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I. BBe.ueHMe 

i!?oPMruIbllO Hel1pollHAA ceTb GTO MHOlKeCTBO CBfl3aHHI:lX MOJKJJ:Y codoM 

CJ.1HaTICaMIi HOtipoHoB, HaXO)l;f!llU{XCJl B O,UHOM H3 llBYX B03MOJKHI:lX 

COCTOHHHM. KOTopoe HMeeT TaKYlO ,ll)!HaMHKY, 'ITO 3arrOMHHaeMliO OCipa3bl 

HBJIB:R1TCB: ,n;Jl-'! Hee YCTOti."lHBbIMl'! aTTpaKTOpaMH. Q,nHoti >I3 rJIaBHI:lX npodJioM 

TeOp>!:>I Hell'poHHbIX COTeM flBJlJl:eTCB: H3Y'IeHHe B03MOJKHbIX crrocoCiOB 3ano

MlJ:HaHM HMH HHlpopMamm H onHcaHHe MexaHH3Ma, ROTOPbltl n03BOJIB:eT RaR 

HaxO,ll)!Tb (BcnOMIJ:HaTb), TaR.Ii 3aCi~aTb XpallHmYlOCJl B HHX HHWoPMaliHRJ. 

OCibl'IHO B Ra'IeCTBe BrrOJIHe peruIbHoro rrpHCiJIHlKeHHB: paCCiaTPHBalOT 

ccTO 113 N IIOJIHOCTblO CBH3aHHUX HeMpOHOB. ComaCHO paCiOTc II HeH

POH MOlKOT HaxO,lU1TbCfI TOJIbKO B O;n:HOM H3 llBYX cocToflHHti. (B030YJK..T(OHHOM 

H HOBo30YlK.ueHHoM) H, CJle.uOBaTruIbHO, MOlKeT CitlTb acCommpoBaH C H3HH

roBCKHM crrHHOM S (i.) , -/.::' i", N ,rrpH'IeM S = +1 cooTBeTcTByoT 

B030Y~OHHlO, a S =-I COOTBOTCTBYOT nOROlO. Ha STOM H3blRO oCipa3 

CCTb HeKOTopafl ROH~HrypalmB: H3HHrOBCKHX cnHHOB. 

OCi[llorrpHHB:TO C'I>ITaTb 12-71, 'ITO BCO cymecTBeHHl:lO ocoCieHHOCTH 

BPOMOHHoro nOBo,UeH>Ifl COTH orr>IC~alOTCfl .uHHaMHROti MOHTe - RaPRo, 

KOTOPAA onpeneJIHOTCH raMHJlbTOHMaHOM 

N 

H = _..i. ~ J .. S(i.) 5 (i.) (1. I)
N 2. L. 1.J- .,. 

VfJ 
;)TO 03Ha'!aeT, 'lTO ,ll)!HaMHRa COTH CBO,ll)!TCH K "nBHlKeHHlO BHl13 C XOJIMOB 

JI8Hllia<pTa", COOTBCTCTBYlOIlloro (cBOCio.lllwti.) 3Heprl1l1 MB: HN ' a aCHMlT

TOTH'IeCRaH YCTOl1qHBOCTb rrpe.ueJIa orrpeneJIHeTCH B PaMKax paBHoBocHol1 

cTaTHCTH'IeCRoi1 M8XaHHHM, 3anaBaoMoH (I. I). lllilKO RPHTH'IOCKoi1 TeM

nopaTypll Tc ;)prO,ll)!'lHOCTb B CHCTeMO (1. 1) HapYlliaeTcH H XpaHHmHecH 

oCipasbl COOTBOTCTBYlOT npl1THrHBaromHM MHOlKeCTBaM (paBHoBecHble COCTOH

HM MH ;)pro,UH'leCRHe KOMlIOHeHTl:l) B q,a30BoM npocTpaHcTBe H3HHI'OBCKO

ro CIIHHOBoro cTeMi' ROTOP08 MlI paccMoTpHM ImlK8. 

CnenyJl XeoCiy 8~ 6Y,UOM C'IHTaTb, 'ITO n8MHTb cocpenOTO'IeHa B 

Cl'lHarrcax,MH TO'lHOO ,-B pacrrpenOJIOHHH BeJIH'lHH 3JlORTpH'leCKHX IIOTOH

UHruIOB CHHanCOR, ROTopble onpe.ueJlJllOT SHa'lOHM KOHCTaHT OOMeHHoro 

BsaHMo,UetlcTRHH B raMMbTOHHaHe ~3HHra (1.1). ilPH cooTBeTcTBYlOIlleM 

Bl:lOOpe BsaHMonel!:cTBHI1 ceTo paCioTaeT KaK He'fYBcTBHTeJlbHM K OTKa3aM 

aCCOlwaTHBHM rraMHTb, CM., HanpHMep,12-6/. nOnOJIHHTe~bHue oopasu MOlK

HO sanoMHHTh, eCJlH cooTBeTcTBYromHM OCipa30M MO)1;HcpHUlIpoBaTb Ji.j- • 
~ OOJIer'I8HRH MO,UeJIHpoBaHHH oCi~o rrpe~OJIaraDT. ~TO oCipa3bl 


{I;. ..",: -I ~i.~N}", Mfl 1 ~ "'.s 'i JlBJlJllOTCJl "MY'I8AHl:lMH". 3'ro 03H8'IaOT, 
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qTO eL~ = ± I HBnHIDTCH Hea8BHCRMHMH, o~aKOBO pacrrpe~aneHHHMH 
cnyqafufHMH BanH~HaMH. KOToplle npKHHMaDT aHaqeHRa ± I C paBHol Be

pOHTHOCTh~, 8 a~HHtt oopaa RBnHeTCH HeKOTOpO~ peanHa8umei ~TO~ KO

He~HO~ rrO~e~OBaTanhHOCTH. 

,crronhayeMaH ~ OITHCaHRff accoumaTKBHO! rraMHTH MO~enh Xorr~

~a /2 cooTBeTcTByeT ~e~~eMY BllOOPY oOMeHHore BaaEMo~elcTBKH: 
4 

J;: = 1. 2. Ci.c( C;Jota N "'.-1 (1.2) 
B He~aBHea paooTe /9/ AMHT, I'y'l'(j)peH,I{ H COMIIOJIl.mCRK~ HaytIan:l'l STY 

ceTh B6JIRaR HaCHllleHKH, T. e. Kor~a 'I- = 0{ N R ol> 0 . C rrOMOII\I>IO 

~OBQnbHO RaoopeTaTe~hHore aHanHaa B paMKaX TeopiH cpe~ero rronH ORR 

rrOKaaanR. qTO rrpH.Hy~eBO! TeMIIepaType ( T =0) CHCTeMB cnocoOHa ~~ 

~KT:I'lBHO BOCCTaHaBnRBaTI> RH<PoPMal.1;lIIO, eMR ol < aCe'" 0,I4. O~aKO 
rrpR Kon:l'lqeCTBO BOCCTaHaBnHBaeMLlX OOpaaOB (Crul'lltOM) COKpaa( = "'e 
lI\aeTCH, H rrpH 0{ > OCc sqqieKT:I'lBHOe BOCCTaHOBneHHe }<IHrpopMaDHH He

