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BBe,n;eHHe 

B H8meft rrpe~el paó~Te /1/ ó~a nO~eHa H HCC~e~OBaHB B 

nplIdJIIDJtemm saTy:XaDlte~ nOJIHpH3amm T01ffiBJi aepapxaa romeTRtIeCKIDC ypaa
Hem ,1J)IH MKKpoCKOIIHlleCKo:R MO.n;eJm, OImCH:BBllIlel HeJmHeftHoe BSBmlO~ea

CTBHe OIl:CTeMl:l ~BHeIlllX aTOMOB c .n;ByMH p8.SJm'ltHHMH dOSOHHHMH nOJrR

w. B SToti Hepap:xHH se tPm'YPKpOB8Jm ,nJiIH8MH'tIeCKHe óose-onepaTopH, llTO 

OWIO .n;OCTm'HyTO nyTeM OóOdmeHIDI JIeMMH EoroJll)ÓoBa /2,3/ sa CJIYlllÜi npo
H3BO~Horo ~8daTKllecKH BKnnqammerOCJi BSaKMO~eaCTBHJi MBTePHH c EC

He1ffiHM lD!CJIOM oose-noaeã, lJ.Jm .n;OKaSBTeJThOTBa cilJoIUYJmpoB8HHoft reope
MH 6~ HCnO~BOBaH8 npocTaR 11: y.n;OÓHaR TeXHKK8 cneKT~HHX pasJIo~e
Hd /4/. 

3Ha'tJ:HTe~HHI 06~eM B paóoTe /1/ óun no HeOÓXO.n;RMOCTH OTB8~eH 
,D;JIff OÓOCHOBaIDIJl H H3JIOlteID1S1 IIpHMeHeHHoro lPoI»&3JIli!13M8, a paccacrpemnzã 
KOHKpeTHH! IIpm4ep HOCllJI, B OCHOBHOM, HJLJIDCTp8THBHW1 xapaarep, IIoaTC

My H8MH ae 06C~CJi psr,n; BOnpoCOB, rrpe.n;CTBB.1IJDlIti!X npmmmnm.JlDHhI~ 

HHTepec c TO~ SpeHHJi KaK HHTeprrpeTarr,KR o6~ero rrO~0~8, OCHOBaHHOrO 

HB rrpe,ncTaBJIeHlm' 06 a;nm68THlleCKOM BKJIVleIDm B9a..HMO~e1fcTBltR:, TaR H 

y.ny-qmelDUl annpoKCHM~1t, HCIIOJIJ,syewnr aa 98KJIJJlDITeJIJ,HO! CT~ perne

HJ!H Sa.Jt8'tJ:H. 

HaCTOmnaJI paõora COCTOR'!' H3 rpex rraparpaéon, B § I Itpa.TRO 0601'1

.namCH IIpHHIIJmll noesarmoro HCKJIIl'lemm 6HC'l'piX nepeaeaasx na õase oc

BOBOnOJIaI'aJIIlef JJ.,lteH EoroJIl)60m o cY1lleCTBOBamm JIepa:gx:HHr~ 

EpeMeH pe.7I8KcBI:J;1!! B 9BQ.lIIIl;m HepaBHoBSono! ClICT8W 75,6 • Ha aToi! OC

BOBe Kal{eCT:BeHHO paCC1JI8TpHB8.m'M MeTO.n; Eor0Jm6oES /7,8/ l1CRJIDtleEmH 

•	 nepeMemna: ooaoanoro nOJIR 11 ueTo.u;, ocnoB8HHll1& sa rqm:MeHeHlm npoexns

onnoro oneparopa I...lBamnn'a /9(. lHfrCHJiD'l'CSI me CBaSl> H OTJmtmTeJI:bHHe 

-qePTH• 

.11a.JIee B 3'1'011I rra~ I8CCM8TPHB8J11'eJI 8RCnepmieHT8.JIl>HHe .u;aH

HHelIO- I2/H BRHCHHeTCH npRMeHKMOCTl> npe.n;cTaBn9HBR 06 ~aÓa'l'HlleCROY 
Blt1mcremm: BBBRMo.n;elcTBRf.I R O.JtHocPo'r0HHol cyneppnyopec~eHIijDI (Ob) 11 O~

Hoe1JoroHHOWY CBeplll5JJ'.rleHHll (CM). JVm aH8JIHB8 n}EBJlelt8DToJI BpeMemm9 

li 9Hepre'1'HlieCKHe XRpaRTep1!CTliIltl! ~8JD11lHHX CTa,ttd ~ • CH. KaR 1:8BeCT

hV1iilit'U.·HI.i1ii RHCMYl I 
U'Qm~ Btc2eJ!t)!Mm 

d 15I1Edl~ 'C:TEJ{ !te 
.--....-..............- . ........-."...~.



HO, B TeOpKK 3THX RBneHHI Hcno~syeTCH no KpaAHel Me~ ~8~~~S
.mPmHX BpeMeHHHX n8paM8TIlOB (CM., K npHMepy, paõors 711/ H /I3/).
 
DlCSop no.n;xo,ItmItHX xapaRTepHllX BpeMeH peaasoauaa nOSBOJmJl nOEaSBT:b np1!I


MeHmfOCTL rrpe,ncTaBJIemm 00 B,lI;RaCS8TlNeCROM BItJII1Iemm BS8l1IM0)telcTBlISI
 

K nponeccr O.tnlOlPOTOHHOI m. :3TOT ssaon .n;onOJJHeH aRBJIHSOM BBepre'fH


'IeCKHX xapaKTepucTmt pasJIRlIHHX CT8,ItH:ft O,ItHOi{JoTOHHHX ~ 11 CH. J);nsI O;U;


Ho<lJoToHHoro mI nORaS8HO, ~TO a.;o:eKB8THIlM B cnacaaaa sroro HBJIemr.s: MO


lteT CSllTL npe~CT8BJIeHlle o BHesallHOM BMIJlleHHH B38BM0.n;elcTBIIJI.
 

B § 2 cnpaBe.ztJlHBOCTL a,ItH8CSaTH'IeCKOrO BRJII)-qemm BS8HIIO)telcTBBJi 

HCnOJI:bsyeTCJl ,IVUl RP.8TRoro BBe,n;ellHSI B MeTO,n; EorOJIll6o:ea HCRlIIJIlemm 60
30HHI:DC nepeN8HHHX 77,8/ npz orraeaaaa O.D:HexpoTOBHoft OI>. OTU811eHH YCJIo
mm npEMemmOCTH MeTo~a. ,U,aHa 'l'aD8 nOCJI8,n;oBSTeJIDHaH HHTepnpeTaIJ;lU! 

e-'IKCJlOBHX iPaRTOPOB, BOsmmaIJItfi B romeTIftl8CKHX ypaBHeHWDC JIIBlM8HH

TeJffiHO K O,IJ;HocPoTOHHÓI ~. IIoK8SaHO, tI'l'O Baplil8IJ,WJl 3THX 'Uce.n nosBOJ!H

eT ,n;OCTaTOqaO nPQCTO yqecTL rrpoU8CCll rroBTopHoD HHBepoHH B CBCTeMe. 

B § 3 OHOBa, RaK H B paoore /1/, paCCMOorpeH8 romeTBK8 JIBltPOCRo

IIH'I8cxoB NO,lteJJl![ c .u;BYXqosolIHHM KaOItB,1UIl:Dn B3BlD10;u;eBcTB1IIeU rrOJIR: H aTO

MOB. BwrCH8HO, .qTO aTa MO,lte.n» ,n;OCT8TOllHO HeTpHBIl8JI:bHa no ,ltBYJI np:e:qH

HaM. Bo-nepBllX, B ee paMRBX HeT (», a eors TOJIMtO m1. arOT peSYJILTaT 

nOHJITeH c TO~ spemm 9KCorpanOJIJDJ;HH p8memm paBHOBeCHol S8JtIl./I4-151 

aa Ha'tJ.B.JIbHYID KBa3I1CT8TR'tI8CKYD CTa,n;RI) ~yx6030HHoro CH. To-q

aoe peneaae nOKa3llB8eT OTCyTCTB1IIe pamOBeCHoro cIasoBOro nepexo.na Ta

Rol mICTeMH B cerneToan:eKTpH:'tJ:eCRoe COCTOmnle (uasHB8eMoe TaDe CBepx

l!I9JlY'lB'l'eJThHllU /16/). Bo-BTOPUX, ,1tBYXCSOSOHHoe CH BHemHe O,n;HHBltOBO c 

OJtHoiPOTOHHol <» - B 060xx c.uyqam:: HalJBJI:bH8Jl CT8JlHSI CJI860ro CBellemut 

CB:CTellll mleeor ]l;JlBTeJlId{OC'l'D,sa nopsmOIt 00J1lilllYll, B8ZeJIH ;ltJ.lJl'r8JI&HOCT:b 

ItoonepaTJIBHol CTa;u;m. O;JJ;HaltO MeMeT nOJmB'l'D, UO B a.nyqae ,ltByX6030H

BOfO "GH M8ltpDCltOIDl'I8CltWl n0JIHPK981J;lUI CYD'eCTsy8or OT H8-qanIiHorO MOMeu

Ta BpelleBll, a IIplJ o,1tHoC{lo'lOBBoI <» OBa BO~eT cnOBT8BHO B C'f8,ltllll 

BexorepeBTBOro H9JJY'Iemm. T9IaDI oOp130M, ,1tJIB:Te.&BOC'l'D CT8JUD[ BeItOre

peB'l'Horo KSJJY'IemM B JtBYX60S0llHOII CH n03BOJU1e1' JIPRBJl'llI rBIIO'1'esy 06 

8JtHBÓS'flA,ec1t<ll :B1tl1IRemm: BS8lDIo)telcTBIIJI B CHOB8 BOcnQ.1ILSOlJ8.ncJI 'feo

peJIOl o cpeJ:tBIIX cn~HOro B1Wl /1/ WIJI lI9I'JI8J[IDI 6ose-nOJld BS Y:PBB
Remd. IIOJJ)"IeHO li paccua.'rpBBaeTCH COO'fHomeDe" oooÕlt8Dlee 98ltOB coxpa
BelDlH 6JIaxOBQJtOl'O 138ItTopa c yqeTOM cOBOJtYlIII0CD B8.1I8JIJ-JDlX J'CJlOmtI. 
1IplmOJtfft'CS pe81n'f~TH 'qJICJIemloro 8B8JlHS8 CB:CIfeIIH ypmu:emd, OIDICElBS»

_I mmeTJlB;1 ~6080l1H0ro lISJIY11eBM ClI~8IIH ABJXYJ()BlleBBX B:8JJY1iB.Te

.lIal. 
B n~QKeBD oCSo~ ~xasa'f8ACua .... lioroDCSo- • 'f80pe

_ padoors'1/• . 
J 
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§ I.	 krcRJIBJCIemm 6HCorpax rrepeMeHHHX li npe8CTaBJIeHHe Oó 
gggaóaTH~ecKOM·BKmDqeHHH BsaEM08e~CTEaa 8RH 0AffOWOTOHHOI 

cynepP?JyopecIJ;eHD;lm 

.uOBOJILHO pacrrpocrpeaeaaoã lIpH ormcamm ,IWH8MKRH K8Kofi-J1HÓO cpn
8yptecKoa CKCTeY1:l HB.1IHeTCJt CJIe;n;yDlt8X eiITyaum:r. MMeHHO !pK31I'IeCKHe na
paMeTplil, ~HPYJlItKe B ypaBHeHmDe ;JJ;BIDIt8HRfI, raaosa, "tlTO 80nyCRaDT 

eCT8CTOOlilIOe ssenenae paSJIKlml,lX BpeMemrnx M8cmT8CSoB 11, CJIe,ItOBaTeJI])HO. 

