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Tip~HUHll TepMO,[{HHBMH~eCKOfi 3KBHBaneHTHOCTH H ypaBH8HH~ 
caMocornacosaHuSI 

Paaaur Meroa repMonnHaMu'l:Jecxu axsusaneHrHoH annpoKCHMBUHH Mo
nenbHhiX f'8MHJibTOHH8HOB, ll03BOJ1SIIOWHH nonyqarb 8H8JIHTHqecKOe Bbip8)K€HHe 

JlJISI 8CHMllTOTHqecKOfi (a TepMOJlHHBMHqeCKOM npenene) ~YHKUHH CB060JlHOfi 

3HeprHH. TipH 3TOM BOITpOC 0 B03MQ)KHQCTH TO'l:JHOf'O B TepMO.!lHH8MlPI8CKOM 

npenene BbiqHCJ18HHSI CB060llHOii 3H8pf'KH HCXOJlHOii MO.ll8JlbHOii CHCT8Mbl CBSI-

38H c pemeHneM nony'l:JaeMbiX a naHHOM nonxone o6o6weHHbOC ypaaHeHuii caMo
cornacoaaHnSI. 11ccneaoaaHhi KOHKpeTHhie xaaaroao-crarucruqecxue Monenu: 
o6o6weHHbiii raMHBhTOHHBH EKIIJ, raMHJihTOHHBH MHHHMBKCHoii aa.a.aqu: H.H.Bo
roni06oaa ( Mn.), Moaenb c Henonu:HoMaanbHbiM aaauMoneiicraeeM EpaHKoaa-
3arpe6Hoaa-ToH<tJeaa, cacTeMbi c napHbiM aaauMoneiicraueM. 

Pa6ora BbinOJIHeHa a Jla6oparopuu reoperaqecKoH ¢H3HKH 0115B1. 

Coo6meHue 06»eJlHHeHHDPO HHCTHTyTa MepHbiX uccneaosaHuA. Dy6Ha 1978 

Kurbatov A."VI., Sankovic D.P. 

Principle of Thermodynamic Equivalency and 
Self-Consistent Equations 

P17 - 12131 

A method of thermodynamic equivalent approximation is deve
loped which allows one to obtain the asymptotical (in the thermody
namic sense) free energy function. _For this the question of the pos
sibility to obtain an exact (in the thermodyna.mic sense) expression 
for the free energy function is connected with solution of obtained 
in this approach generalized self-consistent equations. The quantum 
statistical models were studied: generalized BC5-Hamiltonian, Hamil
tonian of Bogolubov (Jr.)'s "minimax" problem, Brankov-Tonchev
Zagrebnov's model with non-polynomial interactioti.s, some systems 
with pa.ir interactions. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1878 06r,eiJBH8HRblfl BHCTHryT B/JSpHbiJC BCCIJSIJOBSBBfl i1y6HS 

·I 

I. BBeAeHHe. 
0AHO~ KS BBXHe~mHX npo6xeu CT8THCTHqecHO~ U6X8HHHH HBHH6TCH 

pacCUOTpeHHe TOqHo pewaeYHX MOA6HbH~ 38Aaq , TO 6CTb HeHOTOpUX 
ynpo~eHHUX CHCT6U UHOrHX BS8HYO~e~cT.Bym~HX qacTH~ 1 HOTOpHe T6U 
HHH HHHU CflOC060U OUHCHB8DT pe8HbHH6 38KOHOM6VHOCTHo Taaoe pac
CUOTP6HH6 BHOCHT Cy~eCTB6HHH~ BHX8A B Hame flOHHU8HHe B6CbM8 CXOZ
HUX 38Aaq CT8THCTHqecKOI U6X8HHHH H1 B qacTHOCTH 1 noneSHO AXH 
060CHOB8HHH HCflOXbSyeUUX T8U npM6XH*6HH~. 

llpH HCCX6~0B8HHH C8UHX UOA6XbHUX aa~aq cy~eCTB6HHyD pOXb Hr
pamT TOqHH6 U6TO~H 1 Be HCflOHbSYD~He Te HXH HHH6 ~OpUH TeOpHH BOS
uy~eHv.l. K TBHMU MeTO~aU1 B nepByD oqepeAb1 CH6AY6T OTB6CTH U6TO~ 
annpOKCHUHpym~ero raUHXbTOHH8H8 1 OCHOBH KOTOporo 6HHH 38XOX6HH 
H.H.Boronm6oBHU B wy~aueHTaHhHHX mccne~oBaHHHX no Teopv.v. cBepx
TeayqecTH /I/ H CBepxnpOBO~IUOCTH / 2/. B ~8nbHe~meu, B pa60T8X 
H.H.Boroxm6oBa (un.)/3~/ueTOA annpoacv.uv.pym~ero rauHnhTOHHaHa 
6HH P88BHT ~XH mHPOKOrO KX8CC8 U0~6XbHHX CHCT6U 1 raUHXbTOHI8H 
B381U0~6~CTBHft HOTOpHX llOCTpOeH H8 orp8HHqeHHHX no HOpUe ~IHBUH
qecKMX onepaTopax. ~~ev., aanoxeaHHe B 3THX pa6oTax, nocxyxHnH oc
HOBO~ ~XH pacCUOTpeHHft C llOMO~bD U6T0~8 annpoRCHUHpyD~ero r8UHXb
TOHHBH8 pa~a ~pyrHX T6PUO~HHBUHqeCRHX aa~aq: BSBHU0~6~CTBI6 UHOro
qaCTiqHo~ CICT6UH C 60SOHHHU no~eu, CHCT6UH C nepeKpeCTHNU B38H
UO~eiCTBH6U H T.~. 

UH He 6y~eM no~p06HO OCT8H8BXIB8TbCH H8 o6aope peayXDT8TOB 
aToro HanpaBneHHH, a yKaaeu nHmD HaH6onee cy~eCTBeHHHe uoueBTH, 
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XapaHT6P.HH6 npH HCOOXD30EaHHM M6TOAa annpoHCHMHpy~ero raMHXDTo
HHBHa/~7 

PaccuarpHBaeuaa cHcreua, onHcHBaeuaa rauHJIDTDBHaHOM ~ ,npeA
craEnHeT C060~ CHCT6Uy TQZA6CTE6HHWX ~aCTH~, B38HUOA6~CTE$~HX 
M6&AY C060I H (HXH) C RBRMUH-TO EH6mBHMH UOXHUH. B M6TOA6 annpoR
CHUMpym~ero raWHXDTOHHaHa MCUOXD3YDT pa36H6HH6 ~ sa AE6 ~aCTH: 

\-\~\io~C1*\-I~tc1, (I.I) 

npaqeu B xaqecrEe "annpoKCHMMpyDJIIero" raMHXDTOBHasa \-\o fc} , aaBH
CHJIIero OT Ha6opa C- qHCXOEHX BapMa~OHHHX napaMeTpOll [CJ,o6HqsO 
BH6HpaDT KliSAPSTHqsul no ~pua (HnH 6oae) none:Buu oneparopau HXH 
xe JIHHe~H!il no onepaTopau llaynH rauBXbTOHHaH. llapauerpu {c] 11 

Taxou nOAXOAe EH6Hpamrcs Ha ycxoBHH a6conmrsoro MHHHuyua WYHR~B 
Cli060AHO~ 3HeprHH 1 nOCTP06HHOI no annpORCHUHPYDIII6My raUltiXDTOHHSHy: 

~ l\-to tl11 ,.. aB& 'Tc~" f [Ho [cl]. 
llpH 3TOM AXH tc.J nony~aDTCH ypaEH6HHB 1 nony~HllmHe H8SESHH6 ypaBHe
HHI cauocornacoBaHHH. Tiocne aroro AOHaaHBaeTCH acHunTOTH~ecxas 
6JIHSOCTb (ll CMYCX6 o6yqsoro T6PMOAHH8MH~6CHOrO np6A6JlbHOrO nepexo
Aa: 1/-h()J v~ oo, V""j/11 = CCII.d ) Cll060AHHX aseprH~,llH~CJI8BHHX 
no MOA6XDHOMY H annpOHCltiUHPJDIII6MY raUHXbTOHHaHaM. TIOCX8AHBI STan 
npeACTallJIH6T H8H60JIDmyD uareuaTH~6CHyD TPYAHOCTb H HU6BSO sa 8TOM 
aTane llOSSHHSDT orpaHH~eHHH sa oneparopsym crpyxrypy UOA8JIDHOro 
raUHXDTOHHaHSo 

B HBCTOHIII61 pa6ore npeAXOZ6H M6TOA 1 xapaHTepsol ~epTO~ HOTo
poro HllJIH6TCH nepeseceHHe TPYAHOCTel HCCX8AOllaHHB paSHOCTH Cll060A
HHX aHeprHI MOA6JlbHOI H annpORCBMHPYDIII61 Clt!CT6M Ha ypallH6BHft cauo
corxacoDaHHH, KOTOpUe nony~BDTCH D peBJXDTaTe Tpe60llaSHft COlln8A6-
HBH (npH V- 00 ) STHX Cll060,lVWX aseprHI. ilpH STOM MH noJiy~aeu 
6oJiee cJiozsue ypa:BHeHHH cauocornacollaHHH, HO pacmapseu xxacc roqso 
pemaeUNX UOA6XDHNX CHCT8Uo 

2. YpaaHeHHH cauocornacoBaHHH 
H o6maa popuynMpOBKa ueTOAa 

UH pacCYOTPHU BOnVOC 0 EOSMOXHOCTH BY~CX6HHH CB060AH0~3Hep
rHH CHCT6MN C DOMO~m annpOKCHUHpym~ero raUHXDTOHHBH8 1 HU6D~ero 

6onee npocTym onepaTopsym ~opuy,qeu HCXOAHHI rauHnDTOHHaH,BoTopHI 
MN 6y~eU HaaH:BaTL M0~6JILHYMe 
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llyCTD Hama CHCTeua onBCHBaeTCB raUHJ!DTOHH8HOM 

\--\-= \-\o+ ~~ , (2.I) 

rAe \-\0 - Cllo60AHHI raUMJ!bTOHHaH , Hli8AP8TH~HN~ no oneparopau 
POKAeHHH H yHM~TaaesHs (BXH JIHHeiHHI no llayJIH-onepaTopau); H1 
raUHJ!bTOHHas, OTlle~a~l llS8HMOA8ICTllHD ll CHCT6M6o 

CB060AH8ft SBeprHH ll 6AHHH~8 O~Ma AJIH CHCT6UH C raUMJ!DTOHH
aHOM r onpeA6J!H6TCH CJI6AYDIIIMM 06paaou: 

f .. (r): -: ~ Sp e-f~ 
SA6C:D p-I: () - Teunepa1'Jpa CHCT611Hi V" 
TH~i J. JL 

n= v=- ·y. 