BoaMOXHO. Gne~OBaTe~hHO, CHCTeMa Be~eT CeOH TaRKM OOpaaOM, KeK e~:I'l 

OIl npH 0(. =ole. rrpoRCXO,n;wr giaaOBlrlt rrepexo~ nepBOre po~a, no~e KOTO

pore BCH HH<PoPMaI:(Wi oonee M:I'l MeHee aaoHBaeTcH. C TOqRK apeHHH 1Pn
aHo~ornH TarulH MO~e~h He BHYllJaeT ~OBepRa. II03TOMY rrpe.n;n:aranHCh H 

wyrne CX8MH paOOTll rraMHTH (KaK B pelKHMe aanOMHHaHHH, TaIt If B pelKH

Me BOCrrOMHHaHRff), HO ~O CIDe rrop, IDe CTaTYC OC'l'aeTCHHe OqeHI> Y.D:OBneT

BOpHTe~I>HHM. HarrpRMep, IIapH3lf 7ro/ npe;l\Jlo~ MO.D:enI> rraMHTH, "KOTOpaH 

aaOHBaeT", o~aKO IIaMBTb, pa60TaDIIM 110 aToA. cxeMS t aa6!1Ba.9T Bce, aa 

RCRmDqeHReM CaMHX nocxe~ 06paaOB. 

B HaCTOmnel paOOTe CO.D:eplKaTCH Me~l\llUiIe peay~hTaTll. Bo-rrepBllX, 

rrpe;l\JlO~eH oo~ee ITpqCTO! H HCHlrlt llYTI>, rrosB~1 rronyqHTI> OCHOBHlle 

pesy~I>TaTll paooTlI /9/, cne~Hoe BImMSHlle y~e~eHo aHanHay MaTeMa

TRqeCKoro c'1'aTyca HcrronI>syeMoro rpopMa.1lll:aMa. BO-BTOPllX, rrpe,MO~eHO 

OOOOll\eHHe Mo~e~ Xorr~~a,TaItOe, qTO ~~o XpaHHII\RXCH oopasoB B CHC-

TeMe paSMepa N TaKlKe MOlleT OlITb paBHO N (~yqa~ rrO~Horo Ha-

CllIlIIeHHH), rrp:lPleM Ka.IUUrll: 06pas l'IMeeT Bec ey • E~H BSBenmBaH:I'le 

oopaaOB COOTBeTCTByeT BpeMeHH6M,Y rro~KY :HX lIOCTYMeHltH B rraMHTI> 

H tv""'" 0 rrpH V -- 00 , q'f0 B STOM 'cnyqae eC'l'eC'l'BeHHO, TO rrpH COOT

BeTC'l'BYlOll\eM BlIoope BeCOB CHCTeMa aarrOMRHaeT 3KCTeHC:I'lBHO 6on:omoe 'mC

~O oopaaOB, o~aKO C POCTOM V me tieTlI:OCTb rrOCTerreHHO YMeHI>maeT-

CH. 

B paa~e~e 2 ~aHO oumcaHHe Mo~anH H rrpoBe~eH ee aHanHa B paMKaX 

Teopaa cp~ero llOXR. B CX~eM pa3~axe MeTO.D: cBMMeTp~ol 
pe~ll KCll0Xb30BaH ~ ~Q4eHHB CB06o.D:Hoi 8Repraa. COO'1'

BeTcTBYlOll\aH sTol Mo~e~ eMKOCTh llaMRTH rrpR T = 0 Ha~eHa B paa

~ene 4. Oocy~eHHIO rr~qeHHllX peay~hTaToB rroc~eH aaKnIO~TenhHHH 

paa.D:6x. 

2 

2. MO,n;8~h XOllifM.7I,D;a lliJIH B3Belll8HHWC oopa30B 

MH: OY~8M paccMaTpKBaTI> raMWlhTOHHaH (I. I), B KOTOPOM KOHCTaHTbI 

oOMeHHoro BsaKMo~e.McTBI!H HMelOT BH,n; 
N 

J.:~ = ~ cl'L ~i.11. !;~h. (2.1) 
t\:='" (J 

K~~ oopas !!MeeT Bec e~ 3TH Beca rrpOH3BO~I>HbI, aa KCKrrroqeHWeM 06

mera TpeOOBaHRH: O:!S Ch. ~ -1 • CrreUHanI>HblM BHOOP BeCOB, COOTBeTCTBYIO

I.ll,.VI~ Mo,n;eJIW Xorr~~a, Me~roIl\RM: 1'51\,= I.n;JIfl -i~I1.~~N K O.n;JIH 

11.>c(N • 
TaK *e, KaK K B paooTe /9/, MbI BHaq~e KCrrOJII>ayeM MeTon penHKKH 

K orrpene~KM YCTO~qJ!BOCTI> HeKOTopore KOHe~oro qK~a OOpaSOB, KOTopble 

Mbl oooaHaqJ!M V ,HHTerpl'lpYH rro OCTaBllIHMM, KOToplle MH OOOaHaq!!M 

~ • nnfl 3TOH VI ,n;PYrRX ueJIeM y~OOHO BBeCTH B raMRJII>TOHHaH BHeillHee 

rrOJIe, KOTopoe BH,Ue~eT V - OOpa3b1: 
N 

Hext == - I -h.., ~ .!;Lv 5 (l) (2 2) 
~ ~.-1 . 

B paMKax MeTOna peMRKH HaqKH8lOT OOblqHO c B~MeHHH qwHK

mm: 

~N(rl.) = ~ In. <Z;) (2.3) 

,Mfl rrO~OlKHTe~I>HllX ueJIliX It. ,aaTeM rrepeXO,ll;JIT K TepMO~HaMRqeCKoMY 

rrpe,n;e~y N ....... 00 , KOTOPblit paBeH </> (h.) , H, HaKOHeu, CTPOflT rrpo~on
~eHHe !PYHKUHH <p (11..) (OOblqHO,MH CRMMeTpHQHoit peMHKH) B OKpecT-

HOCTI> It. = O. Tor~a rrpOl'laBO~aR 1>'(0) HaM -f-'j.(p.), r~e 
j (f» - MOTHOCTh CBOOO~o.i!. aHeprnR .n;JIfl oopaTHoH TeMIIepaTyplI fo 

a ZN= Tt"e)(p(-j1>HH) CTaTHcTHqeCKM CYMMa rro BceM l'laHHrOBCKHM 

KOH!pHrypaUHHM. Yr~oBble CKOOK:\'! B (2.3) 060aHaqa~T ycpe~eHVle rro Bce-

BOSMO~HM oopaaaM {~LI1.1 . IIocKonI>I\Y MbI BHaqane HHTerpHpyeM 110 

)'t -06paS8M, TO BM8CTO <ZNrl.> COCP8~OTOql'lMM Ha B~HCJIeHRR 

(2.4)<E'Xpi~ L eM. (2: 
N 

~i.M 5..(i.») 
2-

- 4- fortI er-1> . 
r-,J' I ~"1 , - .) r 

3~ecI> p : ..j" p ~ n.. HyMepyeT n.. peMHK • .ltanee, BnHOTI> ,n;o 

q:opMY~b1 (3.5), MHoyneM BCIUlY orrYCKaTI> 'iJI8H E- iJHl2. E ). C rrOMOIIU>Ilr 
COOTHOllleHHH + OCI ~ 

e:x:p(i"a?-)= J ,~ ex?(-~~2+fiQ:t) (2.5) 
_ 0<> '42'.i' 
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Mil JIHHCapH3YCM KBa.npaT B 3KcnOHeHTe (2.4): 

.f N 

<Jrrdm~fe:x:pL.i"\ 111.2 +"\ m [~E~)Y2'i)~. S (i..)]t> 
(2.6)oViii' l 2L J'IS' L 1'-P 'eN ?-, ~j-l i' J.,r 'J .~ .1".1' /",p ~=, 

H npe06pa3yeM cpe,nHee no f !;'t,.. J K BH.llY : 
.f 11. 

