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B CRCTeMe MHOI"RX 'iSCTRU Manag DOtlCRCTeMa (uanpHMep, 6poyHoB

CKSH 'iSCTRUS, DOI"PY*9HHSH B cpet:ty 1 KB83R'i8CTHUS HnH KOnneKTRBHS~ · ~Ot:taf 

HCDbiTbiBaeT aoat:teiicTaRe co CTopOHbi OKPY*aromea ee cpet:tbi• TaK KaK cpe

t:ta RMeeT no cpaaueuaro c not:tcHcTeMoii 6onbmoe qacno cTeneuea ·cao6ot:tbi1 

MO*HO paccMaTpRBSTb ee KSK TepMOCTST1 B KOTOpbiii DOI"PY*eHa ManaSt 

DOtlCRCTeMa. 3Ta Manag llOtlCHCTeMa MO*eT He xapaKTepH30BSTbCH TeMne-. 

paTypoa. Ha-aa cno*HOCTR aaaHMot:teiicTBHH Me*~Y TepMocTaToM H not:t

CHCTeMoii MO*HO C'iRTSTb 1 'iTO ei"O BnHHHHe npRBOtlHT K tlRCCHDSUHH aHep

I"HR not:tcacTeMbi 11 noHaneHHIO t:teii:cTayromHx ua nee cnyqaiiHbiX can. TaKHM . 

06pa30M1 CHCTeMa npao6peTaeT 'iepTbl CTSTHCTH'ieCKOii1 COXpSHHH TSK*e 

qepTbl MeXSHH'ieCKOii CHCTeMblt 3TO 03HS'iaeT, 'iTO B ypaBHeHRR tlBH*eHRH 

t:tnH tlRHSMR'ieCKOii nepeMeHHOii DOtlCHCTeMbl npHCyTCTBYIOT cnytiaiiHbie CHnbi 

/1/ 
11 'ineHbl C 38TyXSHR9M o nonb3YHCb STHM MeTOtlOM1 MO*HO paCCMOTpeTb 

KOnneKTRBHyiO MOllY ( HenpHMep, CDHHOBYIO BOnHy) KSK Blltl 6poyHOBCKOI"O . 

tlBR*9HRH DOtl BnRHHReM OCTSnbHbiX CTeneHeH CB060t:tblo 

t{To6bl Bbl'iHCnHTb 3aTyXSHRe, MO*HO HtlTH DO tlPYI"OMY nyTR H nony

'iHTb ypaBHeHHH tlBH*eHHH t:tnH KOppenHUROHHbiX ciJyHKURii tlHHSMR'ieCKRX 

nepeMeHHbiX DOtlCHCT9Mbl ( HanpRMep, MeTOtlOM ciJYHKUHii fpHHa) HnH ypaaue

HHH tlBH*eHRH t:tnH Cpet:tHRX 3HS'ie.HRii STHX tlHHSMH'ieCKRX nepeMeHHbiXo .Ung 
\' 
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BbiB~~a TaKHX ypaBH9HHH O'i9Hb y~o6eH MeToa HepaBHOB9CHoro CTaTHCTH'ie~ 
/2/ . . 

cKoro onepaTopa (HCO) • 8ToT MeToa ocHoBaH Ha naee H.H. Boromo6o-

. Ba 0 cymeCTBOBaHHH HepapXHH xapaKTepHbiX BpeMeH H COKpallleHHH 'iHCna 

napaMeTpOB1 onHCbiBaiOIIlHX CHCTeMy o nnSI paCCMOTpeHHSI KHH9TH'i9CKOrO pe

JKHMa aanHWeM raMHnbTOHHall CHCT9Mbl MHOrHX 'iaCTHU B BHae 

H = H o + Hint. • 

r~e H0 =E
1 

aja
1 

+ HT- raMHnbTOHHaH Manoil: no~cncTeMbi H TepMOCTaTa, 

I 
Hint= ajV/+ V1 a 1- onepaTop aaanMoaeil:cTBHSI MeJK~Y noacncTeMoil: H Tep-

MOCTaToM, a I 1 a f- onepaTOpbl yHH'iTOJK9HHSI H poJKaeHHSI 'iaCTHUbl ~i 1 one-

paTOpbi Vi Vf 38BHCSIT TOnbKO OT nep_eM9HHbiX TepMOCTa_Tao flpe~nonOJKHM1 
'iTO CHCTeMy Ha 9TOM 9Tane pa3BHTHR MOJKHO onHCSTb C noMOWbiO Ha6opa 

cpeaHHX aHa'ieHHH onepaTopoa < a/ a 1 -> t , + t < al > ' 
t . 

<a 1 >, <HT> .Cno-

C06 pa36HeHHSI raMHnbTOHHaHa Ha CB06oaHyiO 'iSCTb H B3aHM0~9HCTBH9 sa

. BHCHT OT paCCMaTpHBaeMOH CTaaHH pa3BHTHSI CH.CT9Mbl ( CMo, HanpH-
/3/ . 

Mep, ). C noMOIIlbiO MeTo~a HCO ~nSI cpe~HHX Slla'ieliHH onepaTopoa, onpe-

~enSIIOIIlHX noae~eHHe no~CHCT9Mbl 1 nony'iHM KHH9TH'i9CKHe ypaBli9HHSI nyTeM 

HCKniO'i9HHSI BO BTOpOM nopSI~Ke no B3aHMO~eHCTBHIO BnHSIHHSI TepMOCTaTa, 

C'iHTaSI B3aHMO~eHCTBHe MeJK~Y CHCT9MOil: H TepMOCTaTOM cna6b!Mo Tor~a 

9TO BnHSIHHe 6y~eT npOSIBnSITbCSI KaK 9~~eKT TpeHHSI 'iaCTHU B cpe~e, T.e. 

KaK ~HCCHnaUIJSI HX aJi:eprHHo 

KHH9TH'i9CKHe ypaBHeHHSI ~nSI <a I > t. 1 < a i >t 1 < n I > t nony'ieHbl B 

/4/ t + t 
pa6oTe HMeHHO TaKHM cnoco6oM. YpaaHeHHSI ~nSI <a I> , < a; > Ha-

aaallbi B 9TOH pa6oTe ypaBH9HHSIMH THna IlJpe~HHrepa, noCKOnbKY OHH CO

~epJKaT MeXaHH'ieCKHe H CTaTHCTH'ieCKHe qepTbio B aToil: pa6oTe paccMaTpHi 

BaeTCSI ManaSI CHCTeMa B TepMOCTaTeo CHCT9My COCTSBliSIIOT H9B3aHMO~eHCT

BYIOIIlHe qaCTHUbl O~HOPO COpT a ( HanpHMep, 9KCHTOHbi) o l..JaCTHUbl ~pyroro 

COpTa (HanpHMep, ~OHOHbi) o6paayiOT TepMOCTaT. PenaKCaUHSI CHCT9Mbl CBSI-. 

