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HaytIHO - HCCJie,n:oB~TeJibCKHH HHCTHTYT H,n:epHOA ~H3HKH 
MrY, r. MOCKBa ·,.. . 

3a~HTa )tHCCepTaUHH COCTOHTCH " _:_ " · 1993 r. 
B . -· _ .· qacoB Ha sace)(aHHH CneuHaJIH3HPOBaHHOro COBeTa 
A-047.01.02 npH Aa6opaTOPHH BliCOKHX 8HeprHR 06'be,JtHH9HHOro 
HHCTHTYTa H,n:epHliX HCCJie,JtOBaHHA·, r.ly6Ha MOCKOBCKOR o6JiaCTH, 
Jla6opaTOPHH BliCOKHX aHeprHR, KOH~epeHu-saJI. • 

o ,n:HccepTaUHeR Mo:1Ho osHaKOMHTbCH B 6H6JIHOTeKe ABS OHffH. · 

. 
AeTope~paT pasocJiaH "· " ___ 1993 r. 

Yt1eHHR-ceKpeTap1> CneuHaJIH3HPOBaHHOro COBeTa. 
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OB(AJI XAPAKTEPIOTRKA PABOTU 

AKT2an1>HOCTb_npo6neww. IlpHpo,n:a CHJlbHOB036y:1,n:eHHOH MaTe
PHH HBJIH9TCH BaZHOH npo6JieMoR B 6ypHO pa3BHBaD~HXCH B. noc
CJie,JtHHe ro,IU:i o6JiaCTeH ~H3HKH BliCOKHX SHeprHH~ IlosTOMY 
60JI1>moe BHHMaHHe B TeOpeTHlleCKHX H SKCnepHMeHTaJibHliX pa6oTaX 
y,n:eJIHeTcH aonpocaM ~soaoro nepexo.n:a a,n:poHHOH MaTepHH B 
KBapK-rJIDOHHYD OJia3MY (Kfil) H B03MO:IHOCTH ~OPMHPOBaHHH 3Toro 
"HOBoro" COCTOHHHH Be~eCTBa B Jia6opaTOPHliX YCJIOBHHX. 
H3ytieHHe DPOHBJieHHR Krrr B H.n;pax COCTaBJIHeT O.D:HY H3 rJiaBHliX 
nepcneKTHB ~yH,n:aMeHTaJibHliX HCCJie,n:oBaHHA B o6JiaCTH 
peJIHTHBHCTCKOH H,JtepHOH ~H3HKH. TaKHe HCCJie)tOBaHHH DPOBO)(HTCH 
B pa3HliX Jia6opaTOPHHX · MHpa ( OHffH, HT:», Hfl>B3 r. CepnyxoB, 
UEPH, EpyKxeRBHH H ;;p.) B 06JiaCTH SHeprHR BOJIOTb .n:o 1. 8 
TsB. naH:IY~HeCH C OKOJIO-CB9TOBOH CKOPOCTbD DYllKH aTOMHliX 
H,ztep OTKPliBallT HOBlie saKOHOMepHOCTH B CTPYKType 06Jiyt1eHHliX 
H,ztep, KOTOplie npe,n:cTaBJIHDT co6oA CJIO:IHOe ~JIYKTYHPYD~ee 
KBapK~rJIDOHHOe o6pasoBaHHe. Bee STO CTHMYJIHpyeT pa~BHTHe 
TeopeTH49CKHX MO)teJibHliX npe,D;CTaBJieHHH O MexaHH3Me 

l 

MHOZeCTBeHHoro po:1,n:eHHH a,n:pOHOB. (KJiacTepHliX, KBapKOBliX, 
MO)teJIH KBapK~rJIEOHHliX CTPYH H T.,n:.). 

XapaKTepHOH oco6eHHOCTbD MHO:leCTBeHHOro poz,n:eHH.R ttaCTHU 
SIBJIHeTCH KJiaCT9PH3aUHH, B pesyJibTaTe KOTOPOH qacTHUli, 
o6pa3yH cry~eHHH, He sanoJIHHET paBHOMepHo aecb 
KHHeMaTH49CKH paspemeHHliA 06'beM ~~oaoro npocTpaHCTBa. 
IlOSTOMY KJiaCTepaMH Ha3liBaDT cry~eHHH ttaCTHU B ,n:aHHOM 
npocTpaHCTBe, 3aHHMaD~He He6oJib~YE ttaCTb KHHeMaTH1.1JcKH 
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AOCTYOHoro o6'beMa. B 60JibmHHCTBe CJiyt1aeB KJiacTepli 
HMeET KHHeMaTH4eCKYE npHpo;;y H o6ycJIOBJI8Hli MaJiliMH 
4-HMDYJlbCaMH, nepe,n:aaaeMliMH OT nepBH4Horo 06'beKTa·, K 
BTOPH4HOMY, < coxpaHHBmeMyCH >, B OTJIHtIHe OT )tHHaMHtieC~HX 
KJiacTepoB, B03HHKaE~HX B pesyJibTaTe B3aHMO,n:eAcTBHH 
CTaJIKHBaE~HXCH o6'beKTOB a KOHettHOM COCTOHHHH (HanpHMep, 
CTaTHCTHtteCKHe CHCTeMli - ~aRp60Jili ). KJiacTepH3aUHR 
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BTOPHqffblX qacTHU MOZeT ripoHBJIHTDCH B pacnpe.zt~eHHHX qacTHU 
no 6blCTPOTe, B ,ltHCnepCHHX STHX pacnpe.zt~eHHH H T • .zt111• 

SKcnepHMeHTaJibHOe o6HapyzeHHe H HsyqeHHe KJiacTepoB, npe.zt
npHHHTHX B HaCTOH~eR pa6oTe npe.ztcTaBJIHIOT co6oR HCCJie.ztoBaHHH 
npOHBJieHHH KBapKOBHX H I'JIIOOHHliX CTeneHeA CB060.ztli B ~pax, 
tlTO Baz~o ,ltJIH fiOHHMaHHH I'JI06aJibHOH npo6JieMli MHozecTBeHHOH 
reHepauHH a.ztpOHOB BO BSaHMO.zteACTBHHX BblCOKHX 
(CBepXBblCOKHX) SHeprHA. 

U!~i~Q!M• AaHHaH ,ltHCCepTauHH DOCBH~eHa SKCnepH
MeHTaJibHOMY HsyqeffHIO npoueccoB KJiaCT9PHSaUHH BTOpHqffblX 
a,z,;pOHOB B CJie.ztyJO~HX coy.ztapeHHHX: 

I(!C,p,d,He,O) + II(p,O,Ta) • r,p,K8°,A0 ,KyM.a.ztpoH!i + ••• 

B 06.nacTH SHeprHR .OT 4 no 40 rsB , r.zte I (II) YCJIOBHO 
o603HatiaeTCH o6beKT CHapH.zta (MHmeHH), P, ~+, ~-, Kg0, Ao -
BTOpHqffble a.ztpOHH. AJIH SToro npoaHaJIHSHPOBaHH o6~He xapaK
TepHCTHKH a.ztpOHHliX KJiaCTepoB, CBOHCTBa KJiaCTepoB. BO BSaHMO~ 
,;eACTBHHX C poz.zteHHeM CTpaHHHX H KYMYJIHTHBHliX a.ztpOHOB, 
HCCJie.ztoBaHbl KOppeJIHUHOHHlie HBJieHHH B "KJiacTepHliX~ CTOJIKHO~ 
BeHHHX H no.nytieHH .ztaHHHe O TeMnepaTypax KJiacTepoB. 

HoBM3Ha~a6oTW saKJIJOqaeTCH B TOM, qTo B YCJIOBHHX 4~ -
reoMeTpHH CHCTeMaTHqecKH Hsyqeffli _SaKOHOMepHOCTH npoueccos 
KJiacTepHsauHH BTOpHqffblX a.ztpOHOB B 3aBHCHMOCTH OT aTOMHoro 
Beca H,Jtpa-MHmeHH ( CHapH.zta) H nepsHqHoR SHeprHH. > 

Ilpe,1t.nozeHa H paspa6oTaHa MeTO,ltHKa Bbl,lt9Jl9HHH a.ztpOHHHX 
KJiaCTepoB, OCHOBaHHaH Ha aHaJIHSe cry~eHHH .B npocTpaHCTBJ 
HOPMHPOBaHHHX K O,ltHHaKOBOH Macce OTHOCHTeJibHHX 4-CKOPOCTeA. 

Ha~HaR M DQ8KTMqecKaR geHHOCi1L.Da60TW.. IloJiyqeHHHe B 
,B;aHHOH pa6oTe .pesyJibTaTH MOryT 6HTb HCDOJlb30BaHH B,IlpOeK
THPOBaHHH O • HOBblX 8KCD9PHM9HTOB no HCCJI9,ll;OBaHH10 B. :06JiaCTH 
peJIHTHBHCTCKOH H.ztepHOH WHSHKH H .ztalOT o6mHpHHA ~THqecKHH 
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MaTepHaJI .itJIH pasBHTHH TeOpeTH4eCKHX MO,!teJieA H TpaKTOBKH 
MexaHH3Ma B3aHMO.zteACTBHH npH BHCOKHX 8HeprHHX, B TOM 
tlHCJie H ,ltJIH HeynpyrHX coy,11;apeHHH C HCDYCKaHHeM CTpaHHHX 
tiaCTHU H KYMYJIHTHBHHX a.ztpOHOB. 

IJi§AMIAgHH- B ,!tHCCepTaUHIO BOmJIH 23 pa6oTH,ony6JIHKOBaHHHe 
B TeqeHHe 1976+1993 rr. B zypHaJiax "ff,ltepHaH WHSHKa","Tpy.ztax 
HHCTHTYTa WH3HKH H T9XHHKH MoHrOJibCKOA AKa.zteMHH HayK", B 
c6opHHKaX "KpaTKHe coo6~eHHH OHSU1", a TaKZe B BH,!te 
npenpHHTOB H coo6~eHHA omm. .ODHCOK pa6oT DPHBO,!tHTCH a 
KOHU9 aBTOpewepaTa / 1+231• 

AnQ@~!U!B- OCHOBHble pesyJibTaTli JtHCC~pTaUHH npe.ztcTaBJIH-
JIHCb Ha Mez,1tyHapo,1tHblX. KOHWepeHtiHHX no WH3HKe BHCOKHX 
5HeprHH B AY6He ( 1990, 1992), HeoiHoKpaTHO ,ll;OKJia,!tHBaJIHC:b 
cneuHaJIHSHpOBaHHblX ceMHHapax H CHMnO3HyMaX, Mez.ztyHapo.ztHHX 
COBe~aHHHX CTpaH - yqacTHHU OHHH no o6pa60TKe CHHMKOB C 
2-MeTpOBOA nponaHOBOA KaMepbl JIBS OHHH. 

06~eN_,ll(CC8QTagww. AHccepTaUHH COCTOHT HS BBe.zteHHH, 
fiffTH r.naB H SaKJIJOtleHHH. TeKCT CO.ztepZHT 171 CTpaHHUY, 47 
PHCYHKOB, 34 Ta6JIHUH H 6H6JIHorpaWHJO HS 193 HaHMeHOBaHHH. 

AB!OQ -~!~: 
1. Ilpo.zteJiaHHYJO pa6oTy no Hsyt1eHH10 H o6pa6oTKe N 100 Tue. 

hh - , hA - H AA - B3aHMO,lt9HCTBHH, noJiyqeHHHX C OOMO~blO 
2 -MeTpoaoA nponaHOBOH DY3b1PbKOBOH KaMepbl JIBS OHHH B 
HHTepBaJie nepBHtlHOro HMnyJI:bCa OT 4 AO 40 raB/c. 

2. Paspa60TKY MeTO,!tHKH Bbl,!t9JI9HHH a.ztpOHHHX KJiacTepoB, 
COCTOH~HX H3 nHOHOB, npoTOHOB, H9HTpaJI:bHblX CTpaHHblX qacTHU H 
KYMYJIHTHBHHX a.ztpOHOB, T.e. BC9X . qacTHU, perHCTPY9MblX 
nysupbKOBOH KaMepoA (KPOMe qacTHU HyJieBoA MaCCbl). 

3. PesyJibTaTH o6~HX xapaKT9PHCTHK a.ztpOHHblX KJiaCTepoB 
( qHCJIO qacTHU, o6pasyJO~HXCH qepes KJiacTepu, MHOZ9CTB9HH!i9 

- 3 -



XapaKTepHCTHKH KJiaCTepos, SHepreTHqecKHe xapaKTepHCTHKH 
MaCTepos H HX 3aBHCHMOCTb OT qffcJia qacTHU B ~acTepax, 
3Ha'leHHA 6HCTpOT ~acTepos H T.,ll.). •" 

4. Pe3YJlbTaTH HCCJie.ztOBaHHA npoueccos KJiacTePH3aUHH 
BTOPH'IHHX · a,11;pOHOB BO B3aHMO.zteACTBHRX, conposoz.zta!OotHXCR 
HcnycKaHHeM KYMYJIRTHBHHX a.ztpOHOB H cTpaHHHX qaCTHU. 

