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L Bae~eu11e · 

B llOC,Jie,ti;Hee BpeMII flOjlBJI.SleTCII 60JibillOe '<JIICiIO pa60T /llOCll.lI
meHHbIX CTPYKType nerKHX pa~IIO~THBHbIX a,n;ep·(cM:, Haripm.i~p;:'~5.: 
nopbl [1,2]) .. ,D;na MHOrHX.lm 0TUX a,n;ep BO:JHIIK8eT BOnpoc OH~ y 
HHX _HCMTpOHHoro Illllt; COOTBeTCTBeHHo;· npoTOHHOro rano.' O,n;mw: HO 
0<f>q>eKTllBHblX cnoco6oa OOH,D;HpOBamm IlllOTHOCTll pacnp~ene1nisfey
KJIOHOB Ha nepmJ>epHH j[,ti;pa 11 anpo6a1.U1II BOl'IHOB~ll q,yrii:tiiri, y<IU:Tbl~ . . ., .. ,, : ' ' 

BaIOmeII cymecTBOBaHHe rano, mm:aeTCH IICCJie,D;OBamie ynpyroro paCCe" 
HHilll JJerKllX 01C:JOTH'IeCimX H,ti;ep Ha sr,n;pax-MmUeWCC npn: 0Heprn:n: Ha•

lleTaIOmtlX a;i;ep ,n;o 50 ~faB /eyKJIOH~ B pa6oTe' [3] BllepaLie 6bIJIO HOMe• 

peHO ce'IeHJ:Ie ynpyroro pacceSHUj[ sr,n;ep 11Li npn: aaeprn:n: 29 M~B/ayx
JIOH Ha MlIWeHll IID 28S i ll 'cooTBeTCT':ey10rhn:i't aHaJilr.3 [3] no,n;TBep~ cy; 
w;ecTBOBaHlle HeiiTpoHHoro ran:~ y 11Li. Kaaneynpyroe paccemine'8B 

H 7Be C :meprue:ii 40 MeB/eyxrioH Ha H,ti;pe 12C uririan~Cb ~-p~6?_;~·+1r: 
' . , ' ' -~-. : . ;. '• ' ~ 

r,n;e 11ccne,n;oaancsr TaK)Ke aonpoc o cyw;ecTBOBaHRH npoTOHHoro rarro 
,D;JIH 8B. ,, 

B o6oux! cny'Irurx TeopeTn:'Iecioii ocHoaoii ,ti;Jisr nocTpoeHIIsr onTn
'!ecKmc ,noTe~IIaJIOB j[BJij[JiaCb MO,ti;eJib ;n;ao1mo:ii CBepTKll;· npR~eM B [3} 

llCllOJib:JOBaJIOCb TaK Ha:JbIBaeMoe DDM3Y- 0q>q>CKTHBHoe B:JaHMOACll

CTBIIe [5,6), a a pa6oTe'.[4}-'---:- 0<pq>
0

eKT~HI,ie CHJihl mt(7]. 06w;ei -qep
TOll npoBe,ti;eH1il>IX aHaJIIIOOB mm:sreTCSl Hey'!eT B SIBHOM au;n;e eq>q>eKTOB 
O,D;HOHYKJIOHHoro o6MeHa npII :noc:Tpoemm MIIKpOCKOlllI'Ietxm: hoieH:! 

QllaltOB. Paaee 6hlllO IIOKa:JaH0 1:[sJ, 'ITo'BKllIO'I~e"i~THX aqxpe~TOB a' 
' . , ..... ., : \ 

cxeMY nocTpoemrn noTeHQuanoa cyw;ecTBeHHO onpe;n;enHeT Be.lllI'IllHy 
n0Te~11ana a_ noaepxHOCTHoi'111:npe,n;noaep:iraocTHon o&iacTri':n: rio:'• 
:JBOruieT e,ti;IIBbIM o6pOOOM omrcaTb SIBJieHJie sr;n;epHOll paizyrII B yripyr'oii· 
n HeynpyroM paccemum o:-'lacTxni; Ha sr,n;pax [8}; :, . ~,, ,· ._ · 

:•· . ' . , ' l •, " 

Oco6bl11 llHTepec npeµ;cTaBJIHeT irooaeKTopi1asr' '!~Th onTwie-

cxoro noTCHQHaJia B peaxn;m1x C nerKllMII 0KOOTWieCKlIMll a~paMH. 0Ha 
.1IBJllleTC.S:_ onpe;n;eJIHIOl.ll;lIM q>aKTOpOM, llpll :.ollllCaHHH. oap.n:;n;oao=-o6MeH: · 
HbIX npoQeCCOB :II MOJK~T. BHOCllTb: cyw;ecTDCHHYJO µ;o6aaxy, B' OIITIMe- · 

CKIIU llOTeHD;H'.aJI ~llH .s:;n;ep C 6om,WJIM Hen:TpOHI:rbIM Dn6LITKOM. ,l];o;na-· 
cTosrw;ero apeMemi: lIDOBeKTopmur 'IacT1> .MIIKpocK0Illl'!ec1mro noTeH-

1.UlaJia COCTaBHbIX -qacT:tm; paCCMaTpHBaJiaCb 6eo y"<IeTa o6MeHHbIX Bq>-
'· ' 



·• 

q,ex:roB. HaKO}!e~, cyw;ecTBeHHO ;D;IDI IIOCJiep;oBaTem,Horo l\.IBKpOCKOilII

'leCKoro no,u;xo;o;a ollllcrume 'lacT~-cHap.s:,o;oB II 11;a;ep-MuweHeii B pa.MKax 

oµ;Hoi II Toii a{e MIIKpocxonuqecxoii 11µ;epHoii :r-.m,o;eJIII. 

U:em,10 HaCTOltll.l;eii pa.6oThI j{BJIS:CTC11 IlOCTpoeHl!e IlOTe~IIa.'IOB 

BOaIIMOµ;eiicTBIIlt HeiiTpOHHO-m36hITO'IHbIX mlOTOilOB Li c lt,O:pa:r-.m-Muwe

~~ Ha,ocHOBe, aqxpeKTRBHbIX IJYKHOH-HYKJIOHHbIX CIDJ II .S:BHoro yqeTa. 

~eKTOB oµ;HoeyxooHHoro · o6MeHa, B' q,opMa.'lHnMe MaTpH~ nnoTHO.: 

CT_II. Ilpn 0ToM n:cn:om,nyeTcH eµ;mn,r11 noµ;xoµ; µ;IDI pac'leTa :acex nrroT

HOCTeii CTa.JIKIIBaJOll.l;lIXCH ,Hµ;ep, 7' MeToµ; <pyHK~OHaJia nnoTHOCTII [9). 
IlpoBO;tJ;HTCH aH~ caoiicTB nocTpoeHHbix noTeH~n:a.'loB B 1moBeKTOp

HOM II IIDOCK~HOM KaHan:ax, lICCJieµ;yeTCH RX 0HepreTll'leCKruI 3a.Bll

~~OC~b ll p~~ HeiiTpoRHoii/'wy6hI" µ;rui: s:;o;pa-Mn:weHn: 48Ca. 
. \ {) ' ( : .~ 'i,.' J'.' ~'. 

2 .. <l>opMyJIHpOBICa MOp;eJIH 

'i~ .. Cx~r.t:a pacqeTa IIOTeH~HaJIOB. Pa.ccMOTpIIM :soam.m

· ,u;eiicTBHe 'µ;ay:,/ ~0
1

CTaBHbIX. 'lacTJID;. B nepBOM ·nop.s:µ;xe no a<p<peKTJI

nHbi?-.{ '. Hy:roio~-IJYKlIOHHhIM cn:n:a.>..1 IIOTe~n:aJI BnaJIMO,D;eii:cTBIUI MO)KeT 
6~;:virt>~µ;cTasJieH ~ ~n:µ;e cy~;i1hl:,. , . 

j, / ',, ~ . ' ' • 

' U(R) = UE(R) + UD(R), (1) 

~;; ·uD(R)' ~ :"zj>KMoii:" .~OTC~~ MO~e;I· µ;aommii CBepTKlI [10): 

~;.. UP(R) ~J j~<.1>(r1)Vv(s)/2>(r2)dr1,dr2. (2) 

. ::li:i;~~b VD(s) -, 1:lJ>~JU( KOMIIOHCHTa a<pq,eKTIIBHOro BnaHMO;tJ;CIICTBIIH, 

a s.~17;2 ~ r1+ R, p(~)( f;) - nrroTHOCTII CTaJIKIIBalOIUlIXClt nµ;ep (i=l,2). 
OcHOBHoii BKnaµ; B "06MeHHbI1'i'', noTeH~Han:; UE(R) µ;aroT aq>q>eKThI' 

oµ;HoeyKll<>HHoro o6MeHa, KOTophle MoryT 6bITb oxmcaHbI B q,opMa

minMe _ :r-.mTp~~ IIJIOTHOCTII [11]: '·'· 

UE(R),= J /i1>(r1, r1 + s)VE(s)/2>(r2, r2 - s),exp(ik(fl);/11)dridr2. 

