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1, 06bi'IHO C'lliTaeTCH 1 • 'ITO eA!iHCTBeHHhiM B381iMO)leH CTBiieM HefiTpli

HO HBn~eTcn KnaccH'IecKoe cna6oe B3aliMO~eiicTB!ie, BoaHHKaeT, onHaKo, 
. . ' . . . 

Bonpoc, He liMeeTCH nli y HeiiTp!iHO K8KiiX-n!i60 APYI'IiX B381iMOAeiiCTB!iii, 

Hama pa6oTa nocBHllieHa paccMoTpeHHIO v - v B3aliMoneiicTB!iii, .HcHo, 'ITO 

liMeeTCH ·v - V B381iMOAeiiCTB!ie 1 B03HiiK8IOlUee BO BTOpOM nopHAKe Teopliii 

B03MylUeHiiH no· KOHCTaHTe cna6oro B381iMOA9HCTBii.II G , M hi paCCMOTp!iM 

anecb HOBoe I'HnoTeTH'IecKoe v- v B3aHMoneiicTB!ie, By neT noKa3aHo, . 

'ITO· CylUeCTBYIOlliliM 3KCnepliMeHTanbHhiM A8HHhiM He 'npOT!iBOpe'lliT Hanli'IHe 

nallie ·oTHOCiiTenbHO cHnbHoro v - v B381iMOAeiicTBiiH. Mbi o6cynHM TaKllie 1 
. /~' ·' 

T8Kiie npouecChi,· HccnenoBaHHe KOTOphiX Ha onhiTe noasonHno 6hi nony'IHTb 

!iHcjJOpMaUiilO ·0 B381iMOAeHCTBiiH MelliAY HeiiTp!iHO, 

Ecnli MelliAY HeiiTp!iHO !iMeeTC.II AOCT8TO'IHO ClinbHOe B381iMOAeHCTB!ie 1 

TO O'leBiiAH0 1 'ITO OHO npO.IIB!iTC.II BO BCeX npoueccax C Y'I8CT!i9M HeHTp!i-

.Ho. HHllie. 6yAyT ·paccMoTpeHhi B03H!iK810lU!ie B 3TOM cnyqae: 

a) HOBbie pacnaAhi '18C'J11iU. ( CM,, Hanp!iMep, Ali8I'p8Mly!Y 1 puc, 1 a); 

6) HOBbie npoueCCbi Ha ny'IKe HefiTpHHO BbiCOKOH 3H9pi'!ili (CM, 1 Ha

np!iMep, AHarpaMMY, pnc. :1 b); 
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2, ·Pacc!\1aTpimaeMoe v- v BSaiiMOJleiicTBIIe npiiBeno 6br, O'IeBIIJlHO, . ' _, ~ _, . - . 

K TO My 1 'ITO Hapru:ty C o6bi'IHbiMII paCU8Jl8MII C IICIIyCKaHir€il>f ,HeiiTpiiHO II 

.3apiDKeHHoro nenToHa B03H~~iili-6I;r pacnaJlbi c ncnycKaHIIeM Jl·ononHnTenb'-. 

Hofi napbi HeiiTpijHC?. aHTIIHeiiTpiiHo, Ha'IHeM · c paccMoTpefinH npouecca 

TT+ e+ +v + v 
e e 

+v 
e 

.UnarpaMMa npouecca ( 1) npeJlCTaBneHa Ha pnc, ) a. 

(i) 

.UnH cneKrpa sneKTpoHoB OT pacnaita ( 1 ) B nomocHol\1_. npn6nn:lKeHn_n 

rionyqaeM cneJlyiOIUee Bbrpa:lKeHne: 

~-
dx 

=__!_-G2F2 . 
11~ e 3 V v v 2 7 TT S e e 

~ ( 1 · + r · 2 -· 2 · x · ) · [ ( 1 -
.I 

2X ) X + r 2 

if 
TT 

12 m 7 
TT· 

(X2 2· -.r ) v, 

(2) 

'"0 ___ _ 
,,. 
i· 
\1 ~ 

.li ., 
\;,j 

·.( 

·\ . 
,j' 
' 
'i 
l 
l ., 

• <\ 

r .:r 
0,92m •. · ~- · ~~ 

• ·, TT • •• ·' • 1 
f'Jle .G =10-

5 
m ;

2 
- KOHCT8HTa cna6oro B381IMOJl9llCTBIIH, .If 77'1 

;, 

me E .. 
- KOHCTaHTa TT -pacna.Qa 1 r .= m- 1 X = m ·. ( E - SHeprn.iJ: sneKTpo-

, TT .. TT. • · 

Ha) .~·3ifJ!fleKTHBHblll · r<aMnnhTOHliaH, OIIIiCbiBf:IIOIUlill 'v e -; v.; B3aliMOJleiiC'I_'BH~·, · 
Bbi6paH B BliJle . 

J(v v = F v .v ( ve ya 
e e . e . e v e· ) . ( v 

e ya v .. 
e 

'IlpeHe6peraSI Maccofi sneKTpoHa, · JlnH nonHofi BepoHTHocTn npouecca .. 

.. ( 1) na Bbrpa:lK~HIIS! (2) HaxonnM · · 
I 

G 2 F.2 I r I 2 m 7 
v.v rr u e e .w 

. 77 -> e 3 11 .. (3 )/· ' 
.;· . 

15 '211 TT 5 

.0nH CpaBH9HliH, IIpnBe.QeM T8K:lKe li3B9CTHOe Bb!pa:lK9Hlie· JlnSI BepOSITJIOC

Tll paciiaJla ·77 ->f+ v ( f - 38piDKeHHbill. nenTOH): . 

