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1. BBE,4EHHE 

BLJqucneHHH O.D,Hotl>oHOHHhIX COCTOHHHH qeTHo- qeTHhIX 

.netl>opMHponaHHLIX .H.D,ep n o6naCTH 234,::: A :s; 260 n paMKax 

nonyMHKPOCKOnHqecKoro onucaHHH C yqeTOM cnapHBaHHH 

H MynhTHnOnL-MynhTHnOnhHOro B3aHMO.D,eHCTBHH /cM. /I/ / 
npone.neHLI B pa6oTax 12 , 3 1. PacqeThl BhIIlOnHeHLI C O.D,HO

qacTHqHLIMH JHeprH.HMH H BOnHOBhIMH tl>YHKUHHMH noTeHuuana 
14 I 

CaKCOHa- By.nca /cM. · ' /. IlonyqeHo .nocTaTO1111O xopornee 

onHCaHue HH3KOne:>KaI.QHX KBa,npynonhHhIX H OKTYilOilhHhIX 

COCTOHHHH. PaHee TaKHe pac11eThl c.nenaHhl .nm1 g,nep B 06-

nacTH 150.::::A :: 190 / 5 ~ 
B HaCTOHI.Qeii pa6oTe Bhl'IHCneHhl JHeprHH u CTPYKTypa 

nepBhIX o.nuotl>oHOHHhIX COCTOHHHH. B H3OTonax pa.D,HH, TOPHH 

H B nerKHX H'JOTonax ypaua • B 16 -' BhJqucneHhl HepoTaU.HOH-
t/1 

Hhle HH3KOne,icaI.QHe COCTOHHH.ll B He11eTHhIX H3OTonax pa.nu.11, 

aKTHHHH, TOpH.ll, npoTaKTHHHH u ypaHa. 3TH H.D,pa He .llBilHIOT

C.H cunLHO .ne<tiopMuponaHHLIMH, a npuua.nne:>KaT K .11.npaM 

nepexo.nuoii o6naCTH. IloJTOMY pe3ynLTaThl pac11eTOB HX 

xapaKTepHCTHK .HBil.llIOTC.H MeHee TOqHhlMH H Ha.D,e:>KHhIMH no 

cpaBHeHHIO c TaKOBhIMH .nn.11 .H.D,ep n o6nacTH 234;:; A::;_ 260. 
3TO CBH3aHO C TeM, qTo .H.D,pa paccMaTpHnaeMOH o6naCTH 

.llBilHIOTC.ll M.llrKHMH no OTHOIIIeHHIO K /3- H y - .ne<tiopMaU,HHM, 

n HHX 6onee Ba:>KHYIO ponh MO:>KeT urpaTh OTKnoHeHHe pan

HOBeCHOH .ne<liopMau.uu B036y:>K.D,eHHoro COCTOHHHH OT TaKOBOH 

.nnH OCHOBHOro COCTO.llHH.ll, B HIIX TPY.D.HO OT.D,enHTh npa1.Qe11ue 

OT BH6paUHOHHhlX H KBa3H'laCTH'IHhIX B036y:>K.D,eHHH. )];n.11 

BH6pau,HOHHhIX COCTO.llHHH .11.nep JTOH o6naCTH _6onee Ba:>KHYIO 

ponh HrpaeT aHrapMOHHqHOCTh u Heo6xb.D,HMOCTh BhIXO,na 

3a paMKH KBa3H6030HHOro npu6nu:>KeHHH. 
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BLiqHcneHBe 3HeprBH B CTPYKTYPLI HB3KOile)KaI.J.UIX Hepo
TaUHOHHbIX COCTOHHBH 11,nep B o6nacTH 224i'. A~ 234 npoao
)J.HTCH HaMH, no-nepBbIX, )J.IlH JaaepIIIeHHH ,naHHoro UBKna 
pacqeTOB B, BO·BTOpbIX, C uenLIO CO3)J.aHHH 6a3HCa )J.IlJI 
npoae,neHHH Bb1qucnenuii:, yqHTbIBaIOIUHX CBH3b C BpaiuaTenL· 
HbIM )J.BB)KeHBeM, B3MeHeHBH paBHOBeCHblX .ne4JopMaUHH, 
aHrapMOHBqHoCTb B T .)J.., a TaK)Ke )J.IlH pac_qeTOB nnOTHOCTH 
COCTOHHBH npu npoMe)KyToqnoii: H BbICOKOH 3HeprH.SIX BO3 -
6y)K)J.eHBH. 