5. . )laHHHe no KoppeJIRUHOHHHM RUeHHRM B < ~acTepHHX > 
CTOJIKHOBeHHRX ( ,X,~KTYaUHH B R.ztPO-R.ztepHHX coy.ztapeHHRX H 
cpaBHeHHe HX . C pesyJI:oTaTaM pact1eTOB no KaCKa,ll;HOR MO,lleJIH, 
a3HMYTaJibHHe acHMMeTpHH MeZ.ztY "CBOC>O,llHHMH" qacTHUaMH H 
MaCTepoM KaK .ue~M, qaCTHUaMH H3 O.ztHOro ~acTepa, 
.ztBYXKJiacTepHHe KOP~RUHH). 

OOJEP~HIE JIOOEPTAUII 

B2-IUHHHH OC>OCHOBHBaeTCR aKTY8JlbHOCTb npoBe,lleHHHX 
HCCJie.ztOBaHHR, .ztaHo oCSOCHOBaHHe HeoCSxo.ztHMOCTH 
3KCnepHMeHTaJI:oHoro H3ytleHHH npoueccoB ~acTepH38UHH a,11;poHOB 
BO B3aHMO.zteHCTBHHX npH BHCOKHX aHeprHHX H ,X,opMyJIHPYIOTCSI 
OCHOBHaR U~b H 3a.ztaqH paCSOTH. 

LD§R10A_rJ1tH ,ll;HccepTaUHH paccMoTpeHH MeTo.ztHt1ecKHe , 
BonpOCH. 3KcnepHMeHTaJibHlie .ztaHHlie noJiyqeHH c nOMODtblO 
2-MeTposoR nponaHOBOR ny3HPbKOBOR KaMepH TOK - 500 .nB3 
OHffii C BHYTpeHHeR MHJDeHbl> H3 TaHTaJIOBHX nJiaCTHH TO~HHOR 
1 MM, noMeoteHHOA B MarHHTHOM noJie HanpazeHHOCTbl> H sr 15 

\ 

Krc. KaMepa 8KCnOHHPOBaJiac:o B ny'IKe peJIRTHBHCTCKHX Sl,ltep 
Ha CHHxporpasOTPOHe .na6opaTOPHH BHCOKHX aHeprHR. ,llaHO 
KpaTKOe onHCaHHe nponaHOBOA nysHpbKOBOA KaMepH, CHCTeMli 
~OTorpailJHPOBaHHH, CHCTeMH BHBO,lla H xapaKTepHCTHKH ny'IKOB 
s.ztep, a TaKZe MarHHTHoro noJIR. 

llPOCMOTP CTepeoilJOTorpailJHR npoBO,llHJICR Ha npocMOTPOBHX 
CTOJiax THna EilC-1 H EIIC-2. OToCSpaHHHe npH npocMOTpe co6HTHH 
H3MepRJIHCb Ha.noJiyaBTOMaTaX THna IlYOC H OAMET, pa60Ta1>11tHX Ha 
JIHHHH CBR3H c 3BM E0-1033 H 3BM M-222. ToqffoCTb H3MepeHHR 
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KOOP.ztHHaT Ha nJieHKe COCTaBJI.ReT ~ 10 MKM. MaTeMaTHtleCKaR 
o6paCioTKa COOblTHH .. npoBO.D;HJiac:o Ha 3BM OD0-6500 no nporpaMMe 
rE<»HT H Ha 3BM M-222 no nporPaMe "1~6" 1131• rrocJie nposepKH 
Ka qecTBa H3MepeHHR TpeKOB co6HTHR BC.R HHilJOpMaUH.R 
sanHCl:iBaJiac:o Ha . JieHTY CYMMapHHX pe3yJI:oTaTOB (DST). 
TOtlHOCT:o.onpe,D;eJieHH.R napaMeTpOB BTOpHqHHX qaCTHU OKasaJiac:o 
paBHOA < llp/p > = ( 9.1 ± 0.1 ) % , < lltgct > = ( 0.045 ± 

0.001 ) , <fl~>= ( 13.2 ± 0.3) Mpa,D;, r.zte p - HMnyJI:oc, 
~ - rJiy6HHHblA yroJI, ~ - a3HMYTaJI:oHblA yroJI BblJieTa qacTHUH. 

EHJIH BHeceHbl nonpaBKH Ha n0Tep10 qacTHU, BHJieTa!OotHX no.it 
6oJI:omHMH yrJiaMH K nJIOCKOCTH ,X,oTorpaflJHPOBaHH.R ,a TaKZe Ha 
noTepH "3aCTP.RBmHX" qacTHU B TaHTaJIOBblX nJiaCTHHax. 

C ueJiblO yJiy,qmeHH.R npoue.ztypbl Bbl.zteJieHHR COC>blTHR Ha yrJiepo,D;e 
H3 COBOKYnHOCTH COC>blTHR B nponaHe ( C3 Hs) K o6H'IHO 
npHMeH.ReMliM .zto6aBJIHJIC.R KPHTepHA, OCHOBaHHHR Ha H3MepeHHH 
MaCCbl MHmeHH ( M t ch ) • BeJIHt{HHa . M t ch HaXO)tHJiac:o )tJI.R 
KaZ.ztoro COOblTH.R, He Y.ztOBJieTBOPRIOotero KPHTepH.RM BH,D;eJieHH.R 
yrJiepo.ztHblX COC>blTHR, npH 8TOM COC>blTHe OTHOCHJIOCb K 
yrJiepo.ztHliM, ecJIH .ztJIH Hero M t ch > 1, 1 m p B pesyJI:oTaTe 
npHMeHeHHH .ztOnOJIHHTeJibHOro KPHTepHH s,X,flJeKTHBHOCTb 
Bti.zteJieHHH HeynpyrHX (p,d,He,C) 0 - CTOJIKHOBeHHR OKa3aJiac:o 
6JIH3KOA K e.ztHHHue14, 91• . 

Bonpoc O KJiaCTePH3aUHH BTOPH'IHblX qacTHU BO 
B3aHMO.zteHCTBH.RX BblCOKHX aHeprHH HBJI.ReTCH npHHUHnHaJl:OHblM )tJIH 
DOHHMaHHH npoCSJieMbl MHOZeCTBeHHoro poz.zteHH.R a.ztpOHOB B ueJIOM. 
IlOSTOMY OtleHb BaZHO 6blJIO uaATH tleTKHe SKCnepHMeHTaJibHble 
B03MOZHOCTH o6HapyzeHHH caMoro flJaKTa KJiaCTepH3aUHH BTOPHtlHblX 
qacTHU. llpez.zte scero 6blJI paccMoTpeH sonpoc o su6ope 
nepeMeHHHX ( HJIH npocTpaHCTBa ) HaHC>OJiee Y.ztOC>HblX .D;JIH 
o6HapyzeHHH caMoro ,X,aKTa KJiacTepH3aUHH tlaCTHU. JlJIH SToro 
6b1JIH H3ytleHbl: npocTpaHCTBO OTHOCHTeJlbHblX 4-CKOPOCTeA bik 
[bik =: ( ·ui - Uk )2, l½.(k) - 4-CKOPOCTb i(k)-oR qacTHUtil, 
61:iCTPOTHOe npOCTpaHCTBO .no6at1eBCKOro · p ik , npocTpaHCTBO 
a,X,~KTHBHblX Maco (Mik8ill) H npooTpaHOTBO HOPMHPOBaHHblX K 

- 5 -



O,ItHHaKOBOA Macce OTHOCHT9JlbHliX 4-cKopocTeA b1, 112, 15, 21 1 

{ b 1,= ( m 1 m k/ m 0
2 ) * b ik, r.ite m i(k) - Macca i(k)-oA 

qacTHUH, mo -aTOMHaff e,z,;HHHUa MaCCli, paBHaff 0.931 MsB/c }. B 
STHX npocTpaHCTBax 6HJI paccMoTpeH pacna,z,; HeKoA r.11noTeTHqec
KoA qacTHJ.tH., fiOKOffuteAcff B Jia6opaTOPHOA CHCTeMe KOOP,ltHHaT 
(JI.C.K),. Ha BC9B03MOJ:Hlie napli qacTHU (xx.,xp,xK H T.,lt.) .11 

~Jiff Kax,1toro npocTpaHCTBa Bliq.11cJieHli pacCTOffHHff M9:l.ltY 

'laCTHUaMH Bli6paHHliX nap B saBHCHMOCTH OT HX HMnYJibCOB B JI.C. 
BliffCHHJIOCb ( CM. p.11c.1), qTo TOJlbKO ,!,;Jiff npocTpaHCTBa 
nepeMeHHliX bi' 8TH paCCTOffHHff He saBHCffT OT BU6opa nap 
pacna,ItHliX qacTHU B .itHana30He paCCMOTpeHHliX HMDYJibCOB O + 2.5 
raB/c. STOT pesyJibTaT ' ffBHJICff rJiaBHliM OCHOBaHHeM 
HCnOJib30BaHHff npocrpaHCTBa nepeMeHHliX b1' .!{Jiff 06ttapy:1eHHff 
~KTa KJ1acrep.11sau.11.11 BTop.11qHHX qacT.111.t. 

Bli.zteJieHHe KJiacTepoB npo.113BO.itHiocb B C06HTHffX C 'IHCJIOM 
BTOPH'IHliX qacTHU n ;. 4. MeTO,ltHKa Bli,!,;eJieHHH KJiacTepos 
Bli6HpaJJaCb C pacqeroM Ha TO, t{T061i OHa He orpaHHt{HBaJia KaK 
'IHCJIO B03MO:IH!iX KJiaCTepoB B co6HTHH, TaK .11 HX npHHaAJieJ:HOCTb 
K onpe,z,;eJieHttoA qacT.11 wasoBoro npocrpaHCTBa. C ttameA ToqK.11 
speHHH, 8TOMY Y.ltOBJieTBOp.ReT MeTO,ltHKa, OCHOBaHHa.R Ha 
HCnOJib30BaHHH aJiropHTMa <MHHHMaJibHo-pasBeTBJieHHOro ,1tepeBa>;· 
B KOTOPOM n qaCTHU CBff31iBaIOTCff n-1 SJieMeHTaM.11 < .ztJIHHli > B 

npocTpaHCTBe bi' TaK, qT06li HX CYMMapHaff .ztJIHHa 6HJia 
MHHHMaJibHOA. IloJiyqaJOutHeCff np.11 8TOM KOHWHrypau.11.11 .ltJIH 
COISHTHH c n;. 4 np.11Be,1teHli Ha p.110.2. B nepBOM np.116JIHJ:8HHH 
KJiacrepaM.11 C'IHTaJIHCb pa3B9TBJieHHH, COCTOHDt.119 He Mettee '19M H3 · 
Tpex · qacTHU. 3aTeM .11cnoJib30Ba.nacb npoue,z,;ypa HTepauH~ B 
KOTOPOA npoBO,!,;HJIOCb cpaBH9HHe_OTHOmeHHff Cr= br1/ < br >, 
Bliq.11cJieHHOro ,!,;Jiff KaJ:.ztOA r -A qacTHUli KJiacrepa, C rpaHH'IHliM 
3Ha'leHHeM Crp • . · 3.ztecb br' - paCCTOHHHe r -A qacTHUli OT 
Lt9HTPa KJiacTepa,; . <br' > - cpe.ztHee 3Ha'leHHe STHX ·. paccTOHHHH • 

.llJiff C rp. HCilOJlb30BaJIOC:b 3Ha'leHHe C = 2. 5 , KOTOpoe 61iJIO 

HaA~eHo, B. qacTHOCTH, no · · BeJIH'IHHe cpe,1tHero 3Ha'leHHff. 

OTHomeHHff (br'>max / < br1>, Bli'IHCJieHHoro .ztJiff scex 
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PHC. 1.. 3aBHCHMOCTb OTHomeHHH paCCTOHHHA B npocTpaHCTBaX 
~ I . . 

b12,P12, M12 _ H b12 M9Z.ztY napaM.11 XX K pacCTOffHHffM Me:l.ztY 

napaMH A 'fl O' <•> H paccTOHHHA MeJ:.ztY qacTHUaMH KK K 
paCCTOffHHHM Me:1,z,;y pp (o) OT HMnYJlbCa qacTHUli napli B .n.c. 

