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A H a o T a n H g 

nony'leHbi o6wHe ¢opMY1lbi yrnoaoro pacrrpeaeneaHg H rrongpHaanHH gaep OT aa'IH rrpH 

38XB8Te '18CTH'IHO 1I011gpli30B8HHbiX ll- -Me30HOB .!l:11g YHHK811bHbiX H HeyHHK811bHbiX 0-+ J rrep.e

XOJ:lOB. Peay1!bT8Tbl Bblpa>KeHbl qepe3 gaepHble MaTpH'IHbie sneMeHTbl MopHTbi-<Py>KHH. npo-

12 - 12 
BeaeH paC'IeT rrongpH3anHH OCHOBHOrO COCTOgHHg B rrpH ll ~aaxBaTe Ha C B 3aBHCHMOCTII 

OT ' KOHCT8HTbl HaBeJ:IeHHOrO 1ICeBJ:IOC.I:811gpHOrO B38HMOJ:Iel!:CTBHg H 'cna6oro MaraeTH3Ma" • 

*) 
G.J.Korenman, R.A.~ramdzYan 

ANGULAR DISTRIBUTION AND POLARIZ~TION 
OF RECOIL NUCLEI IN THE CAPTURE OF 

PARTIALLY POLIRIZED ji MESONS 

Abstract 

General formulae for the angular distribution and for the polarization of recoil nuclei in the capture of partially 

polarized ~~--mesons have been obtained for the unique and non- unique 0 -+ J transitions. The results are 

expressed in terms of the Morita- Fujii nuclear matrix elements. 

The calculation of the polarization of the B 12 ground state in the muon capture on C 12 has been made for different 

values of the induced pseudoscalar constant and "weak magnetism". 
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M 3}-tteHHIO cna6oro aaaHMo.ne.ll:cTBHSI p. -MeaoHoB c H.npaMH rrocaHweHo 6onbwoe 'nrcno 

pa_6oT, KaK TeopeTHtteCKHX, TaK H 9KCIIepHM 4?. HTalibHbiX, 3aXBST p. M930Ha CB060.UHbiM · llpOTO... 

HO.M, KOTOpbdf M0)!{9T 6b!Tb paCC'lHTaH H&R6onee TO'IHO, CBH3aH CO CII9UH,cPH'l9CKHMH 9KCIIepH

MeHTal1bHbiMH Tpy~HOCTSIMH .H He .naeT HCttepiibiBaiOWei!. HH<i>OpMaUHH 0 KOHCTaHTaX ~-~--3SXBaTa,, • 

M a~epeHHe rronHoA aepoHTHOCTH peaKUHH 

ll + (A, z) .. (A, z- 1) +II 111 

TaKme H9.UOCTaTO'lHO .lJ.liSI Orrpe.neneHHSI KOHCTSHT , IIOCKOlibKY 9Ta B9liH'lHHa cna6o 3aBHCHT OT 

11 I 
COOTHOW 9 HHSI Mem.ny HHMH 

3Ha'lHTelibHO l1Y'llll9 B STOM OTH0lll9HHH CHTyaUHSI . B rrapuHalibHb!X rrepexo.nax, xapaKTe

pHCTHKH KOTOpb!X I BepOSITHOCTb rrepexo.na, yrnOBOe pacrrpe.neneHH9 H !IO!IS!pH3aUHSI H.nep 

OT .nattH I BeCbMS 'lYBCTBHT9!IbHbl K KOHCTaHTSM B3aHMO.Uei!.CTBHSI, noaToMy uenecoo6pa3HO 

paaaHTb o6wHl!. <tJopM anHaM .nnH pactteTa xapaKTepHCTHK rrapUHSl1bHbiX rrepexo.noa. 

121 
B pa6oTe MopHTbi H <t>ymHH 6bma rrpe.nnomeHa TeopHH paapellleH.IfbiX H aanpeweHHbiX 

rrepexo.noa H rronytteHbi ciJopMynhr .nnH aepoHTHocTel!. rrapuHanbHb!X rrepexo.noa B ll -aaxaaTe. 

