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OBIIAS XAPAKTEPUCTHKA PABOTDI

AxtyaabHocTs Tembl. [lonmurerpadropstunes (IIT®D) — 6Gazomstii
noiHMep kiacca GropnofHMepoB — 06TAJAET PAAOM YHHKANBHAIX CBOHCTB.
Onnako, MHOTHE JocToMHCTBA [TTMD 0Ka3sBAIOTCA B HEKOTOPBIX CAyYasX cro
uepocTatkamu. Hampuamep, nonmas uepactBopumocts [IT®D Bo Beex
H3BECTHRIX ~ PAacTBOPHTCIAX  3aTPyAHACT  TEXHOJOTHIO  HAHECEHHs
(TopmoNMMEPHEIX NOKPHITHH, a HU3kagd TENNOMPOBOAHOCTh OrpalHYHBaET
HCHOJB30BANAE NOMEMEPa KaK aHTHGOPHKUMOHHOro MarepHana. POroproruMep
¢ ToproBeM muazBaHmeM 42, nppeictasntiommit  coboil  cononumep
TeTpadTOPITHIICHA H BHHUNHAEH(TOPHNA, ABNAETCA YNATHOH anbTepHaTHBON
npu 3amene [ITDD.

DkcrpeManbHble YCNOBHA 3KCIUTyaTaMH NpPEABABISIOT TOBbIUCHHEIE
TpefoBanMst K KauecTBY anresu# M MHepruoctd  ¢proproanMepa K
METAUTHYCCKHM NOBEDXHOCTAM, TaK KaK XHMMHYeckasi aKTHBHOCTh HOBBIX
(bTOpHOIMMEPOB MOXKET OBITH HECKOJILKO BHILE, yeM y [TT®. D1r Tpeboanns
IpUBENH X NOCTAHOBKE NaHHOH paGoThl MO MCCACAOBAHHIO TEPMOJHHAMHKH,
KHIETHKH ¥ MeXaHM3Ma B3aumozeictsua ¢ropmonmmepa P42 u  ero
yrieponHoro komnosuta' ¢ psgom d-nepexomusix merawios (Ti, Ta, Nb, W,
Mo, Re). Pe3ynuraThi, NONyHEHHEIE B TAKOTO POJA HCCIENOBaHMAX, IO3BOILEOT
B JaibHeHIleM ONTHMH3HDOBATL YCIOBHA HAaHeceHHs (TOPIOINMEPHBIX H
yrepoZ—GTOPIONHMEPHBIX OKPLITHH, ONPEACNNTE TEMIIEPATY PHEIH AHANa3oH
UX OKCIJIyaTalldk M, YTO BECEMa BaXHO, OYEPTHTh KpPYr METalIoB H
METANNMYECKAX CIIZROB C (PTOPIONHUMCPHBIMH MOKPBITHAMH, NPHIOJHMIX K
Ge300acHoli SKCITyaTAIlMH ¢ 3KOIOTHYeCKOH 1 Guonornyeckoii Touek 3peHus.

Cucrema d-nepexofHblit MeTami ~ ¢ropnonuMep MHTEPECHA U € YHCTO
HayuHO} TOUKXH 3peHuA, TaK KAk OHA MOXKET PACCMATPHBATECA KAK MOJIeNBHAs

CHCTEMA I H3YYEHHS KHIIETHKH r€TEPOreHHbIX peaxxmii. OpuumM u3 OCHOBHBIX

' floa KOMTIO3NTOM paccmaTpuBaETCA MEXaH4eCKan CMeCh KOMNOHEHTOB.
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[POIYKTOB B3aUMoZeHicTRIs MeTanna ¢ GTOPNONNMEpPOM SBISETCA €ro NeTyuHit
BoIcHIME (TOPHUA, KOTOPBIH, BO-HEPBHIX, JIETKO HAEHTHOULUPYETCS, HAalPHMeD,
MacCC-CIIEKTPOMETPUYECKH W,  BO-BTOPBIX, HE  HakKaluiMBaeTcd B
KOHIEHCHPOBAHHOM ¢ase, YTO HE OCTOXHAET WHTEPIPETal0 JAHHEIX
KMHETHYECKHX HCCNelOBaHHH M MOUCK 06INUX 3aKOHOMepHOCTel TpoTeKaHust
FeTEPOreHHBIX POLIECCOB,

Hene palornl — uccnefoBaHue KHHETHKH M TEPMOIMHAMHKHM, TIOHCK
o0IIMX 32KOHOMEPHOCTEH B3aHMOZCHCTBUA CONONMMEpPa TeTpadTOPITHICHA H
BuHIMAcHGTOpHAa (dropornact $42) H YIIIEPONHOTO KOMIIO3HTA Ha €ro
OCHOBE C HEKOTOPBIMM MHOPOBAIEHTHHIMH MEPEXOAHBIMH  METAIAMU.
Xumnueckne cBofictBa M 3HaueHus 3Hepruii cpaselr C-F, C-H, C-C B
COMONMMEPE BO MHOTOM 3aBMCST OT COOTHOIICHMS H NOCHEAOBATENLHOCTH
MOHOMEPHBIX 3BEHLEB B MaKpoMolekyje. B cBsi3u ¢ 5TUM B 3ajady AanHo#H
paboTBl BXOOMJIO ONPEJENEHHE CTPOCHUA W OCHOBHBIX (H3MKO-XMMHYECKHX
XapaKTepPHCTHK NMPOMBILIIEHHOTO cotiosinMepa P42,

Hay4nas HoBH3Ha paGoTsl: B HacTosmueil pabore BniepBbie IIPOBENEHO
HCcleRoBaiiie npoiiecea p3anMogeiicraus merannos Ta, Nb, Ti, W, Mo 1 Re ¢
cornonmMepoM TeTpadropaTuneHa W BuHMIKAcHTOpHAa (TPI-B/1D) (D42).
VCTaHOBNIEH KOMIUIEKCHBIH XapakTep MpOTCKaHHA Npoliecca B LENOM H
BBISBJICHBl MTHMUTHpYIOLHe cTamuu. OmnpeleleHsl KMHeTHYecKHe MapaMeTpol
Ins peaknuit conomumepa ¢ Ta, W 1 WO;. TIpennoxer TepMognHaMudeckuif
noaxod K  OUEHKE  BO3MOXKHOCTH  B3aHMONEHCTBHS  METAIOB ¢
¢dTopnonuMepamu. Brieperie JaHHblE CHCTEMBI HETANBHO H3Yy4eHbl METOAAMH
MacC-CleKTPOMETPHH wm0), InddepeHuyanbHoi CKarupyouiei
xanopumerpun  (JICK), tepmorpasumerpun (TI) m sjepHOrO MarHMTHOrO
pesonanca (SIMP). VcraHOoBieH COCTaB TNPOAYKTOB — B3auMONEHCTBHA
¢ropronumepa P42 ¢ MerallaMM ¥ NPEMVIOKEH BO3MOXKHBIH MEXaHW3M

nipotecca. IponeMOHCTpHpORaHO «H30IMpyOlIeey ACHCTBHE YTIIEPORHOro



HamoyuuTeNd B cucreMe Ta—dropnommmep @42,  Tlokazano, dTO
He3HauuTeNbag Jobaska rpadurta B cucteMy M—(42 cynecTBeHHO NORBIIIAET
TeMINepaTypy ayaia B3auMoIeHCTBIS MeTalIa ¢ GTOPHOIHMEPOM.

