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1.- BBE,UEID1E 

HacTOSimafl pa6oTa HBJIHeTCH npO,l{OJI~HHeM HCCJie,l{OBaHH:A: [1-4] 

no TIOH~KY H HayqeHHID CBO:A:CTB 6apHOHHbiX _ KJiaCTepoB B H.l{pO-H,l{ep

HbiX B3aHMO,l{e:A:CTBHHX,C npHMeHeHHeM HOBOrO aJirOpHTMa, HCTIOJib3~ 

mero peJISITHBHCTCKH-HHBapHaHTHYID nepeMeHH~ 

2 . ' 2-
b~. = - ( u. - 'u.) = -( p. /m. - p. /m. ) ' 
-~J l J l ~ J J -

(1) 

r,l{e- p. ,p. - 4-MepHble HMnYJibCbl'tiaCTHU: C MaCCaMH m. H :m.. B HOBo'M 
" J - ,. • J 

aJiropil:TMe paccTOSIHHe. Me:IK,I{y __ qacTHU:aMH: onpe,l{eJISieTcSI - . napaMeTpoM 

b.. BMeCTO m.. (8$IJeKTHBHaSI Macca tiaCTHU: i H j)·.;RaK STO HMeeT 
Lj lj • -

MeCTO B CJiyqae J ADE.,-aJiropHTMa· [ 5, 6] , ,l{JISI C06biTHSI - . H3 ; n ; tiaCTHU 

BbltiHCJIHeM BCe napHble n(n-1)/2 KOM6HHau:HH no-4JopMyJie(1)~ HaH..; 
MeHbmee aHatieHHe b.i Ha n(n'-1)/2 KOM6HHau:H:A: o6paayeT nceB.l{O-

'J -
qacTHL{Y, HJIH npeKJiaCTep,. C 4-HMnYJibCOM p=(p.+ p.).l(aJiee npo-

u:ecc TaKo:A: HTepaL{HH TIOBTOpHeTCH ~ ,l{JISI ( n__-1) tiaC~HU: J H · ~ npO,l{OJDI'a-
'· 

eTCH ,1:{0 TeXIIOp, IIOKa BbiTIOJIHHeTCSI YCJIOBHe 

(b .• ) ..... '.. < bc.~-t 
. I J """~v 

'(?) 

r.l{e rrapaMeTp - b~w~: orrpe.l{eJISieT paaMepbl H paccTOHHHe Me:IK.l{y ·KJiac

TepaMH B IIPOCTpaHCTBe 4_;CKOpOcTe:A:.B npoTHBHOM 'CJiyqae,KOr,l{a 

( b~j )mtrt ~ beu.t ,npou:ecc HTepau:HH ocTaHaBJIHBaeTcH:B p_eayJibTaT~ 
TaKO:A: TIPOU:e.l{ypbl Bbl,l{eJISIIOTCH MHOroKJiaCTepHble _C06biTHH. ECJIH · He 

CTaBHTb orpaHHtiHBaromee ., YCJIOBHe ( 2) , TO HTepaL{HOHHbi:A: · npou:ecc 

rrpo,l{OJDI'aeTcH .l{O coe,l{HHeHHH Bcex n i!acTHU: B 'o,l{HH ·KJiacTep c 

4-HMnYJibCOM. p = ( i1 + pl + ... pJ. · 'AJiropHTM 8qxpeKTHI3HO. pa6oTaeT 

npH 60JibmHX MHO~CTBeHHOCTHXi . T: K. lrrpH;Kru!U{O:A: ;HTepau:ifH YMeHb-
' . 

maeTCH tiHCJIO tiaCTHU Ha 1e,l{HHHL{Y. B npOCTpaHCTBe OTHOCHTeJibHbiX 

4-MepHbiX CKOpOCTe:A: KJiaCTepbl orrpe,l{eJISIJIHCb KaK rpyrriibl TOtieK 

(Ka:IK,I{aSI TOtiKa COOTBeTCTByeT-tiaCTHu:'e), paccTOHHHe Me:IK.l{y-KOTOpbi

MH MHOrO MeHbme, tieM cpe,l{Hee paC.CTOHHHe MeJI\llY BCeMH TOt!KaMH 

MHOJKElCTB. AJiropHTM . ( 2)' ,l(ae.P' BOSM01Ki!OCTb 'B -38BiicHMOCTi{ OT' napa

MeTpa bcu...e. j{eTaJibHee JiayqaTb:o6paaOBaHHH O~Ha.::·,.l{BYx:_,Tpex- (H 

T. ,I{.) KJiaCTepHbiX C06biTH:A: O,l{HOBpeMe'HHO. -· -' " ';' 

': ~ B p<iHHHX pa.6oTax ~ B~eJieime .l{ByX- <' KJiac'TepoB . IIPOH3BO.l{HJIOCb 
TIYTeM MHHHMH3au:HH 'BeJIHtiHHbl ·· -- - -- . - .-,, 

\ o· , , . -~ .... ~ ., .. -.~--..:1'11'1' ~ 
:_~ tr ~ A~•·~>_ -. • .-:n •~·:r ... a. J. -l U!,'!)I~I &c.;~:;:::AW!fl 
f{ 6HSilHOTSKA . 
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A2= min[- t (VA- u~)2 - t (~- uf)
2 

J • (3) 

qTo .u;aeT B03MO:lltHocTb onpe,neJIHTb ueHTPhl KJiacTepoB ·. VtX.. 11 ~- UeHTP 
KJiacTepa onpe,neJIHeTCH e,n:HH:HqHbiM 4-MepHbiM BeKTOPOM. 