aaHa TOnbKO c B3aHMO~eil:cTBHeM qacTHU paSHbiX po~oa. B paccMaTpHBaeM~M 

HaMH BapHaHTe B TepMOCTaT BXO~SIT 'laCTl!Ubl TOrO JKe' COpTa, 'iTO H. qacT·H:_-

4 

.I 

I 
.f 

Ubi no~cHCTeMbi, qacTHUbi ~pyrnx copTOB. nnn npHMecn. TaKaSJ 

aa~a'iH nOSBOnSieT 3Ha'iHTenbHO paCWHpHTb Knacc paCCMaTpHB~ 

B §2 BbiBO~HTCSI ypaBli9HHe Tl!na IlJpe~HHrepa H KHHeTH'i 

HHe ~nSI < a : a i > t 1 §3 nOCBSIIIleH paCCMOTpeHHIO cflH3H'i9CKHX. 

a §4 o6cyJK~aeTcSI CBSI3b MeTo~a c Teopneil: nHHeii:Horo OTKiml 

2. PaccMoTpHM cncTeMy N qacTuu c raMHnbTOHHaHoM 

J{ = J<o + C 

r~e 

J{o ~E. 
l l 

a~ a; , 

E i - 9HeprHSI O~HO'iaCTH'iHbiX COCTOSIHHH 1 
aT 

l ' a i 6030HI 

MHOHHbie onepaTOpb!1 C - BSaHMO~eHCTBHe MeJK~Y qaCTHUa! 

UaMH H npHM9Cb!Oo C nOMOIIlbiO raMHnbTOHHaHa J{ nOCTpOH'M 

~o qneHoB nopMKa ·n -l raMJinbTOliHaH H nonHoil: CHCTeMbio I 

TeMy COCTaBnSIIOT ManaS! no~Cl!CTeMa ( 'iaCTHUbl C HH~eKCOM ~i' 

CTaT ( OCTanbHaSI 'iaCTb HCXO~HOil: CHCT9Mbi) o faMHnbTOHHaH 'JJ. 

H = H o + Hint. • 

r~e 

+ H Ho=Eialai+ 'r' 

Hint= a~ V
1
+ + V. a. , 

- l I I . 

HT - raMHnbTO~HaH TepMocTaTa, Vj =(V; )+ SaBl!Cl!T TOnbKC 

HbiX TepMOCTaTa. flocTpoeane H noSICliSieTCSI Ha npHMepax B 
/2/' . 

CornacHo MeT?~Y HCO cTaTHCTH'ieCKHH onepaTop _cnc 

· C nOMOIIlbiO KBa3HpaBHOB9CHOrO CTSTHCTH'i9CKOro onepaTOpa· 
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19p8BHOB9CHOro C'l'8THCTH'Ie_; 

18H aa Hltee H.H. Eoromo6o-

:MeH H COKpameHHH 'IHCna 

:oTpeang KHHeTH'IecKoro pe

tJaCTHU B BHll9 

>llCHCT9Mbl H TepMOCT8T8 1 . 

I 
'9)KllY, flOllCHCTeMOit H Tep-

pO)Kl{9HHg qacTHUbi :i 1 one

TepMocTa,Ta. DpeltnonO)KHM1 

IIHCaTh c noMomhiO aa6opa 

> 1 1 · <a 1 >1 
1 <HT> • Cn6-. 

. . 
CTb H B38HMOll9iiCTBH9 38-

(g CH.CT9Mbl ( CMo 1 HanpH-

3H8'1eHHii onepaTopoB1 onpe

~TH'IeCKHe ypaBH9HHg nyTeM 

~BHIO Bn~gHHg TepMOCT8T8 1 

MOCTaToM cna6biM. Torlta 

!HHg '18CTHU B cpelte, T.e. 

< n 1 > t nonytJeHbi B 

l{ng <a 1 > t 1 < aj > t aa-

'lrepa 1 nOCKOnhKY OHH co .. 

B sToii pa6oTe paccMaTpH

cocTaB·ngroT HeB38HMOlteiicT

ITOHbi) o tiac.THUbi ltpyroro 

'• PenaKCSUHg CHCTeMbi CBg

: pOllOB. B paccMaTpHB8eM~M 

1ro )Ke' copT·a, 'ITO n 'lacT'iiL 

Ubi noltCHCTeMbi1 'laCTHUbi ltpyrnx copTOB. HnH npHMecH. TaKag nocTaHOBKa 

38ll8'1H n03BongeT 3H8'1HTenhHO paCWHpHTh Knacc paCCM8TpHB89MbiX 38ll8'1o 

B §2 BbiBOllHTCg ypaBH9HH9 THna lllpellHHrepa H KHH9TH'I9CK09 ypaBHe-

+ t 
HHe ltng <a 

1 
a,

1 
> 1 §3 nocBgmea paccMOTpeHHIO cl>HSH'IeCKHX. npHMepoB, 

B §4 o6cy)KltaeTcg cBgSb MeTOlla c Teopneit nnaeitaoro OTKnHKa Ky6o. 

2. PaccMoTpHM CHCTeMY N qacTHU c raMHnhTOHHaHoM 

( 1 ) 

rlte 

E J - SHeprHg OllH0'18CTH'IHbiX COCTOgHHH 1 at t a J 6030HHbie HnH cl>ep-

MHOHHbie onepaTOpbi, C - BS8HM0ll9HCTBH9 M9)KllY '18CTHU8MH HnH '18CTH-

U8MH H npHM9ChiOo C UOMOlllhiO raMHnhTOHH8H8 J{ UOCTpOH'M C TO'IHOCThiO 

llO 'lneHOB nopMK8 .N -l raMHnhTOHH8H 'H nonHOH CHCT9Mblo DonHyiO CHC-
\ 

TeMY COCTaangiOT Manag UOllCHCTeMa ('JaCTHUbl C HHll9KCOM •i' ) H TepMO-

CT8T ( OCTanhHag '18CTh HCXOllHOH CHCT9Mbi) o faMHnhTOHH8H 'H HMeeT BHJ::i: 

H = H o + Hint. ' (2) 

H 0 = E 1 a; a 1 + HT , (3) 

(4) 

/f.T - raMHnhTO~H8H TepMOCT8T8 1 
+ + V J = ( V1 ) 38BHCHT TOnbKO OT nepeMeH-

HbiX TepMOCT8T8o DoCTpOeHHe 'H nogcageTCg Ha npHMepax B §3. 
/2/' 

Cornacao MeT?llY HCO cTaTHCTH'IeCKHii onepaTop cncTeMbi nony'IHM 

C UOMOmhiO KB83Hp8BHOB9CHoro CT8THCTH'I9CKOrO onepaTopa 
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. Pq ( t, 0) · ;= exp I -S ( t,'O) !' , (5) 

I'Jle 

S (t,O) = O(t) +~ F (t)P , 
m m m (6) 

0 (t) = fn Sp exp I -~ PmFm(t) I. 
m 

{7) 

