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BaeAeaae 

OG~a nOCTaaOaita H&CTaa.oaapKYX 38A8' a EaaaToaol M8X8HKE8 CBOAKTCK E 38A8-

•• Koma: nO B3a9CTB0Mf B8,8lU.HOMf ycnoaa:ao a MOMeBT apeM8HB to BalTa aepOBTHOCTR 

t Ill 
Gy,II7DlR:I. COCTOliHKI CBCTeMY a MOMeBT • 8 pa60Te fom..116eprepa B BaTCOIIII npe.Qno-

lK8H auuapaT1 DOBaOOIDODlBI y'leeT& JlODOBHBTell!oftYJO aaljlopM81lBJO 0 COCTOIIKBH CBCTeMbi 1 

ItOTOpaa MOlKeT CIYT& nony•esa a KRTepaan apeMen MelKJly to B t 
/1/ 8 § 1 MY A8ABM . B3BOlK8HKe STOrO 8DD8p8T81 HBCEOllbEO o6o6ma10mee B D03ao-

BIDODle8 ner~to npaueHII'l'lo Teopa:ao aosMymeaal. B § 2 annapaT npaMeRsteTca It EOBKpeTao­

MY EaaaToao-elleETpO.IlKB8MII'lecEoMy eljlljleETy o6Meaa aos6ylKJleaaeM welKJly JlayMst aToMa­

MII, npa'leM caa•ana pac'leT npoasao.QBTCH no ljlopMfne fom.Jl6eprepa-BaTcoaa a npa6nalKeH­

ao. Pesym.'l'aT cpaaaaaaeTCB c TeM, qero MOlKHO 6Yno OlKBA&T&. B § 3 asnaraeTcs 

pac'leT no ljlopuyne, CSonee coOTaeTCTay:aomel sitcnepaMeBTan&abiM aosMolKHOCTstM. B paM­

Eax nepaoro aeaC'lesa:aomero npaCSnalKeaaa KaaBToao-sneETPOJlBBaMa'lecJtoA Teopaa aosuy­

meaal abl•cneaas npoasaoABTCB To'lllo. B § 4 npoasaoAHTCB acnoMora'l'em.aoe ADR Aaa­

aol 38A8'1B BY'lacnene nepeaopMIIpoaoqaol KOBCTaBTbl. Oao BMeeT a caMOCTORTen&RbiA 

HBTepee lt8E BCCDe.QOB4RKe apeMeBROro 38EOH8 ab1C8e'l.BB8HHH 8TOM8 !IpB M8DbiX ape­

Meli8X (a paMEax nepaoro npa6nalKeaas Teopaa aosMymeaaA). 0Ea3biB88TCIIt 'ITO asaecT­

aas qopuyna Jlnll aepOIITROCTB nepeXOJl8 B e.QHDilY apeMeHB aepaa TOIUoKO npa OTHOCH­

TellbRO 6om.max apeMeaax. 

D 1. Teopas apeMeaaYx EoppenSlllaA 

Bonaoaaa ljlyREilBll CBCT8Mbl B MOMeBT t MO>KeT 6b!Tb BblpalKeHa 'lepe3 R8'18DbHYIO 

'1/'D {to) C DOMODlbJO ODepaTop8 SaOlliOilHK u { t, fe): 

1f (t} = U (t, to}'¥'- {to}. (1.1) 

B mpenarepoacJtol 1t8pTRRe u { t, to)= e'jp[-i H (t -to)] ' rne H- DOIIHbiA raMallb­

TOBH8B. 8 ItapT&Be B38RMOAeiCTIIHII U (f, to)= p €.Xp[-i ./'t ){I (t'J dt' J 
nt J ~ 

(eM., aanpaMep, ( 11.160)J. B cany asBeCTRoro caollcTBa U(t, to)= U ( t, t'} '/L{t; z:; 
MOlKBO ljlopM8llbHO ( 1,1) 38DRC8Tb B JIHAG: 

3 



vttJ= 5.v urtJ~J lv,)(Vw I u Ct", t,_)/v"_,) ... (v,l u{t,Jo) ~ t t.J. (1.2) 

pa36HR npoMelKyTox { t , t.) sa 'laCT8 TO'II<8MR f" < t, < tz. < •., < t, -< t , H 4 !Sopb1 

COCTO<!lmil /1)1(> , KOH9'1HO, JJ.OnlKBbl !SbiTI> DOIIHbiMB:J., lv)(ll/ = 1, CyMM8 2.,_ 038&­

qaeT C)'"MHpOBAHHe DO BC9M II, 1 I{ • •• Vh • 

nycTb B MOMeHTbl t, I t:z. 1 • • · t, Dony'leBbl JJ.ODanBBTellbBbl9 CBe.QeB8SI 0 COCTOII-

'"' 11 CHCTCMhi. HanpaMep, HMeeTcll npa!Sop, I<OTOpbiii 11 MOMeRT ~ 83Mep!18T ReJtOTopyJO 

r Ill 
¢H3H'IeCKy!o BOl!H'IHH)' JJ , llp9ADanar88M, 'ITO COOTBeTCTBYIOI!UI9 R3MepeHRSI He B3Me-

H!I!OT nOJ!IIOCThiO nepBOH8'1811bHYIO W.BI<I1810 0 RO 1103yYD1810T 88 Tom.KO H9JtOTOpblM MRHBMaru.-

111 "-Hl·lM o6pa3oM. TaKoe B3MepeH8e a H8311ARO '•aaMem.IUIIM auemaTellbCTBOM' (c.east' 

lnterjer£nce ) • Mbl ero noalKe noiiCBBM aa KO.IIItp8TBOM npaM<'~pe, TOIIbKo. 

