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I. BepoSITHOCTHbiH CMbiCn ycnoBHSJ yHHTapHOCTH 

/1,2/ 
B paooTax yKaaaHa aoaMO*HoCTb aepoRTHOCTHO~ HHTepnpeTaUHH 

ycnOBHR yHHTapHOCTH, T,e, liOKa3aHo, 'ITO MHHMYIO '!aCTb aMIInHTYilbl pacce-

RHHR MO*HO Bbipa3HTb '!epea CP91lH9e 3Ha'!eHHe 

E cnH S = l + i T , a 

<wiTia>=o(p-p )<wltla>, 
w a 

0- !lJyHKUHH, 

( 1.1) 

TO MHHMYIO '18CTb aMnnHTYilbl paCC9RHHR MO*HO 38!IHC8Tb B CnenyiOIUeM BHile: 

l " i<wlt -tla>=<f(w)lo(P -p)lf(a)>, 
a ( 1.2) 

" 
rne P - orrepaTop rronHoro 4-HMynbca, a aonHOBbie BeKTOphi I f ( v) > 
OnpenenRIOTCR COOTHOlli9HH9M 

lf(t,)>= lln><nltla>. 
( 1,3) 

n 

EcnH B Ka'!eCTBe I f ( v )> BbiopaTb n - qacTH'IHbie cocTORHHR CKanRpHbiX 

"'!J.CTRI{ 

lf(a»=-1-Jdx ... dx r (x ... x) a+(x) ... a+( x) I o >, 
- 1 n 1 n 1 n 

y'n! 
( 1.4) 
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\f(w)>=-1-Jdx ... dx f(x ... ~}a+(X ) ... a+(; )\0>, 
_ J n 1 n 1 n 

( 1.5) 

vn! 

TO MHHMOU '!8CTH 8MIInHTYAbl pacceSIHHSI MO)KHO IIpllA8Tb BHA: 

,, l -1 p c v -+ 

w(w,a)=< f(w)\o(P-p }\f (ab=-Je a p(p ,v}dv, 
a 277 a 

( 1.6) 

rne 

p(p ,v}= Jd~ ... d~ p(; ... ~ ,v}o( I ; 0 -p ) , 
a I n I n f= 1 t a 

( 1. 7) 

-J> -+ ::::: -+ """ -+ -+ • n "':i'"'-2--2-
p ( X • •• X , V) = f* (X • • • X ) f (X • • • X ) exp [ l V I V X + m ) • 

l n ! n 1 n £= l f 
( 1.8) 

Ecnn (
... ... 

px ... x,v) rrono)KHTenbHO orrpeaeneHa n HopMnposaHa Ha 
1 n 

eAHHMUy, TO ee MO)KHO HHTeprrpeTMpOB8Th K8K ITJlOTHOCTh pacrrpeneneHHSI cny-

-+ ... (... ) 
qailHblX seKTopoB a 

1 
.•• an , a p Pa• v - KaK rrnoTHOCTh cyMMbt 3THX 

BeKTOpOBo llml He3aBHCllMbiX OAllH8KOBO pacrrpeneneHHblX BeKTOpOB p ( p a, V ) 

CXOAllTCSI IIpH 6oJ1bllillX II K rayCCOBCKOMy 38KOHYo To )Ke caMoe MO)KHO 

yTBep)KA8Th ll AJlSI 38BHCHMblX BeKTOpOB C y'leTOM cna6ofi KOppeJlSIUllll OT

nenhHhiX BeKTOpOB
0 

eCJlM OIIpeAeJlMTh STY KOppenHUHIO B. TepMHII8X cpopMllJlh

HblX cpeAHHX, Bbi'!HCnSieMbiX c rroMOlllhJO qJyHKUHM p (X 1 •• • X n v ) • llnH cxo-

-• 
AMMOCTM p ( p a• V) K raycCOBCKOMy 38KOHY Tpe6yeTCSI AOCT8TO'!HO 6blCTphlll 

poeT nncrrepcnn cyMMhl cnyqafiHhlX neKTopoB n ocna6neHne KoppenHunn 

oTaenhHhiX neKTopoB rro Mepe nx pa3neneHnSI. B sToM cnyqae p ( Pa , v) 
B cncTeMe ueHTpa nnepunn rrpencTaemJeTCH e cnenyJOrneM BHA e: 

-3/2 _liz 1 -l 
p(O,v}=(2") \dctD\ exp[--ll <p ><p >]. 2 rq r q 

( 1.9) 

4 

,, 

'I 

'" 

( 
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/3/ B pa6oTe BBOaHTCSI HOBaSI cnyqaJl:HaSI BeJ1H'!HH8 - 'IHCJ10 '18CTHU B rrpo-

Me)KyTO'!HOM COCTOSIHHH 0 M yrrpyroe pacceSIHMe paCCMaTpHBaeTCSI K8K 

cnyqail:HbiH rrpouecc. 

