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Ha np11Mepe KOHKpemoii TOqHo pewaeMoii Monen11 o6cyx,n:ruoTc.si: MeTonL1 
I\ I\ I\ 

peweHm1 ypaeHeH11.si: lllpen11Hrepa c raMllflbTOHllaHOM e11na H = H1 + iH2, 
I\+ I\ I\ I\ I\ I\ 

rne Hi =Hi, a H1 11 Hz He KOMMYfllPYJOT, [H1, Hz] =1: 0. Tip11eenettb1 apI)'MeHThI 

e nonLJY Toro, qTo paccMaTp11eaeMa.si: MonenL .si:en.si:eTC.si: enontte nocnenoeaTenbHOH 
KaK C qm311qecKOH, TaK ll C MaTeMaT11qecKOH TOqKlf 3pemrn. fIOKaJaHO, qTo ypae-
1{ eHlle lllpen11Hrepa C He3pMHTOBblM faMHflbTOHHaHOM B3aHMoneiiCTBIUI, He .si:en.si:
IOIUHMC.ll onepaTOpOM HOpMMbHOro THna, IlO3BOn.si:eT npeononeTb JaMeqanue Burne
pa O TOM, qTo HJBeCTHhle B HaCTO.HIUee epeM.si: Monenu CaMOBOcnpOH3BOn.HIUHXC.ll 
CHCTeM He cornacyIOTC.ll C JaKOHaMH KBaHTOBOH MexaHHKH. 

Pa6oTa Bb!IlOm1e11a B na6oparopHH BblqucnHTMbllOH TeXHHKH " aBTOMaTH-
3al..lHH 0115111. 
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Methods of solution of the Schroedinger equation with non-Hermitian 
I\ I\ I\ I\+ I\ I\ I\ 

Hamiltonian H = H 1 + iHz, where Hi = Hi and [H1, Hz] =I: 0, are discussed using 

an exactly solvable quantum model. Some arguments about mathematical 
and physical consistency of the model are presented. A solution of Wigner's paradox 
concerning impossibility to describe selfreproducing systems in the frame 
of quantum mechanics is given. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1997 



1 BBe,n:eHMe 

Haqm1aJI c 1928 roD:a, RorD:a r. faMoBy yD:anocb 06-bJICJIHTb JIBJICHne a-pacrraD:a, qie

IIOMenonornqecmre necaMocorrpHmennMe ra11m11bTonnanh! cTa,rn neoT'he11meMott qacTbIO 

TeopeTn<rec1<olt q:nrnmm. B nacToJimee Bpe11rn onu ucrroJib3YIOTC!I JJ.11!1 orrncannJI pe-

30HancoB, rrpoueccoB rreyrrpyroro pacceHHIIJI, MOJJ.enuposanm1 noseJJ.eHHJI OTRpLITLix 

RBaHTOBLIX cncTeM ( CM., nanpmiep, [1], rJJ.e JJ.an o63op CTporux MaTeMaTn'IeCRIIX pe-

3YJII.TaTOB B arolt o6nacTn). Hec1110TpH na orpoMnoe qnc11O rry6mrnanutt rro JJ.anoMy 

BOIIpocy, Bee II3BeCTHLie aBTopy MO,UCJIII C neapMIITOBLIM ratIHJibTOHIIaHOM B3amro.nett

CTBIIH OTHOCJITCJI K cny'IaIO, Ror.na 3pMIITOBaJI II aHTI13pM1ITOBaJI <raCTil raMIIJibTOHIIana 
B3amrnJJ.ett CTB II.Ii 

kn1 = Hi + iH2, 
Ht = Hi, KOMMYTIIpymT .npyr c D:pyroM 

[Hi,H2] = o, 

(1) 

T.e. KorJJ.a Hint JIB1l!leTCJI HOpMaJII.HhlM orrepaTopoM. TaRoBa, narrpm,rep, MO.1le111, 
OIITII'IecKoro rroTenuua,ra [2], me 

Hint= Vi(x) + ilt;(x), 

3TO lRe IIOJJ.pa3yMeBaeT BJ)CMCHHM 3BOJilOUl!JI Be!{TOJ)OB COCTOHHIIJI, IIpe,llJIOlRCHHaJI fa

MOBLIM. Memlly TeM rronHTHO, qTo ecmr orrepaTop11 H1 rr· H2 ne KOMMyTnpymT, TO 
Il3BeCTHM B KBaHTOBOlt Mexamrne cjiopuyna 

1Pt = L Cne-i(En-if >1c,:,(En, r n), 
n 

JIBHO pernaIOmM ypaBnemre Illpemrnrepa C ueapMHTOBLIM raMU1lhTOl!HaHOM, ORa3IJBa

eTcJI nerrpm1e11mrolt. )l11JI rrocTpoemrn lIIIHammn B no111 cny<rae Heo6xom11110 U3o6pe

TaTb crreunaJibHh!e rrpne11rn, 3aBIICIIllUie, soo6rue roaopJI, OT nsnoro BH.lla OIIepaTopoa 

Hi n H2. B nacTonruelt pa60Te m,r o6cylIIIM ue1wTopue BO3Moamue IIOlIXOllhl R arolt 

rrpo611eMe, IICIIOJib3YJI B Ka'ICCTBC l!JIJIIOCTpamm l{Q!ll{pCTHyro ~10lICJIL C HC3[)MIITOBIJM 

onepaTopoM B3aIIMOllel1cTBHJI anoMaJibHoro BIIlla. IToc,1e :noro 6ylleT pacc~toTpeua cj:rn-
3II'IecRaJI IIHTeprrperaurrn nai!.11ennIJx peUieunlt u yRa3aHa BO3~[o,rrnan 06,1acn rrpm1e
neHnJI TaRoro pona B3alIMOllCfiCTBUlt. 

2 IloJie, B3aMMO,n:ei1:cTBYIOI.U;ee C KJiaCCM"t.J€CKMM 

HCTO"t.JHMKOM 

ITpocreltlllaJI MOllC,1b, rrpHBOllJIIUM I{ HeymrTapnoMy oIIeparopy nomoumr - rro,1e. 

