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Bne.neHue 

1:i pU.lJJI'fRIDlCTCIW!: HrutClo

JIee I1GKCTa qaCTliU!: . 

OlltJ'lIfOa l16l1acT'P. ~ • 

"'0 	CP<l3Y .lKe nOCJIe ::lTOt'O. ~UTb · f! lIlJnlUUUW 

prH)C1'ORIllW I~ .06Htl.py~eHa '1 ~iaCJ"! ~. 
CM • • uanp .. • UnlluK II 	 V.. Upl1 

ORe31lBae'ICJI 3~MOT1fOI'\ • 


nop.R.IJ;Ry BeJmtmH~ panno J{OMlITOIIOnCl,oll .IJ.)nIHO lJD.11{)J 'IBCT.II1W /I , eM . 


/3,1/. H 'l'SlOIt9 .na.nee paa.n.e.n 2. TIO:J "I'OMY rrpOOJlOMl'! flKTyrl.lIhll1:! TOJIhKO .n..rm 

TalmlC 1WCTlUl, ReK cfloTOH rum lleMTpmlO . CROPCCTb pacnpOCTpaHel{HR <PaTor/a 


nCCJIe.n.oa8.'1SCb c 1930 1'.. IJplf1leM B CiOJI6B peaJIlICTI{1JaCKOM aon eRTe . 'leM 

1> / 1-4/ . HanpRMep . BMeCTO H81JaJIh HOI'O liaRaTa cfoToHa pa CCM8TpHB8.1\CH 


TOM, ncrryCRe~ q,oTOHhI, !la~HaR c t ;: () . CruiCOK COOTBeTCTBY l<.lmi X pa·
60T It KX 0 6 CYl!.neHl1e OM . B OCl30p e"5/. 8;n.e.1l8HHOe B / 5/ 3a KJIIOlle mre 1'a
KOBO: C HeKOTOpw.ru OrOBOp KallM OOKa 3aHO, 'lTO !PaTOH He onepel!ae T CBeTO

BOn rppOIIT. D,nHa R3 OrOBOp OK rJISCI'!T, 'ITO MO~HO rOBOp nTb ]OOIIb 06 onepe

~eHln'I Ha KOMOTOHOBCRYlO .IlJIl~11Y BO.mrn SJleKTpOH8 i'.e , eOJrn npnxo~ rpO To-

Ha B V~ p enlcTpl'!py e TcH TIO 'f3~!eHeHJ!~ COO'l'OHHltJI 3l1eKTpOHu B 'f, (OM. , 

Hanp. I KOHeu nOCJre,n;Her u nrm.lJOJllie HIDl B , 5/ ) . 
3.nech HC CJIem'e TCf! pacnp o c TpaHeHlle ]!(,T'KorO $epMI!OHB ( He m plHl o) . 

p e,nCTBar,ut JJOKa.1ThIlO t.! TeOpl1R TIOJU! OTmClill8!'1'Cf! HC'rO './JIHK HeA'J'pmlo, Jlo

KaJrn30B8RHW! B ~ ,11 .neTeKTOp , pe!'l1 CTPlIPYllUld~ H9j:fl'PI'!HO B L{, • ITo 

Ka3 aHO, 'ITO p e 3Y_'lhT8 T n OJIY'I.'lOTon K3"1CCT1WHIlO T8!mM lite , KIlK ,nJlJI (PoTOHe : 

8rraY3a.JlbROCTb OBR3E.Hla 10.1l1>KO C Xflp:lF-TCpaC'l"!I(OI,u! JlP.'l'CKTOpa (HO He He;tT

pHHO ) H HeHaOmo.naeMO 1~.:l.lla. TnRlIM ODpaao'.\. OKIl3U!laeTCf! np.Hn,umnaJlbilO 

.aalltJUlM BlUII)qaTb BTeopmo pacnpOC'TpSHeHIDl '~:lCTm.lli OIll'lca HJ.! e .ne TeKTopa . 

B pa3.lIMa 4 oCkYlI:nr.UTCJl n8j~OKc. Cl:U{38HlWa C l'OJIKOB81ll!eM IL10T 

IIOCTli 38pltllD . B npY1"llx jxlPI.1AX 011 6u.1I H:meC7en It pOlib we. liO oco6eHHo 

p e3 Ko opoRBJlJIeTC>! B 3!Ulr')tle () pncnpuC1'pElHeltlli~ . ~fc T(; lllrnKOM er o HBJlJ1eTCR 

TO OOCTOHTe.1lh CTBO . \t'ro JlOKa.'lbIIW) 3flprur;eH"HC nOM ra cn poCTpaI l.RlOTCR He 

ClhlCTp ee CKOPOOTH CBers, Hero KBBHTIi HeCi:OJIbl<O ooep(!JK8J()']' cn e'l'OBo /t 

;PPOH'l' . 

I. ~opMY;mJJO:rum KpJ1'l'emur p eJlH'fHEHcTCROll n p H'lY.HHOCTH 

" p o c TetmIM.PoPMY.IIHpOBKB lq)I!TepKfI peJIJiTHBHCTC1W ff llpJ4'UfHHOCTn CBR

38H8 C p a c runlllaliltCM nal<!'Ta . 

:l 

llYCTh 'Ps OIIl'lCHBaeT o.nHY 'IaCT1:rur, JlOKaJrn30B8HHYJO npl'! r::: C 
B OCl:heMe Vs (B TOM CMIlCJle, 'ITO e e IlJIOTHOCTh BepOHTHOCTI'! p a BHa HY.ljJO 
BHe Vs ). Tor,na 

I( lP£I I CIl (t) >j2 = <£Psi:) I cPoi ><Cf1 I CJls( l ) =< ~. (t) I P.£l J 9J(l) (1) 

eCTh BepoHTHOCTh TOI'O, 'ITO B MOMeHT t >0 MOJP:HO oClHapYl!G'ITh STY 


'IaCTImy B COCTORHID! q?,il ,JlOKaID!30Ba HHOM B ~ • B (I) HMeeM 


CPs(tJ = €Jip { - i H t) CPs , a P;, = I (~><tp~ I eCT.b npoeKTop Ha O,nliO-

lffiCTH'IHOe COCTOJlli.He Cf:J, • CorliacHo npHHmmy peJl.liTnBHcTcRO~ llPI'!'ll!H

HOCTH , (I) ,n0.1D!H0 paBlUITbcR HYJIIO npl'! t< Ric 
.l!a.nm.1 0606me Hl'IH SToro Rpl'!TepIDI, KOTophIe I'!c nOJlb syeM B ,naJfbHe~IDeM. 
a). Pi> B (I) MOlllliO 3aMeHUTh .npyI'Htm onepaTOpaMI'! X~ • B TeOplm 

nOM OHH MoryT 6hITb nOCTpoeHhI >13 onep a TopOB n OJleti 11 HX '1aCTe~, po~_ 

,naJlll{HX Ii yHl'I"lTOlltBKIlUlX 'IaCT.\U1:hI (MOJ/tHO nOKa3aTh, 'ITO 'Iepe3 IUIX MOJRHO 

BBpa31'!Tb I'! P21 ). X;p MOllCeT 6b1Tb, Hanpl'lMep, onepaTopOM 'lUC.1Ja 

'IaCTKQ B V21 ( CM. pa3,neJl 3) , RHTerpaJIOM no Vjl OT nJlOTHOCTH 3apsma , 

OT IlJIOTHOCTl'l raMILllbTOHl'IaHa H T. n. C Tal<O f.l 3aMeHof.\ « ,l) it} I Y2J I0 ( t ) 
J 

HMeeT CMblC.1J cpe,nHero 'IRc.na "laCTI'llJ, B V,!! B MOMeHT t I'! T • .n. Bce 3Tl1 


cpe,nHHe TOJP:e ,nOJilKIW 06pamaThCH B HYlib rrpH t< Ric . 

