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• BseJleHHe 

B pa6oTax I 11 npe.11no*eH HOBbit!: MeTo.1l M0.1lenHpoBaHHH MHoroqacTH'UihiX 

rrpoueCCOB, B OTnH'IHe OT cymeCTByiDmHX / 2- 51, STOT .MeT0.1l He Tpe6yeT IIpH

MeHeHHH .11nH pOShirphiWa HMrrynhcos peKyppeHTHotl: npoue.11yph1. Ilonepe'IHhie 

HMrrynbCbl '18CTHU C"iHT8IDTCH pacrrpe,1leneHHbiMH IIO HOpManbHOMy 3BKOHy H 

p83b!rpb!B8IDTCH HeSaBHCHMO OT Ilp0,110nbHhiX, llp0,110nbHbie )Ke pa3birpbiB8IDTCH 

c TO'IHOCTbiD .110 o6mero Heonpe.1leneHuoro MacwTa6Horo KostP«PHuHeHTa, Ero 

rro.116HpaiDT B Ka)I(Jloi!: cny"iatl:Hotl: sses.11e TaK, "iT06bi co6niDCTH SaKOH coxpa

HeHHH SHeprHH, JVIeT0.1l STOT ( Mbl 6y,11eM HB3biBBTb ero MeT0.1lOM BaH-XoBa) 

O'leHb Kp8CHB MaTeMaTH'IeCKH; KpOMe HOBH3Hbl OCHOBHOtl: H,1leH, HHTepec rrpe,11-

CTaBnHeT TaK)Ke ynoTpe6neHHe MaTpHu .11nH rrepexo.11a oT n uesaBHCHMbiX 

cny'lall:HbiX 'IHCE!n K n - l HMrrynbC8M1 He 3BBHCHmHM .11pyr OT .11pyra; HOBbiM 

HBnHeTcH H cnoco6 poShirphiWa To'leK, pasuopacrrpe.11eneunbiX no rHrrepc¢lepe. 

B Hawetl: pa6oTe c.11enaHa IIOIIbiTKa .1lanbHell:wero paSBHTHH ocHoBHoll: H.1leH 

MeT0.118 BaH-XoBa, flpH STOM B03HHK8IDT HOBbie CilOC06bi M0.1lenHpOB8HHH, XOTH 

HX s¢l¢JeKTHBHOCTb IIpHMepHO Ta )Ke, 'ITO H y rrepBOHB'I8nbHOrO MeT0.1la, OHH 

MOryT OKB3BTbCSI rroneSHbiMH IIpH p03birpbiWe MOJleneA1 oTnH'IHbiX OT TOi!:
1 

KOTopaH rrono*eua B ocHoBy MeTo.11a BaH-Xosa. Hawa pa6oTa HBnSJeTcSJ npo

.1lOn*eHHeM UHKna pa6oT /5,6,8/, IIOCBHWeHHhiX IIOHCKBM s¢l¢JeKTHBHbiX MeTo-

.1108 MO.{lenHpOBBHHH rrepH¢JepH'IeCKHX B38HM0.1lei!:CTBHi!:, 

s 



§ 1. 3¢¢eKTHBHOCTb MeTOAa BaH-XoBa 

MeTOA BaH-XoBa MOMHO o5o5maTb B pa3HbiX BapRaHTax, OueHKon Toro, 

aacKonbKO ytla'l:HO o6oomea1'!e, cnyMRT s<P<PeKTHBHOCTb MeToAa po3birpbiiUa cny

'l:8HHbiX 3Be3Jl 1 KOTOpb!H npR 8TOM B03HRK8eT, Oaa H3MepS!eTCSI I 5I J]Onefi OCT8-

IOIUHXCSI nocne opaKOBKH cny'l:8HHbiX 3Be3Jl C BeCOM1 paBHbiM 11 H p8BH8 OTHO

IUeHHIO cpeaaero Bee a reaepnpyeMbiX sees a K MaKCRManbHOMy eecy. ( flpR Hbi

aeiUHHX CKOpOCTHX 3BM AOIIyCTHMbl A8Me a¢¢eKTHBHOCTH IIOpHAK8 1%}, 

LlnS! aa'!ana aaM HYMHO obmo 3H8Tb scjJcjJeKTRBHocTb caMoro MeTotla Baa

XoBa ( B pa6oTe 111 TaKRX cBeAeHHfi HeT). Mbi Bbi'l:HCnHnH a¢cjJeKTHBHOCTb 

anSI peaKURfi N N -. n 11 npR n ;:: 3 1 nonaraH, KaK R B paooTe 1 11 , KBatl

paT MaTpH'l:Horo sneMeaTa peaKuRR paBHbiM ')!(; H = exp (- p :f p L ) 
1 ~ 

c p = 0,4 • PeaynbTaTbi TBKOBbi: 113 30%1 114 20%, 11s = 15%, 

116 = 6%. Llpyrne peaKURH, HanpRMep, NN-> NN1717 , p83b!I'pb!B810TCSI 

npRMepHO C TOll Me scjJcjleKTHBHOCTbi00 KOT0p8S! npH AOCT8TO'l:HO Bb!COKHX 8Hep-

f'HSIX nocTOS!HH8, 

0JlH8KO 0 Ka'l:eCTBe MeTOJl8 MOJlenRpOB8HHSI cneJlyeT CyAHTb He TOnbKO 

no TOMy, H8CKOnbKO 9<Jl<fleKTHBHO HAeT p03b!I'pb!IU A8HHOfi MOAenH, HO H riO 

TOMy 1 KaK pa3bii'pbiBaJOTCSI apyrRe MOAenR, 5nH3KHe K aeii, MeTOJl Baa-XoBa 

npeAH83Ha'l:eH )lnSI MOAenHpOB8HHSI npoueCCOB MHOMeCTBeHHOfi reaep8UHH 'J8C--.., 
THU rrpR BbiCOK09HepreTH'JeCKHX CTOnKHOBeHHSIX, LlnS! HHX, K8K H3BeCTHO, X8-

