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AnHKOB E.A. 11 op. P6 - 11687 

0 pscnsoe 157Ho .. 
157

Dy 

npu pscnsoe tr.7Ho .. tr.? Dy uccneooaani!Cb cneKTpbl :;,neKTpOHOB 

auyTpeuur~7 Koneepcul!, e -y -coanaoeuull 11 113MepeHbt epeweua JK113HH 
ypoeuell Dy c 3HeprllstMII 61,1; 147,7; 188,0 11 341,1 K3B. Pe3ynhTSTbt 
3THX IICCDellOBSIIIIl\ D03B0flllflll yCTSHOBIITb B036yJKileHIIe Dpll pacnaoe l&?HO 
H30MepHbiX COCTOstHHil 161,9 (I" = 9/2+) II 199,2 K38 (I" = }1/2-), 
npoauamt31!pOBSTb eepostTHOCTH :;,neJtTpoMarHIITHbtX nepexonoe B 

157
Dy. 

Ps6oTa BbiDODHeua B na6opaTOp1111 stoepHbiX npo6neM OlHil1. 

npenpRHT 06bellRHeHHOrO HHCTRTyT8 HAepHhlX RCCDellOB8HHA, fiy6H8 1978 

© 1978 06'bellBHeHHblil BRC'I'BT}''I' MepHblJC BCCnetlOBBHBil /ly6HB 

1. BBE/I,EHHE 

HJyqeuue CTPYKTYPhl ueqeTHhlX H~ep, pacnono~eHHhlx 
B uaqane o6nacTH ~e~opMHpooanHhlX H~ep pe~KOJeMenL
HbiX 3lleMeHTOB (N o:90), ll03BOnHeT nonyqHTb CBe~eHHH, 
He06XO~HMble ~nH llOHHMaHHH H3MeHeHHH CBOHCTB H~ep llpH 
nepexo~e OT CHllbHO~e~OpMHpOBaHHhlX HYKllH~OB K HYKllH~aM 
co cna6oii ~e~opMauueii. YMenLrneuue KBa~pynonbuoii ~e
~opMauuu H~pa llpHBO~HT K ycuneHHID CMelliHBaHHH O~HO
KBaJHqacTHqHbiX COCTOHHHH H H3MeHHeT 3HepreTHKY po
TaUHOHHbiX nonoc. 3TO oco6eHHO JaMeTHO npOHBnHeTCH 
B nonoce nono~HTenbuoii qeyuocTH, KOTopaH ua6nw~aeTCH 
B PH~e ~e~opMHpooauubiX ueqeTuo-ueiiTpounbiX H~ep. B 
H~pax c N = 89,91 1 151sm, 153Gd , 155oy, 157oy, 
159

Er, 161 Er I ocuooubiM cocTOHHHeM 3TOH nonocbi cTaHOBHT
CH ypooeub c I" = 912-;npuqeM qneHbi c MeHblliHMH Juaqe
HHHMH CllHHOB 1112 +7121 ne~aT Bhlllie H 6onee cna6o 
JacenHIDTCH. AHOManHH ua6mo~aiDTCH H B MeHee B03My
IUeHHbiX nonocax oTpuuaTenbuoii qeTHOCTH. flonbiTKH o~uo
opeMeuuoro OllHCaHHH B paMKaX MO~enH C yqeTOM B3aHMO
~eHCTBHH Kopuonuca KaK 3HepreTHKH nonoc nono~uTenLuoii 
H OTPHUaTellbHOH qeTHOCTH, TaK H BepOHTHOCTeH 3lleKTpo
MarHHTHbiX nepexo~OB B H~pax 3TOH o6naCTH, B qacTHOCTH, 
~nH H~ep c N = 89, uaTanKHBaiDTCH ua onpe~eneHHbie Tpy~
HOCTH. 

157 
BoJ6y~~eHHbie cocTOHHHH Dy uccne~ooanucb npu 

{3 -pacna~e 157 Ho 1 T 112 = 12,6 MUHI11 -5 1 u B H~epHbiX 
16-101 

peaKUHHX 
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BpeMeHa :>KH3HH yposHeii 161 K3B I I" = 9/2 +, T112 = 
= 1 ,3±0,2 MKC/ H 188 K3B I ITT = 5/2+, TJ!2 = 1 ,00± 
±0,15 HC/ H3Mep.llnHCb B peai<D;HH (a ,2n)111 , a ypOBHJI 
199 K3B /ITT= 11/2-, T 1'J = 19,2±0,5 MC/ - B peai<D;HJIX 
(a ,2n) , (a,3n) H (p,3n)18 . 

