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I. lJBe:neune 

B ll0CJ16,11Hl16 ro.IU< o0Hapy>t6H HOBull KJiaCC l430CTpyKTypi!UX cyuepl40I!

HUX npoao,IIHI!KoB c oOll!el! iPOPMYJiol! 11fl3 H (A q,}~ /I-9/, rJle Me= 
• C5 , Rb , K, IVH, , A = S, S e , Koropue a Jl8JlhHellweM 

OyJleM HaSHBaTh ltpiiCTB.JJJUlMl4 Tlllla Rb 3 H (Se 0+ )z . JJ aTI!X KPIICTM-

JIWC 0Tj)y>t'typH1.16 <j,e.3 081.16 . lle j)OXO.IU< ( 0.1/11) conpOBOli!Jl!WTCII CK!l qKQM npo

TOW!OJI npOBOJliiMOOTJl (npll r ~ 7'c j II KBJlllKJTCII C6ri!6T03JiaCTl4K!lMl4 CO 

CUOHTaHHOI! Jl6W0PMaUK61! nopflJlKa IO ~ fi113KOT6MI!9paTYPHOR <j,e.3e /7,B/_ 
BoJihWIIII aHTponWI 011111 Ll 5 / R"' I ,26 131 yK!l3;maaT na aHnqJIT6Jihi!Oe 

paayuopu,~~oqenl!e np11 <j,e.30DOM uepexoJle ( q,ll) , 1lp11 7' < 'T'c Kp•c·ru.n-

J!li JlM6lOT MOHOKJIIUU!Yil p9W6TKy ( npOOTj)Ul!O'tll6lji!Wl rpyuua ( np. ~.) C.zf ), 
a npll 7') 7C- pOM603,11pl4'19CKyil ( T7f'· rp. 2)3; ) '/7 ,U/. q,11 

1J3t--.. C'Zl I!BJ!Ii9TCII HocoOc·rBellilllM cerHeroaJiacrHqecKI!M, Koropul! 

ll,lleT o YJlll06Hli9M oO'!>ej?. aJieMenrapHol! II'IOI!KII no OJlllOMY ;ryqy BOJIHOHoro 

B6KTOpa 3,03/il.l ~ +} (3Jl6CL B B ,IIMhiiOllwOM 0003HUq6llll!l no 

KoaaJieBy IO'), llianoMeHOJiorHqaOli.l reopwl 11111 B Kpl!01'8JJJIUX ·rwia Rb, 
H(Se ().), OWia npe,I~J~oJ<el!a B ll/, rJle pacoq~~Trull.l TeMUepurypuue 

3WIIIOBMOOTII lt0Ml!OH6HT TOI!30j)OB OllOI!TWlllUX Jl6<1/0PMilU!!ll IIO!U!OI! IlpODO,llli

MOOTi! II ynpyri!X UOOTO!IIIHUX. AIIMII3 yuopllJIOqOI[liJl npoTOl!OD np14 q,11, ll,lly-

IQ6M no JlY'IY l;!:z 3B63,ll;l.l { ~}, UOK!l3HB!19T, 'ITO 143 6-TII 3KBl!lla-

Jiilll'fHWC noalll\llll BUIIJ6 Tc (OM. pBC, 2) Uj)Jl 11)11 JlllO U031U1111l 3Wl0JI

IUIJOTCII ( qapuua) , Jlll9 D031!/.l1111 onycTOWUJOTCII ( 0aJI1.16), JlllO U031!/.l1111 09-

p!le, 

)l;lll 1130!1BJ16Hllll OT C6pUX U03llll,llll ll H!iC'fO!IIQ61! paOora DpOBO,llliTCII 

aHaJii!a yuopiiAoqeHWI npoTOHOB B ltpl4CT!lJIJIUX 'rHDa R~ ~S.. 4Jz 
npJI llill, KO'l'Opull 11,116T no JlllYM BOJIHOB!lM B6K't0paM (88): K. '= ~/2 
(TO~ L 30!111 hpllJJJliD3Ha ( $)) l4 7t. = 0 ( TO'!l<a r 
(3h)) I~. IJ/. Taop~n crpoirc~ B npiiOJIHll<eHBi! cpeJlllero noJIII,KaK B 