' ~ " ~ . ....... ,· 

... 
~ j 

I 
i' 

::·1' 
I 

! 
.l 

·I · .... ! 
i 

•i 

w rr ..... ev -

2 2 2 
G ftrrf mem77 

11a (3) n (4) nMeeM 

w 
TT-+e3v 

w 
TT-+ev 

. . (1 
.877 

2 4 
0.2 Fv v m 77 

e. ·e 

2 
me 

m2 
TT 

2 

) . 

BcneJlCTBne ManocTn iflaaoBoro o6~eMa Jla:lKe npn I 

-4 . 
BepOHTHOCTb paCII!!Jla ( 1) • COCTaBnSieT "'lQ OT BepOHT 

rr + -> e + + _v e , HeCMOTpH Ha TO, 'ITO STOT rrocneJlHHii 

IIOJlaBneH, 3TO 03Ha'IaeT, ·'ITO v - v B38liM<;:lJl9llCTBHe 
e e 

Hapy:lKeHo nyTeM nayqeHnH rrpouecca ( 1) nniiih B cnyqae, 
. . . . 5 .. 

KOHCT8HTa F v v . 3H8'IHTenbHO IIpeBOCXOilllT 10 G • 
e e 

06CyJlllM Terrepb KpaTKO B03MO:lKHOCTli liCCne]lOB8Hll 

OIIbiTe, B npnHunrre eJlHHCTBeHHbiM ¢oHOBbiM rrpoueccoM : 

rr+-> e++ye + y 
, KOTOpbill T8K :lK9 1 ·K8K ll paCII8Jl 

cnnhHo IIOJlaBneH. B JlefiCTBHTenhHOCTH, B n1060M SKcrrep 

IIpliCYTCTBOB8Tb ifloH, o6ycnoBneHHblll sneKTpOH8MII OT. fl. 

IIOJlaBneHne KOTOpOI"O - O'I9Hh TPY.QHaSI 38Jl8'I8, TonbKO < 

TOll 'I8CTli SHepf'9Tll'I9CKOI"O CII9KTpa sneKTpOHOB
1 

KOTOpa 

'npaBee 53 MsB, r:to~eT 6biTb CJ?060JlHa OT STOI"O ifloHa, ·I 

K8HllSI sneKTpOHOB 1 SHeprn~ KOTOpbiX ne:lKHT_ B STOll o6nac 

O.QHaKo, · "'1 0% OT rronHo:fi BepOHTHOCTH npouecca ( 1 ) • E cr. 
Ill . 

l!M9101Ull9CSI Jl8HHbie . IIO paciiaJly rr+ -> e++ v ., TO MO)I< 
e 

'ITO F < 10 7 G 
v v -

fl~pe'fiJleM. Tenepb K paCCMOTP..eHniO' npoueCCOB (Jlllai 
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l, npnBeno 6bi 1 O'IeBH.QHO, 

:nyCK8HlleM .Heii:TpiiHO II 

:ny~KaHHeM a·onomiuTenh;... 

accMoTpeHHSI npouecca 

l a. · 

llOniOCHOM npu6~H)KeHU,II . 

m .. 7 (x2 -.r2· ) y, 
77· 

(2) 

leii:CTBHSI, If 77 ·I = 0,92~ 77'. • .•. : • 

(' E ,.; aaepi"HSI aneKTpo-

' ,, .. ~ : < 

BepoSITHOCTH npouecca: 

4 

J 

,. 
''i 

' • J 

.j 

'j .. 
~ J· 

. j. 
.... I 

(3 ). 

... I 
I 
! 
I 

~ ! 
' 
' 

~.&£&EM __ - .. -.... @£~@£ 

G21 f77 1·2 2 2 
me. m77 me 2 

= w77 ·-.Ev --------- ( 1 ) . . 877 m2 (4) 
77 

I1a (3) H (4) HMeeM 

w77 4 e3v 2 ------- m 0,2 Fv v w 77 
e ·e TT ~ e V 

(5) 

. 1 5 Bcne.QCTBHe ManocTu tjlasoBoi"o o6'beMa .Qa)Ke npu F =.-- = 10 G 
v eve m 2 

. . -4 p 
BepOSITHOCTh pacn~.Qa ( 1) 'COCTaBnSieT "' 10 OT BepOSITHOCTH pacna.Qa 

.e + + 
1 HeCMOTpSI H8 T0 1 'ITO. 3TOT nocne.QHHH pacna.Q CHnhHO 

' ~ 

no.QaBnea • .3To osHa'IaeT,. 'ITO v - v B381IM~.QeHCTBHe MO)KeT 6b!Th o6-
e e 

eCnll atjltjleKTHBHag __ .. ilapy)KeHo nyTeM usy'IeHHSI npouecca (1) numb B cny'Iae, 
. 5 . 

KOHCT8HTa Fv v 
e e 

· 3Ha'IHTenhHO npeBocxo.oHT 10 G • 

06cy.QHM Tenepb KpaTKO B03MO)KHOCTH HCcne.QOB8HHSI.npouecca ( 1 ) ., 
onbiTe, B npnauune e.oHHCTBeHHbiM tjloaoBbiM npoueccoM 51BnSieTCSI pacnaa 

'+ + 

aa · 

77 -> e + Ye + y . + + • 
1 KOTOpblH T8K )Ke 1 ·K8K H pacna.o 77 · _. e + V e o , 

cnnhHo no.oaBnea, B .oeii:CTBHTenhHOCTH, B mo6oM aKcnepHMeHTe 6Y,.oeT. 

npucyTCTBoBaTh tjloa, o6ycnoBneHHbiii: aneKTpoHaMH OT /1 -pacnana, nonaoe 

noaaBneaue KOTopoi"o - O'IeHh TPYAHaSI saaa'Ia, TonhKO o6nacTh ·, 10 Maa· 

TOM 'I8CTII SHepi"eTH'IeCKOI"O cneKTpa aneKTpOHOB 1 KOTOpaSI pacnono)KeHa 

npaBee 53 MaB, r;w~eT 6biTh c~o6o.oaa oT aTOI"O tjlona. BepoSITHOCTh ncnyc-

KaHHSI aneKTpOHOB 1 SHepi"HSI KOTOpb!X ne)KHT. B 3TOH o6naCT.H
1 

COCT8BHSieT
1 

O.QHaKo,·"' 10% OT nonaoii: BepoSITHOCTII npouecca ( 1). Ecnu paccMoTpeTh 
/1 I .. 

