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PaccMmoTpena BO3MOKHOCTh CO3/1aHusl TBEPBIX (DYHKIIMOHAIBLHBIX MTOKPBITUI HA CTAIH U MOJIMOIe-
HE MyT€M BBICOKOCKOPOCTHOTO OTUIABJIEHUS MHOTO3JIEMEHTHBIX 3BTEKTHYECKHX KOMITO3UIHH. DK-
CIEPUMEHTAIIBHO TTOTy9EHBI 00pa3Ibl METAIOB C KOMITO3UITMOHHBIMH MOKPBITHSIMA. VcciienoBaHO
BJIMSIHUE YCJIOBUH OIJIABIEHUS HA CTPYKTYPY IOKPBITH.
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POCTPYKTYypA.
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EBTEKTHYHHNX KOMITO3ULIMHUX ITOKPUTTIB
BUCOKOUBUAKICHUM IIVIABJIEHHAM
C. B. JlutoBuenko, B. M. Bepecues, B. O. Unmkana, M. A. Many4apsin

Po3mistHyTO MOXIHMBICTE CTBOpEHHS TBEpAMX (DYHKITIOHATBHUX MOKPUTTIB Ha CTalli Ta MOJIOAeH]
IIJSIXOM BHCOKOIIBHIKICHOTO OIUIABJICHHS 0araroeJleMeHTHUX €BTEKTUYHHUX KOMITO3HLii. Excriepu-
MEHTAJIHO OTPHMaHi 3pa3Ki METaJliB 3 KOMITO3ULIHHUMH MOKPUTTAMH. J{OCITIDKEHO BIUIMB YMOB
OIUIABJICHHS HA CTPYKTYPY MOKPHTTIB.
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FORMATION
OF EUTECTIC COMPOSITE COATINGS
BY HIGH-SPEED MELTING

S. V. Lytovchenko, V. M. Beresnev, V. O. Chyshkala, I. A. Manucharian
The ability to create a hard functional coatings on steel and molybdenum by high-speed melting of
multielement eutectic composition was examined in the article. Samples of metal composite coatings
were obtained experimentally. Influence of melting conditions on the structure of the coatings was

investigated.
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BEJIEHUE

Hay4yHo-TexHU4YeCKHil Tporpecc, SABISIOIIMICS
y>K€ HEOThEMJIEMON M BO MHOTOM OIPEIEISAIO-
IIeH COCTABIISIONIEH OOIIECTBEHHOTO PA3BUTHS,
HEpa3pbhIBHO CBA3aH C COBEPILICHCTBOBAHUEM
COBPEMEHHOIO BBICOKOTEXHOJIOTMYHOIO IIPO-
MBIIUIEHHOTO TIPOU3BOJCTBA. B cBOIO ouepenn
Takoe TMPOU3BOJCTBO HEBO3MOXKHO 0€3 MpHu-
MEHEHUS] KOHCTPYKIIMOHHBIX U (PyHKIIMOHAJIb-
HBIX MAaTepuajoB, CHOCOOHBIX JJIUTEIBHO
MOJIePKUBATh TPeOyeMbli yPOBEHb IKCILTyaTa-
LIMOHHBIX CBOMCTB B YCIIOBHUSIX KOMIIJIEKCHOTO
BO3CMCTBUS psAlla Pa3pyILIUTEIbHBIX BHEIIHUX
(bakTOpOB — MEXaHHYECKHUX, TEPMUUYECKUX

WU paJuallMOHHBIX HArpy30K, KOPpO3UH, Tpe-
HUS, 5pO3UH U pyrux [1].

CoBeplIeHCTBOBAaHHE CBOMCTB MaTepUasioB
SIBIISIETCS HEOOXOAMMBIM YCIIOBHEM YCTIEIITHOTO
pa3BUTHUSA JTHOO0W OTPACITHA TEXHUKH.

BaxxHoil cocraBnsromeil mpu paspadoTke
HOBBIX MaT€pHUAJIOB JJI1 IPUMEHEHUSI B COBpE-
MEHHBIX TEXHOJIOTHAX SIBISIETCS HCCIIEI0BA-
Hue (yHIAMEHTAIBHBIX MPUHIIMIIOB CTPOCHUS
TBEPIBIX TE€J, MEXaHU3MOB OCYLIECTBIICHUSA
CTPYKTYpHO-()a30BbIX MpEBpALIEHUI B HHX,

OCHOBHBIX 3aKOHOMEpPHOCTEW 00pazoBaHUS
CBs3€M B LIEMOYKE «COCTaB — CTPYKTypa —
CBOMCTBaY.
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OnHuM U3 HampaBleHUH padoT Mo ympasiie-
HUIO CBOWCTBAMU MaTE€PHUAJIOB IBJISIETCA MO (PH-
[IUPOBAaHNUE WX TOBEPXHOCTH (OPMHPOBAHUEM
pa3nuYHbIX (PYHKIHMOHAIBHBIX CIOEB, oOecre-
YUBAIOIIUX TOBBIIIEHUE JKCIUTyaTallMOHHBIX
XapaKTEePUCTUK U3IEITHI.

@OYHKIUOHATIBHBIE TOKPBITUSA TO3BOJISIOT
3HAYUTETFHO TOBBICUTh HAJEKHOCTH 000pY-
JIOBaHUS, CHU3UTHh CTOMMOCTb OOCITY>KUBaHUS,
MPOUIUTh PECYpPC HSKCIUTyaTallud, BOCCTAHO-
BUTh pa0oyue MOBEPXHOCTHU M JETald, 3alllu-
TUTh OT BBICOKMX Harpy3oK M arpecCHBHBIX
cpen [2].

[[Inupokoe BHEAPEHNE MOKPHITUN CIIEPKUBA-
€TCs TeM, YTO MHOTHE Y3JIbl U JIeTalld COBpE-
MEHHOTO 000PYIOBaHMs pa0OTAaOT P BO3/ACH-
CTBUU HArpy30K, 3HAYEHUS KOTOPBIX OIU3KHU
WU Jake MPEeBOCXOAAT MPEAeNbHO JOIMYCTHU-
MbI€ JJI JaHHBIX MOKPBITHM. /{151 pacimpenus
TpaHUI] TPUMEHEHUS! MOKPBITUNA HEOOXOAMMO
3HAYUTENBHOE YIYUYIIEHUE HX CBOWMCTB, INpHU
STOM CIJIEAyeT NPeNOTBPAIlaTh peanu3aluio
«OOpaTHBIX CBsI3€i», KOT/a MOBBIIICHHE YPOB-
HS OJIHMX XapaKTEPUCTHK BbI3BIBAET MaJICHUE
YPOBHSI IpYTHUX.

[IpakTuka nokassIBaeT, YTO NPUEMIIEMbIM Ba-
PUAHTOM 3aIUTHl OT MHOTO()AKTOPHOTO BHEIII-
HEro pa3pyllaloliero BO3AEHUCTBUS SIBISIETCS
WCTONB30BaHNE MHOTO(GA3HBIX W MHOTOJJIEe-
MEHTHBIX HMOKPBITUM, YACTO MPEICTABISIOMINX
co00il CaMOCTOSITENIbHYIO KOMIO3UIIMOHHYIO
eauHuny [3, 4]. Beenenue B cocTaB MOKPHITHS
JOTIOJTHUTENBHBIX MHTPEAUEHTOB WJIM 3aMEHa
OJTHUX COCTAaBJISIOIIMX IPYTUMU IMO3BOJISIIOT B
JIOCTAaTOYHO HIMPOKHUX Mpesesiax BapbUpOBaTh
€ro OTJENbHBIE CBOMCTBA 0€3 CYIIECTBEHHOTO
M3MEHeHHus1 oO0me (QyHKIMOHATLHOCTH Ma-
Tepuana. TakoW IOAXOX COOTBETCTBYET CO-
BPEMEHHBIM TPEOOBaHUSIM KPUTUYECKOTO OT-
HOIIIEHUS] K YHUBEPCAJbHOCTU MAaTE€pUalOB U
YCWICHUIO CHEUUAIU3UPOBAHHBIX TEXHHYE-
CKHX PEIICHH, Y3KO HAlIPABICHHbIX HA JI0CTHU-
YKEHUE OTJEIbHOTO KOHKPETHOTO Pe3yibTara.

