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K <Pvf3vfKE HEHTPvfHO BbICOKMX 3HEPrvIH 

M.A. MapKOB 

B 6mr:m:ail:um:e f'O.[lbI, BliLlliMO, B03HHKHeT HOB8H o6naCTb qJli3HKli - qJIJ:3HK8 

Heil:TpliHO BhICOKHX 8Heprliil:. Y:m:e B H8CTOHUiee BpeMH npe.[lCT8BnHeTCH 0'1eHb cyme

CTBeHHhlM o6cy:m:neHHe 8KCnep1J:MeHTanbHblX B03MO)KHOCTeil: Ha6moneHHH pa3nli'1HhIX 
. 1 . 

peaKuHil: C yqaCTHeM Heil:TpHHO BbICOKHX 8.HeprHil: • 

He ffCKnI011eHo, 'ITO B03MO)KHbie 8KcnepHMeHT8nbHbie pe3ynbT8TbI, 0 KOTOpbIX 

. 6yneT HLlTH pe11b, cnoco6HhI ChrrpaTb peUiaromyro ponb npu nocTpoeHHH 6ynymeil: Teo

PHH sneMeHT8pHbIX '18CTHU. 

KaK H3B8CTHO, cna6bre 11e:rb1pexcbe'oMHOHHbie B38HMOLleil:CTBHH npHBOLlHT K ceqe

HHHM scpcpeKTOB C KB8Llp8TH'1HOil 8HepreTu'1eCKOtt 38BHCHMOCTbIO (B CHCTeMe ueHTpa 

HHepUHH CT8nKHB8I01UHXCH '18CTHu) 

-- E~ (1) 

C T0'1KH 3peHHH cpopManH3MB 
z. 

COBpeMeHHOil: Teopuu, Ce'1eHtte (1) KOppeKTHO 

11 
JlO 8HeprHH 10 8B B CHCTeMe UE;HTpa HHepuuu., TaK K8K TeopHH B03MyllieHHHa C 

noMOIUbIO KOTopoii nony11aeTcH ce11eHue ( 1) • cnpaaennuaa no EnuH 

(2) 

rne r; - xapaKTepHCTH'1eCK8H KOHCT8HT8 cna6bIX B38HMO.[leHCTBHil:~ 

, Bo3HHKBeT Bonpoc: KBK naneKo c sHeprueil: nponon:m:aeTCH KBanpaTH'1Hbiil: pocT 

· 1) 2 )? 
ce'JeHHH cna6ux B38HMO.[leil:CTB!iil: B peanbHbIX scpcpeKT8X • • ilpyrHMH cnOB8MII, 

HMeIOT nH CJ)H3H'1eCKHH CMbICn B peanbHOM npo'cTp8HCTBe, HanpuMep, .[lnlIHbI IlOPHJlK8 

xapaKTepHbIX nnuH cna6hIX '1eTbipexcpepMHOHHbIX B38HMOLleil:CTBHH, unu cymecTByeT 

YHHBepcanbH8H nnuHa. 6onbwero p83Mepa (KaK 8TO Tpe6yIOT CHnbHhJe B38HMO]leHCTBHH }, 

KoTopaH 06pe3aeT ce11eHHH cna6h1X B38HMOLleil:cTBHil: 3Ha•mTenbH0 paHbiue Toro npene

na, KOTOpb,il: CT8BHTCH 3.[leCb npHMeHHMOCTbIO T~OpliH B03MyIUeHHil:. K cox<aneHHIO! 

11 
8Hepruu 10 8B B CHCTeMe ueHTpa TH:m:eCTH no Kp8il:Heil: Mepe B 6nu:m:aiiwue f'OJlbI 

6 ( . . . . 1011 ) 
He y LlYT .[lOCTynHhl 8KCnepHMeHT8TOp8M T •. e. BCTpe'1Hbie ny'1KH C 8~eprueu 8B • 

Il08TOMY OTBeTbl ua nocTaBneHHble eorrpOCbl cnenyeT nonhlT8TbCH nony11aTb He CTOnb 

HenocpencTBeHHblM o6pa3oM. 

. OnuH H3 T8KHX KOCBeHHb!X rryTeii CBH38H C paccMOTpeHHeM Bh!CWHX scpcpeKTOB 

TeOpHH B03MymeHuil: cna6bIX B38HMO]leHCTBHii
1
)' KOTOpbIH B npoMe:»<yT0'1HblX COCTOH-

HHHX norrycKaeT K8K yro]lHO 0OJlbilllfe HMrrynhCbI. 



6 

3) 4) 
ObIJI npoaHamrnnpoaaH TeopeTnqecKH (noHTeKopao , Acanoa, Barryea a 

1 ,T A-,,+. 5 ) I ·. ' ,l,,A, '· 
nO,t-''t-'e I pHn IIOJ:i06HblX 34'4'eKTOB IIpH rrpe.anoJio)l(eHIIH, '!TO Jfll,HJYJlbCbl rrpoMe,r,:y-

\ 

TO'!HbIX cocTOHHHii o6pe3a!OTC5l npu TaKo_M /c 'nt0vy -< -k rrpe,aenbuoro ~. I 0
3 /'VJ rv-, 

KOTopoe .aaeT M8KCHM8JlbHoe 3Ha~eune paccMaTp1mael\10ro atjx).1eKTa, ue axo,aml1ee 

B npoTHBOpeque C 3KCIIepHM8HT8JibHbIMH naHHb!MH. 

3To acpcpeKTbl Tlma: 
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HenocpenCTBeHHL!i'! BhlBOLl H3 11p1rneneu111;1x oue!IOJ{ cm1neTGJibCTBYCJT O TOM, 

qTo HMITYJibCLl o6pe38JOTCH B npoMe~yT94HLlX COCTOHHHAX K8KHMH-TO ~8KT0p8MH, 

KOTOphie BKJIJ048IOTCA npu MGHbillHX IIMllYJJbC/lX no cpanHelll!IO C TE!MH HMITYJibC/lMH, 

' Ha KOTOpb!X :V10)J,HO 61,-[JIO 6hr nono3peBaTb 11e11p11MeHHMOCTb Teopllll B03Myme,mii. 

ripu aIJam13e 8THX pe3yJibT8TO_B cneayeT OTLlteJIUTb neITTOH-6apHOl!Hhie 8f!H]1eKTbl 

OT :::ic.\JCpeKTOB JIG!lTO!I-JienTOJ!llbIX. 

nerrTon-6apHOH!ILle B38HMOLlei'lcTBHH 

8 rrocnenHee npeMA CT8HOBHTCH oqeHb B~pOHTHLlM yTnepmaeHrre, qTO qeTupex

!]iepMI!Oll1!1,18 B:J81!:VIOL1eficTBHH C yqacTHeM 6ap110HOB, HarrpHMep, LlJlH BC!KTOpl!Of'O na-

plflll!TB ('tnaGarr" 8J18KTpOL1HllllMHKa 

. ...,._ 

o6pe38JOTCH. TE!M )Ke xcicf:nuTanTepoBCKHl\1 

1i >- ~ 
~ M c. 

t,/ . 

EcTecTne11110 npennono)KHTb! 'ITO H rromrue B38HMonei1:cTBHe ( V-A ) . 06pe3aeTCH 

TeM )Ke ,j,opM-r]JaKTopoM, XOTA IIOCJl0LlHGe y,Bep:;,1,.ne1111e .rmmieTCA HOBOH f'l!ITOTe3oi1:. 

llp11 8Tl!X npennoJJO)K0llHHX 3(jHj,riKTb! THII/l M8Jlhl II He H/lXOLlHTCH B !IpOTH-

nope•11111 C 8KCnep11Me1ITOM. 

,!:' 

lJ pa MHJl.f!Hclp,LHll,JX 811ep nrnx HGHTpl!HO ce 11e1me 9cf.1r}1eKTOB THIT8 

V +P-
n + f-

11 -t e. ( 3) 

CT8HOBHTCA nopAL1K8 
-38 2 

10 CM ; r!ptt 60JibUlllX 8Hepr1rnx MO)KHO Jll!Ulb CK838Tb, 'ITO 

L18Jlbl!eHU1l!lf pocT Ce'!eHl!H C 8Heprttei1: ( l) cymeCTBGHHO MO,lll!(pl!UHpyeTCH cpopM_;(jJaK- · 

TopoM
6

). J'lpH:v1eHeH11e, a cyurnocTn, He coaceM 38KOHHoiI 9KCTpanoJIAUHH xoq.iwTan..'.:}· 

TepoBCKOf'O cjiopM-cpaKTOpa B o6naCTH CTOJib . 60JibWl!X HMITyJibCOB npHBOLll!T K 

llOCTOAIIHOMY ce'!eHH~ 10-
38 

cM
2 

,llJIH 60JibWJ!X 3ll8'10Hl!ll 8Hepr11iI. 

nenToH-nenTO!IHhle B38l!MOLleAcTBHR 

Ll./rn ne11ToH-nenT0Hm,rx B38HMoneACTBHH Tuna 

( 4) 
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I 

Bbipa:>KeH1re nm1. ceqeHJrn B CIICTeMe neHTpa ~SI:>KeCTII IIMeeT TOT :>Ke BIIIl ( 1 ). 

Ec1m B OTHOilleHrrrr orpaHrr'leHIIH. 9HepreTrr'lecKoro pocTa ceqeHrrfi qeTbipexcpepMrroH-. . 

Hb!X nenTOH-nenTOHHbIX B3aIIMOileHCTBIIfi IlMeIOTCSI IlOBOnbHO ecTeCTBeHHble coo6pa-

:>KeHrrH, TO· orpaHrr'leHIISI nenToH-nenTOHJibIX B3aIIMOileHCTBIIfi xapaKTepHbIMII HyKnoHHbr

MII rrnrr IlIIOHHblMII nnrrHaMrr, C TO'IKII 3peHIISI o6menpIIHSITblX TeopeTII'leCKIIX npencTaB

nem1fi, B HacTo~mee BpeMSI MO:>KHO C'IIITaTb Mano BepOSITHbIMII. 

,Upyrasr crrTyanrrH BO3HIIKaeT1 HanprrMep, B HenrrHeii:Hoii: Teoprrrr Trrna Teoprrrr 

r afi3eH6epra. 

Bo3HIIKaeT BOnpoc, KBK B nefiCTBIITe.T{bHOCTII BenyT ce6SI C pocTOM 9Heprrrrr 

nenToH-nenTOHHbie B3arrMonefiCTBIISI? 

CeqeHrre ( 1 ) B n!16opaTopHofi CIICTeMe KOOpilIIHaT npIIHIIMaeT BIIIl 

€~ m Ev. (5) 

CnenoBaTem:,Ho, ceqeHrrsr nnH ( y.e ) B3all'.Mo.ueficTBrrfi nprr .uaHHoii: 9Heprrrrr 

HefiTpll'.HO B 10
3 

pa3 MeHbille COOTB0TCTBYIOIUIIX 'HefiTpIIHO-HyKnOHHblX B3al"Moneii:

CTBII:ll:. Ilocne.UHee O6CTOSITenbCTBO B HaCTOSIUl00 Bp0MSI nIIillaeT CMbICna IlOilbITKy 

.ll0T0KTIIpOBaHIISI npSIMOro (ye)-.((1-./) B3aIIMO.ll0fiCTBIISI Ha CaMbIX_ MOIUHbIX 

COBpeMeHHhIX ycKoprrTenSIX~ 

~ . 

Ho eCTb 9cpcpeKTbl B3arrMoneii:CTBIISI HefiTpIIHO Ha "CBSI3aHHb!X" 9neKTpOHax, 

KOTOpbie coxpaHSIIOT 6onee BbICOKYIO 9He preTrr'leCKYIO 38BIICIIMOCTb ceqe_HIISI nprr Bbrco

KIIX 9HeprIISIX II B na6opaTOpHOfi CIICTeMe Koop.urrHaT. 

6) 
HaMII yKa3aH o.urrH nprrMep nono6Horo 9cpcpeKTa , a rrMeHHQ: He:ll:Tp1rno V B none 

::z.... -+ -+ + - -+ 
SI,Zlpa A I paccerrBaSICb1 pO:>K,ZlaeT napy e f } e e J f< r- } f e 1 

T.e.' 9cpcpeKT BII,Zla 

Y+ 1- -- i_ + e-+e+ + v'. (6) 

Y::>Koy ryaH-q:>Kao ( ,Uy6Ha) cnenan oneHKY 9Toro 9cpcpeKTa. vlM nony'leHo ce'leHrre 

B BII,Zle 

S-
8 G-:l(~ e..t /L .t .tr-, 

Ey 
3 (JJT )3 

Ev -· m (7) 

B en: 

nonH 

3nec 

'Hll'.0 

ceqe• 

a .un 

11pm 

9Tll'.X 

npH 

B II.lll 

",, 3aTJ 

.UOB 

oKa~ 

pIIM 

~ 
HbD 

6hIJ< 

6hr; 

coy 

Han 



IOH-

pa-

lCTaB-

.. 
lbIX 

co-

none 
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(y e)(ve.) rrpu l = 80 C ytJeTOM :3KpaHupoBaHHSI KynoHoBa 

rronst si.upa sneKTpoHaMu o6onotJKII 

(8) 
) 

a.uec b 8b1pa)KeHo B 6::iB. YX<e rrpu ::iHeprusix HeltTpHHO Ev rv 5•10
9 

::iB ceqe-

HIie ( 8) .u.rrn ~I cpaBHHBaeTCSI C OX<II.UaeMbIM IIO ( 3) 3HatJeHHeM M8KCHManbHOI'O 
) re 

ceqeHHSIX 6' Yf 

(9) 

IO 6aB 

Il pH Me pHO (.uo paam-1tJI18 B ::icpcpeKTax :3KpaHupOB8HIISI) TaKHe )Ke ceqemrn B o6naCTII 

. + - k+ o-
&Tux X<e ::iHeprutt rronyqa10Tcst .unsi ::icpcpeKTOB c poX<.ueHHeM nap f, f 

I 
I '-

npu paccestHIIII HetiTpIIHO Ha KynoHOBCKOM ueHTpe. 

TeopeTutJeCKoe paCCMOTpeHue nenTOH-nenTOHHbIX ::icpcp~KTOB THIIa 3,4 TaKX<e, rro

BIILlIIMOMY. yKa3bIB8eT Ha TO, 'ITO neIITOH-neIITOHHbie B3aHMO.Ue8CTBIISI .uonX<HbI o6pe- ' 
5) -

aaTbCSI Ha IIMIIyn bCax MeHbUJHX KpIITHtJeCKIIX. 6.vlocpcj:Je Hau6onee rro.upo6HO II rrocne-

LlOBaTenbHO pacCMOTpeHbl ::icpcpeKTbI TaKOI'O THrra. Pacrra.c 

f-- e+o 
.. ~ 

OKa3bIBaeTCH Hau6onee KPIITil'IHbIM, T8K KaK B COOTBeTCTBIIII C cyUJeCTBYIOIUeti :3Kc,rre-

pIIMeHTanbHO1t BepxHelt rpaHuuea .unsi ::iToro acpcpeKTa ( 1-o>- ( .( + t),.. ~ ). f O- 6) 
'WI- ( ~ + \J-f v) ' 

KPHTH'leCKHti HMIIynbC .uonX<eH 6bITb BbI6paH 

k ""~Y < 50 /YJN'" 
C .u,anbHetiUJHM yTOtJHeHHeM Be'pxHelt rpaHHUbl .un.st aepOSITHOCTII ::icpcpeKTa 

,/-(---'? e + (S' 3HatJeHue l<~0.'1, MO:>KeT eme 6onbUJe npu6nH3IITbCH K 3HatJeHHHM 6ap11e>H-: 

HbIX Mace. 
. . . . . 

):<oHetJHO,' yCT!3HOBneHI1e cpaKTa, IIOLlO{?H,olt 'YHHBepcanbHOCTII 'B: (?6p~38HHH<a_c,ex cna-
. . ; • :,,- -~- ,_ ·;··· . •'· \• "·-·· "' .. . •: --~-·-'• _,,,,I,.·;,.,.,.-.,~.--...,_ ... :.,,:,:<, ..... •. ~,: 

6b1x aaauMo.ueticTBHlt Ha o.uHoti, .unuHe, .6nuaKoA K nuoHHolt, 11nu 6apuoHHo.tt, ca.Mo.;no. ce6e 
';,1 .;•: •1. < ,,.,,,,._•,._,.,,., l :,,_.;,,"···'/1< ,~c•'•J ~ •:·• ;:•.: C-,.J'.'<J•__,';""'·~- - ~ " -~·'"""· ~"->. i-., ', , .•• ···:•,:,. 

6binO 6bI cpyH.uaMeHTanbHO .unSI_ Teopm1 an,e¥eH1'8pHbIX ,tJac,:uu •. , 
,. ~. \ ,' I _, • • I • -,· , , .· - a " • .... i, . I . ! .• • \ • .;. , , • , ~- ; • ,. • ••• ,_ •• 

x) .· . 
TaK KaK XO(pllJT8.UTepOBCKil8 cpopM<paKTOp HeuaaecTeW npu ManbIX. napaMeTpax 

coy.uapeHua, TO cetJeHHe. 6v~ MO:>KeT CHllbHee na.uaTb c :3Hepruei!:· HetiTpuao' ; 6) u 
HanpuMep, npu 'Ev N ·10 Bas ~,o*et/o,¥a:3'a/~c,st;;>TO S~e ~:~~} 1Ha ,c.~~~~°,86¥ R,eT~KTope. 
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K co:m:anemno, npenb1nymnil: aHanns acpcpeKTOB cna6b1X nenToH-nenToHHbIX 

B3aHMO.lleiiCTNfH B CBOIIX BbIBO.llaX cymecTBeHHO HeO,llH03Ha'!eH, eCnll na:m:e C'IIITaTb 

KOppeKTHbIM MaTeMaT!I'!eCKIIH annapaT Teopmr cna6b!X B3a1IMO.lleil:CTBIIH no IIMnynhCOB 

300 M.,r, 

.[leno B TOM, '!To qacTb acpcpeKTOB THna 2,3,4 sanpemaeTcSI rrmoTesoil: renn

Ma.irna:-<Peil:HMaHa O sapSI:m:eHHbIX TOKax B cpopMynHpOBKe cna6b!X B3a1IMO.lleil:CTBIIH 

Hnll na:m:e npll sanpe~eHHII Bsa.1IMoneil:cTB-1Iii THna ( e Y) (eY), Ha cymecTBOBaHHe 

KOTOpblX HeT noKa HIIKaKIIX yKa3aHIIH. 

CymecTBeHHO orpaHII'IIIBaeTCSI B03MO:IB:HOCTb pa3llll'!Hb!X acpcpeKTOB paccMaTpH

BaeMOI'O T!Ina, ei:;nll np!IHSITb I'llnOTe3y O TOM, 'ITO cymecTByIOT nBa copTa Heil:Tp!IHO 

( v II- v~\1>8) r- ' 
0.nHIIM II3 ecTeCTBeHHb!X MexaHII3MOB, cnoco6Hb!X o6pesaTb Ce'!eHiiSI cna6b!X 

B3a!IMO.lleilcTBII8 Ha nnHHax, 6n!I3KIIX K 6ap1IOHHbIM nnHHaM, SIBIInCSI 6bI MexaHII3M 

C II,lleeil: npoMe:m:yTO'IHOI'O BeKTOpHOI'O Me30Ha no Macce, 6nll3KOil K 6ap!IOHHOil Mac-

ce. 

n pOMe:IB:yTO'!Hbiil: 6030H 

'\#1 

v:[3 coo6pa:m:eHIIH pasMepHOCTII rpy6ag oueHKa nnSI Ce'!eHIISI pO)K,lleHIISI BeKTop-
' ,. - -::z. x) 

HOI'O Me30Ha OT He .. TpHHO B KynoHOBCKOM none' H,llpa ,iC, .z:taeTCH Bbrpa:m:eH1IeM 

r .z:te 

HYIO 

(5 -a..( ;t- );_ r 
, . ,- 13"f lTv ( 11) 

G: = el, - KOHCTaHTa cna6oro B3aHMOJleil:CTBHH, Bbipa:m:eHHaSI qepes xapaKTep

.z:tli~y ( lN 0~5• 10-16
cM ). -, .D.nH 'z= 10, ceqeHHe (11) MO:IB:HO O)KII,llaTb 

,_ (to-35 ~ 10_3
,cM

2 • (12) 

l1 ecnll paccMaTpHBaeMbiil: sapSI:IB:eHHbIH BeKTOpHbIH 6030H cna6o B3alIMO.lleil:cTByeT C -

HyKnoHaMII H !Ji -Me3oHaMII, TO Han6onee BepOHTHbIH npouecc o6pasoBaHirn B0KTop

HbIX Me30HOB - :3TO napHoe po:m:.z:teHHe OT q:JOTOHa B KynoHOBCKOM none H,llpa. 

x) . 
nepBbie yKa3aHIISI Ha :3TOT acpcpeKT nplIH_anne:m:aT. no-BII.lllIMOMY I E.noHTe-

KOpBO n: PbIH.lllIHY. KHeBcKaSI KoHcpepeHUIIH, 1959 r. 

,f -, 

Ceqem1 

( 

rne lt a1 
0 

CTPYKTYPhI, 

'06bl'IHI 

3-/ 
npll, pacnan 

3TO I'llnOTe 

_'cyme, 

acpcpeKTbI Tl 

sancSI '6hr o 

CTBIIH. 

TaKH~ 

B3aHMO.z:teil:c 

1. I1 l 

2. \: 

3. C) 

4. BE 

-6apHOHHOI'( 

B ST 

CTBYIOllllIX 

OueIJ 

_TeopHII (E 

x) 

c TaKott' 6 
o6pasoM, 
cymecTBe 



X: 

-ynbCOB 

~enn-

BHH 

laHHe 

rpHHO 

,rx 

3M 

rop-
:) 

Tep-

r C -

:op-

re-

.. 

11 

9) x) 
CeqeHue nono6Horo npouecca naeTcn Baune 

·d5 = ! e:)'--cl l .t d E. f. Eo - x (1-2. E +E.t) ), (13) lMc. l Jl1 c2.. ~ 113 1to 
rne t t sHeprHil C03il8HHOro nonO)KlfTenbHOro Me3oHa, ol.. KOHCTaHTa TOHK0H 

CTPYKTY;hr, Z - 3apnn nnpa • .O.nn E
0 

IV 4 EsB,- o,,,..., I0-
31

cM
2

• 

HefiTpHHO 

npHHHMaeTcn, 'ITO HefiTpHHo, B03HHKa10ruee npu pacnane 

TOfi )Ke npHpOilbI, 'ITO H Heil:TpHHO, B03HHKa10rueP.. HanpHMep, 

npH_pacnane Heil:TpoHa n-p+Y+e. 

3To I'lfilOTe3a, KOTopan IlOKa,ocTaeTCil SKcnepHMeHTanbHO Heo60CHOB8HHOfi. 

3q:Jq:JeKTbI Tlfll8 MOrJIH 6hr 6bITb 3anperueHHbIMlf H T0rna BHOBb OKa-

3ancn 6hr OTKpbITbIM BOnpoc O BenH'IHHe KpHTH'leCKOr.o HMnynbca cna6bIX B3aHMOnefi

CTBHfi • 

TaKHM o6pa3oM, IlOCTaBneHHbre BbilUe Bonpqchr, CBil3aHHbie C xapaKTepoM cna6bIX 

B38HMonefiCTBHfi; Tpe6y10T CBoero pelUeHHil B ecTeCTBeHHO:ll: O'IepenHOC'l'H! 

1. r'.IpoMe)KyToqHbifi Me3oH? 

2. \)t' 1:1 )) e.. Heil:TpHHo? 

3. CyrueCTBOBaHHe B3aHMOUefiCTBHfi THila ( °Ye ) ( Y -E:'.,_ ) ? 

4. BenH'IHHa KpHTH'leCKOro HMilYJibCa cna6bIX B3aHMonefiCTBHfi. - a) ilJlll HefiTpHH0-

6apHOHHOro, a) HefiTpHHo-nenTOHHoro B3aHMOUefiCTBHil? 

B 8T0M acneKTe 6hIJIH p_ai:::CMOTpeHbI 8KCnepHMeHTanbHbie B03M0)KHOCTH KaK nefi

CTBYIOillHX ycKopHTenefi, T8K l:I K0CMH'leCKHX nyqefi • 

. Bo3MO)KHOCTH ycKop1:1TeJ1efi 

OueHKH HeitTpHHHbIX IlOTOK0B B ycKop1:1Tennx, OCHOB8HHbie Ha CTaTHCTH'leCKOfi 

_TeOpHH (EapailleHKOB, CnHb .0.uH-'!8H, npenpHHT, .0.y6Ha) naIOT Ha 0UHO CT0JIKHOBeHHe 

x) 3necb, KaK H B ( 11 ), Heo6xonHMbI y~oqHeHHil, _TaK KaK po)KneHHe nap '!aCTHU 
I_ --fi/ -1."f 

C TaKoil 60JibllIOfi l'-1accofi npOHCXOilHT Ilpll napaMeTpax ynapa 0\ft ,v lOi:-·· CM u, TaKHM 
o6pa3oM, B o6nac-ru 0THOCHTeJibH0 Manhrx sHeprifil: E ce'!eH1:1e MO:>KeT 6brTb 
cyruecTBeHH0 MeHbille, Hanp1:1Mep, ~ ;l- , a He ;..,, .;cl!. 
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· E IO -8 2 
rtpoTOHOB B Mnweiai-l: f' = IO aa ) IO \ HeiITpttHolcM c 

. . \ 0 
HRH 50 MeTpOB OT MHWeHn. Uncppbl OTHOC.HTC.H K yrny O • B 

EV )' 1 Baa Ha paccTo.H-' 

Tex )Ke ycnomrnx .nn.H 

Hefi:Tf)HHO C E,, "7 2 Baa nnoTHOCTb HeiiTpHHHoro noToKa yMeHbWaeTC.H B 10. pa3. 

1. npoMe)KyTO'!HbIH Me30H 

npe.nnonara.H ce'!eHne 06pa3oaaHn.H eeKTOpHoro Me3oHa c Maccofi, paaHoii Macce 

E -35 2 
HyKnoHa, rtpn 1' ? 2 Baa, paBHblM IO CM I n noTOK ycKopeHHblX npOTOHOa paaHblM 

11 -1 . 3 -1. · 
10 ceK ' nonrrneM ' 'ITO 13 MHWeHII .neTeKT0pa 06beMOM 1 M n J;. =10 B03Hn-

x) ..#+ y 
KaeT 1 co6bITHe 38 cyTKlf • Bnaro.nap.H 6hICTpOMY pacna.ny aeKT0pHoro M830H8 Hae ... y 
aTn co6bITHSI 6y.nyT perncTpnpoaaTbCSI K8K a03HlfKHOaeHne? -Me30HOa n aneKTpOHOB 

OT Hefi:TpanbHOA nepau'!Hott KoMnoHeHThI ny'!Ka. 

npn aTOM B ,!l8HHbIX ycnOBH.HX 

Er"~ Ev ~ 0,5 Baa 

c pacnpe.neneHneM 
1 

6m13KHM K H30TponHoMy. BapaweHKOB n CsiHb Lhrn-qaH npoaenn 

OU8HKY (pOTOHHhlX ny'lF:0B .nnsi 6aaaTp.0Hoa (npenpnHT, ily6Ha). 

Ha o.nHo npOTOH-"HYKn0HHOe ·CTOJIKHOaeHne npOTOHOa C E 10 . ~ 10 Maa Ha pac-

CTOSIHHH 50 MeTpOB OT MHI.Uelm B03HHK88T noTOK (( ' -6 KB8HT0B 
-KB8HT0B npHMepH0 10 ~--

CM 

cnoco6HhIX Ll8Tb napy 38pSI)K8HHbIX 'l8CTHU, no Macce paBHbIX Macce HyKnoHa~ 

no aKcnep11MeHTanbHhIM .naHHhIM, nony'leHHhIM Ha ycKopHTene UEPH" a,( coo6memrn 

11 
A.naMca) Ha paccTOSIHllll 100 MeTp0B OT MHWeHn npH HHT8HCHBH0CTH 10 npoTOHOB a 

2 
HMnynbce B03HHK88T 15 <pOTOHOBICM C aHeprnefi 11 Baa. 

B TeX )K8 YClIOBHSIX noTOK q:JOTOHOB C . tr"" 5 Eaa LlOCTHraeT 2•10
5 

/nMnynbC. 

3TO 

lUHHOil: 

'lHCJlO LlllSI pO)K,!leHHSI napbI BeKT0j'.li"F,IX M830H0B B nnacTHHKe CBHHU8 Ton-

i CM ll nJIOlU8LlbIO .10
2 

CM
2 

,uaeT IlpHMepHO 2 C06hITHSI 38 1 'l8C. 

O6pa3oaaane 

peanbHO 03H8'!88T 

nap ~eKTOpHbIX Me30HOB, 6hlCTpo· pacna.naIOlUHXC.fl 

. . + -
.npyrott M8X8Hll3M LlllSI p0)K,!leHHSI nap .e r 1 

H8 e Y ll f 'V 1 

f+f-. 
nocne.nune (f-t f-) 

B TOM )Ke <pOTOHHOM ny'!Ke. 

C ropaa.no 6onbWHM Ce'!eHneM 6y.nyT npo.nyuHpOB8TbCSI 

x) 
Eea y'leTa B03MO)KHOCTefi MarHHTHOil: <poKycnpOBKH Jf -Me30HHOro 1:y'!Ka. 

Ho 1 

::ic!1<!1eK'l'Oa, 

Me30HOa f 

nr,,rnynbCOE 

f ,e -p. 

i lap. 

6y.nyT JIOI 

Ewe 

WHX yrna 

He1 

Cf! pewa10 

Cm 

np0T0HHbl 

HOCTH CTc 

Cf! np0T< 
.: 
Cym 

3aKn10'laE 

rHnepoH 

B 

r-1mepOHO 

HOM rty'll 

lip 

oueHOK II 

Ev::,-

B 1 
3 

M 

npoTOH0E 

x) 



Ha paccT051-' 

BllHX LlnH 

I 10. pa3, 

rnoii: Macce 

fOB paBHbIM 

=10 B03HH

.J'A+ Y. 
)Ha Hae+- Y 
,neKTpOHOB 

npoBenn 

,B Ha pac-

J
-6 KBaHTOB ~

CM 

)6memrn 

:OHOB B 

nynhc, 

rua Ton-

,BaTbCSI 

Ho l\lO,hHO BOCITOnh30BaTbCH xapaKTepHbIMH oco6eHHOCTHMll paCCMaTpl!BaeMblX 

ac)i<]>eKTOB, Dn,r fl -l\le30HOB ll :,neKTpOHOB, B03HllKalOlllllX OT pacna.ua BeKTOpllblX 

Me30HOB He oqeHb 6onhWllX CKopocTeii:,6y.ueT xapaKTepHa 6onbUJaH BepoHTHOCTb .unH 

IIl\!IlynhCoB, narrpaBJieHHbIX BO BTopy10 nonyc(jlepy (6onhw11e yrnbI ), II :a-ro np11 3Hepnrnx 

f, .e -pacna.ua 

l lapbI 

6y LlYT noKan!130Balll,l 

M e30HOB I B03HI1 KaIOUJI1 e 

e ManoM yrne ~ {L . 
Ey 

Ewe 6onee KpHTH 411 LIM 6brn 6bI OT6op nap 

wux yrnax. 

Bcne.ucTBHe npHMOI'O cpoTOpO}K.lleHIIH' 

He llCKnlO'-leHo, 4TO 3Tll oco6eHHOCTll pacc~rnTpllBaeMoro :acpcpeKTa MOI'YT OK838Tb
/ 

CH pewa!OUJI1Mll .unH .uaHHOI'O 3Kcnep11MeHTa, 

Cne.uyeT fIO.[l 4epKHYTh, '-lTO ncnonb30BaHue cpoTOHHblX ny'-lKOB Ha COBpeMeHHbIX 

1IpOTOHHbIX ycKOpHTellHX Y}Ke CTaHOBHTCH Hnli np11 .uanhHeii:weM yBen1I'-leH1III llHTeHCHB

x) 
HOCTH CTaHeT uenecoo6pa3Hb!M, flpHMepHc C TeM }Ke Ce'-leHIIeM ( 13) 6y.uyT pO✓K.llaTI::,-

CH npoToH- ·aHTllllpOTOHHble napbl, 

Cy1uecTBenHaH oco6eHHOCTb o6pa30BaHllH nap aapH✓KeHHbIY qaCTIIU OT cpoTOHOB 

runepoH 

o6paaoBaHIIH .ua ✓Ke TaKIIX qacTIIU xaK -,___, 

np11Mepno TaKoe }Ke , KaK II ce'-leHue o6p830BaHIIH HyKnOHHblX nap, 

+ -
B 3TOM CMhrcne rroHcKII B03MO✓KHblX no CHcTeMa'-i-~Ke renn-MaHHa qacTIIU ;c, J2 

+ 
r1InepOHOB II w-- -Me30HOB II .ua ✓Ke MIIOr03llPHLllibIX '-laCTIIU uenecoo6pa3Hbl B cpoToH-

V (.. npo6neMa 

llplI noTOKe ycKopeHIIhIX nporoHOB 
11 . 

IO / ceK • Ha ocnoBaHHH npe.ub1.uym11x 

oueHOK MO)KHO O)KHLl8Tb Ha paccTOHHIHI 50 MeTpOB OT MH ,1,en11 ITOTOKa Heii:TpllHO C 

'=v )' 1 E:aB 
2 

CM. 

