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BeeoeHue 

Mo.IJ.eJILHoe onucauue HHKJD03HBHhlX npoueccoo npu Bbi

COKHX 3HeprHJIX npe)J.CTaBJIJieT HHTepec )J.JIJI BbiJICHeHHJI 

)J.HHaMHKH CHJibHhlX B3aHMO)J.eBCTBHB. llonhlTKH TaKoro onu

CaHHJI c noMO~biO MYJILTHnepucl>epH'IeCKoii MO.IJ.enH c y'leTOM 

po>K.IJ.eHHJI KnacTepoa 6wnu C)J.enauw, uanpuMep, B pa6o

Tax-' I 2 B 3Toii MO.IJ.enH nocne)J.oBaTeJILHO y'IHTbiBaJOTCJI 

)J.aHHble no nOJIHblM Ce'feHBJIM B pe30HaHCaM, a 3aTeM Bbl

'fBCJIJIIOTCJI XapaKTepBCTHKH MHO>KeCTBeHHOrO po>K)J.eHBJI'IaC

TBU, KOTOpble Y.IJ.OBJieTBOpBTeJibHO onBChlBaJOT BMeJO~eCJI 

3KcnepaMeHTaJILHhle )J.auuwe nor.- p - B3aBMO.IJ.eiicTBHJIM npu 

P = 40 F3Bjc a pp -a3aBMO.IJ.eiicTBBJIM npa p = 69 a 

200 F3B/c. 
0)J.HaKo npe.IJ.cTaan.lleTCJI TaK>Ke none3HhlM onacaTb au

KJD03BBHhle npoueccw c noMO~biO npocTwx MynLTunepact>e

PH'fecKHX MO)J.eneii )J.JIJI BhlJICHeHHJI BKJia)J.a pa3JIH'IHhlX Me

XaHH3MOB a npoueccw reuepausu 'faCTHU. TaKa.ll nonwTKa 

npe.IJ.npHHJITa B uacTo.ll~eii pa6oTe. B nepBOM naparpacl>e 

npHBO)J.JITCA BCnOJib3yeMble MO)J.eJIB, BO BTOpOM - OnHChl

aaeTCJI MeTO)J.B"'eCKaJI 'faCTb pa60Thl, B TpeTbeM - pac

CMaTpBBaiOTCJI noJiy'feHHble pe3yJibTaTbl. 

§1. HcnoAb3yeMble ..wooeAu 

B uacTOJI~eii pa6oTe C.ZJ.enaua nonwTKa onacaHBJI .ZJ.aHHhlx 

no r.-p B3aBMO.ZJ.eiicTBB.IIM npa p = 40 F3B/c c noMo~IO 
cynepn03HUBB HeCKOJibKHX npOCTbiX MO.ZJ.eJieii C MaJiblM 'fBC

JIOM napaMeTpOB. 
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B Ka'leCTBe TaKHX MO~eneii aw6pauw cne~}'lOIIUie: 
11 CTaTHCTH'IeCKaJI MO~en:t. C !Mi 2= 1; 
21 npocTa.ll Myn:t.THnepa~epaqecKa.ll Mo~en:t. c MaTpH'I

HbiM 3neMeHTOM B~a 

I M 12 = Nri ~kit i ' I 11 
i= I 

i 2 
r~e t i ~"(pi- I P k ) , p - 'leTwpexaMnyn:t.c nepaaquoro 77 -

k=I I 

MeJoua, Pk - 'leTwpexaMnyn:t.c k -oii BTopaquoii qacT~bl 
(ti < 0) , N - nonaoe qacno BTopaquwx qacTHU, K03~~HeHTbl 
k i Cneuaan:t.HO He no~6HpaJIHCb H 6wnH B3JITbl O~HHaKOBbiMH 
H paBHbiMH J/F3B/c/ 2~n.ll BCeX BTOpH'IHbiX 'laCTHU; 

31 Myn:t.THnepa~epaqecKa.ll Mo~en:t. c y'leTOM n~a-
PYIOll.UIX qacTHU c MaTpH'IHbiM 3neMeHTOM a~a 

2 
2 N-1 PI: 

!M! =exp(A(t
1
+tN)- I -+-L), 

i=2 R 121 

r~e t 1 H tN- nepe~a'IH HMnyn:t.ca nH~HPYJOIUeMy 77-·MeJOHy 
~ HyKnOHy COOTBeTCTBeHHO, p .1 i - nonepe'IHbiH HMDyn:t.C 
•-Toii BTopaquoii qacTHUW, N - nonaoe 'IHcno BTOPH'IHblx 

qacTHU, K03~HUHeHTbl A a R 6wna B3.11Tbl paanwMH: 
A= 1,5 I F3B/cl- 2 , R = 4 I F3B/cl 2 . 

