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BBelleane 

MoAenb C.KanstpHoro nonst c HCTO"'HHKOM HccneAoaanacb c paaH&IMH nenstMH ao 

/1-5/ 
MHOriiX pa6oTaX (eM,, HaiipHMep , llpli"19M paccMaTpiiBancst B OC.IIOBHOM C'l"aTH-

"19CKHfi HCTO"'HHK, B STOtt pa6oTe o6cymAaeTcst cny"lafi RCTO"'HIIKa, OIIHChlBaeMoro 

llpOH3BOIIbHOfi A9fiCTBHT91lbHOfi tPYHKIIRefi p(x, t) Uenbro nansteTcR nocTpoeHne aq-

IIapaTa, KOTOpbifi II03BOilllll 6&1 pemaTb He TOnbKO CT81ll10Hapllb19 38.!{8"111 TilliS pac­

C9SIHI!st, Ho n npo113BOII&Hyro aaaa"l:y Komn. HaaecTHo, 'ITO B Teopnn nonst y)Ke onn­

CaHne Ha'IallbHOro COCTOstHllst npeACTSBIIsteT co6ol! OTA91lbHYIO npo6neMy, CocTOstHllst c 

OIIp9A91I9HHbiM "lliCIIOM 'rOIIbiX" "18CTllll ( KOTOphlMJl OllliCbiB8IO'I'Cst !Ia"tallb.llbie B9K­

Topa B T90pllll B03MYIII9Hllfi)1 KaK li3B9CT.IIO 1He liM9IOT CBOfiCTB peallbHhlX dJH3li'I9CKHX 

CliCTeM, 8 "taCTHOCTll, "rollhlfi BaKyyM"' He S!BII.li9TCst COCTOS!HIIeM C .IISHMeHblllell: 

IIOIIHOil: SHeprHell: ll .II9CTa6HileH .l{a)Ke Allst KOHCepBaTHBHOll CHCT9Mhl, C Te"teHlleM 

apeMeHn B HeM MO)KHO o6Hapy)KHTb "'SCTHIIhl, 'ITO coBceM He cornacyeTcst c'noHst­

TneM peanbHoro aaxyyMa. AHanorn"tHOll cTa6HilbHOcTn Mhl O)KliAaeM n OT peanbHoro 

OAH0"18CTli"'HOro COCTOstHllst (xoTst 6hl Ha OCHOBaHllll 38KOHOB COXpaHe.IIHst), 'ronast' 

)1{9 'IaCTHIIa MO)K9T .Ira H9KOTOP09 BP9Mlt HCIIVCTHTb APvrVIO 'laCTIIIIV. PeanbHbie coc-

/5/ TOSI.Illlst 06hl"'HO MOryT 6hlTb IIOCTpOeHbl C IIOMOIIIbiO in-out -BeKTOpOB ( CM, ~ 

rn. 17, § 4). OxaahlaaeTc.st, 'ITO, aoo6me roaopst, aTo He Tax B paccMaTpnaaeMofi 

Monenn, ¢H3H'IeCKHfi BSKyyM ·II OJlHOM930H.IIOe COCTOst.IIHe AOII:lKHbl OIIIICbiBaTbCst Apy­

rHMH B9KTOpaMH, C HX IIOMOIIIbiO II cneAyeT 3aQaB8Tb H8"181IbHOe COCTOstHHe, B IIOC­

Il9Ayromne )Ke BpeMeHa HaC AOil)Kell liHTepecoaaTb He CTOilbKO CaM BeKTOp COCTOltHllst 

CliCT9Mhl oil( t) , IIOJl"lliHSIIOIIIHfiCst ypaBHeHIIIO UJpeJ:tiiHrepa, CKOnbKO ero llpoeKIIHH 

tta tPII3li'19CKII9 COCTOSIHHSI, YpaBHeHH9 nllst STHX npoexunll:, KaK OKa3hlBaeTcst, OTnH­

"taeTcst oT nepaona'tanbHoro ypaBaeiiH.st llipeltllarepa. Ilpn'D!aa sTOro aaxnro'lfaeTesr 

B TOM, 'ITO B JlSHHOll MOA911ll ~113H"19CKIIfi BaKyyM 9CTb 'aaxyyM B IIpHCyTCTBliH.HC­

TO'IHHKa" ll OH aaBHCHT OT BpeMeHH, K8K II tPli3H"teCKOe OAHOMe30HHOe COCTOstHlle. 

3 



Pa3aiiTEiif a pa5oTe annapaT MOlKeT 5biTb npnMeHeH K 6onee· peanhnoft .Mone­

nn: aneKTpOM8rHIITHOe none e anelliHIIM TOKOM, BalKHOeTb 9TOft MOAenu eoe·TOIIT a 

TOM, 'ITO ee pemeHIIH MOryT 5b!Tb nenOJib30a8Hbl K8K Hyneaoe npn5nnlKeHne a KaaH-

TOaoft aneKTpOAIIH8MIIKe, eoneplKameft a381IMOnelleTa.IIe I}OTOHOa e 38A8HHblM aHe!UHIIM 

TOKOM ( ITOMI!MO a38UMOAefteTaiiH e KaaHTOaaHHb!M 9JieKTPOHHO-IT031ITPOHHb!M TOKOM), 
151 

epaaan n3aeeTHYID 'KapTnny ~appn' a enyqae Hanuqng aHemHero noTenunana • 

Mbi H8'1HeM e H8XOlKAeHHH onepaTopoa, a TepMUH8X KOTOpb!X raMHJibTOHHaH 

Teopnn npnHnMaeT ann eao5onaoro. 8To no3aonHeT nerKo aaftTn ero eneKTp n eo5-

eTaeaHbie aeKTOpa (nnaroHaJIH38UIIli raMUJibTOHH8Ha) U OK83biB8eTeli yno5Hb!M M8-

TeM8TH'leeKIIM aaeneHneM, o5nerqaromnM n3noJKeane oenoaaoft 3anaqn: onpeneneHim 

!fJH3H'i:eeKIIX eoeTOliHUft (eM, § 2) ll nepe!flopMynnpOBKH TeopHH B HX TepMHH8X 

(eM. § 3). 

