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1. BBelIeHHe 

CTaHlIapTHOMY MeTOlIY CBR38.HHbIX KaHaJlOB CMCK) npucvm pAZI 

( 

K HHM OTHOCRTCR: HaJlY1'-me (50JlbIllOrO 4Y1CJla C80(5olIHbll< 

napaxe-rpos <napaM8Tpbl orrra-recxoro nOTeHUHaJla, napexe-rpu lIe<1)opMaUHH 

H lIPyrHe), HeY4eT 3<1)<1)eKTOB aHTHCHMMeTpH3aUHH, OTCYTCTBHe CBA3H C 

RllepHblMH nOJlYMHKpOCKonH4eCKHMH MOlIeJlAMH. 

B TO xe BpeMR HHTeHCHBHO pa3BHBaPTCR nOJlYMHKpOCKonW-leCI<He nozrxozru 

B TeopHH RlIpa .llJlR onHcaHHR CB8YiCTB RlIepHOPl CTpYI(Typbl: 

aelIOCTaTKOB. 

caxocorJlaCOBaHHaR TeopHA KOHe 4HblX Q)ep MH--,CHCTe M [1 J. I<Bfl.3Y14aCTH'-lHO

Q)OHOHHaR MolteJlb (K~M) [2J, MHKpOCKonH4eCKHe BapHaHTbl MOlIenH 

B3aHMOlIeYiCTBYDlUHX (5030HOB H Q)epMHOHOB [3,4J H ZIpyrYle. 3TH 

MOlIeJlH, KaK npasano, npHMeHRDTCR lIJlR ananaaa nevnpvrnx RZIepHblX 

nepeXOZIOB, CBR3aHHblX C 3JleKTpOMarHHTH~MH B36HMoneACTBHRMH. 

Ilpeztc're.artae'r HHTepec HCnOJl'b30BaHHe aziepxax nOJlYMYlKpOC\(OnH4eCKHX 

MOZIeJleYi lIJlR onHC6HHR Heynpyroro p6cceRHHR HeATpOHOB ne azipex, 

TaKHe B03MO::.lHOCTH B paxxex CTelHZIapTHoA BepCHH Mel< OTCYTCTBYPT. 

pa3BHTHe nonv 4HJlHB TeopHH aztepaax peB.I<UHA Wlo1pol<oe 

nOJlYMHKpOCKonH4eCKY1e MeTOlI~ (MeToZI pe30HYlpYl)WHX rpynn [5J, MeTOlI 

~yHKUHOHaJla nJlOTHOCTH 3HeprHH [6J, Q)onZIHHr-MOLlenb [7-10J H lIpyrHe~ 

B KOTOpbIX, C OlIHOYi CTOpOHbl, YCTpB.HeHbl HeZIOCTB.TKH. npHCYOlHe 

MaKpOCKonH4eCKOMY aHaJlY13Y 3KCnepY1M~HTaJlbH~X lIaHH~X no paCCeRHY1P, c 

lIpyrOYi -B03MO::.lHO npHMeHeHHe nOJlYMHKpOCKonH4eCKHX RlIepH~X MOlIenePl 

lIJlR aHaJlH3a MeXaHY13Ma szrepaux peaKUHPI. 

HaH60JlbilleYi npOCTOTOPl Y1 YHHBepCaJlbHOCTbP cpelIH 3TY1X nOlIxolIoB 

ocnazraer Q)OJllIY1Hr-MOneJlb. OHa OCHOBblBaeTcR Ha nOCTpoeHHH 

onTH4eCKoro nOTeHUY1aJla Y1 ~opM<1)aKTopOB HeynpyrHx nepeXOlIOB c 

HCnOJlb30B6HHeM 3~~eKTHBH~X HYKJlOH-HYKJlOHH~X CHJl H nepeXOlIH~X 

RZIepHblX nJlOTHOCTePl, paCC4HTaHHblX B paMKax COOTBeTCTBYPilleYi 

MHKpOCKonH4eCKOYi MOlIeJlY1 [11J. 
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TaKoA nOlIXOlI vcneun-o HCnOJlb30BanCR B [12-13J Ha OCHOBe 

~On.llHHr-MOlIeJlH H ~opManH3Ma MaTpY1Ubl nnOTHOCTH c Y4eTOM 

MHor04aCTH4H~X H 06MeHH~X HYKnOH-HYKnOHHWX KOppeJlRUHYi lInR cnY48R 

CHnbHoA CBR3H KaHanOB. B [14,15 J ncnorn.aoaanca lIJ1R' aaarn-raa 

nevnpvr-oro pacceRHHR tX-4aCTHU H npOTOHOB c BOJlHOBbIMY1 Q)YHKUHRMH 

K~M. 