2. IIAPAMETPbl M0,4EJIH 

.D:nH acex 11,nep paccMaTpuaaeMoii: o6nacTH 224 ,:SA ~234 
B Hameii: pa6oTe HCilOilb3YIOTCH O)J.HoqacTBqHble 3HeprHH 
H nonHOBLie cpyHKUHH noTeHuHana CaKcona-By,nca, paccqH
TaHHbie )J.IlH 11.npa A= 229, z = 91 co cne,nyIOI.J.UIMB napaMeT·
paMH: 

Heii:TpOHHaH •CBCTeMa: 'Vo= 47 ,0 M3B, ro = 1,26 c/>M, 
a= 1,40 ct>M-l ,K = 0,47 cJ>M 2 ; 

npoToHH~
1 

cucTeMa: Vo =
2

· 60,5 M3B, r 0 = 1,24 c/>M, 
a= 1,55 cPM , K = 0,375 cJ>M • 

3TH 3HaqeHHH 6nH3KB K napaMeTpaM )J.IlH o6nacTeii: C 
A= 239, 247, 255 /cM/2-4/ /. 

Ha puc. 1,2 noKaJaHo none.u.eHHe o,nnoqacTuqHLIX npo
TOHHLIX H neiiTpOHHLIX YPOBHeii: B JaBHCBMOCTH OT KBa,npy-
IlOilbHOH .ne4JopMaUBB f320 npH /340= 0,10. . 

B / 7/ npone.u.enLI pacqeTbI napaMeTpOB paBHOBeCHLIX 

.ne4JopMaUHH /3 20 B /340, IlOKaJaHHLIX B ma6/l. 1. 3TB 
pacqeTbl BbmonneHbl C TaKBMH)Ke napaMeTpaMB, KaK B pacqeT 
B .nannoii CTaTbe, a TaK)Ke B pa6oTe 161, T.e. c O)J.HHMH 

B TeMB )Ke napaMeTpaMB paccquTaHbl paBHOBeCHble ,necpop
MaUBB OCHOBHLIX COCTOHHBH B HepoTaUBOHHbie COCTOJIHHJI 
B qeTHo-qeTHbIX B HeqeTHbIX 11,npax. 

BenuqunLI napaMeTpoa .ne4JopMauuu .u.n11 acex 11,nep pac
cMa TpuaaeMoii: o6naCTB HaMB BbI6paHbl na OCHOBe pe3ynb· 

TaTOB / 7/ cne.u.YIOIUBMB: f320~ 0,19, /340= 0,10. B .u.aHHOH 
pa6oTe npu npoae,neHBB pacqeTOB yqHTLIBanHCb YPOBHB o.u.
noqacTBqHoro OCUBJIJIHTOpnoro 6a3BCa, HaquHaH C N = 4 -
)J.nH HeiiTpOHOB B C N = 3 - ,!J.IlH npoTOHOB. Caepxy 06pe3anue 
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Puc. 1. CxeMa HeiimpoHH&ix 00Ho11acmu11Hb1X cocmoJrnuii. 
A=229,{3

40
= 0,10. 
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Puc. 2. CxeMa npo11101111blx 00110•1acmu<111blx coc1110J111uii. 
A= 229,(3 = 0,10. 

40 

·1 

TAEJIHUA I. 

PaBHOJleOll,le JX61P0IJ,18Wlll /20 • f-,1.to JI 

Kll8.J4PYll0Jll,IW8 H reKOSJXeKSn0JI1,IW8 J,I0M8HTli 

fillpe /l pus. Apau. 
2.0 1.to 

Q20 Teop. 
Io-2421!2 

~oxon. 
rn-2401,12 

lt+oTeop2 __ 10.:.:;,i8c1L 

R 226 
A 228 

0,I55 
0,!80 

0,078 
0,080 

6,99 
8,22 

2,12 
2,48 

Ro. 224 0,I3I 0,073 5,95 I,96 
226 0,I60 0,086 7,46 2,5! 
228 0,!80 0,090 8,5! 2,8! 
230 0,!98 0,09! 9,45 3,00 
232 0,220 0,088 I0,54 3,20 

Th 224 0,124 0,073 5,75 I,95 
226 0,163 0,092 7,83 8,25 ± 0,46 2,75 
228 0,174 0,096 8,46 8,46 z. 0,45 2,99 
230 0,200 0,IO0 9,88 8,9! ± 0,45 3,38 
232 0,2!4 0,097 I0,63 9,88.:. 0,25 3,48 

u220 0,!78 0,097 8,86 3,!2 
230 0,179 0,IO0 9,00 8,46 z. 0,69 3,25 
232 .. 0,2!4 0,!03 I0,94 9,48 ± 0,60 3,75 
234 o,f26 0,!04 II,61 9,77 ± 0,38 3,96 

npOBO.IlHilOCh npH E = 5 M3B BhIWe 3HeprHH CBJl3H HyKnOHa. 