pa3JllltIlIIlX 3T8II0B 3BOJlIlD;IDI pacCMaTpm3B.eMOI CIICTeMH no BpeMeHH. Tor.ua 

npencrannanaae JmTepec ,mmBMlfieCme BeJlHlmHH B npocTe:MmeM c.nyqae paa
.n;eJISIm'CJI H8 nse (B oCS~eM c.nyqae - na oOJIblllee "tJlICJIo) rpyrIIJ1l: MeMeHHO 

HSMeH~CH If 61i1CTpo J1I:SMeH.HJ:IItEXc.s: nepeaeaaax, OCSOSHa'IaJI COOTBeTCT

BYDItHe BpeMeH8 peaasoanaa KaIt ~ H í,;, Momo onpeneorars napa
MeTp $' = í; / ~ , xapaxTeJlIsyund oeerreas BIUteJIeHHOCTH Ha1ffiJIDHOrO 

11 ROHe"tJHOrO aranoa aBOJDDIijfiI CHCTeMH. 

CHTyaIJ;WI CT8HOBKTCJI ocoõeuso y,n;OOHO:m, eoza m~eeT MeCTO aepasea
CTBO ~« t . BaTOM c.nyqae Momo cymeCTBeHHO ynPOCTRTL ypaooemm 

,II;BDemrn, c xoponeã TO"tIHOOT:blD RCltJ.II1l!aJl ÓllCTpHe nepeseaase, KOHe"lHO, 

HeJIBHO rrpemrozaraerca, 11'l'O HHTepecYJ)llt1d HaC HHTepB8JI BpeMeIm 3BOJIX1I]Jm 
CHCTeMll MHoro ÓOJIDme, "qeM BpeMH peJIBXcanmr ÓHCTpmc nepeueaasx, T • e. 
"tITO t» r:e . TamtM OÓpaSOM, nepsoaasaasao CJIoJmaH CHCTeM8 ypa.BHe

ImB 8IDIpOKClD4HPYeTCJl MeH:&mmIl lIX "tUICJIOM. ôTo, KB1t npaBHJIO, n03BOJIHeT 

ae TWIDKO nOJIYllHTEI RaKD:e-JJllOO aRaJmTH1I8CKHe peSYJIDTaTlI, HO li coanaer 
oososr lI,1IH. IIPH6JIB:lIteHH:H OOJIee BHCOKoro rroPfJ.ItKll 1I0 llapaMeTpy $ . B Ka

qeCTBe rmrpoKOHSB8CTHmc npHMepoB Momo IIpHBeC'l'H ypaBHeHKH rH,ItpO,1.UUl8MK

xa, no.ny-qa8we lia ypaBHeHWI Ib.JIblJ;JiaBa nyTeM HCRJ!J)tI8mm ncex nepeaea
Hl:DC, xpoue JIOlt8JIl)HHX 3Beprn, m.myJIDca li JIJIO'l'HOCTH /17/, a TBlO!e 

ypa:BHemm ROJIeCSamm s;nep IIO,n ,neICTllHeM OUCTpo .n.mmyIItHXCH 8JIeKTpoHoB 

B npHeiJIHXemm Eoprrs-onneHI'eiblepa /18/. 
QqeB8:)tHo, 'ITO HecMo'l'pH lIa ,nOCT8'l'0'tiHYJ) 06mHOCT!:> 3TO~ cxeMIl He 

BCmt8JI qss:R'IecRaS CHCTeM8 SBO.IIJnH0HHP18~ B ee paMKaX. aro J1IMeeT Mec

TO B cJIy1me, aorza lIIIfBJIB xapaxorepua: BpeMeH ae ,ltonycmeT 'IeTKOrO p83

.n;eJIeHllJl H8 3TaIIH, 8 rrpe,n;CTaBJI.R:8T c06o:ft Haoop nO"1JTlI HenpepIlBHO rrepexo

~ ;u;pyr B llpy1'8 B8J.IlI'IHH. ~9lfqeCIQI STO sna'IKT, "tl'T0 xa:(mtTepm18 Bpe

xeaa OnpellemD1l'CSI YIe 118 pElS.JIH1mlBIH, a 0,ltRBM H TeM :Ee MexmmsMoM pe

J18ltC~. B Ka"'l{eC'l'Be npm.Ie12 MODO IIpHBeCTJI Typ6YJIeH'tHOe Te'Ieme D,l);-

Rocm 119/. ., 
_, ECJIH ~e paCCM8TJ)HOOTL cltC'l'erm nOCJIe;D;HerO TmIa, a orpamrqK'l'ElCH 

TOJll>RO cHcTeumm, B KO'lOpHX rro,ttXo,nRDtHe M8JIHe napaMeTpli eCTeCTBeHHHM 

06}l890M XOBC'rrolí1pYI11'CS H3 :BeJIl!I1mH, BXO.nsmtJIIX B ~eHHH .ItBDemm, TO 

Momo BBeCTH TpH ocaoBHl:lX KJIacca '1'8RHX CHCTeM 0/. 
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I. CB:cTeMH, B ROTOpHX Me:xamr3M 6HCTpo~ peJI8.RCamm JiBJUIeTCSI ;IJ;RC
CHII8THB1lliM. 9TOT Me:xaHHSM sa zoporxoe BpeMJI YCTaRa.BJIHBB.eT Mem,ny 6H
cTpmm nepeMeHHHMH ~CTjpmOe RB8.SKPCtBHoBecHe, llapaMeTPH xoroporo on
pe,n;eJm1O'1'CSI 8BO.JIIOIJ;Het1 Me,It1IeHHIlX rrepeMeHBHX. CJIe;nOBaTeJThHO, HHTepec 
rrpe,n;cT8BJ1SIJJ1' SBMKHyTHe ypaBHeBRR:, onacsaamae Me,It1IeHHHe nepeMeHIDIe 

(pzc.I). 

PJiIC. I. lloBe,n;eHHe Me,It1Iemmx (a) II 6acTpHX 
(6) nepeMemm:x. ,I(J1SI CHCTeM 1t7IB.Cca I. 
lilCTpHe nepeMeHHble 38TyXalOT. 

II. Ypamemm ,llBDemm, RB1t H B c.ny-q.ae 
I, Bce etne co,n;eplUlT rpyrmy MewreBH1:lX nepe

.	 MeHIiHX, onnaso 6uCTpHe nepeMemme ne saTY
xanr , a OCIUWJIHPyIl1l' BOxpyr TPBeKTopd Me,n;

JIeHHHX (pac, 2) • 
\ ---l'l2i

__-- II '1, 

m. YpB.BHelUIJl ,l(BIDlelllU{
 
co;nepmlT TOJffiKO 6UCTp0 OC

IJ;HJIJIHPyDItHe pememm. Ho
 
sce Ee MOmlO HeRoTOpHM 06

pa,SOM orrpeneaars "ycpe,n;


He~lHe" TpaeKTOpo ;nJIH I I' I t
 
I --+1 2 1---- IBpeMeH, oozsnax no opasae
I-----'l, I 

aan c nepRO,ttOM ocIJ,WIJIJro;RA
 
í; (p1m.3).
 

PB:c.2. IIoBe;nemre Me,It1Iemmx (8) H 6HCT
pHX ( 6 ) nepeMeHHHX ,nJJJI CHcTeM 
KJIaCca II. EHcorpHe rrepeMemme aa 
BpeMSI 2",{ ne ZCIIHTHBam 3aMeT

...-
Horo saTYXBJIHH. 

,

, 
I

I 
PHc.3. füc'1'PHe rrepeMemme (6) B CBCTe

I I l48X KJIBCca m. IJymtTHpOM nOKB.88Ha 
I I 

ycpe,IJ;HeHHasI no Bpell6HB nopg.ItRB.'l, t 
-J12 ~ 

I I	 

li 'l'paeKTop1Ul (a). 
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nBEHaH ~aCCH~Jl c ~s~ecROn TO~ speHHR ,n;OCTaTO~O yc
~OEHa. ~o ~THBaT:b, KaRBe HS Ha6~aeMHX Be~~ H Ha RaROM Bpe
MeHHOM HHTepBane B ,n;SHHOD ~SKqeCRO~ cnCTeMe Hac HHTepec~. O~aKo 

8Ta RHaCCH~ ,n;OOTaTO~O yHHBepcan:bHa B CMuc~e e~CTB8 MaTeM 
TH"IecIDtX MeTO)J;OB, HCrrOJIl,syeMHX BHYTpn KSJK,1J;oro MS 8THX RJffiCCOB /20V. 

HSBecTHo, qTO BrrepBHe n03TanHOe HC~qeHRe 6HCTpUX ITepeMeHHHX 
~WIO oc:vmeCTB1IeHO EoroJIIlóoBHM na npavepe czaõo HeH,n;ea~DHOro ra
sa/5,6/ I) .STa padoTa OCHOB~aC:b Ha ~eHTan:bHOH BAee o c~ecT
BOBaJm:a nepapxaa BpeMeH pe~8Kcand npa 9BO.J.II(][J,RH nepaanonecaoã cacre
MIl a, Me.nOBaTeJIl>HO, o cooTBeTcTByYIIlRX 3'I'HN! BpeMeHaM pa3JllPlliUX CTa
,D;JitRX 8BOJIIlD;lim: Haqan:bHO~ (HJm ,n;HH.aMHqeCRo:t1), lOOieTKtIeCROn H rImP9,n;H
HaMlnecKot1. KaK casa H,IJ;eR, TBR H MBTeMaTHqeCl\H~ MeTO.n, ncnOJTh3yRÍn~d~ 
B Ka'tIeCTBe Ma~llX napaaerpoa oraomenaa xapaxrepmrx apexen , no~ 

napoxoe npaxeneaae B CaMIlX paSJIH'tnurx: 06J1aCTSiX llM3I:'IIGi. Ilo,nqepltHeM, 

qTO ~a60 Hen.ne~HHa ras MOERO HCrrOJTh30BaTD B RaqeCTBe ~~epa ~ 

,n;eMOHC~ ~SH'tIeCRoft YC~OBHOCTH KJIaCCHW~ paóoTH D/. 
Tax, ec~ Hac HHTepecyeT BpeMSI nopR,nRa ,n;iHTeJl:bHOCTR Ha~Ho~ 

CT~, TO KaK MHOrO~CTH'tIHHe, TaR R O,n;HOqaCTR~aR WYHKUKH pacnpe,n;e
~emJR JIB..JIm<1l'CR ÓHCTpO OCIl',R.1L7IHpymmMH <lJyHKI.UUlMH " KOTopHe HMem sce JKe 

/ HeROTopue rrpe,n;enH ITpn ycpe,n;HeHHH no BpeMeHH Ha'tIaH:bHOrO 3Tarra. B 3TOM 
~Be NH MoxeM OTHeCTE ,n;aHHyD cnCTeMY K KJIaCCY ill. 

ITpn rrepexo,n;e CHCT6M~ B KHHeT~eCI~ cT~ro 3B~ 3TH ycpe,n;~ 

HeHHHe npe,n;eRH npaoópeTBDT CMH~ orpyó~eHHHX WYH~ pacrrpe,n;eJleRRR, 
CHHXpoHHsyeMHX O,n;HOqaCTR~O~ WyHKnHe~ pacnpe,n;e~eHHR. B perneHRR ypaB
HeHHt1 ~eHHJI nOJIBXHeTCR Me~eHHO MeHREmaRCR rrepeMeHHaR. CJIe.n;OBa
TeJIl,HO, HB RBHeTxqeCKO~ CT~ CJIaÓO He~e8JIDHua r83 MOERO paCCMaT
:PKBaT:b ltaK ClICTeMy lIS xnacca II. 

Ha rH.nPOnHH8MH'tIeCROI CT~ nORBnReTCR JlO~HOe paBHOBeCHe B 
p:lS.JIl!tDUDC 06JI8CTSiX OÓ'beMB CHCTeM~. B RaJmO~ TaKOa OÓJIB.CTR HaÓJlIQnBe
MHe peJIBKCKPYDT R .naHHHM JlOKaJlAHO pBBHOBeCHHM SHa'tIeHHRM. 3TO ,n;aeT 
OCHOBaHBR OTHeCTH CHCTeMY K Knaccy I. 