B3an~roneltcTBYIOIUee C RJiaCCH'ICCRmr HCTO'IHIIKOM. ITpenrro,1o;iarn. 'ITO 3TO B3am10-
I(el1CT!i11e OIIHChIBaercn IIOTCHUlla,1O11 

1i(t) = 1;(t)a + J2(t)&+, (2) 

.-·: • . . f 

•' 

r.ne a+ H a - orrepaTopLI pom.nemrn n ynwnoll{emrn RBanToB rronH, y.noaneTaopmomne 

o6h!'IHh!M ROMMyTaUIIOHI!h!M COOTHOllleHirnM 

[a, a+J = 1, 

a J1,)2 - RJiaCCII'ICCRl!C TOKII, OTBCTCTBCHHIJe 3a npoueccIJ IIornomenl!/1 Il ll3JIY'ICHilJi 

COOTBCTCTBCHHO. Ecnu i1(t) =J:. i2(t), TO ramrm,TOHl!aH CIICTCMLI HC3pMHTOB. 8B0-

JIIOUIIJI Bernopa COCTOJIIUIJI TIOJIJI B npe.ncTaB1!CHIIII B3a1moneltCTBHJI Olil!ChIBaeTCll ypa

BIICHIICM Illpe.n1mrepa, 
. a 

1 
• 

i at 1Pt >= V(t) I i't >, 
cjiop.MaJihHoe peruenue KOToporo ,un11 cnyqaJI 

I 1Po >=Io> 
,uaeTcn cpopMynolt )laflcona 1 

I V't >= Te-if;v(t)dt IO>= 
00 (-it r. r r . . . 

= [1 + E ~ lo dti lo dtz ... 1
0 

dtnT(l'(ti)V(tz) .. .ll(tn))] IO>. (3) 

Pacc<ruraeM BHna.n n-ro 'IJiena paJnomennJI )laflcoua B m-<racTH'IHOe Rone<rnoe 

co.cToJiuue I m >, rne n :;=:: m. Cornacno reopeMe Bm{a, T-npoII3Benerrne, BXOMmee 

B TIO,llbIHTerpaJibIIOC BIJpameune, MOJRHO npe,llCTaBIITb B BII,ZJ;e cyMMIJ nopMa1!hHO yno

pH,!l;O'ICIIHIJX onepaTopoB co BCC.Mll BO3MOJRHI,1Mll xpononorH<JeCHIUIIl crraprrnaHHJIMlI. 

ITpn ,ueflcTBilII Ha BaKyyMIIOC COCTOJIHHC nenyneBOH BKJiall .na.nyT Jllllllb 'IJICHIJ, He co

,nepmamue onepaTopoB ymr'ITOll{CHirn, raK 'ITO, narrpnMep, 

: V(t1)li(t2) ... V(tm) :IO>= ji(t1)i2(t2) ... j2(tm)(a+r IO>. 

Ifa n orrepaTopoB, BXO,ZJ;llmnx B T-npOII3BCllCHIIe, MOHUIO BLI6paTb rn necnapeHHh!X 

C;:' crroco6al\m, B To BpeMJI HaR cpe,nn ocTa1!bIIIJX n - m orrepaTopoB ll11!1 o6pa30Bann11 

xpononoru,1ecRoro cnaprrnaunJI cymecrnyeT 

( - - )"- (n-m)! (!)n-;m 
nm 1 .. -() 2 !!.=.!!!. I 

2 • 

BO3MomnocTelt. IIo:noMy BI{Jla.n n-ro qneua B m-<racTrrqnoe cocToHnne cocTaBHT 

(-it C;:' (n-m)! (!)"-;m ( t dt 1 t dt2li(ti)li(t2))"-;m 
n! ( n;m) ! 2 lo lo 

· (l dtji(t)) m (a+)m IO>= 

(-af'r ( -i)m 13m(a+)m I o > 
( !!=!!!.)I I , 

2 • m. = (4) 

1 Bo3MOJKHOCTb HCITOJib30BaHIIJI ¢opMyJll,l ,ll;ancona ,!J;JUI He3pMIITOBblX rah!lfJibTOHl!aHOB o6cyJK,n;a

eTCJI, nanp11Mep, B [l] . 

Olt\t.Uii!':~3.i8 i;~~ryr I 
!U(3fiWl 1Cc.1e1a~u•t 

5i15llHOTSHP, 
·~~':), ~ .. -



r.n:e 

1 r r -. · a= 210 dt1 Jo dt2V(t1)V(t2), 

n-m 
-2- = 0,1,2, ... , 

/JU2; t] = lo' dt}2(t), 

a 'lepTa cBepxy orneqaeT xpoHoJiorn,1ecH0My crraprrnaumo. 

(5) 

Onpe.n:emrn o6LI'!HLIM o6pa3oM ( cM., rrarrpmrep, [:3]) xponoJiorrrqecr;oe crraprrnam1e 

orrepaTopoB B3aIIMO,n:elicTBIIH 

T(V(t1)V(t2)) =: V(t1)V(t2): +v(ti)f,..(t2), 

,n:JIH paccMaTpIIBaeMLIX IlOTCHI\liaJI0B IIeTPY.llH0 rrafiTII 

V(t1)V(t 2) = { !{(t1)h(t2), 
Ji (t2)h(t1) 

C Y'IeTOM 3Toro, nMeeM 

ecmI t2 < t1, 
B Hp0THBII0M cJiy•rae. 

r r, 
a[i1,i2; t] = lo dt1 lo dt2i;(ti)i2(t2). 

CyinrnpHLifi BHJia,n: Bcex qJieU0B pa3JI0JI(emrn )lalicona B m-tJaCTJI'III0e C0CT0HUHe, 0'Ie

BII,n:no, paBen : 
-<> (-i(3)m 

e c-, Im>, 
vm! 

II IlOJIH1lfi BeHTOp C0CTOHHIIH II0JIJI Il3Jiyqemrn B M0UCIIT Bpei1e111I l IrneeT' TaHHM o6-

pa3oM, BII.ll 

-<> 
00 (-if3r 

I 1Pt >= e fa R I m > . (6) 

HecMoTpH na To, 'ITO rro.n:xo.n:, ocIIoBamn.rfi Ha qwpMyJie )laiicona, }laeT nan6onee 

06II1nli MeTo,n: peIIIemrn 3a,n:aqu pacqeTa orrepaTopa 3B0JIJ0I\IIH, OTBC'IaIOn(ero HC3J)MII

T0B0MY raMIIJibTOHIIaHy B3aIII\IO.D.eilcTBirn2, no Kpai111c11 Mepe .D.JIJI 3a.n.a•1, .n.orrycKaIOIIIHX 

IIOCTaH0BKY B rrpe,n:cTaBJiemrn BT0J)Il'IIIOro KBaHTOBauurr3, npaI{Tlf'JCC!{OC ero HCII0Jib-

30BaHIIC 3aTpy.n.neno neo6xo.n.nMOCTb!O peIIIemrn. }l0CT3T0'lH0 CJI0}l(Ilb!X Hm16mraTopHLIX 

2B TOM cJiyqae, KOr,!la rroTemu1aJI B33HMO.!lellcTmrn JIBJIJieTCJI orrepaTopoM cpepmmunoro nma (na

rrpnMep, 3JieKTJ)OMarHHTHOe IJOJie, B33l!MO.!{ellcTny101uee C ,!lnyxyponIIeDblM llCTO•IIIJIKOM), BMeCTO .!{all
COHOBCKOll T-1Kcrro11e11Tu cJie.!{yeT ncnoJI1,3onaTL 6oJice o6mnll BOJILTepponCKnli pll/:1 

U(t2,t1) = I)-it j ... j dr1 ... drnO(r1 - r2) ... 0(rn-l - r,.)V(r1 ) .. .V(r,.). 
. n=O 

3H11Tepec11aJI nonllTKa ncnoJI1,aonamrn TeopeMll 13,ma .!(l!JI pememrn 3a.!{11•1 paccemurn Gb!Jia Hpe.!l

rrp1111J1Ta B [4,5] 11 IIOCJie,!lyIOUlllX pa6c>TaX .!IJ)YrllX aBTOpOB. 

