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npRMOH nyTb nony411Tb Ol.leHKY Kpanioro '11HTerpana 

r=Jf(x)dx /1/ 

MeTOAOM MOHTe-Kapno* C9CTOI1T B TOM, 4T06~ nOACTaBI1Tb B /1/ 
· TO>KAeCTBO 

V x : w (x) p (x) = 1 • /2/ 

Ecn11 HOPMI1poeaHHaR cornacHo 
\ 

fp(x)dx= 1 /3/ 
nOI10lKI1TellbHaR <)lyHKL111R·, p (X) ~HTepnpeTI1pyeTCR KaK nnOTHOCTb Be
pORTHOCTI1 cny4aHHOH nepeMeHHOH x,noACTaHOBKa AaeT 

r = <f(x) w(x) > [ x; p(x)]. /4/ 
\ 

/Mbl npi1MeHReM o603Ha4eHI1e < ••• :>[X; p (x)) AllR MaTeMaTI14e.CKOro 
O>K11AaHI1R <I>YHKL11111, .cToR~eH e yronbH~x cKo6Kax/. Ol.leHKa nocne 
3TOro nony4aeTCR,. 3AeCb 11 HI1>Ke, 06bt4HOH. 3aMeHOH MaTeMaTI14eCKO
ro O>K11AaHI1R 3Mnl1pl14eCKI1M cpeAH11M no Bbt6opKe. Ecn11 N - o6'beM 
Bbi60pKI1, AI1CnepCI1R Ol.leHKI1 

/51 

"'"-3aAaBaR KOHKpeTHYIO <I>YHK1.11110 ·· - p (X)·, He06XOA11MO · OAHOBpeMeHHO · yKa-
3aTb anropi1TM po3~rpb1Wa nepeMeHHOH X B COOTBeTCTBI111 C nnoT
HOCTbiO eepORTHOCTI1 p(X). 

B AallbHeHweM Mbt npi1HI1MaeM, 4TO AaH~ v <I>YHKL111H p a (x) , 
a = 1, ... , v, o6ecne411BaR TeM caMbiM v paan114HbiX Ol.leHoK 11HTerpana. 
Mbl noKa>KeM, 4TO ·, eoo6~e roeopR, · MO>KHO noHI1311Tb A11Cnepcl110 Ol.leH
K11, eCI111 11CnOilb30BaTb 11p03blrpbiW no CMeCI1 MeTOAOB 11 BMeCTO TOro, 
4T06bl npOCTO Bb16paTb Hai111Y4WYIO 113 Ol.leHOK. 

Mo>KHO O>K11AaTb 3Ha411TenbHoro Bbtl1rp~wa, ecn11 cMeWI1BaeMble · · 
11nap1.111a11bH~e 11 MeTOAbl p03btrp~wa peani13YIOT 11Cy~eCTBeHHYIO Bbt6op
Ky11 no OTHOWeHHIO K pa311114Hbl~ CI1HryllRpHOCTRM 111111 n11KaM 11HTer
pl1pyeMOH <I>YHKL11111. 

P03blrpbiW no CMeCI1 MeTOAOB MO>KeT 6b1Tb none3eH TaK>Ke 11 B 
cny4ae, Kor Aa, KaK 3To 4acTo 6btBaeT, xoTsn nony411Tb cnoco6 
pac4eTa 6onee 11m1 MeHee w11poKoro Knacca POACTBeHHbiX 11HTerpanoe. 

* 06~aR CCblllKa: /1,2,3,4/. 

fO' bEO.vlliEHiibiM ~1HC n:T':J . 
;;[lEPHbiX t'-CCI1ED.Oo..\t-:lr 
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nycTb nonomHTenbH~e 4HCna Pa YAOBneTBOpR~T ycnOBH~ 

};pa=l. 
a 

PasAenHM o6beM HHTerpHpoaaHHR V Ha v nOA06beMoa v a 

V = u v , v () v {:).= 0 (a f, {J) • 
a a a ,... 