IpakThueckaa 3HaduMocTs  pabore:  TepMomHHaMHueckdHe W
KMHETHYECKHME MCCIEAOBANHA B3aUMOACHCTBHA MeTalion ¢ diToprionvmMepamu
NO3BONAT  ONTUMH3UPOBATE TCXHOJNOTHIO HaHeceHHs H  SKCIUIyaTalilro
(ToproNAMEpHEIX TOKpHITHI. BHeapeune yriiepoQioro HamoOMHHTENS B
II0JIUMEPHYIO MAaTpHIly CYIIECTBEHHO DPAaclIMpAeT TeMIepaTypHBIH HHTepBat
HCIIOB30BAHNA H3TENHHA NpH COXPAHEHHH YIOBIETBOPHTETLHEIX aAT€3HOHHEIX,
JNEKTPONPOROAAINMX ¥ KOPPOINOHHEIX XApAKTEPHCTHK.

Hosnoxennsi, BLIHOCHMEIE Ha 33MIUTY:

*Pe3ynpTarbl  KATOPHMCTPHYCCKUX M MAacC-CIEKTPALHBIX  HCCIENOBAHHN
cucreM PB42 M, rge M = Ta, Nb, W, Mo, Ti, Re, WO;.;.

*Onpenenenue cOCTaBa U CTPOSHHS conoiuMepa 042,

*Uneurndurarusa 1BepaodazHBIX W JCTYYHX TNPOAYKTOB B3AHMOJCHCTBHA
dropnomamepa ©42 ¢ nepexoHbIMA METAIUIAMH.

*CpaBHATENLHEIC PE3YJNLTATEl 1o KkuHerHke peakuuit Ta, W u WO3;5 ¢
conoymmMepoM 942,

*PesyneTaThl  KaOPUMETPHUECKMX M MacC-CHeKTPATBHBIX  HCCICRoBaHUi
cuctemsl Ta~DP42-Cpoguny.

Metonsl mcecenoBaans: Ilpu BeIMONHEHHH PafoTH HMCIONB30BAHBIX:
Macc-cnektpoMeTpust (MC), anddepenunansias ckanupyomas KanopHMeTpas
(ICK), Tepmorpasumetpus (TT), seprtit MarHuTsid pesonanc (IMP),

Jluunptit BrIag aBTopa. JlHCCCDTaHTOM BBINOAHEH BeCh OOBEM
skcrepuMenraneroli paborer no JCK, TI, MC u SIMP. OcymectpicHa
00paboTka W aHaNu3 TIOTYYCHHBIX KWHETHIECKHX, TepMoaHaMHYeckuX u SIMP

JAQHHBIX.



AnpoGanus pa6oTer. OCHOBHEIE pe3yNRTaTh pabOTHI AOKNAJBBATHCE HA
XX1 MexayHapoaHo konepeHUMH 0[O XMMHYECKOH TepMmoauHamuke (T.
Tcyky6Ga, Snonms, 2010), XVH MexaynaponHoit xoudepenuuu mno
xuMmudeckoll  TepmonuHamuke (r. Kazams, 2009), XX O6benunensoif
esponeiickol koHepeniun no TepmonuHamuke (r. Konenraren, Janus, 2009),
VI Cumnosuyme "SIMP B reteporennsix Cuctemax" (r. Caukr-IlerepGypr,
2009).
IMyGanxauun. OcHOBHOE cojiepkanue paboTe! ONMYGIHKOBaHO B 9 NEYATHBIX
paboTax, U3 HHX 2 CTaThH B XYpHa/laxX, PCKOMEH/I0BAHHEIX nepeyHeM BAK u 7
TE3HCOB JAOKJIA/IOB Ha MEXLYHAPOHBIX U PoccuiicknX KOHdepeHIHAX.
Crpykrypa u o6bem auccepTanis. JluccepTaius COCTOMT U3 BBEJCHHA, TPEX
I71aB, BEIBOJIOB, CIIHCKA AuTEpaTyphl. O0mMit 06LéM Auccepranmu 120 cTpanu,

Rmouan 62 pucyHka, 20 TabaHI ¥ CTHCOK JIHTEpaTyphl H3 122 HanMeHOBaHH.

COJEPXXAHUE PABOTHI
Brenenne: o6ocHOBaHa aKkTyalbHOCTh TEMbl HCCHENOBAHHSA, H3NOKEHBI
lenn AHCCEpPTauuonHON paboThl, NOKa3aHa HayuHas HOBH3HA M MpakTHYECKas
3HAYHMOCTh, TPEICTABAEHEI OCHOBILIE IOJIOKEHUS, BHHOCUMEIE HA 3aIUMTY,
yKa3zaH JIMUKELE BKJIAJl 2BTOPA B HCCIIENOBAHHS.

O63op__ nmrepatypn1  (rmaBa _1):  pacCMOTpeHH  pa3iHyHBEIE

NPEACTAaBUTENYM Kiacca (HToproNMMepoB, [IPUBEACHE CPABHATENILHEIC CBEEHHUS
06 ux TepMmuueckoil ycroifunmsocTH. Ocoboe BHHMaHHE yIeNneHO CBoifcTBam
conoanMepa ®42. B o0630ope nposesien KpUTHUECKHN aHanmu3 JIMTEpPATYpPHBIX
JaHHBIX O B3auMozeicTBHH GToprnonnMepoB ¢ MeTaami. Peakuny Metawios
¢ ¢ropnonuMepamit H3yuauch Ha npoTsokeHry nouTH 30 nieT, TeM He Mesee,
JocTynHad HMHG(OpManMA OTPHIBOYHA M HEOJHO3HAYHA, XOTA OXBATHIBAET
IOCTATGYHO, 1O HYENOBEUECKMM MEpKaM, IMTETbHBI BpeMeHHOH mepHor.

Tokazano 4YTO, HECMOTpA Ha OYECBHOHBIC JIOCTOHHCTBA H3BCCTHBIX



uccleqoBaHui, OHM HOCAT TONBKO KauccTBeHubIt xapaktep: B paforax me
paccMaTpHBalOTCA HPOLECCH, BTPOHCXOAMLIAE © MOIMMEPHOIH MaTpHIleld, coCTaB
H CTpOCHHME JIETKOJETYYHX IPOJYKTOB €C pa3pylieHns, MCXaHH3MEL
TEPMOJJMHAMHMYCCKME M KHHICTHYECKHE  XApakTCPUCTHKH  peakiuil
B3aUMOefiCTBHS METATNOB C GTOPIOANMEPOM.

