OUCTBHIX CTanAX Auddy3HOHHYIO 30HY, COCTOAINYIO H3 AMGOpHAA THTaHa
n 6opuaa xene3a, o61agaloNLYI0 MOBBILEHHOH MHKpoTBepaocThio. Ha
YIIEpPOAMCTHIX CTANAX NONy4YeHbl HOPOTHTAHHPOBAHHbIE MOKPBITHSA, KO-
Topeie obnanaoT B ABa pa3a GonblueH H3HOCOCTOHKOCTBIO, YEM OOHO- H
nByx¢a3Hbie GOpHAHBIE COH.
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HCITIOJIb30BAHUE BOPUPOBAHMS
H BFOPOCWINITMPOBAHMA IIPH PA3JIMYHBIX
TIAPAMETPAX /LIS IIOBBIIIEHVSA CBOMCTB CTAJIEH

[MpakTuHyeckylo 3HaYHMOCTE NPEICTABIAIOT NMPOLIECCHI KOMILIEKe:
HOro And@Qy3MOHHOrO HACHLILEHHS C HCHOJIB30BAHHEM CIELHAIbHbIX
cmecell 1 06Ma30K, obecnedynBaOIUX XUMHKO-TEPMHYECKYIO 00pabor-
KY W 3aLUMTY OT OKHCNIEHHs pabouMX [TOBEPXHOCTEH KpYNHOrabapHTHbix
H3JieNINii B npoliecce BHICOKOTEMITEPATYPHBIX BbIEPIKEK B HarpeBatelh
HOM 00OpYyZAOBaHHHK, TMPUMEHAEMOM IA OOLHETIPHHATON TepMHUECKo
o6pabotku [1]. Ocobblii MHTEpEC NMPEACTABAAIOT UCCNCAOBAHHS npo-
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1lECCOB KOMIUTEKCHOTO HAChILIEHUs CTalH 6OpOM COBMECTHO C KPEMHH-
¢M, B pe3y/IbTaTe OCYLIECTBICHHA KOTOPbIX MOXHO B JOBOJBHO LIMPO-
koM IHAIa30HE H3MEHATb COOTHOLLEHKHE BHICOKOTBEPABIX 60pUaHbIX a3
# CPABHHUTEJILHO MAFKHX CHJTHLMAHBIX CTPYKTYPHBIX COCTaBJIAIOILMX, 32
CueT 4ero 0co6eHHO CYLIECTBEHHO MOBBICHTH CBOHCTBA AU GY3HOHHBIX
(10eB MO CpaBHEHUIO ¢ GOpPHPOBaHHBIMH. OKcnepuMeHThl [1] cBuze-
TeIbCTBYIOT O TOM, 4TO BBeA€HHE B GopHpymoulyio o6Ma3Ky MOCTaBLiH-
KOM aTOMOB JPyroro KOMIIOHEHTa NPHUBOAMT K H3MEHEHHIO KaK XUMMYe-
tkoro, Tak M (pasoBoro cocraBa AuGPy3HOHHBIX NOKpeITH. Bopocuim-
IHpOBAHHE MPHBOAMT K PE3KOMY CHIKEHHIO B AU(Qy3HOHHOM cnoe
spicokobopucToii da3sbl FeB, obnagatoweit HanbGonbiueit XpynkocTsio, U
NOABNEHHIO B HEM CHJIHLIUZOB. '

