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l.BBEj(EHHE 

lhy"'eHHe c:BoiicTB Bo36y)l(,neHHhix cocTOHHHii H,nep, 6JIH3-
•KHX K JanonHeHHoii HeiiTpoHnoii o6oJIO"'Ke N =50 H npoTOHHOH 
llO.D;06<mO"'Ke Z =40, npe,D;CTaB.iiHeT 3Ha"'HTe.JibHhiH.HHTepec 
c io"'KH JpeHHH paJBHTHH-:TeopeTH"'ecKHx npe,ncTaBneHHii o 
H,npax :noH: o6nacTH. B. ~BH?H c Bo3pacTaromHM HHTepecoM. 
K C~OHCTBaM MHOrO"'aCTH"'HhiX COCTOHHHH H,D;ep B03HHKaeT 
llOTpe6HOCTh B 6onee ,neTaJihHOM HCCJie,D;OBaHHH BhiCOKHX 
ypoBHeii .•. 88 Zr · c 6oJihliiHM .CIIHHOM; qacTh H3 KOTOphiX 
,D;OJI)I(HaB036y)I(,D;aThCH npH 6eTa'~·pacna.ne ~r Nb 47. (I"= a+)~ 
. · . B Jla6opaTopHH H,nepHhiX npo6neM OIUIH paHhllle HJyqan
cH pacna~ 09 0 Nh 'Ha B036y)I(.D;eHHhle ypoimH nonyMarH"'e9KO
ro H,npa 40 Zr 50 Ill, H, ecTeCTBeHHO; HHTepecHo npoaHanH-. . . ' . . 88 
3HpOBaTh B036y)I(,D;CHHhie COCTOHHHH H,D;pa 40 Zr.48 , .. · OTJIH-
tJ:aromerOCH OT H,npa ~8 Zr 50 " .n~YMH· ",rtixpKaM~" B. HeiiT
poHHOH o6o.iJO"'Ke, H cpaimHTh CXeMhl ypOBHeH 3THX H,D;ep. 
. C 3TOH n;eirhro . HaMH HCCrre,nc>BaJIHCh···cneKTPhi H3Jiy"'eHHH, . 
B03HHi<arouiir'e npH'pacna.ne ·.~B·Nb(I 17 ..:: a+) • . 

Pacna.n . 88 Nb paHee iiJyqancH <I>nereuxaH:MepoM 12
/ :H 

)J.opoHoM· /3~1fMH 6hma o6Hapy)l(eHa aKTHBHOCTh, cna,naroma$1 · 
c nepHo,n·o·M nonypacna.na 13,5 MUH, KOTopaH 6bma n~HnHcaHa 
pacna.ny 88 Nj. H3 aHaJIHJa cneKTpa y. -nyqeii 

8 Nb a-8-:. 
·TopaMH · 12 ·~ BBe,neHhi Bo36y)l(,ll;eHHhle cocTOHHHH 88 Zr .· c 
3HeprHHMH 1056,5. K38 .(2+). ;·1816 1(38, 2138,9 1(38 (4+), 
2538 7(38(4,5-), 2809,8 7(38(6+),2886,8 K3e (7,8+) H 
3390 1(38 ( 7 ,a+). Bo:i6y)i(,neHHhle COCTOHHHH 88 Zr · HCCJie,ll;o
BaJIHCh TaK)I(e B p~aKIUiH 9?Zr(p,t) 88 Zr /4,6~ B nHxpa6o..: 
.TaX ypoBHHM C. 3HeprHHMH.1057, 2134 H2875 1(38 npHllHCaHhl 
cnHHhi H "'eTHOCTH 2+·, 4 + Ii (8,6)+. cooTBeTcTBeHHO. lfrnHx·a
pa H .np. /7 I HJMepHJIH ·J3peMH )I(IIJHH Bo36y)I(.D;eHuoro cocToH-
HHH 88 Zr · 2887 K38 T ~ =/1,75±0,20/ MKCeK.' · 

. ~ .. 3 



B pa6oTe /8/ Hccne.n;oBanHch cnei<Tphl y -nyqeii H 
y- y -coBna.n;eHHii npH pacna.n;e 88 Nb. YpoBHHM c 3Hepr:HH
MH 1057, 2139, 2539, 2810, 2887 H 3390 K36 aBTOphi /8/ 

+ + . + + npHnHcanH 3Ha'leHHH CnHHa H 'leTHOCTH 2 ,4 , ( 4 -) ; 6 ,8 H 
( 7 +, 8 +, 9 + ) COOTBeTCTBeHHO. 

