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npH CHHTe3e H H3Y'I8HHH HOBbiX TpaacypaHOBbiX aneMeHTOB BCTpe'ISIOTCII Bee-

B03pacTa!OmHe TPYLIHOCTH: pe3KO IIaLtaeT BbiXOLI B 51L19pBbiX npoueccax, HCIIOllb3ye-

/1-4/ -
MblX LtnH CHBTe3a , H COKpamaeTCH BpeMH lKH3BH H30TOIIOB DO OTHOUI9HHIO K 

/5-6/ 
anb~a-pacnaLty H OC06eHHO K CIIOHTSHHOMy LteneBHIO , 

.llnH H3y'leHHH XHMH'IeCKHX CBOilCTB BOBbiX aneMeBTOB B8B03MOlKBO HCII0llb3Q

B8Tb KnaCCH'IeCKHe M8TOLibl COOC8liCLI8BHII, 3KCTp8KUHH H HOHHOI"O o6MeBa H3 BO.!IBbiX 

17 81 
paCTBOpOB ' , TSK KSK ORR HBnHIOTCH CnHmKOM MeLtneBBbiMH, KopOTKOe BpaMH 

lKH3HH H BH3KHA BbiXOLI LIOCTYIIHbiX H30TODOB HOBbiX aneMeBTOB Bbi3biB810T Beo6xo

LIHMOCTb B BbiCOKOaciJ!jleKTHBBOM Henpepb!BBOM Hn.H KB83HBaDpepbiBBOM 8BTOM81'113H

poBaHHOM npouecce BbiLteneHHB ftYlKBOI"O aneMeBTa H3 CMeCH DpOLtyKTOB o6ny'laHHB 

MHUI8BH H IIOLIS'IH 81"0 ciJpaKUHH Ba H3Mape&He, IIpH'I8M Bp9MH 0T MOMeHTa 06paao

B8HHII 8TOM8 LIO 38BapmeBH51 aneMeBTapBOI"O OIIbiTS LtOnlKBO 6biTb 0'18Bb Man&IM, Ta

KHB IIpOUeCCbl HM81111 6bl 6on~>moe 3Ba'leBHe H .QnH XHMH'IGICKOA HLteBTHciJHKSUHH, T,e, 

Onpe.QeneBHH DOp!ILIKOBOI"O BOMepa KOpOTKOlKHBYUIHX H30TOIIOB H3B8CTHbiX anaMBBTOB, 

npH OTMB'IeHHbiX Tpe60B8HHHX cymeCTBeHBblMH Dp~HMymeCTBSMH .QOnlKBbi o6na

LI8Tb M8TO.Qbl 0 OCBOB8BBbi8 Ba B38HMOLtailCTBHIIX, !IpOTaKe!OUIHX B 1"830BOA 4Jaae H BS 

nosepxaocTH TsepLtbix Ten. lifcnon~>aosa&He raaoo6pa3Hblx coe.QHBeBHA BbJ.QanHeMblx 

aneMeBTOB II03BOnHeT .Q06HTbC51 60nbmOA CKOpOCTH pa.QHOXHMH'IeCKOI"O pa3LteneBHBo 

3TO 6bmO peanD30B8BO IIOKS TOnbltO B DpOCTeilmDX cny'I&SIX: IIpD H3y'laBHH XOpOTKo-

/9 10/ /11 I 
lKHBYUIHX B30TOIIOB 6naropOLIHbiX 1"830B ' , ranOD.QBbiX aneMeBTOB H aneMeB-

TOB, o6pa3y!OmHx neTy'ID& I"BLIPHLibi 
/12-14/ 

3a.Q8'18 D3y'leHHH XHMH'IeCKBX CBOACTB 104-ro aneMe&Ta HBnHaTCH IIPHMepOM 

C0'19T8H.BB B03BHK810DIHX TpyLIBOCTeil, 3neMeHT 6bln BDepsbie IIOny'<leB r.H. cl>nep.o

./15/ 
Bb!M C COTPYLIBHKSMH , KOTOpbie CHBTe3RPOB8nH H DLteBTHciJHUDPOBanH sv:tepao-
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q1H3H'19CKHMH M9TOaaMH ero CUOHT8HHOaenHDlHI!CH i130TOll C nepHOAOM nonypacnaAa 

0,3 C9KYHAhi. 8 Ollb!T8X Ha6moaana oaHH 8KT aeneHHH B cpeAH9M 38 5 '18COB pa6o

Tbl yCKOpHTenH T51lK9nbiX HOHOB, Ha KOTOpOM npoaoauncs CHHT93. 

Tpe6oaanOCb Cp8BHHTb OCHOBHb!e XHMH'I9CKHe CBOIICTB8 HOBOro 3J18M8HT8 CO 

CBoikTB8MH npeACT8BHT9J191! p83J1H'!Hb!X rpynn nepHOllH'19CKOii: CHCT8Mbl, 'ITOObl 3ll

T8M no o6HapylKeHHbiM 8H8J10rHHM H p83J1H'IHHM onpeAeJ1HTb ero M9CTO B CHCTeMe. 

no COBp9M9HHb!M npeACTaBJ19HHHM 104-ii 3J19M9HT AOJ1lK9H 6b!Tb aKara!jJHH8M, B OT

n!!'!H8 OT pauee CHHT93HpOBaHHb!X THlK9J1b!X TpaHCllJ1YTOHH8Bb!X 3J19M9HTOB, KOTOpbl9 

nonlKHbi 6brTb aHanoraMH naHTaaunoa. noaToMy cpaaaeaae co caolkTaaMH npeAcTa-

BHTenei1 no.orpynn III 6 H IV 6 6bmo aau6onee aalKHb!M. CnenyeT, OAHaKo, oT-

M9THTb, 'ITO B MOM9HT CHHT93a 104-ro 3J19M9HT8 3KCnepiiM9HT8J1bHble aaHHbl9 0 XH-

MH'!9CKHX CBOI!CTB8X 3J19M9HTOB 10~ II 103 OTCYTCTaoaana. DnB pemeHHH saaa'la 

Mbl HaaeHnHCb HCUOnb30B8Tb OaHO 113 XapaKTepHb!X OTJ1H'!HI! MeJKay aneMeHTaMH 

Hll3B8HHb!X nOArpynn - pe3KO pasnH'!HY!O neTy'!eCTb HX Bb!CWIIX ranoreaaaoa, B '!aCT-

HOCTH, xnopunoa. TaK, aanpaMep, TeMnepaTypa aoaroaKa PfCl
4 

paaaa 315°, 

B TO BpeMH K8K TpHXnOpHahi J1aHT8HHaOB KHllHT Bb!W9 1500°. 