TAKOO BMOlli8TollbCTBO MOlKeT DOMO'II> A8T8ni>B811 B3Y'IBTb CBCTeyY, 

B JJ.allbaellmeM Mbl !SyJJ.eM aMeTI> .Qeno c TaKara po.Qa aatjlopManaell: a MOMe8T 4 
lSI 

aarua cacTeMa peAYil8poaanaCJ> (np8!Sop &8 'npotjlam.TpoNn' ) TaK, 'ITO 83 acex aoa-

MOlKHhiX cocTo!IHHII '1 ocTanac~o Toru.Ko 'laCTI> .}'1 • H8npauep, np86op nponycnn 

TOJlhKO CKCT9Mbl C OJJ.HKM oPIIXC8pOB8HHbiM CO!ScTB&BBhiM 3Ba'leQeM ~ , Torna 11' {tj 
M"HII9TCII TAX: 

'lf''(t)=-; U{t, t,.)/.f, )C, ... '/i(tJ, ~ )/jJ,) ~ (#, J 'l/(t,, to) 7jf,{to}. o.s> 
KoacTaHTbi C1 1 

... C, nepeaopMapyJOT 'ljf'{t} 11 cnenyJOWeM CMhlCne, B MOMeBT t, 
npoa3senea OT6op II,-j-t1 , :YMHOlK&HIIe 118 C, o!Secne'I8Ba&T, 'ITO nonaag aepo!!THOCTb 

o6Hapy>KKTb CBCTeyY II X8XOM-nR60 COC'POIIJlllB B C MOM&BT t > t1 , B8Dp8Mep II MOM&RT 

t2. 
1 

6yAeT p8aaa enaB8ne, ao Be .Qone J.;,,/(~11 / U{i,, to) '1/'o )/.z 'npotjlaru.rpoa8Bahlx' 

CHCTeM. 

A Ill 
llpa n::.l (1,8) npeapaD188TCSI B tPoP"'YA7 (2,14) B , CoOTa&TCTBYIOD1811 KB8BTo-

aoll ojlopMyne (l,S) xnacca-.ecxall tPoPMJ'IIa awec:TO aMDIUITy A 11epoilTBOCT8I AOJilK-
/4/ . 

B8 !Sblna !Sbl COJleplllaT. C8MR BepO!ITIIOC'I'II , 

BoaMo lKIIbl pa3Rble ycoaepweBCTIIOBaDa 4Jopuynbl (l,S), y'I!ITbiNJODllle, ao-nepablx, 

'ITO scuoe· aawepeaae Tpe6yH J:oae'!Boro llpeMeu, a1 ao-aTopblx, 'ITO upouelK)"'''''awe 

111 
BMolli&TellbCTBa upaB8AyT K TOwy, 'ITta COCTO!UIBe nepecT888T 6b1Tb "'IBCTbiN', Cillo , 

§ 2, 06Mell BOS!SylK.IIeBBeM MelK.QY ABYMII 8'1'0M&M8 

llo.Q TepMDOM 'aTOM' B aTOll pa!Sare MOlKBO DOHHMBTb nD6yJO KB8HTOBD-M9XIlBII­

'Iecxyro CBCT&MY, cnoco6ay10 aany'laTI> a nor-nowaTb opoToaw. Ecna DOTpel5yJOTCR 6o.aee 

KOf!KpOTHhle CBe.Q9HBB ol5 8TOMe, TO 6y.QeT JlM9TbCH B BHllY aTOM BOpOpOJJ.Il, 

4 

·' 

l ') 
·,, 
·~· 

B MOM&BT ft, = 0 aTOM A H8XOABTCH sa aoo!SylK.QOHHOM ypoaae a* . ATOM B 

aa OCBOBBOM au M&TaCTa!SanJ>IIOM ypoaBe I , <I>OTOHOB BeT, PacCTOIIBae R M&lKAY aTo­

MB.MB MBOrO !Soru.rue RX pa3Mepoa, 

nycTb B MOMeBT t, > 0 Mbl yaBana, 'ITO A BaXO.IlBTCII B COCTOIIHBK a ' T.e. 

B npoMeJKyTJ:e ( fJ
1 
tl) oa acnycTan ,POTall (KynoHOBCKBM B38HMOAellcTBII&M MolKAY :;,nexTpo­

B&MB STOMOB npeBe6peraeM), llpll 9TOM COOTB9TCTBYIOm811 npaoop HHKAK Be B03}J.oiiCTByeT 

HH H8 9TOT ojiOTOB, BH Ba aTOM 8 (B 3TOM H COCTOBT ' HaBM9HbW99 BMemaT&IIbCTBO')X) 

KaJ:aBa np11 aTOM ycnoaaa aepo!ITROCTI> Taro, 'ITO K MOMeHTY t > t, aTOM B oKa­

lKeTC!I a aoa!SyJKneBROM coCTOIIBBH $* ? CoOTBoTCTByroruue aMnnaTY.Ilbi aepo11THOCT8 

Bbi'IBCIIBIOTCII no ojlopMyne r011n6eprepa-8aTCOB8 ( 1.3) C n ~1: 

if {t} ttj ~;) : < t• i\lj 'lf'{t));:: 

= C 2) < t• )
1 
I u (t, tt)/a: A)< a~ J u (ij, oJ I a" I). (2.1) 

a caMa aepo!ITHOCTb paaBa cyMMe I 'f /2 
no aceM B03MO>KBbiM KORo'IHhlM cocTOIIHHIIM 

/).fl. ' 'AJ , n11ml> 6br aToM B obln a cocTallH8B 0 • Ha'lallbHoe cocTo!laae oooaaa'!eao a.*{. 
lloA a A MOlKHO ObinO 6hl DOHIIMSTb COCTOIIHHII, 0 KOTOpblX 113B9CTHO TOIIbKO, 'ITO A 

BaXOABTCSI B COCTOSIH8B a XX) , 0ABBKO JliiSI npOCTOTbl Jl8C'I9T oyAeT npOH3BOAIIThCSI 

l!Rllib }J.l!SI cny'la&B, Korns )l0l1011HHT811bHO 83B9CTHO, 'ITO AO MOM&HTa t, aTOM B ae 

nepeXOARII B COCTOHBH9 ttl ( T,e, B COOTB9TCTBYIOW9M 3KCnep8MOHT9 Apyrne CIIY'IAH OT­