B uacToHmeii pa6oTe npHBO.IJ;HTCH pe3ynhTaThl Hccne.n;o,. 
BaHHH cneKTPOB y -nyqeii, y- Y -coBna.n;eHHH H 3lleKTp0HOB 
BHyTpeuueii KOHBepcHH npH pacna.n;e 88 Nb (I" =8+). · 

YCJIOBHJI H PE3YJibTATbl 3KCIIEPHMEHTA . 
88 Nb nonyqancH B peaKU:HHX rny6oKoro paciiJ:enneHHH 

cepe6pa npoToHaMH c 3HeprHeii 660 M3e. B Ka'leCTBe 
MHIIIeHH HCnOllh30BanCH XnOpH,IJ; cepe6pa. llOCTaHOBKa MHIIIe
HH B BhiBe.IJ;eHHhiH ny'IOK npOTOHOB CHHXPOU:HKllOTpOHa JUJU 
OIUIH H ee .n;ocTaBKa o6paTHO B pa.n;HOXHMH'IecKyiO na6opa
TOpHIO ocYII{eCTBnHnHCh nueBMono'IToii. BpeMH o6ny'leHHH 
COCTaBmmo OKOnO 10 MUH. HH06Hii Bhi.IJ;enHnCH MeTO.IJ;QM 
ra3oBoii 1-epMoxpoMaTorpacfJHH, 'ITO no3BOnHno npHroToBHTh 
pa.IJ;HOaKTHBHhie HCTO'IHHKH HH06HH 3a 3-4 MUHymbl nocne 
KOHIJ:a· o6ny'leHHH; 

CneKTPhi y - nyqeii 88 Nb · 6hmH -H3MepeHhi 'c noMomhro 
y - cneKTPOMeTpoB c. 'Ge ( Li) · - .n;eTeKTopaMH o6'heMoM 
2,4. H 37 CM d H 3HepreTH'IeCKHM pa3peiiieHHeM 2,3 H 4 .K36 

B o6nacTH 3HeprHii 1 M3e cpoTBeTCTBeHHO. KanH6poBKa no 
3HeprHHM npOH3BO.IJ;Hnach C nOMOII{hiO H3BeCTHhiX. y -nepe
XO.IJ;OB; B0_3HHKaiOIIJ:H~ npH pacna.n;e 88 "Nb, 89 Nb H 9 ONb ,KoTo
Phie npHcyTCTBYIOT B Bhl,n;enHeMhiX HCTO'IHHKax. IIpHHa,n;ne)K
IIoCTh .. y -nepexo.n;oB K Ka>K.IJ;oMy H3 H30TonoB onpe.n;enHnach 
no cna,n;y HX HHTeHCHBHOCTH. . 

88 Nb H 88m Nb HMeiOT MHoro o6mHx y -nepexo.n;oB, 'ITO 
3aTpy.n;uHeT auaiiH3 HX cxeM pacna.n;a. ~aHHhie HaiiiHXHccnej 
.n;oBaHHH cneKTpoB y - nyqeii88m Nb 6hmH ony6nHKOBaHhl B 19 1 • 

Pe3ynhTaThi auanH3a cneKTpoB . y .;nyqeii, B03HHKaiOIIJ:HX 
npH pacna.n;e 88g Nb, noKa3aHhl B Ta6n .• _ 1. ~~H, cpaBHeHHH 
.B. Toii-)Ke Ta6nHn:e·npHBe.n;eHhi .n;aHHhle pa6oThi /8/. . . _ 

. H3MepeHHH cneKTPOB y- y - coBna.n;euHii npoBO.IJ;HnHCh 
c · noMOII{hiO. Ge ( Li) - Ge ( Li) - ,n;eTeKTopoB c o6'heMoM 27 
H 41 eM 

3
• Pa3peiiiaromee BpeMH cneKTpoMeTpa i::ocTaBnHno 
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50 HCeK. H3yimnHOh coBna,n;eHHH c y -nyqa:MH c :meprHeii 
271,4; 399,4; 502,9; 671,1- H 1057,05. K3e. Pe3yHhTaThlaua
nH3a cneKTPOB -y-y~ COBna.n;eHHH .n;eMOHCTPHPYIOTCH B Ta6n.2 •. 

