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Bonq-OcMonoacKan H.A. n ap. P6 - 11608 
CxeMa pacnaaa 169 Lu 

Ha ocnoae H3Mepennll cneKrpoa y -nyqell, aneKrponoa anyrpenneil 
KOHBepcnn, y-y -coanaaennll, noanrponnoro nanyqennn npoanannanpoaana 
cxeMa pacnaaa 169Lu, uaaecrnan H3 nnreparypbi, H nocrpoena noaan qacrb 
CXCMbl, 

Pa6ora BbinOnHeHa B na5oparopnK naepHbiX npo5neM OHHH. 

npenpHIIT 06bellHHeHHOI'O HHCTHTyTa SlllepHblX HCCnellOBSHHH, lly6aa 1978 

Bonch-Osmolovskaya N.A, et al. P6 - 11608 
Decay Scheme of 169Lu 

On the basis of measurements of spectra of y -rays, 
electrons of internal conversion , y-y -coincidences, positron 
the 169Lu the decay scheme was analysed, known from lite
rature,· A new section of the scheme was constructed, 

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

Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 

© 1978 06'b8JlHHeHHblil HHCTHTyT HJI8pHb!JC HCC08JlOBBHHil J1y6HB 

B 'laCTH nepBOH HaCTOHU\eH pa60Thl 6hiJIH ony6JIHKOBa

Hhl I 1/ 3KcnepuMeHTaJILHLie peJyJILTaThl uccne.IJ;oBaHHH 

ClleKTpOB y - Jiy'leH, 3JieKTpOHOB BHyTpeHHeH KOHBepCHH, 

cneKTpoB y-y - cosna.n;eHHH npu pacna.n;e 
169 Lu. ,[(aHHhle 

HCCJie,IJ;OBaHHJI ll03HTpOHHOrO H3Jiy'leHHJI 6biJIH llpHBe,IJ;eHbl 

B /2/, 
BTOpaH 'laCTb HaCTOH~eH pa60Thl llOCBHU\eHa llOCTpoe

HHlO CXeMLI pacna,IJ;a 169 Lu Ha OCHOBe llOJiy'leHHhiX B 71,2/ 
3KCllepHMeHTaJILHhiX CBe,IJ;eHHH. llpoaHaJIH3HpOBaHa CXeMa 

pacna.IJ;a 169 Lu, npe.n;no:lKeHHaH a7 3- 61, a TaK)Ke nocTpoeHa 

HOBaJI 'laCTL CXeMbl, rnaBHhiM o6pa30M Ha 6a3e H3MepeHHH 

y-y- cosna,IJ;eHHH, yTO'IHeHHhiX JHa'leHHH 3HepruH: H MYJILTH

nonLHOCTeH: y -nepexo,IJ;oB. 

B pe3yJILTaTe B 06JiaCTH HH3KOB036y)K,IJ;eHHLIX COCTOH

HHH yTO'IHeHhl 3HeprHH yposHeH: H cnoco6 ux pa3pH.IJ;KH, 

a TaK)Ke BBe,IJ;eH ypoBeHL 7 /2+832 K:JB /puc. Jj. B 06JiaCTH 

Bhlwe 1,1 M :JB cxeMa npeTepnena cymecTBeHHhle H3Me

HeHHH I puc. 2,3/ . .113 H3BeCTHhiX paHee cocTOHHHH:/
3

-
5

/ 

llO,IJ;TBep.IJ;HJIHCL TOJihKO llHTL HaH6onee CHJILHO JaCeJIHeMhiX: 

1449, 1463, 1689, 1781 H 1908 K:JB. He HaWJIH ,IJ;OCTaTO'l

HhiX apryMeHTOB ,IJ;JIH IIO,IJ;TBep:lK.IJ;eHHJI COCTOJIHHH 1204, 
1311, 1353, 1429, 1616, 1909, 2096, 2136, 2237, 2246, 
2286, 2296 K:JB BCJie,IJ;CTBHe npOTHBOpe'IHH ,IJ;aHHbiM llO y-y
COBlla,IJ;eHHJIM, HapyWeHHJI 3HepreTH'leCKOrO 6aJiaHCa, He

COBMeCTHMOCTH MYJILTHllOJILHOCTeH y -nepeXO,IJ;OB, pa3-

pH:lKaiOU\HX onpe,IJ;eJieHHhiH ypoBeHL. 