B 1 3 
M TH)Kenoro .ueTeKTopa npll HCrIOnh30BaHHII B MI1llleH11 1/10 '-l!1Cna rrepBll'-l~bIX 

npoTOHOB B03HHKaeT 1/4 

x) 
BepHee 

co6hITIHl 
. \ B cyTKH, T,e. COObITHH Tana 

( 
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I 
I 

;-: ·~· 

Vt- p --

(i,_>3 :-.1ar!IIITH0H 1;•0EyCllpOB!rn, 

l·l 

\n + r-+ 
Yl-+ e_+ 

H eti,:p1JI_IC1,-J1en T0l!Hble B38H:-.1oneticTBll H 

Ha 0CH0B8HIIII paCCM0Tpemrn 3cj,lj)eKT8 ( Z ) 11 pocTa SToro 3(!J~)eKTa C 8Hepr11-

oii ( 0) uenecoo6pa3HO 3tjJCj)eKT HetiTpmrn-nenT0HHblX B38HMO.l.lOHCTBl1H nonbIT8TbCH .ne

TeKTllp0B8Tb npn 8Hepr'HHX HetiTpl!H0 >- 5 EsB • 

rlp11 E rv 3 EsB cet.JeHne .nocTnraeT 0)lrn.nae11,10ro MaKc11MaJ1bHoro HefiTpHHo-y . 
HYKJlOHHOro ceqeunri, a npu Ey ~ 30 D3B cpaBmuiaeTCH c neiiTp1rno-Hy1O10HHhlMII ce

-36 2 
t.Jelll!HMII Ha CBHHUe ( 10 CM ) 11n11 .ll8)Ke rrpeBbICHT HX, ecn11 11ocne.nmre 6y.nyT na-

.naTb C 3Hepruefi HetiTpHHO. 

TaKHM o6pa30M, He~TPHHO-neITT0HHhle• B38HMO.ll8HCTBHH uenecoo6pa3HO 11ccneho-

B8Tb, rronb3YHCb oco6eHHOCTHMH paccMaTpI!BaeMoro stjx!JeKTa: 

a) Z - 38B1!CHM0CTbl0 

6) IJOHBJleHlfe/1.I xapaKTepHb!X nap Tl!IW t< e . 
B) E 'Y - 38BlfC'itMOCTbJO. 

Cne.nosaTeJlbHO) B rrp11Hunrre 1 .neTeKTHp0B8HHe Heti:TpHHo-sneKTpOHHl,JX B38Ill\lO

.netiCTBIIH - ::=JTO rrpo6neMa yc1rnpnTenefi npe.nenbHO 60J1bw11x 3Heprun; 

n pas.na, y .naqHoe TeXHH t.JecKoe rrp e.nno;,i..:emre .neTeKTnpoBaTb xapaKTep111,1e nnri 

sqx!JeKT8 f< '2 rrapbl MOf'JlO 661 C.lleJ18Tb ueiJecoo6pa3HblM 8TOT 8KCI1ep11Mel!T Ha 68Bll-

x) 12 13 
TpOHax C l!HTeHCHBHOCTbl0 10 - 10 qacTHUICeK. _nocne.nHHH 8KCnepnMe!IT 

3H8lJl!TenbHO yrrp0CTHJlCH, eCJll! 6bI OK838J10Cb1 'ITO y f"' ~ \/ e_ • 

Cne.nyeT rro.nqepKIIYTb, 'ITO paCCMaTp11BaeMb!e C06bITHH Heo6XO.llHMO u.neHTHtjm

-2 
uupoBaTb Ha tj}OHe KOC]).1HqecKI1X nyqeii, 'ITO C0CTaBnHeT Ha IT0Be·pxH0CTH 3eMJ1H 10 

2 E 9· -4 2 fa(- Me30HOB Ha CM B CeK C r, > 10 3B I1 10 HeHTpOHOB Ha CM B ceK rrpHMepHO 

C TOH )!(e 8Heprueil rv 1 EsB. 3.necb IT0Jl0)l<HTenbHb!M (fJaKTOpOM HBnHeTC5I .nm1Tenb

-3 
HOCTb HMrrynbca B MBWHHe 10 ceK. 

':yu.eCTBeHHO 0TM8TI1Th, 'ITO C yBemrt.JeHneM paccTOHHH5I OT MUWeHH ycKopuTenH 

'{, n 
or, • .nKa o.nHoro 

c yBenuqeHueM E y • 

ice+ 
€ + e. - co6b!TI1H B .neHb: lJHCJlO HeiiTpHHO 6b!CTPO rra.naeT 

pacTe1 

reoMe· 

ManbH 

pacna 

TeM n 

nyqKa 

Hoe cj: 

~ 

~ 

TI0Bb!C 

,HOB 11 

... 

.. 

1 • . ' •• j, 

H1 

2. Jl. 

3,. E. 

4, P • . 
·s. E·, 

. 6. l-1, 
ny 

7. • 

·i'. 
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paCTeT a6COJUOTHOe 'UfCl!O pacnaBWl!XCH M030HOB ( T.e. 'lHCl!O HefiTplIHO) t HO n3-3a 

reoMeTpll'l0CKoro cpaKTOpa yMeHbwaeTCH ITl!OTHOC_Tb HeHTpHHHOI"'O ITOTOKa - OHa MaKcn-
10) 

~anbHa· uen..:·cpencTBeHHo y caMofi r-.1nweHH 

. Ct7 
.[lame .lllIH napannenbHOro nyttKa ~' -Me30HOB ITl!OT_HOCTb ny'!Ka HeHTpHHO 

pacnana HMeeT Ha HeKOTOpOM paCCTOSIHHH OT 'MnWeHH MaKCHMal!bHOe 3Ha'!eHne, a 3a-
. . 

TeM na.oaeT Bcne.ocTBtte HapyweHHH npn .aKTe pacna.oa napannenbHOCTH nepBH'!Horo 
. . · . · . . 1 1 ) 

ny'!Ka J\ -Me30HOB, npeo6pa3y10merOCf' B yttoK HefiTplIHO • 

Bee npe.llbI.llYIUHe· oueHKH Qbll!H npnBe.oeHbl 6e3 nonpaB_OK Ha B03MOmHoe MarHnT

HOe cpoKycnpoBaHne. ny'!Ka Ji· -Me30HOB." 

{:)TOT (p8KT~p MO>K0T yny'lW!lTb 6,onee 'leM Ha ITOp5ILlOK npe.llbI.llYIUHe OUeHKH 1 'ITO 

llOBb!Clll!O 6LI 'IliCl!O COOTBeTCTBYIOI.UlIX OTC'leTOB B Tex me YClIOBHHX npn ITOTOKe npoTo-
1·1 . . 

.. HOB 10 / ceK. 

1 ) n poMemyTO'!Hbr°H Me3oH-l OTC'leT B qac 
. . ~ 

• 2).\)+ n- p + fl 5 - 10 C06bITlltt B CYTKH 

3)_Y+x~ 'J:-+r-+e+ -t V ,-v 1 co6b!Tll5l B MeCHII. 

PyKOITHCb nocTynnna B ll3.llaTellbCKlitt OT.llel! 
23 HIOlIH 1960 __ ro.oa. 

n lI T e p a T y p a 

1, '..l. A. Markow .• 

Hyperonen und K-!,1esonen, Verlag der '.'lissenschaften, Berlin 1960,s 292 

2 • .D. • .vi.EnoxnHueB. Nuovo Cimento, S X, ~ 925 (1958), 

Y¢H, L Xll, CTp. 381, t'857 r. 

~•· E~M.noHTeKopBo. )K3T¢, g 549 ( 1957 ). 

npenpliHT O.viH.vi, P-577, .[].y6Ha, 1960 r. 

·5. E-.n.~ocpcpe •. )K3T¢, .mi.., 1608 ( 1960) • .LloKTOpCKaSI .llliCCepTaUHSlo 

. 6. 

7. 

.v1.M.)Kene3HbIX. "0 B3aHMO.llettCTBlili HeitTpliHO 60l!bWliX 9Heprliii 
. nytiax· c BeI.UeCTBOM", .LlnnnoMHaH pa6oTa, Mf'Y, 1958 r. 

. \ 
~1.Cabibbo, R.Gatto, Nuovo Cim. XY, 305 (1960). 

B KOCMli'l0CKliX 
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d. E.,\\,rloHTeKopao. )h.3T¢, _21, 1751 ( 1959). KHeBcKaH KOHcpepeHUHH rro BbICOKnM 

:::•lIC'fWHSil\1 0 1959 r. 

D. B. I I ay 1111. "PensiTHBHCTCK/'lH Teoprr SI 8JleMeHTapHbIX qacTrru". 

11.). lJ.,r 0 ¢aKI1pOB 0 "0 B03MO)KHQCTH HCCJ1e.UOB8HHSI B38HMO.UeiicTBHSI HefiTpHHO 60JlbWOli 

911eprrrn C aewecTBOM Ha yCKO.f,1HTeJ1SIX
11

• ilHITJlOMHaSI pa6oTa, tv\rY' 1958 r. 

"~ln •he <'pa-::'a: ,l:.stribution o~ the neutrino bearr; generated by high energy nuclear, 

: :: ',"! :n.,,, ( -\nn.de L1'.Jni-:. de Sofia. Facul!e de Sci. Phys. et '.-lath. V. 53 1958/59. 1. 2 
.,,.. . 

:.::s.: .. rJP 

11. ll.llony6ap1rnoa. r1perrprrHT OvHH1, ily6Ha, 1960. 

r. ~ ... 
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K HEvlTPI1HHOvl <Pl13l1KE BbICOKI1X 8HEPf'l1J.1. B KOCMI1Y:ECKI1X 
flYY:AX 

x) 
11.M. )KeneaHhIX H M.A. MapKOB 

npensapIITenhHOe paCCMOTpeHIIe paanII'!HhIX oueHOK B npIIHUHile neTeKTIIpyro

Mh!X. scpcpeKTOB . OT HeiiTpIIHO B • KOCMH'leCKIIX ny'lax- 6binO nposeneao H8MH B npe,nbI,ny
xx) 

meii pa6oTe • 

.D.aHHaSI pa6oTa conep2KHT nanhHeiilllee yTO'!HeHIIe oueaoK II paaaHTIIe npo6neMbI 

B uenoM. 

PaccMOTpIIM cnepBa nlllllh TOT IIOTOK HeiiTpIIHO, KOTOpbI_ii B03HIIKaeT B peaynh-
. m+ . 
~ TaTe pacnana JI - -Me30HOB, p02K,ll8lOIUHXCSI B 8TMOCcpepe· .3eMml OT nepBH'!HbIX 

rrpoT0HOB KOCMII'leCKIIX ny'!eii (T.e. aeiiTpHHO aeMaoro npoucxo2K,neHHS1). 8aepreTH'le

cKII.li: cneKTP ne.li:CTBIITenbHO KOCMII'leCKHX HeiiTpIIHO, .T.e. HeiiTpIIHO, npHXO.llSIIUIIX Ha 

3eMnro II3 rny6IIH Bceneaaoii, a HacToSiruee apeMSI HeIIaaecTeH. Ho II anecb aoa

MO)KHbI HeK0TOphie coo6pa2KeHIISI KOnII'leCTBeHHOI'O xapaKTepa. vi~ TaKIIM o6paaoM, pac-

C~OTpeHHhie HII)Ke rrepBbie oueHKII scpcpeKTOB, BbI3bIBaeMbIX He.li:TpHHO BblCOKOii 8Heprm1 

3eMHOI'0 npOIICX02K.lleHIISI, SIBnmo;rcSI HI12KHIIMII oueHK8MII. 

npII pacnane 

B CIICTeMe IIOKOSI Jr -Meaoaa 

E = c.z. 
\) 

sHeprIISI pacrranHoro HeiiTpIIHO 
/}12., - /\,'J~ 

Jr /'Ir. 

dl rn .:,r 

i) 
<PII3II'leCKHll IIHCTIITYT HM.n.H.fle6eneaa AH CCCP. 

xx) 
11.M. )KeneaHblX "0 B38IIMO.nei1CTBIIII iieiiTpIIHO 6onhlllIIX 

'leCKIIX . ny'lax c BeruecTBOM". ilIInnOMHaSI \I?a6oTa, Mf'Y 1958 r. 

' OCh,e,a1rneum.ifi u11cn:·:·.• 
!!j!C;JllUX MCCJJeJl.Olli.l ,,;, 

6M6J1vlt)TEK .ti. 

( 1) 

(2) 

(3) 

.. 
SHeprIIii B KOCMH'!e-
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B nan~u:eil:we!'vl npnuuMaeTc.11 1 ''£.'.I'O n B cpenHeM B na6opaTopHoit cncTeMe &Hepr-ns:r 

\ 
COOTBeTCTBYIOlUer-o HeitTpHHO Ii jL --Me30Ha CB.H38Ha TeM )Ke COOTHowenueM (3). 

3Hepr-eTH'leCKHH cneKTP Heil:TpHHO BOCCTaHaBnHBanc.H H8Mii no COOTBeTCTBy10we-
. x) 

MY &HepreTH'leCKOMy cneKTPY r-- . -Me30HOB. B pa6oTe 3KCnepuMeHTanbHblll &Hepr-e-

TH'leCKHH cneKTp r-- -Me30H~B Ha 200 cpyTax OT YPOBH.H MOP.II naeTC.H no &Hepr-1111 

12 f -Me301IOB rv 10 &B. 

B paanH'lHblX HHTep~anax &Hepr-eTH'leCKiill cneKTp Heil:TpHHO annpoKCHMHpoBanc.H 

cneny10mnM o6paaoM: 

B o6nacT.HX 1-3 B&B {(E) 1,5 .10-3 d Ev 
E -1,Y 

y 

3-30 G;>B- 5/!>.10-:3 
(41 

dEv 
E 1.,s 

'{ 

_ :30- 1.00 6:,e, 5/1. ,,o-2 dE..; 
~. E 3, 

V 

vlaoTpOilH.H He.itTpHHHOT'O IlOTOKa Ii Mana.II BenH'lHHa ceqeun.H B38HMO.OeHCTBH.H 

HeitTpHHO Il03BOn.HIOT npoeKTHpOB8Tb Oilb!T r-ny6oKo non aeMneil:, Bbl.Oen.HSI peaKQHH 

OT HeitTp1rno, nnyuwx ua HH)KHeti nonyc cpeph1, To-eCTh · n~oxo.a.HlUHX BCIO 3eMmo. 

CywecTBeHHO OTMeTHTb, 'ITO T8K8.H nocTaHOBKa OilbITa B llPHHQHne MO)KeT nonHOCTb!O_ 

HCKn!O'lHTb <pOH OT KOCMH'leCKHX ny4e.if. 3ap.H»rnHHbie 'l8CTHUbl He npoxon.HT qepea 3e_M

n10. a ManoBepo.HTHhie 0Tp8)K0HH.H /L -Me30HOB Haaan, BH.UHMO, MO)KHO Bbinen.HTb, 

ncnonb3Y.H COOTBeTCTBY!OWHe per-ucTpnpylOlUHe cxeMhI. B cnyqae onbITa Ha yCKOpHTen.HX 

<poH OT KOCMH'leCKHX nyqefi npencTaBn.HeT H3BeCTHYIO npo6neMy npu COBpeMeHHbIX 

HHTeHCHBHOCT.IIX ycKopeHHhlX 'l8CTHQ. 

B nonaeMHOM onhlTe OTHOCHTenbHa.H ManocTb <pOHa Il03BOn.HeT Hcnonb30B8Tb 

6onhWHe MaCCbI .aeTeKTopa, 'l'DO B K8Koil:-TO CTeneHH KOMileHCHpyeT ManoCTb IlOTOKOB 

KOCMH'leCKHX _HeHTPHHO. -

OTMeTHM, 'ITO <pOH ns-aa ecTeCTBeHHOil: pa.aH08KTHBHOCTH B 3eMne MO)KHO na6e

)K8Th Hcnonb30B8HHeM .aeTeKTOpOB C nopOT'OM peT'HCTpHpyeMOT'O &Hepr-oBh!lleneHH.H, 

HanpnMe_p, > 0,5 E&B. 

·x) F. Ashton et al, Nature 185, 4710 p.364 

--~--- -" ~-c--~-- -----;-- ,-_-_,,-, ·---- ------ -
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iCTeMe aHepI"IHI 

U0HII8M (3)
0 

>OTB8TCTBYI01Ue

JlbHbl.H aHeppe

.0O aHepI"IIII 

'IIM1IpOB8J1CH 

efiCTBIIH 

IHH peaKUIIII 

3eMJ1I00 

IIOJlHOCTblO 

qepe3 3e_M-

yCKOplIT8J1HX 

18HHblX 

,3OB8Tb 

b IIOTOKOB 

KHO II36e-
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I. HefiTPIIHO-HYKJlOHHoe B381IMO.08.HCTBII0 

8 paMK8X cymecTBY!OlUIIX aKcrreplIM8HT8J1bHblX cpaKTOB II TeopeTII'l8CKHX rrpe.o-

CT8BJ18HIIH MO)KHO rrpe.arronaI"aTb cne.ay10mae peaKUIIH: 

a) V +n - p + f'l- ( e-) 
r-~ t"'l + ( e-r) 6) Yr+ p - n -t 

~ 2. r+ ( e. +) s) Yr + n. - + (5) 

,.._ 
2.0 r-t- ( e+) p) Yr + p - + 

('- /\0 ~+ ( e+). .a) Yr+ p - + 

EcnH '( r li V (. O.OHH8KOBbI, BO3MO)KHO K8K pO)K.Q8HHe e • TBK H f -Me-

3OHOB. 

CeqeHHe B38HMo.oettcTBHH V c HyKnoHaMa, MO:>KeT 6bITb "06pe3aeTCH " rrpn 

rrepe.a.asaeMbIX HMIIyJlbCax, COOTB0TCTBY!OlUHX p83MepaM HyKJlOHa, H TOI" .aa ceqeHae r. 
A -38 2 

.ansr EVN/Bas 
1 

"' 0,8•10 CM • .Unsr aHTaHettTpaHo ceqeHne rrpn. EV= l Bas npnMep1 

B 3 pa3a M0HbWe. 

nonHbIH· IIOTOK HeitTpHHO H 8HTIIH0HTpHHO C aHepI"HSIMH 1 6OJ1billHMH } BaB 

rronyqaeM HHTeI"p!IpOB8HH0M ( 4)' 'ITO .aaeT 

E .......,, I Bas):: 4.10-3 
CM-

2 
ceK-l cTepa.o-

1• 
V / 

B 1000 
3 

M BO.Obi 

(6) 

HJ1H 1 cnyqail Ha 75 .aHe.il:. Ecnn pO:>K.U8IOTCSI H aneKTPCHbI; TO Ha6n10.oaeTCH O.0HO 

~ 3 
co6bITHe 38 40 .aHett B 10 M BO.Obi, 

PeJ"'HCTpupyIOTCH He TOJlbKO f<- ·-Me30HbI, o6pa30B8BWH0CSI B .aeTeKTope, HO H 

rrpuxo.omrurn H3 rrpHneI"a IOUIHX cnoeB I"PYHTa. 3cpcpeK,T ycHJJHBaeTcH scnencTBHe ·nponop

unoHanbHOCTH rrpo6eJ"'OB jA -Me3OHOB 1-il ~TerreHII aHepI"HII. LlnH aneKTpOHOB OH 3H8'11ITenb· 

HO cna6ee. npn B3aHMO.aeilcTBHII H0HTPHHO \c HYKJIOHaMH· BK.rm.a. OTi·iip11JieJ"'a lO[UIIX C.TIOeB 
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TOI"O me nopSI.llf~, 'ITO H acpcpeKT B .oeTfKTope /o.oHo ~: "; co6bITHe B 20 .oHeil: /, 

\ . 
Ecnn B3aHMO.lletlCTBHe B cnyqae '(5) He o6pesaeTCSI Ha HYKJJOHHOil: .llJlHHe BOJlHbI, 

TO 'lHCJlO peI"HCTpnpyeMbIX COObITlfil: yaeJJlf'PfBaeTCSI a rv 5 pas. 

11. Po:»<:.geHJfe nenTOHHbIX lf 6apKOHHbIX nap tJaCTlfll. 

flenTOH-nenTOHHOe B3alfMQ,geil:cTBlfe 

BosMO)KHbI cne.oyroume acpcpeKThr, KOI".lla HeiiTplfHO a none st.opa po:>K.oaeT napy 

nenTOHOB 

Yr--+~~ ~- + e+ + Y~ +-l' 

9' -+ - ""I I r- -+ l -- ~ + e . + V r- ·+ l: ( 7) 

V r-- + l- - . r--+ -t- r-- + 'V ~ + z I 
'"V 4- - "-'\ I 

y -+J:-- ~- + f +_ Yr + Et r . 

Ecnlf Y, . H \> .Q. O.llHHaKOBhr, To .z:iooaastTCSI npouecch1: r- . . 
'y + - I I + z - e + -e ·+ v + ";t (8) 

(""' e.+ +.e--+ 
,-., I 

+ ~'. Y+l- y 

TTocKOJlbKY B (7) lf. (8) cymecTBeHHbI MaJlbie lfMnyJJbCbI OT.lla'llf SI,llpa, cetJeHlfe 
. x) 

He 3aBlfClfT OT cpopM-<:paKTOpOB 0 CetJeHlfe TaKlfX npoueccoB npHHlfMaeTCSI B Blf,lle 

s --
8 j.t l.1-

3 (~.n )3 (13~ ):t 

x) 
li)KOY ryaH-tJ>KaO (Jlyona). 

E E:i.-ln m . (9) 

CornacHo 

3H8KOM J1 

B o6nacT 

Hllll f 
HBlll8M C 

poBKB H8 

.[.ln 

,[lm1 (7) 

.. 
B cnyq 

CB!1Hll8, 

p 

HOB C 

pe3yn~ 

TaKHM o 

• 

KH" ln 

By.neM 

qanbHC 

TaeM, 

Cnen~ 

qTO E 
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) .llHefi /, 

Cornacuo Y:)Koy ryaH-q)Kao yqer ::mpaHnpoBaHuH H3MeHHeT m1wb Bh1pa:>I<em1e non 
.llmrne aonHbr 1 ) O E 

3H8KOM JlC'7 2.pHcpMa, D.nH Ce'IeHHH, COOTBeTCTByJOruero ( 8 J (.,,t7 - 38Me}rneTCH 

.uaeT napy 

( 7) 

(8) 

1 ceqe1me 
x) 

I.Ile 

(8) 

m 
a o6naCTl1 l!HTepecyJOrunx Hae aHeprnfi Ha £n 1~3 = 3,35 ,nnH cBirnua. l lpu _po:>K.ae-

, ~ v~ .t. 
Hl!II fl -Me30HOB MHHHMaJlbHbIM HMrIYJlbC OT,naqu 6onbwe B f< pa3,. noaTOMy B 

HaweM cny,-rae LJ.JIH peaKum'l: C o6pa3oBaHueM .llBYX HJIH O,nHoro fl -Me30HOB 8KpaHu

pOBKa He cyrueCTBeHHa •. 

,IJ,nH ( 8) 6' =7,2• I0-4
0 E:t (B cBnHue) 

I (IO) 

ilmI (7) B CBHHUe 

B "rpynTe" ( z = 10 J A = J1. 0) 
( 1 1 ) 

a= ::2. s.10-v~ E 2-tn1DE. 
) 

B cnyqae peaKUHil (8) IlOTOK uefiTpHHO .naeT 1 co6bITHe 3a 6000 .nHeti B 100 rv/3 

CBIIHUa, 

/ ' 

PeaKUHH (7) npe.ucTaBJlHIOT 6onbWHil HHTepec. IlocKOJibKY npo6er f<- -Me3o-

HOB c aHeprnefi uo 100 EaB nponopuuoHaneH E • aTo o6cTOHTeJibCTBO Be.aeT K 

pe3yJ1bTHPYJOIUeMy acpcpeKTY' B03pacTaJOIUeMy K8K E 3 -Cn 1 OE, BMeCTO E1 .en 1 c) E. 
aKIIM o6pa30M ~.necb CTaHOBHTCH 6orree cyruecTBeHHbIM IIOTOK ? -Me30HOB H3 "no,nym-

KH" (npunerarorunx cnoeB rpyHTa), 'IeM o6pa3oBaBwHxc·H B caMoM neTeKTope. 

3HepreTn'IecKoe pacnpe.ueneHne 3-x nerrToHoE B pe3yJihTaTe peaKUHH HeH3BeCTHO., 

Ey.oeM .UJIH oueHOK C'IHTaTb, 'ITO B cpe.uHeM Ha 1 .i:IenTOH rrpaXOLJ.HTCH 1/3 rrepBOira

qaJlbHOfi aHeprnn uetiTpuHo. Tor .ua rrpo6er /<
TaeM, qTo B 100 CM rpyHTa TepHeTCH 0,5 EaB) 

Cne,nyeT ewe yqecTb, qTo acpcpeKTHBHblM npo6er 3aBHCH_T OT yrna 

:2 10JE Ctr:S 3 y 
\\ 

· ( 12) 

Y:ncno Me30HOB < IV > , rrpo;rn.nHIUHX qepe3 IlOBepxHOCTb s , C Y'IeToM Toro, ..-.... 
qTo B. peaKUHHX ( 7) noTOK V u 



< -L 
I ·•I 

l ;! 
tr 

i' 
. I, 
, I 

11: 
ii{ 

I q: 
'j, 
I 

22 

300 
\ 

J'( ~ 3:rr 
' 'l, 

IfA<101. £ q"t. 10 $ B'o s,f-(E) t:ttn -f OE d t: . 
.ft 

Ans rpyHT8 .f = 2 1 · .:A = 291 

Ecmr S = 10
7

cM
2

, J{ 

(13) 

.:1. 

C-, -42 .2. .0 C 
o 0 = 2,8•10 cm , f( c:; ) 6epeTcH H3 (4). 

-8 1 . . = 3,6• 10 -· - , T.e. 1 cny'l811: 38 300 LlHeil:. 
ceK 

B CBHHUOBbIX py.Q.8X nOTC>_K -" ' - Me3OHOB, 8 cne,llOB8TenbHO, tmcno perHCTpH

pyeMblX co6blTHA, BO3};>8CT89T B_ 7 p83, B :lKene3HbIX PY Ll8X B 2,5 p838 H CT8HOBHTC.II 

COOTBeTCTB9HHO 1 38 40: ,llHeil: H 38 100 ,llHeA. 3TH oueHKH Ll8IOT nHWb 
\ 

HH:lKHIOIO rp8HHUY 9cpqleKT8. \ 

B 9THX oueHK8X He y'IHTb!B8nCB BKn8Ll OT HeATpHHO C aHeprHeil: 6onhwe 300 Baa,\ 

T8K K8K B cpe.Q.H~M ~ .. -Me3~HbI OT aTHX HeATpHHO H!',rnIOT npo6er1 p8cTylllHil: Me.o- ll 
neHHee, 'leM E . 3.oech He y'IHThIB1:teTc.1I BKn8Ll HeATpHHO oT p8cn8.ooa JL -Me30Hoi

1 

.0.8nee1 Tpe6yeTc.lI 6onee T,lll8TenhHhIA p8C'leT ceqeHHB, 'leM B (2) 1 r.oe y'IHThIB8ncg \' 

TOnhKO OLlHH M8TpH'IHhIA aneMeHT, t{TO yaenH'IHT acpcpeKT B HeCKOnbKO p83. 

B none .II.Opa MoryT 6~ITb a npHHUHne cne.uyIOlllHe P~8KUHH: 

)) + ~ 
~ 

y +·.~. 
.r-
),>-+ l: 

I'-' 

v+~ 
/ 

I"" v+l 

-
--
-
--

f' -+- n -t- r-- ( e-) + ~( 

n + p -+ r+(~+) -t- l' 

i--+ Yl' + JL-t ( e_+) + l' 

:z:o+ p + r,+ (e+J + ~' 

l\o + P + f+(e+) + z' 

(14) 

'ITO · T8K:lKe yaenH'IHB89T 'IHCno perHCTpHpyeMbIX co6hITH11:. EcnH cymecTByeT pacceg- • 

HHe- V Ha 6apHOHax, TO BO3MO:lKHhI T8K:lKe peaKUHH C 06pa3oaamreM nap 6apHO-

HOB, HanpHMep,· 

v(Y)+i-- ,._ l(.:v ') I 
/\

0 +A 0 + \J Y +l ( 15) 

I 

----- ;;.,·a 

.. 

• 



l:: 
{13) 

!TC.II Ha { 4). 

300 JlHeii. 

ncno perncTpn

n CTaHOBHTC.8: 

aaIOT nmub 

>nbrue 300 B:,m, 

:Tyruna Mea

.f" -Meaouo 

f'lMTbIBancSI 

{14) 

pacceSI- • 

P 6apuo-

{ 15) 

23 

H Tolle 

nocne.nm1e aaMe'laHII.8: CBII.neTenbCTBYIOT () TOM, 'lTt? !f PIIBe.neHHbie B.bIWe ceqe

HII.8: MOI"YT OKaaaTbC.8: Ha nopSI.llOK aaHII)KeHHbIMH npoTHB peam:.HbIX, 'ITO .aaaano 6hr, 

COOTBeTCTBeHHO 1 cny'laii .ang "rpyHTa" a 30 llHeii, .an.II :>KeneaHbIX PY.O. a 10 llHett 

II. CBHHUOBbIX - OllHH cnyqaii aa 4 llHSI. 

11 1. T SI:>Kenhrii MeaoH 

BoaMO)KHO, cymecT~yeT T.8:llienhIH MeaoH, KOTO,PbIH C O'leHb MBnblM apeMeHeM 

)KIIGHII pacna.naeTCSI Ha 

IInII 

Tor .na cymecTBYIOT II peaKUIIH 

f- ± + V (v) 

e±-+ y(~). 

V + 'l- _, M + + . ~- ( ~-J + 1:, _. ft++ f - ( e-J + v, + ~ 

( 16) 

I { 17) 

-+ ~ + ( e. +) + :t:' ~ J-1 -+ r + Ce+ J + v + :t. '. 

~hu peaKUHH nepaoro nopSI.n.Ka no KOHCTaHT_e cna6_oro aaauMo.ne:iicTBHSI. 9 .. lfacTb 

acp<peKTa, .o6siaaHHOI"O . i~- GaBHCHMOCTbIO,, ceqe~HSI .naeTCSI Bbipa:>KeHIIeM {18)x) •· .. 

,( 1-. :t.,' 
Gv e-~ ,2 E,, q..or 

6-= 0 ;1)1.. ML 6JtfF_ } 

(18) 

. ~ 

Ev~ 
M ~l - Baa. 

~ q,o 

\ 

\ 

x) 
\ 

n11 H HHr. Phys. Rev. Lett. i, 307, 196_0. 
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\ 

ilm1, .z -= 1.0 

-%(,e_, a-= -10 n ~f CM 'l... ( 19) 

BKnaa a ceqeHne (18) aHocnT o6nacTb napaMeTpoa coyaapeHHH oT paanyca 

uyKnoHa ao paaIIyca, cooTaeTcTay10mero MIUIIIManbH0MY nMnynhcy oTaaqn ,2 Ev)rl- · 

ilnH 

noTOK -r- -Me30HOa II3, "noaylllKlI" E 7 10 Baa) 
V 
300 

ti== 3 °oJf 
_N'" Ar.01. p_ 

.._,-4 
0/HO\S s{(f) t(& n" d C 

10 

$ = lQ 7, 2 r-Me30H8 38 1 aeHb• 

lY. OueHKlI anH IlOTOKOa HefiTplIHO lI3 KOCMnqecKoro npocTpancTaa 

(20) 

npn II30Tponnn lICToqnIIKOa II lI30TpOITHOM pacnpeaenennn KOCMnqecKHX nyqefi 

a f'anaKTHKe ueil:TplIHHhI.fi ITOTOK Ha 3eMne aon:>KeH nonHQCTb!O onpeaenHTbCH ITOTOKOM 

HefiTplIHO, pOIBilBHHbIX a 8TMOC<pepe, TaK K8K a aTOM cny •me aepOHTHOCTb pO:>KilBHIIH 
· -24 r 

Me30HOa a Me:>K3ae3ilHOM npocTpaHcTae, rae nnoTH0CTb 10 -3 ' qpe3abrqail:-
CM 

_Ho Mana. 

Ho, no-aIIillIMOMy I Ha6n10aeHIIH ca1IaeTenbCTay10 a nonb3Y TeopIIII o6pa3oaaHHH 
xl 

KOCMnqecKHX qacTHU a o6onoqKax caepXHOabIX lI HOabIX 3aB3il • Cornacno paano-

acTpOHOMHqecKHM il8HHbIM, a paclllIIpH!OlllHXCH o6ono"IK8X aTHX 3ae3a MHoro penHTHaIICT" 

CKHX aneKTponoa. B Kpa6oaHaHofi TyMaHHOCTlI aneprHH aneKTponoa a paCllllipH!Ollle.fi-
50 53 

CH o6onoqKe ouennaaeTCH 3•10 -10 Baa, npnqeM cneKTP aneKTpoHoa naaaeT 

.,:/E - -1 / -1,s-. t: . .fcnn aTH aneKTpOHbl 06pa3oaanncb a pe3ynbT8TB HaepHb!X 

f,.,;'1> 0,25 Baa coyaapeHHfi, TO Ha KS:>Kilbifi aneKTpOH aon:>KHO npHXOilHTbCH 

TplI HefiTpHHO npHMepHO Tofi :>Ke caMofi aneprIIH. 

x) 1IIH36ypr B,!1,, Y¢H, 1953 H 1957 r.r. 