4. 

"' 

3a,n:aq, Tio.nmry B IICK0TOJ)LIX CJIY'IaJIX y,n:o6nee IICII0JIL30B3Tb }lpyrne MCTO.ll.hl, 6LICTpee 

IIpIIB0,n:JIIUUe H I\eJIII, 
Harrprrnep, B '!aCTII0M CJiy<rne, uor.n:a T0HII, C03.ll.3!0IIUfe II0Jie, rniemr Bil.ll. cTyrreHbHII 

IIOCTOJIIJIIOfi BL! COT LI 

.. _ { const;, ecm1 0 < t < T, 
J, - 0 B rrp0TIIBH0M cJiy'lae, 

peIIIeHne M0}l{eT 6b!Tb nali}lCII0 CJIC.llJIOII\UM npoCTLIM crroco6m1: 

.... 2 

I V't >= e-iVt IO>= e-'1';' e-it;,a+ e-itj;a IO>= 

• 2 ·• · 2 oo ( 't · )m 
_?.lE!._ - ·1 · ·+ _?.lE!._ " -i )2 = e 2 e ' na I O >= e 2 ~ --

m=O ✓i;;T 
r.n:e MLI UCIIOJih30B3JIII U3BeCTH0e orrepaTopuoe T0)l(,ll;CCTB0 

eA+B _ Ae.Be-½[.-i,BJ - e . , 

BLITeRaIOII\IIM II3 c}JopuyJILI lfal\m6enna-Xayc.n:opc}Ja npu 

[A,B] = c i. 

Im>, 

YHa3aIIUOe ouepaTopnoe TOJR}leCTB0, B rrpHIII\UIIe, II03BOJIJieT II0Jiy<IHTb pemeHne no

cTaBJieunofi 3a.n.aqII II B o6II\eM BH,n:e, eCJII! B0Cil0Jih30BaTbCJI CJIC.llJIOIUIIM H3 nee peHyp

peHTHhIM CO0TH0llleIUICM 

I 1Pt+dt >= e½4>2 (4>2 -4>,l• iJ+(¢i2)e(4>2 -4>,)'a j 1J,i >, 

r.n:e c/ik = -ijkdt, iJ+(a) = e"'a+-o•a, o.n:naRo o6'bCM BLl'IIICJieHufi npu 3T0M cyII1e

CTBeIIIIO B03pacTaeT. <I>opMyJia Ifaun6eJIJia-Xayc.n.opc}Ja rrpnBo,n:uT ecTecTBCHHLIM o6-

pa3oM H rrocTaII0BHe cne.n:y10II~e11 "o6paTnofi 3a,n:aqn" naxom,n:emrn He3pMHTOBLIX ra-

1\fIIJibT0HIIaH0B H, .D.JIJI R0T0pLIX onepaTop 3B0JII0UHII .ll0TIJCKaeT rrpe.n.craBJiemre B c}JaK

T0J)II30BarrrroM BII,Ue 

(;
1 
= e-iJ; H(a,a+;t)dt = e-if(a+)te-ig(ci)t, 

TaR qTo 
I 1P1 >= e-if(a+)t IO > . 

.Hcuo, o.n:uaHo, qTo B oTJIII<me OT rro.n:xo.lla, ocuoBaurroro ua c}JopMyJie .ll:aitcoua, o6JiacTb 

npIIMeIIIIM0CTH .n:amroro MeTo,n:a orpaHII'IeHa He3pMIIT0BhlMH raMIIJibT0HUaHaMII JIHIIIh 

neuoToporo cneuIIaJibrroro Bn.n.a. 
Cy!I\eCTBeHHhIM He}l0CTaTH0M o6onx npe.n:LI.n:y!I\HX II0}lX0,ll;0B JIBJIJieTCJI nx cpopMaJib

H0CTb, ue TI03B0JIHIOIUaJI noHJITb c}Ju3IIqecRIIe oco6cuuocTII rrpoueccoB ueyuuTaprroli 

3B0JIIOUIIH. Tio3TOMY B .cJie,uym!I\eM pa3}leJie l\lLI o6cy}lUM HOMTIJieHCHLie ~rnpKOBCKI!e 

I\eIIH, ,n:aIOII\IIe uarJIH,n:noe rrpe,n:cTaBJieHIIe O TOM, 'ITO me B ,n:e:l!:CTBIITeJibHOCTII IIJ)OHC

X0.ll.IIT C CIICTeMaMII TaHoro Tima B Ham,ll;hlli l{QHKpenmfi M0MeHT BpeMeHH, 

5 



3 O6o6m;eHHhlM MapHOBCHMM npou;ecc pom.I(eHMJI 

M r116eJIM HBaHT0BhlX CMCTeM 

Ilpe.n.cTaBIIM ypaBuenIIe lllpe.n.IInrepa, 06cym.n.aBmccc11 H npeJJ.1,1;ly1uc·~1 pa3l\c,1e, H 

BII,lle ClICTeMLI o6LIRIIOBellHLIX .n.mp<ppemuram,IILIX ypaHIICIIIIJI B npocTpa!ICTBC 'IIICCJI 

3aIIOJIHemrn. ,ll;JIJJ 3T0f0 3amnueM BeRTOp COCTO/IJIIIII B Bl!JJ.C 

I 1Pt >= I:: V'n(t) I n >, 
n 

r.n.e 1Pn - aMJIJIIITy.n.a BepOHTIIOCTII o6uapyHmTI, cnneuy B COCTOH!llfll, concp;i;aJl(CM n 
'laCTHII, lI BOCIIOJib3yeMC/I C00THOIIIeUH/IMH 

' a I n >= yn I n - l >, a+ I n >= ~ I n + 1 > . 

