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JOCIIIXKYBAHHS 3ANEXKHOCTI ®A30BOTI'O CKUIAAY I TBEPAOCTI B1J TOBIIUHU M/O-
IHOKPUTTIB

JlocmimkeHo 3anexHocTi (ha3oBoro ckiaay i TBepaocti Bia ToBmuHE MJIO-mokpuTTiB Ha amoMiHieBoMy cruiaBi AK6, siki chopMoBaHi MeTOIOM
MikpoxyroBoro okcumyBaHHs (MJIO) B TyXKHO-CHIIKaTHOMY €IEKTPOIITI IPH KaTOAHO-aHOJHOMY pexuMi. JlocmipkeHa CTpyKTypa Ta MOp(OIIoris
M/10-nokpurTiB. Beranosneno, mo mokputts Ha cmiaBi AK6, chopmoBaHe B ITy)KHO-CHTIKATHOMY €NEKTPOJITi, Mac IBOMIApOBY OYyHOBY -
TEXHOJIOTIYHUH 1m1ap i ocHOBHMH. CaMe OCHOBHHMil IIap TNOKPHTTS Ma€ NPaKTHYHE NPHU3HAYCHHS - BiH OOYMOBIIIOE MOBEPXHEBE 3MIIIHEHHS
amoMiHieBHX BHPoOiB MeTogoM M/JIO. AHai3 TOBIIMHY IIOKPUTTS [IOKA3aB, IO HOKPHUTTS 3pOCTAcE SIK BCEPEAUHY 3pa3ka (TOBIIMHA OCHOBHOTO IIapy)
Ta 1 Ha30BHi 31 30LIBIICHHSAM PO3MIpy 3pa3Ka (TeXHOIOTiYHA TOBIIMHA OKPUTTS). 3arajbHa TOBIIMHA IIOKPUTTS CKIANAETHCS 3 HOT0 BHYTPIIIHBOI Ta
30BHIIIHBOT TOBIMHU. Lli TOBIIMHK 3MiHIOIOTHCS MPAKTHYHO CHHXPOHHO. BCTAaHOBIIGHO, 1110 TEXHONOTIYHUH 1Iap (BEPXHii MyXKuUii map) MOKPUTTS €
MIPUITYCKOM IS IIOANIbII0I po3MipHOi 00poOKH BHpoOiB. OOpOOICHHS OTPIMAaHUX PE3yNbTaTiB MOKA3alo, 0 YaCTKa OCHOBHOTO HIapy CTaHOBUTH 50
- 60% Bix 3araapbHOI TOBIIMHU HOKPHTTS, a TeXHONOriYHOro - 50 - 40 %. BuBueno ¢azosuit cxnag MIO-TIOKpHUTTIB 1 OKa3aHO, IO HOKPHUTTS Ma€
KpHCTaIIiuHy OY/ZOBY Ta CKJIaJAa€ThCsl 3 BUCOKOTEMIEpaTypHUX Moxudikaniil okucnis amominito (0-ALO; i y- ALO;) Ta mynity (3 ALOs5-2Si0,). B
po0oTi moka3aHo MoxuBicTs 00pobKkoro MJIO amominieBoro crmmaBy AK6 3abesneuntu (asoBuil ckiaj 3MIITHEHOTO IIapy i, sIK HACHiNOK, BUCOKI
eKCILTyaTalliliHi XapaKTEePHCTUKH (TBEPAICTh) 3a PaXyHOK BHCOKOTO BMICTy B 3MiIHeHOMY miapi Moxudikamii a- ALOs - kopyHny. Beranosneno, mo
3a paxyHOK (opMyBaHHS Di3HOI TOBIIMHM IOKPHTTS MOXYTh OyTH CTBOpEHi yMOBH (DOpMyBaHHS CTPYKTYpHO-()a30BOr0 CTaHy IOKPHUTTIB, IO
3a0e3Meuy0Th Ha/IIiHICTD 1 JOBrOBIYHICTD CIIOIYYCHHUX 3'€THAHB.

