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I. BBE,llEID1E 

B 8TOM paõore HCCJIe.uyeTcH B.Jll1mme HeB03ÓyJK.ueHHoro aTOMa fi na 

BepOHTHOCTb 110TepM BosÓyJK.ueHHí;I BOSÓyJK.ueHHoro aTOMa 2)1# ( .2J - .ue

TeI<TOp BJIHHHHH A ). Paccroanae R MeJK.TI:Y aTOMaMH rrpennoxaraerca 

MHoro ÓOJIblIlIDII ,lI,JIHHbl BOJIHbl HSJIyq.emm 2J ,T8..K 'l.TO A ae HSMeHHeT 

BOJIHOBblX mYHKI~M ~ • HeBosó~.ueHHblM s.ueCb HaSHBaeTCH aTOM. KOTOpblR 

Mo~eT peSOHaHCHO 110rJIOTMTb M3JIY'l.eHHe c 3HeprHeH ~ • KOTopoe MCl1YC

xaer 2J (T. e. aTOM. Haxo.uRlI.(HHCH B TaKOM COCTOHHHH 1 ,'l.TO suuie He

ro eCTb ypoBeHb 2 TaKoí1. 'l.TO ). IIpe.ucTaBJIHeTcH. 'l.TO BE: -E: = Ll 

8TOM cJIY'l.ae cymecTByeT .u0110JIHMTeJIbHblH KaHaH rroTepH BosÓyJK.ueHHH 2'~ 

110Cpe.ncTBOM MCl1ycKaHMH }IM WoToHa 3HeprHH ~ c rrocJIe.uyromMM rrorJIo~e-

HHeM ororo WoToHa aTOMOM A . B CJIY'l.ae f: -E/~ :I:- LI A rrpaxrnue

CK1'I ne BJIHHeT na iJ* (BbllIleyrroMHHYTblM KaHaH nonaanea , rrOCKOJIbKY B na

MHHSlIleM 110pR,UI<e TeopMH BosMymeHHM He OÓeCrre'lHBaeTCH l1pMÓJIH~eHHOe cox

paHeHMe 3HeprMM). 

KBaHTOBO-3JIeKTpO.uMHaMM'l.eCKMM paC'l.eT. l1pOBe.ueHHblR s.ueCb, rrOKaSbl

nae r , 'l.TO HeBosóYJK.UeHHblH A B JIlOÓOM CJIY'l.ae ne BJIMHeT na BbICBelJ.HBa

HMe ~* H 'l.TO rrpH'lHHOH 3Toro OKaSblBalOTCH He .ueTaJIH .uMHaMMKH. a .uBa 

OÓllU1:X rrpanuarra MJI)! csoãcrna TeopHH JIOKaJIbHblX KBoHTOBaHHblX ~OJIeH: (I) 

.[Be 110JIeBhIe BeJI.H'lHHbl .uOJDKHbl KOMMyT.I1pOBaTb, eCJIH OÓJIaCTH I1X JIOKa.JIHSa

l..l,I1H rrpocTpaHcTBeHHO-l1o.uOÓHbl (rrpMHIJ.,llrr MHKponpI1'lHHHocTH/1/ ) ; (II) .K:saH

TOBaHHoe rrOJIe MMeeT CTaH,UapTHyro KoprrycKYJIHPHT~ ~HTepl1peTa~I1lO, corJIac

HO KOTOpOH KBaHTbl 110JIH MMelOT rrOJIO~TeJIbHYlO 3HeprHlO M MOryT paCl1pOCTpa

HHTbCH TOJIbKO Brrepe.u BO BpeMeHH/2 •3/ . CJIe.uoBaTeJIbHo. cooTBeTcTByromMM 

3KCrrepHMeHT rro rrpoBepKe OTCYTCTBMH BJIHHHI1H A Ha ~ l1pOBepHJI Óbl (I) 
H (II) HJIH TOJIbKO (II), eCJIH C'lHTaTb. 'l.TO (I) He H~.uaeTcH B l1pOBepKe. 

üÓHapyJKeHMe BJIHHHHH MOrJIO Óbl OSHa'l.aTb, HarrpHMep, 'l.TO KBaHThI 8JIeKTpO

MaI'HHTHOrO nOM, nepenocmuero B.Jll1HHHe A Ha.lJ ,paCl1pOCTpaHHIOTCH 

Brrepe.u BO BpeMeHH. HO IDII Ha,UO l1pHl1I1CaTb OTpH~aTeJIbHYlO 8HeprMID (SaMe

THM, 'l.TO 3TO rrOJIe HeCBoóo.uHoe, H ero 3HeprHH He .uO~Ha Ol1HCblBaTbCH 

110JIO~MTeJIbHO-011pe.neJIeHHblM Ol1epaTOpOM f d 3x ( Ê2+ HJ
) }. 

B 110CTaBJIeHHoí1 aanase BepOHTHOCTb W rrepexo.ua .2J MS BOSÓyJK,JJ;eH

noro COCTOHHHH 2 B OCHOBHoe I HEJIHeTCH HHKJIIDSMBHOtí BeJIH'lHHoí1. B 1Iio

OCt'ht16hi'1{"UHb.t1i BHCnrryrI 
iUl":~!ihlX m:CJ.7eJ1QB:UUill 

t=u,1"'" ru,.- ......·_••• 



M8HT t p8rMCTpMPY8TCH TOJI1KO qB.I{T HaxOJK,n:8lillR !lJ D COCTO.flHMM I; rI;o-
TOHbI M COCTORHM8 11 H8 perncrpapyorca. 113M8H8HM8 3TOU B8pOHTHOCTM, 

OOYCJIOBJI8HH08 npMcYTcTBI18M I1JIH "BKJIJO'Y.8HM8M" arena A (CM. pa3,U8JI 2) 
onp8,U8JIR8TCH KaK pa3HocT1 "B8pOHTHOCTl:> nOT8pI1 Bos6yJl\U8HRR B npVIcYTcT-

BRM A MMHYC TaICaH JKe B8pORTHOCTI" HO Ror,ni:1 A OTCYTCTBOB8JI IDIM• 
H8 B.K.JIIO'Y.aJICíl". B pa3,U8JI8 3 3Ta pa3HOCTI, 6 W Bbl'tlllCJIR8TCR CTarmapTHhIM 

cnOCOOOM B n8pBOM H8MC'Y.e3lliOm8M nOp~Re TeOpVIVI B03MYmeHR~ B KapTI1He 

B3aMMO,U8ticTBMíl. B pa3,U8JI8 4 ,n:JIH BbI'lll1CJIelillR li W. nCnOJI1l3yeTcR !CapTYT

na, npOM8JKYTO'liIaJI M8JK,UY KapTMHoti B38.MMo,ne:t1cTBl1R II re~3eHOeproBclwll. 

HOBblH cnocoO pac'Y.8Ta ,Ua8T ,UPyro8 npe,UcTaBJI8HM8 ,nJIR n ~ . OHO OOJI88 

npocTo8 M OOJI~aeT ,UPyrMMM K8'Y.eCTB8HHblMM ocooeHHocTEMM no cpaBHeHMID 

c nOJIY'Y.8HHHM B pas,U8JI8 3. 

CBo,UKa p83yJII,TaTOB .uaHa B 3aKJIIO~T8JII,HOM pa3,U8JIe 5. 

2. "B.K.1IIJtIEIll1" A'!UMA 

MR aRa.J]}I3a npM~H OTCYTCTBMR BJIMHHMH A na »: Mbl MCnOJIl:>3yeM 

"BKJIIO-qeliMe" aTOMa A . IIo,U 8TMM nOHMMaeTCH npMBe,U8HVI8 A B COCTOH

A
HMe I c 8H8prMeH E1 , CM. BBe,U8Hile. 3KCn8pHM8HTaJIl:>HO 8TO MOJKHO ocy

m8CTBMTI" ,U8HCTBYH Ha aTOM JIa38pHHM nOJIeM, JIOKaJIH30BaHHbIM OKOJIO aTOMa. 

aTO nOJIe onacusaerca BH8IllHWVI nOT8HIJ;MaJIOM LA t». r ) , IWTOp11.M pasen 
HYJIJO BH8 aexo roporo MHTepBaJIa BpeMeH ( 'lj , 'li ), a BHyTpM I<OJI80JI8T

CR c xacroron W , CM. ,UM88 q;oPMYJIY (6). IIepBoHa'Y.aJII,HO A HaXO,II.MT

CR B OCHOBHOM COCTOHillfVI O , B MOMeHT ~ JIasep BKJIJO-qaeTCR,ll 8CJIll 
AtU = E./"- E , TO -q8p8S H8KOTOp08 Bp8MH aTOM oxaausaerca B COCTomrnVI r. 

