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I _ 

BB8.u8HHe 

lle~bID HaCTORm8R paÓOTH ~eTCR Hccne~OBaHMe HepapXHH KHHeTH
qeCKI!X ypaBHeHHR, nOJI"yqeHHOH B pansax MHRpoCROlillqeCKOR MO~e~, ona
cHBaromefi. He~eRHOe B3aHMO~eHCTBne MaTepHH c ~BYMH paanH~NMH ÓO
30HHHMH n~. TaKYID Hepapxnro Y~OÓHO aannCUBaTb B TepMHHax O~ 

T~bKO orrepaTopOB MaTepnn, qTO CORpamaeT KaR qn~IO pa~qaux pac
I~EHL1IeIDúi, rrpHMeHReMbIX ,IJ;JIJl noJÍyqemm HCCJIe.rcY8MWC ypaBHe~H, TaK H 
KO~qeCTBO caMnX ypaBH8HHH. T8M caMHM YM8HbillaeTck an8MeHT ~HOMeHO
~OI'IDI, BHOCJIMJ:dt na aal\.71IDqnTMbHOM 8Tan8 peneaaa 3~atIH. ,UJm CTaH
~apTHOH MO~errR ~RRe HCRnIDqeHHe Ó030HH~ nepeMeHHuX óano ocy~ecT
MeHO B pacorax I-3/, a nOJI"yqeHHOe ypannenae HCCJIe~OBaHO B paanax

HUX rrpHMH)KeHIDDC • .1J,1m MHoroYPoBHeBo:A. CHCTeMll TIDIa MO~MH~RKe 

ypanaeaae B TepMHHaX oneparopon MaTeplm óano nozryxeao B • Bo 
ncex 8THX paoorax óan acnoxsaosaa ieTO~, npe,IVIO]KeHHHH B CM3H c 
npoó~eMoii nC~Ie~OBaHIDI noaapona B 5/. 
B~ aneMeHTOM 8TOro MeTo~a ~eTCR ~eMMa Eoranr06oBà o 

eOOTHoIlleHIDIX Me]K,lly cpew-rnMn cneunaasnoro B~a, ~OKa38HHaR B /5/JJ)IR 

CHCTeM co BSéUIMo~eHCTBHeM, JIIDle:ttH1iM no onepaTOpID4. llOJlH. O,IUlaRO 
~ HenMHeHliHX cnCTeM 8Ta ~eMMa TpeóyeT oÓOÓ~eHHR. B CBR3R e 8THM 

r B § I ~aHHott paõoru paccaorpena MO~eJIbHaH CRCTeMa oonero mma, 
COCTO~aR: R3 nO~CRCTeMbl, HMelOO.{elí nponsB~bHYJO Wn3Rqeç-KYIO npHpo.n;y, 
R no~eHCTeMll,B ROTOPO:A. eCTb KOHe~oe qncno pa3nR~ ÓOSOHHUX no
~e:A.. B HaqanbHll:A. MOMeHT BpeMeHH nO~CRCTeMbl paBHOBeCHH RHe B3aID~O
~ei1eTBYl'Jrl'. Cq:lI'J.'8C'l'CR, qTO BSaHMO~eitcTBHe BK7IIOqaeTCJ1 8,lUiaÓ8Twre e
RM. Tor~a.RMeeT MeCTO TeOpeMa o COOTHOIlleHRHX Me~ cpe~ ene~

azsnoro B~a. OTMeTHi~ qTO aTY TeopeMY MOJKHO ~ORB.SaTb, OIIl1PaRCb 
na ~e~ Eo~IOÓOBa /, 0.I9'l8RO Mll npennoxnz npHMoe ~OKa38TeJIbCTBO 
reopeza, OM8,1.(alOU.{ee, H8 HaID Bsr~M, ÓOJIbilleit HarJIJI,JUiOCTbIO. BaTOM 
MYqae ~eMM8 Boronocoaa cne.n;yeT aa reopeza, sorna BS8lIM0~ettcTBHe 

~ettHo. Ho ecrrH,IJ;JIJl ~HHelHux cnCTeM nPflMOe npKMeHeHHe.TeOpeMl:l 
rr03BOJlHeT /ta3Y ·RCK7IIOqnTb ooaoaaae nepe'MeHHble as IanleTHqeCROro ," 
ypaBHeHHH -47, TO ,IJ;JIJl HerrKHettHHx CRCTeM aToro 0RB.~UB8eTdff, Booó~e 
roBOpR, He~OCTaTO~O. 

O.IUIaRO B MO~8Jll'[, paccaarpnaaeaoâ B § 2 HaCTOSIlI{ett paoora H OIm

casanneã HemmeftRoe B3aRMO~eACTne C'CTeMl:l nyxypoBHeBHX J'l3JIYqa
. TMeA c nYMR ÓoaOHHHMH nonHMM 6-10 , BHilleYKasaHHYID TeopeMY MOERO 

c ycrrexoM ROMÓRHHPOB8Tb c npHcYmRM ~aHHott MO~eJIH saROHOM coxpaHe

@t"~nlititl111wã EHcnrryr j
uefiB"MIl mC,emoBlu!Jil 

6HSfij."!OTEI1A-- ... 
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COOTHomeHH.fIM: 
mUI. 3TO rr03BOJlfIeT :rI3I'HaT:b :rI3 ,Cpe,IUU1X,rrOJIMmO!l.U1XCH B TO'tffiOM reme
T:rI~eCKOM ypaBHeHI'IM, orrepaTOp~ ~I'.lHaMI'I~ecronc dose-rrOReH, qTO JIBnHeT
CJI OTHOC:rITe~:bH~ ycrrexoM rro cpaBHe~c rrpe~~~~eH padoToH /6/, TaK

~e rrocB~eHHoH ~mllloH MO~errR" :ri ~aeT B03MO~OCT:b rrpI'IMORJIT:b do~ee 

[ ae (it), a/orp)] = ~j 

[ a, (it), G.t. (p)] = o, 
di(".p , 

(2) 

pearrMCT:rI~eCKI'.le armpoKc:rIMauaM. 
PaCCMaTpI'IBaeMaJI s~eC:b MO~e~:b rrpe~CTaBn.fIeT HHTepec no ue~oMY 

~ rrp:rl'llID!. IIpe>K,IJ;e ncero CJIe~eT yrroMffHYT:b rrpodJleMY pacxera xapaa
repacras rr~eodPa30BaTe~eH, :rICrrO~:b3yeMLIX ;IJ,JIJI B:rIsYM:rI3arum Y1 K -:rI3
JfY1IeHIDI /I /, 3a,n;atry o' B3aI'.lMO~eitcTBI'.lI'.l Imrepe,THOI'O :rI3JTYQeIDUI c Itp:rlC
T~~ecKoH cpe~ofi (cM., Harrp:rlMep, B od30~e I2/) , OIIHCillUie KOMdn
Hal.UIOHHOrvaCCe.IDllUI B aKT:rIBHIDC cpenax /1 /, ~BYX(I>oTOHHYIO cnererpo
CKOIOOO /I • Hexoropae acnexru ~aIrnOn MO~eJnt 'Y'Ke ROCJIe,noBM:rIC:b. 
TaK" B /9,10/ IIOJfy~eHo TOlIIlOe peuienae paanoaeonoã 3~atII'.l, a B /6/, 
KaK y~e yrror1tmaJIoc:b, pacceorpena IillHeTlum H3JI'YQeHWI B npenrrcoroaerraa , 
qTO ozmo :rI3 noneã HBlliIeTCR oxem, CMJIliHllM li M8,u;rOHHO MeHmO~CR co 
BpeMene'M. B 'HacTo~eif paoore ,1J,7Lff 3TOi! MO.ueJIli nOOTp08Ha'zepápxaa Rll
HeT:rI~eCKI'.lX ypaBHeHRH, B KOTOpyro 0038-rro~ BOillnM JlI'.llli:b qepe3 orrepaTo
p~ tfHce~ 3arrOJTHeHRH, B3JIT~e B HaqaJI:bHau MOM8HT BpeM8HI'I. B paccMaT

H 
A 

lot) == ê (o<.) lo(> . (3) 

3.n;ec:b MU oo03Ha~ qepe3 ol MYR:bTHHH.n;eKc,HYMepy~coo
CTBeHHI:l~ sexrops Iot> 11 coccrseanse SHaqeHll.ff E (0(,) raMHJI:bTOIma

aa HA 
BSalIMO.n;eitcTBHe Me.>K,IJy- ITOJ.l.fIMH H no,n;CHcTeMOit A B HaqM:bRIDt 

MOMeHT BpeMeHll t = to OTCYTCTByeT: 

... 
a.HMIIYJl:bC Jle COOTBeTcTByeT YJl:bTpa~HOReTOBOMY OopeSaHHID B crreKT
pe e - ro 0030HHOI'O ITOJIJI. 3.n;e os H BCIOAY naxee rronaraea h= 1. 

