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§ 1. B B e .g e H n e 

06menpHliHTbie a Kaanroaofi MexannKe npencraaneHHH o TO:lK.gecraeu

HbiX 'lacruuax _npeKpac!lo. copnacyrorcSI c aKcnepHMeliToM. BMecre c TeM .. 

OHH o6naA8lOT ABYMH CBH38HHbiMH Me:lK.gy COOOU OCOOeHHOCTHMH, pe3KO Bbl":' 

aenstiO!IlHMH HX H3 Kpyl"a .gpyl"HX <jluanqecKnx npencTaanenufi. Uenb nacroH

mefi paOOTbl COCTOHT B 8H8nH3e .9THX OCOOeliHOCTefi. . ' 
fle~.B8H H3 HHX KacaeTCH noaeaeHHH CHCTeMbi '18CTHU - AnH npOCTOTbl 

Mbl oyneM I"OBOPHTb TOnhKO 0 ABYX '18CTHU8X - H MO:lKeT Ob!Tb c<jlopMynH

poa.aHa T£lK: npH nepeXOAe OT nayX CKO.'lb YI"OAHO OnH3KHX '18CTHU K :'IACTH

U8M, CTpOI"O onn,HaKOBbiM,_noae.genHe CHCTeMbl H3MeHHeTCH CK8'1KOM1 T.e. 

nenpepb!Blloe c6nH:lKeHne caofiq.ra 'lacruu, no-aunHMOMY, He conpoao:lK.gaeT

CH uenpepblBHbiM H3MellelJHeM C80HCTB CHCTeMbi. 
' . . . . . ' ' : 

EcnH ol"paHH'IHBaTbCH HeBhipo:lKneHllbiMH co'cTOSIHHSIMH aneM:eHTapHbiX 

:'J8CTHU1 TO CHTY8UHH lie HBnSieTCH napa.goKcanbHOH1 'noCKOnbKY pa3nH'IHbiM 

'18CTHU8M OTBe'l8lOT' pa3nH'IHbie 3.H8'1eliHH HeKOTOpbiX llHCKpeTllbiX KB8HTOBbiX 

'IHCen, H <jlaKTH'IeCKH Mbl He '3llaeM HHK8KOI"O <jJH3H'IeCKH peami:syeMOI"O; cno-

' co6a uenpepb!BHOI"O c5nn:lKeHHH CBOHCTB T8KHX 'lacniu. 

J1uaqe OOCTOHT Aeno UpH ll8nH'IHH: BblpO:lKAeHHH no K8KOMy-nu6o BHYT

peuHeMy KB8HTOBOMY 'IHCny. B 9TOM cnyqae COCTOS!HHS!. '18CTHU OUHCbiB8lOTCH 

3 



cynepn03HUHSIMH HeKOTOpb!X 6a3HCHb!X COCTOSIHHfi H 06CyJK,UaeMOe Henpepb!B

HOe c6nHlKeHHe .BnOnHe B03MOlKHO: OHO CBO.UHTCSI_ npOCTO K c6nHJKeHHID K,091j>:

¢HUHeHTOB COOTBeTCTBYIDillHX cynepn03HUHfi. EcTeCTBeHHO B03HHKaeT.BOnpoc 

0 noBe.UeHHH CHCTeMbl .llBYX ttaCTHU 1 onHCbiBaeMb!X TaKHMH cynepno3HUHSIMH, 

T.e. 0 HanHttHH HnH OTCyTCTBHH CKattKa npH COBna.ueHHH COCTOSIHHfi ttaCTHU1 

o6paayromax· CHCTeMy. 0TBeT1 ,llaHHbifi B §§2 H 3, TaKOB: npH Henpepb!BHOM 
I 

c6naJKeHHn Koa¢¢1iuaeHTOB cynepnoaait caoficTaa aHanaaapyeMofi cacTeMbi 

Henpepb!BHO nepeXO,llSIT B CBOfiCTBa CHCTeMbl TOlK.UeCTBeHHbiX ttaCTHUe 

B KOHKpeTHOM cnyttae BbiPOlK.UeHHSI no paanHttHbiM npoeKUHSIM cnaHa 

MHOI'He COOTHOilleHHSI §2 6htnH H3BeCTHbl H paH_ee. O.uHaKO . B HaCTOSIIllefi pa-

6oTe HM npa.uaeTCSI 6onee <:>6m.ee anatteaae a OHM paccMaTpaaaiDTCSI1 HaCKOnb

KO HaM H3BeCTH01_ C HOBOfi TO'!KH 3peH,RSI. 

· BTopaSI na . oTMetteHHbiX Bbiille o'co6eHHOCTeit cocTOJfT ··a caMHX acxo.u-

HhtX npe.ucTaaneHHSIX 'o cymecTaoaaHHH ToJK.uecTaeHHhiX ttacTHU, nocKonhKY 

HHI'.Ue; KpOMe KB.SHTOBOfi MeX~muni; Mbl He CTanKHBaeMCSI C a6COltiDTHO H.UeH

TH'!HbiMH o6'beKTaMa. B aToit caS!i:m HHTepecHo BhiSICHHTh, MOlKHO na saMe~ 

HHTb. CTporyro TOlK,ll9CTBeH'HoCTb. aneMeHTapHb!X ttaCTHU npH6naJKeHHOi1, He 

3aTparHB8SI cornaCHSI Teopaii' CO BCeMH H3BeCT~b!MH cefitta~ 9KCnepaMeH

TazlliHbiMH ,llaHHh!MH? 

· · HeKoTophie Haao.uRmlie yKaaaHaSI· MOlKHo a~anettb as a~anasa caoficTa 

HefiTpanbHhiX K -MeaoHoB. PaccMoTpHM .unSI npaMepa·· peaKUHID rr-.+IJ->A0+K~nrr. 
06bi'1HO CttHTaioT, ;'ITO BO acex aKTaX 9TOfi peaKUHH o6pasyiDTCSI B TO!JHOC,:'H 

° K1+K2 
o.uaHaKOBbie ttaCTHUbi K = V

2 
. , HeaaancaMo OT aHepraa nepaattapro 

1T -Me30Ha 1 yrnoB BhtneTa BTOpHttHbiX. ttaCTHU H Toll• 3To, KOHettHO, BepHo; 

. ecnH. yttHTb!BaTb TOn~KO .CHnbHbl9 B3aHMO,llei1CTBHSI1 HI'paiDmHe B ,llaHHO!.f cny~

ttae onpe.uenSirom~. aaJKHYID ponh.· O.uHaKo,.· cTporo roaopSI, na.uo npHHHMaTb 

BO BHHMaHHe H HeCOXpaHSIIDillHe CTpaHHOCTb cna6bi9 B3aHMO,llefiCTBHSI1 BKna,ll 

KOTOpb!X 3aBHCHT. OT BCeX nepe'IHCneHHbiX Bb!llle KHHeMaTH'IeCKHX ¢aKTOpOB. 
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B HTOre ·nony'IaeTC511 'ITO B pa3nH'IHbiX aKTaX. reHepnpy!OTC51
1 

