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BBeneHHe. Konhueo6pa3HUMH npHHHTO Ha3UBaTh onHoqacTHqHue 
MonenH C IlOTeHUHanoM V = u + oU, B KOTOpOM u - STO ueHTpanhHO
-CHMMeTpHqHoe none, a oU eCTh aKCHanhHO-CHMMeTpHqHaH no6aBKa: 

.. 
3~eCh A~ 0 - napaMeTp aKCHanhHOCTH, an H. no cyTh e~HHHqHue 
BeKTOpU,BU6paHHUe Bnonh pa~Hyc-BeKTOpa qacTHUU HOCH CHMMeTpHH 

2 2 . : ' 
nonH oU. IlpH U = -a/r HU= mw r / 2 npHHHTO roBOpHTh o KORh-
ueo6pa3HOM aTOMe Bonopona H KOnhueo6pa3HOM npocTpaHCTBeHHOM 
OCUHRRHTOpe.YKa3aHHUe nBe MonenH ToqHo pernaDTCH KaK B KnaccH
qecKOH,TaK H B KBaHTOBOH MexaHHKe.nepBaH H3 HHX npHMeHHeTCH 

nnH onucaHHH cneKTpa 6en3onhnux Koneu [1].o6e Monenu ~HTepecHu 
TeM,qTo HMeDT rpynnu CKpUTUX CHMMeTpHH [2,3]. KOHCTPYKUHH IlORH 
oU TaKoBa,qTo nepeMeHHUe B ypaBHeHHH llipenHHrepa nnH nD6oro 

. KORhUeo6pa3HOro IlOTeHUHana pa3~enHDTCH B c¢epuqecKHX KOOp~HHa
TaX.IlOMHMO SToro, nnH KORhUeo6pa3HOrQ aTOMa Bonopona H npocT
paHCTBeHHOro OCUHnnHTOpa HMeeT MeCTO pa3neneHHe nepeMeHHUX B 
napa6onuqecKHX H UHRHHnpHqecKHX KOopnHHaTax COOTBeTCTBeHHO. 
KamnaH H3 OTMeqeHHUX CHCTeM,TaKHM o6pa30M, npuo6peTaeT nBa 6a-
3HCa:c¢epHqeCKHH H napa6onHqecKHH (KORhUeo6pa3HllH aTOM Bonopo

na) H c¢epHqecKHH H UHRHH~pHqecKHH (KORhueo6pa3HllH npocTpaHCT
BeHHUH OCUHRRHTOp). 

BamHOH xapaKTepHCTHKOH CHCTeM C HeCKORhKHMH Ha6opaMH pa3-
~enHDmHXCH nepeMeHHUX HBRHDTCH MaTpHUll Mem6a3HCHUX pa3nomeHHH. 
B cnyqae aTOMa Bonopona H H3OTponHoro OCUHRRHTOpa MaTpHUll c¢e
po-napa6onHqecKoro H c¢epo-unnHHnpuqecKoro pa3nomeHHH 6unu Bll
qHcneHu B pa6oTax [4,5],a HX Konhueo6pa3HUe BapHaHTU - B pa6o
Tax [6,7]. 
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~O nocnenHero BpeMeHH MaTpHUU Mem6a3HCHUX pa3nomeHHH B 

OCHOBHOM cnymHnH yno6HUM TeXHHqeCKHM cpencTBOM nnH auqHcneHHH 

MaTpHqHUX 3ReMeHTOB.OnHaKO 3TH MaTpHUU He B MeHblliefi Mepe HHTe

pecHU H noToMy,qTo OHH HecyT Ha ce6e CTaTHCTHqecKyD HH¢0pMaUHD 

0 rpynne CKpUTOfi CHMMeTpHH.HMeHHO, CKpUTaH CHMMeTpHH nopomnaeT 

6a3HCU, a Mem6a3HCHUe pa3nomeHHH nopomnaDT CTaTHCTHKY, ¢YHKUHH 

pacnpeneneHHH KOTOpofi naeTCH KBanpaTaMH Monynefi 3ReMeHTOB MaT

PHUU Mem6a3HCHUX pa3nomeHHfi. TaKHM o6pa30M, Kamnofi KBaHTOBOfi 

MonenH co CKpUTOH CHMMeTpHefi COOTBeTCTByeT CBOH cneuH¢HqecKaH 

CTaTHCTHKa. 

