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I. BBe;gemrn 

IlpH Hayqemm CTPYKTYPN THlltenNx HAep umpoKo Hcnon1,ay10T no

nyMH1tpoc1t_onHqec1toe onHC8Hl1e, OCHOB8HHOe H8 BNOOpe 8QJqJeKT11BHOro 

H,l.\8pHoro B3811MO,l.\8HCTBl1H. B 3TOM cnyqae H,l.\8pHoe B3811MO,l.\eHCTBl18 

p83,l.\8nHIOT H8 )!Be qacT11: cpe,l.\Hee none HAP8 11 OCT8TOqHoe B3811MO

,l.\ettCTBl18. Cpe,l.\Hee none - 8TO TOT H,l.\epHNH noTeHu11an, KOTOpNM co-

3,l.\8eTCH BCeMl1 HyKnOH8Ml1 H,l.\pa. Ilp11 onpe:zieneHl111 napaMeTpOB aToro 

IlOTeHUHana 11cnon1,syeTCH COBOKYllHOCTl, a1tcnep11MeHT8nl>HllX )l8HHNX, 

nonyqeHHllX np11 11syqeH1111 d , f , J''-- - cneKTpoB 11 HAepHNX 

peaKu11n. 

IlOJIYM11KpOCKOill11!eCKOe 0Ill1C8H11e, B KOTOPOM yq11T~B8IOT KPOMe 

cpe,l.\Hero nOJIH HAP8 napHoe 11 MYJII>Tl1nOJI1>-MYJil>Tl1IlOJ!1,HOe B3811MO,l.\eH

CTBHff, qacTo H83NB8IOT CBepxTeKyqett MO,l.\eJil>IO H,l.\p8. li p8MK8X 8TOH 

UO,l.\eJIH YA8noc1, nonyq11T1> ,l.\OBOJll>HO xopowee Oill1C8HHe Hl13KOJiellt811{11X 

HepOT8UHOHHllX COCTOHHHLi CHJil>HO,l.\e~OpMHpOB8HHNX H)le/l-I2/. B 

8THX pacqeTax AO 1967 rO,l.\8 cpe,l.\Hee none HAPS npe,l.\CT8BJiflJIOC1, C 

nOMOll{l,IO noTeHU118JI8 H11n1,cc0Haf13 ,I4/_ ,LlJIH Toro l!TOON nonyqHTl, 

npaBHJil>HN" IlOPHAOK O,l.\HOl!8CTHqHUX ypOBHeil npH paBHOBeCHllX Ae

~OpM8U11HX,npHXO,l.\HnOC1, napaMeTpll noTeHUH8JI8 H11JI1>CCOH8 Bll011p8T1, 

p83JIJ1qHllMH )!Jlfl p83HllX 060JIOl!eK 11 npoBD,l.\11T1, ,l.\OilOJIHHTen1>HO C)lBl1-

rH HeKOTOPllX IlO)lOCiOJIOlleK. T8K11M nyTeM YA8JIOC1, )l0011Tl>CH )lOCTa

TOqHo xopowero on11caHHfl HH3KOJiellt811{HX COCTOHHl1tt HeqeTHblX )le~op

M11pOB8HHllX H,l.\ep pe)lK08eMen1>HOil OOJI8CTl1/6/. B 8THX pacqeTaX 

yqHTllB8JIHC1, napHlle KOppeJIHUH11 CBepxnpOBO)lHll{ero THI18 11 B3811MO

,l.\ettCTB~H KB83J1q8CT11U C ~OHOH8M11. 0,l.\H8KO ,l.\JIH HeqeTHblX H)lep B 

OOJI8CTH 8KT11Hl1,l.\OB 8TOT nyTl> He )l8Jl xopow11x peayn1>T8TOB 

(cu.18/). 
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lloTeHil,118ny H11,II,CCOH8 np11CYll\11 cepo63HU6 116,Z(OCT8TK11. OH HB

nHCTCfl 6eCKOHeqHhlM no rny61111e 11 Il03TOMY era co6CTB6HHble BOnHO

Bble tlJYHKil,1111 11M6!0T 11enpaB11n1,noe IlOB8,Z(6Hl16 Ha rpaHl1l.16 11 BH6 H,npa; 

Cnm1-opCil1T8nl>HhlH qJieH 116 38B11Cl1T OT pa,n11yca 11 Il8p8M6TpOB ,Z(6g)Op

M8Il,1111 11 T.,n. ~nH nyqmero on11catt11H cpe,n11ero nonH 11eotixo,n11Mo BU-

6paT1, oonee pean11cT11qec1t11n n0Te1111.11an. B nocne,n1111e ro,nh! nonyq11n 

m11po1toe pacnpocTp8H6Hl16 KOHeqHhlli IlOT6Hil,118n C paaMUTUM KpaeM -

Il0T6HU118JI CaKCOHa-By,nca. BnepBhle aa,naqy O H8XOlK,Z(6Hl111 O,Z(Hoqac

'.l'l1q11ux COCTOHHl1ii B A6tlJOp1.111pOB8HHOM IlOT6Hl.1118ne CaKCOHa-By,nca pe

UJl1JIH Jl.3.He1rnp0Bc1t11i1 11 B.A. llenyp11oi15/. Omi: 11cnon1,s0Ba1111 MeTo,n 

q11cne1I110ro l1HTerp11pOB8Hl1H Cl1CT6Mbl ,n11cpcpepe111111an1,11ux ypaBH6Hl1ll 11 

IlOJiyq111111 O.l(HOqacT11q11ue s11epr1111 11 BOnHOBUe qiyHKl..{1111 HetiTpOHHhlX 11 

npOTOH!lhlX H,nep P6AK036M6nl>HOH o6n8CTl1. 0.l(H8KO 3Tl1 pacqeTU cnollt

Hhl, 8 npe.l(CT8BJI6Jil16 COOCTB6Hllh!X rpyHKl.111ll B Bl1.l(6 rpOM03,Z(Kl1X T86-

n11u 38TPYA11fl6T npaKTUqeCK06 np11M6116Hl16 3TOro M6TO.l(8. II03llt6 6blnl1 

npe.l(JIOllt8Hbl ·.l(pyr11e MeTO.l(hl peweHl1fl ypaBH6Hl1fl illpe,n1111repa C IlOT6H

l..{118JIOM Ca1tco11a-Hy,ncalI6/. 

B/17/ 6un pa3pa60T8H np11tiJil1lK6!1Hhlll M6TO.l( peweHl1H ypaBH6Hl1H 

illpe,lll1Hrepa c n0Te111..{11a110M Ca1tco11a-By,nca AJIH cqiep11qec1t11x H ,neq_iop

M11poBaHHhlX fl.Z(6p. 3TOT M6TO,Z( Il03B01IH6T nonytll1TI, BOJIHOBUe cpyHKil,1111 

ccpep11qecK~X H,llep B anan11T11qeCKOM Bl1,Z(e. ~J]fl Toro, qTQOhl 01..{6Hl1TI, 

TQqHQCTI, np116JIHlK61lHOro M6TO,nal17 / B cnyqae .l(ecpop1rnpoB8HHhlX H,nep, 

6uno npOB6,Z(6HO cp8BH6Hl16 pesynl>T8TOB pacqeTOB no MeTo,ny/I?/ C 

T6Ml1, ROTOphle OhlJIH nonyqeHhl B/IS/. EbIJIO IlOR838HO/IB/, qTQ paccq11-

T8HHU6 no 3Tl1M .Z(BYM M6TO,Z(8M 3Hepr1111 O,Z(HQqacT11q11ux COCTOHHl1H, 

pacnOJIOlK6HHhlX B6n11a11 IlOBepXHOCTl1 ~epM11, np8RTHqec1t11 COBil8,Z(8lOT 

MeJK,ny cooon. CpaBHHTen1,11un a11an11a cTpy1tTypu Bon110Bux lj)yHKIJ.11H 

3Tl1X COCTOHH11ll CBl1,Z(6T6JII,CTBY6T O xopoweM HX COOTB6TCTBHH. 
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.· .. Ha. c5aae 8Toro npH611HEeHHOro JAeT0,&8 B/l9, , 201 BlilllHCJieHlil 0,&'."' 

.• H0.118CTHIIHH8· cneKTpH H l30JIHOBHe- qiyHKUHH" CHJII>HO ·AeqiopMHpOB8HHlilX 

,. H;llep. B/2I/ p08;l{8H O,&H0118CTl'IIIHlii1 ()83HC ;l{Jlfi npoBe,&emrn pacqeTOB 

no CBepxTeltyqei1 MO;ll811H H,11;pa ;l{Jlfl 06118CTei1 150 !-' JI f '190 H 

234 f JI 1 254. 

B/22/ Il()K88.8HO, qTO HCilO~I,80B8HHe ~;l{HOll~,G_~~~HlilX a1rnprHH H 

BOJIHOBHX qiyHKUHi1 IlOT8HUH8118 CaKCOHa-By,&ca Be,&eT,K 11y11meuy OilH-

C8HHIO HHTeHCHB~OcTe.it nepe~~AC>B ( £ .A , MA ~. nep~xo,&i., ~ -pac-

na;ll) U8EAY O;llHOKB83HqacTHIIHHMH CQCTOHHHHUH B HG118THlilX H,&pax B 

O()JI~CTH is□. f ·t~ 190 .n~ _CJ)~BH8H~IO, ~. :~!l~ll~T~~H·,·. O~HC>B~liHlilUH H8 

IlOT8HUH8Jie HHJIJ,CCOH8. 
• . . . ~ ~ • • , "Ii • ~ r • ' •• 

Ilo11yqeHHlie O;l{H01{8CTHqHli6 atteprHH H BOJIHOBUe·qiyHKUHH IlOTeH

UH8118 CaKCOHa-By,Acaf2I/ npldB811H K 11y11meuy OilHC8HldIO Tex CBOitCTB 

H.Aep,.KOTOplie ()HJIH HCC118;l{OB8HH H8 OCHOBe IlOT8HUH8118 HHJII,CCOHa, 

·nOBBOJIHJIH npo8H811H8HPOB8Tl> T8KH6 8KCil8PHM8HT81ll>HH6 ){8HHli8, KO

Topue p8H66 OCT8B811HCJ, ·ueo0t.J!CH6HHWOI. K HHU · OTHOCHTCH, •. H8IlpH-

11ep, Jv'; . ..; aanpe11tetttti.lt ~ · - pac~a.ir, .AJIH KOToporo B/23/ no11y

qeu1i1 8H8'116HHH fij-f t ·, YAOB118TBOpHT61ll>HO cor11acyJ011lH8CH C 8KCil6-

. pHU6HT81ll>HHUH. 

·cJie'.ityeT'o'l'MeTHTl>, qTo npH6JIH:&:6H~lii'i M8TO;l{ peweHHH ypaBHe

HHH Wpe,AHHrepa · c aii11a0Tp'onmi1u · 110TeH~Ha11ou CaKcotta-By,11ca, npe,&110-

1:~HHHi! i 17 I, · npHBO~H'l' K pe ay11ua~a~, ·0611a,&a10ll(HM ~~MH xe npem,y-
, } '· t . • • -~ ~ 

•ecTBaJ,Ol B np8K'l'HqecKOM HCil01ll>80B8HHH, qTO lit cxeMH H,H1ll>CCOH8 
. , .. ~ . ' . . . . . .' . .. . . ; ·• . .,. '· . 

(8CHMil'l'OTHqecKHe KB8HTOBH6 IIHC118 ;l{Jlfl xap8KT6PHCTHKH O,&HoqaCTH'II-
. , ·. , .. ;. . •. '. ,·•:-;··. •' ,. . : . ",.' . 

HHX COC'l'OHHHit, npe,ACT8BJieHH6 BOJIHOBHX qiyHKUHi1 ,&eqiopMHPOB8HHHX 

H;llep B BH)t6 p88110J:6HHH no c588HCHlilM 8H811HTHqecKHM qiyHKUHHM). 

B/IO,II/ Bli11HC116Hlil O)tHOq>OHOHHlil8 KB8APYil01ll>Hlile H OKTyno11:i,

Hlil8 COCTOHHHH B qeTHo-qeTHHX H]tpax H H8POT8UHOHHH8 COCTOHHHH 
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HeqeTHUX HAep B o6nacTH ISO~ R ~ 190 c BOJIHOBUMH ~YHKUHHMH H 

OAHOq8CTHqHUMH 8HeprHHMH IlOTeHUH8Jl8 CaKCOHa-ByAC8, nonyqeHHUMH 

B/211. JJapaMeTpu IlOTeHUH8Jl8 CaKCOHa-By'ACB B8ffTU O'AHHBKOBHMH 'AJ!ff 

BCCX ooonoqeK, npOK8BOJ!DHliX C'ABHrOB IlOAO6onoqeK He npOBO'AHJ!OCD. 

IlO8TOMY pacqeTU, B KOTOPHX HCilOJ!D8Y~TCH O'AHoqacTHqHue 3HeprHH 

H BOJ!HOBUe WYHKUHH IlOTeHUH8Jl8 CaKCOH8-BY'AC8,HBJ!ff~TCff cy~eCTBeH

HO oonee nocne.ztOB8T8J!DHUMH H O,llHO3H8qHUMH no cpaBHeHH~ C TeMH, 

KOTOpue OCHOB8HU Ha BOJ!HOBUX WYHKUHHX H SHeprHHX IlOTeH~H8Jl8 

HHJ!DCCOH8. 

B/IZ/ paccqHT8HH O.ztHO~OHOHHHe KB8APYilOJ!DHUe H OKTyilOJ!DBUe 

COCTOHHHH qeTHo-qeTHUX HAep B o6JI8CTH 8KTHHH'AOB C BOJ!HOBUMH 

WYHKUHHMH H OAHoqaCTHqHUMH SHeprHHMH noTeHUH8Jl8 CaKCOHa-By'ACB, 

KOTopue 6y.ztyT OilHC8HU HHEe. 9HeprHH H BOJ!HOBUe ~YHKUHH O'AHO~O

HOHHUX COCTOHHHli OYAYT HCilOJ!D8OB8HU H8MH npH BuqacneHHH B88HKO

.ztelicTBHH KB88HqacTHU C ~OHOH8MH B HeqeTHUX ffAP8X, 

B ,ll8HHOn paOOTe OilHC8HU O,l!HOqaCTHqHue COCTOHHHff IlOT8HUH8-

Jl8 CaKCOHa-By.ztca .ztJIH A = 239 H JI = 24?, T. e. .ztJIH H,l!ep B 061100TH 

234 !- A ~ 250, a aaTeM paccqHTBHU ,rneprHH H BOJIHOBue ~YHKUHH 

PHAB HeqeTHUX H.ztep C yqeTOM napHUX KOppeJIHuHn CBepxnpOBO,1!ff~ero 

THil8 H B38HMO~eliCTBHff KB88HqacTHU C ~HOH8MH, 

B paa.z1ene 2 ,ll8HO Kp8TKOe OilHC8HHe M8TO,ll8 perueHHff ypaBH8HHff 

Wpe.ztHHrepa C IlOT8HUH8JIOM CaKCOHa~By,l!ca. B paa,l!ene 3 npe.ztCT8BJie

HO noBe.ztettae o.z1uoqacTaqttux ypoBHett B aottax J = 239 HA ~ 24? H 

o6cyx.zteHU ocoOeHHOCTH HX BOJ!HOBUX ~YHKUHn. B paa,l!ene 4 H3J!OK8H 

MCTO,1! Buqacnettan atteprHH H BOJIHOBUX ~YHKUHn HepOT8UHOHHUX COCTO

ffHHli HeqeTHUX H.ztep H npHBe.ztettu aHeprHH H H8HOOJ!DWHe KOMilOHeHTU 

BOJ!HOBUX ~yHKUHtt OCHOBHUX H BO36ya.zteHHUX COCTOHHHff PH.1!8 HeqeT-
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Hb!X H;ztep B oonacTH 235 f: A f 249. B paaAeJie 5 ;ztaHo O6cyi1wimie 

ocoC5eHHOCTeit HepOT8UliOHHblX ypo]lHeit HetrnTHblX H;ztep. B npHJIOllteHlili . - '. . . ·. -. . . . . . ". '-. . "_ ' ,. . ~ . . . ·. . . ' . . 

npHBe;zteHbl aae,prm.i li BOJIHOBble cl>YHKL{Hli O;ztHOti:8CTHIIHhIX COCT(?HH1'1W 

llOT6Hl.{1'18JI8 CaKCOHa-By;ztca IlPli P~B~OBeCHblX ;zteq>opM8UHHX. 

