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Yw:Bepcan1,Ha.ir (V-A)- cxeua_ CJiaeirnc. Bsam.1n;\ei:c-:;:-n:1it xo:r;ouo 

orrnci:rnaeT JIOtJTll Bee ll3D8CTIIl1e B HUCTCIB!\e8 n1~e,.u1 ::mcrrep!ll,:CHTaJ!bilble 

.IJ,aHH11e no JierrToHHllM 11 noJiyJieIITflHHllM c.'laei11M peai.L(llill.l 11;;::nmx ~Hep-_ 

ruii. O.n.HaRO HeTOtJHOCT1, SRC!Iepm.ieHTOB He IT03BOJ1JICT oupe.n.e.:reJJHO 

lJCiiJIIOtJllT:& B03MOlKHOCT1, 1.1a.nrnc Hapymem.ii (V-A}{V-A) - · (j)o11MH cJiueimc 

B3aill,IO.Il,8HCTBllii,Ha YIJOBHe .nec.fITRa rrpou;eHTOB B .1ari:ru1:ill8He. Il CB.fI-

3Ll C YBeJilltJllB8lOll\8liC.fI TOtJHOCT1,IO srwrrepllMOHT8..'11,H1lX JTCC.'18.Il,OBaill;ii ll,. 

paCTY[W,M 3HatJemieM HOBllX MeTO.Il,OB naytJeHl!.fI 3TllX B3aliMO.IJ,eiiCTBl~H B 

Oill:l:Tax C Heih'pllHO BllCORllX 3Heprl1ii, ROTOpb!e OTIC}Jh!BaIOT B03MOl:t!IOCT1, 

.Il,JI.fI IIOJII!Oii II .IJ,eT8Jl1,HOil rrpoBepRll Teopmi, TIOBmJaeTC.fI lll!Tepec IC aa

.natJaM TeopeTlP,ecRoii paapaeioTRJl pesyJI1,Ta:ron (V-A) -Teop1m, R 

YBMIJtJeHllIO TOtJHOCTll ee npe.Il,CRa3aHJ,JH, a ·raio::e IC aHaJil!3Y :mcIIepn

MeHT8J11,IIHX CJIC.Il,CTBllit rrpocTeiinrnx qieHOMellOJIOrntJecrmx MO.Il,llcfJllRal(llH 

3TOit Teopun. HacTO.flma;I pa~oTa rrocrunqeHa, B OCHOBHOIA, U3ytienmo :; 

,ll.CTaJILHOH paapa60TRe O,D.HOH IIPOCTellweit ymrnepcam,noii MO.Il,llqJl!Ral(llll 

(V-A) .:.Teopm1, corJiacHo ROTopoii q)eH0MeHoJiorntiecru1fi JiarprullJnlaH 

CJia6~ B3alfMo.neitcTBlltt Hfl3RHX 8Heprntt,110r.m1.10 ~ma.npaTa{V-A)-ToRa, 

{fl-A)(V-A)- CBSI3~ BKJIDtJaeT _ IlO,D.aBJie~Hllii: no Becy RBa)ij)aT(V+A)-

-TORa ({V+A)(V+A):cruis1,) ( 1) _ _ 

tX· _::: ~f;•V-A)"' jV-A _ 
w rt ( d d- I d,1. + 

~ fi'I• VI-A) .,- / '{+A 
ff (d ~ / d"'- , (I) 

'1i,1 ~~ ~ , rrp:BtJeM ~pMllOI!HaJI KOHCTaHTa ibepmi, Hail,n.8HH8JI :ea 

nomrnro :epeMeHu lltll3Hll ..,fl- -MeaoHa, panHa G F :::: ( ~ l+ '11,:J"z.: 
ilBHHit nn.n sapmtettnmc (V-i=A)-ToKoB, BX0,11,freU!X B JiarpamitllaH (I), aa-

Bucnx OT npllpO.Il,H HettTpanbHHX ITaIJ'l'HepoB SJieKTpOHa .I! MBJOHa 

HeftTpllHO, KOTOpHe 6y,neu CtJ.l!TaTb 6e3MaCCOBl1Mll npu OTCYTCTB.l!H CJia--

6ux: B3allMO.Il,CH,CTBllil, Ilpll 8TOM HMe_eTCJI .IJ,Be B03MOlltHOCTl1: (1) 
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I) Cy. ieca'DYCT O.J].110 ,1-1wr:iIIOlleHTHOe ueiiTpimo, KOTO:poe BXO,Il,JJT ~ 

B :JJICICT.l)Ol!HYJO, •raK H B llJOHHYJO 11CIW6Kil 11 sapm;;eHHoro Jleil'.l'OIIHOro 

·ro1:a, B :nm.1 c.:•1y'tJae J1en·r01rnue (V+A) -·roru1 1;Me10T Bfl.U. 

•'/+A -. j d. =. 'Ye-Y.d1±Ys)% + ~'(J1:tYs)<f'; . 
(2) 

3.necr, t./'" = 'I' lie. + If-'!,.., , r,1te I./IJ/e t.,( I.JI~ - cpeHOMCHOJIO-

r11trecmie 2-ROMilOHeHTHHe 8JieRTJlOIIHlle If MlOOHHlle HeirrpHHO. TaRaR 

B03MOlltHOCTI, HMeeT MeCTO B TOM c.ny,Iae, eCJIJI cymeCTBYeT TOJII,ICO 

O,Il,llH J18IlTOHHIIV. sapim, npmMMaDDUlil: pa3Jlll'qHlle 3Ha-qeHll.fl .D,11.fl 8J18KT

pona ll M!OOHa. Xapar.TepHHM .flBllileTC.fl B 8TOM CJIY-qae B03HHKH0B8HH8 

cne[(llcpmiec1coro .flMeHL:JI "nepeCiwY.a" HBtfTpHHo: 

,- r. . 

