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Annomauus. PazpaboraHa TeXHOJIOTUSI CUHTE3a TYTJIEKCHBIX BAKYYMHO-TIJIa3MEHHBIX TMTOKPBITUI CUCTEMBbI
TiZrAIN nns neraneil aBUaLlMOHHBIX IBUTATeNIel 1 YHEProyCTaHOBOK, BKITIOUAlOIasl B ce0sl MOCaeA0BaTEIbHO
BBITOJTHsIEMbIE MTPOLIECChl MOHHO-TIa3MEHHOTO a30TUPOBAaHMSI TOBEPXHOCTHOTO CJIOSI U CUHTE3a MHOTOCIOMHOTO
MOKPBITUS C MIOHHBIM aCCUCTUPOBAHUEM U cenapalueil MoToKa Iia3Mbl B OTHOM OMNEePallMOHHOM MPOCTPaH-
cTBe. Peanu3aiiysi TeXHOJIOTMU CUHTE3a MYTUIEKCHBIX TTOKPBITUI OCYIIECTBIISUIACH C TTIOMOIIBIO MJIa3MEHHOTO
HMCTOYHMKA C HAKaJbHbIM KaTOAOM, ITIOMEILEHHOTO HA MOIECPHU3MPOBAHHON MOHHO-TIJIA3MEHHOI yCTaHOBKE
kamepHoro tuma HHB 6.6 — W1, u cucteMbl MAarHUTHO-IYTOBOM (DMIIBTPAIIN 3JIEKTPOIYTOBOTO MCTIAPUTEIST
¢ Al-karonowm. IlpencraBieHbl PU3NKO-MEXAHUYECKME U DKCIUIyaTallMOHHbIE CBOMCTBA MHOTOCIOWHBIX U y-
TJIEKCHBIX BAKYYMHO-TLJIa3MEeHHbBIX MOKPBITUI, CHHTE3MPOBAHHBIX C MOHHBIM aCCUCTUPOBAHUEM U cerapauueit
MoToKa rjia3mel. [IpuBeneHbl pe3yabraThl IKCIIEPUMEHTATbHBIX MCCIIENOBAHN T MUKPOTBEPIOCTH, aATe3MOHHOM
MPOYHOCTU U KOPPO3MOHHON CTOMKOCTU MHOTOCIOMHBIX U IYTJIEKCHBIX TTOKPBITUI, ChOPMUPOBAHHBIX Ha
MOBEPXHOCTH 00pa3110B U3 cruiaBa BT8 BakyyMHO-1J1a3MEeHHBIM METOIOM B YCJIOBHSIX MJIa3MEHHOI'O aCCUCTH-
poBaHusl. [TokazaHo, 4TO IyTIeKCHbIE TOKPBITUS IO CPABHEHUIO C MHOTOCIOMHBIM ITOKPBITUEM UMEIOT OoJiee
BBICOKYIO MUKPOTBEPIOCTb Oyarofaps ¢ HAHECEHUIO MOKPBITHUS HA YK€ YIPOUYHEHHYI0O MOHHO-TJIa3MEHHBIM
a30TUPOBAHUEM MOBEPXHOCTh. YCTAHOBJIEHO, YTO AYIJIEKCHOE MTOKPBHITUE, CUHTE3UPOBAHHOE 10 pa3paboTaH-
HOM TEXHOJIOTMU, UMEET 0oJiee BBICOKYIO CTOMKOCTh K KOPPO3UHU U are3MOHHYIO TIPOYHOCTD MO CPaBHEHUIO
C MHOTOCJIOMHBIM BaKyyMHO-IIJIa3MEHHbBIM MOKPBITUEM U IYTJIEKCHBIM MOKPHITHEM, CUHTE3UPOBaHHBIM 0e3
cernapalvu ria3MeHHOTO MOToKa.

Karueeste cr06a: BaKkyyMHO-TUIa3MEHHbIE TTIOKPBITUS, TYTUIEKCHbBIE TTOKPBITUSI, MOHHOE aCCUCTUPOBAHUE,
MarHUTHO-AyToBasl (puIbTpaLus, a30THPOBAHME
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Abstract

The article considers the up-to-date problem of the power plant parts resource enhancing. One of this problem
solution consists in synthesis of duplex coatings, representing multi-layer coatings being created by successive surface
modification, and coating precipitation in the unitary operational space. The surface layer ion-plasma nitration in
the plasma of non-self-maintained high-current discharge, generated by the “PINK” plasma generator is employed
as a surface modification method. A method of condensation with ion bombardment is applied as a plasma-ion
method for protective coatings obtaining. The authors proposed obtaining duplex coatings of the TiZrAIN system
on the HNV 6.6-11 modernized chamber-type installation equipped with the electric arc evaporators with Ti, Zr
and Al cathodes.