B HacTo.ll~eii: pa6oTe ycTaHosneHo soJ6y:>K~eHHe B .11~
pe 157Dy npH pacna~e 157Ho H30MepHbiX COCTOJIHHB C 
ITT= 9/2+H 11/2-H HJMepeHbl speMeHa :>KH3HH yposHeii 
61, 147, 188 H 341 K3B. 

2. METOt4HKA 3KCIIEPHMEHTA 

2.1. PaouoaKmueHt.le ucmot~HUKU 

Hccne~osaHH.II speMeH :>KH3HH H e- y - cosna~eHHii npo
so~HnHcb c pa~Hoai<THBHbiMH HCTO'IHHI<aMH H3o6aphl c A = 
= 157, nony'leHHblMH s peai<UHH rny6oi<oro pac~enneHH.II npH 
o6ny'leHHH TaHTanOBbiX MHIIIeHeii: Ha BbiBe~eHHOM ny'II<e 
npoTOHOB CHHXPOUHI<noTpoHa OHJIH I E P = 660 M3B, lp = 
= 0,1 MKA/. 06ny'leHHa.ll MHWeHL /TaHTanosaJI <t>onLra Ton
~HHOii 50 MKM, BeCOM -0,5 z/ npH nOMO~H nHeBMOnO'ITbl 
TpaHcnopTHposanacL K JneKTpoMarHHTHOMY Macc-cenapa
Topy1121 H noMe~anaCb B Tpy6'1aTblB HOHHblB HCTO'IHHI< 
C nosepXHOCTHOB HOHH3aD;HeB. llpH HarpeBaHHH MHIIIeHH 
B HOHHOM HCTO'IHHI<e Jl~pa - npo~yKTbl Jl~epHbiX peai<D;HB 
HCnap.llllHCb H3 MHIIIeHH, HOHH3HpOBallHCb H pa3~en.llnHCb 

s cenapaTope no MaccaM /13~ Ha I<onnei<Tope cenapaTopa 
HOHbl BHe~p.llllHCb B aruoMHHHeBble $onLrH TOll~HHOB 5" 
10 MKM. 

HcTO'IHHI<H ~n.11 MarHHTHLIX {3- cnei<Tporpa$os npHroTos
n.llnHCb MeTO~OM 3llei<TpOllHTH'IeCI<OrO OCa:>K~eHHJI $pai<
UHH H30Tonos Er H Ho, BLI~eneHHLIX pa~HOXHMH'IeCI<HM 

MeTO~oM'14/ H3 o6ny'leHHOB MHWeHH Ha nnaTHHOB}'IO HHTb 
¢ 0,1 MM. llpH'IeM speM.II c I<OHUa o6ny'leHH.II ~o Ha'lana 
H3MepeHHJI COCTRBll.llllO - 50 MUH; HR I<a:>KAOM HCTO'IHHI<e 
BJMep.llnBcb TPH nocne~osaTenLHLie cepaa c speMeHaMB 
3I<Cll03HD;BB 40 MUH, 2 'I B 8 'I COOTBeTCTBeHHO. 
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2.2. Annapamypa 

CneKTpbi I<OHsepcHoHHLIX JneKTPOHOB Hccne~osanHcb 

npH nOMO~H 6e3:>Kene3HOrO f3 -cneKTpOMeTpa C TOpOH~anb
HbiM MarHHTHbiM noneM - CT2 /15/ I ~Hp/Hp = 1,1~, T = 
= 20~/ H MarHHTHbiX {3 - cnei<T~orpa$OB C O~HOpO~HbiM no
neM I ~Hp/Hp = 0,03+ 0,07~/ 1 61 . 

