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1. BseaeaHe 

llOnS!pH3aUHOHHHe xapaiCTepHCTHKH B HaCTOHIUee . Bp.eMSI 

CTaHOBSITCSI. Ba~HHM 06'beKTOM .H3yqeHHSI MeXaHH3MOB • SlaepHHX 

peaKUHfL XopOWO H3BeCTHO, qTo nyqKH nHHeHHO nonS1pH30BaHHHX 

l}lOTOHOB H nonS1pH30BaH.HHe' MHWeHH aocTaToqHo ycnewHo 

HCTIOnh30BanHCh anSI 3KCnepHMeHTanhHOrO : onpeaeneHHSI 

MynLTHnOnhHHX aMnnHTya l}lOTOpo~aeHHSI TIHOHOB Ha HyKnOHaX /1/. B 

HaCTOSIIUee BpeMSI aHanorHqHHe 3KCnepHMeHTanhHHe HCCneaoBaHHH 

MoryT 6HTL nposeaeHH . H anSI cnyqaSI tpoTopo~aeHHSI nHoHOB . Ha 

SlaepHHX MHWeHSIX. Y~e. HMeiOTCSI l}lOTOHHHe nyqKH C 6onhWO~ 

CTeneHh!O nHHeHHOH nonSipH3aUHH H nonyqeH pSia nOnSipH30BaHHHX 

S~aepHHX MHWeHeJ:i /2/. Bee 3TO aenaeT, TeopeT~qecKHH aHanH3 

nonS1pH3aUROHHHX XapaKTepHCTRK aKTyanhHUM. 

TeMa Hawero aoKnaaa..:. Hccneaosamm Tpex nonS1pH3aUHOHHux 

xapaKTepHCTRK anSI npouecca tpoTopo~aeHRSI · IIHOHOB Ha S~apax · c 

JrrT= ~- ~ , ,a RMeHHO 1'-aCHMMeTpHH ( L) , aCHMMeTpltH MHWeHH ( T) 

R Slapa-oTaaqH (P). H3yqeHHe nonS1pH3aUHOHHHX xapaKTepHCTHK Ha . . . ' . 

3THX Slapax, Ha HaW B3rnS~a, HHTepeCHO TIO HeCK~nhKHM npHqHHaM. 

Bo-nepBHX, HX KBaHTOBHe qHcna · TaKHe ~e, ':ITO II y ·~BOGo,IJ;Hb!X 
HyKnoHoB. B cHnY. 3Toro npH HeKoTopux npeanono~eHitSIX . M~lKHO 

ycTaHoBHTL npocTue CBSI3H Memay npoueccaMH tpoTopomaeHIISI Ha 

CB06oaHOM·; HyKnoHe H Hape' H HCCneaoBaTh HX MOaRI}lHKaU~i!O H3-3a 

BnHSIHHSI SlaepHOH cpeaH. BO-BTOpUX, Ha npHMepe l}lOTOpolKaeHRSI 
1 '·' ·1s'· 

TIHOHOB Ha Slapax 3C H N np_eacTaBJISieTCSI YHHKanLHaSI 

B03MOlKHOCTh H3yqeHHSI H30BeKTOpHHX MOHOTIOJihHHX nepexoaoB EO; 

KOTOpbte, HanpHMep, He peaJIH~YIOTCSI B pacceSIHHH'3JI8KTpOHOB • 

B· HacToHIUeM aoKnaae aaaJIH3 nposoaHTCSI B paMKax MeToaa 

HCKa~eHHHX. BC?JIH (DWIA) B RMTIYllbCI;IOM npeacTaBJI8HRR. KaK 

TIOKa3aHO B pa6oTax /3,4/, 3TOT MeToa ll03BOnSieT aocTHqh 

yaosneTBOpHTenhHOrO. OTIHCaHHSI aaHHHX anSI (1',7l)-peaKUHR Ha 

,H.apax: KaK. C HeHTpanhHHMH,. TaK H C 3apSI~eHHHMH HROHaMH~. 

2. MeToa HCKaXeHHHX'BOnH B·HMnynLCHOM npeACTaBneHHH 

MeToa HCKa~eHHHX BOnH OCHOBaH Ha npeanono~eHHH, qTQ 

I ·~~~--~~-·- ~~c..,,··> ·J -· 3tpqleKTH 'B3ai.n.toaei1cTBHSI nHoHa c SlapoM. B KoaeqaoM cocTOSIHHH 

npouecca tpoTopo~eHHSI onpeaenSIIOTCSI KorepeHTHHM pacceSIHHeM 

;:·"'·t .. , . ;. ~·-·, d•.<- .;: ... ,.,::i~. •.,,· 



UHOHa Ha C~epH~eCKH-CHMMeTpHqHOH ~aCTH UHOH-g~epHoro 

OllTH~eCKOrO .. DOTeHUHaJia (npH6JH{)KeHHe KOrepeHTHOCTH). B paMKaX 

MeTo~a DWIA T-MaTpHua ~oTopo)K~eHHH nHona· ·Ha g~pe onpe~engeTcg 

CJie~yD~HM BUpa)KeHHeM: 
. .. m m 

m m · m m · I. d 3 q · T'(q,q )Uc 1 (q,ki\) 
M c 1 (q ,ki\)=U c 1 (q ,ki\)+ -·-·- 0 1l'1 · 