(2.2) 
- o6~eu; AI -~cxo qac-

(2.3) 

TipH TepMOAHHauHqecxou npeAeJIDHOU nepexoAe ( y-. «J , 11-oO, 11"' w~ If ) 
aueeu: 

f ( r) ~ .e~"' f,-(r) 
1/".Jo<IIJ 

(2.4) 

BocnOXDSyeucs TenepD HSli6CTHHMH HepalleHCTBaMH ron~eHa-Toun
cosa/7-8/ H EoronD6oBa-Tia~epnca19-IO/: 

(. A &\ A+& 
S~ le e 1 ~ ~p e 

1 
(2.5) 

s~ 12-A-tf» ~ (sreA)~~f~p(se;4J]f~rei-ii. (2.6) 

BlleAeu, xpoue roro, annpoHCHUHPYDIIIBI rauBn:r.TOHHas Ho [ cJ , aa
liHCHIIIHI OT cqersoro ceueiCTlla C- qHCJIOBNX napaueTpOE [ C J 1 KOTo
PH6 ll AaJIDse~meu uu 6yAe» saaHBaTb napauerpauH cauocornacoBaHHH. 
~axee AJIH y~o6crBa paccuorpHu cnyqal QABoro TaHoro napaueTpa. Tor
~a 

\-\·\-\,.(c.)+ 1-\.(c) (2. 7) 
H ~ \.\o(t\ ). I-41{C~ .,.. __ 

lc lc (2.8) 
C nouo~m (2.5) H (2.6) An& cHcTeMN (2.7) HYeeu 

-~ t_l Sp(e-~~(L)e-V1Mc\11~f-r(\-\) ~~l "olt)1 +f < ~dt)>H,(cl(~.9) 
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Be~Ha B npaBO~ ~aCTB (2.9) ~0Xff8TCH ~OBO~HO 'eiio C HCllO~L-
30BaHH8M BSBeCTHOi TeopeMH BBKa-~oxa-~e noMHHBCBCa II B cnyqae 

KB~paTHqaoro no onepaTopaM no~ raMKXLTOHHaHa ~0 (C}. 
TIOCKO~K,Y Hama ne~ s~aeTCH B aCBMUTOT~8CKH TO~HOM BH

~c~eHHH CB060~0i SHeprHB MO~e~HOH CBCTeMH,TO,BCXO~ BS (2.9), 

eCTeCTBeHHO TIOTpe60BaTL,~T06H: 

• ~: fy-[H] = T~:,{fv[Ho(c)]+ :- <H,{C)>Holc)}.(2.IO) 

TaKHM o6pasoM,Mii npBXO~ K Me.ItYJlllleMY YTBep!Ol;eHHil. EMB napaMeTp 

CaMOCOr~aCOBa.HH.f! C BH6paH KaK pemeHBe ypa.BH8HRII (2.!0), TO CB0-

60~H~ SHepi'B.II ~[H) MO~~HOi CBCT6MH 8CTL flT[Ho(_!J]+f<H,(c}~.(i)' 
r~e c B ecTL :m:cxoMoe pemeHBe (2.IO). TipB BTOM c. peaJIBsyeT a6-
cOJIDTHHi M:m:HHJIYM npaBOi ~acTB HepaBeHcTBa ( 2. 9) • TB.KI'IM o6pasoM, B 

~aHHOM no~o~e BOnpoC 0 BOSMOZHOCTB TO~OrO B T8pM0~8CKOM 

npe~Me BHtD!M8HRf.l CB060~0i :meprmi MO~e.KLHOi!; CBCT8MH CBJISaH C 

BOSMOZHOCTLil pemeHRf.l ypa.BH8HJm CaMOCOr.ttaCOBa.HBH (2.IQ) • llpll STOM 

onepaTopHBH cTpyxTypa raMBXLTOHKaHa H Re KMeeT pe~ero sRa~e
RHH ~ aCHMTITOTHqeCKH TO~ro ~MeHHH CB060~HOi BR8prBK no Me

TO~ annpoKCli!IIID.pYJIIIl6ro r8MifJIL'l'OHHa.Ra. 

Hs H8paBeHCT:S (2.9) Me~eT, 'l'l'O npo6~erq TepMO~ecKOJ!: 
BKBl!IB8JI8HTHOCTK MO~e~oro H annpoKCm.mpyD~~ero raMBXLTOHKaHa MOllt

HO $JidYJmpOBaTL TaKllte M8~YJ.llllHM o6pasOM: 

J II t, )] I -Foo<J 9 0 ~- -fHo(cJ -fHdcJ] 
ty-LHo 1C +y <~,(c)>Hotcl = - y ftt Sf e e j. (2.II) 

YpaBHeHKe TKIIa (2.II~ npme:wmoc:r, TipB (popiYDpoBKe BapBanK

oHHoro UpBRnHna ~iHMaHa/I I ' B R:aBHTOBOA '!'eopKH n~ B MeTo~e 
"IIpRMODRefumx TpaeitTopd"/I3 • B ~aRROM no~o~e (2.II) li!MeeT 

Clo!HM ~OCTaTO~Oro y~mm ~ annpoKCKMKpYJlm8ro raMBXLTOHKaHa B 

"BapBa.nHOHHHX" napaMeTpoB CaMOCOr~aCOBaHHH,KOTOpoe, KaK llOKaSaHO 

B ~aHRol pa6oTe, ~ Pfl,lta RJiaccoB uo~e.nmoc s~a~ o6ecne~T 

aCli!MTITOT~eCKOe COBII~eHBe CB060~RHX BHepr:m:ft MO~e~HOi K annpoKCH

M:m:pYDJil6H CKCTeM. 

Yp8liR8HB6 (2.II) MOZHO nepeTIBCaTL B M6,I(yJ:JIIl8M mme, B KOTO

poM OTMe~eHIIa.li Blml6. CBJISL (2.II) C BapBanKOHHJDI TipBRnHUOM ~iHMa.

Ha CTaHOBKTCH O~eB~Hoi: 
-p~-t,tc) - -P< U,{c):;.H.(c) 

< e >H.tcJ- e . (2.I2) 
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3an:m:meM (2.IO) B 6o~ee ~o6Hoft ~ ~~HeimBx BwmMe~ 

(popMe. 06ossa"'RM 

I)- Slle -Pf} -JHotc.J 
~[C = r / S~ e , 

r~e C._. H.,{Cj K C_. H1 (c)- DHefume OT06pallteHHH npoCTpaHCTBa c B 

npoCTpaHCTBO CaMOCOnpallteHHHX onepaTOpoB,~eiCTBymmHX B ~(tr) . 
,If.Jm ~(c) MOZHO SanKCaTL Me,n;yJl!Qee ~peRnHMl>ROe ypa.BHeHKe: 

t/t(cJ ilfo(C} 
Jc = f < "ft >Ho(cJ 't (c). (2.I3) 

llpHRKMaH BO BHBMaHHe Ha~~LHOe YC~OBK6 

s, -IH; 
'i(C .. o)= xtoJ = 'fe /spe!IIJ!J. , (2.14) 

pemeHBe (2.I3) MOlltHO npe~CTaliKTL B B~e 
·C 

-ft. Sp e-f3H -== fc Sf e -/Jf + R J< /Ho/7:}> ,/-r (2.15) 
• -p~to(CJ r -Arlo/C) f' ft Horr-) ' 
~e ~er o 

H YpaBReHHe CaMOCOr.ttaCOBa.HH.f! (2.I0) npHHBMB.eT Me.JC'l)Jillrll: B~: 

-ftlf c 
_ ..§_ _£ see _ / J /Hotr:J 11 1 <2 I6) y &fe -pMoJ - y 

0 

< ---;;;-- >Ho~) ~"'-+ y < H,/c)>Hok) • • 

Hs (2.9), (2.IO) H (2.I6) MH B~.~To Ham MeTa~ ~aeT acHMIIToTK

~ecKH TO~Oe pemeHKe,TO 8CTL ypa.BH8HHe CaMOCOr.ttaCOBa.HH.f! (2.IQ) 

li!MeeT pemeHHe TipB -r- ao t 8MB BWI0~8HO M8.JC'lllll86 YMOBKe: 

IJ, I - ftH,to) JJ, ( -jJ<H1fo)>H.JioJ 
""'"' .,r < e > ""'"'lVI ,; e <2.I?). ..Y:. ()() r Ho(o) "Y-t<><J r • 

3aMe~aHHe. 'llacTO MH 6~eM li!MeTL ~eJio co ~aeM, xor~a 

< ~( {d>Ho(c~ = 0 
TipH JIJJ61:lX C • OTO ~OCTKI'aeTC.Ii nepeHOJmlpoBKOi! CB060~0ro rru!HJIL

TOHBaHa B H • B sToM ~e (2.I6) 6~eT li!MeTL pemeHHe, peaD

SYDJilee M1'1RHMYM npaBOii ~aCTH B (2.9) TipB BWIO~eHHH YMOBB.Ii 
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/] ! -/Hrfo) 
-c.,·wt - <e > - o 
-r-.~ r lfo{Oj - • 

(2.I8) 

