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npzMeHeHHe MeTOJl8 MoHTe-Kapno K pacqeTy BHyTpHSIJlepHOr'O KaCKaJla CTanO 

y~e KnacczqecKHM rrpzMepoM zayqeHHSI cToxaCTHqecKHX rrpoueccoa. KaK HaaecT

HO/ 1,2/, rrpH paCCMOTpeHHH BHyTpHSIJlepHOr'O K8CKa)la B3aHMO)lei!CTBHe 6b!CTpOi! qac-

THUbl C SIJlpOM CBOJlHTCSI K llOCfle)lOB8TeflbHblM B3aHMOJlei!CTBHHM qaCTHU C H)lepHblMH 

HYKflOH8MH, qTO B CMb!Cne MeTOJlHKH pacqeTa llOJlpaayMeaaeT He06XOJlHMOCTb rrpo

cne~HB8Tb • CyJlb6y', • HCTOpH!O' qaCTHUbl B Sl)lpe. npH 3 TOM cyweCTBeHHblM MOMeH-

TOM SIBflSieTCH p03blr'pbllll TeX xapaKTepHCTHK a "aaHMOJlei!CTBHSI qaCTHU, KOTOpble 

onpe)leflSI!OT CBOi!CTB8 OT)leflbHblX BeTaei! KaCKa)lHOr'O • Jlepeaa •. C pOCTOM 3HeprHH 

HaneTalOWei! qaCTHUbl CTaHOBSITCSI B03MO~HblMH rrpOUeCCbl pO~JleHHSI qaCTHU ( T.e. 

aeTaneHHe 6onee qeM Ha JlBe aeTBH), qTo HBKflBJlbiBaeT orrpeJleneHHbie TpyJlHOCTH 

na p03blr'pbllll xapBKTepHCTHK B3aHMO)lei!CTBHSI qacTHU. llaHHaSI pa6oTa llOCBS!WeHa 

MeTOJlHKe p03blr'pbllll8 3neMeHT8pHOr'O aKT8 Heyrrpyroro B3aHMO)lei!CTBHSI qaCTHU 

rrpH pacqeTe BHyTpHSIJlepHOr'O K8CKaJla. 

nocTaanennaH aa)laqa pewanacb 6bi nerKo, ecnz 6bi 6binH H3BeCTHbi rrnoTHOCTH 

ycnoanhiX MnoroMepHbiX pacrrpeJleneHHi! P 
11 

( p 
1 

I p , ... , p ) , KOTOpble 
I J-1 

noaaonHnH 6bi HaM pa3hirpaTb xapaKTepHCTHKH j -oil q e.::: THUhl p
1 

( p, Cos f), cf> ) x) 

rrpH B38HMO)lei!CTBHH C pO~)leHHeM qaCTHU, ecnz H3BeCTHbl XapaKTepHCTHKH 

(j-l)qaCTHU. 0JlHaKO TeopeTHqeCKH paccqzTbiBaTb T8KHe pacrrpe)leneHHSI B HaCTOH

Wee BpeMSI HeB03M0)1{H0, a 3KCrrepzMeHT )laeT HH<jJOpMaUHIO nHWb 06 OJlHOMepHblX 

rrnoTHOCTSIX pacrrpe)leneHHSI p (p) ' P(Cos8'H p ( c/>) • no 3THM pacrrpe)leneHHSIM 

He06XOJlHMO p83b!PpaTb XapaKTepHCTHKH 
.. 
p )lnH Y qacTHu ( Y , aoo6we roao-

pH, TO~e HeH3BeCTHO) C yqeTOM 3aKOHOB COXpaHeHHSI 3Hepr'HH H HMrrynbca, T.e. 

HMeeTCSI qeTblpe CBSI3H H Ha)lO pa3b!r'paTb ( 3 Y - ·4) XapaKTepHCTHKH ITO yKa38HHblM 

Bhillle pacnpeJleneHHSIM. 

x) .. 
3)lecb H )lanee qacTzua orrp eJlenste TCH aeKTopoM p ( p, Cos (J, cf> ) , r)le p -

a6COfllOTHble 3HaqeHHSI HMnynbCa qaCTHUbl 0 f) H cf>, COOTBeTCTBeHH0 1 ero a3HMyTanb-

Hbli! H nonHpHblfl yrnhi, 
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8 cnyqae ynpyroro pacceSIHHSI B KOHe'!HOM COCTOSIHRH HMeeTCSI .QBe '18CTRUbl, .. 
xapaKTepaayeMble mecTbiO napaMeTpaMH P 

1 
H p 2 • Llng TOI'O 'IT06bi IIOnHOCTbiO 

OIIHC8Tb peaynbT8T B38HMO.Qei!:CTBHSI, .QOCT8TO'IHO p83b1I'p8Tb HanpaaneHHe BbineTa 

O.QHoA qacTHUbi (HanpaMep, ¢
1 

H Cos 8
1
). TaKH M o6puaoM, a S TOM cnyqae npo-

6neMa pewaeTcSI npoc To. 