8 KB'l9CTBe onepaTOpOB p m · t onpeJlenSIIOIIlHX HepaBHOB9CHOe COCTOSIHH9 

Manoii nOJlCHCT9Mbi0 B03bM9M + + ai • ai, alai • 3ToT: ;Bbi6op onepaTopoB 

CBSI3aH C TeM, 'ITO Mbl HHTepecyeMC.II JlHHBMH'l9CKHM onHCBHH9M CHCT9Mblo 

TepMocTaT 6yJleM onHChiBaTb raMHnbTOH~aHoM Hr .• cl>yHKUHH · Fm (t ) .siB

nstiOTC.II T9pMOJlHHBMH'l9CKHMH napaMeTpaMH, ConpiDKeHHbiMH <Pm > t B CMbiC

ne HepaBHOBeCHOii CTBTHCTH'l9CKOii TepMOJlHHBMHKHo 0603HB'lHM 'lepe3 f ;*(tJ,. 
. + t t t . 

fi(t), F; (t) napaMe~pJ>I, c~oTBeTCTBYIOIIlHe<a;>. ,<a;> ,<n;> • <Hr> 

COOTBeTCTByeT. 06paTHB.II TeMnepaTypa TepMOCTaTa {3 • 

HepaBHOBeCHhlii CTBTHCTH'l9CKHii onepaTOp CHCT9Mbl nony'lHM nyTeM 

B3SITHSI HHBapHBHTHOii 'laCTH P q ( t, 0) 

· O ft 1 ittL · 
p(t,O)=cfdt1 e e p 2 (t+t1 ,0), <8> 

' --oo 

I'Jle ( .... _ 0 +nocne TepMOJlHHBMH'leCKOI'O nepeXOJla, L - onepaTop nHyBHnn.si 

•'LA _ 1 [A H] itLA _ itH/!A -itH/t. 
.1 • - dh , , _e - e e • 

. OnepaTop p ( t, 0) SIBnsteTCSI peweHHeM ypaBHeHHSI nHyBHnnst c 6ecKOH9'lHO 

ManbiM HCTO'lHHKOM 

ap (t,OJ 

~ 
+·iLp(t,O) =-c (p (t,O)-p'(t,O)). 

. q_ 

TipOHHTei'pHpyeM no 'lBCTSIM npaByiO CTOpOHy (8): 

6 

j 

i 
~-

l 
. ·,I 

t~• 

II 
!' 
I 

·p(t,O)=p (t,O)-f dt
1 

eul ,p1LI•iL1 p (t+t1 ,0)+(-aa +!iL0 )pq( 
q -oo . q ft 

I'Jl9 

1 
!iL0 A 

1 -:nl [A ,H 0 ] , -:-r l A,H. ] 
!In mt 

!iL1 A 

.lln.si Hawero Bbi6opa onepaTopoB P m H Ho HM99T 'M9CTO C 

[ Pm,H 0 ] = ~ amk p k' 
k 

a - c- 'lHcno , 

noaTOMY 

apq(t,oJ 

a t 
. Bp (t,O) 1 · · 

+ !I L 
0

p ( t, o J = ~ Sp I - [ P , H. t ] p 
q . m 8 < P > t ·i h m m 

m 

EyJleM Bhi'lHCnstTb p ( t, 0 ) B nepBoM nopstJlKe no B3aHMOJleiic 

TaK KaK BTopoii qneH noJlbiHTerpanbHOI'O Bhipa>KeHH.SI (9) npo 

H inti B STOM npH6nH>K9HHH MO>KHO C'lHTBTb SBOniOUHIO CB060Jl: 

it 1L 0 e p (t 1 + t,O) = p (t,O). 
q q 

B HHTerpanbHOM ypaBHeHHH Jlnst p ( t ·, 0 ) 

1 °. ( tt . 
0 

p(t,O)=p (t,O)--:-rfdt1e [p (t,O), H.t(t1J]-fdt 
. q ·z n --oo q m . --oo • 

x ~ Bpq(t+tu o) 

m B<P >t+tt 
m 

1 
Sp I .ifj' [Pm ,Hint] p (t+t1 ,0) I 
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(5) 

(6) 

(7) 

~epaBHOBeCHOe COCTOHHHe 

• 3TOT: ;Bbi60p onepaTOpOB 

~CKHM onHCaHHeM CHCTeMble 

HT. • <llyHKUHH . Fm (t ) SIB

lpSVKeHHbiMH <Pm > t B CMbiC

~KHo 0603H8'IHM 'lepe3 f t ( t) 1· 

·+ t . t . t . 
ai >. ' <a i > '<n i > • <Hr> 

lTa {3 • 

CHCTeMbl nony'IHM nyTeM 

<8) 

1a, L - onepaTop flHysunnH 

-tmlh 

H flHyBHnng C 6eCKOHe'IHO 

p'(t,O)) 
q 

}: 

I'lle 

1 Th l A,Hint] 

Llng aamero Bbi6opa onepaTopos P m 
/5/ 

HM99T M9CTO COOTHOllleijHe 

a - c- 'IHCno , (10). 

noaTOMY 

Bp (t,O) 1 ·· 
+ ~i L 

0
p ( t, 0) = I -~-- Sp I - [ P , ~ t ] p ( t, 0 ) I. ( 11 ) 

q m fj < p m > t ·i h m n 

Ey ll9M Bbi'IHCnHTb p ( t, 0 ) B nepsoM nopHllKe no aaaHMOlleficTBHIO 'H In r • · 

TaK KaK aTopofi 'IneH nOllbiHTerpanbaoro Bbipa*eHHH (9) nponopuuoaaneH . 

H lnt> B aTOM npu6nu*eHHH MO*HO C'IHTaTb asoniOUHIO cao6ollHofi. Torlla 

it tL 0 ( 0) ( ) e p t 1 +t, =P t,O • 
q q 

B HHTerpanbHOM ypasaeHHH llnH p ( t ~ 0 ) 

/ 
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aaMeH~IM B nocneaHeM "'neae p ( t + t1,0) Ha Pq ( t+ t 1 , 0 ) , "!To co·oTBercrsyeT 

nepBOMy mary pemeHIISI STOI'O ypaBH9HIISI MeroaoM IITepailHIIo EyaeM pac

CMaTpiiBaTb TOnbKO T8KHe CHCT9Mbi1 ansi KOTOpbiX 

t e-f3Hr 
Sp(V.p (t,O)) = < V. > =< V. > ""Sp(V

1 
) 

z q z q 1 Sp e -f3H T 

+ 
0 = < v > 

3TO paBeHCTBO SKBIIBaneHTHO npeanon0*9HHID 0 ucny"!aHHOCTHu cnn V. 
1 

V:'". 
I l 

Toraa 
4

, 

< [ pm ,Hint] >~ -<Vi> • < V~ > = 0 

n OKOH"!aTenbHO nony"!aeM oneparop p ( t, 0) B srrae 

0 
p(t,O) =p (t,O) -..j_ f dt 1ea1[p (t,O), H. t (t

1 
J1 

q •ttl -oo q In 

H a· cpeaHee 3Ha'IeHne oneparopoB P m 

Sp I p p ( t, 0) l = < p > t = < p > t 
m m m q 

/2/ 
aanaraeM ycnosnSI 

(12) 