MTaK,MH ITO~ o6myD CXBMY orrpe~aneHHH CB060~HOH aHeprRH 
CHCTBMH. C ITOMO!III>IO MBTO~a ypa.BHBHKii CaMOCOrJiaco:sa.mm, CJie.nyeT OT
MBTRTb TO 06CTOHTBJIDCTBO,~O B TaKOM ITO~O~e HBT HRKaKKX OrpaHR
'IBHKH Ha orrepaTOPHYlO npRpO,ny Ho R Ht (sa HCIWJ'leHKeM Tpe6oBaHHH 

CJmBCTBOBaHRH COOTBBTCTBYJOmKX Cpe~HRX R CB060~HHX aHeprRfi). lloa
TOMY TaKHM MBTO~OM MOEHO paCCMaTpHBaTb H MO~BJI:&HHe raMHJibTOHHaHH, 
ITOCTpoBHHHB Ha HBOrpaHH'lBHHHX ITO HOJWIB OITepaTOpaX, Ha.ITpHMep 6o-
36BCKHe CHCTBMH C ITapHHM B3aHMO~BHCTBHBM, 

r~e 

J, lllO)\BJibHa.H CllCTeMa THTia ])l:Jjj 

PacCMoTpHM Mo~eJI:&Hhlii raMRJI:&TOHHBH CJie~ero B~a/5/: 
+ H= T- lYJ J (3.I) 

+ I ~ + T-=L.Tfp)ap af , :1:-z ~~)ap4-p, (3.2) 

I'+ :rr t 
a.p H af -oiTepaTOpH YHH"£TOlltBHHH R p0lgl;BHHH ~pMHOHOB B COC

TOrunm C m.myJI:&COM R CmiHOM /> = {f, d) 
llocTpoHM arrrrpoxcm.mpYIOJ!lHii raMRJI:&TOHRBH 

Ho(C)= 1'-t"YC'J+_ !!."Yc/·J+21CC~ (3.3) 

Tor~a, B COOTBBTCTBRH C ~eeA MBTO~a aiTrrpoKCHMRpymmero raMRJI:&TO
HHaHa/6/ 

~f {c): ~- ~(C)=- [I{ {J-C){:J +-_ C jf.), (3,4) 

Juo {c)= _ R ~dd = 2 -r[c :It_ S1+), 
Jc, tt:C 

JHo {c) 

I.e~ 
=- iHdcJ= 2-r(c--:J). 

£ell 

8 

.. 

COOTB8TCTB8HHO 

< \41(C\>u (C.;; - J_\[ <::J':J+> ( \ + /):'{( ~ 'J+>., /.·J + 
no l He CJ r.olc 

-+ .a:vc * <-J>I-laCc.) -- ~-rc.c If 
H c c c 

\ <.. ~ Ho(+) '> \A+= \ ~"[ t \H-- J_"'{ \ <..'J>~{,(~)Af= 
~ J,+ Ko(i-J J ~ 
0 ~ 0 0 

= J..vc c ~-ttl[~ <-J>HoN-l 1+. 
o _ 12H._(o) 

Bhi'UlCJHll.l Tenep:o BBJ!HilJ!!HY <. e r > ( \ 
Ho o, ,BXO,li,Hlli.YIO B ypaBJlC-

HJ!!e caMocorJiacoBaHYH (2.17) 

_ t:l l-i,ro) _ I< H. ~ 
<.C? r > ==<e r > --=-c::::_ 

~ Ho(c) T 01 =o 

" tl1 ~ 
(-~ <:.Hf>rp 
rd 

r,li,B BBB,li,BHbl 0603HBil8HJI!fl: 

H 

H,"'- .i z:_ ~lp)>. lift\ Clpa1 C{1 a~ ; 
;,y N 

ti"'==L,n"' 
I L ,~-i1 

*t ) + + 2 ~(r!) ... ~ tf~ a~~~·-pl "' t\-r.t1r·· 
P·, P ~ ... , p ,_·, 
1>,ql,, .. ,q. 

~crroJILaya Teopewy BHHa-E~oxa-,ll,e ~OMJ!!HHCHca, HCHOMoe cpe,li,Hee 
ITO,ll, 3H8HOM CYMNHjJOBBHl>lft B 6eCHOHB'IHOII pH,li,C ;l(Jlfl < € -{illt)'l' MOJKHO 

npe,li,CTBBl>lTh ~ BH;l(e: 

1\ ( i)~-~ 
< \-\~ > r "::. - .:t Y" 

~ ;j( \ ")f(,) 
~ ~lpL)'" ~(pOl\~ i.J•· I) •r~ X 

r·, r1., ... , f"' 
11,ql, .. ,q .. 

+ + + + -. < C-\pL O.-p1- a-~, a~ 1 ... ~r.a1 • a-1• 111 .. >1 -
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) "' .{ - j_ -;.2_ -t 1. y i"·J' .... p· 
Mf1L.. ,_, * (p .. ) < r¢. ~, >7' x •.. 

+ + + ,.. < ~p .. C4p. ">'? <.. Cl-p.. a-p. >, ... < tf-p" /1-/'~ >rp + BCe nepeCT8HOBHH. 
3.ztec:r. Y'IT6H0 1 liTO B CHJIY B~6opa 7' B BH,ne (3.2): 

< C!-r ct1 >"' "' grt) <ttptt, >..,,;:: o . 
TaHHY o6paaov: 

-¥Ht oo (-~)' ( {) >~ { Sv "' 
< e > rr-=- 2._ v;r - J.. Y" 2. {-i) fl < Cl.,~ al){>"' 

1\=o f<9J 1:1 r T' 

14 B CHJIY 38Ye'laHH~ n.1 MY BH.ztHII 1 liTO .ll8HH8B B6JIH'IHHS 6CT:& H6-
38BHCBU\8B OT 06~6118 lf DOCTOHHH8Ho 

TaHHII o6paaov, B ,naHHO~ uo.nenH ypaBHeHHe cavocornaco»aHHH 
npHHHU86T BH.zt: C 

-~<K/c)> = -p_a"{ \ <'J>H c+)hf-+J.f21[cc K + co,)f r ~ Hole) r J o r 
0 

HJUI 

J.~"V l <,:J+>Ho(c.l- c'*<'J>H.{I;\1 = cou~+. (3.5) 

PemeHHe 3TOrO ypaBHeHHH H~eM B BH,ne 
( 

C-=-Co+ ¥ct, (3.6) 

r.ne Co H C1 He aaBHCHT OT o6~eua f. Tor.na Ha (3.5) Haxo~MM 

{ jH [ -! 
Co""<~>l-lo(c) >Ct.-: If e<e- >'l' <!J>~fc>] • (3.7) 

Co»epmaa Tepuo,nHaauHqecHH~ npe.nenbHHI nepexo.n,Hueev 

C z:. < 'J>IM.c) · 
(3.8) 
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"" 

~ 

YpaBHeHHe (3.8~ eCTD HSBeCTHoe ypaBHeHHe cauocornacoBaHHH ~na 
~aauoi1 Mo,nem/ I, peanHayiOU\ee IIHHHYYU f [ Ho(CJ J . 3aueTHM, 'ITO npH 
3TOU c BenH'IHH8 < 1-/t {C)>f.lo(C):::. 0 • 
E ,nanDHeMmell II~ 6y,ne11 nOnD30B8TDCH O~HHII npHeUOU 1 HOTOp~~ npo-
~eiiOHCTpHpyell Ha Hccne~yeuo~ B STOll naparpawe uo.nenH. 

IlocTpOHII 1-l.(c) cne~yllll\.1'111 o6paaou: 

\-\c (c)= lfl- .nrc :;+- J.'{( ;f:J + a:v-cc,.-+ k (c)> 
npH 3TOII 

\11(c)= li-\-\
0

(c.)-= -~lf(J-c){:t-:c):)-K(L.). 
IloCTOHHrlYil K=- K(C) Hai1.neu Ha ycnoBHH: < H1 (c \> Ho(c\ = 0 7 

TO eCTD 

\(:: -fV<'J'J+>~o~..(c\ + 2."fC<'J+>~.(<\ +J.fC *<':J>I{,(c)-J:(CC *. 
Tor.na 

- j?H.t.(o) ~K(o) -fo~ ~<~,'>.,. -fH1 
<e >Ho{o): e <e >,;== e .:::: e >'1' 

MOKHO llOH838TD 1 '1TO B T6PUO.ztHHSUH'16CKOY npe,nene llOCJie,nHee B~paEe
HHe He .naeT BHna.na B ypa»HeHHe cavocornaco»aHHB,H TBKHY o6paaou 
ODBTD OOJIY'IHT:& ypaBH6HH6 C8UOCOrnaCOB8HHH B BH,ne (3.8). 

Co:aepmeHHO aaanorH'IHO voaao paccuoTpeTD uo,neJIDH~~ rauHJIDTO
HHaH ]J6aHa114/ .nna 6oae-raaaH nonyliHTD HaBeCTHoe ypa:aaeHHe cauo
cornaco»aHHH (cu. TSHze/151). 

4. MOK8HbHaH CHCTeUa C OOHOXHTenbHHKH H OTpHUaTeHbH~UH 

KOHCTaHTaMH CBH3H, llpHHUHD "MHHHMaKca" 

H3 o6•el cxeu~ npe.nxozeHHoro ueTOA& cne.nyeT,qTo .ztna Tep
uo~HH&UHqecHH TOliHOrO B~llHCJI8HHH OB060,nHOI 8HeprHH YO.lt8JIDHOI CHC
T8YH H806XO.ztHYO UHHHMH8HPOB8T:& UP8Bym q&CT:& HCXO.ztHOrO H8paB8HCTBa 
Boroxm60B&-llalepxca (2.6) lXI (2.9) I npOB6PIT~ BHUOXHIUOC!~ yo
XOBIH oauooornacoBaHKR (2.17) » TePMO~BHaMKqecxoM npe~exe. llpm 
8TOM DOAXOA8 Bl~ r&UKA:r.t0HH8H8 BII .. O~elo~IB onpe~8XI8TCH TOJI~
KO B08MOZHOCT:&m DOJiyllH!~ 08MOCOrX&COB8HH08 pe.SHI8, HO He 38BHOI! 
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OT nonOKMTenDHOCTH HnH OTPHU8T6nDHOCTH HOHCT8HT E38HUO~eiCTEHHo 
B cnyqae ze llOT6HUH8nOE B38HUO~elcTEHH onpe~eneHHOrO 3H8H8 U6TO~ 
UOJIHO 3HaqHT6nDH0 ynpOCTHTD ll npJd!IH K H3E6CTHOUy ycnOBHil 11UHHH
U8KC811 H.H.Eoron~~6oEa (un.) /16/. 