B o6nacTH BLIWe 1,1 M :JB nocTpoeHa cxeMa pacna.n;a 
169Lu, BKJilO'laiOU\aH llJITHa,IJ;n;aTL HOBhiX COCTOHHHH. llo

CTpOeHHe cxeMhl pacna.n;a wno B .n;sa 3Tana. CHa'lana sao

.IJ;HJIHCL ypoBHH, cne.IJ;yromue H3 peJyJILTaToB y-y-cosna.n;e

HHH. TaK, 6hiJIH BBe,IJ;eHbl COCTOHHHH 1283, 1540, 1565, 1554, 
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1658, 1707, 1708, 1716, 1954, 2100 K3B, KOTOpbie BMeCTe 
c ypoBH.IIMH, npaae,I(eHHbiMH Ha puc. 1, a no.I(TBep)K.I(eHHbiMH 
y-y- COBna,I(eHH.IIMH H3BeCTHbiMH eoeTO.IIHH.IIMH 1449, 1463, 
1689, 1781, 1908 K3B eoeTaBHJlH onopHyiO qaeTb exeMbi . 
,lJ;anee, HenOJib3Y.II Mae eBB onopHbiX ypOBHeH H Mae eBB 
Hepa3Meu,.eHHbiX y -nepexo,I(OB /a TaK)Ke y -nepexo.I(OB, 
qbe pa3MeU,.eHHe 6biJIO eOMHHTeJibHO/, Mbl npHeTynHJIH 
KO BTOPOMY 3Tany noeTpOeHH.II exeMbi e nOMOU,.biO 3BM 
EC- 1040 no nporpaMMe "Decay'~ eocTaaneHHOH O.I(HHM 
H3 aaTopoa ,I(aHHOH eTaTbH /IO.IO.Jio6aHoBbiM/. Bxo.I(Hble 
,I(aHHble "Decay, BKJIIOqaiOT B ce6.11 Mae eBB onopHbiX 
ypOBHeH e yKa3aHHeM HX enHHOB H 3HeprHH e norpeWHOeTJI· 
MH H MaCCHB Y -nepeXO,I(OB e yKa3aHHeM HX HHTeHCHBHO
eTeH, MYJibTHnoJibHOCTe:H H 3Hepra:H e norpewHOCT.IIMH. 
llocKOJibKY o6a Maccaaa /onopHbiX ypoBHe:H H y-nepexo,I(oB/ 
6biJIH BeJIHKH, Mbl nonyqHJIH B pe3yJibTaTe BTOporo 3Tana 
pa60Tbi oqeHb 60JibWOe KOJIHqeeTBO /OKOJIO eTa/ "KaH,I(H
,I(aTOB" B ypOBHH 169Yb. lf3 HHX Mbl OT06paJIH TOJlbKO n.IITb 
/1199, 1466, 1732, 1973, 2138 K3B/, 6JIH3KHe no 3Hepra
.IIM K KOTOpbiM Ha6JIIOJ.I,ai0Te.ll B TeX HJIH HHbiX .II.I(epHbiX peaK
D;H.IIX (d, p) , (d, t) /7/ ; (p, t/8/ ; (n, y) /9-12/ H KOTOpbie 
HMeiOT He MeHee qeTbipex eB.IIJe:H y -nepexo.I(aMH e onop
HbiMH ypoBH.IIMH. B n;enoM B exeMe pacna,I(a 169 Lu oeTa
JIHeb Hepa3MeU,.eHHbiMH y -nepeXO,I(bi, eyMMapHa.ll HHTeHeHB· 
HOeTb KOTOpbiX He 6onee 7o/o Ha paena,I( 169 Lu . 

lloeTpOHB cxeMy paena.I(a 169Lu, Mbl BbJqHeJIHJIH Jaee
JieHHOeTb ypOBHeH 169yb H BepO.IITHOeTb j3...!nepeXO,I(OB 