8hi6paHH8H HaMil npHHUHllH8JlbHaH CXeMa aKcnepHM9HT8 anSI H3Y'!9HHSI XHMH'I9-

CKHX CBOIICTB 104-ro aneM9HT8 UOKa3aHa H8 pac. 1 • .f!Apa Hoaoro aneMeHTa no-

22 
ny'!aiOT 

242 Pu 
B peaynbT8Te B3aHMOaeltCTBHSI yCKOpe.HHb!X HOHOB Ne C MPBMH 

/15/ 
• Ecna B3S!Tb ltOCTaTO'IHO TOHitY!O M•!W9Hb, TO Mpa-nponyKTbl pa3J1H'I-

Hb!X SIA9pHb!X paaKUlll!, npOTeKa!ODlHX OltHOBp9M9HHO, 6yltyT Bbin9TaTb H3 Hee 3a C'!9T 

caoei1 aaeprull OTAa'IH ( "' 10 Mae). npeAno;.aranocb TOpM03l!Tb !IX a noToKe ra

sa, Herrpepbraao npoTeKaiOwero sa MHWeHbiO, a BBOltHTb a ras xnopupyiOmHA areHT 

( ycnOBHO noKa3aH xnop) a HOC!!Tenb anSI 1 04-ro aneMe!ITa - nap hi ZrCI
4 

una 

Hf Cl 
4 

- coenl!HeHaA, KaK OlKBAanocb, XHMH'!eCKl! poncTaeHHhiX ero xnopaay. Mb! 

rrpennonaranl!, 'ITO MOlKHO nono6paTb ycnOBl!H TaK, 'ITO Xnopllltbl aneM9HTOB In 
rpyrrrrbr 6y.oyT a 3Ha'!l!TenbHOI! cTeneH!I ancop6upoaaTbCH Ha cTeHKax rasoaoro TpaK-

Ta una Ha cneUll8nbHOM !jJHJ1bTpe, B TO BpeMSI K8K ( 104) CJ
4 

6es sa.oeplKKH 6yneT 

TpaHCnopTHpOB8TbCH ra30Bb!M UOTOKOM. faa 6ytteT HanpaanSITbCH saTeM B 3d30p 

MelKAY CniOASIHhlMl! ll9T9KTOp8MH OCKOnKOB ,oenellHH. noSIBJ19HH9 cnenoa OCKOJ1KOB 

H8 A9T9KTOpaX 6ytteT CBHA9T9nbCTBOBaTb 0 TOM, 'ITO 8TOMbl 104-ro 9J19M9HTa npo

XJ10pllpOB8nHCb, a ero xnopan npowen '!epes aacop6uuoH!lbiA ifliinbTp H, cneAoBaTenb

Ho, o6 onpeaeneHhiX XHMH'!eCKHX caol!cTaax aneMeHTa. Pacnpeneneaue cnenoa aaonh 

4 

A1 

aeTeKTopoa aonJKao coOTBeTCTaoaaTb nepaoay nonypacna.oa neTeKTRpyeMoro R30Tona. 

npe.r.monaranQCb, 'ITO B T8KOM OUb!Te MOlKHO 6yneT OTttenHTb, a, cneao!laTenbaq, H 

()'fnH'IHTb 104-A aJ1eMeHT - 8Kara<j>HHA He TOJ1bKO OT aneMeHTOB Jn rpynnhl, ao 

H OT pMa aneMeHTOB apyrHX rpynn, KOTOpb!e 06pa3YJOT HeneTy'!Re XnOpHahi. 

liTo6hi y6eaHTbCSI B ocymecT!IHMOCTH npeanoJKeaaoro aKcnepaMeaTa, Mb! asy

'!ana noaeaeaae paaaoaKTHBBb!X aToMOB pasna'!Bb!X aneMeBTOB (npeJKAe acero nepe

xoaHhiX MeTanno!l) 13 noao6aoro po.aa npoueccax B saaaCHMOCTR OT TeMrrepaTYpb!, 

npapOllbl .HeH30TOUHb!X xnopHaBb!X HOCHTenel!: H XJ10pHpyiOIIIliX areaTOB, H 0T Bb16opa 

M8Tepaana CTeBOK ra30BOrO Tp8KTa. EbinO Bbi51BJI9HO, K8K STH <jlaKTOpbl BJ1li5UOT 118 

B03MOlKHOCTb rrepeiiOC8 aneMeRTOB OT MHIIIeHH K aeTeKTOp8M H 118 CKOpOCTb, C JtQ

TOpOA 9J1eMe11Thl npOXOllSIT STO p8CC'J'05111He. YCJ10BHSI, aeo6XOllHMble anSI 6b!C'rporo 

OTaeneaHSI ra<j)HHSI OT pettK03eMeJ1bHb!X aneMeHTOB ( rrpOCT9AIII8SI MO.Qen& OUbiTS no 

XHMHH 104-ro aneMeHT8)J OK838J1HCb TeXHH'IeCKH OCyiiieCTBHMb!MH. 

nocT8HO!IK8 SKCUepH-MeHTa 

MaorHe OUb!Tb! rrpOBOaH1lli.Cb aenocpeaCT!IeHHO H8 yCT8HOBKe, CKOHCTpyHpOB8H

HOA .o;ng Bsyqeng 104-ro aneMeHTa. CxeMa ra.so!loro -rpaxTa aTOA ycTaaosu a 

0Ubi1'8X C aOIIl"OlKH!IYIIIJIMH {3- H a -aKTHBHb!MH H30TOU8MH H3B9CTHb!X Sli8M9HTOB, 

noxaaaaa aa p.11c. 2 ( cpaaHH pRe. 1). 

Dng nony'leaHSI pa.anH'!HbiX paaHOH30Tonoa HCrrOJ1b30!IanHCb Mepab!e peaxi(HH 

IIO.Q aeltCTBHeM yCKOpeaHbiX HOHOB 0 Ne HnH Ar • non6Hp8.51 COOTBeTCT!IytO-

IIIHe MHIIIeHH H 6oM68pllllPYIOIIIHe 'laCTHUhl B pe8KUHliX THUS ( TSIJKeJlb!lt .HOH, 1ft ) o 

yaaeTCSI UOny'!HTb YllOOHble anSI 3KCnepHMeHT8 H30T0Ubl UO'ITH mo6oro aneMeHTa.. 

MHW9Hb paaMepoM 10 x20 MM npeaCT8BJ1lUI8. H8B9C9HHbllt 118 TOHKOA 8J1IOMHHH8-

2 
BOA ifJOnbre cnolt OKHCna aneMeHTa, TOniiiHBOA OKOJ10 1 MriCM , 'ITO cpaBHHMO C npo-

6erOM 8TOMOB OTa8'1Ho 3TH 8T0Mbl TOpM03HJ1HCb B 06'beMe C rny6HHOA 11. MM, '!apes 

KOTOpb!A Herrpepbii!IHO rrpOnyCK8J1CSI ra3 C ll8BJ1eHHeM aeCKOnbltO Bblme 8TMQC<jlepaoro 

H C HCTHHHb!M 06'b9MHb!M p8CXO.QOM "' 30 n/MHH. $HJ1bTp .H nOCli9JlYIOIIIH9 38. HHM 

'!aCTH rasoaoro Tp8KTa H8.XOaHJ1HCb H8 pacCTOSIHHH 4 M OT MHW8HH. ra.s Up0XO.QHJ1 

Tyll8 no Tpy6Ke JUU1M8TpOM 3,5 MM1 T.e. rrpH yKa.38HHOM p8CXOll9 rrpHM9pBO 38. 