PHC. 2. 0.ztHa .113 BO3MOZHliX KOHWHrypau.11A MHHHMaJibHO 
pasBeTBJieHHoro ,z,;epeBa .ztJiff 4-., 5-., 6-, 7-, H 8- J1yt1eB1iX 
oo61iTH0. 

KJiacTepoB nepBoro np.116.n.111:eHHH. 3.itecb (br'>max - Ha.1160.Jibmee 
paoCTOHHHe Me•, BCeBO3MOZHliMH napaMH qacTHU KJiacTepa·., a 

BeJIHtlHH~ < br > Bli'IHCJlffJlaCb np.11 STOM .ltJlR OCTaBmHXCH qacTHU 
~aHHOro KJiacrepa. B KaJ:,!,;OA HTepau.11.11 qacTHUli Cr > 2.5 
HCKJI~qaJIHCb .113 KJiaCTepa., a< cso6o.ztHHe > qacTHUli c Cr< 2.5 
BKJIE'laJIHCb, 3aTeM HaXO,ItHJICH HOBOA ueHTP K.nacTepa, 

Blit{HCJIHJIHCb 3HaqeHHff C r .11 T.,lt. HTepau.110HHliA npouecc 
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3aKaHtU1BaJlCH, KOr.zta B pe3yJ11>Ta'l'e noc.ne.ztYEDtHX npo6 COCTaB 
KJJaCTepa npo.zto.nxa.n OCTaBaTl>CH HeH3MeHHliM. AJJH KOH~HrypauHA 
THna < uenOl.!Ka >, T.e. KOH~HrypaUHH 6e3 pa3BeTBJieHHH 
(CM. PHC.2), HTepaUHOHHliA npouecc BKJll04aJlCH noc.ne 
< pa3pe3aHHH > uen04KH Ha yqacTKe, COOTBeTCTBYIODtHM 
MaKCHMa~l>HOMY paCCTOHHHI) Me:l.ztY qacTHUaMH. 

BTopaR rnaea nocBHoteHa pe3y.n1>TaTaM HsyqeHHH o6otHX xapaK
TepHCTHKH a.ztpOHHliX KJlacTepoB BO B3aHMO.zteACTBHHX BliCOKHX 
SHeprHH 112, 14+16, 21 +22< B bC - B3aHMO.zteHCTBHHX npH 
HMny.n1>cax 4+40 raB/c ,ltOJlH BTOPH4HliX qacTHU, CBH3aHHaH c 
pacna.ztOM o6pasoBaBmHXCH B CTOJlKHOBeHHHX KJlaCTepoB, pacTeT B 
06.nacTH SHeprHH 4 + 10 raB, a saTeM OCTaeTCH nocTOHHHOH 
HanpHMep, (29.8±0.9)% B ~c npH 4.2 raB/c; (58.9±1.7)% B pc 
npH 10 raB/c H (53.8±1.6)% B XO npH 40 raB/c. POCT c 
SHeprHeA ceqeHHH B3aHMO.zteACTBHA C o6pasoBaHHeM KJlaCTepoB 
o6yCJlOBJieH yBeJIH4eHHeM ,ltOJIH CTOJlKHOBeHHA, conpoBO:l,JtalOotHXCH 
topMHPOBaHHeM MHOrOKJlaCTepHliX CHCTeM. 

Pacnpe.zte.neHHH no paCCTOHHHHM Me:l.ztY KJlaCTepaMH (B 
npocTpaHCTBe b ik) b a.f3= - (V rJ.- V ,J2, (V rJ.(f3)- 4=CKOPOCTH 
~(f3) KJiacTepoa KaK ue.nux), B o6JiacTH ba.f3 > b~, r.zte 
brJ.f3 - cpe.ztHee 3Ha4eHHe ba.~, onHCliBalOTCH CTeneHHOA saBHCH
MOCTl>IO BH,Jta dN / dba.f3 ( ba.a>-m C O,ltHHaKOBliM )lJlH Bcex 
coy.ztapeHHA napaMeTpoM m N 3. YHHBepca.n1>Hue cBoAcTBa 
BeJIH4HH ba.f3 npOHBJlHl)TCH H B 3aBHCHMOCTH cpe.ztHHX 3Ha4eHHA ba.f3 
OT l{HCJla KJlaCTepoB ( NKJl ): OHH 01.!eHl> c.na6o 3aBHCHT OT NKJl" 

SKcnepHMeHTaJll>Hlie pacnpe.zte.neHHH no 6liCTPOTaM KJlaCTepoe 
(yKJl) HMeET .ztBa M~KCHMYMa, npH4eM nepBliA H3 HHX (YK.n<0.5) 
MO:IHO o6~HCHHT1> KaCKa)tHliM MexaHH3MOM. Ha mKaJie nepeMeHHliX 
XKH H XKM K.nacTepu pacno.naralOTCH KaK B 06.naCTHX ~parMeHTaUHH 
CTaJlKHBalOotHXCH o6~eKTOB,TaK H B ueHTpaJll>HOH 06.naCTH. 3.ztec1>: 

Ma.(f3) ( Va.(f3) ~(H) ) 
XKM(H) = --------- - )tOJlH 4-HMOYJll>Ca HaJJeTa!Ootero 

mH(M) ( ~ ~ ) 

8-

'? 

I 
I 
I 
1 

H.Jtpa (H) H H.ztpa MHmeHH (M),YHOCHMaH K.nacTepoM, Ma.(f3) - Macca 
KJlaCTepa a. ( HJIH f3) , mH<°M) H ~(H) - Macca H 4-CKOPOCTl> 
HaJieTaEmero H.ztpa ( HJIH H.ztpa MHmeHH ). 

SHepreTHl.!eCKHe xapaKTepHCTHKH pacna.zta KJlaCTe~oB H3Yl.!aJlHCl> 
npH noMODtH CTPYKTYPHliX ~YHKUHH F(Tk)=Ed3o/dp , . r.ite Tk -
KHHeTHl.!epKaH SHeprHH qacTHUli . B CHCTeMe noKOH KJlaCTepa. 
3TH ll!YHKUHH annpoKCHMHPOBaJIHCl> sKcnoHeHToA THna F( T J N 

exp( - T K / TO) C napaMeTPOM TO, HMelOotHM CMliCJl 
"TeMnepaTypu". HaH60J11>mHe sHa4eHHH napaMeTpoB T0 

Ha6JIIO.ztalOTCH B ueHTpaJJl>HOA 06.nacTH coy,z,;apeHHH. B STOA 
06.nacTH HaMel.!alOTCH 3Ha4HMlie OTJlH4HH pe3yJ11>TaTOB C pac4eTaMH 
no KacKa.ztHoA Mo.zte.nH (A~M). 

CTPYKTYPHlie ~YHKUHH F(x) B saBHCHMOCTH OT nepeMeHHliX 
X = b11c H XKM xapaKTepH3YIOT npouecc fl)parMeHTaUHH paccMaT
PHBaeMoro o6~eKTa Ha KJlaCTepli (3,zteCl> b11c = - (UII ~ Ve) 2>. 
IIPH Y KJI > · 0. 5 F( X KM) - ~YHKUHH HMelOT BO Bcex c.ny4a.RX 
SKCOOHeHUHaJll>HliA BH)t C HaKJIOHOM, He 3aBHCHDtHM OT THna 
B3aHMO,JteACTBHH ( <x ~=O. 059±0. 002 ,ltJIH pC ( 10 rsB/ c) H 
o. 053±0. 001 ,ltJlH !IC ( 40 rsB/c)). B F( bIIc> - ~YHKUHHX, 
KOTOplie TaKxe HMelOT SKcnoHeHUHaJil>HliA BHA, napaMeTpli HaKJlOHa 
<brrc> CHJll>HO OTJlH4alOTCH B KJlaCTepax c YK.n < 0.5 H 
YK.n > 0.5. 

B nepBoA qacTH !P8T&eA rnaew npe.ztcTaBJieHli pesy.n1>TaTli 
HCCJie,JtoBaHHH oco6eHHOCTeA bC - B3aHMO,JteHCTBHH C HcnycKaHHeM 
KYMYJlHTHBHliX a,JtpOHOB 12+618110+111• AJJH Bli,lteJleHHH 
KYMYJIHTHBHliX a.ztpOHOB HCfiOJlh30BaJlaCh CBeTOBaH nepeMeHHaH f3° 
{ f3o= (E-:-Pn) / mN, r.zte E, pll - SHeprHH, n~O,ltOJll>HliH HMny.nhC 
l.!aCTHUli, m N - Macca HYKJlOHa }. KYMYJIHTHBHliMH 01.!HTaJlHCh 
nHOHli c f3 °> 0.6 H npoTOHli c f3 °>1.2. B .ztaJ11>HeAmeM co6liTHH 
C KYMYJlHTHBHliMH nHOHaMH no.ny4HJIH Ha3BaHHe "Me30HHliX" 
KYMYJlHTHBHliX B3aHMO.zteACTBHA - MKB, a co6liTHH, HMelOotHeCH 
TOJlhKO KYMYJlHTHBHlie npoTOHli (HJJH .z,;eATpOHli), HO 6e3 
KYMYJlHTHBHliX nHOHOB "npoTOHHlie" KYMYJlHTHBHlie 
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B3aHM0,1te.ACTBHff IlKB (HJIH ,DKB). ,ne.ATPOH!i 
H,IteHTHWHI.\HPOBaJIHCb no COOTBeTCTBHIO B npe,neJiax .ItBYXKpaTHblX 
OWH60K HX HMnYJibCa, HaR.neHHoro no npo6ery, C HMnYJibCOM, 
H3MepeHHliM no KPHBH3He CJie,na. 

IloJiyqeHHble pe3yJibTaTli ,ItJlff ceqeHHH KYMYJIRTHBHblX pO -
B3aHMO,IteHCTBHA npH 10 raB/c npHBe,IteHbl B Ta6JI.1. B nocJie,ItHeA 
CTPOKe STOA Ta6JIHl.\li. npHBe.zteH pe3yJibTaT ,ItJlff C06liTHH C 
KYMYJIRTHBHliMH XO -Me30HaMH, HaA.neHHliMH no t -KBaHTaM, 
HCnyw.eHHliM B 3a.ztHIOIO noJiyc~epy (3Il)-AOK c Er> 100 MsB. 

Ta6JIHUa. 1 

THn B3aHMO- \{HCJIO KYM. \{HCJIO B3aHMO-
.neAcTBHff a,npOHOB .neAcTBHA O(M6) 

MKB -111 542 2.42 :t 0.24 
IlKB -111 1302 5.61 :t 0.21 
DKB 1 95 0.43 :t 0.10 

pO -> KyM. 'fP -111 879 5. 7 :t 1.0 . ----· 

AHaJIH3 OT06paHHblX B3aHMO.zteRCTBH.A KYMYJIRTHBHOro THna 
noKa3UBaeT, qTo BepORTHOCTb HCnycKaHHff .nonoJIHHTeJibHOro 
nHOHa ( W X = (2+3)% ) HJIH npoTOHa ( W p = (9+10)_% ) B 3+4 
pa3a 60Jihme BepORTHOCTH COOTBeTCTBYIOW.ero KYMYJIRTHBHoro 
B3aHMo,neRCTBHff cpe.ztH acex HeynpyrHX po - CTOJIKHOBeHHA. 