Hccne~osaHH.II e-y-cosna~eHHii nposo~HnHcb ua ycTa
HOBKe /17/, co6pauuoii: ua 6a3e f3 -cneKTpoMeTpa CT 2 H 
y -cneKTpoMeTpa c Ge(Li) -~eTeKTopoM IV= 40 cM 3 , 

~Ey= 3,5 K3B Ha Ey = 1,330 M3B/. BpeMeHHOe paJ
peweHHe yCTaHOBKH COCTaBn.llllO 2 TO = 30 HC. 

BpeMeua :>KH3HH so36y:>K~eHHbiX cocTOJIHHii HJMep.llnHcb 
Ha MHoroKaHanLHOM speMeHHOM auanH3aTope 11B/, co6paH-
HOM Ha 6a3e MarHHTHO"llHH30BOrO {3- cnei<TpOMeTpa H 
CUHHTHnnHUHOHHoro y - cneKTpoMeTpa I CUHHTHnnHTop -
NE104 ¢ 25x25 MM, $oToyMHO:>KHTenL - XP1020/. Bpe
MeHHoe pa3peiiieHHe ycTaHOBKH COCTaBn.llnO 2 r 0 < 1 HC. 

BpeMeHHble cneKTpbi o6pa6aTLIBanHCb ua 3BM CDC6500 
no nporpaMMaM/19/"LIFTIM" H "MOMENT". 

3. 3KCIIEPHMEHTAJibHblE PE3YJibTATbl 

llpH auanH3e 3KCnepHMeHTanbHblX pe3ynLTaTOB Mbl HC
XO~HllH H3 cxeMLI pacna~a 157 Ho, npe~no:>KeHuoii: B pa6oTe1 4 ( 

3.1. CneKmpt.l e-y·coenaoeHuii 

157 157 . 
B cneKTpe I<OHBepcaoHHblX JneKTPOHOB Er+ Ho , 

HJMepeHHOM Ha f3 -cneKTpoMeTpe CT2 /scTaBI<a ua puc. 1/, 
6blnH 06Hapy:>KeHbl KOHBepCHOHHble 3llei<TpOHbl C 3HeprHJIMH 
E e = 17,4 H 18,2 K3B, I<OTOpble H~eHTH$HUHposaHLI HaMH 
KaK L 11 H L 111 JneKTpOHbl E2 -nepexo~a c 3HeprHeii 26 K3B. 

Ha puc. 1 npHBe~eH cnei<TP cosna~eHHB Lm 3nei<T
poHoB nepexo~a 26 K3B c y -ny'laMH. AuanHJ 3Toro cnei<T
pa n03BOllJleT ycTaHOBBTb, 'ITO nepexo~ 26 K3B npOHCXO" 
~HT B .11~pe 157 Dy. <l>parMeHT cxeMbl pacna~a 157H~57Dy, 
no.IICHJIIO~HB HHTepnpeTaD;HIO nony'leHHbiX 3KCnepHMeHTanb
HbiX ~aHHbiX, npHBe~eH Ha pUC. 2. 
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4•It6 K3B. 

llpOBBDeHHe B cneKTpe COBna~eHHti nepexo~OB 153 H 

320 1<3B, a, C ~pyroH CTOpOHhl, OTCYTCTBHe COBna~eHHti 
Lm 26 r<3B c nepexo~aMH, pa3pB)I(aJO~HMH ypoBHH 147 
H 61 K3B, fi03BODBIOT pa3MeCTHTL nepexo~ 26 1<3B Me~y 
ypoBHeM 188 K3B I 177 = 312+, 512+ 141 I H H3oMepHhlM 

COCTOBHHeM 162 K3B C 177 = 912 + H T t/2 = 1,3 MKC, 
Ha6nro~aBWHMCB pauee B B~epHhlX peaKUHBX /11.<B COOTBeT· 

CTBHH C 3THM ypOBHIO 188 1<3B He06XO~HMO O~H03Ha'IHO 
npunucaTL I" = 512+. 
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157 157 D Puc. 2. C/>pazMeHm cxeMbl pacnaoa Ho-+ y. 

llpoBBneuue B cneKTpe coBna~euuti nepexo~oB, 3acenBro-

1UHX YPOBHH 211 1<3B I y 130 ' y209 'y297 H y 685 1<3BI 
H 257 K3B I y162, y269 H y430 I CBH~eTenLCTByeT o TOM, 

'ITO 3TH COCTOBHHB CBB3aHhl npBMhlMH IHnH KaCKa~HLIMH -

~B ypoBHB 257 r<3BI nepexo~aMH c ypoBHeM 

188 r<3B. 
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llonuax HHTeHCHBHOCTL nepexoAa 26 K3B oueueua H3 
cpaBHeHHH HHTeHCHBHOCTeii ero Ln u Lm 3neKTpoHOB c 
HHTeHCHBHOCTbiO 3neKTpOHOB K 86 K3B KaK /14±2/o/o OT 

ITIOJIH. y86 K3B. 