1l'1 ° . 1l'1 ° .. (2rr) 3 E (q )-E (q)+it: 
mm ·· c 0 ·· c · 

r~e urr~ l ·-nJIOCKOBOJIHOBaH ~aCTb; Ec(q)=Err(q)+E: (q)-nOJIHaH 

3HeprHg riHOH-H~epHOH CHCTeM~; qd(ki\)-HMDYJihC OHOHa .(HMDYJihC H 

UOJIHpH3aUHH ~OTOHa). CorJiaCHO KMT-BepCHH TeOpHH MHOrOKpaTHOrO 

PacceH.HHH /51, MaTpHUa T' (q, q ) CBH3aHa C T-MaTpHUeH 0 . 

nnoH-g~epnoro pacceHHng cne~yD~HM supa)KeHueM: 

I '.-+ -+ A;_1 :.+' '-+ . 
T (qo,q)= -A-T(qo•<:J). 

3~ech. ~aKTop (A-1) I A HCKJIDqaeT B03MO)KHOCTh ~Boi1Horo yqeTa 

OHOH-HYKJIOHHOro B3aHMO~eHCTBHH, BKJIDqeHHoro B UJIOCKOBOJIHOBYD 
,' ~ ..... . 

qacTb onepaTOpa ~OTOpO)K~eHHH. T(q ,q) HaXO~HTcg nyTeM peweHHH . . 0 . 

ypasHeHHg ~~nnMaHHa-lliB~Hrepa c DHOH-H~epHUM onTnqecKHM 

noTeHUHaJIOM H3 ·pa6bTU f61. 

Hcnbii3yH HMnynhcHoe npH6JIH)KeHne H nposo~H (qHcnenno) 

ycpe~HeHne no HMnynhCHOMY pacnpe~eneHHID HYKJIOHOB B H~pe, 

· · m m 
nony~aeM cne~yiD~ee supa)KeHne ~JIH npocKOBOJIHOBOH qacTH Urr~ 1 

mm lmJJJ[T1TJ · ·U c 1.(-+ ki\)=(j 1 )-1 \' 1 r 1 c U .f (q-k) 
1l'1 q, c c L.mMm nNn JM c.m. ' 

• ' ' . J 1 f . l £ 

f ~e i=(2J+1) 
1
/2, [: : :] o603HaqaeT K03~~~1UI~HTU KJie6wa-rop~aH~ 

. 2 2 
H fc;m.=exp(Q b I4A)-nonpaBKa Ha ~BH)KeHHe UeH~pa MaC~ g~pa. 

:: ~eJIH~HHa U JM onpe~enena cne~yiD~HM o6pa3oM: 
3 L 1 J . 

u =V6 j \' \' [ ] l!t< 1
P'

1p1 ·rf3_ (1p 1p)+ 
JM L. L. MLv/3M J(L1l,t LML . ' 

L /3=1 . 
+ o o .IJ1(1p, 1pl I 4 {1p 1p). 

. LJ ML M J ( LO l, 1 LML ' 

nnHaMHKa npouecca Ha H~pe CO~ep)KHTCH B MHO)KHTeJie: 
l+M 

I~M[. (n'l'nl)=( -:1). L Jd
3
p Rn'I' (p' )G/3(q, ki\) 

Rnl(p)[Yl,(p')®Yl(p)]L,-M' 
.,, · .. , • . L 

3~ecb R -pa~HaJibHUe . ~aCTH BOJIHOBOH ~YHKUHH CBH3aHHOro .. . . . nl 
HYKJIOHa~· G

13
-3neMeHTapHue aMnnnTy~u. 
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HH~OpMaung. 0 g~epHOH· CTpyKType': DOJIHOCTbiD ::co~eplKHTCSI:. B 
I I ' 

K03~HUHeHTax 'l!t~;~~~~F, ~KOTopue CBH3aHU c _ npHBe~eHHUldH 
COHH-H30CDHHOBUMH MaTpH~liUM.H 3JieMeHTclMH CJie~yD~HM BUpaXteHHeM: 

··: IJt<n.'I'ni.l~~ ~f\.)~{~~2.1~2 ·~}~ (a',:a_) • 
. J(LS),T L. •.;J .. J,t, t L JT ·' -~·· 'i, <•' 

j I j 

r~e a={n,l,j} H 

IJIJT(a' ,a)=(j 1)-1
<JcTc liCe;, ® ca]JT IIJ

1 
T 1>. 

'( 

C ~pyroH CTOpOH~, ycpe~HeHHe 

MO)KHO npoBeCT~·hpu6nH)KeHHO, 

no HMnyJihCHOMY . pacnpe~~Jie~HID 

~enaH 3aMeHy (npn6JIH)KeHH~ 

~aKTOpH3aUHH): 
.-+. . 