With a view to vacuum ion-plasma coatings with the complex of enhanced operational properties creating a
technology for duplex coatings of the TiZrAIN system, including successive employment of ion-plasma nitration and
ion-plasma deposition in the unitary operational space was created. These two technological processes combining
in the unitary operational space is performed without vacuum chamber depressurizing and overloading substrates
being processed. The TiZrAIN system coatings synthesis was being performed under conditions of plasma assisting
by the “PINK” plasma generator. A system of the magnetic-arc filtration for the electric arc evaporator with
Al-cathode is being employed while coatings deposition, which allows accomplishing separation of the drop phase
of low-melting aluminum, and contributes to substantial drop phase reduction in the coating and initial substrate
roughness retention.

Samples of the 20 mm diameter and 3 mm height were obtained for studying micro-hardness, adhesive strength
and corrosion resistance. The studies of the duplex coating of the TiZrAIN system synthesized by the developed
technology were being performed in comparison with the multi-layer coating obtained by the vacuum ion-plasma
method, as well as with the duplex coating obtained by successive pursuance of the ion-plasma nitration, and
synthesis of the vacuum-ion coating (without plasma current separation).

The synthesized coatings surface micro-hardness measuring revealed that duplex coatings micro-hardness was
higher compared to the multilayer coating, which is being associated with the coating surface layer application on
the surface already strengthened by the ion-plasma nitration. Surface micro-hardness of the duplex coating being
synthesized, obtained without plasma separation was 45.2 GPa, 46.6 GPa fabricated by the developed technology,
while the multi-layer coating micro-hardness was 35.3 GPa.

The study of micro-photos of scratches and profile protocols of the fracture zones obtained while scratch-testing
revealed that duplex coatings synthesized by the developed technologies was being characterized by the enhanced
adhesive strength. Loading of the first cracks origination in the duplex coatings is 20 mN, whereas the one of
multilayer coatings is 14.83 mN.

Corrosion rate studies revealed that with the duplex coating with plasma flux separation it was 11.7% less than
the samples with duplex coating without plasma flux separation and 30.1% less than for the samples with multilayer
coating. Consequently, the surface of the coating synthesized by the developed technology is more passive, which
indicates its higher corrosion resistance.

The conducted studies results confirmed the prospective of the developed technology of duplex coatings synthesis
application for the power plants parts protection from abrasive, corrosive and erosion impacts.
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Bsenenue

BcE 6onee BeicoOKMe TpeOOBaHMS, IPEIbIBIIsIEMbIS
K HaJIeXKHOCTU OCHOBHBIX JIeTaJIeii 1 y3710B aBUaIBU -
ratejieii 1 YHEProyCTaHOBOK, IIPA OOJHOBPEMEHHOM
yKECTOYEHMHU YCIOBUM UX IKCIUIyaTalluu, TUKTYIOT
HEOOXOIMMOCTh BHEAPEHUS HOBBIX TEXHOJIOTH-
YECKUX pEUICHUN U TEXHOJOTUM, OCHOBAHHBIX Ha
BbICOKOA(D(PeKTUBHBIX MeTonax oopadboTku [1, 2]. B
CJIOKUBILMXCS YCJIIOBUSX NPOU3BOICTBA IS TTOBBI-
IIEHUS 9KCIUTyaTallMOHHBIX CBOMICTB OTBETCTBEHHBIX
JieTaleii dHEpreTuYeckKruX yCTaHOBOK Bce OOJiblIee
MIpUMEHEHNEe HaXOAIT BaKyyMHO-IUIa3MEHHEBIE TeX-
HOJIOTMM CO3IaHUsI pa3iMYHOI0 TUIIA 3aLIUTHBIX
MmokpbITHii [3—8].

B nocnennue ronbl cpeau Haubojiee MHTEHCUBHO
Pa3BUBAIOIINXCS BAKYYMHBIX MOHHO-IIJIa3MEHHBIX
TEXHOJIOTUN HAHECEHMUS 3aLIMTHBIX IMOKPBITUM
0COOBIII MHTEePEC BBI3BLIBAIOT TEXHOJIOTUM CHHTE3a
IYTJIEKCHBIX MOKPBITUH, TIPEACTABISIONINX CO00M
MHOTOCJIOMHBIE MMOKPHITUSA, CO3IaBaeMble IMyTeM
rnocJjienoBaTebHOI MOAM(UKALIMU MOBEPXHOCTU U
OCaXIEHUS MOKPBITHUS B OMHOM OITepallMOHHOM IIPO-
cTpaHcTBe [5, 9—14].