Ve~~, ~~Ye, (3) 

ROTOpoe HaH60Jiee HarJl.fl.D,HO H y6e,D.HTeJibHO .noJIZHO 6WIO 6H npO.flBHTh 

ce6.fl B IlOJIYJIBilTOHHIIX peamni.JIX. Ec~H B KaKOff-TO Ha6Jm,D,aB111elC.fl 

no.nyJiellTOHHOii pe~H COB6pu!BTI, aaMeHy HeftTpHHO (3), ue 3aTparH-

Ba.fl npH 8TOM 3apmiteHHIIX JI6llTOHOB, TO CHOBa no~aeTC.fl B llpHH[(Hil8 

Ha6JW.Il.a8Ma.fl llOJIYJI6IlTOHHa.fl pe~HJt, OOJia6JieHHa.fl npHMepHO B (';;)\iasf .t) 
C STHM .flB/l0HH6M Truate T6CHO CB.fl3aHa B03M0ZHOCTh.HHTepcf)epea~HH 

(v:.A)(v-A) n (v+A)(V+A) -cMaeft B Tex npo~eccax, KOTopse 

ff8 H3M8ff.lDlTC.fl npH SaMeHe (3) (HanpHMep, JJ-pacna.n). 'ITO npHBO,IUfT ' 

K T80p8TH'l8CKOMY npe,nCKa3aHHI) pil.I\8. HHTepecHHX aq,:IleKTOB, lCOTOpue 

MOrJIH 6H 6HTh o6uapygeHH npH ,naJILIJeftmeM YBeJIH'q8llllB TO'IUtoCTH COOT-

BBTCTBYIOlllHX 8KcnepHM8HTOB. 

4 
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2) CymecTBYiJT ,II.Ba pa3HllX 4-KOMIIOH6HTHllX mhpHHO, 8JieKTpOHHOe 

H MRJOHHOe, KOTOpHe COOTB8TCTB8HHO JtBJI.flIOTCJt Heil:TpaJILHID,m napTHepaMll 

aJieKTpoHa H MJOOHa B (V-A)- H (V+A)-ToKa.X, B aToM cJiy,Iae, o,;e-

BH)J.HO, yKa3aHHH6 BillI!e JtB/l6HllJt rrepeciKOKa HeilTpllHO II llHTepcpepeHIJ;illl 

(V-A)(V-A) ll (V+ A) (V+A} -crurneit He ·.nollnH ua6J110.IJ.aT1,c.R:, 

JlnccepTa[(ll.fl COOTOHT ll3 BB8.U.8HllJt, Tpex rJiaB, aaK1110lf8HHJI ll ,II.BYX 

rrpllJIOllt8Hllli, 

Bo BTOpo:ll rJiaBe IlO.IUJOOHO paOOMOTPCHll rrpo.flBJieHJJ.R: B03MOlKHOro 

npllCYTCTBll.R: npnMeoH {V+A){V+-A) -c:ruran B a@leRTllBH~M 4-<IiepMllOHIIOM 

JiarpaHlltHaH8 ,,}'-pacna.na. Jui(fxpepeH[(H8JII,HY10 BepOSITHOCTI, ._,JI -pacna.na 

MOlKHO npe.ncTaBHTh B nu.naC
3) : . 

s s 
4'fidW _ (;1= nti { b -) lJfi£ --,n. tp3 :X C @Js) +J,jB)(O.,._lt + 

( 11) 

+;t).(eJ(~n)+ 2J,(6)~i)~e1t.)+3),,CEJ[cr.:Ja -(~n){~nil} 
~ I 

r.ne C, - aaeprmt 8.7I8KTpOHa B ,nOJ!.JDC m.,,1.Jt; X - ,coOTB8TCTB8HHO, 

HM!IYJlbC 8JI8KTPOHa; ~ ll 6-e - 8,ll.HHl1'lHHe BeKTOp!,I ITOJJ.R:pHSa[(llll MlOOHa· 

H 8JI8lt'l'pOHa D me. CHCTeMax ITOKOJtj ii - e.n11HV.'lHHil B8KTOP B uanpa.BJI8HllH 

IlMIIYJILCa wieKTpOHa; o/Jl. - 8JI8M8HT ,T8JI8CHOro yrJia HMIIYJibCa 8JI8KTPOHa. 

