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11 21 
B npeAb!AYmBx pa6oTax ' asy'IHJIBCb ycnoBHSI, aeo6xoaHMble llllSI 6blcTporo XllOpapo-

BaHBSI BTOMOB 0Tll8'1ll npH B38BMOllellcTBBB C XllOpCOllepJKBmBMH raS8MH 1 H accneJ:IOBallHCb 

B03MOJKBOCTB Tp8HCI!Op7BpOB8HBSI I!OllY'I89MbiX XllOpBJ:IOB rBSOBbiM IIOTOXOM B npHCYTCTBBB 

BOCHTenell, Bblllo l!oxasaao, 'ITO npa TeMnepaType 180° aTOMbl OTllH'IB Mo B Zr nepe-

BOCSITCB noToxoN aaepTaoro rasa, coaepJ~tamero onpe~:~eneaaoe XOJIB'IeCTBo aapoa neTy'IHX 

XllOpllAOB ( ZrCf, , Nbcfa Ta cf a B Ap. ) , no-BBllBMOMy, B <J>opMe MoCf a B ZrCf • . 

ATOMbl OTJ:Ia'IB XllOpBpy~TCSI llpB B38BMOJ:Iel!CTBBB C XllOpBJ:IaMB - HOCBTellSIMH ~8~ B CllY'IB9 

TOpNOJKQHBSI B XllOpCOll9pJ~tamell cpeae, T8It R nocne npeaaapHTellbHOrO SaMel{ll9HHSI B aaepT

BOM rase, npacyTCTBHQ CB060llHOrO xnopa H906BS8T9llbHO. 

Uenb~ aacTOSimel! pa6oTbl SIBHnoc~ onpeaeneBHe ycnoaal! nepeaoca ra~aaSI R cTeneaa 

ero O'IBCT~R OT 3119M9BTOB Ill rpyllllbl 1 a TaitJK9 llpS!M09 B3M9p9BB9 llpOJ:IOillKBTellbBOCTB 

STOro nponecca. 3TH aaaable 6biJIB aeo6xoaBMbl ana coaaaaaa aenpepbiBaoro a~cnpeccaoro 

N9TOJ:I8 p83/l9ll9BBSI 3119M9HTOB Ill a IV rpynn - npoayxroB RllepabiX peaKilBll, Bb13b1Ba-

9Mb1X MBOrosapRJ:IHbiMB BOH8MR, 

Hcnonhsoaaaae neTY'feCTB XllopBAOB MeMeBTOB IV rpynnbl li03BOllBllO BHM KOnB'I8CT-

aeaao oTaenRTb MeM&BTbi IV rpynnbi DpB BbiCOitOM KOs<lJ<I>BnBeBTe O'IHCTI<B OT 3119M9B-

TOB Ill rpyllllbl H PRlla llpyrBX MOMeBTOB. npa 3TOM llpOM9lKYTOK l!lp9M9BH OT MOM9BTa 

BOSHBKBOBeHHSI aTOMa llO OKOH'IaHHSI nponecca p8SJ:19ll9HBSI COCT8BllSI9T ll9CS!Tble llOilB C8ItyB

J:Ib1, Taxol! M9T0ll MOr 6bi 6b!Tb HCIIOllb30BaH J:lllB XBMB'19CKOll BJ:IQHTBcjli!KallHH aTOMOB 104 

3119M98Ta, KOTOpb!A ll0ll}!(98 6b!Tb 3Kara~BB9M. 

noao6HBSI Sal{a'la 89 MOJK9T 6b!Tb peweaa BSBeCTBbiMH llO BaCTOHmero Bp9M9HB XHMH-

/3/ 
'I&CXHMB MeToaaMB Haa6onee 6biCTpaH MeToaaKa paaaoxaMa'lecxoro Bbla eneaRH napxo-

BBSI (as npoayxToB neneaaa), onacaaaaSI OpToM a CMaToM
141

, BMeeT nponon}!(BTOllbHOCTb 

oKono 1 MBHYTbl, Bp11n na MOJKHO cymecTaeaao coxpaTBTb aTo apeMR a ocymecTBBT~ Bbi

neneaae B BRAe aenpepbiBaoro npouecca. 

I. 3KcnepBM9BTallbHaSI 'laCTb 

Onb!Tbl npoaonanacb aa ycTaaoaxe, paf'ioTaJOmel! aa aayTpeaaeM ny'IKe ycxopaT&llSI 

MBorosapRllHbiX aoaoa ( Y -3 00) OHHH. Oaa npaananaanhHO noxo"'a aa na6opaTopay10 yeT a-

3 



/2/ 
HOBXy, npHM9HSIBlliY!OCII HBMH paHee npH pa6oTe C nponyKTBMH neneHHB ypAH8 • AnnapaTy-

pa cxeMaTH'IGCKH H3o6 paJKeHa Ha pnc. I. Ha Hell MOJKHO ocymecTBllHTb naa aapHBHTa aKcne

pnMeaToa, KBK aTo noKa3aHo Ha pHcyaKe. B onaoM cny'lae (pRe. Ia) aTOM bl oTna'IH TopMo-

3HTCR npRMo B xnopcone pJKame ll cpene, B npyroM cny'la e (pRe. 16) - B KBepTHOM ra3e . B 

K8'19CTBI!-- MHW9BH ( 1 ) HCDOllb 30BallHCb OKHCH M9T8llllOB0 HIIH9C9HHbl9 Ha All iOMHHHeByJO <jlonb-

2 
ry. TonlliHH8 CliO!! OKHCH ( 1 Mr/cM ) BCerna 6blll8 M9Hblll9 npo6era aTOMOB OT.tla'lll 

1
H 

rny6naa ra3 oaoro npocTpa acTaa aa MH1119HbiO Bbi6Hpanacb a pac'leTe aa Konaoe TOpMoJKeaae 

H3y'la9MbiX npoAyKTOB HnepHhiX peaKnHll. TeMnepaTypa r a3oaoro TpaKTa, 3a HCKllJO'IeaHeM 

llOBymKH AllH aocHTenR (8), aaxonHnac& B npenellax 240-300°. OapnHBllbioe naBlleBHe napa 

HOCHT9ll!l llO.ti.ti9pJKHB8110Cb DOCTO!IBHbiM. 

B onhiTax H3M9p!lnacb a<l><l>eKTHBHOCTb nepeaoca ( '1 ) KOTopa!l onpenenRnacb KaK 

OTHOUJ9HH9 KOllH'I9CTB8 a TO MOB O'l'.ti8'1H 1 Dpome.D.mHX '19p93 HH9pTHblll <j>HllbTp{ 6) 0 K KOllH'I9CT

By aToMoa, o6pa30Bal\mnxcR a Ol!b!Te ( TO'IHee, BhlneTeamnx B3 MHllleHH a ra3). Xnopll.ti 

ra<j>RII!I ynaBllHB8llCSI Ha cnenHallbHOM XHMH'I9CKOM <j>HnbTpe { 7) ( nonpo6aee CMo HHJK8) • 

MeHee neTyqae xnopH.tibi aneMeHTOB III rpynnhl H np. 3anepJKHBanHcb Ha OTBO.ti llmell Tpy6-

Ke H Ha HH9pTHOM <j>HllbTp9 (6), HOCHT&llb KOH.tleHCHpoBanc!l B llOBymKe (8), KY.tl8 nenana-

liB T8KJKe TpaHcnopTHpyeMb19 H30TOllbl 0 KOT'.ti8 He HCROllb30BallCSI XHMH'I9CKHlt <j>HllbTp .tlllJI HX 

npenB8pHT9llbHOT'O OT.ti9119HHSI OT HOCHT9ll!lo 

Bee KOMMYHHKBDBH 6b!IIH BbiROllH9Bpl H3 uepJKBB910lll9ll CT811Ho Korna HOCBT9llb BBO.tiBll-

CSI B llOTOK B TO'IK9 III , aa Y'<BCTKe MeJK.D.y To'IKaMB H III (pRe. 16 ) RpOBCXO-

.tiBllH ROTepB aTOMOB 38 C'l9T Heo6paTHMOlt 8.tiCOp6DHH HB CTeHKB.X. TaKBe aTOMbl ae MoryT 

BCTynRTb B KOHTaKT C HOCHTeneM. 3TH OOTepB He npeBbiUJanB 30% OT ROllHOT'O BbiXO.tla B 

y 'lnTbiBanRCb npa onpeneneHBH neliCTBHTenbaoll a<I>~~KTHBHOCTR nepeHoca. 

