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1. B uacToJimeii pa6oTe uccne~yeTcJI pacceJiuue lfacTHI.J, 

BbiCOKHX 3HeprHH Ha 60JibWHe yrJibl Ha OCHOBe KBaJHDOTeH

I.J,HaJibHOrO ypaBHeHHJI RoryHOBa-TaBXeJIH~Je ~JIJI WHpOKOrO 

KJiaCCa JIOKaJibHbiX KBaJHllOTeHI.J,HaJlOB, HaJBaHHbiX HaMH 

auaJIHTH'Ie CKHMH. 

KBaJHDOTeuuuaJibHaJI TeopuJI pacceJIHHJI lfaCTHI.J, Bblco

KHX 3uepru8 ll I cymecTaeuubiM o6paJoM onupaeTcJI ua 

npe~DOJIO*eHHe 0 rJia~KOCTH JIOKaJibHOro ~BYX'IaCTH'IHOro 

KBaJunoTeuuuana 12 I. runoTeJa o rna~KOCTH cblrpana 

6onbwyro ponb ~JIJI nouuMaHHJI o6mux JaKouoMepuocTeH 

BJaHMO~eHCTBHJI lfaCTHI.J, B o6JiaCTH BbiCOKHX 3HeprHH H orpa

HH'IeHHbiX nepe~alf HMDYJibCa. 

B cnylfae ynpyroro pacceJIHHJI ua 6onbwue yrJibi npe~

nono*euue 0 rna~KOCTH llpHBO~HT K 3KCDOHeHI.J,HaJibHOMy 

na~eHHIO ~HtWlepeHI.J,HaJlbHbiX CelfeHHH C pOCTOM nepe)I.a'IH 

HMDYJlbCa. 3TO o6ycJIOBJieHO TeM, 'ITO rJia)I.KHH KBaJHDOTeH

l.I,HaJI, THDH'IHbiM DpHMepoM KOTOporo JIBJIJieTCJI rayCCOBbiH 

KBaJHDOTeHl.I,HaJI, ODHCbiBaeT BJaHMO)I.eHCTBHe, o6pa3HO Bbl

pa*aJICb, "pbiXJlbiX" npOTJI*eHHbiX CHCTeM, pa3BaJIHBaiOU{HX

CJI npH 60JibWHX nepe.n.alfaX HMllYJibCa llO'ITH C e)I.HHH'IHOH 

aepoJITHOCTbiO. BepoJITHOCTb ynpyroro pacceJIHHJI ua 6onb

wue yrJibl OKa3biBaeTCJI, TaKHM o6paJOM, 3KCllOHeHI.J,HaJibHO 

Manoii aeJIH'IHHOH. llo.n.o6uoe noae.n.euue THDH'IHO .U.JIJI 6onb

WHHCTBa MO)I.eJieH, B KOTOpbiX a)I.pOHbl paCCMaTpHBaiOTCJI 

KaK CJIO*Hble DpOTJI*eHHble 06'beKTbl C BHyTpeHHHMH CTene

HJIMH CB060~bl, HanpHMep, )I.JIJI TaK Ha3biBaeMOH "~ponJieT

HOH" /T.e. Kanenbuo8/ Mo.n.enu Jlura H .n.pyrux. 
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Ilocne~HHe JxcnepuMeHTanbHwe ~aHHwe yxa3hiBaiOT, 
O~HaKO, Ha B03MO)KHOCTb 6onee cna6oro, 'leM 3KCllOHeH
UBanhHOe, cna~aHB.H ~ucllclJepeHuBanhHhiX ce'leHBH paccexHH.H 
Ha 6onbWBe yrnhl C pOCTOM 3HeprBB, HaiipHMep llO CTeiieH

HOMY 3aKOHY /3/. 

~ ... 
dt 

1 
n s 

f(-t-) 11.11 
s 

npB s >>m 2 , tIs clJuxcuposaHHOM. 
06'h.HCHeHBe 3TOMY .HBileHHIO 6wno ~aHO B pa6oTe / 4 / Ha 

OCHOBe npHHUBIIa aBTOMO~enbHOCTB, T.e. npe~UOilO)KeHHH 06 
OTCYTCTBBB cymeCTBeHHhlX pa3MepHbiX napaMeTpOB, onpe
~en.HIOIUHX ~HHaMBKY B3aBMO~eHCTBH.ft Ha ManhlX paCCTO.HHH
.HX. Hcrronh3Y.H aHanBJ pa3MepHocreii H coo6pa*eHHH o co
cTaBHOH npHpO~e qacTBU, MO)KHO CB.H3aTb llOKa3aTenh CTerre
HH n B clJopMyne I 1.11 c 'IBCilOM 3neMeHTapHhlX COCTaBJI.HIO
IUHX a~poHOB. HanpuMep, ~ng cnyqag 6uHapHoii peaKUHB 
a+ b ... a+ b HMeeM n = 2( na + n b - l) , r~e na , n b - qucna 
3ileMeHTapHhlX COCTaBn.HIOIUHX lxsapKOBI a~pOHOB a , b CO
OTBeTCTBeHHO. 