HaoTpOilH8Jt traCTI, cneKTpa c:l>o<s.J H .IUJYr.ll8 8HepreTiJ''l8CKH8 pacrrp~ 

,neJieHH.a: @.~ (s) nuem BH.n: 
. & 

o{). (e) = 3~.'l c:- ,~\3i· + 1.1.tlf I-E+')..'-
o . e . E. , (5) 
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£Jls)= r1'"(1-:lE + 3~.1-), 
,,_ 

(6) 

clJiE.) = I,_ ,r (3-'-E. + ,..~)' 
(7) 

cJlJiE)=-(1-lf.+ 4~1+Al. +411~ 1-tS.+")."-J 
E. . ' 

(8) 

:IJi,(c)= -['-2(1- f 2.+ ~z.) + t'A 1-~+A:2.]. (9) 

3,nec:& H ,JJ.allee ~ = m.,/m_,,,, 1'" - cKOpocT:& aJieKTpoHa, a f, :f. Ir, 
. . ' 

Bllpruita10Tca 'lepes ~ 1..1 ':l-1 : 

~=- ~ l.f;i., 

~"+~:,. 
'.( 

I 

f =-I,_= . ~.t- '1t,1. 
~~+ 'f,{£ 

' 

(IO) ' 

B lJSOTponHo.ii 'laCTH cnempa £>.(e)nap&MeTp MnmeJIJI, RaK HeTpy.n-

Ho BH)],eT:& ,paBeHf: : , a ~ .!IB1IJl8TC.f! _BTOpHM napaMe~pOM Mnm8Jlll-{l,) 
,Il)lll ~OJ)MH cnempa IIPH MaJillX 8Heprumc SJieKTpOHOB ll B03HHKB.8T n P&;

SyJI:&TaTe llHTeppepe~irn (v-A)(V-A)- H (V+A)(v+A) -Crutse~. Taron• 

o6pasoM ,npHCYTCTBBe npnMecn {V+A)(V-1-A} -CMSH B ,/"-pacna,IJ.HoM 

.6 

... 

. • 

Jiarpam1rnaHe He saTparirnaeT rrapaMeTp .f , 'lTO JIBJllJeTCJI xapaKTep-

HHM uMeHHO ,Il)lll Trutoii cpopMu Hapymemm ( V-A) -·reopnh. :Is BHpa

JKemrn: (6) 3rutJI10tJaeM, 'lTO He MeIIJieTC.lt Taro:te napaMeTp s , BBe)],eHHilll 

B pa6oTax M:i~eJIJI(S) n KnHomuTa-Cup.mrnaC6) ,rr,nrr xarm:.Tep:1cTmm 

(p()pr.ru :mepre'l.'ll'leCKOH sam!Cli!MOCTJ& acm,lMeTpmi BWICTa 3JI8RTpOIIOB D 

rrpou;ecce ,_)i -pacna.n.a { cJ a 3/lf). O.n.HaKo napaMeTp f , xa-

paKTepirnyiom:ritt JIIITerpaJH,HYJO acmwlleTpmo, CTaIIOD,:TCJI 'l'Cl,CIJI., M8lJI,IIIe 

e.n.1:m1D;Il. HellOJlllOH CTaIIOBUTCJI Taro:te H TIPO.II.OJIJ,HM TIOJIJipll3aJ~llfI SJICKT

pOHOB • HHTepecrID, 'ITO :,mcrrepllMeHTaJl:b!lUe .n.a11mrn, TIO-Bl1)],.:r.10uy, TIO.II.-

TBeplK)].aIOT YMCHI,IIIem;e KOScJ9uu;1rnHTa llHTerpaJI:SIIOii [lC!lf,lMCTplL: 

J"= °'9f/.2.,:t°'Of 3 ('1) (r'i•A: 1)_ , 'lTO IIOSDOJIJIC'r Ii0s1y-

'lllT:b ou;emcy. Jl,7IJI OTHOVIeHlm KOHCTailT l-1;(1 I,( ~ , j '1l/it/=-o, 12 1: 0,03. 
XapaitTnpHLIM s@er,ToM llHTepqiepeHu;m; (V-A)(V-A)-w (V+A)(V+A) -cnn-

seft JIBJIJieTC.lI B03HllIWOBeHlle T- U P- 'JeTHOii rrorrepetJHOll 

IlOJI.liplrnarurn pacrm,JJ,HHX MeKTpOHOB B IlJIOCKOCTll BeKTopoB ~ u ti . 
B OTJill'llle OT ,npyrnx 3q)peKTOB HHTeppepe~IHl (uarrp11Mer, napaMeTpa ~ 

B :rnoTpOTIHoft tJaCTll C!ICKTpa /J).(E)) nonepetJHM IlOJIJipl13aD;llJI OJieKTpo

HOB He TIO)J.aBJieHa MHOlKl'!TeJieM A/ c ll nosToMy MOrJia cu ua6.'IIO)].aT:&ca: 

n rrp;i COJILlllllX ::meprnn:x SJiercrpOHOD, itor.n.a £. ~ 1 . 
B 8TOtt zte rJiaBC ( § II) npo!l3BC,Il8H pac'leT pa.n.HaD;llOI!HHX nonpa-

BOK KO nceM tJaCTJIM cneKTpa ./' -pacna.na c YtJCTOM 1rpn.r.1ec11~+A){V+A) 

CM3ll C TeM, tJT06H npOaHaJIU3llPOBaT:& sq,J)eKTH STOH np!lMeCl'J B peaJI:&HHX 

.SKCrrep:llM8HTax. PactJeT pa,nHau;llOHHHX nonpaBOK npOl13BO)J.ll.iICJI B ,nByx 

npe.n.rroJiarae1,1UX aKcrrepm,cHTaJI1>HHX YCJIOBllJIX : 

a)· :a ::JKcrre!)m,1eHTe no H3YtJ8HllD v4' -pacna.n.a oTceirnruoTca: co6UTllJI 

pa,nHaIUJOHHOro pacrra.n.a ?.lIDOHa i.)'-- e·+Ve +~ -t '( C ll3Jly:tJ8HlleM 

"llteCTKOro" ~Toim, SHeprim KOToporo 6oJI:&me HeKoToporo aitcnepn-

. '7 



1:enTa%Horo sHepre'l.'!ltJecrwro "rropora" ero oClHapYJ[emm W ~~en . • 

Ilp!J''l8M npe.n.rro.'la:raeTCJI, tJTO l,v9/Celt. << m.l"., HO He o6JI3aTe.%!10 MeH:&UJe 

uaccu sJieRTpona. 

cl) B :sRcrrepmienTax rro nsygeHHIO ,._,u-pacrra,n.a coClLITl'IR pa,n.mru;u

oHHoro pacrra,n.a Ml'.JOHa H8 OTCeUBaIOTCJI (qiOTOHhl COBCeM He perI'ICTpll

pyIOTCJI). 