2. MeTOA peweHHH ypaBH6HHH llip68HHrepa C 8HH3OTpOnHblM 
'· ~ . . ·' ' . 

noTeHgHanoM·CaKcoHa-By,nca 

. Ucxo;ztliM Ha npe,l{n'onoJKeHHH O TOM, IITO ipopMa H;ztpa o·nfllCb!B8eT

CH. qJOPMYJIOit: 

~-( 9 , lf) = Ro { 1 + f>c + f ~ f "f- . ~ /' ( e' lf ) ), : (I) 

r;zte Ro - pa;ztHyc .PBBHOBeJIHKoro ccpepnti:ecKoro H;ztpa, ~c. - no-. . . . ; . ' ' . . . " . . .. . . . . . . ' , ' . . . . ·~ 
CTOHHIJ8H, KOTOpaH . BBO;ztliTCH AJIH, BblilOJIH6HliH JCJIOBliH_ CO)Cp8Hemrn 

' . 

OO'b6M8 t foJJ<- - n,apaMeTpbl ;zteqiopM8UHi1. JilMeIOll\HeCH 8KCnep11MeHT8JII,-

Hhle ';zt8HHble H TeopeTHti:eCKlie pacqeTbl yK83blB8IOT, ti:TO AJIH H,I\ep B 

ooJiacTHX !50 f: ft .f: 190, 226 f: A f 256 pw > 0 , p~c /:- 0 H 

~w"' 0 1241. Cornacao pacti:eTau/25- 26~ paBHOBeCHhle ;zteqiopMBURH 

THll8 feu, , f1 ?if'-- ;ztJIH HAep l3TliX OOJI8CTei1 p8BHhl Hymo. f!OSTO-

MY cquTaeu, ti:To V npHHHMaeT aHati:eHHH 2 H 4, f ~ 0 :i,i 

R(0,<f)-=J(e) • · 

Vtwtt, (r)::: V(v) ~ 'io: < ?) , (2) 

- - 1 
-~(f) = -Va { ~ +e;;cp L ( r- R(e)) ·d.] J · 

(3) 

H 
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rAe X, - KOHCT8HT8 CilHH-op6HT8JloHOro B38HM0AelicTBHH, 0 -MaT

pm1,a flay,m,· p - HMilYJIM HYKJI0Ha. 

B cny,rne npOTOHHOif CHCTeMH Heooxo.i{HMO A06a:imTo KYlloHOBCKOe 

'B3811M0Ael1cTB!le B BHAe: 

y (r) -=3(2 -jJe -<-j nfr~ dP' 
t '-ff, R0 • · Ir - P·/ {5) 

rAe 

n(P'f= "{ i +er_p {(;'-ite))·.i}J-1. 

nnoTHocu pacnpeAenea,~J'I 38PHA8 B HAp_e~ ._ Oo~aaa,rn:e qepea U (P) 
CYMMY HAepHoro .11 KYJI0H0BCKoro Il0T8HUH8JI0B, BHilHWeM ypa:eaeHHe 
lllpeA11Hrepa 

{- 1~ 6 t- Ir(r) - E} <f ( ?) = o_ {6) 

IlpoBeAeil l3 ypaBHem1.11 ( 6) Toz.zieciBeHHoe npe66paao:eaHHe AJIH :ea

. AeneH11H c4>epuqecKu..:cm.11teTpHl!Holi qacTH noTeHuHaJia. Ilbnyl!HM: · 

· · [- 1~ 6 T i~(v) T iJ{rJ ·_ E J rrrJ~ o, 
. (7) 

rAe 

: ·1r(f J == JJ:(PJ.- v-rr J. (8) . 

·..-...:- .. 

AJIH pewem'IH 38A8l!H P83JI0EHM '11(?) ,,.... B PHA no _cipepuqecKHM' 

rapMOHHK8)( ½o ( e) , T0rAa AJIH V(r):: V(r )-- V{f~) CiyAeM 
' ,. JI ' ' HMeTo: 

'V(r): f. A~ ( fv}'r) Y11·0 (e )_ (9) 

\ 

\' 
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~YHKJlHH .A{ ( p Jo , V') H8XO,1lHTCH lIJ,iCJI6HHO. JlJIH cmm-op6HT8Jll,

H8ro E38HMO,1lCHCTBHfl MOEHO 38IlHC8Tb:l27/ 

npHt1e1A 

"W; = - 7 {Y (pe 6'f ~ ;i,~§ p.,, G'e) 

(II} 

KOOp.l{HHiT, a Pe , p If , Pr - COOTB6TCTBY~~He onepaTo-

p1,1 mmyJibC8. BKJI&;ll;bl aTHX Tpex cnaraeMblX paaJIH'IHl,I. OnepaTOPbl 

7.r ,,r ·. ,.r - Heap).{HTOBbl, B TO Bp6MH K8K ¼ o. apMHTOB. w1 , w~, w!>. 
IToaTouy oTOpacblBIHHe Toro HJIH ,1tpyroro cnaraeworo wo~eT npHBe-

CTH K HeopTorOH8JlbHOCTH BOJIHOBl,IX ~YHKllH~, KOTOpaH oco6eHHO Ee

JIHK8 ,1lJIH 6JIH3KHX ypo»Hll C ~N = ~2. 

PaccwoTpHM Bonpoc o coxpiHeRHH oo~eue a,1tpa. Ana oiHopo,1t-

Horo pacnpe,1teneHHH c peaKo" rpaHH!lei 

~(r) = l S'~ = '!,rt.; 

II S?(~ )dr 
Rte) 

jdJL J r1 cir = 
0 

= I ycnoBHe coxpaneHHH O6~e1u, HMelT BHit: 

ll!i Ro 3 
3 

(12) 

(13) 
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l!O)J,CTBBJHllI )1,JilI e (9) Bb.lp8lK6Hl,Ie (!), lU.466M (IlpH jl- = 0) 

po+{>t~+f r,/ = - 4~· [~ lfvv I~ { ,( + fof) + 

~ L 0;l. fJv", l!i .,,_ j (~v"+-1)(~v"'➔ ill¾,{J"v"'OOlv'o).t] 
'~.'..v") "rvo '-lrr{1J,+1)) l' . 

(14) 

CoxpaIIlilI B (14) l!JI6Hb.l ;zio p/; . BKJIJ()l{HT6JI:&HO, IlOJiytiaeM 

~o ~ - i + V ~ - 4~ ~/p vo I~: (IS) 

-- I It 
tCJIH f f vc ( II , TO (IS) CBO;z\HTClI K H3B6CTHOti qiopMyJie 

Pi_ - - _e_ \ ~ 
jfL' - 411 ~-' ~Ve' I , 

r)J,e 

(16) 

·( 1 ~ I ··. l.t.) ,3 ( t ~ I It) t . P=-i + t rf~ ~vt, + 1L f"~ f.Jo_ +_·· • 

.t 
11 P ~ i np11 ~ I ~vv I . ➔ 0 . B cnytiae pacnpe.ztene-

HHJI_ C8KCOHa-By,ztca, ycJIOBHe { I3) 38IlHChlB86TClI CJie,ztyIOUlH.U oeip830M: 

JdJL J n(P) v~clr = '1,1 n (r )rtd~ 

a n tr) '·ID.166T·BH)J, (5). Ilpeo6p830B8B Yl(Y) 
no (8) 11 (9), nepem1meu ycJioBHe coxpaneHHH .OCi'.oeMa: 
'CC 

(!7) 

8H8JIOrHtI-

J JI; ( r, foe,? f vo )r1,dr =- 0. (IB) 
0 

8TO yp8BH6HH6 pemaeTCH M6T0)1,0M IlOCJI6,ztOB8T6JI:&Hb.lX npHCiJIHlK6HHn H 

aa HyJieBoe np116n11~eHae Heo6xo,zt11Mo B3HT:& BhlpaxeH11e (16) o,P =I. 
Ilp11 paBHOB~c~wx aHatieH~lIX p ~~· · ~eJIH'IHHa f>o - nopn.zt~a·. He- ' 

. './ 
\ . 
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CK0JI1>Kl1X ThlCfit!HhlX l1 BCer.1(8 0Tpl1il,8T8Jll>H8. 8To npl1B0,l(l1T K 31JiI_ieK

Tl1BH0MY yM8Hl>Il18Hl1IO lu , BCJI8,l(CTBl18 1rnro Bee yp0Birn 0,llH01.18CTl11.I

H0ro Cil8KTp8 Ilpl1MepH0 O.ZJ,l1H8KOB~ Il0.ZJ,Hl1M8!0TCH .BBepx. flpl1 fw :>r~'( 
BB8.ZJ,8Hl18 f>o CT8U0Bl1TCR B8Cl>M8 Ba~HhlM, C,llBl1r p83Jll11.IUUX yponueil 

H80.z(l1H8K0B l1 cneKTP 0,llH0'll8CTl11.IHhlX YP0BH8H Cl1Jll>H0 M8HH8TCH, 3T0 

l13M8H8Hl18 H8Jl1>3H CK0Mil8HCl1p0B8T:b M8Jlh1Ml1 l13M8H8Hl1HMH napaMeTpa 

<?? ro (1.ITO 0hJJI0 B03M0~H0 ,llJIH ,x.D. ). 
By.z(eM l1CK8T:b perueHl18 ypaBH8Hl1H (6) B Bl1.1(8 

f = ~ Q,~j o/;. (19) 
neJ 

~YHK1\l1l1 o/ ~j HBJIRIOTCH co6CTB8H!Ib1Ml1 !J/YHKl\l1HMl1 ypaBH8l!l1H lilpe-

Al1Hrepa co ccpep11qeCKl1-Cl1MU8Tpl11.IHWM Il0T8Hl\l18JI0M 

(20) 

r,l(e Vl.. - P8Al18Jll>H0e KBBHT0:1108 1.Il1CJI0, t - C0OCTB8HH0e 3HL:-

118Hl1e ;poHT8Jl:bH0ro MOU6HT8, J • - C00CTBeHIIOe, 3H81.18Hl18 M0.MeH

T8 (j .=e I- .t_}_. , ..il. = I(,, e21> C0OCTB~H0e 3H81.18Hl18 onepa

TOpa Jr • rhej = fl111y (r) Yij > ye.; - ruapOB0\1 

CilHH0P, 8 p8.z(l18Jll>H8R 118CT:b B0JIH0B0H cpy1rnu.1rn C BhlC0K0H T0'llH0CT:b!O 

annpOKCl1M~pyeTCfl' npl1B8,1(8HH0H B/I?/ !J/0pMyJI011: 

e . - J/4 H ·[s(r)] er.rn [- st(r) /.t] neJ - r n_ . · ·-1 , 
(2I) 

r.1te .Nn · - K0HCTBHTa H0PMHp0BKl1, a Hn (7:!..) - noJI11H0M 3pMHTa. 

$(r) - KOppexTHpyn~aR cpyHKUl1R, Y.zt0BJieT~0PRI0~8R ycJI0Bl1!0 

S r 
J ( E - 6 ~) %. do = f p ( f) d f, c22) 

-'[E r, 
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I',l\0 p(~) - KB83HKJI8CCHll0CIUIH HMilyJII,C, 8 Y,i - TO'tJK8 IlOBOpoTa. 

S(r) Bbl6.11paeTcH TaK, llTO oHa oopamaeTCH B HYJII> O,l\HoBpeueHHo 

C p(~) /2B/. Ilo,l\CT8BJIHH {19) B (6), YMHOJIC8fl H8 C<f111~'j' )~ 
H HHTerpHpyH, IlOJIYllHM: 

, ), ~'"L, ~ lL /IJ~ r-.- , (U .... "L 

( Eri•e j' -E 0. 11,l!i/ + ·¾ D11e/ ( T11'€J' / V') T tieJ> = ~ (23) 

,.,_, 

BCJI6,l\CTBHe Bb10p8HHOH CHMM6TPHH IlOT6Hl\H8JI8 1.J B (19) BXO,l\HT 

llJI6Hhl C e,. , O,l\HH8KOBblMH no ll6THOCTH.; PewaH CHCT6MY' ypaBH6HHil: 

(23), H8XO,l\HM o.ztHO'tJ8CT.111lHble aHepr.11.11 E .11 BOJIHOB!Ie qiyHKL\HH 
JL 

( K03q>(ll.11l\H6HThl Qnfj p83JIOJ!t6H.11fl (19)) • 

3. CxeMbl 08HOll8CT.111lHblX ypoBH6H 

~3B6CTHO, llTO cxeMa H.11JII,CCOH8 npe,l\yCM8TP.11B86T IlOCTOHHCTBO 

OTHOC.11T6Jll>HOrO pacnOJIOJKeHHfl ypOBHettc .113M6H6H.116M J/ npH 

q>.11KC.11pOB8HHOM 3H81l6H.11.11 napaMeTpOB ,l\6q>OpM8l,\.11H. MeHH6TCH JI.11WI, 
-t A, -h , 

uacw-rad OTC Ile Ta aHepr.11.11 n &.-1 c ~ • • B cnyqae noTeHn.11ana 

CaKCOHa-ByACa OTHOC.11T6JII,HOe pacnoJIOJKeHHe OOOJIOlleK HBJIH6TCH 

q>YHKL1aeU MaccoBoro q.11cna A 
paaiiblMH '\1 J, J ( f .;1., '"" 0) 

Tai KaK 3HeprHi doCTOHHH~ C 

HMe~T paaHyro aaBHCHMoci1, OT 

p8).{Hyca 'H.zipa'~ llosTOMY' ,cTporo roBOpH; 0).{HOll8CTHllHble COCTOHHHH' 

noTeHnHana CaKCoHa-Hy,l\ca HYlKHO BblllHCJIHTB AJIH Ka~oro 3HalleHHH 

Ma9c0Boro' tlltCH8 jJ . • 0,7.(H8KO O,l\HO'tJaCTHllHUe 3Hepr~H. H iomioB~e ,. 

qiyHKL\HH M6HHIDTCH npl1 YB6JI.111l6HHH J1 ue.zineirno .H MOHOTOHHO, 

nosTOMY MOlKHO oonacTI> li,l\ep 226 1 JI £ 2·sojiaa,l\eJIHTI>,'Ha TpH ao.;. 

Hhl ~ .4 = 231' 239' . 24?. ;L(aHHaH pa OOT8 onHCblBaeT. COCTOHHHH \ ),{Jlfl' 

JI =;:239 H, ;24?, T. e • ;llJiff ,H,l\ep B HHT,epB~JI.e .2341./t;,f 250; 
1 , 
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PacqeT O,Z!HOl!8CTHl!Hb1X COQTOHHHii npOB8,l1.8H 1!8, OCHOBe 113JJOlK6H

HOr~ B ;aa,Z1~J1e 2 Mel'.o;~·, -~or,Zla B; cyM~e. i foii~-- Y,>t,leJ', ·c°.xpa

HeHb1 KB8,ZlpynoJ1l>H~H ( J:: 2,) _ H reKC8;14~K8Il0~1,H8H ... (J =, l/) ;14ewop

M8IJ;HH. Pe ayJil>T8Tbl l!bJl!l1CJieHHH npe;14CT8BJ1eHu .p.JIH P81JH9Be CH~x 31H~-
• ~ ,•, ' I •,/, ") ~ ' 

l!eHH~ .-. p:m; , ;KOTOP~,e~ CO~?acHol
24,( pa~irn o,o~ li?I~ H_,nep,. 

B6mtai A= 239 H o,oG ,Z!J!H ,;i ::. 247. IlapaMe'.['pbl n0Temi.11ana ,11.J!H 
1 ! ' ' _;. ' ' ... 

30H C JI= 239 H J1: 247 ;148Hb1 B T86J1HIJ;e I. ]lJIH p8CCM8Tpl1B88MblX 
, , '• <, I .' \ , !, ' , • ,- • •, •. ,l / • ! , , .' • ' 1 •) ' ~ 

H,nep_npoBeA~HO yToq~eHHe napaMeTpOB no cp8BHeHHp C"TeM11, KO~O

pb1e npHBe,Zl~H~ i 19/. ~a Ta6mn\bJ I Bl1,ZlHO, l!To Il?PBMeo;rp pl MeH1,-
• ~ ; <\ • ; i 

we y HeiiTpOHOB' qe.M y I;IPOTOHOB. KpoMe TOfO'' B Hei-iTpOH~Oi-i 'cxeMe 

OH yMeHl>W86TCH C ;OCTOM fl .· 1'~Koe l18MeH~~11e napaMeT;a . . d._ 
f ' ' 

MOlltHO, Il0-BJ.1;14HMOMY, K81!eCTBeHHO IlOHflTl>, eCJ111 o6p8TJ.1Tl, BHJ.1M8HJ.1e 

H8 TO, '11To ;14J1H H,IJ,ep p8CCM8TPl1B8eMoi-1 OOJ18CTl1 qm:'no' H;~tlTpOHOB cy-

mecTB6HHO npeBb1W8eT IJJ,1CJ10 npOTOHOB. 
-··, 

.Ha pHC. I-4 npe,n,CT8BJ1eHb1 HetlTpOHHble H ,npoTOHHble CXeL!!l ypoB-
' , " -., "'I ' 

Heit ,llJIH fl= 239 npH, r:t = 0 ,08 H ,llJIH J/" 24 7 IlpH f:,i) = 0 ,~6• 

BH,ZlHO, l!TO OHH np8BJ.1Jll,HO nepe,Zl8IOT nopH,ZlOK 38IlOJIHeHHH O,ZlH01!8CTHl!