B xauecTBe MeToma MomuuUKaNM MOBEPXHOCTU
HauboJiee IMMPOKO IPUMEHSIETCSI METOI MIOHHOTO a30-
THUPOBaHUSI, IIOBHIIIAIONINIA TBEPAOCTh YIIPOYHEHHOM
IMOBEPXHOCTU, KOPPO3UOHHYIO CTOMKOCTb, COITPOTUB-
JIEHHWE YCTaJIOCTA U NU3HOCOCTOMKOCTh. COBpeMeHHbIE
METO/Ibl A30TUPOBAHUS OT IPOCTOr0 MIOHHOIO a30TH-
pOBaHUS IO MOHHO-IUIAa3MEHHOTO a30TUPOBAHUS U
a30TUPOBAHUS B CKPEIIEHHBIX MAarHUTHBIX U 3JIeK-
TPUYECKMX TTOJISIX ITTO3BOJISIIOT HE TOJILKO MOJIYYUTh
BBIIIENIEPEUUCICHHbIE CBOMCTBA, HO U 3HAYUTEILHO
COKpaTUTh BpeMsl 00pabOTKM, YBEJIMYUTD TOJIIINHY
MOIMGULIMPOBAHHOIO CJIOSI, 00ECIIEYUTh TTOJIydeHUe
I1hOY3MOHHBIX CIOEB TPeOyeMOro cocraBa U CTPO-
€HUSI, TOBBICUTh YMCTOTY MOBEPXHOCTHU U IKCILIyaTa-
LIMOHHEKIE CBOICTBA [6, 15—20].

Hanbonee appekTUBHBIM BaKyyMHBIM MOHHO-
IUIa3MEHHBIM METOIOM IOJIyYeHUS ITOKPBITUI SIBJISIET-
¢S METOJ, KOHIEHCAlIMM ¢ MIOHHOI 00MOapIupoOBKOIA.
JlaHHBII METO/I IT03BOJISIET CUHTE3MPOBATh IOKPHITHUS
C IOBBILLIEHHOM TBEPAOCTHIO M IPOYHOCTBIO, BLICOKOM
TPEIIMHOCTOMKOCTBIO, 3PO3MOHHOM Y KOPPO3MOHHOM
CTOMKOCTBIO, CTOMKOCTBIO K a0pa3rBHOMY U (DPETTUHT -
u3Hocy [2, 7, 13—18].

HecMmoTpst Ha 3HAUUTENBHBII MHTEPEC K BO3MOXHO-
CTSIM AYTLJIEKCHBIX TTOKPBITUI, CUHTE3UPYEMbIX BaKy-
YMHO-TIJIA3MEHHBIMU METOJAMMU, TIOUCK TEXHUYECKUX
pelleHuit o pazpadborke 3¢ HEeKTUBHBIX CTOCOOOB 1
MPOLIECCOB CUHTE3a AYIJIEKCHBIX MOKPHITUI, 00Ja-
JAIOIIUX KOMILJIEKCOM BBICOKMX 3alllUTHBIX CBONCTB
1 o0ecrneyrBalInX HaEXKHOCTb U JTOJATOBEYHOCTD
JieTajeil 9HepreTMYeCcKuX yCTaHOBOK, SIBJISIETCS] aKTy-
AJIbHOW 3a1avyeil.

Ha cerogHsimiHuii 1eHb B MpaKTUKE 3alUThl MMO-
BEPXHOCTHU OT arpecCUBHOrO BO3IEHCTBUSI XOPOILIO
3apeKoMeHI0Balu cebs BaKyyMHO-IIJIa3MeHHbBIE
MOKpbITUS Ha ocHOoBe Al u Ti, mMo3BOJISIIONINE TTOBBI-
CUTb MPOYHOCTb, TEIJIO-, KapO- U UBHOCOCTOMKOCTD
[5, 7]. OnHako Takue MOKPBITUS XapaKTepU3yIOTCs
HEI0CTaTOYHON CTOMKOCTbIO K Kopposuu [1, 11, 12,
21]. JobaBneHue B KOMITO3ULIMIO MOKPBITHUST KOPPO-
3MOHHO-CTOMKOTO LIMPKOHUS MO3BOJISET MOBBICUTD
AHTUKOPPO3MOHHBIE CBOMCTBA MOBEPXHOCTHOT'O CJIOS.

[lenpio pa®oThI sABASIETCSI MCCIelOBaHUE U pa3-
paboTKa TEXHOJIOTMU CUHTE3a OYIJICKCHBIX MOKPbI-
tuii cuctembl TiZrAIN nmyTem mocjienoBaTeJbHOIo
a30TUPOBaHUs B IUIa3Me TP @Y3MOHHOIO pa3psiia U
BaKyyMHO-TIJITa3MEHHOTO HarbLICHUS.

