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OBUAH XAPAKTEPHCTI-IKA PAIDTbl 

AKTya.m;HOCTI, Tew,.B llOCJie,D;Hee BpeMa: 38M8THO llOBHllleHHe HHTepeca 
K cy6JmMaD;HOHHO-,ll;8Cy6JmMaD;HOHHl:lM MeTO,ll;8M OllHCTKH H pas,neJieHWI JieTy
'ID'!X BemeCTB, ~TO O6$SICHJleTCSI J>JmOM IIp8HMYJll8CTB 9THX MeTO,ll;OB (9ROJIO
I'H'ruOCTI,, llpOCTOTa annapaTYJ)HOrO OqJOp.u!eHl'LfI H ,D;p.) nepe,11; ,npyrm.m M8-
TO.n;aMH pas,11;eJiemm H o~cTKH. EoJu,moe sHa~eHKe cy6JmMaD;HOHHo-,11;ecy6JlH
MaD;HOHHHe MeTO,ll;ll HMeJlT B ~OXBMKH.·B HaCTOsmtee BpeMSI paCCM8TpHB8eT
CSI ~ nepcneKTHBHM oyxaa: nepepa6oTRa TB9JIOB, OOHOB8HH8Jt Ha pas,neJie
mm J18TY'ID'!X IIp0,ll;YltTOB :ex XJIOpKJX)B8HHSI. Ha HCllOJll,!3OB8HHH cy6JmM8IJ,ID'I H 
,11;ecy6JmM8IJ,ID'I OCHOBaH M8TO,ll; rasoBofl T8p,!OxpoMaTorpaipm:, llOJIYtmllllllifl B 
noCJie,D;Hee BpeMa: nmpoROe pacnpocTpaHeHHe xax axcnpecci1lrl! MeTo.tt pas.ne
JieHHSI H OllHCTRH MHOrRX p8,D;HOHYRJilI,ll;OB. 

0,D;HaRO BO Bcex pa6oTax B ,ll;aHHOfl o6JiacTH paccMaTpHBaDTCS: TOJll>RO 
ROHKpeTHue acneKTll npoBe,D;eHHSI O~CTRH Tex RJlli HHHX IIp0,ll;YltTOB, a 6e3 
BHHMaHHSI OCTaeTcsi:·MexaHH3M qiop.mpoB8HRR .necy6JmMaTa, 3JieM8HT8pHlle 
CTa,D;HH 38XB8T8 IIpHM8CH OCa,D;KOM, aH8JIH3 qJOp.!, B mme ROTOJ)HX IIpHM8Cl, 
nepexo.u;iiT B TBep,Ityll ttasy,H T.,11;. KpoMe Toro, OTCYTCTBHe e.Itimofl MeTo,u;e:
~ecxol cxew HCCJ18,ll;OB8HHJI He llO3BOJIReT BHRBHTI, Bee BO3MOliOIOCTH BqXpeK
TRBHOro npoBe,D;eHHR O'lHCTKR J18Tj'1DDC coe.ItimeHHfl. 

B CBSI3H co CTOsmtefl nepe,11; IIp0MHlllJieHHOCTl>D sa,na~en HHTeHCHqm<alUIH 
llp0ll3BO,ll;CTB8HHHX npo~eccOB R nmpo1toro BH8.Iij)eHRR nepe,D;OBHX TeXHOJlOrHfl 
mtTya.m,Hofl sa,na~eft S1BJIReTcst paspa6oTK8 MeTo~ecxol cxe~ BHaJIRsa cy6-
JmM8IJ,ID'I x ,11;eoy6.1mr,11unm JI8TY'ID'!X BemecTB n noBe,11;eHHS1 IIpH aToM npHMecen. 

O6$eKTOM Hrunero HCCJie,D;OBaHHSI CJiyxRJI TeTpaxJIOpH,11; D;HpXOHHSI - BSJK
Hllfl IlpoMeJtYTO~llff llpO,ll;YltT IIpH no~emm D;HpXOHHSI peaRTOPHO:I! 'lHCTOTll 
IIO XJIOpH,D;HOfl cxeMe. Ha IIpm.~ecen, KOTOpue COnyTCTBYDT D;HpKOHHll, 6UJIH 
BU6p8HU :ateJieso x imo6Hff, Ilp~eM me HCXO,ll;HID,ffl qJOpMaMH 6wm P'eCl3 H 
Nb0Cl3 - Te qiop.ru, KOTOpue pea.m,Ho o6pasymca: llp}I XJIOpHpoB8Hlm D;HpRO
HR8BOro oupi,a:. &.l'H qJOpMH llp}I IIOBll!lleHHHX TeMIIepaTYJ)8X H8CT86HJI!,Hll, H 
BllRCH8HH8 BJIWIHHJI BX H8CT86HJI!,HOCTH Ha 38XB8T npHMecefl TaR:Ee Ilp0,ll;CT8.B-

JISI8TCH aRTYQJll,HOfl sa,na~efl. -------=~~= , 
( Oti11=;in11e~ ~ \ 
ll :tU!flll!:llt ute~UU!l , 
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u8Jll, pa60Thl SaKJil)tJ:8JI8Cb B paspa6oTKe M8TO,tte:~ecxoff CX8Mhl Rsy~e
Hl!IR cy6JmMamm H ,llecy6JmMamm, BWIBJiemm OCHOBHWC S8KOHOMepHOCT6,ff 
qop.mpoBSHWI TBep.ItllX qias JieTytmX coe,ItHHemrfl HS nepecHllleHHoro napa, 

·B HCCJie,n;O~ YCJIOW o6pasoBaHHSI .1tecy6JmMaTOM M8T8CT86HJII,HHX aMOpp-
HhlX H CJia6o KpllCTaJIJm'leCKl!X qas, B HS~emm :ex CBOffCTB H Hepapxwrec
KOff CTPYKTYPhl, B BHRB1Iemm qJOpM, B ~e KOTOpHX IIpRM8Cb nepexo,tte:T B 
TBep,DyD·qiasy M8KpoltOMIIOH8HTa H onpe,lleJiemm IIapaMeTpoB, X8paKT8PHSYD
ll!HX ItaK paBHOB8CHhlff, TaK H H8paBHOBeCHHfl SaxBaT IlpRM8CH TBep,Itoflqa
so:0 H CBIISH saxBaTa IlpHM8CH C YCJIOmuD.m qiop,mpoBSHRR .1tecy6JmMaTa. 

Ha:y'IHSR HOBHSHa pa60Thl COCTOHT B TOM, ~TO paspa60TaH8 M8TO~ec
KBR cxeMa HCCJie,llOBSHIDi nponecca .1tecy6mn.namm HS IIOTOKa nepeCHlll8HHOro 
napa, IIOSBOJISIDllllS{ pasrpamt'lHTb IIOB8pxHOCTHhle lI 06'!.eMHHe SIBJ18Hl!IR o6pa
SOB8Hl!IR TBep,llOfl,qasu, a TaKllte BHRBHTb OHTOreHes TB8p,It0:0 qiasu. 06Hapy
llt8HO, ~o IIpH .1tecy6JIHMamm B8lll8CTB, TB8p,ItaR qasa ltOTOphlX HM88T neno
~e"IIIYD CTPYKTypy, Ilpll OIIpe,ll8JI8HHHX YCJIOBHRX BOSMOJltHO o6paSOBaHlI8 ue
TacTa6:wn,RHX aMOWW:X !plS C aHOMaJibHW.m qlll8mt0-XHM~ecmn.m CBOfiC!Ba
Mll (IIOBHI118HH0:0 IIO CpaBH8HAll C Kl)RCTSJIJIKll8CKHMH !plSaMH IIJIOTHOCTbll, IIO-, 
Hmlt8HHOfl JI8T~8CTbll lI T.,ll.). 

YCT8HOBJI8HO, ~o SaxBaT IIpnMecefl, lictthlTHBaDitBX o6paTHM08 Tep.m
~ecxoe paSJIOllt8HH8, TB8p,ItOfl qasofl T8TpaxJIOpB,Ita ~OHHR IIpolICXO~T 
IIP8HMYlll8CTB8HHO B o~ofl qopae. Paspa60T8H M8TO,ll CHHT888 HOBHX coe,tte:
Hemtll PeZr016 H PeHfC16 OCHO:saHHllil: Ha lICIIOJibSOBalllill aKTlIBHOil 
~OpMH FeCl2, o6paSYJI1!8llCR IIplI T8!)MR~8CKOM pas.noxemm FeClJ.BnepBhl8 
OIIp8,ll8JI8Hhl qlliSRKO-XHMRll8CKR8 xapaitT8pRCTmw ST.WC coe,ItHHeIDiil(napaM8Tphl 
9JI8M8HTapHOli R'!8llKH, IL1lOTHOCTb, T8!)Mli'l8CltaR YCTOR~OCTb lI ,!ij>.). • 

IlpattmecxaSJ µemiocTb. Ilpe~ollteHHaR MeTO.ltl!118CKaSJ cxeMa :e:s~emm 
cyCSJmManROHHO-,llecyC!Jm:ManROHHHX nponeccoB MOllt8T 6HTb lICIIOJil,80BaHa IIl)R 

HCCJie.1toBamm nponeccoB mmeJiemm .1tecy6JIHMaTa :e: ero rJIY60Kf)fl o,mcTKe 
B CaMhlX pasHHX CHCTeMax, BKJIJJtI8JI O"DICTey M8T8PHaJIOB ~ aTOMHOff npo
MHIIIJI8HHOCTH OT peaRTOpHHX ~OB ll BHCOltOpa,ItKOaKTHBHhlX npm.,ecel. Paspa-
60TaH HOBHI cnoco6rJIY6oltOfl 01iHCTltl! ZrOl4 OT IIpm,!8CH llteJiesa, OCHOBSH-' 
Hllfl Ha y,llepmwm: IIJlllMBCH 1teJiesa B Hecop6eyyeuofl qo:rue pee13 sa c~eT 
BBe.1teHHSJ B rasOBYJ> tpisy cBo6o~oro XJiopa. 