JlJIR KYMYJIRTHBHliX pO - B3aHMO,lteHCTBHH npH. 10 reB/c 
noJiyqeHli cpe.ztHHe HMnYJibCli - (p), yrJili HcnycKaHHff - (8), 
cpe,ltHHe MHOJ:SOTBSHHOCTH - (n), cpe,ltHHe nonepeqHue HMnyJibCli ~ 
PT H 6UCTPOTli - ( y) Bcex BTOpHqHliX a,npOHOB. 06HapyzeHH 
OTJIH4Hff CBOHCTB X -_ Me30HOB B MKB OT CBOHCTBa 8THX Me30HOB 
B "06ti4HliX" CTOJIKHOBSHHRX, B oco6eHHOCTH, 8TO OTHOCHTCR 
K 3HaqeHHffM HX cpe.ztHHX MHOJ:eCTBSHHOCTeR. 
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) 

t 

no 3aperHCTPHPOBaHHliM t - KBaHTaM,Hcnyw.eHHliM H3 
OT06paHHliX C06liTHH,HaR,lteHli Cpe,ltHHe xapaKTSPHCTHKH BTOpHqHliX 
x0 -Me30HOB. 3TO cpe,JtHffff MHOJ:eCTBeHHOCTb n O = 1.41 :t o. 14 H 

X -
c_pe.ztHee 3Ha4eHHe nOJIHOH SHeprHH X o - Me30HOB : E o= ( 1. 37 ± 

. X 
0.37) rsB. 3TH pe3yJibTaTu B npe,1teJiax omH6oK corJiacy10TcR c 

.ztaHHliMH ,ltJiff 3apRZeHHliX nHOHOB: n :t = 1.14 :t 0.05 H Ex-= 
,; 

( 1. 01 :t o. 05 ) raB. Pe3YJlbTaTli no cpe,ltHHM 
xapaKTepHCTHKaM BTOPH4HliX qaCTHI.\ noJiyqeHbl TaKze ,ltJiff pa3HliX 
rpynn KYMYJIRTHBHblX pC - B3aHMO,lt8HCTBHA, conpOBOJ:,ItaIOmHXCff 
HcnycKaHHeM CTpaHHblX ~aCTHU ( K SO I AO ) • B npe,neJiax 
CTaTHCTHqecKOH TOqHOCTH He o6HapyzeHO cyw.ecTBeHHliX pa3JIHqHR 
pa3HliX THnOB KYMYJIHTHBHblX B3aHMO,lt8HCTBHH no HMnyJibCHliM, 

yrJIOBblM xapaKTepHCTHKaM BTOPH'lHliX X - - Me3OHOB 1 

MHOJ:eCTBeHHOCTffM x+ - Me3OHOB H _npoTOHOB. IlpH 8TOM, B 

KYMYJIRTHBHliX pC - B3aHMO,lt8HCTBHffX C po,:,neHHSM CTpaHHliX 

qacTHI.\ Ha6JIIO,ltaeTCff cyw.ecTBSHHOe YMSHhWSHHe BepoRTHOCTH 
o6pa30BaHHff JIH.ltHPYIOID,ero a,npoHa. HaMeqaeTCff TeH.zteHUHH K 
yMeHbmeHHIO cpe,!tHHX HMnyJibCOB KS O - Me30HOB B MKB no 
cpaBHeHHIO C IlKB. 

HHBapHaHTHble HHKJII03HBHble ceqeHHff o6pasoaaHHff KYMYJIRTHBHblX 
a,ltpOHOB (pHC.3,4), Hcnyw.eHHliX B HHTepaaJI TeJieCHliX yrJIOB 3Il c 
8 -11135°,.annpoKCHMHPOBaJIHCb BKCnOHSHUHaJibHOH 3aBHCHMOCTblO 
BH.zta: E d3atdp3 

N exp( -x / <x>), r.ne x = ~o H Tk. HaA,neHo, 
4TO 3HaqeHHH napaMeTpa <~0 > rpynnHPYIOTCH B paRoHe 0.14+0.17, 
a <To> ,,ltJlff 6apHOHOB 40+50 MsB, ,ItJiff nHOHOB 60+70 MsB. 

JlJIH aHaJIH3a CBH3H KYMY JIHTHBHblX B3aHMO,IteHCTBHH C 
WOPMHPOBaHHSM B HHX a,npOHOB C 60JibmHMH nonepeqHblMH 
HMnYJibCaMH HsyqeHbl xapaKTepHCTHKH 8THX B3aHMO,JteHCTBHH B 

saBHCHMOCTH OT qffCJia BTOpHqHliX qacTHI.\ B HHX (N), HMeIOutHX 
nonepeqHuA HMnYJibC Pi > Plp • B KaqecTBe rpaHHqHoro 
3HaqeHHR nonepeqHoro HMnyJibca B3RTO p IP = 0.45 raB/c, 
npH6JIH3HTeJibHP paBHOe cpe.ztHOMY 3HaqeHHIO nonepeqHoro 
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PHC. 3. HHBapHaHTHble HHKJil>-
3HBHble ceqeHHH o6pa30BaHHH 
aAPOHOB, no KOTOPblM OT6Hpa
JIHC1> pC - B3aHMo,1teRcTBHR 
KYMYJIRTHBHoro THna. 
( 0 - IlHOHbl, • - DPOTOHbl, 
6 - t KBaHTbl) 

1? F(T) ~-,,..~---.-....--
-, 
,o 

,01 

,oo 
-1 

10 

-a 
10 ~ 

'" . '\ u°'l.'JI'-;.,.. 

l 'c 
10 ,, "\~tJO),..., .~ . ~ , , .. _ 
-s to . 

'da.,.. 

,c' '----'-...... -..L--L-..__. 

co 0.2 ei..- t-6 o.a 1.0 
T(h&) 

PHC.4. CneKTPbl KYMYJIHTHB-
HblX qacTHL\ B 3aBHCHMOCTH OT 

KHH9TffqecKoR 8HeprHH B pC -
coy,1tapeHHRX DPH 10 raB/c. 
3,lleCb 06osHaqa1>TCH: ~ -
x+ -M930Hbl, e -,X--M930Hbl, 

X - t KBaHTbl(OT x0-Me30HOB), 
□ - npoTOHbl, ■ - ,1teRTPOHbl. , 

HMilYJibca Bcex BTOpHqHblX qacT~ B HCCJie,llyeMblX 
CTOJIKHOBeHHRX. IlpH 8TOM HaH6oJiee qeTKHe KoppeJIHL\HH C 
11HCJIOM BTOpHqHblX qacTHL\, HM8I01IlHX 6oJII>mHe . nonepetfHlie 
HMDYJibCbl, o6HapyZHBalOTCH TOJII>KO B MKB. STO BHAHO H3 PHC.5, 
rAe npHBe.zteHbl N - saBHCHMOCTH OTHOmeHHR HOPMHPOBaHHblX 
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ceqeHHH KYMYJIHTHBHblX pC - ff. ~CC- B3aHMOAeHCTBHA DPH Pp= 10 

raB/c Hp_= 40 raB/c C o0*> K 
X 

1 ,d,;. l 

·,J id 
•:;; r}-

0 t ◄ f> II 
N 

1 

HOPMHPOBaHHblM HeynpyrHM ceqeHHHM 

COOTBeTCTBYIOIIlHX hC - B3aHMO -

,lleRCTBHA ( a in* ) • ,nJIR MKB 
oTHomeHHe 00*1 o1n* pacTeT c 
yseJIHqeHHeM N npH6JIH3HT9JibHO 
O,llHHaKOBblM o6pa30M AJIH ABYX 
aHCaM6JieR hC - CTOJIKHOBeHHA. 
,nJIH IlKB c yBeJIHqeHHeM N Ha6JIJO
,llaercR npH6JIH3HT9JibHO OOCTOHH-
CTBO aroro OTHomeHHH. 

H3yqeH1i a3HMYTaJII>Hble KOppeJIH-
1.\HH KYMYJIHTHBHblX aAPOHOB c 
BTOpHqHblMH qacTHUaMH ( npoTOHaMH 

PHc.5. N - 3aBHCHMOCTH OTHomeHHR HOPMHPOBaHHble KYMYJIHTHB
HblX ceqeHHA K HOPMHPOBaHHblM HeynpyrHM ceqeHHHM ,llJIR MKB H 
DKB. qepHble ToqKH COOTBeTCTBYIOT MKB, CBeTJible - IlKB. 

H X :t: - Me30HaMH) , HCDYl!l9HHNMH KaK B nepe,llHlllO noJiyc(lJepy 
/Ilil/ , TaK H 3a,llHllll noJiyc(lJepy /3Il/ B JICK. B KaqeCTBe 
~oHa 6blJIH B3RTbl pacnpe,1teJieHHR, paccqHTaHHble cnoco6oM 
CJiyqaRHoA Bbl60pKH 3HaqeHHR a3HMYTaJibHblX YI'JIOB H3 aKcnepH
MeHTaJibHO H3MepeHHblX a3HMyTaJII>HblX pacnpe.zteJieHHA H3yqaeMblX 
aAPOHOB C yqeTOM TOOOJIOrHH no HX MHOKeCTBeHHOCTH. B 
npe~eJiax HMeJO~eAcR CTaTHCTHqecKoA roqHOCTH He o6HapyEeHbl 
a3HMyTaJil>Hble KoppeJIRl,\HH KYMYJIRTHBHblX X ± - Me30HOB C 
npoToHaMH H OHOHaMH, BblJieTalOl!lHX B nn. Ha6JIJO.ztalOTCH 
a3HMyTaJibHble KoppeJIRl,\HH KYMYJIHTHBHblX npOTOHOB C BTOpHqHblMH 
npoTOHaMH. 
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CneKTPbl 8~KTHBHblX Mace caMblX KYMYJIHTHBHblX nHOHOB 
( npOTOHOB) c npOTOHaMH ( IlHOHaMH), HcnymeHHblMH B 3II, 
y,IJ,OBJleTBOPHTeJlbHO onHCblBaIOTCH WOHOBblM pacnpe,IJ,eJleHHeM. 
Pacnpe,D,eJleHHH 8WWeKTHBHblX Mace KYMYJIHTHBHblX npoTOHOB C 
OCTaJlbHblMH npoTOHaMH, HCny~eHHblMH B 3II, He HMeIOT GeTKO 
BblpazeHHblX aHOMaJIHA. Il08TOMY npoHCXOZ,IJ,eHHe KYMYJIHTHBHblX 
nHOHOB H npOTOHOB B pC - BSaHMO,IJ,eACTBHHX npH 10 raB/c He 
CBH3aHO C pacna,IJ,OM 6 - HS06ap H ,IJ,H6apHOHHblX pesoHaHCOB. 

C,IJ,eJlaHa nonliTKa onpe,IJ,eJ1eHHH pasMepoB 06J1aCTH ucnycKaHHH 
KYMYJIHTHBHliX a,IJ,pOHOB Ha OCHOBe Tpa,IJ,HUHOHHOI'O MeTo,IJ,a HHTep
wepeHUHH qaCTHU. lJiH onpe,IJ,eJleHHH pasMepoB 06J1aCTH 
HcnycKaHHH nHOHOB 8WWeKT HHTepwepeHUHH TOZ,IJ,eCTBeHHliX 6030HOB 

BlipazaeTCH B BH,IJ,e: 

R ( IP1,IP2) = D ( D\,IP2) / D0 ( IP1,IP2 ) 

r,IJ,e IP 1' IP z- 4-HMnYJlbCli paccMaTpliBaeMblX qacTHU, D( IP 1' IP z -
DJIOTHOCTb nap TOZleCTBeHHblX qacTHU B wasOBOM npocrpaHCTBe, 
D

0
(W1,W

2
) - nJIOTHOCTb nap npH OTCYTCTBHH HHTepwepeHUHH 

(~OH). lJIH onHCaHHH awweKTa B CJlyqae hC - B3aHMO,IJ,eHCTBHA 
Y,IJ,06HO. IlOJlbSOBaTbCH nepeMeHHOR Q2 = - ( IP 1 - IP 2 ) 

2
• 

KOJIHGeCTBeHHO KOppeJIHUHOHHliH 8WWeKT HSBJleKaJICH HS aHaJIH3a 
Q - saBHCHMOCTH OTHOWeHHH R = N / N ~ , N - GHCJIO nap 
TOZ~eCTBeHHblX nHOHOB B Bb16paHHliX HHTepBaJlaX Q , N ~ - GHCJIO 
WOHOBblX KOM6HHaUHH. Ilo Tpa,IJ,HUHOHHOR, MeTO,IJ,HKe 8TO 
pacnpeleJieHHe annpoKCHMHPOBaJIOCb BlipazeHHeM BH,IJ,a: 

. . -Q2r 2 
R ( Q2,r

0
) = A (1 + O Q2 )(1 + A e O

) 

r,IJ,e A , 0 , A , I' 0- napaMeTpli annpoKCHMaUHH, I' 0 CBHSaH C 

co cpe,IJ,HeKBa,IJ,paTHGHliM palHYCOM o6JiaCTH HcnycKaHHH 

COOTHOmeHHeM : <r2> 112 =fi rd' B KaGecTBe WOHa 61:iJIO 
B3HTO pacnpe,IJ,eJleHHe no Q nap HeTOZ,IJ,eCTBeHHliX nHOHOB. 
3HatteHHH napaMeTpOB r 

O 
,IJ,JIH KYMYJIHTHBHliX n.HOHOB OKasaJIHCb 
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') 

'., 

J 

paBHbl 1.0±0.7 WM H ,IJ,JIH pc - asaHMo,IJ,eAcTBHA H 1.0:0.s WM lJIH 
i-c- coy,IJ,apeHHR. AJIH nHOHOB "conpoBOZ,IJ,eHHH" B 8THX 

- co6blTHHX ,Il,JIH ro noJiyqeHO: 2.2+3.2 WM■ 

Pa3Mepbl 06J1aCTH HCnycKaHHH KYMYJIHTHBHblX npOTOHOB 6blJIH 
onpe,IJ,eJieHbl no BeJU1GHHe OTHOmeHHH R ( K* ) = w / w (ti B 

HHTepBaJle 3HaqeHHH K* OT 10 ,!1,0 60 MsB, I',IJ,e K* = 0.5 rQ2, 
W - qHCJIO nap npOTOHOB B yKa3aHHOM HHTepBaJle K*, W -
tfHCJIO WOHOBliX nap npoTOHOB B 8TOM ze HHTepBaJle. ~OH ~liJI 
noJiyqeH nyTeM CJlyqaRHOI'O KOM6HHHPOBaHHH Tex·ze npoTOHOB, HO 
B3HTblX H3 pa3HliX C06liTHR. TaKHM ze cnoco6oM C,IJ,eJlaHbl oueHKH 
pasMepos 06J1aCTH HcnycKaHHH npoTOHOB "conpOBOZ,IJ,eHHH" B MKB H 
IlKB. HcnOJlbSYH COOTBeTCTBYIO~ee TeopeTHGeCKOe.pacnpe,IJ,eJieHHe, 
CBHSliBaIO~ee BeJIHqHHY R ( K * ) C pasMepaMH 06J1aCTH 
o6pasosaHHH npoTOHOB, noJiyqeHli SH~tfeHHH napaMeTpa r

0 
, 

KOTOglie ,Il,JIH. npoTOHOB "conpoBOZ,IJ,eHHH" OKaSaJIHCb paBHliMH 
1.2~0:t WM CMKB>+o g·s~g:g WM CITKB) 11 ,Il,JIH KYMYJIHTHBHlix 
npoToHoB - 1.8_0: 3 WM. 

