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I. B B e ~ e H H e 

B HacroHmea paOore H3yqeHa "uenoqxa" CBH3aHHHX p8,1tHoaxrHBHuu 

Pacn""OK H3oronoB• IJ6 r'Jcl 55 KHH IJ6 R · IJ KHH IJ6/'_ 
....... • 60 76 59 r 77 58 \,e78, 

HccJie~yewe ~pa OTHOCUCH K OOJiaCTH ll. "'> 50, t/ "'- 82, H HKBilT IO, 9 

H 8 npOTOHOB CBepx 3anOJIH8HHOA 000JIQqKH ~ ~ 50, COOTB8TCTB8HHO. Ta

KHB ~pa HBJIHilTCH "nepexo~HHUH" Ke~y "c~epHqecKHKH" (~ =82) H ~pa

MH,pacnOJIOXBHHHKH B TaK Ha3HBaeuoA "HOBOA OOJiaCTH" ~e~OpMauHH 

( ~ 7 50, tV.-< 82) • lf3K8H8HHe ~epHHX CBOACTB C y0HBaHH8K qHcJia 

HeArpoHoB or KarHqecxoro ~ = 82 BH3HBaer ocooua HHrepec. ~JIH cHcre

uarHKH CBOACTB g~ep H COBepmeHCTBOBaHHH reoperHqeCKHX npe~CTaBJIBHHA 

HeoOxo~HKH BcecropoHHHe Hccne~oBaHHH Oon~moro qHcna ueRrpoHo~e¢H
UHTHHX HyKJIH,ItOB OT 8<J ~0 Nd • 

H3oron I36 tl d (55, O.;ti, 5 KHH) Oun orxpur B ~yOxeii/. Hexoropue 

~eranH ero cxeKH pacn8,1ta KH cooOmanH paHee 12, 31. OruocHreJI~Ho H3o

rona I36 p~ nepBoxaqaJI~Ho y&a3HBanoc~, qro OH HKeer nepHo~ nony

pacna~a I,O-I,2 qac/4- 6/. IT03~Hee Ep03H H ~p~ / 7,B/ COOOlHJIH, qro 

IJ6 Pr HKeer TI;2= IJ,S KHH H xapaxrepHcrHKH ?1r= I+. Yxe B paHHHX 

paoorax /I-J/ KH ycraHOBHJIH, qro B peaxuHH pacmenneHHH CTd + f He 

B030y~aercg H30Kep IJ6 p,., ( = I qac). KpoKe roro, D 6 Pr c .,-
T I;2= I3 KHH OHJIH npHnHcaHu xapaxrepHCTHKH 1 = 2+. Hexoropue cBe~e-

HHH 00 ypOBHHX I36 Ce OUJIH noJiyqeHH H3 H3yqeHHH peaKUHA: 

I24 5n ci6o ,4 J1 )/9/, I38BQ ( (j. '6n )IIOI, I39Lq Cp' 'In )III!. 
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He~SBHO BHmna ~pa60T8 EpOSH H ~p./12/, pesyRLTSTH KOTOpO~ XOpOWO 
cornacymTca c aawuuu. 

COBepmeHCTBOB8HH6 U6TO~HKH 8KCD6pBU6HT8 DOBBORHRO HaU ~ODOR

HHT6RLHO peWHTD H6KOTOpHe BODpOCH: a) U8CC-Cfi6KTpOU6TpHqecKH onpe

~eRHTD qacno A y 13·YHHYTHOH 8KTHBHOCTB P~ , 6) oneHBTD ceqeaue 

o6pasosaHHa 136P~ (70 uua), B) npe~nOEHTL BnepBHe cxeuy pacn~a 
136N~ a r) saaquTenLHO ~ononHHTi cxeuy pacna~a 136Pr • 

2. SKcnepuueHT 

2.1. ITpuroToBneHHe HcToqHHKOB. 

~SOTODH 136N~ a 136Pr nonyqanucL s peaK~H rny6oKoro pac~en
neaua ueTannuqecKoro r~onHHHft Ha BHyTpeaaeu npoTOHHou nyqKe una 

KounneKca ( NH'I ):t [GJ.(DTPA]·H:tO - Ha BHBe~eHaou nyqKe CHHXPOnHKJIO

TpoHa O~RH. MeTO~HKS HX B~eneHHft H npHI'OTOBR6HHft HCTOqHHKOB HSRO
~eHa B pa6oTax 113 ,14/. 

2.2. ~3U6pHT6XLH8ft T6XHHK8. 

rauua-aanyqeHHe 136 N£L H 136Pr uayqanocD cneKTpoueTpauu c 

Ge (Li)-~eTeKTopauu paanaqHoro o6~eua H aaepreTaqecKoro paapemeHHa: 

0,5 CU3(~ 600 SB, Ef = 50 KBB), 10,27 H 40 c.u8 (2,2-2,9 KBB, Er = 
1332 K8B). CneKTpH aneKTPOHOB BHyTpeHHel KOHBepCHH (SBK) H fiOSHTpO

HOB HayqanHCD Cfi6KTpOUeTpOU C O~HOpO~HYU USI'HHTHHU fiOReU HS 6aae 

Si (Li)-~eTeKTopa. C nouo~m ~syxuepHoro ~neKTpoueTpa uayqeHH cos-

na~eHHft rauua-nyqel. ITo~p06Hee H3U6pHT6nDH8ft TeXHHK8 H U6TO~BK8 o6-

pa60TKH cneKTpoueTpaqecKo~ HHwopua~H onucaHH B /14,15/. 

3. SKcnepuueHTSnDHHe pesynDTSTH 

3.1. ~~eHTHWRKa~a uaccosoro qacna H nepuo~a nonypacna~a. 

~paK~H He~TpOH0~6WH~THHX HBOTODOB HeO~HU8 H npaaeO~Hua,xpo

U8TOI'p8WuqeCICH B~eneHHHe us npo~yKTOB o6nyqeHHa GeL+ p, 6HnH pas-
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~exeHH no uaccau Ha aneKTpouarHHTBHX uacc-cenapaTopax c 

BOC!Dm ~eneBHs aeo~aua - 8~, npaaeo~aua - 75% /16/. 11 

B~eneHBOI USOCY A • I36 COCT8BnftX8 OKOXO IOO UKKDpB npJ 

BJIJI UlllleBB (I ,5 r) BS BHB6,Jt6HBOU nyue B TeqeHHe IS MilBY! 

