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BseseHHe 

B TeqeHHe nocnellHHX neT B ny6He Ha HMnynhCHOM peaKTope 11EP 

C HH*eKTOpOM-MHKpoTpOHOM 11pOBOilHnHCb H3MepeHHH napaMeTpOB HeATpOH

HbiX pe30H8HCOB Hllep B o6naCTH M8CCOBbiX 'IHcen 70+ 90. CpesH Hccneso

/11 
B8BIUHXCH 

ceneHa ( 

6HilHH ( 

Hllep 6binH H30TOI1bl repM8HHH 

/2/ 
A = 70, 72, 73, 74, 76) , 

A = 74, 76, 77, 78, 80) , rannHH 
/3/ 

A = 69, 71) , py-

/4/ 
A = 85, 87) • nng Bcex nepeqHcneHHbiX H30T0110B HaAileHbl 

nonHbie p81lH8UHOHHbie IUHpHHbl r y • 0oMHMO H81UHX ll8HHbiX B liiOCnesHee 

BpeMH B nHTepaType ITOHBHnOCb 3H8qHTenbHOe KOnHqeCTBO ll8HHbiX 110 p81lH-

8UHOHHbiM IUHpHHaM, nonyqeHHbiX llPYI'HMH rpynnaMH. HanHqHe 6onhiUoro 

9KC11epHMeHT8nhHOI'O MaTepHana 1103BOnHeT 11pOBeCTH cpaBHeHHe ei'O C Teo

/5-10/ 
pHeH C nyqiUelt TOqHOCTbiq. qeM 9TO 6binO CllenaHo, H811pHMep, B • 

B saHHoA pa6oTe Mbi cTaBHnH csoeA uenbJO npocnellHTh 38BHCHMocTb 

p81lH8IIHOHHbiX IUHpHH OT T8KHX napaMeTpOB, K8K M8CCOBOe qHcno, 9HeprHH 

CBH3H HeHTpOHa, nnoTHOCTb ypOBHeli, HC110nh3YH llnH 8HanH38 B03MO*HO 

6onee IUHpOKHA xpyr saHHbiX o nonHbiX panHanHOHHbiX IUHpHaax. EcTecTBeH

Ho, qTo npH T8KOM 1101lXOile He MOI'YT 6b1Tb yqTeHbl HHilHBHilyanbHble OCO-

6eHHOCTH K8*llOI'O KOHKpeTHOI'O Hllpa, OllH8K0 0 HaM npellCT8BnHnOCb0 qTo 

T8KOH 8H8nH3 1103BOnHT npocnellHTb HeKOTOpbie o6mHe 38KOHOMepHOCTH H C0-

110CT8BHTb HX C TeopHeH. 
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TeopHH • 

Tioapo6aoe paccMoTpeHHe aneKTpoMarHHTHoro H3nyqeHHH Haep 6bino 
I 111 

rrpoBeaeao Ba~cKorr¢oM • Mcrronb3YH rronyKnaccHqecKH~ rroaxoa H oaao-

qacTHqHyJO oueHKY anH MaTpHqHoro aneMeHTa, OH rronyqHn Bbipa)l(eHHe anH 

ITOnHO~ paaHBUHOHHO~ II1HpHHbl1 OTBeq8JOIUe~ aneKTpHqecKOMy H3nyqeHHIO 

MynbTHITOnbHOCTH f , B BHae 

3aecb 11 w - aaeprHH R - paaHyc Hapa, rrporropuHo-

aanbHbi~ A t/3 
E b 

poHa, D r(E b)- paccTOHHHe Me)l(ay ypOBHHMH ITpH aaeprHH B036y)l(aeHHH Eb' 

D 0 - paccTOHHHe Me~y HH3IIIHMH ypoBHHMH, Me*aY KOTopbiMH MoryT 

HaTH rrepexoabi paccMaTpPIBaeMoro THrra H rropHaKa. 

B rrpenrronO)I(eHHH, qTO OCHOBHO~ BKnaa B ly BHOCHT aneKTpHqec-

rae 

I Eb 3 
1 "'0,2 A 2 3 _l J E 

El D 0 y 
0 

r E 1 B aB, a D 0 • D H 

( 2) 

E y - B MaB. 

llnH rronyqeHHH HBHO~ 38BHCHMOCTH l El OT E b Heo6xoaHMO HCIIOnb-

30B8Tb Bb!p8)1(eHHe anH paCCTOHHHH Me)l(ay ypOBHHMH 1 CTOHIIIee IIOa HHTer-

panoM B (2). 

EcnH rrpHHHTb nnH rrnoTHOCTH ypoBHe~ aKcrroaeHUHanbHYJO ¢opMyny: 
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, 
I 

P (E) _l_,exp(.K{ 
D(E) T 

( 3) 

rlle E - aHeprHSI B030Y*lleHHSI, T - HllepHaSI TeMnepaTypa ( nocToSIHHaSI 

llnSI ll8HHOrO Slllpa), TO Bb!pa)f(eHHe (2) nocne HHTerpHpOB8HHSI npHBO,!lHTCSI 

K BHllY 

nerKO BH,!leTb1 'ITO B TaKOM npe,!lCTaBneHHH p8llH8UHOHH8SI IIIHpHH8 

npaKTH'ieCKH He aasHCHT OT aHeprHH CBSI3H E b • lleACTBHTenbHo, npH H3-

MeHeHHH OTHOIIIeHHSI Eb /T OT 7 ('ITO MO)f(eT C'iHT8TbCSI HH)f(HHM npe,!lenoM 

llnSI Cpe,!lHHX H TSI)f(enbiX Slllep) llO 6eCKOHe'IHOCTH BenH'iHHa r y B03p8CTa

eT MeHee, qeM Ha 10%. 