IlpeHMYIUeCTBOM aw6pauuwx Mo~eneii .IIBn.lleTCJI, ua uaw 
BJrn.11~, ax npocToTa a Manoe 'IHcno napaMeTpoa. Cpaa
ueuae npe~cKaJauaii Mo~eneii c 3KcnepaMeHTOM npoao~anoc:t. 
no HeCKOn:t.KHM xapaKTepHbiM O~O'IaCTH'IHbiM HHKnJ03HB
HbiM pacnpe~eneHH.IIM. 

§2. Me•oouKa pac'lemoe 

B KaqecTae TeopeTH'IeCKHX pacnpe~eneuHii ~n.11 acex 
Tpex Mo~eneii acnon:t.Joaanac:t. pacnpe~eneua.11, nonyqeuuwe 
B peJyn:t.TaTe rHCTOrpaMMHpOBaHHJI COOTBeTCTBYJOll.UIX ae
nH'IHH ~n.ll HHKnJ03HBHOH COBOKynHOCTH C06b1THH. 

HHKnJ03HBHble COBOKYDHOCTH C06b1THH reuepapoaaJIHCb 
H 3anHCbiBanHCb Ha MarHHTHYJO neHTY C nOMOI.UbiO nporpaMM 
INFORS a INMULT / 3 ' . 

4 
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<;~ 
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l 
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llpH MO~eJIHpOBaHHH HCnOn:t.30BaJIOCb 3KCnepHMeHTaJib· 
HOe pacnpe~eneHHe no MHO)I(eCTBeHHOCTH BTOpH'IHbiX 3apJI• 
)l(euawx qacT~, o~Ho H TO )l(e ~n.11 acex MOJlenel:. 

Tipa6nH)I(aJOllUii 3KCnepHMeHTan:t.HYe JlaHHwe/4 / 41YHK-
UHOHan 6panc.11 a cne~yroiUeM a~e: 

M=a 1M 1 + aJtf,_ + a3M 3 , 131 

r~e M1 , M
2 

H M
3 

- npe~cKaJaHHJI Mo~enel: 1,2 a 3 Jln.ll cooT
aeTCTBYJOIUero pacnpe~eneHHJI IKaK Mo~en:t.awe, TaK a 
3KcnepaMeHTan:t.uwe pacnpe~eneHHJI npe~aapaTen:t.uo aop
MHPOBaJIHC:t. Ha 11, a 1,a 2 B a3(o=l-a .-~)- BKna~bl OT COOT· 
BeTCTB}'lOIUBX MO~enel:. -

0TYCKaHBe IC03 .. ~BeHTOB ai , uaany'IWBM o6pa30M OnB
CWBalOIUBX 3KcnepBMeHTaJI:t.Hwe ~auuwe, nposo~anoc:t. c no
MOIU:t.IO nporpaMMW FUMILI I 5/ . 

§3. Pe3yAr.•a•r.r pac'le•oe 

B Ka'lecTae uaa6onee xapaKTepuwx o~oqacTH'IHWX BH
KnJ03BBHWX pacnpe~eneuai 6wna aw6pauw pacnpe~eneua.11 no 
BMnyn:t.cy B CBCTeMe ueuTpa Mace (p*), ICOCBHYCY yrna BW· 
neTa a cBcTeMe ueuTpa Macc(cosO'),nonepe'IHOMY HMnyn:t.cy 
(pJ.),MacwTa6uol: nepeMeuuoiX H 6wcTpoTe (Y'). 

Onpe~eneuae K03~HUHeHTOB a1 , a2 B a 3 a cMeca, uaa
ny'IWBM o6pa30M OnHCWBaJO(Ueii 3KCnepHMeHTaJibHWe ~au
HWe, npOBOJlBnOCb no ~eCJITB Ha6opaM HHKni03BBHWX pac
npe~eneHBi. ,D;n.11 K8)1(~oro ua6opa 41HTBpoaauae npoao~anoc:t. 
o~oapeMeuuo no seeM pacmpe~eneHHJIM 3Toro ua6opa . 

.liwJIH acnon:t.Joaauw cne~yroll.Uie ua6opw: 
1lp* ,cosO~ P.1• X , Y* AJI.1177+-Me30HOB; 
2lp* , cosO,* P-1. , X , Y* ~n.11 11- - MeJouoa; 
3IY'hn.11 77 + ·Me30HOB; 
4IY* ,nJIJI 77- ·Me30HOB; 
5lp", cosfi* ~n.1111~ a 77--MeJOHOB o~oapeMeuuo; 

61 p', cosO" ~n.11 11 _,_ - MeJouoa; 
7 lp: cosO* ~n.11 77- -Me 3 ouoa; 
81 P * 1~3 F3B/cl, cosO*C: .. O) ~n.11 ;r+·Me30HOB B 

p* I$. 3 F3B/cl, cosO* (:_0.96) ~n.11 77--MeJouoa; 
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91 p* I :;.3 r3B/cl, cos e * ( :::.0) AJIJI 1T +- Me30HOB; 

10ip* I::;; 3 r3B/cl, cosO* (~0.96) AJIJI17--Me30HOB. 

