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fpOMOB K.51. If ,np. 
CxeMa ypoBHeiI a,npa 217 At npH a-pacna,ne 221 Fr 

P6-99-17 

faMMa-cneKTp If cneKTpbI (a - y)-coBna,neHHH IiCCJie,LIOBaHhI C lfCilOJih30BaHH
eM HCTO'lHlfKOB, co,nep)KaBIUlfX paBHOBeCH)'IO u:enO'lKY pacna,noB a,npa 225 Ac, BhI-
,neJieHHOro H3 229 Th ( Ti_ 12 = 7,3 • 103 JieT). IlpH KOJilf'IeCTBeHHOM aHaJilf3e 

(a - y)-coBna,neHHH onpe,neJieHbI 3aceJieHHOCtlf ypoBHeH 217 At, IlOJIHble lfHTeH
ClfBHOCTlf If MYJihTHnOJihHOCTH pa.na y-nepexo.noB. CBoiicrna ypoBHeiI 217 At 
B npeMaraeMoiI cxeMe pacna.na 221 Fr cornacyioTca c HHTepnpernu:HeiI HX KaK 
B036y)K.LleHHH, CBa3aHHhIX C COCTOaHHa~m o60JIO'le'!HOH MO,LleJilf p(h912)3 

If p (h 91 2 )
2 f7 1 2. He nonyqeHo ,noKa3aTeJihCTB cymecrnoBaHHa ypoBHa 310 K3B, 

.r = 13 / 2+ a,npa 217 At. Ilpe,nnonaraeTca, 'ITO OTHeceHHaa K pacna,ny Ha 3TOT 
ypoBeHh JllfHHa Ea = 6037 K3B C lfHTeHCHBHOCThlO 0,003 % MO)KeT B03HHKaTb 
npH pacna,ne ,noqepHero 217 At Ha ypoBeHh 1050 K3B 213 Bi. 

Pa6orn Bh!IlOJIHeHa B Jia6oparnpHH a.nepHhIX npo6neM OH5IH. 

TTpenpHHT 061.en»HeHHOro HHCTmyra JU1epHLIX HCCJle/lOBaHHli. L(y6Ha, 1999 

IlepeBO,LI aBTOpOB 

Gromov K. Ya. et al. P6-99-17 
Level Scheme of 217 At in the 221 Fr Decay 

Gamma-spectrum and spectra of alpha-gamma-coincidence were studied 
using sources containing radioactive decay chain of 225 Ac in equilibrium, 
the mother nucleus separated from 229 Th (7.3 • 103 y.). 217 At levels populations 
and full intensities and multipolarities of a number of gamma-transitions were 
determined from a quantitative analysis of alpha-fiamma-coincidence spectra. 
Characteristics of the 217 At levels in the proposed 2 1Fr decay scheme are in ac
cord with their interpretation as of excitations connected with states of the shell 
model p(h91 2)3 and p(h 912)2 f712. No evidence is obtained of the existence 

of the 310 keV, .r = 13 I 2+ level in 217 At. A hypothesis is put forward that 
the alpha line Ea = 6037 keV with 0,003 % intensity, previous!~ ascribed 
to the decay to this level, may in fact stem from the daughter 21 At decay 
to the 1050 keV level of 213 Bi. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999 



1. BBe.z:teHHe 

H.n:po 
217 

At nMeer 3 JIBIIIHHX ITp0TOHa n 6 HeiirpoHon ITO cpanHeHHIO c 

.n;Ba)l{J(hl MarnqecKHM H.llpoM 208Pb. Omn.n:aeTcJI, qro 217 At Haxo.n:nrcJI Ha 

rpaHHUe MeiK,Izy JI.llpaMH, crpyKTypa K0T0phlX xopoIII0 0ITHChlDaeTCH 060-

JIQqeqHoii M0.lleJII,IO H Mo,n:eJII,IO JI,n:ep C KBa.n;pyIT0JII,H0H H 0KTJIT0JII,HOH .n:e

q>opirnuneii. HccJie,n:onaHne crpyKTYPhl no36ym.n;eHHhlX cocroJIHHii: 217 At 

ITpe.n:cTaBJIHeT D CBJI3H C 3THM 3HaqnreJibHhlll HHTepec. 

IlpaKTHqecKH e.llHHCTBeHHaJI B03M0)I{H0CTI, IT0JiyqeHHH 3KCITepHMeHTaJII,

HOH HHq>OpMaUHH 0 CTpyKType ypoBHeii: 217 At - HCCJie.ll0BaHHe a-pacITa.lla 

_ 
221 

Fr (T 1;2 = 4.8 MHH) B ueIToqKe pacITa.n:on 225 Ac (T 1; 2 = 10 cyr). 225 Ac 

ITPH 3TOM Bhl.lleJIHIOT H3 ITpeITapaTa .n:oJiro)I{Hnymero H30T0ITa 229Th (T
1
;

2
-=

= 7340 JieT). CJIO)I{Hhle cITeKTphl a-,/3- n 7- IIJJiyqeHnii: ITpn pacITa.lle 

JI.llep B ueIToqKe 
225 

Ac H 0TH0CHTeJII,H0 MaJihle HX ITepH0.llhl IT0JiypacITa.lla 

3arpy.llHJIIOT nccJie,n:onaHne cJia6hlx K0MIToHeHT0B HJJiyqeHHJI 221Fr. Ilo 3Toii 

ITpHqHHe 3KCITepm,feHTaJibHhle CBe,n:eHHJI 0 pacITa,n:e H.llpa 221 Fr orpaHH'lJ€HI,I 
H HHor.n:a ITp0THBopeqnnhl. 

ToHKaJI crpyKrypa a-pacITa,n:a 221 Fr n3yqaJiac1, ,n:meJieITOBhlM n .n:p. [l], 

a TaKme JinaHroM n BacTHH-CKoq>i,e [2] Ha MarHHTHhlx a- cITeKTIJOrpacpax. 

JlyqIIIHe pe3yJibTaThl IT0JiyqeHhl JlnaHrOM B HCCJie.n;oBaHHHX a-cITeKTpa JI.n;ep 

OT,n:aqn OT pacITa.n:a 
225 

Ac. 3TH .n:aHHhle 0 3Ha'leHHHX 3HeprIIii: II IIHTeHCII

BHOCTH KOMITOHeHT0B a-cITeKTpa ITpe.n;cTaBJieHhl Ha ITpIIB0.llIIM0H HIIme CXeMe 

pacITa,n:a 
221 Fr. Mhl IICIT0JII,3JeM HX B HaIIIeM aHamrne. 

