), 
dt sN s 

--s - r!JHKCHpOBaHO. /1/ 
/2/ 

06'LJICHeHHe 3TOMY JIBJieHHIO 6hlno ,IJ.aHo B pa6oTe 
1 

Ha 

OCHOBe IIpHHUHIIa aBTOMO,IJ.eJILHOCTH H C006pa)l(eHHH 0 co-
/3 I 

CTaBHOH IIpHpo,IJ.e 'laCTHU. B pa6oTe 
1 

Ha OCHOBe ,IJ.HHaMH-

'ICCKOH HHTeprrpeTaUHH KBapKOBhlX ,IJ.HarpaMM ,IJ.JIJI aMIIJIHTY.D. 

.IJ.BYX'IaCTH'IHOrO pacceJIHHJI, IlpHBO,IJ.JIIUCH K o6o6IUCHHIO H3-

BeCTHhlX rrpaBHJI TaK Ha3hlBaeMOro "KBapKOBOrO C'leTa", 

y,IJ.aJIOCL IIOJIY'IHTL JIBHLIB BH,IJ. yrJIOBOH 3aBHCHMOCTH .D.Hcl>cl>e

peHUHaJILHhlX Ce'leHHH pacceJIHH.Il Ha 60JILWHe yrJihl ,IJ.JIJI 

'laCTHU C pa3JIHquLIMH CIIHHaMH. Ha OCHOBe pe3yJILTaTOB 

3THX HCCJie,IJ.OBaHHB B pa6oTe / 41 6hlJI IIOCTaBJieH BOIIpOC 

0 CTpyKType JIOKaJILHOrO .D.BYX'IaCTH'IHOrO KBa3HIIOTCHUHaJia, 

IIpHBO,IJ.JIIUero B CJiyqae BhlCOK03HepreTH'ICCKOrO paCCCJIHHJI 

Ha 60JILWHe yrmd K aCHMIITOTH'ICCKOMY IIOBC,IJ.CHHIOTHIIa/1/. 

B HeH 6wn paccMoTpeH IIIHPOKHH KJiacc aHaJIHTH'IeCKHX 

KBa3HIIOTCHUHaJIOB, 3a,IJ.aHHhlX HHTerpaJILHLIM rrpe,IJ.CTaBJICHH

eM BH,IJ.a 

"" xt 
V(s,t)=f dxp(s,x)e /2/ 

0 

llpH ycnoBHH cymecTBOBaHH.Il cne.IJ.YIOIUero cna6oro rrpe

,IJ.eJia ,IJ.JIJI cl>YHKUHH 

N Tf 
fim s p (s, x = -) = r./1 ( Tf ), 

s /3/ 
s-.oo 
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onpe.neJIJIIO~ero xapaKrep B3aHMo.neiicTBHJI qacTHil Ha MaJiblx 

paCCTOJIHHJIX, .IJ;JIJI KBa3HllOTeHilHaJIOB 3a,IJ;aHHOrO KJiaCCa 

6biJIO llOJiyqeHO CTeneHHOe y6biBaHHe .IJ;HclNIIepeH:u;HaJibHLIX 

ceqeHHii pacceJIHHJI 6eccnHHOBbiX qacTHil THna I 1/. 
B HaCTOJI~eii pa6oTe Mbl o6o6~M MeTO.IJ; HCCJie.IJ;OBaHHJI 

BbiCOK03HeprerHqecKoro pacceJIH'JI Ha 6oJibWHe yrnbl Ha 

aHaJIHTHqeCKHX KBa3HllOTeH:u;HaJiaX 
4

/ .IJ;JIJI qacTHil CO CnH

HaMH 0 H 1/2. fipH 3TOM Mbl 6y.IJ;eM C~eCTBeHHO HCllOJib-

30BaTb rpe6oaaHHe y5 -HHBapHaHTHOCTH so B3aHMo.neii

CTBHJIX qacTHil npH BbiCOKHX 3HeprHJIX H 60JibWHX nepe,IJ;aqax 

HMllyJibCa / 5/, KOTOpoe npHBO.IJ;HT K CJie,IJ;yiO~eMy yCJIOBHIO 

.IJ;JIJI KBa3HllOTeH:u;HaJia 

I'V(s,K 2 )y l=O; s,-t= K2»m2 • 
, 5 

/4/ 

,ll;JIJI npOCTOTbl Mbl TaiOKe He 6y.IJ;eM yqHTbiBaTb 3.IJ;eCb BKJia,IJ;a 

06MeHHbiX CHJI / 6/. 

Kaa3HnoreH:u;HaJibHoe ypaBHeHHe .IJ;JIJI qacTHil co cnHHaMH 

0 H 1/2 H, COOTBe',rCTBeHHO, MaCCaMH 11 H m , HMeeT 
BH.IJ; /7 I 

... .... .... .... dq .... ... ;. <v < ....... k) 
T(p,k)=V(E;p,k)+J"7)'V( E;p,q) 

2 
T q, ,f5/ 

w(q E
2
-[w(q)+W(q)] +if 

r.ne w(q) ->-> 
A=Ey -[1+--](yq-m), 

0 W(ii) 

w <v = ...; 11 2 + q_ 2 • 

~ 2 .... 2 
W{q) = y m + q , 

a E - noJIHaJI 3HeprHJI B CHCTeMe :u;eHrpa Mace. 

