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BBE,I:\EHI1E 

B~COKOTeMnepaTYPHoe pa3AeneH~e 3neMeHTOB B BHAe neTY4HX He

Op,aHH4eCKHX COeAHHeHH~ WHpOKO npHMeHReTCR B paAHOXHMHH AnR 

aHanHTH4eCKHX H npHKnaAH~X ~ene~. ,l:\nR 3TO,O HCnOnb3Y~TCR HaH60

nee 4aCTO TaKHe XOpOWO H3Y4eHH~e coeAHHeHHR, KaK ,ano,eHH

A~/1-41 H oKcHA~/5-7/, B HeK7~~e1x cnY4aRX - neTY4eCTb MeTan

nOB B 3neMeHTapHOM COCTORHHH , 

,1:\0 CHX nop AnR B~COKOTeMnepaTypHO,O pa3AcneHHR 3neMeHTOB 

He HaxoART npHMeHeHHR xanbKo,eHHA~,H B 4aCTHOCTH cynb$HA~. 

3TO TCM fionee YAHB~TenbHO, 4TO BnepB~C B~COKOTeMnepaTypHOC 

pa3AcnCHHC MHKpO- H MaKpOKonH4CCTB cynb$HAOB paAHoaKTHBH~X 

H30TonOB Pb, Bi, Po, TJ, Hg C npHMeHCHHCM ,paAHCHTa TeMnepaTyp 

GblIlO oc.yucc T£lJ1CHO 12 HHBapA 1899 'OAd M<1pHc~ H nbCpOM K~PH 

n 3KCfI('PHMCflTilX no OTKPblT~~ 3nCMCflTil, Hil3B<1f1HO,O HMH "nonouu
I'M"/IO,II/, [JH'/tycT OTMCTHTb, 4TO HCCKonbKO pausuic , 18-19 MaR 

1898 r ()/1d • ."MH Hil~ OblJlO npOBCAcHO RLllOKOT!'MIICP,lTYPflOI' pd3Aene

IIH(' ( 11pHMI'IIf'IIHI'M r p,lllHI'H r <l TCMrwp,11 yp XJIl)PHIII)[J P.lAHOilKTHBHblX 

fU" I "11()1l B i, H,) H npHMI'Cl'~. nony'H'III1I,IX H:I YPdIlOBO~ " 0(lM,lflKH" 

npH "II<I)IoIIHH 1IlI'MI'II!d "Pd/1HfI"{ III, [\ IIIILIH L JIHM npcnc r aa-

IIIW I (ll yM"1 IIIbtM IIPHB!'C I H I1H I 011 Y H:I p,l!lO'H'I" Hiypfl,lJl.l r.ynpy t OB 

M. H [I.I( IOP HI II I: ",., 0. 1, r (YllbIIMIlOII (,Ol1bUIIlfl ,lKIHRfI()( TH H,l 

t pl'll.lK)1 Il() I,(J(J°C H (O(;HpollOl IIPOIIYK II>I O()lI'OIlHH Hd I 1!.'IIH.lX AIlHfI

1I0H tpytJiHI. t<Ylld IIH IIp''llyKlbl IIdnpollllIHlOltll I II 01 (,()fl CTpyl'.::i CO,./". 
rdM Hil' l-1M(','11 fI pHI.YllIlIt Ipy!JKH, 11\I'lIdllllblf1 rlh('pIIM KIOPH. H YKij:JaH 

11I!t'IIJIIHf1 11"'11 rlpollYIIIIIIl. I)(,'RW."X II p,).IIt1,IX y4011 IKiJX IpyfiKH, 

"f\K r HIlII"1 110 1IIIIlY'U'IIIIIoIX "IJ'IIlYK 1on 111'1 IoMoi Pol'IIlH41Id H :loIlIHI HI 

oJ p,Il' I'''"HI", lid ItOIl1P()M ,)IIH 'If 1'lIfl, ... y, IdfiOIlJII'1I0. 'If 0 I Yilt> 

111HI\ II'H') (11111011(1 PoIII110,1I(!HIIII'H', 1I1I'M.'III,) /1'11/ !J()II"I' 1II"y4. "I'M 

( Y 1110 (IMIl IlIH My' 01 ... " 

H II"III,II"llIJII'M ~,M.( 1,11)(11( I'P"'MI'II"1I 11I,It IIK'''''MII''PoI1YIJIIYKI 11'1,\1 ()II 

Ity 111111 1l10111''II('lIf111 , VJI",ll"'l!d (IIHlllloI fll Mlll1l'l)'IIHIII I 1IIII1K)'Il~IIII1IM'" I .. 
/ I.' \ r / 

JI('llfll d /1'1t<,/ ' .III'p"IoIM' 11' I I'MoI 111111" KIIM 1111 1It'IIOfl,lllHl'M 1111 'II'" 

1111« I .11Mll11(',I<lIM ( III Jill' /lolM 'Ylllol~HI\llll '11"1 1I1.1l I,KHX I "MIll'PoI' YPoIX 

111111'11' I'" poll/( II <I 1\ ,lll.l<'lIIY' 111I1l K(II II , 'I" PYlllIHl(ilMHI I II. nIH rUIU\"lI 

""" IIl1l"'III'II.'III1KI I "111111 I "(,poI'"""IlI-HI IfIl'PI\I,Pt (YJlh,I)HII()1I H:l (I'Phl 

II ~\I'I,IIlIl". II 1("1"1"111 I <lH)l(f' 111'1<011""1'. 'II" III'III/'I'IH,II' I ylIl.'IIHIII.' 

/111',. Cd',. MII', II I\P./ Y( 1<111'1H11I.1 /l "IMIIlllll'p,' 1I11I\IIIH)Il" Ilpl-l 

1111111"1. " PoIfll'loI.1 1\ 1(1/ IIPI'IIl 1011111"111.1 MllliI III lilt 111'11111,1" 11"1111101" 

-_ . -

() 11 
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no MeTOAaM CMHTe3a cynb$MAOB M3 ra30BO~ $a3~ M onpeAeneHM~ 

AaBneHM~ nap08 M TennOT cy6nMMa~MM HeKOTOp~X neTy4Mx cynb$MAoB, 

o TepMoycTO~4MBOCTM cynb$MAOB M B03MomHocTM MX B~cOKOTeMnepa

TypHoro pa3AeneHM~ rOBop~T MHorMe reOXMMM4ecKMe AaHH~e Mccne

AOBaHM~, HanpMMep, cynb$MAH~X MeAHO-HMKeneB~X MecTopomAeHM~ 

HopMnbcKa M CaHA6e P M720 , 21/ M T.n. 