IIMeJOillHeCSI ll8HHbie no pacna.oy 77+ _. e++v ·1 TO MO)KHO 38KniO'IIITh
1 e ~ 

'ITO F ~ 10 7 G 
v v 

e e , ¥ 

ITepeii:.oeM. Teneph K paccMoTpeHaJO· npoueccoB (pnai"paMMa puc. la) 
'<;. 
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I{+ · .... 

K+ -.~ 

·+ . e . 

+ 
fl 

+ v 
~ 

+ v 
J1. 

+-v 
e 

+ v 
fl 

+ ·V 
e 

+ v 
fl 

-"/ ..... _;' ~"' 

•1. 
(6) 

(7) 

CrreKTp aneKTpoHoff oT pacrra):la (6) naeTcsr· Bhrpa)KeHHeM· (2); B Ko-
... • ~ ' ' ' • ' • ~ • > • • \"-

TopoM- 11! 17 1r ff 17 i,:,cne~_yeTaaMeHH~b Ha· mK:wl fK J ;,; 0,2s:m
17 

CrreKTp ·fl· -M~~OHOB o~.'pac~aJ:Ia (7) Mo~ei 6biTb rrony'IeH H3 ~i,rpa~eHiisr 
~ ~-~-- ' , . . ' " ' '. . . 

f~ ,me_ li Fv v aaMeHHTb COOTBeTCTBSHHO · (2), ecn~r · Bemi"fHHhi m 
• • •' 17 

e e -·~ . . 

( F v v ·- KoHcT_aHTa,· xapaKTep~rayromasr. 
fl fl . 

iai lflaaoabrfi o6'beM rrpouecca {6). MHoro 
f . . .... ' . 

Ha .Iii , .f ,· m . 1r F 
K .. K· ll -v~vll 

v -· v · B3aHMOJ:IeficTBHe). · T aK ... ll ll '· . '. . • : 

6onbi.ue, 'tfeM rrpo'uecca (l),wK-+e3v. 

~-

;L 

' . 

~ t 

. .. ~ \' 
·' . '· \· . 

)1~ (3) xi ( 4) rrony'tfaeM . 'r 

' ~- .; ::,1),'··:' 

CyiUeCTBeHHO IIpeBOCXO):IIiT W · .. . •· · ·; .: -,' .-
. . . 17~G3V' ' 

(. . ~-- ·' '.·, {{·. 

·W 
•. K -+.e3v 

.wK :~ e'v: 
2,5 F 2 

•V V e e 

m 4 
K 

C IIOMOlllbiO (2) MO)KHO T8K)K9 H8HTH
1 

"iTO 

(8)_ .. 

' ~. 'i •.·. 

/!'.', 
)\: ': 

·'·I· h' ., 
' ' ·, !~; 

.t 
(t: 

,!i 

- - .. '\.I 

.. · .. ;: 

W K -+ .si_,;u-..:_ 

~K->fl~ 
4,4. 10- s· F. 2 m 4 

vllv.~ K 

' . : 
. ' + + . 

Bcne):ICTB!ie TOro; "iTO pacrra):l . K -+ e + V' + Y ClinbHO' rro.naaneH, OCHOBHOH 
:. . e 

:,_ ... _ 

'¢on, aoaH~Ka.romnfr rrp~r nccne~oaaHHH _rrpouecca. (6), o6ycnoaneH aneKTpoHa:... · 
.. . ... . .·, ., + . ,·.: + . 0 . . ' . . ~ . 

_,Mii OT·pacrr~.na K. ·~. C + v e · + 17 . o ~TOT !floH -MO)KeT 6b!Tb; OLIH8~<01 
'cymecTaen~6 ;MeHbWeH,. oco6~HHO ~ otlnaCT!i 1:l6nnali MaKck~anbHO~ ·anep;:. . :. ' .. 

. . -pa~rraJ:~a, rryTeM :.LieTeK~uponaHH.sr -~ ~ -Meao:.:: ·.: -~: ' ~Iii! a~:~TpOHOB o•r'. K+ .. 
e 3 

·HOBo 

'Mi,i OUeH!InH ·BepXHIOIO rpaHHUy KOHCTaHTbl F 
1 

liCIIOnb3YSI pe-
... /2'/ .·v.,ve· 

aynbTaTbi OIIhiTa no Hccne.noBaHHIO pacna.na K + ... e + + -. IT pi. v 

- ... - .. 
6· 

~ -· .J •.. ., ....... 

: . . ' 

... 
\' 
'·l 

;'I .... 

· ... __ t_ .~l,·'_· 
-~ 
lj 

fL .. 

\} 

'' 

" 

. .. . ~. 
•• .. ,< 

ST9M paccMaTp~Banacb o5naCTb SHepf'HH aneKTpOHOB·CBb! 
.. +: 

. -KOTOpofi 6bm 3H8'IIiT9nbHO yMeHbuieH !floH OT K e j · -pacrra.n 
. . . . n; . 