raopu yuopHJIO'l6HliJI CllJiaDOB 14/. )l;lll onpeJl6Jl6HHOCT~ B paOore pac-

CMaTpJIBaeTCII KPliCTSJJJI R b3 H(Se 4 )2 · 

2 I 3KCU9DjWQHTMRUU8 U¥!Ui8 

B HI43KOT6MUepaTypHoll <I,Ja:de ltpl!Cl'BJlJI Rb3 -H(seq}, I!M66T MOHOKilliii

HY" p6W6TKY C ll!ipaM6TpaMH SJI6M6HT!ipHOR JlqellK!l: et,.., = I,0475 HM, 

J~ = 0,6090 HM, C.,., = 1,5418 HM, (3 = 102, 9I~z=4, 
np. rp. B2 I -6 ( GV ( B npHMI!TJ!BHOl! II 'I aliKe z = 2 17 I) . ATOMI.I 

KliCJiopoila 0 (~) 11 Otl) (p11c. I ) rpyun SeO,_ uBnaaHu o a·roMaMH 

KJ!CJIOPOJla COC6Jllli!X 'fO'l'Jlll".l(llOD B0Jl0POJliii.IMII Cllii3JiMII. !l!!JKa 'fc = 447 J( 

npOTOHU OOpaayiJT yDOP>IJIO'IellHYKl CT!iTll'I6CKyil CTp)'KTypy { 9 } . Buwa 

"f'c ltpl!CT8JJJI J!M66'f poM(oa,~~pllqecKyKJ peweTey { r rh ) C napaM6T-



z 

s· 

P>Ic. I. Ilpl!MI!ITJIBI!all H'lelil<a BHCOKOTGMll9.

paTYPHO~ @asH B poM60s~aqecKCa ycTa

HOBK9. I 09Ha'l'&9T !16HTp llliiBepCIIII. 

P>Ic. 2. IlpoeK!11ll< HPOTOIIIIHX IIoalllll!ll BHIIl6 'Tc !Ia X h. Y~..-
IIJIOCKCCTD. BepiiiiiiiH Tpeyi'OJI:&liiiKOB HP6,Jl;CT811Jl!Im' aRBl!BalleHTHHe IIOJtOliWHIIll 

aTOMOB KIICJIOpoJta 0(2) R 0 1 (2). 
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p8141I I!pHMHTIIBHOli li'leliKH (JlH): a,= Q 2 = Q 3 = 0,832 HM, Z =I, rrp. rp. R 3., ( !2)3:) fBI. CTpYKTYP" o6paaoBaHa TeTpaa,lij)B141I S..(f,. 
B Jia CO.Il9PJKIITC.Ii ,llBa T9Tpa3,lijla. !(9HTp I!HBllpCim BJ<6rrpaeM Ha OCII Q,Z nocepe.Iliiiie M9JJU!Y T9Tpa3.IlPaMR (OM. plio. I) • Jl6Jmaii O,iUioll Jill HaXO.IliiTCJi .IlBa I!pOTOH!l. Jla PliO. 2 ITOI<aaaHa I!p09KI<Jm C9TKII BOJIOpQ,IUillX CBliaeJI Ha IIJIOCKOCTL x 1 B rexcaroiiam.Holl YCTaHOBiil • Beplllllllll TpeyroJID
mmoB. yCJioBao .H306:pasai)T aR:Blm8JleHTHI:le .IIOJIOll9mm aTOMOB KHCJIOpoll8 0(2) II 0 1(2) Blllll9 7;:; {8] (OM. pliO. I). Bl_!YTpii Tp9yrOJl:DBIIKOB yxa-3aHH 3Ha'lellllll: rrpoeK!:IWI I\9HTpa Jill Ha ocJ> OZ (z/ch) • To'IKaMII noxaaaHJ< CTpyHTypH0-3KBHBaH9HTHJ<9 ITnHai9llllll: I!pOTOHOB B cynepiiOHHOli ~e. Ha JliiC. 2 oim o6oaHa'leHH .f.,_ 6 , 4' .;- G'. (IIoaliUIIII I-c 3 
cBHaaHJ< c o• (2). a 4.,. ·a - c 0(2)). 