IIocJie.n;HIIe .n:aHHhle o 7-cITeKTpe 221 Fr, oITy6JIIIKOBaHHhle B pa6orax [3-

5], ITpe.n:cTaBJieHI,I n Ta6JI. 1. CITeKTp ::meKTpoH0D DHyrpeHHeii: K0HDepcIIH 

ITpII pacITa.lle 
221

Fr II3J'laJicJI B [5, 6]. YcraHODJieHo [6], q,ro 7-ITepexo.n: 

218 K:=iB IIMeer E2-MJJibTIIITOJibHocri, (Ml < 1 %), a ITepexo.n:hl 99.5, 118.2 

n 150 K:=iB - TIIITa Ml. illIIJiaii:H II .n:p. [5] .ll0IT0JIHIITCJibH0 ITpemrara10r 

Ml - MJJibTHITOJibH0CTb .llJIH ITepexo.n:on 53.8, 96.3, 324.0, 359.0 II 382.1 

K:=iB II E2 - MJJibTIIIT0JibH0CTb .llJIH ITepexo.n:on 171.6 II 410.4 K:=iB. 

B pa6orax [4,5] Ha 0CH0De .n:aHHhlX 06 a-pacITa.n:e [1,2] II 31{CIIepIIMCHTOD 

ITO (a-7)-coBITa.n:eHIIJIM ITpe,n:JiaraercJI cxeMa yponHeii 217 At. qyMIIH II .n:p. 

[1,2] II3MepIIJIII IIHTeHCIIDH0CTI, CJia6oii DCTDH /3- -pacITa.n:a 
221 Fr - (4.8±1.5)x10-5 pacrra.n:on. 

U:em HaCTOJIIUeii: pa6oThl C0CT0JIJia n IT0JiytJeHHII 6oJiee T0'IHI,IX ,')l{CITe

pHMeHTaJII,HhlX .n:aHHhlX 0 pacITa,n:e 221Fr Ha 0CH0BC HCIT0Jll,30DaHIIJI 225 Ac 
6oJibIIIeu aKTHDH0CTII, 'leM B yKa3aHHhlX pa6orax II K0JIII'leCTDeHHoro aHa

JIH3a peJyJII,TaT0D 31{CITCpIIMeHT0B ITO ( a-7 )-conITa.n;eHIIJIM. 
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Ta6mrn;a 1. faMMa-nyqII rrpII pacrra.rce JI.rcep 221Fr 

Ap1111croH II /IP- [3] Byra6aeo H 11p. [4] lllmrallH u 11P- [5] Hacro.R1UaH pa6oTa 

E., (•) E <•> Ey 
(•) r,, (•) 

ay 7 ay ay '17 

K3B K3B MB .. n 
- 53.54(18) 0.45(5) 53.8(1) L7(5) 53.81(3)) L3(3)) 

- - 68.11(15) 0.5(2) - - - -
96.12(18) 1.4(4) 96.3(3) < 1 96.3(3) 0.7(3) 

100.63(2) 17(1) 99.52(6) 1L2(5) 100.2(1) 15(2) 100.25(2) 10(3) 
117.67(5) 3.8(2) 118.18(9) 2A(3) 117.8(2) 0.5(2) 117.82(3) 2.2(13) 
150.43(5) 4.2(2) 150.04(4) 5.9(10) 150.0(1) 6.0(10) 150.21(3) 4.7(2) 
172.05(5) 6.0(2) 171.68(4) 7.9(3) 171.6(1) 6.6(12) 171.83(3) 7.6(2)) 

201.44(50) 0.06(3) - - 201.4(6) 0.11(1) 
208.3(5) 0.45(8) - . 208.3(6), 0.5(1) 

218.30(2) 1160(40) 218.14(3) II 10(30) 218.0(1) 1130(10) 218.12(2) 1118(15) 
250,7(2) 0.35(8) - . . . . < 0,1 

253.15(15) 0.69(9) . . . . . < 0,1 
263.39(14) 0,21(6) . . . < 0,1 

271.91(5) 0.36(10) . - . . < 0.1 
282.25(5) 0.65(10) 282.36(15) . 0,12(4) 281.9(3) 0.8(3) 282,12(9) 0.7(1) 

- - 297.11(40) 0.85(8) - . . < 0.1 
. 299.59(14) 1.4(7) . . < 0.1 

310.20(5) 0.67(9) 310,14(16) 0.45(8) . . < 0.1 
- 314,11(17) 0,24(6) . . < 0.1 

323,99 1.6(1) 323.99(6) 1.9(8) 324.0(2) 1.2(3) 324,10(6) 1.9(1) 
359.90(2) 3.7(2) 359.92(6) 3.9(12) 359.0(2) 3.6(10) 359.86(4) 4.0(2) 
368.17(2) 8.5(1) 368.18(10) 0.53(6) . . . < 0.1 
382.36(2) 3.5(2) 381.81(4) 3.3(2) 381.1(2) 3.1(10) 382.34(4) 3,3(2) 
410.73(2) 12(1) 409.93(7) 12.4(2) 410.4(2) 11(2) 410.64(5) 11.8(2) 

435.68(10) 0.40(7) - . 437.8(5) ~0.1 437.00(5) 0.093(11) 
. - 445.07(20) 0.09(4) 446.3(8) ~0.I 446.30(8) 0.17(4)1) 

- 469.6(2) 0.29(4) 469.0(5) 0.2(1) 468.3(7) 0.14(3) 
- - . 496.2(10) ~0.1 - < 0.05 

538.02(10) 0.40(12) 537.0(2) 0.30(4) 537.5(8) 0.2(1) 537.8(8) 0.50(5) 
. . . . 562.3(12) ~0.05 . < 0.05 
. . 568.5(3) 0.15(4) 568.4(10) ~0.l 568.5(3) 0.12(4) 

577.76(6) 0.47(7) 576.9(4) 0.37(6) 577.0(8) 0.4(1) 576.9(4) 0.29(4) 
. . . . . . 652(2) ~0.04 
- - . . . 658(2) ~0.07 
. . . . . 665(2) ~0.09 

(*) a-y -lIHTeHClIBHOCTH ,-ny-qefi Ha 10000 pacrra.rcoB 221Fr 
( B coTIJX rrpon;eHTa Ha pacrra.rc) 

f Btn,n:.,;~-..~.s.ll i;:~:t:slJT I 
N Wll!3'BMX liCCJ1e.;::~liU5il , 
ij ii&tlSJlWOTEKA . ....._.., -..-

Pa3MemeHHe 

e cxeMe 

EHa't-+ EKoH 

272.0-, 218.1 
-

368.3 -, 272.0 
100.25 _, 0 

218.I _, 100.25 
368.3 _, 218.I 

272.0 _, 100.25 

577,5 _, 368.3 
218.I _, 0 

. 

