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K TeopMm MEOTMOKpPATHOrO paccesHusH I
B.H. KOpuenxo

MacruryT sipepuoit duzuxu am. . Byakepa,
630090, Hosocubupck, Poccus

AHHOTALUSA

Jnst ceuenns obuero BHa B MPEATIONOXKEHHH, UTO yrUioBoll pasmMep
o61acTH MHOTOKPATHOrO pacCedHHA (muddysnonnol obiacTH) HeBe-
JIMK, TIONYYeHO KMHeTHHEeCKOoe ypaBHEHue JUid dbyaxupn pacnpeaene-
yus no mepeMennott ¢ = 2sin(9/2) u HaleHbl FPAHUIRE! €ro MPHMEHH-
smocTr. OrpaBnuenmii Ha yTJibl paccesHH: He HaKNA/BIBACTCH. Ypas-
HeHHe WMeeT pelllcHHe B BHIE HHTerpaja. INokazaso, 9TO peuicHHE
[pUMEeHUMO BO BCEM JHalla3oHe YTJI0B OT 0 mo 180°.

To the theory of the multiple scattering I
V.I. Yurchenko

Budker Institute of Nuclear Physics
630090, Novosibirsk, Russia

Abstract

Under assumption that angles in the multiple scattering region (diffusive region)
are not large a transport equation for the distribution function of the variable
g = 2sin(9/2) is obtained and bounds of its bility are found. The solution of the
equation is expressed in an integral form and is applicable for the whole range of
scattered angles.

© Hnemumym adeproit pusuxy
um. I M. Byoxepa CO PAH, Poccus

Teopusa Mosabepa' MHOrOKPATHOTO PacCessHAs [1,7] aBsigeTca B HacTOfLIee
BpeMs OBIENPUHATO! 1 HCTIOJIB3YETCs B MOAENUPOB 3 HIM M PacteTax MpoXOxK-
JeHMs YACTHI Yepe3 BemecTBo (CM., HaIpHMep, 13-6]). Teopus HCIIONB3YeT
ppubAHKEeHNEe MAJIbIX YIJIOB, CeJlaHa 3aMeHa

sin ¥dy — 9d9,

u ceuenne o(d) ~ 1/8% & — yronm paccesnma. Halizennas B [1,2] dysx-
A pacnpejelieHus B 06JaCTH MajibIX yrjaos biaMsKa X raycconoit f(¥) =
2 exp(—19?/A?) /)%, 1. e. onHChIBaeT aadpy31410 4acTHI B YIJIOBOM NPOCTPaH-
CTBe W3-33 MHOTOKPATHBLIX CTOJKHOBEHHMI C paccesHAeM Ha MaJible YIJIbl, CO-
OTBETCTBYIOIaA OBJIAcTh YIJOB B PEIEHH'd C XapaKTEPHBIM Pa3MepoM A ga-
nee, AJs KPATKOCTH, HasbiBaercd AAQQ y3uOHHOH. Kpome Toro, B pemie-
HEH MOMXKHO BBIACTHTE TaK Ha3bBIBAEMYHO OE‘IJI&CTL KI}ETHDI‘O PE-CC'&H.HHH, Kyla
yacTHIA NOMajJaeT, ecili Cpelli MHOTOF.paTHOH HOCTAEAOBATEIBLHOCTH CTOJK-
HOBEHMH HECKOMIBLKO 3 HHX NMPOM30LLNO ¢ paccesHHeM Ha Boibinme yribl, a
TAKKe TpeielIbHYI0 0BJaCTh OJIHOKPZ.THOTO PACCESHHA, KOTAa HMEETCA OJHO
Takoe CTOIKHOBeHHe ¥ ¢yHKuna pacnpenenenus f(J) ~ 1 /9%, 1.e. caemyer
3a yIJIOBOH 3aBHCHMOCTBIO CAMOTO Ce4eHHH.

B nauHolt paboTe Jns cedeHds obuiero puja W Oe3 NpUBJCYEHAS IPH-
GIHKeHHsl MaJBIX YIJIOB PAcCMOTPEHO KHHETHIECKOe ypaBHEeHHe AJif $yHK-
IHH pacnpeieieHHs MO nepeMHHOH

g Zﬂlﬂ[ﬂfgj (1}

[lepemennas ¢ oNpefeJseT lepeady HMILYIbCA, CeTeHHe TaK¥Ke MOXKET BBITH
BRIPaJKeHO Yepe3 aHAJOTHYEYIO HepeMeHHYyIo w=2sin(d/2), kpome TOrO,

sin ¥dv = qdq,

qTC MO3ROJAET 0BOBIMTL Pe3YIBTATHI, IOJyYeHHbie paHee B MPUOJIHAKCHHH
MafLix yriios. B paMKax TaKOro MOJXOJs. IOMy4eHbl peleHns KHHETHIeCKo-

| K paTkoe uasioxkenne 3Tolt TEODHH NPHBENIF.HO B pasaene 2.
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ro ypaBHenus s cedenuii Pesepdopaa u MorTta. ToyHOCTE pereHHH HpPo-
KOHTPOJHPOBaHa, B YaCTHOCTH, METOAOM MonTe-Kapio Bo BceM JHanasone
YIJIOB.

1 KwuHeTHuecKoe ypaBHeHHE H ero peiieHue

O603HAMAM Yepe3 i — BEeKTOp HANpaB/eHHs HCXOAHBIX YacTHI| (pHc.1),
o(fi-i)dQ/2m — muddepernuaibioe CedeHHe PACCEARHS JaCTHIL C EPBOHA~
YaJbHBIM HalpaBJIeHACM i’ B Temecmbli yrom df) mo HamnpaBileRHIO fi,
f(it-4,8)d}/2n ~ umcno yacTHI, B TENECHOM yrie d§) mociie TIPOXOXKAEHHMSA

nytu t. McxomHoe KHHETHYECKOe ypaBHEHHE

Of(7-i,1) - S ey o
gy ~N f(7i-i,1) a(n»n’)g + Nfcr(n-n’)f{n'-t,t}-g-;r—, (2)

rae N — 9ucj0 pacceMBAOUUX IEHTPOB B cm® | d)' cooTBeTCcTBYET Hampa-
pieHHIo 7i' . B ypaBHeHHH Bce BeJIHIHHEI BBIpa:KeHbl Yepe2 KOCHHYCHL YTIJIOB.
QaMmerTHM A8 AajdbHeimero, ato df) — 3jeMeHT MOBepXHOCTH eJMHHYIHOMH
ccpephbl, & HETErpaJjibi B (2) MOXKHO CYHTATH HHTETPAJIAMH IO 3TOH NMOBEPXHO-
CTH.

BeeneM BeKTOpH

-
B

=} =if
==y

T=RA-0, "g=n—i,

u B coorBeTcTBHE C (1) nepeitzeM or nepeMennbix 4, ¥, ¥ K nepeMeHHBIM
(puc.1)

y=2sin(8/2)= |7 -], q:?sin{ﬁ/?);-ﬁ—-;!, q’=251n(ﬂ'/2)=|ﬁ'—§|+ (3)

Puc. 1: T'eomeTprYecKoe NpeiCTaBleHAe EPEMEHHBIX X, ¢, ¢ -

4

Mpu sTom "
f(ii-3,t) sin 9d9 = f(q,1)gdg,

B IpaBoil YacTH ypasHeHHs OyfeT WHTerpaJi oT c{x)(f(g")— f(g)), penmaunn
X, ¢, ¢' mpeacTaBasior coboli CTOPOHBI TPEYTONbHHKA H ¢ = |{—Xx|. Haz
noaapHo#l ocu Z B HampaBlieHHH i dQ) = xydydy u sBHasd 3aBHCHMOCTL
¢ or ¢,X,yp HMeeT BHJ

¢?=q%—2(qLxLcosp +g:X:z) + X

2 =x*(1-x2/4), x:=x’/2, = 2 =¢*(1—-*/4), ¢.=4¢/2

[MonyuuM npHOIHIKEeRHOE KHHETHIECKOe YPAaBHEHNeE, B KOTOPOM MHTErpH-
poBaHMe TPOBOJIMTCH MO MJIOCKOH obiacTH.