CymecTBeHHo ApyroA peaynbTaT nonyqaeTcSI npH Hcnonb3osaHHH ~opMy

nbi AnSI nnoTHOCTH ypOBHeA B BH,!le 

l l -p (E) = -- , __ exp (2y aU) , 
D(E) aU 2 · 

( 5) 

r,!le a- napaMeTp nnoTHOCTH OllHO'i8CTH'iHbiX COCTOSIHHA BonH3H llOBepx-

HOCTH <PepMH, U - s$PeKTHBHaSI aHeprHSI soa6Y*lleHHSI, paBHaSI E-..\ , 
I 121 

~ - aHeprHSI cnapHBaHHSI (eM., HanpHMep, . ) • EcnH nollcTaBHTb aTo 

Bb!p8)f(eHHe B ( 2) 1 TO paC'i~Tbl llpHBOllSIT K 38BHCHMOCTH AnSI r y BHll8 

r 
El 

5,8 A 2/a_l_ 

Do 

T.e. aasHCHMOCTb oT E b cTaHOBHTCSI secbMa cymecTBeHHoA. 

5 
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/13/ 
B pa6oTe AKcena BepOSITHOCTb pallHSUHOHHoro nepexolla npH pac-

t 

nalle B036y~eHHoro COCTOSIHHSI Slllpa,· o6pa3yromerOCSI B pe3ynbTaTe 38XBa-

Ta MellneHHOrO HeftTpOH8 1 CBSI3biBaeTCSI C xapaKTepHCTHKSMH .rHraHTCKOrO 

llHnonbHoro pe3oHaHca. 11M npe~:tno)KeHbi cne~:tyromHe Bbipa)KeHHSI llnSI cHnoBoA 

~yHKUHH napuHanbHoro nepexo~:ta: 

< _r_o > = 2,2.10-5 ( .....__E_Y_ )5 (_A_) s/a (~) 
D 7 MaB 100 5Maa 

( 7) 

llnSI E y~ 3 M 9Bo r g - lllHpHHa rHraHTCKoro pe3oaaaca. Bbipa)KeHHSI ( 7) 

H (8) AKcen CBS13hlBaeT c nonaoft pallHSUHOHHoA lllHpHHoA: 

( 1
0 
!D ) . D( E ) 

b d (9) 
D(E -E) 

b y 

3JleCb1 KSK H B cnyqae1 paCCMOTpeHHOM Bbillle, HCnOnh30BSHHe 9KCfiOHeHUH

anbHOft 38BHCHMOCTH llnSI nnoTHOCTH ypOBHeA npHBOllHT K Bbipa)KeHHID 

( 10) 
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B KOTOpOM 38BHCHMOCTb OT E b cnaoaSI ( H3MeHeHHe ~..b OT 7 JlO 
; T 

ysenH'IHBaeT r Ha 20%). B cnyqae llpHMeHeHHSI <jlopMynbi ( 5) JlnSI Ha
y 

XO)KJleHHSI IlnOTHOCTH ypOBHeft Mbl CHOBa llpHXOilHM K oonee CHnbHOH 38BH-

CHMOCTH OT E b 

r "' y 

1/a (E ) 2,2 A b-~ ( 11) 
a 2,8 

CneJlyeT eme OTMeTHTb, 'ITO B IIOJlXOJlax BaAcKorr<jJa H AKcena rrony'laeT

cSI cymecTBeHHO pa3nH'IaiOmaSICSI 38BHCHMOCTb r y OT Maccosoro 'IHCna A. 
114/ 

KyKnHH rrposen pacqeTbi rronHbiX pallHBUHOHHbiX IUHpHH, Hcrronb-

ayg <jJeHoMeHonorH'IeCKYIO MOJlenb KOHe'IHbiX <jJepMH-CHCTeM llpH OTnH'I

HOH OT HynSI TeMrrepaType, HaMeHeHHSI JlHIIOnbHOro MOMeHTa S!Jlpa H CBS!-

38HHbie C 9THM p81lH8UHOHHbie rrepeXOilbl SIBnSIIOTCSI 0 cornaCHO 9TOH MOJle

nH, peaynbTaTOM B38HMOileAcTBHSI KBa3H'IaCTHU. Pac'leTbi, BblllOnHeHHble JlnSI 

KB83H'I8CTHU B oeCKOHe'IHOH llpSIMOyronbHOH IIOTeHUHanbHOH SIMe B rrpeJlllO-

nO)KeHHH, 'ITO COCTOSIHHe CHCTeMbl He H3MeHSieTCSI cymeCTBeHHO llpH pO)KJle

HHH H 8HHHrHnSIUHH KB83H'I8CTHU (T,e, B rrpellllOnO)KeHHH OllHOH H TOft )Ke 

TeMrrepaTypbi T JlnSI Ha'lanbHOrO H KOHe'IHbiX COCTOSIHHH DpH y - rrepe

X0Jl8X), ll8IOT: 

( 12) 

3 
3JleCb g=- A 

- rrnOTHOCTb OllH0'18CTH'IHbiX COCTOSIHHft B KB83HKnac-
2 EF 

CH'IeCKOM llpHonH)KeHHH, 

Ha rrpellllOnO)KeHHH, CJlenaHHbiX llpH BbiBOJle, SICHO, 'ITO <jlopMyny ( 12) 

He cneJlyeT HCIIOnb30B8Tb JlnSI OUeHKH 9HepreTH'IeCKOH 38BHCHMOCTH r y 

s KOHKpeTHOM SIJlpe rryTeM rrpocToA aaMeHbi TeMrrepaTypbi T Ha, y'E I a ; 
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B <jlopMyne ( 12) 1 KaK B H a <jlopMynax ( 4) 1 ( 10) 1 TeMnepaTypa T- KOH

l 
CTaHTa anH KOHKpeTHOrO Hapa. 