Cornacno ouenKaM 

! 
1 

I 

lI3 Ma: 

R. = f 

cneKTJ 

1 

a03HlI~ 

n0Me1 

HefiTp 

K noH 

aonw 

f7 

a oue 

c;Hua, 

KOH s 

Ho 

MeT] 

BHC1 



(19) 

20) 

SI 

t-

IHCT" 

25 

ll3 M8KCHM8JibHbIX .o.aHHbIX ( a T8K)Ke, C'iHTasi, 'iTO aneKTpOHbI H8K8IIJIHB8JIHCb 300 neT, 

D 21 E 3 ) I\. = 5-10 CM, />f4)C = 10 EaB H8XO.ll.HM, 'iTO IIOTOK HeihpHHO Ha 3eMne HMeeT 

cneKTp 3•10-
5 .1- c,.,,-.t. , r.o.e E abrpa)KaeTcH a Eaa. 

E 
2 

Tor.o.a .ll.JIH peaKUHfi (7) C y'ieTOM ( 13) H8XO.ll.HM 1 _'iTO 'iepe3 1000 M rpyHT8 

B03HHK 6b! IIOTOK 1 -r-Me30H 38 2 .ll.HH0 

B 3aKJIIO'ieHHe cne.o.yeT no.o.'iepKHyTh, 'iTO cnoi1 GeMn:11, 3KBHBaneHTHbii1 rv 10 KH

noMeTpaM BO.ll.bI, nornomaeT IIOJIHOCTbIO ace· BH.ll.bl npOHHK8IOlllero H3Jiy'ieHHH,KPOMe 
" X) . 

HellTPllHO • 

noaTOMY JII06oe co6bIT:11e, 3aperHCTpHp0B8HHOe Ha 3TOi1 rny6HHe,. npHBO.ll.Silllee 

K IIOHBJieHHIO IIOHII3IIpyIOlllHX 'i8CTIIU C 3HeprOBbI.ll.eJieHlleM 1 H8IIpIIMep1 > 0,5 Eaa, 

,llOJI)KHO IIHTepnpeTHp0B8TbCSI K8K C06bITHe, BbI3bIBaeMoe rrornomeHIIeM Hei1TpHHO. 

npe.ll.bl.ll.Ylllee paCCMOTpeHIIe IIOK83bIBaeT, 'iTO .ll.JISI COOTBeTCTBYIOlllRX co6bITRi1 

B oueHKe IIX HH)KHIIX rpaHIIU Q)KIJ,ll.8IOTCH B rrpIIHUHIIe perIICTpnpyeMbre apeMeHa "' 1 Me

csiua, T.e. IIO,ll.3eMHbie SIKCIIepIIMeHTbI IIO .o.eTeKTIIp0B8HIIIO KOCMII'ieCKHX Hei1TpHHO BbICo

KOi1 aHeprIIH B rrpnHUHIIe B03MO)KHblo 

x) Ha 10. - #-4... 210 12 
K_HJIOMeTpax BO.ll.bl J -Me30HbI TepSIIOT _ Ha IIOHU38UHIO /V , aa. 

Ho :Jf -Me30HbI T8KOi1 SIHeprnn t pO)K,ll.eHHbie B 8TMOCqJepe 3eMJIR Ha BbIC:OTe N 60 K~no-1 

MeTpOB, He pacrra.o.aIOTCH Ha CBOeM rryTII Ha 

BHCTCKoro Y.ll.JIHH8HHH IIX apeMeH )KIJ3HH. 
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)Kyp1ta.!l 8KCnepu.MeHma.!lbH0U U meopemtt'lCCKOll qJU3UKU 

T. 37 1959 Bblll. 6(12) 

3JIEl(TPOHHhlE H MIOOHHhlE HEflTPHHO 

E. floHmeKopeo 

B pa6ore nepe'IIICJIII/OrC.!l- HeKoropb!e AO CIIX nop He 06cy;K){aBwHec11 npou.ecChl, KOropble 
Moryr 6birh Bhl3BaHhl CB060J1Hb!MII HeiirpHHO. Cpe.1111 STIIX npou.eccoB BbIJ1eJJ111orc11 re, KOTOpble 
Moryr, B np1rnu.1me, ITOMO'lb peweHHIO Bonpoca o cym;ecrnonattm1 ,1nyx nap tteiirpaJJbHbIX 
JJeITTOHOL' (,lJJeKrpoHHa.!l (v. ll ;;;;) II MlOOHHa/1 (vµ II v;;.> napbl}. ' 

.ll.JJH nponepKII npHHU.IIITHaJJbHOro nonpoca, SIBJISIIOrc51 .111 v. 11 \Iµ rO,K,l{ecrneHHhlMII 
'lacmua~m, npe,1JJaraerc.11 MeroA, no cylll.ecrny attaJJOfll'IHbll< i:1ero.11y,- ucno.%3yeMoMy rrpn 
pewe1111H sonpoca O pa3JJH'IHMOCTII HeiirpHHO H a11rnneiirp1rno HJJII KO- H l(O-Me30HOB. 
B np1rnu.1me, BOnpoc pemaerc11, ecJJH yAacrcll BblllCH!lrb =>KCnepnMeHTaJJbHO, SIBJJS!erc11 JJH 

ITY'IOK Vµ cnoco6Hb!M Bbl3Barb nepeXO){bl, KOTOpbie, 6e3 COMHeHlll!, Moryr 6hITb llHAyunpo

Ba~hl ;,;-'lacmuaMn (Hanpmrep, peaKu.1111 ~ +-P ..... e+ + n). 
8Kcnep11MeHraJJhHall nocraHOBKa Oilh!Ta, XOTll ll O4eHb 3arpy){HIJTe.1bIIa, ne IICKJIIO'!eHa 

npu HaJJH'IHII ycKop11reJJeii, ooJJee HHreHcn0Hb1x, •reM coepe~reHHhie. e, 

Bne,1.1,eHHe 

EeTe H CTaiiepJic [ 1] B 1934 r. BnepBbie ,1.1,aJIH ouettKy ceqemrn 06pa30Bamrn 

~-qacTl!U npH CT0JIKH0Bemm CB060JJ,HblX ttei'npl!HO C 51,1.1,pal\m B 06.'!aCTl! ::meprnii 
0K0JI0 I MeV. l(aK H3BeCTH0, ceqett11e oKa3aJJoch paBHhIM no nopR,1.1,Ky BeJJHqn
HhI 10-44 c,11 2 , na 0CH0BaHHH qero B TeqeHHe ,1.1,0Jiroro BpeMeHH 3cpcpeKThl, Bhl3Ban

Hble CB060JJ,Hh1Mll HeiiTpHHO, cqHTaJJHCh Hetta6JIIOJJ,aeMblMH. BnocJie,1.1,CTBHH 
anrnpoM ll AJibBapeu.oM [ 2·3] 6b!JIO noKa3aH0, qTQ riocTaH0BKa TaKHX 0TibIT0B 

5IB,15leTC5I BTI0JIHe peaJibHOH, ll T0JlhK0 tte,1.1,aBH0 PaiiHCOM ll Koy:JH0M, a TaK}K.e 
)leBHCOM ycneumo 6hIJIH Bbin0JIJ-IeHbl 0Tib!Thl, B K0T0pb!X l!CTI0Jlh30BaJIHCh CB0· 

60,1.T,Hble attnrneiiTpl!H0 OT peaKTOpon. 3Tl! 0TihIThl TI0Ka3aJil! tta6JIIOJJ,aeMOCTb H, 
reM caMbIM, «peaJibH0CTh» HeHTpHHO, HX ,1.1,nyxK0MnoJ-IeHTHYIO npHpo,1.1,y [ 4], 
a TaK}K.e noKa3aJIH, qTQ HeHTPHHO ll aHTHHeiiTpl!HO - pa3HbJe qaCTHU.hl [ 0 J. 

ll,eJib naCT05Ill!eH pa6oTbl - no,1.1,qepKHYTh B03M0}K.H0CTh perneHH5l neK0TO· 
pb!X cpH3HqecKHX 3a,1.1,a 'I npH TI0M0ll!ll l!CCJie,1.1,oBaHHH ,1.1,0 CHX nop He, o6cy:,i<,nan

Illl!XC5I 3cpcpeKTOB, Bhl3BaHHhIX cB060,1.1,HhIMH neihpttno. CoorneTCTBYIOIIIHe onbt· 
Thi MoryT OKa3aThC5I He BbITI0JIHHMhlMH cero,1.1,HH, HO 06cy2K,1.1,e1me HX TI0CTaH0BKH, 

KaK HaM KaJKeTC5I, He 5IBJI5IeTC5I 6oJiee npe2K,1.1,eBpeMeHHhIM, qeM 06cy2K,1.1,eHHe B 
cnoe BpeMH 0TibIT0B C aHTHHeiiTpllHO ll3 peaKTOpa; . 

O6cy2K,1.1,aeTC5I npHHU.HTIHaJihHa5I B03M0)KH0CTh 0TBeTHTh Ha nonpoc, HBJllI· 

IOTC5I Jill HeiiTpHHO, HcnycKaeMb!e B rc-11-pacna,1.1,e (vµ), Ii HeiiTpHHO, ncnycKa
eMh!e B ~-pacna,1.1,e (v.), T0JKJJ,ecrneHHhlMH qaCTHU.aMH. 

PeaKU,HH, Bbl3BaHHhle HeiiTpHHO 

Bee ll3BeCTHble HaM Me,1.1,JieHHbJe npoueccu, TI0·BII,1.1,Hl\l0MY, o6yc.'!OBJieHbl B3a~ 

m10,neHCTBHeM CJie,1.1,yIOIIIHX nap cpepMllOHOB: 

(e+'le), (v.+vµ.), (pn), (pA), 

\_ 
(pn), (pA). 

( I ) 

JI106aJI napa 'IaCTHU. M0»<.eT BSaHMO,ll.eiicTBOBaTh C TaKOH )Ke HJIII C ,n.pyroii . 

napoi"1, npu 3T0M, cornacHo cxeMe MapKoBa - CaKaTa -OKyHH [ 6
], B cocTaB 

(<CTpaHHOH>> naphl He BK.'IIQqalQTClI ,npyrne CTpaHHbie qacTHUhl, Kp0Me A-ru-
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nepoHa. Ha . Sl3b!Ke 'Te0p!Ill yH11BepcaJJbH0ro B3aIIMO)l.eiicTBIISl [7·8] .9Ta cxeMa 

npIIB0)l.HT K T0MY' 'ITO TOK J+' BX0,11.HW.ei'I B JJarpamKIIaH CJJa6oro B3aHM0· 
,11.CIICTBHSI, C0CT0IIT ll3 qeTbipex 1IJICH0B: 

J+ = J (e+ Ve)+ J (p.+~µ) + J (paj + J (pA), (2) 
Ka:iK,11.h!H ll3 KOTOpbIX C00TBeTCTBYCT nepeqncJJeHHb!M BhIIIIe napaM. 

Ha OCH0B8HHH npe,11.noJJ0:iKeHHSl npaBHJ!bH0CTH cxeMbl MapKOBa - CaKa

Ta - OKyH.H H Teopllll ynnnepcaJJhHOro B38llMO)l.ei'IcTBII.H HeK0TOpb!e npoueCChI, 
Bbl3BaHHbie cno60,11.Hh!MH HeHTpHHO, nepeqncJI.HIOTC.H Hll:lKe. 

Bonpoc O T0:iK,11.~CTBeHHOCTII Ve II Vµ .HBJJ.HeTC.H OTKpb!Tb!M II o6cyJK)l.aeTC.H 
B · cJJe,11.y10III.eM pa3,11.eJJe. C TeopeT1I11ecKoi'I II .9Kcnep1IMeHTaJJhHOH T01IeK 3pe

mrn HeT ~IIKaKHX apryMeHT0B ,11.JI.H yTBep:lK,11.emrn, 'ITO Ve II vi'- .HBJJ.HIOTCH 
T0:iK)l.eCTBCHHblMH qaCTHII.aMH. TT0.9TOMY HH:iKe, TaK )Ke KaK II B ncn0Jib30BaH- . 

Hb!X BbIIIIe o6o3Ha1!eHH.HX pa3Hb!X qJieHOB JienT0HH0ro T0Ka, HanucaH0, Ha-
nnIIMep, (e+ve), (v,.+vµ), a He, KaK o6hI1IHO nplIH.HTo/ (e+v), (µ+v). • 

HeKOTOpbte peaKUHH,. BbJ3BaHHble CB060)lHblMH HeilTpllHO Ha peaJibHblX MllllleHJJX 

l 
N, n. n, I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

PeaKl.\llll 

ve + p ..... e+ + n 

ve + c1s1-+ Ar37 + e· [2,3,5) .. 

ve + CJ37-+ Ar37 + e· 

ve + A-+ r:+ + e· + A, 

v + A ..... r:· + e+ + A 

Ve+e--_1-i:-+r:0 

ve+P-A+e+, 

v /+ A ... r11nepcpparMeHr + e+ · 

::ie + n ... !• + e+ 

'le+A-K++e-+·A, 

ve + A-+ K- + e+ + A 

ve + e·-+ K" +Ko 

ve + e·-+ ·ve + e-, 

ve + e- ... ve + e· 

'le + A -+ 'le + e+ + e· + A 

ve + A-+ ve + e+ + rr + A -~. 
v.+e-- vµ +11--, 
ve + e·-+ 'Iµ+ 1~-

Tip11Me'laHl!e 

Tipu uccJie)loBaHHH ,noro . npouecca [4) 

BnepBble tta6JIIO)laJIHCb CB060)l!lble tteil
rpaJibHble JienT0!lbl. OnbIT Il0)lTBep)llrn )l,Byx
K0MnotteHTHYJO npnpo)l.y tteiiTpllHO, 

Heua6JI10)l,aeMoc!b sroro npouecca [3J )l.0· 
Ka3aJia, -qro Ve ll Ve He !IBJI!IIOTC!I .T0lK)l,e
CTBeHHblMH qaCTHUaMu. 

l1ccJie)l.0Batt11e sroro npouecca Morno 6bl 
npe)l,CTaBJI!ITb HHTepec )!,JIii acrpocpl!3HKll, 
B qacTHOCTH )!,Jill ll3MepeHHll HeilTpl!HH0ro 
noT0Ka OT CoJIHUa [8J. 

O6parnblil: 1t - e-pacna)l. B noJie 51.Ilpa. 
'I e polK)l,3IOT 7t+.Ji1e30!lbl, v. polK)l,aJOT r:-."Me-
30llbl, 

ToJihK0 v (a ne v) Moryr poJK,'\aTb crpau
Hbie qaCTHUbl, 

3rnr npouecc MO>KeT 6bITb ocyw.ccwJieu 
TOJlbKO B ll)l,pax. 

CM. npouecc 4 

CM. npouecc 5 

Pacceirniie ueil:rputto ,:lJ!eKrpoaam1 npe,L\• 
cKasaHo yHHsepcaJibHOil: reop11ef1 c.1a6ux 
B33HMO)l,CliCTBllli [SJ, 

O6pa3oaaa11e nap bl e+e- s noJie H)l.pa *. 
3ror npouecc o6paren npoueccy Jien
rnaaoro TOpM03HOro · 113JIY'ICHH5l 3JICKTPO• 
HOB, onncaHHOMY B [lOJ. 

O6parnb1il: µ.-pacna,'\. 

3anperuen, ecJIH ve =I= vi'-. · 

* 3TOT npouecc 6bIJI He,'\aBH0 reopernqeCKII HCCJie)lOBaH 51. 5. CMOpO)l.HHCKHM 11 4JKoy 
fyaH•'!lK30. 

.. 

/ 
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Pl'3J{t{llfl 

ve +A~ ~Jl + e-r- + p.- + A, 

'J,, ·7· A~ vµ + e- + p.+ + A 
;;e + P ~ p.+ + n, 
Vu.+ p-,..e++ n 

~:.1. + p~ .\-:- ;..1.+, 

v.,
1 
7 p ~ .\ + e+, 

v,, 7 .4 - ➔ rnnepcpparneHT 7 ;,+ 

vµ + .4-➔ :•:-+ K·, + .4, 

vµ + .4-➔ 1-'·+-;- K- + A, 

'J.u. + ..4 ~ '':.L 7 :J. + -+- :J, - 7 A, 

":, -i- A-➔ ~!L-;- ;,:+-;-µ-'TA 

"P· + e- ~.ve 7 ;J.-, 

~!.1. 7 c-~ Ve T p.-

'1:1. -;- A - A 7 ~;.- 7 e+-;- ve, 

v.J. _:.. .4 - A + :.1. + + e- -:- Ve 

Dpo,D;oJIJKeHne 

O6pasonaH11e napbl µ - e n noJie H.D;pa. 

O6parnb1ii: p.-aaxnar. 

3anpemeH, ecm1 ve =I= vµ. 

O6parHblii it - µ-pacnaA n noJie HApa 

Paccemuie Heiirp1rno p.-Me:ioHa~m n noJie 
H;J.pa, 

O6panrb1ii -i,1.-pacna,'l. 

3anpemeH, ecJin ve =I= vµ. 

O6pa3onarme napu 11 - e n noJie H,D;pa. 

. EcJIJI ve "'f= vµ, peaKLtHH B03M0lKHa T0J!bK0 
KaK npouecc nroporo nopHAKa. 

3;i.ecb paCCl\HlTp11Ba!0TC51 npou,ecCbl CTOJIKHOBemrn nefhpm!O C peaJibHblMI! 
~IllllleHmlll, T. e. C OTp11u,are.1JbHblMH 3JieKTponal\m, npOTOHaMII H H,npaMH (A). 
Cpe,11_11 nepe'IHCJieHHbIX npou,eccoa B JIHTepaType ,no cHx nop 06cy)K_na.'I11cb 
rnm,Ko npou,eccbI I .. 2, 3, I 0. B Hacrnmu.eif pa6ore ,n.'IH 6oJibllIIIHCTBa npo
neccoa :\lb! orpaHHlllIMC51 HeKOTOpb!MII 3aMe1rnHliHMH, nm,1emeHHblMII Bb!llle. 
H11,Ke no,npo6Ho 06cy1K,!1,a10TCH TOJibKO HeKOTOpble npou,eccbI, KOTOpbie m1eI0T 
OTE0lliemIe K npo6Jiel\le pa3,'Ill111ll\lOCTII Ve· II Vr,•'JaCTHU,. ' 

51DJHIIOTCfl JIH 'Y~ tt 'Yµ TO:lK.necrneHHbIMH tJaCTHIJ,aMn? 

Bepx1111if npe,ne.'I l\IaCCbl HeifrpaJibHbIX JienTOHOB, 11cnycKaeMblX B p.-pacna.ne, 
)3e.rnIqIma riapaMPTpa MuweJJ51 p H TeopeTnqecKHe coo6paJKeHHH no3BOJimoT 
c;I,eJiaTb BbIBO,n O TOM, tJTO HefnpaJJhHble' JJeITTOHbl B µ-pacna,ne m,!('IOT Macey, 
paBHYIO IIJIII 6JITI3KYIO K HYJJIO, II He 51B.'I5IIOTCH TOJK,necTBeHHbIMII. Ha OCHO· 

BaHIIII ,3roro pacna,n (J.·Me30HOB, o6bJqHo OITHCbIBaercH cxeMOH µ - e + V + v. 
O;.1:i-taKO JlerKO Bll,il,eTh, 'ITO COBOKYIIHOCTb 3KcnepHMeHTaJibHbIX II TeopernqecKHX 
cne,nem1if Tpe6yeT .TOJibK0, ~io6hI ,naa 11ei!TpaJJbHbIX JJemo11a B µ-pacna.ne He 
HB:rn)mcb rom,necTBeHHblMII, HO He Tpe6yer, qTQ6bI OHH HBJJHJJl!Cb o6H3aTeJJbHO 
1rncrnu,eti II a11rnqacrnu,eif. Bo3MOJKHOCTb cymecrnoaamrn i'J:BY.X nap HeiiTp1mo 
yme paccl\laTp11na.11acb OHe,n:,1 iI flarn [11). Ha nepBbIH B3rJJH)l., nonpoc 

o cyru,ecrnonamm ,nByx nmoB 11ei!Tp11no - 3JJeI{TpOHHOro 11eihp1mo (ve, ve) 

II l\ll00lll!Oro HeifrpHHO (vi,, :;,) - l\lO-,KeT\paccMaTpl!BaTbCH KaK HeHymnoe 
Y,CJJOHrnemIe. O,!I,HaKO lll\!('IOTCH aprp,leHTbl, ~eJia101u,11e npHBJJeKaTeJibHOH 
rirnoTe3y OTJJllq1rn 3JJeKTPOHH0ro II MIO0IIHOro HeiiTp1rno. 

17 iK3T<l>, X, G (12) 
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OTcyTCTBHe B npttpo.n.e p5da npoueccoa nma :.1. + p -> e + p, µ.--,. e 7- e -:- e 
H T, )]., noKa3bIBaeT, tJTO B K8)K)J.b!H 113 TOKOB, BXO)J..HI.UHX B JJarpam,rnaH 

CJJa6oro B3am,m.n.eiiCTBH.H, BKJJa)J. MoryT .n.aTb, nO-Bll)J.IIMOMY, TOJJbKO napbl 
c 0)1.HOl'i 3ap.H)KeHHOH ll 0)1.HOH HettTpaJJbHOH tJacTHueii (cM. (1) II (2)). Cy111.e
CTBOBaHHe TOJlbKO «3ap.H)KeHHOro» TOKa, KaK yKa3aJJU feJJJJ-MaI:IH II <f>attHMaH [ 8 ], 

O'!eHb ecTecrneHHO MOrJJO 6bJ 6bITb 06-b.HCHeHo, eCJJH 6bJ B npnpo.n.e. cyru.ecT
BOBaJJ 3apmKeHHblll BeKTOl)HbIH 6030H B, CB.H3aHHbii'i C pa3HblMH cpepMHOHaMH 
tJepe3 B3aUMO)J.ettCTBHe «npoMe)KyTOtJHOii IIHTeHCHBHOCTH», npwieM 113BeCTHble 
naM n poueccbI cna6oro B3aHMo.n.eiicTBH.H B 9TOM cnyqae 6bTJJH 6b1 06yc.11on
JJeHbI B3aUMO)J.eHCTBlleM BTOporo nop.H)J.Ka OTHOCUTeJJbHO KOHCTaHTbl <<npoMe)Ky
T04HOrQ>) B3aljMO)l.eikTBH.H. KaK noKa3aHo B pa6orax <f>eiin6epra, a TaK)Ke 
fenn-Manua H <f>aiim.rnna [12], uenoKaJJbHOCTb npouecca ti.---' e-pacna.n.a. cooT- . 
BeTcTBy10ru.aH npm,te)KyT04HOMY BeKTOpHOMY 603ony, Tpe6oBaJJa 6bi Bepo.HTHOCTII 
pacna.n.a no Kanany ri. - e + 1, nponrnopeqaru.efI 9Kcnep11MeHTa.'lbHbtM 
)J.aHHblM [13], 

HeTpy.n.no BH)J.eTb, o.n.naKo, tITo .n.a)Ke npH cy1uecrnonanH11 B-Me3oua 
BepoHTHOCTb npouecca 6bIJJa 6bl paBHOII HYJJIO 1 (4TO noJJHOCTblO COBMeCTHMO 
C 9Kcnep1IMeHTaJJbHb!MU )J.aHHblMH), ecJJU 9JJeKTPOHHOe II MIOOHHOe HettTpHHO 
HBJJHIOTCH -pa3Hb!MH tJaCTIIU.aMH, TaKHM o6pa3oM, TOT cpaKT, '!TO TOK B JJarpaH
)Kl!aHe CJJa6oro B38HMO)J.eikTBHH HBJJHeTCH (<3apH)KeHHb!M>>, 6b!JI Obi OtJeHb 
xopoll!O o6oHCHeH runoTe3oii npoMe,KyT04HOro 6o30Ha TOJ!bKO npu OTJJHtJHII 
Ve OT Vµ, KpoMe 3TOro apryMenTa, KaK Hal\! Ka)!CeTCH, cyru.eCTBOBam1e )J.Byx 
pa3JJll4HblX THnOB neiiTplIHO, He cnoco6Hb!X aHHllrHJJIIpOBaTb 2, nplIBJleKaTeJJbHO 
C T04KH 3pemrn ClIMMeTpIIII. II CHCTel\laTHKll '!aCTIIU. II MOrJJo 6bl noMOtJb 
1IOHI1Mam110 pa3HHU.bl B np11po.n.e MIOOHa II 9J1e1npona. 

l13 cKa3a1rnoro Bbill!e cne.n.yeT, tJTO 9KcnepnMenTa.1bnb1e cne,nemrn · no 
BOnpocy, HBJI.HIOTC.H Jill Ve II Vµ TO)!C)J.eCTBeHHblMII tJaCTIJU.aMH,. HMeJJH. 6bI nepBO· 
CTeneHHYIO Ba)KHOCTb. 0.n.Ha ll3 B03MOlliHOCTei'1, KOTopaH o6paru.aeT Ha ce6.H 
BH1IMam1e, COCTOIIT B ll3Mepemm cnnpa.'lhHOCTH [.L•l\!e3m1a. EcJJI! B npnpo.n.e' 
11MeeTcH· TOJJbKO o.n.Ha napa HefITpnHo - aunrneihpm10, TO V -A·B3aHMo.n.eii
crn11e Tpe6yeT, tJT06bI crmpaJJbHOCTb [.L-•Me3oHa 6bIJJa noJJO)!{l!TeJJbHOli, EcJTII 
Obi cn11paJJb_HOCTb. µ--Me30Ha OKa3aJJaCb Ha onbtTe OTPIIU.aTeJJbHOii, 9TO Obl,10 
6b! CIIJ!bHblM apryMeHTOM B nOJJb3Y cyru.ecTBoBaHl!.H .ll.BYX TllnOB ueiiTpHHO; 
µ+-pacna.n. Mor 6b1 6bITb on11can cor nacuo cxeMe µ+ - e+ + v, + vµ, 

Onb!Tbl JloB II .n.p. [15], 0)1.HaKo, noKa3blB8IOT, tJTO cm1paJ1bHOCTb [.L-·l\!e30Ha, 
no-n11.n.nM0My, noJJO)KHTeJJbHaH. Oo9TOMY nonpoc, nMelOTCH JIii B npupo.n.e 
)].Ba nma nei'npaJJbHbIX nap JJenTOHOB, OCTaeTC.H OTKpb!TbIM, DoJJOiKHTeJJbHa.H 
Cn1IpaJJbHOCTb µ--Me30Ha, 0)1.HaKO, yKa3bJBaeT Ha TO, tJTO, ecJJII .n.ei'icT1;mTeJJbHO 
B np1Ipo.n.e IIMeIOTCH .n.ne napbI Heil:TpnHo - aHT1IHeil:Tpm10, TO cna6oe 
B3a11Mo.n.eiicTB1Ie )J.OJJ)KHO 6bITb on11cano IIMeHHO KaK B (1), a pacna.n. µ+•Me3oHa 

)J.OJJ,KeH 11)].TII no cxeMe ,p.+ - e+ + v, + Yµ, 3.n.ecb, KaK o6bitJHO, 9JJeKTpoHnoe 
neiiTpnno Ve onpe)l.eJJHeTd! KaK tJaCTIIU.a, ncnycKaeMaH BMeCTe C Il0311TpOHOM 
B ~-pacna)l.e. Ero cnupaJJbHOCTb 6b1J1a onpe.n.eneHa Ha onbITe 11 HBm1eTC.H 

OTplllI.aT~JlbHOii [ 16 ) (cnIIpaJJbHOCTb Ve, KOHetJHO, npoTHBOnOJJO>KHa). lfro KacaeT

C.H Vµ H Vµ, 9TH tJaCTHUbl onpe)l.eJJHIOTC.H COOTBeTCTBeHHO KaK HMe10ru.ue OTpH
uaTeJlbHYIO u noJJo>KnTeJJbHYIO cnupaJJbHOCTH. Pacna)I. rt+ -Me3ona coorneTcT
BeHHO H)l.eT no cxeMe !t+ - µ+ + Vµ, 3TH o603HatJeHH.H 6b!."IH IICilOJJb30BaHbl 
B npe,ll.bI.ll.yru.eM pa3)1.eJJe. _ 

nn.H - Bbl.HCHeHH.H BOnpoca, )l.eiicTB11TeJ1bHO .rrn Ve H Vµ .HBJI.HIOTC.H ,pa3Hb!Mll 
tJaCTHUaMI!, OCTaeTC.H 0)1.Ha npununnnaJJbHa.H B03M0)!{H0CTb, ·KoTopaH o6cy
>K)l.aeTC.H B cne)l.ymru.eM pa3)1.eJTe. 

. l ITpOUE:CC P, -+ e + .,. ii.a~e np11 OTCYTCTBIIII B-Me30Ha BO3MOiKeH B BblCllleM nopllm<e 
Teop1111 BO3MyLUeliHH, eCJill l!MeeTCH · TOJlbKO O,\IIH nm nap ttei'!Tpl!HO - aHnrnei'!tpllHO, B TO 
BpeMH Kai\ OH a6COJIIOTHO 3anpeIUeH, eCJill_ v,=fovµ, . 
· 2- 3aMerni1, n t1acrnocrn, '!TO npn cymecTBOB_amrn ve, ~e II vµ, ~µ KaK pa3HblX nap, 

c11creMa M'OOHHi'! (µ.+e-) He MoiKeT ner,exo,J.HTb P'J' B cHcTeMy aH_THMIOOHHH (µ.-e+) B mo6oM 
npn6m1iKeH1111. 

~ 
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3JieKT]10HHbl(! II ,l!UOl!Hble Hei!TpHho 

[flocraHOEKa OilbITa no 0611apyMeHJtlO pa3JJH4H5l 'le If 'l:s 

Mero;\, K0TOpbiii npe,11.,1araerc51 l!lDKe, no cymccrny a11a,10rJ1L1e11 :-.1e1·0.:i.y. 

HcnoJib3Yel\10:-.1y np11 • pewe111m Bonpocon, HBJJm6TcH .:111 Heihpmro If 

aHnmeihp1mo, (3.iJ.eCh petib H;J.CT 0 'le II. ~e) T0)!(,11.eCTBelll!bll\!lf, 'laCT!IU3\lll 

(2 •5 ] IIJIII HB,'IHIOTCH JUI K.°- i1 RD·MC30HhI TO)K)J.ecrneHHhIWI ,,aCT11um,n1 

[ 17 ]. B 3T0;\I cJJyqae HeTO)K)J.CCTBCHH0CTb 'IaCTHU I! aHT11l!acn11~ 6bIJJa )J.0irn3aHa 

Ha 0llb!Te 11e1rn6mo;1.aeJ\IOCTblO HeK0T0pblX nepeX0)J.0B, MaTpll'IHble 3JieMeHTbl 
K0T0pblX )1.0.'J)!Ulbl 0T.'lll'IaThC51 OT Hy.151 T0.'lbK0 B TOM cJ1y 11ae, eCJJII l!3CTl!Ubl 
11 al!Tll'IaCTllllbl 5lBJl5lJIIICb Obi TO)K)J.CCTBeHl!blMII. Hanpm,1ep, 0TCYTCTBHeM 

II])0llCCCa Ve+ C\37 
~'> Ar37 T r1- )J.0Ka3hIBaeTC51, 'ITO Ve II ;;e HeT0}!()J.eCTBCHllbl, 

noc1w:1hKY npouecc v, + Cl37 -> Ar37 + ~-, 6ea coMuemrn, )J.0,'1)1,eH HMeTb MecTo. 

B HarneM cJJyqae pellh 11;i.eT He 06 yme perneHHoii npo6JJeMe HeT0)K,ll.eCT· 

Bel!H0CTH 11eihpm10 II aHTHHeihpmm, a 0 npo6JJeMe pa3Jllll!llll!0CTH Ve OT Vµ. 

(1wu v, OT vµ), ITpn pa3Jilll!JDI0CTH ·1, OT v:, yme H3BeCTH0, B Ka1rnx peaKUHHX 

,:i,omKHhI po}!,)J.aTbCH HMeHHo Ve II v, 11 He MoryY po}!,,D.aThCH V11- 11 Vµ. (11 "Hao6opoT). 
)J,151 pernemrn Bonpoca npe,n.noJiaraeTCH BbIHCHHTh 3KcnepHMeHTaJihH0, 

51BJI5IeTc5l ,'Ill nyqoK vµ. cnoco6HhIM Bb13BaTb ·nepexo,n.hI, Koropb1e. 6ea col\rneHHH, 

MoryT 0b!Tb lHI)J.YUI!J)0Bal!bl V,·'IaCTl!Ual\m. C 3KCnepn111eHTaJ1hHOii T0l!KH 3pemrn . 

nyqol( 11l!00HHblX HCiITplIHO 60.'lee np1mJ1eKaTeJ1eH, l!el\l ny1IOK 3Jl~KTp0HHblX 
Heiirpm,o no C.'l<~AYIOIJJ,Inl npHl!HHaM. O6bll!llhle . l!HTeHCllBHble l!CT0l!HIIKll 

3J1e1npomlh!X Heilrpmrn - pa.n.uoaKTHBHhle 1130TOnbI. nocJ1e,11.m1e no l!X npu

po;i:c 11e cnoco6Hhl ucnycKaTh 11eihpuno c 6oJJhlllllMH 9Heprum,m. Hao6opor,. 
xop0llll!M lICT0l!llllK0M MI00!lllblX HefnpHIIO 5lBJl5leTc5l lt -- µ.-pacna.n., H no3TOMY 

l\!IO0HI!b!C 11efiTpl!HO CCTeCTBCHl!bl~l o6pa30l\l ll0JJYl!a!0TC51 C BblCOKOII 3Heprueii. 
C o;i:11oii CT0p0Hhl, npe)J.CTaB.15leT lIHTepec 11cn0Jlh30BaTb aHTIIHeiiTpl!HO C 6oJib· 
moi'r s11eprneii, CKa}!,eM, ;}> I 00 Me V, TaK 1rn·K ceqen11e npoueccoB, 11i1J1:yUH
poBaHHhIX Heiirplll!O, 6b1CTpo pacTeT C 3Heprneii. C ;'l;pyroii CTop'OHhl, npu 0l!ellb, 
0OJ!b1UHX 3HCprI15IX lll!TeHCIIBHOCTb reHepau·uu MIO0HHblX HeiirpHHO y_MeHbllla

eTCH H3•3a JJC'.rl5ITl!BllCTCK0f'O Y.D.JJl!HCHll51 BpeMeHI! )Kll311H lt·Me30H0B, H n03Tml)' 
3,11.ec1, oocp1,)J.aeTcH nocTaH0BKa onb!Ta c Heiirp1rno c 311eprneii < 100 MeV. 