EcnH va saAaH~ xapaKTepHCTH4eCKHMH !I>YHK~HRMH 

\

1, xE va, 

'Tia (x) = 0 ~ , x . va, 

TO /7/ 3KBHBaneHTHQ TOmAeCTBY 

v;x: }; 'Tia = 1. 
a . 

TomAeCTBO /cp. c /2// 

v;x.: }; p-1 w 'T/ • p p . = 1 
a a . a a a. a 

/6/ 

171 

/8/ 

/9/ 

/10/ 

AaeT nepB~H H3 ABYX npeAnaraeM~X HaMH MeTOAOB CMeWHBaHHR o~e
HOK: 

r = <r(x) p-1 w (x)TJ (x) >[a, x; p p (x)] • a a a . . a .a . /11/ 

nony,4eHO. BblpameHHe AnR r B BHAe MaTeMaTH4eCKOro .omHAaHHR !I>YHK
~HH COCTaBHOH cny4aHHOH nepeMeHHOH (a, X), pacnpeAenei-4HoH C 
nnoTHOCTb~ PaP a (x). 4To6~ pas~rpaTb (a, x), MO>KHO cHa4ana pa-
3blrpaTb. a cor nacHo pacnpeAeneHH~ p a, saTeM · x - cor nacHo pac
npeAeneHH~ p a (X). .QnR AHCnepCHH o~eHKH HMeeM: 

nf = ~ {<f2p~2w~ 'Tia.>[d, x;papa]- r 21 • /12/ 

CMbrcn /11/ coc"('OHT a TOM, 4TO nap~Han)>HbiH. MeTOA a n'pHMeHR
.eTCR C BepORTHOCTb~ Pa• npH4eM BKnaA B 04eHKY AaeT nHWb B.TOM 
CJ.1Y4ae, ecnH T04Ka X, pa3blrpaHHaR C nnOTHOCTb~ BepORTHOCTH 
Pa(x), npHHaAnemHT. noA06beMy va~ .. · .. · 

¢HKCHpoaaa p , HaHAeM pa36HeHHe /7/ ~ npHBOAR~ee K HaHMeHb
WeH AHCnepCHH. aB~AenHM 6eCKOHe4HO ManbiH 06beM . 8v, 3aAaB ero 
xapaKTepHCTH4eCKOH !I>YHK~HeH 87J(X) ,· KaK B /8/. PaccMOTpHM Te-: · 
nepb eapHa~H~ aenH4HH 'T/ H nf sa c4ei HSMeHeHHR npHMeHRrO- . 

. a . . . . . ··~· . . ' 
l!lerocR a Bv cnoco6a posbrrp~wa c {J Ha y; · 04eBHAHO, 

8'T/~ == lfTJ(-8{Ja +Bya ) 
t-~ 

/13/ 
H 

BNDf = Bv • f ~· .:('_w fJPtl +Wy P-;,1 ) ' /14/ 
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Hs Tpe6oaaHHR 

anr > o /15/ 
HeMeAneHHO B~TeKaeT npRMOe npaBHno: 

'T/ (x) = 1, ecnH a p-1 w (x) <min p·;;tw t:).(x) 
a a {J~at-',... 

/16/ 
11nap~HanbH~e aepORTHOCTH 11 Pa HaXOARTCR H3 ypaaHeHHR 

· .. ,a ... ... . . 
~(NDr +A(}; pt:)..:...1)) == 0, 
apa fJ t-' 

/17/ 

rAe A - MHomHTen.b llarpaHma • .QnR !I>HKcHpoaaHHbiX 'Tia /17/ aeAeT· 
K ycnOBH~ 

Ap! =<f28apP{}WpTJp>[{J, x;p{Jp{J(x)]. /18/ 

3To ypaaHeHHe Ha Pa Mbl pewanH HTepaTHBHo. Hoabl~ Pa Bbi4HCnR
nHcb cornaCHO /18/, rAe'AnR BblpameHHR B npaBOH 4aCTH paaeHCTBa 
6panacb O~eHI(a, nony4eHHaR Ha npeAbiAYllleH HTepa~HH ••. 06l!IHH MHO-: 
mHTenb A nerKO HaHTH H3 ycnOBHR HOpMHpOBKH /6/. 