Ha HHX /puc. 1-3/. llOJIHa.ll HHTeHCHBHOeTb/1000/o/pae
na,I(a 169 Lu onpe.I(eJIJIJiacb .I(BYM.II enoeo6aMH: no HJ
MepeHH.IIM peHTreHoBeKoro HJJiyqeHH.II I ma611. 1 I 1/j a Ha 
oeHoae exeMbi paena.I(a 169 Lu. B nepBOM enyqae Mbl nony
qana BeJiaqaHy 505±50 e,I(. ly, BO BTOpOM enyqae eyMMa 
HHTeHeHBHOeTeH y-nepeXO,I(OB, H.I(YU,.HX Ha OeHOBHOe eo
eTO.IIHHe 169 Yb e yqeToM noJHTPOHHoro pacna.I(a H K
JaxaaTa Ha Hero, oKa3anaeb paBHOH 470±50 e):(. Iy. 3a 
eTO npou;eHTOB paena,I(a 169Lu 6biJIO npHH.IITO 3HaqeHHe 
500±50 e):(. ly. CornaeHo HJMepeHH.IIM noJHTpOHHoro H3-
nyqeHH.II /2/ pa3HOeTh Mace 1G9Lu - 169yb 6blna npa
H.IITa paBHOH 2293±3 K3B. 
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OECY)J(,l(EHHE CXEMhl 

YpoeHu c 3Hepzueii MeHbUJe 1,1 M3B 

B :HOH o6naCTH B036y)l(~eHHLIX COCTOJIHHH 169Yb H3-
BeCTHO 6onLWOe 1·IHCnO poTaUHOHHLIX nonoc pa3nH'lHOH 
CTPYI<TYPLI I puc. 11, I<OTOpLie uccne~oaanHCL I<ai< B Jl)l.ep
HLix peai<UHJIX (d, p) , (d, t/7/ ; (p, t)/8/; (n, y)i9-12/; 
(a,2n)/13/, Tal< H npH {3-pacna~e 169Lu. MLI BBO~HM 
B cxeMy pacna.n.a 169 Lu ypoaeHL 7 12+832,038 K3B, 
IIpOJIBnJIIOIUHHCJI B y-y- COBIIa~eHHRX, I<OTOpbiH Ha6niO~ancJI 
paHee TOnLI<o a (n, y) - peai<uuul12ij 1712 +I 831 ,8+ K3BI 
H I<OTopLiii npe~nonarancR poTaUHOHHLIM B nonoce 31.2. 1651] + 
+ 7 I21633]Q22• ,LJ;eiicTBHTenLHO, pa3pR~I<a ero, I<ai< H HH)I(
HHx COCTORHHH 312+ H 5l2~ocymeCTBnJieTCR Ha YPOBHH 
OCHOBHOH IIOnOCLI. flapaMeTp HHepUHH IlpH 3TOM nonyqaeT
CR 6nH3I<HM I< 3Ha'leHHRM ~nR IIOnOC C IIOnO)I(HTenLHOH 'leT
HOCTLIO I ma6A. 11. Hei<oTopoe oTnH'lHe 3Ha'leHHR .A 2 o oT 

+ + ... 
3Ha'leHHR A1, 2 ~nR nonocLI +312 [651] + 712 [633]Q 22 II<ai<, 
anpo'leM, H .n.nR nonocLI 512 [6421 I MO)I(eT 6LITL OTHeceHo 
3a C'leT CHnLHOrO I<OpHOnHCOBa B3aHMO)l.eHCTBHJI IIOnOC 
no.n.o6ono'II<H j = 1312, I<OTopoii npuHa~ne)l(aT ~aHHLie 
COCTORHHR. 

,lJ;nR COCTORHHH ~pyrHX pOTaUHOHHLIX nonoc MLI yToq
HHnH 3HeprHH ypOBHeH, IIO~TBep~HnH CIIOC06 HX pa3pJI~I<H 