3naymTenbHas HacTh o0030pa mocBAmieHa 6Ga30BLIM  NPHHIHIGM H
0COGEHHOCTSIM PHIUKO-XHMHUCCKHX METO/IOB, HCIIONB3YIOWMXCS 1S H3yHEHUs
KHHETHKY TETEPOTeHHEIX  peakumil. IIpoaHanu3upoBaHEI HOIXOE! 110
mareMatyyeckolt o0paGoTKC JJaHHBIX KMHETHYECKHMX OJKCIIEpUMEHTOB B
H30TEPMHYECKUX H NONHUTCPMMYCCKHX YCIOBHSX, @ TAKKe JOCTOBEPHOCTL M
HOPHMEHAMOCTE PC3yNbTaToOB IPOBEACHHLIX PacyeToB. PaccMOTpPeHs! (PH3HKO-
FEOMETPUYECKHE MOJENH TeTepOreHHbIX mpoueccoB. Ha ocHoBaumy anammsa
JAHILIX 0030pa MHTEpaTyps! cHeNaHbl 32KII0YEHNN U BBIBOLLI 110 IIOCTAHOBKE
33134 HCCICAOBAHHA H IPOBEAEHHIO 3KCIIEPHMEHTA.

IOKcHepHMEHTAIbLHAR __YacTh___(r1aBa _2): [OAPOGHO  OIHCAHEI

OpHIHHAJLHEIC MCTOAMKH HPUTOTOBNEHHS 00pa3U0B METAUHTIONAMEPHBIX U
METAUI-YINEPOA-TIONHMEPHEIX  KOMIOIUTOB 118 NpOBeJeHHs  Macc-
cuekrpansiex, JICK wu  SIMP  uccrenomammii’. AHATM3  NpPOAYKTOB,
BLIACISOMHUXCS B Ta30ByI0 a3y [MpH HarpeBalHH ofpasla YHCTOro COmoaHMepa
®42 m METaNI-TONMMEPHEIX KOMIIO3UTOB, TIPOBOJHIHM HAa XPOMAato-Macc-
cnexktpomerpe Trace DSQ 11 (Thermo Electron Corp.) Perncrpaumio
KMHETHYECKHX KPHUBLIX 00pasoBaHua JeTy4Mx (TOPUJIOB METAIIOB B
M30TEPMHUUECKHX YCIOBHAX BBINONHAAH HAa Macc-crekTpomerpe MC-1301 ¢
OJIHOPOJHEIM CEKTOPHBIM MATHUTHBIM IOJIEM C YTJIOM OTKIOHEHHA HOHOB 90°.
KanopuMmetpiueckie 1 TCPMOTPaBHMETPUMECKHE U3MEPCHHA OCYUIECTBILUIM Ha

cuiixponuoM Tepmoananuzatope STA 449C Jupiter u xanopumctpe DSC 204

! AeTop Bnarogaput K.x.H. Kupakocsd IA. (MOHX PAH) 3a nomows B nposeseHNy
pe30HaHCHLIX MCCneaosanui, oTHecernn 1 nHTepnpeTauun AMP cnexTpos v K.X.H.
Crebnesckoro A.B. (WOHX PAH) aa eninonHesne aneMeHTHOro aHanuaa.
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Phoenix ¢upmur Netzsch. O6paboTKy KuHeTHUYECKHUX JAHHEIX, NMONYYEHHBIX B
JUHAMHYECKUX M H3I0TEPMHYECKHX SKCIIEPUMEHTaX, TNPOROAWIH, HCHONb3Ys
TPHIIOKEHUS POrpaMMHOTo NakeTa dupMst Netzsch. Cextper IMP 'H, *°F, BC
3aMHCHIBANK Ha criektpoMerpax Bruker AVANCE-300 u Bruker AVANCE-600 ¢

IpHMEHEHHEM WHMPOKOTIOJOCHOTO NojaBNeRns npoTosos "C{'H}, "F{'H}.

PesyinTaTel H nX _obGcyxkiaenue (raasa 3): ONUCaHLI OPUTHHAJbHbBIE
peaymsratit JACK, TI', MC u SIMP uccrenoBanuit dropnomumepa 942 u
cucreM M-®42, rie M = Ta, Nb, W, Mo, Ti, Re, WO;.;.

3. 1. Onpedenenue cmpoenus u Hexomopule GUIUKO-XUMULECKUE
xapaxmepucmuxu gpmopnonunepa @42,

Ipu HarpeBanuu obpasiia nosmMepa 1o SO0K B rasoByo a3y BeLIEIAIOTCS
JHOKCHA cepsl, TpHaleTHH, Gersodenon u a3dupn dranueBol kucaoThH, obinee
KOJIMYECTBO KOTOPHIX, COTJIACHO pe3yNLTaTaM  TepMOrpaBAMETPHUECKOTO
axanu3a, He npessimact 1 mac. % ot Beelt Macer! o6pasna.

Lenouxu cononnmepa B®-TOI noctpoens! u3 MeruneHosbix CHi- 1
audropmernneHoBbix CF, 3BeHbeB, KoTOphie 0003HaYeHs! kKak 0 U 2 no uucny
CBS32HHEIX C HHMH aToMoB ¢ropa. TakuMm oGpazoM, lemH, ofpasyeMsle MpH
cononumeprsanun BI® u TOD, moryr Oprth npelCTaBIeHE B BHIE
kombunanuu 02, 20 u 22 6noxor. Ha puc. 1 n3obpaxen obmuil Bull crekrpa
SIMP F dropnionumepa 942 B anetone-ds.

Cnextp SIMP F ucxomuoro 42 B anetone-ds COIEPXHUT 26 CUrHANOB
OT MOCNEAOBATEABHOCTEH, COCTOSIHHX H3 7 YIJIEPOIHBIX aTOMOB, 00pa3yonux
TPH OCHOBHEIE TPYMMKI CHTHANIOR OT NocnefoBaTenbsHoctTel (Tpran) ~020-(a), -
022—+(b) n -222-c). CoctaR cOmoNMMepa PACCUUTHIBATA M0 HHTETPANLHEIM
HHTEHCHBHOCTAM To dopMyre:

w, (Mon. %) =200-2a+b+d+e+f/da+3b+2c+d+e+)) (),
rae , — MOJbHaA NoAs BHHHIMIcH(TOpuna; Oyksbl (@—f) COOTBEICTBYIOT

UHTErpAIbHEIM HHTEHCHBHOCTSIM TDYNN CMTHanoB B chekTpe (puc. 1): a



MMCHHO, a = 020, b = 022 + 220, ¢ = 222, d = 00202 + 20200, ¢ = 00222 +
22200 u f= 00220 + 02200.