M aTpH'lHble aneMeHThi, aae.neHHbre aTHMH aaTopaMH, yttHTbiBaiOT penHTHBHCTCKHe rrorrpaBKH H 

y .no6Hbi llnSI 'lHC!IeHHbiX pactteTOB, 

131 
M OpHTa H rpHH6epr , HCIIO!Ib3YSI 9TOT <PopMa!IH3M, IIOliY'lHnH ciJopMyny yrnoBOrO pac-

}+J 
rrpe.neneHHSI R.nep OT .nattH B YHHKa!IbHbiX rrepexo.nax 0 -+ } , !:!. TT = (-1) ttpH aaxBaTe 'laCTH'lHO 

rronHpHaoaaHHbiX ll MeaoHoB. AHanorHttHbrA peaynhTaT B 6onee rpy6oM rrpu6nHmeHHH 6brn 

141 
rronytteH PoyaoM H ry.noM • Bonee paHHHe pa60Tbi !IO yrnOBOMy pacrrpe.neneHHIO SI.nep 

111 
OT.Ua'IH o6cym.naiOTCSI B o6aope npHMaKOBa , TaM me HMeiOTCSI CCblnKH Ha pactteTbl IIO!IRpH-

3aUHH sr.nep OT .nattH, BblliOl1HeHH bl9 .UliSI OT .!1.9llbHbiX · 'taCT Hb!X cnyqaeB, 

B HacToHwel!. pa6oTe rronytteHbi o6wi!:e ciJopMynhi yrnoaoro pacrrpe.neneHHSI H rronHpHaauHH 

R.nep OT.Ua'IH B yHHK8libHbiX H HeyHHKalibHbiX 0 ... j rrepexo.nax rrpH aaxaaTe ttacTHttHO rro-

l1SipH30BaHHbiX -Me30HOB H3 K - o 6 o nottKH Bee ciJopMynhi BbipameHbi ttepea MaTpH'lHbie 

aneMeHTbi MopHTbi H <PymHH, yttTeHbi Haae.neHHOe rrces.nocKanRpHoe aaaHMo.neAcTBae H 'cna-

6brl!. MarHeTH3M w. Cnyttal!. p.-- aaxaaTa Ha R.npax c HeHyneBbiM crrHHOM He paccMaTpHaaeTcH, 

!IOCKOlibKY a.necb H e 06XO.UHMO Y'lHTbiBaTb CBepXTOHKOe pacwerrneHH9 ypOBHeA Me30aTOMa, 

.- 6 151 
rrpaao.nRwee K 3HattHTenbHOA .norronHHTenbHOH .nerronHpHaauaH p. -Me30Ha Ha K -o onottKe • 

npH Bb!BO.n e ciJopMyn HCIIOlib3yeTCSI ciJopMa!IH3M MaTpHUbi !IliOTHOCTH H C!IHH-T9H30pOB, 

II03BO!ISIIOWHA e.nHHbiM o6pa30M !IOliY'li'ITb ace xapaKTepHCTHKH rrapUH8libHOrO rrepexo.na. 

B uocne.naeM paa.nene pa6oTbi rrpHBe.neHbi peaynhTaTbi ttHcneaHoro pactteTa cpe.nael!. rro 

HarrpaaneHHIO Bbi!IeT8 Hei!.TpHHO !IOliS!pH38UHH OCHOBHOrO COCTOSIHHSI B J 
2 

npH p. -aaxBaTe Ha 

C 
12

, t1ccne.nyeTCSI 38BHCHMOCTb IIOl1SipH38UHH OT nceB.U \')CK8liS!pHoi!. KOHCTaHTbl H wcna6oro 

MarHeTH3Ma' H o6cym.naiOTCSI rronytteHHbie peaynbTaTbi, 

3 



MaTpHaa nnOTHOCTH H CIIHH-TeH30pbi H.llpa OT.lla'IH 

Bee xapaKTepHCTHKH SILiepHOA peaKUHH MO>KHO nony'IHTb H3 MaTpHUbl nnoTHOCTH KOHe'IHblX 

161 
COCTOHHHA pI 1 KOTOpaH onpeLienHeTCH cpopMynoA : 

PI 
+ 

F p
1 

F , /2/ 

r'.lle, p
1 

eCTb MaTpHUa IIflOTHOCTH Ha'lanbHOA CHCTeMbl, 

F ecTb aMnnHTY Lia nepexoLia. 

MaTpBaa nnoTHOCTH Ha'laflb,I-{OA CHCTeMbl, COCTOHW:eA' H3 H.llpa C HyneBbiM CIIHHOM H 'IBCTH'IHO 

rronHpH30BaHHoro p.- -M~aoaa aa K -o6onoqxe, orrpeLienHeTCH aexTopoM nomtpuaaaHH p.--Me-

aoHa P .. < il> 

... ... 