Pacc~mTpH:11 ceijqac n Kal!ecrne npuMepa peaKum1 (Cl\!; Bhime npoueccbI 
1-21) 

(a) 

(6) 
PeaKUll51 (6)' CC,'111 v, l! V:, - TQ)!{,11.eCTBeHHhle l!aCTIIUbl, ycnelllH0 Ha6J110-

,J,aJ1ac1, PairncoM H Koy311ol\l [ 4]. a B cJiyqae v, =f= vµ. He 5IBJI5IeTc5l Ha6JIJO,n.aeMoii. 

PeaKU1151 (a) - noporoBaH peaKUIIH H no cyUJ,ecrny HeHa6JJJO,D.aeMa npn 9Hep

nrn x vµ. < I 00 Me V. 3a,n.a qa cocroHT. B onpe;'l;eJJeHHH cel!eHHH peaK~HH (6). 
B o6JJaCTII 3Heprnii, r)l;e HeiiTpOH OT peaKUHI! (6) M0)KeT 661Tb )l;eTeKrnpoBalt 

C xoporneii 3(pcjJeKTIHll!OCTblO BHYTPH 60JJbUIOro CUIIHTHJIJl5IUH0HH0ro Cl!eTl!UKa, 
co.n.ep;.irnUJ,ero ka)J.M11ii, MeT0Jl:HKa Paiinca u Koy3Ha Bn0JIHe no)l;XO)J.HUJ,a. 

Kor)J.a np0l!CX0,11.l!T C06bJTl!e, Bbl3BaHH0e peaKUHeii (6), B CUHHTIIJIJ151Ull0HH0l\l' 
C'leTl!HKC oy,n.yT n0HBJl51TbC51 ,/(Ba HMnyJJhCa, 0,11.l!H H3 K0T0phlX C00TBeTCTByeT 

OCB060il(,D.eHHJO 3Heprmr no3HTpOHa (HeHT])OH noJJyqaeT MaJJyIO )I.OJIIO 3Hepr1111), 

a BTopoii, 3ana3)l;bIBalOUJ,HH no 0TH0llleHHIO K nepB0MY, C00TBeTcTByer qJOTOH
Hoii 311epnm, ocBooo)K,n.aeMoii np11 aaxBaTe neiiTpona B Ka)l;1111111. L{JJH o6Ha

pymemrn peaKu1m (6) CUHHTHJIJJHUHOHHhIH tl!eTl!l!K THna PaiiHca u Koy3Ha 
l\lO)KeT 061Tb noMeUJ,eH B nyl!0K MIOOHHb!X aHTIIHeiiipnHo, Hecnoco6Hb!X Bhl3-

B3Tb peaKUHI0 (a) (no 3HeprernqecKHM coo6pa)KeHH5IM) H HMe!0IJJ,HX npene6pe
,KIIM0 Ma,'lyIO npu111ech 3J1e1npoHHblX aHTHHettTpl!HO, KOT0pble M0rJIH 61,r, 

Bbl3BaTb (<TplIBlla.'lbHYIO>) peaKUlll0 :;e + p ~ e+ + n. 
L{JJ51 Bb151CHemrn ycJI0BH5l onbITa \ paCCl\l0TpHM o6pa3oBaHue fl.eiirpaJibHblX 

JICIIT0H0B pa3HblX THn0B B UIIKJIHl!eCKHX ycKopHTeJI5IX np0TOH0B'. )(0 3Hepnm, 

CKa,KeM, 700 BeV. Pa,D.1!03JICMeHTbl, K0T0pble 06paay10TCH B MHllleHI! n' B ,npy-

17"" 
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175fi 5. IToHTtKopso 

•.' rnx ,J.eTaJmX \'CKop11rem1, 5!B.1HI0TC5l HCT0'IHIIKaJ\IH 'le II, B MCHblllell CTenem,, 

": · ;., c 111131-wii ~11eprneii · ( < IO Me V). 3rn 3JJeKTp0HHbie Heiirp1mo He ;i.aioT 
3,nlCTIIOfO cj>OJia, TaK KaK . 

a) 11x 3Hepnrn i\Ia.Tia. 11 no cymecTBY 11x JJerKo ;i:11cKpm,mH11ponarb npu 
11m1om11 a11a:m3a cooniercTny1om11x mmyJJbcoB or CUHHTIIJJJJ51Topa; 

· 6) CeLJellllC peaioum v-:-~ p ~ n +· c+ __ nj)onopu110Ha_JJbH0. KBa,npary 3Hepn111 

11a.'1eTaI01w1x am1111eiirpm10 11 OHO ornoc11reJJbH0 l\la.'16 np11 Hil3KHX 3H.epnrnx. 

. Ha i\llllUeHIJ i::1mxpoUIIK,'10TpoHa 6y,nyr o6pa30BbIBaTbC5l TTIIOHbl 06011x 

_3113K0B. Om1 6y,lyT o6pa30BblB3Tb HCIITpaJJb!lbie JJenTOl!bl no cxe~1e: 

I) ;r+ -> :1.+ + 'Iµ, 

3) ;-;- -➔ (1.- + 'I:,, 

2) :1.+_,c+ +Ve+ Vµ, 

4) (1.--,e- +Ve+ Vµ, 

5) tJ.7 + 51;'.lpO -> Vµ• 

llp11MeCH •1, 11 vµ n 11y1H,ax Ile npe,nHbI, nocK0.1hKY yllie 113necrno. •trn 

HeiiTpllHO (KaK v,,, TaK II 'le) He l\loryT Bbl3B3Tb paCCMaTpHBaeMyIO peaKIUl!0. 

Jierno Bll,J,CTb, 1.Jro <<npe;i_llble>> npm1ec11 Ve B03HHKaior TOJJbKO 113 pacna;i_a 4 
OT p.--:-,e30II0B. O,nHaKO 11.--MC30Hbl, 0CTaH0BIIBWlleC5l B Marepl!aJJe Bb!C0K0ro 

<iTOi\i11oro HOMepa (Herpy,lHO 06ecne1111rb B03MO}KHOCTb OCT31I0BKII :\!C30H0B 

B .r1ern11x i\tarep11a.1ax), 11paKT11LJec1rn He HCTTbITbIBaI0T :1.-pacna,n, a :1.-pacna;(oM 

Ha MTY .M0Hrno npeHe6pe'Ib, raK KaK ;'.(JJIIHa CB060.n.11oro npo6era ,1,vrn pac• 

na,!.(a (1.-l\lC30ll0B 11:niep51eTC5I Il C0TIIHX l\!eTp0B, a ;i_ere1nop peaKIUIII (6) 
pa3yJ\1110 nonamtTb Ha paccro5JHJII! -~ IO ,11 .or i\111111eH11. 

TaKIIM o6pa3o!II, MoHmo ocyuiecrBIITb ny110K v11-tiacr11u, HpaKr11 11ccK11 11e 

11Me101u11x npm,1ern v,. Ilpn 3ro:-.1 vµ or pcaI(IUIII 2) (ocraHou11Bm11ecH :1.+-'.\1e30-

Hb1) 11Me10T cpe.11.mo10 3Heprmo -. 35 l\\eV, a ~1, OT peaKu1111 3) ~10ryr mien, 

3HalJIITCJ!bH0 66.'!hwy,d 311epr1110 (pacna.!I, 11a JJeTy). 110 IIX IIHTCIICIIBII0CTb 

Boo6me Gy ;i_e-r .,ia.r1a a. 

l.J:11cJJo o6pa3oBaHHblX Vµ OT pea1,1i1111 2) :\I0H,eT 61,1Tb Cimn1rnl\1 K 1111c:1y 

o6pa30B3Hllb!X ;:+-MC30HOB B l\!IIIJICIII!, II fl03T0~IY 'IIIC.Tl0 V1-" oGpa30BallllblX U 
C0BJ)('l\lC'llllb!X c!Ja30Tpo1iax, i\lO}J(CT 6b1Tb jl;JllH0 I Ql'.! CCK-I. B 11acTom1iee llj)C:W! 

06cy;1qaI0TC5l M0.U.e.'111 II0BblX ycKOj)IITl','IC'ii, Cf!OCO0llblX B IIJ)llllllllTTC ,J.aTI, IIIITl'll

,c113110CTb yc1rnpeHI!blX npoT0H0B 11a TPII !I0J)H,J.Ka IlbllllC. Tairnl\! oopa3o~t. '.\10/1'110 

,.1.y.,1aT1,, ino noroK <ll, Ha paccT0Hllllil ~ JO ,11 OT M11111ell11, 1,()"~1,.•·c.11'.! cc,, ,10,1,l'T 

craTh peaJJbHbl\I n Hc,1.a.1eKo.\l 6y;i_y111e'.\1. Ce11e1111e nponecca (6) (:1,1:10 0l\l'lll'H0 110 

reop1111 B03\1ymemrn II OI<a3aJI0C!, paBJluI:\I 2. 10-H C.H\ eCJIII v,. c::cc ;,,. :via ~" 
c 3Hcpr11ei"1 35 Me V. EcJ111 11cno.1b30Bar1, cu1mTIIJJJJmU1011111,1ii c 1ICT'IIIK nnia 

PaiiHca II KopHa (1-2 nz). ro 1111cno co61,mlii (11p11 '1, = ·11,) pamm - I n •rac 

(<D - I 08 CAt-~ ce1'-1) n pn 3<l>cjJl'KTIIBHOCTII perucrpau1111, pam1oii c·:i.11111111e. 

KaK noKa3am1 He,llamrn PaiiHc II Koy3H [·1 J. 3cjJcjicKT11B11ocn '.\I0iKl'T 11pem,1-

maTb 0,5 .. Tex11i1t1ec1rn, perucTpatUIH 0,'1,II0f0 pacc\taTJ)IIBctC'.\lOf0 CO0hlTIIH 

.Meuce rpy;'.l1ia, LJer B on1,ne Pai'rnca II Kpy::ma, TaK' KaK 311epr1rn 11cnyrna

€l\IhlX W-tJaCTIUl BCJIJIK3. · TarrnM oopa3m!, pea.'Ibl!0CTb 0f!l,!Ta 3a!ll!CIIT OT 

BeJJ1111m11,1 riioHa, 1<0Tophll"1 01Ie111, rpy,J.Ho oue1111Tb anp11op11. Moarno T0.1bKC 

CKa3,!Tb, 11T0, I( co;,1rnJJel!III0, 0TJI0IUCHl!C 3Cjlcpe1na K 1J1m1y ,J.0J!i!W0 61>1Tu 

3HaLJIITl'.%Ho :,,1e11b111c, qe~r n 011i,ne Paii,ica 11 .Koy311a. O6pau1aeT ua ce6H 

BHHMam,e TOT. cjiaKT, 'ITO ~/l OT peaKUllll 2), B 0T.'1ll'IIIC OT HeiirpoHOB, poiKJia

lOUillXCH B ~llll11C'llll. IICfl\'CKaJOTCH ll30Tpon110. 3To ,Tlaer B03~lO)J(HQCTb p1e111,

llll!Th rpy,lll0CTII, CB513almi,1e C ljJOH0:-1 OT ycKop·ll;ejrn; ~eTe1nop ~µ. )W.'!tKCH 

•6bJT!, nocTaB."JCI! I!0.l yr.10'.\! -~;,. 90~ 110 0Tl!0lliCHIII0 K 11anpaB,'1CJ111Id na;'.(aI0UUIX 

Ha ~ll!IIIC'lll, ycK0J1l'llllblX 11poT0l!0B. 

3 lloTOK -:j:, OT :-:- ··• :,.--pacna.,n JIJ ,1e1y ~Jo;J,('T 61,n1, 311iJlll!'f(';!LllhlM Tom,Ko n TOM 

,::.1y11;1c. l'C.11! yc,;opeiifi!,I/i npoTOIIHLii'I 11)''101( 11011a:weT 11a !lHC!IJl!IOIO MIIWeHh, np11 310M 
: \IlllllCIH, 0·1;1a:1s1cTCl! OT ~1nccun111,1x ;wrn.ieii (:ianurra JI T. :1.). !Iii JieCKO.TLKO MCTpOB. 

r 

-
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3.1CKTpOHHhle H M!OOHHble Heihpt!HO 1757 

Pe3IOMIIPYH, M0)IU!0 CK333Tb, lJTO TI0CT3H0BKa 0I!b!Ta no Bb!HCIICHI!IO 
Bonpoca 0 T0)K,IJ.eCTBeHH0CTH Ye H Yµ, X0TH H 04eHb 33Tf.l)';l.1111Te:n,Ha, ,.1.0'1)1(H3 

0b!Tb cepbe3H0 p~CCl\!OTpeHa , npH npoeKTHp0B3HIIII H0BblX yCKop11re.1eii. 

B 4aCTHocrn, npo6.1el\Ia 3aII.J,HTbl OT H3Jiy11emrn :.i.ere1<ropa ;fl- ;i_o.rrnrna 0hITh 

pacc111orpeHa Ha caMblX nepBblX cpa3ax npoeKTHpoBaHHH yc1rnp1ne.1H. 
8 33K'1l0l!eHHe aBropy np!IHTH0 1106Jiaro;r1.api1Tb lfmoy fyaH-'liK30'. 

JI. E. OKyHH H 51. A. CMopo,I1.11HcKoro 3a MHoroc111c.1e11Hhle 06CV)l,,1.emrn, 
a raKiKe 9. M. JIHnMaHoBa, JII06e3Ho npe,nocTaBumuero mm ,.1.0 ony6nirnonamrn 

CT3Tb!0, B KOTopofi npHB0,II.HTCH apryMeHTbl B TI0'1b3Y cyuiecrnoBaHIIH ,IJ.BYX 
nap HeilTpHHO. , ' 

O6heJ(mreHHb!H l!HCTllTYT · 
lTJ(epHb!X J!CCJJeJ(oBaHllt'.i 
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ELECTRON] AND MUON NEUTRINOS 

n. Po11tecorvo 

Some processes due le• free neutrinos which heretofore had not been considered are 
discussed. Especial attention is payed to those processes which in; principle may help to solve 
iiieproblem "concerning lhe existence of two neutral lepton pairs (electron pair (v/;iand 

~t) and muon pair (vµ. and v;)). 
To solve _the fundamental question whether vµ. and v, are identical particles, a me

thod is proposed which in essence is analogous to the method employed for solving 
the problem of the distinguishability of th~ neutrino and antineutrino or K0 - ancl R0 -meson~ 
In p~in_ciple the problem can be solved if it is demonstrated experimentally tlial a v"' 
bcam is capable of inducing transitions which v, particles can certainly induce \e. g. 

the vµ + p .... c+ + n reaction). 

The experiment suggested above, althoug!J difficult, slwul<l be feasible with acce 
lerators capable of producing more in!;11se beams tti~n tiios\! produced by pr,•sent day• 
accelerators. 
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0 nPOME)KYTOY:HOM E030HE B CJIAEb!X B3AI1MO.[lE.-1CTBI1.HXx) 

E.noHTeKopao, P.M.PhIHLlHH 

Bonpoc O TOM, sIBmIIOTC.II Jlll M0LlJ10HHhie ITpoueCChl ITpeapameHll.lI SJleMeHTapHb!X 

8CT!!U CJieLlCTBlleM cymecTBOBaHII.II ITpoMe)KyToqHoro 6030Ha, 06Cy)Kaanc.11 HeoaHo-
() . . V 

p8THO l • Many10 aepO.IITHOCTb ITpouecca f.L- -+ e + 0 TpyLlHO COBM0CTllTb C I'llIIO• 

e3oll npoMe)KyToqHoro 6o3oHa, ecnu cymecTByeT TOJihKO oauH TIIIT ITapbr HetiTp1rno-
( 2) \) \1 

HT!!HeliTpllHO • OaHaKo, ecnrr ,, aneKTpOHHbie" ( Ye ) ll "MIOOHHbie" ( v~) HeftTpu-. 

0 He TO)KLleCTBeHHhI, TO HeT HIIKaKUX apryMeHTOB ITpOTllB STOti I'llITOTe3bI. Eonee Toro, 

Ylll~CTBOBaHrre E-Me30Ha ITpll OTCYTCTBllll ITpouecca f<----,. e + r .IIBllJIOCb 6bI 

paKT!l'leCKll LlOKa3aTeJibCTBOM HeTO)KLl0CTB0HHOCTll Ye ll y f(- • 

Hen_oKaJibHOCTb K., -pacITaaa, CB.II3aHHa.lI C E-Me30HOM, BJlll.HeT, KaK ITOKa3aJiu 
(3) ) . 

H u Rttr , Ha ITapaMeTp Mrrwen.11 u .Ha aepo.11THOCTb ~ -pacITaaa. OaHaKo, 

oqHQCTb ll3MepeHrrfi coaepweHHO H0LlOCTaToqHa LlJl.lI OITpeaeneHll.lI B03MO)KHb!X ITpeae-

08 MaCCbl E-Me3oHa. Hrr)Ke o6cy)KLlaIOTC.II HeKOTOpb!e CJ10LlCTBll.lI cymeCTBOBaHU.II 

Ecmr cyr.uecTayeT E-Me3oH, To ace u3aecTHh1e cna6hie ITpouecch1 6yayT ITpouec-

BM!I BTOporo ITOP.IILlKa ITO KOHCTaHTe C6.II3ll ~ O ITOJl.lI E-Me30HOB C pa3JIIIqHb!Mll na-

G ( 10s -1-
aM11 cpepMIIOHOB, TTpu STOM ITOCTO.IIHHa.11 <PepMu G- ~ M2. , n = C = 1 1 /YJ-
Macca HyKnoHa) - cpeHOMeuonoruqecKa.11 KOHcTaHTa: G "''JJ/tnf{ tn6 -Macca E-Me

oHa), nonara.11, uanprrMep, mo --v M , ITOJiyqaeM a:Z. ""10-
5

, q-ro TOJlbKO a 
l. 

. 06 
0

3 . 
pas MeHbWe, qeM e • Bp.11Ll Jlll MO)KHO ITOJiyquTb caeaeuu.11 Q. <2Ylll.-eCTBOBaHUH 

·Mesoua ITpu u3yqeHrrrr 06h1qub1x cna6bIX ITpoueccoa f yqacTIIeM BliP,"V"a,'ft)HhIX E-Me

oHoa, nosTOMy o6paTUMC.II K ITpoueccaM, CB.II3aHHb!M C peavb~b!M PO*:C"'I-JlleM E

€30HOB, 

HcHo, qTO E-Me30Hb! 6y LlYT pacnaaaTbC.II, B qacTHOCTll, C '1eLlYIOlllllM o6pa3oM: 

' 
6-Jf+JT ... TTpH STOM apeM.II )Kli3HH 

x) 
Pa6oTa LlOJlO)KeHa Ha 1 X Me)KLlyHapOLlHOii KOHcpepeHUllll ITO cpH3HKe Bb!COKllX 

eprufi, Krrea, 1959 r. (cM.o6cy)KLl0HHe ITocne aoKnaaa A~I1.AnuxaHoaa, a TaK
0

)Ke 
oKna.a. P,MapwaKa). 
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-18 .1? . ..:.M030Ha no nopSI.llKY B~mI"UIHbI paBHO "' 10 CeK. v!s-sa OTHOCHTenhHO KOpOTKOI'O 
\ . 

BpeMeH,1 )Kil3HII E-Me30Ha CTOnKHOB0H~SI, B KOTOpbIX peanhHO pO)K,lla!OTCSI E-Me30HbI, 

6y.llyT IIMIITHp0B8Th "3B03.llb!" C Henocpe,llCTB0HHbIM p0)Kll0HH9M M!OOHOB HnH 

aneKTpOHOB, XOTSI 3TH nen'i"OHbI IICIIyCKaIOTCSI C xapaKTepHbIM BpeMeHeM, HecpaBH0HHO 

6onhll1HM, qeM Bp0MSI coy,llapeHHSI. noaTOMY cymeCTBOBBHHe E-Me30Ha IIpHBO.lllIT 

K TOMy, qTo npoue(.;CbI, K8)KYlllH0CSI npOXOllSilllIIMH C ncrrycKaHHeM nerr_TOHOB, CTaHOBSIT

CSI OTHOCHTenhHO sepOSITHb!MH, KO!'lla 3HeprHSI coy,llapeHHSI B c.u.M. 6onhUie, qeM Mac· 

ca E-Me3oHa.:- B BbICOKOSHepreTnqecKHX "3B03.llax" llOn)KHbI ncnycKaThCSI M!OOHbI II 

aneKTpOHbI C sepOSITHOCTh!O nHlllh Ha nSITh-LU0CTh nopSI,llKOB M0Hhll10H sepOSITHOCTII 

n:crrycKaHI{SI Tl -MesoHoB, qTo B 6y.llyiueM MO)KeT cny)KHTh SKcnepHMeHTanhHOH rrpo-

sepKOH rIInOT03bI E-Me3oHa. He· OCTaHaBnHBaSICh Ha npoueccax o6pa30BaHHSI E-Meso

HOB CHnh~O B3aIIMO.ll0HCTBY!OlllIIMII qacTHUBMH II qlOTOp0)K,ll0HIIII E-Me30HOB (s ceqe-

~ 1. 
HHSI KOTOpbIX BXOllIIT MHO~IIT0nh 90 e ) , paCCMOTpIIM H0KOTOpbl0 IIpOU0CCb! nepBoro 

HnH Hynesoro nopSI.llKB no 96 ' oco6eHHO. npIIBneKaTenhHble C TO'IKH 3p0HIISI nocTa

HOBKH onb!TOB0 

1. "3neKTpOMarHIITHoe" o6pasosaHue nap E-MesoHoB: 

o+A
Jr+ A~ 

5++5--,. A 
5++5-+A 

.'t· G 
CeqeHHSI CO.ll0p)K8T MHO)KHTenn z e. H z.t~: e_'f, 

2. 06pa30B8HH0 E-Me30Ha H0HTpHHO B rrone SI,llpa: 

COOTB0TCTB0HH0 0 

A {
·5+e+A \J+ _.,. , 
6+({-+A 

• 

QqeBIIllHO, qTo rrpoueCCbI 2 SIBnSIIOTCSI 0,llIIHC'I B0HHblMH rrpoueccaMH nepsoro rropSI,llKa 

ITO ~s , BbI3bIB80MbiMII _HeiiTpHHO; BepoSITHOCTh 3TIIX rrpoueccos, XOTSI OHII H rrep

soro nopSI.llKa no @ 1 yMeHhLUaeTCSI I13-3a 6onhll10H BenrrqIIHbI mo • Coo6pa.tK0HIISI 

6 ~ lt -.2. 
pa3M0pHOCTH H8B0.llSIT Ha MbICnh O TOM, qTO ceqeHII0 3TIIX npOU0CCOB N z g~ e m fi . 

npu aHeprIIH HeiiTpHHO.B HeCKOnzKO Eas ceqeHue o6pasosaHIISI E-MesoHoB B cTonKHo

-34 2 
B0HIISIX co CBIIHUOM Bce-TaKH M0)1{0T llOCTHraTh senrrqHH 10 CM ' qTo BIIOnHe 

H8XOllHTCSI B npe.llenax B03MO:>KHOCT0H nocTaHOBKII. onbITOB. CooTB0TCTBY!OlllH0 co6b!THSI 

6y.llyT BbII'nSI.ll0Th 1 _HanpHM0p 1 K8K HCIIYCK8HH0 rrapb! aneKTpOHOB, M!OOHOB IInII rrapbl f1 -e_ 
Onb!T .llOn)KeH 3aKnIOqaThCSI B nonbITKe Ha6nIO,ll eHHSI ( no-BII,llIIMOMY t C IIOMOlllhIO aneK

TpOHHbIX M0TO,ll0B perHCTpaUHH HnH KC0HOHOBOH ny3b!phKOBOH KaMepbr) OT.llffihHblX 
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CC?6bITHii, BbI3bIBaeMb!X CHnbHO npOHHKBIOUlHMH HeiiTpanbHblMH tJ:aCTHUBMH OT ycKopttTem1 

B TBKHX ycnOBHSIX 38UlHTbI, Kor.na scpcpeKTbI, BbI3B8HHbre .npyrttMH HeiiTpanbHbIMH 11a

CTHUaMa, HCKnIO'IaIOTCSI ana MoryT BbI'IHTBTbCSI. 

OTMeTHM, H8KOHeu, 'ITO IlOMHMO B03MO:>KHOCTH scpcpeKTOB HecoxpaHeHHSI tJ:eTHOCTH 

a canbHbIX B3attMo.neiicTBHSix, peanbHoe po:>K.neHae B-Me30HOB a nocne.ny10matt pacna.n 

ux Ha Tl -Me30HbI 6y .llYT npaso.naTb K caMynapoBaHHIO H·ecoxpaHeHttSI tJ:eTHOCTH B 

. (a 10-5 6 ) cunbHbIX npoueccax npu BbICoKax sHepraSix 11acTa OT o mero 11acna cny11aes • 

1. 

2. 

3. 

AsTopbI 6naro.napHbI .H.B.3enb.nosa11y a 4:>Koy ryaH-11:>Kao 3a none3Hbre o6cy:>K.ne-

n H T e p 8 T y p a 

R.P.Feynman, M.G.Gell-Mann. Phys.Rev. I09, I9J, 1958. 

G.Feinberg. Phys.Rev. IIO, I482, I958. 

· T.D.Lee and C.N.Yang. Phys.Rev. I08, I6II, I957. 

\ 
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0 nocTAHOBKE onbITOB nPvI llOMOUlvl nYYKOB HEvlTPvIHO 

ME30HHOl;l 17PvIPOilbl 

o.noHTeKOpBO 

B nocne.uHee BpeMSI WHpOKO 06Cy)K.uaeTCSI B03M0)KHOCTb HCTIOJib30B81IHSI rrytJKOB 

HefiTpHHO Bb!COIWH. 8Hepr1111, wcrrycKa9Mb!X Me30H8MH, .UJISI rronytJeHHSI CBe,UeHHH O cna-
(t2345) 

6bIX B38HMO.UeikTBHSIX 
1 1 1 1 

• 

B pa6oTax 
(3 4) 1 

IIOKa3aHo, 1ITO cpopM-cpaKTOflbI, CBSI38HHb!e C rrpacyTCTBHeM 

CHJibHO B38HMO.U9HCTBYIOIUHX. 1I8CTHU, rrpeKparua10T pocT C 8Hepr11efi cetJeHHSI peaK-

UHH TH'.fta V + p ~ e+ + n., B o6nacTH aHeprHfi HetiTpHHO rv 1 08B. 

Oco6oe MeCTO. B o6Cy)K.UeHHH 8KCrrep11MeHTOB C rrytJK8MH HetiTpHHO Bb!COKHX aHep"'.' 

T'Hfi ( ~ 1 08B) rrpHHa,UJie)KHT rrpo6neMe cyrueCTBOB8HHSI rrpoMe)KyTOlJHOT'O Me3oHa 5 

B cna6b!X B38HMO.UetiCTBHSIX, IIOCKOJibKY COOTBeTCTBYIOIUHe Ollb!Tbl MOT'YT. OK838TbCSI 

. (6) 
Bb!IIOJIHHMblMH B H8CTOSIIUee BpeMSI, P.M,PbIH.UHHb!M H aBTOpOM I a -T8K)Ke flH H .HH-

(3) 
T'OM .uefiCTBHTenbHO 6b!JIO TIOK838HO, 1ITO rrpoMe)KyTOlIHbIH 6o30H 5 C M8CCOH rro-

•• pSI.uKa HYKJIOHHOH M8CCbl MO)KeT 6b!Tb o6Hapy)KeH B peaKUHSIX V -t-Z-5 + tc(e) + z, 
cetJeHHe KOTOpb!X Ha HeCKOJibKO rropSI.UKOB rrpeBbIWaeT ceqe1rn:e, .xapaKTepHoe .UJISI 

peaKUHfi, Bbl3B8HHb!X HefiTpHHO B cnyqae CTporo JIOK8JibHOro B38HMO,ueficTBHSI. 

.UJISI rrpoBepKH TO)K,UeCTBeHHOCTH HefiTpHHO v~·), HCIIyCKaeMb!X B 

pacrra.ue, 11 Hefi;£HH0 1 11crrycKaeMbIX B f3 .:..pacrra.ue ( Ve ) , rrpe.urronaranocb acrronb"'.' 

30BaTb rrytJKH V r-, 1 c OTHOCHTeJibHO HH3KOfi aHepr11efi, 11crrycKaeMbIX ocTaHOBHBWHMH-

+ 
CH ~ -Me30H8MH, 

HH)Ke IIpHBO.USITCSI .UOIIOJIHHTeJibHbJe coo6pa)KeHHSI O HetiTpHHO C rrpoMe)KyTOlJHOH 

8Hepr11efi' ( < 300 l\i\aB) .UJISI peweHHSI HeKOTOpb!X BOIIpOCOB q:>H3Hlrn. H·etiTpHHO. 3TH. 

coo6pa)KeHHSI MOT'YT 6bITb rrone3Hbl rrpH nnaHHp0B8HHH Of!blTOB C rrytJK8MH HetiTpHHO H 

II pH rrpoeKTHpOBaHHH yCKOpHTenefi, rrpe.UH83H81IeHHbIX JlJISI Bb!IIOJIHeJIHSI T8KHX OTib!TOB • 

KpoMe rrpo6neMbl 5-Me3oHa H rrpo6neMbl 8HepreTH'IeCKOfi 
0

38BHCHMOCTH cetJeHHSI 

rrpoueccoB cna6b!X B38HMO.Ue.HCTBHM, JlJISI peweHHSI KOTOpb!X HefiTpHHO OlleHb BbICOKOfi 

8HeprHH SIBHO Heo6xo.UHMbI, OCHOBHbie KatJeCTBeHHbie BOIIpOCbl Cf)H3HKH HefiT.pHHO CJieJlyIO-

\ 
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' \ 
\.) tt-- TO)K,lleCTBeHHbIMH 'i8CTHU8MH? 

2. l-1MeeT nH MeCTO npouecc pacceSJHHSI HeATpHHO aneKTpOHBMH B nepBOM nopSI.oKe, 

' no KOHCTBHTe cna6oro B38HMO,OeAcTBHSI? 

.D.nSJ 9KcnepHMeHT8nbHOro peweHHSI 9THX npo6neM HeATpHHO C npoMemyTO'iHOA 

aHeprHeA HMelOT cymecTaeHHbie npeHMyLUeCTBa: He TOnbKO HX HHTeHCHBHOCTb no PSl.llY 

npH'iHH MomeT 3H8'iH·TenbHO npeBbillI8Tb HHTeHCHBHOCTb HeATpHHO BbICOKOA aHeprHH, 

HO OHH nerKo MoryT 6bITb nony'ieHbI co· CTporo H3BeCTHOA aHeprHeA, 'ITO .oonycKaeT 

KHHeMaTH'ieCKYIO HHTepnpeTBUHIO co6bITHA, BbI3B8HHbIX HeATpHHO. 