,. 0,1 Celt, <SIHJ1bTp 38.IlOJ1H51liCSl BCeraa TeM lKe M8TepR8.liOM (paaapo6ne11Hb!M), HS 

KOToporo 6b!J18 H3rOTOBneaa Tpy6K8 (Te<j>noa, CTexno, aeplK8B8IOIII851 CT8J1b 1X18H9T), 
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upn'IeM BHyTpeHHHH UOBepXHOCTb cpam,-rpa 6blll8 He 60ilbllle BHyTpeHHeil noaepXHO

CTII Tpy6KJI. 3a lPIIIlbTpOM Ha MOCTe noK838HlibiX H8 pac. 1 Cll!OtlHHbiX t:teTeKTOpOB 

* "' .1111 " -yCT8H8BIIJIB8JIHCb XHMH'leCKJie 'I'HilbTpbl , 38tl0p}!(HBaiO!liHe H3y'laOMbln 81IOMOH, 

3a C'IOT XJIMH'leCKOrO B38HMOtlOfiCTBHH HIIH XOMOCOp6UHH H IIOBYiliK8 t:(IIH KOHtlOHC8Ta 

napOB HOCHTOIIH, 8 CneUH81lbHbiX OnbiT8X npOBOp.IIJI8Cb nOIIHOT8 Yll8BIIHBaHHH H30TOnOB 

B 8THX tlBYX 'l8CTHX Tp8KT8. Becb ra30BbiJ! Tp8KT, 38 IICKIIIO'IOHHOM IIOBYI!IKII HOCH

TOIIH, HarpeBallCH, Onb!Tbl npOBOtlHIIHCb npa TeMnepaTypax OT 200 tlO 350°C. 

f10Cile Henpepb!BHOrO 061ly'IOHHH MHiliOHH B Te'lli!HBe HeCKOilbKJIX 'l8COB, 'iTO He-

06XOtliiMO tlllH nOily'IOHHH KOIIH'iOCTBa 8TOMOB1 tlOCT8TO'IHOrO tlllH perHCTp8UJIH, anna

paTypa pa36HpanaCb a a3Mepsnocb pacnpeaeneane n3y'iaeMoro H30Tona no oTaenb

HbiM ee 'i8CTHM, 8TO tl8B81IO B03MO)KHOCTb Cp8BHHB8Tb UOBOilOHHO p831lU'IHbiX Slle-

MeHTOBo 

8KcnepHMOHTbl no H3y'leliHIO aacop6UHH XIIOpHtlOB MHKp081lOMOHTOB B npJICyT-

CTBHH pa3HbiX XIIOpHt:(HbiX HOCHTOileil npOBOtlHIIHCb TaK.11<e H8 cneUHallbHOJ! lla6Qp8'l'Op-

• /18/ HOH ycTaHOBKe, He CBH38HHOil C YCKOpHTelleM, UO MeTOtly, onHCaHHOMy paaee • 

0H COCTOHT B TOM, 'iTO CTpyH a30T8 C napaMH HOCHTOIIH, B KOTOpOfi H8 BpOMH OnbiT8 

co3aaeTCH onpeneneaaoe nocTosaaoe napuaanbHOe naaneaHe napa H3y'iaeMoro xnopu

aa, Me'leaaoro pauaoa3oTonoM, nponycKaeTcs qepe3 Tpy6Ky, BtlOilb KOTopoil TeMne

paTypa nanaeT no xoay ra3a, BemecTao oca}Kt:(aeTCH aa Tpy6Ke a pe3yllbTaTe ancop6-

UHH HIIH KOHtlOHC8UHH H pacnpet:tOIIHOTCH B BHJle 30ITJ! C nepeMeHHOl! KOBUeBTp8UHel! 

Ha OUHHHUY UIIHHbl Tpy6KH, 8TO pacnpenelleHHe onpenell.IIJIOCb panHOMOTpH'IOCKH, 

Pe3yllhTaTbi a o6cy}!(aeaae 

8(jl(jleKTHBHOcTb nepeaoca 

Mbl H83BallH • slfl(jleKTHBHOCTbiO nepeaoca • Tf - JlOIIIO OT 06mero KOIIH'i0CTB8 

H30Tona, nonaalllero a ra30Bbifi noToK, nepeaeceaayro aa 38Jl8Haoe paccTosmne oT 

/19/ MHiliOHH no TpaKTy B pe3yllbT8Te 8KCUepHMOHTa onpenOIIOHHOfi JlllHTOilbHOCTH 

B naaaoil pa6oTe Tf onpenOIIHIIOCb no KOIIH'ieCTBY p8nHOH30TOna, o6aapy.11<eH-

HOMy 38 cpHilbTpOM, T.e. H8 XHMH'iOCKOM ¢lHilbTpe HIIH B IIOBylliKO KOHAOHC8Ta HOCH

TOIIH (pac. 2) nocne 3-6 'lacoaoro o6nyqeHHH. 

0'IOBIU{HO, 'iTO scpqleKTHBHOCTb nepeHOCa 3aBHCHT OT HBIIOHHlt, npOHCXO):{HiliHX 

1IpH XHMH'iOCKOM B38HMOL!OltCTBHH 8TO'AOB CO cpenofi II Upll npOXO}!(nOHHH o6p830Ba8-' 

IliHXCg llPOAYKTOB no ra30BOMy TpaKTy, 
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:1 ,, 

BIIHHHHO HOKOTOpb!X cpaKTOp08 Ha 801IH'iHHY Tf H3y'ianocb paHee. E1>1no Hal!-

neao, "'TO B OTCyTCTBHe XIIOpHAHb!X HOCHTalleit- 8TOMbl H3yqaeMbl:X: 81laMaHTOB 

( Sc llf Zr t.!o H t:tp.) TOilbKO MOX8HB'i9CKH YBII9K8IOTCH nOTOKOM ra3a 

( N 
2 

, CO
2 

, Ar B np.) aa KopoTKoe pacc-rosaae no Tpy6Ke c nocnenyromefi npaKTH

'ieCKH aeo6paTaMol! ancop6uHefi aa ee noaepxaocTa. ITepeaoca aeT a a nOToKe xno

pa npH TeMnepaType ,[{0 200°. Ho npH BBe.QeHHH napoa XIIOpHCTI>IX COOilHH9HHl! (aanpa-