. 

-
382.3 --, 100,25 

. 

424.3 _, 100,25 
577.5 _, 218.l 

. 
382.3 _, 0 
410.6-, 0 

537.0--, 100.25 
665 _, 100.2 

568.3 _, 100.2 
. 

537.0-+ 0 

568.3 -+ 0 
577.5-+ 0 

652 --, 0 
-

665 -+ 0 



2. MeTO,lJ;~Ka 3KCIIepHMeHTOB 

OcHOBHoe BHHMamie B HaIIIeM uccJie.n;onaHHII a-pacna.n;a 221 Fr 6hlJIO 
~eJieHO Il3J'leHHIO ( a-, )-conna.n;eHIIll C IICnOJII,30BaHIIeM MeTO.l(a l{0JIH'le-

CTBeHHOro aHaJIH3a pe3JJII,TaTOB 3KCnepHMeHTOB no COBna.n;eHIIJIM JI.l(epHhlX 

II3JIY'leHHii:, npe.n;JIO)I<eHHoro B [9]. 

2.1. IlpllrOTOBJieHHe HCTOqHHROB 

225 Ac Bhl.l(eJIJIJIH II3 229Th no MeTO.l(IlKe "lfaoTonHhlii: reHepaTOp 225 Ac" 

[lOL pa3pa6oTaHHoii: c ytiacmeM O.l(Horo II3 aBTOpoB (B.B. IJ;ynRo - CIIT

HIIKOB). 229Th 6hlJI Bhl.l(eJieH II3 233U II O'lIIIIIeH OT npIIMeceii: 6oJiee nJITII 

JieT TOMY Ha3a.n;. 225 Ac (20 MRKII) HaHOCIIJIII Ha TaHTaJI0By10 cpom,ry H 

3aTeM IICnapJIJIII B BaRyyMe Ha aJIIOMIIHIIeByIO <pOJil>rY. 221 Fr II .n;pyrIIe 

.l(O'lepHIIe HJRJIH.l(hl HaRanJIHBaJIHCI, B npIIrOTOBJieHHOM IICTO'lHIIRe. IIocTo

pOHHIIe npIIMeCII B IICTO'lHIIRax Ha OCHOBe 225 Ac He Ha6JIIO.l(aJIIICI,. MaJiaJI 

TOJIIIIIIHa noey'laeMhlX npII BaRyyMHOM IICnapeHIIII IICTO'IHIIROB o6ecne'lII

BaJia 3Ha'lIITeJII,Hhlll BhlXO.l( JI.l(ep OT.l(a'III npII a-pacna.n;e. 9TO o6cTOJITeJII,

CTBO 6hlJIO IICnOJII,30BaHo .l(JIJI noJiy'leHIIJI IICTO'IHIIKOB, co.n;epmaIIIIIX 221 Fr II 
.n;pyrIIe .n;otiepHIIe HYRJIH.l(hl, cno6o.l(Hhle OT 225 Ac. 

2.2. IlocTaHOBRa 3RcnepHMeHTOB 

IIpono.n;IIJioc1, .n;na BII.l(a 3RcnepIIMeHTOB c IIcnoJII,30BaHIIeM 225 Ac. B 

nepBoM 225 Ac noMeIIIaJICJI B BaRyyMHYIO RaMepy HanpoTIIB a-.n;eTeRTopa. Bo 

BTopoM - JI.n;pa OT.l(a'III pacna.n;a 225 Ac co6IIpaJIIICl> Ha Al-no.n;Jio)l{l{y ("Mo

HeTy") TpaHcnopTH0ro ycTpOHCTBa TIIna MOHeTHhlll aBTOMaT [11]. "Mo

HeThl" Ra)l{.l(hle nJITHa.n;:u;aTI, MIIHYT TpaHcnopTIIpoBaJIHCI, I{ 0:-.l(eTeRTopy. 

TaRIIM o6pa30M noey'laJIH cneRTphl, noJIHOCTI,IO CB060.l(Hhle OT II3JIJ'leHIIJI 
225 Ac. B II3MepeHIIJIX IIcnoJII,3C>BaJicJI Si(Au) a-.n;eTeRTop nJioma.n;1,10 

100 MM2 c pa3peIIIeHIIeM 20-25 RaB. HpGe 1 -.n;eTeRTop (061,eM 84 cM:l, 

pa3peIIIeHIIe 1.0 RaB npII aHeprIIII 150 RaB) pacnoJiaraJicJI BHe BaRJYMHofi 

KaMephl Ha paCCTOJIHIIII 4 MM OT IICT0'lHIIRa. O.n;HOBpeMeHHO c O.l(IlHO'lHhlMII 

a- II 1 -cneRTpaMII H3J'laJIIICI, cneRTphl ( a-1 )-conna.n;eHIIii:. (Ea, E,; T) -
co6hlTIIJI conna.n;eHIIll - (4096 x 4096 x 4096 RaHaJioB) 3anIIChlBaJIHCI, n 

pe)l{IIMe "nee Ha nee" (in list mode). IIocJie Bhl'leTa cJiy'laii:HhlX co6hl

THii: aHaJIII3IIpOBaJIHCI, cneRTphl COBna.n;eHIIH B ORHax, ycTaHOBJieHHhlX Ha 

cneKTpe a-'laCTII:u; (Ea.), Ha cneRTpe 1-ey'leii: (E,;J II Ha cneRTpe cyMM 
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(Q,.k = Qa; + E,;k). B CBJI3II c TeM, 'ITO aHepreTII'lecRoe pa3peIIIeHIIe B 

-y-cneRTpax 3Ha'lIITeJII,HO JIJ'IIIIe, '!eM B a- cneRTpax, 6ofilIIIaJI '!aCTl> IIH

ll>opMa:u;1rn noJiy'leHa npII nocJie.l(HIIX .l(BJX copTIIpOBRax ( oRHa B cneRTpax 

~/-JIY'lefi H cneRTpax cyMM Qak). 