B) . B 60llee 06meM CJIyqae BepORTHOCTb 06HapY~ITb 'IaCTI'lUY ( Hml 

cpe,nHee 'llICJlO lffiCTH1.l H 'r .n.) B Vii B MOMeHT t MOJP:eT He p a BHRThCR 

HyJIIO, ,n~e eCJm BHa"laJIe 'IaCTI'lUbI B Vs He 6WIO. HanpHMep, "laCTl'llJ,a 

Mo~eT BHPTY8.1lbHO PO.nl'lTbC.JI B V~ , ecJII'l ona B3aI'lM0.ne~kTByeT C .npynHo'II'l 
lffiCTKQaMH. TaKM BepoRTHOCTb Cly,neT Ha 3HBa TbCH ~OHOM 15/. B .naJIbHeLh!JeM 

no,n CP, MIl no.npa 3YMeaaeld COCTORrrne . OTJJ.W1alUJleeCR OT Ha'18JIhHOrO 1Po
HOBOI'O fP., TeM, 'ITO B /I; ,nonOJlHl'ITe.lI.bHO HMeeTC.JI BHa'I8JIe o,nHa qaCTKQa. 

OTJII'l 'IRe OT HY.1IR pa3HOCTI! 

.1 X", =(l'f}{rJ I X~ ItfHt) - ((p,, (r) J X.9 iqutJ) ( 2 ) 

u eJIl'lROM 06R3aHo Ha'Ia.llbHO~ 'IaCTH1.le . JlORaJIn30BaHHo~ B lis. ITPM 't < Ric 
(2) .n0JIlKH0 paBHR Tb CH Ifj'JID. 

c ) . MOllHO nepelIHCaTb (2) B Blu e 

IHt - I lit (3)L\ X~ = <CfJ4 I XJlt J) {~>.<rp. i~(t) lIP. >, XA{t)::::. e X" e , 
r,ne ~ It ) eC T!> re lt3 eHClepI'OBCRU~ on epa Top . IlJOpMB. (3 ) npHcnocoClll8Ha 

,IVIR BJilll'lCJleHl'I1t n ocpe.nCTBOM perue ffiiH relt3 eH6eproBcKKX ypaBHeHl!~. a He 

ypaBHeHl'IH illpe.nl'lHrepa. 

d). COCTOHHl!:e " O,nHa 'IaCTHUa. JlORa.Jll'l30B8HHaH B lis " nQJlYqaeTCR 

B pe3YJlbTaTe HeKoTopo~ npoue.nypH ero npUrOTOBJIeHHH, ~eaHH3HpOBaH

Hoe oIIl'lcaHl'le ROTOpoit MOllHO BRJIJO'llITb B TeOpl'lXl 3a,nalJH 5/. B STO~ p a

:~ 
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60Te B ypaBHeHHe ~ no~ qaCTH~ BBO~TCR BHemHH~ HCTO~lKK ? 

(-Ii" ~M .. m ) If(~, t) = 'I (x, tl ? ()(, t ) =() , t< 0, x t/ tf , ( 4 )J 

I1CTO'flUlK Ha~HaeT pOlK,lLaT:b qaCT~ B ~ nOCJIe MOMeHTa t =0 • 113Me
JI8HHe HaOJIIO.l{aeMO)1 X~ B ~ Tenepb Bbl'ilfC~eTGR no 4>opMYJle 

l3 'X~ ::: <' (P~ IX"; (t) l1JJo) - <. fPc I )($ (t) I Lp'. '> (5 ), 
r,ne X;(el eCT:b re~3eJl6eproBCJGtn onepaTop B cJIyqae , Kor,na B reibeH

6eproBc JGte y p aBHelIKf! BBe,I(eH qJleH C MCTO'frll'IROM ~ 'if) [t) - Ror .na 


~ He BBe,neHO. 


e ) . Ilplfxo,n H8 qaJlbllotl 'ILJ CTlIUIi II B V.2) MOJ«eT 6UT:b 3apernCTpH

pOBa H no kJ3Me HeHHIO COCTOJUfIUI KaKl1X- TO npyrn x q acTK!.(, KOTopoe npol'ICXO

.mIT BC.lIe,nCTlllm lU B::laID,10Jl,el\CTBKR e ll. Jla n pl1Mep , lIelh'paJIbHN6 qaCTH

Ubl pernCTpupYJOTCif C nOMUULblO 3 apffileHHIlX . MOXHO B ( 3 ) II (5) 3aMeHHTh 

Xl') o nepaTopaMH Y ' nOCTpOeUHUMl! li3 oncpa TopoB .npyrnx qaCTHU. Ko D 

He'lliO, y~ ,nOJIlKI-IO 6HT:b B KaROM- TO CMliCJIe JlOKaJIlf30B8 HO B V-, . 


jj Y$ =. <. CPs I Y.iJ (t) I tfJs >- <('Po I y~ (t) I o/-i, ) (3 ' ) 

tJ Y~ =: <qJ,. \ Y~ tt) - Y", (r) I CP" >, (5' ) 

PaBeHCTBO HYJlJO (3') H (5') rrpl~ t < Ric JIBJlReTCR 06mm.! KpHTepHeM peJlR

THBHCTCKOH npH~HHoCTIC Hl'lKaJGtx H3MeHelllil!: B V.2l no cpaBHem no C 

ifoHOBHMH He ,nOJIXHO 6liTb ,no MOMeHTa Ric. *) 

ITocTaHOBKa 3a,nat[H B 4>oPMe (5') OTAMqaeTCR OT nepBoHaqanJ,HoA (1) 
TeM, qTO B TeOpl'lD BKJllOt[eHO orrHcaHHe rrpoue.nyp rrpxroTOBJleHRff t[aCT~ B 

Vs H ee perncTpaul'll'l B ~" • 

2. CROPOCT:b pacrrpocTpaHellHR Hel!:TpHHo 

KpHTepH~ P~THBHCTCROa rrPK~HHocTH B ~opMe (1) HenpHro,neH ~ 
~paKoBcKoro ~epMHOHa. ~eJlo B TOM , qTO CBOOO,nHaR ~paROBCKaR qaCTHlla 

He MJK eT 6liTh JIOK8.JllII30BaR8 T8K, "ITO e e MOTHo c n BepORTHOCTl'l paBHa 

HYJlJO BRe KOHet[HOrO 06~eMa , CM. ~~oxeHHe A. OTHOCHTenbHO CXO~OH 

TPY.llHOCTH ~ <poTona CM. 0630P 1 I. ITpl'l HCC.lIe,nOBaHIDl' p a cnpoCTpaHeHRf!: 

¢OTOHa HCrrOJIb30B8JlCff , Bqa CTHOCTK, BHewHHtt TOK, JlOKarrH3 0BSHHHfi B ~, 

~o .ID!TepaTYPll8.fI crrpaBRa . PaBeHCTBO HYJlJO pa3HocTen (3) HJrn (3' ) 
npH t< ~/c rrpeMar8JlOCh RaftTor.1 B/ ?/, HO He B Kat[eCTBe Rpn'i'epHR rrpH
t[l1HHOCTR , a KaI{ onpe,n:eJleHHe KJIaCC8 H8'ffiJIbHHX COCTOffitH"lt CPs ( "CTporo 
JIOKaJrn30BaHHlie " COCTOffilliR) , ROT opNe He Be.zurT It Hap ymelllilO I1PlJllIDlHOCTH . 
IIpH 8TOM RanT B K8qeCTBe )(~ HJIH '(~ Y1CnOJl}'30BaJI TOJl}'KO JlORaJIhm.Ie 
orrepaTopH, 110CTpOeHIThle H3 Y; (ii, / ) • :< ~ 1/1, HO He R3 'IacTefi ClIO, r), 
POllWlll1I(IiX t[?,CTR~. B Kat[eCTBe fPb B I?I RcrrO.'Th30B8JIOCl> TOJIbKO COCTOR-
HHe ~l'l3~eCKOro BaKYY~~ . 