§ 1. In-out !flopMann3M n nnaroHann3aunn nonHoro 

raMHJibTOHH8H8 

Ill 
narpaHlKII8H MO.Qenn B e.QHHHU8X h = 1 I! C • l HMaeT ann (eM, 1 § 7): 

au ll 
L(:,t) • ~((do) 

.. ll ll 2 .. .. 
<Val -m

0
u ] - u(x,t)p (x,t). ( 1.1) 

8 
CooTaeTCTByromnft nonHhift raMI!nhTOHHaH ( nn:n nonHaH sHepr:nn - f T 44 d x ) 

B ren3eH6eproBeKoM.rrpencTaBneann paBeR 

s 1 £au2 .... 2 22 1 1 H(t) .. J d x ~ (dt) + ( V u) + m 0 u + up • ( 1.2) 

BbmnmeM o5bi'lHOe BbipaJKeaae reft3eH6eproacKnx onepaTopoB u ( x, t) qepe3 in -

onepaTopbi: 

u("t,tl = u
1 

(~,t) + J·d 8 x'dt'/1 (1:-1:', t-t')p(i',t') a 
n ret ( 1.3) 

"'u
1
n <X,t) + rCx,t). 

CM, (8,10) 141 
B nnn 

. 151 
(17,180) B ( B STOff ~OpMyne onepaTOp J (;, t ) 

. , 

I 

J 

(\ 
I! 
• I 

) 
I 

i 

3aMeaneTeli c -'lUeJIOBOft ljlyHKUHeft p(;,t) OnepaTop uln AOnlKeH YAOB-

neTBOpliTb eao6oAHOMY ypaE!aeaaro Knenaa-fopAoHa n noaToMy MolKeT 5b!Th npeneTaB...: .. 
neH 05b!'lHbiM o5pa30M qepe3 He 38BIICHllil!9 OT BpeMeHH onepaTOpbl A In ( 1:) 

n At (k): 

........ 
T - -lkx+IC<lt 

+A In (k) e ] 

1 -~ ~~-IC<lt 
-./2V l:kru [Ain (k)e 0 1n (;,t) ( 1.4) 

3Jleeb 
2 2 

ru•ru(k) • -./k +m 0 • ITone e ncTO'lH.IIKOM C'lHTaeTcn 3aKniD'leHHbiM B nmnK 
III 

o6'beMa V 1 n II09TOMY k x , k y , k z ttpHHHM8IDT AUeKpeTHbie 3Ha'leHHli 

ITooaeonM YTBeoJKAeHne Xennn n TnoonHra, 'ITO ,. H(t) oaBHo npocTo 
+ 141 

l:kA
1
n(k)A 1n(k)(..l(k) nmoe aeKoTopoe c-qncno .. (eM. , rnaaa8.2). 

IToAeTaannn B ( 1.2) uln +r aMeeTO u , nonyqaeM: 

3 auln 2 .. 2 2 2 
H(t)=~fdx[(--) +('Ju )+m 0 n 1 ]+ 

at . In n 

3 auln ar .... ... 2 
+ Jd x [-- -- +(Y' n 1 Y' rl+m 0 u 1 r +n 1 f] + at at n n n 

( 1.5) 

J 8 [ ar 2 ... 2 2 2 ] 
+~ d x (Tt) + ('Vr) +m0 r +2rp "'Ho (u 1nl+H, +H 0 • 

H~ eeTb c -qnenoaan ljlyHKUUli OT t Ecnn BMeeTO U In ITOAeTaBHTb ( 1,4) 1 

"+ 
TO H o ( u In ) }lefteTanTeJibHO npuo6peTaeT an}l l: k C<l A In (lr::) A In ( k) Ho o5-

pamaeTeH nn a aynh H. ? 

Pa3JIOJKHM p(;,t) a r(;,t) ·a HHTerpanbi (To'!aee -pliJlbi) <l>ypbe: 

(
- 1 .... 

P x,t) = _ l: -> lkx ,rv k Pt (kle 

( 1.6) 
'r(-;,t) = 1 .... yY l:krt (k)e lkx 

U aCTaaHJ.1;1 pa3JIOlKeHHH ( 1,4) H ( 1,6) a H,: 

1 - ~ _. - IC<lt + _. _. IC<lt 
H, =.In l: l-i-./ru[A

1 
(klft (-k)e -A (klft(k)e ]+ 

V 2 k n In 
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a/~ .. .. - lfll~ + .. .. I rut 
+Ill [A 1n (k.)r ~ (-Ide +A In (lt)r ~ (k)e ] + 

( 1, 7) 

-!i .. .. -16>~ ~ .. .. 16>~ 
+Ill [A 1n(lt)pt(~lt)e +A 1n(lt)p (lt)e ]}, 

t.ITo6bi ( 1.7) o6pamanoeb B aynh, aano "'T06bi o6pamancH B aynh Koa!jJ!jlnuneaT npn 

A In (It) 
+ 

Ik (nnn: na Hr = 0 Ka:m:noM na onepaTopoB n A In (k) B eyMMe 

+ .. .. 
non:m:ao enenoBaTb [H r , A In (.It')] ,. 0 H [A In ( k'i) • H, ] - 0 ) : 

. - a/~ .. -li .. 
-i,Jrurt(-k)+lll rt(-k)+lll pt(-k)=O 

- .... a/2 .. Iii -+ 
i,jrurt(k)+lll rt(lt)+ru pt(k)-.0. 

. .. .. 
B ( 1.8) Mo:m:Ho aaMeHHTh It aa - It (Mo:m:Ho 6bmo e eaMoro Ha'lana pae ... 

+ .. 
eMaTpRBBTb ypaBHeHne [Hr , A In (-k')] "'0) Ha paaaoeTH nony'leHHbiX .nByx 

a .. .. -:~ .. at r t ( k > ;. o , a na eyMMbi r ~ (It) + Ill p t ( It) .. 0 • 

TO ypaBHeansr ( 1.8) n ( 1.9) ReeoBMeeTHbl n Hr 

ypaBHOHRfi enenyeT, 'ITO 
a .. ' . 

Eenn 7ft Pt (k) "0, 

Henb:;!H o6paTHTb B Hyllb HHKaKHM Bbi60pOM r (;, t ) • Xeann n TnppnHr npoBe-

pHIIH eBOO yTBep:m:neane TOIIbKO .[liiSI eny'laH eTaTH'leeKOI'O HeTO'IHHKB (eM, rn;9 
/4/ ... .. 1/ 2 2) 

B ). _Torna, nefieTBnTenhHO, H_.. = 0 npn r (It) •- p (lt),\lt + m 0 • 

' .. 3aMeTnM, 'ITO KoHKpeTHbifi Bnn r (x ,t) HaM ae noHano6nneH. Ebm nenonh-

aoBaH TOIIbKO TOT d>aKT, "'TO u 1~ nOII:m:HO non'IHHSITbCSI eBo6onHOMV ynaBHeHHIO 

( TO'IHee, 'ITO u
1
n nMeeT Bnn ( 1.4)). IToaToMy npoBeneHaoe paeeMoTpeHne ro-

.[lHTCSI ll nnsr U out 

Ecnn H { t) B TepMnHax u In eonep:m:HT 'lnen BaanMo.nefieTBIIH H r , To 

in - BSKyyM fi In , nnsr KoToporo N,n n In .. 0 He SIBIISieTeH eo6eTBeH-
t .. -+ 

( N In • :I k A In ( k) A In ( k ) Hb!M eoeTOSIHlleM H ( t) e aananamefi aHeprnefi 

He KOMMyTnpyeT e H(t)'). ITo9TOMy fi 1n HO SIBIIlleTeH !jJnaH'lOeKHM BBKYYMOM, 

KaK ero o6bi'IHO onpenenHroT. ITpn'IHHa o6napy:m:eHHbiX paaHornaenfi e o6bi'IHbiMH 

6 

'• 
::1 

Bb!Bona!'.m in-out 
/5/ 

!jlopMaiiH3M8 (eM, !'liSBY 17, § 4 B , B "'IlCTHDCTH ( 17,166) 

H (17,198)) 38KIIID"'8eTeH B TOM, "'TO noene.[lHHfi npnroneH TOIIbKO nnH eny"<IaH. 