~-020- -022- -222~-
a b c

t2, 26

o222
0

2 2 u
2 L T =
saze2 i e f" »
"
sd, } w“ ™ o %.
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Puc. 1. Cnexrp SIMP F ¢ nonaBneHieM CiMH-CIMHOBOTO B3auMoeicTans F-H,

HaiincHuoe TakuM obpasoM conepxanne BJ® coctasmaer (70.8 + 0.5)
moi. %. Tlo mammM oueHKkam coOMOMMMEp 3TOro cocTasa coiacpxut 43%
dparmenros BAD-BJ® (2020), 3.6% dparmentos TOI-TDOD (2222) n 54%
¢parmerToB BAD-TDI (2022). U3 >THX HaHHHIX ONpPEAENcHO 3JIEMEHTHOES
cofepxxanue (ropa, Bogopoza u yriepoga B noauMmepe: C — 33.5 mac. %, H —
2.3 mac. %, F — 64 mac. %. YuureBasd, yto rOopromuMep JomkeH OHTH
HACBILIIEHHEIM (TOPYIJIEBOIOPOIOM 1 YAOBIETBOPHTE COOTHOWIEHHIO Canliaea,
6pyrro-gopmyny nonumepa ©42 moskto sanucath B BUIC CubosFay.

CooTHOLIEHHE ¥ MOCTeN0BaTEeIbHOCTh MOHOMEDPHBIX 3BCHLER CBA3AHE! C
TakKAMH  X2paKTEPUCTHKaMH TIOJIMMeEpa, Kak IUIOTHOCT H  CTENEHb
xpucTaumyHocTH. Jisa HCxofHoro monuMepa, cogeprkamero 71 mon. %
pUHMTAACHDTOPAAA, CTCHEHL KPHCTAUIMYHOCTH cocTaBnsetr 21%, uro
cornacyercs ¢  JNUTepaTypunM#  AannsiMM.  Ha  Bsemuumuy  cremenw

KPHCTALIMYHOCTH  BauseT MW cnocoG  obOpabotke  nommamepa.  Tax,



KPHCTAIIMYHOCT  OOpasiioB  comonuMepa  YBENMUYMBAETCA C  POCTOM
TeMnepatypel npeccoBanus. Ha npencrasnennsix mwxe JICK kpussix u
penTreHorpammax (puc. 2, 3), 310 BHIPAXACTCS B YCHIEHHM MHTEHCHBHOCTH
cmemannoro 200, 001 curmama Ha  PEHTIEHOTpPaMME,  PacIIHpPEHHH
TEMIEPATYPHOTO JHAN230Ha TUIABJEHHS NOJUMEPAa M B OONBLINX 3HAUECHHAX

JHTAIBIIHH TJ1ABJICHUA,

— Tlnéma mz
Bur pacTBOpa
D'CK’I exn ——Tpeccosame 423K ’ ml

lLye.

200,110

- Tipeccosanve 443K .
== [Liétia 13 pacTBOpa areToN2
mj = [Ipcccopanme 423K
- Tipeccosanne 443K

T.K

Puc. 3. CpaeHeHne pEHITCHOTp2MM JUIs

. 2. JICK :
e JCK xpusrie pasnuunbix 06pa3uos pASHEIX 0GpabIOS IONUMEpS,

NOnUMEpa.

3.2. Tepmoounamudeckue uccred08aHus.

C ToukM 3peHHs TEPMOOHMHAMHKH, B3aMMOJICHCTBHE MeTamna ¢
droprionumepoM ¢ obpasoBanue PTopuaa METania BO3MOXKHO, €CIH CpemHsis
aneprus cBs3u M-F B BoiciieM ¢ropuzie IpeBEILIAET CPELIHIO SHEPIHIO CBAH
C-F Bo Topyrnesonopone. Cpenune 3HaueHHs SHEPTHM CBA3IN METAUH(TOp
Bo ¢TopHiax M yriepoi-¢rop Bo ¢roprmonuMepe mpuBedeHsl B Tabn. 1.
Be3ycJI0OBHBIM KpHTEPHEM BO3MOKHOCTH CAMONPOHIBOJILHOTO MPOTEKAHNNA
peakuHn SBJsSeTcA BeJIMIHHA YHeprid [u66ca. OaHako, H3-3a OTHOCHTENBHO
HH3KMX TEMICDATYp, NpH OlEHKe 3HadeHHH A,GP, MOXHO HpeHeGpeus
SHTPONHHHEIM BKIAIOM.

JCK o>xcnepuMeHTH! mokasanu, YTO NPH HarpeBaHMd  MeTalli—

TNONMMMEPHBIX KoMmTIo3uToB 70 673K mponcxoaut BlauMojeiicTBre
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(TOproIKMeEpa C METALIOM. Pe3ynbTaThl 3THX HCCIeIOBAHHI NPEICTABNEHML Ha
puc. 4. Ing cucrem ¢ Ta u Nb na JICK xpuBbix Habmofatorcst 3k303thdexrsl, a
s cucteM ¢ W i Mo - sugosddextsr Ilpu B3anmoseiictenu 3apukcrposana

pe3kast HoTepst Macchl 06pa3IioB MPpHUMepPHO OT 5 Mac. % 0 25 Mac. %.

Ta6muua. 1
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Puc. 4. ICK xpusbie m1s cucteM M—®42 u cononnMepa 042, chatie B armocdepe Ar npu
CKOPOCTH Narpesa 10 */mnn.

s cpaBHeHnst HA 5ToM >ke pucyrke npureneHa JICK kpusas umcToro

dropnonumepa 42, Ha KOTOPOH BINOTE A0 TeMnepaTyphi 680K Habmronaetcsa



tonsko omuH 3Hpodddext (T = 408K), cooTseTcTBYrOIMH KOHTPYIHTHOMY
TNaBNEHMIO TIOJINMEpR.

CornacHo  pesynpTataM — Macc-CEKTPanbHOO  MCCHENOBAaHHUA,
TIPOAYKTaMH B3aUMOJEHCTBUA (TOPNONMMepa C MEPEXONHBIMH MeTaniamu
ABNOTCA uX Boicine dhropumst TaFs, NbFs, WFg, MoFs, a B cnyyae MonubaeHa
u Bons(hpama eme ¥ Mostexy sl okcodropuaos WOF,, MoOF,. B mMacc-cnexrpe
rasoBoii dazel Hag cuctemami Ti—P42 u Re—M42 cirranos, COOTBETCTBYIOLINX
oOpaszoBanuio ¢ropunos THTaHa M penns, He 3adukcuporano. Kpome Toro, B
ciydae cucteMbl Re-0P42 KanopHMETPHYECKHE 3KCHEDHMEHTHI TOKa3alH
OTCYTCTBHE TeNNOBBIX 3 deKToB.

