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B B EAEH ~IE 

He To AHKa H3 Mepe HH A 3HeprH~ raMMa - KBa HTOB C nOMO~b~ nonynpo
BOAHHKOBblX Ae TeKTopoB InnAI OCHOB aHa Ha cpaBHeHHH annapa rypaux 
c ne KTpo B Hccn eAyeMoro H 3 Tan OHH~X Hy Kn HAOB . npe4H3HoHHaA cneK Tpo
MeTpHA A H cKp eTH~x H3nY4 eHH~, Hcnonb3y~~aA CO BpeMe HHY~ c n e KTpo 
Me TpH4 e C KY~ Te x HHKy H 3BM AnA 06pa6oTKH cne KTpanbHOH n HHH H, 
n03BonAeT n o n Y4 a Tb pe3ynbTaT~, norpewHocTH K O TOP~X cpaBHHM~ 

c no r peWHOCTAMH npHM eHAeM~ X Ho pM a ne~. ECTeCTBeHHO, 4 TO B Ta KHX 
yc n oBHRx no c n CAHHC npH o6peT a~T onpeAenR~~ee 3Ha4eHHe. . 

Me TOA HKa npe4H3HO H "O~ cneKTpOMeTpHH AHc Kpe THblx H3n Y4eHIo1H 
pa AHOHYKnHAoB C nOM~b~ n n ~ , pa 3BIo1 Ta A B Ha weH n a 6 0 pa To p HH 
B 1972-1975 rr , 6a 3HpoBa n acb Ha np04eAype rpaAylo1pooKH an n a pa 
YP H~ X c n e x r POB C nOMOUlblO 3 BM I CM . / 1/ H np"l Be /~e HHbte TaM cCblnKH/. 

3 Ta Me ToA~l Ka noaaonae r ,qOCTI-1 4 b T0 4 HOCTe H H3Me pe H"IA : 
a l 3HeprH~ raMMa- Ka a HTOB a AHana30 He 10-3500 K3B - aT 1 AO 

50 3 B, OTHOCHTenbHblX ~1H T e HC lo1 a HOCT e~ r a MMa - Ko a HTOB - 1 1 ~ 2 /% ; 

61 OT HOC "l T Cn bH~X H HTeHC HBHOC Te~ 3BK - AO 1%, K03~~ 11 4 He H ToB 

B HYTpeHH e~ KOHBC pC HH - 2%; 
81 3 HC prl-1~ u-4a CT101 4 - AO D,S K3 B, a Io1X OT HOC H T en b H~X HHTe H

CH8 HOC T e~ - AO 2 ~. 

n p lo1 nOCTpoeHHH Ha60pa HopMane~ 3HeprH~ r a MMa- KBa HTOB B Ka4eC T
Be HCX OAH~X 3 Ha 4e l-lHii Ha MH 6 ~n H n p HHRTbi 3 Ha 4 eH HR 3 H e pn1~1 r a MMa 
KBa HTOB 18 2'1'01 101 IH:.! l r 1 '21 . H 3Me pe HH~e B nOMoulb lO Kp HCTa n n -A Io1C1l paK 
41-10 HHO r O raMMa-c nCKTp OMe Tpa I KArc I B n p eA nono ~ e HHH : 

' 1 0 1118 I 4 l ;s lE~), 41 ,o ( IIJ.!,) = 111 ,79.:!:.0 , 007 K3B . III 

Me~AY TeM ycoaepweHCTaO a a Hl-1e KpHCTannH4eCKHX raMMa-cneK TpOMeT
poa, H, a 4aCTHOCTH, Io1 c n o nb 30aaHHe onTHKo-peH Tr eHoa CKO~ HHTep
~e pOMeTpHH. n03BonHno npoa eC TH n pAMoe c pa a He HHe AnHH BonH pRAa 
R Aep H~x nepe xOAOB B o6n a c TH AO 600 K3B C onTH4eCKO~ HopManb lO 
AnI-1HO~ a onHbl 86 Kr . nplo1 3 TOM An R E 411,8 ( 19 8 1fg) 6b/no n0l1Y4e HO 
3Ha4eHHe 14 ' Y 