MeTobl M MATEPHAJIBI

HaneceHue nymjieKCHBIX BaKYYMHBIX MOHHO-
ruia3MeHHbIX MoKpbITUit (BUTT-moKpbITHiT) cUCTEMBI
TiZrAIN ocylIecTBISJIOCh HA MOJIEPHU3UPOBAHHOM
ycTtaHoBke kamepHoro tuna HHB 6.6—W11, ocHa-
IIEHHON TpeMs TOPLEBbIMU 3JIEKTPOAYTOBBIMU
ucnaputenasamu ¢ Ti-, Zr- n Al-karonamu. MonepHu-
3allMsl 3aKJI04ajiach B yCTaHOBKE IIJIa3MOreHepaTopa
I[TMHK, mo3Bossitolero co3naBaTh MJ1a3My MOBBILLIEH-
HOM TIOTHOCTU ¥ OJHOPOAHOCTH, a TAKXKE CUCTEMBbI
MarHUTHO-AYTOBOU (bUJIbTpallMK, MO3BOJISTIONIEH
3HAYUTEIbHO CHU3UTD KalleJIbHYI0 (pa3y B IMOKPHITH-
sx. B KkauecTBe peaklIMOHHOTO ra3a MCMHOJb30Bajlu
N,. s mojJlydeHus] MHOTOCIOMHON CTPYKTYPHI
C PaBHOMEPHBIM pacrpenesieHUEM TOJIIMHbBI CJIOEB
MOKPBITUS 00Pa31IbI pacIiojlarajJiuch Ha pabodyeM CTOJIe
YCTaHOBKM Y MIPU HAHECEHUU MOKPBITUI pABHOMEPHO
IJIJaHeTapHO BpalllaJiiCh OTHOCUTEJIbHO OCHU CTOJa
W COOCTBEHHOM OCH.

B xauecTBe nom10XKeK UCIOIb30BaIUCh IMJIMHIPU-
yeckue 00pasibl guaMeTpoM 20 MM 1 TOJIIIMHOM 3 MM,
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M3TOTOBJIEHHBIC M3 Hanmboyiee pacIpoOCTPaHEHHOTO
B 9HEProMalIMHOCTPOEHUN TUTaHOBOrO crutaBa BT 8
(11epoxoBaToCTh MoBepxHoCcTH Ra = 1,6 MKM).

[IpenBapuTenbHast MOATOTOBKA MOBEPXHOCTH MO -
JIOXKEK 3aKITI0Yasiach B XUMUYECKOI OUMCTKE alleTOHOM
B BBITSDKHOM IIKa(dy M OUMCTKE B YIbTPa3ByKOBOI
MOIKe.

st onipeneseHus TOMIIMHbBI MTOKPBITUIA UCITOIb30-
Bajcsa npubop Calotest Industrial CSM Instruments.
st ouleHKU aAre3auOHHOM MPOYHOCTU MOKPBITUI
MIPUMEHSJICSI METO LiapanaHus (scratch-test) Ha ycra-
HoBke CSEM Micro Scratch Tester. MUKpOTBEpaOCTD
00pa3IoB C TMMOKPBITHEM OTPENeIsAIach ¢ MIOMOIIBIO
mukpoteepaomepa [TMT-3. Koppo3noHHast CTORKOCTb
00pa3IoB ¢ MOKPBITHEM MCCIEA0Baach BECOBBIM
meromoM conmacHo 'OCT 30630.2.5—2013 ¢ ucronb-
3oBaHMeM aHanuTudeckux Becop OHAUS PA64C
U BJIEKTPOXUMUYECKHIM METOIOM.

BakyymHo-1/1a3MeHHAas TEXHOJIOTHS CHUHTE3a
JyNJIeKCHbIX MOKpbITHIA cucTeMbl TiZrAIN

C uenbto coznanusi BUTT-ToKpbITHIA ¢ KOMITIEKCOM
TMOBBILIEHHbBIX 9KCIUTyaTallMOHHBIX CBOMCTB Obl1a pa3-
paboTaHa TEXHOJOTHSI CUHTEe3a AYTJIEKCHBIX TOKPBITUI

cucteMnbl TiZrAIN, BKITIOgaromast mocjaeaoBaTeIbHOE
MpUMEHEHUE B OJHOM OIepallMOHHOM MPOCTPaHCTBE
MOHHO-TIJIA3MEHHOTO a30TUPOBAHUS U BaKyyMHO-
IJIa3MEeHHOTo HarnblieHus (puc. 1).

CoBMellleHNEe IBYX TEXHOJOTMYECKUX MPOIIECCOB
B OIIHOM OTEpPallMOHHOM ITPOCTPAHCTBE MPOUCXOAUT
0e3 pasrepMeTU3aly BAKYyMHOM KaMephl 1 0e3 Iepe-
Ipy3KU 00pabaThIBaEMbIX MOATOXEK.

Ha nepBom sTane co3maHus TyTIEKCHOTO TTOKPHI-
TUSI POBOAMUTCSI MOHHO-TLJIA3MEHHOE a30TUPOBaHUE
ITOBEPXHOCTH IJIAa3MOM HECAMOCTOSITETLHOTO CHITBHO-
TOYHOTO TP EPY3MOHHOTO pa3psiaa, Co31aBacMoii rias-
moreHepatopom [TMHK. JanHEbIii Tpoliecc BKIOYaeT
crenyonme A CTBUS: TpelBapUTEIbHYI0 00paboTKYy,
3aKJTI0YAIONIYIOCS B MOHHOM OYMCTKE IMMOBEPXHOCTHU
U ee aKTUBallUU; MOHHO-TIJIa3MEHHOE a30TUPOBaHUE
TTOBEPXHOCTH TTOMJIOKKMU.