: CneKTP 3neKTPOHOB BHyTpeuueii KoimepcHH 88 Nb 113Me .-. 
pHnCH Ha 6e3)Kene3HOM 6eTa-cneKTpOMeTpe C TOpOH,n;anhHhiM 
Maru:n:.THhUd norieM hoi, ~aHHhie H3y'leHHH cn.eKTpa KoliiJep:. 
CHOHHhiX 3neKTpOHOB CBe,IJ;eHhi B Ta6n. 3 •. 

CpaBHeHHe 3KcnepHMeHTanhHOro OTHOIIIeHHH HHTeHCHB
uocTeii K , L KOHBepcHOHHhiX 3neKTPOHOB nepexo.n;a c 3Hep
rHeii .76;7 K36 C ,TeopeTH'IeCKHMH OTHOIIIeHHHMH a K /aL /11/_ 
nOKa3ano, .'ITO ,IJ;aHHhiH nepexo,n; HMeeT MynhTHnOnhHOCTh 
THna E2 /Ta6n. 4/~. 3uaqeJiHe a K .n;nH y·-nepexo.n;a 76,7 K3e 

6hmO npHHHTO paBHhiM 2,33,H onpe.n;eneHO 3Ha'leHHe a K ,n;nH 

y -nepexo.n;a c 3HeprHeii 271,,4 K3e (aK=(4,5 ~1,2) 10-3), 

CXEMA PACIIA,l(A 88 Nb H OECY)[(J(EHHE 
PE3YJibT~TOB. 

IIony'leHHhie HaMH 3KcnepHMeHTanhHhie· pe3ynhTaThi no-
3BOnHIOT yTO'IHHTh :meprHH y -nepexo.n;oB, c.n;enaTh 3aKnro
'leHHH· 0 CnHHe ~H qetHOCTH HeKOTOphiX pauee H3BeCTHhiX 
B036y)K,IJ;eHHhiX COCTOHHHH 88 z~: H BBeCTH pH,IJ; HOBhiX ypOBHe'H .. 
B _cxeMy pacna.n;a 88 Nb. IIpe.n;naraeMaH HaMH cxeMa pacna.n;a 
88 Nb ~ 88 Zr noKa3aHa Ha PHC. 1. IIpH pac'leTe aenH'IHH 
fg ft 6hmo npHHHTO Teop

1
eTipiecKoe 3Ha'I~HHe :meprH~ pac- ~-

na.n;a . 88 Nb 7,5 M3e ' 121 , · . · 

.YpoBHIO c 3HeprHeii 2539 K3eB pa6oTe !31 npHnHChiBaeT-
CH · I"· = ( 4,5)..,... , . a B pa66Te /8/ ( 4 -) .H3' auanH3a ·HaiiiHX 
pe3ynhTat(m cne)J:yeT, 'ITO MYllhTHnOnhHOCTh. y -nepeXOAa. 
c .3HeprH!iii 271,4 · K3e THna El, 'ITO no3BOmieT o,n;H03Ha'IHO-. 
npHIIHC~Th 3TOMY YPOBHIO I 17 

= 5..,.. • MyJrhTHnonhHOCTh Y.
nepexo.n;a c 3HeprHeii 76,7 K3a - THna E2, <iTo no,n;TBep>K.n;a'eT 

r~~·a=q_e;!e-<sCf.HHa 'H ~eTHOCTH ypOBHH C _3HeprHeii 2887 K36 . : 

. raMMa:- ny'IH C 3HeprHeH 503 K36HaXO.IJ;HTCH B COBna,n;eHHH 
TOllhKO. C aHHHrHnHU:HOHHhiMH ·--y~-KBaHTaMH, 'ITO CBH,IJ;e
TenhCT~yeT o npaBHnhHo~pa3MeiiJ:eHHH · y -nepexo.n;a c ;mep
rHeii 5()3_ K3e Me)K,n;y ypoBHHMH 2887,7 u· 3390,7 K38 /3,8; • 
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H8 . OCHOBe 68n8HC8 3He.prHH H HHTeHCHBHOCTeH B CXeMy 
p8Cll8.D:8 