(13) 

C llOMOllibiD KOTOpb!X MO*HO onpeaennTb F m ( t ) • Y CpeaHSISI ypaBHeHHS! 

aBH)KeHIISI anSI onepaTOpOB p m C llOMOllibiD CT8THCTH"'9CKOI"O onepaTopa 

p ( t,O) (12) ll- Y"'IITbiB8SI ( 13) 1 38llHllieM KIIHeTn"!eCKlle ypaBHeHnSI: 

t 
·Ji a <Pm > 

'l a t 
t 1 f tz · t 

~ Umk<Pm> +-:-r f dt e <[Pm,Jint ],Hinltz)]> • (14) 
k zn q 

3aMeTnM, 'ITO 6naroaapSI ( 10) Mbl llOny"!Hnii ypaBHeHIIS! MapKOBCKOI"O TIIna. ' 

nnSI H8lli9I'O Ha6opa onepaTOpOB p m STII ypaBHeHIISI llp!IHHM8IDT BIIa 

( 15) ·ih a <a > t t 1 ° ft1 . ] > t 
__ i_ =E. <a.> +-:--/if dt1e <[[ai'Hint ],Hint(t1) q 

l I 'l -oo 

8 

i 

! 't \ 

l 
' 

t 
a<nl> 
_a_t_ 

1 0 . lt 
- ];2 j dt1e 1 < [ ni'Hint]' Hint (t 1)] >tq 

nnroc ypaBHeHIIe 1 KOMnneKCHO COllpSI*eHHOe K (15). 

OrpaHII'IIIMCSl pacc~OTpeHIIeM CIICTeM1 anSI KOTOpb!X 

< V1 V1 (tJ > ,;, < vt vt (tJ > = o. 

3ro ycnoBIIe 06bi"'HO IIMeer M9CTO BCneaCTBHe 38KOHOB COXpl 

4Jypbe-o5pa3bi KOppenSIUIIOHHbiX tiJYHKUIIH 

< v. (tJ v:'"> 
l l 

f"" d(JJ i(J)t < v v + > "'2;; e i i (JJ 
-oo 

< V:'"V
1 

(t) > = f..:!_';!_ e 1PH< V· V-l:>(JJ e f3~(JJ 
l _.,., 2

11 
I l • 

Bhi"'IICnHH aBoiiHbie KOMMyTaTOpbi II rrcnonh3YH (17a) , 075) 

( 15) 1 (16) B BIIae 

rile 

t 
.1. a<al> + t 1 li t 

·i h . = ( E 1 + 11 ( E i ) ) < a 1 > - -
2 

-i y ( E 1) < a; > 
at 

t t -
a<n;>· =-Y (Ei) (<n; > -ni) 
at 

. ""d + 
11 (E 

1
) = -P f ~ < V. V1 > 

-oo 277 l (JJ 

1 + f3E· 
y ( E i ) = f:2 < V l Vi >f.(JJ =E l ( e '+ 1 ) 

n 
i 

(ef3E1_ 1 )-1 
+ 

9 



1- t 1 , 0 ) ; 'ITo co'ol'Bel'Cl'ByeT 

lOM Hl'epaunu. EyneM pac-

b!X 

HT 
--) = 0 =<V+.., 
·f3Hr i ' 

"cnyqanuocTH" cun v,. , v+ i • 

IIHle 

,(t1)]. 

/2/ 
naraeM ycnosusr 

(12) 

(13) 

• YcpenHsrsr ~pasueunsr 

acl'n'IeCKoro onepal'opa . 

'IecKue ypasueuus: 

IBH9HfiSI M8pKOBCKOI'O Tuna. 

9HH5I npHHiiM8101' BHll 

lint ], H. t ( t 1) ] > t ' 
' In q 

(15) 

l 

t 
a<nl> __ a_t_ 

nn10c ypaBH9HH9 1 KOMnneKCHO Conpsr~eHHOe K (15). 

OrpaHH'IHMCH paccMol'peHHeM CHCl'eM, nnsr KOl'OphiX 

< V1 V1 (t) > = < Vf Vf (t) > = 0. 

" \ 

(18) 

8To ycnoaHe o5hi'IHO HMeel' MeCl'O scnencTBHe saKOHOB coxpaHeHHsr. BseneM 

ljlypbe-o5pa3bl KOppenSIUHOHHbiX ljlyHKUHH 

j dru ~e /rut < V V + > 
--oo 2TT I I ru 

(17a) 

(175) 

Bhi'IHCnsrsr naoHHbie KOMMyl'al'opbi H Hcnonbsysr (17 a) , ( 17.5), sanHllleM 

(15), (18) B BHll9 

rne 

l'l(EI) ""-P j dru <VI v+> 
--oo 2TT I ru 

( ef31iru +-u_ 
fi ru - E 1 

1 + f3E· 
y ( E I ) = f(2 < VI VI >fiw =E I ( e t + 1 ) 

n 
I 

9 

(18) 

(19) 

(20a) 

(205) 



- cpeLIHee_ •mcno 38IIOnHeHJHI COCTORHIUI ·i ( BepXHHll, 3H8K OTHOCHTCSI K 6o

SOHBM, HH)!{HHii: - K 4JepMHOHaM). 

KaK BHLIHO H3 4JopMyn (20a), (206), CLIBHI' 9Hepi'HH /),. (E 1 ) ypoBHSI ~i 

n saTyxaHHe y ( E1 ) cagsaHhi cooTHO!lleHHRMH KpaMepca-JS:poHnra 

6. ( E; ) 
h - "" - hp f dw y(w) 

-- w - E i 
(21) 

TaKiiM o6pasoM, Mhi rrony•mnn Ling <a; > 1 ypaaHeHHe (18), KOTopoe 

OIIHCh!BBeT CLIBHI' 9Hepi'Hlf II SaTyXaHHe HS-38 B38UMOLieHCTBHSI ~aCTH~ CO 

cpeLIOH. 0HO COeLIHHSieT CTBTHCTH~eCKHe H MeXaHH~eCKHe ~epThl 1 H II09TOMY 

ero MO)I<HO nasaaTb ypaanenneM Tuna lllpeLIHHrepa. 8To Bhipa)l{eHHe oTnH-

/4/ " 
~aeTcg ~T Bhipa)l{eHHH, rrony'Iennoro B pa6oTe. , orrpeLieneHHeM cny~aii:-

HhiX" cnn V; , V/. 3aMeTHM, ~To ypaBHeHHSI BULla (18), (19) Llmi anrapMo-

6 II 
/6/ u 

I!II'IeCKOI'O OCUnnngTopa Bh!BeAeHhl B pa OTe 9KCB 1 B KOTOpOH B ypaane-

HUe ABlf)l{eiiUSI AnSI MBTpUUhl IInOTHOCTU IIOACUCTeMhl BBOARTCSI KOHe~Hh!e 

UCTO'IIIIIK!Io 

3. PaccMoTpHM necKonbKO rrpnMepoa: 

a) PaCCMOTpHM ¢oHOIIIIYIO CHCTeMy C Tpex4JoHOIIJihiM B38HMOLieii:CTBHeM. 