XlluaqeoKas npone~ypa - I5 uus, Bpeus pas~eneHBs Ba oenap~ 

UBHY!). 

nepHo~ nonypacna.a, B~eneBHoro TaKHu o6paaou I36p~ 

Onp~eneB DO y6YB8BBD BB!eBCBBBOC!B DBKOB rauua-nyqe8 53S 

552,2 H I092,0 KBB H COCT8BHX (I2,~0,4 ) UHH, qTO XOpOB( 

e!Cs c pesynD~&Tou Bpoa• 11 ltP• II21. Cnen-axiHO npocn81B! 

piiO.Jt nonypaona,Jta STHX rauua-naBH8 H8 npe~ue! o6HapyaeHBa 

HOI 8KftiBHOO!II l36p,- • llJ,tJI DOB1im8HHB B~eltHOOTI peaynna~ 
Hoc~ npaaeo,JtBMa nepeA pa~eneBBeu Ba uacc-cenapaTope ~ 

OU.X80i OT B08MOKBYX DpJIMeoe8 H DpaJQe BC6I'O- OT 55-JIIIl 

DBHOO!B l36Nd,. HaJIHUe ,JtByx HSOUepOB l36Pr- npBBeXO 6i1 

uy xapaxtepy pacn~a raUMa-naHBH 552 KBB npH nD6oM np~oc 

0 CJIBHe H80U8p8 70 UHHY~• Ec.ml ze, DO 8HUOI'JJH 0 l38p,.. t 

Mep BM66T BHOOKII CDHH, TO ,JtOXKBY H86~8!DCB K8CK~HY8 m 
6+ +4+ +2+ +0+ (900,I; 76I,3 H 552,2 K3B). IIH, KPOMe ( 

0,4) uua, se saueTHnx ~xs rauua-m~BH8 552,I6 KSB .Jtpyroro 

B raMMa-cneKTpe Be H~6X-86~CJI BBHBCIIBHOI IIIIHIIB C Er"'9CJ 

XBBIIB 76!,3 K8B p8CD~88TCB C DepiiO~OU I2,9 MHH. STO DO~! 

H8D BliBO;Illi / 3/ 0 '!OM, UO 7Q-osyTH8H 8K1'111BHOC5 Be DpHB 
l36p~ • 

BepxHBR npe,Jten ceqeBBs o6paaoBSDH 70 -Dsyraoro HBOl 

p88.1tiUDI rnydOKOrO p8CJ118DJ18HHJI (J~~ p COCT8BJJJI8T,DO HaHK 

~,136 ~ 0,005 t:l Pr- ' 13 JIIIB). 
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~eneHY no uaccau Ha a~ex~pouarHH!BWX uacc-cenapatopax o a~eK!BB

BOo~m ~e~eBBB B80~KM8 - 8~, npaaeO~BM8 - 75% /I6/. AK!HBBOO~ 
B~818BBOI M800Y A • I36 000~8B~B~8 OKO~O IOO UKKDpB DpH o6ny~e

BJIJI UJIII8HII (I 15 r) B8 BHB8~8BBOM nyue B ~e~eBHe I5 U&y! (p&JtBO

XBMBqeoKas npo~e~ypa - IS MBB, Bpeus paa~e~eBBR Ba oenapatope -5 
MB&yT). 

nepao~ nonypacna.a, B~e~eBsoro T&KHM o6paaou I36pr , 6w~ 

Onp~e~eB DO y6YB8BBm BB!&BCHBBOOTK nHKOB rauua-~y~el 539,8; 

552,2 H I092,0 K8B H OOCT8BH~ (I2,9~0,4 ) MHH, qTo XOpOIIO oor~aoy-

8!08 c peayni!&Tou Bpoaa • ~p. II21. Cne~ax~Ho npoo~eJBB&nOB ne

pao~ no~ypaon~a aTBX rauua-xaBHI Ra npe~eT o6Hapy.~eBBs 70-u.ay~

BOA 8KftiBHOCTII I 36p,- • ztu DOB1ili8HHR H8Jte3CHOCTII peayni!8TOB 8KTIIB

HOC~ npaaeo~a nep~ pas~e~eRBeu Ba uacc-cenapaTope '-&Te~~Ho 

o.-.anac~ OT BOBMoaBHX npauecel a np~e Bcero- or 55-MBHyrHoR ax

DBHocm 136 Nd,. Hamiqae ~Byx asouepoB 136P r- npHBe~o 6w x c~oaHo
uy xapaxtepy pacn~a rauua-XBBBB 552 xaB npa ~m6ou np~uo~oaeBBa 

o CIIIIHe aaouepa 70 MH&yT. Eomi ae, no aHa.noraa o 138pr- , atot Bao

uep BM88T BYCOKII CDBB 1 TO ~ODBil H8611Ja8~CB K80K~IBI8 D8p8XO.lil 

6+ • 4+ • z+ • 0+ (900,1; 761,3 H 552,2 K3B). IIH, Kpoue (I2,9t, 

0,4) MBB, Be saueTHna ~~B rauua-naBHB 552,I6 KBB ~pyroro nep1~a. 

B rauua-cnexTpe se aa6~1Ul&~'fOR BB'feBCRBHol JIBHJJH c Er'-'900 KBB, a 

JIBBIH 761,3 K8B p8CD8Jt88!CB C nepHO~OM I2,9 MBH. 8TO DO~'fB8~88! 

H8D :BIOO.lH / 3/ 0 TOM 1 U'O 7D-OBYTB8R 8K1'JIBHOC~ Be npBH~~fllltB! 
I36pt" • 

BepxBBI npe~e~ ce~eHBB o6pasoBSBBR 70 -KHBYTHoro HSOKepa B 

peaxiUDt rnydoxoro paollleDJieBHSI o~~ P cocraurer,no HamiK o~esxax, 
C' (136 ~ 0,005 0 Pr- I I3 11118). 
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3. 2. rauua-ny1111. 

~na ~a~en»Horo aayqeHHB ralllla-BanyqeHBB dYno aauepeao 6on.

moe ~cno cnexTpOB c acnon»BOB&BHeu ~e~eKTopoB paaaoro od~eua. 

