
cltt3CL 
3- ~~6 

0BbEDJ..1HEHHbli/l 
J..1HCTY1TYT 
HDEPHblX 

J..1CCflEDOBAHJ..1!/i 

lly6Ha 
1842 

.11, 3Bapa, T. C. 3BapoBa, M. Kp >KHBa HeK, 10, T. LJ:y6ypKoB 

DP.l1MEHEH.l1E fA300BPA3HbiX fAflOfEH.l1llOB 
llfl.H BbiCTPOfO PA3llEflEH.l1.H DPOllYKTOB 

.HllEPHbiX PEAKU.l111. 

11. 3AKOHOMEPHOCT.l1 OBPA30BAH.l1.H 
JIETYLJ:YiX XflOP.l1llOB Zr 97 .11 Mo101,102 

DP.l1 B3A.l1MOllEHCTB.l1.11 OCKOflKOB llEflEH.l1.H 
C DAPAM.l1 XflOPCOllEP)I<Alli.l1X COEll.l1HEH.l111 



• 

2766/3 np. 
, VI. H .1\P• 
HeHHe ra3o
orem~.TI;OB .l.JI.H 
~eJieHittH 
epHbiX pe.aK

I9fi4. 

---

1842 

H.3sapa, T,C,3sapoaa, M;;KplKB&aBelt, IO.T.'Iyt5ypxos 

llPHMEHEHHE rA300BPA3HbiX rAnOrEHHilOB 
Jln$1 BbiCTPorO PA311EnEHH.R llPOilYKTOB 

- .RllEPHbiX PEAKUHA. 

Ill 3AKOHOMEPHOCTH OBPA30BAHH.R 
nBTY'IHX XnOPHllOB zr9i H '11~101,102 

OPH B3AHM011EACTBHH OCKonKOB JlEnEHH.R 
C DAPAMH XnOPCOJlSPlKA.W.HX COEJlHHEHHA . 

.,~~-t~_Ht.tlf -~lfTYT 
'-iiUk~:i':_;,~~;JzeJ,O.,HJl': 
'·~~ 'SK-GliMOTEKA 

~ . :._ . 

.l. 

\ 



-. /1,2/ . 
8 IIpellblAYIQel pa60'l'e Ci&UIO DOK438BO, 'ITO DpH TOPWOlK&RHB OCltOJIKOB ll&neJIIISI 

~ 0 
ypaaa B DOTOKe ropsrrero () 170 } ra38 ( N2 , B03llyX, Cl2' ), COll&PlKaDl&ro naplbl ZrCJ4 
DpR, napuH&m.BOW A8Bn&IIBR OKOliO 0,1 WW PT• CT., 8T0Wibl Zr

97 C 150nJ.moll &4MjleJtTH~ 
BOCTbJO TpaBCIIOPTHPYIOTCSI OT )o(HJUQHR IIOTOKOW ,Toro ra38. -8.: CKOBll&JICBpOB8BBOW Z tCJ 4 
( 'BOCHTene') 6&tn o6aapylKeB Dp8IT&;'I&CKB sec& Zr 

97 
1 DpB'Ie)o( B 3H8'1BT811J;oHOI CTelle-

. . . 97 
liB O'IBIQ&HHibll OT llPl'I'R~ ~OllYKTOB t~eneHRII. __ ABTOplbl npet~nonoltaUDl, 'ITO aTO)o(J,I Zr 

CTa6anaaupyiO'l'ca a ljlopwe Zr c14 • 'ITO, cneAOB&Ten&ao,. -~r CI4 HBnHTCH xnoplfp)'JOIIIHI\4 • 

ar&BTO.)o( · B B30TOJIHibiW HOCRT&ll&ll( Ill! II 8TOMOB 0Tll8"11to 

Aaanornahle npollecChl Morna 6hl CT&TJ> OCl!OaoA CihiCTphiX a aenpephiBHWX weTOilOB 

P831l8ll811BH DPOllYXTOB ~epllhiX peaKJlBII B r&30BOI tjlaae • .nna paapaCiOTJtB ·T8XBX MeTOllOB 

R&o6XOllBMO R3yqRT& BIIBHIIB& yCDOBHII 0DhiT8 B8 o6p830BaBH8 ODp&ll&ll&IIHhiX C08ARR&Ball 

8TOMOB O'l'll8'1H H R8 &¢4eKTBBIIOCT& nepeiiOC8 Monexyn 3TBX COQllBII&HBI DOTOKOW raaa. 

0cROBBhl)o(H tjlaxTopaWB , IIQ-oBRllBWO)o(y, HBIISIIOTCH TeMJiepaTypa B COOT8B raaa. 

Uen&JO II~TOSI!Qel pa60Thl Cihlno aayqeBBe anamma TeMJiepaTyphl H JlPHCyTCTBB.II B . .raao-· 

BOW DO'l'Oite D8pOB . B30TOIIRhiX B IIQRBOTOIIIIhiX xnopRARhiX ROCRT&nel 118 DepeROC OCKOIIO!Qifoa 

B30TODOB nBpltOIIBB, l\40JIJI6A&H8 B . peAK03&Men&RhiX &neMeRTOB. 8 U'I&CTM IIOCB'i'enell H~ 

non&aoaanac& ne-ryqae xnopBilhl JXBpKOHBH, aaooaa, T&RTana, MOnBCilleRa, cene11a, THT8Ra 

a onoaa. 

Ocaoaaoll onpeAenaewoll aenaqaaol 61o1na 'a~KTBBBOCT& nepeaoca' 'I - OTRomeBHe 

'IBCD8 8TOMOB H3yqaeworo p81lROH30TOD8, o6aapylKeRHhiX B ra30BOM DOTQJ[Q 118 OBpQll&li&&

HOW 38ll8BIIOM Yll8n&RBH OT MHW&HR, II: 06W&My 'IHCny &THX 8TOMOB, D008ll8JOWHX B r,a3 B3 . 

MHW811Bo 

On_lol'l!hl JlPOBO.IlB~C& II&- ycTaHOBite; uoxa38HHOI cxe ... TH'I&ClDI ·11a puc. 1_. B DpQTO'l-

1101 tropounac.;.oaoll a~ ne (1 ) uowemanae& Mlliii&H& (2) ._ Mall!e.. CibUla llatrOTOBnella aa 

BloiCOJtooCiora!QeHROl'O ypaaa-235 R IIpellCT8Bllllll4 !=o&l enol! U3 0a , 118R8C&HHioll 88 CliiOllSI

ByJO nollnOlKKY a 38Kp&tTw1l tropounacTO&ol IUieBJtoll 1'01111U1Bol 1,65 wrlcM
2• Mawem. Cilblna 

CBepllyT8 B Tpy6Jty llB8MeTJWW 20 MM. AMJiy118, o(SorpeaaJJac& 3li&K1'P!A8CKOll 118'11>10 (8). 

Mame& o6Jtyqanae& aeiTJ)oJJa~· OT t.raBllapT~a~ P•-Be a~I.TpORllhiX aCTO'llnntoa (4); uo-

- We!Q&¥8YX B B81111¥ C \'IOAOA !38W81UU1Tell!o). -noroK TellliOB&IX 11eiTpOIIOB 88 MBWQRB COCT8B-> 

n~ upflN4PBO _1Jl it/c.J Celt. . 
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OnbiThl npoaonHnHCb a nayx aaiiHaHTax •. B nep50M npH o6nyqenHII MHW9HH HeiiTpoRa

MH qepea aMnyny ( 1) Renpep&IBRO npouycKancH cyxoll raa, coaeplKaWHII napbl ROCHTenH 

( napnRIIIlbHaH ynpyrocTb 0, 5-1 MM pT. cT,, ecnH ne yKa3aRo npyroe), ]J.nH o6ecne"!eHH!I 

• 
RYlKROII KOHil9HTpallHR HOCRT911!1 r'83 nepen IIOCTYUII9RH9M B aMnyny nponycKaiiC!I "!9p93 

Tpy6Ky, 38UOIIB9RBYIO TB9p.tlblM IWCBT9119M (5), o6orp9B89MYIO 119"1b!O (6).'c TepMoperyn!ITO

pOM, TeMnepaTypa B 'ne'in (3) 6&ma acei-ne BblW9, "19M B ~S"'R ('6) •. npli npHM9H9HRH 

Ti ti~ B. 'sn Cl
4 

B K9"19CTB9 HOCRT9119II r'83 H8CbiWanCR napaMH B OXIIaiJ<iJ.aeMOM f5apf5o'l'ep€i 

C lKHtlKHM xnopB.tiOM, f'aa IIJ?OXO.tiM paCCTOli'HH9 OT MHllleHH .t\0 IIOBYWKR (7) 38 15 'cel<'yH.tl, B IIOBytu-

11:9 IIOCHT911b 'KolineHCHpOB811CH, a r'83 UPOMbiBIIIIC!I p8CTBOpOM KHCIIOTblo 0Ubl'l' 
97 101 102 

4-5 "18Co5· npH KayqeuHB Zt e oRono 1 '18C8 nps p8!5oTe c Mo ' · 

nponolllK8tlcH 

• B KOHU9 

onbiT8 npeKpaW8118Cb nona"'8 raa8; KciHneHca'l' H npOMbi»HOii p8CTB0p H3 IIOBYWKH o6'b9.t1H-

H!IIIHCb H KOIIH'l9CTB9HBO 8H81183Bp05811HCb c IIOMOWbiO paAHOXHMB"'9CKHX M9TO.tl05, B cneuHallb

RblX OUbiTaX 6&1,110 ycTaBOBII9HO, 'ITO 5 IIOBYWK9 KOIIB"'9CTB9HHO aaneplKHB810TC!I IIHT9p9CyiOWR& 

aac . H30TOUbl, 

· Bo .5T0boM aapuaRTe on&xTo5, 8Mnyi!a aaa'l8n·e aanoiiHHnacb "'HCTbiM raaoM X:. npu KOM