p8KTepeH BbineT 'J8CTHU B y3KOM KOHyCe BnepeA-H838A, Llpyrofi MOAenhiO 

noao5aoro npouecca S!BnS!eTcSI Moaenb CLA 17 I. M bi RCnbiTbiBanR MeT Oil Ha 

po3bii'pbiiU MoaenR CLA • B Bee aBesA, pasbirpaHHbiX no Baa-XoBy c KBaapa

TOM aMnnHTYJlbl m~H , BBO)lHnCSI cpaKTOp W = m~LA/ mlH , rae :lfl 2cLA

KB8)lp8T aMnnHTYilbi B MoaenR CLA • KoscjJcjJHuReHT p BbioHpancsr TaK, '!To-

Obi a¢cjJeKTHBHOCTh p03birpbiiUa coobiTRfi c HOBbiM BecoM obma HaH-

5onbiUefi. 0Kaaanoch 1 '!To B npouecce 11 N -> N 1111 " npR sHeprnH 2,9faB 

OH8 He nOAHRManaCb BbiiUe 1%, 8To He TaK nnOX0 1 K8K K8MeTCSI Ha nepBb!H 

B3rnS!Jl: OAHO cny'l:8HHOe COOb!THe C BeCOM, p8BHb!M 1, reaepRpyeTCSI 38 10 ceK. 

Llnsr cpaBHeHRSI yKaMeM, '!TO B nporpaMMax TRna FOPC HnR FOWL 12,3l 

MOAenh CLA p83b!f'pb!B8eTCH C IIpHMepHO T8KOfi )1(9 Sl¢cjJeKTlfBHOCTbiO, 

4 

1 
\ 

I 

~ 

§ 2. BoaMO)I{Hbie o6o6meHHH MeToAa 

1. P a c m H p e H He H a H a o T p on H bi e M o A en: 

MeToA Baa-XoBa aenpnro.ueH Ansr H30TponHbiX MOJlem 

IUaeTCH ycnoBRe (14) Ha 
11 1). HooT 9Toro orpaHH'l:eHHSI n1 

flyCTb Mb! TeM HnH lfHbiM CIIOCOOOM p83b!f'panH 

e , ... , e.... I YilOBneTBOpSI!OIUHX ycnOBHIO t: e = 0 
1 n 1 n 

COBOKyn 

( ansr 91 

nonb30B8TbCSI M8TpHU8MH 0/k Baa-XoBa RnH npocTo p8BHO 

n-1 
;1 , ... , • 1 H B3S!Tb e = - I e ' 

n- n 1 K ) • E cnH C'l:HTaTb Hx RMnJ 

TO oy,lleT HapymaTbCSI 38KOH COXpaHeHRSI 8HeprHH (~ (m!+e 

BocnonbsyeMcSI, OAHBKo, TeM, '!To B 38KOHe COXp8H9HHSI HMnJ 
n -> 

eT M8CIUTao: ecnH r e k = 0 t TO H 
n -> 
I v ek = 0 
1 n 

t (Jjk 

npR npo1 

3H8'JHT1 MOMHO nOJlOf'H8Tb CyMMy 8HeprHfi K Jl8HHOM; 

Cbl m 0 Bcelt CHCTeMbl B C,U,M, 

n 
~(2 22)~ 
~ mk+v ek 
1 - mo = 0 

.... 8TO ypaBHeHHe HMeeT peiUeHRe npH nJOOhlX e k H m 0 , Bl 

B MeToae BaH-Xosa cjJaKTH'l:ecKH npHxonHnocb onpeaensrTb Jl 

M8CIUT85a: nonep9'1Hblfi H npotlOnbHbifi; IIpH HH3KHX 9H9pf'HSIJ 

IUHX OTKnOHeHHHX 'l:8CTHU OT OCH B38HMO)leHCTBHSI 9TO 1He BC 

B HaweM cnyqae MacwTa6 TOnhKO O.llHH xl. 

BBeneM nepeMeHHbie e k ( B c.u.M.) B HHTerpan 

n 

Sn(mo) r " 1 

d3p 
.::....!:..lr. 

2wk 

3 n n 

8 ( I p" ) 8 ( f w" - m0 ) 

x/ 
~aKTHqecKH Mbl CTpOHM Hayran MHDrOCTOpOHHHK (npc 

MHoroyronbHHK) H pacTHrHaaeM ero no Tex nop, noKa onpen 
ero CTOpOH ~yHKUHH B neaofi qaCTH (1) He o6p8THTCH B Hynl 

5 



§ 2. BoaMO>KHbie o6o6meHHSI MeToaa 

1. p a C III H p e H He H a H 3 0 T p 0 fi H bl e M 0 ll en H. 

MeToll Baa-XoBa aenpHroaea anSI HaoTporrHhlx Moaene~ (~acTo aapy

rnaeTcSI ycnoBHe (14) H3 
111 ). HooT aToro orpaHH~eHHSI nerKo H36aBHTbcR. 

flyCTb Mbl TeM HnH HHbiM Cfi0C060M pa3birpanH COBOKYfiHOCTb BeKTOPOB 

e , ... , e-> o YllOBneTBOpSIIOIUHX ycnOBHIO t e = 0 ( JlnSI 9TOro MO)KHO BOC-
1 n J n 

ITOnb30B8TbCSI M8TpHU8MH 0/k Baa-XoBa HnH rrpocTo paBHOMepao paahrrpaTb 
n- J 

e J , ••• , en- J H B3SITb en = -1 e k ) • EcnH C'IHT8Tb HX HMrrynbC8MH '18CTHU, 

To 6yneT HapyrnaT&CSI aaKoH coxpaHeHHSI aaeprHH ( ~ ( m! + e!) ~ I m 
0 

) 

BocrronhayeMcH, OllHBKo, TeM, 

n -> 

'ITO B 38KOHe COXpaaeHHSI HMrrynbC8 OTCyTCTBy-

eT MacrnTa6: ecnH 1 e k = 0 
n -> 
I x ek = 0 
J n 

0 TO H rrpH ITpOH3BOnbHOM v 

3H8'1HT, MO)KHO ITOilOrH8Tb CyMMy 9HeprH~ f wk K Jl8HHOMY 3H8'1eHHIO Mac-

Chi m 0 BCe~ CHCTeMbl B c.u.M. 

n 

'<'(2 22)~ ""'mk +v ek 
J - mo 0 . ( 1) 

" 3To ypaBaeaHe HMeeT perneaHe npH nJ06hlx 
.... 

e k H m 0 , BKn10~8SI m 0 -f mk. 

