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J1ccneJ.lOB8HHe K011119KTHBHb!X BH5p8UHOHHb!X COCTOHHHtl J.le<fJopMHpoBaH­

HbiX HJ.lep B H8CTOHII!ee Bp9MH IIIHpOKO ITpOBOJ.lHTCSI Ha OCHOBe nonyMHKpOCKO­

ITH'I9CKOro ITOJ.lXOJ.l8, B pa5oTe/1/ J.l8H M9TOJ.l OITHC8HHH K011119KTHBHb!X OJ.lHO-

:\,, <f>oHOHHb!X COCTOSIHHtl B p8MK8X CBepxTeKyqel!: MOJ.l91IH HJ.lpa, Ha OCHOBe SToro IW!,' 

M9TOJ.l8 5binH HPOB949Hb! pacq~Tb! KB8J.lpyiT01IbHb!X H OKTyiTOllbHb!X COCTOSIHHtl 

HI 'I~THO-'I~THbiX J.le¢opMHpoBaHHbiX HJ.lep B peJ.lKoaeMenbHoA H TpaacypaHosoa 

I o5nacTHX/2-4 ,20/, B aTHX pacqeTax Y'IHTbiBaiOTCH napnoe H MynbTHnonb-Mynb­

THITOnbHbre B38HMOJ.l9HCTBHH, BnHHHHe CITHH-KB8J.lpynonbHb!X B38HMOJ.l9tlCTBHft 

Ha CBOACTBa BH5paUHOHHb!X COCTOHHHtl HCC119J.lOB81IOCb B pa5oTe/5/, B pa-

5oTe/6/ 5bmH BbiiTOnHeHbi pacq~Tbi aaeprHA H Be;mqna B ( E ,\ ) c Y'I~TOM 
ITOBepXHOCTHOro J.l91IbT8-B38HMOJ.l9tlCTBHH, 

... I Bo BCeX BbiiiieynOMHHYTb!X pa5oTaX J.lliH OITHC8HHSI Cp9J.lHero ITOIIH HC-

IT01Ib30B81IHCb BOIIHOBb!e <fJyHKUHH H OJ.lHO'I8CTH'IHb19 YPOBHH ITOT9HUH8118 HHllbC­

COHa/7 I. B pHJ.le cnyqaeB TO'IHOCTb pacq~ToB 5brna orpaHH'IeHa rpy5ocTbiO 

OITHC8HHH Cp9J.lHero ITOIIH, DoaTOMy B ITOC119J.lHee BpeMg ITpOB9J.l9Hhl HCC119J.lOBa­

HHSI K011119KTHBHb!X CBOtlCTB J.le<fJopMHpOB8HHb!X HJ.lep/ 8-10/ C HCIT01lb30B8HHeM 

noTeHuHana ByJ.lca-CaKcoaa, Co5CTBeHHbre aaeprHH H BOIIHOBbie ¢YHKUHH 

noTeHuHana Byl.lca-Caxcoaa BaHTbi Ha pa6oTbr/ 11/. 

B J.l8HHOA pa5oTe OJ.lH0'18CTH'IHb!9 SHeprHH H BOIIHOBb!e <f>YHKUHH ITOTeH­

UHana ByJ.lca-CaKcoaa/ 12/ Hcnonb30B8Hbr J.lliH pacq~Ta aaeprHl!: H 8( E ,\) -Be­

IIH'IHH KB8J.lPYU01IbHb!X H OKTyUOllbHb!X COCTOHHHtl 60llbiiiOro 'IHC118 'I~THO­

'I~THb!X J.le¢opMHpoBaHHbiX HJ.lep B o5nacTH 232~ A ~ 254 . Pacq~Tbr npose­

J.l9Hbi TaK)Ke c MOJ.lH¢HUHposaHHbrM noTeauHanoM HHnbccoaa/ 13/, napaMeTpbr 
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KoToporo yTO'IHeHbi B pa6oTe/14/. PesynhTBTbi 8THX pac'li!!TOB cpaBHeHbi 

Me»UlY co6oil: H C COOTBeTCTBY!OI.UHMH 8KCITepHMeHTBJ1bHb!MH JlBHHb!MH. 

IToTeHuHan ByJica-CaKCoHa B pa6oTell2/ B3HT B cneJiy10meM BHJie: 

V ( {32 '{3 4 ' -; ) = V r + V f, 
- v 0 

+- Vp, ' (1) 
1 + exp ! a ( r- R ( /'{

2
, (3 

4 
, e ) l 

rJie 

ve, K 
=- --

d <f;) ;r;- v 

CfiHH-op6HT8J1bHOe B38HMO)leHCTBHe, R ((32 '(34 'e) = Rol1+(32 y20 (())+(3 4 y40(e)]­

ITOBepXHOCTb HJipa, R 0 = r 0 At/a - paaHyc paBHoBenHKoil: ccjlepbr. Y'iHTbiBanHcb 

aecpopMaUHH BTOpOI'O- (32 H 'ieTBepTOrO- (3 4 ITOpHJIKBo 

B pac'ieTax co cxeMoil: ByJica-CaKcoHa HsyqaeMaH o6nacTb HJiep pa3-

6HTa Ha JIBe 30Hbr: A= 239 H A= 24 7. B rrepBy!O 30HY BXO/lHT 51/lpa c Mac-

COBb!MI'I 'iHCJI8MH 232_:: As 242 , Bo BTopy!O - HJipa c 244:5A::;254. Pacqe-

Tbl rrpoBeJieHbl rrpH CJie)ly!OI.UHX p8BHOBeCHb!X )lecpopM8l!HHXj B rrepBOH 30He -

(3 
2 

= 0, 2; (3 
4 

= 0,08; BO BTopoil: - (3 2 = 0, 23; (3 4 = 0,06. KBanpy-

rronbHbre MOMeHTbi0 paCC'iHTBHHbie C 8THMH 3H8'ieHHHMH (3 2 H (3 4 , COBIT8-

/l8!0T CO cpeUHHMH ITO 30He 8KCITepHMeHT8JlbHb!MH KB81lpyiTOJlbHb!MH MOMeHTa­

MH/12/. ITocKorrbKy JIJIH 6onbrneil: oJIH03H8'iHOCTH pac'ieToB He y'iHThlBanHcb 

H3MeHeHHSI (3 2 H {3 
4 

OT S!)lpa K SIJIPY 0 TO CJle)lyeT O)I(HJl8Tb yxynmeHHH 

TO'iHOCTH pacqeTOB HB Kp8HX 8TI'IX 30Ho nng HCCJleJIOBBHHSI CBOHCTB H30TOITOB 

p81lHH, TOpHH H nerKHX H30TOITOB ypaHa He06XOJIHMO BBeCTH /lOITOJIHHTeJibHY!O 

30HY c A = 228. 

B Ta6nHue 1 JIBHhl ITapaMeTphl ITOT~HUHana ByJica-CaKcoHa JIJ1H JIBYX 

30H B OOJ18CTH 8KTHHRJlOB H JlJlH paHee H3y'leHHb!X 'ieTbipex 30H B oonaCTH 

150< A< 190 . 113 Ta6nHUbi BHJIHB CT86HJibHOCTb 3THX ITapaMeTpO~ B lliHpO-

KOH o6naCTl! HCCJle)lyeMb!X H/lep, 'iTO, HeCOMHeHHO, SIBJ151eTCH 60JiblliHM ITpeH­

Myi.UeCTBOM IToTeHuHana Byaca-CaKCOHa ITO cpaBHeH!I!O c IToTeHuHanoM HHnbcco­

Ha. YBeJIH'ieHHe ITapaMeTpOB V
0 

H K CBH3aHo c qneHaMH, ITporropuHoHanb-

Hb!MH (~) 
A 

115/ 

4 

~ 

>_!' 

.;; 

!~ 

I I 

·~ 

J 
(J: 

i 

B JlSHHbiX pac'!I!!Tax co cxeMoll: Byaca-Caxcoaa cymec 

'iHCJ10 Y'iHTb!B89MbiX 0JlHO'i8CTH'iHbiX YPOBHell: H TeM C8Mbil.'. 

MeHTOB ITo cpaBHeHH!O c paC'Ii!!TaMH co cxeMoll: HHnbccoa~ 

'I~TaMH co cxeMoll: Byaca-CaxcoHa anH Hllep B o6nacTH 15U 

B Heli:TpOHHOA CHCTeMe ITpHHHM8J1HCb BC' BHHMSHHe OKOJ10 }1 

Hero ITOnH, a a ITpoToHHoA - oxono 70 ypoBaell:. BbinH 

ypoBHH HH)I(all:mHx '19Tbrpex aeli:TpOHHbiX ( N_s 3) H Tpex IT 

OOOJ10'ieK. 06pe38HHe CBepxy ITpOBO)lHJ10Cb ITpH 8HeprHH +5 

B8J1HCb HH>KaAIIIHe OJIHO'i8CTH'IHbie YPOBHH KB83HllHCKp9THOrr 

M8TpH'IHbiX aneMeHTOB lli1Sl HeKOTOpbiX MyJ1bTHITOJ1bHOCT 

llO 1500. 

B pac'l~Tax c BOJ1HOBbiMH !flyHKUHHMH H OllHO'laCTH'll 

ITOT9HUH8J18 HHJ1bCCOH8 llJ1Sl K8>KllOll: CHCTeMbi ( Heli:TpOHbl H 

Tb!B8J10Cb 43 OJ1H>K8li:I.UHX K IIOBepXHOCTH cl>epMH YPOBHSI H 

H8H6onee Cyii.leCTB9HHbie MaTpH'IHbie 8J19M9HTbi
1 

T.e. OKOJ10 1 

aoro 3Ha'leHHH A~ 

KoacTaHTbi napaoro BsaHMoaell:cTBHSI GN H G z 

paooT/14/ H/16/. 