B 9TOI1 cncTeMe TepMocTaT· cocTaangroT ApyrHe qacTuui.I Toro )l{e poAa, 

'ITO U 'I8CTUULI, COCTaanmomHe IIOACUCTeMy. faMHnbTOIIH81l HMeeT BHA 

I'Ae 

+ 
J{ o = l wQ aQ aQ 

Q 

C =o I Q V ( 01 , 02 , 0 3 ) A Q 1 A0 2 
A Q 

3 
, 

1 ·~. 3 

--> 
W Q - ~aCTOTa ¢oHOHOB, 0 = ( q, j), q - KBasnn~nynhc, 

I 

(22a) 

(226) 

j - nongpn-

sauug 4Jononoa, -0=(-q,j), V(OJ> 02 , 03 )- MaTpH~Hhiji '9neMeHT asanMoAeiicT- · 
\. 

aug Tpex 4Jononoa, A if a
0 

+ a~ , a,t, a 0 - onepaTophi po)I<AeHHH H ynu-

'ITO)I{eHHH 4JoHOHOBo Oony'IHM C IIOMO!llblO I'BMHnbTOHHBHa (23) I'BMHnbTOHH8H 

H Manoii: cucTeMhi (4Jononnag MOAB Q ) B TepMOCTaTe (ocTanbHhie 4Jonon

Hhle MOAhl) 

10 

1 
f 

l 
~ 
l 

J 

l 

~i 
l 

I' Lie 

H = H o + Hint 

H 0 =w0 n 0 +"HT, 

Hr= I wpnp + l V (P1 ,P2 ,P3 ) AP AP. AP , 
p,;, Q fj ' p2 ' p3 /:Q 1 2 3 

Hint 

VQ 

+ + 
a Q v0 + v0 a Q 

3 l V ( P1 , P 2 , Q ) A P A P 
- p1 ' p2 f, Q 1 2 

PaccMoTpnM pe!lleTKY Epaae, AnR KOTopoii: < V Q · ~ 0. BLI'IIl 

KOMMyTaTOphl B ypaBHeiiH5IX ( 15) 1 ( 16) 1 6yAeM HMeTb CHCTel 

saHHhlX ypaanennii:, 

t 
c!·-·aa> 

ilt 
A( I • /:; ( ) . _t 

= (CJJQ+o CJJQ))<a0 > -1 2 y CJJQ /a 0 .., 

t . 
a<no> ( ) (< nQ :_.."-no) --- =-y (JJQ a t 

H ypaBHeHIIe, KOMIIneKCIIO COIIpSI)I{eiiHOe K (24) • Jlng . /'1. ( u'Q) 

ny~aeM Bhipa)l{eHHSI 

=l.i1 ( • ) 1 o li - wo+·u + -
1'1 ( w ) = -.1m f dt 

1 
e <[ V

0
. , V

0 
( t 1 ) ] 

Q n ~ . 

11 



XHHH 3H8K OTHOCHTCSI K 60-

I' suepl'HH ~ ( E 1 ) ypoBHR ·i 

:paMepca-:J:5POHHI'a 

(21) 

ypaBH9HRe ( 18). KOTOpoe 

i38HM0t:{9HCTBHSI "iBCTHU CO 

tHH"i9CKH9 "l9pTbl1 H ITOSTOMY 

~pa. 8To Bbipameuue oTnu-

!/ 1 onpeJleneHHeM "cnyqafi

t:ta (18), ( 19) t:tnR aurapMo-

/6/ -
KCB 1 B KOTOpOH B ypaBHe-

9Mb! . BBOJlSITCSI KOH9"lHb19 

qaCTilUI>l TOI'O me pot:ta, 

.fHnbTOIIIl811 HM99T BH.A 

(22a) 

(226) 

l3l!,uMnynbc, j - nonsrpu-

'· lHb!Jt aneMeiiT B381lMOt:{9HCT-

nepaTOphl p0llill911HSI H YHH

~TOHHBHB (23) I'BMHnhTOHHBH 

MOCTaTe ( ocTanhHhie ljlouou-

l
. 

\ 
I 

' 

~.·~·) I. 
J ; • 

o:y 
-..;. 

H = Ho +Hint (23) 

1',1:{9 

·Hint 

PaccMoTpHM perueTKY Epane, t:tnsr KOTopoii < V Q · ~ 0. BLI"lHcngg JlBOHUhie 

KOMMyTaTOphl B ypaBH9HHSIX (15), (16), 6yJleM HM9Tb CllCTeMy Tpex CBSI-

38HHWX ypaBH9HHH, 

. I 

d~;o> = ((JJQ+~ ((JJQ))<ao>t (24) 

(25) 

u ypanueuue, KOMnneKCHO conpsrmeuuoe K (24) • .llnR 'I\ ( (J)Q) u y ( CJJ Q ) no

ny"laeM BLJpameHHR 

(26) 

11 



! 

i>. 

-:!.!L . 
2 o t. (cuo+u> + -

-- 'Re f dt 1 e < [ V , V ( t ) ] > • 'IJ2 -co ' Q Q 1 
y ( cuQ) (27) 

3TH lflopMYnhi COBllSJlaiOT C TeMH1 KOTOpble MOlKHO BhiBeCTH1 Bhi"IHCnsi.H MaC.;. 

COBLiii on epa Top aanaallhiBa!Omeii tPYHKUHH fpHHa <<A Jt); A Q » (r.JBLipaJKe-

. /1 7 8/ . 
HHSI1 COOTBeTCTBy!OmHe (26) 1 (27) 1 nony'leHbl B pa60T8X 1 1 

• C llOMOmhiO 

ypasHeHHSI (27) MOlKHO HayqaTb nornomeHHe asyKa a csepxTeKy'leM renHH 

/9/ 
HnH llHSneKTpH'leCKHX KpHCTannax 

6) Eonee cnoJKHhiM npHMepoM siBnSieTcSI CIICTeMa aneKTpoHoB nposo-
.... 

llHMOCTH ·s 1 B3aHMOJlefiCTBYIOmHX C Mai'HHTHOfi npHMeCbiO CO ClliiHOM S 

}{ = ~ £ c; ,;It _.!,_~ .... ...],..,.. cs;; J c ;~; c ,.. 
It k't 1st 1st N s1,s2,kt,k2k1k2 s1s2 ktst k2s2 

1' st 

+ .... 
rne c ks I C-+ - OllepaTOpbl aneKTpOHOB1 k - KBa3HIIMITynbC aneKTpO'-ks 

u ... 