3.~ 

~ OniiCallllll: ~ll Tllna IT0Pll.IlOK-6ecnopll.IlOK B I!pOTOHHOH ITO.llCIICTeMe 6y,JJ;9M paCCMaTpiiBaTJ> YfiOPll.IlO'l9Im9 I!pOTOHOB B O,IUiOJi Jill BI<COKOT9MIT9paTYPHOJI ~I<, Y"'ITI<Ball 1IX B3aiiMO.IleliCTBII9 C I!pOTOBaMII B .IIPY"riiX li'leJIKB.X. Pacnpe,n;Wiemre IIpOTOHOB B KpHCT8JIJI8 Oill!CliBaeM C IIOMOntDD ~ n ( 'T), paoooli I, eCJIII rrpoTOH HaXO.IliiTCH B yaJie F , II 
ByJID, eCJIII yaeJI nycToli. BaaaMo.IlelicT~e rrpoTOHOB aarrmneM B 6MJIHHeliHoM no rrepeMeHHHM n (ir) BII.Il• /I 41: 

H = .!__ {;;, <Pii (R-R) nJR) nj{P), 2 R ' . . d 
(I) I t''J 

r.11e nJR.) - O.IlHO'laCTII'<I!aH /PYBI<I.Illli sarroJI3ellllll: c -ro yaJia ( i = I, •••• , 6 ) BID! (eM. piic. 2) c KOOP.IliiHaTOli R a ¢ i i ( R-R') - aHeprllli BaaaMo.IlelicTBIIli. 

4. Ilml4mwwtJ9 gpepero IIOJJ.!i (IT@) 

nJR.)= n;.{R) .. ~ a.{R), (2) 
r.11e nJR) - cpe.I~Hee '!I!!CJIO aarroJIHellllll: L -ro Y3Jia Jill. Tor-.Ila B llCIJ, Y'!J!!TI<Ball BKJia.11 Xl!MllOT9IIllllllJI" ~ ITOJIY'la9M 
H =J.L ¢'J .. {R-ii)ii,tRJn.iVfJ +L (~,{ilJ-_,u)nfRJ. TfC!T iJJl' v il_i . 

(3) r.11e '' i Mfi )= F ¢'.! (1!-il') n.;(ih -
aHepr.wr rrpoTOHa,aaswwuQ!irf'ro i - A yaM B IIOJie ORpYJtEtilllHX npoTOHOB. 1!3 yCJioBI!li 'CJF/CJnJi!) ( ,· =I, ••• , 6), r.11e r
cB060.ItHM 9H9prRH, llo.zry-qB.9M CKCTeMy CaMOCOrJiacOBaHHHX ypa.BHemtii )V1II 
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'!RCBJI 38IIOJIHemta 

f.>= 1 /7' j 
i~L, ... ,6. (4) 

.i],IJli pemel!.llff Cl'ICT9W ( 4) l'ICllOJTh8Y9M M9TO)l; KOl!I19HTpa!lll0llllliX Bom/I4/, 

B paMKaX KOTOpOro p9ill9HH9 Hm9TCH B B~9 

3,Il;9C:& - J'fYT:f. 3B93,IU:t [l('j = (lj' j 7F [?) 
~ [2"2'1 1 2 4J 

~z;. Fo= 0, puli B ~~HefimeM no~aeM PaBHHM 

X (Rs, R)= 11 (Rs) 0pfi k; !l~ _.. 

(5) 

KOT0-

1/l 

(6) 
K; = k:, I /c;, ' 

omrcHBaeT OTKJIOHeHlle OT cpe,ItHero pacrrpe.n;eJieH.Wi IIpOTOHOB ni::;. C: ~ 
IIPH 7'>7'c • "li (K;) B (6)- JJapaMeTpll I!OpimKa. l!CKJlXl'<8JI 

118 (4) 8Ha'!9HH9 XI!MllOT9H1111l8JlB., HCilOJ!l>8YJI yCJIOBIIII, 'ITO rrplll 7'>7.: 

f1( = C _ ( i = I, ••• , 6), II paaJia.I'all (4) OTHOCJ/l-

TeJll>HO )(· { /(, ~ R) Ill )( ( J?o, J! J, IlOJlY'li!M Jllll!eap!llaoBaHH!Ie 

ypaBHel!.llff 

)( ( R;,, R) = c(c-L) /7' l; ¢'/ fP-il) x;[ii,ii?f?) 
P.J 

ITo.n;CTaam<K (6) B (7),rro~ 

1, {;?J= c{c-t )/'r f rP:; {!~) (!J{!s) ~~ ~ (8) 