BoJHBKaeT Bonpoc o crpyKType noKanbHOro ~Byxqac
TH'IHoro KBa3BIIOTeHUHaJia, llpHBO~.HIUero B cnyqae BhlCOK0-
3HepreTH'IeCKOrO pacce.HHH.ft Ha 6onhWHe yrnhl K aCHMllTO

TB'IeCKOMY llOBe~eHHIO TBlla 11.11. 
HB*e . Mhl paccMOTPBM xnacc noxanhHhlX KBaJunoTeH

uuanoB, Ja~aHHhlX npe~cTaBneHHeM BH~a: 
"""2 00 12 

V ( s, ~ ) = f dx p ( s, x) e -x 
0 11.21 

B .HBil.HIOJUHXC.ft aHailBTH'IeCKHMB clJyHKUH.HMH t B llOJIYllilOC
KOCTB '"Re t ;5 0 , 

0THOCBTenbHO clJyHI<UBH llilOTHOCTH p ( s 9 x) npe~UOilO)KHM 
cymecTBOBaHHe cna6oro npe~ena: 

lim s N p ( s, x = 7) I s ) = t/1 ( 7) ) • 11.31 
S->:x> 

0 < 7) <oo; N > 0, 

CoorseTCTBYIDIUHe 3TOMY npe~cTaBneHHIO noxanbHhle KBaJH
llOTeHUBanhl BKiliO'IaiOT B ce6g KaK aHanHTH'IeCKHe KBaJH-

4 

noTeHuBanw, npe~cTaBBMwe B BB~e cynepno3BUHB noTeH
uuanos IOxaBbi /5/, TaK B rna~KBe KBa3HnoTeHuHanw, onpe
~en.HeMhie cynepno3HUBeii rayccos~ noTeHuuanos. 

KsaJBIIOTeHuuanw 11.21, o6na~aiOJUHe csoiicTBOM 11.31, 
Mhl Ha30fleM aHailBTH'IeCKHMB. )l;ng TaKBX llOTeHUHanOB BO 
BTopoM p;-n~ene HacTORIUeii pa6orw nonyqeHo npe~cTaBne
HBe aMnnury~w pacce.HHB.H, y~o6Hoe ~ng BJyqeHH.H ee acuMn

TOTB'IeCKBX CBOHCTB. 
B rpeTbeM pa3]lene uccneAoBaHo acuMnTOTB'IecKoe 

noBe~eHBe aMnnHTy~w pacce.HHH.H Ha clJuxcupoBaHHwe yrnw 

B npe~ene BhlCOKHX 3HeprBH. 
HaMH 6bxno noKa3aHo, 'ITO Jlil.H 3a~aHHoro xnacca aHa

nuruqecKBX KBa3BllOTeHUHanOB aCHMllTOTBKa aMllJIHTY~hl 

ynpyroro pacce.HHH.ft 6eCCUHHOBbiX qacTHU npH BhlCOKHX 

3HeprB.HX H clJHKCBpOBaHHbiX yrnax BMeeT BH~: 

->2 
T ( s, t =-~ ) 

->2 
2i:x. (0 l l f( ~) 

:; - -- + "" e N s I o6MeHHhlH BKna~l 

S->00 

->2 
~ /s -clJHKC., 

r~e 

->2 
f (A_) 

s 

s-

ex; 

r d7) 0 ( 7)) 
0 

-> ? 
~~ 

-7) -s
e 

BenH'IBHa Xs ( 0) ecTh JHa'leHBe clJyHKUHH 3HKoHana 
l +oo 

X (p) =-f dzV(s,r) 
s s ~ 

rrpu HynesoM npuuenhHOM napaMeTpe 

Xs(O)=xs(p=O). 

HanoMHHM, 'ITO nose~eHHe aMnJIHTY~hl ynpyroro pac
ce.HHB.H Ha Manwe yrnw onpe~en.HeTC.H HCKJIIO'IBTenhHO cilYHK-

uueii 3HKOHana: 
->-> 

... 2 2.., i pt-. 
T ( s, t =- ~ ) .. is { d p e 

(l-e2iXs(p) ) . 
s -> :00 

~2- <\lBKC. 
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TaKHM o6pa3oM, Haii~eHHblii HaMH pe3yJILTaT no3BOJIB:eT 

ycTaHOBHTb onpe~eJieHHYIO KOppeJIB:~HIO aCHMDTOTHK aMDJIH

TY~bi pacceB:HHB: npa MaJibiX a 6oJibWHX yrJiax pacceB:HHB:. 

llpHMep HCDOJib30BaHHB: DOJiy'leHHbiX 4lopMyJI ~JIB: KOHK

peTHOrO KBa3HDOTeH~HaJia npHBO~HTCB: B 'leTBepTOM pa3-

~eJie. 