2.3. MeTO.I(LI aHaJIH3a pe3yJILTaTOB H3MepeHHH 

.lJ:JIJI nOJIJ'leHIIJI CBe.l(eHIIll O 3aCeJieHHOCTII ypOBHefi II nOJIHhlX IIHTeH

CIIBHOCTJIX ,-nepeXO.l(OB npoBO.l(IlJICJI l{OJIH'leCTBeHHhlll aHaJIH3 pe3JJII,TaTOB 

IICCJie.l(OBaHIIJI ( a-, )-conna.n;eHIIll C IICnOJII,30BaHIIeM npo:u;e.n;yphl, npe.l(JIO

)l{eHHOll B [9]. TaR, B CJIY'!ae npJIMhlX COBna.n;eHIIH, Ror.n;a ,-nepexo.n 1ik 

II.l(eT C ypoBHJI, Ha ROTOphlii: npoIICXO.l(IlT a-pacna.n,a; II3 OTHOIIIeHIIJI nJIO-

ma.nefi 

Sa;. s,ik = N. a; 

S')'ik 
<r; 

onpe.n;eJIJIJiac1, 3aceJieHHOCTl> a; ypoBHJI 1. 

IlpII 3TOM 

(1) 

S,o· Il S,ik - nJIOIIIa.l(Il nIIROB B O.l(IlHO'IHhlX a- II ,-cneRTpax. . 
SJ~k - nJIOIIIa.l(I, nIIRa B cneKTpe COBna.l(eHIIll 1ik C O:i. 

N - 'IIICJIO pacna.l(OB 221 Fr 3a npeMJI 3RCnepIIMeHTa. 

a; - 3aceJieHHOCTI, ypoBHJI i, T.e. cyMMapHaJI IIHTeHCIIBHOCTI, (n % ) 
nepeXO.l(OB C ypoBHJI i. 

i,k ... - HyMepa:u;IDI yponHeii:. 

1.JIIcJio pacna.n;oB 221 Fr (N) He onpe.n;eJIJIJioc1,, .l(JIJI HopMHpoBRII IIcnoJI1,-

3onaJioc1, 3Ha'!eHIIe 3aceJieHHOCTII ypoBHJI 218.1 RaB - 0:21s, panHoe IIHTeH

CIIBHOCTII a-pacna.n;a Ha 3TOT ypoBeHl>, onpe.n;eJieHHOH B [2]. 
B cey'lae Ha6mo.n;eHIIJI HenpJIMhlX (a - 1 )-conna.n;eHIIii:, Ror.n;a a-pacna.n; 

II.l(eT Ha 6oJiee BhlCORIIH ypoBeHI, h, '!eM ypoBeHI,, c KOToporo npOIICXO.l(IlT ,

nepexo.n; 1;k, onpe.n;eJIJIJiac1, noJIHaJI IIHTeHcIIBHOCTl> nepexo.n;a ( nepexo.n;on) 

Mem.n;y ypoBHJIMII h II i II3 OTHOIIIeHHJI 

8
,;k · a°'h •. arr(h-+i), °'h -

S,;k - a 0 . • ah 
Oi I 

(2) 

r.n;e arr(h-+i) - noJIHaJI IIHTeHCIIBHOCTl> nepexo.n;a (nepexo.n;on) Mem.n;y ypo

BHJIMII h II i. 
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TaRoii aHa.Jill3 pe3yJII,TaT0B 3RCIIepIIMeHT0B TIO C0BIIa.n:eHIDIM He IICII0JII,-

3yeT 3Ha'IeHIDI acpqieRTIIBH0CTII .n:eTeRT0p0B, T.e. norpeIIIH0CTII IIX onpe

.n:eJieHIIJI He BX0MT B norpeIIIH0CTb II0JIY'IaeMoro 3Ha'IeHIIJI. KpoMe Toro, 

IICRJIIO'IaeTCJI BJillJIHIIe Ha pe3yJibTaT aHaJIII3a IICRameHIIM cneRTp0B, CBJI-

3aHHhlX C cyMMIIpoBaHIIeM IIMIIYJibC0B npII II3MepeHIIJIX B 6JIII3ROH reoMe

TpIIII. 

3. 8KcnepHMeHTaJil>Hhle pe3yJI1>TaThl 

IIony'IeHHhle HaMII CBe,n:eHIIJI 06 3HeprIIII II IIHTeHCIIBH0CTII ,-ny'Ieii 

npII pacna.n:e 221 Fr B Ta6JI. 1 cpaBHIIBaI<)TCJI C pe3yJinTaTaMII II0CJie.11:HIIX 

pa6oT [3,4,5]' II0CBJIIIJ;eHHhlX II3y'IeHIIIO pacna.n:a ::noro JI.n:pa. OTMeTIIM, 

'ITO B [3,4] 1 -ITMRII 250, 253, 263, 297, 299, 310 II 314 R3B 6hlJIII 0IIIII-

6o'IHO II,n:eHTIIq>IIIJ;IIpOBaHhl RaR ,-Jiy'III. Ha caM0M .n:ene 3TII ITIIRII B cneR

Tpe 221Fr B03HIIRaIOT rJiaBHhlM o6pa30M, RaR pe3yJibTaT cyMM IIMITYJibC0B OT 

1 -Jiy'IeiI 171 II 218 RaB c IIMnynncaMII OT KX-ny'IeiI nocne BHyTpeHHeiI 

R0HBepcIIII 1 -nepexo.n:oB 100 II 150 RaB. Ha6n10,n:eHIIe 1 -nIIR0B 272 RaB 

[3] II 368 R3B [3,4] CBJI3aH0 B 0CH0BH0M C cyMMIIpOBaHIIeM IIMITYJihC0B OT 

,-Jiy'IeiI (100+172) II (218+150) R3B C00TBeTCTBeHH0. Mhl .n:aeM o:o;eHRY 

BepXHIIX npe.n:eJI0B IIHTeHCIIBH0CTII 3TIIX ,-Jiy'IeiI. ,llJIJI nony'IeHIIJI HaIIIIIX 

.n:aHHhlX, npe.n:cTaBJieHHhlX B Ce.11:bMOM II BOCbMOM R0JI0HRax Ta6JI. 1, IICIT0JII,-

30BaHhl pe3yJihTaThl aHa.Jill3a 0.11:IIH0'IH0r0 ,-cneRTpa OT IICT0'IHIIRa C 225 Ac 

(pIIc. la), 0.11:IIH0'IH0ro ,-cneRTpa OT JI.n:ep 0T,n:a'III OT IICT0'IHIIRa C 225 Ac 