Bb16op orpaHH'IeHHii B nocne~HHX Tpex Ha6opax CBJI3aH 

C 6onbWHMH OWH6KaMH H3MepeHHJI ~nJI 3KCnepHMeHTanb· 

HbiX C06biTHB B OT6paCbiBaeMbiX o6naCTJIX H CO 3Ha'IHTenb

Hoii npHMeCbiO HeH~eHTHib.Hl{HpOBaHHbiX npOTOHOB B cneKTpe 

no cosO*AJIJI " 1 -Me30HOB, awneTaiO~X B 3~HIOIO nonyclbepy. 

Bcne~cTBHe Toro, 'ITO HHKni03HBHble cneKTpw, ~aaae

Mble MO~enJIMH, HMeiOT CTaTHCTH'IeCKHB xapaKTepl a 3TO 

He Y'IHTbiBaeTCJI npH lbHTHpOBaHHHI, OWH6KH 3KCnepHMeH

TanbHbiX pacnpe~eneHHB 6blnB HCKyCCTBeHHO orpaHH'IeHbl 

CHH3y. Y'IHTMBaJI, 'ITO 3KCnepHMeHTanbHble OTHOCHTenbHble 

CTaTHCTH'IeCKHe OWH6KH KOne6niOTCJI B npe~enax OT 2 ~0 
5~, ~nJI BCeX ~eCJITH Ha6opOB lbHTHpOBaHHe npOBO~HnOCb 
Ha Tpex ypoBHJIX orpaHH'IeHHJI OTHOCHTenbHbiX OWH60K: 

5,10 H 15~. 

Pe3ynbTaTbl lbHTHpoaaHHJI npHBe~eHw B 11a6A. 1-3, aHa 

rpalbHKaX 1-4 noKa3aHbl HeKOTOpble 3KCnepHMeHTanbHble 

H COOTBeTCTBYIQ~e HM MO~enbHE.Ie pacnpe~eneHHJI. 

WHTHpoBaHHe no Ha6opaM 2,3 H 7 npHBeno K noJianeHHIO 

OTpHUaTenbHbiX BKna~OB OT MO~eneii 1 H 2, H 3TH Ha60pbl 

6blnH HCKniO'IeHbl H3 paCMOTpeHHJI. 

KaK B~Ho H3 npHBe~eHHbiX pe3ynLTaTOB, B paMKax 

HaWHX MO~eneii Y~OBneTBOpHTenbHO OnHCbiBaiOTCJI HHKniO· 

3HBHble cneKTpbl "
1 

-Me30HOB. HaHny'IWee cornacHe nony

'leHo AJIJI Ha6opa H!!9 npH ypOBHe orpaHH'IeHHJI OTHOCHTenb

HbiX OWH60K 10~; npH 3TOM BKna~ OT CTaTHCTH'IeCKOB MO~e
nH paBeH 30~, OT npOCTOB MynbTHnepHibepH'IeCKOB MO~enH -
25~ HOT MO~enH C nB~BPYIO~MH 'laCTHI{aMH - 45~ I3Ha'le· 

HHe X2 Ha O~Hy TO'IKY paBHO 1,51. 
,lJ.nJI "-·Me30HOB cornacHe 3Ha'IHTenLJto xy)l(e. 3To CBJI-

3aHo, O'leBH~HO, CO CnHWKOM 60nbWHMH 3Ha'leHHJIMH K031b

lbHUHeHTOB k; H A B lbopMynax 111 H 121, 'ITO npHBO~HT 
K npeo6na~aHHIO C06b1THB C O'leHb ManbiMH nepe~aHHbiMH 

HMnynbCaMH ~nJI BCeX 77 ·Me30HOB B MO~enB 2 H ~nJI n~H

PYIOIUero "-·Me3oHa B MO~enH 3. 

B 3aKniO'IeHHe Mbl XOTHM Bblpa3HTb npH3HaTenbHOCTb 

KonneKTHBY CoTpy~HH'IeCTBa no o6pa60TKe CHHMKOB C ~BYX

MeTpOBOB nponaHOBOB KaMepbl 3a npe~OCTaBneHHe 3KCnepH

MeHTanbHbiX ~aHHbiX H none3Hble o6cy)l(~eHHJI. 
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