AHanM3 YKa3aHH~X B~we nMTepaTYPH~X AaHH~X n03Bon~eT cAenaTb 

B~80A 0 B03MomHocTM B~cOKOTeMnepaTypHoro pa3AeneHM~ neTY4MX 

cynb$MAOB B ra30BO~ $a3e, KaK cneAyeT M3 pe3ynbTaToB/I-IO/, 

HaM60nee nepcneKTMBH~M An~ 3TMX ~ene~ ~Bn~eTc~ npMMeHeHMe TeM

nepaTypHoro rpaAMeHTa, KOTOP~~ HaKnaA~BaeTc~ Ha TepMoxpOMaTO

rpa$M4ecKY~ KonoHKy /TXK/. 

B HacTo~~e~ pa60Te MccneAOBanocb B~cOKOTeMnepaTYPHoe nOBe

AeH~e MMKpO- M MaKpOKonM4ecTB xanbKo$MnbH~X 3neMeHTOB I-VI I I 
rpynn nepMoAM4ecKO~ cMcTeM~ MeHAeneeBa M TXK c rpaAMeHTOM TeM

nepaTyp. 3KcnepMMeHT~ 6~nM Ha4aT~ c non~TKM B~cOKOTeMnepaTYP

Horo pa3AeneHM~ MaKpOKonM4ecTB /MMnnMrpaMMbl/ cynb$MAOB, T.K. 

npM 3TOM MMeeTc~ B03MomHOCTb 3neMeHTHoro M KpMcTannorpa$M4ec

Koro aHanM3a cynb$MAOB B 30Hax MX ocamAeHM~ /peHTreHO$nYOpec

~eHTH~~ aHanM3 - P$A M 3neKTpOHHa~ MMKpocKonM~/. 3TO 06ner4aCT 

pewcHMC AMCKyccMoHHoro Bonpoca 0 XMMM4CCKOM cocTaBC oca~Aa~

~MXCA coeAMHeHM~. T.K. 3TOT Bonpoc BccrAa B03HMKaCT npM p<:l60TC 

C MMKpOKonM4cCTBaMM 3nCMCHTOB M MX COCAMHCHM~. 

CnCAYCT OTMCTMTb, 4TO B nwr cpa r ypc AnA eucoxo r cancpo t ypuoro 

pa3AcnCHM~ cOCAMHeHM~ 3nCMCHTOB WMPOK(I Mcnonb3ycTcH repMMH 

"TepMoxpOMilTorp.ll~I1H"• .QnFl poJ31lcnCliMfi MdKpoKonM41'cl B (OCIIMtH'HM~ 

:H1CML'HTOB dBTOpb/ !~/ npcllnoll<MnM Tl'PMMIi "( y(inMMdHH P,HIJMH", A H,I

C l()f1U~C~ P<1601 U £I Clly4iH' M MMKpO-, M MdKPOKOJlMlIL'Cl fl :lJIl'M('1I lOB 

MI.l MCIIOI1L:lYCM (iOIIl'C I1pl1nbl'lHbl~ Tl'pMMII' Tl'pMOXpOMd 101 pdllJMfI 

I<P()MI' YKd:ldllllblX uuun: :IKl.I\CPMM('1I10U Mbl (J\('lIdJiM Idl(~C nouu i xy 

11I.lfHlMI b KOPPI'/IIIIIMM MI'~IlY 1I1'1<()10pb1MMI ('PMo/IMlldMMIH'CKMMM x.rp.nc

II'P~1< IMl<dMI1 lyJlb(IIMI\OI\, II 'ldCrlll)C1M (1111:\10 MI')I(IlY 1l'MII<'PdlypdMM 

I<MIII'IIMII I y1lIo(11MIlIIIl M MI'I.lJIIIOIl, d 1.l1IH«' MI')I(IlY I"MII<'p"lypdMI1 OCd~

HI'III1I1 I Yllb(jlMIlIIII M I I'MIII'p" I yp"MI1 ~IX I<MII<'IIMII ~t I, II. 

:JI(C111 "I-1MI "11\11I.l11\l1 11/\( I" 

I. ~ I'M" Y( I""01Ilnl 111111 ~1.1 Y'lI'II~111 II'pM"XI"'M"lllI P.lI\'III\"1 1<"1') ""111···· 

1l"IIMfi I YIII"II~IIlI'1I IIPI'II1 '''11111'11.1 11.1 P~II '/YI 1.111""1<<1 11I'I\lJI'()III' III1M 

1.111.1 II 11.1111"11 ".lllIlI,'I. 
1-1, .~'IHllbll' 1Ill('lIdp.l1 11.1 , 1,11'1" "IWHI 1.111111111 '"!"'II '11(111/11,1 M,'ldli' 

111111 II 11111111'11" 1111' 10 '. MIIIII,. 1I11111ploll' '~1C'lIl1llldlll" I, , 0, I', I III1"p 

1\"11111" III" 1<.1 11),IIM"p If'"~ I ~1I1 1'.11; }OO MIIM/. :1111 "P"II<1P" 11.1 I" III 

IHIIIII Y"dplll1.1II1I1'M .1 \"111"1011 III.I\( p.I' 1111'1"'" "II'MI'III,,1I II IIp''II,III1II1<1 
I 

1000 

SOD 

2 

Pi n: • I" C:XPMil YCT,'1II01.1KH 1\11f1 'I'C'PMOX]H1M;lTOI'paclll-14eCKOro pa3

JW.lIl'III1H CYJII>4H11\OIi. I - OaJlJIOl1 C apl'olillM, '2 - pnc xoru-ic-r p 

I - III'pX.lIOP'lT, if - 1!IOl'!lJ0Pllhlii alii 111\PI11\, rl - THTallOBbll1 

1"'TTl'P, () - 1l0JIOKIiIl('Tbli't 1!1I1.111>'l'Jl, 7 - 111"11, "('lIc'pa'l'opa 

II:IPOII ('C'(lI,l, B - I\OPOI\JO/\ ('(,\11,', () - Ilhl(,OIUI'I'('MIlI'p:l'l'YPII,lfl 

1\"'11" I () - o(;p:I'lI'I\, II - 'I'C'pMOI'Pdl\IIl'II'j'IJ,'lfl IIt''ll> , 1'2 
'1';(1(, 1'\ - IIOIiYIII/\:1 r: :1I{Tlllllrr)(lll,IIIIIi,J~l v r J1('~I. 