y-y- coana~eHHJIMH, a Tai<)I(e yTO'lHHnH H ~ononHHnH ~aHHLie 
o6 3TOH pa3pR~I<e. Tai<, HanpuMep, ypoaeHL 1112-, 
1/2 [521] 487 K3B, I<OTOPLIH paHee BBO~HnCJI B CXeMy f3-
pacna~a 169 Lu ycnoaHo/3/, TenepL no~I<pennReTcR eme 
O~HHM y-nepexo~OM: 243 K3B, IIpORBnRIOIUHMCR B y-y-COB
na~eHHJIX. ,LJ;ononHeHLI cae~eHHJI o pa3pJI~I<e ypoaHeii: 
389 K3B ly227 H 318 K3BI; 748 K3B ly470, 649 K3BI; 
806 K3B ly542 K3BI; 919 K3B ly272 H 529 K3BI; 960 K3B 
ly682 K3BI; 1070 K3B ly423 H 908 K3BI. Hei<OTOPLie 
y -nepexo.n.LI, HanpaaneHHLie B /3-6/ c ypoaHeii paccMaT
puaaeMLIX IIOnoc, He IIO~TBep)l(~aiOTCJI HaWHMH ~aHHLIMH. 
Tai<, HanpuMep, npu MynLTHnonLHOCTH y-nepexo~a 
920 K3B, onpe~eneHHOH HaMH I<ai< E2, 3TOT nepexo~ He 
MO)I(eT pa3pJI)I(aTL ypoBeHL 912-919 K3B Ha OCHOBHOe 
COCTOJIHHe H T .~. 
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YpoeHu c 3Hepzueil ebuue 1,1 M3B 

CxeMa pacna,IJ,a 169Lu, KOTOPYJO MLI npe,D,naraeM, co
,D,ep)KHT ,IJ,Ba,IJ,D;aTI. B036y)I(,IJ,eHHbiX COCTOJIHHH C 3HeprHei, 
6onbmei 1,1 M3B /puc. 2,3/. I1J1Tb H3BeCTHLIX paHee 
ypoBHei /3-S/ /1449, 1463, 1689, 1781 H 1908 K3B/ no,IJ,
TBep)I(,IJ,aiOTCJI y-y - COBITa,IJ,eHHJIMH. )J;nJI HHX YTO'IHeHbl 3Hep
rHH, cnHHLI H cnoco6 pa3pJI,IJ,KH. TaK, HanpHMep, c ypoBHJI 
1449 K3B Han,paBneHO ,IJ,OITOnHHTenbHO WeCTb y -nepeXO,IJ,OB, 
ITJITb H3 KOTOpbiX npOJIB»JIIOTCJI B COBITa,IJ,eHHJIX. CnHH ypoB
HJI 1449 K3B Tenepb O,IJ,H03Ha'IHO onpe,D,eneH KaK 7/2-, TaK 
KaK c Hero Ha6nro,IJ,aeTCJI HecKonbKO Ml-nepexo,IJ,oB Ha co
CTOJIHHJI 5/2-.CITHH ypOBHJI 1463 K3B no-npe)KHeMy OCTa
eTCJI Heonpe,IJ,eneHHbiM: 9/2-HnH 7 /2-; HO 6onee BepOJITHO, 
'ITO OH: 9/2-;raK KaK pa3pJI,D,Ka ero H,IJ,eT, B OCHOBHOM, Ha 
COCTOJIHHJI 7/2-, 9/2-. Ha COCTOJIHHe 5/2-C Hero Ha6mo
,IJ,aeTCJI nHmb o,IJ,HH y -nepexo,IJ, MynbTHnonbHOCTH E2. CnHH 
ypoB?s 1781 K3B onpe,D,enJieTCJI Tenepb KaK 7/2-, a He 
5/2- 3/, ITOCKOnbKY Ml -nepeXO,IJ, 1694 K3B, HanpaBneHHbiH 
C Hero paHee Ha COCTOJIHHe 3/2-86 K3B, He Y.D.OBneTBOpJieT 
6anaHcy 3HeprHi. KpoMe Toro, c ypoBHJI 1781 K3B, cornac
HO ,IJ,aHHLIM no y-y -coBna,IJ,eHHJIM, HanpaBneH Mt-nepexo.D. 
703 K3B Ha ypoBeHb 9/2-1078 K3B. 