Orx303ddextsl Ha JJCK kpusbix amnst cucteM M—®042, rae M = Ta, Nb, Ti
nerko OOBACHAOTCA TEM, YTO CPCIHAA JHTANbNHA cBa3H M-F B Boicmmx
dropuIax THX METaNNOB 3HAYUTENBHO GONbLE, HeM CPEAHss SHTANBINS CBA3H
C-F Bo ¢ropuiax mobbIX yrneBofiopoAoB. Takoe COOTHOILEHHE JHTAIBIMH
0053aTeNEHO MPHBOAMT K OK30TepMHueckoMy d¢dekTy BiaumosieHcTRHA
¢Topnonmmepa ¢ Metaruiamu. Jupodddexrrl Ha JICK xpusbix 1t cucrem W-—
d42 u Mo-D42, xak nokasanu HallK HCCIECHOBAHHUSA, CBA3AHBI C HANOKEHUEM
Ha 3k303thdexT dropuposanns supodddexTa ruapommsa oOpa3oBaBIIHXCH
(TOpHIOB METAIOB 32 CUET BOABIL, COACPIMAIIEHCH B NOJHMEDPE, KOITHYCCTBO
KoTopo#, coryiacHo mauHeM SIMP, He mpersimaer ~0.4 Mon. %. 3-3a Gonee
sdextunroro B3aumogeiicteus Nb u Ta ¢ drTopnonmMepoM, THAPOIH3
TOPHIOB MPaKTHYECKH He BIMAET HA CyMMapHBiii TemtoBoit adidext peakuun
thTopHpoRaHHA JTHX MeTaUIOB (ropnonaMepoM. B ofuieM BHAe peakumus
B3auMOJICHCTBHA (JTOpmONIMMepa ¢ METAUIOM MoxeT OhITh 3amucana

ciexyowuM obpasom:
1
Mo+ ;(C:JstFu)n(...) > MF, , +X.. 2),

rZe X — NpoAyKT HIH MPOZYKTH AeTOpHPOBaHHA ¢TOpHOIIMEpA.
IMpoctad TepMojMHaMuYecKas OLEHKA, BBIUIOJIHEHHAd [0 W3BECTHBHIM
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CTAaHJIAPTHEIM DHTALIHAM 0GPA30RAHUS YUACTHHKOB PEakiuii, oKasama, YTo B
pesyzIbTaTe B3aHMOJIEHCTBUA Pa3HBIX METALIoB ¢ QTopHoMMepoM ofpasyeTcs
OIMH H TOT ke NPOAyKT AedTopuposauust X — anudariicckuit nonued. 3To
TPEnNoNOKeHue YNANock MOATBEPAUTE XommiekcHsM SIMP F, c, 'H
HCCTIEN0BAlMEM CIEMHANBHO PHTOTOBICHHAIX 06Da3noB TREPLOTO H JIETYHHX

TIPOAYKTOB JlehTOPHPOBAIHA.
3.3. IMP uccneoosanus npodykmoe deghmopuposanus

O6pazusr 11 SIMP uccrenoBaHNS TOTOBHWIR PACTBOPCHHEM HEJETYYEro
ocTaTka peakuud JehTopupoBanus B AelitepHposaHoM aneroHe. JleTyuue
HOPOXYKTHl  B3auMojeHcTBHA Meramnia ¢ QTOPMONMMEPOM  YNABJTHBANIH
OXNKMCHHEIM  ALETOHMIPMIOM HA  CHEeLUaNbHO  CKOHCTPYHPOBZHIUOMN
YCTaHOBKE.

Cnekrpel SIMP “F atux pactBopos cojepar, IOMUMO cHraanos 020,
022 u 222 Tpuan, HoBble CHrHAJBI B guanajone —100 + —110 m.a. 1 B oGnacti —
120 Mm.n., oOycnopieHHble BO3HHKHOBCHHEM HeNpelellbHBX cBa3eH B
NOTMMEPHOH HENH B pe3y/nTaTe 0bpasosanns GTOPHIOB METANLIOB, U clabbie
MYJIHTUIVIETHBIE CHIHAIE B ¢/1aboM M CHIBHOM II0N1e, CBHACTEILCTBYIOWHE 00
obpasoBanuy  omuroMepoB  (MO-BMJAHMOMY, CONCPXKANIMX CONPSIKCHHEIC
ABofinble cBu3u H xomuessie rpymnst CF; u CFH). B cnextpax SAMP C
TOABIAIOTCA CATHAILL, OTBeuaroume obpazosanuio ceaszeit C=C=C (~209 m.1.)
u C=C-C (~68 u ~55 m.1.). B oT/uume OT peakiinii ¢ MeTanIamH, JecTpyKIus
NONMMEPHBIX HeNel MpH MHpONM3E NPOXOAWT B ropasho Conbliel crenenu.
CToHT MOAYEpKHYTh, YTO B3aHMOACHCTBHC € MCETAIOM TAKXKC HPHBOIOMT K
3HAYMTEIBHOMY YMEHBIICHHIO MHTEHCHBHOCTH cHrHanos 020 Tpmazmsl, B TO
BpEMS KaK COOTHOIUEHHE MHTeHCHBHOCTEH 022 : 222— octaercd paKTUHECKH
HenaMenHsIM (pHC. 5) 3TOT pe3ybTaT N03BOJSCT cAeJaTh BhIBoK, 910 CF,
rpynnsl, okpyxennsle CH, rpynnamu, nanbodee cKJIOHHBI K PEaKIHH C
MeTawIaMi. POpPMansHO MOXKHO CUHTATh, 410 peaknuua $42 ¢ MetauiaMH
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CONPOBOKIALTCS YMEHBUIEHHEM cofiepxkantsa B/IO 3BenkeB B momMepe.

022
Pacteop 942 B auetoue 222

PacTtaop ®42 8 auetoHe (nocne nuponusa 773K)
x,d . Ly | l i
JA

©42 + Nb (673K)

““”“M@Ikg A

T T T T T T 1
-60 ~70 -80 -90 —-100 -110 -120 ~130 -140 ™A

Puic. 5. Crekrpet AMP “F{'H} myuennsx PacTBOPOB B alETOHE-ds.

3.4, Kuneruxa ezaumodeiicmeust @mopnonumepa O42 ¢ nepexooHviMuU
Memannamu.

Wccnegopanus KHMHETHKH B3amMogeiicteusa  ¢ropnonnMepa $42 ¢
BONL(pPaMOM, TAHTAJIOM M YaCTHYHO OKHCICHHBEIM Bonbdpamom (WO;s)
Merogamu MC, TI, HCK nokasami, 4TO 3TH MpOLECCHl ONHCHIBAIOTCS
aBTOXATaNHTHYeCKUM ypaBHerHeM IpayTa-ToMnkuHca n-ro nopsaxa:

ln%=lnA—%+n~ln(l—a)+a-lna 3),

THe n — MNOpAZOK MO peareHTy, 4 — MHOPANOK M0 MpOAYKTY, A —
TIpeIdPKCNOHEHINAaNbHbI MHOXUTENs, E/R — Temmeparyphblii kod(drmuent
CKOPOCTH peakiuH.