Bo BTOpOM CJiygae, ImR Il3BeCTHaC81 pa,n.11auuo1rnh!e 3qiqJ8RThl .n.o
CTHraIOT aHOMaJibl!O 6DAbl!!Oil: BeJIIl'H'll-Ibl B HatJaJie crreRTpa, KOr,JJ.a 3Hep

rlm SJieKTpOl!OB E ~ 10 me. PaccMOTPl'IM B Ra.tieCTBe l'!JIJI!()CTP8.Uilll 

BL!pmKC!-l:18 ,n_,,,'I.,'l Il30TpOHHOll tJaCTrl cneKTpa ~(B) : 

4 il2. ,._ cl.,P 12~ 7.l 2. rJ. Ul ) 
oV/t>=3-2E-y+3J+:t""5P(&J+ y\1-c+.:l+.u;,(E), (II) 

r.n.e f (B) - IIOrrpaBO'lHM QYHilli;I'IR1BBe,JJ.eHHM B paCloTe KrmournTbl

CHPJil!Ha (G) .TI,l15l: xapaRTepl!CTllKll pa,n,naunoHHb!X rrorrpaBOK K nsoTpOIIHOH 

tJacrn crreRTpa B (v- A) '"'.'BapllaJITe TeopHJl vP-pacna.ita; Y'{s)-rro

npaBOtJIIM QYHI(ll;I'IR, xapar~Tepil3YIOII\M p~RaitK0HHI,le nonpaBitK It HH3It0-

3HepreTnec1ton ~acTH K30TponHoro cne1trpa,npo,1cxo~a~en or Bosuo:moro I - . I 

np:11:cyTCTBllR (V+A )(V + A}-cBR3K BJ/ ,i.pAcna.n.uoM Jia:rpaHJKnaue. B Ha~ 

tJarre crreKTJla, rwr.n.a E ~ 10m. e ( E ~ 0,1),sTrl qiymw;mi :iM~IOT Bn.n.: 

frar== J;a. +; ( 6t-St3 +3 ts - :{) + 
(I2) 

+ 6 ( U(c.> + fM ti - ~1 e + :i.,/ ) + O(e) , 

lP(e) =. 
3

-tE. + .t{U(E) +Cst). - !' l +2.) + O(c.) _ (I3) 

8 

ii 

i -

~! 

I 
'·· 

(1, 
il 

·<J1ymrn;n.A: U (E) m,:reeT m1.n : 

ll(e) = t,(1- -&t(e).) - ,;-t)- f ~"A -1 + 

+t[L(~~)+Lcl}>-L(-irJ +(1<1:J-Lt1::J}i}-1- Ore.> . 

,I /) ±!:!!". 
3,nec:& l == -' i,- Uf -1- i:r , 

f-1 J - ~ • -c. 3 - \)".2. J ls= 
/' f ttt(-1-t) 
1-<2) - qiYHKU>l.fI CrreHca, onpe,neJIJieMa.:=r l(Sl) = .} -t- r;l t 

. () 

(I4) 

Il O(e) 03HatraeT, 'ITO B BHprurterrnmc (I2)-(I4) OT6porneHLI tJJI8Hhl 

rrop.R:.ll,Ka e. . I13 (I2) l'l (I3) Bll,JJ.Ho, tJTO rrorrpaBO'lHaJI qiyHKUn.fI /( E-) 

pacTeT c YMeHI,l!IemieM E. KaR -I/ c. ~ , B TO BpeMR rear, '-P(E-) -

:ooero Jllll!Ib KaR 1 /c. . BJie,ll;CTBKe 3Torci BJllll!HRe pa,i,;Ran:ii:oH-

HHX 8(!l(!l8KTOB Ha ".no6aBO'lHble" 'lJI8HH B nepO.A:THOCTll J,'-pacrra,n.a OT 

"(yTA)(V+A) -cBRsn.HesHa'll!Te~:&Ho (He CloJiee 5%), B TO BpeMJI RaR 

BKJia,JJ. OT .f(E.) M0llt8T ,ll.OCTUI'aT:& IIpHl(6pH0 600% npK !-- o,or. 
B 3TOil: xe rJiaBe ( § III) IIO,l!J)OOHO aHaJIU31;pYIQTCJI B03MOl7JIU8 3RC

nepnMeHTB.JII,HHe rrpo.A:BJieHnJI HaJIHtrnJI. (V+A )( V+A) -cBJISll B JiarpaHJKl1-

ane JI" -pacrra.n.a C y'leTOM pa,ll.ll8,UUOHHHX 3tf.xpeRTOB. 0TMetJaeTCJI, tJTO 

des ytfeTa. pa,JJ.Jll8,Ul!OHHHX rrorrpaBOR 3Tll rrpo.A:BJICH,lJI MOI'Jlll Ohl Ob!TL cy

mecTBel!HH B ,JJ.Byx oClJiacTmc 3Heprnu 8~8KTpOHOB; 

I) 'B Ha'tlaJie crreRTpa E ~ IO>ne. BTopon rrapaMeTp MvirneJIJI 'Z B 

ll30TpOIIHO:li tJaCTl'l crreRTpa ll aHSJIOI'Jll'lHHft rrapaMeTp B s11epreTU'leCROM 

pacrrpe.ne~emm clli£) (cM. (5) M (8)). 