-+ -+ . k A-1 <-+ -+ 

13 
p-+ Peu=-y --x-<k-q). 

I. HMeeM . LM · · · Tor~a ~JIH 
L 

"I~M (n'l'nl)=Y4ri f:fy~M(QJiL[~~~~]· X 
L L L 

00 

-+.-+-+ I . 2 xG
0
(q,ki\,p ) R ,. ,(r)J (Qr)R (r)r dr, .. 

,_, e££ n 1 L nl 
0 . 

r~e Q=k-q- nepe.riaHHUH H~py HMny.iihc, jL(z)-c~epn~ecKaH ~YHKUHH 
EecceJIH. 

13 

tiRcJieHH~e- 3Ha·~eHHH K03~~HUHeHTOB. 'IJI~~~~~.~~ ~~H. cnyqa~ 'g:Upi\ 

C, UOJiyqeHHUe H3 aHaJIH3a 3JieKTpOMarHHTHUX ·.popM!PaKTOPOB H C 

noMo~bD MHKpocKonn~ecKnx sonHosux ~yHid.tn11 Ko3Ha...:Kypa:Y.at• /71, 
npnse~eHu B ra6nnue • 

Ta6nnua. Ko3~~~uneHTht l!t~ ~ ~~ ~ ~ ~ ;.itnH nepexo·~a 13c-+13N. 
b=1;73'F~ ~OCUHJIJIHTOpH~H napaMeTp 

'LS 
" 

J T 00 01 10 11 
i 

21. 
~ , . 

/8/ /9/ 181 /91 18/ 19/ 181 /91 /81 /9/ 

0 0 5.20 5.20 .oo :oo .00 .00 .:.t.7 -1.1 .00 .00 
. , 

" 
.. 

0 1 .58 .58 .00 .00 .00 .oo .39 -0.05 .00 .00 
... 

-.18 :·46 ~46 .ooa·· 1 0 ·.oo .. 00 -.18 .00 ::..;so . 81 

: ~ 19 
.. 

.ooo· I· • . ._;,;."'' 

1 1 .00 .oo -.16 ...:.16 .19 .00 .34 .58 
~ ,: 

3aMeTHM, ~To BO Bcex npnBe~eHHUX B Ta6nnue BapnaHTax 

nepexo~Hue nJIOTHOCTH J=O nepexo~oB (EO-nepexo~) 
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pacc'!HTL!Bamrch . c noMOIUhJO !pyHKUHii. KosHa-KypaTa. OcHOBHLte JKe . 

pa3JIH'1HSI_ CBSI3aHLt C J=1 nepexo,n~M ,(M1-nepexo,n), . KOTOpLIH MOJKeT 

npOHCXO.ztHTh 6e3 H3MeHeHHSI op6HTaJihHOro· 'MoMeHTa (L=O) li··C era 
< > • • ~ - •· • • -

H3MeHeHHeM (L=2). HH!pOpMaUHSI 0 .L~~ KOMllOHeHTe M1-nepexo,na 

o6Lt'1HO H3BJieKaeTcsr H3 auaJIH3a MarHHTHLIX MoMeHTOB sr.nep. qTo JKe 
~ ' • \ ; < 

KacaeTCSI L=2 KOMllOHeHTLI, TO 3.zteCh e.ztHHCTBeHHLIM HCTO'IHHKOM 
HH!pOpMaUHH llOKa SIBJISIIOTCSI 3JieKTpOMarHHTHL!e cPOPMcPaKTOPbi. 

O,nHaKo, KaK BH.ztHO H3 Ta6JIHUU, / HX aHaJIH3 H'e. 'no3BOJIHeT 

O.ztH03Haquo 3a!pHKCHpOBaTb BeJIH_;HHLI 'It!~:~~~~· fl.D3T()MY H3y'1eHHe 

npouecca !poTopoJK,neHHSI Mar no 6u .na Th .nononmnen~HYJO HH!popMaumo 
· o CHJie L;,2 nepexo.na. · . ' · · 

YrJiciBLte pacnpe,neJieHHSI nponopUHOHaJihHLI CYMMe KBa,npaTOB 

Mo,nyneii aMnJI~Ty,n, COOTBeTCTBYJOIUHX nepexo.naM EO- H M1-THna. B 
TO JKe BpeMSI, llOCKOJihKy llOJISipH3aUHOHHL!e . XapaKTepHCTHKH 

onpe,neJISIIOTCSI npeHMyiQeCTBeHHO HX HHTep!pepeHUHeH, TO MOJKHO 

OJKH.ztaTh HX 60JihillYIO 'IYBCTBHTeJihHOCT~ K BL!6opy ~,nepHOH Mo.nenH. 