B pabore npumensnucy obpasunl u3 craneit 45, V8. HaceleHue
06pa3sLoB MPOBOAMIN B 60pHPYIOIUX H GOPOCHIHLIMPYIOIHX CMECAX H
ofMa3kax, B KOTODPBIX NOCTaBIIHKOM aKTHBHBIX aTOMOB Oopa ABasncs
kapbun Gopa, MOCTaBIIMKOM aTOMOB KPEeMHHS — MbUICBHAHbIH KBapl, B
KYECTBE Ta3OreHEPHUPYIOLLErO aKTHBATOPa KUCMONB3OBAICA (PTOPHCTDII
narpuid, Haceiienue nposoannu npu remnepatypax 900, 950, 1000 °C
srederne 1-5 u. Tlpu HachilseHuH B TeyeHue 1 4 B Gopupyromeit cMecu
npi 900 °C Ha cranax 45 u Y8 ¢opmupyrorcs cnou tomuuHoi 70 u
60 Mkm cooTBercTBeHHO. IIpn HaceiueHHH B TedeHue | 4 B Gopupyio-
wei obmaske popmupytorcs cion 60 u 50 MKM cCoOTBETCTBEHHO. YBe-
JHYEHHE BPEMEHH HACBHIIEHWA A0 5 4 HaeT MoBblUI€HHE TOALMHBI GOo-
pupoaHHOro cios Ao 140 u 130 MKM npu HACBLHUEHHM B CMECH COOT-
sercTBEHHO Ha cTanax 45 u Y8, a npu XTO B Gopupytouleit obmaske
TOMHHA CJ10s yMeHbinaeTca A0 130 u 120 mxm cooreercTBeHHo. Bopo-
tuMpoBaHue obpasuos craieit 45 n V8 npu temneparype 900 °C
IPHBOAMT K (GOPMMPOBaHUIO AHPPY3HOHHLIX CJIOEB, KOTOPbLIE MO TOJM-
IMHe 3aMETHO MeHblue, yeM Gopuposannsle. Ilo MukpocTpykType Go-
CHIMUKMPOBAHHBIE CJIOH, moyycHHbie npH 900 °C, noxoxu Ha Gopu-
pOBAHHBIE, OHH UMEIOT MIOJIbYaTOe CTPOEHHE, HO WI/IbI HECKOJIBKO 60-
Te¢ YIKHE, 4eM B Cltyyae GOPHPOBaHHA, H MEXAY HUMH NPOCMATpPUBAET-
i Hebonbluas Aons BKIOYEHHUH apyrux a3 (puc. 1).

B otnnune oT GOPHPOBAHHBIX CIIOEB B CTPYKTYpe GOpOCHIMLHpO-
MHHBIX C/IOEB PEHTTEHOCTPYKTYPHBIM aHANH30M He obHapyxeHa ¢asa
feB. YBennueHne temnepatypbl GOPOCHIHLHPOBAKHHS HE CTOMb 3a-

WETHO BIMAET HA TONIUNHY NM(pPY3IHOHHBIX CTIOEB, Kak B cny4ae Gopu-
pOBAHHS.
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Puc. 1. MukpocTpykTypa ctanu 45 nocne 60pocunLMpoBaHns
npu; T=900 °C; r=4y

Pe3ynbTaTbl UCCNeLOBaHUA MOKa3blBAtOT, YTO €C/IM NPK Temrepa-
Type 900 °C 3a 4 4y Ha cTtanu 45 06pasytoTcs 60POCUNNLIMPOBAHHbIE
cov TonwmHon nopsagka 90 mMkm, To npu 950 °C 3a 3TO Bpems G
paBHbl 100 MKM, a npu 1000 °C - 130 mkm. Ha ctann Y8 tonuyHa
AN NY3NOHHBIX CNOEB HECKONIbKO MEeHbLUEe, YeM Ha CcTanu 45, Ho To-
e ¢ yBenuyeHmem Temnepatypbl oT 900 go 1000 °C peskoro pocra
TONWMHBI 6OPUCUNNLMPOBAHHBIX CNOEB He HAbNIOAAETCH, YTO MOKHO
CBA3aTb C M3MEHEHMEM XapaKTtepa ANMPY3NOHHOIO HacCbILEHNA [By-
Ms afieMeHTaMun (60poM 1 KpeMHUEM) Npu yBeIMYEHUN TeMnepaTypbl
XTO.

Mpu yBeNnYeHU TemrnepaTypbl B MOBEPXHOCTHbLIA COW avddyH-
OVPYET Hapsgy C 60pOM MOBbLILIEHHAA [0/ aTOMOB KPEMHWS, YTO Mt
BOZAMT K MOSB/IEHNIO B CTPYKTYpe ANKY3NOHHBIX C/OEB 3HAUMTEbHOM
fonn cunnumaHeix as (puc. 2), npuyemM Takoe CTPOEHME MPUCYLLE KK
nocne 6opocMNULMpoBaHnsa ctanu 45, Tak 1 ctam Y8.