MoHHast ouncTKa MOBEPXHOCTU U €€ aKTUBALIUS
C 1IEJTbI0 OYMCTKM TTOBEPXHOCTHOTO CJIOST OT 3arpsiz-
HEHUI U CO3MaHUSI aKTUBHBIX LIEHTPOB aIcopOuMu
TIPOBOIMTCS HETIOCPEACTBEHHO B BAKyyMHOI KaMepe
MmocJie co3naHusl MpeaBapuTeIbHOTO nAaBiaeHus. B
KadecTBe pabouero rasa MCIOIb3yeTCsl MHEPTHBIN ra3
aproH. JlaBieHue B BakyyMHoii Kamepe 5,2 - 1072 [1a.

ITAIl 1

Hacpiense noBepXHOCTHOrO 0%
azorom B niasme auddy3nontoro
paspana, reHepHpYEeMoro
TIA3MEHHBIM HCTOYHHKOM ¢
HAKQIBHBIM KaTOJIOM

‘___

ITAIl 2

Hanecenue BakyymHo-
TJIA3MEHHOTO MOKPBITHS CHCTEMbI
TiZrAIN ¢ niasMeHHbIM
ACCHCTHPOBAHHEM
naasmoreneparoposm [NUHK u
HCMOJB30OBAHHEM CHCTEMBI
MarHHTHO-AYroBO#l PuABTPaLHK

Puc. 1. TexHomornyeckasi cxeMa CMHTe3a TYIIJIEKCHBIX TOKPBITHUIA:
1 — nnasmoreneparop [TMHK; 2 — anekTpoayroBoii nucnapuresb;
3 — cucTeMa MarHUTHO-AyroBoi ¢uiisTpauu Al-katona
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Ha noanoxxy nogaercst oTpuiiateJibHOE CMellleHUe
900—1000 B.

OuucTKa HU3KOIHEPTETUUECKUMU UOHAMU ap-
rOHa MOBEPXHOCTU B IJIa3Me HECaMOCTOSITEIbHOTO
CHJIBHOTOYHOTO A1((Yy3MOHHOTO pa3psiaa I03BOJISIET
MOJY4YUTh aTOMAapHO YUCTYIO MOBEPXHOCTH O€3 HarpeBa
MOJUIOKKHU TT0 ITyOMHE U UCKITIOYUTDb MPUBSI3bIBAHNE
MUKPOJYT K TIOBEPXHOCTHU, @ TAKXKE CHU3UTD TeMIIepa-
Typy OpeaBapuTeIbHOTO HarpeBa. Bpems o0paboTku
3—5 MUH.

ITpouecc MIOHHO-TJIA3MEHHOTO a30TUPOBAHUS 110~
BEPXHOCTH OCYIIECTBIIsIETCS Tpu TeMmnepaType 600°C,
KOTOpasi KOHTPOJIUPYETCS MUPOMETPOM, PaACIIOO-
>KEHHBIM Ha BHEIIIHEM JiepKaTesie Y CMOTPOBOIO OKHa
BaKyyMHOM Kamepbl. IIuTenbHOCTb Ipoliecca MIOHHO-
MJIa3MEHHOTO a30TUPOBaHMS cocTapiseT 60 MuH. B kaue-
CTBE peaKklIMOHHOTO ra3a pumMeHsieTcs a3oT. JlaBieHue
Bkamepe 0,2 I1a, Toxk Hakana 120 A 1 MOHHBI TOK 5 A,
HanpspkeHue cMmeeHus 1000 B, uMItyIbCHBII pesxuM
paboThl UICTOYHUMKA OIMMOPHOTO HAMPSIKEHUSI, 4acToTa
25 kIt u ckBaxHocth 80%. MoHHOE a3oTUpOBaHUE
MO3BOJIUT COKPATUTh JUIUTEIbHOCTD TEXHOJIOTUYECKOTO
1IMKJa, 00eCreuynTh PaBHOMEPHOCTb pacnpeneaeHust
KOHIIEHTpALUX a30Ta 1O TOJIIWHE YITPOYHEHHOTO
CJ10$1, 3HAYUTEJIbHO CHU3UTD TEMIIepaTypy Mpoliecca 3a
CYeT yCKopeHus npotiecca nuddy3un a30Ta B MOAI0XK-
Ky. B oTiMurie oT MOHHOTO a30TUPOBAHUS B TJICIOIIEM
paspsizie, MOHHO-TIJIa3MEHHOEe a30TUPOBaHUE B Heca-
MOCTOSITEJIbHOM CUJIbHOTOYHOM NG (HYy3MOHHOM pa3-
psiie MO3BOJISIET UCKIIOUUTh 0Opa3oBaHUe Ne(heKTOB
BO BpeMsI BO3MOXHOT'O CpbIBa aHOMAJIbHOTO TJIEIOLIETO
paspsiia B IyTy U MOBBICUTh Kaue€CTBO MOAUMUILIMPO-
BaHHOI MOBEPXHOCTH 3a CUET COXPAHEHMS CTPYKTYPbI
B 00beMe MaTepuaa 61aroaapsi peaiu3aluy npolecca
Mnpu Oosiee HU3KUX TEMIIepaTypax.