(pIIc. 16) II cneRTpa 1-Jiy'Ieii, coBna,n:a10m:IIx c a-'l:acTII:UaMII pacna.n:a 221 Fr 
(IIHTepBaJI Ea= 5.6-6.4 MaB). CJIO.lRHOCTb 1 -cneRTpoB :iJ o6nacTII 0TH0CII

TeJibH0 CJia6hlX ,-IIIIR0B 117.8 R3B (6hlCTpoe HapacTaHIIe C'IeTa B o6JiaCTII 

~ 120 R3B B pacnpe,n:eJieHIIII o6paTHO pacceJIHHhlX R0MITT0H0BCRIIX RBaH

T0B OT IIHTeHCIIBHhlX 1-ny'IeiI 218.1 RaB), 96.1 RaB (6JIII30CTh no aHep

rIIII R 6onee IIHTeHCIIBH0MY B 0.11:IIH0'IHhlX cneRTpax nIIRy Kp2 X-ny'IeiI) II 

53.8 R3B (BhlCORIIiI q>oH B o6nacTII 1 -ny'IeiI ManoiI aHeprIIII) 3aTpJ.11:HJIJia 

T0'IH0e onpe.n:eneHIIe IIX IIHTeHCIIBH0CTII. lfHTeHCIIBHOCTII 3TIIX ,-Jiy'Ieii 

YT0'IHeHhl C IICII0Jib30BaHIIeM OTHOIIIeHIIM nnom:a.n:eiI IIIIR0B B cneRTpax co

Bna.ri:eHIIM 1 -Jiy'IeiI c a-'IaCTII:UaMII B 0RHax: Ea218 = 6126 RaB, 

Ea272 = 6076 R3B II E°'368 = 5980 RaB. 

AHaJIII3 cneRTpa a-'IaCTIIU, coBna.n:a10m:IIx c 1 -Jiy'IaMII 218.1 RaB, no

Ra3aJI, 'ITO 3aceneHIIe ypoBHJI 218.1 RaB 217 At c 6onee BhlC0RIIX yponHen 

C0CTaBJIJieT MeHee 2% ero IIOJIHOM 3aceJieHH0CTII. C 3TOll T0'IH0CTbIO II0JIHaJI 

IIHTeHCIIBH0CTb ,-nepexo.n:a 218.1 RaB paBHa IIHTeHCIIBHOCTII' JIIIHIIII TOH

ROM CTPYRTJphl a-cneRTpa Ea218 = 6126 RaB: aa218 = 15.1(2)% pacna.n:on 
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Pnc. 1. a) faMMa-cneKTp ueno'lKll pacna.n;on 225 Ac. 

6) faMMa-cneKTp n.uep OT.Ua'lll npn a - pacna.ue 225 Ac. U:m}>pLI tta.u 

,y-JillHllRMll - 3Ha'leHun 3Hepruu ,y-Jiy'leil: npu parna.ue 
221 Fr; n 

CK06Kax - 3HU'lCHllR 3Heprnu CJIOlRHLIX ,y-mmuil:, 'lUCTb llHTC'HCll

BHOCTH KOTOPLIX OTHOCllM K pacna.uy 221 Fr 
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Ta6m,n.~a 2. '3aceneHHOCTII ypoBHeii (E;) JI,apa 217 At npu pacrra,ae 221 Fr 

3uepnrn ypoBHJI 3aceJieHHOCTb l1HTeuc. a-pacna,aa 
E;, K38 ypoBHJI a,% Ha ypoBeHb a.,,% 
100,2 1.81(25) L34(10) 
218,l =15,1(5) 15,1(3) 
272.0 0.39(5) 0.15(3) 
368.3 0.55(3) 0.49(3) 
383.2 0.08(1) 0.08( 1) 
410,6 0,16(3) 0,17(3) 
424,3 0,038(13) 0.038(13) 
537.0 ~ 0.005 0.004(2) 
568.5 ~ 0.005 0.005(2) 
577.5 0.063(10) 0.06(1) 

Ta6Jm:Qa 3. Ilon1111e IIHTeHCIIBHocTn ueKoTopux 1 -nepexo,aoB npu pacna,ae 221 Fr u 
onpe,aeJieHne nx MYJibTll□0JibH0CTII 

E-,,K38 96.32 117.8 150.2 

a(•) % 
TT,k' 0.18(7) 0.32(2) 0.21(4) 

a,,,.,% (113 rn6n. 1) 0.007(3) 0.022(13) 0.047(2) 

{**) 
arr •• 25(15) 13.5(86) 

PacqeTHbre an,. 
El 0.51 0.31 
Ml 13.7 7.6 
E2 9.2 3.9 
M2 113 53.2 

(•laflik = a,,,. + llK,k + aL,. + ... - IJ0JIHaJI llH
TeHCIIBH0CTb ,-nepexo,aa 
(**)an. = ~ - 1 - IJOJIHhiii K03cpcp11u;11eHT 

• anik 
K0HBepcnn 
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3.5(9) 

0.17 
3.8 

1.45 
22.0 

171.8 

0.14(2) 

0.076(2) 

0.84(2) 

0.12 
2.6 

0.87 
13.6 

\ 
j 

) 

m At [2]. MymTIIITOJibHOCTb ITepexo.ua 218.1 R3B oITpe.n;eJieHa [6] RaR E2 

(Ml< 1%). llcITOJib3JHpacqeTHoe [12] 3HaqeHIIe .UJIJI ITOJIHoro R03q>qrn

u;IIeHTa BHJTpeHHeH ROHBepcIIII, paBHOe 0.368, ITOJiyqaeM IIHTeHCIIBHOCTI, 

1-Jiyqeft 218.1 K3B, paBHYIO 11.2% pacITa.n;oB 221 Fr. ilHTeHCIIBHOCTII (B 

% pacITa.UOB) ')'-Jiyqeft .upyrIIX ITepeXO,UOB BIJqIIcJieHI,I OTHOCIITeJibHO 3TOro 

3HaqeHIIJI. ilHTeHCIIBHOCTII ')'-Jiyqeft OTHeceHIJ R 10000 pacITa,UOB 221Fr, T.e. 