CneKTpY B o6n&CTB 6on»mBX 3HeprHI HBIIepBXHC» C ~Hn»Tpou (P~ ) 

pasnHqHOI TO~BY. Ha pac.l IIOK888B8 HHSKOSBepretRqeCK8ft q&O~ 

cnexTpa rauua-nyqel 136NJ + 136Pr , sa pmc.2 - oneKTP rauua

nyqel B o6nacTH cpe~HBX a aecTKHX saeprHI (~o 3,7 lsB). ~IH donee 

H~eiHOI H~8HTH~K8qiB rauua-nyqel HSMepeHHK CD8KTpOB DPOBBBO~B

nHC» 0 cenapHpOB8HHWIH HCT0q&BK8MB K8K 136NJ 1 ~8K B 136pr • B 

Ta6n.l H 2 IIpHBe~eHY BBeprHH B BHTeHOBBHOCTI ra1111a-nyqel, OTB808B

HHX K pacn~y 136~d H 
136Pr 1 COOTB8TCTBeBHO. CBe~eHHI 0 r&MM8-

nyqax 136 N£L paaee B nnepaeype se 61illo. K paon~y 136PI"' oTBece

HO oxono 100 rauua-nepexo~oB. HuemToa pasHornacms o 1121 B aaep

raa rauua-aepexo~oB: 1203,8; 1503,3; 2275,0; 2351,9 a 6on~mHBCTB8 

Itepexo~OB B X8CTKOI qacTH CIIeKTpa, 8 T8Kie B onpe~eDeHHB BBT8HCBB

HOCTel rauua-nyqel 1063,2; 1773,8; 1899; 1965,2; 2450,9; 2622,7; 

2728,7; 2808,7 H p~a ~pyrHX. YqeT BKH~8 DHKOB O~HHOqHoro H ~BOI

aoro BYX8T8 1 8 T8K18 IIHKOB cyuu, DOSBOXBX OUeHHT» HC!IHHY8 HHTea

CHBHOCTH MHOrHX aeCTKBX rauya-nepeXO~OBo Tax, H8IIpBUep, H8 nHBHD 

1063 KBB H8KX~YB88TCH IIHK CyYUH rauua-nyqel 511,0 H 552,2 KBB, 

qTo IIpHB8HO K 88BYW6HHm HHT8HCHBHOCTB ~ /l2/. 

3.3. SneKTpOHH BHyTpeHHel KOHB8pCHH (SBK) 

ilpH HayqeHHH CII8KTpa 9BK BOBHHK8XH Tpy~HOCTB BB-88 He6o~mo

ro nepao~a nonypacn~a 136N~ H 136Pr • Kpoue Toro, 6oXDmHHC~BO 
HHHHI HYemT Uanym HHT8HCHBHOCT»o ilpH118H8HB8 68T8-CDeKTpOMeTp8 C 

o~aopo~HHY uarHKTHHY noneu Ha 6aae SL (LL)-~eTeKTOpa noaBonHno 

6YCTpO npOHSB6CTH O~HOBp8118HHHI H860p CII8KTp8 B WHpOKOI BBepreTB

qecKO~ o6nacTH (pHc.J). CBe~eHHH o6 SBK 136Nd a l36pr npHBe~eBH 
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Ta6JIH~a I 

CBe~eHHH o raMMa-nyqax, B03HHKaro~HX rrpH pacna~e 

136 NcL (55,0±1,5) JIHH 

N~~ 
E~, KSB j.f OTHo 11£/e I E0, KSB rr/rr rr/n 

I. I00,92,:t0,38 14,8±2,9 16. 488,68.±0,6oa 
8 

2. 108,87.±0,35 340±40 17. 498,81±0,60 

3. 130,92,t0,39 5,8,±0,6 18. 535,06.±0,22 

4. 139,58.±0,35 2,2,:t0,3 19. 574,83.tO,II 

5. 1~4,54,:t0,32 10,0±1,2 20. 583,72±0,94 8 

6. 149,24.±0,29 65.±7 21. 605,65.±0,52 

7. 184,82±0,43 5,0.±1,0 22. 632,69+0,3Ia 

8. 2II,62.±0,45 2,2.±0,3 23. 645, 32.±0, 52 a 

9. 240,96.±0,33 2,2.±0,3 24. 653,45.±0,95a 

10. 253,I2±0,40a 3,8.±0,4 25. 684,85.±0,90 

II. 287,92.±0,55 8 
2,0.±093 26. 754,8I,:t0,52 

12. 294,72.±0,35 8 9,2.±1,2 27. 871,25±0,431 

13. 390,37.±0,35 7,2.±1,1 28. 92I,85.t0,7Ia 

14. 425,81±0,42 a 2,1.±0,3 29. 941,93.±0,658 

15. 476,30±0,19 13,4.±1,7 30. 971 t 96.±0,68 

3ILI183,96±0,80 1 

_ _L~ 

1r OTH 

1,6.±0,3 

1,3±0,5 

9,5±1,5 

=IOO 

1,5.±0,5 

4,8,1D,8 

3,7.±0,4 

4,9,10,6 

3,9.±0,5 

1,5.±0,5 

4,7.±0,6 

1,8.±0,2 

2,4.±0,3 

~, a.±o, 7 

9,5;tl,6 

2,6±0,3 

B Ta6n. I H 2 a - r -JiyliH OTHeCeHbl K pacna~y "~en01iKH 11 H30TOITOB 

c uaccoBuu 1iHCJIOY A =136, OAHaKo He ycTaHoBneHa HX 

H30TOITHaH npHHa~ne~HOCTb. 
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I. 

2. 

). 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

n. 
12. 

1). 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

2). 

24. 