2. PaccMoTpHM pacceB:HHe ~ayx ci<aJIB:pHbiX TO:>K~ecT
BeHHbiX 'laCTH~ paaHoii Macchi. Kaa3anoTeH~HaJI c y'leTOM 

o6MeHHbiX caJI /6 I 3anaweM B BH~e: 
... 1 -+~ _,....., 

V(s,p,) ='l(s,p-k) +R(s,p+k) /2.1/ 

Kaa3anoTeH~HaJibl 'l a R 6y~eM Ha3biBaTh npB:Moii a o6-

MeHHoii qacTB:MH KBa3anoTeH~HaJia. AMnJIHTy~a pacceB:HHB: 

MO>KeT 6biTb npe~CTaBJieHa TOr~a B BH~e: 

-+,. -+~ --.-+ 
T (s,p,K) = G (s,p,k) + H (s,p,k). /2.2/ 

Cnpaae~JIHBbl paaeHcTaa 

-+ -+ 4> -t 

<J ( s' p -k) = 11. ( s, p -k ) 

-+-+ -+-+ /2.3/ 
G ( s , p , -k ) = II ( s , p , k ) , 

OTKy~a ~JIB: DOJIHOH aMDJIHTY~bi CJie~yeT 

-+ ... 
A .... ... 

T(s,p,k) =(l+P) G(s,p,k), /2.4/ 
A 

r~e p - onepaTop OTpa:>KeHHB: OTHOCHTeJibHOH I<OOp~HHaTbl 
'laCTH~ B KOHe'IHOM COCTOB:HHH. llpH ~eHCTBHf Ha aMDJIHTy

~y G Ha Maccoaoii noaepxHOCTH onepaTop P npoa3BO~HT 
3aMeHy t -+ u. AMnJIHTy~a G ( s ,p,1 ) y~oBJieTaopB:eT 
KBa3anoTeH~HaJihHOMy ypaBHeHHJO JloryHoaa- TaaxeJIH~3e: 

G( -+ -+k) _ ( -+ -+k) J d3q f{ s,p-q) G ( s,qJ) 
s,p, - f s,p- + --

c (q) q2- p2 -iO 
/2.5/ -+ ... 2 '2 

c(q) =vq +m 

npa'leM Ha Maccoaoii. noaepxHOCTH HMeeM 

6 

... .., I ... 2 
G(s,p,k) s=4(m2+p) 'G ( s, t ) • 

... ... 2 
t = -( p -k) 

Jiy~eM C'IHTaTb, 'ITO I<Ba3HDOTeH~HaJI <;J 

HHeM BH~a /1.2/: 
... 00 

'l(s,~).: isgJ dx p(s,x) 
-o? 

--x~-
e 

... _. -+ 

~ = p- k • 

3a~aHnpe~cTaaJie-

/2.6/ 

PemeHHB: ypaaHeHHB: /2.5/ c KBa3anoTeH~HaJioM /2.6/ a~eM 
HTepa~HB:MH 

... 1 ........ 
G ( s,p, ) = l Gn+ 1 ( s,p,k) , 

n=O 

G
1 

= <J ( s , p -1 ) , 

G ( ....... 
'n+I s,p,k) 

n+l 
= ( i sg) 

n 

/2.7/ 

dqi n+1 
( ... (II dx. p(x.) Y r ··· J i=q f < -q. ) 

I 

j= I J J (q~-'P 2 -io 
I 

n-I 

I ... ... 2 ~ 
x exp -x ( p-q ) -.:.. Xn 

1 I I E =I t+ 

(
.... ... 2 ... ... 2 
qe -qe 1 ) - x < q - k ) ! + n+I n ' 

)J,nJI ~aaroHaJIH3a~aa KBa~pa TH'IHoii 4lopMbi a /2.7 I nepeii.~eM 
K HOBbiM nepeMeHHbiM HHTerpapoBaHHJI 

... ... 
q_ = ~- +A. 

I I I 
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r: +f-.. 

i 
l l 

+'l v --~ ' - 2 -= l xe 
4 -> 

p- k 

2 n+l 
2 _1 2 /2.8/ 

t= I xe 

B pe3yJibTaTe rrony'lHM 

~ '-t .4- 9t .:L !['1 

4 -> n+Jo n+l 0+1 
Gn+l(s,p,k) =(isg) [ ... [II dx. p(x.) e :£ l /xi 

j=P J l j =I 

~ J (x
19 

... ,x_,_
1

) 9 
n n. 

rne 

3-> 
n d f!i exp I -> -> -Cij f!i fi · l 

/2.9/ 

J ( XI '"'9 X I ) n n+ =[ ... fil-_:;-->) [ 
i= l < ( n. +.\i 

I 

-- J 
( 3.+~ )2:_;;--/2.10/ 

I i -p -iO] 

MaTpaua cij HMeeT BH,IJ,: 