B pe3JJibTaTe noJiy'mM 

{ 

i811/Jo = v1°jj(t)~'1, 
ia11/J1 = v1°h(t)1/Jo + ,/2,jj(t)1h, 

iOt1Pn = vni2(t)1f!n-l + Jn+Tjj(t)1)•n+l, 

OTRy.n.a Blll\II0, 'ITO HCT01IIIHRaim H3Menenun aMIIJIJITy.n.u 1!'n HllJIHI0TC/1 a1mJIHTy.n.1,1 V'n-1 
H 1Pn+l, YMHOl!{CUJILie Ha HeROTOpl>Ie [{03(llcpHillleIITLI, HOTOJ)l,!C M0iHIJ0 OTOlHl\CCT!JIITb C 

a1mJinTy.n.aMn BepomnocTH nepexo.n.a Il3 cocrommii I n - l > 11 I n + l > B I 11 > . Ha 

pnc. 1 IIORa3aua o6o6meuuan Map!WBC!{clf[ llCHb C HOMHJIC!{CIIJ,Bllf am!JIJITYJ!ilMll ncpe

xo.n.a, 0TBet:JaIOl!laJI 3TOii CIICTeMe ypamieunli, r.n.e crpemm II cToHmne pn.n.011 c umm 

ClIMB0Jil>I yRa3b!BaJOT HarrpaBJiemrn II a1mmny.n.u ( 0TJJecenm,re r, CJ\l!IIIIHC BJ)CMCl!ll) 

C00TBCTCTBYIOl!llIX rrepexol(0B. 

·tf'n+l 

-iJn+lh -iv'nTIJi 
·wn 

-i../nh -ifoJ; 
1/•n-l 

puc. 1 

6 

"' 

,,, 

II0.1y,rem1y10 CIICTCMY ypaBnennfi 1!0)1{110 pel!IUTb Meroam, Il))Oll3B0l\Rl!lCfi cj:>yH

l{UIIII, XOJ)OIIIO Il3BCCTIIIJM B TCOJ)IIII o6L! 1lllLIX 11apHOllCIUIX nenefi. ,ll;nn 3T0f0 onpeae

JIIIM rrpOll3B0l\lllllYIO cj:>y1mu1110 C !l0M0ll(LIO COOTJ[0lll<'IIIIJI1 

S1 82 Sn 

IT(s,t):=i/•0+1/J1 /,i+t/.'z 5,+ ... +t/-'n r,+ ... 
v I! v2! vn! 

l\Im,mo nponepIITb, 'ITO BLII1Ieyrrn3amran CIICTeMa ypaBUCllllfi 3HBIIBa,1eHTlla cne.n.y

lOl!leMy ypaB11enmo .n.JI11 npoHJBOl\HlllCll cj>ynmum 

i a1TI(s, t) = [j~(t)a. + jz(t)s)TI(s,t). 

Ifa 11a11aJI1uoro ycJioBnn 

4;(0) = (1,0,0, ... ) 

lIMeeM 

IT(s, 0) = ~•0 (t). 

KpoMe Toro, 113 0l!J)Cl(CJiellIJ/1 IIJ)Ol!3BOl\llll(('ii cjJ)'IIIH{llll f!OIIJITII0, 'ITO 

11(0, t) = ¢•o(t). 

HeTp.)'l\IIO y6em1TLCJI B Tm1 5 
' 'ITO pemcune lIOCTaBJie1111oti 1;paeHOIT :iaaa1m IIMC'CT BHl\ 

(6), ITOJIJ'ICIIIILifi B ll))Cl\bl,l\}'Il(C'M pa3l(CJIC. 

C cjlll311 1ICCJ{Oll T01!HH 3J)CIIII/I, B pacnrarp11BaC'MOll Ja,l\il'IC ll0.)" 1IIITCJ!l,JI0 0T,I\CJIIITb 

/IBIILIM o6pa30M yll11Tap11y10 3B0JII0!llll0 OT m111a11mm npouccc0B J)OlHJlC'Hll/l-YIIIl'ITO}Kerrnn. 

Ta1we pa3l(eJie1rne, noo611,c roBopn, ueoaHo3na•mo. Onpeae.111n To1rn, H0BJie11eHHL1e B 

ynnTapny10 3BOJIIOIIUI0 u rrpoaeccu pomae11un-ym111Tomemrn, 1rnH 

I = JJ1j1 + P2Jz, 

II 

J = )2 - Ji, 
CO0TBeTCTHCIIIIO, rae 

P1 + ]!2 = l, 
4 

HaXOlli/lCIIIIC lfllCJIODUX ({03C(H(lllUIICl!T08, DXO/llllfll!X D pa3,1m1,e1111e ITJ.)011380/lHIIIPil <(iy111,um1, JID

JIJICTCJI na1160J1ee CJ!a6UM MCCTOM /la!IIIOro MCTO/la. <llaI,Tll'Iecim, 01111 JlO;J;KlfU 6uu !iaKIIM-TO o6pa30M 

yraAanu. 
53a!la•Ia J!CrKO pemaeTCJI DBCJICIIIICM IIIITerp11py10111ero MllmHIITCJIJI 

TI(l,s) = e-i,1:j,(t)dt<l>(t). 

Ilptt 3TOM 

'1>(1) = e- 1: ii(r) l: i,(r')drdr' 
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ypaB11enmo Illpe.mmrepa AJIII l!CliOTOJ>Ott Jimlll0IICIITl,l Ht'liT0pa C0CT0Hllllfl l!eTpy.n:110 

rrpII.n:aTb BI!.ll 

ifJtl/Jn = y'nlif,>n-1 + Jn+Ir1:•n+I + 0IJJ1.f1!•,,_1 - /N=+~lp2J*~\+1• 

ITepBh!e .n:aa <rnena B rrpaaofi <racT11 rroc.1Ie.n:nero coonwmem111 on11Cb1Ha10T ymnapHym 

3B01IIOUIIIO OT.IJ:C1lblll,IX Irna11TOBUX CIICTCll, OTHe'IalOll[)'IO j1 = )2 = f, TJX'Tllll II lJC

TBepThlfi - rrpouecch! pa31111o;i,emrn JI ru6em1. Ila puc. 2 1101.a3a11a 1iomI;IeI,c11a11 

MapKOBC!{al! uerrb, OTBC'IalOll.[aII 3TOMY rrpc.n:CTaB,1C'Illll0 nponecca". 