.Anpo6BIJilHI pa60Thl. PesyJIDT8Thl pa6om ,llOltJI.8,!tllBaJICb Ha MoCltOBCltOM 
cewmape IIO T80pml lI npaKTlllt8 Rl)RCTaJIJmBanROHHhlX nponeccoB (!983 H 
1985 rr.), Ha YI ltOH~peHnHH no IlpHM8H8HHll pa,ItKOHYMH,ItOB H HOHHS:e:pyll
ll!HX :e:~eHHfl B Ha.y-qHhlX HCCJ18,llOB8lUUJX :e: H8po~OM XOWCTB8 (CBep;!tJIOBClt, 
1983 r.), Ham BcecoDSHOff ltOH~pemum no MSCCOBOfl ltpROT8JJJilt8anRH lI 

Rl)RCT8JJJiltSanl!OHHhlM M8TO,ll8M pa8,ll8JI8lmJI CMecel (1lepxacchl, !985 r.), Ha 

2 

YII BceCOll3HOI ltOH~peHitlm no M8TO~ n~eHHSJ H aHSJIHsa BHCOltO"DICThlX 
B81118CTB (roJ)l,ltd, 1985 r.) • 

!Jy6.mnwum. MaTepxa.,m ,ll;IICC8pT8IJ;iIH OCB8lll8Hhl B BOCbMH ny~. 
06!.eM padOTH. ,lbtccepT~ cocTOHT :e:s BBe.1teHHH, mecorli: rJISB H BH

BO.ltOB. Pa6oTa H8JIOZ8Ha Ha 157 CTpamm.ax, CO,lt8pmIT 30 PHCyHKOB H 22 
Ta6Jm:a;H. lk6JIHorpaqm1 BltJill1188T 122 padOTil COBeTCRPDC II sapy6elltHhlX aB
'l'OpoB. 

COJlEPJKAHHE PA.BOTH 

B nepBOI rJia.Be .1t11ooeP'l'anmt (JDITepaTypHOM o6sope) IlpoaHaJIHBl!pOBa
HH ony6JnmoBSHHHe .ltfl.HHH8 no M8xmnt8MY ltOH,lt8HCanmt II IIO 88XBaTy IIpl(Me
CH ltOB,lt8HCllpoBaHHOI ~sol 1IpJI ee ~p.mpo:eamm. PacCMOTpeH M8xaHH8M 
ROH,lt8HCanmt Ha P88JD111Hh1X 0T8,Jtl!JDC •. 8 HM8HHO ! roMOreHHaR H reTeporeH
HaK HyXJI_e~; T~HLII H Hop.1mHH1 pocT sapo,Ithllllell; 1toaryJISJ

Ull[JI nepBJl'lmHX11BCTJIIt B P88JIK11Hla: pE!lltHMax. OCIOYJr,D;SllTCSJ pa8Jlltlmhle MeTO
.ltll IIC0JI8,ltOBQHHR .ltKCII8pCHoro COCTaBa aeposoJiel H Bll,lt8J.DIBlllDCCR ROH,lteH
CQTOB. PaOCM0'1'peHH8 88XB8Ta Ilpl!M8CH TB8p,ltol qasol, qJOJNHPYllllelca JIB 
nepeoml(eHHoro napa, OIIllpa8TCJl'Ha aHQJIJIS SaxBSTa, OTBe,m1111ero Y0TaHOB
JI8HHI> B CHCT8M8 "nap-TBeJUtM ~sa" T8Jl,fO,ItHHBMH~ec1toro paBHOB8ClIJI •. 
B lt0Hn8 rJiaBH nO,ltB8,lt8Hil HTOI'H JIHTepaTyJEoro oCSsopa. 

Bo B'l'Opol r.JIU8 IIJIIB6.lt8Hll CB8,lt8HJIJI o6 JICIIOJJl,80B8BIIJIXCJt B pi60Te 
peareHTSX, BX CIIBT838.II aH8JIJI38 ,Iteoy6JmMaTOB, a Taiate 06 HHCTpyMeH
'1'8JII,Jna cIHBHXo-XlDDRec:mx 118'1'0):ISX JICCJI8,ItOB8BU. aut,m,mTe.in.md paS,lleJI 
8'1'01 r~ 00,llepuT 28JIOZ8Hlle OIIhlTOB no 0Tpa6one 118'1'0,ltl!lltll IICCJI8,llOB8-
HIUI, ltO'l'Op&J[ npoBO.ltHJmCb 0 JICIIOJJl,80B8HH8M MO,ltem.ma: Belll80TB - napa
,ll;llr8.D:OJOt68B80JIOB. 

HCIIOJJl,80B8Hmd B pe,6o'l'e .T8'1'paXJIOl)Jf.lt IijlJllt()HHR rOTOBIIJDI DIOPJIPOBa
HlleM M8T8JIJIJA8CKOro ~OHl!R pealtTOpHOI 1DI0'1'0Thl O noCJie,ItYDQel 'l'pex
Kpa'l'HOI BOarouol IIpO.eyit'l'a B oyx011 B0,1topo,1te. OltoBJCJiopB,It HJio6a 1'b001
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11eqeHHH1 BJIOC!JieM-95, O&T88Kp0B8.III[ UOPJil)OBaH:e:eM CM8CH 1'b205 (CO.lt8P
za11ero 

9
5irb) o 08Xall00( yrJieM, BBJITHX B BeOOBOM OTHomeHHJI"l:3. lIOJIY• 

qeHHHI OX0U.JIOl)Jf.lt 01Dlll{amt OT IIpBMeCH lfbC1
5 

BOsromtol B BBaxyxpoBaHHol 
( "'I IJa) IUIDYJie. Clmores P.013, MeqeHHoro ze.nesou-55 BJI1t ZeJiesoM-57 
(.1tM ~e.nel 11eoo6ayepoB0JtOI cne1tTp001tomm)1, npoBO,Itl[JIJI XJIOPJil)OBBHHeu 
M8'1'LUJNeoJtOro·•e.1esa, 00,1.tepu11ero COO'l'BeTO'l'ByDllyl) MeTey, c noCJie~ 
11181 TpeUpaTHOI BOsroHltOI Ilpo.QET8 B 'l'Olte oyxoro :vrope,. Jtu H8~8BllJI 
ooo'l'OJIBJIJI IIpDecel oodu • zuesa B 'l'BeJl,ltl,IX npenapaTax T8TpUJIOJlH,Ita 
IOIPJtomtJ[ no C'1'8H,ltaJ)'l'BHM M8TOJtDSM 6WIJI CllB'1'8811poBaBH H8.P8,ltJIOaKTHBHile 
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,NbCl5, Nb0Cl3, Nb307Cl, Nb205, FeCl3, PeCl2· Bee pa60TH c ~el'KO I'H.It
po.mI3YJlltIDAKCSI raJioremr.nru.m ll!)R KOMHaTHOit TeMllepaType llpOBO,ItKJill B .. cy
XIDC KaMepax, ocymaeMHX c llOMOIIII>D P205. 

.Iiiur imeHTH~ nOJJY"[emmx npenapaTOB npoBO,ItKJm me aH8.1]ll3 Ha 
MeT~ H XJIOp. 

Pacnpe.u;e~emre npmAecefl B c:e:cTeMax nap-TBe~ qasa :e:ay,m;m: c 
HCnOJil,30B8HlleM ~OaKTHBHHX mmmtaTOpoB. Pa,IJ;i!:oaKTHBHOCTL npenapaTOB, 
co.u;eplltSlltl!X HH06Hit-95; HaMepsrJIII Ha P8,It0:0MeTJ)K'iecxol ycTaHOBKe YA-Y-IOO 
co CIJ;HHTWJJUmHOHHHM .u;eTeKTOpoM NaI(Tl), a npenapaTOB, co.u;eplltSlltl!X 
llte~eao-55, - Ha ycTaHOBKe Mark-J, nplllleM lltH,ltKOCTHHM CD;HHTWIJIJITOp0M 
CJIYJIUl'.JI8 CMeCL :am,nltOCTll !C-8 c 5TaHO~OM (o6~eMHoe OTHomeHHe I:0,15). 

'.Iiiur H3y'leHHJi MOppo~or:im TBep.u;ofl 463H ZrCl4, Bll,Il;emmneflCJI HS na
pa, HCll0Jll,30B8JII!l CKaHllpyn!IR8 MeKTpomme MmtpoCKOIIll S-405 AH JESM
J5cf. Pei.rrreHOgl]IyOpec:u;eHTHaJI ll!)RCT8BK8 K M8KTp0HHOMY Mmtpocxony 
JESM-J5cf MapKH "Kevex X-ray" noaBOJIWia mmo~TL aH8Jm3 ~oitam,Horo 
COCTaBa'HeKOTOpHX o6paanoB KO~eHCSTa • 

PeHTreHoqiaaowit 8Ha.JIII3 pa5J!lt'lHHX npenapaTOB no MeTo~ nopomxa 
6~ mmo~eH Ha ,l'.tl!{ppaxTOMeTpe ,JU>OH-2 (H3JIY'l8HHe Co-Ko.1). 