"' 
+X 2 -x2 0 

0 
I 

- x2 x2+x3 -x 3 I 

c = I I - - - - - - - - - - - - - - - - - - - -

0 

T.e. 
-> -> n+l 

Ci· .f\A. =:£ 
J J k= I 

-> -> 

flo = f1 n+l = 0 • 

8 

-x n-1 

0 

... 4 2 
.c\ -flk-1 ) X k 9 

xn+l +xn 

-x 
n 

-x n 

xn+xn+ 

/2.11/ 

• 

IlpHMeHJIJI K rrpe,IJ,CTaBJieHHIO /2.9/ MeTO,IJ,, H3JIO:>KeHHLIH 

B pa6oTax /I I, MO:>KeM IIOJIY'lHTb rnaBHLiii 'lJieH aMIIJIHTY.IJ.LI 

pacceJIHHJI Ha MaJILie yrJibl IlpH BLICOKHX 3HeprHJIX B ( n + l) 
IIOpJI,IJ,Ke: 

Gn+l ( s,p,k) 

2 n 
(-417 g) 

= isg----1 ( n+l) ! 

dxi p ( xi n+I 
f ... f 11 ( ----

i•I Xj 

n+l 
exp I t I :£ _!__ 1 

j=l Xj 

l 
n+l 
:£ 7 j= l Xj /2.12/ 

3To BLipa:>KeHHe JierKO IIpHBO,!J,HTCJI K 06LI'lHOH 3HKOHaJibHOH 

!llopMe C IIOMOIQbiO rrpe,IJ,CTaBJieHHJI 

n+l 
t/:£ _! 

e j=1 X· 
J 

-
n+I 
:£ l 

j=l X. 
J 

-> 2 
t = -f! 

~ 

l -r 
477 

->-> 
d24 ipA..L 

p e e 

2 n+ 1 
1 -L:£_ 

4 j=l xi 

HMeHHO, rrocne cyMMHpoBaHHJI non rronyqaeM: 

...... 
i p A..1. 

e 
2i Xs (p) -l e 

... ... 
G(s 9 p,k) 

s 

< 277)3 r d2 r 
2i /2.13/ 

2 
00 

dx -p
2
/4x 2i 00 2 2 

2ix(p}=-477gf--p(x)e =-fdz<J(s,..jp+z )? 
S X S 

0 A .....,., 

'~t1? _r("'I.S) 

r,D;e 'If ( s,r) ~ !llypbe~o6pa3 KBa3HIIOTeunaana /2.6/. 
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3. H3y1.fHM Teneph BhiCOK03HepreTH1.fecKoe rrose.n:euue 
aMllJIHTY.!l:hl paccegHHji Ha !jJHKCHpOBaHHble yrJihl, T .e. B npe • 
.n:ene 

t ' 1 • 
s-+ oo 1 t -> " ~ --· ~- ~ f l-z) ·qJHKCHpOBaHO /3.1/ 

.~ 

3 /3.1/ Mhl 0603Ha1.fHJIH 6yKBOH z KOCHHYC yrna :•aCCeHHHH. 
B npe.n:ene /3.1/ OCHOBHOH BKJiall B aCHMIITOTHKY 1-JHTerpaJia 

, 2.9/ ;~.aer o6nacn. 
S.+l 

"' ....._ ,. (), caK KaK B llpOTHBHOM 

n+l l 
cnyqae HMeeM y6btsawmyl0 3KcnoHeHTY <'xp I -! t[ ( L, x-;- I. 

J= " J 

= 1 Xj 

,nnH uccne.n:oaaHHH BKna;~.oa pa3JIH4HhiX o6nacTeii. o6pameHBH 

B HYJib napaMeTpOB Xi npe.n:cTaBHM KaJK.rJ,blH H3 HHTerpaJIOB 
no dxi B /2.9/ B BB.n:e: 

"" r dx: 
(1 ' (j 

il 'i dx; 
( 

r.n:e c ""1 1 s ~-u , 0 <<..~<] B pe3yJILTaTe nonyqaeM npe.n:-
CTaBJieHBe 

G ~it~ 1 m) 
u+ 1 ~ "'-' ,., ... 

':1=0 .:- j /3.2/ 

r~e G~:~ 3a.rJ,aHO ;}JopMyJIOH /2.9/, B KOTOpvB BHTerpBpo· 
BaHHe no KaKHM·JIB60 m napaMeTpaM Xj npOBO.!l:HTCH 

B 06JiaCTH B6TIB3H HyJig, a IIO OCTaJibHhlM - OTt .rl,O oo • 

KaK OTMe 'ii:l,IOCh Bhlwe, G \ '\; JKcnoHenu.uaJibHO Mano 
B npe.n:ene /3.1/. )lm1 ;;(I l :.+ nonyqaeM H3 /2. Bhlpa
)l(eHBe n + 1 

'l) .., -> n+l n+l .,., 
Gn+I (s,p,k) =(isg) £=1 (dx1 ••• /· dx£ ... _1 

< 0 

, :J+l . - ... e[t! 
u~l+! [l p( X;, !~ X 

i-=: } 

X Jn (XI •••Xn+l I ; xe =0 /3.3/ 

B /3.3/ Mhl y)l(e yqnu ror!IJaKT, 'ITO Kf Jie)I(HT a6JIB3H HYJIH. 