.uaIOTCJI B COTIJX ,UOJIJIX ITP ou;eHTa paGITa,UOB 221 Fr. 
Ha pIIc. 2 ITpe.n;cTaBJieH ITpIIMep cITeRTpoB ( a+ r' )-coBITa.n;eHIIH B oKHax 

ITO cyMMaM QO:k = Qo:, + E,,k, COOTBeTCTBJIOIUIIM a-pacITa.uy B OCHOBHOe 

cocTOJIHIIe, Ha ypOBeHh 100.2 R3B II Ha ypOBeHI, 218.1 R3B. 0TqeTJIIIBO 

BIJ,UeJIJIIOTCJI ')'-JiyqII pacITa,Ua Ha 3TII ypoBHII. 

CoITocTaBJieHIIe .n;aHHIJX o ')'-CITeRTpe 221 Fr c pe3JJibTaTaMII IICCJie,uoBa

HIIH TOHROH cTpJRTyp1,1 a-cITeRTpa 221 Fr [1,2] II RaqecrneHHIJH aHaJIII3 pe-

3JJihTaToB IICCJie,UOBaHIIH ( Cl:' + ')' )-cOBITa,UeHIIH IT03BOJIJIIOT C ynepeHHOCTI,IO 

yrnep.lK.UaTh, qTo ITPII pacITa.n;e 221Fr B036y.lK.n;aIOTCJI ypoBHII 217 At, ITpe.u

Jio.lKeHHIJe paHee B [4,5], c 3HeprIIJIMII 100.2, 218.1, 271.6, 368.3, 324.3, 

382.3, 410.6, 424.3, 537.0, 568.5 II 578.0. Ha6JIIO,UeHIJ COBITa,ueHIIJI ')'-Jiyqeft 

652(2) R3B C Q'-qaCTIIIJ;aMII f'V 5690 R3B, ITO,UTBep.lK.UaIOmIIe [5] D036J.lK,UeHIIe 

ypOBHJI C 3Hepme:rr 652(2) R3B. 

B Ta6JI. 2 ITOJiyqeHHIJe II3 aHaJIII3a ITpJIMIJX ( a - r' )-cOBITa,UeHIIH ITO q> op

MyJie (1) 3HaqeHIIJI 3aceJieHHOCTII ypoBHeH 217 At cpaBHIIBaIOTCJI c IIHTeHCII

BHOCTJIMII a-pacITa.n;a 221Fr Ha HIIX. ,l];JIJI ypoBHeft 100.2 II 272.0 R3B 3Ha

qeHIIJI 3aceJieHHOCTII 3aMeTHO 6om,rne IIHTeHCIIBHOCTll a-pacITa,Ua Ha HIIX. 

'.:ho CBII,UeTeJibCTByeT O TOM, qTo 3TH ypoBHII 3aCeJIJIIOTCJI He TOJII,RO O:'

pacITa.n;m,1, HO II ')'-ITepexo.n;aMII C BIJIIIeJie.lKaIUIIX ypoBHeH. 3HaqeHIIJI 3a

CeJieHHOCTII ypoBHeH llCITOJII,30BaHIJ .UJIJI aHaJIH3a 6aJiaHca IIHTeHCIIBHOCTeH 

a- II ')'-ITepexo.n;oB ITpII pacITa.n;e JI.upa 221 Fr. 
B Ta6JI. 3 ITpe.n;cTaBJieHIJ CBe,UeHIIJI O ITOJIHIJX IIHTeHCIIBHOCTJIX 1' - ITe

peXO.UOB, ITOJiyqeHHIJe ITPII aHaJIH3e ( Cl:' - ')') - COBITa,UeHIIH qepe3 RaCRa,UIJ 

C 3TIIMII ')'-ITepexo.n;aMII (cpopMyJia 2). Ha OCHOBe 3TIIX .n;aHHIJX II IIHTeH

CIIBHOCTeii:. COOTBeTCTBJIOIUIIX ')'-Jiyqeft OITpe.n;eJieHIJ ITOJIHIJe R03q>q>II:U:eHTIJ 

ROHBepcIIII an, ROTOpIJe cpaBHIIBaIOTCJI C pacqeTHIJMII [12] 3HaqeHIIJIMII 

.UJIJI pa3HIJX MJfilTIIITOJibHOCTeH. ITo.urnep.lK,UaIOTCJI MJfilTIIITOJlI,HOCTII ')'

ITepexo.n;oB 96.3 R3B (Ml+E2), 117.8 R3B (Ml(+E2)), 150.2 K3B (Ml), 

171.8 K3B (E2), oITpe.n;eJieHHiiie paHee [6,5] ITO 3HaqeHIIJIM aK( a£). IloJiy

qeHHIJe 3HaqeHIIJI ITOJIHIJX IIHTeHCIIBHbCTeH ')'-ITepexo.n;oB TaR.lKe IICITOJII,30-

BaHIJ ITPII aHaJIII3e 6aJiaHca IIHTeHCIIBHOCTeH ITPII pacITa.n;e 221 Fr. 
M3 OTHOIIIeHIIJI IIHTeHCIIBHOCTeft COBITa,UeHIIH a-qaCTII:U:, 3aceJIJIIOIUIIX ypo

BHII 218 II 100 R3B, c KX-JiyqaMII (pIIc. 3) IToJiyqeHo 3HaqeHIIe R03q>q>II-
9 
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Pnc. 2. CrreKTphl 1 -JIY'Ieii B oKHax no cyMMaM Qa1 = Qa; + E-m· 

N 

a) OKHO Qao - BhlL(eJIJI10mee ')'-JIY'IH, HL(yll(He B OCHOBHOe COCTOJIHIIe; 

6) OKHO Qa100 - (Y + ,-KaCKaL(Hhlli pacrra.n: Ha yponeHh 100 K3B; 

B) OKHO Qo:218 - (Y + ,-KacKa,n;Hhlli pacna.n: Ha yponeHh 218 K3B; 

3HatJ:eHHJI 3HeprHH ,-JIYtJ:eii .n;aHhl y IIHKOB ')'-Jiyti:eii, n.n:ymnx Ha COOT

neTCTBYIOII(Hli ypoBeHh 

221Fr 
15000 
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10000 

8234 
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5900 -
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Pnc. 3. CneKTP a-ti:acTHU OT JI,n;ep oT.n;ati:H HCTOtJ:HHKa c 225 Ac, conna.n;a10mnx 

c KX-Jiyti:aMH 217 At 
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ueHTa BH:'ITpeHHeiI KOHBepcmr Ha K-o6oJiotJKe ,'-IIepexo.n;a 100 K:'}B. 

n 1, rno = 9( 3), B rrpe.n;eJiax rrorpellIHOCTH coBrra.n;aIOm:ee c a K .n;JIJI 

l\Il-rrepexo.n;a. 