+ 
l-1cTO'iHHKH MOH09HepreTH'ieCKIIX HeATpHHO MO)KHO nony'iHTb npH OCTBHOB_Ke 

K - x) 
H f a aemecTae .• 

J.1CTO'iHHK He8TpHHO 

Jr+_. f'L+ + y ,-. 
K+-- f<--f·+ v~ 
f"'--+ A-\),..,+ I f I 

3aeprHSJ aeATp11Ho (Maa) 

29,8 
235,7 

100 

JT+ 
' 

,-..J 

Heo6xo.oHMO 3aMeTHTh1 'ITO HMeHHo MOHoaaepreTH'ieCKHe 

nonyqaroTCSI, ecnH OCT~~OBHTb ny'iOK npOTOHOB C 9HeprHeA ~ 1 
Vr,• a He \)IL 

Baa a 6noKe TSJmenoro 

MBTepHana. OcTaaoaia a TOM me 6noKe BTOpH'iHbIX qacTHII no3aonS1eT, cornacao Ta6nH .. 

ue, nony'iHTb HeATpHHO C H3BeCTHOA 9HeprHeA B .llOBOnbHO xopowo noKanH30B8HHOH 

o6naCTH. 3TH MOH09HepreTH'ieCKHe HeATpHH01 KOHetJH01 ConpOBO:>K.ll8lOTCSI (pOHOM Henpe-.' . ,.._ ... ) 
pbIBHoro cne~Tpa, oco6eaao Ve, H Vt"' OT pacna.oa . f -Me30Ha ( 

1 
• 

B Ka'ieCTBe npHMepa ,ong npoaepKH TOm,oeCTBeHHOCTH Ve H v r- Momao , ) c "l.. - I\/,,,. 
H3MepSITb ceqeHHe peaKUHH V ~ + __.. e + / '( • 3HeprHSI HCnycKaeMbIX 

aneKTpoHoB HaneTaIOLUHMH MOHoaaepreTH'ieCKHMH \J t'-- H3BeCTHa1 apeMSJ HCnycKaHHSl 

aneKTpoHOB .oonmao coana.oaTb_co apeMeHeM nornomeHHSl HeATpHHo (coapeMeHHaSI 

aneKTp9HHKa ll03B0nSJeT HCnOnb30B8Tb apeMeHHbI8 xapaKTepHCTHKH yCKOpHTeneA, B TOM 

'iHCne UHKnOTPOHa C npocTp8HCTB8HHbIM pacnpe.neneHHeM MarHHTHoro nonSJ), npH 9TOM 

x) B . '> 03MO)KHOCTb Hcnonb30B8Tb CHnbHbie HCTO'iHHKH MOH09HepreTH'i8CKHX Ye. 
( E "'1', Maa) OT pa.oHoaneMeHTOB, HCllbITbIBBIOLUHX K-3axaaT, BbIXO.llHT 38 fBMKH STOA 

QTaThH. 3Ta -B0,3Mo.mHocfh npHaneKaTenbHa .onSJ BhmonaeHHSJ onbIToano(¼ eJ-:pacceSJHHIO 

ft, YP/lOB.!iSIX 1 r.0:e ·c96bITHSl paCC8SIHHSI ll0.ll'iHHSIIOTCSI KHHeMaTH'i8CKOMy aHanH3Ya 3,oeCb 

MO>KHO yno,r-1:SJHY"J;'h 'ITO acTpocpH3H'i8CKHe acpcpeKTbI 1 CBSJ3BHHbie c npo-,-

ueccaMHJV Ee:) (~acceSJHHSl, B03MOmHO noMoryT pellIHTb npo6neMy cymeCTBOB8HHSI 

STHX npoueccoa , 

/'..I 
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N
1.1 . 

!leo6xo.u1IMO aaperlICTp1IpOB8Tb aanaa.llbIB8I011.{l{e noaHTpOHbl OT pacna.ua . • TaKOA 

Tlln Onb!T8 MO:>KHO ocymecTBlfTb nplf noMOilllf 60Jibll!Oi!: nponaHOBOi!: "M8I'HlfTHOi!:" ny3b!pb· 

KOBOi!: KaMepbl lfnlf npH noMOilllf :aneKTpOHHb!X MeTO.llOB perHCTp8Ulllf '18CTllUo CqeT' 
( 1) 

cpaBHllM co C'leTOM,. O:>Klf.ll8eMb!M B OnhITe, npe.uno:>KeHHOM B • 

n If T e p a T y p a 

1. E.noHTeKopao. )K3Tct>, ~. 1751( 1959)H IX Me:>K.uyHapo.uHaH KoHcpepeHUllH no 
(pll3llKe Bb!COKllX :aHeprHi!:, KHeB, 1959 r. 

2. M. Schwartz, Phys. Rev. Letters_ 1, 306 /1960/ 

3. T. D. Lee, C. N. Yang, Phys. Rev. Letters .1,307 /1960/ 

4. N.Cabibbo, R. Gatto, Nuovo Cimento gi, 304 /1960/ 

5 0 M.A.Markow. Hyperonen und K-Mesonen,Verlag der Wissenschaften, Berlin, 1960. 

6. E.noHTeKopao, P.PhIH.llllH. IX Me:>K.uyHapo.uHaH KoHcpepeHUHH no cpH3HKe Bhtco·KllX 
:aHeprHi!:, Kuea, 1959 r. O6cy:>K.ueHlle .uoKna.ua A.vI.AnuxaHoaa. CM. TBK:>Ke 
.uoKna.u P.Mapll!aKa. 

7. E.noHTeKopao. )K3Tct>, .§.§, 1~15( 1959), r.M.raH.uenhM8:H• B.C.nuH8e!3. )K3Tct>, 
[L 1072, ( 1959). 

Hong Yee Chin,Preprint, Institute for Advanced Study,Princeton /1960/ 

\ 
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ME30HHif H AHTHME30HHfl 

E. llol-imer:op6o 

re:TJI-Maim n ITaiic [ 1] BnepBb:e yKa3aJJu Ha mnepecuoe cJJe).lcrnne. BhITe• 

1rnmu~ee H3 Toro ¢ai{Ta, tJTO K0 H K0 He 5JBJJ5JIOTC51 TO)K,!\EcTEeHIIhlMH tJaCTIIU8Mll · 

[ 2 ].· Bo3MC':>KHCCTb npeBpau~e1rnH K~-/k.0, Bbl3h!BaeMoro cJJa6hlMH B3aiIMo,!l,eii· 

CTD!HIMII, np!!IlOJ.lllT K TOMY ,tITO Hei"npaJJhHble /(-Me30llbl 11eo6xo.n.nMo paCCl\la• 

TplllH1Tb K2K CMecb 11ac1nu K 01 ll I< 02, HM( Kll~HX pa311y10 KOM6111mpoBaH11y10 

lJCTIICCTh riJ; B H8CT0511Utfl 38MeTKe o6C)':>K,D_aeTC51 Bonpoc, cymecTByIOT Jllf 
H!lble (1CM€W8Hllble» nefnpaJJbHble tJacTHUbl (Ile c65138TeJJbllO (<3JJeMeHTapHble>>), 

!,poMe K 0-Me30IIOB, KOTOpbie OTJJH'Ia!OTC51 OT COOTBeTCTBY!CJUllX 8HTHlJ8CTllU, 

IIJ)IJIIC'M nepeXOJ.lbl tJ8CTHUa-aHTillJ8CTHUa lie 51BJJfl!OTC51 c1poro 3anpeme11Hb!Mlf, 

3:JKO!lbl coxpaHeHH51 tJHcJJa 6apHOHOB H "IHCJJa JJerKIIX cpcpMHOIIOB (KaK 

.• rcmopm, 3aKollbI coxpauemrn HJ.lepHoro [ 4] rr ueihpmrnoro l 5] 3apHJ.lOB) cHJJbHO 
orpa!ll!lJHBDIOT tJHCJIO B03MO)KHb!X cMema!IHbIX 11eihpaJJbHblX CllCTeM. J13.3a 

IIej:BOro 38KOll8 CMemaHHble tJ8CTHUbl He MoryT cymecrnoriaTb cpeJ.lll 6apuo110B 

(!!anp!lMep, 11cihpo11, 8TOM BOJ.lOpo).la ... ), a 113·38 BToporo saKoua TaKHe lJ8CTHUbl· 

Ile MoryT cymccrnoBaTb cpe).lH CHCTeM JJerKIIX tJacrnu TOJlblW C 0,1\IIHM cpepMIIOHOM 
(1rnnpHMep, uefnp11110, cuqeMbl .. +e- H .. -e+ ... ). 

J,fa 3TOfO CJJe).lyeT, IJO·BH).(HMOM)', 'ITO e)lHIICTBelllIOJI npe).(CT8BJJ5JIOIUeii HHTe· 

pee cMemanuoii 11acTHUeii, KpoMe 1(0-Mesoua, Koropbiii MO:>KeT cy1uecrnonarb 

cpCJJI! y:iKe xopomo H3BeCTHbIX 11aM CHCTCM, 51BJJ51eTC51 Me30HHH, onpe;leJJeHllblH 
KaK CB5l38llll85l CHCTel\ta (p.+e-). AHTHMe30JIIli'i, T, e. CIICTeJ\!a (11-e+), 5lBIIOOTJIH• 

'111eTCH OT MC30HH51, npll 3TOM nepeXO}lbl Me30HHii~aHTHMe30Hl1ii ne TOJlbKO He 

3anpemaioTC51 IIHl<8KHM H3 H3BeCTHblX 38J<OHOB, 110, 6oJJee Toro, OHH )lOJI)KHbl 

HMeTb MeCTO B CHJJY ll3BeCTHblX !IaM B38HMO)leiicTBHii. 

\ 

\ 
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550 TTHCLMa B. pe.n.aKUHfO 

neikTBMTeJlbllO, rr~peXO){bl 

\ (p.+e-) -( Y + -;) -. (p.'-e+) (1) 
Bbl3BaHbl TeM )Ke B3aHMO.QeiicTBHeM, KOTopoe OTBeqaeT 3a pacna,l{ }L·Me3OHOB. 
Me)K.QY TeM, BepOHTHOCTb 1/0 peaJJbHbIX npoU.eCCOB pacrra,l{a, 

(p.+e-)-v+v'+ 106,lMeV, (21 

Koropy10 JJerKO oU.eHHTb rrpH y'IeTe pa3MepoB Me3OHHH, OKa3bIBaeTCH paBHoi, 
10-4 ceK-1, T. e. npHMepHO B 1010 pa3 MeHbllle BepoHTHOCTH pacna,!{a 11-t o6bl'IHOro 
p.·Me3oHa. no 3TOH npH'IHHe npaKTH'IeCKH HeJib3H 11a6mo){aTb CBH3aHHOf 
C 3THM npou.eccoM HeTpHBHaJlbHOe OTCYTCTBHe TpeKa 3J1eKTpo11a rrpH OCTaHOBK(, 
p.+·Me3011a. · 

l.JTo *~ x.acaeTCH npeapaw.eHHH (1) Me3OHHH B aHTHMe30HHH, ero xapaKTe· 
pHCTHqecKoe apeMH Mc2D.m onpe.QeJJHeTcH [ 1•6] • pa3HHU.eii Mace D.m Me)l{.Qy 
CHMMeTpIIqH()H II aHTHCHMMeTpH'IHOii no Me3OHIIIO II aHTIIMe3OHIIIO CHCTeMaMH. 
BeJJII'IIIHa !:J.m nporropu.ttoHaJJbHa rrepaoii cTerremI MaTpII'IHoro 3J1eMe11Ta rrpeB· 
paw.eHIIH Me30HIIH-aHTHMe301mii, II IIO3TOMY O11a rrporropu.HoHaJlblla KBa.QpaTy 
IlOCTOHHHOli CBH3H, KOr,!{a TaKoe rrpeBpaw.eHIIe 06ycJ10BJ1eHO .ABYMH IIOCJle,l{oBa
TeJlbHblMII rrepexo){aMII, KaK B (1). TaKIIM o6pa30M, BpeMH rrpeBpaw.emrn (1) 
OKa3bIBaeTCH Toro )Ke IIOpH.QKa BeJlll'IHHbl, KaK II 0, T. e. IIpII6JIII3HTeJlbHO B 1010 

pa3 60J1bllle, qeM BpeMH )l{lf3HH J-L·Me3O11a ('t = 2. 10-s ceK), KOTopoe cpaKTHtfe

CKII orrpe.QeJIHeT II CKOpOCTb pacna.Qa Me3OHIIH. 
EcJIII .QorrycTIITb, O){HaKo, 1no rrpeBpaw.e11tte Me30IIIIH - anTIIMe3oHHii 

o6ycJIOBJieHO iI pH M bl M B3aHMO.Qei'IcTBHeM (11+e-) (µ-e+), TO npeMH T, xapaK
TepH3YIOW.ee 3TO npeapaw.e11He, OK33bIBaeTClI 3H3'IHTeJibHO MeHbllle, qeM O. 
.lleikTBHTeJ!bHO, B 3TOM .cJiyrrae pa3HHU.3 Mace D.m' Me)K.QY CHMMeTpHt!HO!I 
H auTIICHMMerpH'IHoii CHCTeMaMH (D.m' ·.:::::: 2M/c2 , r,Ae. M - MarpHt!HbIH 3,'le
MeHT nepexo.Qa), rrponopu.HOH3Jlblla nepBOH creneHIJ IlOCTOHIIHOH CBlJ3H g. 
CJie,AonareJJbIIO, HMeeM 1 : 

T ~ tijc2!::..m'. ,_, 1i/(2g/7tr3), 

r.Qe r -- pa.QHYC Me3Ol!lfH. ECJifI npe.QTIOJIO)KHTh, qTQ IIpHMOe B33HMO.Qef1c TBHe 
(p.+e-) (ri-e+) HMeer IIHTeHCHBHOCTb, cp·aBIIHMYIO co BCeMH . CJia6bIMH B33HMol 
,AeHCTBIIHMH, TO g~3-10-49 .9p2. CAt3, a T-5-10-4 ceK, T. e; TOJJ.-,KO B 

;--· 300 pa3 60,1bllie, tJeM 't, TT pH 3THX o5CTOHTeJibCTBaX npeBpaw.e1me Me3O· 
HHH - aHTIIMe30HHH npe.QCTaBJrneTCH Ha nepBblH B3rJIH){ 11a6JIIO){aeMblM Ge:.i 
oco6e1mb1x TPYAHOCTeii, 11arrpm1ep, O61rnpyMe1meM «6blcrporo» orpHu.arem,11oro 

3JJeKTpoHa rrpH OCTaHOBKe ri+•Me30!la ((p.+e-)-.(p.-e+).-e~CT +'I+;'+ e+). 

Ho, K CO)KaJleIIHIO, rrepexo.Q Me3OHIIH B aHTIIMe30HIIH B new.ecrne 11eBo,MmKe11 
II3·3a 3.TJeKTpurrecKoii: acHMMeTplIH HYKJIOHOB, IIpIIBO){HW.ei'I K TOMY, 1ITO M3CCLI 
Me3omrn II aHTHMe3OIIIIH B 3THX YCJIOBHHX_ y)Ke He paBHbl. KpoMe Toro, neo6xo
){IIMO 3aMeTJITb, t!TO nepoHTIIOCTb ncrrycKaHHH 6bICTporo OTPHU.aTeJJbllOro 3Jle!<T· 
po11a Me3om1eM (n naKyyMe) orrpe.QeJJHeTCH ue BeJiutJu11oii: 't/T, a ( 't/T)2 • rleikT· 
BHTeJJbHO, ecmI zµ+(t) H ::: 1,-(t) - nepoHTHOCTH Toro, 'ITO n naKyyMe nal!JleTCH 
COOTBeTCTBe!IHO Me30HHll IIJIH a1ITIIMe30IIHH B MOMel!T npeMe1m t, Kor.Qa BO npe· 
MH t = 0 IIMeeTCH O){HH (<aT9M>) Me3OHHH, TO 

eµ+ (t) ~ ½ e-1 t·"( 1 + cos ~), 

Eµ-(t)-½e-t1r(1-cos ~). 

r,Ae npeMeHa )Kll3HII CllMMeTpIIqHoil: II aHTIICIIMMeTpIIq11oii CIICTeM npe){ITOJJara
lOTCH O){IIH3KOBb!MII II paBHb!MII BpeMeHII )KII3HII p.-Me3OHa. TTpII TaKHX 11aqaJ1b· 
Hb!X ycJIOBIIHX nepoHTHOCTII Toro, qro B npou.ecce pacrra,Aa B naKyyMe IIcrrycKaeT
cH 6bICTpblil: IlOJIO)KIITeJlbHb!H IIJJII OTPIIU.aTeJJbHblH 3JleKTpOH, OKa3b!BaIOTCH: 

1 AHaJJorH'IHble cJJy'laH npeapa[l.leHHl! K.0 ~ K_o nepaoro nopl!.11,Ka no CJia6b!M B3am10.n.eii• 
CTBHl!M Il0,l\p06Ho paccMaTpHB3fOTCl! B pa6:ne [7). 

.,. 
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IlHCbMa 'B pe,Zl;aKU.1110 : -

EcJIII Obi B npttpoAe HMeJil!Cb He H,nepuoaKTHBIIble 3apmKeHHble tJaCTHUbl 
~ Go.'lbWHM nep110AOM pacnaAa, TO 3tpcpeKT, imaJionflIHbifr o6cymAaeMoMy 3,nech, 
Mor Gb1 obITb naGmoAaeM. BpeMH mn31111 tJacrnu c_ Maccofr~500 me, o6uapymeu
llbIX Am,xammoM Ii AP, (81, IIOKa 'ne onpe){eJI~HO,' H3BeCTl!O TOJ!bKO, tJTO OHO 
::,,5 · 10-o CCK. . . - ' 

Bb1we npeAno.riaraJiocb, i.1To uMeeT Mec'l'o aaKoH coxpa11ennH neihpmmoro 
3apH,na, 031iatra10mH11, tITo netirp1mo npu pacceH_HHH ue MomeT npenpamaTbCH 
B mo6oM npn6.mme111111 n a11n111efnp11110. 3ToT :rnKoH eme He ycrnHmrneH: noKa, 
no-BHAIIMOMY, ycta!loBJ1eno To,1h1<0, tITo neihp1rno H a11TnHeihp11110 ue HBJimoTcsi 
TomAecrne1111b1~111 tiaCT11UaMn I 9 ]. Ecm1 Teop1rn ;1.nyx1w1v1none1nnoro neihpnuo [ 10

] 

oKa3aJJacu Obi 11ecnpa13eAJJHBOii (tITO B uacTOSill.l,ee BpeMH HBJIHCTCSI• MaJJo nepoHT
Hbl'.\1) 11 ec.111 Gb1 ne nMe.ri MeCTa 331WH coxpanemm nefnpmmoro 3apH,na, TO B 
np11mume nepexo;"\l>I 11eiirp11no~·m1r:rneilTPHHo B BaKyyMe B03Mom11b1. · )lame 
n 3Tmt cJ1y 11ne, parrno KaK n_~.,1yi1ae, Kor]la npe,nnonaraeTcH, tJTo Kam;.i.oMy MHpy 
coorneTcrnyeT a:nmmp, 1rncJ10 Heiirp11110 H minmeihpm,o BO BceJ1em1oii AOJI)l{HO 
6b1,10 61,1 Grnn, o;t111iaKon1,1M. · · ,-

Anrnp G:iaro;1ape11 51. B. 3l:!.%,'\OBJl'IY, JL- B. 0Kymo u 11. r. HBanTepy 3a 
Kp11T11 11ec1me 3m1et1amrn 11 1111Tepecm,1e o6c.yiK,nemm. 

OubeJ~I1He!lllblii ll!ICTllTYT 51,tCpHb!X 
IICCJIC','lOllaHllii 

Jlnreparypa _> 

ITocrynnJio B pe.naKU.HJO 
23 Mall 1957 r. 

Ill M. Ge 11-M an n, A. pa is. Phys: R~v;:97,_ 1387,1955.·A.)> a Pi CC ion r 
Phys. Rev., 100, 1487, 1955. 

I 2] M. 6 a., a II,\ ll H, 6. 6 a Jl a Ill OD, B. )I( y KO ll, 6. n O II Te KO p ll o, r. Ce-
., II ll a II O ll. )I(3T<I>, 29, !265, 1955. 

{3) JI. JI a 11 .'4 a y. ;K3T<I>, 32,405 ,1957. 
(4) 51. 3 c ., 1, ,toll II lJ, )lAH CCCP, 86, 505, 1952. 
[5) 51.' 3eJibJlOBlltJ, )lAH CCCP, 91, 1317, 1953. E. Konopinski, H . .Mah• 

mo n d. Phys, Re\·., 92, 1015, 1953. 
(6] 51. 3 e JI b .no nu 11. )K3T<l>, 30, 1168, 1956. 
171 JI. 5. OKyH1>, 5. ITonreKopno. )K3T<I> 32, 158i. 
(8) A. A., u x a II n 11, H. ill o c r a Ko Bu tJ, A JJ. a~ al! H, B. <I> e JI op o B, 5 . .LI. e

pnr1111. )I(3T<t>,'3I, 1956. 
19] R, D a v i s. Bull. Am. Phys. Soc., Washington mee(ing, 1956 . .M. Aw s c ha Io m. 

Phys. Rev., IOI, 1041. 1956. 
{10] JI. JI a HA a y. )I(3T<l), 32, 407, HJ57. T. L·e e, C. Yang. Phys. Rev., iQ;i, J6i1, 
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l111cbMa B pe;iaKU.lllO I Ii 1,-

YHHBHCAJlbHOE B3AHMO,nEflCTBHE <t>'E.PMH H ACTPO<l>H311KA 

E. lloHmeKopeo 

.f 1more3a· 0 rJiy6oKOH aHaJJOfIUI pa3HhlX MeAJieHHhl~ npou.eccoB pacna.11.a 
:i.'lel\leHTapHhIX tJaciuu. KaK JJemoirnblx [ 11, .. TaK: If.. Henenr.ottHhi_x '(~]. ;·m1ui.1ia 
ue.11.aBHO 6JJecrnrn.y10 ¢opMyJJHpOBKy: B reopHll ' YHHBepcaJJhHOfO (BeKl'OpHoro, 
11 itKCil8JlbHO·BeKTOpHOf0) B38.llMOJI.eiicTBIHI Cy.11.apmaHa -MapmaKa (3] H 
<lle11m,,aHa - feJJJJ-MaHHa [ 4). CorJJacHo sroii reopHH, npou.ecc .. paccesrnHH 
ueihp1rno sJJeKrpoHaMH onuchrnaerc.H B3aHMOJI.efl,qraneM nepnoro. nop.HAKa no 
1..oHcTaHTe cJJa6or6 B3aHMOAeiicrn,rn [ 4 • 5]. 3KcriepnMeHTaJJhHOe o6Hapy.meane 
TaKOfO npo'u,ecca ·. 6bIJJO 6bJ OlJeHh .meJJaTeJihHbIM. Qn,HaKO nocTaHOBKa OilblTOB 
110 npm.1cmy Ha6~JOAeHUIO pacce.HHH.H 3JJeKTpOH8MH . aHTHHeiiTpl!HO ll3 peaK
TOpa (r. e. 110 o6Hapy)l<eHHIO llOHH38U.HH, o6ycJJOB.'leHHOH aHTHHeiiTpHHO, He 
l'BH3RHHOii C o6paTHbll\lll 5!,!lepHbll\lll [~·IlpOU.€CC8Mll), XOT.H' ll He llCKJJJOlJeHa, 
uo u uacrnnrn.ee n.peMH .1rnmercn otJeHh 3aTPYAHHTe.'lbHoii. . 

IJ,eJJb H8CTOHW.eii 3aMeTKII - o6paTIITb BHIIM8Hlle Ha TO, lJTO cyw.ecTBOBa-
1111e B38HMO~eiiCTBH.H V - e nepaoro nopH.l{Ka MOfJIO 6bJ npHBO)I.HTh. K MaKpo
CKOnlllJ€CKllM s¢¢.~KTaM. J,fa TaKoro B38HMO.l{eikTBll.H CJ!e)l.yer, lJTO Il03HTpOH· 
3JJeKTPOHHa.H 8HHllrHJIHU.HH MO}KeT npoHCXO.l{HTb .c 11cnycKaHHeM HeiiTpH

0

H0·8H· 
THHeiiTpllHHO}l napbl 1• TI03TOMY B 3JJeKTpOM8fHIITHblX npou.eccax BMeCTO 

11cnycKaHI1.H qJOTOHa . c1aHOBIITC.H B03MO)l{Hb!M 11cnycKam1e napi,1 .;7; (l!epe3 
llllpTyaJihHYIO napy e+ e-). 3ra o6w,a.H ¢YHAaMeHT8JlbHa.H CB.H3b Mem.l{y 3JJeKTpO· 
MafHIITHbIMH HBJieHIIHMII II JJenTOHHbIMII npol{eccaMH npHMO Bb!TeKaer 113 YHII· 
nepcaJihHOfO B3811MO,l1.eHCTBll.H cI>epMll, . . . 

TipaB.l{a, 11cnycKam1e napbl 'IV KpaiiHe MaJJoBepoHTHO no OTHOlll€HHIO K. ucny
CK8HHIO qJOTOHa, O,!tHaKO orpOMHaH npOHllK8JOW.a.H cnoco6HOCTb HeiiTpm10 3a· 
CTaDJIHeT .ztYMaTh O B03MO)l{HOCTll sqJ¢eKTOB, CB.H38HHblX C He11Tp1!H0·3JJeKTp0H· 
Hb!M B38IIMO.l{eiicTBlleM B 60JihlllllX TeJiaX, HaXOAHW.IIXCH npll Bb!COKOH TeMnepa• 
Type T. PaCCMOTpllM npol{ecc TOpM03HOf0 ll3JJYtJeHH.H 3JieKTpOHa C l!CnycKaHHel\l 

<pOTOHa. IIJIII napbl :;; B coy)l.apeHHII 3JieKTpOHa C .H,!tpOM A 3ap.H.l{a Z: 

e + A-.e +tA + 1 (¢01ottttce 1cpMosttoe 113ny,iettHe), 

e + A -.·e + A + v + v (nenrottttoe rnpMostto( 11sny,1em1e). 

0603H8lJIIM tJepe3 0t OTHOllleHHe BepOHTHCCTeii Wy 11 w ,'v Toro; lJTO npu 
OTKJIOH€Hllll 9JJeKTpoHa C 3Hepmeii E .HJIPOM ucnycKaJOTCH CCOTB€TCTB€HHO. 

cpoTOH IIJIII napa VV. Coo(5pameHIIH pa3MepH0CTII H8BO)l.~T Ha MblCJlh, lJTO 

U7 y (e 2Z I tic)2e2 / tic 
ot = W ~:::;:;; (e~z I tic)' 02 (EI mc2) 4 .. . 

r,'.\e G = gm2c / t,,3 - 6e3pa3MepHaH Koncraura cm16oro B3allMO.l{eiicrB11SJ, g = 
= l,4,I0-49 8pa,c.1i3 -KOHCT8HTa <llepMH 11 m-Macca 3Jl€KTpOHa, 

5IcHO, lJTO ('J,, - orpOMHaH BeJJIJllHHa npu .'II06h!X rer.meparypax, KOTOpbie 
BCTpetJaIOTCH B. acrpocp!13HKe. 0,nHaKO H3•3a pa3HHl.{bl npOHHKaIOrn.eii cnoco6-
HOCTH <pOTOHOB II ueiirpHHO l13JJYtJem1e .1{8HHOii 3H€prHII (cKameM, ,-.kT) B nu,ne 
qJOTOHOB 3Be3,naMII B npocrpaHCTBO npoHCXO.l{IIT, B KOH€lJHOM CtJere, 6naro,ll.apH 
orpor.moMy lJIICJIY 8KTOB cpoTOHIIOfO TOpM03HOfO 113JJYtJemrn, HecpaBHIIMO 
npeBL!WaJOU].eMy lJHCJJO (,..__ I) aKTOB .r1enrn1rnoro TOJ)M031!0f0 ll3JJYtJemrn, npu 
Ko1oph1x H3JJytJaercn B nu,ne uei'npuuo ra >i,e s11epnrn ,...,__,kT. Tio:iroMy ua ueKo• 
TOpoii CTa.l{HH 3DO.'IIOI.Ulll 3DC3;J. JIIO}l(C"f OKa3aThCH, lJTQ :rnepnrn, ll3JJYtJ€HHh!C 
B npocTpaHCTBO B BH.1{€ HCI°lTJ)ilHO II (jJOTOHOB, CTaHOBnTCH cpallHHMhlMII, H€CMOT· 
pH Ha MaJIOCTh ornowemrn W' ,:; /\\? .( n I<a)KJI.OM sJJeMettntpiiOM a,ne. 06pamaeT 

\ 
l 8 tJaCTHOCTU, aHllllrIIJIHU.HII opro110311Tp0111Ill C 11cnyc1rn1111eM napl>l v'i npnMepHO D 10 1:; 

pa3 i1euee nepol!THa, lJCM era aHHJ(rl!JllllU!H 11a TPII Y•KBaHTa. l13·3a llpOAOJlbHOCTH ttellrpuuo 
napano3HTpom1i1 ue Mo;mer a111111nin11ponan, c ucnyKauncM ueiiTp1rno II attrnttei11p11110. 
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11116 Tl ucb\la n pe.:taKUHlp 

.·Ha ce6S1 BHHMaH!Ie CBfl3aHHafl C pa3MepH0CTblO K0HCTaHrbl <I>zpMH pe3Kafl 3a• 
BHCHM0CTb OT TeMnepaTypbl nepoSITH0CTH · npouecca JienTOHHOro TOpM03HOro 
H3Jiy11eHHS1. I(poMe TOro, c yae.nu11eHHeM_ Z .ztJIHHa cao5o.ztHoro npo5era q>OTOHoa 
yMeHbwaeTcfl, l!TO npuao.ztHT K yae.nu11eHu10·neca HeiiTpHHHoro npouecca B 3Hep-
rem11ecKOM 6aJiaace. . . . · · 

Bee 3TO HaBO.ztHT Ha MblCJlb,. l!TO npouecc MOlli:eT CTaH0BHTbCfl Balli:HblM 
B CTa.ztHH 3B0JIIOUHH 3Be3.ll, KOr.zta HX TeMriepaTypa H cpe.ztHHiiZ 3Hal!HTeJibHO npe
Bb!Wa!OT COOTBeTCTBYIO~He BeJJH'IHHbl .llJlfl COJIHJ,a. HeTpy.ztHO BH.zteTb, l!TO Me
xaHH3M JienTOHHOro TOpMOlli:H0ro H3Jiy~eHHfl npaKTHl!eCKH He urpaeT pOJIH 
B 3Heprem11ecKoM 6anaHce coJIHUa (kT......, IkeV, Z......, I). , 

MexaHH3M ncnycKamrn HeiiTpHHO 3Be3.ztaMH, npe.ztnom:eHHblH Bb!We, CBfl3aH 
C aeiiTpHH0·3JleKTpOHHblM B3aHMO.zteiiCTBHeM H ·q>yH.ztilMeHTaJibHO OTJIH'laercfl 
oT npouecca, npe.ztnom:eHHoro faMOBblM H llleH6eproM (6), CBfl3aHHoro c fl.ztep
.HblMH (npflMblMH H oopaTHblMH) /3-npoueccaMH. JienTOHHOe TOpM03H0e H3ny11e
H11e 3JieKTpoHa - npouecc 6ecnoporoablii,. a npouecc r aMoaa - IlleHoepra -
3q>q>eKT c onpe.zteJieHHblM noporoM. ' 

B noCJie.ztHee apeMfl r. M. faH.zteJibMaHoM H B. C. IluHaeablM 6blJIH KOJIH11e
cTaeHH0 HCCJie)tOBaHbl 3cp:peKTbl B acTpOq>H3HKe, CBfl3aHHble C OnHCaHHblM Bb!We 
MexaHH3M0M JienTOHHOro TOpM03Horo H3J1y11eHHfl ~J1e1np0Ha.. 11MH noKa3aHO, 
'ITO n o6nacm TeMnepaTypbl kT > 30 keV npH nJ1e>THocr11 > 1o"r.,,.;f3HepruS1, 
yHeCeHHafl HeHTpHHO H3 3Be3.zt (Z:::::::: 20), npeBblWaeT 3Heprul0, yHeCeHHYIO q>OTO• 
HaMH • 

B 3aKJIIOl!eHHe MHe OlleHb npHSITHO IlO0Jiaro.ztapHTb 5{. 6. 3eJJb)tOBHl!a, 
LI.. A. <I>paHK·I<aMeHeUKoro H JI. B. OKyHfl• aa KPHTHtJecKne aaMe11aHHfl H HH· 
Tepee K pa6oTe, a TaK>Ke.r. M. faH.zte,,JhMaHa H B. C. IlHHaeBa, n10oe3HO HHcpop
_Muponaawux MeHfl o pe3yJihTaTax ux pa6oThl. 

. 061,e,11,11HeHHblli IIHCTHTYT 
ll,11,epHblX HCCJJe,11,onaHHH 

Jlareparypa 

flocryn11no e pe,11,aKUHIO 
23 Mapra 1959 r. 

·[ I J B. Ponte co r v o. Phys. Rev., 72, 246, 1947. G. Pup pi. Nuovo Cim., 5, 505, 
1948. D. K I e i n. Nature, 161, 897, 1948. T. D. Lee, M. R es en b I u t h 
C. N. Yang. Phys. Rev., 75; 905, 1949. J. Tiomno, J. A. Wheeler. Rev. 
Mod .. Phys., 21, 144, 1949. 

(2) N. D a I I a port a. Nuovo Cim., I, 962, 1955, G. Cost a, N. D a I I a port a. 
Nuovo Cim., 2, 519, 1955. B. no Hr e Ko p no. f11nep0Hbl, K•MeJOHbl II yH11aepcaJ11,. 
Hoe e3a11Mo,11,eficre11e <I>epM11, Or11er .mi:n AH CCCP, 637, 1955. M. Ge 11- Mann. Proc. 
of the Sixth Rochester Conf. on high energy physics, 1956, 

[31 E. C. G. Su d a rs h a n, R. E. Ma rs h a k. Proc. of the Padua - Venice conf. 
on mesons and newly discovered particles, 1957. · 

[4] R. P. Feynman, M. Ge 11- Mann. Phys. Rey., 109, 193, 1958. 
5) 8. M. Ill ex Tep. )1(3T<I>, 34, 257, 1958 . 
,51 G. Ga mow, M. Schoenberg. Phys. Rev., 59, 539, 1941. 
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1957 Z, HIOllb T. lXII, Bbtn, 3 

YCllEXR <PH3HlJECKHX.HAYK 

fiHCbMA B PEJlAKU,1110 

Kor .l(A CJIA60E B3AHMO.l(~ACTBHE CT AHOBHTCSI CHJibHblM? 