PaccMoTpeHHbie BbiUie noaxoabr K pacq~TY nonHbiX paaHaUHOHHbiX IIIH-

pHH llOKa3biBaiOT1 'ITO nony'laiOUIHeCH aaBHCHMOCTH r y OT TaKHX napa-

MeTpOB Hapa 1 KaK A,T, a,Eb BeCbMa CHnbHO pa3nH'IaiOTC5t Me:lKay 

coooA. 3To aenaeT oco6eaao noneaHhlM cpaaHeHHe HX c aKcnepHMeHTanb-

HblMH aaHHblMHo 

3KcnepHMeHTanbHbiH MaTepHan 

llnH COilOCTaaneHHH SKCilepHMeHTanbHblX aaHHblX C TeopeTH'IeCKHMH 

Bbipa:lKeHHHMH 1 11pHBeaeHHbiMH BbiUie 1 HCI10nb30BancH MSTepHan1 rrpeacTaB

neHHblH B Ta6nHUe I. B nepBOM H BTOpOM CTonoue yKa3aHbl aapSia H MaC

COBOe 'IHCnO KOMilayHa-Hapa 1 B TpeTbeM - CllHH I Hapa-MHUieHH. 3aaqeHHH 

115/ 
TeMrrepaTypbi T anH KoMrrayHa-Haep 1 B3KTbie Ha pa6oTbi KaMepoaa 1 

aaHbi B qeTaepTOM cTonoue. B llHTOM cTonoue rrpHBeaeHbi aaaqeHHSI rrapaMeT

pa a 1 Bbl'IHCnSIBUIHeCH HaMH Ha OCHOB8HHH aaHHblX 0 HeHTpOHHblX peao-

H8HCaX H3 ypaBHeHHH 

p 
a a on. 

l 
2 

l ( 13) 
J 

CBH3biB8IOl1Iero Ha6niOaaeMyiO llnOTHOCTb ypOBHeH p 
0 

C TeopeTH'IeCKHM 
Ha n. 

] . ( 14) 

/16/ 
oonee rroapOOHOe OllHCaHHe STOrO BOilpOCa MO:lKHO HaHTH1 HallpHMep1 B 
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Ta6un;a I 

t II 1 
T a Z11 f'/ Air' r/,~~t:~l 

M3l -M~r' M;l Mil M31 no(f9) .1/IIT. 
f R 3 ~ 5" 4 7 8 9 (~ 

27 60 3,5 
1 ' "' 1' 7 7,<19 •400 •o .194 t8 

29 64 1 '5 1o00 a,6 7,92 510 so •os 14J 
241 66 1 '5 o .... 41,$ 7,06 340 •o H9 " 30 68 2.s o,aa 10. 1 6,97 500 tOO 3113 ,. 
30 69 o.o 10,9 5,4<4 110 u 243 18 
.lt 70 1 '5 1 1 ' 1 7,6<1 270 <10 3t6 3 
3, 72 1 '5 12.3 6,52 2<40 •o 252 3 
3, 71 o,o t3. 1 6,05 162 25 235 
3, 73 o,o 1J,9 5,<17 160 25 202 1 
3? 74 ... s Oo83 14. 1 6,5t 197 29 Ill' 1 
l? 75 0' 0 llt 1 5. 13 195 40 1t3 1 
l? 77 o,o 1". 0 4,67' 120 25 166 1 
33 76 1 '5 13,41 7;33 300 60 25<1 18 
14 75 0' 0 Dol<! u,9 6,69 290 50 237 2 
1<1 77 o,o o .... "'. 2 6,02 230 •o 208 2 

~"' 78 o,s Oo82 14. 1 6,92 no 70 23" 2 
1<1 79 0' 0 14,3 5,70 220 45 193 2 
34 8 1 0. 0 15' 0 5,21 220 so 17 1 2 
3S 80 1. 5 u,o 7',88 313 •o 265 11 
35 82 1 '5 13. 0 7,60 304 40 250 ,. 
37 86 2.s 10. 2 8,6<1 225 30 2•17 4 
37 88 1• 5 10. 8 6' 14 1<10 25 215 4 
,8 !!8 ... s 10o2 8,02 205 20 232 18 

"'" 92 a,s o,., .. 12o6 6,35 tat 25 187 2e 
4, 94 ... s 12,6 7. 21 160 2G 17 5' 11 

"' 95 0' 0 Ool7 t$,8 6,09 260 so 177 11 
4? 96 2o5 Oo73 15o6 6. ,S.J 170 20 159 21 
4? 97 0' 0 Oo70 u.2 5,46 160 3tl 14 9 21 
4' 98 2.5 15.9 5,87 uo 30 144 21 
4? 99 0. 0 Oo72 2G,8 4,58 130 25 105 21 
4? 1 0 1 0. 0 Oo66 21,8 4. 11 105 .lo 91 2, 
43 100 4,5 15.9 6,60 140 30 134 22 
4" 102 2,s Oo64 18. 0 6,03 180 25 t.U 18 
<It; t04 o.s Oo60 17,9 7,00 16 1 15 160 t8 
<16 106 2.s Oo66 t7. 8 6,55 155 20 1,'59 18 
4? 108 0 '5 o.S6 17. 0 7,28 1<15 1 0 165 18 
47 11 0 0 '5 17,9 6,82 135 to 149 18 
-411 11 2 0' 5 Oo65 ,. • 5 6' 3 1 120 15 134 23 

""' 11" o,s Oo64 19o6 6,07 1-10 1 s 123 23 
441 116 4,5 18' 0 6,73 11 0 Jo t12 18 
~n 1 , 3 0. 0 17. 0 6,60 uo 2 1 145 u 
~0 118 o.s o.ss t7. 6 6,28 82 20 1!1 24 
• 1 122 2.s 17,4 6,80 115 20 129 t8 
51 f2" 3. 5 16.4 6,43 12 0 15 117 18 