Ha BropoM atarie co3naHust AyTUIeKCHOTO MOKPBITUS
HaHocuTcsl MHorocnoitHoe BUII-nnokpeiTre cucTeMbl
TiZrAIN c ma3MeHHbIM aCCUCTUPOBAHUEM UCTOUHUKOM
INMHK u ucnonb3oBaHMEM CUCTEMbl MAaTHUTHO-IY-
roBOii (DUIIBTpALIMU JUISI BJIEKTPOLYTOBOTO UCTIApUTEIS
¢ Al-xatogoM. JIMTeabHOCTH IIpOlIecca OCaxKIACHUS
MMOKPBITHIT cocTaBisgeT 60 MuH. /laBieHue B Kamepe
0,133I1a, morentman Ha momioxke Ti— 160 B, Zr— 120 B,
Al — 80 B, TOK Ayru sjaeKTpOLYTOBBIX UCMapuTeseii
100 A. Tox mma3moreHeparopa 10 A. TomHa CuHTE31-
poBaHHOTO MOKPHITHS 3 +0,1 MKM.

Cunre3 nokpbiTus cucteMbl TiZrAIN B ycaoBUsIX
TUTAa3MEHHOTO accucTupoBaHus ucrouHukoMm [TMHK
MO3BOJISIET TPENOTBPATUTD POCT CTOJI0YATON CTPYKTY-
PBI TTOKPBITHUSI, CHU3UTh TIJIOTHOCTb Ae(PEKTOB U BHY-
TPEeHHUX HAMPSDKEHU B MOBEpXHOCTHOM cJioe [ 11, 12].

Wcrnonb3oBaHue Mpyu HAHECEHUU TMOKPBITUIA CU-
CTeMbl MAarHUTHO-AYTOBOU (UIbTpaLllUu sl 3JeK-
TPOAYroBOTO MCHapuTelssi ¢ Al-KaTogoM TMO3BOJISIET
OCYIIECTBJISITh Celapaluio KaneabHO# (a3bl Jerko-

TIJIABKOTO aJTIOMMHUS ¥ CITOCOOCTBYET 3HAUNTETLHOMY
YMEHbIIIEHUIO KanelbHOM (ha3bl B TOKPBITUN U COXPa-
HEHWIO MCXOTHOMU IIIEPOXOBATOCTH TTOMIOXKH.

[Ipoliecc cuHTe3a MYTMIEKCHBIX TTOKPBITUIA 3aBep-
MIAETCS OXJTAKICHUEM TTOMTOXKKN COBMECTHO C BaKy-
yMHoOI1 Kamepoii B TeueHre 30—40 MuH.

Pe3ynbraThl 1 X 00CyKIeHHE

CBolicTBa OyIJIEKCHBIX MOKPBITUI, HAHECEHHBIX
Mo pa3paboOTaHHOW TEXHOJIOTMM, UCCIETOBaINCH
B CPAaBHEHUM C MHOTOCJIONWHBIM MOKPBITUEM, TMOJY-
YEeHHBIM BaKyyMHO-ILJIa3MEHHBIM METOIOM, a TaKXkKe
C JYTUJIEKCHBIM MOKPBITUEM, TTOJYYEHHBIM MMyTeEM MO~
CJIe10BaTeIbHOTO MOHHO-TIJIa3MEHHOTO a30TUPOBAHMS
u cunte3a BUIT-nokpriTus (6e3 cernapaunu ria3mMeH-
Horo nmoTtoka). Bce paccmaTtpuBaemble TEXHOJIOTUU
cuHTe3a NOKpbITUS cuctembl TiZrAIN nipemycmaTpuBa-
JIV pean3aliuio Mpoliecca B yCJIOBUSIX MIOHHOTO acCU-
ctupoBaHus azmoreHepatopom ITMHK. ITapameTpsr
npoiieccoB HaHeceHUsT BUII-TTOKpBITUS cCUCTEMBI
TiZrAIN Ha moBepxHOCTH 00pa31I0B ObUTA UAEHTUYHBI.