1I11"M IIP~1 ~l)O()L II IC"H'III1I' Illlyx '1,11011 lid IIlUI1YXi'. [l Kd4('CrBl' KO

111>111)1< 111111'1110:1"11.11111 KBdPll('F!bl(' rpyril<M (;1':1 IIdCdAl<11 OtlYTP('HIII1M 

1111.IM"lpIIM ~ I, MM, 1\fll-1l1o~i l Ilfl eM. Idl-f\'lIMI"f1h 1\1' (ofjbC'MHdH 

I '("II(J( It. 10 (~1'/MI1I1) 'll YIII.lJIlII rll'pXJI"J!dl()M Moll 111111 11 r1J()((~OPHhIM 

,1111 1111i'lIll"~1 11 "'lIl1ll"III H OJ "~1( f10POIl" 1M I dllll'\('~l ( rpYfHKo~ IIpM 

'11111"(, 1\ 1(,11\," IIII' ~~IMI1'H'1 K"I" PI'dl "'" d 11' 1I""h,\Ofldlll1 11.11'1>1 (I'pbl. 

11." 1,1111,'11111' ""p,IMI1 I "PI,I 101.1<1-11')( 1-111'1111 IIp''II''III-1I1~1 IIpM I')()C'C, "pM 

'I"" "f'"1dll ""'IiI"IIIPdll"IH "'Phi IfJl'.1 Y'lI'I" 111<)pM ';2, Ill•• (;(0, Sill 
II 1,\ « ,", '~I II,,) I" "" ',)lIflllll" ;'" 0 (, M' ,111./, M '. Ilpl'l\Fldpl1Jl'lIhlllolMM 

li(i ""PlIM"III,)~HI ('''11111 Y' 1,)11111111"1111, '1111 "'P". II O/11I111I1I' 01 «'pll 

""/1"1"'11,). 1"1111'" Iltlllll'l( '~t1I1I" 11 I<OllWlI" 1111'1111" IlI'pl'/l1I1\111 IIK{ MIlI,1 

JlI,'M""III" II , YIII.'I)~II1I,', ()(,pdIHII t<Y 111 1<11/1"1,11< 1I('P".1I1011 111« MIlIl" 1'1(' 

M,'IIIIIII II,lp,)MII "'llI,' II 1!0IlIlIlM lilt Ilpl-1 I "MIII'P'" yp" 1100;.1 (JO()"C. "pM 

II'MI1I'1''' I yp,)\( 1I1t~'· HIlO"( X~tMWI'" 1<~\l1 11l.IXIlII II,UI IJl11IKI1lIMX' " (YIII.IIIM 

A'lIl '''''''"1111''')( IIIl'MI·t111111 IIld'l~t"'III"11I '"~1~,)1I1 II III ')l): 100'';,110 }O: 
, '.1J 

)11111 Illlll1'lI"I"'lIltlt "1)(111'111111 11111 III d~III'1I1-111 II IIPOI\l'I," IIPHllllolI 

IIc'llItli "tlp.IIII"11 II p.1( 11I"pl.1 1lI'('<!PlltIIlM l'''II~II',tl(IMIIII''J(' OIMl"J4HI<I1. 

,) 1.1I0HI' rlp""I1I1~III~1 "11 11111dllMKI loll Il' ,)HII\"1I1111 ('WIlI1I1,'IIMH IIIH IIC' MW 

1"pM"wIIIIM,)I"1 P,IIII~I'1I" 1(1" I) P",IIl<"II'II~HI J I<I1.IIII,)MI1 11.1 MMKP'IIP'III'" 

M I /', lilli' OI-1HI-1, 1'.11 IIIH'lln/lt'III1(' P,ll1~tIIlYKlIllll"n 1111°'11. 1<""0IlKI1 1111 

IWIlI'II111111 , 1III'IIII"'M"lpll'lI'1 1111 , IIHtM('II""ll1'M '"~IIIIl'ltI()I" 1<11/l11I1M<1 

I' 'Pol , 1I1l11Htlil1I1 III" 1111 1,0 'M, I I H 11111 I Y Ill. 'III 'Ill I" P :11111'1)( "I '1fHIII'IIHI1 

0111'1'11"11111111 lid p.I' Iplln"M I 1(.1I11·1pYKIIIll'M 1lll'IIllHlIIIIlIM M~tJ(llIlI '«IIII' 

T ('cl 

'J. , :a 
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Ta6.11Uu,a 1. XHMW-IeCKafl lPOpMa, c-r-anrrap-rusre :;lHTaJlbIlHH 
no xapaKTep~CT~4eCK~M X-nY4aM /K- ~ L-cep~~M/ 3neMeHlDB, BOS
6Y~AaeM~M 3neKTpOHH~M SOHAOM /M~KpOCKon JSM-840, $~pMa JEOL, 
RnOH~~/. 

PE3YnbTATbl H 06CY}I(,[\EHHE 

B pa60Te ~SY4eHO B 0A~HaKOB~X ycnoB~~X ,aSOX~M~4eCKoe nOBe
AeH~e 16 pasnH4HbiX neTY4~X cynb$~AoB 3neMeHTOB, OTHOCR~~XC~ 
K r pynnax 11-6 (Zn, Cd ) , III-A (Ga , In, r n , IV-A (Ge, Sn, Pb), 
V- A (A 5, 5b B i ) I 6 (Ag, Au), V I A (5), V I 1A (A t), V1I 16 (Os).