TaKHM o6pasoM pasMepbl 06J1aCTH HCnycKaHHH . KYMY JIHTHBHblX 
npOTOHOB OKa3aJIHCb cpaBHHMblMH C pasMepaMH o6JiaCTH HcnycKaHHH 
Bcex OCTaJibHblX npOTOHOB. lJIH npoTOHOB "conpoBOZ,IJ,aHHH" 
H3 MKB 8TH pa3Mepli OKaSblBaeTCH MeHbWHMH. IloJiyGeHli . , 

yKa3aHHH Ha TO , qTO KYMYJIHTHBHlie nHOHbl HCnycKaIOTCH H3 

06J1aCTH MeHbWHX pasMepoB, qeM see OCTaJlbHlie nHOHbl, np11qeM 
8TH pasMepbl cpaBHHMbl C pasMepaMH o6JiaCTH HcnycKaHHH 

npOTOHOB "conpOBOZ,IJ,aHHH" B 8THX CO6blTHHX. 

BTopaH qacTb ~eTbeA rnaeu nocBHmeHa sonpocaM 
KJlaCT8PH3aUHH B KYMYJIHTHBHblX BSaHMO,IJ,eHCTBHHx112, 14, 20, 221• 
B 8TOM CJlyqae K KYMYJIHTHBHblM a,IJ,pOHaM OTHOCHJIHCb x± - Me30Hbl 
0 13° > 0.6 H npoTOHbl 13° > 1.8, BblJieTalOutHeCH no,IJ, YI'JIOM 
pacceHHHH 8 60J1bme 120° BACK. lJiH aHaJIH3a HCnOJlb30BaJIHCb 
TOJlbKO Te KYMYJIHTHBHble B3aHMO,IJ,eRcTBHH, B KOTOPliX 
o6HapyzHBaJICH XOTH 6bl O,IJ,HH KJlaCTep. lOJIH KYMYJIHTHBHliX 
a,IJ,pOHOB, HCny~eHHblX KJlaCTepaMH (B % , npe,D,CTaBJieHbl BO BTOpoR 
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H TpeTbeR KOJIOHKax Ta6JI. 2). 

Ta6.nm,ta.2 

Tim B3aHMO- KyM.r KyM.p Ko Ao .,,-
,!l;eHCTBHH s 

,;-c c 40 raB/c.) 35 :t: 2 51 :t: 3 83 :t: 5 75 :t: 6 63 :t: 2 
i;-p C 40 raB/c) 85 :t: 2 79 :.t: ·5 67 :t: 1 
po (10 raB/c) 27 :.t: 4 43 :t: 3 87·:t: 20 82 :t: 16 78 :.t: 10 

ABC (4.2A rsB/c) 26 :t: 2 36 :t: 1 
c (4.2A rsB/c) 84 :t 8 82 :t: 6 79 :t: 4 

B KaqecTse npHMepa Ha pHc.6 noKa3aHu F(T K) -
pacnpe,1teJieHHH 'I, - - M930HOB H npOTOHOB H3 CJ19,!l;YIODtHX Tpex 
THDOB KJlaCT9POB B pC - coy,1tapeHHHX : . T1) KJiacTepu, 
co,11;ep1:a10utHeCH KYMYJIHTHBHlie a,1tpOHlii T2) KJiacTepu~ 6e3 
KYMYJIHTHBHliX a,1tpOHOB, HO H3 co6iiTHR, B KOTOPliX o6HapyJ:eH 
KJiaCTep c KYMYJIHTHBHliM a,1tpOHOM (H KJI) 2); T3) KJiacTepu 6e3 
KYMYJJHTHBHliX a,11;pOHOB B co6UTHHX co "cso60,1tHli~H" 
KYMYJlHTHBHliMH a,11;poHaMH. B pe3yJlbTaTe annpoKCHMaUHH F(TK)-
pacnpe,!teJieHHR 8KCDOHeHTOH OKa3aJIOCb, qTo 3HaqeHHH TO ,llJIH 
qacTHU H3 KJiaCTepoB THna T1 CHCTeMaTHqecKH 60Jibme, qeM ,!l;JIH 
qacTHU H3 KJiacTepoB T2·H"T3 (CM. Ta6JJ.3). 3HaqeHHH To ,!l;JIH 

I ~ 

qacTHU H3 T2 H T3 6JIH3KH .ztpyr K .ztpyry. nocJie,ltHee MO:IHO 
paccMaTpHBaTb KaK yKa3aHHe Ha TO, qTo "CB060.ztHUe" 
KYMYJlHTHBHlie a,1tpOHli TaK:le o6pa3yDTCH qepe3 KJiacTepu, 
COCTOHntHe B OCHOBHOM H3 HeRTpaJibHliX qacTHU ( 'I, O -M930HOB, 
H8HTPOHOB H T.,lt.). STOT BliB0,11; no,1tTBep1:,11;aeTCH, B qacTHOCTH, 
nosumeHHOR ,!l;OJieH HeRTpaJibHliX CTpaHHliX qacTHU Hr -KBaHTOB B 
co6UTHHX, COOTB9TCTBYIO~HX o6pa30BaHHIO KJiacTepoB THna T3 
(CM. Ta6JI.4), a TaKze noBe,lteHHeM CTPYKTYPHliX ~YHKUHH F(~

0
), 

" " " " KOTOpble ,!l;JIH cso60,11;HliX H KJiaCTepH!iX KYMYJIHTHBHliX a,1tpOHOB, 

-16 -

1) 
\ '{ 

} 
1;·;1 
\I 

l 

----
THO B3aHMO- THn qac-

)teHCTBHH 
THUli 

KJiacTepa 1 

h 172:.t: 7( 1.1) 
.,,-c p 140±26(0.7) .,,- 168:t:13(0.8) 

h 142:t: 5(1.2) 
pC p 123±17(0.8) .,,- 152:t: 8(0.8) 

h 145:t: 8( 1.2) 
cc p 149:t:20( 1. 2) .,,- 151:t:23(0.6) 

h 85:.t: 8(2.5) 
pTa p 75:t: 7(2.3) .,,- 113:t:33( 1. 3) 

h 90:t: 5(0.3) 
CTa p 78:t: 7(0.6) .,,- 78:t:10(0.8) 

HMemT 8KCDOH9HUHaJihHliR 

BH)t C O,ltHHaKOB!iMH napa

MeTpaMH HaKJIOHa <~0 > 
( .ztaHHble _He npHBO,!l;HTCH ) n 

K o 
T.e. )t9MOHCTPHPYIOT 

O,!l;HHaKOBble CTPYKTYPli 

CHCTeM, ~par~eHTHPYIO~HX 
Ha KYMYJIHTHBH!ie a,11;pOH!i. 

s 
ii 0 _A 
nr 
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Ta6JIHua.3 

THn KJiacTepos 

2 3 

121:t: 5( 1.4) 107:.t: 4( 1.3) 
156±27(0.7) 101±15(0.8) 
118:t: 8(1.3) 100:t 6(0.8) 

107:t: 4(1.6) 93:t 3( 1. 3) 
105:t: 5( 1.2) 81:t: 4( 1.2) 
111:t:10(1.2) 116:t 7(0.6) 

64:t: 4( 1.1) 77:t 3(0.9) 
78:t: 6(0.5) 69:t: 4(1.4) 
65:t: 9(0.8) 74:t: 7(2.0) 

~58:t: 9(0.8) 53:t 4(1.8) 
50:t: 9(0.9) 53:t: 4(2.5) 
78:t: 3( 1.1) 80:t:11(0.6) 

56:t 2(2.4) 65:t 2( 1.3) 
56:t: 3(0.8) · 57:t:2(1.2) 
45:t: 6( 1.2) 68:t 5(1.0) 

Ta6JIHUa.4 

THO KJiaCTepoB 
T1 T3 

0.097±0.040 0.19±0.074 

0.19 :t:0.07 0.20±0.05 

4.01 :t:0.60 5.97±0.90 



IloJiyqeHbl ,llaHHble O saBHCHMOCTH 3Ha4eHHA To scex a.ztpOHOB 
OT tlHCJla KJiaCTepOB (N KJI) B KYMYJIHTHBHblX COy.ztapeHHHX H 

0
!rnCeJI 

qaCTHU ( n ±) B 8THX KJISCTepax. 113 aHaJIHSa cJie,llyeT, 4TO 
~OPMHPOBaHHe BblCOKOTeMnepaTYPHblX CHCTeM CBHSaHO C ueJIHKOM 
c npHCYTCTBHeM B KJiaCTepax KYMYJIHTHBHblX a.npoHOB H CJia6o 
3aBHCHT' OT tlHCJia KJiaCTepoB B co6b!THH H 4HCeJI qacTHU B 