Ha1 s - ero Cl1HH1 fk - aHeprHSI OllHOaneKTpOHHhlX COCTOSIHHH1 a - B9KTOp 1 

COCTaBnSIIOmHe KOTOpOI'O'- MaTpHUhl IlaynH.B Ka'leCTBe llOilCIICTeMbl paCCMOT

pHM aneKTpOH C HMITynbCOM q H CITHHOM S • 0cTanhHh19 aneKTpOHhl H llpH

MeCb COCTaBnSIIOT TepMOCTaT. OrrepaTOp B3aHMOJlellCTBHSI l101lCHCT9Mhi H 

TepMOCTaTa HMeeT BHil 

1 
H. t= c..t v ... + + v .... C;:t = m qs qs qs 'Is 

~ ] .... Jt(Sa )c:l; c 11 + a.c.,(28a)· 
N (k ,s :J=((i,s)q 1 sst qs 1st 

a raMHnhTOHHaH TepMOCTaTa 

' 1 ... ... + . 
H - ~ £"' c;'; c-+ - ~ J~ ,..(Sa ) c,+ c-+ • (286) 

T - ... ... kf ktst kts 1 fl~ ... ktk~ ~ 1 s2 k 1s 1 ~s2 
(ktst)=/(q,s (ktst),(k2,s2)=/(q,s) 

faMHnhTOHHaH H o paseH 

+ 
H = £ .... c ... c, + H. • 

0 q qs <[S T 

12 

llnSI. paCCM8TpiiB89MOii CHCT9Mhl < Vqs> = 0 H JlnSI < cq->s >t 1 

nyqaeM ypasneHHSI (24) 1 _(25) 1 rne 

tl.(ci/) 

3 ~ - oo . <S+sS-s + 

2~2 11 ...... 12 p J dndcu >cu<ckjsck s > 
l'f qK

1 
-- 1 1 1 n 

c/1 s >=I (... -oo (2rr)2 e ... _ ~ ~ . (1 
t' t q,s) q hcu -hn 

... ... 
2rr 3 "" · <s+•s-•> <c+ y(c-+)=~- ~ IJ ... ~2Jdndcu cu k ... sck ... s>n 

q n N2 ~ qkJ-oo (2rr)2 - 11 1 I o(£-+ 

=I 
... n(£ .• ) q 

(k1 ,s1) (q, s) q 

IlpH BLIBOile lflopMyn (29) 1 (30) MLI cnenanH rrpenrrono)IWHHe 1 .., 

~ + ~~ 

OHHyiO tflyHKUIIIO <(S(t)il., ) Ck-> (t)(Sa )c-> > C llOCTaTO'IHOii 
ts 1st s2s k2s2 

11pH6nHJKaeT llpOII3B91l9HII9 KOppenSIUHOHHLIX lflyHKUHii noKanii30E 
' ~ --+ --+-+ + 

H aneKTpOHOB llpOBOiliiMOCTH <(S(t)a ),(Sa ) > < C k (t) C k ~ 
s ls . s s 2 1s 1 . Ill 

(29) SIBnSieTCSI o6o6meHII9M lflopMynhi 1 BhiBeJleHHOli B pa6oTe 

a) HaiiaeM npeMSI penaKcaunH r(E ... )=y-fc ... ) aneKTpOHOI 
q q 

TH 1 naaHMOileiicTnyiomHx c rrpHMeChiO cornacuo ~waenu, ·rrpenr. 

/11 I . 
aepcoHOM • TepMOCTaT cocTasnstJOT d aneKTponH rrpul'.recii 

llpOBOilHMOCTH j raMHnbTOHIISH 1101lCIICT9Mhl II Tep:>.!OCTaTa l!).!e 

H
0

=c ... n ... +~ £" n,.. +E~ n + Un n + ::£ (V-:> dt e:- ,+V 
q qs K 1 kl s 1 s s 1 + - . k L, "1 k 1 "1 

.-+ '=1-+ 1 -l> I (k
1

,s
1

) (q,s) (kt,s1)=;z(q,s) 

rne n s = d ~ d s - orreparop 'IIICna aneKTpouon n nm-:amraona 

SIHHH1 E - SHepi'HSI d -COCTOSIHUSI1 U - 8HeprUSI KynoHODCKOr 

HIISI aneKTpoHoB d , a rrocneanuii qneH orrucLmaeT natl!ll\IOilei 

pOHOB ·s II d o 

faMHnbTOHUa:H B38IIMOJleiicTBHSI IlOilCUCTeMhl C TepMOCT~' 

!flop My 

13 



. + 
V. , V (t ) ] > • 

Q Q 1 (27) 

):lKHO BbiBeCTH1 Bbl'IHCnSISI Mac..;. 

Eia «AJt); At »(r.)Bbipa:lKe-
/1 7 8/ . 

a pa6orax ' ' • C ·noMOillb!O 

IByKa B caepxTeKy'leM ren.11.11 

CHCTeMa aneKTpOHOB npoao-.. 
ii .npRMecbJO co cnnHOM S 

.. 
k - KB83HHMnynhC aneKTPO'-

~HHbiX COCTOSIHHH1 iJ - BeKTop, 

l'leCTBe llOt:lCHCTeMbl paCCMOT-

cranbHbie aneKrpoHbi H npR

ot:teiicTBR.H ilOt:tCHCTeMbl .II 

. .. .. ;t ' 
•(Sas s) cksc~s • (286)· 2 .. 1 2 1 1 '",/ 2 
!):/, (q ,s) . 

.Un.11 paccMarpnaaeMoi! CHCTeMbi < Yqs> = 0 H t:tn.H < cq->s >1 , 

nyqaeM ypaaHeHH.H (24), (25), r)le 

< n .. >1 noqs 

npu BbiBOt:te <jlopMyn (29) 1 (30) Mbi C)lenanH npet:tnonmi<eHHe, 'ITO' KOppenmm-
~ + -)-) 

OHHYIO <jlyHKUH!O <(S(t)iJ ) C-> (t)(Sa )c-. > C t:lOCT8TO'IHOi"I TO~HOCTb!O s 1 s k 1 s 1 s
2

s k
2

s
2 

npu6nn:lKaeT npouaaet:teHHe Koppen.HUHOHHbiX <jlyiiKUHii JIOKannaoaaHI'!biX cnnHoa 
~ -) -)-4> + 

II aneKTpOHOB npOBOt:tHMOCTH <(:>(t)as /(Sa s 
5

) > < C k s (t) C k
1
s? • ct>opMyna 

1 2 1 1. I 10/ 
(29) .HBn.HeTC.H o6o6meHHeM <jlopMynbi, BoiBet:teHHofl a pa6oTe • 

a) Haiit:teM BpeM.H penaKcaunn r(£-.)=fTc .. ) aneKrpoHoB npoaot:tHMoc-
q q 

TH, aaaHMOt:teiicTayiolllHX c npuMeCb!O cornacuo 1\Iot:tenu, npet:tnmKeHHofl Au
/11/ 

t:tepcouoM • TepMOCTaT cocTaanstiQT d sneKTpOHbi npn~Iecn 11 sneKTpOllbi 

npOBOJlHMOCTJI j !'8MHnbTOHH8H llOt:lCHCTeMbl II rep:>.!OCT£11'£1 111-!eeT Bllt:l 

H0 =€-.n-. +!. €_. n,... +E!. n
11 

+ Un n +!. (V ... d+ c-. +V*·c: .d ), 
q qs K 1 k1 s 1 s 1 + - · k 1 "1 k 1 s 1 k 1 s 1 s 1 

(k1,s z) ',f (q, s) (kz.s 1 )=/ (q •. s) 

r)le n s = d! ds - oneparop 'lncna sneKrpouon n nmwnnaoaauuol\1 d -cocro

.HHHR, E - aueprR.H d -cocTosmnsr, U - sHeprnsr KynoHoncKo!'o orTanKnaa

HH.H sneKrpouoa d , a nocnet:tnnii qneH onucl>InaeT naaui\IOt:telicrnne sneKT

pouoa s u d • 

faMHnbTOHHaH B3811MOt:teiicTBIISI llOt:lCUCTel\!hl C TepMOCT~TOM IIMeeT 

<jlopMy 

13 



l 

I 

Ho 
int 

V* ·c'+ d 
q . i/s s + s.c. 