HSBecTHoiI4-1~/, 4TO cepa 06pasyeT C MHO,~M~ MeTannaM~ cynb

$~Abl He 'ronsxo CTeX~OMeTp~4eCKO,O, HO ~ ne peaeuxoro coc r aaa . 
COCTaB cynb$~AOB, BepO~THO, Mo~eT saB~ceTb OT ycnoB~~ on~Ta, 

B 4aCTHoCT~ OT AaBneHH~ napOB cep~ ~ TeMnepaTypw CTapTOBO~ 

SOHW. HCXOA~ ~S MHO,04~cneHHWX npeABap~TenbHWX onwTOB 6wn~ BW
6paH~ cneAyo~~e CTaHAapTHwe ycnoB~~: TC T = 10000 C , Vhr ~ 

= 10 CM3/M~H, t = 60 M~H. X~M~4eCK~~ B~XOA np~ B03,OHKe AOCT~
,an ~ 95%. 

Ha p~c.2 nOKd3dHO pacnpeAeneH~e MaKpOKon~4eCTB /10- 5 MOIlR/ 
HCKOTOP~X ~3 ~ccneAOBaHH~X HaM~ cynb¢~AoB MeTannOB B TCpMOXpO
MaTO,pa$~4ecKO~ KonOHKC /TXK/. TCMncpdTYPbl OC<J~I\l'H~1l MilKPOKO

n~4CCTB cynb¢~AoB 3nCMCHTOB np~BcAeH~ B TaGn.l.
 

Bce ~3Y4eHHbIC CYIlb<!J~nbl B 30HdX OCi])HI\('II~R ofip,-nYI01 XOpOIlJO
 
C¢opM~poeallHbIC KP~C T.:lnJ1LI. 410 n03 BOn~JlO rHHlyq~'r L n()IIOJllI~'ll' flh

11YlO ~H¢()PM,ll4~1O {lJ1H ~X ~A(,ln~¢~KiH4~~, onp('/IcmHt ~X (~Hrdl1~10 

1-1 1-.161-11 YC/ Ih/. u (~( Tl'MC Mc-S B aouax o( dH<I\l'H~H .-ltldl1~:1 IHH<d3i1n 

~ 

3
I. 

fA ,'c 

u 1.0 III () ionu 
0 ---N'I (J . III ' ! 
l- rt _-'" _I. 'I'll)(... () 'f<! 

" <, 

-r 
(JI" ) , ,()(I otj [) 

() I ~J /' ,I) 

) " II 
III III I, II ',f) (,lJ 

P, (M 

1'111. I 'l't·pHtIHIHHLI'l'ltl'P,I!'.'I'II,1 1'1.11\11411',111111111,,"'1'11 I VIII.dlll.'l,llll 

IIt'hl)'1 tlpl,l)l )lItl~lt'IITIIII. 

J. 

Il 3IITPOIIIlH cy6nHMaU:IlH neTyl:fHX cynblPlIAoB J-I TeMllepaTypa 

HX oc axne anx 

------_._---_._..~'
---------,,~.-".

N'N' CYJIblPilA J1, )~JK/ MOJIb • T'paA • CCbIJ1KU TTeop.' T3 K CIl .' 

rm Ki'J,JK/MOJlb K K 
________."_._ •• _______ ____.. ______ •___ -v __._._,______~ __•• _______"_".~ ~. _~_.

ZnS 271 ,5 145,6 /9/ 1269 1210 

PbS 21 1 , j 13"1,3 " 1011 1000 

CdS 21 /,,4 131,0 
__ If_ 1076 10M) 

-, CeS 136,7 124,6 "- - 709 740 

-lnzS3 249,9 138, Lj ._" 1199 1170 

6 t;u zS3 17 /1, 0 96, 'j _11_ IOSh 10lU 

TlzS3 I') 7,2 107,1 " 1391+ 8':'0 

H I\i zS 3 146,3 79, ') - "  ') ()U 'JIll) 

() Sll:.2 S3 114,13 9"j , <) " BYj HIU 

IU I\SZS5 II , ') () 1 , I " II<)') ') I () 

II c ' c: 
• lll.) I () I) , r J 1'1 I , ') " ') I <J () ')U 

I") <' 
')').Jll'fv1. 

/1:-' U 

I ~ I It I', jllll 1.111111.1 I'll:;, I II 111,1 I "'IHIIIIII l 11 II 11 1114 I >1 1'1'.11.1 111111 

I '.111,tllllll,1 I 11111111.1_ 

I. 



06pa30BaHI-1e CTeXI-10MeTpl-14eCKI-1X COeAI-1HeHl-117t /CM. Ta6Il.l/ C COOT
BeTCTBy~~el7t C~HraH~e~ ~ ra6~TYCOM ~x Kp~CTaIlIlOB: lnS /B~P~I-1T/, 

CdS /Kp~HOK~T/, PbS /raIleH~T/. Ha6Il~AaeTcH, Hanp~Mep, COBep
weHHaH Ky6~4eCKaH C~HraHI-1H y PbS /pl-1c.3/. nIlH 3IleMeHTOB I I I 
nOArpynn~ onpeAeIleH cIleAY~~I-1~ CoCTaB cynb¢I-1AoB: Ga2S3, In2S3 
1-1 T1 2S 3; AnH IV - GeS, SnSi AnH V - Sb 2S 3 /aHTI-1MOHI-1T/ 1-1 Bi 2 S3 
/B~CMYTI-1T/. B CIlY4ae M~WbHKa no C~HraHI-1I-1 1-1 ra61-1TYcy Kp~CTannOB 

B 30He ocamAeH~H onpeAeneHO 06pa30BaHI-1e CMeCI-1 AByX coeA~HeHI-1I7t: 

AS 4 S4 /peallbrap/ ~ As 2 SS /MWWbHKoBWI7t aHrI-1API-1A/. Ha pl-1c.4 B Ka
4eCTBe npl-1Mepa nOKa3aH~ cneKTpw X-ny4el7t, B036Y*AaeMwx 3neKTpOH
HWM 30HAOM np~ onpeAeneHl-11-1 CoCTaBa cynb¢I-1AoB In2S3. 
Cynb¢I-1A Tann~H T1 2S 3 - eAI-1HCTBeHHW~ 1-13 I-1CCneAOBaHHWX HaMI-1 cynb
¢I-1AOB, He 06pa3Y~~I-1X KpI-1CTann~4eCKI-1X ¢OPM, KOTOPWI7t ocamAaeTcH 
B BI-1Ae aMoP¢HwX rn06yn /pl-1c.5/, 4TO cooTBeTcTByeT cnpaB04HwM 
AQHHWM 0 ero ilMOP¢HOCTI-1.CocTaB neTy41-1x ¢OPM cynb¢I-1AoB B ra30Bo~ 