B c.ny:,me raJioreHH.nOB llte~esa xm,m:qecKHe qiop&u np:e:Mec:e: B .u;ecy6Jm
MaTe ZrCl4 6wm onpe.u;e~eHH M8TO,ll;OM .KTa Mecc6ayspa. liCTO'IHKKOM H3-
JIY118HHJI CJIYlKWI 5700 (Cu). CocTOJIHlle HH06HJI B TBep.u;oi! qase ZrCl4 onpe
.u;eJIJIJIH M8TO,Jl;OM 8Ha.JIII38 xm.mtJ'.8CKIDC C,ll;BHI'OB peHT1'8HOBCKIDC BMl!CCHOHHHX 
JIIUmfl (Kd.1 -.mnum HH06HJI) c npHMeHeHHeM K!)RCTaJIJIO,l'.tl!lpp8.lt[tltoHHOro peHT
reHOMeTpa Komya KOHCTPYKUWI CyJl6a~Ba. 

HeKOTOph!e.npenapaTll no.u;BeprMH T8p.!lllleCKOMY 8Ha.JIII3Y Ha .u;epRBa- • 
TOrpaq>e OD-102 CHCTeMH !IayJIRK, IIaymx H 8:p.u;efl. H5Y'l8HH8 llpoBO,ItKJill B 
aTMOCq>epe aproHa llpli CKOp0CTH HarpeBa 5 r~coB/Mim :e: Maccax HCXO,It
nott HaBecKI!£ 0,05-0,15 r. HK-cnexTpu psma o6pasnoB CHHMaJm Ha npR6ope 
PIS-J (Hl:IoHHJI), llpKtleM ~ c~eMKH I'OTOBHJIH cycneHSHH 8THX npenapaTOB 
B B85eJIHHOBOM MaOJie. 

Macey .u;ecy6JmMaTa zre14 B l)H;!te MY'laeB onpe.u;eJIJIJIH cnexTpoqx>To
MeTJ)K'iecKI!£ B Kl![OJIOfl ( I MOJIJ,/~ HCll) cpe.u;e C llOMOIIII>D nmtp&mHa- £ 

(~ KOMWieKca ImKp&mHa- £ C Ul!PKOHH8M A max = 560 HM)·. Ilpe.u;e~ 06-
HapylltemtJI Ul!PKOHHJI STRM peaKTHBOM pa:aeH 0,3 MK!'. 

. TpeTLJI rJiall8. ,l'.tl!CC8PTaUl!H llOCBJlll!eHa H5~0llt8HHD pesyJll,TaTOB H8Y'l8-
HHJI cy6.JIIIM8Iij!H H .u;ecy6JmM8Ul!H TeTpaXJIOpR,Ita mq>lt()HHJI B llOTOKe HH8pTliO
ro raaa-HOCHT8M H 8Ha.JIII5Y CBOflCTB Bhl,Jl;8Jl'JDllt8flCJI llpR pasnmc YCJIOBWDC 
HS nepeChlJl!8HHOI'O napa TBep.u;ofl 463H. ' . . 

/ 
. Ilpe,ll;BapRTeJr&liO o6CYJr,lt8H M8TO,l'.tl!'l8CIGII acneR'l' HCOJI8,ltOBaHHJI .u;ecyc:1-

. . . . . 
Jm:MalijlH, npe,w1ozeHa cxeMa HsyqeHHJI aroro nponecca, nosBOJIRDllaJI OJtHO-
sHa'lHo pasrpa.Hll'lHTL nponeccu o~eMHofl H noBepxHocTHoil .u;ecy6JmMa.D;Hll:. 
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STa cxeMa BK.llll'laeT OJie,IzyJlltHe STanH: 
I. HsyqeHHe Sapollt,Jl;eHHJI, pocTa H arperSUl!H 'l8CTim B nepeChllll8HHOM 

nape (B o6~eMe napa) 6es BMemaTem,cTBa B xo.u; npo:u;ecca. 
2. Ilpm,'leHeHHe no~ollteK C pasmn.m: reOM8TpK'leCKHM H XHMH'l8CRHM 

pem,eqmm; H5Y'l8HH8 CBJiSH CBOflCTB no,wIOlmlI C ~0:itam,HHM COCTSBOM H 
CTpyJtTypofl Bcex MOppo~OI'l'I'lecIW:x qiop,i .u;ecy6JIHMaTa. 

3. IlwmJieHHe MHJIHllJI npe.u;BaJ)HTem,nofl O'lHCTKH R neperpena napa, 
8 TaKllte reOM8TJ)HH CHCTeMH Ha CBOflCTBa KO~eHCaTa. 

B OJiyqae H3Y'leHHJI .u;ecy6JJRMamm ZrCl4 8KCnepHM8HThl npoBO~ 
OJie,eyDIIHM o6pasoM. 'l'DlaT8Jll,HO ocymeHHHI H 01IHllt8HHHfl ras-BOCHTML 
(re.mnt) npoxo~ 'lepes BepTHRSJU,HO pacno~ollteHHHI OJiofl zre1

4
, Harpe

Toro .u;o 2so0c, nJ)H STOM llpoHCXO~O HaChllll8HH8 re~ napaMH ZrCl4. 
,IJ,a;ree napu zre14 c TOKOM rMHJI npoxo,ItKJm 'lepea SOHY neperpena, a sa
TeM nocTyIIaJIH B T8p.!OCTaTHpoBaHHyn .u;ecy6JJRM8ll;ROHHyD Tpy6xy, nplflleM, 
H5M8HJIJI TeMIIepaTYJ)Y CT8HOK STOI Tpy6m {TeMIIepaTypy T,ztec. no.zuteplltH
BMH C TO'lHOCTLD ±1°), B8.pLHp0B8JIH nep8Chllll8HHe napa ZrCl4• B l)H;!t8 
OllllTOB .u;ecy6JmMSUl!OHHyD Tpy6Kf OXJl8JK,Jl;8JIH lllJ,1tKEM 850TOM. B .u;ecy6JJRMa
nHOHHOfl Tpy6Ke nponcxo~ Bll,Il;M8HH8·TB8MOfl qasH ZrCl4• 

4 

cxeMa I 

3, cxeMa II 

2 

He 

Pll:c. Cxew npo:ae,ttemrJI OIIllTOB no .u;ecy6JmMamm zre1
4 

• 
I - IIBTa'l'8Jll, CltpRCT8JLll8MH ZrCl4, 2 - 80Ha ne:perpeBa, 
3 - .necy6JIHManHOHH8JI Tpy6K8, 4 - CTeKJimmlifl qll'Llll,Tp, 
5 - CTeltlIJIHHSJl DJISCTHHKa-IIO,w!OllCKS • 

OIIllTH IIO nyqeHRD cy6DMamm-.u;eoy6JmMSUl!H ZrCl4 npoBO,ItKJm no 
'JrBYM cxeMBM (imc.). B CJIY1188 cxew I BHYTJm .u;ecy6JmM8ll;RoHHofl Tpy6KH 
nepneH,ItHKyMpHO llOTOKf raaa-HOClITeM YC'1'8H8BJIHBMH TOHmlfl CTeMflHHHI 
qHJIJ:,Tp; B CJIY118e cxew Il WMJ,Tp Be ycTSHBMHBMH, 8 B HHJEHefl 'laC'l'l! 
'l'py6KJ! rOPH50H'l'8Jll,HO pasM81118JIH TOHKJ!8 CT8KJIJIHHH8 DJISCTHHKJ!-llONIOEKR 
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.lt]ISI c6opa .necy6.m!MaTa (pasMep ITJiacTmIOK 2x4 MM). TBeMJ;rl! zre14 , BU,Ite
JIHBl!IKiicJI Ha qIDII,Tpe K Ha IIO,n;JIOJKK8X, H8y,m.mI Ha CKmmPYilll8M M8KTJ)OH
HOM MmtpOCKOIIe C llpoBe,n;eHIIeM JIOK8.JILHOro MeMeHTHOro 8Hamisa. PesyJI:b
TaTH XllMll'I8C~oro, JIORaJI:&HOro K peHTreHo{pa.80BOro 8HamI8a CBH;n8TeJll>CT
BOBaJIH 06 OTCYTCTBKK IIJ)OJJYKTOB rH;npomrna HJm K8ru!X-Jm6o .I(pyrmc npmie
cen B oceIJIIleM TeTpaxJIOPH.ne UHJ>KOHIISI. 

Hs 8HamI8a MOIXI>o,rror1m .n:ecy6JmMaTa OJie,IJyeT, 'ITO B H8Y'l8HHHX yc
JIOBHJDC C COK8M8pHMHMil CKOJ)OCTS!Mli npoHCXO,JJ;HT o6~eMHoe H IIOB8pxHOCTHOe 
BH,neJieHHe_,TBep,non <fa8H ZrCl4• B .necy6.m!MaTe Ha~aJIHCL ,ItBe OOHOBHHe 
q}prutU!!:Il! "HapocTH" H "HaJieT". 