OcaoBHbiM 11aepTHbiM KOMnoaeHTOM raaoaoll cMecu cnyJKHn T9XHH'IecKHll a30T c conep-

JKaHHeM KHCllOpO.tiB < 1%, KOTOpbill nepen nonaqel! B a nnapa'rypy n ponycKancR qepe3 Me-

TannH'IeCKHll ·KallbOHll, HarpeTbllt .tiO 200°, BaTHbllt <j>HnbTp H llOBymKy, OXlla JKnaeMyiO .tiO T9M

nepaTypbl - 1 20° . 

B Ka'lecTae xnopHpyJOmero areaTa u HOCHTellSI npHMeH!IllHCb NbCf 6 H Zrcf,. 0BTH-

xnopiiCTbl l! HJI06Hll coJlepJKan , no naHHhiM nocTaBmBKa, 0,035% Ta , R ~ 0 , 01 % Fe. Ti , 

Si , Af • "ieTbipexxnopacTbiil nRpKoHBA MapxH "'<HCThiil" nonaeprancR Jlo6aao'laoll o'lHCTKe 

Harpe B8HH9M H B03T'OHKOll B TOKe BO.ti0p0.ti8 H fiOBTOpHOlt B03T'ORKOlt B BaKyyMe. 

lln!! R.tleHTH<jJHKailHH paQJIOH30TOllOB HCllOllb3C>Ba llCSI CDHHTBllll>UlHOHHbllt raMMa-cneKTpo-

MeTp C KpHCTanllOM N a J (Tf ) 40x40 MM II CTOKaaanbHbllt 8H8111138TOp HMDYllbCOB. J.13MepR-

nH Cb TaKJKe nepBO.tlbl nonypacnana DO cnany HHT9HCRBHOCTH OT.ti9llbHbiX IIHHHll B raMMa-

cneKTpe. 

ITO IT! 
Haa6onee noJlpo6Ho H3y'lancR nepeHoc H30Tonoa ra<jlanR HI , HI • 3TH RyKnH.tlhi 

22 
llOllY'IB.llHCb npH o6nyqeHBH MHWeHB H3 9CTeCTBeHHOlt CMeCH H30TOllOB CaMapHSI HOHaMH Ne 

4 

CaMapRll RMeeT CllOJKHbit 

naRBbiX MaK<jlaplle AH/
5 •E 

M8llbBblll B biXO.ti CM9CH .til 

115-130 M as (na6.cHcTe 

22 
.till!! peaKnHll Sm(Ne 

1 20 M a a. CneKTp raMMa 

pHCo 2. OepHO.tibl nonypa< 

llBcyeTcH c naHHbiMH Ban 

MHllleHH ROlly'laiOTC!I MHO 

TK<!>HOHpOB8Hbl H30T0llbl 

TOllbKO np!!MO B !l.tlepHbiX 

CTBYIOlliHX KOpOTKOJKHBym 

aay'leHHR nepeHoca penK< 

no 3TOl! npH'IRH9 nc 

N d , Pr , nonyqaeMbiX 

R8.ti8S!Cb, H30TORbl N d • p 

H3 CM9CH RpO.tiYKTOB o6n; 

H 

OpR o6ny'leHRH an101 
22 

( Ne , 2p 3n ) 

RM99T naa MaKCHMyMB OJ 

npR o6ny'I9RBR Af 

B panaoaKTBBHbiX n 

ZrCf, HllR NbCf 

np8BH110 0 npRBO.tiRllO K OCl 

p8.tiHOXBMB'leCKJI 6blllH Jill 

110 
Sn 

100 
In 

H 
v 

110 100 
Sn 50 R In , 0 o6pa3yJ01 

HOe !!.tipO COOTBeTCTBeHHO 

{COCTaBHOe S!llpO Co:!'U) 
DpOAYKTBX 6blllH o6aapyJKI 

nyKTbi pacnana Nb 81 



/2/ 
e a aa ypaaa AnnapaTy-

n HTb .IlBA B8pHBHT8 3KCD&-

18) BTOMbl OT.JlB qH TOpMO

) - e IIBepTBOM raae, B 

>19 HB amo MHHR&ByJO <!>onb-

5era BTOMOB OT.Jla qH
1

H 

!T& H8 IIOnaoe TOpMOlKBHBe 

p8KTa , 38 HcKnJOqeaaeM 

•ns8nbaoe aaaneaae n a pa 

•p a H onpe.Il&nHnBCb KBK 

~ <!>snLTp(6), K Konsqec T

n e HH B ra3), Xnopli.Il 

o.Jlp OOBe& CM, HR lK8), 

~nHCb Ha OTBO.IlHill8l! T p y6-

nDKB (8), Ky.Ila non8.Il8-

:M a q e c KHA <!>llnbTp AnH IIX 

Kor.Il8 aocaTenb aaoaan-

:n ( pac, 16 ) npoacxo-

T a Kue aTOM bt ae MoryT 

oT nonaoro Bhtxo.na u 

! HOC8. 

•XHI!qe c xliA a a oT c conep-

n ponycKancH qepe3 Me-

Ky, OxnBlKLlBBM y iO LlO TeM-

NbCf a H ZrCf• . nsTH-

' H ~ 0 , 01 " F e , Ti , 

ncB Ll008BOq a o A O'IHCTK& 

I B eaKyyMe, 

lHOHHbtll I'BM M a-cn e KTp O

!lTOp HM n ynhcoa. H3M&pH-

HbiX liHHH A B r aMM8-

0 1 T 1 
, HI • 3TH a y KnHLlbi 

22 
OB CBM8pHH HOBBMH N e · 

CaMapsll HM&&T C.IlOlKHbtl! H30TODHbtll COCTaB, R pacqeT C RCDOnb30BaHR&M 3KCn&pRM&HTanbHbiX 

/5,6/ 
aaHBbiX MaK<!>3pneAH8 no pe8KUHHM c acnapesaeM HeATpOHOB noKB3btBaeT, qTo MBKCH-

M8nbHblll BbiXO.Il CM&CH .IlOnlK&H nonyqHTbCH npB 3HeprHH 6oM6ap.IlHpyiOWHX HOHOB 

115-130 M3B (n86.CHCTBM8), COOTBBTCTBYIOWeA o6naCTH M8KCRMyMOB KpRBbiX B030ylK.Il&HRH 

ana pe8KUHA Sm ( Ne 
22 

, Sn l HI H Sm (Ne 
22 

, 6n l HI Mbt acnonb3oBana 3 HeprHJO 

120 M3B. CneKTp r8MMa-nyqel! pa.IlHOXHMHqecKH qacToro npenapaTa ra<!>aHH noKa3aH Ha 

pac. 2. nepHO.Ilht nonypacnaaa naHal! 0,065, 0,12 s 0,17 M3e p8BHbl 10-12 qacaM, qTo cor-
/7/ ITO,ITI 

nacyeTCH c aaHHbtMB BanesTsaa s ap. • H8pH.IlY c HI B npO.IlyKTa x o6nyqeaHH 

Msmeaa nonyq8JOTCH Maorse aaoTonbl naaTaHR.IlHbtX 3neMeaToB. T8K, aanpHMep, HBMR aaea-
tas tea,uT uo,tu teo 

Ts<i>HUHPOB8Hbt H30TO.Ilbt Yb , Tm , Er , Ho 0HH MoryT B03HHKaTb He 

TOnbKO DpHMO B H.Il&pHbiX p98KUHHX, HO TBKlKB B peaynbTa.Te pa.IlHOBKTHBHOI'O pB C.IlB.IlB COOTBBT

CTBYIOillHX KOpOTKOlKHBy!llHX H30TODOB r8<!>HHSI 0 H D03TOMY HX H9B03 MOlKHO HC.IlOnb3 0B8Tb .IlnSI 

H3y'I&HHH nepeHoca pe.IlKo3eMenbHbtx 3neMeHTOB. 

no 3TOI! npaqaae DOB&.Jl&BH& naHT8HH.IlHbiX 3n&M&HTOB H3yq8nOCb H8 npHM&pe H30TO.IlOB 

Nd, Pr , nonyqa&Mb!X npH o6nyqeBHH onoea aoaaMH Ne
22 

c 3HepraeA 120 M3e. P8c-

.Il8.Il8Hcb, H30TO.Ilbl Nd, Pr .Il8IOT H30TO.Ilbl Ce KOTOpb!& nerKO XHMHq&CKH Bb!Ll&nHTb 

113 CM&CH npOLiyKTOB oonyq&HHSI, 

22 
npH oonyq&HHH anJOMHHHSI HOHaMH 

u 

22 
Ne B pe3ynbTaTe peaxnal! (Ne ,an) 

11 ( N e , 2p 3o ) nonyq8&TCH 
,,m, '' 

Sc , Ceqeaae o6p830B8HHSI o 6 oax H3oMepoB 

HM&&T LlB8 M8KCHMYM8 npH 3HeprHH Ne
22 54 11 107 M3B (na6,cacT.)