NPUMEHEHME NOKPHITUM
IOBTEKTUYECKOI'O TUIIA AJISA
HOBEPXHOCTHOI'O YIIPOUHEHUA
METAJIJIOB U CIVTABOB

Cpenu TyromiaBKUX MaTepHUalioB OCOOBIM HH-
Tepec A (GopMUpOBaHHS HW3IHOCOCTOMKUX,

KOPpPO3UOHHOCTOMKUX M TEPMOYCTOMYMBBIX
(YHKUIMOHATIBHBIX MOKPBITUH TMPENCTaBISAIOT
JIMTBIE TBEPJIbIE CIUIABbI 3BTEKTUYECKOIO THUIIA,
XapaKTepU3YIOLIHecs] MaKCUMaJIbHON MPOYHO-
CTBIO IPU IBTEKTUYECKOM COCTaBe. YIIydllleHue
CTPYKTYPBI U CBOMCTB MOKPBITUH JTOCTUTAETCS
CO3JJaHMEM B HHUX T'E€TEPOreHHOM AMUCIEPCHO-
yIOPAI0YEHHOM WK 0oJiee OTHOPOAHOM aMop-
(HO-KPHUCTATITUIECKON CTPYKTYP.

DBTEKTUUECKHUE MOKPBITHS C 33aHHOH CTpY-
KTYpoil 00ecreunBaloT MOBBIIIEHUE TEePMO-
CTaOMJIBHOCTH CHUCTEM MeETall — TMOKPBITHE
BCJI/ICTBHE TOTO, YTO PABHOBECHBIE IBTEKTHYE-
CKHE KOMITO3UIMH, OCOOCHHO HAPABJIEHHO 3a-
KpUCTAJUIM30BaHHbIe, 00JIaAaloT CTaOMIbHOC-
THIO CBOMCTB IMpPAKTUYECKH IO TEMIIEpaTyphbl
0,9 T  oBrektukwu [S].

Xumuko-repmuueckas oopadorka (XTO) sB-
JsieTcs OIHOM U3 Hanbosee pacpoCTpaHEHHBIX
TEXHOJOTUH (popMUpOBaHUS (PYHKIMOHATBHBIX
nokpeiTuii. IlpenmymiecTBaMu 3TOro Mertoza
SIBJISIIOTCSI BBICOKAs! TEXHOJIOTUYHOCTD, IOCTYII-
HOCTb, CPaBHUTENIbHAsI SKOHOMUYHOCTh, 0O0JIb-
10€ pa3HooOpaszue COCTaBOB MOKPBHITUH. B TO
xe BpeMs X TO 3a4acTyro JO0CTaTOYHO BBICOKO-
TeMIeparypHa, JJIUTEIbHA U dHEpro3arparHa.
Kpome Toro, mponomKUTeIbHOE TEPMHUECKOE
BO3/ICHCTBHE MOXET MPHUBOAUTH K 3aMETHOMY
M3MEHEHHUI0O MEXaHMUYECKUX CBOMCTB MOIJIONK-
K{, BBI3BAHHOMY PEKPUCTAIIM3ALMOHHBIMU U
1 Py3UOHHBIMU TPOLIECCAMHU.

VYKazaHHBIE HEIOCTaTKU B OMNpEAETICHHOM
Mepe MOTYT OBITh MPEOA0JIEHBI HCIIOTb30BAHU-
€M COCTaBOB, 00pa3yIOLIMX OTHOCUTEIBHO JIeT-
KOILJTaBKHE ABTEKTUKU. VIHTeHCHpUKaus npo-
recca (OPMUPOBAHUS MOKPBITHS TOCTUTAETCs
3a cYeT yBEJIMYEHHUsI CKOpocTH Muddy3uu Ha-
CBIIIAIOINX AJIEMEHTOB B KHJIKOW IBTEKTHYEC-
KOW Tpocioiike, KoTopasi oOpa3yeTcst B 30HE
KOHTaKTa KOMIIOHEHTOB HacChILIAloIIel cMecu
C TIOBEPXHOCTBHIO 3alUIAEMOr0 Marepuaa.
@DOpMUPOBAaHUIO M HCCIIEAOBAHUIO Pa3zHO00-
pa3HBIX TOKPBITUH HBTEKTUYECKOTO COCTaBa
MOCBSIIEHO JOCTAaTOYHO MHOTrO pabot [6, 7].
OnHUMH U3 aKTUBHO MCCIEIYEMBIX SBISIOTCS
MHOTOKOMIIOHEHTHbIE ~ KpPEeMHHUICOAEpIKaIne
nokpbITUs cocraBa Ni-Cr-Si-B [8, 9], unorna ¢
TBepabIMH o6aBkamu [10].

Jns co3ganus (DyHKIHMOHAIBHBIX IOKPbI-
THI Ha MeTaJulaX MepCHEeKTUBHBIM BapHAHTOM
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XTO sBnseTcs OCYIIECTBIEHUE KOHTAKTHOIO
IBTEKTUYECKOTO IUIABIEHUS, €IUHCTBEHHBIM
YCIIOBUEM peaIu3aluy KOTOPOro MEXIY IBY-
Msl BELIECTBAMH SIBJIIETCS HAJIMUYUE JHarpam-
MBI COCTOSIHUSL OBTEKTHUECKOTO THIA. BaXXHBIM
MIPEUMYIIECTBOM YKa3aHHOTO CIIoco0a sIBIIseT-
Csl €ro JOCTaTOYHO MPOCTasi JOKAJIU3yEMOCTb,
T. €. BO3SMO)KHOCTb HAHECEHHUS IIOKPBITHS Ha OT-
JEJIBHBIX CTPOTO 3a/laHHBIX y4acTKax IMOBEPX-
HOCTH.

IIo MHOrMM mapamerpaM caMOW NPOCTOMN
JUI pealln3allii SIBIETCS TEXHOJIOTHS, MO KO-
TOPOM MJIsl CO3JaHMsI NOBEPXHOCTHOIO 3BTE-
KTUYECKOro CJIOsI HEeOOXOAWMBIA COCTaB Ha-
HOCHUTCSI Ha IOBEPXHOCTb B BHJE IOPOILKA,
LUTUKEpa WM 00Ma3KH, a 3aTeM pacIljiaBisieT-
Csl HEMOCPEACTBEHHO Ha IMOBEPXHOCTH JIE€TAIU
IIPY MOCJENYIOIIEM HarpeBe (KOCBEHHOM — B
neyax MM IpsSMOM — IIPH MPOIyCKaHUU TOKa
IIPOMBIIITIEHHON WJIA BBICOKOM YacCTOTHI).

B cocraB 06Ma3ok (nunkepa), Kak npaBuiio,
BXOJISIT UICTOYHUKH aTOMOB U (HYHIUPYIOLIIUX
AJIEMEHTOB, a TAKXKe CleUUalbHbIe JT00aBKH,
TEMIIEpaTypa IJIaBIEHUs KOTOPIX 3HAUUTEIBHO
BBIILIE TEMIIEPATypbl 00Pa30BaHUS BTEKTHKH.