HapocTH HM8JlT q}OPMY, 6JIH8ItyJO K no~cg}8pe. 0CHOB8HHe K ueHTpa.lI:&
H8.!I 'ISCTl, HapooTOB COCT8M8Hll KS ~CTIDI, mmr.na co6paHHUX B CTOIIKH. 

' IIepR(}}8pUSI COCTOHT HS MHKJ)OIIO~Cg}8p ( ope,nmrl! .n;H8M8Tp 24 MKM) ' RHOr,na 
IIOJIIlX BHYTpll. HapocTH 06pa80B8JIHC1, Ha IIOB8pxllOOTH IIO,ItJ!OlK8K, TaK KaK 
KlC MOpqlOJIOI'UJ'l He 88BRORT OT reoM8TpllH CHCT8Mll, OT neperpeBa napa H 
T.,n. KOJIHtJ:8CTB8HHllii 8HamI8 !.10:pqlOJIOrHR HapoOTOB llpllB8Jl K BblBO.IJY, 'ITO 
Ha aKTHBHHX U8HTpax IIOBepx:HOCTil CTeKJia T8TP8XJIOPH.n UHJ)KOHHSI OTJiaraeT
OJI B BH,ne 8MOpqHHX IIOJIYOq}Bp, KOTOpHe saTeM KpllCTaJJJlll8yJ)TCJI sa C'l8T 
o6pasOBaHHJI R CIIOHTaimoro paspaCTaHRJI KpllOTaJJJlll'l8CRKlC YTJSOTKOB, 'ITO 
IIplll!O;nRT K pacna,ey no~cq}8p Ha KpllCT8.JIJIH'i8CKHe JIJIBOTRHU. Y OOHOBaHil.!I 
Il ueHTpaJI:&H0:11 '180TH HapooTa KpH~T8JL1IH8auR.II ycneBaeT npoflTR sa BpeMJI 
OllllTa 6oJiee r~60KO, '18M Ha II8pll(}}8pllH, r.n;e M8JK.D:Y IIJJB.OTRHSMH OOTSDTCJI 
aMOpqlHll8 YTJSCTKH, KOTOpHe H8paCT8JOT 6HcTpee, '18M KpllCTaJJJlll'l8Cltlle. 
B pesyJI:&T8T8 aMOpqHHe Y'IaCTRll aapacTaJOT Ha,D; KpllCTaJUIH'l8CIDIMH H H8ltpH
BaJOT mc, t{TO llpllBO,n;HT K OKKJlJl8IDI reJIWI~ IIpll IIOOJie.n:yD!lefl KpllCT8JIJIH88~ 
WIH 8MOpqHHX Y'IJaCTKOB OitltlmlmPOBaHHH:11 re.md! COClHpaeTCH B "nyslipll" H 

BllT80HJI8TCJI B raSOBYJ'.l qasy. B pesyJI:&T8T8 uaelJm,n;a,eTOJI q}BHOM8H o6paso
B8HHJI "JIOIDiyB!IIHX IIY3HP8ff" HS T8TpaxJIOpll.lt8 nl!pROmt/1. 

Ha.zreT COCTOHT HS MHKJ)OTJaOTHU, roe nepBHtIHHX K BTOpll'IHHX arpera
TOB. Mlntpo"UlCTHUH, COCTSBJimitll:8 H8Jl8T, oelpasona.mcL B oelseMe napa, 
TaK Ralt MOpqlOJIOrHH HaJIBTa SaBHCHT OT neperpeoo napa. KpoMe Toro, Ha
Jl8TOM oKasimamcJI sanopomeHll Bee HapocTH. Cpe,Il;lme pasMepu wmpoireo~ 
(0), COCTaBJIJmltlDC HaJI8T, H RX nepmr'ilna: arperaTOB <R> llpRBe,neHH B 

TaelJIHUe I. 
CKopoCTL HyltJ188nHH Mmtp01!80THU BO BC8M HHT8pBSJie :e:syqemna: nepe

Clllllelillfl S = I,6-6 He SaBHCHT OT SH Ilp8,ItBapllT8JI:&HOro neperpeBa napa 
(Tnep.>• CJre.n:oBaT8JII,HO, 8KTHBHHMR D;8HTpaMK, H8 ROTOPHX IlpoHCXO,JJ;l!T sa
poll!,Itemre WIItp01JaCTHU, MYJKST cTael1JJ1Lm.i:e (no OTHOmemm K neperpeey) 
MOJI8Ity.7IH IIJ)HM8CH, KOTOpue, B8p0HTHO, IlOCTj'IIaJIH B CHCT8MY C re.mteu. 
MHKpo1!8CTHU!l IlOOJI8 sapox,tteHHH orpammrcm: H pacTT? IIO M8XamISyY IlOOJie
.n;omTeJII,HOro OTJIOllteHHH CJI08B, llpH'IElM OJIOH sapoJr,ItamOJI y B8pnml rpaaefl, 
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TaelJm:na I. Jtamme o MO:piioJIOrHH HaJieTa ZrCl4. 

C:xeMa Tnep. • T.n;ec.• s (0)' <R) 
' npoBe.n;eHHJI 

Oc OC ID.I MRM OIIHTOB 

I 350 2!0 6,0 79 0,5 
II 350 230 I,6 65 0,5 
II 350 2!0 6,0 74 2,0 
II 850 2!0 6,0 55 0,5 

0 'tl8M CBH.n;8T8JILCTBY8T :XSpaKTep (f}yHKD;mt pacnpe.n;eJieHHJt lf( o) · Ml!ltp0'18C
THD; no pasMepy o • MlntpoTJacTHD;l:l, nepeMelll8JIC1, B noroxe napa, o~e.n;l![
HJil7l'OJI B arperaTs:, OptCTBJICI, BH8'118JI8 aK'l'HBH!iMK rpaam.m H q}Opmpj'H ar
peram IIJI8.CTJIB1JaTol qic>pm, a saTeM - ueHee ait'l'mmHMR rpaBJl:MH, oelpasyH 
llTOprqm,18 arpera'l'li mapooelpasHOI ql()p.!H, COCTOsmtHe HS IIJiaCTHH. B pe
syJILTaTe 0,Jl;HOBpeMeBHoro T8'tl8HHSI nOB8pxHOCTHHX H oel~eMHHX IIpoD;8CCOB 
,11;ecy6JntMaT np10ClpeoraeT amoroapyCHYJ) :r.repapnrqeceyl) CTJJYRTYPY', Blicmd 
yp0B8HI, ROTopol OOCT8BJUll11' Hapocrn J!BTOplltzHHe arperaTS: Mmtp0'18CTHD;, 
Cp8J!llHI yp0Bem. - nepmrimue arperam, CqJ8pH B Oel'I,8M8 Hap0CTOB, a mIS
md"ypoB8m. • IIJDtp0118CTHDµ. 

'MeTO,llOM p8HTl'8Ho«iasoBOro BHSJmSa ycTSHOBJI8HO; 'lTO nomme1me T8M
nepaTYPU .n;ecyd~OBROI TpYClKK llpllBO,n;HT K yY8HLUl8mDl CTeneHH RpllC
TaJIJDAHOCTJ.t ,11;ecyc1mD4aTa, H IIpll Te1mepaTYJ)8 DJJ;KOro asoTa no.ny-qeHHUI. 
np:e: .n;ecyc1mwaJ1,JDJ ZrCl4 peHTl'8HOSMOpq}8H. CBoffCTB8 8MOppHOro ZrCl4, RaK 

CJie.ItYeT HS no.ny-qemmx .namwx, aBOM8Jil,HH no oTHomemm x Iqll![CTBJLllll'leo
ROMY ZrCl4 • Talt, Ope.JtJD[e pacCTOSIIWl ll8z,DJ' QTOJi48lm B aMOpfaOM ZrCl

4 
Olta88.11KCL Mem,me, 'tl8M B Jtpl[CT8JIJIIA80KOM, 'ITO OJI8.ItY8T Ha Opalm8:mtl! 
IIJ!ltHOM8Tpll1l80ltOI IIJIOTHOCTlt oel~D;OB (~ SMONfi. = 2,98.;t0,I5 r/cu3 , 
~ltpHOT~. = 2, 78,:t0,02 r/OM3). HK-oneitTpH SMopfaoro H RpHOTSJIJIB:

'tl80ItorO ZrCl4 B 06-x '118pT8X CXO,llHU. 8'1'0 MoaHO Otm'ra'l'L CJI8,D;C'1'lm811 To
ro, "l'l'O CTpyJt'fYI)a oelon oelpaBUOB co.n;e~ O,JJ;l!H8ROBll8 9Jl8118HTH - OK
Ta8,lij)l,I zre12c1412 • 0,11;11uo nOJiooa v 

8
B1uci3 B ~e oo:plaoro zre1

4 
CM8118Ha B Jt0p0TltOBOJillOBJJ) oelJ.racn Ha AV = IO OM-I, 'iTO MOmIO HHTep
IlpeTHJ)OBQTl, 1t8lt pesyJlI,TQT HeeloJILllloro yitOpoTJeBJIJl H8ROTOpl:1X OBII38il 
zr-01. C 8TDI xopomo mppe.mq>yeT nomme1me cROpocTH KOIIapeHllJl SIIOJXP
Horo ZrCl4 IIO Op&IIH8HD> C ltpl[CTUJlll'l80XHM (Ha RpKBOI JJ:rA.9H,ll;O.ltT, 
OTBelfllllltd llcnapemm, I1plD(8pHO Ha 500C OM8118H B OClJmCTL BllCOIQtX T8M
II8paTyp). 