B MeToae Baa-XoBa !jlaKTH'IecKH rrpHxoaHnocb orrpe.aenRTb llBa aeaaBHCHMbiX 

MacrnTa5a: nonepe'IHbiA: H rrpoaon&HbrA:; npH HH3KHx aaeprHSIX HnH npH 5onb

lliHX OTKnOHeHHSIX ~8CTHU OT OCH B38HMOJ]e~CTBHSI 3TO He BCeraa B03MO>KHO. 

B HaiiieM cnyqae MaCIIITa6 Ton&Ko OllHH xl. 

BaeaeM nepeMeHHbie e 1c ( B C.U.M.) B HHTerpan COCTOSIHH~: 

n 

r n 
J 

Sn(mo) 
d3p 
~ 

2wk 

3 n n 2 
8 (I; )8(Iw -m

0
Jm. 

k J k 
( 2) 

xl ( ~8KTH'IeCKH Mbl CTpOHM Hayraa MHOrOCTOpOHHHK rrpoCTp8HCTBeHHhiA 
MHoroyronbHHK) H paCTHrHBaeM ero ao Tex rrop, rroKa orrpeaenHeMaH anHHBMH 
ero CTOpOH ~yHKUHH B neeoR '18CTH (I) He o6paTHTCH B Hynb, 

5 



llnH STOI'O 3aiiHllleM 
n- I 3-> 
II d Pk 
I 

(rrocne HHTerpHpOBaHHH ITO pn ) B BHJle 

n-1 n-1 3 -> 

n c1 P~c d v 2 8 ( l: 2 
p lc - v 2 ) H BBeneM ansr lc OT 1 JlO n-J 

.... 
P1r. 

.... 
v e 1r. 

n-1 3 -+ 

cl Pic n 
I 

Tlony'IHM 

n-1 
= v 3n-5 Jv2 n 

I 

J3 .... ... n-1 

8 ( 7 ·! - l ) . 

flOJlCT8BHM B ( 1) H IlpOHHTerpHpyeM ITO Jv 2 

n 

.f clv 2 8 (1 (m! + v 2 e!) 12 -m0 ) 

n 2 
21:! ... I -(L)~c 

" 
M bl npHBenH HHTerpan COCTOSIHHt!: K BHJlY 

sn ( m 0) 

n- I n- I · n 2 n 

( n J3 ;"8(I e 2" -l) [2/"-
5
1I ~] 01

2 
I II 2w"] 

· I I I wlc I 
(3) 

rne v - KopeHb ypaBHeHHsr ( 1). B rrepBoM rrpH6nH)KeHHH, c TO'IHOCTbJO no 

aecKonbKHX rrpoueHToB, 

v mo ( 4) -. f. I w" I I 

llnH paBHOMepHOI'O p03b!I'pb!llla e 1r. Ha enHHH'IHOA c~epe yno6ea crroco6 

Baa-XoBa. B HTore npouenypa reaepauHH cnyqaAHbiX aBean rro sToMy MeTony 

TaKoBa: pa3bii'pbiBaiOTCH 3n- 3 HOpManbHbiX cny'lat!:HbiX 'lHCen H rpyrriiHpyiOT-

CSI B n - l cny'laAHblX BeKTOPOB r" . B Ka'leCTBe .. " 6epyTCSI 
... n-1 2 -!2 q..-1 
r " ( r r " ) ( lc = l , ... , n - l ) , ., n = - ~ .... • 

PelliHB ypaBHeHHe ( 1), aaxonsrT ;" = v .... ,. , w" = ( m f + p f ) 12 • Bee 

cnyqaaaoa aBeaabr 

3 
17 2 (n-1) 

w 
3 r ( 2(n-l)) 

3n-5 
2v 

n 2 
!. •~r.lwlr. 
I 

2 n 

m In 2w" 
I 

( rrepBbift ~aKTOp y'IHTb!BaeT HOpMHpOBKY HOpManbHbiX 'lHCen) • 

6 

( 5) 

l 
'\,'I 
.. _\ s 
t ' -~ 

.I 

·, ,,~ 

,'> 

I 
I 

_) 

flpH IIpHMeHeHHH MaTpHU 

Bbl'lHCnHIOTCH ITO <!JopMyne 

0 lk BaH.-XoBa BeKTopbi 

... ... n- I r ole/ tl 
n-1 
I ,2 )-12 

1=1 I 

a Bee paBeH 

3/2(n-1) 3n-5 11<
2 W = 17 2v __ J•l_ 

3/2 " 3 n e2 n 
n r (-(n-1)) I _J._ n 2w" 

2 I wlc I 

... 
e lr. 

KaK 6bl110 OTMe'leHO, STOT IIpHeM - BBeneHHe OJlHOI'O MaClliTa6 

Hb!X H IIpOJlOnbHbiX HMIIynbCOB - MOlKHO HCIIOnb30BaTb H IIpH H€ 

sHeprHHX H IlpH lliHpOKHX yrnOBbiX pacrrpeneneHHSIX, KOI'Jla II 

MeTon aerrpHMeHHM. M ql Bbi'IHCnHnH ~~eKTHBHOCTb "onHoMacll!T 

Po3b!I'pb!lll H30TponaoA MoaenH ( c m = l ) nnH peaKUHH N 
SHeprHH m O = 5, 6 fsB npOHCXOJlHT C s~eKTHBHOCTbiO" T/ 3 

., 
6 

= 1%. B peaKUHHX c TH)KenbrMH 'lacTHuaMH THIIa N N .... N 1 

KOnbKO Bbillleo flpH'lHHOA ManoA S~~eKTHBHOCTH SIBnHIOTCH Heaai 

UHH OTJlenbHbiX MHO)KHTeneft B BbipalKeHHH JlnH Beca ( 5) - OCOI 

v 3 n- s- H saeprHA fi ( 2 w lc ) - 1• B aepenHTHBHCTCKOM rrpe 
I ' 

HOCTb 3Ha'lHTenbHO Bb!ll!e: T/3 = 17%, T/ 4 = 13%, T/ 6 "' 6~ 

Mell!HBaHHe HMIIynbCOB C IIOMOIIIbiO MaTpHU BaH-XOBa (<tJopMym 

ay ee yxynlllaeT: rrpH m o = 5, 6 T/ 4- T/6 - 0,4%. 