)IT dmftexp[-iLm;p+?en.(c~[e~~"Y~Im~J'Sj'G)J)} . 
(2.7)

j<,PVZ"Jr • r,p ~,,.... J'" 1 

ECJIH rrpennOJIOlllliT:&, "tfTO tUleH B tPHrYPHIIX CK06KaX B (2.7)"Ma1I"11 saMe-

HHT:& itt cia.. X .IJ;JIJI Ma1I1lX X Ha ~ x 2. ,TO nO.JlY"tfHM 

}IT elm,., exp{-fIm;p+ L ~~tnr.rmJ-l6sii.)S,'L) , 
(2.8)r.j>"2.51:' j<,j' i..,~ 

r.I\e -1 ~'p,G ~ 11. ..lJ,n:51 Ka"lQJ,oro 

j',S 

tPHKCHpoBaHHoro JA- MHTerpMpOBa-

HHe no rtt,..J' MOlKeT 6NT:& BIlllOJIHeHO TO"tf110, H Mb[ lTOJIY"tfaeM 

-";2.
det(Qr) (2.9) 

r,n8 Q,.. - CHMMeTpH"tfHaH 11..>< 11.. M8TPMU8, ::JJIeM8HTH ROTOPOH HM8IDT 

BH.n 
N 


(Qr-)j6= ~j'6-per ~ r Sj>(t.) Sc:,Ci,) , 
 (2.
~"'1 

3.I\eCb Off, CHMBOJI KpoHeKKep8. T8.1iliM 06P8S0M, BHpaJK8HHe (2. npM-

HHMaeT BM.I\ 

n d.el:- (Qr)~= exp{-~I T'L (-en. QJA)} . (2. II)r- r-
C.I\8JIaeM Terrep:& CJI8.llYKIllee oTcTYIIJIeHHe /12/. )J.n:H TOI'O "tfTO()N (2.9) 

HMeJIO CMHOJI, M8TPHU8 Q.t'- ;UOJIlKH8 6NT:& nOJIOlKMTeJI:&HO orrpe.I\eJIeHHOH, 

T. e. ee ;n;HaroHa1I:&HHe 3JIeMeHTH ,lJ;OJIlKHH 6NTb nOJIOlllliTeJI:&HNMH. O.I\H8KO 

(Q1")n= -1-j>€JL oTpHU8TeJIbHO MR ,nOCTaTO"tfHO ()OJIbIl.lHX fo . IIPHtmHY 

aToro JIerKO YCMoTpeT:&, eOJIH BepHYTbcH K nepexo.ny OT (2.7) K (2.8). 

B TO BpeMH, KaK BHpaJKeHHe (2.7) XOPOlllO onpe;ueJIeHO .IJ;JIH Bcex j> (noc-

KOJIbKY il1.ch-:x: ,...Ixl rrpH I~I-"'"oo ) • BHpaJKeHHe (2.8) T8KOBNM He HB

JI.R.eTC51. IIOJIOllteHHe BNrJIJI.I\HT 683B1lX0,nHNM, T8H K8K MH ;ueitcTBHTeJI:&HO HYlK

.I\8eMCH B Kl!a.npaTll:"tfHoit 8rrrrpoKCHMaD;lm .f.h.C it. OC B npoTHBHOM OJIy"tfae 

HeB03MOXHH 8HanKTH'leCKl'Ie BN'1:I'IOJIeHRR. HHlIte MH nOKaJKeM,0,nH8KO, "tfTO 

1I0000UTeJI:&HM onpe;ueJIeHIIOCT:& BOCCT8H8BJIHB8eTCH B rrpe;UeJIe n -- 0 
SaBHCHmee OT CIII'IHOBNX lTepeMeHHUX BNpaJKeHHe (2.Il) rrpe.nCTaBJIJIeT 

c060it .!!!:.Yl:!!h KOTopae BHOCHT .JL -o6pa3N. BKJIa.n 3THX lllYMOB Heodxo.I\HMO 

4

y"tfeCT:& B raMHJIhTOHHaHe MR Y - 06pa30B. C TO"tfHOCT:&ID .I\O OroBOPOK, 

C.I\CJIaHHIlX Bl:lllle. 3TO MOlKHO C.I\eJIaT:& cTporo • Vis CooTHollleHHil (2.3) H 

(2.11) nOJIY"tf8eM N 

CPN(I1.) -= ~n.. <T'Ls e:x:p [N l4p ~ (~ ~ E;i.» Sp<i.)y\
N ~ ~f ~~ 

+PL .ft.1J( ~ f ~'\lSp(~~-~~ I Trz. (!11. Qr)}]) (2.12) 

Ii,j' i.=~ r 
ilepBNH OJIe;u JIBJIHeTCH no BceM 2.nN HSHHI'OBCKHM CTIHHOBNM ROH

WlU'y'patUIRM n. perurnR. Onpe.I\eJIHM .I\Ba THlTa n8paMeTpoB lTOpMKa:
N 

tYL\ljl ~ Z!;ly Sp(i.) , -1 ~.P ~ n.. ;
"ii (2.13) 

Q _..i '" s (~) S (L) , -1 ~P< G' ~ t1.
-"fG - N I- f 6 

~=~ 

TOr.I\8 BNpaJKeHHe B tPHrYPHIIX CRodKaX B (2.12) MO)KHO rrpe,nCT8BHTh B BH

,ne F (~,9-) =pI C4£»m!j+hy rnllj)- ~~ITrz.fhQj-l(:!.)' ( ) 
- »,P f< 2. I4 

OTKy,n8 0JI8.llYeT, "tfTO 60JIee y;u06HNMH nepeMeHHNMH HBJIHIDTC51 He cnHHN 

Si i.) , -1 ~ ~ ~ N H 11!i.? ~ n., a HOBHe rre peMeHHHe m.vp H Ii'pG • 'fTO

6N C.I\eJI8T:& 3TOT rrepeXO;U,H8M He06xo.n;HMo 3H8T:& COOTBeTCTBYKlIlHtl "JIKo61'I8H" 

g()N(t;!!-,~P • K8K nOR838HO B p860Tax /13-15/, B npe.neJIe N--oo T8

Roe rrpe06pa30B8HHe nepeMeHHNX B03MOXHO, rrpH"tfeM C BepoRTHOCTbID e.nKHRU8 

(no OTHOllleHHlO K 8rrpHopHoit BepoHTHOCTHO~ Mepe) l'IMeeM 

'f,()N(~''l-) = exp {-N C*(~''l-)} (2.I5) 

r;ue - 
C*(~,9J su.p tt!J.·~+'i.·'j -C(~J1J-H (2.16) 

- :x!"'it ,....., --- """" 
HBJIHeTCH npe06pa30BaHHeM JI~.JK8rmpa /16/ (CTPOro) BWIYKJIOit tPYHRD;lm 

C(~,,,*)=<ln.. T'l.e:cp(I.'XYp~ySp + 2.. ~.f6S1~tj> . (2.I7) 
..... ",1' (1'._) 