Paccuo:rpHu cne~y~~~~~ uo~enDHYD CllCTeuyii6/: 

" I"'~S + (4 I) 
\-\::frio+ ~l[ ~~J.'JtJ.'J} -J."( ~~ ~{ll.Jol.r:Jol.. • • 

S.z~ecD Ha onepa:ropu '1'o, -:lv. Han()J[eH!i onpe.z~eneHH!ie :rpe6oEaHMH, CEH
aaHHI:ile C orpaHHqeHHOCTDIO HOPII onepaTOPOll :Jci /I6/ • 
B qacTHOU cnyqae 

']~ = ~~ f ~~fp)aptt/} 'A~f-p)=- ~d.fp); (4.2) 

rro-= 2 ( Pf.t~tt- /"') C1pap (4.3) r 
Ul:il Hueeu aHanor CHCT6UI:il THna EKlli C KOHCT8HT8UH P83HI:IIX 3H8KOll 

9o~.">O 1 Vd.. 6 [1, r+s.]. 
Blle.z~eu TenepD onepa:rop 

. r'-+S + 
1' = '1'o- ~l[?, a,._J~J(Ii, • 

Tor.z~a HCXO,IIHI:ill rauHnLTOHHaH (4.1) npmue:r llH~ 

\io(t)=· tjl- '-."V'#.-a""{cd..'J}-+ cl'Jrr c"'c"'~J. 
SanHrueu TenepL ~puy annpoHCHYHPYil~ero rauHnLTOHHaHa: 

r..s + 
H='P- J:fZg~~.r:Jti.r:J~~.. 

~"' 
C yqe:rou (2.9) Hueeu 

~[H1~ ~~ f~[H]= ~[Wo(c)} =~·: {-v[Wo(c-J], 
r~e [cJ Onpe.z~enf!IOTCH H3 ypallH6HHH CSUOCOrnacOll8HHH 

ilpH 3TOU 

co(.::: <:foe.'> ~"tc) • 

~ [tt\ = ~n ~ [wo fen 
fc~ T 

12 

(4.4) 

(4.5) 

(4.6) 

( 4. 7) 

(4.8) 

(4.9) 

-

,l\anee 

.,. f J!; 1) 
\-\ 0 \C,~\""' '1'0 -+ ~'f~~~(~._::Jo~.+Sc~.:J.c.~s;.~. -

>"+S 

- ~i}. ~.~. (c~:;1 +C!'Jr~-- c.J.c!). (4.10) 

YqV.TI:illl8H nonOlEHTenLHOCTD HOHCTSHT CllH3H ( ~J. "> 0) H Bl:illlyHnOCTb 

WYHKUHH cllo6o.z~Hol aHeprHH,Hueeu: 

{..,[~len~ ~1[ [}{.,tc,~n. 
TipHM6Hflfl HepaBeHCTBO (2.9) H (4.II), nonyqaeM: 

r.z~e 

~ L ~Q t c: n ~ ~ [ Ko ~ c: ) ~ n } 
S ecTL perueHHe, peanHayll~ee mCfX .P[uo[c1 S]] 

fS} t 

(4.II) 

(4.12) 

TaKHII o6p830M, OHQHqaTenDHO llOJIYti86U H3ll6CTHI:ill npHHl.\Hll 11 UHHHM8H
C811 .z~na Mo;nem>Horo raMHnLTOHj{jaHa (4.1) : 

r.z~e 

-e·~ P-y[H]"' 
v ... o0 t 

1'\1 i r'\ i!( (('X p [H., f c, ~ 1) 
lcJ [S] J J 

~ [ ~-t, l c, ~n = .e'WI Y -v [ ~0 rc, ~1]. 
-'{-.oo t 

(4.I3) 

( 4. 14) 

0TI.IGTHM,qTO ll npe,liHaraeMOU llO,liXO,ll6 3TOT npMHUHll UOXHO pacnpOCTpa
HHTD H H8 CHCT6MI:il C HeOrp8HHqeHHNUH no HOpW6 onepaTOpaUHe 

5. Mo~exh c HenoxHHOKHB.XhHI:IIY B3aHuo~eHCIBHeM 

B pa6o:rax /I?f,/18/ ll paallHTMe ueTo;na H.H.EoronllClOBa (wn.) 
MayqanCH IDHPOHHI HH8CC UO,li6HDHliX CHCTGM C nonHHOUH8~DHI:iiU H HenonH
HOWH8RLHNU ll38HMO,lle~CTllH6U. ilpH 3TOU C llOUO~m U6TO;zt8 U8XOP8UHOHHI:IIX 
oueHoK H.H.Eoronll6olla (un.)/67 y.z~axocD noHaaaTD :repuo;ztHHauHqecKyJO 
3HllHllaneHTHOCTD/I9/ HCXO;ztHOrO UO;zt6XDHOrO M cneuv.anhHHU o6pa30M 
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IIOCTpOeHHOro arrrrpOKCHMHpYJOIJlero raMHJI:bTOHHaHa, B STOM rraparp* 

rroKasaHo ,KaK pa6oTaeT MeTo.n ypa.BHeHH.tt ca.MocorJiaco:sruum ,IJ;JIR TaKHX 
Mo.neJieil:. 

PaccMoTpHM Mo.neJI:E.HHfi raMHJI:E.TOHHaH CJie.nyromero BH,IJ;a 1181: 

Hu == 'T"' - IJ 'f{Aw)- It A.! AAJ. <5.1) 

OrrepaTOp V'(Au) MOXHO orrpe.neJIHT:E. MeTO,IJ;aMH crreKTpaJI:E.HOH TeopHH /20/, 
Ey.neM rrpe.nrroJiaraT:E., 'ITO ~ lf(x) orrpe.neJieHa Ha cerMeHTe 

f. M 1 M] .neficTBHTeJI:E.Hoif ocH 1< ( 41 
R HMeeT orpaHH'!eHizyiO BTOPYD 

IIpOR3BO,IJ;Hyro; 

I Jz<fl(xJ I 
J;xl. ~ K I K~ [-M,M]. (5.2) 

He orp8HHlm:BM 06l!IHOCTR,MOlltHO Cl!HT8T:E., 'ITO BWIOJIHeHH CJie,IJ;yDIIIHe yc-

JIOBRli: 1 · f 
'Pto):: If' /o) = 0. (5.3) 

IIocTpoRM Terrep:E. cflopzy arrrrpoxcHMHpyromero raMHJibTOHHaHa: 

H ~O) {c)= rru- k JJAv - )Jrf(C)- Altf1(c) (A"- c)+ K (C) • (5.4) 

Tor.na +M 

H~4'(ch H-fl~~1(c), -/J f JE~ -f</1(~)~-c):. l((c}, (5.5) 

-1-1 
r.ne Mhl HCIIOJI:E.30BaJIH CII8KTpaJI:E.HOe IIpe,Il;CTaBJieHHe ,IJ;JIR ~~~) R pas-

JIOJKeHHe B Pff,IJ; Tel!Jiopa ,IJ;JIR Cf{X) B6JIH3R 1"00 C , 3.nec:E. J({C) -Heo

rrepaTopHM q,y~, BH6MpaeMM H3 yCJIOBIDI: 

{fJ 

<HAl {c) >HtdJ,):::::: 0 rrpn JIID6bix C. (5.6) 
{tl "''' 

raMHJI:E.TOHHaH HAl '(c) MOXHO rrpe,IJ;CTaBRT:E. H B TaKOM BH,l(e: 

H~4>(c)= JJ<t{c)- IJ'f(~l))-+ AJ.Prc)A-AI -lv'c<ffc)- KfcJ. c
5

•
7

) 

Tor.na, cJie.nyR HameMY MeTo.ny: 