TaKHM o6pa30M, llOJISipH3aUHOHHLie xapaKTepHCTHKH MOryT .ztaTh 

BaJKHYIO HH!pOpMaUHIO 0 ,neTaJIHX SI,nepHOH CTpyKTypLt; 

llpH .TaKoii nocTaHOBKe 3a,naq11 Heo6xo.nHMo npeJK.ne . scero 

HCCJie.ztOBaTh 'IYBCTBHTeJibHOCTh pe3yJihTaTOB pac'!eTOB B .MeTo,ne 

DWIA , KO BCeM era HHrpe,nHeHTaM: 3JieMeHTapHOH aMnJIHTy,ne, 

3!p!peKTaM HCKaJKeHHH llHOHHOH BOJIHLI,, . cnoco6y . yqeTa 

q>~pMH-.ztBHJKeHHH HYKJioHoB. 

CorJiaCHO M3.ztHCOHCKOH KOHBeHUHH /10/, .npH pacqeTaX 

noJIHPH3aUHOHHhlx.xapaKTepHCTHK Mu6y.neM HCUOJib30BaTh cne.nyJOIUYJO 
CHCTeMy •oop.ztHHaT: 

OCb KBaHTOBaHHH Y 
liMllYJihC !pOTOHa HanpaBJieH B.ztOJih OCH Z, a 

Bu6paHa B.ztOJih BeKTopa [ kxq] . Tor .na 

llOJIHpH3aUHOHHhle xapaKTSpHCTHKH 6~.ztYT onpe,neJIHThCH CJie,nyJOIQHMH 
BhlpaJKeHHHMH: 

.- 1'-aCHMMeTpHH 

u ca>-ir ca> y X . 

• L(El)= 
u (B)+u (B) 

y X 

r .ne .e-nonHpHHH yron sun eTa nHoHa, u x ( u Y)- . .ztH!p!pepeuu~aJihHhle 
CeqeHHH B CJiyqae !pOTOHOB, JIHHSHHO llOJIHpl130BaHHhiX Bno~h OCH X 
(Y); 

;. 

4 

,jo 

Iii 
i 

I 1,. 

.fl 

' f 
·,a 

acHMMeTpHSI MHillSHH 

T(S)= 
:u~(e)-u.t(e) 

+ -
; 

ut(B)+ut(a)' 
t t . .: ... ,.. . ..+ -

u + ( u _)- .ztH!p!pepeHUHaJihHhle ·· ce'!eHHH B cnyqae MHilleH~, 
~ -+ ··." llOJIHpl130BaHHOH napaJIJISJihHO (aHTHnapaJIJieJihHO) BeKTopy [kxq]; 

- aCHMMeTpHH H.ztpa-OT.zta'IH 

P(S)= 
ur(e)-ur(a) 

+ -

Ur ( 9) +Ur( 9) 
-+ - ' 

ur (err) 7.. .ztH!p!pepeHuHaJibHL!e ceqeHHH . B cnyqae ,. H.npa;-oT .na'IH, 
+ - '. •'' f. , "YC ' " •- '- ' ~ \'' "• ~ • " < • . . . ~ ~ 

llOJISipl130BaHHOrO napaJIJie,JibHO (aHTHnapaJIJISJihHO) BSKTOpy [kXq] .. 
' '\,. : ' < ~ > ,. • ' < • ' ' ' < ' ' • ;, • I ' ' • '_. ,· '- • • • ~ 

JlJIH paC'18T<;l ll?JI!,!PI·I.3,a.UHO~HLIX xapaKTepHCTHK . Mhl_ 6y .zt~M 

llOJib30.BaTbCSI. t1JOpMaJIH3MOM CeflepH'18CKHX CllHH-.:eH30pOB ~kK' 

MaTpl1'1HL18 ,aJieMeHThl KOTOphiX , B CJiyqae, H.zt~a CO CllHHOM. 1/2 HMSIOT 

cne,nyJOIQHH BH,n: 

, I .. [1/2k1/2] 1 . · . m m 1 <m I 't: I m>= 't: . = ~ . I 
. kK. kK m. " m . • , r. 

" ' 
Tor,na ·:. llOJIHpH3aUHOHHhle xapaKTepHCTHKH ' MOJKHO npe,ncTaBHTb ··.:B. 

