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I. Paccwotpmw KBa3KOAHOMepsyD CHCteuy B3aHMo~eDcrsyD~HX 

M8XAY co6oH O~H8KOBYX l.l8CTHU, "BctpoeHHNX" B TB8p~OT8RLHYD MatpH~y. 

i:\auaH H3 qacnnt wo:s:et naxo~HTLCH B J= 0,1, ••• 

HHRX. 0HH uoryt 6Nth ODHC8BY BOJIHOBYYK ~YHKUKHKH 

KBBHTOBHX COCTOH-

0') . 
r!:} , fl- -

HH~8KC yana; ~~ RBJIRDTCR pemeHMRWH O~HOl.l8CTHl.lHOfO ypaBH88HR 

illpe;~HHrepa Jt,_cf:!J = E1; 'f'f!l. 
Onepatop nonuoR 3HeprHH CHCT8MH Aa8TCH BYpaZ8HHew 

(I) 

';'I 
L..... osHal.laet, l.ltO "-' -=f- u. B ,ItaJILHeH.mev so Btopov cnaraeli.Oll MY 

dy,IteM yqHTYB8th B38HMO,It8itCTBH8 TOnLKO M8~ 6JIHX8itWKllH COC8,II;HMH. 

11ocKOIILKY B KalK.ItOM ysne J1.., pacnonaraetcs o.n:sa qactHila, to ectect

sesnYMK RBJIRDTCR tpe60B8HHH 

(2) 

EcnK orpaHHqK!bCH iiBYXypOBHOB08 CHCTOMOB &.c =£:o, GL, 
A -" " 

TO (2) nepenHmeTca, Kalt J/,
0 

= f_ -.#,;, . 

Yl.lHTYBaH, qto B npe,ItCT8BJI8HHH l.IKC8Jl 38DOJIHeHHR MY HK88K 

!rnf I ... N.; . .. > = .Ji,f /. J.('.f ... >, (3) 

A ~ A 

TO (}("f) = )('.f, 

l.l8CTHU B yane f&. B COCTOHHHH j= 0,! 
A + 

, a sual.IHT onepatop qHCJia 

M0:!:8T 6l:l'Ih npe,ttCT8BJI8H B 

BH)Ie J(,_j = b ".f b ":f , 
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3.1leCb BBe.s;eHI:rl ueapii.HTOBI:rl onepatopl:rl b ~ , bnf pOJK.ll6HHH 

H YJIHtl'rOll6HHH COCTORHHH f=O,l B yane fl,- : 

6:; / ... Jl..; ... >=(1-J.f.;)/ ... (.JV"f-rf) ... /, 

b-tl· .. »; ... /=-»; I . .. (i-~) ... >. (4) 

Otcn~ cne~eT, qTo onepatop~ (4) y~oBneTBop•nr cne~D~HN 

KOMWYT8UHOHHHII. COOTROm6HHSII.! 

b"'b~ +b~bv =i, b,; =-(h:r/= 0, 

[ 6'1 b;·- b;, b'f] =- [b.1 h::r - b::;_h.J = 0. 

BBOAH oneparopH~e ~YHK~H 

/'- - "' b fl) yr. . .f~ .. . ) - ~ ·.f Cf,__ a~J . 

A + '\' + lfc (j} 
1/T (. .. ~ •.. .) =-L. b (fl (<: ) T n-J nJ t n- fn- , 

(5) 

(6) 

nonyqaeM npasHna, no Kotopl:riM ocymecrsnaetca nepexo.ll or onepatopos 

mpe;o;RHreposcKOr_o npe.n;ctaBJI6HH.R K onepatopaM B npe.IlctaBJieHHH 

BtOpHqHQfO KB8HTOBaHHB! 
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B pe3yJihtate raMHJibTOHHaH (I) npeodpu3yeli. K npe,llCTaBit9HHil 

BTopio!l.iHOfO KB8HTOBaHHJI: 

B .ll8JihHB t\weM Hall' y .n;ddH o c>y.n;et no Jib 3osat bC H He oneparopaMM 

b~J , 6"/ , a oneparopa.MH nepexoAa IIayJIH: 

/'+ + 
P,f = bn,f hno 

(e) 

(9) 

(IO) 

3aMeTHM, qro npH nepexo.Ile B raMHllbTOHHaHe (8) K onepatopau 

ilayJIH ,ll8J!te npH ytJeTe B3aHMO,llet\CTBHSI M9lK,lij'· 6JlHJP::8itWHMH COC9)UD4H B 