Cornacuo /2.10/, 

10 

] 

I 

' 

Jn ( xl'··· "n+l ) lxe = o 

- ........ 
exp i -C. . fl. A . 

1 3.,. a-> lJ 1 J 

-- f d 6.1 • .. d f., n f 1 n 2 - .... .... ... .... 
(2p)n n (fl.nn-iO) ll(flink-iO) 

i=l 1 
,. i=t 

/3.4 I 

... ... .... 
r.n:e n p B n k - e.n:BHB1.fHbie BeKTOphl B.!l:OJib BMny JihCOB p L! 

k COOTBeTCTBeHHO, a 

.... .... e-l .... ... 2 n+l ... ... ::: 
C . fl. f., . = l ( f., k -f., k I ) xk + l ( ,\ k - '\ ) xk 

l) I J k=l - k=P+I k-l 

-+ ... /3.5; 
:'\ =fi =0 

0 n+I 

H3 /3.4/ B /3.5/ cne.n:yeT, 'ITO Jn ! xp = o rrpe.n:cTaBHMO 

B BB.!l:e npOB3Be.n:eHBg 

l 
J n I xe =o 

( 2p2 ) n 

r,11.e 

3.... 3 .... 
.Jf'-I = r d fll .•. d fle-l 

Jf'-1 Jn-e+ 1 

r-' 
exp l -L~ 

k=l 

e-1 ... 
II ( l\. 

i= I 
1 

n+1 

.... -~ 

xk ( Ak -1\ k-1 

... 
n - iO ) 

p 

-> 

J - 3 -> 
n-e+l - f d ,\e 

3_, exp l- l 
•·· d A k=i'+l xk n lin[ _ _:_: __ _ 

~k - f.,k-1 

i !1n ( '7\ . ; . 
-t l k 

- iO ) 

/3.6/ 

2 
) 1 

/3.7/ 

) :c ! 

,l].nx a_:rqucneuug Jr-r B J n-f+ 1 y.n:o6Ho uanpaBBTL och z 
B.!l:OJih np, k B BCDOJib30Ba Th npe.n:cTaBJieHBe 

II 



~ .. 2 
-xk(~k-~k-1 )z 

e 

l 00 

f dz e 

2~ -oo k 

... ... 

i z k ( ~ k - ~ k-1 ) z -

... 

2 
zk 
--' 
4xk 

!!03BOJI.Ill011\ee npOHHTerpHpOBa Tb no 

J f-1 norryqaeM: 
~ • HanpuMep, .D.JI.Il 

l 00 

J n - ( • 3 · f-1 
L- Jl - 1 T7 ;2 ) 

( x
1 
... xf-l) 3/2 

I d z1 ... d z f- 1 e ( z c z 2 ) X 
0 

f-1 
X (j ( Z 2 - z 3 ) , , , (j ( Zf- 1 ) exp l - ~ 

k=1 

2 
zk 

4xk 
I . /3.9/ 

IIO,II,CTaBHM /3.9/ H aHarrorHqHoe Bblpa)KeHHe )l,JI.Il j n-f+l B 

!IJopMyrry /3.3/ H npOHHTerpHpyeM no xk ( k I e) • llpH 

3TOM yqTeM, qTo 

z2 
. 3/2"" (x) -rx 
1sgrr f dx-{J-.- e --> 'l ( s,r) I • 

3/2 ! .... 0 p = 0 
! X 

/3.10/ 

CHMMeTpH3Y.Il norryqeHHhle nO,II,hlHTerparrhHhle BLipa:>KeHH.Il no 

z k , llpHXO,II,HM K npe,II,CTaBJieHHIO 

( l) f t x. n+1 l i "" n 
Gn+1 =isgJdxp(x)e-1 I ~(n ( ,..£ 1-[dz'l(s,z,p=O) l 

0 
£=1 L -l} ! n + l) f 5 -oo 

isg! -lt\x n 
= -- J d x p ( x) e l 2 i X ( 0 ) ] 

I 5 
n. 0 

/3.11/ 

12 

i 
l 
+ 

TaK KaK I t, TO OCHOBHYJO pom, B /3.11/ HrpalOT 

MarrLie x-l/s, T .e. 3aMeHa 

is g I 
. 0<0 1 • 

-t;x -It;" 
(1x p(x} e ' - isgJ dxp(x) e · ""'l(s,\tl) 

(' G 

He H3MeHlli aCHMnTOTHKH BLipa)KeHH.Il /3.11/. 
B pe3yJihTaTe BKJia.D. G( 1

1
) B norrHyro aMnJIHTY.D.Y HMeeT 

n+ 
BH,II, 

G( 1) = 'i_ 
n-=0 

(I) 