·5? 12<4 o,s Oo62 18,9 6,60 tOO 21 126 18 
.5:! 126 o.s 17,7 6,39 145 60 12 5 18 
S!i 13<4 3' 5 0. 53 16,9 6,70 125 34 1t2 18 
St. 136 1. 5 15' 8 6,80 110 20 129 18 
541 142 2.s 17, I 5,85 84 t7 99 18 
6() 144 .loS Oo57 19' 1 5,34 76 11 79 25 
6n 1<45 o,o 19,7 4,68 78 t2 78 25 
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Ta6.-qa I(npo~oa.es•e) 

f i. 3 • 5 6 1 I J fd 
6n t46 ,,5 2,. 6 5,07 51 I 70 u 
60 147 o.o 2J,? •• 12 5I • 12 25 
60 149 o.o 26t-' 1,16 .. ,.. u u 
60 151 o.o 2-'·' ••. 1-' 14 12 12 u 
62 141 J,5 Dr 54 2'. 5 5,14 55 15 " 11 ,, uo J,5 0;56 2s.a s,a4 ... 6 64 II 
62 tH o.o 24.1 5,06 71 10 7t 11 
63 152 2,5 24o5 6,19 15 11 11 11 
63 154 2.s ., .. 6rl9 100 20 u 11 
6.c t5J 0. 0 o.ss 25,3 5,44 57 15 '" 26 
64 us DoD o.54 25,a 5,44 u 15 '" u 
64 156 ttl 0.49 2-'·" 6,15 100 20 .. u 
64 t57 lloO Or50 2 .t. 0 5,65 12 u 14 u 
64 151 1• 5 Or49 2'. I 6. 1l' 14 IO 16 u 
64 u• o.o 21t l 5,06 tO u 74 u 
64 161 o.o 22.t 4,12 tOO l5 •• 26 
65 160 1· 5 2'. 9 6,40 17 12 •• tl 
67 166 J,S Or49 ;u.2 '·"" 711 14 79 11 
68 167 o,o Or47 lltt s~u 17 u 11 27 
u 161 J,5 0. 51 21t2 '·'" 92 7 '" t7 .. 169 o.o at, 1 5,.JI 11 to 75 17 
69 t70 Ot5 22t0 ,,,9 95 10 15 11 
70 t72 Oo5 Oo48 22 • .J 6,47 14 11 14 ,. 
70 t74 a.5 •••• •••• 77 7 77 ~I ,, t76 ,,5 21·. 6,,. ?1 10 70 21 .,, 171 .1,5 Oo49 a.t.o 5,95 64 • 65 11 
7.J 112 Jo5 2tr6 6,06 5I 10 ,, tl 
74 tU o,o OoS1 22. 1 5,51 u I •• 11 
74 114 1,s 0,49 2a.a 5,10 '1'4 7 71 ,. 
74 us o.t Do45 2,, 4 5,21 75 I .. 11 
74 117 o.o 24o1 4,74 65 12 56 ,. 
75 116 a.s 22 t1 6,24 54 12 71 ,. 
75 , .. 2o·5 23o1 5,7.J 55 12 64 ,. 
76 190 ,,s Oo5.J a.t,s 5,14 12 1S 67 u 
77 192 tr5 22r6 6. t5 73 10 71 ,. 
77 t94 1. 5 11t7 6, to 90 14 71 11 
71 ,., o,o o,s, •••• s,.J9 60 10 67 ,. 
71 195 o,o Oo57 ao,6 s,.tt 69 17 66 11 
lll 196 o.5 o.st 22t1 5,11 100 20 69 11 
79 , .. ttl Do 54 19. 1 •• so 124 20 80 ,. 
so , .. 0;0 Or54 19;,1 6,02 120 u 74 11 
90 2-'1 o,o 34,! 4,11 as 5 35 29 
90 233 o.o -'2•9 4. 11 22 4 35 30 ,, 232 ,, 5 3' .t 5,52 44 4 45 11 ,, U4 ,, 5 31t 6 s.n 41 12 42 11 
9~ 234 2,5 Oo41 -'1•-' 5,39 40 10 42 tl ., us o,o Oo4t ",, 9 4,41 25 • ,., 11 
92 236 ,,5 Oo42 .to.a 5,27 41 • "' 11 
92 237 o.o o,,, 30t6 4,61 29 7 "' 

,. 
92 239 o,o ,,,4 4,89 24 2 u !1 

'" 241 o,s 00:39 .JOol 5. "' 
... 5 43 11 

'" 141 o,o u.a 4,67 Jt 3 "' 11 
94 242 215 3Do6 4,96 37 • 31 ,. 
'" 243 o.o 3.to1 4,17 25 5 , .. 11 
95 242 a,5 29,7 5,41 41 4 43 11 
96 245 o,o Oo43 "'·" 4,14 !7 6 40 11 
96 247 ••• ln.• 4,42 35 5 "' 11 
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3Ha'leHHSI U b aqxpeKTHBHOH aHeprHH B036y)I{LleHHSI, COOTBeTCTBYIOIIIeA 

i 
aHepl'HH CBS13H HeHTpOHa, ITpHBetleHbl B IIIeCTOM CTOn6ue • .llnSI Bhl'IHCneHHSI 

HX HCITOnb30BanOCb Bbipa'KeHHe 

( 15) 