H8THol! T~Mnep~Type ~611Y'l8118Cb ileiiTpoHaMH 5 Te"'eHue nayx nepaonoa nonypilcn8na sayqae

Moro B30TOUa, 3aTaM· oillly:.reHH9 CHBM8110Cb 0 H llpH Harpe58HBH "19p93 8MUyny nponyCK8118Cb B Te

·'l9B~S ,SQ MHIIYT CM9Cb .raaa C napaMH HOCBT9JUI, Upll TEIX lK9 nap8M9Tpax, "'TO H 5 nep50M .58pH8RT9, 

, " "it'HnHHripB'la'CKB!I <jlopM8 MBWeH'il, ee .t1H8M9Tp B TOixWHH8 HH9pTHOll 11119HKB 0 UOKpblB8IO

W9lf cnoll"iten'iwxeroCR 59W9CTB8, 6biJlB 5hl6paBhl C 'r.!lKHM' p8C'f9TOI•A, "'T06bl OCT8TO'!Hbl9 npo

oe~~-o,~bex OC~OIIK05, npof5HB810WHX 11119HKY 1 IIOIIHOCfl.IO yKII'8.tlblB811HCb B r'830B09 npoc;p8H-

/2/ 
CTBO , nbaTOMY of5wee KOIIH"19CTBO 8TOMOB H3Y"'89M0r'O H30TOUa, nona.[I810W99 B r'830Bblll 

Ol5'b'eMi MOlKHO f5blll0 .llDp9};1911HTb B OT.tleJlbBOM Ollb1T9, UOr'IIOW8!1 OCKOIIKB };19119HB!I1 Bblll9TaiO

lllH9. H3 Ml!W9Hif, s ToncToll· no cpaaHeHHIO c HX npo6eroM aniOMBBHeaoll lj>onbre. 

•· /Bb!neneHB9 H pall,HOXHMH"'9CK8!1 O"'HCTK8 z~7 OCH05blliaiiHCb HI! OCalK.t19HHH l3aZrF6 
181 

R MBH.tlaii!ITa UHpKOHHB , B cnyqae H30TOIIOB MOIIH6neaa BCIIOIIb30BallaCb 3KCTpaKUB!I 

f5eH30HHOKCHMaTa M011Hf5neaa 3THII81l9TaTOM C peaKCTpAKUH9H aMMHaKOM II OCalK};I9HH9M 
141 . 

Pb Mo 0 4 

B. onbxTax npHMaRBIII!Cb T9XHB'I9CKHe r83bi: .N2 , c12 , . co2 , Ar. , KoTopbxe ablcy-

mBaf!ll!ICb 6e3BO.t1HbiM M &(Cl 04 )2 11,118 B03rOHKOII B IIOTOK r'8381 119r'KO rH};IpOIIB3YIOWerOC!I XliO

pH~a HOCaT911B C IIOCIIBnymweft era KOij.[I9HC8UBell B ~BpPTpanaeft na~8, A30T BbiCYWRBanCB 

0 
TBKlKe ,abiMopalKHaaaeeM napoa .aonM npa -100 • nocnenaae naa cnoco68, no-eanuMoMy, .. aau-

6on.ee a<l>¢eKTaBRbl. 

X110pRJ:Ibl.,;, HOCHT911H f5biiiH MB{>KH •q• Hill! I'OTOBHIIHCb H3 p98KTHBOB COOTB9TCTBYIOWelt 

'lHCTOTbl., npoBO.tiHIISCb l:J.OeiBBO'lHaH O"'HCTKa B03r'OHKOII 

neperoaKoll I Ti ct4 , Sn ct 4 I. 

4 
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B TOKe asoTa BIIH <jlpaKUHOHROII 
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Pe@iQkTtrW a 06$tmAtBBe' 

0CHOBHbl.8 3KCII8pRMell'l'am.Hlol8 .t14HBb1.8 IIJIIB9.1l81JW B Ta§naneX J 
1 

2 B ~ 
' ·-' ' ..... 

onpeuene~st 'f/ §blna Oltono 10%, .~BCTBBTI!IIJollOCTb o§upyllt~BBJI!.:~epeaoc 

BB.tiHO, IIJIBM8HSI8Mhl8 raabl., B "18CTHOCTil 'lBCTblll. xnop, · C8MH DO 98§e 0Jt4tU 

THBBhiMB .ans .nepeaoca B30Tonoa Zr a Mo , ~·· To JKe. apeMH cpe.aa H~Y'fa 
" I 

HM98TCSI ll8n!d pJt.ll'' ·B8B30TODBbiX :IUIOpB.[IBWX BOCHTenell, B IIJIB~TTCTBHH KOT• 
•, 0 ' .·• . 

Zr B Mo npB 1.80. npaB:TH"l8CKH lt011B'I9CTB8li.BO 118p8HOCBTCll raaOBWM DOTC 
I 

KBK llpB IIpiiMeaena aaOToJIRhiX BOC&Tenelt, Ec'l'b, OilB&Ko, xn6):1K.ahl, c 11:0~ 

aneT ae 
. . ' . \ . 101,102 

nonaoc'l'bm una aoace ae 'llneT •. Tax, HaupaMep, lrfo IIBIIIb ,• 
97 . ' 

ROCHTCll c napaMa Ti Cl4 a Sn C14 , a Zr ·coBCeM He TpaacnoJ!'I'apyeT' 

pa.aaMH, a TaxtlKe "l&TblpexxnopacT&IM ceneaoM, 

97 :fi'' 3<1>¢eKTBaaoc'l'b nepeHoca Zr c lfbCls a npyraMB. :uopa · e 

npapo.llhl acnon~oayeMoro raaa ( TaeinHna I), a, no,-unBM. OMY, ·eT.O o6 ..•. • .• ~ .. · ~ 
97 ' 101.,102 . . ' 

Ha npaMepe nepeHoca Zr c N b C1 5 ( TB611Bna 1) a 'Mo \ ,t. c ~ap , 

BIIAHO, 'IT~ '1/ pes11:o aaaacaT oT TeMnepaTypbl raaoaoro -rpa~•· Cn~e'i' 
101,102 0 . .:.!... 

'lTil DepeliOC Mo C llBPiiiMJI Tl C14 npa 180 D~lleT BoB'" 80'11! DpB , 
, I ' 

napn~~;am.&oro naa11ena Tl C14 a raae c 2, 5 .110 ,.0, 75 MM vf• O'l'i 

'HB npa Kaxax ycno&HSIX He Hlil6n~nallcB nepeHoo HsOTOnoa.pe.aKOaeM~ 
I . 

nonyqeHH8B B Bo8CTOBW8ll pa60T8 COBOII:yDBOOTb SKCil8~BM~8nbBWX .1181 

11!19'1' cnenaTb O.tiH03H8'fHble BhiBO.Qbl 0 M9X8HHSM8 Depeaoca AWMOB.OTIIB"'B··.r .. '' 
!tOM, MalKHO TOI!bKo BhiCB:aaaTb HYxtOTilpble npen~nOlK&HHB o MBII:POCKOIIB'I8Cl 

I ' 
aay'laeMoro .nponecca, c noMOIIIIoto xOTopoll MOlltllo §wno §w o<51.11CIIIn'lo ·aa 

S81tOII.OM8pliOCTH, 

Mb1 C"'BTMM, 'ITO xnopunabxe aocuTena (a Ta~~:x<e cao6oJiilwA lUlOp, eCll 

CTayeT) neliCTB:flOT H8 8TOMbl OT.ti8"1H J[aK . xn~pBpyto~l9 , areli.Tbl B llpB 'p~ 
~ ' ) ~ 

MOnexynbl Bb!CIIIB'X XIIOPIIAO~· .naHBbiX 8118M9HTOB, 1'808 KIIK Zf. . C14 ( T, 1!10: 
101,102 0 0 

llo C1 5 (T, KRI'I, 268 ), Lac13 (T,ItRD, 1750 ) H T •. n, Miol ~e.anona1 

'ITO 3TO B38HMOllSliC'I'BB9 IIJIOT9K48T 15blCTp0 ~. CpalaH8BBIO 0 UpOilonlKIITenloBO 

oiibiToa. "Sonee nonpO§uo nponec.c XnopliJIOBaiDIB ,6y.neT ot5cylKAaTbcll BBJKe, 

'C'oenaHeaas Z·rC14 
'' '\ 

CJ?8BlDI'l'8nbHO . IIB'l'f'IB, S:O .t18lK9 M0119X)'< a MoCis 

M&Hee neTyqax coenaaeuall ae nonlKBiol xo~·eac~~p.oaaTbCB ua C'!'eBB:ax a1111apa~ 

' 15bl.1ili eilol nepeHOCR'I'bCB IIOTOKOM raa·a, TIIK ·KAK BX. napnBallbH09 · QaBneHHe, p4 
. .. -15 

DO KOIIH'l9CTB)' OCKOIIKOB .t19119HBB, eihiiiO B R8111J1lt, Oilio!TIIX 110pll,tiK8 10 MM 

HO, , OCHOBHbiM lj>aB:TOpOM, CHHlKaJOUlHM- 81jMjleK1'11BRQC'I'b nepeJrOCa C H8B3'"0DRI>J 