Hb1X ypoB.Heii npH paBHOB~CHb1X aHal!eHHHX napa~eTpOB ,Zleqiopuau;HH /:u~'I 
~ ~1> • 0.zlHBKo cne,Zlye:T, oopa7wh ·BHHMBHHe ·Ha 6on1,wy10 nJio:rHocn 

He~TpOHHblX YPOBHeii B6JIH3H l!HCJ18 HeiiTPOHOB 143. • 
,, ~ 'i 

B pacqeTaX C noTeHIJ;H8JIOM HHJ11,CCOH8 He BCer,Zla Yl!HTblB8eTCH 

CBH31, 060JIOl!eK JI, N .± ~ • B pa6~Taxi17- 231 a'Ta' CBH31, npHH~a-. . . . . . . 

eTCH BO BHHM8HHe , dnaro,11;apJ1 qeJly YPOBHH C O,IJ,HHMH H TeMH lite, - r . - ., .. 
. aHal!eHHHMH ll He nepecirnaIOTCH. 0,ZlHBKo B o~,ZleJ1l>Hb1X. cnyl!aHx 

' -
T8KH8 COCTOHHHH MoryT Clb1U OJIH3KH ,Zlpyr K ,npyry np1,1 H8KOT0pb1X 

• ' l . , 

3H81!6HHHX napaueTpOB ,Zle(flopw.au;,,rn. T8KJ.1e COCTOHHHH. H83b1B8IOT KB83H

nepeceK8JO~MHCH. EcnH ,ZlJIH H,Zlep C 150 ~ JI !:. 190 Ob1Jll1 B8l!tlibl TOJ!l>KO 
' ~ . \ ' . . . . . - '. . ': ' / 

OT,Zl6J1l,Hb16 KB83Hil8peceqeHHH COCTOHHHit, OTJIH1!8_!0mHXCH no .N HS 2 
~:. ·.., 
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/29/ 
• To B oocyx,llaeMOM cnyqae qHcno BalltHhlx KBaaHnepeceqeaHH 

CYll.!8CTB8HHO B03p8C,T88T • Hanp1,rnep, HeKOTOphle COCTOHHHH HCilhJTUB8-

IOT ABB KB83lrnepeceqeHHfl npH H3MeHeHHH }w OT 0.1 ,llO 0.3 (cM. 

PHC, 1). HeCMOTPfl H8 TO, qTo KB83HnepeceK810ll!H8Cfl COCTOHHHH 

6nH3KO IlOAXO,llflT ,llpyr K ,llpyry, BOHHOBhle WYHKUHH STHX COCTOHHHH 

CHJinHO CM8WHB8IOTCH TOHnKO B BeCnM8 Y3KOM HHT8pB8Jie aaaqeHHH na

paMeTpa Aeqiop1rnum1 ftw . IIpH 6onn111Hx )le(j')opMau1rnx nocne TO'IIKH 

KB83HnepeceqeHHfl CTPYKTypa O,llHO'll8CTHqHhJX COCTOHHHli OCT88TCH TB

KOli, K8K eCJIH Ohl nepeceqeHHe STHX YPOBH8H HMeno M8CTO. 8TO o6-

CTOHT8JinCTBO yqHThl~8eTCfl npH np1mHC8HHH YPOBHIO 8CHMilTOTH'll8CKHX 

KB8HTOBhlX 'IIHCen. 

lihlCOK8fl IlJIOTHOCTn ypoBHew npHBO,llHT K TOMY, qTo B38HMO,lleH

CTBHe Mel!t,lly COCTOHHHm.Ul, COOTB6TCTBYIOll.!HMH p83JIHql!h!M c(j')epH'lleCKHM 

IlO,llOOOnoqKaM, oqe11n B8JIHKO. !IOSTOMY H ,llJ!fl 6onnWHHCTB8 COCTOHHH« 

,lle(j')OpMHpOB8IIHOro H,llp8 ue.rrn3fl Bhl,ll8JIHTn O,llHY KOMilOH8HTy, ,ll810lqy10 

Il0,ll8BJ!fll01Jt11H BIOI8,ll B BOJIHOBYIO qiyHKUl1IO. KaK npa1rnno, B BOHHOBOii 

(J'?YHKl.J,1'111 ecn HeCKOJinKO KOMilOHeHT, noqTH p8BHOU6HHhlX ,llpyr ,llpyry • 

, B np1tU!OiK8HHH ,ll8Hhl T86JIHUU O,llH0'118CTHqllh!X aueprHtt H BOHHOBhlX 

<llYHKUlilH. Ta6JIHUhl npHBe,lleHhl ,llJifl TeX COCTOflHHii, KOTOphle pacnonollte

Hhl B6m13H noBepXHOCTH gJepMH H npe,llCT8BHHIOT J18HC>OJinlllHH HHTepec. 

.Llnn COKP811.!8l1Hfl OCi'beMa T86HHU YK838HHble B8JIH'lll!Hbl npHB8,ll8Hhl ,llHfl 

O,l\Hoi1 aoau II= 239; JI= 145, 2 = 93 npH aaatieHHHX napaueTpoB 

,ll8(j')OpM8UHH ~a.o = 0.23; fz/0 = 0.08, 6ml3KHX K p8BHOB8CHblM. 

KoMnOHeHThl BOJIHOBhlX (j')yHKUHH npH nepeXO,lle OT O,llHOH 30Hhl K ,llpyroii 

M8HfllOTCfl IlJI8BHO. B T86nnue 2 IlOK838HO ,llJIH npHMepa HettTpOHHOe 

COCTOHHHe s;2+ /622/, paccqHT8HH08 ,llHfl cnyqaeB Jl = 239 H JI.= 247. 

B Ta6m1ue 2 He ,ll8H BKJIBA cocTonaHtt 1 m2.1/2, H 1ds4.,. , TBK KBK 

OH uan B 06011x cnyqanx. 
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4. HepOT81U,IOHHble COCTOfl!UUI HeqeTI-IblX JI_ H,gep 

811eprI,rn HepoTai.i~WHHb!X_ ypOBHetl HeqeTHb!X JI-Ae\[l_opM!1pOB8HI-ILIX 

H,n;ep c11111,Ho aaB!1CHT OT no110JKe1111a· o.n;HoqacT11qm,1x ypoB1rni-i cpe,n;Hero 
.. . 

Il01Ifl. IIoaTOMY ,ZJ;1Ifl BblflCH6Hl1H Toro, H8CK01Il>KO xopolllmrn Hll1IH;OTCH 

paccqHT8HHhl6 O,ZJ;HoqacTHqHbJe SHeprHH l1 BOJIHOBhl6 qiymcu,1111 IJOT6Hll,l18-

1I8 CaKcoHa-By,n;ca, Bblq1,1c1rnM aHeprHH 11 B01IHOBble q,yHKu,1,111 HeporauHoH

HliX cocTOHHHi.1 pH.n;a HeqeTHl:lX fi-H,n;ep B 0611acTH 235 ~A£ 249. 

Ha aHepr1111 l1 B01IHOBble qiyHKll,l1l1 H6POT8ll,l10HHblX COCTOHHl1i-i HeqeTJ-Ib!X 

Jl -H,n;ep OK88blB8IOT H8l100Jil>lllee B1Il1flHJ,te CBepxnpoBO,l\flll\118 napm,1e 

Koppe11Hll,l11!1,. B8811MOA6HCTB11e KB8811qacTl1ll,. C <pOHOH8M11 l1 · KOpHOJIKCO

BO B88HMO,ZJ;6HCTB11e. B ,ZJ;8HHOl.1 paCioTe Mbl yqTeM B1Il1HJ-1116 CBepxnpOBO

Aflll\HX napHblX KoppeJiflll,HH li B88l1MO.n;ei.1CTBl16 KB88HqacT!1ll, C qJOJ-IOH8-

M11. nJifl OOJil>lllHHCTB~ OCHOB8Hl1li pOT8ll,110HHb!X IlOJIOC pOJil>·KOpKOJIHCO~ 

0.l(HaKO OHO MOJter 

B npOTOHHOIA CHCTeMe l1 no,n;~Ci()JIOqKH . J IS/4., B HeiiTpOHHOi-i CHCTe-

Me. I1011yqeHHble H8Ml1 BOJIHOBble qiyHKUl1l1-B ,1(81Il>HeiallleM MOryT OhlTl> 

11Cil01Il>80B8Hl:l A1Ifl pacqeTa POT8ll,HOHHblX COCTOHHMI C yqeTOM KOPHO-. 

1IHCOB8 B88l1MO,ZJ;eiicTBHfl. 

IlpH BblqHc11eH11H SHeprHii H B01IHOBblX rj)yHKll,l1H H6ll6THl,IX 

,n;eqiopi.mpOB8HHblX fl.l(ep BOCilOJil>8Y6MCH peay1Il>T8T8MH, np11B6,ZJ;6HHb!Ml,1 

B/6 , 30/. ~8Hbl OCHOBHble \[JOPMY1Ibl TeOpH11, yq11Tl,IB8IOll\6ll B88HMOA6HCT

BH6 KB88HqacTHU C qJOHOH8M11, Olll1CblB8IOII\HMH Bl1dpau,HOHHhl6 COCTOH

Hl1H, ~t;)OT~.eTCTBY,Ipll\HX ;ll6THO-qeTH!,IX HAep. 

BOlIHOByIO: qiyHKll,HIO · H'eqeTHoro JI_ H.n;pa, OllHCl,IB8IOll\YIO COCTOfl-

1/ Ji" ' 
HHfl C .l(BHHblM~ ~-' , 881ll1lll6M B B11A6 
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/;/ ir) j I t" + \ '\ 1'.>..µi.j + Q+(_ )1ll11 
T (k.,' ==-t~ ,r,;- Z::,¼.~ +- L L....U~~~- °'s~- i Jjl JT(24) 

1} J v:Z, G" Afi- 'S6 

r.l\e GJ~ u) flBJifleTCH onepaTopoM qioHoHa MYJII>Tl1nonliHOCTl1 ( >. f-) 
t / 

:-)__SS eCTl:i onepaTOp p0~,l(eHl1fl KB83l1q8CTl1l\bJ, 0~ ± j , 1±1 
flBJlfl6TCH BOJIHOBO.H WYHKL\l1ei1 OCHOBHOro COCTOHHl1H qeTHO-tI6THOrO 

fl,zipa, qepes 96" 0003HaqeHa COBOKYilHOCT1 KBBHTOBhlX q.11cen, xa-

p81(T6pl13Y!OlJll1X 0,l(HoqaCTl11lH~il YPOB6H1 CP6.l\H6ro nonH C .l\8HHhlMl1 k,~ 

1lepe3 36" - OCT8JI1Hble YPOBHl1 cpe,l\Hero IlOJifl. 

Ilpl1 BbJql1CJ!eHl1H 3Heprl1i1 l1 BOJIIIOBblX qiyHKL\l1!1 HepOT8l\l10HHhlX. 

COCTOHIU!.V. IJ HeqeTHbJX A - H,l\pax H8XO.l\HT cpe,l\Hee 3H8tI6Hl1e ra~HJI1-

TOHl18Ha, Oill1CbJB810ul6ro cnapl1B8Hl1e l1 MYJI1THilOJI1-MYJI1Tl1IlOJI1UOe 

B38HMO,l(6.WCTBL'le' no COCTOHHL'IIO (24). 113 ;)CJIOBl1fl MRHL'IMyMa 3H6Prl1R 

noJiyqaroT cJie.l\YIOlJlee ceKynnpHoe ypaBHeHl1e: _ 

,., (Af' ( )):t 
E( )- __ lI; L. V-9~ ( T rs =- 0 (25) 

g ?J 4 ).l''- 5 Y"{>'/1) c.(1)+C;,li /-' -?i 1 

onpe,l\eJIHIOlJlee 3Hepr~l1 7J· HepOTBUl10HHbJX COCTOflHllU. 8.l\6Cl:, 

t:..(5)=-Vci-+(£{1>)·>Y.,. ( C. - KOppeJifll\l10HH8H iPYHKL\l1H, A - Xl1-

Ml1tiec1rnM m:JTem.11,1an), ½s=Ugllj -Zt"l'j _ (ll:1,·~ - Koaip-

Wl1Ul1eHThl npeo6paaoBaHl1fl Eoromo6oBa), ..f. ,1;4(_p-3) - ua_Tpl1qHhlM 

aneMeHT OT onepaTopa MYJI1Tl1IIOJI1HOrO MOMeHTa. 8Heprl1l1 O,l\H0(1JOHOH-
' >.µ 

Hl:dX COCTOHHl1i1 u.\ l1 Ben;iql,1Hf:d 

y~ L (t '"(,i,J u.,. )'-1,.1(/i {d,) +E( f}) 
('>.f)=_B' {{t.(1)1-[(j'))j_, - (4,1;1<J~]L 

BbJ1ll1CJieHbJ B1121 npl1 3HaqeHRHX KOHCT8HT uyJil:iTl1IIOJib-MYJI1Tl1IlOJI1HO

ro B38l1MOi1eiicTB,IH, np.i KOTOpux u..l(~ 6JIH3Kl1 K aKcnep.111.1eHTan1-

uuM auaqeHl1flM, UM, = li1 l '.;, + {{ j• z·j , CyMMRpOB8Hl1e B. 
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B (25) no ).µ. i. O3H81l8eT' qTo npHHflTO BO BHHM8HHe B38HMO,l{ettcT

BHe KB.aazqacTHU c KB8,l{pynom,HblMH .A = 2, )l = 0 ,2 H OKTYilOJII>HhJ

MH ->i = 3,jl = o, I, 2 ~OHOH8MH,. npHqeM yqHThJB8IOTCfl ,l{B8 nepBhlX . . 

KO PHH t = I ,2 ceKyJIHPHOro ypaBHemm AJIH qeTHo-_qeTHOro fl,l{pa. 

l!Jiemi B (25) C ,A > 3 H l ::> 2 ,l{8IOT !.48Jlhltt BKiia.l{ 113-38 tiOJII,-

mHX 3HaqeHHt1. y L ( A.f ) • CyMMHpOB8HHe no ,d npOBO,l{l1TCfl 

no O,l{HoqacTHqHhlM ypoBHflM cpe.l{Hero IlOJifl. 

. L, 

Bem1qHH8 ( C'f ) onpe,it8JIHeT BKJI8,l{ O,1tHOKB83HqaCTHqHot1. KOMilOHeH-

Thl C ,it8HHhlM g (d~?~o)roB;IO( ~JH)i~IO(pDa\~~fJP)raeMoro COCTOfl-

HJ,lfl. BeJrnqHH8 · . y~ = ~ Cr ~ S' !IS' onpe.l{eJIH8T 

BKJI8'A KOMilOH8HThl C KB83HqaCTHUeM B COCTOHHHH d IlJIIOC ~OHOH 

>-ft B BOJIHOBYIO qiyHKUHIO ~· (ll rr). 
t/ li 

.IlJIH K8E'AOro COCTOflHHfl C ,1t8HHhlM~ Iv HMeeTCfl CBO8 ypaBH8HHe 

( 25) ' pe W8HHfl KOTOporo flBJIHIOTCfl :me prHfll,!H 'l 1) 7 fl J • • • • .UJIH 

OPHOBHOro COCTOflHlifl HeqeTHOro J1 - H,itpa. f 1 ( l!o!C:,) npHHHM88T 

H8HMeHI>mee 3HaqeHHe, aHeprHH BO3OYX'A8HHhlX COCTOHHHll paBHhl 

·'[;· 'r o) =I?. {e Tr)- t'}t (l!/0 ~ 'J J t J t J. (2s) 

.UnH ynyqweHHfl ToqHOCTH pacqeTOB Bem1qHHbl C. ( _f) BbJqHc-

JlflDTCfl co aHaqeHHHMH f!.{_f) H A (g) 'AJIH HeqeTHOtt _CHCTew. B 
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Tex cnyqaHx, KOr,lia B38HMOAeiiicTBHe KBaaHqacTHU c qiOHOHOM A = 2, 

ji = 0 .11rpaeT npeo6na,li8IOUlYIO pom,, BM6CTO C6KYJIHpHoro ypaBH6HHH 

(25) HCilOJ!n3YeTCH 6onee cno~Hoe ypaBH6H.11e, yqHTUB8IOUl66 qneHu, 

KOTOpue ynyqmaIOT nono~eHHe, CBH38HHOe C H60OXp8H6HH6M q.11cna 

qacTHU (CM./6/)~ 

B TeX cnyqaHx, r,lie SHeprH.11 HnH BenHqHHU c(9) ABYX OAHO

qacTH4HUX COCTOHHH~ C OAHH8KOB11MH 3HaqeHHHMH tr ,6nH3KH ,lipyr 

K APYI'Y,BMLlCTO caKynHpHoro ypaBHeHHH (25) HcnonnayeTCH 6onee 

cno.KHOe. ceKyJrnpHoe ypaBH6HH6 1 npHB6,ll6iIHOe B/6/. B STOM cnyqae 

BOnHOBYIO ~YHKUHIO HeqeTHOro H,llpa 38IlHC11B8IOT B BH,li6 

~- ( ~i) = ~ ~ f c~ ds\- + ½~ dg:(f + 

v ~ >.µ,J ,j+ Qf-( )} 11\ 
+ L-:> L ~J1 j'.:t -$6" -f) (, A/ T 

Af't -~ . . 

