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-Aru:tea n., EeqaapJK <I>;, rynHx TxbiOHI" X&en, 
Tlocnnwnn C.,. TeneJKHHKOB C.A. 

P3 - 7685 

AHanna BTOpH'iHbiX raMM8-KBaHTOB, ncnycKaeMbiX nocne aaxaaTa 
peaoaaHCHbiX /IeltTpoHoB HllP8MH 147 Sm 

TJpHBOllHTCH MeTOllHKa pacqeTOB no CT8THCTH'ieCKOlt MOllenn 38CeneH

HOCTefi HHlKHHX ypOBHeil Hllep H llaeTCH cpaBHeHHe pacqeTOB C 3KcnepnMeH
TanbHb!MH ll8HHbiMH, nony'l:eHHb!MH ua Slllpe 148 Sm nocne aaxaaTa pesoHaHc
HbiX Hei!Tpoima SJllpaMn 147 Sm. 

. Coo6meHMe OOI.e.QHHeHHorO HHCTJIT)'Ta B,llepHhiX HCCJie.QOBaHHit 

,/zy6Ha, 1974 

Aldea L. , l3ecvar. F .• , Huynh Thuong Hiep, 
Posp!Sil s., Telezhnikov S.A. · 

Analysis of Secondary,Gamma-Rays Following 
Resonance ~eutron Capture in 147Sm 

P3 - 7885 

Populations of low-lying nuclear levels are treated 
in a frame. of the statistical model. Calculations are 
presented for the case of the resonance neutron capture 
in 147 Sm nuclei and a comparison with the experimental data 
is given. · · · ' 

Commuuieations of the Joint Institute for Nuclear Research. 
Dubna, 1974 
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01974 06'bed_uneHHbru.uncmumym Jl~epHMX uccAe~oeaHuu )!y6na 
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Bae()eHue 

)J;nJI p~.u;a JIJ];ep o6ilap}')KeHO, 'ITO OTHOWeHHe HHTeHCHB-: 
HOCTeii. BT.Oj>H'IHbxX raMMa-nepeXO.D;OB, HCDyCKaeMLIX npH 
pacna.u;e · HH3Kone:lKa~x ypoBHeii cocTaBHoro- JI.u;pa. nocne 
38XB8T8 _p-'e30H8~CHLIX: HeHT_POHOB, 38BHCHT- OT .. CDHHa pe3o-· 
HaHca /If.· ' ·· . · . 

OcHo:BH:oii ien~:.ro.Hac"ioJI~e:ii· pa6oTLI JIBnJieTcJI nonLITKa 
KOnH'IeCTBeHHOro onHCaHHJI 3TOro -j~eKTa B paMKaX CTa
THCTH'IeCKOH .uo.u;enH. H npHMeHeHHe •Ta~oro ODHCaHHJI K 
3KcnepHM'eHTanLHLIM .u;aHHWM H3 peaJmHH 147 Sm (n, y) 148 Sm • 

-Ilo.u;xo.u;, HCnOJiL30B8HHLIH .u;ng· 3TOH UEmH, · D03BOnHn ;TaK:lKe 
aHanH3Hpo:8aTL CTaTHCTH'IeCKHe CBOHCTBa cllnyKTY8UHH HH- · 
TeHCHBHOCTeii BTOpH'IH~X ·raMMa-nepe.XO.D;OB. 

" 

. , " 3KcnepuMeHmaAr.Hr.a'e pe3YA.r.mami.a 
. ~ .~:· . . 

Ha. pea~Tope HBP.:._30 M:eTo.u;~~ :BpeMeHKr'npo~eTa B 
peaKtiHH 147 Sm(n , y) ·l4B Sm 6:hlmi HJMepeHLI ~THOCHTen~:.
HLie HHTeHCHBHOCTH Tpex -~¥JirKHX._J:'8MM8.:. iiepeXO.D;OB 550,3; 
611,4 H 630,0 K3B~ ·cooTBeTCTByJOIUHX .• pacna.u;y ypoBHeii 
550,3; 1161,7 H 1180,3 bB CO cilllH8MH 2-J-, 3- H 4 -f: 

Ha puc. 1 noKa3aH BpeM:eHHOii cneKTP 'IHCTOii IT.e. 
nocne BLI'IeTa clloHal m1HHH550,3 K3B, a Ha puc: 2 - THDH'I
·HLie cneKTPLI raMMa-nytie:ii~. nonyqeHHLie H3 pe3oHaHCOB 
3,4 3B I ji_T = 3---: I H 18,3 3B I J" =.: 4-I. BH.D;HO, 'ITO OTHO
meHHe HHTeHCHBHOCTH nepexo.u;a 630,0 K3B K HHTeHCHimo-. 
CTH O.D;HOrO H3 nepeXO.D;OB 550,3 HnH 611,4 K3B pa3JIH'IHO 
.u;nJI 3THX ~Byx pe3oHaHcoB. H3-3a KoHe'IHoroBpeMeHaoro 
pa_3pemeHHJI Ka:lK.D;Liii pe-3oHaHc~ co.u;ep:lKHT BKna.u; .u;pyrHx_ 
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I-IOMEP KAI-IAnA 

Puc. 2. YtiacmKU za'Mi.i~- cneKmpoa c soo K3B <E y< 650.K3B 
U3. pe30HaHC06 3,4 ·'3B CO cnUHOM. 3~U 18,3 3B CO cnUHOM 
4~· . - - . . 

