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J.1CXO,QR Yl3 OCHOBHbiX npYIHU,YinOB 3tiKOHa11bHOrO npt.t6I1YI>KeHYIR, He

TPYAHO ycTaHOBt-tTb, 4TO Ce4eH\rle PO>K,qeHYIR HOB~X 4aCTYIU, B COYAa

peHH~X ABYX ~,qep onpe,qeJlReTC~ C11eAYIOll\J.1M Bblpa}l(eHJ.oteM: 

2 A B _. 

aX a= r db{ 1-<'P A 'PB In n (1-a·g(b-s .+i"))l 'P B 'P!? 
1=1 J=1 

1 /1/ 
-+ -+ -+ -+ -+ 

a· g (b)= y( b) +•y*(b) -•y(b)y*(b) 
~ 2 r g(b)d b=1. 

B KOTOpOM A Yl B- MaCCOBble 4\riCJla R,Qep, 'I' A Yl 'I'B- BOI1HOBble 

!l>YHKU,Joo!YI ocHOBHbiX cocTO~HJ.otH R,Qep, {·s AI (I 'B I) - MHO)I(eCTBO np~;~

u,enbHbiX KOOPAYIHaT HYKilOHOB ~,qpa :A(B) , y - aMnJ11<1TYA8 ynpyroro 

NN -eaa~r~Mo,qeHcTBHR e npe,qcTaaneHHYI np~r~u,enbHOro napaMeTpa, 

a a - Heynpyroe HYKnOH-HYKilOHHOe ce4eH~r~e. l-1cnonb3YR }l(e eepoRT

HOCTHYIO TpaKTOBKY 4IleHOB pR,qa /1/, TBK}I(e HeTPY.QHO npe,QCTBBI<1Tb 

uxB B BH,Qe CYMM~ Ce4eHYIH coy,qapeH1<1H Onpe,qeileHHOH KpaTHOCT~;~/1( 

/2/ 

ropaa,qo CJ10)1(Hee Bblpa3\r1Tb Ka)l(,qyiO Bei1YI4HHy a 11 
B StriAe CYMMbl Ce-

4eH1<1H onpe,qeneHHbiX npou,eccoa: 

a=~ a(i). /3/ 
v i 

Anrop~r~TM peweHYIR nocne,qHeH aa,qa4H 6bln npeAJlO}I(eH ef 1~B HaCTOR

ll\eH pa6oTe OH ~r~cnonbaosaH np~r~ pac4eTax ce4eH1<1H paam14HbiX npo

u,eccoe e coy,qapeHHRX ,qayx ~,qep 4He. 
B Ka4eCTBe 11 BXOAHOH r-iH¢JopMaU,J.ottr~ 11 B3RTbl cne,qy10~1-1e napaMeTp~;~-

.., a -ab2 

g(b) = -· 
1T 

, a= 33,6 MO. 

npH pac4eTaX Y41<1Tb1BBI11<1Cb ace 4JleHbl PRAB /1/, KamAbiH H3 KOTOpbiX 

Bb14HCJ1RI1C~ no MeTOAY, J.13IlO>KeiHHOMy B pa6oTaX /2,3/. Ka>KAOMY 4.fleHy 

PRAB /1/ CT8BH.fl8Cb B COOTBeTCTBYie AHBrpaMMB pacceRHHR - noMe-

4eHHbiH ABYPBCKpaweHHbiH rpa~, aa,qaHHbiH MaTpHu,eH CMe>KHOCTeH. 
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til 

Ta6J1H11a I 

)) I 2 3 4 5 6 7 8 9 IO 

c-~ (M6) !20,9 63,78 36,42 I9,9I I0,06 4,63 1,93 .0,73 0,251 7,82 ro-2 

')) II 12 I3 14 15 16 -v = 2,08 
C", (M6) 2, I9 ro-2 5,46 ro-3 I,18 10-3 2,11 10-4 2,77 ro-5 1,98 1o-6 c:S = 258,7 

TaoJIHga 2 • 

L r 2 3 4 5 6 7 8 9 IO II 
r:;fl) 120,9 !9,95 21,91 21,91 3,50 3,50 6,86 6,86 IJ,74 1,96 0,283 

~ 12 D 14 r5 16 17 18 !9 20 2! 22 
c;li) 0,283 0,639 0,639 2,90 2,90 0,307 0,307 3,86 1,32 1,92 1,92 
~ 23 24 25 26 27 28 

c;l') 0,602 0,602 I, 38 0,053 I,I7 I,04 

* i -- HOMep ,IU~arpaMMbl pHc.l, a o-_(i) - ceqeHHe cooTBeTcTBYJOntero npou;ecca. 



