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Wsyuen nporecc cuHTE3a ME30MOPUCTHIX HAHOKPUCTALINIECKUX miieHOK 1103 B miameHn mpensapu-
TeJIBHO MepeMerianHon roproueit cmecu Hy /Oo/Ar (12.9/14.4/72.7 % mo o6wemy) ¢ mobaskoit 0.1 %
terpansonponokcnna tutana (Ti(OC3Hy),). Crabumusanns nimamenn n ocaxnesue HaHodactui Ti0y
OCYILLECTBIIAIOTCS Ha IVIOCKOCTU BPAILAIOLIErOcs NUCKa. MccienoBano mpocTpaHCTBEHHOE PACTIpenesie-
HUE TeMIepaTyPhl 1 KOHIEHTPALIMI OCHOBHBIX COCNUHEHUN B IyTaMeHu. [IpoBenesa npoBepka NpuMeHy-
MOCTHM UCIONB30BAHHON KMHETHUECKO CXeMBI DEAKINil 1 METONA pacueTa OIS OMUCAHUS CTPYKTYPHI
HCCIIEAYEeMOr0 IIIIaMeHN. Y CTAHOBIIEHO, UTO MAHHLIA METOI MO3BOJISET CHHTE3NPOBATH CHEPUIECKUe
kpucrannieckue Hagodactusl TiO2 co cpenaum nuamerpom 12 HM, y3KUM paCIpeneeHueM o pas-
mepy (o0 = 1.45) u nonumopdHOl MonubuKanyell aHaTasa, KOTOPbIE MOI'YT OBITh MCIOJIL30OBAHBI IJLsL

MIPOM3BOMICTBA COTHEUHBLIX OaTapell U JaTUYNKOB Ta30aHAIN3ATOPOB.
KJ’IIO‘{eBBIe CJIOBa: CTPYKTYypa IJIIaMEHU, OUOKCUO TUTAHA, aHATa3, HAHOYACTUIIBI, ME30IIOPUCTHIE

HaHOMAaTePpUaJIbL.

BBEAEHUE

Huokcun turana (TiOg) HaxomuT mmpokoe
IIpUMeHeHMe KaK (OTOKATAIN3ATOP, MOIYyIPOBOL-
HUKOBBLIA MAaTEPUAJI, CIENNAIILHOE TTOKPBITUE OIS
CTEKOJI W KepaMWuKW, a TakKXe Kak OeJbIil Tur-
MeHT. [lepciekTUBHBIME 0OIACTIME €T0 MCHOITH-
30BaHUS SIBISIOTCS TMOPUIHBIE COJTHEUHBIE OaTa-
pen [1, 2] u razossie cencopst [3]. B conueunsix 6a-
Tapesx TAKOTO TUIA IPUMEHIETCS Me30MOpUCTAas
HaHOKpUCTAIInIeckus mwieHka Ti09 TommuHOR
HECKOJIBKO MUKPOMETPOB, KOTOpAas CIIyXUT MaT-
punen mast pukcanum GOTOTyBCTBATEIHLHOTO Kpa-
CUTEJISI, MOTJIOIAIONIET0 COTHEYHBIA CBET B IMNU-
pOKOM nmarasoHe mInH BOIH. PoTOBO3OY XK IeHME
KpaCUTess BBI3LIBAET pa3lesieHue 3apsmoB B €ro
MOJIEKYJIe, Tepenady WX K IOBEPXHOCTH MATPH-
[bl, YTO TPUBOAAT B KOHEYHOM WTOr€ K TOSIB-
JIHWIO DJIEKTPOHOB B 30HE mpoBomumocTu Ti0s.
Comueunbre 6aTapenm TAKOTO THIA HEPCIEKTUB-
HBI BBuUOYy ux Oonee Bbicokoro KIIIl m merreBums-
HBI IPOM3BOICTBA MO CPABHEHWIO C KDEMHUEBBIMU
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dorosnemenTamu. Oguol u3 mpobileM pa3padboT-
KU ¥ TIPOM3BOACTBA, T'MOPUIHBIX COTHEUHBIX OaTa-
peﬁ ABJIAETCA TOJIYyIYCHUE HAHOKPUCTAJIINICCKUX
MaTEepPUaJIOB ¢ HEOOXOMUMBIMHE CBOCTBaMu. B Ha-
cTOsIIIee BpeMs B Mupe pa3pabOTaHBI U H3yUe-
HBI PA3jIMIHbIE METONBLI MOJIYYeHUs HAHOYACTHUIL
TiO9: u3 pacTBOPOB (30JIb-TENIEBBIN METOM), JIIEK-
TPOXUMUYICCKNE METOObI, XUMNYIECCKOE OCaXKICHUE
7“3 Ta30BOU (pas3bl, a TaKXke CHHTE3 B ILIAMEHN.
Kax bt n3 5Tux MeTOOOB MMeeT HeIOCTATKY, Ha-
OpuMep Takme, KaKk MHOTOCTAQUUHOCTDL IIPOIEeC-
ca, aMOpPGHOCTDH MOJIyIaeMbIX YACTUIL, HAJIMINE
mpuMecel BKJIIOYUEHUS, UTO yXYHOITaeT KadeCTBO
MaTepuaia u/Win yBeIUUNBAET 3aTPATHL HA €r0
npou3BoncTBO. OmpenereHHBIMEI TPEUMYIIECTBA-
MU Cpenu BCeX MeTOmoB Beimensercs cuaTe3 TiOg
B IIJIaMEHWU, KOTOprI‘/'I IO3BOJII€T CUHTE3UPOBATH
ME30MOPUCTYIO TIeHKY HaHOKpucTaJuioB Ti09 Ha
nomioxke B onuH stan [4]. Bapbuposarumem co-
CTaBa WCXOMHOW TOPIOUER CMeCH MOXKHO TOIy-
YaTh HAHOYACTUIILI PA3JIMIHOTO Pa3Mepa ¢ JOCTa-
TOYHO Y3KVM DaCIPEOeICHUuEM, BBICOKON YMCTOTHI
7 B HEOOXOMUMOW KPUCTAIIAIECKON MOIAMOpPd-
uvout mogudukanuu. Kak mokasans anains 60IbIIo-
TO YIUCIIa INTEPATYPHBIX MTAHHBIX, KOHPUTYpaIus
mwiamenu (HampuMep, nuddy3uoHHOE WU IPenBa-
PUTENILHO TEPEMEIIIAHHOE), YCIIOBUS €ro CTabuiiu-
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3anuu (Ha TOPUCTON TOPEJIKE, Ha, OXJIAXKIAEMON
NOIJIOXKKE W [P.), YCJIOBUS DKCTIEPUMEHTa, (maBie-
HUe, COCTaB TOPIOYUel CMeCU, KOHIIEHTPAIUS IIpe-
Kypcopa) 3a4acTyio He MO3BOJISIOT MOJyIAThH Ma-
Tepuail ¢ HeOOXOMUMBIMU CBORCTBAMU.
KauecTBernno HOBBIE Pe3yiabTaTHI OMyOIIIKO-
BaHBl B pabore [4]: aBTOPBI OCYIIECTBUIN CHUH-
Te3 HAHOYACTWI OUOKCUOA TUTAHA B INIAMEHU
IPeNBApPUTEIBLHO MEPEMEITaHHON TOpIoYeld CMec!
CoHy4/O9/Ar (cocras 3.96/26.53/69.51 %, p =
1 atm) ¢ mobaskoir 0.030-=0.107 06. % rerpa-
msonponokcuna turana (Ti(OCsH7)4). [ToTok ro-
pioueil cmecu OBLI HAIPABIIEH NEPIEHOUKYIISIP-
HO IJTOCKOCTY BPAIIIAIONIET0CS TUTAHOBOTO IUCKA.
CxopocTh TOTOKA HA BRIXOIE U3 TOPENKY ObLIa, Ta-
KOH, 9TO INTaMs CTaOMIM3WPOBAJIOCH HA IJIOCKO-
CTU OUCKa, HA KOTOPOM TaKXke OBbIIN 3aKperiie-
HbI nomyoxku mjs ocaxneHus TiO9. Bpamenue
mucka co ckopocthio 100+ 600 o6/mun obecme-
UUBAJIO IEPUONUIECKOE BHECEHTE PACIIOIOKEHHBIX
Ha HEM IIOMJIOXKEK B IIJIaMsd, Ha KOTOPBIX 3a CUYET
TepModope3a 0caxmajcs MOPUCTHIN CIION HAHO-
qactul TiOg. Iuck 0XIaXaaliCs TOTOKOM BO3IY-
Xa CO CTOPOHBI, MPOTUBOIOIOKHON Pa3MEIIeHIIO
TOpEJIKM, TeMIEepaTypa OUCKA W MOAJIOXeK ObLIa
okosio 150 °C mpu MakcuUMaJbHOW TEMIEpaType
B 30m€ Topenus ~1850 °C. Paccrosaume ot comia
TOPEJKM OO0 MUCKA COCTABIISIIO 34 MM, a 30HA IjIa-
MEHU HAXOOWIIACH HA PACCTOSHUU 3.5 MM OT TIO-
BEpPXHOCTHU nucKa. IJaHHBIN MeTOH, B OTIIMYIUE OT
OOJIBIIIMHCTBA IPYTUX, B KOTOPLIX CUHTE3 HAHOYA-
cTUIl TpomcxXonuT B OUMGY3MOHHBIX Ta3oCTPYyH-
HBIX IIJIaMEHaX WJIN OPpU PaCHBUICHUU B IJIaMS
XKUOKAX TPEKYPCOPOB, XaPAKTEPU3YETCI TEM, ITO
obpa3oBaHUe U POCT YACTHUI IIPOUCXOOAT B CPeIe C
XOPOIIIO M3BECTHBIMU MAPAMETPAMHU (XUMUIECKUI
COCTaB, TEMIIEPATYPA) TP KOHTPOIIMPYEMOM BpPe-
Menu npebbiBarus. biaromaps 6ombuiomy rpamgu-
€HTy TEeMIIEPATYPhI BOIU3Y TOBEPXHOCTU JUCKA U
MaJIOW ITMPWHE 30HBI IJIAMEHU, TpeObIBaHWe pea-
TUPYIOMINX COENWHEHWN B 3TOW 30HE KPATKOBpE-
MEHHO, 9TO MO3BOIsSeT 3DGEKTWBHO YIIPABIITH
«3aMOpaXMBaHUEM>» DPOCTa YaCTUIl, TEM CaMbIM
OJIYy9aTh OOVMHOYHBIC KDUCTAJAINYCCKUE IaCTUIBI
C Y3KUM pacupenejeHueM mno pasmepy. Oouaako uc-
TOJTB30BAHUE B MAHHOU paboTe »TUIIEHA B Kade-
CTBe TOPIOYUEr0 MOXKET BIMUATH HA YUCTOTY IIOJY-
TaeMOr0 MaTepHuaa, TaK Kak ropiotvas CMech CO-
IEPXKUT OTHOCUTEIBLHO OOJIBINOE KOJINIECTBO YT-
mepoma. B 5TOl cBA3M BaXHOW 3amadell SBIISIET-
cs TmpoBepka Meroma cuHTe3a HaHodacTuil 1i0O9
C HKCIIOJL30BAHMEM BOIOPONA B KAadeCTBE TOPIO-
Yero, MOCKOJIBKY B 3TOM CIIydae eIUHCTBEHHBIM