(3) 
8TO .eCTb JIOKaJIHnOBaHHM q>opMa o6MeHHOro 'lJieHa. 3µ;ecl:> lTE(s) -
o6MeHHruI KOMIIOHeHTa 0<J><peKTIIBHOro B3aII?-.lO;tJ;en:cTBirn; pCil(r, P) -
MaTpil~bI IlllOTHOCTII,CTaJIKIIBaIOll.l;llXCH .a:µ;ep ( i ='1, 2):_ 

p(i~( ?, PJ ~ L ~k(i)'Pi( 1?), 
, . k , 

(4) 

.I 
I 

'1 

li 

' l I 

k(R)--- ;:roK&'IbHhin m.mynhc, onpc;i;errneMhiii cooTHowem1e11 

A·\R) = (2m,,!1i2)(E ~. U(R) - l~(.R)), 

r;::i;e 
~ 42 ,,, .. · '., ,'j,1, 

1/ = A 1 + .·h. 

(5) 

(6) .! 

l;~(.R) -- Ky:roHoBcK:riii:
1 

noTeHUua:1. Pac"!eT :..rnTp~bt nrroTHOCTIL no 

O)l;HO'laCTii'Ili<>Ii q>op:r-.1y;ie { 4f ;J;OBO;JbHO rpo::-1~3,ioK, noaT~MY ofibI'IHO 

uc~om,.'3yeT~H JJ;,rn p( r, ? ) 110µ;~1¢1i~1rpoaa11Hoe cneiiTepoacKoe npu6:m

)Ke~·ue: anp,o6npoaruume np11 oniicaiixm ~~11i1~µ;e:iicTBllil ~\'X;JoHoa,' 
0-'laCTII~ 11 TH:a-:~~bIX iioHOB C n;:i;pa?-111 [i2): ... ' ·.' ' • ' . 

( ' ' ' " 

p(r;r + .5) = p(r+E)J1(A·c,4,(r + £)~). 
•· ' 2 · · 2 

, (7h 

3;::i;;~b ] 1(J·) _.-:-- ofa1eHHhIII. rmppeJinTop. Ilpu s -+ 0, T.e. B npn6..nuKemm 

B\JaIIMoµ;eiic,TBirn eyrreooro paµ;uyca µ;eiicTBUH, ] 1 ( .r) :--t 1. 8q>q>eKTII

BHhIII m.my~bc kr,q, yq11Ti:.xaaeT rpaHit'lHbie
1 

0<p<J>eKThI7 11 B 6ecKoHe'1HOU. 

11µ;epH011 :r-.mTep1m OH coanaµ;aeT c rroxarrhHhIM 11MnyrrbcoM <l>epMn. BbI-
pa:.m:'em1e·gIDI Ji(r) II ka<l> 1IO)KH0 mii'ITII B [12). ,'' : . ' ' 

IJpII IlOCTpoeHlUI ofo.If'HIIOro 'l!IeHa B m>;t'Hgll8..'If' 6rnei1 OCH<?

BbiBaTbCH Ha BhIJ>a,KeHIIll ( 3 ).' l! T06hl B ilBHO?.I BU~~- t~~m~Tb 1mocm1- l 

, ' ' " ' ., , ' . ,, ' ' . J . . '· +. ; • ~ : ' ' 7 

HOBYIO 3aBIICUMOCTb noTeH~Ua.rra. BBe)l;eM B paccMOTpeHIIe IIDOCKa."lllp-

Hbie pg>(r, P) u unoneKTopHbie ;,iil(r, P) ·KoMJioHeii±~ ~1~~p11ti nJI~>T~O-: 
,. ' ~ ) 'II,.' - -.I\ , • J ~ 

CTlt: . 
pg>(r, P) = P~il(r, ;:;) + Pti>(r, ?); (s) 

P~il(r, P) = p~>(r, ?) - P~il(r, ?),' (9) 

r;::i;e Ptil(r, P) n p~l(r, P} -- npoTOHHhIC nHeii;poHHhle xoMnoHeHThI Ma

Tpxm nnoTHOCTll CTaJIKIIBaIOw;nxc.s: xµ;ep COOTBt'TCTBCHHO. Iloµ;CTa.BJiiliI 

(5)--(9) B (3), panrraran ace q>yHK~Im B pn;::i; i::ro MYJib_TxmoJim~n ocyll\e

CTBrrast q>ypbe-npeo6pa30BRHIIt', 6yµ;°eiI IIl,leTb ~nil cq>epll'It'CKU-CIIMMt'T

pll'IHOli ~iacTJI 061-.wHHoro noTe~na.'Ia · 

UE(R) = 471" LX) L Gr(R,s)l:rE(s)jo(l.·(R).-./77)s2d.-., 
O r=0,1 . 

(10) 

( 11) G (.R )' 1 i'x, r< 1l ){121 )' R) 2d r ,,.; =0 ,r (t .... ,T (f,SJo(f .t t, 
~7r 0 

··a"·;" .. ::,-, i2--· ., . I 3 
, .. \~·r ·- ....... - . t 

;.·;_; I 



J!i1(t.s) = 41r fo'X, p~i1(r)](k!;/,.(r).s)j0 (tr)r2dr, (12) 

B <f>opMyae (10) cy::..u,mpoaamte no T ~Ha'laeT cy::..u,mpoaaHue no m10-
cKamq>Ho::..1y ( T = 0) n 1moaexTopHOM~' ( T = 1) xamt.~ru.1. it II l't 
·- COOTBeTCTBeHHO 1roocxan11pmur II 1rooBeKTOpHa!1 o6MeHHble KOMilO

HeHTbl ::xpcpeKTllBHoro Btmn::..m;:,;eiicTBIUI, io( ;r) ·-- ccpepII'1CCKall <PYHKI.Ulll 
Becce;rn. 

<l>opMyllhl ( 10 )--( 12) IIBJUIIOTCII IICXO;J;HbIMII ,ll;IDI pac•1eTa BK:rnµ;oa 
' ' • < ... ~ • \ ' ' ' '< t I \ 

acpcpeKTOB <>:J;HOHJK:IOHHOI'O o6M~Ha a noTeHQll~"J Kai.: n:u~~'~Ka;raP!IOM, 
Tai(u B. lI30BeKTOpHOM Ka.Han:ax:· Jfo q><>pMJllhl ( 10) CJieµ;yeT, '1TO ;:J;IDI 

nohpoefu111 uE ( R) ·Heo6xo;:,;1i~i:o ncncirr~oaa;~ HTepalliioirily~· IIporie
,D;ypy, ·noCK0:11,KY UCKOMai'•riemI'liIHcl UE(R) _ Bxod~1i' ±ax~~ ~ npaBy~ 
'1aCTb qepro k(R) (CM. cpopMyrrhl' (5) 11 (1)): PaHee )];JUI noci'poem111 

HyKllOHHhIX II a:-qaCTll'IHLIX noTeHlllI8JIOB 6blrra pa.'3BlITa 6e.JbITepaQII-

0HHa!I npolle;:,;ypa [13;8]. Oµ;mum, KaK noKanM cooTBeTCTBj'10ll\IIH aHa
mm. a c.:iyqae 6orree T.IDKellhtX '1aCTlIJl-CHaps:;::,;oa, Ma."JbIX R u HlI:JKIIX 
GHeprIIii 6orree T0'1HOH aamreTcH 11Tepall1IoHHa11 npolle;i;ypa, KOTopas: 
II ucnOITbtlOBaJiaCb BO acex CllY'laHX µ;mi· nocTpOeHIIH noTCHlllIMOB B 
µ;aHHoii pa6oTe. · · 

2~2.· 0ifupeKTH~~ble ~yKJI~H-HYICJIOHHble CHJibl. P~:aee 6blrr~ 

noxanaHo (cM., HarrpnMep, [14]), ."IT~ penyllbTIIPYIOII\~~ n~;efil(IIaITbI 

60:.ree '1YBCTBHTellbH~ K cnoco6y J'1eTa ~q>eKTOB oµ;Hoey~iomioro 06-
1 • • '\ J l l , , "'• 

::..1eFia, qeM x BII;J;Y ~eKTIIBHoro BnatIMoµ;en:cTBIIH. B Ka'leCT_ae aqxpex~ 

T11a'~oro ~'JaIIMo;::,;enq:~mr 6~eM paccMaTp11aaTb norrHoe M3Y-ooaIIMO
;i;eiic~a11e '[t5], OCH~B~~e Ha G -MaTplI'IHbIX aJieMeHTaX oo'a11Moµ;en:

CTBIIll PII,D;a II 8JIJI110Ta . .[(rur 1roocKMllpHbIX xm.moHeHT oToro BnaJIM~ 

;i;eiiCTBIIlI IIl.{eeM 

· Yov ( s) .=f' ,7~99 exp: ~4~) - 2134 exp( -2.5s) 
· 8 · 2.5s ' 

(13) 

E ( Yo ( s) = 463 l'exp -4s) 
' 4s 

1787
exp(-:--2.5-'!) .. 