,I 

KaK HCTO'J}lHK ~OTOHOB /5/. 3,necb yrroTpe6~eTcR CITHHOpH~J BHeillHH~ HC

TOt[HHK '1 ' CM. (4). 

a ). ~TO RaCaeTCR ,neTeRTopa HeHTpHHo B V~ , TO rrpe.nrrOJIO~~ 
CHat[a~a.t[TO OH OITHCliBaeTCR C rrOMombID 0l1ep8TOpa 

N~ =j~, J Jx f A: (~)A>( (x) (6 )~ (.)= II",,(»T IS}'( .),.. 1lIl. ::c1 

r,ne A~ eCTb q a CTb orrepaTopa HettTpHHHoro rrOJIR , YllliqT0JKaKlJ18R 

HeihpHHO. BwrCHHM @l3H'IeCKHH CMNCJI ~ 


HeTp y,nHO rrpOBepHTb, t[TO cpe,nHe e 0'1' IV.:) B rrpOU3BOJIbHOM O,nHO
~epMHOHHOM COC TOJUlliH 


C{JJ =fti39 2 C(9,r) ar'~ /0) = /d 1X i Y'd (.-) A.: (O) 10) (7) 
r : '.l .-.L~I 

~ (;) =/ti1p 2. elp, r) u. (prj Op 111'><- ) (8) 
':/,1 

PaBHO JVJ d 3.. 2... If« '" (i ) ~ (I1.j • T . e. Bep 0.fI'l'HOCTH HaXOJlUleHHlf q,epMHOHa 

B V:a • TOt[HO TaRoe xe 3HaqeHHe HMeeT cpe,n:Hee OT N1' B COCTOmum. 

r.ne eCT}' 0.llHH ~epMHOH H npOR3BOJIbHO e KOJlH'leCTBO ,nPYrRX qaCTHQ (B TOM 

t[HCJIe 8HTH<pePMHOHOB). HaROHeu, cpe.llHee OT ~ B npOH3BOJIbHOM COCTO

RIDm xapaKTep1I3yeT rro.'lHoe ~CJIO ~epMHOHOB nora COCTORHHlf B V • 
2 

He3aBHCHMO OT rrpRCYTCTBHR ,nPYrRX qaCTHQ B COCTOmum . 


Bli'mC.JIHM pa3HO CTb (5) B cJIYqae X~ =N,D 


~ Ns =: <CPt 11v~'{r) - tts{tJ I tp,) (9) 

N;{tl"Id 1 
.. A7+ {r,t)A?{~f) , A? "(r,t)=f-iJx'fl,,,/i, K' ) ~/ (i:t),(IO )

1I,t 

, (II)
(- I 1/" ~~ • m) If{ (x, 'i) = '? { ~, 1) , 

ITpoeKTop n BIme~eT 113 If(. J qaCTh III )( ) , YHH'lTOllannyID Hel!:TpRHO. 

Ero iOlllliO Bhlpa 3RTb qepe3 JIl3BeCTHYIO <PyHKJ..Om s+ . CM. Harrp •• I'JI . 8 
B 16 

n(i, x') = - 1 S' ( x, t ; x' t) J~ - , S +( )I, ~ ) t; JOVl =.. (I2) 

= fd3p'_~1 u.", (prJ Up'" (prl.e xf Ifr i-j) e) f' f - t/pr-:;;;J(x,,-:;.)/ 

3.neCh ')( =' ( x, x. J . " <lloHOBWl" orrepaTOp N,! (0 B (9) 06pa30BaH l'l3 r eit 

3eH6eprOBCKKX onepaTopoB ~( i,t) • rro,n~HRnmHXCR cB060~oMY ypaBHe
HHD llHpaK8. 

.lIJm BhI'II!CJIeHID!: (9) HaM HYXHO pemeHHe if? (~, t ) ypaBHeHHR (II), 
BhIP~eHHoe t[epe3 mpe.mrn:repOBCKHe orrepaTophi 'f'w (~) , Ii x l'lJllI, 

5 
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~TO 3KBHBaneHTHO, ~epe3 rnpe~HrepOBCKHe OTIepaTOpN po~eHRH-y~TO
'i ,. , - (l!!8HlUI a r r ,lA.f'-" . " nOCKOJIbKY IftiJ tx) no HRM pa3naraeTCR OT-

MeTMM, TIO f" i i , t) 11 if ()t, t) TIpM t =() .llOJDltHN COBna.llaTD C O;IijU!M 

M TeM lite rnpe;zumrepOBCKRM onepaTopOM). .lleiicT'BMTeJThHO , HM8H TaRoe pe

meHKC. MIll MOJKeM BNtffi:CJlliTh ( 9 ), nOCKOnhKY 3HaeM. RaK .llell:cTBytJT a;" 
a ,- Ha Ha'lanh Hlll1 BeKTop (Pc , RBJU!l(JIlHi1CR CO CTommeM C onpe,lJ,eJleH

p
HliM 'illcn OM ~aCTi'IU , HanpIDllep , 6e31Ien TpKHHHM. TaRoe pernelrne (II ) MOD O 

Sa.ImCaTh B BH,lle 

(13 )if?( X/ ) = 'f f (Y, t ) - 1..f dy• f d J s I< ( 'Ii -!f) '? (~ J, 

r .ne Lf f ( ~, t ) - p eUlerme CBO o o,uHoro ypaBHeHID!. BblpaJKanneeCfl qepea 


Ct ~,_ , a/" H aHTlffie~Tpm!Hhle onepaTopN; S R - sanas,ll,IDlanna.fI <pyHR-


URi!. ne11CTBl1Ten hHO, ( 13 ) YJIOMe'TBopReT (II) c Ha~aJILlIl:lM y cnOBMeM 


'+'7lx, u ) = If f ( ~ , 0 ) ~ !flJ.J l :i ) . 

J!l c n OJlh3Yfl (13) I1 COOT}tomelme tf, i., t J= tf f()I.' , tJ f n OJIYqaeM 


,lJ,JJ.H ( 9) 

j N" =.I.':.1/1. ,ilx /fJlx ' l7..1f (~, x'){d#.l /J Sp~ (li
f 

• j) ?r ( :I) 12 (14) 

e c.'lH Lp" _ 6e 3He~tTpl1l!l!O e COCTOflHHe nJlM JIlO6oe TaKoe (HOp MlfpoBaHHoe Ha 

e~Hlmy) , 'ITO <[Po, if' } CPc } = (). 
Ha30BeM "ROW/ COM VS " (ItpaTKO Cs ) MHOlKe CTBO TOqeR )( I T8KRX, 

'{TO Bce MHTepBaJIbI ('It '" - X5 ~,) 2 BpeM8HHo- no,nooHH no OTHoweHIDO R To<rnaM 

X5, , :: ( XS , .x. = c),Xj't- ~ n, Kpm~e Toro , x: > tJ ( Cs - oYlfY-

Ulu li KOllYC V, ) . !'pammy ce'leHllH C nJIOCKOCTbKJ x;:; t Ha30BeM CBes 
TOBIiM I'jJpOHTOM B MOMeHT t . BBlW 1! 3BeCTHllX CBOJ1cTB S il Bl:lpBJKeHHe 