CJie,nyJOIQeM BH,ne: 

r.ne 

du 
·,·-T= i(T ·+T )/V2' 

dO 11 1:-1 

T = \ Mrtl 
kl<: L 1l1' 

l , l I , f 

't:l
1

t M+tr 
kl<: 1l1' 

H 

I{ 

'du 
. ·-.P= i(t · +t )/V2' 

dO 11 1-1 
: l ~ • 

·.'"! 

· \ ·rt +tr 1 r 1 r 
tkl<:= L ,M1l1' M7l1' 't:kl<: • 

1 ;r~'c' 

3. Pe3yJih~aTLt :H o6cyz,neuHe 

. . ' { ~' ·: 
Ha'IHeM Harne o6cyJK.neHHe c 3aMe'!aH:HH, 'ITO pe3yJihTaTLt pac4eTa 

~ ·: . · . . . ··' '- . . . .. -.. : --_ .. ·.:_ ._· :· :·, L :: .·,: f1 

L-, P- H T-acHMMeTp:Hii .ztJIH cny'IaH q>oTopom.neH:HH nHoHoB Ha sr.npe 
13

c npaKT:H'IeCK:H He 3aB:HCHT OT BL16opa Bap:HaHTa ~JieM~·HT~p~oR 
aMnJI:HTY.ztLI. 3TOT BLIBO~ OCHOBa~ Ha cpiBHiH:H~ pacqe;OB C .ztB~~SI 

. i ~ •, • • I • l ~ , ,' 4• 'J_ .: ", ! • ; ·, ; • ' 

Bap:HaHTaM:H aMnJI:HTY.ztLI oJIOMKB:HCTa-name /11,12/, KOTOpL!e 
. -... } ' ' . ' ·-·;;-, ' ·.· 
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OTJII1qaJOTC.IJ BKJia.llOM f1-113o6apu B• pe30HaHCHUH 

E ( 3/2) -MYJibTI1riOJib. B · Haw11x. pacqeTax MU 6y.neM liCriOJib3oBaTb 1+ ' 
6onee COBpeMeHHYIO BepCliiO 3TOH aMriJII1TY.llU, r.ne npoue.nypa 

yHlfTapli3aU1111 npose.neHa .llJIH o6olfx MYJibTli~OJiei1 B p 33 -Ka":aJie 

/12/. 

$QTOPO~~eHHe rr -Me30HOB 

Ha pHc.1a npo11JIJIJOCTp11poBaHa 'IYBCTBI1TeJibHOCTb pacqeTOB 

riOJI51pli3aUlfOHHUX 

aonHu H · cnoco6y 

t3c('r, rr -) t3N. 

xapaKTep11CTI1K K 3~eKTY HCKa~eHI1.1J 
~ 

yqeTa ~epM11-.llBI1~eHli.II HYKJioHoB .llJI.H 

1:-aCHMMeTpH.II ripO.IIBJI.HeT O'leHb 

riHOHHOH 

peaKU1111 

CJI~6y10 

qyscTBHTeJibHOCTb, B. To ')((e speM.H B· cnyqae ·• P- li T-'aci1MMeTpl1i1 

3Ta qyscTBlfTeJibHocTb cTaHOBHTC.II 3aMeTHoiL TaKuM o6pa-3oM, 

MOmHO C.lleJiaTb BUBO.ll 0 TOM, qTo . BUqlfcJieHHe riOJI.IlpH3aU110HHUX 

XapaKTep11CTliK B UeJIOM , Tpe6yeT yqeTa B 3~11MO.ziei1CTBH.IJ liHOHa C 

g'.npoM B KOHeqHoM coCTO.IIHHH If ToqHoro yqeTa ~epM11.:...UBH)((eHH.II 

HYKJIOHOB. 

1:-aClfMMeTpH.II riO onpe.neJieHI110 .IJBJI.IJeTC$1 pa3HOCTbiO ceqeHHH .llJI.IJ 

~OTOHOB, JlliHeHHO riOJI51pi130BaHHUX B.llOJib ocei1 Y 11 X, 11 

nporiOPUHOHaJibHa cyMMe KBa.npaTOB qneHOB, COOTBeTCTBYIOWI1X EO- H 

M1-nepexo,naM, H HX. liHTep~epeHUHH. KaK Bli.llHO H3 p11c.16, 

l:-aci1MMeTpHH pasHa HY n10 npu 9=0° If 180° ·: H · .nocTuraeT 

MaKCHMaJibHUX 3HaqeHHH B o6naCTI1 30° <9< 70~ 3TO o6ycJIOBJieHO 

TeM, qTo . BKJia.ll .llOMHHHPYJOUlero B o6oux ceqeHH.IIX 

KPOJIJI-py~epMaHOBCKOro qJieHa 3JieMeHTapHOH aMriJIHTY.llhf (G
1

) 

COKpamaeTC.IJ B BUpa)((eHHI1 .llJI.IJ l:. BKJia.llU )((e OCTaJibHUX qJieHOB 

( G
2

, G H G ) B U If U HMeJOT sin2
9-3aBHCHMOCTb. 