H1 8
E 41l, 8( 1lJ.!, ) = I.j ll ,8044+0 ,OOl l K3B, 12 Y 

4 TO n04TH Ha nopRAoK T0 4He e 3Ha 4 e HHR III. MeTp0110rH4eCKaR 3Ha
4HMOC Tb 3 TO~ raMMa-l1HHIo1 H nOAP06HO npoaHanH3Hpoaa Ha a / 5/. HanOM
HI-1M l1HWb , 4 TO aHa RBl1AeTCR rnaBHO~ RAep Ho-cneKTpocKonH4e CKO~ 

HopManb~, H ee YT0 4HeHI-1e npHaOAHT K YT o4He HIo1~ aceH 3Hepre Tlo14e 
C K O~ WKal1b1 raMMa-H3nY4eHHA. .__. 
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annsre n pue e n e m.i ! ( OA IIOMY 31lallCIl ' II0 1': ).'11 I,X ( Hili! II.:I 
= 4 J I , 80/1 4 . I IYHKTHPON 1l0 Ka 3 <J llbJ c peruure O'l'I(Jln lh' II IHI JU HI 

18 2 T"..l H 192 11' , 

1'11'1Ka a a noc s 6 b' , 4 TO 1-13Me He HI1e 3Ha 4e HI-1 f1 E y4 11 , Br . 111' 1 t1l1 Aon lH HO 

np l1Bo AI1Tb K 60J1bWI1 M TPYAHOCTfl M B n e p e c -re r e 3 Kcnepl1Ml' II Id Jlb HblX AaH

HblX , 1'1 Mbl p a He e n p e n n a r a nl1 n p o c Toi1 MeT o A Ta Ko l1 npouen YP bl: 

u 41 1 , 8 I HOBo e l 
F. IHo Boe = E I I	 31 v c r apoe 

y 
. E 4 11 , 8 / c Td Poe l 

K COlKa JleH l1l1J , HOBbie 11 Ha MHo r o 6 0 n e e l 0 4 Hble Ad HHblC 113Mc jJe t 1l1 ~1 

3 Hepr l-111 r aMMa - KBa HTOB 182 T a 11 192 11' 14.6/ , Bbln OJl He HHble Hi! «ncr, 
0 6 Ha p YlH I1Jl l1 c e p b e 3 Hble p a CXOlKAe HI1f1 C pea yJlb TaTaM II pa 6 0 TbI ' ~ I I CM. 

p ~1 C. 1I. 3 TO He n OaBOJlA eT o r pa Hl1l l l1Tb CA n e p e C4 CTOM HaW ~1 X l~ u tlHblX 

n o $ Op MYJle 131 1-1 aaC Til BJlAC T a a HOBO n p OBe CT I1 n po~CAYPY rpil AYl1p OB 

KI1, n pl1H I1Mafl B x a u ec TBe u o a u x HOp Ma Jle ri p e a y n s r a Tbl '4.Ii / 1'1aGn. 1I . 

npOUEAYPA nO C T POE H~R HA60PA HOPMADEA
 
3HEPrHA rAMMA- KBAHTOB
 

-	 / 1 ' B Ha C T Of1~e l1 p a 60Te I1CnOn b 3 0 Ba Hil T a w.e n p o~eA y pa , 4 TO 11 B 

YcnOB I1A 11 3 Me p e HI1r, n OA6 11 pa Jl l1C b Ta KI1M 0 6 pa 3 0M , 'H OGbl M I 1 H I1M I1 3 I1 P~-

Ta6JIHl'(a 1 

HOP MaJIH 3 HcprH ti ra ~lMa-KB aHTO B 18 2T a H 19 21r , HCn0J1b 3 0 BaH HblX 

B l1aCT05l1l\eH p a ti o r-e II K a tI e CT B e n e p UHtIHbIX 

I I	 ~ -----
:JH ep r Hl1 raMM a -KB a H T OB / 3 B/
 

,' 61 
npH H RTIo Je 3 H a 'l e IlHHIIYKJIlil~ Kessler et al./ 4 / I Borchert et al, 