I'Jle I 
() LinSI He'leTHO-He'leTHhiX SILiep, 

0 P HnH 0 n LinH SILiep C 'IElTHbiM Z 

0 + 0 LlnH 'IElTHO-'IElTHhiX SILlep. 
P n 

HnH N 

3MITHpH'IeCKHe ITOITpaBKH Ha OCTaTO'IHOe ITapHOe B3aHMOLieHCTBH8 

HyKnOHOB 
117/ 

pa6oTe • H 0 n C'IHTanHCb ITO <jlopMynaM, ITpeLinO)I{eHHbiM B 

C pellHHe paJlHaUHOHHbie IIIHpHHbl SILiep 
-a 
rr H HX OIIIH6KH ITpHBeLieHbl B Cellh

- a 
MOM H BOCbMOM CTOn6uax Ta6nHUbl f. 3HaqeH.HSI r y ITOny'JeHbl ycpeLIHeHHeM 

-:-=-3 
ITO paJlHaUHOHHb!M, IIIHpHHaM H30nHpOBaHHb!X pe30HaHCOB 0 a ITOrpeiiiHOCTH f1r 

a Y 
Y'IHTbiBaiOT pa36poc r y H ,Hx aKCITepHMeHTanbHbie OIIIH6KH. B Ta6nHUY 6br-

nH BKnJO'leHbl Bee LlOCTyiTHbie HaM 3Ha'leHHSI paLIHaUHOHHbiX IIIHpHH K8K H3Me

peHHbie HaMH 0 TaK H B3S!Tble H3 nHTepaTypblo B TeX cny'l8SIX0 KOI'Jla HCITOnb-

30BanHCb LiaHHbie 1 couep)l{aBmHecSI B aTnace BNL 
1181

1 Mbi He uaaanH cchr-

noK Ha opHrHHanbHbre pa6oThi. EcnH 
a 

)l{e HCITOnb30BanHCb 6onee HOBbie LiaH

/18/ 
Hbie ITO r y 1 OTnH'laiOIIIHeCSI HnH He COLiep)l{amHeCSI B 1 TO CCbinKH ITpH-

BeJleHbi B ITocneuHeM cTon6ue Ta6nHUbl. 

Ha pHc. 1 ITpHBeJleHbi aKciTepHMeHTanbHbie IIIHpHHbi LinSI scex 108 SILiep1 

OT06paHHb!X JlnSI aHanHaa, B 3aBHCHMOCTH OT aTOMHOI'O Beca SILipa. 

PacqeTbi H o6cy)I{AeHHe 

CooTHOIIIeHHSI (4), (6) 1 (10) 1 (11) H (12) 1 AaJOmHe aa,BHCHMOCTb pa

AHaUHOHHbiX IIIHpHH OT TaKHX napaMeTpoB S!Lipa 1 KaK A, T; a , E b HnH U b 1 
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I 

nOK83b!B810T 0 'ITO p83.1IH'IHbie TeOpeTH'IeCKHe lf!opMy.IIbl MO>KHO annpOKCHMH

pOB8Th llBYMSI 8H8.1IHTH'IeCKHMH Bb!pa>KeHH.MHH,f 

H.IIH ( 16) 

I'lle aHa'leHHH K , {3 , y , 8 pa3nB'IHbl H onpelle.IISIIOTCSI npHHSITb!M TeOpeTH-

qeCKHM nOilXOilOMo 

nnSI COnOCTSBneHHSI 9KCnepHMeHT8.1IhHblX ll8HHblX C TeopeTH'IeCKHMH 

npellCK838HHSIMH 6bin8 paapa60T8H8 nporpaMM8 ll.IISI 8BM, no3BO.IISIIOIII8SI no 

MeTOilY HaHMeHhiiiHX KBallpaTOB (MHK) HaXOilHTh ny'lwHe 3HB'IeHHSI KOH-

CTSHT K, {3, y, 8 B Bbipa>KeHHHX BHila ( 16), 

flpH STOM MHHHMH3HpOB8.1ICSI lf!yHK!lHOH8.1I 

CyMMS 6panach no BCeM SlllpaM, BXOilSIIIIHM B llBHHb!A paC'I{!T0 a Bee TO'IKH 
a 

W i Y'IHTb!BB.II SKCnepHMeHTB.IIhHbie norpeWHOCTH BenH'IHH \ r y ) I o flpor..; 

paMMB n03BO.IISI.II8 npOBOilHTh p8C'IeT npH .III060A: KOM6HH81lHH lf!HKCHpOBBHHb!X 

H cao6ollHbiX BenH'IHH H3 'IHcna K, {3, y H 8 

PeaynhTBTbi npoaelleHHbiX pacq{!ToB co6paHbi B Ta6nHue II o B nep-

BOM CTO.II6!le npHBelleH BHil lflopMy.IIhl ll.IISI paC'I{!THOI'O 3HB'IeHHSI r p 
y 

BO BTOpOM 

Be.IIH'IHHa 

'IHC.IIO Slllep, no KOTOpOMY npoBOilH.IICSI 8H8.1IH3 0 B TpeTheM -

X 2 
o B qeTaepToM cTon6ue noKaaaHo, no KaKHM napaMeTpaM 

oTbiCKHBanac& aaBHCHMOCTh no MHK. Bo acex cny'laHx aap&Hpoaanach KoH

cTaHTa K • B Tex cny'laHx, KOI'Ila npoaepsmac& OllHa H3 TeopeTH'IeCKHX 

¢opMyn, noKaaaTenH cTeneHH {3, y H 8 ¢HKCHpOB8.1IHCh B TOM BHile, KO-

TOpb!A npellCK83biBB.II8 TeopHS1 0 ecnH >Ke HCKB.IIH ny'IWHA: B8pHaHT 38BHCHMO

CTH, TO BBphHpOBB.IIOCh He TOnhKO K , HO H nOK83aTenH CTeneHH y BCeX 

napaMeTpOB 0 yK838HHb!X B 'leTBepTOM CTon6!leo 
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/15/ 
Bauay Toro, 'ITO aaHHbie no HaepsoA: -,eMnepaType B pa6oTe 