(--<> ) Ks = k;, 1 /(, 1 

r.n;e ¢,/ [ Ks - <ffin;e-rrpe.n;cTaEJieHHe MaTpi<Il,li <;/>,j[l?-:,z?). 
TaKHM o6pasoM, 3~~ CBO,Il;HTCH K HaxO~eHBD C06CTB9HHHX B9KTOpOB 

Ma'rpi<Il,li B8ai!MO.n;ei!CTBIIII cf:>lj (~). ilepei!.n;eM OT 7Jl<f) 
K HOBHM rrepeMeHHHM 

y (Ps)= z ui (IZs) 11 (K;), (9) 

r.n;e (J'i (I{) - MaTpJa,)l;lllaroHaJW811lpYl"llaal MaTplll!lY ¢,i{k;). 
5 • YnopanO!ffi}W9 npOTOHOB 

B Ta<5JIJ!l19 I rroKaaaHo rrpeo<5paaoBaHIIa rrpoTollllliX noam<d (Ic'-6) 
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OTHOCHT6.1!DHO 3JIBM8HTOB CliMMBTpllil rpynrrH BOJIHOBOrO BBKTOpa (rn.B) G '-, { J., , h,o , , J.,s , , k, 22 J (B poM6oa.lijl.ll'<eCKoll, K~, H - ycTaHOBKe). YI.B.K. B.H.IUW, G rrpOTOflllllX noamulli paa6HBamCJI 
Ha ,ItBB op6HTH:I,3,4,6 H 2,5 ~ D Ta6~e 2 IIpHB9,I1;8H1:I 6aa.l1ICH!:l8 [JYHitlUill 
(I'W) IllB Gi?·. 0TMeTHM,'lTO co6cTBeHH11e seKTOpll v.a:rpZJJ),!r/J,.f{;~ 
( CTOJI6D;!I MaTpmJ. u-• ( l(' .. l) 3I<BilllaJieHTHH W I'lJB, YKa3aJ!HliM B Ta6i 2 • 

fW rpymm D3~ (e,'=o)rrpe,llCTaBJieHH B Ta6Jiai1e 3. Herrp.IIBO,!li!-
MW.I rrpe,llCTaBJieii1UIM ( H TT) ;;;,. " ;;; u.. COOTBeTCTBYDT no Tp.ll m. .113 

.• 0 ' ' ' KOTOPHX ,llBe HesaBKC.IIM!I9, TaR KaK </?,+~1''f!= .II <f',.<nr\")=0. B 
Ta6Jiai1e 4 IIpiiBe,lleHa ymrrapHBil MaTpi!I¥i U ·L ( R(,) ; BlD!Sy YI<a3aml 
HIT, COOTBBTCTBYIIllHB C06CTB8HHllM BBKTOpaM. Mmmo ITOK8.3aTD, liTO BH60I? 
,llByx He3aBKC.IIMWC m .ItBYMepHHX !ill (£,, E «) He J3JiillieT Ha KOHe'!-
Hll9 pesym.Tarn. 

6 CorJiaCHO ljieHOM9HOJIOrR'leCKOii TSOpl!JI ilil! g,I ._. G1. MD.1teT 
.il.llTR no .ltBYM !ill IllB: Gk{ lz Will Z3 /15/. 
l!poBe,lleHH!Iii HaMH aHanKS B03MOEH!IX ynOPH.ll0'<9HHHX IIpOTOHOB Ha BO,llDpO,ll
HHX CBJI3HX c ~aToM yCJioBWI 

6' L a,. Cjl )== 2 (IO) 
(·~,( 

noKaSHBaeT, 'ITO ilill MOl<eT .il.llTl! no tz {Gk,,) .11 £.._ (G14,) wm 
no T3 (Ge,.)11 E.! (GK.) /101. 'corJiacHO aKcnepKMeHrypea-~syeTCH BTOpaa BOSMOZHOCTb / 7,S/. B!lpaE9Hl!H ~ Cp9.llHero 3aiTOJI-
HBHIDI IIpOTOHI!HX IT03mufii IIOJiyqaeM B BH,llB 