JY' { 1" Y ) '1{~ LI '1 He paBHO HYJIlO TOnhKO BHYTPH C•• TIpl'r t< ~/c CBe-

TOBOn CPPOHT HE: saXBaTblBaeT V~ • HO ifJy}{J{l\ll.fr nix, x' ) He p aBHa HYJID 

rrp l1 Xf v~ n x ' , npI1Ha,lJ,JIellWJllMX c e'IeHl11O KOlIj'ca C" I1JIOCKOCTLJO Xo' = t 
( pa3Mep 3'l'Or O ceqelll'UI npeBHllI8e T p a 3Mep ~~ Ha C. t , ' Tal< '{TO 


m,'n I i' - X;r; 1:0 i?- c t ) . ,Ii,efiCTBl'ITeJffiHO, 


n {;,x') = U jf,. ~ ~ + m.. ) J',.2 t (J< - d l " ,, =)t:~ t , (I5) 

IIpl1 IIpOCTp aHCTBeHHQ- nO.ll.06HHX )( H x • 'r . e. IIPlf 11 = { )(c , .x~' ) L_ ( i". i 1 ~f) 
JdMe eM /9/ 

j t- (x _ ~ , ) ~ K. (m " / //;i) . ( 16):0 

~T,' 11t 1 

OTClOlla lIP» X,; ~ ')(~ :. t < Ric ' .I{o r .ll.a 1/\ I ~ P. - c t , H npR Y CJ10mm 


IR- ct I >;> A" ~ l Im., rroJIY'iael 

,_ 1_ r j (I7)J)~ (~ - "( ' ) R-cr tI ). ,,(R - ct) t'Kp [- {R - d )JJ,.].~ 1T ,2; 

tI 

TaIrnM oopa30M , XOTR pa3HOCTh A?" )f~- A')f ,CM. (9)-(10), 
He paBHa HYJIlO BClO.ll.Y BHe CBe TOBoro cpPOHTa npu t < Ric , O,lJ,HaKO 3aMeTHYIO 

Be~ OHa HMee T TOJThRO Ha paCCTOflHIDI nOPMKa 1\... BHe ero, yCiNBaJI 

,lJ,8JIee 6b1CTpee 3KcnOHeHTbI, CM. ( 15) - (17) . T103ToMY .1 AI.,0 npH t< N/ , 
HMeeT 31lMeTlIYKJ BeJmtffi:HY. TOJIhKO eCJIH R· ct CpaBIfHMO C 1\ ... (CM. TaKlKe 

npKJIO)KeHHe B) . 
B) . Ms npe,lJ,H.ll.Ymer o CJle~eT , 'ITO pe~TRBMCTCKaJI npHq1fHHOCTh He 

Hapyma eT CR , eCJm B V:lJ Jot3MePffiOTCR JIOKa.JIhHhle HaCiJI1O,lJ,aeMHe , BblpaJlt8K1UlfeCR 

qepes !fJ(x/t) , i E ~ • HanpIDllep, nyCT:b R3MePHeTCfl HeJ\'rp HHHblA " sapsm", 

COOTBeTCTB~ orrepaTOpy 

()~ =J:-,j J )(f t ~t ), I (~)=.!. 2: [ ' I1}t( J, j) ( (1/ ,jJt 1 (IS)
2 • To(' T" . ) - To" {,)'(~ ( d f 

Tor,lJ,a ~ 6 Q;r; nOJIY'IaeTCR cpoPMYJIa , OTJm'IaIDWaJICR OT (14) TOnbKO OTCYTCT

BlleM f d J ~ , Ilti. XI) no,ll 3HaKOM MOlfYJIJi. B pesynhTaTe LI 41 = {} npM t< ~L ' 

c). B .lle~CTBHTe~hHOCTK HeJ\'rpHHO HaOJIEmaIOTCR TOJI~KO c rrOMOmnKJ lfX 

B3aKMO,lJ,e~CTBRH , B pe3Y~hTaTe KOTOp~X lIonyqaIDT CR 3apHlKeHHHe ~aCTHU~ , 

HaOJIEmaeMUe n o HX Tp3K8M. BBe,lJ,eM B paCqeT OITHCalille ,lJ,eTeKTopa, ROTo

pbla pernCTpl'lPy eT HMeHHO Helhpm lO, He pearHpYJI Ha aHTIlHebpRHo. IIpmile

POM MOllteT CJIYJKHTh ,lJ,eTeKTOp . HCnOJIb3YKlIll:l~ peaKUlflO 

/I+ Ct ~Ar ... e- (19) 

OH W KMeHJUICR ~ pen!CTparum COJIHe'IHblX Hen TpHHO, CM. Hanp., rJI. II.2 
B /1 /. Mb! onmneM npocTeIDrryIO peaKWflO BH.ll.8 (19) : Ih n ..... P+ e - ,He~T
PHHO perncTpUPYIOTCR no rrpoToHaM HJLH 3JIeKTpoHaM. B OTJm'llle OT ce, CBO-

6o,ll,Hl:lit HenTpoH HeCTa6HJIeH, HO npoToHH M 3JIeRTpOHH OT " .... (1f e - .,. i7 
COCTaBJl.lIDr qJoR, KOTOpWi HaMl1 Y'lllTWlaeTCR ( BhlqnTae TCfl ). 

13Y,lJ,eM rrpe,lJ,llOJIaraTh, 'ITO 'IHC~O np OTOHOB (H~ 3~eKTpOHOB), HaOJI1O

,lJ,aeMblX B V~ , OITHCIiBaeTcR C nOMOm~il ~OPMYn ( 6), (10), (I2) * ) • .KaJ< 
K B IIyHRTe a ) , 3 TO OSHaqaeT HCnOJIb30Balille KopnycRYJIflPHOH RHTepnpeTa~ , 

oCHoBaHHo~ Ha cBo 6o,lJ,HNx ypaBHeHHRX ~ 'IBC~ . Ho Teneph OHa npKMS-

HfieTCR K nOJIflM iff' Jl 1ft: 'IBCTHU SapJIlI[eHHIlX H TJDteJIblX (no cpaBHe

lillBl C HeJ\'rpmlO ) • 

Terreph Teop RR ,llOJIXH8 CO~epll(aT~ RpOMe Hen TpMHHoro IIOJIH ~v eme 

TIO~ Heth'poHHO e /.fn , npOTOHHoe tfp • 3JIeKTpoHHoe % H B3aHMO~eltcT-

BRe, OTBeTCTBeHHoe 3a V t Yl ... fr e' . ,lJ,Jur HaIllliX ~eJIe~ , OCTaTO'IHO 

B3RTh er o B illeHOMeHOJIOI'lf'IeCKOM 'Ie 'rNpe xrPep.MHOHHOM rume IO 

*) HeBosMOlKHO OOO~TRCh 6 e 3 Tex ll~ HHUX np e,llTIOJIOEem !M 0 pernCT 
PRPYDmeM rrpHCiope . H3 KB8HTOBOA TeopHH RSMepelill~ RSBeCTHo, qrO Cpe,lJ,CT
BaMH KBaHTOBoA MeX8Ill!KH MOMHO TOJThRO 'IBCTH'IHO OITHCaTh ero yCTpO~CTBO . 
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G ~ -  ( 20)HJ =fi Ltff r; 'fin If" C tf~ + (jJn 4' Y, if~ c: 7 
(m,m eTCJl B BHAY i)-A :aapnaHT), HefiTpHHO pOllt.naeTCJl B ~ BHelIIFlliM HC