Yno6Hufi MeTon o6pa60TKH CTaTHCTHqecKofi HH¢0pMaUHH nono6-

HOro pona 6un npennomeH B pa6oTe[8].IlpHMeHeHHe 3Toro MeTona K 

MaTpHue c¢epo-napa6onHqecKHX pa3nomeHHfi B KOnhueo6pa3HOM aToMe 

aonopona BUHBHRO MHOro HHTepecHoro[9].B CBH3H C 3THM MU pernHnH 

B HaCTOHmefi CTaTbe HccnenoaaTb C aHanorHqHUX no3HUHfi TaKme 

CKpUTYD CHMMeTpHD KOnbueo6pa3Horo npocTpaHCTBeHHOro OCUHRRHTO

pa. 

~YHKUHH pacnpeneneHHH.B CHny CKpUTOfi CHMMeTpHH KORbUeo6-

pa3HUH npocTpaHCTBeHHUH OCUHnnHTOp HMeeT qeTupe 6a3HCa: UHRHH

npHqecKHfi (C),c¢epHqecKHfi(S) H BUTHHYTUfi H cnnDCHYTUH c¢epoH

nanbHUH[3].3necb Hae 6ynyT HHTepecoaaTb nHrnh nepaue naa 6a3Hca. 

COCTOHHHH yno6HO KnaccH¢HUHPOBaTb c noMOllibD KBaHTOBllX qH

cen,OTHOCHmHXCH K npenenbHOMY cnyqaD A= 0, T.e. K H30TponHo~y 

OCUHnRHTopy.TaKHM o6pa30M,c¢epHqecKOMY H UHRHHnpHqecKOMY 6a-

3HCY COOTBeTCTBYDT TpOHKH KBaHTOBUX qHcen (n,t,m) H (n,v,m), 

CMUCn KOTOpux o6meH3BeCTeH[10]. 

Mem6a3HCHUe pa3nomeHHH MoryT 6UTb 3anHCaHU cnenyDlliHM o6-

pa30M 

,i, = I: w .~. 
V t V<- <-

(1a) 

~t = L W~£I'v 
V 

( 1b) 

H3BeCTHO [10],qTo qHcna n Ht HMeDT onHHaKOBlle qeTHOCTH.B CBH-

3H c 3THM cyMMHpoaaHHe B (1a) aeneTcH no 3HaqeHHHM t = 1ml, 

1ml + 2, ... n, nH6o t = 1ml + 1, 1ml + 3, ... n npH qeTHOM H He-
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qeTHOM v.ToqHo TaK cyMMHpOBaHHe B (1b) aeneTCH no 3HaqeHHHM 

v = 0,2, ... n - 1ml npH qeTHux H v = 1,3, ... n - 1ml npH HeqeT

HUX l. 

BenHqHHa 1Wvll
2 

HMeeT cMucn ¢YHKUHH pacnpeneneHHH.IlpH ¢H

KCHpoaaHHOM V OHa xapaKTepH3yeT KapTHHY CTaTRCTHqecKOH HeonHo

ponHOCTH q, v - COCTOHHIHI no Ha6nDnaeMofi l, a npH ¢HKCHpOBaHHOM t 
- CTaTHCTHqecKyD HeonHoponHOCTb ~t-COCTOHHHH no Ha6nDnaeMofi v. 