KoHcTaHTbi MynbTHrronb-MynbTHITonbaoro BsaHMoaell:cTJ 

sHa'ieHHH A~ rroa6HpanHcb Tax, 'ITOObi rrony'IHTb HaHnyqmee 

pHMeHTanbHbiX 3Ha'leHHA aHeprHA HH>Kall:wHx BH6pauHOHHbiX , 

B9TCTBY!OII.lell: MyJ1bTHITOJ1bHOCTH. 06bi'IHO rrpHHHM89TCSI Cnel 

MOCTb KOHCT8HT MYJ1bTHITOJ1b-MyJ1bTHITOJ1bHOro B38HMOll9li:CTBHl 

Boro 'IHcna A I 17, 18/: 

K<A>_ (A) -'~ 
- p • A s 

nng Hllep OOJ18CTH 8KTHHHllOB KOJ1H'i9CTBO 9KCIIepHM9H1 

ITO SHeprHH KOJ1J19KTHBHhlX COCTOHHHll: HeBeJ1HKO, OC06eHHO OK' 

TOHHHll: c K f. 0 ( K - npoeKUHH MoMeHTa Sillpa Ha ero oc 

nnH H9KOTOpbiX H3B9CTHbiX H3 9KCITepHM9HT8 COCTOHHHII: 3H8'19f 

J19HO C Manoll: llOCTOBepHOCTb!00 'ITO CHJ1bHO 38TpyllHSieT Bl 

MynbTHrronbHOro B38HMoaell:cTBHSI. 

:1 l . .. r j " 



o"'HeHbi B pa6oTe/ 14/. Pesyl!hTaTbi aTHX pac"'~TOB cpaBHeH&I 

fi H C COOTBeTCTBYJOIIIHMH 3KCIIepHMeHT8l!hHh!MH UBHHb!MHo 

Han Byuca-CaKcoaa B pa6oTel 12/ B3HT B cneuyrorneM BHae: 

) = v r + v r. 
- v 0 

-------------------- ~ v r. , ( 1) 
l + Pxp { a ( r- R ( {1 2 , {3 4 , {} ) I 

d -;r;:--V ( e a l -

l!bHOe B38HMOUeficTBHel H ({32 'f3 4 'e ) = Ho L l +/32 y20 (()) +!3 4 y 40({})]-

Hapa
1 

H 
0 

= r 
0 

A 1/ 3 - pauHyc paBHoBel!HKOfi cljlepbl. Y'IHTbiBBl!HCb 

BTOpOI'O- {3
2 

H 'I8TBepToro- {3 4 
IIOpHUK8o 

eTax co cxeMofi Byuca-CaKcoHa H3y'IaeMaH o6nacTh Haep pas-

30Hbl: A = 238 H A= 24 7. B nepByJO 3DHY sxonHT Hap a c Mac-

l!BMH 232.::: A .::: 242 

Hbl IIpH cneayJOIIIHX 

1 
so BTopyro - Hapa c 2445A::;254. Pacq~­

paBHosecHbiX aeljlopMaUHHXj B nepBDH 30He -

{3 
4 

= 0,08; BO BTOpOH - !32 = 0123; f3 4 0,06. Ksaupy-

paCC'IHT8HHb!9 C 9THMH 3Ha'IeHHHMH {32 :If {3 4 1 COB!I8-

UHHMH TID 30He 9KCIIepHMeHT8l!hHbiMH KB8UpyiiDl!bHbiMH MOMeHT8-

CKOl!hKY Ul!H 60l!blliefi OUH03H8"1HOCTH pac"'eTOB He y"'HThlB8l!HCh 

{3 2 :If {3 4 OT HUpa K HUPY 1 TO cneuyeT 0)KHU8Th yxyarneHHH 

C'IeTOB H8 Kp8HX 9THX 30Ho llnH HCCl!eUOB8HHH CBOHCTB H30TO!IOB 

g H nerKHX H30TOIIOB ypaHa He06XOUHMO BBeCTH UDIIOl!HHTel!bHYJO 

228. 

liHUe 1 UBHbl napaMeTpbl IIOTeHUH8l!8 Byuca-CaKCOH~ Ul!H UByX 

CTH 8KTHHHUOB H Lll!H paHee H3y"'eHHhlX '!eThlpeX 30H B 06l!8CTH 

Ha T86l!HUbl 1 BHDH8 CT86Hl!hHOCTh 9THX napaMeTpoe B lliHpO­

HCCl!eayeMbiX HDep 1 'ITO, HeCOMHeHH0 1 HBl!HeTCH 60l!blliHM rrpeH­

IIOTeHUH8l18 Byaca-CaKcoHa rro cpaBHeHllJO c rroTeHuHanoM HHn&cco-

napaMeTpoB V
0 

H K CBH38HO C 'Il!eHaMH 1 IIpOIIOpUHOH8l!b-

/15/ 

4 

.... 