MD, BBnaeTCB ~cop611Bll Mon&B:yn MBII:p0KOMDOH8HT8 ·HB CTBHKaX aunapaTypbl, 

,M0119KYIIB BnCOp6Bp)'8TC!I IIJI8KTB'l9CKB DpB K8lKAOM CTOIIKHOB9HHH CO CT9HKOj 

6 
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a nsyx sapaaaTax •. B nepaoM npa o6rry'<eiiHH MHWeHII aei!Tpoaa

aenpepbiBHO nponycxanca cyxoi! ras, conep*amai! napbl HOCHTena 

0,5-1 MM pT.cT., ecna ae yxasaHo npyroe). llna o6ecneqeHIIR 

• ras rrepen nocTynneHHeM a aMnyny nponycxanca qepes 

TseprrbiM aocaTeneM (5), o6orpeaaeMY19 ne'<b!O (6) c TepMoperymrro-

6bina acef.na Elb!We, 'iSM B ~Q'ill (6) • np~ npHM8H8HHII 

B xaqeCTB8 HOCHTerrei! ras HaCbiDlarrCR Dl\paMII B OXnaif<naeMOM 6ap60TepE{ 

ras npOXOAIIrr paCCTOSHII8 OT MIIWEtl!H AO rrosyWKII (7) 3a 15 'ceKyHAo B nosyfu-

ras rrpoMbisanca pacTsopoM lj:IICrrOTbi. Onbl'l' 

1 . 
6 

M 101,10.2 
II OKOrrO qaca npll pa OT8 C 0 

rrponon>Ka11ca 

• B xoaue 

DOAa'<a rasa, KOHA8HCaT II DpOMbiBHOil paCTBOp HS nosyWKII 06'b8AII-

aHanasapoaaniiCb c noMOIIlbiO paniiOXIIM~qecxllx MeTonoa. B cneullarrb

ycTaHoaneao, '<TO a nosywxe xonuqeCTseHHO 3anep>KIIBaroTca KHTepecyroma& 

sapHaHT8 ODbiTOB, aMrryrra BH!i'<arre 3aUOrrHRrraCb 'iiiCTbiM ra30M H .. rrpll KOM

o6nyqarraCb Hei!TpoHaMII a Te'<eHIIe nsyx nepilonoa nonyp~cnana asy'iae

oiinyqeHIIe CHIIManOCb 1 II Dpll HlirpesaHHII qep93 aMnyny rrponycxanaCb B Te

rasa c napaMII aoc11Tena, npll Tex )Ke napaMeTpax, '<TO 11 a nepaoM .aapllaHTe. 

<jlopMa MIIWQHII, ee AllaMeTp II TOrrllliiH8 IIH8pTHOi! rrrrel!KJI, ITOKpbiBaiO

B81Il9CTBa, 6binll sb16paHbl C 'r8KIIM paC'l8TOM, 'iT06bJ OCTaTO'<Hbl9 npo

np0611Bai9DliiX nnenxy, nonaocTLlO yxll'anblsanucb a rasoaoe npocTpaa-

113y'iaeMoro H30TOna, nonanaromee a raeosblil 

orrpenerriiTb a OTnenbHOM orrbiTe, nornomaa ocxonxH nenenaa, Bb!ITeTaiO

B TOrrCTOil ITO cpaBHSHIIIO C HX npo6erOM aniOMHHII8BOil <jlonbre. 

97 . . 
11 parriiOXIIMH'<ecxa5! O'<IICTKa Zr OCIIOEibiB8niiCb lla oca>KA9HHII 13a Zr F 6 

/3/ 
11 • B cnyqae aeoTonoa MOrrll6neHa IICDOrrb30sanacb excTp8KUII>I 

MOrrH6.[!eHa 3TIIITaUeTaTOM C peeKCTpSKUII&il aMMIIaKOM II OC8>KA9l!II8M 

' raSbl : .N2 , C12 , . C02 1 Ar. , KOTOpbi8 Bb!Cy-

M g(Cl o4 >2 11.n11 aoaroHxoi! a rroTox rasa., nerxo r11npon11eyromeroca. xno

ero KOHA8HCaUHeil II ciJIIIIbTpaUHelt. r.a;:~a. A30T 8b!CYWH8anCH 

sOAbi npa -100°. llocnena11e Asa cnoco6a, no-E>IInHMoMy, Hall-

)lo6asO'illaH O'iiiCTKa 803rOHKOi! 

H3 peaKTHBOB COOTB9TCT8)'IOII19A 

a Toxe asoTa HrrH <jlpaKUHOHHOil 

, Sn c1 4 I. 

~ 

. , . ... 

\ r _. I )~, I 

PUYIJjl;tTA'fW I 9QfiibiBIHJ1! 

OcaoaHI>le · excnepauei!Tam.uble naHBble DPJJB&ASII'bl a Ta!Snuuax 1, 2 • 3. Touoc'i"'. 
. . . 

onpene.II&BBfl 11 61>1.11a oxono 10%, '<YBCTSH'I'em.uoc'"' ot5sapyJK.;lun: .. nepeBoca "IJ~• ... Kax 

BHAHO, DJIBM8.BII8~4frl8 rasbl, a 'l8CTHOCTH 'IHCTblil Xl!Op, C8MB DO ~et5e OKa3arrBCb H88(14leE

TH8HbiMB l:lnsr nepeuoca B39TODOB Zr B Mo • B TO >KS Bp&MSI Cp81l8 B3Y'l88Mb1X xnop'"'OB 

HM89TCII U8rrbll PSIIl 'B8B30TODBbiX :IOIOpB%lHbiX HOCBTSrreJI, 8 DpB~fTCTBBB JtOTOpbiX: .a1'()Mbl 
:0 0 .-' 'I, , I 

Zr B Mo DpB 180. npaJI;TB'i8CitB JtOrrB'f9CTB8BBO nepeHOCSJTCif ra30BbiM DOTOXO~, TeKlK9 

KeX npB DP1JM8B811J1a B30TODBbiX BOCBTenell. EcTb, OtlB8JtO, Xrr0PJlAb1 1 C JtOTOpbiMJI D8peii'OC• 
. 101,102 . . 

BAST He DOITHOCTbiO BltB BOBC8 He 'BAST, Tax, HaDpHMep, r.fo rrBIIIb 'l8CTB'm0 'nape-

• " I 
HOCBTCH C napeMB Ti C14 B Sn C14 , a Zr coaceM He TpaHCDOj:lTBpyeTCs eTIIMJI xno-

panaMB, a TaJClK8 'f9Tblp8XXl!OpBCTbiM ceneHOMo 

97 
31jJcjleKTBBilOCTb nepe11oca Zr c NbCls B npyrHMJI. :IOIOPBAAI\411 He 3aiiii<;:BT OT 

DpBpOnbl BCDOITb3yeMoro ra3e ( Te6rrBQa I ) t H 1 D9-BBAIMOMY, !ITO Ot51Jl8S 38JtOBOMepHOCTio, 
n WLW2 

Ha DpBMepe nepeaoce Zr c NbCis (Tat5nuua 1) a ·Mo c nepeMB TUll4 (pac,2) 

»IIABO, 'ITO 'I pe3xo 38BJICHT OT TeMnepaTypbl reaoaoro TPiiiKTa, CneAyeT .&llle OTMeT.ri·,, 
' Wl,l02 o 

'I'To nepeaoc Mo c nap!IMB Ti Cl4 npu 180. naAaeT aa ~ 30% npu yMem.mellBa 
\ 

napu8&nbHOro 11eaneHBa TiC1 4 B 1"839 C 2,5 AO,.O, 75 MM PToCTi 

'Ha: npa xaux yC"'O&B>Ilt ae set5ni0Aancsr nepeHoc H30TOnoa peAK038MenJoBJolX en:eM&BToa, 
I -

flonyq&HH8B a HliiCTOmueJI pat50Te COBOJtyDHOCTb 3KCDe~BM8BTerrbBYX A48RiolX B8 noaao-· 

"'II&T CneMTb OnR03Ra''illi>l8 BbiBOAbl 0 M9XaHH3Me nepeHOCa 8TQMOB OTil8'lB. ;i'43o8i>lM !10'1'9-

KOMo MOlKIIO TOPbltO BbiCJt .. STio HllltOTOpble np&Al'IOnOlK9HJJR 0 MBXpocxODB'lec&OA. xep1'Jis.e 

aay<zaeMoro upouecca,. c noMOIIlbiO ltOTopoll MOlKllo 61>1no t5Y ot51oBCIIII'J'b aat5n10l:taeMbl& · 

381tOHOMepsciCTR. 

Ml>l C"'JJTa&M, 'ITO Xl!OpBJlRbl& HOCHT9rrH (a TaxlKe caot5onawl xnop, SC~B OR DpBCyT

CTBY&T) neiiCTIIYIOT Ha ATOMbl 0TA8'1H ll;alt XllOpBpfiOllille ar&ll'l'bl II npB p~B 06pa3yiOTCll 
• . 97 0 

Moneicyn&I abiCmax xnopil,a.oa naHBI>Ix eneMeHToa, Taue t•x Z• c1 4 (T, aoer. 381 J, 
101,102 0 0 

Mo c1 5 (T. xan. 268 ), LaCl3 (T.JtBn. 1750 ) a T.n. Mbl upellnonaraeM",Ilanee; 

'ITO !ITO B3eBMOA8liCTBBe npOT8X89T t5biCTpO D'O Cp8BB8HHIO C DpOilODlKBTen:bROCTbiO H8111BX 

oiibiToa. 'Bonee nonpOt5ilo npouecc XnopiiJIOBaiiJIII t5ylleT ot5cyJKila'l'bcs IIJilKe. 

'coeAHHeHHs Z·rC14 ll MoCls 
\ 

Cp88BBT8nDHO n&Tr'fB, HO A8lK8 MOnexyny I'Ope31l0 

M9Bee rrQTyqlllt C081lHII8BBI HQ AOnlKBbl ltOJIA811CIIJIOB8TbCII He CT8HK8X ennapeTypbl B AOrrlKHbl 

' t5blli~ 61>1 nepeHOCB'I'bCB IIOTOXOM rasa, Telt K8JC BX napUIISrrbHOe · ABB"'SHJJ91 paCC'lBT8HH08 . 