H, HaKOHen, xorna OCTaeTCJl e.u;mIcTÍleHH~ MeX81ilISM peaaxcanaa 
rrepeHoc. MOEeT HacTynKT:b CT~R Typ6y~eHTHOCTH. OllRCaTD 8TY CTa;nRD 
rryTeM BH,D;eJIeHH.R: XBpa1\TepHHX npesen y,naeTcR ne BCer,IUi /21/, H rorna 
8BOJIl>LJ;WR CRCTeMH BllXO.ItHT S8 p:lMKH manerrpzaenerrnoã RJI8CC~. 

TaRllM 06pa30M, H8 O.n;ROM rrpHMepe, rrpeMOJlteHHOM EorOJllOÓOBHM /5,6/, 
MI:l rrpollJI.JmCTpHpOBB.Jm OTHOCHTeJffiHId xapaxrep nonpasnezenas qssWIecImX 
CBCTeM Ha MHHHe RAaCCH. O~8KO paÓOT8 BaR KaMneHa /20/ ~eTCR 
nepBO! 8S HSBeCTHHX HaM nOnHTOK MBTeMaTHqeCROa CRCTeMaTRSauKH npRMe

HJieMHX B qm3mte pa~. MeTo.u;OB RCRJ.[IJtleHHJI ÓI:lCTpHX nepeaeaasx , 

I) IlonyJlJlpHoe R3JlOZemIe MOJIHO HB!'I'l'I B paoore /21/. 
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·rrepe~~eM K paCCMOTpeHRID rrpo~ecca peSOHBHCHOrO B3aHMO~eaOTBRH 

CHCTeMbl .n;By:xypOBHeBHX RS.nyqaTeJIe~ c arreKTpOMarmtTHBM nOJIeM (3MII). 
Hame~ ~eJI.'&1l BaTOM naparpaçe 6y;neT Bb!60p no,ltXo;n;F.llItHX xapaKTepHHX Bpe

MeH peJI8Jtcamm .ItJIJI 060CHOBaH.Wi nPHOJIIDlteHIDi a.n;JIa6aTmtecKoro BltJID'tIemJJI 

BsamtO~e.acTmm npa OImCaImlI O~Oif.oToHHO~ cynepj>JIyopecnelmIDi «()11). 
ITepBoe ac~eHRe nep'eMeHHUX 3MTI Hs:Master equation 2) (ME) 6u

JIO ocymeCTB1IeHO B paoore 726/ , r;n;e paCCMaTpHBaJIOC:D BSaID1lo.n;e:tfcTBH8 

3MII co cmmm.m: B YCJIOBIDtX: í1MP. Ms ME ;IJ;JllI O~OMo.n;oBoro JI8.3epa 6wm: 

HCKJIIDqeHH nep8MeHHHe aToMHoA no.n;CKCTeMU /27/, KaK Toro Tpeóoaano co

OTHomeHHe KOHKpeTHHX BpeMeH peJI8.KCaD;mI. 

B c~e 6eSSepRaJI:DHHX JIasepHYX CRCTeM COOTHomeHHe BpeMeH ~

CanRR HSMeRffeTCH TaREM 06paSOM, ~O 3MIT pe~CHpyeT SHa~TeJI:DHO ÓHCT

pee , tIeM nO~CRCTeMa KSJJY"tIaTeJIea. IT09TOMY zs ME TIp11 paCCMOTpeID1J1[ TamD: 

cnCTeM RC~C:D nepeMeHHHB 3MU. O~OMo.n;OEoe CBe~~~eHHe (CH) 
II O.n;HOMO~OBaSI ~ 3) 6wm paccaorpeas B pa60T8X /28,29 , a MHOrOMO,n;o

BaR 00 - B /30,31/, rne .rtJIR: aTBX CJJYlf.aeB rosao RCItJIlIJlJBJIOC:D 3MII. 
Bo Bcex a~ pa60T8X óan KCrrOJI.'&30BaH MeTO.n; npoeKUKoHHoro onepa

TOpa UBaHURra 9. TOqHoe RCKJInqeHRe nepeMeHHHX o~o~ lIS no.n;CRCTeM II 

no.nyqeIDIe aa.\fiCEIYTNX yp8BHeml1!, OmrCbIBa.IWIX aBOJIlOIJ;l!IlO nepeaeaasx ,Iqly

ro:tt nO~CRCTeMH, CTaHOBRnOC:D B03MOXHHM,~:D eCJIR B Ha~HH~ MOMeHT 

BpeMeHH no.n;caCTeMH He Bs4HMo.n;eloTBOBaHH. 3To YCJIOBRe OTMetIRHOC:D e~e 

B Opm'IlliaJIóHOI pacore /9/. IIpoeKl1,l!oHHHif oneparop B aTHX pa60TBX BEo

.n;HJICR B mpe.n;mlI'epoBcRoM rrpe.n;cTaB1Iemm: HJIH B rrpe.n;cT8BJIemm BSaHMo.n;e!

CTBIDI K B JtBHOM BH,II;e BXO,IULJI B ypa13HeHHe .ItJIJI samrcJID{e:ft OT BpeMeHH pe
.n.:.Ym!POBaHHO~ MaTpKUbt nJIOTHOCTH. !IPK ycpe.n;Hemm oneparopoa Ha6JrJmaeMux 

Ir nepexone R Rmie'nf<lecImM ypaBHemISIM aTO SaMeTIIO y,nmmstJIO BWll'ICJIeHWI. 

3aTpy.nHeIDtR: raxoro pona 6wm CBJISaHH c TeM, tITO MeTO~ rrpoesnzoanoro 
oneparopa CSWI nepBOHatIBJI:DHO pasaar ,I(J1JI CSOJIee 06mel neaa, He]Ke.mI npoo
Toe HCRJIJ)tIeHHe 6HCTpHX nepexeaaax, a HMeHHO ;IJ;JIR onacaaaa HeoCSpaTR

Mocm B aBO~ CRCTeMH na OCHOBe 8@?eKTHBHOrO JmYBHJL7.l1!aHa. 

2)	 ,,/23/
TePMKH "Master equation for general arder CSax BBe~eH BaR XOBOM 

]J;1fI. H&SBS.HHR MO.ItR~BBHHOrO ypaBHeHml .IfHyBH.zr..1m, B KOTOpoM 

6WIO y-trTeHO "YCJIomre CHHI'YJIRPHOCTH", onpenezannee Heo6pa.TZMOOTD B 

paSBHTRZ ORCTeMH. aTo ~BHeHHe no~o HaSB8HHe "KBster equationn 

BaH XOBS.-CBeHCOHa /24/. llIE:poRoe paonpocrpaaeaae Tep.um lloory-emJI B 

CBSiSH C MHOrOllKCJleHHHMR npmdeHeHll.RMM MeTO.n;8 npoe~oHHorl o,epaTO

pa /9/ A1IH nOJIYlIelmSi ypamreBd rana ME. EaJIecxy nORB.9BJI 25, 'q'l'() 

M8'l'O.n; COKpaIl(eHHJI B onacaaaa aBOJIm;lm B oneparopaoã cIx>IJdYJ.IHpOBKe 
eCT:D npoCTO MeTO;n; npoeKI:J;KOHHOrO onepaTOpa C H8"lVIexammm Ha~

Im' Y'eJIOBWDm. 

3)	 Im OJIe,ttyeM 06meRSBSCTHoI TepmHOJIOrm, BBe,neHHoít B /30/. 
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B CM3R C 9TEM 6wro rrOJIeSHO p83BHTIl MeHee oCSuurl1, HO 6OJ168 y.n;o6

RUa ~ OnBCaHKff BSaHMo~eMcTBHH 3MIT c BemeCTBOM MeTO~ RC~qeHRff 6H

CTpUX nepexesnsx, 1B:eJIaTe.iróHo 6wro acnomsosarr, reíiseHeseproBcKoe npen
CTaBJIeIDIe, n03BOJIJmIJ.ee JIerKO nepexonars OT ypaBHeud ,1.VUI oneparopos 
K ypaBHeJmFiM ~ cpe,IJ]iIDC. / 

TaRO~ MeTO.n; 6wr rrpenzoaen B paocrax /2. 3/, rne 6blJIO rro.rryqeHo 

TOtIHOe KHHeT~PIeCROe ypaBHeHKe ~Lff BSaHMO~e~CTBHR aJIeKTpoHa C WOHOH

HHM rrOJIeM. BaTo ;rp8BHeHRe se BXO,IUt1llI oneparopu oosoaaoro nOM, a 

HCXO)U~ KBaHTOBO-M8XaHKq8CKRM ypaBHeHH8M 6uno ypaBH8HHe r8RS8H68pra. 

ITOCKOJI:óKY CTpy1tTypa ypaBHeHHn ,IJ;BIDKeHIDi, OIIHCl:lBaJOII{lD{ B3amJ10.n;e'ttCTmre 

8MII c BelI{eCTBOM, B ,IUmOJlhHOM npRÓJIIDIteHIDI Ta ze , llTO H B c.nyqae rrOJIR

pena, TO 6HJIO eCTeCTBeHHIDJI IIPHMeHPIT:D .n:aHH~ MeTO,n npR RCCJIe.uOBalUm 

O,IOlo(boTOHHoD ce. 
MeTO;n; EorOJIffiÓoBa RC}tRDtIeHRff CS030HH1~ nepeMeHHHX cymecTBeHHO OC

HOBaR Ha rKITOTe~e 06 a~a6aTnqeCKOM BKnID~eHRR BSaKMo~eMcTBRR Me~ 

60aOHHHM nOJIeM R MaTeplIeft. BaTOM rrpenene MeTO;n; CTaRpBlITCSI TOl1HblM. 

PeaxHsyeTcH JIH aTO Y~OBHe B nponecce O.llH~TOHHOM ~7 ~ OTBeTa 

o6paTmJrCH K 8KcnepxMeHT8.JThHNM .n;amw:M no HaÓJIIQ,IJ;emuo 00 /rO--r2/ 4) • 
ITpe~e BCero sa~CHpyeM lIHTepec~ Hac KHTepBan BpeMeHH. 

MomIO C"qHTaT:b, lITO OH pasea cyMMe BpeMeHK sa.uep:lltRH l:'2> li BpeMe~ 

~ H3.1JY1IeHKH, llliTeHCHBHOCT& zoroporo rrporropnaonansaa KB8,I(paTY xacaa 
-qaCTHI1, ;ti (PlIc.4). HSBeCTHO, QTO ~ ,RBK rrpaBHJIO, B 10-rOO pas 
MeHIlIDe, lIeM G ,Ir pamo B SRcneJll!MeHTax C ~eSHeM IIpHMepHO e,Itmm

IJ,8M HaHOceKYH,It. ~om:ro C'tIHTaT:b, llTO ~ - BpeMR, B rexeaae xoroporo 
TIplI CnOHT8HROM lISJIyqeHIDI IIcnyCRaeTCSI O,Il)m cIx:>ToFí B,D;OJID OCR arororronoo
noro oopaana, 

&c.4.	 CxeMaTHlleCRoe Rso6paxeRHe RMITY~COB 

O;IJ;HO~TOHHoro CBepxH3~eBHR (a), 

OJUIocPoTOfiHOa cyrrepPrryopecueHIijW (6), 

06HlffiO~ ~opec~emom (B) II HaKalOOf 

(r). MacillTa6 KHTeHclIBHocTeD He 006


~eH. Iloaaaamr BpeMeHHHe napaser

pH: ~ - Bpewr zooneparasaoro 113- A/
 
J1YlleHHH, Yl) - BpeMH sMepmm BM- ~
 
llyJlbCa O;nIOlPOTOHHO~ cynepP1IyopecneH- ~
 

~ OTHOCBTeJI:bHO BpeMemr to no- r,
 
.	 I jf 

CTREeHIDI nOJOIol aaaepcza, ~:::::. 7l , ry; , 7;; - BpeMH cnoa-
TaHHOrO pacnana B o6wmoft cI>JryopecueHIJ;KH, ?p- ;IJ;Jm'Í'eJI:bHOCT& 

RMIo/JffiC8 HaIta'qRH. 