Mep, NbC!~ .. 0,2 MM pT.CT.) HeKOTOpbla 81leMaHTbl HS'iHH8IOT n;epeBOCHTbCSI, 8cjJ-

cpeKTHBHOCTb nepeaoca onpenenseTCSI npa sToM B OCHOBHOM Bbi6opoM xnopconep}!(a

mero HOCHTOIIH H TeMnepaTypHb!M pe}!(BMOM. 06!li8H T9HA9HllHSI COCTOHT B YM9HbWe

HHBT)Jlllllll8HHOrO 91lOMeHT8 UpH nOHH}!(9HHH TeMnepaTypl>l TpaKTS H npH HCnOilb30BSHHH 

HOCHT91IH C 60ilblllel! lleTy'ieCTbiO, 8cpcpeKTHBHOCTb nepeHOC8 O,[{HH8KOB8 B npHCyTCT-

8HH H OTCYTCTBHH CB060JlHOrO XIIOpa, 0K8381l0Cb 1 Jl81lee, 'ITO OH8 He MOHSiaTCSI1 

eCIIH BMOCTO TOpMO}!(eHHSI 8TOMOB OTJl8'IH B npHCyTCTBHH XIIQpHJlHOrO HOCHT91ISI no

nel!CTB088Tb nap8MH HOCHT91ISI H8 STOMbl , 38M9.Qil9HHbl9 npenB8pHT91lbHO B 8TMOCcpe-

/J6, 17,19/ 
pe '!HCToro HaepTaoro ra3a • 

8To no3BOIISieT cnenaTb onpeaeneaabi9 J!lbiaOnbi o KapTHBe npouaccoa, BIIHSIIOWHX 

aa B03MO}!(HOCTb nepeaoca. 

CaMH napbl XltOPBtlHbiX HOCHTenel! Cnoco6Hbl CIIY}!(BTb XIIOpHpyiOIUHMH areHT8MH 

llllSI 8TOM08 0Ttl8'1H, npB'I9M Xll0pHpOB8HHe MO:IKOT 6b!Tb 'IBCTO TenllOBI>IM nponeCCOM, 

He Tpe6yiOI!lHM H361>1TO"'HOl! saeprBB STOMa OTtla'IB, 8HAHM01 OHO npOTeKSeT B He

CKOilbKO CT8AHA THll8 

* Hf + Nb Cl 
5 

... * Ef Cl + Nb Cl 
4 

( H8 '181lbH8 S1) 

It 

* l:!f Cl 
3 

+ Nb Cl ~ ... * Hf Cl 
4 
+ Nb Cl 

4 
, ( 38KiliO'IHTellbH8 H) 

npH'ieM, ae HCKIIIO'!eaa B03MO»<aoCTb nepeaa'IB 6onee 'leM oaaoro aToMa xnopa a oa

aofi CT8tlBB. EnaroaapSI 60ilbWOMY H36biTKy XIIOpHpyroiUero areHTS no OTHOWOHBIO 

K MHKp091lOMeHTy XIIOpHpOa8HBe tlOII}!(HQ npOTOKSTb t:(8}!(9 TOrt:ta 1 KOr,!la K8KaSI-IIB6.o 

B3 CTStlHJ! peaKUHl! TepMOABH8MH'iaCKH HeBblroaHa. ITosTOMY MO»<HO o»<at:taTb, 'ITO 

acerna 6yAyT ilOIIY'l8TbCSI MOIIOKYilb! 8b!CI!lero yCTOli'IBBorO XIIOpHtlS MIIKpOSileMeH

Ta, 8HeprHSI 8KTHBSUHH T8KHX pe8KUBJ! C yqaCTBeM p8,!lHK81l08 AOII:IKHS 6b!Tb O"'OHb 

HB3KOll H COOTBOTCTB9HHO peaKUHH - 6biCTpb!MB. H3-38 COOTHOilleHBSI ltORileHTpanHI!: 
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peareHTOB aTo, ~opManbHO peaKUBH nepsoro nopH~Ka. Cpe~aee speMH xnopnposaHaH 
-2 

B KaKOit-naf5o eTa~HII B Tllna'IHbiX yenOBII!IX SKenepaMeHTa 6y~eT .,10 eeK npH 

E • 10 KKan/MonJ:>. 
aKT 

Ha seero eKa3aHHoro ene~yeT, 'ITO eaMo xnopapoBaHae He ~onmHo HBnHTbeg 

rrpoueeeoM, onpe~engromaM TY ana asyro a~KTIIBHOCTI:> nep9Hoea MaKpoan9MeHTa B 

npHeyTeTBHH xnopapyiDWIIX HOeHTenelt, 

Cne~osaTenhHO, a~KTIIBHOCTb nepeHoea onp9~9nHeTeH npOU9eeoM ~sameHIIH 

Mon9Kyn no TpaKTY. Heo6xo~aMo no~'l9pKHyTb, 'ITO aaKoHoMepHoeTH B n9p9HOe9 aay

'lanaeb npa T9MnepaTypax, KaK npasano, aaM9THO 6on99 SII3KHX, '19M KpaTa'l9eKae 

TeMn9paTypbt ana ~am9 sopMani:>Hhte TeMnepaTypbt KHn9HHSI xnopH~OB aay'la9MbtX ane

MeSTOB. 3TO 38B9~0MO Tpef5yeT paeeMOTp9HHSI a~eop6UHOHHbiX HBnesHit, 

B Ta6nHU9 1 npase~esbt eso~Hble ~asHbt9 o6 a~KTassoeTH n9peaoea, nony-

'19SSbl9 sa annapaType, npe~Ha3Ha'leSHOit ~nSI onbiTOB e aneMeHTOM 104, B OTnH'IHe 

OT npHHUHnaanbSOit eX9Mbl H8 pHe, 1 H8 STOlt yeTSHOBKe ~pa OT~S'Ia TOpM03anHeb 

B nOTOK9 'laeTOrO a30Ta a npaBO~anaeb B KOSTaKT e HOeaTeneM H8 paeeTOSIHKH 

30 MM OT MHWaHH (eM, pae, 2), B Ka'leeTBe HoeaTenelt aeene~osanaeb NbCJ
5 

, ZrCJ
4 

H HX eMeeb, KOTOpaSI of5na~aeT HymHbiMH T9XHOnOrH'I9eKIIMa eaolteTB8MH no epasse~ 
/16/ 

aaro e 'llleTbtM Zr Ct 4 npa npaMeseHBB B ~nBT9nbSbiX aKenepaMeSTax • 

KaK BH~HO 113 Taf5naUbl0 B npaeyTeTBHH SOeBTenSI He nepeaOeSITCH nHmb Te ane

MeHTbl0 XnOpB~bl KOTOpb!X HM9IDT 3Ha'IHTenbSO 601.ee BbleOKYID TeMnepaTypy KaneSBSI, 