7
_
847

exp(-:0.7072s) _ (l
4

) 

2.5s . 0. 7072.s 

B xaqecTBe 1moBeKTOpHbIX KOMIIOHeHT TaK:.KC lICIIOJib.'3yeM ll::JOBCKTOp
HYIO '1aCTb M3Y-B.'JaIIMOµ;eucTBIIH: 

" vt ( s) = -4886 exp( - 4s) + 1176 exp( - 2-5s), ( 15) 
4s 2.5s 

4 

lt(.-i) = _
1518

exp(-4s) +
828

.4exp(-2.5s) + 2_616exp(-0.7072s)_ 
4s 2.5s , 0. 7072s 

(16) 

2.3. Y'leT 04>4>eKTOB OAHOHYKJIOHHoro ooMeHa. Ilp11 norr

HOM u IIBHOM rreTe ofo1eHHhIX H)'KITOH-eyKlIOHHhIX xoppe.Imllllii B cpop-
1.rnJinnMe l-.la-Tpilllbl nrroTHOCTII crreµ;yeT IICIIOITbtlOBaTb ace '1eTbipe KOM

IIOHCHThl 1'13Y-a::muMoµ;eiicTB~ (13)-(16). Op;HaKO B noµ;a:srunoll\eM 
6orrbIIIIIHCTBe pa6oT, OTII KOppeITl!lllIII yquTbIBaIOTClI Hel!BHbIM o6pa-
30M B npn6amKe:mnr _nceB;::,;onoTem~mma Hyrreaoro pap;IIyca p;en:cTBH.11; , 

B penyrrbTaTe µ;rra: unocKa.TitpHon KOMnoHeHTbl 11MeeM [10} 

i1(s) = 7999 exp(-4s) -2134exp(-2-5) -276(1 ~ O.OOSE)o(s). (17) 
4s . 2.5s , • A 

8To BtlaIIMOp;ei'tcTBlle IIMeeT CJia6y10 mtBIICIJMOCTb OT OHeprllll. .[(rra 
1moBeKTOpHOH '1aCTII lICIIOJihtlyeM BtlaIIMoµ;eiicTBIIe' 1m pa6oTbl [16], 

npnMemrn¥Jeec.11 µ;rra · aHaJII1;tla nap11µ;oao-06MeHHhIX peaKllJIH: 

vP(s) = -4886exp(_.:_4s) + 1176exp(-
2

-
5

:SY~310o(s). (18) 
1 ~ ~~ 

8To aoauMop;eucTBlle TaKJKe o6naµ;aeT crra6oi'1 :mepreTII'1ecxon: naaII
cnMocTbIO; Ho nocKOITbKY caMa IItlOBeKTOpHruI ']aCTb onTII'leCKOro no

TeHllIIMa f[BJifleTClI ITIIlllb He6oITblllOll '1aCTblO norrHoro IIOTeHlllIMa, TO 

yqeT OHepreTU'leCKOll tJaBIICIIMOCTII VP ( S) npIIBOp;lIT K Cll\C 6orree CJia-
60R nrumcuMOCTII OT 0Hepr1m norrHoro rroTeHllllarra. IlooToMy Mht ee B 

p;aHHOII pa6oTe paccMaTpIIBaTb He 6yµ;eM. 
Pa.Hee [4,5] 6blrro noxanaHo, "ITO np11 HIIDKIIX 0Hepr:rui:;x: cyll\e:: 

CTBeHHO Y'IllTbIBaTb Gq>q>eKTbI O)];HOHYKJIOHHOroo6MeHa B lIBHOM BIIµ;e. 

B '1aCTHOCTII, TOITbKO B_ 0TOM CJiyqae yµ;aeTClI omrcaTb ~eKThI np;ep

HOU pa;a;yrn a ynpyroM u HeynpyroM pacceamm a:-'1aCTIIIl Ha .11µ;pax; 
IlooToMy B HaCTOl!ll\ei'r pa6oTe, roammp;encTBII.SI (17) it (18) 6yµ;eM IIC

rroJib.'JOBaTb B MeTO;[µI'leCKIIX Jlerrax µ;m1 BhUICHeHII.11 pmm ~eKTOB 
op;HOHYKITOHHOro ofo.,JeHa. B cpopMIIpOBaHIIII IIOTeHllliaJIOB' rrerxmc HenT.: 

poHHO-II36hIT0'1HbIX a;a;ep. On.1eTIL.'4, "ITO npn na.MeHe V(s) Ha o(s) B 
<f>opMJrrax (10) lI (12) }(x) II jo(z) CTpeMlITC.11 K l II BblpaJKeHIIe p;JilI 
UE(R) nepexoµ;nT B cTaHp;apTHoe Bbipa:lKe:m1e µ;rra UD(R) [10]. 

2.4~ IloTeuu;uarr uoocrruu-HoocnHHoBoro BOaIIMOAencT
BH.11. Bbip;e;.nM 1m IIOITHOro noTef!I:~naJia roaIIMoµ;encTBlI.11 ero IIDOBCK-

5 



TOpHyro 'IRCTb. Bep.11 nnoBeKTopHyro KoMnoHeHTY Uf(R) n cooTBeT

CTByro~ee CJiaraei.me c r = 1 nn q>opMJJibI (10), nony,cmM 
' ' 

U1(R) =I J pp>(ri)vt(s)pF>(r2)dr1dri+ 

+471" fo
00 

G1(R,s)Vt(s)j~(k(R)s/TJ)s2_ds, (19) 

r;a;e G1 ( R, s) ;a;aeTc.11 q>opMynoii ( 11) npu r ·= 1, B <1>01>Myne ( 19) nepaoe 1 

cnaraeMoe MO)KHO paccMaTJUIBaTb KaK 0606W:em1e mi cny'Iaii pa:3m1q

HblX pacnpe;a;eneHnH HenTpOHOB u npoTOHOB B .11):\pe ImnecTHOII q>op
MYJibI Mo;a;e~ CBCpTKII [17J: 

U1(R) :== ~: • ~: j j / 1>(rt)1't(s)/2\r2)dr1df:i, (20) 

r;a;e Tzi - nHa"IeHne TpeTbeii npoeKn;nn: ae.KTopa n:n0Ton:11"Iecxoro cmrna 

j'..~o .11;a;pa. ;[(11.11 npoTOHOB IImI HeiiTpOHOB, BnaxiMo;a;eiicTB};IO~IIX C .!Ip;~ 