'!{.t 
··:· 

:;tl 
"·l\( 

~~~ 

;~,I 

1
1'. 

' ). J 

I 
I 

I 
I 

·~ 

J 

j 

B uaHHhiX pac"'~Tax co cxeMolt Byaca-Caxcoaa cyruecTseaao pacwHpeao 

"'HCJlO Y"'HTbiB8eMb!X OL1HO"'8CTH"'HbiX YPOBHelt H TeM C8Mb!M M8TpH'IHb!X 9Jle­

M9HTOB no cpasaeHHJO c pac'I~TaMH co cxeMolt HHnhccoHa/1-~/ H c pac­

'I~TaMH co cxeMolt Byuca-CaxcoHa ansi HUep a o6nacTH 150< A< 19018-101. 

B HeltTpOHHOlt CHCTeMe npHHHM8JlHCb 50 BHHMaHHe OKOl!O 100 ypOBHeJt cpea-

BbmH oT6poweH&I nHWh 
Hero nOJlHI a B npOTOHHOlt - OKOJlO 70 ypOBHeJt. 

ypoBHH HH)I(altwHx 'leT&Ipex HeltTpOHH&rx ( N_5 3) 
H Tpex npoTOHHhiX ( N ~ 2) 

o6ono<~ex. 06peaaHHe csepxy npoBOLIHl!OCh npH saeprHH +5 M 9B
1 

T.e. y'IHThi-

B8JlHCh HH)I(8ftWHe 0LlHO'IaCTH'IHhi9 ypOBHH KBa3HL1HCKp9THOrO Cn9KTpa. 'LfHCl!O 

MaTpH'IHhiX aneMeHTOB ang HeKoTopbiX MyJibTHnonbHOCTelt Ap. llOXOllHT 

llO 1500. 

B pac<~~Tax c BOJIHOBhiMH ¢YHKUHHMH H oaHo<~aCTH'IHhiMH aHeprHHMH 

noTeHUHaJia HHJihCCOHa LlJISl Ka)I(L!Olt CHCT9Mhl ( HeltTpOHh! H npoTOHhi) Y'IH­

ThiBaJIOCb 43 6JIH)I(8ftWHX K nosepxHOCTH «PepMH YPOBHH H npaKTH'I8CKH BCe 

HaH6onee CYIII9CTB9HHh!e M8TpH'IHb!9 9l!eM9HTh! 1 T.e. OKOJIO 100-130 LlJIH K8)1(­

Uoro 3Ha'leHHH Ap. 

KoHcTaHThi napHoro B38HMoaetl:cTBHH GN H G z 

pa6oT/14/ H/16/. 

6hiJIH B3HTbl H3 

KoHcTaHThi MyJihTHnon&-Myn&THnonhHoro aaaHMoaeficTBHH anH xa*aoro 

3Ha'I9HHH Ap. noa6Hp8l!HCb T8K 1 'IT06hi nony'IHTb H8HJlY'IIIIee OIIHC8HHe 8KC!Ie­

pHM9HTaJlbHhiX 3H8'19HHJt 8HeprHJt HH)I(afiiiiHX BH6paUHOHHhiX COCTOHHHlt COOT­

BeTCTBYJOIUefi MYJibTHnOJibHOCTH. 06hi'IHO npHHHMaeTCH CJI9L1YJOIU8H 3aBHCH-

(A) MOCTb KOHCT8HT MyJlhTHnOnh-MYJihTH!IOJlbHOro B38HMOLl9ltCTBHH K OT Maceo-

soro 'IHcna A /17118/: 

K<A>_ <A> -~ - p • A s 
( 2) 

ilJIH HLl9p 06JlaCTH 8KTHHHL10B KOJIH'IeCTBO 8KCnepHM8HT8JihHh!X Ll8HHhiX 

no 9HeprHH KOJIJI8KTHBHbiX COCTOHHHfi HeBeJIHK0 1 OC06eHHO DKTynoJibHhlX COC­

TOHHHlt c K ~ 0 ( K - npoeKUHH MOMeHTa Hllpa Ha ero oc& CHMMeTpHH). 

llnH HeKoTop&IX H3BeCTHbiX H3 aKcnepHMeHTa COCTOHHHA 3Ha'IeHHe K ycTaHoB­

JieHo C M8JIOlt JlOCTOBepHOCTbi01 'ITO CHJibHO 38TPYllHH8T Bbi6op KOHCT8HT 

MYJihTHnon&Horo BaaHMOLieltcTBHH. 
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(,\) 
B Ta6mrue 2 rrpHBB.l:lBHbl 3H8"'BHHSI KOHCTBHT P B B.l:lHHHUBX (M8B, 

cj:JepMH - 2 ,\ ) .[lJlSI o6eHX CXBM, llmi cpaBHBHHfl 3)J.BCb !J.BHbl KOHCTBHTbl 

MyJJbTHITOJlbHOrO B38HMO.[lBHCTBHfl 1 B3S!Tb!B H3 pa6oT/ 1,3,10-12/, J.13 T86JJH­

Ubl 2 BH.[{H0 1 "'TO BCJJH rrpl'l rrepexone K 6onee TSI)I(BJlbiM S!.l:lp8M "'I'lCJlO Y"'HTbi­

BBBMhlX B pac"!ATBX O.l:lHO"'BCTI'l"'HhlX ypOBHBH COOTBBTCTBBHHO YBBJll'l"'I'lBBBTCSI, 

(,\) 
TO 38BHCI'lMOCTb K OT A B Bl'l)J.B ( 2) rrpl'lOJ11'l31'lTBJ1bHO Bb!ITOJlHSIBTCfl 

( CM, CTOJ16Ubl 1, 2,3) • Ecnl'l )I(B "'I'lCJJO O.[lHO"'BCTI'l"'HblX ypOBHBH OCT8BTC51 

ITOCTOSIHHbiM ITpl'l YBBJll'l"'BHI'll'l A , TO 38BI'lCI'lMOCTb Bl'l.[l8 ( 2) OK83b!B8BTCSI 

CJll'llllKOM Cl'lJlbHOH (eM, CTOJ10Ubl 4,5,8 l'l 7,8,9), 3TO rrpOI'lJlniOCTpl'lpOBBHO 

T8K)I(B HB pl'lC, 11 rne rrpl'lBB.l:lBHbl 8MITI'lpl'l"'BCKI'lB 3H8"'BHI'lfl KOHCTBHT MYJlb­

TI'liTOJlbHOrO B381'lMOJlBHCTBHSI K (,\) 8KCIT, l'l p (,\) 8KCITo 1 IT pH KOTOpb!X ITOJJy-

"'BBTCSI H81'lJ1Y"'lllBB cornaCI'lB 8KCITBpl'lMBHT8JlbHbiX l'l TeopeTI'l"'BCKHX 8Heprl'lH 

KBanpyrronbHbiX, c K 77 ~ 2 + , l'l OKTyrronhHhiX, c K" ~ 0 - , cocTOSIHI'lH JlJlfl 

(A) 
SIJlep B o6nacTI'l aKTI'lHI'lJlOB, BHJlHO, "'TO ycnoBI'le K ~ const Bb!ITOJJHSIBTCSI 

ropa3JlO ny"'Uie, "'BM p<,\>= const. 

B aacToSIUieii pa6oTe pacC"'I'lTBHhl 8HeprHI'l H aonHOBhle ~yHKUI'll'l coc-

TOSIHI'lii C K TT = ()+' 
1 

2+ 1 0-, 1-, 2- l'l 3- l'l COOTBBTCTBYIOllll'lB BBJJI'l"'I'l-

Hbl B ( E ,\) nepexonoa Ha 8TH cocToSIHI'lSI JlJJSI "!ATHo-"!eTHbiX Sinep B o6nacTI'l 

228 ::; A S. 254 . B Ta5nl'lue 3-7 rrpencTaaneaa He6onbUiaSI "'BCTb pe3ynh-

TBTOB, 
TT 'I' 

06cyJll'lM pe3ynbTBThi pac"'eToB 8HeprHi1: Hl'l)l(ai1:umx cocTo51HHi1 c K ~o 

l'l 2+, J.1x 3H8"'BHI'lSI SIBJJSIIOTCfl rrepBb!MH KOpHS!MI'l COOTBBTCTBYIOllll'lX CeKy­

JJS!pHbiX ypaa~eHHH, Pe3yJibT8Tbi 1 rrony"'eHHbJe c pa3JJI'l"'HbiMI'l BOJJHOBbiMI'l ljlyHK­

UI'lfiMI'l l'l OJlHO"'BCTI'l"'HbiMI'l ypoBHf!MI'l 1 JlOBOJJbtiO 6JJH3KH MB)I(JlY co6oi1:. 3To 

oo'hf!CHSIBTCSI nayMfl rrpl'l"'I'lHBMI'l. Bo-rrepBbiX, cxoncTBOM paccMaTpl'lBaeMhiX 

CXBM OJlHO"'8CTI'l"'HhlX ypoBHBH1 BO-BTOphlX1 TBM 1 "'TO 8Heprl'll'l l'l BOJlHOBhlB 

cj:JyHKUI'll'l Hl'l)I(8Hllll'lX KB8JlpyiTOJ1bHhlX BHOp8UI'lOHHhlX COCTOSIHI'lH onpeneJJSIIOTCSI 

OOJlbllll'lM "'I'lCJIOM 8HeprHH .l:lBYXKBB31'l"'8CTH"'HbiX COCTOSIHI'lH l'l BBJll'l"'I'lH COOTBBT­

CTBYIOllll'lX MBTpl'l"'Hb!X 8J1BMBHTOB, 

HH)I(8Hllll'lB COCTOSIHI'lSI c K TT = o+ l'l 2+ JlJJSI OOJlbllll'lHCTBa BKTI'lHI'lJlOB 

Cl'lJlbHO KOJ1J1BKTI'lBI'l31'lpOB8Hbi 1 l'l IT08TOMY nepBb!B KOpHH COOTBBTCTBYIOllll'lX 

CBKYJJS!pHbiX ypaBHBHI'lH O"'BHb Cl'lJlbHO OITYlllBHbl OTHOCI'lTBJlbHO Hl'l)I(8Hllll'lX ITO-

JllOCOBo 

8 

J'~~~' 
' ·~~~ .. 
·f '': 
: .. ~ ' : 
'~;~ )~, 

·~':/~ 
'· 

f!'r>'' 

'' 
'I 

:! 

I'· 

·' 

··'\ 

I ~ I ·~ 

zt''ID'-4 .,,_ 
2.0 

t5~ 
UJ ... 

as 
{I) $ 

Z•ID ~I 
""·"fs 

. f 
I ;::;::;;::; I 

1.0 

0.5. • 

0
' .:~5 21 ili 

Th 

p.z~xP 
~ 

pC'irtll 

zl'bo,o & 

z''~ . al''= CJJ 

~ 

(J) 

~ iJC"4 ct~rn 

iu zit ,:., zlB 2H z•o ftB iu Jso 
U Pu Cm Cf 