BTopoe CYMMl'IpOB8HHe B (2.17) oCYIIX8C'l'RlIHeTCH TOJI:&KO rro rr8paM (r,6). 
CJre.n OTHOCI'ITCR K l1.. H3IDlroBCKBM CIIl'lHaM Sf" -1 .:!.i f ~ It • 8 B yc

pe.I\Hemm, 0603Ha1J:eHHOM yrJIOBI:lMl1! CR06K8Mi1, K8ll,W!IK rrepeMeHHalI i;)I 
BCTpe'l8eTC51 TOJIllKO O.l!IDl pa3, rrpwqeM l'lX 'DIMO ROHe"tfHO. KpoMe Toro, yze 

B ~PMYJIHpoBRe (2.15) HeJIBHO co,nepzHTCR YTBe~eHHe 0 TOM /15/, "tfTO 

npH N ....... 00 npaBalI 'l8CT:& (2. I5) He 38BI'ICI'IT OT c.ny'IaltHoit KOHqilfrypaD;lm 
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fA- - oClpaSOB. TIo aTO~ nplOl'lliH9 yrJIOBli9 CKOClKH. B Bblpallt8l1l1R (2.12) MOlt

HO OrryOTHTbI). 


EOJIH 060SHatmTb napy rrepeMeHHliX (!!},q.) 'lepes f4- TO H3
I 

(2. I2) - (2. I7) TIOJIY'laeM Bllp21KeIme - ,.., 

1>(rt)=~_m.... ~&J d.t exp{N[F(t)-C*(J;9]} , (2.18) 

KO'1'opoe 0 1l0MOlUbro CTaH.I\apTHliX aprYMeHToB (JIaITJIaca) MOl!\HO llpe,UCTa

BH'J,'b B BJiI,lle 


<p(rt) = s~p 1F(t)-C*~)} . (2.I9) 

J(OOTaTOqHO MaJIliX ~ STO Bllp21KeHJile RBnKeTOH TO'iHHM, O,UHaKO 

OHO CTaHOBJilTCH cOBepmeHHo (poPMaJIbHm1, eOJIH fo ~~ eft > 1. 
EOJIJiI MIl, HeOMOTpH Ha STO, llpOll,~M BIlKJIa,UKH, TO rro~y~ (OM. npH

JIOl!l:eHHe), 'ITO 

<f> (It) = In~X fF (t)-1:'VFCt9+ C (VF(,t»)j , 
(2.20) 

r,lle ~ y,UOBJIeTBOpHeT ypaBHeHHIO OaMooorJIaOOBaHJilH ,lJ)IH He

TIO.llBiiHo~ TO'iKH) BH,Ua 

y. = vc(Vf'(/.I.») • (2.2I)"" -
COOTHOmeIme (2.20) KMeeT TO::!l.e CMIlOJI, 'iTO H (2.I9). 


MaTpH'J:Hlle s.n:eMeHTIl (Q,.Cj.»fG' .lJ,7IJI ,P<6 KMelOT B:I'I,U 


(Qr)pt.; = bf6 (1-j!otr )-,f>E]'l9-p E. = (~)69 . (2.22) 

MOllOJIbSYH COOTHOmeHJile 

~ T't -etL Q = 2 (Q-')'pG , (2.23) 
() Q,rc 

JIerKO llpOBepHTb, 'iTO 

I)TaKM BOSMOl!\HOOTb He RBnKeTCH OJIe~OTBHeM OBoAoTB8 CaMoyope.n;Henn/ 
nJIOTHOOTH OBOOO.n;HO~ 3HeprRH, RaK 3TO yTBe~arrB aBTOPIl pa60TIl 9. 
3aMeTHM. ~TO yope,UHeHHe Heooxo~ llpoBeoTH llO~ 3HaKOM JIOrapH(pMa. 
OTMeTHM T8Kl1te, 'iTO llapaMeTpll llOPHJJ;Ka 'tiff , BBell,eHHlle 3THMliI aBTO
PaMH, He HMeDT ~SHqeCKOrO OMllcna, oes HKX MOEHO OOO~THOb. 

6 

f> (E." In.)! +~,,») 
~iF<t) =( .1. L e. ( -1) , ~=(~)~). 

(2.24)Nrf>r- Qrf6 

Terrepb MIl MO::ll.eM llPO,llOJllKJilTb (PyHKUHIO (2.20) Ha n.. 0, rrpell,IIOJIarM, 

'iTO peITJIHKa ClfMMeTpH'lHa. 

3. CH~RAeTpH'lHan peITJIHKa" 

3'1'0 OSHa'iaeT, 'ITO peI1.1IHKH paBHhI: m ...p = In" H 'l-,P<il q, (p:;:6). 
T!:u\Oe Tpe60BaHJile COBMeCTJIlMO 0 ypaBHeHJIleM (2,2I) ,lJ)IH HerrO.llB~o:l:i TO'i

KH. ,UaJIee, rrpe,UoTaBHM MaTpJlll1Y Qj-t(cP B B:\il,lle 

Q (9,) (1-.JH pErq.) 1-pE..... q.n..I.~ 1><~1Ie a. (n)-l1..b (n.)p,:r v n - 'V n ~ (3. I)J 

rJ(e 11. e~HH'iHaH MaTpHlJ,a, 1 - e.mnUI'iHIl$l BeKTop (1, .... 1) E. lRrt. , 
P 2 '" a - rrpoeKUHoHHrill OllepaTOp. ITOOKOJIbK,Y OOpaTHYro MaTpJilIJy MOl!tHO 

rrpell,OTaBJilTb B BH,Ue Q-\" C - d·P ,TO ee MI'lTpH'lHhIe 3JIeMeH'r1l JIerKO 

Hai!TH,H 

(Q--l)p6 = - ~(11..) [ 0.(11.) (n. g(11.)- a. (n))r-i (3.2) 

CJIe,llOBaTeJIbHO, 

.i '\ P-.E. (Q-") == e.2.q,'t.(tL) (3.3)N ~ r tl JL f6.J ) 

rll,e '"t(n.) TaKOBO, 'ITO HBHO He 3aBHO~T OT Jb Torll,a H3 (2.24) 

rrOJIyqaeM 

f' (E" In)) +- -It») 
(3.4)

'OJ 'F (r-) = 
~ ( f"7. 'It '"t (n) 

)1cnOJIb3YH (3.1), MOlKHO Herrocpe,UcTBeHHo yoe.)lETbCH. 'ITO HeBllp0lK,ll;eHHUe 
o060TBeHHIle 3Ha'ieHIDl MaTpHUhl Q~('I-) paBHIl 1-/:>&,.(1-1) +"f.r~l1.., 
a (.1'1.--1) KpaTHO BllpolK,ll;eHHlle - paBHU 1-jH:',. (4-<P • B rrpe,UeJIe 
rt_ 0 OOTaeTCll TOJIbKO BeJIH'llfHa 1-ft>€.t'0-q,,) , KOTOPrur ,lloJIlltHa OUTb 

rrOJIO::II.HTeJIbHa, CM. (3.7) HIDKe. B OJIe.nylOOleM pas,UeJIe ~ y6e,llJilMOH, 'iTO 
STOT rrpe~eJI ,Uei!oTBHTeJIbHO nono~eJIeH, OM. TaKEe /9 . 