B nocneziaee BpeMR eonsmon HHTepec Bbl3blB8eT np06Jl8Ma aevrtpvrcro 

paCC8RHHR HeYiTpOHOBHH3KH~ 3Hepr~Yi B TOM 3HepreTH4eCKOM HHTepBaJle, 

rzte lIaKJT paBHbl8 axnaziu npoueccu, paanu-raue no csoen npnpózie: 

npRM~8 peaKUHH H peaKUHH, HltYillH8 4epe3 CTalIH~ 06pa30BaHHR 

COCTaBHoro azipa, n03TOMY MHKpOCKonH4eCKoe H'CCJleZjOBaH/1e· H8ynpyr:HX 

.HePlTpOHH~IX ce48HHfl npn 3TH~ 3HeprHRX ABJlReTt:;R O'-l8Hp aKTyanbHblM 

aonpocox, 

B lIaHH6~ paeo're paapaõo'rau Mr1~pOCKOnH48GKHPI nozixozr. ,ztnR onHC6HHR 

nevrtpyror'c pacceaana ri8P1TPOHOB
i 

B c~ep114eCKHX ," azipex na OCHOBe 

KBô.3H46C'Í"H'-IHo-d)OHOHHOPl MOlIenH aztpa. PaCC4HTaHbl sce nepexoziane 

azrepnae nJlOTHOCTH ztna cxenu CBR3H 'rpex HH::.laYilllHX ypOBHePl zina azipa 

"sNi, B TOM 4HCJle H zina vnpvrux nepexozioe, OTBeTCTBeHHblX ae, 

3~~eKTbl peopnerrrauaa cnnae , Bsmormenu paC48TbI ce4eHHA vnpvror-o H 

Heynpyroro pacceRHHR HePlTpOHOB c 3HeprHRMH B lIHana30He OT 1 no 3 

M3B. Peavru.raru pac-rera cpaBHHBaDTcR c 3KcnepHMeHTaJlbHblMH naHHbIMH. 

2. OCHOBH~e nOnO::.leHHR 

B ~onlIHHr-MOlIenH nOTeHUHan HYKnOH-RlIepHoro B3aHMOlIeYiCTBHR 

onpelIeJlReTCR CJlelIyr:>lUHM o6pa30M: 

UF Cr) = J pC r ') V Cr -r ') dr' (1) • 

rlIe pC r') -aztepnue nepexoziane nnOTHOCTH; V -nOTeHUHan 3~~eKTHBHOrO 

HYKnOH-HYKnOHHOrO B3aHMOlIeYiCTBHR~ 

Ob~I'I1~Mill.iW RtlcnrryT , 

í.Ul~lIiWX fU:C"'~.llOUUd 

S.,SIUrJOTEHA 



nnR HaXO~neHHR ~ünnHHr -nOTeHUHanB (1) nOCTpm1M CHa-iarte 

nepexozixae aziepxne nnOTHOCTI1 B paxxax K<I>M. B 3TOF1 r,10nem1 OOlUJ.-1f1 

BHn raMHnbTOHHaHô CnSnYKílUl111 [2J: 

H=H +H +11 +11	 (2) 
sp pau	 M SM 

Hr-zie H -cpeznree none H811TpOHH0Y1 11 npOTOHHOY1 CI1CT8M; p c i ra p 

-B3BHMPllSflCTBHR, npl1BOnRlUl1S K napHblM Kopp~nR.UI1RM cnepxnpoeoziauiero 

THna; H H H MynbTHnoflbHue M CnMH-MynbTMnonbHN8
M s w-cenapa6eflbHN8 

CHnu, rSHspHpYKílUHe RnepHNB B036Y~nSHHA.
 

3'fOT raMH{1bTüHl:1aH npSü(ipô~3YSTCR ,B npezrcre aneune !([:li::J311LJôCTHU
 

nocpsnCTBOM npeo6pô30B8Hl1A 50ronn6oBB:
 

'+ 
cx 

.. + C-i) j-crn V ex,	 O)a, u 
Jm J Jm J J-m 

cx 
.. 

• cx • a: 
+ 

11 a -óneperopu pOÚIGHI1R 11 YHHLJTO::+::GHI1RrnS Jm Jm Jm Jm 

U, l1 v -- IC03<IiIl>HW18HTblKBB311'-lBCTHU H LJBCTHU COOTB8TCTB8HHO; 
J J 

npso6pB30BôHI1R 50ronn6oBa.
 

11l0HOHHblYl onspôTOp, ormcueacm 11A 3n8MSHTBpnue I<Onn8KT11BHbI8
 

B036Y~nSHl1R azrpa, l1MS8T Bl1n 

~s {'1'Ài. ('cx" cx" ) _ (_l)À-/-J if-Ài. (cx cx) } (4) 
o;./-Ji zl.. Jj' jm j'm' À~J r i: j'm' jm À-/-J
 

j j'
 

3nSCb i. -HOM8P COCTOflllHA C llaHHblM À/-J. • 
3aTSM BOnHOBbl8 iX'YHKUJ.-111 OllHO~OHOHHOrO COCTORHl1R CTpORTCR Kôl< 

(5)
o;,,/-Ji lO> 

rzie BOnHOBaR ~YHI<Ul1H OCHOBHOrO COCTORHl1R lO> '-l8THO--l{BTHOI'O azipe 

RBnRSTCR ~OHOHHblM saJ<YYMOM. 

.).	 À, t-'
3Hep rl1Kl ú)~,	 OllHO<X>OHOHHoro COCTORHl-1R (5) Vi ôMnm1TY nbl ~', 11 'I, 

I\.l	 J J J J' 

, 
4 

Bhll-JHCnRKJT, pemaa CSKYnRpHOS ypaBHsHHe B paxxax npHc>nHJKSHHR 

cnv l-JaAHbIX ~a3 [2J. npl1c>nHJKSHH8, xorzia /;(lQHOHHble B03C>YJK1l8HHR 

ncnaracrca HSB3al1MOnSflcTBYKJlUHMH, l-JaCTO OKô3bIBÇ).STCR CnHIlIKOM rpYC>hIM, 

nroTOMY BOnHOBYKJ ~YHKUHKí B036y;tcnsHHOro COCTORHHR l-J8THO-l-JSTHOrO 

aztpa 3anHCbIBBJOT B C>ünss CnO~HOM BHnS: 

V'Vc.a,f) ={l R, CJv)Q" ,+\ p~i., CJv) [O" ,O" ,] } 10> • (6)
t JWL I..	 I\. 't' Ã/-Jt Ã'Vt' 

x. JM 

À'i." 