Gn+I ='if (s,\t\) 
21x (OL 

e 5 /3.12/ 

B !IJopMyrre /3.12/ KBa3HnoTeH~Harr 4 ( s,l tl ) onpe,II,eJieH 

Bblpa:>KeHHeM /2.6/ /HanOMHHM, qTo ""A2 =It\-> oo /, a 

Xs ( 0)- 3HaqeHHe B Hyrre 3HKOHaJibHOH 4>a3hl /2.13/. ,D;rr.SI 

Bb16paHHOrO HaMH KJiacca aHaJIHTHqecKHX noTeH~HaJIOB, 06-

Jia,II,aiOIQHX CBOHCTBOM /1.3/, Mhl MO:>KeM TaK:>Ke HanHCaTb 

I t I 
I I 00 - -"-~--7) • 1 I o "''t X __i_g_ S 2..B... ( t 

isgfdxp(x,s)e' ""N [dT)t/J(T))e =f-), 
0 s 0 SN s 

T. e. aMnJIHTY ,II,a G ( 1) HMeeT acHMnTOTHqe CKHH BH.D. 

dl)"' i_g_ f( L!L) 
SN s 

e 2ix5 ( 0) 
/3.13/ 

qTQ npHBe)l,eT K CTeneHHOMY na,II,eHHIO .D.H4>4!epeH~HaJibHOrO 
ceqeHH.Il B COOTBeTCTBHH C Bblpa)KeHHeM /1.1/. 

PaccMoTpHM Tenepb qrreH G~1\ B pa3JIO)KeHHH /3.2/: 

I tl xe X k 

( 2} n+ I n + 1 00 f f 00 X e + X k 

Gn+1 =(isg) ~ fdx1 ... fdxe ... f dxk ... [dxn+l e 
f<k=l ( 0 0 f 

n+l ) j 
X II p ( x. l Jn ( xl' ... 'Txn+1 xe,xk-> 0 

j =1 1 

n+1 
= ~ G 
f<k=l fk 

/3.14/ 
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(1) 
B OTllH'IHe OT Bbi'IHCneHHJI G n+l Mbl TenepL He MO)KeM 

BCIOAY B Jn nonO>KHTL Xf = xk = 0, TaK KaK npH 3TOM, 

B006~e rOBOpJI, MOryT nOJIBHTLCJI paCXO,I(HMOCTH B HHTerpa

nax no ~i • 3TO npOHCXO,I(HT BCne,nCTBHe HC'Ie3HOBeHHJI 

a 4JopMe G i ! i .... "! i npH xe , xk-+ 0 qneHOB, KBa.I(paTH'I

HbiX DO & ( H f! k .HaH60nLWYJO onaCHOCTL B 3TOM CMbiCne 

npe,nCTaBllJIIOT 3Ha'leHHJI k H £, OTllH'IaJOil.UieCJI Ha e,I(HHH~y. 
3TO 03HaqaeT, 'ITO HMeHHO 3TH 'llleHbl H ,I(a,nyT rnaBHbiH 

aKnan a acHMnTOTHKY G (n~I • llpH nepexo,I(e a J n K npeneny 

X f , Xf+I -> 0 Mbl y.I(ep>KHM n03TOMr qneHbl, o6ecne'IHBaJO

~He HaM CXO,IJ,HMOCTL HHTerpana no /) f • MMeHHO, 

·c ~-~-I _. o 
ij IJxf,xf+I 

f-1 -> .... 2 .... 2 

.2. ( f!i-L\-1 ) xi +L\f (xf+Xf+l) + 
1=1 

n+l 
+2 

i=f+2 

... -~ 2 
L\. -L\. 1 ) X. 

I 1- I 
/3.15/ 

Torna MO>KHO Han&caTL Bblpa>KeHHe, aHanorH'IHoe /3.6/: 

J ( x., ... ,"n+li ) x ... 0 
n 1 xf' f+l 

1 -
( 2p2) n-I J f- I J n -£ J , /3.16/ 

r,I(e ]'f-1 o,ppe.I(eneHo 4JopMynaMH /3.7/ H /3.9/, Jn-f 
COBna,I(aeT C J n- f +ll npH 3aMeHe f -> f + l , a J 3a,I(aHO 

Bblpa>KeHHeM 

14 

.... 2 
- c\ f ( X f + X f + 1 ) 

e 3 ... 
J={df!e 

~ .... -+-+ 

d f!e+>.f) [ f!e +>.e) 2 -p 2- iol 

... ... 
... 
>.e 

Xf p + X f + 1 k 

Xf + Xf+l 

/3.17/ 

l 
I 

fiO.I(CTaBllJIJI Bblpa>KeHHJI ,I(llJI J f-1 , J n-f H .J B 4JopMyny, 

onpe.I(enJIJO~YJO Ge, f+I, nonyqaeM: 

n-l xe X f+I 
2 [ ixs(O) ] E 

Ge e =(is g) f dXf'dXf+I p( xe) p( Xf+l) 
'+l (f-l) !(n-f) ! 0 

--j tl xf + xt+1 J 
e 

/3.18/ 

1JI 112 
llpOH3BO,I(JI 3aMeHy Xf,Xf~-> s-•-s H nepexo.I(JI K npe-

,I(eny s .... "", nonyqaeM ,I(nJI Hawero Knacca KBa3HnoTeH~uanoa 

2 n-1 
( i g) [ i X s ( 0) ] 

sa 
-::l.!L 1] I 77 2 

Ge, f +I 

J =J 

= --w-
8 (f-l)!(n-0! 