CnHH ypoBHJI 1908 K3B TaK)Ke H3MeHHnCJI. llocKonbKY 
c Hero cor nacHo y-y- coBna,IJ,eHHJIM HanpaBneHbi .D.Ba HH
TeHCHBHLIX El -nepexo,IJ,a: 1338 ll 1260 K3B, Ha ypoBHH 
5/2- H 7/2-nonocLI 5/2'1523] , cnHH ero MO)KeT 6LITb 5/2+ 
HnH 7/2~Ho He 9/2+,KaK npe,IJ,nonaranocb B /3/ H3 npe)K
HHX ,IJ,aHHbiX 0 pa3pJI,D,Ke ypOBHJI 1908 K3B/~ITO,IJ,TBep,IJ,H
nHCb TOnbKO ,IJ,Ba y -nepeXO,IJ,a /1908 H 1318 K3B/, OCTanb
Hbie ceMb y -nepexo.D.OB pacnono)KeHbi 3,IJ,ecb BnepBLie . 

HoBble ypoBHH 169 Yb, BBe,IJ,eHHLie Ha ocHoBaHHH pe 3ynh
TaTOB y-y -coBna,IJ,eHHH: 7/2-1283 K3B; 9/2- 1540 K3B; 
9/2-1554 K3B; 7/2-1565 K3B; 5/2+/7/2+/ 1658 K3B; 
9/2+/7/2+/ 1707 ~:JB; 7/2-/5/2-: 9/2-/ 1708 K3B; 
7/2+1716 K3B; 5/2-. 7/2-1954 K3B H 7/T2100 K3B 
/puc. 2,3/ pa3pJI»<ai<•Tcg TpeMg H 6onee, y-nepexo;:J.aMH 
c xopomHM 6anaHco_,, JHeprHH: /KaK npaBJJ:IO, B npe,D,enax 
la j. )J;nJI BCeX COCTOHHHH Ha6niO,;xaeTCjl xapaKTepHag pa3-
pJI,D,Ka Ha HH3Kone*awHe poTaUHOHH~e nonoc~. B g,D,ep-
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HMX peaKUBHX Ha6nro~aiDTCH COCTOHHBH, 3HeprBB KOTOpMX 
6nB3KB K 3HeprBHM HeKoTopMx BBe~eHHMX HaMB ypoBHei: 
1285 K3B (d,p) (d, t) /7/; 1553 B 1567 K3B (d, p) /7/ , 
1715 /5/ K3B (p, t)/8/. YpoBeHb 9/2-1554 K3B, B03MmK
HO, HBnHeTCH poTaUBOHHMM Ha COCTOHHBB 7/2-1449 K3B, 

TaK KaK pa3pH~KB 060BX COCTOHHBH CXO~HM B napaMeTp 
BHepuuu :A 1,2 = 11,68 K3B xopomo cornacyeTcH co 3Ha
qeHBHMB A ~nH nonoc oTpuuaTenLHOH qeTHOCTB /ma6A. 2/. 

B03MO)KHO, qTo ypOBHB 5/2+1658 K3B B 7/2+1716 K3B 

TaK)Ke COCTaBnHIOT poTaUBOHHYIO nonocy, TaK KaK B B 3TOM 
cnyqae MM BMeeM no~o6HMe cnoco6M pa3pH~KB o6oux 
ypoBHei B cornacue napaMeTpa BHepuuu !A 1 2 = 8,27 K3B 

CO 3HaqeHBHMB !A ~nH nonoc nonO)KBTenhliOH qeTHOCTB 
/ma6A. 1/. 

HOBMM ypOBHHM 5/2~ 7/2-1199 K3B; 7/2+1732 K3B 

B 7/2-1973 K3B, He DpOHBnHIOli(BMCH B Jo-Y - COBDa~eHBHX, 
COOTBeTCTBYIOT 6nB3KHe DO 3HeprBHM ypOBHB B H~epHMX 
peaKUBHX: 1198 K3B (d, p) (d, t)/7/; 1733 K3B (d, p) /7/ B 
1971 /7/ K3B (p, t)/8/. KpoMe TOrO, Bee OHB BMeiOT 
HeManoe KOnuqecTBO CBH3eH C ODOpHbiMB ypOBHHMB: C ypoa
HH 1199 K3B HanpaaneHo qeTMpe y -nepexo~a /u Ha Hero 
u~eT y -nepexo~ caepxy/, ypoBeHL 1732 K3B pa3pH)KaeT
cx DJITbiO y - nepexo~aMB, ypoBeHb 1973 K3B - O~BHHa~

uaTbiO. 