B unrerpaye [o(x)f(q¢')xdxdy cymecrBeHHRl ABe obJ1acTH MHTErpHpOBa-
aus: 06JACTb MAJIBIX 3HaYeHWH X M 06JacTh MaJbIX q', T. e. OKpPeCcTHOCTH
MaKCHMYMa Cedesiis H Makcumyma (YHKIHH pacrpelescHud. Paccrosinue
MeXKJly IeHTpaMu 3THX objacTell - TOUKaMH i, i, pasro ¢ (puc.1). Tleppas
obNacTL ¢ pasMepoM ~ (x?2)1/2,

2
LY
X:=— fx‘qﬂ(x)xdx,

T
0

0y — NMOJIHOE CedeHHe, ONHCHIBAET maddysnio YacTul, Boaie HanpaBJIeHUs fi.
Bropas, aaddysnonnas obracTs pelIeHHs~, ¢ PasMepoM

P (4)

B xoropoit f(g')~1/A? > 1, - omucriBaeT paccesHHe JacCTHI, HAYIIHMX HOIL
MAJTBIMH YIJIaMM, B HalpaBleHHH fi, B YaCTHOCTH, Ha fonblme YIJBI. YCJIO-
BHe (4) OyJeM CYHTATH BHITOTHEHHBIM. PaccMoTpenie KOHKPETHBIX CiTydacs
[1OKA3LIBAET, YTO B MPOTHBHOM Cydae HOTEPH SHEPrHH YACTHI[ B BEINECTBE
CTAHOBSATCS BEJHKH M, CJeJOBATENbHO, ypaBHenne (2) okasbiBaeTcs HE Clpa-
BEJJIHBEIM. 2

C yuérom sroro, mpu ¢ « 1 TOYKH, APEACTABJICHHLIC BeKTOpaMH i, fi,
n', BBAAY MAJOCTH X, ¢, §', MOXKHO CUHTATb PacHONOKEHHBIMH B IVIOCKOCTH,

?3necs ¥ Jajee 3apaHee nNpeanoiaracTcd, HTO fONbIIAR YACTh CTOJKHOBEHHA NPOHCXO-
JIHT € pacceARHEM Ha Malible Y7kl H 3TO NPHBOINT K nuhy3HOHHOMY Pa3MBITHIO HCXOI-
HOT'O NYYKA YACTHL B Yrnosol o6nacTH ¢ paaMepoM ~ Al
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xacaTenbHOH K cdepudecKoil MOBEPXHOCTH B TOHKE n. Beejgem Ha miocKo-
cTH NUARHAPHIECKYIO CHCTEMY KOODJMHAT C IEHTPOM B TOYKE fi. DaeMmenT
nosepxsoctu dY = xdxdy = dy ®

9888 _ N [o0)i 107~ 21,0~ 1la,0) 12X (5)

1o KMHETHIeCKOe ypaBHEHHe, B KOTOPOM apLYM<HTHI ONPEETICHRl B CO-
orsercTBuE C (3), a BEKTOp § JMeXKHT B TLIOCKOCTH WHTETPHPOBAHUA, ByaeM
cuMTATH ECXOAHBIM. PaccMaTpuBaeMoe NDEOIHKCHHE 3aKII09aeNcd B Mepe-
xofe B ypaBHeumH (2) K IIOCKOH HOBEPXHOCTH WM, YTO TO Xe, K "l
g2 —2¢x cos o+x?2. [lpabauKenne MaJbiX YIJOB, COCTOfIIEE B 33MEHE X, ¢ 4
8,9, He HCTIOAB3YeTCH U, KaK MOKa3hBaeT JanHelinee pacCMOTpEHHE, OKALI-
paercss wamumEaM. Obnacth ompejenedus [ () npumeM GecKOHEIHOH, 4TO
PO3MOMKHO, T.K. C yciopseM (4) IpH JOCTATO®HO Gonpmx g 6yaer flg) K 1.

Wurerpupys (5) mo d{, moJyduM VCICBHE HOPMHPOBKH, 3 YMHOXad Ha
g% w METErpupys mO d¢ c 3aMeHOH 237 -+ (¢ + 27" -X + x?)d§" B mepBoM
CIATAEMOM COpAaBa, TOJIydnM g2

oo ]
[r@ea=1, 7 [r@sda= Nioi
0 ]

Jlns ypaBuenus (2) 9TH HATCrpajbl KMEOT BHJ (cm. pasaen 2)

2

p
[f(':)qd-qﬂa ?:]f(?}qadq:?(l—*ﬁ'g‘)s Ql:%‘m"‘?- (6)
0 [

IlycTs Temephb CyliecTBeHHbe 0BIACTH WHIETPHPOBAHMS JOCTATOTHO yAa-
JleHBI APYT OT Apyra, ¢ > A, M BOSMOXHOCTb Nepexoia K yPaBHEHHIO (5)
He cTolb OYeBHAHa. OuennM omubKy N[}aBoif 4aCTH HPH nepexofe oT (2)
k (5). Cunmraem, 4TO f{q') mocrarouyHO NJIABHO MEHAETCH B nepsoit obna-
cti, a o(x) — Bo Bropoii. B meppofi 06.1aCTH C TOTHOCTRIO A0 x? f(¢) ~
f(q}+x3f/3){+%xgﬁ'2f/5x2. TMocne waTerpuposanusa no dQ)' = xdxdy nomy-
9HM BKJAJ B MPaByIc YacThb (2)

B i 10 ¢ 8

i, S oy T e e g .

g 8q9 " g g 9g 4 Jq
OTMeTHM NOIYTHO, Y4TO MoJydalouieect B 3TOM npuabamkennn (npubianxe-

nue Pokkepa-Ilianka, cM., HaIpHMeED, [7]) auddyznonBoe ypaBHeHHe TPH-

BOIUT K TeM ke unTerpatam (6), 4ro H ypaBHenHe (2), HO TIPH 3TOM TePAETCH

6

1 e ’
Vel (L+ D), L=

cruapeAenaeMbii KOHKpeTHO! 3aBACHMOCTBIO 0= o(x) dusuuecKuil pe3ybTaT
__ o61aCTH KPATHOTO ¥ OAHOKPATHOTO PaccesHMs B PEHICHIY. |

Bo propoit obnacT, ceNas TOYHO TaK Ke pa3noxenne o{Xx) =o(|l§—7q"|)
¢ TOYHOCTBIO A0 ¢'2 W uATerpupys mo d' I = ¢'dq'dp, nomy4EM BKJIaJ,

No(q) + %N (L +Dalg).

B aHajlordYHbIX NPHOIMKEHHAX JJid ypaBHERHA (5) oTcyTCTBYIOT CHarae-
Mbie ¢ [, KOTOpble B JAOT HCKOMYIC OIleHKY. J1o 06OCHOBLIBAET BO3MOXKHOCTD
npuMeHeHHs YpaBHEHUS (5) Bo Pceit yrnoBoH obsacTi. Bo-nepBHIX, C YCIO-
pueM (4) YacTHIBI NOSBAAIOTCH B obslacTi ¢ 3> A BGIEACTBHE paccesHHA Ha
Gonpinne yribl., B orol obnacru BAHAHHEM auddyzuu (caaraeMele C ﬁ,!)
MO3CHO TIpeHebpeyb H 06a ypaBHeHHS JId THCIA aCTHI B HHTepBaJje dg Ha

nyTH i JaloT
f(g,t)qdq ~ Nto(q)gdq,

4TO COOTBETCTBYET BEPCHETHOCTH OAHOKPATHOTO paccesHus. Bo-BTOPHIX, C
yMeHbIIEHHEM ¢ OT/IM*{He NpaBhiX qacTell YMeHbLIIaeTCH (13-3a MHOMHTENH

g?/4 B oneparope ! 10 cpaBHEHHIO C L) u npa ¢ ~ A CTAaHOBUTCA MAaJILIM.
Tas o(g) ~ ¢~*, Hanprmep, lo(g) = —%qzﬁa(q].