TOtnmKOM, KaK H paHbllle (B raMHJIbTOHHaH BBe.neHIi 'lJIeHH if<fv -t 012 ). IIYCTh 

CPt Oill1CIiBseT COCTomme "O,l{llli He~TpOH, .IlPyrnx 'laCTIDl HeT" . BwmC.iIHM 

113MeHelme .6 N.l 1fl1CJIa rrpoTOHOB B \Ic , l1JlOHCXO,ll,J1ll1HX OT V ~ n -- f + e 

IJ N/ = <..cPo 1N':~ (tl - /IIJ'( t) i0" >=jciJ x/dJ;r' Jd j~" 
(2I) 

n/ ( ~, i ') nl , (,~ x'j ({P. I !fP'7{ ,'Jrf;? (1") - if/(" hfo ( d I q~) 

( 3,l{eCh X; = x/ '" Xv = t ). rett3eH6eprOBCy~e ypaBHeHHR HMeIDT B~ 

h j . :~ ... rn~ ) Iflv? = '1 - G;..'2 C i(c'l [ tin? £,) %1 J, (22) 

(23)
1- I /> ~' .. Y>lr ) Iff? = - C/. '2 t) 0/"1 [YJc'1 (,,, If', ? ]. 

YpaBReHIDl ,Il.Jli! Lf'~1 }I tjln? aHa_llOJ'KTffibl (23) . YpaBReHIDi ,l{JIJI ilJoHOBIiX 

OnepaTOpOB OTJIlfll amC.f! OT Bh!lm:CBHHHX TOJIbKO oTcy 'rcTBH 8M 'i1IeHa '1 B 

y paBHemn1 ,I{Jlf\ If.· . ITepen:mueM (22), (23) B HHTerpaJU,Rot1 ilJoPMe, CM., 
Hanp . ,III,12/ 

1("7 ( ~):: 'P! o j - L rd , " j.{J/j j"': (x-'l ) ,)f,! ) + (22') 

+ jfd ~- ]:1J ~--"4! ( x - J) [ ¥'i ~ /j )[ :;;"'1 1J ) (/ tfr'l I'J ) _ I 

(23) 
tf',.'llx) =~! ( x). ~!(I J, 'J S/ ( x -'JU'.,'tf,,? Ii) [Ij. ,/!t ){,~ If,,?('Ii 1. 

3,l{eCb lJIf eCTh pellie llHH COOTBeTCTBYJaIl1!X CB060,l{HblX ypaBHeHKfi .lWpaKa 

9-= ~ GI,·; . 1I.Jm p ellleHIDI (22'), (23'), (T. e • .ll.M BblpaJlWHIDl tf 'Iepe3 

tpf , CM . nyHXT a) npHMeH.f!eM Teopmo B03Mymelmil. Pa SJIOlf(eHIDl 

If' ( ~ ) =- L-n~L g n yJ(n' (x ) 

nO,l{CT~CR B (22' ). (23') H T.n. H C06HpaIDTCR qJIeHH rrpll O,l{HHaKO

Bh!X CTeneH.f!X 9 ( r. QaJIJI8H , cp o KOReu ~ 23 KHHrn /13/). IlOJIY'la eM 

. ~/ = If! ... J 5 ~ ? /f/ "= tf: (24) 

~ , f . tI l .J ' ~ ' ,11 1 / 1&/ 1ft? = 1fp =Yr Ie,? '(l = If. (25) 

cJ) :.1= J.Sr t: IiJ. i [I f f 1'II( f ] -= 11. , 101 (26)
'"71/'7 II 

I iii J' S J:
lff'~ -= . r 

1l0CKOJIbKY iU"j,_' 

( IT' ( 
0 ' " IV I • 

~ TP • 

'1'c Tn Yt TI>

() IL' i [ - J ' ,,.1 ] ( 27)
'" To lf~ {} '1"'<' . 

. ' () {tJHe COBna,naeT C if.. CM. 24, TO Lf,.? OTJIlPmeTCIi 
" 

H 

tff~/(~)- tfl,ill/ xJ =Jdj .5~R6-J! 0 if! (~I [ y/ (~) (JJel ~l S ~ (y-; )P/·?j J. (28) 

3,l{eCb i c- Vs III X f /,-z • dlyHKLnl.f! S~ i ~ - 2 ) He paDHa HYJIJO 
TOJIbKO npH 9 E (, • TIPl! TaKHx ;J W HRUM .l,- /~ ( x - '!) He paBRa HyJIID 

TOJIDKO up» k , npl'lHa.n.neJEafUIfX TOM'j JKe KOHyCY ~ • IT03TOM'j (28) p a B

HO HYJIJO BHe C • AH2JIOrll1ffiO nOJIY'IaeM, 'ITO If//,; I =<f~ (" Ifs 
'I'.~I = 1f't BHe C • IlOJIb3Y.f!Cb npH n ~ 2 cpopl"YJIaMll BHJIas 

( 29)tjI" inl =f S ~ <> ifc !t', [ Lp" I~ J t,J tf;,k' J 
,'t"'" C=. Il~' 

no HH,l{yKUHl1 ,l{0K83h!BaeM, 'ITO tf?in' = y-I1n' BHe Cs npH () = :J, 2, 
1l09TOM'j n3MeHeIDIe .fr 7 I · ) - Pr (. ) nJIOTHOCTH 

ff ( x ) = :i 2...,~ , [ If,,: (.J iff"!x) - if". ( xJ'/';' ( xJ J (30) 

l1JlR Xf II~ R I COOTBeTCTBeHHO R3MeHeIDIe l1JlOTOH-aHTHl1JlOTOHHOro 3aP.f!,l{B 

b. Qt; paBHhl HyJIJO npH t <. R.lc.' BO Bcex nOpR.I~KaX TeopHH B03MymeHldL 

.I!.nR 06cyllt.neHIDl: llSMeHeHllif tmCJIa npoTOHOB <1.tt:9 P 
, CM. (21), MbI 

,l{OJlllHJi Y'IeCTb He TOJIbKO HaJIlIl1fl1e np B (2I), Cpo ITYHKT a, HO 1'J npn 

CYTCTBH e He~TpOHa B CPo • OrpaHH'DHJIC.f! nepBh!M HeRC'Ie3aJClllHM npl'l6olli.1ite

HHeM TeOpl'lH B03M'jmeHH~. BCTaBJI.f!.f! B (21) pa3JIO~eHHR 

,U - tJ f III 1>1 Ii l I (J ' 
. , ; ' " 1 , 1.'1 I f1 - .,.f T j T!'-I +:J Lf f" ? , 'it == 1f; -+.; 'If." + i if j " 

no.ny'laeM, 'ITO .A N), P COCTOHT 113 CYMMbI HeCKOJIhl<HX 'lJIeHOB nop.f!,l{!<a J~ 
OClCY,lJ;HM TOJIbKO O,Il,RH 'LJleH, ,l{JIH Bbl1fl1CJIeHH.f! KOToporo ,l{OCTaTOtfHO 3HaTb 

<fIr(;1 H r/' . CM. (27) II (28). OH llMeeT BH,l{ 

f ~ C(J, I 1<: Rr I (Pc , \ , 
(31) 

I<l' ::: j'.-11/j S; (~-1) Ctt/ ( 'J ) [ t// ( ~f) c f Ii ~ oS';' l:f - i' ) '1 (,n 1. (32)

f 
Mhl 3aMeHH.lIll !7f S: Ha 5; , CM. ,l{OllOJIHeHHe E. rJIaBIDl~ BKJla,l{ B (3I) 