88
Nb BBe.D:eHLI ypOBHH C :mepniHMH H KB8Hl'OBLIMH 

X8p8KTepHCTHK8MH: 3885 K36 ( 7+,8+) , 4162,5 K36 ( 7+,8+,gt-l 
4609,4 K36 ( 7 +,8+ ,9 +) H 4933,6 K36 ( 7 +,8 +,9 +) • 

. _,_' B . ~8 Zr 50 . mi6~IOJJ:8IOTCH npoTO~HLie YPOBHH o+ ;2 +, 
4 · ,6+ ,8+ .c KOH!)JHryp8UHeii p(g 9 ; 2 ) ·/puc. 2/ /~3/ • 
MmKuo mKH.D:8TL cyiUeCTBOB8HH» 8H8noru<JHLIX yposueii·u y 
88 Zr. Ho 3JJ:ecL, B oTnH<IHe oT 9 0 Zr, HMeiOTCH eiUe JJ:Be. 

HeHTpOHHLie . ".D:LIPKH", KOTOpLie TO)Ke MoryT o6ycnOBHTL 
llOHBneuue. YPOBHeii c KOHqmryp8UHeii n( g 9 /2) - 2 • B03MO)K
HO, npOTOHHLie H HeHTPOHHLie ypOBHH C O.D:HHaKOBLIMH 3H8<Je
HHHMH cnHHOB H <IeTHOCTeii 6Y.D:YT cMeiii8HLI. B 88 Zr no»B
miiOTCH YPOBHH 2 + /1057 K3e/, 4+ /2139,8 K3ej ,6+/2811 K36/ 
H 8+ /2887,7 K36/. T8K K8K 3TH . COCTOHHHH B036y)KJJ:8IOTCH 

B pe8KUim · 90Zr( p,t) 88 Zr /4-6/, cne.D:yeT npeJJ:
nono)KHTL, 'ITO HeHTpOHH8H KOMllOHeHT8 B HX KOH«i>Hryp8UHH 
CYIUe CTBe HH8. · 

Corn8cuo 171 speM» )KH3HH ypoim» 2887,7 K3e (8+) 
/1 ,75±0,2/· MKCeK. ,lJ;nH y -nepeXO.D:8 76,7. K36 

T ( E2) 5 P = T 11 ( E2) 
~ ; • 12 . 

llOK83LIB8eT, 'ITO ypOBHH 2887,7 H 2811 K36 HMeiOT OJJ:HH8-
K0BYIO. llpHpOJJ:Y. 

. . + . 
YpoBeHJ, 8 /2887,7 K3e/ B036y)KJJ:8eTc»npu {3 -p8Cn8-

. .D:e THll8 p(g9 /
2

) ->n(g
9

;J•3H8<JeHHe egft, =6,1 JJ:nH :noro 
nepeXOJJ:8 H8XOJJ:HTCH B COrn8CHH CO 3H8'1eHHHMH fg ft JJ:nH 
8H8nOrH'IHLIX {3 -nepeXO.D:OB y COCe.D:HHX HJJ:ep. 3H8<JeHHe 
fg ft .D:nH {3 -nepexo.D:8 H8 ypoBeHL 3390 K3e mi. 0,4 
MeHLIIIe, <I eM .D:nH nepexo.D:8 H8 yposeHL 2887,7 K3e, B03MO)K
uo,. 3TO YK83LIB8eT H8 TO, 'ITO COCTOHHHe C 3Heprueif 

3390 K36 B03QY)KJJ:8eTCH BCne.D:CTBHe· nepeXOJJ:8 ptg9/t~n( g7
/2)• 

0.D:H8KO :riOT nepeXO.D: C.BH38H CO cne.D:YIOIUeH OfiOJIO'IKOH, H 
ll03TOMY HeHTpOHH8H KOHqmryp8UHH ypOBHH 3390 K36 6y.D:eT 
n ( g 7; 2 ) I n ( g 9 ; 2 ) - 3 • EcnH 3TO T8K, TO ilH8JIOr~<JHLIH 
yposeHL .D:On)KeH CYIUeCTBOB8TL H B H.D:pe 9 ° Zr. ·He HCKnro
qeuo, 'ITO O.D:HH H3 BLICOKHX ypOBHeH B 9 O Zr, • C HH3KHM . 
3H8<JeHHeM fg ft , B036y)KJJ:8eMLIX npH p8Cll8JJ:e 9 0Nb, HMeeT 
T8KYJO )Ke CTPYKTypy. 
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. B 9 0 Zr H86niO.D:8IOTCH ypoBIIH c I rr,:, 4- H 5- c KOH~ 
«i>uryp8UHHMH p(p 1/ 2 ) 1 p(g