Ài. 
r-zie R,CJv) H P À'VC JV) -K03~~l1UHSHTbl CMSIlII1BaHl1R OllHO~OHOHHblX l1 

llBYX~OHOHHbIX B03C>YJKllSHl111 COOTBSTCTBSHHO. 

B 06meM cnyl-JaS BOnHOBaR ~YHKUl1R (6) HOpMHpOBaHa: 

[R,( Jl-')] 2 + -=,~ pÀt C'H~)]Z{l + ~KJC\'I'.;., !>'_"\-' )}'=1. (7)2 l-L [ / .... t' 2 ! 

;, t 

I-_'t 

$YH1(llW1 K·JcI,.:·i. !' ». ... 1AL .. ~\.~l.') nORE:sJlAbTCA 1o'l3-3a Yl-JSTa npHHUHna 

l1aynl1 [16J. 

PaC'-leTU B 3TOA pa60T8 6unl1 BunonHeH~ B KBa3H6030HHOM np~c>nHJKSHHH 

6S3 Yl-JeTô npHHUHna naynl1. Zlns KonneKTHBHhIX B036Y:«llSHHA B 

l-JeTHO-l-JeTHhIX C~Spl1l-JeCKHX azipex 6 uno nOKB3aHO [17J, l-JTO Yl-JST 

npl1HUHna naynH HecymscTBSHHO l13MSHRST pe3ynbTaT~. B 3TOM cnYl-Jas 

CI1CTSMa OCHOBH~X ypaBHSHHA HMSST BHll: 

( WJ . -TlJ )R,CJv)+\ ~', CJi.)P~i., CJv)=O
t j) t	 I.. 1\.' t ' 1\.' t ' 

Ài. 
À' i.' (8) 

2(ú)~, +w~ , -Tl ) p~i., CJv) +\ ~', CJi.)R.CJv)=O, 
I\.\. /\.' 1.... J V /\.' l' l »;> L" L 

Ài. 
À-i.' 

Ài. 
rllS U;X..'V - MaTpl1l-JHhle 3neMeHTbI B3aY'lMOlleFlcTBHR OllHO- H llBYXI;I)OHOHHhlX 
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COCTORHYH'1. ~3 ycnoBHR cywecTBoB8HHA HeTpHBHanbHOrO peWeHHR 

CHCTeMbl -ypaBHsHHVI OJ) nOnYYHM CeKYJlRpHOS vpôBHeW18 llnn 

onpezre.nenua :''iH8prlH1 rl.,~-, COCTORHHR C BOnHOBOVl ~YHKUH8A (6): 

u"'_i. CJt) 
\.' i. ' 1 

u"i. CJi.") 
". i. . 

FCTi. n } dee I Ctu ,-Ti )
.i« ..IV 

<5 - \' 
t.~'t. ~ 

1 
\.L 

tu\. L +w". t • -'Ti J V 
O. C g) 

À' i. 

TôKl'lM 06pa30M, nOllCTô811B peW8HWI vpaBHeHYlR (9) B CJ..1CT8MY 

(8), MO)!(HO nOJ1YYHTb 3H8yeHI1R CTpYKTypHbIX KO::..<t>~HUI'1eHTOB BOnHOBOYl 

~YHKUHH (6) R H P npH OllHO- H llBYX~OHOHHOYl YôCTH COOTB8TCTBeHHO. 

Zlenee onp8118m1M nepexozinvo rInOTHOCTb azípa 

pC r) =< II	 E eSc r - r k ~I Ii> . C10) 
k 

LlnR oror-o pa3nO:.KHM .s -!XJYHf<'UJ..H) B pnn no C~epY1'-l8CIG1M rôpMOHllKôM. 

Tor'zie nepexozu-ue aziepnsre l1.nOTHOCTH aupaxe.o'rca 

pC r) == \' c, P, Cr) C J 1'-1 \./-11 j M) C -i) À. y)f C fi. ,p) c L1->L ",., L C f f "-/-.I 

Àt-J. 

r zte' 

Cx PÀCr) =< J ri' 2: óCr r -, 1." Y, Cfi • 'P ) I I J > . C.l?)
k ... k k L 

HOpMHPOBO'UibIÇl K03<X><I>llllllf.'HT C" pé1r-JSfI Co = -{.Ti 11 C" =1 (n~.rH \.-"'0). 

0C503H8YHM ozmo-recru-nu.m (1[ISpôTOp. l-Iay.OllFllUJ..!IlCR B MôTpHLfHOM )nSMSHTe 

(12), Kôl<: 

-l ), 
r	 ó( r r ) (3)

TÀ/-I 2:	 l: k l. Y,\C8k'~\) 

8 npezic're.aneuun (lTUPI\'I~I'W" KW)HTOBôHI1Fl OH Bblpô'AléH:lTCR: 

6 

;,. 