]}1.f / f I 11 + l > 

i 11 + l > 

In>-----
In -1 > 

-iy'nl* 

-p
2
J" / I* I n - l > 

pnc. 2 

Ifa puc.2 au;i:110, 'ITO na rrepBOM mare npo11cxo;111T nepcxo.ur,I c11cTe111,I 113 In > B 

ln+l > n ln-1 > cocT011un11 (c aurrmny.n:amI Bepo11rnocrn -i/n+Tl 11 -iy'nl* co

oraercraeuuo ), ue corrpoaom.n:a10nvIec11 H3Me11c1111e~I 110InrnpoamI ao;111ottoii t)iynm.vm. 

Ha BTopoM 3Tarre cocToJI11n11 In+ 1 > n In - 1 > .. pacnwrrn1110Tc11", ,no n nInrno.n:nr 

H H3Meuenmo 0611~ero ,mcna 1rna11TOBUX c11cre~1. TTpn nmI, ec11I Re( .J / I) > 0, TO 

nurepcpepe11nn11 npo.n:yKTOB "pacrra.n:a" cocTonmIil In+ 1 > H In - 1 > 1rnnneTc11 Kon

CTJlYRTHBIJofi II .n:ecTpyI{Tl!BI!Oll COOTBCTCTBCIJIIO, 'ITO 0THC'laCT pa3MIIQ;JiCIIHIO nepBL!X II 

rn6enn BTOJ)b!X ( TaKIHl o6pa30M, cpe.n:uee 'IHCJIO 'IaCTIIU B 1rnm.uofi CHCTe~Ie C Te'JCIIIIeM 

BpeMCHII YBCJJII'II!BaeTCII). ITpu J < 0 c1ITyaun11 06panra11. 

Y.n:o6no B311Tb 

JJ1 = 0, P2 = l. 
B 3TOM cny,rae ypaBuemIe Illpe.n:nurepa 

iDt I 1fat >=[(it!*+ a+ I)+ (-irp21· + ii+v1J)l I t/.1t > (7) 

6 TI011pa3yMenaeTcJJ, '!To aMrrnn11y11u co61n11ll, 1111y11111x rrapanneJibUO, ueo6xo1111Mo c1rna11unaTb, a 

llOCJiellOBaTCJlbllUX - nepe~moataTb [6]. ,[(Jill npocTOTU ua p11cy1me y1rn3a11u Jllllllh llOTOKlf aMllJilf

TYllU neponTHOCTlf, DLITeKaIOil.\lfC lf3 V'n, KOTopue MoryT 6uTb ttall11e111,r c 110Mo1uuo ypan11em1A llJIJl 

iJ,'Pn-1 If iJ,-r/•n+l• 
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1 
J 

'1 

') 
11/ 
I 

pacrra.n:aeTcn na .n:Ba 11e3aBI1nmux ypaB11emrn, o.n:rro H3 li0Topux orrnc1,rnaeT ymnapHym 

BnyTpenmoro .n:mraMHHY, a .n:pyroe - rrponeccu pom;i:emrn n rn6em1. ITo.n:cTaB1IIIII B 

(7) li/'t > B cpopue 
I i/J1 >= Q(t) I ef>t >, (8) 

II01I)"IIIM 

i(otQ) I rf>t > +iQDt I (pt>= Q(cij; + (l+ji) I ef>t > -Q<tl* I (pt>. 

Orny.na BH.UHO, 'ITO ecn11 I ef>t > - pernemIe YIII 

Wt I ef>t >= (aj; + ci+i2) I <Pt>, 

OHl!Cb!BaIOll.[ee ymnapnyJO 3BOmoumo, 

I ef>t >= e-"u,. i,J I: (-if/ I n >, 
n vn: 

TO .11:M Q(t), C Y'ICTOM 

·;,, I ef>t >= -if3 I ef>t >, 

1nieeM He3aBHCHMOe "ypaanenne Illpe.n:uurepa" c Mmnn,m rroTeHUHanmr 

iDtQ(t) = (i(3J*)Q(t), 

pernerme Roroporo 
Q(t) = ea[J,i,] 

OJIIICUBaeT upol.(CCCLI pom.n:emrn JI]III YHH'ITOlKCJIIIII rrnaIITOBblX CHCTeM, COIIpOBOl!{.l(a!O

ll.[IICCII II3MCIIeJUICM uopMHpOBJ{If BOJIIIOBOfi cj_)yJIRHIUI, 

B ,rncTJIOM cnytrae, 1wr.na Re((3J*) < 0, rmeeM Iwrepe11rnoe cocT01111ne c KOHe•1-

HblM BpeMeHCM }l{ll31Ill, aHa1IOflI'IH0C l[aCTIII(aM - pe3ona11caM, B TO BpeMJI !{al{ 06I,1tmblfi 

peue11T JIOCTJ)OCJIIIII TaRIIX COCTOIIIIHfi, C HCIJO]lb30BanneM HOJ)1Ia1lbHhIX raMH1IbTOHHa

HOB ( CM. BBe.n:enne), 3.ll:CCb He rrpnMeHIIM. 8-ro CBl!3auo C TeM, 'ITO B .uaHJIOM cnytJae He 

cyll.[eCTBYeT HOJ)M!IpOBaHHbIX COCTOIIHHfi, OTBC'Ial.Oll.[IIX co6CTBCHHUM cpyHRI(HJIM 3J)MII

TOBOfi tJaCTII raMII1IbTOHHana (2) 

Hh=ra+1a+ . 

.ll:eitcTBIITen1no, II3 ypaanemrn na co6cTBemrne 3ua,Ie111rn 

00 

Hh I 1P >= E I '¢ >, I v• >= L Cn I n > 
n=O 

cne.n:yeT, 'ITO 

Cn-1 yri,I + Cn+I \l"n+ll* = ECn, 

II1III 
EC _ y'nCn-IJ 

n . 
Cn+I = Jn+TJ• 
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Ilpn n - oo: Cn+l ~ .j;!fiCn-1, rronmry I;,. I Cn 1
2

- oo, trro II Tpc6oaaJJOCh 

.n;oRa3aTh. TaRnM o6pa3oM, poJih "nop.MaJihrroro" raMHJihTomrnua, nopo;i..naw1uero co

cToHHHH C ROHCtIHhJM apeMeHeM lRII3HII 3./lCCh, B .nefiCTJlJITCJJhllOCTII nrpaeT ano.Ma,'Ih!lblll 

ral\UIJihTOIIIIaH arr.na 

H =(al*+ a+ I) - aJ*. (9) 

4 (I>n3nqecRa.R HHTeprrpeTau;HH BeRTOpOB COCTO

HHHH c HOpMoii, OTJIHqHoii oT e,nHHHu;1>1 

HHor.n;a oum6otJ:IIO ctrnTaIOT, tJ:TO ne3pMIITOBOCTh raMIIJihTOIIHana IT])HBO,ll!IT aBTOI\Ia