-15 . 
DO JtbrrB'f8CT8f OCJtOrrltOB nerr&HHH, t5blrrO B HeWRX ODWTAX DOPSIIllta 10 MM pT.CT. 0'l8BBJl-

BO, .OCHOBHbiM 4JaxTOpOM, CHBlKeJOIJlBM !11jl41eltTBBBI)CTb nepeBOCa C H&B30TODBbiMB. HOCHT9n9-

MB, SBliB8TCII 8ACOp6UHB MOrrexyn MBJtpOB:OMDOII&BTa ·Be CTeHKaX 'annllpaTypbl. Kelt ll:ai[I~CTIIO, 
Monexyna aACopt5apyeTca npaKTB'l&CEH npa K&lKAOM CTOrrKHOBeHBH co CTeHxoa, npH'l&M 
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\! 
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T a IS n • u a .• 1. T a 6 n B n a 2 
97 ' 101,102 

nepeaoc Zr c xriopBJlHbiMH aocBTel!HMB npa aenpepbiBHOM nponycxaua raaoaoll nepeBoc Mo c Xl!OPBJ1Bb!MB BOCBTellHMB npB aenpepb!BBOM nponyc 

CM9,CH BO Bp9MH 06l!)''i9HBH CM8CB BO Bp8MH O!il!y'i9HBB 

T ' HOCBTelllo raa TeMIIepaTypa 3~9KTBBBOCTb rrep• 
HocBTen& raa TeMnepa- 3q.p. eMn. xa- TennoTa · 8 aMnyne, 'I % 

Typa B nepeaoca1 neHHH (soa- aoaroaxa acnapeaaH, 0 c 
a~nyne 'I % rOHKB) lbo- Kltal!/MOllb 

C CHT9l!H, C ";·~.-~lj ~ 5 2 180 100 ):J\~~~ 
/\~:. •oct5 

C12 180 100 soar. 331 24
1
1161 15

1
1 161 ·~·!:' · ct 2 

180 
·100 

Zr Cl4 N2 180 '100, 26 1/
61 

C02 180 100 ' .• , N2 180 100 
-~--------------- _~. j Zrct4 

Cl2 180 30-60x) 268 1813;11! . >.··. . Cl2 • 180 100 :g .. 
MoC1 ) •·· .1 

S CO 180 AQX 21 71121 13 91121 . ,: 2 V 1 ' 11 1' i 

------- . .. T~ ct4 N 2 180 100 : 1~ 
C1~ 180 100 248 201 7/7 I 13, 7/7 I ·' "' .f 

C1 156 SO 12 6
181 

.·.:·· : C1 180 , 80 2 1 I SeQ 2 

Nb C15 N2 180 100 r;~ j 
4 

N 180 100 
., 2 

N2. 156 SO ' 

C02 180 100 , 
Ar 180 100 .~:- N2 180 68:!:. 10 

,. x) N2 20 25 

N 180 100 234 213
1101 

1s 1
181 ··1· nct.c ' Ta C1 2 1 1 : C1 180 60 

S C02 180 100 22,7
191 

1419
191 

·,, 
2 

----- • ·- •: ~~ Cl2 20 I 20 
x) 

S C
1 

·C'2 180 5 soar. 191 

e 4 x) ··!'' " N2 180 0 :1 XX) C1 2 180 50 

Tiel,"' -;,·· 180 •:: ,,. I - ,,,tl4t .:·!fcl' .. a, a, ' 20 20 

N2 156 0 ·.I . 180 0 , N2 

x) ' 
C1 2 180 0 xnop-34 

C1 2 ·20 Ox) ::~·· . C1 180 0 .• 2 

---···--------------------------
97 

x) Bee& ocTaswallcH Zr nepexonaT s KOBJ19HCaT npa nocnenyroweM nponyCKaBBB 
naposNbc1 5 1 Tac1 5 anil ZrC14 • 

x) 
napUH8llloB8SI ynpyrOCTb napa 2 MM pT. CT. 

xx) 
napnHall&H851 ynpyrocTb napa 4 MM pT. CT. 

xx) napu. ynpyrocTD napa 2 MM pT. CT~ T. 'xan. 118°, L •18,3 xxan1Mon&
1141

• 

' ~ ,, • ~. 
6 7 .. 

11:4 



Tai'Sn!!ya .. 1. 
97 

C xnopHJlHhlMH HOCHTenSIMH npH Henpep&IBHOM nponycKaHHB ra30BOII 

H oi'SnyqeHHSI 

faa TeMnepa- 3qxj>. T~Mn. x•- TennoTa 
Typa B nepeHoca, neHHH (soa- soaroRKH HCnapeHHSI0 

aMnyne Tf% rOHKB) 'io- xxan/Mon& 
oc CHTenH, C 

CI 2 180 100 soar,331 24,7
151 

15,7
151 

N2 180 100 26,4161 

C02 180 100 

Cl2 180 3~0x) 268 18,Sii 11 

co2 180 oox) 21,/12/ 13, 9
1121 

-·---·----
CI 2 180 100 248 20,1111 

1S,7
171 

CI 2 156 so 12,6 181 

N2 180 100 

N2 156 so 

C0 2 180 100 

Ar 180 100 

N2 180 100 2S4 21, s
1101 IS, 1 IS/ 

co2 180 100 22,7
191 

14,9
191 

. 
5x) ·-CI2 180 aoar,191 

N2 180 ox) 

N2 180 ox> 136 8,./14/ -
N2 156 ox> 

CI 2 180 ox) xnop-34 

CI 2 20 ox) 

97 
TaBmHIIcg Zr nepexonHT a KOHJleHcaT npa nocnenyroweM nponycKaRBB 

TaCIS BIIB ZrCI4 • 

npyrOCTb napa 2 MM pT. CT,. 

6 

-~~ 

/ 
/ 

101,102 
Ta!SnBna 2 

fiepeH~ Mo C xnOPHilHbiMH HOCHTenHMH npH Henpepb!BHOM nponycxaBBH raaosoli 
CM9CH. BO' Bp&MH o!SnyqeHHB 

-
HocHTem. raa TeMnepaTypa 3ofxjleKTHBHOCTb nepeRoca, 

B 8Mnyll&0 

oc 
'1 % 

,y···.I'Will 
112 180 100 

... ~;-' 
•oct5 Cl2 180 100 

N2 180 100 
Zrct4 

Ct 2 180 100 !;·· -
' 

':t·\' ; 
Tact4 N2 180 100 ~ 

- - -~--------~-

'I C12 180 ·80 .. ' ;.) 
/J, j SeCI4 ::". i',' ,, ' N2 180 100 .. ,tl I 

N2 180 65 !.. 10 

' s) N2" 20 25 
na

4 c12• 
180 60 

Ct2 
20 '20 

(,:\~Jill' :111) c1 2 180 50 
S.Ct4 ''•'(\J\, ' c1

2 
20 \ 20 

.': .... , 

N2 180 0 

:• ct
2 

180 0 

x) 
fiapnaaru.Ras ynpyrocTb napa 2 MM pT. cT, 

xx) 
fiapaHan&Hasr ynpyrocTb napa 4 MM pT, cT. 

T. Jam, 11S0
, L •18, 3 KKan/Mon&

1141
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I' I ,, ,. 

Ta!!nBIIa 8 

I . 1,~ ~ 1,,1,1'.111) 

nepesoc Zr , C ltDOpB.I1BiliMB HOCBT&DliMI npl DpODYCBIBBII IllpOB HOCITeDB ·DOCpe 
npeil&ap~Ten&ROro RaEorrDeRBR IETIBHOCTI 

--
TeMII,~C 

3cjlclleETBBHOC'I'b ras B AMDjne ~!OiU!IIIl ll!ll.l!IBOCB 
npB o6ny'l9HIB 

(EO MHo 'TaMil, ) 
HocaT9n& ras 

C12 Zr c14 N2 

Jtl2 Zrct 4 N2 

N2 . Mo ct5 N2 

C1 2 Nb Cl S N2 

N2 NbCls .N2 
N2 Nb Cls Cl 2 

N2 ' TiC14 N2 

napllBIDbHIB yupyrQCTb napa 2 MM pT, CT, 

cpe.11Hee, apeMR .31.119PlltEH HI DQBepXHOCTH 
Q·" 
~ 

r .. ··ro e RT 

r 
.a 

nepeHoca, 'I % 

180 100 

180 100 

180 60 ' 

-
180 90 

180' 100 

l-58 so 

180 0 

p&BHO. 

(1) 

r.11e • q• • TennOTa '&.11COp61lBB Monexynbl a r0 - nepao~ .1tone6auas 1.11COp6upoeaHHoll MODexy

ni.J B Hattpa&neRHit1 nepneH.11HKYD8pHOM K DOBepXHOCTB, KOTOpbl.ll 388BCHT 0T IlpHp0.11bl 8.11COp-
' -12 -14 /15 CTp, 43/ 

6eHTa B 1.11Cop6aTa, Ero nop51.11ox 10 - 10 cex ' 

Ha tno6oll: noeepXHOCTH BMeeTCB HeXOTopoe KO~H'IfeCTBO. oco6o .altTHBBbiX lleHTpos,• Ha 

KO'l'Opb!X 88DH'IBIII Q 3HI'IHT8DbHO npeBbiW&eT ee MHHHMIDbHGe .. 3BI'I9HHe; Ol5bl'lfBO 15DH3-
a ·' 

xoe X TeiU!oTe B,CnapeBHSI '1.11COpl5aTa L · , BpeMSI saneplltKB MODeKyDbl B 8.11COp6BpOBIHHOM 

cocTOSIIIBI Ha TAKBX y'I&C<TKax MOllteT 6b!Tb 3H&'IBTeni>HbiM, Ecna npuHSITb Haa15onee '!ACTo 
.. . -13 · ' · o L ·acTpe'I&IOmeecR sB&'IeHae · r

0 
•1'0 · · celt, To, aanpHMep, •npH T • 450 ·K H Q.,.• Z> 01 · • 
~ . 