8To aocTnraeTCSI rrpenrrono)KenneM, 'ITO son HOBbie BeKTOpbi \ f(v) > 
MMeJOT pe3KMil: MaKCMMyM B6J1H3H cpeAHHX 3Ha'leHMH OTaenhHbiX HMIIYJlhCOB, 

<l>yHKUMSI W ( W , a) IIpHHHMaeT BHa 

-3/2 
w(w,aL,(2"n) exp[-

n 

rp( s ' 6) l , 
2n 

( 1.10) 

rne rp ( s, ()) - cpyHKUMSI aaeprnn n yrna pacceSIHHSI. llnH ManbiX yrnoB pacce

SIHHSI oaa rrpencTaBnHeTCSI TaK: rp ( s, 6) = s 6 
2 

• 

Terreph senH'IHHe 

W (w,a)= 
n 

rf>(s,6) 
----~~ exp [ 

(2" 0 ) 3/2 -

rp (s, 6)) 

2n 

MO)KHO IIpHA8Th CMbiCJl IIJlOTHOCTH BepOSITHOCTH TOr0 0 '!TO 

(1.11) 

0 - CT8THC-

TH'IeCKH He38BHCHMbie '!8CTHUbl B IlpOMe)KyTO'IHOM COCTOSIHHH rrepeaaayT 

HMIIYJlhC V cp ( S, (} ) • 

EcnH BBeCTH B38HM HOOpTorOH8JlhHbie ellHHH'IHbie BeKTOpbl 

... ... ... 
w+a ... w-a 

U= 7T = -. 
2 cos _!L 2 . 6 

2 
sm-z 

(1,12) 

-- ... rae a n w - eaHHM'IHbie BeKTOpbl Baonb IT81l8JOUleH H pacceSIHHOil: '18CTHU 

B CHCTeMe ueHTpa M8CC 0 TO cpyHKUHIO rp ( S, 6) MO)KHO Bb!p83HTh B TepMUH8X 

cny'laHHhlX senH'!MH 

~=(p;) 
I 

~z=(p ;) 
( 1.13) 

/4/ 
CnenyH pa6oTe , Mbl Mo*eM yTsep)KA8Th1 'ITO nnH pacceHHHSI aa Ma-

Jlbie yrnhi BKnaa B yrnosoe pacrrpeneneHne BHOCHT mHIIh rrpoeKUHSI HMIIynbca 
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Ha HarrpasneH~e rr , a tPYHKUHIO cp(s,O) MO)I(HO aarrncaTb TaK: 

¢(s, 0) =-c(s )t, ( 1, 14) 

rne - nepenaqa nMnynhca, a c ( s ) - cna6o MeHSIJOlllaSICSI ~yHKUllSI 

OT :~Heprnn, TeM CaMf,fM Mhl MO)KeM orpflHH'IIITbCSl l11lSI pacceSitniSI Hil M[lllb!e 

yrn1>1 onHoMepHbiM pacnpeneneaneM, c•mTaSI qJyHKUHJo ¢ (s, 0) npn qJIIKCH-

pOB8HHOll ::lHeprnl! qlyHKUllei\ TOilbKO OT l . 

B nanbHe ifweM, 

3THM ~8KTOM BOCTIOilb3yeMCSI 

2. HeKoTopbie cseneiUISI H3 Teopnu ycTOH'IIIBhiX 3aKOHOB 

PacrrpeneneHne c tPYHKuneif pacnpeneneHMSI F ( x) Ha3biBaeTcSI ycToi!