3HatreHHe Koalflqm_UiieHTa, IIO):IaBneHHSI lflona ( B Oil biTe· '"" . . 
. . . + 

BeCTHbiH 'crreKTp aneK.TpOHOB B K e 3 -pacrra.ne, MO)KHO OUE 

no aneKTpoHoB OT K ~; · -pacria.na .non)KHO 5brno Ha6mo):la 

.Ecn1r CpaBHI!Tb STy BenH'tfUHy C 'tfHGnOM aneKTpOHOB B. liH1 
. . ... . . ·/2/. 

240 MaB, Ha.6mo.naBIUHMcsr B aKcrr~pHM_eHTe. . , To MO)KHI 

·' Hee. 3Ha'JeHH~ a¢!fleKTHJ3Ho~ B:ci-~cTaHTbi. F v. ·v .. ." HMe_er-
·.~ e e 

. · Ha6nroiteH~e · npouecca {'7) npeJ:~cTaBnsreT co5ofr aa.na 

6onee TPYLIHYIO acne.ncTB~e 6onbiiiOI'O !floHa,· o6ycnoBnem~< 
+' · .. + ·. .... ··.···· . 

l{ : -+ ll · + v · · + y · •. .HcHo, OLIHaKo, "iTo H3MepeHHe II< ll . . 

MeaoHa Morno 5br rroMo'tfb B noHcKax paciiaJ:~a. {7) •. 

p acrra.):(bl ll -Me3<?HOB 1:· HyKnOHOB 1i f'I!Ilep<iHOB MeHeE 

TOtiKH 3peintSI B03MOlliHOCTefi liCCne.ndBaiiHSI • v ,- v .. -, . . . . . ..... e 

K ·-Me30HOB. :oT!'-1eTHM. ~ 3aKniO'i:e!me, "iTO ve- ve .B381iM( 

no 5b! K ):(OIIOnHHTenbHOll. ):(HarpaMMe HOBOf'O. THIIa. B MaT[ 

05hi'tfHOf'O ( C COXpaHeH~eM neiiTOHHOf'O aapsr):la) · llBOHHOf'O . . 

3, Pa~na.nhr c ~rcnycKaHHeM .nononHnTenbHOH rrapbi He 

Tp!iHO ·CiinbHO .IIO):(aBneHbl ManOCThiO COOTB9TCTBYIOIUHX lfla3( 
' ' • ·- ">' • ·. • • . ,, ' 

06paTHMCSI K .paCCMOTpeHHIO IIpOU9CCOB1 Bbl3biBaeMbiX IIy'IK 

Bb!COKOH SH9Jlf'lilio _ 

Ecnu ·~rMeeTcsr .nocTaTO'tfHo:c~rnhHoe·v - v 'B381iM0):(1 . fl ll 
'IepKkeM, ·"iTO oHo MO)KeT 6hiTb ·coBepiiieHHo .oTnH'tfHhiM oT 

. i~fr~iimSiY,· To 5YJlYT · ~a6nro.naTb-~sr rrpou~ccbr. (eM:· miarpaiv: 

·V 

/l. 
+ n ~ .fl +P 

... 

.+ V· 

fl 
+. 

7 

v 
ll 



\ 

(6) 

(7) 
,J ; 

blp8)K~I(HeM. (2); B KO- '. 

n:·1 ri ·1. ~· o~25. m" ·.~· 
1ony'Ie.li ns J3iorpa)KemiSI : 

•• <' ' ,· 

9HHTh COOTBeTCTBeHHO 

9.HTa~ XapaKTepH3YIOlll8SI. 

1 rrpouec~a:· (6) MHoi'o · 

'•; 

:> rrpeBOCXOJlH.~ W 1T ·:. e 3 v . 
' ,.... ., ... ·, 

( s.), ·. 
' .. ~ . 

'' 

:> · noJlimneH, ocHoBnoii ' 

o5ycnoB:nen sneKTpona- , , 

iJ -MO)Ke~ 5biThj 0Jli!8Ko, 

'MaKCHManhHOii 'SHep::. . 
1. ~ ; ;,· • ·., .... ~·. - .. "· .... :.: .. . ·.~ 

npoBaHHSI · rr a -Meso- · 

v '. 
e 

·, ncnonhSySI pe-

e++·v ·.ITpu 

' . . ,. 
" 

,,. 
,;• 

:' 

.· 

···.·. 

'•·. 

. aTpM paccMaTp!'manach o5naCTh snepi'Hil: sneKTpOHOB CBhillle 210 MsB, B 

, .KOTOpoil: 5brn 3H8'IHTenbHO yMeHhuieH tPOH 

sna'Ienne ios<jJ<!Jn.uneHTa. notlBBneHHSI <jloija 

+-
OT K e ':i· -pacna)la, l1cnonh3Y.SI 

/2/ . . . . . . 
( B on biTe_· · "' 50 ) , a TBK)Ke ns-

. + 
BeCTHhlll 'cneKTp sneKTpOHOB B K e 3 -pacnaJle, MO)KHO OUeHHTh, KaKoe 'IHC~ .. 

. +· no sneKTpOHOB OT K e.3 
. . 

· -pacriaJla JlOn)KHO 5brno Ha5niOJl8ThCSI Ha orihiTe;· 

.Ecnu Cp8BHHTh STy BenH'IHHy C 'IHCnOM sneKTpOHOB B. HHTepBane. 210 'MsB 
. . . . ·' . /2/ 

240 MsB, Ha5nJOJlBBliiHMCSI B SKcn~pnMeHTe. . , To MO)KHO nony'IuT6 Bep~- · 

:: nee. SHa~eH~~e s<jJ<jJeKTliBHOil: KOHCTBHThr' F v~ v e • I1 Me_eM: F v eve$ 2.xo e: G. 

