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BBE,ll,EHI1E 

llAepHble MaTpH"lHbie 3J1eMeHTbl MOlKHO Bblpa3l-1Tb "lepe3 0AHOHYKJ10H
HWe MaTpl-1"lHWe 3J1eMeHTW BeKTOpHOrO l-1 aKCl-1aJ1bHO-BeKTOpHOro TOKOB, ' 
xoropue B <!>eHOMeH0J10rl-1"leCKOM nonxone MOrjT 6blTb 3arn1CaHbl B BIII
Ae 

< Va> = ii(P ) [ F 1 Y + F 2 (Ja{3 q.f3 + iFsq III u(P i ) ,r a 

/11
< A = u(Pr)[FAyci + FI1'(Ja{3q,B+iFp Qa lr 5 u(Pt)·

a> 

no KJ1aCCIII<!>IIIKa4"'III Ba~H6epra /11 "lJ1eHW C <l>OPM<t>aKTOpaMI-1 F l' F2 ' FA 
1-1 F P OTHOCRTC~ K ToKaM nepsoro pona ITnpI, a ocrans Hble cJ19r:~e

Mble, nponopuaouans aue <!>OPM¢raKTopaM Fs III FT' 'OTHOC·RT,CR. K TOl<'aM 
BToporo pOAa ITBP/. OTMeTI-1M "lTO TBP npeAcTaBnR~T cepbe3HY~ 

npofineay ICM. , HanpI-1Mep,/2,3) I AnR nepeHOpMl-1pye~blx KaJ11116pOB0"l
HWX TeopIII~ 3J1eKTpOCJ1a6wx B3aI-1MOAe~CT.BI-1~/41 

B KOH4e 1986 'r , nORBI-1IlOCb co06U1eHl-1e 0 H 'a6Il~AeHI-1I-1 Ka~aIla 
pacnana T'" W/7lI, HeABYCMblCIleHHO cB~lAeTe 'IlbcTBYIOUlero 0 CYUleCT
BOBaHIIIIII aKCl-1a~bHO-BeKToPHoro TBP ICM. ,HanpIIIMep/5-8Ij . B Ha4aIle 
1987 r. 6b1IlO co06U1eHo /9/06 3KCnepl-1MeHTaIlbHOM 06HapYlKeHI-11-1 KaHa
na oacnana T'" "I" v T • otiycrtoaneaaor-o HaIll-1"l1-1eM BeKTop,Horo' TBP. 
OAHaKo nOCIleAy~~e CO?6U\eHI-1R nOCTaBl-1IlI-1 nOA COMHeHl-1e 3T~ BblBOAbl 
ICM., Hanpl-1Mep, 10-14 I.. TaKI-1M 06pa30M, B HaCTQRUlee BpeMR C no. , . . 
IIICKaMH TBP B pacnaAe T-IlenTOHa C~OlKI-1IlaCb Kpa~He npOTI-1Bope"l1-1BaR 
III HeonpeAeIleHHaR 3KCnepl-1MeHTaIlbHaR cHTya41-1R. 

CIIITya4111R C ~OI-1CKOM 'TBP B 3l<CnepHMeHTax C RApaMH TaKlKe BblrnR
AHT cerOAHR BeCbMa HeonpeAeneHHO~. HaHQOJ1~e XopOWO 1113Y"leHHO~ 
xapaKTepHCTI1KOI1, H3MepReMO~ B npoueccax (3--pacnaAa RAep H 4yB. . ,+ ,. 40 

CTB~TehbH~ K TBP, RBIlReTCR Bem1"l1-1Ha /) = (ft) I(ft) - 1 ICM. , 
HanpHMep, 151 I . OHa nponOP4HOHaIlbH~ <!>OPM<!>aKTOPY FT' B I1MnYIlbC
HOM npl16Ill1lKeHHH napaMeTp 8 IlHHel1HO 3aBI-1CI-1T OT ~OIlHOI1 3HeprHH 
pa cnana , "lTO He cC!rIlacyeTcR C oTAell\~b'MH 3l<CnepHMeHTanbHblMI-1 
AaHH ~H, corIlaCHO KOTOPblM /) ~const . Y"leT Me30HHblX o6MeH
H ~X TOKOB 1-1 3<!>$eKTOB SHe MaCCOBOI1 nOBe~H7c!H 3Ha"lI1TeJ1hHO yIly4
waeT cHTya4HlG, nOCKOIlbKY B 3TOM cny"lae 17 aKCHaIlbHO-BeKTOpHWI1 
TBP xapaKTepH3yeTcR He OAHHM <!>opM<!>aKTopOM FT, a AByMR ~apaMeT
pa MH' H A, KOTopble, B npHH4Hne, MoryT He TonbKO yCI-1IlI-1BaTb, 

(,;,,) - : : -: l ~ u" .•,[l HI!C110')'T \ 

Qa~ ;W ::,m eec JJe J.\OBa(;:i.U 
\ r-M~ rv "'~l-!=«A 
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HO	 ~ YMeHbWaTb IKOMneHC~pOBaTbl CYMMapH~~ BKnaA TBP. ~3 ~ccne

AOBaH~~ ,,B-pacnaAa I CM., Hanp~Mep,73/ I 5blJ1~ Hst1AeHbl 3Ha4eH~fl 
F~ He npOT~Bope4a~~e B npeAenax 3Kcnep~MeHTaJ1bH~X norpeWHO
CTe~ paBeHCTBY Q:>opMQ:>aKTopOB F 2 ~ FT. C .qPyro~ CTOpOHbl, B pane 
pa60T ICM., Hanp~Mep/18/ I ~3 .qaHHblx no yrJ10BoMy pacnpenene
H~~ ,B-4acT~~ CTHOC~TenbHO cn~Ha fl.qpa c.qenaH B~BOA 0 TOM, 4TO 
G-4eTHOCTb cna60ro HyKnoHHoro TOKa CTporo coxpaHfleTCfl, T.e. 
FT = O. 

~pOBo.q~n~Cb nO~CK~ TBP ~ B npo~etcax KBa3~ynpyroro paccefl
'H7fl v.n ~ /1P 119,20 I, onaa I{O OH~ He 6bln~ 06Ha pY>KeHbl. B 4aCTHOCT~, 
B 201 6bln yc rauoanea BepxH~~ npenen Ha o r aoureuae 7] =FT(O)/FA(O)< 
< 0,171M n Ir.qe Mn - Macca HYKnoHa/. Io1MelOTcH ~ .qpyr~e axcnep a
MeHTanbH~e .qaHH~e, He COBnaAalO~~e C 3T~M~ orpaH~4eH~HM~ Ha TeH
30PHbl~ Q:>opM$aKTOp ICM., Hanp~Mep', 0630P 1211 I. 

C T04K~ 3peH~fl ~3Y4eH~fl np06neM~ TBP Ba>KHO nOA4epKHyTb cne
Ay~~ee: 

1. lenaTenb~o ~3Y4aTb npo~ecc~, npO~CXOAfl~~e np~ B~COKO~ 

3Hepr~~ ~ np~ 60nbw~x nepeAaHH~X ~Mnynbcax, TaK KaK TBP Bill 
nponopuuoaansuu nepeAaHHOMY 4-~M?yniCY qa. K TaK~M np~~7ccaM, 
Hanp~Mep, O,THOCflTCfl v + N j'Nj + e 22, v + d ~ /1- + P + P 2 , 
/1- + (A, Z)~ (A, Z -1) + v/1 2; ~ T.A. 

2. Ba>KHbIM aanser ca Bbl60p onT~ManbHo~ r eoxe'r pa-reckosi KOHQ:>~

rypaij~~ on~Ta IB~aHMHo~ op~eHTa~~~ cn~HOB ~ ~MnynbcoB 4acT~~1 

np~ npOBeAeH~~ 3Kcnep~MeHTOB ho ~cc~eAoBaH~1O 3Q:>Q:>eKToB, 06ycnoB
neuuux TBP. 

3. HaH60nbw~~ ~HTepec npencr aanaor 4HCTbie 3Q:>Q:>eKTbl, T. e. npo
nopunoaansuue epopMQ:>aKTopaM FT M Fs . H~>Ke Mbl paCCMOTp~M np~Mepbl 

r arorx 3Q:>Q:>eKTOB. 
4. KpoMe pa3n~4~~ B G-4eTHocTH, TBP MorYT 06na.qaTb ~ APyr~

M~ aHOMan'bHbIM~ xaparcrepac r axexa . TaK, Hanp~Mep, B MOAem:tX C H'a
pyweH~eM T-~HBap~aHTHocT~ TonbKO TOKaM~ BToporo pOAa l 2 51 cy
~eCTBOBaH~e nonepe4HO~ nonHp~3aij~~ y npOTOHOB oTAa4~ B peaK
~~flX KBa3~ynpyroro pacceHHKfl He~Tp~Ho MO>KeT CB~AeTenbCTBOBaTb 

o HanH4~~ TBP. HM>Ke B Ka4eCTBe np~Mepa paCCMOTpeH aHanor~4H~~ 

3Q:>Q:>eKT An~ peaK~~~ Ks-a3~ynpyroro pacceaaua v(j::;) Ha RApe 12C. 
CneAyeT nOA4epKHyTb, 4TO AnR OKOH4aTenbHoro peweH~R npo6ne

Mbl TBP Heo6xoA~MO npoaeneune uenoro pana He3aB~C~MbIX akcne pu
MeHTOB no ~3MepeH~1O paann-n-ux Q:>~3~4eCK~'X xapak r epacr ax npouec> 
COB anex r poc.nafor-o B3a~MOAe~CTB~R, B icor opue MoryT na r s BKnaA 
3T~ TOK~. 

B CBR3~ C B03POCW~M~ B03MO>KHOCT~M~ 3Kcnep~MeHTanbH~X ~ccne

AOBaH~~ B3a~MOAe~CTB~~ nenTOHOB C nonRp~30BaHHbIM~ flApaM~, CO
BepweHCTBOBaH~eM MeTOA~K~ npoBeAeH~R 3Kcnep~MeHTOB ~ np~MeHeH~

eM	 na3epHO~ TeXH~K~ B RAepHO~ Q:>~3~Ke B03H~KaeT oc06w~ ~HTepec 

K BbIRBneH~~ HOBblX nonRp~3a~~OHHbIX 3Q:>Q:>eKTOB, 06ycnoBneHHbiX TBP 

2 

B peaK~~RX C R.qpaM~. no STO~ np~4~He HaCTOR~aR pa60Ta nOCBR~e-' 

Ha ~ccneAoBaH~1O sQ:>Q:>eK~oB Tap B npo~eccax cna6oro B3a~Mo.qeHcT
B~H nenTOHOB KaK C nonRp~30BaHHbIM~, TaK ~ C HenanRp~30BaHHb1MH 

RApaM~. B pa3A. l KpaTKO ~3nO>KeH MaTeMaT~4ecK~H ~opMan~3M y4e

Ta op~eHTa~~~ cn~Ha Ha4anbHoro ~n~ KOHe4Horo RApa, KOTOP~~
 

B AanbHeHweM ~Cnonb3yeTcR AnH ~3h4eH~fl pflAa yrnoaux ~ cn~HOBbIX
 

aCHMMeTpHH. np~ STOM pa3B~Tbli1 B 26,271 MeTOA onucauaa nonapuaa

~~H RAep AnR npo~eCCOB 3neKTpOMarH~THoro ~acceHH~R sneKTpOHOB
 
np~MeHReTCR K npouecca» {3-pacna.qa ,RAep 1 N , 12B Ipa3.q.2/, 6He
 
Ipa3A.3/, a TaK>Ke K peaKij~RM KBa3~ynpyroro pacceRH~R v(v)
 

'Ha RApe 12C Ipa3A.4/. B 3aKnI04eH~~ pe3~M~pYIOTCR nonY4eHH~e 
B AaHHO~ pafio r e OCI-10BHble Q:>~3~4eCK~e peayns r ar u. 