4)	 Ms 8KonepRMeHTOBAOreJtHero BpeMeHK CJIelJJeT ynOMRHyT:D Ha6Jm,n;ElHH6 

)lByX1OJeTOBO' (» 32 H IIepBylJ ,D;eMOHCTpaIij!1l orpaaaseaaoro caepxas-
J:IY1IeHHH /33 • . . 7	 • 
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B TeOpRH ~ R CH, 8 T~e ~aSepoB ~aCTO KCrrnHbS~CH c~e~e 
xapaxrepaue BpeMeHa: Ti - BpeMA: pe~axcan;mI IDmepcHoi! 3aCeJIeHHOCTR 
aTOMB, 7;, I - BpeMH peaaxcanaa nonepe-nroã rrO.7lffPH3a1J;lm 8TOM8, 7;,* _ 
BpeMH penaRC8UKH MaItpoCRO~eCROfi rrO~K3a~ CHCTeMll aTOMOB, 06yo
~OB1IeHHOe HeO,nHOpo~HMII 9lM>eRTaMH. )I.nJr aanax :ue~e:A MOJ!UIO CqxT8T:D 9TH 
"BpeMeHB O.n;mI8ltÓBliMH. Hx rrOPsmOK - .neCJITHe ;u,OJilI H e.InIlUIllPl MIrnpoceRyH,1l;. 
K nOJlE OTHOC.fITCH BpeMJI rrpozera CIICTeMU tt-r= LIc ,r;u,e L -,n:.Jm

aa OCSpa3U8., BpeMH zoonepanaa ~ =rTR ft;:' /~/, BpeMH HaRa1ffiH 

íp . B TepMllliax BTlIX Be.JIHlmH YMomm B03HHlaIOBeH1'IH ~ MOJKHO rrpe;u,

CTaBHT:D B Ba;rJ.e CJIe~ HepaBeHcTB /30,31,11/ :
 

t .c(. 7"<: T<: T < T: --r/~* (I)r» c ,.e" 1) '1.' /z, 12" 

H3 KOTOpHX Me.nyeT, ~o BpeMeHa peRBRcauKR H~Te~eD o6aqao rrpeBOc
XO~T xapaRTepHHe BpeMeH8 H3MeHeH1'IR rrapaMeTpoB rrOAff. 

B.7mmme HaRa'llKH, T. e. H8tIaJI:DHUX YCJ.IOBIDi" H8 nponecc l%>op.mpoBaIDIR 
HMDy~ca ~ ;u,o~o 6HT:D M~O, Me;u,oBaTerrhHO, 

f: ..( T (2)
f> I> 

IIpmIHTO ctrnTaT:b, 'tITO YCJIomm (1)-(2) .IJ;OCTBTO'tffiO ymIBepCaJI1>HbI .lI 

HX npHMelmMOCT:b K SIBJIeHlIJ) (}1l ae orpaIm1mBaeTCH paMltaMH IIp.HÓJIIDlteHIm 
cpe~ero noJI.fI, B KOTOpoM OHR 6unH rrepBOH8~aJ[bHO no~eHH 5). 

B 38BRCHMOCTJI OT paCcM8TPlIBaeMOI CHTYa~ onao HS xapaxrepnsx 
BpeMeH Mo~eT 6UT:b 3aMeTHO 60JIDme ~ MeHbille ;u,pyrHX. Pe~c8UHH"nOAff 

B 3Ha'q][TeJThHO~ Mepe orrpe;u,eJUleTCR nOTepm.m: Ha H3.ny-qeHI!e. OCHOBHOtt xa
paR~ePHCTmto:R B 9TOM c.rryqae 6Y.IJ:eT ac}xIJeRTKBHOe BpeMR RlI3HH IÍlOTOHOB B 
pa6o~eD cpe;u,e. B O~OMO;u,OBOM Rasene c peSOHaTOpoM sa c~eT OTp8XeHE! 
9TO BpeMH MHOroKpaTHO B09paCTaeT 735/ H no~e H8~8eT pe~CZPOBaTL 
Me~eHHee, ~eM 8TOMU, r ,e. liIMeeM 2t,H > 7;, 7; ~ 7";* . Tor,na 6UCT
pIam nepeMeHHHMIiI .RBJlR.J1l'CH aTOMHHe, ~TO H IIpi!BO,T(KT K KX eCTeCTBeHHOyY 
1!CRJIDQemm H3 ypaBHeHldt ~eHRR: 727/ . llp1! ~, Ra1t mmHO 1r3 (I), ace 
Hao6opoT, R Hy%HO HCREDq8TL nepeMeHHHe nOJIH. 

TaRoe RCKJII>TleHlIe, He9aBRCBMO OT TIma CSIlCTpllX rrepeMemrnx, noJIY"Cm
JIO H8SBSHHe a,ItKa6BTH'lI6CKoro. Tep.mH CBR3aH c TeM, TlTO CtII!TaeTCH, 6y;u,
TO 6HCTpHe nepeMeHHHe Bcer;u,B ycne~ OTcnezKBaTL R3MeHeHHe Me~eHHUX 

~ amm6aTHTlecR.H, T.e. He38BHCJiIMO or ImX, pe.7IaKCHpoBaT!o na ;u,aJiHOM OT
pesae BpeMeIDI K KBa9HCT8TR'tJ:eCKBM 9H8'l1emmM'. MIl 6y,n;eM IIOJIb30BaTLCH aTliIM 
YCTaHOI3RBIImMC.fI T6p.mHOM, nOMHR, O,IOiaKO, o TOM, 'tiTO CaMH KBa3KCT8TH1I6C

me 3Ha'tiemm orrpeneasnroa EMêHHO 9BOJ1IlUHeA Me~eHH~ IIepeMeHHl:lX. .A,n;B:a
6aTRqHoqTL TaKoro rrponecca rro9TOMY ycnoBHB. 

5) K 9TIIM YCJIOBlI.RM oossao ;u,06aBJIJmT YCJIomre p---1 , r,I{e P - -cmMO 
~peHeM. 
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TIo ~aCCH~Ra~H BaR ~meHa CHCTeMH, B KOTOpUX B03MO~~O a~a

6aTR~eCKoe Hc~~eHHe nepeMeHHhcr, OTHOCRTCR K Knaccy 1. B c~ae ~ 

H CM MO~O a~a6aTR~eckH llc~roqaT:b ~rm /28,31/. MaTeMaTH~ecKlle yc~o
EHH TaKO~ npo~e.nypH 6UJIH paccMoTpeHu rro~p06HO E /36/ Ha npJ~epe O~O
MO.IJ:OBoro·~a3epa, H3 ypaBHeHH~ ~H l{OToporo MC~anHCb aTOMHUe nepe
MeHHHe /27/. 

B TO ~e BpeMR RCRO, ~TO rHITOTe3a 06 ~a6aT~ecKoM rrOBe~eHMn He 
paBHo3Ha1:!Ha rnnOTese o rrpMMeHHMOCTH ~a6aTll~ecKoro nKnID~eHllH B3aHMO
~e~CTBKR M~ noncHcTeMru~H M3~aTe~e~ H rro~. F~pmJep, ~ O~HoWO

TOHHoro CM (pllc.4), ÓJIarO~apR Ha~aJThHO~ MaKpoCKOIDfi.IeCKOn nO~RpH3aIJ;HM, 

mITeHCKBROCTh H3JIY1IeHlIR Cpa3Y nponopunonansna .N ~ li B3aJIMo.ne~CTBJfe 
no~ c aTOMaMn He RBnReTCR c~a61iM. Bo ~ o~H04~TomJofi ~"xapaKTepHa 

r:- r 
aanepxsa mmyJIl>CB ua BpeMR 't...J»> '{ R ' 'tJTO n03BOJUIeT ClillTaTb aaan-
Mo.ne~cTBHe HB Ha~aAbHOn HeKorepeHTHOn CT~ B~'tJaIDmHMCR ~a6aTll

xecxa. ,UeHCTIm:TeJI:bHO, WIRTeJIl>BOCTb nexorepeamoã CT8)l)lli na O,1U:l:H-.IJ;Ba 

no:PJi;JUW npesooxonar BpeMR peJIalwàIum nOJlR: T-D »'tt,H , a na xor e
pearaoã CT~ HMeeM r)2 ~ 2tr. nOc~e,JJ;Hee uepaaeucrno CIill,lJ.eTem,
cTBYeT O TOM, 'tJTO norepa saepraa 38 BpeMR pexaxoamor nona CT3..J1}I 3aMeT
HhlMR, B ne npeaeopexaao MaJIHMI1. 

MOXHO ITpHBeCTll CJIe~~e 3HepreTR'tJeCID1e oueHKH. M3BeCTHo./10/ , 
GTO llRKOBaR KHTeHCHBHOCT:b KoorrepaTRBHoro H3~eHHR Tc rrpHMepHO B 
rolO paa 60JThille MaKCHMaJIl>HO~ llliTeHCHBHOCTH CTIOHTamW;o H3.JIY'IeHHH Js"p • 
BBo,UR norepa aaepraa aTOM8MH.!!à 3TIlX aranax ,6 Se H 4 &sp , MO"CHO 

sarracarr, ~~ RHTeHCHBHOCTe~: 1c ~ L1 6c / ~ 13: 1s ~ Â Stp/ 7D . OT
cnua cpasy noJlY'tJBeM ? 

ç' -10 f" -8 
t1 tJSD ~ i O ~ t1 6c ~ 10 LI gc .«< ~ 6 ( 3) 

r 'I.. R. c 

HepaBeHCTBO (3) npa YCJIomm, xro cnouramruâ pacnan rrpe,mnecTByeT 
xoorreparaaaoay , nOmBepll':,lt8eT BI:lIIOJIHeje aneprernvecxor-o KPRTepID! anaa
éa~ecKoro ~qeHHH BSaHMO.IJ:e~CTBRR 37/. CJle.IJ:OBaTe~HO, MH Mo~eM 
nOJID30BaT:bCR 3TRM II}JHéJImKeHHeM npa OIDICaJillH O,n;H$TOHHOi! ~. Haooopor , 
B cnyqae O~~ToHHoro eM HepaBeHcTB0 (3) cB~eTe~cTByeT o BHeSanHOM 
BKJIDqeHKB B3aRMO~eAcTBHR óo~oa HHTeHCREHOCTll /37/, nocKo~RY Tenepl> 
zooneparasaoe B3.nyqeIme npe.p;mecTByeT CnOHTaHHoMY. B 8TOM cJ:IY'ffie anes
BaTHIm 6y;n;eT Dpe~cT8BJIeH.He o BHe38.IlliOM BKJIJOtIeHlm B38HMo.neAcTBRíl. 
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§ 2. MeT08 EorbJIID6oBa waÓaTlfleoRoro HOKJlIO'tieHHH :.MI 

IIpMMeHeHHe rrpe,noTaBJIeIrnH oÓ a.n;Ra6àTlItreORoM BKJIl!JtleImPr BSffiIMo,ne~

OTBHH rrpH OITHOaRRR O~~TOHRO~ ~ rrosBO~O paOrrpoOTpaHHTI:> MeTO~ 

Boroanõona /2,3/, rrepaonaxaasao l1pEM8HeHIllrli R RIDleTlrtIeOKOMY ypaBHe~ 
HHIO .IJ;JIH 1I0JlfIJX)Ha, lia TeOpt1:j ROOlIepaTHBHoro H3.J.IYtIeHRH O.ROTeMH aTOMOB. 