- r~}= :1 't7(3)(/Z ).,. nN{k,)-r ,.,/J)IjztJ0 ;if•7f. rl;V< 3.,. I' """ {' '[/ '(l<:~;c , (II) 

r.o fu) r.n;e napaMBTJl "{ / {As COOTBSTCTByeT C -t1fY MeMBH-
TY d._- ro CTOJI6~ YHJ!TapHoli MaTpHIUI {j -,£ ( P,) 
(eM. Ta6JI. 2 R 4 ) • 1'/<J{k'.) H "(/~(7?,.) IIpHHa,zviEll!<aT 
O,llHOA~ !ill E 9 • l!pH ,llaHHOM B!l6ope co6CTBeHHHX BeKTopoB (eM • • , I. 14-1/;" 
Ta6JI. 4) 1'< f!:o)=O • Moxao noKaSan, qTo IIpH .lijlyrOM BH6ope 
C06CTBeHHHX B9KTOpOB "'?/~!(1?..)'{'0, HO OTO He IIpi!Be,lleT K 
H3M8H8IDID KOHe'tiHHX pesym.TaTOB. 'fa.KHM 06paaOM, IIo.n;yqa9M 
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Ta6JIHi.!a 1 _ OepecTaHOBKa l'1pO'I'OHHYX noaH-

uaa /CM.pac.2/ no~ ~eacTBHeM gneMeHToB 

rpynnNGg. B llba'I(Se04)2(o6o"""""""' 
• 

~· ~0 ~3 bzl 

1 6 4 3 

3 4 6 1 
op6HTa1 

4 3 1 6 

6 1 3 4 

2 5 5 2 
op6wra.2 

5 2 2 5 

T.a6nMIAa 2. Eia3McttYe ¢1YH1<1tHH rBB ~. il•= 1) /2. 
-.L_. • 3 

Beepxy YJ(a3liClHirl HOMepa. npcY:n:»fHHooX noaHUKA 

1 3 4 6 2 5 

T 1 1 1 1 0 0 
• 

T 1 -1 -1 1 0 0 
2 

T • 1 -1 1 -1 0 0 

T • 1 1 -1 -1 0 0 

T • 0 0 0 0 1 1 

T 
2 

0 0 0 0 1 -1 
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5 "-T~3. Ba3MCHWeCl:JyHI<UHMrpynnwD3d ( .11..
0

-0 )_ D'rMe'rMM, 

~ 'a, Eg E 
u 

1 1 1 -2 1 1 -2 1 1 

2 1 1 1 -2 1 1 -2 1 

3 1 1 1 1 -2 1 1 -2 

4 1 -1 -2 1 1 2 -1 -1 

5 1 -1 1 -2 1 -1 2 -1 

6 1 -1 1 1 -2 -1 -1 2 

cp, <f? ~ 'f?t' f.f,_' <fJJ' 

MaTpHI.zy B33MMO.£tefi:CTBMH T (~:::0) j a::l/ff, bdif"" /2 

1 1 a b a b 

1 1 -2a 0 -2a 0 

u-1<~J o 1/2b 
1 1 a -b 

1 -1 a b 

a -b 

-a -b 

1 -1 -2a 0 2a 0 

1 -1 a -b -a b ..__,______ ....__.____ 
A A 

"" 
E 

'9 g 
E 

(12) 

8~9M9HT Tp6T~ero CTQH6Qa MaTp~ 

3aBliCHJIUI6 OT T9Ml19pa'cyl)b1 8Ha"T.I9HWI 

u-1{Ks)). 
napaMOTPOB 

ITO~ ~ COOTB9TCTB6HHOrO BonHOBOrO BBKTOpa. 0TM9TKM, "T.J:TO 
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5 < 0 He RM88T 0R3Kti8CKOrO CMI:lCJia, TaR KaX .l(OJDBHO BHIIOJI

!IliTbCII yCJIOBI!e nJ R) -::r 0 . 
!Ia WOPMYJIH on CJI8,Il;)'8T, 'ITO npn <::5 = + I (-I) B aJie-