'IMBbiM, ecnM KOMTI03HUHSIX/ llBYX tjlyHKUMH pacrrpeneneHMH C 38ll811HbiMJf 

p831lb!MH rrapaMeTp8MH eCTh Ta )l(e CaM8SI <jlyHKUMSI pacnpeneneHMSI C JlpyrHMJI 

napaMeTpaMM,. T,e, JlllSl nJ06hiX a '0 , b , a > U , b ~· U cnpasennMBO 
I l 2 2 

paBeHCTBO/ 5/, 

F(a X+b )* F(a X+h)cF(ax,b), 
l I 2 2 

( 2.1) 

rne a> 0 b - HeKne nocTOSIHHhle, Ecnn o6oaaaqnTb qepea f ( u ) 

xapaKTepMCTM'IeCKYJO ¢YHKUHJO pacnpeneneung F ( x) , To nnH Hee npn mo6htX 

a? 0 t a 
2 
> 0 crrpaBe)]IJHBO paBeHCTBO/ 5/ 

( 2,2) 
f(_u_) .·f(_u_)=f(~lc-tbu 

a 1 a:, a 

x/K I -OMD03MUHSl 11DYX I~HKUHH ODpenBIISleTCSl COOTHOWeHHeM: 

F *F~ JF (x-y)dF(y)o f F (x-y)dF (y). 
} 2 -N } 2 . ?. 1 

6 

~m_~, 
\, 

J!;t 

~t 

t. t 

I 

·~ 
t 

-.............:._, __ 

c:l>yHKUFIIO f ( U) /5/ MQ)I(HO rrpe)]CT8BHTb B KBHOHHqecKOM BH)]e 

In f ( u ) = i y u - c I u ( [ l - i {3 _u_ w ( u , a ) l. 
lu I 

( 2,3) 

rne a , f3 y • c - TIOCTOSlHHbJe ( y - 111060e B9lli9CTBeHHOe 'IMCIIO, 

c >0 0<a<2 ,1{31<1 ) ' a 

w(w,a)= 

TT 
tgTa 

( 2,4) 
atl 

_l_ln lui a = 1 
TT 

3aM9HOH 'nepeMeHHOH YCTOH'IJIBbiH 38KOH MO)I(HO CB9CTH K 38KOHy C tPHK

CllpOBBHHbiMH napaM 9Tp8MH: y = 0 , C = l , a H83biB8eTCSI TIOK838TeneM 

yCTOH'IIfBOro 38KOH8, 3aM9THM 1 'ITO rayCCOBCKHH 38KOH pacnpeneneHJISI SlBilSI

eTCSI yCTOH'IHBhiM 38KOHOM C TIOK838TeneM a= 2. J.1HTepeCH8 Cll9llYIOlli8SI 

TeopeMa 1: Jlng Toro 'IT06bi ¢yHKUliSl pacnpeneneHnSJ Morna 6biTb npe-

nenhHoif' JliiSI HO[JMHpOB8HHOH CyMMbl 

z X~+···+Xn-An ( 2.5) 
n 

8 n 

He38BHCllMbiX 0JlHH8KOBO pacnpeneneHHbiX cnyqaifHhlX Bel!ll'IllH Xi , aeo6xo-

JlllMO ll llOCT8TO'IHO, 'IT06bi OH8 6bJ.TI8 yCTOH'IHBOH, npH 3TOM HOpMnpyJOIUHit 

MHO)I(HTenb B HMeeT snn: B = h ( n) n 1 I a , 0 < a < 2 , a h ( n ) -
n n -

M9Jlll9HHO MeHSIIOlli8SlCSI tjlyHKUMSl, 

BseneM noHSITHe o6nacTn npnTSJ)I(eHMSl ¢yHKUMH, Ecnn npH cooTBeTCTByro

meM BbJ6ope ITOCTOSIHHbiX B n H A n B( 2,5) ~YHKUJISI pacrrpeneneHHSI 

CyMMbl He38BHCllMbiX OllHH8KOBO pacnpeneneHHhiX Bei!H'IHH cna6o CXOllHTCSIX/ 

x/ F Mw cKameM, qTo nocnenonaTenhHOCTb pacrrpeneneHnn n cna6o 
cxonnTCSl K ~YHKUHH F , ecnn nnH n106oro 6openencKoro MHomecTBa A 

F -BepoHTHDCTb, rpaHHua KoToporo paBHa uyn10, 

Fn (A)~ F(A). 
n ... ~ 
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K neKoA iflYHKllHH pacnpelleneHHH G( x) , TO Mbi cKaJKeM1 'ITO F( x) npHTHrH

naeTCH K G( x) . MHOlKCCTBo ncex iflyHKllHAI rrpHTHI'HBaiOIUHXCH K G( x ) , 
8 aabiBaeTcH o6naCTbiO npHTHJKeHHH aaKoHa G(x). Ha TeopeMbi 1 cnellyeT1 