B l!Oei1 CTaTbe «O 11e.~0KaJibHhlX II ueJIIIHeHHhlX Teopmrx IIOJill», OIIy6JIUKOB8HHOH 
BO BTOPOM BimycKe « y Clle..XOB q>II3H'ieCKUX' uayK» 38 1957. ro.11, 6h!JIO paccMOTpeuo 
IlO!ll!Tlle CIIJibl!Oro B38HM0.1(ei1CTBIIH 1• Ilpu STOM IIP.11 CHJlbHhlM B3aHM0.1(eHCTBHeM IlOl!H· 
AiaJIOCb Ta1rne B3811M0.1(eHCTBHe, Kor.na B Teqeu11e BpeMe!m CTOJIKl!OBel!llll 'IRCTHI\ HX 
SHeprna, B OCIIOB!IOM, cocpe.I(OTO'IHBaeTCl! B llX aHeprmI B3811M0.1(8HCTB11ll, a ue B l!X 
co6cTBennvi1, Kl!HeTn'iecxolt aueprun. 

Ha OCl!OBe aToro KPHTepnll OhlJI pacmroTpeu PH.II rrpmrepoB, B 'IRCTHOCTII aJieKT· 
poMarmITUhle B3aIrno.neiicTBJIH aJieKTPOHOB, 0.1111aKO ne 6h!JIO paCCMOTpeHO CJia6oe 
Baamw.11eilCTBIIe SJieKTPOIIOB C y'IaCTHeM p.·11e301!0B II ueltTplll!O, 

01mah!BaeTCll, 'ITO STO B3811M0.1(ei1CTBIJ8 MO)K8T CT8Tb CHJlbHhlM - B OIIpe.1(eJieHHOM 
BLIIUe CMLICJie. 

H1m:e IIPIIDO.I(IITCSI .1(0K83RT8JlbCTBO STOro YTBeplK.1(8Hllll, II STO IllICbMO SIBJISieTCSI, 
TaKl!M o6paaoM, .1(0IIOJIH811118M K rJiaBe MOeH CTRTbll, IIOCBll~eunoi1 q>l13UIC8 CIIJihHOro 
B3llllM0.1(eI1cTBIISI, 

PaccMOTPHM IIPOl\ecc B3RHMO.!{ei1CTBl!ll nei1Tp1IH0 ll SJieKTPOHa C IIpeBpa~eHHeM 
a.1eKTpoua B µ-Meaou: 

v+ e-► µ + 'V 1• 

8To caoeo6paauoe «KOM6nnan11omwe» paccea111Ie uei1TpnHo ua aJieKTpoue. 
IlJIOTl!OCTb aneprlIU ITO IIOPSI.IIKY BCJill'Il!Hhl B STOM CJiyqae paaua 

W = g* ~a'Yµ. ~v 'Yv• 

(1) 

(2) 

r.11e g*- KOHCTaUTa cI>epMH, a 'Ya, 'Pµ' 'Yv CYTb BO,lJIIOBL!e q>yHKI\IIH aJieKTPOIIa, 1-t•MeaoHa 

II ueltTpnuo COOTBtTCTBel!HO, BeJIH'IHHa g* MOlKeT 6h!Tb aanncaHa B B11.1(8 

g*/fi,c =A~, (3) 

r.11e Ao- HeKOTOpasr .I(Jll!!Ia IIOpSI.1(Ka ~10-16 C.11 (Ha B03MOlKHOe auaqeu11e STOit .1(.lJHHhl 

B CBSI3H C HecoxpaneHHeM ·qeTHOCTII,· o6paTJJJI B!UIMaHlrn H, c. lllamipo 2). IlJIOTHOCTb 
KnHeTn•recKolt auepr1111, ua1Ip11Mep, .I(JISI a.1rnIcTpo110B 6y.11eT · 

(4) 

r.11e D = ca.p + ~mc2 eCTb raMUJihTOHIIRH ,ll;upaKa, 0TCI0.1(R IIOpll.1(0K BeJIH'IHHhl 

- e.l 
'Yao/a~ -/i,c (5) 

r.11e l- xapaKTepHhIH ltaCIUTa6 npocTpaHCTBemroi1 o6JiaCTH, onpe.1(eJill!O~Hi1 BeJIH'IIIHY 
1 a a . · _ 

rpa.1111enTOB T~K, 'ITO c 7ft, ax~ 1/l. CTaJio 6h1Th, nopll.I(OK BeJill'IIIHl!hl W 6y.11eT 

g*l2 
W- -- E

1
/3 E

1
/2 E - ti, 2c2 a fl- V' 

(6) 

IloJiarall •a= a.E, el'- = ~e. e. = ye, r.11e e - IlOJIHall IIJIOTHOCTh aHeprIrn, HRlt.I(eM: 

g*l2 " ½ 
E ~ e (a.+~+ 1) + ti,2c2 e2a.'" ~ '1· \ (7) 

\ 
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B ro•JTBl!T(c'('IIIIJI (' nJqH•:[(),"JPIJlll'M 11:iam10;{eiiC1'UJJO iiy.:.i;eT c11:1LULll{, cc:111 fljJJI 

, , r g*l'J c, 1,1.. 1/,. ) --
'2 T ~ -; ·1 ~ 1 (2, ~. ·1 > fl) JI =_ fi2?i" (e•:z · ~ · "/ = e, T, e . 

~.~c2 li,c, , 
.: > g"'I~- = .\~12 = 'i.p• (8) 

Pa('.t:MOTJIJl.11 Tl'lll.'JII, mrnwr J!!!ilTl'IlllO (n eUCTCMe l{CIITpa l'lCl,eCTII :i:ie1'1'poua 
11 11eiiTf111110) c :xapa1,Tt!J1t10ii ;1:11moii Bo:mu X u c noncpe•mLIMU pa:rncpaMu a> X, 
JHJ;(llBllllllii Jill :l.Wli'r!'OJI, Il:10-r11ntTh :➔ 111'JJl'IIII < ll •lHOl[ e:ty•ute uy:i;cl': 

f,,<•> fie 
, = xa2 = ti?"2. (O} 

;~a:wc l ~ A· Y 1,:101JlltJ (~) Tt!IIPJIL :1aeT a2 < ;\ ~. nu: 1.irn a > X, TO c11:1L11oe naa

m10;1Piicru110'.a.1e1,TJJ011a 11 11PiiTJ111110 11acTy11aeT npu 

X<Ao, (10) 

I Ip:uwii [llll:'Jf:1' llfllm:JJJnacT, 'ITIJ (!!''WJIIU' ,'\.'Ill )itlCCllOTl)eJJHOl'O ll!J•ll\etca 'I+ e-► 
-► :~ -;· ·,' 110 IIOJIH;{lo'Y Uf':Jll'lllllU JJUllllO 

l~.\~ 
;\~ 

"¥ (11) 

11, 1rn1, 1111;u111, cra1101JJ1T1,H lio:u,rne r.X2 111,11 X < Au, B lHoii ,~uu:m c:ic;i;ye1· 0;1m;{ar1,, 
'ITO IllJII .'l,:nmax uo:111 JIO!>ll.'(1'll Ao lloryl' Jl[ICTYUIITb II ;uiyrne :iqi,~eh:TLI, h:OTO!Hde cy-
11\CCTJJHJIIIO 11:rnemtT :i:1l'1,TJ10Mlll'IIIIT!iOC 83!\llllO:tciiCTUHe 3:ICl,TJ)OIIOll, lhre11110 lllJII . 
}(a.1JLIX paCCTO/IlllfSIX 1,ie;i1;1y :i:1eI,TlJOH8Mll ll031!111'1!CT ll3811MO.'lCiiCTIJIIC, KOTopoe upune;l(IT 
I, ll3l\llMUOMy JIUl.•,cesrumo 3,'ICl(TJ)OHOJJ IlOCP('JlCTDOM TUh:01'0 npoI1ecca: cncpna O;(Illl 
113 a:IC1'Tfl0I10ll na.,y•rn,er IIa))y 11eiiTp11110. (1mu IICIITJHl!IO II UHTllllei!Tpuuo) II IlPC!llJU· 
JJill!lTCll ll µ·l!C:JOH, llTOJJOli :i:rCKTPOII UOl','IOU\llCT 3Tll 11eiiT}llll!O II Tah:i!W n11cnpan1aercff 
II ;wyroii µ-MC30I!. :.larc.i :!TOT MC3011 11a.1y•mcr 11ciirp11110, KOTOpue ll01',1JOJJ(ll!OTCH 
ucpm,Dt Meao11ou. B p~ay:11,Tare noam1RaIOT Jtna paccemmux :i:iei.Tpoua. 

3·m :1w uponcccu np11uo;111T 1, paaMa3L1Ua11mo :i,1c1,Tpouuoro aapn.na, T, e. 1, noa
Hllh:IIOUem1!f1 «qiopM-c{laI,TOJJa» :lJICl,TJlOHa, Sro1· «qiopM·c{,a!iTOp» (iy )],CT CYll.\CCTBCllllO 
}Hl!UITL aqi<!iOKT liOMUTOila ua :i:ieKTpo11e npu UOJJblJIIIX :iucprunx c{IOTOIIOB 11 3,1JCh:TlJO· 
uiu•H11r11oc u3mmo.ttclicTn11e :i:iei.Tpouon. Ilpoucxo:1u1enne Tai,:oro J)aa1raauna11nn .;Jeri,:o 
Jll[;'.(CTL na Toro OOCTOl!Te,IhCT!la, 'ITO; 1cp0Me ncnocpc,ttCTBCHIIOl'O nor.10ll.\Cllllfl II ll3.1Y· 
'IeHllfl pca3hllblX ll.'111 llllPTY8JlhllblX c{,OTOIIOB :lJICKTPOHOM, B03MOiKIIO Oil.IC Il01',10ll.\CHI11l 
11 H3,1Y<JCHHC IIX i,t·MC30HOM, ll03HIIK8IOIIJ;IIM npH npcMCIIIIOil .:J;IICCOIJ;UaIJ;JIII :rnc1,Tpo11a 
11a fl•l!c:ion II napy nciiTpm10. 

IlOJJO)KeHHC .)\CJI ana:iorll'IHO B03HJIKHOBCHJIIO r.-1,rnaoirnoro 06.11a•ma llOKpyr IIYh:· 
:ioHon. Ana:ionm :iTa, o.11naKo, IIcno,maH, TaI, 1mK n cJJy'!ae 1t•Mcao1moro 00J1a'!1m ero 
l!l1Cll!T80bl onpc.)\CJISIIOTCSI KOMUTOJIODCKO!f .l\:IIIHOil T.•l!C30Ha, a B C.)Jy'lac 8:JCI(Tpom1 
Cyll.\CCTBCHHOil OK83LIB8CTCH .)\.)JIIIIa Ao, a 110 KOMilTOIIOBCKall )],;'JJIHa fl·l!C30Ha, 

YKaaamlhle 3)],CCh a<flif>eKThl onnTL•'!'aKu cy111ccTnc1111u npu .11,.mmax BOJJH pca.11,Ilhlx 
UJJII BHpTya.)JhJU,rx <floT011on, oJJH3Imx K Ao, 

B aaKJJIO'ICHUC 0.11110 3aMe'!aunc o po.111 c,1a6ux naanMo.11,eilcTnm'i Tnna p ~ n + e+ + ·, 
npH CT0,1KHOBCIIIIH nyK.lJOHOB. KaK (i1,1.10 OTMC<JCHO B MOCil CT8ThC, 3TO B381UIO)l,CficTJJIIO 
HJI npu KaKHX :iucprunx IIYK.)101108 He cTaJIOBIITCll CIIJ!hHblM, 

Ilpn 3TOM (ibl.)10 npe)l,IlOJJOlKCIIO, 'ITO ancpr11n 11y1,.11011on ll CJICTCMC IJ;CHTpa TmI,CCTII 

3 VMc~ 
11acnpc,:i;c:ie11a B OO'LOMe a.1mmco11.11,a V ~ lo 7 ' r21e lo - h:OMilTOIIOBCI(UH .11,,1111Ja 

(MJe30~!0ll ( ! ) IIJl;I, MomeT Ohl Tb, uyK,10IIOll( Afc ) ; E- :iucpr,m 11yK.1JOHa ll JJa(io .. , 

paTopuoll c11crcMc 1wop.n,n11aT. . • 
Ecm1 lKC c•mTaTb, 'ITO a11cpr11n nyi,:.1011a MO)KCT <ihlTh COCl)C,!\O'fO'ICIJa B KaK yro.11,110 

MaJJoii o(i.)JaCTII, TO npn .'l,JJIJ!lllX IJOJIII HYK.)JOHa A < Ao (B CIICTCMe l.(CHTpa THlKCCTII) 
e.1a6oc ll38IIM0)1,CilCTBIJC CTa!leT CYIJ.!CCTBCIIIILIM, 

3ro Momuo IIOKa3a Th paccyllC)1,CHHllMH, CX0.11,llhl:MII C np11BC)l,CHllblMII BLIIIJ.e )),Jill 
11miTp11no II a:im,Tpona. 3To me nH,zi;110 II 11c11ocpc,I1cTne111Io 113 reopuu nap11ux ~-cn.1 
TaMMa - HnancnKo 3• 

Bupa;Kc11nc .1an noTc111111aJ1a aTnx c11J1 rJJaCIIT 

1 ( i\0 )5 fi,c 
V= (21t)a 7f A;;°• (12) 

•' 
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. . f,,c . 
l'.ll' R - J!acuronuue Mea,.-tr uy1,:ioualm. TI1m R < .\0 1· = -\-~ :lh-2. II pu :no.11 11y1,• . " 
:w11 upe;1110.1.1raerc11 ro,;e•m1,ui. Ta1m11 oopaaoM, ouemrn ::1m1•1e111111 c.1aci1..ix: 11::iamw• 
,:J,eiicruuii npu r:TJ.'lh'.HOIIIJIIIIII uyK,101{00 cy111ecroe11110 :m1111CIIT OT .'{l)f;TOllC(IHOCTU 
upe;1no:w;1w111rn o roll, •1rufic,of~cr11e1ma11 ::111eprm1 iIOh'.oa111eror:11 11yi,::wm1 paeupe:1r:ieua 

11 olh,e.ue ue l1e11E>I1IN1 (.~1~) • Teopua reuepa111111 Meaouon 111m· eru:11monl•111111 ~lit'[•· 

rn•111ux 11yi..-101wo no.:i,roepaqaer :no noc.'le,l\ttee npe:1no.1oa.e1111P '· 
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iKypHa/1 3KC11epuMeHI/IQAbHOll U 111eopell1U'lCCI..Oll (/JU31/IW 

/!)5'8 Bbl/I. 1 (7) 

0 B03MO)l(HOM nPEJ).EJIE nPHMEHHMOCTH. KBAHTOBOA 
3JIE K TPO,ll.HHAMH K H 

/J., If. DIIOXUHl{eB 

Pacc~1JTp11oaion·R npo11eccw, KOIIK)"pllp)"IOl!lllC C 9.1CKTpO~!afllHTIILIMH np11 60JibWIIX 9Hep• 
rJIRX, IIOK333ll0, 11TU T3KIIMII npo11ccca~111 MoryT 6!>!Tb 11poaeccw, CBll3fllllblC C ~CTblpexq,epMIIOH• 
Hbl~III B3a~1110.11.cilCTBllllMII, ' 

J. BeeAettHe 

B pa6oni I I J 6b1J10 noKaJatto, '!TO· np11Me11c1111e coape:11e1rnoro Mero.na nepe• 
11opM11pomrn n 1rna11roaoii ::1JieKrpo.n11uaM11Kc ne.ne1· K np11111.urn11aJib11oijrpy.nno• 
crn - K 06pau~c111110 a Hym, ncpc11opM11pona1111oro JapH.na. Xorn 6eJycJioanast 
)I.OKaJaTCJlbll0CTb ::iroro BblD0)l.a II ocnapunaJiaCb 1~ J, TCM HC l\lCIICe HaJlll'IHC 
nr.1111u111111a.11,111,Ix Jarpy.n11e1111ii B OCiJiaCTII ::111epr11ii E, onpe)I.CJIHCMblX YCJIODIICM 
a n(E/mc~)-1 <~ = e~/ he), npc,lCTaBJIHCTCll BCChMa y6c,'UITCJll,Hl,IM, Cooraercr• 
ay10uu1ii ;1roii ;11wpr111111pocr1ia11crac11111,1ii MacwraCi /~ (lilmc)c- 3"'~ .1cm11r .naJicKo 
aa npe,WJ1a~111 rpan11rau1101111oro pa.nu yea 3JieKrpoua, KaK Ha .::iro nncpa1,1e Cib1J10 
yKaJauo a I a J. CaMa npe.ncJibHast 3Heprttst t1y.noa111.1um aemma (Eu ~mc3c3"1'). 

ITo::iroMy l\l0>KH0 0>Kll)l.aTb, 'IT0 Ha CaM,OM )I.Me· rpaHIILtbl 11p11MeHIIMOCTII CO• 
apcMc1111oii 3JICKrpoJ.u111aMHKH 0611apymarcst ropaa;i.o paHee, 11anp11Mep, ll3•Ja 
DOJMOiKl!0ro 113Mci1c1111H npocrpaHCTBCIIHO•DpeMCl!IIOII crpyKrypbl B o6JiaCTHX 
npocrpa11craa -apcMcHn Mam,rx, 110 nee me sua,rnre.1&110 6oJibWJIX. /. · 

O,lllaKO CCTb ,1pyrafl, CioJice ;i.ocryn11afl rcopeTll'leCK0MY attilJIH3Y, 'D0JM0>K• 
H0CTh orpal!lfllCllllfl Jl!a<IJIJ\I0CTI! KDallTOllOii 3JICKTpo;i.1rnaMHKH. ' 

HapH,W c tmcro 3JICKrpo;i.11ttaMl111ecKl!MI! aJaHMo.ne1icranstM11 q:orouoa, 
3,1CKTJ)0li013 II 110311Tp0HOB l!MCIOT MCC,T0 npoueccbl C y•rncrueM MC30H0B II HYKJI0• 
1108, 3m llJlOllCCCbl Moryr 6b1Tb Bbl3BaHbl 'll!CT0 3JieKrpo)I.HllaMl!'ICCKIIM nyreM, 
HallpllMCp B3aHMO,lleHCTBIICM cporoua C 3JieKTP0H0M, 

ECJIII CibJ 0Ka3aJI0Cb, 'IT0 llKJia;J. 3Tl!X He9JleKrpo~iar1111THblX. npoueccon npe• 
D0CX0,'l.l!T DKJia;J. 3JICKTJl0MarHHTHblX, TO ornaJia 6bl D03M0>KH(?CT~ paccMarp11naTb 
lJHCTYIO 3JICKrpo;i.1111aMIIKY 6c3 cymecrae,rnoro np1mJie'1eHl!ff ,11pyr11x ,THII0B 
BJallMO.:teiicra11ii. B 'laCTH0CTII, Hatlllflall C HCK0T0poii 3Hepr,m E,.p, craJio 6bl 
CieCCMblCJICHIIO pa3JI0>KeHHC no creneHHM c2/t,c. . . · , 

M1,1 noKaiKCM, 'ITO TaKIIM K0IIKYPIIPYIOU~IIM B3allMO;J.CiicTBHeM M0iKCT 6b1Tb 
CJiaCioe, IJCTblpcx<jJcpMl!OIIIIOC B3811MO/'l.CHCTBlle <l>epMH, CocTOHTCJlbllOCTI, 3Toro 
B38IIMO)l.eiidmrn D 06Jiacr11.(ioJibWIIX .:111cpruii ue 11po.ncpe11a 3KCnepHMCHTaJlbH0 
II Moryr (i1,1r1, BblCK838Hbl pa:3.11fllllhlC rcoperHIJCCKIIC C0Ml!ellllll no. noao,lly npll• 
Meu11~mcr11. 3roro asam,m;i.eiicrmrn ;J.Jlfl 311eprnll E ·:,. mc2, O,llHaKo Mhl Gy.ncM ncxo• 
,lll1'1, 113 npe;i.noJIO>KCUHfl O 11p11Ml'l!IIM0CTH 3TOr0 D38HMO,lleilCT!lllH llllJI0Tb ,ll0 
0 11e111, BblC0KIIX 31!cprnil · 11 pacCM0TJlllM BblD0,'l.bl, BhlTCKa10m11e 113 3TOro npe,ll• 
II0JI0>KCIIIISI. 

<l>HJlltJtCKaH oco6c1111ocr1, l!JICT0 cjlepMIIOHllblX B3aHMO)I.CiiCTDllll 32KJl!Oll8CTCH 
B TOM·, IJT0 Marpll'IHblC 3JICMCHTl,I 3TIIX B38llMO,llCiiCTDllll HC naAalOT C poCT0M 
3Hepr1111, y 1racray10mux B npollCCCC cpepMHOII0B,. B TO. apcMff KaK MarpHIJHblC 
9JICMCIITbl npoueccoa, npol!CX0;l.flll(IIX npl! yqacrlm, 6o30HOD (<pOTOHOD, n'• JI K· 
MC30110B) C p0CT0M ::i11eprm1 6o30HOD YMCHblllalOTCfl. O6ollCHllCTCll ST0 TCM, \IT0 

\ 
\ 
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0 ROJ\tOil\110\1 Jl)'l',ll';IL' llf'll\ll'llll\llll''l11 n11;111111n1•l( ,.1,·JdJlP l '1101\1111,11 
... \ 

11p11 803JIHCTlll!lfll :illl'Jll'IIII 0030lla OOJOJIIIOl' 110:1c 11a;ian IWK k '•: 

11,,, = V~2k1•il1.\fi1, ·i· COIIJHli;,.; 

-···· 

(3Aec1., k - m,my.11.,c 603011a, b,. - om•parop pon,;wmrn uo:mua, a 1j11.•p~111ll1111oc 
ITO:1e 11p11 BO3paSTallllH 3Heprn11 1j1ep~IIIOUa OCTal'TC!f IIOCTOllllllhlM: 

q,1, ~ 11,.c.-11xa,, + conpHiK., 

r;1e 11,. - CIIHHOpuan 8MIWIITY..l8, a,, - onepaTOP pOiK;J.l'Hllll 1jiep~1110Ha). 
B )laJlbHeiimeM l\lbl no1rnmeM, 4TO 113•38 3TOii OCOUl'HIIOCTII tjiepMIIOHHblX 

B3UIIMO)leiicrnuii OHII CTaHOBllTCll cymecrneHHblMH B 3JIClnpoMarH11THblX npo
ueccax ·311a4111eJ1bHO paHhUJe, HeiKem1 AOCT11rae1cn J1orapm!1M111IecK11ii npe)leJI 
E ~ mc2e3"'" · 

2. cf>epMHOHH0-9JleKTpOMarHHTHoe B3clHMOAeiicTBHe 

PaccMOTpllM npouecc B33JlMO,leiicTBHR ijlOTOlla (k) C 3JICKTpO11OM (e), npH-

B0,'.lHlll.Hii K o6pa3oBaHHJO µ-MC3OUa (µ) H ABYX HeihpHHO (v, ';): 

k+e-..µ+v+-;'. (I) 

TaKOH 11pouecc 6y)leT OIIIICl.,IBllTl:CH JiarpalliKH3110M B3aHMO)lCHCTBHR W: 

W = eWe + e\\i'µ + gWµ,v, (2) 

r;i.e eU:', = (J,A) - B33HMOJlCHCTBHe 3JICKTpoua (Je - 3JleKTpOH1lblii TOK) 
C 3JleKTpOMarHHTllblM ITOJJeM (A- BeKTop no1enu11aJ1), e\\i' µ HMeeT TOT iKe 
CML,ICJI )lJIR I.L·MC3Olla, 1-IaKoueu, gWPµv - 4eTblpexc!iepMHOHHoe 83UHMOAeiicTBHe 

3JleKTpoua, µ-Me3olla If 11eiiTpHHO; g = 1;,c A~~ 10-49 ap~•CM,3 ecTb KOHCT3IIT3 
<l>ep11u1 (A0 = 6-10-n CM.), 

a W,µv = {~,OJq,µ) (~vOA>v) + conpRiK • . 

3,lleCb q,,.4>µ, 4>v- CilHHOpHble JIOJIH COOTBeTCTBCHHO 3JleKTpOHOB, µ•MC3OH3 H 
HeihpHHO, 01 H 02 - HeKOTOpble CilHHOpllble onepaTopbl. 

• TToJIHoe 3<fx!ieKTHBHoe ce4e1me AJIR npouecca (I) 6y;i.eT: 

::µ= t-~IWarl2 p;dpvdOv p;dp: do: 
(2it1i)8 dEr 

(3) 

r,lle War- M3TPH4Hblii 3JICMCHT OT 311epr1m B33HMOJleiicTBHR (2) AJIH npo-

1iecca (I), Pv, Pv - HMIIYJlbCbl 11eii1p11110 H 3HTHHeiiTpHHO, Er__:_ 9HeprttR Ko~ 
HC4HOro COCTORHHH; CTpyKTypa 3TOro M3TPH4HOro 3JleMeHTa T3KOB3, 'ITO 
B nepaoM HCHC4e3a~meM np116J1H,KCIIHH OH paee11: 

. I 

W- ~{(alWefc)(c/W,itvlf>. (alW,itvlc)(c/WµI/)} 
.. ar = eg £.J . E - E + E - E' . ' 

. I O e. _ 0 c 
(4) 

r)le E0 - 3HeprHH H343JlbHOro COCTOHHHR, a Ee - npoMe>KyTO•JHoro •. 8 CHC· 
TeMe ueHTpa TR>KecTH qJOToHa H 3JieKTpona E O - Ee - lck (k - BOJIHOBOH 
eeKTop qJOT011a); (a I W;, I c)- k-'J,, (c I W" If)- k-•1,. no,ToMy I Wat 12 ~ e2gk-3

• 

Becoaoii iKe cpaKTOp B (3) nponopllHOH3JleH k6• TaKHM o6pa30M IlOJIHOC Celle~ 
1me 6yAeT · 

oil-::::: «J.tik2F, (5) 

r,lle F -MHO>KHTeJib nopHAKa I, cJia6o saaHCH~Hii OT k 1• 

. 1 3TH Ka'!ecT'eeHHlile 33KJJIO'leHHll n0ATBeplK,ll3IOTCll 6oJJee no,llpo(IHblll - pacqeT0M, Bbl• 
noJJHeHHblM ,ll0KT0p0M M. Meliep (PyMbllJHll), KQT0p0MY 3BT0p npHHOCHT 6JJaro11apHOCTb. 

•' 
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,ll. H. 6.11ox1111ues 

TTOA06Hb1M ,Ke o6pa30M MO,KHO p_aCCMOTpeTb npouecc CTOJIKHOB_emm ;i.ayx 
:meKTpOHOB C OAHOBpeMeHHblM npeapaiue1meM B .naa: Me3oHa, no cxeMe 

e' + e* -µ' + µ*, 

.[{mfajlepeHUH8Jlb~Oe Ce'!eHHe (B C, U, M,) JI.Jill 3TOroinpouecca 6y.neT 

d~µµ ~ A:,q'p2F dil, 

(I') 

(6) 

rAe q- nepeAaHHblH HMOYJibC, a p- nepBOH8'18JlbHblH HMnyJibC 3JleKTpOHa, 
ll3MepeHHble B o_6paTHblX JI.JIHHax. . . 

C .npyroH CTOpOHbl, Ce'!eHHll 'IHCTO 3JJeKTpOM8rHHTHblX npoueccoB paBHbl 
(0t = e2 / 1i.c): 

~c = ;;: (Jn ~~
2 +-!-) (7) 

JJ.JIH 3<jxpeKTa I<o.Mnrotta~ · 

(8) 

AJJH ynpyroro CTOJIKHOBeHHll 3JieKTPOIIOB, 

(9) 

J!.JIH po,1<AeHHH nap (a,11.ecb kc= me/ 1i.), H 

(10) 

JI.Jlll"TOpMO3HOro H3JJy'leHHll npn CTOJIKHOBeHHH.3JieKTpoHOB. 
CpaaHeHHe 3THX ce'!eHHH C ce11eHHllMH CMewaHHblX npoueccoe (I) H ( 1 ') 

· UOK83bIBaeT, '!TO: 

aµ>ac npH k > a.''•! A.,; ( 11) 

aµ>ap npH k > 0t'I, A,,; (12) 

daµµ>da,. npH q > 0t'I, I Au; (13) 

aµµ> ay npH q ~ p ~ ,1..11,. (K,,Aorf/J A:f (14) 

l<aK BHJI.HO H3 3THX HepaBeHCTB, ecJIH 'leTblpex<f,epMHOHHble B3aHMO,ltelkTBHll 
MO>KHO C'IHTaTb npHMeHHMblMH B o6JiacTH 3HeprHA k>1IA

0
, TO npou.ecchl c 06-

paaoaaHHeM HeHTpHHO H µ-Me3OHOB 6onee HHTeHCHBHbl, He>KeJIH 'IHCTO 3JleKTPO.• 
MarHHTHble npoueccbl. CooTBeTC:TBYJOIUall 3HeprHSI <f>oroHOB HJIH 3JieKTpOHOB . 
B cucteMe U.eHTpa TH>Kecrn JJ.OJI>KHa 6b1Tb npH 3TOM (Sonbwe Ac/ A

0
~2 BeV:3ro -

orpoMHa.11 3Heprn.11, HO oHa see >Ke ;,rnoro MeHbWe norapH$MH0'lecKoA. · 

<;:ite,11.yeT 3aMeTHTb, '!TO o6pa30B8HHe nap HYKJIOHOB H Me3OHOB 6y,11.eT "1aTb 
3aMeTHO MeHbWYJO pOJib, TaK KaK HX Ce'!eHHe o6pa3oBaHH.11 6y.neT B (m/M) paa 
MeHbWe ce'!eHH.11 o6pa30BaHH.II 3JleKTPOHHO_·nO3HTPOHHblX nap. 
. TTpou.eccbI C o6pa30BaHHeM HeihpHHO H 6030HHblX Me3OHOB 6y.nyT cyiuecTBeH-
Hbl TaK>Ke no3,ll.Hee H3•3a OTMe'leHHOro BblWe pa3JIH'IH.11 B noee.neHHH MaTpHIIHblX . 
3JieMeHTOB 6o30HOB H <l>ePMHOHOB: > ··- • • • 

TaKHM o6pa30M, <l>ePMHOHHOe B38HMOAeikTBHe MO>KeT 6b1Tb TeM B3aHMOJJ.e8-
CTBHeM, KOTopoe orpaHHIIHBaeT 06JiaCTb npHMeH~MOCTH 3JleKTPOAHHaMHKH 

\ 

\ 
\ \ .. :: 
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0 llffJ\IOilWP',I upe,aP.1C npl!Ml'llll~IOC111 ~11a11r_ .. ,,11it ,.,1'1\fJ'O.'l!lll,1\11!1\II 

''. .. ,, 
. -- ·- ·--- - - ··--- ·-······-' --

- l\taCUJTaoa~III uu:11,11Jmi11 A,.. ,'lm1 ~ICllbU!IIX Mcll'lll'I aoon 11, c:a•;1011a ll'.'11,110, :l,'IH 
::ittrpru11 60.1b1UIIX t.c/ A0 COBCCM HCT c~1b1c.1a 1uy1rnr1, c1:1t:KTJlt>,11111a~1111,y. Ill' 11p11· 
llJicKaH K pacc~ruTpem110 ·11pouecc1,1 c rt·Mc:mttamr 11 11ciirp11110 11 1rn11crn1ny 
<l>epMH g, 11.apH,W c e=/1,c: 

061,e,,1111enm,11i 11i1qnTyT 
ll)l<'pHhlX IICCJ!l')l0113Hllit 

Jlnreparypa 

nocTynu.ia n p,•.,aKHHKl 
:28 <j>e11paJ111 1958 r. 

(I] JI. 11. JI a HA a y, A. A. A 6 pH K 0°c on, H. M. X a JI a TH II Kon • .Ll,\H CCCP, 95 
1177, 1954. 

(2] H. H. 6-o r o ., 10 6 on, 11, B. Ill II p Koe. Bne)le11ne e TeopnlO Kna11Ton1,1x noJJeit,fTTH, 
1957, CTp. 355-356. 

(3J M. A. Map K_ on. )K3Tlf>, 17, 661, 1947. 

ON THE POSSIBLE LIMIT OF APPLICABILITY OF QUANTUM 
ELECTRODYNAMICS 

!J. I. Rlt,khinlseu 

Proc·'sses competing with eledrom.1g1wlic processes at high energies are considcrcd. It is 
~hown that possible proces,es of this type arc those connected with four-fermion interactions. 

17 ;)l(ST<l>, M 7 

.. 
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¢0TOPO)K.LlEHvIE HEvITPvIHO-AHTvII,-f E;_;lTPvIHHblX nAP 
HA 3flEKTPOHAX 

BaH )Kyn, H.¢uwep, vI.Y:ynnu, C. Y:ynnu 

( 1 ) 
.LlBa rona TOMY Ha3ail npocpeccop .Ll.vI.EnoxuHueB B pa6oTe o6paTlrn 

" . 
BHliM8HHe Ha TO, 'ITO npu LI.OCT8TO'IHO Bb!COKHX 9Hepru~x cna6bre B38HMOLl.eilcTBlHI MO-

ryT CT8Th cpaBHHMb!MH C aneKTpOM8I'HHTHb!MH B38HMOLl.el'iCTBIHIMH. CornacHO cnenaH-

HbIM HM oueHKaM npouecc r + e.- _ ,u.- + v + v HMeeT oco6eHHO 6onhwoe ceqemte1 

KOTOpoe LI.OCTHraeT Ce'!eHHH acpcpeKT8 KoMnToHa npu 250 09B. Mb! Bbl'IHCJIHJIH Bblpam:e•· 

Hile Ce'!eHHH 9TOI'O npouecca, II H8W pe3yJihT8T nonTBepm:naeT 9TY oueHKy. 

r 8MHJlhTOHUaH B38HMOLl.eiicTBHH UMeeT cnenyrourntt BHil 

H = 

B Bbl'lHCJieHHHX Mb! yqnu LI.Be nuarpaMMbI Han:HH3wero nopsinKa, KOTopbie noxom:u Ha 

COOTBeTCTBYIOLUUe nuarpaMMbl acpcpeKT8 KoMnTOHa. 