C 1l0MO~1O (2.17), (2.20) H (3.I)-(3.4), a KpoMe Toro,,Uo6aBnJiJi 
KOHcTaHTY, KOTOPYIO MIl OrryOKaJIH, HaqHHM C (POPMYJIIl (2.4), rro.rryqaeM 
<p (/'l)= - ~f>M.(~L. e )_.1J>nL.tn!- 4., L [-bt(1-p c,.(4-'f,) +j> e,.'J.I1.) + (11.-i! ...2 N,." 2 "# Z"r"en. (1-j!>et'(1-~))J - 4n.(11..-1)"l (11.) (1''J.)2.+ ([tt. T"Ls Q3!ptJ!> 'f.(e"m.v+ ( )
+t.,..)l;"Sp+~j?>2.h-~9.'t(I1..)Sf'S,"l). J' Y,,P 3.5 
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ECJIH BOCIIOJIbaOBaTbCJl npe;nCTaBJIeHHeM (2.5) n rrpoBecTH JIHHeapnaaUJiIlO, 

TO CJIe;n MOXEO BuqyCJIHTb H npe;nCTaBHTb rrOCJIe;nHHH ~eH B (3.5) B BH

,ne +00 ,j::!. 

D Jd.:l --.lit, 01'1. 
_1 rLl1.2.Q 'l.(I1.)+n:ut.2 +<.fn. ,r;-.;;:; e Z ctt. {J.[(em+itH; +:iV'J, 'l;.(n->'J}>'

2 r ". _oo,,'2x ~ - ..... '(3.6) 

r,ne e =d.i.AS (E,,) - .rnrarOHaJII,HaJI MaTpHua. ECJIH BhlopaTb TenepL B Ka

'ieCTBe npo,nOJIlKeHHJl 1'(11.) ea "otJ:eBH;nHOe" rrpO;nOJIlKeHHe KaK BemeCTBeH

HOH WYHK~, TO nOJIYtJ:HM 

-p4(y.) = -e~rn n-1d..(h.) -- -:;.-iN Le~ -t(?>L.€"me -2~ [.en (1
11.-0 r r Y 

-JOE (1-9,))-foE,.. 9-(1-J>e,..(/f-q,)JJ -1f/'Cj.(1-qyz. + (3.7)+< (~ e-~%.ett[lc/qj!l((e !tl+n)'~ +~¥)}J>
Jv2~ ~ 

a;neCb rrO;npaaYM8BaeTCH, 'ITO N BeJIHKO li 

"'\ 2. ]-2
'l = -iLm. 'l(n.) =: IV LEft [1-Y,Cr (1-q,) ~ 0 

,UaJIee, 


TOtJ:KH 


KOTopoe 


CKOOKH 


U;\>l,H 
e,....: I 

BocnpoH3BoMT P83YJIbTaThl padoTH /9 (eCJIH BCIO,ny nOJIOlKJITb It. = 0 ) . 
M3 (3.8) H (3.9) CJIe,nyeT, tJ:TO 'l Heodxo;nHMO HHTepnpeTHp~BaTb 
RaR KOHcTaHTY. n8peHopMHpylO!llYlO napaMeTp nOPMKa 't-. ::TO CJIe,IlCT

BRe lUYMa, KOTOpIDi nopOll!,ll;aeT XBOCT li3 "6ecKoHetJ:Horo '!lICJIa" (N -'jOo OQ) 
oopa30B. 

4. EMKOCTb naMHTH 

JlJm 3a,naHHOI'Q Hadopa BeCOBhlX tPaRTOPOB Cy. eMKocTblO nar.1J1TU 

Ha3liBaeTGJI (MaRCnMaJIbHoe) tJ:nCJIO odpa30B, KOTOPhl8 He TepJIlOT CBoeH 

CTaOMbHOCTli nOJIHOCTblO. B 3TOM pa3;neJI8 MN MCCJIe,nyeM erAKOCTb n81ilJl'l'l1 
-::0:: 0npH T = 0 ,lJ,lIJl ceTn C B8COBhlMH tPaKTopaMU er=f' ,x> . ITPl1 

COOTBeTCTBYKlll.eM Bl:lOOpe 'X HMeeTCJl110CT8n8HHaJI 110Tej}H tJ:eTHCCTIl Or]

8 

(3.8)
h...... 0 r-

H806XO;nHMO BhlopaTb TaKoe perueHH8 ypaBHeHHfi MJl HenO,nBHXEoti 

~ ={:~ HI.{f;,[e'E-+~}~ +:;c~}:> , (3.9a) 

Cf. =~ tf.t2t~ [£~+~}~ +~~J) (3.96 ) 

oOeCne'l:HBaeT MaRcHM,YM npaBoH '1aC1'H (3.7). ,UBOHHl:18 yrJIOBhle 

B (3.9) odoaHatJ:alOT cpe;nHee H rro KOHetJ:HoMY tJ:HCJIY nepeMeHHhlX 

no ray CCOBCKOMY pacnpe;neJIeHHlO MJl nepeMeHHoH ~ • ECJIH 

,lJ,lIJl 11![,ft~olN H e~= 0 rJl fA >c< N ,TOr,ll,a (3.7)-(3.9) 

pa30B no Mepe pOCTa HH.I\eKca:r • JIerKo npOB8pHTb, 

cpe;nHee N-~2.j.(-:r. CXO.I\HTCJl (l1pH N_ 0<> ) K HYJIIO ( 

y.-:X: 110 'sapo). IIo()TOM,Y 'IJleH N-~ T'Z (in. Qr) 
lI\H!1 q:oHOBorAY mYMY. TaKlKe CTpeMHTCH N -+ 00 ) K 

HaqaeT. On,HaKO. 'ITO HM MOXEO rrOJIHOCTblO l1peH06peQh. 

tJ:TO,lJ,lIJl :x> 0 
CXO;nHMOCTh 

,COOTBeTCTBYIO-

HYJIIO. eTO He 03

nOCKOJIhKY Be C e,.. 
oCipa3a C HOMepOM p. TaJD!:8 CTpetvillTCJl K HYJIIO I1pM P -- 0<> • JlMe8TCJl, 

O;nHaltO, ocodeHHOCTb, CBJl3aHHaH C npe,neJIbHhlMJ1 nep8xo.naM11, KOTopble 

rAN XOTHM llSYtJ:aTb. 