poM, q>opMyJia (20) p;aeT 1mo6ap-cmrn0Bhlll noT.eHn;1mi1 Mop;enn JlenHa 

[18}. BTopoe CJiaraeMoe B (19) npep;CTRBlllieT co6oi1 BKllap; aq>q>eK

TOB op;HOHJKJIOHHoro o6MeHa. PaHee 11no6ap-cmIH0BbIII IIOTeHIJ;IlaJI B 

q>opMammMe MaTpllD;bl IlJIOTHOCTII paccMaTp1manc.11 TOllbKO µ;11.11 HJKllO

HOB [19,20]. B HacTosr~eii pa6oTe Mbl BnepBbie cTponM µ;nsr cocTaaHbIX 

"!aCTJIIJ; _IIOJIHblll U30ClllIH-IIDOCilUHOBbUI IlOTeHIJ;nan C y"IeTOM o6MeH

HbIX HJKJIOH-HJKllOHHhIX'xoppensrn;mi: B .!IBHOM BIIµ;e. PaHee ;}TU Koppe

Jl.!ln;Im J"IUTbIBaJllICb B IIp1I6l1II)KeH1m nceBp;OIIOTeHn;nana ( CM. q>opMyrry 

(18)). Ilocxom,Ky Tzi = Ni - Z;, 1mocmrn-1mocm1HoBOe anammµ;eii

cTBue ;a;aeT BKJIRA · B OilTII'JeCKIIH IlOTeHD;IIM, rrporropn;UoHaJibHblll Hell

TpOHHOMy 1m6hITKJ . .I(n:sr nerxn:x HeiiTpoHHo-un6hITo'IHhIX H;a;ep aToT 

BKJia;a; . MO)KeT cy~eCTBCHHO B1IUJITb Ha CC'ICHIISI pacceJIHil.!1. He;a;uaro

HaJibHa.!1 no naps:;a;y "IaCTb 1mocm1H-ll\30ClllIHOBOro B:JaJIMo;a;eiicTBllH OT~ 

neTCTBeHHa na naps:;a;oao-o6MeHHble nepexo;a;hI. B aTon cn.11nu npe~~ 

CTaBJijJ:eT MHTepec axcnepm.IeHTMbHoe nccne;a;oBaH11e napsrµ;ono-o6MeH

HbL'{ IIpon;eccoB C JierKIIMll HeHTpOHHO-IID6bFI'O'IHbIMII Hp;paMII II cpa

BHeHne COOTBeTCTBJIO~IIX yrJIOBbIX ,pacrrpe;a;eJieHlIH ~ proym,TaTa.MU 

Teopm1. IIoxa Taxue axcnepIL'\ieHTaJibHhie p;aHHble oTcyTCTBYJOT. 

2.5. Hen-rpOHHble H npoTOHHhle llJIOTHO,CTH. Pacrrpe;a;e

JICHII.e, HJKllOHHhIX lll'IOTHOCTCH ;rl;ll.11 .BCf'..X paccMaTpIIBllCl\lbIX B HRCTO

H~eii pa6oTe .11;o;ep, OT 1rooTorroB mITIIH µ;o 208Pb, Bhl"IIICJI.IIIOTCJI Ha 
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OC'HOBC' MeTo;:i:11 <l>YHKil:XIOHru"Ia IIJIOTHOC'Tll [9] C e;:i:1mbIM Ha6opoM rrapa

MeTpoB. OTBf"IaIOmlll\l C:iKIIMaeMOC'TII H;:tepHoii MaTepuu K=200 !\foB. 
Ami.'IUTIPieCKUe Bhipa)KCHII.II ;:i;'nz q>ymnu10Ha.1a i.mryT 6bITb Haii;:i:eHbI. 

Hanp111-1ep, B pa6oTe [21], a cooTBeTcTByromrui: napru.teTpnnaµna --·~ B 

[22] ( 6aaoBblii Ha6op rrapaM~TpoB ( 8) na ;}TOH pa6oTbI ). ,Il;:rn ynp'ome

Hnn II ynmpuxan;nu pac•IeTOB aq><peK.TIIBHOe B,'JallMO;J:eiicTBIIe B KaHa:re 

<JacT11ua-'!aCT1In;a, np1mo;:i:m1~ee K rrapHhIM KoppPllHUilll!\I cBepxTeKyqero 

Tima B HeMarn•1ecxux Hµ;pax, 6paJioch B Bnµ;e b-cmx c oµ;noii curroBon 

KOHCTaHToii -120 1faB·q>:.13 
;:i;;ui: neii:ipoHOB 11 npoTOHOB 11 BKmo"Ia:rocb 

B pac•reT Ca.\,IOCor:racoBaHHO Ha 6anuce BCCX C'BH:JaHHblX O,lHO<JaCTII'I-

HblX ypOBHeii:. ,1. 

Pacc"InTaHHbif' To<Je<JHble HYKllOHHble mt<>THOCTU ~mr 1moTonoB 

JlllTM IlOKa:JaHbI Ha puc .1. Tau :iKC rrpeµ;cTaBJif'Hbt U30BeKTOpHbie fl;JOT-

HOCTII P1(r) = /Jn(1·) - Pv(r). . 

Ta6m1ua 1. Cpep;neKBaµ;paTll'IHble pa;:t1,IYCbI pacrrpe;:te:ieHIIsr 

, HCllTpOHOB, npoTOHOB H BemecTBa B 1m0Torrax Li,. 
· br =< .;.2 >1;2 _ < r2 >1/2 · 

np n p 

.11µ;po < r2 >1/2 .<PM 
n ' 

< r; >1/2.q>M < r~, >1/2,q>M: lir,,p,q>M 
' 

6 Li ... ·-·. 2.346 ·. 2.370, 2.358 -0.024 
'Li 2.509 2.243 ., . 2.399 0.266 
lSLi 2.599 . 2.187 2.452 0.412 
~Li 2.677 2.160 2.517 0.517 

11 Li 3.255 2.235 3.011 1.020 

. : ! - . . . ' . . 

B Ta6nnue 1 rrp1rnep;eHb1 cpeµ;HeKBaµ;paTII'IHbff' paµ;nyc@ pacnpe-

µ;enemrn IlpOTOHOB, HellTpOHOB II Be~eCTBa B 0TIIX srp;pax. !\.fo~HO OT

MeTIITh proxoe yaemI"IeHHe pannu"Ilrii: B pacnpeµ;erremm HeiiTpoHoB ~ 

npoToHoB npu nepexoµ;e oT 6Li,7Li K 11Li. ·8To BOOpacTaHIIe < r~ > 1/ 2 

cymecTBeHHo oTmMaeTc.11 ?T naxoHa A 113
• IlpeBhillleHue < r~ >112 

na;a; < r 2 > 1/2 µ;JIH 11 Li cocTaBJIHeT 1.02 4>11. Tax1n.1 06panm.1. rrpo-
P . 

Be;a;cHIIbie pac•1eThI .B . paMKax MCTop;a q>yHKUIIOH&"Ia llllOTHOCTII noµ;-

TBep1Kp;aroT ycT~HOBllCHHhIU paHee· BKCilepUMCHTMbHbIMII [23] ~I TCO

peTII<Je~KllMII ( CM., HaIIplIMep, [24]·-[27]) llCClleµ;oBaHUHMII (paKT Ha:m

'IIIJI y .11µ;pa 11Li iieiiTpoHHoro ra..'Io. B pafi~Te (24] Ha. ocHOB<' 1\leTol{a 
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l 

JI 

XapTpn-<l>oxa Han:µ;eHo, qTo paµ;nychl pacnpeµ;eJieHlIJI :1ap.s:µ;a II aew;e
CTBa B 11 Li COOTBCTCTBeHHO pamrn: 2.249 $M II 2.846 $M. B paMimX 
Tpex~mcTUqHblx pacqeTOB B pa6oTe [25) nonyqeHo B pamnrmLTX aap:u
ruITax < r;, >112= (2.81-;- 3.03) <l>M, Ha ocHoae o60JioqeqHon Moµ;emr 
a [26} --- < r;, >112= 3.26 $M. B MeToµ;e rnnepc4>epl1'1ecK1oc <l>YHK:Qlm 
[27} ;IJ;JI.S: paamrnrn B paµ;11ycax pacnpeµ;eJieHH.s: aew;ecTBa B 11 Li n B ero 
OCTOBe nm:ryqeHa BemNHHa 1.05 <l>M: . ,· 

3. °l{a:CJieHHhle peoyJibTaThl H 11x ailanuo 
· PaaanTblll B paaµ;e::re 2 4>opMaJIIIaM ncnom.:JyeM ;a;rur nocTpoe

mrn MUKpocxonnqecKllX IlOTeH~aJIOB B:JallMO;IJ;eiicTBIDI ll:JOTOllOB Li C 
pa."3JillqHbIMII .s:µ;paMII-MlllllCilllMII ll aHamma CBORCTB 0THX IIOTe~a
JIOB. Hap.s:µ;y c HecTa61m&HhIMll HeiiTpmm~:im6hITO~MII Il:JOTOilaMH 
8Li, 9Li 11 11Li B Ka'leCTBe ~a~T~-cHap.s:µ;oB paccMaTpIIBaIOT~a TaJGKe 
II CTa6lm&Hble 11:lOTOilbI 6Li II 7Li C ~eM, 'lT06bI npocJie;tJ;IITb ID3~eae