O 
T80pMR 3Toro p8S0HaHCHoro B030~8HilH OCHOBaHa Ha HSB8CTHOM pe30HaHC

HOM npMO~eliMM/4,5/; HaM nOHa,UOOMTCH 88 n8p8ll3JIOJK8HM8 lia R3blKe KapTVI

H1l. wappM, CM. ,UM88. 

.M
2. L IIOTeHIJ;MaJI11. LA nOJIR JIa38pa BKJIIO-qaIOTCR B CBOOO,nHHfi r8NIMJII,TO

aaaa	 BM8CT8 c nOCTOHHHblMM rrOT8HI.J;I1aJIaM"M (KYJIOHOBCRMMM, HanpIDJI8p) k'ff M 

k~ , JIORaJIM3YIO~M 8JI8KTpOHH B aTOMax. Tor.ua onepaTOp 3JI8RTpOHHoro 

nOJIR <li ' é1MPYPMPYIO,H B KapTMH8 B3éll1lVlo,UeítcTBMR (Ha3b1Ba8MOU B 3TOM
 

6, 7/)
cxysae KaP:r'MHOi:í wappM nO'u'lll1H.fl8TCR ypaEH8RMIO 

f'fJ« ~ .,. m - ~'e [ J< [i) -+ L {X; XJ ,U j 1(XI Xo ) =. O , ( I) 

2 

;,. 

/< [x) ~ [ k; {Y.} -r t<; [i)Ir~ L (')(, 'XIJ) =I;' r;, J<{)) fi( , 
VI lfJ pa3JIara8TCH. no C - 'YMCJIOBbIM p8Ill8HMHM sroro ypaEH8HMH. B ,UaJII, 

H8fiw8M llpMHMMa8TCH np110JIMJK8HM8, KOTOp08 MOJKHO Ha3BaTI, MO,U8JII,IO aTOMOB 

c KOHe~ 'lll1CJIOM ypOBH8M. HarrpllM8p, nYCT1 A OY,U8T Tp8XypOBH8Bb~ 

aTOMOMo VI3 pa3JIOJK8HMH tf asopaouaaorca n03VITpOHHaH 'YaCTI, M 8JI8KTpOH

HbI8 êíJYHKI.J;Mll CllJIOll1HOrO CII8KTpa: 

lf(x, xoj = E: U~ (~xo ) eXAItt + 2n u: (X'~)~h :=r A 
+ s", 

(2)
-u~ (x, x~) = u~ (x) €Xf{-c E: XII) 

!d~l7Il,ot:mlt=8mIJml ~ [<x'~nIJ~~J.t:::gn.llól I fo(AIt1/~~l:=o. 
A T I 

IIOCKOJII,KY OOJIaCTM JIOKaJIM3aIJ;MVI U". M U~ paaaue , TO 

.J IU: (); I l-; I ~/ )XiJ ) 'U ~ z: O 
,UJIH BC8X .'1( J x,J >Cp I m M n, 

2.2. ç"J;>yHKIJ;MM	 B1l0MpaJOTCH TaK, "Y.TO npn X" S Zj OHMU: [X, x~) 
COBna,UaIOT c CPYHKr..UIHMVI U: C'i, )CiJ') := li. ~ L;Jexp{-t.'E':)(Q), KYJIOHOBCKMMM 

HaJIpMlVl8pI/. IIpM "i < Xo < '[;2 MOJKHO pa3JIOJKl'!T1 U~ no <PYHKI.J;I1HM a ~, 
ml = 0,1,2, COCTa&1RIO~ nOJIHllM Haóop ~R Tp8XypoBH8Boro aTOMa. 

ECJIM 1. Cx~ )(0) "J ~ W)(O lillM S~'n WXIJ BHYTPM ( z ,~ ) M 

w:: E/-EcA , TO B p8-S0HaHCHOM l1lJVIOJIMJK8HMVI /lU:. 11 'llJA pac-. 
KJI~blBaJOTCR TOJII,KO no ,UByM WYHKIJ;MHM U: i ,a U2. COBn~a8T -c u: 

J 

rtpa BC8X )(0 • 

UA ( ) \" [m] A" ( A). m X/ =L ai< fi) UI( (x) exP - i EI< f m={11. (3)
k=~i 

U II 
YpaBH8HM8 (I) ,UJIH K8JKJJ,OM M3 C - "tll'ICJIOBLIX ~YHKI.J,MH Q 11 

?IAU, 
MOJKHO neperiacaTI, B BM.u8 CMCT8Mbl ,UBYX ypaBH8lillH lJ,JIH atm) , /In, « =0,1:

Jc 

I/E CJIyqa8 L = o CJI8.uOBaJIO 011. pa3AaraTI, ~ no C06CTB8HHUM WYHK
LU1.HM .II,Byx KYJIOHOBCKMX IJ;8HTpOB. M11. rrpMHIDIla8M ynpoutenaoe On11CaHM8. M3 
,UBY~8HTPOBHX WYHKIJ;MH CBH3aHHHX COCTOHHMll MOJKHO rrOCTp011TI, cynepno3Z
IJ;MM u: M U! ,GTIMC11.BaIOllU18 COCTOHHMH 8JI8KTpOHa, JIOKaJlli30BaHHOrQ 
COOTB8TCTB8HHO OKOJIO' anpa A MJIM MPa !Z> • IIpM ÓOJIl:>1ll0M R OIm nov-
Til DOBrr~aJOT c COOTB8TCTBYJOmMMM O,UHOIJ;8HTpOBblMil KYJIOHOBCKHMM WYH~R
MM/B,9/. 
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i dt a~trIJ~J =2..1. i; (f/ I!y.p{i{gl( - E~ li) at" )(t} t t: {'C,} 7:~) 1 (4) 

' A' f:) - A - [ l-I'" , ] 11Ltê [tJ=: d)( ti, J( (>t) -re LA ( X, t) (I' U e (X) 

(5) 

(trlJ ) (
c Ha'tiaJI:DHhIM YCJIOBMeM aI( (t="'C, =õm.'" BhlTeKaIOIIU1Jv1 H3 YCJIOBMfl 

U~ Li, t; ) = u:[)tJ 7:, } • C rrOMOIn:D1O .n;JIMHHOBOJIHOBOrO rrpMÓJIWKeHMfl 

MOXHO rrpe.n;cTaBMT:D (5) B B~e 

i: Cf) =: It «e(t) t.b1 {t» t +j3} T 11 Kl =: /t;1< ' 
(6) 

rne 11 «e [t] npOrrOpIJ;ffOHaJI:DHO IlpOM3Be.n;eHMIO ,UMrrOJI:DHOrO MOMeHTa aTOMa 

(KOMIlJIeKCHOe ~CJIO) Ha aMIlJI11TY,UY Harrpfl*eHHOCTH 8JIeKTpH'tieCKOrO rrOJIfl 

.nasepa, KOTOpaJI pasaa HYJIIO BHe ( 'l'; , . Z; ) 11 Me,IT,JIeHHO (cpaBHMTeJI:D

HO c tA1~ t-tf) ) MeHfleTCfl BHYTpH C'lJ, Z; ). 

B pe 30HaHCHOM Ilp11ÓJIM1KeHMM B (4) OCTaBJIflIOT TOJI:DKO 'UIelill c K ~ e 
11 B HHX SaMelÍflIOT ~(wt+P) aa 1~xp ,'(wt+[J) HJrn lll1(fl--i~t+j1)J, 

4
BhlÓpaChlBaH 'UIeHhl, He coxpaaaoume 3Heprm/ ,5/. B pe 3YJI:DTaTe ypasaoaaa 

t
,UJI.R: al: , aarrpaaep, rrpMHMMaIOT BH;IJ; 

i gt a~' = ~ (f J a;D\ {'f} , l' dl' a;()) (t) =). /I (t) a~(})(t) . 
~{t)= Âo,[t)e'fl a~){ZíJ =1 ~ a/D/(z-,):::().I 

IO/STa C11CTeMa M01KeT ÓhlT:D perneHa ,UJIfl rrpOH3BOJI:DHOro À (t) , cM./ 11 

3.4 B/5/ . Iloncraanaa peineaae B (3),nOJIyqaeM,1J,JIfl u:
U: {;J t} :r. G(Yj/(t) u: (~t) -ie -('VS-t'n;U [i J ti/, (x, t) 1 

.f [t}"2 .{«t' I ).(t')1 i ;, {t la I>' (til e ': ü(z-"z,). (7) 

B cJIYllae, xorna I\IJI (t), (lW! A(t) ) panaa KOHCTaHTe BHYTPH 

( 7;', ,"'r" ), MMeeM fW (t) ~ I XI(t -1:, ) • B JIIOÓOM CJIyqae /' (t! paBHO 

4 ' 

... 