Tat:inua 2 

Cse~e&KI o r&MMa-~yqax, B03HKKam~Kx np• pacne.Ae 
(12,9.;t0,4) MHH 

Er ,us J0 ora. E J ,JtaB 

204,37_t0,3I a 0,24_t0,03 25. I368,30.t0,60 I 

22I,87.t0,26 a 0,26.;t0,03 26. I425,02.;t0,43 

276,5I.;t0,54 a 0,40.;t0,05 27. I488,95_t0,67a, 1 

460,85.;t0,24 14 ,6±.0 t 7 28. I50J,27.;t0,50 I 

523,87.;t0,48 a 0,65,±0,04 29. 1514,80+0,42 : 
- I 

539, 75,±0, 19 ""-100 30. 1590,29,±0,75 

552,I6_t0, 19 I45,0.t6 31. 1602,77,±0,33 

590, 4I.;t0,26'- 0,25,±0,03 32. I628,22_t0,67 ~ 

672,83,±0,24& 0,45,±0,05 33. 1632,84.;t0,5~ I 

761,29,±0,43 2,8,±0,5 J4. 16J9,o4.±o,9aa ~ 

841,32.;tO,J3a 0,14,±0,02 35. 1646,84.;t0,75a ~ 

855,92.;t0,22a 0,27.;t0,03 36. 1677,86,±0,69 ( 

900, 12,!0, 6f!' 0,52.;t0,06 J7. 1735,72,±0,44 ( 

974,24.;t0,51a 0,65,±0,09 38. 1748,69,±0,44 ( 

990, 98,!0, q~· 0,32_t0,05 39. 1773,75_t0,47 ( 

1000,82,!0,34 9t6.±0t5 40. I790,20.t01 96 ( 

1012,15,!0,28& 0,42.;t0,04 4I.(I812,81.t0199) 

1032,45.t0,65a 0,20.t0,03 42. 1886,70.;t0,86 ( 

IOU,48.t0,62a 0,30,±0,03 43. 1899,02,!0,47 ] 

1063,24_t0, 66 0,40_t0,04 44. 1919,25_t0,67 ( 

1091,95,!0,47 35,4,±1,7 45~ 1965,15.t0,45 ( 

I203,84_t0, 81 0,40.;t0,05 46. 1971,0,!1,0 ( 

I282,43_t0,67 0,25,!0, 03 ~7. 2021,08,!0,75 ( 

1359,85,!0,45 1,9_t0,2 48. 2042,66,!0,47 J 

' 9 



I 

,~.~e 

10 

1,6±0,3 

1,3±0,5 

9,5±1,5 

=100 

1,5±Q,5 

4,8±Q,8 

3,7±0,4 

4,9±0,6 

3,9±0,5 

1,5±0,5 

4,7±0,6 

1,8±0,2 

2,4±0,3 

s,a±0,7 

9,5j:l,6 

2,6±0,3 

l(efiOl.!Kl1 11 !.130TOllOB 

He ycTaHoBJieHa 111.l 

':. :)r~l· 
l,~t( 
~I,< ,;!f, 

,;~~-

:.: 

'I 

.. 

r. 
2. 

J. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

12. 

1.3. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

124. 

TaCIJIJrUta 2 

CBeAeBHa o raMMa-Ayqax, B03HHX&m~Hx npK pacu~e 1J6pr 
(12,9,:t01 4) liMB 

Er ,us '10 ora. E J ,xaB 'J)' OTH. 

204,J7,:t0,3I a 0,24,:tO,OJ 25. IJ68,JO,:t0,60 0,34,!:0,04 

221,87,:t0,26 a 0,26,:t0, OJ 26. 1425,02,!0,43 1,8,!:0,2 

276,51,:t0,54 a 0,40,:t0,05 27. 1488,95,:t0,67a, 0,22.:t0,03 

460,85,!0,24 14 ,6t.O, 7 28. 1503,27,:t01 50 0,48,!0,06 

523,87,:t0,48 a 0,65.:!;0,04 29. I514,8Q!0,42 3,65+0,40 
I -

539' 75,!0, 19 ~roo 30. 1590,29.:t01 75 <0,30 

552,16,:t0,19 145,0,:t6 31. I602,77,:tO,J3 7,5.:!;0,6 

590,41,!0,2~ 0,25,!0,03 32. 1628,22,:t0,67 0,2I,:t01 03 

672,83,!0,24& 0,45,!0,05 33. 1632,84,:t0,5~ 0,29,!0,03 

761,29,!0,43 2,8,!0,5 34. 1639,04.:t0,9BP 0,24,:tO,OJ 

84I,32.:t01 33a o,14,:t0,02 35. 1646,84.:t0,75a 0,16.:t0,02 

855,92.:t0122a 0,27,:t0,03 36. 1677,86,!0,69 0,28,:t0,03 

900, I2,:tO, W 0,52,:t0,06 37. 1735,72,:t0,44 0,83,:tO,O ~ 

974,24,:t0,51a 0,65,!0,09 38. 1748,69,!0,44 0,30.:!;0,03 

990, 98.:!;0, 64a 0,32.:!;0,05 39. 1773,75,!0,47 0,46.:!;0,05 

1000,82.:!;0,34 9t6.±0t5 40. 1790,20,:t0,96 O, 18,:t0, 02 

1012,15,t0,28a 0,42,:t0,04 41.(1812,81,:t0,99) < 0,20 

1032,45,:t0,65a 0,20,:tO,OJ 42. 1886,70,;!:0,86 0,24.:!;0,0J 

1041, 48.:!;0, 62a 0,30,:t0,03 43. 1899,02.:!;0,47 118,:t0,4 

1063,24.:!;0, 66 0,40,:t0,04 44. 1919,25,:t0,67 0,21.:!;0,03 

1091,95.:!;0,47 35,4.:!;1,7 45~ 1965,15.:!;0,45 0,30.±0103 

1203, 84,:tO, 61 0,40,:t0,05 46. 197I,0.±1,0 0,15,:t0,02 

1282,43.:!;0,67 0,25.:!;01 OJ 47. 2021,oa1o,75 0,21.±0,02 

1359,85.:!;0,45 1,9z0,2 48. 2042,66.:!;0,47 11 4,:t011 
---- ---·-------
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E! ,JUIB '1x on. Ep:UB 'Jr on. 
\ 

49. 2058, 76;!:0, 60 0,:35.t0,0:3 76. 2622,74;!:0,8:3 0,25.:!;0,02 

so. 2066, 76;!:0,:32 5,7.:!;0,'3 11. 2647,85z0,8 0,10.:t01 02 

s1. 
1
2o82,J8z0,54 0,:35;!:0,04 78. 2681,2:3.t01 47 0,25.:t01 0".J 

I 79. 2728,7'3;!:0,69 0,25.t01 0".J 5~. 2II0,54.t0154 0,25;!:0,0'3 
t. 