'ITO nHmb ycTOA'lHBbie aaKOHbi o6nallaiOT o6nacTbiO rrpHTHJKeHHH. KalKilbiA 

ycTOei'lHBblii: 38KOH IlpHHBilnelKHT CBoeA o6naCTH ITpHTHlKeHHH, 

f~BOpHTI 'ITO ifJyHKUHH pacrrpelleneHHSI rrpHHSilne~T HOpManbHOA o6naCTH 

rrpHTHJKeHHH aaKoHa G ( x) , ec nH: 

1) OH8 IIpHH81lnelKHT o6naCTH ero UpHTHlKeHHSI ; 

2) 8 =an J/ a 
n 

rile a - ITOCTOHHHBSI, Terrepb rrpHBelleM eme OllHY TeopeMy, 

TeopeMa 2: .llnH TOI'O 'lT06bl 38KOH 

o6naCTH IIpHTHJKeHHH yCTOei'lHBOrO 38KOH8 

H 381l8HHbiMH KOHCT8HT8MH C I H c 2' 

F(x) rrpHHallneJKan HOpManbHoA 

G(x) c rroKaaaTeneM 0 <a< 2 
a 8 = a n 1/ a • neo6xollHMo 

n 

H AOCT8TO'lH0 0 'lT06W 

[c aa+a (x)l ' x<O 
I I a 

lxl F( X) = (2.6) 

1 - [ c au+ a (x)] -'- x > 0 , 
2 2 a 

X 

rae ai (x) _,0(1) rrpH X -> "" • 

finH YCTOH'lHBblX llnOTHOCTeH pacrrpeaeneHHH Bb!BeACHbl Ha K8HOHH'leC

KHe rrpeacTaBneHHH B Bl!Ae pHJlOB, Mbl IIpHBCileM Te H3 HHX, KOTOpblMH Mbl 

6ylleM nonbaonaTbCH B nanbneArneM, 

Opu 0 <a < 1 , · x > 0 

1 "" k + 1 ' 
p (x,a.tJ)= _ l (-1) sin k':.a(tJ+l) I (ka+l) 

ITX k=l 2 k! 
-ka 

X 
(2.7) 

To JKe caMoe npellcTaBneHHe cnpaeennuno llnH a> I 1 OllHaKo ono pac

XOIUITCH nnH x -. "" • 0o3ToMy B aToM cnyqae cnpaeellnuso cnellyiOrnee rrpell-

CTaWieHue: 

8 

~~ 
t 

·-

... ,..,.,._. 

p(x,e~~, {3), l "" sin k" ( r(k T a+(2-a)f3) a+l) 
k! 

k+l 
(-1) l: 

ITX Jc=O 

rne a> 1. 

OpH a= l, x > 0 

rile 

2 l "" p(x+ -f3lnx,1,f3),_ l: 
IT ITX k=O 

b k -k vx 

"" 
Ln t k (" • b = f.e- t 1+1/3 -

k 
_l_ f3ln t) k dt. 

0 TT 

x-ka 

' (2.8 

( 2.9 

( 2,10 

3. BKnaJJ. BbiClllHX rrpoMe)l<yTO'IHbiX COCTOSIHHil B MHHMyJO '18CTb 

8MflnHTYll.bl pacceSIHHSI 1 KOrJJ.a W ~ w, a) He CXOLll!TCSI 
n 

K rayccoBCKOMy 38KOHY 

npennonO)KHM1 'l.TU ycnUIHISI 0 KOTOpb!e OOeCIIe'lHB810T !'aycCOBOCTb pacnpe

lleneHHSI wn(w, a), He BbiiiOnHHIOTCH. BoaMO)KHO, 'lTD llHCnapcHH ll cpellHHe 

3Ha'leHHH HMIIynbCOB OTnenbHblX 'l8CTllll 6blnll paBHbl 6eCKOHe'lHOCTH, B aToM 

cnyqae MOlKHO o6paTHTbCH K TeopHH ycTOH'lllBbiX 38KOHOB, 3apanee aaMeTHM, 

'lTD rronbayHCb peaynbTaTaMH rrepnoro paallena, MO>KHO cnecTH rrnoTHOCTb 

pacnpelleneHHH w ( w, a) , orrpellenHeMyiO paneHCTBaMH ( 1,8) u ( 1.9) 1 K on-
n 

noMepnoii:1 TO'lHee 1 ecnn nnecTH nne cny'laHHbie nenH'lHHbi ~ 
1 

u ~2 c no-

MOIUbiO panencTBa ( 1.13), To llnH Man hi X yrnoe· pacceHHHH BKnan e yrnonoe 

pacnpellenenHe BHOCHT ~ . B nanbHetirneM 6ylleM C'lHTaTb1 'ITO w ( c.~, a) -
?. n 