JlpyruM BapraHTOM HAaHECEHMSI IBTEKTHYEC-
KOTO TOKPBITUSL SIBISIETCS IPOLECC, BKIIOYA-
IOIMN  NPENBAPUTENIBHOE  NPUTOTOBIICHUE
MIOPOILIKA IBTEKTUYECKOI'0 CIIaBa U €T0 MOCIIe-
JYIOIllee HAaHECEHUE Ha MOBEPXHOCTh U3AEIUs
I1a3MeHHbIM MeToAoM. Crenyer yduThIBath,
YTO MIPU pean3aluy TAaKOro crocoba nosyyeH-
HOE MOKpPBITHE 10 (a30BOMY COCTaBY U CTPYK-
Type OyleT 3aMETHO OTJIMYaThCs OT aHAJIOTUY-
HOT'O 3BTEKTUYECKOIO CJIOS, MMOJIy4EHHOIO MpHU
pacIulaBIe€HUM MOPOIIKOBOW CMECH WIH IIH-
KEpHOI 00Ma3Ku HEMOCPEICTBEHHO HA MeTaj-
JMYECKOM MU3/IETHH.

D10 paznauuue OoOyCIIOBJIEHO CBOHCTBAMHU
KOMIIOHEHTOB U IPOLIECCAMU B3aUMOJEHCTBUS
B CHUCTEME <«OBTEKTUYECKUN IOPOIIKOBBIN
CIUIaB — METaJJIMYecKasl MOUIOKKa» I OJl-
HOTO ciydas U JU(Qy3UOHHBIMU Ipolecca-
MU, TPUBOJAIIMMHU K (OPMHUPOBAHUIO IBTEK-
TUYECKOTO TOKPBITUS C XOpOLIeH aaresuei
K METaJUINYECKOW OCHOBE B APYIOM Cllydae.
Kpome Toro, omepanuu npeaBapUTEIbHOIO
IIPUTOTOBJIEHUS BTEKTUYECKOTO TOPOILIKOBOIO
CIJIaBa YCJIOXKHSIOT MpOIlecc, JeNalT ero 0o-
Jee JUIUTEIbHBIM U TOPOTHM.

Kpome omnmcaHHBIX, AOCTaTOYHO pacHpoc-
TpPaHEHHBIMU METOAAMU (POPMUPOBAHUS IBTEK-
TUYECKUX IIOKPBITUN SBISIOTCS: IUIA3MEHHOE
WJIY Ta30IUIAMEHHOE HAIBUICHUE C MOCIENYIO-
UM OIUIaBJICHUEM; JJIEKTPOLYroBasi HaIljlaB-
Ka pacXOAyeMbIM NIEKTPOAOM; JIa3€pHOE HIIU
JIEKTPOHHO-JIy4€BOE OILIABJICHUE; OIJIaBJICHUE
TOKAMH BBICOKOM 4acCTOTHI; OILIABIICHUE ITOKPBI-
TUH B BAKYYMHBIX II€4aXx.

Bce u3BecTHbIE METOABI HAHECEHUS U OIljIa-
BIICHUSI TOKPBITUN HEIb3sl MPU3HATH YHUBEP-
CaJIbHBIMU, KaXIbId U3 HUX UMEET KaK JOCTO-
MHCTBA, TaK U HEIOCTATKHU, KOTOPbIE IOJKHBI
YUUTBIBAThCS TMPHU BHIOOPE ONTUMAIBHOTO TEX-
HOJIOTMYECKOTO IPOLIECCa MOIyYEHUS MOKPbI-
THS ¢ TPeOyeMbIM KOMITJIEKCOM CBOMCTB.

I'oBopst 0 cBOWCTBaxX JBTEKTMYECKUX IIOK-
PBITHI, HEOOXOAUMO OTMETUTH, YTO HAJINYKE B
CTPYKTYpE IOKPBITHS HE3HAUUTEIBLHOIO KOJIU-
YEeCTBA OBTEKTUKU CYIIECTBEHHO CHUKAET XPY-
IIKOCTb 3aLIUTHOTO CJI0s U B PsJIE CIIy4aeB IIPHU-
BOAWUT K IOBBIMIEHUIO €r0 HM3HOCOCTOMKOCTHU
[11].

Takum 00pa3om, HaJIU4YUe B CTPYKTYpe IO-
KPBITUS,, 0COOEHHO — YIIPOUHSIOIIETO MOBEp-
XHOCTB, IIPOCTIOUKH C DBTEKTUYECKOU COCTABIIA-
OlIeH CO3/1aeT MPEANOChUIKU A pa3padoTKu
pPa3JIMYHBIX II0 COCTaBYy U MHKPOCTPYKTYpe
(YHKLIMOHAJIBHBIX CJIOEB C MOBBIIIEHHBIMU Xa-
PaKTEepUCTUKAMHU, B IIEPBYIO OYEpENb — MeXa-
HUYECKUMU U IIPOTUBOKOPPO3UOHHBIMH.

Hecmotpss Ha oyeBHIHOE MPEUMYILECTBO
HCIIOJIb30BaHUS DBTEKTUUECKUX ITOKPBITUH IS
MOBBIIIEHUS (PYHKIIMOHATBHBIX BO3MOXKHOCTEH
JeTajge 1 MEXaHU3MOB B YCIIOBUAX KOPPO3UU
Wi abpa3uBHOTO M3HOCA, B JUTEparype HeT
JOCTAaTOYHBIX JAHHBIX O pa3pabOTaHHBIX TeX-
HOJIOTUSIX HAHECEHHUs U OILIABJICHUS TaKUX I10-
KPBITUH.

IHOJTYYEHHUE OBPA3IIOB
B nannoii paGore nccienoBaHa BO3MOKHOCTh
MOJIy4YEHUSI TBEPAbIX KPEMHUMHCOIEpXKAILUX
KOMIIO3UTHBIX ITOKPBITMM Ha pa3IMYHBIX Me-
TajlaX IIyT€M BBICOKOCKOPOCTHOIO KOHTAaKT-
HOTI'0 DBTEKTHYECKOIO TUIABJICHHUS], & TAKXKE BIIU-
SIHUS YCJIOBUM IUIABJIEHUS HA MUKPOCTPYKTYPY
MTOKPBITUH.

B kayecTtBE OCHOBBI KOMIIO3UTHBIX Me-
TaJUIOKEPAaMUYECKUX MOKPBHITUH ObLIT BBIOpaH
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OCHOBHOH COCTaB, COJEpKallluii HUKeNb, 060p,
KpEeMHMH, UHOTAA ¢ JJoOaBIEHUEM Xpoma. DB-
TEeKTHYECKHE CIUIaBbl TAaKOTO WM OJM3KOro
COCTaBa, 4acTO IOCTPOCHHBIE HA JBTEKTHUKAX
HUKeIb-00p [12], kpemuwuit-uukens [13] wnm
KpeMHMU-HUKeTb-00p [14] mocratouno pac-
IIPOCTPaHEHBI, MaT€pHaJIbl HA UX OCHOBE WU C
UX UCIIOJIb30BAaHUEM MCCIIEN0BATIUCH paHee [ 15,
16], B TOM uMcie U aBTOpaMH AAHHOW pabOTHI
[17, 18], uHTEpEC K HUM COXPAHSIETCS U CETOA-
Ha [19]. B kaduecTBe AOMONHUTENBHBIX APMU-
PYIOLIMX J00aBOK MCIIOIb30BAIUCH MOPOIIKH
TBEPJIOTO CIIJIaBa U IUCHIMIIIA MOIHOIEHA.