B xone uaMepeHust MUKPOTBEPAOCTU IMTOBEPXHOCTU
CUHTE3UPYEeMBbIX MOKPBITUI YCTAHOBJIEHO, YTO AY-
TJIEKCHBIE TTOKPBITHUS IO CPABHEHUIO C MHOTOCTIOMHBIM
MOKPBITHEM UMeNU 00Jiee BBICOKYIO MUKPOTBEPAOCTD,
YTO CBSI3aHO C HAHECEHHUEM ITOBEPXHOCTHOTO CJIOS 0~
KPBITUS Ha yXe YMPOYHEHHYI0 MIOHHO-TUIa3MEHHbBIM
a30TMPOBAHUEM MOBEPXHOCTh. MUKPOTBEPAOCTD
MOBEPXHOCTU CUHTE3UPYEMOTO AYIJIEKCHOTO TTOKPBI-
THSI, TIOJTy4EeHHOTO 0€3 MCIOIb30BaHMs IIJIa3MEHHOM
cenapaumu, coctaBuia 45,2 I'Tla, no pazpaboTaHHOI
texHoornu — 47,6 I'Tla, Torma Kak MUKPOTBEPAOCTh
MHOTOCJIOMHOTIO MOKPBITUsS cocTaBuia 35,3 I'Tla.

WccnenoBanue Mukpodororpaduii napanui u
MPOTOKOJOB Npodus 30HbI pa3pylieHus, Moay-
YEHHBIX TIPU CKPETY-TECTUPOBAHUU, MTOKA3aJI0, YTO
NyTUJIEKCHbIE TTOKPBITUSI, CUHTE3UPOBAHHBIE 1O pa3-
paboTaHHOI TEXHOJOTUU, XapaKTePU3YIOTCS TTOBbI-
LIEHHOW aare3rMoHHOI mpoyHocThlo. Harpyska, mpu
KOTOPOI MOSIBJISIIOTCSI MEPBbIE TPELIMHBI Ha TYTUIeKC-
HBIX TOKpbITUsIX, — 20,8 MH, Torma xak Ha MHOro-
CJIOMHBIX MOKPBITUSIX OHU MOSIBJISIIOTCS ITPU HArpy3Ke
14,83 mH.

AHalu3 3KCNepUuMEeHTaJlbHbBIX 3aBUCUMOCTEM
9JIEKTPOJHOTO TOTEHIIMaJa MMOKPBITUNA CUCTEMBI
TiZiAIN oT BpeMeHU UCIIbITAHU MOKa3aJl CMelleHne
9JIEKTPOIHOTIO MOTeHIIMaIa B OTpULIATeIbHOM HaIlpaB-
JieHuH 3a 1iepBbie 30 MUH UCITBITAHUI, TTOC/IE Yero OH
CTaOUJIU3UPYETCS IS BCEX paccMaTpUBAEMbIX TUTIOB
MOKPBITUI (puC. 2).

ComtacHoO Mosy4eHHBIM JaHHBIM, HOKPBITUS, CO3-
JTAaHHBIE TT0 pa3pad0TaHHON TEXHOJIOTUH, UMENTN 0oJiee
BBICOKMI 3JIEKTPONHbBINA MOTEHIIMAN, CJIeA0BATEIbHO,
CTOMKOCTb K KOPPO3UM TAKUX MTOKPHITUIA Oy/IeT BbIlIe
IO CPABHEHUIO CO CTOUKOCTHIO MHOTOCJIOWHBIX TO-
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Puc. 2. U3ameHeHue 2J1IeKTPOIHBIX IOTEHIIMAIOB
mokpbIThit cucteMbl TiZiAIN B 5%-HoMm
pactBope NaCl Bo BpeMeHU:
I — MHOTOCJIOIfHOE MOKPHITUE; 2 — IYTJIEKCHOE TTOKPBITHE
0e3 cemapanuu mIa3MeHHOro MoToKa; 3 — AYIJIEKCHOe
MOKPBITHUE C Cernapalmeil mia3MeHHOro MoToKa

KPBITUUI Y TYIJICKCHBIM MOKPBITHEM 0€3 cermapalun
MJ1Ia3MEHHOTO MOTOKA.

J1715T OLIEeHKY CKOPOCTH KOPPO3UU BECOBBIM METOIOM
0o0paslbl C NOKPHITUSIMU TTIOMEILAIUCH B KaMepy CO-
JngHoro TymaHa cornmacHo Metonnke (FOCT 30630.2.5-
2013). PesyapraThl U3MepEHUsT Macchl 00pas3loB ¢
MMOKPHBITUSAMH (CpeIHUE 3HAUECHUS T10 ITSITU 00Opas3Lam)
IO Y TTOCJIe BKCMO3UIIUU B KOPPO3UOHHOI cpeie mpell-
CTaBJICHBI B Ta0OJIUIIE.