V=l.u. NC[u. /. 
, " . (... 

(4) 
v. 1-

ITpll aTOM KJiacTepbl c~TaJiliCb onpe,neJieHHhiMll, Kor.na paccTOHHlle ~ 

Me~y llX UeHTpaMll 60Jlbille J:t,{p ~ 1. C noMOJIU>IO Ylffi.3aHHOI'O MeTO,na 
CibiJill noJiyqeHbl HOBble Ba:lltHble pe3yJlbTaTbl 0 CBOt\CTBax CllJlbHOB03-
6~eHHOll H,nepHOll.MaTep:Hll B peJIHTllBllCTCKllX H,npo-H,nepHbiX CTOJIK- ~ 

HOBeHllHX ll 0 B03MO:lltHOM CYmeCTBOBaHllll KBa3llCTaQUOHapHbiX Ciap:HOH-
HbiX COCTOHHllt\. 

~311qecK:He pe3YJlbTaTbl 6b1Jlll noJiyqeHbl npH aHaJili3e CTOJIKHOne
Hllt\ JierK:HX (p,d, '~He, 12C) H,l(ep C H,l(paMll yrJiepo,na ll TaHTaJia _npll 
llMIIYJibCe 4,2 raB/C Ha HYKJIOH.,I(.Jm TaKOI'O Ha6opa CTaJ!KllBaJOill,l1XCH 

H,nep 11 3HeprH:H :HcnoJibsyeMblt\ . A 2. -aJirOPllTM ( 3) xopomo pa6o
TaJI,T.K. cpe,l(HHe MHO]KeCTBeHHOCTll BTOpll~biX qacTllU CibiJill HeBeJI:H
Kli.(<n>~7).0,nHaKO npllMeHeH:He 3TOI'O aJirOPllTMa B CJiyqae CTOJIKHO
BeHllll TH]KeJibiX H,l(ep np:H CiOJiee BbiCOKllX 8Hepr:HHX qpe3Bblq8llHO He 

a!WJe.KTllBHO. B 3TOt\ CllTYaQUll HY]KeH HOBbit\ THn. aJiropllTMa . 
HaCTOHmafl pa6oTa KaK pas ll nOCBHmeHa paspaCiOTKe ll llCCJie,l(O~ 

BaHll!O CBOt\CTB HOBOI'O aJirOPllTMa C llCnOJib30BaHlleM nepeMeHHbiX 

b•j·. Hli]Ke npHBO,nHTCH pe3yJ!bTaTbl HCCJie,l(OBaH:HH o6pa30BaHllH HYK
~OHHbiX KJiaCTepOB·B,npOCTP8HCTBe OTHOCllTeJibHbiX·4-CKOPOCTet\ npll 
B3a:HMo,net\cTBllHX H,nep He + G, C + C . 

nJIH aHaJill3a 8KCnep:HMeHTaJlbHbiX ,l(aHHbiX llCnOJ!b30BaJiaCb MO
,neJlb }tBapK-rJIIOOHHhiX CTPYH ( RI'CM). paspa6oTaHHaH B ]Jy6He [ 7J. 

· .. 

2. METO}lm{A 8RCITEPID§HT A 

:. MeTo.u;:H~ec~~ : 9co6eHHoc:r11 . 3Kci1eP:HMeHTa no.u;po6Ho .· paccMO.Tpe
Hhl B pa~oTaX [8-10]~ 3,necb .JKe OCi~y~aeM TOJ!b!ro KPllTepHll~KOTOpble 

CBH3aHbl C ,l(aHHOA pa60TOA .. 
naHHble noJiyqeHbl C.nOMOJIU>IO 2-MeTpOBOll .nponaHOBOt\ KaMepbl, 

o6JiyqeHHoA' nyqKaMH H,nep Ha cllHxpo!lJasoTpoHe JIB3 .. OHID1. 

2 .. 

Ta6JI:HUa 1 . 

--
Tlln J1MnyJlbc OT60p ··<n> 

B3allMO,net\CTBllH . nyqKa. co6hlT:Hl1· cpe,nHHH OTOCipaHHbiX 
C MHO:IIt.... · · MHO]KeCT. -npOTOHOB 

-
<;' 

He+C .4.2 A ·-~2. 4.2 5298. 