3TO COOTBeTCTByeT 90 HeiiTpOHHhlM H 65 npoTOHHhlM ypoa

HJIM, pacnono)KeHHhlM, npHMepHO, CHMMeTpH'IHO OTHOCH· 

TenhHO 3HeprHH noaepxHOCTH <l>epMH E F • qHcno MaTpH'I· 

HLIX 3neMeHTOB .nn.11 HeKOTOphlX MynhTHDOilhHOCTeii .IlOXO,IlBT 

.IlO 1100. BenB'IBHa KOHCTaHThl napHoro B3aBMO,neiiCTBBJI 

Bbl6epanacb B3 cpaBHeHBJI paCC'IBTaHHhlX napHhlX 3Hepruii 

C napHhlMB 3HeprBJIMB, Bhl'IBCneHHhlMB ,3 3KCnepBMeHTanL· 

HhlX Mace Jli(ep, Ha OCHOBe pa60Thl 
18 . ,I:(nJI HeiiTpOHHhIX 

CHCTeM GN "",19/A M3B, ,IlnJIIlPOTOHHhlX - Gz"" ,28/A M3B. 
KoHCTaHThl MynhTBilOnb· MynhTHilOnbHOro B3aHMO,Ilei

CTBRJI Bhl6Hpanuc·L TaK, l.fT06LI Haa6onee .TOl.fHO nepe,naTL 

3KcnepHMeHTanbHhle 3HeprHH nepBhlX KBa,npynonbHhlX H OK· 
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TYITOJILHLIX cocTOHHBH B 11eTiio- 11eTHLIX .H,npax. Benu11BHLI 

KOHCTaHT K (,\) B3.HTLI CJie.llYJOII.UIMB: K (2)= 0, 91 K3B. tJJM-
4

• 

,D;JI.H COCTO.HHBB C = ; K = 1,33±0,03/.10 K3B.<J>M u K" 2+ l3J{ -2 -6 

,D;JI.H COCTO.HHBH C K"=0-,1-; K(
3 = l,55.10-2 1<3B.<PM-6 

,D;JI.H 

COCTO.HHBH C K" = 2-,3-. 

IIpB BLI'IBCJieHBB xapa_KTepBCTBK HB3KOJie)Kall.UIX COCTO.H" 

HBH .H,nep a o6nacTHX 234 ::;A :;: 250 B 250 ~A:;: 261 TaK)Ke 

npBHBManocL K (,\) = Con st . ,il;JIH Ka)K,D;OH u:i 3oHA = 239, 
247, 255. Ecnu npocne~BTL 3aBBCHMOCTL K (,\) OT A no 

Bc'eM 30HaM, BKJIIO'la.H' A = 229, TO MO)KHO BH,D;CTL; 11TO 

npB6JIH)KCHHO BLIIlOJIH.HCTC.H 0611\a.H 3aBHCHMOCTL 

(A) Const 
K = --2.\+ 3 /1/ 

A ---g-

CocTOHHHH c K" =Oj B 11eTH0·11eTHLIX H,npax pac-

CMaTpHBaeMoii o6naCTH He y,naeTC.H OilHCaTL C 0,D;HHM 3Ha· 

11eHHeM K (2). llo · BH,Il;HMOMY, IlpH OilHCaHHH o+ • COCTO.HHHH 

B paccMaTpHBaeMOH o6naCTH .H,nep Heo6xo,nHMO Y11HTLIBaTL 

3qJqJCKTbl aHrapMOHH'IHOCTH H OCTaTO'IHLie B3aHMO,D;eHCTBH.H 

CilHH·KBa,npynoJILHOrO THila. BJIH.HHHe ,D;B}'XqJOHOHHLIX KOM· 

noHeHT ,D;OJI)KHO 6LITL oco6eHHO CYil\CCTBeHHLIM npB OilH" 

caHHH o+ -c_OCTO.HHHH B H30Tonax pa,D;H.H H nerKHX H30Tonax 

TOPHH H ypaHa, T .K. B 3THX .H,npax 011eHL HH3KO pacnoJIO)KeHLI 

rrepBLie OKTYilOJILHLIC COCTO'.HHH.H O - H, cne,noaa TeJILHO, 

,D;BYXqJOHOHHLIC COCTO.HHH.H o+, o6pa30BaHHLIC ,D;BYMH OKTY" 