,n;syxypOBH9BOil CHCT9M9 BO 3HHK81lT, Kp0M9 JutHeilHhi.X l.iJl9HOB 00 onepatOpaM. 

llaynH, raxxe qneHhl sroporo, rperhero H qer~eproro nopH.IlKOB. 0AH8Ko 

CJiaraeMhl8 H91.i9THOfO OOpH,llKa ,llJIH CHCT9MB O,llHH8KOBhiX UeHTpOCHMM8TpHI.i

HblX OnHJKailwHx coce.n.en nponB.rtaJJr (cu. [r]). 
ilpH UOJIYI.i9HHH ypaBH9HHt\ ,II,BHJB:9HHSI ,Il,JIJI onepatOpOB ilayJIH B 

reKaeHdeproscxoA xapTHHe 

( phf "'- [£?.;, J't)_ = P ( f',f ,r;;), /ioJ (II) 

B03HHKaDT rpy,llHOCTH JIHmh anredpaHI.iecxoro csciRcrsa. OARaKo OnHCaHHB 

~H3HI.i9CKHX TIPOU9CCOB tpedyer nonyl.i9HHH ypnBH9HH2 ,R,JISI l.iBTKO Onpe,ll8JI8H-
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HiiX ¢IH3J.P,19CKHX B9nMI.IHH, HJIH au:TIJIHTY.D. aepOHTHOCTH • JieOOXO.II.HYl:.l 

ypaBH9HHJl ~g COOTB9TCTBJD~HA C-QHCBJI. 

B Q8CTHOCTH, AJIJI KB83HO)J.HOM9pHHX )J.ByxypOBHBBHX CHCTBY 

cymecrayer TOI.IHoe npeo6pa3oBauHe or oneparopoe ITaynn K oneparopaM 

9ep>IH[2] ; 

C(· = q s-. 
'J Ij J 

+ +/\ 
!L· =-P· ~-, J J J ' 

(I<) 

3,n,9Cb 11 B ,lt8JlbHeDnreJot pa,llH J.II.00CTB8 0003HaQ9HJd1 J 03H8Qfi9T HH,II,BKC 

ysna. ITpH orow y~noch paapadoratb npoUBAYPY "cae.zr.eunH" oneparopu~x 

ypaBHBHHK K ypaBBBHHJIM B C-QHCJIBX [ 3]. BMeCTe C TBM, KOr,l~a B onepa

TOpHbiX ypaBHBHHHX Mbl He N.OJ:BM npeueOpeqb I.IJI9H8MH HBQ.BTHOD CTBflBHH 

flO onepatopaM OayJIH, B ypaBHBHHHX AJIH COOTBBTCTByDmHX C-Q.HCBJI B03HH-

K8DT nurerpanbHLie cnaraeMHe[4] • 3ro CHJibHO ycnoznaer aa.naqy 

H8X01C,I1,8HHH pemeHH3. 3THX ypa.BH9H111A, HCCJIB.II:OBiiHHB HX Ha JCT03.Q.HBOCTb. 

Cy~ecreyer H roqnoe npeodpa30BaHHe K oneparopaM Dose [s]: 

(13) 

r.zr.e Bj) B] - oneparop!:.i bose. O.IlHaKo 3,lleCL npHxo.n.v.rca onepnpoearL 

c "odopBaHHbiMH''no do:::~e-oneparoprut pH,I~;aMH, a raKlll:e yQ.HTIJBaTb "Hepap

XHi.!" napa.MBTpOB B TaMHJibTOHH8HB npH BlJdOpB OCH KBaHTOB8HHH 

(eM. [4],[6]). 

H. N;oAeJibHb13. raMHJlbTOHH8H, OflHCbiB81JiUH3. .n.syxyposueByD CHCTBMY B 

tepMOCTate, CTpOHTCH C yqeTOM TOrO, Q.TO CHCT9Ya COCTOHT H3 O~HH8-



~OBHX AByxypOBH9BYX MoneK,yn, a $OHOB~ paCCMatpHB8DTCH B rapWOHH-

qeCKOW rtpa6nHX9HHH. 