C+C 4,2 A ~4 . '. 7~3 4523 

C+C 4,2 A- ~6. 8,6 ' 2338 

B Ta6JI.1 np:HBe.neHhl ;cpe.u;Hlle MHO]KeCTBeHHOCTH ·nooToHoB 11 
~cJio co6hlT:HA:,nJIH B3a:HMo,net\cTBllA He+C 11 C+C.no npo6ery ¥'l.¥'loHH 

3aQUll npOTOHbl MO:lltHO CibiJIO OTJill~Tb OT IT+ -Me30HOB B llMIIYJlbCHOM 
llHTepBaJie 150<· pAAd < 900 MsB/c. lloJio~TeJI1H:He o.nHosaoH.nHhle 
qaCTllUhl C llMIIYJibCOM 60Jibille 900 M8B/c cqllTaJiliCb npOTOHaMH. 

T . . . . . 
MaKCllMaJlbHaH np:HMeCb ll-Me30HOB cpe,nll noJIO~TeJlbHbiX qacTllU COC-
TaBJIHeT 8%.neATpOHbl ·(d) • ll TPllTOHbl (t) OT,neJIHJIHCb OT npOTOHOB .·. ""'. 

no llOHll3aQUll B : llMIIYJlbCHOM llHTepBaJie 1 < P..ta.cf < 2 raB.f C. ITpllMeHeHO 

YCJIOB:He • KOTOpoe OTCipacbiBaeT B C. U. M. · qacTllUhl C llMIIYJibCOM Pc.u.M. > 
> 2, 5 raB)c, ·qTo TaK]Ke yMeHbmaeT qoH OT ,net\TpOHOii~ llpll OTCiope CO

CibiTllll np~ 4 (np~6) He ~TbiBaJillCb llCnap:HTeJibHhle npOTOHbl C p~~s< 
<0,3 rsB/c (< 0,35:"r3B/c).J13.aHaJili3a TaKJKe llCKJIJOqaJillCb· CTpllnnllH
rOBble npoTOHhl c P.tc.E > 3, 0 rsB/ c 11 9 < 4 o. 

CllCTeMaT:Hq~cK:He Oillll6K:H;CBH3aHHble C :H,neHTll!lJllKaUlleA npOTO~ 

HOB, COCTaBJIHIOT 10%. 

·3. MHOrOKnACTEPHHE HYK]oHHHE OBPA30BAHMH 

B Ha~ToHmet\ pa6oTe .neTaJlbHO :Hsyq~cH 6ap:HOHHble KJiacTeohl, 
Bbl,l(eJieHHble C noMO~IO aJir,opHTMa (2) . B 3aBllCllMOCTll OT bc.t:!: ,nJIH 
H,l(pO-H,nepHOI'O B3a:HMo,neACTBllH C + C. 

Ha pllC:1 npe,l(CTaB~eHbl 3Kcnep:HMeHTaJlbHble (cnJIOillHaH JlllHllH) 
ll MO}:(eJillPOBaHHhle ( ny}fKTllPHaH . JIHHllH) ":'. pacnpe,neJieH:HH . no bi.J . ll 
(b .. ).., . .. ,nJIH BCeX ' napHbiX KOMCillHaQUA npll ~oA llTepaQUll 6e3 

1-J """'" . . 
orpaH:HqeHllH YCJIOBll~M b~IA.t-. RaK .Bll,l(HO 113 PHC. 1. llHTepBaJI. no Hall-
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MeHbmHM paCCTOHHHHM (btJ )~V~ 6e3 orpaHHqeHHH YC~OBHeM (2) H3~ 

MeHHeTCH OT 0 ;1{0 5_H onpe;neJIHeT 06JI~CTb'HCCJie;I{OBaHHH ;!{'¥!Hille B 

3aBHCHMOCTH OT napaMeTpa bcu.1:. · 

Jfa PHC. 2 cpaBHHBaeTCH pacnpe;neJieHHe npoTOHOB B C. U. M. no 

HMIIYJIDCY ( Ps ,.,) , no cos~H' no nonepetJHOMY IIMnynncy (pt) H no npo

;I{OJThHO_~ 6biCTPOTe ( Ys 11) . 3KCnepHM8HTaJIDH~ ( 9nJIOigHaH J!HHHH) H 

MO;I{eJIHpOBaHHbiX (nYHKTHpHaH JIHHHH) C06biTH~ npH MHOJtteCTB8HHOCTHX 

np~ 6 ;I{JIH B3aHMO;I{e~CTBH~ C + C .,Jfa pHC.1 BH;I{HO, qTo MO;I{8Jlb KI'C 
, ../z 

onHCb!BaeT 3KCnepHM8HT Y;I{OBJI8TBOPHT8JlbHO (~ = 2,0 + 0,5).BeJIH-
2 . 

qHHa~BblqHcJIHeTCH no ~PMYJie: . 