onnoMepnaSI <j>yHKllHH. OonbayHcb rrpHnenennbiMH n paallene 2 TeopeMaMH o6 

yCTOH'lHBbiX 38KOH8X1 Mbl MOlKeM yTBep>Kil8Tb, 'ITO IInOTHOCTb pncnpelleneHHSI 

W nlw, a) CXOllHTCSI K HeKOTOpOMy ycTOfi'lHBOMy 38KOHy C IIOK838TeneM 

0 <a < 2, a HOpMHpyiOIUHH MIIO>KHTenb HMeeT BHil 
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8 n = an I/ a ( 3,1) 

Tenepb Mbl MOll<eM BOCnOilb30B8TbCSI /lllSI tPYHKUHH W n ( W, a) nepe•JHCileH

Hb!MH B npe/lbl/lYllleM paanene npe/lCT8BileHHSIMH H C/lei18Tb HeKOTOpbie Bb!BO

/lhl OTHOCHTellbHO yrnoBOil: 38BHCHMOCTH CYMM8pHOrO BK118/l8 Bb!CWHX !1poMe

lKyTO'!HhiX COCTOSIHHil: no OOlUeil: tjlopMyne/3/ 

00 (3,2) 
A(O) = I C(n) w (w, a). 

n 
n=n 

0 

3aMeTHM 1 'ITO H3-38 0/lHHBKOBOrO Beca BKI18/l8 K8lK/lOil: '!8CTHUhl B yr-

llOBYIO 38BHCHMOCTb Mhl MO)I(eM apryMeHT <jlyHKUHH W n (w_, a ) B npen-

CTaBneHHS!X ( 2, 7) - ( 2,9) aanHC8Tb cne/lyKllUHM 00p830M: 

X= v- t 
( 3,3) 

n 

3aMeHSIS! B ( 2, 7) cyMMHpOBBHHe no k 

(3,3), Mbl npH/leM K nepeB811bHOMy HHTerpany 

HHTerpHpOBaHHeM C y'IeTOM 

w(w,a)= n !teFICkldk-JeFzCkl d k l , ( 3,4) 
n 

l11iy-t 

rne 

F
1 

(k) = i y 11 k + In r ( k a + 1)- Ink ! - k a In v -t+ k a ln n ( 3,5) 

F 
2 

( k ) = -i y 11 k + In I' ( k a + 1 ) -In k ! - k a In v- t + k a In n ( 3,6) 

To~KH rrepeaana a HHTerpanax (3,4) orrpenenSIJOTCSI ypaBHeHHSIMH 

10 

F • (k) = [J 
1 (3. 7) 

F; ( k) " II. 
2 (3,8) 

3TH ypaBHeHHSI HMeJOT peUieHHSI, 0oo3111PHIM HX COOTBeTCTBeHHO qepea 

k I H k . Torna (3,4) npHnnMaeT BH/l 
2 

wn ( '"• u) = --"---
\/2 TT i )'71 k 1 

I'(k " t-1) --k-1•- k u 
---~---(-t) 2 n 1 -----=====-c 

2rr i v-=1 ,1 ! F .. ( k ) I 
' I I 

k ! 
l 

( 3.9) 

\1211 -;yrrr.. 
--.-----c 2 

I'(k?u+ I) -~ 
k I (-I) 

2 • 

I. 
J.:,,a. 

11 

v!F"(k
2
)! 

2 ' 

Tenepb, noncTaanml 8TO BbipaJKeHHe B ( 3,2) H aaMeHSISI cyMMHpoBaHHe 

no 11 HHTerpHpoanmieM, nony•mM: 

A(O)- __ I __ !- I I)'TTk I 
-- -----c 

r.
1

u-t 1 

I) ---"" k U-ti 1'(~-(-t) 2 Jn 1 C(n)dn-
k ! \i-2rr 

v IF" (k) I 2 2 

vi F," (k 
1

) I 

-I)'TTk '

C 

1 

J.: 'I.a. I I 

l'(k:f<d)(-t)-" 

k} 

r' 
(3.10) 

"- !:,,U·I 1 
I II .. C(n) dn I . 