2. B Bene H He a H H 3 o T p orr H H. Y'leCTb aHH30TponHIO B 

HOM" MeTO)le MO)KHO, yMHOlKaH IIpOJlOnbHbie KOMIIOHeHTbl BeKT 

K8KHe-TO KO~~HUHeHTbl A • 3TH KOS~HUHeHTbl JlOnlKHbl 6bin 

Hhl OTHOllleHHIO cpeJlHHX 3Ha'leHHA rrpononbHOI'O H IIOIIepe'lHOI'O 

Jl8HHOA SHeprHH B Jl8HHOt!: peaKUHH. 

... ... 
B o6meM cny'lae, Korna a 

yMHO)K810T Ha KO~HUHeHT 

Plea = vAica e lea 

-KOMIIOHeHTy 

Ale a 

( 1c = l , ... , n- l ) , 

7 
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ti 
I I 

I 
... 

1 

npH rrpHMeHeHHH MaTpHU 0 '" BaH.-XoBa BeKTOpb! e" ( k 

Bbi'IHCmi!OTCSI ITO cfJopMylle 

J I •• "I n ) 

a Bee paBeH 

n-1 ... e,. r o,., ;, 
n-1 

( I. r 2 
1=1 I 

) -~ 

3/2(n-ll 3n-S 'lr. 2 W = 11 2v __ "l_ 

3/2 • 3 n e2 n 
n r (-(n-J)) I. --"- n 2cu,. 

2 I cuk I 

( 6) 

( 7) 

KaK 6b!ll0 OTMe'leH01 9TOT IlpHeM - BB9A9HH9 OAHOro MaCIIITa6a AllSI IIOIIepe'l-

Hb!X H IlpOAOilbHbiX HMIIyllbCOB - MO)I{HO ~IIOilb30BaTb H IIpH HepellSITHBHCTCKHX 

aHeprHHX H rrpH IIIHpOKHX yrllOBblX pacrrpeAeneHHHX1 KOrAa rrepBOHa'lallbHbl~ 

MeTOA H9IlpHM9HHM, M bl Bbl'iHCilHilH acfJij>eKTHBHOCTb "DAHOMaCIIITa6Horo M9TOAa." 

Poahxrpbiiii H30TporrHoA MOA911H ( c :»! = J ) AllH peaKUHH N N -> n rr rrpH 

5%1 9HeprHH m 0 = 5 1 6 faB IIpOHCXOJlHT C alj><peKTHBHOCTbiO" 713 = 6% 1 714 

71
6 

= 1%, B peaKUHHX c TSJ)K91lhlMH 'ISCTHuaMH THrra NN ... NN 1111 oHa Hec-

KOilbKO Bbiiiie, npH'IHHOA ManoA alj>cfJeKTHBHOCTH SIBilSIIOTCH He3aBHCHMb!9 BapHa

UHH OTJl91lbHbiX MHO)I{HTenelt B Bb!pa)I{9HHH AllSI BeCa ( 5) - OC06eHHO MaCIIITa6a 

v 3 n- s· H aHeprHA l'l ( 2 cu k ) - 1, B HepenHTHBHCTCKOM rrpeAene alj>lj>eKTHB-
1 

HOCTb 3Ha'IHT91lbHO Bbiiiie: 713 = 17%1 714 = 13%, 71 6 = 6% H T,A, nepe-

MeiiiHBaHHe HMIIyllbCOB C IIOMOIUbiO MaTpHU BaH-Xoaa ( cfJopMyllbl ( 6) 1 ( 7)) Cpa

ay ee yxyAmaeT: rrpH m o = 51 6 714- 716 - 0 14%. 

2. B Be Jl e H He a H H a o T p orr H 11, Y'leCTb aHH30TpOIIHJO B "oAHoMaCIIITa6-

... 
HOM" MeTOJle M0)1{H01 yMH0)1{8fl IlpOJlOilbHble KOMIIOHeHTbl BeKTOpOB e k Ha 

K8KH9-TO KOalj>lj>HUH9HTbl A • 3TH K09#HUH9HTbl AOil)I{Hbl 6b!Tb IIpHMepHO paB

Hhl OTHOIIIeHHIO cpeJlHHX 3Ha'leHHA IIpOJlOilbHOrO H IIOIIepe'IHOrO HMIIyllbCOB IIpH 

A8HHOlt 9HeprHH B Jl8HHOlt pe8KUHH, 

B o6meM cnyqae1 KOrJla a -KOMIIOH9HTY a X 1 Y 1 Z ) B9KTOpa 

e" YMH0)1{8JOT Ha KOSIMIHuHeHT A" a 

Pka = vAka e lea ( k = J 1 • • • I n- J ) I ( 8) 

7 



~ 

Bee cny'lailHofi 3Be3J::thi OK83hiBaeTcsr paBHhiM 

22(n-l) 
n-1 

ln-5 172 q Ak X A k y Ak z 2v m2 w = ----r- --. " -1 I 2 2 r( -(n-1)) I wk Akaeka n 2w 2 I 
I k U=x,y,z 

rae v ecTb KopeHb ypaBHeHHsr 

:f [ m 2 + v 2 I 
k=l k 

U=x,y,z 

>.2 e 2 
ka ka ~ - mo 0. 

( 9) 

( 10) 

8<jJ<jJeKTHBHOeTb 8TOro M9TO.Qa B enyqae, Kor.oa :)}l eeTb 8MnnHTy.Qa MO.Qemi 

Baa-Xosa :m v H , y.Qa'IHbiM Bbi6opoM xoa¢<PHuHeHTOB A k a Mo>KeT ObiTb 

( .nmr peaxuHH N N .... N N 1T 1T npH mo = 2,9 rae/ e 2 ) .QOBe.QeHa .QO 10%. nn.H 

Mo.nenH CLA s<P<PeKTHBHocTb BbiWe 1% IIO.QH.HTb He y.naeTcsr. 