3 . 4 X y 

Hawlf pacqeTu noKa3uBaJOT, qTo B o6nacTu cpe.nHHX yrnoB 

liMeeTCH 3aMe·THa51 qyBCTBliTeJibHOCTb pe3yJibTaTOB K BU6opy 

.IJ.llepHUX MO,nenefl: , pa3JII1qaJOUli1XCH npe11MyUleCTBeHHO BKJiaJlaMH.L=2 

KOMrioHeHTU. cne.nosaTenbHO, u3yqeH11e l:-acuMMeTpuu Mo)((e~ .naTb 

Ba)((HYIO HH~OpMaU1110 06 3TOH KOMriOHeRTe. npu 3TOM, KaK 6UJIO 

rici~~j~H~ : BUWe, qyBCTBI1TeJibHOCTb K ,npyr11M 11Hrpe.nHeHTaM. MeTO.lla 

DWIA: oqeHb ~ana. . . 
• ~ r o -

,.KaK'. CJie~yeT li3 puc.1o, T:_ 11 P-aCHMMeTpHH TaK~e npo.HBJI.IIIOT 

6oni,IiJyJO ~YBCTBHTeJI.bHOC!Tb K au6opy ~.nep~~fl: Mo.nenu. KaK li B 

CJiy~ae' ¢oTo~H-OH ~CHMMe~p11H, 3Ta qyscTBHTeJibH~CTb o6ycJIOBJie~a 
/ 

6 

·~ 
I { 

A 

'~ 
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BKJia~oM~ L=2 KOMllOH8HTU B 

qT06U y6e~J1ThCH B i3TOM, 

paccMaTp11BaeMue 

paCCMOTpi1M 

xapaKTepucTI1KH. 

npqcTue OU8HKI1 
) 

OTHOCI1T8J1bHOro BKna~a L=O 11 L=2 KOMriOH8HT. 

nonHp113aUR~ H~pa 13
c onpe~enHeTCH HenapHUM 

T.o;, npouecc. 
13

C(7,rr-) 13
N MO~Ho paccMaTpi1BaTh 

Hefl,TpOHOM. 

KaK CYMMY 

cnRH-~nRnoBor~ 11 cnRH-He3aBRcHmero nepexo~oB . aneMeHTapHoro ... : 
npouecca 7n -> rrp, a RH~opMaURH o H~epHoii cTpyKType 6y~eT 

co~ep~aThCH 'B !lJopMd:JaKTope R =(1-2y/3)e-y (r~e y=b2 Q2 i4A, b-
,~ . ' 0 -. 

OCUI1JIJ1HTOpHUH napaMeTp, Q-nepe~aHHUH H~py 11MllYJibC). fi03TOMy, 

Ha nepBUH B3rJIH~, CBH3h Me~~( T-aCJ1MM8Tpi1HMI1 Ha H~pe 13C 11 

lieiiTpoHe ~on~Ha 6una '6u 6uTb oqeH~ ' np~·~~oii, . ~anpRMep, 
T ( 9) ;._R ( q)T ( 9). O~HaKO, 8CJ111 orpaHI1'111ThCSI BKna~OM, T.OJibKO 

13c ' ·. 0 . n ' 

L:Q KOMllOH8HTU 11 npe~cTaBI1Th, 'ITO ~OTOpO~~eH'I1e n -'-M'e3oHa 

hp011CXO~I1T 70J1hKO Ha H8HTpOHe 113 BH8lliH8H p
1

,
2

-060JIO'IKH, io B 

llJIOCKOBOJIHOBOM llpi16JIJ1~8HI111 11M8eM: 

drt 
-T - -R (Q){2P +T /2}sO. 
dO 13c o n n 

(1) 

3TO 6on~e CJIO~HaH CBSI3b; '18M Ta,KOTOpyD MU 0~11~aJIJ1 llOJIY'II1Tb, 

~CXO~H 113 HaRBHOH KapT11HU npouecca. PemaDmyD pOJib 3~8Cb 

CUrpan ·TOT ~aKT, 'ITO ~OTOpo~,tieHJ18 n -M830Ha npOI1CXO~I1T Ha 

~YKJIOHe 113 p-060JIO'IKJ1. 3TO np~BO~I1T K TOMy, 'ITO BepOHTHOCTI1 

Clli1H-~JII1llOBOro 11 Clli1H-He3aBJ1CHmero nepeXO~OB, B OTJ111'1118 OT 

~nyqag ~Bo6o~Horo HyKnoHa, c~aHOBHTCH pa3JII1'1HUMI1 113-3a pa3Hux 

BepOHTHOCTefl O~HO'IaCTI1'1HUX COCTOHHRH, Ha ~OTOpUX 3TI1 nepexo~U 
ocyme·CTBJIHDTCH. fiOCKOJihKY B ~OpMy ne ( 1) B8JII1'111HU T, H · P 