PolK.Qenae BTOpH'IHbiX '!BCTHU a neynpyrax aaaaMoael!:c TBH!IX anepBbie 6bino 

y'!Teso H. MeTpononacoM a np.f3/ nnll cnyqag 3 a 4 'IBCTHU a KOHe'IHOM cocToli

HHH. 0JlH8KO OTCYTCTBHe He06XO.QHMblX 3KCnepHM9HT8nbHbiX .QBHHbiX BbiHY.QHnO 8B

TOpOB HCIT Onb30B8Tb 0'19Hb ycnOBHYIO MO.Qenb: TBK, npH Y •3 OHH nonOlKHnH paBHbi

MR HMnynbCbl BC9X 'IBCTHU, 8 OCT8BWH9CSI 3x3-4-3•2 X8p8KTepRCTHKH onpe.QenSinH 

nonolKeHHe nnOCKOCTH peaKUHH (T. e . TpeyronbHHKB, COCT8BneHO H 3 p , p 
. I 

R p ) • 
3 

a npocTpaHcTae; npennonaranocb, 'ITO HOpManb K nnocKoCTH peaKUHH pacnpeneneHa 

paBHOBepoiiTHO B T eneCHOM yrne 4 rr • B TBKOM nonxone aaKOHbi coxpaHeHH 11 co6mo-

.QeHbl, O.QH8KO, pacnpe.QeneHH51 aenH'!HH CyUleC'TB9HHO OTnH'I810TCll OT SKCnepHMeH-

T8nbHbiX. 

8 pa6oTe /<i/ llnll p03b!I'pbiW8 HeynpyrHX B38HMO.QellcTBHI!: HCITOnb30B8nHCb paC-

C'IHT8HHbl9 R3 TeOpHH MHOlKeCTBeHHOI'O pOlK.QeHHll H HCnpaaneHHbie C y'!eTOM HMeB

WHXCll B TO apeMSI 3KCI19pHM9HT8nbHbiX ll8HHbiX pacnpe.QeneHHSI Ptp), P(Cos6), P(c;f>), 

npH STOM 'IRCnO BTOpH'IHbiX '!8CTHU onpenenllnOCb 'IHCnOM Bbi60pOK H3 p ( p) , COB

MeCTHMblX C 38KOHOM COXpaHeHHSI SHeprHH. •raKHM 06pa30M, 38KOH COXpaHeHH ll 3Hep-

I'HH BbliTOnHHnCSI TO'IHO B H9KOTOpOR CII9UH8nbHOR CRCTeMe , B KOTOpOR K8K pa3 H 

onpeaeneHbl P(p), P(Cos8) P(c;f>) , HO aaKOH coxpas eHH ll HMnynbca He 6bili yqTeH, 

qTO npHBO.QHT K HBpyweHHIO 060HX 38KOHOB B na6opaTOpHOI!: CHCTeMe. ABTOpbl 1 4 1 

B blCK83biB8nH yTB9plK.Q9HHe, 'ITO B na60p8TOpHOH CHCTeMe 38KOH COXp8HeHHll 3Hep

I'HH 6y.QeT BblllOnH51TbCSI CTBTHCTR'I9CKH, B Cpe.QHeM, OllH8KO 3 TOT BOIIpOC 3aCnylKH-

B89T CII9UH8nbHOI'O paCCMOTpeHH51. 