5'3. 2I".J1, 06;!:0,84 o,40z0,04 so. 2792,61;!:0,65 0,21;!:0,02 

154. 2140,85;!:0,72 o,J5.tO,o4 81. 2808,74;!:0,48 0,:35.t0,04 

: 55. 2154,87;!:0,'34 0,65;!:0,07 82. 2842,1'3;!:0,65 0,19.:!;0,02 .. 
I 

56. 217I, 02.t01 6'3 0,40;!:0,04 8'3. 29'31,29.:t0186 0,16+0,02 

57. 2188,95;!:0,70 0,40.t01 0".J 84. 2942' 1'3.:!;0, 68 01 10.:t01 02 

58. 2204,2;!:1,0 0,15.t01 02 85. 2981,62;!:0,87 0,15.:t01 02 

I_ 59. 2216,24;!:0,68 0,'35.t0,04 86. ('3027 ,0.:!;1,0) < 0,10 

i 60. 2240,74.:!;0,44 1,'3z0,1 87. (.30'37, O.t1, O) < 0,10 

: 61. 2270, 19.tO, 4~ o, 68.t0sG? 88. :315'3,61.t0,79 0,10.:t01 01 

i 62. 2275,0;!:1,0 0,45;!:0,09 89. :3174,90.:!;0,78 0112.:t01 02 
i 

: 6:3. 2291,62;!:0,72 O,".JO.tO,O".J 90. '3200,65;!:0,84 O,H.t0,02 
I 

I 64. 2".JIJ' 65;!:0, '35 1,2.:!;0,09 91. ".J262,66.:t0,80 0,85.:t0,09 

65. 2'351,85;!:0,40 0,5?.t0,06 92. '3280,'3;!:1,0 0112.:t0,02 ,. 
66. 2'368, 82;!:0, 47 0,28.:tO,O".J 9'3. ".J".J62,0.t1,0 O,II.:t01 02 

67. 2:379,77;!:0,'39 0,55;!:0,06 94. ".J,71,12.:t01 95 0,22.:t0,02 •f' 

68. 2'389,5 ;!:1,0 0,20.t0,02 95. '3579, 6.tlt 0 0,15.:t01 02 

69. 24'39,5.:!;1,0 0,25;!:0,02 96. '3709,0;!:1,0 0,15.:t0,02 

70. 2450,78zO,".J2 11 '35.:!;0,15 97. I 54 7 ,06 ± 0 ,6 7 0,19±, 0,03 

n. 2460,4:3.:!;0,47 0125.:tO,O".J 

72. 2469,87;!:0,48 o,2S.!Q,O".J 

7'3. 2558,92;!:0,85 0,29.:tO,O".J 

74. 2596,02;!:0,72 Q,".JO.:t01 0'3 

75. 26IJ,07.:!;0,76 0,20.:t0,02 
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76. 2622,74!0,83 

77. 2647,85!0,8 

78. 2681,23!0,47 

79. 2728,73!0,69 

so. 2792,61!0,65 

81. 2808,74!0,48 

82. 2842,13!0,65 

83. 2931,29!0,86 

84. 2942,13!0,68 

85. 2981,62!0,87 

86.(3027,0!1,0) 

87. (3037, 0!1, 0) 

88. 3153,61!0,79 

89. 3174,90!0,78 

90. 3200,65!0,84 

91. 3262,66!0,80 

92. 3280,3!1,0 

93. 3362,0!1,0 

94. 3471,12!0,95 

95. 3579, 6!1, 0 

96. 3700,0!1,0 

97. 1547,06±0,67 
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t. 
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< 0,10 

< 0,10 

0,10!0,01 
\, j 

0,12!0,02 

0,14!0,02 

0,85!0,09 

0,12!0,02 It 
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B Ta6n:.3. Taw lite yKaaaHbl ycTaao:sneHHble HaMill KBK ( oLK 111 J.~.) 14 Bhi

BO~hl o wyn:hTHrron:bHOCTHX HeKOTOphiX nepexo~oB. 

3,4, rauwa-raMM8-COBIT8~6HIIIH 

KauepeHHa rauua-rauua-co:sna~eHH~ npo:so~Hnlllcb c cenap111poBaHH~ 

IIICTO'IHHKOU 136 N<i , paaue~eHHhlu U6Jft,ltY ~BYMH Gt (LL )-~eTeKTopaMH 
c o6~euou 20 111 25 cu3• Hay~anHCb coBn~eHIIIH c raMMa-n:yqauH 539,8; 

552,2 Ill 761,3 KBBo 06HapyzeHHble KBCKB~bl COBIT8~6HIIIU Ha CXeMe pacrra

~8 136p~ noue~eHhl CBeTn:hiYIII Kp~Kaulll • 

4. Cxeua pacna.zta 136Na-• 136Pr- - 136ce 

4 .I. IlocTpoeHHe cxeuhl pacna~a 136 N <i 

Ilpe.ztn:araeuaa cxeua pacna~a I 36 Ni 111ao6pa~eHa Ha plllc.4. KpoMe 

ypOBHel 108,8 Ill 683,7 KSB /I/, BBe~eHhl e~e 7 HOBhiX ypOBHe~. Bee 

ypOBHIII BB6~6Hbl H8 OCHOBe 68118HC8 SHeprH~ rauMa-nepeXO~OB C y'leTOM 

6an:aHca HHTeHCHBHOCTel. B _f->t- -cneKTpe 136 Nd -t 136P r Mhl, KpoMe 

KOMUOHeHTbl C Erp= 2980 KSB (136Pr- ) , H80JI10~8JIIII T8101ie KOMHOHeHTy 

C Erp~ 900 KSB 1 KOTOpyiO Ubi OTHOCIIIM K pacna~y 136 NcL. 8Heprlllff pac

rra~a 136 Ncl, rrOSTOMY , OKOJIO 2000 KSB • 

H.ztpo 1~3Nd76 'leTHO-'IIeTHOe H HMeeT 'j 5t' = o+. YcT8HOBJl6HHLie 

HauH paHee xapaKTepHCTHKH 136P..- - J 'fl. = 2-t ne~aBHO 6bln:lll no~-
TBepz.zteHbl B npHUMX 1113MepeHHHX /17/, 

1 

BepoHTHOCTH aaceneHHH ypo:sHe~ pacc'lHTaHw 1113 6anaHca IIIHTeHciiiB-

HOCTe~ raUMa-nepeXO~OB. ~HTeHCIIIBHOCTH raMMa-nepeXOAOB B~pa~eHh! 