V j/ , N 

Jt. =- r w ~~;_ + z r ci. + ~t I'. r;:r: ri. + 
I( " j<J .I -<- ,i =f_ .; .I f 

+ L ( flp BK+Ij + i/( 81( P/) + 
J•"-

(14 ) 

.J} J/ 

+f L (P/1}., +P;.;P;)+)AL ( I:/iJ.>J}+Jj) J 

.;=i .i=J 
N, ~ 6;' B, , BK - oneparop MOAN ljloHOHHoro nona, npH 3TOM 

c.Jk - qactota W0HOHH03 MO.)Ul C KBa:nnnmyJIDCO:t.f. k (•aoMep• MO.IUiH 
,_. < 0 
LTJ :::::../Vj - J.lj - oneparop HHBepcuoR saceJieHHOCTH, rAe 

1 ,ri. p+ n ,ro _ n+ n · a., __ napruterp B:laHilO,IleRcr-
JV.i ::=.. Jl. Eji. , JVj - L,io I)o J> d/J"-

BHH C k -on $OHO~HoD MO){Oli. IlepeCT8HOBOtiBH9 COOTHOW9HHSI .ItJUI 

KB63HCllHHOB HMeDT BH)l: 

[c)JJ.1~ 2P/ £/, {Gj,fj)_ =:c-2f!J€J', 

[ p+ p.,l - cf: ;; .. , 
J> J'J_- j 'Jj 

(15) 

ITpO,IlCTaBnHeT HHTOpec BBO,IIOHHO B raMKnLTOHHaH (14) C napallOT

pOM ~ cnaraeworo, KOTOpoe OITHC~B89T B38HMOA9RCTBH9 HHBepCHHX 

3aCeneHHOCTeR. BHdop 3TOfO cnaraeMOfO B T8KOM BH,1{8 B03MOX9H B CBH3H 

C TeM, t:ITO paCCMaTPHB89TCH 0TKpHT8H CHCT9Ma C ITO){KaqKQR H ,1lHCCH

na~HeR. naxee HaMH dy,1tet yqreHo aanHqHe e ·cecreMe ~nyxrya~eoaH~X 

npo~eccoe. 

KpoMe 

M8Tp8.l4H f 
TOfO, B raMHnDTOHH8H9 (14) npHCYTCTBYDT qneHY C napa

! 
H )A , BN.p8'Z9HHJi ){JUI KOTOpl:lX npHB9,1l9HH B padore[l] • 

HapH.1lJ c odsqHHKH cnarae~H npH napaMeTpe )A , onHCYBaD~HKH 
nepeHOC B03dy~eHHH Mex,n;y COC8AHHMH MDneKyRaMH, B (14) _OCT8BR9HH 
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I 

H "aHOl4aJibHble" Ooro.nD60BCKHe cnaraev:111e c napaMetpoM Y , KotopHe 

yqHTHB8DT B036y~eHHe H nepeXOA B OCHOBH06 COCTOHHH9 ABYX 6.11H

m:amHX coce,n;ela. 

Tenepb, Hcnom:.s'ya 

oneparopos nonapH3aUHH 

~H lj>OHOHBoro nona 8.__ 

(II) • (14), nony~HM c•cTeMy ypaBHOHHn ~· 

~· HHBepCHOH 38C9.119HHOCTH ~· H 8Mll.11HTY

MOXHO 6b1JIO 6bl BOCOOJlb30B&TbCH npH6JlHX9HHbiM 

npeo6p:3.30B8HH9M illy Jib~ - MatTHea ( CM. [ 7]) H "H36aBHTbCJI" OT Q8T

B9pTOfO c.naraeMOfO B raMHJlbTOHHaHe (!4), HO BM9CTO ~era TIOHBHJICH 

6s qJieu qerseproro nopa.n;&a no oneparopaw llay.nH c coorsercrsyDme~ 

nepeHOpMHpOBKOH napaMeTpOB. ilOCKOJlbKY Mbl XOTHM HCCJI9AOB8Tb B38HM

H09 B.11HHBH8 ~OHOflHOH TIO,li;CHCte~, HHBepCHon 38C9.119HHOCTH H TIOJIH

pH3a~H, KH He 6y,n;eM npHOeraTb 3,11;9Cb K 3TOYY npHeMy. 

B .. , P; 

;_ 81( =- [BKJij_ =- WI( BK T z: fj,;,!(£:;· ; 
J 

(ij = y .f;· -;; j;,k. BK ~· -)/0 !;;·:£ 

-~{G5P;:. +GJ.;.FJ_:)-!}; (Gj+1 +~_J Gj f; 

i ff = ilL (C7- -r 0. ) + 
d :0 J +1. ,;-1.. 