HYJIIO npn t ;:. 7:, M ,naJIee pacre-r no MoMeHTa t:::. Z2 • B TOT MOM8HT 

ti ,H:or.n:a)'-{t'J: :Ji11 " rIJYHK:u;rm U~ npeapamae-rca B u.1 ' 
BeJIM~Ha ti 3aB11CMT OT ,nMrrOJI:DHOrO MOMeHTa aTOMa M HaIlpfljl{eHHOCTM JIa

sepaoro nona. MhI npennozaraeu , 'lTO ;w. {'l:L} =7i. , TaK LJ.TO npn 
't'j c t < 'l:2. aTOM c aexcropoã BepOflTHOCT:D1O naxoztarca B COCTOflHMM 

l, a K MOMeHTY 'li OrrflT:D BOaspauaerca B COC'l'OflHMe O ("BhIKJII01iaeTCH"). 

AHaJIOrMLJHO MO~HO c rrOMOli\:DID .n;Pyroro JIa3epa OrrMCaT:D rrpo~ecc rrpH

-rOTOBJIeHMfl aTOMa 2J B BO 3ÓyJK,UeHHOM COCTOflHMM c 8HeprHeít E:.z.1)= E., 2J+ t.1 . 

3. CT.AH,!W'THA.H TEOPIDI BOaA~ 

BhI~CJIHM BeJIliLJJ1HY Ll W== ~ - UIo , rne l.A1.. M U{. - MHKJII03MBHble 

BepoflTHoCTM, CM. BBe.n:eHM&. 

WL = 2"(rn' I<r ~"'f ,S~ (1, o I ~t~ >/2, 
2 . (8)

Wo = ) nn l<r ~m I I50 ("t, O) I ~ h >1 . 

ITO,n ~~ M ~o M01KHO rrOHHMaT:D orrepaTophI 8BOJIIO~H B KapTMHe B3a

MMo,neHCTBMfl, CM. IIpMJIo1KeHMe. HarrpMMep, 

f ,1 f J - 11.J (9)S'L (t,{)) zz: TeXPL-e~ d'/.u d)( lfL(~)J~ Vi (X)~{)()J ; 'X;;.(x/Xc,) , 

rue pa3JIO~eHMe (2) ,IT,JIfl t.Ji BKJII01ffieT BOJIHOBYIO rIJYHKIJ;I11O aTOMa-12i: 
KOTOpaJI npa t G (Z, J Z',,) co,nep1KMT COCTOflHHe ti. ~ c 3Hepr11eH ~.4 
cM.(7). Ha'tiM:DHOe COCTOflHMe rPÚl MO~HO 3arrMCaT:D KaK ~nZ" 
~f2 0<; QA C<~2 52.2) ,r,ne Q, OÓ03Ha'tiaeT óecllJoToHHoe COCTOflHHer o rJ . T 
H o(Am nA = O, ~n :'l2J = O, \i m, n • Oneparop ()(~2 pOJK,JJ;aeT 

3JIeKTpoH.1) B COCTOflHHH 2. Oneparcp o<.Af(} B cnynae ~ poxnaar 
8JIeKTpOH A B COCTOflHHH U: ' a B cxynae V1{, B COCTOflHMH u~ 
c 3HeprMetl E A • ~OpMaJI:DHO ~ OT.ID11iaeTCfl OT vti TOJI:DKO 3aMe

" ô 4HOH U tn na Um' 

B MOMeHT t COCTOflHH8 aToMa)1 He M3MepfleTCfl 11 qoTOHhI He pe

rMCTpHpYIOTCfl, 'tiTO OIlHChIBaeTCfl B (8) CYMMHpOBaHMeM rro BceB03M01KHhIM 
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r : 

COCTOHHH.ffiVl r 8JIeKTpOMarHHTHoro nona H no BceM COCTO.mrn:íIM m aTO-

Ma A: rj;ml = djIn nA c4~ .r2~. 

B ,naJIhHeillneM W H S oõoaaasaor JIHOO ~ ,SL J JIHOO J~ 
50 . 

3. L OKa3hIBaeTC.ff, -qTO ,n;JI.ff BhI'tllrCJIeHAA L1 ~V B rrepsox aezcne 3a

IDmeM rrp:aOJll'IieID1H rro e nano ytll1ThIBaTh B pa3JIOJKeID1H S 'VIeHhl rro

pJUJ:Ka e3 

s~ I -to S «. s" I... S (1 
) sr'

(10)
.-ve h . 

Y'tllrThIBllil:, -qTO <r;MJ1 tl~in):::O H3-3a OpTOrOHaJIhHOCTH COCTO.ffID1H r?mi 
H (>"n J mvreeM 

W:: s., l< r~TnI I$(1) Itp"n>} 2 + ~r," 1< rcl~i lS (2) I;,,,» ~ 

I) *' ('3) Ai. } (11)
+ (2 (r~m, / ~ I;,,,> <r~mi IS IT''')'+ c.c. .l rln 

3,neCh <r ~fn.11 SúJIt/Jt'f1> He paBHO HYJIID TOJIhKO, eCJIH m = o, a r 
ecrs O,nHoqoTOHID1e COCTO.ffHH.ff I} , r; =c:' Qr )

r 

(r,d;hIQA r:J;,f4( iJ;tJ"oJd 1)( te :ip /j?f(x) ;A,M ["JltY.~>~ 

.= r i r 1-ti I,x /~,Ii ( ) / r: J A 1!2) (12 ) 
<'tnjv'Jú if i 2. »r « j 'jW I 

jíJ)4 ('/.) = t'e Ü}) (x) r: ti.1cx) x == (x, Xo ) (13)•
11. Il / 

TIpRHRMaeTC.ff ~ope~eBCKag KaJIHOpOBKa (oOCyJK,neHHe BhIOopa KaJIHOpOBKH 

CM. B/ 
I I/ ) . B (lI) ae BXO,n.ffT 'VIeHhI~rrn(r(;m,ISOllrA,,>+I-<r~"'llj1)/~~>' 

rroroay -qTO rrpa r:rj mvréeM <r;.~MI (S(l"l~b.)=o. 

KaK BR,nHO, (12) ne 3aBUCRT OT qJYHK~:a U~ ,rro8ToMy" 

{fi ~"., f s~t'l~c'''> =<li ~"., l S~~'I ~"") R nepnuã 'UIeH B BhIpaJKemm (II) 
,n;JI.ff WL connanaer c TaKIDJI JKe 'UIeHOM B Wo , R B pe3YJIhTaTe .1 W ve ~ 

B rrepBOM HeRc-qe3aromeM rrpRO~~eHHH. 

6 

3.2. TIpHMoe BhI~CJIeHRe MaTpR~HhlX 3JIeM8HTOB OT 

r- t 

11
/ =-1 JiJ";r fd) T(j'/4/74)jol(fJ)} T( f!;s.!)l)lIv tj )) (14) 

li IJ 

I2/R/I3/ ) ~aeT (CM., HarrpllMep, § 23 B/

<rcJ.;",nAcJ;, f~ /8(2), ~t".) =- ~ 1-d 4r {t-d J<r I T(A;.. (-JA,,{y) II7->. 
(I5).f-j,~/" ['1-) J:: lJ) - eld ü~ (1-) J'/ se(x, ,)J~ U:fy)] .

lnj o 

,ILJm CJIy-qllil: SL MMeeM 

j :AII[ ) - A. u:
"\" lj ~ L'e Um (J}f I) IJ} , 

(I6) 

se('I-,:!) = &(;(o--~) [ s: u;(») ü~ !:J) +In u~ (Ie) i7~(~O1. (I7) 

Mb[ aco BpeM.ff HCrrOJI1:>3yeM, nro ti ~ t») U: (~) == O ,CM. pasnez 2. 
B 'laCTHOCTH,rr08TOMY BTOpOt1: 1UIeH B tlJMrypHhIX CKOOKax B (15) He co,nep-

JKRT ~YHKUMH UA R ozranaxoB .B cnyuaax S::SL H S =S" . BCJIe,nc T-

BRe aroro xsanpar ero MO,nYJIR Ire BXO,IU1T B 6 W . IIpoH3Be,neID1e aroro 

qJIeHa Ha KOMllJIeKCHO-COrrp.ffJKe~HhIHrrepBhlll ~eH M3 ~rypHHx CKo6oK (BXO

'u.ffIUee B í r", 1< r~,", J S(~ I J ~t·,,) tJ 
) T?JKe BbIrr8Jl2..8T .iI3 Â W rrOTOMy", 

'lTO B 8TOM rrpOH3Be,neHIDI tlJHrypnpyeT J Ao", -,,' B lI..i1HHHOBOJffiOBOM npR6JIH
- . ~ AJKeHHH (xorna Av"l ~~) 3aMeHReTCR na "lR,'JII) ' CM. pHC. I) MMeeM 

f dl~ ioJl{)/J (~)::: t'e d~~ (E()- Ev }:= V V=~1)3 ., , (18) 

• t}JIi 
TIpH &I = 4 HHTerpaJI (18) pasea te ,H8 3aBHCRT OT U I H rr08TO

MY occyxnaexoe rrpoasaeneaze OmmaKOBO,nJI.ff WL. R UIp H B 4 W ae 

BXOJUlT. 