~16·uan/M~&. epeMH ·. '• •1.0 celt, a npH Q• •32· KKan/Mon& '• •100 eeK. 

n ' ' . . 105 106 
pH .11&BlK8HBH ~T MHW.eBII no DOB:)'WitH MOneKynbl .HCnbiTbiBIIOT ·- -· CTODKHOB&-

, HHII CO CTeHE4MII,: CnenoeaTenJoHO, ol5mee BpeMH 3&JieplKKH M0llt8T CYJ118CT88HHO npeebiWITb 

npononllti:TeDbBOCTb onbiTa, 8 TOI".I1a nepesoca axTHBHOCTH B nosywxy He 6y.11eT. B npHcyT

CTe~R HOCBTe~B ~089pXHOCTb 8 TO.II 'Jin's ~~Oil C;~~eHB no~pb;T~ ~noeM ero ancopfiHpOBIHHbiX 

Monexyn. npennonOlltBM1 'ITO ancop6pHS1 HOCHTenSI HI .KilltllOII, COB~HOCTB,y'laCTKOB C 0.11R-

HIKOBOII B&nH'I:HBoll Q cnenyeT H30TepMe ·nearMIOpa, Mcmexyn51PBG- ltllR8TH'IeCXBlt BbiBOn 
a ' . . . ·. . ,. , . , 

B30TepMbl npBeOnHT K cnenyJOJ,llell ljlopMyne .nnR 6 -CTeneHB nO!tpWTHH noeepXHOCTH: 
'' 

I ~' ' 

8 

~ ' 
\ 

·~;>''IJ ,• f.· •. ' I!,' ·'· 
':.:·. ·~· 
... ~-· 

' ,,1,,1 I' ·'' ~ •• ' " 

. .!!...!.' 

I / ~~ Jll ,' 1 
~\l}(~/.~l,ll<~t¥t;::~~j. 

','-\'; ·.·.:::;··~·· 

6 •· ' ·.AI 
+' • ..!!a.. 

rne 

cr· 
, o. . I .2 

n - '!aCTOTa ynapoe· MODexyn o noaepXBCic'l'b {Monexyna CM ., cex) a 
I 

. (Mdnex:;n~lCM2) /15, CTp,1 70/ M&Jn.BaSI 81i&EOC'I'b MOBOMOn81tYRliPHOro CnOH 

AnSI ,Aona senorpwToll noeepx8oCTB npH 0 

l·-6- ...5L. 
tit 

& 

6nusKoM x 1, · nony'lal 

Tax, ecna 88l1Tfo B U'I8CTBEI · HOCIITens ... Nb Cl 5 C IIIPIUIIIIbHI>IM nallneH 
. 0 ' . 

0,1 MM pT, CT.,, npil T •450 K us y'laCTKOB c Q.,_ , • 2LNI>ci ·2~· ltK• 
, -4 · , .Nl>OIG ,. I 

8TCSI 1!9DOilPJo!T<;II 10 'laOTb, 3To 03Ba>iaeT, 'ITo 4ETBBBb18 llQB1'Pbl' ll):tcop6Q 

Hoi cTeneo 'CII5e311pelltesbl~, TaK. xax n11~ cTonKaoaeW:H c ancop6apo&aas~~ 
Kyn BoCB'HnH M~GltYDbi MIIXPOEOMIIOH9BTI 1.11COpi5HpyiOTCSI 80 BTOPO!Ii cRO~I· 1 

'l&e TennO'l'a_ ao.copiSIUill acer!la 15na3~~:a E TennOTe acnapeBBSI. 1 ~ ~ 

! ' 
Hs· Ta:xax npencTaeneuall cnenyeT, ao-nepawx, 'ITo 'I nonJKBo 

Y88nB'lliW:. !llpllB8DbHOrO n&B~eHHSI 118p08 BOCBT8Dll.. 3TO CqrlnllC~.:,Cif 4 
101,102 · r · 

we PeGYDb.T&T&MB .no .nepeso(:y Mo c Ti C14 , Aanee, upupona. if~•· 

Clt83WU~CSI 1(8 'cTeD811R IIOEpbiTHR t!OBepXHOCTB· B,, .. CD9AON't&iu.B01 . Bl ~· 
ero MODexyn, MolltBO , C'IBT4Tb, 'ITO Q B3M9HI!9TCR CBMISITHO C Teq'nQ1'~A. 'I 
. • ', , • ' I 

COp6aTa-. rto&TOMY Dpll. DpO'IBX paBBbiX ycnoBBIIX MaBee :neTyqBe ltDOJlBnbi.'
1 

c·: 
' .. .- ·:. I•·· tf,. I 

lloruKllbl 6W'I'b 15onee !)cjJ4leETBBBbiMH BOCBTel!liMBo ~TO CornacyeTCB '0 J.l8HH~Ml 

r~e 8 PllllY J¥CHTenell no sospaoTaBB~ neTyqecTB o6uapylltHB$eTCs QaAeBBe 

' ' a cnyqae Zr ~cjJ4leKTBBBOCTb nepeaoca nanaeT npa ~~~2awco~ ~aa,eaa 
pw ~ne!IRs B L _HOCHTei:ts, ~eM npa nepeaoce Mo ·, :~ellc~aTem 

MeBJome.ll 8.11CopiSap.yeMocTH Mo Cls no cpaese.BH~ c Zrct4 s'omr'lecTii~ o 

po8 HI noeepXBOc;:TH nODlKHO 15b!Tb ,11nH Mo Cls BHllte, B, Cli8.110Bil,TeDbHO, 8$ 

BOCHTeDI!MB nDR Mo . MoryT 15bl'l'b ltDOpHnb11 Be~J;~BI(bl~·· B cnyu·e Zr·~ 

<;; B3DOlKQHI(biMB DpenclaeneHBSIMB CornacyeTCII TaKJKe TOT ljlaitT, 'ITO II• 
- ~ . ·~ 

~eacPcllf!KTBBHbiNH nflll Zr ROCBTenSIMH B~onneBBY,Ib SETI!IBHOC'I'b Zr MO~ 
' ' 

• RecTa 8 nosyw~~:y· nponyo~;aHBeM napoe Nbcts , TaCls; HnB ZrCl4 

Xou sa~BCBM~CTB ecjlclleKTHBHOCTH nepeHQC& oT~&Mnep&TrJ!bl nonllteH 6bl~ 

:roM .11B1Jt upoTuaononolXHb!X TeuneunH.II, np~ noawmeDa TeMnepaTypw, 'c onE 

cornacso (1) yMeBJowa~·~s '
1

,' ., , .a sa c'I~T 0 
&Toro' ,· · noiilltB& 8ospa·c~lt'l'b, . ' ' 

CTOpOBb1 1 YM9HbWI6TCB 8 corn&CHO ypa8~e~IO (2) 1 'ITO yeeiiii'IHBieT Be 

uon~a!IR~ ~KpoitoMI!oHeirT~' 11'8 ··jiKTiisit>J~ 'neiiTp&1 8.11CtipCSuHH •ll IIJ)BBOABT E c;: 

-Te!.meP.TYP"'s 388IiCRMOCTI>' 11' . CSy,ce'l',' 'o'leBB.ttuo, onpenenil'n.(;a TS.ItllMH 
1~K pacnpe.llen~RBS yqaCTX08 n089pXB0cTB ·no Tenntl¥aM 1a'n(:op6U·HK1' 'COCTOBIIR 

.. ··• 8Ilcopl5upoeaa•oM cnoe, pacnpeneneHHe · ,Monexyn MBKpoxOMJWHeHTa no 'IB 

9 

,l'~f: . -···· ,, ' .. t""..: ~ 



. '' ~ 

T a 15 n 1 y a 8 

xnopBIXHMMB HOCBT&DHMB npB npoDyCXAHBa D8pOB HOCaT&DB DOCQa 
8XTBBHOCTa . . 

YcnQBHfl nepeuoca 

HoCBTeDh raa TeMn.~C 

Zr CI 4 N2 180 

ZrCI 4 N2 180 

. Mo ct5 N2 180 

Nb Cl S N2 180 

Nb Cl S N2 180'. 

Nb Cls Ct 2 J.56 

TiCI,L__ N2 180 

napa 2 MM pT, CT, 

DOB&pXHOCTH .. r p8BHO 

~ • 
r .~·r0 e RT 

3cllcPeKTIIBHOCTh 
nepesoca, 1f % 

100 

100 

60 ' 

90 

100 

80 

0 

(1) 

' tp .~ 

~ - nepao~ Jonel5asas ancopl5apoaassot MoneKy

lmeanaxyngpsoM K noaepXHOCTH, KOTOphlt 38BRCBT OT npHpOIXhl §nCOp
I0-12 _ 10-14 Celt /15, CTp, 48/ 

HMeeTCH HeKOTOpOe KORH'I&CTBO oco6o _81tTaBHbiX ll&HTpoB,• H8 

ee MHHBMSRbHO& 3H8'1&Hae, 06h!'IHO 6nH3-

L , BpeMSJ aanepJKKa Monexynhl a ancopl5apoaaasoM 

MoJKeT 6b!Tb aaa'IHTenbHbiM, Ecna npgHHTb saal5onee qacTo 

-13 o L ' 
0 =10 · cex, To, sanpaMep, nps T •450 ·K H Q.,.• Z>Cl ... 