HII.S: cnoiicTB noTeHD;HaJIOB .np11 nepexoµ;e ,oT cTa6nm,HbIX a;a;ep K pa
µ;uoaKTIIBHbIM. B Ka'leCTBe o~Hoii iro MIIIIIeHeii 6yge·M paccMaTpllBaTb 

. l , , 

.s:;a;po 28Si, µ;n.s: KoToporo npn pann11'lHbIX 0Hepr:u.s:x iroMepem yrno-
Bble pacnpeµ;eneHIIH paccellH~bIX IIM

0 

II:JOTOll~B 6 Li, 7Li II 11Li [3,28]. 
H;a;po-MllWeHb 48Ca BbI6paHo C n;em,10 11ccneµ;0Ba.HIDI pOJIII neiiTpoHlloii ' . . ' . ' ~, ., ~ .. ~ '" :•· •,.,' . _, 

' wy6bl" B q>opMIIpOBamm IIOTCHD;llaJIOB B:Ja:mmµ;en:CTB:U.S: II ocof>emm. 
11:JOClllIH-llOOCIUIHOBOrO B:laHMO~CRCT~II.s:. KpoMe T<>ro, pacciiaTp:rma
IOTCJI .s:µ;pa-M11weHu 58Ni, 96Mo, 116Sn, 208Pb, npeµ;cTaBJUllOUUie pfu:mn'l-. . ' ' .. ~ '. 

Hble 06nacT11 nepnoµ;wiecxo:ii Ta6mr~, c n;em,:ro aHamroa oasnc11MocT11 
CBORCTB llOTe~aJIOB '~-f · Macc?'aoro 'llICJia II HeiiTpOHHOrO ll06bITKa. 

Proyn&TaTbl pac'leToB rroTeHI~ano:s B :mepreT~eCKOM HHTep
BaJie OT 30,i:i;o 120. M0B/Hyi~OH·~ll.S: JKa:38.HHblX cn:cTeM.rrpei:i;cTaBJieHbI 
Ha puc.2-4 11 B Ta6mm;ax·t:-:9dlepe:iiµ;eM K anamroy mc·cnoicTB-

t ,. ·· • , c•, t ~ ~1 . \ ....,. •~ 

' u ' 3.1. OoMeHHble a(u)e:KTbl. :Byµ;eM B µ;am,nemneM µ;rur KpaT-
KOCTII IlOTeH~aJibl (13)-(16), pacC'lllTrulllliie Haocu6aeuomior~ M3Y
B3aIIMO)l;eIICTBII.s: C HBHbIM J'ICTOM a<l><l>eKTOB oµ;aony1moHHoro o6MeHa, 
HanbIBaTh M3Y-noTeHD;HaJiaMII, a noTeHD;IIam.t, :s KOTOpbIX o6MeHHble 
a<pq>eKThI Y'lllTbIBaIOTCH B np116llmKeHIIII IICeBp;OilOTCHD;IIaJia eyneBOro 
paµ;11yca µ;eiicTBIIH (17) u (18) --M3YITII-noTem:µ1anaMI1. Ha pnc. 2 
npeµ;cTaBneHbI OTHomeHllil U(M3Y)/U(M3YIIII) µ;JUI ~acTnn;-cnap.s:µ;oB 
8Li, 9Li n 11Li II aµ;pa-MIDIIeHII 48Ca. MoJKHO Bllp;eT&, 'ITO BO ncex 
cJiy'laax M3Y-noTeHD;IIaJibl HBJIJIIOTCJI 6onee MeJIKIIMII no cpannenmo c 

g·. 
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ivI3YIIII-rroTcHQIIa.'Ia:Mn. Paµ;uan:bHrur naBIICIIMOCTh rroTe~xan:oa c1m1>

Ho pamm':laeTCH B rroaepxHoCTHoii o6rracTII ( OT •2 µ;o 8 q>M), 11 BTa na

BIICIIMOCTb rrpm,tepHo O;::J;IIHaKOBa ;r:t;JIH o6onx TlmOB IIOTeHQIIaJIOB IIplI 

::.rn.'IbIX u 6orrbIIIUX R. IIocKOJibKY ce':leHIIH yrrpyroro 11 Heyrrpyroro 

paccenmrn 'IYBCTBIITCJibHbI IIMeHHO K IIOB~eHIIIO IIOTCHQRaJI<;>B. B IIO

aepXHOCTHOII o6rracTu, ro OTCIOAa CJie~yer, 'ITO, HIIKaKon: rrepeHopirnpo

BKOII ananMoµ;ei'1cTBIDI (aaeµ;emxeM ;e ·naBI1~si~ero OT R HopMIIpoB0':1-

Horo MHO)KlITCJIH N) HeJib:JH KOMIIeHCIIpOBaTb HeY':leT Bq>q>eKTOB oµ;Ho

H)'K;IOHHOrO o6MeHa. lfo puc.2 TaK)Ke crreµ;yeT, 'ITO panmr'Ilffi a M3Y-: n: 
M3YIIII-rroTeHQIIaJiax aonpacTaroT rrpn rrepexoµ;e OT 8Li K 11Li. Taxin.1 
o6panoM, poJib 0q>q>eKTOB oµ;HoHyKJIOHHoro 66MeHa B q>opMIIpOBaHim 

IIOTe~Qmui:OB BonpacTaeT c poc~OM H~HTpoHHoro IID6bITKa. 

Ta6mrna 2. llHTerpa.'IbHbIC xapaKTepIICTIIKII IIOTe~IaJIOB 6Li 

l\' 

nµ;po- E! -Jo J1 < 2 >1/2 < 2 >1/2 . r ov . r V 

MIIIIIeHb M0B/HYKJIOH l\foB~ M;:)B~q>M3 q>M q>M 
103' ,.,,, 

.. 

2ssi 30 61.39 -0.0384 4,43 4.43 
2ssi 60, 50.23 .· -:0.0256. 4.44 4.44 
2ssi 90 41.97 -0.0184 4.48 4.48 
2ssi 120 35.76 -0.0137 4.53 4.53 

,usca 60(rn = rp) 80.87 -2.174· 4.83,. 4.83 
48Ca 120(rn = rp) 58.70 -1.144 4.87 4.87 
4sca 60(rn f= rp), 86.55 -2.084 4.84 · 4.84 
4sca 120(rn f= rp) 62.95 -1.082 4.90 4.90 

B Ta6rrnnax 2-7 rrpeµ;cTaBJieHbI lIHTerparrbHble xapaKTepIICTIIKII 

nocTp<>eHHhIX. rroTeHQIIaJIOB. 3µ;ecb J0 · II J1 - o6'beMHbie llHTerpaJibI 

1mocxam1pHOro II II:JOBCKTOpHoro IIOTeHQIIaJIOB. COOTBeTcTlteHHOj µ;an:ee 
. 2 1/2 '. . u · < r >ov - cpeµ;HeKBaµ;paTII'IHbie paµ;uycbI IIDOCKaJIHpHOII ':laCTII IIO-

TeHntiaJIOB, a < r 2 >V2 
- cpeµ;HeKBaµ;paTII':IHble paµ;uyc:bI cyMMapHbIX 

rroTeHQIIaJIOB ( c Y':ICTOM 1moaeKTop:s:oro· •meHa ). lfo µ;aHHhIX Ta6min 

4-6 crreµ;yeT, 'ITO J7 ( r = 0, 1) 6oJibnre B crry':lae M3YIIII-rroTeHQIIaJioB, · 
1n 1n · .· 

a < r 2. >ov II < r 2 >v , uao6opoT, 6oJibnre µ;mi M3Y-rroTeHQnan:oa. 

PamIII'IIIH B o6'beMIIbL'( IIHTerparrax aonpacTaIOT rrpn rrepexoµ;e OT 8Li 

K 11 Li 11 µ;rr11 aµ;pa-M11nrem1 28Si OHII 6oJib~e, 'ICM µ;rra 11µ;pa-MI1nrem1 
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48Ca. TaxllM o6panoM, ~eKTbI o;o;nonyKaoHHoro ofotena 6orree cy
~ecTBeHHhl µ;mr rrerKHX.Hµ;ep-Ml!weneII n 'IaCTI~-cHapnµ;oB c 001IhWIIM 
neiiTpOHHblM 1m6bITKOM. Hn. Ta6JIIII(bl 7 TaK)Ke crreµ;yeT, 'ITO panan'-IIUI 
< r 2 >ov II< r 2 >v npaKTlI'JeCKH He :JaBIICHT OT H;i:tpa-~mweHII . 