(29) 

Be;mqHHU ( ct Y· H ( C.iJL Oilp6,ll6.lIHIOT BK.ll8,ll11 B (29) O,liHO-

KB83HqaCTHqH11X KOMil~HeHT (')1 H S'J., , 8 Bem1q.11ua .. . 
' .. t . )}-'' )t, J 

(d?lJ~ ) ::: .J, L. (9:J LJ - BKJI8.zi Ko1.1noueHT11 c KBaa.11qacTHuei1 B co-
~ •5\.". 7- ~ J1.5'2,~ . 

CTOHHHH .1 nmoc (_pOHOH 1JH • 

B ,ll8HHUX pacqeTaX C O,liHOqaCTHqHUMH 3HeprHHMH H BO.lIHOBUMH 

qiyHKUHHMH IlOT6HQH8.lla CaKCOH8-BY.zlC8 no Cp8Bll6HHIO C pacqeTaM.11/8/ 

C noTeHQ.118.lIOM HH.llbCCOHa cy~eCTBeHHO yBen.11qeHO q.11cno yqHT11B86Y11X 

onnoqacTHqHUX YPOBHel H, cne,liOB8T6.lliHO, M8TpHqHUX 3.ll6M6HTOB OT 

onepaTopoB MY.llnTHilO.llbHUX MOMeHTOB. B Hei1TPOHHOi1 CHCTeMe yqHT11-

B8.lIOCi OKO.lIO 100 O,llHOqacTHqHl,IX ypoBilelA, B npOTOHHOiii CUCTeMe -

OKO.lIO 70 ypoBHeiii. B11nH OT6pomeHU HH~HHe YPOBHH c .>/~. 3 B•Heiii

TpOHHOiii H C ;/ £: 2 B npOTOHHOH ClWTeMax. B OC5.ll8CTH SHeprHH 

E :> 0 np.11tt.11Man.11cn Bo BHHMaHHe cocTOHHHH KBas.11n.11cKpeTHoro 
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cneKTpa C aHepr1rnti ;l(O 5 MaB. :Um=i H6KOTOP!:JX MynI>'l'J,1IlOJH,HblX MOM6!1-

TOB Af tmcno MaTplllllHhlX aneMeHTOB .zi;oxo;l(lllT :ziQ 1500. 

llOCKOJII>KY H811l6ll ue,II>IO HB1Ifl6TCfl IIOJiylleHllle O.L\HOll8CTlil4HOro 

6aal/lC8 C l/lCilOJII,80B8Hl/leM 8HH80TPOITHOrO IlOT6HUlll81I8 CaKCOHa-Hy.zi;ca, 

B pac11eT8X ypOBHetl li6ll6THblX ;24_eqiopMHPOB8liHbJX fl,ll.ep OCHOB

HOe BHlllM8HH6 y:z1ene110 IlOBe.zi;eHHIO COC~OflHl'.!M, 6nl'.!8Kl'.!X K O.L\HOKB8311l

qacTHllHhlM. 0.ay11e11He BHOp8UHOHlihlX COCTOflHHM H COCTOflHllll-i CJIOil(l!OM 

cTpyr<TYPhl B aTlllX flApax oy.zi;eT c.zi;e11aHo no3AHee. 

PeayJII>T8Tbl pac11eTOB HepOT8UHOHHblX COCTOflHlllii .zi;eiJ!o PMlllpOB811-

HblX H;l\ep C ,N = 143, 145, 147, 149, 151, 153 H :a = 93, 95, 97 
I.I 'jj 

npe.zi;CT8BJI6Hhl B T86JIHU8X 3-11. B 8THX TaOnlllU8X A8Hhl 8H8ll6HHfl r;.,,, 

aKcneplllM6HT8JII,Hbl0 8H8ll6HHH aHeprHti, B8flT~e l/la/31-45~ BhllllllC

JI6HHble aHeprilll BC0X HepOT8UHOHHhlX COCTOflHJ/lM AO I hlaB Ill PHA co

CTOHHl/lM Bblllle I MaB. B Ta61rnuax 3-II IlPlllB6.IJ;,0Ha CTpy1a•ypa COCTOH

Hlllti, T.e. A8Hhl (B npoue11Tax) BenHlllllHhl (I!..~)~ ( C t::z.,)~ (ecnlll 
• ZJ . . -~ i ' ~ -y J 

( C ~,J ~ 0 ,DI) H 3H8ll6HlllH ( dy,gj) ,ll.JIH .IlBYX H81/lOOJII,llJHX KOMilO-

H6HT KB83Hll8CTHU8 IlJIIOC qiOHOH, 

5. 06cylKJJ;BHHe 

Ilplll BhllllllCJI6HHlll aiieprlllti Ill CTpyKTYPhl H6POT8UlllOHHhlX COCTOflHlllti 

B Ii8ll6THhlX .zi;eqiopMHpOB8HHhlX H.zi;pax B 60JII,t;i!,U!CTBe cnyqaeB npoBO,IllllJI

CH ylleT CM6llllllB8IIHH ABYX 0,1lHOll8CTl/lllHhlX ypoBHei1 JJ-1 Ill f:t., qepea 

B88HMO.zi;eticTBlllH KB881/lll8CTHU C qiOHOH8MH. ~3 T801IlllU 3-11 BH.IJ;HO, ti:TO 

CM6WlllB8Hl/le ypOBHeti JJ1 Ill ~:1., lllMeeT M8CTO BO ~HOrlllx COCTOflHlllHX, 

XOTH, K8K npaBl/lJIO, o.zi;Ha KOMilOH6HT8 MHOro 60JII,lli~ .zi;pyron. 0.IJ;H8KO 

HM0IOTCH COCTOHHHH, B KOTOpbIX 006 KOMilOH6HTbl _s>-1 H _91/ ;l(8IOT 

IlPlllM8pHO O;l(lllH8KOBbli1 BKna.zi; B BOJIHOBYIO qiyHKUlllIO (29). CM6llilllB8HHe 
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YPOBHeti ,?1 H 2;(,, B HeHTPOHHOti CHCTeMe HBJIH0TCH 60JI00 CHJII,Hh!M 

no cpaBHeHHID C npOTOHHOll CliCTeMott. 

IIoJiolfieHlfe B cnyqae cMewlfB8HHH cocToHHHti c bJ = ±2 HBJIHeT

cH 6oJiec Tpy;llH!ilM, T8K K8K B6Jimm TOllKLi KBa31mepeceqeHH.!l cru.m 

BOJIHOBhie \PYHICHlrn O,l(HoqaCTHqHhlX COCTOHHHtt CJI03Hee • IIosTOMY T8KH0 

CJiyqaH 6y,llyT ;zteTaJII>HO liCCJie;ztOB8Hbl IlOS;ztHee. 

PaBHOB0CHble ;ztei;popM8UHli COCTOHHHti I OJtHOll8CTHqHI,I6 SHeprHH . 

KOTOpblX CHJII,HO M8HHIDTCH C H3MeH0HH0M n_ap8M0TP8 ;1{811)0pM8Ul1H f .to~ 

MoryT OTJIHqaTI>CH OT p8BHOB0CHhlX ;zteqiopM8UHH _H;llep B OCHOBHhlX co

CTOHHHHX. TaKoe H3M0HCHHe paBHOBCCHblX ;ztei;popMBUHH MOJJreT npt1Be

CTH K vl3M6HCHHID SHeprv!H H CTPYKTYPhl COOTBCTCTBYIDlllHX COCTOHHHti. 

~ccne;ztona11v1e Ba~uocTH sToro swweKTB Oy;zteT npone;zteuo noa;ztuee. 

lia cpaBH0HHH pesyJibTBTOB pacqeTOB HCPOTBUHOHHblX COCTOHHHtt 

ueqeTHbJX H;ztep B o6JI8CT.lf BKTHHH)tOB C .TBKOBhlMH B pe;ztK030MeJII>HOtt 

06JI8CT.lf CJie,l(yeT, qTo ~.PBCCM8TpHB80MOtt 06JI8CTH CM0WHB8HH8 ypoB

H0l1 y, H J).,, HBJIHeTCH 6oJiee CHJII,Hb!M H npHM0CH K O;ztHO~B83Hqac

THqHhlM KOMilOH0HTaM CYl!l0CTB6HHO 60JII,WHMH. ~etiCTBHT0JII,HO, H3 T86-

JIHU 3-11 BH,IIH0 1 qTo HM00TCH JIHWI> H8CKOJII,KO COCTOHHHti, y KOTO

phlX cc.;1 )'--) 0,9. B pe;ztK030M0Jll>HOti 06JI8CTH )tJIH 60Jil>WHHCTB8 

HH3KoJie~am11x cocTOHHHti (C91 )~ > 0,9, a B pn;zte cnyqaen 

(Cs1 f ~ 0,99. YBe1mqe1rne npHMeceti K O;ztHOKB83llqacTH'IIHln! .KOM-

IlOHCHT8M H YB0JIHqe~rne CM6WHB8HHH J1 lf JJ- CB.fl38HO C POCTOM 

M8Tp11qm,1x 3JI6M0HTOB H C B03p8CT8H!,10M IlJIOTHOCTH O,l(HOl!8CTHl!HblX 

COCTOHHHti. 

. 06cy,IIHM IlOBe;zteHHe ypOBHeii B HetieTHblX .JI H;ztpax, 6JIH3KHX 

K OJtHOKBaa11qacTHtIHhlM. HApa 2~5 U , 237 U H 
241 Pu paccqHTBHH 

co cxeMoi-i yponueti Jf = ,239, npe,I1cTaBJI0HHOti na p11c. I, np11' 

fo.w , = 0,22 H ~l/C = 0,08. Pesym,TBTI,I pacqeTOB, ,l(8HHl:il6 B Ta6-

,, 
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m'IU8X 3-5, ,llOCT8TOqHo xopowo·cor.JiacylOTCfl C.COOTBGTCTBYIOiqliMli 

SKCil8PliM8HT8Jl:&Hh!Mli ,l.\8HHh!Mli. 0AH8l(0 · IlOJ!OiK8Hli8 0,1\HoqacTli'lHblX ypo

BHel-1 B pailoHe .N = 143. H8JI:&<!fl; cq11T8T:& BI'lom1e 'Yl-\OBlieTBOpliTem,

Hh!M. EcJI11 B 23~U on11caH1,1e sHepr11i1 qacor}iq1rnx cocToaH11il .,l.locTaToq

HO xopowee, TO .B 237 U 1,1 24}. Pu oHo ·xyllte, sHepr1,11,1 pa,l.la B030ylK

l.leHHh!x COCTOfIHlill 3THX fll-\8P. ,noJiyqBIOTCfl 0l{8H:& )lli3KliMli. COCTOHHlifl, 

Ci1Ili3Kli8 K O,l.lHOKB83lit{8CT!t1qHb!M 752 'f' Ii 761 1' CJililllKOM CllJI:&HO 
,', 

onyCK8IOTCfl 113-38 Ci01I:&WliX M8Tpliq)ih!X ,S1I8M8HTOB . OT. MY1I:&TliilOJ!bHLIX 
. . ' ·•. ,. . . ' 

onepaTopoB. O,llHoqacT11qmrn COCTOHHlifl 501 } l1 770 t. OK838JlliCI, 
., • , ' :·, f • •• •• •• ' • 

CJI860 CM8,W8HHh!Ml1 ,l.lpyr C .,l.lpyr-0M, O,llH8KO STOT pe3y11:&T8T MOA,eT 113-
~· 

M8Hl1TI,Cfl, 8C1Il1 yqecT:& OTK1IOHGHl18 ~tw OT ~,W 

ffl-lP.a 24 5, Ct?? , 24 7 ~ 11 249 Cm paccq11T8Hhl co cxeMoi-i ypoB-

Heti A= 247., 
245.Cm npH fo,w=.0,24, foi,o = 0,06n 247{;m,,.., 

249 Cm npH frw= 0,27,. ,folfo = 0,03. CorJ1ac11e pe3yJI:&TBTOB 

pacqeTOB' ,ll8HHblX B T8CiJIHU8X 6,-8' C Oilb!TOM flB1Ifl8TCH Yl-\OBJICTBOp11-

T81II,HhlM. B cxeMe ypoBHei1 H8 p11c. 3 Iq81II, .B O,llHoqacTlit{HbJX YPOBHHX 

Bblllle .;/ = 152 - HGB81IliK8. Paccq11T8HHLie SHeprlili t{8CTliqHblX COCTO

llHliti B 
245 Cm ,llOCT8_TOt{HO xopomo cor11acy10TCH .c Ollb!T_OM_, a B 

247 C,n, llBJIHIOTCll H8CKOJl:&KO 38HlilK8HHb!Mli. IIOCK01I:&Ky B 249 l1',n... (Ii 

B 
251 tf ) He . H~BeCTHO noJiolKeH11e ~poqH1'°' yp~BHeli, · He 

HCHO, H8CK01I:&KO xopOIIlO npe,l.lJIOll!:61lH8H CX8M8 OilliCh,fB86T Il0B6,l.l6Hli6 
' ' 

O,llll0t{8CT1it{Hb!X ypOBHet-1 BCi1Ili31i .A/= 151. Cor11aCHO pacqeTBM'' B 

247Cm COCTO~Hl1fl 613° t H 624 'V Cli~I,HO CM81Il8Hbl l-lPYI' c .zipyrou. 

B T8Cimutax 3-8 npHB6,l.\6H8 T01IbKO H6Ci01I:&W8H t{8CTI, p8C'IJ6TOB. . ,; . . .. . 

Coriacae p8CC'llliT8HHblX SHepr11ti HepOT8UliOHHblX COCTOHHH~ C COOTB8T~ 

CTBYIO~HMH 3KCnepHM6HT8JII,Hb!Mli ,ll8HHID4H B _.zipyr11x li30T0Il?X _ypa~a, , 

IlJIYTOHHH, KIOPlifl Ii K8JIH~OpHliH npHM8pHO T8K08 iK6, K8K B l130TOnax, 
' ., 

,ll8HHblX B T8CiJIHnax 3-8. 
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06CY.ll11M noBeAeH11e 0JIH3KHX K O,I\HOKB8311118CTl111HlilM YPOBHeil B 

H6116THblX 2- tt;ipax. H.l\p8 237.Np l1 241 JI~ p8CC11l1T8Hbl co cxe

MOl1 ypon11e11 A = 239, npe,I\CTBBJreHIIOti Ha p11c. 2, npH few =0 ,20 

l1 ~4l' = U ,08. H,I\po 249 Bl pacc1111TaHo co cxeMoil ypoBHett 

ff- ·. = 2.4 7, rrpe,7.\cTaBJrerrnoil Ha p11c. 4, np111 ft.w = 0 ,24 111 

~40 = U ,Ou. Peaym,TaTbl pac11eTOB, ABHHhle B T86Jml(ax · 9-Il, y11.o-, .. 
BJl6TBOIJ11Te,I1HO cornacyIOTCfl C COOTBGTCTBYIOl!llllMIII 8Kcnep!IIM6HT8JII,Hl,I

MIII ll,8HIILIMH. 