3. C <jJ e pH q e e K He K 0 0 p .Q H HaT blo npyraH MO.QHcjJHK8UHH O.QHOMaeUITa6-

HOro M9TO.Qa eoeTOHT B p03birpbillle ecjJepHqeeKHX KOMnOH9HT HMnynbeOB BMee

TO npHMoyronbHbiX. onaro.napH 8TOMy Ha Bbipa>KeH:Ir.H Llll.H seea He'IeaaeT QJaK
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OTeJOaa Heea erroeo6 poabrrpbiUia. PaabirpbiBaJOT n-2 en) 

pasaopaenpeaeneHHbiX B HHTepsane ( U, I), H paerronaraJOT Hx B 

pacTaHHSI: r
1

, r
2 

, ••• , r
0

_
2
• Tor.na t

1
= r

1 
, t

2
= r

2 
-r

1 

1n-2= 'n-2 - 'n-3 1 tn_J= 1- 'n- 2 • npyrHe 2n -2 cny'laitHbiX 'II 

poahlrphllll HanpasneHHfi nk =(cos8k , ¢,. ) , nocne qero Mo: 

B9KTOpbi: 

.... ~ 
e k = t sin8k cos¢,., sin8k sin¢,. ,cos8k ( lc = 1, ... , n-1), ~ 

n 

MaeUITa6 v eeTb KopeHb ypasaeHHSI I ( m! + vt ) ~ = m0 , 
n I 

6nH>K9HHH OH paBeH V = m~ ( f t k ) -
2 

• nanee IIOnyqaeM 

.... ~ 
Pk I = ( v t k ) • Bee asea.Qbi paBeH 

w n-1 
1T 

n n-7 
/(n-2)!] [ v"- 2 

/ w I (t, /w,) ]ll (pk 1~ 
n • K K 1 

8<jJ«j>eKTHBHOCTb 8TOrO M9TO.Q8 

( :m "" 1 , n = 3 -t 6) Kone6neTeSI 

IIpH po3brrpbiiiie peaKUJ 

Ha ypOBHe 5-7%, peaKUH 

- 9% 1 eenH HYKIIOH pa3birpbiB8eTeH rroene.QHHM 1 H J%, eeJIH ITO< 

pbiBaeTeH M930H. 81j><jJeKTHBHOeTb 1 ene.QOB&TenbH0 1 38BHeHT OT I 

pbllll9M 1 yBeJIH'IHB8Heb IIpH HH3KHX 9HeprHHX H yMeHblliBHCb e H: 

OOllblliHMH BapH8UHSIMH Bee OOH38H MaeUIT80HOMY cjJaKTOpy v n-

He3aBHCHMoeTbJO poahlrphlUia o k .OT t k MO>KHO BC 

.QllH BB9Ll9HHH HepaBHOMepHbiX yrJIOBbiX paerrpe.QeJieHHM 1 KOTOpb 

aanpHMep, H3 onbiTHblX .Q8HHbiX HllH TaKHM o6pa30M 1 'ITOObl 

p03blrpbilll8 MO.Q9JIH CTana M8KCHM8llbHOfi. norrycTHM1 H3B9eTH 

paH MO.Qenb :IJl XOpOUIO OO'bSICHSieT 8KCnepHM9HT1 B KOTOpOM 

no cl cos 8" Bblp8>K89TCH <jJyHKUHeit (
0 

(COS 8 k } , r.ne a - 1 
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OpoHHTerpHpyeM rro Jv H o6oaHaqHM e 
2 
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( 13) 

0TCIOJla HCeH crroco5 poahrrpbillla. Pa3hirphiBaJOT n-2 cnyqaAHhiX qecen, 

paBHopacrrpeJleneHHhiX B HHTepBane ( U, l}, H pacrronararoT HX B rropSJ:JlKe Boa-

paeTaHHR: r I , r 2 , ••• , r n-2· Tor.na fl== 'I ' t 2== r 2 - r I ' .. • , 

tn-2= 'n-2 - r n-3 • tn_ 1= 1- 'n- 2 • llpyrHe 2n -2 enyqafiHhiX qHeen H.llYT Ha 

poahlrphllll HarrpaBneHHi!: ilk =(cos8k , ¢k ) , rroene qero MO:II<HO H8IIHeaTb 

BeKTOphr: 

-> ~ 

ek=t' I sin8k cos¢~<., sin8k sin¢k ,cos8k I (lc=1, ..• ,n-1), e" n-1 

- f ;k 

Maell1Ta6 v ecTb KopeHb ypaBHeHHSJ: I ( m ~ + vt ) ~ = m
0 

, B rrepBoM rrpH
n I 

m2 ( I t ) - 2 
0 I k 

6nH~eHHH OH paBeH V 

-> ~ 
pk I =(vtk). Bee aBea)lbi paBeH 

w n-1 
TT I ( n- 2)! ] [ v"- 2 I w 

n 

• llanee rronyqaeM ;k = y-; ;k 

n n-1 2 

I ( t k I w k J ] n ( p k I wk J :lll • 
I I 

( 14) 

3<P<PeKTHBHoeTb aToro MeTo.na rrpH poabrrpbrllle peaKuHH N N .... n rr 

:m = 1 n == 3 of 6) Kone5neTCSJ: Ha ypoBHe 5-7%, peaKUHH N N _, NNrrrr 

- 9%, eenH HyKnoH paahrrpbrBaeTeH rrocneJlHHM, H 1%, ecnH rroeneJlHHM paahrr

pbiBaeTeH Me30H. 3<fJ<fJeKTHBHOeTb 0 eneJlOB8TenhH0 0 38BHeHT OT IIOpSl:JlKa p03bir

pbillleil, yBenHqHBaHeb rrpH HH3KHX 9HeprHHX H yMeHblllaHeh e HX poeToM. HaH-

6onblllHMH B8pHaUHSIMH Bee 06SI38H M8Cll!T86HOMY tPBKTOpy y n-2 

HeaaBHeHMoeTbJO poabrrpbrll!a 0 k .OT f k MO~HO BOeiiOnb30B8TbeH 

JlnSI BBe)leHHSI HepaBHOMepHbiX yrnOBbiX paerrpeJleneHHA, KOTOpbie liOJl6HpaiOTeH, 