181• 

npu o6nyq&HHH Af HOH8MH 
22 

Ne 

24 

T8K>Ke H86niO.Il8nocb o6p830B8HHe N a 

B pa.IlH08KTHBHbiX npo.IlyKT8X oonyqeai!SI HOH8MH Ne
22 

B OfiblT8X, rne HOCHTenH 

ZrCf• llnH NbCf a DpOnycKanHCb qepe3 RpOCTpBHCTBO 38 MHIIJ&Hb10 0 'ITO, KBK 

npaeano, DpHBO.IlHnO K OC8lK.Il9HHIO H8 Mlllll&HH aeneTy'IHX npOLlYKTOB pa3nOJK&HHSI HOCHTerrel!, 

p8LlliOXHMHqecxa 6blna aaeaTa<!>anapoB8Hbt cneayJOIIlHe H3 0TOnbt: 

aal!aeao 

T~ Ey 

Sn 
110 

4,8 q 0,28 0,51, 0,6 Mae 

(c aoqepaHM 
110 

In 
tOG 

In 4,6 q 0,21 M3B 
.s 

v 15,2Ll 0,99, 1,32 M3B 

Sn~~o H In •.oDD oopa3yiOTCH, BepOHTHO,npa oonyqeHHH Zr H N b HOHaMH N e 
22 

( COCTaB-
110-IU Ita .S 

HOe H.IlpO COOTB&TCTB&HHO Sn ao H Sba t ) t V28 CKopee ecero 38 cqeT xnop8 

(cocT8BHoe R.Ilpo 
n u 22 U-Da 

Con' ), npa o6ny'I&HHH repMBHHH HOHBMH Ne 1 coCTBBHO& H.IlpOMo ) 8 

npO.IlYKT8ll OblnH OOB8pyli<&Hbl H30TQnbl Zr 

LlYKTbt pacn8.Il8 Nb 
aa,n,u 

(H30TO.Ilbl 

ea,u 

Nb 

5 

H 

aa,aT 

y 8T 
, eepoHTHO, aoqepaae npo-

B H8CTOHW&e Bp&MH H& H3Y'I&Hbl), 



TAX X8X 5wnH HBI!n&HW B XOHn&HC8T8 HOCHT&nH H8CMOTpH H8 TO, qTo ra30BWA noTOX npo-

llycxancH qepe3 XHM&qeCKHll <!JHnbTp , 3anepl!<nB810l!lHA Mo Zr H y • 

J130TOnbi Na~' ( Ey 1,38 11 2,75 M3B) H Sc H ( 1,13 M3a)· c 5onbmoA qya-

CTBBT&nbHOCTbiO o5Rapy~BB8n11Cb B CM8CII nponyxTOB o6nyqeaBH no yxa3aHHbiM nHHBHM B 

cnexTpe raMMa-nyqeA. OcTanbHbie H3yqaam&ec!l 1130TOnbi HnH npo.llyXTW HX pacna.lla ne

pen paniiOMeTpHqecxHMH B3MepeRB!IMB oq&man&Cb pan&oXHMBqecKBMH M&TonaMB. Tpe6oaa

HB!I K panBOXHM&qe CKOll q&CTOTe 6 binH R8 B biCOKHMB, TaK XaK An!l Hn&RTB<jJHXallBB BCnonb30-

BanC!I raMMa-cnexTpoMeTp. CneuH<!JHqecx&e 3 aTpyn&ea&!l B03aBKanH npB BhineneHBB H30Tonoa 

83 50nbWHX KOn&qeCTB xnopHCTOrO KanH!I BnB xnopBARWX BOCBTe neA (no 100 rpaMMOB). 

BbineneRBe H30TonoB u&pxoa &H B ra,Pa&H (nocne npenaapaTo nbaoro aaeceaHH aocHTe

neA H OTneneHBH penK038M8nbRbiX aneM&HTOB) npOBOAHnOCb OCa~A9HH8M B BHA8 BaZr Fa 

B3 HNOa - HF cpenbl. nn!l nanbaeAmeA oq&CTKB BCnOnb3oBanocb oca~eaBe <jJeHIInapco

HOBOA H MHHnanbHOll KBCnoTaMHo 8 KaqeCTBe HOCBT&n!l An!l B30TOnOB ra<!JHHH BCITOnb30BanC!I .. 
UHpKOHJill. 

Penxo3eMenbRbie aneM&HTbi oca~anHcb B BHne ,PTopunoa. B xaqecTBe socHTan!l He-

nonh3oaanocb Be 6onee 20 Mr La HnB Ce nocne paCTBopeRH!I LaF a ( Ce Fa 

a cMecll HNOa - H a BOa csoaa oca~anHcb <jJTopBAbi HnB oxcanaTbi. 

Ha&5onbli!He TpynaocTll Bbi3 biaaeT oq&cTxa HI B naHT8HHAOB OT MllKpOKOn&qeCTB 

CXaHnHII, XOTOpblll B 05biqHWX ycnOBH!IX B 3Haq&TenbHOll CT&n&Hll COOCa~naeTCH C <jJTOpH-

noM nBHTaaa H <jJTopuHpXOB8TOM 5apH!I • Sc Hm, H. o5pa3yeTC!I c · 5onbWHM BbiXOnOM, B KOa<jl

<!JBilH9HT oq&CTJCB non~ea 5biTb He Meabwe 10
3

• C aToll nenbro octa~ea&e La Fa ( CeF a l 

npoaon&nocb a JCHcnoll cpene (2-3 H HNOa ) , H a JCaqecTBe yuep~HBaromero HOCHTen& no-

5aananc& n&pKoHHA B xon&qecTae no 10 Mr. flpH oca~ea&B MHauan&TOB B ,Pea&napcoaa-

TOB lliiPKOHIIH no5aan&nc!l aaTIIHOCBTenb - cxaau&ll. Pa3nenea&e CM&CB naaTaHHARhlx aneMea

TOB npoBonHnOCb xpoMBTOrpa<jJuqeCKHM M&TonoM aa Konoaxe co CMonoA nayaxc-50. B xa

qecTBe anro&pyromero paCTBOp8 DpBM&HHnHCh B305yTHpaT HnH D8KT8T aMMORBH. 

ilep11ll oTuen!lnC!I OT ocTanbawx peuxo3eMenbHbiX aneM&HTOB oca~ea&eM aacwmeaawM 
III IV 

p8CTBOpOM KJOa Docne Dp8U·B8pBT&nbROrO OKBCn&HH!I Ce AO Ce ' ' 5poM8TOM. 

11an&l! H onoao BhiuenBn&cb axcTpaxn&ell u&aT&noBwM a<jl&poM 11a H~ so,- KJ 11 HBr 

cpenw. 3Ta M8TOnHKa ycnemao DpHMeHB nacb B DpHCYTCTBHH 5onbWHX KOnBq&CTB Zr B N b • 

" XBM&qecxa& HA&RTB<jJIIK8DHB V ocaoBbiaanach Ba oca~eHIIB Pb (VOa h . 