IlpH naHIIOH 3HeprHH Bee B03MOmHue COCTOHHHH {'11v} H {~t} 

o6pa3yDT naa naKeTa KorepeHTHUX KBaHToaux cMecefi. Mepa HeonHo

ponHoCTH Kamnoro H3 3THX naKeToa,cornacHo [8],naeTcH aupameHH

HMH 

L(n) = L, (1 - ..l._) IW 12 
V t <l> vl . (2a) 

L<n> = [
1 

(1 - ....£_) IW 12 
t <V> vl . (2b) 

V 

B KOTOpllX <f.> H <v> - 3TO cpenHHe 3HaqeHHH Ha6nDnaeMUX t H V 

B CMeCHX (1a) H (1b) COOTBeTCTBeHHO,a cyMMHpOBaHHe aeneTCH no 

3HaqeHHHM,nnH KOTopux l S <f.>, VS <v>. H3BeCTHO [8],qTo KpH

TepHH LV H Ll MoryT H3MeHHTbCH B npenenax 

0 s L<n> s 
V 

1 -
<V> 

V 
max 

0 s L<n>< 1 <l> f.- ---y-
max 

(3) 

rne Vmax H lmax - 3TO MaKCHManbHUe 3HaqeHHH,KOTOplle npHHHMaDT 

Ha6nDnaeMue V Ht npH ¢HKCHpOBaHHOM 3HaqeHHH n. 

B paMKax OTMeqeHHoro nonxona Kamnofi cMecH (1a) RnH (1b) 

CTaBHTCH B COOTBeTCTBHe TOqKa B nnoCKOCTH (<v>/v ,Lv(n)) HRH 
max 

(<bit ,Lt(n>).CornacHO (3),MHOmeCTBO TaKHX ToqeK MomeT pa3-
max 

MemaTbCH RHllib B COOTBeTCTByDmHx paBH06enpeHHllX TpeyronbHHKaX C 

enHHHqHUMH KaTeTaMH.0 Kamnofi ToqKe BHYTPH TaKoro TpeyronbHHKa 

6yneM roaopHTb,cornaCHO [8], KaK o COCTOHHHH CMeCR,a caM Tpey

ronbHHK 6yneM Ha3UBaTb nHarpaMMOH COCTOHHHfi. 
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' 
cornaeHo pa6oTe [7],MaTpMua wvl naeTeH BupameHMeM 

{ o-l V V-1 

1 } (4) wvl = 
ab F --2- --2- --2-

vl vl 3 2 
l+jm!-v 1 0 l-jmj-v 

+ + , + 1 
2 m 2 

3neeh 
3
F

2 
- 3To o6o6meHHaH rMnepreoMeTpMqeeKaH ¢YHKUMH 

3F2 { ~ (3 
7 I z } 

= I (a)n({3)n(a)n z n 
w 

(c) (w) n! 
n=O n n 

a K03¢¢MUMeHTU avl M bvl MMeIOT BMn 

bvl = 

{ 2l + : + 2om 
( l-t I ) ! ( l+ t I + om ) ! r /2 

avl = 

[ l- I; 1-v ) ! [ l+ I; I -V + om ) ! 

( l + !;! + 1 + 

[-;-) ! [ 
V - 1 

2 

om)!( n-j;j~v Ji( n + m
2

- v + om)! 

) ! [ n ; l ) ! [ n + l : 1 + 2o m ) ! 

BenMqMHa 

o = / m
2 

+ 2 A - Im I 
m 

yqMTUBaeT OTKROHeHMe 3anaqM OT e¢epMqeeKOH eMMMeTpMM. 