BO3MOXKHBIM NUCTOYHUKOM YyTrJIEpOOa 6yHeT TOJIBKO
Ti(OC3H7)4, koHmEHTpAUs KOTOPOTO B MCXOM-
HOU T'a30BOM CMECH HU3KAasi. DTO MO3BOJIAT B IIU-
POKOM NMMATA30HE BAPBUPOBATL COOTHOIIEHUE TO-
prouee/OKUCIUTENb C T€M, ITOObI HANTHU yCIIOBUS
cuntesa Hanouactulr TiO9 ¢ TpebyemMbIiMu CBOU-
CTBaMH1, IIOTOMY HYTO B CJIy4dae YTJIEBOOOPOOHBIX
IaMeH Tpu u30bITKE TOpovero (B ILIAMEHAX C
kodpdunmenToM m3OLITKA TOIIUBA ¢ > 2) BO3-
MoxHO 3arpsizaerue TiOg yrmeponom. Bromte Be-
POSTHO, YTO UMEHHO IO TOW NpUYMHE B paboTe
[4] curres TiOg npOBORUICS B STUIEHOKUCIOPOL-
HOM ILTAMEHU C OONBIIMM U3OBITKOM OKWCIIUTE-
aa. Kpome TOro, mcmomb30BaHmre BOMOPOIOKUCIIO-
POMHOTO TIaMEeH! ¢ O0ee HU3KOU TEMIIepPaTypou,
4geM B pabore [4], mozsonut curTesupoBaTs TiO9
¢ TIpeo0JTaTaHUEM AHATA3A.

B skcnepumenTax [4] ¢ mOMOIIBIO TepMoOIap
OBIII0 W3MEPEHO PACIpPENeSieHre TEMIEPATYPhI B
mzyuaemoM mwiamenn CoHy/O9 /Ar, crabunusupo-
BAHHOM HA IIOCKOCTU BPAIIAIOMIErOCS MHACKA, a
TaKXke MPOBENEHO YNCICHHOE MONEINPOBAHNE PAC-
openeieHmsa KOH]_[eHTpa,I_II/II‘/'I BEIIECTB W TeMIepa-
Typbl. MonmenupoBauue 6bIJI0 BBIOIHEHO TOIBHKO
s mwaamenn 6e3 nobasku Ti(OCsH7)y, . e. Ges
yueTa MeXaHU3Ma U KUHETUKU PEaKINi ero mpe-
BPpaI€HUA, a TaKXe APYTUX TUTAHCOOCPKAIIUX
coenuuenuit. Kpome Toro, B paGore [4] me m3me-
pANY TPOGUITA KOHIEHTPAIUAN OCHOBHBIX COSMUHE-
HUU B IJIAMEHU U TOTOMY He ObIITa ITpOBeieHa mpo-
BEPKA ANEKBATHOCTU WCIOIB3YEMOTO MEXAHU3MA,
OKUCJIEHUS YTJIEBOMOPONOB M METONWKM PACUETa.
Tak Kak UKUCIEHHOE MONEIIMPOBAHUE CTAOUIIU3U-
POBAHHOTO HA IMJIOCKOCTY IJIAMEHU SBIISIETCS IO-
CTATOYHO CIIOXHOU 3amadell ¢ OOIBIIAM KOJUte-
CTBOM MCXOMHBIX MAPAMETPOB, TO IJIS KAXKION MC-
CIIEMyeMONl CUCTEMBI HEOOXOMUMa TPOBEPKA KaK
MEeTOMa YUCJIEHHOTO PACUeTa, TAK U MPUMEHUMO-
CTHU UCTOIb3yEMOTO MEXAHU3MA, PEAKIIUIA.