U.Pe3ynhTaTbl H o5cy~nea&e 

1. flep&HOC B30TODOB ra<jlaHH B DOB8U9BH9 HeKOTOpW X npyrHX 3n9M&HTOB 

B Ta6n&ue np&aeueaw caon&we naa&we o6 a<IJ<jJexTHBaocTB nepeaoca pa3nuqgyx 1130-

To n o a B yKa3 aHH biX Bbi W8 ycnOBH!IX. KaK noKa3 biBaJOT npe nblnylllH8 pa6oTW/ 
1•21 , B 3TH X 

IT 
ycnOBH!IX HM88T M e CTO nepeHOC Zr 

6 

3<jJ<jJexTHBHOCTb nepe 

nocne OnbiT8 C Tpy5KH H C 

XHM&qecxHA aaan&3. Ha TI= 

ero KOnHq&CTBO 5blnO M8HI 

06b!ICHH8TC!I xaq&CTBOM H 

'I > 95% !IBn!leTc!l pe3y.r; 

nepeHOC (aepHee, OT 

nonHoMy 6anaacy HX aKTHf 

Pe3ynbTaTbi no a#e• 

nBHC 8KTRBHOCTH nonHOCTb 

qTo '1 > 20%, XOT!I, no· 

Hamel! pa5oTe
121 

B3yqancs 

101,10~ 
Mo C pa3nHqHI 

qTo ycnoBH8M a#exTRBHOI 

AHH8HHll, 5nB3KHX no anco 

5Hpyrol!lHXC!I CHnbH&e. npe 

Ta ancop5n&H. OueHXH OTB 

qTo nn11 pa3nHqHbiX coenHJ 

TennoTbi HcnapeHH!I. 

B aacTo&mel! pa5o~ 

npH HCnonb30B8HHB onaor 

Taep~aJOT cnenaaawA pt 

qTo o5aapy~eRHBH 3aa&c: 

KOMnOHOBTa B B8lll8CTB8 

KBKHX-TO OC058HHOCT8l! J 

118HRSI. 

CymecTaeaabiM npH 

neHB!I MBKpOaneMeHTa B 

nepeHOC!ITCH B B&ne Zr 

BHCHM08 noKa3aTenbCTBC 

nOCb DOB8U8HH8 ra<!JaH!I I 

/10/ 
J13B8CTHO , qTO Ma~p 

coen&aeHH!I K ~ ZrCf 1 

CO cpeAHHM pa3M8pOM '" 

TOKe npHCyTCTBOBan HOC! 

BM9CT9 C HOCHTeneM 001 

XnOpHCTbill UHpXOHHll !IBn 

qecTB HI npenapaTb 



Ta5nBua 

3~~KTBBROCTb nepe&oca HeKOTOpblX B30TOOOB C napaMH nRTBXITOpBCTOro HBOI5BR 

R ~eTwpexxnOpRCTOrO URPKOHRR 

Yc:noBHR onwTa: ynpyrocTb napa aocRTenel! 0,15...{),20 MM pT.cT.,aHepTHhll! raa - aaoT, 
pacxon 20 HniMBH., Te!llnepaTypa TpaKTa 240.-300°, npononJKRTtlnbHacTb 

OnWTa - 4 ~aca 

l!i30TOO HocBTenb 3~KT BepoRTH. T-pa TennoTa 
xxx7 

nepeHoca, XHM.~OpMa KHfieHHSI ucnap. Boar. 
% (Boar.),°C KKan/MOIJ.b 

SniiO NbC£ 6 > 20 Sn c£ 4 113 8,3 
vu Nb Cf 0 >20 v c£ 4 164 8,2 

ae,n ,ux/ 
vocf 8 127 8,3 

~b Nb C£ 6 >20 NbCf 8 246 11,8 20,3 
HfiTO,ITI 

Nbda - >95 Hlcf4 316 15,0 24,0 
HI ITO,ITI Zrcf 4 ::,98 HI Cf 4 ,._•o• Nbc£ 6 < S lnCt8 498 37 ,li .... 

NbCfa ~0,5 ScCfa 967 46 62 Sc .... 
Zrcf, Sccfa Sc ~0.5 

Na
34 

NbC£ 6 ~0,5 NaCf 1465 40,8 48 

Na
24 

Zrcf, ~0.5 NaCf 
Nd, Pt xx/ Nbc£6 ~I Nd (Pr)Cf 8 1687 46 54 

:xxl 
Zrc£4 Nd (Pr) Cfa Nd,Pr ~ 

x/CBol!CTBa yxaaaHHhlX B Ta5nBUe B30TOnOB 
ae,n 

Nb noKa He ilay~eHbi. 

xx/ 3TH R30TOnW noKa Ht!R3BeCTRbl. Hx naBt!llt!HRe onpenenRnOCb no pacnpeneneHR!O 

llO~epHBX B30TOOOB uepRR. 

=x/ .Uaaawe R3 cnpaBO~HRKa /9/ 

BCerna COilt!pJKaT B 3aMeTHOM KOnH'I8CTBt! ra~aBI!, KpoMe Taro, OllHOTRnHwe COtlllRHt!HHR 

Zr B HI B30MOp~Rbl H o6paayiOT TBepnble paCTBOpbl BCne,[lCTBHe 5anbmOl! 5nB30CTH 

CBOACTB sneMeHTOB. •npaCKOK" HI ITO,ITI ~epea ~HnbTp B KOHilt!HCaT NbCfa 6bin Mt!Hb-

me ~CTBBTenbHOCTB onpeneneHRR, T.e. < 1%. PaeaoBecaaa ynpyrocTb napa ZrCf4 
0 -6 /111 

Hall I(' Zr Cf a npH 280 . paBHa • 10 MM pT,CT, • 0TCIO,[la Tt!Opt!TH'It!CKHA npoc-

I<OK HICt, • paCC'IBTaRHb!l! no paBHOBt!CHOMY aaBneHH!O paanOJKt!HBR "' Zr ct. ' coc-
-3 

TaBnRt!T npHMepao 10 %. 

/11/ 
C npyroA cTopaHbi, no naHHbiM, nony'leHHWM paaee B Hamel! na5opaTopHH , paape-

-4 
>KeHHble ( 10 MM pT.cT.) napbi Zrcf, H Hlcf, a<l>¢eKTHBHO aacop6spyiOTCR Ha no-

BepXHoCTR KCf , HB'IHHaR c TeMnepaTypbl OKano 400°. B aawsx onbiTax c aeaaoTonl!biM 

ROCHTeneM Nb Cf 6 (0,05...{),25 MM pT.CT,) H30TOnbi HIITO,ITl H3BneXaiOTCR XnapHC -

Tb!M KanHt!M H3 nOTOK8 C ac!><l>eKTHBHOCTbl00 TaKJKe npeBbllUaiOmeA 99%. CnellaBaTenbHO, KaK 

8 

1 

{ 

B npacyTCTBRB, TaX B B OTC 

ce5R B COOTBt!TCTBBB C naH. 

t!T HanB~He B OOTOKe Mane> 

CnenyeT cKaaaTb, ~TO 

B COOTBeTCTBHB C 6onee HR: 

K, ZrCf e RnH K 2 HICf 8 

280° paBHO • 1,5 MM pT.C 

npu oi5CyJKilt!HHH naHHb 

cnyqae B3aRMO.llt!l!CTBHR xno: 

UHR0 COOTHOWt!HHtl TennoT a~ 

noJKeHBR llMl!HblX COtlllHHt!HH 

50 KKan/Manb nna K 2 ZrC£ 6 

Mea a nca N aCf BMt!CTO X 

cocTaBnano ae 5onee 80%, ~ 

enol! NoCf 

Na2 HICf a 

TerrnoT-t.I paa . 

':OOTB9TCTB9H1 

3biBat!T Ha B03MOJKHOCTb ne~ 

2. CTE 

B onb!Tax c R30TanaM 

nyqanCR pai!HbiM 100 RnH HE 

npapa.llbi ao5aBO'IHaro ~Hnb~ 

~BnbTpa HCnb!Tb!BanHCb: KBR 

na, ~ToponnacTaBRR CTPYJKJ<I 

TOll HnH npyroft CTeneHH B3l 

OOnb30BanH ~TOponnaCTOBYK 
~t ttm 

N a H oco5eaao Sc 61 

~bl nony'IHnH Ht!KOTOp> 

PYIOWHXCR H30TOnOB BllOnb 0 

H C nOMOlUblO Cnt!KTpOMeTpa r 

KaJKilOM oTpeaxe • .UaHHbie nc 

KH) npsBeaeHbi aa pRe. S. K 

Hall qepTol! pacnpeneneaaa s 

3a HCKniO'It!HHt!M Ha~anbHOrO 

o5paayeT aeneTy'IHA xnopan, 



rxnopaeroro Bao6aH 

•epTHhll! raa - aaoT, 
'. rrpoll.onJKBTen&uocTb 

TennoTa xxx/--
aenap. Boar. 