/6/ 

HH:>Ke Mbl paccMoTpHM npocreiiwHii npHMep y 
5 

-HHaa

pHaHTHoro KBa3HllOTeH:u;HaJia 

->2 - ->2 
'V(E,A )=y V(s,A ), /7/ 

0 

4 

.. 

r.ne aenHqHHa V Ja.naercJI npe.ncraaneHHeM /2/ c ~YHK
:u;Heii p , y.noaneraopJIIO~eii ycnoBHIO /3/. 

PewaJI ypaaHeHHe /5/ HTepa:u;HJIMH, nonyqHM 

"" ........ 
T1 = 'V(E ;p,k), ... , T = I Tn+l , 

n=O 

T = J d q 
1 

••• d q ·v < E ; p, <I 
1
) A <if rv < E; -q 

1
, <i ) . 

n+l n l 2 

/8/ 

.... .... 1 
A .... -+ ) A ( -+ ) 'V (E . q k) 2 .... 2 . l 
A (q:~ .. .'V(E; q n-1' qn qn' , n' ll w(q-+)! E -[w(()+W(qi)l -HIE 

.... 
Ai 

i=l I 

llocne 3aMeHbl 

.... ... .... 
q_ .... A

1
.+A., 

I I 

.... 
p + k + (1-2 

2 

i 1 
f~I Xf 
n+I 1 I
f=I X f 

.... .... 

p-k t' = 1 , 2 ' ... , n )-,. 
2 

npHXO.IJ;HM K Bblpa:>KeHHIO 

n+l 

/9/ 

T =f ••• JTI dx.p(x.)exp( 
n+l i=l 1 1 

t '!I _1_) Jn(xl,x2•···•xn+l ), /10/ 

i=l xi 

r.ne * 
..... -Jo -Jo --J> 

~ 

J n(xl'x2, ... ,xn+l) =f ... f 
dA

1 
... dA exp(-C .. A. A. ) 

n IJ 1 1 
n -> X 
TI w(ii. +A.) 

i= I I I 

A--J>-+ ,..,_.,. -Jo 

x YoA(AI +At)Yo .. ·YoA (An+An)Yo 
·2 .... .... .... ... 2 

IE -[w(A.+A.)+W (A. +A.)] +:id 
I 1 I I 

* JIBHbiH BH.IJ; Ma TPHilLI C . . npHBe.IJ;eH B pa6oTe /
4 ~ 

1J 

/11/ 

5. 



K 6 6 /4/ v 

aK hiJIO noKa3aHO B pa OTe , OCHOBHOB BKJia,IJ. B BH-

Terpan /10/ ,IJ.aeT o6nacTL, a KOTopoii BHTerpapoaauae 

no O,IJ.HOMY B3 napaMeTpOB Xi , HanpBMep Xf , npOBO,IJ.BTCJI 
B6JIB3B 0, a no OCTaJILHhiM Be,IJ.eTCJI OT f ,IJ.O oo , r,IJ.e 

( - npoaJBOJILHoe Manoe nono>KBTeJILHoe 'IBCJio. B peJynL

TaTe ,IJ.JIJI T n+l nonyqaeM 

... f-1 ... n- f+l 
T ='V(s,~i!1 (yon-p) (yonr) Yo (x(o)1n, 

n+l e =I ( e -1) ! ( n - e + 1) ! 4 

r.IJ.e 3/2 00 "" d 2 
X (0) = - 11- f dz f _x_p (x) exp(- ~) = 

2pi -oo 0 x3/2 4x 

1 00 ' 

= -- f dzV(z, p= 0) 
2pi -0() 

• 3Ha'leHBe 3HKOHaJILHOii li!a3LI x(p) npB p = 0, 

->-+ 
n .... ,. =Yo -yo--+-+ ' 

p, K p,k 

/12/ 

/13/ 

/14/ 

-+ v v 

a OP•"' • eABHB'IHhiB BeKTOp, HanpaaJJeHHhiB B,IJ.OJIL BMnynL-

COB p BJIB k . 
CyMMBPYJI no n, nony'IBM .IJ.JIJI noJJHoii aMnJJBTY.IJ.hl pac

ceJIHBJI 

~ 00 - -+2 ,... ,., 
T (p,k)= ! Tn+I ='V(s,~ )[1+ (y n +y n,.)F+ 

n=O 0 p 0 K /15/ 
... ... 2 ) + y n y n,. F y , 

0 p 0 K 0 

r,IJ.e x (O)-

2 
/16/ 

e-2- -1 
F 

I 

1 

l 

llepexo,IJ.JI K .IJ._aci>4lepeu:uaaJILHOMY ce'leHBJO pacceJIHBJI 

...!!£....- ..!. ! < 1/1 ( p)l Tl 1/1 (k) >< 1/1 (k) I T+ I 1/1 (p) ·> -
dt s crnrn 