I'aMWI:bTOHllaH ITo.n;CHCTeMl:l A KOHKpeTH3lipoBaT:b ne 6Y,IteM, a 
npHMeM RHlli:b, qTO CITeKTp ero B HeB03MYmeHHOM ITOJlBM COCTOHHHH ~CKpe

TeH: 

p:rlBaeMOM HaMI'I crry~ae, Kor~a Y~THEaeTOR no o~ofi Mo~e B K~OM :riS 
rrOJIeH, :rIrapXIDI .ffBJI.ffeTCR TO'tffioií. B § 3 B np:rloJOOKeHIDI Bopna - Map
KOBa 115 :rICCJIe.n;OBaRO MI'.l.fIH:rIe Ha~aJI:bHlDC Y0J10BlI!t na IlliReT:rIKY :rI3JfY
~eHRH np:rl To~oif HacTpoKKe CYMMaPHO~ qaOTOTH Ha qaCTOTY rrepexo.n;a 
Me~ aTOMHWMH ypoBH.fIMM. BhI.fIBJ1eHO, qTO B CliCTeMe B03HI'.lKaIDT ó:rIeHI'IJI, 
CBJI3aHHhIe c nepexaxsoã 3HepI'IDi :rI3 O,IUiOI'O IYOJIR B .n;pyroe. 

~ 
BIm 

fim H_ (t) = O; 
t ... to+o JAIr (4) 

Bce rronn 11 ITo.n;ClICTeMa A ITpH 3TOM paBHOBeCHhI H xapaKTepH3YIOTeJI 

OOpaTHHMlI TeMIle:paTYpar.m fi~ , fiRo ,···,.filJ ,h 
IlOJ1HIDt raMHJIbTOHllaR ClICTeMl:l B ~OMeHT BpéMeIm t HMeeT 

CJre,I(yeT OTMeT:rIT:b, qTO MIDUrne nponsccos nepcrroxapaaauan :ri CM-' 
3aHHIDC C ImMI'I JIBJIeHI'.lH :rICKJIroqa;rOC:b, TaK I<aIt rrOJlfIp:rl3amm noaaranacs 
3KcrioHeH~a7I:bHO 3aTYX~eH. " 

H=F:+F..+1. R. F: ~ HA + H1NT(t). (5) 

§ l. OCHOBHhIe COOTHomeHHH B3al1Mo.n;eAcTBHe MO~O 3aIIHCaT:b B Bane v 

PaCCMOTpHM Mo.n;e~:bHYID C:rICTeMY, OOCTO.amyro :riS KOHe'tffioro tfI'.lCJIa ~ 
Ó030HHhIX rrOJIeH :ri nexcropoã ~yroit nonoaoreaa A ,KOHKpeTHaJI peamr

H' 
lNr ft) = 

~tH . eINT 
't> o, (6) 

3a~JI KOTOpo:tl: B .n;aRROM rraparpawe HecymecTBeHHa. BoSOHHHe nOM MorYT 
O~T:b KBaHTOBaEH B pa~:rI'tffilDC oo~eMaX li HMeT:b pa3~:rI~Yro WH3:r1qecKYro 
npzpozty, "CITeKTphI IDvtIIYR:bCOB K , f ' ... , tj :ri COOTBeTCTBYIO
uax 3HeprMif lJ! (it) , CJR, (p) , ... , úJ" ri) 0030IDUIX ITOJIeH B 
3TOM CRYQae OY,I(yT ,lJ;HCKpeTH~ H, Booo~e rOBOP.fI, HeCOH3MepHMH. BaMHJI:b

OoecrreqnBaD~e~ ero ~aOaTKtIeCKOe BKHIOqeHlle, ITpRtIeM BlI,I( OITepaTOpa 

HINT aac ITOKa ne IDITepecyeT. 
ECRH 0003I:Ia~T:b xepes ~, J; , ... , Y; H J{A I'WI:bOepTOBH 

rrpoCTpaHCTBa COCTO~ nnJI OOSOHHUX ITOReit H ITo.n;CHCTe~ ;4 COOT
BeTCTBeHHO, TO raMHJl:bTOHllaR (5)-(6) oy,n;eT orrpe,n;eJIeH Ha rRn:bOepTOBoM 

TOImaR CBOOO~Oro e  ro... ITOJllI :rIMeeT BI'I,lJ; npocTpaHCTBe 

r~e 

fi; =,,2~e(K)a:(K)ap'), 
# K 

Q.e (K) - 003e-aMIJJIHTY~, y.n;OBJIeTBOp.mo1IUie 

(1) 

ITepeCTaROBOq}lliM 

"lj):: V 0 sr e ~ sr e "fP 
tfL Jt .7"fl • • • JI.. c:n A 

Il~ OpTOHOpMHpoBaHHHit oa3Mc B rrpocTpaHcTBe 

BlloepeM B mme 

Ze 

(7) 

,1.~e~L , 

3 
2 



In(~'~ n(~), '0' , n (Ãe) ; e) == 
-'1/2 + nf{>+ n(i;) +__ 1Z(.iL-;)

=( 11(~)! n (~).' ... á(4)!) a (~) ae(~) ... íIe(lle) lo>,e 
(8) 

- - ~ r,n;e Kj. ,1<;;.•••-: li'IMIIYJIbChI cnexrpa e-ro IlOJIR, Ae - li'IMITYJIbC 'oópe

3aHIDI ,IT)lff aroro IlOJPI, n(~), n (17,), ••• ,11 rÃe) - COOTBeTCTBYIClIUle 

'tIli'I~a 3HIlOJIHfrIDIJi, lo> - BaKYYM IlOJIH. 

ÜpTbI (8) RBnHIDTCff cOÓCTBeHHHMli'l BeKTOpaMM ~ raMRJI1TOHli'laHa CBO

conaoro IlOJIR F'e 
f; J n(,{)~ tt(K;)~ ." -' It (A-;); e> = 

=(Je(I2(K;),n(K;), ... ,nfA~»/~(R;),IZ(~), ... ) n(A:); e) (9) 

c cOÓCTBeHHHMH SHa~eHKHMH, paBHHMli'I CJIe,n;yromHM CYMMaM: 

A 
~ 

úJe (tz(i:), 11(A{~.", 11t4))=: ~ tzli?) tJe (R). (IO) 
K'C1~/. 

,~ KpaTKOCTli'I 3aIIHCli'I óy~eM OÓ03HaQaTb COBOKYIIHOCTb ~cen 3a

IlOJlliem'i.R: ~ opra (8) RaK {tz ] • Tor.n;a MbI MOJlteM sanacers 

I (ltel>==.f 12/;;), h (k;.),.
e

"') n (.J;); t>,/, 

4.Je ([fl~}):= úJ (IZ(K; ), h (K;), ... , !l (A~)). (11)e 

.Ba3Hc B IlPOCTpaHCTBe cocToSIRMa Jt Bcen CHCTeMH oópa3yeM MS 

nexropoa , {neJ>lo! Jo( > , IlplftIeM nocnemrae óy.n;eM TaIOKe C~TaTb 
OPTOHOpMHpoBaHHHMH: 

[{hi ] , [fl l,..., [I2J,ci> =linJ> @ I{n.e}>0..o~ l{nLl>@lo(.> (12)z

B HaqanbHH! MOMeHT BpeMeHH MaTpHua nnOTHOCTH HM8eT Bnn 

.P = p(fl)~;(f;)@...@jJ(;;:)@ f (~) j (13) 

r.n;e 

p (F;) = exp(-JeIFJ/tI! ex; (-}e'f)= eX/ffefil)/Ze ' 
( 14)

~ {:fé} 
l~e5::L, 

4 

.f (~)= efp(;8A ~)~~ eyl;4 ~)= efbf).~)jZ .(15) 
. [~l ~~U~~~H~ 

PaCCMOTpHM reneps rrpOH3BOJIbIrnit oneparop U (t-), .ÍienCTBYKmHh 

B ~ rRnbdepTOBOM IlpoCTpaHCTBe COCTO.R:HHR. (7), C~TaH, ~TO 

OH MOJKeT aasacezs OT BpeMeHH asao , IIyCTb TaK1Ke tI./rft) , a!fÍ>-.J~ 
... , a!fif) - oneparopu ooae-noneã, B3.R:TbIe B Ha'lIaJIbRlrlt MOMeHT 

npeaena, Tor,n;a cnpanenaaso CJIe,n;yIOlllee YTBep7K,Il;eHH8. 