K TaKJ.1M MaTpl-1~aM, 8epHee, K HX CYll.leCT8eHHbiM 4.8CTFlM, npi-1MeHFln
C.R anropi-1TM pa6oTbl I 1/. np1-1 3TOM 6br!ll-1 nony4eHbl peaynbTaTbl, npe.q
CTaeneHHbre B Ta6n.1 ,2. H3 HJ.1X 81-i,QHO, ~TO: 

1/ 0THOWeHI-1e cpe,QHeH MHOmeCTBeHHOCTI-1 pom.qeHHbiX 4aCTJ.1~ 8 
a a - eaaJ.1MO,Qe~cTBI-1Flx K cpe.qHe~ MHOmecTeeHHocT~t~ ~aCTI-1~ e NN
coy.qapeHI-1FlX He MomeT npe8biWaTb 2. Ben·I-141-1Ha Ry e ~eHTpanbHO~ 
06naCTI-1 TaKme He MO~eT 6b1Tb 60JlbWe ,Q8YX lnpH aCI-1MnTOTI-14eCKJ.1 
BbiCOKI-1X 3Hepri-1.RX 3TI-1 eenH4HHbr 6bl111-1 6bl paBHbl i/ I. 

21 B no.qa8Jl.R~lJ.IeM 60JlbWI-1HCTBe cny~aee Heynpyr1-1x eaai-1Mo.qe~-
CTBJ.1~ .R,Qep 4He HMeiOT MeCTo npo~eccbl, aHanori-1~Hbre nPot.teccaM 
e BAPOH-RAepHbiX coyAapeH~RX I A~arpaMMbl 1-8, 1 0-14, 17, 18,20, 
23,24,26, PHC.1/. 

31 npo~ecc;-KBa3J.1He3aBJ.1CI-1MbiX HYKJlOH-HYKJlOHHbiX coy.qapeHJ-1~ 
I .q1-1arpaMMbl 2, 1 0, 261 He .qoM~t~HHPYIOT e coy.qapeHHFlX BbiCWI-1X KpaT-
HOCTe~ C V ~ 2 • 

41 npot.~eCCbl KBa3J.1He3aBHCHMOro KaCKa.ql-1pOBaHJ.1Fl HYKilOHOB 
IA~arpaMM~ 5-8,10-14,17,18,20,23,24,26/ He AOM~H~PY~T e MHoro
KpaTHblx coy.qapeHJ.1RX c v > 2 • 

51 B MHoroKpaTHbiX coy,QapeHI-1Rx 1-1111-1 8 t.~eHTpanbHbiX .R.qpo-R.qep
HbiX B3aJ.1MO,QeHcTBJ.1.RX ,QOMJ.1HI-1PY~T npo~eCCbl, He J.1Me~ll.ll-1e aHanora 
a a.qpoH-Fl,QepHbiX eaai-1MO,QeHcTBI-1.RX I .q1-1arpaMMbl 9, 15, 16, 19,21 , 22, 
25,27,28/. 
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--iS 

PHc.2 

npeACTaBil:ReT HHTepec Bb1RCHJ.1Tb 1 

KSK 3T~ OC06eHHOCTJ.1 MOryT npORBHTb

Cfl 8 HS6IltoASeMbiX xapaKTep~CTHKSX, 

iS T8K~X, KSK pacnpeAe!leH~:R no MHO-
'\ ~eCTBeHHOCT~, ABYX4SCT~4H~e Kop-

'\ peil:RI.V10~lHble C!>YHKL\HH, HHK!li03HBH~e 

3 
~ OAH04acn14Hbte pacnpeAeileHH:R H 

' T.A. B nOilHOM o6ceMe pewHTb 3TY 
3SAa4y B AaHH~H MOMeHT 3aTPYAHH
TeilbHO. no3TOMY paCCMOTp~M TOilbKO 
pacnpeAeileHHe STOpH4HbiX \.laCTHL\ no 
6btcrporaM. 