PHC. I, 

7 



<A> 
ue 2 rrpHB8A8Hhl 3HaqeHHH KOHCTBHT p B 8AHHHUBX ( M 8B, 

) AJlH o6eHX cxeM, ilnH cpaBH8HHH 3A8Cb bBHhl KOHCTBHThl 

ro R3BHMoAeAcTBHH, B3HThle ns pa6oT/1,3,10-12/, Hs Ta6nH­

To ecnH npH nepexoae K 6onee TH~enhlM srapaM qHcno yqHThl­

qeTax OAHoqacTHqHb!X ypoBHeA COOTB8TCTB8HHO yBennqHB88TCH 0 

<A> 
Tb K OT A B BH/18 ( 2) rrpH6nH3HTenbHO Bb!ITOJ1HH8TCSI 

I 1,2,3), EcnH ~e 'IHCnO OAHO'IBCTH'IHbiX ypOBH8H OCTB8TCSI 

pH yeennqeHHH :\ 0 TO 3BBHCHMOCTb BHAB ( 2) OKB3biBB8TCSI 

HOH (eM, CTOn6Uhl 4,5,6 H 7,8,9), 3TO rrpOHJlnJOCTpHpOBBHO 

, 1, rae rrpHB8A8Hbl 8MITMpHqecKH8 3HaqeHHH KOHCTBHT Mynh-

aHMOA8HCTBHH K (A) 8KCII, H p (A) :3KCII. 0 !I pH KOTOpb!X rrony-

'lill88 cornacne 8KCII8pHM8HTBJlbHbiX H TeopeTHqeCKHX 8HeprHA 

x, c K 77 = 2 + , H OKTyrronhHbiX, c K77 = 0- , cocToHHHii: ansr 

<A> 
TH aKTHHHilOB, BHnHo, qTo ycnoBHe K = const Bb!ITOJ1HH8TCH 

e, qeM p<A>= const • 

Hill8H pa6oTe pacCqHTBHhl 8HeprHH H BOJlHOBhl8 ¢yHKUHH COC-

=()I' 2+ 
0 

0-, 1-, 2- H 3- H COOTB8TCTBY!OillH8 B8JlHqH-

epeXOJlOB HB 9TH COCTOHHHH nnsr qeTHo-qeTHbiX HUep B o6naCTH 

B Ta5nHue 3-7 rrpencTaBneaa He6onhiUaH qacTh pesynh-

77 1' 
pesyJlbTBTLI pacqeTOB 8Heprni1: HH~BHillHX COCT051HHH C K =0 

'18HHH HBJlHIOTCH rrepBbiMH KOpHHMH COOTB8TCTBY!OlllHX CeKy­

HHH, Pe3yJihTBTbi 0 nonyqeHHbie c pa3nnqHbiMH BonHOBbiMII cpyHK­

'IBCTIIqHblMH ypOBHSIMH 0 t:lOBOJlbHO 6nH3KH M8~11Y co5oi1:. 3TO 

nByMH rrpM'IMHaMM. Bo-rrepBbiX, cxoncTBOM paccMaTpMBaeMbiX 

TMqHbiX ypOBHefi, BO-BTOpb!X 0 T8M 0 qTO 8HeprHH H BOnHOBbl8 

HillHX KBBt:lpyiiOJlbHhlX BH6pBUHOHHhlX COCTOSIHHH OIIpenenHIOTCSI 

OM 9HeprMii: llBYXKB83IIqacT!IqHbiX COCTOSIHHH H BenHqHH COOTBeT-

p!IqHbiX 8JI8M8HTOB, 

He COCTOHHHH C K rr = 0+ H 2+ t:lnH 6onhillHHCTBB BKTHHHilOB 

KTHBH3HpOBBHbi 0 H II08TOMY rrepBbJ8 KOpHH COOTB8TCTBY!OillHX 

paBH8HMA oqeHb CIInhHO OIIYill8Hhl OTHOCHTenbHO HH~BHillHX IIO-
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Hau6onee npHMhlM yKaaaaHeM aa KonneKTHBHYID npupoay aaaaoro coc­

TOHHHH SIBnHeTCH ycHn9HH9 BepoHTHOCTH COOTB9TCTByiD.Ul9I"O E A -nepexoaa 

C STOI"O COCTOHHHSio 3KcnepHM9HT8nbHbiX aaHHbiX no npHBeaeHHbiM B9pOSIT-

HOCTHM ,E2 H E3 - nepexoaoB Ha BHOp8UHOHHbl9 COCTOSIHHH Haep 

o6nacTH 8KTHHHaOB npaKTH'iSCKH H9T0 ITOSTOMy B p8C'i~T8X HM99TCH npOH3BOn1 

<A> 
cBH3aHHbiA c Bbi6opoM aenH'IHHbi s«jl!jleKTHBHoro aapHaa e s¢<1! • B Ta6nu-

ue 4 npeacTasneHbi peaynbTBTbi pac'I~TOB npuaeaeHHbiX aepoHTHOCTeA E-2 -ne­

pexoaoa H3 OCHOBHOI"O COCTOHHHH B COCTOHHHSI C K 
77 

= 0+ H 2+ ( B oaao­

'i8CTH'IHbiX eauauuax). BaHTbi cneayiDIUHe aaaqeaHH s<j>!jleKTHBHoro aapHaa: 

(2) 
e s¢<1>. = 0,2 npH pacq~Tax c noTeHuHanoM HHnbccoaa H 

e (2) 
s¢<1> .... 0 

npH pacq~Tax c noTeaunanoM Byaca-CaKcoaa. 

npuaeaeHHbi9 B Ta6n. 3,4 peaynbTaTbl OTHOCSITCH K HH)K8ftliiHM COCTOSI­

HHHM c K 77 = 0 +, 2+. Pacq~Tbi troKa3biBaiDT1 'ITO BTOpbie H 6onee BbiCOKHe 

COCTOSIHHH C aaHHbiMH K 77 

cna6ee, 'laM HH)KaftliiHe. 

, KaK npaanno, KonneKTHBH3HpoaaHbi ropasao 

B aeKoTopbiX cnyqagx Mo;KeT oKaaaTbCH, 'ITO" ae nepaoe, a aTopoe 

COCTOSIHH9 C aaHHbiM K77 SIBnSieTCSI KonneKTHBHbiMo 3TO M0)1{9T npOH30ftTH 

B TOM cnyqae
1 

ecnH M8TpH'1HbiA sneM9HT1 COOTBSTCTB~IDIUHA nepBOMY noniDCy 

ceKynSipHOI"O ypaBH9HHSI 0 Man no aenH'IHH9o PacCMOTpHM B CBSI3H C STHM 

K
77 + 23a., 240 P 242c 

COCTOHHHSI C = 2 B HapaX U 1 U H m C 'IHCnOM 

aeATpoaos N = 146. B STHX Hapax asa HH)KaftliiHX KopaS! 6nH3KH no saep­

rHH. npH 9TOM nepBbiA KOp9Hb 6nH30K ITO CBOHM CBOii:CTB8M K aByXKBa3H'iaC­

TH'IHOMy COCTOSIHHID n n 622 t 631+ , a BTOpoA: SIBl!HSTCSI KOnneKTHBHbiM 

y ..;.BHopaUHOHHbiM COCTOSIHH9Mo B COOTBSTCTBHH C 9THM1 8(E2) Ha nepBblft 

ypoBeHb 2+ B STHX Hapax 38M9THO M9Hblll9 no cpaBHSHHID C 8(E2) H8 BTO­

poft ypOB9Hbo 0aHaK0 1 npH H960nbliiOM H3M9H9HHH KOHCT8HTbl MynbTHnOnbHO­

I"O B38HMOaeftCTBHSI 1 KOnneKTHBHbiM M0)1{9T CT8Tb nepBbiA KOp9Hbo B Ta6nH­

U9 5 aaHbi saeprHH nepBbiX aayx 2+-cocTOSIHHA, aenH'IHHbi 8(E2) H cTpyKTy­

pa sTHX cocToSIHHA, pacC'IHTaHHbie co cxeMoA Byaca-CaKcoaa. CymecTao­

aauHe aayx 6nnsKHX no aaeprHH cocToHHHA c K 
11 

== ~ a SIJlpe 
238 

U 

nOJlTB9p)KJla~TCSI SKcnepHM9HTanbHO, 

06cyaHM peaynbTaTbl paC'i~TOB SHeprHA HH)Kaft:liiHX OKTyrronbHblX COC­

TOHHHft: H COOTB9TCTByiDIUHX rrpHB9Jl9HHbiX aepOSITHOCTeft: E 3 -nepeXOJlOB 
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aa 9TH COCTOHHHH B 'i~THO-'i~THbiX Hapax HCCneayeMoft: ( 

npeacTaaneHbi a Ta6nHue 6 H 7 • .UnH Ka)Kaoro aapuaaTa p 

OKTyrronbHOI"O B38HMOJl9ft:CTBHH K (
3

/L) B3HTa OJlHHaKOBO 

HO HSCKOnbKO OTnH'IHOil: llnSI paanH'IHbiX /L • PasnH'IHe 

llleA H3 HHX ( anH /L = 0,1,3) H H8H6onbllleA: t /L = 2) "' 

lll09 pa3nH'IH9 MO)KHO OO~HCHHTb HeoaHH8KOBOft: nepeHOpMH 

HbiX KOHCT8HT npH Oope3aHHH no 'IHCny Y'IHTbiBaeMbiX yp 

pacq~Tax OKTynonbHbie Kone6aaHH c paanH'IHbiMH IL paceM 

BHCHMOo Y'i~T B38HMOJl9ii:CTBHH KopHOnHCa MS)KJlY COCTOSI 

HbiMH npoeKuHHMH K npuaeaeT K HeKoTopoMy cMemea11 

rronbHbiX COCTOHHHft:/ 19/, 'ITO M0)1{9T yM9HblllHTb STy p83HH 

npH Bbl'IHCneHHH BenH'IHH 8 (E 3) B3SITbl Te )1{9 3H8'19 

sapHaa, 'ITO H npH Bbi'IHcneHHH 8 ( E 2) 

KaK BHaHO H3 TaonHUbl 4, paC'i~Tbi1 OCHOBaHHbl9 Ha I 

ca-CaKcoaa H HHnbccoaa, aaiDT 5nH3KHe sHa'ieHHSI saep 