Kniouoei cnoga: amoMiHI€BHI CIUIaB; MIKPOIYTOBE  OOpOOJICHHS;
PEHTTEHOCTPYKTYPHUH aHai3; Ga3oBuil CKIIaz.
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STUDY OF THE DEPENDENCE OF PHASE COMPOSITION AND HARDNESS ON THE THICKNESS
OF MAO COATINGS

Aluminum alloys are widely used in a variety of industries due to their lightweight yet strong properties. However, their relatively low wear resistance,
hardness, and corrosion resistance limit their long-term operation. The most promising way to improve the performance properties of tribotechnical
materials is to create surface layers on parts that have high wear resistance and antifriction. The micro-arc oxidation (MAO) method produces
hardened layers on the surface of aluminum alloys. One of the key factors affecting the properties of such coatings is their thickness. Changes in
thickness can lead to changes in the phase composition of the coating, which in turn affects its hardness and overall performance. The study of the
relationship between the phase composition, hardness, and thickness of MAO coatings is important for understanding the processes that occur in
coatings during their production and for optimizing the technological processes of creating protective layers on aluminum alloys. The dependence of
the phase composition and hardness on the thickness of MAO coatings on aluminum alloy AK6, formed by the method of microarc oxidation (MAO)
in alkaline-silicate electrolyte in the cathodic-anodic mode, was investigated. The structure and morphology of the MAO coatings were investigated. It
has been established that the coating on AK6 alloy formed in alkaline-silicate electrolyte has a two-layer structure: a technological layer and a base
layer. It is the main layer of the coating that has a practical purpose - it causes surface hardening of aluminum products by the MAO method. The
analysis of the coating thickness showed that the coating grows both inside the sample (base layer thickness) and outward with increasing sample size
(technological coating thickness). The total thickness of the coating consists of its inner and outer thicknesses. These thicknesses change almost
synchronously. It was found that the technological layer (upper loose layer) of the coating is an allowance for further dimensional processing of
products. Processing of the obtained results showed that the share of the base layer is 50-60% of the total coating thickness, and the technological layer
is 50-40%. The phase composition of MAO coatings was studied and it was shown that the coating has a crystalline structure and consists of high-
temperature modifications of aluminum oxides (a- ALO3 and y- ALO3) and mullite (3 ALLO3-2Si0,). The paper shows the possibility of MAO
treatment of aluminum alloy AK6 to provide the phase composition of the hardened layer and, as a result, high performance characteristics (hardness)
due to the high content of a-Al,O3 modification - corundum in the hardened layer. It has been established that by forming different coating
thicknesses, conditions can be created for the formation of the structural-phase state of coatings that ensure the reliability and durability of the mated
joints.

Keywords: aluminum alloy; microarc machining; hardness measurement; thickness gauge VT-10NC; X-ray diffraction analysis; phase
composition

Beryn.  AxkryansHicTh  3agaui.  CBiTOBUM KOHCTPYKIIH, MaIlIUH, arnaparis, HiIBUILUTH

JIOCBIJIOM JIOBEJICHO, IO 3aCTOCYBaHHS aJTFOMIiHIEBHX
CIUIaBIB € BHUKJIIOYHO €(EeKTHBHUM y Oarathox cgepax.
BoHM cTamu MIMPOKO BHKOPHCTOBYBATHCS HE JIMIIC Yy
KOHCTPYKILISX JITAIBHUX anapaTiB i y cy100yAiBHULTBI,
a W y OymiBHUITBI, 3aJTiI3HUYHOMY i aBTOMOOUTBHOMY
TPaHCTIOPTI, MalIuHOOy IyBaHHI, XIMivHIH Ta
Hagrorazosiii mpomucioBocti [1,2]. OxgHiero 3 mepeBar
aIOMIHIEBUX CIUIaBIB € Majla MHUTOMa Bara IpH
JIOCTATHHO BHCOKHX MEXaHIUYHHX BJIACTUBOCTSIX, aje Mo
XapaKTePUCTUKAM MIITHOCTI BOHU 3HAYHO MOCTYHAIOTHCS
CIUlaBaM Ha 3adi3Hiii ocHOBi. Haiibinmpina KiNbKICTh
ANIOMIHIIO  BUKOPHCTOBYETBCS Ul BHPOOHHMITBA
CIUIaBIB Ha aJIOMIHIEBIM OCHOBI, SIKI 3aBIOAKH IX Majii
TYCTHHI, JIO3BOJISIOTH  3HAYHO  3MCHIIUTH  Bary