C yuerom f(q) ~ Nto(q), RS Nio.x? = 2Q, omubka npaBoi JacTH
onenupaercs, Kak —N Qilo(g), 9To MPUBOJMT K NOrpEMIHOCTH B peilieHHH

- ¢ - -3 I
§f(q)~—Nlo(q) [ Qrdt = ~1¢2Ntlo(g). Honaras q% ~ A%, mojtyuum
0

B obsacta, rae f{g) ybusaer buicTpee 1/¢%, penuyuna § f NOIOKUTENLHA. B
cnyvae ceqenud Pesepdopaa f(g) ~ g~* u 6f/f ~ A?/2. Bepxuss rpannia
sHFqenuli A onpefeserca AOMyCTHMOM HOTrPEIIHOCTRIO. ITpu '

E=8f/f ~ /2 < 5%, Amar~0.3.

JIna ouenku 0 f npH ¢ < A BOCIIOAB3YyeMCsl yCIOBHEM HOPMHPOBKH :

4o o qo oo

o &l
fayedg=1- [f(a)ada~1, [65(a)eda=— 5f()d~—[——-»~] .
h[wq q{(qqq ﬂ[ q ﬁﬂ/ 9)9de~7 | T 3gl

3aech ¢, ~ A — 3HaUeHue ¢, MPH KOTOPOM niorpentHocTs 6 f MeHAeT 3HaK, B
nocieAHeM WHTerpaJje HCIOJIB30BaHa NpHBeJeHHAasA BbIIIE opmyna njis of.

T



TMostarast MpM 3HAYEHWHA ¢ MEHbIIEM WM NopsAaKka A GYHKIHIO pacupee/IeHUs
6amaKol k rayccosoit f(q)~2exp(—g?/A?)/A?, noayunm df(g,)=0 npm

Go=V2A\.

C yuerom sroro aas auddpysnonnoit obiactn Haligem

L 9a

h) X*1q¢® 86 22
fﬁf(qudQ/ff(q)qdq~ —}f—wq[%g’g it
0 0

9=49

rae e=2/e? ~ 0.3 — ancaopoit koacbdunmEent.

B uTore npHXoJUM K 3aKJIOYEHHIO, YTO MPH ¢ > A OTHOCHTEJbHad IO-
rpemmsocts  €(¢) ~ A?/2 u cnabo 3aBHCHT OF ¢, TPH ¢ ~ A MeHseT
apak, ampu ¢ < A £(¢) ~ —0.3A%/2. Ilo moBomy rpaHui NpPHMEHHMOCTH
oTMeTHM ellle, uTO s ypapmenus (2) ¢°2~2Q;—Qf, T e. ypapuenue (5)
[aeT 3aBhITIEHHOE 3HAYEHHE ¢ C OTHOCHTEJILHOH NOrpelHoCThIO ~ A?/4.

Taxum o6pa3oM, IPH BHOJIHE JONYCTHMBIX OTpaHHYeHHAX ypaBHEHHE CIIpa-
pepauBo Aas Beex yriao. C 6eckonedHol o6macThio ONpeAesieHHs ero pete-
use ocymiecTpisiercs Merogom @ypbe-Beccens [2]. TIpu f(g, 0) =d(1—cos Ui

d(q)/q

o0

fla,t) = f ndnJo(ng) exp(-Q(n)), (7)

0

e}

Q(n) = Nt f o(x)xdx{1-Jo(nx)]-

o

C ycaoBueM (4) MOXKHO OCTaBHThL, HallpHMep, B CeYeHHH Pesepdopaa
sapucumocts o(x) ~ 1/x* npu x > 2. D710 yMeHbIUaeT YMCIO HACTHI| B
iaddysuonHoil 06MACTH U3-3a WX paccesHus B obaacts X > 2, 94TO NPHBO-

AT K TOTOJHMTEJIBHOMY YMEHbINEHHIO HOPMUPOBOYHOrO HHTErpaJia Toi ot =
2

[f(¢)gdg, paBHOMY 1 npH BecKOHEYHOM BEpPXHEM IpeJee. D1H 3¢ deKThI,
0
OHAKO, JOCTATOMHO MaJjbl M MOTYT ObITh y4YTeHH KOPPEKTHDOBKOH 4HCHa

yacTun B guddysnonHoil obnactu.

OTMeTHM B 3aKjlo9enne, YTo npubauxenne Maisix yriaos (dpopmyaa Mo-
JbEpa) NOTyvaercs 3aMeHOH B (7) x,q Ha 0,9. Obmui XapakTep CeYeHHd B
TOM CJIV4ae yTpauuBaeTcs.

2 Ceuenue Pesepdopaa

Jlna cedenus: Pesepdopaa
o (x) = 28°(x)/x",

rae s2=4metz2Z(Z+1)/(pv)? , p— uMuyJIBC, v — CKOPOCTh pacceHBaeMol Ja-
CTHIEI C 3apH#/I0M Z, MHOXHTE/b k(x) y4uTHIBaET ATOMHBIH ¢dopmdaxTop, 06~
pesatonuii ceyeHre Ha MAJBIX YIJIaX, MOXKHO HCIIONB30BATh TEOPHIO Moasepa,
pBHAY coBnajenns dopMmybl A 0, () U peresns (7) ¢ ux npubauKeHHs-
MH 1 MaJeX yrios. Huske sano eé KpaTKoe HJIOKEHHE B HHTEpIIpETaliH,
cooTBeTCcTBYyIOIIEH pesyabraTaMm pasjena 1.

VcXoqHBIME NapaMeTPaM$ B 9TOH TEOPHH SBJAIOTCA Yroa obpesanus X
u x2= Nts®. Yron obpesanns (8] x2=x2(1.13 + 3.76(Z ze% [hiv)?), rae xo =
h/pa = h/(p0.885agZ~/3), a — paauyc atoma Pepmu, ao — pajuyc Bopa.
BeauunHe Y2 MOXKHO NPHIATH CMBICJ BEPOATHOCTH paccefHWs HacTHIR Ha
yroa ¥ > 60° (¢ > 1), T.x. Ansa GoabIIAX yII0B

L] o0

[taradg s we Joutarada =

1 1

JeTaan 3aBHCHMOCTH 0y = 0, (X) Ha MaJbIX YIJIaX He paccMaTpHBalOTCH, 06-
pesaHue cedeHHs y4uThIBaerca nocpejcrsom [1,2]

k
fﬁ(x]dx,’xﬂﬂ(k/xa)—g u k(k)=1 npu k>xa.
0 i

Taxkoii nogxo BO3MOMXKEH, ECIH

A Xa . (8)
k oo

PasGupas murerpas mid @ Ha gsa [+ [, vae xo < k < dg, u cunrTazm
gk

WHTEpBaJ 0¢ apryMeHTa B PEIlIeHHH MalbiM, dg < A, MOJXKHO OTPDaHHYHTHLCH B
dypbe-pasnoxeHun 3HadeHuaME < 1 /8¢, T.e. obpesaTe BepxHMit npeaes B
(7) Benmumuoft 1/6¢ K 1/x,. Toraa kn <1, u, nonaras B NepBOM HHTerpalje