KKan f MOI!b 

8,3 

8,2 
8,3 

11,8 20,3 

15 ,0 24 ,0 

37 ,li 
46 62 

40,8 48 

46 54 

ae llayqeabr. 

:& no paenpeneneaR~ 

OTHnHble e09JlHB9HHR 

6on&rnoA 6naaoeTR 

teaT Nb Cf 6 6bin M9Hb-

JyrOeTb napa Zr ce. 
TeopeTaqeeKHII npoe-

HR IC, Zr Cf• , eoe-

/11/ 
.6opaTopHH , paape-

neop6apy~TeR aa no-

>IIbiTBX C HeH30T OflHbi M 

H3Bnexa~TeH xnopae -

&. Cne.aoaaTen&ao, xaK 

} 
J 

f 

B npaeyTeTBHa, TaK a B OTeyTeTBae MaKpOKOnHqeeTB 

eef5g B eOOTBeTeTBHH e naHHbiMH 0 B3aHMOJlel!eTBHa 
ITO,ITI 

Zrcf. 8TOMbi 
Hf ITO,ITI 

BenyT 

Hfcf. e ICC£ , qTo nonTeep~a-

eT aanaqae B noToxe Monexyn Rf , cf. • 

CnenyeT eKa3aTb, qro llHTHxnopaeTb!l! BH06Hl! - HOeHTenb He aanep~BaeTeH ~HnbTpOM 

B eoOTBeTeTBBB e 6onee HH3KOI! TepMHqeeKol! npoqaoeTb~ no epaBaeaa~ e 

ICaZrC£ 8 ana K, HfCf 8 
1121

. PaBHOBeeaoe naBneaae 

ICNbCf e 

NbC£6 aan ICN bCf 8 npa 

280° paBHO • 1,5 MM pT.eT. 

npa o6ey~eBBa naHHbiX Ta6nHUbl ~aKT&qeeKa peq& rnna o ~HaaqeeKol! aneop6uaa. B 

enyqae B3aRMOnel!eTBHH xnopHJlOB e ICC£ , rne, BepOHTHO, aMeeT M9eTO X9MOeop6-

UHR, eoOTHOlli9BH9 TellnOT aneop61lHH enenyeT, 00-BRllRMOMy, one&aBaTb no TennoTaM paa-

nOJK9HHR )lty;~I!HbiX eoenaHeHHl!. 3TH BenaqHBbl paBHbl 20 KKan/Monb nnR ICNbC£8 a OKOnO 

50 KKan/Mon& nnR IC, Zrcf, H IC, Hfc£ 8 
111,12/ 

HaTepeeao, qTo B OIIbiT8.X1 r.o.e npH

M9HR neg N aCf BMeeTO ICC£ 
ITO, ITI 

aneop6naoaaoe aasneqeaae MaKpoKonuqecTB Hf 
I TO ,IT I 

eoeTaBnHnO He 6onee 80%, T,e, HOCaTenb l\bCf 8 qaeTaqao nepeaoeaT Hf qepea 

enol! NoCf 

Na,HfC£ 8 

Tennoar paanoJKeBHR aaTpaeBbiX eoenaaeaal! NaNbCfe , Na, HfCf 8 a 

=ooTB9TeTB9HHO paBHbl 23, 26 H 26 KKanfMOnb
1121

, qTO , nel!eTBHT9llbHO, yKa-

3biBaeT aa eoaMoJKHoeTb nepeaoea. 

2. CTeneab oTneneHHR aneMeHTOB TpeT&el! rpynnbl 

B On biT ax e R30TonaMH N d R Pr KO~HilH9HT oqHeTKH OT 3TRX aneM9HTOB no-

nyqaneR paBHbiM 100 ana aeeKon&KO 6on&rne. ELino aal!neao, qTo oqaeTKa Mano aaBaeaT oT 

npapollbi no6aBoqaoro ~an&Tpa, yeTaaoBneaaoro B Koane OTBOJlHmeA Tpy6xa. B KaqeeTee 

~BnbTpa Henb!Tb!Banae&: KB8pU9BbiA neeoK, xnopaeTb!l! H8TpHII, eTpyJKKa 83 aep>KaBe~mel! eTa-
• 

na, ~ToponnaeToBaR eTpy>KKa. 3a aeKn~qeaaeM ~oponnaeTa, Bee oeTan&ahre MaTepaanbi B 

TOll ana Jlpyrol! eTeneHH B3aRMOJl9l!eTBy~T e HOeHTeneM, noaTOMY Mbl B nanbael!rneM ae

nonb3oBanH ~ToponnaeTOBy~ eTpylKKy ana KpOWKy. Ehrno TaK>Ke o6aapy>Keao, qTo noeeneaae 
2t 44m 

Na a oeo6eaao Sc 6nHaKO K noeeneHHJO Nd H Pr . 

Mbl nonyqana aeKoTOpbre Ba>Kable naaabre, aayqaR nanee paenpeneneaae aeTpaaenopTH

p~maxeR aaoTonoB Bnonb oTBonRmeA Tpy6KH. Tpy6Ka noene onbiTa paapeaanae& aa KyeKH 

H e llOMOWb~ errGKTpOM9Tpa raMMa-HanyqeHHH H3M9pRnaeb aKTHBHOeTb )laHHOrO R30TOITa Ba 

K8~0M 0Tp93Ke. naHHbi9 ITO paenpeneneaa~ ynenbHOII aKTHBHOeTa ( Ha 9JlHHHilY nnHHbl Tpy6-

KH) npaeeneabr aa pae. 3. KoopnaaaTa oTeqaTbiBanae& oT ToqKH II (pae. 1). XapaKTep-

HOi! qepTOII paenpeneneHHH HBnReTeR 3KellOH9HilHanbHbll! enan aa 6onblliOM 0Tp93K9 Tpy6Ka ,. 
aa aeKn~qeaaeM aaqan&aoro yqaeTKa. Paenpeneneaae Na aneMeaTa, KOTOpbrA TaK>Ke 

o6paayeT aeneTyqal! xnopan, rrono6ao paenpeneneaa~ aneMeHTOB TpeT&el! rpyrrrrhr. 3Kerroaea-

9 



UHanhH09 naneaae ynenhHOA aKTHBHOCTH yKa3biB89T &a nOCTOHHCTBO B~pOHTHOCTH ancop6UHH 

aa cTeax e. 8Ta aepoaTHOCTh ae 3aBHCHT oT xoopnaaaTbl anonh Tpy6xa 3a acxn~~eaaeM aa-

'18 n bHOrO Y'18CTK8, r .o.e, flO-BH.O.H M OMy , C K83biB8eTCSI HeyC T8HOBHBlliHACSI pe>KHM Te'le HJHI raaa. 

A aanoraqaaa xapTHHa aa6n~nanach aenaaao aMe~axaacxaMa accnenoBBT&nHMH/IS,I
4/, 

H3y~asmaMa oca~eaae nponyKTOB neneaaa H3 Typ6yneaTaoro noToxa renaR aa cTeaxax 

CTBnhHO A Tpy6xa. 

