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06llWI XAPAKTEPV!Cm<A PA60Thl 

AKTYaJibHOOTb TeMu.· noHffTHe KBaHTOBOH CTaTHCTIIKl1,HBJIHeTOff O)tHHM 

113 ocHOBHUX H np1rnu1mHa.1i1fox B KBaHT~Boii reop1rn. KeaHTosuil cnoco6 

on11caHHH Cl1CTeM ,TOll)teCTBeHHUX qacTHU np1111u11nHa.lbHO OTJ111qael'CH OT 

K'J1acc11qecKoro. 11 yqer aqxfieKTOB KBaHTOBOH CTaTHCTHKll B TaKllX CllCTeMaX 

. lieo6xo;t11M ¢'aKr11qecK11· _so acex rex cJtyqaHx, a Koropux 11rpa!OT poJib 

. KBaHTOBUe ail$::KTU B006ll;e. 

113 o6ntHX· np11Hl{1mos c.r.e;tyer B03MOXHOCTL. poBHO ABYX B11,l(OB ·c_TaTll

CTl1Kl1 - 6o3eBCKOii 11 ¢ePMl18BCKOii, 4TO nOJIHOCTL!O corJtacyeTCff C OnhlTOM. 

B11.eore c reM. a .itBYX l13Mepeit~Hx·ronoJ1or11qecKHe·caoiicraa npocrpaHcraa 

.itonycKalOT OY!lleCTBOBam:e npoMellyroqHoii CTaTHCTIIKl1, HenpepUBHO llHTep

nOJil1PYlOl!le» i.ieii:;ty 6o3eBCKOH H (fepMHeBCKO». TaKaH CTaTl1C_Tl1Ka xapaKTe

p113yeTCll CTaTHCTJiqecKIIM napaMeTpoM O .- Bell!eCTBeHHUM q11cJ10M; tJaCTH-

1.tN, no.1tl.!HHH!Ol!ll1eCH npoMexyroqHoii CTaTHCTIIKe~ 6UJil1 Ha3BaH!l att'110HaM11. 
. . 

U3yqen11e .ltBYMepHhlX c11creM 8 nocJie;tHee ,BP8MH . _B!:i3!lBaeT ~eCbMa 

3Hal.!11TeJILHUii 11_Hrepec B CBH3H C HaJI11q11eM B npHpo)te Cl1Tyaq11A. B KOTd

PllX )tByMepHOOTb 11rpaeTCYl!leCTBeHHYIO po.lib, 11 0 B03MOXHOCTL!O npoHBJ!e-· 
. . . 

Hirn B 3Tl1X CHTl/al{HHX. KaqecraeHHO HOBUlC aiI4>2KTOB, OBH3aHHUX O nOHll-

xeHHOii pa3M8PHOCTL!O. ~MeeTCll aKcnepHMeHTaJ!LHO Ha6JIJ0,1taeMoe llBJ.eHHe, 0 

. KOTOPOM MOXHO O .)tOCTaroqHoii yaepeHHOOTblO roeopHTb Ka!CO npOHBJleHHH 

.. npoMexyroqnoii CTaTHCTHKl1 - i<aaHTOB!lH' 3'1$::KT XoJIJla •... l{pe3S!ll!B.iiHO 111ne

pecHoii 11' aKTYaJILHOii o6J1acri10, r.ite cq11raeTCH B03MOXHUM npollBJieHHe 
' ' . ' ' ' -

npoMexyroqnoii OTaTHCTIIKlf, HBJIHeTOll BUOOKOTeMneparypnaa caepxnpOBO)tl1-

MOOTL. TaKaff B03MOXH00Tb CBHaa,fa C TeM, qro> KaK 61-lJIO, y1:iTaHOBJieHo, 

3Ta CBepxnpOB0){11MOCTL HMeeT cylJjeCTBeHHO ){ByMepHHiixapaKTep. 

·npoMexyroqnall cray11cr11Ka B03HHKaeT _TaKxe R (2+1)-:-Me.PHUX ronoJio

rHqecKHx :no~eeux MO~eJIHX )tJll'I qacTHI{, B3aHMO)teiiOTBYIOll!l1X C KaJ1116pOBO

lfHNM noJJeM, J1arpa11ii:1-1a11 i<oroporo npeACTaBJJ~eT co6oii raK. iiaauaaem1ii 

lfJieH 4epHa-CaiiMOHCa. , )laHHUii tJJieH MOXeT 6UTL -HH)tYl\11p0BaH KaK qacn 

. a<Me!!Tl1BHO~O )teiicTBH~ oi~aJ1116poaoq11oro no~~- B3aHMO)te»CTBYIOil!ero C ¢ep

Ml10HaMH, H OOTOMY MOll:eT B03HHKaTb _B peaJ!bHUX 4J11311qecKl1X MO)(e.XHX. . 

KpoMe aroro, HCCJ1e)tOBaH11e 3HHOHOB HHTepeCHO C T04KH 3peH1U1 

OOIJjHX npi1Httl1110B KBaHTOBOli . MeXaHHKH~ 113BeCTHO,; KaKOBN Xapai<TepHCTH

lfeCKMe ca~iiCTBa 6o30tt08 H ¢epMHOHOB, 11 e~TecraeHHO .B03HHKaer aonpoo 

0 TOM, K~l1~00J)a30M ni><?11cxo)iHTl1HTepnoJ1BUl1H ~e:ir,1tyaTHMKnpe,11eJ1bHblMl1 

CJJytfaHMH. 0Ka3NBaeTC8, q10 ,ltJlll npoMe3:YT04HOii cTaTHCTHKH 3a)taqa CYute-' 
; .· . - '° '. . • ' 

-CT~HHOYCJIOXH.ReTCH. 

.. ,.......___,_ 
'l Ob:t>el!~ttttiHhiii HH:rnryr. ·1 1 rme~n?;!K 0tCieHOEl6Gil 

· _i 5Msn~OTEKA ··- ,--.,.. __ _ 
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B CBR3H co aceM auwecKa3aHHUM H3Y<t.eHHe c11cTeM <taCTHU, noA'IHHH-

10rq11xc11 npcl!t.exyT01IHOii CTaT11CT11Ke~ MOXeT npeACTaBJIHTb 3Hal.!HTeJlbHl:lii. 

Teopern<teCKHii H npHKJla.l{HOii ~HTepec,. 

UeJJh H 3aJatJ11 · pa6orn~ I.te.11b .n;aHHoii paforn · cocTORJJa a paccMoTpe- · 

HI-Iii 3a).(a"IH,MHOr11X.3HHOl!OB B TepMHHax HeO)tH03Hal.!Hl:lX BOJll!OBl:lX ciiYHKUHii. 

B noJiy4eHHH •T041lllJC supaxe1mii )tJIH aueprnii 11 BOJIHoaux cpyHKUHii uei<oTo

pux coc·roHHHii, B oueHKe OTHOCHTeJlbHOro KOJIH<teCTBa 3THX COCTORHHii H 

IIX BK.lla)la B CTaTHCTH1!eCKYIO CYMMY. a TaK::i:e B pa3BHTHH 06111ero nOHHT11.fl 

0 CTaTHCTHKe, 3aBHCRlljeii OT·paCCTORHHH. . 

D c6oraercTBHH c yKa3aHttoii ue-11b10 B pa6oTe pewa.11ucb · c-11e){yio11111e 
3a,l!al.!11: 

- nocTpoeu11e ueo)IH03Ha4Hl:lX BOJIHOBl:lX cpyHK1.t11ii, Y.l!OBJ1eTsops1011111x 

3HHOHHUM nepecraHOBOlJHliM YCJIOBl1HM; • 

. - paCCMOTpeHHe CHCTeMl:l N '3HHOHOB B 3HHOHHOii KaJm6poaKe. B 

Koropoii raMHJlbTOH11aH He co)!epx11r B3al1MO)!eiicTaiis. a BOJIHOBaH cpyHKLt11H 
HeO)IH03Hal.!Ha; 

- T04Hliii.aHaJJH3 CJly<taH N = 3 11 BliHCHeH11e CTPYKTYPH Tpe~3Hl10H-· 
imro crreKTpa; . 

- ·paccM0Tpe1111e c11cTeM1:1 l.!acT11Lt, · B3aHM0Aeiicray1011111x c KaJ1116poao

.. <lHl:lM' noJieM, JiarpammaH KOTOporo ecTb CYMMa lJepH-CaiiMOHCOBCKOro 'CJia

.raeMoro 11 cJiaraeMoro HeTOno.11or11<tecKoii· I:JPHPO){H ( l.!aCT11ltU a .aToi.i c.iJyqae 

no){til1HH!OTCH cTaT11cTi1Ke~ 3asucn111eri OT paccTOHHl1H) ~ · 

. ·. Hay<tHa.fl' HOBH3Ha .. pe3y Jib Ta TOB ,ltHCCepTattHOHHOii . paOOTl:l ,COCTOHT , B 

TOM, l.!TO B Heii Bnepaue· 

.- nocJ1e,1toBaTeJ1bHO paooMo~petta 3~.zta<ta Mttor11x att11ottoa a TepMHHax 

HE!O,ltH03Ha '!HUX . BOJIHOB~X · <flYHl-tUH~;. Hari){eH. • BH,l{ TaKl1X WYHKLt11ii • no.ztl.!HHH-: 

'!Oll!HY.CH . nepecTaHOB04Hl:lM YCJIOBH.f!M, ,' HaK~a){IJBaeM!lM npoMeli:yTOl.!Hoii CTaTH

CTl1KOii, 11 B 3TOM no.iiico)l;e nc:>Jiyqemi TOl!~!le peweHMSl 3c1Aa•rn ~poH3BOJILHO

'ro. 1:{HCJla 3HHOHOB B nore1i411aJ1e rap~OHHl.!ec1<6ro OCUHJIJIHTOpa; 

...; npoBe,l{eJ/ T04HHH a!laJIH3 cneKTpa ,Tpex 3HHOHOB~ rio.iiytieHbl tp;>pMy ... 

JIH~ onpe).(e~Hio!llHe 'KpaTHOCTH 'BHpox~eHl1H Bcex COCTOHHHH' .H noKaaaim·. l{TO 

"xopollnie•i. ( Haii,l{eHHhle Toqim) COCT~HHIIH . COCTaBJIHIOT O)(HY. TpeTI, o6ntero 

KOJll14eCTBa;. . • ' ' ' ' 

:_ ~HnOJIHeHa oueHKa .4HCJl8. "x~pouu1x;, COCTOHHHii)(JIH npoH3BOJILHOro 

irnc-11.i ~Hi!OHOB' H n6i<a3aHO~ t{TO 3TH cocrb.RHHH He ia10T BKJ!a)(a B TepMO-
,B;HHB.MHtieCKOM npe;{eJie;', ' ' 

. - pa:.;e11to ··nott11r11e ·o ci-aT~cTHke, 38.BHcmqeii OT pacc~a~11a. ;npo
attaJIH;11posattu o6111~e CBOiicTBa <taOTl11.(, nO)t<lliHHIOl!IHXCfl TaKOHCTB.THCTMKe~ 
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OOJly<teHa ifopMyJJa )tJl.11 BTOporo Bllplla.ibHOro K03if,jllU,lllettTa ra3a TaKHX 

ttaCTHLt; 

- Ka'!eCTBeHHO paccMOTpe11a 3a,n;aq~ 0 <ta_CTHUaX C 3aBHCHlljeii _OT pac

CTOHHHH __ crarncTHKOii npil HH3KHX TeMnepaTypax . ii c.l{eJiattu Heimropue 

o611111e BIJBO,l!H OTHOCllTeJibHO HX noBe)!eHHH; npoaHaJIH3HPOBaH <taCTHHi-i c.11y

l.!aii Ma1<caeJIJI-lJe·pH-CaiiM0Hcosc1<Hx llHHOHoa. 
. . . . . . 