T,	 =\' <j "1',11 j')\' C-DJ'+m'Cjmj'-m'I"I_;)a+ a, (14)
I'o.t-J.	 L 1'0. L Jm J'm'
 

j J: rnm:
 

npHB8118HHbIfl MôTpHYHhIYI 3Jl8MeHT <J II T "li Y> MOiKHO BbIYHCm1Tb,8CJlH 

np811cT8BHTb OllHOY8CTHYHYIO BOJlHOBYIO <t>YflKum) K8K 

I j m>	 == InIj m> R ,Cr-) 2: C lm sm Ij m) l y [ C8. ,p) .t (15)
J l s ml m ' 

s m 
l 

m 
s 

r1l8 Rfr) -p811H8JlbHNe OllHOY8CTHYHN8 BanHOBW8 ~YHKUHH. 

T8KHM 06p83üM, nOnYY88TCR c.nellYIOW88 BhlpaA<eHY18: 

j i. t+>,-l<j II T "li .J: > -c-u À - - ~ 
J' 

C J !. .1'- i I"O) x 
-(4ii \. 

*, [ l -[ +/-,	 (16) 
x R	 _Cr) R Cr) 1 + C -1 )
 

J J'
 

311eCb H llôn88 HCnOnb30BônOCb 0C503H8yeHH8 Í=~
 

nepeXOllR K np811CTôBneHHm KBô3HyaCTHU nOCp811CTBOM npe0C5pô30BôHHVI
 

(3), a nOTaM K npezicr'aanexu» <I>OHoHoB, nonv-reen cn811YKlwe8 Bhlpô:+:8HHe
 

llnR onepa'ropa (3):
 

'~	 =\' <' ,,~ " " >{ !. d·) \' ( '1''' t + ~ÀL ] [o· +C-1)"-/-Io _ ]+
Àt-J. L J "J 2 jJ :,L JJ' JJ' A/-I' A /-IL
 

J J'
 • 
J-J-+" ] A+ 1-v '-,[BC JJ' ;À).1)+C-1) BCJ' J;À/-I) + Ó,Ó J V 2} (7)

2 J J'	 JJ ÀO J 

rlle 

J'+m' ,
BC JJ';À/-I) = C -1) C Jm J'm'l Àt-J.) ex ex2:	 (18)Jm J--m' 

u'·> u V + V U v'-> u u - v v 
,IJ JJ 
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nO,llCTÔBI1B (7) B (2), nonYYI1M supexenne aziepxon nepexozmoa 

nnOTHOCTI1 ztna cnezivcmux nepexozioa [15J: 

1) OCHOBHoe COCTORHl1e 

2P	 Cr)= _1_ \' C2j+1) IR.Cr) 1 V. (9)O 411 L J J 
j 

2) OCHOBHoe -'O,llHO~OHOHHoe 

pÀCr) 2. <j I ~ l'À I I j • > !. u'+> (~L +~Ài )	 (20)
2 JJ' J J' J J' 

jj' 

3) O,llHO~OHOHHoe - O,llHO~OHOHHOe 

CÀ P
À

Cr) = POCr) <5 
ÀO 

-{4Ti 

-\' <j'lI l' II j">V(.->. J'~ {~J' ~}['lt~L''lt~'i~w~i~J'~f] (21)L À. J J" J J' J" JJ' J "J JJ' J"J • 
jj' 

j " L 

4)	 OCHOBHoe COCTORHl1e COCTORHl1e (7) (CMeCb OllHO- H 

,llBYX~OHOHHMX KOH~HrypôUHA) 

P	 Cr)=\' <dl1' II j"> [~ ue+~ \' R.CJv) ('JtJ i . +~JL.) 
'J I L J 2 J'J"L L J'J" J'J" 

i : j" 
(22) 

A	 A {_\' pÀL CJV) ve- > À À' À À' J }(~L ~À·i.~~Ài. ~'i'J]
 
í : .
L À' i' J: j" J' r: j"j r r: j jj'
 

ÀÀ'L
 
L' j
 

5) OllHO~OHOHHoe COCTORHl1e - COCTORHl1e (7) (CMeCb OllHO- H 

llBYX~OHOHHNX KOH~l1rypaUI1A) 

P 
À

• Cr ) =2 <j , I I l'À • I I í:'> [ ~ d+ > \' pÀ' i.éJv) (~. i ' + ~À' i.')

2 J: J "L x • i : J" J 'j"
 

j' í: L '
 
(23) 

R CJv) V e- > À J À À • } ('ltJ L ' ~ L +w J L' ~ ÀL )]
-2 L ' J: j " ~'{ j , r: j j "j j j , j " j J J: .
 
jj'
 

'L • j
 

8 , 

6)	 COCTORHl1e Tl1nô (7) - COCTORHHe TOrO :iCe Tl1nô 

A A.~ {) J' J }
C, P, Cr ) = R. CJ) R. CJ ') - < J • I I 1', I I J" > _T' \. ~.. X 

A A L L' A J J' J"
 

L i ' j j •
 
2 [ 2 

í : 

X('1JJ L '1JJ'l+~Jl ~J'l')+ Cr) <5 fi11J + 
J j' i : j j J' j" j Po Xo 

\' À"i" À'i' J+J' {J'] À} [ 
+	 2 L PÃ.·L· CJ) PÀ L C]' ) C-1) À À" À' po(r) <5 Ào -{4ii 

À' L ,i 1
 

À"L"
 

À i
 
i 

_\' < '11 Til'" > V ( - ) ~ ,,~ {À J' J" } (<1'À" L " 'l/C! \ +1> À" i "1> À i i) ]

L J Ã. J j'j" 1.j À À" jj' 'j"J i r : j"j +
 
j i : 1
 

J"
 

+\' <j'll 1',11 j"> u(+>. \' [R. CJ') pÀi CJ)(~i. +wÀi )+
L A J'J"L L' J'L' J'J" J'J
 

j " j r l i, '
 

+	 R CJ) P~~:C]') ('1J~~~,,+w~~~ ..) ]. (24) 

flJm LH1CneHHOrO pac-rere nepexozinux nnOTHOCTeA oune I1CnOnb30BôHô 

nporperaxe, KôK Y1 B pacore [15 J. B Het1 t>btnl1 czte.nauu MO,llI1~HKaUI1I1 zina 

Y'-l81'ô :~~<Xl',jfl. Tê peOpl161iTÔUHI1. 