PI ¥2 (I+ Pu). IS/ 

... 
Bbt6Hp8H OCb z B.llOflb p 1 MO>KHO 3aiiHCaTb 

«p. 1 p Jp.'> 
I 

¥2 ( 0 p. p. • + p ...; 3 < ¥2 "' 10 t ¥2 "' , > ) , /4/ 

rLie p. H p. ' eCTb npoeKIIHH CIIHH8 Me30Ha Ha OCb Z < j m j m : j m > -Ko3cpcpHuH-
1 1 2 1 3 3 

eHT Kne6w:a-ropLiaHa, AMnnHTyLia nepexoLia a nepaoM nopHLIKe TeopHH B03Myw:eHHA onpeLienH-

eTC.II MaTpH'IHbiM 3neMeHTO'M < f I fll i > raMHnbTOHHaHa B3aHMO.lleAcTBHH, 

a) MaTpH'IHbiA 3neMeHT raMHnbTOHHaHa 

-Me30H8 C Sl.llpOM 38IIHWeM, 3cpcpeKTHBHbiA r'8MHflbTOHH8H Cna6oro B38HMO.llelfcTBHH 1L 
/2/ 

cneLiySI MopHTa H <t>y>KHH 

r'.lle I. 

'PI 1{1 I I 

H • tt = 1{1 I I. H.' • r- ( s ) 1{1 I 
• 

" H • C 1 L(1) + CA;; L(C:)+ .£it2L(ti); + pL(:)+iC:.[p·L(~J]I+ 
• • · • 2M- • 

+ _s_ 
2M 

... ... ... ... I P. -p. •. ... ... ... c ...... 
2L(y)u p +u pL(y.) + P "Cvtu[p·L(a)]-_:.l!.up l.(/3y ), 

1 • • • Q 2M • 2M • 6 

L (it ) c 'I'+ 1 + Ys ~ 1{1 
II V2 IL 

eCTb BOflHOBbie cpyHKIIHH B KOHcpHrypaUHOHHOM IIpOCTp8HCTBe 

03H8'18eT CyMMHpOB8HHe IIO BCeM HyKnOHaM H.llpa, H T • .ll., 

'I'll, l{lp. Ha'lanb-

HOr'O H KOHe'IHOr'O H.llpa, HeATpHHO H p. -Me30H8 1 COOTBeTCTBeHHO, 

OnepaTop r_( s) nepeaoLIHT s -brA npoTOH a HeATpoH, a npH LieAcTBHH Ha HeATpoH LiaeT 

Hynb, 

... p H 
... 
p npeLicTasnHroT co6oa LIHcpcpepeHUHanbHbie onepaTOpbi HMnynbca n e n-OnepaTopbi 
• 

TOHOB H S -ro HyKnOHa, COOTBeTCTBeHHO, 

4 



raMHnbTQHHSH 151 ecTb HepenHTHBHCTCKOe IIO HyKnOHSM 1IpH6nH)!{eHne I orrymeHbl •me H 

2 
.. ( .Y.) I raMHnbTOHHaaa 'leTbipexcpepMHOHHoro ( V- A) -a3aHMo.oeltcTBHH c yqeTOM 

c 
HSBe.OeHHOI'O III=eB.OOCK8nHpHOI'O B38HMO.OeltCTBHSI H "cna6oro M8I'HeTH3Ma" • 3.oeCb H B .oanbHelt-

WeM h = C = 1 

BonaoaaH cpyHKUHSI 1.1 -Me3oaa aa K -o6onO'IKe Toqeqaoro H.opa c ManblM Z (a Z << 1) 

38IIH~aeTCSI 8 BH.Oe 

161 

r.oe a -rroCTOSIHHSH TOHKOlt CTpy~Typbl, z -3ap11.0 H.opa, m 1.1 -rrpnae.oeHHaH Macca 

... 
HeltTpHHO orrncbiB8eTcSI co6cTaeaaoa cpyaKunelt c orrpe.oeneHHbiM HMrrynbCOM q n npoeKun-

elt crrnaa v • Pa3naraH 3TY cpyHKUHJO no wapoBbiM cnnaopaM n rrpHMeHHSI anre6py aerrpHBO.OHMbiX. 