1.	 MATP~4HW~ 3nEMEHT CnA6WX nOnynEnTOKHWX
 
npOUECCOB C OPHEHT~POBAHHWM~ ~APAM~
. 

MaTp~4H~~ sneMeHT cna6~x nonynenToHHWX npo~eCCOB B H~3weM
 

nopRAKe Teop~~ B03My~eH~H MO>KHO 3an~caTb B B~.qe
 

Mfi == GFfaJa ' 121 

r ne G F - Q:>epM~eBcKaR KoHCTaHTa cnafioro B3cH1MoAe~cTB~R; fa = 
= uZYa (1+ Y5)u1- nenTOHHbl~ TOK; Uj (j = 1,2 - 'A~paKoBcK~e cnu

~ ~ ......... -+
 

HopHble aMn.....n~!yAbl .nenTOHOB; J a = <f f Jdx exp(-iqx) Ja (x)fi> - aAPOH-

Hbl~ TOK, Ja (x) - oneparop nnOTHOCT~ TOKa RApa; qa= (q,iqo) 

nepeAaHH~H RAPY 4-~Mnynbc. Ha4anbHoe IKoHe4Ho~1 COCTORH~e RA

pa norurocr eo oncenenaer ca 3Ha4eH~RM~ 4eTHOCT~ tt i (rr r ) , cnaua
 
J i (J r}' ~30cn~Ha T i (T r) ~ ~x npoeK~~H Mi, M Ti (M r, ' MTr)·, 

C nOMO~blO MeTOAa MynbT~nonbHoro pa3nO>KeH~R/261 aAPOHHoro __ 
cna60ro TOKa B ~~Kn~4ecKo~ C~CTeMe KOOPA~HaT eA = - A(ex + iAey )/y2 
Ir ne A = ±l ; ~ x ~ e~y - eA~H~4Hble sexropa x ~ y ocea , KOTOpb!e Ha
npaaneau napannens ao aexropaa (pv xPe)xq ~ (pv xPe) COOTBeTCT

~ ..., ~!BeHHoI , eo = e z == q q era KOMnOHeHTbl MO>KHO npenc r aaar s B BHAe 

J 1/2 .....,..
 
:f0 (3) I (-i) (417 (2J + 1)] < J r ~1 rIM JO (L JO) IJiM i > ~
 

J> '0
 

131 
..... J 112 ..... rn ..... e
 
JA ~ (-i) [2rr(2J+ 1)] <JrMrIATJA-TJAI Ji~1i>-'
 

J 2:	 1 ' 

rAe !J i - Jrl 5.: J s: J i +J r; M~, [,JO' T;1 ~ TJ\ - KynoHoBcK~H,
 
npOAonbHbl~, MarH~THbl~ ~ 3neKTp~4ecK~~ MynbT~nonbHble oneparo

Pbl/ 261 .
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... ... + 

eyffP,.x p
'JJ e 

... .. ...... 
e. ff(p. xp )xq'
x 11 e
 

+ + +
(p x p ): xp 
'J) e e 

CHCTeMbl KOOpP;HHaT, nc rto rrs a yer-rsre B n poue ccax npHMOrO 

Ii 06paTHOrO ~-pacnap;a nOnHpIi30BaHHb~ Hp;ep. 

CB~*eM OCb KBaHT08aH~~ Cn~Ha Ha4anbHOrO ~Apa C OCb~ Z~, Ha
npaBneH~e KOTOPO~ 3aAaeTC~ YrnaM~ 8* ~ ¢*/cM. p~c.I.An~ Aanb
He~wero 8~4~cneH~~ He06xoA~MO onpeAen~Tb' Bce ,npoeKU~~ cn~HOB 

OTHOC~TenbHO $~Kc~poBaHHo~ oc~ ~. 

3TO MomHO CAenaTb C nOMO~b~ nOBopOTa Ha4anbH~X COCTO~H~~/27/ 

.T i 
1J i Mi> = 2 DM ~ M, (0 * ~ ¢ * ) IJ i ~< > ~ 141M ~ 1 1 

1 

J1 * rAe DMi Mi (0 ~ sb *) - D-$YHKU~~ Blo1rHepa; Mi (M i) - npoekuna cnaua 

Ha4anbHoro ~Apa Ha OCb z' 10Cb z/. B pe3ynbTaTe np~MeHeH~~ Teo
peM~ B~rHepa-3KKapTa An~ MaTp~48~x 3neMeHTOB MynbT~nonbH~X one
paTopOB nony4lo1M: 

4 

Ji ,. Jr-M~ Jr J J i) 
2 DM~M~O*~ -4>*) (-1) -l'v1 M M I X<J r Mf I Q JM J I JiM i > 
M~ 1 1	 r J 1 

1 

15/
x <J( II Q J I1,J i>· 

TaKKaK Ha"4anbHbl~ aHcaM6nb ~Aep opaeur apoaan , TO 3aceneHHOCT)-1 
MarH~THbIX nOAYPOBHe~ P(Mi ) HeoA~HaKOBbl, ~ KsaApaT MOAYIlR'MaT
p~4Horo 3neMeHTa /2/, npocYMM~poBaHH~~ no cn~~oB~M COCTO~HIo1~M 

KOHe4Horo ~Apa~ MO*HO npeAcTaB~Tb B B~Ae 

2
I P(M i ) ~ \Mfi I .	 /61
M M

i r 

3aMeTIo1M, 4TO An~ Henon~p~30BaHHoro aHcaM6n~ Ben~4~Ha P(M.) pas
Ha (2J 1 + 1)-1 ~ OA1t1HaKOBa An~ ecex nOAYPoBHe~. Ecnv P(M i ~ J j) 
= P(¥ i = -J i ), ToaHcaM6nb ~Bn~eTC~ BblcTpoeHHb'~. Ecna *e ,P(M'i)= 
= 1 An~ OAHoro onpeAeneHHoro nOAYPOBH~ IHanp~Mep, Mi~Jj/, 
a An~ sc-ex oc r ans aux nOAYPoBHe~ P(Mi ) paaua Hyn~, TO ~MeeT Me
CTO 100% non~p~3au~~ ~Apa. 

C nOMO~b~ 131 ~ 141 KBaApaT MOAyn~ ,MaTp~4Horo 3neMeHTa 161 
8 06~eM cny4ae MomHO npeACTaB~Tb 8 B~Ae 

A~A - A~A 
I P(Mi ) 2 \M fi I2 2 [TA~A Re(Z )+ TA~A Im(Z )] • 171 
M Mr A'A ' 

i 
,I 

3AeCb TA'A ~ - $YHKU~l-1, nocr poeuaue ~3 KOMnOHeHT nerrro-u-oT A',\
 
ro TeH30pa fa.f~ ;
 

. 2J r-2Mr JjAA 
'1\ Z = 811	 I P(M) I t(-1)- DM'M «()*.,¢*) x 

M i 1 M { M;'M ~ 1 1 

,"' 
J *	 J '( J r J J i ) ( Jr J' J i ) 

x 0Mi
" M (0*, 1>*) ~ [J~](J] (_oj i M \ M~ , - Mr A' M'[ xi i J' J	 - r 1\ 

· 181 

x < Jr II TJ '(A ~) 11 J i ~ * <J r II QJ(A) [I J i >,} ., 

r12 
r ne [x] = (2x + 1) ; 

{ 
..... ,.. 

A = 0 .........	 -M JO' - L J O ecn~
 

T J(~) (Q J(A) l =	 _~ (ATm _ Te ) A =±l. 
y'2 J(A) J(A) ecnn 

~, 



.ll11fl .ynpollleHf..1R /8/ Bocno11b3yeMcfl COOTHOWeHf..1f1Mf..1 

..... .... A'A A'A
 
<J r I~ TJ '(A') 11 J i >* <J r II Q J(A)\~ J i > ::: A J ' J + i B J'J
 

(_i)J i J'::: PJ+'+J-iPJ-'+J 

rAe 

+ 1 (J'-J)/2 J'+J 
PJ'+ J :::...::.... (-1) (1 + ( - 1) ), 

2 
_ 1 (J ' -J+ 0/2 J' + J 

P :::--(-1) (1-(-1)),
J' + J 2 

f..1 npocyMMf..1pyeM 181	 no 3Ha4eHf..1f1M M;, M~' f..1 Mr : 

2J r -2Mr J i J i *
 
I P(M.) L (-1) DM'M (8*, ¢*)D /, (8*. ¢*} x
 
. 1 ",	 i i Mf M iMi MrM i M i 

J r J J.	 )( J r J' J. ) 1 [L}f (i) (-I) J i +Jr+A+ M 
x 

x ( -Me X ~; . -M A' . ~;, 'L L 
r 

(L - M)f 1/2 J' J	 i M 
L ) {J' J L} e	 ¢ * P~(cos8*):::x (--------} 

((L + M)! A' -A M J i J i J r 

ti) . J i + J r A'A . A' A )
 
lL [L1f L . (-1 } (X J ' J ; '1. + 1 YJ ' J ; L "
 

M 
r AeO 'S. L ::; 2Ji; P L (cos (j *) - n pf..1CoeAf..1HeHHble ¢YHKltf..1f..1 ne>t<aHAPa- M 

f (i) J . J . L ) .! 1 1 P(M i } - TeH30p ¢aHo /27/ . 
L (

Mi M i -M i 0 

TorAa gnH ZA'A 
f..13 181 n011Y4f..1M Bwpa>t<eHf..1e 

A'A , (i) Ji+Jr + .
 