. . . ; 

'. ·~ - . . ·' 'i" .,_ -. •. ""' .~·' . : _-·' 

pe30HaHCOB, il' :no-f:·34lcPeKT .BJIHJieT Ha OTHOWeHHe HHTeHCHB- -
.HOCTeii. Ilo~TOMY B 3KCnepHMeHTa.JihHhle pe3yJILTaThl BHeCe_-

·, 'Hhl nonpaBKH c yqe_TOM HCT~IHHOro·xo~a-cilyHK~HH pa3pemeHHJi~ 
Ha ;, puc: 3 npHBO~JITCJI OTHome:HHx HHTeHCHBHOcTeii 
J(630,0)/J(550,3) ' .zi.nJi acex'.pe3o:Ha:iicoB ~0 163;6 3B. B~HO, 

• ••• ~~. .• ' • ~ J. ~ • - ·"· • • ' ;·. '. + ' ' •• 1' - •. • :, •• -: •• , • • • 

. qTO ·3TH' OTHOWeHHJI B :xopomo _H30JIHpOBaHHhiX ·pe30HaHCaX 
/TeMHWe 'To-9KH ·Ha: puc. 3/ rpynnHpYJOTCB o:K'ono ~BYX 3·Ha-. 
qeHHii. EcnH JicnonL3o:BaTL ·--~aHHwe. o cnH:Hai -pe3oHa'Hcoa~ 
.IIOJiyqeHHbte C IIOMOU{LIO, nepBHqHLIX. raMMa ": nepeXO~OB. B pa-

··. 6oTe /2/, . MO>Iili() ; '3aKJIJOqHTL·;> qT,O -·rpynnHpOBKa ·. O"J:'HOWeHHH . 
HH'l'eHcH:BH()cTei c:Bx3a:Ha ~co·- cnHHOM .pe3oHaHco·a.'HcnonL:.. 
.3YJI ~TY:rHIIOTe3y, ww-onpe~emmH cnHHLI·'OCTaJILHWX pe3o:. 
HaHCOB/mapA.-1/ •. -,-~. ·_,. --_ •. ·_,·· . ' 

·.: ./0THOWeHHJI. · HHTeHCHBHOCTei< .. :. B. pe30H~HCaX· 64,9 
H 79.~8 '3B ·.na)Ke, nocJI~ nori:paB.KH. ~~ KOHel{Hoe. p~JpemeHHe . 
He YKJia~btBaJOTCJI, HH B O~HY· rpylmy: I puc: 3/~' Bo3MO)KHO, 
qTo :pe3oua:Hc 64,9 -3B'xanxeTc~·~y6neToM~':no pe3ynL
TaTaM~::~aHHoii ·. pa6oTlo~·,-oH · olca3hiBaeTCJI ~- 6JUDKe :K rpynne 

' ' ~ ~~ ' ' - . . . . . 

- ·;. ~:-~ .. ' ~ ,:--. :..:-..-.' ·. .·._: d.; ,·, 

- '~ _. !. I -
:,_~ . ' 5 
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Puc; 3. 0111ilowellue uHmeHcueHocmeii nepexoooe 630,0 u 
550,3 K3B OAJI pa3Hbrx pe3oHaHcoe. TeMHble 1/IO.'IKU ooo3Ha
t~al0m ·xopowo U3oAupoeaHHbre pe3oHaHc~>r. Ha pucyHKe HaHe
ceH~>r KOpUoOpbl, OZpaHU'IeHHble eeAU'IUHQMU<R)..>).. + UR U tRJ.{;·- ~R ,"zoe <R){>).. U aR paCC'IU111QHbl no rP?PMYAaM 73/ 

co cnHHOM 4-; B TO speMB KaK B )KeCTKOM cneKTpe /2/ BBHO 

BH,ZUIO . HeCKOHLKO CHHLHLIX nepeXO.z:tOB Ha HH3KOHe)KaiQHe 
yposuu co cnuuoM· 2+, 'ITO roso.pHT ·s nonL.3Y npe.z:tnono)Ke-
HHB, 'ITO CllHH :noro pe30HaHca paBeH 3-, . 

,lJ;nB KOnH'IeCTBeHHOH oneHKH ciJnyKTyanuii OTHOWeHHH HH· 
TeucusuocTeii BHYTPH rpynn 6LinH BLI'IHcneuw BenH'IHHLI · 

. x2 
·oTKHOHeHHH 3KCnepHMe.HTanLHLIX TO'IeK OT COOTBeTCT· 

BYIOII\HX cpe,ZUIHX · 3Ha'leHHii •. PaCC'IHTaHHLie OTKnoHeHHB x 2 /v 
/r.z:te v - 'IHcno cTeneueii cso6o.z:tLI/ .z:tnB xopomo H3onHposau
HLIX pe30HaHCOB B 60nLWHHCTBe cnyqaeB 3Ha'IHTenLHO 

6 

:._ 

• 

~ 

' .I 

,.;. 

I 

Tada:ua I. 

Cmmll Keb'poBBWX pe80BIUICOB B :PeUu- l471a(n,•l I48a.. • 

~3 (aB) 

3,40 
I8,3 
'n,I 
29,7 
32,I 
39,7 
40,6 
,9,3 
57,9 
64.,9 
76,0 
79,8 
83,, 
99,5 
102,8 
100,8 
123,4 
140,0 
151,3 
163,6 

Cmm peiOUIIca 

Hs aepanax 
r-u~> 

3 
4 
3 
3 
4 
4 
3 

. (4) 
·3 

3 
4 
(4) 
3 
(4) 
(3) 
(4) 
3 
3 
3 
4 

JE) . Mil pad(mi ~~.&Qea • JQ>. l2/. 

H3 ato)IIIQIIX r- Dl}lUOJlOB 

3 .· 

4 
3 
3 
4 
4 
3 
4 
3 
(') 
4 
(3) 

1 3 

4 
3 
4 
3 
·3 
.3 
4 

6onLme e.z:tHHHnLI, 'ITO yKa3wsaeT ua cyxnecTBOBauue ueyq
Teuuwx ciJnyKTyanHH. 0,ZUIHM H3 HX B03MO)KHLIX HCTO'IHHKOB 

MOryT . 6LITL q,nyKTyanHH 3aceneHHOCTeii HH3KOHe)KaiQHX 

YPOBHeii .B pe3yHLTaTe ciJnyKTYanHH IlopTepa-ToMaca /3/ 
nepBH'IHLIX raMMa-nepeXO,IJ;C?B• 

Pact~ea 3aceAeHHocmeii HU3KOAeJKaUIUX ypoeHeii 

qT06LI. oneHHTL, Ha · CKOHLKO ciJnyKTYanHH nepBH'IHLIX 
raMMa-KBaHTOB MOryT 06'LBCHBTL cPnyKTyanHH MBrKHX ne-

7 
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pexo~oa, Ha ocHoae cTaTHctuqecKOH Mo~enH 6wnunpoae
~eHLI pacqeTLI. . IlonyqeHhl .. 3aceneHHOC"FH HH3i<one:>Ka1IUIX 
ypOBHeH, HX OTHOWeHH11> . ~HcnepCHH OTHOWeHHH,. cneKTp 
raMMa-KBaHT<)B •. PacqeTbi cpaBHHBanHCL c 3KCnej)uM'e'HTanL-
HhlMH ~aHHbiMH. : •. 