2 2 2 
J( = ·c~ - (N3 /N11 )nM) /Cn.3+ nH(N3 /NM) ) , ( 5) 

r;ne n 3 H nM-COOTB8TCTB8HHO 8KCnepHM8HTaJibHble H MO;I{8JIHpOBaHHble 

C06biTHH B paccMaTpHBaeMOM HHTepBaJie, N3 H cNM- HX• nOJIHble qlfCJia. 

a 0.12. 

0.1 

'0.08 

0.06 

0.04 

0.02 

0 E .•.. ~ .... ~ .... ~.~·:::Io j I 
012 3 +56 7 8 g 10 

b,-all 
6 0.25 

0.22!5 

0.2 
'.17!5 

0.15 

0.125 

0.1 
o.on; 

0.0!5' 

0.02!5 

0 
4 5'. e--·-:7- 8 g 10 

(bij >min 

PHC.1. Pacripe;neJieHHH· 8KCnepHM8HTaJibHillC (cnJIOIDH~ .. ~HHH) H 

.. Mo;neJIHpoBaHHllC. J nYHKTHPHaH Jllfl:IHff) · pacc!osH~~ - · B · npooTpaHeTBe · 

OTHOCH'reJibHhix·4-:-cKopocTe~ a)no BCeM naPHI?IM KOM6HHauHHM.b • .' H 
' . ' . .. ' . . ,. ·' '., I.J 

6) no HaHM8HbmHM. 3HaqeHHH~ :(-b:.) ·. npH KaJKZ{O~ HT8PaulfH ·;nJlil B~aH.-
/ . ' . I J- nun 
MO;ne~CTBHH C+C IIPH np>.-6 

4 

) 

1/. 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 

4 , 
0.18 .---:":----------, 
0.18 

0.14 

0.12 

0.1 

0.08 

0.08 

0.04 

0.02 

2 

p
1
-all 

3 

0.18 

0.16 

0.14 

0.12 

0.1 

o.os 
0.06 

0.04 

0.02 

0 _, -o.5 0 .. , 0.!5 1 

0.06-
cosO~M·-an 

0.0.!5 

0.04 

0.03 

0.02 

0.01 

3· 

'}( SM) -'all 

PHC. 2>Pacnpe;neJieHHH>npOTOHOB' B C. U. M. no HMnynncy '·( Ps M)'. ITO 

YT' JIY (cose(J: no nonepetiHOMY HMnYJIDCY ( p-t) H no 6blcTpoTe ( Y.s ~ 
::m:cneimMeHT<i1ThHillC ( cnJIOIDHaH. JIHHHH) H Mo.rieJIHpOBaHHillC ( nYHKTHP

HaH JIHHHH) CC-co6I>ITHH c. MHOJtteCTBeHHOCTMH n >6 

a 
100 cl): 6 _____ , 100 ... 

<f._ 8o [·o' ,'1?. [· so If o' . -~a::t·:,4' il•-
•:s: 80 '? I ~ ' :S: I I . ~ . ~ ~ U .P 

0 
~ 40 l+:li. i.f'_\., a I 40 

:s: 

··:~'~1 = 
., 0 

b cut 

PHC. 3. Pacnpe;neJieHHH n ~( r;ne n~1 ~ 2 ,'3: 4). npoTOHHillC KJiaCTep

HillC o6pa30BaH~ .· · ( B . · %) 8KCnepHMeHTaJIDHillC ( nYHKTHpHaH JIHHHH) H 

MO;I{eJIHpOBaHHillC ( cnJIOD!HaH JIHHHH) C06biTH~ B 3aBHCHMOCTH OT napa:.. 

MeTpa beu,i:- npH MaO:IKBCTB8HHOCTHX: a) Op >.-6, 6) np ~4 
.ILJUI CC-BJaHMO)J;eifcTBHSI 5 



Ta.6.JIHUa 2 

bc.ut lJHCJIO ,l{Byx- cpe,nHHH MHO}!(. cpe.nHHe 

KJiacT. co-

6biTH1't B % 

8KCn. Mo.n. 

0,4 34 27 

0,8 44 '40 

1.2 40 43 

1,6 ·31 37 

2,0 21 28' 

2,4 14 20 

THn aJiro- bc.Lt.t 
PHTMa 

0,4 

(2) 0,8 

1,2 

2,0 

. (3) 

npOTOHOB paaMepbl 

B KJiacTepax B KJiaci'epax 

< n -> <bK> 

8Kcn. Mo.n. 8Kcn. Mo,n. 

5,7 5,3 
-•.'(; 

0,25 0,31 

6,8 6,3 0,31 0,37 

7;5 6,9 0,36 0,37 

7,5 7,1 0,39 0,44 

7,5 6,9 0,41 0,45 

7,1 6,7 '0,41 . 0,45 

Ta6JIHUa 3 

<bk>i <bK>~ 

0,15 + 0,03 0,25 + 0,06 

0,19 + 0,02 0,37 + 0,08 

0,21 + 0,02 0,88 + 0,32 

0,23 + 0,02 0,23 + 0,02 

0,15 +0,02 . 0,29 + 0,03 

6 

cpe.nHee 

paCCTOHHHe 

MeiK.llY KJiac. 