Pe3ynhTBT no pacnpeneneaa~ ynenhaoA axTHBHOCTR MO*HO cpaBBHTh c pac~eTOM no 

ypaaaeaaaM Macconepena'lll. Korns xoMnoaeaT, nepeaocaMwA aa cTeRKy, &MeeT npeae6pe*H-

Mo Manoa napnaanhaoe Jlaaneaae B cMeca c aaep'l'HWM ra30M, ypaaaeaae nna Bbl~acneaaa 

KOa<I><I>HUH9HTa MaCCOOTna~H ( r 83 yCTBHOBHBW&rOCII Typ6yneH'l'HOro noTOKB rB3B K CT9H
/J5, CTp.573/ 

xaM rnanxoA Tpy6w xpyrnoro ce~eaaa · csonaTca K 

.. 
IC 

r 
0 ,023 _D_ Ro

0
'
11 

Sc O,U 
d RT 

xfMonhiM
2 

cex aTa, 

rne D -xoa<M>anaeaT Jlacl>cj>y3HR, d -naaMeTp Tpy6br, Ro -xoaTepaA PeAaonhnca, 

Sc -xpRTepHA ill ManTa ( - 'na¢$y3ROHHWA KpHTepaA npaanTna'). B ycnoBRHX aamax 
3 4 

onwToB Ro nopanxa 10 - 10 , 3Ha~eaae Sc 6nH3KO K enaane. 

na¢$yaaoaawA nOTOK aa enaHHny nnomana DOBepXHOCTR CT9RDK p8B9H P.Kr' rne P

napnaanhH09 nasneiiRe oca~aeuoro xoMnoaeaTa B ra3oooA cMeca 38 npenenaMR norpa

IIR'IBOr o CDOH. BepOIITBOCTh OC8~9BRH 88 enRHHUY JlllRHbl Tpy6KR MO*HO 3anacaTh ltalt 

0,693/ x~ H H83BaTh X~ 'nnaaoA nonyoca*neaaa'. 8Ta sepoHTHOCTb pasaa oTaome-

HR~ JlR<I>ci>Y3 HORBOro nOTOKa aa llOB9pXBOCTa 0Tp93K8 Tpy6KH enaBH~HO A JlnHHbl K KOnH~9CT

BY semecTBa,nepeaeceaaoro qepe3 Tpy6Ky: 

0,693 rrd PIC 4RTJC 

~ rrd 
2 

P u 
.-- iiT 

do 

rne o ~aaeAaaa cxopocTh nsa*eaaa ra3a. 0Tc~na, nanee, 

xK. ud 
2 

Ecna pacmacj>posaTb aTy xpaTepaanhBY~ 3aBRCHMOCTh, nonyqHM 

0 , 1T l,lTO,at 

• 7,53 ° d II M , 
K 

0
o,n 

rne II - xoa<I><I>HUH9BT ltHR9M8TH~9CKOA BH3KOCTH. 

10 

MaTepnpeTauaa axcne 

HWX no K0 9¢$HUR9HTaM na¢ 

cnenyeT, 'ITO x ~ nosonh 

B on brTax c xnopana: 
u 

~eaa11 x ~ nmr Na 

OHH aw~acnHn&ch MeTonoM 

xpaaoA, BbrqepqeaaoA B non 

KBaJlpaTHqHbl9 OillH6KH 9THX 
/1 5 

yp8BB9HH~ n *annan&B.I(& . 

XOnHTCH B UOTOK9 B Bane C 

no npaseneaawM awme ypa1 

B CM: 

pac~eT 

OITbiT 

NaC 

18 

15 ,4:! 

P a3naqae B onbrTHblX 

Banao, ~To cooT11omeaae a 

BOpRT9HbHOM corn&CRH C 9KC 

raaneaae . MeTon oca~eaa: 

Jl9HHH 0 COCTOHHHR MR!tpOIU 

aaMe'le.Ha. 

0'l'M9TRM eme, 'ITO C 

BHT&nhBO K ae6onhli!HM OTK, 

BBBHH 830T8 B Ka'I&CTBe HE 

xK ~ 

(T 

Ko a<l><l>anaeaT nponopUBoaan~ 

KOMnOB9BT8o 

T ax xax nnaaa OTBOJlRJ 

xoa<l><l>auaeaT O'IRCTKH OT yxa 

nopRJlKa 2
20

, T. e. I 06• Kax 

'18HX Cylll9CTB9HHO np&Bblillan 

xe aapo3onel! , aa KOTOpbrx rv 

X ~ Jl8*9 JlDR B9CbM8 ME 

CTBY~IIIH9 3H8'19HRR nna MOn 



TBO B~poKTBOCTH ancop6nHH 

Tpy6KH 3a HCKnJ0'19HII9M Ha-

!lllllliCK pelKIIM T8'18HIIK ra3a. 

I 13,14/ 
H HccnenosaTellHMH • 

IOTOKa renHR Ha CT&HKaX 

cpaBBHTh c pac'I&TOM no 

cTeHKy, &MeeT npeae6pelKII-

rpaBH9RH9 nnH BW'II!Cn&HHH 

~HTaoro noTOKa ra3a K cTea-

2 
( CGK BT8 1 

-xoaTepaa Pellaon&nca, 

1x' ) , B ycnosaux HHlliHX 

BBIII19. 

~BDK pasea P.Kr' rne P

CB 38 npenenaMH norpa-

<B MOJKBO 3anacaTh KHK 

sepOKTHOCTh pasHa OTH01119-

IB11'1HOII nnHHbl K KOnH'19CT-

. 
I 

HaTepnpeTanHK aKcnepHM&HTan&awx pe3yn&TaToB 3aTpynaeaa H3-aa oTCYTCTBIIH naa

awx no Koa<!><PanueaTaM nu<t><Pyaau aaTepecyx>Inux aac coenuaeaua, H3 npaseneaabrx ypasaeaua 

cnenyeT, 'ITO x ~ noBOnhHO Cl!lli>HO 3~1!CI!T OT D . 

B OllbtTaX C x:nopHnBWM HOCHTeneM 6blnH H onpeneneHw B onBOM 3KCn&pHM9HTe GBH-
~4 44m 

'I&BHH x~ AnH Na , Sc I! H30TonoB THJKenwx naaTaHHABWX aneMeBTOB (pac. 3). 

OHI! BW'IHCnunac& MeTOnoM aaaMeB&llii!X KBaApaTOB no TO'IKHM aa npxMonaaellaoM yqacTKe 

Kpasoll, Bbt'lep'leaaoll B nonynorapa<i>MH'I8CKHX KOOpAHHaTax. Bw'IHCnHnHc& TaKJKe cpeAae.

KBaApaTH'IBbte OWH6KH 3THX 3Ra'I&HHII. nanee MY oneBHBanH Koacl><!>anaeBTbl AR<i><i>ysHH no 

/15,cTp. 557/ 
ypaBB9HHIO nlKannaneB.It& B npeAnonoJK&HHH, 'ITO aTOMbl yKa3HHHWX aneM&HTOB aa-

XonHTCH B llOTOK9 B Bl!ne COOTB9TCTB9HHO N aCf . ScCf 1 H paCC'IHTanH X~ 

no npHB9Jl9HHblM BW1119 ypaBH9HBHM MaCCOIIepena'IH, nony'I&BW Cll9JlYIOII11!9 SHa'I&HHH X~ 

B CM: NaCf ScCf 1 LnCf1 

pac'leT 18 24,2 23 

OIIbiT 15,4 :t_1,1 21,S t,0,95 26,2 ±1,8 

Pasnaqae B OfibiTHbiX 3HH'i9HRKX X~ nnR Tpex 91l9M9HTOB CTaTHCTH'i9CKI! 388'1HMO. 

Bl!)lHO, 'ITO COOTIIOW9HI!9 H a6contoTIIW9 3Ba'I&BHSI paCC'IHTaHHWX X" HaXOJlRTCR B ynoaneT

BOpHT&IlbHOM cornacaa c aKcnepi!MeaToM. Ebtno 6bt JKenaTenhHO npoaecTII 6onee lllllpoKoe conoc 

rasneaae. MeTon ocalK)leaax aa :npy6Ke, cnenosaTenhao, MoJKeT naT& nononBI!Ten&Bbte cae

neHRK 0 COCTOKHHH MHKpOKOMilOB9BTa B ra30BOII <i>ase, 3Ta B03MOlKHOCTh paaee H9 6btn8 

3aM9'19Ba. 

0TM9TRM 91119, 'iTO CornaCHO HCilOllh3y&MblM <i>opMynaM 3Ba'I9HH8 X" Mano '<YBCT-

BHTen&Bo x ae6onhWHM oTKnoaeaHRM ycnoaull onwTa. MoJKBo noxaaaTh, 'iTO npu Hcnon&ao-

BaHHR H30Ta B Ka'I&CTB9 HHepTBOro raaa 

rne V -secoaoa pacxon raaa. 