9
/J/13 /.Bo3MO)KHO, ypoBHH 8BZr 

c :meprueii 2539,2 K3e(5-) u 2989,8 K3e (4-,5-)uMeiO'I: 
T8Kyro )Ke CTPYKTYPY. 

B p86oTe /I37 ypoBHH 9 0 Zr c :meprHHMH H KB8HTOBLI-
MH X8p8KTepHCTHK8MH 5060 K36 (7+), 5164 K36 (8+) H 

5432 K36 (9+) HHTepnpeTHpyiOTCH K8K 'leTLipeX<J8CTH'IHWe 
COCTOHHHH. Bo36y)KJJ:eHHe T8KHX YPOBHeH npu {3 -p8Cll8JJ:e 
.D:Om~HO npoHCXO.D:HTL npeBp8JUeHHeM · p ( g 9 /2) ->n ( g 9 j2) . 
1ieT8:-nepexo.D:LI H8 ypoBHH 88 Zr 3885 K3e ( 7 ;s+) H 
4162,5 K36 (7,8,9) + HMeiOT ·38BLIIIIeHHLie .3H8'1eHHH f~ ft , 

, KBK H . {3 -nepeXOAbl H8 BbiCOKone)K8~He ypOBHH B 
9 0 

Zr : IIo3ToMy He HCKnroqeuo, 'ITo 3TH ypoBHH HMeiOT 

CTPY,KTypy, aHanorH<IHyro CTPYKType• ypoBHeil: 9 0 Zr •. 
. ' 

ABTOpLI BLIP8*8IOT 6n8rOJJ:8puociL npo«<>eccopy K.JI.rpo
MoBy 38 llOJJ:JJ:ep)KKY H HHTepec K p860Te H B.B.ron8H'I:YK 
38 llOMOIUL B o6pa60TKe 3KCnepHMeHT8nLHLIX .D:aHHLIX. 
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PyKOIIHCb IIOCTYITHna B H3.D;aTenbCKHH OT.D;en 
4 OKTH6p.H 1973 ro.n;a. · 

Ta6nHn:a 1 
3HeprHH H HHTeHCHBHOCTH y - nyqeii, B03HHKalOII(HX 

rrpH pacrra.n;e 88 Nb 

HacToH~aH pa6oTa ParJoTa/8/ HacTOHillBH pa6oTa 
- . 

Er,~<l& - It rr Ed' 1 K38 Ir 
76,7 t0,2 23',0 t2,5 23,5±1,4 ll64,2to,8 0 1 46±0,15 

224,6 :!:.o,8 0,34t0,12 - 1219 ±1 o,5T.:0,15 

257 !1 0,28:!:.0,10 - 1247,6±0,6 0,4 t0,1 

271,4 to,2 33 ±3 29,4±1,5 1275,3±~,6 o,3 to,1 

399,38±0,13 33 :!:.3 . 31,5t2,8 1348,4±0,7 o,38to,1o 

• 476,o :to,4 o,68±o,2o - 1377,2±0,9 0,25:!:.0,10 

502,9 :!:.0,2 64 ":!:.7 ,'• 80 :!:.6 1407,5±0,5 0,70!0,15 

67ly1 :!:0,2 65 :!:5 66,3:!:2,1 1478,3±0,6 0,44'!:0,10 

771,2 ±0,6 0,64±0,20 - 1543,0:!:.0,6 i,2'to,2 

920,2 t0,4 2,0 :!:.0,3 - 1573,8!0,6. 0,7 :!:0,2 

943,2 !0,7 0,57:!:0,20 -. 1721,4~0,6 0;60t0,1S 

957,o to,? 0,6 :!:0,2 - 2045,8±0,5 0,63!0,15 

997,3 to,5 · 0,54±0,15 - 2082,5:!:0,6 0,43:!:.?,15 
.. 