1—J,(nx)~ in*x?, Bo BTOpOoM K(X) = 1, TOMYH4HM NPHOAHKEHNE [2]

Qu(n) = ST~ In( ), o)

' 1 :
b=In(x?/x,"), Inx,=In Xa—73 + C, C=0577, x2=L1167x2,
9



KOTOpOE MPHBOJUTCA K BHAY

u? i 2 B
QR(H)“III_#BS]“I]! u "BXcﬂ ’

npa B —InB =b.
B npenebpekeEuH BTOPBIM (JIaTa€MbIM B cKoDKaX IONYyYHM rayccoBO pac-
npejejieHAe YacTHI B nuddyzuonnol obnacTH

fg,t) = 2exp(—¢*/A?)/X*
O Cpe/IHeKBaPaTHYHBIM 3HaYeHHEM

A=x.VB

pesmuupbl . M3 B = ln()&z)’x?), ycnous (8) # ypaBHeHHS JJA Bc
HEOBXOMAMOCTRIO CITIeLYeT”

Bal 7 <€ €A% 1,

rie HenoYKa HEPaBeHCTB NONOJHEHa yCJIOBHEM (4). Tx. oy & s /X2, cpennee
ancio cronknopenuit Nioy & x2/x3 > 1.

CpenaeM 3aMed9aHHe OTHOCHTENILHO BeJIHIHHb] A. Ypasuenne ana B Mox-
Ho 3amenuTh ypasHenmem A2 = xZ In(2?/ x.2) wnn (c pasbuenieM HHTErpaa,
Kak Tpu noxydennn dopmyast (9))

ak
A= Ntfxﬂﬂ'n(x]xdx, a=e'"¢ =153,

0

4yro oTIHHaeTcs OT PopMyJibl AJsA q? obpesanneM cedyeHus (BepXHEro Npe-
nena B WHTerpaje) mpH X = QA. Kax BHjHO, C yBeJH4YeHHEM NPOHAEHHO-
ro wacTHiel nyTH i M CONYTCTBYIOIIEM YBEJHHCHHH )\ B mudpPpysHoHHEIH
fipoliecc BOBJIEKAIOTCH CTOJKHOBEHHA CO Bcé GONBIIMMM YIJAaMH, AHANa30H
yI70B B CedeHHH, BHOCAIINIA BKJIaJ B b dy3uio, pacTeT IPONOPHHOHAJIBHO
). DT0 B HEKOTOPOH# CTeNeHH NOACHAST CMEBICH yPaBHEHUd I B ¥ nokasbl-
BaeT, 9TO HMeEKINHecs PEKOMEHJaluH 1o obpe3aniio BEPXHEro npejena Be-
nuaHHOM ~ h/pr,, , onpenenseMoll #ePHBIM dbopmdbakropom [9] (r, — paguyc

lpu B > 1 3HaueHne B mo@HOo HafiTH MeTOIOM HOCIeAOBATENBHEX npubanxeHutt
B = p+1In Br=1, Ins B = 1, nanpumep, B®) = b+In(b+Inb) ~ b+ (1+1/b)Inb.
Boamoxuoe yrounenue B = b + 1/(2b%) + (1 4 0.958/b)Inb maer npu b > 2.6(B > 4)
snadenne B ¢ norpemsoctsio < 1.4 - 10~2%, a dopmyna B = b+ In B — ¢ norpemHocTbio
< 2.107%%.

10

#/1pa), BepHbI AJid q2, T.e. Ana onenok. Jlag pasMepa auddysnonno# obia-
cru npexnouTHTenbHee (opmyasl Moabepa, T.K. B IPaKTHYECKHX CIydadX
ar L hfpr,. .

[Ipencrapiaa IKCOOHEHTY exp(—@Qx (7)) u pemeHue (7) B BuAe paja mo
crenensim 1/B, nonyyaem [1,2]:

fal) m 5l20p(=X") + BT FO(X) + BZO0L X =a/% (10)

rie

o0

(n) 1 w\[u?, u?]”
"UX) = = uduJo(Xu) exp(—z-) [~4—ln T]

0
yuEBepcaibable (T.6. 3aBHCANIHE TONBKO OT X) dbynkuun. PopMyJsl H Ta-
GaIMIIEL 1S OOBI9HO HCIOIB3YEeMbIX B pacteTaX byuxmut fO), f (2) npuBeens:
g [2]. Tpa ¢ > A ciraraemoe ¢

£0)(x) = 2exp(—2)(z = D[ Fi(z)~Inz] = 21 - 2exp(=)), 2=X7,
JaeT OCHOBHOH BKIAJ, FO(X)~2/X% m
Frle) m2x/q" - - (11)

C ygerom f&dﬁf'{“}(é} = 0 npu n > 1 [1] HOpMHAPOBOHUHBIH HHTErPaJl
0
Lnorm = 1 — exp(—4/32) — B~ FO(2/2) = BT F@2/),

rae FM(X) = }{gdg F)(€) mopu X > 1 FO & X2, F? x 2X%n X2

Fro ormwane or 1 Maino (~ A2/4B) u moxer GHTE yCTPaHEHO NONPABOTHLIM
MHOMHTEIeM K JAdPy3HOHHOH JacTH PEIIeHMH.

OrmeTuM, 4TO GOPMYJIH (9),(10) noyyensi 37iech TONBKO C YHETOM yCIO-
pus (8), yconue (4) obecuenBaeT CIpaBeJHBOCTE pemenud (7). Tlpu HeBbI-
noHeHnH (8) UACHO CTONKHOBEHHH CTAHOBHTCH 1eBoBIIHM, JOJIA Hepacce-
sHEBIX 9acTal exp(—Nto;) B pemendy — 3HAYATENBHON, B NOHATHSA O0JNACTH
MHOTOKDATHOTO paccesHHs M €€ pasMepa A Tepsior cMbicii. Pemrenue (7)
oCTaeTCs CIPABeAJIHBLIM, T.K. B OBMacTH MaJbiX yIVIOB (g € 1) mepexox
K ILIOCKOH OGJACTH WHTETPHPOBAHH#A BCETAa BO3MOXKEH, a [IpH JOCTATOYHO
Gonbiux 3HadcHUAX ¢ ypapmenus (2),(5) xaior GAM3KHE Pe3YJLTaTEL

Tpyroif TOAXOA COCTOHT B TOYHOM pPEIICHHH ypasuennsa (2) B BHAE PHAa

a2 ! L b (cos 9) exp(~@i(£)) (12)
11




Qi(t) = fo,a'(J) sin ddd(1 — Pi(cos d)),
0

rae P, — nonaaomsi Jlexanapa, f(9,0) = 6(1 — cosd). (Orcioma ciieayior
npuseeAnbie puimie dopmydsl (6)). Jna cevenus Pesepdopaa [10,2]

I

i

1

1 1 1 1~ Fz)
Qi = §X3‘?:2[ In(2/xa) + 3 -8, &= §f T"rdx
1

1
T3 (13)

k=

Ipuseaem psig (12),(13) x marerpaisnomy BuAy. (B mpubankenud Ma-
JABIX YIJIOB BOTpOC pacemarpuBadica B [2]). YwuursiBag, uTO npejicTaBiAeHHE
Pi(cos ¥) B BAZE HIEPreOMETPHIECKOM ¢byHKIuH gaeT pAJ MO CTENEHAM ¢,
a s Maiwex yriaos Pi{cos¥) & 1 — ni¢?/4, cnenaem sameny Pj(cos d) —
Jo(mq), ¢ KoTopoii pasjioKeHHE Jo(mq) s maneix yrnos 6yler Tem iKe.
JaMeTuM Tenepb, 4To A4 paga (12) BosmMoxkHO npeobpasobanue

8
~
B
o
=
|
[
[]

(§I+1 +g1)d, A= Xip1 =Xy Xp== n?_
o I=0

Kaxi0e cilaraeMoe B CyMMe clipaBa -—— allllPOKCHMAaNHA HHTerpaja orT g(X)
na y4acrie (X, Xi4+1) dopmynoil Tpanenuit, T.e. pAA NPHBOJUTCH K HHTE-

rpaiy 3 ﬂfy(X)dX= hfﬂ(ﬂ}'?d'f}'-

TakuMm obpa3oM, C HCTIOIB30BaAHUEM

dq, 6=x, Vil+1l)—1, Py(cos 9) = Jo(ng),

nosiydaem obiee coOTBETCTBUE MeXY paaoM (12) u unTerpajiom (7), 4T0 Ha-
XOHT MOATBEPK/ICHHE B HACTHOM ciydae cedenus Pesepdopia, T.K. y4eTOM

S:ﬁinm-l—(:’—{—%ﬂrz—{—....