CJIe.n:yH l1epBIDJI pa.ÓOTaM /7, 8 , BRpaTD;e rrOHOHHM OO,ItePJK8.,e ~eTO.na 6) lia 

rrpllMepe MO,Ite.mr .IT.ma:te B Iqlli:ÓJllDKeHm:t spananneãca BOJillli' 38 • r8MWTo

naaa BaTOM ozyxae IDJIeeT BK,IJ;. 

IV' li! rt .... -+ + ...... + 
H.== ~~~eta.,.. +LéCJSp~+LZ UK/aKefKx.,~+~-e-f.K~a;.\ (4) 

K K /=1 -r"" 1=.1 K ~ t: T /.K	 T 

+	 ~ 
r,ne Clit ' ClK - óose-orrepaTopH MO;Inl 3MII o ImI.!YJThOOM K, bJK 
aHepI'HH <Ix>'TOHa aroã MO,w1, S J II Sf±= B./c ± cSi' - oneparops 
xaasacrraaa , onacasamtae -r - -R ,ItBj1XypOBHeBWt aTOM,' C-f - aaepraa 
BOaÓY'K.ztemrH -f -ro 8TOM8, ~ - KOop,IJ;HHaTa aToro a'1'OMa, 111 - 'tIH:O

JIO~TOMOB, tJi? - ROHOTaHT8 OBH3H. Beszte ,lJ;8JIee. ~ = 1.. ~TOP 
e , 'O > o ,BBe,nêR,IJ,..1IH peazaaanaa npenceaaneaaa oõ ~a6aTH
~eOKOM ~eHHH BaaKMo.ne~O~BRfl. 

~OpMaJ1l>Rbte peneaaa ypamreHIDt .nmmeHIDI ,ItJIH oneparopos po3,D;emm 
~ . 

H ~ToxeHHH ~TOHa o RMIIYJII:>OOM K B rrpe.noTaBJIeHHR reaseH6epra 

iIMeDT :mr..n; • 
~(f)= e~t~/t-~)~(~) - i ?ft), 

t '(f' . ti z);V ... --.	 (5) 
13_(t)= leite e-{~ t- Z ?~ e-iK:Y ~(r)
 

k to f= 1. jI,J;T' T.J,
 

o;(t)= ef!Vi/(t-to)o;fto) + i 8:ft), 
(6)+ f YZ (4) ft-Y") AI .... 

8_(t}: Jtlre e lê L. ~ e(K~ S+(r\ 
K t	 1=1 JI1T' ! J. 

tJ 

IIpmmMaeTCH, 'tl'l'0 oB060,ItHoe 3MII B Hatra.JID~ MOMeRT BpeMeHH :171,0»
JIeTBOPJIeT KBHOHRlIeOROMY paonpeneneaan o HeKOTO~:R 06paTHoft TeMlIepa

TypOI.l '. Tor.na HMem" MeOTO OOOTHomeHRfI /2, :j 

6)	 llooTaTo-.mo no.JIHlll OlIHCOK pa60T, BlilIOJIHeHImX 9THM MeTo.nOM B Teopo 

C», MOuO HalTH B /39/. 
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~p Cl;(to) 2{ 51(10)== (1+~7)Sp [O;t(fo), «] 58 (to) ~ 

.Sp vaR'(to)g(~)= ~ S;[~(tO)1U],3(~).f 
(7) 

r,&e ..3(to) - MaTpIDJ.a wrO'l'HOCTH B HalffiJII>HHH MOMeHT to, li. _ rrpo

H3BOJIDmm oneparop I .n;.nsr xoroporo RMee'i' OMhICJI cpeztaee rro paorrpe,&eJIe

~ ..2i (to) , a trHCJIO 4. eOTI:> cpezmee 'fiIOJIO. qx,TOHOB o HMIIyJThOOM 
k B Ha~aJIDHWj MOMeHT BpeMeHH to : 

~ =(éxp (fttt)':'{) -~	 (8) 

CTpYR~ ypaBHeIDfit (5) H (6), B KOTopmc HeO,IUIopO,lJ;Hue 1J.}IeHhI 

Bk (t) H 6,e (t) eOTI:> mITerpa.J1ll no 0;umM TOJThRO rrepeMeHHhIM aToMRoít 

IIO,ItoHOTeMH, ;l(aeT B03MoJKÍloOT:b a.zo;ra6aTlItIeOKK IIOKJ!IOtJ;lITI:> MS K.HHeTH~eORO

ro ypaBHeHIDI BRJIa,nu 60ae-1I0JIeít. B OaMOM zteore , rrycrr, O (i-) ._ npoas
BOJIDmili oneparop , rrpmIa)J,JIe~ IIO,ItCJfOTeMe aTOMOB, B3HTIDt B reHaeH

6eprOBOROM rrpe,140TaBJIemm. IIo,14oTaBJI.mI éJ(I) B ypasaeaae I'eãseaõepra 
o raMH.lI:bTOHHaHOM (4), HOrrOJIlJsYR KBa)Ula'J.'YPIl (5) 11: (6) H yope;nIAA rro 
paonpe,neJIeHHI)	 ~ (to) , mJIeeM
 

AI
 

()~ <óld) + i~éf<[6It), S/"(t)J>=
 

=i ZL e"qi< eiil~ e-(4;?(t-To~a_!titt(t) óft)7\+

-1-=1 i? J1iT. "'-I. K o LI,! ' 1/ (9) 

. y-t 

f4+/t. ç f/F e-iK'te .JJ t -t,,)/[Sp-(t) ó(r-Ya;r'toi> +
-(Ti IC íY	 '\. r' :J 

}/ '1't .... _ 

+	 ~; $!f eiK:e,< ~~(f)[S/ft),Ó(t)]>
AI 'tt . -+ ... 

-	 L ~ fjl e-(K1<lsp-(t-), 6/t)] c->
f=.1 K rr	 T Ic 

B ypaBHellJ!e (9) 603e-rrOJIH BXOMT xepea cpenaas 

<ay(te) [SJ{t), 6(t)]> 11 <[Sf-(f), 8ft)] at (ta». IIoRaXeM, 
lC8.R o rrOMÓI1lbD (7) MOmiO rrpeoõpaeóaans 3TH ope,ItIme. lIsroHS1H lIS mrx 

6oae-orrepaTopH 0k (~) 11 at(to) , BS.flTUe B Ha~HHÜ MOMeRT ape
MeIm. 06pa'rim ypaBHemm (5) II (6): 

II 



ê{tuK(t-~) a !.t:) == a (t) + llL.(t)
I iê(lo 'i! k /-,
 

ltJK (f-to) -tL J== +/-1) _ . z: +'t' (10)
e ~... (to 0R [í ( ~~ (Ij.
 

IIO.n;CT8BJIJm (10) B (7), rne B ImlIeCTBe oneparopa U ÓYlJ,YT q,H


rypHpoBB.T:b cooTBeTcT~HHo [S; ft-), e (t)1 li [Sj ft-), 6 (i)1 
H HCnOJThSYR KOMMYTaTK13HOCT:D oneparopcs nOJIJI II MaTepHH, B3JITI:ie B O,IJ;R III 
HSl<OBUe MOMeHTl:l BJ)eMemr, OROIflIaTeJThHO rrD.1Iy1mM: 

e-(4JRft-foJ<~(~) [CfT(t)jbft ))) ::::
 

=; [' (i+1c)< [ BE(t), [st/(i-) iNt-)]]),
 
eiq. (t-,to)<[1/-(1), ó(t)j ai(t,,) ~
 

-C/l+A{;)([ [Si(t), 6(t)], f!/(t)]): 
TaRmJI 06paSOM, B npeneae t - - ec» , 0'- + o ,oto'o 

1. 

trn 

=CO/lst , 
c nOMOIItbIO JIeMMH EorOJIIOÓOBa (7) II RB8.n;p8Ty:p (5), (6) MbI TOtniO HCEJJ;ID'tllI

Jm ooae-noaa IIS 1OOIeTlPIeCKOrO yp81meHID! (9). 
Bo3MOmOCT:b T8KOrO rrpeoõpaaoaaaaa 6WIa 06YCJIOBJIeHa .JU3YMR (faRTO

paMH. IIepBID! COCTOHT B TOMt 'tfl'0 O,IJ;H$TOHHM CTP1RTYpa r8MHJI1>TOHHaHa 

B3aHMo.n;e~CTBHH (4) naer B JtBa.nP8TypaX (5) H (6) HeO,nHopo,lJ,HOCTI> , q,op
ManDHOSaBRcHmYD TO~O OT nepeMeHHHX aT~OB. 8Toro Y~OÓCTBa MU AH

lliaeMCR B ~ae MHOr~TOHHHX rrpoueccoB 40,1/, H Tor,na no.n;oÓHoe HC

KJIÍJqeIme õoae-nepeaeaasx BOSMOmIO JImI[b B lIaCTHHX CJJ:Y1UiffX. Bropoã qBK

TOp - rrpe,nCTaBlleHHe oó ~aóaT~eCKOM BKnD~eHRlI B3aHMO~e~CTBBHM~ 

aTOM8MH II nOJIeM - HMeeT .IlBa c.nS,nCTBKR: OTCYTCTBB:e BSaID40.ne~CTBIDI B 

Ha'tJB.JILM MOMeHT BpeMeIm rrOSBOJLfIeT rrpHMeHRT:b JIeMMY EoroJID6oBa,t; 
a rrpe.neJIbH1rlt nepexon "ta- - 00 ,6"- + O ,ofó =COl?:ft ,aeT OOSMOJlt

HOCT1> HaSUBaT:b npone;nypy'zcRJID"iemur 6ose-IÍOJIea TOtniO~. /22 • 
IIOMRMO M8TeM8TlIlIeCROrO RÓMMeHTapwl K BHIIIeHSJIOJKeHHOMy qx:,~8JIJitsMY 

CJIe.nyeT TaIO\{e .nSTJ, qmswqecKYIl KHTepnpeTaIJ;H:Il G-'tiHCJlOBJiM ~TOpaM Af
IIpmdeJmTeJI1>HO lt CJIY1IaD 011. ,1I,Jm sroro OÓpa.THMCSi lt THJIHlhIO~ oxeae paõo
'-mX ypoBHeft, HCnOJThsyeMoa B 9KCnepID.1eHTax no ~ (PlIc.5) /10-12/ H co

OTHomeHIDJ napaaeepoa m.myJI:DC8 HaRB.'tOOI H m.myJIbca C»l (2) (pHc.4). 'jHanOMImM, qTO KOCBeHHaJI HaKalIKa nepexona 3' ~ 2- xepea .ypo-
BeH:D ,3 rrOSBOJISIeT KCltJIJ)qHTJ, :B.JIWmE:e CTHMYJmPOBaHHHX nponeccos HSJIy1Ie

HHSl BO BpeMSI Hmta'!ntih To eCTI> KMIIyJThC HaKaqKH H8 nepexone 1. -'I' 3 ~ -,
MOJltHO' aqq>eRTl'IBHO rrpe,I(CTa~:b RaR peSOHaRCHyi) HaRa'lJKY nepexona 2. - 3 . 
ne BOSÓY!OlaJllWll na S'l'OM nepexone CTHMYJIHptnmrnoe Hs.nyqeID'l;e .. 

P1!c.5.	 CXeMa paocsax YJlOHHetl rrHIDItmoro 

3RcnSpHMeBTa no Ha6~eHHID o~o- 3 i 2 
'if?oToHHo:à cyTIePlJJryopecu.eHIUm. 