-1057,05±0,1~ 100 ±6 100 !5 2255,7±0,9. o,25to,l0 

1075,3 to;4 5,7 to,8 - 2263 :!:1 0,2±0,1 

1082,80t0,13 100- :!:8 98 t5 2311, 'd±0 1 7 . o,8·to,2 

2450,7!.0,8 o_;43±0,15 

Puo~ 

r,.. 
-
-
-
-
-
-
-
-
-
-
-
- ··"'· 

-
-

,-
--

·-

>< :zl. 
:it 
<D 
cu 
1'::{ 
~ J:q 
r=: (l') 

·= "0 ~ 
= cu = :X: .. Q) 
I:{ ... H 
«! ,_ 
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Y CJJOBKH 06MeHa 
llpenpHHTbl H C006ll.ICHHJI 0J1JIJ1 pacCbiJialOTCJI 6eCUJIUTHO, Ha OCHOBe 

.B3UHMHOrO 06MeHa, YHHBepCHTCTCM, HHCTHTyTaM, Jia6opaTOpHHM, 

6H6JIHOTeKaM, Hay'l:Hb!M rpynnaM H OT,!J;CJibHblM Y'l:CHbiM 6onee 50 CTpaH. 

Mbi OJKH,D;aeM, 'l:To nony'l:aTeJIH HJ,D;aHHii Ol1JII1 6y,D;yT caMH npoHs

JIJITb HHHUHUTHBY B 6ecnnaTHOH llOCbiJIKe ny6JIHKUUHH B }J;y611y. B UOpli,D;KC 

06MCHa llpHHHMalOTCH Hay'l:Hh!C KHHrH, )l()'pHUJibl, npenpHHThl H J!Horo 

BH,D;a ny6JIHKaUHH ITO TeMa THKe 0J1Jill. 

E,D;HHCTBCHHblH BH,!J; ny6JIHKUUHH,KOTOpblH HaM npHCbiJiaTb He CJIC,D;y

CT,-3TO penpHHTbl /OTTHCKH CTUTCH, )')I(C ony6JIHKOBUHHblX B Hay'l:Hb!X 

JKypHanax/ • 

B pH,D;e CJiy'l:aes Mbl CUMH o6pall.IUCMCJI K"llOJiy'l:a TCJIHM HalllHX H3,D;a

HHH C ITpOCb60H 6eCnJiaTHO ITpHCJIUTb HaM KaKHC-JIH60 KHHrH HJIH 

BbiUHCUTb ,!J;JIH HallleH 6H6JIHOTCKH HUY'l:Hble )l(ypHUJibl, H3,D;alOlliHCCH B HX 

cTpaHax. 

OT,lleJihHhie 3anpocbi 
J13,D;aTCJibCKHH OT,!J;CJI C)l(erO,D;HO Bh!UOJIHHCT OKOJIO 3 000 OT,!J;CJibllbiX 

JanpOCOB Ha Bb!CbiJIKY npenpHHTOB H C006ll.ICHHH 011JIJ1. B TaKHX Ja

npocax CJie,D;yeT 06JI3aTCJibHO yKa3biBaTb HH,!J;CKC JanpalllHBUCMOrO 

H3,!J;UHHH. 

A.r~peca 

llHChMa no seeM sonpocaM o6MeHa ny6JIHKaUHRMH, a TaK)I(e Janpo

Chi Ha OT,!J;CJibHbiC H3,!J;UHHH CJIC,D;YCT HanpaBJIHTb no a,IJ;pecy: 

101000 MOCK(Ja, 
F /Ia6HbiU nO'lTIIaMm, n/11 79. 
H3oameAbcKuii omoeA 
06oeOUHeHH020 UHCTIIUTIIYII!a 
JIOepHbiX UCC/Ie006aHUii. 

A,D;pec ,!J;JIR llOCbiJIKH BCCX ny6JIHKaUHH B ITOpli,D;Ke 06MeHa, a TUK)I(e 

,D;JIR 6eCITJiaTHOH ITO,D;UHCKH Ha Hay'l:Hb!C JKypHaJibl: 

101000 Moc1<6a, 
FAa6nr,zii no<~maMm, n/11 79. 
Hay<~no-mexnu<~ecl<:aJI 6u6Auomel<a ~ 
06oeounennozo uncmumyma 
JIOepHbiX UCC/IeOo6anuii. 