THtJ:eCRII R napyIIIemno T-IIIIBapnaHTJIOCTH ypaBJICllllll 3BOJIIOUHU. H IJOCIWJ!hHY rro

CJIC,ll;HHH napyIIIaeTCH Rpaiine pe.n;Ro [7], TO 3TO 3aMe'IalIIIC, 6y11,h OHO acpno, cjiaHTII'Ie

CRII, lICRJI!OtJ:aJJo 6h! B031\IO)RIIOCTh BCTpeTIIThCJI B peaJihHbJX yc,10BHIIX C rrpouccca~m, 

OlllfCh!BarouunrncJI ueymnapHI,Jl\IJI ouepaTopaun 3B0JIJOIU!l!. B TOU, •ITO IIC3])MHTO

BOCTh raMHJihTOHIIana ne CBJI3aHa nerrocpe.ncrnenno C 11apyIIIem1c~1 T-IflJMl])l!al!TIIOCTII, 

l\IOJRHO y6e,n1ThCJI C llOMOIIJ;hlO CJJC,ll;ylOIIJ;CfO npocToro nprmepa. ITycTh 

·2 • p 
H1 = 2m' 

JJ 
H2 = -2, 

a natJ:aJJhHOe cocToJimre ¢ 0 xapaRTeprrnyeTcJI, no Rpafineii uepe -· npu6nnrneuno, ne

ROTOJ)hlM 3IJatrenneM n11myJJhca ¢0 = V'(JJ) : 

PV'o = p1t>o, 

no orrpe.n;eJJeHHIO ,!(HHa~urna Cl!CTCI\ILI na3IJBaeTCJI HJIHapuanTHOII 0TJIOCl!TCJ!hH0 orre

pamm o6pam;emm apeMeHu 61 , ecnrr 

r.n;e 

.1,R _ e-iflt.1R 
o/0 - lf-·'t, 

¢: = 6t¢(p) = ¢*(pl = 1/1(-p), 

• ·L1 l!t ¢~ = Ot?J,1.= 1/J; = e1
2m -, v•(-p). 

JierRo rrpoaepun, tJ:TO ,!(I!HaMima B 3T0M CJiytrae, HCCM0TpH na IIE'3JHIHT0B0CTh ra

MII~~Toimana, .nettcTBIITCJJhH0 mrnapnarnna 0Tnocu1eJihHO Ot, ITpn '>TOM ecnu rrpHMaJI 

3B0JII01JIIH xapaRTC])II3YCTCJI yMeHhllICIIIICM nopm,r BCl{T0pa C0CTOJIHJIJI co BpeueneM, TO 

~paTHaJI - ee B03pacTauneM, rr nao6opoT. l'vfomuo Tairn{e y6e.n;HThCJI B TOM, tITO ,!(JIil 

.. ,,cym;cc,cTB0Bamrn T-nnBaprraHTHOCTII neo6xo.n;m10, tIT061I BhllIOJIHJIJI0Ch C0OTHOIIICHIIe [8] 

fr= fl, 

r.n;e fr - orrepaTop, KOMIIJICRCHO corrpmRCH!lhlll 
7 

I{ iI. 
7,l(JIH HJIJIIOCTpaunn pa:mnuu MelK,Qy K0MnJieKCHJihl 11 3pMllT0DLIM conpnawnneM y1ma,eM, 11anp11-

"+ ,. "* ~ Mep, qro p = p, p = -p . 
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XoTJI IIJ)C',!(J.IJl}'ll(f:'C 06cya;JlCIII!C' yme B lii\JiOli-ro ~H'JJC' ll))0l!Cllll,10 c!lll3Jl'JeCJillfl CMI,ICJI 

pelllc1111fi Ylll c 11ecip~mT0B1,1M ra~rnm,ToI111a110~1. pn.a BonpocoB. B oco6ernrocrn Raca

IOIIlIIXCH C0CTOIIIIHH C IIOJ)~IOii 60JJ1,IIJCII, '!Cl! E'.llllllllllil, 1r)'}K;1i\f'TCH B 6o;J('(' ,llCTi\Jlhll01I 

paCOIOTJJCIIJIII. 

Ka 1, ll:JBCCTIIO [9], o6u•mLJC ( r.e. IIOJ)lllljl0Bi\Jllll,IE' !Ii\ C.1(1111111()') liOH'J)CIITHLIC co

CTOHJlIIJI la > MoryT 6UTh co3.n;a1Jbl c no~1011u,10 ymnapnoro oneparopa 

D+(a) := e"a+-a•a • 

.n;eHCTBJIOlll.CfO ua Bi\I,yyimoe C0CTOJIIIIIC 

la>= n+(a)IO > 

O.n;UOBJ)CMClllIOC po;i..n.cmw IICCIWJihliIIX lli\l,CT0B a~m;nnym,r a-, 0lIIICl,IR<lE'llOC onepaTo

p.oM D+ ( a )N, ~wmeT 6Lin, n1Ircp11peT11poaa110 liaii nponccc po;1,.acm111 1,,1acc11•1ec1wro 

nonu c a 11nn11Ty11,ofi Na : 

D+(at!O >= D+(Na)IO >=!Na> 

.l{ci1na11e 11p11cmnma, orn,c1111mo1ac-ro oT cocron111111 IN a > naJicT c a~mmny.n;ofi a, 
omICJJBaeTcH oncpaTopou D( a-) = D+ ( -n) : 

D(o)INn >= l(N -1)n >. 

B mmre [10] 11.n;eam,noe npueimoc ycrpoiicrno, BT,l'!llTa1omee 11:3 nocrynam11tero na nero 

BOJJIIOBoro Jli11(CTi\ neHoropyro 'IaCTb II 3i\TE'~I 11:rnepmomee tlIICJIO HBilllTOB B OT)(C'JIE'IIH0I1 

tiaCTII C C,llHJIIItIIJOll 3(jJCjJCI.THBIIOCTLIO, ua:rnano 1rna:mcj>11:nl'ICCHm11'.. 

l3cHTOJJI,I cocrn1mnH l/3 >= CJ la >, Q # l, ornc•ra1omm0 06cp1utaw11,c~rycu 3./lCCh 

neymnap11011y oncpaTopy 3llOJIJOHIIH, Tami.c COJ\C'))Hii\T IJC'liOTopoe, Boo6me TOllOJ)H, OT

JIJitIII0C OT c11,111111nu 1mcno c11cTe11 c acr,Topa1m cocTonmrn In > . O;urai;o ll uocne.nueM 