TeopeMa • .IWI cpemrax Bnna <{(ri)a.ttlJ. ..afif.-:J2I/tJ> 
H <ZI(t)0.~.K)afrjJ"'", a!/f-p. BS.R:TbIX IlO KBa3H

paBHOBeCHOMY paortpenenenmo (I3)-(I5), RMeeT MeCTO COOTHOlI,leHHe: 

<'tlf(iê)a~~ ...q~jZl(-t-» .= 

== ex; (;11ú4(k)+ 1R-/~tU)..!I'+ .. _+ I{ ~ ~NJ) x{jr#- r-r: .r (I6) 

x <v(-t-) 0 (k~)a~#lÍ>j ... ~#ff,-».J . 

rne BeJIlp·IIDm I(e • 1 ~ es: L ,BHÓHpaIOTCSI H3 CJIe,I(ylOlllero 

saKOHa COOTBeTCTBHH: 

, eCJIH a:(k"-*)== t7 f;t~))e= { ...,...1. (I7) 
, eCJIH(!L -1 ~:# (R) == at(Jc~. 

lloRasaTenbcTBO. tITOÓll ae, 3arpoMOJK,D;aTb BllKJIa,n;KH, MIl óy.n;eM pac


CMaTpHBaTb CJIY~an, xorna h = 2 . KaK MOJKHO óy,n;eT BH.n;eTb, B
 

CJIYQamc: c ÓOJIbllIHM L npozaoãner npocroe YBeJmlIeHHe 'tfiICJIa Ma'Í' 

p~ aneMeHTOB B COOTBeTCTBYDmHX crreKTpaJIbHbIX paanOJKeHHHX.
 

Ilpn aTOM oxexa .n;0K83aTeJIb"CTBa OCTaeTCSI TOft JKe, IlOCKOJIbKY OHa B
 

H3BeCTHOM CMHCJIe aneMeHTapHa.'
 

ITOCTpoHM onexrpaxsaue paanoaeaaa ,IT,lI.R: cpe,IJJmX<~ (il)~ fi; tlt?Y 
li <tI!-t-Jé4(R")ClR. (f5). fumeM 

Z ~!t ~A <q(k)tl~(r) uft» = 
.=. { fÁ / ti.< fiZ) 0. (fJtili-) efM fJ~ If.'-;,!A ~ fJ= 

~I~~J~l. (18) 

- Z L L <[hLJ ,{11~J' v{! ~(iZ)~rr) l/(r)
.c {h.í i [/1.2 f r 

x 
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x er(--J4 ;;;-A ;;;-fi ~) I{f1.11, {k:l, J) eX> =
 

: LZL~{LZ «h&l) {11:tJ, ~JtJ~ (i?) C/R (T)X

cL {~í {It.t$ dI !lj] {/ti} r 

I(1711, l/11f) d/><(hIfJ !!l;1)~ I Iv(t) ) {~J, {rz~ f, rL >I( 

xe~ (-fi~({~I)-;4~({h2])-}AE~,». 

~eC:b MH HCrran:bSOBanH ypaBHeHHR Ha co6CTBeHHHe 3HaqeHHH (3) H 
(9) B cOKpameHHoH SaITHCH (lI), a Ta~e rrpenCT8nrreHHe e~oro 
orrepaTopa 

11 = L L. L I ft&.'j {17 12 0<.1 '><{n;] /Il~) dI I . (19)[Illj {1211 L'c(1 , zS; / 1

'2 J' 
.. 

lIeiicTBHe oneparopos 
.n;yIOUte e : . 

tl.J. fiZ) II tl;,. (f) no orrpeneaeaan CJIe

~(f:)}{h~§>:= fk:1ii {{h;1) , CI.í(k)/o> == a, 

tldr)l{nzl>=t!lJ«r/I(~l>, tl2 /{J Jo> := o, (20) 

r.n;e rrOCJIe.n;OBaTeJI:bHOCT:b lfirCeJI SanOJIHeHIDI {li;1 rrOJIYqaeTCJI MS rroc
JIe.n;OBaTeJI:bHOCTH {h1 1 saMeHott B Rea /24 (iZ) na ~ (i?) - 1) , aHa

JIOrH~O {fi;] rro.nyqaeTCH »Lfz~ I saMeHot-í:!lSt (iJ na 0:t(f)
- .1 ) • IIo,ItcTaB1I.ffJI (20) B (18) H liOnOJIDSYH aarracs (lI), no.rry

qaeM 

~:?'z~ <t&.(R)a~(fJ!I(t-»~ZZLLLZ x 

~ {tl.J.1 (l7~f oJ: {k1.j [hftl 

.jlt;(I?)I7;(f/ L, J{ { "íl ~ {' <(~i [!li}) ~II ti (~)~7 

111.. J' I7j 5 I fl2.? I?z I 

Ilh! t~ {h:l,l, rL >eX;(-~ ~((1q3) -';~úJf'.f11,3) -JA E (c,t)) == 

6 

...
 

=LL.L.. ~'(F)~/({)i <[h/] (17' ') ç;/.Ij' ti (t-)x
""{h:~[It~! ,,~, 2~'-

t{;Z1,{itII, .c>ef(-A~(rh}]j -}:l'4({1171) -h é ?éJ) . 
(21) 

TaR KaR rrOCJIe.n;OBaTeJIDHOCTH [111 1 li {hj I ' {tl~ ? ~ 1';;f1 
orrpe.n;~eHH COrJIaCHO (20), TO ~ COOTBeTCTByro~ aHeprM~ crrpaBe~KB~ 

COOTHOllIeHHH, CJIe.ItYI<InHe lia <Ix:>PMYJI~ (10), 

4J~ ({:lIf ) = tV~ ({t!1;) -~ (i?)J 

4)~ ({h{t) = 4)2 ([h~?) - tVz ({). (22) 

IIo.n;cTa~ (22) B (21) li y6MpaJI IlITpHXH Y HH.n;eRboB CYMMHPOBaHRff, 
rrOJlY~ crreRTpanDHoe rrpe.n;cTaBneHHe: 

~ ~ ~ <1It(r)Clz({)tI(fJ) x: eXt> (Á4 (K)+J~úJR (fJ) x 

x Z LY f ~(~I1Ro/j ,<(hjJ {ItRl,~1 u(t)x
.,{ [I11JJh;J ' (23) " 

1{~1, {~(,ti> e~(-A/~-1({kíV-}24):lw({t?21)-JÀEG<)). 

.rr.mr cpennero <U (t-)t/.i (R) C/z (f) .n;eftcTBYH rro,Ito6HHM Jlte ocpa
SOM, ITOJIYqaeM 

~ ;l:2 -ZA <.ti(t-) ~ (i?)az&~> = 

=!Ji.iJ:x.í!U (t-JéI.J.(k7a• (éj-"J ex; (;4 /il-;"I:.-A ~j =o 

=L LL <1~I,[h2(,d1V!i-)0. (i{)tJ2 fiJex/J!-AII-A{ -}A!-IJ~ 
ot {hJ.{ [nJ· / 

xll~t,h{J~)= L.Z LZLL. <{~1, (n~},tll uft))(
"l {hlJ {1t2l ~' (~1!rl1 (24) 

x\{Itl;,{I1~(,oL')<{111[, [h~J,,,(llaj (R)Cll({Jl{I1jJ,{l7ls,d>eXjJ(-:A~a~p-

- JztJ.áI1zV-AE~= :2 L.LZ LLII§.(k)I7~r,..,~
 
o<. [12J.J {/7zf g(.1 [n;f [/l~1 
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K~, ih<'1{R;] ~lliJ{~ f (h1, {tt.}, olJ ti!of)1h'], {l1fJ, «:>" 
)( ef> (--A 0/[htf)-,8?-0!i. (i1t"J)-A E (.<.)) = 

-??itti 71~rk)llz;tj<'hUIl'-f,'d/Vft)/{I1;Úíi;.J,d)"
 
K eX;("/J.t4(hl)-AtJ:lí~l)-.hE(dJj 

CpaBIrn:B8R (23) R (24), BH.nHM, lITO npasae qaCTI'I B HIDC coanananr 

c TOtIHOCT:bIO ~o MHOJIGITeJIJI efjJ~ti?J.(iZ'p+-}2~(tj)). CJJ:e~oBaTeJI:bHO, liMeeT 
MeCTO COOTHomeHHe 

"'<~{k}~(ci'ZI~»= ef/J~It](it)+j241&'Xtl(r.h~!az{f) 

(25) 