2) B • RoHUe cneRTpa I rmr,ua E m1¥11.- E ~ °'f E Nd, B od.'laCTll yr-

JIOB IJH.,'JeTa OJI8RTpOHOB OTHOCllT8JII,HO cmma MJOOll8 0.f: 3o: 
rrorrepe1rnaa · rroupnanw-a aJieitTP0H0B cocraB;ReT . ... 50% 11: OoJiee( ~ 1 ~O-f \ 

';t '~-
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,,. 

npo~onr,HaR CYJlleCTBeHHO OTKHOHReTCR OT 100% (Ha I5%-JO% H Oonee, 

npH '1,f ,~ "" O,I); OTHOCHTeHLHOe llHCHO aneKTpOHOB 6N/ No , pox

~aDmHXCR Baron ,o~nacTH 3HeprHn H yrnoB, 3Ha'llHTeHLHO OTHHqaeTCR OT 

npe~cKasaHHff (V-A) -BapHaHra TeopHtt ~ -pacn~a. 

O,nnmw D o6JiaCTll H:rnruix 8Hepruii SJieRTpOHOB (Ha'tlaJIO cneKTpa) 

aKcuepm.mHTaJII,HHe noncru1 OTKJIOHemi:it oT(V-A) -napnanTa Teopxrn 

.),{ -pacnl]Aa rm cru:.oM ,neJie saTpy,nueHH BJIIIRIHleM pa.nmmnoHHHX aqi

cpeKTOB (B OCHDBHOM ,acixIJeKTOM pa,D,}lar(HOHHOro pacna.na M!OOHa)' 

T.K. npH HH3KHX 3HeprHRX pacn~HHX anexrpOHOB pa

,ll,llar(HOHHHe aq$lKTH CYl1\8CTB8HHO yBeJilltJHBaKlT 1130Tp0ITHYIO tJaCTL 

cneKTpa, nponcxo,ll,iIIIIYlO OT ocHonuon~-A)(V~A)-tJacTn Jiarpa.Hxnatta, 

HO ,ll,810T HH!I!L H83HatJ,lT8JILHYIO .no6a.Bey K nponOIJill!OHMLHOii '1, HHTep

ipepeH~llOHHOH tJaCTll Cll8KTpa. Ilo3TOMY B peanr,Hwc 8KCnepBM8HTMLHHX 

ycJIOBHRX, eCJill He OTCeHBaTL co6HTBR pa,IU!ar(HOHHOrO pacna.na Ml>OHa, 

OTHOC;JTeJILHHe BeJil!tmHH aqxpeKTOB (V+ A)( V+ A) -cBR:SB B HaqaJ1e 

Cil8KTpa CYJlleCTB8HHO YMeHLillaJOTCR. 3TO Bl!,ll,HO, Hanpl!Mep, l!B pl!o. 

I, r~e nao6pruiteHO OTHOOETeJILHOe OTRJIOH8HB8 HBOTPOilHOI qaCTI! 

cneRTpa OT npe.ncKaBaHIIH ( V -A) -TeOplll! .,M -paona.na B 

uatJane cneRTpa : 

'lo(E) =: 
l>'-A /l)_(e) -J)o (c) 

0 

'I-A 
~. (6) 

ol. 1~),'l, 1- E.+ .u 'P(EJ -------- e .3-.tE+.ii' /(sJ (I5) 
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't1 

"{,o(E.) 

0,82 

0,1,e 

\\ -~ 
\~ 
\~ 

\ 
~ ... ·~ 

·\~ 
"\\. 

0,0_2. 0,03 

Pim. - I 

0,1 0,2. E 

Ha p11c. I mTpBXOBWt JIHHIIJi COOTBeTCTBY8T 7.o(e) 6ea YtJ8Ta 

Pa.IUlar(l!OHHHX a@>eKTOB; WTplfxnyHKTll'PH8J! JIIIHIIJi OOOTBeTCTBY8T ~- (E,J 

C j'Tl8TOK P~Haq«OHHHX ~onpa.sox,xor~a B axcnepIDl8HT8 OTC8HBaDTCR coGu

THS p~mq«~HHoro pacn~a JOlOHa c aHepr«eff q,oroHa w1:;:.S MaB;cnnomHas 

Jlll'HH.11 OOOTB8TCTBY8T 'to (s) B CJiyqae, Kor.na C06HTBJI Pa.IU!anHOHHOro 

pacna.na MDOHa He OT_0811BaDTOJI (~TOHll COB08M He perHCTpl!pymCJi) • 

Tarom o6~aou, HBJilftme npBMeOB (V+A)(V+.4)-oBJisl! MoxeT _saMeTHo npoJI

BZTh ce6H B HatJMe oneRTpa TOJILKO B aKCnepuMeHTax c HCit71DtJeHneM 

co6HTBI Pa.IUlanHOHHOro paona.na MllOHa, True Y..aK B 8TOM CJIYtJae pa,D,}la

IUIOHHllO -~KTH He ,IJ.OCTBram B Haqane cneRTpa 8.HO?.-~LIIO 60JILmoii 

BeJIB1ll!HH•, 

B KOmte oneKTpa, Kor.na aHeprnH 8JleKTporrnB E -E,..~r (E•t) , 
pa,TUJar(BOHHUe IlOIIpaBKB BeJ!BKB, O,ll,HaKO • CBO)tBTCR 3)t8Ch JIHIIIL 1t -