¢il3C HaMI-1 He onpeAenHnc~. HO TepMOAI-1HaMI-14CCKI-1C O~eHKI-1 nOKa3bl
Bil~T, 4TO B AilHHOI7t CI-1CTeMC MeTannw AonmHW nepeHOCI-1TbC~ B BI-1Ae 
cynb¢I-1AOB. TilKI-1M 06pa30M. B 3TOIII cep~~ onur oa YCTaHOBneHO. 4TO 
B Bw6pilHHWX HilMI-1 ycnoBI-1Hx 3neMeHTW B03roH~~Tc~ B BI-1Ae cynb¢l-1
AOB 1-1 B 30HilX ocamAeHI-1~ o6HilpymI-1Ba~TC~ B BI-1AC COeAI-1HeHl-1111 MeT an
nOB 1-1 CCPbl CTeXI-10MeTpI-14eCKOro COCTaBil. 
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PHc.6. Pa3,Il,eJlClIIH' CMeCH MaKpOKOJlHlH'CTB CYJlb¢H/\OB Ifl'KO

TOPI>IX 3J1CMCIITOll. 

~onbW~HCTBO ~aY4eHH~X non~BaneHTH~X 3nCMCHTOB B ycnoB~HX 
Haw~x onuroa ofipaayio r cynb<!l~Abl B CBO~X H~aw~x OK~cn~TcnbHbIX 

COCTOHH~HX. ~cKnI04cH~H COCTaBnHIOT TI ~ As, KOTop~e 06paaYlOT 
cynb<!l~Abl B BbICW~X oxac rurr cm, HblX COCTOHH~fl X. 

H<lM~ 6b111~ TaKIKC noc r aaneuu 3Kcncp~MeHTbl no pa3Aenl'lI~1O MdKpO

K()n~4(,CTB cynb¢~Aoo HCKOTOPblX 3nCMCHTOB ~3 ltlx ltlCXOAHu~ CMCC~. 

Ha puc . 6 noxaaau ()A~H ltl3 np~McpOB 1 LlKoro paaJ.lcnClIltlfl 3rJCMCHTOB 

Ilpltl rex IKC vc noaunx onsrr a , CJl('/~yel OTMl'l~lb Bl,lCOKYKl I rvncus 
:H~(~('K fltlnlllll:T~ p.l:1AI'Ill'II~fl IIOMI10HelllOI,l. Olll'lIl<ltl I OH('P)t(.lII~H II :JOlll' 

K<.IIIIAIWO CYllbl1Jltllld JH)yr~x :lJlCMt'lIl OB np~ p.l:lHI'Jl('H~ltl, Ilclnp~MI~p, 

I Ml'lltl CYJlb(I)~I\(lB In, Sh , 1\'> no IliHIIIL.IM Pl~/\ AdlOl (JU'llYlOlIl~I' pl'3Yllb
l.llh!. fI :JOIU' CYPbMl,1 I 01l1'P)I(.lIl~(' Mhllllbllltd " H.IO- 1',1'" ~lIllltlll <IO-~'."'" 
II :\()lI<' MhllllLdlKil l OJ\t'P>Kdllltll' ~1I/\~Jl' I n- '·'{" (YPbMhl' 10' I," 

J II'HOXI'OH/\ I or1'/\IIIWII 1:1(01 1I01l1/l1 II~I 
H~I<I'()I(O/lWIl (r 11 11 (yJIf,(~I1/I()1I :1111 HIIII 011 
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()()/lIdIlOIO '1I1( II" M~tll\lO ~1 M"lIpUII(JlIWII'< III IIIlYI ~1X III<'M"1I1 (JlI, 1I1l~ 
II,ll\lI"lIldlll~)( IVIII 1 PYlllldM 1(11, 1\'1, 1\1" "1, lid, Y, I .. , II, III 
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H 

110- 5 MonHI 3TltlX 3neMeHTOB He Ha6nlOAanOCb B ycnOBltlHX Haw~x
 

on~TOB. ~nH xanbKo<!lltlnbH~X 3neMeHTOB IHanpltlMep, Au, Pt, Ir, Mn
 

~ T.n.1 3TO cBHaaHo, nO-BltlAltlMOMY, C TeM, 4TO npltl ltlCnOnb30BaH


H~X HaMltl TeMnepaTypax 06pa30BaHltle cynb¢ltlAa onpeAenHeTCH BeCb


Ma Mano~ CKOPOCTblO ltlCnapeHltlH 3TltlX 3neMeHTOB ltlnltl ~x OKCltlAOB
 

B ra30BYlO ¢a3y/7/, rAe OH~, BepoHTHo, 06pa3YlOT cynb<!lltlA~.
 
B cny4ae ltlCnOnb30BaHltlfl B Ka4eCTBe ltlCXOAHOro coeA~He-


H~H cynb<!lltlAoB 3TltlX 3neMeHToB, KaK B pa60Te M. ltl n.KlOpltl/ 1 1/ ,
 
Aon~Ho, BepoHTHo, Ha6nlOAaTbCH ~x yneTY4ltlBaH~e. B on~Tax C 6ea


HOC~TenbH~Mltl KOnltl4eCTBaM~, HanpltlMep Au, HaM~ Ha6nlOAanocb non


Hoe yneTY4ltlBaHltle aonOTa B BltlAe ero cynb<!lltlAa. 