IIOJILHbIMH qJOHOHaMH, 6y,nyT HH3KHMH. TaKHM o6pa30M, 

MO)KHO 0)KH,D;aTL, 11TO 3HeprHB H CTPYKTypa HH3KOJIC)Kall\HX 
+ -

0 -cpCTO.HHHH 6y,nyT Cyll\eCTBCHHO OTJIH'laTLC.H OT Toro, 

11TO ,naeT O,D;HOqJOHOHHOe npH6JIH)KeHHe, HCilOJIL3yeMOC ,D;JI.H 

OilHCaHB.H BH6pal\HOHHLIX COCTO.HHHH a HaCTO.Hll\eH pa6oTe. 

II03TOMY BCCJIC,D;OBaHHe o-1-- COCTO.HHHH B ,naHHOH pa6oTe He 

npOBO,D;BTC.H, OHO 6y,neT c,nenaHO B ,naJibHeiiIIIeM C y11eTOM 

ynOMHHYTbIX 34><l>eKTOB. _ 

3. 0,l(H0tP0H0HHhIE C0CTOJIHHJI 

Bonuoaa.H qiyHKl\HHB036y)K,D;eHHLIX COCTO.HHHH B 11CTHO" 

11eTHLIX .11,npax, a O,D;HO(pOHOHHOM npB6JIH)KeHBH, BMeeT BB,D;: 

·a 

,, 
" 
i· 

I 

l 
f 

f 
' (! 

l ', 

,·2'• •j 

V 

l r 
!i 
'\ 

'I\ (If)= Q:(Aµ) 'Po, /2/ 

r,ne onepaTOp pO)K,D;eHB.H qJOHOHa 

+ l ?--µ.1 + Aµi 
Q/Aµ)= 2 Il'P ,A(qq')-¢ ,A(qq')l 

qq' qq qq 

K= µ' 1T - _'ICTHOCTL COCTO.HHB.H, 'Po - .qJOHOHHLIH BaKyyM, 

+ l ~ + + 
A (qq')=-= .r.. a -aa q',a . y2 a q, 

, a+ a - onepaTop po)K,D;eHHH q, 

KBa3B11aCTHl\LI, q, a " _KBaHTOBLie 11HCJia O,D;H011aCTH11HOro 

ypOBH.H, a= ±1. Bee, C KOTOpLIM ,naHHa.H ,D;BYXKBa3H11aCTH11" 

Ha.ff KOMIIOHCHTa (q 'q ') BXO,D;HT B KOJIJieKTHBHoe· COCTO.HHHe 

C ,naHHLIMH K" (2 ), onpe,neJI.HeTC.H BeJIB'IHHOH 

l Aµ i 2 . Aµ i 2 
. __ , ( 'I' , ) -( ¢ , ) }. 

(. qq qq /3/ 

B HaIIIeii pa6oTe pacc11HTaHLI 3HeprHB H BOJIHOBLie <PYHK" 

l\HH COCTO.HHHH 11CTHO - q_eTHLIX .H,D;ep C K" = 2 +, o-, 1 - ; 2- , 
3-, a TaK)KC npuae,neuuLie Bepo.HTHOCTH 3JieKTPH11eCKHX 

rrepexo,nOB Ha 3T,!I COCTO.HHH.H. B ma6A. 2- 6 npHBC,D;CHa 11aCTb 

pe3yJILTaTOB ,D;JI.H nepBLIX KBa,npynOJILHLIX H OKT}'IlOJILHLIX 

COCTO.HHHH. BeJIH'IHHLI B (EA) 0 g ➔ I K) IlpHBC,D;eHbl B O,D;HO" 
- 4/3 

11acTH1IHLIX e,nHHBl\aX B s.p !E2) = 0,3 A e
2 • <PM 4

, 8 5 .pC~)= 

= 0,42A
2e2

• cp;w 6 
c e:Hpcp , paBHLIM O H 0,2, COO:BeTCTBeHHO 

,D;JI.H KBa,npynoJILHLIX H OKTYilOJILHLIX COCTO.HHHH. 3Kcnepu

MeHT8.JlbHLie 3Ha11CHB.H 3Hepruii COCTO.HHHH B3SI'.J'LI H3 pa-

6oT / 9/. B KOJIOHKC "<;:TpyKTypa" npHBe,D;CHLI /B IlPOl\eHTax/ 

BeJIH'IHHLI /3/ ,D;JI.H nepBblX IIIeCTH HeiiTpOH· HCHTpOHHLIX (nn) 
HJIH npoTOH • npoTOHHLIX ( p p) ,D;BYXKBa3H11aCTH11HLIX KOM" 