C nOMOUlbK) MI·1KpOCKOnW-IeCKI1 pôCCYHTÔHHb!X fllJepHblX nJlOTHOCTeA 

(19)-(24) \-1 BWCípôHHoro HYKnOH-HYKJlOHHOrO K-sôI1MOlleACTBI1R MO:iCHO 

nOCTp0l1TL (!!OpM.:t>ô wrbpbl nev npvrnx nepexoztoa. 

Tô'\(I-1M Ut)Pô'30M, aupaxenae (D zina ~On,llHHr-nOTeHUl1ôJla 

njJe,llCTôBJlH(~TCrl: 

U CR'lo:\ <J\ M, ÀJ.li·J M > C UÀCk') [ l Y CO ) 1~ • (25)
F	 /., r f À À rJ R

A
 



'V
 

rzie 

U
À

CR) = 1
2 

J k 
2 

dk jÀCk r) pÀCk) VCk) (26) 
2rr 

pÀ(k) = 4rr J r 
2 

dr JÀCkr) pÀCr) (27) 

• 
ZVCk) = 4IT J r dr joCkr) VCr) (28) 

B Ka~8CTB8 3~~8KTHBHoro HYKJlOH-HYKJlOHHOrO B3aHMOZl8AcTBHA B03bM8M 

TaK Ha3bIBa8Moe M3Y-B3aHMOZl8ACTBI18 Tl1na Penzra, I1CXOZlA 113 

cooCipaiK8HI1A O TOM, ~TO 3neMeHTbl G -MaTpl1Ubl paCCeAHI1A HYKJlOHa na 

CBFl3aHHOM HYKJlOH8 B azipe o~eHb CiJil13KH K MaTpl1~HblM 3JleMeHTaM 

(N-N)-B3a~MOZleACTBH~ M8.ny CBA3aHH~MI1 HYKJlOHaMI1 [18J, npl1~eM 

nocnenHHe paCC4I1T~Ba~TCA Ha OCUI1JlJlATOpHOM Cia311C8. 

B TaKOM npl1CínHZeHl111 M3Y -B3a.rMOZleAcTBl1e annpOKCI1Ml1pyeTCA B BI1Zle 

CYMMbI k>KaBCKHX ~neHOB. llnrl npaxca ~6CTI1 B3aI1Mo,aeAcTBI1R OHO 

BblpazaeTCH: 

- 4r 2 5 r]e e- .V (r) [ 7999 2134 M3B (29)NN 4r 2.5r 

llJlR paC~eTOB C 3THM BI1110M B3al1MOZleACTBI1A oCiMeHHblA ~JleH, 

OTBeTCTBeHHWA 3a 6HTI1CI1MM8TpI136UI1k> MeiKZlY HaneTak>WI1M HYKnOHOM 11 

HYKnOHaMI1 B RZlp8 Ml1lieHH, OCi~~HO Ci8peTCA B BI1Zle nC8BZlonOT8HUI1ana 

HyneBoro paZlI1YCa [19J: 

V Cr): -276 ( 1-0,005 E ) óCr) (0)NN 

rZle E-3Hepr11R nane-raourer-o H.YKJlOHa. 

3. PaCCeAHI1ª~flIºOHOB Ha~ºª~'
 

PaCCMOTpl1M paCC8AHI1e HeATpoHoB npl1 3H8prHRx B I1HTepBane OT 1,5 ZlO
 

3 M3B Ha AZlpe 5BNi .
 

l npl1 3TI1X 3Heprl1RX MorYT 803CiYiKZlaTbCR ZlO lieCTI1 yp08HeA RZlpa-Ml1lieHI1:
I 

f I 02 C2,942 M3B)
I • 

1 + C2,9)2 M3B) 

22 C2,776 M3B) 

4+ C2,459 M3B) 

2; C2,454 M3B) 