IIo .1t8BHIDI uenpoBHo-tm:Kpoc1t0IIH'le01toro aJIMllsa BMOPI'Eaa qasa 
ZrCl4 COCTOHT D *pneClODC 't[8.CTHU (rJIOdyJI) pa311epo11 I-3 1ml, coelpaH
ma: B O,Jl;HOCJIOlmle Il8pmt'IHH8 arperaT!i; ltOTOp!ie, B OBOD oqepe,D;L, oelpa-
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8YJ)T OKpyrJIHe BTOI)H'!Hlie arperaTU. 3TH OBe.n;eIUrJI ll08BOJIIDl'l' BUOKa8aTl> 
CJie.n;ynitae IIJl8.n;IIOJIOJteHl!.a: 0 CTpyltType H reHeaHce 8MOJXPHOI'O Zl'Cl4 • ~

.AMoplJHa.a: qia.aa COCTOHT R8 nenett OKT88.1U)OB Zl'Cl2Cl4/2• op;i:eHTRpOBaH
ma: llpemJYI!t8CTBeHHo llapal!JI8Jll,HO .n:pyr .n:pycy liI o6pa8yJJ!tHX r;ro6yJIH. 
Uemi: B rJio6yJiaX pacnOJiollteHH WIOTHee, 11eM B KpHCTa.JIJnrq8CKOtt qie.ae, HO 
He RMeDT cTporon op;i:eHTan;m. KonneBue rpymm nenel oKoimeHTpHpoBallll 
IIJle.lIMYllleCTBeHHO B 8KBaTOpH8Jll,HOI 118CTK rJio6yJIH, 'IITO 06yCJ10.BJmBB.6T ee 
aim80Tpomm. r;ro6yJIH roMoreHHO aapoJ1t.Itamc.a: B nape K paCTYT aa c'l:eT 
np;i:coe.n;w1eim.a: OT,ll;eJI:r,ma: MOJieeyJI Zl'Cl4• Ilp;i: CTOJlKHOBemuix rJio6yJIH 06-
paaym arperaTH, KOTOp118 noa,n;Hee o6~e.n;HHJmTo.a: BO BTOpH'41We arperaTH. 

B 'IBTBepTott rJiaBe oo.n;eplltaTCJ! CBe.n;eHH.a: no paBHOB80HOyY 88XBaTY 
IIpm.mcK HH06H.a: K llteJieaa TBep.n;ol qie.aoi! Zl'Cl4• OmiTU IIO ll:8Y'l:8Hl!ll co
KpHCT8JIJIR88lllll'I npooo.n;rum C KOIIOJil,80B8HHeM .n:eyxceromommx CT81tJISHHllX 
aMIIyJI. KonneHTpaIJ;l!ll IIJlHMeCH B CKCTeMe B8p:&RpOBSJm B IIJlB.lteJISX OT 0,03-
3,0 MOJil>H.%, 061I1ee co.n;epmmKe IIJ)HMBOH B aMIIyJie nocTommo 6WIO TaKl!M, 
,rro6u IIpH T8MII8paTY})e COKpRCT8JIJm8an;lm Olla He MOrJia o6pa80B8.Tl, co6-
CTB8HHYII KOH.n;eHCRpOBaHHYll qie.ay • Aw:ry;rry OTKa'IHB8JII!, 8aIIaRBaJIR, lI B Bep
THK8JII,HOM nOJIOEemm IIOM81!l8J!H B OOJieBOI T8pMOCT8T (TeMIIepaTypa 240-
aro0c). ~epea onpe,n;eJieHHOe BpeM.a: aMIIyJiy KSBJI8R8JIR ll SaMOpaDBaJm B 
im.n;KOM asoTe. Co.n:epzmme IIpRMBCR B nape KB TBep.n:oi! 1p:1.se Haxo.n;rum RS 

.n:rumu:x: pa.n:ROMeTpn'leoiwx H8MepeHR:I!. Macey M8Kp0KO?.mOH8HTa B napoBol R 
TBep.n:oA 1p:1.sax Haxo.n:ir.Jm, aHa.a: Macey BHecemmro zrc14 K .n:aBJie1me 11acu
ll!BHHoro napa Zl'Cl4 IlpH TeMIIepaTYpB OiraTa. IIPR o6pa6oTK8 .n:aHHWC Y'IRTH
BSJm c.n:eJiaHHul paHee B Jia6opaTOPRR mmo.n: 0 TOM, 'IITO CTSIU!OHapHoe pac:
IIJ)e.n;eJiemte IIpRMecn D TarotX CKCTeMax COOTBeTCTBy-8T YCT8.HOBJI8Hllll TepMO
,n;mraMK'leCKOro paBHOBeCKJI. 

Hcxo,n;Hol qiop,iofl IlpRMBCR HR06R.a: C.nyuJI ORCHXJIOPK.It Bb0Cl3• PasJIO
lE8Hll8 8TOI'O coe.n;mremm II;pR TeMIIepaTY})e COKpHCTaJIJm38lllll'I IIJlKBO,n;HT K 
IIO.a:BJie:mn> .n;Byx HOBWC qlOpM IIJlm.!BCll: 

5 BbOClJ ~ J BbC15 + Nb2o5 . 

MeTO,ll;OM 8.HaJIHSa :x:mm'leCKHX O.n;BllrOB peHTreHOBOKOff Ko1.1 -Jil!lll!ll mm-
6:ru:i: OTHOCRT8Jll,ll0 M8T8JL7Ill'IBCKOro mroCllt.a: Y1tBJIOCL 1IOKa88TL, 11'1'0 HR06d 
88XB8TW3a8TCJ! TB8p.ztol qie.sol Zl'Cl4 B mote OJtHOI qiopm .,. libel (,iµur 
TBep.n:oro pacTBopa zre14 c IIpHMecr,1> mro6u sHa11emxe o.n:mira i Bbl:o1.

1 
= 

= -(I36j;I6) M8B, ,WI.a: 'IIRCTOro NbCl5 c5 BbXo. = -(!37,±5) usB). Nb205 B 
TBep.n:ol qie.se zrc14 He o6napyxeH, BlJ,'ltlll,IO, ~s•sa Toro, 'l'l'O on o6pasyeT
c.a: llpH pasJioEemm: Bb0Cl3 B nape ll OTJiaraeTc.a: Ha CTeHKaX SMIIyJIH. Ilo
STOMY Halltemme 118 OIIHTHllX .ztammx SH8118Hlt.a: a®oKTHBHOro XO~CHTa 
COiq)HOT8JIJIKSanm,I DS\PI>. xapaxTep;i:sym paOIIJl8,lt8JI8mie lJ.B1X qlOIJ,I llpiIU8CH: 
Nb0l5 ll llb0Cl3• ltlifI paBHOB8CHOro paonpe.n;Memta .ltBYX JieTY1D1X 40~ xme-

8 

J 
! 

;{ 

eM: 

Daqxp. = X ~15 + (1-x) ~0013 

r.zte Dnoc13 l1 ~l - paBHOB8CHUe KoalP})mweuw: COitpHCTSJIJm38IU!:1! co
OTB8TCTB8HHO Bbocl/n NbCl5, X - MOJIJ,H8J! .)];OJI.a: BbCl5 B rrape. Hs .n:ammx 
IIO :xmllll'leCltllM C.Itmll'aM CJie,u;y-eT, 'ITO 

(1-x) DNbOcl << X ~Cl 
J 5 

R 

Da«i. ~ X Dmc15 • 

PaCC'iHTaHHUe :ns 3Toro ypaB!temm Sll8'18H:ru:i: DBbCl llpHBe.n;eHU B 
Ta6Jm:ne 2. · 5 

Ta6~. aia11eHWI KOBqXpllIJ.1I8HTOB COKpHCTSJIJm38D;il:H Hl!06H.a: C 
zre14 • 

TeMIIepaTypa, KoimeHTpamt.a: IIJlm.!8CH HR06WI B CHCTeMe- (MOJil,H.%) 

OC 0,03 0,3 

n8@! •• ro2 
D:ribC15 

neqxp •• ref D:ribC15 
240 I, 06,±0,30 0,23 0,83.±0,30 0,IB 
260 0,97,±0,30 0,26 I,6,±0,5 0,43 
280 · 4,D.±I,2 I,43 3,I±I,0 I,II 
295 4,7±!,5 2,I3 5,3.±I,5 2,4! 
3!0 I,92±6,0 II,3 IB,!±5,0 I0,6 

llpH COKpHCTSJIJmSaD;il:11 BbCl5 c Zl'Cl4 oclpasyeTc.a: TBep.ztllff pacTBOp 
.n:onoJJHemm. MoJLlll)Bul 061,eM TBep.n:orp paCTBOpa 1lbel5 R Zl'Cl4 IlpH Bap:&
llpoBSmm ltOHn8HTpamm npm.tecx :M8WI8TM sHatJRTeJILHO 011Jl1,H8C, 116M TOro 
TpeclyeT np8BltlIO PeTrepca, 'l{TO UOllHO 06'!,SICHllTL BH8.ztpeHHeM HS6llT011HOro 
aToMa uopa_ B. Melf,ltoysJIWt pemeT:im, nenocpe.n:cTBeHHo coce.n;cTBYJll!He c ys
JiaMR, sm.te11teBJilD!H rpymrol BbCl4• 