IlOHeHT, ,naIOil\HX MaKCHMaJibHLIH BKJia,n. J,fa ma6A. 2 xopOIIIO 

BH,D;HO, 11TO nepBLIC KBa,npynoJibHLie 2t COCTO.HHH.H HMCIOT 

KOJIJieKTIIBHYIO npHpo,ny; OHB .HBJI.HIOTC.H cynepn03Hl\HCH MHO" 

rHx ,D;BYXKBa3H11aCTH11HLIX KOMilOHeHT; BeJIH'IBHLI B(E2) -no

PH,D;Ka HeCKOJILKHX e,D;HHHL\. :flepBbie OKTYilOJILHLie COCTO.HHH.H 

c K" = o-, i-, 2- /ma6A. 3-5/ TaK)Ke xopOIIIO KOJIJieKTH" 

BH3HPOBaHbl B .a,npax paccMaTpHBaeMOH o6nacTH. 

,,, 9 



TAElilU~ 2. 
3aepr.14ll H 0'1.'pj'lt'l'ypa_nepaHX KBS,IipynOllH!iX 000'1.'0mm! 

o K 11 = 2+ 
TAEJIHIU. 3, 

~r~~E5 
l f!,(EZ) B(E2.J 

OT p y(K%'1.')Y P 8 I 3Hepru H O'l'PYK'l'YPB nePJl!iX OKTyno~iwx 000'1.'0alid_ 0 
fi.lXpo reop

1 
aROn, Teop, Kli = o-(K3B 

840 4,8 "'"' 752t soH IS rr 402 ~ 66ot 1 
g ~ . 8(€3) B{aJ 

224Rq 
1'11'1503~ 770t I2 11i111743t 76!1 6 
l'11'176It 50U 9 pp 532 l 530t 5 HJtpa axon. ,;eo~, axon. reop. CTPYKTYPA (K:iB) (K3 ) . . . I (•/ .. ) 

22SR~ 920 4,9 "'"' 752t 50! ~ II "'"' 743t 76lt 9 224Rci .,2I6 "111 633~ 752 t tr 660t 530 t l'ln6311 631 l II pp402, 66bt.a 480 15,9 25 8 
l'\1'1 63lt 76H II "63U sort,. 6 

l1H1 633 i 63U IO n s32i 5301 6 Vl 11 642~ 76If 9 l'r 65H s21t 3 

22sr1, 820 4,4 hk 752t 50U I9 h"' 743t 76lt 7 226R"' 2s3 330 · 19,2 l'IVI 633l 752f 48 11"' 631 J. 501 i 5 
(,\vi 503, 770f 13 f'F 532 i 530t 5 pp 660t 530t 6 rP 65It 52! t 3 
"'" 76It 50H IO .... , 50! t 770t 5 ..,11 63It 76! t 6 "'" 642,i, 76! t 2 

22ari. 969 930 4,5 t\VI 7521 50!' 13 hll'I 743f 76It IO 226H · 23! 460 16,6 h 11 633 .. 752f 25 rr 6sot- s3ot 7 .,,..,53r1 63H u rr 532'- 530t 6 nv1 63Ii 76I'T II rr 65It s21 t 6 ,,., 633l 63H II hll'I 503L 770t 5 1-111 642i 76!,t 9 .,..,63H 50H 6 

230n 782 780 2,9,±0,3 4,4 ""' 633, 63H 26 r r 532i 53ot s 
22an 328 300 IH1 633 L 752 t .,., 63H sou 11 ..,6311 63H 20 "" 752 t 50U 4 3!,0 48 5 