I1TaK, ,ll,.]I.ff BhI-q}ICJIeHHR li W HYJKeH TOJI:bKO nepsuã 'VIeH B ~rypllliX 
CKOÓKax (15), R MhI BhIIInChIBaeM TOJIhKO Bro BKJIa,n BO BTOpOH 'VIeH (11) 
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2... ftd~:('lir1il !d~x/dj [/~:{x/)] lfj/~/'I(~)D~:'(,'}J+l-j~: tu)· 

foi;.: ("-i) ~. ('-J) - z,:;. tj L.) 2);,.(,1_,) - ~+/.'- ,j~"~,/"-1)}.(19 ) 

~H BHqaC~eHMH (19) Mcnonn30BaHa nO~HOTa COCTOHHMM " 

.2 {Qt I[T Ar l 14vJr Ir)< r fí I}. A~J12/)	 (20)s: 
r
 

=<S2r l [T0,1 AVI] + T A/~ .it I JLt )
 

M 3aTeM M3BeCTHoe pa~o~eHMe ~ 

npOM3Be~eHMH no HOpMannHHM npOM3

Be~eHMHM. ~MrypHaH cKo6Ka B (19)F 
paBHa	 (20). 

TpR c~araeMHX, M3 KOTOpUX coc

TORT (19), M306p~eHH rpaWMKaMM A, 
5	 B,C Ha pMc.2 (BepillHHa ~ M306pa

~aeT [j] ~) CM. (19)). IIo~'lepKHeM, 

'lTO OHM M306p~aroT MHKnID3MBHUe Be

pOHTHOCTM, a He aMnnHTY~ll. 

p 

PHC. I
 

R
 
D A
 

'D	 ~+ A + D ~+ O ~ I A ~+ AL11~!>~-t' 2+ L 't ~m2 ''1' <' m~~m 
m	 m2/--\0 2 O 2 2 mo O 

B	 CA 

G'9-~·tO J['R~ 1['l / 6: ]
-l:~' -c.c. - ~2~~~: ,c1 2/~'\2 ~:~ D< .cc 

, D	 FE 

PBc. 2 

8 

I 

... 

J. 11) ri.
3.3. MaTpM'lHUH sneMeHT (rrml loS {'fi'n> B (11) nano Bb!

'il1C.JIHTnTO~nKO )J)IH COCTOHHI1H tpf)J ,CM. (12). 1JIeIDI c ~BYMH "CBH

3.8MM", MMelO!.!U1eCH Bn?-3JIO~eHMM T (Jj.jvJ~' no HOpMMnHllM npoassene
HMHM (CM. § 23.2 B 2/), co~epK~T Bllp~eHMH BM~a 

- 21 ec{ c·).9U J (lC) .•. J X,~) ... S (!I/i- ... U,2 (e ) , 

'UH -$ UA{B KOTOpllX OTCYTCTByroT M3-3a U '["J li) =() • IIo3ToMY npo-

H3Be;ueIDffi (12) H 8TI1:X 'lJIeHOB O,rr.UHaKOBll B cnyxasx S1. fi j~ M su

nananr H3 6 W . BKna~ B Â W rtae r TOJIl,KO "O~HOCBH3H8..H" 't{aCTn 

T (J~I4J~ jj ) . Onycxaa onarr, 'l.JleHh!, CO;nep1K8.l1U1e Jt(), nO~Y'laeM 
;n.JIH	 Hee B cnysae S/'1, I 

bt.'e 3 U:(t{){/ SC{x,y)/"' U:tj) U:{;J)(). u}J(jj. 
(21) 

CYMMa no nO~HOMY Ha60py r B TpeTn8M -qneHe (11) co~epMMT 

~íll lA/"{1t') Tl./~H (-)Av{:J) A
À 

[il) /0-)= 
(22 ) 

.	 + CJ\c. . ai- Cl\C .0.1- C
 
-<,1/1). /uv
= -t~"tj -, ~úl" .v~) - L ~I,\ ~.. , 

.!oI Ta 'laCTn TpeTnerO -qneHa (lI) (fÍjMrypHhle cxoõxn ) , KOTOpaH ;naeT BKn~ 

B L1 W ,MOiKeT 6llTn M306p~eHa rpaWI1KaMH 7) ,S ,{: ,CM. 

pMC. 2. 

CYMIIY 2:. n. B rpaWMKax A ,J3 C M01KHO õuno 6bl 3aMeHMTnI 

nMIDIell S=~ U~ U: ' M ror-na OHM CTMM 6bI nOX01KM na rpa(pHKM 

2J ,e ,1= ,CO;nepliC.alIUfe mnrn:ro S c CM. ( 17) •, 
3.4. IIoKaJReM, 't{TO rpaWMKM C ,P M f:" B cYMMe ;U8.IOT Hy~n. 

nnn 8Toro paccMoTpMM O~HO M3 cooTHorneIDlM YHMTapHocTM 

í r", l<rd:~j Q41 Te)4f[t'~~~/d3xj/: bJ~ .. bJ] /0 ~:~)/~j (23) 

'r	 'J. 'h /." , A ,-A.,Ao< A 
~~ orreparopa e. 10 f L. JI" t-, J".::: i e Cf f/ ?f) CM. (2). Y'lMTHBéill 

B (23) TO~nKO 'tlneHH nop~Ka He Bllille e 2 , no~y-qMM paBeHcTBo 
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... 

JJ +("1) := ~, f d 3K e l.' (;.; - J( Xc ) O" {~\(d'~ r-'íJ;v{"~)] ~ u:::; {x}]""J;: (i/) ~ :l{2,,}1 K K= lKI (26) 

t{' f~1 <- fdv . c' u- A , ,q ,- A (24 ) 
- l c'J. )(J~ j ~I/ (x-J) ()b) r-eiP ;}[ ){j-1v)2". Urnf.t)2t~"{Ij}· 

. ce(v U: {J) -+ c. C, ] , 

ECJHI M3 C-I=-/?""" BbI,neJIMTl> OOnmll JIeBlIM MHOiilliTeJI:D, TO OCTaeTCH Jill-

HellHaR KOMOMHauHH rrpaBlIX COMHO~HTeJIell, KOTOpaR HBJIHeTCH KaK pas rpa

WH~eCKMM Hsoop~eHHeM rrpaBoH ~aCTM (24). 

3.5. BllrrMilleM BlIp~eHHe, cooTBeTcTBYID~ee cYMMe rpa~MKOB 

A .e ,.2) , JJIfI.) E} G-*": 

2 M Ifd1x{JJ j'tdKtJjdtújJJ/'( (») 2JC{~-:J)j'A;'t )2-+
',2. m/o 

... 2' rn 1Jd 3x JdJ
p 

r.; 
tJ 

j~ ~dJf) ir:(X1J""f-iJJ'"[r--J)]jAr (,,) )~_ 
1,2. m.o ri 

t t t t 

- [2", ftitx' fd+~Jdj {d~ {j~()l,/rtt!-(~1 ()('.)(~ [iAj-i b)1~ (25) 
D P o D - I,J. !j In/) J 

~( ) 'NV . ) QC( '811 1 
'(7 Xo-JIJ j I}.o j-~)J (i) -+ c. c. 

m,f., //1. 

~ t t t ~[+ ]'.11- [ 2mftit)('[dtxfdv"fJt;[jJJtl'll') lo -iJJ {x/_,j} J "(3)
~ () "d 11 /,2. ~I) 

· .e; Xo -~-' [j:~ ('t)]~ :/)C{)(_i)j:~'" te) -oi c. Co. ) • 

11CKOMoe A ~V p8.BHO pasaocra (25 L )-(25 O ), r.ne (25 J..) eCT:b Bhl

p~eHRe (25), B KOTOpOM MaTpH~e 3JIeMeHThlJ'~ BHrrHCaHH C ~HKnHHMH 
UA 

,a B (25
0

) - c ~YHKnHHMH U A 

3.6. IIoKaJKeM, ~TO Á W B onpeneneaaox CMHCJIe Marro, ecna .naaep 
BKJIIO'tlaeTCH OKOJIO A B aarepaaxe ( ~,Z; ), pacrrOJIO~eHHOM B OOJIac-

TH P na pacvL, r ,«, BHYTpH rrpomnoro KOHYca c Bep1IlliHOH B rosxe (O)t). 