XOT51 H O'IeHb 

6nH3KHe·,. HO Bee me He BnonHe coBnaJlaJOmHe cynepnoanuHH K1- u K2 

Me30HOB1 T,e, TO:>KJleCTBeHHOCTb pa3nH'IHb!X SK3eMnn51pOB K -Me30HOB OKa-

3b!BaeTC51 He a6conJOTHoit, 

B cooTBeTCTBHH co CKaaaHHbiM, B §4 npeJlnonaraeTC511 'ITo Ha6nJOJlae-

MbiM HaMH aneMeHTapHbiM 'IaCTHUaM onpeJleneHHoro THna ( HanpaMep,· aneK-
~ • > ' • 

TpOHaM) OTBe'IaiOT cynepn03HUHR llBYX HnH HeCKOnhKHX BCUOMoraTenbHb!X 

qaCTHU C O'IeHb 6nH3KHMH MaCCaMH H UOKa3aHa B03MO:>KHOCTb UOCTpOeHH51 
• > • • '• 

BHyTpeaHe HenpoTHBope'IHBbtX cxeM TaKoro poJla, cornacyromaxcg c aKcne

PHMeHTOM, HaM Ka:m:eTC511 'ITO pa3BHBaeMbie npellCTaBneHH51 MoryT npeTeH

IlOBaTb, no Kpatl:Heit Mepe, Ha · HeKoTopyro norH'IeCKYJO ueHJIOCTb, Bo CB.n- . 

KOM cnyqae 113 HHX BbiTeKaeT, 'ITO TpaJlHUHOHHOe MHeHHe 06 a6conJOTHOif 

TO:>KJleCTBeliHOCTH .aneMeHTapHbiX 'IaCTHU He 51Bn51eTC51 C norH'IeCKOH TO'IKH 

SpeHH51 eJlHHCTBeHHO B03MO:>KHb!M, 

§2. Ynpyroe pacceHHHe 'IaCTHU c HeopToroHallbHbiMH 

BHyTpeHHHMH COCT051HH51MK_ 
' 

BylleM Jln51 npocToTbi C'IRTaTb, 'ITO noTeHuaanhr, onaChiBaromae' J3aaaMo

neAcTBH51 Me:m:ny llBYM51 'IaCTHUaMH THna A, llBYM51 'IaCTHUaMR THna ·a H 'Iac

THUaMH A. ll B OllRHaKOBbi1 a aMnnRTYilbi nepexollOB AA-> BB, AA ... AB, 

, BB ... AB paBHbi Hynro. 

ITycTb Ti:mepb CTanKHBaJOTC51 H p~ccenBaJOTC51 JlBa naKeTa c RMnynhca-
.... ... 

MR p H -p , npR'IeM nepBbiH naKeT onRCbiBaeTC51 cynepnoaRnlietl: 

. (p) (p) . Q (p) 

I C ·> =a I A > + ,8 I fJ> , 
(1) 

a BTopotl::- cynepnoaRuaeA 
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(-p) (-p) (-p) 

ID >' = rl A > +81 B > 

l1a ycnoBIHI nopMHpOBKH cneAyeT, 'ITO 

2 2 
Ia! +1/31 =l, I 

'12 . . 2 
y +181 = l. 

(2) 

·' (3) 

TaKHM o6pa30M 1 COCTOSIHHe ABYX 'I8CTHU AO paCCeSIHHSI HMeeT BHA npSIMOI'O 
. . (p) . (-p) 

nponaBeAeHnsr aeKTopoB I C > H I D > 

. (p) (p) (-p) (-p) 

Ill> o > = (a I A > + {3 B )x (j' I A > + 8 I B > ). (4) 

TiyCTb f (0 ) - 8MITnHTyAa pacceSIHHSI HeTO)KA9CTB9HHb!X 'I8CTHU1 COOTBeT

CTBY!OIU85I Jl81IIIOMY noTeHUHany B38HM0Jl9HCTBHSI1 0 - yron. M9)KAY BeKTO-.. .. 
paMH p 

.. , 
H p 

.. ' 
H p - HMITynhCbl OAHOH H3 paCCM8TpHBae-, ' I'Jle p 

MbiX traCTHU JlO H nocne paccesrnnsr. HaaoBeM sTy aMnnnTyJly aMnnHTYAOfi 
·. . . . . /1 2 4/ . . . 

npsrMoro npouecca. l1aBeCTHO (eM., nanpnMep, ' ' ) , 'ITO aMnnnTyAa 

' ' 
o6Mennoro npouecca, B KOTopoM nH6o · H:atranbHbie, nn6o KOHetrHbie tracTHUbi 

MeHSI!OTCSI M9CT8MH 1 YJlOBneTBOpSI€1T COOTIIOIUeHHIO: 

J o6M. ( 0) =; ± f ( rr-0 ). (5) 

ilpH 9TOM 3H8K (+) COOTB9TCTByeT 'I8CTHU8M C UenbiM CITHHOM1 ,3H8K (-) -

'I8CTHU8M C nonyuenbiM CITHHOM. 

nne 

C ytreToM (5) aMnnnTyAa nepexo)la na cocTosrnnsr Ill> o > 
I A> (p, 'x I A> (-p '> 

F =ay (f(O) + f(rr-0 )). 
I -

6 

B COCTOSI-

(6) 

I 



'.· 

,. 
;I" 

. .O~H aMnnHTY.r:tbi nepexo.r:ta ua cocTOHHHH. I <fl.~> (p~ (-j,') 
B cocToHHHe -I B> xiB> . 

Mbl nony'IHM Bbipa)l{eHH~· :' 

{7) 

lfTO KacaeTCSI aMnnHTY.r:tbi nepexoga H3·COCTOSIHHH l<fl o .> B COCTOHHHe 
.• Jt>·(p '>X' 'I B. >(-p '>, 
[7fT TO OHa paBHa CyMM~ aMnnHTY.r:t nepexoga H3 COCTOHHHii . · 

. I A (p) I' . (-p) I (p) I (-p) ,1,,1, 

1 > x B > H B > x A > . c C()OTBe:TCTBYIOIIIHMH xoa'I''I'HUHeHTfi-: 

MH, 8TH nepeXO.r:tbi OTnH'I8IOTC.H 06MeHOM Ha'lanbHbiX. '18CTH~. 
.,,•, 

IToaToMy, c y'leTOM {5), nonyqaeM:, 

F =aof(O >+flyf(17-0 ). 
3 - (8) 

AHanoi'H'IHo, aMnnHTyga nep~xoga u.s cocToHHHH 141 0 > 

I 
( p '> I A' ' (-p , ) 

B > X > I 

B COCTOSIHHe .. 