. BwmCJI.IDl Crre~pa.7I:bHHe pa3JIoJK~HH1I ;II,lI1I cpe~<f1/iil)I1!1.~) titf)> 
H([j(t)a/(K)a:(~~+<0.~ailfJtt(t» .(IA(t)a:ót)aafif>· <CliílJat!f)L/!tp 

R <U(t)al(K)Of/.(i{)> ,yoeJK,naeMCH B Cnpa~e,JJ,7IID30CTH panencra 

<.at(i?)titf{JtI/tJ)=D'I(~ q(it);441fJ)<tlft-)t1<+;;;atrp) (26)
 

<tl1{k)tl2!1j tlft) ':" ex;(--}é!l(iZ)+/A({))<t(lfJt{(i!)C4({f), (27)
 

<a/R)at({)lI(t)= eX;(N1.rK)-I/<5.f{}<tI(~aik)a:(fJ>(28)
 
BBO,Itl1 no rrP8mt1IY (17) Be.Jmtnnry ?e ' 1~t ~ L ,oo~e.rm


IDIeM epoPMYJIH (25)-(28) B O)JJ:fy:
 

<tl'~)df({)ti/t) = ex;/tAfMjit)+fJlJ/!j)(,ti(t)liJZJarrfJ> (29) 

qTO E T~eOOBaJIOC:b ~OK8S~T:b. 

llpe~e qeM rrepelTI'I K BHBO~ HepapxRK KHHeTHqeCRHX ypaBHeHHI, 

8 

li. 

OTMeTRM eme o,mm rrOJIeSHHft'WaKT. IIyCT:b'B H8qaJI:bHHI'MOMeHT BpeMeID1: 

to TeMITepaTypa O,IJ;HOI'O M3 noaeã, ,nJtlI onpeneaeaaocra 'oy):(eM Cl.IH

T8T:b, qTO nepsoro , panna HYJIIO. B 3TOM CJIy~ae MIl paCCM8TpID38eM 

npouecc cnoaramroro H3JI"yqemm: BaTOM rroze, B Haqa.n:bHQM YCJIOBHH wm 
MaTpJlIIJ;bI ILJIOTHOCTJII (13)-(15) HMeeM: 

I" j'(fil)==- /O~ f..o I, (30) 

rne fo~ - BaKYYM nepsoro IIOJIJI. Tor.n;8, rro.n;CT8BJIJ1lI (30) B cIIeKT

pansnoe npencraaaenae ~24) JII T-!JlITHBM (20), IJOJfYtrnM 

(31)<ti(i-) ~ -IR) az(~-i) =O. 
Ms TeopeMU cne~eT Ta~e, qTO

<01 (ll)a2 (jJY(t» =O. (32) 

~s CrreKT~:bHHX rrpe.n;cT8BJIeHHn ;II,lI1I cpe.n;HHX B (26)-(28) B~M, 

qTO rrpH YCJIOBHH (30) HMeeM p8BeHcTBo 

<IF)tI,,'WUft) <tI(t)a/lz)af'/p> =0. "tll = (33) 

q.iop~JIa (33) cnpaaezazaa TaKJKe, eCJIJII 

p(pz) = / O~ {.ol, (34) 

rne 1O~ - BaKYYM BTOporo rrOJIJI. 

CJIeAcTBHe. ECJIJII wm KaKOI'O-vIHOO' eE!1., Z, ...,L} BIDIOJIHReTCH 

YCJI®e ' 

f (fié) ='/0';; foI, (35) 
'\ 

rne lo'::é - BalCYYM e -ro rrOJIJI, TO cpemrae 

(36)<r!rilJJ!rt)· " 0.~!)lI(t» =<u(t) C;/(K)c((p... at{p»)/ 
pa,BHH HYJIlO H BKJIa.n;a._B lOOteTJlIKY npouecca H~eIDm ae ~;;~~ 4 ~~ ) 
tPe' ~~~.- z.eUgeHtfelr~<J.t't!'/COe #Áeptp"-e o~,/;yJC/ G<6{, } 
~ a:tao t? ,h~-& A./ / 

SaMe e. Ir c.nyqae L = 1. rrOJIYqae~ JIeMMY E0I'0JII060B8 5/. 1 

llpHBe.n;eHHoe HaMH .n;OKa3aTeJI:bCTBO Har~o ~eMOHcTpHPyeT, qTO brrepa'l'op 

. U ft) - rrpoHSBOJ1eH, MOlIteT HBHO S8BRCeT:b OT BpeMeHH, MOllteT OHT:b ' 

T8lOlte MHOI'OBpeMeHHtlM. 
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§ 2.	 TotIHaR: HepapXIDI KIDleTM'tIec.rarx: ypaBHeHHH: ITJLR: CJIYqaR: 
WnRCRpOBaHHOH: CYMMapHO~ 'tIaCTOTü 

.lIaJ!ee Ml:l óy,n;eM paccxarpzaam, Ml:IRpocROIIJ{tIecIqIO MO,n;eJIl>, OrmCüBaIO
ll{yIO HeJIi.nIefuIoe B3aHMo,n;eH:CTBHe CHCTeMbI J1/ ,n;ByxypoBHeBllX H3J!Y'tIaTeJIen 
c ,n;BYMff ÓOSOI!liHMH 1I0J1fIMlt. 3TY MO,n;eJIl> MOJKHO 1I0000'tIlITl> H~e~eii pe
,IJ;yRuneMHs óanee OÓmeH: MO,n;enM, npe~O~eHHOH: B paóoTax 7,8 H IIpe,n;
HaSHa'tIeHHOH: ,IJJI.R: orracaaaa MHOI'OWoTOHHIDC IIpOueCCOB. KpoMe TOro, B HaC
TOEmeR paÓOTe orpaHR'tIHMCH paCCMOTpeHHeM ,n;BYX~TOHHHX KaC~Uk npo
ueCCOB. TaKHM OÓpaSOM, raMRHl>TORHaH óy,n;eT HMeTl> BH,IJ; 

H(t)= 4-t4 (k)t1.JtR)q fJt) + f% tj-+)tlzTftI"j 1);). (t;J+ )
~J	 ~./ (37

/V ((t ,IV	 • 

«e L. st~{f)+ ~f Z-L;Z(t-(f)4+(k'K4+r{)+O/f)q(,t)1!t),
1=1 'v -1=1. k 1/	 ~ 

r,n;e t~ (I) , t:J:(-f) - oneparopa KBaSHcrnrnOB, OÓWIJi1iM ocpa
30M Bbl~eCH qepeS MaTpH~ ITayRH, aCCOUKHpoBaHHüe C ~M aTO
MOM; 

t~{f)= í6,~, t±ff)~ 1(6./~±i~r), 
(38) 

[~t~ 6/1 = 2l€ i/x 6; 0,9'	 (39) 

B BüpaJiteHIDIX (37)-(39) BeiIwnma é. panna paaaocra 3Hep
rHA BOsó~eHHoro H OCHOBHOro COCTOHHHA ,n;ByxypoBHeBoro aTOMa, 
~ - ROHCTaHTa CM3M, <PaRTOP e ~t , ({ > o saenea ,IJJI.R:•

ocy~eCTBne~.a,IJ;HaÓaTH'tIecKOro BRnIO'tIeHRff BSaKMo,n;eAcTBHH corRaCHO 
(4)",;,(6), é.. VK

- aõcoaomo aHTHCHMMeTplflnIltlt rensop TpeTl>ero PaH
ra c ROMITOHeHTOA E1-2

.3= 1. • 
YpaBHeHHe ~YB~ ,IJJI.R: CTaTHCTH'tIeCRoro onepaTopa KMeeT BH,IJ; 

i d!!tJ;' [H(i-J.p(-tJ)	 (40)r	 . 
c Ha'tIaJ!l>H1lM YOJIOBHeM corRaCHo (I3)-45): 

p(t()) =l(fiJ) ~ j(;;;) ~ j(~),	 
(41) 

l' «» ex;; fAZ~ (K)~~À~ i; erbf~~újt1?'q~"~J 
, Ic	 T k 'J (42)'7tI 
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j(l';) = o/I-AZ4J2 t1)oto/-:04»& eflfA t t4.({)a,+f{)a, f{)), .	 , {~1 
~	 . ~ (~) 

.p(~ )= er;(-h é L:t 7íVI.~ eAJfJAé Z gYr}) (44)ri 'IM} l=J. 
BBe,n;eM orreparop 3BOJIlOmm U(t, to) , y,n;OBJIeTBopmoumA COOTHomB

HIDiM: 

i·d Uft. :to) = H(t) U (t. to), Tl(t~, to) =i.	 (45) 

TJ +(t~ lo) '= {j-.f(t, to).	 (46) 

M3' YpaBHeHHH JIHYBJ:JJIJIH OJIe.n;yeT, qTO
 

-1
 
j(t)~ U(t-, io)./(to)U(t, to)'	 (47) 