YneTY4ltlBaHltle MltlKpOKOn~4eCTB aonOTa B BltlAe cynb<!lltlAa, a He Me

Tanna,nOATBepIKAaeTCH HaW~Mltl 3Kcnep~MeHTaM~ C ltlHepTH~M ra30M

HOC~TeneM IArl 6ea napoB cep~ - B 3TOM cny4ae np~ 10000C 3ne

MeHTapHoe aonOTO OCTaeTCH B CTapTOBO~ 30He. ~aBeCTHO, 4TO Tep

MoxpOMaTorpa<!lltl4eCKOe nOBeAeHltle MltlKpOKOnltl4eCTB coeAltlHeHltl~ 3ne
MeHTOB MOIKeT c~nbHO OTnltl4aTbCfl OT nOBeAeHltlfl ltlX B MaKpOKon~4eCT

Bax/ 4 / . 3TO pa3nltl4ltle B TeMnepaTypax OCaIKAeHltlH MltlKpO- ~ MaKpo

Kon~4eCTB B cnY4ae cynb<!lltlAOB AonlKHO yc~nltlBaTbCH Anfl 3neMeHToB, 

o6paaylO~~x cynb¢ltlA~ C Y4aCTltleM AByX ~ 60nee aTOMOB MeTanna, 

Hanp~Mep, In253, T1 253 ' 5b25 3, Bi25 3 , As 255 , ~ T.A. B cnY4ae 
M~KpOKon~4eCTB 3T~X 3nCMCHTOB oGpCl31)BaHltlC TClKltlX cnOIKH~X cynb

<!lltlAOB CTaT~CT~4CCK~ HCB03MOIKHO, ltl n03TOMY B r a aoaoa c!Jaac AOnH(

Hbl ofipa aoauaa t bCH npoc r uc CYJlb<lJltl/~bl 31 ~X :lJll'Mt'HTOB, C y4,1C. r~CM 

rUJlbKO 0AHUI 0 ,HOMil MCTanna. 
Ha p~C. 7 nOKCl3dH npltlMCp p,lcnpl'AI'JH'lIltlH M~KpOKonltl4Cc.TB Cd , I\u, 

In, I\q, B i, HeJ. 0', ltl I\L 0Honb Tl'PM()Xp()MiJT()r'pd<tlltl4CCK()~ K0I10ItK~. 

fCMItCPd1 yphl O(aIKIV'II~H M~KpOKOJ1WII'( III (Yllb(I)~/IOll :}f~X :Hll'MI'HIOll 

IIP~IH'IWIH,I U lolfirJ.2. 
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o 
Ta tinuua 2 -t,Hs 

TA III 
R.!n( _n·R·To ) _ t,sosMHKPOKOJIHqeCTBa TA?C MaKpoKon~ecTBa TA~C 

vo·t·p o 
Zn 830±50 940±50 
Bi 320±20 670+50 
Cd 880150 nO±50 
Au 860+50 
At 20 12 

Hg 20c2 q
Ag 850'50 
as 20 12 

Ph 720' 50 740 150 

BHAHO, 4TO TeMnepaTypw oca*AeHHR MHKpOKon~4eCTB cynb$HAoB 3nc
MeHTOB HaMHoro HH*C TCMncpaTyp oca*AcHHR HX MaKpOKonH4eCTB 

ITa6n. 1I. Gcofie uuo BcnHKO 3TO pa3nH4He AnR BHcMyTa, BepORHiO, 

no npH4~He, YKa:J<:lHH()~ nuuic . 3Aecb MO*HO npennonoxwr i, o6pa30Ba

HHC npoc r oro CYJlb¢Hilii - BiS Hnl-1 BiS;.:, HO He Bi 2S I , K<)K B cny

4aC M<JKpoKon~4CCT B O~C/~YT.). 

Ann 3neMc ItT,lPIt(),() .lC I"Td ~3BCCTHO, lJ TO TCMncp<)TYPd (TO I)ca*

Al'Hj,1R 11<1 KBdPlW B IH)f()KI' nonopone ~ 1oooe, d II KHCIlOPO/~C 

OT 100 110 Isooe. B HdW~X Ol1blT,]X r c-mcp.t r yp.i I'ro (ll ,)H{/WHHl-l (JI«()

TlO 2()OC, H :)lll Ildl'l fj()JMIIH{HOCTb npCA/lOllo*~rb of)p,t:!O[JdIIHL' eyllb

IIM/I<t .rcr.r r.: ~n~, JIO KlJd~HI'l1 MI'Pl', CYUI('CIIlOOdHHl' TP<lIII.I1I)PllthIX 

PCdKIlI-1~· I\ltdlHH 1-1'lIlbl" p,1l I YH(/~CHlttR ACpHbl IIIlA Hq ~ 0· .. C HOMIlIllhHI 

Hlj:lrOHI(~ (YTlbIP~ll1')11 Mbl IIPOIIOJIHIlH IIbIJII'm'It~I' ~:Il>I0I1I)11 .I' Idr., >1,1 

llC;'1Y'H:IIIIO~ yl KllIH'ltllblMI1 >101IdM>1 I ('IU1n MC'I dllllHLll'1 K()II IlHI My 1l,II()l1 

M~UH'ItH. IIpl-1 IIllM MdKPIII(OlIWII'1 Ifld l YllblllHlld LlHI MyT.t ()I .tH{II.lII~1 I, 'f 
np~1 ()')()Oe,.t.ll I,ll Il'dltl"()PI~IH>f1dlllll Illl ylJdl 11'.1 1Xt< I II'MIIl' 

PdlYl'Ol1 'llJOC, I 

1(01'1'( f1H IlI.1 011111,11 :l/llHll I.1MO( 11.1 

H 111l'( 11111, 'II() (1(""'111, "11'1"'"1~11"1I)( 11'1 1101 II\<' 1Il'I 111 II 1.111111111 1<,11< 

() I I II' I Y I tl' I I ~ I f' 11M", II I' "I I 01 • 1 01 II ~1 (, 1 1\(1 I II 'I' 11M I • II 1.1111.111.1" .y, 'If'" 1111 
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" '1'1,11' 111'"1'11111/1"1111" • .1111 1'111,,/', IIIH'Il,,,,H{~1JIII II" ,pMVlly, I 1111 II,III.IMIIIIYHI 

111'1 V"('I II, 11('111"( 111.1 11 I "~111"1I01 1 YI'Y ('I II 111.1111/\<'111111 I i\ III'" 11.111111.1" 