Baxuo ormeruth, uro B pabore [4] B Ka-
YeCTBE TUTAHCONEPKAIIETO TMPEKYpPCopa ObLT mC-
nosbzosad Ti(OC3H7)4. OTo Gomee ynobubrit mpe-
Kypcop 1o cpasHenuio, mampumep, ¢ TiCly, Tak
Kak He comepxkuT xjopa. OmOHAKO B OTJIMYUE OT
TiCly, meTambHBII MeXaHU3M U KHHETUKA Tep-
mommsza Ti(OCsHy)s mpakTuuecku He W3yUEHHI.
OKCIepUMEHTAIILHBIE TAHHBIE M0 KUHETUKE Tep-
monmmza Ti(OC3Hy7)4 npuBeneHsl B euHCTBEHHOM
pabore [5], B KOTOpOIl MCCIIEAOBAJIOCH TE€pPMUUe-
ckoe pasmoxkenue mapos Ti(OCs3Hy)y B nmama-
3ome TemmepaTtyp 500 + 660 K. Kormcranra cko-
poctu 6pyrro-peakmuu Ti(OCsH7)ys — TiOg +
4C3Hg + 2H50O 6buta ompemesnieHa MO U3MEPEHU-
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SIM KOHIEHTPAIIA! MPONWIIEHA KaK OPOMYKTa pe-
akuu mapos Ti(OC3H7)4 B mpoTrounom peakTope
B CMeCH ¢ WHEPTHBIM razoM. Takum obpasom, B iu-
TepaType OTCYTCTBYIOT HAHHBIE MO METAILHOMY
mexanmsmy npesparenus Ti(OC3Hy)y B ycnosu-
aX, 6.]'II/I3KI/IX K yCJIOBUSAM B IIJIAMEHAX.

Henwio mHAcTOAIEN PabOTHI SBIISIETCS U3Y-
JeHre mpolecca OOpa3oBaHUS HA OXJIAXKITAEMOUR
TTOIIITOXKKE HAHOK PUCTAINTNIECKUX T1eHOK 1109 u3
[JIAMEHU MPEeIBAPUTETBHO MEPEMEITAHHON TOPIo-
qeit cmecu Hy/Og/Ar ¢ mobaskoit Ti(OC3H7)y.
st 5TOr0 IpOBOAMIIN M3MEPEHUE TEIJIOBON W XU-
MHIYECKON CTPYKTYDPHI ILIaMEHM, a TaKxXKe HCCle-
MOBAHUE CBOWCTB IMOJIYyYeHHBIX ME30MOPUCTHIX HAa-
HOKpuctautnueckux mwieHok Ti0o. Omua u3 1e-
Jieit paboThI — MPOBEPKA AJMEKBATHOCTH METOIA
pacdeTa u MCHOIb30BAHHON KMHETMIECKON CXEMBI,
COCTOSIIEN W3 MEXAHU3MA, OKUCIICHUS BOIOPONA 1
peakruu tepmommsa Ti(OCsHy)y4, myrem como-
CTABJIEHUSI PE3yJILTATOB YUCIEHHOTO MONEINPOBA-
HUA 1 3KCIEPUMEHTAJIBHBIX NAHHBIX IO CTPYKTY-
pe mnamenu Hy /Oy /Ar.

JKCMEPUMEHTAJIbHAA YACTb

KoHcTpykuus ropenku

Ha pwmc. 1 mpuBemena cxema b5KCIepUMEH-
TaJILHOI yCTaHOBKU. OCHOBHI)IM €ee 3JIEMEHTOM sB-
JITETCS TOPENKa, MPEeNCTaBISIoNas coboi TpyO-
Ky W3 TUpEKCa, BEPXHUU KOHEIl KOTOPON WMeeT
KOHUIECKOE CyXeHrme. JTO0 HeOOXONUMO IJIS BbI-
PABHUBAHUS CKOPOCTHU Ta30BOTO IOTOKA IIO cede-

Boagyx (0.7 ,u,M3fc)
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Puc. 1. Cxema skcnepuMeHTaILHON YCTAHOBKA

HUIO CTPYHW U YIIyUIIeHWs CTAOMIN3anuy IiaMe-
HN. BHyTpI/I TOPEJIK!W IIOMEIIEHBI CTaJIbBHBIEC IIIa-
PUKU IUaMeTpoM 3 MM, a TaKXKe TepMOoIapa Ot
KOHTPOJISI TEMIIEPpATYPhI MOTOKA TOPIOUel CMe-
cu. Ilmamerp coma ropenku 1 cm. Cocras ropio-
geit cmecu Ho/Oo/Ar — 12.9/14.4/72.7 % (¢ =
0.45) BBIOpAH MCXOMS W3 BO3MOXKHOCTH COMOCTAB-
JIEHUS TIOITYI€HHBIX B HACTOSINEN paboTe pe3yib-
TATOB C MPUBENEHHBIMU B pabore [4] maHHBIMEI
nns mwiamenn CoHy/Oo/Ar ¢ rakum xke xood-
¢dunmenToM u30BITKA roprodero. CKOpOCThL BBITE-
KAIOIIEero W3 COIJIA TOPEJIKW TOPI0UEer CMecwu COo-
craBisiia vg = 302 cm/c (mpu T = 293 K u
p = 1 arm). CocTaB ropioueir CMeCu yCTaHABIII-
BAaJICS C MOMOIIIBIO PETYIATOPOB MACCOBOTO PACXO-
na rasza (MKS Instruments). I'a3sr cvemusanuce
HEIIOCPEICTBEHHO Iepen Momadell B ropesnky. Yum-
crora razos (Og, Ar, Hy) 6buta me xyxe 99.99 %.
List mpemoTBpallleHnsl MOAMEIITBAHUS OKPY KAa0-
IIIeT0 BO3MYXa B MOTOK TOPIOYEl CMECH B TOpeil-
Ke IPenyCMOTPeHa KOHIEHTPUUIECKas KOJIbIEBas
Ieb MIUPUHON 1.5 MM, Yepe3 KOTOPYIO MOMaeTCs
MOTOK aproHa ¢ 00BEeMHBIM pacxomom 123 cum® /c.
Takoit pacxom obecrmedumBaeT PaBEHCTBO JIUHEH-
HBIX CKOPOCTEN MOTOKA TOPI0UEl CMECH U CITYy THO-
ro moToKa aproua. Ilas Toro 4Tobbl MCKITIOUYATH
KOHIEHCAIWIO B TOPEJIKE BBENEHHOTO B TOPIOUYIO
CMECh TUTAHCONEPKAIIErO MPEeKypcopa, (IaBieHne
macoirenabix mapos Ti(OCsHy7)4 mpu 100 °C co-
craBisiio ~0.025 aTM), KOPIyC TOPeNKN U MOTOK
TOPIOUENl CMECH HATPEBAJICS DIEKTPUUYECKUM Ha-
rpesaTenem mo 150 + 20 °C.