J3 He~eTHl,IX JI 11130TOil8X rall,OJ111Hl1fl, ,1\IIICilp03111H 11 ap611H 1113-38 

KOPl10J111COB8 B3811MOAeilCTBl1H IlPOl130WJIO CMe111eH111e pOT8l\lllOHHl,IX IlOJIOC, 

IlOCTpOeHHblX Ha COCTOHHIIIHX 660 t , 651 t 11 642 t . B 8TIIIX fl;ztpax 

H80Jll0,1\86TCfl Cl1J11HOe CM6l!Jl1B8Hllle COCTOHH:idl 4□0t' 660 t Ill 402 ~' 

651'1'. b03MOlKHO, IITO y11eT KOPl10J111COB8 B3811MO.lleilcTBlllfl nplllBe;zteT K 

Cl.46ll!6Hl1!0 aue prl1U uepOT8l(l10HHblX COCTOHHl1ti 660 t, 651 t 111 642 t B 

HetleTHblX i?-H,npax paCCM8TPIIIB86MOil 06Jl8CTIII. Cor-nacuo H8WIIIM 

pact1eT8M, Cl1JII,HO CM6lll8Hl,I COCTOHHl1fl 4001'111 660 t' np11111eu B 
237.N'p 

C8MOe Hl13KOe ~T = 1;2+ C0CTOHHl18 COA6PlKIIIT 40% KOMilOH8HTbl 660t 

l1 20% KOMilOH6HTbl 4oot. 

Cornac11e peayJII>TBTOB pacqeTOB 8Hepr11ti,6J1113Kl1X K Oll,HOKB83111-

qacTl111llblM COCTOflHlllflM C 8KCnep11MeHT8JII,HblMl1 ,ll8HHblMl1 ll,Jlfl ,11pyr11x 

11130TOil◊B H8IlTYHlllfl, auep11l(l1fl l1 OepltJIHff npl1M8pHO T8K08 lKe, KBR 

ABHHOe B T86Jlllll(8X 9-lI. 

11.JIH 0Ill1C8Hlllfl H8POT8l(l10HHl,IX COCTOHHl11t 11130TOilOB R,a_ , AC J 

Th , Pa., 111 nerKHX 11aoTonoB U III Np Heo<5xo;iHMO pacc11H-

T8TI> 011.Ho11acT11111Hble aHepr11H H nonHoB1,1e WYHKL\111111 noTeHl\118Jla CaKco

. · Ha-By,11ca ;ztJIH 30Hbl A = 229. 8a,11atia coa;ztaHIIIH cxe1,11,1 fl = 229 Ha

xo,1111TCH B CT8]tllll1 38BepweHl1H. 

PactieTbl 8Hepr11ti H BOJIHOBblX ~YHKL\1111 HepOT8l(HOHHblX COCTOfl-
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H~ii HetieTHblX Mace a,11ep B oonacTlil 235 ~ A f 249 noKaaairn, tITo 

B38l1MO,lleiiCTBl1fl KB831il'II8CTHU. C qJOHOH8Ml1 HrpaIDT B8iKHYID ponl>. Ponl> 

'.STHX B38l1MO,llet1CTBHii B03p8CT8eT C pOCTOM 3Hepr.1rn B0.30ylK,/.\eHH!l. 
' ' . : ~ ' . l L . ' 

)lnH ,_i1yqwero 0Ill1C8Hl1fl H6pOT8U,H~~HblX COCTOHHliltl B He~eTli,blX H.D;pax 

HYlltHO oonee TOlJHO paCClJHT8Tl> 0,1\HOWQHOHHble COCTOHHHH B COOTBeT

CTBYIDlllllX tJeTHO-'IIeTHblX H,llpax. 

06!1\ee OilHC8HHe SHepruii .lil CTpyKTYPbl OJ!l13KIIIX K Oll,HOKB831il

qacTJil'l!HblM COCTOHHliii B HetreTHhlX ,11eqiopMHPOB8HHblX fl,llpax MOiKHO 

C'II11T8Tl> Y.llOBneTBOPHTenl>HblM. rioaTOMY nplilBe,lleHHhle na PlilC. I-~ l1 
''-., 

B T80Ill1U,8X 12-I? O.ztHOtr8CTliltIHbl0 aHeprlilli l1 BOJIHOBble IPY~KU.11l1 no-

T6HU,l18Jl8 CaKCOHa-By,ztca MOiKHO lilCilOJll>30B8Tl> ,l\Jlfl BbllJHCJieHlilH pa 3-

IlliltIHblX xapaKTepHCTlilK H,llep pacCM8TplilB8eMOH 00JI8CTH •. 

· B pap;e cnyqaeB JKenaTeir1Ho ynytJwlilTl> onMca1rne aHeprHll Hepo

TOU.liOHH~x COCTOHHHii. 0,ztH8KO aeoomw.1rn l13M8H8Hlilfl napaMeTpOB 

noTeHU,lilana CaKCOHa-By,ztca He ,ll8IDT CYU\8CTBeHHOro ynyqweHMH. B 

CBH3H C STHM MOiKHO npe,ztnonOiKHTl>, 'IITO YB8Jl.11'1!8Hlile lllilCna HYKJIOHOB 

, TpeCiyeT MO,l\HQ)HK8U,l1H, IlOT6HU,l18Jl8 cpe,11Hero IlOJIH nyTeM BBe.zteHHH 

.ztOilOJIHHTenl>HblX qneHOB B381ilMO.ztei1cTBJilfl. 

· B 38KilID'l!eHHe BblP8iK88M 6naro,11apHOCTl> H.ID.illlilpHKOBOtt~ 

· A.A.KopHeliitryKy H K.M.JKeneaHoBoi1 aa noMbU\l> B coa,11amu1 nporpaMM., 

H A.Jl.Km.ioBy 38 npoBe,l\eH.118 HeKOTOPblX tIHCJleliHblX pactieTOB. 
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IJPL1JI0.1i,EH!.1E 

ql1CJI8HHL18 peayJII,T8TLI np11JIOllC8Hl1H Haq11H8IDTCH C T86JI11U Ciaa11c-

HblX H8WTPOHHb!X BOJIHOBLIX WYHKU11iii - 'r:1ij , YAOBJI8TBOPH!Ollll1X 

yp8BH8Hl1IO (20). B 3TO ypaBH8Hl18 BXO,ztl1T wapoBoti Clll1HOP 

Ye..Q.1· =I_(e YL SL-;-JIIJ°.:.7-)½ ~-;, J½,jl-. 
~ . 

(A.I) 

B COOTHOill8Hl111 (A.I) 11CilOJII,30B~HO onpe,zteJieH11e 

TOB lCJie6wa-rop,ztOH8, np1111HTOe B/46/. 

KO3qlql11U118H-

{/J . .Q. 
PaAl18JII,H8H qacTI, 7 H~j C BLICOKOH TQqHQCTI,IO annpOKCl1-

M11pyeTCH BL1pameHl18M (21). L1HA8KC YI., onpe,zteJIH8T q11cJIO yaJIOB 

B (21). Hanp11Mep, Vl = 0 AJIH COCTOHHl1H 1 d) 1 p,. . . ~ 

.Nn - KOHCT8HT8 HOpM11pOBKl1. <l>aaa Q,h ej ( r) BLIC>paHa 
_ )' \n e T8Kl1M OCip83OM, qTo np11 r--;. 0 e~ej (r ---3> (-1) (' 

S( V' ) ,ztaeTcH rpopMyJiott 38BUCl1MOCTI, 

I P:i en.. ( r / A ) r ~ A-
S( r) = J ei-1 en (rlA) r1 A 

(A.2) 

rrapaMeTpLI ~ , B 1 , C: , A PI Hopim 

T8CiJI11U8X I2, 13 (HetiTpOHH8H cxeMa) l1 15,16 

JI~. np11Be,zteHL1 B 

(npoTOHH8H CX8M8). 

0TM8TUM, qTo B cnyqae Heo6XOAUMOCTl1 B KaqeCTBe pa,ztl18JII,HOH, qacTl1. 

BOJIHOBOil cJlYHKI~l111 MoryT C>blTI, 11CilOJII,3OB8Hhl 11 q11cneHHL1e pewe1111H 

ypaBH8Hl1fl illpe.ztl1Hrepa co cqiep11qeCKl1M IlOT8HU118JIOM CaKCOHa-By,ztca. . ..n.. 
Ilp11 3TOM KO3q_)W11U118HTLI CM8illl1B8Hl1fl Qnej np8KT11qec~ He M8HH-

IOTCH 11 MOXHO no-npemHeMy ITOJII,3OB8TI>CH 3HaqeHl1HMl1 a~ej , npl1-

B8,IICHHhlMl1 1l T86Jil11.{8X 14 11 17. 0,ztH8KO B CiOJII,ill11HCTBe aa,11aq 11CflOJII,-

3OB8Hl18 H8Wl1X cJlYHKU11H YAOBJI8TBOpHeT Tpe6yeMoiii ToqJiOCTl1. 

KallC,zt8fl CTpam1ua T86JI11U !4 11 17 Haq11H88TCH. co 3Haqemrn JI. ' 
onpe,11eJIHI011lero 3OHy 11 Cl1MBOJI p l1Jil1 .N , YK83!,1B810l1lero: npOTOH-
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H8H HnH H8i1TPOHH8H cxeua pacnonollteHa HHllte. 3aTeM .1{8IOTCH 3Haqe

HHH ~.w (P>E TA ZO) H ~ 40 ( tE TA 40) H Bem,qH

Ha J2. ( OM £GA ) • Ba .[)_ cne,nym aHaqemrn [ (EN E R G- Y~ 
Tac5mu~bl K03iW}HUH6HTOB CMemHB8HHH ,llnH COCTOHHHii 0.Z{HH8KOBOi1 qeT

HOCTH paaueuteHh! B nopH,llKe BoapacTaHHH npoeKUHH 1~1. J H'3Hep

rHH. Ka.llt,Z{OMY, COCTOHHHIO COilOCT8BHH8TCH .. uac5op K034)qJHUH8HTOB CM6-

WHB8HHH, C KOTOPliMH BXO,llHT c5aaHCHhle WYHKUHH, npHB6.1{6HHli8 B nep

Bh!X Tpex CTOnc5uax Tac5nHU!,!. TaK, H8IlpHuep, umppb! l 8 15/2 B 

Tac5n11ue14 oaua11a10T cne,lly1>utee: l - ( n.. + 1); 8 - l , 15/2 - 0' I , 

T.e. 3TO 083HCH08 COCTOHHHe I 1(15/2. Kpoue aToro, K8JK.1{06 co-

CTOHHHe xap8KTepHayeTCH 8CHMilTOTHti:6CKHMH KB8HTOBh!MH qHcnauH 

.tlni A • Ecna .11ueeTcil KBaa11nepeceti:em1e ypoBHeM, .To aTo y,.rnTh!

BaeTcH npH H,Z{8HTHqJHK8UHH COCTOHHHi1. ].lnH COCTOHHH'1 C ..Q = 1/2 

npHBO.Z{HTCH O,llH0118CTHqH!,!6 3H8118HHH napaueTpa p83BH3h!B8HHH Q,,,. 
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Ta6m1ua I 

ITapaueTpli llOT6HUH8H8 CaKCOHa-By~ca. 

I ' HettTpOHH8H CHCT6M8 IlpOTOHH8H CHCT8U8 

.A Yo 'ro x.. d... ~ re .'L d.. .. , . 

.,ue)J -fm. -fm1, -fm -i i.a.,V {rn. 4m~ {m -:1. 

~39 46,7 I,26 0,43 I,45 61,0 I,24 0,37 I,55 

g47 46,0 I,26 0,43 I,38 62,0 I,24 0,37 I,55 
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Ta6nHU8 2 

..n. 
38BHCHMOCTD a.,~ej OT M8CCOBoro qHcna JI. ;ztHH cnyqaH 

HenTpOHHOrO COCTOHHHH 5/2+/622/ 

JI 239 247 

E -6,435 -6,643 

1 K"1s1i, .120 .132 

·f ~ •V;, ' .108 .109 

1 K n1z .028 -.OIO 

2 f{t/2, .078 .082 

3 cL 'i/.1.. .165 .217 

1 l-11J2., .608 .589 

2~%., .729 .723 

1 L n;2 
-.182 -.201 

2ds1z -.013 -.026 

1 g11;?, 
-.056 -.067 

1 q '1h, 
.046 .045 
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Taomu\a 3 

8HeprHH H CTPYKTypa ocHOBHoro H Bosoy~~eHHblX cocTOHHHH B 235lJ. 

K" 8Hepr1m,Km 
CTPYKTypa 

sKcn. T60D 

~,2- o o 743t 9l%; 743t+l2:r(20) 4%; 624t+Ll:r{30) 1%; 

iu2+ 0,08 5 63Il 85%; 63lhQ1{20)12%; 

15,2+ 129 100 622t77%; 633~10%; 734t +Di(32) 5%; 622t+~{20) 3%; 

'.5/2- (633) 300 752½77%; 752++Q1(20)13%; 633h01(30) 3%; 
I 

:5/2+ 
I 

333 310 633+77%; 622tII%; 633t+Q1{20) 6%; 752t+Q1 (3□) 3%; 

~,2- 659 430 50li62%; ~70+ 5%; 50I½+Q1 (20)I2%; so3hQ1 c22) 9%; 
I 

63It+01c20)20%; 76It+Q1(30) 3%; !3/2+ 394 450 63lt 72%; 
' 
~12+ (492) 490 624¼72%; 6I3t 5%; 743t+Q1 (30)12%; nst+Q1(32) 4%; I 
'5/2- 670 503♦ 58%; 50I'f+Q.1(22)24%; 503~+~(20)12%; 

rj/2- 680 76lt66%; 501+ 4%; 76It+ Q1(20)23%; 63It+f1:r(30) 4%; 

~,2- 822 750 734t69%; 622t+Q1(32)2I%; 734t+~(20) 5%; 

11,2- 893 760 770t55%; SOI+ 6%; not+Q1c2o)I9%; 752t +Q1 (22) 7%; 

l3/2- 970 501+45%; 76It 7%; 50Ii+Q1(22)33%; smt +fl1 (20) 8%; · 

tr/2+ 1273 1030 620t24%; 640t 5%; 622t +a1 (22) 37%; 63I~+Q1(20)22%; 

l3/2+ II40 6421 50%; 622 'f 2%; 642t+Q1 (20)I7%; 743t+Qf(32)I2%;. . 
tr/2+ II70 640t32%; 620t 3%; 752t +Q1(32)3~; 640t +fl:r (2U)IO%; 

~,2+ (1438) 1230 615 ♦ 66%; 604t I%; 6I5~+Q1 (20)16%;. 613t+f11 (22)4%; 

13/2+ (1362) 1290 ~22115%; 642+ 4%; 63It+01 (22)65%; 6244+Q1 (22)10%; 

7/2+ (1236) 1400 6I3t69%; 624t 8%; 624t+01(30)16%; 72st+°i(32) 2%; 



Ile.+ 

7/Z-

5/2+ 

7/z+ 
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Tac5mu~a 4 

8nepr.r.rn 11 CTPYHTypa OCHOBHoro ll B030YlK,116HHh!X COCTOHHMH 

,B 2~7 u 

r . 

8Iiepr,rn, KSB · 

8Kcn. Teo£. C T p y K T y p a 

I 
t 

0 0 631} 92%; - 63It+Q1 (22) 1%; 63I}+/J1 (20) I%i -

274 IO · 743t 89%; 743t+Q1 c20) 3%; 624hQ1 c20)1%;} 

158 30 622t 88%; '. 633 '¥ 2%; 626t+G_r (22) 2%;. 734t +121 ('32)2%;' 

424 300 6249 731b; - 613 t 6%; 734f+Q1 (3I)'_ 6%;, 743t+Q1 (30)5%; i 
5/2- ((935)) 370 752 t 72%· , ' 7s2t+Qi(2o)Il%; 633t+Q1 (30)6%; ': 

9/2- 420 734 t '76%; 624t+Qr(3I) 8%; 622t+Q1(32)7%; ~ 
5/2+ 834 480 633t 77%; 622 t 2%; 752t+Qr(30) 5%; 633t+-~1(20)5%; 

3/2+ 664 650 63It 66~; 631~;-121 (20) a'%; 752t+Q.1 (3I)7%; '. 