COCTOHHHAo .QnSI BenH'IHH 8 ( E3) peaynbTaTbl B HSKOTOpbiX 

paanH'iaiDTCH. TaK, a pac'i~Tax c rroTeHuHanoM Byaca-C 

a aenH'IHHax npHaeaeHHbiX aepoHTHOCTeA E3 -nepexoa 

c K .. 0, 1 H 2 CT8HOBHTCSI Meaee pe3KHM, 'ISM a pacq~Tl 

Hunbccoaa. 

06cyJlHM OCOOSHHOCTH OKTynonbHbiX COCTOHHHfto 113B9 

nee KonneKTHBH3HpoaaHHbiMH HBnHIDTCH OKTynonbHbie, K 11
, 

HX 9H9pi"HH B OOnbliiHHCTBe Haep ne)KaT O'i9Hb HH3K0 1 I"Op 

0KTyrrOnbHbi9 COCTOHHHH C JlpyrHMH np09KUHHMH1 K f, 0 

Bbllll9i 9KCnepHM9HTanbHO OHH H3Y'i9Hbl 3H8'1HT9nbHO Xy)Ke. 

'i~TOB OO~SICHSIIDT 9TH OCOOSHHOCTHo noHH)K9HH9 SHeprHA: OK~ 

COCTOHHHft B Ha'iane oonaCTH 8KTHHHJlOB OO~SICHH9TCSI Ha~ 

'IHCna HH3KHX JlBYXKB83H'iaCTH'IHbiX rrOniDCOB C oonblllHMH I 

MeHTaMH. Bo acex H30Tonax Kann!jlopHHH saeprHH cocTo: 

HM910T 'HH3KYID SHeprHID ( "" 0, 7 M SB) 1 OJlHaKO ITO CBC 

COCTOSIHHSI onH3KH K npOTOHHOMy aByXKB83H'i8CTH'IHOMY COCT 

3TO nOK83biBaeT1 'ITO He BCeraa HH3K8H 9H9pi"HH OJlHO!jJOHC 

CBHJl9T9nbCTByeT 0 ero KonneKTHBHOil: npHpOJl9o 
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nee npRMhlM yKaaaaHeM aa KonneKTHBHYID npHpoay aaaaoro coc­

ReTCH ycHneHHe BepORTHOCTH COOTBeTCTBYIDWerO EA -nepexoaa 

CTORHHR. 3KcnepHMeHTSnbHb!X aaHHb!X no npHaeaeHHbiM B9p0RT-

2 H E3 - nepexoaoB Ha BHopaUHOHHbie COCTOSIHHR RJl9p 

THHHaOB npaKTH~eCKH ReT, nOSTOMy B paC~~TSX HMeeTCR npOH3BOn, 

CA> 
c BbioopoM aenH~HHbi a<jltjJeKTHBHoro aapHaa e a¢<1> • B TaonH-

TaaneHbi peaynbTSTbi pac~E3TOB npHaeaeHHhiX aepoHTHOCTeA K2 -ne­

ocaoaaoro COCTORHHR B COCTOHHHH C K 
11 

= 0+ H 2+ ( B oaao­

eJlHHHUaX). BaHTbi cneayiDWHe aaa~eHHSI :atjltjleKTHBHoro aapSIJla: 

0,2 npH pac~~Tax c noTeHuHanoM HHnbccoaa H 

~Tax c noTeauHanoM Byaca-GaKcoaa. 

e (2) 
a<jltjl ... 0 

aeHHbie B Taon, 3,4 peaynbTSTbl OTHOCHTCH K HH)KaHWHM COCTOH-

11 = 0 + 
1 

2+ • Pac~E3Tbl tJoK83biBSIDT1 ~TO BTOpb!e H oonee Bb!COKH9 

c aaHHbiMH K 11 
1 K$K npaBHn01 KonneKTHBH3HpOBaHbl ropa3Jl0 

M HH)KaHWH9, 

KOTOpb!X cny~aSIX MOPKeT OKa3aTbCSI1 ~Tct He nepB091 a BTOpoe 

c aaHHbiM K11 SIBnsUi!TCSI KOnneKTHBHbiM. 3TO MO)K9T npOH30ATH 

ae, ecnH MaTpH~HbiA aneMeHT1 COOTB9TCTB~IDWHA nepBOMY noniDcy 

ro ypaBH9HHH 1 Man no aenH~HHe. PaCCMOTpHM B CBSI3H C :3THM 

c K11 + 2aa., 24o P 242c = 2 a Hapax u , u H m c ~HcnoM 

N = 146. B 9THX Hapax aaa HH)KaftwHx KopHH onHSKH no aaep-

nepBbi:it KOp8Hb onH30K no CBOHM CBOl!:cT·BaM K JlByXKBa3H~ac-

OCTOHHHID n n 622 f 63b , a BTOpoA HB/lH9TCH KOnneKTHBHbiM 

UHOHHbiM COCTOSIHH9M, B COOTB9TCTBHH C :3THM1 8(E2) Ha nepBbiA 

+ a aTHX Hapax aaMeTHo MeHbwe no cpaBHeHHID c 8(B2) aa BTo­

b, 0aHaK01 npH H900nbWOM H3M9H9HHH KOHCTaHTbl MynbTHnOnbHO­

aeACTBHH, KonneKTHBHhiM MO)KeT cTaTb nepBbi:it KopeHb. B TaonH-

aaeprHn nepBbiX aayx 2+ -COCTOHHHA1 aenH~HHbl JJ (E2) H CTpyKTy­

OCTOSIHHA1 pacc~HTaHHbie co cxeMoA Byaca-CaKcoaa. CywecTBo-

" nolo 238 ll x 6nH3KHX no :aaeprHH cocToHHHA c K = ~· a HJlpe 

arTCSI :3KCnepHM9HTanbHO, 

JlHM peaynbTaTbl pac~~TOB 9HeprHA HH)KB.itWHX OKTynonbHb!X COC­

COOTB9TCTBYIDIUHX npHaeaeHHbiX aepoSITHOCTeA E 3 -nepexoaoa 
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Ha :3TH COCTOSIHHSI B ~~THO-~E3THbiX H.llpax HCcneayeMoA oonaCTH 1 KOTOpb!9 

npeacTaBnEi!Hbl B TaonHU9 6 H 7, llnH Ka)KaOrO BapHaHTa pac~E3Ta KOHCTaHTa 

OKTynonbHOI"O B3aHMOaeftCTBHSI K (BJ.L) B3SITa oaHHaKOBOA JlnSI BC9X Haep, 

HO H9CKOnbKO OTnH~HOA JlnSI paanH~Hb!X J.L • PaanH~He Me)I(Jly H8HM9Hb­

weft .Ha HHX (anSI J.L = 0,1,3) H aaH6onbweA l J.L = 2) "' 10%. 3To ae6onb­

woe paanH~He MO)KHO o6~RCHHTb HeoaHHBKOBOft nepeHopMHpOBKOft OKTynonb­

HbiX KOHCTaHT npH oopeaaHHH no ~Hcny y'IHTbiBB.eMbiX ypoaaeA. B .llB.HHbiX 

pac~I!!Tax OKTynonbHbie Kone6aHHSI c paanH~HbiMH J.L paccMaTpHBanHcb aeaa­

BHCHMo. Y~i!!T B38.HMO.Il9ACTBHSI KopHOnHCa M9)KJlY COCTOHHHSIMH C paanHii­

Hb!MH npoeKUHHMH K npHaeaeT K HeKoTopoMy cMeweHHID aaeprHA OKTy­

nonbHhiX COCTOSIHHft/ 19/, ~TO MO)K9T YM9HbWHTb :3Ty p8.3HHUY KOHCT8HT, 

IT pH Bbi~HcneHHH aenH~HH 8 (E 3) B3SITbi Te )1(9 aaa'leHHSI a#eKTHBHoro 

aapHaa, ~To H npH Bbi~HcneHHH 8 ( E 2) 

KaK BHaHO H3 Ta6nHUbl 4, pac~I!!Tb!1 OCHOBB.HHbie Ha noTeHUHanax Bya­

ca-CaKCOHa H HHnbccoaa, JlB.IDT onHaKHe aaa~eHHSI :aaeprHA OKTynonbHhlX 

cocTOSIHHA. llnH aenH~HH 8 ( E3) peaynbTB.Tbi B HeKoTopbiX cny~aHx sa MeTRO 

paanH~aiDTCSI. TaK, B pac~~Tax c noTeHuHanoM Byaca-CaKcoaa paanH'IHe 

B BenH'IHHaX npHB9Jl9HHhlX BepOSITHOCTeA E3 -nepeXOJlOB Ha COCTOSIHHSI 

c K .. 0, 1 H 2 cTaHOBHTCSI Meaee peaKHM, 'leM a pac'I~Tax c noTeauHanoM 

HHnbccoaa. 

OocyaHM OC069HHOCTH OKTynonbHb!X COCTOSIHHA. J13B9CTH01 ~TO HBHOO­

nee KOnneKTHBH3HpOB8.HHbiMH SIBnSIIDTCSI OKTynonbHbi91 K 11 =0- - COCTOSIHHSii 

HX :aaeprHH B 6onbWHHCTBe HJlep ne)KaT 0~9Hb HH3K0 1 I"Op83Jl0 HH)K9 wenH, 

0KTynonbHbi9 COCTOSIHHSI C llPYI"HMH npoeKUHSIMH1 K f, 0 , pacnono)KeHbi 

Bbiwe; :aKcnepHMeHTanbHo OHH Hay~eHbi aHa~HTenbHO xy)Ke, PesynhTaTbi pac-,. 
~E3ToB o6~SICHHIDT aTH oco6eaaocTH. IToHH)KeHHe aaeprHA oKTynonbHhiX K "=0 -

COCTOSIHHA B Ha~ane o6naCTH aKTHHH.IlOB OO~SICHSI9TCSI HanH'IH9M 6onbWOI"O 

~HCna HH3KHX aBYXKB8.3H~aCTH~Hb!X noniDCOB C 6onbWHMH MaTpH~HbiMH ane­

M9HT8.MH, Bo acex HaoTonax KanHtjlopHHSI :aaeprHH cocTOSIHHA c K11 = 2 -

HM9IDT 'HH3KYID :aaeprHlO ( "' 0, 7 M :3B) 1 OJlHBKO no CB09H npHpoae :3TH 