E l\EE flEE flE cxp '\ Et a t exp e x p 

182.r1l IQ '/14 . 99 0 . }7 42 714 . 99 0 . ~7 0 . ~9 

65 722 . 48 0 . 15 (,5 722 . 48 0. 15 0 . 2 ~ 

67 749 . 97 0 . 1 ~ 67 749.97 0. 1} 0 . 22 
84 680 . 47 0 . 43 84 6BO. 47 0. 43 0. 48 

100 106 . 52 0 . 20 100 106 . 52 0 . 20 0.27 
113 672 .46 0 . 26 1 '13 672 . 46 0. 26 a. tIC 
152 4~0 , 63 0 . 27 152 4~0 . G} 0 . 27 0 . 48 
156 387 . 60 0 . 35 1;;6 ~B7.W o . ~ ;; 0 . 54 
179 394 .95 0 . 53 179 ~94. 95 0 . ;;3 0 . 71 
198 352 .72 0 . 44 198 3;2. 72 0 . 44 0 . 68 
222 109. 48 0 . 45 222 109 . ~ O . 4 ~ 0 . 74 
22 9 321 . 97 0 . 63 229 ~2 1. '7 0 .63 0 . 87 
264 07~' . 74 0 .61 2&4 07 ~' . 7" 0 . &1 0 . 92 

1921r 136 343. 04 0. 49 1~6 ~4~. 75 0 · 70 136 34~ .27 0 . ,40 0 . ; 4 
205 795 . 49 0 . 07 205 796 . 10 0 . 60 205 795. 50 0 . 07 0 . 54 
29 5 958. 25 0. 13 295 9 ~·8 . 48 0 .50 29 ~, 958 . 27 0 . ' 3 0 . 79 
30B 456 . 89 0 . 15 }08 455 . 10 2 . 20 308 456. 88 0. 15 0 . 83 
316 507 .89 0. 18 316 508 . 50 O.}O I ~ 1 6 50B. 0~ C. 1 5 'J . 8~ 

41& 471. 36 0. 74 41& 470 . 63 ~ . oo 

I 
41(, "71 . 32 0 . 72 1 . ~ 

% 8 071 . 47 0 . 27 468 072 .03 J . 60 4(,8 071 . 5(, ~ . 2 ~ 1. 2i.. 
484 ; ?? on 0 . 41 484 576 . 85 1 . eo 41\4 '.77 . 91 .' . 4{\ 1 . 34 
~B 8 584 . 46 0 . 72 588 '. b7 . /j/j 4. l,;~ l ~..M · ~ 1 C 4 .~7 u. "/"l ~. 'l~\ 

I 414 . 15 ::>. 47 604 4' 3. 38 2 . 20 ',04 414 .1 2 O• ..e. 1 . &6 
&12 465. 04 0. 78 612 466 .78 2.1.0() 0,1 2 46 5. 18 0 .75 1 , 75 

L 884 541. 74 0 . 79 884 ~'45 . 39 4. 03 884 541.88 0. 78 2 . 45 

Ba T b I1CKaH< e HI1R $ OP Mbl m1H ~1 11 . An A ~1 C l< nI04 eH "'A BKnaAa " 3 Q)$ e I< Ta nOJIA" 

s c c ~1 3 MC pe H I1 A n p OBOAl1nl1C b B OAHII<lK OBO.:1 r COMCT p l1l1, 4 TO Tp e OOBa JIO 

n OAo o p a aK TI1BHOCTI1 I1CT04HHKOB , OGpa6o TKa c neK T p anbHo.:1 n l1H"' 11 o cy

1I\eC T BJIRJla Cb nO Ar OHI<OH C"'MMe T p H4 Ho ro rayc c ",a Ha no n p orpaMMe 

"KATOK" 17/ . B Bbl6 p a HHo M 3 He prCT I14€ C I<OM Al1a na 30He Ha OCHOBe Aa H

Ho r o Ha60 pa p enepOB o n peAe n n n l1Cb n on p a BK'" Ha H e Jl "' H C~ H O C Tb cne KT 

p OMe Tp a , n o cne 4ero oc y~ec TB nA na c b ero 3 He p r eT I14 e CKa A r p a Ay l1

pOBKa. 3aMeT~M , 4 TO 3T '" nOn p aBI< H npl1 Anl1 Tenb HblX ~aMe pe HI1 RX He 

~3MeHAnI1Cb. H n o XOAY 3KC nC p l1Me HTa a a HI1MI1 BC JICR n e p l10A H4 eCK I111 

KOHTpOJIb. 