. 3aceneHHOCT,b . HH3KOJie:>KaiiUIX ypOBHeH MO:>KHO Bbipa3HTb 
KaK: . '·· . 

·A 1 · · A ·· 
P · = -A- ~ r r' h ££, • :/1/ 

£ r r' Y 
,\ y :·,,\ 

r~e ry - ~OJIHa11 raMMa-IIIHpHHa pe30HaHCa ,\ , ryf' 
napuuanLHa11 raMMa-IIIHpHHa nepexo,~;~;a H3 pe3oHaHc~ A Ha 
ypOBCHb f', 

· b ff'. - _aepo11THOCTL 3aceneHH11 _ypo}mg f qepe3, ace 
B03MO:>KHLie raMMa-KacKa~w, HaquHaiOIIUiecg c f' · ' . .' TaK 
KaK o:>KH~aeTC11, qTo napuuanLHhle WHJ>IIHhl r ,\£' Hei<'oppe-. . ·y 
JIHpOBaHLI no ,\ H pacnpe~eneHLI no H3BeCTHOMY 3aKOHY 
IlopTepa-roMaca /3/, To nonyqeHHe aenuquHLI b ££, no3ao-

n11eT paccqHTaTL ,ycpe~HeHHhlC 3aceneHHOCTH < p} >·X B 

~BcnepcBB a 2 ' 3aceneHHo·cTeH Pr· no· OTHomeHHID K· uii-
Pf . . 

~eKcy A. B ·TaKHx ycnoaagx ~acnepcag Bhlpa:>KaeTC11 KaK: 

a2 
Pr 

_1_ ~ b2 2 . ar ' r 2 r'. u' . .yr' 
y 

/2/ 
•':. .. 

rAe a.fyf' - ~OpTep- TOMaCOBCKa11 ~HCnepCH11 ~~pUHaJI,.HhlX 

ra¥Ma:-m~pBH. 
· . .Onpe~enaM 

HeH_. f B g .. KaK 
oTHomeHHe IG 3!1-c,eneHHocTe'i ~ayx ypo:a·-

, . '~. 
.r .. 

. .\ -A 
/~/' R,\ =pf /p • 

Hac BHTepecye-! cpe~Hee 3HaqeHBe <R ,\ > ~ a ~acnepcug 
u J . aenai:IBHLI R), ~n11 WBKCBpoBaHHOro _ 3HaqeHB11 cnHHa 
pe30HaHca h .. TaK KaK 3aCefeHIIOC~H p} H p,\ CTaT~CTH
qeCKH 3aBHCBMhl B3- 3.a 06ll{ero qJiemi . r, ,\f' ,g BX0~1lll{ero 
B BLipa:>KeHHe /1/, ~ucnepcH11 u 2 . Bhlpa:>Kae.fcg KaK: ·. . . . . .R ·,· . '.. . . 

8 

1.: 

" 

rAe 

2 · oRA . oR>. . 
a =(~)2u2 +.( . A )2u·2 + 

R a A P1 ap Pg 
pf g 

+ 2 
oRA 
---x ap 

g 

aR>.. 
~ ap£ 

.· ,\ >.. 
corr ( p f ; p g ) 

· ·A A >.. A 
corr ( p , p ) = < p p > \ 

g f f g I\ 

A A 
- <p >A <p \ .• f g 

/4/ 

/5/ 

B Hamei pa6oTe ~Ju onpe~eneHHJI BenH'IHH < R >.. .>A H 
a lt npoBo~IIJIHcL pacqeTLI MaTpHU h f ~~ • HcnonL3o:aancg 
MeTO~ nocne~OBaTeJILHOH pa3p~KH COCTOJIHHi qepe3 BCe 
B03MO:>KHLie KacKa~w. npe~no:>KeHHhli T. «iJoH 3r~H, YpoB
HH JI~pa-npo~yKTa 6hlnH pa36HTLI Ha ~Be rpynnhl: HIDKHJOIO, 
r~e ucnonL30BanacL B3BeCTHa11 cxeMa ypoBHei, H BepxHIOro, 
r~e cqHTaJIOCL, qTO nJIOTHOCTL ypOBHei 'onHCbiBaeTC11 KaK: 

p ( E , J , rr) = C J exp ( E/ T 
0 

) , /6/ 

rAe E - 3Heprug Bo36y~eHB11, T0 - TeMnepaTypa g~pa, 

2 
ZJ + l 1 . · (2J +1) E o • 

c = - exp[-( + --)] ·. /7/ J Za 2 T 0 8u2 T
0 

' 

B npe~nono:>KeHHH, qTO nnoTHOCTL ypoBHei p /He. 3aBBCHT 
OT qeTHOCTH rr, H u - «iJaKTop o6pe3aHHJI' cnHHa. E 0 H To 
Bb16Bpa10TCJI TaK, qT06hl npH nOMOIIUI «iJopMyJibl/6/ nonyqHTb 
3KCnepBMeHTaJihHYIO nnOTHOCTb B6HH3H 3HeprHH CB113H HeiT
poHa ·· a B o6mtcTH nepexo~a Me~y HH:>KHei H BepxHei 
rpynnaMH ypoBHei. · " 

Bepo11THOCTL · nepexo~a PL Me~y pa3HhlMB ypoBHJIMH 
JI~pa-npo~yKTa · 3aBHCBT oT Myn.LTHnonLHOCTH nepexo~a 
L H · · oT 3HeprHH · raMMa- KBaHTOB E • Jiwno · c~enaHo · ~aa 
BapuaHTa pacqeToa; B nepaoMuciioJib~oBanacL 3aauciiMOCTL, 
npe.zino:>KeHHa11 BeicKon«iJoM: /18/ 

2L + 1 
p L ., E y " . /8/ 

9 
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.IJ;JUI Bcex MynbTHllOnbHOCTeH. ~0 BTOpOM BapHaHTe HCnonb-
30Banacb TaKaJI >Ke 3aBHCHMOCTb ,niiH acex MynbTHnonL
HOCTeii, KpoMe E1 , .nnH KoTopoii npHiiHManacb 3aBHCHMOCTb 