Y cpenmrn no naqaJihHblM li npocyMMUpOB8B no KOHe'lHbIM nonHpH3aUHHM II ony'-

2. .t. 
CTHB HecymecTBeHHbie qneHbI 1 conepm:amue me u 'm;..." • Mb! nony'!HJIH cneny10mee 

Bbipa)KeHHe nnsi nonuoro ce'leHHH: 

,t e'-(· 8 

V' {!l.11}5 '4.1 Ce 

{- (kp~J (p;;kJ (l:J,,p,..) 

[rp~+k)'..; -!J:t. 
fkP/"")ff';;~)(j->,,kJ 

[(p,..-k/' + -m).j:t. + 
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. 
\ 

3To Bhrpamemre MhI npmrnTe_rprrpoaanrr a crrcTeMe ueHTpa HHepurrrr a cne.uyromeM, 

KpattHe pemITHBHCTCKOM, nprr6nrrmeHHH: 

Ee -w E 
"' ..t (-LJf I!.=- GJ + Ee ) t:.,. :: I'" -~· E ·p,.. ,... ~ ,. V-::.2.. 

KoHe'iHOe Bhrpamemi:e .um1 KpattHe pemITHBHCTCKoro Ce'ieHHSI HMeeT BH.ll 

G,,... = e. .. 1,. "':i. r-~-~ 
4:yJ m,.... - 0.1Pl4}, 

r.ue w - . aHeprHSI CJ)OTOHa B CHCTeMe ueHTpa HHepurrrr. 

BocnoJib30BaBIUHCh H3BeCTHhIM BhrpameHH9M ,unSI Ce'ieHHSI acpcpeKTa KoMnToHa Ge 

a crrcTeMe ueHTpa HHepuHH, MhI• HaIUnH cne.uyromee ycnoaHe anSI <5'~ > G;; : 

iJ_i C.J.i ~ 
J, 7r3 

3To ycnoaHe BhmonHSieTcSI nprr 

'11' I[ :L 
0 

w, 

.. 
?l<e 

-;:;;:-
e., :i. f 

= 71 (~.,,} ~2. 

6onblll9M 242 Baa B CHCTeMe ueHTpa HHepUHH. 

llHTep_aT~a 

l. D. I. Blohincev, Nuovo Cimento ~ 925, /1958/. 

CM. Tome pa60ThI M.A.MapKoaa .B HaCTOSillleM c6opHHKe. 

. . 

_ .... 
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0 rEHEPAUl1l1 TTY'4KOB EblCTPblX HEHTPI1HO 

B.C.Eapaw emrna, CHHh Ll.1rn-qaH 

B nocnenHee apeMH BHIIMaH1Ie MHOf'l{X (plI31IKOB nplIBneKa!OT B03MO)KHhie onhJThl 

• "(1) "' 
C HelITPIIHO Bh!COKI!X 9HeprHII • vTII onh!Thl npencTaBnHIOT 3aMe"IaTenhHYIO B03M0)K-

HOCTh IICCnenonaTh MHOf"IIe Ba)KHbJe qepThl cna6hIX B3alIMOLleiicTBIIii. B "IaCTHOCTII, 

MO)KHO 9KCnep1U,1eHTanhHO nponeplITh, neiiCTBIITenhHO n1I nplI 6onhWIIX 9HeprHHX cna-
(2) 

6b1e B3alIMOLleiiCTBHH CTaHOBHTCH CIInhHhIMII • 

l1HTeHCIIBHhJe ny"IKII HeiiTplIHO 6onhWOii 9Hepr1III MoryT 6hITh nony"IeHbl Ha 6onh

wnx npOTOHHhIX ycKopnTenHx, TaKIIX KaK CHHXpocpa30TpOH B .[ly6He Ii 30-E::>BHhlii ycKo

pnTenh B )KeneBe. HeiiTpHHO B 9TOM cnyqae B03HIIKa!OT npH pacnane 3apH:>KeHHh!X 

1r -Me30HOB, o6pa3oBaBWIIXCH nplI CTOnKHOBeHIIHX 6bICTph!X HyKnOHOB (cM. p1Ic.l ). 

3HepreTH qecKnii cneKTp II yr no Boe pacnpeneneHHe TaKHX HeiiTpHHO MO)KHO Bhl"IRCnlITh, 

ecnlI II3BeCTHhl cneKTP II yrnoBoe pacnpeneneHIIe POLllIBWIIXCH B }/- ]\/ -cTOnKHOBe

mrnx 1T -Me3oHoB. B o6meM. crryqae aTa .aa.uaqa HBnHeTCH BeChMa cno)KHofi, oco6eH-
-' /3/ 

HO, ecnH yqeCTh KOHe"IHhie pa3Mephl neTeKTopa HefiTplIHO ( cp. ) • O.uHaKo, pac"IeThl 

3Ha"II:TenhHO ynpoW.aI0TCH, ecmi: orpaHII"IIIThCH paCCMOTpeHIIeM nlIWh 6hJCTphIX HefiTplIHO 

BbineTaIOIUIIX non ManhIMII yrnaMII K HanpaBneHIIIO ny"IKa rrepBII"IHhIX, ycKopeHHhJX npo-

TOHOB. B 9TOM cnyqae yron BhineTa HefiTplIHO 0v O"IeHh Mano OTnlI"IBeTCH OT yrna, 

no.u KOTOpb!M .u1mrancH pacnaBWIIllCH 'JT -Me3oH: 0 z e ( 1) V CM.plIC. • 

Ll.anee Mhl 6y neM paCCM8TplIB8Th HefiTplIHO C 9Hepr1IHMII E,., > 1 EsB II yrnhI 

9v nopH,UKa HeCKOnhKIIX rpa.uycoB. TaK KaK 

netl:TpHHO c nnoruanhIO nonepe"IHoro ce"IeHHH 

Ha paCCTOHHIIII HeCKOnhKIIX neCHTKOB MeTpOB 

B nnaHIIpyeMbIX 9KCnep1IMeHT8X neTeKTOp 

2 5 D ,_, 1 M upennonaraeTCH pacnonO)KIITh 
1 J . . 

OT MIIW8HJI .• TO T8KOe np1I6n1I)KeHJ1e B 

HaCTOHruee BpeMH HBnHeTCH BnonHe .!lOCTaTO"IHhIM. 

EcnlI - IIMnynhCHOe pacnpeneneHIIe 38pH)KeHHhIX 1f -Me,.;. 

30HOB 0 BhineTaIOIUIIX non yrnoM e K ny"IKY nepBH"IHhIX npoToHoB, TO cooTBeTcTBy10-

IUIIii 9HeprDTII"IeCKHH cnDKTP Hetl:TpHHO Ha paCCTOHHIIII L OT MIIWeHII, rne npo1Icxo-

.!llIT
0 

reHepaxrng JT -Me30HOB, IIMeeT BII.!l: 

\ 
1) HarroMHHM, "ITO Bcne.ilCTBIIe penHTIIBIICTCKOf'O C)KaTIIH BpeMeHII 6hIC:Tpbie !It -M~-

30Hhl 6y nyT' pacnanaTbCH nlIWh 
0

Ha 6onhWIIX paCCT0HHIIHX OT MHWeHH, 
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WV ( E,·e, 1.,) ·= a. J wjr (.ti, e) { 1- e..xp (- ~ :::-)} clp 
. • Ao ,. f' (1) 

3.necb a.. = ..,,,, 2. /<. "h-1 2. - µ l. ) »L Macca 

-:Me3oHa. Ecmr· L 3a,naHo B MeTpax, TO .l 
'7T -Me3oHa; ~ - Macca 

-2 
---C • C. • 10 =7,68; 'C - BpeMSI 

:>KH3HH 3apsi:>K_eHHOro gT -Me30Ha. 

Bb1pa:>KeHHe ( 1) nHlllb 9KCHOHeHuiranbH.b!M qneHOM H BemrqHHOi-i K09cpqmuHeHTa a... 

OTnrrqaeTCH OT COOTBeTCTBYIOillero Bbipa:>KeHHSI .umr y -KBaHTOB, .o6pa3yIOlllHXCH IIpH 

. c 4 5 J c· c - ) 
pacna.ne '7J" o -Me30HOB . 1 

• - CKOpOCTb CBeTa 

Ha puc. 2 B norapHq:JMir~eCKOM MaCllITa6e npe.ncTaBneHbI Bb1qucneHHbJe 3HaqeHHSI 

cneKTpOB Hei-iTpHHO .nnsi'yrna e = 0. PacqeTbl IIOKa3anR 1 qTQ IIpH ManbIX yrnax 

cneKTpbl Hei-iTpliHO oqeHb cna6o 3aB.IICHT OT yrna. Hanp.lIMep, 3HaqeH.IISI cneKTpOB Hei-i

TpRHO ,nnSI yrna e = 3° BCero nHWb Ha 5% MeHbille COOTBeTCTBYIOlllliX 3HaqeH.IIH ,nmr 

e = 0° • 3TO Bli,UHO T_aK:>Ke H3 pHC. 3, r,ne yKa3aHbI 3HaqeH.IIH IIOTOKa BCeX Hei-iTpliHO 

C 9HeprHHMli E > 1 Esa H E > 2 EsB .nnsi yrnoB e = o0 
; e = 3°. 

H) 
WV (8,L)::; J w 11 (E,e, L) d.E-. 

I 

E >-f 

{2) J Wv (O,L)"' wv (E-, e, L) c(.1:: 

E >2. 

3HaqeH.IIH cneKTpoa Wv .II noToKoa 
w<i.> 

V Ha PRC. 2 li 3 IIp.lIBe.neHbl a 

pacqeTe Ha O,U.IIH aKT Heynpyroro HyKnOH-HyKnOHHoro CTOnKHOBeHHH B MHWeH.II; 

J Wy(E, a, L) ate clE = n.., 
r.ue '}t = 2,3 - cpe.uHee q.llcno 3apsi:>KeHHb!X 'JT -Me30HOB, pO:>K.UaIOll!RXCSI B 0.llHOM 

N N 
. 0 E t5, 6l . [5) 

aKTe Heynpyroro - . -cTonKHOBeH.IIH npu sHepruu 1 sB • KaK n: B pa6oTe 

3HaqeHHH cpyHKUHR 

CTBeHHoro pO:>K.lleHRH. 

W11 ( 1'· 0) paccq.lIT8Hbl IIO CTaT.IICT.IIqecKoi-i TeOplili MHO:>Ke-

l-13 plic. 3 Bli.llHO, qTQ IlOTOK Hei-iTpliHO Ha e.u.lIHHUY TenecHoro yrna 

( 4) . 
Wv (6,L) 

6bICTpO pacTeT Ilpli y .uaneH.IIli OT M.IIWeH.II. B Ta6n.1Iue 1 np.lIBe.ueHbl npe.uenbHb!e 3Haqe

Hlif! .unsi L = OQ • 

. . 

-
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OnHaKo, c pocToM L 6bICTpo yMeHhwaeTCSI TenecHbiii: yro:1 ne.TeKTopa Heii:Tp1rno 

.!lD == Sn/,_ 1 • TToaToMy •rncno Heii:TpIIH0 1 CflII'.KcnpyeMbIX neTeKTopoM, yMeHhwaeTcsi npII 
. 2 

y naneHIIII neTeKTOpa OT MI{W0Hli Ha paCCTOSlHI{I{ L = 30 M, <J:epe::i 1 CM nnomanrr 
-8 . 

neTeKTopa npoxonrrT l,lx 10 Heii:TpuHo (a pac'!eTe Ha onuH aKT Heynpyroro JV-/'{ 

CTOnKHOB0HUSI); Ha paCCTOSlHI{SlX 
•; -8 

0,27 x 10 Heii:TprrHo. 

-8 
L, =50 M li 100 M - COOTB0TCTB0HHO 0,6xl0 l{ 

3Trr '!Rena O'l0Hh none3Hbl nnsi pa3nli'lHbIX oueHOK' np~ nnaHupOBK0 OilbITOB Ha 

CIIHXpocpa30TpOH0 06oenIIH0HHOI'O IIHCTIITyTa sinepHbIX IICCnenoBaHrrii:. 

B 3aKmoqeHIIe MbI npIIHOCIIM rny60Ky10 6naronapHOCTh M.A.N\apKoBy 3a MHoro

KpaTHbie o6cy:IB:neHIIS1 I{ U0HHb10 COB0Tbl. Mb! 6naronapHbl T8K)K0 p .AcaHOBy I{ I-1.TTony· 

6apIIHOBY 3a o6cy:IB:neHIIS1 I{ U0HHbl0 . KpliTli'l0CKII0 3aMe'laHIISI. 

T a 6 n II u a 1 

~ c.i> ( 1 ) . (l.) e wv < Q, Oo) WV \/\I· 
V 

00 1,5 0,18 

30 1,4 0,16 

fl II T e p a T V p a 

1. M.A.Markow. Hyperonen und K mesonen. Verlag der Wiss~nschaften, Berlin, 19.60. 
T.D.Lee, C.N.Jang. Theoretical discussions on possible high energy neutrino 
experiments, preprint, 1960. 
N.Cabibbo, R.Gatto, Nuovo Cimento, 15, 304 (1960). 

E.TToHT0KOpBo; 9 .e:IB:eronuasi KOHcpepeHUIISl no (flII3liK0 Bb!COKIIX 8HeprIIii:, KueB, 
1959r. 

( 1958); Yct>H, §a. 381 (1957). 

H.Nagai, D.Ito . Anamalous Creation of -mesons Originatind .. in the Weak Interactions, preprint, 
Physics Institute, Hokkaido University, 1960. ' 
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3. H.B.nony6ap1rnoe. "BaanMo.neilcTBHe Hei1TpnHo~ po:>K.neHHhIX napannenbHhIM noHo-
. XpOM8TI1'1eCKIIM IlY"!K0M ,.'Jr .. -Me30H0B ,, ( 6y.neT ony6nnKOB8Ho). 

4. R.M.Sternheimer, Phys.Rev.~. 277 (1955). 

5. B.C.BapauieHKoe, CSIHb :AnH-11aH. ATOMHag :aHeprirn ( e ne"!aTn); npenpHHT OHfJl.1 
P-512, 1960 r. :.i '. • . • 

6. V.S.Barashenkov, Nuovo Cimento, 14, 656 (1959). - . 

· .. 
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PHc. 1. ny'IOK HefiTJ:HIHO, o6pa30B8BlllHficg np!I pacna.ue 
renepupoBaHHblX 6h!CTpb!MH npoTOH8MII, 

\ 

\ 

:I:. 'JT - Me30HOB 1 
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Wv 
1 

10-1 

10-2 •· 

·,o-3 

,o-4 

1 
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' \ 

2 3 
Pac, 2, 3HepreTlf'!eCKOe pacrrpeneneHJrn HefiTPIIHO Ha pa3IIH'<Hb!X pacCTOHHHl!X 

OT M11wena L non yI'noM fJ ,= 0 K rry'!KY nepBH'IHhlX npoToHoB, 
MacIIJTa6 nopapaq:iMH'10CKBl!. L, naHO B M9Tpax. 3HepI'Hll H01l:TPHHO 
E - B Baa, na6opaTOpHal! cacTeMa Koopna11aT. 

.. 

E 
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t 

0.4 

0.3 

0.2 

0.1 

P11c. 3, 

0 -10 100 
<•) <tl _/ 

W E! W" ( 8 • L) - ITOTOKII Hel!TpllHO C 9Hepr11el! E > I 69B 

Ha pa3ITll'IHblX paCCTOSIHIISIX OT Mlllll8HII l, ITO.U yrnaM8 e = 0 
(cnnOlllHa!I Kp11Basd II e = 3° (nyHKTllpHa!I Kp11Ba11 l K ny'IKY nep-

BH'IHblX npOTOHOB, Wl'-) - TO )1{8 .UIT!I HeJ!TpHHO C 9Hepr11eJ! f: > 2 69B, 

L, - .ua110 B MeTpax ( MaClllTa6 norapH<PMH'leCKHJ!), 3Ha'leHH!I noTo-

KOB Wl.:) npHB8.U8Hbl B paC'!8TB Ha 8.UHHIIUY T8IT8CHOI'O yrna, na6opa

TOpHa!I CHCT8Ma KOOp.UIIHaT, 

\ 

\ 
\ 
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B3Av!MOnEvtCTBv!E HEvITPv!HO, PO.tKnEHHbIX nAPAJ1J1EJ1bHbIM 

MOHOXPOMATv!YECKv!M nYYKOM -:I:. -ME30HOB 

vl.B.nony6apHHOB 

1. B B e n e H rr e 

Hn:m:e nenaIOTCSI OU0HKH B03MQ,KHOCTH 9KCnepHM0HTOB C H0liTpH.HO BbICOKHX 

• 1 2 .,.... 
aHepnrn nony,:-1aeMblX OT pacnana ...... -Me30HOB, B03HHK8!0lllHX B 

ycKoprrTenHx Ha 6onhll1He aHeprnn. 

OueHKH npennonararoT MarHHTHyIO cp~KycnpoBKY pacnanaIOWHXCH 

napannenhHblli MOHOXpOM8TH'l0CKHli ny'IOK. Ha. OCH ny'IKa CTaBHTCSI JJ.0T0KTOp HefiTpllHO 

o6oeMOM V (0,52 nnn 9,9· M
3

). npennonaraeTcSI, _'ITO nepen neTeKTopoM HefiTpnHo 

CTOHT 3alllHTa TOnlllHHOli ) I I nornomaIOlllaSI J .... -M030Hbl, ( a T8K)K0 ll BCe .npyrne 

qacTHUhI, KpoMe H0liTpHHO) ll 'ITO ny'IOK $:-M030HOB "o6pb1B80TCSI" cpaay :m:e Ha 
~ ' 

'rpaHnue aTott aaWHTbI (cM. pnc. 1 ll 4). 

( 
B n. 2 H 3 co6paHbI H006XO.llllMbie nnH OU0HOK npoCT0lilllll0 cpopMynbI nm1 aepOSIT-

HOCTH pacnan~ :J:. -M030Ha ll C0'10Hllli B3aHMOJJ.0HCTBHSI ~ ll 't/ C HyKnOHaMH ll 

aneKTpoHaMH. B n. 4 ll 5 BbIBeneHa o6wasi cpopMyna nnsi 'lllCna BKTOB B3aHMOJJ.0liCTBllS1 

HefiTpHHO B aneMeHTe o6oeMa OT pacnana nponaaonhHoro nyqKa 

B n. 6 BblnonHeHbI 'lllCneHHbie pac'leTbI JJ.nSI cnyqaSI 6ecKOH0'1HQ-TOHKOro ny'IKa 

~ -M030HOB ll nonyqeHbI 'IHCna aKTOB B3aHMOJJ.0HCTBHSI 8HTllH0HTpHHO B cy.TKll B aaan-

CHMOCTll OT paCCTOSIHllS1 {,,._ Me:m:ny llCTO'IHllKOM .:r,:---M030HOB ll JJ.0T0KTOpOM npll 

3alllllTe-F°paanll'IHOli TOnlllllHbI 1, I ( CM.pnc. 2 ll 3) • 8Heprnsi A -M830HOB B3S1Ta 

paBHOH E.,r = 4,2 BaB. f'pacpHKll HOpMllPOBBHbr' 'Ha llHT0HCHBHOCTh ~ -Me30HOB 

8 ~ -Me30HOB · 
10 ---------------=--- . Ha coynapeHne 10-BaaHoro npOTOHa C HyKnOHOM C po½·. JJ.0Hll0M 

ceK 

-Me30HOB_ po:m:naeTCS1. 
,,..._ 

3,7-5,1 BaB 

aHeprntt B03HllKH0T OT IlOTOKa 

TllTCS1 B Mlllll0Hll C pO,KJJ.0Hll0M 

0,05 ~--MeaoHa B HHTepBane aHeprufi 

3 
1 TaK 'ITO yKa3aHHblli IlOTOK :i .. - -Me30HOB STllX 

--., 2•10 10 
npoToHoB Korna 0,1 qacTb ero norno-

ceK ' 

\ 



t,,:\ 

i\\a/::111\ty'.\1 11a rp1:1t11Kax BO3HHKaeT H3-3a pocTa t.incna aKTOB c pocToM 11cnonh:iy-
\ 

eMOH t.illCTll nyt.iK8 ~ -Me30HoB' 11 YMGHbWem1eM HX '!IICJJa Ha 60JJblUHX pacCTlHlillHIX, 

rne cKa3LmaeTCH yron· M8)Kil/ uanpaaneH11eM JZ: -Me3OHOl3 II I-ianpanne111IeM Bl,l.'l0T,l 

11eii Tp1111O. 

B n.7 cnenaH.a ouemrn nr.H cnyqa11 u.111po1..:oro ny<ma ~ -l\1C3O1IOII, 

HacTo.;iw11e pact.ieTbI BLmonHeHLi no npenno)KeHu1O npocjJ, M,A,MapKosa 

I raooTa 1959 r .I. 

2, Pacnan .:r.:. -11,1e3oua 

rI p,I pacrrane ~-Me30H8 ~ -t'+'\l pO)K!l8lOTCH HGHTpl!HO, 06nan:a1oume 

aueprnett ( 1;-=- <:..:: 1. 

f. =-
\I ~~" -r,.<:.u..~) 

h\~ "'"m~ 

' ( I ) 

r.n<:> W\lf II Wit' MaCCbl IlOKOH :Ti -Me3OH8 11 r-Me3OHa i £.Ti H P-rr - 9Hepr11H 

II I1:\trJYJJbC ':r. -Me3OH8, ~ - yron MG)K.llY nepaouat.ianbHbIM uanpa13ne111-Iez-..-1 3' -

:---w::io11a I! 11anpaaneu11eM BLineTa 11et!Tp11110, 

BeponTnocTb pacnana ~ -Me3OH8 C mv.nynbCOM -rlr 13 8ill!HllUY BpeM8Hll 

C BLlJlE'TOM ueATpHHO C HMnynbCOM B (f" , y'v +dfv) pasHa 

1. J_➔ 
l {';'I -,\ C (=" ➔, f-, 'MT( r" . C-~( n \'!. t1 

i...s ,yl\" >f"; = 7 Y1t, ?vJ~f..,, :: ..,./;- ':\(, 'L 1.) 0 '-rir-~VJ +""11" > 
_ °J\ ~~liJ~tr-h1'1" i.v 

(2) 

r,..-:1O Pr. H p\l - 4 HMny JlbCbl . :rr -Me3oua 11 uefiTpHHO (. 
~ '!. rri -=- -V\1r. 

't _ '\ ., f.-., - 0 J, 

'i: (€.r.) 13pC!v151 )KJ13Hl1 ,::r. -Me3OHa C 8Hepr11ett £:." , k'3 9TOA r)JopMyn1,1, 13 "4QCT-

11O'.:TII, cnenyeT, 'ITO ilOJlH pacnanos_ ~ -Me3OHB C Bb!Jl8TOM HeilTpHHO, JIMCJOlllllX 

anepr11IO 6onr,we neKoTopott t:.. 0 , B 0TnoweH1111 KO aceM pacnanaM,· pasua 

" €..'"' f..~-.,c- 14o\i.H 

'c.,v 
IA.= - ... )C-£0 \) < / £" 

f_ ~Ill - '(. ':::::, .._. -..)( (3) 

.. 

.. 



,..---------c---------------------

•,.J 

89 

tli e.(. V 1 2 3 4 5 8 7 8 g 10 

2. i. 
~" ::. ~Tl" -"'1~ M~v 1,' 

Ml11 2.~""-tf~ 

·mi. m2. 0,43 0,88 1,28 1,71 2,14 2,57 3,00 3,42 3,88 4,28 e." = Tl'- t Bc.v 
Wlo,t CJ..<!-lf-vltj 

3. B3aHMoaeAcTBHe HeATpHHo H aHTHHeATpHHO c HyKnoHaMH 

H sneKTpOHaMH 

Ec1m a Ka"lecTae naI"paH:lKHaHa ~ - pacnaaHOI",O 638HMoaeACT6HSI IlpHHSITb 

(4) 

TO -am1 acex. aoaMO>KHhIX ( a nepaoM nopsaKe) npoueccoa aaaHMoaeAcTaHA HeATpHHO 

H SHTHHettTpHHO C HyKnOHSMH H sneKTpOHaMH 

nony"laIOTCSI cneayrowH_e tnonHhie ce-qeHHSI 

• 

\ 
\ 

' (5) 

(6) 

(7) 

(8) . 
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\ 

\ 
~ . ,. ,. ~· .. . ~· ·~ (~;-wi1Y-6 = ~ . MC... . 1..-il\'\-t"+Wle:-) 

- - ~ . . 2.. + v+f ➔ e.-tl\ l2:tC~ · «c:.f£.~fo ·. M H" 

. 1.- Wl"+'Mp+mv+Wle - W\h-h1e +\..'mf-rnV -/4.LWln+Wle\.»lr+""vJ_ . 
{ 

i. 'l. q_ q_ ( i. "l. )q_ / 1 q_ q_),. q /.. 4. 2..)/, 'l. 'l. '\ . 

· . 2- Mg_ . 2. M'< <9 ) 

_ l'M"' +me:,,ni,-wrv, +\..My-+mv \.\11.,,-Wie") -+. ,W\._ -W1e2 \..'rVlr-Wtv, . 
2,. 'l., '\( C 2. 'l '4., /, i ,.- g_)/1 9._ 'l,. 'Z_ { I 2. 2_ )9...f • 'l. 2.)'!. } 

2..M" , Mi 

~2. M" c..4 
6 .--.•---. 
v -+€.➔ n+f' - li.1t1''1 €..e. i..~ ~ 

1- 2.(_~;+ ~'!:.) 
. M2. ti 

4 c~~-~;.)' 
M'1r ( 10) 

·\i- 'i. i.. 9... ~ 
yv\h .+,'My +~y +WI~ 

r. t. '-)1. 1. ,._ · 2.)ll. ar. 9... t.)rl 4. ~ 
.\ .. 1Mh-"4f. +,M~ ..;,"'v - ,(,_\..'Mi., +'t\1f \.h,\~~~ -

i.M1. i. Mt, 

r. 1 '-)r. 2. £.)t. r. t. 2.)rL t. t.)i. ,'""-\-\V.i \...~,(. -\"-\:V +\..hi~ +)'Yl~ \.M"'-~f 
C:. 

+ '--IM"-\1\,\F '--1.'-\~-~v I, -z.. -z.. )1.. (,. '.t. 'l.)1.} 
Ms • ···•· 1.M 

8TH ce'ieHIHI 3an1ICaHbI B npOII3BOnbHOil: CIICTeMe e.n.IIHliU II B npOli3BOnhHOil: CIICTeMe 

OTC'ieTa. 

~~ - OTHOCIITenbHaSI CKOpOCTb cTan~mBaIOIUIIXCSI 'iaCTliU, .n.eneHHaSI Ha CKOpOCTb 

caeTa, MaCChI W\ II aHepr1rn €. OTMetJeHhI IIH.D.eKCaMII, yKaGbIBaIOIUIIMn:. }{' Ka-

KliM qaCTliUaM OHM OTHOCSITCSI, M - Macca CHCTeMbI, BbipalliaIOIUaSICSI 'ie~e3 3HeprIIII 

li HMnynbCbI CTanKIIBaIOIUliXCSI qaCTIIU 1 ( V 

cornacHo ¢opMyne 

M 2. -=- (_ 'i. I-:~ 1...) 1. / c.. '1 

~ n:nn: V n: 2 ( p • V\ IInM e ) · 

( -, '=" )2./ !. r, 4 ri. c.. • 

B cn:cTeMe Koop.n.MHaT, r.n.e · qacTMUa:·2 noKOIITCSI • a Heil:TpliHO linn: aHTIHieil:Tpn:Ho IIMeeT 

IIMnynhC f 1, 

q_ 'l.· 2. / M :::. m2. + rnq_ ~1. c.. 

.. 

~ 
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Ecnrr llMeeT MeCTO B3arrMo.ae:iiCTBrre 

TO 6y .ayT B03MO)l{Hbl npoueccbl 

" -\- e. --;, 'V + e.. 
"- -'J 4"-➔ 'V .+e.., 

nonHhle ceqeHHH .anH KOTOphlx cyTh 

\' 

CMb1cn o6o3HaqeHrr:ii TaKoiI )Ke, KaK rr Bb!IIIe. TTprr aHeprrrrr '?'.." ~ 1.Bev 
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a ocTanhHbie ceqemrn cnenyroIUHM 06pa30M Bbrpa)KBIOTC.II 1Iepe3 aTo ce'IeHHe 

G ~ ~ 6_ ~ 
""°~➔ e.-+f V +f ➔ ~+'l 

M 6 ·-.:::::.~6 · 
v+e.➔ t\+l ""r ~ tf➔YH-~ 

G ~~~E5 ,_ 
"·U .. ➔ \l·H.. Mf ~+f_.)'l+e_ 

6 -~G-
v+e.-,~+e.. - wi, -:Y+e ➔t\+~ • 

4. Bb1pa}KeHHe 9?830BOt\ nnOTHOCTH· HeATpRHO qepe3. 9?830BYIO~nnQTH~CTb 

nopO}Kll8IOUllfX. HX ~r, -Me3OJIOB 

( 15) 

EcnH ~,. C1, ~) - (p830B8.II 'nnoTHOCTb ~ -Me3OHOB, T8K 'ITO B 

cpa30BOM npocTpaHCTBe. · (. -; 1 X + di ·, '%- _ 1 Y:,. + .\ p;.) · . HaxonHTc.11 

J,r(;!,p;.) il;_9~"p; ~- Me3OHOB 1 8 · 4'\-i.J(f;,~) =-·~c~,fv)cl~ BepO.IITHOCTb 
....., . 

pacnana -;r.:_ -Me3OH8 C HMnynbCOM r.rr B ellHHHUy BpeMeHH C pO}KJ:l"eHHeM Het\Tp"fHO 

C HMnynbCOM B (~ ,~+cl~) TO 

s Jy;_ ~1i C.X1~) :\-(y,qt) J~ J~ ( 16) 

Het\TpHHO BbineTaeT B enHHHUy apeMeHH H3 o6oeMa (t, x +di') - -I> 

(P:, I~ +d~) • vf3 TOl:iKH X B HeKOTOpyro TO'IKY ~ 

C HMnynbCOM B 

nonanyT nHWb .Te 

Het\TpHHO1 y KOTOpbIX 

-p.., -,r: \ -
- ➔ 
~ 
\~-~\ I 

( 17) 

B ccpepH'IeCKOA CHCTeMe KOOpllHH8T C Ha'IanoM B -; HMeeM J ~ -:: Pv£. Jr\/ d_fl_ • 
Het\TpHHO, aneTaIOll.lHe B cl t;}_ 38 ellHHlfUY BpeMeHH, 38HHM8IOT 06'beM 

\ ~ -t\ i. "'" ~Sl.. 
( lf'y - CKOpOCTb Het\TpHHO) 

noaToMy a o6oeMe ( tj 
1 

°'i 4 Jj) 6y!lyT H8XOllHTbC.II 

.. 



•• 

~ dfir. ~Tf<l ,~) ~tt, ~) Jt cl~ ~i = 

li-~) 2. "'" J Sl . 

HeRTPHHO C HMnynhCOM B HHTepaane 

73 

TSKHX Heil:TP,HHO, nocTaBmieMbIX BCeM npocTpaHCTBOM. 

B_¢a30BOM npOCTpSHCTBe 

OY.llYT HSXO.llHThCR 

cneaoBaTenhH0 1 

- 2-MepHaR ~ _.:.¢YHKUHR, Y'IHTbIBa10maR ( 17) H 06naaa10mag. caottCTBOM 

TaK~M o6pa30M, ¢a305ag nnOTHOCTh Heil:TpHHO P~BHa 

\ 
\ 
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5. '4:n:cno co6bITn:ii ~ -V + £. - 't\+t?. B e.o.HHn:uy BpeMeHH, 

BbI3bIB8eMbIX 8HTllHeiiTpHHO OT pacrra.qa~ ~ :;;:-~-l\.1~3OH8 

B o6oeMe t~;i+di), o~eBH.ll.HO t p8BHO 

ril~) J.W; ~f) Jr" <S(~-.,) '\So(f") f (} ,Y-J) d~ (20) 

I'.lle fr - ·rrnOTHOCTb II JDTOHOB t 6 (f'\1)-. IIOnHOe Ce'l:eHHe B38HMO.UeficTBHSI HefiTpHHO 

C HMIIynbCOM r~ . C IIPO'!OHOM, 'Uo\~v) - OTHOCHTenbHa!_ CKOpOCTb V -rrpo-

TOH, s ci) f v} . "'." IIpOHHTerpHpOB8HH8SI ITO H8IIptµ3neHHSIM 'J ql830B8SI rrnoT-

HOCTb V , T.e. (18). 

no.ll.CT8BllB { 18) B ( 20) , rrony'ln: M 

~c.~) J.'i ~ ~r \ ~Yv 6 (y\J) '\}'"~") 
'J \ ,- \ . - ~ 2. Cl)(. . -, · ➔ -,., ~-X ~ 

f• (i->)" dy,.. jirCl< ,f .. )~(r .. ,r. l\r-1VJ:a <2n 

6 •. n1rnefiHbifi MOHOXpOM8TH'l:eCKHfi IIy'IOK ·.:Ii: -Me3OHOB 

·ny'IOK paCIIli.ll.8IOlllllXCSI 

cpaaosoii rrnoTHOCTbIO 

~ -Me3OHOB 1 .ll.Bif)KYlilHXCSI B,ll.Onb OCll e 1 o6na.uaeT 

"t 

" t~ ~ I Jriv-,k) = 
"\Jir 

&(fn--k) ~(x) t('d") e.. ..r,r"t:.(<c:r.) , (22) 

r.ue x:::: ~?<, ~, r:1 I - nn:HeiiHbiii rroToll: Jl -Me3OHOB '1'=:pea TO'IKY ~ =0, - . \'Jr· H "\/JI. °"'. ri:x HMIIynbC If CKOpOCTb • .!leTeKTOp BO3bMeM B sn:.ue Uiapa pa.o.Hyca' Ol. 