' <'ri¢ 
8Kcn. Mo,n. 

1,3 1,6 

1,6 1,9 

• 2,1 2,1 

2,4 2,4 

2,7 2,8 

3,0 3,1 

' ./'2 ../ /CT. CB. 

0,9 

1,2 

-1,4 

1,2 

l; 

J13 .CPaBHeHHH Ha PHC; 3 llOBe,neHHH MiioroiJracTepHbiX-: o6paaoBa:.. 

HHJ't . B 'aaBHCHMOCTH OT. bci.t~ npH OT6ope C06blTH1'l no 'MiioJr.eCTBeH

HOCTHM ripoTOHOB . np~ 4 H n;:;~6 BH,l{HO. llTCl Y'BeJIHllHBaiOTCH: BK.lla,l{hl 

oT ,nByx- ·H TpexKJiacTepHhlX aKcnepHMeHT~bHNx H Mo,neJIHpoBaHHhlX 

C06blTH1'l; HO l!x>PMa HX noBe,neHHH He MeHfleTCH. 

· Cpe~HHe' paaMephl < bt<> B. cHcTeMe no KoSI· KJiacTepa,' ~ paccToHHHe 

< · l«J3 > • •. ;MHoJr.ecTBeHHOCTH < . n > It llHCJI~ co~hiTHl'l ( . •;. ) ,n:Byx- · 

KJiaCTepHblX 8KCITepHMeHTaJibHblX'H MO,l{eJIHpOBaHHblX C06blTH1'l B 3aBH

CHMOCTH OT bcLtt ,l{JIH peaKUHH 'C+C ·nPH np3-4 npe,l{CTaBJieHbl B Ta6JI. 2. 

BeJIHllHHbl b 11 H ~)3 BblllHCJIHIOTCH 'ITO llx>PMYJiaM: 
. ', . ' .:::,' 

H 

bl< .;,·_ (Y:.. u~·l=2((p.p;)l(l1Jt.!l1<Y- 1) 
)'; ~"' : ': i ' . :) " "ct ' ', : . . , 

( 6) 

~P -~- - (pd.: .1mu.. ~ p.blmp) ( 7) 

r,ne Q( ( Pp). PI( H m~(mp), ~- eo~TBeTcT'BeHHO 4-'HMTIYJibCbl 'H M~CChl 
KJiaCTepOB'H qacTHU B'KJiacTepe.Cpe,l{HHe 3HalleHHH <bl< '> (Ta6JI:2) 

O,l{H03HallHO CBH3aHhl C BeJIHllHHOl't cpetiHel't KHHeTHlleCKOl't 8HeprHH 

npOTOHOB B CHCTeMe HOKOH KJiacTepa ( HJIH TeMTiepaTypol't): 

<b~> = 2<E~>/mK ·-2 =2<T~>/mN . 
:(18). 

J13 Ta6JI. 2 BH,l{HO; ·.:llTO' cpe,l{HHH 'MHOJr.eCTBeHHOCTb < n .> npOTOHOB B 

KJiaCTepaX yBeJIHllHBaeTCH B 3aBHCHMOCTH OT bcut H ,l{OCTHraeT 

MaKCHMYMa npH aHalleHHH bc~r~1,2. Mo,neJIHpoBaHHble .llBYXKJiacTePHble 

C06hiTHH, HBJIHIOTCH·tl)H3HlleCKH;BrutiH01't·xapaH:TepHCTHH:Ol't ,l{JIH B3aHMO

,nel'tCTBHH C + C, onpe,neJIHIOIUel'l YCJIOBHe Bbl,l{eJieHHH 06JiacTel't tl)par

MeHTal.{HH. RaK noKaaaHO Ha PHC: 3 ( Ta6JI. 2) , ,l{OJIH 8KCnepHMeHTaJibHbiX 

H MO,l{eJIHPOBaHHbiX ,l{ByxKJiaCTepHbiX c)6pa30BaHH11 ,l{OCTHraiOT CBOHX 

MaKCHMaJibHhiX aHaqeHHl't B HHTepBaJie bc~t=0,8 .~ 1;2.Ha ocHOBaHHH 

,l{aHHhiX, npHBe,neHH~ B, Ta6JI. 2, MO}I(f{O YTBepiK.l{aTb, ~TO be~t-.=1, 2 aB

JIHeTC~ MaKCHMaJibHbiM ,BHalleHHeM napaMeTpa B npOCTPaHCTBe · OTHOCH

TeJibHbiX 4-CK9POCTel'l, npH KOTOPOM, He TepHH•.llBYXKJiaCTepHhiX MO

,neJIHpOBaHHb!X.H 8KcnepHMeHTaJibHhiX C06blTH1't,O,l{HOBpeMeHHO paa,neJIHeM 

HX no MaKCHMYMY paCCTOHHHl'l ( <bc~~.p>) MeJtmy 06JiaCTHMH tl)parMeHTa

UHH nyqKa_H- MHIIIeHH. II08TOMY 3HalleHHe b cut= 1,2_ HBJIHeTCH . onTH

MaJibHOl'l __ BeJIH"tlHHOl't ,H03BOJIHIOIUel't. Bbl,l{eJIHTb KJiaCTephl B (:!O,OTBeTCTBHH 