. no Mo,nenH rHraHTCKoro pe3oHaHca /14/ 

. r 2 

p ..., AE4 GR ' /9/ 
E1 Y(E2-E2)2+r2E2 

GR y GR y 

r.ne E GR "'80 I A l/3 'A - Maccoaoe 'IHCno, r GR- WHP~Ha 
rHraHTCKoro pe3oHaHca, KOTopaJI BO Bcex pac'leTax npH-
HHManacb paBHOH 5,0 M3B. · 

MeTO~HKa pacq'eTOB 6bl~a rrpoaepella Ha g,npe 2.npo.nyK;~ . 
f5o Sm.· ,nnH :KoToporo cy~ecTByiDT. Heo6xo,nHMble' 3KcnepH:.. 
Mtm-fa:iiLHbl,e ,naHHbie. KaK H3 TennoBoro · 3·axB~iTa /5~ s, ~ < TaK 
H H3 p~3oHaHCHOro /6,7 I. B''pa6QTe /7 I nonyqeao-'a6coruoT-. 
'Hoe 3Ha'leHHe ycp({r~HeHHoil naptiilanb:Hoil pa.n;Hauao-uaoil wll
puHbl · E1 -ne'pexo.na ·~Ia. ypo:BeHb 4 + c 3Heprlleii 773,3 K3B. 

' 3TO 3Haq'euue HcnonbJOBanocb ,nng a6comOTH3aUHH I!JopMyn 
/8/ H /9/ .nnH E1 -nepexo.noa. ·113 pa6oTbl 161 TaK>Ke 
H3Bec'rHb1 OTHoweHHJI HHTeHC_HBHOCTeii El ·K M1 ·H E1 K E2, 
KOTOpble Mbl.HCnOiJb3QBanH B .IJ;Hana3oHe OT· 6, 7 .IJ;O 7,0 M 3B 
.nnH a6comoTH3aUHH I!JopMyJibl /8/ .nnH· M1 ·H E2 - nepexo-

- . ' '- ' ' 

)J;OB. ,npyrHe MynbTHnOnbHOCTH B pacqeTbl He 6blnH BKmo-. 
'leHLI. B pe3yJILTaTe nonyqeuhl 3aceneHHOCTH · HH3Kone>Ka·~ · 
IUHX .ypoBHeii g,npa 150 Sm npH. 3axBaTe HeiiTpoua ·B· pe3o
HaHcax CO CnHHOM' 4-, TaK KaK Ka>K.IJ;biJi H3 ypoBHeH 333,9; 
773,3 H 1071,4 K3B p~3pJI:>KaeTCJI_ TOn_bKO O.IJ;HHM HHTeHCHB
HbiM ·nepeXO.IJ;OM_ ~ .paCC'IHTaHHble 3aceneHHOCTH 3THX ypOBHeH 
MO:>KHO cpaBHHBaTL. c -H3:8ecTHbiMH -HHTCHBHOCTJIM~ cooTBeT-:
CTBYIO.IUHX nepexo~o:B nocne. 3axBaTa. Tennoablx ueiiipouoa 
/cnHH _ Tenn~aoro · 3axBaTHoro. cocToguHJI . ISO Sm. paBeH 
4-:-;. Pe3ynLTaTbi npHBe~eHbl B ma6A~ 2. 

llo-BH.IJ;HMOMY, pa3HOrnaCHJI Me:>K.IJ;y 3KCnepHMeH.TanbHbl
MH_ 3aceneHHOC,TJIMH B p·a6o'fax 15/u /BI MO>KHO o6i.JICHHTb 
TeM, ·.'ITO .. B pa6oTe. IB/ucnonb30Banacb BenH'IBHa Tennoaoro 
Ce'leHHJI .nns 149 Sm . paBua.R 64600 6apH, a B pa6o'I:e /5/. -:... ... ·- ' .... - - ". - . . . 
40800 oapH, KOTOpag 6nH3Ka, K 3Ha'leHHIO 41000 ± 
± 2000 oapH, peKOMeH,nyeMOMY B pa6oTe /17 i. Hec.MOTPJI 
Ha 3Ha'IHTenbHoe pacxo:>K.IJ;eHHe 3KcnepiiMeHTaJibHbiX HHTeH-
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Pac'leT 

Ta6./nnul II • . · 

3aceJie!DiacTK HHSKOJieZBIIliiX ypoBHelt B pe-149s.(n,ti15°Sm • -· 

noCJie aSXBaTa TennoBia lieiTpoHoli~ iwt·pac~eTa HcnaJILaoBaJIHcL 

~e~e- 3~'1e~-na~~B:· 5. = 5·~o (corJiacHo pa6oTe · . . . 

/16/), _E 0 = -0,080 JlaB • T 0 = 0,581 ll3B• llpH:ae.nem~ T~e · 

• aHa'leHKR J!,IIJI· nOJIHol p8ltBSIUioHHolt DIHPltml .. r; -. . . . 

3Hepl'Rii ypoBHH (.a:aB), J1t 

,, 333,9-
1' 2+ 

99% 

89% 

. .. 
'. ;7'73,3'. 

4+ 

-~- . 

~54% 

55% 

:82% -·,,54% 

1071,4 
3-

I9% 

!3% 

·, !4% 

- IlpHMe'la-
HHe 

:; (:~B) 

0,166 no .. cfloptzy-:-
Jic (8) -· • 

O,OSOEI no cflopMy-, 
' · JIC (9) 

·' · SKcuepH

•weHT. "60,9±,3,0% . 35, 7;ti,6%, 79I;t0,5% 

·.lr!J ~6~ . 
_Tu_75/. · .. 

lr!J P.aelo:- •. 
Til. /8/• . 