"'" 7431 7611 8 "'"' 734 t 752 t 3 t1 11 63It 76It 6 ff' 65It 52It 4 

rr s32i 53ot 4 
t'P 660t 530f 5 1,., 642 ~ 76!t 2 

232Th 786 780 2,9,:,0,2 3,4 YII" 633, 63H 39 
"" 6314 63H 21 kn 734t 7521 3 230T!. 5oa 460' 29±,13 20,0 1111 633" 752 t 54 rr 65It s2r-t 4 
Vll'\7431 76H 5 r r 402 " sso t 2 f'f' 660t 530t 5 ""' 63It 76It 3 

l'\VI 631♦ 50H 4 ""' 624.J. 7431 2 
228U 770 4,3 11"' 7521 50U 20 ..,.,.. 743t ?SU 7 

""' 5034, 770i 14 "'"' 50lt 770t 5 232r1, 774 9IO 20±2 II,O "'"' 633l 752t 37 t'f 65It 52It 5 
I'll~ 761 t 50! l ro rr 532~ s3ot 2 '~" 624, 7431' 12 "" 631,1, 501 i 5 

''" 752 t 501 ~ 14 "'"' 743t 76It II rr s6ot s3ot 7 '"' 622 t 752 t 3 
23ou 1080 3,0 

..... 63It 63H 13 "'"' 503 i 770t 5 228U 520 14,7 1111 533,1. 752t 26 rr 65H 5211 8 
..,,.633J 631 l I2 rr 532, s30 t 3 l'\VI 631 t 761 t 12 .,.,53a 50H 6 

"'" 642l, 76lt 9 rr 6601 53ot 3 

232u 867 930 3,0 "" 633l 631, 30 .,.., 752t 50H 4 230'{J 36(:) 17,1 IH1 633 l 752 t 49 "'' 63H 50H 5 
l'IVI 63It 631' 23 VI"' 734 t ?52f 3 nn 63H 76lf 7 rr 660t 530t 2 
""" 743t 76It 8 rr 532, 530t 2 Pl' 65lt 52lf 6 ,·r s42t 523(, 2 

2Ml] 927 900 2,9,:,0,3 2,3 "'" 6331 631' 44 "'"' 734t 752t 3 232v 563 500 16,9 H'1 633~ 752t 55 "'' 6311' 76It 3 
11 " 6311 63U 23 rr 532, 530t 2 Pt' 65It 52H 6 ''" 624,I, 743+ 2 
.,...,,743t 76lt 5 rr6421 400t I 1-HI 63H 50It 4 rr ssot 530t 2 

234u 850 9IO 26±3 IO,l "''' 633~ 752t 39 ""' 63H 50H 5 
"" 624& 743t 12 rr 642t 523t 3 
pp 65lt 52lt 7 n h 6221 752 f 3 
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TA F,JMJJ). 5 , 

3aeprW! n CTPYKTypa neJ)BliX OKTynoJU,HlilX OOCTOJUU!! 
o K'IT "' 2-

TABJJmlA 4 • C K"= l-
5{E3) B(E3) 

YP8 neJ)BHX OKTYIIOJ.ll:,JIHX COCTOffiml I 
HJtpo g aKBn, free~ CTPYKTYPA 

aaepru a orpyttT · 
8KOII, reop, 

(K3B) (K31l (01.,) 
g 3KCII 

l!){E.~) B(EJ) CTPYKTYPA 
224RA II90 II a in, 752 t 640 t 17 t111 74~t ~~i l HJtpo Greep, axc11. reop. 

Uil ' "'"' 633t- 501.. ~ rr~~3t 631 4 
(KsB) (K3B) 

,~,,, 642 t, 501" ..... 
37,o~"~~~l iin 15tt~t ~Yn ~ II 8 ~M 7431' 63It 15 .,.,752t 640t ~ 

224j?.p, 690 
226~a II81ll' 

' VIVI 743-t 642 ~ 7 "i,,633l 501 ::6331, 76It 6 .... 743t 633 ~ 3 
l'r 651t 53ot 4 pp642+ 53ot 4 

226~ 730 29,0 ::~a~\ ~5tt ~ ~ri~n ~~t i 
226Tl-, !!50 12,0 i1'1 7521' 6~t l* ~Pffll E581 g .,.. 633 t, 76It 5 ""633i 51H 3 ,, ... 743,r 6 + p 

4 11.,633~ 5,011, 6 .,.,542._ 50H 
710 35, o ~" 752 r 63~ t i5 rr ~~!l ~yg t ~ 

i 228Tl, II23 II40 12 O 11'1 743t 63H 14 kt1743t 642~ 7 22611, .. i.752t 64 i .,.. . . 3 
• "r 642 -t 530t 9 n., 633i. 50H s tti.633'- 76It 6 .... 743t 633'-