COCTOHHHSI 6nH3KH K npoTOHHOMy aayXKB83H~8CTH~HOMY COCTOSIHHID p p 633'~~521.1 . 

3TO nOK8.3hlB8.9T1 ~TO He BC8I"Jl8 HH3K8SI 9HeprHH OJlHOtjJOHOHHOI"O COCTOHHHSI 

CBHaeTenbCTByeT 0 ero KonneKTHBHOA npHpoae, 
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KIT -
CocToHHHH c = 3 , cornacHo aaHHhiM pacq~TaM, KonneKTHBHsHpo-

BaHhi ropasao cna6ee ITO CpaBH9HHIO C OCTanbHhiMH OKTYilOnbHbiMH COCTOH­

HHHMH, BonHOBbie <i~YHKUHH 9THX COCTOHHid!: HMeiOT ITO oaHoft-aBe rnaBHbiX 

aBYXKBa3HqaCTHqHbiX KOMI10H9HThlj I1pHM9Cb OCTanbHbiX - IlOpHaKa oaHOrO 

HnH HeCKOnbKHX IlpOU9HTOB, Tiono*eHHe 9THX COCTOHHHft Cna6o SaBHCHT OT 

KOHCTaHTbl OKTYilOnbHOrO B3aHMoaeftCTBHH H OI1peaenSI9TCSI 9HeprHSIMH aByX­

KBasHqaCTHqHbiX IlOniOCOB, 

YMeHblli9HH9 ponH OKTYilOnbHOrO B3aHMOaeftCTBHSI anSI COCTOSIHHft 

c K 
11 

.. 3- SIBnSieTcSI cneacTBHeM yMeHbllieHHSI qHcna MaTpRqHhiX aneMeH-

TOB 1 a TaK*e OTCYTCTBH9M HH3KOne*aiiiHX rroniOCOB C 6onblliHMH MaTpHq­

HhiMH aneMeHTaMH, 

B TSI*enhiX Slapax paccMaTpRaaeMoft o6nacTH Ha6niOaaeTcSI aeKoTopoe 

ycHneHRe KonneKTHBHsaUHH rrepBhiX cocTOSIHHft c K 11 
= 3-. 8To ycRneHRe 

MO*Ho rroHHTb, ecnH saMeTHTb, qTo anSI Haep c Z = 96,98,100 H c N = 152, 

154 B6nH3H IlOBepXHOCTH ~epMH IlOSIBnSieTCSI HeCKOnbKO HH3KHX aBYXKBa3H­

qacTHqHbiX rromocos c 6onbiiiHMH MaTpHqHhiMH aneMeHTaMH, TaK, anH HSOTo­

rroB <PepMHSI MaTpHqHbl9 aneMeHThi 1 COOTB9TCTBYIOIIIH9 HH*aftlliHM IlOniOCaM 

pp 633 't 521 .1. t pp 624 't 521+ H nn 734 't 622 .1. , HM9IOT B9nHqHHY 

42,9; 30,1 H 6,81 COOTB9TCTB9HHO ( B !PepMH6), CTpyKTypa COCTOSIHHft 3-

B 9THX Slapax ycno*HSieTcSI, a aepoSITHOCTb aneKTpHqecKHX E 3 -rrepexo­

aos Ha HHX aocTHraeT rropsaKa eaRHHUhi (eM. Ta6n. 5). Bhmo 6bi HHTepecHo 

9KCI19pHM9HTanbHO 06Hapy*HTb COCTOSIHHSI C K 
11 

= 3- B H30TOI1aX KanH!Pop­

HHSI H <PepMHSI, 

TipHBelleHHhie pacq~Thi rroKasanH, qTo rrepBbie KBallpynonbHhie H OKTynonb-

Hbie cocTOSIHHSI Slllep B o6nacTH 228 .5- A $. 254 llOCTaToqHo xopomo 

OI1HChlB8IOTCSI B paMK8X CBepxTeKyqeft MOil9nH Slllpa IlpH HCI10nb30B8HHH 

M9T01l8 I1pH6nH*eHHOrO BTOpHqHoro KB8HTOB8HHSI, CpaBHeHHe pesynbTaTOB1 

nonyqeHHbiX C HCTIOnb30B8HHeM OllHoqaCTHqHbiX ypOBHeft H BOnHOBbiX !PyHK­

UHft noTeHuRanoB HHnbccoHa H Byllca-CaKcoHa, noKa3biBaeT, qTo OHH llOBOnb­

HO CXOaHbl, 01lH8KO CpaBHHTenbHO XOpOIIIHe pesynbTaTbl pacq~TOB CO CXeMoft 

HHnbCCOH8 nonyqeHbl1 B H9KOTOpoft CT9I19HH 1 HCKYCCTBeHH0 1 T,K, npoBOilHnHCb 

casHrH oTilenbHbiX oaaoqacTHqHbiX yposaeft, H ami aeKOTOpbiX noao6ono'l{eK 

ynoTpe6nSinHCb pa3nHqHbl9 napaMeTpbi TIOT9HUHana, B pacq~Tax, OCHOBaJJHbiX 
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Ha TIOT9HUHane Byllca-CaKCOHa, anSI Bcex ypOBHeft B3SITbi OllHH H 

M9Tpbi IlOT9HUHana H He TipOB91l9HO HHK8KHX TipOH3BOnbHbiX caBH 

TI09TOMy 9TH pacq~Tbl 51BnSIIOTCSI CyllleCTB9HHO 6onee oaH03J 

cpaBHeHHIO c pacq~TaMH, ocHOBSHHbiMH Ha noTeHuRane HRnl: 

B 38KniOqeHHe Bbipa*aeM 6naroJiapHOCTb c.n. HsaHOBOft 

o6cy~eHHH, 

nHTBpBTypa 

1. V.G Solaviev. Atom.En.Rev., d, ~~7 (~965). 

2. ~G1 ;2oloviev. Nucl.Phys., 69, ~ (~965); V.G. Solov 

Phys.Lett. ~ 126 ( 1963). 

B.r. ConOBbeB, n. tPorenb, A.A. KopHeJiqyK, liAH CCCP, 113 

B.r. ConOBbeB, n. tPorenb, A.A. KopHeJiqyK. 113B. AH CCC 

~ 1599 ( 1964). 

3. L.A. Malov, V.G. Soloviev, P. Vogel.Phys.Lett., 22, 

4. I. Blocki, W. Kurce-wicz. Phys.Lett., 30B, 458 (~9~ 

5. A.A. Kuliev, N.I. Pyatov. Nucl.Phys., A~06, 689 1 

B.A. F'aessler, A. Plastina. Phys.Rev., ~56, ~072 ( 

Zeit. Phys., 203, 333 (~967). 

1. S.G. Nilsson. Mat.F'ys.Dan.Selsk., ~ N.~6 (~959 

B. Mottelson, S,'G, Nilsson. Mat,F'ys,Skr.Dan.Selsk., _ 

B. A.A. KopHeJiqyK, n.A. ManoB, B.r. ConOBbBB, C.l1. tPeaoT 

fl., 750 ( 1969). 

9. n.A. ManoB, B.r. ConoBbeB, Y.M. tPaJJHep. liAH CCCP, .J.1 
10. n.A. ManoB, B.r. ConOBbeB, C.l1 •. 4>ellOTOB. liAH CCCP, 11 
11. tP.A. rapeeB, c.n. 11BBHOBB, B.H. KanHHKHH, l13B. AH CCC 

~ 1690 ( 1968). 

1 2. tP.A. rapeeB, c.n. J1BBHOBB, ii.A. ManoB. nporpaMMB H Te• 

XX e:JKeroaHoro coBeJIIBHHH no HP.epHoJi cneKTpOCKonHH H CT 

Horo HllpB. Msa. "'HayKa"', 1970, cTp. 192. 

13. C. Gustafson, IrL. Lamm, B. Nilsson, S.G. Nilsson • .,1. 

6~3 (~967). 
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SI c K 17 = 3-, cornacno aaHHbiM pac'I~TaM, KonneKTHBH3Hpo­

cna6ee ITO cpaBH9HH!O C OCT8JlbHb!MH OKTynoJibHb!MH COCTOSI­

bl9 !jlyHKUHH STHX COCTOSIHHil: HM9!0T no O.QHOft-.QBe rnaBHb!X 

H'IHb!X KOMnOH9HTblj npHM9Cb OCT8JibHb!X - nopSI.QK8 OJlHOrO 

X rrpoueHTOBo Dono~eHHe STHX COCTOSIHHft CJI860 38BHCHT OT 

yiiOJibHOrO B38HMO.Qeil:CTBHSI H orrpe.Q9JISI9TCSI SHeprHSIMH .QBYX-

X liOJI!OCOB. 

HH9 pOJIH OKTynOJibHOrO B38HMOJl9il:CTBHSI JlJISI COCTOSIHHft 

JISI9TCSI CJI9.QCTBHeM yMeHbll!9HHSI 'IHCJI8 M8TpH'IHb!X SJI9M9H­

OTCYTCTBH9M HH3KOJI9~8ll!HX nOJI!OCOB C 60Jibll!HMH M8TpH'I-

,1x SI.Qpax paccMaTpHaaeMoA o6nacTH aa6nJOaaeTCSI aeKoTopoe 

eKTHBH38UHH rrepBbiX cocTOSIHHA c K 17 
= 3-. 8To ycHneHHe 

ecnH saMeTHTb1 'ITO nnSI SI.Qep c Z = 96,98, 100 H c N = 152, 

aepXHOCTH ~epMH liOSIBJISI9TCSI HeCKOJibKO HHSKHX JlBYXKB83H­

!OCOB c 6oJibll!HMH MaTpH'IHbiMH sneMeHTaMH. TaK, .QJISI H30To­

aTpH'1Hbre SJieMeHTbl1 COOTBeTCTBY!Oll!He HH~ail:ll!HM nOJI!OC8M 

, pp 624 1' 521 + H nn 734 t 622 + , HM9!0T B9JIH'IHHy 

,81 COOTBeTCTB9HHO ( B !jlepMH6). CTpyKTypa COCTOSIHHA 3-