.·.-_ liJ P.ado- . 
·Tu/9/': 

83,33% 45,79% •. 9,'67%. ,- ., 

0,059 ' 1!3,J.l1l60-
~· ,: •. TIJ 717/,·,.;.· 

CHBHOCTeH,. 83. pa3HhlX: pa6'oT BH)J;HO, \To 3a~ifc~H~fOCTI~. THna 
/9/ .nnH' nepexo.n~B EL ;haeT nyqmee cofnad'le c 3KC~epH
MeHTanbHbiMH uuie8cH.oiloc:r11MII, · l{eJ.i ··3aa86uMocTb · /8/ ; .. 
.6oilee l CHnbHbiH apry~eu'f .B n~ni3y 3aBHCHMOCTH /9/'Bbi::. 
TeKaeT H3 cpaBHeHHR. pac_C'IHTaHHOH nonHOH pa,nHaUHOHHOH 
w'upHHbl. c. ee 3KcnepHMeHTallbHbiM 3Ha'leHHeM'. . '~·.· ' 

.. _,. ;· ' ! ; ·. -·· .. ::.. . ' - . :" . - - . . ·. ' ~ - . .._. ' 

. Cne.nyeT OTMeTHTb, 'ITO no pe3ynLTaTaM: liawHx.pacqe-
TOB _HcrioiibJOBaHHe 3aBHCHMOCTH /9/ n'pHBo.nU:-i- K TOMY, 
'ITO HHTeH,CHBHOCTH riepaa11Hbl.i ··i\iJ -nepexo.z\os npH .. 3HeprHJIX . 
E- y <: . 1,5. M3~ fi,P~!J~,wa.iOT. ~HTe~CHBHOCT~: .. E1. ~nepexo.n;oB: 
K TaKOMY. :>Ke BLIBo,ny, npHxo.nn: aBTOpbi ·pa6oTbl' /13/.ua 
o,cuos~ ,3KcnepHMeHTanLHLlx ~a'Hub.x H3 • pe~i<uuHI43Nd(~,a-y) 140 Ce. 
llonylJ:eiiiiLie pe3y.riLTaTbl ua g,npe 150 Sm. n'o:Ka.3b1Baroi", 'ITO ·. 

' . . ., "' . . ~ .,.,- ~ ·. . - .. · . . - . . . . ~ ·- . . . . 

.;:· 
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.u;aHHLiii MeTo.u; pac'leToB no3BOnJieT onucaTh nonuyro raMMa
DIHPHHY H 3aceneHHOCTH ·HH3Kone:>Ka~x ypoBHeii. 

Hcnon~o3y.s: 3Ty MeTo.u;uxy, MLI npoBenu pac'leTw 
.u;n.s: JI,D;pa 148 Sm, :qen~oiO·KOTOpl:dx 61:dno nonyqimue BenH'IHH 
<R A >A H a~ )J;nJI pe30HaHCOB pa3HLIX CnHHOB H ,D;HJI 
pa3HLIX nap KOHe'IHidX COCTOJIHHH f H g • TaK KaK ,D;HJI JI,D;pa 
148 Sm He 61:dno .u;aHHWX no a6coniOTHI:dM 3Ha'leHHJIM cpe.u;

Heii HHTeHCHBHOCTH El -nepexo.u;oB, TO He 6wno B03MO)K
HOCTH paCC'IHTaTh nonuyro pa.u;ua:qHOHHYIODIHPHHYH cpaBHHTh 
ee c 3KcnepHMeHTanhHI:dMH .u;aHHWMH. O,D;Haxo .u;ng pac'leTOB 
3aceneHHOCTeii H ux cllnyxTyanuii: a6coniOTH3anuu cllopMyn 
/8/ H /9/ He Tpe6yeTCJI. . 

Ecnu npe.u;cTaBHTL cunoByro cllYHKnHIO El -nepexo.u;oB 
Bwpa:lKeHHeM L = k E 5 A 8/3 KOTopoe JIBnJieTCJI 

D y ' 
3KCTpanonJinueii: cllopMynw /9/ .D;nJI 6 M3B < Ey <8 M3B/~~ 
TO, 3HaJI a6COniOTHI:de 3Ha'leHHJI HH_TeHCHBHOCTeii: nepeXO,D;OB, 
MO:lKHO. paCC'IHTaTh Bemi'IHHY k H cpaBHHTh ee C CYJneCT
ByiO&:qHMH ,D;aHHidMH. ~nJI 3TOrO B cnyqae JI,D;pa 148 Sm 
a6coniOTH3anHJI cllopMynw /9/ 6wna c.u;enaHa xocBeHHWM 
o6pa30M TaK, 'IT06LI paCC'IHTaHHaJI f 6wna 6nH3Ka K ee 
3KcnepHMeHTan~oHoMy 3Ha'leHHIO 11 7 < 0Tcro.u;a nony'leHo k · = 
=1,23.10 - 15 M3B-5, ~n.s: JI.u;pa 150 Sm H3 a6coniOT
HI:dX HHTeHCHBHOCTeii nony'leHO k = 2,28.10-15 M3B-5 • 
06e 3TH BenH'IHHW He cornacyroTCJI c .u;aHHI:dMH no clloTo
JI,D;epHWM peaxnuJIM /15~ r.u;e nonyqeHo k= 6,1.10-15 M3B-5• 

Jil:dHH nony'leHW 3aBHCHMOCTH BenH'IHHid b f f' OT 
3Hepruu B036y)K.u;eHHJI E r, ypoBHJI f ', KOTopwe noxa3aHw 
Ha puc. 4. IIpHBe,D;eHW KpHBLie ·.u;nJI Tpex ypOBHe:ii f C B03-
6y)K)J;eHHJIMH 550,3; 1161,7 H 1180~3 K3B ,D;HJI cnHHOB J ~, , 
paBHWX J A -1 , J X H J A+ 1 . H MJI 'leTHOCTH · 11 f' =- 11 A , 
IIo~yqeHHWe C nOMOI:qhiO Bldpa:lKeHHJI /1/ H /2/ BenH~HHid 
<p £ >A H uP£ /<p 1 >A npHBe.u;eHw B •a6.11~ 3. 

· PacqeTw 61:dnu c.u;enaHw .u;n.s: a = 5,0 H a =3,5. Oxa3a
nocL, 'ITO pe3ynhTaTid cna6o 3aBHCJIT OT a , no3TOMY 
B Ta6mlne · npuBe.u;eHw Ton~oxo pe3yn~oTaTw, nony'leHHI:de 
C CT = 5,0 /3TO 3Ha'leHHe cne.u;yeT H3 pa60TW /16/j. . . . 