f!m /fHJ= t-m f[1-1:0rzJ]. eCJIH 
~~~¢ J/ .... (10 

(5.8) 

n = w"-" + n-= t.mf 
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-

·~ 

C Ioibl Bbi6Mp881.1 H3 YCJIOBHli! 
/f) - p HAJ (c) 

e'WI < e > :::: 1 (5.9) 
11/ .... oa H~01{c) 

11= U)~J t 

llpH 3TOI.I C ,ZI,OJilKHO ClbiT:E. pemeHH81.1 ypaBH8HHli ,ZI,Jili onpe,Z1,8JI8HHH 

min f [ H~01 {c)] ,To ecn: 

[c1 ~ f [ ~ 1 ] .e'm ~ H,/ (c) = 0 (5.10) 
A/-. otJ 

II.=UJnt 

PemHY ypa:sHeHHe (5.10) 

~~ t [ ~~~(cl1; t < ~ H~ol(c) > t•J
1

) =0 
~ ('_ J..IAJ tC ' 

(5.Il} 

~~,.,\(c) 
~llc. =-NI.f 1(c)-tJ'f''(c) (A-rC)+ ,.,;~'{c)+ 

+ k:1(c) = K 1 {c)- Al<t''(cJ (4w-c], (5.12) 

to\( \ II I ) 
< ~~.., c > 101 :\(

1(c)4WC\f(c)-AI'f'(c <A.J>o, (5.13) 
~ C HA! (c) 

r,ZJ,e ~CUOJI:E.30B8HO CJ18AYD~ee o6oaHaqeHH6! 

< _ Sp ... ~J>\-~(Tu-~A.IA,- N"f
1
{c} A"]} 

... >o - S-p e)(~\-~ [ T u- k AI Av- 1\1 ~'(d 4~,) 1 
(5.14} . 

TaKHM o6paaoM,C: BH6~paeM KaR pemeH~e ypaBHeHHR: 

Nlf 11(c) L <AlJ>o -c 1-= "'(c)~ (5.15) 
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~RH TOrO l.J.TOO~ ~OR838Tb TepMO~HH8MHl.J.eCRYD SRBHBaneHTHOCTb CHCTeM 

C raMHRDTOH!ti8H811H (5.1) H (5.4) , Ha~o TIOR838Tb, l.J.TO TipH C , 
Y.l\OMeTBOJJHIOllleM ypaBHeHHD (5.15), T.e. peanHaYJOllleuy t11o'rtf[H~·'(cl], 
cnpaBe~nHBO ycnoBHe: 

(H . 
-P.\-1" (o) 

6. =<e r N- > (O)l. 
~rJ 0) 

n:w•)f COII)f. (5.16) 

ilpH aTOM ypaBHeHHe cauocornacoBaHJ.lH ~Rfl ~aHHoi: aa,l(al.J.>~ oyneT B~
nonHeHo B Tepwo~HH8MHl.J.eCHOM npe,llene; C onpe,l(eRHTCfl H3 (5.15) H 

npll STOM C raMHRDTOHHaH~ (5.Il) H (5.4) OY.l\YT TepMO~llH8/IHl.J.eCRH 
SHBHBaneHTH~. 

ilOCRORbHY K(C)- C-l.J.HCROB8fl \PYHRUHH, TO: 

Q {1) 
- ( HtJ (c) 

/!,N = < e. > 
Tw -ktJ AN 

11 M 
(tl 11 2.. ~ \-\,., (o):- N~(4v)-K(o)=-N lE>. i \f (j\l~- k{ol. (5. 17) 

-M 
CooTBeTCTBeHHo, K(c) B CHJIY (5.6) 11 (5. 7) HlleeT B>~;n: 

K(c)=- Nl.{){c)- IJ <<.f(!w\> 1•1, \+ ;JfY<-kA.J> 
1
., - NC'f 1(c). (5.18) 

Ho~ tC. u_,, (c) 

Tor;na, yl.J.HTNBaH (5.3), HMeell 

K (o)=- N< <() (A.J )>H~1(o\:- N .:-I{I(A.,j>TN-A.VA.v • 
(<I 

TaKHll o6paaov, OKoHqaTeJILHO noJiyqJ.lu ,ll;JIH H., (o) : 

(•I 
\iN (o)= N<: I.{)(A11)> , ,, - N<f(4.J), (5.19) 

T..,-hrv4-.i 

II IICKOM8.fl H&IUIII b.IJ ecn: 

6.w-= < ~p ~-~ r N <"f(A.J)> - wl.f(A.J~1> c~.2o) l r l T.rl.w.Y ll S T.,-~IIA-..1 
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) 
' 

J 

' ) 

- PtJ<tR(A.J)"~-t.JJ4J p NIP/A.!) 
b..N-= e <: e ~ (5.21) 

TAJ-J...t./lt.J • 
~1TaR, ecn11 ~oKaaaTb,l.J.TO A"'~ to~d· , TO 6y,l\eT nonyqeH llCROMNil 

peayJIDTaT. B cJiyqae Mo~eJIH Tllna EKIII, J!BCCMOTpeHaoil B § 3, uu >~Me
eu flBHNH BJ.l,ll If' (4af) ll YCJIOBlle ~Jifl 6.1<1 nonyqaeTCH Henocpe,l\CTBeH

HN!I pacqeTO!I C TIOMOlllbD CT8THCTlll.J.eCKOH Teope!IN BHKa. ilonpo6yell B 

~BHHO!I cnyqae H8TillC8Tb YCJIOBHe Ha cpe;!IHHe OT onepaTOjJOB \f(lt./) , 
npH ROTOjJOM (5.21) 6y,ll;eT ROHCT8HTOH, HanpHMep, paBHOH 1 • .I!ORBlKeM 

T8REe,l.J.TO npH STOll ypaBHeHHe C8VOCornaCOB8HHH npHlleT BH;ll fl8f: 

C = < A,;>o • (5.22) 

PacCMOTpHM ;!IJ!fl STOrO BMeCTO (5.4) CRe,l\yDlllllH annpoRCHMHPYDlllllH 

raVHRbTOHHaH: 

\1~·) (c): TAl- h II! 4.J -Allf{c)- tJtt'{c) (A.;- c). (5.23) 

Tor.l(a t-1 

l'l · .1\; i II[ \(1\ );., ~N (c)=-N j E~ I lf L)>. J ~~-c . (5.24) 

-M 
to)( (<) ( ) ITpliJ sTow,KoHel.J.Ho t-1.., =- HAl c)+ !-IN ,c • 

Tor;na C TIOVOlllbD cneRTp8JlbHOrO npe;!ICT8BneHHH ,llRH If (Aw J MOEHO 

38MeTHTb 0 l.J.TO eCJill BNTIOJIHeHO YCJIOBHe 

.t. .t 
<AN> "'< Aw> 0 Q 

npH C = <A., >
0 

, TO ypaBHeHHe cavocorJiacoBaHHH 

(fj ) 
(4\ _ }W"' (c 

_Q<H~~~ (c}> = .Bt <e > r o o 

HlleeT V6CTO;B STOll cnyqae: 

it•,., J [H.,]- ll, } [ H;•) (cJ). 
~---()() t A/ ... ~ t 

It• e.G I' t "-·)t 

17 

(5.25) 

{5.26) 



IlpH rroeyqeHliH (5.26) yqreHO,'lTO rrpH c= C: , Y.liOBJieTBOPHIOIIle.ll yc
JIOBHil C :.(4.,>0 , H.lleeu: 

K:Cc~: k 1(c)=o. (5.27) 

liOC!iOJI:&Hy 

K
1 
(c)=- N Cif''(c)+ tJ l.f''(c)<AJJ >o-+ N'f'{c) F Nlf'Yc} <~\

- Nlf 1{d pN ~''(c)<l\.i>; -ftt·/tp''(c) <Cf(A.J)A.J>;, + 

~ ~ N
2 

\f
11 (c) < ~ (~)>o <A/>o - 0 liPH C .. <A.,>o H 

BWliOJIHeHH YCJIOBHH (5.25). 
!IpH STO.II YCJIOBHe (5.161 TaHXe BWliOJIHHeTCH.TaHH.II o0pa30.II 

nony'leH pesyn:&rar paOorw I 81. ' 
B Ha'l6CTB6 llpHuepa pacc.IIOTPH.II CTaTHCTHqecHyll CHCTe.lly H3HH

rOBCHOrO THna C liOCTOHHHH.II 06MeHHW.II B3aH.IIO,li6~CTBHe.ll 06CHOH6'lHOrO 
pa.z~Hyca, HaXO.ziHIIlerocH Eo BHeWHe.ll none h • 

'JtJ ~~ "'i 
\itJ :- ";:! 2- 6; 6i - /lA ~ ~ 6{ ' (5.28) 

o41V •'·]=1 I . I"'' 

~~(~to') 
1 .. \ 0 -1. t 'J>o 

c f " ~ 
BBO.IIH onepaTop ArJ =:fA/~ 61 ,.11w BH.liHM,'lTO 
(5.28) MOXHO aanHCaT:& B BH,lle: 

\-\J,.- j; ~ 111[A:}.z-f' ~ N A~~~. 

( 5.29) 

(5.30) 

(5.31) 

!IOSTOMY H (5.31) !.IOEHO npHUeHHT:& OT.IIe'leHHyll B 3TOU naparpawe npo
~e.z~ypy, r.z~e 

( .t 
\f(x)=;.. '::J?( ' (5.32) 
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j 

foJ i! 
~(c)= -JJ(;u h+ :x) AN -f j !J#c 4 

(5.33) 
0 rrpe.n;eJI.fiJI C HS YCJIOB:HJI: 

C "" tft ~ j -1- 7C 
& ' (5.34) 

MOEEO .D;OR83aT:&,~TO llp:H 3TOM 

< lA ~) < > -= < A}> <. 
UtN o o , 

H Tor.n;a ~ CB06o.n;Ho.fi aHepr:H:H B TepMo.n;HH~ecRoM rrpe.n;eJie HMeeM 

~yY/ /fit#}= 4, /£1(:0/G }. 
Al~oo AI~ 1:10 

(5.35) 

B pa6oTe/
18