4. CxeMa pacrra.n;a 221 Fr 

ITpe.n;JiaraeMaJI HaMn cxe11a pacrra.zia 221 Fr (pnc. 4) B oTHollleHHH pa3~1e

m:eHHJI Mem.n:y ypoBHJIMll 217 At cpaBHllTCJibHO llHTeHCllBHhlX ~,-rrepexo.n:on 

IIOBTO}>JICT orry6JillI{OBaHHYIO n pa6oTe [5]. lfaMeHeHHJI KacaIOTCJI TOJihKO 

Bl'C'Mra cJia6Lix rrepexo.n;oB. TaK, MLI He o6HapymnJin 1'-IIepexo.n: c :vpo

BHJI 664 --+ 271.8 K3B (E,, = 392 K3B). MLI He rra6JIIO,n;aJin conrra.n;eHnn: 

o-qannu c Ea664 = 5688 K3B c 1'-JI}'tJaMn 281 K3B n II03T0M~· He m1ee~1 

0CHOBaHHH JJ:JIJI .D;BOii:Horo pa3Mem:eHllJI 3Toro 'y-rrepexo.n:a [5]. B OJJ:HH0'I

H0M ,'-CIIeKTpe ll B crreKTpe conrra.n;eHHH co nce1rn: O-tJaCTllUatrn: 221 Fr 11hl 

Ha6mo.n;aeM cJia6Me ,'-JIJ'IH c 3Heprnen: OKOJI0 209 K3B. BoJ110lliHo. -➔roT 1-

IIPpcxo.n: Mo.lReT 6hlTh pa3Mem:eH Me)I(J];y yponHmrn: 577 n 368 K3B. YponeHh 

(' :meprnen 652 K3B, BBOJJ:llBlllllllCJI paHee rrpe.n;rroJIO)l{llTCJibHO Ha OCH0BP 

Ha6mo.n;eHHJI n 0:-CIIeKTpe [2] cJia6ofi JillHllll E-y = 5697 K3B ( ~ 0,001 % ) . 
IIOJJ:TBep.lR.n;aeTCJI Ha6JIIO.D;CHHCM COBrra.n;eHHH C JillHHen: E-y65'2· 

BaJiaHc llHTeHCllBHOCTeH 0:- ll ,'-IIepexo.n;on B rrpe.n;eJiaX rrorpellIHOCTeit 

BhlIIOJIHJieTCJI Ha Bcex ypoBHJIX 217 At 3a HCKJIIOtJeHHeM ypoBHJI 410.6 K3B 

( CM.HH.lRe). CrrnHhl n tJeTHOCTH ypoirnen: 217 At rrpe.n;Jio.lReHhl n [5] c ytJe

TOM orrpe,n;eJieHHhlX n [5,6] MJJibTllIIOJibHOCTeH ,-rrepexo.n;on n CllCTeMaTHKH 

me .n;eHHH O coce,n;HHX JI,n;pax. Orrpe,n;eJieHHhle MJJibTllIIOJihHOCTll rrepexo.n;on 

corJiacyIOTCJI C rrpe.IJ;JIO.lReHHhlMll B [5] xapaKTCJ)llCTHKa1m :VPOBHefi. 

JlnaHr n BacTHH-CKoq>be [2] rrpn nccJie,n;onaHHH n-crreKTpa 2 '2 1 Fr rraomo

.n;aJin 01'.JCHb CJia6yIO JillHlllO Ecr = 6036(5) K3B C llHTCHCllBHOCTblO 0.003<;( 

pacrra.n;on ll BBCJIII ypoBeHb 217 At C 3Heprnen: ll B03MO.lRHhlMll pr = ( 13/2+). 

,[(pyrnx rro.n;rnep)I(J];eHHH cym:ecrnonaHllJI 3Toro yponHJI HeT. B Halllcii: pa-

6oTe [4] coo6maJioc1, o Ha6JIIO,n;eHnn B crreKTpe ,'-JiytJeii '2'2l Fr c :meprHeii 

310 ll 314 K3B, O.IJ;llH ll3 3TllX rrepexo.n;on MOr 6LITh CBJI3aH C pa3pJI.IJ;KOii yKa-

3RHH0ro ypoBHJI. O.n;HaKo 6oJiee Tm:aTeJibHhlii aHRJill3 IIOKa3aJI. 'ITO :➔rn IIHKH 

B ,'-CIIeKTpe ecTb cyMMhl HMIIJJihCOB OT ,'-JiytJe:fi: 218 K3B ll K 11-X-JiytJcii. 

B Ta6JI. 1 ,n;aHhl nepxHHe rrpe,n;eJihl llHTCHCllBHOCTll ,'-JiytJeii: c nuwii :mcp

rnen:. EcJin ypoBeHh ~ 310 ·KaB HMeeT I" = 13/2+, To 1'-rrep<'XO.IJ;hl c· H<'ro 

Ha 6oJiee Hll3Klle ypoBHll (Tnrra E3) CllJibHO KOHBepTnpoBaHhl ll ,-JIJ'IU 

HMCIOT MaJiyIO ( <<0.003%) llHTCHCllBHOCTb. BpeMJI .lRll,3Hll :➔rorn ypoBHJI. 

nepoJITHO, 60Jihllle pa3pelllaIOm:en: crroco6HOCTll llCIIOJih30BaHHOii: CXl'Mhl ('()

nrra.n;eHllii (~ 50 He). 3TH o6cTOJITeJihCTBa MoryT 0hlTb rrpH'IllHOll Hl'Ha-
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6mo.n:emrn pa3pJimrn ypoBHJI ~ 310 K3B B Hanmx aKcrrepIIMeHTaX. Monmo 
6hlJIO O)I{Il,n:aTI,, qTQ B 3KCIIepIIMeHTax ITO ( Q-')' )-coBrra,n:eHIIJIM rrpoJIBJITCJI 