1/2 

Be3ne, rne 3TO HymHO, ¢aKTOpManu .noHMMaIOTeH B eMuene raM
Ma-¢yHKUMH.MU eo6MpaeMeH,nORb3YHeh ¢opMynoH (4),BuqMenMTb <v>, 
<l>, a TaKme L~nl M L~nl M noeTpOMTb eOOTBeTeTByIOmMe MM TQqKM 

Ha nMarpaMMe eoeTOHHMH. B pe3'YRbTaTe KamnoMy ypoBHIO 3HeprMM En 

4 
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; 

f>'' 

6ynyT eOOTBeTeTBOBaTh nBa eKonneHMH ToqeK M no TOMy,KaKoe Mee

TO OHM 3aHMMaIOT Ha nMarpaMMe eoeTOHHMH, MOmHO 6yneT KOnMqeeT-. 
BeHHO eynMTh O Mepe eTaTMeTMqeeKOH HeonHoponHoeTM c-eMeeM no l 

M s-eMeeM no v. nanee,BaphMPYH napaMeTp A,Mu MMeeM B03MOmHOeTh 
npoenenMTh 3a 3BORIOUMeH eTaTMeTMqeeKOH KapTMHU eKpUTOH eMMMeT

pMM KORhUe06pa3HOro npoeTpaHeTBeHHoro oeuMnnHTOpa npM noeTe

neHHOM ynaneHMM OT e¢epMqeeKOH eMMMeTpMM. Hama oeHOBHaH,uenh 
eoeTOMT B TOM,qTo6u yeTaHOBMTh,KaKMe M3MeHeHMH 6ynyT npoMexo-

nMTh e eMeTeMOH B npoueeee yKa3aHHOH 3BORIOUMM. 

HeonHoponHoeTh ~v-eoeTOHHMH. 03 BUpameHMH (4) BMnHo, qTo 

npeneTaBneHHYIO Billie nporpaMMY BllqMeneHMH B03MOmHO peanM30BaTh 

RMllih qMeneHHO.HMme MU e 3TMX no3MUMH o6eynMM S-HeonHoponHoeTh 

UMRMHnpMqeeKMX eoeTOH~MH ~v· 
Ha pHeyHKax 1 M 2 M3o6pameHa KapTMHa S-HeonHoponHoeTM ~v

eoeTOHHMH M30TponHoro oeuMnnHTOpa nnH ypoBHeH 3HeprMM en= 20, 

n = 30. 
HaqHeM M3MeHHTh napaMeTp A. ToqKM Ha nMarpaMMax eoeTOHHMH 

npMnyT B nBMmeHMe.03 pMeyHKOB 3M 4,0THOeHmMxeH K TeM me ypoB

HHM 3HeprMM,HO e A= 100 MA= 1000,BMnHo,qTo B eMeTeMe pa3BM

BaeTeH npoueee o6pa30BaHMH KnaeTepoB. no qMeny ToqeK B KamnoM 

TaKOM KnaeTepe HeHo, qTo o6oenMHHIOTeH B KnaeTepu eoeTOHHMH, 

MMeIOmMe naHHOe panManhHOe KBaHTOBOe qMeno np. neHeTBMTenhHO, 
nerKO noHHTh,qTQ qMeno eoeTOHHMH e naHHUM np paBHO n - 2np 
- 1.ITpM n = 20 3TO naeT 11 KnaeTepoB,B nepBOM M3 KOTopux (np = 
= 10) aeero onHa TOqKa,Bo BTOpOM (np = 9) - TPM TOqKM,B TpeTb

eM (np = B) - nHTh ToqeK M T.n. no noenenHero KnaeTepa (np = 
= O),B KOTOpOM 21 TOqKa. ITpM yaenMqeHMM A onHoToqeqHUH KnaeTep ,~ . -

i• oTnanHeTeH OT Beex npyrMX KnaeTepoB M yeTpeMnHeTeH B BepxHMM 
/, 
\ 
t

'1 

I 
I 

yron nMarpaMMU eoeTOHHMH. CaMUH "THmenuH" KnaeTep npM A ➔ (X) 