B npOU6HT8X Ha pacna~ qepe a cpaBHeHIIIe IIIX C IIIHTeHCIIIBHOCTflM!d rBMMa

Jiyqe~ ~oqepHero 136Pr- • K:saHTOBble xapaKTepHCTIIIKIII ) 'K. = I-t npHnH

caHhl ypOBHHM 100,7; 108,8; I49,2; 293,8 Ill 683,7 KSB Ha OCHOBSHHIII 

MYHbTHrrOJIDHOCTe~ B~CBe~BB~~X HX raMMa-rrepexo~OB H CKOpOCTeU CO

OTB6TCTBym~X 6eTa-nepexO~OB. Ha TOM ~e OCHOBSHIIIH COCTOHHHe 240 1 9 

KSB HM68T CRHH H qeTHOCTb 0-t lllnB 2-t. 
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4.2. nocrpoeaae cxeuH pacnana I36p,.. 

8H8QKT6XLB8H qacTD 06BapyzeBHYX DpH p~ 

pexolOB pasue~eaa B cxeuy pacnaAa (puc.5). 

B8BKI 6aB8HC8 SH8prHI I IHTeHCBBHOCTel raMI 

peaynDTSTOB rauua-rauua-coBnaleHBI. BenHQKI 

npBHHTS cornaCHO /I/. 

BeTa-nepexOl 136Pr- {2+) .. 136ce co+~ 
noarouy MY npelnonaraeu, qro dera-pacnaA Hi 

136ce oTCytcrByer. Cyuua •areacmBaocTeK r• 

HOe COCTOHHBe npiiHHT8 88 1()()% p8CD8l0B 136: 

~eHHH8 nepeXOlH IAYT B OCHOBHOe COCTOHHHe, 

He H3KeHRT OanaHCB IIHTeHCKBHOCTH. 

B cxeuy pacnaAa 136Pr- BB8leHH HOBHe , 

2941,7; 2991,5; 3011,2; 3200,5; 4023,3 KSB 

HO l0DOHH6H8 HOBHUH nepeXOl8UH, pasue~eHHH 

HRUI. MynDTHnOXDHOCTD E2-nepexolOB 460,9 

H 1091 ,9 KSB II 8H8UHH.fl ~ H COOTB6TCT 

DOSBOXHDT YCT8HOBHTD KB8HTOBH6 XapaRTepHCT 

1092,0 {2~) • 1553,0 K3B (3~). YpOB6HD 10~ 

!lqecKHu coodpaaeamau. KBaHTOBHe xapaRrepM 
~ 

euy, np~e BCero, H8 OCHOB8HHH CHCT6U8TH~ 

78,80 (pHc.6). STHu xapaKTepac!KKSU ae npc 

C8B8IUI~ ypOBHH deTa-pacnaAOU ( e, ft > 8) 

C Er = 1076 KSB. 
.llnH BCex ypOBH81t C E )' 2 MSB B6HHqJ4} 

yKSaHBaer aa paapemeHHHI HnH nepBoro aanpE 

6era-nepexOlOB. YpoBHHU 2006, 2154, 2595, 
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I 

4.2. fiOCTpOeHH8 CX8UH pacna~a 136pr 

SHaqaTen»HaH ~acT~ o6HapyzeHHHX npu pacna~e 136Pr rauua-ne

pexo~oB pasue~eHa B cxeuy pacn~a (puc.5). ~POBHH BBe~eHH aa ocao

B8HKB da~8HC8 8H6prHI B HHTeHCBBHOCTel rauua-nepeXO~OB, 8 TaKOCe 

peay~~T&TOB rauua-rauua-coBna~eHBA. BenHQHHa (lfi. = 50~~50 K3B 

npBHHTa cornacao 111. 
Beta-nepexo~ 136Pr- {2+) -+ 136ce (o+~ ) - BToporo aanpeTa, 

D08TOMY UH npe~nonaraeu, liTO deTa-pacn~ H8 OCHOBH08 COCTORHHe 
136ce O!CY!CTByeT. Cyuua aareacHBHOCTe~ rauua-nepexo~oB B ocHOB

Hoe cocroaHHe npKHftTa aa 100% pacna~oB 136Pr • EcHH Bee aepaaue

Jit8HHH8 nepeXO,l{Y MYT B OCHOBH08 COCTORHHe 1 'l'O OHH CYIJieCTBeHHO 

Be B3KeHRf 0anaBC8 HHTeHCBBHOCTH. 

B cxeuy pacn~a 136Pr BBe~eHH HOBHe ypOBHH 1076,!; 2827,7; 

2941,7; 2991,5; 3011,2; 3200,5; 4023 13 KBB. Cxeua TSKEe 3H81lHTellb

HO ~ODOnHeHa HOBHUH nepeX0~8UH 1 p83M6DteHHHUH Me~y H3B6CTHUMH ypOB

HfiUHo Myn~rHDOHDHOCT~ E2-nepexo~OB 460,9; 539,8; 552,2; 1000,8 

H 1091 ,9 KSB 1 BHalleHBH ~ Jt cooTBeTCTBYIOIItHX 6era-nepexo)lOB 

DOBBOXHDT YCT8HOBHT~ KB8HTOBHe XapaKTepHCTHKH ypOBH8~ S52,2 (2+), 

1092,0 (2~) B 1553,0 KSB (3~). YpoBeHb 1076,1 K3B BBe:zteH DO 3Hepre-
. . ~ 

uqecKHu coo6pueamau. KBaHTOBHe xapaKrepHCTHKH ::1 '" = o+ npBnBcaHbl 

euy, np~~ BCero, H8 OCHOB8HHH CHCT8Y8THKK CBOlCTB H.l{ep C N = 
78,80 (pHc.6). 8THU xap8KT8PHCTRK8M He rrpOTHBOpeqar BepoHTHOCTb 3a

C8X8HB~ ypOBHH deta-p8CD8,7.t0U ( f1 ft ) 8) III OTCYTCTBHe raMM8-Jiylle~ 
C ET = 1076 KSB • 

.]lJIH BCex ypOBHeit C E > 2 MaB B81lHllHHbl f~ jt ::.:. 6 t 7, liTO 

YK88HB88T H8 paapemeHHbll HnB nepBOrO aanpera TIIID COOTB8TCTBYIOJitHX 

6eTa-nep8XOlOB. YpOBHHU 2006 1 2154, 2595, 2682, 2942 H 3200 YOEHO 
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npHnHC8TD IS'= 2~ T.K. C 8THX ypOBHeA B86Jli)A8DTOJI II8p8X0,1UI B8 
COCTOJIBlrJH 4+ 2+ 0+. 