JIOBIOBIYHICTH, BaHTaXXOIIAIAMAaIbHICTh, 3MEHILIUTH Ha
10 — 15 % excruryatauiitai Butparu [1,2].

AIoMiHIN 1 HOro CIIaBH 3aBOIOBAIA 3HAYHE MICILE
B CYYacCHI! TEXHIIll B AKOCTi OJTHOTO 13 HaHBaXKJIMBIIIUX
MatepiamiB. MOro IHMPOKO BHKOPHCTOBYIOTH IS
BHUTOTOBJIEHHS HEHABAHTAXXECHUX HETAJEH 1 €JIEMEHTIB
KOHCTPYKIII, KOJIM TOJIOBHY pOJIb BifirparoTh Maja
TyCTHHA, BHCOKa IUTACTUYHICTh, KOpPO3iiiHA CTIiHKICTB,
noOpa 3BaprOBaIbHICTb.
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Bucoka  eNeKTpONpOBIAHICTH  aNIOMiHIIO B
MOEJHAHHI 3 MAaJoOK TYCTHHOIO, IO3BONMIHM IITHPOKO
BUKOPHUCTOBYBATH HOTO B EJIEKTPOTEXHINi B SKOCTI
MIPOBIMHUKOBOTO  Matepianmy. Kopo3siliHa  CTIMKiCTh
O3BOJISIE IIMPOKO BHKOPHCTOBYBATH aJIOMIHIH B
XiMigHOMY MammHOOY TyBaHHI, OyAiBHHULTBI.
Po3mupenHs 3acTocyBaHHs aJIOMIHIIO 1 HOro CIjIaBiB —
Ile OBrOTpHWBAaja TCHICHIIS, sKa OyJae BH3HAYATH HE
TIIBKM TETEPINIHIO, alie ¥ MOAajblly IMEePCICKTUBY
PO3BUTKY MamInHOOyyBaHHs [1,2].

3HaYHO  PO3IIMPUTH  OOJACTH  3aCTOCYBAaHHS
TFOMIHIIO Ta HOro CIUIaBiB MOMJIMBO  IUISXOM
HaHECEHHS PI3HHUX MOKPUTTIB. ToMy cepen HaOIIbIIHX
HayKOBO-TEXHIYHUX TPOOJIEM CHOTOJICHHS 3HAYHE MiCIIe
3aiiMae HaHECEHHsI 3aXWCHUX MOKPUTTIB. [lokpuTTs
rpaloTh ponb audysiitHOrO Oap’epa, SKWH TaIbBMYE
JIOCTYTI arpPECUBHAX CEPEIOBHII, 3a0€3M1eIyI0Th BUCOKY
HaIIAHICTh 1 MPOTUKOPO3iHMN 3axucT. OKpiM IIHOTO
MOKPUTTS JO3BOJSIFOTh HAJATH METAJCBHM BHPOOaM
3HOCOCTIMKICTh, TEIUIOCTIMKICTh 1 iHIN I[iHHI SKOCTI,
BiIKPHBAIOYH MOXJIMBICTh BIJHOBJICHHS 3HOIICHUX
JeTalneif, a TakKOoX JIOOMAara€ pillCHHIO YHCTO
JIEKOpaTUBHUX 3a1a4 [3].

Bigomo Oararo crmoco0iB HaHECEHHS MOKPUTTIB —
ra3oBUH, TUIA3MOBHM, €JICKTPOXIMIYHHHA O SIKOTO
HaJIEXUTH OIWH 3 HalOIbII BIZHOCHO HOBHX CIIOCOOIB —
MikpoayroBe okcuayBauHa (MZIO), BiZoMuil TakoX SK
aHOJIHO-ICKpOBHH  €JIEKTpoi3  abo  MIKpOIIa3MoBe
OKcUayBaHHS [4-7].