Mbl nHwb .KpaTKo ynoMRHeM BTopoH H3 npeAnaraeM~x cnoc.o6oa 
p03blrpb1Wa no· CMeCH MeTOAOB, OCHOBaHHbiH Ha -paBeHCTBe 

r..=<f(};p·w-1F 1>[x;};p{Jp.{J(x)]. · _, 
a a a fJ /19/ 

06paTHMCR KO BTOpOH HaWeH TeMe. B03bMeM HeKOTOpy~ o~eHKy 
H paccMOTPHM pacnpeAeneHHe noAnemallleH-ycpeAHeHHD cny4aHHOH 
aenH4HHbl ·X: HanpHMep, X== f(x) w(x). a /4/. 3Ha4eHHe X KaK 
cny4aHHOH nepeMeHHOH xapaKTepH3yeT CKOpee MOAY pacnpeAeneHHR; 
HemenH ero MaTeMaTH4eCKOe OmHAaHHe. ·EcnH nocneAHHe CHnbHO OT
nH4aDTCR, no Bb16opKe Manoro o6beMa 6yAeT nony4eHo, .cKopee ace
ro,· CMel!leHHOe 3Ha4eHHe f H CnHWKOM HH3KOe ·3Ha4eHHe Df, HeCMOT
pR Ha TO, 4TO, pa3yMeeTCR, B.CpeAHeM·3TH O~eHKH He CMel!leHbl. 

LteHTpanbHaR;npeAenbHaRTeopeMa rapaHTHpyeT coanaAeHHe MOAb! 
H MaTeMaTH4eCKOro.omHAaHHR B aCHMnTOTH4eCKOM npeAene 6ecKOHe4-
HO 6onbWOH Bb160pKH. M~ XOTHM yKa3aTb npaKTH4eCKHH npH3HaK AO
CTaT04HQCTH 06beMa Bbi60pKH, 

OnpeAenHM HOpMHpoaaHHYD nepeMeHHyo 

. · 1 N · . . 1 . -~ 
Y=(-N };,~ 1 -<X>)/.(-NDX) • 

1==1 
/20/ 

CornaCHO COOTHOWeHHD /26.2.47/ B/5/ nnOTHOCTb B~pORTHOCTH 
-~ 2 y . 

R(Y) =(211) exp(- L)[1 + 1_ (Y'3 -3Y) + 0 ( 
1 ~],. 

. 2 ·3tifN . yN 
/21/ .... 

·3 



rAe 

y 1 =<(X -<X>)i3>/(DXt3/2. /22/ 

JICHO, LITO-eCI111 

/23/ N </3 =y2 
- 1 

pe3YI1bTaT~ pacLieTOB no MeTOAY MoHTe-Kapi10 COMHI1Tei1bH~, nocKOilb
KY pacnpeAei1eHI1e Y Cl111bHO OTI111~aeTCR OT aCI1MnTOTI1LieCKOrO rayc
coea. MomHo no3TOMY peKoMeHAOBaTb a KaLieCTBe Mep~ npeAOCTopom
HOCTJ.1 O~eHI1BaTb BMecTe C r '11 Dr TaKme 11 aCI1MMeTpl110 f3 • 

Cnoco6 po3~rp~wa no cMecl1 MeTOAOB /11/ M~ 11cn~Ta1111 Ha.Tpex 
pOACTBeHH~X 3aAaLiaX. flepBOH 113 HI1X 6~a o~eHKa nap~l1ai1bHOH ae-
pORTHOCTI1 R npo4ecca · 