Korna .onepaTop H He aaBHeHT HBHO OT BpeMeHn. 

Bee :m:e MO:lKHO YKB38Tb TBKHe onepaTOpbl cp , B TepMIIHBX KOTOpbiX H ( t) 

npnanMaeT no eymeeTBy Bnn eBo6onaoro raMHIIbToanaaa. ITyeTh 

u(x-:t) = cp (i',t) + d(;,t), ( 1,10) 

rne d(t,t)-c -"<IIIeiiOBaSI !jlyHKIIIISI.CBSI3b U H cp noxo:m:a aa ( 1.3), Ho Te-

nepb Mbi ae Tpe6yeM, "<IT06bi </> nowmasrnoch eBo6onaoMy ypaBneanro KnefiHa-rop­

noaa. BMeeTo aToro nonaraeM 

-1. .. I -Iii .... .._. 
'f'(x,t)=-=I Ill [A (k) lkx-llllt T _ -lkx+llllt 

,j2V k t e +At(k)e ] 

.. 
llpH"'eM onepaTOpbl At (It) 38BHeSIT OT TaK, 'ITO 

.l...u(;,t) at 
• .... • -+ 

t!p (x ,t) + d{x,t) .. 

i - ....... =---I _/ .. lkx-llll -+-+ ..[2v kVIll[A (k)e t + _.-lkx+llllt 
t -A (k)e 

(1.11) 

'· 

( 1.12} 

Tor.na H(t) qepea cf> (i,t) 
... 

l!IIH At(k) Bbipaal!TeH cne.nyromnM o6paaoM: 

+ - - 3 -+2 2 
H(t)"' Ikru{k)At {k)At {kl+fd x[cf><-V + m 0 )d+cf>p]+ 

3 .. 2 2 
+ ~ f d x[d(- V + m

0 
)d +2pd] • 

(1.13) 

... 2 

KaK Bnnno, BTopofi 'lneH o6pamaeTesr B ~Yilh npn (- V + m 
2

) d --p nnn, B 

k -npeneTaBneann, npn 

.. 
d (k) =-p (k)/k;;! 2 

t t + m 0 
(1.14) 

ITpn aTOM cf> = n - d IIO.[l'IHHSIOTeSI ypaBHeHHID 

7 



... :l 'ill. ( v - a;-:r 
~ 

2 ~ a ... 
m 0 )qdx,t) --~d(x,tL ( 1.15) 

11anoJKennan npouenypa MoJKeT 6biTb nenocpencT:aenno cpa:anena c in-out cflopMa-

nH3MOM. ... 
Onnaxo KOHKpeTnblii: :ann At (It) ne 6bln ycTano:anen. 3To MOJKeT 6biTb npo­

me cnenano :a mpe.ttnnrepo:acxoii: xapTnne, xoTopoii: Mbi 6yneM npnneplKl!BaT&csr s 

oc1-an&noii: qacTn pa6oTbi. B aToll xapTnne raMnn&Tonnan nMeeT TOT lKe BH.tt (1.2), 
... 

TOnbKO au I at TaM nonJKHo 6biTb aaMeneno conpsrJKel!HbiM K u(x) oneparo-

poM 'IT(x) • AnanorH'lno (1.10) aannmeM: 

u (;) "' "' t (;) + d (;. t ), • 

IT (x) a ITt(;) + d IT(;,t), 
( 1.16) 

11a ( 1.16)· cnenyeT, 'ITO mpennnrepo:acxnlt onepaTop ¢ .rtOnJKen aa:anceTb oT 
... ... 

:apeMenn: ¢ m u(x)- d (x,t) • 3To oanaqaeT, 'ITO nonnasr npona:aoniiaSI no BpeMe-
-+ 

nn oT cooTBeTcTayromero reltaen6epro:acxoro onepaTopa .P ( !' , t) nonJKHa Bbi'IHC-

nSITbCSI no cflopMyne 

CnM:aonoM 1;1 't 
:t <f>(;,t) = -i[<f>(;,t),H(t)]+ '<f>(x,t) 't 

0603HS'l9H8 UpOH3BOA.ItaSI no SIBHOlt 38BHCHMOCTH OT t 
/6/ 

B TepMHHSX <f> t H ITt nonHblft raMHnbTOlll'tBll OliHTb lipHHRMaeT BHA 

H(t) .. H 0 (t) + Hd + H
0 

r.rte Hd .. Jd
8

x[rrt drr.,.. <f>t(~ 2-m~)d +¢tp]. ( 1.17) 

HaltneM TSKHe cPYHKIIHH d n diT , 'ITo6bi H d o6pamanoc& B nyn&. Tio.rtcTa-

BHM pa3nOJK9HHH 

.. 

,~ 

1 

:r 

·~ 
'i 
li ., 

~ 
I 
I 

s I 

" 

... 1 - K ... I k X + ... -I k X 

<f>t(x)-~,tk.., [at(k)e +at(k)e ]; 
y2V · 

ITt(;)=~ 
V2V 

-- --- -+ lkx + -+ -lkx 
l:k,j..,[at(lt)e -at(k)e ]; 

...... ... ... .. 1 -o lkx 
d(x,t) •--=- l:k dt (lt)e vv 

~ 1 -+ lkx 
diT(x,t) • --l:kdiTt (lt)e vv 

( 1. IS) 

( 1.19) 

(1.20) 

·:a ( 1.17), n npnpa:anneM nynro nony'Iennoe BbxpaJKeHHe. Ananorn'ltto npenMnymeMy 

nony'lnM: 