{ d7]1 d~l/!(77 1 )1/1(7] 2 ) e 
0 

-><) 

3-> -L\ ~( 1] J+1] 2) 
d L\ e OJ 

,\ - - ' 

... ... 
7]Inp +7]2nk 

... ... ... ... 2 l 
l!\+,\1 [(L\+,\) - 4 -iO) 2 ( 7]1 + 1] 2 ) 

s 111+7] 2 j 

/3.19/ 

Mo>KHO noKa3aTL, 'ITo H3 /3.19/ cne.I(yeT orpaHH'IeHHe Ha 

acHMDTOTH'IeCKOe OOBe,I(eHHe G e. e +I 

Ge. f+1 < 
1 

/3.20/ O<a<l. 
N N ( 1 -a) 

s s 

CpaBHHBaJI /3.20/ c /3.13/, y6e>K.I(aeMcJI, 'ITO BKna.I( a aM

DJIHTr~Y pacceJIHHJI OT G < ll acHMDTOTH'IecKH 6onLwe, qeM 

oT G • Mo>KHO y6e.I(HTLCJI aHanorH'IHbiM o6pa3oM, 'ITO 3TO 

cnpaBe,I(JIHBO B OTHOWeHHH JIJ060H aMnnHTY.I(Ll G( m) C m > l . 

TaKHM o6pa3oM, 4JopMyna /3.12/ onpe.I(enJieT BCIO aMnnuTy

.I(y pacceJIHHJi G. EcnH TenepL no.I(cTaBHTL /3.12/ a /2.4/, 
TO nony'IHM aCHMnTOTH'IeCKOe Bblpa>KeHHe ,I(llJI nOJlliOH aM

nnHTY.I(Ll pacceJIHHJI: 

/3.21/ 

... 2i)( ( 0) 
T(s,p,1) =e s [ 'iJ(s,lti)+<J(s,lul)] • 

15 



B 3aKniO'ieHBB 3Toro pa3,11;ena 3aMeTBM, 'ITO /3.12/ 
MO:>KeT 6hiTh rronyqena 3KCTparromm;ueH: 3HKonanhHoro rrpe.D:

cTaaneHBH /2.13/ a o6nacTh 6onhWBX rrepe,11;aq BMrrynhca. 

,ll;eHCTBBTenhHO, BCIIOTih3YH pa3TIO:>KeHBe /2.12/ B B3no

:>KeHHhiH MeTO,IJ;, IIOTIY'IBM IlpB t -> -oc 

a ilK. 

Gn +l 

2 n oo 
( -417 g) (f 

"'i sg 0 
0 

p( x) n f 

d X --) ( d X p ( X) 
X 

= 'it < s, I ti ) ..!.._ < -417
2 

g r dx 
n ! 0 

p( x) n 
- ) 

X 

e 

i I 
-~ ti X 

B IIOCne CYMMBpOBaHB.II IIO n B BCIIOTih30BaHBH Bhipa:>KeHBH 

/2.13/ ,IJ;nH 3HKOHanhHOH <l>a3hi x s ( p) : 

G 8HK. I - ( I I ) 2 i X s ( 0) II r - ~ s, tl e 
t i ..... 00 

'iTO B TO'IHOCTB COBIIa,IJ;aeT C /3.12/. 

4. fipBBe,IJ;eM HeCTIO:>KHhiH IlpBMep BCIIOTih30BaHBH rrony

qeHHhiX <i>opMyn. B Ka'ieCTBe KBa3BIIOTeHuuana ~ Bhi6epeM 

rayccoa KBa3BIIOTeHuuan c ManoH: ,11;o6aaKoii, y,IJ;oaneTaopHro

IUeii ycnoauro /1.3/. HMeHno, 

h p ( x) = o ( x-a ) + ( --) 
isg 

l m ---x 
M-I 

s 

e -bx 

m>O 
/4.1/ 

fipB pacceHHBB Ha MaTihle yrJihl OCHOBHOH BKTia,IJ; ,IJ;aeT o6-

naCTh s->"", x- <i>BKCBpoaaHo,T.e. p(x) ->o(x-a) ,BMhl 

rronyqaeM 3HKOHanhHOe rrpe,IJ;cTaaneHBe ,IJ;nH pacceHHBH Ha 

rayCCOBOM IIOTeHUBane. fipB 3TOM 3HKOHaTihHaH 4>a3a orrpe

,IJ;eneHa Bhlpa:>KeHBeM /eM. /2.13/ I 

8HK. 
2ixs 

16 

( p)=-~ e -p2 /4a 
a 

a ilK. 
2ix < o) s 

/4.2/ 

417 2 g_ 
a 

• j 

i 

fipB pacceHHBB Ha 

nacTh s-+ "", xs= T] 