PaCCMOTpRM HeRoTopyIO ,IJ;HHaMH'tIecKYID Be~~t SaITHCHBaeMYID B mpe
,IJ;HHrepoBcRoM npencrannenaa ',IJJI.R: MOMeHTa BpeMeHH to RaR.8Iro) . Ee 
cpenaee saaseaae B MOMeHT BpeMeHH t 6y,n;eT: 

<B(t) = ~ !3(tp);ft}=J;g(toJ1J{t,~)jfto)';?t,to) = 

= SI> U~(t, tp) g (to) [J(t, to).P (~).	 (48) 

ReR BH,IJ;HO, aupasenae U-1(tJ tL,) Eftt,}TJ/t, t,) HBJIR:eTCH npencras
~eHReM re~seHóepra ,IJJI.R: ,n;aHHoA ,IJ;HHaMHqecRoA Be~, ROTopoe npH 
t = t" coarranaer c ee rupe,IJ;HHre poBCImM npencráazenaea, TaImM Oó

paSOM, corRaCHO (48) ~ B~CJIeHKK cpe,IJ;Rero SHa'tIeHKK ,IJ;HHaMHlIeCROA 
BenH'tIMHü MH ycpe,IJ;HHeM COOTBeTCTBYIOmHA onepaTOp, B3HTüA B reAseH6ep
roBCROM npe,n;CTanneHHH no KBaSHpaBHOBeCHOMY pacnpe,n;eReHHID (41)-(44). 
O'EMeTHM raicse , 'tITO, ecna B Ha'tIaJIl>H~ MOMeHT BpeMeHH ROMMYTaTop lI:BYx 
BeJIHlIHH 131. (to) H 8R (tl)) ÓWI panea lIHCJIY C! , TO TaRoA RO-
MYTaTOp COXpaHHeTCH BO BpeMeHH: 

[B1 ft), BfI. !t)J =[81 (~), 4.~)J= C,	 (49) 

rne t - npoH3BORl>HI:dt MOMeHT BpeMeHH, 4 (t) H 8~ (t) - cooeser
CTBYDItRe reãseaõeproscxae npencraaaenaa 3TRX BeJm'tImI, a lIHCJIO c! 
MOJlteT ÓblTl>, B 'tI8CTHOCTH, HYReM. 

SaIIIDIIeM ypaBHeHH.R: ,IJ;BRllteHIDI ,1J,1JJl oneparopoa 'tUIOJIa <PoTOHOB B saa
,n;OM none, a TaREe ,IJJI.R: orrepaTOpa rrorrypa3HocTH lIHCJIa HHBepCHHX H ROH
BepCHUX aTOMOB B no,n;CHCTeMe HarrYlIaTeJIeA: 
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;,. 

BBe~eM ~ ROMITaRTHOCTH saIIHCH onepaTOpH 
-r: It(? ()l(i!,t-)tJJk;~) z: AI' .AI' .(50) 

~~(t-)=l..L 1~(f,t), t:t(t) = }; L-.S:tf.l,tJ, (550(f-t AI" /. /\, 
= - /lA ~ L ~~ [((({,i)t1(P,t).1i!,t)- t-{f,t)~+(k,i)1+f1~i);, AII=i -{=.1 

) 

/v 1=1 te 'I ~ Y~OBn€TBO~e, RaR 8TO cne~eT H3 (38)-(39), rrepecTaHOBOqHRM 

l ;?-(f: atff;t)4.(f,t»== (51) 

= - ~;/'L z:-L;(a~ f{.t)q(~t),1+{f;t)-$(f,t)tt(F,t)(;;tíj;tU 
f=l J<- 9

i ~(Z ,19!{f,t)) = 
/=1 . (52) 

;1 't'tAI /. rI+ c/- + + ,\= ~ Z Z-Lla2(~~t)t?t(K:i)p (-f,t)- i> (f,t)a1. (;,t)az({,t);.
AI f=l ~ ?f 
CymecTBemlO~ ocooeHHOCTbID flBnHBTCa TO, ~TO rrpaBHe qaCTH B YPaB

HeHHRX (50)-(52) c TO~OCTbro ~o 3HaRa cOBrr~aroT. HeTPY~o B~eTb, 

~TO HMelOT MeCTO saROHbl COXpaHeHHa, BblpaJKaIOIIUlIeca B CJIe.n;yronurx orrepaTop
HhIX paBeHcTBax: 

AI 
;; t{-t(iZ;t)~/~t)= ~ t?t+(K,t)~ (K,t;)+L(t~fv)-S~,t)), . 
IC k 1=1 (53) 

Z at(f,t)a~(q, t)=La;IJ-,io)a2 (l, ia)-/-L
AI 

(t~{t,fo)- S~(f, tj) (54) 
., rv ~ f r. t r f=1 1.r 

• 

COOTHomeHHa (53) H (54) ~noTca CJIe~CTBHeM ~YXOOSOHHOrO xa
paRTepa BSaHMO~e~CTBHa H OSHaqalOT, qTO Ha e~~aH aRT ROrrnepCxlli 
(HHBepCnH) B rrO~CHCTeMe Hs~y~aTanen rrpHXO~Tca TIO O~OMY aRTY po~e
HIDI (YIDIqTO.lKemm) KBaHTa KaiK,t(OI'O MS OOSOHHl:lX ITMeR O~OBpeMeHHO. 

ITepeaneM R paCCMOTpeHHID ~SHqeCKH B~Oro CJIY~aa ~BYX~TOHHOI'O 

BSaHMO~eRCTBHff c ~RCHpOBaHHOn CYMMapHOn ~aCTOTO~. TIpome BCeI'O ~O
6HTbca TaKoR cPHRcamm, ecna ytrn:TlffiaTb B .KaJK,II;OM IIOJIe JIIDlIb no O,nIfoií 
Mo~e. Ey~eM OOOSH8~aTb COOTBeTCTBYromHe orrepaTopbl pO~eHRH H YHH~O.lKe
HIDI OOSOHOB RaK 0#ft) H 8#(t-) , a 8H8pI'IDI 8TIDC qaCTHIJ; 

xepes úJl H tUR, COOTBeTCTBeHHO. 3TH MO~bl 6y~eM C~TaTb aesana
C:tIMIDJl1{ : 

[a#(t-j, tft.j] ~ O. 

" COOTHOllIeHlmM : 
g'±(-t)[ S~(-t), $~(t)] = + 

;1/ 

[ Ig±(i)) ,1+ (-t)] = + 2So/tJ. (56) 

,.11 
YpaBHemm ~BIDlteHHa ,IT,lIJI OOS8-<'PaRTOPOB, BXO.n;mrmx B raMRJIbTOHHaH 

BSaHMO~e~CTmiR, OY~T Tenepb HMeTb B~: 

·i 1t (aTft) 6 +(t-J) :=' - (LJ~+ lUR)atr) ~-rt) 
- ~ e "O'-t(!.. + cif-(t)a(-t)+ C+(-t)5ftJ) ,1+(t), (57) 

i ?J~ (8fi-)qft)) = (t0.+ w{). ) t(t-)a!t-)+ 

(58)+ ;1 eDt S-It) fi + a+!t)t/tt) + 8+(t)6'(t-J). 

<;IlopMa7IbHOe peuenae l3THX YP8BHeHHR eCTb: . 

tlft)t+(t-) = e flúJ.<+Ú>~) (t--to) a+!t.-) 6+(ftJ+ 
~l i (ú'. +4J. ) (t -r) ~ 

+{~ Jtire e 'J. (J.+aTtrja(tJ+ t /iJt rtJ) 1+(7), (59)fl 

to 
61t-)0 (t) ==- e-i(~+4?2) (i-ib) t (to) alto) 

. 
l~ 

- O Jt
irert"el~"úk)(t-'tj,r-ttJ~+a+tT)a áj+ t+ctJtttV. 

i (60) 
o 

Ms S8ROHOB coXpaHeHHH (53) li (54) rro~y~aeM:

11 
"'1"\ a+(T) a(r) ='a+(iõ)afttJ) + ;t/(t~(z'õ) - S~tzJ), (61) 

P(r)6(T) ==- t+~)tfto) + AI(8'!e(ttJ) - tr~td). 
(62) 
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Tor.n;a BI:lpwKeHIDI (59) li (60) M02KHO neperraoaes B B:H,II;e: 

a+(t)g+ft-)== ei(úJl+~)(-t-"lê) ai-fto) r«:+ 
+ i)\ fti,effe-c-~+4J2) (-t -v)f1+ a-+(i(;)a/1;,1+ lf+-ft,) t (ti:)+ (63) 

t J l ~ 

+2A1(i~(t-o)-S~cT))} i:+(z), 

6(i)a (t-) = e- t!~+tJ~) (i-t,,)t (t;,)-{J~o)
- d Ítire 'lfle-i(t4+I4)(f- v:) .f(z)P+cl(-t,Ja/!o)+rtYto)t'M,)t 

~ (64) 

+ ZA!(tzft.) - ,1-1'({))}. 