Op8CbiB8JOTCSI aMecTe c .poaoahlMII >. s cocTo!lllaSIX a~ a np11auane MolKeT 6brTb cKonbKo 

yrOJlHO cjJOTOBOB, 0.QHSKO Mhl orpaHH'IHMCSI Bbi'IHC119HHIIMII B nepBOM H911C'I93aiOmeM npBOIJH-

lK&IIHB KB8HTOB031!eXTpOAHH8MH'IOCKOII T&Opllll B03MYmoHHII, 

x) HaDpBMep, npaoop perHcTpBpyeT OTAa'ly A. B cnyqae aTOMOB sonopoAa MO>KHO 

npenno>KHTb Apyroll 9XCD9p11M9HT, llycTI> Q~ eCTb ypoaeHb 25(/:z , t - TO)I{o OAHH 

83 Y.POBBell .25~ , ao a TAKOM MarBBTHOM none, 'ITO E.zs < E.zp, cM. puc. 33 sa cTp. 452 
m1 p a , OcymecTansreTCSI o6Mea paABO'IACTOTHbiM <jlOTOHOM nepexoAa 2.S-2 . 11cnyCTRB 

ero, A nepeXOABT Ha 2P 11 nocne aToro 6biCTpo, 3a speMII ,...lo-
9 

ceK, HcnycKaeT 

ODTB'I&BKIIII cjJOTC:,?J 2 p_,j s, <l>aKT perHCTP81lHH BM9HHO 3TOII '18CT0Tbl 03H8'189T0 'ITO 

DpHM9pHO 38 10 CeX no MOMoHT8 perHCTp811HK npOH30WIJO HCDYCK8HB9 paJlHOcjJOTOH8 

(AnSI aToMs B - nornomea11e panBo,POToBa), 

xx) L'* 
B cny'!ae npHMepa np9JJ.bl.Qymero 38M9'18BHII DOA a., cnenyeT DOHIIM8Tb 

COCTOIIH88 2""' 
1 

:ZPs , 11cnyCK8HH9 ODTII'J9CKIIX ojiOTOHOB .QIJII HAC SIB1111911'CII ',rOIIbKO 

BR.IlHXSTOpOM RCDYCXSHHH 11118 nornomeHBII panaOojiOTOHa, 3a BpeMSI "'10- CoK 3TOT 

ODT8'19CK8ll nepeXOJl npoRCXO.QIIT C aepO!!THOCThiO, DO'ITB paBHOII 1, B ero Mbl HO Ol1RCbl-

B88M. 

5 
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00UCTBBJHIH B (2.1) Otlbl'IHb18 p83110lK8HHSI u no CTeneHHM e 
U = 1 .,. e U 111 + ez. U(ZJ + .•• (2.2) 

Mbl IIOIIY"<HM B rrepBOM H8HC'I838101Il8M npHtli!HlKaHHH JliiH 8MniiHTYJlbl f" {f1 t1 ) E (I 'a 171''~)): 
) 

'f{~t1) = Cez L.K£ <td*/U{f){tjt,)}al K£)(4( i E /21t1
J (4, o)/ a*l). (2,8) 

8 (2,3) KpOMe cyMMHpOB8HHH no nollsrpll381lHR € OISMeHHOro cPOTOH8 H HHTerpapOB8HHH 

"* 
no BCeM ero HMDyllhC8M /( AOIIlKHbl nOAp83YM8B8TbCH H npyrae HylKHble CyMMHpOB8HHH 

(HanpHMep, no rrpoeJ:IliiHM Op6HT811hHOro MOM8HT8 COCTOSUIHH), KOHCT8HT8 c Bhi'IHCIIH8T-

CSI H3 YCIIOBHH 

1 = { c I z 2.1< E { < Q t K £ I e u {I) (t L, o) I q *i') r 
(2.4) 

Kax BHA&o, / C tz pasao DpocTo seposTHOCTa aanyqeaas cjlOToHa aToMoM /1 K MOMeHTy 

~ • B xa'leCTBe .Jk1 ( CM, ( 1.8)) B3S!Tbl HHA8J:Cbl COtlCTB8HHbiX cPYHKilHII CB060JlHOro ra-

MHIIbTOHHaaa. B A8HHOM cny'!ae aa STOM H3brxe nerxo BhlpaJKaeTCH npoMelKyTO'IHBH HHcjlop­

M8UHH H BM8CTe C T8M nerKO npHM6HHTb TeOpHIO B03My!Il6HHII B npenCT8BIIaHHH B38HMOJlell­

CTBHSI, 0CT81lbHbl8 BMDIIHTYAhl f{t, t1 ; ~~) M8HbW80 'laM (2,8), CM, DpHIIOlK8HHe, 

MaTpH'IHhle 9118M8HTbi B (2,8) Bbi'IHCIIHIOTCH no Otlbi'IHbiM Dp8BHII8M KB8HTOBOII 

16/ 
91laKTpOAHH8MRKII 1 CM,, H8DpHMep, , Bee AODOIIHHT811hHble DOAp06HOCTH (HaDpB:Mep, Bbi60p 

171 l J 
KBIIH6pOBKH) CM, B , 11CDOIIh3yaM CIICT6My 8AHHHil fl.: H C ::j , llnH npOCTOTbl 

C'IHTaeM, 'ITO Ett• - £4 = £ C*' - £~ = 4 . 

f(~t~) = -ez. C L f dJk _!_ 
£ {271 ) 3 .21( 

{ J d;, w1 .. {x~J (£ o7 J e t"k~ (-) Jt -((lc-ti)t' 1 w.c x, e dt' · t, 

·[fd;~ w" (x .. J ([J)e-'"iic H~.t~Cx.J ft~e a~-li)t"dt'J 
(2.6) 

3uecb K .... , ... 
o6oaaaqaeT [ K , W{i) - aonaoay10 cjlyHKilHIO STOMa, UeHTp a"l'oMa A DOMe-

IUeH n Ha'lano xoopAaHaT, aToM B - B TO'IKY Jt. B aepensrTHBHCTCKOM npeAene, B ARnon&­

HOM llpHoi!HlKaHHH H C'IHT8H RA >> J , rrocne HHTerpapoaaHRH DO yrnaM K H cyMMapoaa­

uns no [ 
171 

nony'laeM: 

6 

,~1 
') 

"i.! 