HaiipHMep, H3 OIIb!THbiX Jl8HHbiX HnH T8KHM o6pa30M 0 qT06hi a<f><f>eKTHBHOeTb 

p03hirpb!lll8 MO)lenH CTana MaKeHManbHOAo JlorryeTHM 0 H3BeeTHO, qTO HeKOTO-

paR MOJlenb :m XOpOll!O o6~SJ:eHSJ:eT 9KerrepHMeHT, B KOTOpOM paerrpe)leneHHe 

no rJ cos 8 k Bhrpa~aeTeSJ: tPYHKUHefi (
0 

(cos 8 k ) , r)le a - rrapaMeTpbr, aa-
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~ 
ll810IIIH9 BHll <j>yHKUHHo Toraa 381IHlll9M <j>aKTOp rJ COS 0/c m2 

B ( 13) B BHlle 

fa (cos ole) rlcos ole [ m2 I Ia (cosO,.)]H pa3bii"'paeM cos ole no saxoay 

fa (cos fJ 1c J d cos fJ 1c • B ocTanhHOM npoueaypa pOShlr'pbllllB 6yaeT npe)f{Heil:. 

B <j>opMyny ( 14) BM9CTO m 2 
Boil:aeT Tenepb m2 

I Ia (cos ole ) • 

flpoBepKa IIOK838JI81 'ITO H9H30TpOIIHb19 COObiTHSI p83blr'pb1B8IOTCSI T8KHM 

CIIOCOOOM 1IpHM9pHO C TOil: )1{9 a<j><j>eKTHBHOCTbl01 'ITO H HSOTpOIIHble, Ee MO)f{HO 

BO BCSIKOM CJiy'lae yBeJIH'IHTb1 9CJIH llpH pOSblr'pblllle y'IHTbiB8Tb KOppeJISIUHIO B 

Hallp8BJieHHSIX Bb!n9T8 llBYX HyKnOHOB ( p83bii"'pbiB8Tb HX H81Ip8BneHHSI B corna

CHH c O)f{Hl:taeMhiM aByMepHbiM pacnpeaeneHHeM aanpaaneHHil:). 

llanbHeil:lllHe H8lllH IIOIIbiTKH IIOBbiCHTb a<j><fleKTHBHOCTb p03blr'pbllll8 K8K 

H8lllHM1 v OllHOM8ClllT80HbiM M9TOllOM" 1 T8K H nepBOH8'18nbHbiM M9TOllOM .I::SaH

XoBa1 ycnexa ae npuaecnu. IlpH'IHHOil: acer~a obino Hanuque B Bblpa)f{eHHH anH 

aeca W HeCKOnbKHX H938BHCHMbiX <j>aKTOpOB; yM9Hblll8SI B8pH8UHH OllHOI"'O HS 

HHX1 Mbl TepHnH KOHTpOnb H8ll llPYI"'HMH, 3al:{8'18 COCTOS!na B TOM1 'ITOObl B 

HHTerpane ( 13) caenBTb T8KYIO 38M9Hy nepeM9HHbiX1 llpH KOTOpOil: IIOllHHTer -

panbHOe Bblp8)1{9HHe BHyTpH oonaCTH HHTerpHpOB8HHSI Me.lfHnOCb Obi cnaoo, 

EcnH aaecTH B ( 13) npuonH)f{e.lf.lfyiO <l>opMyny anH MaClllTaoa v , npuaeM 

K Bblp8)1{9.1fHIO 

2 n-1 
m n- I n- I n- I 8 ( I tic 

S=(-0 J .r n rJO/c n rlt~c___j1 4 I I n-

- 1 ) "'2 n-1 
n..&. ..... 

(I t" 
I 

V.. )2(n-2JI w1c ~ t1c 
+t w ~-

n n I w1c 

DpH BbiCOKHX a.aeprHHX asaHMoaeil:cTBHH aapHaUHH qneaoB 

n-1 n P1c 
l -;;;-

lc 

(15) 

i tic 
l -- w 

n 
( n - TSI)f{9n8SI '18CTHUa) MO)f{lfO C'IHT8Tb oonee cnaob1MH1 

wlc 
n 

'19M BapH8UHH 'lneHa ( f ~ } -2 ( n- 2 ) 
t lc • B aToM nocneaaeM saaH-

CHMOCTb OT tic npeacTaane.aa HBao B cnaraeMbiX 
~ 

tic H lf9SIB.If0 B 

~ 
t n • xyaa, KpoMe sToro, BXOllHT H 38BHCHMOCTb OT n lc • EcnH Obi 

BapuauHH cnaraeMoro t ~ ObiJIH Manhl, TO MO)f{HO ohmo obi saMeHHTb ero 

xo.acTa.lfToil: < t ~ > • M hi npulllnH Obi K oonee npocToil: saaaqe: caenaTb 
n 

saMe.ay nepeMeHHhiX B HHTerpane: 
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n- I 

n-1 0 ( I t - J ) 
r n Jt k _-L.-----
. I ~-1 ~ ( 2. vf + < f Z >)2(n-2) 

I k n 

KoTopaH yHH'ITO)I(Hna Obi qneH B 3HaMeHaTene. Bt''ll!C.18HHH, onHaK 

'ITO BenH'IHH8 < t !!.. > o5naaaeT lllHpOKHM r1 rrnaBHLiM pacrrpene; 

n 
'ITO ynpocTHTb sana'Iy He ynaeTCH. Mbi HcnonbsoBanH aHa'IeHHH 

npeneneHHbie no aaKOHY ( lt:i), 'ITOOhi Monenr~poBaTb pacnpeneneH 

sq¢eKTHBHOCTb p03bir'pbilll8 OT STOI"'O IIOBbilll8JI8Cb HeHaMHOI"'Oo 

§ 3. B hi B 0 ll bi 

Halllei1: uenhiO 5bwo, Monu<!>HUHPYH rrpeano)l(eHHbri1: B pa6oTE 

lllr!pOTy ero B03MO)I(HOCTei1: MOlleJIH 
BBeAeHHH M8CWT8D81 H3Y'IHTb 

Hhle peaJibHhle CHTY8UHH1 OTJIH'IHhle OT nepBOH8'18JlbHO 38JIO)f{eHI 

Te 111. B rrpHHUHne npH nocTaTO'IHO nonroi1: pa6oTe KOMIIbiOTept 

TOll MOA9Jlr!pOB8HHH MO)I(9T BOC1IpOH3BeCTH JIIOOYIO MOAeJib, Xor 

OTJIH'IaeTCH OT nnoxoro TeM 1 'ITO Ol:{HHM H TeM )l(e npHeMOM BOCI 

MOJJeJIH H3 
JJOCT8TO'IHO WHpOKOrO HX KJI8CC8 38 JJOCT8TO'IHO M 

M9TOll8 eCTb MHOrO "cTeneHei1: CBOO 
!1Hb!MH CJIOB8MH1 y xopowero 

TaxoB peKyp 
JIHIOWHX eMy npHHOp8BJIHB8TbCSI K pa3HbiM MO)leJISIM, 

TOll, ne)i(awui1: B ocHoBe nporpaMM FOWL r1 FOPC : B cBoei1: 