'h' ""I'IIMI'" I 01111.111,1. Y' 1111111111' , 

o 0 
rAe 6Hs - cTaHAapTHaH 3HTanbn~H cy6n~Ma~~~, t,Ss - cTaHAapTHaH 

3HTpon~H cy6n~Ma~~~, R - YH~BepcanbHaR ra30BaH nOCTOHHHaR IKa
nop IttItt I , n -KOnltt4eCTBO Be~ecTBa IMonb/, Po - cTaHAapTHoe AaB

neH~e 13Aecb 1 aTM/, To - CTaHAapTHaH TeMnepaTypa 13Aecb 

298 KI, vo - 06"beMHb'~ paCXOA Inl np~ To Itt Po, t - npononxwr ene> 
HOCTb 3KcnepMMeHTa Ici. 3a TA B onWTax npHH~MaI1aCb TeMnepaTy

pa MaKCl-1MyMa nlttKa. 
o 0 

B Ta6n.l npeACTaBneH~ n~TepaTYPH~e AaHH~e no 6H Itt 6S AnH 
s s 

cynb$~AoB M paCC4HTaHHwe ~3 ypaBHeHlttH III TeMnepaTYP~ oca~Ae

HMR TA,'l'(,op. npa n = 10- 5 Monb. CpeAHeKBaApaT~4Hoe OTKnOHeH~e 

3KcnepHMeHTanbHo onpeAeneHH~X TeMnepaTyp oca*AeH~l-l TII.t~KC". 

OT TA,TCOp. cocTaBnReT 50 K. np~4~HO~ OTKnOHeH~~ RBI1RIOTCH, 

nO-BHAHMOMy, npH6I1H*eHHH np~ B~BOAe ypaBHeH~R Ill, oco6eHHo 
o 0 

npeAnono*eHHR 0 He3aB~CHMOCT~ AH s H ASs oT TeMnepaTYP~ ~ HeT04

HOCTb OLIt'HOK 3HTanbn~H ~ :'HlTpOnHH cy6nHMau~~, ~3 p~c.8 crienye r , 

~TO Me*AY 3KcncpHMcHTanbHwMH 3Ha4CHlttRM~ Til.. ~ 3HTanbn~RM~ o ,>Kcn. 
ey6nHMa~H~ AH s ~CCJl('AOBaHHblX HaMH CYflb<t>~A()B ~MeeT MeCTO n~He~

Han KOPPCJlflUHH, 

3 , 3S ( I 0 ,28 ) /\H~ ~ 33 7 ( I 20) . /311A , ' >I« ' II . 

I(O:)(i)(ll~lIHl'H1 KOPPl'I1R~HH - 0.95, CP('AHAA KBd/IPdT~4Hafl OW~6Kil 

I If) 1<. TdKiHl 1«IPPI'IIHI~~A MllJl(L'r ~Cn011l,:j()Bdlb(H JlnH np~MepllblX 

<l11,'HOI( ll'MIJ('Pd I YI> OLdJl({\I'H~11 ~11~ /lnH OIII'HII'; /\H,"
o 

nolA ,IK<'II. 

II ()II~1l ,-lflflbIX :IKLIH'pHMl'111,11lbHb/X YCf1llAHrlX. 
r 0Ilp~ril1~)I{I'f1""A 1«IPPl'J1I1I~~OIlHilA 3<11l~( ~MIlC I b A.n'()". 01 AH!] 
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~3-3a He~OCTaTKa 3KCnep~MeHTanbH~X ~aHH~X no~06Hy~ KOppenR

u~~ ~nR d-3neMeHTOB paCC~~TaTb HeB03MO~HO, 

~3 HaG~eHH~x KOppenRu~A cne~yeT TaK~e, 4TO nOCne~OBaTenb

HOCTb 30H OCa~AeH~R np~ TepMOXpOMaTOrpa$~~ cynb$~~OB p-3neMeH

TaB Aon~Ha 6~Tb aHanor~4Ha nocne~OBaTenbHOCT~ 30H p-3neMeHTOB 

B MeTann~4eCKOM COCTORH~~, 4TO nO~TBep~~aeTCR 3Kcnep~MeHTanb

H~M~ AaHH~M~/8,9/. 

HEKOTOP~E B03MOmHOCT~ np~MEHEH~~ 

nETY4~X CYnb$~aOB 

np~ nO~CKe HOBblX 3neMeH TaB B npl-1pO~HblX 06beKTax 1-1 np~ ~X 

C~HTe3e Ha YCKop~TenRX OCHOBH~M ~CT04H~KOM MacKl-1py~~ero $OHa 

RBnR~TCR r paacypauoaue 3neMeHTbi /TY3/. B 3T~x c ny-re ax xarrsxo

$l-1nbHOCTb 3neMeHTOB C Z = 106-117, T,e. I-1X cnoc06HoCTb 06pa30

B~BaTb, B OTn~4~e aT TY3,neTy41-1e cynb$~A~ Mo~eT OKa3aTbCR 

YAo6H~M cnoc060M ceneKT~BHoro B~AenCH~R 1-1 041-1CTKI-1 3neMeHTOB 

c Z = 106-117. R npouecce nepepafioTKI-1 npl-1pOAH~X o6beKToB 1-1 UI-1

Kn()TpOHH~X MI-1WeHe~ C uenb~ B~AenCH~R CT3 Y~C B03HI-1Kanl-1 npo6ne

M~, CBR3aHH~C c nOBeAeH~eM cynb$~AnB CT3/2~-171.	 . 
[lrm rlOI-1CKC CBCpXTR~cnbIX 3nCMCHToB B npupone /e 1J/ A<lHHbIC 

no nery-rcc 11-1 cynb$I-1AoB no.ne auu AnA "POIIHl:JI-1POBdHI-1I1 l1oBeJ.\cHI-1R 

I-1:HlCC THblX :lnCMCHTOB 1-1 CT3 0 npaponuux 11POW'CCclX BblCOKO T('Mncpa

'YPHO~ Kpl-1CT,lnnl-13dUIII-1 0 Mi.HMdll-1 l4CCKI-1X (}4drolX ~ npl-1 ObICOKOTCM

Ill'pLlTYPIIOi1 nc po pafio r x c CYllh(!>I-1I!HbIX PYII. 
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B nOCneAH~e rOA~ B n~TepaType HeOAHOKpaTHO 06cymAanacb B03

MOmHOCTb Bn~RH~R penHT~B~CTCK~X 3$$eKTOB Ha X~M~4eCK~e CBO~CT

Ba 3neMeHTOB, B 4aCTHOCT~ 3neMeHTOB 103 ~ 104 / 29 , 30 1 . B 3TOM 

cny4ae y 3neMeHTOB 103 ~ 104 B BaneHTH~x 060n04Kax AonmeH 6~Tb 
p-3neKTpoH, 4TO MomeT npORB~TbCR B 06pa30BaH~~ 3T~M~ 3neMeHTa

M~ neTY4~X cynb$~AoB. KOHe4HO, np~ 3TOM 3neMeHT~ 103 ~ 104 6y

AyT ofinana r e r axxe nOBblweHHO~ neTY4eCTblO B B~Ae MeTanna, HO 06

pa30BaH~e ~x neTY4~X cynb$~AoB MomeT AaTb AononH~TenbHYIO ~H

$opMa4~1O 0 Bn~RH~~ penRT~B~CTCK~X 3$$eKTOB Ha X~M~4eCK~e C80~

CTBa 3neMeHTOB. 