Ta6m~a 3. HHTe~p~~re xap~KTepncTIIKII noTeH:QIIanoB 
7
Li 

... 
aµ;po- E . -Jo . .l1 < 2 >1/2 < 2 > 1/2 r ov r V 

MIIWeID> MaB /HYKrroH M0B•!l!M3 
:WfoB·it>~r3 $M ipu 

103 

2ssi 30 71.37 3.757 4.51 . 4.51 

2ssi 60 58.06" 2.787 4.52 4.52 

2ssi 90 48.30 2.098 4.55 4.55 

,2ssi 120 41.01 1.621 4.61 4.61 

48Ca 60(rn = rp) 93.92 1399 _4.89 4.89 

_4sca, 12O(rn = rp) 67.82 800.0 4.94 4.94 

4sca 6O(rn =/= rp) .100.53 .1495 4.91, 4.90 

4sca 12O{rn =/= rp) 72.72 852.3 4.97 4.96 

~ \,: 

Ta6mrn;a 4. HiITerpa1Ihllliie' xapaKTep~~TllKII IlOTe~HaJIOB 
8
Li . . , 

a)];po- 'E -Jo Ji < 2 >1/2 < r2 >V2 r ov, 

MUWeHh MaB/H~KJIOH 
M0B·!!!y3 M0~·4>M3 $M $M 103 

2ssi 30 .79.58 7.001 4.50 4.50· 

'28Si 60 64.79 5.191 4.51 4.51 

2ssi 90 . 53.95 .3.902 4.55 ·4.55 

2ssi 120 ·. 45.87 3.006 .. 4.60 4.60 
28Si 1111 90.00 6.676. 4.11 , 4.11 

-1sca 6O(rn = rp) · 105.24 27.69-10:.: 4.88 4.88 

4sca 120(rn = rp) 76.30 15.74-102 4.93 4.92 
48Ca 60(rn =/= rp) 112.65 29.61-102 4.90 4.89 

4sca 12O(rn "=/= rp) 81.81 16.78-102 4.96 4.94 

4sca 1111( rn = rp) 143.69 42.38-102 4.47 4.46 

4sca 1111(rn =/= rp) 154.34 45.47-102 4;50 4.48 

14 

Tao;nm;a 5. IIHTerpa::ihHhie xapaKTepucTnKn noTeHQ~taJioB 9Li 

sr;:qrn- E -Jo ./1 
· 2 1/2 <· ,. >o,· · 1/2 . < ,.2 >,· 

:'.\lllllieHh 1faB/HYK:IOH :\l:,B•~MJ 1foB·<J>:-.1~ $:\I . ; . <J>:-.1 )()3 .. . 
2ssi 30 88.49 10.33 4.54 4.54 
-issi 60 71.82 7.605 4·_55 4.55 
i1:1si 90 59.68 5.687 ·4_59 4.59, 
2ssi -·120 50.689 4.356 ,4.64 4.64 
2ssi J 1111 101.34 10.00 4.15 4.15 

-isca 6O(rn = rp) 117.18 40.96·102 4.92 •4;91 
-tsca 12O(r11 = rp) 84.82 23.13·102 4.97 14,96 
4sca , 60(r i= r ) .• " p 125.44 43.79-102 4.9~ 4.92 
4isca 12O(r n i= rp) 90.95 24.67·101 5.00 4.98 
,isca 1111( 1'n = l'p) 161.74 63.50·102 4.51 . 4.50 
,isca l1l1(r11 i= r1,) 173.73 68.12-102 4.54" 4.51 , 

Ta6::inQa 6: lIHTerpaJihHhIC xapaKTt'pUCTIIKII mne'Hll;llaJIOB 11 Li 

" 

HAPO- E, -Jo J1 < 1·2 >1/2 .. ov < ,.2 >V2 

Mlllli<'Hh 1faB / HYKJIOH M .. B.~M3 
MaB·<f>M3 <J>:-.1 ,<f>:-.1 toJ 

.. 
2ssi 30 109.04 18.88 '4.80 4.80 
2ssi 60 87.08 13.49 4.80 4.80 
2ssi 90 71.44 9.908 4.84 4.84 
2ssi 120 60.09 7.471 4.89 4.89 
:lisSi ,, 1111 124.29 19.34 4.42 4.42 
4sca 60(r11 = r1,) 143.42 66.75-102 . 5.15 5.13 
4sca . 12O(rn = rp) 102.02 37.11-102 5.19 5.17 
,isca GO( r,, i= rP) 153.59 71.21-102 5.17 5.14 
4sca 120( r,. i= rp) 109.41 . 39.48-102 5.22 5.19 
4sca 1111(r~ = rp) 198.04 "105.87·102 4.75 4.73 
4sca, l111(rn i= 1'p) 212.65 113.30-102 4.78 4.74 
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Ta6mu:~a 7. Cpe;a;HeKBa:i;paTI~IHbie pai:vrrchI noTeHqmu:roB 8Li,9Li,11 Li 
. , . , I , ;. ,, ~ ; , , • 

:M3Y M3Y M3YITIT M3YITIT 
CucTe,-rn E, MaB < 2 >1/2 r OV <" 2 >1/2 r V < 2 >1/2 r ov < 2 >1/2 r V 

, 4>11 . 4>u. <l>M _4>11 
8Li+"IS:S-i, 480 5.04 5.04 4.63 · 4.63 ,, 

960 5.09 5.09 
9Li+58Ni 540 5.08 5.08 4.66 4.66 

\,. ' ,, 
1080 · .5.13 5.12 

llLi+ssNi- 660 5.29· 5.29 - 4,.90 "4.89 
. " 1320 5;34 5_.33 

s1i+941-fo. 480 5.53 . 5.53 -5.12, · . 5.11 .. .. ,._ •' ;-
; 'I~ 960 5.55 5;55_ 

9Li+94Mo .·540 5.56 5.56 5.15 5.13 ,, 
1080 . 5.58 5.58 

I I 

n1i+94::Vfo . 660 5.75. 5.74 I 5,35 5.33 
''· .,, 1320 5.77 5.75 

sLi+n6Sn 480 5.78 5.78 5.37 5.35 
" 960 5.80 5.79 

9Li+ll6Sn 540 5.81 5.80 5.39 ., 5.38 
" 1080 5.82 5.81 

_11Li+llosn 660. 5.99 5.97 5.58 5.56 
" 1320 5.99 · 5.97 

ISLi+~uopb 480 6.58 6.57 6.16 6.14 

" 960 . 6.57 6;56 
llLi+~vopb 540 6.61 6.59 6.18 6.16 

" ,1080 6.59 6.58 
11Li+W8pb 660 6.73 6.71 6.32 6.29 

" 1320 6.71 6.69 

JlBHhiiI yTieT ~eKTOB o~oHyKJIOHHoro o6MeHa np11oo;a;nT K 
cum,Hoi1 ::mBucuMocTu noTeHQIIaJIOB <>T aHepruu qacTuq-ce:apHp;OB. KaK 
BII)l;HO_II::3 pnc.3--4,

1 

0HaTieHlllI M3Y-noT~HqIIaJIOB B 06onx.KaHaJiaX ~ pac
CMaTp~aaeMOM i.uana30He. 3~epr~ii ( OT 30 . AO 120 M3B/Hy- ·, 

K;JOH) yMeHhlllaIOTClI no a6coJIIOTHOII Bem1:.i1me IlOTITU B: 2;5 paoa, B 
TO Bpe;rn KaK 1mocKaJillpH@e M3YITil-noTeHQmulbI B :i,;oM :.Ke aHep
reTIITiecKoM IIHTepBaJie B cooTBCTCTBml c q>opMyJI011 (17) mn,i:eii'.JIIOTCH 
Bcero· Ha 27%. Eme CJia6~e IIDMCHlIIOTCH 'B 3aBI:IC1IMOCTI:I ~T aHeprirn 

1.6: 

1-13YITIT-noTeHqnaJihI B uoonexTopHoM KaHaJie.-Jfo puc.3 Bn;a;:iio, "<ITO 
:3aBIICID,IOCTh IlOTem:iua.'lOB OT aaeprIIII HBJIHCTCH HCJIIIHe:WIOH. OHa MO