Mu dY.I\8M paCCMaTpKBaTb .I\Ba upe,neJIa N-+ 00 11 l' -- 00 ,rWTopblO 

H806xo;IJ;l!MO COBeplUaTb B onpe,neJI8HHOM rrOp.f!.I\KB. BHatJ:aJIe MH ,nOJIliilibl Co

BepIlll~Tb nepeXO.I\ K TepMO.I\HHaMllqeC!WMY npe,neJj:Y N _0<1 , a 3aT8M K 

npe.I\(;JIY HYJIeBOH Ter,mepaTypl>! ..fo -- 0<1 • IIoCKOJIbRY rrapaMeTP 't rrpll 

3TOM dY.I\eT CTpeMl1ThCa K e;nllHllue, MH HatJ:HeM C ypaBHeHMJl (3. 9a). B npe

.neJIe p -- ex:> WYHKrmH if" i ".} CTpeMHTCJl K s:J1't 1. .,.} , a 111{-

TerpaJI no raYCCOBCKOMy' paCnp8;neJI(aHMIO COBna.n:a8T, C TOtJ:HOCThlO ;no 'IJle-

Ha l1opH,nKa T , C HHT8rpaJIOM OIllj<ldoK: e.m,'ti./R+- 2.% -aJ 'V ~ 0/ - .2. _ 2 d:t=jd~e tA.{".}- '1C 
v2'.ii-oo 0 

== e'ej (E-tt}.§}.fl:) 
I',ll,e 'X 

e'lJ (x.) =J ~ d~ e-'t2. 
o 

Tal{ tJ:TO ypaBHeHHe (3.9a) npliHHMaeT BHJJ: 

~ =<~ e'1.t (£!:!}.~/.J2it»i; 

PaCCMOTpHM llOB8,neHl1e O.I\Horo Bl.lJL8JI8HHOrO o6pa3a 

,na tn l1!VIe8T TOJlhKO O.I\HY HeHYJIOBYIO KOM1!OIWHTY 
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-2./2e -
-

(4.I) 

(4.2) 

C HOMepoM 

m H 

-V 

(4.3) 

• Tor

tn=<~\le'Lt(mEv~"Nvl»= €'1.j- (mev/viii). (4.4) 

RaK CJIe,IJ,yeT 113 (2.13), tJ:eM Ci.111lK8 m K l!l(llHlll(f), TeM JIY'llIl8 BOCCTaHOB-

JIeH}le 00pa38. ITOCKOJIhKY Be ca c,,,; CTjl(,WIT Cll K HYJIIO B CII[h1CJI8 

napaIileTp '1. GXO,rnITCH K HYJIIO rrpl1 N -+ 00 ,a LleJIl1tJ:MHa m.. 
V ) CTpeMUTCJl K 8,n:HHllli!o. AHaJIOrlltJ:HO MR 

.~~n"'n~ l1H.I\eKCOB {).l) H KOHfjtJ:HOil TeLmepaTYPhl 

J 

J m = <~ iJ;. t,P £~.~ J>~ 
a B CJIY'HlC e,LlI1HC"l'fleHEOn li8HYJIeB0H lWllITIOHellTLl 

9 

(,lJ,lIJl 

KOHetJ:HOH 

llOJIY'1aer,; 

(4. f)) 
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m = ift J>E..., tn . 	 (4.6) 

GJrO,llOBaTeJIbHO, tJ:OM eJOJIbllle '\) , TCM MeHbllie KPI1TI1tJ:CCKaH Ter.mepaTY

pa ~ ())) , Hl1lKe KOTOPO:li nOHBJIHeTCH BeTBb HCHYJIOBbIX 3Ha'leHHi1 m 
COOTBeTCTBYKXUHX 06pa3Y C I1H,lleKCOM V (Kor.mOH8HTa B HanpaBJIemrn 06

pa3a 'V ) • 
OeJpaTHMcH Tenepb K ypaBHemno (3.90). B TepMO,llllHaMHtJ:ecKoM npe

.ueJIe OHO CBOJDITCJi K paBeHcTBY: 

't <if.t2.{fo £ m· ~ :); 	 (4.7)
'"'" ~ ~ 

Tor.ua npH P __ 00 rrpaBM tJ:aCTb CXO,llliTCiI K e,lUiHl1ue aKcnOHeHUElaJIh-

HO 6UCTPO, 11 C(f»:;:j>(-1-9 . .) CTpeMHTC.fl; K Hy.lIlO. KaK H Bl:lllle, 

e d~Cl~ (Bv)' 
qTO rrpoH30li.ueT ,!J)lH otJ:eHb 60JIh!llHX, HO KOHe'1.HHX N ? K"lKOe KOJIH

tJ:eCTBO 06pa30B CHCTerr,a 110Jl(eT xpaHMTh npK T 0 B aTOM cJrYtJ:ae? oaKTOp 

mYMa 'Z B aTOM CJIYtJ:ae OTJII1tJ:eH OT HYJIH. Ero MOlKHO OueHl1Tb, HCnOJIh

3YH. (3.8) H paccYlK.ll:PHI~H, npIDle.ueHHue B!lliIe: 

't = N- 1 L [E:.f_ C(f-')r~ N-.f L y..-lOC (4.8)r J' j->-"'" r ' 
3'1'0 BUp8.lKeH1W, B CBOIO otJ:epe.uh, MOlKHO OueHl1Tb CJIe.uyKXUl1M 06pa30l.1: 

N . 

"l=N-iJ drf'l-2~ == ( 1-2:x:.)-1 rN-2:x! N- of1 
(4.9) 

-1 

eCJrH :c *" 1/2, H, cOOTBeTCTBeHHO, 

-"5 N,) i _-1 P N 	 (4.IO)'l -= N 0..fA.}-C = N 1-11. 
-1 

eCJrJ1 X=A/2 • [Au ":J~J"'.l 1'83JIl1tJ:aTb TPH CJIYtJ:M:(a.) O<X<AI.<. 
(0) 	x=.112 (&) X >1'2 . :a ilepBoM CJIYtJ:ae 1!3 (4.9) nOJIy'{aer<1 

,., (J )_1 -2:x: 
L = "l-2x N 	 (4.IIa) 

Bo BTOPOM CJryqae U3 4.10) CJIeB:,yeT 

'l = N-.fll1. N 	 (4. II6) 

B TO BpeMII KaK B nOCJIell.HeM CJIy'lae HMeeM 

--1_1
'1:.= ( 2x-1 ) N . (4. lIB) 
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Teneph 3TH oueH~ ~ ~ l103BO~ HaM BapHYThCH K Bup8.lKeHHIO (4.4). 
CPYHKUElH t(x);;:e'l!(1'lx) HBJlHeTCH BWYK1IOH ('ll>0) If MOHO

TOHHO B03pacTaJOlUei1: no x ~ 0 . OHa HaT.£J1HaeTCH B HYJIe II! CTpeMlITCH 

K e,llllHHue. Ee H3MeHeHI1H HanOMHHalOT nOBe.n;eHl1:e -tll.('llX) ,3a l1CK1IIO-

tJ:eHl1eM HaK1IOHa B HYJIe, KOTOpIDi paBeH '):'kl/..f% • CM. (4.2). GJre.uo

BaTe)lbHO, ypaBHeHl1e 

rn = e't.f C'¥( m) 	 (4.12) 

JlIMee-r e~CTBeHHoe pemeHHe m. = 0, eCJI,! 2"lZ/"ffE < 1 , T.e. 

'12<7(,;:;= i' ,ll;n:J!: 7l>7Je CYll\eCTBYeT,RpOMe TOrO,I'! H6TPHBlcl.a.lIhH06 pe

meHHEl, ROTopoe Herrpepl:lBHO CTpeMH~?CH K HYJIIO, Kor.ua ?Z -~c CBep

xy. 

113 (4.4) H (4. II) CJIe.uyeT. 'ITO cymecTByeT TaK08 Kpl1THtJ:eCKoe 

3 HatJ:eHl1e Vc: ,'{TO 06pa3H C 'tJ "> \l~ He 3anOMl1HaIOTCJI.V!/.1eeM 

.~l = i -..0C 	 I=> -fiCv )X= -(2 ( 4. 
v'l'1. \}='\I 	 Co -V ?if: 

Co 

Tor.n;a B CJIytJ:ae (a) nOJIytJ:aeM 

(1-2x5~/2 (~)x=# 	 (4.14) 

TaR tJ:TO BeJIJlIT.£J1Ha Vc HBJIHeTCR 8KCTeHCHBHOH: 

2. -1/2x 
'Vc = [('!-2x):it ] N (4.15a) 

B cJIytJ:ae (6) l1MeeM 

'V "" ~ N /"-Nc ';it' 1 \..n 	 (4.156) 

B TO BpeMff, KaK B CJIytJ:ae CB), Kor.ua 2x"> 1 , 3Ta BeJII'!'1HHa paB-

HE! 