. · H a5nJOAenne · npouecca ( 7) npencTaBnSieT co5oil: sana 'I~;, cymecTBeiuio . . : 

5onee TPYllHYJO BcnencTB!fe 5onhliiOI'o <jJoHa, o5ycnoBneHHoi'o peaKunm'i . 

l{ + .. . Jl + '+ .·~ .··.· + y. ~ . .f!c!ro, OllHaKO, tlTO HSMepeHne nonSipH38UHH Jl -
Jl 

Mesona MoP no 5hr noM6'I6 B noncKax paciiaJla . (7),. 

.. Pacnallbi Jl ..:.MeS<?~OB,:· HyK_noHOB u'rnnepoHOB MeHee HHTepeCHhi 'c 
TOtiKH spef!H.!I BOSMo)KHot:Teil:. nccne.rioBaHHSI : v - v . . H v . .;_ v · 'B38HMo-

•. · · · · . · .e e Jl Jl 

lleil:CTBHil:, ~eM paCCM8TIJHB8BliiH.eCSI Bbillle pacnaJlbl sapSI)KeHHb!X. ·IT - II 

no. 5hr K llOITOnHnTenbHOil: JlH8I'paMMe HOBOI'O Tllna B MaTpll'IHOM sneMeHTe_: 

05bi'IHOI'O ( C COXpaHeHHeM nenTOHHOI'O sapSIJla) llBOHHOI'O ·. {3 -pacnana, 

· 3, Pacnallbi c ncnycKaHneM nononHnTenhHoil: napbr ueil:TpnHo-anTnHefi

TpHHo ·<;:HnhHo nonaBneHhr l'vianocTh!O coOTBeTCTBYIO!lliiX <jJasoBhiX-.Q5'beMoB, 
> ', ' •' '~ > - 0 I ,' • • ' < ' ·~ ' ' 0 • 0 > • • • <' 

05paTIIMCSI K paCCMOTpeHH!o'·npoueCCOB, Bbl3b!B8eMb!X ily'IKOM Heil:TpHHO 

,.;c•.=_•BbiCOKOH SHepi'HH, 

,, . 

Ecnn ·nMeeTcSI .nocTaTO'IHo cnnhnoe · v - v 'BsanM·oneil:cTBne llOJl-. Jl Jl 
'IepKHeM, tiTo OHO MmKeT 5biTh ··.COBepllleHHO .oTnll'IllbiM OT v -v ·: B38l!Mo-

e e .d~il:~·TBHH),· TO .5YJlYT ·~a5~roll~Thc;SI np6u~CCb!. (~M:· nnai'paMMy 

·V 

Jl. 
+ n 
~ +P 

.. 

7 

puc, 1 b) .... 

(9) 
; 

... • ... ~ 
: 



VJl + p 

H T.Jl. 

+ 
Jl + n +, VJl· + v Jl •1 •. 

(10) 

· OpoueCCbi THna ( 10) ( B peayllbTaTe B3aHMOJleil:cTBH5I MIOOHHhiX Heii

TpHHO BbiCOKOll 3Hepi'HH C HyKnOHaMII B03HHKaiOT Jl -Me30Hbi C "Henpa

I3HnbHbiM" 3HaKOM 3ap5Illa) npeJlCTaBn5IIOT HaH60nbiiiHll IIHTepec C 3KCnepn-. 

MeHTanhHOll TO'!Kii 3peHII5I. TaKHe CIIMynnpyiOUIHe;' HapyrneHne nenTOHHOI'O 

aap~Jla npoueccbt npome Bcero IIJleHTn¢nunpyiOTC5I Ha onbtTe B TOM cny'lae, 

KOI'Jla 'B KOHe'lHOM COCT05IHIIII HeT aapSDKeHHbiX .. nHOHOB 0 

Mbt Bbi'liicnnnn ce'leHne npouecca ( 10) npn paann'!HbiX 3Ha'leHH5IX 

3Hepi'IIII naJlaiOIIIIIX HeiiTpHHO B IIHTepBane OT 0,5 faB JlO, 50 fsB. Opn 3TOM 

npe)lnonaranOCb 0 'ITO v - v B3aiiMO)leHCTBIIe nepeHOCHTC5I BeKTOpHOll 'laC-
Jl Jl . 

Tnueii;-Macca_KoTopoii npn 'lHcneHHOM c'leTe nonaranacb paBHoii .1 fas 

.( raMHnbTOHIIaH B3aiiMOJleiicTBH5I J( = i V 2 F v v m x ~ Y a vJl X a ). 0TMeTIIM, 'ITO 
Jl Jl . 

3Ta MO)lenb 6bma Bbi6paHa nHlllb KaK cnoco6 BBeJleHII5I COOTBeTCTBYIOliiUX 

¢opM<flaKTopoB/ Opri pac'!eTe' ncnollb30Banncb TaK)I{e ¢opM<flaKTOpbi HyKno.;., 

HOB,· n<_:>ny'leHHhie na aHannaa JlaHHbiX no ynpyrnM HeiiTpHHHbiM . npouec- . 

/3/ ' 
caM • PeaynbTaTbi pac'!eTa npnBeJleHbi B Ta6nnue. Bo BTOpoii KOnoHKe 

Ta6linuhr · .npnBOJl5ITC5I aHa'leHnSI- ce'l~HHSI npouecca a , )leneHHoro Ha .6ea-
' . 2 . . ' . 

paaMepHblll napaMeTp ( m p FvJl v Jlf~nSI MOJlenn C BeKTOpHOii 'laCTIIUeii. 