KJiacTepax. 

~~~eepTaR rnaea nocsameHa pesyJibTaTaM HCCJJe.ztoBaHHH 
nponeccoB KJlaCTepHSaUHH BTOPH4Hb!X a.ztpOHOB B HeynpyrHX 
CTOJIKHOBeHHHX, conposoz.na10mHXCH o6pasoBaHHeM CTpaHHblX 
qacTHu115, 221• Poz.neHH9 CTpaHHblX qacTHU B H,1tpO-H,1tepH!iX 
CTOJIKHOBeHHHX CJIYZHT HHCTpyMeHTOM K HsyqeHHIO CHJibHO 
aos6yz,lleHHOR a.npoHHOA MaTepHH, HJIH WOPMHPOBSHHH 
KBapK-l"'JIIOOHHOH nJJa3Mbl (Kril) B YCJIOBHHX 60JibWOH 6apHOHHOH 
nJIOTHOCTH, KO'TopaH MOZeT o6pa30BaTbCH npH ,llOCTaT04HO HH3KHX 

SHeprHHX HaJieTa10mHX H,llep ( 2 + 10 A rsB ). 
Hs ,llaHHblX no OTHOmeHHIO (B %) 4HCJia CTpaHHblX qacTHU, 

CBH3aHHblX C KJiacTepaMH, K 4HCJIY BCex CTpaHHblX qacTHU B 
HCCJ1e,1tyeMblX B3aHMO,lt9HCTBHHX (CM. nocJie,llHHe 3 KOJIOHKH B 
Ta6JJ.2) BH,ltHO, t{TO ,ltOJIH CTpaHHblX qacTHU, KOTOpble poz.ztalOTCH 
qepes KJiacTepbl 60Jibme, qeM ,D;JIH 06bl4Hb!X a,D;pOHOB ( B ,D;aHHOM 
CJiyqae X - -Me30HOB), npHtieM K Os - Me30Hli o6pasyK>TCH qepe3 

KJiaCTepbl qame, 49M A0 - rHnepOHbl. . 
B co6b!THHX co CTpaHHblMH qacTHUaMH CTPYKTYPHble WYHKUHH 

F(TK) H3YtleHbl OT,D;eJlbHO ,D;JIH qacTHU H3 KJiacTepoB C Ka0 
-

Me3OHaMH HAQ. rHnepoHaMH (nepBaH H BTopaH rpynnhl KJiacTepOB 
COOTB9TCTBeHHO), KJiacTepoB C O,llHOBpeMeHHblMH o6pasoBaHHHMH 
Kao H A0 (TpeTbH rpynna) H HaKOHeU, KJISCTepoB 6es CTPSHHtiX 
qacTHU (qeTBepTaH rpynna). IloJiyqeHHHe sHat1eHHH napaMeTpos 

. To ,ltJIH CJiy4aH '.CC - B3aHMO.zteRcTBHA npHBe.zteHbl B Ta6JI. 5. B 
F( TK) - pacnpe,lleJieHHHX X - - Me30HOB H Ka O - Me30HOB 
npoHBJIHIOTCH ,ltBa HSKJIOHa, npHt1eM )tJIH KJiaCTepoB C K so -
M930HOB. 113 Ta6JI. 5 BH,ltHO, 4TO T O ,ltJIH KJiaCTepoB 6es 
CTpaHHtiX qacTHU KaK npaBHJIO MeHbme 3HatleHHH To B KJiaCTepax 
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Ta6JJHUa 5 

No rpynnhl x- p Ko Ao s 
KJiacTe.llOB 

122±14 - 77±7 
1 178±26 - 129±13 

> • 

2 120±8 (0.3) 97±10 (0.6) - 78±6 (1.0) 
3 168±17 (1.0) - 69±10 (1.2) 55±5 (0.6) 
4 121±4 ( 1. 9) 65±5 ( 1.4) 

co CTpaHHblMH t{SCTHUS~H- TaKHM o6pa30M B co6b!THHX co 
CTPSHHtiMH qacTHUaMH HMeK>TCH yKasaHHH Ha WOPMHPOBSHHe 
BblCOKOTeMnepaTYPHblX CHCTeM, KOTOP1i9 B OCHOBHOM CBH3aHli C 
KJiaCTepaMH, C0,1tepza10mHMH Kao - Me30Hbl. 

PesyJibTaTaM aHaJIH3a KOppeJJHUHOHHliX HBJieHHR B "KJiaCTepHtiX" 
B3aHMO.zteRCTBHHX nocssmeaa 'DRT8R rnaea. 3.zteCb paCCMOTpeHli 
~JIYKTYSUHH B MHOZeCTBeHHOR reHepauHH a.ztpOHOB, .ltBYXtlaCTHtlHtie 
a3HMYTSJlbHble KOppeJIHUHH nap o6~eKTOB (KJiaCTep-tiaCTHUti H 
tiaCTHUH B KJiacTepax) H .ltBYXKJlaCTepH!ie KOppeJIHUHH 112, 21 , 231• 

Ilpo6JieMa HSytieHHH npoueccoB MHOJ:eCTB9HHOl"'O po1:,1teHHH 
qacTHU npHo6peJJa .KaK 6!i HOBOe HanpaBJieHHe B CBH3H C 
OTKPl:ilBmeRcH BO3MOJ:HOCTblO aHaJIH3a ,D;HHaMH49CKHX WJJYKTYaUHH 
DJIOTHOCTH BTOPH4HliX qacTHU B caMliX pa3JIH4Hb!X peaKUHHX, 
Bbl3BaHHblX JienTOHaMH, a.npoHaMH H H.ztpaMH. ~JIYKTYaUHH 
H3ytialOTCH Ha OCHOBe aHaJIH3a CBOHCTB MacmTa6HblX waKTOpHaJlbHtiX 
MOMeHTOB (<Fi>), TpaKTYIOmHXCH no aHaJIOl"'HH C ~eHOMeHOM, 
H3BeCTHblM KaK 8~~eKT "Intermittence" (nepeMe:a:aeMOCTh) B 
rH.ztPO,llHHaMHKe TYPOYJJeHTHblX IlOTOKOB J:H,llKOCTH. B CJiyqae 
,llHHSMHtleCKHX ~JIYKTYaUHH Oy - saBHCHMOCTh <F1> HMeeT 
cTeneHHOA xapaKTep in<F1> = a1 - w1 in0y. 3,llecb Oy = 6y/M; 
6y - HsyqaeMHH HHTepBaJI 6b!CTPOT, M -tlHCJIO pa36HeHHA 8T01"'0 
HHTepBaJia. CTeneHHaH 3SBHCHMOCTb noJiyqeHa B aHaJIH3e HamHX 
8KCnepHMeHTaJibHblX ,naHHtiX, npHtieM OHa OTCYTCTByeT B Ha6ope 
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i 
11 

co6b1THA CJiyqaAHO CMO,JteJIHPOBaHHblX no KacKa,JtHOA MO,lt9JlH 
(CM.pHc.6). TaKOA xe cTeneHHOA xapaKTep coxpaHH9TCH ,JtJlH 
{Jy - 3aBHCHMOCTH MOM9HTOB <F ,r ,JtJlH "KJiaCTepHtiX" 

B3aHMO,IJ;9HCTBHA, T.e. co6HTHA, B KOTOPtiX Bti,JteJieH XOTH Ou 
O,ltHH KJiaCTep. Ho caMoe rJiaBHOe ,JtJIR STHX co6tiTHA 
aa6J1m,1tamTcR yseJIHqeHHe t 1 ,JtJIR <F1> scex nopR,1tKOB 1 B 
cpaBHeHHH C HeynpyrHMH B3aHM0,1teAcTBHRMH ( CM. pHc. 7). STO 

,JJ;eMOHCTpHpyeT cyuteCTBeHHYll POJlb HBJ19HHR KJiaCT9PH3aUHH B 

npo~eccax MHOZeCTBeHHOI'O pox,JJ;eHHR qacT~-

. ·21- a.) 14 ~ &) b 
6)~ 

~ ~: AA*~ 

; ~ o1 I o{ 

--tr~2 
a □ o I 

.s ... + , ••• .-
~ ~ ••• I . ~ I ---··-- , oO 0 

'o 

·I 0 I t ·I 0 I 1 -, 0 ' t ~ 

-"' &t 
PHc.6. - taKTOpHaJibHtie MOMeHTbl <F1> (o - 1=2, • - 1=3, a -
1=4, A - 1=5) ,ltJIH pC - B3aHMO,JteAcTBHH npH Pp= 10 raB/c 
(a), cc - CTOJIKHOBeHHA npH Po= 4.2 raB/c Ha HYKJIOH (6) H 
CTa - coy,JtapeHHA npH Po = 4.2 raB/c Ha HYKJIOH (B). 
(3amTpHxosaHo - ,llKM). 

HsyqeHH a3HMYTaJibHti9 KOppeJIHUHH MeX,JtY qaCTHUaMH, 
some,1tmHMH B cocTaB KJiacTepos, KoppeJIHUHH "cso60,1tHHX" 
qacTHU c KJiaCTepaMH KaK ueJIUM. Ha PHC.8 noKa3aHH 
saBHCHMOCTH K08~HUH9HTa asHMyTaJibHOA acHMMeTPHH (A) OT 
pa3HOCTH 6ucTpOT (Ay) paccMaTpHBaewx o6beKTOB. 3,JteCb A= 
( N ( M> > 90 o) - N ( A<!> < 90 o) ) / H tot' H ( A<I> > 90 o) 
( HJIH N { M> < 90 ° ) ) qffCJIO nap C pa3HOCTbll <I> 60J11>me 
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I 

I 

I 

I 

( HJIH MeH1>me) 90 o H N tot - OOJIHOe qHCJIO TaKHX nap. 
KoppeJIHUHH no A Ha6Jim,JtamTCR npH 3HaqeHHHX Ay < AYrp (r,Jte 

- ilYrp ~ 0.7 ( ,ltJIR H,Jtpa - MHmeHH 181.ra , ~ 1.0 ,ltJIH H,Jtpa
MHmeHH 120 H ~ 1.5 ,ltJIH pp - coy,JtapeHHH npH 205 raB/c). 0 
POCTOM Ay OHH HcqesallT. H3 npHBe,JteHHtiX ,JtaHHliX MOXHO 

C,JteJiaT~ BtiBOA B TOM, \{TO KOppeJIHUHOHHaH ,ltJIHHa (Ay) 3aBHCHT 
OT nepBHIIHOH SHepI'HH H aTOMHtiX aecoa CTaJIKHBamutHXCH 
06beKTOB. KoppeJIHUHH M9Z,!tY qacTHUaMH, BXO,ltHlltHMH B KJiaCTep, 
He 06HapyxHBallTCH. 

PHC.7. 
MOM9HTOB 

$. 

O.& 

OA 

o.s 

0.2 

o., 

(p,d,Ho,C) C . ::_ r -:re 

~u,. t . ~- t - e ~tlffll. ■ Ult'IVN. _. WtTC""-

. t \ . + . 

: id + + .~ :~?. ~ Af . 
0 t 4 0 2 4 0 2 '1 6 

t t L 

3aBHCHMOCTH napaMeTPOB HaKJIOHa ~1 OT nopR,JtKa 
1 ,ltJIR AA - H hA - CTOJIKHOBeHHA ( o6osHaqeHHH : 

T9MHble TOqKH - ,ltJlH "KJiacTepHHX", CBeTJIHe - ,JtJlH HeynpyI'HX 

coy,-apeHHA). 

lBYMH cnoco6aMK KsyqeHH KOppeJIHUHH Mex,Jty KJiacTepaMH. 
B nepBOM aHaJIH3HPOBaJIHC!> KOS~HUHeHTli a3HMyTaJibHOH 

aCHMM9TPHH ( OHH DPHB9,!t9Hli Ha PHC.8 ), BO BTOPOM HsyqeHti 
KoppeJIRUHOHHHe ~YHKUHH: C(x1,Xj) = p(x1,Xj)- p(x1> * p(xj), 
I',Jte p(x1,Xj) - .ltBYMepHue H p(x1>, p(xj) - O,ltHOMepHue 
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IlJIOTHOCTH pacnpe,!teJieHHR KJiacTepos no nepeMeHHliM X i H X j , 
HOPMHPOBaHHlie Ha e.ztHHHUY • B KatleCTBe nepeMeHHliX Xi , X j 
B!i6paHN BeJIHtlHHli, xapaKTepH3YIOmHe BNJieT KJiacTepoB: d" 

a) B npO.ztOJibHOM HanpaBJieHHH - npo.ztOJI:OHaH 61iCTPOTa y H 
layl= IY1-Yj1 ( o, y, Ymax, r.zte Ymax = 4.8 .ztJIH xp- H xc
H Ymax = 2.4 ,ltJIH AA - coy.ztapeHHA) ; 

6) B nonepet1HOM HanpaBJieHHH - nonepetlHliA HMnyJI:OC p .L H 
tap~I = IP.L-P.LI, l~P.LI = IP.L- P.LI H 1~$1 = I$ - $I, r.zte 
~i, $j -a3HMYTaJI:oHNe yrJIN, (P.L, l6P.LI , 2.4 raB/c, l6P.LI, 
4.8 raB/c ). B CJiyqae <Y1,Yj) H (p.L ,P.L ) B .ltBYMepHliX 

1 j 
pacnpe,1teJieHHHX npoBO,!tHJiac:o CHMMeTpH3aUHH no HH.zteKcaM i H j. 