Iuck ana crabunusaumu nnameHu
U KpenneHus noanoxek

st crabunmsanuu MIaMeHu W KPEIJIeHUs
KBAapPIIEBbIX W KPEMHUEBBIX IOOJIOXKEK HMCIIOJIB30-
BAJICS aJIIOMUHUEBBIT quck quameTpom 30 cM, pac-
TIOJIOXKEHHBIN HA PAacCTOSHUU 3.4 CM OT ILIOCKO-
CTHU OTBEPCTHUS COILIA TOPEJIKU MEPHEHIUKYIISIPHO
ee ocu. IIpu BpaleHnm OUCKa MOMJIOXKYU TEPUO-
OUYIECKU MPOXOMSAT HAJ IIJIAMEHEM, B Pe3yJIbTaTe
Tero Ha HUX 0o0pa3yeTcs PaBHOMEDHAs ITOPUCTAs
JIeHKa, U3 Kpucrajumdeckux Hamouactun 1i0s.
Ha mucke omHOBpeMEHHO MOXeT OBITH 3aKperLie-
HO 4 momimoxku pazmepoM 1 X 1 cM, TORIIUHOR
1 mm. Bparmesue qucka oCyIiecTBISIOCH C IIOMO-
IIBIO IIIArOBOTO IBUTATENIsS W KOHTPOILIepa, obec-
MEUUBAOIIET0 HEOOXOMUMYI0 YaCTOTY BPAIICHUS
MUCKA. DKCIEPUMEHTHI IPOBENEHBI IPU CKOPOCTHI
spamerns nucka 300 £ 1 o6/muu. Paccrosuume
MEX[y OCBHIO IWCKA W OCHIO TOPEJIKYW COCTABIISIIO
12.1 cm. s oxmpaxkmeHwusl OUCKA ero OOmyBaId
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CBEPXY M3 WETHIPEX COIMEJ TIOTOKOM BO3myxa (00-
it o6bemusIl pacxon Ve = 40 1/MuH), mostomy
TEMIIEPATYPa TOMJIOXEK IOMIEPXKUBAIACH HUXKE
TEMIIEPATYPHI INIAMEHU U B PE3yIbTaTe NeACTBUS
TepMOGOPETUIECKUX CUAJT HA TMOMIIOKKAX OCAXKIA-
suck yacturbl Ti0s.

Bce mpemcrasmenubie B pabore pesyiibTa-
THI Oy IeHBI TIPU BBIMTETPABEICHHBIX 3HATEHUIX
CKOPOCTHU TIOTOKA OXJIAXKIAIOIIEr0 BO3OYXA U CKO-
pOCTH BpAaIlleHUs OUCKAa, TaK KaK MO JTUTEePaATyp-
HBIM [TAHHBIM OHU SBJISIOTCS ONTUMAILHBIMA IITSI
nostyuenus mieHOK 1109 ¢ HEOOXOOUMBIMU CBOW-
CTBaMU U MAPAMETDAMU.

Cucrema nopauu npekypcopa

Turancomepxammii TPEKypCcop, TeTPam30-
nponokcun turasa (Ti(OC3Hy)y, Aldrich, 97 %),
BBOJIUJICS B MIOTOK TOPIOUEN CMECH IPEOBAPUTENTH-
o HarperwiM no 150 °C. Ilasg BBOmA WMCIOIB30-
BaJINCH MIMTPUIl W TOHKUHA METAIJIJIMIECKUNA KATIWJI-
ssip. HlTok mmpuiia OpuBOOWIICS B OBUXKEHWE C
TIOMOITIBI0 BUHTOBOHI IAPHI U IIATOBOTO IBUTATE-
JISI, 9TO MO3BOJISIET C BBICOKOM TOYHOCTBIO 3alIa-
BaTh KOHIIEHTPAIIXIO IPEKYPCOpa B TOPIOUEi CMe-
cu. O6bemMHaAs CKOPOCTH MOMAYM TIPEKYPCOpa CO-
crasisuia 11.2 Mir/4, 9TO COOTBETCTBYET €ro KOH-
nenrpanuu B ropoueit cmecu 1070 = 30 ppm.

MamepeHue TemnepaTypbl B NAaMEHH

Pacnpenenenune teMmmnepaTyphl IO 30HE rOpe-
HUS TUTAMEHU W3MEPSJIOCh IIATUHA-IIATIHOPO-
muesoit (Pt-Pt/10 % Rh) repmonapoit II-tuma c
nuamerpom npoBogHUKOB (.02 mm. Inwna mieua
Tepmonapsl 12 mwm. Iljas mpemoTBpaliieHusT KaTa-
JIMTUIECKUX MIPOLECCOB MOBEPXHOCTH TEPMOIAPHI

Pt, PtRh(10 %),
#0.02 ?0.02
Pt,202 PtRh(10 %),
02\ PtRh(10%)

0.2

) Kepamuueckas
Tpybka

AN

Puc. 2. Tepmomnapa

6bL1a TOKpBITa, Si09. OOImMiT quaMeTp TepMOomap
¢ nokpbitueMm 0.03 mwm.

¥Y3en KpemjeHus TepMOHmAphbl TMOKA3aH HA
puc. 2. C TOMOIIBIO TPYXUH YCTPAHSIOCH BO3-
MOXKHOE B Pe3yJIbTATE TEIJIOBOTO PACIIUPEHUS Me-
TaJIIa TPOBUCAHUE €€ IMTPOBOJIOYEK.

quT TEIJIOBBIX IIOTEPh TEPMOIIAPHI 3a CUET
um3ayuenus nposomuiics mo meromy Keckema [6].
CymmMapHas omumbka W3MEPEeHU TeMIIepaTyphbl
mraMeHn oObraHO He mpeBbimraer +50 K. Ilmg
n3MEpeHUss TeMIIEpaTypPbl MOBEPXHOCTU AOVCKA U1
MOIJIOXKEK MEeIb-KOHCTAHTAHOBAS TEPMOIAPa IMPU-
KPEIISIIACh K HUM C ITOMOITIBIO TEIJIONPOBOISIIE-
rO KJTes.