Dn.H cpaBHeHHSI Mbi npnBOJliiM TaK)I{e B TpeTbeii KonoHKe Ta6nnu:br ce'leHne 

npouecca (10) B cny'lae noKanhiiorovil- vil B3aiiMO)lellCTBli5Io 
. i 

BepxHee · 3Ha'leHne KOHCTaHTbi F v v MO)I{HO oueHHTb na JlaHHbiX 
. . . il il . I 4/ 

· UEPH 'a no B03MO)I{HOMY HecoxpaHeHniO nenTOHHoro aapsrila • C y'le-.. . . . . - . - • 6 . 
TOM cneKTpa na)laiOIIIei'O ny'!Ka HeiiTpiiHO HaXOJlliM F < 2 •1 0 G • 

vJl vJl..,_ · 
Ha npnBeJleHHoii Ta6nnUbi MO)I{HO aaKniO'liiTb, 'ITO nccneJlOBaHne peaK-

unii Tuna ( 10) npn Bb!COKIIX aHeprnSIX naJlaiOmnx HeiiTpnHo noaBonn~o 6h~ !Ic

cneJlOBaTb Bonpoc 0 TOM, cymeCTByeT nn JlOCTaTO'lHO canbHOe vJl_';...vJl B3.aHMO-

8 

,. 

JleiicTBne •. 3KcnepnMeHTanbHbte TPYJlHOCTH, CBSI3aHHbie c 
. . - . . . ;4/ 

TpiiH?, B ny'!Ke HeiiTp!IHO (B HaCTOSIIII~e BpeM.H npn~ 

v P. ·He npeBoCXOJlHT 1 %) 6yJlyT. ·cymeCTBeHHo yMeHblll• 

B03MO)I{HbiMH. onbtTbi_ c npaKTn'lec·Kn MoiiosHepreTn'lecKm 
. . ~- . \ . . ' .- . 

· Ho. 0'leB!IJlHO, 'ITO BCe II3nO)I{eHHOe _Bbillle OTHOCHTCSI Ta 

cno~HbiM. onbiTaM c. aneKTpoHHbiM HeiiTpnHo BbiCOKoii aH 

M!I IICcne)lOBaTb v- v B3aHMOJlellCTBHe.: 
e · e · -

. 4. CnnbHOe · ve 
!: 

- V ( V - v ) B3aiiMO)leHCTB!Ie npHBE 
eJl Jl' .. 

UHW aMnnHTYJlbl Ve·. '7 e ( VJl -Jl ) pacceSIH!I5I ( CM. Jl!Iaf'IFIMtvl 

· nn 6bt cymeCTBOBano T8K)I{9 JlOCTaTO'lHO CHnbHOe. Ve- VJl 

TO ce'!eHne v - e 
Jl ·pacceSIHHSI Morna 6bl OKa3aTbCl 

6onbiD!IM! '!eM Ce'leHne, .Bbl'lHCneHHOe Ha OCHOBe 06_bl'lHO 

BaaHMOJleHCTB!Ie Me)KJlY aneKTpOHHbiM II , MIOOHHbiM HeiiTI= 

- K B03HHKHOBeHniO npoueccoB Tuna vJl + n ~ P + e- + ~+ 

HapyrneHne . MIOOHHOI'O 3ap5IJla. Benn'l!I
0
Hbl 0 npHBeJleHHbie E 

CSITC5I B. OQnaCTH Bb!COKIIX ~Hepi'Hll T8K)I{e II K' Ce'leH!IIO.·: 
. -. . . ·,, ' /6/ . ' 

\Hcnonb3YSI JlaHHble OnbiTOB no IICCne)lOBaHIIIO B03M0} 

MI6oHH-oro aapSIJla, nony'laeM; 'ITO F < 10 6 G· • 0TME 
' v v -

HHUa HH)I{e ~epXHeii rpaH!IUbl JlnSI KOH~TifHTbl -F. · , K 
_ • ' ' . . VeVJl· 

6hiTb nony'leHa na aHanuaa cneKTpa aneKTpoHoB B Jl 

- _IIMeeT. MeCTO J.i e -· V Jl B3aiiMOJleHCTBIIe, CTaHOB~TC5I BO:: 

npouecc {, + p ... e+ '+' n •+ v + v· • HccneJlOBaHne' 3 
Jl .. . Jl . ,e' 

OllbiTe MO)I{eT 6b!Tb Cyl!IeCTBeHHO o6ner'leHO ManOCTbiO tP 
mero oT npnMecn v B ny'!Ke v 

e. Jl 

B, ~aKniO'!eHne Mbi xoTenn 6hi CJlenaTb cneJlyiOmne 

. a) C!IllbHOe B3aiiMOAeHCTB!Ie Me)KJlY. HeiiTpHHO llpHBE 

'lncTo nenToHHbiX npoueccoB K napaMeTpaM o6peaaHnSI MJ 
. . - . . J 

TaK Ha3biBaeMOI'O yHHTapHOI'O npe)lena; . 

6) cnnbHoe v - v BaanMOJleil:cTime nMeno 6ht Ba)I{HJ 

CKH9 H KOCMOnOI'H'leCKHe cne)lCTBII5Ii 

9 



(10) 

lleHCTBIHI M!OOHHblX Heii

p.- -Me30Hbi c "Henpa

,llinii nHTepec c aKcnepn-. 

HapyrueHne nenTOHHoro 

Ha onbiTe B TOM cnytiae,-

HOHOB. · 

pa3nR'IHb!X 3Ha'I9HH5IX 

faB llO .50 faB. Ilpn STOM 

peHOCHTCH B9KTOpHOH · .'IaC

~anaCb paBHOH .1 faB 

~yavp.Xa )•0TM9,THM 1 'ITO 

(eHUH COOTB9TCTBYIOIUHX 

Ke !flopM<jlaKTOpbl HyKnO-

HeiiTpHHHbiM .npouec- . 

nue. Bo BT.opoii KonoHKe 

a , neneHHoro .Ha .6ea- . 