ITpaKTlll!ecKaH 11 ilay•rnaH ueHHOCTb · pa6om onpe,n;eJIHeTc.R . TeM, . <tTO • 

pa3BHTUi-i a pa6oTe no,n;xo,it K pewe111110 aa,l!;a<t Muornx llHHOHOB · c ucno.111,30-

BaHHeM H80)tH03Ha<tHliX BOJIHOBhlX · qiyHK4Hii npe)tCTaB.'IH8TCfl noJie3HliM npli 

l-!CC.'le).\OB3HHl1 .·He,' Haii)!eHH!llC TOl!HO. "nJIOXHX" COCTOHHHii, )(.'Ill KOTOporo 

CTaH.n;apTHHH ~H3alt . ./la4u!11~a Ii~: )!aeT . llpaKTH<teCKH . Hl1I~al<HX ynpOil;eHHii; 

TaKoe HCCJ1e,n;osa1111e aKTYaJibHO 'B CBH3H C TeM, l!TO, KaK no1m3aHO B pa-

6oTe. "xopowHe'i cocTOHHH~ He ,11;aloT BK.11a,11;a B. TepMO,l!;HHaMH<tecKoM npe,D;e

Jie. B11rioJ1HeHHhlii a ){Hcceprnum1 aHaJIH3 c·so_ii'cTB tiacrnu c 3asiicHU;eii OT 

paccTOHHHH CTaTHCTHKOii MOll:eT 61:lTb ,11cno.'1b;30BaH )(Jill )(cl.'lbHeiiwero 11c.:. 

CJie)!OB3HHH CHCTeM ,TaKHX tjac-n1u. • PaCCMOTpeHHe 3a.l{ali O tJaCT11Uax· C 

npoMexyTO<lHOii CTaTHCTHKOii 11 CTaTHCTHKOii, · 3aBHCHl!l8ii OT paCCTOH!!ll.H: 

npe,1tcTaBJ1.HeT 11HTepec . .c T01IKH. :3peHHH • .B03MOXHOii · peaJIH3al(HWB· TOnOJiorii

l.!eCKHX OOJ18B!lX MO.l{eJIHX 11 ~H3HKe TB8p.l{oro TeJia. 

0CHOBHli8 ITOJIOXeHHH, BhlHOCHMhle Ha 3allJHTV. 

.1 ~ ITpOBe,n;e1moe paCCMOTIJ8HHe 33)J;at1H ~IHOrHX _:JHHOHOB C_ Y.COOJ!b30Ba

HHeM 'tteOAH03Ha<tHliX BOJ!HOB!lX ¢Yffl(ltl1H n03BOJIHeT 'noJiy<tHTb 6hlpaiteHl1R ,'tJifi. 

3Hepri1ii 11 BOJIHOB!1X cpyHKUHii HeKOTOJJ~X ( ••xopo~HX';) COCTOHHHfi,'. a TaKxe 

MOXeT • 6!lTb. npHMeHeHO ,ll;JIH 'HCCJle,ll;OBaHHH OCTaJ!bll!JX ( "ITJ!OXHX") . COCTOH-. 

· tt11ii; TO<tHHe BHpaJJ:eH~H ,n;;H KOTopux · tteH3ii~cTHN;. ~o~a3ano, "IT~ "xopo

wue" cocToHH11H He ,llaIOT BKJia;ta a TepMOJl»HaMttt1ecK11ii npe,lleJI. 

2. ITpose,1teHHHii attaJIH3 cneKTpa Tpex attttottoa np11ao,n;11T K' TO<tHIJM 

. B1IpaxeHl1HM ,ltJIH Kpa THOCTeH . BIJPOlI.l{eHHH acex COCTOHHl'!tt 3TOI"O .·· cneKTpa, . 

)laeT TOlfHoe ·,cooTHoweHHe Mex,n;y. 411c.1IoM "xopomax" H "n.11ox11x" • cocroHttHii,: ·• 

a· TaKXe .. IT03BOJIHeT . C,D;eJia Tb HeKOTOpb!e 81:lBO~bl O . noBe.l{eliirn ', . Tpenero 

BHpHaJILHOrO K03qqJHLtlleHTa. , . . .. 

3; PaCCMOTPel!He l.!aCTHLt~ B3aHMO,n;eiiCTBYIOUIHX C KaJ1116poBO'IHUM no

JieM, B 'Jlarpami:HaH KOTOporo BXO,!{HT "cTaH,llapTHOe" CJJaraeMoe' H <lJl8H 

l{epHa-CaiiMOHCa~ np1is~,n;11T K.OOllleMy noHllTl!JO; 0 CT.'.lTl1CTl1lte~ 3aBllCHlll8H OT 

paccTOHHHH; :<t~CTHhlM cJiytiaeM·· imciuu, 'no,n;<iHHHIOllll1XCH Tai<oii cTan1cnme, · 

HBJIHIOTC~- MaKcBeJ1-11-lJep11:...caiiMOH~oemrne SHHOHU. · · · · · · 

4~. DTopoii BHpHaJlbHUH KoatWimi11e11r 'ra3a. tJaCTHU O aanHOHI!(eii OT 

pacicTOHHHH'CTaT11cT11Koiicy111ecTBeHHO 3aa11c11T or.cooTHOWeHHH Mex,n;y Te:-
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nJIOBOii )iJIHH0H BOJIHl:l H )iJll!IIOii B3aHMO)ieiiCTBIHI; np11 npe)te.U,HUX COOTHO

llleHHHX OH CTpeMHTC~ K )iBYM pa3JIH'IHUM 3HaqeHHHM, COOTBeTCTBYIO~HM H)ie

a.llbHUM 3HHOHaM. np11 Hl13KHX TeMneparypax 11 ·onpe)ie.lleHHUX COOTHOWemtHX 

MeX)iy napaMeTpal,ll! B03MOll'.eH B.lH-)iep-BaaJibCOBCKl!ii (pa30Bllii nepeXO)t~ 

Anpo6a411n pa6oru. MarepHaJ1u iHccepral.lHH 611J1H )iOJlORettu H o6cyir

)iaJIHCb .Ha: Mex)iyHap0)iHOii KOHit,epelll..(HH "AAPOHHaH Marepttst B SKCTpeMaJlb

HUX YCJIOBHJ1Xlf (0,1tecca; 1991) • Meir)tyHapO)IHOM CCMlmapc "KBapKH"'.'92" 

( 3BeHHropO)i, 1992) , Meir)tyttapo)iHOii KOllit,epeHJ.-tHH "CoBpeMellHUe npo6J1eMbl 

KBaHTOBOii Teop1111 0OJISI, CTPYH, KBaHTOBOii rpaBl!Tal.lHH" '(Kr.ea. 1992), 

Mex,llyHapo)tHOii WKOJle HAT0,"PeJIHTHBl!CTCTKHe H)ieptt!le CTOJIKH0BeHl1H" (UJlb 
1loKKO, HTaJlliH, 1992). 

ny6.11mmgm1. 0cH0BHUe MaTep11aJ1U . )iliCCepral.l11H .. ony6.1111KOBaHbl B 6 
HaY'lHblX pa6orax. nepeqellb. KOTOPLiX. npitBe)ieH· .B Ko114e aBTOpeit,epara. 

06oeM.H CTPYKTypa A11CcepragHH. ~HccepTal.lHH COCT0HT 1!3 BBe)ieHHH, 
. ~ 

1.JeTUpex rJiaB H 3aKJIJO'lemui. H3JioxeHHUX Ha. 125 crpatt11uax rexcra. Otta 

C0)tep:a:HT 10 p11cyHKOB 11 cmIcoK_ Jll1Teparypu H3 .74 Hal!MeH0Batt11ii. 

·~ 
KPATKOE CO.ltEPM~ PA60Thl 

Bo BBe.itemm npuae)tetto on11catt11e pa3Jll1'lttHX Mo,n;e.11eii, . a K0TOpblX 
' -~ . . , . . , \ ' 

B03HHKae-r npoMeiryro<rnan CTaTl1CTHKa, If Cl1CTeM, B K0Topux 11Me10T Mecro 

aippa1<ru; ieM H~HHHUM 06pa301,1 CBH3aHHue c rai<oii cTa.THCTHK0H. 0nucu

aa10rcn o6IqH~ oaofioTBa 3a)ia•r 3HH0H0B H. n~,n;'iepKHBalOTCH HX npHHl.lHnHaJll,-

; Hile CJI03:H0CTl1 n~·cpdatteHH~ C 3a)taqaMH 6030HOB H illePMl10HOB •. 
- • < ' - • • •• 

nepnaH. r-11ana •. .flBJ1H10l!laHoit no cylllecray ocbopHoit; noca.flllletta. o6oc

HoaaHHJO npHHl.lllnHaJlbl!0H B03MOll:H0CTl1 0OHBJleHH8 npoMexyTOl{H0H . crar11-

. 0THKII H on11caHHIO KOttKpeTHHX Mexatt.H3M0B ee B03HHKH0BeHH8. B tteii TaKlt:e 

BBO,ll;HTCH 00HHT11e 0 CTaTHCTHKe, 3aBHCHllleii OT paCCT0HHlfH. 

§ 1.1 npe,n;craaJIHeT co6oii no)ipo6Hoe paccMoTpeH»e aonpoca, HBJ1H-

10l1leroca, C T<?'IKH 3pemm o611111x npHHJ.-tH00B KBaHTOB0iiMeXaHHKH, 0CHOBHl,IM 

B 0OHHMaHlrn. np11po,n;1,1 H. 06IqllX. CB0HCTB npoMell:yTO'lHOii ora_TII0THKII: no'ie.;. 

MY, B Ka!CHX CJiyqa.HX H KaKHM 006pa30M HeOOX0)iHMO YT0'iHHTb cTaH,1tapTH08 
' ., . . . . ' . ' . 

paccy:a:)\em1e. npHB0)iHll!ee .; K ·. Bl,IBOAY. 0 · B03M0XHOM .. CYllleCTB0BaHHH B · npHpo)te 
JlHWL .n;ayx BHAOB crarHcT»K» - 6o3eBcKoii H<lePM»eacKoit? 

OCHOBHble M0MeHTl,I arorO paccy:a:,l\eHHH TaKOBbl: ao-nepaux, npH. nepe-

CTaH0BKe JIIOOUX ,ll;BYX. 'laCT»J.-t. BBH)iY. HX T0ll:,lteCTBeHH0CTH, B0~H0BaH ~YHK-

1.-tHff . Moxer H3MeHffT~oH JIHWb '. Ha •rJJo6a.11LHblii illa30BUK MHoz11ie.111; so
BTopux, noCKOJlbKY ,ltBe nepecraH0BKH B0CCTaHaBJIHBalOT Hal{aJlbH0e llO.IOZe- . 

i 
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HHe '!acTHU, TO KBa,1tpaT aroro Mtto:i:»reJin ~OJIXeH paBHHTbcn e,1tttttHUe, qTo 

11 .itaer' p0BHO )IBe B03MOXH0CTH. ·TaKoe paCCM0Tpe1111e. O)iHaKo~ He HBJIH~ 

ercsi 0TpOrHM. }l.l!H OHCTeMU Mt!OrHx qaoTHu tteo6xo,1tl1MO BBO)IHTb noHHTtte 

KoHqnirypau»oHHoro ,npocTpaHCTBa~ TOtfKH 15oroporo xapaKrepIrnyJOTCfl MHO

xecTBOM KOOP)t~miT '!aCTIU.\, {r\ ; •• ~, i\.j} , npH'leM eC~H 'laCT!I.UI T0!

