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Lli!ccepTaUHS! nOCBSIWSHa Hei!:TpOHHOCneKTpoc~o~H'IeCKOMY 

• HccnenoaaHHIO. SIAep, neJKamHx il o6nacTH Maccoahix" 'I~~-e~-'70 t- 90, 

-npoi~imnHcb H3MepeHHSI nponycxaHHSI 11 panHaiJ.HOHHO!'o aaxaaTa 

HeliTpOHOB B 3BBHCHMOCTH OT Hx· aHep~HH, B xa''IecT~e MifweHeli 

HcnonbaoaanHcb paaneneHHhie H30,TOtthi Ga ,Ge , S~.~~· Rb . • 

nony~eH!ihie napaMeTphi ypoaHefl ·hoaaonirnit onpeneimTb TaKHe ···xa

pax'repHcT~KH S!Aep, KaK CHnO.Bbl~ cpyHKUI!H,' nonHhl~ paAHaili!OHHhle 

WHpHHbi, nnOTHOCTb ypoaHeli. npH 3HeprHH CB.SI3H 'gefiTpoHa, 3TI1 

;apaMeTpbl BMeCTe. C. nHT~pa;ypH~~MH ABHHbiMH 6hii:m Hcnonb30BaHbl 

nnsr o6cyJKA9HHSI BOripoca· 0 CnHHOBOi!: 38BHCHMOCTII ~CHnoaoli cpyHKUHII .' 

11: aaaHCHMOCTH nonHoi!: panHaUHOHHoli WllpHHhi oT. ·ocgoaahiX nap·a-. 

MeTpOB S!Ap,a;· • !'" 

1, _8 nepaoli l'naae OnHCaHbl ycnOBHSI. H3MepeHHli H MSTOAHKa 

. •·. -~6pa60TKH ABHHbiX. 

HaMepeHHSI npOBOAHnHCb. MSTOAOM BpeMSHH nponeTa Ha Hei!:-, '· .... 

TpOH~OM cneKTpOMeTpe na6opaTOPIIII HeliTpOHHOli cpH311!<H OHHH:· 

HcTo~HHKOM. H:eli'rpoaoa cnyJKHn n~rtyn~cHhill peaKTop MEP a peJKH-
. ·. ·. : :. . . · . Ill . · '· . . 

Me pa60Tbl C MHKpOTpOHOM. , 3TOT peJKI!M X8p8KT9pH30BancSI 

cnenyromHMH napaMeTpaMH; HHTel'panbHbii!: BbiXOA Hei!:TpO.HOB ' 
~ 13 . ' . . . .. ' 
"'3·1~ HeliTp/ceK, noiiyWHpHHa HSHTpOHHO!'O I!MnynbC8 ,3 MKC9Kj 

'l8CTOT8 'nOBTOpeHHSI 50 !'U, 

B II3MepeHnSIX nponycxaHHSI ncnonbaoaancSI JKHAKOCTHhili CUI:IH-
." ' 12/ p . ' ' ,' _, .. 

THllnSIUHOHHblll' ASTSKTOp .• -. aapeWSHHS B pa3Hb!X 3KCnepl!M9.HT8X 

cocTaanruio 3 11 6 ·.Hcex/.M, 
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HaKonneHHe cneKTpos senocb Ha ~048- H 4096-KaHanhHhlX 

a!Iann;aaTopax. 4epellyroumecg cepuu H3MepeHHA c o6paauoM H 6ea 

o6paaua nepellasanucb no KaHany CBli3H Ha 3BM llnll )lanbHeiiweA 

o6pa6oTKH, B npouecce KOTopoA 6hmH~no/Iy'leHhl ucnpasneHHble Ha 

npoc'leThl cyMMapHbie annapaTypHhie cneKTphi. 

~OpMa KpHBOii ~OHa onpellenSinaCb B H3MepeHHliX C pe30H8HC

Hh1MH ~HnbTpaMH •. CneKTphl, COOTBeTCTBYIOWHe H3MepeHHliM C o6-

pa3UOM H 6ea o6paaua, nocne Bhi'IHTaHHll ~oHa· nepeC'IHThisanucb 

B a6coniOTHOe nporrycKaHue. 

KpHBhie nponycKaHHll aHanuauposanucb no MeTOllY nnowalleii 

• C y'leTOM S~~KTa .Llonnnep~ H HHTep~epeHUHH MelKllY pe30H8HCHbiM. . . . 

/3/ u . . 
H noTeHUHanbHhiM ·pacceSIHHeM· • nCnOnb30Bancg TSKlKe MeTOll 

. ~I . 
aHanH3a. ~OpMbl . pe30H8HCOB . , .B OCHOBHOM )lnll onpe)leneHHll )lnH-

Hhl noTeHUHanbHOI'O 'paCCeliHHll R '. 

,B H3MepeHHliX pa)lHBUHOHHOI'O 38XB8Ta 6bm HCnOnb30BaH lKHll-
. . . /5/ 

KOCTHhlii CUHHTHnnSIUHORRhiii, )leTeKTOp 60nbWOI'O 06'beMa : , KOT~ 

pblii MOI' pa60T8Tb KBK. B pelKHMe COBna)leRHii HMrrynbCOB OT llBYX 

6aKOB ( OCROBROii pelKHM), TBK. H B pelKHMe CyMMHpOBSRHll, 'ITO 
· .ro1 . 

noaaongno Kann6posaTb )leTeK;op • PaapeweRue s H3MepeHHliX 

pa)lHSUHORROI'O 38XBaTa COCTaBnllnO 12 RCeK/M, 

.Llnll nnowa)leii pe30R~RCOB Ra KpHBOii paAHBUHORROI'O 38XBaTa 
. 171 . 

HCnonb30BanOCb COOTROWeRHe : 

~ N, 

c, :ll(E)cy 
T 

=--¥-A r '· {1) 

I')le . ~ N - CYMM8 OTC'IeTOB nOll pe30R8RCOM Ha KpHBOii pa)lHa-
/ I . • 

UHORROI'O 38XBaTa (npH Bhi'ITeRROM ~ORe); fi (E)- nonHOe 'IHCno 

ReiiTpO.ROB Ra 1 as, naAaJDmux Ra aero nnowaAb o6paaua aa speMg 

H3MepeHHlli. c ..: S~~eKTHBROCTb pei'HCTpaUHH .)leTeKTOpOM SKTa . y . . 