BpeMSI )K!l3HH H ·cJlBHI' SHepi'HH sneKTpOHOB npOBOJlHMOCTH CBSI38Hbl C aanaa

JlhiBSIOIUeit 4JyHKUHei1 fpHHS «d+(t);d »(r) = .J- 8 (t) <[ d+(t),d ] ; , 
B B ·oih B B + 

2 + 
21 Vj 'Im «d

8 
;d 

8 
>>t.w =-f i/ t 

(31) 
r-1 (£ i/J =:oro( ( ctJ 

11(£~) =-IV~ 12 Re«d+;d »t 
"l "l B B IIW=-fq 

(32) 

+ (r) 
TaK KaK B aTOM cny'Iae !lJyHKUHSI fpnaa <<d 8 ; ds>> HrpaeT ponb Ma TpHUhi 

pacceSIHHR, TO peaynbTaT (31) npencTaBnSieT o6BI'IHOe .. TpaacnopTaoe"' Bpe-

MSI penaKCSUHHo 

r) B Ka'IeCTBe nocnenaero npHMepa paccMoTpHM JlBYX'IaCTH'IHOe BSaHM0-

/12/ 
)lellCTBHe MSI'HOHOB 

J{ = l: f ... ~ ~cIt+ !. 
~ k k 

....,.....,._,. -+-+-+ _,. ++ 
1/J (1{

1
,k

2
;k

3
,k

4
) /';,(klk

2
-k

3
-k

4
)crtclt cit ct. +s,c,, 

B 1 2 3 4 ... ~ ...... 
k1,K2,k3,k4 

I'Jle c ~ , c.,.. - 6030HHbie onepaTOpbio faMHnbTOHHSH CHCTeMbi H TepMOCTaTa 
k k 

HMeeT BHJl 

+ .,.-+ ....................... -+ ++ 
H =£ c,..c~+!. 1/J (x,k;k,k )11(k+k-k-k)c c,..c ... c ... +s,c,, 

0 cf q "l B 1 2 3 4 1 2 3 4 Rj K2 k 3 k 4 

Jt1,k2,it3' it 4=1 q-+ 

a I'SMHnbl'OHHSH B38HMO)lei1CTBHSI llOJlCHCTeMhi C TepMOCTSTOM HMeeT !lJopMY 

14 

H = c,!{2!. t/J (q ,f; k-+ ,k-+) /';, (q~f-f-k-+) c~ c-+ 
·int q ,_. -+ 0 s -+ 2 3 4 2 3 4 2 K 3 

rt2,k3,k4=/ q 

Bhi"'HCnHM BpeMst :lKHSHH B npu6nnJKeHHH sBoniOUHH co CB06on 

/1 
HHSHOM H(O)=~ £ knk H TOI'JlS nony"'HM H3BeCTHhifi peaynbTST 

1 

r( £ ct) 

16 !. -+ -+ -+ -+ 2 -+ -+ -+ -+ 
--:r I t/1

8 
(q,k

2
;k

3
,k) I /1(q+k -k -k )8(£...-

TTh1lkkf-+ 4 2 3 4 q 
.- 2'3'4 7 q :. 

x I n-k ( 1 + ii k ) ( 1 + ii k ) - ( 1 + iik ) ii k ii k I . 
2 3. 4 2 34 

4, Ha npHMepe .!lJOHOHHOll CHCTeMhi C TpeX!lJOHOHHhiM B3a 

noKa:lKeM, 'ITO ypaBHeHHSI BHJla (18) MO:lKHO nony'IHTb 6 paMKI 
0 /2/ 

Heitaoro OTKnHKa Ky6o 
0 ~ PaccMoTpHM nHHei1Hhii1 OTKnHK 4Jc 

Mbl C I'SMHzibTOHHSHOM 

J{ J{o + l~ 0 , 

rne J{ 
0 

H C onpenenSIIOT !lJopMynhi (22a), (226) Ha. BHE 

BHe BHJlS 

-+ 

Ht= I, Fa (Xi't) uia , 
ia 

~i = 1,, •• , ·N , a = 1, 2 

F ( X1 , t) .smnsreTCSI BHernaeit cnnoit, nei1cTBYIOIUei1 Ha ~; -Thill: 
-+ 
X1 - KOOPJlHHaTa paBHOBeCHOI'O nonoJKeHHSI STOI'O STOMa, 

CMeiUeHHSI STOMa, CpeJlHee paBHOBeCHOe 3Ha'IeHHe onepaTOpa 

paBHO Hynro: < 1:1 > = 0 , Bhi'IHCnHM naMeHeHHe cpenHero aHa 
' t . f21 

TOpa < aQ> llOJl BnHSIHHeM BHeiiiHeit CHnhi ( < BQ > = 0 o 

t oc (r) oo -+ 
<a > =f dt

1
«aQ(t);Ht (t1)»=!. fdt1 Fa(X 1,t)<< 

Q -oo 1 a,i. -co 

15 



. ' 

aOAHMOCTil CBSI38Hbl C 38US3-

e (tJ <[ d+(t),d. 1+ > • s s 

(31) 

(32) 

(t) 
,» HI'paeT ponb MaTpHUhl 

5BI'l.iiOe "TpaHcnopTHoe" ape-

.... .... .... + + 
+k -k -k) c c,... c,.. ct +s.c., 
! 2 . 3 . 4 ft1 K2 K 3 4 

,.-t 

OHH8H C!iCTeMhl H TepMOCTaTa 

.... .... ..... + + 
k-k-k)c c,.c .... c .. ++s.c., 

2 . 3 4 . Rj K2 k 3 k 4 

:: TepMOCTaTOM HMeeT <flopMy 

x I n-k .... (1 + iik-> )( 1 + iik-> ) - ( 1 +iik->) iik-> iik-+ I . 
2 3 '4 2 3 4 

4. Ha npHMepe '¢oHOHHOii CHCTeMbi c TpexciJoHOHHhiM B38HMOAeficTBHeM 

noKa>KeM, 'iTO ypaBHeHHSI BHA8 (18) MO>KHO nony'lHTb B paMK8X TeOpH!l nH-
. /2/ 

HefiHOI'O OTKnHK8 Ky6o . ~ PacCMOTpHM nHHefiHhlfi OTKnHK ciJoHOHHOfi CHCTe-

Mhl C I'8MHlibTOHH8HOM 

J{ J{o + C . , 

I'Ae J{ 0 H C onpeAenstJOT ciJopMynhi (22a), (22 6) Ha. BHemHee aosaeficT-

BHe BHAa 

·i = 1, ••• , 'N , a = 1, 2, 3 • 

.... 
f.' (Xi , t) SIBnsteTCSI BHeWHefi CHnOfi1 AefiCTBYIOWefi Ha ~i -Thlfi aTOM pemeTKH1 .... .... 