npuseaeHbl ai!H 51 Hapa B3 'IBCII8 Haep, anH KOTOpblX HMei!HCh aaHHbJe no 
9 

r y 1 see B8pHaHTbl paC'Il!Ta npOBOaBIIBCh anH 9TBX Haep H KpOMe Toro 

6bmB nposeaeHbi pacql!Tbi anH 108 Haep no cJ!opMynaM, He BKIIJO'IaJOIIlHM 

TeMnepaTypy T 

ConocTaBneaue senB'IHH 
2 

X , nony'leHHbiX npu pacq~Te anH 51 Ha-

pa 1 flOK83bJB8eT1 'ITO H3 TeopeTH'IeCKHX Bblpa>KeHHI: (4) 1 ( 10) II: ( 12) 1 

rae BCnOIIh30B8H8 9KCnoHeHllH81I&H8H 38BBCHMOCT& nnoTHOCTH ypOBHeA (3) 1 

MeH&JIJee asaqesue )( 2 cooTseTCTB.yeT cJ!opMyne BaA:cxonclla ( 4), OJlHaKo 

aaa'IHTen&Ho nyqJIJe onHCbiBaeT 9KcnepHMeHTan&HbJe aaHHbie 9MnHpH'Iecxoe 

Bbipa>KeHHe, npuaeaeHHOe B 'leTaepToA: CTpOKe Ta6nBUbl n • B nHTOA CTpo-

Ke npHBeaeHO Bblp8>KeHHe1 KOTOpoe llOIIY'IBIIOCh npB BKIIJO'IeHHB SHeprBB 

CBH3B E b B 'IBCIIO napaMeTpOB1 0JlH8K01 K8K B ClleJlOB81!0 O>KHa8Tb H8 

OCHOB8HHH CK838HHoro BbiJIJe, BIJBHHBe 

He CK83b1BaeTCH H8 Bei!H'IBHe )( 2 • 

E O'leH& cna6oe B no cymecTBY 
b 

flepeXOJl K nnoTHOCTH ypoaael: B BHJle (5) OTpa>KeH B 6,7 B 8 CTpO

K8X Ta6nBllbi1 rae npBaeaeabl pac'I~Tbi no cJ!opMynaM ( 6) B ( 11), a Tax>Ke 

9MnBpB'Iecxoe Bblpa>KeHue, aaA:aeaaoe B aaaaoM pac'I~Te. Buaao, 'ITO co-

rnacue Me>KJlY r 
9 

B r p eme ynyqJIJaeTCH JliiH cJ!opMyl!bl BaAcKoncJ!a, y y 
cTaHoBHTCH xy>Ke anH cJ!opMynbl Axcena, a aauny'IJIJee cornacue nonyqaeTcH 

anH 9MnBpB'Iecxoro Bbipa>KeHBH. Haxoaen, nocneasue TPB cTpo'IKB Ta6nBllbi 

coaep>KaT asanorH'IHbie peayn&T8Tbi1 nony'leHable anH 108 Haep. 06pamaeT 

aa ce6H BBHMaHBe paanB'IBe noxaaaTeneA: cTeneau y A B a B 9MnBpH'IeC-

KHX cJ!opMynaX anH 51 H 108 Haep (BOCbM8H H OJlBHB8JlU8T8H CTpOKB Ta61JH

llbl n ) • Taxoe paanH'IHe MO>KeT 6bJTh o6'bHCHeao TeM, 'ITO Me)I(Jly senB-

'IHH8MH a H A CYIIleCTByeT CHIIbH8H KOppei!HUBH! napaMeTp lli!OTHOCTB 

yposaeA a npHMepao nponopuuoaanea A , no9TOMY yaenuqeaue cTene-

HH y oaaoro B3 HBX KOMneacHpyeTCB COOTBeTCTBYIOIIlBM yMeB&JIJeHBeM CTe

neaH y apyroro. IlpH'IBHoA >Ke HaMeaeHHH cTeneau Morno nocny>KHT& To, 
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,, 
I 

'ITO 51 Sl):lpO, ):lnSI KOTOpb!X ):18HHh!e ITO Te~mepaType 6binH B3SITb! H3 pa

/15/ 
60Th! KaMepoHa , - 3TO SIJlpa, B 6onbiiiHHCTBe CBOeM ne)f(aiiiHe JlaneKO 

rrnaBHO MeHSJeTCSI c A • Korlla 

rrpOBOJlHnCSI paC'l:eT JlnSI 108 Sl)lep, TO Jl068BHnOCb 3H8'l:HTenbHOe KOnH'l:eCT-

BO SIJ:Iep, 6nH3KHX K MarH'leCKHM0 J:lnSI KOTOpb!X a HCIIh!Tb!BaeT 6onbiiiHe 

OTKnoHeHHSI OT IInaBHOH ~aBHCHMOCTHo YMeHbiiieHHe rroKasaTenSJ cTerreHH 

y a ocna6nSJeT -snHSJHHe 3THX HeperynSJpHocTeft. 