- -+ -K 2 2 -+ -+ 
-iV"'diTt(-lt) +.., [(It + m 0 )dt (-It) +Pt (-It}] .. 0, 

~ -K 2 2 _, 
iV"' d (It) +.., [(It + m0 )dt (It) + p t (It)]- 0, 

ITt 

... 
oTxyna cnenyeT diTt (It) .. 0 

T.e. rr(;).ITt(~ 
... .. 2 2 

n dt(lt) --pt(ltl/{lt +m 0 J 

B cornacnn c (1.14), 

MoJKHo ycTaRpBnT& c:aSia& MeJK.rtY onepaTopaMn at (;) COOTBeTCTByiO-

Illl!Mll pa3Hb!M , t . L{ng aroro BbipaanM nx 'Iepea onepaTopbi a (k) o6bi'IHoro .. .. 
u(x) H IT(x); paanoJKeHHSI mpennnrepo:acxnx onepaTopo& 

u(';;) 
_1_,t -IS -+ -+ ...... v2Y k (L) [a(lt) t a+ (-It) ]e lkx ( 1.21) 

IT(;) ,. -i - -+ -+-o Vfli l:k V"' [a(lt)- 8 + (-k)]elkx • 

9 



DollCTilBIIM B ( 1.16) BMeCTO onepllTOpOB II ljlyRKilHII d IIX ljlypbe-pa3JIO:lK9HHSI 

(1.21), (1.18), (1.19) n (1.20). YMRO>KIIM o6e 'IIlCTII nony'IeRRbiX llBYX paaencTB 

a a exp ( i k 0 ;) n nponaTerpnpyeM no x B peaynhTSTe nony'IIIM: 

-> ... r;; 
at(k) .. a(k)- VT dt(k), ( 1.22) 

+ ~ + .... Jru ... 
a (k) .. a (k)- 2 d (-k). 

t t ( 1.23) 

DoCKOlibKY I'llMRJlhTORRilH llOJl:lK9R 6biTh apMRTOBbiM1 TO p (:: , t) llOll:lKRO 6b!Th 

lleHCTBHTenhHbiM, 0TC!Oilll d~ (k) • d t (-k) , Tlllt 'ITO ( 1,23) SIBmleTCSI apMRTO­

BO conpSI)KeRHbiM K ( 1.22) 1 KllK H llOli)KIIO 6biTb, 
+ .. .. 

Co6cTBeRHbie BeKTopa H ( t) • l:kw a t ( k) at (It) + H~ Teneph MoryT 
_c 

/3/ 
6b!Th HlllllleHbl TO'IIIO TllK )1{9, KllK STO CllenaHO B C Kll:lKilbiM HoMepoM cao6o-'-.. 
llhl k conocTaBnSieTcsr nepeMennasr q 'k , npnHHMaiO~asr cnnownoil cneKTp ana'Ie-

. HHH OT - oo llO + oo • I1epeCTilHOBO'IHbi9 COOTROW9HHSI [a ( k) , a ( k) ] .. 1 

ylloBneTDopsrroTcst, ecnn a(k) n a+ (k) npellcTaBHTh Kale (q,. + iJ/iJq ,.>!v2 
H (q k -.iJ/iJq k )/y2 COOTBeTCTB9HRO. B q k -npellCTaBne!UUi co6CTB9HHbi9 

B9KTopbi H ( t) RM9IOT BHil 6eCXOH9'IHOI'O npOH3Be.r:teHHSI qlyHKitl!li!: rp k ( q ) , 
n k 

Bblpll:lKiliOWIIXCSI 'Iepe3 HOpMIIpOB8HRbie ljlyHKill!lll SpMRTa hn 

, 
.. It 

'l' t <I D (I<) j) - II k : rp D (k') ( q k, ) • 
( 1.24) ... 

k -tut (k)qk ... 

</> n ( q k) ~ e h n ( q k +T t ( k)) ' 

r t (k) 
-> -a/2 __, 

-Reyw dt (k) .. w Rept(k), 
( 1.25) 

... -8/'11. .. 
at (k) =W lmpt(k). 

B (1,24) {n(k) l o6oaHa'IaeT coaoKynnoCTh 'Ittcen aanonHeRHsr ('Ilicno aanonnennst 

·n ( k) ecTb noMep aoa6y:m:llennsr k -Toro ocnnnnstTopa). 

10 

.. 

Co6cTaenHbie ana'IeHHSI 

BIICSIT OT t ( H OT p ( ; , t ) ) 

H(t) pllBHbi l:kn(k) CLl (k) + H 
0 

II He aa­

CocTOSIRHe c nanMeHbmel!: aneprRel!: - ace n(k) 

pllBIIbl HyniO - liMeeT BHil: 

k 
nt = Ilkcf>o (qk) ( 1.26) 

0503Ha'IIIM 'Iepea qt t ( k->o) COCTOSIHHe CO t\ceMn 'IHCJIIlMH n ( k) , paBHbiMH RyniO, 

xpoMe o.nnoro, k 0 -Toro, paanoro 1: n(k 0 )-1. Ero aneprn:st paana 

w ( k 0 > ~ y k ~ + m;- , ecnn ee oTC'IIlThlBaTh oT nal!MeHbmel!: anepr11n ( paanol!: 

Ho ). 

Co5cTB9HHhle COCTOSIHJISI CB060iliiOI'O nonst (cnyqafi p = 0) t KOHe'IHo 1 OTJIR-

'IIliOTCSI OT C06CTBeHHbiX COCTOSIRJIH C T9MH :m:e 'IIICJISMH 38IlOJIH9HHSI B cny'Iae 

p .;. 0. B 'IIlCTHOCTH, COCTOSIRHe 

k 
no .. IIkhO(qk) ( 1.27) 

' (1 26) 13•71 
MO:lKeT 6h!Th llll:lKe opTOI'OHilllbllbiM K , • 

OnepaTopbi at (k) B npellhmy~eM JI3JIO:lK9HHH HM9JIH TOJihKO ljlopMilllhHOe 

3Hil'lenHe: H(t) npHo6peTaeT llHaronanhRhlll BHil B npellcTaaneHHH, rile llHarona-
+ ... ... 

Nt .. l:kat (k) at (k) C Toll :m:e uenhiO o6nerqenHSI peme­nen onepaTop 

/2/ 
HHSI 31lllll'I TeopHH analiOI'li'!Hbie onepaTOpb! BBOilliJI lPpHilpHXC 1 Hll3biB8SI JIX MO-

llHijJHilHpOBilHIIbiMH ( modified ) onepaTopaMR, On He npB.naaan JIM 6omwero ·q,HaR-

'!ecKoro CMbicna, qeM a(k) . Cell'Iac Mhl nepe,lWilHM K o6ocnoaaHHIO ynoTpe6neRHSI 

HMeRnO at (k) B Ka'IeCTB~ onepaTOpa yHH'ITO:lKeHHSI peanhHOI'O (ljlH3l!~eCKOI'O) 

Meaona. 