, PaCCMOTpHM aarerpaas leI "t1 I d~" rro BpeMeHaM BO BTOpOM tLJIeHe
 

(25). MCTIOJIbSYH)J)IJI ~.. npencraazeaae
 

1
 

Ir 
!It 
I'~ 
(~ 

H 3aBHC}1MOCTM MaTpH~HHX 8JI8MeHTOB TOKOB OT BpeMeHH THrra 

j~o (~),veXfJ L·(E~I·- 1::)90, MlI YBH,UillIl, ~TO KWK,UlIll H3 HHTerpaJIOB 

Jdy-o H f d:J-o HMeeT BH,n 

41 
dt I .exp [i ((r-k) ti] . (27) 

f R ~A) 9 E ~ 
rne ['=-{~m -EIJ HJIH 13. 1 - -u M T.,n. Mo,nYJII:> (27) pasea 

M ::: Sin 1 (E -k. ) t / E_ I( • Ecna E >O ,TO BOSMO~HO paBeHCT-

BO E- I<'l.= O, M B .8TOM CJI~ae 1\1 c::: iJ5z • ECJlli e< o ,TO IIpH 

scex (rrOJIO~TeJIl>HbIX) J< HMeeM M N J-1 '" T ,r,ne r - nepzozt KOJIe-

OaHMH, COOTBeTCTBYIDlIU1ll paSHOCTH TepMOB [ • KoneqJio.. T« t ,eCJIH 

t - MaRpOCKOllH~ecKH 60JIl>rnoe BpeMH. ~H3M~ecKH rOBopH, HHTerpaJI (27) 
He MaJI,TOJIl>KO eCJlli B paccMaTpHBaeMoM B8pillHHe 8HeprHH coxpaHHeTcH. 

B cJI~ae rrepBoro tLJIeHa H3 (25) Ha,UO HCrrOJIl>SOBaTl> rrpe,ncTaBJI~HHe 

J/ (Y:-:l) =-,' [f){)l.g-jll J2)+('/.-#) 't" B{Jo -)(0).2J +!~ ->t)] (28) 

(CM. 17.31' 
.uy HaJIll~H 
e~e TaROe: 

ell E{ B 

B/14/ ; llCrrOJII:>30BaHO, ~TO ~"'(x-~)'Z.-2J+(/I-)(' ). BBH

e- ~HK~H,K YCJIOBHIO OOXpaHeHHH 3HeprHH ,nOOaBJIHeTCH 

BepillHHa J~/[ rrepexo,na H3 COCTOHHHHC OOJI:Drnell 8Heprn

COCTOHHHe c MeHl>rneíi EM (r-ne l}oTOH Mo~eT HCrryCTHT:bCH) 

,nOJUKHa HaxO,UHTbCH B rrpOllLJIOM zoayce OTHOCHTeJIl>HO BepillHHbl jt-.Ni (rne 

W0TOH Mo~eT rrOrJIOTHTI:>CH)/3/. I 

Ha OCHOBaHHH 8THX Ka~eCTBeHHllX coOOp~eHHll YCTaHaBJIHBaeM, ~TO 

Bce tLJIeHbI B (250 ) MaJIH, rroToMY ~TO XOTH OH B O,nHOM BepillHHB 3HeprHH 

ae oy,neT CO'XPaHHTbCH: ne cyméCTByeT TaKHX K .xo-ropae pasaanacs 011 
o,nHOBpeMelUIO paSHOCTHM E/ - Ecl/ ,E~" - E/oi H é!- Ef:: IJ ) 

rrOCKOJII:>KY Bce 3TH paSHOCTH rro YCJIOBHIO He paBHhl ,npyr .upyry (paBHH 

TOJI:bKO EE: - ê, A R €/- €,~ ). 

B cJI~ae (25L) HHTerpaJI ~ 
t J;.o OT j 'A (#) conepxar ~CTl> 

!e~J. c1.~o ,r,ne j':o HMeeT COCTaBJIRlOmyro '" e.xp ,'! E~11_ E1 A)io npa 

m. = 2, CM. paane,n 2, H BOSMOJlí.HO COXpaHeHHe 3HeprID1 npn k.= ~ • 11 

,nellCTBHTeJI:DHO.. rrepBllll (rpaqnm A) H TpeTHH (rpaqMKH .!J + $)* ) 1J.JIeHbl 
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'I 

i 

B (25 ) MOrYT ÓHTL Ee MaAE, HO TO~bKO B TOM c~yqae, ecnn MHTepB~ 
t 

(1; ,~~ ) ~e~llT B óy~ymeM KOHyce C BepwllHo:t1 B .To~e (0,0)2/ (oÓ

JIaCTb /2 na pzc , I) • I 
BTOpOM II '1eTBepTbIÍ'i 'ti..1I8HtI B (25L ) (rpactMKn B H E + E~ ) Ma- ~ 

~bI npz acex pacrrO~01KeHHHX ( 7:', ~ ~2. ), rrOTOMY '1TO TOK j-4,-v ex!" l~;t() I 
ae MOiKeT 11CnyCTHTb KBaHT rrOJIOJKMTeJlbHOll 8HeprHH: I( + Ó ~ O. 

f'.[113 11ano~eHHoro c~e~yeT aCHOBHOM Ka'1eCTBeHHbIU pe3Y~LTaT 3Toro 
\1pasneza: eCJIM aTOM 11 "BIUIlO'1eH" B ocnacru P ,CM. p11C • I, TO Ã W 
" 

OKa3bIBaeTCH M~HM B c~e,nYIOmeM CMbIe~e: d W(t) rrpOrrOpI..J;MOH~bHO 
Tl. ~ (1/6 )1. , a ne t2. ,HarrpHMep (npyroe onpencnenne "M~OCTH" 

CM. TaK1Ke B 3~'1eIDIll). Pe3Y~bTaT, B '1aCTHOCTll, c~e.nyeT 113 CBoiicTB 

WYRKI.UJ:ll!J+ H:JJc ,orrpe,ne~He!'JlblXJB CBOro O'l.epe,n:D, Koprr'yCKY~HPHo:ti llH

TeprrpeT3.I.U1e:ti 3~eKTp0r.1arHMTHoro no.na ( .2~j/ npozcxomrr 01' 

<Q/J~A... tSr»). B 3TOM CMblc~e pe aym.rar HMHeTCH c~e.n:CTB11eM (TI), CM. 

BBe,neHHe. 

01. noJIY:rEn3EHliEPI'OBCKAH KAPTIlliA 

BbIBe.n:eM ~H 6 ~ ,npyroe rrpe.n:CTaB~eHHe, óo~ee rrpocToe,~eM BblBe

neaaoe nume CTaH,n:apTHbIlV! pac-ie rou, 11 c .n:pyrMM11 Ka'1eCTBeHHbIMM OCOÓeHHOC

T.RM11. 

lI. r. B MO.ue-AA aTOMOB c I:OH8'lHbINI 'tlHC~OM YPOBH8:ti onsparop y" pac

nanaerca na TaKMe .n:B8 nac 1'11 (J) A 11 (J).9 ,'l.TO f A (x) 'J/!2()(J 'Z O . ,r'A 1 ~ ,
eM. (2) • Bsany sroro J;w Aj'I =:;.j/'<' A,JIf + j AJt . TIp8,nCTaBMM
 

S z: Te.Xf ;,{ljAA to j!JA) B BM~e rrp0113Be.n:eHHH
 

(29)S(t) 0):= V· V. (t~ I) ) v= Texf 1..·~'d"xj:(xJA/lb). 

TIOCKOJI:DRY ypaBHeHHH ,n~H S 11 li H3BeCTHbl: 

2/3aMeTHM, '11'0 narerpaaa B (25t.) M~bl, eC,,1]J1 ( 'Z'; , Z"~ ) pacnozo
JKeHO B oó~aCT11 S (space-like ) na p11C.I, rrOCRO~:DKY ~YHKmrn 2<: ( )l -:J) 
H 'J#-(y..-~n Ml3.llli npa x .... ~ (HX S -oopasaue OCOÓeHHOCT11 COCpe.n:OTO- (I 
~eHH Ha CBeTOBOM KOHYCe). ~PMY~a (44) c~e.n:YIDmero pa3.n:e~a eme Óo~ee , iHBHO nonxepxaaaer 31'01' qJalCTo H3 (44) cnenye-r Ta.RJKe, '11'0 A 11 5'+2)'" (. 
~OJDKHbI B38.HMH0 YID!'1TOJ;{(lT:DCH, TaR '11'0 6 W M~O 11 B c.ryxae , xorna .. j
( 7::" L.1 ) ~eJKHT B oó~acT11 F • 31'01' q;aKT ne M01KeT ÓbITb BblBe.n:eH 113 I 
(25) na OCHOBEl.HHH Ka'1eCTBeHHHX cOOÓpaJKeHHít.' I 

i
12 I 

! 
t 

;,. 

i dt S :: - f/A.S' ; i~ V s: _/;'/-1// ' V, (30) 