eTpeMMTeH K HMmHeMy yrny MB KOHUe KOHUOB MM nornomaeTeH. Bee 

npyrMe np - KnaeTepu eTpeMHTeH K ropM30HTanbHOMY KaTeTy: Ka~
nuH B onpeneneHHYIO ToqKy. Bonee qeTKO eKa3aHHoe nonTaepmnaeT 
pMeyHoK 5, rne n=4 M yKa3aHu TpaeKTOpMM onHoToqeqHoro KnaeTepa 

np = 2 M no onHoH M3 ToqeK "THmenoro" KnaeTepa e np = o M 
npoMemyToqHoro KnaeTepa e np = 1. 
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' HTaK, MU BH.llHM,qTo C yaeJIHqeHHeM A HMeIDT MeCTO .rtBa KOJI-

JieKTHBHUX npouecca:a HaqaJie COCTOHHHH rpynnHpyIDTCH B KJiacTepu, 

a 3aTeM 3TH KJiacTepu nocTeneHHO nepeXO,llHT B O,llHOpO.rtHUe coc

TOHHHH.B npe.neJie A= 00 CTHpaeTCH pa3HHUa Mem.ny S-H C-COCTOHHH

HMH. 

HeO.rtHOpO.rtHOCTb ~l-COCTOHHHA.PaccMOTpHM Tenepb pa3JiomeHHe 

(1b).PHCYHKH 6 H 7 .rtaIDT o6mee BneqaTJieHHe o C-HeO.rtHOPO.llHOCTH 

~l-cocT□HHHA H30TponHoro □ CUHJIJIHTopa npH n = 20 H n = 30. BH.rt

Ho,qTo .name npH A= 0 HeKOTOpue ~l-COCTOHHHH o6oe,llHHHIDTCH B 

KJiacTepu. 

1.ECTb .rtBa KJiacTepa: H3 10 ToqeK npH n = 20 H H3 15 ToqeK 

npH n = 30. OHH HMeIDT BH.ll .nyr c JieBUM KOHUOM B6JIH3H aepxHe

ro yrJia .rtHarpaMMU cocTOHHHA.3To KJiacTepu cl= 1ml, 
2.B npaaoA CTOpOHe .rtHarpaMMU BUpHCOBUBaeTCH CKOnJieHHe ToqeK, 

HMeIDmee BH.ll "nHpaMH.llU", co.nepmameA L~n>_ KJiacTepu H <l> -

-KJiacTepu. 

3.ECTb KJiacTepu c l = n (npH n = 20 OHH co.nepmaT 21 TOqKy) c 

KOHUaMH, yxo.nHmHMH B HHmHHA yroJI .rtHarpaMMU COCTOHHHA. 

C BKJIIDqeHHeM napaMeTpa A KapTHHa HaqHHaeT H3MeHHTbCH. B 

qacTHOCTH, H3 pHCYHKOB 8 H 9, KOTOpue OTHOCHTCH K 3HaqeHHHM 

A= 100 HA= 1000,BH.llHU CJie.rtyIDmHe 3aKOHOMepHOCTH. 

(a).KJiacTep c l = 1ml ycTpeMJIHeTCH a aepxHHA yroJI H norJioma-

eTCH HM npH A= oo. 

(b)."IlHpaMn.rta" pacna.naeTcH 

opraHH3aUHH KJiaCTepoB C 

(CM. PHC.8 H oco6eHHO 

H HaqHHaeTCH npouecc, npHBO.rtHmHA K 

l = n - 2, n - 4, ... , l = 1ml + 2 

pHC.9). npH A ➔ 00 TOqKH, BXO.rtHmHe B 

3TH KJiacTepu,cTpeMHTCH nonaCTb Ha HHmHHA KaTeT .rtHarpaMMU 

COCTOHHHA. 

(c).KJiaCTep C l = n CTpeMHTCH B HHmHHA yroJI H norJiomaeTCH HM 

npH A= oo. 