o6meuy .MHOllWT8JID nepe,IJ. BOeff ,D,Bqq>epeHI{BaJILHOii B8pO.,'ITHOCTI,Djf-paOna,na. 
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dW{~,le)i)= o/W(i°G.;~){1-fp(tu}-t)k-,~s _+ JtJ.+tJ}, (I6) ;-

r.ne rAWr~ 6. ~) - ,IJ,Mqxliepemu1aJibHM Bepo.f!THOCTb JJ -pacna.1ta des yt1eta I-:,,,, e, 

pa,Itlla~HOHH!DC nonpaBOK.IT03TOJ.IY B 3TOtt 0<111acr11 3HeprKtt 3118KTpOHOB pa

.nnarurnHHHe rronpa.BRH He MOryT B/Ill.f!TI, Ha OTHOCHTeJII,HHe BeJilltJllHH * 
<pSKTOB (V +A) (I/+ A ) -CB.f!SH, RoTopue MorYT .nocTHraTb s)J.eCb 3Ha

trnTeJII>Hoit BeJIHtJllH!l npll & ~ 3 0 ° . S1tcnep11MeHT8JII>HHe UCCJie

,IJ.OBaHii.fl .,M -pacna,na B ROHIJ;e cneKTpa, IIO-BH)J.UMOMY' CTalJyT BIIOJIHe 

,ll.OCTynHHMI! nocJie BCTyIIJieHH.fl B .neitCTBlle IIJiaHllpyeMHX "MeSOHHllX" 

qia6pllR. PesyJII,TaTH TaruJX l'ICCJie,ll.OBaHl!it llMeJill 6& BaJitHOe SHa-qem1e 

)J.)I.fI r~moTe3H ( V +A) ( V + A ) -cB.flsl'I B Jiarpa.IDKMaHe v'A -pacna,na. 

Bee B&tJllCJIBHil.fl B'r°Opon r11aJI& IIpOM8BO,ll.MJillCI, B npe.nnoJIOllteHlm 

0 CY!IlBCTBOBaHirn 0,ll.HOro 4-ROMnOHeHTHoro -Hefi'rp:.mo. Kalt y,ite OTMe'ia

JIOCI, Bbl!Ile, cxeMa c (V+A)(V+A) -cB.fISU) ,norrycRaeT TruoJte Bos-
. ,/4 

MOlKHOCTI> CYmecTBOBaIJll.fl ,IJ.Byx 4-RoMIIoHeHTHHX ueitTp:.mo V e 11 V . 
Il OTOM CJiytJac CTaIIOBl!TC.fl B8B08MOl!tHOfl: llHTepqiepeHI.il'l.fl 6/-lt)(V-A-) ll 
6J+A){V+ A) -cB.flseir ( B npe,neJie 6esMaccoBHX HeitTp:.mo), H Bea.ne 

BO BTOpofi rJia.Be Ila,IJ.0 IJOJIOlUlTI, f=O 1. 
' O)J.Ha.RO f i;; 0 • 

B TpeTI>eil rJia.Be paccMaTpllBaeTc.fl aippeRT(v+A){V+A)-cBR:si B 

JiarpaHlKilaHC CJia6oro BSllilMO,IJ.CitCTBll.fl B OIIHTax: C HCitTpllHO BHCORHX 
. . 

-· 3Heprntt, ITpO.ltB11111llllKttCa B . TOK, _ 'ITO H88Tpm1O OT pacna• 
.n.a 'Ji+ n K + MeaoIIoB Ha JieTy pollt,D,aX)T Ha H,IU>ax, RpoMe .J'~eao-

HoB ,Ta.roite l'I noSHTpOHH. Taitoit aipf?eKT CTaHOBMTC.fl B08MOl!tHHM B pm.max: 

paccMaTpl'IBaBMOit MO,ll.8JUl, ecJrn CYJlleCTBY8T TOJII,KO O)J,HO 4-ROMIIOHeHTIIOe 

HefiTpl!IIO • Ou;eHrul nOHa.SIIBaJOT, 'ITO B IIe:li'rp:UHH!:lX OITHTax 'illCJIO pox-
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I: 

.n.ruomuxc.fl II03J;TpOHOB u:or.n:o OU OIITI, Ila ypomie ('-:t.,/'2.)1. OT tir;c-

11a .J'- -MesoHOB. Buq11c11eH1111 c rrpoueEyToqmn.rn W -C!osomnrn, 

Bblll011H8HHH8 B reopuu, ,ItallT pesy111,raru, KOTopue H8SHaq11T81II,HO 

( ,.,104 Hp" ,,J,l.w~1.r~11) oTJ.llltJ8:°TCJI oT pcsyJif>'.:.'aToB BHT.J:10.'Ie:i;ii n 

~-ioRaJII,HOlJ npe,neJie ( ,:,l,lw - 00 ) • 1Io:1cmi rioa;. '.tTUJJOB n :.i1~cile1rnr,1cn-

Tax c uefrrp;rno D!lCOI:J-iX :mcpruit, npOBO.ltll!llHeca B HaCTOS!ll8C 

npewr ua rqiyrmeiii.;;nx yc1topnTeJIRX, no::rno.'l.f!T B pawmx lJD.cc1;01-rc:moi~ 