TIyCTb Terrepb é7(t) - orrepaTOp HeKOTOpo~ .n;HHa~eCKO~ Be

JIlNllliU, rrplllià.,IJ)Ie~eft noncacreae .KBaSIlfCIIHHOB A ,BSSITlÚt B reã
seHóeprOBCKOM npencraanenza , Era BpeMeHHaJI 3BOJIIOu;wr rro.n;'OOlffeTCSI 

OJIe.n;yKl1\eMY ypasaenmo .I4BIDKemm 

~~tJ(f) +iAit: [Ó(t), ,1~ft)]= 

=_iAeYt[ó(t-J, r(t)]tI+(t)6tt-)-iAe~~!t:)a(t)[6/t),g+frJ1. (65) 

TIo~cTaBHM B (65) BMeCTO a+(t) 6+(-t) IIf 8!t-)a(t) 
HX ~pM8JIbHI:le BI:lp~eHHSI(63)-(64). TIOJIY~, YGpe~ no KBa3HpaB

HOBecHoMY-pacrrpe.n;eJIeHHIO (41)-(44): 

c!t (6ft!) + iA/E<rfJ/-t), t~(t)]> = 

=- iú ~\[eM), S-(tJ] ei(q;-4!z )(f-t,)alto)6'+(Toi> + 
t 

+~.teti< [éJft),1"ftj] Jdre'lf~1~~)(t-DKM,;Djm)

'd't< 
~ 

7)-i(~+(4)(-t-tõ)
-i~e e 'i t(-to)a(f ) [6ft), C+(t-)}. 

. o (66) 

r
,-,le~'(!tlte'If'Teif,JP<J.)ft-t)t-('T) K(f;,,l)/ó!tj,g+;,.Ji) 

o 

14 

;.. 

r~e BBe~eHO OJIe.n;yromee oÓOSHa~eHlie: 

)( (to) y)= 1+a+lto)aliõ)+.t~)t~)+2A!(t%)-J'~ttJ).(67) 

3aMeTHM, ~TO ,IJ,lI.ff orracaaaa KIDieTHKH .I4ByxqJoTOHHora B3aHMo.n;eiicTBHSI 

.I4BYXHesaBHCliMUX MOn rrOJISI c CHCTeMOR .n;ByxypOBHeBI:lX li3JIY~aTeJIeft IIfepap

XIDI KIlfHeTH~eCKHX ypaBHeHHit (66) SIBJIJIeTCfl TO~Oft. 

,ItaJIee, eCJIH ÓI:l B Ha~aJI:DHOM COCTOmImI B O.n;H~M HS nOJIeH 'tlliOJIO 

~CTHn PaBHft7lOCb HYJIIO, r ,e, eOJIH ÓI:l COOTBeTcTBYIOum:ii TeHSOpHI:.Iit COM-

HO]KHTeJIb B (41)-(44) HMeJI B:H,II; , 

r(fl) =/O~ e<ol, (68)' 

rne IO)e -BaKYYM onnoro HS rrOJIeH, TO, COrJIaCHO OJIe~CTB:HIO (36) 113 

TeOpeMI:l, rrepBaft H TpeTRa qJIeHI:l B npaBOR ~aCTH (66) Hc~e3JIH ÓI:l,H Ha 

aTOM Bl:lBo.n; TO~Oro romeTH~ecKoro YPaBHeHIDI MOJKHO ÓWIO saKOH~Tb. 

Boaoanae ~0Jm ~aBaJIH ÓI:l BRJIa,IJ; B rasoe IOO:leTH~eCKoe ypaanenae noopen
CTBOM onepaTopoB ~ceJI ÓOSOHOB, BaflTI:lX B Ha~aJI:DHI:tlt MOMeHT BpeMemr, 

KaK B~O Ha (67). • 

O.n;naKo, eCJIH B Ha~aJI:DHIDi MOMeHT BpeMeHH B ~oii H3 MO.n; sanare'.

HO aexoropoe ~OJIO lÍlOToHOB, T. e. paCCMaTp1IBaeTCSI ne CrrOHTaHHOe H3

JIY~eHHe, TO, HCnOJIbSYfl TeopeMY, MO~O npeo6paaOBaTb nepBI:lii H Tpe

THH ~eHI:l B npasoã -qaCTH (66) K BH.n;y, rro~o6Ho~ BTOPO~ H seraep
TOMY qJIeHaM COOTBeTCTBeHHO. 

qTOÓI:l rrOKaSaT:D aTO, saMeTHM, ~TO M3 (26) li (25) CJIe~eT 

<ti(f)O?t;j)8+rf-.5/ ;: (1+A/r4.,4JJ<[u(t-J, a"7to) gt(;)1) (69) 

<8(f,,)a(f,;)'w'It-J)= (lf-AI't4,"k»<r t(t.)()~), Vlt-J) (70) v 
r.n;e ti (-t)~ [o(t), 8ftf}, kI~) "[tl(t), t+(t)] 
H BBe.n;eHO OÓ03Ha~eJme - J. M M 

#~,k4):::: (e~~!<j+/~)-i) = '1 R ) 
}: -1. . 1.+ A1. + A1 (71) 

li 

li{- = (e~cPlt4)-~ , i=.i.JZ. . 
F C nO~ut:DIO COOTHomeHIDl. (69), BI:lpaJKafl el(41+úV(t-te)O~Q) 8~) 

H3 lÍlOPMYJII:l (63), npeoõpaayex nepBI:l:ft ~eH B npaaoã ~aCTH ypaBHemm 

(66): 

-(,1 e'ft<[o(t), 5'1t)] i f4+r4Jft-t.) tt(to) 6'+(f,;~ = 

;1 
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= - i /li'~-t(1+,v(4!~.úJ.v([[bft;; ;s'-(t)J, e«t.i.r-tJ:.){t-t"b+(tJ 6'~)J)= 
, t (~r 

=-.led"t(1+A!~,4!R~<[ [óltJ $1t)~llte~<(Í4~)/t-~(t",l)Y+rt)J) 
B (72) duno y~eHo, qTO HMeeT MeCTO OqeB~Oe paBeHCTBO' 

[[b(t-),t~)] ;a+(t)~"7t)] = o. . 
-l~+'4)(t-fo) 'L" I. \ 

AHanOI'IPIHO BlffiO.n:y (72), sapaaaa e :>. 8(1-0) a(to) 

HS WoPMY~M (64), Hérronb3YR COOTHorneHHe (70) H yqnTUBaH, qTO 

[ t(t)á(t), [e;/t), t1+/tJ]] == ~
 
npeo6paSY~M TpeTHH ~eH B rrpaBOH qaCTH ypaBHeHHH (66):
 

- iAe Í"'(e-iA1+"0(f-~) 6'f~)a(~) [Órt), 1+(t)J) = 
=-(~ el'~+AfoiptJ.e'K[ei

(t4-tQ .)ft-t ~)af4,fblt), l+(iJ]T> (73) 

=l eYt(J.+#It4..'4v<1[Ire-ne-i(0-t<JlJ(t-'?1~ f(ti,ry, [bit), .s'+tf)]J) 
ITo~cTa~ 'rrpeOÓpaSOBaID1Ue cor~aCHO (72) H (73) rrepBUH H Tpe


THH ~eHU B rrpaBYro qaCTb ypaBHeHRff (66), rrO~qaeM TOqnyro B rrpe~arre
 

.~- - <?O ,0-+0 nepapxzn KIllieTHqeCKIDC ypaBHeHHH, OITHCl:lBaIO
myro HerrMHenHoe BSaHMO~enCTBHe ~BYX HeSaBRCRMHX ÓOSOHHUX MO~ c ~aSH
CITHHOBOH MaTepHen: 

· *<6(-t~+iAlE<[Ô(tJl-çt~(t)})= . 