38XB8T8i r , r -. paAHBUHORHall H nonHall WHpHRbl pe30R8RCaj 
y . 

A - ¢YRKUHll TonwHRhl o6paaua n H peaoRaRCHhiX na~aMeTpos, 

HMeromag CMbiCn nnowa)lH nposana HS KpHBOii nponycKaRHll, 

4 

.j .~ 

l 

B peay~TaTe o6pa60TKH npbseAeRRbiX HaMepeHHA· nony.qeHhi 

nap'aMeTpbl ~OpMynhi EpaATa-BHI'Hepa ( E • g r • r • i ) . . 
0 n · .Y 

npHHliTOii Anll onucaHHll HeiiTpORRhiX .pe3oHaHCOB, 06pa60TKa ';{3Mepe.:.. 

HHii npoBOAHnacb Ha 38M BnnoTb AO nonyqeHHll pe30H8HCHhiX lla-: 
. . ~ .• . ; /8/ . 

paMeTpOB, npH STOM HCnOnb30BanHCb npOI'pSMMbl , pa3pa6o-

T8RHble .s OHHH. · 

2. BTopag ·rnasa AnccepTaUHH coAeplKHT onucaime peaynb

TaTos H3MepeHHii H o6pa60TKH nponyCK8HHll H PBAHSUHOHHOI'O 3aX

BaTa (H, B HeKOTOpbiX cny'laliX, CSMOHH)lHKSUHif). Anll 14 H30TOno~: 
10,.12. 73,. 74~ 11 Ge, 74. 16, 77, .. .,s, so Se- 69. 7t Ga, 8.5. B~b. 

8 H3MepeHHHX HCnonb30BanHCb o6pa3Uhl C CO)leplKSHHeM OCHOB

HOI'O H30TOna 70 fo 90% H o6pa3Uhl H3 ecTeCTBeHHOii CMeCH H30TO_: 

nos. 

B Ta6nnuax, HMeromuxcg s AHccepTauun, npuseAeHhl napaMeT

phl = 300 peaoHa'Hcos: so scex cny'lallx RaiiAeRhl H30TonHaH npu

HaAnelKHOCTb, SRepi'Hll (E ) H 3Ha'leHHe gr n ypOBHH, B 89 pe-
0. 

30HaRcax 
0

HaiiAeHhl nonRhie paAHSUHOHRhie WHPHRhl, onpe)leneRbi 

CnHRhl 37 ypOBReii, 

.LlnH 6onbWHRCTBa { = 250) pe30R8HCOB )lO HSCTOHWei'O Bpe-
··· .. . /9t-12/ 

MeHH ony6nHKOB8Rbl TOnbKO ·RSWH peaynbTSTbl 

3. B TpeTbeli rnase paccMaTpHBaiOTCH ycpeAReRHhle xapaK

TepHCTH.KH llllep. CpeARHe n~paMeTphi Hllpa MoryT 6b1:rb oueReRhl 

Ra OCHOBSRHH ll)lepHbiX MO)leneii, 3KcnepHMeHTanbRhle ASRHhle 0 

napaMeTpax HRAHBHAyanbRhlX. peaoHaHcos · noasonllroT Bhi'IHCnHTb 

Cpe)lRIOIO npHBe)leRHylO HeiiTpORRyiO wHpHRy r 0 . ·, cpe)lRee pac
n 

CHnosyro ~YHKUHIO S , pac
o 

CTOHHHe MelKAY.YPOBRHMH jj 

npe)leneHHH' r 0 ., • D H llPYI'He XapaKTepH~THKH. 'npu CpaBHeRHH 

SKCnepHMeRTSnbHhiX H TeopeTH'IeCKHX OUeROK He06XO)lHMQ Y'IHThi

BSTb HX CTSTHCTH'IeCKHe CBOiiCTBa.· 

::·,. 

B·AaRROii rnase 06CYlKll8lOTCH CT8THCTH'IeCKHe CBOiiCTBa oue-

HOK ro 5 , Bbi'IHCnHeMbiX no OI'paRH'IeHHOMY Ha6opy 0 . 
D 

peaoRaRcos n , npHRaAne~amnx K OARoii crrnRosoA CHCTeMe, 

.a) PacnpeAeneRue s~nH'IHRhi lr:(n)(<r: >I nBnHeTCll )(l-

pacnpeneneRHeM c •mcnoM CTeneReii cso60Ahi n • 3To Reno ... 

5 



cpeACTBeHHo cnenyeT H3, BHAa pacnpenen7HHa nopTepa-ToMaca nna 

npHBeAeHHblX aeitTpoHHbiX WHPHH ,peaoaaa~oa. 3necb H. HHlKe yrnoBbi

MH CK06KSMH 0603Ha'le~bl .'HCTHHHble CpeAHHe' (napaMeTpbl pac;_ 

npeneneaHA). 

6) noKS3SH00 'ITO C y'leTOM KOppenHUHH COCeAHHX npoMelKyT-

KOB MelKAY Y~OBHaMH ( 

~enH'lHHbl v= D(m)/<D> 

.. . /13/ . 
p = -0,25 cornacao ) pacnpeneneaae 

MOlKeT. 6biTb OllHCSHO x 2. -pacnpeneiieHHeM 

C k -CTeneHaMH CB060Abl: 

..!:_ k 
k -z k 2 --z · k . 

p(v)dv=[r(_;) 1 (-) v 2 exp[-- v 1 dv, 
2 2 2 

(2) 

rne 

k.,6,3m.jm npH 1 < m < 9, 

I (3) 

3necb 

k "' 2) m npH m > 1 0 • 

D(m)=8E/m, m=n-1,a 8 E- accnenoaaHHalt o6-

nacTb. 