Z ::: 871 l [L] [J ] [J} f L (-1) (PJ'+J - IPJ'+J ) x
 

LJ'J
 
A'A A'A A'A A/A 191 

x (A J' J -to i B J' J )(X J' J; 'L+ i Y J ' J; L ) . 

npH paCCMOTpeHKf..1 flAe~H~x nepeXOAOB Me>t<AY COCTORHf..1RMH C 0Af..1Ha
KOB~MH 4eTHOCTRMH f..1MeeM 

A'A A (i) [J/][J] t_1/ i + J r + MRe(Z )::: 811(-1)	 1 (L] f L 2 x
 
L J'J
 

(L _ M)! J L)' {J' J M1I2( J' PL (cos fi *) cos M¢ * xx ( -------- )

(L + M)! A' -A M J i J i
 ~J 1101 

x(p+ AA'A +P- BX'A ) .
J'+J J'J J'+J	 J'J 

MHf..1Mafi 4aCTb Im (Z 
A'A

) n011Y4aeTCR f..13 110/ 3aMeH0t4 cos M¢*
 
Ha sin M¢*. ,Qnfl Hen011Hpf..130BaHHblx H11f..1 npoAo11bHo-nOnRPf..139Ba~Hb.x
 

11enTOHOB MHo>t<HTe11f..1 fA'A paBHbl Hy 1110 H, cneAOBaTe11bHO, Im(Z A A)
 
He AaeT BK11aAa B Af..1¢¢CpeHltf..1a11bHYIO BepORTHOCTb. B 3TOM 'cny4ae
 
C nOMOlllblO ¢OpMy11 13/, /5/, 171 H /.10/ AIlR KBaApaTa MOAY11R MaT

pf..14HOrO 3I1eMeHTa 161 c11a6blX n011Y11enTOHHblX npOlteCCOB,' npOCYMMf..1

pOBaHHoro no Cnf..1HOB~M COCTORHf..1RM KOHe4Horo RApa, C Y4eTOM Opf..1

eHTaltf..1f..1 Cnf..1Ha Ha4aI1bHOrO RApa n011Y4HM B~pa>t<eHHe
 

2	 (i)p *) L . L~ P(M . ) 1 !Mr' 1 ::: 411 G; { 2 f L L(cosO (f 1W 1 + f 2W2 + 
M 1M 1	 L>Oi r 

4eTHoe 

L 
+ f aW; + f 4 W~ + f 5W~ ) + L ~ 1 ' f ~)[ PL (?OS e*) (f1W~ + f 2 W +2 

He4eTHoe 

- L - L - L 1	 - L -L - L - L 
+ fsW + f 5 W5) + PL(cos8*)cos¢*(f6W6 + (7 W7. + fS;W

8+ f 9.w 9)] + s + f 4W4. 

Illl 
~ (t) E 1 *) * (L L . L L+ L-> 2 f L PL (cos o cos ¢ f6W6- + f 7W :l + f 8,w8 + f 9W'9 ). + 

4eTHoe 

2	 L 
+ PL(cose*) cos2¢*f 10 W10] + 

(i) 2 . . ...." L 
+ I f L PL(cose*) cos2¢* f 10 W10 I . 

L>3 
He'4eTHllle 
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L - L
3,q,ecb f 1 1 i = 1" 2, ••• , 101., - nerrrouuue et>YHKl.l~~ Wk' W 1 k = 1,k 
2, ... , 101 - a,qpOHH~e ¢YHKl.l~~. nenToHH~e et>YHKl.l~~ onpe,q,eIleHW 
CIle,q,Y~~~M o6pa30M: 

f 1 == -}(f 1fi +£2£'2); {2 == Im{e1 e~ ): 

fS==fsfs: f 4 == - 2 Re (fa£*0) ; 

1 
f 5 == £of'b : f 6 == - --=.Re (e 1 e~): 1121y2 

1 . 
f = ---- Im(f £* ) . f a == -.! Re ( f 1£*0) : 7 -- 2 S •

y2 y2 

f = _ 1 I f = - .!..(f 1 · 9 --== m(f f* . lO 
fi -f2f 2).l2 2 0)' 2 

A,qpOHHwe ¢YHKl.l~~ Aa~TCR ¢opMYIlaM~: 

L (L) 5 5 5 5 
W1 == - JI.,J A 1;-1 (F EJ,Q 1 + FMJ,Q 4 + FE fQ 2 + F MJ,Q 3 ): 

L (L) 5 5 5 5
 
W2 = - ~ A 1-.1 (FEJ , Q 3 + + F MJ,Ql);
FMJ,Q2 + FEJ,Q4

J'J . 

L (L) + 5 5
 
W3 = J~ A 0;0 P,,'+J(FLJ,F L J + FLJ,F-LJ):
 

L ~ (L) + . 5 5 
W4 = JfJ Ao;o {lJ'+ J (FCJ,FL J + FCJ,FL J ): 

L (L) '+ 5 5
 
W5 = JJJ AO;oPJ'+J (FCJ,FCJ+ FCJ,F CJ):
 

(j
L - (L) . 5 5

I A O·1(FL J,Q-2 + FLJ,Q 1);We=2y2 J' J . 

L - (L) 5 5
 
W7 == 2Y2 J~J A0: 1 (FLJ,Q 4 + FL J,Q 3 ). ;
 

L (L) D .5 D Q5).

W - J'Y,.J A 1;1(FE J,Q2 - FM.-rQ3 +FEJ,Q l- FMJ' " '
 lO = 

8 

- L (L) - F 5 F . 
W 3 == 2 I. A o· o PJ'+J LJ' LJ' 

J' J ' 

(L) - 5 5wL _
4 - I AO'oPJ'+J (FCJ,FLJ - FCJ,F L J );
 

J'J '
 

- L (L) - 5
 
W5 = 2J"i;JAo;0,PJ'+JFCJ,FCJ
 

1131 
- L (L) 5 ,5.
 
W10 == - 2 J;J A1;l (FEJ,Q 4 - FMJ,Q 1)'
 

- L L -L LWL==_W L . W ==-W 1 ; W
1 2 ' 2 6=W 7 ;
 

-L L -L L -L L
 
W ; W ; W9 == WS7==W e 8==W 9 

5 "5 5 5
3,q,eCb F CJ' F LJ' F EJ (F CJ , F t.r , F MJ, F E J) - npaaeneu-FMJ,
 
Hwe MaTp~4Hwe 3IleMeHT~ KYIlOHOBCKoro, npo,q,OIlbHoro, MarH~THoro
 

,~ 3IleKTp~4eCKoro BeKTopHWX laKc~aIlbHo-BeKTopHwxl Mynb~~noIlb

HblX oneparopos ; 

+
 
Q 1,2 == FE J P J'+ J ± FMJ P J-'+ J
 

Q 3,4 == F MJ P /'+ J ± FE J P J ' + J 

J j + J 
f (L - M)! 1/2 JL){ J'

A (~) == (-1) [J'] [J] [L] (----~) ( J', J
 
m m
 (,t + M)I m m M J i J i ~J 

BeIl~4~Hbl Q ~,2 ~ Q ~,4 nOIlY4alOTCR ~3 Q ,1,2 ~ Q 3 ,4 3aMe.HO~ FEJ 
~ FMJ Ha F ~J ~ F ~J COOTseTCTBeHHO; Bblpa)f(eH~R fIlR ¢YHKl.l~~ W~ 
~ wk nOIlY4a~TCR ~3 Wk ~ w¥ 3aMeHO~ F LJ, ~ F LJ, Ha F CJ' ~ F~J' 
COOTBeTCTBeHHo. . 

3aMeT~M, 4TO COOTBeTcTBy~~~e B~pa~eH~R ,qIlR KBa,qpaTa MO,q,YIlR 
MaTp~4Horo 3IleMeHTa C Y4eTOM op~eHTal.l~~ cn~Ha KOHe4Horo R,qpa 
nOIlY4a~TCR ~3 np~Be,qeHH~X B~we ¢QPMYIl C nOMb~blO COOTHoweH~R 

2J f + 1 J'+J+ L W L
 
--(-1). k(i)
 

L 
Wk(f) 

2J j + 1 

np~ 3TOM, pa3YMeeTcR, Heo6xo,q~MO 3aMeH~Tb 1eH30p $pHO f~)
 
Ha f (f) ,
 

L
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2. ,B-PAcnAA OP~EHTlIIPOBAHHbIX RAEP 1~ ~ 12 N 

2.1. Al-1<!><!>epeHl...p'IanbHaR BepORTHOCTb 

AnH npOLteCCOB 12 B ~ 12 C + e- + V l-1 12N -+12C + e + + v KBaHTO
, . e J J' e aue 4l-1Cna J, J l-1 L npl-1Hl-1MalOT 3Ha4eHl-1R = = 1 l-1 L = 0, 1 ,2.
 

l'13 onpeneneuua <!>YHKLtl-1~ W
L
k l-1 W

-L 
B /13/ cnenyer , 4TO p,l-1<!><!>epeHk 

Ltl-1anbHaR BepORTHOCTb pacnaAa 3aBl-1Cl-1T OT npl-1BeAeHH~X MaTpl-14H~X 

3neMeHTOB F6't, Fl 1 l-1 F~1' xo ropue B 060n04e4HO~ MOAeF M1,
 
nl-1 RApa C nOTeHLtl-1anOM rapMOHl-14eCKOro OCLtl-1nnRTOpa l-1MeIOT Bl-1A
 

F = _ l/J q -y 
. 1 ---:.-.:. --- e [FM 6V17 M 1 - J1 (2 - y)] ~aJn ~ 

q2
5 V2 t/J e-y (1 _ y) (F _ __ F p ),

F L 1= - ---:: . A 2M
 
3V17 n
 

/14/
 

F 5 = _ .s:__ e -s FA (2 - y), 
E1 - 

3V17 

F 5 = _ l/J..:-...=:- _~ e-Y [~F A - (1 -y)(qo F p +: 2M n F T )].
 
G1 3y 217 Mn 2
 

3Aecb l/J = -0,003 /28/ ; M n - Macca HYKnOHa; J1 = F 1 + 2M nF 2; q O=~E
3Heprl-1R -nepexona ; y = (bq/2) 2 , b - OCLtl-1nn~HOpHbl~ napaner p , 

B Anl-1HHOBOnHOBOM npI-16nl-1}1{eHl-1l-1 (q/M::::: 0 , s » 0) Al-1<!>4>epeHLtl1anb
HaR BepOHTHoCTb npOLteCCOB B-paCnaAa nnOnHPl-130BaHHbIX RAep 12 B 
l-1 12N AaeTCR Bblpa}l{eHl-1eM 

/15/dW - = N dE dO dO P PvEe E v F(E e ' e, 0 *., 1> * Lf3+ e eve 

2GF 
2 l/J 2 

FA 

rAe N = --;;(;;;-5-- , 

F (E e ' e, (J* ,¢ *) = FA (2f 1 + f 3) + 4qf 2.F 2 + 1] q f 4 F T + 

+AP2(Cose*) [FA(f 1-f 3)+ 2qf 2F2 -1]qf 4F T] + 

1 - 
+ AP 2 (cos e*) cos ¢ * vi 2 (f 6 F A + q f 7 F 2 + 1] q f 8 F T) + 

10 

A 2
+"2- P 2 (cos O* ) cos 2¢ * f 10 FA + 3PP 1(cosO*) (f 2F A + 2qf 1F2) + 

/16/ 
+ 3V-2 PP

1 
(cos8*)cos¢*(f 7FA+ qf eF2 + 1]qf9F T ) · 

3AeCb 1] paaxa "+1" AnR 13--pacnaAa l-1 "-1" AnR ,B+-pacnaAa; Pf' 
E f l-1 dOe - l-1Mnynbc, noriuaa aue or as l-1 TenecHbl~ yrOI1 aune r a 
3neKTpOHa /n03l-1TpoHa/ np~ r = e-(e+) l-1nl-1 He~Tpl-1HO /aHTl-1He~T