MO,ll.Jltpl'IR:aIJ;llil (V- A) -Teopl!:; B :aap11a.HTe C O,ll,Irnrt. 1-IWMf!OlICHTllill,l 

HeiiTpmro CYJI\8CTBCIJHO noHl-JSl1TI, Be..'lUT.J!lHY BepxHero rrpe,n.eJia ,D,JUI IWH-

CTallTII W+-A){V+A}-crm.su ~ ./ rro cpaBH8Hllll c yy..asaHIJill!i nmue 3Iia-

-qeHIJeM ,noJIYtJCHHill,l ns ,n.aHHIIX no ,/" -pa.crra,n.y. Tarum cd_pasor,1 r.m:t-

no C,ll.eJiaTI> BIIBO,ll., tJTO eCJill B 11eilTpl1HHUX OITUTmc 6y;zyT POl'.".,J~aTI>C.fl 

IIOSHTJ)OIIII' a B .,;(,I -pacna,ne 6y,n.e'.l.' o6H8PY',iteHa ,.mTe_p(Je_peHI~llJI 

f,/-A){V-A)- n (V+A)(V-+-A)-crm.soi-i · (uarrpimep, rroncpeT.JllaJI noJIJip11-

aan;ua SJICRTpOIJOB) COBMeCTHO C KB8,JJJ)aTUT.JHW,';!! no IWIICTillITe ':t I srJr

qieKTaMll, TO STO 6y,neT CDll,ll.CTCJihCTBODaTI> B JJOJifa3Y HOJIHT.JllJI I!p!ll,lOCH 

(V+-A)(V+-A) -cB.f!Sll B Jifil'paHr.wIBe cJia6oro nsam,m,n.eitcTn:m B 1110,ne;rn 

c o,n.mm 4-ROIAIIOHOHTHHM Heif'rprrno. ECJill lite n newrpmmux OiiHTax HO 

6y,n.eT sru,ietJeHO polK,D,eHli.ii IlOSllTpOHOB, a B v4-'-pacua.ne OYlJYT ouna

py,iteHU TOJILRO R:Ba,IJJ)aTllT.JHUO no ':t.,, s(xIJel{'l'H, 'l'O 81'0 MO:..':e'.L' C!HTL 

c11Qete.111,cno11 cy1necTBOBaIJ.l.fI (y+A){V+ A) -crui::rn, no n uo-

,n.eJI.aX C .IJ.BYU.fl paamn,rn 4-RounaneIITIIill,m HCi-i'l.'IJHIJO: V e v""' 
B tieTneprorr rJiane . .n.zccepTan;m, pacctmTpenu a((ieRTU runoTeTn

-qecKoro IJCeB,IJ,OM8ItTp!1T.JCCKOrO Bsru-mo.neiiCTBll.'I 8Itcll8~1LHOro Hei-rr_pain,-
. . e,.. . 

noro TOKa / s oL o uaccirnrmu ru·mia.ilnmrr:. :3--<.iosor:ou .(13-Bsaiu.m-

,n.effcTBH.fl) C 6eapasae})HOii: KOHCTaHTO~ CB/ISE' pallHO'; :MeltTf.'ltJecrtm.zy

Sa.pJI_lJ.Y e • Tmcoe ~l.ll!: aHaJIOl'IltJJJne :r3Sa:mo:::\eircrRi!' ,rei~7.'tf!.1b11CrO 
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·2 J oC. 70Im C lclaCCl!B!lillJ ~ - 6030HOM ITOJIB,'UIOTCJI B ClOJiblilllHCTBO ~-

I,'.'.J,~CJre:li, Q(J'J,e,ll,Immo::l'lX 8.ilOitTpOl.larimTH!l'.e n CJia6ble nsam.:o.n.eiicTBllJI 

( 9 , IO, II• 12} • llHTepecHw cJie.itcTBlle)( CYll!BCTBOBaH11s HJLBHHO · 

ll-n:::iu::1.ro.ueticTB!JR JIBJL,'IOTCJI TOT ~la.KT, "1TO ono B co-g·eTamm c a,101cr

polllarIL.TIJUM Ban:;::o.ueiic-rmieM no BTopoM IIDl)JI.1J.Ke ITO KOHCTaIITe e 
. ( TOit-TOKOBOC np116JI!!lKOH!ie) nopor.JJ,aeT 3(@eKT napymeHHOll aepRaJibHOH 

(V:;:. A) -cum.1eTp11r, Km: n paccMoTpermoe BillI!e o6o6mem;e C.'lacioro 

B3U;',MO,neiic•rml.fl aap.fl],WIJH!l'.X TOKOB. B IIPO.UCJIB (jQJIJ,iUllX ITO CpaBHemno 

c Maccov. B-6oao1ia nepe.D.aHHHX llMIIYJJ.bCOB J <{'-/ >> r.lL 2., B par.max Te

opm: B03MYi:IO!l.'.i1, :::na Haf,yt;JCIIHM ( V~ A) - CllMMeTplJR BOCCTa

HaD.m:BaeTCJI n !1MeeT Bll.U (\/-A) (V-A) + (\/+AJ(ll+A)·. KaK CJie.n

cTm,e, 01.I11JOKTl1BII!l'.e "MCitTpOMarH!lTHl:le" TOit-TOROBl:le B3aIDl0.1tellc:rnm1 

.ll.llfil0118.iH'l3YJOTCJI IIO CITllpaJib!IOCT.RM. "1aCTl!r(: D ITPS.IJ.CJIO (JOJiblllllX rrepe

,Il.illlllUX m,rny.1:ucon "Bm:mro10T" TOJibKO BaauMo.neiic~BllJI .11CD!l'.X -gacT11~ c 

JJeB!l'.MJl l!JI,: npaB!l'.X c npanw.m. B rrpoiieccax: paccemnia JienTOHOB upn 

Ma::ux, uo cpanIJem:ro c MaccoE B-6osmrnn, :rneprumc B c.r( • .i. ajxpeRT!l'. 