· n n 

nono~RTenhHU BO Bceii o6nacTR yrnoB, TO nonyqaeM, 'ITO T s· o. 
'. ·.: . ,t3c 

B. .,f.O .. ~~ , Bp8MH yqeT L=2. KOMllOH8HTU B llJIOCKOBOJIHOBOM ' ,, ' .. ' 
llpH6JIR~eHiU1 npRBO~HT K 

(eM. Pii_c.t). Bonee Toro, 

cymecTB8HHOMY ycJIO~HeHHD 

KaK cne~yeT H3 p11c. 1,. 

pesyn&TaTa 

BKJ1a~. 3TOH 

KOMllOH8HTU OKa3UBa8TCH 0'18Hh Ba~HU~, 'ITO HBJIH8TCH rJiaBHOH 

llpl1t{J1HOH 'IYBCTBI1T8J1bHOCTI1 llOJIHpH3aUI10HHUX xapaKT8p11CTHK K 

Bu6opy H~epHoii Mo~en11. 

.. 3~eCb MU , 6U XOTeJIR . OTM8THTh TO 06CTOHTeJibCTBO, · 'ITO, KaK 

llOKa3UBaeT 
t3C(·7: n -) i3N 

Ham aHaJII13, nonyqeHHue BUBO~U ~JIH peaKUHH 

cnpaae~JIRBU 11 B cnyqae ~oTopo~~eHHSI 

·oTpRUaTeJibHUX llHOHOB Ha 'H~pe 15N. B Ka'leCT~e npe~cKa3aHI1H MU' 

,. 
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PHC.3. P- H T-acHMMeTpHi-1 .n;JJH peaKUl-111. 13C( 0,~0 ) 13c. CM. 

no.n;nHcb K plic~ L 

llpHBO~HM pe3yRbTaTH pacqeTOB llORHpH3aUHOHHHX XapaKTepHCTHK C 

ne"peXO~HHMH llROTHOCTHMH, B3HTHMH H3 /13/, ~nH peaKUHH 
15 - 15 ' - N(7,rr ) o Ha pHc.2. 

<llOTOPOlKJJ;eHHe 0 ' rr -Me30HOB 

D~peA~eM K aHanH3Y ~OTOpo~eHHH HeATpanbHHX llHOHOB Ha H~pe 
13

C.'Kal( BH~HO H3 puc; 3a, · e.ziHHCTBeHHHM HHrpe~HeHTOM Mero.zia 

DWIA, K .KOTOpOMY pe3yn~~aTH pacqeTOB B 3TOM cnyqae npOHBRHDT 

'IYBCTBHTenbHOCTb, 'HBn~eTCH HCKameHHe llHOHHOH BORHH. ?~nH ~RH 

~H~epeHuHanbHHX ce'IeHHA, KaK noKa3aHo B pa6oTe i14~ oHo ~aeT 

10 

30%· ,3~~eKT, :TO ~nH llORHpH3aUHOHHHX XapaKTepHCTHK · HCKalKeHHe 

llHOHHOH BORHH RBnReTCR onpe~eRRDmHM .. 

llH~epeHUHanhHHe ceqeHHR B cnyqae peaKUHH ,. 13c ( 7, rr0 ) 13c 

onpe~enHDTCR nepexo~aMH .CO- (J=O,T=O), EO-(J=O~T=1), H 

M1-(J=1,T=0,1) . THllOB, npH'IeM: CO-nepexo~. ~OMHHHpyeT BO · BCeH 

o6nacTH yrnos suneTa nHoHa. B HamHx .pacqeTax npe~nonaraercH; 
'ITO llJ.IOTHOCTH pacnp~~eneHHH HeHTpOHOB H npOTOHOB, ~OpMHpyDmHe 

M1-nepexo~. o~~HaKOBH. TaKoe ~pe~nonomeHHe xopomo pa6oTaeT, 

HanpHMep, B cnyqae peaKUHH· 12C(7,rr0
)

12C /3,14/. O~HaKO, B 

cnyqae R~pa 13
C MomeT 6HTh Heo6xo~HMO ytieCTh ~nHHHHe 

H36HTO'IHoro HeATpoHa Ha pacnpe~eneHHe . HY.KROHOB B · A::;:12 
CHCTeMe. 