(9) 

Hatl.r:teM Tenepb .r:t~;~tlltilep~HUHanbHoe ce'leHHe pacceSIHHH cyneimoaHuHii LC:> 
H I D '> , npocyMMHpoaaHHoe no 'leTbipeM KOHe'IHbiM cocTOHHHHM (cyMMap- I) 

\ M \ 1 0 ) 0 t 

H~e Ce'leHHe), C y'leTO~ ycnOBHH HOpM!IpOBKH (3) nocne HeCnO)I{.I:!biX npeo6~ 

d a(O) 4 ' . 2 -; 2 

-=I l F I = I r (e > I +I r < 17-0 > I + 
dO . I = I . . ,.· . •.. - ( 10) 

2 
-:_ 2 I< D I C >I . Re f( 0 )f * ( 77- 0 ), 

•./ 

·• < D I C > = a y* + f3 o * 
( 11) 
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- Mepa HeOpToroHanbHOeTn eoeTOSIHnif I c' > H I D > • Ba>KHO noAttepKliYTh, 

'ITO npu npHHSITOM npennono>KeHHH 0 XapaKTepe B381IMO}:lefieTBHSI ( B38.UMO

nefieTBHe He 38BHeUT OT THna ttaeTUU 1 a aMnnHTYllhl nepeXOllOB e U3MeHe

HHeM BHyTpeiiHHX KB8HTOBbiX ttneen ~8BHbl Hymo) eoOTHOWeHue (10) enpa.:. . . 

sennHBO. npH mo60M ttuene 6asueHbiX coeTOSIHHfi A,B~C •••. (eM. B eBSI3li e 
/5/ . '. . ' ' 

9THM ). l13 tiJopMynbi (10) enenyeT1 'ITO eenn <CID>= 0 , TO eoeTO~-;-

HHSI I C > n ID> senyT ee6H KaK pasnnttHbie ttaeTuUbi. Eenn iKe eynepno-

3HUHii IC> n ID> onHHaKOBbi ta=y,f:3=o) ,·To <CID>=l, n Mbi 
' . , '. 

nonyttHM U3BeeTHYIO tiJopMyny 1 onuebiB8IOIUyiO_paeeeSIHUe TO»~neeTBeHHbiX ttae-

THU. TaKnM o6pasoM, senHttHHa <C I D > SIBnSieTeSI HenpepbiBHbiM napaMeT~ 

poM, xapaKTepH3YIOIUHM eTeneHh pasimttHSI eynepnosnuufi. 

I1sno>KeHHbie BbiWe eoo6pa>KeHHSI. OTHOeSITeSI1 B ttaeTHOeTU 1 K paceeSI-

HH!O TO>KneeTBeHHbiX ttaeTHU e OTnH'lHbiM OT HynSI enHHOM B · enyttae, KOr'll8 

noTeHunan B38UMO}:lefieTBHSI He 38BHeHT OT enuHa. npH 9TOM ponh 'l8CTHU 

A, B ... Hr'p8IOT eoeTOSIHHsi: e onpeneneHHOfi npoeKUHefi enHH8 H8 Bbl}:leneHHYIO 

oeh. B eBSI3H e 9THM saMeTuM, ttTO nnSI eynepnosnuHfi mo6ofi npnpoAbi MO>K-

HO BBeeTH noHSITHe o6o6IU~HHOr'O "enuHa" s = m;l 1 rne m - ttHeno 6a-

3UeHbiX eoeTOSIHufi. BhlWe paceMOTpeH enyttafi1 KOJ:'ll8 B38HMOAefieTBUe He 

sasncHT oT o6o6meHHoro "enHHa". B o6meM enyttae · a~rtnnTYllbi npSIMbi~ n 

06MeHHbiX npoueeCOB npeneTaBnSIIOT eo6ofi M8TpHUbl B .. "enHHOBOM" npoeTpaH-
' " 

eTse ABYX naKeTos, n KOHKpeTHbie tiJopMynbi yeno>KHSIIOTeSI. CymeeTseHHo, 

onHaKo, ttTo B enyttae eTonKHOBeHnSI onHHaKOBbiX .eynepnosnunfi see aMnnu

TYJ:\bi nepeXO}:lOB (eoOTBeTeTByiOIUUe K8K ynpyrHM 1 T8K H HeynpyrHM npouec

eaM) He3aBUeHMO OT "enuHOBOfi" eTpyKTypbl B38HMO}:lefieTBHSI eliMMeTpli'lHbl 

(nnSI fio30HOB) H 8HTUeUMMeTpH'lHbl (AnSI 4JepM;10,HOB) OTHOCUTenbHO nepe.: 
. ·: /5/ 

eT8HOBKH HMnynheOB naKeTOB llO paceeSIHHSI (nonpo6Hee ). 3aMeTHM1 

ttTO B enyttae onnHaKOBbiX eynepnosHunfi eetteHnSI npoueceos, soo6me roB~ 

pSI, 38BHeSIT OT TOr'0
1 

K8KHe UMeHHO eynepn03UUHH B HHX yttaeTBYIOT. I1eKniO

tteHHe eoeTaBnSieT enyttafi He38BHCHMOeTU OT "enHH8
11 

1 paeeMOTpeHHbifi Bb!W6. 

8 
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.. 

§3. Paccesrane aecTaunoaapHbiX cynepnosnunii 

PaccMoTpHM Tenepb CTonKaoaeansr aecTaunoaapHbiX cynepnosnunii. 

f1peanonO)KHM1 'ITO Mbl HMeeM ,aaa reHepaTopa, B Ka)KaOM H3 KOTOpb!X MoryT 

po*aaTbC.SI KaK 'laCTHUbi A 1 TaK n 'laCTHUbi • B 1 npn'leM ·MaCChi 'laCTHU 

A H B onH3KH, HO pasnn'IHbi. Ecnn ycnOBH.SI f.eaepaunn TaKOBbll 'ITO no 

cocTo.srHHIO reaepaTopa a npnaunne aenbssi onpeaenn.Tb, KaKan ns 'lacTHU 

A nnn B - oopasoaan·acb, naKeT '18CTHU, neT.srmnx B KaKoM-nn6o aan

paaneHHH1 npeacTaan.sreT co6oii HecTaunoaapayJO cynepnosnunro 'laCTHU A 
H 8 feHepaun.sr' TaKHX cynepn03HUHH B03MO)KH81 
ecnn annTenbHOCTb npouecca 

xl 
d.t« h/ dmc 2 1 · rae L\ m · - pa3HOCTb 

Mace 'laCTHU A H B 

H f3 0 C:a.srsaHbi c aMnnnTy.QaMH o6pasoaarm.sr 

'18CTH11 A ·H B COOTHOll19HH.SIMH: 

IlycTb 'Tenepb reaepaTop I 

a reaepaTop 2 - cocTo.SIHne 

(p) 
o6pasyeT cocTo.srane I C > 

. 0 
(-p) . (-p) (- p) 

I D 0> =Yo I A> +8 01 B > l p 

(12) 

(p) (p) 

=a 0 I A> + f3 
0
IB> , · 

n -p - cpe.QHHe 

'nMnynbCbl naKeToa). B· oonaCTH pacce.SIHH.SI, HaXO!l.Hllleiic.sr Ha pacCTO.SIHHH 

R 1 oT nepaoro reaepaTopa n Ha paccTo.srann R
2 oT BToporo reae-

paTopa1 cooTBeTCTBYIOll1He cynepnosnunn oyttyT HMeTb BH!l ( l) n (2), rae 

x/rr . 6 -pn aToM npettnonaraeTC.SI1 'ITO o pasoaaane cynep~osnunn He sanpemaeT-
c.sr npaannaMn cynepoToopa, T.e. 'laCTHUbi HMeiOT ottnHaKOBhie aneKTpH'Iec
KHe 3ap.srabi1 6apHOHHbie 3ap'.srttbl H T.!l~ /6/. flpHMepOM MoryT cny)KHTb. Heii
TpanbHbie ,K -Me30Hbl 1 KOTOpble npe.QCTaBn.SIIOT c;:oooii HeCTaUHOHapHbie CY-; 
nepnosnunn K1 n K

2 
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I m T 
a =a e A 1 

0 

. Y = Y e lmA.' 2 
0 

f3 
lm T' 

=f3 e B 1 
' 0 

I .. 
8 = 8 e mrf2 

0 

.. : . ... . ~ . 