3.2. CneKmpbl 3BK 

B cneKTpe KOHBepcuoHHbiX 3neKTpouoB, H3MepeHHOM 
ua MarHHTHOM {3- cneKTporpa<lJe, ua6nroAanucL 3neKTpOHbl 
y -nepeXOAOB 14,2 K3B (El) , 37,4 K3B (El) H 51,5 K3B (E2) 
I ma611. 1/. 3TH nepeXOAbl B cxeMe ypoBHeii 157 Dy, npeA
nO)KeHHOH Ha OCHOBe H3y'leHHH HAepHbiX peaKUHH 
159Tb(p,an)157Dy,155Gd(a,2n) 157Dy 8 156Gd(a,an)157Dy /2/ , 

pa3pH)KaiOT H30Mepuble cocToHHHH 199,2 K3B /I" = 11/2 I 
u 161,9 K3B I I" = 9/2+ /. llo3TOMY MO)KHO 3aKniO'IHTL, 
'ITO npu pacnaAe 157 Ho-+ 157 Dy B036y)I(Aa10TCH yKa3aHHble 
H30MepHble COCTOHHHH 11/2-H 9/2+. 

B cneKTpe 3BK o6uapy)KeHLI TaK)Ke 3neKTPOHbl c Ee = 
= 14,27 H E e = 21,27 K3B, KOTOpble HHTepnpeTHpOBaHbl 
uaMH KaK L 1 u M1 3neKTpOHbl y -nepexoAa 23,3 K3B. 

Ta611ulla 1 

3HeprHH H OTHOCHTenbHble HHTeHCHBHOCTH 3BK Y -nepeXOAOB 
npu pacnaAe 157 Ho .... 157Dy 

EJ'AEJ) 
Ls I" ~ ~~-~ 

Blioo.n o 

xaB ~ lrfYJil>THilOJI:bHOCTH 

14,20(5) 15 10 161,9- 147,7 EI 

23,32(5 9 {4 2II,2- 188,1 

26,09(4) 5 6 188,1 - 161,9 (E2) 

37,38(5) 7 4 5 199,1 - 161,9 E1 

51,54(5) <2 IO 12 199,1- 147,7 E2 

61,14(3) 200 38 II 10 61,1 - 0 Ml+(4,6±9,5)% E2 

86,57(3) 84 10 1,3 147,7- 61,1 M1+(E2) 

109,85(4) 4,5 0,5 257,6- 147,7 Ml+(E2) 
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B cooTBeTCTBHH c auanu30M pe3ynLTaToB e-y-coBnaAeHHH 
/eM. 3.1/ 3TOT nepeXOA pa3MeiUeH Me)I(Ay ypOBHHMH 211 
H 188 K3B. 

KpoMe Toro, pe3ynLTaTbl {3 -cneKTporpa<lJuqecKHX uc
cneAOBauuii ll03BOnHnH HaM yTO'IHHTb MynLTHllOnbHbiH co
CT~B y -nepeXOAa 61,1 K3B KaK Ml +/ 4,6±0,5/o/o E2 /H3 
OTHOWeHHH L 1 /L II == 3,45±0,50 H I;yiL III= 1 ,1±0,1/. 
Pauee MynLTHnonLHbiH cocTaB 3Toro nepexoAa 6bln onpe
Aeneu KaK E2/Ml <0,2 141 H E2/ Ml = /3,0±0,6/xl0-2 /3/ . 