))c. = (2.~-1) ~]
Af 

l:x: N~/2x
[ 	 (4.15B) 

GJre,llOBaTeJIbHO. B rrOCJIell.Hl1X JrBYx CJIyqam: Vc: He HBJIHeTCR aKCTeH-


CHBHOa. -1,
2.] 12'2: 
OrrTl1MaJIhHYIO BeJIHT.£J1HY K03<1$fUHeHTa IX == [(1-2:r)Sf B (4. 

MOliHO Hai!:TI'!, BaphHpYH X • 3'1'0 .uaeT o(lrul)( = 0,103 ,!J)lH 

~ = 0,280. TeM He MeHee ~ 3TOi!: BeJIH'1HHlI rrOKa3aT8JIR OC 3Ha

tJ:8HPle . )lrn.Q)(He06XO.llHMO YMeHhillHTb .uO 0,01 N , 'lT06u BeJrH'iHHa 01lIH6KH 

B BocrrpOH3Be,lleHRH HH~pMaunH He rrpeBUllaJIa 0,5 %. Ha060poT, MOliHO 
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qm:KCHpOBaTb B8JIH1J:VlHY OumOKll, CKalK8M 0,5%, H HallTH B8JIH1J:HHY :c , KO

TopaH n8JIa8T COOTB8TCTBYIO!I\88 aHa1J:8HH8 Y MaKCHlIIaJIbHblM, CM. (4.4). 
eTa rrpOl\8.uypa J\a8T Vmo. = 0,0I3 N,UJlH 'X 0,386, 1J:TO H8 HB-

x 
JIH8TCH CYll\8CTB8HHillil YJIY'llll8HH8M. 

CMIlCJI orrTHMliaal\lffi, rrpliB8n8HHoll B1llli8, - rrpocT. ECJIH ::c = 0 , TO 

rraMHTb HaXO,IJ;l'lTCH B COCTOHHUli nOJIHOll H8paa08pJUli /9/, T. e. HliKaKliX 

oopaaoB H8 xpaHliT. C npyroll CTOPOHbI, 8CJIli x ~ 1/2 , )/-+00, TO 

oopaabl JI8rKO T8PHlOTCiIB ifJOHOBOM lllYM8 li xpaH8Hli8 8KCT8HCliBHOro liX 

1J:liCJIa Ta~8 CTaHOBHTCH H8BoaMO~HillII. OrrTlfMaJIbH08 aHa1J:8Hlf8 x JI8~T 

M8~ny 8TlfMlf KpallHHMlf aHa1J:8HHHMlf. 

5. OOcY~n8HH8 

,lJ.rrH nOCJI8nOBaT8JIbHOCTlf B8COB BUna ey = )/_.:c CYll\8CTBY8T TaK08 

KPUTlf1J:8CK08 aHa1J:8HU8 ~c ,1J:TO BocrrpolfaB8n8HH8 oopaaoB C lfHneKCaMlf 

)I> \Ie CTaHOBHTCH H8BOaMO~HI1M: oopaabl T8PiIlOTCH B IPoHOBOM lllYM8. 

,lJ.rrH V< )Ie KOppeJIHJJJfH M8lK.llY XpaHiIll\HMlfCH B naMHT.U U BocrrpoHaBoJ\lf-

MbIMlf oopaaaMlf CYll\8CTBY8T, HO CTP8'MlfTCH K HYJIlO (H8rrp8phIBHO), Korna 

V ~»c cHHay. B 8TOM CJIY1J:a8 oopaabl rrOCT8rr8HHO T8piIlOT 1J:STKOCTb 

BrurOTb no rrOJIHOrO liC1J:83HOB8HHH B T01J:K8 »c • ECJlli 0 < X <-i/2 ' Tor

na Ve HBJIH8TCH 3KCTSHCRBHOn B8JIlf1J:HHOll, npOrrOPJJJfOHaJIbHOH oo~eMY 

CHCT8Mb1. 

BC8 8TH p8aYJIbTaTbI, If B 1J:aCTHOCTli (4.15), JI8rKO rrOHHTb Ka1J:8CT

B8HHO. ITPH HYJI8BOll T8MlI8paTyp8 oopaa C HHn8KCOM ~ nOJI~8H OblTb 

YCTOH1J:UBOH H8rronBlf~HoH T01J:KOH ,UJlH .llllHaMlfKH, KOTopaH aana8TCH COOT-

HOllleHHeM 

S(1.):= S'at'l(~'JL~ S(~)) . 
(5. I)J 

KOHcT3HTa Ji-j Orrp8n8JI8Ha B (2.I) H, CJI8nOBaTeJIbHO, 

Ji.J cv ~ c'n Ei.n ~Jt'l , (5.2) 

Tor,na ( C Y1J:eTOM N--1 ~ N ) HM88M 

r Ji.J ~A'\I '" f-= en tJn l;JY ~i.n = f..\I!;i.\I N + 
d" JJ (5.3)

+L .EjtI;L~I;J}(.~J\l . 
}<'f\l,J

3,necb CYMM3 rro f' (*,,) If j ('I i.) HBJIH8TCH CYMMOa Hea3BlfCHMllX, O.llllHa-

KOBO pacrrpe,neJIeHHbIX CJIY1J:aaHbIX BeJIH1J:HH, rr08TOMY ee aH31J:eHHe (rro rro

p5i.D;KY BeJIlf1J:HHli) paBHO KBa.D;paTHOMY KOPHlO Ifa ,IJ;I'lcrrepc~, T.e. paBHO 

(N ~ e; t/2. . 3Ha1J:eHlfe Yc Orrp8n8JIH8TCH Torn3 Ha YCJlOBM TOro, 

1J:TO 06a 1{JleHa B rrpaBO! 1J:aCTH (5.3) HM8DT o,UHHaKoBYlO BeJIHqlfHY: 
2 ,,2.

(e)/N) ~ N L E,... • (5.4),... 
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CJI8nOBaT8JIbHO, ,UJlH V=V nOJIY1J:a8M c_-I"
£\1 

2 
~ N 7< C,... 

2-
(5.5) 

rn8, rro Orrpen8JI8HHlO, E.~ = 'Y))~':C 3TO COOTH01ll8Hli8, C T01J:HOCTblO no 

(CYll\8CTB8HHoro) MHOlKJiT8JIH 2/~, KOTOPblH BoaHHKa8T lia liHT8rpaJIa 

Oum60K (4.4), BocrrpoHaBOnliT, C Y1J:8TOM (4.8) - ( 4.10), YCJIOBU8 (4.15). 
E8a Y1J:eTa 8TOro MHO~!T8JIH OrrTHMaJIbHaH B8JIli1J:liHa KOHCTaHTbI ex:. 6b1J1a 

Obi paBHa MaKCHMyMy WymtLUl:H (1-2::x:./h.:l:, T.8. e- 1 = 0,368, 
KOTOpilll: nOCTHra8TCH 13 T01J:Ke 'X = + 0 . 