• 
Koa<I><PanaeHT nponop~oaan&HocTH aaaacaT TOn&Ko oT npaponw paccMaTpasaeMoro Ml!xpo-

KOMnosesTa. 

TaK KaK Jllli!Ha OTBOJlRllleli Tpy6KII npi!MepBO B 20 pas 6onbl118 JlllHHbl nonyOCHlKJl8HHR, 

KOacl><i>HUH8HT O'IIICTKH OT yKa3aHHblX H30TOnOB npll npOXOlKJl91111H qepe3 Tpy6Ky nonJKeH 6btTb 

nopRnKa 2
20

, T.e. I 0
6

• KaK 6btno cKasaao Bbtme, onbtTHoe saaqeaae TOnhKo a penKIIX cny

qaux Cyl118CTB8HHO npeBbtlllano 100. 3TO nOKH3biBaeT, llO-BIIJliiMOMy, Ha npHCyTCTBI!e B llOTO

Ke aapoaonell, HH KOTOpblX MOryT COp6HpOBHTbCR MOilSKYilbl MHKpOKOMnOHSHTa. 3HH'I8HII8 

X~ JlHlKS JlnR BSCbMH MenKOJlHCnepCHblX 8 3 p030neli JlOillKHO HHMHOrO llp8BbllliHTb COOTB8T'

CTBytol11119 3HH'I9HIIR )lnR MOneKynRpHblX <i>opM, 

11 



S. CxopocTb neppaoca lt30Tonoa raq,aas 

BpeMS! nepeaoca aayqaeMoro aaoTona oT MltW&HR no noaymx• ltJllt noooll npyroll aa-

A8BBOII TO'I][B ( t. I' ) B 00IIl8M Cn~ae OOJlbW8 Bp8M8BH, 38 I<OTOpOe 3TO ~e p8CCTOSIBH8 

DpOXOAitT CAM raaOBhlll nOTOX ( 1 ) • PaaaocTb aTax B&Jllt'lltB - 'BpeMS! aanepJKXa• r 
ta ) - npencTaBJiseT cyMMapaoe apeMSI, aaTp&'IHBaeMoe aa npet5b1Baaae aToMa ana 

MOJ181<YII xnopana B 8ACOpOHpoB8BBOM COCTOS!Raa B8 CT8BI<8 llpB npOX0~8BKH no ra30BOMy 

TpaKTy , CneD.oaaTen&Ho, I n • I r H a • flpH H3Y'I8HHH nepeHOC8 OTHOCHT8JlbHO JlOJlrOlKHBy-

max aaoTo noa ra<!>HHSI naMa 6hln paapaooTaH MeTon, noaaonSIK>IIlHII ouenHTb M&nbie apeMeHa 

a&llepl!OCH (O,I ce~~:). C SToll nenbK> OhlnO coanauo aneJ<TpoMexaaaqecxoe ycTpollcTBO, xo

TOpoe no 38Jl8BHOII nporpaMM9 I<OMMyTBpoBano paooTy naJ<noTpoaa H QII81<TpOM8rBaTBhlX 

J<nanaaoB, aaoopalK&BBhlX sa pac, I. Knan&Hhl noo'!epenuo uanpaBnSIJIH raa no onaoll aa 

JlBYX HJl&BTH'IHhlX JlBBa ll, COCTOS!IIl&ll 113 O'laCTaT&JlbHhlX <j>anbTpOB H cneuB&JlbBOrO <j>anbTp8 
ITO,ITI 

c ~cf nns aaane'leaas HI aa raaoaoro noToxa, BMopaaahlll na~~:na'!ec~~:all pe-

~M COBM&CTBOII paOOThl I<Jl&n&BOB H Ulti<JlOTpOH8 B306palK&B 88 pac, 4 a,6.flpa T8l<OM pe-

~Me HCI<JIIO'I88TCR B3 paCCMOTp8BHR Bp8UR, 'r , p8BB08 B .[!8BHOM cny'!a& Bp8M8HB· 

DpOXO~&BBR raaa OT MJtmeaa AO TO'II<H IV aa pac. I. 

Ecna npennonOlKHTb, 'ITO Ia OABB8l<OBO JlJIR BC8X BTOMOB t TO Bp8M9BB8SI 38BB-

CBMOCTb 1<0Bn8BTpauBB nepeROCHMOrO B30TOII8 B noTOK& B TO'IK8 pa3B9TBJI8BBB JlltBHII IV 

(pac, I) 6yneT aMeTb Ban, aao6palK&BBhlll aa pac. 4a, Kax aanao, c pocToM 'a 

aoapacTaeT nonB panaoaaoTona, nonanaK>maB B nHHHK> E. 06oaH&'IBB '!&pea N A J! N 6 . 

'IHCJIO 8TOMOB, n on8Jl8K>IIlHX B COOTB&TCTByx>IIlB& JIBBBH, H&TpyABO non~HTb COOTBOIIl8HB8 

XOTOpoe n03BOJIR8T p8CC'IHT8Tb Ia 

'a 
I 

_.li_ 

''A +N E 

no pacnpeneneBRK> p8JlROB30TOna M&~y nBHBRMB, 

B pean&BhlX ycnoaaBx a aBBCRMOCTb, aao6paJKeHHaB sa pHc. 4a, ae oyneT HM&Tb Ta

Kor o Hneanbaoro BHJla. Ee aepoBTHbi ii xapaJ<Tep noxaaaa Ba pac, 4r. Tax ae <j>axTopbi, 11:ax ae

onaaaxoaoe 'IBCJIO CTOJli<HOBeBBII MOJI&I<yn CO CTeRJ<SMH H Bp&MR Rp80b!B8BHR B 8ACOpoapo

B8BROM COCTORHHR, I<HH8TBI<8 xnopHpOB8HRR H Jl8Jo<e JlH<I><i>Y3HR R H8JIR'IB8 npo<j>HJIR CI<OpoC

Tell B noToxe, nonJKHbi npHBOJlHTb K acJ<aJKeBHIO Hnean&aoll :o<apTHHhl. CnenoaaTen&ao, aMeeTCSI 

aexoTopoe peayn&TapyK>mee pacnpeneneaHe Monexyn no apeMeHaM aaneplKKR, a, pacc'!HThlBaSI 

'a no npaaeneaaoll Bbiille npocToll <l>opMyne, Mhl MOJK&M nRillb yTBeplKJl&Tb, 'ITO 6on&mag 

JlOJIR H30TOII8 npoXOART J]O JlOBylliKH C 38A8pJKXOII, HQ npeBbllli8IOIU911 CyiUeCTB8HHO p8CC'IHT8R

HOe ta 

Hcnonb3oBaRHe pelKHMOB, oTnR'I&K>IUBXCB oT noxaaaaaoro aa pac 4 a1t5, MOlK&T naTb 

nononaHTen&able caeneaiB o BpeMeax nepeaoca a ero paa6poce a, B 'I&CTBOCTa, npoaepaT&, 

He np&Bbllli88T nH t I nponon~TenbBOCTb nHxna 2t , 'ITO npRBeno obi x oma6o'!BhlM 

pea yrn.TaTaM onpenenea•s ta 

I2 

~ 

Y cno••" OllbiTOB onac 

2 t • 21 8 c eJC, 1 r - 0, I 

B npacyTcTBKK aocaTens 

Obino onpeD.eneao paaahlM 

<l>o pMyne, t a ~ 0,3 eel<. 

T aJ<HM o opaaoM, C03Jlo 

HhlX YCIIO &K A JliiH HJ]8HTa<j>al 

A~Tophl npaaoCHT rnyl 

poBy 38 IIOCTOHHBblll HBTept 

E.B . lli11no By a T.n. Zallue 

I. Tlaphl Zr Cf4 B 

HOCBT&llliMH 8TOMOB V, 

neTy'lae, 'leM y~~:aaaHHbi& :u 

2. B Tex JKe ycnoBHB> 

Jlbl ( No Se Jl8HT8HB 

OC8 >Kll8.R H n o K 8 3biB89T 1 'lTC 

Typoyn~HTHOrO nOTOI<8 88 C 

3, X RMH'!ecxoe noaene 

xnopaJ]HbiX HOCRTenell noJlTI 

OTJ]8'111 HI 00p83YK>T M 

4. TlpennoJKeH MeTon 

JlOJlrOJKHBYIIlHX H30TOIIOB. 