'= íI~Ldrei(~-tt4) (t- 'i)lv(/J.í/,)J([,1/t), Õ/t)] K(~,<t) .1+('lj)-+ 

+(1-tAl!r4,lJ.)) <K(t.;r).s'+rt)[Ó/t),1(t)})J+ (74) 

+J. ~ Iké(f'4+I.\){toy){ AI'(I0./4)(t-t)1((tp,'i)[éJ/tJ, t+(t)J) + 

+ (l+";/~. tJ.)) <[.~+{t)/7(rJJ s:trJ /((to7~ f. 
TaImM 06paSOM, q,opMaJIbHHn BKJI~ coae-noaeã B oITHCaIDle rorn:eTH- • 

Im .j?8.cCMaTpRBaeMoi:t MO~~H CBO,JlHTCH K TOM:{, qTO B opozszx <IMryPHPY1OT 
orrepaTophI 'tlliCJIa'ÓOSOHOB, BSHTlie B HaqMbHl:lH MOMeHT BpeMe~: 

1\ +i" /\ tn, =: ti /t{))a (to), nf = 8 ~)6'(t,,). 
(75)" 

\ 

§ 3. CrryqaH saTvxaromeH rronRpMsaPnH 

)1Jm Be~M'tIIDlli <Si!(t) . ,xapaRTep1Isyrome,H naceaenaocra ypon
HeH B rrO~CMCTeMe ~BYXYVOBHeBNX aTOMOB, HMeeM ~e~romee ypaB~eHHe: 

.J<S~It»= ;~lrlf-i(t4.+úJ·)(t-lj{Ai~,áV<g~)(ÚJ0.~+ 
+ 2A1C1~(tJ-J1rlj)) L1+(f»-{1+N(~/~2J)«1+ ~ +~ + 

+2IJ(to/to)- jJf(r))) g+/'ij.f(t)>+ ;,~lrire-l(""~)(r-D[Vr4,tiJx 

x<S-(~J(1+;1.+h~+ Zll!(c'lr~) -S~tQ))1+(-t» -'c2-rN'~l4))X 

x <g+ftJtrr) (1+ ~+t.+ !c!I(,1~~)-g1tJ))> I. (76) 

l1yCTb reneps A (tjJ H g (-tri) - ren38H6eproBcKHe npencraa
~eHRff ~a~ecKHX Be~qnn HS rrO~CHCTeMU H&rryqaT~e~, B3HTU8 B H8RO
ropae MOMeHTU BpeMeHH f.J. H tR ,a /.1 H A -: HatIaJIb-
Hue o6paTHue TeMITepaTYpu óose-rroneH. Cpe~e, B ROTopue BXO~T orrepa
rops li! H tzít , óy~eM paCueIIJI.fITb CJIe~KlIWM OópaSOM: 

. Aftl 'B!tJ\=<A/t.J~.IJft2J\= /A(Ti)!>f4)kJ=~.J.. (A~Jg~~<~ 'lJ Y Y Y e: f_J.. (77) 

rne i= 1.,:z.. 

TpoHHlie ROPPenHTOpU orrepaTopoB KBaSHCITKHOB óy~eM oueHHBaTb no qop
MY~aM 

<g~(t3) t:tItl)S:f(4» = <$±fó)$~(-4)1~ ~~»= 

= <1±(~)S+ftl)S!é(t3»'C, <S~(t~»<1:±~)s+ft;l,». (78) 

IIPHMEM J tITO n -napaxerp ~OpeHU;eBB. HeO,ItHOpo,JUIoro YlllHpeHIDI, 
a T - TaR HaSImaeMOe "BpeMH' JmSIm OCIJ;WIJIJITOpoB". Tor~a .nmr .ItByx 
MOMeHTOB 13peMellli t~ H fi} TaKHX, qTO {t2.-t11~ T, MOJKHO sana
caTb /151: 
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\. 

(ttA)1+1t2~={<tI(tJt'tlt;tJeM?(t,-t,~- (~c-,;,)pr<tift.)s+(t.'i)e;+&("4-~1-(t.~)/z r' t, >r 
2

, 
. , i 2 :>1" . ~ (79) 

3a(f)lUtCHpyeM c.ne.n;yI<JItHe Ha~lJHHe yc.nomm.: 

i - -00 . (80)o ,<S~ft())): 8, 
t -.,- ~ (81)() .1<.5'%5>1'" P, 

l1cnOJIlJSYH- (80), MOJKHO BBeCTE: c.ne.rr,ymee npe,n;cTaBJIeHHe ,If,JIJt no


~ypasHocTH HaCeJIeHHOCTe~ ypoBHen:
 

<g~(iJ; = .S+/(t), (82) 

rne qJyHKUWI .f/i) xapaxrepasyer OTKJIOHeHHe SHa~emm no.rrypasHoc

TH HaCeJIeHHOcTeft B MOMeHT BpeMeHH t OT aaxamaoro , 
YnpomasI c noMOllU'IO npHOJImKeHHtH77)-(79}ypaBHeHHe (76} 'H rtoncran

JI.jJjI TOJlf,Il;eCTBO (82), no.rryqaeM IDITerpo-,n;HqxpepeHIJ;PIaJI:DHOe YPaBHeHHe .wur 
Cf1YHKIJ;PIH I (t-) : 

JIft)= - ~2e-t/2r«t+ft}S-(t})+ ZN(jt:J(t+(ftj»)X 
(t .<t7ZT li «: .\) (83) 

x jelte COS((q+tJ~-g)(t-~~l+-~+~ - zAlf{l).J· 
-00 

Ms onpe.:ne.n:eHRR: (82} eJIe;rr;yeT, ~TO 

J(tq) =0, ~~ - 00 , (84) 

a BBH,IJy H~'IH.fI J
-t 
til.. . B KaqeCTBe COMHODTeJIJI B npasoã sao

t ...-00 

TH YpaBHemm (83)'n orp~eHHOCTH .n;pyrnx COMHOXHTeJIeft, no.rryqaeM 

(85)r;~lfi->_~ O. 

tITOCH ae npHBJIeKàTlJ ,n;onOJllUiTeJIlJHhIX ypaBHeImft, cy,neM C'tU'ITaT:D, 

~TO nOJI.fIpHsaUKH 8KcrrOHeHilHaJIlJHÓ saTyxaeT: 

<g+(t}S-(rJ;/= p2e~-t~ (86) 

HecOBeprneHcTBo annpoKCKMa~ (86) o~eB~O, o~aKo 8TO rrosBOJIH

i8 

eT HaM 3aMRHYTlJ paccaorpeaae aa e.IJ;IDIOTBeHHOM ypaBHemm (83)" a TaK
~e BHRBHTlJ cHeHHfl MHTeHCKBHOCTH Harry~eHRK, CBHSaHHHe c'nepeKaqKoft 
8HepI1IDI MeJK,IJ;y nOJIJIMH. TaIme cHeHHH ne MOryT ChITlJ CBHSaHH C 8qxpeKTaMH 
sarryxaHHf.I li BOCCTaHOBJIeIDUI rrOJUIpHsarum, KOTopue HCRJIIO~eHhI COrJIaCHO 
(86). 

lWl w 2 

rE=Qf 
IW 1 W, 

PHC. 1. 
naJIee cy,n;eM paCCMBTpl'IBaTlJ BaxH~ ~ npaKTHKR CHYqan peSOHaHC

Hoft HacTpoitKR CYMMaPHOft qaCTOTH MO,n; (pHC. 1), T. e. npHMeM BIDIOJIHeHHe 
paBeHcTBa: 

ú1-rú.1- S? == ú1.+ tJ~ - E = O. (87) 

TaKaH CHT'yaIJ;IDI MOlteT BOSHHKaT:D, aanpaxep, B 8Kcne~eHTax no 
H6JIHHelHoMY npeocpaSOBaHHD qaCTOTH cHrHanDHoI MO~ /16 • 

By,n;eM ClfiITaT:D, ~o OJIe.n;ymtee BhIpaJlteHHe OTJIHtlHO OT HYJUI B HH

TepecyromeM Hac HHTepBaJIe BpeMeH: 

n-f)='p:le--fIr+ 2AI!tJÁ/AJ.J (1+1(t:.J) :I o. (88) 

rrpoH3BO.n;HaH OT ~(~) eCT:D 

?'ft)= df?(t)= 1- p2ê t/r+ 2111(tVJ.,tJ;l) '1/(+)1
()t (- T ;ti -r;:f). (89) 

rrO,n;cTa~eM npHc~eHHe (86) B ypaBHeHHe (83), ~errHM 8TO ypaB
HeIDm na (88)., ytIHTllBaJI yc.noBHe (87), .n;H<IxliepeHmIPyeM pesYJIlJTaT no 
BpeMelm H nOJIYqaeM ,IJ,7If! BeJIHlmHhI -I(-I:) .n;HqxpepeHmIaJI:DHOe YPaBHeHHe 
2-1'0 nop.ff.I(Ka : 

?~/éJ - ?q~ (?tt-L.L '+ V//?(t)~+~+~-2t1fItP=O
~t~ t ?(t) 2i) IV (90) 

c Ha~8JID~YOJIOmw.m: 
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(9I) . 