. :1 
''.t.· 'f·~· 

! 

•. ',,. .. 

lP{t,tL} = C -L"e~d~R {~ d,)- (daR){~$) /t<z}. r .2 (2nF· 

()D 

·faK 
b 

,·KR· -l"kl? 

e - e r lCA-Ic Ht-t:l) J r t{A-k)t, , 7 
(K-tJ)z. Le -j Le -fJ. 

(2~6) 

'"lepea d. H d, 
BHe 38M8Rbl /dl< 

0 

o6ooaa'!eHbl AHDOIIbHhle MoMeHTbl &TOMOB, Ec1111 ·npHMeHRTb DpH611RlKe-

/'•- 17/ 
B (2,6) H8 J_oe c/1< , CM, , TO HBTerpall B (2,6) MOlKHO Bbl'IRC-

IIBTb C DOMOIIlbiO TeOpHII Bhi'I&TOB. Mbr DPHBeAeM Tom.xo xo&e'IHOe BbrpalKeHHe B cnyqae 

t, < R . 01503R8'1HM t -t1 = T. 

'f/t,t)= C{~) t"~A~[rde~J-{tlf<)(d;k)/1(1.] 4'o (r~ ttJ R) (2.7) 

f 
0 npa 

= -2:n ex,(t"RtJ) .[r-

-2.,., t 1 exp c" RA 

T< R-tr 

r<-t,] nf'H R.-t1 < T< R Qo 

npl-f T>l? 
(2.8) 

1 eel 

. t 
t, ft R+t_, 

p R C, 1 , 

7 



3aaacaMOC'I'I> / f ( t, t. 1 ) / ar 'fs aso6palKeaa aa pac. 1. 3To upaCSnalK&BBoe uoae.lle­

ue coaua.llA&T c OlKB.Il&&MbiM, .llo MOM&IITa Rk aTOM B eme ae aoo!ly.llBnca: B.BKaKol 

cparoa ar A eme l{e ycuen .110 aero .!lOliTa. nocne t= () .Aaa'f.aaa&T a&lcae'f.BBa'I'I>CR 

8 coOTBeTCTBeaao BOBBnDTCB B&llOTOpaa aepoBTROCT&,q-ro B uocne fc R,f 15y.ll&T 

a0315JlK.Il8RHbiM1 CM, Y'f.aCTOll (fl, fl.+ tt) Ba pac. 1. HaM R3a&CTR01 'ITO ][ MOM&RTy 

fJ .Ra&ICBeTancs, cneAoaaTeru.ao, nocne R/c. ~ t1 aep~fiTROC'I'I> aoo!SylK.Il&BBfl B ylKe 

ae MOlKeT yaenB'IBBa'I'I>CB (uocne.llRBil aosMolKRblil (jJOToa ylKe npomen MaMo B ). TaKaM 

o6pasoM, aa OCROa8RHB p8C'I&T8 Mbl nony'f.ana, 'ITO CllOpOC'I'I> 

• R/( A'fc # t,} . Pac'f.eT !les npoMelKyTo'laoll 

(jJO'I'oaa nelKBT a npe11enax 

R/(Rfc.} Bll(jJOpM81lBB .ll89T a npBR.IlB-

ne 
171 

Ton&KO a&pXIIIOIO rpaiiBilY STOll CKOpOCTB, CM, o 

HBTepecao ema OTM&TBTb, 'ITO XOTB ~IJ _. () npa t,--. 0 , MaltCBMaru.aasr aena-

qaaa C(t,} t(0 ae CTp&MBTCB K aymo B3-3a Toro, 'ITO aepoBTBOC'I'I> B3ny'leaaa IC {t.J Jt2 

npll Kpallae Man&IX tj DpODOpllBOBaru.aa ae t1 , RO t 1 z. , CM, § 4, H 9TO ODSITb 

npaB.IlODO.Ilol5ao: no ycnoaa10 saJXa'lll .II asny'la&T cparoa a npoMelK}'TJte ( d, tt } KaK 6&1 

HB 6b!n0 Mano t1 R .llonlKRA 61>1'1'1> aeayneBaB aepOSITBOCTb TOrO, 'ITO . 1:/ 9TOT (jJOTOH 

"nep9XB8TbiB&eT" • 

§ 3, PeracTp8UIISI apaM&BB BCnyCit8BIISI 

npa!Sop, peracTpapyiOmall (jlaxT B3ny'leaall cpOToaa aTOMOM /1 (no ero OT.Ila'le ana 

no conyTCTaYIOIIl8MY B3ny'I&RIIIO, CM, DpBM, X) 88 CTp, 5) Ra CaMOM .Ilene COO!lllla&T R8M 15on&-

/1/ 
WYIO aacpopM81lBI01 '18M MOlK&T OCaOBTb cpopMyna (2,14)) B , nony'f.Ba abiXO.IlHOil 

RMDYDbC a MOM8HT 4 (c yqeTOM B3a&CTHOil 38.1l8plKKII B npal5ope), Mbl MOlK&M 38-

KDIO'IKTb, 'ITO )I .110 K81tOTOpOrO MOM&HT8 apeM&RR t,- t;' &Ill& Be 113IIY'IRD cpOTOH 

( HRTepa:~ 't" paaea1 R8DpBMep, apeM&Jf.B lKB3RB 8TOM8 B COCTOSIRIIB 2 p , CM, TO lK& 
/1/ 

npaMeqaa•e), cl>opMyna lK& (2.14) B npe.llnonaraeT, 'ITO upa6op TonbKO coo!Sma&T, 'ITO 

aTOM asnyqan .110 MOMeHTa f.t . B cxeMe cpopMJD&I ( 1.3) TaKaS! !Sc:Gn.waa aacpopMa­

n:aH MOlK&T 6b1Tb Y'ITella K81t cny'f.ail n = 2. , HaM R3a&CTHO, 'ITO a BHT&paane {0, t, - t:} 
aTOM .A ace &III& B8XO.IlHTCB a BCXO.IlROM COCTOSIHHB, It MOM&HTy lKe 4 OH ylKe B3ny­