(13) 

. •t· 

3necb r 1 = R /vy. _r 2 =R ,jv y ,, . - co6cTneHHhie. npeMeHa nponeTa gaKeTon 

I (p) I <-P> , 
C > H 0 > OT I'eHepaTOpOB. no TO'l:KH BCTpe'l:H, .Y ·- I'pynno-

. , . . . ·,' , . -~ · I 1 I 
Ba.II CKOpOCTb naKeTOB, y =. {1- v 2

/ c -~ 2 
. ~ l!OpeHUOBCKHH cjlaKTOp , , 

' •' .... ·. .· . ' . ·' 

no.ncTaBl!.II.II B (10) Bb!pa)l{eHHe (1) H (2) .H Y'IHTbiBa.II (13).:Mbl no-
ll . ... ' .. . 

l!Y'l:HM .llli.II CyMMapHO~() nH_cjlcjlepe!JUHam,HOI'O C~'l:eHH.II pacce.IIHH.II cjlopMyny: 

da(e) 

dO 

. 2 2: 
=lf(O)! +lf(TT-0)1 + 

2 
: 2Ref(O)f*(TT-O)II<C

0
ID

0
>1 -

- 4Jm a y* 8 {3 * l(m A-mB)(T - T ) 
ooooe 12 

l sin ( m A-.mB)(r 1- r 2) 

2 

Ce'l:eHHe pacce.IIHH.II .nnyx HecTaunoHapHhiX cynepno::muu'fi. I.C > 

( 14) 

H ID> 

conep)I{HT HHTepcjlepeHUHOHHh!H 'l:l!eH~ .. 38BHC.IIIUHH OT_ paaHOCTH C06CTBeHHhiX 

BpeMeH T 
. 1 H T 2 , COOTBeTCTBYIOIUHX pa~l!H'l:Hb!M paCCTO.IIHH.IIM nepBOI'O 

H BTOpOI'O I'~HepaTOpOB no TO'l:KH BCTpe~H. naKeTOB, 3TOT Bh!BO.ll OTHOCHTC.II 

He TOl!bKO K .UHcjlcjlepeHUHal!bHOMy 1 HO H K UOl!HOMy Ce'l:eHHIO pacce.IIHH.II 

x/ 
(eM, 5) • 

xl . . , '" 
3aMeTHM1 'ITO eCl!H pei'HCTpaUH.II 'l:aCTHU nocne pacce.IIHH.II· npOH3BO.llHTC.II 

C llOMO!UhiO .QeTeKTOpOB- cjJHl!bTpOB1 cjJHKCHpyiOIUHX He CaMH CT8UHOHapHb!e 

cocTo.IIHH.II A H · B ·, ·a HeKoTOphie HX cynepnosHuH·H, nepo.IITHOCTh pe~ 
I'HCTpaUHH 38BHCHT He T~l!bKO 0~ Bel!H'IHHhl r 1-r 2 1 HO H OT pa3HOCTH 

C06CTBeHHb!X BpeMeH T I H T 2 1 COOTBeTCTBYIO.IUHX paCCTO.IIHH.IIM nep

BOI'O H BTOpOI'O .QeTeKTOpOB .llO o6l!aCTH pacCe.IIHH.II (cM,I1-3/), 
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. PaccMoTpHM Tenepb cnyqati:, KOrt:~a B o6onx reuepaTopax B03liHKaJO~. 

Ot!HllaKOBbJe cynepn03HUifH, T.e. a 0 =Yo ' f3 0 =a 0 

(14) cnet:~yeT, 'ITO cyMMapuoe ceqeune paccesmnSI 

• (15) 

fipH L\ m I r 1 -r 2 I« 1 nocnet:~HHM qnenoM B ( 15) MOMHO npeue6pe'lb
1 

H Mhi 

nony'IHM ljJOpMyny, OllHCbiBaJOIIlYJO pacceSIHHe TOMt:~eCTBeHHbiX 'laCTHU~ 

TaKHM o6paaoM, ecnu paauocTb Mace qacTHU .A u B o'lelib Mana,. 

liEiCTaun·oliaplibie COCTOSIHHSI1 KaMt:~Oe H3 KOTOpb!X B MOMeliT f'eHepaURif HMe-

1 • t:~aMe npn 6onblllOM 3Ha'lelinH pa3HOCTR 

C06CTBeliHbiX BpeMeli Bet:~yT ce6SI KaK TOMtieCTBeliHbJe '18CTRUbl, 8TOT Bb!BOA 

OCTaeTCSI cnpaBeAnHBhlM H B cnyqae npOH3BOnbHOll 38BHCHMOCTH B38HMOAeti:
x/ 

CTBHSI OT "Clllllia" o 

fipet:~nonOMHM Tenepb, 'ITO no K8KHM-nH60 ARHaMR'I9CKHM llpll'IHHaM B 

npoueccax reuepaunn Bcerna o6paayeTcSI OAHa H Ta Me (unu no'ITn OAHa H 

'ra Me) cynepnoanJ;tHSI I C 0> 'lacTnu A n B c O'lelib 6nn3KHMH Macca-

MR. Ha npeAhiAYIIlero auannaa cnehyeT, 'ITO npn BpeMeuax r << 11 L\ m sK-

cnepnMeliTanhlioe HCcneAOBaHHe B38HMOAeilCTBHll li~CTaUHOHaplibiX COCTOSIHHH 

Apyr c ApyroM n APYf'RMH 'laCTHUaMn (a TaKMe nayqeune cTaTnCTH'IeCKHX 

CBOHCTB KonneKTHBa cocTOSIHHii: IC~> He noaBonSieT pemnTh Bonpoc o 

TOM, SIBnSI.eTCSI nu ,I Co> sneMeliTapliOH '18CTHUefi B. o6menpHliSITOM CMbiC

ne sToro cnoBa, unu cymeCTBYJOT ABa Tuna 'laCTHU (cynepnoanuHSI I C
0 

> 

H opTorouanbliag eft cynepnoanung I E 0> ) , KOTOphie npn r > 1 /!1m MoryT 

nepeXOAHTb Apyr B Apyra, 

x/ . ' 
B o6meM cnyqae ce'leliHSI ~TonKHOBeHHH- AnSI HecTaunoHaplihiX c-ynepnoan

unfi 3aBHCSIT He TOnbKO OT pa3HOCTH 1 HO H OT CYMMbl C06CTBeliHbiX BpeMeli .. 
(r +r ) 

l 2 

11 
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IloSICHMM aTy CMTyauMID Ha npMMepe HefiTpan&HbiX K -MeaoHoB, 
',. 