3.3. BpeMeHa JICU3HU ypoeHeil 61,1; 147,7; 
188,0 u 341,1 K3B 

BpeMH )J(H3HH ypOBHH 61 K3B T 112= 0,30±0,05 HC 

6blnO onpeAeneHO llO CMeJUeHHIO UeHTpOB TH)J(eCTH BpeMeH
HOrO pacnpeAeneHHH COBllaAeHHH Y /100-200 K3B/ 

L 61 K3B B 157Dy OT penepHOH KPHBOH y- Kl09 K3B 

B 169 Tm, H3MepeHHbiX B OAHHaKOBLIX ycnoBHHX. 
BpeMH )KH3HH ypOBHH 188 K3B H3MepHnOCb B COBllaAe

HHHX L 3neKTpOHOB BHyTpeHHeH KOHBepCHH nepeXOAa 26 K3B 

c y - nyqaMu. 3KcnoueuuuanLHbiH cnaA npaBoro cKnoua 
BpeMeuuoo KpHBOH y - L26 K3B - T1 12 = 1 ,1±0,1 He 
xopowo cornacyeTCH .c H3BecTHbiM 3Ha'leHHeM nepHoAa 
nonypacnaAa ypoBHH 188 K3B T112 = 1,00±0,15 Hc 1111 • 

3To - eiUe OAHH. apryMeHT B nonL3Y Toro, 'ITO ne-
pexoA 26 K3B pa3pH)KaeT ypoBeHL 188 K3B. BpeMeu-
Hble cneKTpbl 3THX H3MepeHHH npHBeAeHbl Ha puc. 3. 

llepHOAbl nonypacnaAa ypoBHeii 147 u 341 K3B 6blnu 
OUeHeHbl KaK T 112 ~ 0,3 HC B COBllaAeHHHX y-L86 H y= 
-Kl80 K3B, COOTBeTCTBeHHO. 

4. 0.5CY)I(,4EHHE PE3YJibTATOB 

H3 3KcnepuMeHTanLHbiX 3Ha'leHHH BpeMeH )KH3HH T 112 
B036Y)KAeHHblX HAepHbiX COCTOHHHH Ha OCHOBe AaHHbiX 06 
HHTeHCHBHOCTHX IY u I e, MynLTHnonLHOCTHX aL H non
HbiX K03<ll<lJHUHeHTaX BHyTpeHHeH KOHBepCHH aTIOJIH . on
peAeneHbl npuBeAeHHble BepoHTHOCTH y - nepexoAOB B(aL) . 
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CpaBHeHHe 3KcnepuMeHTanLHbiX 3Ha'leHHH B (a L) c MO
,IJ.enLHLIMH pacqeTaMH no Ba:HcKonl!ly1201 H HHnLccoHy /2t/( F; - c yqeTOM napHbiX Koppemm;u:H H 6e3 y'leTa F N= 

= B(aLheop /B(aL:hKcn). npoBO.IJ.HTC.Il B ma6A. 2. 
YpoBHH 61 K3B I I" = 5/2-I H 147 K3B ;1" = 7/2-I 

JIBll.IIIOTC.Il COOTBeTCTBeHHO nepBbiM H BTOpbiM B036y:>K· 
,IJ.eHHhiMH COCTOJIHHJIMH poTaUHOHHOH nonOCbl OCHOBHOrO 

COCTO.IIHHJI 157 Dy 3/2-/521/ 141 . 
H3 BenH'IHHbl npHBe,IJ.eHHOH BepoJITHOCTHE2-cocTaBnJiro· 

IUeH BHYTPHPOTaUHOHHoro nepexo,IJ.a 61 K3B /5/2 - ... 3/27 • 
MO:>KHO onpe,IJ.ellHTh 3Ha'leHHe BHyTpeHHero KBa,IJ.pynonL· 
HOrO MOMeHTa H napaMeTpa KBa,IJ.pynonhHOH ,IJ.el!lopMaUHH 
nonocbl 3/21521]: Q 0 = 5,2±0,76 H f3 = 0,23±0,3. Bepx
H.IIJI rpaHHUa nony'leHHoro 3Ha'leHH.Il KBa,IJ.pynonLHoro Mo

MeHTa Q0 ~5.96 cornacyeTCJI co 3Ha'leHHJIMH Q0 "' 66 .IJ.llJI 
coce,IJ.HHX 'leTHo-qeTHbiX JI,IJ.ep 1 56 • 158 Dy /2~/ 