CJJY'Iae cocTOIIIIHJI la> 6cpy1cn "no oT.n;cm,11ocT11", mm, cc;m To•mcc, npc.ncTaBJJJIJ0T 

co6oii•pC3.)'JlhTar "pacmC'm1cm111" coc1onnn11 I Na-> na N m11;cJoH c aim.111Ty.n;ofi a 
C II0M0!I{l,IO "1rna3ncjm:rn•ieCI{oro" Jl3~1CJ)IITC,11,II0fO yc1poiicrna!I. Jl:rn IIJl,110CT])i\UIU! 

pa3mru1,1 ynameM, narrpnMcp, tJTo CJWJlTICC 1 111c110 •1acT1tH H cocrori111111 !Nn > paano 

< 11 >=< Nnla+l,INn >= A 2 lol 2
, 

13 TO me Bpe1111, IlOCJJC paCil(C'IIJl<'llllll clT0rO COCTOHllllH !Iii X 0T}l('JIJ,llhlX Ili\l,CTOB II 

II0CJIC',llj'IO!l(Cf0 II3UCIJCIIIIJI HOJlll'lCCTBil 'liH'Tllll, IIOJI~·•rn~I 'IIICJlll, H /\' J)il:3 llCIIJ,IIJC'C: 

< n >= N < nli',+i',jn >= Nlnj2. 
8Onncauuull 3.uec~ npo11ecc 113,1epemrn 11e yK11a1111nat'Tcn 11 11poCTPil111y10 cxe,1y 1,ua111onoro 113-

Mepemrn, npe.1111ome1111y10 cj:,011 Ilell,iaHoM, cornarno i;ornpoil c1111rneTC>1, •no 11oc;1e 11JMepe111rn 11a-
6mo.uaeMoll A= I:,,ala >< al c11cTeMa oi;a31rnaeirn II 0/UIOM 11,1 CO("To111111n la> . O1l11a1,o on M0meT 
6LITb om1ca11 n paMKax 6oJJee 061uel1 Mo.11em1, c,t,op,1y;111pona1111oil n [I!]. 

9IIa CBJ13b 11ey1111Tap1111x onepa1opoa 3Domo111111 c npo1wcca.i11 nBnHT0B!lX 11a,11'J>e1111il nnepnue 
611JI0 yKaaano n pa6otax (12] 
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8 T0J\I cJiy'Iae, uor.na cpe.n11ee 'IHC,10 1rnanT0llhlX CllCTC1( < 1\' > He pall!IO uc,10My 

'IIICJIY, 11eaopMnpoaau110My cocT011m110 J,B >= J< N >Ja > orne•rner 11e1;0Topoe 

pacnpe.r1eneHHe BepoRTHOCTH PN 3aperucrp11poaan, N HllilllTOlll,IX CIICTC~I B CO· 

cTomiun ja > . Ecm1 pacmemrneuoe fiorepennwe cocromme rmeer ll1t,a 

I,>= JZa >, 

r.ne 

Af-1 $ Z $ M, 

TO IT0CJIC 0TIUCITJICHH/I OT nero (,V - 1 )-ro naI,CTa no;Jj"lllll Jl0J>llllJ)OHilllllOC 1wrepe11-

TH0C C0CT0/IJll!C 

l(Z-M+l)a>, 

KOTOpoe 6y.neT BOCITpl!HlH!aTbC/I 1rna3Jicj)ll3H'JCClillM 11:i11ep11TCJll,1Il,DJ ycTpoi1CTH0M I.clH 

cocToJIIIHe · Ja > ·c aepo11TnocThIO 

w =I< a I (Z - JI+ l)cr > J

2
• 

Ilo3TOMY pacrrpe,neJICHlfC BCJ)OIITIIOCTH Toro, •no H3~f('j)HTCJJJ,Jll,Ii1 np116op 3aperl!CTJ)II· 

pyeT N 3K3CMITJI1Ip0B ll3Y'lilCMOti CHCTC1II,I, Inl<'CT Blfll 

PN = (l -.w)c\v.,lf-J + wfiN,u-

3,necb HMCCTCJI O'ICBll.l(Hil/1 a11aJIOrll/l CO CTilTIJCTil'J('CHOTT cjJl!3Jll{OJ1, [J(C paCCMilTJ)II· 

BaJOTC/1 MaJILIC Il 6oJIJ,IIIIIC J(ilIIOHII'JCCKIIC a11cau6m1. B COOTBCTCTBHH C 3TOH ana;10rneii, 

J\IOJKHO Hil3LIBaTb ancaufom Il3MCJ)CIIHii Mil,1b!Mll HJIII 60JibUIIUIII, B 3a1rncm10cn1 OT Toro, 

cjnrncnpoaauo JIJIH IICT ITOJJIIOC 'JIICJIO OTHOClll!IIIXCfl H 111111 HRaIITOBl,IX Cl!CTCM . .l{JIR an

cal\16Jieit, co,nEfpmau~ux OTJIJJlJJIOC or C.Z:UHIH!Ud lJIICJIO HAilllTOBJ.IX CHCTCAI, H3BCCTHYIO 

BCpOIITIIOCTIIYIO JUITepnpeTaumo BOJIIIOBOll rjiymnum CJIC.LlYCT 0606m11n, 3il~ICIIIIR rep· 

MHJI "nJIOTIIOCTb BCJ)OJITIIOCTH" 6oJiee 061111u1 1io1111TJJCJ\I cpe,llHCtt nJJ0TH0CTH 1rnan

TOBb!X CIICTCM IIJ)II rrpoac.uemm 0.L(IIOr0 llCIIJ,ITilJIJlll. ITonHTIIO, lJTQ 061,1•111a11 BCJ)OJIT· 

HOCTb JIBJI/ICTCJI 'JaCTHhllvl cJiy•iaeM cpc.nnc11 IIJI0TJIOCTJI, Ji0J".L(il 'IHCJIO perHCTpnpyeMbIX 

CHCTCM M0JI{CT IlJ)IlIIIIMilTb T0JibJ{O .L(Ba 31la'ICJIIIII - 0 JI 1. O606rne11111,1e "Bepo11r110-

CTH" q ( cpeanue ITJIOTJIOCTII), !{ill{ II o6r,I•JIILI(' BCj)0JITIIOCTll, )'.llOAJICTOpHIOT ycJIOBHJilvl 

IT0JJOlKIITCJib!I0CTII Il nopimpoBaIIIIOCTJI 

qi :=< it,jQ;jip > 2:: 0, "E;q;=N, 

r.ue N - HCOTJ)IIUilTCJib!IOC ueJioe 'IIICJI0 Cl!CTCM, y•1aCTBYIOUJHX B 0./lllOM JICilhlTil!U!II 