'!eM HOCHTenb, npaMep nose~eHBSI HH~HSI noKa3biBaeT, 'ITO e nOBbiWeHBeM TeMnepaTy'

pbl Ha'tBSaiDT 3~~KTHBHO nepeHOCHTbeSI see 6onee BbieOKOKHnSIWBe xnopH~bt, 

Bnonse aHanora'ISaSI aaxosoMepsoeTb 61:>ma yeTasosnesa npB aay'leHHH BnHSI-

HaS! npnpo~bl HoeaTenelt sa a~~KTBSHOeTb nepeHoea o~Horo a Toro me MBKpo-

aneM9HTa: 6on~:>maSI a~~eKTBBHOCTb nepesoca ~oeTara9TeSI npu yenosaa, 

'ITO T9MnepaTypa KBn9SBSI SOeaT9nSI BnB np9Sb!Wa9T T9Mn9paTypy Kan9HHSI XnOpB~a 

MBKpoaneMeHTa ana nHWb aeMJ:oro same. TaK, HanpaMep, (npa. 200° s Te~oaoaolt 
., 0) ( 0 annapaType) Zr He nepeaoeancSI c napaMH T!CI

4 
(T.KBn. 138 , SnCI

4 
113) 

0 ( 0 H SeC1 4 (soar, 196 ), so KOnH'IeCTseaao nepesocancH c TaC1
5 

232 ), NbC1
5 

0 ( 0 101 ( 0 Zr Ct (246 ) a Zr C1
4 

soar. 331 }. B TO me speMSI Mo T.KHrr. MoCI
5 

268 ) 

aaMeTso nepeHocancSI B npacyTCTSHH Tl Ct ana Sn CJ 
4 

, a IIPB acnon~:>aosa-
4 /19/ 

HHH Ta Cl 
5 

TaKBM 

Plo Cl 
5 

ana Zr CJ 
4 

nepeHoc 6btn Kona'leCTBeSHI:>IM • 

o6pa30M1 Sa6nro~aeTeSI 3aKOSOMepHaSI eBH3b Me~y 3~~9KTBSHOeTbiD nepe-

Hoca a neTy'leCThro xnopa~a MBKpoaneMeSTa a HoeaTenSI, Kax 6y~eT noKaaaHo same, 

8 

• i1 

n9TyqeeTb semeeTB nyqwe xapaKTepaaosaTb He TeMnepaTypolt KaneHaSI, a TennOTolt 

uenapeHBSI. 3Ha'I9HHH aToii B9nH'IHHbt ~aHbi B Ta6nnue 1. 

BamHbiM BbiBO~OM H3 ~aHSbiX Ta6nHUbl 1 HBnSieTeg OTCyTeTSBe 3aMeTSOro snag

HilS! npapo~bl noaepxHoeTB sa a~~eKTBBHOeTb nepeHoea npa pa6oTe c xnopa~HbtMa 

SOeBTenSIMB, 

ll9iiCTBH9 HOeHTeneft 

Mb! nonara9M, 'ITO ponb H9H30T01IHOrO XnOpH~HOrO HOeaTeng COeTOHT S TOM, 

'ITO HOCHTenb CaM a~Cop6apy9TCH H, HaCbiWaH 1Ip9m~e Be9rO aKTaBHble UeHTpbl a.ll

COp6UHH, a ~an99 H MeHe9 aKTHBHbte yqaeTKH, MO.IlH<\>HUHPY9T 1IOBepXHOCTb, Qaa CTa

HOBHTCH 6on99 OJlHOpO.IlHOft, T91InOTa a.llCOp6UHH C09JlHHeHHSI MHKpOKOMnOH9STa Ha 

1IOSepXHOCTH, noll:pb!TOii a)lCOp6HpOBaHHbiM cn09M, JlOnmaa 6b!Tb 3Ha'tHTenbHO HHJKe1 
/21/ 

'19M B OTCyTeTBaa HOCHT9ng H 6nH3Ka K ero T91InOT9 HC1IapeHHH , TaK KaK npo-

U9Cebl KOH.Ileaeauua II a~cop6uaa o6ycnosneHbt O.llHHMH u T9MH me cunaMH. CsolteTsa 

rrosepxaoCTH Tor~a ae ~onmaht aasuc9Tb OT MaTepaana, 'ITO no~TS9p~aeTcg Ha orrht

Te j a JlOnmHbl XapaKT9pH30SaTbCSl nHWb BenH'lHHOft OTKnOH9HHH TennOTbl a.llCOp6uaa 

OT TerrnOTbl uerrap9HHSI XnOpH.Il8 MHKpoaneM9HTa, KOTOp09 38BHeHT OT 1IpHM9HSieMOrO 

HOeHT9nSI, Ecna npBM9HBTb epaBHHT9nbHO n9TY'!Hft HOCBTenb, KOTOpbtft CaM cna60 

a.lleop6apyeTCll B aaebtmaeT TOnbKO aaa6on99 aKTHBSbte U9HTpbt nos9pXHOCTB, aljJ<jl9K

THBHOCTb n9p9HOea 6y.ll9T M9HbW9r '19M npB aerrOnh30BaHaB 6one9 BbiCOKOKarrSIWero 

aocaTeng, Kona'19CTB9HHaSI cTopoHa aTux np9Jlnonom9aan oueHasanacb paae9 c ac~ 

/19/ 
nonbaosaaaeM aaoTepMbt neHrMropa • 

0THOeHTenbsag a~eKTHBHOCTb Jl9fiCTBHSI pa3nB'lHbiX HOCHTenelt npB 1IO)lasneHHH 

a.llCOp6uaa MHKpoaneMeHTa xopowo annrocTpapyeTeSI p9aynbTaTaMH H3Y'l9HHH a.llcop6-

95 
uaa Nb ( sepoHTHaSI ljlopMa Nb Cl 

5 
) B Tpy6Ke c rpa~ueaTOM T9MnepaTYPhi. Ha 

pHC, 3 CB9Jl9Hbl peaynJ:>TaTbl OnbiTOB C pa3nH'IHblMH HOCHT9nSIMa a xnOpBpyiDIIIBMH 

areHTaMB, no ycnOBHllM 3KC1I9pHM9HTa BbleOKOT9MnepaTypHall S9TBb 30Hbl 1Ip9JlCTaB

ng9T eo6olt esoeo6paaayro 'aao6apy a.lleop6uaa' MHKpoaneM9HTa. E9 oeo6eaaoeTb 

eSSI3aSa C TeM, 'ITO CBOfteTBa nOB9pXHOCTH M9HHIDTCS! C H3M9H9HBeM TeMn9paTypbl 

BJlOnb Tpy6 KH ITO~ ~9fiCTBH9M OTM9'19HHOrO M9XaHH3Ma, MO~H~HUHpyiDW9rO )lefteTBHH 

HOCHTenSI. Kor~a a.llCOp6UHll npOHCXO~HT B 3089 KOHll9HCaUHH H9H30T01IHOrO HOeHTeng, 

Ha ~OpMy KpHBOft anHlliDT TaKHe Jl06aBO'IHbie ~aKTOpbi, KaK senH'IHHa nOB9pXHOCTH 

9 



KOHll8HC8T8, nOHHlK8HH8 A88neHHH napo8 HOCHTenH H ap, cf>opMa HH3KOT8MnepaTyp

HOH 'iBCTH 30Hbl Oiipe.nenseTCH, no-8HAHMOMy, KHR8THKOA psaa npoTeKSIOIUHX 3.Q8Cb 

npouecco8 (a.ncop6uas, AH~3HH 8 raae). 