Xopomo. H3Be_CTH~ 1 'I'fO B cnyqae .~OTOpo~eHHR rr0 -Me30HOB, r~e 

~OMHHHpyer., KorepeHTHHH co-nepexo~. ·I:-acHMMeTpHH npaKTH'IeCKH 
' . -· :;.'' ,· . 

paBHa e~HHHUe H He HBnReTCH HH~OpMaTHBHOH XapaKTepHCTHKOH. 

003TOMy.MH~e _npHBO~HM_3~~cb:COOTBeTCT~yDmHH pHCYHOK. 

Ha puc. 3~ ,npe~cTaBneHH ~ p~C'IeT~ T- H P-aCHMMeTpHH.,/ BH~HO, 

'ITO BH6op nepexo~HOH llROTHOCTH ~nH HHX TaK me HBnReTCH· 

KpHTH'IHHM,, HO,, B OTRH'IHe OT cnytiaH 3apRmeHHHX llHOHOB, ,TOnhKO·, 

B o6nacTH 3a~HHX yrnos. 3~ecb ~Ba sapuaHTa pactieToB 

OTnH'IaiOTCH 3HaKOM •. TaKOH pe3yRhTaT.CBH~eTenhCTByeT 0 TOM, 'ITO 
., ' ' ', 0. ' ~ • •. ' ' • ~ • ' ~ ' 

Ha 3a~HHX yrnax ~ T- H . P-aCHMMeTpHH, onpe~enHDTCSI 

npeHMymeCTBeHHO BKna~OM L=2 KOM_llOHeHTH B nepexo~e_ M1'7'THU~. A 

K03~~HUHeHTH ~nH Hee 1 KaK BU~HO H3 ~a6nHUH, , , HMeDT pa3HHe 
3HaKH. 

4. 3aKnD'IeHHe 
; 

B HaCTORmeu pa6oTe· MH ~npoBenH COBMeCTHHH aHanH3 >.· 

~OTOpom~eHHH'> HeHTpanbHHX H, 3apRmeHHHX llHOHOB Ha H~pe: .··1 ~C. 
' 

0C06oe BHHMaHHe 6uno y~eneHO Hccne~OBaHHD ·llORRpH3aUHOHHHX 

xapaKTepucTHK B 3THX npoueccax, 

C~enaHHHe HaMH pactieTH 

nonHpH3aUHOHHHX xapaKTepHCTHK 

noKa3anH, 

Heo6xo~HMO 

~'ITO npH 

Y'IHTHBaTb 

aHanH3e 

3~eKTH 

B3aHMO~eHCTBHH llHOHOB C H~pOM B KOHe'IHOM COCTOSIHHH, llpH'IeM, B 

cnyqae ~OTOpo~eHHR HeHTpanbHHX llHOHOB OHH OKa3HBaDTCSI 

onpe~enSIDmHMH .B ~OpMHpOBaHHH T_; H P-"'CHMMeTpHH., KpoMe Toro, B 

OTnH'IHe OT ~H~ep~HUHl:\RhHHX .ceqeHHH, nonHpH3aUHOHHHe 

II 



XapaKTepHCTHKH npOSIBJUIIOT 3aMeTHYIO 'IYBCTBHT8JlbHOCTb K cnoco6y 

y'leTa ~epMH-~BH~eHHSI HYKJIOHOB. 

Ha, HaW B3I'JISI~, OCHOBHOH HHTepec B H3Y'I8HHH. no.JiSipH3aUHO,Hifux 

xapaKTepHCTHK MO~eT 6UTb CBSI3aH C HX CHJibHOH. 

'IYBCTBHT8JibHOCTbiO K SI~epHUM nepe'xo~HUM llJIOTHOCTSIM, oco6eHHO K 

CHJie L=2 nepexo~a. ll03TOMY H3y'leHHe llOJISipH3aUHOHHUX 

XapaKTepHCTHK ~JISI peaKUHH ~OTOpO~~eHHSI llHOHOB. Ha ·s:r~pax MO~eT 

~aTb YHHKaJibHYIO HH~OpMaUHIO 0 CHJie 3TOI'O nepexo~a. 

_.; 
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YyMoanos A.A., KaManos C.C., 
nonRp~3a4~0HH~e xapaKTep~cT~K~ 
n•Me30HOB Ha ~Apax 

B .· AaHHo'1 pa66Te np~BeAeHbl 
aHan~Ja nonRp~3a4~0HH~x xapaKl 
Me30HOB Ha RApax 13 C ~ 15 N Ka~ 
~ He'1TpanbHbiX n~OHO_B. ~ccneAOE 
P- ~ T~~c~MMeTp~~ K pa3n~YHbiM. 
;noKa3a~o, YTo aHan~3 nonRp~Jau 
cMaTp~saeMoM npo4ecce MomeT yc 
riyYeH~R AOnonH~TenbHOM ~H~OpMa 
MarH~THo ro nepexoAa. · 
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