11..,752f 6401' 8 p~6!It 530t 5 
28,0n.,.752t 63lt 2g.,.,i~n f~~t 5 

II 7 "'"" 743t 63It 29 -.,., 734t 633il 5 
740 4 

23or1, 1019 1045 228Th .... 743t 633+ 
5 

rr 
633

, 512, 3 
' rr 643 t 530 t a rt 65It 530t 4 h" 633" 76H . "" 

""' 743t 642 ~ 6 ., .. 752+ 63H 3 t 633i 29~.,633' 76lt 3 
12 O ,,., 743t 631 t 32 ., .. 743t 642~ 4 

230T~ 1012 1000 23;t3 16,0 ::~t~t 63Ii 25 "" 512l 63h l 
232Tl-i IOQO rr65It 530t 4 .... 1521 642 ~ 1 

' """ 734 t 63H IO Pr 65It 530t 3 ,I Pi" 642t 530 t 7 .,..752t 63H 3 · 431' 633 i 55 .... 743t 622t 3 
232Tl- IIOG 1050 II,5+2,3 I2, 2 ttll~52t 6311 4 rr523i 402~ I 

II 7 ,, .. 7ti2 + 640 t 15 1111633" 50H 5 ;~65It 5301 4 ., .. 734t 624 t l 
228l[ II40 

' pr 642t 530+ 16 .,.,542+ 50H 4 
2s,2 "" 1s2t 6~1 Ii rr~i~t ~U1 i vi.,743t 642&. 6""743t63lt3 2281J 890 

.. 11?52t. 6 ... 3J 3 
23ou II30 II,? pp 642t 530t 16 .,.,743+ 642&. 7 ..,,. 6334 76H 7 .,.,743+ 63 

1111 743-t 631 t 14 ""633t.. SOU. 4 
.,., 752t 640t 7 .,.,63U 76lt 3 

880 20 0 ""' 752t 63It 34 ,, .. 752t 64¥' ~ 
232U IOI? 1040 II,4 11t1 743t 63It 28 .. .,734t 633, 5 2301J ' n.-.743t 633t ~ rrf~! ~¥21 2 Pt' 642t 530t 13 M752t- 6311 ~ ""' 633.- ?6It .... 

.. .., 743 t 642 '- 6 ., .. 63H 761 

1050 4 743t 633~ 30 11 .. 633l 761+ 3 
234tJ 1023 960 9,5+2,·3 II 8 11., 743t 63It 31 .,,.743t 6424 ! 232U (II4?) 13

• ~~752t 63If 27 rr65It 530t 2 
' · 6421 530 t II ..,,.752 t 63lt pj>642t 52It 3 .,.,?52t 642 ~ I ; 

~':,734t 633'- IO ""624J 512 2 

234V 1434 II20 9 '7 '"' 743 633 8~ rr~in ~~6 \ y 
I,\" 752 631 3 rr 73H 624 ~ I 
I,\"' 743 622 .... 

l 
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fulpo 

224RC\ 

226 Rc1 

226Ti, 

22arh 

230Th 

232Th 

228-V 

23ou 

232v 

234U 
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TABllHUA 6. ii -
3aeprlllll z CTPYK'l!'ypa neplllalX 0RTyn0JU,.llllX oocTo.fDld c K -=- 3 . ' 

e e B(E3) 
"'aJtOn. bTeop. Teop. CTPYKTYPA. 

(o/,J (Jt3B) (it:iB) 

1740 

1620 

1690 

l' 8 l'\1-1 63H 76!+ 77 l\11 633 ~ 770 t 2 
"" 642" 76rt 3 rr65lt 532 ~ 1 
,,.., 615 ~ 50lt 2 ,u, 743t 640 t l 

9,6 11 .... 5151, 5ort 10 rr65It 532i 5 
111"'743t 640f 6 .... 63H 752 t 5 . 
....., 6154, 512~ 5 i,, .. 613+ 770 t 4 

s,6 ....... s3rt 7srt 25 rrs42 t 530 t 5 
n., 642 i- 76It 8 .., .. 633, 770 t 4 
.,_.,6154- 50lt 7 hl\743t 640f 4 

1450 1500 II,l .,_., 615& 50It IO fr642t .530t 5 
"'" 743t 640t 5 ., .. 6131, 770 t 4 
"'" 615 l 512 l- 5 1, .. 524 4 510 f 4 