B aaKJIlO1J:eHH8 CYlylf.rnPY8M nOJIY1J:8HHbl8 p8aYJIbTaTbI. Mli npe.IVIaraSM npoc·

TOR H cTporliH BhlBO.n ~SpMO,UHHaMR1J:SCKHX CBOllCTB MO,UaJIR XonWHJI.lla B~aH 

HaCblll\8HHH. 3TOT aHaJI~la nonTB8p~na8T OCHOBHbl8 p8aYJIbTaTbI pa60TbI /9/, 
a TaK.1Ke rrOaBOJIH8T pacnpocTpaHHTb 1II0n8JIb Ha CJIY1J:aH BaB81118HHblX 06paaoB. 

ITPH COOTB8TCTBYIO!I\8M 13b100p8 E)/ liM88T M8CTO rrOCT8rr8HH08 YM8Hb1ll8Hli8 

1J:STROCTH oopaaoB C IXlCTOM V ,1J:TO MO~O liHT8prrp8TlipoBaTb KaK 

aaohIBaHH8 oopaaa C POCTOM rrpoM8~YTKa Bp8M8Hli C MOM8HTa 8ro rrocTyrur8

HliH B rraMHTb. OnHaKo H800XOnHMbI nOrrOJlHliT8JIbHI18 OCHOBaHliH ,UJlH Toro, 

1J:TOOhl P8111HTb,HBJIH8TCH JIli rrpon8cc aa6blBaHliH BHYTP8HHliM CBOHCTBOM na

MHTH JIlfOO CBHa3H C T81J:8HH8M Bp8M8Hli HJIlf C odoRMll 8THMlf ifJaKTOpaMlf • 

O,UHH H3 aBTopoB (lUI. BaH XSMMSH) 6JraronapsH OliHH aa rocTsrrpH

HMCTBO, cnocOdCTBOBaBWSe HallHCaHHID HaCTORmSH padoTli. OH Ta~s 6Jraro

.napSH HSMS~OMY HCCJls.noBaTeJIbCKoMY Od~SCTBY (EOHH) aa WHHaHCOBYID 

rro.u.uspiKKY. 

ITp1lJlOJKeHlfe 

3n8Cb MbI XOTliM rrOKaaaTb, 1J:TO, 8CJIli C (i) J!BJIH8TCH CTporo BbI


rrYKJIOH WYHKJJJf8H, a c*(~) - 8e rrp806paaoBa;Vl8 JI8~aHnpa li WYHKJJJfH 


F (':!}) rJIanKaH, TO BblpaJK8HHe ,UJlH 


su.p {FC,:!})-c*q!})} 
(IT. I)In 

MO~HO rrp8nCTaBliTb B Blin8 

mAx {~Ct)-.t;·'VF(t)+c('VF(t»)} , 
(IT.2) 

rn8}t ynOBJIeTBOpH8T ypaBH8HlflO ,UJlH H8rrO.llBli~OH T01J:Kll: 

p. = 'V c (v F(/-l») . (IT. 3)- .... 
.lloKaaaT8JIbCTBO CBO.llllTCH K cJIe.uylO!I\eMY. 3aM8TliM, 1J:TO t - 'ilc(i)

tt 11.. -
8TO OTGOpaJKeHMe IR Ha U? • 06paTH08 8TOMY OTOOPaJK8HlilO CY~8CT-
BY8T li paBHo 'VC* ,cM/16/. ITOCKOJIbKY su.p B (IT.I) p8aJIHaY8TcH 
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,1l,lIR 	 'rex m. • KOTOPblC yj~(Jn.;1eTBopmoT COOTHOilleHJlfJO IJ FUn) = Vc""(m). 
TO 	 ~~b[ 1le118r",18l!40 nOJI,Y'!3et! yp813FlPIlHC ,lJJlR IwnO,'~Bl1HHol1 To':"iKJr: '" 

In \7C(VF(':!!»). 
(II. 4) 

Ero 	rCIUOH]I[H CT\I,rnOJIOM f< 
PncCMOTpW! T8rrepb C"*(t) -: rIo orrpeJl.eJI8rmlo. 

C"\P.)=SI,lP {j,(.i; C(t)}. 	 (IT.5) 
- i """ - .., 

4:To6bT rrOJIy'Il1Tb Su.p, Mil )W,IVKHb! HaMTH TaJ{Oe i , 'iTO 

\le(t) =}{ . 	 (II. 6)
~ ~ 

O,n;HaKO}:{ YJJ:OllJICTBOpR8T,YpaBHcmfk1 (11.4). CpaBH]I[BaR 6) C (II.3) , 
nOJIY'lael\1;' 'iTO t =V t=(ft) • ECJI]I[ ITO,T(CTaBHTb 3TO COOTHOllIelllle B (IT. 5) 
H BepHYTbcH K (IT.1). Tor-:I!a f!eMC.n;.n:8HHO flOJfY'lMH (11.2). 
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H3AaTenbCKHH OTAen 06~enHHeHHOrO HHCTHTYTB HAepHbiX HCcneAOBBHHf 

3arpe6HoB B.A., BaH XeMMeH R.n. 
3anoMI-maHHe 3KCTeHCHBHo oonhmoro tmcna 
B3BeiUeHHbJX OOpa30B HaCbJIJ~eHHbJMH HeiipOHHbJMH 
CeTJIMH 

Pl7-87-145 

3qxpeKTHBHOCTh Mogenu Xomimnga ,u;nJI HeiipOHHbJX ceTeii aHa
JIH3HpyeTCJI B cnyqae, Kor,u;a qucno ganoMHHaeMbJX o6pa30B 3KC 
TeHCHBHO BeJIHKO H HM npiUIHCaHbl HeKOTOpbJe Beca. ECJIH pa3-
MepbJ CHCTeMbJ paBHbl N, TOrga OHa MOJKeT ganOMHHTb aN o6pa-
30B C COOTBeTCTByiD~HMH BeCaMH. 3TH Beca MOJKHO CBJI3aTh C 
BpeMeHHWM nopJI,!J;KOM 3allOMHHBWHXCJI OOpa30B JIHOO, npH COOT
BeTCTByiD~eM BbJOope, c npo~eccoM nocTeneHHoro gaobJBaHHJI 
3KCTeHCHBHO oonhmoro qucna oopagoB. Ocoooe BHHMaHHe yge
neHo MaTeMaTuqeCKOH CTpyKType MO,!J;eJIH. 

PaooTa BbJTIOJIHeHa B na6opaTOPHH TeopeTuqeCKOH li>H3HKH 
OlliiH. 

Coo6ll..leHHe 06"be,nHHeHHoro HHCTH"fYT8 R,D;epHhiX HCCJie,llOBaHHH. ,D;y6Ha 1987 

llepeBO,!J; f.f.CaHgyKOBCKOH 

Zagrebnov V.A., van Hemmen J.L. 
Strong Extensively Many Weighted Patterns 
in a Saturated Neural Network 

Pl7-87-145 

The performance of the Hopfield model of a neural net
work with extensively many weighted patterns is analyzed. 
If the system size is N, then N patterns, each provided 
with a suitable weight, are stored. The weights may be 
associated with a temporal order and, if appropriately 
chosen, they allow a gradual fading out of the extensive
ly many stored patterns. Particular emphasis is put on 
the underlying mathematical structure. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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