B9KTO~H6ii 'IaCTRU9H, 

onoHKe Ta6nnu~ cetieHne 

tUMOll9HCTBU5I, 

>KHO OU9HUTb U3 llaHHbiX 
'/4/ ' ·. 

:-o; aapgna ·• C ytie-
.' ' 6 

.1 F < 2·10 G, 
. v11 vW'' 
.'ITO nccnenoBanne peaK-

,., 0 

~iiTpnno noaBonnno 6bi nc-

t~o clinhHOe v 
11

.' -v11 saanMo-

·. :· 

! .. .; 

L-· 
1.·.· I • 
~ . 

I 
I 

:I 

neiiCTBne., 8KcnepnMeHTanbHbie TpynHocTn, CBH3aHHbie c npnMeCbiO. aHTnH.eii-
;4/ 

TpUH?. B Hy'IK9 HeiiTpUHO ( B HaCTOHIU?e BpeMSI nplfM9Cb · ~'p. B nytiKe 

v P. · He npeBocxoilHT 1 %) 6ynyT. cymecTBeHHo yMeHhlli9Hbi 1 ~or.ua. cTanyT, 

B03MOJKHblMU . OnbiTbl C npaKTU'I9CKU MOllOSHepreTU'I9CKUMlf · nytiKaMU HeftTpU

,'Ho. O'IeBU.llHO,, 'ITO Bee HanoJKennoe .Bblllie OTHocnTCH TaKJKe. H · K 6onee 

cnmi~H~IM·_ onh~TaM' c ane,KTpoHiibiM H9HT~UIIO BbiCOKOii aneprHn, n03BOmiiOIUU

.Mll HCpnellOB8Tb v~ ":"' v e . B381IMO,ll9HCTBU9,: 

l,' 

4. CHnhHOe v - v ( v - v ) B3aHMo.ueiic,. TBue npHBeno 6bi K MO.lllf<jlnKa-
e e p. p. 

UI!II aMnnHTY.llhi ~'e·. 7 __ e ( v
11 

-p. ) paccegnng ( CM~ .lllfarpaMMY,.PJfC •. 1 c · ) , Ec~ 

-.. nu 6bl cyiUeCTBOBano TaKJK9. Jl.OCTaTO'IHO CUnbll09 ~-'e- ~'p. B3allMO,ll9HCTBil9 1 ·.· 

TO - e pacceSIHilH .Morno OKa3aTbC5I cymecTaenno 
/5/ 

6onhnlHM! '19M C9'I9Hil9 1 Bbi'IHCneHHOe Ha OCHOB9 o6.b!'IHOit .V :-:-A Teopnn .• 

B3anMo.ueiiCTBue MeJKllY aneKTPOHHbiM n · MIOOHHhiM HeiiTpnno npnBeno 6bi, 
- ' 

· K B03HHKHOBellniO npoueccoB Tnna v11 + n :.. P + e- + ~+ v11 , cnMynupyrorunx 

HapyrneHne MIOOHHoro aapgna. Benn'IIlHhi, npuBeneHHbie B Ta6mrue, oTiio-
~ ' ' 

CHTCH B. OQnaCTil BbiCOKilX SHepruii TaKJKe ll K' C9'I9Hlfl0. STOrO. npouecca. 
. ·,' ' ' /6/ . 
·-. 11crion~3ySI rianHhie onhiTOB no uccnenoBaJiniO B03MOJKHoro Hapyruemisf 

MIOOHHoro 3ap5I.lla 1 nony'Ia9M 1 'ITO F < 10 6 G • 0TM9THM1 'ITO STa rpa:.. 
~ v }I ~ . . ... 

HHUa HHJKe. ·~epXHeii rpaiiHUbl ,llng KOH~TifHTbl .F v v . , ~OTOpag MOJKeT 
. • e P. . 

6biTb nony'Iena ua ananuaa cneKTpa aneKTponoB B p. -pacnan~. Ecnu 

.HM99T M9CTO V e - :V p. B3alfMOll9HCTBll9 1 CTaHOBHTCH B03MOJKHbiM TaKJKe 

npouecc v, ·+ p -> e + + · n ,+ v + v • 11 ccnenoBaHHe aToro . npouecca Ha 
r · P. · • e · 

onhiTe MOJKeT 6biTb cymecTBeJIHO o6ner'IeHo ManocTbiO <jlona, npoucxong-

mero oT .npnMecH v B nytiKe v 
e . . p . 

B. aaKniOtieHne Mhl xoTenH 6bi c.uenaTb cnenyiOmue aaMetiaHnH: . . ·' 

· a) CHnbHOe B3aHMoi:teiiCTBll9 M9JK,lly HeiiTpHHO npnBeno 6bi B • c'nyqae 

'IHCTO nenTOIIHbiX npoUeCCOB K napaMeTpaM o6pe3aHll5I MHOrO M9HblliHM . . . . , . . . . I 

TaK Ha3biBaeMoro yHHTap.Horo npeJlena; . 

6) cunhHoe v - v BaanMoneiicTime HMeno 6bi BaJKHhie. acTpo<jlu3H'Ie.., 

CKne u KOCMonorutiecKne cne.ucTBH.II; 
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"" ... ~' 

'. ~, ;'-

, : .B) B38liMOAeHCTBiie Me)!{AY HefiTpliHO .-· eAHHCTBeHHOe HeCn860e 

B38HMOAeHCTBiie ·HefiTpHH~, KOTOpoe Ha UCKni0'18eTCSI cymkcTByiOmlfMii 9K-

_ cnepuMeHT8llbHh£Mli A8HHhlMH; npeAllOnO)!{eHue. 0 CHllbHOM B381iMOAefiCTBiiH 

HefiTpHiiO c 8ApOH8MH H 38pSI)!{eHHhiMH nenTOH8MH · He ·coBMeCTRMO c A8HHhl..:. 