II0K8S8H:Ei: nasaxsa xepea npoMeJKY

TO"Út1rlJ YJ>OBeH:b 3 (a), 61!CTpasI / 

óesHany-qaTe~HaH peJIaRC~ (6), "'"----6Q / 
Hs~eHHe na pa601IeM nepexo,ne ( 

3-.2 (B). I 

TIo CBOeMY CWlC;ry ~ - ~o cpen
nee ~CJIO ilJOTOHoB c m.myJI:ócoM K ,Ha

XO~CH B' pa60"ien cpe~e B MOMeHT Bpe

MeID'! to . O;mIaKO B 9TOT MOMeHT, sorna 
Bce aTOMH ;rr;OCTHr~ KHBepCHoro COCTORHlIR, 

B oópasne MoxeT rrpHCyTCTBOBaTb TOJI:DKO 

HenOrJIOTRBmaJICR ~CTI> HMnyJThca HaKa~ 7). ~Te~HocTD aToro OCTaT

Im MOXHO ~CHpOBaTI> npRMo Ha BHXo,ne ~~I>ca H8Ka1IKR MS pa60l:!ea cpe

)(ll. 060SH8lllIM aTY ,ltJmTe~1>HOCT:D ~ 8) • .If.Jm:TeJIbHOCTI> 6e3li3JIY'1aTeJI:D

soro nepexo,n, 2. - 1 6y,neM C'UITaTI> rrpeHe6peJltHMO MaJIOn, lITO oówrno 

m.~eeT MeCTO 4I/. IIoCKOJThRY HaKa1IRa paoxonyerca TOJI1JKO na PlHBepcwo, 

TO Sa B~MSi rrpeóUBaHHSi OCT8TRa RMIIyJIbCa HaRa1IRlI B cpe.ne B03MOEHH npo

naCCR nOBTOpHO~ aasepcaa. BpeMR npeõasarraa OCTaTRa B cpene MOmIO c-cm
cr « c::-	 11/ )1/

TaT:D p8BHHM 'Cp +. 'tt/" • 3a aTO BpeMR CnOHTaHHO pacrraneroa /Vp = /V X 

x (J- eXjJ((ç-t ~)/71)) aTOMOB, rne T; - BpeMH peJI8XCaIJ,lm annepc
HO:ft HaCeJIeHHOCTlI 8TQMa. CtmT8R, 'tfl'0 ace 3TH aTOMH nOBTOplIO znaepczpy
DT.. MoJ!1io CltB.Sar I>, lITO H3 (f:mtTHBHoro nOJIR c peSbHaHCHO~ 1i8.CTOTO:t1 tUo 
na nepexone Q - 3 6wro rrOrJIOmeHO _~ q>DTOHOB. 

IIyCT:D reneps yCJÍOBHlO pesoaaaca IK I = tJo / C y,nOBJIaTBOpsrnT de 
paoosax MO;rr;' lITO orrpenenaerca reOMeTPHe~ oõpaana, 'tfame scero ét:' = 2.-. 
Tor.tia .ItJIil ~ceJI ~ , ~ B nozyxeaaax naaa ypasaenaax 
(9) R (lI), MOxaO 3aIIKCaTb: 

O)ecza (K) =I: t0~ / C -' 

~ = (12) 

k [ ~=%(l-EXP((?:+ ~)/r)),e'C-?lli jit[== LUo/C. 

TamtM OÓpaSOM, BaplI8I1,RH lfiiCeJI ~ .D;JlfI peaonaacasx IIpHoceBHX 

MO~ llOJIH .nOBO~O rrpoCTHM cnoc060M nOSBOJIHeT a~eKTKBHO yqecTb rrpouec

CH nOBTopHot RHBepcHH. O.D;HaKO eCHa HapymaeTcH 0,nH0 H3 HepaBeHcTB 

?) HepeaOHaHCHOe TeIIJIOBOS HSJlYtIeHl'Ie C'lUITaeTCR. npeaeõpezaao MaJIHM.
 

8) M01leT )tMen MeCTO .HepaBeHcTBO ~l,,~ ~
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c-- ~I ~ 

i/J , (/J < (1) • TO CJIe;rryeT OIlliCbIBaTL Ha.I~'tfiCy KaK BRelllHee KJIaCCH
qeCRoe rro~e /42/. 

OTIJeTID~ Ta~e, qTO B c~ae WOHOJlliOrO crr c H~~o~ CíO~lliOH ~_ 
Te~HocTH. TeOpeTllqeCRH paCcMoTpeHHoro D paCíoTe /43/, ~CAa ~ 
rrpHoCípeTaIOT CBOtí rrpRMo~ CMbfCJI RaK cpezmee 'qHCJIO WOHOHOB B HatraJIéHHH 
MOMeHT ·BpeMeHll. 

§ 3. ~Cí030HH08 KacR?8lioe cBepxg38V1eHHe 

B HaweH rrpe~e~ paÔoTe /1/ M8TO~ EoroJIrodoBa Cí~ rrpHMeHeH K 

HCCJIe.n;oB81ilIlO .IJ;DyxCío30mrhDc rrpo:u;eCCOB B .I(BYXYlxlBHeBHX CHCT8Max. JlJm 
8Toro CíUHa oCíoCímeHa JIeMMa (7) Ha CJ~qatt B3aHMO~eHCTBHR MaTepKR c Ko
Helffiw.~ llliCJIOM .Cíose-rrOJIeH. Hey.n;oCíHaJI CTpYKTypa ypaBHeHHH ,1I;JliI Cí03e-orre

•• i 

paropon, 'OT~1ffiaR OT CTPYKTypH KBa)JJ:JaTyp (5) H (6), OTtraCTlI ROMIleHCH

posazaor, 3aKOHOM CoxpaneHIDI, npnCymHM paCCMOTpeHHOH MO~eJIH. raMH.T.ffi
TOHH8H ee HMeJI BM.IJ: + . A/ 

H = "'Y:la -I- LJ2 (j'f,{' -I- E II Si;;; + 

(I3)+ ~I(it (t{l)afef 
-I- t'aS+4'))J 

r.n;e 0# n B # - onepaTopH po~eHIDI H yHHtrTOjKeHIDI KBBHTOB KOMMyTa

. THBHMX Me~ cadaM Ma~ da"e-rra~eM. LUL H tU2 - COOTBeTCT~e ;ao
TOTU, ;:\ - KOHCTaI,fTa CBff3R. Ha OCHaBe rro.nyqeHHott B aTott paCíOTe /I B 

IIpHCíJIHiReHr cpemrero ITOM c ytIeTOM HeO,I(Hopo.mwro JIopeImeBa ynnrpemm 

JIHHIDr /30 HepapXHll KImeTH'tlecrorx: ypaBH€1illH 3amrcaT:é CJle.ICY1ClI1YIO 
NMOJKHO

CHCTeMy~BHeHHi1 .nJIR BeJllIllllli <[i~(t»=#~(1!c(t,tJ) H <r1+(t»<~1t):. 
=/V~ ~ <f1{!,i)(s1/:tj> : Fi 

1.1'=1 Q '1't ,I./..

t1~ <.1~p=- :2,}e e-v?rrp(t)«ff+(i~<t~h 2A/~4>,\b'y",J», (14) 

ft-«1+ftJ)(SrtJ») = <Sf(tt><.1(tJ)x 

(I5)x 4~lte-thr<p(t)«f!Yt» _ A/(0J,;;WR )), 

A I/, ) (;. / )-1.' M M 
r~e IV(~,tJZ = ,eX/J lAcJi +;824)2) - j =: J AI . AI , 

-1 .J.+Ni. +/V;2~. =( ~~p (ÍBjtUiJ -j), i:: 1, 2.	 . 
Be.mrqmUI ,,8i - Ha"Cffi.1ThIDIe oõparauo TeMIlepaTypll Cíose-noJIeM, T

HaHMeH:éI!Iee IIS aTOMHIDC BpeMeH peJIaKCamIH. CtrHTaeTCH, tITO OHO 06yc.noBJle

HO JIope~eB1:lM Y1llnpeHHeM JImIlm. ~~(t) HBJIJIeTCJI mITeI'p8JIl)HO!: 

14 

t 
'P(t)~ fjy- el"'e~r (Í+N.: +-A{;I- 2A1<f'%')-s'~fj>). (16) 

to . 
Ypam18Im.fI (14)-(16) COXJ28..llli.1lli xapaxrepaae 'tlepTll aepapxza KIDle

THtIeCKKX ypaEHeHHH padoTH /17. 'B npaBoE 'tlaCTH He~elHoCTH no Bli~C
JlH8MHM KOppeJIRTOpaM aa .n;Ba no~ asme, 'tleM B JIeBOft, 13 TO B];5eMJI KaK 

B OCíUllliOilMO;n;e.mr ,IT,mme c O.IJ;HCXPOTOHHHM B3aHMO,lteficTElleM paSHHUB. aa 

r. O,IUm nOpB:IJ;OK. )I;pyraaocoCíeHHOCT:é COCTOMT B TOM, 'tlTO 3Tl'l ypaBHeIDIJI ne 
~ 

1tpHBO,IVITCJI K MapKOBCKOMy Tmry CT8H.n:aPT:H11MK MeTO;n;aMl! H sa cxer if?yHK

D;HH cp(t) COxpaHmoT rraMJIT:b oõ acropaa CHCTeMU c MOMeHTa BpeM8IDI to .
r KpoMe Toro, 13 Y:PaBHeHBJI ae souaa BeJIHtImIa é ,TBK RaK OHa OOpaJKa


I
 
eTCJI 13 paCCMOTpeHHOM cJIYtI8e TO'tlROrO peSOHaHCa 'tlepes HeCymHe tIaCTOTU
 

IIOJIe~: E. =(J1. + tU2 • 
ARMorOM BeJIKlllrH ~ 13 cI>oPMYJIe (12), 13 aepapxaa paoors /1/ II 

ypaBHemrRX (14)-(I6) JIB.JIa:eTCJI KBasI!IPaBHo13ecHaJ! BeJIKtmHa Nr0.i ,0/2) . 
OHa sasacar OT J1.BYX aasansaax sqxpeKTHBHHX TeMIIepaTYP. 11HTeprrpeTarum 

ee BaTOM c.n:y-qae ae CTOJI:é npospavaa, RaK 13 O.rtHcxPoTOHHott· OI>. Bo-nep

1 B1IX, MIl ne IDIIeeM noaa B03MOJi\1l0CTH onzcars noopencraoa ypaBHeHH~ (14)
(16) KOHKpeTHy1O 3KCnepIDJIeHT8..1IbHY1D CHTYanmo, B K0Topoif HaCíJJ:IqI:CaJIcJI c511 
mmyJI:bC soonepaeasaoro KaCKa)J,Horo ,I(Byx<IoTomroro Hs.n:yqemm. Bo-nropax , I: pacexarpasaesue Hm.m: õose-noaa MorYT CíllT:& ae epoTOHImMR, a, aarrpaaep, 
epoHOHHIDIlH. B IIOCJIe.ItHeM c.n.yq:ae rrepBJrtIHH:MK CíYJfYT HMeHHO TeMIIepaTypu, a 

'q]!CJI8 ~ H ~ CíY}1JfT zx ~, B TO BpeMJI KaK 13 CJIYtI8.e onao
qoTOHHoi! <»? TeMlIepaTypu Cíwm sqxpeItTHBHllMH H onpenezsnacs no 'tllICJIaM 

~ HS Wopr-..ryJIH (12). ;, 
O,!tHBKO ,n;JIJl JIJOCloi! CllTYau;IDI, onacasaeaoã raMR1II>T9HHaHOM (13), ,nOJI

sea ytmTHB8T:bCH TOT ifaKT, tITO Cí030HH H3J1YtIamOSI napaaa. ÜKa3IlBaeT

OH, 'tlTO Bl!,IJ; iIJyHKI.um #0J.1' íJ~) yqHTHBaeT aTO. ,i(eACTmITeJI:bHO, 

rryCT:é ~,11{ ~> 1. 9) 11 0,nH0 H3 3TKX tmCeJI CíOJrnlJe .npyroro: ~ :> ~ • 
Tor,IJ;a 

It / /, ) _ Ai ~ M ~ AI -In' ~ ~) (I7)_ 
IV (tJj ,úJ2 . - i+tti +;tf - 1/h2 +A1k +.1 IY! -. fIZ (I 'd., '2 ), 

. 2 
T.e. c TOq}{OCT:&D ,IJ;O Ai/~ WyHIaUm;tl(01' tJ2 ) paaaa lllIC.ny õoso
BOB, cnocoCíHHX 06paSOBHBa.T:& nSJ)ll, 13SBKMo;n;elc'l'BynnHe c aTOM8MH. 'tleM 

\:	 MeH:&me oraoneaze A1 /;VQ , TeM CíoJIlillle T()lIHOC'l':& cooeaoaeaaa (I7). 