., ' . ' 
YpOBHJIU 245I, 2792, 2865, 293I, 3174, 3262, 3280, 3362,3579 

KaB Mhl npznacau xapaxtepHC'l'HKI1 I~ •. I~, 2~, BBQY cnocoCSa .pas

P~KH B8 COCTOHBBH 2~ lrJ 0~. 

COCTOJIBHH 25I7, 2827, 2904, 299I, 3011, 3705 K8B BHCB81KB8Df

CJI nepexo~aua sa 2~ H 4~ ypoBHB, nostouy 6onee npe~noq'l'H~ex.aee 
npHDlrJC8fi HU lor= (3~, 4±). 

4.3. 06c~eue peayJIUatOB 

R~po 1~~Pr 77 - HeqeTHO-&eqeT&Oe, DOSTOMY ero COCTORKIR CSy~~ 
onpe~eXRT~CJI CBJIS~m &ecnape&BhiX BJKnOBOB. KOB~Bryp&~l MJZi'l'HDJle

TOB ypoBHel TaKBX ~ep B pauxax uo~enx o6onoqex (npaB~a BpeaaaB&

BepHmTeAaa) onpe~enHmTCH no ~8HHHU 0 COO!OBBRBX B OOC~BBX HeqeT

HhiX MPBX. 

KaK H8B8CTHO / 18 ,19/, 08UHUI HHaHHMI COCTOJIHHRMH B ~~~r 78 
HBJIHDTca: d 5; 2 , ~ 712 K11 KonneKTHBHWe" ypoBBJI 5/2~, 3/2~, 1/2~ 

0 SHeprHHMH 0,75,306,313 H 382 KSB. B ~paX-H80TOB8X ~~e77 I 

l~6Nd 77 HKEHHe ypOBHH HHTepnpeTHpOB8HH K8K: S I/2 ' d312 , h, Il/2 
K xoJlJleKTHBHoe cocToHHHe THna [ 2~ + 51121 . YpoBBD 108,8 KSB .. 
136

Pr npanacaaa 111 xoa~rypaiUIR ~~ [ p ds;2, n.d3; 2 ] ~a oo&oBa

HKH paapemeHHOrO THD8 COOTB8TC~By.,.ero 6era-nepexo~a. 0CHOBB08 COC

TOHHHe I36Pr C Js = 2~ UOJKeT OTHOCJIIftCJI HJIB It KOB~Bryp&QHB 
(p d.5/2' tt SI/2] t KJIH K [ P ~ 712 , ttd.3; 2] • CBOAOD8 uepexo~a 

I08,8 KSB (Tr;z= 2,I8 HOeK 1201 t 02
(E2/UI) = 2,8',$, F a:ueA. ~III) 

~ 430 , . f' ~x (E2) ~ 24 ) xapauepHH ~u .. e. -aanpe~qeama uepex~
~oa p d512 -+ p~712 , B oro Bpeua KBK MI-nepexo~H ~12 -rts112 
38TOpMOJI8HH B ~ 50 pas. IlOSTOIIY OCHOBHOe COCTORHII8 136Pr- DpBBQ

JI~HT KOH~Kryp&UHK [ p ~ ?/2' ttcL3j2] • 

18 

HH~epeCHO OTII8THfi, qTo B H~pax I38p~ /21/ lrJ I361 

PM HJ18K0Jlea&•x COCTOHHJII C :J~ = 1+ t KOTOpHe HeB08110ll 

THPOB8fi B p8MK8X UO~eJIH o6onoqeJt K8K ~ByxqacTHqHHe KC 

HeKOTOpHe COCTORHHH B 137Pr- /!3/ B08HKK8mT B peay~Ta~ 
ne6aHII qeTHo-qeTHOro OCTOB8 MP8 C O~HoqacTirJqHHu ~BHI 

peaaoro npotoaa ( [2~] + 8.~). Tor~a uoaao npe~DonoKM 

F.O!OJ)H8 II 8HOM8Jl~~He" YP~BBlrJ 136Pr c :·(•. r+ JIBJIHmTCJI 

f{[z~)~ P<d5/2>} 'rt <d.3;z>] HJIH 
, n ~ d. 3; 2> 1 . BeTa-Depexo~a aa TaKKe Ito 