I1aBeCTH01. 'ITo' CyiUeCTBY!OT JlBa Tlina HefiTpanbHbiX 
j(o 

' 0 K -Me3oHoB.- K · M· 

, Il'pM JlOCTaTO'IHO · HM3KMX 9Hepi"MSIX B peayn&TaTe CTOnKHOBeHMfi 'IaC-

THill oona)la!OIUMX HyneBofi CTpaHHOCTbiDI I"eHep~pyiDTCSI TOnbKO K -Meao-
, " ' 0 ' 

Hbl, EcnM Obi Mbl OI"~aHM'IMnMc& uaytieHMe:M Ton&Ko aTMX npoueccoB, npu'IeM 
0 0 . 

pa3HOCTb Mace KL<Kt) M K8 <K
2

) -Me3oHoB (MI"paiDIUMX po~b 'IaCTMll 

A M B ) obtna obi MC'Ie3aiDIUe Manofi BenH'IMHOfi
1 

Mbl TaK M He yaHanM 

OJ:>I o cymecTBoBaHMM BTopoi"o HefiTpan&HOI"o ~ -MeaoHa ( K ) • TpyJl--o 
- 0 , 

HOCTb ooHapy:lKeHMSI K ycyryoMnac& Obi B CBSI3M c TaK Ha3biBaeMofi 

KOI"epeHTHOfi pei"eHepauMefi 1 ITOCKOn&Ky'npM JlOCTaTO'IHO Manofi BenM'IMHe 

~ m rrocneJlHSISI npHBOJlHT K TOMy 1 'ITO BHyTpM BeiUeCTBa - B OTnM'IMe OT 

BaKyyMa· - CTarLMoHapHbiMM. COCTOSIHMSIMM CTaHOBSITCSI He K L M _K S 

a K 
0 

M K
0 

• 0JlHaKo Ha ca~oM Jlene M3BeCT~bi npoueccbl
1 

B. KOTOpbiX 

Oopa3y!OTCSI 
- 0 

K -Me30Hbl1 M K To My :lKe pa3HOCTb Mace K L 
H K s JlO-

o -o CTaTO'IHo BenMKa JlnSI TOI"0 1 'ITOObi HaoniDJlaT& nepexoJl K ... K 
KaK B Ba-

KyyMe 1 TaK H B nnOTHOU cpe)le, HM:lKe Mbl llOITJ;>ITaeMCSI pa3BMTb CXeMy
1 

B paMKaX KOTOpOfi 1 . HapSIJly C COCTOSIHMSIMM 

UMOHapHbie cocT.OSIHHSI ·~PYI"OI"o TMna I E rJ> 
I C0 > 1 cymecTBYIDT HecTa-

-o 
, aHanoi"M'IHbie K -MeaoHy, 

npli'IeM 9TH COCTOSIHMSI B Te'IeHMe Jla:lKe JlnMTen&HOI"O BpeMeHM HaoniDJleHMSI 

TPYJlHO ooH~PY*M~h aKcnepMMeHTan&Ho KaK no npoueccaM l"eHepauMM
1 

,TaK 

M no BTOpH'I~biM B3aMMOJlefiCTBMSIM, 

§4, YJlBOeHue Mupa. CTepMn&Hble 'IaCTHUbl 

Tenep& Mbl MO:lKeM oonee 'IeTKo cljlopMynupoBaT& I"MnoTe3y
1 

npuBeJleH

HyiD B KoHue § 1, 

1. IlpeJlnonb:lKMM JlnSI onpeJleneHHOCTM; 'ITo MMeeTCSI JlBa Tuna aneKTpo-
x/ .. , . ,, , .. 

HOB. I Co> M I EQ> 1 npM'IeM <CoiEO>=O • 0JlHBKO B liameM pean&HoM 

X/peqb MJleT, KOHe'iHO, 00 aneKTpOHaX C 0JlMH8KOBbiMM npoeKUMSIMM CnMHOB 
Ha ljJHKCHp0~8HHy!O OCb, 
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',i' 

Mnpe · B · pasnn"'.lihiX npoueccax npn.liHMaiOT yqacTne TonbKO aneKTpO.libi I C >. 
0 

l.JTo KacaeTcsr aneKTpoHda I E0> 1 To O.IIH c BhiCOKo:ii cTeneHbiO TO"'HOCTH 

CTepHnb.lib! no OT.liOIUe.liHIO KO BCeM HSBeCTHhiM HaM B3aHMO}leHCTBHSIM. Ta-

KHM o6pa30M1 B npeJlcTaaneHHH cocTOSI.liH:ii I CO> H IE
0
> 

noTe HuH an 

B3aHMOJle:iicTaHSI aneKTpoHoa c "'aCTHUaMH Haruero MHpa (n cooTBeTCTBYIOIIliie 

aMnmnyJlhr pacceslmisr) MOIK.lio sanHcaTb a BHile MaTpHu:. 

l 0 
,v = v 0 ( 0 0 ). 

(16) 

Ecnn aneKTpo.li pOIKJlaeTcsr HnH ncqesaeT (pe'<!b MOIKeT, .HJlTH o . f3 -pacna':" 
' + ) 
Jle 1 

· aHHHI'linSIUHH e e- -+ ·y Y H T.Jl. 1 aMnnnTy}la COOTBeTCTBYIOIIlero npo-. 

uecca IIMeeT cTpyKTypy: 

W'=W0 (l0), 

npn a~amvro-

lleHCTBIIH C "'aCTHUaMH Haruero MHpa paB.lia .1Iyn10 (c TO"'.liOCTbiO llO "caepx

cna6oro B3aHMO}le:iiCTBHSI·,, ~· ~OTopoM CM. HHIKe) • 

HIE(;> npeJlCTaBnSIIOT co6o:ii He-· 

cTauno.itap.libre' opT.oro.lianb.lihre cynepnosnunn HeKoTopbiX "'aCTHU A 
H B 

. c onpeJlene.li.libiMH MaccaMn: 

I C 0 >=a I A>+ f31 B >, 
I 

( 17) 

Ilyi::Tb MaCChi "'aCTJIU A H B paB.libi COOTBeTCTBeH.liO m A H mB , 

npH"'eM pa3.liOCTb Mace Am= I m A-m J ·olJeHb Mana'. Tor}la B npe}lcTaaneHHII 

COCTOSI.IIHH I c~ > 'H IE cf> MaCCOBbiH onepaTop HMeeT BHil!'' 