I/2- 865 650 501 t 55%; 770 t 8%; 503f°+Q1 (22) 9%; 63If+~ (30)8%; -

3/2- 6170 76It .62%; 76If +01 (20)12%; 7431+0.1 (22) 7%; •- -

I/2-
: 

770 t 43%; SOI~ 13%; 77ot+a1(20) 8%; 6311+ Q,(30)8%;, 810 

9/2+ 900 615 ♦ 74%; _ 615t+D1(20) a~; 6I3v+Qr (22)5%; ' 

1;2+ (~ IIIO) 950 620t 42%; 622t+Q1 <22)48%; 6224' + a <22)4%; · 

5/2-
l, 

503,} 55%; 752 t I%; sod+Q1 c22)25%; 633f+Q1 (30)ID% 1030 

3/2+ (dI92) 1080 622 t 50%; '631 } 1%; 624r+O1 (22)34%; 62ot+Q1(22,)6%; 

3/2- 1090 SUI t 27%; 622f+~(31)50%; SOit+~ (22)15% 

7/2+ -_ 1068 II50 613 t 75%;· 624 t IO%;' 624f+Di(20) 5%;_ 7341+Qr(31)3%; 

II/2- II70 72st 40%; 743t+D1 c22)43%;. i524~+Q1 (32)IO% 
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Tac531.Hl.\8 5 

8HeprH!l H CTPYKTypa OCHOBHIDC H B036Y~'A6HH~X COCTOllHHH B 241 Pu 

8He:QrHll2 KSB 

8Kcn. Teop. 
C T p y K T y p a 

5/2+ 0 0 622t90%; 633 f 2%; 620~:.9r(22) .3%; 7521+~1(30) 2%; 

I/2+ 163 50 631~88%; 633•+Q1c22) 4%; 63lt+u1c22)ii%; 

7/2+ (172) 60 624}82%; 6131 5%; 622r+Q1(22) 5%; 6IIt+Q1(22)2%; 

7/8- 170 743t91%; 743t+a1 (20) 2%; 7611+{½(22)2%; 

9/2- 360 734t90%; 734t+0r(20). 2%; 6221+½:(32)2%; 

s12+ (448) 530 633t66%; 622 t 3%; 63lf+t2_r(22)I7%~ 752t+{2r(30)6%; 
5/2- 590 7521-60%; 503v 1%; G22t+Q1 (30)I6%; 633 ~+~(30)9%; 

3/2+ (894) 620 622t50%; 624t+0r(22)36%; 620t+Ll_r(22)9%; 
9/2+ 640 615l75%; 6l3t+flc22) 8%; 6I5t +lq (20)7%; 
I/2- 670 50!{4~%;. 77_ot 6%; . 63lf-i:Q1 (30)29%; 503t+/2r (22)9%; 

112+ (753) 7!0 620t50%; 622t+~(22)38%; 622f+Q1(22)8%; 
7/2+ (80!} 830 6131'76%; 624ii8%; 743t+u1c3o) .6%; 624t+a.rc20}4%; 

3/2- 860 76It5o%; sort 1%; 743t+Q1 (22)28%; 76It+Oi (20)6%; 

I/2- 900 501v24%; 77oh7:J; 63Ii+Q1(30}37%; so3i+~(22}7%; 

5/2- 950 752t 7%; 503f I%; 622t+Q1(30}82%; 633t+~(30)6%; 
7/2+ 960 613 t 6%; 743f+0r(30)93% 
3/2+ I060 63Ih9%; 622} 1%; 63If+Q1(22}69%; 743t+°-r(32)3%; 

5/2- · IIOO 503~52%; 752 t 3%; 501f+Q1c22)30%; 633t+Q1(~0)4%; 

5/2+ II40 622t+~(20)99%; 63lt+f1r(22)I%; 
9/2+ !200 604 t 1%; 622t+G1(22)97%; 734t+Q1(30}1%; 
I/2- 1200 77ob2%; 63d+t\ (30)33%; 752t+~ c22}I6% 

3/2- 1210 50it43%; 50It+Gr(22}30%; 622f+~(3I)I5% 
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TaCimu-1a 6 

SHeprllfl,ll CTpyKTypa OCHOBHOro M BQ3Ciy~~eHHblX COCTOHHM~ B, 

ru~ 

U11e2r1rn 2 KaB ·-,, C T. p y K T y p a ' 8Kcn. , . Teop. 

7/2+. 0 0 624k75%; . ,6Btrr%; 622r+a1c22) 4%; ?34t+Gr<3I) ~%; 
I 

9/2- 388\ 
' 

2.so . 734ts9%;· 624f+g1(3I) 2%; 734t+0r(20) 2%; 

1;2+ 358 400. , ,63It75%; , 620+ 4%; 63If+Q.1(20)1□%; 6~3w+f21 (22) 4%; ,. i 
5/2+ 253 420 622t77%; 633'1 6%; . 743f~Q.1(3I) 6%; ?52t+fJ.r(30) 3%; 

7/2- (64~) 450 . 743t,79~o; 743f +Qr(20) 9%; _622t+Glr(3I) 3%;. 

3/2+ (908) ,500 6221'61%; 624t+Q1 (~2)2I%; 62ot+C2r (22)12%; 

1;2+ 741 660. 62otn1~; 63If :4%; 622r+Q.1(22)I2%;. 622t+l4(22) 4%; 

7/2+ ,730 730. 613h5%; 624h6%; 6IIt+Q1c22t ~%; 1 ,624~+/21(20) 3%; 

9/2+ 750 6I5{77J6; 6nlta1 c22) 9%; 734t+<?rc3.o> s%; 
II/2- , 950 725t66%; . 624ttQ1(32)18%;.:.9nt+Orc32) 9%; 

5/2- 960 752t59%; 622t+f2r(30)25%; 633t+0r(30) 5%; 
' , 

I/2- (913) 1000 50Iti62%; 503'f+Q1 c22)I6%; sort+~ (22)12%;_. 

5/2+ II00_ 633t52%; 622h2%; 63lt+a:rc22)2a%; 7431+Q.1(3I) 2%; 

3/2+ 970 II00 631142%; 631 ti+f2r (22)32%; 743t+Or(32)19%; 
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TaoJm~a 7 

8Hepr1rn VI CTPYKTypa 0CH0.1.JHoro 11 B036Y,Kl\6HHblX C0CT0R!l11iti B 24 7 Ctn, 

8Hepr11R, KSB C T p y K T y p a 

8Kcn. Teop. 

9/2- 0 0 734494%; 622f +g1 (32) 3%; 633ir+/21 (32). I%; 

7/2+ (283) 50 624}60j; 6131'28%; 725t+Q1(32) 5%; 6IIt+G_r(22) 2%; 

1;2+ 400 210 620fs4%; 622}+0..1(22) 8%; 743,r+f2r(32) "2%; 
7/2+ 378 . 240 6I3f58%; . 624135%; 725f +Oi (32) 3%; 6II1-+Or (22) 2ib; 

3/2+ (745) 350 622'¥76%; 62ot+Q1 (22)12%;. 624t+Q1 (22) 6%; 

II/2- 450 n5h3%;. 6I31+Q1(32)I8%; 624i+Qr(32) 61/o; 
5/2+ 223 480 622fa9%; 633 t 3%; 734t +Q1 (32)22%; 6221'+0:r (20) 2%; 

I/2+ (516) 570 631V79%; 62ot I%; 63It+Q1(20)I2%; -633r+Q1(22) 3%; 
5/2- 720 752f65%; 50If+01(22)26%; 752f+l11(20) 6%; 

7/2- 730 743h7%;. 743f+Q1(20)ID%; 624J+Q1(30)· 5%; 
1/2- (954) 800 50It71%; 7521'+0.1(22)13%; 76I1'+Q.r(22) 9%; 

3/2- 870 7611'33%; 624~+01 (32)42%; sorf+iQ1 c22)I9%; 

9/2+ 1050 615Y65%; 734f+Q1 (30)23%;_6I3~+Q1(22) 4%; 

5/2+ IIOO 622hI%; 633iI4% 734f+Q1 (32)55%; 6221+Q1 c20) 5%;. 

5/2- ( 1279) II60 503't'3I%; 734t+01 (z2)5I%; 622f+Q1 (3o) 5%; 



1;2+ 

7/-2+ 

3/z+ 

II/2-

1/2-

9/2-

7/2+ 

9/2+ 

5/2+ 

3/2+ 

3/2-

I/2-

7/2-

5/2-

1;2+ 
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Taomu,1a 8 

8Hepr11H 11 CTPYKTypa OCHOBHOro 11 B030ym~eHH~X COCTOHHH~ 

B 249 Cm,_ 

8HeQr11H2 K3B C T p y K T y p a 
8scn. Teop. 

0 0 620tB1%; 622hQ1 c22) 9%; 752}+ Or (31) 2%; 

50 70 6I3t83%; 624 r 4%; 61It+Q1(22) 5%; 7251+Q1(32) 4%; 

(208)., 150 622~72%; 6IIt 2%; 6201+01(22)12%; 76li+Q1(3I) 3%; 

430 725t85%; 6I3t+Or(32) 8%; 615t+a1(3I) 1%; 
( 469) 500 76lt52%; 622i+l2J:~3I)Il%; 620f+D_r(30)IO%; 

510 734t86%; 622t+Q1(32) 4%; 624t+Qr(3I) 3%; 

660 624f83%; 613 t 4%; 734f+Q1(3I) 5%; 743t+Q1(30)° 2%; 

690 615~63%; 604h3%; 725t+D1(31) 7%; 6I3t+Or<22) 6%; 
900 622t56%; 633 ~ 6%; 734t+/21(32)20%;. 743t+C2_r(3I) 7%;. 

910 6IIh6%; 622 t 3%; 6I3t+Q1(22)50%; 620t+~(22) 4%; 

910 752f37%; 62o1'+Q1(3I)29%; 622t+tJ:r(30)18%; 
920 501~65%; 752t+0:£(22)I9%; 76It+D1(22)12%; 
II00 743l51%; 624i+Q1(30)3I%; 622t+~(3I)IO%; 
II60 75zf411;; 5031 I%; 624t+&Jr(3I)32%; 50I~+(t(22)23%; 
1200 63li80%; 633f+0r(22) 5%; 63It+~(22) 4%; 
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Ta6mu\a 9 

9Hepr.r,rn 11 CTPYKTypa 0CH0BH0ro 11 B036YllCA6HH0ro C0CT0HHl1ii 

B 237.tlp 

9H6!lrl1H 1 KSB C T p y K T y p a 
8Kcn. Teop. 

5/2+ 0 0 642'89%; 642f +Q1(2U) 3%; 52lf-t9r (31) 21~; 

l/2- 267 270 530ts2%; 53ut+Q1c20) 4%; 4oot1-O1c3o) 3,%; 
3/2+ (359) 320 651}75%; . 65If+01(2U)l2%; 530f-tQ1(3l) 3%; 
5/2- 60 380 523t92%; 5121' I%; 523f+Q1c20) 2%; 642t+Q1(3o) 2~; 
1/2+ 332 400 660t40%; 4oqfao%; 530f+O1(3U)I3%; 66ot~r(2U)I3%; 
3/2- 514 490 52Ih3%; 6421'+Q1(3l)IO%; 633t+°-1(32) ~fo; 
7/2+ 780 633t8I%; 633t+Q1(20) 5%; 521t +_°-r(32) 5%; 
1/2+ 870 40o1'46%; 660f23%; 402V+Q1(22)I2%; 530t+Or(30) 6%; 
3/2- 890 532t66%; 532f+Q1(20)lI%; 5301+0i:(22) 7%; 

3/2+. IOOO 402J62%; 400t+Q1(22)l6%; 530t+ar(32) 6%; 
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Ta6mn.(a IO 

3He pr1rn I'.! CTpyKTypa 0CH0BH0ro I'.! B0S0YlltACHHb!X C0CT0fl!U'.1£1 

B 241.A,n 

::JHeprl'.IH, lt8B C T p y It T y p a 

3ItCII. Teop. 

5/2- 0 0 523t98J6; · 52It+~(22) I%; 
5/2+ 2U7 50 6421'93;b; 66□1'+0r(22) ·2%; 642t+CJ.r(20) 1%; 

3/2- 474 200 52Ihl%; 52I~+Q1(22) 3%; s21t+Or(20) 2%; 

7/2+ 35U 633fa9%; 633t+Q1{20) 4%; 52It+Q1(32) 2%; 

1/[ (600) 420 530t7G%; _ 53□4+Q1 c20)1□%; 400~+l21(30) 5%; 
1;2+ 600 400t24%; 66of2s%; 530t+&1(30)24%; 642t+a1(22)11%; 

5/2- 700 512 t 6%; 642t +Q1 (30)94%; 

3/2+ (630) 710 65Ib2%; 65I1+Gr(20)I7%; 6604+;(22) 4%; 

5/2+ 750 523f+01(30)100%; 

I/2- 880 521}24%; 523t+Q1c22)55%; s21t+ Oi<22)20%; 

1;2+ 930 4□0t337~; 66□t27%; 402hQ1c22)1s%; 642++~<22) 9%; 

'9/2+ moo ·624h6%; 6421 +Q1 (22)84%; 

7/2- 1010 5I4Y64%; 6334+Qr{30)34%; 512r+rl.r{22) I%; 

3/2+ 1040 402f58%; 4oot+t2rc22)23%; s32~+0r(3o) 4%; 
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Ta6nm.ia II 

8Hepr.1rn H CTpyHTypa ocHoBHoro .11 Boa6yJK~eHHhIX coCTOHHMli B 249 Bk 

8He J2rl!H I HSB C T p y It T y p a 
8Hcn. Teop. 

7/2+ 0 0 633h8%; 521t+01(32) 4%; 512t+Q1(3I) 21;; 

3/2- 9 40 52It87%; 633t+01(32) 5%; s21~+U1(22) 4%; 

5/2+ 389 440 642t79%; 66ot+01(22) 5%; s3ot+~(32) 41a; _ 
5/2- 570 523f55%; 5r2t25%; 633t+01 (3I)I□%; 624t+u_r(32) 2~; 
I/2- 620 530t58%; 52If 4%; 52It+f2r(22)IO%; 642t+a:r(32) 9%; 

I/2+ 630 4ooh6%; 6601'r5%; 65rt+Q1(22)I7%; 642t+Q1(22)I6%; 
112+ 770 400fa4%; 6601zI%; 642t +Or (22)22%; 402t+flr (22)15%; 

I/2- 780 521'22%; 53oho%; 521t+01c22)56%; 523r+Q1(22) 5%; 
3/2+ 780 4o2v40%; 65It 4%; s23i+Q1(3I)22%; 4□ot+Q1 (22)20%; 
3/2+ 800 65Ih6%; 402{ 5%; 4oot +01 (22.)14%; 633f +Oi (22)II%; 
7/2- 900 5I4f69%; 5□3t I%; 633t+llr(3□)26%; sort+01(22) I%; 
5/2- 950 512ho%; 633t+Q1(3I)62%; 624t+D1(32) 4%; 
9/2+ 1050 624t 74%; 642f+Q1(22)I3%; 5I2f+Q1(32) 6%; 
II/2+ 1050 6I5t 5%; 633t+U1(22)95%; 

7/2- 1050 503t I%; 5I4t I%; 521t +01 (22)99%; 
9/2- !060 523f+01 c22)100%; 
I/2- II00 523Y+01 c22)9□%; s21t+Q1 c22)I□%; 
3/2+ IIIO 651+ 2%; 402 ~ 1%; 633t+Q1c22)79%; 521t+O:r(30)I3%; 
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!i' ABLE 

Neutron system 

THE WAVE FUNCTIONS OF SPHERIC.AL UUCLEUS A:: 2J9 H = 14J 

E n+l L J A Bl C B Hn . 
15.0500 I IO !0.5 7.3746 5.5430 5.6IOI 4.2324 .5174 
I0.8700 I 8 7.5 6.5147 4.6829 4.,7896 3o77I5 .5046 
5.4100 2 6 6.5 6.6459 3.8324 4.472I 3.454I .3084 
· .6400 I 8 8.5 6.9932 4.9844 5.2323 4.978I .5455 

.:.3~1000 3 2 I.5 5.I393 2.2758 3.I646 3.5429 .I579 
-3.6800 2 4 3.5 5~699I 3.II75 3.7708 3.978I .34I3 
-3.8IOO 4 0 .5 4.3562 I.387I 2o48I6 3.2366 .0624 
-4.9400 3 2 2.5 5.2425 2.2724 3.1828 . 3. 7486 .I592 
-6.4300 I 6 5.5 6.II62 4.I4IO 4.4024 4.5932 .5378 
-7.4500 2 4 4.5 5.9420 3.I284 3.8314 4.3475 .34I4 