171 
TeH30pHbiX OIIepaTOpOB , MO)!{HO Bblp83HTb MSTpH'IHbllt aneMeHT . raMHnbTOHHSHa qepe3 SI.OepHbJe 

MSTpH'IHble aneMeHTbl OT HeiipHBO.OHMbiX TeH30pHbiX OIIpeaTOpOB: 

< qv,JMIHI1soni.LU1 =0>= 

r.oe 0:~ 8 1/J) eCTb yrnbl BbineTa HeltTpHHO 1 

M (k) .. Cv [Ot>}] IS (k) +iS' (-k) 1- C [ 1 v JJI S (k)+ iS' ( -k) I + 
•.' O•l . . O•l A 1•1 t•l 

. c q ---v+T ---=-- -
+{S (-k)-iS (k)1t--"[1vjp]+y3 Cv __ (y'~[()>'+1j+]+y v fov-1]- ])+ 

lvl tv] M 21.1 2v+3 2v·1 

181 
+y6 C _q_ ( 1+1.1 -1.1 )(y'v+l W ( 11]v: 1v+1)[ 1v+1]+] +yv W( ll]v: 1v-1) [1v-1]-]) I+ 

., 2M P n 

+IS' (·k)-iS (k)II~[Ov]p]+y1/3(C -C)..)l.(v'v+1 [1v+1J+]+y'-V [lv-1]-]} I 
·O•l o•l n1 A P 2nf 2v+1 2v+ 1 

/9/ 

s• (-k) = sk s 1 (-kJ , 
nyJ nv 

CHMBOn 1C orrpe.oenHeT COBOKyiiHOCTb IIOnHOI'O H op6HTanbHOI'O MOMeHTOB HeltTpHHO: 

jc f-lh 
rrpH k >0 

f= -k-1, rrpH k < 0 

npHBe.OeHHble H.OepHble MSTpH'IHbJe aneMeHTbl (nvj] , [nvf±) , [nvj
9

] 

121 
K8K B Ta6nHue U pa60Tbl • 

orrpe.oeneHbl TaK )!{e, 

5 



6) CnuH-TeHaOpbi SIApa OTAa'IH 

CnHHOBbi9 COCTOSIHHSI SIApa, o6pa30B6BwerOCSI B peaKUHH 111 1 MO:>KHO OIIHCaTb MaTpHUe lt 

- nnQTHCK:XH 

<M IP IM'> =I <M,IIIP 1M', II> 
I 11 I 

110 I 

HnH CIIHH-TeH30p6MH 
1-JI· 

1111 

Pua =-I (-1) 
Mil• 

<]M,]-II':aa><lllplM'>. 

11cnonb3ySI !j:JopMynbi 121, 141 1 1111 11011 1111 H cyMMHPYSI Koa!j:l!j:JuuneHTbi Kne6wa-1o pAaHa1 
nony'IHM s 

p • q
3.!l.sL v 1/rr (a Zm ) . (2] + 1 ). 

•a dE p. 
• f. 112 I 

Y• .a 
(0) I 

JcJc• YY' 

g.(k,lc') M.,1 (k) .v:.1 (lc') +PI ~>.(0) <LA1aa: 10> h•L(k,k') M.,1 (k) M!,1 (k') 

. rAe 

t-e· 
. g (lc,k') = .. 

.L kl'vy• 

,,,, " ,, 

1 i i' a IIi i' a I ff• i i' <fa, e•o:a0>(-1) le· e ~ J J ~ ,, 
a 

1131 

h.L(Jc,lc') = i U• 
"' "' " ,, ,, • + L + I·Jfl . 
e e• i i' a <f o, e• o ·: a o > (-1) I 1 

e• 
i' L II Y.z ~ 1 I 
f lL j j a 

1141 

J = J2j+l 
72 i i' L 

6j 9 . - 3 171 
H J -cHMBOnbi onpeAeneHbi TaK :>Ke, KaK Y AMOHACa Koa~HUHeHTbi ga (k,k') H 

h•L (Jc,Jc') o6naAaiOT cne.-;yieiUHMH CBOACTBaMH CHMMeTpHH : 

g (k,k') = (-1). g (k;k) 
• • 

h (k,k') =(-1)•+ 
1 

h (k:k 
aL aL 

1151 

g. (k,k') ,. sk s k' g. (-k, -k') 
1161 

h.ik,k') sic sk. h.l-k, -k') 

nepBbie ABa COOTHOWeHHSI O'leBHAHbi 1 BTOpbie nony'la!OTCSI 1 ecnH HCIIOnb30B6Tb paBeHCTBO 

<bO dO·fO>W(abcd;Y,zf) =< 6%, <>-1h:fO>S 4 . . · b+d+;rBlt 1171 

• 
11cnonb3ySI I 151 1 nerKo rroKaaaTb 1 'ITO npouaaeAeHHe M (k) M• (k') .,, v'1 

B nepaoM 'lneHe 

Re I M (k) M* (k') I .,, ... , !j:JopMynbi I 121 MO:>KHO aaMeHHTb Ha AnSI 'leTHbiX a H Ha 

i lm I M.,.
1 

(k) M!,fk') hnSI a He'leTHbiX ; BO BTOpOM 'lneHe 1 Ha060pOT 1 ilm 1 ••• I AnSI a 'leTHbiX J 

Re I . . . I AriSI a He'leTHbix. 