MeHHMOCTH - MO)leJIHpOB8HHe 
ueHTpanbHhlX B38HMOAeiCTBHll - OE 

60K H xopowo paDoTaeT llpH JIIODbiX MaTpH'IHblX sneMeHT8X, 

MeTOA Baa-XoBa npHBneKaTeneH, Bo-nepBbrx, cBoei1: r~nei1:HC 
sxcrrepr~MeHTBJib 

BO-BT0pb!X
1 

TeM, 'ITO B ero OCHOBY IIOJIO)f{eHbi 

neHHbie cBoi1:cTBa peaxur~il pO)f{AeHHH. EcnH obi MoaenHpOBBHHe 

nOCb TOJlbKO XOpOWHMH, 6JIH3KHMH K 3KCIIepHMeHTY1 t1JeHOM9HO 

MO)f{HO 6biJIO 6bi IIOJlb30B8TbCH 6eS 
MO)leJIHMH 1 3THM MeTO)lOM 

Ho saqacTYIO npHXOJJHTCH 
npoBepHTb npeACK838HHH T8KHX TeOI 

pO)I(JleHHH1 KOTOpbie 

TOM• JVI OJI8JIHPYH 

no K8KOH-Jlr100 llpr!'IHHe He naiOT cornacHH c 

HX no MeTDllY 1:)8H-JI.OB8 1 Mbl non)f{Hhi co! 
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n- I 

n-1 8 ('1 t -1) 
In dtk -~--------

' ~J..,-1 ,, 2 ( 2. yf + < f 11 ., )2(n- ) 
I k 

( 16) 

KOTopaH ynH'iTOlKHna 6br qnen B 3Ha.MeHaTene. B~c:qJrc.1eHHH, onnaKo, rroKasanH, 

'iTO BeJ1H'iHH8 < t ~ > o6nanaeT !IlHpOKHM H liJ18BHblM pacrrpe.oeneHlieM 1 T8K 

" 
'iTO yrrpocTHTh sana'iy He ynaeTc5!. M hi Hcrronh30BanH 3Ha'ieHH5! tk , pac-

rrpeneneHHhie rro 38KOHY (Hi), 'iT06br MonenHpoBaTh pacrrpeneneHHe ( 13), Ho 

a1'<iJeKTHBHOCTh p03b!rpb!lll8 OT 3TOrO liOBbllll8J18Ch HeH8MHOro. 

§ 3. B hi B 0 .ll hi 

Hallleii: uenh!O 6brno, Mo.oH<PHuHpy5! rrpe.ono)!<eHHbrii: B pa6oTe Ill rrpHeM 

BBeneHH5! M8Cli!T808 1 H3y'iHTh li!HpOTy ero B03MOlKHOCTeii: MOllenHpOB8Th p83-

Hhle peanhHhle CHTY8UHH 1 OTJ1H'iHhle OT rrepBOH8'i8J1hHO 38J10lKeHHhlX B pa6o

Te 111. B rrpHHUHrre rrpH nocTaTO'iHO .oonroii: pa6oTe KOMIIh!OTepa n106oii: M~

Ton MonenHpOB8HH5! MO)!(eT BOCIIpOH3BeCTH J1105y!O Monenh. XopOli!HH MeTO.Il 

OTJ1H'i8eTC5! OT liJ10XOrO TeM, 'iTO OllHHM H TeM )!(e !IpHeMOM BOC!IpOH3BO)l5!TCH 

MonenH H3 .llOCT8TO'iHO li!HpOKOrO HX KJ18CC8 38 .llOCT8TO'iHO Manoe BpeMRo 

YIHbiMH cnoBaMH, y xopoll!ero MeTona ecTh MHoro "cTerreHei:i cBo5onbr", rroaBo

mi!Oli!HX eMy rrpHHopaBnHBaThCR K pa3HbiM Monen5!M. TaKoB peKyppeHTHhiH Me-

TOll, J1e)!(8lJ!Hii: B OCHOBe IIporpaMM FOWL H FOPC : B cBoeii: o5nacTH rrpH-

MeHHMOCTH - MO.OenHpOB8HHe ueHTpanhHbiX B38HMOlleii:CTBHll - OH BeChM8 rH-

60K H XOpOli!O pabOTaeT IIpH J1100b!X MaTpH'iHbiX aneMeHT8X. 

MeTon BaH-XoBa rrpHBneKaTeneH, Bo-rrepBbiX, cBoefi HnefiHofi rrpocToToH:, 

BO-BTOpb!X 1 TeM 1 'iTO B ero OCHOBy IIOJ10)!(ef!bl 8KCIIepHMeHT8J1hHO yCT8HOB

J1eHHbie cBoficTBa peaKUHH po)!(.oeHHH. EcnH 5br Mo.oenHpoBaHHe orpaHH'iHBa

noch TOJ1hKO XOpOli!HMH 1 6J1H3KHMH K 8KCIIepHMeHTy1 cjleHOMeHOJ10rH'ieC1tHMH 

MonenHMH 1 8THM MeTOllOM MQ)!(f!Q 6b!J10 6bi IIOJ1h30B8ThC5! 6es H3MeHeHHH. 