O 

UeHTpanbHYk> ~aCTb OnTI1~eCKOro nOT8HUI1ana 8~CiHpaeM MI1KpOCKOnl1~eCKI1 

B 811Zle ~onZlI1Hr-nOTeHUl1ana, onpezteneunoro ypa8HeHI1eM ~25). npl1 

Y~8Te nepexoznrux aziepuux nnOTHOCTeA (iblJll1 83RTbl sce B03MOiKHble 

nepexoziu MeiKZlY nepBblMI1 TpeMR CBR3aHHbfMI1 COCTORHI1RMI1. Peuiaa 

CI1CTeMY ypaBHeHI1A (8) ZlnR MynbTl1nOnbHOCTI1 2 11 4 , M~ nOnY~l1nl1,~TO 

5B 
B Ni COCTORHl1e 2:A~nAeTCA npaKTH~eCKI1 ~I1CTO OZlHO~OHOHHbIM 

COCTORHl1eM, a B COCTOAHI18 4: npl1MepHO paBH~A sxnezt ziarrr 

2+OZlHO~OHOHHaA 11 Zl8YX~OHOHHaR KOH«ll1ry paUI1H,COCTORHl1e C~I1TaJIOCb
i 

~I1CTO OZlHO~OHOHHbIM, a COCTORHl1e 4: -cxecs» OZlHO- 11 ZlByx«loHoHHoro 

COCTORHI1A. Mtll1MbIA nOTeHUl1an ncaepxnocruoro nornOW8HI1R 

cnI1H-op6I1TanbH~A nOT8HUI1an 6~nl1 83RTW ~eHOMeHOnOrl1~eCKI1. MHI1MaR 

~aCTb nOTeHUl1ana C~I1TanaCb Zle~OpMl1p08aHHOYl, C napaM8TpOM 

ZlHHaMI1~eCKOVl l1e~OpMaUHI1 (32} onpeZlenFl8MblM 1-13 3KCnepl1MeHTaJlbHblX 

3Ha~eHI1A BCE2) [2DJ. 

l'lCXOZlHbIMI1 OnTI1~eCKI1MI1 napaMeTpaMI1 B3RTbl Te, xçropue B 

~eHOMeHOnOrl1~eCKI1X pac~eTax nY~li8 cornaCYk>TCR C 3KCnepl1MeHTOM 

J 
[21J.I· 

~ llnR pec-reroa KOMnaYHZlHblX Ce~eHI1A Hcnonb30B6H 3KCnepl1MeHTanbHbIA
~t 

cneKTp RZlpa 5BNi .
 

J, KOMnaYHZlHW8 C84eHHR B~4I1cn8HW no CTaTHCTH48CKOn TeopHH XaY3eDa

I 

10 Jl 
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-- ----- ------ ------ ----- ------ -----

~8Jll(}aXa c nOnpaBKôMI1 MOJlllaY3pa ne KOpp8JlRUYlI1, CBR3ôHHbI8 c 

flpHCYTCTBYl8M npAMbIX n8p8XOZlOB [22J.H80(}XOZlHMO OTM8TI1Tb, '-1'1'0 npn 

paC:'-I8T8 KOMnay HZlHbIX C8'-l8H11A ZlJlA COGTOAHYlA 0+, 2+ YI 4+ CibIJll1 
1 1 

YlCnOJlb30BaHbI '1'8 )1(8 K03<t>(lí11U118HTbI npnnunenna. '-1'1'0 11 ZlJlA npRMbIX 

n8p8XOllOB CO GBA3bKl Kô.HônOB, 

MYlKpOCKOnl1'-18CKYKl 11H(líopMaUYlKl 

~OJlllYlHr-nOT8HUYlôJl n02tTOMY 

pecxeru CôMOCOrJlôCOBôHbJ: KôK 

KOTOpbl8, B CBOKl O'-l8p811b, C01l8p:t.:aT 

o CTPYKTyp8 Rllpa '-I8p83 

MOlKHO	 C'-IYlTa Tb, '-1'1'0 B 3TOM CMbICJl8 

npRMbI8, TaK YI KOMnaYHllHbI8 C8'-18HYlR 

paCC'-IYlTaHN C OllHYlM YI T8M *8 nOT8HUl1aJlOM. 

OllHaKO B 3TOM nO,Qx01l8 8CTb 11 H8KiJA HenOCJl8ZIOBôT8nbHOr:.:Tb, CB;=J3ôHHi:Hl 

"j'c:M, '-l"1'O MHy-IMé'l,rj 1-1 "11IIH "t""II'l'0r1t,f-JhQ '-{")'''1'I-: "(I':'!1'--{'-:":I\1II" Illl'l,...,Hllkl0.lIo 

y '~"'l j dt~'°.1.ril·It_~b \1JuhJ...I,·'h.~rlu.Jtt 11 h\.i~CKl·'l. B npHHUI-me MCJ1l\H') Ohl.JlO tSbl 

\1C! lUnL' :,'~lf.":1Tl: )ÇI'l,t),· I' 'I t 11'1" " " t~ -l·r> - '.;1(I-IH- IJfJC)J--ITôJlbHOe B~dYlMüllenCTBJ--lE::
 

GepT'-Ia U8J, -rroou nOCTjJüHTb CflYlH-OpÓHTaJlbHbIA ~OJlllYlHr- nO'1'8HUYlaJl,
 

Hú 3'1'0 3Ha '-lYlT8JlbHO OCJlOJl<'HI1JlO (ibl pac-te ru. Haure rJlaBHp.R U8Jlb
 

-11CCJl811.0Ba'1'b U8HTpaJlbfi.YKl '-IôC'1'b nO'1'8.HUYlaJla, nOCKOJlbKY OHa 11rpa8'1'
 

CY1ll8C'1'B8HHYKl pOJIb npu nevnpvron paCC8RHYIYI H8A'1'pOHOB.
 

~CHO, '-ITO npu 1l0áa.BJ18H11H pee ru.nor'o ~OJlllYlHr-nOT8HlH1anô OnTYI'-leCKI18
 

~eHOMeHOJlOr'YI'-I8CKYl8napenerpu n8p8C'1'aHY'1' 6bI'1'b On'1'YlMaJlbHbIMI1, n03'1'oMy
 

(iNJla npOYl3B8Zl8HB HDBaR nonrOHKa K 3Kcn8pYlM8H'1'Y.
 