1 1
Qi ~ -ﬁ—xﬁnﬂ n(2/xe) + 5 — C—-lnn |,

r.e. monydaem dopmyay (9). Dro HCHONB30BAHO B ClE/YIOUEM pasieie B
cnyyae cedenms Morra (wacTun co cnuxom 1/2).

12
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=4

3 Ceuenue MoTTa

Jnsa ceyenns

7 (X) = 05(X) (1 “ %ﬂzf) , B=vfe,

pemmanny Q(n) B (7) npeacrapum B Buge Q,, (1) = Q (n) +6Q(n), roe

Qi) = Nt [0 (xdx[1=Jo(m)],  dox) = 2P
0

VnTerpaJ pacxofdTcs, eci He obpesats do(x) npu x = 2. [lasd pemenusd B
pHje paja Takol mpobieMbl He Bo3HuKaeT K Bmecto (13) mmeeM

1 1
Qi 520t [In(2/xa) +1/2 = 5] +8Qu, 6Qi=—gxcFS.  (14)

T.e. umeem pax (12), (14) ans cedenna Morra. Ilonaras S ~ Inny + C,
OpUBEJIEM €ro K MHTErpajbHOMY BHAY (CM. pasjied 2). OrmeTnMm, 4TO TO-
Ayualomeecs mpH sToM snagenne §Q(n) = —zxzf°(Inn + C) moxer GuTh
Hali ieHO NOCPe/CTBOM

6Q(n) = Nt }i_rgg,( f do(x)xdx — ﬁ'a(x)Ju{ﬂx)xdx),

E

T.e. c obpe3aHHeM TOIBLKO MepBoro mHTerpajia. Takoe npubiamkeHHe OKa3bi-
BaeTcH MOCTATOYHBIM JJifi PACCMATPHBAEMOTO CJy4as.
[Mocne 3amen u = A, X = ¢/, nony4um

o0
2

of =
f it} = ;E fuduJﬂ(Xu) exp(——4—) -exp(ﬁln HT — éQ(u}),

0

1 : D | 2
§0(w) = —=v2B%*(a+=-In-u?), a=h=+C.
[Ipu ToM MBI HMeeM BBHAY, YTO B JAHHOM cly4iae OONpaBKa K CeHCHHIO
Pesepdopia MEHOro MeHbIllE€ HOCHEHETO NPH X < A M CpaBHMHMa C HHM IpH
x~1 , re. cymecrsenna B obsacTH 6OTBUINX YTJIOB. TTosToMy AOCTATOYHO
HaliTH JHIIE HONpPaBKy K byHKIuH ,i““'J B (10), koTopas ZaeT OCHOBHOMH BKJIaJ
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Ha BONbOIMX YIVIaX, 3 H3MeHEHHEM BeJIHUHHb A M, CIeJI0BATENIBHO, TapamMeTpa
B u3-3a H3MEHeHH CeYeHHA MOXKHO NpeHnebpedb.

OcTaBuM B Pa3jiolKeHUH BTOPO# SKCIIOHEHTHI NOJ| HHTErpajioM CJIaraeMuIe
JI0 BTOpOTO TOpsfKa 1o 1/B BKIIOTHTENBHO. o §Q(u) ocTaBuM ciiaraeMoe
nepeoro mopsazxa, nperebperad cjaraeMbiMH C NpPOU3BEACHHAMM 6Q(u) Ha
crenenu 1/B. Ilony4unm ~

]
fule) = fu(a) + 558 ¥(X), (15)

$(X) = exp(—X?)[2a + In X? BY /1 6] 8 (16)
dopmyna (16) cregyer us

o0

$(X) = f sdndelXs}erp (-g) (a + %m %) .

0

TlepBoe craraemoe B cKobkax Aaer 2a exp(—X?). Ocrapmmiica nHTerpaJ
I(X) muddepenuupyem no X. Ilocae dJo(Xu)/dX = (u/X)dJo(Xu)/du
W MHTErpUpOBaHMS IO JacTAM MPHAEM K ypaBHEHHIO d(X2I(X))/d(X?) =
F1)(X)/2 — exp(—X?), pemas KOTOpPOe NOIYIHM B HTOL® dbopmyay (16).

Oo6pamaer BEUMaHHE, 9TO B machdpy3uoHHOIE 06IaCTH, KaK H OXKHIAI0CH,
BK.JIaJ{ BTOpOro craraemoro B (15) ~ B~11n(1/)) mocrarouno man. Caaraemoe
¢ f(), manpumep, JaeT BKJAAL ~ B-1A"%, OcuopHoli BKJaj NPHXOIATCH
Ha o6J1acTh OJHOKPATHOTO paccesinusa. B sroit obmacTi B nepBOM NOpAAKE
MaJIOCTH TIO X

Fula)  2xC (1 o i—ﬁgq’*) /q*. (17)

4 Meton Monre-KapJiio

Tounocrs pemenu#t (10) u (15),(16) KoHTpOAKHPOBaAIACE C HOMOIBIO CYMMHA-

pOBAaHHA COOTBETCTBYIOUIHX PHIOB (bopmyan (12),(13),(14)), a ans cevenus

Peaepdopia TakXke pelileHHeM ypaBHEEHA (2) metomom Mowute-Kapno ¢ ce-

qenueM B BHae [2,8] '
oa(x) = 26°/ (x* + Xa)

Tonroe ceuenue o = (s/xa)?/(1+ Xa/4)-
B merone Monrte-Kapio And noiayieHud C HYKHOH CTATHCTHYECKOH TOT-
HocThio bYHKIMM pacnpefencnus f (¢) neobxopumo HabpaTh AOCTATOYHOE
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wHCTo COBLITHE, B KOTOPHIX ONpefeNfercs clydaliHbiii yroi 9 mocie mpo-
xoxaenna gactuuedl myTd t. IIpaMoii criocob COCTOMT B Pashirphiilie TACIA
cTonKHOBeHuH 1 Ha nyTH ¢ no pacupenenenuto [lyaccona co cpeanaM
n = Nto ¢
¥ pa3uirphbiie B Kas(IOM CTOJIKHOBEHHH yIVia PacCedHHd d ¢ BHIYHCIEHHEM
HOBOTrO 3HaueHAs ¥ 0 TeX TOP, MOKa He OyAyT HCYEPIIAHEL BCE CTOJNKHOBCHHA.
Jlais pacdeTa § TeHepUpYyeTcs ciiyJaiHOe 3Ha"EHHe F unTterpalia oT (pyHK-
H|H paclpefic/ieHAs BeJHIUHBL X = 2sin(d/2)
Xa
2 2 2
Fix) =22 0+ 33/ [xdx/ (C+x2) s xg=2 0<F<1, (18)

X
mocie wero w3 F = F(x) = (1 —x*/x3)/(1 - x2/x?) umeeM

x = 2sin § = xay/(1= F)/(F +3/3).