Ha puc. 6 mnpuBefeHBl OpPUTHHANBHEIC KHHETHYECKUE KPHBEIE IIs
peaxunii obpasosanus WFg n TaFs, a na puc. 7, 8 — TT” kpuskie, ONUCHBaOLIME

B3auMoOIEHcTBHE B cucTeMaXx W-042 y Ta-042.

12



Om. Wimeycustiocs
20

1, M
1 T T T T
W 1D 0 e W 20

o
8-
&4
R
B

Puc. 6. 3asucuMocTs ckopocTi obpasosannr TaFs ¥ WFg oT BpeMenu B cuctemax Ta-042,
W-D42, COOTBETCTBEHHO, NIPH PA3HBIX H30TEPMHYECKHX YCIOBHAX.

20+

40+

204

Puc. 7. OxcnepmmentansHas TIT kpuBas  Puc. 8. DKCIIEpHMEHTNLHEIE H pacHETHbIE
cuctemsl Ta-D42. (TpH peICHYUN IPAMO it KHHETHIECKOM 3a1a4H)
TC kpuesie cucreMut W-042.

AHann3 Bcero 00BeMa 3KCTEPHMEHTAIBHBIX JAHHBIX TIOKA3LIBAET, 4TO
B3auMozeiicTeue dropnonuMepa P42 ¢ nepexoaHsMi MetauiaMu (Ta, Nb, W,
Mo, WO;;) siBnsercs MHOIOCTAIMHHEIM TIPOHECCOM, KOTOPBIH MpOTEKaeT Ho
ABTOKATAIMTHYECKOMY MEXaHH3My M XapaKTEepH3yeTcs  CYLIECTBCHHOM

33BMCHMOCTEIO [IEPHO/IA HHAYKUUH OT TEMNEpaTyphi - H GoJIBIINMH
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3HAYCHMAMM SHEPIMM  aKTHBAUMM Jns  Bceil  xHHeTHdeckoH obnactu
npespamiennit. Bung MC u TI' KxHHeTHUeCKMX KPHBBIX CBUICTCILCTBYET O
NPaKTHYECKH MTHOBEHHOM 00pa30OBaHHM NpPOAYKTOB peakuun. B tabm. 2 u 3
npuBeleHbl 3HAYeHHA APPCHUYCOBCKHX NApaMETPOB IJS TPeX H3YYECHHBIX
cucreM M~®42, rpe M ~ WO 3, '1_"a, W.

. Tabmuna 2.

KunernueckHe napaMetps! peaknnit B cucteMaxW0; 5042, W-042 u Ta-942.

ER *10°, K
Cucmema | InA} n| a

MC | ACK/TT

WO, P42 9.1 1.2| 0.7] 16.0+£3.0

W-042 | 52| 1.6{ 0.8] 10.0£2.5{ 7.0£3.0

Ta-D42 | 46{6.5[ 1| 57+1.3

CooTBercTBHE TeMIlepaTypHbIX kodddunucnTon peaxnun P42 ¢ W no
JaHHBIM Pa3HBIX METONOB HcCleloBanus, B u3oTepMmuueckux (MC) u
nemzorepMmieckux (JICK/TT) ycnopuax, maéT Bce OCHOBAHMA CHHTATh, YTO
cTagua  obpasobanns ¢TopHiaa MeTaia SBIAETCS JIHMHUTHpylomeH Ha

TPOTHKCHHN BCECTO BPEMCHHU IIpoLecca B3anMONICHCTBUA.

3.5. Bzaumodeiicmgue ¢pmopnonumepa @42 ¢ Ti.

Peaxuna P42 ¢ turanom npotekaeT HeCKONbKO HHave. C 0JHOH CTOPOHEI,
cpemusas aHepras cpasu Ti-F (585 x/[x/monn) B Tterpadropnie TnraHa
3HaunTensHO Gonpme, yem cpemuas sueprua C—F (507xx/Mosnt), onHako B
Macc-CIieKTpe razoroif ¢a3sr Hax cuctemoii Ti—P42 cuUrHanoB, OTHOCALIHXCA K
Moliekyne Jieryero Tetpadiropina, e 3adukcuposaHo.

Ha puc. 9 npencrabnens! TepMoaHanuTH4ECKHE KpuBEIE UL cHCTeM Ti-
42 u D42, Tlpoduns kpuBoif 1 3aMETHO OTIMYECTCA OT TEPMOTPaMM CHCTEM

Ta (Nb, W)-dropnoauMep He TONEKO OTCYTCTBHEM SpPKO BHPAKEHHOTO
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3x303¢¢dexTa, KOTOpLIi HabmofaeTcs npy OOpa3sOBaHHU NETYYuX (TOPHLOB
COOTBETCTBYIOIMX METAIOB, HO M GIM3OCTBIO TeMIlepaTyp Hauana JK30- H
augoaddexron. TlonoOHeli Bua kpusod 1, BeposiTHee BCero, CBA3aH C
00pa3oBaHHEM HeJEeTyuero (TOpHIA THTAHA, HAKOTUIEHHE KOTOPOTO B CHCTEME

yMeHBINAET JPEKTHBHOCTS BIAUMONIEHCTRHA METaI1a H (TOPIIOTHMEDA.

ACK, Brr
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Puc. 9. JICK xpusbie 1a cuctem: 1) Ti-942, 2) G42.

Hampuue ¢TopHaa THTAaHA B CHCTEME  METAIIPTOPUIONMMED
MOATBEPIKAACTCA PE3yIBTaTaMH JEMEHTHOTO JIA3ePHOTO MACC-CIEKTPANBHOrO
ananu3a. TepMOOMHAMHYECKUH aHAIN3 BeJMYUH SHEPTUi NOC/IEA0BATENBHOIO
OTprIBa aTOMOB (Topa B MoneKydaxX (TOpHIOB THTaHA M CDellHell 3HEPTHH
cesn C—F B Monexynax ¢TopyrneposioB NMOKa3slBaeT, YTO TOJBKO SHEPTHA
oTpsiBa atoMa ¢Topa B Momnekyine TiF; 3HAYMTENBHO MPEBBILIAET JHEPTHIO
cesasu C-F B Monekynax ¢ropuja yriaepona, nodToMy NpH B3aMMONEHCTBHH
TOPNONNMEPOB C METANIMYECKUM THTAHOM JOMHKEH 0Gpa30BEIBATECA [TABHLIM
006pa3oM TPyAHONETyYHit TPHGTOPHI THTAHA.