,l\8CTBeHHU, . TO .. MH0:teCTB0 . H~Yl10PH.l\04eHH08, T. 8. npu 3aMeHe . T J ·-:. r k 

TO'l!,a. ocraeTCH TOH ire. BoJIH0BaH tlJYHKL-tHfl sa)ta8TCH HMeHH0 Ha KOHqJHry~ 

pal.\HOHHOM npocrpaHCTB8 H np» 8T0M. S!BJI.fleTCH, B000U18 rdBOP.fl, He0,ll;HO:-: 

3Ha'!HOH. ( »Ha•Ie 6irna 611 B03MO:i:Ha, T0JlbK0 603esc1<aH craTHCTHKa). 0rpa- · 

Hl1'leHHH xe i-ra ee . OBOHCTBa bBH3aHbl O rono.11ornifecKOH CtPYKTypoii npo

CTpaHCTBa~ Ec.1111 npoaecrn B tte1.1. Henpepuattuii 3aM1<Hyrnii nyTb, ,1taro11111R 

BKJ!a)i E a.M0JIHTYAY nepexo,1ta' 8 _,;. R, r.ite R - H8K0TOpaH K0HqJHrypal.lHH, 

» o6oiiTH ero, rpe6yH HenpepuBHOCTH '»3MetteHHH BOJIHoaoii· tlJYHKl.{HH 11pH 

. o6xo)ie, TO no B03Bpau1eHHl1 B Ha'!aJlhHYIO. T0'!KY B0JIH0BaH ipYHKl.lHH 01<a

ll:8TCH,. B006!1le rosopa. )tOMHOXeirnoR Ha HeK6TOpuii cpa.3081:lii. MHOlUITeJib~ 

AnpHOPHUX·Tpe6osaH11ii·Ha MH0RHTeJIH )iBa: rpynnoaoe,caoiicTBO H O)IHHaK~ 

B0CTb_ )t.l!H nyTeii, · npH~a)IJieXalllHX 0)tH0MY r0M0T00ll'le0K0My KJlaocy, T.e. · 

HenpepUBH0 ,n;eq:opM11pyeMllic )tpyrs·,i{pyra •. PaccMaTpllBaH.l(OH(plirypal.lll0HHoe 

npocTpattorao c:»oTeMu .itB¥X 1.JacTHl.l, npHX0)iHM K cJ1e,1ty10lllliM Bl:lBO)iaM. )IJIH 

rpexMepttoro npocTpattcraa cyl!leoTayer poaHo ;isa KJiaoca nyreii: nYT»;: 

np11Ha)iJ1exaU111e· nepBOMY (J:!T0poMy) KJiaccaM, M0ryT {He Moryr) 6HTb He

npepuBHO ,JteqX)pMHPQBB.Hbl B . ro·qKy. ~a30BblH MH0:&:IIT~Jlh · )tJllt nyTeii aroporo 
. . . . " ' ,. : .. 

KJJacoa. CO0TBeTCTBYIO!JtllX, Ha KJ1acc11qecK0M H3UKe, .He•IeTH0MY _4HCJJY 

nepeoTaHOB0K, MOa:erjaBHHT:&CH JlHOO .JJ.1!!00 8,ll;HHHl.{e, .JIHOO. MHHY0 8)tHHHl.{e. 

B TO. :a:e BpeMH )tJIH )tByMepHor:o npocrpaH0TBa roM0TOnHl{eCKHX KJiaCC0B 

C'ieTHOO.MHOD:eCTBO,,H.HHKaKHX orpaHHqeHHii Ha (pa30Bllii MHOlEHT8Jlb, KpoMe 

rpynn6aoro oaoAcraa, He 0Ylllec-i-ayeT; o.itHOKparttoii. nepecTaHoBKe · Mo:i:er 

co9raerctB0BaTb cpa3os~R MHoxit;eJJb · exp( fm,) • r,n;e cm.amucm.u."«3cKu.il 
. napa.JJe111.'f). 0 .;. .11106oe :ae111eoiaeHH6e .l{HC~O·. Ha oaMOM )teJie .l(0CTaTO'IH0 

paCCMaTpHBa.Tb CJ1yqai1 0 €. co. 1] . B qacTHUX CJiy'laHX 0-0 H 0-1 

· HMeeM, coorseTorsettHo; 6o30tthl H illePMH0HU. 

• : HOCKOJU,KY peaJll,Hl,IH MHP TpexMepeH, TO qacTHl.lbl C BHyTpeHHe npHoy

ll!eK 5HHOHHoii. · oraTll~T»Ke . CYuteCTBOBaTb .;He Moryr. .TaKaH 0TaT11o~HKa 

· KoxeT JIHWl>; ·a~KTHBHO •· B03HlllffiTh . 3a · cqer , HeKoroporo . B3aHM0,11;eiioTBIIH. 

· Oni10aHHIO 
1

MO)te.JH, B K0TOpoii. l!Meer Me0T0 TaK~' B3a»MOAeiicTBHe, noons.:. 

UleH f 1 .2~ ''. PaccMaTpHl!B.eTOff "3apH)IO-nOTOKOBbi"ii K0M003HT" • T .e. 3apa,1t 

e ·• ii:ecTKO . C:KJ)el1.JleHHl,IH. o COJleHOH,ltOM, . op»eHTHJ)OBaHHl,IM 's.i{oJJb OCH z · .. II .. 
aeoy~HM M8.rHHTHlii 110101<: .~ ·• · np11qeM BHe. coJieHOH.Jta MarHKTHoe nOJie•, 

p&BHO. HYJJIO. K~Jlh CKOpo OT KOOPAHHa'nl 'z HHqero :He: 38.SHCIIT, 3a.Aa'ia 
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flDJlf!eTC!l :itt,teKTllDHO ,llDYMepHOH; D OJIOCKOCTII xy HMeeM 3ap!1,llll, CKpen

Jiel!lme C "TO'iKaMl1 noro1<a" •. nycTb HMeeTC.!l ,l!Ba TaKl1X .KOM00311Ta. ITO~'IH

Talllta_H KJlaCCl1'1eCKII, c1ua IIX ~3al!MO){eHCTBIUI paBHa HYJH0, eCJil1 tte· C'IH:

TaTh KYJ!OHOBCKOii CHJ!U, 1-;oropy10 MOilHO C,!le.JiaTb )tOCTaTO'iHO MaJIOii 11. 

KOTOPOii MU 118 6yr..e1,1 _ 1111~epecooaTbCR. O,n:ttaKO npH HX B3aHMHOM nepew.ellle

Hllll BOJIIIOBaH $YH!tl.\lfR n1rno6peraeT qia3Y. KOTopan Ha KBaHTOBOM ypoaHe 

CYIJieCTBelmO Cl(a3UBaeicn Ha noBe){elllfll CIICT8Mll ( 3lMeKT AapoHOBa-EoMa) ~ 
B l!acn1ocni, np1-1 nepecrnuouKe noJJy'laeM ¢ia3y exp( i'lrOJ ·, r){e O = 
e<I>/2'1t • IT0,!l61-tpan 3lla•ieHllfl e. II It> .• !lOJIYlflfM npoMexyTOlfHYIO CTaTHCTl-1-

KY c Jiro61.1M 11anepe,!l .3a,!lal!HUM l} • . · . 

Eo.~ee TOlfHaH qopMy.l!HfiOBl«i. Bl:lrJifl)(HT C.lle)tylOlllllM o6pa30M. 3a,llalfa ·oo 
U TOil,1{8CTBeHH!lX KOM!103!1TaX· ( B ,!la~bHeiiUJeM )l.l!H npOCTOT!l roBOpl-lM 0 
'IBCTlll\UX) eCTh 3a,11;a4a' 06 :N . 6030ll8.X ( ({BpMHOHaX), 838HMOJ(eiici'BYIOlllllX 

nocpe,ll,cTBOM :i.lleKTpoManmrnoro noTeH1.1,HaJ1a - onpe,1te.11e1moro BH){a. ITp11 

3TOM noJ1·11ocan_qiyHKl\llll )iouua, KaK o6u<rno, 6uTb (a11rn)c11MMeTp11\lttoii no 

OTHOU!8HIIIO K nepecTaHOBKaM:. BMecre C TeM, B CBH3H C BblllleCKa3aHHblM, 

noreHl\llaJl' npe,B;CT8.BJlfleT co6oii .'UICTYlO IW.J1H6poo1ty.' T .e. MOlteT OllTh CBe-:' 

)ieH K IIYJIIO (B83,JJ;e, xpoMe .HBJIH!OlllHXCSl CHHryJinpHOCTHMll TO'leK pacnOJlOlle

HlHI 'lacTttl\) nocpe)lcTBOM 1<aJ1116ponotrnoro . npeo6pa30aa1111n. _ ITpeo6pa3oBaH-
, ' ' ,, . ' . ' 

HUH raMl!JlbTOHHaH. xapaKTepH3Y8T HeB3al!MO,JJ;eiicTByiOU\lle · _ lfaCTHIJ,ll, . 11 B ;. TO 

:.:e npe1.: { (tia3a ao.imouoii ctJyttm.1,1m H3Me11nercn, w1t11~, o6pa3OM, _ttTO Honan 

qiy11mv111 Y.llOBJieTBopneT nepeCTaHOBO'IH!lM YCJIOBHHM 

__ · PJklJ! = exp[ i'l!t}JQ -_ 1 t;; j ,k < JJ j < k (1) 

O3Hal!alOU:l!M aqq,e,nHBHOEi _noHBJieH_l-le npm,,eiE,YTOlfHOff cTaTHCTHKll. 3,!leCb 110)(. 

PJk c.J1e,ityeT no1111MaTb onepalJ,HIO nepecTaHOBKH j-ii 11 k-ii qacTHl\ npo

mu6 'iacoBoii·cmpe.ucu. 
O nepBOM nap11anre o6u4HO roaopnr xaK o pery.1utp11oii KaJ1116p0a1<e. o. 

nropoM -Kalt 06 BHllOHHoii KaJrn6poaKe.· Ta1<11M o6pa3oM, 3a,D;a\la _o_ ttea3a-. 

11Mo)lei-icrny10u111x a1111ottax <1KBHBaJ1e11n1a 3a.u;a•1e o a3am,,o,l\eilcray101llllX cne..:·,· 

una.llbHUM o611a30M 003OHax (q:epMHOHaX). . . . . 

·B .. § 1.3 ommau - cmtt,n;apnmii 'nyu BO3HllltHOBemrn np0Me11yT~'IHOii 

CTaTHCTl1l<H B ( 2+1 )-MepHUX reopeTHKo-noJieBUX MO,ll8JIHX. Pacc11.arp1rnaeTCH 
coxpamJIOll\llHCII TOK - jl' • a3a11Mo.s;eii0Tay1011111ii o 1ta.11116poao'IHNM noJieM· 

it • -JiarpamrnaH ·. Ko.roporo ecn, . Tait tta3uaaeMllil t1J1e11 ~epna-CaiiMOHca, 

HJlll TOllOJ!OrH48CICllii 'IJ18!1 :--

t ::: .!a.e~'")..A lJ.A . .:; A I" 
2 ' . ,, .. >,. . ,,.., 

(2) 

j 

1 
l 

J 
1 

I 
l 
l 
i 
i 
I 
l 
i 

' 

l 

j ,_ 

l 
l. 
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11.lleH l1epHa-CaiiMOHca ·8O3HHKaeT. B afJ)tBKTHBHOM ,lleiiCTBIIH )lJIH ltaJIH6poao

'IHOro nOJtfl llOCJ!e llHTerp»pouamrn. no qiepMIIOHH!lM CTeneHHM cuo6o)J,!l 8 

(2+1)-MepHOii'MO,B;eJIII KaJ1116poBO\lHOrO nOJl!l, B~allMO)J,8iiCTBYIOIJ;ero C q:epMII

Ol!aMH ~ 11Men a To n BH~Y. B ·,1all!eM pacci.iorpeHIIH ClfHTaeM ero 3a,1J.aHH!lM 

"pyKa~11" •. B MO)(e.1111 { 2) _ :iapH,!UJ H TOKH, no opan11ett11io c o6N'iHOii aJJeK

:po.iurnaMIIKOii, "MeHlllOTCH _MecraMH": 3apS1,1.tU npol138O,IJ.HT. MarHHTl!oe noJie. 

roim .,,. a.:teKTPH'ieci<oe- noJie. B '1acr11ocrn, MarHHTHoe- noJie .. nponop1J,11O-

11aJ1hHO nJJOTHOCTl1 3apH~a. ITO3TOMy TO'lelfHblii 3apH)l CTaHOBllTCSl_l1CTOtflll1:.. 