1660 

1400 

1690 

1510 

1570 

1300 

7,9 VII/I s3u 7521 16 Pr s42t 5301 5 
l'\h 615J 50lt 8 1,.,743 f' 640 t 4 
h"' 734t 6311 7 i,.,725f 6331, 4 

9,5 "'" 743t 63H II ""6151, 501 t 7 
h" 734t 631 t 8 .,.,631 ~ 752 t 6 
l'\e,725t 6331, 7 pr642t 530f' 3 

7 ,2 l'\l'I 631 t 76It 14 11'1615 t 501 t 7 
pr 642t 530t 13 .,.,743+ 640t 4 
"" 642" 76It 7 .,.,533i, 770t 4 

Il,0 "'"'' 615l. 50It 9 "" 7431' 640 ► 5 
pp 642t 530t IO pp6331' 5301' 5 
".,615l 5I2i 5 r.l\6I3t 7701' 4 

8, 9 "'" 63H 752 t IO"" 734 -t 63It 6 
pp642t 530t IO ., .. 7251 6331- 4 
....... 615~ 50H 8 pp633t 530t 4 

10,9 .... "' 734t 6311 a ,. .. 743t 63H 7 
n•~ 725t 633,l 7 ""63H 752t 5 
"'"615.i 501t 7 rr642t 530+ 5 

Haa6onee HHTepeCHhlMH B :noii o6JiaCTH HBJIHIOTCH nep

BLie OKTYilOJILHhle COCTOHHHH c K" = 0 -, KOTOphle HMeIOT 

aHOMaJILHO HH3KHe /"'200-300 K3B/ :meprHH B nerKHX 

H30Tonax TOPHH H H30TOnax paAHH. 

BnepBhle onycKaHHe :mepraii nepBLIX o- COCTOHHHH 

B nerKHX H30Tonax TOpHH H ypaHa 6LIJIO ofrLHCHeHo B/IO/ 

H H3y'leHo i/111. B 1121 
pac11eThl 3THX COCTOHHHH BhlilOJIHeHhl 

· C y11eTOM B3aHMOAeHCTBHH KBa3H'laCTH~ C q>OHOHaMH H no

ny11eHo YAOBJieTBOpHTeJILHOe OilHCaHHe 3HeprHH nepBhlX 0- -
COCTOHHHH. KaK BHAHO H3 ma6A. 4, B OAHOq>OHOHHOM npH-

6JIH:>KeHHH YAaeTCH npaBHJILHO OilHCaTL H3BeCTHhle 3HeprHH 

nenBLIX COCTOHHHH o- B gnpax 228Tu 230 Th 2J2Tu 
232'. ...., ' ' ' 

U , 
234 

U • OAHaKo CHJILHOe IlOHH:>KeHHe 3THX C0CTOHHHH 

/:: 200-3.00 K3B/ B HApax c A= 224, 226 nepeAaeTcH JIHWL 

Ka'leCTBeHIIO. IIOHBJieHHe H}J3KHX COCTOHHHii0i' B H30Tonax 

c N = 136, 138, 140 o6bHCHHeTCH CHJILHhlM BJIHHHHeM ABYX 

HH:>Kaiiurnx Il0JIIOC0B n n [633,1, ][ 752 t] H nn [631 t ][761 t] . 
CoOTBeTCTBYIOIQHe HM MaTpH'IHhle 3JieMeHThl OT onepaTopa 

MYJILTHil0JILH0r0 M0MeHTa c Aµ= 30 HMeIOT 6oJILIIIHe Be

JIH'IHHhl. 

B 3aKJIIO'leHHe 0TMe11aeM, 'ITO nony11eH0 A0CTaT0'IH0 

YA0BJieTB0PHTeJILH0e 0ilHCaHHe 3HeprHii H CTPYKTYPLI nepBLIX 
A, 2+• ~ 

0AHO'!'0H0HHhlX H OKTYil0JILHLIX C0CT0HHHH 11eTHo-11eTHhlX 

HAep · B o6nacTH 224.::SA :S,234. Mo::>KHO o::>KH;AaTL, 11To y11eT 

aHrapM0HH'IH0CTH KOJie6aHHH Il03B0JIHT YJIY'IIIIHTL 0ilHCaHHe 

CTPYKTYPLI HH3K0Jie:>KaIQHX HepoTa~H0HHhlX C0CTOHHHH. 
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