Ha pac. 1 npHaeneHbi An!I cpaaHeHHSt TeopeTH'IecKoe. pacnpe-
- . . .. . /14/ 

neneHHe aenH'lHHbi D(m)/< D> An!I m=S (racTorpa~Ma H3 pa6oTbi ) 

H annpoKCHMHpyrom~e ero BhipalKeHae (2). Coananeaae o'leHb xo-
, ' . '. 

pomee. To'lKSMH Ha TOM ·lKe pHCYHKe HaHeCeHO COOTBeTCTBYJOIUee 

pacnpeneneH.He AnSI oueHKH D*(m.)=(-2Z- I. D /mf/ 2 aa pa6o-
4 z I 

115/ 
Tbl , He Y'lHTbiBSJOIUee a$4JeKTa KOppen!IUHH. 

a) Cornacao ~npeneneaaro, c~noaa!I ¢yHKUHR S ecTb OTHo-o 
. 0 

WeHHe CpeAHeit' npHBeAeHHOH WHpHHbl .< r n > K cpeAHeMy paCCTO!I-

IIHJO MelKAY ypoBH!IMH 

s 
0 

0 

=- <r .!'2. 
<D >: 

, Ecna accnenoaaHo n. ypoaHeit, TO ·aKcnepHMeHTanbHaa ae-

.nH'IHHa 

s 
0 

-·o 
'r (n) 
~"--· 
.D(mJ· 

I. r 0 /n 
.nl (4) 

8 Elm 

6-

., 

.f' 

J 
'I 

•.•''' 

pcw 

2,0 

w 

0 

/ __ // 
············ 

0,5 .(0 ·t5 u . -
Pac.l. PacnpeneneHHe oTHOCiiTenb!ioii aenH'lHHbi v= D(m)/<D> 

An!I · m = 5 o TO'IKaMH HaHeceHO COOTBeTCTBYJOIUee pacnpe

AeneHHe aenH'lHHbi . D * ( m ) I < D > , nony'leHHOe ~ pa6o-. 
Te /151. · 

Bonpoc o aaKoHe pacnpeneneHHR cHnoaoii ¢YHKUHH, pacc'lH-: 
• . . /15 16/ 

TaHHOll no n ypOBHRM, ylKe paCCMSTP,HBanC!I B pa6oTaX 0 
o 

0AHSKO TaM 6binO BBeAElHO Apyroe onpeneneHHe 8KCnepi!MeHTSnb

HOr'O 3HS'IeHH!I, a HM.eHHO: 

l 

S· =a (n) 
o· 

-o r, (n) 

D*(m) 

B AHCCepTaUHH noKa3aHo, 'ITO nnoTHOCTb aepo!ITHOCTH An!I 

' 

(5) 

S , onpeneneaaoli cornacHo (4), MOJKeT 6biTb onacaaa pacnpe-
.o ' . 

neneHHeM cl>Hwepa a BHAe: 

7 
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Tae5mn~a I. Ycpe;ztH6HHue napaMeTplll H;ztop. 

nccne:zto
:aaHHblit . 
l'IHTep:aan 
aHeprT!!H,a:a 
·4BIO 

5050 

2B600 

•29400 

B530. 

6I040 

4B700 

7220. 

I3300 

3920 

20I50 

23IOO 

·I7200 

23500 

230±23 

330±.33 

-·I200±II0 

I35Q±I50 

62 :!: 4 

360~70 

4200±,550 

370±.57 

.600;t65 

I20ri3 

IIOO:tiiO 

I200:t200 

IBO±I3 

· I600:t2IO 

II,2;t0,3 

I2,3;t0,3 · 

I3,I;t0,3 

I3,9;t0,3 

I4,I;t0,2 
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I 4 + ,I 
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. I 0 + O, 7 
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I 2 + 0,4 

' - 0,3 
I 9 + 0,8 

' - 0;6 
2 0 + I,6 

' - 0,7 
I I + 0,5 

' - 0,3 
I 6 +· I;3 
' ' .. 0,5 
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.g 
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g 
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rr 
M3:B 

270:!;.40. 
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I62;t25 

160±.25 

I97;t29· 

I95;t40. 

!20±.25 
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23~0 

390±70 

.220~5 

220:!;.50 

225:!;.30 
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3KcnepHMeHTanhHbie ycpeAHeHHhie XapaKTepHCTHKH, Bb!'JHCfleH

Hbie Ha OCHOBBHHH _H3MepeHHbiX napaMeTpOB ·pe30H£1HCHbl,X ypOBHel!:, 

AnSI acex nccneAoaaHHhiX SIAep npnaeneHbi a Ta6n. 1. 3aaqeHHSI 

S 
0 

Bhi'IHCneHhi,_ KaK onncaHo Bhi~e. npn aToM npeA

p •BOnHOBhie pe3o~aHCbl HCKniO'Ianncb H3 paCCMOT

peHHSI B..COOTBeTCTBHH, C OUeHKOi! no pacnpeAeneHHIO nopTepa-To-. 

DHa6n. 

nonaraeMhle 

Maca. BenH'IHHhi D 
6 

H S yKa3aHhi B Ta6n. 1 6ea pa3Ae-
Ha n. o -

neHHSI ypOBHe.i{ Ha ABe CnHHOBhie CHCTeMbi. 

·.Qng H30TOnOB 
77

Se 0 
69

"
71 Ga , 6naroAapg HAeHTHtPHKaUHH cnn

HOB psiAa ypoaHell, nony'JeHbi cnnoahie tjlyHKUHH S ( J) nng o6onx 
• 0 

CnHHOBbiX COCTOSIHHI! 0 npHBeAeHHble B Ta6n. 2; 

Tat?nnua 2 

HApo-Mnwe~b l s (]=1+1/2) s ( J=l-1/2) 
0 0 

69 Ga 3/2 1 2 + 1,3 
• - 0,4 

1 0 + 1,7 
'. - 0,4 

71 Ga 3/2 1 5 +2,2 
• -0,6 

1 3 +2,2 
• -'0,5 

77Se 1/2 1 1 +0,4 
• -0,3 

1 5 +1,6 
' -Oi5 

·cpeAHHe nonHbie paAHBUHOHHhie wnpHHhi Bhi'JHcneHhi no BCeM 

peaoHaHCaM C H3MepeHHbiM HaMH 3Ha'JeHHeM r . 
' ' y 

4. B rnaae 4 npnae'AeH o6aop pa6oT/ B KOTOpbiX paccMaTpn-

aaeTCSI nnoTHOCTb ypoaHell npn aHeprnn aoa6y*neHHSI Slllpa E 

B6nH3H 3HeprHH CBSI3H Hei!TpOHa E b.: -' 
0TMe'IeHo, 'ITo, HeCMOTpS! Ha 3Ha'InTenbHhie ycnexn, TeopnSI 