M3mepeHne KOHUEHTpauMii COeAUHEHUN B MIAMEHU

[Ipodunu koHIIEHTPAIWI BEIECTB B UCCIIE-
IyeMOM IIJIAMEHW W3MEPSIN MEeTONOM 30HIOBON
MacC-CIeKTpoMeTpun. B kadecTBe MUKPO3OHIA
MCIIOJTB30BAJIACH KBapleBas TPyOKa C BHYTpPEH-
HAUM guamerpoMm 4 MM, BHermHUM — 6 MM, mIju-
O 70 MM, MMEIOIIas C OMHOW CTOPOHBI KOHUJE-
CKOe CyXeHWe C OTBepcTmeM Ipu BepinuHe. [lau-
Ha KOHUYECKOW dYacTtu 12 MM, mumamMerp OTBep-
crusg 0.05 MM, TOTIIWHA CTEHOK BOIW3U OTBEP-
crus 0.04 mMMm. BremHwuit yroysi KOHWYECKOW da-
cru okoimo 20 °C. C nomombio rubKoWl Baky-
YMHOI TPYOKW MWKPO3OHII COEOWHSIICS C CUCTe-
MO HAITyCKa IMIPOOBI B MOHHBIN UCTOYHUK KBAAPY-
mosbHOTO Macc-cmekTpomerpa MC 7302. [lasie-
HUE B JIMHUYW HOCTABKYU MPOOKI cocTariasio 400 +
800 ITa. Jluawus wepes BenTwnab W Auadparmy C
orBepctueM 50 MKM OBbIJIa COENWHEHA C BAKYyM-
HOU KaMepou MOHHOTO MCTOYHUKA, ABIEHUE B KO-
TOPOI BO BpeMs aHAIW3a OPOOBLI TOOOepPXKWBa-
goch ~2.6 - 107° Tla. s 30HOUPOBAHUS TIJIa-
M€eH MUKPO30H[ ObLI 3aKPEIJIeH Ha CKAHUPYIOIIEM
MEXaHU3ME C MUKPOMETPpUYCCKUM BUHTOM, KOTO-
PBII TTO3BOJISI MO3UIINOHUPOBATE TPOOOOTOOPHUK
¢ Tounoctbio 0o 0.01 mm. Ilockombky B mitame-
HE ¢ 006aBKOM IPEKypPCopa OTBEPCTHAE MUKPO30H-
na 3abuBaercsa wactunamu 1109, mas ero Hempe-
prBHOﬁ OPOYMCTKHU B XOOe 3KCIIEPMMEHTA IIpUMe-
HSIJICSI MUHUATIOPHBIN SJIEK TPOMATHUT C IIPUKPETI-
JIEHHON K €r0 SKOPI0 BOIB(MPAMOBON TPOBOJIOKON
TommuHOn 50 MKM. OJEKTPOMATHUT Pa3MeIali-
Csd HEIOCPEOCTBEHHO BHYTpPpU MHUKPDO30OHOA, B €T0
MUJIVHIPUAUECKOR YACTU. 38, CUET MEPUOLUIECKOTO
BO3BPATHO-TIOCTYHATEILHOTO IBUXKEHUS KOHINKA
BOIILGOPAMOBOI MPOBOJIOKU (YACTOTA BKITIOUCHUS
sileKTpoMarauTa — 2 ', BpeMs BKJIIOUCHUS —
10 + 15 Mc) ckonmBIIMECS B OTBEPCTUM MUKDO-
so0a uvacTullbl 1109 BHITAJIKUBAINCHL HAPYXKY,
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9YTO MTO3BOJINJIO IIPOBOOUTH MU3MEPEHUA B «K3allbI-
JIEHHOM>» TIJIAMEHH.

[TorperaocTs U3MEPEHUS KOHIIEHTPAIINN Be-
IIIECTB B IJIAMEHU ONPENeNiach PAmoM (GakTo-
POB, OCHOBHLIMU U3 KOTOPBLIX SBIIAIOTCS OITUOKY
U3MEPEHUs WHTEHCUBHOCTEN mUKOB Macc. Orub-
KU1 M3MEPEHUA ITOCJICAHNX 3aBUCAT OT KOHIIEHTPAa-
I COOTBETCTBYIOIIETO KOMIIOHEHTA, B ILIAMEHU
7 WHTEHCUBHOCTU CUTHAJIA MUK B (HOHOBOM MACC-
CIIEKTPE.

[TorpemuocTy  MacC-CHEKTPOMETPUUECKOTO
anaausa kounenTpamnuii Hyo, HoO, Oy cocrasis-
mn ~15 %, a Ti(OC3Hy)4 — npubmmsurensHO
30 %. BumHO, YTO MHOrPENIHOCTH W3MEpPEHUs
koHIeHTpanuit Bemects, ocobenno Ti(OCsHy)y,
CYIIECTBEHHBI, IIOATOMY NpOOUIM KOHIEHTPA-
HI/II‘/'I MOJIYyYEHBI IyTEM OCPENHEHUSA DPE3YJIbTATOB
H3MepeHI/Iﬁ 10 HECKOJIBKUM SKCIIEpMMEHTAM.
KamubpoBka 1m0 KOHIIEHTDAIIMYM W3MEPAEMBIX
BEIIIECTB  OCYIIIECTBIIAIACH HEMOCPENCTBEHHO B
UCXOMHOU rOPI0Yet cMecu (COCTaB TOPIOUE CMECH
3a/1aH ¢ OTHOCUTEILHON MOTPEITHOCTHIO He Gosiee
+1 %) m B KOHEUHBIX MPOMYKTax ropeHus (Co-
CTAB PACCUUTHIBAJICS UCXONS U3 MPENIONIOXKEHUA
HOJTHOTO CTOPAHUS BOAOPOMIA).

Monyuenue mesonopuctoix nneHok TiO, Ha noanoxke
ocaxaenvwem HaHouactuy TiO, u3 nnamexu

[Trerku TiO9 mosyuamu ocax neHueM JaCTUIl
Ha KBaplleBble W KpeMHeBbIe nmomioxku. [Ipomecc
ocaxmenus gmuiacs 15 <+ 20 mumu. Temnepatypa
ITOIIJIOKEK BO BPEMS OCaXKIEHUS KOHTPOJINPOBA-
JIACh C TIOMOIIBIO MeOb-KOHCTAHTAHOBOM TEpPMO-
TIapbl, IPUKJIEEHHON TEIJIOIPOBOMSIIIIUM KIIeeM CO
CTOPOHBI, TPOTUBOMOJIOXKHON CTOPOHE, HA KOTOPOU
OPONCXOONJIO OCaXOECHNME IIJICHKN, 1 HE ITPEBBIIIA-
aa 150 + 180 °C.

Crpykrypy mimenok TiOg msyuanu ¢ momo-
IIbI0 CKAHWPYIOIIEX 7 TPOCBEUWBAIOIIEN HIIEK-
TPOHHOW MUKPOCKOMWYM BBICOKOTO pa3peIeHus
(IIBMBP). ®ororpadum obpasnos TiOg momy-
gaam Ha SeKTpoHHOM Mukpockome JEM-2010
(JEOL, $Inomums) ¢ paspemieHmeM IO pemeTKe
0.14 am npu yckopsmormiem Hanpsxennu 200 kB.
OO6pa3Isl oITst KCCASTOBAHIN 3aKPEIISIN Ha CTaH-
IapTHBIE MeOHBIE CEeTKU, KOTOpble MOMEIIAJIN B
IepKaTeslb ¥ BBOOWIN B KaMepy 0Opa3sloB 3JjIek-
TPOHHOTO MUKPOCKOIIA.

MeToa mosenupoBaHus

MopenupoBaHue XWMUYECKOW U TEIJIOBON
CTPYKTYDHI BONOPOMHOTO INIAMEHW IIPOBOIMIIN C

ucnoiib3oBanueM makeros nporpamm CHEMKIN
u OPPDIF (Sandia National Laboratory, USA)
[7] u MexaHW3Ma OKuCIeHHS Bomopoma KomHo-
Ba [8]. Ilms onmcaHws mnpeBparneHus NOOABKH
B CXeMy DeaKIuil OKWCJIEHUs BONOPONA BBeIe-
HBI peaknus razodasnoro repmormsa Ti(OC3H7)y
[6] u crarmapTHBIE YSHTAIBIAN O00PA30BAHUS IS

Ti(OC3H7)4 1 TiO; [9)].
PE3YNIbTATbI ¥ UX OBCY>XKIEHUE

Tennosas cTpykTypa nnamen cmecu Hy /Oy /Ar

Pacopenenenus temmepaTypsl B INIaMEHW,
M3MEPEHHBIE TEePMOMApPON BIOIbL OCH TOPEJIKWH,
mpencraBieHsl Ha puc. 3 u 4. Kak crmemyer m3
HOJIyYeHHBIX TAHHBIX, 30HA TOPEHUs (30HA OCHOB-
HBIX XVMUYECKUX IPEBPAIICHU) HAXONUTCSI HA