¢opMyna I 121 aanucaH.a B CHCTeMe KOOpAHHaT C OCbiO z BAOnb p o nnSI A6nbHeJtw e ro 

ly A06HO HMeTb TaK:>Ke 

.... e 
• 

Paa B CHCTeMe KOOpAHHaT C OpTaMH 

.... 
q 
--' q 

e = [1f 11 , 
y l[p-+ q]l 

e =[eel 
" y • 

1181 

6 
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8 STOA CHCTeMG KOOp~HHST 

p - "'q :J_!!__!I_(aZ m )3_2]+1 
aa dE ll 2rr 

Re _ i lm 
[8a

0
l: g•(kk'JumiM .. (k)M!Jk')l + Py477 Y (~JO) l: L <LO, aa: 1a> Re IM (k)M*.(k')l 1 1191 ,.,....... 1 . I 3 !-« Lkk• .... • . >'] v . 

r~e BepXHHA CHMBOn Re H i [m OTHOCHTCSI K 'leTHbiM 8 1 HH:>KHHA K He'le'IHbiM: 0 eCTb yron' ... 
M&:>K~y p H 

... 
q 

Yrnosoe pacnpe~eneHHe Bbipa:>KaeTCSI qepea cnHH-TeHaop Hynesoro pa~ra: 

dw 
dO = l Poo 1201 

cne~yeT, 'ITO 

dw W 
~=-- (1+aPcos0)

1 au .4rr 
/21/ 

I'~e W eCTb nonHSSI BepOSITHOCTb napuHanbHoro nepexo~a, 

a xoa<P<PHuHeHT aHH30TponHH yrnosoro pacnpe~eneHHSI Sl~ep oT~S'IH. 8bl~enSISI ~eAcTBH•· 

tenbHYIO H MHHMYIO 'ISCTb M (k) M*,..fk') k Y'] H CYMMHpySI no H k' , nony'IHM: 

R'- T' 
a = ----.R'"'2r:+_T..,., /22/ 

. 8 :Jdq ' 
3 

' ' W = __ ( 2]+ 1) q - -- (a Z mil) ( R + T ) 
,3 dE 1 

/23/ 

BenH'IHHhl R H T B cnyqae yHHKanbHhiX nepexo~os cne~yiOillHM o6pa30M Bbipa:>KaiOTCSI qepea 

Sl~epHble MSTpH'IHble aneMeHTbl H KOHCTSHTbl B38HMO~eACTBHSI: 

R = CA(y _.1_ [ 1 ]+ 1J] 
u 2]+1 

-..jLLl[1]-1J])-
2]+1 /24/ 

-c _q_(1+1l -ll)<v-r-[1J+1J+]·-i7IL[1J-1J-])+C _ t_ [1Jlp], 
" 2M P 2}+1 2]+1 " M 

T = C (..j 1:±1._ [ 1] + 1J] + y l 
u A 2}+1 2}+ 1 

+ y ~ ( 1} - 1} - ] ) + C A y3 
2]+1. 

EcnH B STHX Bbipa:>KeHHSIX npHHSITb 

[ O]JP] 
-M-

[ 1]±.1]±.] = [ 1] ±.1J] H npH B03Be~eHHH 

6 ( q ) ' ( [nJJ p] ) ' T B KBa~paT OT pocHTb qneHbi = --z1.r , a TaK:>Ke = M , TO Bbipa:>KeHHe ~nSI 

6y~eT cosna~aTb c peaynbTSTOM MopHTbl H rpHH6epra131• 

8 cnyqae HeyHHKanbHhiX nepexo~os 

7 

H 

a 

'( 



Rn CA [ 1!!] -c..,____g_ ( 1+ /Lp-ILn) ( 1+ 1 [ 1Jl+ 1 + _!_[ 1ll -] ) -
2M 2]+1 2]+1 

-~(y_l_[1]+1]p]-if+1 [1]-1]p])-C _!L y3JU +D._ ([Olf+HOJJ-]) 
lfJ 1]+1 2]+1 .., 2M 2]+1 