C 06JiaCTHMH fbJ)arME:)HTal.{HH. ECJIH npO,l{OJI.lKaTZ, .YBeJIH"tlHBaTb bc.l.ti:- , TO 

KOJIHlleCTBO,l{ByxKJiaCTepHhiX .C06hiTH1'l_YMeHbll!aeTCSI H3-3a CJIHHHHH B 
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o)lHOKJiaCTepHble. Ha pHc •. 4 npe)lCTaBJieHo noBe)leHHe .UBYXKnacTepHhiX 
' . •'•' " ' •' . ' ' . ' . 

MO)leJIHpOBaHHb!X C06b!THi\ B e. U. M. no nonepetiHOMY ( Pt) I1 npO)lOJib-: 

HOMY ( Py) HMITY:JibCaM KJiacTepoB ~PH bcut- =0; 2 , 1, 2 , 2, 0 •. Ta6JI. 2 I1 

pHc. 4 noKa.3biBa.KJI', qT~ napaMeTp bc.l.ti" onpe)leJIHeT paaMepbl KJiacTe:

poB < bK > H paCCTOHHHe Me]K,I{y HHMH. < b.it'l> ~ l13 pHC. 4 BH)lHO, qTo 

o6JiaCTH tlJparMeHTaUHH xopomo paa)leJIHmcH npH bc.u.-1.-.. = .1, 2 11 y)la

JIHiarCH np~ YBeJIHqeHHH be~~~ · TaKHM 06paaoM,npH ycJIOBH~X COOT

BeTCTBeHHO bcu.t- = 1, 2, <bAjJ > ~ ~. 1; I1 <bK ;>. ·= 0, 36 npOHBJIHeTCH 

_KJiaCTepH3aUHH HYKJIOHOB <bK > «-'<bJ.p> B npoMe]KyTOtiHOi\ 06JiaCTI1 

peJIHTHBHCTCKHX H)lepHb!X CTOJIKHOBeHHi\ •.. . . ~ " 

J1MeeT CMbiCJI ·conOCTaBHTb HOBbli\ MeTO)l Bbl)leJieHHH KJiaCTepoB C 

Tpa)lHUHOHHO HCnOJib3yeMb!M aJII'OPHTMOM.A'l( ::p. }lJIH 8TOi\ UeJIH 8KCne

PHMeHTaJ!bHble C06biTHH. OT6HpamcH C MHOmeCTBeHHOCTb~ np ~ 4 I1 no 

TeM )l(e KpiiTepiDIM, KaK B [ 2, 3]. IlpH C~~I3HeHHH Cpe)lHHX paaMepOB 

)lByxKJiaCTepHbiX o6paaoBaHHI1i\, Bbl)le~eHHb!X. no aJirOpHTMY (2) 

(Ta6JI. 2), co cpe)lHHM· paaMepoM KJiacTepa .<bl<>=0,33 .E2J, noJiy

qeHHb!M no aJII'OpHTMY ( 3), OKa.3aJIOCb~· qT~.~TH 3HaqeHH5.1 COBna.n:aroT 

B npe)leJiaX 8KCnepHMeHTaJ!bHb!X OmH60K B, HHTepBaJie bcu..t- =0, 8 +1, Q. 

}lJIH CpaBHeHHH , aJII'OpHTMOB ( 2) I1 ( 3) HCHOJib3yeTCH,HHBapHaHTHOe 

ceqeHHe E 2J : 

Edli /dp~= f(bK) = (1/N)(1/~)(1/(bl( + b~/4)d6 /(db"d5l)dft. (9) 

3)leCb bK. 'B~CJIHeTCH-nO tVoPMYJie (6),B CHCTeMe noKOH KJiaCTepa, 

~- 8«ll¢eKTI1BHaH Macca KJ!aCTepa.WYHKUHH f(bK) annpOKCHMHpyeTCH 

B. BH)le )lByx 8KCnOHeHUHaJ!bHb!X 3aBHCHMOCTei\: 

f(bl<.) = a1exp(-bK /<bK>t) + a 2exp(-bK l<bx>v (10) 

r)le < bl<> 1 11 < bK> 2 -cpe)lHHe aHaqeHHH napaMeTpoB. B Ta6JI. 3 npe)l;_ 

CTaBJieHbl · peayJibTaTbl napaMeTpi13aUHH 110 tVoPMYJie '(10) 11PH pa3HbiX 

bc.u.t- • CpaBHeHHe aJirOpHTMOB nOKa.3biBMT ( CM. Ta6JI. 3) , qTo eC'.!'b CO

rJiaCHe Me:ll'i,ll;y cpe)lHHMH 3HaqeHHHMI1 <bK>1. . I1 <bK \. npH 0,4~bmt~ 

~ 0, 8. IlpH b,~t.t > 1, 2 cpe)lHHe aHaqeHHH < bJ? 1 · H < bK> '2.• rio~eHHble 
no aJII'OPHTMaM ( 2) H ( 3) , paaJIHqamcH , ~() ;CBH3aHHO C noTepHMR 