B c.,,ytme COiq)HCTaJIJIRS!UtD ItpHM8Cll JteJiesa liICXOJtHa.a: qiopMB. llpm.!8011 
J'eCl3 TSD8 HeCTa6RJII.ll8. npn TeMIIepaTypaX, IIpH KOTOpU:X: l!:3Y'l:8JI8CL 

COiq)HCTSJIJlH3~: 

2 PeClJ ~ 2 J'eC12 + Cl2 . 

0JtHEUtO oco6eHHOC'l'J, .n;rumol CHC'l'8W COCTORT B TOM, 'IITO ~cco~ 
J'eCl3 JJ0:H0 110,ltaB!l'l'L BB8Jt8ml8M B IIapoeyD qnsy H8C0itpllC'l'aJI.mlSYJlll8r0M 

lt0111IOB8H'l'a • CBOclOJtHOro XJIOpa. Tamm o6paSOM, SaxBS.T IIJllll(80Jt 2!t8JI8Sa 
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TBep,ItHM ZrCl4 0Ka88JIOC:E, BOSMOJICHHM Hayqan Kalt llpK C0l!8Mepm.rux KOJil!
qecTBSX .I(Byx ilop-11 B CKCTeMe (FeC12 l! PeCl3),. TaK K IlpK npeodQHJm 
O,ItROft q()p,!H - PeC13 • 

rro ,ItaHHHM MeccdayapOBCKOft cneKTpoMeTpmt, BO Bceu :a:syqeHHOM T8M
nepaTYJJHOM HlITepB8J.le (240-3Io0c) SeJI88~ S8XB8.Tl:lB88TCJI Iq>JICTaJIJISMll 
zre14_ npem.!Yll!8CTBe1mo B qop-11e Pe (II), xoTJI B OTCYTCTBl!e TBep.noft /I1iSli 
zre14 cTeneH:Ei paa~01temut Pec13 He npeBimJaeT IO%. Taltl!M odpaaoM, eCJm 
CBOdO.ItRlift llOP B CKCTeMy onemt8Jll,HO He BBe,I(eH, 8XCil8pli!M8HT8Jil,EO on
pe,I(eJllieMHe 8HaqeHl!JI Daqxp. OTBe'UlDT pacnpe,I(eJIBHIDl nyx .«lJoP., llteJJ:888. 
B TOM lite CJiy'lae, Kor~ ,IUtCCOIJ;lt8IJ;Wr FeCl3 BB8,I(8HK8M ~opa Il0,I(8BJ18H8, 
BKCilepKMeHT noaBOJllieT HaftTH BHaqemtJt, OTB8~tnll:!8 COKpKCT8JIJIH8arnm C 
ZrCl4 T~KO qiop.ru FeCl3 <Drec13> (Ta6.n.3). 

Ta<1mma 3. ara'l!:eHHJI xo~eBTOB coxpKcTBJIJmsarnm i&e~esa c 
zre14 • 

TeMnepaTypa, D sqxp. :3 -6 
n,ee1 °10 Dree1 • 10 

Oc. 3 2 

240 0,21±0,04 2,6j(),3 I,3 
260 0,59_t0,I5 3,0±0,9 3,5 
280 I,47±0,25 3,8,±IyI 7,9 
295 0,58,±0,!5 23±3 2,8 
3IO I,6Q±0,40 43±!3 7,5 

HcnOJ11iay11 no~emrne ,ItaHHHe , MOJKHO pacctmTaT:Ei H sBaqe,JmR n, ~ 1 • 
IlpH peclieTe y,D[TliB8JIJr, qTO 2 

Daq:qi. = <1- a() Drecl3 + olDPeCl2 

r.I(e 
'· 

d• ~eel /{~eel + P:,ecl > • 
2 2 3 . 

p - .n;aBJieBHe H8CH11!8HHOro napa COOTBeTCTBYJIIIBro COB,ll;IIHBHJUJ:. 
Ha .n;ammx peHTr8H()q}880BOrO 8Ii8JIK38 Tilep.Itlix p8.CTBOp()B C,I(eJl8B BU

BO.I(, qTQ :PeCl3 H PeCl2 odpasym llpH COKpKCT8JJ.1lll:38D,D c ZrCl4_ 'l'Bep.nue 
pacTBOJ)ll BH8,tq>BHJtJl (nocTOSIHCTBO MOJIJIP{orO Od!.eMa TBep.nol lfssli IIpil 

BBpllpOB8HJD! co,I(epaaBHJI npmec:a:) • 
YcTSHOBJiemml Hmm gaKT 38XB8T8 IlpKMBCll :a:e.nesa npeJtMY111eC'rll8BHO 

B Bl!,1(8 ,I(ByxB8J.18HTROro llt8~888 (D,ee13<< Drecl ) IIOBBOJDLII llpe,nJ[()Jal'l'l, 
HO:mdl cnocod OtDlCTKH ZrCl4 OT llpHMBCH llte~eaa fiepeKpKC'l'8JIJIJt38IJ;ltel HC

XO,I(HOro "cuporo" Ilpo,l!;j'RT8 B 8'1'MO~pe. co.n;epllllltel CBOdo.I(Hld XJIOp. 
Ilp:a: 8TOM ,I(OCTHr88TCJI omnteHJie CO,I(epz8HKJI IIPJIMBCJI JteJiesa (IIJI[ O,D;RORp8.T
HOM npoBe.n;emm .npo~ecca) IlplldJmsneJiliHo B IO-IOO pea. 
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Hayqemi:e COCTOJlllllJI IlpKMBC:11 llte~eaa B TB0p,I(Off qiaae ZrCl4 Il08BOJm
~o npe.I([Io~omiT:Ei odpaaooomre ?Jel!,IJJ' PeC12 n .zre14 HOBoro coe,IUtHeHKJI 
FeZrC16. Ilpm.ioff CmtTe8, :ll:CXO,I(JI :ll:8 FeCl2 lI ZrCl4, He llp:ll:BO,I(HT K o6pa-
80BaHim T8KOro coe,I(HHemIJI. Ero Y.ItMOCl, IlOJIY'IllTl, HarpeB8HIIeM IlpK 300°c 
1! OCT8TOqllOM .n;aBJieHHH ~ I Ila B Teqemrn 4-x 'I{ BKBHMOJIJIPHOfl CMecn 
FeCl3 :e: ZrCl4• Odpaaonrume PeZrC16 B BTHX onuTax MOlltHO-Od'I>JICmITl, TeM, 
'ITO PeCl2, B03mIK81ClltR!J riplI pna~olltemni: P'eCl3, 06.Jia,ItaeT llOBli!ll8HHOff pe
aKim'.OHHOft cnocodHOCTliD lI BCTYJI88T B pemum:n C ZrCl4• 

CocTaB no~e1rnoro . coe,IUtHeHKJI ycTSHoMeH MeTo;n;oM xm.m<1ecRoro 
8JI8M8HTHOro 8H8Jll188 lI IlO,I(TBepl!r,I(eH .n;amruMll MeccdayapoBCKOff H HK-cneK
TpoCKOmm, Tep.mqecKoro QHa;m:sa, a TaruKe peayJIJ,TaTru.m KSMepeHRH Mar
mrTHoro MOM8HTa. Ilo ,1I,8HHllM peHTr8HOqi080BOro 8H8Jl1!88, PeZrC16 ItpHCT8JI
Jm:8yeTCJI B opTOpoM6:e:qecxofl Cmll'OHim C Il8pru,!8TpaMK arreMeHTapHoft SVIeft
KP{ a= 0,9078+0,0009 HM, b = 0,5827+0,0007 HM :e: c = I,0000+0,00!2 HM, 

- 3 - 3 -z = 2, PpeHTr. = 2,26 r/cM , 91Il!KH. = 2,3 r/CM • 
!Io 8H~OrHqHOff MeTO,I(HKe llOJIY'leHO coe,IUtHemre MCT8B8 PeHfC16• 

IlapaMeTpll OpTOpoM6Rq8CKOft BJieMeHTaJlHOft 11qem BToro coe,I(:ll:HelIW? 
a= 0,905I±0,00I5 HM~ b = 0,5823±0,00IO HM, c = 0,9993±0,00!9 HM H 

~peHTr. = 2,82 r/CM • Bee OCT8JII,Hli8 xaprutTep:e:cTlW! PeHfC16 d~K:11 K 
COOTB8TCTBYJJ!lllM :xaprutTepKCTKRBM 008,I(:ll:Helllll[, CO;D;8Jm8lllero D;HpKOHHff. 

lIJITaSI r~Ba ,I(HCC8PTanmI IlOCBmlleHa HepaBHOBeCHOMY 88XB8TY npHMe
cel HH06;1IH :e: Jte~eaa TBep;n;o:11 qaaoff ZrCl4 :ll:8 IlOTOKa. Om.ITH npoBO,ltllJIK 
no CJie.DYJ]l!efi cxeMe. IloToK rasa-HocnTeJIJI reJIR1I, nacumemndl 
1rapm.m zre14 , nocTynSJI B KBapt:teBYJ) ItaMepy CMememm, r;n;e cMellllIB8JICJI 
C )U)yn!M IlOTOROM reJmJI, CO,I(epml.lltl!M napu npDecHoro KOMIIOH6HTa. ,lla.JJ:ee 
CMec1, napon ZrCl4 H llpiIM8CH nepeHOCHJlB.Cl, (np:e: Re ~ 12) B ;n;ecydJIKMa
niroHHY]J Tpydey (cTemm: TpydIGI TeJ:uOOTa'l'llpoB8Hll IIpK T = 210°c},r;n;e 
IlpoHCXO,ltlJJIO OCSlt,ltemre TBep;n;oro ZrCl4 :ll: 8axB8.T IIpllM8CH ;n;ecydJmMaTOM. 
B HeROTOpliX OIIUTSX no Hsyqemm nOBO,IJ;eHRJI npmAeCK llteJI88Q B ~poBYJ) qia.
BY BBO,ltl,tJIII cy.xol OB06o,wmfl x.nop. 