§ 2. qllCTH'Ie'InllSI HnTepnpeTaUHSI TeOpliH C liCTO'InHKOM. 

DpellCTaBnSieTCSI O'IeBHilnhlM, 'ITO BaltyyMOM cne,nyeT na3biB8Th COCTOSinRe C 

/5/ 
nal!Menbmel!: nonnofi aaeprnefi (eM. , rnaaa 17, !l 1). B .a:awel!: Mollenn TaKHM 

COCTOSIHHeM SIBJISieTCS! C06CTBenHhll!: BeKTOp 0 t onepaTopa H(t) (eM.( 1.26)). 

On ne Mo:m:eT 6b!Th co6cTBeRRbiM cocToSIHBeM onepaTopa 'IBcna 1 ronbiX"' 

'IIlCTliu N • l: k a+ (k) i: ( k) • TAK. Kalt N c H( t) He B:OMMyTllpye-r. B 
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COCTOliHHH nt MOlKHO HallTli nro6oe KOnl!"!eCTBO 'ronbiX' "18CTIUl. EcTeCTB9HHO 

C"'IIT8Tb1 "'TO l!OHS!THe peanhHOli "!8CTH!lbl BO BCS!KOM cny"!a9 llOnlKHO 6b!Th 'r8KHM1 

"!T06bi B qlii3H"!9CKOM BaKyyMe peanhHbl9 '18CTII!lbl He l!pHcyTCTBOBanH 6bl, noaTOMy 

N nen&ali npnanaTh onepaTopoM "!ncna pean&ilbiX "!acTH!l. 

Mb! ycTaHoBnnn, "'TO n N1n = l: k A~n (k) Atn (k) TOJK9 He KOM-

MyTHpyeT C H ( t) H TOJKe He MOJK9T l!Oa'I'OMy Ol!I!Cb!B8Tb peanl>Hbi9 'laCTmtbi, 
+ ... ... 

MoJKHo npoaepHTh, "'TO onepaTop N t - l: k at ( k) a t ( k ) KOMMyTn- " ... 
pyeT c H ( t) II annyniipyeT n t • nouTBepuiiM, 'ITO, uefiCTBIITen&Ho, a-t ( k) 

S!BnliiOTCSI onepaTopaMH yHII'ITOJKeHHSI peanhliOI'O M930H8, nycTb Emln o6oanaqaeT 

cnenyromee nocne BBKYYMHoro co6cTaennoe ana'leHIIe H(t), OTC"'HThiB/leMoe OT 

xl 
aaeprn:II BaKyyMa. B namen Monenn = mo HaaoBeM COOTBeTCTByromee Emln 

co6CTB9HHO-e COCTORHHe H ( t)- QJII31I"'9CKIIM OllHO'l8CTII'IHbiM COCTOSIHH9M B MOMeHT 

xx/ /5/ ) 
( cp. , rnaaa 17, tllnr. 135 • nocKon&Ky nocne E min na"!IIHaeTcst ne-

npepbiBHbifi ( npii V ..... Cl!9KTp1 'rO COCTOliHIIe C E = m0 Ol!IICbiB89T l!OKOS!WYIOCS! 

'l8CTHUYo a B9KTOp8 'I' (k) (eM,§~ 1), COOTBGTCTnyromne E =ym~ k 2 
, 

0 < k < .. Ol!HCbiBSIOT npo"!:<re COCTOSIHIISI CB060llHOfi "18CTH!lbl (BBHllY Taro, ... 
"'TO HHll9KCbl E H k 

2 2 2 
CBli38Hbl COOTHOW9HH9M E - k = m , XapaKTepHbiM umt 

cao6onaon qacTH!lbl). KaK n nonaraeTcSI, aTn cocTOSIHIIli aanaroTCSI yKaaaaneM onaon 

MaCChi llOKOH rna H OllHOro BeKTopa k . KaK H 
... 

{l t , COCTOS!Hl!S! lp t ( k ) o6na-

ll8IOT B8lKHbiM CBOllCTBOM CTa!liiOHapliOCTII B T9X llpoMeJKyT KaX npeMeHn, rue Il 

OT t H9 38BHCIIT, 

Tenepb MOlKHO H9l!OCp9llCTBeHHO l!poaepiiTh, "'TO COCT9S!HH6 lp t ( k) 
maeTCS! B {lt ue1iCTBH9M Ol!epaTopa (q k + ajaq k )/y2- VT d t (k) 

npeapa-
... 

"' at (k) 

x/ B /1pyrHX TeOpHHX Emln MO:JKeT 6biTb HeKOTOpOii r/JyHKIXHeii m 0 , KOHCTBHTbi 

CBHSH H npo'lHX napaMeTpoB TeopHH. 

xx/ /8/ 
rpHH6epr H LUBe6ep onpe/1eHHaH 'o!1eToe' 0!1HO'l8CTH'lHOe COC'I'OHHHe 

KBK CODCTB9HH09 COCTOHHHe HOHHOrO rBMHHbTOHHBHB H HOHHOrO HMllYHbCB C co6-

CTBeHHbiMH 3HB'l9HHHMH E H ; 1 npH'lBM TBKHMH, 'lTD E !J - p,..!J = m !J • 

3To onpe11enenHe ne ro!1HTCH !1HH nameii Mo!1eHH, r11e onepaTop HMnyabCa eme na­

/10 onpe11eHHTb (eM. nn:m:e), a Tax:m:e !1HH cay'laeB, KOr!1a nocne E,.,1n H!1eT !1Hc­

KpeTHbiii CH9KTp ( COOTBeTCTByiOmHii1 HBllpHMep, CBH38HHbiM COCTOHHl!HM 'lBCTHilbl BO 