Ilo cBOili 3HOCOCTIMKOCTI OKCHAHI TTOKPHUTTS,
onepxkani meronom MJIO, B 10 — 15 pa3 nepeBuIyoTh
agonHi. BoHM  MinHI, TEIUIOCTIMKI, BOJIOMIIOTH
JEIEKTPUYHOIO MilHicTIO [8—13].

3acToCyBaHHS allIOMiHIEBHX CIUIABIB 3 KEpaMIuHUM

OKCHIITHUM  TOKPHUTTSM, C(HOPMOBAHUM  METOJIOM
MIKpO/IyrOBOTO  OKCHAYBAHHS, SIKI MOEAHYIOTh TMEBHY
KOHCTPYKWIHHY  MIIHICTH OCHOBH 3  BHCOKOIO

3HOCOCTIHKICTIO 1 KOPO31HHOIO CTIHKICTIO MMOBEPXHEBOTO
mrapy J03BOJISI€ 3HAYHO 3HM3WTH Bary KOHCTPYKINH i
3MEHIINTH eKCIUTyaTaniiHi BuTpatu [14, 15].

OnauM i3 KITI0YoBHX (DAaKTOPiB, IO BIUIMBAE Ha
BJIACTHUBOCTI TAKHX MOKPHUTTIB, € TXHS TOBIIMHA. 3MiHA
TOBIIMHU MOE MPHU3BOJUTH JI0 3MiH (Da30BOTO CKIAay
MOKPUTTS, IO, y CBOK 4Yepry, BIUIMBaE Ha HOro
TBEPAICTb 1 3arajbHi eKCIUTyaTalliliHi XapaKTepHUCTUKH.
JlocnimKeHHsT B3a€MO3B'I3Ky MiK (Da30BUM CKIIAZOM,
TBEPIICTIO Ta TOBIIHHOIO MJIO-TIOKPHUTTIB € BaXKIUBUM
A pO3YMIHHS TIpOIeCiB, IO BigOyBarOTbCS B
MOKPUTTAX I Yac iX OTPUMAaHHS, Ta JJIs ONTHMI3arii
TEXHOJIOTIYHHUX MPOIIECIB CTBOPEHHS 3aXUCHUX IIapiB Ha
amoMiHieBHX crutaBax [16-20].

JocmimkeHHs B i chepi II03BOJISIC
YIOCKOHATIOBATH TEXHOJOTII HAHECCHHS MOKPUTTIB,
mi0MpaoYy  ONTUMAJbHI  yYMOBHM  €IEKTPOJI3y  JUIst
JIOCSATHECHHS HAMKPAIINX MEXaHIYHUX 1 (i3HKO-XIMIYHUX
BJIACTUBOCTCH, M0 € KIIOYOBUM I 3a0C3ICUCHHS
HaaifHOCTI Ta JIOBIOBIYHOCTI MaTepialiB B
EKCTpEMAIIbHIUX YMOBAX CKCILTyaTallii.

MeTtoro AaHoi poOOTH € JAOCITIIHKEHHS 3aJIE€KHOCTI
MDK TOBIIMHOIO OCHOBHOI'O CIIOK TOKPUTTS (4ac
MpoTikaHHA Tporecy) Ta BMicToM 0-Al,O3 (da3zoBum
CKIIaZIOM), & TAaKOX OIliHKa TBEPJIOCTI TOKPHUTTA B
3aJIeXKHOCTI BiJl a30BOTO CKIIATy.

Jnst  gocsarHeHHS 1€l MeTH TmepeadadaeThes
BHpIIICHHS KiIBKOX KIIOYOBMX 3aBJaHb, a caMme
BHUBYCHHS BIUIMBY PI3HHX YMOB IPOIECY, TaKhUX SK:
CKJIaJl eJIEKTPOJIITy, TYCTHHAa CTPyMy TpPHBAJICTh
00poOKH.