/24' I 

Tn= y 3 C..,[OJJ] +y3C.,-J..( h[ OJ!+]+~ [OJJ-])-
2..1 2J +... 2J + ... /25' I 

-__.S_(y ]+ 1 [1]+1]p]+:j_f _ [1]-1]p}..+C.,;_q_(l+!L -IL ) J J(J+l) ([1Jl+ ]-[1Jl-]) 
M 2] + 1 2[+f 2M P " 2] + 1 

CpeaHee 3H8'i9HH9 UHKna'i9CKHX KOMnOH9HT CnHHa Hllpa onpeaenHeTCH CnHH-T9H30pOM 

nepaoro paHra: 

<]Tj>=..J~ p* 
- ·~ 

p 
00 

261 

BbmonHRH cyMMHpoaaHHe no k H k' a cpopMyne I 191 ans a= 1 H nepexoas K aeKapTOBbiM 

KOMnOH9HT8M B9KTOpa CnHHa, pony'iHM : 

< lx > = y J(J+l) R T 
lj ~!i 

P Sin(} 

1+ a P Cos(} 

< Jy > =·0 

2 

R 
< J" > = R 2+ -T 2 

1 + PCos (} 

1 + aP Cos(} 
1 

127al 

12761 

127c l 

r.a,e R • ... 
T a (} Te )!(e, 'iTO H BbiWe. <t>opMynbi 127 a-cl onpeaenHIOT paanomeHHe 

B9KTOpa <]> no opTaM 1181. PacKpbiaas aaoltHoe aeKTOpHoe npoHaaeaeHHe, coaep)!(aweecs a 
... 
eX , MO)I{HO nony'iHTb: 

R
2

+PCos(}(R
2
+y](J+ l) R T) q 

( R~ T 2) ( 1 + a P Cos (} ) -- q 1271 
< l > = _ y.](J + 1) RT p + 

(R \ T 2
) ( 1+aPCos(}) 

... 
3KcnepHM9HTanbHOe onpeaeneHHe <] > aecbMa cno)I{Ho, npowe H3MepHTb n onSipHaauaiO saep 

OTDB'iH, ycpeaHeHHyiO no HappaaneHHHM BhineTa HeltTpaHo. no onpeaeneHHIO aTa aenH'iHHa ecTb: 

-+ 
l < J > I = 

av 

(<! > aw _.... 
c:zn-- "'" 

( dw dO 
em-

noacTaanss cioaa /27 I H 1211, nony'iHM nocne HHTerpapoaaHHH: 

rae 

l <I> I = p {3 .. .., 

{3 = 1/ 3 
R

2 
-2VJ(J+TJRT 

R2+ T2 

8 

1281 

1291 
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06CY)KAeHHe pe3YJlbTaTOB 

l13 .ciJopMyll, nony'ieHHbiX B npeAbiAyl.lleM pa3Aene, BHAH0 1 'ITO BCe xapaKTepHCTHKH napuli-

aJtbHOrO nepexo.aa B peaKUHH I 1 I Bbipa*a!OTCH '1epe3 QAHH H Te )Ke aenH'IHHbi R H T 

SIBJISIIOI.llHeCH K0¥6HHaUHSIMH npHBeAeHHbiX SIAepHbiX MaTpH'iHb!X 3JleMeHTOB H KOHCTaHT B38HMO

AeftCTBHSI, 

B&I'IHcneHI{e HAepHb!X MaTpH'iHbiX 3JieMeHTOB c Hcnonb3oBaHHeM MOAeJibHbiX BOJIHOBbiX 

cPYHKUHft MO)KeT BHeCTH onpeAeJieHHYIO OUIH6Ky B paC'ieTbl xapaKTepHCTHK napuHa JibHb!X nepeXOAOS. 

noaTOM y HY)KHO BblSICHHTb, B K8KHX cny'iaSIX Bbi6op KOHKpeTHOA MOAeJIH SIApa MO)KeT cywec TB e H

HO CKa3aTbCSI H4 paC'IeTe K03cPcPHUHeHTa 8HH30TpOnHH H nOJIS1pH38UHH, 

npe)KAe BCe ro OTMeTHM, 'ITO B 0 -+ 0 nepeXOA8X 1 K8K yHH~aJibHb!X 1 T8K H HeyHHK8nb-