KOM c11ttryJ1np11oro MarHHTHoro noJm; no,!lo611orci · no.JI~ · on11caH1ioro · auure 

6ec1<OHetf1-10 TOHKoro cOJre11O11.n;a. B HeKoropo1.1 CMNCJle caM · 3a.p11,!J, · 11rpaer 

poJII, ''2apn,B;o~n0To1{0Boro KOMno211ra" (np11'leM KYJIOHoBcKoe ~3ai1~0Aeii

cTa11e 3,n:ech oicyTcTByeT) • . '-lacr111.1u atW-eKTHBHO craHoBHTCll airno11aM11 . co 

CTaTHCTH'leCKIIM i1apaMeTpOM ~ = c£ -+ e 2/2m , r.ite a: . on11curiaer CTa

THCTHKY "ro.nux":;iacrn1.1: lle;,, 0 )lJIH 0030!108 II c£ =, 1 )(JI!! qiepMKOHOB; 

B § · 1.4 0nlWUBa8TC.R CHTya~l1H, B KOTOpoii BO31!HKaeT TaK Ha3UBa

eMa.R cTaTHCTHKa, iaBHCHlllaH oi' paccrontt1rn·~ Otta 11MeeT Me~To )];.list 'lac

THl.l, B3a11Mo,n;eiicrsy10u111x c KaJ1116poao'ittllM noJieM, . JiarpamrnaH Koroporo 

co.n;epxHT . '-lepH..:CaiiMOHcoac1<oe · c.11araeMoe 11 "cTaH)lapTHoe" c.~araeMoe 

1-1eronoJ1orii'-iecKoii np11po,!lu. B 3TOM c.ilylfae 3aPHAU no-npeirneMy HBJrfllOTCH 

HCTO\lHIIKaMH MarHHTHOro noJIH, O)J;HaKO 3TO no:ne He. flBJlfleTCH Cllflr'y.11ilp

llllM, a liMee~ HeKOTOpl-lii xapaKTepttuii pa,1111yc 3aTyxatt11n, Tait. llTO lJ.'.lCnt[J,a 

OKpy:retta "06.naKOM"_ 1,1arHIITHoro. 'noJIH. ITOB8)),8lllle l!aCTIIIJ, pa3Jllt'IHO n 

3aBHCHMOCTH OT Toro, HaCKOJlbKO CIIJlbHO nepeKpblBalOTC.R IIY. 06.mi-ta, II 

. CB0)),11TC.R X noae,B;eHH_IO 001:l\lHUX, . "11.n;eaJlb!lllX" 3HHOHOB B npe,n;eJlhllHX. CJJY

•-ranx oicyrcTBl1ll nepeKpNTHH II rioJtHoro nepeKpNTIIH, np11'ieM crarncrn

'lecK11ii napaMeTp ,/\Jiff l'IT11X )),BYX CJIY'laeB llMeeT pa3Jlll'il!!,18 3lta'1eli1m. 

l1M8HHO B, 3TOM CMNCJ!e ronopstT O CTaTHCTltKe, 3aa11cm11eii,_OT paCCTOHHll!l. 

.. Bo._BTOpoii ·rJtaBe o6cyir)J,aeTCfl 3a)la'la MHOntX 3HHOHOB. B § 2.1 pac~ 

cMaTp11na~TC.R ¢opMy.11i1pon~a awii 3a,B;a'IH H ee OTJ11t'l11TeJJbHble oa'oiiorna. 

KaK 11 ,ll;JIH 0030!108 ltJIII (tiepMHOHOB, Tpe{)yeTCH HattTH Te pewettllH ypamie

HHSl Wpe,ltllHI'epa XiJ1 = EfJJ • -KOTOplle. YAOBJieTBOPlllOT -nepecTaHOB01WllM YCJIO-:--

81-!SlM OHAa ,(1). ,B KaitecTBe " Bl:l6paH raMltJlbTOHl1aH CHCT8Mll HeB3aHM(r. 

,1t;eiicTBY,10IJl~X ocqHJ1J1~wpoa •. O,1t;1io'lacT11'IHUii o~eK~P n aroi.t c.11ylfae npocT, 

H pellleHHe 3a){a'itt' i.i11or11ic 0030HQB HJllt q:epMHOHOB He 'npe,l\CTaBJUleT np11H
~11n11aJ1Limx rpy,ii,focie~. ·aH~OHHUii CJIY'laii. O)tHaKo·, ~Ymecraetmo' CJ!Olt:llee. 

· Heo.iitto3Ha'IHOCTh - BOJl~on1,1x · qiyHKL\Hii , O3HalfaeT. tfTO mmarr, 

)l.i(i\, •..• rN) , crporo · ronopn, .1111we110 CMl.-lcJJa: 2a,ita1rne noJioxe1rnii 

tfacr11~ '$11Kc11pyei- Ji11mh aMnJIHTY.ltY ._ GI , HO He ee 4'13Y~ HocJ1e,1tHflfl 3-3BH

CHT or (tia.3 aceic N(M-1> KoMriJiei<cttux 'l11ceJ1 zJ,; = 5zFzJt)1/Z'-.. , r.11e 
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Z J ."=. X J +. iy J • li3MeH!!HCb nptt li3MeHelfl1H Jll060ii H3 3TliX. qla3 Ha 2'1t 
lJT06ll Cl nO,It'lliHHJtaCb nepeCTaHOBO'iHllM YCJ!OBHHM BH,B;a ( 1) • B Heil )l;OJllE-

' . 6 . . ' -· 
Hll 4J11ryp11posan MHO:tl1T8J!H Bl1,ll;a z Jk • nptt .n;po6HOM l} . TaKOe, Bllpa-

. xeHHe He MOJ:teT 6u_Tb ymrnepcaJibH!lM o~pa3oM pa3JtoxeHo · s PHA no z J H 

. z_;.. ; noaTOMY )\J!H. 3ff110HOB OTCYTCTByeT .nOHHTl18 O)lHO'iaCTli'IH!,IX BOJ!HOBlllC 
t!JYHKU11ii. U 3a)\aqa 113Ha'iaJ!bHO HBJ!H8TCH CYlll8CTB8HHO MHoroqacTH'-!HOii. 
3TO_ corJJacyeTca. C TeM. 'iTO 3HHOHll 3KBHBaJ!ElHTH!l 83aHMO,l\8HC_TBYIOIIIHM' 

60301!aM HJll1 ~PM110l!aM: XOTS! Ha KJiaCCH'leCKOM YPOBH.e Cl1Jla paaHa HYJ!IO, 
s3aHiJo.n;eiicTBHe, KaK · H o6uqtto. t'3aa.a:iua.aer" BOJ1Hos1:1e WHK'-11111 qacrnu. 

B § 2.2 paccMaTpH_BaeTCH BOllpOC O nocTpOeHHl1. BO.llHOB!lX IPYHKI..t11H, 

Y.llOBJ!8TBOPH!Oll{HlC 3HHOHH!lM nepecTaHOBO'IH!lM YC.ll0B11HM. 1-IMeeT MeCTO pa

aeHCTBO p Jk(zjkzj!) = e~p[ i'lt(a-b) ](zjkzj!) .. nosTOMY BOJIHOBaH IPYHK
LtHH Hll{eTCH B.BH,ll;e JIHHeiittoii KOMOHHaUHH npOH3B8,ll;8Hl1ii cTeneHHlllC lpyHKI..t11ii 

zJ1< 11 zjk. OnpeieJIHeTca. KaK AeiicrnyeT PJk Ha npo113soJ11>HyJO IPYHK
Uh,J 3TOro BH.n;a. Pe3YJ!b'faTOM HBJIHeTCH ,!tpyraH IPYHKI..t11H TaKOro xe B11)l;a. 
YMHOll:8HHa.fl Ha.tteKOTOpllii qla30Bllii MHOll:liT8Jlb •. 1'!CKOMaH JlliHeiittaH KOMOliHa-
1..1118 .· AOJlll:Ha co.n;~pxa Tb B .. Ka 48CTBe •. CJiaraeMl:lx ace: IPYHKI..tHH • TIOJIY'laeM!le 

·. A8HCTBH8!A npOH3B0JlhHOro t{Y.CJla :onepaTOpoB .. P Jk C pa3Jil14HllMH. J • k , 
a ee. nepecTaHOBO'IHUe CBOiiCTBa np11 3TOM onpe.n;eJIHIOTCII K03(p(p11I..tl18HTaMl1 
np11 pa3Jil14HblX cJiaraeMllX . H _ BHweynoMHl:IYTllMtt ¢,a30BllMl1 MHox11TeJ1HMH. 

. . . . \ . . , . . . 

YCJJOBl1H (1) BllnOJIHIIIOTCH npH onpe,1teJ1eHHl:lXCOOTHOW8HHHX MeXAY noKasa-
. T8J!HMH 'CTeneHeii '~J!H . JIHH8HHllX' KOM6tttta1.1wii •. HM8IOl!lliX. BHA. am1J1orttirnl:lii 

,~ _o6u'IHUM c:HMMeTpl1'1HUM H aHTHCHMMeTp11'IHUM lfiYHKI..tHfiM. · · 

KoJib cKopo B · ao.11uoai.ie . lfiYHKLtHH ·• BXOAHT . pasttocitt KOMn.lleKcHHX · Koop:.. 
)ll1HaT, 3a)\aqy '-18J1ecoo6pa3HO nepe!p:)pMyJ11-1poaaTb C HCllOJlb30BaHHeM oTHX 

· pa3HOCTeii > B KaqecTBe • He3aBHCl1~1:lX nepeMeHHl:lX. :TaKOii ifOPMYJIHPOBKe . 
·. ITOCBHl!l~H ~.- 2~3~. B Kat1ecwe He3aBHCHMllX HCITOJ!i3YIOTCII KOP,l\HHaTl,I. z

1 
j , . 

j = 2, •••• N. nJIIOC KOOPAttHaTa itettTpa Mace. ,llBHlEeHHe nocJieAHero noJI
HOCTbJO OT)\eJ!Hf:TCH,. a 3a,l\a'ia 06 ·oTHOCHTeJibHOM .l\BHlEeHHH npeACTaBJIH8T 

co6oii 3a)\a'iy 06: N.:.:1 nonaptto B3al-1MO,iieiiCTBYIOlllHX "OTHOCHTeJlbHl:llC oc
~llJl~HTOpax;,. BMeCTe C TeM· ,B;eiicTBHe raMHJlbTOHllatta . Ha cTeneHHYl<I BOJIHO
BYJO 'PYHK[.tHIO .• OKas1,1eaeTCH cpaBHHT8JlbH6 npo"cTHM. PesyJibTaT COCTOHT . H3 

'. "xopo111eii" qacni;;. ripe)\C:TaEJJRIO!lleii . co6oii "imXOAHYKl .. 'PYH°K~l110, YMHOll:eHHYlil 

. ·. H~ iiev.oTop~f K034q)H!.VleHT. H ''XBOCTa" 8 BHAe 
0

.IIHHeiiiioii KOM6HHaI..tHH He-
":~, - ,_ I > - '. • - • - ,· , • ., ,. •' • • ·-· - • ' •-;• • •• 

CKOJlbKl1X, tpYHKI..tllii' TaKxe CTene1rnoro BH)J;a, HO C . .n;pyrHMH: 00Kli3a.T8JIHMH. 