(H3MepermH), Q; - onepaTOp rrpoeKTHpOBalIIIII, OTBC•JaIOIUHii i-uy pC3YJJbTaTy. 

l1pouecc U3Mepemrn cpe.nuero •mcJJa •1acTHU, coaepmamuxcrr B cocT011m111 c oTmJq

uoit OT C,Ul!HI!Ubl HOJ)MHJ)OBl{Ofi, 

IP>= ✓<N>la>, < aja >= 1, J< N > # l, 
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MOHmo 0JUICilTb TCIICJ)b CJJe.nyro1um1 o6pa30ll: 

< n >=< PJa+i,Jp >=< N >< aJa+aJa >= 

= I:J)NNL < aja+ajm >< mJa >= "f:,P,v L<Jmm, 
N m N m 

r.ue <Jm = Nvm - cpe.unee 'IIICJIO m-•JaCTil'IIll,IX CHCTCM, 06061ua1muee IIOJIJITHe Bepo

JITHOCTII perIICTpaUIIII m '!aCTHU, 

2 jajm 
JJm =I< m I a> 12·= e-lal -

m! 

- pacrrpe.neJie1111e no 'IHCJIY •JaCTIIU B cocT011111rn ja > . 
B 3illiJII0'1CIIHe yHaIBeM na 0.L(HO cpn3IPICCIIOC JIBJICHIIC, li0Topoe MOlKHO 0ITHCaTb 

C HCITOJlb30BauneM ypaBHCIIIIJI lllpemmrepa C raMIIJibTOJIJiaII0M BII.L(a (9). B 1mure 

B11r11epa [13] ITOHa3aHO, 'ITO H3BCCTilhlC B nacTOJIIUCC BpCMJI MO.l(CJIJI CilMOBOCITp0H3B0-

.L(JIIUIIXCJI cncTeM (BHJIJO'Iall 06nienp1rn11a1111yro i10.nem, perrmrnan1111 .l{HI{ [14]) Heco

BMCCTJIMLI C ypaBHCHIIJJJ\III l(BilIITOB0ii .z:umaAIHl{II C ymnapHLIM oneparopm, 3B0JIIOUUH. 

HacROJibl{O nau H3BCCTIIO, 3T0 np
0

0TIIB0pe•111c. ITC ITOJJ.)"JIIJI0 .L(O nacTO/IIUCro. BpeMeHII 

Cl{OJIJ,-IIII6y,n1, Y.Ll0BJICTBOJ)JITCJibIIOro 061,rrcne11n11. l\Iem.uy TCM. JUICCTCJI CCTCCTBCHHaJI 

qm3II'1CCRaJI II.L(CJI; rrp1rno.umua11 I{ MO.l(CJIJIM pa3J\III0)l(CHIIJI, H0TOJ)ble, BI,IpamaJICb CJIO

BilMH BHrnepa, HC 3ilBJICJIT OT "BCCMia pe.L(HJIX", a IIOTOMY II(' IIJ\ICIOUJIIX cj>IIJil'ICCKOro 

3Ha•1emrn, rrpeo6pa3oBannti 11oop.z:umaT. PaJym1yro iwaeJib perrpoayunpoaamrn MOJKHO 

ITOCTp0!ITb, CCJIII .L(OITYCTHTb, 'ITO OTBC'IalOIIUifi 3THM npouecca11 orrepaTop 3B0JIIOUUH 

ne IIBJIJICTCJI ymnapHhlM. Ilo.L('ICJ)HlleM, •ITO 3Ta T0'!Hil 3j)Cllll/l BIJOJIHC cornacyercJJ C 

coapeMCIIHb!MII no.nxo.naim Ii ormcaumo oTHpI,ITLIX (3.LlCCb - cmwopram13ywmuxc11) 

CHCTCM [15]. IIycTb xapaHTCpUCTIIK0fi oco6n, nepeaaaaeMOti 110 uacJJe.ncrny, JIBJIJICTCJI 

aMHJIHTy.na a 10 . Bueuume ycJioBirn, ·ouncLJBaew,1e TO HOM I, re11epupy10T BIIyTpenune 

rrepeMCilbl oco6n ("MyTau1m"), C0CTOIIIIU!e B 113MCIICIIHU napaMeTpa a. XapaHTepn

CTIII{!I cpe.L(hl, OTBC'lil!OIIUie TORY J, 0ITIICJJBillOT ycJIOBllll, 11eo6xo.num,1e .L(Jlfl B0CITJ)OH3· 

Bo,ncTBa (nm1 rn6em1). EcJIII I= 0, To nMecT MCCTO •mcToe cal\loaocnpo113Bo.L(cTBO. ·ToT 

cj>aKT, 'ITO TOH J 0ITHCLIBaeT IIJ\ICIIH0 pa31\11!0H{eIIIIC yJKe IfMCIOillHXCJI oco6eii, cne.nyCT 

H3 cooTBCTCTByroll(ero ypaa11em111 Illpe.nnnrepa 

8 I 1/.'1 > = -a1· I 4•1 >= o, 
8t 

ecJin I ip1 > - cocToJim1e, ne co,nepH;amec 11n oanoti oco6n ( T.e. I O > ). MoiHuo 

0lJ{!I.l(ilTb, 'ITO M0.L(eJIII BCTBIIIUHXC/1 IIJ)OUCCCOB TaHoro Tllllil Mory-r 0Ha:rnThC/1 IT0JJC3HLIMJI 

B Teopuu 0THJ)b!TLIX HBilHT0BhIX CUCTCM. npn onncamrn rrpo1ieccoB All!0)l;CCTBCHIIOro 

pOlK.L(CJIIIR, a.L(pOH· Il 11.L(pO-R.L(CpHLIX B3aIIMO.L(CfiCTB!lli II .np. 

10 I-faeecTHO, '!TO e KDa11TonoA Mexanm.:e mo6oe cnoAcTDo c11cTeM!l ne cymecrnyeT per se, a "co-

3,naeTcJI" B npouecce ll3Mepemrn. TeM ne Menee, aMnmITy.ny o Moamo C'IIITaTh MaKpocKO1111•1ecKoA 

xapaKTep11cT11KoA, np11cymeA c11cTeMe "caMoA no ce6e" n neKOTOpOM npe.nene, nenmomeMCJI ananoroM 

TepMo.n1111aM11tJecKoro [16]. B11rnep, ecne.n 3a cjion JlellManoM [Ii], npeo.nonenan npo6neM!l TaKoro 

po.na npe.nnonaraJ1, '!To coa11a1111e 11nn11eTcJ1 o.nmrn 11a Kmoqenux 3neMenTOB Qlll311•1ernotl peanhHOCTH 

[13, 18]. 
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