II t) 

B Ka'!eCTBe qJyHKUHn C ( 11) Mhl Bb!OepeM CTeneHHYKl II 8KCIIOHeHUI!anb-

Hyro aaBHCIIMOCTH, CooTBeTcTneuuo nony'IHM: 

I. C(n)c·cn __ , 

A( o) "' 
c 

\ -2rr 

I i )' TT k 1 

-----c 
~(J-)1 

\ 1 I \I 

k ,atl - wl 1: 
1
u ·! ~! 

II n 

-------
a-k 

1 
a -2 ( 3. I I) 

-tyrr1- l'(k I) r..cn1 C ''!._?.a+ -2-,-Jl-,_~-fJ.:~tJ.l/. 

,i!F; (k?.)l -2----(-t) ~- _' __ -- I. 
a-k,a- 2 
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2. C (o) ~ D c - bn 

D i Y17k I 
A( o L- __ 1 _c __ _ 

v-217 v 1 F ;· (k
1

)1 

-t y17k ~ 
c 

v IF;' (k)l 

l'(k 
2
u+l) 

k ! 
~ 

I'(k a+ l) I'(k a+2) 
---~- I (-l) 

k! bkla+~ 
I 

k 2a+ 1 

I'(k
2
u +2) ----

2 (-t) l. 
b k 2a+ 2 

k a-1-1 --+----
2 

(3.12) 

KaK BHLIHM1 LIJI5! 0 <a< l cpyHKUHSI A ( 13) y6biBaeT B 38BHCHMOCTH 

OT nepeaa'JH HMnyJibCa 1 a XapaKTep y6biB8HHSI nOJIHHOMHaJibHbiH
0 

EcnH npoaenaeM Te lKe Bbi'-IHCJieHH5! amt cny'IaSI ) <a < 2 , TO 5!CHO, 

'ITO pe3yJibTaT no XapaKTepy 3aBHCHMOCTH OT yrna pacceSIHHSI ITOJiy'JaeTCSI 

TOT /1(8 C8Mb!H 1 C TOH JIHU!b pa3HHUei{1 'ITO TO'IKII rrepeBana B o60IIX IIHTer

panax CMe!ll8IOTCSI B CTOpOHy 60JiblllHX k 11 1 CJI8LIOBaTeJibH0
1 

B 9TOM 

cny'Iae cpyHKUHSI A ( 13) 6yaeT y6brBaTb 6I>ICTpee, '!eM B cny'Iae 0 <a< 1 . 

PaccMoTpiiM1 HaKoHeu, cnyqait a~ l . 3aMeHsrSI B paBeHCTBe ( 2.9) cyM-

MHpoBaHHe no k liHTerpHpOB8HHeM 1 nony'IIIM nepeBaJibHbiH II HTerpan ( C ytte-

TOM (3.3)) 

- f CF(k) 

17-J-l () . Jk' " ( 3.13) w, 

r.ne 

F ( k) ~ In bk -Ink!- k In v'- t + k In n . (3.14) 

To'IKa nepesana orrpe.nen5leTcSI H3 ypaBHeHH5! 

F' (k) ~ 0 . ( 3.15) 

12 
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nn5! peU!eHH5! 9Toro ypaBHOHHSI HaM HylKeH 5!BHbiH BH.Il K09c!JcpHUH8HTa 
1 

orrpe.nen5leMoro c rroMO!IlbiO paBeHCTBa ( 2.10). OueHHM paBeHCTBo ( 2.10) 

MeTo.noM rrepeBana. Oony'IHM cneayiOmee 

r.ne 

I 
J 2 17 - -c- Cos T 2 fJ k • . 

b~-v'--c (--l sm(rk-smrl, 
k e k 11 

l+L. 
f=77 -2-(3 

Tenepb ypaBHeHHe ( 3.15) MO/KHO cnecTH K cm~nyiOmeMy 

c 

I 
- -- + r ctg ( r k - Sin r 

2 k 

2{-i 
,-- c -ln--

V- t c 11 

I; . 
II 

( 3.16) 

( 3.17) 