~ 4 
'a •10 cex, a npa Qa •32· KKan/MoDb '• •100, celt, 

6 6 . 
noayWKH MOnexynbl HCDb1TbiB810T, -JO --10 CTOnKIIOB&-

OOU{ee apeMH aanepJKKH MoJKeT cy!lleCT&eiiiiO npeabiWATb 

a Tor11a nepesoca :axTHBHOCTH a noaywxy ae 15yneT, B npHcyT-

a TOA HnH HHOA CT~D&HH no~pWT8 CRO&M ero ancop6Hp0&8HHbiX 

'ITO ancop6~HH HOCHT&RH Ha .K8JKnOI, CO&~HOCTH·Yq~TKO& C OIXH

cneny~T aaoTepMe JlearMIOpa, MonexynRpBo- KHH&TII'I&CKHA &b!&.Oil 

cj>opMynE! llnSJ 0 -cTeneHH noxpwTHSJ noaepxsocTa: 
I ~ • ' 

8 

... I 

\'II II II .1 ' , ," ( ' ': 1 ~ ' 
I Ill ' ~ ·;,1 ~'· I" 

~~-

. ..w,.' 
8 •· . ·U.S 

1 t' . ,.!!!a_ 
a· 
0 . 2 

rna o - 'IAOTOTa t'll&poa MOI!exyn o noaepit.a:dcTb (ldone:ityna/cM · cex) a a 
. . , . . ' . 2 /111 CTP I 70/ 0 

M8Dbll811 &MJ:OCTb MOBOMOD&KYIIRJIHOrO cnog (Moneltyn&/CM ) ' ' , 

Jlns ,Ilona aenoKJ>WToA noaepxlloCTII npa 0 

l-8 .. ..!L. 
n r 

tlnB3KOM x I, nony'laeM 

.:.: ': ."'/, 

I:~.;,' 

(2) 

M811iCH-

Tax, ecna Mll'l'lo a xa'leCTBe. aocKTe~s .. Nb Cl 5 c napuaanbHI>IM naaneaKeM napa 

0,1 MM pT, CT,, npil: T •450°K a3 y'I&CTKO» C Q,._ ' • 2LNbCI •26 ltKaniMOIIJ> odTa-
, , -4 · N b Cl 5 ,· I 

eTCH JI8DOXploiT~t 10 'laOTb, 3TO 03H8'186T, 'ITO 8KTaBHble ne&TJII>l 81lCOpl5naa _B 3H8'laTem.-

aot CTGD&BB '~15&3Bp&JK&Bhl ~ , Tlllt K8K npa CTODKHOB&BBH C 81XCOpl5ap_osaBBMM CIIOGM Mona• 

Kyn BOCHTenH M~eKyDhl MBKpOII:OMnOHeHT8 IUI.COptiapyiOTCH BO BTOPOM cnoe, 8 B 9TOM Cn)"• 

'188 T8DROT8 8ACopl5nBB BCer~a tinH3K8 K TennOTe acnapesus,. 

Ha· TAitJIX npEirllOTasneaall cnellyeT, ao-nepsh!x, 'ITO 1f llODJ!<BO aoapacTa'l'b .~PH 

yaena'leHBB uapuaa,JU;aoro llasneBBR napoa aocaTens. 3TO o~nacyeTcll c. OTM&'l&HH&IMB Bhi-
U~U2 . . I 

we. p11C3yDb_1'&TAMH .no .nepeaocy · Mo c Ti Cl4 , Jlanee, npapo11a aocaTefi.• AODlKBA 

'CK831>1118~CH l(ll 'cTelleBB noltpb!TaH noaepXHOCTB· a,, .CR8JlOB81'8DbBO, H8 TeUI!~e. ancop6l,llla 

ero MOD~&y~~ ~O~O.C~T4Tb, 'ITO Q. H3M8BH8TCH CHMI58THO C T&DnOTOt IICDapeHBH 41l

COpl5aT8-, llOSTOMY. ltpll. llpO'!;aX paBBhiX ycno&BHX M&Hee neTY'fR& xnopaiUd·, C 15oDbWaM 'L 

llODlKHhl 15b!Tb tionee !I~KTBBBhiMH HOCBT8R'HMH, 3TO C~rna6;eTCH ~ ll8H~~MH TS6RHxt 1';..8,. 

\''• 

r~e a PH.IlY 119C_HTeneli no aoapaoTaBBIO neTY'f&CTH o6aapylKaaaeTcs na11e11Be 1f , npa &:roM 
97 ' '-1 ( ' ;. .' 

B cny'l:ae Zr· ~~x:raaaoc~ nepesoca n8,1laeT npa ~8t'~2sMCottax ~aa~eausx ,TeMnepaTy-

PI>I KIIJI&BHII B L. _BpDHTeils, 'laM npa nepeaoce Mo , _JlellcTaa:rem.so, B3-3A 

MeH!>mell ancopCSawe~~«oo:• Moc15 no cpaaaeaHIO o ZrCI4 KORR'I&CTBO onaCHbiX ueaT-' 

pos sa noaepxaoQTa .AonJKao tib!Tb 11ns Mo c15 HHJKe, a, Cll&AOBA.T&I!bHO, scllcPeKTBBHi.li.m 

BOCRTeDHMH ADll .Jolo 

C H~Do~.e~Hh!MH 
~e.&~KTBBBbiMH llftH 

•' 

MoryT tlh!Tb xnopHIJ&I, Be&cj>4)eii:TaBHbiEI' B CRY'I88 Z r • . ' ; ' 

\. 
npellCTaaneaasMB cornacyeTcs TaKJKe TOT ~ItT, 'ITO nocne o~b!TOB c 

97 . ., . 97 . ' , 
Zr aocaTen~MII sa~~:onnesayJO aKTBBHOCTb Zr ,MOJKHO til>ino nepe-

• aecTa B noaywxy' uponyouaaeM napoa NbCis , TaCis ana ZrCI4 • 

X011 38~0HM6c.T11 &cllclleKTHBHOCTR nepea0ca OT TeMnepATyphl nOnlK&B 6b!Tb peaynbT8-
. ' •. 1 ' • . • 

TOM AB)"X DpOTBBottPDOlKHbiX T8BIX9HI1BI, npa noah!WeBBa TeMnepaTyphl1 , C OIXBOll· CTOPOBhlo 
,. • ' I • •,;o :,;... , ~I i •' l·l ' ,' ' ' 

co:rnacso ( 1) yMeomaerea r • , a aa c'leT &Toro 71 llORJKRa aoapacT4~. C Apyroll 

CTOPOHbl, YM8HbW8fi'I'CH 8 cornACHO yp&BH&BBIO (2), 'ITO yB&DH'IHBAeT B8pORTBOCTb. 

UOD~ABB~ t.m~pOltO~O~~~~T~' 11'4 ·~KTilllsli:&I~ nel'i:rpi>l ani::bptlnaa ·a npBBOIIRT K CHalK&BBIO ~. , 

''reMireJ!aTYJ;iuul 3aalica.&oc.ft>' 'If tl:Y'A'e'l', ·o'leaatruo, cinpenena'n.<;s T4KBMH cj>aKTopaMB,· 
1&ax pacnpe.li.eneaae Y'fACTKoa noaepxa6cTB: ·uo Temto+ilM 'ailcc)pl5n-aa; ·cocTosBBe· aemeOTiil.l1 

·• 8,1lcop6BpOB8BHOM cnoa, pacnpeneneaae ,Monexyn MBKpOKOMrr,oaesTa no 'lacny cTonxao-

' • 9 

,.,::::. 1::': .J .. '. :-:·J~0';t_, ·~-



se&RA co CTBHKaMH H AP· PacqeT ae yAaeTCa sHnonRHTb H3-3a OTCyTCTBHH aeo6XOABMMX 

AaKHb!Jt, Ha onHTe >Ke B86nJOAanOCb, xu npasano, so3pac:raBBe 11 c ysenaqeaaeM pa-
101,102 

6o'lell TeMnepaTypH, B c/lyqae nepeaoca Mo c Ti Cl4 . B Sn C14 nocne Dep!!lo-

JI8qanbBoro soapacTaHHH 1/ C T91-fD9paTYPOII SHill& 200° BaCT)'DaeT pe3K09 D8A9BB9 ScjMpeK-

TBBHOCTB napeaoca, He acxnmqeBo, OABaxo, qTo sTo asn8BBe BH3saao •nocTopoHBBMB' 

DpllqBHaMB, l13B9CTBO, Hallp11M9p, qTo Bbl1D9 200° MoQS ABCCOiliiBpyeT C o6pa30BaBB9M 

/11 12/ 0 
MaBee 119T)"l9rO •to C14 ' _ C T9MD8p8T)'pOI KIIII9HHSI 322 • 

PaccMOTpBM 6onee noApo6Bo peaKlUIJO xnopBpoaaRHa aTOMOB OTAaqa, BoaMolKHo, qTo 

DpH TOpMOlK9~ OCKOIIBOB A911911HSI.R xnopcOA&plKalllBX ra38X (nep&HII sapB8HT OD~TOB) 

peaKJllUI xnopaposaHBSI ana ee aaqallbBH& CTaARB HBIIIIIO'I'CH ropgqaMB nponeccaMB, Ho so 

BTOpOM sap&aHTe ODHTOB, oqeBHABO, 119Tyq8e C08ABH9HH9 o6pa3yeTCH 113 aaM9~119HBHX aTG

MOB OTAaqa, Be o6naAaJOmBX YlK9 B36HTO'IBOII 9B8prBeA, DpB06peTaeMOII B pe3ynbTaT8 HA8p

Koro npespameaust. Ha.qo OTMeTJITb, 'ITO aaxoHOM&pBocTH B3M8B&HBSI scjMpeKTBBBOCTB nepaao. 