~1-rrepexo.n:1,1, 3aceJIJIIOIUIIe ypOBeHI, ~310 K3B (13/2+) C 6oJiee BhlCOHIIX 
ypoBHe:ti:. XopoIIIIIM KaH.D:II.D:aTOM ,n:JIJI 3TOro Mor 6hlTb ')'-rrepexo.n: TIIrra El 
c ypoBHJI 410.6 HaB c aHeprne:ti: (100±5) KaB. KaK 3a:MeqeHo BhlIIIe. ,n:JIJI 

ypoBHJI 410.6 K3B He BhlIIOJIHJieTCJI 6aJiaHC IIHTeHCIIBHOCTe:ti:: 3aceJieHIIe (t
qacrnuaMII 0.17(3)%, pa3pJI.n:Ha ')'-IIepexo.n:oM 410.6 K3B - 0.12(1)%. ITpII 
IIOIICHaX coBrra.n:eHIIH ')'-Jiyqe:ti: C 3HeprIIe:ti: (100±5) K3B C a-qacTIIUa:MII 
E,,410 = 5939 m:iB ycTaHOBJieH BepxHII:ti: rrpe,n:eJI IIX - 0.0002%. TaKIIM o6-
pa3oM, HaM He y.n:aJIOCb rroJiyqIITI, LJ:OIIOJIHIITeJibHYIO IIH<pOpMaUIIIO 06 ypo
BHe ~310 K3B II eLJ:IIHCTBeHHhlM apryMeHTOM B IIOJib3Y ero cyru:ecTBOBaHIIJI 

OCTaeTCJI Ha6JIIOLJ:eHIIe B [2] CJia6o:ti: JIIIHIIII TOHKOH CTPYKTyphl. 3aMeTIIM 
rrpII 3TOM, qTo JIIIHIIJI E,, = 6037 K3B, o6HapymeHHaJI B 3KcrrepIIMeHTax 

[2], MO.lI<eT 6hlTb, B rrpIIHUIIIIe, OTHeceHa He K pacrra.n:y 221 Fr, a K pacrra.n:y 
,n:oqepHero JI.n:pa 217At (T1; 2= 32 Mc) Ha ypOBeHb ~ 1050 K3B 213Bi. 

l1MeIOru:IIeCJI 3KCIIepIIMeHTaJII,Hhle pe3yJibTaThl O CBOHCTBax ypoBHe:ti: 217 At, 
B036y.ll{LJ:aeMhlX rrpII a-pacrra.n:e 221Fr, He rrpOTIIBOpeqaT IIHTeprrpeTaUIIII 
ypoBHe:ti:: 0 KaB, 9/2-; 218.1 K3B, 5/2-; 368.3 KaB, 3/2-; 410.6 K3B, 13/2-
II 577.5 K3B, 7 ;2- - KaK ypoBHe:ti:, CBJI3aHHhlX C B036ym,n:eHIIeM COCTOJIHIIJI 
p(h9; 2)3 o6oJioqeqHo:ti: Mo,n:eJIII. YpoBHII 100.2 K3B, 7 ;2-; 
272.0 KaB,3/2-; 382.3 KaB, (7 ;2-), 424.2 KaB (5/2- 9/2-) MoryT 61,1Tb 

CBJI3aHhl C B036y.ll{LJ:eHIIeM COCTOJIHIIJI p(h9;2)2 f1;2-

5. 3aKJnoqeHHe 

l1ccJie,n:OBaHhl ( a-'Y )- coBrra,n:eHIIJI rrpII pacrra.n:e 221 Fr --+ 217 At. Bee ypo

BHII 217 At, II306pameHHhle Ha pIIc. 4, IIOLJ:TBep.ll{LJ:aIOTCJI (a-,) - COBIIa,n:eHII
JIMII. Cpe.D:II HIIX pJI.n: ypoBHe:ti:, 3aceJIJieMLIX a-pacrra.n:oM c IIHTeHCIIBHOCTbIO 
OT HeCKOJibKIIX COThlX .n:o ThlCJiqHo:ti: LJ:OJIII rrpoueHTa pacrra,n:OB. 

KoJIIIqecTBeHHhlH aHaJIII3 pe3yJibTaTOB IICCJie,n:oBaHII:ti: ( a- 'Y) - COBIIa

.n:eHIIH II03BOJIIIJI IIOLJ:TBepLJ:IITI, MYJibTIIIIOJibHOCTII ,-rrepexo.n:oB: 96.3 K3B 
(Ml+E2), 100.2 K3B (Ml), 117 K3B (Ml(+E2)), 150.2 K3B (Ml) II 171.8 
KaB (E2). BaJiaHc IIHTeHCIIBHocre:ti: a- II 1 -rrepexo.n:oB ,n:JIJI Bcex ypoBHe:ti: 
217 At BhlIIOJIHJieTcJI, KpoMe 410.6 K3B. 

He y.n:aJIOCb rroeyqIITI, LJ:OIIOJIHIITeJibHLIX apryMeHTOB B IIOJib3Y cyru:ecTBO

BaHIIJI ypoBHJI 310 K3B, 13/2+ B 217 At. Bo3MO.lI<Ho, qTQ oTHeceHHaJI [2] K 

pacrra.n:y Ha 3TOT ypoBem JIIIHIIJI Ea = 6037 KaB, aa = 0.003% Ha caMOM 
.n:eJie B03HIIKaeT rrpII pacrra.n:e ,n:oqepHero 217 At Ha ypoBeHb 1050 K3B 213Bi. 

CBo:ti:cTBa ypoBHe:ti: 217 At (pIIc. 4) cornacyIOTCJI c HHTeprrpernn;~e:ti: IIX, 
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111 __ :;J--V 

l ;~ 
"'-;;;:;i-
J, ;~ 

I, 

(r 

382.3 HH 0.08 14 

311.3 1980 0.48 11 

272.0 1071 0.11 140 

211.1 8128 11.1 2.4 

9/2- .I. 
100.2 1243 1.34 87 

0 8341 83.4 3.8 

I• u, 32 ms 
E E la HF t.v•I flli; 

keV keV % 

17 
ss At1a2 

PIIc. 4. Cxe11rn pacrra.n:a 221 Fr 

KaK B036ym,n:eHIIH, CBJI3aHHhlX C COCTOJIHIIJIMII 060Jioqeqmrll 1110.n:eJIII p(h!l/:! ):l 
:.! II p(hg;:.1) f7 /2· 

AnTophl rrpII3HaTeJibHhl B.B.Bpy.n:aHIIHY, B.r.KaJIIIHHIIKOB,V II B.l\Lro
po.lI<aHHIIHY 3a rro.n:.n:epmKy pa60TLI II IIOJie3Hhle o6cym.n:eHIIJI. Pa6cna BhllIOJI
HeHa rrpII <pIIHaHCOBO:ti: rro.n:.n:epmKe P<I><I>l1(Ko.n:hl rrpoeHTOB 9.J-02-04828a n 
98-02-16451). 
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