TMosBnenne HenpelenbHEIX CBA3ed B MakpoMmoneKkyJlax (TOpNoanMepos

NPUBOIMT K yMeHBIUeHHio OHeprum cease C-F, 4ro oOBscHseT
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aBTOKATAHTHUECKUN XapakTep MX B3IaNMOJCHCTBHA C METAINIaMU. JTO sIBJICHHE
HHTEPECHO KaK C HaywHOMH, Tax M € MpPaKTHMECKOH TOYKH 3pEHHs, TaKk Kak
HaK/IQ[BIBACT JKeCTKHe TpeOoBaHMA Ha KOHCTPYKIMOHHBIE MaTepHasl,
paboTaloIUE B AKCTPEMANIBHBIX YCAOBUAX M 3AU[HLICHHEIE (PTOPMONNMEPHBIMU
nokpeiTusMu. OHH He JNOMKHEI COJepkaTh B KadecTRBe NPUMECH METaIEL,
JHEPTHA CBA3H KOTOPEIX ¢ ¢ropoM Gomeme omeprum cBasw C-F mo
¢TopronuMepe. B IIPOTHRHOM CITyHac MOXeT BOSHHKHYTh CHTYAllHs, KOrga H3-
3a obpasoBannA HEHACHIICHALIX CBs3ell paHee MHepTHas (TOproIMMCpHAL
MATpHIA CTaHeT XHMHYECKH AKTHMBHOH 0 OTHOLICHHIO K KOHCTPYKLHOHHOMY
Marepuany.

B kauecTBe WAmMOCTpauMd B JuccepTalMOHHON paloTe mnpmBeacHEI
pe3yNbTaTEl  McCNefoBaHMA ¢ropronpmepa @42 ¢ THTAHOBBIM CIUIABOM,
cogepxammM 0.4 mac. % Ta, TokaspIBalOm¥e 3HAUHTENLHOE YBETHUCHHE
XHMHYECKolf aKTHBHOcTH (ToprojmMepa TO OTHOMICHHIO K  THTaHy.
«KatanyzatopoM» CTOJNb aKTHBHOTO B3aHMOJCHCTBHSA CIIIaBa THTAaH3 C
¢dTOoprionEMepoM ABASETCA HE3HAUHTENBHAA NPYMECh TaHTAIA, KOTOpas Ha
Ha4aIBIOM STAlle B3aUMO/ICHCTBUS HHUIMHpYET 00pa3oBaHie HEHACBIEHHBIX
cBA3eit Bo (hTOPIIONMMEPHOM MaTpHILE.

B 3axmountesmHoif wactm paboTel onHcaHO BIMARME JOO2BKH
rpa)uTOBOrO HATIONIHHTENA Ha TepMOH3HIccKUe cBoiicTBa cucTeMmsl Ta-D42,
I'pauT paccMaTpHBacTcs Kak MHEPTHEIA HANOJHUTENE, KOTOPHIA B H3yUCHHOM
TEMIIEPATYPHOM JANMANA30HE HE BCTYMNaeT B XHMHYECKOe B3aHMOAeHCTBHE HH C
TAHTAIOM, HH C (TOPNIOHMEPOM, YTO MOATBEPKIAIOT TEPMOAHANMTHYECKHE
HCCTIEAOBaHMs CHCTEMBI rpaduT—hTopnommMep.

Ha prc. 11 u3soGpaxena 3aBHCUMOCTh ckopocTH obpazosanus Tals oT
BpeMeHH 171st cucteM Ta—042 n Ta-P42-C. [IpucyTtersue B cncteme 26 mac. %
rpagputa (T=543K) npuBoauMT K YyBENMMEHMI0 TEPHONR MWHIYKUHMM OT

HCCKOMBKHX CEKYHJ M0 ABYX 4acoB. IIpu yBenH4eHHMM CONCPXaHMA Yricpolia
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ACK oxcrepumentsl  (puc. 10) HarnsgHo IEMOHCTPUPYIOT —CMEIIEHHE
Temnepatyphbl B3auMopeiicTBus B onee BhCOKYI0 0GnacTh, B maHHOM cnyuyae
YIIEPOL MrpaeT polbk HEKOTOPOro MHruOHTOpa, CHHKAIOUIEr0 «aKTHBHOCTELY

Y4acTHHKOB DEaKInH,

ACK, By/r
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12 o
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—ee=26Mac.% C
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—v—77Mac. % C
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Puc. 10. Kpugsie ICK npu 10K/Muzt ans pasHeIX COCTABOB,
MontHoe cootHomenue yraepos : Tantan 0, 11, 29, 68, 90.

O7TH. nuTencuanocTs (TaFg)
35 o

30 -4 i

. T=543K
25 - E

1 , ~—5—Ta-042-C
20 - —a—Ta-042

Puc. 11. 3asrcamocts ckopoctu ofpasopanns TaFs B cucteme Ta-042 u Ta-$42-C

(26 mac. % C) npu Temneparype 543K,
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Peun, koHeuHO, UAET HE O TEPMOIAHHAMUYECKOH, a O Tak Ha3LIBaeMoii
«peaKyMOHHOM aKTUBHOCTHY, KOTOpasd MOHMKAETCH, BEPOSNTHO, Kak 3a CUéT
copbuun mnonumepa B nopax rpadMTa, Tak M 32 CYET M3IMEHEHHS
TEMMONMPOBOAAMMX  cBoHcTR  ofpasua. Takum  ofpaszoM, nobaBinenie
YITIEPOJHOTO HAMOJHHTENA K TONHMMepHOHl MaTpHile MO3BONSAET 3HAYUTENLHO
paclIMpUTL TeMIEPaTYpHBIt MHTEpBAN OKCILTyaTanuH  (GTOPHONUMEPHEIX
TIOKPHITHI METAUTHIECKHX MoBEpXHOCTEH TIput COXpaHCHHH
YROBACTBOPHTENBHBIX AATC3HOHHBIX, 3ICKTPONIPOBOAAIIHX H KOPPO3HOHHBIX
XapaKTepHCTHK.