OCHOBOIi MOJy4E€HHBIX MOKPHITUH OblIa 3B-
TEKTHKa B CUCTEME HUKeNb-00p (TeMieparypa
niasnenns oBrekTHkd  Ni-Ni,B  cocrasnser
1091 °C), a noGaBkM KpeMHUs U XpoMa B Iep-
BYIO ouepelib 00ecreurnBail CHUKEHUE TeMIIe-
patypsbl IUIaBIEHUS cocTaBa. Tak, TPEXKOMIIO-
HeHTHas (aza B cucreme Ni-Si-B oOpasyercs
10 IBTEKTUYECKON peaknuu yxxe npu 1025 °C
[15], a nerupoBaHHE KOMIIOHEHTOB NUIMKEpA
YIJIEPOAOM U KEJIE30M U3 CTAJIbHOW MOITIOKKU
IIPY BBICOKOTEMIIEPATyPHOM OIUIABICHUM IIPU-
BOIUT K JaJbHEMIIEMY CHW)XEHHUIO TEMIEpa-
TYpBI, IPH KOTOPOH oOpasyercs >kujikas Qasa.
TouHOE onpenenenne TeMneparypsl IU1aBICHUS
MIOKPBITUS 3aTPYJHEHO B MEPBYIO OYEpENb HE-
IIOCTOSIHCTBOM €I'0 COCTaBa, KOTOPBIN 3aBHCHUT
OT KOHKPETHOH NOMJIOKKH, a TaKke OCOOEH-
HOCTSIMM pealu3alii yCIOBUM IUIABICHUS U
KPUCTAJNIN3aLlU1, KOTOPbIE MOTYT 3aMETHO OT-
JINYATHCS OT PABHOBECHBIX.

Jlnist popMHUpOBaHUS TOKPHITUNA ObLT IpUMe-
HEH JO0CTAaTOYHO TPaJMLUOHHBIA HUIMKEPHBIN
METOJ] TPEJBApPUTEIBHOIO HAHECEHUs IOJ-
TOTOBJIEHHOTO COCTaBa Ha 00pabaThIBaeMylo
MOBEPXHOCTh € MOCIEIYIOIUM ObICTPBIM Ha-
rpeBaHreM 710 00pa30BaHUs >KUIKON 3BTEKTH-
yeckoil (pa3bl M OBICTPHIM Ke OXJIAXKICHHEM
pacruiaBa.

Heo0xonuMo OTMETUTh, YTO LUIMKEPHBIH
METOJI, C OAHON CTOPOHBI, OTIINYAETCSI IIPOCTO-
TOW OCYILECTBIEHMSI U TOCTYITHOCTBIO, 4, C IPY-
TOM CTOPOHBI, SIBISIETCS, BEPOSITHO, OAHOM M3
OCHOBHBIX IIPUYHMH HECTAOMILHOCTH MOKPBITHS
B YCJIOBHAX IUINTENBHON BBICOKOTEMIIEpATYp-
HOM 3KCILTyaTalMy U BBICOKMX MEXaHMYECKHX
Harpy3ok. Kpome Toro, Bo3amoxHbie (ha3oBble
IpeBpalleHusi, co3znaronie (a3oBbld HaKIem

B MaTPUYHOM KOMIIOHEHTE, 3aTPYIHAIOT CO3/a-
HHUE BHICOKOKAYE€CTBEHHBIX MOKPHITHH.

HcxopHpiMu MarepuajgamMu Ui IUTMKepa
SABIISIIUCH: ANEKTponnTHUYecKuil HuKkens [THD-1
(uuctotoit 99,9 %); KpeMHUI TOIUKPUCTAIIIH-
yeckuit mapku KIIC-3 (99,9 %), amop¢HbIii 60p
(99,8 %), XpoM SIEKTPOIUTHUECKUN Yelryii-
gareiii OPX-1 (99,9 %). [Ipu HeoOxoammocTu
MHTPETUCHTHI JONOIHUTEIBHO U3MENIBYAIIUCH B
BUOpPOMEJBbHHULIE, TIOCTIE Yero s AabHeHIero
UCTIOJIb30BaHMsI OTCEMBAIN (PPAKLIUIO TUCTIEPC-
HOCTBIO 10—20 MxM. MlcxonHbIE TOATOTOBIIEH-
HbI€ TOPOILKH, B3AThIE B KOJHMUYECTBE, HEOOXO-
JTMMOM JUIsl TIOJIy4eHHUs] TpeOyeMoro cocTasa,
CMEIINBAJIMCH BO Bpaliarouemcs oapadbase.

Kpome Ha3BaHHBIX MaTepraIoB UCTIOJIb30Ba-
JIM TOTOBBIE€ TPOMBIIUIEHHBIE TTOPOIIKH MapKH
III'-CP4 cocraBa Ni- 16,5Cr-3,7Si- 3B - 0,8C.

B kauecTBe apmupyroNnMX 100aBOK IpUMe-
HSUIM TIOPOIIKHM TBepaoro cruiasa BK-6 nuc-
nepcHocTbi0 20—500 MKM, NOIy4aeMbIX M3
CTMEYEHHBIX HU3AETUA M3MeJIbueHHeM B BHO-
POMEIIbHUIIE, ¥ MOPOUIKH MPOMBIIIJICHHO BbI-
nyckaemoro (TY6-09-03-396-74) mnopomika
JUCHIIUITUAA MOTMOIeHA TUCTIEPCHOCTRIO 40—
60 MKM.

[InukepHble KOMIIO3UIMM IOIyYald CMe-
IIMBaHUEM MOPOILIKOBBIX KOMIIOHEHTOB ¢ 0,5 %
BOJHBIM PACTBOPOM KapOOMETHIILIEIITIONO3BI.

B kauecTtBe Marepuana MOUIOKKHA HCIOIb-
30BaJIach JIUCTOBAsl HEPKaBEIOIasi CTallb Map-
ku X18H10T (rabapuTtHbie pazMepsl 00pa3iioB
40 x 20 x 1,5 mm?®) 1 ponbra MonuOIEeHa MAPKH
MUY (40 x 20 x 0,2 mm?). [Tnockast 30Ha HaHECe-
HUS IIJTMKEPHOTO MOKPBITUS B CpPEIHEN yacTu
00pa3ioB umerna pasmepst 15 x 15 mm?.

Hanecenne mnuiMkepa OCYIIECTBISUIOCH OK-
palIMBaHHEM C IOCIEIYIOIIMM BBICYIINBA-
HueMm. [lpu HEoOXOAMMOCTH OKpalIMBaHUU
OCYLIECTBIISZIM B HECKOJBKO O3TaroB IS JI0-
CTHKEHUSI OOILEH TOIIMHBI BEICYIIIEHHOTO CIIOS
nukepa ot 0,5 1o 2 Mm.