Bu.i\Ho, 'ITO; ecnu Bepo1ITHOCTh El -nepexo.u;oB no.u;qu
HJieTCJI cllopMyne /8/, cllnyxTyanuu 3aceneHHOCTeiiHH3Kone
:lKa~x ypoBHeii MeH~ome, qeM B cnyqae, xor,LJ;a 3Ta Bepo.JIT
HOCTh onHCid_BaeTCJI cllopMynoii: /9/. 
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Puc. 4. BepoRmHocmu b ££' 3ace.11eHUJ1 HU3KOAeJKaUIUX ypoeHeii 
L 'lepe3 ece.-.eo3MOJKHble. KacKaor.z, Ha'lUHaiOUIUeCJI c ypoe-:. 
HJI ·£',, Kpueble coo'meemcmeyrom coi:JtioJIHUJIM ( 550;3 K3lJ 
/J 11 = 2+/, 1160,7 _K3B IJ 11 = 3.,.. / u 1} 80+3 /J~= 4,+/' u cocmo:. 
JIHUJIM £' co cnuHoM ."J 11, paeHbl~ 2, a+; 4+,· 5-t: Ef!-:-: 
3HepZUJI COC1/IOJIHUJI f ', ' f ' /c 

~ ~- · .• - '.,.~' 

06cyJKoeHue pe3y.11r.mamoe . 
j ~ : ·-'· 

Ha · .puc. 3 · noxa3aHw OTHomeHHJI.3KcnepHMeHTan~oHwx 

. HHTeHCHBHOCTeii nepexO,D;OB 630,0 H 550,3 K3B. oiliomeHHJI 
nonpaBmiHW Ha .BKmi.u; COCe,D;HHX pe30HaHCOB •. ,lJ;nH cpaB:. 
HeHBJI- noxa3aHw .3amTpuxoBaHHwe o6nacTu,: cooTaeTCTBYro: 
~:que. paccquTaHHWM 3Ha'leHHJIM <R.A >A, ± a R· cornacHo 
Bwpa:lKeHH.s:M ./3/ u:. /4/. 3xcnepuM.eHTan~oHwe 3Ha~eHu.s: 
<R A >:A . .u;nJI xopomo :~ponHpoB_aHHhiX pe3oHaHCOB yxa3aHw 
nyuKTHpHWMB .J.IHHBJIMH. 
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t-B1TPot-twl 3t£Pn1SI (38) 

Puc. 5 • . 0•HoJUeHue uH•eHCUBHoc•ei1 nepexoC>oe 611,4 u 
550,3 · K3B CJA.Jf pa3HbiX peaoliaHcoe. CMr.rcA KopuC>opoe •a
Koi1, xe · KaK ·. Ha puc. 3. BuC>Ho, 11•0 CJaHHoe o•HoJUeHue He 
aaeucu• o• cnuHa peaoHaHcoe. 

Ha puc. 5 npHBe,neHLI auanorH'IHhle pe3ynLTaTLI .nn.a 
napw. nepexo,noB 611,4 H 550,3 K3B • .z:(n.a 3Toro cnyqa.a 
BH,D;HO, 'ITO OTHOWeHHe HHTeHCHBHOCTeit MaHO 'IYBCTBHTenL-. 
HO K CUHHY .pe30HaHCa. 

B •a6A. 3 npHBe,neHLI pe3ynLTaThl pacqeTOB 3aceneu
uocTeit HH3KOHe)l(aiJlHX·ypOBHeit 550,3; 1161,7 H 1180,3 K3B 
,nn.a .ziByX CDHHOB pe30HaHCOB. TaK KaK 3aceneHHOCTH yp()B
ueit 550,3 K3B (J 17 =2+) H 1161,7 K3B {J~")cna6o 3aBHC.HT 
OT CDHHa pe30HaHca /•a6JJ. 3 H pUC. 5/, HX MO)I(HO cpaBHH· 
BaTL C Cyll{eCTBYIOIJlHMH .u;aHHhiMH / 10 ,Il/ no 3aceneHHOCT.HM 
ypoBueit nocne. 3axBaTa TennoB~ 'eitTpouoB B 147 Sm , 
T.e. c· 50± 9tfo H 13±3~ B pa6oTe 10 H 50~ H 11~ B pa6o
Te In/. 3TH pe3ynLTaTLI nnoxo cornacyiOTC.H c ni06hiMH 
BapuauTaMH pacqeToB I •a6JJ. 3/. Ha.no oTMeTHTL, 'ITO ,nauuwe 
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pa60TLI , /ll/ HOPMHpOB8.JIHCh , C nOMOIQhiO · nepeXO,lla 
550 K3B /2+ ... o-t- 1 Ha .naHHwe H3 110~ nocneJlHHe. 6:i.mJI 
a6COJIIOTH3HpOBaHLI no OTHOWeHHIO X .. BHTeHCHBHOCT.IIM B 
:rso Sm H3 /8/ npH H3BecTHOM o6oraiQeHHH H B3BecTHwx 

TenJIOBhiX 3aXBaTHWX . ceqeHHJii. .Kax y)Ke OTMeiranoc&, 
HCnOJih30BaHHOe B /8/3HaqeHHe ceqeHH.II TenJIOBOrO 3aXBaTa 
HeiiTpoHoB 149 Sm npoT:RsopeqHT senHqBHe ~ pexoMeH.nyeMoii 
·a /17~ EcnH c.nenaT& coo-IseTcTB-yio~A ri:epecqeT/Xo3cW-· 
llHeHT · 1 ,56/, To· nQJI}"iuic.ll ·xopomee cornacJie . Me)I(Jly 
3XCnepHMeHTaJILHLIMH' :H 'paccqHTS.IUihiMH 3aCeJieHHOCT.IIMH. 
3aceneHHOCT& ypoBH.II 1180,3 K3Bi no HaDmM pacqeTa:M, 
cYIQecT:BeuHo 3asucHT- oT cnBHa pe3()HaH·ca/•a6A~-,3/. Ilo3· 

. TOMY 3XCnepHMeHTMhHY.JO. 3aCeJieHHOCTh er<> ,. /18 ± 4~ H 
190/o a pa(joTax/IO(u/IIi' cooTseTCT:i3eHHo/,';Heni.3.11 cpa:BHH· 
BaT& C_ pacqeTOM; eCJIH -HeH3BeCTeH CnlmOBLIH COCTaB 
Tennosoro· ceqeHH.II · 147 Sm. ; ! ·· , :\. 