'1Rn: 

(at~/1f'ltJ)==2. (af•/ U~t,)/a;\1){;_. 
..\, )i, 

· ( 4 >.., / U { t,, t,--r;) I a 4 
.\,) C ( tt• :t, J U (t, -r; o) / a«tf'). (3.1) 

8 

,.I, 

···~ .. ~ 
IL 

III • .,UJUJ __ ,_ __ _ 

Kall a pa&me, pac'leT npoaaao.llBTCll Ton&Ko AnSI cnyqaea, xor11a .110 4 aToM 8 eme ae 

"*· nepewen B coeToliBBe ~ • 

8CT8!UIJIB (2,2) B (3.1) 1 Mbl Dony'I88M MHOrO 'ID8BOB, HO HaBBB3WHil H8HC'1838JOIIlBil 

DOPB.IlOll ODB'I'I> BTOpOil B OR ODBTb Dp8.1lCT8Bn8B O.llHBM 'ID8BOM: 

r c t, t:, , 'C J =-

= ~ L; 2:";Yaf* / 'Ut'J {t,t, }/41 if)(~~ it} 'U (IJ!,, t,-r) / a*l') (3.2) 

i=te~r-~~.l<l?~~A,I?Jft:,-r,bJJa•-t)/'" = 
= I c, F LA, I a • A, I 1 I a • t > J z = I e, I z. (8.3) 

1 = I C. }1 2_/t£ (< tt I it }e 'ZI (tJ {t,, t,-~)/a4.f) /<!. (3.4) 

Kax BB:.IlHO, MOlKRO nonolKaTb L;; ::: J R B .llaru.aellweM £; ae nacaTb; ~ Bbi'IB-

cnseTCB a § 4. 

Bbi'IBCDSISI (3.2) TSK lK8 1 Kalt B 

.llBMCB, 'ITO (3,2) 38BBCHT TonbKO OT 

cpopMJD8 (2.6), TOnbKO BHTerpaii IIO 

f { t, tt) a npe.llbl.llymeM naparpacpe, Mbl CKOP.O y«Se-

2"" a OT pasaocTa T:::: t-~. M1>1 npB.IleM K Toil lite 

K aMe&T Tenepb BRA: 

..., 

Q= f JJ< 
D 

2 ,· s.inl( t< (e -t"{K.-d) r_ i}[B -c" { Jc-4 > :_, 7 
{K -ll)~ /_t · 

Tenepb Mhl ero abi'IBCDRM TO'IHO. 
,{' 

" Q=f:-L = 
-a +2if IJ/1( 

4 

'k.T 'k.r:- J Si17(1C-4) R/e' -Jj[e' -I =4., ~. 
J<L 

(3.5) 

(3.6) 

HaTerpan C/o Mbl YlK8 BhlfiBCbiBSnR .llDSI cny'laR 'Z""< R , CM, (2.8). HaTerpan 4 ceo-

.llBTCSI K B:HT&rparu.BblM fiOit838T8DbHbiM cpyHKitRBM: 

4 = -ie_,·R.~:. ( F{R+-T+z)- f:(R~r)- P{R+r-)-t F{R)J + 

«'1~4 { + ie F {- 1(., T 1--r:)- F (-R-t T)- F {- P.a) + f:'(- R) J . 
(3.7) 

3.1l&Cb F{.,.) = )( Ei (l X4) • TOT 4JaKT, 'ITO ~ f; 0 .110 MOM8HT8 T= R-'l: 03H8'188T, 

'ITO 8MflDBTY.Il8 (3.2) HM88T peDBTRaRCTCKH HenpH~HHBOe noa6.1l8HH8, ~\O*HO TIOK838Tb, 

'ITO xor.11a ace apryMeHTbl y Ei a (3.7) t'iou.wae no MO.IlYDK>- {T-R)IP'>Ju Rl:l >>J 
I 

H 



TO ~ B (7-R)tJ pas ana s R tJ pas MeBbwe tto {T> R }= -.27/'Gexp t'N.IJ. 

( ~l - ~ ~ } aeupB'IBBBl>lll qnea 

• B 'laeTHOCTB, B TO'IJ[e T::: 1?.-r: 
Ho o~:ono BBTepsana BpeMea 

upesocxo.llaTb ~0 (T> R) 

4 ~ J e t'/?1)! ~ { 0, ~n -1) r r:--fn?:tl], 

~ MOlKeT_ .ll&lKe 

B eny'lae e-..a -<<i 

(8.8) 

3To. nose.neRBe ~:a'lecTseaao ae npe.neTaanaeT 'lero-na6o aoaoro no cpasaeaa~ c aaanora'l-

17/ BhlM RBneRBeM B sa.na'l8 06 o6M4;tBe 6es apeMeBBl>lX xoppenBDBA (eM. ) a ae 6y.neT 6onee 

s.neeb o6cylK.IIaTbcH. 

HeS&BBCBMOCTb 8MDnBTYllbl (8.2) OT tl 03H8'18eT, 'ITO Be B&lKBO, Xor.na 6blnO DpB­

rOTOBn8HO H8'18nbH08 COCTOBBlle, 8 COOTBeTCTBYIOII!eM 9KCD8pBM8HTe MOlKBO .ll&lKe HeupepbiB-

BO sos6ylK.II&Tb Bl>ICB8TBBWBKB &TOMb! JJ • B To lKe BpeMs .11ns asMepeHBs cxopocn 

~oaa B S&ll&'l8 6es xoppenBDBa 6Hno BalKBo, 'IT06bl nponecc nparOTosneaaH B&'lan~>aoro 
COCTOJIBJIJI .IIBBnCH K0p0TJI:08 BpeMH. 8 '18CTHOCTJ10 .11n11 B86nJO.II8BB!I BeDpH'IBBHOrO SljlcjleKTa 