,l{aeT '!BCTh onepaTop a If': HS Rf ' YHR'lTO.lltanfl8.f! HBfiTPOl! B 'Pc • 3TOT 

BKJla,l{ CO,l{eplf(}!T EHTerpaJI 

1f,'4;... ~f' LIf' +I>1/ fJ_ a ff - I [. ~, ) 0 ,,/ , '; ~ ' Tf"7} 1. ) . . (33) 

E" - 3HepI'R.f! HeltTpoHa , He BlffiHcaHbI cpaKTOPU OT .5 ~ (J - ;. ) • I1HTer

paJI (33) ,l{ae T n pnClJIHSl!TeJIhHOe BbIllOJIHeIDIe coxpaHeHllif ::mepI'M¥1 t~ + E" ~ 
-;'£pfE.: ( npn cr »J/mf , cp .§29 B /14/). Il09TOM'j 0 6 cYl!t.na erlil1l1 BKJla,l{ 

ropaa,l{o 60JIhWe, 'IBM TO, qTO ~aeT 'laCTh ~nl, pollt.na~8.f! aHTHHettTp'OH 

(n ~O cfJaKTE'IeCKH He 8a BHCK T OT npHCYTCTBH.f! Ha'laJIbHOrO HeItTpOHa). 

f) 



8Ta q8CTb OTBeTCTBBHH8 3a nOHBneHHe P H e 3a C'IeT npoue cca 

v~ n <: p..-e- • 3a.MeTHM , 'lTO B Hal1le ii sa.n;a'l:e 3aKOHH coxpaHemm 3Hep

rHH-HMIIyJrbca He sanpemam 3TOT rrpouecc, HO TOJThKO rro.n;aBJlJI1OT ero. Jle~-

CTBHTeJIbHO, p OJK,ll;eHlme B Vs HefiTpHHO He 06Jla.n;a1OT orrp e,neJle HHIiM JlM-

rry.JlbCOM, BKJlIO'l8eMJil!: HCT O'IHHK '1 MOlIteT l'IcrryCK8Tb HefiTpHHO 6 0JIbDillX 

3HeprIl fi • 

EcnH HaqaJIbHHll HeHTpOll OIIHc~aeTCH rrJIocKofi BOJIHOH, TO r JI8BHHfi 

BKJIa.D; B (31 ) omWlillaeT rrO.flliJIeHHe rrpoToHoB B V$l ITpH t< 'Vc sa C'IeT 

CJle.n;yKlllero " Me xalflil3Ma ": rrpoToH rrOJIBJIlIeTCH OT p eaKI.(HH II t- 11 .... f T e-
B TO'lKa X !j to (5 H a KaysaJThHO pacnpoCTpaHReTCH B L-j rrocpe.n;PTBOM q,YHK

lUm !7" B ( 21) HJIH B (32).S; (. -J ) 
EcJIH HaqaJIbHHtt HefiTpoH B OOHOBHOM c o cpe.n;oTO'leH BHYTpa ~ , TO 

p ea.RI.Uifl V .. n -> p t- e - rrpOJlICXO.IU1T He p aHee . tIeM ROnyC HaRpoeTCs 
He~TpOH ( BBU.n;y HaJIH'lHH (PYHKI.{KH .s ~ i!j - 2 ) B (32)). ARaYSaJIbHOe 

rrO.flliJIeHlfe rrpo ToHoB B v~ Tenepb OdYCJlOBn8 HO TOJThKO TeM, 'ITO BepORT

HOCTb n a XOJK,ll;e HnH HeitTpoHa BHe 1I~ He MOJl(e T 6JlT.b HYJlen olt . OHa MOlKeT 

TOJThRO 3RCrrOHeHWlaJlbHO 6h1CTPO c rra.n;aTb BRe V ,npH'!eM CKOPOCTbll 

cna.n;aHIDI orrpe.n;eJIRe 'l' CH ROMIlTOHOBCRoit ,!J.JIHlIo M BOJIHH neHTpoHa A.. ,CM. 

rrpHJIOlKeHHe A . 

B o d om , GJIY'!lliIX peSYJIbTaTH Ka 'leCTBeHHO COBrra.n;am : nOJIY'laeTCH 

orrepeJJ(eHHe CBeTOBoro cppo HTa Ha ROMnTOHOBCKYIO .n;.mrny BO.JIHl:I HYK.i10rra, 

1'.e • .6 Alz" ropas,no MeHbIlle , '1eM 4 AI"," ,CM . rryHRT a. 

AHaJIOrl1'lHO BbltrnC,1J.HeTC1f nSMeHelU1e '!HCJIa 3JIeRTpOHOB B ~ OT peaK-

UHH v + n ~ f + t:' - • ECJIH HaqaJIbHllI! HeHTpOH ormClillaeTCH ITJIOCROI1 BOJI-

HOn , TO 3JIe KTpOHH orrepe~m CBe TOBOH q,POHT 3~eRTHBHO Ha )~ « Av . 
H1'aK , B ITpOBe.n;eHHOM p a C'IeTe pacnpOCTpaHelrne HeitTpl'IHO 01' lis R 

v~ orrHClilla e TCH cpaKTHqeCRR q,YHKIJ;Hefi S~ , a He S: . CM. rrpHJIOliCe 

HBe E. B CR a Ka y s anh Ho oTb Teneph CBRSaHa C xapaRTepHCTHKaMH '!aCTHU , C 

rrOMOlllbXl KOTOPblX .n;eTeKTll:py e T cR HeMTpHHO ( n . P . "' ) . 
r) . B 3TOn p a 60Te He 0 6cy x.n;a e TCH eille o.n;Ha BosMOXHa H npH'l:HHa 

aRay s 7¥bHoCTH . AKMeHHO . B CJIYjae p acrrpOCTpaHeHHR ~ToHa rrORa3aHO 

(CM. I 5/ H KOHell p a s .n;eJla 2 B 5/), 'ITO eCJlH HCTOtJl!ll1t q,oTOHOB B lIS 
Ta ROB , '!TO HcnyCK8e TC.II B OCROBHOM 0,lllfH WoTOR ( CPs OImCllllaeT Bos6yl!t

,neHHll~ aTOM), TO B ~ H3MeHmOTCfl paHee MOMeHTa Ric .n;axe TaRRe JIO-

Ra~bHHe BeJJl'I~H, RaK 3JIeKTpH'l:eCKOe nOJIe HJlM U.JIO THOCTD sapn.n;a . 

3. 0 TOJIKOBamm P ()) KaR rr.1IOTHOCTH sapMa• 
Ms paC'l:eTOB I1pe~ero pa3.n;eJIa BIlTeRaeT CJle.n;yJOmHA rrapanOKC. 