BHemneM none), 

12 

... 
II "'TO apMHTOBO COI!pliJK9HHbill onepaTOp a-:- ( k) BaKyyM 0, npeapamaeT B 

'~'t ( k) noaToMy at (k) cnenyeT aaaaaT& onepaTopoM YRli"!ToJKeHns pean&-

HOfi ( QJH3ll'19CKOI!) "laCTH!lbi, 

nonqepxneM onay oco6eaaocTb onpeuenean:SI BaKyyMa a paccMaTpnaaeMol! Mo­

nenn. Hen&ali npu onrenenennn a'axyyMa Tpe6oaaT&1 "lT06bl ero nMnyn&c paBHlincn 

aynro ( Taxoe Tpe6oaaane 6bmo 6bi n nannmanM, n6o nan.nnamell aHerrHn cooTaeT­

cTayeT 9llHHCTB9HHOe COCTOliHHe {lt ) , B Mouenn C HCTO"lHHKOM a priori ge­

liCH01 ecTh nn onepaTop nonnoro HMnyn~>ca. nel!cTBRTenbHo, nenb3n onpenennTb 

TaKoll onepaTop o6bi"lHb!M o6paaoM, KaK npencTaaneHne 6ecKoHe>lno Manoro npocT­

pancTBennoro cMemeHnst tllnanqecKoll cncTeMbi KaK !lenora: TaKoll: onepaTop non­

JKeH 6bln 6bi KOMMyTnpoBaTh c renepaTopoM cMemennst eo ape Mean ( :raMHnhroHHa­

noM), oTcroua cnenoaano 6bl coxpaneHne nonnoro HMnyn&ca, qero B Haman Mone­

nn Mbi aoace ne oJKHnaeM, noxaJKeM, 'ITO ace JKe cymecTayeT onepaTop nMnyn&ca 

peanhHOrO M930HHOI'O nonst1 ItOTOpbil! paBHlieTCli Hynro B COCTOliHHH {lt • .. 
nonSI Mbi orrpenennM KaK reHepaTop cnanra onepaTopa cf> t ( x) : 

- a ... 
[cpt (x),Ptz] •-ia;cf>t (x). 

HMnynbc 

(2.1) 

BbxpaJKeane nnst TaKara onepaTopa yKaaaTb neTpynno: sen& KOMMyTannoHHhle cooT-

HOHOWeHHS! cp (i) 
t 

n "t (;) TaKne JKe, xaK n nnSI cao6onHbiX none:ll u("i) 

II IT(;). 

a ... a ... a ... ... ] 
P --~ fd x["t (x) -a cf>t (x) +-.;-cpt (x)!Tt (x) • 

b . z oz (2.2) 

Cp. (6,10) Ill 
B 

/5/ 
38MeTUM1 "'TO Bblp8JK9HUe (7,197) B OTnii"laeTCn OT (6.10) 

3H8KOM H S!BnSI9TCSI OmH60"lHb!M. 

OrrepaTop PW! paBeH Hynro B 

CTB9HHbi9 anaqenHn paBHbl In(~) k , 
k 

rrynhr.nM. 

{l t H KOMMyTnp.reT c H ( t) • Era co6-

TaK 'ITO HHLI9KC k MOlKHO Ha3biBaTb HM-

!8/' 
Mbi ae non&ayeMCJI TepMnnoM "'oneTbie "laCTHilJ>I' noToMy, '!To a naHHoll: 

MOLI9llii 9CTh TOnbKO OllHO KBaHTOBaHHOe none, HeT "laCTHil BToporo COpTa1 KOTO­

pbi9 Mornii 6bi o6paaoBbiBaTh 'my6y"'. 

' 
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4Jn31f'!CCKHe HJIII 'OltCTbiC' onepaTOpbl He lfMCIOT OTHOWSHIISI X nepeHOPMli:POBaH-
/~ . . . . 

HhiM, eM. • Ebino noxaaauo, 'ITO oun ue SIBJIHIOTCSI T8XlK8 n in-out onepaTopaMn, 

aoo6we roaopSI ( xo.ae'luo, .nnll aa.na'l pacceli.IIHll B cnyq:ae, xor.na ncTo'IJlnx BbiKJIIO-

'!8CTCSI npn OOJibWHX 

aawen Mo.nenn). 

'I I . in II out ·- COCTO!I.IIIIll siBmUOTCSI cf!H31f'18CXHMH H B 

§ 3. YpaB.Be.ane .nnSI c!JB:anq:ecxnx aMnnnTy.n 

CocTOSI.IIn!t c onpe.nene.a.a&I~ 'lncnoM cjlnan'lecxnx 'lacTnn Tenepb MoryT ObiT& 

IIOCTp08Hbl Xrut 

.. .. 
1pt (kl , ... , kn 

1 . + ... + ... 
-=Bt(k 1 l. .. a (k Hlt Vn I t n (3.1) 

.. 

B aawell MOztenn STH BSKTOpa TOnbKO .IIOpMHpOBKOA OTnH'I8IOTC!t OT (1,24) - COC-

TOSIHHii C OIIpe.neJieHHbiMH '!HCJI8MH 381IOJIH8HH!t, 

J1M8IOIII8ll cjJH31f'I8CXHli CMbiCJI 38lt8'18 Kown ltOJilKII8 CT8BHTbC!t CJI8ztyt0IIIHM o6-

paaoM. npeJKzte. acero Ha'lan&HhiA aexTop II>( t 
0 

l ltOJilKCJI Ob!Tb COCTOSIHHCM BH-

.na 11' to (k 1 , ... ) • B nocnenyromue MOMeHTbi apeMean HM88T CMbiCJI He C8M 

aexTop ll>hl • U(t,t0 ) !l>(t 0 l , a era npoexnn11 na cjlnaK'IecxKe cocTOliUH!t (3.1) 1 

OTHCC8HHb18 K STOMy MOMCHTy t : 

{n) _., -+ ..,.. _,. -;, - ·-~ 
Ft (kt•···k, l• <11't(kl, ... kn), !l>(tl>•<flt ,at (kl l. .. a 1 (k

11
)cll(t)>. (3,2} 

npyrHMH CJIOB8Mif1 COCTO!IHHC. ltOJllKUO OIIHCbiB8ThCSI US TOJibKO B8KTOpOM !l>(t), 

HC? n ua6opOM B8KTOpOB ( 3,1) 1 XOTOpb18 B TOT lKS MOMCHT Bp9M8Hif OIIIIChlBaiOT Ba- . 

KYYM 1 OltH0'!8CTH'!H08 COCTOSIHHe H T,J:t, 
(n) 

npoeKitlfH F t HMSIOT BHJ.t MaTpH'IHhlX SJI8M8HTOB H IIOSTOMY Ue 38BHC.SIT 

oT Bhtoopa xapTnHhi. B rellaeu6eproncxon x:apTuue 11x MOlKHO 6biJIO obi onpenemrT& 

C IIOMOIIIbiO IIOCTOSIHHOro BO Bp8MCHH B8KTOpa COCTO.SIHHll II> , rali38HoeprOBCKHX ... 
onepaTopon At (k) exp ( -it.Jt) ( CM, ( 1,11 )) II 3aBHCSIIII8rO OT BpeMCHH BSK-

TOpa BaKyyMa ( HaiiOMHHM, 'ITO OH onpenemreTCSI ypaBH8UII8M H ( t) fl • E fl fl , 

a ue apeMeHHhlM ypaaueaneM llipe.nuHrepa). 

14 

EcTecTaeuuo uaaaaT& 
(n) ... ... 