ORO .llMlKBO 6b!Tb MBoro M8BbWe ~ 
(nepHO.Il KOne6aaag, COOTBeTCTBYIOII!BII '18CTOT8 

cjlOToaa). B aacTOameA sa.aa'le Taxoe Tpe6osaaae saMeaseres ycnosaeM: aeoDpe.neneaaocTb 

BO BpeMeu aa6n~ll&RBB cjla~:Ta Depexo.11a Cl*-+ a 
.llOIIlKB& 6blTb MHOrO M8BbW8 ~~ , 

npacyTCTBHe D&peaopMHPOBO'IBOII KOHCT&HTbl c {'C) B (8,2) 03B&'I&eT, 'ITO 

['f{t-tt, r)Jz. ltCTb BepOBTHOCTb lf8XOlKll8BBB B B Bo36ylK.IIeBHOM eocTO!IHBB B Mo-

M8HT t . ups ycnosaa, 'ITO B KlfTepsane r BbleBeTBncs O.IIBB ATOM A . B 3 a.na'le 

6es KOppenSDBB Mbl BMena COOTB8TCTBYIOIIIYIO B8pO!ITHOCTb DpB yCnOBBB
0 

'ITO .f1 6:m 

TonbXO B036ylK.II81f B MOM81fT t: 0 • 8 TO BpeM!I K&K DOCn&.IIHBll BepOliTROCTb BMena 

DOPB.IIOJI: 10-
49 

upa aexOTopblx 31f&'leHB!IX nap&MeTpos R a .6 a .nn11 aToMa so.nopo.na 

(eM. CTp. 20 
10-2:r.j. 10-26 

171 
B ) 0 rpy6ble 0D8HKH .II&IOT .11n11 DepeHOpMBpOB&HHOII BepO!ITHOCTB BenB'IKRy 

upa TeX lKe 3H8'18BB!IX R1 tJ B IIpB 7;' •10-9 CeK, 

§ -4. BpeMeaaoll saxoa Bl>lCBe'IBsaaas 

Bena'IBBJ'/ ~ /-2
, onpe.nenSieMyiO cjlopMynoll (8.4), MOlKBo aassaTb sepoHTBOCTbiO 

BDICB8'1BBa.IUIR ATOMa, ecnB .llpyrae (Be OllBocjlOTOBBble) K&B&nbl nepexo.na £l"*_., a M81fee 

B8pOJITIIW, 

10 

I C ~-~ = ~t f d 3
1< / e[Hia ,.(i} (_ :ii} e- d<i w. (x) d:l x 

(~~)3 4~ 

. _!_ f t, tf l(A. Xo - Eet* )f, -t K )(,.) 1.2. 
21( i,-r: x. e = 

= q_'-
3

j ... J<dK l-t:4j{/C.-d)'l:' [[dSLI({{J,~)- (~~){.;{~;)}· 
{:J..Ti) 0 (K.- iJ )L 1(1. 

/JJK,/ J'x~ e c'N.{K,--;&J HI..*{')(,) Ub" {~o,) Wa {x .. ) w:;. (x~.). 
(4.1) 

OT t, c2. ae 38BBCHT, a OT '1:' cz 38BHCHT T&K lKe' xax eenB'IBBa c ' ODpe.nenHe­

M&!I (2.4), saeacuT OT ~ • B .nanbHellweM 6y.lleM Donb30B&TbCH o6oaHa'leHaeM C {r:j; 
/8/ Cnoco6 Bhl'IBCneaas (4.1), asnaraeMbiii B y'le.6uaxax (eM., B&DpBMep, Wacjlcjl ), 

BBnlleres, CTporo rosops, ae~:oppei:TBhlM. Ml>l noxalKeM, 'ITO oa .naeT DpaeHnba~>rll peayn~>-

TAT nawb DpB .IIOCT&TO'IHO 60nbWRX r 

npelK.II8 BCero DO.II'Iepi:B8M0 'ITO H&.IIO B MOlKBO .IIOK838Tb B03MOlKBOCTb nep&M8Hbl 

DOpii.IIK& RBTerpRpOBABBll B ( 4.1) o .nanee OTMeTBM0 'I_TO B8nb3!1 epasy upBMeBliTb 06bi'IB08 

.IIBDOn~>Boe npa6nalKeaae ~'!Cp /I( I(-. I a BBTerpapoeaTb DO K : TOr.II& RBTerpan 

DO K OK83blB88TCSI p&CXO.II!IIIIBMCH. 

DpaMeaaM cne.ny10mee upa6nalKeaae: orpaHB'IBMCR DepBhlM 'lneuoM as paanolKeBRll 
. -9{~ - /6/ ·e'f.p tIC )(1 -')C._) a Pllll Do ccjlepa'lecxaM WBKDBHM (eM. (4.24) s ): 

e {;,;: ~ Un K.r ll<r '= ~ .. -x, (4.2) 

Cne.nyJOmse 'lneBbi pasnolKeaaH Manhi npa 11.r <"' J • B aawell saaa'le sTo ycnosae 

6y.neT BblDonaeao, ecns, eo-DepBhlX, npe.nDOIIOlKBTb, 

lK8 BHOCSIT I( H8 Ba MHOrO DpeBblW&IOII!Be .::1 
TBBBO DpRBBM&IOT 3B8'1eHBII DOpli.IIK& pa3Mepa 4 

'ITO OCHOBHOD sxna.n & BBTerpan Bee 

Bo-eTophlx, DYCTb /X,} B /X.. I scjlcjlex­

CHCTeMDI. Tor.na ycnosae Kr <<f 
6y.lleT- BhlDonaeao, ecna d /l <<1 • .nns aTOMa eo.nopo.na ycnoeae d A << J BblliOIIBHeTell 

O'leBb xopowo. 