MBHTapHIDC !i'!9fu<ax, )l)IOBJIBTBOp!IJOOUIX yCJIO!pJ I!?YfO(i i{' ii)= d, 3allOJI!Ili
RJTC!I II031111l111 I II 4 (2 II 6) ;__,a flPII_!'Yf}R;,'ll)=:f. 3allOJI!IliRlTC!I ll031111l111 
2 11 6 ( I 11 4),; llpn_,llTOM I a,.. I= /a,r a, I = I,594 HM (I ,54I8 HM), 

. /6.;.,/ =/t;, I = 0,6II8 Hi•l ( 0,6090 HM). 

fc:..J=/Jo;,-0:,- <Y;_j = I,0596 HM (I,0475 HM), /3= 
=I03,I77°(I02,9I0) .B C!W6RaX YJ<a38Hll aKcnapiDo!8HTaJibH!le .IIaHH!l./? ,H~ 

Ha pRc.3 llOKasaHH HanpaBneHEH ocefi MOHOKXHHHOH H pOM6oa~H-
't!9CROft qaaa. 0TM9THM, '!TO Q "if> { l. 4' ~)-=. 
~ 9 ~ (,· i{t 1;,)=: e 'fP r; i,' r;.)= 1-

6. 3aKJm'leHB:e 

ITpoBe~eHHHi HaMR amaxaa noaBOAaeT: 

Pac. 3. HarrpaBJiel!Rff ocen 
MOHOKJIHHHOJ1 H poM6o3,I(fHI

qecKOit Wa3R. 

I) OITKQaTD yno~oqeHHe npoTOHOB npa ~ll, cor~ac~eecH c axcne
pi!MaHTo,/7 ,S/, 

2) HanTII HarrpaBJieHI!e ocel! MOHOKJIIIHIIOl! tPaall IICXO,llll H3 BHCOKO
T8MIT8p8TYPHOli CTPYKTYPH, 

3) o,Il;l!oaHa'!llo onpaJieJII!Tb Hll IBB G ~ , no KOTOpiDd .II.II9T 

ilill. 
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BwmCJieHHoe '!""" aHa'leHKe CJta'!Ka aHTporuw npll !PII l!CXO.Jili ll3 (II) 
corJiacHo /I4/ pruJHo LIS/~ = 1,27, qoro xoporuo corJiacyeTCJI c aK-
cnepm<eHTOM LIS I!R = 1,26 /3/. _ ~ 

_ B pa6oTe 6wr paccMOTpOH c.nyqaii, KorM k'~' = /s /2 = : f (a:, X 7f1 j, r,11e V - 06MM 3JI9M9HTapHOi! Ji'lOi!Kl! /10/. 
Ilp.H STOM aanoJIHffD'l'ca noamJ;HH I,4 wm 3,6 (Cl.t:.pnc.2), "Ha.II-

~ ~ paBJieHHHe" B,ItOJIJ; B9KTOJ)OB a 1 liJIII 0, COOTBOTCTBOHHO. B!i6RpaH 

.!ij>yroli ;qq. 74' ~ &2 =-£ fiir,f7I.l (l!JIII 4'= liz~ 
=I~x(i,J a:aea,liH [J?.J, aanOJlllliDT no3lllliiii 2,5 (1,4) liJIII 
3;6 (2,5), "HanpaBJieHHHe" B,ItOJID oceli QJ (&;_) liJIII ~ (lli) 
COOTBBTCTBeHHO. TaKHM o6paaOM, B03MOJBHO o6paaOBaHHe Tp9X JJ;OMBHOB, "!TO 
ll H8~9TCJi B 3KCll9IJl!M9HT9 / 8/. 

B 38ItliD'leHKe aBTOPH BHpamDT 6JiarOMpHocn iJJiaKH.lle H.M. " 
BecRpOBHOMy 11. A. a a nOJieaBHe o6cYJE.lleHll!i pa6oTH ll IIBHBHe aaMe'laHl!Ji. 
3Ta pa60Ta 6wra '!aCTH'lHO ~aHCHpOBaHa ilaHDCKon ~~<aeH HayK B 
paMKaX TBMH CPBP 01.12. 
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