N 

<i>BKCBpOBaHHhle yrnhl ,IJ;OMBHBpyeT 

- <i>BKCBpOBaHO. llpB 3TOM 

o6-

r.jJ ( T]) = lim s p ( s, x = !L) 
s 

.'5-+~ 

h m =--rg-7] ,, 

N =~I+ m 
/4.3/ 

Hcrronh3YH pe3ynhTaThi /3.13/, /3.21/ H o6o3Ha'ieHHe 

/3.1/, rronyqaeM 

2 
m+l -~ l 

_hm!~--e a [--1---+ ]. 
-- s N ( 1-z)m+l ( l+ z)m+l 

/4.4/ 
.... .... 

T( s,p,k) 

Mhl BB,IJ;BM, qTo Bhi6paHHhiH HaMB B Ka'ieCTBe IIPBMepa 

KBa3BIIOTeHUBan, orrpe,IJ;enHeMhiH IITIOTHOCTh10 p /4.1/, rrpu

BO,IJ;BT K CTerreHHOMY Ila,IJ;eHBIO aMIITIBTY,IJ;hl pacceHHB.II Ha 

<i>BKCBpOBaHHhle yrnhl. llpB 3TOM 3aBBCBMOCTh aMIITIBTY,IJ;hl 

OT KOCBHyca yrna pacceHHB.II TaKOBa, 'ITO BMeiOTCH O,IJ;BHaKO

Bhle IIBKB IlpB pacceHHBB BIIepe,IJ; B Ha3a,IJ;, KaK B ,II;OJI)KHO 

6h1Th B cnyqae TO:>K,IJ;eCTBeliHhiX 'iaCTBU. 0TMeTBM, 'ITO y'ieT 

CIIBHa pacceBBaiO(UBXCH 'iaCTBU IlpBBO,IJ;BT, B006IUe rOBOp.H, 

K IIO.IIBTieHBIO B aMIITIBTy,IJ;e ,II;OIIOTIHBTenhHOH 3aBBCBMOCTB 

OT z, orrpe,IJ;enHeMOH CIIBHOBOH CTpyKTypoii KBa3BIIOTeH

UBana. 

113 3HKOHanhHoro rrpe,IJ;cTaaneHBH c <i>a3oH: /4.2/ cne,IJ;yeT, 

'ITO 

a tot 

X 

OTKy,IJ;a 

a 
tot 

=811 a I( x) , 

417 2 g 

a 

< a ln x , 

X 

I( x) = f _ir__ ( l - e -y ) 
0 y 

X -+ oo • 

/4.5/ 

/4.6/ 

C ,11;pyroii CTOpOHhl, B3 /4.4/ BB,IJ;HO, 'ITO ,II;JIJI COXpaHeHB.II 

CTerreHHOrO 3aKOHa y6biBaHB.II aMIIJIBTY,IJ;hl pacceHHB.II Ha 
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6onLwHe yrnbl Heo6xo~HMO, qTo6bl poeT x He npeablwan 
In s • EenH eqHTaTb /7 , qTo paeee.IIHHe Ha Manhle yrnhl 
ODHebiBaeTCJI rayeeOBbiM KBa3HllOTeHI(HanoM e pa.IJ;HyeOM 
a - ln s • TO nonyqaeM a Hawe:H MO,IJ,eJIH orpaHHqeHHe Ha 

poeT nonHoro eeqeHH.Il 

utot $ Canst ln s ( In ln s ) . /4.7/ 

<l>opMyna /4.7/ .IIBn.lleTe.ll npHMepoM OTMeqeHHOB BO Bae.u.e
HHH KOppen.lll(HH Me*,!J,y paeeeJIHHeM Ha Manble H 6onbWHe 
yrnhl. 

AaTopbl Bblpa>KaJOT rny6oxy10 6naro.u.apHoeTb H.H.Bo
ronJ06oay, A.A.lloryHoay, A.H.TaaxenH,IJ,3e 3a BHHMaHHe 
K pa6oTe H ueHHble 3aMeqaHHJI. Mbi npH3Ha TenLHbl B. p. rap
eeaaHHWBHnH, A.B.E~peMoay, A.H.KBHHHXH,IJ,3e,P.M.Mypa
.IJ..11Hy, A.H.CHeaK.IIHy, n.,D..ConOBbeBy, P.H.<l>ayeTOBY H 
,D.. B. Wapxoay 3a nno.u.oTBOpHhle o6ey>K,IJ,eHH.Il. 
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