Ilpoueztypa nOllrOHKYI napi:Ú"8'1'POB npOB8118Ha na pa3HbJX urarax, Cne-re.na
 

ZlJlR 3H8prYlYl 1,5 M38, lIJlR KOTOpOPl npeocnazraer ynpvroe paCC8mM8,
 

Yl3M8HRJlYl napaaerpu cnJ-1H-op6I-1TaJlbHoYt '-IaCTYI nO'1'8HUI-1aJla v ' R J.1
 e o o o 

a 60' no'1'O~, 3ô~I-1)(Cl-1pOBô.B HôHJlY'-llIlYl8, nozirouann napexerpu MHI-1MOi-1 

Y6C'1'M nO'1'8HUYlanô W 
d' 

R H a
v 

nOnY'-l8HHWA TBKHM 06pa3üM 

OnTYlMôJlbHNA HôÚOP nôpaMeTpOB V RSO,agO,RV 11 a", oun HCnOnb30BôH 
90' 

B paC'-I8TaX zma l1ÇJyrJ1): :7Hepn1f~. 3a'1'8M npoaozninn nozrronxv 

À. 
K031't><~HUH8H'1'OB HOPMl/{POBI<l1 N I -.1' ~OpM<%laK'1'opOB pa3nH'-IHblX nepSiWZIOB. 

N'~ Nl \1 ltO onaocrrt:1I1 :3Tor·1 Mbl 3aMeTI1J.l~1, -rro [(0:3<t.~J.-1Ul1eHTbI ,')-tz.' 2'..,.2 ~-L<-7 

12 

tO' 

d 
J
\, 

I
I 

! 

fi 
q 
! 
t 

I
 

M8HRKl'1'CR npn nOlWOHK8, 

o o 
n01l6~panYl N -. , N -. YI o	 o z z 

nOnY'-l8HHbI8 napaxe'rpu H 

B cn811Y Kl!llYlX '1'adJ1Y1uax. 

n03'1'OMY na nOcn8/.l1-18M :3'1'an8 OKOH'-Ia'1'8nbHO 

. 
Wd llnR pa3nYl'-lHNX 3H8prHA. 

2 
3Ha'-l8HI1R x zina vnpvroro xane.ne npYlBOllR'1'CR 

TAETIHUA 1. Ha60p napaM8'1'poB,HCnOJlb3Y8MNX llnR BC8X En 

N 2V R a R a N 2 • N4- -----f------1------1~-----j----~§so ao aO '" '" 0-+2 2-+2 2-+2 

(MoJ_>(~~M!:1) (~~Q.M!:1~ ~~~Q.M!:1) S.~§'Q.M!:1) ----- -'-- . 
7.5 1 ,27 0.65 '1 ,14 0,58 1 • O 1 ;0 1, O ~ 

TAETIHUA 2. Ha60p na~aM8'1'pOB,YlCnOJlb3Y8MNXllnR Ka:t.:llOPl3H8prYlH,11 

2 
3Ha'-l8HYl8 X 

E 

I----~M38) 

1.5 

2.0 

2,5 

L-_
3,0 __~~~5~

NOW 
d 0-+0 

(M~!:l.?_ 

4,715 1,063 

4,920 1,092 

5,050 1,093 

___1,141 

KaK BYlllHO Yl3 '1'aCinYlUbI 2, 3Ha'-l8HYl8 

cnY'-laRX CinYl3KO K 811YlHYlU8. 

Ylcnonb30BaHHoA M01l8nYl. 

2,NO X
2-+2 

I 

1.337['3.68
 
1 .128 13.71 

1.418 11.73 

_U.12__ _ gl,87_ 

K03l%>!J')YlUYl8H'1'OB HOpMYlpOBKI1 BO BC8X 

3'1'0 nOll'1'B8plKlla8'1' npaBl1nbHOC'1'b 

P83ynb'1'a'1'bI Bbl'-lI1Cn8HYlR vnpvrnx llYl~~8peHUYlanbHbIX YI YlH'1'8rpanbHblX 

C8'-18HI1Pl 11 YlX cpaBH8HYl8 'c 3KCnepYlM8H'1'anbHblMYI llaHHbIMYI nOKB3BHbl na 

PYlCyHKBX 1 YI 2 COO'1'B8'1'C'1'B~HHO. nYHK'1'YlpHBR KpYlBBR -3'1'0 pac-reru no 

~8HOM8HOnOrYl'-l8CKoPl BYl6paUYlOHHOA M01l8nYl; cnnOlliHaR KpYlBaR -3'1'0 

pac-ieru no MYlKpOCKOnYl'-l8CI<OPl M01l8nYl. 8 061ll8M, llOC'1'Ylra8'1'CR xopomee 

cornacae c 3KCn8pYlM8H'1'OM zina 3HeprYlPl 1,5; 2 YI 2,5 M3B. Ilpn 3HeprYlYl 

3 M38 paC'-I8'1'bI OKa3blBaKl'1'CR 3BHYI:t.:8HHbIMYI Ha ocnsmax vrnax. TaKo8 

13 

http:1.337['3.68
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Pl1c.4· 

MI1KpOCKOnl1'-18CKI18 itlopMitlaKTOpl>1 llnR vnpvr-oro 11 aevnpvrax nepexozios: 

01-.. "2:0,.==0); 2;" 2:0.=0); 2: .. 2:01.=2) 11 2> 2:01.=4). 