MH OllbiT8 •. 

B_blp8)!{8eM rny6oKyiO 6n8I'OA8pHOCTh n:E· 0KyHIO' H B.B. AHHCOBH'IY 
- . . . ~ 

38 none3Hble o6cy)!{AeHI!SI p8CCM8TpHBaBUIHXCSI 3AeCh BOllpOCOB ii r.B. Mu-

uenhM8Xepy 38 noNomh B pacqeT8X, 

T86nHU8 

Ce'JeHHSI pe8KUI!Ii v · -+ P 
J1 

.+ 
.... J1 + n + v +.v 

J1 J1 

,!·,,., 

. . 

Sneprirsr aefiTpuao•B 

n~6. CHCT, (faB) 

I 2 2 
a (m PF ) _ .. . 

( -40 2) 

/(m2 F ) 2 
a noK, P -40- .. 

1 - . 2 
( B eAH.HHU8X 0 CM ) 

0,5 

1 

2 
~ 

3 

5 

·~ . . 
20 

50 

. B eAHHHU8X 10 CM 

5,9'10:..6 

1,4·10-4 

1,1·10-3 

3,2.10-3 

9,0·10-3 

2,7·10-2 

6,0·10-2 

1,5·10-1 

6,7~ 10-6 

1,9·10-:4 

2,2·10-3 

7,8·10-3 

3,0•10-2 

1,5·.10-1 

6,1·10-1 

3,8 

Bo BTopoM CTon6ue npHBeAeHo ceqeaue npouecc8 a AnSI ci1y'l8SI, 

KOI'A8 vJl- _vJl B38HMOAeHCTBHe nepeHOCHTCSI B~KTOpHOH 'l8CTiiUefi 

C M8CCOH m X = 1 faB (I'8MHnhTOHH8H.B381iMOAeHCTBHSI J<=iy2F ln.XV "V-X ). . - ~ . a 

B T~eTheM ~Ton6ue npuBeAeHo ceqeaue_ a AnSI noK8nhHOI'O 
noK 

B3BHMOAeHCTBHSI C atjJtjJeKTHBHOH KOHCT8HTOH F 

10 

v -
J1 

v 
J1 

. \ 

.>· 

• t..! ~ 

_,. 

·'. } ~ 

~~ .... , 

..... 

'· 

-·- nHTep8Typ8 

·1. . H~L; Ar\ders on, 'I'. Fujii, R.H. Miller, L. '!'au. Ph-y .. .}. ~ 

(i96C?). ._ 

2. . D.R. Batter ilLet a1. _ :Phys. Rev. Lett.,~ 982 

3 •. D.H. Perkins:· '!'apical Conference on Weak 11 
. .• .,··; _ _, 

69~7,/.p;;j_ (1969). -:'r.' 
, .... =. 

4. ·~Borer, Ej~ Hahn, H. Hofer, . H. ~as par, F~_ Kr 

Neutrino Meeting. CERN 69.;.7.;·p. 47··.(1Q69). 
:. . ·- '/'·': 

5 • .H.E. 3enbAOBH'l, A.M. nepenOMOB. )KSTcp;, ~ 11 H 

J. Bernstein; 'I'. Lee. 'Phys.~ev.Lett.; 1!_, 512 ( 

6 .. J.L.Bienlein et al. Phys. Lett.,~ 80-.(~964), 

. ' 
·.,\.. '·.¥ 

·. PyKOllliCh HOC Tynun8 B H3A8 .. ,::; 

8 8npenSI 1970 I'OA, 

'·-.·· 

:! 
•, 

., 

. \' 
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1eaaoe. aecna5oe 

'cymeCTBYIOilliiMII 9~-

•HOM B38IIM0Jl8HCTBIIII 

' COBMeCTIIMO C Jl8HHbl_;, 

10' II B.B. AHIICOBII'IY 

BorrpocoB:a r.B. MII-

+ n + v +.v . ' fl p. 

! " • 

. . 

a I ( m2 F ) 2 
. no~, P -40. 2 

( B 8JliiHIIU8X 10 CM ) . 

6,7·10-6 
. -4 

1,9·10' 
-3 2,2·10 

·, -3 
. 7,8•10 

3,0•10-2 

-1 
1,5·.10 . 

•' 6,1·10-
1 

3,8 

ca a nng ci:Jyqag, 

3HOH.lJ:8CTIIU8H 

iBu~ J{ =d y'2F m.xii yavXa) · 

liOK8llbHOro 

.. ,.,. 

·.···, 

i 
i 

I'
' 

l 

r 
.~ .. 

;. 

.. 
' .. ·. 

•,. 
i' 

., 

. ' 

'1, 
' ' 

niiTepaTypa 

.H •. L;A~c;ier'scn1, ·~.Fujii, R,H,Miller, L,'I'au. Phys.Rev., 119, 205C! 
.. ' ~ .'!< ' .. ' ' .. . 

(196<?). 

D.H. P~rkins. Topical Conference on Weak Interactions, qERN, 
,' '(; 

4. ·~Borer, B. Hahn, H. Hofer, . H. :Kaspar, F~ :Krienen~ P~d~ Seiler. 

~eutrino M:eting. CERN 69..:.7;:p •. 4? .. '(1~69)~ 
. ' ~ ~~·~. 

5 • .H.E. 3enbJlOBII'I, A.M. TiepenoMoB, )K31'<Pi ·~ 1115 (·1960); 

J.Bernstein; 'I'. Lee, Phys.~ev.Lett.; ~-·512 (1993}. 

6,. J.L.Bienlein et al, Phys. Lett,,~ 80 (1964), 

.. 
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