-t 2~ (j._;. BKP/- fjj,K 8/£)+ 

+ l/' { JJ~Jj t P/fJ-i - P/P,;+i-1}:1 !j}+ 
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Cnep,yet cpasy OTMetHTb, QTO npo~eAypy CB8A8HHR oneparopRHX 
ypaBH8HHA raKoro runa K ypaBH8HHRM B C -QHCnax YAan~L nposecrM 
RHML ARR H8KOTOpYX B8CbMa npOCTHX CHCT8M (CM., HanpMYep, [8] ). 
B CBR:3H C ~THM l4li np~tderHeM K CtaHAaptHOt! anpodHpOBaHHOP.:- npone,ny

pe, H:3RO~eHHOtt f.XaKeHOM B padotaX [9]. B HTOre HM89M ypaBB9RHR: 

it,<.*= (GJ._ -iJ,)ij: + fiii•"-fj + ie'f'(t)-; 

Li;;-" =-(JJ - iJJ.Jf} + )'/};f6/"6) + i .f(t:J -t 
k 

'6 • ( • - ") +)A JfJ•i +f' ~l)•i + 0)•tPi-f.. + 
'z .¥ + !:__ (6- f.. -1-6 f) 6'j· . .2- J+ J- , 

if= i0(6) •_ 6J ,_ L:f;J (iJ

- :LJ:. (c;pe e:fj·- §;,k ~pJ+ 
/(_ 

+ .t;;/{j-rt/-i-td)-ji~o::~i +t/iY+ 

(I7) 

+ :i?Jl)_;.rp-~i -t.·:)+j/(f3-i -1-/j.i3 . 
B (I7) M9 o6o3Haq•n• (no [9]) qepes J"- BpeMR satyxaHHR <j>oHOHHOR 
MOAH -81<..- B OTCYTCTBHH JI838pHoR reHepaUHH,, 8J,k. - B3aHMO,JteltcT-

BHe '""'ilY k -oa uo~oa • qact•~eR B ysne J ff;, (t) -ctoxac
THQeCKaR CHJia, odyCJIOBJI9HH8R 9JIYKtyaUHRMH B ~HCCHD8THBHOH CHCTeue. 

TaKHM odpa30M, "nonesoe ypaBHenue" (B repMHHonorHH [9]) WopManbHO 

He H3MeHHROCh. 0CHOB8T9RbHOe H3MeHeHHe npe~epneRH. KaR H cne~oBano 

O~HftaTh, "M8TepH8RhH~e ypaBH9HHR" - ypaBHeHHR ~nR HHB9pCROI 3aCe

neHHOCTH 6) H ~unonhnoro uouenra ~i . K nepeau rpeu cnaraeKYM 
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B (17), - JIX ClfiiCJI nOHCHeH B [ 9 ], - ,IJ,06aB1UIJJICfl CJiara9Y.LI9, B03HMKmM9 
M3-38. yqera B38.HMo.netacrBHH qacTHD;. Hapa.zy c "npHBbll.IHHMH" nenMnen-• . . 
llbUIH CRaraeMiiJDI ( £,!)·, -6,. fj , fjK 0 ) , .ll00aBRHDICH HeRHHenHOCTH .. ~ ... 
P,iB«, Pj-1..P;, ?; ~, f) Pi+ j_ 

¢H3HQ9CKHA CY.LICJI ~JIYKTyMpyDmHX CHJI 

H T.n.; M9HH9TCH, 9CT9CTB9HH0 1 M 

;{.(t), g'j(i), J;,J (t) . 
B .u.anLneAmeY. .u.na nonyqenHa pemeHH~ Heo6xo.nHMO socnonLsoearLca 

KaK ¢H3HQ9CKHYH C006pa~eHHHMH 0 CBH3H ~OHOHHO~ fl0.U.CHCT9Mbl C 

"BCTp09HH00" B waTpHuy KBa3HO.U.HOMepuoR B3aHMO,IJ,9RCTBYDmeA ,IJ,Byxypos

neso0 cacrewoR, raK H annpo~CHMa~HHMH, qro ctauer npeAMeTOM 

nocneAJDmax HCcne.nosanH~. 

H npHsuareneu B.K.~e.u.aHMHY sa odcy~.u.enHe pesyJILTaros H ~euuwe 

3aM9Q8.HHR. 
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