HHTBpeCHO IIpOCJIB,ItRT:& aSmCHMOCT:é I<S±(-t)'> \ 11 <S~ (t»,) , OT HalIaJI:&HllX YCJloBlrl!. O'l'CSpaCHBaSI lJJIBHH, rrponopIl)IoH8JIDHHe ;V~,~)/AI , 
I 

H coxpaasa 1IJIeHI:l, nponOpUKOH8.1I:&HHB ;ti~ú t'.J.2) / ;t/ ,MOmiO rro.nyrmT:é 

1!S yp8BHemrl1 (14)-(16) CJIB;JJylJqee rrpa6.JOmeHHoe pBBeHCTBO: 

9) TonRo B 3TOM c.nyqae BOSMOXHa SaMeTH8.JI 3amIeBMocn IGIHeTmtH H3JIY

'lieBIDI OT aTlIX lJKCBJI. 
15 
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(j~ ~.si+(t»<Ft(f ~ ~ - Z(f11t-J;>- 1v?'w~i4J2~J-<-<t "/ti) (18) 

BBO.wr HatIaJIbHHe YCJIOBIDI 

1<~±(fS> 1= p, <;:; y~»= s . (19) 

li RHTerpnpYR COOTHOrneIDIe (18) .OT ~ no t ,RMeeM 3aROH coxpme
HHR 

,<S±tt2>I2_ p 2= - (<.<11tp- #(L~LJ~:(.1- N~LJ2~~ (20) 

~OPMYJIB (20) no.nyqeHa B cpe,IUIeM nOJIe. MOJKHO C'lIIiTaT}" 'qTO B nOM 
npR6JlR~eHRR OHa o606~aeT 3aROH coxpaHeHHR ~H OJIOXOBCRoro BeRTopa 

c ~eToM Haqa~},Ho~ nO~H3aruu{ j) ,Ha~aJIDHOE HH~epcHO~ 3ace~eHHoC
TH [; R Ha~mJILHHX nOJIeil xepea Be.JllI1nrny N(;uü tü,2 )/ It/. OTCIqTI;a CJIe
.nyeT, qTO C POCTOM HatIan},HoA nO~RPH3a~H KoppeJlRQRH Me~ aTOMaMH ITpH 
~CHpoBaHHOn HaCeJIeHHOCTH B03paCT~. ~To6H BnneT}, 38BHCHMOCT}, OT 
HaqaJIl,HIDC noneã H HalffiJThHOn mmepCIm, nepemmreM (20) B BJJJJ;e 

f<i'í'±(t) 1 
2
=(s+<f11f» - 2N,'~~~~(.c::-<tiYtY;J + p ~ (21) 

~O, qTO Ha~~e no~e~, xapaRTepH3yeMux TeMrrepaTypo~; T.e. 
HOCRmHX HeKorepeHTHHH xapaRTep, lIpRBO,nRT K YMeH},IIIeIDID KOpp~, a 
YBe~eHHe Haqarr:bHO~ HHBepCHO~" Hace~eHHOCTH - R HX YBe~qeHHID. COOT
HomeHHe (21) crrpaBe~BO, ,n~e ecnR B HatIa.JI:bH~ MOMeHT 6llKH ,nOCTaTOq
HO CID1l:>Hlle HeRorepeHTHue nOM c y.n;e.JI:bHoíl "llJIOTHOCT},D 6030noB, cpasan
MO~ C llJIOTHOCT},ID R3~aTe.JIeíl. O~aRo C.JIe.nyeT rroMHHTb, qTO (21) OCT8
eTCR B CWIe JmIII}' npa BpeMeHH ae 60JIee T -BpeMeHH HeO.n;Hopo,ltHof! pe
JIaRCmum MaRpocRoIlFIecKoí1 nO.JI.HpH3ar.orn. 

KatIeCTBeHHue 3aR.JIDqeHHR, c,neJIaHHUe Ha OCHOBe COOTHomeIDIR (21), 
rro,nTBe~amcR 'mCJIeIlliWJ perueHHeM ypaBHeHH~ (I4)-(I6). me M01QIO pac
cMaTpRBaT}, RBR cHcTeMy .IUiqxpepeHIJ;HB..JIDHUX ypaBHeHR~, ecza rrpeo6pa30BaT}, 
(16) R	 BlI.DY 

dCPL) oi t/2T	 '"\ 
___(--:-7-7. = e e (1+~+~+ZN<5'rto) - s'~1» (22) 

c HaqaJThHHM YC~OmIeM t:p (to ) ~ o. 
IIpz peneaaa yp8BHeHRfl (14), (15) H (21) RHBepCHaR HaCeJleHHOCTh. 

H Te~epaTypa Ha~ nOJIe~ ~CHpOBaJIHC:b, H RCCJIe,nOBaJIHc}, SaBHCH
Mocm rtapaaerpoa RorepeH';I'Horo Hs.nyqemm OT Halffi.JII>HO~ rrO.7IHJlH3aInm P . 
CJIe,n;OBaTeJffiHO, npa P I:- o RCCJIe,n;OBa.JIOC}, ,n;Byx6os0HJIOe CH. 
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OCHOBHO~ peSYJIDTaT 'mCJleHHOrO pemeHRH COCTOHT B TOM, qTO ,n;BYX
CS0301IHoe cvr lta.'tIeCTBemiO HarrOMIDJaeT O,ltHü<I>oTOHHYIO 00, TBR KaR HMeeT 

BpeMa sMeplltKK. llPH Ma.rmx Ha'll8JIbHb!X rrO.JJ.fIPK3aI.J;H.RX P RaK BpeMR RO
repermroro ll3JIY'IeHIDI 0e. Tax H BpeMH sa.n;epmm Y; CpaBHHMHt c 
H8RMeHDIIIHM BpeMeHeM aToMHoM peJI8.RcaIJ;IDI T (pRC. 6), a ~OBB..fI HH

TeHCKBHOCT1> Rs.nyq:eHIUI 1I1ltu R MaxCHMaJIl)HaJI rrO.7IJIl1H38IWR P/nelA' -

OTHOCRTe~1>HO M~ (pRc.7). lIa Mepe B03paCT8HRa Haqa.JI1>HO~ rrOJIHpH3auaH 

Q~r/T 

0,01 '.	 • 

1 t\Ir • • • Te 

" 

0,5' A 

.. 

L .. " " " " 
Io 0,1 0,5 

PRO.6.	 PaCqeTRHe TOlJ:KH 
cHMocTeR ~peMeHH 

aoro RS~eHK.fl 

, " ~ 
1P 

(Â ) SaBH
RoxneRTHB

2R. H Bpe
ç;- ,

MeHPI S8,Uepmm (.Jj mt.IIyJl1>

oa .nByx6os0HHOrO RaCR~Oro 

OBepxHS~'tIeHHR O~ HaqaJI1>HO~ 

IIOJIJIPit 3BIJ,mI P . 

1STlI max)xlO-.3 • 
• 

" 
" 

10 .. " 

•
" I I6~'" 

0,5 1 P II Pmax " " .. 

" 
"::C·· " " 

.. 

I 

0,5	 
~ 

1P 

PRC.7.	 Pac-rernse TOtIKH ( Â ) 

38BHCRMOCTe~ llHROBO~ HH

TeHCRBHOCTH I~ax R 
ImKOBO~ noaapaaanaa P 

tntJX 
OT Ha~HOn IIOJIRpH3auKH 
p ,1J,JIR ,IJ;Byx6os0HHOrO 

xacaaaaoro c'BepxH3JlYlIe
naa. 

BpeMeH8 0l K YJ:, pe'SRO CORp8lIl8.7mC}, (na IIOp.R,D;OR II õozee) , a naxoaaa 
EHTeHCRBHOCTL II MaRCKM8JlbHaH n~pH3~ MOHOTOHHO B03paCTaJIH. 

T8ItBM o6paSOM, II8p8MeTpH xorepearaoro H3JlY1Iemm, B HameM c.JIY1ffie 

- ,n;:ayxCS0301llioro eM, CHJThHO 3amrCe.1IH OT H8~8JI:bHO:n rro.mrpHSBIJ;mI. Bonee 
Toro, ~yx6080HHoe CM Ha6~anoc}, B 'tIHCJIeHHOM perneHHR npH OTp~Te.JID
HOa KHBepcHO~ HaCeJIeHHOCTH R ~OCTaTOqHO 6oJIDrno~ Ha~HO~ rrOJIRpR3auKH. 
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B 3TOM c.nyqae B noseneaaa mITeHCHBHOCTH KaK clJyHKImH BpeMeHH 6WI 
~aCTOR rrOr~OmeHRH 3Heprnn MaKpOCKOrrn~eCKO~ rrO~HpHsauKH. 

C ~eJThIO BbU!CHeHIDI B03MOJKHOCTn .n;BYX60S0HHoll ()I) ypaBHeImJI (14), 
(15) n (2I) MOM~POBaJIllCb c~e,IJ;yR1JU1M oõpaaox. OT cpenaero noza rre
pexo.n;UJIll R pac~euneHRHM., Y~THB8~mHM CrrOHTaHHOe H3~~eHHe aTOMOB: 

t t <;;+(f,f)S?(;tJ)=.!!+f-<SYr,tJ;+L <~t~<S7l:t}.(23) 
1=1/~J. :2 1=1 11ft 

MO)J;H~pOBaHHHe TaRHM 06pa30M ypaBHeHKR pelliaJIllCb ~c~eHHO rrpn 
p= O . O,D;HaRO Ra~eCTBeHHOe H .n;a~e RO~eCTBeHHOe rrOBe.n;eIme p8m8HRR 

3TIDC ypaBH8HIDí H8 OTJllI~8.llliCb CROJIbKO-Illi6YM OT 3RCnOH8HI.U1aJIbHO cna
nannero npa P = O pemeuaa ypaBHeHHH (14), (15) H (21). HanoMImM, 

QTO )J;JU! saxecmeaaoro omrcaaan nOBe.n;eHHR HMII~JIbCa O,D;HO<I>oToHHoH OI? 
npH6JllI~eHnR cpe)J;Hero nOJIJI 6UJIO .n;OCTaTO~O /3 ,3I/. Y~eT ~eHoB, OIlH

CllBaKIIUDC CrrOHTaHHhIH pacnan , IlpHBO,IJ;liJI R YTOtIfleIllilD 'lfilICJIeHHHX SHa'tIeHH:M 
BpeMeHHUX napa~eTpOB, He MeHRfl lta~eCTBeHHOrO OITHCaHHJI /10/ O,D;HoWaTOH
HoM OI>. 

~e.n;OBaTeJIbHO, .n;eJIO He B npH6~~eHHH, KOTopoe npHMeRRROCb ~ 

no~eIlliH ROHe~HX ypaBHeH~. Pe3Y~TaT ~CJIeHHOrO pemeHRH rrOKaSHB8
eT orcyrcraae .n;Byx<I>oTOHHOil ()I) D CHCTeMe xacxazaoro THITa. 3'1'0 paBHO
SHatIfIO ~OMY, 'tITO rrpn .n;EYXWoTOHHOM CrrOHTaHHOM HsJIY'tIeHHH MaKpocROITH'tIeC
KaH rroJIRPHsaDnR He Mo~eT B03HHKHYTb caMorrpOH3BOJThHO, 6es HanO~eHHR 

HeKoTopo:M Ha~aJIbHo:M rro~Hs~H. B n~bsy OTCYTCTBHR )J;BYX~TOHHO~ 00, 
T.e. crrOHTaHHoro .n;nyxWoToHHoro H3~eHHH, CBn)J;eTe~CTBleT R TO'tlHOe 
peueaae paBHOBecHo:M sa.n;a'IR C raMHJIbTOHHaROM (13) /14,10/. 3'1'0 peme-


HHe BHHBHJIO OTCYTcTBHe paBHoBecHoro wa30Boro rrepexo.n;a Taxo:M CRCTeMll
 
B cerHeT03JIeRTPHtlecKOe COCTORHHe. B TO ~e BpeMJI HSBeCTHO, 'tITO ~
 

CHCTeM C O,D;H~TOHHHM BSaHMo.n;eficTBHeM TaKo:M waSOB~ rrepexo.n; eCTb /44~
 
3TOT Borrpoc 6y.n;eT rro.n;podHORCCJIe.n;OBaH B OT.n;e~Ho:M pa60Te.
 