)lByxKJiaCTepiibiX . 8KCnepHMeHTciJ!bHb!X C06biTHi\ ' H C YBeJIHqeHHeM 

cpe)lHHX. paa'MepOB : Bbl)leJieHHbiX -·KJiaCTepoB ( Ta6JI; 2). :AHaJIH3. rurropifl'

MOB C 2) 11 ( 3) · noKa.3ci.i:I; 1!To e·cTb ·xopomee corJiacHe · Me]K,I{y HHMH rrpH 
/ 

bcw.-l- =0,8. . 8 
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6) bu.t.t. - 1, 2 I1 B) bd.l-1.- ;..2, 0 ):{JIH C+C-B8aHMO):{ei\cTBHH ' . . . 
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' 2. 
Ha pHc.5 npe~cTaB~eHw pacnpe~e~eHHH no~o~Ho-.~Byx-,Tpex-

~acTepHwx C06WTH~, no~yqeHHWe npH CpaBHeHHH SKCnepHMeHT~HWX 

~aHHbiX C KI'C-MO~eJibiO, B aaBHCHMOCTH OT bc.~.t-~ , npH MHOY.eCTBeH

HOCTHX np~4 H np~6 ~~H B3aHMO~e~CTBHH C+C.~ BH~HO H3. PHC.5, 

~~ O;nHo~acTepHWX C06WTH~. npH bc.u.\-. < . .1, 2.)( M~ble, qTo CBH;ne

TeJibCTByeT 0 cor~aCHH Me:IK,I{y SKCnepHMeHTOM H MO;neJIDIO.HO B HH

TepB~e bc~t~== 1,6 7 2,4· o6HapyY.eHo liecor~acHe no Be~HqlfHe_;{~ 
npe;ne~ax 3-X CTaH;napTHWX OIIIH60K llPH, MHOY.eCTBeHHOCTHX llp~4 H np~6 
(pHc.5). ~ · 

Ha6~ro;naeTCH CH~bHOe OT~OHeHHe OT MO;ne~H ~~H ;nByX~aCTep

HWX C06WTH~ npH MHOY.eC.TBeHHOCTHX .np>" 4 B HHTepB~ax 0, ~ bt>'-T ~ 
~0,6 H 1,6~ bcu.-t-~2,8 B npe~e~ax 7-8 CTaH;napTHWX OIIIH60K (pHC.5). 

TaKoe Y.e Hecor~acHe o6HapyJtGmaeM .npH MHOY.eCTBeHHOCTHX npoTOHOB 

np~6 (pHc.5).l13 Ta6~.2 BH~Ho~qTo Hecor~acHe Me:IK,I{Y·SKCnepHMeHTOM 

H MO;ne~b!O npOHB~HeTCH H B paa~qHH cpe,Il;HHX_pa3MepOB KJiaCTepH!>IX 

o6pa30BaHH~ B STHX 06JraCTHX no. bc.~~tt- . l13 PHC. 5. BH;nHO TaKY.e, qTO 

cor~acHe Me:IK,I{y 3KCnepHM8HTOM H MO;neJIDIO no qHc~y ;nByX~~CTepHWX 

o6pa30BaHH~ Ha6~;naeTCH npH bc.~~tt = 0,8-f1,2. Ha PHC~ 6 CpaBHHBa

IOTCH nonepeqHwe (pi) H npo~o~bHWe (p~) HMnY~ncw ~acTepoB_ ;n~ 
;nByX~aCTepHWX SKCTiepHMeHTanbHblx . H MO;ne~iipoBaHHWX C06b!TH~ B 

~ . . . 
c.n.M. C+C-B3aHMO;ne~CTBHH.l13 PHC.6 BH;nHo,qTo paa~HqHe Me:IK,I{y 

8KCnepHM8HTOM H MO;ne~biO, Ha6~IO;naeMOe Ha PHC.5,a;neKBaTHO nOBTO-

·pHeTCH ~~H pacnpe;ne~eHH~ no·nonepe~OMY H npo;nOJibHOMY HMnyJIDcy 

.IlBYX~acTepHWX o6paaoBaHH~ B aaBHCHMOCTH OT . B8~HqJ.1HW bc.>tto :. Ha 

PHC. 7 npe,IJ;cTaBJieHbi · pacnpe,ne~eHHH C06b!TH~ no 8qxpeKTHBHbiM MaCCaM 

KJiaCTepoB, OT06paHHbiX llO aJiropHTMY ( 2) npH bC\.l't- =0, 2, KOTOpble TaK-. . 