3aia•1a. C80,lll1TC.fl K nooipoeHV.IO Ta1<11x JIHHe~iii.x KOi:;611t1iniHli lf>Y~~i\~ii yKa:.. 
'saHlmro BH.ita,. AJIH KOTOPUX- ece' 0 icaocTU" B3aHMHO yilH'lTOll:a!OTClL :· . _. 

·_ . Pacc,~orpeicrne' -ra1<0ii 3a)l~4tt' npoB~AIITCfl ·s §
0 

2~'4°~' BHaqaJie 'YK8.3UBa::.. 

IOTCfl )(Ba npOCTUX CJIY'lall. a l<OTopux. "XBOC'l'bl" '-roii:)iecTBe·HHO o6pa~alOTCH 
' • • • • ' • •- -• .• • •• • •• 1 ~ r. •• •, 

·-; ~ J;' .J •• • "' : ,;. •• 

I• 
!, 
I 
I 
i 

I 
1 
l 

ii 
:1,1 

'l 
·I 
j ,. 
,: 
1 
1 
1 

l 
" t 
i 
I 

t ,r 

'\ 
f" 

l 
r. 
'r 

f 
I 
l. 
f, 
_I/ r. 
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B Hy.111, •. 3aBHCHMOCTb 3Heprirn OT {}. B 3THX ABYX CJ!yqaax HMeeT BHA 

E = E + N(N-1) ll 
1 '., B . 2 _ _ • 

E
2 

= E _ N(1J..:1)· ,. . 
B . -2 . u 

(3) 

r.ite EB - 3Hepr1rn npH· . 0 = 0 . ( T .e. npH 003eBCKOii CTaTHCTHKe). 3a1·eM 

09cy:a:,1taeTCII 60.r.ee 0611111ii CJly4aii. CTpol1TCH tlJYHKtiHH, 3anHCUBae~iait B 

BH,it8 P!!Aa, KOTOpaH Y.ltOBJleTBOPHeT H ypaBHeHHIO mpe,n;HHrepa, H nepecTa

HOBO'IH!lM YCJIOBHHM. HaKJiaAUBaeTCH Tpe6osatttte 0TCYTCTB11H CHHryJIHPHO_; 
C < • ~ ; < " • ' ' 

CTett. KOTopoe' MOJreT. YAOB.JleTBOPllTbCll B . CJlyqae. KOr.ita Pll.lt co,n;eplrHT 
KOHe'IHOe '111CJ!O 'iJleHOB. np11 3TOM, ecTeCTBeHH!lM o6pa30M 803HHKaeT )\Ba 
K.llacca COOTOHHHii. ,l\JIHKpaTK(?CTH Ha31:lBaeMl:lX .;icopowHMl1". np11qe~ MBH

CHMOCTb irneprnH _OT l} ,D;JIH' 3THX KJ!aCCOB HM88T. BH)t (3). 0Ka31:lBaeTC.fi, 
O)\ttaxo. 'ITO nptt Ji > 2 . HaH,!teHHUMH COCTOHHHHMH He HC'lepllbloae'i'cH Beeb 

cneKTP; _ B MHOrOSHHOHHOii 3a.ita 'ie cy111ecTBY10T . ;tpyr11e . ( "n.r.oxHe") ·. cociro
flHHH, TO'iHl:le aupaxemrn ,ltJl.fl l<OTOPl:lX np'H '. AP06HOM. 0 Hel13B8CTHbl H, 

· no-BHAHMOMY. He Moryr 61,1Tb · noJiy'!eHU. · . . .. · · 

HaKOHeI..t, paspa6oTaHH!lH miMH 0 MeTO){ cpaamrnaeTCH C OO!l'lHO::opHMe
HR!OlliHMCH )t.l!H pe111eHHH aHHOHH!lX 3a)ta'i TaK Ha31,1Bli8MllM.aH3aI..teM Jla(pJ!HHa~ 
nocJ18,lt}fl1H HMeeT B11,ll , . . . . . 

w = n z6 ~w 
, a , Jk. Jk L 

(4) 

r.ite W - tteo.it'H03Ha'ittan BOJIHOBall qJYHKl{HH B ~H~OHttoii KaJIHQJ)OllKe. H,l{eR 
. a. . . ' , ,. .· ·, . ' '· . . .. i ' . : 

SToro aH3aI..ta COCTOH:r B TOM. '!TO H3 ·YCJIOBHH ( 1) Ha !I) CJie,l{yeT YCJIO-
' . - . - ' -.- . - ·. . . ·- a. ', 

BHe CHl,lMeTp111rnocrn Ha WL ~. COOTBeTCTBYJOIIIHiL 3a)latJe O HeB3allMO)leii-
CTBYIOfllHX 3HHOHax _raMHJlb~OH»aH, AeiicTBYIOlllHii _Ha WL: ~-. CO,!tepll:HT jsyx

qac_TH'IHO~. B3attMo.n;eiicTBHe. TaKHM o6pa30M~ 3aAa11a o Haxox.n;eHH~ .• WL 
eCTb 3a,l\atJa O B3aHMOAeiiCTBY!OfllHX 6osottax. KOTopaH MOll:eT pemaTbCH 60-
Jiee HJIH MeHee·craHAaPTHUMH,MeTo.it~MH. 3TOT HO,ltXO)t~ OAHB.KO, npe;t;TaB
JIHeTCll MaJIOrIOJ!e3H~M )J;JIH "nJioirnx"' COCTOllHl1ii. ,llJIH. ''xopowHX;,. COCTOHHHii 

f-ro K.Da:cca ~¥~1<'-IHH . ID L .. He ~~,iiepxwr, ~P?5~1,1x . C!ene~e~ /i~ro. ~e' MOXHO 
.n;o6HTbC.ff AJIH cohTOIIHHH 2-ro: KJlacca·~ aJieMeHTapHO MO)tHqJHl.llipQBaB ( 4) r~ 

. y~~CTBO_ 3TOr<l ·~~CTOHI~-. P~3_YMieT~11.· ; 'roM, qro w~ '.!'10X~T' 6UTb pa3JIO
''xeHa·.·no ·o,;H()tJaCTH4Hbl·M; IPYHKitHHM,"t{TO ynpOl!laeT 'peIUeirne. -. .nJIH "nJIOXHx"·· 

\J?cio~HHii,. _oiit~ifo.•aro''~e ·~MeeT.MeCTa.'ROJlb Cl<Opc) ·.W/co){epxKT ,iipo6-
:-Hue . CTenem1', ··. 3a)ta'la 6' ero ·. HalCOli'.)t8H,l1H • B0061Jl8 roaOpH • ..• H8 ... OpolJl8 • 'leM 

. ,;3a)ia~a-'o'. ttaxoli~eHHII. w' . :" B Ha.WeM 110,1\XOAEl ~po6Hl:le CTeneHH H3Ha'ia~bHO 
;.~~ '·• ,··:• .,-- ; ,; -·> -·. -,: :~' .,a. 1::: .. ,, •~· : > . '- - : . : ·, •. 

. ·»MeJOTMeCTO, KB ::!TOM CMblCJle OH llBJIReTCH OOJ!ee YHKBepoaJibHl,IM. 

,. {H~JIH-tt~ '~ '\~~ro:HIHOH~OM. Cf!eKTpe "nJIOXIIX'~ COCTOll~l-tii, 03Ha\faeT, 
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'ITO 3a)l;a'la MHor11x aHl10HOB, no-811),;HMOMY, He ,s;onycKaeT nOJl!lOro TOlfHOrO 

pemeH11f!.· B CBf!311 c arnM np11o6peTaeT cMHCJI paccM0Tpe1me aa)lait MaJ1oro 

lfllCJla .· aHHOHOB, ,l\Jlf! KOTOPUX · B03MO~eH 60.nee 11Jll1 MeHee TOlfHllH a11aJ1113 • 

TaKl1M 3a,'{a•JaM .rlOCBHll,eHa TpeTbf! r.naBa. HX pemeH11e l.\e.ilecqo{>pa3HO, BO

nepaux; noTOMY, '!To no3aoJrneT xoTf! 6u · mi npocwx· np11Mepax npoc.ne

)111Tb. · KaKHM · o6pa30M f!po11cxo,s;11i HHTepno.nm.1,11n. Mell:.llY 6o30HHNM H qepMH

OHHUM·: ·cneKTpaMH, 11 BCr-BTOpUX, TaK KaK _ l13BeCTHO, l.fTO ec.111 pemeHY 

lll-4acili1foue 3a)la4H C m = 1, ••• ,N , TO MOXH6 Blll{11CJll1Tb Blll)HaJlbHUe 

KOaif,!JHI.i11eHiu · a J c · j = 2, ••• ,11. BXO,ltHlllHe B · pa3J10:s:e1111e ypaa11eH11f! 

. COCTOflllllfl no n.nOTHOCTll ~ . 
B §. 3.1 o6cyx.i,;atoTCH peayJlbTaTU. noJiytteHHHe K HaCTOH!lleMy apeMe:.. 

HH. 3a)\alfa 0 ,l(Byx· a!lllOHOB CBO,l(llTCf! OT,l(eJ1e1111eM )\Bmremm geHTpa Maco K 

O)tH01!aCTH'IHOH 11 ,!(Jill npocTUX norem.1,11aJIOB MO:S:eT. 6NTh pemetta T04HO. Ee 

1iewem1e )\JIH rapMOHHlfecKoro ·noTemv1aJ1a 6u.110 noJiyqeno. O)J;ttoapeMeH.HO c 

at:..::,'.(e1111eM 'no1mnm npoMe~yTo'IHoif cTaT11cT111t11~ KpoMe TOro. 6uJio noJ1y4e-:

uo BUpa:i:em1e ));Jiff BTOporo Bllpl1aJlbHOrO KOa!WJHl.\118HTa 3Hl10HHOrO ra:fa. 

EuJia TaK:i:e paccMOTpetta 3a,1talfa o .n;ayx aaa11Mo.s;eilcwy1011111x au110Hax •. 