97 
ca Zr B Dp9A8118X TO~OC,_ 0Dp8Jl&n8BBB COBDaAaiOT B 060BX sapBaHTaX ODHTOB (Ta6-

99 
II"IIM 1 B 3), BHII T8Bllt8 upoii8Jl9B ODHT 110 nepeRocy Dp8JlBapBTell!tBO HaKODIIeHBOro Mo 

CO CM8Cbl0 lloC!
5
+ Cl

2 
I ltO'I'Cli(IWI 11811 peayllloT8T 1'1 -~()()% (cp8BBR Ta6n, 2), 

97 
MexalUI3M pea!UUIB xnOJIIIPOII8BBII, aaJipBMap· o6paaosaBBe Zr C14,MoJKBo ce6e npan-

C'I"a&ll'l'b ltlllt IIOCII9JlOB8T911bBOC'IIt CT8ABI TJIM 

97 97 
Zr + Nil Cis "! Zr Cl +:lfb C!4 

97 ! 97 
Zr c13 + lfb Cl S .. Zr Cl4 + Nb Cl4 

1 
lie RC!tn10'19B01 -.TO B OJlBOA CTallBB nepeAa8TCII 60IIbDl8 '19M OJ:IBB aTOM lUlopa, Pea!UUIB, 

a&ai!OrB"lBH9 118pBOA C:T8ABB, '1', e, BOCCT8BOBII9BB9 Blo!CD!ero lU!OpBA8 M8T8llliOM, Xopomo . . m~ 
IIGB8CTH!ol B BHorJla IICDOIIbayDI'CH Jlllll C:HBT83a BB3mBX xnopBJlOB ' 

Tax lt8B B naBBOM Cny"l88 M8"l8BaB MOII8KYIIa HBIIH8TCB MR!tpOKOMDOB8HTOM, peHUBR 

c lU!OPBAOM - BOCBT9118M JlOIIliiC&II Dp8ltTH'I8CIJ;R H806paTH~O BATH Bnp8BO A8llt8 DpH ManOA 

B.OHCTaBT.e p8BIIOII9CRQ,. npa 'l'eltOM "lRC'I'O T8pMO.D,BB8MB"l8CKOM paCCMQTP8HHB A9ACTBBT8111r

BO 111060A R3 DpBM8BSI.8MHX xnopRJlOB - HOCBT8118A CDOC06IUI XIIOPBP088Tb aTOM OTA8'1B, 

Ho 8CIIII B81t8R-BB6Y.D.b 118 CTatlBI HBIIH8TCB M8AII8BIIOA DO cpaBB8BBJO C: DpQJlOIIlKBTeiD>

HOCTblO ODHTA,Torlla neT)"lee (cna6o a.qc:op6apy~eacs) coenaa8BB8 B8 .ycneeT o6pa3osa-n.

ca B nape~oca MB!tpoKOMDOHaaT8 B8 6yJl8To 

·a 6BM0119JrYIUIPBOA peaXJDIJI B0Bll8Jl'l'palUIB B8Dpop8arJipQ888DlBX M0118llJII MBII:pOllOMDO. 

B9KT8 DBAAIIT 80 Bp8M9BB 9ltCDOB8BllB811bBO, TAK QJ[ p8811:llBH IIC8BJlOMQBOM01191t)'nfiiPB8, Cpa!I

B88 Bp8MH r , 38 JtOTop09 Jq)opearBp)'8T MOII911:yll8 

r •. 1 --.-z-p 
8 aKT 

• --n 

10 

• 
........... ,..,," ... ·'~-- .. -.,..,....,._-... ... 

·-} 

''-

, 

rAe D -ltOBJl8HTpa!lBSI BOCHT911.!1 MOnb II -
1, Z - 'IBCIIO !IBOIIBHX "CTOlntH08emill ~ 

10 
P - CT9pB,9CitHA ljlaitTOp, Ka11. 

, > 

B3B8CTBO, ZP$_10 , OTK)'I18 

· -6 EaxT 
3.~ e "iT 

p 

f'Jl9 p - ynpyrQCTb napa BOCHT911B MM PTo CT, 

1 KHBeTR'IIilcxuA ljlaxTop !IOIIJKeH CII:aaHBaTbcli. aa aenuqaae 11 , xorna r cpa 

T811bHOCTbJO ODHT8 t Y CIIOBBO 3aDBWeM r > t , 
E --.ffT> 13 +Jn ( t +:p), 

•450°K non)"laeM 

3TO BM88T MeCTO, KOrA 

B DpB 
' 3 ' 

t •10 C9lt B T 

E altT > 20 Klt811/Monb, 

.naBBMX o E exT Ana npennonaraeM~x peaxnBII BeT, Ecna sTB peall!nBI 

CKBe T00 Do-8BnBMOMYo E &KT cymeCTBeBHO BBlK8 )'Xa38HBorO 
00IIaCH~~ _J 

K8K 8 'p&~BBX )"l8CT8YlOT CBOflOABH8 p8ABit811H, .nns SK1l0?-'9pMB"l9Cit&i: ~~' 
H DOSTOMYi 8CIIB lliiR K8KOII-IIH60 CTa!IBB ~H.> 20 ltlt8n/MOIIb0 II&T)'q~ lib 
A9T OfSpa30BH88TbCH C AOCTaTO"lBOII CKOpOCTblO, 11MeJOmaeca T8pMOJlBHa .. JI'le• 

' AIIB lfB3mBX xnopB!I08 D8p9XOAHI>IX sneMeHTOB BO MBOrBX Clly>laBX B9AOCT-!T~• 

no OlleBit8M, B H3)''188MHX B8MB CBCT&MaX MBKpOKOMDOH8BT:""BOCBTellb, BeT. C, 

ro np88HmeHBSI yxaaaB:aoro np8nena ~ H • 
97 

HexOTopoe npeAcTa8neRHe o cxopOCTB o6paaosaBBSI Zr C14 MOlltBO IJOll 

, T8X C Dp81l88pBT911bBHM H81t011119BH9M 81tTIIBBOCTB B OTCyTCTBB9 BOCBT811B, ~ 

KyHilBOM nponyCit8BBB D8p08 Zr Cl4 B KOBA9BC8T D8p9XOABII8 Cylll8CTB9BBaB 

" ' aoro Zr • CnoJKRHe ycno8Bll_ Te'leBBll ra3a B aMDyne aaTpyllHBIIB O!rp81ll 

97 
06p83088RHSI Zr Cl4 DO BaltODII9HBJO H30TOD8 8 ltOHA9BCaT8,_ TaK K81t DOCTJ 

B ra30BYJO CTpyJO MO_lK8T onpeAeiiiiTbCSI B9 KBB9TBKOII p88KliBH0 '8 CKOpOCTb" 

o6'beMe aMnynH, Bo sc~oM cnyqee BBABO, 'ITO peaxnug npOTeKaeT aa BeClt• 

HIIB 61>1CTpee, ' 
3TOT BHBOil H DpB891leBBH9 BHW9 OlleBKB CBB.0.9T911bCT8yJOT B D011b3)' n 

'ITO xnopBposaBae aToMoa Zr B Mo npoaoxoABT 6HcTpo ao 8Cex H3)''19HHI>I 

l·u 'ITO Ba611JOA89MH9 38KOBOM9pHOCT8 o6yCII08119Hbl 8ACOp61lB8ft MOIIekyll 1tn 

0All8KO, 'ITO T8K09 D0110l!<BHH9 B806B38T911bBO BMe~T M9CTO B nJ06biX KOM6H 

ll8'1B - BOCHT9nbo XHMH'I9CKB9 (KBH9TB'19CKB9) OC069BBOCTB, B8DpHM9p, Ml 

peaKilHB XIIOpBpOB8BBR BnB, H8060pOT, 60nblll8R CKOpOCTb kOHKyPBpyiODliiX pE 

WKX K B9119T)''IBM ljlopMaM, peaK!lBA C aarpH3H9BBSIMH B DpHM9CSIMB H T; Ao , 

pHX Clly'I8BX Dp9DHTCTB08aTb o6pa30B8HB10 MOIIeKyn Cll860 a!ICOp6Hp)'IOWerOC 

,CA91ly9T 9Dl8 OTM9THTb, 'ITO DpBM9HR9MH9 8 BaUIBX ODbiTaX ra3bl Be 1 

llB811bHO OT KBCnopOA8o nosTOMY B9llb3R 3apaB99 BCKlllO'IHTb B03MOJKHOCTb C 

11 



Pac'leT ae ynaeTC!l Ell>monH!IT& aa-aa oTCyTCTBHSI aeo!Sxon&MbiX 

KaK npa&HnO, B03pac7aHHe ~ C yaenH'IeHHeM pa-
101,102 

cJlyqae nepeaoca Mo c Ti Cl4 . H Sn Cl4 nocne nep!lo-

~ C T9MDepaTYPOII: BblWQ 200° &aCTynaeT pesxoe D8neHBe &cjlqleK-

HCKnJD"''QHO, O,aH8KO, 'ITO 3TO HBnQHHQ Bbi3B8HO •nOCTOpOHHHMH• 

aanpHM&p, 'ITO BbiWe 200° Mo as 
/11, 12/ 

. c TeMnepaTypOI KBDeHHSI 

n&ccouaapyeT c o6paaoaasaeM 

322° • 

nonpo6ao peaiWBIO xnopBpoaaHBB aTOMOB OTAa'IH. BosMoJKHO, 'ITO 

neneaaa.B xnopconepJKawBx rasax (nepa~>~A aapaaHT onbiTOB) 

aa'lan&able CT8ABB BBnHIOTCB ropli'IBMB npoueccaMB. Ho ao 

C08ABH9HBQ o6p83yeTCH HS 38Me~neHHbiX aT&

ylKe B36b1TO'IHOII: 3Hepraell:, DpBOISpeT89MOII B pesyn&T8TQ HJIQJ)-

0~8TBTb0 'ITO 38KOROM9pHOCTB B3MeB8HHH &cjlqleKTBBROCTH DepeHo

onpeA91!8BBH COBDaA810T B 060RX 88pBaHTaX 0Db1T0B (Ta!S-
99 

npo&eneH ODbiT DO nepeaocy npenaapBTenbRO H8KODR&RROro Mo 

, KOTGpWI Aan peaym.'l'aT 'I • 100% (cpaBRB Ta!Sn, 2). 