& Bl T, 10°K
s 3KcnepuMeHT: m H, @ Op AT 2.0
§ 016F -1.8
¥ — _#\'_‘."\ eI 16
2 e, e TP
S 0.12f m 1.4
= ' 4
2 - \
g 0.10 Pacuer: i 12
3 0.08 : 1.0
o
£ DOBF ;e 0.8
%" 0.04 0.6
> 0.02} 0.4
0 L L 1 1 1 i ."~| At PRI Y 0.2
121110 9 8 7 6 5 4 3 2 1 0
PaccTosiHue oT NoBepXHOCTU AUCKE, MM
Puc. 3. IIpodunu kouuenrparmit Hy, Oz, HoO u
TEeMIIEPATYPHI B BOMOPOIHOM IIJIaMeHu 6e3 nobas-
ku Ti(OC3H7)4
T, 103K
« 0.18 20
é 016 SkcnepuMeHT: m H, @ Oy AT 118
S 014F €T T . 16
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10 9 8 7 6 5 4 3 2 0
PaccTosHne oT NoAnoxk1, Mm

12 1

Puc. 4. Ilpodpunu xouneurparmit Hy, Oz, HoO u
TEeMIIEPATYPBI B BONOPOMHOM IINIAMEHU ¢ HOGAB-

kout 0.107 % Ti(OC3Hz)4
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paccTosHru 6 MM OT TOBEPXHOCTHU IUCKA (Ho,u;—
noxkm). MakcumaabHBIE TEMOEPaTyphl B ILIA-
MeHax Ge3 mobaskm m ¢ mobaskonr Ti(OC3Hr)g
IpaKTUIYeCKu coBmamaior u cocrasisior 1700 u
1680 K coorBercTBeHHO (T. €. pa3nudue B Ipere-
Jax omuOKM W3MEPEHUN) U MOCTUTAOTCS HA PACc-
CTOSIHUY 2 + 3 MM OT HOMJIOXKHU. MakcumaabHas
TEMIIEpaTypa, U3MEpPeHHas B INTAaMeHaX, IpUMep-
vo Ha 100 K HuXe ammabarmueckoir TeMmepaTy-
pel TopeHus cMecu. Kax BumHO Ha puc. 3 u 4,
seenenue nobasku Ti(OC3H7)4 mpakTwueckm me
BJ/IUAET Ha INIUPUHY 30HBI IIJIAMECHU. TeMHepaTy—
pa IUIaMeH:W OOCTATOYHO BBICOKA IJIS Pa3IIoxKe-
uus Ti(OCsHy)4 ¢ obpaszoBanumem TiOg, u3 ma-
POB KOTOpPOTO, B CBOIO OUepenb, 00pa3yroTcs 3a-
POOBININ HAHOYACTUIL B6.]'II/ISI/I DOBEPXHOCTU OUC-
ka. O6pasoBaHue 3apOOBIIIEH YACTULL M UX POCT B
IJIaMEHaX IIPEABApPUTEIBHO IMEePEMEIIaHHbBIX CMe-
Cell MPOUCXONNT KOHTPOIUPYEMO, B CTPOTO OIpe-
IeJIeHHON O0JIACTY IJIAMEHU W B MPOCTPAHCTBEH-
HO OMHOPOMHOM cpene. Tak Kak MexXIy 30HOU TJIa-
MEHU ¥ TONJIOXKKOW CYIIECTBYeT OOJIBIIION I'paJiu-
€HT TEMIEPATyp "W INMWPDUWHA 30HBI IIJIAMEHUW O0-
CTATOYHO y3Kas, TO BpeMs IpeOLIBAHWUS TACTHUIL
B BBICOKOTEMIIEPATYPHON OOIACTH MAaJio, MO3TO-
MY B TaKUX YCJIOBHSIX UX POCT IPOUCXOOUT B Te-
YCHUE CTPOro OrPpaHUYCHHOIO BPEMEHM, YTO maeT
BO3MOXHOCTH OU€Hb TOYHO BaPbUPOBATH CPEIHNN
IuaMeTp # pa3bpoc mo pa3Mepy CHHTE3UPYEMBIX
YaCTUIL Iy TEM U3MEHEHUs COCTaBAa TOPIOYUEl cMecH
U /UM HAYAJILHON KOHIEHTPAIMYA TUTAHCONEPKA-
mero npekypcopa. ComocraBieHre >KCIepUMEH-
TaJIbHO M3MEPEHHBIX W PACCUNTAHHBIX HTpOoduitein
TEeMIIEpATypPHI B MJIaMeHaXx ¢ OoOaBKOW m 6e3 mo-
6asku Ti(OCsHy7)4 mokasasmo ymOBIeTBOPUTEND-
HOE COOTBETCTBHUE KaK IO MAKCUMAJILHBIM 3HAUE-
HUAM TEMIEPATYPhI B 3TUX IIJIAMEHAX, TaK 71 II0
MIVPUAHE 30HBI TOPCHUS.

Pacnpegenenne KOHUEHTpaUUN COEAUHEHNIH
B nnamenu cmecu Hy /Oy /Ar

Hsist m3ydeHnss XUMUIECKO! CTPYKTYPHI IlJIa-
MEHM TpPENBAPUTENILHO I[EePEeMENIaHHON CMeCcu
H9/O9/Ar orbupanum MHUKPO30HAOM HTpOOBI U3
PA3IUYHBIX 30H IIAMEHH U C [OMOIIBIO Macc-
CIIEKTPOMETPa OMPENeSIiIn Ta30BBIA COCTaB. B
Ta6J'II/IIIe OPUBEOCHBI IMOTCHIUAJIBI W JHEPrum
MOHU3UPYIOIINX 3JIEK TPOHOB OCHOBHBIX KOMITOHEH-
TOB TJIAMEHM.

Ha pumc. 3 m 4 npencraBmeHBl mpoduIn
KOHIIEHTPAIWI BeIIeCTB B BOMOPOMHOM ILIaMe-
HU COOTBETCTBEHHO 0e3 mobOaBkum m ¢ HODAaBKOU

Ycnosus U3MEPEHUA BELLIECTB B NNAaMEHU
C NOMOLLbIO MACC-CNEKTPOMETPa

Oueprus
. | HoTernma1| MOHM3UPYIOIINX
Bemecrso Wanepsenorit MOHU3AINN,| 3JIEKTDPOHOB
UK MAaCChI

5B (nut.) | npm w3Mepenun,
sB
H, 2 15.43 16.5
(O] 32 12.07 16.5
H»O 18 12.62 15.0
Ti(OCsHy)a | 45, 81 — 21.0

0.107+0.003 % Ti(OCsH7)4. Bummo, uro mo-
6aBKa TUTAHCOMEPKAIIErO MPEKypCopa MPaKTH-
YeCKW He TOBJIMSIA Ha IUIAMs, TAaK KAk ITIPU-
HA 30HBI PACXONOBAHUS MCXONHBIX peareHToB (Ha
n O9) mpakTHUECKM He W3MEHWJIACH TIPU BBEIE-
aum no6asku Ti(OC3H7)4. Ipodmns kormenTpa-
nun Ti(OC3H7)4 u3mepsinm o nukam macce 45 u
81 AMU, KoTOpBIE ABIAIOTCA XAPAKTEPHLIMU IS
MACC-CIIEKTPa HTOTO COEMUHEHUs. Pe3yabTaTsl u3-
MEpEeHUs MOKA3AJIM, UTO XapaKTEepHAsd 30HA Ipe-
spamenus Ti(OC3Hy)4 cocrasnser 4 mm (puc. 5).
PacxomoBarme Ti(OC3H7)4 maummaeTcs B 30HE
OCHOBHBIX XUMUYECKUX PEAKINI (HA PACCTOSHUM
6 MM OT TOBEPXHOCTH IUCKA) U 3aKAHIUBACTCSI B
30HE, Il MPAKTUIECKHA BCE PEATeHTHI YXKe IPO-
pearmpoBasm (Ha PACCTOSHUM 2 MM OT MOBEPXHO-
ctu mucka). s onucanus mpespaesus nobas-
KN B OOIIYIO CXEMY pPeakIuil OKUCIIEHUS BOIOPO-
na [8] BBemeHa peaxius razoha3’HOrO TEPMOIHU3aA,
turanconepxameit no6askm: Ti(OC3H7)4(g0s) —
TiOg + 4C3Hg + 2H50 c¢ xoHCTaHTOU CKOpO-
ctu peakmuu k= 3.96 - 10° exp(—8479.7/T)