OmnuaBieHue MOKPHITHS OCYIIECTBIISIIH ABY-
Msl pazHbIMU criocobamu. [lepBblif U3 HUX —
oIUTaBJIeHHE B Bakyyme Jsyumre 10— top B pa-
Ooueil kKamepe MOAECPHU3UPOBAHHON YCTAaHOBKU
CIIB3-1.2,5/2512. O6pa3iisl Kpenuiiu B BOJIO-
OXJIQXKJaeMbIX TOKOTIOJIBOJIAX M HArPEBaJIU Mps-
MBIM MPOIYCKaHHEM TOKa JI0 OIJIaBJICHHS I10-
KpbITUS. TeMIiepaTypy BBICOKOTEMIIEpaTypHOU
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30HBI KOHTPOJHMPOBAINA BOJIbPPAM-PEHHEBON
tepmoniapoii  BP5/20. IlosiBnenue pacruiaBa
(uKCcHpOBaTM BH3YaJlbHO YEpPe3 CMOTPOBOE
OKHO B BEPXHEU KpBIIIKE BaKyyMHOU Kamepsbl.
CrannapTHbI BapuaHT TEPMUYECKOTO BO3JIEH-
CTBUS BKJIIOYAJI HAarpeBaHUE [0 IUIaBJICHUS
(~10 c¢), BBLACPKKY TPHU TOSBICHUH KUIKON
¢bazpl (2—4 ¢) u oxJIaXKACHHE 10 KOMHATHBIX
temmneparyp (~30 c).

[To BTOpOMY METONY OIJIaBIIEHUE MTOKPBITHS
OCYILECTBIISLIA HA CTEHJE 3JIEKTPOUCKPOBOI
KOHTAaKTHOM CBapKHU MYTEM YIBTpaKpaTKOBpe-
MEHHOTO 3JIEKTPOUMIYJILCHOTO HarpeBa Ha
Bo3ayxe. Ilpu Takoit oOpaboTke xwuikas aza
B MOKPBITUU MIPUCYTCTBYET B TEUCHHUE JECATHIX
JoJIEN ceKyHIbl. Pa3mep oOIuIaBisieMON 30HBI
OTpaHUYEH pa3MepaMu KOHTAKTHOM MOBEPXHO-
CTH JIEKTPOAOB, KOTOPHIE UMENIH AUAMETP S5 MM.

[Tocne ommaBneHus momaydaiaw oOpasibl C
KOMIO3UIIMOHHBIMH 3BTEKTUYECKUMH TOKPbI-
TUSMH.

HNCCIIEAOBAHUME CTPYKTYPBI N
CBONCTB OBPA3LIOB

CrpyKTypa KpeMHMICOAEpKAIUX IBTEKTUYE-
CKUX IMOKPBITUH, 00€CTeunBaroias ux OCHOB-
Hble (PU3HKO-MEXaHUYECKHE XapaKTEePUCTHKH,
ABJISIETCS BaXXHEUIIMM (DaKTOpPOM, Ompeaess-
IOLIMM BO3MOXHOCTh M 11€71€CO00pa3HOCTh UX
HCIIOJIb30BAHUS I DKCILUTyaTalli B TOTOBBIX
U3JENNSX B YCIOBUAX TEX WIN UHBIX pa3pyllia-
omux Harpy3ok [20, 21]. ImenHO mosTomy
JKCIEPUMEHTAJIbHBIE UCCIIEOBAHUS CTPYKTY-
PBI ¥ €€ 3aBUCUMOCTH OT TEXHOJIOIMYECKHX Ta-
pamMeTpoB (GOPMHUPOBAHUS MOKPHITUN AKTyallb-
HbI ¥ UMEIOT Ba)KHOE IPAKTUYECKOE 3HAYCHHUE.

JUig u3y4eHust CTpyKTYphbl TOJIy4EHHBIX Ma-
TEPUAJIOB C KOMIIO3UIIMOHHBIMU 3BTEKTUYECKHU-
MU MOKPBITUSAMHU HCIOJIb30BAIN JJIEKTPOHHBIN
Mukpockon JSM-7001F ¢ TepmoaMuccrnOHHBIM
KaToZIOM M DHEPro-IUCIEPCUOHHBIM CIEKTPO-
METPOM PEHTI€HOBCKOTO M3JIY4YEHMsI, a TAKXKe
Metayiorpapuueckuid  Mukpockon MIUM-8.
W3 MeXaHNYECKUX XapaKTEPUCTHUK OIPENEIsIIN
MuKpoTBeprocTs H 1 TBeprocTs mo Bukkepcy
HV.

HccnenoBanust mokasainu, 4To CTPYKTypa II0-
KPBITHS MaJIO 3aBUCHUT OT MaTepuasla UCIOJIb30-
BaHHBIX MOIJIOKEK (CTaJIN U MOJTMO/IeHA) U OTIpe-
JIeNIIeTCA COCTaBOM LUIMKEpa U NapamMeTpaMu

TEPMHUYECKOTO BO3JEHCTBUS Ui OIJIABICHHUS.
HekoTopble pasznuuus HaOIIOJAIMCh B II0-
IPAaHUYHBIX 30HaX KOHTAaKTa IMOUIOKKU C TIO0-
KpBITHEM. DTU pa3nuyusi B OOJbIICH CTENeHU
CBSI3aHBl C Pa3HBIMU AEKTPOPUZNUECKUMH U
TETIOBBIMHU CBOMCTBAMHU IOJVIOKEK — DIIEKTPO-
COIIPOTHUBIICHUEM, TEIJIONPOBOJHOCTBIO, Tell-
JI0OEMKOCTBIO, CMaUMBAaEMOCTBIO, U B MEHbIIEH
— ¢ o0pa3oBaHUEM pa3IMYHBIX XUMHUYECKUX
COEMHEHUH B IPUTPAHUYHOM CIIOE.

[Ipu nHarpeBanum oOpasna MoaubaeHa c
TPEX2JIEMEHTHBIM TIOKpPBITHEM cocTaBa Ni-
5B-5Si (Bec. %) yxxe 0 TeMmepaTypbl OKOIIO
800 °C axTuBU3HpYETCS IK30TEpMHUUECKas pe-
akius 00pa30BaHus CUIIMLUA0B U OOPUIOB HU-
KeJIst, MPOTeKaHue KOTOpor (PUKCUpPOBaIIN BU3Y-
anbHO. BO3HUKaroye B CHUCTEME IOKpbITHE
— MOJUIOKKA MEXaHUYECKHE HAIPSHKEHUS TIPH-
BOJAT K PACTPECKUBAHUIO ITUKEPHOTO CIIOSI, a
CJICZICTBUEM HK30TEPMUYECKOM peakluu SBIIs-
€TCsl IONIOJIHUTENIbHOE JIOKAJIbHOE TOBBILICHHUE
TeMIIepaTyphl, MPUBOJAIIEE K OOpa30BAHUIO
KHUJIKOW IBTEKTUYECKOM (pa3bl CHayasa B Hau-
OoJiee ropsYMX ydyacTKax BOJU3U IpaHHIIbI TIO/I-
J0KKH co mukepoM (puc. 1). XKuakocts ner-
KO MpocayuBaeTcs Mo jaedexkraM MUINKEPHOTO
CJIOSI Ha €ro MOBEPXHOCTH, I1e PU OCTHIBAHUU
KPUCTAJUIU3YETCH.