/17/ 
1 ... ... + 
- Sp ( n _. T n ,.. T ), 
s p k 

uaxo,IJ.BM 

da- .L I 'V( s K2)120+z)e2x(O) 
dt s , , /18/ 

r,IJ.e z - Kocauyc yrna pacceJIHBJI. 
,II;JIJI aw6pauuoro uaMB KJiacca auaJIBTB'IeCKBX KBa3B

noTeH:UBaJIOB, o6Jia,IJ.aiOUUIX CBOHCTBOM /3/, BMeeM 

- 12) -
V( s,Ll 3,2-oo 

s, 

->2 
"" -x~ 
f dxp(s,x)e 

0 

- 1 00 _t 

- sN+l l dl1 J/! (11 )e -;;"7= 

->2 

~ -¢HKC. 
s 

1 t 
=- f (-), 

s N+l s 

/19/ 

OTKy,IJ.a )J.JIJI .IJ.B414lepeH:UBaJILHOrO Ce'leHBJI Me30H-HYKJIOHHO· 

ro pacCeJIHHJI Ha 60JILWBe yrJILI npB BLICOKHX 3HeprBJIX 

noJJy'IBM 

da ---
dt 

lX(O) 
( 1 +Z) I f ( ts ) 12 . /20/ 

2x<o> 
llO,IJ.'IepKHeM, 'ITO MHO>KBTeJIL e , onBCLIBaiOUUIH 

npo3pa'IHOCTL 'laCTB:U.Ha MaJlhiX npB:UeJILHhiX paC~TOJIHBJIX, 

npBBO)J.BT K KOppeJIJI:UBJIM Me)K)J.y acBMnTOTB'IeCKBM noae

,IJ.eHHeM ua 6onLWBe a MaJILie yr JILl pacceJIHBJI I 4/. 

HMeJI a BB.IJ.Y, 'ITO JaaacaMOCTL .IJ.Bci>4lepeu:uaanLHoro 
ce'leHBJI OT Kocauyca yrna pacceJIHBJI onpe,D.enJieTCJI li!yuK

:uaeii 1/1 (17 ), paccMoTpBM npocToii npaMep. llycTL 

1/1 (17) = cmst •17m • /21/ 
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TorAa AnR AH~epeauaanLHoro ceqeHHR pacceRHHR Ha 
6onLUIHe yrnLI HMeeM 

da _ 

dt 

1 2x<o> 
2N 2 e s + ( 1-z)m+l' 

1+ z /22/ 

OTKYAa cneAyeT, qTo nonyqeHHOe ~~ HMeeT llHK npH pac
CeRHHH Ha ManLie yrnLI e- 0 (z - 1). 3aMeTHM llpH :HOM, 
qTo yqeT 06MeHHLIX CHn MO)J(eT llpHBeCTH K llORBneHHIO 
B Bblpa)J(eHHH AnR AH<i><i>epeHUHanLHOrO ceqeHHR AOllOJIHHTenL-

Horo qneHa THna 1 
(1 +Z)m 

HMeromero oco6eHHOCTL npa 

pacceRHHH Ha3aA (z=-1). IlpeACTaBnReT HHTepec HHTepnpe
TaUHR paJnaqHLIX CTPYKTYP B BLipa)J(eHHH AnR KBaJanoTeH
uaanLHoii aMnnHTYALI pacceRHHR Ha 6onLWHe yrJILI B TepMH· 
HaX o6o6IUeHHLIX KBapKOBLIX AHarpaMM. 

TaKHM o6pa3oM, BLI6paHHLIH HaMH xnacc y 5 -aHaa
paaHTHLIX KBa3HllOTeHUHanoB npHBOAHT K CTeneHHOH aBTO
MOAenLHOH aCHMllTOTHKe AnR AH<i><i>epeHUHanLHOrO ceqeHHR 
ynpyroro MeJoH·HyxnoHHoro pacceRHHR Ha 6onLWHe yrnLI. 
IIORBneHHe MHO)J(HTens(1+Z) B Bblpa)J(eHHH AnR AH<i><l>epeH
UHanLHOrO ceqeHHR /22/ RBnReTCR npRMLIM cneACTBHeM 
Ys ·HHBapHaHTHOCTH B3aHMOAeHCTBHR qaCTHU npH BLI
COKHX 3HeprHRX H 6onLWHX nepeAaqax HMnynLCa. 

B JaxnroqeHHe aBTOPLI BLipa)J(aJOT rny6oxyro 6naroAap
HOCTL H.H • .lioromo6oay H A.H. TaaxeJIHAJe Ja HHTepec 
x pa6oTe a ueHHLie JaMeqaHH.H, a TaiOKe M.A.MecTBHpa
IIIBHnH, P .M.MypaARHy, A.H.CacaxsHy, P .H.cl>aycToBy H 
,l(.B.lliHpKOBY 3a noneJHLie o6CY*AeHHR. 
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