IL+ ... a++v +;- +e++e
e IL 

/24/ 

/e~pameHI1e AI1R Al1~~epeH411ai1bHOH aepORTHOCTI1, KOTOpOe M~ 11C
nOI1b30Bai111; paBHO KaK '11 caMa R, 6~11 nOJlyLieH~ B 161 I. Aee OCTaB
W11eCR 3aAaL111 CTaBI11111Cb KaK B~LII1CI1eHI1e'BK11aAa B R LlaCTI1 ~a3oeo
ro o61>eMa pacnaAa /24/. 1-iMeHHO, eo aTopoH 3aAaLieTpe6oea110Cb, 
LIT06~ no11HaR 3Hepri1R 3apRmeHH~x LlaCTJ.14 npea~wa11a 90 M3B, a a 
TpeTbeH - LIT06~ 3~eKT11BHaR Macca 11106oH 113 (:e+, e-)-nap npee~-
wana 10 M38. 

0THOWeHI1e A11Cnepcl111 04eHK11 /11/ /Ha noc11eAHeH 11Tepa~1111/ 
K A11CnepCI1J.1 Hai111YLIWero nap411ai1bHOrO MeTOAa 6~110 HaHAeHO A11R 
HaW11X Tpex 3aAaLI paBH~M 0,3; 0,125 11 1. nyLIW11M CLII1Ta11CR nap
~11a11bHblH MeTOA a C Hal16011bWI1M P a B KOHeLIHOH CMeCI1 ~ 

411C110 CMeW11BaeM~X MeTOAOB, v, 6bU10 Y HaC 3x3x3 BB11AY Toro, 
LITO A11~~epeH~I1a11bHaR BepORTHOCTb 11MeeT TPI1 CI1HrY11RPHOCTI1, OT
BeLiaJOLt111e TpeM nponaraTopaM, a HaW11 Pa 6bt1111 npi1MepHo nponop~l1o-
Hai1bH~ 0,1 111111 2 11X CTeneHRM B 11106~X COLieTaHI1RX. . 

0Ka3a11ocb, LITO cnoco6 /11/ npoRB11ReT TeHAeH~I1~ OTBepraTb 
60I1bWI1HCTBO nap~l1ai1bH~X MeTOAOB, CXOARCb K CMeCI1 CO ecero'273 
/111111 Aame c 1, a TpeTbeH 3aAaLie/· HeHy11eB~MI1 Pa· 

M~ OTMeTHI111 npi1MeLiaTe11bHOe yMeHbWeHI1e acHMMeTpl111 AO 3HaLie
HI1R f3 .. 4Q /3aAaLI11 1 11 2/, B TO BpeMR KaK Tl1n11LIHOe 3HaLieHI1e 
aCI1MMeTpl111 AI1R nap~l1a11bH~X MeTOAOB 113MepR110Cb B T~CRLiaX. AilR 
no11yL1eH11R OKOHLiaTeilbHOH CMeCI1 Tpe6oaa110Cb.' 57 7 I1Tepa411H. , ~ 

mHEPATYPA 

1. Harnmersly j:f.1., Handscornb D.C. Monte Carlo Methods. 
Methuen, london; Wiley, New York, 1964. 

4 

tll 
. ' 
i 
't 

./li\ 
f .i,-4} 

2. Co6o11b H.M. 411CI1eHH~e MeTOAbt-MOHTe-Kap11o. 11HayKa 11
, M., 

1973. 
3. James F.· CERN, DD/8h/6, Ge~eva, 1980. 
4. EpMaKOB C.M. MeTOA MoHTe-Kap11o 11 cMemH~e eonpoc~. 11HayKa11

, 

M., 1971. 
5. A6pa~oe114 M., ·CT11raH H. /peA;/. CnpaeoLIHI1K no cne~11a11bH~M 

~YHK~I1RM. 11HayKa11
, M., 1979. 

6. 6apA11H .Q.IO., HcTaTKOB U.r., M114e11bMaxep r.B. OHHH, 
'P2-5904, .Qy6Ha, 1971. 

_.,,) 

PyKoni1Cb nocTyn1111a a 113AaTe11bCK11H OTAei1 
8 11JOHR 1981 roAa. 

.,, 

5 