Macey B1l,1teJllllllll8rOCSI Ba paaHWC yqBCTitaX BOHli ;n;ecy6JDD.!8nT!{H ZrCl4 
Ollpe,I(eJllJJIH cneitTpoqlOTOMeTI)H"ieCRH, co;n;ep,uume IIpHM6CR B TeTptrJIOpB',lte 
1\lIPXOBltSI :aaxo;n;wm no .lt8HHlD4 P8JVilOMe~pxqecrun: naMepeBd. Saas: 1toimen
TpaitHII ZrCl4 :e: IIpHM6CHOro ItOMIIOH8HTa B napoBoft q:aae (;o;o HQ'lJSJlQ OC8Jt-
1t8muJ'.) , pacc'llitTHl!QJI:ll no ypaimemm Jtepirnpa-rocromca a@}eRTHBIWI 1toag,.. 
iIJi,mlleHT BSXBaTa k 9 • 'l'.lnnrome peBfJIJ,TaTH, :xapaxTepKsYIJll!!e snaq~mur 
As B 38.Bli[CJD,fOOTH OT nepeOUlll8muJ'. 8, IlpKB8,I(6HH B Ta~e,4. Ha ,wwma: 

M8CC6ay8poBOROI cneRTpoCEOIIllll OJie;o;yeT, 'ITO npxwec1, llteJiesa IlpK OC83,lte
mm 118 IlOTOlta BSXBaTHB8.8TOH OC8Jtlt()M npem.,yllteCTBeBHO B BR;o;8 ,ttB;yXBMeHT
HOro ZeJiesa. IIpeRMylll80TBemmff 88XB8.T Pe(II) 'l'Bep.noff' qiaaol IIO..IJ;TB8~ 
TaDe ,ttamllle no yueHl,lllemm saxBa.Ta IIpHMec:ir ze.nesa Oca,ItROM IIpK BBe..IJ;emm 
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Ta6~. Jf,amrue no aax:sazy npmtecett mro6rut H l!teJieaa TBeMofl 
qaaofl zre14 npn paanux HCXO.D;HHX nepec!1IllemuJX.Mrutpo-
ItOMIIOH8HTa, 

Hcxo~rur qopMa npl!Mec11 

95:NbOCl J 
55:,eo1

3 
(6es 012) 55:,e013 (c 012) 

s 1'. •I02 
B s 1'. •I02 

8 s ')-.. ,IQ2 
B 

I8 4,0.±I,I I2 9.±2 23 5,I±I,l 
2I 6,2:tI,3 14 I2;t2 25 ?,3±I,6 
29 6,1±1,3 55 9_±2 35 5,0,±I,l 
!20 3,I±I,l 128 I0.±2 169 4,9.±1,I 
246 3,?.±I,I 155 II±2 192 5,5.±I,2 

B napoBYJO qaay coo6o~oro XJiopa, 'IITO IIJlKBO.ttKT K no,ItaBJiemm peaxmm 
Tep11H"11ecxoro pasJioJtemm: Fec13• B peayJII,TaTe cmmemmMaccoool .ItOJ'JJII. 
:PeOl2 B CHCTeMe HaMeHJieTCJ! SHa'lleHHe A 

9 
B OIIHTSX, IlpOB8,ll;eHH!D( 0 HC

IlOJII,30BaHHeM oBo6o~oro XJIOpa. Ha no.7JY1IeHHmt .It8HHHX CJieJzy'eT, 'lfJ.'O ooc
To.amre l!teJiesa B ocimite nepaBHoBeono. 

C,1J;e.nan O~OsHatJHm! DJ.lBO.It O 40pM8X 38XB8.Ta npm(80H Hl'.I06WI TBep
.ItOff qasofl ZrCl4 C IlOMOIItI,JJ TOro lite MeTO,Ita, KOTO:pwl 6wr HCIIOJil,30B8H npn 
l'.13y-qemm paBHOBeCHOff COKl)l'.ICTaJIJ'JJII.3tmHH, 0:KB.SaJIOCI, HeBOSMOlltHO n-aa 
mtSKOro CO.It8:plUIHRll mro6rut D IIOJiy-qaeMux npn ,1J;ecy6JJJN8nira o6paanax, KO
TOpoe 3H8'11HT8JI!,HO Hmte npe,ll;eJIB. 06Hapy1temm: M8TO,Ita. IIOBTOMY Oyl!t,It8mtri 
o qop11ax aSXBB.Ta IIl)l'.!MeOl'.I mro6:wi: 008,ltKOM O,ll;8JI8Hl,i na oOHoBe amumsa Kll

HeTll'.'llecxoA MO.It8JI1'.1 38XB8.Ta Ilpl'.IM80H OOEmltOM. Tax :Kalt IIpH BapY,HpoB8Hl'.IH S 

B sna'lll'.IT8JI!,mIX npe.IteJiaX (60Jiee -qeM Ha nopsmox) ana-qemm: 1'. 
9 

6wm 
IIOOTOmmH, TO MOlltHO SaxJI!l'IIB:TI,, 'IITO IlpOHOXO,ll;HT 38XBaT -'.l'OJil,RO o~ol 
qop.ru npm.!801'.I, IIpH'lleM :WOCOBaJI .ItOJUI BTOI qop.m IlplIM80H B nape IIOOTO.mt
Ha. Mo:mo IIpe,ttllOJIOlltRTl>, 'IITO B IIJ)llOYTOTmm 60JII,moro H36HTRS. ZrCl4 B 
r~soooff qase sa o-qeT peaxmm M8l!t,Ily zre14 H Nboo13 06pasyeTCJ1 Hb0i5: 

zre14 + NbOOlJ ~ NbC15 + ZrOC12 

H HM8HHO HbCl5 nepexo,ItRT B .It8Cy6.mula'l'. 

B meoTol rJiaBe .ttl{008l)TtmHH IIO,ll;Be,ll;eHH OOHOB!Ili8 HTOrH pa6oTH H o6-
0YJOt8HH Ha6~aewe 38XOHOM81JHOOTH lI JmJieHHJI. . 

RlBOJtII 
l. Ilpe,1J;JIOllt8H MeTO.ttl{'llecm IIO,ll;XO.It R Hay-qemm M8X8Bl!3Ma oy6JI1D11a

I!;HOHHO.:..Iteoy6miMtmaOHHUX npoueooOB' nos BOJUIDitHI BWmHTI, l)OJII, 06'!>8MHOro 
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li,IIOBepxHOOTHOro'giasoBH,ll;eJielm.lI, npoCJie,IJ;RTI, OHTOreHea .Iteoy6JIIDJiaTa H 
IIOB8,ll;8Hl'.18 Mmtp0IIpm.iecel IIpl( STOM. Ilo,ItXO.It BK.ll])1Ul8T npoBe.IteHHe' cy6JIIDJia
UROHHO-~eoy6JmMrutilomi.ux BKOIIel)l'.IM~HTOB no· cneI!;HantHID/1 cxeMaM ll IIOCJie
.icrmtd Mopql()Jiomecw a.Haims TB8l).ItOfl·qaaa O·HCIIOJII,30B8Hl'.leM·citaHHpyn
~el M8KTl)OHHOfl Milltl)OOKOIIHH, a T8ltllt8 pa,ll;HOM8Tl)l'.1'180KH8 ll3M8peHWI ·co
,It8pll[8.HIDI Ilpl'.IM8Cll D HOXO~OM _npo.ItYJtT8 H ,ll;ecy6JmMaTe •. 8'.l'OT IIOJtXO.It 6WI 
onpo6oBa.H Ha IIl)l'.IMepe :iicCJie.ItoBaHIDI·cy6Jm:M8UROHHOfl O'llllCTKH zre14 OT 
npHMecel HH06mi: l'.I l[8JI8Sa,'M8'110HHUX pa,ItHOHYRJIH.ItaMH HH06d-95 H l!t8JI830-
55 o U8JII,D no.nyqen:wr iil'IpxoHWI peaxTOIJHOff 'lll'.ICTOTI:l. . ···' -

2. Ill)l'.I .Itecy6J'JJII.MaURH zre14 B yCJiomi:mc noroxa o6'!>eMHakn noBep:x
HOCTlIBJI 'eyIU188I!;Hll IIpOHCXO,ttJlT C 001'.ISMepm.mMK CKO!)OCTSJMH. 06'!>eMH8.fI HYK
Jieauast IIl)l'.IBO.ttl{T 'it '40p.mp()B8llllll Kl)l'.ICT8.JIJm"l8ClWX Mmtpo'I.8.C'rRU, a IIOBep:x
HOCTH8Ji - K noJIBJiem nepBOHB.tJ.8.JII,HO mioPl?irnx o6pasoB8lill~ .• :KOTopue B 
XO,ll;8 OIII:lTa Kl)HCTaJIJil'ISymCH-H o6pa3yDT IIOJII:le Ctpepoo6paaHH8 40pMH. ETH 
npoueoca ii co"l:eTamm c arper~ea l'.I 8,ll;reanel Kl)l'.ICT8JIJIH1leoiwx 'I.8.CTIIU 
o6ycJioBJm:B8DT MHoros:pyCHYJ) Hepa:pxn:-qecKyJJ CTPYKTYW ,1J;ecy6JIHMaTa, 