[6]. CranmapTHBle SHTAIBINU OOPA30BAHUS IS

14
by
m’;m 12k Ti(OC3Hz7)y MogenuposaHue
O A
= B
[}
g 08
§ x /A
I Soshk SKeneprmeHT
g 50
E X
& So04f
=l
I
g o2-
0 1 1 1 1
12 10 8 6 4 2 0

PaccTofHne OT NOANOXKM, MM

Puc. 5. Pacopenesenue MOISPHBIX KOHIIEHTDA-
it Ti(OC3H7)4 B BOmoponuoM miameHn
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Ti(OC3H7)s (—1486.8 xIIx/moms) um TiOg
(—305.49 xTx /momns) B3t u3 [9]. Kak Bugsao 13
MPUBEIEHHBLIX HA PUC. 4 U 5 MAHHBIX, U3MEPEHHbIE
IpOGUIIM KOHIIEHTPAIAI BEIIIECTB C YIOBIETBOPHU-
TEJILHOM TOYHOCTBIO COTJIACYIOTCS C Pe3yIbTaTa-
MU pPacdeTa, 9TO CBUAETEILCTBYET 00 ameKkBaT-
HOCTU METONa PACUETa W WCIOJIb30BAHHON KWHE-
TUIECKON CXeMBI peakiuii. BaxHo 3aMeTuTh, 9T0
UCIIONIB30BAHHAS HAMU I[IPU YUCICHHOM MOIEIH-
POBAHUU CTPYKTYPHI MJIAMEHN KOHCTAHTA CKOPO-
ctu Tepmosusza Ti(OC3H7)4 pamee 6Gvuta onpene-
JIeHa, B YCJIOBUSX MPOTOYHOTO PEKTOpa (mpu Tep-
MuaeckoM paszsoxennu cvecu napos Ti(OCsHz)y
C MHEPTHBIM [a30M) 0 U3MEHEHWIO KOHIIEHTPAIIUN
MPONWIEHA, SBJISIONIErOCS MPOLYKTOM PEAKIINN
[5], T. €. IO KOCBEHHBIM U3MEPEHUSIM U B JOCTATOY-
HO y3koM mHTEpBase Temnepatyps (500 =+ 660 K).
[TocKoaBKy MpsSMbIE W3MEPEHUS KWHETUKN TEPMO-
amza Ti(OC3Hy)4 HE mpoBOmUINCH, TO MOITYYeH-
HOEe B IAHHOU paboTe yOOBIETBOPUTEILHOE COTJIa-
Cre M3MEPEHHBIX U PACCUNTAHHBIX TPOGMITel KOH-
nearpanun Ti(OC3H7)y B mmamenu Hs/Oo/Ar
CBUIIETEIILCTBYET O TOM, YTO KOHCTAHTA CKOPO-
ctu peakuuu upespamenus Ti(OC3Hry)y moxer
OLITH UCIIOJIL30BAHA HE TOJILKO IJIS OMMCAHUS €r0
TEPMOJIN3a B MHEPTHOU Cpele, HO U IJTS OIMUCAHUS
npeBpAIleHNs B TUTAMEHaX. [IPemiokennHas B pa-
6ore [5] peakuus He IBILETCS HIIEMEHTAPHOR (Tak
KAK HEBO3MOXEH OIHOBDEMEHHBLIN Pa3phIB Cpa-
3y Heckonbkux cBsazeir B Mosekyie Ti(OCsHz)y),
MOSTOMY BIIOJIHE BEPOSTHO, UTO JIMMUTHUPYIOIIEH
3JIEMEHTAPHON CTagWell B IEeTOYKe IIPEBPAIEHUN
Ti(OC3H7)4 B KOHEUYHBIE TIPOMYKTHI €TO OKWUCIIE-
HUS SABIISIETCS CTAAWs TEPBUYHOTO MOHOMOJIEKY-
JISPHOTO PACIalia ¢ KOHCTAHTON CKOpPOCTH, OIIm3-
KOl K IOJIydIeHHO! B pabore [5].

Mopdonorusa u ceoicTea
HaHoKpucTanauueckux naeHok Ti0)

Ha puc. 6 npencraieHa mosyIeHHas € IIOMO-
mIbI0 CKAHWPYIOIIEN 3IJIEKTPOHHON MUWKPOCKOINN
doTorpadus TOBEPXHOCTU ME30MOPUCTON IIJIEH-
ku uactuir TiOg, OCaXmEHHBLIX HA KPEMHEBYIO
TDOMJIOKKY M3 MyaMeHu B TedeHme 15 mumu. Img
6oJiee METAJBHOTO AHAJNW33 CTPYKTYPHI IJIEHKW,
a TaKXe M3yUYeHUs NQUHAMUKU €€ POCTa YACTUIIHI
TiO9 ocaxpamucs B Teuenme 10 = 30 ¢ Ha
YIVIEPONHYIO INIEHKY M 3aTeM aHAJIU3UPOBAIINCH
C TOMOIIBIO 3JIEKTPOHHOTO MUKpoOckoma. Kaxk
BUHO W3 MPUBENEHHBLIX HA puc. 7 (pororpaduii,
oTnenabHbie HaHOUACTUILI 1109 arjgoMepupyroTcs
opyr ¢ apyroM (mo BCeil BUOUMOCTH, 33 CUET
BIIEKTPOCTATHUECKOTO B3AMMOLENCTBUS ), 06pasys
Henovevnble Ui GppakTaabHble CTPYKTYPHI.