Ha pHC, 2 IIpHBe)leHbl rpa$HKH 0 Ha KOTOpb!X TO'l:K8MH o603Ha'l:eHbl OT-
3 

HOilleHB;SI r; I r y Jln'il -,Bcex 108 'il)lep, BKmo'leHHh!X B aHanH3o fpa$HKH 

a, b H C COOTBe.TCTBYIOT $opMynaM 0 IIpHBe):leHHhiM B 9, 10 H 11 CTpo-

Kax Ta6nHUhi II H Hnn~cTpHpy!OT xapaKTep paCXO)I(JleHH'il 3KCIIepHMeHTanb-

HhiX H pac'leTHhiX naHHhiX, Ha rpa$HKax pasHhiMH cHMBonaMH o6osHa'l:eHbi 

z HnH N , 'IT06ht HMeTb B03MO)f(HOCTb 

rrpocnenHTb, snH'ileT nH OHa Ha pacrrpno)f(eHHe TO'l:eK. BHnHo, 'ITO CHcTeMa-

TH'l:eCKHX OTKnOHeHHH, 38BHC'i!IIIHX OT 'leTHOCTH 0 HeT, 

Uony'l:eHHBSI 3MIIHpH'l:eCK8'il $opMyna 

rp 
y 

rile r Bb!pB)f(eHa B 3B 0 y 

87 U
·o,.9A-o,9 -0,6 

= ' b a ' 

U - B M3B H 
b 

a 

( 17) 

-1 
- B M3B , YllOBneTBo-

pHTenbHO OTp8)1(8eT 061IIHH xapaKTep IIOBeJleHH'il paJlHBUHOHHh!X IIIHpHH, 

nocne Toro, KBK 6bma rronyrieHa $opMyna ( 17) H paccMoTpeHo nose-

( pHC, 2), 6bWO o6pameHO BHHMBHHe Ha TO, 

'ITO 'f SIJlep-MHIII~HeH C Bb!COKHM CIIHHOM TO'l:KH ne)f(aT B cpellHeM Bbiille, 
3 

T.e. HMeJOT 6onblllee OTHomeime r pI r ' 'l:ElM y 'i!Jlep c ManbiM CIIHHOM. 
y y 

Pacc'lHTaHHhie sHa'leHH'il " cpellliero CIIHHa" 

p (I ) 1 n 

"£ ( 18) 
0 i=l 
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PHc. 2. 0THOll!eHHe r; ;r y pacq~THbiX H aKcrrepHMeHTanbHbiX 3Haqe-

HHii panHaUHOHHb!X ll!HpHH. 

a - rp = 81·10-s A7/a U2/2 -2,8 
y a 

B- r; =O,IOA213 U
1

'
8 

a-
2

'
2

; 

c- rP =8,7 A-o,9 Uo,9 a -0,57. 

y 

+ He'l~THO ( Z) - Heq~THhie ( N) 
rrayHn-smpa. 
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JI1UI TO'I9K1 ne)K81UHX 
p s 

Bbiiiie H HH)Ke n~IHHH r y I r y = l • rrony'IHnHCb COOT, 
B9TCTB9HHO p8BHbiMH P (I)= 1,7 H · P (I)= 0,9. AaanorH'!Hoe ycpeJIHe-

B H 

HHe, CJienaHHOe IIO IISITH OTJienbHbiM Y'I8CTK8M M8CCOBbiX 'IHCen, IIOK838-

no1 'ITO T8K09 pa3nH'IH9 H80n10Jl89TCSI IIO BCeH oonaCTH MBCCOBbiX 'IHCen 

38 HCKn10'19HHeM C8MbiX TSI)K9nbiX S!Jl9p ( OT TO pHS! H Bbiiiie) o nnSI IIOCneJI-
S 

Hero Y'I8CTK8 xapaKT9pHO T0 1 'ITO SKCIIepHMeHTanbHbi9 3H8'19HHSI ly JinSI 

'leTHO-'IeTHbiX SIJiep-MHIII9H9H Th u H Pu ne)KaT CHCTeMaTH'!eCKH 

HH)Ke pac'!eTHbiX1 o6pa3ySI Bbi)leneHHYIO rpyrrrry, 'ITO IIpHBOJIHT K oopaTHO

My COOTHOIII9HHIO Me)I{Jly p B (I) H pH (I) 

rp 
y ohm rrpose-

JieH JiorronHHTenbHbiH pac'!eT rro M HK. C Hcrronb30BaHHeM rrony'leHHoii: pa-

aee ¢opMynhi ( 17) OTbiCKHBBnHCb KOHCT8HTbi K H C B Bblp8)1{9HHH: 

B pe3yn&TaTe obma rrony'leHa aMIIHpH'!eCKaSI ¢opMyna 

.... p= 9•0 uo,9 .-o,9 -o,e < 00 1 2 > 
1- '"' a 1-,l· . y b 

( 19) 

nnSI aee senH'IHHa X 2 
OK838n8Cb paBHOH 197, TOrJia KBK IIpH pac'!eTe 

IIO <fJopMyne (17), oe3 y'leTa CIIHH81 X 2 
= 219. 3Ha'!9HHSI l; 1 Bbi

'IHCneHHbie IIO ¢opMyne ( 19) 1 IIpHBeJI9Hbl B )leBSITOM CTOnoue TaonHUbi f. 

Ka'!eCTBeHHO xapaKTep cnHHoBoii: 3aBHCHMOCTH Mo)KeT ObiTb rrony'!eH, 

ecnH paCCMOTpeTb IInOTHOCTb ypoBH9H 1 BXOJISIIUYIO B Bbipa)KeHHe ( 2) 1 IIO 

MOJienH Ef>epMH-ra38 H He IIpeHeoperaTb CIIHHOBbiM 'ln9HOM ( CMo ¢opMyny 

( 14)) • nerKO BHJI9Tb1 'ITO B 8TOM cny'!ae IIOJI HHTerpanOM B ( 2) OyJieT 

l 
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M bl onycKaeM aaeCb CYMMHpoBaHHe no C.fiHHOBb!M COCTOSIHHSIM KOHe'IHOr6 