04811b OOJlbllIOe_ BHHMattHe, 6UJIO y,1teJ1eHO 'TpeX'laCTli'!HOH 3a,B;a'le. · }Cat<: H 

B OO!lleM CJ1yqae. )tJIH Tpex 3HHOHOB HM8IOT MeCTO "xop_onrne" COCTOllHHfl • 

. O)tllafm · 3)l;8Cb nOHBJIHlOTCfl Tami:e "n1.ox11e" 'COCTOHl!Hll, ){JI.ft KOTOP!lX 3a811-

CHMOCT.b E( Cf. ll8Jll1Her.11a. BallH!ilM. CBOHCTBOM 3Tl1X COCTO.Rlll1H RBJIH8TC!l 

HX ,CltMMeTpHl{HOCTh OTHOCl1T8Jlhll0 ceMHOHHO~ ( .. (} = J ) . TOI.IKI!. Ha• OCHO-

. BaHllll aTOro ' II . o6niero . CBOV.CTBa 011MMeTpl11i "xopow11x0 :· COCTOHHHH . i-taMH 

BriepBUe 6UJil1 nOJlyl{eHIJ TO;~Hlte 81:lpa::,:eHHH ,D;JIH KpaTHOC.TeH BUPOXAeHHH 

"xopollll1X" ·11. "n.'IOXHX" .COCTOllHllH 11 nmta3aHo·,, .lfTO OTHOCl1TeJlbHOO 'IHCJIO 

nepa1:1x c-rpeMHTCH K 1i3 c pocTOM a11epr1111. )\pyrnid cJie;i;c-i:a11eM ¥n61,m-

. HYTOH . CHMMeTpHH OKa3IJBaeTCH CHMMeTpHH )·penero BHpltaJll>liOro K03ql}il1-

. L\118HTa: a
3
(0) = a 3(1~i'.i) • Y:s:c, )!;Jill l{ernpexam101111oif 3a.itatut .1t1ma1<HX 

06!llflX BlilBO.D;OB c;i;eJlaTb tie y;;aeTCH; HH cneKTP,. KOTOpl:lii ycTpoe_H CYlll~CT

rietiHO. CJIOXHee. 'ieM. Tpex'iaCTH\fHNH, HH COOl'BeTCTBeHHO '18Tl38PTUH BHpH-... 

aJlbHliii. KOatW,HL\118HT He o6Jia)laeT IIHKaKHMH OBOHCTBal,11! OHMl~eTpHH. 

)lOCTaT04HO 60JibWoe 'BHH~am1e '611JIO .'y,n;e.xeHO' nepTyp6a.Tl!Bl!OMY pac-

' CMOTpett11~· a111101111ux 3a-.»,alf. B peryJ1Hpttoii 1taJ1116poaKe pewaeT~ll 3a,n;al{a o. 

: B3al1MO.n;eiicTBYIOll\HX 0030UaX HJIH qepMHOHax. npH'leM raMl1JlbTO!lllaH B31lHMO

,n;eiicTBHl1 nponopl.\HOHaJieH . l • r,n;e l == 0 .D;Jlfl ~30HOB 'HJIII l = 1-0 .. 
. )J;JIH ~pMl10110B~ fipli l < 1 ero MOllHO paccMaTpHBaTb KaK 803MYlljeirn~~ B. 

. pn11,1mx · riepTyp6aT11ntioro no.n;xo,n;a 6NJIH . BH'!HOJlettu a11epr11.i · tteitoTopilx 

''nJiox:11x" cociost11i1ii,: a: '!aCTHOOTH, ~cuoatioro cooTo.fIIIHf! a 'TpexqacTH~Hoif 

3a)la ,1e,: 11 noJiytfem:i aupalieHHR )l.iIH a11p11aJ1hHllX K03tWlHI.\HeHron' · a2 •••• , 

) . 
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a6 C TO'IHOCTblO ,D;O T . 
B § 3.2 paccMaTpHBaeTCH . 3a,n;al.fa. ABYX 3HllOHOB B OCL\lfJIJlHTOPIIOM 

noTeHU.HaJJe. B STOM . c.ny'lae HMeeTCH poB.HO O)tHa' OTHOCH:reJlb~a~ KOOMH:. 

11am. raM11JU,TOHHaH_.orttoc1trn'J1hHoro ){B11a:eu11H HMeer· OCI.\HJIJlllTOPHUH BHJt, 

11 ;;ia;ta1.1a AOnyciaeT ro,i11oe perne1111e. ITo,1\'lepKHBaeTc.il ·cJie;tyroll\ee pa3Jlll'me 

Mell,n;y aHHOHHOH ~, pery.JIHpHoii ·• 1<aJ1116pom<aM11: B · nepsoii MexaH111.1ec1<11if 

MOMeHT HM!lYJibCa H KaHOHH'leCKllH ·. Yr".'!OBOii MOMeHT HM8!0T O)tHO 11 TO xe 

.ztpo611oe. 3Hal{e1111e, BO BTOPOH - MeXaHH\f~~KHH MOMeHT ( KOTopuii Ka.:rn6po

BO'IHO 1rnaapHa11TeH) .HMeer ,i\po61me a11a1.1euue. a 1<ano1111iiec1tHii MOMeHT, 

Katt TOMY H cJie,JtyeT 6un. l.leJ?oe aP.ai¾eHHe~ 

Bee COCTOllHHH B ,l(BYX4aCTH'IHOii ::fa;ta4e HBJIHlOTCH "xopoiJl111.i11"; ,. TO't-

1100 3HaHHe cneKTP~ npu .JIJOOOM O 003BOJlHeT BN'tllCJIHTb' CT~T-11CTll48CKY~ 

CYMMY 11 BTopoii a11pHaJ1hHUH 1tosqxp11u.1-1e~T.3aniici1Mocrb nocJ1e,1tHero OT O 

npu O ( 0 ( 2 iaeTCH ®PMYJlOii. 

. a
2

( O) = ¼ [1~2( 1~) 2] :· ( 5) 

( .itJin npocrorn a
2 

onpe,1teJ111eTCR 6e3 pa3MepHoro 1,mo:uneJIH 'J.. 2 ) ; · ara 

33.BHCHMOCT.b )l;OJlll:Ha 6UTb nepHO,l\H'leCKl1 npo,1tOJ:ll:e11a C ·nepHO)tOM 2 H D 

Ile3YJlbTaTe HBJlf!8TCH 11enpepua11oii, HO ue rJia)IKOii: npOl13BO)tHal1 

c!a2(0)/d0 . Tepm!T pa3pirn B TO'IKax ·_l} = 0~:1:2 •••• '• COOTB8TCTBYIOU111, •. 

6o3eBCKOii OTaTHCTl1Ke. 3TO OBH3aHO C TeM. 4TO attepnm HeKOTOPl:lX )\Byx-· 

:JHIIOHHNX COCTOHHllii CO,l\8PliliT . CJiaraeMue .· Bll)ta I 01 • . 

B§ 3.3 o6cyx;taeTCH CTPYKTypa Tpexa11uo1111oro cneKTpa. PaccMaTpii

uaercH c.11e,l{y10111uil aonpoc: Ka1<11e 6o3011m.ie coc~bHHH.R HBJJllJOTCH "xopown:.. 

I.HI" COCTOHHHHMH l,-ro KJ!acca~ T .e. ·Kairne COCTOHHilll C ' E = EB ( THJ!b)\a 

06oa11aqae'r orHoc11Te.11h11oe ,ll;Bmte1111e) npespa11:aernn np11 yaeJ1111tem111 O B 

COCTOHHlle, C E = EB + 3u ? }lo1m3UBaercn. l!TO TalCOBUi.nt 3aBe,.iQMi) HB.Jifl-
• ' - ' - . - N 

!OTOH Bee .COCTO!tHIIH C L = E. H L = E _. 2 ·( E = E - 2 .- 3Hepn1H C. 
DN'leTOM HYJleBl:IX KOJ1e6a1111ri. . L. - MOMeHT), a TaKiite. OTMe'!aeTC.H, 'ITO. - -
CYU.'eCTBYIOT Ta!<lle "xopow11e" COCTOflHHH c L' = . i. - 4 ·, . E -: 6 , ••• • 0 ..•. 
,!laJiee paccMa.Tpl1BaeTC.R BTOpoii KJlacc "xopowHX" COCTOHHHil, AJIH KOTOPl:IX 

E = Ea"".30 ·• C not.101111,10 Teop1111 B03MYllleHliH B6Jlff3H ¢epMHeBCKOH CTaTl1C!l1-

KH noKa31:1BaeTCH,;4TO K8XAOMY "xopoweMy" COCTOHHHI0'1-ro l(Jlacca C E = 
Ea+30 cooTBercrsyer posHo O,J,;HO cocTOHHKe_ 2-ro KJiacca c E = EB-+6-30 .' 

. JIJIR "n.l!OXKX", COCTOHHHH paHee .61:1.Jlli npoBeAeHY 'IHCJleHHNe paqern. a 

TB.K:ire nocrpoem,1 a1taJ11tT1t1teoK11e BOJ11toaue IPYHKI\HH_. HMelllllHe cpas1111re~i.110 ' 

npooTYIO CTPYKTYPY H ,1taio111ne npH no,1tciieTe cpe,Jl;ttero 3Ha<temm oneprm1 
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pe3yJlbTaTbl, 6JIH3KHe K no.ny4eHHUM 4HCJleHHO, Ha OCHOBaHHH 4ero C)leJlaH 

BUBOA, , .4TO . ant ¢,yHKI\IHI · npe)lcTaB.nHtoT _co6oii xopow11e np116.nHxeHHH K 

HCTHHHUM ·soJIHOBUM ,t,yHKI\IIHM · "n.nox11x" cocTOHttliii. · 

B § 3.4 npoaoAHTCH • BhltfHc,iie1111e Kpa-rttvc11::» tlNIJOX.iteHHH "xopowHx" K 

"n.,ox11x~ COCTOHHl1i! •. ECJIH. 0003HatfHTI, g3B 11 g3F .KPaTHOCTH aupo:i:.iteHHH 
, .• · .. - ~ · n ~- n 

n.:.ro ypoBHH B .Tpex4aCTHtfllOM OTIIOCHTeJll>HOM cneKTpe ( HMeIOIJlerq atteprmo · 

n ) • COOTB8TCTB8HHO )tJlH 6o3eBCKOH II ipepMlleBCKOH CTaTHCTHKH,. TO g3B . 
. . . ~ . . . - . . n 

ecn CYMMa tfeTblpeXtfHCe.n. npe)tcTaBJlHIOlllHX co6oii KOJl11tfeCTBa COCTOHHHH,,' 

np11tta)IJiellaU1HK aToi.iy yposttIO, c ttaK.nottoM ( pa3HOCT1>10 E( 1 )-E( 0) ) 3. 
1, . .:_.1, -3 . 0603Hatfl1M aTH tfeTNpe tfHCJla~ COOTBeTCTBeHHO, tfepe3 R+ • 

I • '• ' n • 

r+ ,· r- , R- • flepBOe K nocJte)IHee tfHCJla COOTBeTCTBYIOT "XOpO!llHM" CO-
"· . n. n . .· •.. , . . , ,v 

CTOHHl1HM, OCTaJlbHUe ,'{Ba - "nJIOXl1M". liT0611noJ1YtfHTb.BUpaxeHHH )tJlH R± 
11 r± tfepea n • Heo6XO)tl1MN tfeTN~ ,ypaBHeHl1H )tJl.11 Kax.itoro n • .na; n . . . . . •.•. . . ·. 
ypaBHeHHH BNpaxalOT "3aKOH COXpatteHJ-rn KOJlHtfeCTBa COCTOHHHH" OPH 4'=0 

11 &1 ( BNpaxeHHH )tJlll g;!B }f g~F • pa3yMeeTCH, K3BeCTH~); ell!e ){Ba 

MO.a:Ho_ no.nyt1HT1>, HcnoJib3YH caoiicrsa CHMMeTpHH. "xopow11x" H t1n.nox11x" 

COCTOHHHH. C. noMOll!blO 3THX ypaBHeHHH. onpe)teJU!IOTCll HCKOMble BeJIHtfHHN. · 

BupaaeHHH )tJIH HHX.HMelOT BH)t 

ji± = A±n3 +B:l:n2 +.r±n + 1:,± r:I: = a±n3 + l}:!:n2 +·1±n+ o± (6) 
n ,. · . n n n • n n n. -· · n , n--- • 

r){e A:1: •···• 0:1: -.tfHCJia, 3aa11CHlJlHe or n mod 6. ,n.na acex n .11Meer 
- n "n . · : _.- · ._ -_ .. 