ExcnepuMenTajbHa 4vacruHa. Jlama pobora
iHiIifl0BaHA HEOOXIIHICTIO 3MIIIHCHHS TIOBEPXOHb TEPTS
LIATYHIB IUTyHXXEPHOTO KoMIipecopy (puc. 1).

Pucynok 1 — IllatyH niyHXepHOI0 KOMIIpECOPY

Hocmimkenas TIPOBOIUIIOCH Ha 3paskax
nedopmoBaHoro amoMiHieBoro craBy AK6 y Burmsmi
mumiEapis (@ 24 mm, h = 15 mm).

3pa3ku 3 aJIOMIHIEBOTO CIUIABY IiANABAJIUCS
M/IO-00po01i B aHOJHO-KaTOJHOMY pEXuMi B
JIy’KHOMY €JIEKTPOJIiTi, IO MICTHTh PiIKe CKIIO.

Hocnijpxennst (a3oBoro Ckiiagy 3MILHEHOro IMiapy
NPOBOIMJIOCST HAa  PEHTTEHIBCBKOMY  JH(paKkToMerpi
JIPOH-4 B MOHOXpOMAaTHYHOMY BHIIPOMiHIOBAaHHI MiJJHOTO
a”ony (Ako = 1,54 A) B inTepani xyris 20 = 30+70°. [Tpu
pozumdpoBIT JIudpaKkTorpaMu BHUKOPHUCTOBYBAJII
kaptoteky ASTM (American Society for Testing
Materials).

KinpxicHuit (hazoBwmii aHami3 TIPOBOTWITH
TUPPaKTOMETPUYHAM  METOJIOM, BHKOPHUCTOBYBAJIHN
€TaJIOHU 3 BIAOMHM (Da30BHM KUIBKICHHM CKIIQJIOM. Sk
aHaJITU4HI JiHIT (J11HIT HOPIBHAHHA) B3STO JIIHIIO MYJITY
(206 = 16,4°), ninirvo 0-AlLO; (20 = 43,4°) i ninioO Y-
ALO; (26 =45,9°) [21].

Jlist BUMIpIOBaHHS TOBIIMHU OKCHJIHMX IUTIBOK
BUKOPHCTOBYBABCSl HEPYHHIBHHHM METOJ KOHTPOJIIO —
€JICKTPOMAarHiTHUH. Tosmuay MIO-ToKpHUTTIB
BHMIpIOBAJIM METOJIOM BiXpPEBUX TOKIB 3aCTOCOBYIOUH
BixpoBmid TOoBmMHOMIp BT-10HII, skwii mo3Bosie
BAMIPIOBATH TOBIIWHY [i€NIEKTPUIHUX MOKPHUTTIB Ha
MeTajeBuX HedepoMmarHiTHUX 3pa3kax. JliamazoH
BuMiproBanHs ToBumHA 0-2 MmMm. [lpunman  wmae
uudpoBy iHaudikarito.

MiKpoTBepAicTh  MOKPHUTTIB ~ BUMIpPIOBalM  Ha
npubopi [IMT-3 npu HaBantaxenui P = 200 r (a Takox
npu P = 100 r). TBepaicTh NOKPUTTS BU3HAYAJIACH MTICIIS
BHJIQJICHHS TEXHOJIOTIYHOTO IIapy, TOOTO TBEPIICTh
OCHOBHOTO Iapy MOKpHTTS [22].

PesyabTaTn Ta ix obroBopennsi. Cepis 3pa3kiB
migmaBasacss  MIKpOOYroBid  o0poOIi B JIyKHO-
cunmikatHoMy enekTpoutiti (1 r/m KOH + 6 r/1 Na,SiO3),
IPHU [IEOMY BapirOBAJIUCS YaC OKCHIYBaHHS Ta T'yCTHHA
CTpyMy.

XapakrepucTtuka 3paskiB (TyCTHHA, TPHUBAIICTh
00poOku Ta ToBmuHA MJIO-MOKPUTTIB) HaBEJCHA B
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Tabu.1.