:tKCT 6hITh npep;CTaBJICHa B BUp;e_ CJiep;yrom;eH.:3aBHCUMOCTII rn:y61IHbI IlO
TeH~l~OB OT :3Hepm11: U(E) = U(0)-:- aE + ,8E2 • .• Pa:iie~ Ta.Krul mi~ 
BIICIIM0CTh Il0TCHQIIa."IOB OT. aHeprim, BOOHIIKa:rom;rur BCJiep;CTBIIC. y-qeTa 
a4>4>eKTOB O;D;HOHYKiIOHIIOro 06MeHa, 6bIJia ll0JiyqeHa p;mI a-qacTIIq [29]. 
,IlJilI 6o;xee TH)KeJihLX H;IJ;Cp-:,MlIWeHell ~.;HO~lITeJibHble IIm.!eHeHUH < r 2 ·> 
rrpu aT0M CTaHOBHTCH MeHbUie, qeM ;a;mr nerxnx .. ' ' . . j ,, 

' l ;·,. t ; ,,..1!1:.._:, , , '!. ;·~-

' Ta6rruqa 8: OT~omemie -U1(R)/Uo(R);.• 

.. R,q>M 

CucTeMa,E(MaB) ,, 
Li+ 48Ca,480, r~ = rp 

8Li+ 48Ca;4so, rn'f. :rv 
. 8Li+ 48Ca,960, ~/~ ~~. 
8Li+48Ca,,969;·rn-/- ~P,,. 
9 Li+48Ca,540, rn = rv .. , -.· .. 
9Li+48Ca,540, r~ -/- r.v . ,_, . 

9Li+48Ca,10so~ r:;; 'rp 
9Li+48C~;l080, ~~·=f rv 
11Li+48Ca,660,rn ~ rp, 
11Li+48Ca,?60, rn 'f:.'i-v.: ·· 

11Li+48Ca,1320, rn = r~ 
11Li+48Ca,1320, r~-/- rp' 

4.6">· 
.i'. 

5;8 •7.0 ~-~ ,, 
•·~ ,. ~· j 

-o __ .,o:245 0.0257 10.of99 j ~°'0104 
0.0235 0.0272 0.0359 · ,, . .. ': ' ~ '.' · r I ) ~ ' '. ' • ,, j;). >.f 

0.0189 . 0.0210 . 0.0258 
o,·~},77 ,6.0212, .()\0292_ _ _ , ,,, 
o,032~. ,o.0~39 o,~3,87.1 0.0139.,. 
~-~316, _,0.0~60/ '0.()1.61 ,. 
0,0~§2' ~.0278,j 9:.~,~3,4, 
0.0236 0.0279 0.0377 

~:~!~~: }~~:_; .t.~:~&J 0.0189 

o.0330 o:0367 o.0439 
; " ' ; • • I ''.H r . ; ,, ; I' ~ • ·4'·,' ' .' ·, 'i 

0.0308 0.0362 0.0475 

~.2. Hoocn&HOBWl oaaRcBM~CTb1 noTeBIUfaJI<>B. B npep;h1-
;a;yw;e1r pao;a;en:e, .o6cy)Kp;aJICH BOIIpo,c. 0 Bima;a;e aqiq>eKTOB,Op;HOHYJCJIOH
H0ro o6MeHa B lIDOBeKTOpHhIH llC>TeH~IIa.JI II 06,aaepreTI:l"'IeCKOII 0aBll

CI:IMOCT1I, II00ClllIHOBOro. llOTe~IIaJia. PacCMOTpUM •BKJiaµ; lIOOBeKTOp~ 
aoro IIOTeHqIIaJia ,B nomn,m: IlOTCHQIIctlI. ·.· CooTBeTCTBYIO~e . peoyJih-, 
TaTbI np1meµ;eHbI;B Ta6JI.8. B CJiy-qae, Kor;a;a -pacnpe;a;eneHIIll Heii:Tpo
HOB II npoT0HoBiloµ;96HF:iI. (Pn(i:)/pv(r)·-.=,N/Z), 1rooBeKTOpHhlll no-, 
Te~taJI onpeµ;CJIHeTCSI. ¢axTopoM Tz1 Tz2 / Ai A2, B nocne;a;HeM cTOJI6qe 
Ta6JI.8 np1rnep;eHbI nHa"<IeHIDI aToro q>axTopa ;a;ru1 cooTBeTCTByrom;nx . . . 
CIICTeM. ,Il;ruI;HJXJIOHOB (Tz1 = ±1/2 ll A1· = 1) aTOT 4>an:Top paBeH .. 
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(N- ,Z)/4A, a oTHoweHue -U1(R)/U0 (R), xax cJieµ;yeT mJ aHamma 
ynpyroro paccemnrn npOTOHOB II HCHTpOHOB B' MOµ;eJIII JieiiHa, npn
MepHO B µ;aa.pana npeBblwaeT 0TOT q>aKTOp [18]. B p;amioii pa6oTe 

Y'IIIT.blBaIOTC.H pa::mn'lIDl B reoMeTpim pacnpeµ;eJiem111 npoTOHOB u Hei'x
TpOHOB. Ifo Ta6JI.8 cJieµ;yeT, 'ITO B noBepXHocTHOH o6JiaCTII p;JI.H Hµ;pa

MltllICmI 48Ca oT:aowemxe -Ui/U0 . 6011ee 'ICM B 2.5 pana npeBblWat>T 

q>aKTOp Tz1Tz2/A1A2. TaxuM 06panm.1;'npoucxoµ;11TBO,')pacTamie OT
HOClITeJibHOII pOJill lr.:30BeKTOpHoro IlOTCHD;UaJia µ;JI.II Jierxmc HeiiTpOHHO

tm6blTO'IHblX .sµ;ep. Kax BllP,HO ll::3 Ta6JI.8, C poCTOM 0Heprm1 BeIDl'-IIlHa 
. / .. ' . . .·· 

-U1 /Uo yueHbWaeTca. lfoocnuHoarui· naBUCHMOCTb · noTeHD;na.'!oB Han-

6onee .. cy~ecTBeHHa. npn mroxnx eHeprmtx .. Kax cJieµ;yeT 1m Ta6rr.2-7, 

panJill'IWI B < r 2 '>ov II < r 2 >v: BO BCCX CJIYtJruIX HCIJHa'llITCJibHbl, 
iT?· H~YP,llBIITeJibHo, 'nocKOJibKY BKJiaµ; #1:loBeKTOpHoro noTeHD;uana B 

IlOJUiblR llOTCHD;llaJI He npeBblWaeT 6% ( CM.Ta6~-~); . 
' I ' , ,i.':",: ,, . It,, 

' . . .. :}.3. ·0fl><J,eKT ue:iiTpOHHo::ii. "my61,1" Ji~pa-MHmeHH 48Ca. 
,D;Jrn 'nµ;pa~Mlilllemt 4.8ca· r'ioc-rp6

1

eHue IlOTCHD;HaJIOB
0 

IIpOXOAllJIO B µ;Byx 
i , '. · le ' ~. f , ', !.J . 1 ' . ~ · , 1)i, · ' . t 

BapnaHTax. BpepBoii cnv~ae hpe;worraranacb 0µ;1maioaaa "reoMeTpmr" 
(_,, :c~,,!'': c;,'..,' ~i,1··(,·'~~ ", · •.~ ,,·i.:.'!] .. ,': 

B pacnpe;:i;eJiemIJI HC~TPOH~B- II np,oTOHOB, T.e. C'llITaJIO~~' 'ITO rn = rp, 
npn'IeM Ri ·\:::::: riA1(~ ;. _'paAeycbt nom:>BllHHOI'O cna~a IlllOTHOCTII, II 

~JI~'· pp( r) -- ~ 'p'n( i'.J II~IIOnblJO~~c~ q>epMI1eBCK;1e pacrip,eµ;~ll~Hllll C na
paMeTpaMii,' ~onrieHHblMII III) paccemm11 0JICKTpOHOB·. [30]. Bo BTOpOM 

dJ:ryqae ncn<mb::30Ban:Uc:6 pe~;IIC;ii:~ecxne Pp( r}' 11 °f>7!( f);,p~~hnTaHHble 
B 11:eT())l;C q>yHK'rµIoH'aira IIJIOTHOCTR. B 0TOM rnyqae < r! >1' 2= 3. 76 q>M 

xi < r; ::,:1t2,'5',i60 q>i1 .. 'J:'a:KUM. o6paa_oM, BO BTOp<>M c,~Y"'.1~ yqu-i:blBaJICH 
aj>q>eKT Hei'iTp.owtoii}' niy6hi",. T .e. npeBblWeHne HCHTpoaiioro paµ;nyca 