H3 npHBe,IJ.eHHOH BepoJITHOCTH Ml -cocTaBnJIIOIUeil ne
pexo,IJ.a 61 K3B BbiTeKaeT 3Ha'leHHe pa3HOCTH rHpOMarHHT" 
HbiX OTHOWeHHH ,IJ.llJI paCCMaTpHBaeMOH poTaUHOHHOH nonOCbl 

lgrgRI = 0,50±0,04. 
BepoJITHOCTh E2 -nepexo,IJ.a 26 K3B, CBJI3biBaiOIUero ypoB· 

HH 188 K3B /I"= 5/2+/ H 162 K3B /I 17 = 9/2 +j B 
157

Dy, 
xapaKTepHa ,IJ.nJI BHyTpHpoTaUHOHHLIX nepexo,IJ.oB. 3To no-
3BOll.lleT 3aKniO'IHTh, 'ITO ypOBHH 5/2+H 9/2+aHOMallhHOH 
poTaUHOHHOH nonOCbl nono:>KHTellhHOH 'leTHOCTH HMeiOT O,IJ.HH 
H TOT :>Ke llH.D.HPYIOIUHH KOMnOHeHT. 3TO 3aKlliO'IeHHe Haxo· 
,IJ.HTCJI B COrnaCHH C pe3yllLTaTaMH paC'IeTOB KOpHOllHCOBa 
cMeWHBaHHJI c yqeToM 6. N .2 B3aHMO,IJ.eHcTBH.Il nonoc no
llO:>KHTenbHOH 'leTHOCTH B 157Dy /10_1 

,nnJI Ml·nepexo,IJ.OB 193, 280 H 341 K3B nonyqeHHble 
3Ha'leHHJI HH:>KHHX rpaHHU npHBe,IJ.eHHbiX BepOJITHOCTeH CO" 
rnacyiOTC.Il C CHCTeMaTHKOH aHanorH'IHbiX nepeXO,IJ.OB, CBJI" 
3biBaiOIUHX nonOChl 5/1""[523] H 3/2-[521] B COCe,IJ.HHX He· 

v /23/ 
'leTHO "HeHTpOHHhiX JI,IJ.pax · 

El-nepeXO,IJ.hi, CBJ13hiBaiOIUHe COCTOJIHHJI 162 /9/2 J 
H 188 K3B /5/2+ I c ypoBHJIMH poTaUHOHHOH nonocbl ocHoB
Horo COCTOJIHH.Il 3/1[521] 3aTOpMO:>KeHbl OTHOCHTellhHO O,IJ.· 
Ho'laCTH'IHbiX oueHoK no Ba:HcKonl!ly F (El)w ,..10 5 , B To 
BpeMJI KaK nepeXO,IJ. 37 K3B, CBJI3hiBaiOIUHH COCTOJIHHJI 199 
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/11/2 I B 162 K3B /9/2 +;, uMeeT 3Ba'leHBe F (El) w 
= 1 ,3xlcY 0. 3TO CBB,IJ.eTenbCTByeT 0 HanB'IBB CBllbHOro 3a· 
npeTa .D.nH nocne,IJ.Hero nepexo,IJ.a no KBaHTOBOMY 'IBCny K. 
AuanorB'IHO 3anpeT no KBaHTOBOMY qucny K BMeeT E2 -
nepexo,IJ. 51,5 K3B 11/2 11/2-[505] ~ 7/2 3/21521] ; F(E2) = 
= 6,3.10 4. w 

)J.ns 6onee TO'IHoro pac'leTa TeopeTB'IeCKBX BeposT
HOCTeil Y ·nepeXO,IJ.OB B 157 Dy, OC06eHHO CBH3aHHbiX C 
3aceneHBeM BllB pa3pH,IJ.KOB CBllbHOCMeWaHHbiX COCTIJHHBB 
nonO>KHTellbHOB 'leTHOCTH, He06XO,IJ.BMO y'IBTbiBaTb B3aHMO· 
,IJ.eilcTBHe Kopuonuca. B uacTos~ee BpeMH TaKue pacqeTbl 
HaMH npOBO,IJ.HTCH B 6y,IJ.yT ony6nBKOBaHbl n03,IJ.Hee. 
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