HJ,IX, K03cPcPHUH9HT aHH30TpOnHH a z-1 He 3aBHCHT HH OT HAepHblX M8TpH'iHb!X 3Jle MeHTOB 1 .HH 

OT KOHCTaHT B34KMOAeACTBHSI, 3TOT pe3yJibTaT aBTOMaTH'{eCKH CJieAyeT H3 paseHCTB a R HyJIIO 

LlJlSI 1 = 0 

B cnyqae fHHKanbHbiX nepexoAOB AJIH Ka'ieCTBeHHoro paccMoTpeHHH MO)KHO npHHHTb 

( 11 -11 -] .. (11 -11 ] H npeHe6pe'ib OCT8JlbHb!M H MaTpH'iHbiMH 3JleMeHT8MH, nOCKOJlbKY OHH, KaK 

121 . 
noKa3aJIH MopHTa H <Py)KHH 1 Ha OAHH-ABa nopHAKa MeHbll!e [ 11 -11] • TorAa 

1301 

/31/ 

rAe g, = 1 + 
Cvq 

g2=1-{l+f.tp-llw)~.¢OpMyJibl /30/ H 131/ nOK83bJBa!OT, 'ITO 
'-'A.C::.iil 

B " Hyne BOM npH6JlH)KeHHH " a H f3 B006me He 38BHCSIT OT HAepHb!X M8TpH'1HblX aneMeHTOB, 

noaTOMY TO'IHb!e Bbipa)KeHHSI AJlSI a H f3 6yAyT cna15o 3aBHCeTb OT HAepHb!X MaTpH'IHb!X 

a neMeHTOB, 

YiHa'l e 06CTOHT AeJIO B cnyqae HeyHHKaJlbHbiX nepeXOAOB, 3AeCb HMe!OTCSI AB8 OCHOBHbiX 

HAepHbiX MaTpH'IHbiX aneMeHT8 ( 111] H ( 011] 1 OAHH 11:3 KOTOpbiX COAep)KHT onepaTop 
... 
a 1 a 

ApyroA He COAep)K HT, noaTOMy HX OTHOll!eHHe 1 a BMeCTe C HHM K03QJcPHUHeHT 8CCHMeTpHH H 

nonHpH3aUHH f3 1 MO)KeT CHJlbHO 3aBHCeTb OT Bbi6opa HAepHoA BOJIHOBOit cpyHKUHH, 

nocKOJlbKY OAHHM H3 B8)KHeitll!HX acneKTOB H3y'leHHSI napuHaJibHbiX nepeXOAOB B 1.1 -3ax saTe 

SIBJlSieTCSI nony'ieHHe CBeAeHHA 0 HaBeAeHHOM 

HeTH3Me" 1 TO He06XOAHMO BbiSICHHTb BJIHSIHHe 

'IHH a H f3 

nCeBAOCKanHpHOM B3aHMOAeJlCTBHH H "CJia60M Mar

Cp 
K = H 1.1 = l+l.lp-l.ln Ha 3Ha'leHHSI BenH-----s-

3aBHCHMOCTb K03cPcPHUHeHTa aHH30TpOnHH a B yHHKaJibHbiX nepeXOAaX OT K H 1.1 HCCJieAOBa"' 

/3 4 8/ 
nacb MHOrHMH aBTOpaMH 

1 1 
, npH 3TOM 1 OAHaK0 1 He 6b!Jl0 OTMe'leHO CJieAy!Ol.llee 06CTOSITeJib-

C TBO, CymeCTBYIOT npeAeJ1bHbie 3Ha'leHHSI K 1 H K 2 TaKHe 1 'ITO npH K 1 < K < K .2 BeJIH'IHHa a no-

JlO)KHTeJibHa I ecnH HeATpHHO neBOBHHTOBQe/ 1 a ecnH K < K1HnH K > K 2 , TO a oTpHuaTenbHa. 

141 
3To onpoaepraeT cymecTBYIOI.llee MHeHHe 'ITO 3HaK a nonHOCTb!O onpeAenHeTCH cnHpanb 

HOCTb!O He1tT~l:IO, 

B Ta6n~~:ue 1 npHBeAeHbi npH6nH*eHHbie 3Ha'leHHH 

9 

K H 
l 

K 
2

, Bbi'IHcneHHhie H3 ycnoBHH 



·. 
( J +.1) g: - J g ~ =, 0 

.ansi pa311H'IHbiX 3Ha'leHil:ll: . j npH 
CA 

Cy 
-1,24 

q 
2/l- = 0,65 

Ha ·pHcyHKe 1. npe.acTasne_Ha 3aBHCHMOCTb OT K ' H 
12 

fl. cpe.aHell: n011HpH3aUHH •OCHOBHOI'O 

COCTOHHHH B B peaKUHH 

fl. + c12 ... s'2 + v . 