-+ .~ 

~ Z"Z ().=Z) 

-OtB 

o 

-0,,., 
-0,6 

-0,2. 

peccornaCOB6HH8 MO~8T 6~Tb B~3S6HO TeM. YTO npH 3TOA 3H8prHH Y~8 

OTKpMBaeTCR 60nbllie8 '-IHCnO (no lli8CTH~ K6Hanos, YTO H8 6~no Y'-lT8HO 

npH nonrOHK8 napaM8TpOB. Ha pHCYHK8 3 nOKa3aH~ pS3ynbTaTw paC'-I8TOB 

zina uevnpvrnx llHitliIl8p8HUl1ônbHblx C8yeHI1Pl. XOTR K8'-18CTSeHHO 

TeOpeTHY8CKH8 KpHB~8 onHCMBa~T 3KcnepHM8HT. OHH np8B~lliamT 

3l<Cnep11M8HTÔnbHb18 TO'-jKI1 ue 10-20 x, nOlll~(JHKô OnTH'-IeCKHX nap~M8TpOB 

11 H3M8H8Hl18 K03/,f)!XllIU11fmTOB HOpMHpOBKl1 /,f)OpMc1<Cil<TOpOB S pa3YMHblX 

npezre.nex JiF: noseonser llOCn1'-1b xopouiero COrnaCI1R. CXOllHbI8 

pe3ynbTôTbl nony-rarrrca H ripa <X>8HOM8HOnOn1'-18C:KI1X pôC'-I8TôX. 

Hô pHCYHK8 4 nOKa38HO riOB811eHI1f:J vripvrux ri H8ynpyrHx 

MHl<POGKOIlI1'-18CKI1X \t'opM~aKTopoB zina pô3HblX nepexozioa c onp8118n8HHoFl 

M-Y JlbTI1nuJlbHOCTbl'J. 

4 ~KJ1~'-I8tilY~._ 

fi3 nOJlY'-l8HHhIX pS3Y nbTdTOS MO~HO C1l8Jl8Tb cn811YKJUl118 sueoziu: 

MeXâ.Hl13M nevnpvror-o paCCeRHI1R HePlTpOHOB npn HI131<HX 3H8prl1RX 

'MO)l;HO Y.llOBn8TSopHTenbHO onHcaTb B paMKax paaa-rroro 

MI11<pOC!(Om,1'18CKoro l1011XOlla nOCTpoeHHR /,f)OJlll11Hr-nOT8HUl1aJla ne ocnoae 

3'1><I>8KTI1BHblX HYI<nOH-j'IYKnOHHbIX Çl1Jl H nepexozu-ux nnOTHOCT8P'1. 

BN'-lHCJleHH~X c nOMoWbm K~M. 

TaKOPl nOllXOll RBnReTCR 60ne8 nocnellOSaT8JlbHWM. '-18M 

~eHOMeHOnOrH'-IeCKI1Pl. TaK KáK OH COllep~I1T 60nee 60raTY~ HH~opMaUHm o 

CTpYKType aztpa, 
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liBaHoaa C.II. HAP· P4-87-700 
IIonyMHKpocKonwmcKoe onHCaHHe Heynpyroro 
pacceHHHH HeHTpOHOB Ha HApax cpenHero aTOMHoro aeca 

B paMKax KBa3HT.IaCTH'IHo-Q>oHOHHOH MonenH HApa (Kel>M) pa3-
BHT Q>opMaJIH3M llOJIYMHKpOCKOnHqecKoro OllHCaHHH pacceHHHH 
HeHTpOHOB HH3KHX 3HeprHif Ha cQ>epHqecKHX HApax . IloTeHUHaJI 
B3aHMOAeHCTBHH HeHTpOH-HApO CTpOHTCH B Q>opMe Q:lOJIAHHr-noTeH
UHaJia Ha OCHOBe HAepHbiX nepeXOAHhiX nJIOTHOCTeH Kel>M H 3Q>Q>eK
THBHOro HYKJIOH-HYKJIOHHoro B3aHMOAeiicTBHH M3Y. BhrnOJIHeHhi 
pacqeThr npHMhrx H KOMnayHAHhiX ceqeHHH ynpyroro H HeynpY.roro 
pacceHHHH HeHTpoHoB npH 3HeprHHX OT 1,5 AO 3,0 M3B Ha 5 8Ni. 
IIonyqeHo YAOBJieTBOpHTeJihHoe cornacHe c 3KcnepHMeHTaJibHhiMH 
AaHHhiMH. 

Pa6oTa BhinOJIHeHa B Jla6opaTopHH TeopeTHqecKoii Q>H3HKH 
011HM:. 

llpenpHHT 06De.llHHeHHOro HHCTHTyra Jl}lepHbiX HCCJie}lOB8HHH. ,lly6Ha 1987 

Ilepeaon 0 .C .BHHOrpa,AOBOH 

Ivanova S.P. et al. P4-87-700 
Semimicroscopical Description of Neutron Inelastic Scattering 
in Medium-Atomic Nuclei 

An approach to quasiparticle-phonon model (QPM) of nucleus 
semimicroscopical description of neutron inelastic scattering in spheri
cal nuclei is developed. The interaction potential between neutron
nucleus is derived from the M3Y effective nucleon-nucleon-interaction 
and transition nuclear densities.The direct and compound elastic and 
inelastic cross sections at energies from 1.5 to 3.0 MeV on 58Ni 
have been calculated in agreement with experimental data. 

The investigation has been performed at the Laboratory of 
Theoretical !>h~ TT" TP.. _. ·u-- __ -~-- .. .. _ . - ~-
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