2' - -
11BTerpan DO tlf2,. .naeT TeDepb 3 t :7i ( ol., oi.L} B OTnnae OT e;cl' l K;: ~ I ' 

npa6nRlKeaae (4.2) o6ecDe'IHB&eT o6pesaase DpH 60nbwax k , a auTerpan no K MOlKB 

Bbi'IHCnBTb, 

J:j-dl( 
0 

1- C#j (k-A) "!inKr 
(}() 0 

=_l-L == 

= 1 + ]-dx.' 
0 .4 

~·,. ('1:'-t:.)~" ( 1- en 1<'7:) =- :r;, +Jj 
"'z. (4.3) 

11 



T ~I 
HHTerpan J(l Bbl'IHCnHeTCSI0 HBDPBMep, C DOMOIIU>IO (3,78tl,3) B : 

k = ;n·s,,:,., rA (<C- r) 8 ( 'C -r). (4.4) 

HHTerpan 

B /9/ ): 
Jj MOlK9T 6biT& BblpalKeH '19p93 BHTerpan&Hble CBRyC B KOCBRyC (eM, (2,641) 

+ 

~ = - r- [ C#j rl.:l ci lij + .t.tit rA .Lt: rll.} + 

-t f:.!.I [ t.n I A c.l (r-+ '1: }A -t- Ji, f"'A 3 i (r-.,-•t) A ] + 
2 

f r-r [ eo1 r6 Ci ( r-r) .6 + .£c·, rA .ti {r-1:) A J 

( 7:; r [- <df"6 ci /"<-r}4 + :..n r"' Sl ( <:-r)t:. J 
nl'.w 

n~H 

'l:<r 

t- >r. 

(4.5) 

fiyCTb '£:< f'", fiOCKOn&Ky r'/l -<<1 ( B, cne.!lOBBTen&ao, T A <<J ), To MOlKHO 

BCDOn&30BBT& COOTHOWeHBll: 

cixf; O,Sf'l +eA:x- 1 .. 
~ 

u nony'IHT& 

I;~ '[~ + 
/2r 

St' X£'-!! -X 
.z 

z-~2 rJ · 

(4.6) 

(4.7) 

BbrpalKI'I'IIae Allll J; B cne/IYIOI!lel! o6naCTB ?;' > r , HO ?;jj << 1 OKB3blBBeTCll CllHWKOM 

rpoM03AKHM Ana auanBsa. B CII)"'ae TA"' j BnB 1ft J B Z: _.;.;- MOlKHO aocnon&ao­

BBTbCH 

C.i (r:::tr-)6 ;: Ci1:6 .:! ~ C.bj t"A Ji(?::t.r)ll f;'£irl.:l !.fs..nt"tJ 
(4.8) 

H nony'IHTb llllH .1; , OT6paCbiB8ll 'lneHbl DOpH.llKB eABHHI!bl DO CpBBH9HBIO C -!, /" iJ ) 

J; ;; - r,f, r'IL (4.9) 

HaKoaen, B cny'lae TA >>1 c noMom&ro acaMnTOTB'IeCKBX npeACTaBneHBI! Allll C£' B St' 
nony'IBM: 

(J0 +I; )fr = : $('nrA .(r-r) -( lnriJ +t), S''1'1 +en 7:4) :' 7i'TA - fnrtL 

(4.10) 

12 

Bo acex BhlDBCaJIBhlX cny'laliX aaBBC:HMOCT& ar C BbrAen•eTcg Kalt MBOlKsTen&, 

DOSTOM7' 0CT8BIIl-Cll BBTerpapOB8BBe no )(1 B X,z ee Be B3MeBBT, 

d ( -17 
fipa COBC8N Mallb!X 'l:' 't" < r'"" 'ITO COCTaBnlleT 10 Celt AnSI 8TOM8 

ao.~topo.aa) / C / ~z."' 'l'z. • Ta1r:oe ~;~oBeAeBue 11e aaBscBT OT ap116n.JKesaH (4,2), A aMes­

so, MOliCJIO .11 ouaaon., 'ITO AODyCTIIMO ABBlK.IIhl apoAaojJcjlepeBilBpoaaTb no T no.11 saaJtoM 

BIITerpana ( 4,1), 3118'1811B8 BIITerpana B TO'IIte 2" = 0 B ero 118pB8B npOB3BO.IlHBll B STOll 

TO'IIte paau Rymo B DOSTOMY 'ICtrJ/z."'r;a. npB z-- 0, 

3aTeM aacoryaaeT aepeXOJlR&B o6nacT&, aocne JtOTopol! a pallose ~"' Jfn 
BhiXOABT •• anaTo: / C (r} Jl. .v 4/hJ t . Ha~r:osen, ap• 6on&max tz-

tcr 

I Ctr} r2. ~ CH~Io-t + ~ I d. JZ li3. z-. 
3.71 (4.11) 

fipB DDnY1feBJIB (4,11) BCDon&30l!l8B8 B938BBCBMOCTb OT /'"' •meaa :Jif:JJ B (4,10), 

nerltO YBBJle'fto, 'ITO 9TO 06CTOHT9n&CTBO ll03BQnlleT Bbl'IBCnBTb OCTBI!lWKeCSI BBTerpanbl DO 
~ .... 181 ~ 

){1 • X~, 1ta1t JlBnon&llble (aocne aaMellbl ol-- ?/,., , eM, ). 3To B .r:~aeT / d
4 
/~ 

B (4.11 ). 

fipoAenaBBhle l!lbl'IBCneRBJI rO.IlllTCSI .11n11 7: , MHoro M9HbWBX BpeMeHB lKB3HB ( aa­

'f7X8HB8 Be )''IBThiBanOCb). llponopuosan&socTJo / C /-2 
apeMen• Z" nosTowy cooTaeT­

CTaoaana 6bl eJtcnoBeBnBan&ROMY aarr:osy pacaa.11a. M1>1 ycTasoaans, O.IIBarr:o, 'ITO osa BMeeT 

MecTo, Ton&rr:o ecn. BTopoll 'lnea B (4.11) MBoro 6on&me aepaoro. 6011ee rpy6as oneua: 

ecnB Tll >> /!n dA , CM, (4.10), .n .. s aTOM& BO.!lOPOAa 9TO ossa'laeT, 'ITO o!Snac'fto OTrr:n~ 
• -14 

aeBBB OT uponopuoaan&ROCTB T •• upeablmaeT 10 ceK, ecns ~ COOTaeTCTayeT 

ODTB'I9CitOyY .IIB8D830Ry, Ton&Jr:O B cn7'18e ~BIIblX JlnBB BOnK DOpSIJllt8 M9TJI81 rr:or11a ST8 