4 ~ 6 
0 I 2 ~ . 2) 

01 ~~~;~z,~1+~\ -
• PP, 
I> kp l ◄O 

V ~hi t ') , ~ 
~ I •~<t . o) 114! 
'f 1'.lc•,ii t.l ~6~b?~- t ~~~f++H ... 

s- T &~•~•de~ +·· ······ t ~ o iJi~6 /±+r · · · · · · 
~ .i. T . •i a- .T 1 . . 9) 

6., , ·. ,. , I~ 
" o I ~e 1 og_~M..t+.+ ··;· 

< .,,... 9 1········· -,~ M o ··· T ' 

'. oCC 
• CT<1. 

-1 0 2 ' 0 1 2 ~ 

~ ~-
PHC.8. 3aBHCHMOCTb KOSW~HUHeHTa a3HMYTaJI:OHOR aCHMMeTPHH 
OT pa3HOCTH 61iCTPOT nap a.ztpOHOB O.ztHoro KJiaCTepa (a), 
cao6o.ztHliX t1acTHU H KJiacTepa (6,.zt), nap KJiacTepos (a,r,e). 
3.zteCb o6o3HatleHHH (a,6,B) H (.zt,e) O,ltHHaKOBli. 

3HaqeHHH KOppeJIHUHOHHliX WYHKUHA BlitlHCJIHJIHCb ,ltJIR Bcex nap 

nepeMeHHliX. B 06JiaCTH nepeMeHHUX, r.ite C(xi'xj~ > 0 H 

~C(x1,Xj) / C(x1,Xj) < 1 ( ~c - omH6Ka «iYHKI.tHH . C ) , 

aHaJH3HPOBaJIHCb BeJIHtlHHli NC= NKJI ( 0 > 0) / NKJI, r.ite 
NKJI ( .o > 0) - KOJIHtleCTBO KJiacTepoa, ,1ta1>11tHX noJIOKHTeJibHNe 
KOppeJISJUHH, NKJI -nOJIHOe tlHCJIO KJiaCTepoB. 

H3 aHaJIH3a KoppeJIHUHOHHliX WYHKUHA MOKHO C,lteJiaTb BNBO,ltli: 
1. IlOJIOKHTeJI:OHlie KOPPeJIHUHH HaC>JIIO,!taIOTCR BO acex Ha6opax 
nepeMeHHliX · H THDOB B3aHMo.iteACTBHA; 
2. B OCHOBHOM NC ( Xp) a 1.5 N0 ( XC) a NC (AA); 
3. ASHMyTaJI:OHlie KoppeJIRI.tHH npaKTHtleCKH He saBHCRT OT 
HeaSHMyTaJI:OHliX nepeMeHHliX, THna BSaHMO.zteACTBHR H COCTaBJIHIOT 

5 + 8 X • 
IloBe.zteHHe C(X1,xj) yKa31iB~eT Ha cymecTBOBaHHe 

",1taJ1bH0,1teACTBYIODtHX" KOppeJIRUHA B 06JiaCTHX MHmeHH H 
HaJ1eTa1>11tero R,ltpa H noJIOKHT8JlbHliX KoppeJIRUHH B I.t8HTpaJI:OHOR 
o6JiaCTH. Hs PHC. 9 BH,ltHO, tlTO cyoteCTBYl>T ~PH 06JiaCTH c 
noJIOZHT9JlbHliMH KoppeJIRI.tHRMH: 

'" 

J,' 0 

PHc.9. KoppeJIRI.tHOHHlie «iYHKI.tHH O(Y,P.L) 
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I ) !IJparMeHTal,\HH MHmeHH - 0 c; y c; o. 2 Y max H O c; P J. <: 
o.s craB/c) ; 

II )_~parMeHTal,\HH HaJieTaIO~eA qacTHL\bl (H,Itpa) - 0.7 Ymax ( 
Y <: Ymax Ho, PJ., 0.6 craB/c) ; 

III ) l,\eHTpaJihHaH o6JiaCTh - 0.3 y max<: Y <: 0.6 Y max H 
o. 8 ,· PJ. c; 2. 4( raB/c). llpH 3TOM, npHMepHO B 50 % 
CJiyqaeB noJIOJ;HTeJihHbte KOppeJIHL\HH HBJIHIOTCR CJie,ItCTBHeM 
o6pa30BaHHH KJiaOTepoB B o6JiaCTH MHmeHH H OHapR,Ita. B 
OCTaJibHblX 50 % CJiyqaeB KJiaCTepu BblJieTaIOT B l,\eHTpaJibHOA 
o6JiaOTH O 60JibmHMH nonepeqHblMH HMDfJlbOaMH H DO.It 60JibmHMH 
yrJiaMH MeZ.ItY HHMH. OHH HMeJJT 6oJibmHe MHozeoTBeHHOOTH H 
TeMnepaTypy, qeM KJiacTepu H3 .ItPYI"HX o6JiaCTeR. 

"~aJibHO,IteHOTBYIO~He" KOppeJIHL\HH MeZ,ItY KJiacTepaMH 
Ha6JIIO,ItaIOTCH s o6JiaCTHX !IJparMeHTal,\HH MHmeHH H OHapsua. 
Hx MHOZeCTBeHHOCTH H TeMnepaTypa MeH1>me B cpaBH8HHH C 
OCTaJihHblMH KJiacTepaMH. 

B 3aKJIIOqeHHH C!IJOPMYJIHPOBaHbl OOHOBHble pe3yJibTaTbl H BblBO,Itbl 
,ltHCCepTal,\HOHHOR pa6oTbl: 

1. Bnepsue npe.1tJiozeHa H pa3pa60TaHa MeTO.ltHKa Bbt,JteJieHHH 
a,ItpOHHbtX KJiaCTepoB, OOHOBaHHaH Ha HCOOJlb3OBaHHH npooTpaHOTBa 
HOPMHPOBaHHblX K O.ztHHaKOBOR Maoce OTHOCHT8JlhHbtX qeTupex 

CKOPOCTeR. 

2. 0 HCnOJib30BaHHeM paspa6oTaHHOR MeTO,JtHKH npoBe,JteH 
attaJIH3 npol,\eCCOB KJiaCTepH3al,\HH BTOpHqHbtX a,ItpOHOB B xp _., 
in - , !tC - CTOJIKHOBeHHHX npH 40 raB/c, pC -, pTa -
B3aHMo.1teRcTBHRX npK 10 raB/c, pc- , dO- , Hee- , cc- H 
pTa- , dTa- , HeTa- H OTa - coy,1tapeHHRX npH 4. 2 raB/c Ha 
HYKJIOH. 06~aH CTaTHCTHKa co6btTHR OKOJIO 100.TblCRq. ~JIR 

Bbt,JteJieHHR co6uTHH Ha R.Jtpe yrJiepo,Ita H3 co6UTHR B nponaHe 
(C3Ha) HCOOJlb30BaH ,JtOOOJIHHTeJihHblA KPHTepHR no Macce MHmeHH. 
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B P83YJihTaTe STOI"O a~eKTHBHocrh OT6opa HeynpyrHX pO- ,dC- I 

HeC- HCC- B3aHM0.1teRCTBHR CTaJia 6JIH3Ka e,JtHHHl,\e. 

3. PaccMOTpeHbt o6~He csoRcTsa KJiacTepos B npoueccax 
MHOZ8CTB8HHOR reHepal,\HH a,ItpOHOB B hh - , hA - H AA -
B3aHMO.IteRCTBHRX B 06JiaCTH SHeprHR OT 4 ,ltO 40 raB/c , 
HaiueJio: 

- .ltOJIH BTOpHqHbtX qacTHL\, o6pa3oBaBmHXCH qepe3 KJiaCTepu, 
pacTeT B 06JiaCTH SHeprHH 4 + 10· raB, a 3aTeM OCTaeTCH 
DOCTO.RHHOH; 

ceqeHH.R B3aHM0.1teRCTBHR C o6pasoBaHHeM KJiaoTepos 
B03pacTaIOT 3a cqeT · YB8JIHqeHHH .ztOJIH CTOJIKHOB8HHR C 
~OPMHPOBaHHeM MHOI"OKJiacTepaux CHCTeM; 

KJiaCTepu pacnoJiaraIOTO.R KaK B 06JiaCT.RX !IJparMeHTaUHA 
CTaJIKHBaIOmHXC.R 06beKTOB, TaK H B L\8HTpaJibHOR 06JiaCTH; 

pacCTORHH.R Mez,Ity KJiacTepaMH. B npocTpaHCTBe 
nepeMeHHbtX b ik ( OTHOCHT8JlhHblX 4-CKOPOCTeR) 06Jia,ItaIOT 
YHHBepcaJil'>HbtMH CBORCTBaMH. OHH onHC:blBaIOTC.R CTeneHHOR 
saBHCHMOCThIO BH.Jta dN / db<113 N ba~ - m o napaMeTpoM 
m N 3. Ope,JtHHe 3HaqeHHH paCCMaTpHBaeMblX paCCTORHHR oqeHb 
CJia6o 3aBHCHT OT qffcJia KJiacTepos B C06blTHH; 

"TeMnepaTypu" KJiaCTepoB (TO ) 3aBHCHT OT HX 6blCTPOT, 
npHtleM HaH60Jil'>mHe 3HaqeHHR TO npo.RBJIHIOTCH B ueHTpaJibHOR 
o6JiaCTH coy.ztapeHHR, r.zte TaKze Ha6JIIO.ztaIOTCH OTJIHqHH c 
pe3yJ11>TaTaMH pacqeTOB no KaCKa,ItHOR MO,IteJIH (~KM) ; 

- CTPYKTYPHble d!YHKUHH F(x), r,11;e X = bnc H Xg, HM8IOT 
BO Bcex CJIYtla.RX SKCnoHeHuHaJibHblR BH.lt. F(bIIc) -
~YHKUHH HMeIOT pa3Hble napaMeTpbl HaKJIOHa (<b Ile>) ,ltJIH 
KJiaCTepoB c YKJI < 0.5 H YKJI > 0.5, napaMeTpbt <Xs > He 
saBHCHT OT THna nepsHqHoro a,1tp0Ha Hero aaeprHR (.ltJIH YKJI > 
o. 5). 

4. IlPOBe,JteH aHaJIH3 CBOHCTB KYMYJI.RTHBHblX CTOJIKHOBeHHR H 
H3YtleHa KJiaCTepH3al,\H.R a,JtpOHOB B HHX. IloJiyqeHbl CJie,ItyromHe 
pe3yJibTaTbl: 
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ceqeHHH pc - B3aHMO.JteACTBHH C po:1,neHHeM sapH:leHHl:iX 

KYMYJIHTHBHl:iX nHOHOB B HHTepBaJie yrJIOB ucnycKaHHH 0 > 135° 
·'· 

o ± = 2.4 ± 0.1 M6, HeRTpaJI1>Hl:iX KYMYJIHTHBHl:iX 
KyM.X 

miOHOB ( 0 > 90°> - O O = 5.7 ± 1.0 M6, 
l5YM. X 

KYMYJIHTHBHl:iX npOTOHOB ( 0 > 135 ) - OKyM.p = 5.6 ± 0.2 M6 
H KYMYJIHTHBHl:iX ,neRTpOHOB c 0 > 135 o - OKyM.d = 0.42 ± 0.10 
M6 i 

,JtaHHl:ie O xapaKTepHCTHKax Bcex BTOPHt{HJ:iX sapH:leHHl:iX 

qacTHLt B KYMYJIHTHBHl:iX B3aHMO,JteACTBHHX. Ha6JIIO,JtaIOTCH, B 
qacTHOCTH, OTJlfft{HSI KYMYJIHTHBHl:iX C061:iTHR OT Bcex OCTaJil>Hl:iX 
no MHO:leCTBeHHOCTH BTOPH4Hl:iX qacTHLt H HX HMilYJil>CHl:iM 
xapaKTepHCTHKaM. B oco6eHHOCTH 8TO OTHOCHTCH K 
B3aHMO,JteAcTBHRM C ucnycKaHHeM KYMYJIHTHBHl:iX M930HOB i 

- cymecTBYIOT KOppeJIHLtHH po:1,neHHH KYMYJIHTHBHl:iX a,JtpOHOB 
C qJaKTOM qiopMHPOBaHHH B 3THX 0061:iTHHX .qacTHU C 60.n1>mHMH 
nonepe4Hl:iMH HMilYJil>CaMH i 

- npOHCXOZ,11;9HHe KYMYJIHTHBHl:iX nHOHOB H npOTOHOB He CBH3aHo 
c pacna,JtOM 6 - H306ap HJIH ,JtH6apHOHHl:iX pe30HaHCOB i 

B npe,ne.nax HMeIOme~CH CTaTHCTHt{9CKOA TOt{HOCTH HeT 
a3HMYTaJil>Hl:iX KOppeJIHLtHA KYMYJIHTHBHl:iX nHOHOB C OCTaJil>Hl:i~H 
nHoHaMH, HO Ha6JIIO,ll;aIOTCH a3HMyTaJil>Hl:i9 KoppeJIHLtHH 
KYMYJIHTHBHl:iX npOTOHOB H ,neATPOHOB C BTOPHt{Hl:iMH npoTOHaMH; 

noJiyqeHl:i yKa3aHHH Ha TO, t{TO KYMYJIHTHBHl:ie nHOHH 
HcnycKaIOTCH H3 o6JiaCTH MeH1>mHX pa3MepoB, t{9M ace OCTaJil>Hl:ie 
nHOHl:i, npu6JIH3HT9Jll>HO H3 06.naCTH TeX ze pa3Mepoa'HcnycKaIOTCH 
npoToHN, conpoao:1,na1011tue po:1,neHHe STHX nHoHoB; . 