/ paCCMOTpeHW H6ROTOpHe .n;pyr:He !Ip:HMepH CHCT6M OITHCaH
HOro B 9TOM rraparpaqe THITa. 

6. YpaBH6HHR CaMOCOrJiaCOBaHJIR B CHCTeMax C napHUM 
B3aHMO,neilCTBli6M 

B llpe.D;~YlltffX rraparpa4Jax MH paCCMOTpeJI:H MO.D;6Jil>HWe CHCT6MH 
C ~TOpH30BaHHHM B3aHMO.D;6HCTB:HeM ( MO.D;6JI1> THITa EKlli, MO.D;eJI:& C He
ITOJIHHOM:HMl>HI& B3aHMO.D;6.fiCTBH6M ) • furTepeCHO BH!!CHRT:!> BOII:poc 0 rpa

~ax llpHM6ImMOCT:H pa3BRTOrO HaMH Me7o.n;,, OCHOBaHHOro Ha ITpHHI1,:H
rre T6pM0~6CROft 9KBRBali6HTHOCTH 19 , B 6oJiee peaJI:HCTH~eCRHX 
CHCTeMax rrapHOro B3a:HMO.D;6HCTB:HJI 6030HOB HJI:H WepMHOHOB (HJI:H T6X H 
.n;pyrliiX). 

~ paCCMOTpeH:HJI TaR:HX CHCT6M HaM ITOHa.n;06HTCH YCTaHOBHTL 
cnpaBe,liJIHBOCT:& .n;ocTaTo~Horo ycJIOBHH caMocor~coBaH:HJI (2.1?) B 

CJIYllae Ha6opa rrapayeTpoB cayocorJiacoBaH:HJI [ ~ J.L~A. MH 6y.n;eM rrpe.n;
noJiaraTI>, ~o arrnpoRc:HMHp~ rrua.ni>ToHHaa Ho[C..:J Jm:Hell:Ho SaBH- • 
CRT OT ITapaMeTpoB [Ci.]t{6 A ,TO 6CT1> HMeeT BM.n;: 

Ho £c.d-:: To+ L. cot A..t • 
o<.e.A 

(6.1) 

B 9TOM ~ae T&a:e MOlltHO .D;ORa3aTI>, ~0 rrpH BHITOJIH6HHH YMOBHH 
(2.1?) ypa.BHeHHe CaMOcorJiacoBaH:HJI (2.IO) HMeeT pemeHHe,peaJI:Hay
Bl!IIee a6COJIDTHHH MmmMyM llpaBO:.fi ~aCTH H6paBeHCTBa ( 2. 9) • ~ 9TOro 
.D;OCTaTO~HO paCCMOTpeTl> 
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H (i [cc~-1) == rp + t .2. c"' Aot o~ts, ( <6 2) 
0 ) 0 clt::lt. ) ' • 

IIOJIY'!HT:b .IJ;Rq4JepeHUH8JI:bH08 Y])aBH8HR8 OTHOCIIT8JI:bHO t .IJ;JI.il: 'X(tJ {c;,]) 
II BOCIIOJI:b30BaT:bCJI T80peMOll 0 cpe.n;HeM Ha C8I'M8HT8 "f: <!: [0, 1 J . 

PaCCMOTpRM Terrep:r, CHCT8MY 6eCCIIHHOBHX ~aCTIIU C raMHJI:OTOHH-
aHOM BII,IJ;a 

,..., "' H ~ l-t9 + H. (6.3) 
r.n;e 

"' ,,.., + ,..... ~ ~ -++ 
Ho '= t Tf'{~}arar ; ~~~ ~ ;_y J>1J v(k)afa.f arkaf-k; v{kkJfk\. 

3arrumeM raMHJI:bTOIDiaH (6.3) ~epes OITepaTOpll TIJIOTHOCTH: 

:2... v{k)tl{a~t-ap+ka~-k "'2-. 17 (k)t:tp~p~ka1+a1 -~< -
I'·P· N•k 
.. .2- v(k) ;.rr-~-k)a.r-+4f-k = 2..J{k)2:a~ar+~<2.a;11 1 -k-Al~J(k). 
t~ 1· k v p r q 

BBe,n;eM OIIepaTop IIROTHOCT~ ~CJia ~aCTIIU: 

0 4 --s; -+ sk:- L- e<r a.r+k (6.4) ;,_"'f r . 
Tor.n;a ,._ }./ 

\-11: 2""V ~ v{k) pJ"fK- d-? .;(k) • 
Ms orrpe.n;eJieHHJI (6.4) CJie,n;yeT,~To: 

a) .fp+ = .P-r ' 
6) C~r,~d = o. (6.5) 

KpoMe Toro,B CRJIY orrpe.n;eJieHIIJI ~yp:r,e-odpa3a rroTe~BJia rrapHoro 
B3aHMO.IJ;8HCTBHJI I) (f) IIM88M: 

~ . <#;>(oj 
yZ.v~) = /bJ '7 , 

r,n;e eP ( 0) -IIOT8~8JI rrapHoro B3aHMO.IJ;8HCTBHJI 6ose-~aCTIIU rrpH 

\1-r- 't~l .::. 0 , n. -pa3MepHocn cRcTeMH. Ta.KHM o6pasoM,Rcxo.n;mlli 
raMRJI:oToHHaH H MOlKHO saiTHcaT:o B Bu,n;e: 

\-\~ ~IQ+ 1-1~ (6.6) 

r.n;e 

\-l
0

-: 2. T{k\~:a>(. · ~, ... z"V.L.v{k)o:r>k, 'T'{k) .. q;{k)- <4>/oJ 
K > 1<. .fl ) (.t;,J" 
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IIocTpoHM Terrep:r, arrrrpoKCHMHJlYJ:lntmt raMJJJI:bTOHHaH 

Ho [c J= Ho+ nr f -J{~J{cf ~p++cr,..,~r)- ~"VT v{p)c/cr, cs. 7) 

H1 \C!E H-Ho£cJ:: J.lfLJ(p){fp-Cp)(~t-ctJ. (6.8) 
~ 

HCHO,~TO B CRny 6038BCKOro xapaxTepa paCCMaTpHBaeMO~ CHCTeMH 
~'If::: C- p • CJie,D;OBaTeJI:OHO: 

HotC}= ~o+.fvZJfp){c,>~-~+c1 Pp)- :tv L.Jfp)cfc-p:::: 
r r 

=: Ho -rt.nr f v [p) Cp ?r+- 21 f v{p) ~c1 , 
r.n;e Mil yqJIH CBOHCTBa (6.5) H ~eTHOCT:b ~ypLe-odpa3a IIOTe~av{~. 

B .n;rumoM ~ae .n;ocTaTo~Hoe YCJIOBHe arrrrpoKC:KMaURH (2.17), 
o~eB~HO,He BlliiOJIHJI8TCJI H n03TOMY IIpHM8H8HH8 MeTo,n;a aiirrpoKCHMK
PYD~ero raMHJI:OTOHHaHa B MO.n;e~ He~ean:oHoro 6o3e-rasa JIBJIJieTcJI 
IIpH6~eHHHM CITOC060M,OCHOBaHHHM Ha BaPKaQHOHHOM rrp~e ~~oMa
Ha. O.n;HaKO 8CJIR rrpe.IJ;ITOJIODT:b, ~0 HCXO.IJ;HaJI CHCTeMa (6.1) co,n;ep
.lKRT TOJJl,KO CYJIIMY KOH8'DiOro ~CJia MO.IJ; d030HHOrO IIOJIR, TO B~,n~M, 
qTQ ,1\0CTaTOqHoe yCJIOBHe (2.17) CTaHOBHTCJI CrrpB.Be,IJ;JIHBUM H B 

T8pMO.IJ;HHaMH'reCKOM rrpe.n;eJie aiTIIpoKCHMltpYDIIIHft raMRJI:OTOHHaH (6. 7) 
3KBHBaJieHTeH HCXO.IJ;HOMY raMRJI:bTOHHaHY.liapaMeTpH CaMOCOrJiaCOBaHBH 
IIpH 3TOM BH6HpamTCJI H3 YCJIOBHJI 

Cf:::: < f>p >)..(a(C}, (6.9) 

peaJIH3YJ:)I!18ro a6COJIDTHLI! MlU!lJMYM rrpaBOI '18CTH He:paBeHCTBa ( 2 • 9) B 
c.ny-qae arrrrpoKCBMHpYJ:lmero r8MHJil>TCHHaHa (6.7). IIo~e~ pesyn
TaT H8XO,D;BTCJI B COOTB8TCTBHH C pesyJI:bT8TOM pa6oTH72I H MDXeT 6HT~ 
HCUOJI~30BaH rrpH OIIHCaHHH KPHCT~eCKOro COCTOJIHBH CHCTeMH.B 06-
~eM ~ae 6ecKOHe'Dioro 'IHcna Mo,D; 6osoHHoro no~ HcnoJI:bsyeMOe Ha
MH Bap~OHHOe rrpH6~eHHe rrpHBO.IJ;RT R_06o6meBBD H3BeCTHOro pe-
3YJILTata,nOJIYlleHHOro C HCnOJI:b30BaHHeM ~ fPBHa B npH6JxzeHHH 
cBMocor.nacoBB.HHoro no~ XaprpH~xa. B cauoM ,D;eJie , annpoKCHllHpyn
md rSIIHJO,TOHHaB B BJI,D;e ( 6 • 7) qmsnecRJI OSHB.'Ia&T 3811eJIY CHC'1'811H 
C napHHM B38BMO,D;eftcTBHeM ~~~ '18CTHQ$MH H8. CHCTeyY ~e&XAHHX 

'lac'f][I{, HaXO.JtmlliiXM BO BHemHeM C8110cor.:mcoB8.BBOII no.ae, IPYPLa-oCJ
pas noTe~ana KOToporo v {p) Cr> smmcrr oT napaMe'fJl8 C8110cor.uco-
Ballllfl C/> , OIIpe,l(eJUI8110I'O KS ypaBHeJmfl C8110COr.UCOBaDa, KO'fO-
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poe C Y'JBTOM ( 2. 8) MOl\JiO rrepeim:CaT:b B BH,IJ;e 

< ?H,[C]'> -~ 
~cf Hotc3 -oCf < 1-/,[cJ>Ho[d • (6.IO) 

B c~ae KOHe'IHOrO IIMCna MOA(6.I0) rrpRHHMaeT BH,IJ; (6,9), KOTOpoe 

Ha fl3l:lRe qlyHKD;Hf,i I'pJma / 2!/ 03Ha'!aeT, 'ITO HCIIOJI1>30BaHO rrpH6Jmllte

HH6 caMocor~acoBaHHOro no~ ~ ~ByxqacT~o! ~ fPHHa; 