,lJ.nR pao~era 6blcrpoTHbiX pacnpeAeneHHH Bbt6epeM pacnpeAeneHI4e 
BTOPH4Hb1X 4SCTHU, B NN-B3SJ.1MOAeHCTBH:RX B npocreHweM Bt.1Ae 

y2 

(.!!!!..) ~ 2._e -2L 
dy NN V 2rrL 

V SNN 
L=ln---. 

2mN 

/4/ 

3AeCb y- 6blcrpora, onpeAe!leHHa:R a Ct.1CTeMe 1..\eHrpa Mace, a n -
cpeAHR:R MHomecrseHHOCTb 4aCTHL\ a NN -coyAapeHHRX. 

KpoMe roro, Heo6xoAHMO Bbl6parb npou.eAYPY AeneHt.1R 3HeprHt.1 
B aKTaX nocneAO-BaTeilbHbiX COYAapeH11H. nocKOilbKY B 3HKOHartbHOH 
TeOpHH SAPOH-.AAePHbiX B3SI1MOAeHCTBHH AO CHX nop He Bbi:RCHeHO, 
KSKS.A 143 HHX IlY4WS:R/4/, BOCnOilb3YeMC.A AI1R OU,eHOK npocTeHWio1M 
sapHSHTOM 1 a HMeHHO - 6yAeM C4HTaTb, 4TO HYKI10Hb1 1 y4SCTByiO~t.1e 

8 3Il€:MeHTapHb1X COYAapeHHRX 1 TepRtoT POBHO OOI10BHHY nepBOHa4a!lb
HOrO HMnyilbCa B CHCTeMe u,eHTpa Mace ABYX a-4aCTt.1U,. 8 TaKOM 
npeAnono~eH~H npol\ecc, npeAcraaneHHbiH, HanpHMep, AHarpaMMoH 3 
PHC. 1, MO~HO yCJlOBHO npeACTSBHTb pHC. 2 1 Ha KOTOpOM U;H$pb1 y Jlt-1-

HHH Aator 3Ha4eHHR HMnynbcoa HYKilOHOB AO 11 nocne 3IleMeHrapHbiX 
B3aJ.1MOAei1CTBt.1H. Mo~HO, KOHe4HO, OTKa3aTbCR OT TSKOrO rpy6oro 
npH6IlH>KeHJ.1fl 1 eCI114 Y4J.1TbiBaTb TOJlbKO npou,eCCbl He3aBJ.1CHMOrO Kac
KaAHpOBSHHR HYKilOHOB. B 3TOM cny4ae Bbt4~1cneHHR MOmHo nposecrH, 
crporo CileAY.A peu,enTaM 3HKOHSilbHbiX MOAe!leH aAPOH-:RAePHbiX 
B3aHMOAei1CTBJ.1H. 0AHSKO 8 COYAapeHHfiX Bb1C\.UJ.1X KpaTHOCTeH AOM~Hvt-
PYIOT npou,eccbl, He MMeto~l1e aHanora B aApOH-.AAePH~X COYAapeHJ.1RX. 
0HJ.1 e~e He paCCM8TPJ.1B811J.1Cb B 3tiKOHBilbHb1X nOAXOAaX. no3TOMY 143 
cyw,ecT8ytow,Hx pe4enToB AeJleHH.A 3HeprltiH Bbt6paH npocTeHw~H. Mc
nonbaosaHHe ero npH KOJl~t~4eCTBeHH~x o~eHKax xapaKTepMCTHK RAPO
~AePHbiX peaKu,wH noaaon:Rer 11o6oHrH11 reopeT~t~4ecKHe HeonpeAeneH
HOCTH. /Bonpoc 0 AeileHHH 3Hepr~H B npo~ecce, npeACT8BJ1eHHOM 

AHarpaMMOH 9 pHC. 1, A0CTST04HO ltiHTepeceH An.A ASllbHetiwero Teo
peT144eCKOro paCCMOTpeHitiR/. 
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' 1'.5' 