TO ,n11@epeHIU1pOBaHMeM (29) rro BpeMeHH HaXO,TI:I1M ypaBHeHMe ,nmI U, 

ldt Uít,O)::: Vt [ -J;td'r)(J~ C,,) Aft ()I.) JV· 2L(~tJ) = 

=[_~tdf)fj;{x)A;('t)] Uit 
1 

/) ) . (31) 

B (31) HcrrO~b30BaHO, '11'0 Vt cf 8 V::: tf2 BBM,ny 

~ lfA{I),lf~0)J = o. BbI'l.MC~MM A'::: V+11ft V . EnH 8Toro rrpe,nCTa-

BIDJ! V B BM.IJ:e 
t J(Q X o 

V(tJo)=z (-i)"f.ri\1' dt~1., .. I ~·'dYxlf V(x,), •• vt».. )
n o o IJ , 

V =-J/"'A 
A/'4 

11 Bocrro~b3yeMcH WOPMY~OH 

vtAJ< V=2.L·f.~+" ('d''', ._(~;"+x. [VLx. l, .. [vlx.j, [V{x,J, A,.bJ]J..J. 
(32) 

CM./12/, § 21, CTp. 164-167 11nn/15<WOPMY~bl (20.9), (20.14a). M3 pH.IJ:a 

(32) HaM rrOHa,IJ.O ÓHTCH 'VIeHbl nopanxa He BblllJe e2 ; 

AJ"~[](.)= A~{)(} -t-~PQ d+lj (J{)(o-'1{)).2('f(-:J)[j~A(~) + Jj;I:J.}} , 

(33) 

~j: [~) s: _e2~Yr)dYJ [f~{'j)!tt SA !tj,l)Atll~) (11 f/JA{~)_ 

-(fIJ{~)AII{~)r"SA{~/r;)r/' ?fll{i-}J , 
(34) 

r.n:e B c~ae SL (OKO~O A BKJIIO'1aeTCH ~a3ep) 
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;;.. 

A -1/
-iS~ (~,)) :2m Um (i) Um u): (35) 

CP.lI5/. <füPMYJIhl (I8.7) li (I8.9); 3aMeT11M. 'iTO (35) ae ccrs Sadll ' 
MOIKHO noxaaart., 'iTO 11::' rrO;IpU1HHeTCH ypaEHeHMIO nnna O A;: = 
:: - (e (fAA (f v: , r.ne ~A::: V-t Cf A V. B npanoü 'iaCTli 

8Toro ypaBHeHMH ~MrypMpyeT He rrOJIHhlll TOR. M rr03TOMY AA He eCTh 

reli3eHoeproBcKHll orr8paTOp. Ha30BeM ero rrOJIyreli3eHoeprOBCKMM. 

4.2. Ilpe.ncrannenae (29) JJ.,JIH S ( t .0). rzie U ( t .0) eCTh pe

IlleHMe (31), 
X1.1 u 

U{t, V) =: 2n ini d"x,~ 'd'f,.~ __. [xII-'d "Y" jj)b,}j.JA(x, J. ..jt)(h))JA(x,,) , (36) 

yrrpoiuaer Bhl'illCJIeHM8 W . rrorotsy 'tlTO oneparop V "sunanae-r" M3 3TOll 

MHKJIro3MBHOií: B8JIM'tlllHbI • .TI:ellcTBMTeJIhHo. 0003Ha'iaH U(t.())~~." == rj(t)) 
rrOJIY'iaeM n3 (8) II ( 28 ) : 

W=Lrm <rjJ{t)Jvtlr~",,><r~,"1 I vi rjJttJ) = 
(37)=1 ~ <~(tJlflt)(d'{vtlr~",/)<r~,",'VI(7I1><dhl~/t» rm d',flH 

BCTaBJIeHh! CYMMbI 2 10><<: I :; 1 rro rrO:IHOMY naoopy COCTOIDilIlld
la)=/r$6: ~~) paCCMUTpMBaeMo.f1 CMCTeMH "8JIeKTpOH A + 3JIeRT

pOH ~ + 8JIeKTpoMarHJITHOe no.ne", ITOCROJThRY V ae conepxar orrepa-

TOpOB 8JIeKTpOHa 2J • ro 

<r;", tVIr'~:?n ~ <rp..' IVIr'I: ><~~ ~ It/J: )"'J;,,, . 
TI08TOMy CYMMli rro (TI JI (Til B (37) CBO,JJ;HTCH K CYMMaM no r MP::. 
MCnOJIh3YH yHMTapHOCTh V 1 

2: {r'~: I vt/ r~: ><r?: I v I rl'fpl:~) :::~rlr" J:, K" (38)rf'll , , a 

, 
nOJIY'iaeM M3 (37) 

W: I <~(t) Ir~: ~ Q~>( rr/k.1'. ot;11~ I r/JEt) >= rK
(39) 

== Ir", 1<r ~ml I U (t, IJ) I ~lh >J z 

I~ 4.3. )J.7.uI Bhl'tlllCJIem1JI ,6- W B nepBOM HelIC'ieSaIDlIleM nplIOJI~eHlIlI 
0'I rrOPMRa BKJIIO'tlllTeJI:óHO: 

t. sano B3flTh lI3 pH.JJ:a (36) )J,JIfl U 'VIeHH no e s 

M (~I ''3) U(1I1 fi tl/{II 'jfd + j',8 /IU=1 + U -+ U +u· ~ ."-e, cc =f. D )(:4' I1Jt " (40") 

u(J.};:i ~jv)«(~d~:J J: (7.) !/)(x-y)J: (~) - ~~t)f.(,)CCI)/:IJ~j~ A., , 

(4I)
Ul1}~i~~tK~}(~dj j; /'1-)!/) ()(-~) f>j; 19) ._ 

- ~tdt"j~ (x) ~,(~) ~)I()rJ., L9(;dlt~ j~ ") J)(~- 2 )j: li}

t-4dt'l ~)l, d f
2 J; l,) !J)[~-M)I; /2) f;dj I'~ /'j) Av (j) _ 

t t f ~l> (l~" 't'!/) 
J
'~ 
11 

A I ~ A 
(42) 

- iLd )I. o ti'ri J() d 1 JI' Ilf ".I) ,\. 

,UOCTaTO'tlHO BH'iMCJIlIT:Ó CJIe.uyroIlUfe 'V[eHH W . .uaIOIlUf8 BKJIa.n; B Ã W . 
CM. rr.3.I., 

2.,..", l<rrj"" (u
l1JI ~Ln>}2. + [2.r,., <rpltl, IUO) 1~,,,y"~r~m,1utJ 

) / ~;,) ...~c,J. 
(43) 

B nepBoM 'VIeHe (43) He Ha.n;o Y'tJ.HThlBaTh 'iaCTh ZL~J • rrporrop~OHaJIhHYID 
jJ> j!J • CM. (4 I). no npasaae He3aBJIC1!MOCTM OT U~ II nponopna-

OHaJIhHOCTM ~"',(I • cp, n , 3.2. KaK II B n. 3.2 .• 'CYMMa no m. B 

, KBa.upaTHo~ cRoORe B (43) CBO.uMTCH R O.uHOMY 'V[eHY n\ = O. naJIee. B MaT
(\ pM'iHOM 8JIeMBHTe OT U(11 nano y<rn:Tl:ffiaTh TOJI:óRO nepBHll 'V[eH M3 (42).
i ne~CTBHTeJThHo. BTOpO:tf M TpeTlIll 11JIeHH (42) B 06KJIa,IUmx <r ~lJ' I li 

~ 'AI '(-'i" > nponopnaonansau f, o , CM. n. 3.2. IIocJIe.n;HHH JKe 'V[eH BL: li • . 
(42) ae 3aBHCHT OT Um M ae BXO.unT B .1 W 
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B pe 3YJI:b rare nOJIyq.aeM CJIe.n:YIDIl\ee Blílp8JKeIDfe ,II)IH TeX 'Y.JIeHOB (43), 

xcropue .n:aIOT BKJIa.IJ: B (). W: 

~ \ Lfdtx ftdj i~~ (y.) f) (Xo-//P) 2)(Y1-:tJ/14 f1!u)jl_ 
M ~ f} {> I J 2 m,» ri 

- [2 J' t-d't)ttj,tdi[).! tr, j'id~l [J'J)Jt ()fI }J.;/) fb:t- 2) [/4/'1 (2') 7~ 
In iJ IJ ~ li IJ " 2. ",,) :J 'J 

':Jv (44)'A-v]") (1-J &(xo-Yo) lJ{X-J-lj !~) + c. c. t
t~2., Ir'.o 

+ [2 J'1:c1~x'ltd\ftdji». [j'fJf b'}J*2Jf{'/i(-2jJItf'4{~), 
In o li o () 1,1.' "',0, 

.j~: b) e{xc-Jt} !i)(:t.-J) [J:~ t~)]4 + C. D.] . 