Pe3synsraTel u3mMepeHnsi Macchl 00pPa3noB ¢ MOKPLITHEM

cucrembl TiZiAIN
Macca, r
0 9KCIO3HINH nocae
Tun NOKpbITHA A 1y SKCIO3HIHH
B KOPPO3HOHHOI .
B KOPPO3HOHHOIH
cpene
cpene
MHorocoitHoe
5,3958 5,3228
ITOKPBITHE
JlyruteKCHOE TIOKPBITHE
0e3 cenapaluu 4,6933 4,6355
IJIa3MEHHOTO IMOTOKa
JIyTieKkcHOe MTOKPhITHE
C cenapauuei 3,8978 3,8918
IJIAa3MEHHOIO IMOTOKA

CornacHo pesy/ibraTaM pacyeTa, MpOoBeAeHHOro I0
JAHHBIM TAOIUIILI, CKOPOCTh KOPPO3UU MHOTOCIIOITHOTO
nokpbITust coctapuia 0,096868 r/(m? - 4), TyIUIEKCHOTO
MMOKPBLITUS 6e3 cermapalvy IIa3MEHHOTO MOTOKA —
0,07664 /(M - 4), IyTUIEKCHOTO MOKPBITHS C cenaparueil
w1a3MeHHoro notoka — 0,067675 r/(m? - 4). CKopocTb
KOPpO3UM Yy 00pas3loB ¢ AYIJIEKCHBIM MOKPBHITUEM C
cernapalpeil miasMeHHOro motoka Ha 11,7% MeHblle,
YyeM y 00pas1ioB ¢ AYTUIEKCHBIM MTOKPHITHEM 0e3 cernapa-

LMK TUTa3MeHHOTo NoToka, 1 Ha 30,1%, yemM y 00pas1ioB
C MHOTOCJIOMHBIM TMOKpbITUeM. ClienoBaTelbHO, MO-
BEPXHOCTb MOKPBITUS, MOJYYEHHOTO MO pa3paboTaH-
HOI TEXHOJIOTMU, B OOJIbIICH CTeNeH! MacCUBHA, YTO
CBUETEJILCTBYET O €e 0oJjiee BHICOKOI KOPPO3MOHHOM
ctoiikocTu. [ToBbIlIEHE aHTUKOPPO3UOHHBIX CBOMCTB
JIYTIJIEKCHBIX TTIOKPBITUM, TTOTYYeHHBIX B YCJIOBUSIX Mar-
HUTHO-IYTOBOI (DUJIBTpaALIK, TOCTUTaeTCsl Oaromapsi
YBEJIMYEHUIO MUKPOTBEPIOCTU U ailre3MOHHOMN Mpoy-
HOCTH MOBEPXHOCTHU BCJISACTBUE €€ YITPOUYHEHUSI MIOHHO-
MJIa3MEHHBIM a30TUPOBAHUEM 1 CHYXKEHUIO COlEpKaHUST
KarneJbHOM (ha3bl B MOKPBITUM BCICACTBUE cerapaiun
MJ1a3MeHHOTr0 1oToKa oT Al-kartosa. ITomydeHHbIe pe3yiib-
TaThl OLICHKU KOPPO3UOHHOM CTOMKOCTH MO CKOPOCTHU
KOPPO3MU MOJIHOCTBIO COITIACYIOTCS C SKCIEPUMEHTATb-
HBIMU TJAHHBIMU T10 3JIEKTPOIHOMY MTOTEHIIMATY.

BriBoapl

Pa3zpaboraHa TeXHOJIOTHSI CMHTE3a AYTUIEKCHBIX
BaKyyMHO-IUIa3MEHHBIX TOKPBITHI cucTeMbl TiZrAIN
NI meTayeit aBuamBUTaTeNleil M 9HEPTOYCTaHOBOK,
BKJIIOYAlOIasi MOHHO-TIJIa3MEHHOE a30TUPOBaHUE
ITOBEPXHOCTU U CMHTE3 MHOTOCIOWHOTO TTOKPBITHS
C MOHHBIM acCUCTUPOBAHUEM U celapaliueil moToka
mwia3Mbl. CBoiicTBa gymiaekcHoro BUII-mmokpeitus,
HAaHECEHHOTo MO pa3pabOTaHHOM TEXHOJOTUU, CPaB-
HUBAJINCH CO CBOMCTBAMU MHOTOCTIOMHOTO MTOKPBITHSI,
MOJYYeHHOTO BaKyyMHO-TIJTa3MEHHBIM METOIOM, a
TaKXkKe ITYTUIEKCHOTO MOKPHITHS, TTOIyYeHHOTO TTyTeM
MOCJIEA0BATEILHOTO MOHHO-TJIa3MEHHOTO a30THUPO-
BaHust u cunre3a BUII-mokpreiTusa (6e3 cemapanuu
IJIa3MEHHOTO MOoToKa). Pe3ynbTaThl MpoBeneHHbIX
WCCIIeIOBAaHUI TTOATBEPAVIIN TTePCTIEKTUBHOCTD HC-
MOJIb30BaHUS pa3pabOTaHHOI TEXHOJOTMM CUHTEe3a
IYTUIEKCHBIX TIOKPBITHI [UTS 3aIMTHI JeTaleil aBUaaBu -
rareyieii ¥ 9HEpreTHYecKrx yCTaHOBOK OT a0pa3nuBHOIO,
KOPPO3MOHHOTO M 3pO3MOHHOTO BO3IEHCTBHS.
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