Ha OCHOBaHI1 '" 3 T0 l1 rpa AYl1pO BKI1 o n peAenA Jl I1C b 3H e p r l111 I1CCn e Aye 

MblX r aMMa -K BaHT OB. n OA06H~e 11 3Me peH HA B~nonHR Jl H C b MHoroK pa THo 

Ha pa3 Hblx nnA , c ne KTpOMe T pl1 4eCKI1X Tp a KTa x 11 n p l1 p a 3n l1 4 H ~X K0 3 $ 
¢ I1Ul1e HTa X Y C l1 n C~I1A. 

3 
2 
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B Ka 4eCTBe cpeA HeKBaApaT~4H o~ OW~6K ~ OTAenbHoro ~ 3MepeH~H 

np~H~M anaCb norpewHocTb, on peAenHet~aA KOP~AOPOM OW~60K r paAY~ 

POB K ~ ~ OW~6KO~ nonomeH~A n~Ka, ~ C ee nOMo~b~ HaxoA~nacb cpeAHe
B3Bcwe HHaA o~eH Ka . 3a Me py T04HOCT~ pe3ynbTaTa np~H~Manacb Be 
n~4 ~Ha , o6 pa THa A cyMMe BecoB, KOTo pa A AOMHomanacb Ha 
X ~ p~ B eAe HH oe ' ecn ~ nocneAHAH OKa 3~Bana C b 60nbwe CA~H ~~ ~. 

np~BOAH Haw~ pe3ynbTaT~ B Ka4eCTBe AE e x p , M~ AaeM Ben~4~ HY, 

B Kn~4a~~ y o B ce6 A, nO M~MO YKa3 a HHo~ B~we OW ~6K~ , norpeWHOCTb 
~C XOAHb I X Hop Manei;; (1,8 ppm) I a npa ~ 3 M epeH~I ~ Ha 0AHOM cn exrpo 
Me Tpe - Ta Km e OW ~6 KY , CBH3aHHY~ C ann po Kc~Ma~~ e ~ ero H en~ He ~

HOCT~/ . B B en ~4~H Y L\ E to t ' cornacuo o6~ enp~1HRTbIM npaB lo1 naM, BXOA~T 

aononuar en s ao no r ceun-ocr s HopManlo1 BTopo r o no panxa 8 41l .8( 198 B g) 
12, 63ppml 1 5 / . 

y 

B 06n a C T ~ 3Hepnli1 AO 600 K3B , C ~cnon b 30B a H ~ eM paHee ~3MepeH
H~X annapaTYPH~X cneKTpOB, 6~na 3aHOBO npOBeAeHa rpaAy~pOB04HaA 

npo~ eAypa C HOB~M~ 3 Ha 4 eH ~HM~ ~C XOA HNX HopManei1 I Ta6n . l / , n0 3BO 
n~BwaH nepeonpeAen~Tb 3Ha4eH~A Ho pManc~ / ll $aKT ~ 4eC K ~ 6e3 npo
B eAeH~A AononH~TenbH~X ~ 3 M e p eH ~ A . B ~ we 60 0 K3 B, nOM ~MO Io1 c non b
30BaH~R HeKOTOp~X 101 3 paHee ~3Me peH H ~X anna pa T YPH~X cneKTpOB, 
6~n ~ npoBeAc HW HOB~e 101 3Me p eH ~R c nOMO~ b ~ Gonee Ka 4 e C TBCH H ~X 

AeTeKTopOB ITa6n . 2/ 101 annapa T Y P~ I p ~c , 2 /. B 4aCTHOC T ~ , AnA 
coxpaHeH~H T04HOC T ~ onpeAene HIo1 H n on omCH~A cn eKTpanbHO~ n~H ~~ 

np~ e e ofipafio r xe B ~3MepeH ~H x n p lo1~H.: Itf,n Io1 C b 13-pa3pHAHble Al.\n 
C ~~~POB~M H nopor a MIo1 . nonHaH ncpco6 pa6oTKa paHee nonY4eHH~ x 

AaHH~x 101 o6pa6oTKa annapaTYPHwx c ncKTpoB B HOB~X c ep~R X 101 3 
MepeH ~ i1 aunonue au C nOMO~b~ T PC XY POBt1eBO~ C~CTeMbI uaxonneuua , 
o6pa6oTK~ ~ aHan~ 3a cneKT pOMe T p Io1 4eCKO~ ~H$OPMa~~~ /8 /. 