C ueHTpOM Ha ocn: IIY'IK8 B TO'l:Re Cec. (pn:c,l ). ny'IOK Ji -M03OHOB 6y.UeM C'lllT8Tb 

H8'1HH8IOlllHMCSI ll o6pbIB8IOlllHMCSI . Ha paCCTOSIHHSIX f 2. If 1i 1.. OT r a.. • 

. no,ll.CT8BnSISI gll" (J ,t) _ H ~(v:r ,i) H3 cpopMynbI' (2) !3 (21 ), HHTerpHpySI 

no 'i$ (no o6oeMy Uiapa) H no Pv ·, no.ucTaBHB B Ka'l:eCTBe 6'Cfv) rrpHomoKeHHoe 

Bbrpa)KeHHe (14), rrony-qaeM, '!:To -qn:cno ·coobITn:ii (7) B e.o.HHHUY speMeHH B o6oeMe wapa 

paBHo 
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• 

Pe3ynbTaTbI BbI'IHCnemdt no 9TOil: cpopMyne npe,nc:TaBneHbI Ha p11C. 2 li 3 •. npli_ 

a'DoM npe,nnonaranocb, tJTO nHHeil:Hbiil: noToK z'-- -Me3OHOB paBeH I .,; 10+8 
M:::HO~ 

• 3 
(o6oeM wapa 0,52 M HX cpenHsrn aHeprmi: ·· 'i-,r_ =4,2 EaB, a.= Oi5 M :irnH 1,33 M 

9 ·9 
3) c, · = 

1 2
•
10

24 npo;soHoB · . ,._\)· . . • 
·IrnH , M , .>P , . CM • . Manhrx aHeprHH, perHcTpHpyeMhie 

npH ,,=0,5, M; B3aHMO,neil:cTByIOT C MeHbillHM, tJeM ,naeT (14), cetJeHHeM, noaTOMY Kpn:

BaSI .nnR ·1 I = · 0,5 M Ha pn:c. 2 ,naeT 3aBhIIlleHHbie 3HatJeHn:R. 

7. illn:poKn:il: napannenbHbiil: nytJoK $: -Me3OHOB 

B cnyqae IllHpOKOI'O napannenbHOI'O MOHOXpOMaTn:tJeCKOI'O 

- - c.p;_";) 
:J;: -Me30HOB t J (T'.' - _r 1. 

Sir (i\k) = 'lf,r b ~-·r,r} Q. f1l"vft"-C\.~~) 

' 0 \ 

nytJKa pacna,narowHXCSI 

B \JTr 
\J '(24) 

f.1-\'- 1i 
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r.0:e J - HaqanbHbri1 noToK Ha erurnHuy nqaepxHocTH, · Yrr ~ uHnHHllpH'lecxaH oonacTb 

· paaHyca · g . c ocbro, napannenbHoi1 · ~ (pHc. 4) • .lleieKTop B03bMeM B BH ae 

6ecxo11eq110 ToHxoro ( TonIUHHott ·c1 ~ ) llHCKa paanycoM ct. • Oen iwcxa n nyqxa 

coanaaaroT. 

/;-ti! .L(➔ _,, . 
noacTaBnHH s,,.vt,IC..) n -;T Yir,Pv) l{,3 cpopMynbI (2) a (21), HHTerpHpyH no 

~ ( no oobeMy_ ancKa )· n no aanMyTy n paccToHHHIO OT ocn X , nonyqaeM 

. l ~ 

V\r\/ \_ Jsr~,r_J.t {cl 6 (v) '\fo(Yv) 
, 1wicir~J- '\$lt"-c~.;,~;-v-.1~)Ytr·J f-.i Y u"~~ e 

'l.« 

"ir 't~-rr) 

s'- ~ 

· ~ Js e. v,rt<:<.-) \[ ~ti-..)1' •h l\(a.-e.),.&~1 El (J .. .-81-, ~ <r) -t 

~, . 
. !25) 

. L t st e. 2. 2. t. 
+ ll~•C-1~ '1')\l Iii,~ 'l'-1"-• &~ Lg ......_ LQ.. +~ :A 'I -"- +rl· .,_ -.,_Cd, n~ '1."',¾f -8'1. 

. 2..Qs ~"' . t.Q.r\\'t' 

.. i ~ 4ctc'l.t~ -("-'-4(ll_~'l.ti,"'t')'I. 11 
. I) . I "t 2. 8 :n-_MeaoHoB 

EcnH npliHHTb, 'ITO ct.= ~ = 0,5 M H, no-npe::nrneMy, = JT\°Cl:· = 10 , 
. ·. · V · a 24 · n oToHoacex 

£1r = 4,2 Bsa, oobeM aeTeKTopa = 0,52 M , (]p =l,2•10 ~ 
llHCK CM 

TOrlla nocneaHHH cpopMyna H cpopMyna (9) anH 

.,. =0·075 COObITHi1 llBIOT .rv t • 
CYTKH 

~:f.=25 M H t = rct.=501v1 
2. 

n pnHoUiy 6naroaapHOCTb npocpeccopy M.A.Mapxoay aa nocTaHoBKY aaaaqn H 

noCTOHHHOe BHHMBHHe. 

. _____.... 
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2 • .n.:r .<PaKIIpoB. 0 B03MQ)KHQCTll l!CcnenoBaHIIH B38lIMOnei!:cTBlIH Hei!:Tpl!HO 6onbll!Oi!: 
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0 POnvt BbICWvIX nPvIBflvI)KEHvIM .D.flH CflABbIX 

Y:ETbIPEX<PEPMvIOHHbIX B3AvIMO.D.EvICTBvIH 

P.A.AcaHoa, B.H.Banyea 

HHm:e pa36HpaeTCH aonpoc o npe.n.ene npHMeHHM0CTll coapeMeHHO:ll Teop1ur cna6hIX 

B<j81iMO.!J.8HCTBliH Ha OCHoae 8H8JIH3a pa3JilfqHbIX BbICilllfX no KOHCTaHTe B38lfMO.D.eHCTBHH 

( I ) 
acpcpeKTOB • 

Kom!'leCTBeHHbie oueHKli 9TlfX scpcpeKTOB 38BliCHT OT M8CT8 o6pe38HlfH C~OTBeT

c-r:ay101UllX paCXO.UHlllliXCH liHTerpanoa. CpaBHemie C 9KCnepHMeHTOM .n.aeT aepXHlfe rpa

l!HUbl .UJIH llMITYJihCa 06pe3am,rn. 

KaK ll388CTHO, cna6bie B38llMO.U:HCTBHH HeIIJIOXO 0ITHCbIBBIOTCH B nepBOM npn6nnm:e,-:-

l11Uf TeOpllll B03MyIUel!HlI ITO KOHCTaHTe G- . 3To 06'bSICHH8TCH M8JIOCTblO ' KOHCTBHTbI 

G- HJIH, TO'!Hee, M8JIOCThlO 6e3p83M8pHOI"O napaMeTpa p83JI0)K8HHH G-k:½°-2:n).:L t 

3,uech k - MaKCHMBJihHbri1: arrpTyanhHbii1 nMnynhc ( "HMnynhc· o6pesaHnsr" ). Hcnonh • 

.~ 30B8HHe 88ChM8 Hey.uoeJieTBOpHTeJihHOA TeXHHKll "o6pesaHHHH 6hlJIO noKa Hell36e)KHhl~, 

ITOCKOJihKY Te0pllH l!OTMpexcpepMHOHHblX B38HMO.!J.8HCTBHii: B H8CT0HIU8M Bn.n.e HBJIH8TCH 

HerrepeHOpMHpyeMOH, npn n:-.mynhcax k << 1000 m fl(' • CK8)K8M npn 1( ,,..., m.:Jf lfJilf 

k. ~n?l'f '• ManocTh napaMeTpa pa3JIO)KeHHH o6ecne'Hma. O.n.HaKo, ecnlf cymecTaeHHbI lfMeH-

P. -16 
Ho . r' -pacna,uHbre .n.nnHhI rv IO cM, nono)KeH11e MO)KeT lf3MeHlfThCH. npocTeilwee· 

-16 
yKasaHne Ha aen11q11Hy .D.JIIIHbI 10 CM M0)KH0 nonyqIITh y)Ke lf3 coo6pa)KeHHii pasMep-

H0CTII KOHCT8HTbl G- , KOTOpaSI TeM C8MbIM 

Teopnro (aemrqnHa KOM6HHaunH V G-f> /11c 
Tpe6yeT BBe.n.emrn HeKOTopoii: .IJ.JilfHbI a 

-16 
HMeeT nopH.D.OK 10 CM). 3aTeM, HeKOTO-

py!O xapaKTepHyIO .IJ.JlllHy MO)KHO nonyqlITh1 paCCM8Tp!IB8H nonpaBKY K C06CTB8HHOfi 
' . (2) 

Macce 9JI8KTP0Ha 38 cqeT qeTbrpexcpepMHOHHOro B381IMO.!J.8HC TBHH (s.n.ClfnHH J. TO..-

ecTh .unarpaMMY BH.IJ.8 

\ 
\ 

e. 
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• 
'ITO a cKam1r, ·.::;M aaprraHTe .aaeT .ao6aaKy 

t1me 
h'\e,_ 

~ G:z..-ic. 4 -ln. £-me. 

OTKy.aa "pa.arrycN aneKTP~Ha ( j,' ,_ 4z ' r.ae ,k, COOTBeTCTByeT 

o6SI3aHHbiii: TaKOMY B3aIIMO.lleiiCTBIIIO, OKa3bIBaeTCH paBHbIM TO)Ke rv 

1~1~1)~ 
-16 

10 CM, 

3aMeTIIM .anH cpaaHeHIIH, 'ITO .apyrrre .ann:HbI ( He C'IIITaH HyKnOHHbIX ), KOTOpbie 
. . . . . . (3) 

MOI'nII 6bI ITOHBIITbCH B Teoprrrr, HanprrMep, CBSI3aHHbre C rpaBIITaUHOHHbIMII crrnaMII 

rrnrr C 'IIICTO aneKTpO.llIIHaMII'IeCKIIMli crrnaMrr, IIMeIOT, no-BII.llliMOMY, HaMHoro MeHbWYIO 

Bem!'IlfHy. B caMOM .aene, rpaBIITaUUOHHbiii:• "pa.auyc" aneKTpOHa lfMeeT aenlf'IlfHY IIOpH.a-

-55 , . 
Ka 10 CM, a "pa.auyc" aneKTpoHa, o6H3aHHbIH aneKTpO.llHHaMli'!eCKlfM CHnaM • T,e, 

.ao6aaKe~k co6cTBeHHOH aHeprarr aneKTpoHa 

~ }'¥\e_ 

me 
3ol -2.::rr (fu ±:__ +~) me 4 (B . ,4.../4/), 

ai1CKOII'+' 

HMeeT em e M9HblllyIO BenII'IHHY rv 
-140 

10 · CMo 

vlTaK, ecmr .aei1CTBHTenbHO cymecTBeHHbIMH .anH cna6bIX B3aIIMO.Oei1cTBIIH HBnHIOT-

// -16 . · -17 . J~ 1 
CH .anHHbI <., rv (10 :- lo ) CM, (a COOTBeTCTByrorurre IIMrrynbCbI 1\~e"'lOOOI~). 

TO rrapaMeTp pa3nollieHIIH TeOpIIH B03MyrueHIIH CTaHOBIITCH 
Gk.:t . . . 

(~ . :l "" i li HCHO, 'ITO BbIClUIIe rrpH6nII)KeHIIH B 9TOM 
' Jf) 

rrpeHe6pe)KHMbIMII. 

6nII3KHM K 9,llIIHIIUe 

cnyqae He MOI'JT 6hlTb 

Mbr IIOIIbITaeMCH paccM OTpeTb, K Ki3.KIIM cne,oCTBIIHM Beno 6bI TaKoe rronO)K9HIIe 

.onH rrpoueccoB rrprr HII3KIIX aHeprHHX, liCIIOnb3Y.H !'py6bre oueHKII no rropH.llKY aenII'IHHbI, 

6e3 yqeTa MaTpH'IHOH CTpyKTYPbI B3aIIMO.lleMCTBirn. (3aMeTIIM, .'ITO yqeT BblCWHX rrprr6nw· 

)KeHlfH He Be,lleT K II3MeHeHIIIO aaprraHTa B acpcpeKTIIBHOM raMII!JbTOHIIaHe .an.H P., -pac-
/5/ . (s-k:.:L A . }- • 

rra.aa ) • 3aMeTIIM, 'ITO KOHUenua.H c:2.JT )!l. "'J L Morna 6bI 6bITb rrpHBneKaTenbHOII 

.onH TeopIIII yHuaepcanbHOI'O B38IIMO.llei1cTBHH <PepMII B TOM CMbICne, 'ITO OHa yMeHbwa- · 

na 6bI 'IIICno _cpeHoMeHonoruqecKIIX raMIInbTOHIIaHOB, 06b.HCH.HH B3aHMO,lleHCTBIIe a·cex 

/6 / 
TOKOB ja1.. .. Me)K.ay co6oro. BHaqane rrprr pac_CMOTpeHHII MbI 6y.aeM C'IIITaTb, 'ITO 

cyruecTayeT .TOnbKO O.0IIH Bli.0 H9HTp!!HO B rrpupo.ae. 

Bo3MO)KHOCTb ~ccne.aoaamrn rrpoueccoa C yqacTHeM ClfnbHO B3al!MO.OeiiCTByIOLUIIX 

tiaCTIIU B UHTepecyroIUeM Hae CMbicne BH.lll!MO IICKnIO'!aeTC.H B pe3ynbTaTe cyruecTaoaa-

. ( /7/) . 
mm aneKTpOMaI'HIITHOI'O XocpwTa.aTep HyKnOHHOI'O cpopM(paKTopa, KOTOpb!H II 6y.oeT 

.. _- ~ 
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npIIBO.llll:Tb K o6pe38Hll:IO B!ipTyanbHblX ll:MnynbC0B Ha ,ll0CTaToqHo Manoii BenlfqlfHe 

l'V ty) r( /3. '·) • · B, cnyqae )Ke 0TCyTCTBlfSI 9T0I'0 qJopMqJ8KTOpa y)Ke yqeT BT0p0I'0 

npH:6i;iH:)KeHH:SI np!i . 1( "-' .. 1000 m,,.... .uaBan 6b1 npouecc npeBpameHHSI f<-'· -Me3oHa 

B sneKTp0H, HanpHMep, .Ha, np0T0He, B pe3ynbT8Te B38lfMO,uefiCTB!iSI Bli.ll8 . 

e:, 

p 

OueriKa BToporo npH6irn)KeHH:SI ,uaeT 

. fiii{ f r--·ep) 
.G'r((p-nv) 

np!i f l"V 1000 m,..,., B TO BpeMst K8K · 9KCnepH:MeHT ,un.H ST0I'0 0TH0WeHH:SI .uaeT · 

-4 /8/ 
U!i<!Jpy o"y ~ 

6"r 
Hll:qeHH:SI ll:MnynhC8Mli 

5. 10 • Cne.uoBaTenhH0 1 onbIT Tpe6oBan 6hI y)Ke orpa-

nopSI.UKa .t ~ 200 1YJ .tr I 0,llH8K0 Bep0SITH0 "38pe38HH:e" np0!iCX0-

,llll:T eme Hll:)Ke Bcne,uCTBH:e cymeCTB0B8H!iSI XOqJWT8,llTepoBCKOI'O qiopMqJ8KTOpa. 

nosTOMY o6paTH:MCSI K npoueccaM c yqacTH:eM T0nbK0 qaCTlIU _f- 1 V , e H 

qJOTOHOB, HS yqacTB_YIOlllll:X B ClfllbHblX B38lfMO.UefiCTBlfSIX. TT pouecc nepe3apSI,llKlf MIO0HlfSl 

B 8HTlIMIO0Hlifi 

)) 

e > 
I 

\ 
'\ 
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C nocne.nyIOl.lUfM pacna.ndM J<- -Me3OHa 6bin paCCMOTpeH E.M. ,, noHTeKop~of:i· npH

Be.n'e'iiHbie HM oueHKH '·COC>TBeTCTBYIOT, TOMY, 'ITO npH','iianH'lHH'irrMiiynbca k. "'IObO ·m IV" 
. . nio.x 

,Bepo'st'r'H'cic'Tb' 9TOro''hpouecca no OTHOl.lI8HHIO !( BepO.IITHriCTH/~~cn\i:Ua /<-+ .!M~3OHa, 

KOTOpa.11 B OCHOBHOM n:'· .0:O1farna onpe.nen.lITb BpeMH )KH3HH nepBH'lHOil" CHCTeMbli''COCTaB

n.11eT 

w-- ( r'.f-e-:- r-~ +, f~-:--- e V V) 
·w->( r.:::::.:· e \) v). 

·,·,~·-- (i 
,~ .... ,,~ ". __ _,_~,..~~ ({ 

r_,,,.,,,.,.~ 

-.,f'"'' 
,,,.J•" 

£ 

i 
CV 

'("1 
i 

10- 5 
) 

'ITO 1 no-BHJ:lHMOMy 1 J:lOCTynHo 9KCnepHMeHTY• B cnyqae o6pe.3aHH.II ,k_ 1\1 fnN 9TO ·oTH0-
-20 · 

l.lieHHe Ha MHOI"O nop.11.llKOB MeHbl.lie ( N 10 ). MO)KHO noKaaaTb, 'ITO 39.IIpeT rrepexo.na 

+ - - + ('<- ~ - f<- ~ 1 KOTOpbrii: Mor 6br B03HHKHYTb 1rn-aa Plli=!J;I?Ci.'r;~,-1'1,ac,c,.~!9O1:IH,.11 _11, 1':1:HT!!/:•1~?.,:-

HH.II B BemecTBe, Ha caMoM .nene MecTa He HMeeT. 3KcnepHMeHT no Ha6nro.neHHIO rrepe

aap.11.nKH MIOOHH.II, TaKHM o6pa::ioM, .IIBmJeTCSI BrIQJIHe MbICIIHM_bIM •.. , 
~ t ' - i (.; ~!;v-• (} )•1 \ ,-_,, i:"• S 

PaCCMOTPHM npouecc pacna.na 'M ~;:3 e~. ~epea,-cnJ6b1b ;B~aHMO.UeilcTBH.II. B HH31.lieM 
I - 1 · 

IIpH6nH)KeHHH .nn:arpaMMa HMeeT BH.ll 

f' 

oueHKa BKna.na TaKoil .nn:arpaMMbI .naeT 

. (( 

-uY(f~3e) 
w-Cr-~evv) 

~ ,,.._,, 

e 

·,e 

e. 

G-.t-kli 
~G Jr'+ 

, 

t·' 
·'' 

'ITO npn: 1( = 1000 mN' COCTBBnSieT l'V 1, B .IIBHOM npoTHBope'!HH C 9KCIIepHMeH-

'C\ • • ~ .. . /' 4 10-6 I 10/ 
TOM. vKCnepHMeHTanbHa.11 UH'-t'pa .naeT .nnsi 9TOI"O OTHOl.lieHH.II aenH'lHHY !:::;- • 1 

H .nn.11 HenpOTHBOpe'lHBOCTH 9KCnepHMeHTY cne.noaano 6bI C'lHTaTb "" ~ 60 fYI IV • 3aMeTHM, 
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'{TO Mhl npe.urronO)KllnJI cymecTBOB8Hll0 B38llMO.Ll0HCTBll.ll ( e V) (v e) . 0.uHaKo, MbI

cnn:Mbl nn:arpaMMbl C Y'IBCTlleM TOnbKO "peanbHbIX" Bepllln:H, Hanpn:Mep, 

-e 

e 

TaKn:e nn:arpaMMbl TO)Ke IlpllBO.Ll.llT Ilpll 1C I"-' 1000 mN K B0I)O.llTHOCT.llM
1 

npeBbilllBIO

ll.lllM SKCIIepn:MeHTanbHO Ha6nronaeMbie, HO B STOM cnyqae 1c n1ax BXO.UIIT B 6onee 

Bb!COKOH CTeneHn:. 

PaccMOTpllM nn:arpaMMbl Bll.Ua 

f<-- e 

npn:Bon.11,11.me le pacna.uy 

npouecca f- _,,.. e + t 
r- e + d . OueHKa TBKllX nn:arpaMM naeT .an.II Bepo.llTHOCTlf 

1lJ- ) 
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" 
i aKHM o6pa30M Ka3anOCb .6hI, qTo 9KCIIepHMeHT cero.UHH He 110.llTBep)K.UaeT rrpe.u

rronO)KeHHH O B03MO)KHOCTII cymecTBOBaHHH 6onblllHX rrpoMe)KyTotiHhlX HMrrynbCOB B cna-
'f'. - - + 

6h!X B3aHMO.llei!:CTBHHX0 C,rn.uyeT 3aMeTHTb1 O,llHaKo, qTo npoueCChl Tn:na ft e - fl e ) 
r~e+e+e._} f<--e+o MoryT 0h!Tb CTpOI'O 3anpeIUeHhl no .llpyrn:M npH'iHHaM, 

Hex<enu • ManocTbIO npoMe✓KyTo•rnoro HMnynbca. Llnn aToro .uocTa1JoqHo ohrno 6h1 1 Ha-

11p11Mep, cymecTBoBaHn:H .uByx THnoB He:11:Tpn:Ho, Ve n: \)r, , Ka)K.uo·e H3 KOToph1x Bxo-

( 12) · 
.lllfT BO B3aHMO.llei!:CTBHe TOnbKO S nape C aneKTPOHOM n:nn: MIOOHOM • B 9TOM cnyqae 

Bee paCCMOTpeHHhie HaMH .an:arpaMMhl 0hinn: 6hI 3anpemeHhl ( KPOMe .uuarpaMM co6CTBeH

HOil aHepr1111 aneKTpoHa n: MIOOHa). B cxeMe <PefiHMaHa 11 renn-MaHHa TaKHe npouecchI 

aa11pema10TCH c noMOIUbIO <:peHoMeHonorn:qecKoro 3anpeTa Ha 

4To KacaeTCH cymecTBoBaHHH .uByx TunoB Hei!:Tpn:Ho, Yen: 
Hei!:TpanbHhle TOKH j cL • 

Vt'- , To aei!:cTB!Il'enbH0, 

TaKas:r B03MO)KHOCTb .llO CHX nop OCTaeTCH, H HY)KHhl crreun:anbHhle 9KCnepn:MeHThI, qTo-

6hI no.uTBep.UHTb TO)K,lleCTBeHHOCTb Hnn: HeTO)K,lleCTBeHHOCTb 9THX BH.llOB Hei!:TpHHO. 

· /13/ 
(no.upo6Hee CM. E.M.noHTeKOpBO ). 

O6paTHMCH Tenepb K npoueccaM, B KOTOphlX ponb Bh!ClllHX npu6nn:)KeHHi!: Morna 6hl 

CKa3aTbCH .ua)Ke a cnyqae cymecTBOBaHHH .uayx pa3mrqHhIX Hei!:Tpn:Ho, \J e, 11 Vr,. 
CymecTBeHHhlM .unn Bh!HCHeHHH ponn: BhlClllHX npn:6nn:)KeHn::tl: B cna6hIX B3aHMO.llei1:cTBIIHX 

. /14/ 
MO)KeT OKa3aTbCH 3aMeqaHHe .H.A.C~wpO.llHHCKOf'O I KOTOpoe CBO.ll!ITCH K cneay10-

. 14 
IUeMy. l-13aeCTHO, qTo BeKTOpHaH KOHCTaHTa, onpeaeneHHaH 1!3 0 ' H KOHCTaHTa, 

~ /6/ 
onpeaeneHHan n:3 (<-- .e V \) pacna~a, HecKonbKO oTnn:qHhI .upyr oT apyra 

· · /16/ 
( C BBe.ueHHeM aneKTPOMarHHTHhlX nonpaBOK 9T0 paCXO)K.[leHHe eme 6onee yBenH'iHnOCb ) • 

B TO )Ke apeMn, KaK 3aMeTHJI CMOPO.ll!IHCKH:11:, yqeT Bh!ClllHX npH6nn:)KeHHi!: MO!" 6hi OKa-

3aTb BnHHHHe Ha pa3nn:qn:e acpcpeKTHBHhlX K0HCTaHT • .[le:tl:cTBHTenbHO, ecnn: B npouecce 
t"'J 

rL- p+ e_ + Y ponb Bh!ClllHX npn:6nn:)KeHHil Blf.lllfMO Heaenn:Ka acne.[lCTB!Ie Hanrr'iHH 

crrnbHO B3aHMO.llefiCTBYIOllllfX qacTHU, qTo HCKnIOqaeT B03MO)KHOCTb BhlCOKifX npoMe)KyTo'i-
' ,-J 

HhlX l!Mny~bCOB, TO B pacna.ue f-e V V OHH 6e3ycnOBHO n:rpann: 6hI ponb 

e.. fl e.. e_ 

vr.- ) 
ve 

If T • .ll. 

I 
'\ 

.. 

--~__.,. 
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npH 8TOM cyruecTBeHHO, 'ITO ClfTyarrnSI HMeeT MeCTO He38BlfClfMO OT Toro, cymeCTBYIOT 

nrr .D.B8 Tlfna Heti:TpHHO ( MIOOHHbJe l{ sneKTpOHHb!e ), ' Hnlf O.D.lf.,H •. OTCIO.D.8 cne . .nyeT, .'ITO 

8KCnepHMeHTanbHO Ha6nIO.naeMoe BpeMSI )Klf3Hlf 

BpeMeHH, Bbl'llfCneHHOI'O TeopeTH'leCKlf B nepBOM nprr6nlf)KeHlflf C lfCilOnb30B8HHeM KOH-

/\ ' 014. 0 
CTBHTbl l:,-\1 1 Oilp€.D,eneHHOti: lf3 pacna.na ' • ueHlfM 1 K8KOe OI'p8Hlf'leHHe Ha IlpOMe-

)KyTO'IHb!H HMnynhc MO)KeT HanO)KlfTb sTa pa3HHua T ;}l(C'n. a -C reof. ; ecnrr C'IHT8Th1 

'ITO ona o6SI38H8 nonHOCTb!O Bb!CWHM npn:6nH)KeHHSIM. Ey.neM C'IIIT8Tb, 'ITO BepOHTHOCTb 

npouecca 

n: BToporo nopH.D.Ka, T.e. 

onpe.nenHeTCH cyMMO:ti: acero .nayx .nn:arpaMM 1 nepaoro 

-W-,ttcl't. = 1,t)-:r+!f 

~><- e_ e L 

I ·-II 
V 

V 

Tor.na I npe.nnonaraH 

;f 
vlcnonh3YH .D.8HHbJe 

tL 

Mb! .non)KHbl nony'IHTb 



\ 
Ha116onee )K0CTKoe orpamr'lemie Ha MaKCHManbHbiil 11Mrrynbc o6pe3aHHSI rronytJHM, ec.rrn 

cpa3a Ge~ paBHa Hymo, T.e. :_COS \f-::: :i . Torna G k.¼Jf.t. ~ q 06 
OTCJO.na 1<. max~ 300 Jtn N • l7pH mo6bIX .apyrHx 3H8tJeHH_SIX cpa3bl lf oueHKa. no-

nyqaeTCSI MeHee )KeCTKOH. 0.nHaKo, oueHKa o•rnHb rpy6a, 3.ll0Cb He -ytJTeHbl Hlf 6onee 

BbICOirne rrpH6nJI)K0HlfSI, Hlf aneKTpoMarHHTHbie rrorrpa13KII. KpoMe Toro, Henb3SI C'llfT8Tb 

otJeHb Ha,aem:Hoii uHcppy L . BBH.llY Toro, 'ITO aneKTpoMarHHTHbie rrorrpaBKH K BeKTop-
. - 14 Hof ~ 

HOH KOHCT8HTe O ' C ITOMOlllblO KOTOpb!X BBO.llSITCSI rrorrpaBKII K L Tl'Cfl. • rrony'leHb! 

B HfJ3l.lleM rrpH6nJI)K0HJIII, II rrpu IICITOnb30B8Hlflf o6pe38lll!51, a ITOTOMY He MoryT C'IHT8Tb-

~ /16/ /17/ 
CS! a6con10THO .nocTOBepHb!Mlf ' • 

Pe3IOMHpySI 1 M.O)KHO CK838Tb 1 'ITO 8H8nlf3 BOITpoca O Cylil0CTB0B8Hlfll BbICOKOro 

~M!1Ynbca 1c. IJ-10.X rrpH paccMoTpeHHH rrpoueccoa B o6nacTH ManbIX aHeprHii yrrHpaeTCSI 

npe)K.lle acero ·B BOrrpoc O. pa3nll'IJIII Hnlf CXO.llCTBe MlOOHllhlX If aneKTPOHHblX Hei1Tp111IO. 

KpoMe ·Toro, K8pTHH8 MO)K0T lf3M0HIITbCSI, ecnH B381fMOllCHCTl3I!e M0)Klly TOK8Mlf jo{_ -
. I 12/ 

ocyUieCT3nSieTC,51 qepe3 none npoMe)KyTO'lHhIX BeKTOp!IhIX Me30HOB , r11rr0Te3y 0 

cyull:!CTBOB8HHH KOTOpblX Ha ceronHSIWHHH ll0Hb, no-BHDHMOMy I H0Jlb3SI C'l!IT8Tb OTBepr

HyToii. 

ABTOpb! Bblp8)K8IOT 1ICKpeHHIOl0° 6naro.aapHOCTb nporjJeccopy M.A.MapKOBY 38 

ITOCT8HOBKY 38.ll8'llI II IIOCTOSIHHOe BHIIM8HHe. 

lJ.orronH.eHHe 

- /18/ 
B He.aaaHeii pa6oTe E.fl.vtocpcpe 6bmo rrpoBeneHo 6onee .neTanbHoe pac-

CMOTpeHHe acpcpeKTOB BbICWHX rrpJI6nH)KeHHH .nnH cna6b1x B381IMo·nei1cT1:rnii. 

l7ony'leHHbJe B 9TOH pa6oTe orpaHJI'l0Hlf51 na JIMnynbC o6pe3aHHSI HeCKOnbKO 

OTnll'lHbl OT H8WIIX ouenoK. 3TH pa3nH'llISI o6ycnoaneHbl :reM, 'ITO neKOTOpble, rpacpHKlf 

cornacno ·E.fl.vtocpcpe, .aa10T ManbIH BKna.a, i3 'I'O RpeMSI K8K B H8WIIX oueHK8X OHII 

cymecnleHHbI. HanpHMep, B cnyqae TIIITII'lHOro rpar.l111Ka ( r +e.,-- r-.e. +) 

• \-

\ 
l 
I 

t 
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Mb! xoTenH 6bI YK838Tb, qTo 3TOT pe3ynhTaT He srnmieTCH 6e3ycnOBHbIM. ileii

CTBHTenbHO, qneH ~ }cl, HC'le3aeT, ecnH BBO~HTb o6pe38HHe T8K :>Ke, K8K B cny'lae 

co6CTBeHHOH 3HeprHH qJOTOH8 B. 3neKTponHH8Ml1Ke, T.e. C coxpaHeHMeM rpan11eHTHOH 

HHB8pH8HTHOCTH TeopH11. 

Ho T8KOI'O CBoikTBa ClIMMeTpH11, aHanorM'IHOI'O rpan11eHTHOH 11HB8p!18HTHOCTl1 B 

3neKTponHH8MHKe, HeT y (VA) -TeOpHH B uenoM. (.Ua:>Ke ycnoa11e .. i ~r- == 0-
HBnHeTCH no Ka HenoK838HHb!M) • f'-

B3HTbIH a oTnenbHOCTH yKa3aHHbIH rpacpttK nonycKaeT TaKyIO CMMMeTpHIO np116n11-

)KeHHo ( T.e. nnH. 'lneHOB IV -kl..). HO Tpe6oaamrn K BBeneHMIO o6pe38HJ1SJ non:>KHhI, 

aoo6we roaopSI 1 BKnroqaTb coxpaHeime n111Ub CJ1MMeTp11ii 1 npttcyumx nceii Teopm1 B 

uenoM, 

Mbr 6naronapHbI B.JI.Hoq:icpe. 3a o6cy:>Knemrn. 3T.oro nyHKTa, 
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