Kaaanocb 6bi, qTo a nono6HbiX KaCKBilHbiX pac'!eTax c ycnexoM MoryT 6biTb 

HCIIOnb30B8Hbl peaynbT8Tbl T eopss MHOlKeCTBeHHOI'O pOlK.QeHHSI. B '18CTHOCTR, r .YI.Ko

IIbinOBblM/5/ npe.QnOlKeH M9TOil paC'!9T8 xapaKTepHCTHK BTOpH'IHblX '18CTHU llnll B38-

HMO.Q9HCTBHll, OIIHCblB89MOI'O IlpOR3BOnbHblM raMHnbTOHH8HOM, IlpH'IeM ace 38KOHbl 

COXpaHeHHll y'!TeHbl TO'IHO. 0JlH8KO rrpaKTH'!eCKOe IlpHMeHeHHe 3TOI'O M9TOil8 B H8-

WeM cnyqae B9CbM8 OI'p8HH'I9HO H3-38 H9B03MOlKHOCTH B HBCTO!IWee Bp9Mll rrpa

BHnbHO OIIHC8Tb (T.e. 381l8Tb I'8MHnhTOHH8H) Ilp0U9CC B38HMO.Qei!:CTBRSI B llOCTBT()qHQ 

WHpOKOH SHepreTH'I9CKOH 00118CTH. 

4 



To'!HhlA y'leT aaKOHOB coxpaHeHHH B03MO*eH H Ha nyTH Mo~enHpoaaHHH npo-

polK~eHHH O~HOrO H ~BYX M 9 30HOB B H y KnOH-HyKnOHH b iX H M 9 30H-HyKnOHHblX coy~apeHH

g,(6, 11, Ho a To, no-au~HMOMy, MO>KHO pocc M aTpHeaTb nHmb KaK '!aCTHbiil cnyqafi MeTo~a 

KOllblnOB8/5 / , COOTBeTCTBYIOII.lHfi Bbi6opy onpe~eneHHOrO r8MHnbTOHH 8 H8 B38HMO-

~eficTBHH. OrpaHH'!eHHOCTb TaKoro no~xo~a O'leBH~Ha. 

B o6naCTH caepXBbi C OKHX 3He prHA acne~CTBHe cne uHqlHKH <jlH3H•IeCKHX npouec

coe H M9HbmeA 3KCnepHM9 HT8nbHOA HH<jlOpM8UHH 0 HHX paC'!eT 3n9M9HT8pHOrO 8K

T8 6onee CllOlK9H, 0~H8KO CT8THCTH'I9CKHfi 8HanH3 3KCll 9 PHM9HTa nbHbiX .Q8HHbiX ll03BQ

nHn aaTopaM pa60Tb/
8 1 

BbinonHHTb Heo6xo~HMblfi p03 birpbiiii, Oco6eHHOCTb 3Toro 

p03birpbllll8 3 8Kni0'!89TCH B TOM, 'ITO HM9 9TC H T8K H83biB89M8H 'nH~Hpy!Oll.l8SI 'laC

THUS', KOTOpag YHOCHT OCHOBHYIO '18CTb 3 HeprHH B38HMO~e9CTBHH ( ~75%), CnH

CblB8SI Hll 3 TY '18CTHUy ~e<jlHUHT 3 HeprHH p a 3hlrp8HHbiX '18CTHU , MO*HO ~06HTbCSI 

TO'IHOrO BbinOnHeHHSI 38KOH8 C OXp a H e HHH 3 HeprHH B cneuHa nbHOA CH CT9M9, HO CO

X p8H9HH9 HMnynbC8 H e Y'IHTbiB89TCH, 'ITO npHBO~HT, KllK H B pa6oTe / 4f, K BbiUOn

H9HHIO 3 8KOH OB COXpllH9 HHH B na6opaTOpHOA CHCTe Me nH!llb B c pe~H9M, 

H H*e npHBO~HTCH MeTO.UHKa pac'!e Ta Heynpyroro a3aHMO~eficTBHSI c y'!eTOM 

K8K 38KOH8 C OXpllH9HHSI 3 HeprHH, T llK H 3 8KOHa COXpllH9HHSI HMnynbC8, ... 
ilnR cny'!BSI Tpex '18CTHU, xapaKT9pH3y9MbiX pI ( i 'i' 1, 2, 3 ) , He06XO~HMO: 

1) no P ( p ) paa birpaTb p 
1 

2) Onpe~enHTb p
3 

H3 38KOH 8 C OXpa H 9 HHSI 3 H e prHH 

------
P = V [ U- V p2 + m 2 - V P 2 + 

3 1 I 2 
m2 

2 

] 2 2 -m 
3 

r~e U- nOnHBH 3 H e prH51 'l llCTHU B Cll 9 UHa nbHOfi CH C T S MS, m I- HX M8CCbi; 

3) npoaepHTb BblnonHeHH e y c noaH A 'TpyronbHHKa' 

P >IP-P 1. 
2 3 

e c nH 3 TH ycnoBHSI H e B b monHHIOTCH, TO aepHyTbCH B nyHKT 1; 