Puc. 1. Henonnoe omasieHue MokpeITHS cocTtaBa Ni-
5B-5Si (Bec. %):

1 — croii pacriiiaBa Ha rpaHHIE MOJIHO/ICHA U IIITHKEPA;
2 — TpEUIVHBI B HUTUKEPHOM CIIOE;

3 — cteponaHbIe Karum 3aTBEpAEBIICH IBTEKTHKH

Meramiorpaguueckuii M PEHTIEHOBCKHM
aHaJIN3bl I0KA3aJ1, YTO OCHOBOM IOKPBITHUS SIBIIS-
eTCsI DBTEKTHUECKasi cMech cocTaBa 96,36 % Ni
+ 3,64 % B (Bec. %), oOpasyroriasicst Mexy HU-
KesieM U ero Husium 6opunom Ni,B. TTockons-
Ky OOp BBICTYMaeT aKTUBHBIM BOCCTaHOBUTEJIEM
OKCHJIOB, KOTOpbIE MOTYT IIPUCYTCTBOBATh B I10-
KPBITUH KaK TEXHOJIOIMYECKHE NPUMECH, €ro
HEKOTOPBI M30BITOK B UCXOJHOM MOPOIIKE MO
OTHOILIEHUIO K 3BTEKTUYECKOMY COCTaBY BIIOJIHE
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KOPPEKTEeH M Jake HeOoOXOAMM. OBTEKTHKa
Ni-Ni,B obecneunBaer xoporuee pacTeKaHue
pacrjiaBa U CMauMBaHUE MMOBEPXHOCTH IMOJIO-
KKH (cM. puc. 1, anement 1), uto npengornpene-
JSIeT BBICOKYIO aJre3uto MOKpbITHs. [loBepx-
HOCTb HEpaCIJIaBIEHHOTO IUIUKEPa, HAITPOTHB,
CMa4YMBAETCs 3HAUUTENHHO Xy’Ke (KpaeBoil yroiu
cmaunBanus O6onbiie 110°), U npu KpucTam-
3allMU HBTEKTUKU TOCJIE TUIABJIEHUS J0 3TOU
cTaauu (1mociie Harpesa B TeueHue 3—4 ¢) oHa
coOMpaeTcst Ha MOBEPXHOCTH B BHJIE OTJIENb-
HBIX C(PepOUTHBIX Kamelb.

IIpu Temneparypax 1020—1040 °C mpo-
UCXOAUT OBICTPOE pacIjiaBlieHHE LUINKEPHO-
r0 TMOKPBITHSA, MPU KPUCTAUIM3ALUU KOTOPO-
ro Qopmupyercs TpaAMLMOHHAS JIEHAPUTHAs

CTpyKTypa (pHc. 2).

Puc. 2. Mukpoctpykrypa nokpsitust Ni-Si-B, orasnen-
Horo nipu 1020—1040 °C

DJeMeHThl JIeHAPUTOB (OPMUPYIOTCS TO-
CJIOMHO C TOJILIMHOM mpociioek pocta oT 50 1o
300 uMm (puc. 3).

Puc. 3. Hamomerpmdeckwe NpPOCIOWKH ICHIPUTHBIX
KpPHUCTAJUIOB B MOKPHITHH Ni-Si-B

Heo0xonuMo OTMETUTH, YTO MOIYYEHHOE
MIOKPBITUE JOCTATOYHO KOMIIAKTHO, €T0 ITOPUC-
TOCTh HE3HAUUTEINIbHA, 10 HAIIUM OLICHKaM He
npessimaet 2 %.

Ha texyuecTh NOKpBITHS CYLIECTBEHHO BJIU-
seT ¢popMa KpUBOH JIMKBHULyCA IBTEKTUKU HU-
Keb-00p. Y J03BTEKTUYECKHX COCTABOB JIH-
HUS JIMKBUAYCA TIPU YMEHBLIEHUH COIEP/KaHUS
6opa B cocTaBe JOCTATOUYHO KPYTO MOAHUMAET-
csl BBEpX, TeMIlepaTypa IUIaBIEHHUS COCTaBa
noBbImaercs (mpubdnuzurensHo Ha 100 °C Ha
MOTEPI0 KaXKJAOI0 MacCOBOIO IMpoleHTa 0opa),
MO3TOMY JIOCTATOYHO HeOOoNbIIMEe KoyeOaHus
TEMIIEpaTypbl IPH IUIABJIECHUH IIJTUKEPHOTO I10-
KPBITUSL OTHOCHUTEJIBHO C1a00 U3MEHSIOT COOT-
HOIIICHUE TBEPAOH M >KHUIKOH (a3, 4To mpak-
TUYECKH HE CKa3blBa€TCs Ha IOJBUKHOCTH
MOKPBITUS. Y 3a9BTEKTUYECKUX COCTABOB, I1E
quarpamma MMeeT IOJIOTYIO JTMHHUIO JIMKBUIY-
ca (mpupoct Temneparypsl okoso 25 °C npu
yBeIUYEHUH KoinmdecTBa 6opa Ha 1 %), naxe
HE3HAYUTEIIbHBIA TIEPErpeB CONPOBOXKIAETCS
PE3KHUM POCTOM 00BbeMa KUIKOH (a3bl U, COOT-
BETCTBEHHO, [TOJIBUKHOCTH PacIljIaBa.

J106aBKHM KpEeMHUS B CUCTEMY HUKEITb — 00p
IIPUBOAAT K HEKOTOPOMY CHM)KEHHUIO TEMIIEpPa-
Typbl 3BTEKTUKH, IPEICTABICHHON CIIOKHBIM
Ha0OpOM CHIIMKOOOPHUJOB HHKENS U JIBOMHBIX
dbasz [22].

beicTpoe oOxyaxneHus OIUIaBIEHHOIO Me-
TAJUIOKEPAMHUUYECKOTO TOKPBITHS NPUBOIUT K
CYLIECTBEHHOW KOHIEHTPAallUM BHYTPEHHUX
HaNpsDKEHUN B MOKPBITUH, peaKcalus KOTo-
PBIX MHHULIMUPYET PACTPECKUBAHUE KPYIHBIX
KPUCTAJUIUTOB TUIACTMHYATBIX OOpPHIOB NpHU
Harpys3kax HUXKe IIpeJiena TEKy4YeCTH MaTpHULbl,
YTO OOBIYHO CBOMCTBEHHO JIMTHIM MaTepHajam.

B 3aBucuMOCTH OT YCIOBHMM OXJIaKIEHUS
MHUKPOTBEPAOCTh (MPH Harpy3ke Ha MHIECHTOP
50 r) TBepAOro pacTBOpa Ha OCHOBE HUKEJS CO-
craBisier 400—450 kr/MM?, B cilydae YHCTOM
IBTEKTUKU MHKPOTBEPIOCTH TBEPAOIO PaCTBO-
pa 6opa B HuKese cocraBiseT ~190 kr/mm?, a
CJIO)KHBIX OBTEKTUK Ha 0CHOBe HUKens — 1100
—1500 xrc/mm?. Teepmocth 1o Bukkepcy
TpoiiHOU 3BTeKTHKHU Ni-Si-B Onu3ka k 3Haue-
Hito 900 Kre/Mmm2,

B nporecce co3nanus NOKpbITUS €CTECTBEH-
HBIM 00pazoM c(HOPMHUPOBATUCH TPOMEKYTOU-
HBIE CJIOM — TBEPJbIE PACTBOPHI, CHIXKAIOIINE
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IPaJUEHT CBOMCTB M HAIPSDKEHUS MEXKIY IIO-
KpBITHEM U OCHOBOMW. YCTaHOBIIEHO, 4TO 0OOp,
0014101 MaJIbIM HOHHBIM painycoM, ObIc-
Tpo U yHIUPYET B MOUIOKKY U YIIJIOTHSET
ee. IIpu 3TOM CylIeCTBEHHO pacTeT XpYNKOCTh
nokpeIThs. Jlo6aBKM XpoMa U KpeMHHs ocla-
OJISIFOT TaKOe HeraTWBHOE BIMsIHUE Oopa.