Pl-1HO/ npl-1 E = ~e~e); P l-1 A - COOTBeTCTBeHHO nOnRpl-13aLtl-1R l-1 B~

CTpoeHHOCTb RAep /29/ • 

nenTOHH~e ¢YHKLtl-1l-1 f i C Y4eTOM npOAonbHO~ nOflRpl-13aLtl-1l-1 3neKT

POHOB /n03l-1TpOHOB/ l-1MeIOT Bl-1A 

f 1 = 20 1(1 + 1]f3 v seC 3 ) , f 2 = 21]0 1(13 v C 2 + 1] s eC ~, 

f 3 = 28 1[1 + 1] 13vse(cos8-2C 3)L f 4 = 40 1(1] SeC 1 - 13 C2 ),v 

f 5 = 28 1(1 - 1]13 v S ecos 0) , fa = -\/21] se13v ol(f3e Ee C l -{3v Ev C2 )si n O/ q , 

/17/ 
f =-i2~f3 01(E 13 -1]s E )sinO/q, f '=-V2{3 01({3 E +1]s E.)sinO/q,

7 vee ev 8 vee ev 

f 9 = -V 21] s e13 0 1sin 8, f 10= -21]se13v °1(C 3 - cos d}.v 

3AeCb 8 1 = 1-1]{3ese ; 13£ = Pe/Ee (e ;:; e,-v) - CKOPOCTb nenTOHOB; 
se = ±1 - Cnl-1panbHOCTb 3neKTpOHa /no3~TpoHa/, 0 - yron M~}I{AY 

l-1MnynbCaMl-1 anexr poua l-1 aHTl-1He~Tpl-1HO; C 1 = ({3 eE e+ 13vEvcosO)/q , 

C2 = (f3v Ev + 13 eE ecos O)/q, C 3 =C l C 2' 
B cnY4ae 'nOnRPl-13aLtl-1l-1 RAep BAonb HanpaBneH~R l-1Mnynbca 

3neKTpOHa /n03l-1TpOHa/ ¢YHKLtl-1R F(E e, 0, () * , ¢ * ), onpenenaouraa 
Al-1¢<!>epeHLtl-1anbHYIO BepORTHOCTb /15/, npl-1Hl-1MaeT Bl-1A 

F(E e ' 0,0*, ¢*) = 2 tHo - 2A[FA f3 f3 cosO -1]FT (H 1- ~ HS) +e v 

/18/ 

+ 1JF2 (P"'2 + : H3)] -3AP[1]FA (13 e-f3v cos 0) - FT ,Be IT 3 -2F2(q(C 1- f3 e13 vC 2) +
 

1
 
+ 2 (3 e H 3)]J .3AeCb ' 

H O = FA(3-f3e13vcos()) -2ryFTH 1-47]F2 ,H 2, 
/19/H 1 = f3 2E ± f3 2E + f3 f3 (E ±E ) cos 0 , H 3 = f3 2E sin 20 .

,2 e e v v e v v e v v 
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11..:1 11 B /18/;\ paaaa "+1 11 , eCIH1 Sn tt~Pe 111 , e cna Sn tJ,;:t1-'e • 
3Aecb 111 nanee Sn - eAII1HII14HblH BeKTOp B HanpaSlleHlI1111 nOllRpll13a~1I1111 
RApa. 3aMeTII1M, 4TO Ho AaeT A~$$epeH4I11allbHY~ BepORTHOCTb, ycpeA
HeHHY~ no cn~HOB~M COCTORHII1RM Ha4allbHoro RApa. 

nYCTb r enepe RAPO nOllRpll130BaHO BAOllb Us == (P~vx P) x Pe. Tore
'Aa ¢lYHK~II1R F(E e ,e, 0*, ¢J*) , onpenenmouiaa AII1$cI>epeH~lI1allbHYIO Be

pORTHOCTb /15/, npOCYMMlI1pOBa~HY~ no CnIl1HOB~M COCTORHII1RM 3lleKT
POHOB /n03I11TpOHOB/, AaeTCR B~pameHlI1eM 

F(E~, e, e*.,¢*) =2{H o+ A[FAf3ef3vcose + 71 F T (H l -3H s)+71F2(H2+3Hs) ] 

/20/ 

- 3A'P,8vsine[71FA -qFTf3eC1+F2 (2E v-q,13e C1)ll., 

~	 ~ ~ ~ 

rAe A' paaaa "+1 11 
, ecru- sn tt us' 111 11_1", ecru- sn r , Us • 

B CllY4ae nOllRpll13a4111111 RApa BAOllb HanpaBlleHII1R, nepneHAII1KYllRP
Horo K nllOCKOCTII1 peaK~~1I1 (8n t t pV X Pe ), $YHK~II1R F(E e ' (), () *., 1> *) 
AaeTCR B~pameHlI1eM 

F(E e' 0., e* = ¢ *= 7T /2) = 2 (H 0 + A(FA {3e f3 v cos e - 71 F T H 1 + 71 F2 H 2 )] • /21 / 

OTMeTII1M, 4TO B AaHHOM cnyuae BKllaAbl OT $OpM$aKTOpOB FT 111 F 2 Mom
HO B~AellIl1Tb, TaK KaK OHII1 BXOART B /21/ C pa3H~MII1 $YHK~II1RMII1 H1 
111 H 2. B 4aCTHOCTII1, B CepeAII1He f3 -cnexr pa H 2 MallO 111, cneaoaa
TellbHO, BKllaAoM cna60ro MarHeTII13Ma /4lleHa, nponop~1I10HanbHoro 

F2/ MomHO npeHe6pe4b. 

2.2.Ac~MMeTpIl1R B~lleTa 3lleKTpOHOB 

nOClle II1HTerp~pOBaHII1R B~pameHII1R AllR AII1$$epeH~lI1allbHOH BepORT
HOCTII1 /15/ C Y4eTOM /18/ no TelleCHOMY yrllY B~lleTa HeHTpll1HO 
/aHTII1HeHTpIl1Ho/ AllR K03$$II1~lI1eHTa aC~MMeTpll1l11, onpeAellReMoH $OP
MYllOH
 

... ~ ~ ....
 
dW,8+(Sn t t P e) - dW t J, Pe )


f3+(sn
a ==	 /22/L
 

dW,8+ (sn tt P ) + dWf3+ (8 nt J, Pe )
e 

nOllY4111M 

2 2 - 1 2 
a L ::;	 -71,8e pIt + "371 u -A) f3 e E eF T- 271 E e[1 - 3" f3 e(2 + A)] F2 I . /23/ 

3Aecb Fx==Fx/FA /rAe X = 2, T/. 

npll1 npeHe6pe}\(eHII1~ MaCCaMII1 anex r poua 111 aHTII1HeiiTpll1HO ({3 e == (3v = 
1) B Allll1HHOBOllHOBOM npll16llll1}\(eH~1I1 ~3 $OpMyllbl /23/ cnenyer Bblpa
}I{eH~e, paHee nonyveuaoe B /30/ : 

. 2 :.... '
a L ~ -71 P[ 1 + "3 71 E e (1- - A) (F T - F 2)] • /24/ 

OTMeTII1M, 4TO 3$$eKTbl TBP CYlllecTBY~T TOllbKO npa A'; 1. KpoMe TO
ro, 3TOT K03$$~~~eHT CYllleCTBeHH'J 3aBII1CII1T OT 3HaKa $OpM$aKTOpa 
F T /OTHoc~TellbHo F 2 / . ECllll1 6YAeT HaiiAeHo 3KCnepll1MeHTall~Hoe 

3Ha4eH~e aL, OTll1l14a~llleeCR OT BellIl14I11H~,npeAcKa3~BaeMoii clla6~M 

MarHeT~3MOM, TO llor~4Hee Bcero npeAnOllOmll1Tb CYllleCTBOBaHlI1e TBP.
:1 TaK~M 06pa~OM, 3KCnepll1MeHTallbHoe II1CClleAOBaHlI1e 3HepreTlI14eC

KOH 3aBII1CII1MOCT~ K03$$~~lI1eHTa aCII1MMeTpll1111 a L AllR aHcaM6lleii RAep 
C A #: 1 Morno 6bl cnocotic r aoaar s YllY4weHII11O ~e~IllIl1XCR OrpaHlI14e
HlI1ii Ha BellIl14~HY TeH30pHoro $OpM$aKTOpa TBP. 

2.3.~pyr~e nOllRpIl13a~1I10HH~e 3$$eKT~ TBP 

nYCTb RAPO nOllRpll130BaHO B.QOllb HanpaBlle HII1 f1 Us = (pvxP ) xP •e e 
TorAa, C Y4eTOM /20/ II1HTerpll1pYR /15/ no TelleCHOMY yrllY B~neTa 

aHTII1HeHTpll1HO /HeiiTpIl1Ho/ B cnyuae f3 = 1 AllR K03$<t>II1~lI1eHTa aCII1Mv 
MeTp~lI1, onpeAellReMoro ¢oPMynoH· 

dW 8+ (;0 tt;s) - dW 13+ (;n t J, \{s) 

as =	 ----~--...-----~-_::;_, /25/ 
dW 13+ (8 ott us) + dW 13+ (sn t J, us) 

nOllY4111M B~pameHlI1e	 /26/ 

1 1 - -	 2... - ..2 .... 
as ~	 - -:4 7TP I 17 + 3[E (F T+ F2 ) +(1+A)(Ev-f3et.le)FT+(1-AHEv+t:1eEe)F2]l· 

1	
v 

B OTllll14111e OT K03$$~~~eHTa aL MaKCII1MallbH~ii 3$$eKT TBP B 3TOM 
cnyuae nOllY4aeTCR B KOH~e 13 -cnexr pa npa A = 1. 

B cny4ae, KorAa RAPO nOllRpll130BaHO nepneHAII1KyllRpHO K nllOCKO
CTII1 peaK~~II1, K03~1I1~lI1eHT aC~MMeTpll1l11, onpeAellReMblii ~OPMYllOii 

dW 13+ (;0 tt Pv xp e) - dW /3+ (HenonAp.) 
/27/aN
 

dW 8 + (~enonFlP. )
 

npll1H~MaeT 8~A 

1 2 2 - 2 2 
E E	 /28/aN = - '311A[(/3 e E e + f3 v v) F T - (,BeEe - f3 v ) F 2 ].v 
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OTc~Aa cneAyeT, 4TO B CepeAHHe ~-CneKTpa, npeACKaS~BaeTC~ 4H
cTbl1ll 3<t><t>eKT TBP (a N~ F '1'). /B 3TOM cnyuae BKnaA <t>opM<t>aKTopa 
cna60ro MarHeTHSMa F2nOAaBneH/.