3TO ypaBHeHHe HMeeT He OLIHO pemeHHe. PaCCMOTpHM o6naCTb 0 < k ~ 77 • 

nepBoe peUJeHHe - 9TO k = 0 • LIJI5! KOToporo bo = u. Cne.nyiOntee pemeHHe 

o6o3Ha'IHM qepe3 k l ll 9THM orpaHH'!HMC5! 1 C'Jl!TRSI BKJiaa LlpyrHX peme-

HHil rrpeHe6pe)I(HMo MaJibiM. PaBeHCTBo (3.13) CBOLIHTC5! K cnenyiOmeMy 

IV (w, a) ~ 
n 

II 
bk k + 1 ..::....L( _ _L 

k' -t) -
1' 

k I I 277 
II V 

iF"(k)l 

( 3.18) 

77 

00J.lCTaBJI5!5! 9TO Bblp8)1(8Hl!e B ( 3. 2) H nepeXOJl5! OT cyMMHpOB8HH5! 

no 0 K HHTeroHPOB8HHIO, nOJIV'JHM 

k !"t- l 

2 b ---N 
A ( k I ( ) 2 k 1+ 1 C( ) 13) ~ V ----- ---- -t f 0 II d II • 

( 3. 19) 

771f"(k
1
)1 k

1
! no 

Bbi6Hpa5! .nnSI C(n ), r'aK H rrpe*.ne,cTerrenHyiO H 9KcrroHeHuHanbHyiO 

~ABHCHMOCTH anst A ( fJ ) , rrony'IHM cneayiOume BbipalKOHHst 

k f" 1 -a+ k + 2 
-- llo I ( 3.20) 

~-(-t)-A(el~c 
1( ! 

L 
a-k -2 

I 
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npH C(n) =CO -a C yCJIOBHeM1 'ITO a> k 1+ 2 H 

2 bk r(k + 2) k I +I 

A(o)~Dv 
I L ( -t) 

---2-

TTIF"(k)l k ! b k I+ 2 

I I 

( 3.21) 

ecnH 

C(n) = D e 
-hn ( 3.22) 

Yf B 8TOM cnyqae Mbl ITOJIY'-IHJIH CTeiTeHHYIO 38BHCHMOCTb OT yrna pac-

CCSIHHH, 

3aKniO'leHHe 

Opearrono:lKHB, 'ITO ycnoBHSI, KOTOpbie o6ecrre'-!HB8JOT rayccoaocTb 

pacrrpeJl8JI8HHH cyMMbl CJIY'-18HHbiX BeKTOpOB He Bb!ITOJIHHIOTCSI 1 Mbl BOCITOJlb-

30B8JIHCb TeOpHefi 38KOHOB, C ITOMOUlbiO H8CKOJlbKHX npeACT8BJ18HHfi ITJIOTHOCTH 

ycTOH'-IHBOrO pacrrpe)leJieHHSI Bbl'-IHCJIHM BKJ18)l Bb!Cll!HX llpOMe:lKyTO'IHb!X 

COCTOSIHHH B MHHMYIO '18CTb aMITJIHTy,({hl paCC8SIHHSI, 3TOT BKJ18,({ OT0)f(,({8CTBJISI-

eTCH C MHHMOH '-!8CTbiO 8MIIJIHTYJlhl pacceSIHHSI/3/, 

M hi pace MoT penH oTaenbHO cny'-!aH 0 <a < l a= 1 , l<a<2, 

H yBH,({8JlH 1 'ITO B 38BHCHMOCTH OT rrepeJl8'-IH HMIIYJlbCa Ce'-!eHHe ynpyroro 

pacceHHHS! yOb!B8eT1 8 XapaKTep yOb!B8HHS! CT8IT8HHOfi, 3TH pe3yJibT8Tbl Ka

'-18CTDCHHO He COI'JIBCYIO'fCSI C 3KcnepHM8HT8JlbHhiM H pe3yJibT8T8MH ITO yrrpy

roMy paCC8S!HHIO CHJlbHOB3811MO,({eil:CTBYJOUIHX '-18CTHU ITpH Bb!COKHX 8HeprHSIX, 

B aeikTBHTeJibHOCTH ce'!eHne y6hiBaeT ne no cTeneHHOMY 3aKony, a OhiCTpee -

8KCITOH8HUH8JlbHO, 

0o8TOMy Mbl MO:lKeM C,({enaTh Bb!B0,({1 'ITO cpyHKUH>I W J C.>, a), KOTOpiHI 

tJJlflC,({CJISI8T BepOHTHOCTb nep8,[18'1ll llMJiym,C'l B 0 -'laC Til '!HOM npoMe)f(yTO'IHOM 

COCTOSIHI!H 1 He MO)f(8T Ohl'fb rrpef\CTflnJieHa B BHlle ycTOil:'IHBOrO 3EIKOIIR C 110-

l<i13c.tTeneM 0 < a < 2 . 