13 



"· .. (·m+~mCial 2-l,81 2 ) 
M= 

a*,8*11m . 

aBI::.m 

m - /1m (I al 2 -I ,8 
2 

llpennonmKHM, 'ITO pa3HOCTh ·Mace qaCTHU A 

r1) ( 18) 

H B o6ycnoBneHa rHno-

> ; ' p ~ 
TeTH'ieCKHM 

11
CBepxcna6hiM B3aHMO!lefiCTBHeM" 0 nepeMelliHBaiOIUHM. COCTOSIHHSI 

'I Co> H IE0> • I1MeHHO HanH'l:He yKa3aHHOI'O "cBepxcna6oro B3aHMOllefi-

CTBHs:r" npHBOllHT K ToMy, 'iTo cocToHHHH I~> H I E 
0
> , onpeneneHHhie 

Bhillle, OKa3hiBaiOTCSI HeCTaUHOHapHhiMH. flpH OTCyTCTBHU ;,CB~pxcna6Qro 

B3aHMonefiCTBHs:r" Macchi aneKTPOHOB I C
0 

> n IE 
0
> coBnananH 6hi H paBHH

nHCh m 

3. Bo3HHKaeT Bonpoc, KaKHM o6pasoM B oTCYTCTBHe "CBepxcna6oro 

B3aHMoneficTBHH" aneKTpoHhi I C i? H IE 0 > MoryT HMeTh paBHhie Macchi, 

ecnH Mhi nocTynHpOBanH, 'ITO IE0> , He B3aHMOl(efiCTByeT C H3BeCTHhiMH 

HaM 'iaCTIIUaMH? Y:T06hi paspellll!Th 9TOT napallOKC B paMKaX "KOHUenuHH 

MaCChio npHHSITOH B TeOpHH nonSI0 Hy:amo npennonO:lKHTh, 'ITO YllBOeHHe aneK.,. 

TpOHOB Bne'ieT sa co6oii: YllBOeHHe BCeX 'i8CTHU0 C KOTOphiMH aneKTpOHhi 

B3a!IMOllefiCTBYIOT. Mbi npHXOllHM K KOHUenUHII llBYX MlipOB, . npH'ieM ttaCTIIUhi 

Ka:lKl(OI'O liS HIIX "CTepJWhHhi
11 

no OTHOllleHIIIO K 'iaCTIIUaM llpyroro. 0l(HaKO 

ttaCTHUhi, CTepiinbHhie no OTHOllleHHIO K HallleMy MHpy, nol(06HO 'iaCTHUaM 

lialllei'O MIIpa BSaiiMOllefiCTBYIOT Me:lKllY co6oii:. flpn 9TOM SepKanhllhiH 'MHp 

x/ 
COBepllleHHO HlleHTHtteH HallleMy, T.e. HMeeT MeCTO llByKpaTHOe BhipO:lKlleH!Ie .• 

4. ITocTynHpoBaHaoe naMn Bhillle "CBepxcna6oe BsanMoneficTBHe" Me:lK-

JJ.y aneKTponaMH nepeMelllnBaeT cocToSIHHH IC 
0
> H I E

0
> , CHHMas:r Bhipo:lK-

x/ . 
YnBoeHHe 'iaCTHU B n~yroii: cBs:rsn Heon~oKpaTHo o6cy~(nanoch B nHTepaTy-

pe ( CM., HanpHMep, /7' jl) • CnenyeT 3aMeTHTh 0 'ITO BO BCeX TaKIIX CXeMaX 

peanhHOe cymecTBOBaHHe sepK&nhHoro MHpa Boace He npennonaraeTcs:r. 3ep

KanhHbte 'iaCTHUhi MOI'yT, KOHe'iH00 I'eliep!IpOB8ThCSI npH CTOnKHOBeHHSIX "Ha

lliHX" ttaCTHU 0 . HO C TeM MeHbllleH BepOSITHOCThi0 0 tteM cna6ee paCCMaTpHBae

MOe "caepxcna6oe B3aHMoneficTBHe". 
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AeHHe IIO Macce, nn.11 OCTanbHi>lx <iaCTHU. TaKoe "cBepxcna6oe .BS~HMOAefi

C'I'BHe" B paMKax paccMaTpHBaeMofi cxeMbi MO)KeT HMeTb JlpyryJO Benn•umy, 

6onblliYIO ann MeHblliyJO,' 

PaCCMOTpHM KOHKpeTHblll cnyqafi, KOrJla JlHaroHanbHbie MaTpH'IHbie 

aneMeHTbi "cBepxcna6oro B3aHMOJleficTBH.H" paBHbi Hyn10, T,e, rrponcxoilHT · · 

nonHoe rrepeMelliHBaHne cocTo.HHHfi IC0 > 

AyeT IlpH 9TOM nonO)KHTb 

2 2 Ia I =1131 =l/2. 

TorJla MaccoBa.H MaTpnua 6yJleT HMeTb BHA: 

" (m 
M = dm -lcp 

--e 
2 

• B ljlopMyne (18) cne-

.x/ 

(19) 

H I E cT> onpeJleneHbi c TO'IHOCTb!O AO ljlasbi, 

Mbl 6e3 .IIOTepH 06lliHOCTH MO)KeM nonO)KHTb cp= 0 • OnpeJleneHHbie 3Ha'Ie-

HH.II MaCChi' IlpH 9TOM COOTBeTCTBYIOT COCTO.IIHH.IIM 

I Co> -I Eo> 
I B >.= • 

..[2 (20) 

CocTo.HHHe 1 C > .IIBn.HeTC.II HeCT8UHOHapHbiM H C Te'IeHHeM C06CTBeHHOrO 

BpeMeHH: T ,MeH.HeTC.II no saxoHy: 

-lm T -hn
8

r 
jA>e . A 

+ IB> IC > 
(21)' T yT" 

< 

x/.. . . 
Ecnn HeAnaroHanbHbie M,aTpH'IHbie aJ:!eM.e~T.bi , "CBepxcna5.oro B3aHMOilefi-, 

· CTBH.II" ropa3AO MeHl;,~~ JlHaroHanbHbiX, TO {3<<a H CTaUHOHapHble COCTO.II-

HH.II I A ~ H ·I BeT> no'ITH He oTnH'IaJOTC.II OT coCTO.HHHfi I C 
0 
> H IE 

0
>. 
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TaKHM o6pa3oM, 'lepea apeMSI r"' l 111m . o6hi'Ilihifi aneKTpoH nepeXOAHT B 

." CTepHnblihifi" • 

5. B npe.rtcTaaneHHH CTaUHOHapHhiX cocTOSIHHfi A H B noTeHunan 

B38HMOAefiCTBHSI aneKTpOHOB C '18CTHU8MH HalliePO MHpa HMeeT MaTpH'IHyiD 

CTpyKTypy 

l l 
V==-Vo( 

2 l 

l 

l ) ' (22) 

a aMnnHTYAhl pmK.rteHHSI If HC'Ie3HOBeHHSI aneKTpOHOB HMeiDT CTpyKTypy 

w 1 w == 0 ( 

v2 l 

W' 
W '== - 0

- ( l l ). {2 , .. (23) 

0TCIDAa cpaay cne.rtyeT, 'ITO onepaTop aapSI.rta aneKTpoHa HMeeT BHA 

" l l 
e ==- ( 

2 l 

l 
l ), (24) 

.· .· ~ 

T.e. nepeMelliHBaiDruee aaaHMOAeficTBHe He coxpaHSieT aapSIA • Co6cTaeHHhiMH 

cocTOSIHHSIMH onepaTopa aapSIAa HBnHIDTCH 1 Co> (~apSIA 1) H IE 0 > (aapSIA 

Hynb). "CTepHnbHhifi" aneKTpoH o6na.rtaeT "aapSI.rtoM" e '== l , KOTOpblfi 

onHCLIBaeT ePo a3aHMo.rteficTBHe co "cTepHnbHhiMH" 4JoToHaMH. B npe.rtcTaa-

ne!IHH 'laCTHU A If B 

l . l -l 
e'==-( ). 