He MO*eT noKa OnHCBTb n~OTHOCTH ypOBHell y WHpOKOI'O Kpyra 

S!Aep B HHTepaane 3HeprHH B036y*JleHHSI OT OCHOBHOI'O COCTOSIHHSI 

no aHeprnn CBSI3H HeiiTpoHa. 3To a 3HB'IHTenbHoll Mepe aaTpyAHSI

eT pa3~HTHe pSIAa • CBSI38HHhiX · npo6neM, HanpHMep, TeopHH nonHhiX 

- PBJlHBUHOHHbiX. WHpHHo 

10 

'( 

I 

r 

B 4 'rnaae o6cy*nae~cg TaK~e aaBHCHMOCTh·napaMeTpa 
' . 

a 0 BXO!!S!Wero B tjlopMyny Jtmi .nnoTHOCTH ypOBHel! B MOlleflH 

tjlepMH-raaa, OT paaHOCTH N- Z • TaKaS! aalinCHMOCTb 6hma npen-
. /171 . - . . 

CKa3aHa B pa6oTe • 3KcnepHMeHTaflbHhie UaHHble CBHAeTenb-

CTBYIOT B nonbay npeACKaaaHHoro atjJtjJeKTa, OAHaKo oH Man. 

5. B o6aopHOJ!: 'JaCTH nSITOi! ~fl8Bbl H3naraiOTCSI OCHOBHhie pe-

3yflbTaTbl. TeOpHH B OnHCaHHH HeliTpOHHbiX CHflOBbiX 'tjlyHKUHll SIAep. 

Cnnoaag- tjlyHKUHSI BXOAHT 'B Ka'IeCTBe. ·COMHO)I{HTeng B ce'JeHHe o6-

pa30BaHHSI COCTaBHOI'O Slllpa H MO*eT 6b!Tb .Bbi'IIICneHa Ha OCHOBaHHII 

onTH'JecKoll MOAenll. 3a nocneAHIIe J5 neT aTa MOAenb 3HB'IIITenb

HO pa3BIITa. 0Ha o6'bSICHnna aoaHiKHOBeHne r11raHTCKIIX 3 s- H 4 s

peaoHaHcoa, pacwenneHIIe 4 s -peaoHaHca n HeKoTopbie 6onee cna-

6i:Ie atjltjleKThi. 0AHaKO AO HaCTOS!Wero BpeMeHU B paMKaX onTII'IeC

KOJ!: MOAenll He nony'I~HO KOnH'JeCTBeHHOI'O,OnHCaH".SI Manh!X 3Haqe

HHll B o6miCTII Me)I{AY 3s-ll 4s- peaoHaHC~MII (A,)OO). B H(!llBB-
/18/ ' 

Hell: pa6oTe ~ypaAS!Ha II Ap. flOKa3aHo, 'IT~ AnSI 06'bSICHeHIISI 

BenH'JHHbl s 
·0 npn A "'100 cneAye,T llc·nonb30BaTb npeAnono)l{eHIIe 

0 BniiS!ltHH BXOAHbiX COCTOS!HIIll. , 

CocTOSIHIIe aKcnepnM.eHTanbHhiX AaHHhiX no s 
0 

B H8CTOS!Wee 

npeMSI noKa3aHO Ha PIIC~ 3. TeopeTH'IeCKIIe KPIIBbie Ha 3TOMPIICYHKe --

/19/ -' ( . 
pac'JeT EaKa II nepn no BH6paUIIOHHO,..pOT8UIIOHHOll MOAenll cnnow-

Han KpiiBaSI - ctjlepii'IeCKHi! noTeHUIIan). BHAH00 "iTO paC'JeT C yqe

TOM AetjlopMaUIIH YAOBneTBOpiiTenbHO OniiCbiBaeT' 3KCnepiiMeHTanbHbie 

nilHHhie, _ KpOMe o6nacTH A "'100. PeaynbTBThi aacToSiwell pa6~Thi 0 . 
11306pa*eHHble Ha pHCYHKe 'IepHbiMII TO'IKBMH, He npOTIIBOpe'laT Teo-

/19/ • ' ·- .. 
peTH'IeCKOMy paC'JeTy C y'IeTOM AetjlopMBUIIIIo 

B nSITOii rnaBe paCCMOTpeHO TBK*e COCTOS!HIIe BOnpoca 0 CniiHQ

BOll 38BHCIIMOCTII, Yc11n11S!MH MHOI'HX na6opaTOpHJ!: B HBCTOS!Wee ape-

MSI 'AnSI pS!Aa S!Aep 

BbiX COCTOSIHIIJ!:. B 

onpeAeneHbl CHnOBhie tPYHKUHH AnSI ABYX CITHHO-. 

HeKOTOpbiX cny'IBSIX 3HB'IeHI!SI 5+ (}. = [+1/2} 
0 t-

II s-( J· =I~ 1/2) OKa3aflHCb 3aMeTHO pa3flH'J810WHMHCSI. Ha116onee 
0 2 

. - 120+-22/ 
y6eAHTeflbHbiMII npiiMepaMH TaKOI'O pa3flii'IIISI B pa60T8X . 1 

C'IIITanllcb S!Apa u
1
Au , 77 Se , 75 As· , 69 Ga • B eagan c aTIIM 

B psme pa60T 06Cy*ABflCSI BOllpOC 0 B03MO*HOif · CnHHOBOi! 38BI!CH-

11 
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paann'iH51 

K onnqecTaeHHhie TeopeTH'iecKne ouenKn B03MO>KHoro · 
+ -

5
0 

n, S 
0 

_ He cnenaHhi. noaToMy oco6!i!HHO noneaHo 

HaKonneHHe H YTO'iHeHne 9KCnepnMeHT8llbHblX A8HHbiX. 