3aMeTHM, 4TO C nOMO~b~ <t>opMyn /18/, /20/ H /21/ MO~HO Hccne
AOBaTb yr noaue saBHCHMOCTH K03<t><t>HI..4HeHTOB a U as HaN' xoropue 
r aiose noaaonarur 6bl nony-orr s Ba>KHble CBeAeHH~ 0 ¢OPM¢>aKTope FT' 

2.4.3<t><t>eKT~ TBP B cny4ae HenonHpHsoBaHH~x 

~Aep 

PaCCMoTpHM K03<t><t>HI..4HeHT sap~AoBolII aCHMMeTpHH, KOToP~1II onpe
AeI1~eTC~ <t>opMynolll 

B e-e+= [dW {3-- dW,8+]/[dW /3-+ dW,8+]' /29/ 

nOcne ycpeAHeHH~ B~pa~eHH~ /15/ no cnHHOB~M COCTO~HH~M ~Aep 

B AI1HHHOBOnHOBOM npH6nH~eHHH An~ K03<t><t>HI..4HeHTa B - + nonY4HM 
e e 

B _ +=FTIE -2[E +/32 E +/3 (E +E )cos8]/(3-,8 cos s j l. /30/ee o vee e eve 

B cepeAHHe ~-cneKTpa An~ K03<t><t>HI..4HeHT~B B2 H B3, onpeAeneHB1,
Hble cornacuo /29/ B r pex crtyva ax 0 ~ 0, 0 -+ TT/2 H 0 -+ tt. nonY4HM 

~ 2
 
B 1 = 2E 0 FT (1 - (1 + ,8e) 1 [2(3 - (3 e)] I
 

B 2 = 2E 0 F-T r1 - (1 + ,82"
e ) 16] , /31/ 

~ 

B3 = 2E 0F Til -(1 -,8;) /[2(3 +,Be)] }. 

TaKHM o6paSOM, K03<t><t>HI..4HeHT sap~AOBO~ aCHMMeTpHH B cnY4ae Heno
n~pHSOBaHH~~ ~Aep COAepmHT 4HCT~e 3<t><t>eKT~, o6ycnoBneHH~e TBP 
/ CM. Ta K~ e /3 1•32/I . 

Ms ~opMyn~ /31/ cneAxeT, 4TO B ynbTpapen~THBHCTCKOM npeAene 
(,8e ~ 1) B 1 "" 0, B 3 "" 2E 0 F' T' CI1ep,OBaTenbHO, An~ Bbl~BneHHfI 3¢<t>eK
TOB, o6ycnoBneHH~x TBP, Ba~Hoe SHa4eHHe ~MeeT HccneAoBaHHe yr
nOBO~ 3aBHCHMOCTH K03<t><t>HI..4HeHTa sapHAOBO~ aCHMMeT~HH. 

K03<t><t>HI..4HeHT e v -KOppen~I..4HH B ,8-p~cnaAax ~Aep 1 B ~ 12N C y4e
TOM' CKOpOCTH 3neKTpOHOB /n03HTpOHOB/ AaeTC~ 8~pa~eHHeM 

1 2'" 1 2
A "" - -,8 {1=f --EoF Tr3 + --(1+,8 )] I. ev 3 e 3 2 e /3:2/ 

OTC~Aa cneAyeT, 4TO paSHOCTb K03~HI..4HeHTOB ev-Koppen~I..4HIII An~ 

pacnaAOB sepKanbH~X ~Aep 12B H 12N 6YAeT n~eAcTaBn~Tb co6o~ 
4HCT~~ 3¢<t>eKT TBP B cepeAHHe ,8-cneKTpa. 

Bwpa~eHH~ An~ K03<t><t>HI..4HeHToB sap~AoBo~ aCHMMeTpHH H ~-KOP

pen~I..4HH npH Y4eTe MeSOHHblX o6MeHHbix TBP npaaerieuu B /32,33/
 

3. npOUECC ,8-PAcnAAA 6He 

3~1.~H<t><t>epeHI..4HanbHa~ BepO~THOCTb 
pacnaAa C Y4eTOM TBP 

CneAY~ Hsno~eHHOMY B pasA.1 <t>opManHsMY, AH<t><t>epeHI..4HanbHY~ Be
PO~THOCTb np0l..4ecca ,8-pacnaAa 6 He MO~HO sanHcaTb B BHAe /15/. 
B 3TOM cny-iae K03<t><t>HI..4HeHTN= G~/(21T)2 H <t>YHKI..4H~ F(Ee,O,O*,¢*) 
paaua : 

F(E e,O,O*,<;b*)=f1¢1+ 2f2¢2 +f3¢3 +f 4¢4'+ f cD +
5 5 

+~P2(COSO*) rf 1¢ 1 +2(f2¢2 -f3¢32 . -f4¢4 -f5¢5 H+ 

5+AP~(cosO*)COS¢*(f6F{l:'1 +f7FL5IFMl +fsFe 1 F: 1+ f9Fe~FM1)

/33/
A 2 [ 5 2 F 5 )2]- 4" p 2 (cos d ") cos2¢* flO (F M1) - (El . 

1 5 -5 5 5 5 5 
- 3PP 1(cos 8*) cos ¢ *(f6FLI FM1 + f 7FL1F E1+ f8 Fe 1FM1 + f9Fe 1F E1) 

~PP1(COse*)(2fl¢2 +f2¢1)' 

3AeCb A H P - B~cTpoeHHocTb H nOI1~pHSaI..4H~ KOHe4~oro ~Apa: 

¢ 1 = (FM1) 2+ (F E51) 2 ), 1> 2 = FMl F Efl ' 

5 2 5 5 5 2 /34/ 
¢ 3 = (FL1)' ¢ 4 = FL l el' ¢ 5 = (Fe 1 ) 

MaTpH4H~e 3neMeHT~ HMe~T BHA 
1 q -Y 

FM1 = ----=- -M e lk IF 1 + f1 (k2 + kg y)J, 
y'TT n' 

F 5 - 2 - Y (k .)FE1 - -== e 2+ kaY A'Y1T 

5 1 q -Y 
Fe 1 = y- M- e rk4FA+(k5+k6y)(qoFp+2MnFT)]'

TT n 
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2 
5 2 -y q " 

FL 1 ::: - -...=- e (k 5 + k6y ) (F A - 2M F p ) , 1351vrr n 

rae k 1 == 0,178; k 2 = 0,561; k 3 = -0,354; k 4 = 8,6'10-3 
; k = 5 

= -0,397; k 6 = 0,293; f 1 Ii = 1, •.• , 101 - nerrroauue <t>YHK~HH, 
BBe,qeHHble B pa an, 2. 

3.2.3$<t>eKT~ nOll~pHaa~HH A04epHero ~,qpa 

B ,qllHHHOBOllHOBOM npH6llHmeHHH ~a /331 Clle,qyeT 

F(E e ' ();; 0, 0 *~ ¢ *) = F ~1 (f 4 F ~ 1 + f 3 F~ 1 ) r1 - AP2 (cos 0 *)] ; 

1361 
F(E e .8 :l tt ~ fJ *, ¢*) =: f 1 F ~ 1 F ~1 [1 + ~ P2 (cos 8 *) + 3~ P1 (cos e*)] . 

llll~ Taro, 4To6bl axnan TBP B K03$<t>H4HeHT ev -xopperiauaa 6blll' cy
~eCTBeHeH, Heo6xo,qHMO B~nOllHeHHe YCllOB~~ 

-2A P ::::: 1 + 3P'P1 (cos d "}. 137/2(cosO*) 

Bblpa)f(eH~e 137I noasonaer CB~3aTb onT~MallbHYIO r eoae rpao onsrra 
Ic T04KH 3peHH~ 06HapY)f(eHH~ TBPI C opHeHTa~He~ cnHHa ,q04epHe
ro ~Apa. OTclO,qa, B 4aCTHOCT~, Clle,qyeT, 4TO 4HCT~~ 3<t><t>eKT TBP 
MomeT CYll\eCTBOBaTb H B CllY4ae O,q &-1 H0 4HOr o " ~,qpa 16ea paCCMOTI 

peH&-1~ aepKallbHoro nepexo,qal 1341 . ~ll~ Henon~p~aQBaHH~X ~,qep 
4&-1CT~~ 3<t><t>eKT cy~ecTByeT TOllbKO npH paCCMOTpeH~H nap~ 3epKallb
HblX anep , 

np&-1 100% nOll~pHaa4!r1H ~,qpa IA= 1, P= 11 ypaBHeHHe 1371 HMe
eT ,qBa peweHH~: cos8i = 0 &-1 cos8 2= -1. O,qHaKo caM K03<t><t>H~&-1eHT 
eV-Koppell~~&-1&-1 B 3TOM cny4ae Mall. HanPHMep, npH cos8* = -1 ,qll~ 

E e::::: l , 7 M3B IT.e. B cepenaue l3-cneKTpal A ev ::::: 10-4 npl-1 FT = 0 
2H A ev= 10- npa FT ::::: 1 , 4 ' 10 - 3 MaB- 1 • 

PaccMoTpHM Tenepb cllY4a~, Kor,qa OCb K8aHTOBaHH~ cnHHa ,q04ep
Hero R,qpa HanpaBlleHa" anorn, Pee Torna ¢*= 0, cosO"'= (P e + 
+ pvcos O)/q. nOcne CYMMHpOBaHH~ ,qH$<t>epeH~&-1anbHOH BepO~THOCTH 
pacnana no cnHHOBblM COCTORHH~M 3neKTpoHOB ,qll~ K03¢<t>!f1~HeHTa ev
Koppell~~HH B AllHHHOBOllHOBOM npH6llH>KeHHH HMeeM B~pa>KeHHe 

{3 e13v[l + 2A -2(E e + Ev)(i - A)F T'] + 3{3v P 
All 

ell 22- 133/
3 + 2(13 e'E e + I3 v E ) (l -A)F T + 313 ePv 

~3 1381 cneayer , 4TO 3$<t>eKTbl TBP CYll\eCTSeHHbl B 3TOM cny-tae 
TOllbKO npa A:/= 1. OTMeT&-1M, 4TO npH A = 1, P = 1 K03<t><t>HL(HeHT 
eV-Koppell~~H&-1 

AU .: : n; =-[1-(m / E ) 2 J 1/2ev v v 

1341COAep>KHT np~MYIO HH<t>opMa~HIO 0 Macce He~TpHHO 

K03<t><t>H4HeHT aC&-1MMeTpH~ B~lleTa 31leKTpOHoB OTHOCHTenbHO Cn&-1Ha 
A04epHero ~,qpa ,qaeTc~ <t>OPMYllO~: 

A e (8) =: P (a + b) 1(c + Ad). 139/ 

r,qe 

2 - . 2 a =: f3v cos 8 - f3 e , b = - f3 e f3 v E v FT sin 0 " 

1 2 2 
c = - "313 - f3 e f3 v cos 0 + 2 [f3 e E e +f3 v E v + f3 e f3 v (E e + Ev ) cos 8] F T I . 

2 2 2 32.2- .
d = 31,Be 13 II cos 0 + [13 e E e + 13 v E II + 13 el3 v (E e + E v) cos 0 - "2{3 vEv sin 0]FT I. 