)Ke noKa;lbiBaK>T Heco.mac,He Me)K,Il;y sKcnepHMeHTOM II KrC-Mo,IJ;e!IbiO. 

B Tpex- H qeTbJPeX~aCTepHbiX · C06WTHHX TaKY.e npoHB~HeTCH 

CliJlbHOe OTKJIOHeHHe (CM. PHC •. 5 H 7) B 06~aCTH 0,2 ~be.'-*~ 0,4. 

?TH C06WTHH .npH bc\.\.i: >0, 4 B .OCHOBHOM nepeXO,IlHT B .IlBYX~aCTepHWe 
H O;nHo~acTepH~e C06WTHH. 

2. . 
Ha pHc.8 npe;ncTaB~eH~ pacnpe,ne~eHHH noJ{H no qHc~y (B %) 

O;nHO-,,IlBYX- H Tpex~aCTepHWX C06WTH~ B 3aBHCHMOCTH OT b,~~ npH 

MHOY.eCTB8HHOCTHX np~ 2 ,Il~H He+C-B3aHMO,Ile~CTBHH.KaK BH,IlHO 'H3 

PHc. 6 H 2, lixJPMhl pacnpe,ne~eHH~ no qlfC~Y MHoro~acTepHbiX o6pa

aonaHH~ .Il~H-H,nepHWX pe~~ He+C H C+C O,IlHHaKOBble. ITpH cpaBHe

HHH 8KCnepHMeHT~HbiX ~aHHbiX C MO,Ile~ KI'C ,Il~ pe~H He + C 
Ha6~,naeTCH C~a6oe OT~Hqlfe no KO~HqecTBY ;nByx~aCTepHWX o6pa-

30BaHH~ B 06~aCTH 01 ~bc.t.tt". ~0, 4• (piic.7). 
10 
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4. 3aKJIIOqeHne 

HCCJ18;I{OBaHHH8 no aJirOPHTMY (2) B npOCTpaHCTBe OTHOCHT8Jlb
HbiX 4-CitopOCTetl HOK:a3aJIO, '!ITO C noMOIIU>IO bc:u.t- MOJKHO S$IJeKTHBHee 
B~8JIHTb KJiaCT8PHhl8 o6p8.30BaHHH C 60JlbmHMH MHO~CTB8HHOCTHMH.B 
COOTB8TCTBHH C 06JiaCTHMH ~parMeHTaUHH ;I{JIH HX ;I{8TaJibHOrO HSyqe-. ~ ' ) 

HHH. 

~ CpaBH8Hil8 aJirOPilTMOB~ ( 2) Il ( 3) nOKa3hlBaeT, '!ITO M8}K,l{y HHMH 

ecTb xopomee corJiacne npn 3Ha'!!eHHH bc.u.~ .:.o,s. BeJIH'!!HHa be~-~< =0,8 
cooTBeTCTByeT · aHa'!!eHniO, npn KoTopoM Bhl;neJIHeTCH , MaKCHMa..nDHOe 
'!!HCJIO ;I{ByxKJiaCTepHbiX SKcnepHM8HTaJIDHbiX C06hlTHtl. 

AHaJIHs noBe;n~HHH MHoroKJiacTepHhiX HYKJIOHHhiX o6pasoBaHntt .no. 
napaMeTpy b,u+ nOKa.shlBaeT,'!!TO ecTb pasJIHtrne Me~y SKcnepnMeH
TOM Il KI'C-:MO;I{8Jlbl0 no '!!HCJIY H no cpe;nHHM · P8.3MepaM kJiacTepHbiX 

o6p8.30BaHHtl, KOTOpble B03HHKaiOT B 06JiaCTHX ~ 07 2 .~ b,Lt-t' ~ 0
1 

6 H 
11 ~ bc.u.-t- ~ 2, 8' ;nJIH C + C-BSaHMo;ne'ttcTBHH npn MHOJiteCTBeHHOCTHX 
npoTOHOB . nP ;:::: 6. ! Mo)!mo npe.nrionaraTb, · qTo 3TO oTnwme no-

asnaeTca HJ-Ja OTCYTCtBH51 B KfCM o6pa3oBaHH51 a.nepHbiX . cpparMeH~ 
TOB IlJIH H3-3a cyiiJ,eCTBOBaHH51 KBa3HCTaUHOHapH.biX 6apHOHHbiX COCT051HHH. 

IlOSTOMY npo;nOJI.lt\IlM HCCJI8;I{OBaTb H;npo-H;nepHhle B~aHMO;I{e~CTBHH no 
HOBOMY aJirOPHTMY ;I{JIH aHaJIH3a noJiyqeHHOro HecorJiaCHH npn 60JID
mHX MHO~CTB8HHOCTHX. 

B 3aKJII0'!!8HHe aBTOp Bb1PaJKa8T 6Jiaro;napHOCTb A.A.Ry3H8UOBY, 
E.liRJia;nHnUKo~.ID.A.TpoHHY n r.~qepHoBy sa noJieaHhle ~6cy~eHnH • 
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