14 

BepHeMCSI K rayccoBcKofi cpyHKUHH pacnpeaeneHHSI. KaK Ob!JlO OTMe'leHo, 

B 8TOM CJiy'-!ae B Bb!pa)f(eHHH ITJIOTHOCTH pacnpeaeneHHSI W ( W, a) cpHrypH-
n 

pyeT cpyHKUHH yrna pacceSIHHS! H 8HeprHH cp ( S, f)) 1 KOT0p8S! OTO)f(,({eCTBJIS!eTCS! 

C rrepe)laqefi HMIIyJibCa, Coo6pa)f(eHHSI OTHOCHTeJibHO cp ( S, fJ ), llpHBe)leH

Hbie s/4/ 1 H8XOASITCS! B K8'IeCTB8HI!OM COrJiaCHH C 8KCITepHMeHT8JlbHbiMH ll8H

Hb!MH. CnenoaaTenbHo, Mbi MO)f(eM 3aKJIJO'IHTb, 'ITO enHHCTBeHHhiMH B03MO)f(

HbiMH II -'IaCTH'IHbiMH COCTOSIHHS!MH ynpyroro p8CC8S!HHSI CHJlbHOB38HMOJlefi

CTBYIOUIHX 'I8CTHU npH Bb!COKHX 8HeprHSIX MOryT Ob!Tb TOJlbKO BOJIHOBble ll8Ke

Tbl THil8 faycca, Pe3yJibT8Tbl 1 llOJiy'IeHHbie B Jl8HHOfi pa6oTe C IIOMOlllbiO 

TeopHH ycTofi'IHBbiX 38KOHOB, MoryT Ob!Tb npHeMneMbi llJISI sneKTpoMarHHTHbiX 

B38HMOilefiCTBHfi, 

3aMeTHM 1 'ITO TepMHH "M8Jlble yrJibl pacceHHHSI" He C OBCeM TO'I9H, 

Op nocneJlHHM aKcrrepHMeHTaJibHbiM naHHbiM KapTHHa nnH npoToa-rrpoTOHHoro 

pacceSIHHS! rrpH BhlCOKHX 8HeprHSIX/6/ cnenyJOUI8SI: ITPH M8JlhlX yrnax pacce-
2 

SIHHSI ( - t ~ 0' 5 GN ) ceqeHne BeneT ce6SI KaK exp at • napaMeTp 

npH 8TOM cna6o 38BHCHT oT 8HeprHH, B o6nacTH, HenocpeacTBeHHO npHMbiKaJO-

mefi K /lHcpcppaKUHOHHOMy KOHycy, ceqeaHe BeneT C80SI K8K exp ~. -by -t], 
a B 38BHCHMOCTH OT 8HeprHH OHO HMeeT TeH)leHUHIO B03p8CT8Tb, HaKOHeU, 

B o6nacTH 6onbiDHX yrnoa pacceSIHHSI ceqeaHe cna6o 38BHCHT OT yrna pacce

SIHHH, HO 38TO B03p8CT8eT CKOpOCTb YObiB811HH ceqeHHH B 38BliCliMOCTH OT 

sHeprHH anSI cpnKcHposaHHofi nepena'IH HMITyn&ca. YKa3aHHaH 3BBHCHMOCTb 

C8'18HHH ynpyroro paCC8S!HHS! H8XOJlHTCS! B K8'18CTB8HHOM COrnaC~H C C006pa

)f(8HHS!MH OTHOCHT8JlbHO cp (s, f) ) • 3aBHCHMOCTb exp at . OCyll!eCTBJIS!8TCSI 

0 
BITJIOTb JlO yrnoB "'30 1 HO 8TO He COBCeM M8Jlb!e yrJibi, 

B 38KJIJO'IeHHe C'IHTaJO cBoHM nonroM Bhlp83HTb rny6oKyJO 6naronap

HOCTb O.A.XpycTaneay 38 npenno)f(eHHYJO TeMy H noMoUib B pa6oTe 1 A.A.flo
ryHoBy, M.A.MecTBHpHlliBHJIH, A.H.TaaxenHJl3e - 3a nocTOSIHHoe BHHMBHHe 

n HHTepec K pa6oTe, 
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