yY~THDJl8TOB 

p~~7/2>} 
Ba&BHe coo~ORHBR CS~y~ aecxon~Ko aaoropuoEeHHHMI, qTo H 

DPB pacuQe 136 Nd • 
B qe!HO-qe!HOM ~pe l§~ce78 BBEHHe COCTOHHHH MO 

npe!HpOB85 DO KOJ1Jl8KTIIBHHM (pe&O:U:8BOJIOrHqecKHJlli0~8JlftM 

~pynonBHe O~H*HOHHHe H ~Byx~OHOHHH8 BH6p8IUUf ,JIH60 B: 
~

poraUHOHHYD IIOJIOCy OCHOBHOrO COCTOHHHH ( j = 0+, 2+ 

H KBaa• rau:u:a-nonocy ( 'Js:= 2+, 3+). BH;lteJieHHe nonoc /I 

OBOe DO~TB8p!l8HH8 B /!2,22/. ~OfiOHHHTen~HO K CBOIC!B8 

O!ueqeHBUM HaVI pa&ee (B8JIHqftHH IIOU8HTOB HHepUHH, 8Haq 

xopeHBe nepexo~a BHYTPB rauua-DonocH 3i • 2} no cp 

BepOHTHOCftD nepe~o~a 3~ - 2; , COOTHOWeHHJI BepOllT 

XO~OB B~E2, 2~ • 2~ )/ B ~E2,2~ -- 03 ) ), paCCII 

~8K!H, DO~~Bep!la~e TBKOe B~eneHHe. MyH~THIIOH~HOCfL 

~OB 460,9 I 1000,8 KSB XOpOWO corxacyeTCH C KB83HpOT811, 

~enm. ~pyrHM ~8KTOII, 880JlyzHBam~ll BHHU8HHll, HBHH8TCJI 

CKOpOCTel 6era-p8CD~8 C OCHOBHOrO COCTOllHHH 136Pr (2+ 

552,2 ~ ~ft = 6,7?) H I092 KSB ( loft= 5,~8). 3aTOpi 

6era-pacn~a Ha ypoBeHD 552,2 K3B IIOXHO 06~HCHHT~ npaBI 

Do KB&HTOBOMY qHcny K. 
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I 

8TO )t0RYJI'8HH8 t&Kft118CKJI IIOXO)tU 118 RP8ltROJlOZ8BIIRt '11!'0 Up& 

l36pr H 136ce HM811! 88118DYJ) ltetoPM81\HII ( f,;:;:;. 0,1 /Z3/). TorAa 

OOHOBBOMy OOCTORHHII 136Pr MOaHO RpiiDB08~ OAHY 118 B08MQIBHX Blln•o

COHOBOKHX xoawarypalUfl [ p 5/2+ /413/, n. I/2+ I 4II/] • 

llpa cpaBHeHBII saepral ypoBael 1180!0BOB o N = 78 1 80 (pao.6) 

MH!epecHO OTM8TH~ RXBBHYI nepexo~ 8H8prBB OOC!OHHBI 4t t 21 
o+ , 5-, 7- 0! HAPS K UPY. T8K08 UOB8)t8BB8 JK88HB88! H8 KOU8K-

ll 

THBBYII HXI KB88BB81TpoBBJII RPBPOAY COCTORHBI. YpOBHB 4! 8 2! MY 

BW)t8nR8M B ROXOCH OOBOBBOrO 8 KB88Br8MM8-COC!OHBBR, 8 ypOB8Hi 0: 
MOKBO p80CM8Tp8B8~ K8K rOJlOBH08 OOO!OHHI8 KB888~8!8-UOXOOK. YpOB

BH 5-117- MOKBO OTB8CTII K yYXM.'HRX8'l'Y [n.,(J..u(.t.f\ 11,,_(ds/Lfi] t 

80 ICKJl11118BO, 'liTO COOTOHBie 5- MCD:8! O!HOCI~CS K KOBI)IIryp&[UII 

[ n., (Sv.a.). n..a.(J.. .. ,..,) 1 . 
T&KHM O~p880M, BHBKOX818~8 COCTOftHBR B 136ce JA88TCR ODBC8~ 

K8K KOXX8KTIIBBH8, 8 npH 888prBI B08CS~8BIR E > 2 IIBB H8111188H 

Rp08B~St•cs OOCTOSBIIR, O~H88HBH8 paspHBy nap B B81TpoBROI ( II Upo

TOBBOI) oCSoxoue. 

B 88&11)118888 8BTOpH BHpaK&IIT BCKp8HBIIII CSnaro~apHOC~ B.D.AW&

Hac~eBy, H.H.rpouoBOI, H.A.!eCSeAeBy, S.leppMaHBy, X.TYp~, 

A.A.An8KC8~pOBJ 1 B.U.IIOCRIJ, fi.DonaxoBOI, B.BOBOBOI, M. H8HOBOI aa 

CSO~IJII UOMO.. RpB BHUOnB8BBB H8CT0~81 pi6oTH. 
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STO ,ltOD~eiDJe 4)8Kft116CKII IIICXO,ltlll! B8 npe.-nOJlOZ8BIIR 1 11~ J1,1tp8 

r H !36ce HM81l! 88M8TJIYil ,lte4}opM8IUID ( f, ::;:-. 0 ,I / 23/) o TOJ'lt8 

BBOMY COCTORBHD 136Pr MOaHO DPBDIIIC8~ O,ltHJ 88 BOBMOIBYX BHn•c

BCKHX KOB4)HrypaiUil [ p 5/2+ /413/, tt I/2+ I 4II/] • 

flpH cpaBBeBHB aaepral ypOBHel IIIBOTOBOB c N = 78 111 80 (pac.6) 

peCBO OTM6TB~ DnBBBHI nepexo~ 8H8prBIII COC!OBHBI 4t , 21 
, 5-, 7- Of JU{p8 K B.ltPY. Tnoe noBe.-eoe JK88Hll88! H8 KOUeK

Yil HnB KB88111H8itTpOBBJD npapo,lty COCTOHHHI. YpOBHIII 4! Ill 2! MH 

nseM B DOXOCW OCBOBBOl'O B KB881111'8UM8-COCTOBBIIIB 9 8 YPOB8Ki 0+ 
ll 

0 paCCM8!pBB8~ K8K 1'0Jl0BH08 COCTORBJIIe KB8811168!8-BOXOCYo YpOB-

- II 7- MOllBO OTB8CTB K UYJIM'HD118T;y [ rt., (h..t'(.t. f\ "-1 ( d ~/2.) -•] , 

CKJID118HO, 11TO COCTOBBH8 5- UOK8! O!BOCB~CB K KOB!laryp&IUIB 

n, (S·1d. ni.(J,,.,.aJ 1 . 
T8KHM 06paaou, BH8KOJI8ll8 .. e COC!OftHIR B 136ce ~88!08 ODBC&~ 

KOXX8K1'H:BBW8, 8 npH 8H8pl'BB B086YQeBIIIR E > 2 laB H8UB8W 

B11RT.CR COC!OBHBB, 06ft88HHW8 pasplilly nap B B8l!poBBOI ( Ill npo

OI) 060JI011Ke. 

B 88KBI)q8HIIIe 8B!OpW BHpall8D! BCKp8HBDD 6X81'0,1t8pBOC~ B.fi.A4)a

eBy, H.H.rpouoBol, H.A.Ie6~eBy, S.XeppuaBBy, X.TYpp~, 

Anexcaa,ltpoBy, B.M.MocRIY, H.noxaxoBOI, B.BoaoBol, M. Heaosol aa 

.YD DOUO_. Bplll BWBOXB8BIB B8CTOHl81 pa60!Ho 
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