-s 
o6n&CTio COCTaBnBIIT )'lll8 10 C8K1 MOliiHO CT8BBTI> BOnpoc 0 TOM, MOJKHO ns S8MeTRTb 

HOIIY'feBBoe OTJtnoaea•e OT e~r:cnolleBilaan&aocTB. OTM&TKM, 'ITO oso neJKBT BB)'TPB o6nacTB 

DpBM8BKMOCTB llCShi'IHblX Bbi'IBcneRJII, fiocne.IIBJISI COOTBeTCTB)'8T H8CTon&ltO 6om.WBM Z"" 1 

npa ltOTOpb!X JiepBHN 'IJ18110M B (4,11) MOlKBO npeBe6pe'D>, T81t 'ITO BepOSITBOCTb aepeXO.Il8 

B 8.11BBIIIIY apeuen oJta3biBaeTc51 Be saaBCBIIlel! OT 'L 11 pasaoll f o< A 3 I d.}z., 
/8/ 

cp, ljlopJqny (50,17), B 

fipBnOlll88119 

B sKcnepBMeBTe 4laKT o6Mesa Bany'leHBeM peracTpapyeTCII no aepexoJly aTONa B 
B B036yJKJleBS08 COCTOSIBBe, He RCKniO'I&B<Jo 'ITO JJpB STOM B MOMQJIT t KpoMe ~·~~ 
KM9eTCII ewe K OJlliii-J:IBB cjloTOBa, BepOIITHee BCero MltrXBX (B JIOSTOMY Tp)'llHO perBCTp­

pyOMb!X), COOTBOTCTB)'IOWRe 8MRIIIITY.Ilbl Ff{t,t,; Je,) (CM, (2.1)~ 6ollbtuel! 'IBC'noJO Tpe'fte­

ro R Bb!We rtOpSIJlX8 DO (? , 3TO OTHOCHTCII It XOHe'lHbiM COCTOSIBBHM BR.liS 8"a 0 OlUIB 

ljlo'ros; s· a , TpR ljloTOHS H T,Jl, 0JlB8KO 8Mnn.rry.na 
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( &•a. ,, fa I 71'' ttJ) = 

: Ce~ < t•a r tz. JUL'' (t, t,) I aGJ1 )( a/11 I U 01(t,, o) /a•t) 
aweeT BTopoil DOpii.Qolt, KaK a (2.8), Oaa coneplKIIT waTpB'Uildl aneMeBT Depexona 

I -I*+{;. : B KOHe'laow BBTepaane apeMeH, cornacao Teopaa aoawymeaaA, B MOlKeT 

B036JllBT&CII B It TOMY liCe BCUJCTBTio tjloToa, no 8TOI lKe DpBftRe B 38,!18'18 l$e3 KOppena­

llHB nepeXOll Q
4 1 .... i* ),f B03MOlK8B B DepBOM Dopii.Qite DO € ! Cllf'181 #<¥)J = t1"Q i: 

PacCMOTpBM B8'18llbBOe COCTOHBBe TBna: ATOM BOllOPOll8 B OCBOBBOM COCTOHBBB 

(ana OllBB cao60ll8YI aneKTpoB) a tjloTOBOB BeT, 

TaKoe t-3B'I8Cit09 COCTOHBBe CllellfeT ODBCMB8Tb OllBOSll8KTpOBBOI C06cTBeBBOil 

<jlyHKUBel (CT811.BOHapHbiM COCTORRBeM) DOIIBOro raMBllbTOBB8B8 38,!18'18 C B8BRB3Wel 

aaeprael, T O'IHee, BAllO T8J[ ODpell8llBTb cjlB3B'I8CJ[08 ( 'OlleT09') OllHOSll81tTPOBB09 COCTOR­

/2/ 
RBe (cp, 06bT'IH&e Dp8llDOllOlK9BBII 0 CDBKTPe MaCe, CM, rn, 17, § 2), 113 CT811,BOB8p-

HOrO COCTOBBBR Be MOlKBT 6b1Tb DepeXOllOB RB B J[8U9 ,!lpyrae COCTOHBBIIo 

8 '18CTBOCTB, 8ll8KTpOB B H8BBB3WeM COCTOIIHBB Be MOlKeT B3llY'IBTb cjloTOB ll8lK9 

Ha Kop0Tit09 dPeMil. n0117'18IOID8RCR DO T90pRB B03MYW9BBI H9HJll8B811 BepORTHOCTb B3Ay­

'19BBII cjloTOBa T8UM 8B9KTpOBOM BBll119TCII 38B9llOMO H9B9pBb1M pe3yllbT8TOM (ecna TOllb­

KO ero He Tp8KTOB8Tb J[8J[ cjla3B'I9CJ[H B8H86lll0ll89M09 'Oll8B8HB9' COOTB8TCTBJIOWBrO 

'ronoro' COCTOIIRBR/ 10/ ), 

8 uweil 3&lla'le He'lam.Boe coCToRBae I RBnii9TCSI llB60 CT86HnbBbiM0 naoo 

M8T8CT86RllbHbiM (CM, DpBM9'18HB9 1) • 8 DOCll8llH9M Clly'l89 MOlKBO OlKBll8Tb
0 

'ITO ORO 

MOlKBT UepeiiTB B 6onee BbiCOJ[OB COCTOHHII9 C IICnyCit8HII9M cjloTOBa C rOp83llO M9HbW9il 

BepOSITROCTb100 '19M 8TO DOllf'I89TCSI DO TeopHH B03MYID8BHll, noaTOMY Mbl Dpeae6peraeM 

aMnlliiTYllOI < 8* O..{a p {1/f 1 (t) > no cpaaae&aiO c < / * a / ?p '(t J). 
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