Tabmums 1 — XapakreprcTrka 3pa3KiB

Ne T, TOLI Js Alnv® h3ar, hocH,
3paska MKM MKM
1-1 1 23 65 40
1-2 2 23 120 70
1-3 3 23 170 100
1-4 5 23 250 160
2-1 0,5 20 53 28
2-2 1 20 88 53
2-3 2 20 161 94
2-4 3 20 183 118
3-1 1 16 68 50
3-2 2 16 138 95
33 3 16 174 120
3-4 5 16 206 120
4-1 1 12 40 30
4-2 2 12 84 54
4-3 3 12 120 70
4-4 5 12 152 102

[IpumiTka: T — yac 0OpoOICHHS;

j — TYCTHHA CTPYMY;

h 3ar — 3arajpHa TOBIIMHA TOKPUTTS

h OCH — TOBIIMHA OCHOBHOT'O CJIOK MOKPUTTS

®dazopuii  cxiag  MJIO-TOKpPUTTIB ~ BUBYABCS
PEHTTCHOCTPYKTYPHUM METOJIOM. Tumnosi
mudpakrorpamun MJIO-nokputtiB  Ha crulaBi  AK6
HaBeJeHO Ha puc. 2. [3 aHamizy NpeacTaBIeHHX
nudpakTorpaM BUIHO, IO MOKPUTTS Ma€ KPUCTAIIIHY
OynoBy. IlpoBeneHuii sKiCHWH aHami3 TOKa3ye, MO B
CKIIaAi TIOKPUTTS TPUCYTHI Pi3HI KPUCTATIYHI OKCHIU
aIOMIHII0 Taki sIK KOpyHI — & -Al,Os; y- ALO; 1 MymiT
-3 A1203'2,SiOz‘

AHai3 TOBIIMHU MOKPUTTS MMOKA3aB, 110 MOKPUTTS
3pocTae sIK BCEpEAMHY 3pa3ka (TOBIIMHA OCHOBHOIO
miapy) Ta i Ha30BHI, IO MPHU3BOJUTH O 30UIBIICHHS
po3mipy  3pa3ka. 3aragbHa  TOBIIMHA  [OKPUTTS
CKIIAJIa€TbCs 3 WOro BHYTPIIIHBOI Ta 30BHIMIHBOL
TOBIIMHKU. L[i TOBHIMHM 3MIHIOKOTHCA MPAKTUIHO
CHHXPOHHO. 3MiHAa TOBIIMHH TOKPUTTS 3aJeKHO Bif
4acy OKCHAyBaHHS a00 KUIBKOCTI €JEKTPUKH, IO
MpOWNUIA, BHABIIAE JiHIAHY 3alexHIicTh (puc. 3).
3aKOHOMIpHOCTI, TIPENCTaBICHI HAa pHUC.3, SAKICHO
OJHAKOBI  JUIA  BCIX  JOCHIi/PKYBaHHUX  3pasKiB,
c(hOpMOBaHUX 32 Pi3HUX I'YCTHH CTPYMY.

SIKIO KIHETHKY 3pOCTAaHHS IIOKPUTTS MOKa3aTH
3aJIS)KHO BiJ] KUTBKOCTI €JIEKTPHKH, 1110 Npoiuia (puc. 4),
TO CIIOCTEPIracThCs CyTTEBA BiIMIHHICTB. Tak, hy, mapy
JIHIAHO 3aJEXWTb BiJ EHEProBUTPAT, IO BKAa3ye Ha

CJNICKTPOXIMIYHMH  MPOIEC  OKHCJICHHS, Tix  dYac
¢bopmyBaHHs h,,, - Ha eNEKTPOXIMIYHHH TIpoIeC
OKHCJICHHS HaKIIaIa€ThCSI eNeKTpohOpeTHUHH I

MeXaHi3M: y49acThb KpeMHe3eMy. EKcIiepuMeHTaIbHO 1Ie
TIPOSIBIIIETBCSL B «IIEPEJIOMi» 3aleKHOCTI h,,. = f (Q)
(puc.4, xkpusa 1).