60JibmHHCTBO KYMYJIHTHBHl:iX a,npOHOB ( nHOHOB H npOTOHOB). 
poz,naIOTCH qepe3 .KJiaCT9Pl:i i 

- "TeMnepaTYPl:i" ,JtJIH qaCTHLt H3 KJiacTepoB C KYMYJIHTHBHHMH 
a,npoHaMH CHCTeMaTH49CKH 60.n1>me, 4eM ,ll;JIH 4aCTHLt H3 KJiaCT9POB 
6e3 HHX H c.na6o 3aBHCHT OT t{ffCJia KJiaCTepoB B 0061:iTHH H 4HCJia 
qacTHLt B KJiacTepax; 

"CB060,JtHl:iM" H "KJiacTepH!:iM" KYMYJIHTHBHl:iM a,npoHaM 
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COOTBeTCTBYIOT O,JtHHaKOBl:ie CTPYK~YPl:i qiparMeHTHPYIOlltHX CHCTeM. 

5. Ilpoae,neHo Hcc.ne,noBaHHe npoueccos K.nacTepH3aLtHH 
BTOPH4Hl:iX a,npOHOB B HeynpyrHX CTOJIKHOBeHHHX, 
conpoBO:l,JtaIODtHXCH o6pasoBaHHeM Ka O - M930HOB 'H AO -
runepoHoB. AHa.nua noKasa.n: 

'B KJiaCTepax , C0,1tep:1aI011tHX Kao_ M930H!:i, Ha6.n10,1taIOTCH 
TeMnepaTYPl:i · ,11;0 N 150 MaB, TaKHe ze KaK B K.nacTepax us 
Lt9HTpaJibHOH 06.naCTH BO Bcex HeynpyrHX B3aHM0,11;eAcTBHHX; 

,ll;OJIH CTpaHHl:iX qaCTHLt, CBH3aHHl:iX C KJiaCTepaMH 
,ll;OCTaT04Ha Bl:iCOKa H 60.n1>me, qeM ,ll;JIH 061:it{Hl:iX H9CTpaHHl:iX 
a,JtpOHOB, npH49M Ka0 

- Me30Hl:i o6pa3YIOTCH qepe3 KJiaCTep!:i 4a11te, 
49M A0 -rHnepOHl:i i . 

- H3 aHaJIH3a CTPYKTYPHl:iX qiyHKLtHR F(b !Id H F(x 8 ) He 
BH,JtHO cepbe3Hl:iX OTJIH4HR npoueccoB l(JiaCTepH38LtHH B C061:iTHHX 
co CTpaHHl:iMH H 6e3 CTP8HHl:iX 4aCTHLt. 

6. IlpoBe,neHo H3Y49HHe C IlOMOlltblO M9TO,ll;a ~KTOpHaJibHl:iX 
MOMeHTOB ( <F i >) . qlJIYKTYattHR. MH0:19CTB9HHOCTeR a,npoHOB, 
po:1,11;eHHl:iX B H.ltPO - H.Jt9PHl:iX B3aHMO,neRCTBHHX npH· 4.2 raB/c Ha 
HYKJIOH. H3 aHaJIH3a c.ne,nyeT, 4TO cymecTBYIOT ,JtHHaMHt{9CKHe 
qlJIYKTYaLtHH MH0:19CTBeHHOR reHepa1.tHH B 3THX CTOJIKHOB9HHHX. 
OHH He 3aBHCHT OT nepBH4HOR 3HeprHH H THnOB CTaJIKHBaI011tHXCH 
06'b9KTOB. TaKHe qlJIYKTYattHH OTCYTCTBYIOT B c.nyqaRHO -
CMO,ll;eJIHPOBaHHl:iX co61:iTHHX no KaCKa,ll;HOR MO,JteJIH. 

7 •. B H,Jl;epH!:iX B3aHMo,neRcTBHHX, B KOTOPl:iX XOTH 61:i 4aCTb· 
BTOPH4Hl:iX qacTHLt o6pa3yIOTCH qepes KJiaCTep!:i , Ha6.iI10,1teH 
SqlqleKT YCHJieHHH ,ltHHaMH49CKHX qlJIYKTyauuA nJIOTHOCTH qacTHLt. 

8. H3y4eHl:i a3HMYTaJibHl:ie KOppeJIHLtHH Me:1,ny qacTHLtaMH, 
BOme,nmHMH B COCTaB KJiaCTepoB H KOppeJIHLtHH "cB060,JtHl:iX" qacTHLt 
C KJiaCTepaMH KaK Lt9Jil:iM H KoppeJIHLtHH Mez,ny KJiacTepaMH. 
KoppeJIHLtHOHHl:ie ,ltJIHHbl 3aBHCHT OT nepBH4HOA SHeprHH H 
aTOMHl:iX BeCOB CTaJIKHBaIOlltHXCH o6~eKTOB. 
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9. IlpoBe,lteHhI HCCJie,ltoBaHHH .ltBYXKJiacTepHhIX. KOppeJIHUHA. 
KoppeJIHUHH MeZ,ltY KJiaCTepaMH noKa3hIBaK>T , '· qTo 
CKoppeJIHPOBaHHhie crycTKH (KJiacTephI, CTPYH H T.,lt.) C 
60Jil,mHMH nonepetlHhIMH HMilYJII>CaMH HCilYCKalOTCH B ueHTpaJII>HOA 

I 

o6JiaCTH. OHH HM8JOT 60JII>mHe . MHOZeCTBeHHOCTH H 
TeMnepaTypy t1eM KJiacTepbI B ,JtpyrHX o6JiaCTHX. 
"AaJII>HO,lteACTBYIO~He" KoppeJIH~HH MeJ:.ltY KJiaCTepaMH Ha6JIIO,lta!OTCH 
B o6JiaCTHX ~parMeHTaUHH MHmeHH H CHapH,lta~ Hx 
MHOZeCTBeHHOCTH H TeMnepaTypa OKa3hIBalOTCH MeHI>me ,ltpyrHX 
KJiaCTepoB. 

TaKU.U. o6paso~, co6oKynHOcmb axcnepu.ue1-U1ta.A.bHUX pesyAbmamo6 

no ucc..reoo8a1ttm npCJtlScco6 JDtOzecmBeHkoa ee~p04uu 8 

sioepHUX 63auJLOOeacm8USlX c · no~~brJ peASU1ZU.6UCmCKU

tm6apua1-U1t1«>eo noOxoOa noKasbt6aem, ,ano 6oAbUl1/KJ poAb 6 HUX 

uzpaem o6paso6aH.Ue alJpo'H.H,bl.X KAaemepo6, ~pes Komop'ble 

pozoaemc~ 6oAblllUH.Cm6o 6mopu1Ua11X 1"2C11ZUq. AOpo1m'ble Kmcmepu 

06.A.aiJax,m ymt6epca.A.bHWlU caoacmaa.uu, ·· xapaxmepus11ril4WlU KaK ux 

o6paso6aH.U.e, max u pacnao. ~Hb tutmepeCHWlU 6b£AO 6u 

npoOoAZeH.U.e ucc..reoo6<VLUi1 no KAaemepusaqu.u Bmopu~btX aopow6 

6 o6Aacmu 60..ree 6ucoxux a~peuil, Hanpu.uep, c11~ecm611ri~ -

ISR , BHJ - AGS u UEPH - SPS u 6ycJy~ - HyK.A.OmpoH.a u · YHK 

(tutL SSOJ. 

MaTepHaJihI ,ltHCCepTa~HH ony6JIHKOBaHhI s CJie,JtylO~HX pa6oTaX: 

1. U.EaaTap, H.A.HBaHOBCKaH, T.KaHapeK, P.Toroo,· s.qa,ltpaa. 
"A,uz..ws OUCnepcuil pacnpecJe..reH.Ult. 1"2C11ZUq no 6btempome 6 'I.P -
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. ,, 
6sau.uooeacm8WlX npu 40 raBlc 

IlpenpHHT OHHH, P1-10456, Ay6Ha, 1977; 
(8~), T.26 BhIIl.5 (1977) 1022. 

8,1tepHaH ~H3HKa 

2. U.EaaTap,B.B.J106HMOB, J.Oap,1taM6a, P.Toroo, A.Tys,1teH.nopz. 
"apeoH.U.e xapaxmepucmuxu 8mopu~H.btX 1"2C11ZUq 8 K1/~1J.tSUTZU6H.UX 
J.-a - ·asauJLOoeacmauil npu 40 raatc " 

Coo6~eHHH OHHH, P1-85-698, AY6Ha,· 1985. 

" 3. A-APMYTJIHACKH,H.Axa6a6HH, ••• ,P.Toroo H ,ltp. aaoacmaa 
pa - 6sauJLOcJeacm6uil npu p P = 10 raBlc c ucnycxaH.U.e~ 
1C1J~1JASUTIU8H.b£X nuow8 u npomow8" 

IlpenpHHT OHHH, P1-8S-:-939, AY6Ha, 1985; Ht, T.44,Bhin.6, 
1986, c.1495. 

4. A.K.KonHJIOBa, B.B.ll>OHMOB, B.~.HHKHTHHa, P.Toroo, 
Y.A.filepKyJIOB. "A3tULyma.A.bH.'ble KOppe.A.SW,U.U K1/~1JASUTlU6H.btX 
aapotto8 c 6mopu~H.wru. ~cmuija.utL 6 pa - 6sauJLOaeacm6WlX 
npu 10 raBlc" 

Coo6~eHHH OHHH, P1-86-251, Ay6Ha, 1986. 

5. A-APMYTJIHACKH,E.Eor.naHOBHtl, ••• ,P.Toroo H .ltP· 
• Jcc..te006a.H.ue pa - 8sauJLOCeacm8uil npu p~ = 10 raB/c 
c ucnycKaH.UeJJ. K1/JJ.1/ASUTlU8H.btX ~t1mpa.A.bH.btX nuow6" 

IlpenpHHT OHffH, P1-86-459, AY6Ha, 1986; fft, T.45,Bbin.6, 
1987, c.1676. 

6. A-APMYTJIHACKH,P.H.BeKMHp3aes, ••• ,P.Toroo H ,ltp. 
• 06paso6aH.ue A0 - eunepow6 u K8°·- .uesoH.06 6 KYJJ.1J.A.SUTLU6H.ux 
pa - 8sa~oeacm6WlX npu 10 raB/c" 

llpenpHHT OHffH, P1-87-97, AY6Ha, 1987; fft, T.47, Bhin.3, 
1988, c.739. 

7. A-APMYTJIHACKH,B,r.rpHmHH, ••• ,P.Toroo H .Jtp. "Pas.uepu 
o6mcmu <Jk)pJJUpo8a~ K1/JJ.Y.A.SUTLU8H.ux nuoH.08 u npom.01«>6 no 
aa1mWL 0.A.St pa - , pTa - u x-a - 8sauJLOc.lei1cm6ui1 npu Pp= 10 
raBlc u p _ = 40 raBlc" 

'X, 
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000611.teHHH OHHH, P1-87-924, ,ny6Ha, 1987. 

8. U.EaaTap,B.E.JI106HMOB,P.Toroo,.n.TyBAeHAOPZ- "Sa6ucu.uocmo 
xapaKmepucmuK aopou - yz.repoou?:tX 6sau.aooeilcm6uii npu 4 + 40 
I's8/c c ucnycKaHUeJL KYJL1JAS{11!U6uux ~ - ~souo6 u npomouo8 
om ~CCU .llUUleH.U u ux C6Sl3b c a}op.wpo6aH.UeJL 'IUICmt.a.{ c 
60~bWU.W nonepe'llUU.W u.uny~bCaJJ:U n 

000611.teHHH OHHH, P1789-46, ,ny6Ha, 1989. 

9. u.EaaTap,U.EaTcaAxaH,B.E.JI106HMOB,P.To:roo,E.XypeJI6aaTap, 
,n.TysAeHAOPE- "K 6onpocy o ~moOUKe 6uoe.reuu.si 6sau.1LOoeilcm-
6uil ua yz.repooe npu oo~lf'{.euuu nponano6oil Ka.u.epu (p,d,He,C)" 

Tpy ~li HHCTHTYTa IPH3HKH H TeXHHKH AH MHP, T. 27, 1988, 
YJiaH - EaTOP, c.35. 

10. ,n.K.KonNJIOBa, B.E.JIIOOHMOB, B.~.HHKHTHHa, P.Toroo, 

Y.,n.mepKyJioB. "Hcc.reoo6aH.Ue 6osJLozuocmu o6paso6anu.si 
1CYJLY.4SV11U.81t?:tX. · aopouod 6 pesy~omame · pacnooa usooapn?:tX 
cocmosurutl 11 

Coo6ut.OH8H, P1-86-141, ,ny6Ha, 1986. 

11. ,n.ApMYTJIHHCKH,,R.K.KonliJIOBa,B.E • .n106HMOB, ,P.Toroo HAP
" Hsl[lt.erru.e pa - 6sau.1LOoeilcm6uil npu Pp=10 I'sB/c c ucnycKaH.USJL 
KYJLY.4SV11U.8tt?:tX aeilmpouo6" 

IlpenpHHT OHHH, P1-87-471, ,ny6Ha, 1987. ; 8~, T.48, 
BNn.2(8), 1988, c.466; 

12. H.AHreJIOB,B.E • .n106HMOB,P.Toroo "Kmcmepus04u.si 8 
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