B urore, B3anMoacHCTBHE HCCAEN0BAHNBIX NEPCXOHRIX METANNOB ¢ P42
MOXeT OblTh omucaHo oOmeit cxemoil. Ilpy TemmepaTypax 3aMETHO HIKE
TeMIEepaTypsl Mupoim3a GTopronmuMepa, METAILT pearupyer ¢ aromamu $ropa
CF; rpynn, okpyxeHrsx CH; rpymnamu B nenu comommmepa, 1.e. CF, rpynn
numepueIx ¢parmentoB BIIO-BJA® (ncnonnzopanneii @42 copepxkut 43 Mon.
% Takux parMeHTOB). DT0 OPUBONMT X ODpa3OBaHHIO JIETYYHMX BBICUIHX
(G TOpHIOB METAMNOB (332 HCKIMOUCHHEM THTaHa), oTigenneHuio HF, noasnenuio
Kpammx (mo-BHAMMOMY, CONpPSDKEHHBIX) CBS3€H B 1LEMIX MaKpOMOJICKYIIHI,
CUIHBOK MEXJIy UEMAMH M HE CONPOROMKAACICH WX 3aMETHBIM YKOPOUEHHEM.
JlecTpykuuns nonuMepa 1 HpoxyKTsl HedroprpoBanns HabmonatoTed npu Goce
BRICOKHX Temmeparypax (~670K). OnHnako, HecMOTps Ha oflIylo cXemy,
HMEIOTCA OCODEHHOCTH B3aUMOJEHCTBHR Xakgoro w3 Mertamiop ¢ 042,

CBS3aHHEIE C FTyOHHOMN 3aBepIICHHOCTH PEAKIIHH.
Brisoasr

1. Meronamu Mace-criekTpoMeTpuu, AuddepennuansHoil  ckaHupylontei
KQJIODHMETPHH, TEPMOFPAaBHMETpAH, ACPHOTO MAarHWTHOTO  pesoHaHca
OPOBEIECHO  KOMIUIGKCHOE  MCCHSNOBaHME  Tpollecca  B3auMoOJCHCTBHA
comonuMepa TeTpadropITHIeHa i BuHmmIeHGTopuna (P42) ¢ nepexoaHLIMI

metamiamu (Re, W, Mo, Ta, Nb, Ti) 1 uacTuuHO OKHCICHHEIM BONbgpaMoM
18



WO;... U3ydeno BausHue HHepTHOTO rpadHTOBOrO HANONHHUTENS HA KUHETHKY
M TEPMOAMHAMHKY pEaKUUH B3aMMOAEHCTBHS METAUIMYECKOTO TAHTana ¢
dropnonuMepoM.

2. Meronom SIMP "F, PC, 'H ycranosneHo cTpoeHue TPOMEILLIEHHOTO
comonuMepa @42 -~ NOPANOK YCPEAOBAHHA MOHOMEPHEIX  3BEHBEB
TeTpad TOPITHICHA W BUHUIMACHGTOPHA2 B NIOTMMEPHOH MaKPOMOTIEKYJIE U ee
6pyTTo coctas 71 Mout. % BJI®, 29 mon. % TOI. KoauuecteeHHo onpeneneHo
coZiepKaHUE HEKOTOPKIX TOCNeN0BaTENbHOCTEH MOHOMEPOB B COTIONIMMEDE.

3. BLIABJNCHO, YTO OCHOBHBIMH INPOAYKTAMM B3aUMOAECHCTBMS METANOB C
comonmMmepoM 42, 33 HCKIIOYEHHEM THTaHa, ABISIOTCA JIETYYHE BRICINHE
TOpHUAE  COOTBETCTBYIOIUMX  METALIOB, HE3HAYHTENBHLIE  KOMHYECTBA
terpagropbyrena C,HFs u  rexcadropstana C;He, HF n  neneryunit
MOJNMEHOBEIA MPONYKT YaCTHYHOro NedTOpHpOBaHHsS MOTUMCPHOH MATPUIIBL.
Tipu  B3aumozeiicTB¥M  TOpmONMMEpPAa C  YACTHUHO  OKHCJIEHHBIM
METAUTHYIECKUM BO:IbDAMOM M MCTATUTHYECKUM THTAHOM 00pa3yloTed Jeryyuii
oxcodropusy WOF, n neneryuuii tpudropun TiF;, cooTeeTcTBENHO.

4, Meronamn JICK, macc-cnextpoMerpun n SIMP 'H ycranosneno, wro wa
ak3otepMutieckue 3¢dekTsr B3aUMOIEHCTBHA METannoB ¢ (TOpRONUMEpOM
HAKNANKIBAIOTCA SHIOTEpMUYECkHe 3(QidekTsl peakuuil THIPONH3a BBICIIHX
$TOpMIOB COOTBEICTBYIOIIMX METALIOR ¢ BOAOH, NPUCYTCTBYIOIEH B
TIONINMepe B KaueCTRe NPHMECH.

5. Meromamun JICK, TT" u MC nokasano, 410 peakiMH B3anMOACHCTBHA
¢ropnonumepa ®42 ¢ mepexOOHBIMY METANIaMH M WX OKCHAaMM SBIAOTCA
MHOTOCTaAUAHBIMH aBTOKATATHTHYECKUMH npoleccami, KOTOpblE
XapaKTepU3ylOTCs  INEePHOJAaMM  HMHAYKUMH, CHIBHO  3aBHCAIMMMH  OT
TEMIEPATYpPs!, BHICOKAMH 3HAYCHMAMH SHEPrHH AKTHBALHH H OMHCHIBAIOTCA
ypasHenueM [TpayTa—ToMmmxuHca n-ro nopsaka.

6. YcraHoBneHo, yto JauHeie, nomydenasie MetogoM JCK n TT m MC,
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TIPHBOJAT K OJHHM H TEM K¢ 3HAYCHIBIM APPEHHYCOBCKHX MapameTpos (£, n,
A, f{e)), KOTOpPBIC KOPPENHPYIOT CO 3HAUCHHAMH HEPTUH CB3U BO QTOPHNAX M
oxcogTopuax MeTaLIoB K TopnonuMepe. HafiieHHbIe TepMOANHAMIYECKAE H
KHHETHYECKHE TIapaMeTph! TO3BONMIIM 3aK/IIOYHMTE, YTO H3YUCHHEIE NPOLECCHI
B3auMoJieiicTBHs (TOpHONHMEpa ¢ NEPEXOAHBIMH METALIaMH TIPOTEKAIOT 110
ONHHAKOBOMY - MeXalnH3My. Brepsple ycTaHOBICHO, HTO B peakIMAX
¢$TOpHpOBAHMS YYacIBYIOT, TjiaBHbIM oOpasoM, atombl ¢rropa CF, rpynm,
coceacreyromue ¢ MeTneroBaiMH CH, rpynmami.

7. [TlokasaHo Bimsuue rpaMTOBOrO  HANOJHHTENS HA  KHHETHKY
B3aumoieiicTus conoaumepa P42 ¢ METAUIMYECKAM TAaHTANOM. Y CTAHOBIIEHO,
yto rpaduTr BRINONHAET (yHKUMIO HHTHOWMTOpa peakuu# (TOPHpPOBAHASL
METAIIA, H JAHO KaYECTBEHHOE 0OBACHEHHE 3TOMY HABJICHHIO. _
8. CdopMmynuposansl ocHoBHbe TpeGOBaHHs K METANIAM, UCMONL3YEMEIX NIPH
CO30aHHMH  (PTOPIONHMCPHBIX ’ HOKPBITHH ¢  BBICOKMMH  3ATIC3HMOHHEIMM
XapaKkTEPHCTHKAMH, H Omnpexenensl ycnosua OesonmacHoH 3xoNOTHYECKOit

JKCTIIyaTay noclIeiHnx.
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