Hogpoe 3uadenue yraa ¥ MOXKHO ONPEASTATEL, HAIIPHMED, H3

g=2sing = r? + r3 — 2ryracosv,
e v — caydaliHbiit asUMyTa/IbHEIR YTOJ, BEIMYHHLL 7'y, 2 ONPEENAIOTCA 1O
3HaYeHHIo yraa ¥ Ao CTOJKHOBEHHA
= 8o "9l .4 )
ry = 2cus§51n 3 reo = 25]11 EEDSE'

Taxkoii criocof noctarouno sddextuser ana onpepenenus f(g) B augpdby-
suonmHol 061acTH. B oJHOKpaTHO!H 06acTH, Tje BEPOATHOCTL OOHApYKeHus
qacTHLBI MaJla, TToNydeHie HY»KHOH TOYHOCTH 3aTpyJAHHTENBHO. Jlna ompe-
nenenns f(g) Bo Beeit obmacTi MOKHO HOCTYNHTH CHIEAYIOMIHM obpazom. Pa-
306hem obsacTs ' Ha HETepBadH (Xi-1,Xi), 1 =1,-.,N, x0 =0, xy = 2,
a cOBLITHS HA B3aMMOMCKJIIOHMAIONINE KJAAcChl ¢ YCNOBHAMH 0T60pa : B i-M
xnacce 1) HET CTOJKHOBEHHH C X > Xi, 2) WMEETCH XOTd 6Bl OAHO CTOJKHO-
BeHHe co 3HaueAMeM Y B i-M uHTepRate. K l-My kmaccy oTHeceM CcOOBITHS,
Ui KOTOPHIX BHITIONHEHO TOJBKO yciopne 1). OyHKIHA pacupe/cieHHs MpH

ITOM
fla)y =Y _ Wifila),

rae fi(q) — dyEKIMA pacnpejeseHus AJid KJacca ¢ HOMEpoM 1, Wi — Bepo-
ATHOCTD TTOSBJICHUE cobuiTHi sToro Kiaacca. ®opmyns ana W; u bysknui
pacrpejiefienusl MO YHCJY CTONKHOBEHHI B KJaccaX MPHBEAEHLI B Ipunoxe-
auu. C pasbuenneM Ha KJACChHl BO3MOXKHO NOJYYeHH€e IUCTOrpaMMBbL i flq)
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¢ 6JM3KUM K PaBHOMEDHOMY 3allOIHEHHEM ee KaHAJOB II0 YHCIY COOLITHI.
[Ipn HaKONJeHAH B KaHAJAX BeJHYHH

h=Y Wimi/Mi, S*=) mi(W:i/M;)*,

rae M; — 4uCIO pa3BIrPaHHBIX COBHITUH i-rO Kiacca, m; — YHCHO COOHITHI
i-To Kiacca, mONaBIIMX B Kamat, S? — mucnepcus h, monajaHie O4YEPEAHOrO
coBLITHA W3 KJacca 1 B KaHaJ IPUBOART K aobasnennio K h seaugunst Wi /M;,
ax S2 - W2/M?. Te. aocraTodso KOUHThL JBe THCTOrpamMmbl. Benwauna
m; /M; coorsercrayer f;(gq). HopmupoBka h u S Ha neny kanana jgaer f(q)
M ee CTATHCTHYECKYIO OmHOKY.

5 O6cyxaeHue

OrmeTnM, npexe Beero, 9ro dpopmyast (11),(17) aaior npaBuibHEIE Bepo-
ATHOCTH pejKnx cronkHosenuil f(g)gdg ~ Nio(q)qdg, T.e. nmouydeHHble pe-
ImeHns NpUToAHbl Bo Beel obsacrd yrios. Ha puc.2 nmokasaHo cpaBHeHHE pe-

f(5)/f(q) . B(4)/qf(q)

Puc. 2: 3asucamoctb orromenuit 1 — f(9)/f(q), 2 — 4f(9)/qf(q) or yrna ¥
st ceqenus Pesepdopia. Kpussie paccauTanbl 414 BapuanTos 1-3 Tabmmiml
1 ¥ s 5THX BApPHAHTOB HAa PHCYHKE HEPa3HYHMEL.

menns (10) ¢ npuGIHKEHHEM MaJHIX YIJIOB Jud cedeHns Pesepdopaa. Pas-
JHYHEe CTAHOBHTCH 3aMETHLIM JJis OOJIBINMX YIVIOB, KOTJa, B COOTBETCTBHH C
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(11), ornowernns f(J)/f(q) ~ (¢/9)?%, 2f(9)/qf(q) =~ (g/9)® u mocruraior
npegebHbIx 3uagennit (2/7)%, (2/7)°, coorsercrrento, npu ¥ = 180° . [lasa
cegenns MoTTa mosobHOE CPABHEHHE He HMeeT CMBICHA, T.K. B NpUbIHKeHuH
MaJIbIX YIJIOB cedeHue CTAHOBHMTCH OTPHIATENbHBIM IPH $>120°/53% .

2
f(a)n/2
k
1 h"t*"l; d
b ._1..
i
i X
0.8 | " Y
¢ @
\
L e
S E m 3
L
04t| {0
¢ »
l“ ..
0z | |1 & o
l.‘ .
B
11;“_ F t
0 bttt Qnﬂ ﬂ‘_ C 1 1 i I
D LS 1 1.5 30 60 90 120 150 180

Puc. 3: 3asucumocts f(g)A?/2 or yrna 9. a,b: kpussie 1-3 — f(g) no dop-
myxe (10) gns BapumanTop 1-3 Tabmunsr 1, ToYKH — pacdeTsl Monre-Kapimo.
¢: xpussie 1,2 — f(g) no dopmyxnam (15), (16) nns sapuanTos 1,2 Tabmmirst
2, rouxu — pag (12), (14). Kpusasa 2’ monyuena ¢ ¢{X)=0.

CpaBHenHe TOJyYeHHBIX peleHuil ¢ 6osiee TOUHBIMH pe3yJibTaTaMH Npej:-
crasieno Ha puc.3,4 u B rabaunax 1,2. Puc.3a,b nokassiBaer corsiacie peiie-
ums (10) ¢ monysennsIM B MeTOAe MOHTE-KapJIo pellleHHeM BO BCeM AHAala3oRe
yrios. Puc.3c - cornacue pemennsi(15),(16) ¢ pagom (12),(14), a rax:ke oTH-
aue (15),(16) ot pemenns (10) B o6nacra Gombmux yrioe. B tabanne 1 npu-
peJIeHBl JaHHble JJIf PACCesHHs T-ME30HOB Ha sosore (£ = 79, A = 196.97,
p — NAOTHOCTB). €max, £(0), £(2) — MakcuManbHOe W KpaeBble 3HAYEHHH OT-
nocatenmsuoro orkionennsa £(q) = [f(g) ~ fe.5.(9)]/fc.s.(g) B muTepBaie
0<¢<2. 3aeck f - pemenne (10), fg.s. — pemenne (12),(13) Foyacmura u
Canzepcona. Xapakrep 3aBHCHMOCTH § = & (¢) mpu nocrarouro Goabiumx B
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(xpuBaa 3 Ha puc.4 npH ¢ ~ A MeHsAeT sHak) u 3uagenue £(2) cormacyercs ¢
olieHKaMH pasgena 1. MakcHManbpHOe 3HaYeHHE Emax MPHEXOAMTCA Ha Kpat-
ayio obaactb ¢/ A~2. 3navenna £(0), Emax ¢ YMeHbIICHHEM A BHa4aJe y6rI-
BAIOT, 3aTeM HaYMHAIOT Bo3pacTaTh. llocieinee, Kak B XapakTep KpHUBBIX iz
Ha puc.4, obbACHAETCS HeJOCTATOYHBLIM YHCIOM WICHOB Pa3/IOkKeHH: B 7 10)
npu HeGonbmAx 3HaveHnsX B. B arom caydae B 00MacTH MHOTOKPATHOI &/ Pac-
cegHns norpemsocTh pemenus (10) onennBaerca Kax £(0) ~ 3 (0)/2B3, r.
€. NOpAAKA NepBOro oTOpOMEHHOrO CAaraeMoro, F3)(0) = 5.94. B xparnoii
obaacTa omHbxa Gobie W, TOCKOJIbKY

Tabmuua 1. Ceuenne Pezepdoppa. w-ME3OHbI.
Egin = 50 MsB, xa =2.T7- 10—4.