B peaKUBB (p, t/8/ Ha6nro~anB COCTOHHBe 7/2 
1463 /1?~ K3B, B peaKUBB (n,y) - 7/2-, 1/2(510) 
1466 K3B //ronOBHOH ypoBeHL-1/2-1317 K3B/. MM nona
raeM, qTo npu {3-pacna~e 169 Lu 3TOMY ypOBHIO COOTBeT
CTByeT COCTOHHBe /7 /2-:-j 1466 K3B, OCHOBHaH pa3pH~Ka 
KOTOpOrO B~eT TpeMH y - nepexo~aMB Ha poTaUBOHHyro 
nonocy 1/2-[521] c oqeHb xopomBM 3HepreTuqecKBM 6a
naHcoM /KpOMe TOrO, OH DO~KpennHeTCH ell(e ~BYMH Y -
nepexo~aMu/. 3HaqeHue log ft = 8,4 ~nH {3- nepexo~a Ha 
Hero He DpOTBBOpeqHT THDY "lh ", · 

YpoBeHb 5/2-2138 K3B pa3pH)KaeTcH nHTbiO y-nepexo
~aMB. ilOCKOnbKY pa3pH~Ka ero H~eT Ha COCTOHHBH C Ma
nMMH CDBHaMB, He HCKnroqeHO, qTo eMy COOTBeTCTByeT 
Ha6nro~aeMMH B peaKUHHX (p, t) /8/ ypoBeHb 2129 /12/ K3B. 

qTO KacaeTCH CTpyKTypM BMCOKOB036y)K~eHHMX co-
CTOHHBH 169 Yb, To 3~ecb TPY~Ho npoaecTB u~eHTBcllBKa-
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UHID. OqeBHAHO, qTo npH 6onLWOH nnOTHOCTH COCTOHHHH 
CMeWHBaHHe AOJDKHO 6LITL BenHKO H onpeneneHHe KBaHTO
BLIX queen "K" no npasunaM Anaru nuwaeTcH CMLicna. 
Cor nacHo cxeMe HunLccoHa B 169 Yb HMeeTCH TonLKO 
TpH COCTOHHHg; 7/l[514] , 7/2L503], 9/2-[505] , Ha KOTO

pLie c ocHOBHOro coCTOHHBH 169Lu /7 /Tr404] I B03MO:>KHLI 
f3- nepexonLI nepsoro nopHnKa 3anpeJUeHHH He 3anep:>KaHHLie 
( "lu "). MLI, onHaKo, HMeeM oKono necHTH f3- nepexo
AOB Ha COCTOHHHH 7/2-, 9/2- 169Yb B 3TOH o6naCTH 

3HeprBH CO 3HaqeHHHMH 1ogft=6,9-7,9, qTO COrnaCHO 
CHCTeMa TBKe /14/ OTBeqaeT f3- nepexonaM ''lu '', flo- BH
AHMOMY, CTpyKTypa 7/2-[514], 7/l[503], 9/2-1505] "pa3-

Ma3aHa" no MHOrHM COCTOHHBHM. llOCKORLKy COCTOHHHe 
7/2-[514] cornacHo cxeMe HBnLccoHa, pacnono:>KeHo no 
3Hepruu HH:>Ke, qeM 7 /2-£503], Hau6onee 3acenHeMOMY 
/240/o/ npu f3-pacnane 169Lu ypoBHIO 7/2 960 K:JB npu
DBCLIBaeTCH OCHOBHag CTPYKTypa 7 /2-[514.1. YpoBeHL 7/2-
1449 K3B HBRHeTCH BTOpLIM DO 3acenHeMOCTH /150/o/ cpenu 
COCTOHHHH CO CDHHaMH 7/2-, Ha KOTOpLie HAYT (:3 -nepexo
ALI THna "lu ·•• BeCLMa BepOHTHo, qTo eMy npBHanne:>KHT 
HaH6onLwag qacTL KOMDOHeHTa 7 /2-[5031. H3 3THX :>Ke 

coo6pa:>KeHHH MO:>KHo npennono:>KHTL, qTo yposHJo 9/2-, 
1463 K:JB, KaK Hau6onee 3acenHeMoMy /50/o/ cpenu cocTog
HHH 9/2-, DpHHanne:>KHT HaH60nLwaH qaCTL KOMDOHeHTa 
9/2L505} .. 
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