Ho 38'i8CTYIO IIpHXO.IlHTC5! IIpOBep5!Th rrpe.OCK838HHH T8KHX TeOpHii: IIpouecca 

PDlKlleHHH 1 KOTOpb!e IIO K8KOH-J1H6o IIpH'iHHe He )l810T cornaCHH C 8KCIIepHMeH-

TOM. JV1 onenHpyH HX IIO MeTO.Ily .1:)8H-J\OB8 1 Mbl .ll0J1)!(flbl C06b!TH5!M IIpH-
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&:"" 

CBaHBaTb BeC 
2 n 

W=:11! exp(p I 
I 

PL) , ( r.ae :1Jl - MaTpH'IHb!tl: 9/IeMeHT 

TeOpHH), 3KCfiOHeHTa eCTb 6b!CTpO pacTymag cpyHKUHSI CBOHX a pryMeHTOB, 

flo9TOMY BapHaUHH W MoryT OKa3aTbCSI O'!eHb 60/IbillHMH, a atfJcpeKTHBHOCTb 

p03b!I'pb!illa COOTBeTCTBeHHO Manot!:, 

3To no6y.auno Hac HCcne.aosaTh .apyrHe B03MO)KHOCTH MeTo.aa. HamH Bbi

BO.llbi TaKOBbi: OT nepBOHa'!a/IbHbiX npe.UllMO)KeHHt!: pa60Tb! /1/, B '!aCTHOCTH, 

OT 9KCllOHeHT B Bece, MO)KHO OTKa3aTbCSI, flpH 9TOM acpcpeKTHBHOCTb HOBb!X 

MeTO.llOB He O'!eHb Bb!COKa, HO BCe )Ke .llOCTaTO'!Ha .ll/15! ycneillHOI'O HX npHMe

HeHHH, .!:See )Ke peKyppeHTHbie MeTO.llbi MoaenHpoBaHHH ITpOUeCCOB CTO/IKHOBeHHH 

qacTHU, paaBHTbie B pa6oTax 14 ,51, o6na.aaiOT, no-BHllHMoMy, nyqruet!: acflcpeK

THBHOCTbiO (XOTH H 6onee rpOM03.UKH), Coa.aaeTCH BITe'!aTneHHe, 'ITO y MeTO

.aa BBe.aeHHH MaCruTa6a C/IHillKOM Mano CTeiTeHet!: CB060.Ubi - B03MO)KHOCTet!: 

BapbHpOBaTb Te H/IIf HHb!e napaMeTpb! H paciTpe.aeneHHSI H Q)KH)laTb OT 9TOI'O 

ynyqrueHHH acpcpeKTHBHOCTH p03b!I'pb!illa, 3Ta HerH6KOCTb MeTOlla orpaHH'IHBaeT 

o6naCTb ero ITpHMeHeHHH, B TO )Ke BpeMH OH HaCTO/IbKO ITpOCT 0 'ITO He cne-

.ayeT OCTaB/IHTb ITOITbiTOK ero Kap.UHH8/IbHO yny'llUHTb, 

Mbr 6naro.aapHbi B.C. BaKcHHot!: 3ll ITOMOIIIb B pac'!eTax, 

nHTepaTypa 

1. L. Van Hove. Nucl.Phys., B9, 331, 1969; W.Kittel, 

L. Van Hove, W.Wojcik. Comp.Phys.Comm., ~, 425, 1970. 
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Y CJIOBHB o6MeH8 

TlpeiTpHHTbi H coo6meHHH OJ.1HJ.1 pacchmaiOTCH 6eciTnaTHO, aa 

HMHOI'O o6MeH8o yHHBepCHTeTaM, HHCTHTyTaM, na6opaTOpHHM
1 

6 

HBY'IHbiM rpyiTITBM H OT)lenhHbiM y'leHbiM 6onee 50 CTpaH. 
TlonyqaTensM HaaaHHt!: OHHH ITpenocTaBnHeTCH soaMO)KHOCTh 

HBHTb HHHUHaTHBY B 6eciTnaTHOt!: ITOCbinKe ITy6nHKaUHt!: B lly6Hy 

o6MeHa ITPHHHMaiOTCH HayqHbie KHHI'H 1 )KypHanbi 1 ITpenpHHTbi H 

ny6nHKaUHH no TeMaTHKe OY!HI1. 
EnHHCTBeHHbit!: BHll ITy6nHKauH11:, KoTopbifi HaM npHCbrnaTh 1 

9TO peiTpHHTbl ( OTTHCKif CTaTet!: , y)Ke ony6nHKOB8HHbiX B Hay'!Hbi 
tl psne cnyqaes Mbi caMH o6pamaeMCH K HaY'!HbiM yqpe)KllE 

6onee KpynHbiM ITony'!aTensM HamHX HanaHHR - c npocb6oR 6ec 
cnaTb HaM K8KHe-nH60 KHllTH HnH Bb!IIHCaTb )lnH HameR 6H6nH01 

)KypHanbi
1 

H3llai01UHeC5i B HX CTpaHaX. 

0 r,ne.llbHhle 3anpochl 

JtlaoaTenbCKHt!: oToen e)Kei'OilHO Bb!IIOnHSieT OK0/10 3000 OTile, 

COB Ha BbiCbinKY HallaHHH: 0J1f!J.1. B TaKHX aanpocaX cnenyeT 

yKa3biBaTb HH.UeKC aanpaillHBaeMOI'O H3.UaHH5io 

AApeca 

TIHCbMa ITO seeM soiTpocaM o6Meaa ny6nHKaUHHMH 1 a TaK)K 

oTnenhHble H3llBHHH cnenyeT aanpasnSITb ITO anpecy: 

An pee 

6ecnnaTHot!: 

MocKBB, 

rnaBHbiit no"lTBMT, niH 79. 
H3.UBTenbCKHit oT.aen 

06be,!]HHeHHOrO HHCTHTYTB 

H.aepHbiX HCCIIe.UOBBHHit, 

nns nocblllKH scex ny6nHKanHt!: B ITopsnKe 

IIO)liiHCKH Ha Hay'IHbie )KypHanbi: 

o6MeHa, 

MocKBB, 

TIIBBHbiit nO"lT8MT1 niH 79, 
HayqHo-TexHH"leCKBH 6H6nHoTeKB 

Q6bepHHeHHOrO HHCTHTyTB 

H.aepHbiX HCC/Ie.llOBBHHito 

_, ... ,~·~~ 