Mecro A! ::: ia:· •tif3 t1ero c.ne.n;yer~ ino s. npe.n;e.n~ .n :.; co KOJ111t1ecreo 

"xopoumx" COCTOHH.HK COCTB.BJlHeT 1/3 . OT no.nttoro KOJlHtfeCTBa. 

B °§ 3~5noKa3UBaercsi, lJTO noJtyl!eHHNe pe3yJ11>TaTN 003BOJIHIOT C){e-: 

Jl8.Tb HeKOTop1,1e·BblBO)IH OTHOCHTeJlbHO noae.n;eHHH rpextfaCTHtf~OH CTaTHCT~

l!eCKOH CYMMU Ii 1:pe-i-1,ero Bllpmi.n1,~oro K03CfqJHqHeHTa. flpHMoe· 'Bhll!HCJieHHe 

BKJia)la B CTaTHCTHtfeCKYIO CYMMY ''XOPOlllHX" c'ocTOHHHH 00,'ITSep:a:)laer yora

HOBJleHH!:lM pattee ¢,aKT ae3ae11c11Mocr11· cooraeTcTBYIOll!ero BKJia.ita' a TpeTHH .. 

a11p11aJI1>HUH Koa~H~11eHT or O ; • TaK .·. l!TO · noee.n;eHHe )VlHHoro i<oa,W,111.(K.:, •. 

eHTa .. n~JIHOCTblO. onpe.n;e.nHeTCH "nJIOXHMH". ·.· OOCTOllHHHMH. CeMHOHHaH. CHMM~-: 

TPHH noc_Jle)IHHX 'BJie4eT 3a . co6o8 ceM,HOHHYIO CHMMeTpHIO ' 1<oaqxp11~H~t1Ta·~ 

. H11KaKHX ,11pyrnx TOl!HUX BUBO)J;OB c.n;e.naTb He y.n;aeTOH · - oriari,:..TaKH, H3"."3a" 
~ - . ', ' ' . . ' . . - - . ~ .. ::.. :_,~ :- ' ··\ 

HeH3BeOTHOCTl1 TOl!HOrO noBe,lleHHH ."n.noXHX" COCTOHHHH. ·: ·. . . .. · ' .. 

-JlaJiee B 8TOM. lie ·naparpaile :aHaJIH3KpyeTCH c.ire;ty1011111ii sonpoo{ CO: 
r JiacHo auwecKa3aHHOMY. a : c11crei.ie ,i,;syx .a HHOHOB, ace· cocroaH~~, .RBJIRIOTC.R. · 

"xopOlllHMH" • TOr,l{a K~K ' ,ll;JIH ipel( ., 8Hl10H()B OTHOCHTe.XLHde' { iro:i111feOTBO~.,-

"xopow11x". COOTOHHl18 ·. COCTaBJIHeT > 1/3 '~ ···• qeMy . paBHO . BTO .K<UKll9CTBO 'npH • .• 
' - < ". ,-. -. - • • ' -' ·- ·,,.:_,_,.._ ;': -'1.···•,.-':"-
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npOl13B0JlbHOM N Hi, B tiaCTHOCTH, Kali: OHO Be)leT oe6n np11 1l .... CD ? 

· flponecTH TOl!HNH atta.n113 ·npw N > ·3 He y;taeTCH .H3;_3a HexeaT1<H 

ypaaHeH11H. 0Ka3UBaeTCH.B03MOXHUM, O)IHaKo, aunoJIHHTl> oqeHKY, octtoBaH-

. HYJO Ha ¢,opMyJte .llJIH eroporo irnp11aJ1bttoro koa(fqJHttHettra. 3ttan. t1e1.1y pa
sew 3TOT K03!MillttHeHT, :Jieri<o BU411CJll1TI, C COOTBeTCTBYJOll!eii TOtfHOCTblO 

nJIOTHOCTb cocroHHHK ,llJIH cwcreMu H attaottoa. C ,llpyroii,cTopottu, a;a 
nJIOTHOCTL aupaxaeTCH tfepe3 !PePMHOHHYIO nJIOTHOCTb Ii BeJIHtfl1HU ah• r,1te 

ak ecT1> orttoc11re.111,11o_e l!Hc.no COCTOHH11ii c. JE(1).:.E(O)L= k. Orttocw:

TeJibHoe l!HCJIO_ "xopow11x" COCTOHHHM ecTI, aQ • r.n;e Q = N(~-1) • npK- · 

paBHHBaH ){Ba BNpaii:emm )(JlH nJIOTHOCTH. COCTOHHHH, :no.nyqaeM ypasHellHSI . 

,IIJIH ah. 113 KOTOPNX c.ne.n;yer, 'l!TO aQ '4/N2 ~ TaKHM o6pa30M, "XOllO-: 

WHe" COCTOHHHH He .ztalOT BKJla;ta R TP.PMO.J;HHaMHtfeCKOM npe)leJie. 

llersepTan r.naea nocBHll!eHa paccMOTpeHHIO_ CTaTHOTHl<K. 3aBHCHlJleii OT 

paccroHHHR, · 11MetoD1eii Mecro ){JIH l!acTHt.\, e3a1111.o)leiicTBY10!IIHX c 1<aJ1116po

Bot1HhlM noJieM, J1arpattx11att KoToporo. noMHMO tf.netta l{eptta-Cai!MOHca, co
,11ep:111r "cTaH)tapTHllii"'lfJleH Herono~or11l!eCKOH npHpo)tN. TaKoii l!JleH MOXeT 

.1m6o npHCYTCTBOSaTI, B Teopm1 il3llalfaJU,HO, Jli!OO 6llTI:, reHe1mposa11 !<al( 

KBaHToaa.11 nonpaai<a. liaCTHttll, o KOTopux H){eT petfb, e onpe~e.,eHHOM 

CMhlCJle atta.norHtfHU paCCMOTpeHHblM BU!lle H){eaJibHUM 8HHOHaM~ '11, BMeore 0 

TeM.);Jlll HHX HMelOT Mecro HeKOTOpble cnel.\H!l!KtfeCKHe l!epru. 

· B '§ 4~ 1 nposo)IHTCH o6lllee paccM6rpeHHe Mo.zteJiH tfacTHI.\, B3aHMO..; 

)teHCTBYJ(llllHX c KaJ1H6poBOl!Hl:lM .. noJteM,. :..nar11amrHaH-KOTO~ ·-E?CTI:, •. 

t = l0 + l1.E!",,..AJJ.,A>.. -.A;,..;" . (7) 

B 3TOH MoAeJIH 3ap.11,1t npoH3BO)tHT, BOOOll!e roaopa. KaK a.ne1<rpw,emcoe • 

TaK H · MarHHTHOe noJie,. nepaoe npHBO,ll;HT K KBa3HKYJ!OHOBCKOMY 3apa,it-

3apH)tOBOMY B3al1MO)teiicTBHIO, KOTOpoe HHKaK lie orpa:s:aeTCH Ha CTaTHCTHKe 

tfaCTHij K B ,D;aJJbHeiiweM He 6y1J,eT npHHHMaTLCH BO BHHMallHe (npH Heo6XO- . 

,ltHMOCTK OHO MOii:er·6UTI, YtfTeHo CTaH,llapTHblM oopa30M). NarHHTHoe no.ie, 

B OTJUtifHe OT· lfKCTO liepH-Caii:.iottcoscKoro .CJ1ytta.11, OT:&HtfHO OT. HYJIH tte 
. . . . . . . ' , . 

. TOJILKO TaM, r1,e OTJIHtfHa OT HYJl.fl nJIOTHOCT!, 3aPi!AS.• )tJUI T04e'fHOro 3a.-.. 

PSI.Jta B Halla.lie KOOp){HHaT C03)tasaeM!di MarHHTHl,lii noro~. l!epe3 Kpyr J)a)tli- · 

yea r 8CTL _~r) = ..:.2XA(r)/e ,_r,i,;e A(r) -·CWHKttHH,'onpe,1te.1HeMaS 
H3 COOTHODieHKH 

A~(r) = _ A(r) 
er (8) 

. PaOOMaTpH&aeroR ~a-.a. 0 ABYX 'fS.OTHqax~,, BMHMO~eiloTBYJ)ll(HX no..: 
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cpe,JtcTBOM yKa3aHHOro KaJ1116poao1rnoro nOJIH. Yr JIOBalt llaCTb. BOJIHOBOH 

WHKl.\lm OT).teJIHeTcH · cTatt.n;apTHl:lM. o6pa30M, H raMHJlbTOHHaH ornoc11TeJ1iHO-: 

ro .n;a111IeH11H ~~ff i~it napl.\HaJlbHOH BOJIH!l HMeeT Bl!A 

. 2·-i2 _ P,.. . [l.+A(r)]
2 

· t - ii: + . m.r• + V(r) ·• ( 9) 

r.n;e 1. - MOMeHT, V(r) - MexaHH'l8CKllH noTeHI.\HaJI B3aHM0).\8HCTBll!l. CTpH 
A( r) = canst ( l!TO HMeeT 11.ecTO npH . to = 0. ) • ;:!TOT raMH~bTOHHaH co
OTBeTCTBYeT H,1teaJ1bHl:lM 8HHOHaM._noaTOMY, ecJIH V(r) B!16paH TaK, 'lTO 
paccTOHHHe 1,:ex}J,y •. paccMaTpHBaeMHMH llaCTHl.\aMH MeHH8TCH B AOCTaTO'-IHO 
Y3KOM ,D;llana30He, B KOTOpOM MOltHO C'-IHTaTb A(r) ·."' A = const , :_TO 4ac..:. 

THl.\11 ne.n;yT ce6H no).to6iio .. A'-8HHOHaM ( tl,!(eaJlbHl:lM 8HHOHaM C ~ = A ) • 

EcJm 1!3Me1mn ,!(Ha.na20H r • To r-3MeHHTCH it A , B CBff3H . c qe1,1 11MeeT 

CMHCJI roBOpHTbO CTaTHCTHKe, 3aBHCHlll8H OTpa~CTOHHMH. 
CTO,it!.!ep1rnsaeTCH cyiqec-rseHHOe OT.nw:rne: l!aCTIII.\ C 3aBHCH!l\8H. OT pac

OTOHHHH CTaTHCT.HKOH OT H)leclJibHl:IX 8HHOHOB •. · .IIJifl nocJle.]\H"X, . KaK yxe 

OTMe4aJIOCb.- 3a)\a1m t,10lieT CHTb Cqx:>pMyJIHPOBaHa KaK 3a)lal!a O. Hea=iaHMO

.n;eficTBYIOiqHX qacTm~ax (xoTH B3aHMO~eficTBHe H f'e>cTaBJIHeT cJ1~.n;11;; B BHAe 

CY!llecTBeHuo · 11.ttorotiacT1111ttoil BO~Hosofi (JlyHK~HH). }lJIH nepsux xe. TaKaH 
qx:,pMy.nHpOBKa H8B03MOlIHa. 3,!\8Cb nee ,BpeMH H.n;eT pellb._O B3aflMO)le»crsy.:.. 