Cpenn nccnenoaaHHhiX a naHHolt pa6oTe ·51Aep 6hinH. naoTonhi 

. c He'leTHhiM A ( 
77

Se , 
69 

Ga, 
71 

Ga ) , .;Ang KOTOphiX coaMeCTHble 

H3MepeHng nponycKaHH51 n pannaunoffHoro,aaxaaTa noaaonnnn nony

'iHTb cnnHhl pgna ypoaHell •. Enaronap51 aToMy 6hmH oripeneneHhi . 

3Ha'ieHng S ( 1) Ang 060IIX ClliiHOBbiX COCTOgHnli ( CM. Ta6n.2) • 
0 

Llng . 77Se 3HS'ieH1fg S ·(}) 1 Hali}:(eHHhie ·a 9HepreTU'ieCKOM HHTep-
0 

aane no 4 K913 1 . x.e. 6onee 'ie!'d B AB~ paaa npeabiWaromeM. nccne-

noaaHHhili panee, H3Mennnn aaKniO'ieHne · o paann'IHII S (] ) u 
H . . ' ' ' ' /21 I 0 

. I 
S ( 1 ) y ' Se , cnenaHHoe B pa6oTe • LlnH 69Ga a To paa-
o . 2 • 

nuque TaK>Ke He nonTaepnnnoc&, HO"B ASHHOM cny'iae na-aa TOI'OI 

'ITO nnH nayx ypoaHeli HalineHHhle ana'ieHHH cnnHoB_ npoTnaope'lnnn 
. /227 

peayllbTaTaM CaKne • 

6. Conep>KaHneM mecToli rnaBhl gailgeTcg cTaTHCTH'ieCKHli 

aHanna CnHHOBOli 38BHCHMOCTH HeliTpOHHhiX CHnOBhiX 4>YHKUI!.fi g}:(ep • 
' . '. ' ' /20/ . · .. _ ' ' ' 

Panee. (HanpnMep, B pa6oTe. . ) a KaqecTae ·KpnTepng nng 
. . f . . . • . 

OUeHKH" HaAe>KHOCTH paami'IH51 CHnOBhiX 4>YHKUHli" ring ABYX CnHHOBbiX 

~ocTogHnfi II.Cnollbaoaa~i~c& a~posi~HO~T~ cny<ialiHhiX OTKnoHeHnfi, 

KOTOpble. MOI'nH. 6b! npnBeCTH K.: Ha6n!OA8BWHMCg y }:(SHHOI'O 51,!lpa 

pa3nH'ilf51M Me>K}:(y S ( 1 . ) . H S ( 1 ) npn . ycnOBHII paBeHCTBa 
0 I 0 2 · · · • 

HCTHHHblX 3HS'ieHHli s ( 1 ) If s ( 1 ) . B Ha'wefi p'a6oT~ nng aH~-
0 I . . 0 2 ' 

nn3a CnHHoBOli 3SBHCHMOCTH S , nperinoJI<:eH HOBblli .MeT0}:( 0 ·OC~ 0 

HOBSHHhlfi Ha O}:(!!OBpeMeHHOM paCCMOTpeHHH }:(8HHhiX }:(ng BCe~ g}:(ep. 

C uellbro ripoaeneHng TaKoro .aHannaa 6hm<;> ·-a-biBeneno pacnpenene

HHe pa3HOCTII a=l 5
0
(]

1
)-5

0
(]

2
)1/<5

0
> .• TaKoe pacnpeneneHne 

6binO nony'ieH~O Ha OCHOBe npOCTOI'O aHanHTH'ieCKOI'O Bblpa>KeHH51 

(6) nng nnoTHocTn aeposiTHOCTH _S 0 •. nony'ieHHoe pacnpeneneHne 

pa3HOCTH, ·abipa>KeHHofi a· enuimuax cpenHell a6comoTHoli own6Kn, 

a npennono>Kennn paaeHCTBa<'S (1 )>=<S (1 )>=<5 > HMeeT ann: 
' 0 1 0 2 0 

dW (a/"(; ,n+,n-) 

d (a/ a) 
~I- I 

u 
0 

13 

f(a+z,n+)f(z,n-)d z, (7) 



I'Ae ;; =(u++ u-)/'2 0 8 3H8'1KaMH '+' H '-' noMe'leHbl 'senH'IHHbl 0 

OTHOC5II!lHeCSI K CHCTeMSM ypOBHeii C }
1 

=1+1/2' H ] 
2 

=1-1/2 

COOTBeTCTBeHHO, 

TipH HCrionb30B8HHH B K8'1eCTBe nepeMeHHOH- a/ a MOJKHO 

npeHe6pe'lb cna6oii aaBHCHMOCTbro· lj>opMbl -pacnpeAeneHHSI oT n + 

H . n- H conOCTBBnSITb ero C SKCnepHMeHT8nbHbiMH A8HHbiMH, 

npOHOpMHpOB8HHblMH 8H8nOI'H'IHbiM o6p830M,, 

.UnSI 8H8nH38 6bJnH OT06p8Hbl Te S1Ap8, y KOTOpblX HAeHTHij>H

UHpOB8HO He MeHee 9 Cni!HOB (npH'IeM He MeHee Tpex H8 OllHO 

cnHHosoe .cocToSIHHe). Ha pHc. 4 npeAcTasneHa rHcTorpaMMa AnSI 

28 Slllep, flOK83biB81011l8SI 'II!Cno Slllep . N 0 npHXOASIIIlHXCSI Ha HHTep-

san a/a= 0,5 • Ha STOM lKe pHCYHKe npi!BeAeHa COOTBeTCTBYIOIIlt;ISI 

TeopeTH'IeCK8SI KpHB8SI d W (a/-;.)/ d (a/-;. ) 0 HOpMI!pOB8HH8SI H8 . 
nonHOe 'IHCnO Slllep, KaK BIIAHO 'H3 p!!C, 4, COBOKYflHOCTb BCeX ABH

HblX no 5
0
(]) He npOTHBOpe'IHT I'l!nOTeae 0 paBeHCTBe <S/]

1
)>= 

=< S 
0 

(] 
2

) > , l1MeJOI!lH9CSI AnSI HeKOTOpb!X .SIIlep 38MeTHbl9 paa

nH'IHSI He Bb!XOASIT 38 npeAenbl CT8THCTH'I9CKHX lj>nyKTYBUHH, 

7. B nocneAHeii ( ceAhMoii) rnase nposeAeH aHanHa nonHhiX 

paAHBUHOHHbiX llli!PHH HeiiTpoHJihiX peaoHaHcos Slllep. 