5. B peanbHbiX ycnoa• 

MeTOA B3BJle'!eHRR H30TOnOI 

Moe ua oTneneuae ra<i>aHs, 

MeM&HTOB R8 XYlK8 I00. flo 

BbiCOKae xo3<fxl>auaeaTbi O'IH• 

6. Yxaaaaabiii MeTon 

MOB axara<!>aaB. 

I. H,3aapa, T.C. 3aapoaa, 
P -1006, llyoua , I962 

2. H . 3 aapa, T .C. 3aapoaa, 



ytllKII IIJUI nJ06oll ApyroA 38-

TOpOe 3TO ~e p8CCTOHHH8 

IH - 'BpeMH 38Aep~H• 

8 npe6~KH8 8TOM8 HJIH 

B npoxo~eaKa no ra30BOMy 

:a OTHOCHT8JibHO AOJirO~HBY

QHlt OU8HHTb M8Jibl9 BpeMeHa 

8BH'I9CK08 YCTpoltCTBO, EO-

>OH8 H 3JieKTpOMarKRTHbiX 

•8BJISIJIH ra3 no OAHOll H3 

>B H cnenaanbHoro ljJRnbTpa 

3blop8BHhlll dHKJIH'IeCKHll pe

!1 pac, 4 a,6. ITpR TaKoM pe

a J!8BHOM CJIY'I89 Bp9M8HH· 

<DB , TO Bp&MeBH8SI 38BB-

:e p83B&TBneaHB nHRHll IV 

3HilHo, c pocToM t a 

Ia 'IHB qepe3 N A Jl N E , 
10 nony'IHTh COOTBOW9RH8 

H30TOna Me~y nHHHBMH, 

:, 4a, Be oyneT HM9Tb T8-

4r, TaxHe ljlaxTopbi, xu ae

' npeobiBSRHB B ancopoHpo-

HanR'!He npoljlanB cxopoc

, CnenosaTenbBo, HMOeTcB 

aanep>KKH 0 11 0 p8CC'IRTb1BaSI 

(TBep~ll8Tb 0 'ITO 50JibW811 

~~~ cymeCTB9HHO p8CC'IHT8H-

pee 4 a,o, Mo>KeT aaTb 

B '18CTBOCTH0 nposepHTb0 

IpHBeno 5bl K OWHOO'IRbiM 

YcnoBIItl OJibiTOB onHcaahl B axcnepHMeaTanbaoll 'ISCTH. ITpoAOJI)I(lfTen&aocTL nHxna 

2 t • 216 ceiC, t r • 0,15 cex. 

B npacyTcTBIIK aocHTenH ZrCf• 

ObinO onpeaeneHo paBHbiM 3,5 + 

ljlopMyne, ta • 0,3 cex. 

BpeMH cpa6aTb1BaBRB xnanaHoB oneHRBanocb B 0,1 cex. 
ITO,ITI 

OTHOl119HR9 8KTRBBOCTH HI B nBHRSIX A H E 

0,5 ( cpellHee H3 Tpex OnbiTOB) , 0TCIOII8 0 no npHB8A8BHOlt 

TaxRM o 6pa3oM, C03118H MeToll, no3BOJIBIOlllllll npBMO onpenenRTb npKronHoCTio BhiOPaH

HhiX yCJIOBKA AJIB BAeHTBijJHK8JIRH B9CbMQ KOpoTKO)I(lfByliiHX H30TOnOB, 

ABTOpbl npaaocBT rny6oxy10 onaronapaocTb 'lneHy-xoppecnoHneaTy AH CCCP r.H.<I>ne

poay 38 IIOCTOSIHBblll HBTepec II BCeMepayiO JIOAAep~y npH BblnOJIHeBHH p800Tbl, 8 T8K~e 

E.B. lliKnoBy a T.n. 2allnesoll 3a 6onhrnyiO noMOlllh s sxcnepRMeaTax. 

III.B b1 B o 1J. b1 

1. ITa phi Zr Cf• Upll OUpelleneHHhiX YCJIOBHBX gBJISIIOTCB aQJijleKTRBBbiMH 

BOCRTenBMH 8TOMOB V , Nb , Sn HI T,e, aneMeKTOB, 00p83YIOIUBX xnopHilbl oonee 

neTy'!He, '19M yxa38HHhi& xnopRilbi-BOCHTenR. 

2, B TeX ~e ycnOBHBX 8TOMbl aneMOHTOB, ll810 liiHX OTHOCHTOJibBO M8Jione Ty'IH9 xnopa-

llbl ( Na Se naaTaBHilhl) BbiCS)I(lfBSIOTCB aa cTeaxax ra3oaoro TpaxTa, CxopocTb 

OC8~811HSI nOK83biB89T0 'ITO HM99T MeCTO ARijlljly3HB MOnexyn xnopHAOB STHX aneMeBTOB 113 

Typoyn~HTHOrO noTOK8 88 CTeHKy, rne, nO-BIIIlHMOMy, npOHCXOilHT H900p8THM8B 8ACOpOilHH, 

3, XHMH'!ecxoe noaeneaHe 
HIITO,ITI 

npa B38HMOA9ltCTBHR C ( Cf B npacyTCTBHR 

XJIOpHilHbiX BOCHTenell JIOATB8plK.ll89T npennono~eHHe 0 'IT0 0 pearHpyB C HOCHTeneM 0 8TOMbl 

OTA8'111 HI oopaayiOT MoneKynhi Hlcf • . 

4. ITpenno~ea MeTOil npBMoro onpeneneHHB cxopocTH nepeHoca c Hcnonh30B8HHeM 

llOnrO~HByliiRX H30TOJIOB. 

5. B peanhHbiX ycnoaHBx ocymecTanea HenpepbiBHhill BbicoxoaljJqle;{THBHbill 3Kc npec cHbill 

MeTon H3BneqeaHH H30TonoB HI aa nponyKTOB BnepHbiX peaxnHll. BpeMll, aaTp&'IHBae-

MOe H8 OTAeneHRe raljJHHB, MeHbl119 0,4 CeKyHAbi 0 K09(jlljlan"eHT O'IHCTKH OT JI8BT8HRilHbiX 

aneM6HTOB He xy>Ke 100. ITOK838HO, 'ITO npaHnRnRanbHO MoryT Ob!Tb llOCTRrHyTbl 0'19Hb 

BbiCOKRe K03#anaeHTbl O'IHCTKH, 

6. Yxa3aHHbill MeTOA 11peacTasnBeT nonHyiO Moaenh XRMH'Iecxoll HlleHTRijJHKanHH aTo

MoB SKaraljJHRSI, 
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P a c. 1 • CxeMa aKcnepHMeaTanbaoll ycTaaoBI<:H. 1 - Marneab, 2 - nyqox ycxopeaablx 
HOHOB, 8 - npOCTp8HCTBO 38 MHl118Hbl00 4 - OTBOQll l118H Tpy6Ka, 5 - Knanaa· 
6 - aaepTRblll «!>HnbTp, 7 - «!>anbTp c ICC£ , 8 - noeymKa aocaTenll. 
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P H c. 3. Pacnpe.neneaHe HeKoTopbiX HaoTonos s.n.>nh OTBO.llH!Ilel! 'rpy6KH. YcnoBHH onbrTa: 
aaepTllbil! raa - aaoT, pacxo.n - ~ an!Maa., aocH~·enh - Nb cf 1 
(0,2 MM pT.cT), TeMnepaTYpa 280 , .nasneHHe aa sxo.ne Tpy6KH 1,8 aTa, Tpy6-
Ka H3 H9p)KaB. CTanH, BHyTp • .llHSMeTp - 2,8 MM. 
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p H C. 4, nuarpaMMH Bp9M9HHOII 38BHCBMOCTB TOKH YCKOp9HHbiX HOHOB (a), pa60Tbl 
OTA9nbHhlX nHHHil (6), KOHU9HTpHUHH BayqaeMoro B30TOU8 B UOTOK9 B Toqxe 
paaBeTsneHHH nuaull (eM. puc, 1) B BAeanuaupoBHHHOM (a) B penn&HOM (r) 

cnyq:asrx. 
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