Tabanua 2. Cegenne MorTa. DJIeKTPOHHI.

N° | pt o/cm? A B | £(0) % | fmax % | £Q2) %
1 | 0.00375 | 3.51.10-3 | 493 | 327 | -538 | 5.52 .

o | 0015 |81410-*| 661 | 131 | -1.63 | 268 | 0.01
3 | o060 |1811072| 821 | 523 | -0.76 | 15 | 0.3
4| 024 |39610-2| 077 |20010° | 043 | 111 | 012
5 04 |592610-2|10.34|34910°| 035 | 106 | 0.25
6 2 0127 |12.11|174.10°| -035 | 174 | 101
7 4 0.185 | 12.86 | 3.49.10% | -0.47 | 2.17 | 2.6
8 10 0.304 | 13.85 | 8 71.10* | -0.93 ; 8.63 5.24
9 40 0.640 | 15.34 ¥f-_-';+49-1uﬁ 357 | 507 | 386

anech suagenne f(O) mano, a (), fC7, £3) opmoro nopsaka, Emax ~ 1/B%.
Tonaras B oxHoKpaTHO# obmactk & '~ A?/2, madiyem, uro £(0) > A?/2 upm
A2 < 5.94/B? uwmn x? < 5.94/B*, .6 1upaKTHYECKH FO BCEX BCTPEYAIONHXCH
KOHKPETHBIX 33/[a4aX pellieHie B O I0KpaTHOH 0ONacTH OyzeT TowHee.

s 7abauusl BHAHO, 9TO NPUMEp HOe 3HaUeHHe BEPXHEro lpejeia Ha pas-
mep Audppy3uonHOH 061aCTH Amax ~ 0.3. OtmeruM, 4ro npud A = 0.3 HOD-
mupoBouHELi MHTerpasi papen (.908, a oTKIOHEHHE CpeAHEKBaJpaTHIHOrO
snagenus ¢ B uaTepBaie 0 < ¢ < 2 OT MOAYYEHF.0ro No (opmyJe (6) menpine
1%. C ymeHbIIeHHEM A TOYHOCTE ITHX BEIHYA'd BO3PACTALT.
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Egin = 15 MaB, x, = 6.89-10"%

Ne° | pt rfcm? A B n £(0) % | Emar %o | £(1) %
1 | 0.00375 | 9.10-1073 | 5.01 34.8 -4.99 5.25 -
2 0.015 | 2.10-10~2 | 6.68 139 -1.57 2.61 0.06
3 0.030 | 3.15-10°% | 7.49 278 -1.05 2.00 0.12
4 0.06 4.68-10% | 8.28 556 -0.75 1.61 0.23
5 | 012 |6.9310-2| 9.06 | 1.11.10® | -058 | 143 | 0.44
6 0.24 0.102 9.84 | 2.23-10% | -0.50 1.51 0.90
7 0.4 0.135 | 10.41 | 3.71-10® | -0.49 1.86 1.57
8 1 0.224 | 11.42 | 9.28-10° | -0.66 4.04 4.04
9 2 0.328 12.17 | 1.86-10* | -1.07 8.66 8.66
10 4 0.477 | 12.93 | 3.71-10* | -1.99 16.8 16.8

[pubmuxenus (9),(13) umeror orpankyennd, T.K. NOXYYeHE IPH YCIIOBHH
7,1 € 1/xa. Pan (12) nonxen 6uirp 06pesasn npn | < fm ~ 1/Xa, tm — 38a-
YyeHHe 7}, IPW KOTOPOM BeJH4HHA Q(7) MpHHHEMaeT MaKCAMAabHOE 3HAYCHHE
Q,», wHave on pacxoautcd. C npubmmkennem (9) 1 GecKOHEYHBIM BepXHHM
npeesoM pacxoaurcs u mHTerpas (7). 3nadenne exp(—Qm) AomKHO 6HTH
ManbsiM. B nuddysnonnoi obnacti, HanpuMep, Hy X HO, YTOOLl COOTBETCTBY-
fomHit 7y, 4ieH pasioxenus B (12) 6bu1 Man, no cpasrenuo ¢ f(0) & 2/A%.
Jina sapuanToR 1-3 tabauner 1 log,o[ (209m + 1) exp(—Q(nm)/2f(0)] npu-
uuMmaeT 3Hadenus —6.1, —19, —72, coorBercrBenHo. Ilpm ¢ < 4\ corsacue
(12),(13) ¢ metogom Monre-Kapiio jist BapuanTa 1 elie yA0BJIeTBOpPHTENLHOE
(puc.4). DTo NPUBOANT K OPHERTHPOBOTHOMY HHIKHEMY Npeaeny

)*minf{xa e 10:

HO pAZ He obecleduBaeT AOCTATOYHON TOYHOCTH B OJJHOKpATHOH objacTH, rie
f(q) mamo (B meroge Moure-Kapio ans sroro BapvaHTa IOJyJeH BepXHHI
npegen £(2) < 1%).

JlaHHEIe JJIS PaccesHHs HA aJIOMHHHH ¢ cedenneM MoTTa MpuBeleHBl B
rabuune 2, rae € — orHocuTenbHoe orkiaonenue (15), (16) or paxa (12),(14)
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Puc. 4: 3asucamocts £ = £(g¢/A). Kpusste 1,2,3 — oTHOCHTENIbHOE OTKJIOHE-
nre f(q) mo dopmyae (10) or paxa (12), (13) ans sapuanTos 1,2,7 rabiuitsl
1, TOYKH — OTKJOHeHWe OT pacderoB Moure-Kapino s BapHaHTOB e

g unreppase 0 < ¢ < 1, ¥ NPHBOJAT K TeMm Ke pesyabrataM. - (CpaBHeHHe
npu ¢ = 2 3jech, BBHAY OdeHb Manoro suadenms f(2) u npubamikenHoro
XapaKTepa pelmeHuif, NpPaKTHIeCKH HeBO3MOXKHO).

OTMeTHM ellle, YTO B PACCMOTPEHHBIX NPHMEPAX IPH A ~ Amax HOTEPH
SHEpPTHH JacTHIAMH B BellleCTBE BEJIHKH, T.€. TTpH COOTBETCTBYIOIINEM OI'pa-
HHYeHHH TYTH YaCTHUIEl B BEleCTBe yCI0BHe A < Amax OVAET BHITOJHATHCH.
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6 3akJirodeHHue

ITpoBegenHoe pacCMOTPEeHHE IIOKa3biBaeT, YTO HCXOXHBIM JIJId MOCTPOEHHA Te-
ODHH HBJISieTCA TOJIOKEHHe O MaJiocTH pasMepa guddysnonnoit obuactu A.
HeobxoauMocTH B npub/IHKEHHH MaJibIX YTJIOB He Bo3HHKaeT. Jlna npaxTute-
CKM WHTePecHbIX 3Ha4YeHuil A HalJeHHoe B paboTe Ajd cedeHUd obMIEro BHAA
u 6e3 orpaHMYeHHS Ha VIJIbI paccesHHs KHHETHYECKOe YpaBHeHHe IPUMEeHHMO
BO Bcell OGJACTH YIVIOB, MPHYEM De3yJbTATHI, TIOJYYeHHELIe B NPHONHKEHHH
MaJIBIX YII0B, obobiaiorea npocro: 3ameHo#l ¥ Ha ¢ = 2sin(d/2).