HanH'IHe o6mHpHoro aKcnepHMeHTanbHoro MaTepHana noaso-. 

nHnO npoBeCTH Cp8BH9HHe erci C. TeOpl!eii, 8 T8KJKe BbiSIBHTb SMnH-

_ pH'IecKyro aasHCHMOCTb r y OT T8KHX napaMeTpOB 0 K8K M8CCO-

soe •mcno A , aHepi'HSI CBSI31! HeiiTpoHa E b (Hmi alj>lj>eKTHBHBSI 

SHepi'HSI B036yJKAeHHSI U b ) ; nnOTHOCTb ypOBHeii H T,Jl, 

TIOK838HO, 'ITO nony'leHHbJe B p83flH'IH~IX reopeTH'IeCKHX 'noAXO-

. ' /23-25/ 
Aax lj>opMynhi AnSI nonHoii ·palli!~UHOHHolt mHpHHbl r Y 

MOJKHO npi!BeCTH K Bb!p8lKeHHSIM BHA8: 

rP = K A{3 U y a Ei 
y b 

HnH rP "'K A~ E Y T Ei , 
y b 

(8) 

I'Ae · SlllepHaSI TeMnepaTypa T= const H a SIBnSIJOTCSI napaMeTpaMH 

H3BeCTHbiX lj>OpMyn AnSI nnOTHOCTH ypoBHeii, TipH nony'leHI!II Bblpa-

JKeHHii (8) cmiHosaSI aasHcHMOcTb nnoTHOCTH yposHeii_ ~e Y'IHT~I

sanacb. B TaKoM npeJlCTasneHHII paaHb~M TeopeTH'IeCKHM noAXOAaM 

14 

N 

5 

3 

-3.0 

. (' 

~9Go~n~e~ '*'!. 
~2 t2. ~2 

-2.0 -1.0 0 f.O 2.0 0/5 

PHc.4 •. fHcTor-paMMa pa3HOCTeii CllnOBbiX <jlyHKUI!ii )lnSI llBYX cmiHo

BbiX COCTOSIHHii, Bb!pa~eHHbiX B 'elli!HI!USX CpellHeii a6COJIIOT

HOii OlUH6KH, TinaBHSSI Kpi!BSSI - COOTB9TCTBY10lU99. TeOpeTH

'19CK09 pacnpeneneHHe. 
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COOTBBTCTBYIOT CBOII 3Ha'I8HIISI {3 , y , 8 

KOHCTaHTbl K , 

II HOpMIIpOBO'IHO'fi 

E'hma · paapa6oTaHa nporpaMMa AnSI SBM, noaaonSIIO_IIlaSI no 

MaTOllY HSIIMBHbWIIX KSSllpaTOS (MHK), HSXOJ:tiiTb ny'IWIIB 3Ha'I8HIISI 

K , {3 , y , 8 B Bblp8lK8HIISIX SllllS (8). 

nnll WllpOKOI'O Kpyra Slllep (CSbiWe 100) f?binll co6paHhl 9KCne

piiM8HTanbHbl8 3Ha'I8HIISI napaMeTpOB 1 BXOllSIIIliiX B t!JopMynhi (8). 

Pac'leThi no MHK noKaaan11, 'ITO cornac11e SKcnepiiMBHTan&HhiX 

• /23/ 
llSHHhiX c t!JopMynol!: Bai!:cKont!Ja ny'lwe, 'laM c t!JopMynol!: AK-

/24/ . 
cena 1 OllHaKO 9KCnepiiM8HTan&Hhl8 TO'IKII 3aMeTHO ny'IWB on11-

ChiBS!OTCSI SMnllpli'IBCKIIM Bblp8lKBHIIBM 

f'P = 8,7 A-o.9Uo.9 a-o.6 
y b (9) 

I'llB Mas, 
-1' 

a - a Mas • f'P - B aa, U - B y b 

XapaKTep pacXOlKllBHII'fi 11nnrocTp11pyeT p11c. 5 . (a,a,c), rAe 

p aKCnepiiM, 
peayn&TaThl pac'leTa npellCTaBneHhl B Sllll8 OTHOWBHIISI r I ry .. 

' . y 
PIICYHKII a 1B II C OTSe'laiOT t!JopMynaM AKceiia, BalicKont!Ja II aMnHpll-

,, --":~ 

'18CKOH 3SBIICIIMOCTII ( 9), 

nony'leHHOe COOTHOW8HII81 8CTeCTB8H1.101 . He Y'IIITbiBSBT IIHAII

BIIAyanbHbiX OC06eHHOCTel!: Map, CiAHaKO cornaCHe. paAII8UIIOHHbiX 

WllpiiH1 paCC'IIITS.HHbiX no t!JopMyne (9) ,· C aKCnepiiMBHTan&HbiMII 
a. . 

3Ha'I8HIIHMII f'y 1 nony'laeTCSI YAOBneTBOpiiTen&HbiM; 113 108 

paCCMOTpeHHbiX 

60 AO 247 1 AnSI 

Map; neJKSIIliiX S . IIHTepaane MaCCOSbiX 'IIICen OT 
• ' P a 

78 paanii'IHB MBlKAY f' II f' He npeSbiWaeT 25%, 
Y, y 

a paCXOlKABHIIB . CBbiWB 50% Ha6niOA88TCH TOnbKO AnH 'IBTbipeX SIAep. 