B cneKTpe raMMa-nyqeii, rio.JIYqeHHOM nocne 3aXBaTa 
TenJIOBLIX ueiiTpOHOB /I 0 (o6Hap-y>KeHO -HeCXOJI&K6 nepBHqHLIX 
nepexo,IJ;oB Ha YpoBHil ·co _ cnBHoM .. 2 +, a TaiOKe _ nepexo.n Ha : 
yposeH& 2213,2 K3B, xol'oP.o:My B_. pa60Te /~/ npHnHcaH 
cnHH 5 + ·' H3 pa6oT_ /IO • II/ OTHOineHHe HHTeHcHBHOCTeii 
nepexo,IJ;OB 630,0 x 550,3 1(3B pasio 0;36 •. Hcnon&3y.ll 3TY 
senuqHHY ·u COOTBeTCTBYIOIQHe'. :lxcnepHMeliTaJI&Hhl'e OTHO • ·• 
meHH.II, ycpe,D;HeHHWe no pe30HaHCaM jnyHXTHimwe JIHHHH 
Ha puc. 3/, _ Mo>KH:o ~ nOJ]yqHT&; npu6nH3.HTeJI:&HLIH cnHHOBWA 
CO.~TaJi Tennosoro ~ceqeH:HJI 'l47 Sm; a .HMeHliO • 78~ JlJI.II 
cnHHa' 3- H 22~ ,IJ;ns' CliHHa'4-. ··- } , . .· ~-.· __ ,• : , 

Tax xax sima~ pe3oHaHca 18-~3 3B B Telino'soe ceqeJiiie
He npeswmaeT 7fl/o ()T Bxna,IJ;a J peiJ<?HaHc( 3_,4~; 3B, MO>KHO 
3axmoqun~. qTo xoMnoHeHTa 4-:-· TennosoPo-~ceqeHH.II, no
BHJlHMOMY: npuila,IJ;neiaiT, :a_ oc:HoaHoM, · oTpHUaTen&HoMy 
ypOBHIO. I ·- , ., . :- •. . -:~ ;.,· 

. Kax 'BH,Il;HO . H3 : puc. a: H' 5, ~llHCaHHLIH:. ~&ime :Me-roJl 
pa.cqeTOB 3aceneHHOCTeii HHJKonelKaUUIX ypoBHeii no3BOJI.IIeT 
npeAcxa3aT& oTHomeHH.II 3aceneuHocTeii c io-iu~cT&IO ""10~ 
lmu nyqme. B ma6/r, '4 npHBOJl.IITCB 3HaqeHH.II o.THOCHTen&
HLIX sen:HqiH aal~,RA.>A., nonyqeHuwxs ·pacqeTe. PaccqH-. 
,;:aHLI x 2 - oTxnoHeHH.II 3XcnepHMe_iiTaJI&HLIX ()'!:uomeHHii R ~::r-_ _ 
OT. HX cpe,D;HHX 3HaqeliHA. < R e;_ ·>A • B 3TH pacqeThl 6LIJIH 
:BxnffiqeuLI 3xcriepHMeHTan&HLie omH6xB: · seJIH:'{HH · R )...x H 
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TeopeTHqecxoe cTaHJlapTHoe OTKJioHeHHe aR no 4Jop:w:yne 
/4/. YcpeJlHeHHe npoBOJlHJIOCL TOJihxo no xopomo H30JIHpo
BaHHWM pe3oilaHCaM /6 pe30HaHCOB CO CnBHOM 3- H 4 pe30• 
HaHca - co cnBHoM 4-/. · 

. Bepo.IITHOCTH W nonyqeHHJI TaKHX HJIH 6oJihmHX OTKJio
HeHHii :8 paMxax ·cny'qabwx clmYxTyaJU(it npHBe.neHw B 
•a6A. 4. BB.llHO, qTo B pe3oHaHcax co cnBHOM 3..: 3TH 
sepo.IITHOCTH :w:anw. Hcnom.30BaHHe .3aBHCHMOCTH - E; JmJI 
HHT~HCHBHOCTe:l nepsuquwx El ·nepexo.nos eiQe yseJIHquaa
eT 3TO pa3Hornacue, T.x • .naeT MeH&myro BeJlHqBHy aR no 
4JopMyne /4/. - · _ · · _ 

Tax xax B pacqeTe 6h1Jla ucnonL30BaHa cpeJlHJI.II sepo
JITHOCTL nepexo.na, a Ha. ypOBHH 550,3 . K3B CO CDHHOM 2+ 
H 1180,3 K3B CO CnBHOM 4+ HJlYT nepsuquwe El ·raMMa· 
nepeXOJlhl H3 pe30HaHCOB CO CDBHOM 3-, XOTOpi.Ie 41nyxTyH· 
pyroT B pa3HWX. pe3oHaHcax no pacnpe.neneHHIO IlopTepa
ToMaca, -B03MOlKHO, qTo 3aBwmeHHe 4JnyxTya101ii 3Xcn~pu
MeHTaJILHWX OTHomeHH:I R )_x CB.II3aHo c 4JnyxTyallHJIMH 
3THX nepsuquwx nepexo.nos. l1To6w· 3TO nposepHTL, 6hiJIH 
c,IJ;eJiaHw pacqeTw xoppeJIJIIlHH Me)I(Jly n~pBH-.fHWMH · 3Xcne-

. pHMeHTaJILHhiMH BHTeHcHBHOCTJIMH nepexo.nos Ha ypoBHH 
- 550,3 H 1180,3 . K3B B pe30HaHcax CO CnBHOM 3-
H 3XCnepHMeHTaJILHhiMH OTHOWeHH.IIMH HHTeHCHBHOCTe:ii 
J (630 ,0 )/ J (550, 3). IlonyqeHHWH X03c)clJH~HeHT xoppeJI.IIIlHH, 
paBHLIH ·0,29 JlJI.II ·meCTH H30JIHpOBaHHhiX pe30HaHCOB CO 
CDHHOM 3 ._ DOKa3LIBaeT, qTo pa36poc 3KCnepHMeHTan&HhiX 
OTHomeHHii He cB.II3aH c 4JnyxTyallHe:l HHTeHCHBHocTeii nep
BHqHLix nepeXOJlOB Ha ,IJ;aHHhle YPOBHH, Tax _xax xo3c)clJ~HeHT 
XOppeJI.IIIOIH OTpH~a TeJieH._ 