ycno~HSI9TCSI0 a aepoSITHOCTb sneKTpH'IeCKHX E3 -nepexo­

CTHraeT rropSI.QKa eaHHHUbi (eM. Ta6n. 5). Ebmo 6br HHTepecao 

bHO o6aapy~HTb COCTOSI.IIHSI C K 17 
= 3- B H30TO!l8X K8JIH!jlop-

bl9 p8C'I~Tbl liOK838JIH 0 'ITO !lepBbl9 KB8.QpyliOJib.llb!9 H OKTyiiOJib­

OSIHHSI SI.Qep a o6nacTH 228 ~ A :::;_ 254 aocTaTo'IHO 'xopoll!o 

B paMKaX CBepxTeKyqeft MO.Q9JIH SIJlpa npH HCnOJib30B8HHH 

~eaaoro BTopH'IHoro KB8HTOB8HHSI. CpaaaeaHe pesynbT8TOB1 

HCnOJib30B8HHeM O.QH0'18CTH'IHb!X ypOBHeA H BOJIHOBb!X !jlyHK­

B HHnbccoaa H Bynca-CaKcoaa, rroKaabraaeT, 'ITO OHH noaonb­

aaKo cpaB.IIHTenb.IIO xopoll!He pesynbTaTbi pac'I~TOB co cxeMotl 

Y'l9.11bl, B H9KOTOpOH CTene.HH 1 HCKYCCTB9.11.110 0 TaKa IIpOBO.QHJIHCb 

.llb!X O.QHO'I8CTH'IHb!X ypOB.IIeA 1 H JlJISI .119KOT0pb!X nO.Q060JIO't9K 

p83JIH'IHb!e IIapaMeTpb! IIOT9HUH8Jl8o 8 paC'I~TaX, OCHOB8H.IIb!X 
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na rroTeauHane Bynca-CaKcoaa, .QJISI acex ypoaaeA BSSITbi onHH H Te ~e rrapa­

MeTpbr liOT9.11UH8JI8 H .119 npoaeneHO HHK8KHX llpOH3BOJibHb!X C.QBHrOB ypOB.IIeft. 

DosTOMY STH paC'I~Tbl 51BJISI!OTCSI cymeCTB9HHO 6onee 0.QH03H8"1HbiMH, no 

cpaBHeHHJO c pac'I~TaMH, ocaoaaHHbiMH aa noTeHuHane HHnbccoaa. 

B 38KJI!O'I9HHe Bbipa~aeM 6naro)lapHOCTb c.n. HaaHOBOA sa IIOJI93Hbl9 

o6cy~e.IIHSI. 

nHTepa.Typa. 

1. V.O. Solaviev. Atom.En.Rev., _;], ~~7 (~965). 

2. ~G~ ~oloviey! Nucl.Phys., 69, ~ (~965); V.G. Soloviev, P. Vogel, 

Phys.Lett. f1, 126 ( 1963). 
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B.A. F'aessler, A. Plastina. Phys.Rev., ~56, ~072 (~967); 

Zeit. Phys., 203, 333 (~967). 

7. S.G. Nilsson. Mat.F'ys.Dan.Selsk., ~ N.~6 (~959); 
B. Mottelson, S.G. Nilsson. Mat.F'ys.Skr.Dan.Selsk., _1,N.B (~959). 

B. A.A. KopneJ1qyK, n.A. Ma.noB, B.r. ConoBbes, C.H. (/JeaoTos, r. WynbU. 

fl., 750 ( 1 969). ,,, 
9. n.A. Manos, B.r. Conosbes, Y.M. (/JaJ1nep. il.AH CCCP, 186, 299 ( 1969). 

10. n.A. Manos, B.r. Conosbes, c .11. (/JeaoTos. il.A H CCCP, 189. 987 ( 1969). 

11. (/J.A. rapees, c.n. Hsa.nosa, E. H. Ka.nHHKHH, 113s. A H CCCP, cep. r/JH3., 

Jlg, 1690 ( 1968). 

1 2. (/J.A. Tapees, c.n. Hsanosa, ii.A. Manos. llporpaMM8 H Te3HCbi llOKnBP.OS 
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14. n.A. MsnoB, B.r. ConoBbeB, H • .a. XpHCTOB • .flcfJ, !b 1186 ( 1967). 

15. n.a. HeMHpOBCKHii, B.A. l.fenypHoB • .flC/J, !1, 998 ( 1966). 

16. A.H. BaoBHH, A.n. KoMOB, n.A. Manos. Coo6UJeHHe OHRH P4-5125, 

,ay6HB1 1970. 

1 7. S. T. Beliaev. Mat.F'ys.Medd.Dan. Vid.Selsk., 3 1., N. 2 2 ( 2 95 9). 

18. D.R. Bes, R..A. Sorensen. Advances in Nucl.Phys., 11, 129 

( ]_ 96 9). 

19." K. Neergard, P. Vogel. Nucl.Phys., A145, 33 (1.970). 

20. E.R. Marshalek, I.O. Rasmussen. Nucl.Phys., g 4.38 (1.963); 

D. Bes. Nucl.Phys., ..!,g , 544 (1. 963); 

D. Bes, P. F'ederman, 1VT. Magueda, A. Zuker. Nucl.Phys., 
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TaeiJIHl.\8 3 

9HeprHH (B MSB) /3- lA t- BHCipal.\HOHHJiiX COC~OHHH~, 
pacct~H~aHHhle no ;4:syu O,ltHOt~ac~H'IIHhlll cxeuau: By.ltca-CaKcoHa (w.-,.) 

H HHJI:&coHa ( N.) • 

K"=o+ KV: ~ 

fl,7.tpa SKCfi. W.-$. N. SKCfi. w.-s. N. 
228lh (0,830) 0,83 0,969 0,94 
230 -0,634 0,64 0,783 0,70 
232 0,730 0,72 0, 790 0,79 

236u I 2 0,88 
230 o'65 I I 
232 0,693 o'69 0,867 o:87 
234 0,8II I,O 0,~0 0 927 0,86 0692 
236 0,9IO I,I 0,90 £06953) I,I ,95 
238 0,925 I,I I 0 ' 6! I,I l~o 
240 0,6 o's7 -
236P1A !,2 I:I 0,69 I'o 
238 0,943 I,2 0,9.6 I~030 I,I t,o 
240 0,863 I,I 0,87 o, 45 !~2 I,O 
242 0,8 0,89 I, !~3 
244 - I,I - 1i I 240Cm 1,3 !,2 I,I 
242 I,O I,O I,2 r:o 
244 0,8 I,O !,2 !,3 
246 I,2 I,2 I,I26 I I lt2 
248C1 

I,O !,2 o:9o 
246 0,9 I,O !,3 1,2 
248 !,2 I,2 !,2 I,I 
250 I,I I 3 I,0382 I 0 I 0 
252 I,3 o'92 o'7o of~~ 
248F'tw~ 0,9 r'o 1'3 
250 I,I r'r r:3 r'r 
252 I,O r'r I,I r'o 
254 I,2 o:88 0,693 0,9 o:79 
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ia~u~a 4 
~prn.lleBHYe :aeponBoc_D B(E2~ o,-I•2,t< ) anenPHucDx nepe­
XO.llOB (B UK0118CD11DX J.ll~ Bs,~,p..u.(E2):(J_.3A~, p&CU!S.BHYe no ,PYJI 
o.uoucsu1o111 cxe~~u : Bylca-vaKco•a (W,:.A. • HBuccon ( NJ 

18 OCBOBBOrO COCTOBBHR B Kl~pyno.JI~IYI·. 

upa 
K ... = o+ Kr.= 2.+ 

w.-s. N. W:-S. N. 
22sTJ.. 4,9 .. 
230 8,5 IO,O I 
232 9,5 6,6 
234 4,5 4,6 4,4 
23oU 5,7 -232 6,5 ?,I 
234 4,3 7,8 ?,I 4,4 
236 3,0 7,6 4,0 3,0 
238 2,4 I,6 I,I 0,5 
240 3,9 3,9 2,0 236P~.t I,? 3,3 3,6 3,0 
238 I,6 5,8 2,2 2,0 
240 I,5 3,3 O,I 0,2 
242 I,? 2,9 I,? o,8 
244 2,I 3,0 6,I 2,6 240~m I,O I,? I,? I,6 
242 I,2 I,4 0,03 0,2 
244 0,8 I,4 3,4 0,4 
246 0,3 I,2 2,9 2,I 
248 0,4 2,6 3,e 2,6 
246Cf 0,5 I,O 2,7 I,I 
248 O,I . 0,8 2,3 2,7 
250 0,3 2,0 2,5 3,3 
252 0,5 3,3 3,5 3,6 
248 F'm 0,7 I,2 O,I I,5 
250 0,6 I,3 2,0 2,8 
252 0,5 I,8 2,I 3,4 
254 0,7 3,0 2,4 3,6 

~ 

16 

l,ltpe 

23811 

240Pu 

24zc,., 

• 

TaCSJIH~a 3 

8HeprHH H CTPYKTypa ~»yx HHXS~WHX COC~ 
»~pax C qHCJIOM He~TpOHO»N 

S&eprHH (M1:1) Bf£2) CTpyKTYPi 

3ltCD • !80 p • :ucn. Teop. 

1,061 1,16 2 1,1 ,, 622f 
,, 633. 
,, 63It 
,, 622f 
,, 734+ 

1,16 1,.2S - 2,2 ,, 622.f 
,, 6331 
"" 63H 
"" 6221 ,, 734+ 

-
u,945 1,18 - 0,1 Iff/ 622f 

,, 633t 
,, 63H 
,, 622+ 
,, 734f 

- 1,43 - 2,0 ,, 633~ 
,, 63If 
,, 6224 
,, 7344 

ff 633 + 

1,18 - 0,03 ,, 622f 
tHt633t 
lflf63l 
lflf622+ 