Xi - KOOpAHHaTa paBHOBeCHOI'O nonO>KeHHSI 9TOI'O 8TOM81 U i - onepaTOp 

CMemeHHSI aToMa. CpeAHee paBHOBecHoe 3Ha'leHHe onepaTopa CMemeHHst 
.... / 

paaHo Hyn10; < u i > = 0 • Bhi'iHCnHM H3MeHeHHe cpeAHero 3Ha'ieHHSI onepa-· 
. t . f21 

Topa <aQ> noA BnHSIHHeM BHeWHefi CHnhi ( < aQ > = 0 • 

t "" (t) 00 .... (t) 
<a > =f dt «a (t);H (t

1
)»=I J dt

1
F (X ,t)«a ft);u. (t

1
)», 

· Q -oo 1 Q t1 a,i. -oo a i {! 1a 

15 



i 
i. 

r,ne BBe,neHa aana3llb!BlliOIIWSI !flyiiKUliSI fpiiHll 

«A(t); -B(t') »(r)= 4e (t-t') <[A(t), B(t')] > ;<. .. >=Sp( ... e-tl~~~ ). 
~n . ~e 

PaanaraSI onepaTop CMemeHUSI no nnocKnM BOnHaM, nony>JnM 

oo oo ""dw -iw(t-:-t1J · · 
<a > 1=fdt

1
F (t

1
) «aQ(t), a~(tt>Jr)=fdt7Q(tif-e GJw-·iE). (33) 

Q -oo Q -co ...:;,;Jrr 

Hpn Bbiao.ne !flopMynbi (33) Mbi yqnn aaKoH coxpaHeHnSI nMnynbca n npe

He6pernn CMewnaaHneM nonHpnaaunfi, FQ (t) paaHo 

...... 
... -> -iqX. 

~F(X.,t)e 1 

i l 

e'Q 
F Q (t) 

y2MN WQ 

r.n~ M - Macca aTOMOB peweTKH, e* 
Q 

- aeKTop nonSipnaaunn. BbitJncnSISI 

!flyHKUHIO fpnHa G Q ( w ) , aannweM a nonrocHoM npn6nn1KeHnn: 

·a ( · ) ( - . . 1 ( ) ) -1 W - '1 E = W - W - '1 - y W 
Q Q . 2 .Q 

(34) 

r.ne wQ = wQ+~ (wQ) • 

BbmonHSISI HHTerpnpoaaHne now a (33) c yqeTOM (34), nonytJHM 

<a > t 
Q 

t . ( - 1 
= -·i r dt F c t J -, t- t 1> w Q - ( t- t > - r ( w > 

1Q
1

e 12 Q 

-oo 

(35) 

t ' + . t 
l1aMepSieMyro aenntJHHY < u; > onpe.nenSieT nnHefiHaSI KOM6nHaUHSI ·<a Q > 

t 
ll .< <! Q > • 

B aKcnepnMeHTe no nbrnomeHnro aayKa a KpncTann BBOllHTCSI KopoTKHfi 

HMnynbc BbiCOKotJaCTOTHofi aonHbi aanpSI1Keaiui n nay_>JaeTcSI noae.neane cnc

TeMbi nocne npoMe1KyTKa apeMeHn, aaa>JnTenbHO 6onbwero .nnnTenbHOCTH 
/13/ 

aT oro nMnynhca , M mKHO npnHSITb, 'ITO F Q ( t) - 8 (t -r ) , r.ne r - MOMeHT 

BKnro>JeHHSI aaewaero nonSI, ~n!fl!flepeaunpySI ypaaaeHne (35) no apeMeHn 

nony>JaeM 

ih a<ao>t 
at 

J J.- ·it . 
n FQ (t) + (nwQ- T y(wQ))<aQ> 

1
• 

YpaaHeHne (36) onpe.nenSieT noae.neane cncTeMbi nocne npoMe: 

an nopSI.nKa .nnnTenbHOCTH nepexo,nHbiX npoueccoa OT MOMe.IITa 

BHewHero nonSI, ao .nnSI apeMeH He cnnwKoM 6onbwnx. ~nSI. Ta: 

1KYTKOB BpeMeHH CHCTeMy M01KHO OnHCllTb C nOMOWblO Ha6opa 

aQ , aQ' 1 nQ, H To. Ha aTOM HHTepaane apeMeHn ypaaHeHHSI 

coana.naroT no !flopMe, H o nMeiOTCSI oTnn>JnSI: ypaaaeane ( 36) < 

oTKnHK aa MexaHn>JecKoe aoaMymeane n cnna FQ(t) cqnTa~Tcs 

Ypaaaeane (18) onpe.nenSieT noae.neane cncTeMbi no.n annHHHe~ 

roJ aoaMymeHnSI, B naaecTHOM CMbicne "caMocornacoaaaaor'o", 

M01KeM C nOMOlliblO ypaBHeHHH ( 13) onpeJlenRTb f Q( t) , 
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. •· e-f1J{ 
') 1 > ;<. •• > =Sp(... -f3H ). 

Spe 

aM, nony'iHM 

JaHeHHH HMnynbca H npe-

.BHO 

p nonSipH3aUHH. Bbl'iHCnSISI 

ripH6nH:>K9HHH: 

(34) 

y'ieTOM ( 34) 1 nony'iHM 

1 
t )-y(w ) 

1 2 Q (35) 

' + t 
:iHaSI KOM6HHSUHSI · < a Q > 

<pucTann aaonnTcSI KopoTKnA 

H3~'iaeTcSI noaeneane cnc-

6om,wero nnnTenbUOCTH 

r) ..:a (t-r), rne r- MoMeHT 

aeane (35) no apeMeHH 

' t 
~ a<ao> 

in -at (36) 

Ypaaaeane (36) onpenenSieT noaeneune cncTeMbl nocne npoMe:>KyTKa apeMe

HH nopSIAKS AnHTenbHOCTH nepeXOAHblX npoUeCCOB OT MOMeHTS BKniO'ieHHSI 

aaewaero nonSI, ao nnH apeMeH He cnHWKOM 6oiThwnx • .UnH TaKHX npQMe .. 

:>KYTKOB apeMeHH CHCT9M}' MO:>KHO OnHCSTb C OOMOlllblO aa6opa onepaTopOB 
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