.:::-
·W 

-I2.7300 I 6 6~5 6.5558 4.27I8 4~6269 5.I082 .5343 
-I8.6900 3 0 .5 4.0332 I.2878 2.I82I 3.5248 .I60I 
-I8.8900 2 2 I.5 4.9637 2.2887 2.97I8 4.0782 .3373 
-20:5900 2 2 2.5 5.II54 2.2883 2.9869 4.I977 .33I4 
-21.6400 I 4 3.5 5.6676 3.4002 . 3.7454 4~638I .5I53 
-24~7700 I 4 4.5 ~6.0056 3.4460 3.8353 4o9II2 ~5013 
-32.8700 2 0 .5 3.8004 I.I698 I.8380 3.3942 .3059 
-34.0800 I 2 I.5 5.0258 2.4424 2.8I90 4.2288 ~4576 
-3.5.0900 I 2 2~5 · 5.2209 2~4499 2.8467 4.3432 ~4460 
-43.2100 I 0 ~5 3.6349 I.0563 · I.4I84 2.9789 .3470 



~ABLE 

Neutron system 

THE WAVE FUUCTIONS OF SPHERICAL NUCLEUS A:: 239 N = l4J 
E n+l L J .Jc F,l C B lln 

22.1~900 l II II.5 7.5630 5.7423 5.6808 3.8615 .4937 
7.7600 l 9 9.5 'i'.!864 -5.2977 5.4641 4.7364 .5402 
3.6800 2 5 4.5 ·G.0469 3.4622 4;,0536 3.3lQL~ .3127 
2.0200 l 7 6.5 6.3!38 4.4474 4.6406 4.3576 05335 

·-.8500 2 5 5~5 6.2949 3.4976 4.!852 4.1645 .3366 
-6.2000 l 7 't.5 6.7853 4.6426 4.9557 5.0913 .5431 

-10.5500 3 l - .5 .4.6241 l.8278 ·2.7212 '3.6833 ~1625 
-II.3700 2 3 2.5 5.3547 2.7271 3.4044 4~!341 .3440 -"' 

-II.6400 3 l l.5 .4.6935 l.8260 2.7273 .. 3.7581 .1616 -"' 

-14.0800 2 3 3.5 5.5583 2.7303 3.4338 . 4.3437 .3388 
-1403400 l 5 · 4.5 5.9036 3.7980 .4.!088 4.6700 ~5315 

·-18.9400 l 5 5.5 6.2993 3.8732 4;2552 5.0488 .• 5204 
-26~0500 2 l -.5 4.4753 I.7873 · 2~4636 3~8459 ~3245 
~26.8800 2 I · I.5 4~5661 1~7845 - .2.4665 ·3.9027 .3197 
-28.2400 I 3 · 2.5 --- 5.3847 2~9524- 3~3192 4~4948 ~4909 .. 
-30~1700 - l 3 3.5 5.6566 2~9758 3~3775 .. 4.6831 .4774 
-39.0700 I I ~5 4~5129 I.8379 -2.2101 . • 3.7778 ; .4125 . 
-39.4800 I I I~5 4~6312 1~8392 2.2247 3~8375 ~4048 
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TABLE 

The states of deformed nuc1e1 
A=239 N 

BETA20 -230 .230 ·230 .23ii .230 .2:IC 
8cTA40 .oao .080 .oao • 0 8 ri , 0 80 • 0 liO 
OMEGA: 1/2 
ENERGY •10.629 •9,531 .. 6,649 •4,S<JQ •2, 307 ' .. 2 .r.116 
Nn1..A 651 640 631 620 61.1 600 
a .372 •.1.372 ·063 .121 6,150 2.6?6 
1 1 0 21/2 .022 -.015 • 001 ·, 02ri ,203 -.1;>2 
f 8 15/2 -092 ,153 • 1 oo •• 07A - • 030 -.n23 
2 6 13/2 •. 04 9 . .069 --101 -.ORQ .313 • .1 ')3 
1 8 17/2 .069 -.042 ·•016 •, 0 fiFl. 

.. 
,731 -.4?.S 

3 2 3/2 -326 ,091 --519 • 31 Q -,125 •.1R9 
i · 4 712 .379 ,366 ·, 198 . ,;,;{ ,267 • 3'>'> 
4 ,-o 1/2 -.211 . ,128 ,373 ,244 • 363. .537 
3 2 5/2 -.450 .366 ,168 • 55'r; ", 211 •,466 
1 . ,6 11/2 .388 ,631 ,427 .. - ,353 •,111 •,147 
2 4 9/2 :...346 ,412 -,509 •,3Rf\ -.064 .253 
1 6 13/2 ,346 -,271 ,225 ,123 -.214 ,099 
3 -o 112 ,097 -.038 -.046 .Or? ,C17 .n29 
2 2 3/2 -.155 •,066 ,080 -.047 -.no -.029 

·2 2 5/2 • 1 35 -,084 -,oiJJ ,023 •,015 •,053 
1 4 7/2 -.128 •,151 - • 043 • 02A , 015 .C-21 
1 4 9/2 ,013 -.004 --019 -.ov; ,C03 .029 
2 -o 112 ,008 -,005 --006 , 001. , 0 03 . ,004 
1 2 3/2 -.015 •. 01 o. -012 -.01? -,006 - • r, Oil 
1 2 512 -017 -.013 .001 • 0 0'> -.002 - •. o 12 
I ,-o 112 .002 -.001 -.001 .ooo .001 .001 

OMEGA:: 1/2 · OMEGA= 3/2 
ENERGY -1.073 -9.212 -s:o6il -4. lori •2.670 •1,903 
Nn~ 880 642 631 622 611 602 
a -1.657 0 0 0 0 0 
1 10 2112 .oo7 -.017 --008 • o:in -.023 .230 
1 ·a 15/2 ,019 -.129 

.. 
• 141 -.OM - • 053 . •;027 

2 6 13/2 •. 005 · .068 -106 • O<lO -.036 ,357 
1 8 17/2 ,024 -.049 --013 • 0'l5. •-095 ,850 
3 2 312 ,667 -,161 --019 .375 .214 • •. 028 
2 4 7/2 • -485 -,418 ·183 • 446 ,635 .016 
4 -o 1/2 -525 0 0 n 0 0 
3 2 5/2 -.108 .311 .325 •, 57A .637 .106 
1 6 11/2 .146 -,592 •610 -,3()7 -.305 • 0 0 o; 
2 4 912 -.007 .428 •614 .432 -,174 -.193 
1 6 13/2 .002 -.340 ·•264 -.142 .036 -.216 
3 -o 1/2 -058 0 0 0 0 0 
2 2 3/2 .068 .075 - • D 1 0 -.027 •,026 •,003 
2 2 5/2 ·-019 -.079 -.or;o -.012 .067 .017 
1 4 112 -.031 ,131 --095 .029 , 037 -.001 
1 4 9/2 -.001 -,016 -015 .041 ... 022 -.016 
2 -o 1/2 .011 0 0 n 0 0 
i 2 J/2 .ot4 .011 --002 - •. 007 -.009 -.001 
1 2 512 •• 005 -.013 --009 -.001 ,016 .004 
i -o 1/2 .ooJ 0 0 ri 0 0 

OMEGA: 312 011EGA: 5/2 
ENERGY -·. 686 -7.535 •6-435 -2.561! · •1,455 .. 1,222 
Nn..,t 871 633 622 61.3 602 862 
t 10 21/2 .001 -.OD9 -002 •• 0t A·, ,076 .206 
t 8 1512 .010 -.131 .120" .024 -.049 -.028 



A:~39 N 46 

lJETA20 -230 .230 -230 .230 .230 .230 
BETA40 .D8D .080 .oao • 080 ,080 , 080 
OMEGA= 3/2 OMEGA: 5/2 

10 AF. CCNTI1'UED 
2 6 13/2 .o17 .080 ·108 •, 0?7 ,136 .315 
1 8 17/2 -.001 -.012 •028 -,Jii7 .310 ,820 
3 2 3/2 .883 0 0 0 0 0 
2 4 7/2 -.4f4 -.329 ,07S -.273 .833 •,333 
3 2 512 -159 .159 •165 • Y1. n ,322 ,. • 060 
i 6 11/2 .105 -.690 ,608 .11'5 .. ,253 .117 
2 4 9/2 -.044 .516 -729 - • 2i;i; ,007 -.166 
f 6 13/2 .001 -.303 -,182 .Oi:;-i •,093 '",169 
2 2 3/2 -092 0 0 0 0 0 
2 2 512 -026 -.031 -,013 .077 ,058 •. 012 
1 4 712 -.030 .085 -,056 -.on , 06;> ,. • 028 
1 4 912 -.010 -.006 ,046 -.036 ,007 ... 020 
I 2 3/2 .017 0 0 0 0 0 
t 2 512 . 005 -,0D7 -.oii3 • 01· 4 · , 016 ... 003 

or~CGA: 712 _OHF.GA= 9/2 
H,i:f!Gy -5.810 -4.944 •,3A4 - .2A1. , -11,413 ,.4,553 
Nni/ 624 613 604 bi:;3· 624 615 

1 1 D 21/2 .ooo .006 •088 -.1AO ,027 .003 
1 8 15/2 -.102 .104 --o~ ,049 ,. , 049 •,034 
2 6 13/2 .on .062 • 1 28 -.279 .. , 030 ,039 
1 8 17/2 . 026 .037 .407 - • 81· 4 ,112 .036 
2 4 7/2 -.185 .049 •RAC ,4?3 0 0 
-j 6 11/2 ·-667 -697 -.p5 -,09'5 .. , 10 0 ",289 
2 4 9/2 .668 .698 •042 ,l.:H: .oa, ,945 
1 6 13/2 ·-236 --053 -,077 .1~ci · .,83 -.115 
1 4 7/2 .033 -.033 •089 , 04'5 0 0 
i 4 9/2 -025 .072 ,oi5 .023 •,027 , 0114 

0Mf:GA= 9/2 OMEGA=li/2 OMEI.A:13/? 
Et,:ERGy -3.671 -10.49◄ .. 7, :11,, -9,959 
Nn;rl 604 6i5 606 •06 

t 10 21/2 .001 ,015 --001 .006 
t II 15/2 -0'16 - • 038 • oi:;4 -.OZ4 
2 6 13/2 -.004 -,067 -,01)6 - , 01_<3 
i 8 17/2 - • 002 .061 - • 01 6 • 021 
1 i 11/2 .945 -.0.66 ,9Q6 0 . 
2 -4' 912 .291 0 C (i 
1 6 13/2 .076 .993 ,069 .996 
1 4 912 -051 0 0 ri 



A::239 • N 47 
BETA20 ,230 .230 .230 .230 .uo .230 
PETA40 .080 ,080 0 080 ,080 , C 80 ,080 
OMEGA: 1/2 OHEGA" 3/2 
ENERGY •10-489 •9,022 •8°082 -1,139 - • 7,>4 .. 10,418 
Nn~ 510 770 501 761 750 512 

·a • .'560 -7,4/\9 ··988 -5,256 5,071 0 
1 11 23/2 -,009 ,065 ,002 -.0~4 -.008 ,006 
1 9 19/2 -,033 ,235 ~008 -.079 -,016 ,020 
2 5 9/2 , 089 .004· •,O'i3 •,19~ .579 • 'l95 
1 7 13/2 -,030 ·,014 --001 -.20s; .7'n •.041 
2 5 11/2 -.096 ,35'8 ,021 • 864 , ?.71 .066 
1 7 15/2. -,134 .s,:2 ,023 -,374 •,098 ,089 
3 1 1/2 -,031 -.066 •82A •, 014 -.006 0 
2 3 5'/2 . ,513 ,063 :".•-107 ,047 -,133 .757 
3 l 3/2 • 713 ,094 .337 -.02,; •,014 -.439 
2 3 7/2 -,331 -,207 -,099 •,139 -.034 ,315 
1 5 0/2 -,260 •,016 0 110 ,057 •, 185 •,316 
t 5 1112 ,:101 -.207 - 0 002 ,02':i ,014 •,OR7 
2 1 1/2 •,Ot4 •,005 ,075 -,004 ,003 0 
2 1 3/2 ,034 .ou '~ 044 -,00'? -,003 -.011 
1 3 5/2 ,02f ,004 .;038 ,004 •, 01 ::! .040 
1 3 7/2 -.040 -,019 -,018 -.022 P,006 .039 
1 1 1/2 ·-005 -.001 •017 -.001 .001 0 
1 1 3/2 .oos ,003 •011 .ooo -.001 -.001 

OMEGA: 3/2 ONEGA= 512 
ENERGY -e.~c:7 -8,6~3 - 0 938 -8. 473 •7,R17 •,388 

·NniJ\ 501 761 752 . 5(13 752 743 
1 11 23/2 .;. • 010 ,06? --o:so , ,004 ,057 P,023 
1 9 1912 -,038 ,227 ·•068 ,OH, • ?.14 ·.045 
2 s 9/2 ,065. •,017 ·•250 ,066 -,031 •,224 
1 7 13/2 -.002 •,037 -!246 -.01i •,061 •,200 
2 5 11/2 -.oss ,347 ,846 .022 ,322 .8A2 
1 7 15/2 - • 11.e .. ,850 -,3/\1 ,071 ,891 -.337 
2 3 S/2 , 4115 .o;,o •054 , Y/\4 •,052 ,042 
J 1 3/2 · .112c;. ,1<;7 -~o:n 0 0 0 
2 3 7/2 - ,117 •,195 -,126 ,140 •,138 -.100 
1 5 912. -,15 4 ,0:3 • 0/\4 •,171, ,035 ,044 
1 5 11/2 .o~9 •,189 ,023 -,O?t, •,158 ,030 
2 1 312 

' -082 , O'. 8 ·•004 n 0 t) 

1 3 512 ,031" ,000 ,006 ,090 •,007 ,006 
t 3 7/2 -.020 •,021 ··,020 ,028 •,018 -.018 
t 1 3/2 ,021 ,005 -,001 n 0 0 

OMEGA: 7/2 OMEGA= 9/2 0HEGA=11/20HEGA=i3l2 
ENFRGy •11,4S7 •6,601 •11,tSA •5,400 -4,209 e3,319 
Nnz.A 50:l 743 505 734 725 716 

.1 11 23/2 ,001 ,049 -~ooo ,O:H1 ,026 ,015 
t 9 19/2 .. ;ooc; ,11i9 -,001 .150 ,101 .053 
2 5 9/2 -:046 -,030 ~-oso -.02ri 0 ,0 
1 7 13/2 ,024 -,079 ' , 057 -,086 -.on .. , 0 53 . 
2 5 11/2 , Q4Cl ,264 -~oi3 .170 ,072 0 
1 7 15/2 ,037 .932 -.010 ,967 ,989 ,997 
2 3 '112 ,948 ~.oi,1 0 0 0 0 
1 5 9/2 ,286 ,030 ,9Q2 .020 0 0 
1 5 11/2 -,071 -.uo ,078 •,059 •,021 0 
1 3 . 7/2 ~Dile -.010 0 .0 0 0 

OHEGA:15/2 
ENERGY -2.557 
Nn,:"- 7D7 
1 11 2312 ·oof 
1 9 19/2 ·ot 7 
1 7 15/2 1-000 
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T A_B L E 

Proton system 

THEWAVE FUNCTION$ OF
0

Sl'HERICAL NUCLEUS A a 2J9 z = 9:r 

E n+l L J -A. Di ·c D Nn 

~ 41.1300 l 12 -12.5 7~4423 6.2015 6.n57 4:23II ~5453 
· 24.7800 l - IO I0~5 -7.1433 5.8028 5.9322 4~8205 ~5793 
; 21~2600 I 8 ·7~5 .6.3I90 4".8824 5~0337 4~3093 ~5628 

I6~6400 2 6 6.5 6.4459 3~9479 4.6424 3.8638 .3414 
9.4600_ l 8 8.5 6,8253 .5.I793 5.4663 · 5.2960. .5868 
8~3500 3 2 I.5 5.0525 2~3092 3.2409 3~69II ;1658 
7~8200. 4 0 . .5 4~3062 !'~3983 2.5196 3~3423 .0647 

·7~0500 2 4 3.5 !1~5921 3~!947 3.88.84 4~!977 ~36I8 
.6.!800 3 2 ·2~5 5:I?OO 2.3095 3~2596 3~9030 .!664 .;::-

2~7900 I 6 . 5~5 6~0042 4_~305! 4~5907 4~86"47 ~5738 ID 

2:6IOO 2 4 ·4~5 5.8544 3~2I8I 3:9686 4~5597 ~3602 
· .:.4.4200 I 6 6.5 6~45IO .4.4762 4~8557 5~~720 . .5700 
· -8~5200 3 0 .5 4~fJ129 I.2959 2~2312 3.6906 ~1635 
-9.0800 2 2 h5 4~9699 2~3482 3.fJ193 4~28I8 .3499 

-n.0000 2 2 2~5 5~l34I 2.3515 3.I06I 4.4144 ~3437 
-I2~9900, I 4 3~5 5.6429 3~5689 3~9388 4.8948 .5444 
-!6.6100 I 4 . 4~5 5~9895 3.6514 4~0804 5~!895 ~5330 
-23~3900 2 0 . ~5 3.9843 I~I849 I.9244 3~666! ~3(Jl0 
-25~4300 I 2 I~5 5.1513 2.6244 3.0606 4~5664 ~4821 
-26~6700 I· - ·2. · 2.5 5.3664 · 2.6685 3.1265 ·4~7161 .4732 

".!.33.~7900 l 0 ~5 4~3309 l.2427 I.7800 3~7446 ~3547 



TABLE 

Proton system 

THE WAVE FUUCTIOUS _OF ._SPHERlQJu, .:NUCLElJS_. .A.?'--2:39. .... Z :;_9.) 