Kp,HBbie 1 H 2 Bbi'IHC118Hbl, COOTB8TCTB8HHO, C y'leTOM H 6e~ y'leTa "cna6oro Mai'H8TH3Ma". npH , 

3TOM HCn011b30BaHbl 3Ha'I8HHH H.U epHbiX MaTpH'IHbiX 3118M8HTOB 0 Bbi'IHC118HHbie .lJ.11H paCCMaTpHBaeMO

r'o nepexo.aa MopHTOA H <t:>y:lKHH
121 

no o6ono'le'!Holl: Mo.aenH B cxeMe j-j -csR3H. 

KpRBaH 3 cooTBeTcTsyeT "HynesoMy npH6nH:lK8HHIO" I ¢opMyna 31/ c y'leTOM " cna6or; Mar-

H8TH3Ma" • 

. Yf3 pHCYHKa 1 BH.lJ.HO, 'ITO cpe.aHHH n011H!DH3aUHH H.apa OT.Ua'IH B paCcMaTpHsaeMoll: peaKUHH 

a) C1Ia60 3aBHCHT OT "cna60I'O Mai'H8TH3Ma' 0 a TaK:lK8 OT TO'IHOI'O y'leTa H.aepHbiX MaTpH'I-

Hb!X 3118M8HTOB, 

6) cyweCTB8HHO 3aBHCHT OT nceB.UOCKa11HpHOll: KOHCTaHTbl H npH 

OTpHUaT811bHOll:, 

K ?; 31 - 33 CTaHOBHTCH 

/9/ 
Yf3 3KCnepHMeHTa H3B8CTHO , 'ITO n011HpH3aUHH 

12 
B n01IO:lKHT81lbHO no OTHOW8HHIO K Ha-

npasneHHIO ny'!Ka fl.- -Me30HOB, EcnH cnHpanbHOCTb fl.- -Me30Ha npH (",fl. v) -pacna.ae nono:lKH

TenbHa, TO yKa3aHHhill: aKcnepHMeHT no3B011ReT c.aenaTb Bbiso.a, 'ITO K ~ .33 • K co:lKaneHHIO, 
12 

6onee onpe.aeneHHYIO OU8HKY K H3 .n.aHHbiX n011HpH3aUHH ·B nbKa c.aenaTb H81lb3H H3-3a He-

TO'IHOCTH 3KCnepHM8HTa, 

ABTOpbi Bb!pa:lKaiOT 6naro.aapHOCTb B.B.Banawosy 3a nOCTOSLHHOe BHHMaHHe H HHTepec K 

pa6oTe H B.B.Bengeay 3a none3Hbie o6cy:lK.aeHHH, 
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-20 

PHc. 1. 

a~ 

0.4 i 

0.3 

Ql 

0.1 

-10 Dl 10 2.0 30 ', '\'· 

" -o.a " " I 
-U2 

3aBHCHMOCTb nonHpH3SUHH OCHOBHOrO COCTOHHHH Hnpa 
u cp 

B OT K=--- H p. = 1 + p. - p. • 
'-'A p n 

KpHBbie 1 H 2 paCC'lHTSHbi no TO'! HOlt cpopMyne /29* I co 3Ha'leHHHMH p. = 4, 706 

H 1, COOTBeTCTBeHHO, 

/2/ 
J.1cnOilb30BSHbl 3HS'leHHH MSTpH'lHbiX 3neMeHTOB H3 pa60Tbl 

KpHBSH 3 - pac'leT no npH6nH)!{eHHOlt cpopMyne /31/, 
CA 

cny"l!aHx ----c:;: = -1,24 • 
y 

p. = 4,706 • Bo Bcex Tpex 

' 

40 ~ 

" 



, 
Tadmn~a I. 

ITpe~enbH~e 3HaQeHHR K1,2 npVI KOTOpHX a= 0 B 3aBVJ-

CHMOCTVI OT 1 npH CA q 
--- =-1,24, ~ o,os 

CV 2M 

,-~--------------------------------------------------------------· 

.................. ~ I 2 3 4 

---------~-----------~------------------~------------------------
K1 -12,7 -!3 ,2 . -6,5 -5,6 

K2 
+54, 7 +50,2 +48,5 +47 ,6 