Kax 8HllHO H3 pHCyHK8 3, A8lK8 llpH 8~COKOit KOHU8RTp8UHH 8eCbM8 neTyqero 
0 IS 0 so Cl ( T,KHil. 75 ) Nb CHn&HO a.ncop6apyeTCH, H8'iHH8H c 240 • nap&! Tt Cl 

2 • 

( T, KHil, 138°) 8 3H8'iHT8n&HO MelfhiUeit KOHU8HTp8UHH yJKe 38MeTHO Cll8HraiOT 30Hy 

aacop6UHH 8 CTOpOHy 6onee HH3KOI TeMnepaTyp~. npa llpHMeHeHHH H30TOilHOrO HO
gs 

caTens Nb nepexo.naT 8 xoa.neacaT aocaTens. B npacyTCT8HH napo8 Zr Cl 4 

can&aas aacop6uas aaHynaeT TOn&KO nps TeMnepaType HHJKe 120°, T.e. aanexo aa 

aa'ianoM aoa~ KOR.neacausa aocaTens, r.ne ero pa8H08ecsas ynpyrocTb napa nopHA

Ka 8Cero 0,01 MM pT.cT. Bec&Ma a<flcjlexTH8H~M aocHTeneM oxaaancs TSKJKe AI 2CI ft' 

0 
3To coe.naaease 803roaseTCH npa 180 (cpa8HH c Tt C1 4 

roaxa (27 xxan/Mon&) 6naaxa x TennOTe 803rOHKH Zr Cl 4 

), ao ero TennOTa 803-

(25 xxan/Monb) H coOT-

89TCT89HHO, no-8HAHMOMY 0 6nH3KH HX TennOT~ HCnapeHHH, 3TO H 06'bHCHH8T pa8-

HYIO acjlcjleKTH8HOCTb STHX HOCHTenel, 

Bee npa8e.neaa~e peayn&TaT&I noxa3~88IOT, 'iTO 8~coxaH acjlcjleKTH8HOCTb nepe

aoca MHKpoaneMeHT8 8 npHCYTCT8HH HeKOTOp~X HOCBTeneA HnH Ha060pOT OTCYTCT8He 

nepeHOCa He H8nHIOTCH Cne.QCT8H9M K8KHX-nH60 OC06eHHOCT9il 838HMOAeilCT8HH B 

Bbi6paHHOil KOM6HH8UHH MHKpOaneMeHT-HOCHTenb, no.na8nHH 8ACOp6UHI00 6naro.napH 

MOllHcjlHUHpyiOIUeMy .neilCT8HIO H8 n08epXHOCTb HOC !Ten& .neilCT8Y9T aecneuacjlH'i9CKH, 

Kax 6~no OTMe'ieHO 8~IUe, OR H8nHeTCH T8KlKe aecneuscjlH'i8CKB .neilCT8yiOIUHM 

xnopapyiOIUBM areHTOM, 06a 06CTOSTenbCT88 O'i91fh 88lKH~ .QnH 060CH088HBH MeTo-

aa aayqessH H08oro aneMeaTa, .nnH KOToporo H30Tonaoro socaTenH ae cymecT8yeT, 

BpeMH nepeaoca 

3<flcjleKTB8BOCTb nepeHOC80 H3MepeBB851 8 .QnHT&n&B~X Oll~TaX, enHeTCH nHIUb 

rpy6oll: xapaxTepscTaxoA no8e.neaHH MHxpoaneMeBTa. Hpe.llCTaBnHeT HHTepec 6onee 

aeTan&aoe H3Y'i8BHe xoppenHUHH Me~ ll088AeHHeM MHKpoaneMeBTa H C80ilCT88MH 

ero xnopa.na • .QononsxTen&s~e .nasa~e 6~nH nony'ieH~, xor.na H3Mepsrnocb pacnpe

aeneaxe nnoxo nepeHOCHM~X H30TOD08 Tpy6xoA H cjlHn&TpOM, 0xa3anOCb 0 'iTO OBH 

OT'ieTnH80 AH<flcjlepesnHpyiOTCH IJO STOMy llOK83aTeniO. Tax, BallpHMep, 8 TecjlnOB080A 

annapaType npH 250° H30TOil~ naHT8HHABWX H 8KTHBHAH~X aneMeHTOM 6on~ '18M 
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aa 90% aa.neplKH88IOTCH aa Tpy6Ke a namb aecxon&Ko npoueaT08 oT o6mero xona

'ieCT8a aocTaraeT cjlan&Tpa. ~ 6&In o6aapylKeH aa Tpy6xe H cjlan&Tpe 8 cpa8HH-

. M&IX KOnH'ieCT8ax, a H30Ton In 8 OCHOBHOM 38A8p:ll(HBanCH cjlan&TpOM, 3TO OllSITb 

H8XOAHTCSI 8 COOTBSTCTBHH C neTy'iSCTb!O XnopHCTbiX C08AHH8HHil: STHX aneMeHTOB 

(eM. Ta6n. 1 ). 

3TH A811Hble YK83b!BINOT Ha TO, 'iTO, llO-BHAHMOMy, 8Ce aneMeHT~ Cll0C06H&l 

nepeaocaT&CH, a acjlcjleKTHBHOCTb nepeaoca onpe.nenseTcH epeMeHeM nepeaoca. B ae

KOTOp&IX cnyqagx OHO MOlKeT 6&1Tb O'i8Hb 6on&WHM. 

BpeMH nepeaoca ( TpaacnopTapoeKH) t 1 e npaHuane npe.ncTa8nHeT cyMMy 

aeyx eenaqaa. nepe&IM cnaraeM&IM HBnHeTCH epeMH, 3aTpa'iH8aeMoe aa xnopapo8a

aae aToMa ao B&Icwero xnopa.na. BTopoe cnaraeMoe - 8peMH y.nepJKH88HHH tR 

eenH'iHHa, arpaiOIUaH onpe.nenHIOIUYIO pon& B raaoeoll: xpoMaTorpacjlaa. 3To cpe.naee 

cyMMapaoe BpeMSI, KOTOpoe MOnexyna np080AHT 8 •xonoaxe•, H8XOAHCb 8 A8HlKY

IU9MCSI nOToxe raaa ana 8 aenOA8H*Holl: cjlaae. B aaweM cny'iae ra308&IA TpaKT 

npe.ncTaenHeT no.no6ae aacop6uaoaaoli xpoMaTorpacjlaqecxoA xonoaxa a caM npouecc 

paaaeneaaH - cjlpoaTan&aoA xpoMaTorpacjlaa, B xoaxpeTaoA annapaType Monexyna 
4 

acn&ITbi8aeT B cpeaaeM "' 10 cTonKaoeeaali npa aa8neaaa no Tpy6xe qepea cjlan&Tp 

K aeTeKTOpaM H3nyqeHHSI, 

BbiWe 6hmo ycTaaoeneao, 'iTO epeMH xnopapoeaHHH aToMa, n0-8HllHMOMy, o'ieHb 

Mano H noaTOMy epeMH nepeaoca aonJKao npaKTH'iecxa coenaaaT& c 8peMeHeM y.nep-

lKHB8HHSI, 

BpeMH nepeaoca oueaa8anoc& H H3Mepsrnoc& cne.nyiOIUHMH TpeMH M&TOAaMH: 