NONE

Puc. 6. I[ToBepXHOCTH ME30MOPUCTON MIEHKN Ua-
crun TiOg, 0CaXkKAEHHBIX B BODOPOMHOM ILIIAME-
HE ([OJLy9EHO C MOMOLIBIO CKAHUPYIOLIErO HJIeK-
TPOHHOTO MUKPOCKOIIA)

Puc. 7. ®ororpadus uacrur TiO2, ocaxnennsix B Teuenue 10 (a), 20 (6) u 30 ¢ (8) Ha yriepogyio
WIeHKy (MOIy9eHO ¢ MOMOUIBIO MPOCBEUNBAIOIIETO SIIEKTPOHHOTO MUKPOCKOIIA)
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MNONE

Puc. 8. Tlonepeunoe ceuenne mierku Ti0y, ocax-
NEHHOU Ha, KPEMHUEBYIO TMOMJIOKKY (TIOyueHo ¢
[OMOII[BI0 CKAHUPYIOIIEr0 BIEKTPOHHOTO MUKPO-
CcKoma)

Puc. 9. NUsob6paxenune nanouactui TiOs B ocax-
NEHHOU IyIeHKe (TIOIYUEHO C MOMOIIBIO 3JIEKTPOH-
HOIl MUKPOCKONUY BBICOKOTO PA3PEILeHNsT )

s onpemenenus TommuHbl mwiieHOK Ti0O9
Opanu 0Opa3lbl, OCAaXIEHHBIE HA KPEMHUEBYIO
TIONJIOKKY, W pa3iaMbiBajiu momepek. Ha pmce. 8
npencraBiieHa GoTorpadus MOMEpevHOTO CeUeHUS
mwreHku Ti0Og. V3mepenus mokas3aam, ITo TOIIIIN-
Ha MJIEHOK cocTaBisieT 55 + 70 MKM, CKOPOCTH
pocTa MmIeHOK (B pacueTe Ha BpeMs NpeOBIBaHUSA
HOMJIOKKY B 30HE mamenn) — 1.4 mMkm/c.

dopMa U KPUCTAIUIUIECKAS] CTPYKTYpa OT-
nmenbHBIX HaHouacTull TiO9 ObLIN Oy YEHBI ¢ MOo-
momsio [IOMBP. Kak BugHO 13 npuBeneHHOro Ha,
puc. 9 uzobpaxenus, sactunbl TiO9 umeroT pa-

Puc. 10. Kpucranmumdeckas ynopsnodeHHAs BHY T-
penHss cTpykTypa HaHouactui TiOs

I, oTH. eq.
60

—— obpaszey TiO2
50+ —— aHaTas [10]
——— pytun [11]

[0}
10

Puc. 11. 3aBucuMoCcTh UHTEHCUBHOCTHU PACCESH-
HOT'O PEHTTEHOBCKOT'O M3JIyYeHUsI OT YIJIa pacces-
uust miist mopoika TiOs, muTepaTypHbIE TaHHBIE
nist anatasa [10] u pyTmta [11]

BUIBHYIO cepudeckyio ¢GopMy, pa3Mep UaCTHUIL
5 =+ 35 M. Yactunsr TiO9 uMeroT mpaBUiIbHYIO
KPUCTAIIMIECKYIO CTPyKTypy (puc. 10). Anamms
n300paXeHnsT IACTHUII, TPENCTABIIEHHBIX Ha, puc. 9,
MIO3BOJINJI YCTAHOBUTH, ITO GYHKIINS PACIpeneste-
Hust o guamerpy dactuil TiO9 Xoporro onuckiBa-
€TCs JOrapuGMUIEeCKN-HOPMAJILHBIM PaCIpeneste-
HUEM CO CPETHEreOMETPUYUECKIM TUAMETPOM dUa-
ctuny 12 HM ¥ CTaHOAPTHBIM OTKJIOHEHUEM O =
1.45.

Hns ycraHOBIeHUs MTOMUMOPHHOA (HOPMBI
HAaHOKpuUcTamanueckux uactuir Ti09, ocaxmeH-
HBIX M3 IIJIAMEHU, C TOMOIIBIO METOIA, MTOPOIIKO-
BOM PEHTTEHOBCKON NM(PpaKImy IOIIyTIeHa 3aBU-
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CUMOCTHh MHTECHCUBHOCTU PACCEIHHOT'O U3JIYYCHU A
OT yIila paccesHUs, KOTOpas IIPENCTABIIEHA HA
puc. 11. VI3 pucyHka BUOHO, UITO OCHOBHBIE ITH-
ku moporika TiOg COOTBETCTBYIOT aHATA3y, TaK
KaK MOJIYYEHHBLIA CHOEKTP C XOPOIIel TOYHOCTHIO
corsacyercs ¢ aureparypHbiMu nanHbvu [10, 11]
(B wacTHOCTH, iuku npu 20 = 25 u 48°).

Takum o6paszoMm, Me30mOpuUCTbIe HAHOKPU-
CTAJIINYECKUe IUIEHKW, MOJIYUYeHHBIE B INIAMEHU
IPeNBApPUTEILHO MEPEMEITaHHON TOpIoYell CMec!
Hy/O9/Ar ¢ nobaBkoil THTAHCONEPKAIIETO IIpe-
Kypcopa, COCTOST W3 OUOKCHIIa TUTAHA B IOJIN-
MopdHOU Momudukanuu anarasa. IMEeHHO B 5TOR
mouMopHON GopMe MOTKHBI HAXOOUTHCS HAHO-
JaCTUIBI INOKCUIA TUTAHA, ITOOBI MX MOXHO OBbI-
JIO IPUMEHATH B COJIHECYHBIX 3JIEMEHTAX WUJIN r'a30-
BBIX CEHCOPAX.

3AKJIOYEHUE

Paspaborana meTommka IOydeHUs Me30-
MOPUCTHIX HAHOKPUCTAIIMUYECKHX TIeHOK 1109
B mmamern Hp/Og/Ar c¢ mobaskoir 0.1 %

Ti(OC3H7)4.
Bnepsele  umsmepenwr  mpodmim - Temrme-
patypel u koumenTparuii  Ho, Og, HsO,

Ti(OC3H7)s B Hp/O/Ar mmamemax c¢ mo-
6askoit 0.1 % Ti(OC3Hy)4, cTabunusmpoBaHHBIX
Ha IJIOCKOCTY BPAILAOIIErocs aucka. [lomydeHo
YIOBIIETBOPUTEIILHOE COrJIACOBAHUE DE3YIIbTATOB
IUCIIEHHOTO ~ MOIEIMPOBAHUS €  OKCIEPUMEH-
TAIBHBIMA [JAHHBIME II0 CTPYKType IJIAMEHU
Hy/O3/Ar w mokasaso, 4ro Merom pacdera u
IpUMEHseMas KHHETUUeCKas CXeMa  DPeaKIui
HO3BOJISIIOT  OHKMCATH CTPYKTYPY WUCCIIELYEMOro
IUIAMEHN, a WUCHOJIb30BAHNE KOHCTAHTBI CKO-

POCTH  peaKIuyW TEPMUIECKOTO  PABIOKEHUS
Ti(OCgH7)4(ga5) — TiOg + 4C3Hg + 2H50, k =

3.96 - 10° exp(—8479.7/T) nosBomser ¢ ymoBie-
TBOPUTEJILHON TOYHOCTBHIO ONUCATDH IIPeBpallleHne
HICXOOMHOTO TUTAHCONEpXKAIlero IIpeKypcopa B
ILJIaMeHN.

ITommyuenubie 06pa3bl JIEHOK HAHOKPUCTAII-
nraecknx gactui 1i09 m3ydeHsl ¢ MOMOIIBIO CKa-
HUPYIOIEeH 3IeKTPOHHON MWUKPOCKOIIMH BBICOKOTO

pa3perreHns 1 PeHTTEeHOBCKON mupaKTOMETPUN.
[Tokazano, uro B minamenu Hy/Og/Ar obpasyior-
ca TiOg B monmumopdHOT MOTUPUKAIITN AHATA3A, C
XapaKTEePHBIM pa3MepoM JacTul o <+ 35 HM, IIu-
PUHON JIOTapudMuIIeCKA-HOPMAILHOTO pacIpene-
nerust 1.45, CkOpOCTH POCTa IJIEHOK (B pacueTe
Ha BpeMs NpeOBbIBaAHUS MOMNJIOXKKN B 30HE IIJIaMe-
HE) cocrasiuser 1.4 MkM/c.
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