Ilpn BbI'lliCJIeHHn KBa,n;paTHblX CKOOOK B (44) nCnOJI:b30BaHbl ~PMYJIbl (34) II 

(35) n 

~r {nr 1 J~, (v.) }r)<r/ /4vt~)Inr>=-i1);u.. (X/-il) • (45) 

S czyaae W MaTpl1:'YHble 3JIeMeHTbl i Ilf1 B (44) Bbl'lliCJIHIOTCH cL A J~~ A 
nOMOm:bIO WYHRIJ;MH U/rI' a B cJIyqae V\Io - WYHRIJ;MM UIt\ I CM. pa3

.IJ:eJI 2. Pa3HOCT:b (44 ) .IJ:aeT rrpe.IJ:CTaBJIeHHe ,II)IH Â~) Ka~eCTBeHL)-(440 
Hoe OTJIl1:~e KOToporo OT (25L)-C250) COCTonT B TOM, ~TO BO Bcex ~eHax 

(44 l)-(440 ) epnrypnpyeT 3ana3.IJ:blBaIOIl\M qJyHKIJ;MH Jjrl.{'K_'j) ~ e{K -!j,; ) i) { x -, ) o 

~H Ka~eCTBeHHÓH O~eHKl1: nHTerpaJIOB B (44 CM. n.3.6., nCnOJIb3yeM
0), 

npe.IJ:CTaBJIeHHe ~:. »:+ J)- • O~eHKa nOKa3hIBaeT, ~TO (44
0) 

MaJIO, TaK 

~TO Ã W=' (44t.). B (44,1) 3aM'eTHblH BKJIa.IJ: naocur TOJIbKO ~aCTb .4,'t4, 
nHTerpaJIa no BpeMeHn, OT KOToporo 3aBncnT TOK ~A • TIpncYTcTBne 

J)R(r.-,) B (44 L) npnBO,IU1T K TOMY, ~TO t1 W{e) =(4I.(L) = O, 
eCJIl1: t < 7:,+ ~/c: B03MOjKHOe .IJ:eíiCTBne aTOMa A MOjKeT CKa3aTbCH aa 

nOBe.IJ:eHlll'I ~ TOJIDKO c 3arros,uaJiI1eM R/c • B ~acTHocTn, 6 W·~ O, 
eCJIl1: A "BRJIIO~aeTCH" B OOJIaCTHX S n F na pac , I, CM. 11pIDJIe~a-

Hne 2/. M3 (44L ) He CJIe.IJ:yeT Ka~eCTBeHHO MaJIOCTb 4 W B cJI~e, Kor

'l.TO l1X cYMNIa MaJIa, O.IJ:HaKO 3Tn BhI~CJIeHl1:H ne npOHCHHIOT npn'lnHY MaJIOC-

Tn 6 W B 8TOM CJIyqae, KOTOpAA OhIJIa YCTanOBJIeHa B pa3.IJ:eJIe 3. 

5. 3AKlUQ1IEHl1E 

Pac~eT no cTaH.IJ:apTHOM TeOpnH B03My~eH11M, npoBe.n:eHHbIM B pa3.IJ:eJIa 

3, nOKa3HBaeT, ~TO li. W ';t O, eCJIl1: aTOM A "BKJIIO~aeTCH" B OOJIaCTn P , 
eM. p~c. I. TIpn'tl11HoM sroro HBJImOTCH CBonCTBa é,PYHKIJ;IÜf .!!J+ M .2JC , 

'. KOTophIeJB CBOID O~epe.IJ:bJonpe.IJ:eJUllOTCH CTaH~apTHofi KoprryCKYJIHPHOM nH

Tepn~eT~eM 8JIeKTpOMarHl1:THOrO nOJIH. 

C ~PyroH CTOpOHhI, pac~eT pa3.IJ:eJIa 4 nOKa3HBaeT, ~TO d ~ MaJIO 

npa l3RJIID~elilln A B OOJIaCTHX S n F : BJII1mrne fi na ~* .IJ:OJIlK-

HO ocymeCTBJIHTbCH c sanaamraanaen R/c • 3TO HBJIHeTCH Ka~eCTBeHHbIM 

CJIe.IJ:CTBneM HaJIn'lliH aanaanaaaomeã epyHKIUUI J)" (:tt-3) ::= &(~f) -to} J) (x -u) 
B napaaoaza .IJ:JIH .4 W . IDymUJ,MH 2)(x -# j npon CXO,IUIT o T MnKponpn'lliH-

HOM KOMMYTaJJ,Mn [AI" (1C))~vl.~)] =-i!/)()l-Y) $'"....,v ' c TIOMOll\blÔ KOTO

poíí BbltUICJIHeTCH (32), (33). <ItyUKI.J,IDl O(,;<,;-S,) B03lillKJIa n3-3a yrror 
pec5JIelillH B ~PMYJIe (32) TaKOrO pemeaaa V. sroporo aa ypaBHeHH:ã (30), 

xorcpoc peuiaet OObl~ sanasy KOIIlli: S8JJ;aHO cocrcanae rrpa .
 
Tn COCTORlilIe rrpz t > t, . .IlpyrIDJIn CJIOBaM'n, (j (xu - :lo)
 
He nOToMY, ~TO Mbl nOTpeOOBaJlI1, ~TOObl oY.IJ:ymee He BJIl1:HJIO na
 
HO BBImY orpaHl1:~eHHH (He HBJl.HIOlIterOCH @I3lI~eCKl1:M npnHIJ;MnoM)
 

npe.IJ:CKa3aHHM Oy.n:ymero (38JJ;a~a o BOCCTaHOBJIeHl1:n TIpolllJIoro He
 

to = O, HaH

nOHBl1:JIOCb 

rrpomnoe , 
sa.IJ:a~e:ã o 

paccMaTpn

saerca) , TI08TOMY MOjKHO C'lliTaTb, ~TO 3arra3.IJ:bIBaIOlUl1:H xapaxrep 4 W 
HBJIHeTCH CJIe.IJ:CTBneM TOJIbKO oõpaiuerran B· HYJIb [~~AII(~)] npa "IV~. 

TaKl1:M 00pa30M, npneM "BKJlIO~eHHH" A B pasaux nHTepBa.JIaX BpeMeHH 

n llCnOJIb30BaHne .IJ:BYX cnocoOOB BbI~CJIeHl1:H Â ~ n03BOJIRJIM HaM He TOJID

KO YCTaHOBnTB WaKT OTCYTCTBM I3.JIlIRlilIH A na ,2)*', HO H BHHCHl1:Tb rrpa

~HH 8Toro. KpOMe Toro, 8ana CTaBnTb 3a.IJ:a~y 8KcnepMMeHTaJIbHOM npoBep

Kl1: (TI), CM. BBe.IJ:eHHe, TO Mo~eT OKa3aTbCH cymecTBeHHHM, ~TO (TI) 3arrpe

maer BJIl1:HHl1:e A na 2)"*' RMeHHO B cxyxae BKJIIO~eHHH A B OOJIaCTH P . 
KOHe~:ã peSYJIDTaT paooTbI Mo~eT OHTb, O.IJ:HaKO, C~pMyJIMpOBaH Oe3 yrro

MnHaHHH o BKJlIO~eHilli A (CM. 8HHoTanHll), nOCKOJIbKY HeBO 30YJK,IJ;eHHblH A 
ae n3MeHHeT BepOHTHOCTH norepa BO30YJK~eHl1:H J) * , xcrna OH A He 

BKJIIO~aJICH • 

M3JIOjKeHHH~ cnocoo pacne'ra aanasa A 4 ~-M Oe3. n3MeHeHHH 11pRMe... 

.IJ:a A "BKJlIO~aeTCH" B OOJIaCTn P • B 8TOM CJIyqae nepBH:Lí n nropoã HIDJI K aanaxe A* ~ 1)'* (BJIl1:mrn:e Ha~" B030yJK.UeHHOrO na ypoaeas E..2.~ 
'VIeHbl B (44L) He MaJIH. I'poM03.IJ:Kl1:e n 8..KRypaTHble BH'lliCJIeHHH noKa3HBaIOT , 'j 

aTOMa A ). ~o TOJIDKO Q~TaTb, ~TO WYHKUfll1 zt: COOTBeTCTBYIOT 
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U h. "",A Ci-l 
BKJIlOCl8H11IO JIa38pa OROJIO A C 1.JaCTOT011 t;V ==' c;::J. - E:.() ,BCe OC

T3JInHOe ne M3M8HHeTCH. B ::3TOM c.nyxae nOJIyqa8TcH, 1.J.TO no-rrpe.1KHeMy

A W ~ O.. 8CJIH JIé.l38Il BKJIID1.J.aeTCH B OOJIaCT.fiX S 11JII1 F • Ho rrpn 

BK'IlO1.J.eH!1:11 B OÓJIaCTVI P d W ORa3bIBa8TCH ÓOJInlillIM ( aa C1.J.8T BTO

poro 1.JJI8Ha 113 (25 L ) ; M8XaHM3M BJI11HHllH il p83YJInTllpyromaH eJoPMYJIa ,II;JIH 

6 W OÓCY;K,UaJI11Cn B/I I/). Bupaxenne " .1 W ( A ~ ..8 ~ ) maJIo" 

MO.iKHO rrOHI1MaTn B CMDlCJI8 L\W[A --4.2J lI'-} « d W{A"~ $*} 3aM8TllM 8m8, 

1.J.TO 'lllCJI8HHO .âW{A*-.2>~) paBHO B8pOHTHOCT11 W{A-lt4 .e>J neperra

'lll B03ópK,UeHMH aTOMa ,UPyrOMY, H8B03Ó~8HHoMy.aTOMY, ROHe'lHO,TIpM YC

JIOB11M pan8HCTBa COOTB8TCTBYIDIl.(liX rrapm~8TpOB: R, n II T.,U. 