A. Tax KaK npouecc aaanoraqea cjlpoHTan&aoli xpoMaTorpacjlas, 6on&waH acjlcjlex-

THBHOCTb nepeaoca HMeeT MeCTO Toraa, xor.na 8peMH nepeaoca MRoro Me!fhwe npo-

aOn)l(HTenbHOCTH Ollb!T8 0TcyTCT8He aaMeTaoro nepeaoca aao6opoT oaaaqaeT, 

'iTO I > t 
I 

( naHT8HHllHbl8 H 8KTHHHAH&Ie aneMeHT~), 

B cnyqae 24 Na H 
44 

Sc B AnHT9n&HblX Ollb!T8X t • 30 - 70 'i8C) aa6n10-

aanCSI 'i8CTH'iHbiA nepeHOC 9THX H30TOil08 'iepe3 Tpy6xy, y8enH'iH88IOWHACH npH 803-

paCT8HHH 

cjlpOHT8, 

, 3TO n0380nHeT OUSHHTb t I 6onee TO'iHO no CKOpOCTH ll8HlKeRHH 

B. BpeMeaa nepeaoca MeH&we cexyHAbi H3MepSUIHCb npHM&IM MeTOAOM c ac
/17/ 

nonb30B8HH9M pa60Tbl yCKOpHTSnH KOpOTKHMH HMnynbC8MB 
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B. 0CHOBH09 COOTHOW9HHe TeOpHH XpOMaTorpaljlH'I9CKOI'O pa3.Q91!9HHSI1 CBSI3bi

Ba!OW99 speMH y.aepJKHBaHI!Sl B9W9CTBa B K01IOHK9 C 06'b9MHOA CKOpOCTl;>!O nO.QBI!lK-

aoll: ljlaabi (w) 1 CB060.QHbiM o6'beMOM K01IOHKII V H pacnpe.Qe1!9HH9M H3y'la9MO-

ro sewecTBa MeJK.ay ljlaaaMH,uenecoo6paaao 3anHcaTb B ljlopMe 

v S N 
=-(1+--"-) 

w v N ' 
v 

r.ae S - nosepxaocTb KonoHKH, N. - pasaosecaoe KOffll'leCTBO MOJieKyn1 a.acop6H-

2 3 
posaHHbiX Ha 1 CM 1 KOr.Qa KOHU9HTpaUI!Sl M01IeKyn B rase pasHa N v MOneKyn/cM, 

N II N 
• v 

BenH'IHHbi .Q11Sl pa3Hb!X TeMnepaTyp onpe,ll91ISUIHCb H3 .!l8Hfib!X OnbiTOB 

ITO a.acop6HpOB8HHOMy OCalK.Q9HH!O B9IU9CTB8 H3 I'830BOJl: ljla3bl B Tpy6Ke C rpa.QH

eHTOM TeMrrepaTypbl (Bb!COKOTeMnepaTypHaSI B9TBb 30Hbl 8.QCOp6UHH Ha pHC, 3), 

Bee aaHHbie o speMeHax nepeaoca npaseaeabi B Ta6n11ue 2. MolKHO OTMeTHTb 

y.aosneTsopHTenhHoe cornacHe M9lK.!lY 3Ha'leHHHMH anSI Pf , nony'leHHb!MH c no-

MOIUb!O pa3Hb!X M9TO.QOB, BI!.QHO, 'ITO CyiUeCTByeT O.QH03H8"'H09 COOTB9TCTBH9 MelK

.ay speMeHaMH rrepeaoca H TennoToll: HcnapeHH·H xnopHna MHKpoaneMeHTa ( cM.Ta6n.1). 

3asHCHMOCTb MelKAY aTHMH noKaaaTenSIMH O'I9Hb peaKaH. TaK, HanpHMep, speMH 

nepeaoca .anSI cpaBHHTenbHO 6nH3KHX no TeMnepaType soaroHKH InCI! H Hf Cl4 

OT11H"'aeTCSI 6onee "'SM Ha TpH nopHAKa, B STOll: CBSI3H cne.ayeT nOll"'9pKHYTb O.QHY 

OC069HHOCTb 3a.Qa'l:l! paa.aeneHHSI KOpOTKOlKHByiUH.( H30TOnOB B npouecce THna ljlpoH

Ta11bHOJl: xpoMaTorpaljlHH (cpaBHH pHc. I). l.:J:To6bJ npenoTspaTHTb npoxolKAeHHe K 

.Q9T9KTOp8M H30TOTia, KOTOpb!Jl: Tpe6yeTCH 0T.Q9111!Tb 1 ycnOBH9 > t He SIB11Sl9TCSI 

He06XO.QI!MbiM, LlocTaTO'IHO, 9C11H Bp9MSI nepeHOCa HaCT01IbKO 6011b!U09 1 "'T06bJ 1!30-

TOTI pacna.aanCH llO TOI'O, KaK npoll:TH qepea TpaKT K .Q9T9KTOpaM, 31jlljleKTHBHOCTb 

nepeaoca 8TOMOB .QaHHOI'O 3119M&HTa, onpeaeneHHaH B npOA01IlKHT911bHOM Onb!Te C 

.!l01II'OlKHBY!UHM H30TOnoM,BC9I'.Qa 601!bWe, '19M pea1IbH09 vn KOpOTKOlKHBy!U9I'O 

l!30TOTia TOI'O lKe 3119M9HT8, 

3acnyJKHB89T BHHMaHHH 3aMeTH09 COKpaweHH9 t • H30TOnOB Hf B npH-

cyTCTBHH ZrCI
4 

no cpasaeHHIO co aaa'leHHeM, nony'leHHb!M npH npHMeHeHHH 

~'1, CJ, . 3To yKa3b!BaeT Ha B03MOlKHOCTb TOHKOI'O perypHpOBaHHH t I nyTeM HC

TIOilb30BaHHSI pa311H'l:Hb!X HOCHTenei!, 

BpeMH nepeaoca H30TonoB Hf B npHcyTCTBHH Zr Cl 
4 

Ha 3KCnepHMell-

TallbHOll: ycTaHOBKe npH 250° nHIUb aeMHOI'HM 6onbme nepHo.aa nonypacrraaa H3oTona 

12 

0 
104-ro 31!9M9HT8 1 a Tlpll 300 OHO CTaHOBHTCH .Q8lK9 M9HbW9 nepBO.Qa. noaTOMy 3TH 