YcTaHOBIIEHO, MO TEXHOJOTIYHUN Tmap (BepxHid
MyXKUH 1Iap) TOKPUTTS € MPUIYCKOM JUIsl MMOAAIBIIOL
po3mipHOi 00poOKHM BuPOOIB (puc. 5). OOpoOieHHsS
OTPUMAHUX  pE3yNbTAaTiB  TOKa3ajo, M0 4YacTKa
OCHOBHOTO mapy cranoButh 50-60% Bin 3araibHOL

TOBIIMHH MTOKPHUTTS, a TeXHOJIOTigHOTO — 40-50 %.

3501 5. 3AL0*28i0, © 1
3004  x-y-ALO, -
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5 200
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0 . T . ; . : .
30 40 50 60 70
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a— 0e3 3HATTS TEXHOJIOTIYHOTO IIapy;
0- micJist 3HATTS TEXHOJIOTIYHOTO 1apy

PucyHok 2 — @parMenTH qudpakTorpamMmu
MIO-nokpurts (Ko - Cu — BUIpOMiHIOBaHHS)

b,
250 ﬁ

200

150 / —1
100 / 2

0 v T T 1

7,102

1 — 3arajbpHa TOBIIHMHA;
2 — TOBIIMHA OCHOBHOTO Iapy
Pucynok 3 — Kineruka popmMyBaHHS TOBIIHHA
MOKPUTTA TipH j = 23 Alnm?

TakyuM YHMHOM, BCTAaHOBJICHO, IO TOKPHUTTS Ha
crmaBi  AK6, cdopmoBaHe B JIy)KHO-CHIIIKATHOMY
€JICKTPOJIITI, Ma€ JBOLIAPOBY OyJIOBY - TEXHOJOTTYHHH
map i ocHoBHui (puc. 6). Came OCHOBHMH mIap
NOKPUTTSI Ma€ TMpaKkTHYHE IPU3HAYEHHS — BIiH
0OYMOBJIFOE  TIOBEPXHECBE 3MIIHCHHS  AJTFOMIiHIEBUX
BupoO6iB Mmetogom MJIO.

3a TpuBanocTi 0OpoOKH 5 TOIWUH 3a0e3MeyeThCs
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(opMyBaHHS TOBIIMHH OCHOBHOTO mapy ~ 150 MxMm, 3a
3arajabHOl TOBIUHU ~ 250 MKkM (puc. 3).

h, My
300
250
200
150 -1
100 ——-2
50
0 \ \ \ QA
0 50 100 150 An2

1 — 3arajpbHa TOBIIMHA;
2 — TOBIIMHA OCHOBHOT'O IIapy
Pucynok 4 — BrummB KiTbKOCTI €HEpTii, 0 MpoHInia Ha
TOBIIWHY HOKPHUTTS

120

80 /

60 ——1
40 / -2
20 /

Lroa

1 — micist MJ10-06po6kw;
2 — micisl 3HATTS TEXHOJIOTIYHOT0 1apy
Pucynox 5 — 3mina po3mipy 3paska

Pucynox 6 — IToniepeunuii 3pi3 3pa3zka 3 OKCHIHUM
mokpuTTsM Ha ciutaBi AK6 (x200)

OCHOBHOIO CTPYKTYpPHOI OCOOJHUBICTIO IIOKPHUTTIB
€ ix (a3oBUil CKIIAJ, SIKUA BHOCUTH TOJIOBHHU BKJIAJ B
e(heKT 3MIIHCHHS.

Panime Bxxe BkasyBanocs Ha ponb ¢asu a-Al,O; -
came 1 ¢a3za OOYMOBIIOE BHCOKi eKCIUIyaTaliiHi
XapaKTePUCTHKH 3MIITHEHOTO Iapy.