4) noP(coaO)H P(cf>) p a3blrpaTb , HanpHMe p, Cos.0
3 

H ¢
3 

a cneuHanbHOfi 

C liCTSMSX); 

x ) 3 Ta cneuHanbHllH CHCTeMa coena.naeT C TO'IHOCTb!O ~0 H3B9CTHOrO llOBQ-

p OT a C C H CT S MOH U SHTpa MllCC , 
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.. 
5) pB3blf'pBTb yron TIOBOpOTB nnOCKOCTH peBKUHH OTHOCHTBnbHO BBKTOpa p 

3 

¢~2rrfJ, 

r.lle f3 - cnyqal!aoe qncno, paBHOMepao pacnpe.lleneaaoe aa HHTepeane (0,1), TOf'Jl8 

-+ 
B CHCTBMB C OCbiO Z , HanpaeneHHOil ITO p (p

3
, CosO ,<f> ), nepBbiH II BTOpoil BBK-

3 s 3 

TOpbl 6yJlyT IIMBTb KOOpllHHBTbl COOTBBTCTBBHHO 

I pI • 
-1 

[p2+P2-p2l, 2~r{31, 
I 3 2 

2 p I p 3 

I P 2 , 
-1 2 2 2 

[p 2 +p -p ],rr+2rr{31 
2 p p 3 I 

2 3 

6) C.llenaB TIOBOpOT, COBMBillBIOillHll P 
3 

C OCbiO Z CTIBUH8nbHOJ! C H CTBMbl, Mbl 

nony'IHM KOOp.llHHBTbl p
1 

H p 
2 

B cneuHanbaol! cncTeMe. TaKHM o6pa3 0M, e a Toil 

CHCTBMB onpeaeneH8 C Y'IBTOM 38KOHOB COXp8HBHHH BCH TpOi!Ka BBKTOpOB; nocneay10-

lllHil nepeXOll K CHCTBMB UBHTpa MBCC TpHBHOneH. 

HeTpy.llHO o6o6WI!Tb aTy cxeMy 11 aa cny'!8il v > 3 . 11cnonb3YH npoueaypy, 

H3nO)KBHHyiO B I 41, Mbt O.llHOepeMeHHO onpe.llenHeM v , p83btrpaeM HMnynbCbt anH 

( V- 1) 'IBCTHU H Bbi'IHCnHBM IIMTiynbC TIOCnB)lHe/1 '18CTHUbl 113 38K0118 COXpOHBHHH 

a HeprHH - aTo cocTaanHeT coaep•8HHB HOBWX n yHKTOB 1 11 2. B nyHKTe 4 H8llO poaw-

f'phlB8Tb X8p8KTBpHCTHKH ( V -2 ) '!BCTHU; ponb BBKTOpa P, 6yaeT urp8Tb aeK-

TOpH8 H CYMM8 B THX ( V- 2) BBKTOpOB; HBCKOnbKO BIIll0113MBHHBTCH np8BIInO Tpeyronb-

HIIK8 - B OCT8nbHOM anropHTM OCTS:eTrH T BM li<B C8 Mb!M. 

B p8C'IBT8X, BbtnOnHeHHbtX no Jl8HHoll MBTOJlHKe , epeMH po3blf'pbtlll8 n eo6xo-

JlHMbiX X8p8KTepncTHK cymecTBBHHO yMeHblllBHO 38 C'leT Toro, 'ITO Y.ll8nocb npe.ll

CT8BHTb B 8H8nHTH'IBCKOM BlfllB p ( p ) H p (Cos 6) K8K cjJyHKUHH cny'l8ilHOf'O 'IHCn8 {3 • 

C UBnbiO yeenH'IBHHSI TO'IHOCTH 8TITipOKCHM8UHH 113 8 KCTIBpHMBHT8nbHb!X llOHHb!X OC060 

Bbl)lBnBHbl p8CTlpBJleneHHSI llnSI TpBX'18CTI!'IHb!X pe8KUHil, TIOCKOnbKY HX XOp8K T BpHCTH

KH 38MBTHO OTnH'I810TCSI OT COOTBBTCTBYIOillHX BenH'IHH JlnSI V > 3 • nporpOMM8 pac

'!BTB H Cp8BHBHHB pe3ynbT8TOB C OTib!TOM 6yllyT ony6nHKOB8Hbl TI03llHBB. 

AeTop 6naro.ll8pea K.K. fy.llHMe n LA. OcocKoey 38 rrone3Hbte o6cy)f{JlBHHSI . 
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