BBHJlY HeB03MO>KHOCTH o6'L.IICHeHHJI .4JnyxTyallHH 3Xcne
PHMeHTaJILHhiX OTHomeHHii R ~ MO>KHo .nonycTHTL, qTo 
OCHOBH&Ie npe,IJ;nOJIOlKeHHJI CTaTHCTHqeCXOB MO,lleJIH He Bioi• 
DOJIHJIIOTC.II. B TaXOM cnyqae HMeeT CMhiCJI npoaHaJIH3HpOBaTL 
X03c)clJHilHeHThl xoppeJIJIIOIH p (RA, r:A ) • r,IJ;e r~_x- npH
Be,IJ;eHHa.ll ueiiTpOHHa.ll WHpBHa. Pe3yJILTaTw 3THX pacqeTOB 
,ll;JIJI meCTH H30JIHpOBaHHhiX pe30HaHCOB .CO CnBHOM 3 yxa-
3aHLI B •a6A. 4 BMecTe c sepo.IITHO_(:TJIMH T nonyqeHHJI 
TaKHX HJIH 60JILWHX X03c)clJHIOieHTOB B paMXaX rHnOTe3hl 
o Hynesoii HCTHHHoii xoppeJI.IIIOIH. BHJlHO, qTo 6on&rime 
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Eclm: -.noriyCTHTL, 'ITO ueKOTOpax qacTL nap:uuanLHLIX 
pa,IUial{IIOHHWX DmpHH KOppeJIHpOBaHa C HeiTpOHHLIMH np~ 
Be.neimwM~ ~puuaMH _pe3ouaucoB, To B_enH'IHBa F.>.~= p1 ·I p g_ 
6y,I:\eT' B 06IUeM cnyqae~ "nOBTOpJITL" BapHal{IIH HeHTpOHHOH 
npin3e.neHHOfi IDHPliHLI H . 6y.neT ll03TOMY KOppeliHpOBaHa C 
r ~ .• TaKH~ -~6pa30M, MO~<;l ()6'LJICHHTI:>. yB~JIH'IeHH~ l)nyx-
TyaiUIH Be~'IHHLI_ R A. · .. -' ·_ · : . · · 

· · llonyqeuuwe pe3ynLTaTLI B pea:K:uuu ·147 Sm (n ,·y) 148 Sm 
yKa3LIBaiOT Ha 'B03M0)1(110CTL cymeCTBOBaHHJI BKJia,I:\a 
xauanLuoro pe3ouaucuoro · 3axBaTa /12/ HJIH .npyroro 
MexaHH3Ma /l9/, KOTopwii npHBO.IUIT K xoppenx:uuu· Me)K,t\y 
ueiTpouuoi npHBe.neuuoi IDHpuuoi H napiiuanLHLIMH pa;tila
IUIOHHLIMH IDHPHHaMH. _ 

ABTOPLI BLipa>KaiOT iipH3HaTem.uocTL .noxTopy T. l)ou 
3rH.t\H 3a npe.ncTaBneHHYro HM nporpaMMY NGAM, KOTopax 
6wna HCllOJIL30BaHa B.' Ha'lanLHOH CTa,I:\HH Hamei pa60TLI~ 
B.H.«<lypMauy, ·IO.ll.llonoBy 3a :ueHHLie o6cy)K,t\euux, a Tax
>Ke 3.BO:UHJIKOBOH u· JI.rpoHHKY 3a 'nOMOJUL B o6pa60TKe 

.,I:\aHHLIX u:B H3rOTOBJieHHH pHCYHKOB.· 
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' : ·.·'. 

Y CJIOBJUI o6MeHa 
llpenpHHTLI H coo6~eHHH OIUUi paccLIJiaiOTCH 6ecnnanio, Ha ocHoBe 

B3aHMHOrO OfiMeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpHHM, 
6H6nHOTeKaM, Hay'IHLIM rpynnaM H OT,D;enLHLIM y'leHLIM 6onee 50 CTpaH. 

· MLI o:am,D;aeM,. 'ITO nony'laTenH H3,D;aHHii OIUIH 6y,D;yT caMH npoxB
nHTL HHHllHaTHBY B 6ecnna THOR nOCLIJIKe ny6nHKallHH B ,ll;y6Hy. B nopll:,D;Ke 
o6MeHa npHHHMaiOTCH Hay'IHLie KHHrH, JKypHanLI, npenpHHTLI H HHOrO 
BH,D;a ny6nHKallHH no TeMaTHKe. OH.HH. 

E,D;HHCTBeHHLiii BH,D; ny6nHKallHH,KOTOPLiii HaM npHCLIJiaTL He cne,D;y· 
eT,- 3TO penpHHTLI I OTTHCKH eTa Teii, yJKe ony6nHKOBaHHLix B Hay'IHLIX 
JKypHanax/. 

B px,D;e cnyqaeB MLI caMH o6pa~aeMCH K nony'la Tenll:M HaWHX H3,D;a
HHH C npOCL60H 6ecnnaTHO npHCnaTL HaM KaKHe·nH60 KHHrH HnH 
BLIITHCaTL ,D;nH Haweii: 6H6nHOTeKH Hay'IHLie )l{ypHanLI, H3,D;aiO~HeCH B HX 
cTpaHax. 

OT~eJibHbie 3arrpocbi 

li3,D;aTenLCKHH OT,D;en eJKero,D;HO BLIITOllHHeT OKOnO 3 000 OT,D;enLHLIX 
3anpocoB Ha BLICLIJIKY npenpHHTOB H coo6~eHHii OH.HH. B TaKHX 3a· 
npocax cne,D;yeT o6x3aTenLHO yKa3LIBaTL HH,D;eKc 3anpaWHBaeMoro 
H3,D;aHHH. 

A~peca 

llHCLMa no BCeM BOnpocaM 06MeHa ny6nHKallHHMH, a TaKJKe 3anpo· 
eLI Ha OT,D;enLHLie H3,D;aHHH cne,D;yeT HanpaanHTL no a,D;pecy: 

101000 MocKea, "~ 
TAaBHblii no'lmaMm, ri/11 79. 
H3oameA&cKuii omoeA 
06MiOUHeHH020 UHCIIIUIIIYIIIa 
JIOepHbiX UCCAeOOBaHuii. . . 

A,D;pec ,D;nH nocLinKH Bcex ny6nHKallHH B nopH,D;Ke o6MeHa, a TaKJKe 
,D;nH 6ecnnaTHOH no,D;nHCKH Ha Hay'IHLie )l{ypHanLI: 

101000 MocKea, -
TAaBHblii no'lmaMm, n/11 79. 
llay'IHo·mexHu'leCKaJI 6u6AuomeKa 
06-,eOUHeHHOZO UHCIIIUIIIYIIIa 
JIOepHbiX UCCAeOOBaHUU. 