YC1IOBBH .Q01IlKHbl 6b!Tb nO.QXO.QH!UliMH .!l1IH OIIb!TOB C 3KaraljlHB9M, BpeMH nepeHOCa 

5 
.Q1IH H30TOnOB 1IaHTaHHAHb!X H aKTHHH.QHb!X 31!9M9HTOB B > 10 pa3 6011bme,· 'iTO 

aaeT B03MOlKHOCTb "'9TKOI'O pa3.Q9119HHSI 31!9M9HTOB1 IIpHHaA1!9lKaiUBX It pa3Hb!M rpyn

rraM. B OnbiTaX pa31Ili'IHOJl: npQ.Q01IlKHT911bHOCTll MHOI'OKpaTHO 1!3M9pSUiaCb aclJijleKTHB

HOCTb nepeHOCa naHTaHH.QHb!X 3119M9HTOB, }:(11SI KOTOpOA II011y"'a1!0Cb 3H8'19HB9 I) •1-2%, 

COOTB9TCTBY!OIUHA 3TOMY 3H8"'9HHIO K031jlljlB!lH9HT O'IHCTltB 50-100, KaK YJta3b!Ba1!0Cb 

Bb!IU9 1 MOlKeT 6biTb 3H8'1HT91IbHO 6011bWHM .Q1ISI KOpOTltOlKHBYIIIBX 1!30TOnOB, He BCK11IO

"'9HO, O.QHaK01 "'TO 1-2%:_Hblit nepeHOC npOBCXO.QBT He 38 C'leT 06b!'IHOI'O a.QCOp6UHOH

HO-.Qecop6UBOHHOI'O MeXaBH3M8 ABBlK9HHH M0119Kyn, 8 o6ycnosneR, HanpBMep, a,llcop6-

UHell: M011eKyn Ha "'aCTBUaX TOHK0.QBCTI9pCHb!X aapoaoneA, o6pa30BaHB9 KOTOpb!X H911b-

ag aapaaee acxnro"'BTb. 

CKOpOCTb .!lBBlK9HBH aap03oneA IIO.Il'IBRSI9TCSI .QpyrHM 38KORaM B MOlKeT 6b!T& 

6011bW9 CKOpOCTH M01!9KY1I R9119TY'IBX X1!0pi!AOB B .QalKe 6nH3K8 It CKOpOCTH nOTOKa, 

B nocne.aaeM cnyqae KoaljlljlauaeRT O'IBCTKB, onpe.aeneRRbiA .ans .aonroJKHsymero aao

Tona, ge 6y.!leT YB91IB'IBB8TbCH B cnyqae KOpOTKOlKBBY!UI!X B30TOnos, ecna BX 

T I/z > 0,1 celt. 

YcnOBBH .ans 6biCTporo nepeaoca aKaraljlRHSI, no.ao6paHRble a orrb!Tax c· raljlHH

~M, LtalleKH 0T ycnOBHA, B KOTOpb!X .Q01IlKRbl 6b!CTp0 nepeHOCHTbCSI T8KB9 31!9M9HTbl 

KaK Th , pe.aK03eMen&Rbie aneMeHTbl Cf , F111 , Na Sc B .np. noaTOMy 

pa3111!'11!9 B CBOilCTBaX 104-ro 3119MeRTa H Ra3B8HHb!X 3l19M9HTOB MOlKeT 6b!Tb 

.QOKa3aBO C noMOIIIb!O npHR!lHnHanbRO npocTOI'O OIIb!Ta, 3aAa'la paa,neneHBH X110pl!-

.!lOB aneMeHTOB IV v H VI rpynii, KOT0pbl9 see neTy"'H H MOI'yT nepeHOCBTb-

CSI B ycnOBBHX, 6naronpBSITHb!X .Q1IR 3KaljlHBR B3-3a HeCneua¢JB'IROCTH .aeACTBHH HOCB

Tenell:, MOJKeT 6biTb, no-sa.aaMOMy, peweaa, ecna ycnolKHBTb cxeMy aKcnepHMeHTa, 

/17/ 
TaK, aanpHMep, a 6bmo noKaaaao, 'ITO ljlanhTp 1!3 KCI aasneKaeT 1!3 raao-

BOI'O TIOTOKa aneMeHTbl IV rpynrrbi , a aneMeHTbi V rpynnbl 6ecnperrHTCTseaao 

npoxo.QHT qepea TaKoA ljlBnbTp. 

nonyqeHHbl9 .QaHHble n03B01!1!11H nepeATH Henocpe.aCTB9HHO K 0Tib!T8M CO 104-b!M 

aneMeHTOM H .aaroT B03MOlKHOCTb paapa6oTaTb pSI.!l .npyrHx MeTonos pa.aHOXHMH'Ie-

CKOro paa.aeneHHSI Ha yKa3aHHOM npHHUHne, 
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MUWEHb 

P11e, 1, npe,qnonaraeMag npHHI[IIU:Han&II8B exeMa SKenepiiMeHTa no 113f'leHHIO 
XHMII'IeeKIIX esoleTB KOpOTKOlKIIBym&F.O H30Tona aneMe.IITa 104, 

/108!:/WKA KOHLlEHCA TA HOCHTE/lfl 

TOY6KA 

XHMH'IECKI111 
'PH/lbTP 

Q:JW/bTP 

P11e. 2. EnoK-exeMa raaosoro TpaKTa aKenepuMeHTanbHOI!: yeTaHOBKB, 
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KOHaEHCAT ZrC/, 
MIILI!!,J! I I I 

.LJ.BHJKEHHE rA3A KOHL/.EHCAT N6CI.s 

TIC4 (8) 

KOH.OEJ.CAT Alzl't 
,..jM"j J I I I I I I I 

80 

TEMflEPAT!IPA "C 

Pac. 3. Aacop6uasr cneaoBhlX xona'leCTB 
95 

Nb aa raaoaoA cjlaahl a Tpy6Ke 
C rpallH6HTOM T6MIIepaTyphl B IlpHCyTCTBHH paanH'IHhiX xnOpHllHhiX 
HOCHTeneA. YcnOBHSI OIIhiTOB: HHepTHhli raa - 830T IIpH aTMOCcjlepHOM 
llSBneHHH, yrrpyrOCTb napa HOCHTeneA B MM pT.CT. aaaa B CK06KaX 
aa cjlopMynoA. Pacxoa aaOTa (rrpasea. K aopM. ycnosasrM) - 26 Mn/Maa, 
IIpOllOnlKHTen&HOCTb OIIhiTS 10 MHH. CTeKnSIHHSSI Tpy6Ka ( IIHpeKC) 
BHyTpeHHHM llHSMeTpOM 7 MM. 8 OIIhiTe HCIIOn&30BSnOCb 5 MKKIOpH Nb 
6ea aocaTensr. P acrrpeaeneaae aaMepeao rro y -aany'leaaro 'lepea 

men& lllHpHHOA 10 MM. 