CTPYKTYpHble M3MEHeHUs, NMeoLLye MecTo B pesynbTaTe Gopio-
BaHMA 1 HOPOCUINLMPOBAHMS NPU Pas3NYHbIX NapameTpax XTO, oue-
CTBEHHO CKa3bIBAKOTCA Ha MOKasaTensax MUKPOTBEPAOCTU U MAKDOXPYTH
KOCTU ANdY3NOHHBIX C/I0EB.
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Puc. 2. MukpocTpykTypa ctanm 45 nocne 60pocuanumMpoBaHus
npu: T= 1000°C;/ =4y

Ha puc. 3, 4 npuBeaeHbl pe3ynbTaTbl NCCNEAOBaHUA MUKPOTBEPAO-
c 06pasuoB ctaneih 45 n Y8 nocne XTO npu Temnepatype 900 u
1000 °C B TeyeHue 4 u.

Puc. 3. Banaume XTO Ha MWUKPOTBEPAOCTb MOBEPXHOCTHLIX C/OEB,
nonyyeHHbIx npu: T=900 °C, t=4y
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Puc. 4. Bananne XTO Ha MHKPOTBEPAOCTD MMOBEPXHOCTHBIX COCB,
nony4yeruslx npu: T=1000°C, t=4y

Haubonee BricokMe mokasaTteiy MHKPOTBEPIOCTH HMEIOT MeECTO B
cmydae GopupoBaHua craieit 45 u V8. IlpuueM BbICOKas MHMKpOTBEp-
aocth nosepxHocTH (18-20 I'Tla) oTMeuaercs xak B cirydae GopHpoBa-
HHA B o6Ma3Kax, Tak 4 B MOPOMIKOBHIX cMecAX. Clenyer OTMETHTb, YTo
TaKas TBEPAOCTb XapaKTepHa HaxojsmieHcs BOIH3H NMOBEPXHOCTH dase
FeB, xotopas o6pa3yercs B GOpHpOBaHHBIX CIOAX KaK MPH TEMIIEpPaType
900 °C, Tak npn Gonee BbLICOKHX Temneparypax. Ilon cnoem ¢asbi FeB
pacrionaraercs 30Ha ¢a3sl Fe,B, TBeprocTs KOTOpO#t HECKOMBKO HIKeE -
Ha ypoeHe 13-15 I'Tla. B ciryyae 6opocHIMLMpPOBaHUA MPH TeMMeparType
900 °C MHKpPOTBEPAOCTE MOBEPXHOCTH Kak pa3 U COOTBETCTBYET MHKpO-
TBepAOCTH Paskl Fe,B u naxoxurca na yposHe 13 I'Tla na o6Gpasuax ca-
1M 45 1 Ha yposHe 14 I'Tla — Ha ctamm V8. Tlpu stom XTO kak B 06Mas-
KaxX, TaK U B MIOPOIIKOBBIX CMECAX B HET€PMETH3UPYEMBIX KOHTEHHepaX
JaeT NPaKTHYECKH aHAJIOTHYHBIE PE3YITHTaThI.