~ (( 1(f, X.t; 'X/, --xJ:_ <1-t(-1:, 1(/)"!f +(1, ll.)lf/1, 'tL)f(~ ~)> = 
= < 'l} +(f, X i)-?f {t I -r,) X 1f +(I) iJ.) 'If(~ ;rl) > = ( 6. II) 

== 9{ (I-, 'X,, r,J ~~(I, ~z. 'X.t) • 

IlpH aToM BOsmma.JJ~~~H:Iti caMocor~coBamndt rroTeHD;Ha.n XaPTPH-4i<>Ka 

tL(-z-,)= J 4>(i:,-i)<&/"/z:, iz)Ji;, (6.I2) 

3aim:Ca.mn.di B MMilYnbCOM npe~CT~eHHH COBIIB,ltae.T C H8lliHM caMOCOr~a-

CO:Ba.HHHM IIOT6HJJ;iiB.nOM vr;>J Cp , r~e C? onpe~e~eTM H3 YMOBHfl 

(6.9). 

TBIO!M o6pa.soM,MH Blf.mlll, 'ITO xcnom.so:samte BapH8IJ;HOHHoro 

IIpmrulD!a ~ei!:BMa.Ha H IIpJmiJ;HIIa T6p.IO,lUUiBMJI"'6CKOft 9ltBHB8J[6HTHOCTH 

IIpHBO~ B rrepooy IlJlH6.lrmt6HHH ( rrpH Y'JS'l'e TO~LKO rrapma KOpp~

nH:Iti Meli,Ily '!acTHnSMJI, 'ITO lfmtTIN6CKH 03Ha'laeT 3aM6HY ypa.BH6HHfl ca

MOCOr~aCOBaHB:fl (6.!0) Ha (6,9)) K H3B6CTHOJ4Y M6TO~ CaMOCOr~aco

BaHHOro no~ Xap'l'pl!-4?oxa. B MY'!ae KoHe'Uloro 'IRMa MO~ 6osoHHoro 

no~ ~aH~ M6TO~ ~aeT aCMM11TOTM'I8CRH TO~ pesym.T,T. 

raMH.JI},TOHHaH 1-/o {Cf 1 MOl\JiO ~aroH8Jill30BaT:E. 22/ C IIOMO

Iql>IO o6o6meHH.oro RB.HO!m'IecKOro 1-(- 'lT -npeo6pa.soBaHB:fl EoroJDJ6o:eal23/ 

~ -: ?- 111k al( + v;l< «/ (6.!3) 

B HBID6M MY'Ja6 MOltHO IIO.ROlD!'l'b D6o '/)J>I< = 0 , D60 v;1c = 0 
IloMe npeo6pa.30BaHB:fl (6.!3) arrrrpoKCMllHPYDDtHit rBMliJib'l'OmmH npiDIEl'l' 

BJI',IJ;: 

Hofc}::.2 E(r, fC,J)~t~r+ Eo[c,] 
J> 

rAe E0 fcp J- c -'IHCnoBaa Ben:a'IHHa. 
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(6.!4) 

CneKTp E { p; [ Cp 1 ) 6CT:E. pemeime COOTBeTCTBYJlil1ero xapa.K

T6JlHCT~ecrro ypa.BH6HHfl ,nJlJi CHCT6MH '1(- '1J" -K09ifxlllm;H6HTOB B 

(6,!3) 23 C Y'!BTOM ypa.BH6HHS caMOCOr~COBaHB:fl (6.9) H.nH (6.!0). 

0TMeTm&, 'ITO MY'!ai!: {flep.!l!-CKCTeMH C napJmM B3aHMO~ei!:CTBK

eM MOJ!HO pa.CCMOTpeT:& COBepneHIIO ~OrlNHO. 0T~e 6y;n;eT COTOfl'l'l> 

B xapa.KTepe cnexTpa E rp ) [ cpJ ), B03Hl!KaJDmeM IIPH Y'JSTe aHTKKOMMY

TauHOHHHX COOTHOmeHKi!: ~ qepMReBCKKX OIIepaTOpoB. 

I!pKMeHHM Tenep:& CX6MY ypaBHeHH! CaMOCor~COBaHJ!fl K MO~em.

HOti CKCTeMe a~eKTpoHOB IIpoBO~OCTK, B3am&o~eHCTBYIOIIIRX C KpKCTB.n

~eCKOH pemeTKOii, IlpK aTOM KY~OHOBCKOe OTTa.nKHBaime Me~ a~eK

TpoHaMH flBlmM o6pa30M He Y'Il!TmlaeTM ' ~eCKWI CHCTeMa xa
paKT6plilsyeTM raMH.JI},TOIDiaHOM ~peDxa 24 ; : 

+ + ~~ 
H== 2-rr{k)O..esar2s+Lwlf}RlR.t ... + J..li .. f 

it:', 5 I I r /' ~ } (6.!5) 

(r: ... \ ~ -.:;;;- _r:-: ( + tr+ ) H' J ~ ,[N:' L- VtJil) ak'calt+F.S ~t ..... + c.c, . (6.!6) 
~1\T yff £1 ti .S y I-' ~~ J 

s~ec:& rp {k) -aHepriDI ~BJI',IJ;Ya.n:&Horo a~eKTpoHa, (IJ(t) -$JHOHHM 

aHepnm, ~ -KOHCTaHTa CM3lil, -y -o6':&eM CKCTeMH. OnepaTOpbl 

poJK;D;eHHfl l! YHl!'ITOJit6HHfl tl ~1S a,,~; ~;: '(' OimCblB8.IOT a~eKTpoHLI lil 

qioHOHLI· lil IIO~WIIOTCJi lt8.HOHJrli6CKKM aHTKKOMMyTauHOHHLIM K KaHOHH'!eC-

KKM KOMMyT~OHHHM COOTHOWeHl!flM COOTBeTCTBeHHO. 

PaccMoTpHM Me~ onepaTop: 

() a- + 
Cr;= ~f + .r::;:-;:; 2_ ttli,s ap+rl.s · 

1 yifw(f) k', s 
(6.!7) 

+ 
3:roT onepaTop, Ka.K H ero conpaliCeHHbllt Cf , HBnlleTca orrepaTo-

pow B r~6ePTOBOM IIpoCTpaHCTBe H, KpOMe TOrO, KaK aTO ~erKO yc-' 

TaHOBHTb, YAOBneTBOpHeT KaHOHJ.NeCRHM KOMMYTanHOHHblM COOTHomeHl!flM: 

[cp,q-]=0; [cp,clJ=Aff-f). 
Kpoue Toro ,saMeTKM, 'ITO : 

~ r a -rtz + ]II s 
l\La.F,r., [J.i(cv(p}) ~.-' C{k',sa_~~.s /(~trtJ~)IJa.,P+(,s/1;:~6.!8) 
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M3 (6.I8) ecTecTBeHHo npe~o~oEXTv, ~To npH TepMo~aMKqecRoM 
npe.ne~vHOM nepexo.ne Cf _. ao 1 N/V = co"'> -t ) onepaTop 

g ""'" + f '"" =-vi . L.... a IZ' s. a. h' * r.c ;; < 6. I9) r .f'{W(f} IZ', S, 1 r I 
Be,neT Ce6H RaR C -~C~O H IIOSTOMJ H30M8TpH~8CRH~ onepaTop 1£ , 
coBepmBJOunr~ RaHoHHtiecRoe rrpeo6_fa3oBaHHe ( 6. I7), ( U cymecTnyeT 

B C~ foro, ~TO ,n~ Cf'~ H Cf cymeCTByeT BaRJ'YMHHfi B8KTOp ~0 H 

Cp 1 cp -HeiTpllBO,nl!Mll, ~TO H8IIOCpe,nCTB8HHO C~e.nyeT H2 lrX OIIpe,ne

~eHHH (6.I7)) nepeBO,nHT raMHJU,TOJmaH H B TepMo.nHH~ecRH aR
BHBMeHTlillli 8MJ r~vTOHHaH /?.c'./, 

B COOTB8TCTBHR C BHmeCRa3aHHHM nonpo6yeM HCKaTb qopMy an

npoi<CIDvmpYJOI!18rO r~:r:.ToHHaHa .n~ ncxo.nHoro r~vTOHHaHa ( 6. I5) 
B c~e.nYIDm.eM Bn,ne : 

HoO~~)-=cZ.r(p)O.pC1f +~o(p!rl/Rr + 
f I' (6.20) 

9 -=::;- . r-:-: ( +- ~ ~ /) +-
+ r:;-:;:z_,r L_ vvtf) (a i2 c~~+f ~r + C, c.)-:: F t5r - c. C,, 
~ v ~~r r 
f p H A r -H8H2B8CTHHe IIORa c -~MOBI.W iiJYHRIJ;IHI' ROTOphle MH on

pe,neJIHM HIDKe .118 CII8JJ;HMbHHX coo6p<Ur8HH~ ( CIIHHOBh18 HH,n8RCH ~ 
IIpoCTOTH OIIymeHH). 

JmaroHB.Jm:3ye:M RBa,n;paT~HYID no 6ose-orrepaTopaM q,oPMY ann po

Rcm,mpyromero r~vTOim:a.Ha.CoBepmMM RaHoHHtiecRue npeo6pa3oBrume: 

~;Z = f 12 + ~ i<:' . (6.2I) 

Tor.na 6o8eBcRan ~acT:r:. r~oTOHMaHa (6.20) rrpHMeT nn.n: 

2_ w(k) ~i2+ g~ _· 2_ Prz ~:-c. c.= z_ tJ(k)O;:+ 01(' + 
~ ~t "')JY 

+ 
+..2:_ w{k") xk! >¥K' - :2_ .Pi< 'X:-~ f; X~-+ ~w(lcj f; 1-'e +-

IL iZ t '<- ~ 

+ 2. r.J(kl QQ x: -z. fit o:- :?- P/ ?~ 
~ r ~ r ~ r 

Bu6epeM Tenepb 'X it H3 ycJIOBHH: 

~ [ w {k) x j( - ~~] ~; = 0 
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I 

~ 
1"~<'" =fit' w·-'(k). 
{&\ 

Tor.na HMeeM .n~ Ho {~) : 

(~) + I f1 /< 
~0 (~) = 2 wteJ Q,~ .. - 2 _t_. r n n r w~) 

MH c>y.n;eM rrpe.nnoJiaraTb, ~To 

f-1~/zw-tft) < «J, 

(6.22) 

(6.23) 

(6.24) 