HaJm1ffie BpeMeHH sa.n;ePJKlGI Tn (pRc.6) B WoPMHPOBaIDIH m.myJIbCa 
~YX<I>oToHHoro Gil, a TaRXe ero ~Te~HOCTb, ITpH dOJIblliHX Ha'tIaJIDHHX no
mrpHsaIJ;ll.RX na Ilop.R:.IJ;oK-,ItBa rrpeaocxonamaa ,It.TmTeJThHOCTb f"k' caaoro HM
ITyJIDca, rrOSBOJIJIlDT Ita'tIeCTBeHHO OdOCHOBaTb rrpRMeHHMOCTb rrpe.n;cTaBJIeHHH 

od aMadaTR'tIeCROM ~eHHH BSaHMo.n;e:McTBRH ~ c~ ~WoToHHoro 

Gil. O'IeBII,IJ;Ho, 'tITO ITpRMeHeHRe pasBepHyTo:M aprYMeHTan;WI B rroJIDsy 3TO:n 
rKITOTeS~, rro.n;odHo:M TO~, KOTOpaH IlpHBe~eHa B § I ~HO~ pa60Tll, Tpe6y
er COOTHeCeHIDi naaero aaanasa C ROHKpeTHoif cllKSR'tIeCKoi! cHTymure.D. O~
HaRO, HaCKOJI::&KO HeM K3BeCTHO, ~yXdOSOIIHoe CH KaCK8,ItHOro THIIa ascrre
PHMeHTaJIDHO e~e Ha Had~oCb. 
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PaCCMOTpeHHaH B STOM rraparpawe Mo.n;e~ RBnHeTCfl ITpHMepOM CHCTeMN, 
B ROTOpOM He MoxeT BOSHHKHYT::& crrOHTaHHaJI KOrepeHTHOCTb. KorepeHTHHi 
nponeCC - ~yxdo30HHoe eM - MoxeT BOSHHKHyTb TOJIDKO sa C'tIeT BHemHero 
iIBKTopa, pOJI::& xoroporo zrpaer HalJ8.JIbHaH rroJIJIpH3aI.J,W1. TaroIM oõpasoa, 
MO~eJID Har~o ~eMoHcT~HpyeT ITpHHUHITHaJI::&Hoe pas~e Me~ cyrrep
~o~ec~eH~e~ n CBepxHs~eHHeM. 

IIPillIOmmE 

o ,UOI\ASATE.JIbCTBAX JIEMMbl :sorOJIIOEOBA li TEOPEMbI PAIDTll /1/ 

YTBePJK,Il;eHH8 JIeMw (7) CJIé,nyeT KS ~ORaSaHHoro B /2,3/ COOTHOlUe

lIHJI ,\ -ftJK< J". (TI-I)Uak(0~ == e al(tO)ZJ/.< 
MoxeT CJIOmBTbCJI Brre'tIaTJIeHHe, ~TO 3TO COOTHorneHHe REJIReTCH TpH

BH8JIbImM CJIe.n;CTBlIeM YCJIOBWI Kydo-MapTIDIa-llJmIHrepa (KMIJ]) /45/. O,JJ;HaKO 

STO He TBK. 
CymeCTBeHH'IDA;rI)IH. BImOJlliemm YCJIOBIDi KMlII JIBJIReTCH TOT cImtT,o'tITO 

reHepaTOp c.n;mrrOB ,I:(IDiaMKtIecIGIX Be.7:lFmH BO BpeMeHH - ra.M1IJII>TOHHaH 
CKCTe~lI H - ae 3aBHcnT OT BpeMeIDI. Tor.n;a orreparop 3BOJI1l1I.1.l!K 1!MeeT 
rrpOCTYJO SKClIOHeIll.J;PIaJThHYlD <flopMY 

U(t~ to) = eXjJ (i H(t-to)) , (TI-2) 

KOTOpaJI rrOSBOJIJIeT qopMaJIhHO paccMaTpKBaTb,MaTp~ ITJIOTHOCTH Ita.HOHH

'tIeCKOrO pacnpeneaeaaa eX/J.(-,gH)//f> eX/r?H) oneparopRaK 

cnsara na MIDIMoe BJ>eMH lj5 • 
A B pa60T8.X /2,3,1/ paccaorpea CJ.Iyq~, sorna raMHJIbTOHlIaR saaa-

CHT OT BpeMemr ~HO, rrOCKOJThKy peazasyeroa ~adaTR'tIeOKOe BRJII)'tIemre 
B3aHMO~e~cTBHH. B áTOM c~e, K8K H3BeCTHO 22/, orrepaTop 8BO~ 
OTJIIrtmeTCJI OT (ll-2) COMHOUTeJIeM, co.n;ep2E8IItHM T -SKcrrOHeHTY, H, cne
.n;OBaTeJIDHO, MaTpmul IIJIOTHOCTK KaHOIDI'tIeCKOrO pacrrpe.n;eJIeHIDI Ha MOJiteT 
6HTll paCOMOTpeH8 K8K onepaTOp c)J;BlfI'a BO BpeMeHH. TaKHM OdpaSOM, YCJIO
me KMill ne conepsar COOTHOlllaHWi OI-I) II se MOlteT dLITb HCrrOJIDSOBaHO 

;zT.JIJI )J;0KB.3aTe~CTBa JIeMMH (11 TeOpeMH B /1/). 
HCllOJIDSOBaHlIe 1I8BeCTHOrO qopMa~HorO TO~eCTBa 

A 
00 

eAB e- = L ;, [A) [A, [... [A, B] ...J] ] (II-3) 
h=o . 
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MR	 BhI1ffi:CJTeHIDt IWMMyT8TOpa [aR/to), exp(-~ -? q. ClpTitO)aRt{,))] 
(,l(.JIJI	 aroro .nOCTaT01ffiO rrOJIOJKlIT:b A=:)3 ZcuR a;; (t~)aK(~)' 

B = ap(To ) H YMHOXiliT:b (II-3) CJIeBa
ICn8 e--A, ) rrpe,nCTaBJmeTCH ne 

CaAmM rrpOCTllM II O~eB~hIM crrOCOóOM ~OKa3aTeJT:bCTBa. ~ OÓOCHOBaHMH 

8THX WOpNIaJI:bHhIX MammY.lI.lIUM:ti neOÓXO,IUiMO cnennaasso paCCM8TpHBaT:b BOII

poc oó orrpe.neJIemlli orrepaTOpa eXjJ(pf 4Jr (fJli ) C/R (1;;)) , samCHo 
mer-o	 OT HeorpaHH~eHHbDC Ó03e-orrepaTopoB tii? (~) H ~i:(z.;,) rrpH
j54J-. > O . 

K 3TOT sonpoc ÓliJI OÓo~,neH B paooro /46/, r,n;e ÓWIa rro.nyqeHa OÓILlaR 
~JMYJla, rrosBO~aH BbM'ICJIHT:b 1<O~JrMyTaTop [ aR ~o), eX/J (-fi x' 

x :;&JR Clt(to) oi' (to ))]. Me rrp.ll6eraJi " TO~eCTBy (JI-3). O.llllaKo 
pacora /46/ BbllilJIa 3H~1ffiTeJII,HO '03JKe paC50T /2,3 • 1fTO RaCaeTCR .n;OI<:a
3aTeJIDCTB8 TeOpeMH B paóoTe /1 , TO B HeM ne llCrrOJI:bSOBlliIH rrepeCTaHO
BOqaUe COOTnorneHllR. ORO OCT8eTCR crrpaBe~BHM KaK ~ ÓOS8-, TaR M 

A1IR cflePJIH-orrepaTopoB, B TO BpeMR KaR 061!.1811 <PopMyJIa, n0.JIY'IeHHaR B /46/ 

rrpe,n;rrOJIaraeT IIpRMoe llCrrOJl:bSOBaHHe ROHKpeTHllX rrepecT8ROBOlfl1hlX
cooTnoruelllIif. 
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'IEMA'IWIECKHE KA TErOPHH nYSJIHKAUHft 
OB'bE,llHHEHHOrO HHCllfi'YTA H,.$PHYX 

HCCJIE.Z:.OBAHHA 

HHJleKC TeMaTIIKa 

1. 3KcnepHMeHTanbH8R ¢M3HK8 BWCOKHX 3HeprHH 

2. TeopeTH~ecKaR ¢M3HK8 BYCOKHX 3HeprHH 

3. 3KcnepHMeHT8nbH8R HeHTpoHH8R ¢M3HKa 

4. TeopeTH~ecKaR ¢M3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HK8 TR*enyx HOHOB 

8. KpHoreHHKa 

9. YCKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHT~nbHYX 
A8HHYX 

11. Bw~HcnHTenbHaR MaTeMaTMKa M TexHMKa 

12. XMMMR 

13. TexHHKa ~3M~ecKoro 3KcnepMMeHTa 

14. HccneAOB8HMR TBePAWX Ten M *MAKOCTe~ 
RAepHWMM MeTOAaMM 

15. 3KcnepMMeHTanbH8R ¢M3MK8 RAePHWX peaK~MH 
npM HM3KMX 3HeprMRX 

16. no3MMeTPMR M ¢M3MKa 38~TY 

17. TeopMR KOHAeHCMp088HHOrO COCTORHMR 

18. HcnonbaoaaHMe peaynbTaToa M MeTOAOB 
~YHAaMeHT8nbHYX ¢M3M~eCKMX HCCneAOB8HMH 
B CMe*HWX o6naCTRX HBYKM M TeXHMKM 

19. 6H~M3HKa 

BaKaCOB A.A., roKanoB B.H. Pl7-86-188 
MeTOA COKpa~eHHoro onncaHHH KorepeHTHoro H3ny~eHHH 

UflH OAHO$QTOHHOH cynep$nyopec~eH~HH H ABYX6030HHOro 
CBepXH3ny~eHHH nOKa3aHa npHM€HHMOCTb npeACTaBneHHH 06 aAHa6a
TH~eCKOM BKniD~eHHH B3aHMOAeHCTBHH. IToKa3aHO OTCYTCTBne ABYX-
6030HHOH cynep$nyopec~eH~HH. ~Byx6030HHOe CBepXH3ny~eHne, 
HMeiD~ee 6onbmoe BpeMH 3aAeP*KH, Ka~eCTBeHHO HanOMHHUeT OAHO
~OTOHHyiD cynep$nyopec~eH~HID. ITpoBeAeHo aHanHTH~ecKoe n ~nc

neHHoe pemeHne. 

Pa6oTa BbmonHeHa B Jla6opaTopnH TeopeTn~ecKoH ~H3HKH OIDHl! 

IlpenpHHT Ofu.e.UHHeHHOfO HHCTHtyTa .ll.llepHbiX HCCJIC.IlOBaHHH. lly6Ha 1986 

ITepeBoA T.m.~yM6paAc 

Bakasov A.A., Yukalov V.I. Pl7-86-188 
The Method of Reduced Description of the Coherent Radiation 

It is shown that for one-photon superfluorescence and 
two-boson super-radiance the representation of the adiabatic 
switching-on of interaction is valid. As follows from the 
solution, the two-boson superfluorescence is absent, and 
the two-boson super-radiance having a large delay time looks 
like the one-photon superfluorescence. 

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