Slapa, 'IT06b! He yCllO)KHSITb Bb!pa)KeHHe, KOTOpOe CllY)KHT TOllbKO anSI Ka

'leCTBeHHOH Hllll!OCTpaUHH. TaK KaK cnBHOBbiH rrapaMeTp nnOTHOCTH ypOBHeA 

a 2 "'ya U A 2/
8 

, To rroKa3aTenb 3KcnoHeHTbi oTpHuaTeneH. B cnyqae Man oro 

, (a, cneaosaTenbHo, H Manoro J ) , 3KcnoHeHnHanbHbiA 'lneH 6nuaoK 

K eaHHHue, a C yBellH'IeHHeM J CTaHOBHTCSI 6onee cymeCTBeHHb!M H Be

aeT K yMeHbll!eHHIO r y • Bonee TO'IHb!e pac'I~Tbl noKaaanH, 'ITO 3TO 

yMeHbll!eHHe COCTaBnHeT Bcero 5 ~ 7% llllSI Slaep CO CIIHHOM 9/2, npH'IeM 

llllH TSI)Kellb!X Haep a$t>eKT ell!e MeHbiiie, TaK 'ITO KOllH'IeCTBeHHOrO corna

CHH c ~opMynoii: (19) He nonyqaeTCH. HecKOllbKO nyqmee cornacue 6yaeT 

B TOM Clly'l:ae, eCllH HCnOllb30BaTb B nonHHTerpallbHOM Bb!pa)KeHHB ( 20) 

6onee BbiCoKyiO cTeneHb E y , Ha B03MO)KHOCTb cymecTBoBaHBSI KoTopoA 

/32/ 
YKa3biBanocb B pa6oTe BonnBHrepa • 

Ha puc. 1 npHseaeHbi 3KcnepBMeHT.BllbHbie aHa'leHBH paauanHOHHbiX 

IIIHPHH BMecTe ~ pacC'IHTaHHbiMH no ~opMyne ( 19). BHaHo, 'ITO 3MnBpB

qecKaSI ~OpMyna aOBOllbHO XOpOIIIO nepeaaeT o6IIIHH xoa aaBBCHMOCTB f'y 

OT A , BKlliO'IaH TaKBe HeperynHpHOCTH B xoae, KaK 3aMeTHbie npoBallbl 

B pail:oHe Maccosb!X 'IHCen A = 100 H 150. 

ConocTasnemte 3KcnepHMeHTanbHbiX aaHHbiX no paaHaiiHOHHbiM mupu

HaM C TeopeTH'IeCKHMB Bb!pa)KeHBSIMB B Hail:aeHHOil: 3MnBpB'IeCKOfi 3aBBCH

MOCTb!O anSI f'y n03BOllHeT caenaTb cneayiOII!He aaKnJOqeHBSI: 

1. BbtaeneHHaH B HBHOM BHae (~opMyna ( 19)) aaBHCHMOCTb paaBailHOH· 

HbiX mHpHH oT Maccosoro 'IHcna seaeT ce6H, rpy6o rosopSI, KaK A-t. 

2. flonyqeHHaH B ~OpMyne (19) llBHeii:HaSI 3aBBCHMOCTb f'y OT 

3HeprBB B036y)KlleHHH U b Cna6ee, 'leM O)I{BaaeMaSI Ha OCHOBaHHH ( 6) 

H ( 11), Ho CHllbHee, qeM nonyqeHHaSI B ~opMynax ( 4) H ( 10), rae ansi 

19 



rrnOTHOCTH ypoBHeH HCITOnb30BanaCb 3KCITOHeHUHanbHaH aaBHCHMOCTb (3). 
. ( 
Bo3MO*H01 3TO CBH3aHO C TeM 1 qTO y 6onblliHHCTBa Haep HCTHHHaH rrnoT-

HOCTb ypOBHeH nyqme OITHCbiBaeTCH 3KCttOHeHUHanbHOH 3aBHCHMOCTbiD 

B o6naCTH ManhiX aHepi'HH B036y~eHHH1 a rrpH 3HeprHHX1 6nH3KHX K 3Hep-

I'HH CBH3H HeftTpOHa, rrpearroqTHTenbHee ~OpMyna (5), 

BOaHT K HeKOTOpOft cpeaHeH 3aBHCHMOCTHo 

qTQ H rrpH-

3. 3MrrHpHqeCKaH ~OpMyna ( 19) 1 BKniDqaiDlliaH 3aBHCHMOCTb r y 

OT CITHHa Hapa-MHllieHH1 OITHCbiBaeT 3KCITepHM9HTanbHbie aaHHbie nyqme, 

qeM ~OpMyna 6e3 CITHHOBOH 3aBHCHMOCTHo Eea.yxyameHHH KaqeCTBa OUHCa

HHH ~OpMyna ( 19) M0*9T 6b!Tb 3aiTHCaHa B 6onee yao6HOM BHae: 

r' = 10,5 U 1 A-t a .... 1;
2 0-0,0l. 12 

). 
y 

4. HapHay c o6mHM yaoBneTBOpHTenbHhiM orrHcaBHeM paaHaUHO!fHhiX 

lliHpHH ~OpMynoft (19) ang pHaa Haep Ha6niDaaiDTCH OTKnOH9HHH1 3HaqH-

TenbHO rrpeBbilliaiDlliH9 3KCIT9pHM9HTanbHbi9 OlliH6KH 

Haep OTHOCHTCH1 HarrpHMep, Hapa-MHlli9HH 77 Se • 9! Zr 

• K qHcny TaKHX 

, 197 Au, 232 Th , 

234 U. nng TaKHX Haep OC069HHO HHTepeCHO aeTanbHOe HCCneaoBaHHe 

CBOHCTB y - crreKTpOB C uenbiD BbiHBneHHH oco6eHHOCTeft, o6ycnoBnHBa

IDlliHX OTKnOHeHHe HX paaHaUHOHHbiX lliHpHH OT cpeaHeft ITO MHOI'HM HapaM 

3aBHCHMOCTH. 
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