Tor.na JIHHeW!oe Ra.HOHHtiecKoe rrpeo6pasonaHHe (6 .2I) CTaHeT coc>cTBeH

HhiM, n onepaTo p 56. 23) c>y.n;eT npe.n;cTaBJI.f!Tb coc>olt KBa.n;paTilllHYD 
HOpMaJihHYD ~OPMY 221. 

CoBepmaa RaH0~8CKOe rrpeo6pa30BaHHe (6.2I) B HCXO.I(HOM 

MO.I(8JibHOM raMHJibTOHHaH8 (6.15), IIO~aeM: 

H~~ o/(k)att{~ + f wftJft/fi+ffrfl+f~~~i'-
l.R!~ + + + . (6.25) 

-Z- w{t) + ~ .. ZJwft,) ( a~aw:+-f r<c +ait+fai2ft)+ 
f 11 Vl''{ ~~t t: 

+ _1_ 2. ~ (i> '* + D + ~21' ~C ., ~t.l~J tf a.z aLZ+l + tfa"+f r{K) • 
~~ 

B COOTB8TCTBHU C o6me~ H,neefi M8TO,na ypaBHeHHfi CaMOCOrJiaCOBamm 

cTpoHM "ocTaTo~HHli" raMEJIDTOHHaH H1 (.~) : 

Hd~)= H- ~o(?.)::: -?-(.f.rFf + t{ Fr) + _J_ Z:Mj} x 
( @ t2,f 

'J( at a~-~-r fc + a~ ... , ae ff) + 
(6.26) 

&J_ [ 1i I 

1 
+ .3 rk A_,(wi;i~ + + r:;:;r Z.. r-;-; - ~["' Jut~) ae art+[ +- r:::J=2_ .J;{iJ- t1f wltl ~~~If~. 

vlf ~w 'Jwro ¥2' ~.e ~ 

BoCIIOJib3Y8MCH Tenepb CB06o,notl B Bh16ope napaMeTpa fr . Bu6epeM 
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ero H3 cJie.I(YIOmero YCJIOBIDi: 

h.., = w1) ~( (6.27) 
( llp.H STOM (6. 24) ,ll;OJilKHO ITO-IIp8Jlt118MY B.biiiOJIHIIT:bCJI!) llp.H TaKOll Bbl
c5ope MH no.nyttaeM CJI8.I(YIOlll;l'!e BHpaJKeHHJI ;rr,JIR H.~) .H ~~{:A) : 

Hoi~) ... ~ T(k)a: liit + T wltJP( j(- _;;-w{k) 1~ ~iC'+ 
3 ~ + + (6.28) 

-+ m if~IIJlt) Or ai2 a~Tr + ~f a.il ... l qi:(') 7 

{1\\ 3- ~ r-::77' f + P: + . ) ""'> ~-+ (6.29) H,pv=-L- yiJ~ltflitaJit£ i' +C,C +L-.1;:c:w(kj ~+c,c. 
fli ~£,l " ~ 

BoCTIOJI:b3Y8MCJI Tenep:b ~ee~ M8TO,IJ;a ypaBH8H.HH CaMOCOrJiaCOBaHHH .H 

Bap.Ha.I(.HOHHbiM np.HHUliiiOM <lieiffiMaHa. 0TM8T.HM CHalJaJia, lJTO ;rr,JIR JIBJ6HX 
~ ;>' CrrpaB8,n;JIHBO CJI8.l(yDDl88 COOTHOW8H.H8: 

< 1-(( {~)>H~~(M =O • (6.30) 

lloCJie,n;Hee YCJIOBHe C.Jie,n;yeT uenocpe,n;cTBeHHo H3 (6.28) x (6.29). 
TaKKM oc5pa30M1 ypaBH8HIDi CaMOCOrJiaCOBaHID! B HaweH HCXO,IJ;HOfi MO,n;e
JI.H llp.HH.HMa.!OT B~: 

< d H..(~\'> =0 
~')f H .. (~) ' 

dHo (A) 
<-> -o ';>lf Ho(.P.) - • 

(6.31) 

r 
(6.31) TIOJIY'l6Hbl B COOTB6TCTB.H.H C .H3JIOX6HHHM Bb!We M6TO,ll;OM .H3 yc-
JIOBIDi MRHHM.H3a.u:HX cBOc5o,n;Hofi aHeprKH,nocTpoeHHoi no annpoxc.HMH
PYJOI!IeMY r8MHJl:bToH.Ha.ey (6.28). 113 (6.28) .HMeeM 

'CH4.or'\ .,_ 9 + iii¥ =--w(~)~f + W? ,).,~) ap.ie ai<'. 
Tor,n;a yCJioBIDi (6.31) np~ B.H,n;: 

1\ 9 - 1k + "f = t _r::;: w (p).2.< ar ak'.-.r~> , -a-v- I it r Ho(~J • 

*- _!_ -'k + 
~r- '~- .fi-v w fr)f-<ttit•f a..,> Hot~) 

(6.32) 
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CpaBHKB8H yC.JioBKH caMocor.JiacoBaHKH (6.32) c cooc5paxeHIDiMR npHBe-
+ ' 

,n;eHHWIIR Buwe oTuocHTeJil>Ho onepaTopoB Pp, .?r ( cM.cpoJlv!YJIY (6. 19)), 
MH BH,IUIM, '!TO qiopMa annpoxcm.mpyrol!lero raMHJinTOH.HaHa (6.28) no,n;
c5.HPaeTC.fi TaKHM oc5pa30M, lJTO HCXO,ll;Ha.fl .H annpoKCHM.HpYJOU1a.fi CHCT6Mbl 
CTaHOBffTC.fi T8pMO~HaMH'l8CK.H SKBHBaJI6HTHHMH ( C y-qeTOM B.bi!IOJIH.H
MOCTR BapHB.l(.HOHHOrO npHHUHTia ~eftHMaHa). 

~ TOrO '!T06H ,!J;OKa3aT:b T8pMO,n;RHaMHlJ8CKYID SKBHBaJI6HT
HOCT:b raMIDII>TOHHaHOB (6. 15) R(6.28) llpR BH6ope napaMeTpoB CB.l\10-
corJiaCOBaHH.fl 1f, ~P~ H3 yC.JioBKH (6.32),,n;ocTaTO'lHO,KaR aTo 6u
JIO ,n;oxasauo Bwme,noKasaTI>, 'ITO 

12 I o -f?u.o,-=oJ 
-c.,·M - e;., < e > - o 

-y-=..
00 

f 1-lo(~p:o)- • (6.33) 

3,n;eC:b Mill Y'!Jill, 'ITO B ,IJ;aHHOM CJIY'lae BHTIOJIH8HO YCJIOBH6 (6.30). 
PasJIOJIG'IM BeJI.H'!HHY B JieBoit lJaCTH (6.33) B PM~ 

- j?H,{o) "'0 .t}J_"' 11 ..( e > 1-1 (a)= Z,_ II\ ( < H, >H (ol • (6.34) 
o ":o o 

HcnoJI:&sy.li .fiBHh!it B.H,n; onepaTopoB H.fo) H f.l.(oJ,ueTpy;rr,uo saMeTHTI>, 
lJTO ycpe,n;HeHKH ITO SJI6KTpoHHHM H ~HO}lliHM nepeMeHHHM npOBO~TCH 
uesaBHCHMO H Bee <::. H, ~ >tt; 0 npH n -uelJeTHHX. llpH '!eTHHX fl. 
3aBHCHMOCT:b OT o6I.eMa KruK,II;OrO '!JI6Ha B P.fi,!J;6 ( 6. 34) HM86T CJie,n;y

IOlii;I'!:I!:BH,I~: 

C:::: H,~ > 1-io rv I{.,./~. (6.35) 

HanpHMep,B STOM MOXHO yc5eAHTl>C.fi Henocpe,n;CTB6HHO ,n;JI.fi lJJI8HOB 

<. H/:71-to R < Hf4 >H., : 
z ~~ ~ {()+ + 

<:,\-{I .>Ho"' 2.1{ ~~ 6J(f•)w{ft}< f5r1 ai(, ai(,+~+c.c) 
~t,iiz (OJ"n+,., _ )' _ 

I 'Ofz. 111i(l vtift+f' + C, C • ..>Ho -

= 2..~l. ?.f ~eofr,Jw~t) [ <gt (?;;.>H161<4i,a~~at.~~ ~ill>H!J:>+ 
ll~ a;, /l_ n-+ 

' I -+ .( t5(. IS',-> [~\ + f" 
(f fL H., <aiC,~faq14 tli2t. ~itL+;'t">li~f:);v 

---v 
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'!To cpa3y CJie.n:yeT H3 TeopeMH Bmta H Toro, "'TO ycpe~eime 6epi=lT
CJI no .IUiaroHaJI:bHHM r8MIL7I:bTOimaHaM. AHaJiorH"'Ho MOlltHO IIOKa3aT:b, 
"'To < H, 4=>1-1 .. -r~ ll:oKa3aTe.n:bcToo .n;JIR: npoH3BOJI:bHoro 'leTHoro rz. 
llpoBO,D;HTCJI IIO HH,IIYKIJ;lm. Jii:CXO,ll;JI 1!3 CBOHCTB (6.30) H (6.35), rrpe.n;
IIOJiar8.fi CXO,ll;J!MOCT:b p!J.n;a ( 6. 34) , MOlltHO IIORa3aT:b, "'TO CYJI16CTBY6T 
TaR8.fi IIOCTO.fiHH8.fi A • "'TO: fi 

- J?l-ftfo) A y-
<e >H.toi~e. 

r.n;e ,4 > 0 He 3aBHCIIT OT 06'beMa 1{ . 0TCIO,ll;a Cpa3y CJie.n;yeT 
BHIIOJIImMOCT:b COOTHOW6HRff (6.33). 

(6.36) 

B ~aRJ!Joqe~me aBTOpH C"'HT8Jl'l' CBOHM rrpRJITm.JM .D:OJII'OM BNpa
::>HT:b r;ry60KYIJ 6Jiaro.n;apHOCT:b rrpo!fleccopy H.H.EoroJIIl6oBy (MJI.) sa 
IIOCTOHHHOe BHHMaHHe R pa6oTe, a TaKMe BC6M Y'I8CTimR8M C6MltHapa 
C6RTOpa TeOpHH RoaneHCHpoBaHHOrO COCTOHHRJI ]T~ Qlil:ffH 38 IIOJI68HH6 
.IUICKYCC.H.H. 
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