np~ nOCTpoeH~ ~ HaC T OR~erO Ha60 pa HopManeA 3Hep r~A raMMa 
KBa HTOB paCW lo1 pe H~e 3Hepr CTI14CCKo r o A~a n a 30Ha rpaAy~pOBOK cneK T
pOMeTpOB AO 3500 K3B 6wno ocy~ec TB ne HO B weCb 3TanOB I Ta6n . 3/ . 
Ha nepB WX AByX 3 Tan a x . HcnocpCAc TBe HHO C ~cnonb30BaH ~ e M np lo1HH 
T~ X 3Ha4eH Io1 A pe ncpOB TaGn . l. B~non He H ~ ~3MepeH~A 3Hepr~~ raMMa
KB a HTOB KaCKaAHWX ne peXOAOO B p aA~OHYKn~Aa x, np~BeAeHH~ X B nep
BoA KonOH Ke . Pacw~p CH~C A~an a30Ha rpaAy~poBK~ Ha n ocneAY~~~x 

3Tanax npoBeAe Ho C n OMo ~ b~ 3Ha 4e HIo1A penepoB , YKa 3 a H H~X B KonOH
xa x l{a K npaa un o , 3TO 3H e pr~~ raMMa-KBaHTOB npH Mblx I KPOCCOEcal ' 
Bep l ne pe xoAoB. 3Ha4e HIo1 A KOTOPblX non Y4eH~ nyTeM C Y M M ~ poBaH~H 

3He pr lo1 A KOHKYP~PY IOIl\ Io1X Ka c Ka AHblx nepexonoa C 06~4HbIM ~ Manbl M ~ 

non pa B KaM~ Ha 3 He pr H~ RApa oTAa4~ IC M" Hanp~M ep, ~ 1 I . CneBa 
OT KamAo r o 3Ha4eH~R o603Ha4eH~ 3Hepr~~ cna r a eM~X Ka c Ka AEc a l 
H~ X ne pexoAo B IB KonOHKa x Eexp/, nonY4eH Hble Ha npeAw ec T B Y~~ ~X 

3Ta na x . 
C ~cnonb 30Ba H H eM AaH H~x Ta6 n .l ~ 3 6~n~ ocy~e c T B ne H~ rpaAY~

POB K~ B pa3n ~4H~X 3HepreT~4eCK~X A ~an a30 Ha x 6onee, 4eM B 600 
cep~RX ~ 3Me peH~~ , pe3ynbTaT~ KOTOP~X C~CTeMaT~3~pOBaH~ B Ta6n .4 . 

B HaCTOA~ee BpeMR ~3BeCTeH n ~ W b OA~H COr I1aCOBaHH~~ Ha60p 
HopManeA 3Hepr~A r a MMa- KBaHTOB 19/, c03AaHHbiA B npennonoxeuaa 12, . 
CpaBHeH ~e Haw lo1X pe3ynbTaToB ~ AaHHWX ~ n p~ B eAeHHoe Ha p~c.3, 
no xaauaae r , 4TO MemAY H~M~ Ha6n~AaeTcH xo powe e cornac ae . 5 
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Ho pMan H 3H ep r HA r aMMa-KBBHTOB H3 ( n , y~peaKQHH ,
 

Ilpa IJbll lH Cne llHH nor-penuroc-r-n L\ E EM a c n orn. s oaa xa BapHBII T

rcou ap nau 'rnaa ~l aTpH ua , p BCCtI HTaHHaSl B p a oo-r e 1 131 / CM. T<l6n . 3
 
B ' 13 '; un x C ~l eW <l Il HbIX y pBR He HHl1 sia c c a - p;nHHB normu
 

co ( ,+1.,)j[ J';<JllU1 " n .. 
-
7 

-,
-'m :'257 . 272 

4940 . 327'''c 
14C 3176 . 47; 