. np11 paCCMOTpelUlll pacnonOlKBHIISI :ro'leK Ha piiC, 5 6binO aa

Me'leHo, 'ITO'AnH Slll8p C 6onbWIIM CniiHOM MIIWBHII TO'IKII HSXOAHT

CSI CHCT8MaTH'I8CKII SbiWe OCTan&HbiX, 3TOT at!Jt!JeKT 6bin Y'ITBH B 

SMniiPII'IecKoil '~i>opMyne 'lneaoM sHAa ( 1- C· 1 2 ) • B peayn&TaTe 

not:~6opa no MHK aHa'leHHil C H K 5 t!JopMyne c TaKIIM 'lneHoM 

· 6hmo nony'leHo ShipalKBHIIe: 

rp = 9,0 A-0
'

9U 0
'

9 a-0
'

6(1-0,01· 1 2
). 

y b . 
(10) 
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'I 

r;p 

\t + 

+ 

" 
+ 

4 
0 + 

+ 

+ 

+ A+ 

1 

0 

... + 
.. " 0 

.. ++ 
4 

++ .. 
•• + 

4 a.+•.~ 'b " .. 
+ 4 

A 0 

~ tf1.4 
+4 6 4 
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OAO 0 

Oo 
0 

0 

3[ 
2 I 

+4 

+ ... 4 

1L +• 

A + 
+ 

0 
+ 0+ 

·+ + 

.. ~~: • 
., + "' 

6 
~ .. 

+4 +.4A A •. . "* A+A + 0 

oo4'fPio 

df:t4~+;»+ 

00 
b 0 

oA 

0 

2 
o + 4. A A c 
~~o +4' + o+ .A + 0o 
-+ + +tAA +f A +4o6. 00 + + + 0 dlrfJ 

++ ~ ~+A 6 • 0 · ~~IJ.•~ arJt.4 a# 't; l'o ••4-M\ 
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1 
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100 150 200 II 

PHc.5. 0THOW8Hiie rP I r a paC'IeTHbiX H aKcnepHMBHTanbHblX 

3Ha'leHHil phAHaUkOHHhiX .WIIpHH, 

a·- rP ,.81•10:_6A71J ~>1. 2 a-2•8 ( COOTHOW8HH8
1 

annpoK-
y ·b -. 

CHMHpyrowee <J>opMyny AKcena 1261: 
b _f'P=O.lOA

21J U~' 8 a-2." 2 . (coo:raoweaae,·annpoK-

cHMHpyromee <J>opMyny BailcKon<!>a /23?: . , . 

c - rP = 8,7• A-o. 9 u 0 • 91 a -c0•57 (aMnHpH'IeCKaH 3SSIICH-
MOCTl). b ' • 

+ - H8'18THO ( Z) - H8'18THb18 (N) 
11 - '1-'1, 

o - '1-H KoMnayan-~~npa. 
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npennpHHHTa nonbiTKS 06'bHCHHTb STOT scfJtf>eKT CnHHOBOli 38-

BHCHMOCTblO nnOTHOCTH ypOBHeli, He Y'IT9HHOli ~ Bblp8lK9HHHX (8). 

TaKoli pac'leT npHBOltHT K HaMHoro MeHbWeMy atf>tf>eKTy, '!eM cne

nyeT 113 cfJopMynbi (10), QltHSKO 3HaK 38BHCHMOCTH MOJKeT· 6biTb 

06'bHCHeH. 
. a 

. Ha PHC. 6. npHBeneHbl SKCnepi!M9HTanbHble 3H8'1eHHH r y 

' BMeCT~- c':' ·pa~C'I~TaHHbiMH n~ tf>op~y~e cio). BllltHO, 'ITq SMUHpH

'19CKaH tf>opMyna noBOnbHO xopowo nepenaeT o6umli xon aaai!CH-

MOCTH ry OT_ '"A '· BKnl0'18H TaKHEl HeperynSipHOCTH B XOJte, 

KSK 38M9THble npoaanbl B palioHe MaCCOBblX 'IHCen A = 100 H 

150. 

8. B 38Knl0'19HIIH B K8'19CTBe OCHOBHbiX peaynbT8TOB OTMe-

'leHbi cnenyiOWHe: 

1) npoBetteHbl H3MepeHHH C 14 1!30TOU8MH '19Tb!p9X aneMeH., 

Toa. B pe3ynbTaTe o6pa6oTKI! aalineHbi napaMeTpbi " 300 peao-

aaacoa: ao acex cny'laHX aalineHbi· H3oTonaaH npi!Hanne_JKHocTb, 

, ;3f!epr:HSI H 3H8'19HI!e gr n ypOBHSI, B 89 pe30HaHCaX_ aalineHbl 

nonHbie panl!aUHOHHbie WIIPHHbi, onpeneneHbi cnHHbi 37 ypoaaeli. 

2) nnSI acex 14 Slttep onpeneneHbl CP?.:'HI!e napaMeTpbl! pa

ltHSUIIOHHble WHPHHbi, cpenHHe paccToSIHHSI D MeJKny s -peao

aaacaMH ( H napaMeTp nnoTHOCTH a ) • HeliTpOHHble CHnOBble WHK

ulm. npoaeneao cpaaHeHHe·: nci'ny'leHHbi.x naHHbiX c pe3ynbTaTaMH 

itpyrHX SBTOpOB 11 C TeOpH~li. .. , . 

3) EnaronapSI CUHHOBOli HtteHTI!tf>HKSUIIH 6onblllHHCTB8 Cl!nbHbiX 

ypOBHeli 
77se , 69 

Ga , .
71 

Ga ynanocb nony'II1Tb cl!nOBbie 4>YHK-

lli!H S (]) ttnSI ltBYX CUHHOBbiX COCTOHHHli. 3TI1 peaynbT8Tbl noa-
0 . . 

BOnHnl! 113MeHHTb cnenaHHbili paaee Ha 6onee 6enHoM MaTep11ane 
/20-22/ . 

aaTopaMH pa6oT . Bbmon o paanH'IHI! S 
0 
(]) nnSI nayx cnH-

HOBbiX COCTOSIHI!li y 
·?1 

Se 11 69Ga. 

4) npennoJKea aaanHTI!'IeCK11ft Bl1lt pacnpeneneHI1SI nnSI cpenae

ro paccTOSIHI!SI D c y'leTOM KOppenSIU1111 cocenHHX npoMeJKyTKOB 

MeJKny YPOBHSIMII. 

5) npennoJKeao npocToe aaanHTH'IeCKoe BbipaJKeHI!e nnSI pac
o 

npeneneHHSI Cl!nOBOli WHKUHH, onpenenSieMOli KSK so" I, rn I tl E. 