' :. · .. n: · Nn E n+l .. L J A . ·:m. :c: 
... 

32.8500 1 ..... II ·II.5 7.2928 6~0510 6~0'708 >A..2743 .; -,~5542 
31:2500 I·. ... .'9 8.;-5 6~4?81 5~0941 5~1478 : :5;6970 :·,;5295 
'.16~9600 I· .. 9 - 9~5 6.;-9894 5~5I49 5·;7299 · ·5~1297 :· ~5882 
15;3400 :2 5 4~5 5;8698 3~5576 4';2013 : j'~-6588 ',. :~31~39 

·12:7700 3 .. _: 3 .3~5 5;6232 -2.?176 3·;6650 ·:· 3;~3664 ~I5U 
II~7200 I ·. . :7 6~5 -6.;-IM9 4-.6125 4~8428 :: 4.69I3 ,-.;-5755 

· 9.;-6800 2 5 . 5i5 6iI556 3~5978 4~330I '4:;4035 ·. ~359I 
. ' - . 

·' 's~3?I5 
.. ' 

2~3200 I ·7 7~5 6_.64?9 4~8426· 5_~I73I .. ~5806 
. ~2000 3 "I ~-5 4~6000 1:8519 2~78!8 ; 3~8408 I . --~1683 
..;1.;-0700 ·3 I I~5 4.6784 1;84'90' .2;7909 '3~9220 _·· .. ;t67I ... \JI 

0 

-I~2IOO 2 ·_·3 2~5 5~304.0 2~7949· :s'~5I42 :Ai3339 .. __ :;360I 
-4~3IOO :2 3 3.;-5 5.;-s20f 2~809'7 3.;-.s"G27 ·.4·:su97 .-;3545 

4~5 
.... - ..... _., 

; ~.;-9~46 
.. -· ' ~ 

-5~4800 I 5 5~8334. 3.;-9643 4.;-2934 ,.;-5634 . . ...... - . •·-• .·. ~ . -. 

..;10~7500 1 ,5 5.;-5 6~2336_ 4~0806. -4.4830 . 5.;-3109 · ·:.;-s.s37 
-I6~4400 .2 •.. . l .;-5 4~5530 1:829.'7 .2·~'5627 ,-.'4~07!8 · ~-3325 
-17~3700 2 .. 1 1.;-5 4~6535 Ii8:3IO .2.;-5752 ,,4~1!387 : ·.;~3279 
-19~6600 I . ·_, '3 2~5 5~42-!5 3~1231' 3;5297 · ~}7773 ,-:~5174 
-21.;-9400 1· ··:3 3~·5 5~7055 3~1833 :5~-6319 <.4~9946 ··~5067 
-30~1600 I '1 ·~5 · 4~?977 2~0234· · .2~4883 ., 4~2327 :~4320 

. 

-30~6900 l .I -1~5 4~9397 2~0528 2.5393' 4~3267 ~4276 



A:239 P 

BETA20 
BETA40 
OMEGA: 1/2 
ENERGY 
Nnz)l 

·a 
1 12 25/2 
1 10 21/2 
1 8 15/2 
2 6 13/2 
1 8 17/2 
3 2 3/2 
4 -0 1/2 
2 4 712 
3 2 5/2 
1 6 11/2 
2 4 9/2 
1 6 13/2 
3 ~o 112 
2 2 3/2 
2 2 5/2 
1 4 7/2 
1 4 9/2 
2 -o 1/2 
1 2 3/2 
1 2 5/2 
1 -o 1 /2 

0HEG4= 3/2 
ENERGY 
Nnz-11 
1 1~ 25/2 
110 21/2 
1 II 15/2 
2 6 13/2 
1 8 17/2 
3 2 3/2 
2 4 7/2 
3 2 5/2 
1 6 1112 
2 4 9/2 
.1 6 13/2 
2 2 3/2 
2 2 5/2 
1 4 7/2 
1 4 9/2 
1 2 3/2 
1 2 5/2 

D1<t:GA• 7/2 
E:i.~HGy 
NnzA 
1 12 2512 
1 10 21i2 
1 8 1512 
2 6 13/2 
1 6 17/2 
2 4 7/2 
1 6 11/2 
2 4 9/2 
1 6 13/2 
t 4 7/2 
t 4. 9/2 

.230 

.080 

-~-165 
411 

•.5R9 
-003 
• 012 

-.010 
.Q33 
.o.:o 
. 03'-

• .002 
.120 

-.Q29 
- • 01.2 

.120 
-130 

-.319 
.71l 
-430 

-.354 
-.157 

.011 

.012 

.035 

.Q04 

SI 
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-7.703 
660 

6.2:lO 
• 018 
,077 

-.012 
.:.,;6 

-230 
·080 

.. 6.691 
400 

.473 
• 001 
,006 

-.001 
• 01 0 

-2"/\ -021 
-.002 --051 

-017 --067 
:. • 0:,5 • or-. 1 

.::. • 8 -0611 
-.on -.001 

• 357 -02':i 
• 7P5 •060 

-.085 .1136 
-.122 .440 
-.255 --251 

.060 ·•126 
-.2n -001 
-.00? -061 
-.009 -038 
-.o,9 -.o,;o 
-.ooo -022 

OHEGi.: 5/? 

.23n 

.osn 
-1. ,'oil 

651 
•2 • .:,n1 

,005 
.01 C) 

- .154 
-.045 

.05n 

.~n 
- • : 1•.1 

• Ii~~ 
- • :IQ, 

.606 
-.2<;5 

.235 

.090 
-.1C,7 

.122 
-.190 

• 01. 9 
.0QQ 

-.023 
• 01 9 
.002 

-7.0SP -6.A24 -11.a2n -8.926 
402 6'i1 41 3 402 

-016 --005 --ooc .001 
.012 -.021 --oar .001. 

-.033 .010 ·022 -.oo, 
-123 -.0:14 --002 .015 
,241 -.071 •000 .014 

-.033 -.081 0 O 
.ooo .101 -.0~1 -.054 
.084 -.071 •009 -.102 

·.066 ,018 •124 .005 
.332 -.091 --042 .077 
.799 -.229 -.005 .062 
.311 .69C C n 

-.132 ,268 -.137 ,96':i 
-.033 -.102 .Q63 .159 
-.209 -039 •184 -.111 

.023 ,078 G n 
-.009 ,Ofl . !015 .084 

OMEGA: 9/20MFGA:11120MEGA=13/2 
•4.26P •2-~~7 •1.8,8 -1.25:l 

633 b24 A,5 6 06 
.010 .006 ·003 .001 
.os1 .033 .011 .001 

-.o~~ -.oo;2 -.040 -.025 
.021 -.042 --087 --108 
.184 -1?3 •066 .023 

- -029 n a n 
-.116 -.100 •·065 n 

.10c; .002 o n 

.950 .9P1 .991 .994 

.028 o o n 
-.080 --029 0 ii 

.230 .230 
• o Ro • a fl n 

OMEGA=. 312 
-.16? -10.3?9 

64 0 411 
1,199 C 
-.005 .001 

.-.022 .en!' 
.13n .~o,. 
,106 ,021> 

.;.J51 .021 
-. 0 33 -.;)30 

.192 r, 

.199 -,',611 

.4M -.r,12 
,497 .~:ll 
.517 .156 

-,343 .078 
-,OA"i 0 
-,015 -.158 
-.150 .891 
•,115 .?6b 
•,OtA ·.264 
-.012 0 
-.005 •.QG2 
~.027 .033 
-.003 0 

.• 5. 79A 
642 

• 014 
.G66 

- • 0!:>2 
• 084 
.2:>9 

0 
-.0~2 

.059 
-.103 

.2R9 
,893 

0 
-.104 

.043 
-.151 

0 
•,015 

OMEGA= 712 
~10.3'l9 

4[4 

-.,oo 
"". t; 0 C 

.Q10 
-.002 
-.001 

0 
-.111 

.0 
.066 

-.023 
-.010 

0 
0 

.986 

.098 
0 
0 
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P.ETA20 ,230 ,230 •.23V • 230 .230 .230 
HETA40 .oso .080 •D80 .oso ,GAO .080 
0Ml:GA: 1/2 
£:Nf:RGy -a:a6 □ -6,421 -2-1179' 

OMEGA= 3/2 
•1,00A -7.319 -4.535 

Nntfl " .. ...... _ 530 521 510 532 521 
a 3.789 •2,732 •682 -6.770 0 0 
1 11 23/2 .002 -.003 •01.0 -.D73 .002 • 003 · 
1 q 17/2 • 045 .019 ,·-.020 .006 ,042 • a14 
1 9 19/2 :. .011 -.013 •034 -,246 ,0ii-· ,009 
2 5 . 9/2 ,150 .007 , 091 ,04A ,102 ,. , 038 
3 3 7/2 -.018 ,088 ,Oo6 - ,0?r; -.012 . , 04 7 
1 7 13/2 -203 .()83 • • 0116 .- • oori ,197 · • n,70 
2 5 11/2 - . 016 ,145 •138 -.334 -,040 , 11\1 
1 7 15/2 ,033 --024 •126 -. 799 · ,031 .054 
3 1 1/2 • 181 .- .174 , 4.50 ,04A 0 0 
3 1 3/2 - -136 • ,; 7'i ;. •231 .196 .. •, 097' • 256 
2 3 5/2 • ~ -~ 3 - • 0 :":4 .556 • :? DI, ,365 -.107 
2 3 7/2 -.092 • 6·'.;;, •403 .145 •,168 ,807 
1 5 9/2 -745 .319 -.421 -.119 ,831 .337 
1 5 11/2 -160 •• 4• 5 -,192 .24? ,252 -.335 
2 1 1/2 -.120 ,054 -•064 -,007 0 0 
2 1 3/2 , 067 - .1?.1 ·023 ·, 0(' 1 , ,039 •,037 
i 3 5/2 - . 21 c; -.0?2 ·001 ,008• -. 131\ -.013 
1 j 7/2 ,OH -.o:n •025 • 004 , 029: ·. , 009 
1 1 1/2 ;. . 021 , C 1 0 -,017 •,003 0 a 
1 ::. 3/2 .012 - • ~'?7 ,Oo7 - , OOt · ,010 -.010 

OMEGA: 3/2 OMEGA= 5/?. OMEGA= 7/2 
t: ~if: R (, y <590 .-1:..,3(,1 •5,314 -2.6s1··· .9,925· ~3,4'56 
Nnpll 512 5:':2 5?3 512. 523 514 

1 11 23/2 ,067 ,,. 01 ~ •000 ,007 ,007 .-.001 
1 9 17/2 - • ozc; :::, 018 •034 ,003 •, 014, ,022 
1 9 19/2' • 22"1 .053 •002 .023 .036 -,003 
2 5 9/2 , 03,~ -.047 •024 -,064 :- , 030 ,. , 0,52 
3 3 7/2 -059 .027 • 007 -.017 .005 .D18 
1 7 13/2 -.Q60 -.067 •16A ,034 -,0?9 .120 
2 5 11/2 -314 .05? -,054 .155 -,025 -,040 
1 7 15/2 .7"17 .196 -,002 . 1 ti· ,138 · •. 021 
3 1 3/2 -.2of 0 0 .. Q 0 D 
2 3 512 ,348 •,046 •197 -.101 0 C 
2 3 7/2 ;-.053 ,227 --202 .907 ,105 -.169 
1 5 9/2 -.122 - • ~ -~ 1 .914 ,27'> •,119 ,965 
1 . 5 1112 -.227 • 929 -219 - . 2i? ,974 ."145 
2 1 3/2 .002 0 0 ' - n 0 0 
1 -3 5/2 ,014 • 03'5 -,056 •, 0()9 0 0 
1 3 712 .oo~ -,102 •022 , 062' -,037 ,008 
1. ·1 3/2 .002 0 0 n 0 0 

OMEGA: 7/2 CHEGA= 9/2 0 HE GA= t 112, 
E::,,1-RGy -1,284 -8. St. 0 .. 1,903 -8,190 
Nn2J.. s 03 514 5 0 5 50,; 
1 11 23/2 ,004 .003 -,001 • 001' 
t 9 17/Z -.001 -.009 0 010 -,004 
1 9 19/2 . • 01 4 .019 --002 • Orio · 
2 5 9/2 . •• 051 -.015 --107' 0 
3 3 7/2 --063 n 0 . 0 
1 7 13/2 . ooi; - • o.;4 -064. ·, 027. 
2 5 11/2 ,069 -,085 -,017 -.116 
1 7 15/2 ,077 .076 ·,Ot6 ,02A 
2 3 7/2 ,964 0 0 0 
1 5 9/2 .1s.: -.075 • 989 · ri 
t 5 11/2 -.osa .969 ,077 • 992. 
1. 3 7/2 ,105 0 0 0 
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fapeeB <l>.A., Haaaoaa c.n., Manoa 11.A., Conoabea B.r. P4-5470 

OnHO'I8CTll'IHble aaepr1111, B0nH0Bble cpyHKUIIII IT0TeHu11ana CaKCOna

Bynca II yp0BHII He'IeTHblX Hnep B o6naCTII 8KTIIHIIJl0B 

CTp11aeneHbl 0JlH0'IBCTll'IHbie aaepr1111 II B0nH0Bble cpyHKUIIII noTeaunana 

CaKCOHa-Bynca nnH 0ITIIC8Hllll neqiopMllp0B811Hh!X Hnep B o6naCTII 234•_;;\--:__250, 
PaCC'IIIT8Hhl aaepr1111 II BonH0Bhle qiyHKUIIII aepoTBUII0HHhIX CDCT0SIHIIR He'IeT

HblX Hnep c y'IeToM aaa11MonellcTa11S1 KBaa11qacT11u ·c qioaoaa~m. Ponb B3a1r"~10 

neilCTBllll KB8311'18CTIIU C cpOHOH8MII B03pocna nnH Hnep B o6naCTII 8KTIIHIIJl0B 

no cpaBHeHIIJO C l!Jlp8MII penKo3eMenbHOii 06nacT11. nony'IeHo ;!0CT1lT0'IH0 

xopornee on11caa11e aaepnin Hll3KonelK8IlUIX Hep0T8UIIDHHhlX C0CT0SIHIIH 
B 235U 

1 
237U ,24I Pu ,245 Cm ,2ncm 

1 
24!1 Cm ;H \p 

1 
241 :\m 

11 
249 Bk PaCC'IIIT8HHble 0JlH0'I8CTll'!Hble aaepr1111 11 fl0nH0Bble qiyHKUIIII 

noTeHu11ana CaKcoaa-Bynca MoryT cnylKIITb 6aa11co~1 npu Bbl'IllcneH1111 paanuq 

HblX xapaKTepllCTIIK smep paccMaTpllA1leM0I! o6naCTII. 

IlpenpHHT 061.eAHHeHHOro HHCTHTYT8 SAePRHX HCC~8AOBBHHI. 
)br&ta, 1970 

Gareev F.A., Ivanova C.P., Malov L.A., P4-5470 
Soloviev V.G. 

Single-Particle Energies and Wave Functions of the 
Saxon-Woods Potential and Odd-Mass Nuclei in the Actinide 

Region 
Single-particle energies and wave functions of the Saxon

Woods potential are presented to describe the deformed nuclei in the 
region 234<:\< 250, The energies and wave functions of nonrotational 
states of odd_:-mass are calculE;tted taking into account the quasiparticle
phonon interaction, Interaction of quasiparticles with phonons are of 
greater importance for the actinide region nuclei than for those of rare
earth region. A rather good description is obtained for the energies of 
low-lyin.~ nonrotational states in 2 ~ 5l' , .2 HU , 241 Pu , 245 Cm 
247 Cm ' 249 Cm , 237 '.'Ip , 241 :\m and 249 Bk • The calculated 

single-particle energies and wave functions of the Saxon-Woods poten
tial can serve as the basis in calculating different characteristics for the 
nuclei of the region considered. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 