B03MomHocT~ B~AeneH~R ~ pa3AeneH~R xanbKo¢~nbHwx 3nCMeHTOO 

B ra30Bo~ $a3e MomHO pacw~p~Tb 3a C4eT ~cnonb30BaH~R Tennyp~

AOB ~ ceneH~AoB, a TaKme no aHanor~~ C oKc~AaM~/7,81 3a C4eT 

06pa30BaH~R ABO~H~X coeA~HeH~~ T~na xanbKon~p~Ta CufeS2 ~ ap

ceuonapara FeAsS ~ T. n., xor opue pean~3YIOTCR B npuponuux npo r 

4 e ccax B~coKoTeMnepaTypHo~ Kp~CTann~3a4~~. 3TO n03BonHCT H2

AeRTbcR, 4TO HeKoTop~e cynb¢~A~ B MaKpOKon~4CCTBax cMoryT cny
m~Tb ceneKT~BHbIM~ ¢~nbTpaM~ AnR o r aerts aux 3nCMCHToB npu onpe 

neneuaux 'r e-mepe r ypaux yc noauax • np~MeHeH~c nCTY'l~X c.yru.. ~)~HOIl 

noaaonae r pe apafior a r s PRA HOBblX ~30TonHb1X r cucpa TUB, 8 r cx 1..1Iy

4aRX, «orna ~cnonb30BaH~e TpaA~4~OHHbIX COCA~HCII~i1 /XJlUP~,Ll(JU, 

6POM~AOB, ¢TOP~AOB, OKC~AOB ~ T.A./ HCB03MomfiO HIH1 1I\':HIJlla'llII'III' 
HO. 

JleTY4~e cynb¢~Abl MoryT Aononfl~ I b 8o:IMmKlloCT~ IIP~Ml'IICII~lI IIPY

r nx nCTYll~X cOCA~HeH~i1 TaKmc 3<.1 CliCT 'roro , q II) IIOUH'/lolld r rru. 

uoc i s ~X ()Cdll(HCH~H Hd rXI{ OTn~4aCTCH 01 fll)ClWIIOfldICIlI.,JI(1( 111 

oCdmAcH~fl, Hanp~MCp, 3ncMCHTOB 11 ~X OKC~/loll. Luc , 111 111\',11110 
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KOPOTt<HH MI I fl JIll. P6-88-59~ 
TepMOXpt)MoI 11 111'.1 1111 1" I Yllhll'HHlllJ .)JICMCHTOB I -v I I I rpynn 

loot B03MOHCIHJI 1 ~t f'f' Iql~'Mf'Ilf'IHHl U paAHOXHMH4eCKI-1X I-1CClleAOaaHHAX 

npY1l1l)jl'll t " 1\.111111,11' 111) HCLne,qoeaHHIO TepMoxpOMaTorpa<!>H4eCKoro noaeAeHHA MI-1KPO 

H Ma~poKo,,""'" '" 'Y""'~>1AOB 3IleMeHTOB I-VIII rpynn nepHo,qH4eCKOH CHCTeMbi. 3Ile
MeHTHLIH l ()( ldll "1.l1(IHH<OllHl.4eCTB l1eTY41-1X CYllblPHAOB B 30Hax HX oca*.qeHl-1A H3Y4anCA 
Ha CKd'U,py'"II"M JJI"K J pOHHOM MH~POC xone C 3IleKTpOHHblM 30HIlOM H OKa3aIlCR BO acex 
CIly4,lfl x L 1 POlO C rCX>10MeTpH4HblM. npHBO,qHTCR pR,q npHMepOB pa3,qeIleHHR IleTY4HX 
CYIlb$>1AOB B M>1KPO- H MaKpOKOH4eHTpa4>1RX. HaH,qeHbI KOppeIlR4HH Me*,qy TeMnepaTypa 
MH oca~AeHHH CYIlb¢H,qOB H HX TeMnepaTypaMH KHneHHR, a TaK*e TeMnepaTypaMH KH
neHHR CYllb¢HAOB MeTaIlIl0B H TeMnepaTypaMH KHneHHR COOTBeTCTBY~~HX MeTaIlIl0B, 
PaCCMaTpHBa~TCR nepcneKTHBbl npHMeHeHHR IleTY4HX CYIlb¢H,qOB H Boo6~e XaIlb~OreHH

,qOB B paAHOXHMH4eCKHX H ,qpyrHx HCCIle,qOBaHHRX. npe,qIl0*eH MeTO,q BbI,qeIleHHR aCTa
Ta >13 06IlY4eHHO~ BHCMyTOBOH MHweHH TepMoxpOMaTorpa¢He~ HX CYIlb¢H,qOB. 06CY*Aa
eTCR Bonpoc HcnOflb30BaHHR IleTY4HX CyIlb¢H,qOB npH CHHTe3e H H3Y4eHHH XHMHH 3Ile
MeHTOB 106-117, a TaK*e npH nOHCKe CBepXTR*eIl~X 3IleMeHTOB B npHpo,qe. B~CKa3a

HO npeAnOIl0*eHHe 0 B03MO*HOCTH npHMeHeHHR IleTY4HX CYIlb¢H,qOB ,qIlR H3Y4eHHR pe
IlRTHBHCTCKHX 3¢¢eKToB B XHMHH 3IleMeHTOB 103 H 104. 

Pa60Ta B~nOllHeHa B na60paTopHH R,qepH~X peaKUHH OHRH. 

Flpenpanr 06beAHHeHHoro HHCTIITYTaMepHblX IICMeAOBI1HIIJl. )J;y6HB 1988 
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