15!1 10833 . 295 

E' EJ L'lE c xp~ 6 EexpM tC> ~J tC> E~ 

6 . 953 6250 .31') 8 .005 0 . 003 0.017 0 . 018 

1 .010 4945 . 317 0 . C<l5 0 .0 ~ 1 0 . 0 

2 . 561 817 3 .91 4 0 . 005 0. 0 12 

4 . 196 10829 . 099 0. 005 0 . 008 0 . 029 I 0.831 

06na CTb HOpMane ~ r a MMa- KBaHTOB HYKn~AOB, npeTepneBa~~~X 

paA H Oa KTHBH~ ~ pa CnaA ~ HMe~~HX AOCTaT04HO 6 0 n blU He n ep ~ OA~ nony
p a c nana , Or paH H4e Ha c a e px y pa3H OCTb~ MaCC '" 4 M3B. OAHaKO Anfl 
pew e HHfl HeKOTO p~X flAepHO-¢H3H 4 eC KHX 3aAa 4 T pe 6Y~T C fl HopMa n H 
3HeprHC1 > 400 0 K3 B. Ha H60nee YAo 6 HblMH An fl s r o r o fl Bnfl~TC fl r al~ Ma

KB aHT~, Hc nYCK aeM~e B pe a K~HH 3 a XBaTa T e nnOB~X H e ~T p OHOB flAp a
MH . B 3 TOM c n y 4 ae MO*HO Bocnonb30BaTbCfl n p eAno *e H H ~M B pa60T e ' 10 
MeTOAOM non y -re u a a T0 4 HbiX 3Ha4 eHVl~ 3 He p r Vl~ r aMlo1a-KB aHTOB npH 
n OM O~H HeKOTO p~X Mac c-cne KTpOCKonVl4eCK HX Ay6neToB H 3 He p rVlVl 
CBfl3H A e~ Tp OH a S n( 2H ) , B Ta6n .5 npenc r a a neau 3 Hepr VlH ral1Ma
KBa HTOB H HX no r peWHOCTVl , ~a CC 4 Vl Ta HH ~e C n O M O ~ b ~ HaVl60nee T04
HblX ~1 a c c - Ay6 n e T H b I X AaH HblX 11 ~ Vl 3 Ha 4 e HHfl 

2 
Su ( II ) = 22 2 4. 562~0. 0 0 8 K3 B, 4/ 

n o n y 4 eHHor o H3 n e pe C4 CTil HaWe r 3 HQ4 CHH fl 
I ~ . 

OTHOCHTCn bHO HOp-
Mane C1 Ta6 n .4 . 

3A KnD4 H T EnbH~ E 3AME4AHHR 

nOCKon b KY nOCT pOe HH~ C1 paH e e 'l ' Ha 6 0 p tmpM a n e C1 3 Hepr VlC1 r a MMa
KS a HTOS B pflA e n eT Vlc non b30san CH n p H H3Me pCHH HX, pe 3yn b T aT~ 

KO TOP~X BownH , 8 4a CTHOCTVl , S KOMn H nA 4Ho ! J4~ B 03 H Vl K a e T Bonpoc 
06 oWVl6 Ka x , CBfl3aHH~ X C ne p e XOAOM K HOBOMY Ha 60py HopMane A. 
n pe Ano*eH HO MY B HacTo fl~e ~ pa 6 0 Tc . B pa MKa x np HM eH HBweC1c fl Ha MVl 
np o4 eAYP~ n peACTaBnfl e TCfl e CTC C T B CH H~M Ao nYCTVl Tb , 4T O nOAo6H~ e 

oWVl 6 KVl on peAe nfl ~TC fl pa 3HOCTAMVl 3 Hep rVlK ABYX YKa 3 aH HblX Ha6opoB, 
KO Top~e H306 p a *eH~ Ha p Vlc .4 . Ka K BVlAHO H3 PVl c.4, 3 TH pa3HOCTH 
HOCHT CHCTe Ma TH4eCKVl C1 x apa KTep Vl Mor YT 6~Tb Y4 T eH ~ , no KpaAHe A 
Mepe, np H6nVl* eHHO . 3Kc n epH M eHT~ Me , B~non He H H~e Ha npeA ene 

PEc .3 , Pa:l .\O r 7b 3 11<llJem tH Ilop:·laneti ::lIIeprHl1 raNHa-KBaHTOB , AOCTVlMVlM OA T0 4 HOCT Vl , Mor YT n OTpe 6oBa Tb ~x nOBTope HHfl.
 
/ 9
nonvu eaaux D HaCTOSlll\eI1 pa ti o -re H B p a6 o Te ' . 
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