1-

1-

1-

1-

0 
0 

0 
Oo 

0 ~ 
0 

0 + 
o> 

"'<:::. 
l...:O.:. ~ ~ 

c:::, 

~ 

,p •• 
o o ,to 

0 + 

• .... 
2':: 
/.\ +o 

~q,¥, 
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6) nm1 aHannaa CnHHOBOH 38BHCHMOCTH 5
0 

npeJlnO>KeH /IQ

BbiH MeTOJl, OCHOBaHHbiH Ha OllHOBpeMeHHOM paCCMOTpeHHH Jl8HHbiX 

JlnSI MHOI'HX Slllep. BbiBelleHo pacnpeJleneHHe pa3HOCTH cnnoBbiX 

¢yHKUHH Jlnll llBYX CnHHOBbiX COCTOSIHHH Slllpa, npoaeJleH CTaTHC-

. TH'IeCKHH aHanna .~mt:HOBOH 38BHCHMOCTH CHnOBb!X ljlyHKUHH Slllep, o 

noK838HO, 'ITO Ha6nJOJlSeMble paanH'IHSI So(J=l+1/2jJ. So(J=I-1/2) 

He Bb!XOJlSIT 38
1 
npeJlenbi B03MOlKHbiX CT8THCTH'IeCKHX ljlnyKTyaUHH, 

7) npoaeJl.eH aHanna nonHbiX P81lH8UHOHHbiX IIIHPHH, 3Kcnepn

MeHTanbHb!e AaHHbie Ami 6onhworo qncna SIJlep c A = 60 t- 247 co

nocTasneHbi C TeOpHeH. npeJlnO>KeHa SMnHpH'IeCK8SI 38BHCHMOCTb 

AnSI. paA!i8UHOHHb!X WHpHH, 
/9-12 26,27 I 

nnccepT8UHSI HanncaHa Ha OCHOBaHHH pa6oT 1 

flnTepaTypa 

1. L,B, Pikelner, V.'l', Rudenko, "Research Applic, of Nucl, 
. . 

Pulsed Systems'', .b. 165 (IAEA, Vienna 1967), 

2, H.BH3H, r.n. )i_<yKOB, r.H.3a6HSIKHH H Jlp. "Nuclear Electronics". 

·!z 27 (IAEA, vienna 1962). 

3. B.H.EijlHMOB, H.H.lllenoHuea. npenpnHT OHHH P-641 (1961); 

K.K. Seth and R,H, 'l'abony. Ann, Phys., ~ 183 (1966). 

4. 3.H. Kap>Kaanaa, A.E.nonoa, !O.C. HaanuKnfi, B.H. EljlHMoa, 

H.lO,lliHpHKoaa, He!>.§, 471 (1967). 

5. n.E. nHKellbHep, M.H.nwHTyna, KHM Xn CaH H llPo nT3 N92,·. 

48 (1963). 

6, 3.H.lllapanoa.AaTope¢epaT llHCCepTauHn OHHH N92628,ny6aa,U966~ 

7, n.3enHrep, H.HnHeCKy, KHM XH CaH H APo :>K3Tct>, 12..,1294(1963). 

8. H.H.lllenbHUeB, npenpHHT OHHH E2-10-4090 (1968). 

B.H.EijlHMOB, H.lO.lliHpHKoaa. npenpHHT OHHH E2-10-4089(1968). 

9, x. ManSUKH,· n.E. nuKellbHep, H.M. CanaMaTHH, 3.11. Wapanoe. 

A3, ~. 173 (1968), 

10. x. ManSUKH, n.E. nHKellbHep, H.M. CanaMaTHH, 3.H.lllapanoa, 

He!> .9, 1119 (1969), 

11. X. ,V.ansuKn, fl;E. nnKenbHep, H.M. CanaMaTHH, 3.11.lllapanoa, 

npenpnHT OHHH P3.;..4152 (1968), 

12. M.K.rpe6eHJOK, n.lll.Koaaq, X.MansUKH, H.M.Cai!aMaTHH, 

Coo6meHHe OHHH P3-4357 (1969). 

13, J.B~ Garg, J, Rajnwater, J,S, Petersen and W,W,;Havens, 

Jr, phys,Rev,, 134, B985 (;1.964), 

14. Ch,E, Porter, J, of Ma~ Phys., .1, 1039 (1963), 

15. D,D, Slavinskas, 'l'.J. Kennett. Nucl,Phys,, ~ 641(1966). 

16 •. H,V, Muradyan, Yu,V, Adamchuk, Nucl,Phys.,~. 549 

(1965). 

17. lO,H,llly6nH, A.B. ManbiWea, B.C. CTaanHCKHH, KoaljlepeHUHSI 

no smepHbiM AaHHbiM, CN9-23/106, napn>K (1966), 

18. r.B. MypaASIH, IO.r. WenKHH, lO.B.AAaM'IyK, M.A. ApyTIOHOB, 

noKnaA ACC-:68/14 Ha aHrno-coaeTCKOM CeMHHape no smep

Hb!M KOHCTaHTaM .AnSI paC'IeTa peaKTOpOB• ny6Ha 1 HIOHb 1968, 

19, Ej, Buck and F. Perey, Phys,Rev,Lett.; ~ 444 (1962), 

20. J, Julien, International ·Conf, on the Study of Nucl,Struc~ 

withNeutrons, Antwe~pen (1965), 

21. J. Julien, c. Corge, v.D. Huynh et al, Phys,Lett., ~,67 

(1,962). 

22. J, Julien, G, Bianchi, C, Corge et al., Phys,Lett., .!Q, 

86 (1964). 

23. nlK. EnaTT, B. BaficKon¢. TeopeTH'IeCKaSI SIAepHaSI ljlH3HKa, 

HHfl, M., 1954,. 

24. P, Axel, Phys,Rev,, 126, 671 (1962). 

25, P,H, KyKnHH, He!> 'L 541 (1968), 

26. X.ManSUKH, n.E.!JnKenbHep, H.M.CanaMaTHH, 3.H.lllapanoa. 

He!> .U., 111 (1970), 

27, X.MansuKu,·n.E.nHKellbHep, H.M.CanaMaTHH, 3.H.lllapanoa, 

npenpHHT OHHH P3-4929 (1970). 

PyKOnHCb nocTynHna B H3AaTenbCKHH OTAen 

4 MapTa 1970 roAa, 