Ha pHCYHKe 10 npHBe.rteH npHMep, H3 KOToporo BH,llHO, KaK Be

.llYT ce6H TOqKH onHCaHHUX BUWe xapaKTepHUX KJiaCTepoB npH H3Me

HeHHH A OT HYJIH .no 6ecKoHeqHoCTH. 

TaKHM o6pa30M, H 3,lleCb (KaK H B npe.nu.nymeM nyHKTe) BH.llHU 

naa npouecca:o6pa3oBaHHe KJiacTepoa H nocTeneHHoe CTHpaHHe pa3-

JIHqHH Mem.rty S- H C-COCTOHHHHMH. 
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npe.neJI A= oo. Burne MU roaopHJIH o npe.rteJie A= oo, xoTH au
qHcJieHHH OTHOCHJIHCb K KOHeqHUM 3HaqeHHHM A.qTo6u y6e.rtHTbCH,qTo 

HaWH BUBO.llU 3aKOHHO arrrrpoKCHMHPOBaTbHa cJiyqaA A= oo, CJie.nyeT 

paCCMOTpeTb npe.neJI A ➔ oo B aupameHHH (4).B 3TOM npe.neJie 

( / m2 + 2 A ) A ➔ oo 
q 

( ) 

q/2 

m
2 + 2 A 

H,CJie,llOBaTeJibHO, 

wvi 
A ➔ oo 

0t, v+ 1ml (5) 

Tenepb ITOHHTHO,qTo npe.rtCKa3aHHe pHCYHKOB 1-10 o TOM,qTo B npe

neJie A= 00 KBaHTOBUe CMeCH (1a) H (1b) CTaHOBHTCH 0.llHOpO~HUMH 

(L~n)= L~n)= O),npaBHJlb~O.EOJiee TOrO,H3 (5) BH.llHO,qTo TOqKH Ha 

.rtHarpaMMax cocTOHHHH cKaTuBaIDTCH a noJiomeHHH (v + lml)/n. HcK

JIIDqeHne cocTaBJIHeT cMecb c v = 1ml = O, a KOTopoA <v> ➔ O H 

L~n> ➔ 1,qTo o6oHCHHeT noae.neHHe O.llHOToqeqHoro KJiacTepa a npe

.rteJie A ➔ oo. COOTHOWeHHe (5) o6oHCHHBT TaKme H .npyroA 3~~eKT: B 

JIID60M KJiaCTepe C ~HKCHpoaaHHUM m eCTb TOqKa, KOTopaH npH A ➔ 00 

CTpeMHTCH nonaCTb B HHmHHH yroJI .rtHarpaMMU COCTOHHHH. 3TO Toq

Ka v = n - 1ml. 
)lJIH pa3JIOmeHHH ( 1b) npaB YID qacTb COOTHOWBHHH ( 5) HymHO 

3anHcaTb KaK o • 

1 1
. Tor.na c yqeToM Toro, qTo v/(n - 1ml) = 

V e,- m 

= (l - lml)/(n ~ m ),cTaHOBHTCH noHHTHUM, qTo ace cocTOHHHH 

cl= 1ml o6pa3yIDT KJiacTep, KOTopuA npH A ➔ oo .rtBHmeTcH a aepx

HHA yroJI .rtHarpaMMll COCTOHHHH. 