2 -l l (25) 

.ITpH aToM nePKo BHAeTb, 'ITO .rtnH acex cynepnoaHuHfi A H B 

x/ 
ITo.rt'lepKHeM B 9TOfi CBH3H, 'ITO cna6aSI CTeneHb HecoxpaHeHHSI 3apSIAa 

H, B03MO:lKHO, CBSI38HHOe C 9THM HanH'IHe He60nblliOfi MaCChi y 4JoTOHOI/9,1Q/ 

He npOTHBOpe'laT COBpeMeHHhiM 9KCnepHMeHTanbHhiM ,ll8HHbiMo 

16 
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I 
! 
f 

'f 
I 

'' '' ''2 A 2 e +e '=l,. e +e =l. (26) 

DepBoe us 9TiiX cooTHO!lleHnii: osHa'!aeT, 'ITO "cyMMapHbiii:" sapsiJl coxpaHSl-

eTcH, a BTopoe COOTBeTCTByeT paBeHCTBY ttoneBblX Mace aneKTpOHOB 060-

!iX l'!illOB B OTCyTCTBlie "CBepxcna60I'O B3aHMOAeii:pTBliH" • 

CpenHuii: sapSlA aneKTpoHa, HaxonHruer-ocH B BaKyyMe, non)KeH MeHHTh

CSl B COOTBeTCTBHii C (21) no SaKOHy: 

e ( r ) = < C I ~ I 'c > = cos 
2 
flm r (27) 

T · T 

Do TaKoMy )Ke saKoHy non)KHbi c Te'leHueM BpeMeHn MeHHTbCH aMnnuTyAbi 

pacceHHHSl aneKTpOHOB na npoToHax unu HApax. OnnaKo sa npoMe)KyTOK 

BpeMeHH r<<. l / C1 m Mbi B npunuune He. MO)KeM o6napy)K!iTh 9TH usMeHe-

6. Panee Mbi r-oBopunu o BsauMoneii:cTBlili aneKTpoHoB c .APYI'HM!i qac

TUUaM!i. AMnnuTyna pacceSlHHSl ABYX aneKTpOHOB npyr- Ha npyr-e B npencTaB-

u 'IE~> uMeeT cTpyKTypy: 

" ' 1 ' . l 0 (I) ' l 0 (2 )' 

F(0)=-
2 

[£(0)-f(rr-0)][1+( ) x (. ) ], 
0-1 0 -1 ' . 

I'Ae - enU,Hii'IHbiH onepaTOp B "cnUHOBOM npOCTpaHCTBe" ABYX .'IaCTHU 

1. u 2. B. npencTaBneauu cTauuoHapHbiX cocTOHHnii: A u B 

(29) 

Ha!llli npu6opbi B paMKaX jlaHHOH · CXeMbl pei'HCTpnpyiOT TOnhKO COCTOHH!iSl 

1 C
0 

> , cTepunbHbie '!aCTiiUbi c HHMH He BSaHMOJleii:cTBYIOT, BBiillY aTor-o 
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H3MepSieMoe ce'Ielme 'pacceSIHHSI, KaK nerKo BHJleTb, 6yJleT riponopimoHanbHo 

BenH'IHHe 

da(8) 

dO 
= < co C0 1 F < 8 > 1 c 

T 
c >= 

T2. 

. . ,. '2 2 . 2 

=I £(8 )-£( rr-8) I cos L\mr
1
cos L\mr

2 

(30) 

I'Jle. r t H T2 co6CTBeHHbie BpeMeHa~ np'omeJliiiHe c MOMeHTOB . o6pa-

30B8HHSI JlBYX il8KeTOB, 

TaKHM o6paaoM, npH npHHSITbiX HaMH-npeJlnono)KeHHHX aneKTpOHbi JlnSI 
. :•. ·.• . 

·BCeX 3Ha'IeHHH r 1 H T2 pacceHB8IDTCSI Jlpyr Ha Jlpyre KaK TO)KJleCTBeH-

Hbie 'IaCTHUbi, HO HX B38HMOJleHCTBHe. Jlpyr C JlpyroM H Jlpyi'HMH 'I8CTHU8MH 

MeHSieTCSI c Te'IeHHeM apeMeHH. EcnH l1 m <1. , ...!.. , aTH H3MeHeHHSI aK-
. -rl r2 

cnepHMeHTanbHO HeHa6niDJlaeMbi, B aToM cnyqae paccMaTpHBaeMaSI cxeMa 

npHBOJlHT K, TeM )Ke peaynbTaTaM, 'ITO. H o6hi'IHaSI TeopHSI, xoTsr oHa ocHOBbi-

BaeTCSI Ha npeJlllOnO)KeliHH 0 cymeCTBOB8HHH JlBYX .THllOB aneKTpOHOB, 

7. 3aMeTHM, 'ITO <!JopMyna (19) 'onpe)lenSieT aneMeHTbl MaCCOBOH MaTpH

Ubl a· BaKyyMe. · 0JlHaKo nocKonl,Ky aaaHMOJlericTBHe aneKTpoHoB co cpeJlOH 

HnH C BHeiiiHHM aneKTpOM8I'HHTHbiM noneM HMeeT CTpyKTypy (16i, SICHO, 'ITO 

ecnH aenH'IHHa L\ m I'Op83Jl0 Mellbiiie 3Hepi'HH B38HMOJleHCTBHSI COCTOSI-

HHSI 1 c,0> C BHeiiiHHM noneM HnH cpeJlOH 1 CT8UHOHapHbiMH COCTOSIHHSIMH C 

onpeJleneHHbiMH s<jJ<jJeKTHBHbiMH MaccaMH SIBnSIIDTCSI ne 'IaCTHUbi A H B • 
a cocToSIHHSI I C0 ·> H I E0 > ( cp. c 3aMe'IaHHSIMH o · KorepeHTHOH pereHe

pa~HH Ha CTp, 9), lloCKOnbKy B peanbHbiX ycnOBHSIX BCei'Jl8 HMeiDTCSI KaKHe-

TO nonSI H KaKaSI-TO CpeJla, TO. llpH Jl?CT8TO'IHO ManbiX ·L\m HC'IeaaeT Jla-

)Ke paCCMOTpeHHOe Bbiiiie H3MeHeHHe CBOHCTB sneKTpOHa C Te'IeHHeM Bpe!-1,eHH 1 . 