IOlllHX 602011ax (qepMl!OllaX). a xapaK-rep B3a.HM0).\8HCTBHH Ta!<OB; llTO npH 
onpe.n;eJieHHUX.YCJIOBHflX OHO.MOll:8T.6iiTb onHcatto.KaK.aipfeKTHBHOe H3MeHe-
mie cra.wcTHKH:; · · · · · · · · 

B § 4.2 paccMaTpHsaeTCH 3a,l\B.'la o BllllHCJiemrn BTOporo BHPHaJibHOro 

K03¢q)Hl.\HeHTa ra3a llaCTl11\ C . 3aBH(?HllleH OT paCCTOHHHH CTaTHCTllKO». 
C11cTeMa Ta!tl!X qacTHI.\ xapaKTepH3yeTCH pa3JIH'iH!ilMH napaMeTpaMH pa3Mep-

.. HOCTH )tJIHHU: cpe.lJ,HHM paCCTOH~H€:M MelI.itY 11acT11~a1,rn t , '.·xapaKTepHoil 

)(Jll1HOM B3aHMO)J;ElHCTBl1H, .·d .. -~· a. npH KOH8llHOil. T8MTJepaType, KPOMe .. Toro -
TeriJIOBOH • )tJlHHOH BOJIHU. "' : . CTpH ';1.. < t ,np11MeHHMO BHpHaJibHOe pa3JlOlie
ffl,18, H OTKJIOHettHe noae,lleHiln CHCTeMU oT noBe)(eHHH H)teaJ1bHOro ra3a B 

HHll:aiiUieM nopH)tl-m onpe.n;eJIH8TCSI BTOpijM BHpHaJlbHl:lM K03¢q)Hl.\118HTO~- Tol!HO 
Bll'-IHCJIHTh afoi- K08{fl:f!HI.tH8IIT He y~aeTcH; BN~HCJ1e1rne npOBO).\HT~H B rioJty~ 
K.llaCCHl!eCK~M npH6JIHJl:eHHH. YJ1e.,16eKa H EeTa~ B KOTOpOM yrJIOBOe )tBHlieHHe 

KBaHTY€:TCH, - a ., pa)tHaJibHOe )tBlllieHtte : paccMaTpHaaeTCH KJlaCCHtfeOKI!.; 
Pe:iyJihTaTOM : HB.nile'roH · o6ciaH qx:,pMy.ila, ·. KOTopan · B npe.n;eJ1bHUX cJ1yl!aHx 
!A/d ..- O , H ';,ja +- w oao,1t11TcH K qx:,pi.'lyJ1e (5) ){JIH 11.iteaJ1bH~x 'au»ottoB, 

. npul¾eM ri · Ka11ecTne 4' a. 3TH·x ){BYX c.11y1.1ar1~Amrypttpy10T cooTBeTriTaettlio 
{la, it' • ~o = /J.o .• mod. 2 ; TaKHe pe3yJu,TaTH .iierKO o6bHOIIHIO-COHHa OCHOBe 
npocTUx Ka11ecTBe111iux paccylI,JteHHfi. Boo6111e roaoptt; qx:,pMyJJa, ·rioJ1ytie1111irn 

' •• ' ,, ' "' ••• , • < ' ' • • ' ' ..... ' 
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B noJ1YKJ1aoc1111ecKoM np116J111xet11111, cnpaBe)tJIHBa · JIHWb npH ;I. < d • ToT 

¢,'.lKT. 'lTO a npe,Jte.llbHOM cJiyllae ·· "-/d • co • oHa Ta1<:s:e ,11aeT sepHl:lH pe-
3Y .llbTa T. 061>.RCHHeTCH, 048B1!,ltHO, TeM, lfTO B ·aTOM npe)ieJie aqqeKT B3a
llMO)ieilOTBHH, KOTOPHH YllHTHB8.8TCH.paccMaTpHBaeMl:lM npH6JIHlI8HHeM HeTOll

HO, CBO)tHTOH K aq¢eKTY · H3MeHeHHH. cTaTHCTHK,1, KOTopuil Y'-IHTl:lBaeTCH 
' . . , 

TO'-IHO, nOCKOJlbKY TO'-IHO npoBO,ltHTCH Pa3JIOlI8HHe no napl.\HaJibHHM BOJIHaM. 
TaKHM. o6pa30M, qx:>pMyJia npaBHJlbllO.OTpaxaeT KatfeCTBeHHOe noae.n;eHHe a

2 
C H3MeHeHHeM A • . . . 

B § 4.3 npoao.n;HTCS! Ka'ieCTBeHH!lH aml.JIH3 CBOHCTB '!aCTHI.\ C 3aBH
CHlll8H oT paccToHHHH cTaTHCTHxoii npH HH3KHX Te11.nepaTypax. OcttoaHoe 

BHl-!MaHHe y.n;eJ1HeTcit sonpocyo noBe)(eHHH ocHOBHoro cocTOHHHlt. Ha octto
Be npocTOfi Mo.n;eJ1i,ttoii 2an.iottMOcTH ·A(r) onpe.n;eJIHeTcn a11eprHH aToro 

COCTOHHHH B pa.3JIH'¾Hl:IX pelEHMaX H ol5cyx.n;aeTCH, KaKHM o6pa30M npoHCX0-

)11-!T HHTepnoJJHI.tHH Mex.n;y 8THMH pe:a:HMai.m. B qacTHOCTH, noKa3!1BaeTC.R, 
, . •' . ' ~ . ' . . '· . 

qyo.npH onpe.n;eJieHHHX COOTHO!ll8HHHX Me:a:,Jty_napaMeTpaMH B03MO:a:Ha CHrya-
1.\H.fl, B KOTopoit AaBJJeHife yMeHb!llaeTcH npH yMeHbWeHHH nJJoiqa){H.· CooTBeT~ 

CTBYIOutHe. cocTOHHHff HBJIHIOTCH Heyc-rofiqllBl:lMH: H AHana30H TaKHX cocTo~
HHH HHTepnpeTHpyeTcH KaK o6JiacTi. (pa30BOro. nepexo,!(a. nO).t06Horo itpo;-
llCXO,!\HuteMy B ra3e,eatt-)tep-BaaJ11,ca. , 

B § 4.4 paccMaTpHBaeTCH llaCTHHH. CJJyllail qacTl!l.\', nO){llHHHIOlllHXCH 
3aBl!CHiqefi • OT pacOTORHHH CTal"HCTHKe ::_ ldaKCBeJIJl:._l!epH-CaHMOHCOBCKH,. 

3HHOHOB •. flpH~O){HTCSI H!lHOe BilpaxeHHe )tJISI 4iYHKI.\Hl1 A(r) H oocy:a:,l(aerca 

noBe,!(eHHe TaKHX tiaCTHI.\ ripH pa3JJffllHHic OOOTHOll!eHHHX napaMeTpoB. 061ljH8 

BblBOJJ:bl OOTalOTC.11 cnpaBe)IJIHBHMH AJJ.R STOro CJIY48..R; KPOMe roro, npoCJle-. 

:a:11saeTC.R·~PMa·noTeHI.\HaJ1a·B3aHMOA8HCTBHH B p8.3JIHtiHUX ·pe:a:H~X- .11aeTOH 
lfHCJl8HHaH Ol.\8HKa 3Hatf8HHH napaMeTpDB; npH KOTOpblX -~03MO:a:eH. Batt-.n:eP:.. 
BaaJ11,coac1<11ii•jpa.3os1i1ii nepexo,a;. · 

- ·B ~KJl!OlleHHH~PMY~HPYIOTO.R OCHOBHUe P83YJlbTaTU pa6o~-
.. ·. 1. • Bnepaiie, nocJJe.i{osaTeJILHO. paccMOTpeHa. sa,a:aqa MHor11x SHHOHOB B 

. SHHOHHOH 1<a.il116poske~ B. KOTOpoii. BOJIHOBa.R 4iYHKI.\HH HeO){H03HallHa; H HaH

){eH o6ntHii BH){.Ta~oil qiyHKI.\HH, Y.JtOBJieTBopa101qeii SHHOHHblM nepecrattoeoq.;. 
H!,IM ycJIOBHHM. npeH~Ylll8Cl"BO TaKoro MeTo;,;a.pacCMOTpeHHH COCTOHT B TOM/ 

. l!TO OH He Tpe6yeT ynponteHl!H .. 11a KOTOIJ!,llC OCHOBaHH HM810lltH8CH paCCMCr 
TpeHHH 3a,l(al!H if peryJiffPHOH KaJ1H6poa1<e, HO KOTOpble B03HHKaJOT .JIHWl, B 

• llaCTHOM CJlyqae.':, . : . . 

· · : 2 •. B.; paMKax: pa3pa6oTaHt1oro Mero~a no.llyll~Hu · roqifue · pemeHHH · 3a){a...: 

'IHM~or11x SHHOHOB; aHeprHHOOOTBeTCTBYJOntHX cocT~.RHHH ~HHeiiao 3aBHCHT 
OT CTaTHCTH'¾8CKoro napaMeTpa. BnepBH8 nol<a38.t!O, 'ITO OTHOCHTeJlbH~ 
KOJIHtfeCTBO TaKHX COCTOHHl!K y61,1saeT c l)OCTOM lfHOJla qacTHq He Me,B;JleH~ , 

" ·'' ' ~ .,, 

. ' 
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Hee, '!eM o6pa,:~o nponopLt110HaJ11,Ho 1rna.n,paTy aTOro '!11cJ1a. 
. 3. B 3al(a'le Tpex 3HHOHOB anepaue noJty'!eHu TO'lHUe aupa:a:eHmI )tJtn 

KpaTHOCTeii. eupox_iieHl!n. SHV.OHHoro. ci'1e1npa. noKa3aHO, '!TO COCTOHHl!ii. C 
.• umeiiHoii 3aB11CV.MOCTb!O aHepr1rn OT OTaTl1CTll'-leOKOrO napaMeTpa . B,I\BOe 

Mellbllle, '!eM COCTOHHHii C HeJ11rneiiHOii 3aBIIOl!MOCTblO ' ( He Haii,1\eHHUX 
'TOllHO) .~ 

· 4. Pa3B11TO noHHTHe O O_TaTl!CTHKe, 3aBHOHll!eii OT pacoTOHHHH. 01)()7 

aHaJIH3Hposatt npe,1\0TaBJIHlOll!llii HH:repeo O TO'!KH 3_peHHR B03MOll:HOro ocy~ 
. DleCTBJJemrn . B peaJJhHllX 4)1!3H'!eCKllX CHCTeMaX l!aCTHHii OJIY'laii B03HHKHOBe-:

HHR TaKoii OTaTl10THKI! -CJ1yllaii'l&aKCBeJ1J1-llep11-CaiiMOHCOBOKHX SHIIOHOB •. 
. 5 •. Bnepa!:le noJiyqeHa !loPMYJia · ,1tJ1H · BTOporo. BHpHaJ11,11oro Koa4q,HLtH- .· 

. eHTa ra3a lfaCTHt(. nO)\'lllHR!Oll!llXO.R 3aBHCRll!eii OT paocTO.IIHHft CTaTHOTHKe. 
H noita3aHo. 'ITO npH npe)\eJlbHllX COOTHOW8HHH·x TeOJIOBOii ,1\JIHHbl BOJIHbl Ii 

• /\.IHHU B3a111,,o,1teifoTBHH 011a: CBO,!\HTC.R K !loPMYJte ,rtJIH H)teaJtbHUX . a1111011oa o 
pa3JIH'lH!:lMH 3Hal!eHH.RMH CTaTl!CTl!'!eo1mro. napaMeTpa. B 38.BHCHMOCTII ~T. 
Toro. KOTOpan 1!3 )tJIH'H 6oJILWe •. Kpo_Me Toro. Ka'leOTBeHHO npoaHaJIH31!pO
aaHO HH!:IKOTeMnepaTypHoenoee,1te1111e·TaKHX 'laCTl!Lt II noKa3aHO, liTO B03-
MOXHa. CllTyatV!.11, no,1to6HaR 4)a30BOMY nepeXOAY B ra3e BaH-,1tep-BaaJ11,ca. 
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