OnuaBneHue MUIMKEPOB HA OCHOBE IPOMBI-
uutenHoro mopomka [1I-CP4 (Ni-Cr-Si-B) u
nopotika TBepaoro crasa BK-6 (1o 50 Bec. %
B COCTaBe MOPOIIKA UTUKEPa) MPOUCXOAUT IPU
HECKOJIbKO Oouibliel Temneparype. B Havamb-
HOW CcTajguu oruiaBieHust (puc. 4) B CTPYKTy-
pe€ NPUCYTCTBYIOT KPUCTAJIIbI U3MEIBUYEHHOTO
TBEPJIOTO CIIJIaBa U OIUIABJIEHHOTO IBTEKTHYEC-
KOTO cIijiaBa. JJaHHyI0 CTaainio MOXKHO paccMa-
TPUBAaTh KaK HEKOTOPOE COYETAHHUE MPOLIECCOB
TUTaBJICHUS U CTIEKaHUs, IPUBO/IILEe K 00pazo-
BaHUIO NEPBUYHBIX MEXAaHUYECKUX KOHTAKTOB
MEXy COCTaBISIOUIMMH KOMIIO3UT BEILIECTBA-
MHU. B MecTax KOHTaKTa HBTEKTHUECKON MaTpHu-
Ibl KOMIIO3UTa C apMHUPYIOIIMMH YacTULAMU
TBEPJIOTO CIJIaBa HAOJOAeTCsl Xopollee cMa-
YMBaHHUE U B3aMMOJAEHCTBHE.

Puc. 4. HavanpHas crajgus omuiaBieHUs] NOKPHITHS Ni-
Cr-Si-B ¢ mobaBkamu TBepaoro ciuiaBa (Temreparypa
1050 °C)

JIJis TIONHOTO OIUTIABIIEHUS KOMIO3UTHOTO
nunkepa [1I-CP4/BK-6 (Ni-Cr-Si-B/WC-Co)
HeoOxoquma temrieparypa okono 1080 °C. Om-
peneneHHoN CTPYKTYPHOH OCOOEHHOCTHIO MMO-
BEPXHOCTU TOKPBITUS SBISETCS HaIU4Me Ha
HEeH OCTPOBKOBBIX YYaCTKOB OOPOCHINKATHOTO
CTEKJIa C pa3MepaMu OT IECSTKOB JI0 COTEH MHU-
KpomeTpoB (puc. 5). TBepAOCTb YUCTON IBTEK-
tuku Ni-Cr-Si-B cocrasister 800—900 kre/mm?,

a TBEpAbIX AMCIIEPCHBIX BKIIOYEHUU B HEH
1100—1200 kre/mm?,

Puc. 5. TloBepxHOCTh orranerHoro mpu 1080 °C mo-
kpertus u3 mopomrkos I1I'-CP4 u tBeproro crmaBa BK-6

HccnenoBanusi MHUKPOCTPYKTYPBI TTOKpPBI-
TS Ha cTany (puc. 6) BHIIBWIN HAJIMUKE B HEM
OTZAEIBbHBIX MPOJOITOBaThIX MOP, PACIIOIOKEH-
HBIX, B OCHOBHOM, BOKPYT TBEPJOCIUIABHBIX ap-
MUPYIOIINX BKIIFOYEHUI.

!. :,I ‘ _.-_r.

Puc. 6. MukpocTpykrypa o0pasia ¢ IMOKPhITHEM U3 T10-
poiukoB I1I'-CP4 u tBepnoro cinasa BK-6: a — xommo-
3MLUOHHBIN KOHTPACT; O — TOMOTpadUuECKU KOHTPACT,
1 — BKJIIOYEHHUS YAaCTHI[ TBEPJIOTO CILJIaBa B ITOKPBITHH,
2 — DBTEKTHKA B ITOKPBITHH, 3 — cerperanus 00puaoB B
MPUTPAHUYHOM CJIO€ OCHOBBI, 4 — OCHOBA
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B ocHOBy no rpaHunam 3epeH Ha IIIyOUHY
10 20 MM 1udyHanpyet 0op, Ipu 3ToM 0opa-
30BaHMs 3aMETHOTO KOJIMYECTBA MPOMEKYTOU-
HBIX XPYIKUX OOpUIHBIX (a3 keje3a Ha Ipa-
HUIIE OCHOBBI M IOKPBITHS HE OOHAPYXKEHO.
OTcyTcTBHE UX O0BSACHSAETCS MAJIOH MTPOIOIIKHU-
TEJIbHOCTBIO CYIIIECTBOBAHMS paciiaBa. Takum
00pa3oM MOKHO TMPEaNOIOKUTh, YTO OXpY-
MYMBaHUE OOPA3LOB C MOKPHITUAMHU MPU OI-
JaBIIEHUHM B TeYeHUU 2—4 ¢ HE MPOUCXOIUT.

HInukepnoe nokpsitue cocrasa Ni-Cr-Si-B/
WC-Co Ha cTanu ObUIO OIIIaBIEHO TAKXKe JEK-
TPOUMITYJIbCHBIM HarpeBaHHEM Ha BO3JyXe.
IIpu TakoM crnoco0e ATUTETBHOCTh MAaKCH-
MaJIbHOTO TEPMUYECKOTO BO3JEHCTBUS HA 00b-
eKT COKpalaercs 0 JeCAThIX JOJeH CeKyHIbl,
3a CYET YEero CyIEeCTBEHHOTO OKUCIIEHUS MaTe-
pHAJIOB HE IPOUCXO/TUT.

B MOKpBITUM NPUCYTCTBYET 3BTEKTHKA C
TBEPOCIUIABHBIMH BKIIFOUEHUSAMHU (puUC. 7).

Puc. 7. Tlonepeunsiii numd nepudepuiiHoro ydacrka
nokpbiTust T1I'-CP4/BK-6, oruiaBieHHOTO 3JIEKTPOUM-
MYJIbCHBIM BO3/ICUCTBHEM

Ha mnepugepuifHpix yyacTkax IUIaBICHOM
30HBI 3aMETHA I'paHULA pa3zeina MOKPBITUSA U
OCHOBBI (yKa3aHa CTpEJNKOil Ha puc. 7), BBIsB-
nsiemMas Ha M300paXKeHUAX ¢ KOMIO3ULIMOHHBIM
KOHTPAacTOM BCJIEICTBUE BEPOSITHOM Cerpera-
un 6opa. B rienTpanbHoii yacTi obpasia Tem-
nepaTypa BbIIIE, TEMIIEpaTypHOe mose Oonee
oxaHopoHo. [TokpsiTHE chopMUpOBaHO MHOTO-
JIEMEHTHOW JBTEKTUKOW C BKJIIOUEHUSIMU 3€-
PEH TBEPIOTO CIUIaBA, pa3Mep KOTOPBIX MOXKET
nocturath 40 Mxm (puc. 8). Ha monepednbix
nutrdax BblIeNeHus 60pa 1o rpaHUIaM 3epeH U
BUJIMMBbIE TIpU3HAKU Tuddy3un 6opa B OCHOBY

He 3aUKCHPOBAHbBI, YTO MOATBEPKAAET MPE-
MOYTUTENBHOCTH OblcTpoTeuHbIX (0,1 ¢) mpo-
I[ECCOB TEIUIOBOTO BO3ACUCTBUS MpHU (HopMu-
POBaHUU KOMIO3UTHBIX KPEMHUNCOAEPKAIINX
nokpeITuil Ha ocHoBe Ni-Cr-Si-B ¢ TBepasiMu
J00aBKaMH.