IoseiieHue TeMnepatypsl GopocwinumpoBanus a0 1000 °C, kak
OTME4aJIOCh BBINE, NPHBOAUT K TOABJICHWIO B CTPYKTYpe OH(Qy3uow-
HOTO CNOA 3HAYMTENLHOH JOMM CHIMLHMAHBIX ¢a3 (110 JaHHBIM peHTre:
HOCTPYKTYpPHOro aHanu3a Hapany c¢ Fe,B npucyrcteyer o -pasa (Teep-
IpliA pacTBop Ha 6ase coenmuenus FesSi), MUkporBepmocTs koTopoii
3aMeTHO Hike, ueM Yy ¢a3nl Fe,B. CpeaHas MUKPOTBEpAOCTE MOBEpXHT-
cTH nocje Gopocunuumposanus npu 1000 °C Haxomurcs Ha yposse 10-
11 I'Tla, uro 3ameTHO HIDKE, YeM B ciiy4yae GopupoBanua (18—20 I'Mla)#
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fopocuumposarus npu Temneparype 900 °C (1314 I'Tla), Ho 3Haum-
Te1bHO BhILIE, YeM TBepAOCTb noBepxHocTH 6e3 XTO — Beero 2— 2,5 I'Tla.
H3meHeHne CTPYKTYPHOTO COCTOSHUA GOPOCHNIHLHUPOBAHHBIX CIOEB
10 CpaBHEHHIO ¢ GOPHPOBARHHBIMH OYEHb 3aAMETHO CKa3bIBACTCS Ha MX
MHKpOXpYTIKOCTH. OrmnpeneneHye MHKPOXPYNKOCTH AUGEPY3HOHHBIX
(10€B MPOBOAWIOCH C HUCTOab30BaHHeM npubopa IIMT-3. Mukpoxpyn-
KOCTb OLIEHMBAJIACH N0 HAMpSOKEHHIO ckona 0 nuddy3HOHHO YNPOUHEH-
HOM NOBEPXHOCTH (YeM HHKE HaNpsHKCHWE CKOJia, TeM BhHILIE Xpyn-
KOCTb), KOTOPOE 3aBUCHT OT / (MMHHMaJIbHOE PacCTOSHHE OT LIEHTpa OT-
NedaTKa aiMa3HOM MHUpaMUZAbI 1O Kpas oOpasua npu Harpyske P) [2}):

0=0,17P12F + Ic,

rae ¢ — AJIMHA AMaroHaM OTNeYarka anMa3Hoi MHpaMHAIbL.

Tak, nauGonee TBepAas NMoBepxXHOCTHaA 30Ha U3 da3bi FeB 6opua-
HOro cj0s obnajaeT u Haubonee BLICOKOI XPYNKOCTbIO {MUHHMAIBHBIH
yPOBEHb HampsDKEHUs ckona). B ciydae 60pocHaHLMPOBaHHA TIPH TEM-
neparype 900 °C npu cHKeHHH MUKPOTBEPROCTH Beero Ha 20-25% (mo
ypoBHa 13-14 I'Tla, uyro xapakrepHo ¢a3ze Fe,B) HanpskeHue ckona
yBeIH4YMBaeTcs B 3-3,5 pa3a (pHc. 5), UTO CBMAETENLCTBYET O 3HAYH-
TeTbHOM MOBLILIEHHH CONMPOTHRIICHHIO XPYNIKOMY paspylieHuio auddy-
3HOHHO YNPOUHEHHBIX NOBepXHOCTEH Aeraneii npu ux pabore B ycnosu-
X IMHAMHMYECKHX BO3ACHCTBHI B npoLiecce M3HAIIMBaHHUA.

OB 8 B-Si

Cram 45

Hanpsixenwe cxona, Mna

Obmaska

Puc. 5. Basune XTO Ha MHKPOXPYNKOCTb MOBEPXHOCTHBIX CIIOEB,
nonyueHHsIX pH: T=900°C; =44
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Ecnn nomydath GOpOCHAMUMPOBAaHHbIE NETATH MPH TEMMeEpaType
XTO 1000 °C, To npx OTHOCHTENBHO BHICOKOH MHKpoTBepaocTH (10-
11 I'Tla), conpoTuBneHne ckoily yBenuuuBaercs B 5-5,5 pasa no cpas-
HEHUIO ¢ GOPHPOBAHHBIMM CIOAMH M NpHUMepHO B 2,0 pa3a no cpasHe-
HHUIO ¢ 60POCHIHLIMPOBAHHBIMM CJIOAMH, MOIYYEHHBIMH TIPH TEMIIEPATY-
pe 900 °C (pwuc. 6).