97 
xnopiiJIOBaBBH, aanpaMap· oCSpaaoaaBBe Zr C14,Mol11Bo eelS& llp8A-

CT8ABII: TBD8 

97 
+ Nb ct5 "! Zr Cl +:lfb C14 

~ 97 
c13 + Nb Cl S .. Zr Cl4 + Nb C14 

CSon&me '18M OABB 8'l'OM xnopa. PeaKJID, 

T. e. aoccTa&oBneBBa awcmero xnopB.Qa MeTannoM, xopomo 
. 16 11 

lom.3VW>PC<I Anll CBRTQ38 BB3WBX XllOPBAOJI ' , 

MQ'IeBaB MOnexyna BBnBQTCB MBKPOKOMDOH9HTOM0 paa ... B 

AOD-.a Up81tTB'IQCKB HeoCSpaT.RMO BATH Bllp8BO nalKe DpB ManoA ' 

npa T8KOM 'IBCTO TepMOABBaMB'IQCitOM paCCMorpeRBH neACTBB'l'Qnb

xnopBAOB - aocaTenell: cnoooCSeR xnopapoaaTb aToM OTA8'1B, 

B8 CTaABI !IBI!BQTCB M&nneBBQll DO cpaBH9BBIO C Dp()AODlKBTei1JJ

(cna6o ancop6apy~eecs) coeABBaHHe ae ~cueeT o6pasoaaTb

ae CSyneT. 

ltOBD8HTp8DBB aeupopaarBJI(!IIaBIIUIX MOil&KJil MBBpOKOMDo-

81tCDOBQBUBallbHO, Tax K8Jt pea1n1Bs nceBAONQBOMonexyniiP&a, Cpen

upopearBpyeT Monexyna 

8 aJ:T 
r •. _ e-aT 

8 z p 

10 

.,, 
•"' 

.. ~ \ 

''., 

-1 ' -1 -1 -1 rAe 8 -KOBDEIHTpanBSI HOCHTQilll MOn& ll 0 Z - 'IBCDO llBOII:Hb!X 'CTOnltHOB&HHII MOn& n CEIK 
10 

P - CTepH';JEICitBI (jlaltTpp. Kax B~B8CTHO, ZP$,10 , OTKYna 

-6 E81lT 
r > ~ e'iT 

p 

rne p - ynpyrQCTb napa HOCBT&IlB MM PTo CT, 

' KHHeTH'IIlCKHII tjlaKTOp AODJKeH CK83bl&aTbCH Ha &enH'IHRe ~ , KOrAa cpa&RHMO c nna-
TeDbROCTbiO ODb!Ta Y CDOBHO SaDRWeM r ~ t , 

E 
3TO HMQQT MeCTO 0 KOrna 

-.;;T > 13 +:fn ( t +:p ) , 

•450°K nonyqaeM H npB 
' 3 ' 
•10 cex H T 

E axT > 20 xun/Mon&, 

.naHBbiX o E axT llDB npennonilraeM~>~X peaJtuaA ReT, Ecna &TB peaxus• axsoTepMH'Ie

CKHe To; no-&BAHMOMy, E ~xT cywecTBesso HBJKe yxaaa&Roro •onacaoro• npenena, Tax 

xalt B pe-.nuHX yqaCTBY~ CBO!SOARble paABK8Dbl, nnH 3RilOT9pMH'IQCKBX peaxuall EaltT~H 

• noatoMY, ecna ADR xaxoll-nuCSo CTanBH f>H.> 20 xxan/Mom., neTyqee coenHHeaae ae 6y

neT oiSpa30Bbl&aTbCR C AOCTaTO'IBOII CKOpOCTbiQ, 1-fMeiOWBQCSI T9pMOARHaMB'IeCKBe AaHHble 

JlDR lfB3WBX XDOpHAOB nepeXOAHbiX 3DQM8HTOB BO MBOrBX cnyqaSIX H91lOCTaTO'IHO R8AQ)!{Hbl, 

no 0!19RKaM, B H3y'I8&Mb1X' HaMB CBCTeMaX MBKpOKOMDOHQRT-HOCRTQIIb, ReT CD)"IaB O'IQBHJlHD

ro npe&blmeasa yxaaaaaoro npellena t. H , 
97 

HexOTopoe npeAcTaanene o CKopOCTB oCSpaao&aBBR Zr c14 MOlKRo )Jony'IHTb a onw-

Tax C DpeABapBTQIIbRbiM HaxonneiiUeM altTBBHOCTB B OTCYTCTBBe ROCBT&ng, YJKe UpH 3Q-ce

KYHilHOM nponycJtaRHB napo& Zr Cl4 B KOHAQRCaT nepexonBna CyweCT&eRHaR ,ClODS! RaKonnea-

" ' aoro Zr , CnoJK&ble ycno&Bll Te'leHB!l rasa a aMnyne saTpynaana onpeneneaae CKopocTB 

97 '91 
o6paaoaaHBR Zr CJ4 no aaKonneHBIO BSOTona a KOHileBcaTe,. Tax xaK nocTynneaae Zr 

B raso&yiO CTpyiO MO JKQT onpeAeDRTbCB He KHHQTBKOII peaKURH, ' a CKOpOCTbiO AB4Jfjly3BB B 

o6'beMe aMnynw. Bo- acmtoM cnyqae &BilRO, 'ITO peaxuaa npOT4faeT 3a aec~tcil!&xo cexylin 

RDB !S&ICTpee, 

3TOT BbiBOil H UpBB&IlQHRble BbiWQ OU9RKB CBBil9Ten&CTBYIOT B UOn&Sy Dp&ADODOlKeRHll, 

'ITO xnopapo&aaae aTOMOB Zr • Mo npoacxon·BT 15biCTpo so acex H3y'leRRbiX cucTeMax 

H qTo Ha6niOnaeMble. 38K~HOMepROCTB 06ycno&neRbl 8ACOp6nHell MODekyn XDOPBilOB, BHARO, 

0/lHtiKO, 'ITO Taxoe UODOlK9HBQ Reo6B3aTen&RO BM91!T M9CTO B n106b1X KOM6BRaUBSIX aTOM OT-

Aaqa - aocaTen&, XaMBqecxae (xaReTR'Iecxae) oco6esaocTu, sanpaMep, ManaB cKopocT& 

peaKnBB ~opapoaaHBB BnH, Rao6opoT, 6on&waB cxopocT& KORKYPHPYIOWBX peaxuall, npaaonH

wax K HQDeTyqBM 4JopM8M0 peaKUBII C aarpRSHeHB!IMH B npHMQCSIMH H T,n., MOryT B H91tOTo

pb1X cnyqasrx npenRTCT&O&aTb o6paao&aHBIO MoneKyn cna6o ancop6apy10merocg coenHBeBHB, 

,Cn,enyeT ewe OTMeTBTb, qTO npHMeHRQMbiQ B RaWBX ODbiTaX raSbl He oqamanHCb CDe

UBan&HO OT KHCnOp~a, n;sTOM:f H9nb3!1 3apaaee BCKDIOqHTb BOSMOlKHOCTb CT86HnH3BUHH BTO-

11 

., .. 

.. v~./1 



'!1,''.-

_it\; 
~~~ 

rf" tJ~i'/j' 

l
tli~t. 

:: 
;·· 

'~1~ 
~··· 
i:-!1 ·. 
~ 

I
. 

\ 

'· .L 
~~;.· 
!,· 

. ~. 

' ."' 

,," 

I 
. .1 

MOB OT.[l8'111 B cjJopMe ltBC~OPpACOIX9PlKAIIIBlt coe.aaHeHJiil. 0KBC!IPI H OBCBXnOpB)l.W IUIPJtOIIBH' 

ueneTy'la. · McmB6JteB o6paij)'eT aerieT)''Iae OJ;HCnhl.o uo er0 OJtcaxnop.H.aP! .. cpa.am~T8/Qoao n.-.., 
0. . /.)18/ 0 

ItO acnaplllOTCII: Mo0CI4 ltBHBT llPH 260 ( '!-"'•11, 7 KK.aAIMOill> , MoOCl3 .llpB 852 
/17/ o/18/ 

( L ~25 ltJtan/Mo.ra.) , Mo02 Cl2 aoaroaaeTCH llpH 1&8 •. .llaaahle no nepeaocy 
101,102 

l~o MOJKBO, cne,aOB8T81U:t-HO, o6'!tSICHHTb T810K8 nepeBOCOM MOneKyn OJtCHXAOpHJ:IOB, 
97 

H o a03MOlKHOCTb sljl4leKTBBROro nepeaoca Zr ,aalKe npu 60111omoll ltoueUTpan:rm• ltHCno-
/1/ I 

po,aa B raae · )'Jt83blii89T B8 TO, 'ITO 8T0Mhl Zr Be CT86tlnB3BpytoTCII B IIB,[l9. J[I!CnopOil • 

COA9plK8111BX MOOeJtyn, 

XnopHI:tPI 11 o~~:caxnopBilhl Mona6.aeaa npeT&pneaatoT citomnte aaaBMBhle n:peapameaa11, 

ltOTOpb19 91119 H8,!lOCTaTO'IBO B3Y'I9llhlo B03MOlKHO, 'ITO STO JtpllBOJXIlT It ll9ltOTOpOII CH9IUIIjlll-

lt9 ,aeiiCTIIIlll MoCIS B K8'18CTB9 B91l30TOHHOrO BOCBT~nllt Peay.ra.T8Tbl onp9A9n9HHSI 'I 

npa nepeaoce Zr.97 c. llo c1
5 

oTnB'Ianuc& Dlloxoll aocnpoJ13ao.aBMOOT&to. 
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