3. II0.7JY1IeHa aMO!~Hliui: <!Jc)p.1a ZrC14 , KOTOpruI IDd88T II~BI:llileHHYJ) IIJIOT
HOCT:& ( p = 2, 98.:f0,15 r/cri3) no CpaBH8Hml. c It!)HCTB.JJJm'leCI«>fl qopMofl li 

· xapaxTel)l'.layeTCJI noHlll!teimol cxopocTLD Hcmipemt11. · · ., ' 
4. Ilpl'.IMeC:& HH06rut H ZeJiesa 38XB8.TW38.8TCR OCimitOM TeTpaXJIOl)l'.I.Ita 

URpROmtll npeHMYJ!leCTBeHHo 'B o~ott qopMe. B CJiy-qae :e:cxo.ItHoff ifoIMR HII0-

6n:SI Nboo13 npm11ec1, aaxBaTHBaeTCJI B BH.Ite Nbol5 c o6paao~eM TBep,11;oro 
paCTBOpa ,ll;OIIOJIH8HWI, a B CJJY'I88 liICXO~Off 40pMI:l llteJieaa PeCl3 ;.. B BH,ll;8 

PeC12 o o6paaoB8.Bl!eM TB8MOro pacTBOpa BHe.Itl)eHIDI, " • 
5. Ill)l'.I TeMiiepai-ype 240-3I0°C onpe,ll;eJieHI:l paBHoBecHae xosqxlmoteH

TH C~ltl)l'.ICTaJIJim3an;o _D 1'eCl2, PeCl3 ~ !lbCl5 c ZrCl4., aJa-qeHH.f! D OCT8JOT
CJI ~TH'lleCKH IIOCTOS!Hmml'.I IIplI YMem,meHHH xonneHTpaum![ npm!ecefl OT I 
,11;0 1□-3-1□-1_MOJII,H~% a: xapaxTel)l'.laym pacnpe.IteJiemre.npmiecliI, co.IteJ)llta
uiel pa,ll;HOJIYXJIH,lt des HOOl'.ITe'JIEI. 'SaxBa.T pa,ll;HOHyltJilJ.ltOB llteJieso-55 H mrodd-
95 nl)l'.I ,1J;ecy6JIIDl8Itl'JR ,;re14 B noTOKe raaa-nocl'.ITeM (orewepazypa 210°c) 
no,lt'mHS!eTCJI ypam1emm .Itepnepa,--ro~ltllllca c >,,s Pe-55 = O,I0,±0,021'.I 
1'.s Nb-95 = 0,046,±0,005. ·. 

. "6. _Ilpe,ll;JIO~eH·Homn! cnoco6 rJIY60KOfl 01Jl'.ICTRH ZrCl4 OT IIl)l'.IM8CH ze
Jieaa, B 1W.CTHOCTH, OT ~OHYitJIH.Il0l3 ze~esa, OCHOBa.HHI:ll Ha Y.It8pzamtl'.I 
_IIl)l'.IMecn ,xeJie~a B ~eoop6npyeMol ,1J;ecy6.'lmMaToM q,c>P4e Peo13 aa c"leT IIO,ItaB
~eHl'.ISI .ttl{CCOI!;H8I!;Hll PeCl3 BBe,ll;eHHeM B ClICTeMY H36HTO'IIHOro OB06o~oro . 
XJIO~. Cnqco6 ,ItaeT BOSMOEIOCTI, IIOJiy-qHTJ, ZrCl4 _o co,11;e:Iizmm~M l!t8JI838 
lo-4 Mace.% l'.I mme, 'IITO SH8'11HT8JII,HO npeBli!ll8.8T COBpeM8HHHe Tpe6oBaHim 
K peaRTOpHOMy- I!;HpROHlill, 

?. RlsmJieH HOBHfl.nyn cmtTeaa neycTofl'!JlIBHX coe,ItHHeHd, saitJill'I8lr
l!tllflc.11 B TOM, 'IITO O.ItHH l'.13 pearenToB; yqaoTBYJlltl!X B OHHTeae, IIl)l'.I Harpe
Ba.HHH aa C'lleT paSJIOl!eHIDI nepexO,ll;l'.IT B HOBYD BaJI8HTHYJO qopq, B38l!MO-
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;ztelcTBRe KOTopol co BTOpm.1.peareHTOM K npHBO,D;IIT K odpa30B8HHI) HOBOro 
coe.u;11Helilm. Talt, :r.012 , odpa3YJ)ltHICJI IIIJR pasJiozemm B rasoBOA <Iese 
PeCl3,·pearnpyeT c·zrc14 lL7m: HfCl4 c odpaso:samreM COOTB8TCTB8HHO 
Pezrc16 H PeHfC16• 

MaTepxaJIH .u;11ccepTanmr·oTpa.JEeH1I B CJie.DYJIIIIDC padoTax: 

l. lieMOHocoB c.c., Jiede;zteB B.H., MeJmXOB H.B. ~ri:emte COKJlHCTSJJJm
sanmr IIpHM8CR napa-36clIC6H4 C napa-I2C6H4·B CRCT8M8 nap-TB8M08 
TeJIO. PlwJOXRMWt, 1980, T.22, Ji 3, c.32!-326. . 

2. Jiede;zteB B.H., lieMOHocoB C.C., Me.ma:oB H.B. HcCJie,noB8ID!e pamoBec
aofl COltpHCT8JJJmSSitH RS napa RSOMOpqlHOII (1'b0Cl3) ]I[ HeRSOMOpqlHOI 
(:reCl3) llpHM8Cl'I C ltpHCT8JIJI8Mlll Zl'Cl4• Teop. OCHOBH xm.1.TSXHOJIOl'lim, 
1983, T.17, Ji 5, c.714. 

3. Jiede;zteB B.H., EemoaocoB c.c., MeJmXOB H.B. Co1tpHCTMJm3~ IIIJR• 
M8Cl'I 10>0013 H·P8Cl3 C Zl'Cl4 B CHCT8M8 "nap-TBeJW!JI qnsa". !IpHM8H8:
HH8 pa,D;IIOHyl(Jm.ItOB R ROHl!SHpYJJIIHX RSJJY'l8mrl B Hay,mHX RCCJI8;ItOBaHWDC 

:a Hapo;ItHOMX03JIIICTBe. '!JacTI> I. l'aJii,toxmaq. celtltlUI: Tes. ;ztou. 
H8)"1HO-Te:xmI11. ROHqiepeHillD!, CB8MJIOBCK, HTO,. 1983, c.15-17. . 

4. liep;ztoHocoB c.c., Jiede,tteB B.H., Me.maoB H.B. PeElltnm c nepeHocOM 
9JleKTpoHa IIIJR c~oHHo-;zteoyCSJnoauo:toHHoll 01DicT1te raJioreBlf;ItOB 
M8T8JIJIOB. YlI BcecomH • -ltOHqJepeHIJ;HJI no MeTO,It8M IIOJJY'leHl!Si JI[ 8H8Jll1Sa 

BHCOltO"DICTHX B81118CTB. Tes • .iou. B 2-x -q., r.rop!,m: HH-T DMlDt 

AH CCCP, 1985, -q.I, c.37-38. 
5. EemoHocoB c.c., Jiede;zteB B.H. Pamtonecmdl K Hepa.BHoBeCHHII saxmT 

IIpHMec:a TBeMOI <Ie,sofl Jil'.9 nape. ill BceCOllSHIU[ ROHqiepeHIJ;HJI no MaCCO
BOI lt~C'l'8JJ.lm98.Itlm R ltpJll:CT8Jl.llJI38IUIOHH!AI MeTO;ItaM pas;It8JI8mts CM8Cel. 
Tes. ;ItOKJm;ItOB, r.~81Jlt8CCll, OT;It. lllfflT3Imila, !985, c.57-58. 

6 • .D:ede;zteB B.H., liep;ztOHOCOB c.c., lleJmxOB H.B., hdpll'Dllll II.B. HoBOe 
C08;ItBHeHlle :rezrc16. BecTH. Moc1t. YH-T8, Xmma, !984, T.25, Ji 6, 
c.672. 

7. Jiede;zteB B.H., BeMOHOCOB c.c., liaTpaltOB ll.t., X~OB K.r., lleJm
XOB H.B. 0olq)Jl[OT8.JIJill8~ BS raaoBOI p.su, conpn:eoz:n;aJJIIBflCR pas
Jl0Jt8HlteM JIOXO;ItHOI ll>Opm IIJIDl80ll. l. COltpl[OT8.JUIDlnu 9510>0013 JI 
955bC15 c zrc14• Pa.ltKOXBMJIJI, 1985, 'l'.27, J 6, o.765-77!. 

a • .llede;zteB B.H., EemoHooo:e c.c., lleJmxoB H.B., kdPJCIDml II.B. CoxpKo

T8JLD98I\U n rasoBOI p.su, oonpo~,..aJIOJI ~SJI~emte11 BCXO;ItHol 
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