Ob6maska ! Cmece O6maska

Puc. 6. Bnusinue XTO Ha MHKPOXPYIIKOCTE IOBEPXHOCTHBIX C10€8,
nonyuentbix npu: T=1000°C, t=44

Takum 06pasom, noyyas OTNHYAIOUIMECH 1O CTPYKTYpe Muddysu-
OHHEIE CJIOH C pa3andHbIM cooTHoeHueM da3 FeB, Fe,B, Fe;Si, moxno
B 3HAYMTEILHON CTENCHH BIMATL Ha COMPOTHBIEHHE XPYNKOMY paspy-
IIEHHIO MOBEPXHOCTHBIX COEB JeTanei, IKCIUTyaTHPYIOUUXCA B peas-
HBIX YCJIOBHMAX B IapaX TPEHHs IIPH NEPHOAWYECKHX WIH TOCTOSHHEX
YAapHbIX Bo3JieHCTBUAX. Tak, ecnM mpouecc W3HALUMBAHMA TpPOTeKaer
6e3 korna-mH60 NPOSBNAIOMIMXCA JUHAMUYECKMX BO3AEHCTBHIM, MOXHO
PEKOMCH/IOBAThL K NPHMEHEHHIO npolecc 60pHpOBaHUs — JUIA MEKOre
6apuTHbIX aeraneit XTO B NOPOIIKOBBIX CMECSAX C HCMONb30OBAHHEM He-
TEPMETH3HPYEMBIX KOHTECHHEPOB, UIA KPYNMHOraGapuTHLIX AETaeH - B
obMa3kax, KOTOpblE€ HAHOCATCS TOJNIBKO Ha M3HALMBAIOLMECA TIOBEPXHO-
cTH aeraneii. Ecnu u3nammsanue nporekaer B yCNOBUAX CPaBHHTENbHO
HEBBICOKOIO YPOBHA NEPHOAHYECKH MPOABIAIOLIMXCA YIapPHBIX BO3JE-
CTBHH, MOXKHO HCHOJB30BaTh NMpouUecc GOPOCHIHLIMPOBAHUA NIPH TeMIe-
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patype 900 °C. B cnyyae, ecid B mapax TpeHHS NOCTOSHHO UMEIOT Me-
(T0 3HAYHMTE/IbHbIE AMHAMHYECKHE BO3NEHCTBHA, BO M3OexaHHe ckona
WddY3MOHHO YNpPOYHEHHBIX MOBEPXHOCTEH lienecoobpa3sHO MoxyqaThb
fopocHIHLIMPOBaHHBIE CJIOH, COCTOALLHE U3 KOHIJIOMepaTa GOpHUAHBIX H
WIHUMAHBIX da3. Takue nuddy3HoHHBIE CIIOH MOXKHO CPOPMHPOBATH B
¢Tyyae GOPOCHIHLIMPOBAHHSA B pa3pabOTaHHbLIX MOPOIIKOBBLIX CMECAX M
ofmaskax npu Temneparype 1000 °C.
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CBOMCTBA YKCIIEPUMEHTAJBHOM CTAJIM
JUISI BABOMHBIX TEJJEMETPHUECKHUX CUCTEM
BYPOBOI'O OBOPYAOBAHMS

Ot PeKTHBHOCTL MTOMCKA MECTOPOXKACHHA HE(GTH M rasa 3HaUHTENb-
HO BO3pAcTaeT NpPH HAKNIOHHOM W FOPH30HTAILHOM OYPEHHH CKBa)KHH,
14 KOTOPOM HCMOJb3yloTcd 3a00HHbIE TeleMeTPpHYECKHE CHCTEMBI,
pisMeltaeMbie BHyTpH TpyObl. Kak npaswino, HedTaHble KOMNaHHH 3a-
KynalT HMMIOPTHOE TeneMeTpHyeckoe obopymoBaHue. B Hactoswee
speMA MAeT pa3paboTka M mocTaBka 3a00MHBIX TeIEMETPHYECKHX CHC-
TeM OTEYECTBEHHOrO NPOHM3BOACTBA, IUIA H3rOTOBJICHHA KOTOPbIX He-
06x0qUMBbI TpyOHBIE 3arOTOBKM M3 CTa/lH CO CIELHAIbHBIMH CBOMHCT-
BAMH.

BoimyckaeMble MeTajuTyprueif cneunanbHble CTanH He YAOBJIETBO-
pHIOT B NONHOM obbeme TpeGyembiM cBo¥icTBaM, mo3tomy B HITIT «Ca-
vapckue TOPHU3OHTBI» C MCMOJIb30BAHHEM KOMMBIOTEPHOM NpPOrpaMmbl
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