lflf7344 

- 1,51 - 1,7 ,., 633f 
~~tt63l 
""' .. 734f. 
lflf 6224 
"" 743+ 

17 



'l'aOnH~a ;) 
tacbmxta 4 I ,. 2/ 

BspouBoc.D B~E2~ o,-I•2,1< ) anS.K!'JlH'IecDx naps- SHeprHH H CTpyKTypa ~Byx HHXa«mHX COCTOHHH« C ~ = 
B O,UO'IBC!l'H'Ili.YX J]l;• B~j>.u.(E2):rr~1, p&C'U1'8BJ!fi8 no fY11 :s H)tpax c qHcJioK He«TpOHOB II =146. 

• C%8.11811 : y)lca 8KCOJ18 w~ . II Hl!uccon ( N 
COCTOSBHS B KlaApynon~•se·.' - SaeprBH (MaJ) Bf£2) CTpyKTypa (%) 

Kli= o• K"= 2.+ JApo axcn. nop. 3KCn. Teop. 

w.-s. N. w~s. N. 1,061 1,16 2 1,1 nn 6221 631~ 69,4 
,, 633. 631+ 7,7 

4,9 ... ,, 63It 63U 2,6 
8,5 10,0 I 238u n~t622f 620f 2,5 
9,5 lllf 734t 752+ 

36·g 6,6 1,16 1,2S - 2,2 nn622~ 63U 
4,5 4,6 4,4 1111 6331 63It 19

1
0 

5,7 - ,, 63H 63H 5'8 
6,5 7,I "" 622# 620+ 5'5 

4,3 7,8 7,1 4,4 lfl"' 734+ 752f 5:2 
3,0 7,6 4,0 3,0 
2,4 I,6 1,1 0,5 U,945 I,IB - O,I Iff/ 622f 63It 97,8 

1111 6331 63H 0,6 3,9 3,9 2,0 11116311 63H 0,2 
I,7 3,3 3,6 3,0 "'" 622+ 620+ 0,2 
I,6 5,8 2,2 2,0 240Pu 

,, 734f 752+ 3~:~ I,5 3,3 O,I 0,2 - 1,43 - 2,0 nJ1 6331 63It· 
!,7 2,9 !,7 0,8 

nil 63I4 63J:f ·8,5 
"" 622. 620~ 7,6 

2,! 3,0 6,1 2,6 "" 7344 752+ 7,5 
I,O !,7 I,7 !,6 ff 633 + 65!1- 3,9 
I,2 !,4 0,03 0,2 
0,8 !,4 3,4 0,4 - 1,18 - 0,03 Hlf622f- 63U 99~03 
0,3 !,2 2,9 2,I lflt633t 63H 

0 t. 0,4 2,6 ' ,,, 631 6314 3,2 2,6 ltlf622+ 620• o'r 
0,5 I,O 2,7 1,1 lflf7344 7521- o'r 
O,I 0,8 2,3 2,7 24~,., - 1,51 - 1,7 lflf633f 63U 40'9 
0,3 2,0 2,5 3,3 M63l · 63It 8'4 
0,5 3,3 3,5 3,6 

,, .. 7344- 752·• 7:4 
/flf 6224 620t 7,2 0,7 I,2 O,I !,5 ,, 743+ 76U 3,4 

0,6 !,3 2,0 2,8 
0,5 !,8 2,I 3,4 
0,7 3,0 2,4 3,6 
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Ta6mu~a 7 
IlpHB8.lt8HHY8 :aepoUBOCfll B(.IG i o,- 1•3' K) aneKTpHli6CKI! 

,ltOB (B O~Oli8C!BliBKX e.zt. ~lE3)•0,42A2), p8CliHT8HHNe no 
BOli8CTHliHHII CX8118Jl: By.ztca!e'"a"icoBa ( W.-~) 14 HH1Il>CCOHa ( l 
OCHOBHOrO COC'fOfiHHR B OKTYfl01IJHOe C K li •0-,1- ,2- 14 3-. 

K"= o- K"= ~- K1T= 2.- ~ 
~pa. 

w.-s. N. w.-s. N. w.-s. N. I 

22sT~ ~0,8 8,4 3,8 
230 2!,8 7,2 1,9 
232 20,2 5,8 1,6 
234 23,5 6,0 4,1 
23oU 18,4 7,3 3,9 
232 8,3 12,8 6,3 5,9 3,4 2,8 o. 
234 5,8 19,0 4,! 5,8 3,4 2,0 o. 
236 2,2 2!,0 2,9 3,4 3,6 4,0 o. 
238 8,2 25,5 2,1 3,7 4,! 4,3 o. 
240 6,0 26,5 Z,6 4,4 5,2 3,4 o. 

236P"' 5,4 16,8 3,8 4,3 3,! 1,4 0 
238 ~0,7 18,6 3,1 3,8 3,5 4,9 0 
240 ~.5 22,4 2,3 4,2 3,6 5,1 0 
242 5,5 16,7 2,8 4,4 2,3 2,5 0 
244 6,3 18,8 1,7 2,7 2,2 2,! 0 
24oCtr 7,8 I5,l 2,5 4,0 3,7 4,4 0 

' 242 6,9 !7 ,9 2,2 3,9 3,9 4,7 0 
244 5,7 IS,! 2,0 4,1 2,6. 3,6 0 
246 5,5 !6,! 1,4 2,9 3,0 2,9 0 
248 5,8 15,2 1,8 3,5 3,4 4,9 0 
246Cf 4,3 13,8 1,4 2,0 3,5 4,7 0 
248 4,4 13,2 I·~O !,4 3,9 4,9 0 
250 4,8 12,5 1,2 0,4 4,2 4,3 0 
252 5,6 !!,6 !,9 0,7 6,0 3,9 0 
248Fm 3,3 9,l I,l 1,2 2,8 l,l 0 

250 3,5 7,4 0,8 I,O 3,3 1,8 0 

252 3,7 6,9 0,9 0,2 3,7 4,4 ( 

l54 4,4 7,4 !,3 0,2 4,7 3,5 ( 

19 



(1
,0

45
) 

0,
61

 
1,

0 
23

4 
0,

51
 

1,
2 

23
0V

 
0,

55
 

1,
14

6 
1,

2 
23

2 
0,

56
5 

0,
36

 
0,

59
 

1,
43

4 
0,

97
 

1
,0

 
23

4 
0,

78
8 

1,
01

8 
0,

94
 

23
6 

0,
74

 
0,

72
 

1
,0

 
1,

2 
0,

98
9 

0,
92

 
0,

68
7 

0,
48

 
0,

61
 

0,
93

1 
23

8 
0,

68
0 

0,
68

 
0,

94
 

1
,3

 
0,

68
8 

0,
94

 
0,

54
 

1,
0 

1,
3 

1,
12

9 
0,

82
 

24
0 

0
,8

6
 

23
61

\ 
0,

51
 

1
,3

 
1,

2 
0,

60
 

0,
64

 
0,

74
 

1,
0 

1
,0

 
lX

I 
23

8 
0,

60
5 

0,
52

 
0,

64
 

1,
1 

24
0 

0,
61

0 
0,

69
 

0,
92

 
1,

3 
1

,2
 

0,
61

 
1

,0
 

1,
3 

1
,0

 
24

2 
0,

88
 

0,
55

 
1
~
2
 

1,
2 

1
,0

 
24

4 
0,

67
 

1
,0

 
24

0C
I'I

I 
0,

94
 

1
,0

 
0,

80
 

1
,1

 
1,

2 
1,

81
 

24
2 

0,
73

 
0,

76
 

1,
1 

1,
2 

1
,1

 
24

4 
0,

79
 

0,
74

 
1,

2 
1
~
1
 

0,
95

0 
0,

96
 

24
6 

(1
,0

30
) 

1,
0 

0,
85

 
1,

08
0 

1
,0

 
1,

2 
0,

84
2 

0,
95

 
24

8 
1,

1 
0,

87
 

1,
1 

1·
,1

 
1

,0
 

24
6C

f 
0,

89
 

I,
O

 
I,

3
 

I,
3

 
0,

80
 

24
8 

I,
I 

I,
O

 
I,

I 
I,

O
 

0,
78

 
25

0 
1,

2 
I,

O
 

!,
2

 
25

2 
!,

1
 

1
,2

 
0,

85
0 

0,
80

 
0,

97
 

!,
4

 
1,

3 
24

8 
r~

 
0,

96
 

0,
56

 
0,

96
 

!,
3

 
1

,3
 

25
0 

1
,2

 
1

,0
 

0,
93

 
I,

I 
r
~
o
 

0,
92

 
25

2 
!,

3
 

1
,0

 
1

,2
 

25
4 

1,
2 

~
 

1
,2

 
0,

95
 

!,
4

 
!,

3
 

0,
73

 

-

O
O
H
H
O
O
H
N
~
N
~
~
~
N
~
~
~
~
~
~
~
~
~
~
~
~
~
m
 

N
N
o
N
~
~
~
O
~
~
~
~
b
~
~
N
O
O
~
~
~
~
O
O
~
~
O
O
O
N
~
 

~
~
~
N
~
~
~
~
~
~
N
~
~
N
N
~
~
~
~
~
~
~
~
 

...
...

...
...

...
...

...
...

 ~ 
...

...
...

...
...

...
 .

 
~
~
~
m
O
N
~
~
-
O
~
~
~
~
~
~
~
H
N
H
~
~
~
 

~
:
H
~
~
~
~
-
~
N
~
-
~
N
N
~
~
H
~
~
~
N
N
~
~
H
H
~
 

~
~
o
o
~
~
~
~
~
~
~
~
~
~
H
~
H
~
~
~
~
o
o
m
~
H
~
~
o
o
 

1,
1 

1,
4 

1,
3 1,
2 

1,
1 

1,
3 

1,
3 1,
1 

1,
1 

1,
5 

1,
5 

1,
2 

1
,0

 
1,

3 
1,

3 1,
1 

1
,0

 
1

,2
 

0,
76

 
0,

73
 

0,
80

 
0,

80
 

!,
2

 
I,

O
 

1
,3

 
1

,3
 :A

 
::t

 
II

 

0 
t 

z z z 

1,
5 

1
,2

 
1,

4 
1,

4 
1,

4 
1,

2 
1,

3 
1,

4 
1,

5 
1,

2 
1,

3 
1,

8 
1

,8
 

1,
2 

1,
3 

1,
8 

2,
0 1
,6

 

1,
8 

2,
0 

1,
6 

!,
6

 
!,

6
 

!,
6

 
1

,6
 

1
,5

 

'H
::t

: 
I:

S
::

 
..

 
::1

 
N

b
' 

I
O

 
0 

:s::
 

0 =
 

~
I
l
l
 

I 
::

l 
•
.
 ,

...
.. 

0 