3aKJIIDqeHHe.Bume OTMeqaJIOCb,qTo MaTpHua WV! HeceT Ha ce6e 

HH~OpMaUHID O CKpllTOH CHMMeTpHH KOJibUS06pa3HOro KBaHTOBOro oc

UHJIJIHTOpa.3Ta HH~OpMaUHH 3aKJia.nuaaeTCH B MaTpHUY ITO CJie.rtyIDme

MY cueHapHID. CKpUTaH CHMMBTPHH npHBO.llHT K CJiyqaAHOMY aupom.ne

HHID 3HepreTHqecKoro cneKTpa.MaTpHua CTaHOBHTCH He.rtHaroHaJibHOH, 

qTo a CBOID oqepe.rtb nopom.naeT HeTpHBHaJibHYID CTaTHCTHKy,06ycJIOB

JIBHHYID HMeHHO .rtaHHUM THnOM CHMMeTpHH. CTaTHCTHKa 3Ta C03.rtaeT 

KapTHHY HeO,llHOPO.llHOCTH KBaHTOBUX COCTOHHHH no HBCOBMeCTHMllM 

Ha6JIID.rtaeMUM.Ha cneuHaJibHllX .rtHarpaMMax MU npocJiemHBaeM KapTHHY 
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TaKoH HeonHoponttocTH H no aToH KapTHHe nenaeM BUBonu o caMoH 
CHCTeMe. 

OCHOBHOe npeHMymecTBO TaKoro nonxona - 3TO HarnHnHOCTh, 

KOTopaH nocTHraeTCH 3aMeHoH noBonhHO cnomHoro cnoco6a (4) 

3anHCH CTaTHCTHqecKOH HH¢0pMaUHH B03MOmHOCThD qHCTO BH3yanhHO

ro Ha6nDneHHH 3a npoueccaMH, npoHcxonHmHMH B cHcTeMe nptt H3Me

HeHHH napaMeTpa aKcHanhHOCTH A. 

Mu 6naronapHU C.B.BHHHUKOMy,B.A.3arpe6HoMy, n.r.MapnoHHY, 

B.B.npHe3meBy H C.B.Tep-AHTOHHHY 3a o6cymneHHH. 

@ 

HeonHoponHOCTh 'Vv-COCTOHHHH 

PHc.1. n = 20 HA= o. BHnHa rpynnHpOBKa COCTOHHHH no KnacTe

paM.OnHaKO.KnacTepu HaKnanuBaDTCH npyr Ha npyra, co3na

BaH cnomHoe cKonneHtte ToqeK 

PHC.2. n = 30 HA= O.OTqeTnHBO BHneH ''v-nacnopT" H30TponHoro 

OCUHRRHTopa 

PHC.3. n = 20 HA= 100. Ha6nDnaeTCH ¢aKTOpH3aUHH KnacTepoB 

(oco6eHHO B neBOH qacTH nHarpaMMU) 

PHC.4. n = 20 HA= 1000.HacTynaeT npaKTHqecKH nonHaH ¢aKTOpH-

3aUHH KnacTepoB 

PHC.5. KapTHHa HeonHoponHOCTH Tpex 1¥ -COCTOHHHH (n = 4,n = 0, 
. V p 

1,2).napaMeTp A H3MeHHeTCH OT HynH no MHRRHOHa 
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HeonHoponHOCTb ~l-COCTOHHHH 

PHC.6. n = 20 HA= o. ECTb H3HaqanbHO HneHTH~HUHpyeMaH Knac

TepH3aUHH 

PHC.7. n = 30 HA= O.BHneH "l - rracrropT" H30TporrHoro OCUHnnH

TOpa. Ha6nDnaeTcH 6onee qeTKaH H3HaqanhHaH KnacTepH3a

UHH 

PHc.8. n = 20 HA= 100. Ha6nDnaeTcH rrpouecc pacrrana "rrHpaMH

nu". 3aMeTHU xapaKTepHue nepeMemeHHH ToqeK Ha nHarpaMMe 

COCTOHHHH 

PHC.9. TI= 20 HA= 1000."nHpaMHna" rrpaKTHqecKH pacrranacb. 06-

maH KapTHHa rrepeMeCTHnacb K ropH30HTanbHOMY KaTeTy,T.e. 

rrpoH3ornen rrepe~on K 6onee onHoponHoMy cocTOHHHD 

PHC.10.KapTHHa HeonHoponHOCTH ~l-COCTOHHHH c n =6, m = 0,H l = 

= 0,2,4,6.napaMeTp A H3MeHHeTCH OT HynH no MHnnHOHa 

@ 
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