3Kcnep~MeHT.allbHOe ~CClle,qOBaHHe yrlloBo~ H 3HepreT&-14eCKO~ aaB&-1
CHMOCTH K03<t><t>~~HeHTa AeW) MorllO 6~ cnoco6CTBosaTb YllY4weHHIO 
HMelOll\HXC~ o~eHOK <t>opM<t>aKTopa FT' 

3.3.3<t><t>eKTbI TBP B cllY4ae Henoll~pHaoBaHHblx
 

~,qe p
 

BepO~THOCTb npouecca {3-pacna,qa 
6
He B cnyvae CYMMHpOBaH&-1~ 

,q&-1<t><t>epeH4HallbHo~ BepO~THOCTH no cnHHOBblM COCTORHH~M KOHe4Horo 
~,qpa,qaeTC~ <t>OPMYllO~ /15/, B KOTOPO~ <t>YHK~H~ F Bblpa>KaeTC~ <t>op
MYllOl1 /33/ npa A= P = o. nOCJ1e &-1HTerpHpOBaH~~ ,qH<t><t>e-peH~&-1allbHO~ 

BepO~THOCTH no r enecaua yrllaM dOe H dOv ,qn~ CTeneHH npo,QollbHO~' 

nOll~p&-13a~io1J;l Pe 3lleKTpOHOB -8 npH6llH>KeHH&-1 q «M nOllY4HMn 

3 + 2(E e + 13112 
EII)F

-
T 

P e -13 -------- /40/e 3 + 2(f3 2 E + {3.2 E )F
e e II II T 

B6llH3&-1 aepxHeA rpaHH4b1 {3-cneKTpa &-13 140/ nOllY4aeM npoCToe 
aC&-1MnTOTio14eCKoe Bblpa>KeH&-1e 

2
2m e' 

(1 F --). 141/P e =: - e; + T -3E 0 

OTc~,qa clle,qyeT, 4TO BKlla,q TBP s P e ~Bll~eTC~ He6ollblliHM. 
~ll~ K03<t><t>H~HeHTa eV-Koppell~~HH B AllHHHOBOllHOBOM npH6lla.1>KeHH&-1 

&-1MeeM Bblpa>KeHHe/35~ 
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1 - 1 2 1 2A =--f3 fJ il-2F rE (1+--# )+E (1+--{3 )11. /421ev 3 ev T-e 3 e v 3 v 

B MfirKol:1 0611acn1 ,8:-cneKTpa Bblpa>t<eHl1e ,/421 npl1HI1MaeT BViA 

Q 

1 2 - m'; 
Aev = - -3f3 e [1 - 3"F T (4 E 0 - E"f)J, '/43/ 

e 

TorAa KaK B61111311 BepxHel:1 rpaH~~bl ~-cneKTpa 
2

1 2 - mv 
A = ---f3 [1 - --FT (4E o - --)1. /441ev. 3 v 3 E v 

3TI1 B~pa>t<eHl1a n011HoCTb~ CI1MMeTpI14H~ OTHOC~TeJlbHO saMeH~ e ~ ~.
 

~s B~pa>t<eH~1:1 1431 11 1441 CJleAyeT, 4TO HeSaBI1CI1MO OT Y4eTa TBP
 
K03¢¢I1~l1eHT A ev KaK B Ha4ane, TaK 11 B KOH4e f3-cneKTpa Inpl1
 
rn~ l 01 acIilMnTOTllt4eCKI-1 CTpeMI1TCfI K HYJl~. nOA4epKHeM, 4TO CTaH


AapTHaR TeOpl1f1 C mv = 0 npeACKaS~BaeT CTporo OTJll14HOe OT HYJlfl
 
SHa4eHI1e K03¢<t>i'l~it1eHTa ev -KOppeJlfl~1111 B KOH4e (3-cneKTpa IA =+ l
 ev 

.nns ¢epMl'ieBCKI1X nepeXOAOB 11 A ev = -113 AJlfl raMOB-TeJlJlepOBCKI1X 
nepexonoa/ 136.371 . 

HeAaBHO 6blJl npennoxeu 1381 Ka4eCTBeHHO HOBblH 3KCnepl1MeHT AJlfl 
411CToro raMOB-!eJlJlepOBCKoro nepexona 0 -41 InoAxoAflll\I1M f1APOM 
SAeCb'Mor 6~ CTaTb 6H~1 C I1CnOJlbSOBaHl1eM MeTOAoB pesoHaHcHo!:1 
JlaSepHo!:1 cneKTpOCKOnl111 B I1SMepeHI1f1X eV-KOppeJlfl4I1K. 4I1CJleHH~1:1 

aaanaa noxaasraaer , 4TO OTHOCI1TenbHbl1:1 B'KJlaA TBP C FT - 11M n B'ev
KOppeJl~~~~ COCTaBJlfleT 1+1,1% BAOJlb Bcero (3-cneKTpa. TaKI1M 
06pasoM, npoBeAeHl1e TaKoro 3KCnepl1MeHTa Ic T04HOCTb~ nop~AKa 

1%1 nOSBOnl1T SHa411TenbHO ynY4wI1Tb O~eHKI1 Ha ¢opM¢aKTOp Fr' 

4. npoUEccW KBA3~YnpYroro PACCE~H~~ 
v (v) HA 12C 

4.1.AI1<t>¢epeH~l1aJlbHOe Ce4eHI1e paCCeflHI1R
 
C Y4eTOM TBP
 

AI1¢¢epeH4I1aJlbHOe Ce4eHI1e npo~eCCOB KBajl1yn~yroro ~aCCeflHI1f1 

v + 12C -4 12N +e- Ilf v + 12C -4 12B + e" B CJlY4ae npOI1SBOJlbHo!:1 'opYleH
Ta~1111 Cnl1Ha KOHe4Horo f1Apa C Y4eToM TBP ~ae~cfI B~pa>t<eHl1eM 

da G~Ef 
-dO-= = --2---- F(E v ' 8, e* ,.I.. * ) f'+ tr , /451., '1' 

r ne ¢YHK~I1f1 F(Ev'O,O*.,¢*) onpeneneua B 133/. MaT-pI14H'bre 3Jl'eMe'H
Tbl MYJlbTl1nOJlbHblX oneparopoa onpeneneuu B 1141. Jlerrroauue $yHK

18 

~I1H f i , npOCYMMl1pOBaHH~e no CnI1HOB~M COCTOflHI1f1M JlenTOHOB, 
B YJlbTpapeJlflTI1BI1CTCKOM npeAeJle I1Me~T BI1A 

f 1 = 2(1 -C3 ), f 2 = - 277 (C 1 - G2 ) • 

f 3 = 2(1 + 2C 3 -cosOl, f 4 = - 4(C 1 + C 2 ) , 

(5 = 2(1+cosO), f 6 = -i2-(E C 1+ E C 2) sinOlq.e v 

/461 
f'1 = y 277 (E e - E 1) sin 01q , f 8 = v2 (E e + Ev)sinO/q, 

f 9 = - y277 sin (], f l()'= 2(C 3 - cos 0). 

3AeCb Ct=(Ee-Evcos,8)/q; C 3 =C 1 C 2 ; 77 paaG 2=(EecosO-Ev)/q; 
Ha 11+1 tt AJlfl pacceauaa Hel:1Tpl1HO 11 1L-1 tl AJlfl paccenaua aHTI1HetITPIlf
HO • 

PaCCMOTpl1M OTHOCI1TeJlbH~e BKJlaA~ TBP, onpeAenfleM~e ¢OPMYJlOI:1 
ax = [X (Tnp + TBP) - X (Tnp)].; X(Tnp) , 1471 

I 

rAe X- Jl~60~ HS K03<t><t>H~lIfeHTOB sapfiAoBol:1. aCIlfMMeTpIlfH, yrJlOBol:1 
ev -KOppeJlfl~1II11 111111 Cnl1HOBblX KOppeJlfl4111:1. 

4.2.3apfiAoBafi aCI1MMeTpl1f1 

'B cnyvae T00% nOJlflp143a~I4H' KOHe4HbfX RAep BAOJlb I1MnYilb ca Bb/

J1eTa~utI1X JlenTOHOB npoBeAeHHb/1:1 4:~CJleHHbli1 aHaJlI1S' noxaaan , 4TO 
npIII 0 == 10 0 

~ F T = 1,,4. 10-3 M3B -1 OTHOCI1Te11bHbIH BKJl2lA TBP B KO
3~1If~l1eHT aapfiAoBol:1 aCI1MMeTp~~ 

B.... = (da - d a.... )! (d a + da .... ) 148/vv v v v v 

YBe11114I1BaeTCfI C POCTOM 3Hepr~11 v (V') 11 COCTaB11f1eT - 4% npl1 E v = 
50 M38, .... 40% npH Ev = 200 M3B l-f -65% npa E = 300 M3B. 

v 

4. 3• Yr Jla B a fI ev - K0 P penfI 4 11 fI 

K03¢¢I1l:.\l1eHT yr JlOBOI:1 ov-xoppensua« A ev' onpeAeJlfleMbll1 ¢OpMy
1101:1 ~ 

A ev = [daUJ=O) -da(e:: rr)]![d7(O =O)+cb(e= rr)], 
/49/ 

B C11Y4ae Opl1eHTa~1111 Cnl1Ha KOHe4Horo f1Apa BAOJlb I1MnYJlbCa 3JleKT
DoHa Inosl1TpoHa/ AaeTCfI B~pa>t<eHl1eM 
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A =: (D 1 - O 2 ) /(0 1 + D2 ),	 150/ev 

rAe
 
-2yl, 2 "2
 

D 1 =: 2e ~1 - A) (1 - Y 1) [(E v -' E ~) F T - FA] , 

-2Y2r A 3 2 [	 ] 2 
O2 =: e \1 + 7f + 2" '1]P)(2 -Y2) (E v + E e)F 2 - 1] FA' 

Y1,2 = [b(E +E e )/2]2 " v 

np~ 100% nonapnaauaa ~Apa I A = P = 1/ K03~~w~~eHT ev-Koppe
1l'~l\\r1~ He 3aBlIIC~T o r r euaopaor'o ~opM~aKTopa TBP ~ paseu 11-1". 
B CJ1Y4ae 4acT~4Ho~. nonapuaauaa KOHe4Horo ~Apa OTHoc~TenbHbi~ 

BKnaA TBP 3aB~C~T aT BbICTpoeHHOCT~ A. Hanp~Mep, npn A= 0,02 
~ P = 0,3 OH AOCT~raeT MaKC~MaJlbHOrO 3Ha4eH~~ 6-:-20% B 06naCT~ 
3Hepr~~ 80-:-12D% M3B. rlpVl 'E v >200 M3B K03~~ItIl\~eHT A :::: "+ 1" . . -	 . w 
~ np~KT~4ecKH H~ 3aB~C~T bT ~opM~aKTopa FT " 

4.4.	 Cn~HOB~e Koppen~~V1~ 

PaccMoTp~M cn~HOB~e Koppen~~~~~ onpeAell~eM~e B~pameH~eM 

t• A ~ == [dW (sn tt pp) - dW(s nt ~ p r)l![dW(Sn'H Pf)+ dW (sn ~ P )] ~ 151/r 

rAe f = e , v . B cnyuae 100% nonapaaauua RAep 12N ~ yr ria pac-' 
ce~H~~ 8 = 10° 4~cneHH~~ aaanaa 3HepreT~4ecKo~ 3.aB~C~MOCT~ KO
3~"~4~eHToB Ae(Ev'O) ~ Av(Ev ,eY nOK~3af1iJ' 4TO OTHoc~Te.nbHbl~ 
BKnaA TB~ YBen~4~BaeTC~ C POCTOM 3Hepr~~ H~~TP~HO ~ cocT~Bn~

e r An~ A e,(&",,"8 = 10 0) .... 4% n'p~ E v "" 20 M3B, - 1 ~5%. r1P~ E v = 

= 50 M3B, .... 20% npa E v ",,200 M3B, .... ·34% npa E v ~30b·M3B.:a:rm 
Av(Ev• 8 = 10°) 3T~ BKnaAbl COOTBeTCTseHHo paBHbl 0,02, 1 ,25 
VI 57%. . 