B mupoxkoii obiacTi NpakTHYeCKUX 3HAYeHHH A HOJIydeHHBIE pellleHHS B
OIHOKpaTHOM 061aCTH OKa3aJIHCh CYUIECTBEHHO TOYHee, YeM B KpaTHOH obJa-
cTH M 0BJ1acTH MHOTOKPATHOTO paccednus. T.e. HeoOXOZHMO yTOUHEHHE P
(10) mnsa sTux obnacreit. (31eck MBI He KacaeMcs OTJEJBLHOIO BONPOCA O TOY-
HOCTE BeJHYHHBl Yq, OJHHAKOBO BAXHOIO JAJH BCeX PACCMOTPEHHBIX pellle-

‘aguit. OTMEeTHM TOJBKO, YTO B OJHOKpATHON OBJIACTH pellleHHe OnpelesifeTcCs

B OCHOBHOM TapaMeTpoM X-).

Pabora cogepxur obuiuii pe3yisTaT — KHHETHYECKOe ypaBHEHHe, HMeo-
Hiee penienne B BUJle HHTerpaJia, obobilenie pesyibTaToB, HoJNyYeHHLIX paHee
B npubianmKeHHH MaJblix ywioB (cedenue Pesepdpopaa), u HOBBIH pesynbrar:
$YHKOHIO pacnpefiesieHns Aad HacTun co cnuroM 1/2 (cewenne Morra). Ilo-
JydeHa OCHOBa s ydera sjepHoro ¢opmdbakTopa M MOMNIOUIEHUS YaCTHIL
B sigpe. PeaynbraTsl MoryT HaliTH NpUMeHeHHe AJA yd9eTa MHOTOKPaTHOTO
paccegHHs NpH MOIMIAr0OBOM NMPOBEJeHHH JaCTHI[ Yepe3 AeTeKTop (MoJaeanpo-
BaHHe), KOrJa TPaeKTODHA NPEeACTABIAETCA B BUJie JOMAHOH H Ha Kak/OM
MaJIOM TiepeMelleHHH Y IYATHIBAIOTCA BCe TMPOLecchl B3aHMOAEHCTBHA.
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[Ipnsoxenue

ObosnaduM 4wepes FP; BepOATHOCTH NONAJAHHS BeNHYMHLI X B OT-
NeJILHOM CToNKHOBeHHH B HHTepBaa (0, x:), 4vepes my, ny, n —m; — n;
THCIIO CTONKHOBEHHH B cOOBITHH co 3HaYeHWeM X B uuTepsanax (0, xi-1),
(xi-1, i), (xi,2), coorpercrBenHO, Npy obIeM MX YMche n. BeposTHOCTDH
Oy YHTE TaKoe COBBITHHE ONMpeesaeTcs NOTMHOMAAIBHEIM pacipeeieHAeM
W paBHa

n!

b ¥ i = =1
mi!”i!(“—mi—ﬂi)!a'lp? FET o e I TR S T

BeposSTHOCT NOJNYYHTH CODBITHE i-r0 KNacca ¢ YHCIOM CTOJNKHOBEHHH 1,

n; ects (mosaraeM B 3Toll dopmyne n —m; — n; = 0, AckIloYaeM ciyda#
n; = (0 W y4HTHIBaeM, YTO 3HadeHHe N B COOBITHAX DacCHpPEeEeNeHO IO
TlyaccoRy €O CpejlHHM 3HAYEHHeM Ti )

7" n!

n

wiln,ni) =e" =Tl ;
1( ’ 1) n! (n_ni)!n‘_ipi—-l (p'l. Eﬂﬂu)? (t?él}
Son, — cumBont Kponekepa. To4HO Tak JKe BePOATHOCTD NOJYYHTH COOBITHE

1-ro KJiacca ¢ YHCJIOM CTOJKHOBEHHH N

—ﬁl — n
wl(n):e F(HPI) E

[Tonuas BeposTHOCTh W; HaHTH coBbITHE B i-M KJacce Noaydaercd CyM-

mupoBanueM sTux ¢dopMya no n, n; . IIpu cymMMApoBaHMMM 11O n; Tpe-
=i 0 __ -1 i
obpasyem PP7Mpl = Plra" ™, (a+ b =1), #u, ydnTsBag, 4TO CyMMA

BepoATHOCTeH B OHHOMHMATHHOM paclpe/ie/ieHHH paBHa 1, moxy4HM
=T
Zui(na ﬂ-i) =e ? (Rtﬂ T R:'ri-l)i i ?{'- |8
n; 2
Ilociie CyMMHpPOBaHHA N0 N, C yIeTOM paBeHCTBa 1 CYMMBI BepOSTHOCTeH
B pacnpegenennn Ilyaccona, mony4aem
W; = exp(—7i(1 — P1)), Wi =exp(—R(1-F;))—exp(—n(1-F;-1)), i# 1

Tk. 1 - B, = F; = F(x;), F(x;:) onpenenero dopmynoit (18) npa x, = 2,

CEOHY4ATEeNBLHO MMOJYYHM
Wy = exp(—nF;), W;=exp(-nF;)— exp(—-nF;—;), i=2,..,N.

Ormerum, uro F,, = 0, ciegopatensro, » W; = 1, r.e. pasbuenne Ha
KJIacchl OXBATBEIBAET BCIO COBOKYNHOCTH COOBITHH.
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Yucno cToJKHOBeHHH B cODHITHAX 1-T0 Kaacca, KaK NOKa3bIBaeT dbopmyia
nas  wi(n), HOpMmpoBaHHad Ha 1 (menennas ma W), pacrnpeaejeno no
[Tyaccony co cpeasum 7i(1 — F1). B sToM kiacce 3HaYeHU X B CTOTKHO"
penmsax pasurpeiBatorcs B maTeppaie (0, Xi) B coOTBeTCTBHH ¢ (OPMYJIOH
(18), B xoropot Xg = Xi- Jlnsi ocTalbHHX KJIACCOB IHCIIO CTOJIKHOBEHHH B
cOBLITAHE onpejieuM Kak n = m; + n;. Ilepexons B dopmye ana w(n, n;)
K NepeMEHHBIM M, Tj, IOMYIHM, YTO BEPOATHOCTD NOABJICHAA B i-OM KJIacce
sHaYeHH# m;, N; NPONOPIHOHANLHA POH3BEACHHIO ABYX MHOMKHTENeH

Ty iy my i
i b + = " i b & - ek e

m;! n,'! m;! n;f

Te. m; pacnpeaesero no [lyaccony co CpeHEM n(l — F;_1),a n; mno
Iyaccony co cpegEum 7i(F;_1—F;) W HCK/IIOUeHHEM Cydas nj = 0. Iocne
PO3LITPHIIIA M;, N PasbIIPHIBAIOTCA 7 CTONIKHOBeHHI, Cpesi KOTOPHIX
ciyuaiiHo ¥ paBHOMEDHO PasbIrPHIBAIOTCA  1; CTOJIKHOBEHHH € MOIIaflaHHeM
x B uATepBat (Xi-1,X). B OCTaNBHBIX M; CTOAKHOBEHWAX 3HAUEHHI X

pashIrPLIBAIOTCA B MHTEpBaJe (0, xi-1)-
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