Pesympratn  mupakTOMETPUYHUX  JOCITITKEHB
JTAIOTh 3MOTY BiI3HAYUTH TaKi OCHOBHI 3aKOHOMIpHOCTI:

- 3MIIHEHHH Imap Mae KPUCTANiYHy OyIOBY -
XapakTepHa HasBHICTb WYITKUX JU(pakuifHuX MiKiB
(prc. 2);

- Mae neBHUH (a30BUil ckian, SIKMH SBJIsE COOOIO
noeauanHs moaudikanid Al,O; - e a- Al,O3 + y- ALLOs,
a Takox MymitT - 3 Al,O5-2Si0,.

3a3HauuMoO, 1[I0 3HA4YHA  KUIBKICTH ~ MYJITYy
BUSIBISIETBCS. B TEXHOJIOTIYHOMY MIapi, IO CTOCYETHCA
OCHOBHOTO IIapy - TO OCHOBHUMH da3zamu € o- Al,Oz+
v- Al,Os, KiIbKICHE CITIBBiTHOIICHHS SIKUX 3aJICKUTH Bif
gacy MJ1O-00poOku, TOOTO Big TOBIIMHHA HOKPHUTTS
(puc. 7). Sx BumHO 3 HaBeaeHoro pucyHka, MJIO-
00poOka mae 3Mory (opMyBaTH MOKPHUTTS i3 3aJaHUM
BMictoM 0-Al,O;, omHaK Jaiasd  OBOrO  MOTPIOHO
3a0€3NCUUTH TICBHY TOBIIMHY OCHOBHOIO  IIapy.
301IbIICHHS TOBIIMHUA OCHOBHOT'O IIAPy MPU3BOAUTH 10
MiABHUINCHHS TBEpAOCTI (puc. 8), mpu BMicTi o- Al,O; ~
80 % (Bar.) TBepuicte HV ~ 17 I'Tla.
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Pucynok 7 — Bmict - Al,O5 (kopyH#) Ha TOBEPXHI
OCHOBHOT'O LIapy
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Pucynok 8 — 3ajexHIiCTh TBEPOCTI BiJl TOBIIMHU
OCHOBHOTO APy

TakuMm 4uHOM, MOKa3aHo, 1o came (asza o- Al,O,
BH3Hauae TBepaicTh MJIO-TIOKpUTTSI.

BucHoBku.
1. YcranosieHo, mo (a3oBUil CKJIaa Ta TBEPIICTh
OCHOBHOTO MIapy MOKPHUTTS Ha cruiaBi AK6 3amexuts

70 Bicnux Hayionansnozo mexwiunoeo ynieepcumemy «XI1l». Cepia: Mawunosnaecmeo ma CAIIP. Ne 1. 2025



ISSN 2079-0775

Bil TOBHIMHHM TOKPWTTS; 31 3POCTAaHHSAM TOBIIWHH,
3pocTae KimbKicTh ¢asu  a-AlL,O; y 3B’SBKy 3
MTOJIIMOP(QHHUM MTEPETBOPEHHSM .

2. Jna 3abe3nedeHHs MaKCUMAaJIbHOT TBEPAOCTI
mokputTa (15-18 I'Tla) moTpiGHO QopMyBaTH NOKPUTTSA
3 TOBIIMHOIO OCHOBHOTO Iapy Oinbmie 100 MKM.

3. 3a paxyHOK (opMyBaHHsS pi3HOI TOBIIMHU
MOKPUTTS MOXXYTh OYTH CTBOPEHI yMOBH (POpPMYyBaHHS
CTPYKTYpHO-(pa3oBoro CTaHy MTOKPUTTIB, o
3a0e3neuyroTh HaJiiHICTh 1 JOBrOBIYHICTH CIIOJYYEHUX
3'€THaHb.

HocmimkenHs Ta (¢iHaHCyBaHHS 3IiHCHEHI Yy
pamkax mpoektiB: EU #3055 EURIZON «Combined
technologies of metallic surface modification by
micro - arc oxidation and boriding for critical machine
parts with high contact loads» Ta NRFD ID:
2023.04/0036 «Research and development of device for
restoring elements of military equipment by means of
discrete-continuous strengthening of structures».
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