TaK~M o6pa30M, Y4eT nonRp~3a~~~ KOHe4Horo IHa4anbHoroi ~A
pa noaaonaer BbiAenlo1T~ 3<!Xt>eKTbl rBP c OTHOC~TenbHbIM B,~naAOM .FT 
.... l/Mn nopRAKa HeCKonbK~X AeC~TKOB npo~eHTOB. 

4.5.3~~eKT~ TSP B CnY4ae 
~enon~p~~OBaHH~X ~Aep 

" 4~CneHH~e paC4eT~ nOKa3~8a~T, 4TO B6n~3~ nopora peaK~~~ 

OTHOC~!enbHbl~ BKnaA TSP ~ K03~~~~~eHr ev,-Koppen~~~~ COCTa~n~

e r 3-:-5% np~ 1,4·10- M3B-, a B 06naCT~ E 2:150 M3B OHF T= v 
npeHe6pem~MO Man. B 06naCT~X 3Hepr~~ He~Tp~Ho 50+80 M3B AnR 

npouecca j;"+ 12C -+12B+e+' ~ 70-:-100 'M3B AnR peaKu~~ v ~12c' .:.12N':t-e
npeACKa3~BaeTC~ yc~neH~e BKnaAa TBP np~~e~Ho Ha Oa~H nciPR~~K" 

H3Y4eH~e yrnOBo~ ~ 3HepreT~4eCKO~ 3aB~C~MOCT~ ~03~$~~~eHTa 

3ap~AoBO~ aC~MMeTp~~ n03Bon~eT B~Aen~Tb 4~CT~e 3~~eKT~ TBP. 
np~ 8 = 0° Ben~4~Ha BvV onpeAen~eTC~ TQnbKO ~opM¢aKTopoM FT 
~ COCTaBIl~eT np~MepHO 0,03 B 06naCT~ E v 2':30 M3B. 

np~ 3Ha4eH~~ yrna 8:::: rr/2 K03~~~~~eHT 3ap~AoBo~ aC~MMeTp~~ 
MomeT AOCT~raTb Ben~4~Hbl 0,7 B ~HTepBane 3Hepr~~ 180:s E v ~ 
~220 M3B, OAHaKO B 3TOM cny4ae OTHOC~TenbH~~ BKnaA TBP COCTaB
n~eT n~Wb ::::2%. 4~cneHH~e paC4eT~ nOKa3~Ba~T, 4TO np~ APY~~X . 
3Ha4eH~~X 3Hepr~~ He~Tp~Ho laHT~He~Tp~HoI, nema~~x B ~HTepBa
nax 30-:-180 M3B ~ 2~t;)-:·300 M3B, Ben~4~Ha Bvv (rrI2) MeHbwe, HO OT
HOC~TenbHbl~ BKnaA TBP MomeT 6blTb cyU\eCTBeHHO fionsure , Hanp~Mep, 

npn E v:::: 50 M3B 'BKnaA TBP :::: 5%, a npa E v :::: 235 M3B oH paaeu 
::::: 15%. MaKC~ManbHbl~ I fonee Taro, 4~CTbl~1 3~~eKT TBP npencxaau
BaeTCfI B paaxax 060n04e4HO~ MOAen~ np~ E v -275 M3B: Bvii (17/2) = 
= ±0,85 np~ F T ::::: 1 ,4.10-3 M3B- 1 ~ B V<rr/ 2) = 0 npa F = O. npl1v T 
6onbw~x yrnax pacceanaa (8:::: rr) BKnaA TBP cyuiec r aeaeu n~Wb B6n~

3~ nopora peaK~~~. 

4.6.	 non~p~3a~~~ llenTOHOB B cnY4ae
 
MH~MOJO ~opM~aKTopa FT
 

Han~4V1e TBP C 4~CTO MH~M~M ~opM~aKTopOM FT a~TOMaT~4eCK~ 

npMBOA~T K B~nonHeH~~ ycnoB~~ 3ap~AoBo~ C~MMeTp~~: 

e 1"1 2 . J e -irrl 2=: J * F =: _ F * 
a . a ~n~ T T' 

a~~~epeH~~anbHoe ce4eH~e pacce~H~~ MomHo npeACTaB~Tb B B~Ae 

do 
--- - f 1¢1 + f 2Re(¢2) +fs¢s + Re(f 4¢4) + f 5¢5" 1521
dn p+ 

rAe ~AepHble ~YHK~~~ ~Me~T B~A 1341 C MaTp~4HbIM~ 3neMe~iTaM.~, npH
BeAeHHbIM~ B 1141. B C1lY4ae HenOn~p~:30BaHHbIX ~n~ npononsuo-no
n~p~30BaHH~X nerrroaos ~YHK~~~ f 4 Ae~CTB~TenbHa ~ 1m (¢ 4) He Aa
eT BKnaAa B A~~~epeH~~anbHoe ce4eH~e 152/. Ecn~ me paCCMOTpeTb 
non~p~3a~~~ nenTOHOB BAonb HanpaBneH~~, nepn~HA~Kyn~pHorp 'l I 
K nnOCKOCT~ pa ccesuaa , TO 4-BeKTOp cnaua Sa=: h(pvxPe/lpvxPel" 0) 26 
np~BoA~T K nO~BneH~~ MH~MO~ 4aCT~ B nenToHHo~ ~YHK~~~ f4 " BXO-
A~~e~ B 1521 CoBMeCTHo C ~opM~aKTopoM FT' ' 

np~BeAeM ~BH~~ ~~A Bcex nenTOHH~X ~YHK~~~: 

f 1 =:	 1 - fJ eC 3 , f 2 :;= +2(f3 e C 1 - C 2 ) , 

f s = 1 - fJe(cos8 -2C 3 ) , f 5 = 1 + f3e cos e , 1531 
f 4 =	 -2(fJ e C 1+ C 2 + ihmef3esin8Iq). 
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B <t>opM.yne 1.53/ me - Macta 3neKTpOHa,' h = ± 1 • HVlfl !3-pacna,qa uencnapaaoeauaux fI,qep <t>opM'<t>aKToP F T ,qaeT cyuiect> 

~3 /52/ M /53/ ,qnfl CTeneH~1 nonepe-raoa nonnpuaauna 3neK,TpO BeHH~1:1 BKn~,q B 3HepreTVl4eCKYlO 3aBVlCVlMOCTb K03<t><t>Vl~VleHTa 3apfl,q0
HOB, onpe,qenfleMO~ <t>opMyno~ BOI:1 aC/IlMMeTpVlVl B e-e+ npn yrnax Me>K,qy VlMnynbcaMVl nerrrouoa () = 

= 17 Vl e =17/2 ; pa3HOCTb K03¢<t>Vl~VleHTOB eV-Koppenfl~VlVl ,qnfl 3ep
P~ :: [do Ih = 1) - do th =-1)] /[da(h = 1) + do Ih == -1)] 7 /54/ KanbHblX fI,qep 12B Vl 12N B cepenaue (3-cneKTpa npencraanae'r c0601:1 

4VlCT~~ 3<t><t>eKT TBP. 
nonY4VlM cnenyeuiee Bblpa>KeHVle: B cny4ae KBa3Vlynpyroro pacceflHVlfl v(v) Ha fI,qpe 12C HaVl60nbwVll:1 

sxnan <f>opM<t>a «rooa F T B K03<t><t>Vl ~VleHT aa Pfl,qOBOI:1 aCVlMMeTp~Vl Bvv 8m e {3 e sin e (1 - y) 2 FA1m F T npencxaauaaer ca npu f) = 17/2. npVl ().-+ 0° K03<t><t>Vl~Vl.eHT Bvv npe,q-
Pf = - --~-------------------------------------. /55/ crasnae.r c060~ 4VlCTbll:1 3<t><t>eKT TBP npVl 3HeprVlflX Ev 2.30 M3B. npVl 

f 1 ¢ 1 + f 2 ¢ 2 + f 3 ¢3 + Re f4 Re ¢ 4 + f 5 ¢ 5 

..l. 

60nbWVlX yrnax pacceauua (() -+17) axrian TBP CYllleCTBeHeH nVlWb B6nVl
3Vl nopora pe~K~VlVl. npVl onpe,qeneHHWX 3Ha4eHVlflX 3HeprVll:1 HeI:1TpVl

TaKMM 06pa30M, HanVl4Vle y nenTOHOB HeHyneBo~ nonflpVl3a~VlVl Ho K yrna pacceflHVlfl () TOKVl BToporo po,qa MoryT ,qaTb 3Ha4VlTenb
B,qonb Hanpa~neHVlR, nepneH,qVlKynflpHoro K nnOCKOCTVl pacceflHVlfl, H~1:1 BKna,q TaK>Ke B K03¢<t>Vl~VleHT~ Koppenfl~VlVl Me>K,qy VlMnynbcoM HeI:1T
6y,qeT He,qBYCMblcneHHO canner eru, CTBOBaTb 0 CYlllecTBOBaHVlVl TB P • PVlHO /3neKTpoHa/ Vl cnVlHOM R,qpa. B cny4ae MHVlMoro <t>opM<t>aKTopa 
~3 155/ cne,qyeT, 4TO B ~enflx nonY4eHVlfl VlH<t>opMaQ~Vl 0 MH~MO~ 4a FT CTeneHb nonepe4HO~ nonflpVl3a~VlVl 3neKTpOHOB npe,qCTaBnReT co
CTVl <t>opM<t>aKTopa F 3Ty nonflpVl3a~VlIO npe,qn04TVlTenbHee M3MepflTb 601:1 4VlCT~~ 3<t><t>eKT TBP. 
B npoueccax KBa3Vl9npyroro pacceauaa MIOOHHblX He~TpVlHo /aHTVlHe~T
pVlHO/ ,qnfl yrnos pa cceaHVlfl () ~ 17/2. 