F, (k I, ••• k ") 
/5/ . 

aMnnnTyJ.taMn 4loxa (cp. (7~39) a ). 

nony'IIIM ypaBH8HH8 ltJISI HIIX : 

a at Ft < a~ 11' t • ~~><tl>+<11't. %~ ~I><t>> = 

a n -<-a 11't' !l>(tl> + ~:£ w(km)Ft 
t 1 m=l 

(3,3) 

11cnonb3onauo ypaaneune llipe.nuHrepa ·c1!l>(t)/c1t • -iH(t) !l>(t), SpMD:TO-

BOCTb H(t) H TOT QJaKT, 'ITO (3,1) SIBJillCTCll COOCTBCHHbiM BCKTOPOM H(t) C 
... ... 

co6cTaeuabiM aaa'lenneM [w(k 1 ) + ... + w (k, ll . B Tax narepnanax apeMen, r.ne 

p IIOCTOllHHO, 1p t OT apeMeun ae aaancHT n ypaaaeuue nnsr Ft ue oTnnqa-

8TCll OT ypaBH8Hifll CJIY'!8ll p = 0: HST HH POlKltCHHll-yHH'ITOlK8HUSI 0• Hlf paCCSSIHHSI 

QJU31f'!9CKUX '18CTHII, HSCMOTPSI H8 HaJIH'IIfe lfCTO'IHHKa, 8TOT QJaKT OTMC'IaJICSI B JIH­
/4/ 

TepaType (eM, rn. 9 a ), uo Ton&KO nnSI cnyqag nocToliHHoro npn acex apeMeuax 

p If TOnbKO IIO OTHOWCUifiO K 38lt8'1C paCCCllHifll: Ua'!aJibHOe COCTOS!Hife OTHCCSHO 

x t ... -oo 1 cocTOliHHe npn t ... .. nonlKHO coananaTb c ua'!an&HbiM (ue paa6npaeT­

CH, UanpnMep, TSKOli BOIIpOC ; MO:lKCT Jill cjJH3H'I8CX8SI '18CTHII8 IIOliBHTbCSI Ua KOpOT­

KOe apeMH If 38TCM UC'IC3HYTb), 

Celi'!ac 6yneT noxaaauo, 'ITO ecnn ncTO'IHHK aaancnT oT apeMeun, To 'lepea 

nocpe.llCTBO 'I JICHa < awt I c1t !l>(t)> onaoqacTn'luaa aMnnnTyna 4loxa, nanpn-

Mep, 38ItCIIJISICTCSI C BaKyyMBOli If ltBYX'ISCTH'IHOli, a1p t /c1t MOlKHO naliTK uenoc-

peztCTBSHHb!M ltlfQJQJepeunnooaauneM BbiPalKSHHSI ( 1,24), IIPOIIOPIIHOHalibHOrO 1p, 
/9/ 

Eonee npocT cnoco6, H3JlO>K8HUb!ll B § 31 K.IIHrn • nn¢¢epeunnpysr no apeMenn 

o6e 'lacTn ypaauenn.sr 

(E,-HltPt- H11't 

1pt 

.. .. 
H(t)11't (kl •.•• k D)- ED 1pt 

oTxyna: 

-1. 
(E 11 -H) H11't + E! 

nony'laeM 

(3.4) 

rne aexTop 2 non>Keu obiT& Taxoa, 'ITO ( E" -H) E! • 0 , T.e. nonlKeH obiT& 

nponopnnoaan&BbiM 11't • npn aenocpencTaeuaoM. nncjl!jlepeunnpoaannll ( 1,24) na-aa 

. = /9/ ... 
zteiiCTBHTCJibHOCTH lfCTO'IHHKa nony'laGTC!t, 'ITO - = 0, CM, T8K>K8 , nocKOJibKY 
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• ~ .... -+ +-+· -+ 
H(t) =-:Sk wv2 [ai (k)a

1 
(k) +a

1
(k)dt(k)] 

H B9KTopa at (k)II\ H 
+ ... 

at (k) '!', OIISITb SIBllSIIO,TCSI C06CTB9HHbiMH COCTOSIHHSIMH 

H(t) c co6cTBeHHbiMH 3Ha'!eannMn En - cu (k) Ii En + w(k) COOTB9TCTl'I&H-

H0 0 TO 

-+-+ -;- ..... ln -+ ... _.-+ 
'1' 1 (k 1 , ••• k n > ~-Ikv-2 [dt(kl _r:: I Bt,t 'l' (kp ... k 1_~'kl+~"·k~l-vn t~t I t 

(35) 

- d ,( k) V n + 1 'I' t (k, k 1 , .. • kn ) ]. 

. /5/ 
Hc!IOllb30Ba!Ibi COOTIIOll9HHSI (7,42) H (7,45) B , Tenepb. (3.3), npno6peTaeT Bttlt: 

a en> .... ~ en> ... ~ 
i ~ F 1 (1: 1 , ... 1:

0
),. [w(k 1 )+ ... +cu(k 0 )]F, (kl' ... k

0
)+ 

• --? 1 n (n-1) 
+ i:Sk [p* (k)- :S- 8 F (~ ~ ... -+ (3 6) 

cuy2cu t yn 1=1 k,kl t k, ... kl-i'kl+l'""kn)- • 

• - (n+l)~~ -
-pt (k)yn+1 F

1 
(k,kl , ••• k

0
)] 

(0) (1) - (2)... _, 
YpaBneane nnn Bcero cTon6na cl>oxa F (t)- IF, , F 1 (k 1 ), F 1 (k 1 ,k2 ) ••• MOJKHO 

3anncaTb Tax: 

a + ... ... 
i-;h" F(t) • :SkI w(k)a (k)a (k) + 

• .. + .... • .... ... 
+ _:_[p*(k)a (k)-pt(k)a(k)]}F(t). 

wy2w t 

(3.7) 

CpaBaeane (3.7) c (3.6) onoenenneT nellcTane BBeneHHbiX orreoaToooB a n a+ 
. /5/ 

Ha F( t) ( CM, T8KJK9 ( 6,82) H ( 6,83) B ) .'lfaCTHb!M C119ltCTBHeM ( 3, 7) oyner, 

HanpHMep, npHBb!'IHb!ll aqxpex:T Bb!CBOOO:IK.lt9H!iSI 'OOllaKa BHpTyan&Hb!X 'lliCTHII"' npH 

'Bb!K11IO'I9HHH B38HMOnefiCTBHSt"' • EcnH HO H9KOTOPOrO MOMeHTll BPeMeHH HCTO'JMHK 

6btn CTaTH'I9CKHM, a COCTOSIHHe 6binO BaKyyMHb!M ( 9CTh TOllbXO HCTO'IHHK0 pean&­

Hb!X 'I8CTHn He~) 1 TO llOC119 Bb!KlliO'I9HH!I HCTO'IIIHKa STO COCTOSIHH9 6yltGT BbirllSIH9Th 

KaK cyrrep!I03H!IHSI MIIOI'O'ISCTH'IHbiX 'rOllb!X' COCTOliHHfi (KOTOpb!e B Clly'Iae OTCYT-: 

CTBHSI HCTO'IHHKa SIBn!IIOTCll p9811bllb!MH), 
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.. 