~aµ; npoTO~~M; !(OTopo'e: ~1~-i~BlIJIO 0.16 <I>~- Ifo piic.4 .BIIµ;Ho, 'ITO 
ripn MaJiblX .R B. 6.ry~Iae r n =· ~; n'Ha'!eHIUI U1 no. a6con:IDTHOH Benn""ume 

yMem.waroTCH; ·:a TO BpeMa xax B aan6oJiee cy~ecTBeHHOII µ;n11 peax:.. 
:u;uii llOBepXHOCTHOH o6nacTII npoucxo~nT yBem1-ieiiile u~:- B'.c1my CKa

orumoro yqeT eq>q>eKTa· HeHTpOHHoii: ·"wy6bI" ycmniBaeT HOOCillIHOBYIO 
IJaBlICIIMOCTb llOTCHD;llaJia n MCH.HeT "reOMCTJ>llIO" cy:M}.rnpHoro llOTCH-

. QIIaJia; ·Kax cne;:,;yeT na µ;aHHblX Ta6n.2.:...6, lIHTerpam,Hble xapaxTepu

cTnKn llOTCHD;llaJIOB MCIDIIOTCH HCIJHa'lllTCllbHO · npn. 3TOM. YcnJieHlle 
IIDOCllIIHOBOII oaBllCllMOCTJI •IlOTeHIUiaJia na C'ICT eqxl,eKTa 'He.HTpOH
HOII "wy6ht" IWJIIOCTpnpyroTc.H TaK,Ke p;aHHbIMII Ta6n:8:· · Mo)KHO Bn
µ;ei'b, 'ITO Bemr'IllHa -U1(R)/Uo(R) yBeJlll'!lIBaeTC.H B noBepxaocTHoii 
o6nacTn (R; ~- 5.5 q>M) B cnyqae rn I- rp. B Ta6n:9 np1rneµ;eHhl pe-.,. 
ayJlbTRTbl paC'ICTOB, Henocpeµ;CTBCHHO xapaxTep1my10~ne ImMeHeHirn 
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ll::30BeKTOpHoro IlOTf>HD;llaJia ;:m C'ICT pa3JIII'll~II B pacnpe;:i;eneHlIII ~~ 
TOHOB u Heii:TpnHOB B Hµ;pe-1111weH11 48Ca ';:i;;i~ Tpex 1moTonoB auTnH 

npu pa.'3JIII'IHbIX 3HCprn.11x. 8TI1 Il::3MCHCHIUI /];OC'TIITaIOT 33% B cnyqae 

~13Y-noTemuxa."tnB II 26% ~- · B cny-crae :.I3YIIII-noTeHQIIa."toB. Taxm.1 

o6pano.M, ImOBCKTOpHM KOMIIOHeHTa OilTII'lf>CKOrO IlOTeHD;IlaJia OKa
ObIBaCTCJI ;:J;OCTaTO'IHO 'IYBCTBIITCJibliOii K HCII'rpoHHOU '"wy6e'· 11;:tpa
MillllCHII 48Ca, XOTlI OHa cpaBHIITCllbHO :-.m.'la. 

Ta6;mu;a 9. 0THoweHne F1(rn I- rv)/Fi(1·,. = rv) 
;i;n11 11:i;pa-:-.mweHn 48Ca · 

R,q>M 4.6 5.2 5.8 6A 7.0 

*Li,E,MeB 
!lLi( IIII) 0.990 1.06 1.13 1.20 1.26 

8Li(E=480) 1.032 1.096 1.17 1.247, 1.236 
8 Li(E=960) l.002 1.053 1.114 1.185 · 1.264 

9Li(IIII) 0.990 1.06 1.13 1.20 1.26 
9Li(E=540) 1.031 1.096 1.168 1.246 1.327 

9 Li(E=1080) 1.002 1.052 1.111 1.182 1.260 
11 Li(IIII) 0.973 1.03 1.09 1.14 1.21 

11 Li( E=660) 1.017 1.072 1.131 1.193 1.257 
11 Li(E=1320) 0.996 1.037 1.085 1.141 1.204 

3a.KJIIO--IeHHe 

Cq>opMyJIIIpyeM OC'HOBHhIC proynbTaTbl II BhIBO;IJ;bI pa60Tbl: 
• 1. Ha ocHoBe nonmwo M3Y- eqxl,eKTIIBHoro Baa1n.m;i;ciicTBII.1I 

C rreTOM 0<1><PeKTOB 011,HOHYKJIOHHOro o6MeHa B q>opMammMe MaTpIIIl;bt 
nnoTHOCTII µ;nH umpoxoro GHepreTU-'Iecxoro IIHTepBarra u 6orrbniofr rpyrr
IIbI .11µ;ep-:t-.mweneii IIOCTpoeHbl noTem:urnm,r BOaIIMoµ;encTBU.!I Heii:TpOH

HO-II30bITO'IHbIX IIOOTOIIOB Li B Il30CKcl}IllPHOM II Ir.JOBf'KTOJ)HOM KaI:Ia
Jiax. 

2. IlJioTnocTII pacnpeµ;encmrn Hei'rTpoHoB, npoTOHOB II Bem<'
CTBa pacc•nITaHbI B MIIKpOC'KOIIII'ICC'KOM rro;a;xoµ;e Ha OCHOB(' .MeTo;i;a 
4>JHKD;IIOHarra IIJIOTHOCTII II rro;a;Tnep.iK;a;<'H BbIBO:J; 0 cymecTBOBaHim y 
llp,pa u Li ueii:TpOHHoro raJio. 
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3. IlpoaHa."lnnnponaHa po;n, <1q><peKTOB o;::i;HoHYK.:IoHHoro ofo.reHa 
B cpop!>.mpoaamm II0TCHIJ;IIaJI0B B."3am.m;xeiicTBIUI II ycTaH0B:i:t"H0. 'ITO 
r1eT :nux aq><peKTOB cymecTB<'HH0 B."IIlHeT Ha paµ;lla.'IbHYIO :JaBUCU
M0,CTb IIOTeiinuarroB .B IIOBepXHOCTH0li 06:IaCTII II rrpuaoµ;nT K ux <lHep
reTII'!ecxoii ,naa11cuMocT11. Po::rb ofo,1eHHhIX <1q><peKTOB eo:JpacTaeT c 
yae.i:u<JeHneM He:iiTpoHnoro 1m6hITKa 'IaCTI~bI-CHap11;:i;a u 60:ree cyme-
CTBeHHa ;i;;rn rrerKux H)lep-::.m111enei'1. . . 

4. Ilpoae;:i;eH aHamm 1moc~IIHOBbIX csoiicTB noTCHUlla.'IoB II uc
cne;:i;oaaHa ::3HepreTU'ICCKM naBIICIIMOCTb lIO0BCKT0pHoro noTeHIJ;IIaJia. 
O6Hapy:ii-.:eHo yc1mcHne xroocmrnoaoii naaucU);lOCTII noTemi;ua..oa a."3a
nMoµ;eiicTBIIH COCTaBHblX '!aCTlIIJ; B IlOBepXHOCTHOI

0

i o6JiaCTII H)lpa IlO 
cpaBHCHIIIO co crry<JaeM HyKJIOH0B. 

5. Ha rrpnMepe Hµ;pa-i.mweliu 48Ca noxanaHo, 'ITO 1moaexTop
HblH IlOTeHIJ;lia.JI ~10:iKeT MeHHTbCH Ha 30% u 6oJiee B IIOBepXHOCTHOii 
06:mcTn H;::t;pa npu y<JeTe paamvurii a pacrrpeµ;~nemm · HenTpoHoB 11 

npoToH0B B 48Ca (oT Ha.'IU'IIIH HeiiTpoHHoii ''wy6b1" ). , O6HapyiKeH
Hble aq>cpeKThl 1.mryT oxana.Tbc.lI eaiKHblMII, oco6eHH<> npu ucc:ieµ;oaa
mm napH;::i;oeo-o6MeHHbIX peax11;m1. 

Pa6oTa BbIII0JIHeHa npu '1acTu'IIi011 noµ;µ;ep)KKe Me)Kµ;yHapoµ;Ho
ro nay'!aoro cpoaµ;a Copoca, rpaHT ML8000. 
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