OTMeTVlM, 4TO B ,qaHRo~ pafiore ,qnfl KOHKpeTHblx o~eHOK B Ka4eCT n~TEPATYPA 

Be nenTOHOB paccvarpaaannc s anekr poau /n03VlTpOHbl!. O,qHaKO ace 
npMBe,geHHble auuie <t>opMynbl nerxo 0606111a1OTCfI Ha cnY4a.~ MIOOHOB BBe 1. We in be rg S. - Phys . Rev., 1958, v. 112, p , 1375. 
,qeHVleM B nenTOHHYIO 4aCTb MHO>KVlTenfi ~=(1-(mJ1/Efl)2)1/'2 • 2. Lanq aker P. - Phys.Rev., 1977, v.D15, p.2386. 

3. n060B r.A. - npenpVlHT ~T3¢-65, 1987. 
4. Albrecht W.H. et al. - Pr~print DESY 86-142) 1986.
 

3AKnIOYEH~E 5. Tegen R. - Z.Phys., 1980, v.C7, p.121.
 
6. Lerroy C., Pest ieau J. - Phys.Lett., 197d, v.B72, p.398. 

nO-BVl,qVlMOMY, ,qnfl OKOH4aTenbHoro peweHVlfl np06neM~ TBP nOTpe 7. Scheck F., Tegen R. - Z.Phys., 1981, v.C7, p.lll. 
6yeTcfI npoaeneuae 60nbwor:-0 4Vlcna He3aBVlCVlMbiX 3KcnepVlMeHTOB 8. Barannik V. et a l . - Acta Phys.Pol., 1982, v.B13, p.835. 
no Vl3Y4eHVllO pa3nVl4HbiX xa pa KTepVlCTVlK npo ueccoa (3 -pacna,qa fI,qep 9. Derrick M. - Preprint ANL-HEP-Cp-87-42, 1987; 
Vl KBa3Vlynpyroro pacceflHVlfl He~TpVlHO /aHTVlHe~TpVlHO/ Ha H,qpax. Derrick M. et ale - Phys.lett., 1987, v.B189, p.260. 
K 4Vlcny TaKVlX xapaKTepVlCTVlK OTHOCflTCfI paCCMOTpeHH~e B~we K03<t> 10. Albrecht H. et a l , - Phys.Lett., 1987, v.B195, p.307. 
<t>Vl~VleHTM 3apfl,qOBO~ aCVlMMeTpVlVl, yrnoBo~ Vl cnVlHOBO~ Koppenfl~Vl~, 11. Coffman D. et ale - Phys.Rev., 1987, v.D36, p.2185. 
a TaK>Ke nonflpVl3a~Vlfl nenToHOB B npo~eccax pacceflHVlfl V(V) Ha fI,q 12. Baringer P. - Phys.Rev.Lett., 1987, v.59, p.1993. 
pax. 13. Gan K.K. et ale -- Phys.Lett., 1987', v.B197, p.56l. 

npOBe,qeHHbl~ B AaHHol:1 pa60Te auanua noxaaaeaer , 4TO Y4eT no 14. Abachi S. et ale - Phys.Lett., 1987, v.B197, p . 29l. 
nflpV13a~VlM Ha4anbHoro /KOHe4Horo/ fI,qpa n03BonfieT B~,qenVlTb HOB~e 15. n060B r.A. - H3B. AH CCCP. Cepe <t>Vl3., 1972, T.36, c.881. 
3<t><t>eKTbl, 06ycnOBneHHbie TBP C OTHqcVlTenbHblM BKna,qOM VlH,qY~VlpOBaH 16. 6nVlH-CTo~n P. - ¢YH,qaMeHTanbH~e B3aVlMo,qel:1cTBVlfl Vl aToMHoe 
Horo TeH30pHoro <PoPM<t>aKTopa nopfl,qKa HeCKonbKVlX ,qeCflTKOB npo~eH fI,qpO. M.: MVlP, 1976. 
TOB. 17. Kubodera K., Delorme J., Rho M. - Nucl.Phys., 1973, v.B66, 

Ana B~flBneHMR ~<t><t>eKTOB TBP B npo~eccax (3-pacna,qa opVleHTVlpo p.253; Phys.Rev.Lett., 1977, v.38, p.321. 
BaHH~X fI,qep He06xo,qVlMO Vlccne,qOBaTb 3HepreTVl4ecKylO Vl yrnoBylO 18. Minamisono T. et al. - Hyperf. Interact., 1987, v.34, p.135. 
3aBVlCVlMOCTVl aCVlM.MeTpVlVl auner a 3neKTpoHOB OTHOCVlTenbHO cnVlHa 19. Baker N.J. et a l . - Phys.Rev., 1981, v.D23, p.2499. 
f1,qpa, K03<t>~Vl~VleHTOB TPO~H~X Koppenfl~VlI:1 as Vla N. nOcne,qHfIfi xa 20. Kurihara Y. - J.Sci. Hirochima Univ., 1987, v.A51, p . l . 
paKTepVlCTHKa ~N) ,qaeT 4VlCT~1:1 3<t><t>eKT TBP. B cny4ae paCCMOTpe- 21. Morita M. - Hyperf. l n t er ac t , , 1985, v.21, p.143. 

22 23
 



22.	 Kep~MOB 6.K., CaMCOHeHKO H.B~ - lt1aB.AH CCCP. Cep.WJ.1a., 
1979, T.43, c.1449. 

23.	 Kep~MoB 5.K., lt1waHKyn~eB A., CaMCOHeHKO H.B. - lt1aB.ByaoB. 
~~aJ-1Ka, 1931, T.24, N' 9, c.48. ' . 

24.	 Kathat c.L., - Prep. JIN-R £6-88-121,1938; 
Karxar 4.Jl. - lt1aB.AH -CCCP. Cep.4>~a., 1989, T.53,c.l03. 

25.	 Ro60s r.A. - n~CbMa B *3T4>, 1972, T.15, c.357. 
26.	 Donnelly T.W,·- New Vistas in El ect ro-Nuc lear Physics. 

New York - london, Plenum Press, 1986, p.151. 
27.	 DonneHyT.W., RasklnA.S. -Ann. Phys., 1986, v.169, 

p.247. 
28.	 Donn~l ly T.W., Peccei R.D. - Phys.Reports, 1979, v.50~ 

p i l . 
29.	 KOMM~HC iO., 6YKc6aYM <f>. - Cnabble Baa~MOAeJ;1CTB~R nerrrouoa 

~ K~apKOB. M.: 3HeproaToM~aAaT, 1981. 
30.	 Morita, M., Tonihata 1. - Phys.R~v.Lett., 1975~ v.35, p.26. 
31.	 CaMcoHeHKo H.B., CaMr~H A.n. - Tea. 37 Loee~. no RAepH. 

cneKTpOCKOH~~ ~ CTpyKType aTOMH.RApa. n.: HaYKa, 1937, 
c.265. 

32.	 CaMCOHeHKO H.B., CaMr~H A.n., KaTxaT 4.R. - H~, 1988, T.47, 
c.348.	 ' 

33.	 Samsonenko N.V., Kathat C.L.~ Samgin A.L. - Nucl.Phys., 
1988, v.A490. 

34.	 CaMCOHeHKO H.B., YCMaH MaHra AAfJMY, CaMr~H A.n. - Tea. 
38 COBe~. no RAepH. cneKTpOCKon~~ ~ CTpYKType aTOMH.RApa. 
R.: HaYKa, 1988, c.263. ' 

35.	 CaMCOHeHKO H.B., CaMr~H A.n., KaTxaT 4.R. - rpaB~Ta4~R 

~ 4>YHAaMeHTanbH~e Baa~MOAeJ;1CTB~R.M.: ~aA-Bo YAH, 1988, 
c. 121 . 

36.	 Kep~MoB 6.K., CaMcoHe~Ko H.B., KaTx~T 4.R., . 
3nb-raaXapH A.H. - ~aB. AH CCCP. Cep.4>~a., 1'986', T.50., 
c.185; 1987, T.51, c.994. 

37.	 Kep~MoB 6.K. , CaMCOHeHKO H.B., KaTxaT 4.R. - lt13B. AH CCCP. 
Cep.4>H3.~ 1988, Tr52, r 5, c.892. 

38.	 Eropoa e.r., ConHblwKHH'A.A. - OH,U1, P15-85-862; Ay6Ha, 
1985., c. 27. . 

PYKon~Cb nocTynHna B HaAaTenbCK~~ oTAen 

CaMcOHeHKO H.B. H ~p.	 P6~88-925 

IIorrHpH3aIJ;HOHHble 3<p<peKTbI TOKOB a ropor-o porta 

B rrpou;eccax rrpHMoro H o6paTHoro 0-pacrra~a H.o;ep 
Ilorrvxeao .o6m;ee nupaxenn e nrra xnanpa r-a xonyna MaTpHqHOrO 

anexen'ra crraosrx noriynern-onasrx rrpOIJ;eCCOB C yqeToM nortapas a-: 
U;HH HaqarrbHOro /KoHeqHOro/ H.o;pa. Hccrre.o;oBaHo BrrHHHHe TOKOB 
s ropor-o porta /TBP / na p as.nav asre xap arc-repnc-rnxa /K03<P<PHI~H

eHT aapanoaori aCHMMeTpHH, K03<P<PHIJ;HeHTbI yrno asrx H crrHHOBhIX 
KOpperrHIJ;HH H T. n . / rrpOIJ;eCCOB l3-pacrra~a arrep 12 B, 12N H 6He 
H KBa3Hyrrpyroro pacceHHHH v(~) Ha 12C. IIoKa3aHo, 'liTO rrpo
nerteaae OIIbITOB na rrorrHpH30BaHHbIX anpax noaaona r Bbrp;errHTb 
HOBwe 3<p<peKTw, o6ycrroBrreHHwe TBP. BWHBrreHW reOMeTpHqeCKHe 
,KoHqmrypaIJ;HH orn.rroa , HBrrHIOIIJ;HeCH I on'rm-rarrr-nsn-m npn rrpo aene-: 
HHH 3KcrrepHMeHTOB rro o6HapYJKeHHIO 3THX 3<p<peKToB. 

Pa60Ta nsm orraena B Jlariopa r-opmr H.o;epHbIX rrpo6rreM OH5H1. 

TIpenpHHT 06'be,uHHeHHoro HHCTHTyTa anepaarx accnenoaaaaa. ,Uy6Ha 1988 

IIepeBo~ aBTopoB 

Samsonenko N.V. et al.	 P6-88-925 
Polarization Effects of Second Class 
Currents in the Direct and Inverse 
0-Decay of Nuclei 

A general expression for the squared modulus of matrix 
elements of semi-Ieptonic weak processes including the 
polarization of the initial (final) pucleus is obtained. 
The influence of second class currents (SCC) on various 
characteristics (the charge asymmetry, the angular and 
spin correlation coefficients, etc.) of the P-decay of 12B 
12N	 and 6He and of the iso-elastic scattering of v(v) on 
12C is studied. It is ShO~l that experiments with polari 
zed nucleus will allow new effects, induced by SCC, to be 
extracted. An optimum geometrical configuration of the 
test for conducting experiments to observe these effects 
is found. 

The investigation has been performed at the Laboratory 
of Nuclear Probrems, JINR. 

29 AeKa6pR 1988 rOAa.	 >. 
Preprint of the Joint Institute for Nuclear Research. Dubna 1988 

24
 