~9MeHeHHe nJIOTHOCTH (30) CTporo p a BHHeTC1f HYJIIO IIPH X (' It..; B t < R/ c 

M3MeHeHHe Jle 'll1CJI8 .d N/ rrpOTOHOB B ~~ ropas,Uo 6oJThme, 'ieM .HSMeHe-

HHe ,'!HOJIS aHTmrpoTOHOB ~ N~P. )le lk TBHT eJIbHO. rrpOl'OHH nORBJI.HJOTC1f 

J 0 

3a C'leT II" n -> f" t! - ,aHTHrrpO TOllli ]Jte MOry'!' nOf{BJlfl TbCH TOJIhRO C Ma-

JIott BepORTHOC TblO s a c~eT ;;~ n .,. iJ + i t, HanpHMep , ( Han OMHHM, qTO 

JIOKaJThHIlM HCTO'l:frnK 1 pOJ£.Ua e T KaK 1I, TaK Ii ;; ) . llpoV.JI.IIIOC'I'pnpyeM , 

KaK HepaBerrCTBO 4 Nl » Ll Ni CJIE::.n;yeT u s l leJJlID{ p a C'leTOB. Pas

HOCTb 4 N"J' co,nepXKT COOTBe'l'C'r nyKJJtJdt (31) q;ne H , B KOTOPOM BMeCTO 

R q,}[rYPHPye T onepaTop Rf ' O'l'JIWlllOOuU1Cfl OT Rp T O.lTh!W 3aMeHoH 
fS; (__ -!j) Ha S; (_ - 'I ) ,II pes y Jlh'l'BTe '1ero BMe C'l'O ( 33 ) 6y ,neM HM8Tb 

J t t . -~ - . r ----....,] (34) 
~ elf}_ e ~f~ - lI j" , nJ't if. - (En!:J. *#' f VJ<~ m: fI - _. ' 

TIO,UllHTerpaJlbHoe Bllp8J1teRHe B ( 34 ) OCUHJI.1llipyeT ropa 3)IO dHCTpeH, '1eM B 

( 33 ), H rr03TOMY (34 ) ropas,Uo MeHbwe, 'IeM (33). 
TaKofi Me napa,nORC HMeeT M8CTO R .IVUI 3JIeKTpOHOB: ITpH i" ~ /c; 

HMe eM tl N.~ - »IJ. N it ' , XOT1f }lSMeHeHH8 3.'leK'I'pOH-llOSHTpOHHoro S8pR.Ila B 
. .., !/) 

VlJ paBHO HY.1llO. 

3TO TeopeTl1'leCKOe npOTHBope-cme HM8eT aHaJIOI'IDII. JlBp8K B /16/ YK8

saJI , 'iTO XOTH cpe.n;Hee OT J> (x ) B BaKYYMe 10> paBHO J-iJJIIO, cpe,UHee 

KBa.n;paTlJ'IHoe OTKJIOHeHlle OT Hero He M:llleT paBHHTbCR nyJJlO, rrOCROJIbKY 

/0) He HBJIfleTCJ1 COOCTBeHlillM BeKTopOM .f{., )~ 11 '1lt-1I1f.ft _ liB-13 t H. 
JlupaK 'saMe'laeT: " Mil rroJrY'l:HJIl'I HBHO rrapa.n;OKCaJlblillfi peSYJlbTaT : XOTH CO

CTORHHe BaXYYMa orrpe~eJIeHO RaK COCTOR~e oes 3JIeKTpoHOB n rr03ZTpOHOB. 

Bce lite 0110 l'IMe e 'I' HeHYJIeBYJO 1IJl0THOCTb 3apMa" • 

.D;pyroli rrpHMep: BOSbMeM COCTomrne cp= /0 ) + le ' c) • HB

JlJ1xmeeCH c.yrreprrosHUHe~ BaKYy~rlOro COCToffHHH H COCTORHllH ~S napll 

rrJIOCRHX BOJIH 3JIeRTpOHa H n03HTpOHa. MOllRO OJItR.n;a'I'b, 'ITO r.p onHChlBaeT 

COCTomrne TaRoe . tno :38pF1,l\ B .1IJ06ofi MaJIoli OOJI8CT>! V paDeH J-fj'JJIO. 

O.n;HaRO <cp I !D ( x ) J (P'> -# /) • 
113BecTHa rrOnllTRa 06'hRCHelrnR 3TIDC napa;nOKCOB W KTya1.UlOHHI:IMH R£,

JleJill.RMH (CM. , Hanp . , rJI . ? 6 B /6/ ~ ? B /I?/) : e CJll'l B a RTe 11SMe

pemm CBCTeMa KOHIle UTpl'IpyeTcH B MaJIOM OO'heMe , 'I'O nopo~alOTCH napH. 

He OOTaHaBJrnBaHCb HB RpHTHRe :3Toro oO'hRCUemuI . S8MeTJI[M, 'lTO OHO He-

n pl'IMeHHMQ R HameMY ITllYMepy: B t1, npH t < Ro/c eCTh HM wTOR 'laCTHl.l 

Ha.n; a HTH'l:8CTImBMH., a rromuflt 3apR,IJ. B V.21 p aBeH HYJIlO . 

rrpe~araeTC1f CJle;ny~ee JlOrH'l:e CROe p aspeweHKe STKX TCOpeTHq eCKHX 

rrpoTHBOpe'IiJA: TOJIKOBal:me J> ' x l KBK o n epaTopa llJIO THOC'H l: 3Bp>mB He

COBMe CTHMO C 0Y1l18 c TBYuue lt KOpnyCKYJUIpUO~ HllTeprrp eTaLU!elli Teo pIIH , B 

tIaCTHOCTl'I, C TOJIKOBaH1!eM A t (1J A{ ,r. ) PI £' ( , ) /3( x ) RaJ( Il.llOTHOC'l'ei\ 

'lRCJIa q,epr.moHoB 11 aH'I'Hq,eptmOHOB COOTBeTCTBeHHO ( c o BMec 'r nH TOJl.bKO TO.1I

KOB8HID! jd1xP {' ) RaK IIOJIHOr O 3apR.n;a lJ f tPx ll'lI. Fl'x S "O 
K8R nOJIHblX tmceJI q,epMI!OHOB H. BHTHq,epMHol{o B). OTEOCllTeJThHO 'rOJl]{onBHID! 

/It{ f )AI 'd OM. BHIlle IIyHKT 2a I! / 18/ . 
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3aKJIlO'lSllliS 

B aToll pa60Te ocymeCTB.JIeHO OImCalllie "rrpllrOTOB.JIeHIDI" HefiTpllHO B 

II ero perllCTpaIl)lll B ~ • I10JIY'leH rrpaKTll'leCKJ! rrpwnmHlIfi pesyJTh-

MOJKHO rOBOpllT:b 06 onepeJlteHw...! CBeTOBoro tiJpoHTa TO.JIhKO Ha BeJIJI-

A ,KOMIITOHOBCRYIO ,ll)UlHY BO.7IHH 'laCTIDl, llpHMeHReMHX ,n.7IJI .7IOKa

.JIllSaUHH HefiTpllHo B V~ (HetlTpoH, rrpOTOH, a.7IeKTpoH). 

B TeopeTH'le CROM acrreKTe cymecTBeHHblM H e CTeCTBeHIillM rrpe,nCTaBJIJI

eTCH TOT waRT , 'lTO Be.JIlltrnHa aKayaBJThHOrO a~eRTa saBHCHT OT rrpH6opa , 

.7IOKOJIllsynuero pac rrpOCTpaHRKll\YlOCJi 'laCTl\UY. I1oaTOMY MOlKHO .nyMBTL, 'lTO 

He.7IhSH 06cy~aTh CBo tlcTEa .JIOKarrH3 yeMOcTH 'laCT~ (H B 'laCTHOCTH ee 

orrepaTOp ROOp.D:HHaTH ) , orpaHHtrnBMch pBMRaMll cB06o,nHoro ypaBHeHIDI ,ll)lH 

'lacTllilH (IDrn . 'lTO a KB1IBaJIeHTHO • HerrpllBO.D:HMOro rrpe,nCTaB.JIe1IIDI rpyrrnbl 

I1yaHKape C orrpe,ne.7IeHHo ti MaCCO! ) . C.7Ie.nyeT Bl\JIK)trnTh B paCCMOTpelille Ka

Roe-TO H;nea.JIll311pOBaHHO e OImCaHHe .JIOKa.JIll3YKll1erO np:a60pa (Ha CTOHIllaJI 

pa60Ta RB.JIHeTCR rrpllMepoM TaKarO no~o~) . 3TO MHeHHe ITo,nKpeU.JIHeTCR 

orrblTOM COTeH pa60T, B KOTOPWX nOKaS~a.JIOCh, qTO HeBOSMOJltHO y;nOB.JIeT

BOPRT:b Bc eM eCT eCTB8HHblM TP860Ba~M }{ nOHRTmJ ROOP,nHHBTH B PB!>IK8X 

cBoClo;nHoro y p aBHeHllR, CM. 0630PH 8 ,19/. I1pocTpaHcTEeHHoe pacno.7IoJP;e 

HHe .7IORa.Jl}!3j'llllero rrpll60pa OrmCHBe.JIOCh S;neCh c rrOMOlllhlO 06H"tJHoA KOOp

.D:HHBTbI i rrpocTpaHcTBB MilHRoBcRoro (cp. /20/), ROTopaR O;nHOBpeMeH

HO Hcrro':1l> 3yeTcR B 0603HB'lemrn tjJ ( x) ,ll)lH orrepaTopa rrOAA. 