Heo6xo,QV1MO TaK}!(e eeecn1 npou,e,Qypy ynopR.Q04eHI-1R aneMeHTapHbiX 
B3SHMOAe~cTBV1~ no apeMeHH Allfl s~~HcneHV1R xapaKTepHCTHK npo
u,eccoe, npe,QcTaBnAeM~X AHarpaMMBMV1 9,15,16,19,21,22,25,27,28 
Ha p1-1c. 1 1.1 no.Qo6HbiX I-1M. To ecTb, HanpV1Mep, npH paccMoTpeHHH 
npou,ecca, npe.QcTasneHHoro .QHarpaMMoH 9 p1-1c. 1, Heo6xo,QHMO pac
CMOTpeTb 3! ,QII1arpaMM C pa3J1J.14Hm1 HyMepaU,V1eC1 T04€K. npH 3TOM 

OKa3biBaeTCA, 4TO C€4€1-11-1€ npOLJ,€CCa, npe,QCTBBJ1€HHOrO ,Qa.-tarpaMMOils 

9 PHC. 1, onpe,Q€J1R€TCR KaK 

a< 9.) =a + a a = _g_a(9 ) a =-'la(9) 
a b ' a 31 ' b 31 

rAe a a H Ob - C€4€Hl-1R npOL-'eCCOB (a,b) COOTB€TCTB€HHO, npe,Q

CTaBJ1€HHbl€ Ha p1-1c, 3a ,6, Ha KOTOpOM LJ,l-1$pbl 8 Kpy>KKaX OTpa}I{BIOT 

DP€M€HHYIO nOCJle,QOBaTeflbHOCTb 311eM€HTapHblX B3SIIIMOA€~CTBII!Jis. 
T enepb, nocne onpeAeneHII!R Heo6XOA14MbiX npou.eAYP 1-1 Elbl6opa He

o6XOAY1MbiX napaMeTpH3SU.II!C1, MO)f{HO 8bi4HC11111Tb pacnpeAefleHII!e no 

6btCTPOTaM. Pac4eT aenvt41t1Hbl R Y,. ( ~) 1 ( jE_) NN npeACTasneH dy aa dy 
Ha pltiC. 4 B cpaBH€HVIH C 3Kcneplt1M€HTSJ1bHbiMIII AaHHbiMH /5/ no OTpH-

4aT€flbHO Ill nOfl0)f{J.1T€11bHO 3apR)f{€HHbiM 4aCTII!t.J.8M /a H 6 COOTB€TCT

B€HHO/, H€CKOppeKTHpOBaHHbiMIII Ha CJ.1CTeMaTH4,CKit1e OWJ.16KH /c Y4e

TOM C~CTeMaT~4eCK~X ow"60K Ry(O)= 1, 74_!0 ,09/ 5f.Kp~able 1-4 -
BKflaAbl OAHOKpaTHbiX; OAHOKpaTHbiX H ABYKpaTHbtX; OAHOKpaTHbiX, 