Bo3MOlKHOCTb po:IK.ltennn n YHH'ITOJKeHnSI peanb.llbiX 'IacTnn B Monenn c necTa-

Tll'I9CKHM HCTO'IHliKOM ITOK83biB8eT, 'ITO ltllSI 38BHCSiillHX OT BP9M9HH raMllllbTOHHa-

- - . I 1/ /5/ /8/ 
aoa aecnpaaennnBo yTBep:IK.lteane BeaTnenSI n .tlp. (eM, § 7; rn. 12, § 1; ) : 

ecnn raMnn&TOHHaa MOJKHO npHBecTn yanTapHb!M npeo6pa3oBaaneM x anny cao6on­

aoro, T.o Teopna· axanaaneaTaa cao6ona·on. 

CpaBHnM ( 3. 7) c nepaoaaqam.HbiM ypaBaea_ReM IlJpennarepa 

ia<I><t>/at = H<t> <I><t> .. 

+ ...... .... 1 ... +... ~ ..... 
= :S k lwa _ (k)a(k) + ~[pt (k)a (k) +p.*(k)a(k)] }<l>(t). 

. y2w 

(3.8) 

0TM9'l89M, 'ITO B (3.7) ¢:nrypnpyeT He CaMa ~Y.IlKitliSI HCTO'lHHKa, HO llPOH3-

l'IO.QHaSI ITO BP9MOHII OT aee. 8To, B 'l8CTHOCTII, IIPHBOltliT K Bblll9YITOMSIHVTOJ1 SK­

BHB8119HT.IlOCTH Clly'IaSI CO CT8TH'I9CKHM HCTO'IHllKOM CBOOO.QHOMy CllY'laro, KpoM9 

Toro, B ( 3. 7) npncyTcTByeT n.ononanTen&Hbifi o6pe3aromiifi MHO:lKliTen& 1/ ru ( 1r::) 

x/ 
B 'I119HO B38HMOltGfiCTBHSI • 

8TH OTllH'IHSI He CBOHSITCSI X OltHOMy TOllhKO H3M9HeHli!O ( "o6na 'l9HliiO') 

~ynxnnn IICTO'IHliXa. Ecnn B onepaTope BSanMon.eficTBl!SI B (3.7) 

1 .. ...... + .... • .... .... 
H 1 (t) .. :Sk _r.;-;- [pi(k)a (k) - p

1 
(k) a (k)] ( 3.9) ·· ruy2cu 

+ BB9CTli BM9CTO a H a onepaTopbi na n ft a , KOTOpb!O CBS13£1Hbl C 
+ a li a TaK Jf!:e, xax u li ft CBSI38Hbl C 

+ ... ... 
a (k) II a(k) (eM. 

(1,'21)), To on npnoopeTaeT ann fd 3 
xrr (;) 71 (;,tl, r.ne 

-+ ..:.Ji .... -+ .... ~ 
"' (X. t) = v :s k - exp ( i k X) a p: ( k) I at . (l) 

nycT& HCTO'IHHK p ( :, t) liB11SI9TCSI TO'l9'JHbiM1 paCIT0110lK9HHb!M B HaiJ:a110 

KOOp.QHHaT: p(;,t) = A(t)o(:) p, (kl =A(tl/V-;. 

Tor.Qa 'ncTO'IHHK' 71 6yneT pa3Ma3aaHbiM, npn'l~M pa3Ma3Ka onpenensreTca na­

paMeTpoM mo HllH KOMITTOHOBCKOJl ltnHHOfi BOllllb! Me3oaa, ITOCKOllhKy ¢ypbe-o6-
a - 2 2 

nMeeT.Bnn. -,\*(t)/yV(k +m
0

) at fBKHM o6pa30M1 Ua pa3 71 

peBIIbHble '18CTR!Ib1 ·aelicTnyeT y)J(e. He TO'le'1Hblf1 RCTO'lHHK R RC'le3eyT pBCXOBH­

xf tfiJCOBHOe . CneBCTBHe BBeoeHRH. I/JH3H'19CEifX ( "'OBBTblX') COCTOHHH/1 OTMB'la-

HOCb B BHH MOBenn BaH XOBB-PIOH»CrpOKB, 
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MOCTH, nosmnsuomn:ecSI npn: nonhiTKe pemiiTb (no Teopiiii B03Mymemfli n:nn: TO'Ino) 

nepBoaa'lan&noe ypaBneaiie llipe.rtiinrepa c TO'I9'11IbiM p ( t, t). 
OnepaTop ypaBHeHIISI ( 3. 7) ae coBna.r:~aeT c onepaTopoM nonaoA saeprii~ H ( t) , 

B KOTOpbi!t no-npelKII9My BXO.rtHT IICXO.r:III8.!1 !jJyHKUH.SI HCTO'IIIIIKa p ( ;, t) • 0.QII8KO 

STO ypaBIIeiiiie T8KOrO lKe Tnna, 'ITO II ( 3,8) t II pemaTb ero MOlKIIO TaK JKe, B '18CT­

HOCTII, MOlKHO nepeltTH B 'reltsea6eproBcxoe' npe.QcTaBneaiie, r.r:1e onepaTopbi a 

6y.r:1y'r 38BIIC9Tb OT BpeMeHH, a CTOn6en F 6yAeT IIOCTOSIHIIbiM (He ItyTa'r& C 

nepBoaa'lan&aoA reltsea6eproBcxolt xapTIIHoA), TorAa saAa'IR Tn:na •B MOMenT tn 

IIMeeTCSI nQ !jJII3H'IeCKIIX '18CTIIU1 K8KOB8 B9pOSITIIOCTb Toro, 'ITO B MOMeli'J' t > tg 
. 12/ 

6y.r:1eT n '18CTltU' MOlKHO pemaTb TaK JKe, KaK pemaroTC.SI B KIIIIre ¢pii.rtpHXCa 

aaanorH'IHble sa.tta'IR }:lilli "ronbiX' '18CTIIU (saMeTIIM, 'IT(> C. TO'IKlt 3peHIISI H8CTOSI­

melt pa60Tbi sana'IH .rtnll 'ronhlx' 'lacTnn cnenyeT paccMaTpn:BaT& 'l'Ont.K_o xax Ma-

TeMaTH'Iecxne ynpalKH9HHSI, HO He tPH3lt'19CKH9 38}:l8'1H); 
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