T,e, OilHCbiBaeMaSI CXeMa <jJaKTH'IeCKH HH'IeM He OTnH'IaeTCSI OT o6menpHHSI

TOH, B 'IaCTHOCTH, Bee aneKTpOHbi B a To Max HaXOJlSITCSI B COCTOSIHHH I Co>, .. 
'' . ~ ' ' . " '( . " ' ' ., ' ' 

npHMecb IE 0> - aneKTpOHOB cocTaBnSieT aenH'IHHy nopSIIlKa L\m . B 

8TOMHb!X eJlHHHU8X, 
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8, Ecnu cnpaBe.nnuBa o6ruaSI .TeopR.SI OTHOCRTenhaocTR, "cTepnnhHbie" 

'I8CTHUbl t:tOn)I(,Hbl B38RMO):Iell:c'TBOB8Tb C '18CTRU8MR Haruero MRpa 'lepe3 

. 181 c ' 
rpaBHTaUHOHHoe none , TPYKTypa rpaBHTauuoaHoro B38HMOt:tell:cTBH.SI B 

. l' 0 
OTnH'IHe OT ( 16) t:tOn)I<Ha t:tn.SI BCeX 'IaCTHU HMeTh BHJ:I V = V O ( , ) , 8TO 

' ' ' ' 0 l ' 
. oaaa'laeT, 'ITO B. paMKax. pa3BHBaeMoll: cxeMbi npoueccbi c y'laCTHeM rpaBH-

. · TOHOB t:tOn)I(Hbl HJ:ITH HHB'Ie, '19M cornaCHO 06bi'IliOll: TeOpHH, 8 :'I8CTHOc:ru, 

nonaoe ce'!eHHe o6paaoB8HHH aneKTpoa-no3HTpOHHbiX nap rpaBHTOHaMH .non)l(

ao B 2· paaa •· npeBbiiUaTb 3Ha'leHHe, KOTopoe .naeT o6bi'IH8.1I TeopH.SI. 3aMeTHM; 

Ot:IH8K0 0 'ITO Ce'leHHe o6pa30B8Hif.SI "aaruell:" napbl COBna.naeT C 09bi'IHbiM, 

§5, 3aKni0'19HHe 

Bbxrue paccMoTpea cny'lall: t:tByx5a3HCHbiX cocTO.SIHHfi aneKTpoaoB. Aaa

noi'H'IHbie paccy)I(J:I9HH.SI MO)I(HO 6binO 6bi npOH3B9CTH t:tn.SI Tpex HnH t:tn.II 6onh

ruero IIHCna 6a3HCHb!X COCTO.IIHHfi. 

8 COOTBeTCTBHH C STHM Mbl 6b! npHIUnH K KOHUenUHH "Y:TpOefiH.SI" MH

pa, ero "ytteTBepeHHSI" H T,J:I, npH TaKOM no.nxo.ne R3 N BH):IOB 6a3HCHbiX 

'I~CTHU nHIUb OJ:IHH peanH3yeTC.SI •B HameM MHpe, BCe OCTanbHbie OK83b!B8IOT

C.SI "CTepHnhHbiMH" ~ 

3.nech yMeCTHo cneuuanbao not:t'lepKHYTh cne.nyiOruee: Mbi HM B Koell: 

Mepe He yTBep)l(t:taeM_, 'ITO pa3BHT8.SI cxeMa .nell:CTBHTenhHO peanuayeTc.SI 

HnM . 'ITO B ee nonh3y I'OBOp.SIT K8KHe-nH60 SKCnepMMeHTanhHbie <jlaKTbl j · Ha- ,; 

' 
. npOTHB, 06bi'IHble npet:tCTaBneHH.SI 06 a6coniOTHOfi OJ:IHH8KOBOCTH BCeX sneK-

'·'l·.; 

TpOHOB 0 npOTOHOB H T,):l, K8)1(YTC.SI Cefi'laC BO .MHOI'HX OTHOIUeHM.SIX '6onee, 

, eCTeCTBe~HbiMH, 3acnymMBaeT, Ot:IH8K0 0 BHMM811H.SI TO 06CTO.IITenbCTB0 0 'ITO· . . . ,. 

STH npet:tCTaBneHH.SI, BOnpeKH Tp8J:IHUHOHHOMY YTBep)I(J:I9HMIO, aenb3.SI C'IMT8Tb , . . . . , x'! . 
OJ:IH03H8'1HO J:IOK838!JHblMM 

x711aTepecao OTMeTMTh, ttTo 8, 4>epMM npu.nep)I(HBaeTc.SI aaanorH'IHOfi TO'IKM 

3peHMH Ill I. Mb! 6naro.napHM 8K8):19MH~a E.M. noaTeKOpBo, o6paTHBIUero 

Harue BHHMaaue a a cTaTbiO I 11 I, 
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•' 

1·. 
,,·, 

• . i B .saKmoqeHHe OUeHHM BepXHIO!O l"paHHUy JJ.nSI BenH'IHHbl ~ m . , KOTO

·pa·SI; cneAOB~na i5hf H3 H3BeCTHblX. Cefi.fac SKCn.epHMeHTanbHblX !jlaK;OB B 

npeilnono.)KeHHH, ·'ITo onHca.mia.SI ·cxeMa oTBe'l:aeT,·JJ.eficTBHTem:>.aoc.J.~. HaM 
' ~ ' :. 

• Ka)KeTCSii 'ITO nyqute BCel"O HCXO~HTb H3 cneJJ.yiomefi HenocpeJJ.CTBeHHOfi OUeH-. . . . 

! . KH. MO)KHO ·c'IHTaT.h. ycTaHoBneHHbrM ,,. 'ITO 'laCTHUbi npoXOJJ.SIT B ycnoBHSIX ·.• 

t 

; . aocTaTO'IHO XOpOlllel"O ,BaKyyMa . 6e3 CKOnhKO-HHOYilh 38MeTHOI"O H3MeHeHHSi · 
~. ' .' ' . . ~ ' .. ,, . ' . . ' . ' : ,. . ' , 

, CBOHX. CB.OHCTB nyTh IIOpSIJJ.Ka 'oJJ.HOI"O. KHnOMeTp'a, 3Ha'IHT·.nepHOJJ. IlpOCTpaH-
, ~ ;: ~ ' . •. ' .. ,·! . ' '. ' . ; ' ; 

· CTBeHHblX OHeHHfi HMeeT OOnhlllYIO ,. BenH'IHHy, '1~0 IlpHBOJJ.HT: K OUeHKe 

(~me~ 
'-10' 

« 10 ·· SB 

EcnH C'IHTaTb, 'ITO cfJOTOHbl HMeiOT Macey ':'~m , TO Ha OCHOBaHHH 
' u /9 10/' ' . '. 

~Oo6pa)KeHHH, COJJ.ep)KaUlHXCSI B ' , B03MO)KHa 6onee )KeCTK8.SI KOCBe.II-

Ha.SI OUeHKa: 

"~· 

.. , 
(~mc2)« 10-13 ,I 

SB • 

ABTOpbr. 6nal"Oil;9PSIT IO .• H. Ko6s~pEma, n.B •. ,OKy.II.SI H B.H. 0l"HeBeUKOI"O 

·: sa · MHOI"O'IHC~eHHbre KPHTH'IeCKHe saMe'laHHSI, cnoco6cTBOBal!IHe yTO'I.Ile.IIHIO 
• • ; !' - ' • • • • . ~ •. 

apl"yMeHTaUHH, 

. L 
2, 

3. 
} . . 

n H Tepa T,y p a, 

B.n. nro60l!IHU, :M.H~ noJJ.l"opeUKHH, )K8T<t>, 55, 904, 1968 • 
; . ,', ,'.<. • • '- . 

B.ii. nro60l!IHU,::M:.H. noJJ.l"OpeuKHll~ 

B.n. nro60l!IHU, M.H. noril"opeUKHH. ' . . .., 

npenpH.aT ol1sn1 P2-3763, 

)KST<t>, §L 175.-1969. 
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