ABYKPaTHbiX H TpexKpaTHbiX; oAHOKpaTHbiX, ABYKPaTHbiX, TpexKpaT

HbiX J.1 4€TbtpeXKpaTHbiX COYASP€HH~. KaK BYIAHO, TeOpltiR He npeA

CKa3biBaeT KaKoC1-nH60 CTpyKTYPbl B U.€HTpa11bHOJII o6naCTH,4TO B 

npeAeJlaX 0Wit160K cornacyeTCR C 3KCnepHM€HTaJlbHbiMVI ASHHbiMH no 

OTPHU.aTenbHo aapR)f{eHHbiM 4aCTHU.SM. Be11H4HHa )f{e Ry AJ1R nono-
>K~t~TenbHO 3apR>I<€HHbiX 4aCn1L\, KOTOpbiM np~t~nltiCbiBanacb Macca 11-
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MeaoHa/5,6/, o6naAaeT xapaKTepHoH CTPYKTypoH. AnR ee aHan~aa cpaBH~M AaHH~e pa6oT~/51no nono~HTenbHO aapR~eHH~M 4acT~4aM c aHanon14HbiMH AaHHbiMH/6/ no 4aCTH4aM c p >0,2 raB/c /eM. PHC.5a,6 COOTBeTCTBeHHO/. KaK BHAHO, nHKH, Ha6n~AaeM~e 8 AaHHbiX pa6oTbl /5/, np" 2, 5 .:>ly I ,;: 5, o6ycnoeneHbl nonO>K"TenbHO aapR
~eHH~MH 4aCTH4aMH c p .<0.2. EcTeCTBeHHO a03Hio1KaeT aonpoc - He 
RBnR~TCR nH OHH npOTOHaMH, HCn~TaBW~MH no KpaHHeH Mepe OAHO Heynpyroe COyAapeHHe? 4To6~ OTBeT~Tb Ha Hero, paCCMOTpHM Ha Ka4eCTBeHHOM YPOBHe CneKTP flHAHPY~~HX npOTOHOB, cneAYR pa6oTe /7/. 

~onycTHM, 4TO cneKTP npoToHoa B pp -saaHMOAeHcTBHRX HMeeT 

.!_ ~=1, X==~ 
a dx vs;; 

TorAa pacnpeAeneHHe 3THx npoTOHOB no senH4HHe 
xysNN 

Y:::.ln--, 
m~ OnpeAeflHTCR KaK 

.!_~-~eY 
a dy - ySNN 

Pa~npeAeneHHe ~e npoTOH08, lo1Cnb1Ta8WHX AByKpaTHoe coyAapeHHe 8 npo4ecce, npeACTa8neHHOM Ha PHC.·2, 6yAeT HMeTb BHA 
.J.. ..'!.!!.~!nl/x .!.-~= m~ (lnV 8Nl':!.y)eY a dx a dy _1- m~ 

V SNN no3TOMY cyMMapHoe pacnpeAeneHHe npOTOHOB 8 OAHO-H A8YKPaTH~X COyAapeHHRX HMeeT 8HA KpH80H /pHc.6/. KaK BHAHO, OHO o6naAaeT Tpe6yeMbiMH CTPYKTYPHbiMJ.1 3neMeH~ noaToMy enonHe ecTecTaeHHO 3aKfl~4HTb, 4TO nHKH, Ha6fl~AaeMble 8 3KcnepHMeHTaflbH~X AaHH~X pa6oTbl /5/ e ~eHTpanbHOi'l o6nacT" " e o6nacTRX 2,5.:::; I y 1:::;5, CKOpee 8Cero o6ycno8neHbl HMeHHO npoToHaMH. 

PHc,6 

KoHe4HO, oKOH4aTeflbHOe cno8o 
8 3TOM aonpoce nPHHaAfle~HT 3Kcne
PHMeHTy. XoTenocb 6bl TOflbKO aaMe
THTb, 4TO TeopeTH4eCKJ.1e npeACKa3a
HJ.1R 0 xapaKTepe cneKTpa npOTOHOB 
MOAenbHO 3aBHCJ.1Mbl*• noaTOMY 3Kcne
PHMeHTaflbHble AaHHble o npoTOHax 
H, OC06eHHO, 0 8biXOAe TR~eflbiX 6a
PHOHHbiX pe3oHaHCOB, KpaHHe mena
TeflbHbl AflR pa38~THR TeOPHH. 

*CorflaCHO, HanpHMep, KBapK08oH MOAeflH aApOH-RAepHbiX 83aHMoAeHCTSHH /CM, CCblflK~ 8 o6aope/S//, CfleAyeT O*HAaTb npeHMy~ecT-8eHHbiH 8biXOA npOTOH08 C X- 2/3, a He .. 8 4eHTpa!1bHOH o6naCTH. 



AaTop 6naroAaPeH n.H.nanHAYCY H *·*·MycynbMaH6eKOBY sa 
nllOAOTBOPHble 06CY)I(AeHHfl H tteHHble 3aMe4aHHR no COAep>Ka.HHIO 

cTaTbH, a TaK}f(e n.n.Cb14esy aa noMO~b, oKaaaHHYIO npH BblnonHe

HJ.1H pac4eTos. 
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PyKonHCb nocTynHna a H3AaTenbCKHH OTAen 
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