A 

1l0KaJKeM, 'lTO BHe HeKOToporo ROHe"tJHOrO 06'1eM8 V 
BpeMeHHO PBBHRThCR HYJIlO Bce '1eTHpe KOMITOHeHTH If,. ( ; J 
rrO.7IOlmTe,ThHO-9l!epreTIFI8 CROrO .D:HpaKOBCKoro cmmopa (8) . 

U 3 { prl = --.-!!.e / 11, Ip'-) 

u~ (f' r) f'f <tm l ~ I'n It 2 I,n 1-) 

EC.JIH rrspBble ,nBe KOMllOH8H1' b1 t/J,l (xl 0 6pamBIOTCR 

(j;Jyphs-06paSH 2 rClf ,r ) U,, l irrJ, CM. (8), ,llO.JIJKHbI 6b1Tb 

rr.7IeRCHHX rrepSMeHlIUX f •. p" p~ . Ho C(f'r)1A1,~ 

He lJIOryT O,nHO-

rrpo:a3BO.JlhHOrO 

11MeeM, CM. (8), 

(A.I) 

B ny.7Ih BHe V , TO :ax 

lle.JlllJvm WHKUIDIMll KOM

OT.JllI'lBIOTCR OT C{!'r)/A\ < 

HSaHBJrnTll'leCKRM MHOlKRTSJI 8M, OM. (A . I), 11 noaTOMY £fl, .. (.) He MoryT 

0 6pamaTLCR B Hy.Jlh BHe V . I10,n60POM ('(f,r) MOJP;HO c,ne.JIBTb tpl,~ 
WIDillTHbiMll WYHKI..UL'!Mll, HO TOr.lla He MOryT 6HTh wmmTRI:lMH ifl,2 • I10aTOMY 

11.JI0THOCTh BSPOJ11' HOCTJ.! P(.)::: 2.." ~. (" ) 1(0/ (1 ) He MOlitST o6pamaThCR B 

Hy.Jlh BHS ROHe"tJHOrO 06'1eM!l. 

BblRClillM, RaRM MBKCllMaJlLHBR .7I0Ka.JlJ'l3aLUUI P{><) )lOCTllJ!!lIM!l . C 

rrOMolllLIO (j;JopMY.7IH (8) Ii ee o6pameHIDI B!ipasn M i.f'3 ~ (x) B BH,lle CBepT1GI 

/f,,2 ('/ ) C rrpOllSBQIi;HHMH (ITO X" 1" X3 ) OT' G ( x -j ) 

12 

I ' 

-) 'J · f i j- --- G{)( ::: j if f ~ ~ f ' , II/ I 

ITOC.7I8 HHTerpllpoBaHlIR ITO yr,nnM ,P 

({x)= C /,) .;= - 2~.d. J' ' / J 

,- "" '
3aMeH8 nyT:B IfHTerpHpol'JlllllUl (_00 , 

MO~ rroJIYOOl'! ( cp. Tn3,!1,(lJ! :.! U /4 /) 

IIO;nW T 6rpalllillOMY .01<palKOID\lLI 

j ' . ' P'- ]-J
ilf 1/ ~ r;:;-;;::: H'-' 2c= 

- ~ 

]-J (A.2) 
.. In , 

lluJly'llj(~ 

I! '1' ,- j--'
J 

' )- j 
r~I~J. (A.3) 

~"" I lie. Y'iBC'!'OK ( '''' , ,',,,,,) MHH

II P1!.1l0.ll.l1'l' I( lWOCL(U.J.I:.JmPYYJllSMY 

" /' " -t' fTl ... III j J 

['''' . -1' ~J (A.4)
1'1 i/1 e v f Lro ' 1~ 

I 

;nan rrpOCTHe ouemm CBepxy VI CHH SY C rrOMOlllhlO He-

p aBeHCTB (r-m)/'il -9'-m'/1' -:c: 1/'1- • ITPH mt" »1 HM8 SM 

,ll)1J1 IWToporo MOJKHO 

(A.5)e-mr/(mr)L < [,"<>dt; f -7"-k If" -m' /'/" <::: (: -m'/rnl_ 

Blm:n:y aToro , ec.JIH /fJ,2 (~) =rJ BHe Ma.7IOrO 06'18Ma II OROJIO HB'ffi.7Ia 

ROOp.D:HHaT, TO 'P3,,, Ii) He MOryT y6HBaTh BHe V UHCTpee ~J<p (- "' lt!)1mlil)) 
B aTOM CMblC.7Ie MOlKHO CRasaTh, 'lTO P(x ) He MOlK8T 6H'l'h "a~SRTHBHO 

JIOKaJ1Hl3 0BaHa" B 06.naCTH C pa3MepOM, M8HhIIIl1M, 'ISM 1\ =dim 

Ilpl!JIOlKeHHe E. 

B!ipEJ!tB lllie (14) ,ll)IJ1 Ll;1/~ MOJKeT 6HTb yrrpOll\eHo. 110CROJIhRY no /Ie 
MH J.!HTerpllPysM OT t,1 ;no t , TO MOK RO 3aMeRHTh rro;n HHTerpa.7IOI~ S'I? 

Ha S . )J.aJree llM8BM 

JII J
( , n{;' i' )S( 't'-j')=rl ' ~' '-d'lIi,l, ~: t)r,,)[£ T-(. '-j)jr(x '- JJ/= 

- (E.I) 
=- - I ~ + ( X, f, if, J' ) 

3;neCh llCIIO.JlhSOBaHO (12), aHBJIOrH'lHOe COOTHOUJeH118 

[ -[' 5 -( " -J ) (I] -), rJ ::: Jl i J)' Y 2}" (t 1-) v/ (r )ex/)!- Il' ( ;: -J ) ~ I t7l1nd x. -Jt ) }( B. 2) 

J r:I,' " 


:Ii COO'I'1I01lIe m m OP'l'OHOPMl1POBKH .llJIJI fA. Ii V . IT03 1'OMY 

oNJ, ~ 't ' j lIt J- c-t' ) !J (B.3 )f., tI)l, ,; .iJ' rI :J J""r ( ~ -.'I P! I) ) _- - 0( " 

L I 



• + . t
}!CII0JIl>3Yfl ,naJIee cpOPMYJIy .') = - ( i t .. ~ M .. ", ) J) H 11HTerpHpOBaHHe no 

'1aCTfll'.i, MOlltHO c,neJIaTll 60JIee RBHoji nponopUHOHaJIllHOCTll .<1 ~ KB8,ll;.paTY 
Mo;rr.yJIR CPYHK!IIrn J;, ~ • 
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