(92) 

(93) 

~O ROppeRTHO B CRnY 3aROHOB
 

2l I / W ,
 Q) 
5·10· R - 10-3 

J"2 W 2- 'o 

1:111 
5010

2t I/w, 

50102f I/w, 

12 
tlT 
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aoueaae BeJIl{qID{ aTIDC mlROB MOJlteT cJH:T1> pasHH:M. Ha p:~mYH.KaX 2cJ R 2B 

npaseneaa epopMH: HMITYJII>COB NIH Jzq= 10-3
: li! !2~ = '-t '10-K 

COOTBeTCTBB.HHO. 

!<aR 6WIO Ha!tD:eHo B peSYJI:DTaTe tIRCJIeHHoro pemeaaa, fIplIfi~"'-h ~ 

OCTaeTClI O,JJ;HH mne RRTeHCHBHOCTR RSJIY'tlemm. BeJIH1mHa ROTOPOro HaMHO

ro 6oJII>me BeJm'tlIfilli IIHICüB npa AlUi ~J~ tV,2 ., a .npeser sa.n;e.P'ltKH 1IM

rrYJI:Dca 3HaqnTeJ!:DHO aoapacraer , ,O,nHaRO., .&aR CJIe.u;yeT HS tpiCJIeHHl:lX 

SHa'tlelmi! napaaerpos , npanenemnzx' B (92), eOJIl{.A4 """ J~úJ:l ,,' TO 
BeJllI'tlmill )1/(4)1, Ú>z) H Il/ CTaHo-BllTC1I CpaBHRMH:. Tor~a, npa He
KOTOpoM t, MOJltST c.rry'tlHT:DC1I, 'tITO Flr) = O ,H rrpHcJJIHJltemre (88), 
B .KOTOpoM 6wro rrOJIY'tlSHO HCCJIe.n:OBaHl:loe HaM3: .n:nqxpepeHI.ijiaJII>HOe ypasne
nae 2-ro nopanxa (90)-(9I), MOJlteT CTaTI> HecrrpaBeWIHBblM. B TO JKe 
BpeY~ rrpeHeOperST:D BOSMO~OCT:DID peSOHaHCHOro BospaCT~ RHTeHCHB~ 

HOCTlI npa coananeaza BpeMeH ;n;OCTHJltelIWl ·.J«)repeHTHOCTlI, B,o OOOlDC IlOJUIX 
ne c.1Ie,ItyeT. BwrClmT:b STOT norrpoc MOmIO, Haarr;r 60JIee COBe'plIIeHHIDt 
crrocoO HCCJIe;n;OBaHHfl HHTerpo-;n;JI~peH~aJI:DHoro ypaBHeHRH (83). 

TaKHM 06PSSOM, rrplIMeHemre TeOpeMH BMeCTe c SaROHaM3: coxpane
HRR:, rrpRcyIl.\IDiU'I paccMoTpeHHoi! MO;n;eJm, rrOSBOJmJIO smcaT:& KIDIeTWIec
ROe ypasaeaze ooaee TOlfilO, HeJlteJIH, narrpzxep ,B 6, H OcJHapyJKRT:D 
zrsa CpaBHlIMl:lX no BeJilftOOIe MaKCMMYMa IDITeHClffiHOCTH R3JIY'tleHRfI. 
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npHHHMaeTCA OOAnHCKa Ha npenpHHT~ H CO~eHHR 06~eAHHeHHOrO HHCTHTyTa 

RAepH~X HCCfleAOBaHHH. 

YcTaHoeneHa cneAY~~aR CTOHMOCTb nQAnHCKH Ha 12 MecR~ee Ha H3AaHHR OHRH, 
BKnD4aA OepecwnKy, no OTAeflbHWM TeMaT~4eCKHM KaTeropHAM~ 

HHAEKC TEMATHKA 

1. 3KcnepHMeHTanbHaR $H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4ecKaR ~H3HKa s~coKHX 3HeprHH 

3. 3KcnepHMeHT8flbHaR HeHTpOHHaA ~3HKa 

4. TeopeTH4ecKaA ~H3HKa HH3KHX 3HeprHH 

s. MaTeMan1Ka 

6. R,qepHaR cneKTpocKOOHA H paAHOXHMHA 

7. ~H3HKa TR*eflWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

lleHa nOAOHCKH 
Ha ro,q 

10 p. 80 Kon. 

17 p. 8o Kon. 

4 p. 80 Kon. 

8 p. 80 Kon. 

4 p. 8o Kon. 

4 p, 80 KOn, 

2 p, 85 Kon. 

~ p. 85 Kon. 

7 p. 80 Kon. 

10. ABTOMaTH3a4HA o6pa6oTKH 3KcnepHMeHTanbHWX 

A8HHWX 7 p, 80 KOn. 

11. 

12. 

13. 

14. 

Bw4HcnHTenbHaR MaTeMaTHKa H TeXHHKa 

XHMHA 

TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

HccneAOBaHHA TBePAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH • 

15. 3KCnepHMeHTanbHaR ~H3HKa RAepH~X peaK4HH 
npH HH3KHX 3HeprHRX 

16. 

17. 

18. 

19. 

AoaHMeTpHA H ~H3HKa aa~HT~ 

TeOpHR KOHAeHCHpDBaHHoro COCTOAHHR 

~CnOflb30BaHHe pe3yflbTaTOB H MeTOAOB 
~YHAaMeHTaflbH~X ¢M3H4eCKHX HCcneAOBaHHH 
8 CMe*H~X o6naCTRX HayKH H TeXHHKH 

6H~H3HKa 

6 p, 80 KOn, 

p, 70 KOn. 

8 p, 80 KOn, 

1 p, 70 KOn, 

p, 50 KOn. 

p, 90 KOn. 

6 p. 80 Kon. 

2 p, 35 KOn. 

1 p, 20 KOn, 

noAnHcKa MO*eT 6~Tb ~opMneHa c no6oro MeCR4a TeKy~ero roAa. 

no BCeM BonpocaM O~OpMfleHHR nOAnHCKH cneAyeT o6pa~aTbCA B H3AaTeflbCKHH 
OTAen OHRH no aApecy: 101000 MocKea, rnaeno4TaMnT, n/A 79. 

BaKacoB A.A. H ~p. 
KHHeTHKa ~BYX¢oTOHHoro H3nyqeHHH 
B cny~ae 3aTyxaw~eH nonnpH3a~HH 

P17-86-74 

Ha cny~aH npoH3BOnbHOro a~Ha6aTH~ecKH BKnro~aw~erocn B3aH
MO~eHCTBHH 06o6~eHa H3BeCTHaH neMMa Boronro60Ba 0 COOTHOmeHHHX 
MelK,IJ;y Cpe~HHMH, CO~epJKaiiUIMH BaKy)'MHble 6030Hbl. llOKa3aHO, ~TO He 
6030HHbiH onepaTop, BXO~H~H B TaKHe cpe~HHe, npOH3BOneH H MO
JKeT, B ~aCHOCTH, 6b!Tb K~K HBHO 3aBHCH~M OT BpeMeHH, TaK H MHO 
roapeMeHHbiM. PaccMoTpeHa KHHeTHK~ ~Byx6o30HHoro H3ny~eHHH B 
~ByXypOBHeBOH CHCTeMe. llOCTpOeHa TO~HaH HepapXHH KHHeTH~eCKHX 
ypaBHeHHH, B KOTOpYffi ¢opManbHO He BXO~HT ~HHaMH~eCKHe 6o3e-rro
nH. HaH~eHO, ~TO HHTeHCHBHOCTb H3ny~eHHH MOJKeT HMeTb ~Ba COH3-
MepHMblX MaKCHMyMa, He o6ycnoBneHHbiX rrpo~eccaMH rrepenonnpH3a~HH. 

Pa6oTa BbiiTOnHeHa B fla6opaTOPHH TeopeTH~eCKOH $H3HKH OJ.UIH. 
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llepeBO~ r.r.CaH~YKOBCKOH. 

Bakasov A.A. et al. Pl7-86-74 
Two-Photon Radiation Kinetics for the Damping Polarization 

The well-known Bogolubov· lemma on the relations between 
averages containing vacuum bosons is generalized to an arbitra 
ry adiabatically switching on interaction. It is shown that a 
nonboson operator entering into these averages is arbitrary 
and may be both time dependent explicitly and have a many-time 
form. The kinetics of the two-boson radiation in a two-level 
system is considered. An exact hierarchy of kinetic equations 
is constructed that does not formally include dynamic bose-fi
elds. It is found that the radiation intensity may have two 
commensurate maxima are not generated by repolarization proces 
ses. 

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