7E
-

&

Puc. 8. TIoBepXHOCTh TOKPBITHS, OIIABIEHHOTO JIEK-
TPOUMITYIIECHBIM BO3JEHCTBHEM

BBenenne aumcwmunmaa wmonuOaeHa (1o
30 %) B KauecTBe TBEPAOH JOOABKU B TPEXKOM-
TIOHEHTHBIN COCTaB HUKEINsl, KpeMHUsI U Oopa
MO3BOJIMIIO  YIYYLIMTh Ka4eCTBO IMOKPBITHS
(puc. 9): CHU3UTH MOPUCTOCTH, YAYUIIUTH KOM-
MaKTHOCTH ¥ CIUIOITHOCTh TPAHHIIBI C OCHOBOM
(u ans cramm, W ISl MONMHO/IEHa B KadyecTBe
TTOJIJIOMKEK ).

Puc. 9. Crpykrypa omnaBneHHOro moxpeitust 70 % —
Ni-Si-B, 30 % — MoSi,

YacTuipl IUCHIMLIHMAA MOJ'II/I6}1€H3. XOpo-
oo CMa4YuBarOTCsa 3BTCKTPIKOI>1, MIpOUCXoaAuT
HUX 9aCTUYHOC paCTBOPCHUC B HEH. TBepI[OCTB
10 BHKKepcy AUCHCPCHBIX JTHUCHIIMIHUIHBIX
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ApPMUPYIOIIUX BKJIIOYEHUH COCTABISIET OKOJIO
1200 xr/mm?, a 3a cueT 0Opa3oBaHus OOPHIOB
1 kap60o6opu10B MONMHOAEHa MUKPOTBEPAOCTh
OTIEIbHBIX MENKHX 3epeH pocturaer 2000—
2600 xrc/mm?.

B nanHoii paboTe He MPOBOAMIIMCH HCCIE-
JIOBaHUsI HEMOCPEACTBEHHO HM3HOCOCTOMKOCTHU
MOJTyYEHHBIX TTOKPHITHI B peaTbHBIX YCIOBHIX
win B nabopaTopHbIX HcIbITaHusx. Ompene-
JSBIIHECS B pab0Te MEXaHUUYECKHUE XapaKTepH-
CTMKH MOBEPXHOCTHU (TBEpAOCTh MO Bukkepcy,
MHUKpPOTBEPAOCTh) B OOJBIIMHCTBE CIy4aeB
MOTYT CITy’)KUTh Ka4€CTBEHHBIM KPUTEPUEM U3-
HOCOCTOMKOCTH TMOKPBITUH TIpU abpa3uBHOM
M3HOCE, B TOM YHUCIIE IPH OTHOBPEMEHHOM Tep-
MHYECKOM BO3/IECHCTBUH. YBEIMUYEHUE TBEPJO-
CTH 1o BuKkepcy B cpaBHEHHUH C OCHOBHBIM
MeTasioM B 1,5 pa3a MOXKeT MpUBECTH K MOBBI-
LIEHUI0 M3HOCOCTOMKOCTH MOKphITHS B 2—10
pa3. YKa3aHHBIN MMOIXO/ SBISETCS BIIOIHE KOP-
PEKTHBIM OIICHOYHBIM TMPUOIMKEHUEM, YTO
OBUIO MOJATBEPXK/IEHO B pabOTaX, paHee BHINOI-
HeHHbIX aBropamu [10, 17]. IlpaBunbHOE coO-
OTHOLIEHHE OObEMOB TBEPIBIX BKIIOYCHUN
U TUIACTUYHON MaTpHIIbI, pa3Mepbl TBEPIbIX
BKJIFOYEHHH, yOapHON BS3KOCTH MarepHhalioB
BKJIFOYEHHH, CMaYMBAEMOCTh TBEPBIX BKITIOUE-
HUH pacmyiaBOM MaTPUIlbl, MUHUMAJIbHOE KOJIH-
YeCTBO AC(PEKTOB MPUBOAUT K JTYUIITNM Xapak-
TEPUCTHKAM U3HOCOCTOUKOCTH.

OCHOBHBIE PE3YJIBTATHBI 1
BbIBO/IbI

1. Ha ocHoBe aHanW3a JaHHBIX 110 BBICOKO-
CKOPOCTHBIM METOJAM ITOJIyYEHHS] MHOTO)d-
JI€MEHTHBIX ()YHKIIMOHATBHBIX KOMIO3UITH-
OHHBIX TIOKPHITHM BBIOpaHA MUIMKEpHAs
TEXHOJIOTUS C IMOCIEAYIOIIMUM OIUIABIEHU-
€M MOKPBITHSL.

2. Ha ocHOBe MOpOIIKOBBIX CMECEl COCTaBa
Ni-Si-B u Ni-Cr-Si-B coOcTBeHHOTr0 HM3ro-
TOBJICHUS] U MPOMBILIJIEHHO BBIITYCKaeMBbIX
MOJIy4eHbl HSBTEKTUUYECKUE TOKPBITHUA Ha
CTAJIBLHBIX M MOJHUOIEHOBBLIX ITOMIOXKKAX.
HarpeB kOMIO3UTHBIX CHCTEM JJIs TUIaBIIE-
HUS UTHTPEIUEHTOB OCYILECTBIISIIN MPSMbIM
MPOITYCKAHUEM TOKa B BaKyyM€ U JJIEKTPO-
WMITYJIbCHBIM BO3JEHCTBUEM HA BO3AYXE.

3. IpunarpeBaHu# 00pa3OB MPSIMbIM IPOITYC-
KaHUEM TOKa HUIMKEPHBIN CJIOM B HEKOTOPOM

CTETIeHHU U30JUPYET TEIIOBOM MOTOK OT IMOJI-
JIOKKH, BIIMSAS HA TEIJIOBOE MOJIe, MpoLecc
TUTaBKH ¥ TIOCIIETYIOIY IO KPUCTAUIN3ALIUIO
IIpU OXJIAXKeHUU. BappupoBaHue JIUTeNb-
HOCTH HarpeBa M TOJIIIMHBI LUIMKEpa MO-
3BOJIET YNPABIATh MaKpO- U MUKPOCTPYK-
TYPHBIMH XapaKTEepUCTUKAMU KOMITO3UTA.

4. TToKpBITHSL XOPOIIO CMaYMBAIOT MOJIOKKH,
YTO CIIOCOOCTBYET BBICOKOM aJre3uu B CH-
cTeMe NOKpeITHe — ocHoBa. CpaBHEHHE
CTPYKTYpPHBIX XapaKT€PUCTHUK U CBOMCTB
MOKPBITUI TMOKAa3aJH, YTO BHICOKOCKOPOCT-
HO€ (hOPMHUPOBAHUE MTOKPHITHIA OILIABICHU-
€M MO3BOJISIET C OHON CTOPOHBI MOIYYUTh
3alIUTHBIA CIIOW TpeOyeMo#l TONIIUHBI, a
C Jpyroil CTOpOHBI HpPEAOTBpAIlaeT Ype3-
MEpHOE OXpYIYMBAHUE MaTeprana OCHOBBI
BCJIEJICTBHE 00pa3oBaHMs OOpUIHBIX (a3.

5. TlomyueHbl KOMITO3UIIMOHHBIE TOKPHITHS HA
OCHOBE yKa3aHHBIX IBTEKTHUK C apMHUPYIO-
MMHU 100aBKaMU TBEPJIBIX CIUIABOB M JM-
CUJIMIMJIAa MOJUOJECHA. YCTaHOBIEHO, YTO
N00aBKU AUCWIIMLIUAA MOJIMO/ICHA ITOBBIIIIA-
IOT OJHOPOIHOCTH IMOKPBITHSA, HE CHMXKas
€ro TBepAOCTb. [Ipu 3TOM Takke BIIOJIHE
BEPOSITHO MOBBIIIIEHUE 5KaPOCTOUKOCTH TO-
KPBITHSI.
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