B-B3a!JMO)J.OitrcTBll.R: BHr.lH,IJ.lIT KUR Ml!JI!l'.8 OTKJIOI!OHllJI OT rrpe,ncRa3aHllJI 

KBa.IITOBOH OJ!OI{Tpo.nm1ru.mm1 ( r3) • 9TO IJOSBOJIJIOT IJOJIY"1IITI, orpaH,1"18-

HIIJI HU Hli)KJIJOIO rpa.11 •. ey Ma.CCU B-6o30Ha mi cpanHOH:!JI 3TUX OTit.'lOHOl!llll 

C ORCllepHMOIITaJibH!l'.l\fil .nnmmr.m IIO rrponepKO KBaIITODOil 3Jie:a::rp0.JtHHal(mtH 

B OII!l'.Tax co BCTpe'IHUMll ·ny-gKru.rn. 0.nHaRO Hau6oJiee CllJII,HHe orprum'le

HllJI Ha Macey B-cio3oua no.1y'lall'rCJI 113 cprume1m.a: :aiuum,:JI ~BaauMo

.nelicTBllil Ha MarmlTH!l'.ii MOMOHT MllOHa C llMOill!U!MllCJI 3.IJ.OOI, ::mcnepm,eu

TaJII,Hl1Mll .IJ.aHH!l'.Mll, KOTOpllO Il03DOJIJIIJT 3aRJID"1>lTL, tJTOe,U ~ {2 r11/ • 

Oco6!l'.fi mITepec rrpe.IJ.CTUTu1JIDT OII!l'.TU no o6pa30Bail.-:D tmOHHHX nap 

B :peam.(W: 'e - € + - c/"- ,.P + , r,ne aqxpDRT B-B3aIIMO,neilCTBllJI 

rrpo;rn..meTCJI B aum.lMbHOli 3Ul)JI,1J.OBOii acll!,l!J8Tpllll jrJIOBoro pacupe.ne.ne

Hl!JI MIOOHOB IlpOTllBOITOJIOllUIOro, IIO cprui:rnmm C rrpe,nCRa3aHlleM ICBaH-

.. ----:-:::-~-
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ToBofr s.11ertTp□;IUJHaMmt11 ,3!1aKD. b,,.,(e) < 0 . , 8/CJ-.1J(e) .> 0 
0T!Ae"1aCTC.a:, '!TO 60.'lblll)JHCTDO MO.IJ.CJieit e,IJ,HHOro: SJIOitTpOMarJl,:THOro 11 

CJiacioro B3aIDJ0,It8l:tCTBid1, B KOTOp!l'.X ITPO.D.CRa3!l'.DaeTCR Dl!OtlBJihHaJI acrm

r.:eTpllJI pacnpe.neJieHJ:JI MIOOHOB, npe.ncrmmrnaroT OTp1m;n.TeJJbHl,JH 3!-IaK STOH 

ac:uMMeTpnu. STo JIBJIJieTcJI CTpornM OJIO.D.CTBllCM xopol!Io ycTaHODJIOHHmc 

(.,u - ,e) ymrnepcaJI_I>HOCTeii SJIORTPOM~HllTHOro Ii CJia6oro aapmxeHHl:lX 

TOKOB ll Toro <paRTa, 'tJTO B STIIX MO,ll,eJIJIX. aapmxeHH!l'.H CJia.6!l'.it TOR_ ll },30-

BCKTOPHaJI "1aCTI, 3JIOKTpOMarHUTHOro TORa . reHepHpYJ)T0 0.JtHY 

H :ry :a:e rpynny: CllMMeTpUll suc~J@U(~). Tarwe MO.II.Ml! emmoro SJieK

TPOMarHllTHO-CJiacioro B3aHMO,ne!CTBllJI C~BMOCTllMR TOJII,KO C OTpnnaTeJIJ,

HIDI 388.KOM aHOMaJII,HOit 3al)li.D.OBOft aC.U.!MeTp,rn yrJIOBOro pacnpe.neJieHi,JI 

MDOHOB B peaRIUUI e- € + _,,,. ./1' :,,t,' + , ll 1!3MepeHJie STOro 3Hruta 

Mor.110 6H 6HTI, RpllTll'IJOCKHM ,I1,11JI no,noci~ MO.IJ.eJiett (r4) • 

OcHOBHHe pesyJILTaT!l'. .D.llC06l)T8I.(llll ,ll,ORJia.D,1,JBaJillCI, Ha BcecOD3H!l'.X 

KOHq>epeHnH.a:x no ~llSllKe 8JleMeHTapHHX tJaCTnn (Y:a:ropo.it, 1968, 

I97I rr.), Ha· Cecc1rn O.H<l> AH CCCP (MOCKBa, 1972 r·.) H on:yOJIInto-

BaHH B pa6oTax ( 2 ,3,r3,I4) • 
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