B paSn8JIe 4 oun rrp8,T1)IO;f~8H M p8aJI1130BaH cnocoó paC1.J.8Ta MHKJIID3MB

Boti B8pOHTHOCTll W , OCHOBélHHblM na Bb],U8JI8HMH M3 raMllJIbTOH11aHa B3a

MMO.n:8MCTBHH H TaKoM o ro ClaCTM hI ,ROTOpaR H8 CO.n:8p.IKllT orrepar 
TOpOB pO.iK.n:8HilH-YHM1.J.TO.iK8HMH ,U8TeRTMPY8MOM ClaCTMUb!. Drr8paTop 3BOJIID~M 

B RapTMH8 B3aMMo.n:8üCTBM.8. pa3JL8JIH8TCH na MHO.iKllT8JIM V U ,rJJ:8 

V::. T~ «rL- i.f (/..t' h, {tI} J . ORa3bIBa8TcH, 1.J.TO V "aunanae'r" H3 

W ,CM. rrynxr 4.2, 11 sana-ia CBO.n.rr'TCH R BbI'UiCJI8HHIO MaTpH'tJRbIX 3JI8

M8HTOB U Me.iK,UY COÓCTB8HHblMVI COCTOHHHHMll Ho 

H 3aKJIID1.J.eHil8 OTM8TW~, ClYO llCrrOJIn30BaHlle orr8paTopa 3BOJIIDUllM 

S	 (t, O) H8 }IM88T TaKoro T80p8TM1.J.8CROrO OOocHOBaHM.fi,RaR 11CrrOJIn

30 BaH1l8 5 (00 , - 00 ). B 1.J.aCTHOCTM,H8.fiCHO, 'l.TO ,n8JIaTn 'c paCXO,UIDJlOC

T.FIMM B BbICIllMX rrOPMI\.aX T80pMM B03Mym8H11t'1. OMaRO C8ÜClac H8T JIY'llll8ro 

cnocooa pacne'ra 3t:N:8r':TOB rnna paccaorpenaoro ( .TI:PyrM8 rrpMM8pbI: Bp8

M8HHOH XO.n: BHCB8'll1BaHM.fi, CB8pXM3JIyqeHM8 II T.n.). B 3TMX YCJIOBMHX 

npe.ncxaauaaeaoe Ra1.J.8CTB8HH08 HBJIeH118 sarrpe-ra Bllli.fiHH.fi A aa ~ ti MO

.iK8T 11CrrOJIn30BaTnCH ,II;JIH 3RCrrep}IMeHTaJI~HOM B8pY-~RaU»11 3Toro cnocooa 

paCCl8Ta. 

~aro~apID A.C. illyMOBCKOro, B.M. MaHnRO, B.IT. Kapac8Ba 11 B.J. rraB

JIOBa 3a rrOJI83HbI8 OÓCJ~8HMh. 

lIPWI01lOOll1E 

B Illpe,n11Hr8poBcROH xaprnue WL ,UOJI.iKHO onpeJ~8JIHTnCH q:oPMyJIOH (8). 

B ROTOpOM SL (t, ()) 3aM8H8HO Illp8nrrHr8pOBCKHM cneparopon 3BOJIIDWIll 

Q[fJ =Qf)(t) S,L. {iJV) , 

i d Q[t} =H (t) Q(tJ H(t}:= H~(t) -+ Hl' ,It
'\ 

t c9.t ()o [t};:: HD{tJ Qtlt) , Ho(tJ:: H()( + H()2J + H/JA(t). 1 
) 

I 
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(ITOT8HWiaJIbI nOJIR ~n30va L; (x,t) BKJIr01.J.eHbl B H )" ITOCROJIbKYOA 

,HI).[) 11).1DA IWMMYTMpYlOT ,UPyr c .npyron, TO ~() ==HDr 
=	 Q();- Oj)JJ QVA. IT03TOMY 

<r~MI lQo sI ~('I\> ==( Q/ ry1~ pJ~ I S J ~t'lI> == 

=- <exp [ dE"t 1"Ej~ }tJ r ~~ Qo~ c!;/lI f2A J s I r/J (,. > (TI. I) 

\IJa30BbIM MHO.iKllT8JIn e~13 L' Lfor -+- Et') t aunanacr as MO.n:YJIH (TI. I). 'iTO 

xacacrca aupaaeaaa Q()~ O<:tIl ~A I TO OHO H8 nponoprmonaasno 

ci;t,.,. nA , BOOÓme rosopa. O,UHaRO oneparop ()CII «t aunanaer 113 

CyMMbl rro m OT xaanpara MO,n:YJIH (IT. I) • .D.oI\.a3aT8JInCTBO 3'l'OrO qBKTa 

TO'lHO TaRoe .iK8,RaR B nYHRT8 4.2. Brrpo1.J.eM, np11 HaIlleM BblÓOp8 l,,. (CM. 

ROH8IJ; pasne.na 2) rrpz 1;.< t 01{a3bIBaeTcH, 1.J.TO 

I') t ) .1- t"I ( , A ) ~I + 
lJ(IJA{t o(Aln JLA = exp "Em t V\Am S2 A • 

BB11.n:y 113JI0.iK8HHOrO,RaK ~ ,TaR II MorYT ÓblTn,orrp8.n:8JI8HblH~ 
eJoPMYJIaMM ( 8 ) • 
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W""POKOB M.~. p4-87-901 
B~CBe4""BaH~e aToMa o HeDOa6Y~AeHHo~ cpeAC 

nOKaaaHO, ~TO npHcyTcTDH6 HeBo35y~eHHoro aTOMa A He HSMeHReT 8pe
MeHHoH aaKOH D~CDO~HbOH~R 8oa6Y*AeHHOrO 8TOMB O IpaccToRHHe Me*AY A H D 
npeAnonaraeTCR MHoro eO~bWHM AnHH~ 90~HW HanY4eHHR O I. AHanHS BWBOAa 
3Toro Ka4eCTDCHHoro pesynbTaTa nOKaaWBaeT, 4TO OH RBnReTCR cneACTBHeM He 
KOHKpeTHO~ AHH8MHKH K3A, HO ABYX 06mHX CBOHCTB 3TOH Teop...,H: ~OKanbHO~ 

KOMMYTaTHBHOCTH onop8TopOB 3neKTpOMarHHTHoro nonR H 06w4HOH KopnycKY~RPHOH 

HHTepnpeT8UHH 3Toro nonA. npeAno*eH cnoc06 paC4eTa HHKnD3HBHWX BepORTHOC
Te~, Hcnonb8Y~H~ KapTHHY, npo~e*yT04MY~ Me*AY KapTHHoH B3aHMOAeHCTBHR 
H reH3eHGeproaCKoH. OH OKa3~BaeTCR 60nee npOCTWM, 4eM cTaHAapTHwH paC4eT 
B KapTHHe B3aHMoAeHcTBHR. 

Pa60Ta B~nonHeHa B fla60paTop...,H TeopeTH~ecKoH ~3HKH OH~H. 

npenpHHT 061oeJlHJUlHHOrO HHCTHTyT8 JUleptlblx HCC1IeJlOBRIlIfA. ,ny6Ha 1987 

nepeBOA aBTopa 

Sh i rokov M. I •	 P4-87-901 
Atam Deexcitation in Unexcited Medium 

lt is shown that the presence of an unexcited atem A does not prac
tically change the time law of the deexcitation of an excited atom O 
(the distance R between A and D is supposed to be much larger than the 
wavelength cf O radiation). The analysis of the derivation of this qual i 
tative result shows that it is a consequence not of the QED detalls but 
of two general properties of the free elecrtomagnetic field operators: 
the local commutativity and standard particle (photon) interpretation of 
the field. A method of calculating the inclusive probability is suggested 
which uses the picture intermediate between the Helsenberg and interaction 
pictures. It turns out to be simpler than the standard calculation in the 
interaction picture. 

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