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AHOTALIA Iposedeno 02ns0 icuyiouux nioxo0ie GUKOPUCTAHHS MemOoOis THiceHepii no8epXxHi demainell NOPWHedol pynu 08USYHI8
6HYymMpiwHb020 320psanHs. Tlokaszano, wo 3acmocysants npoyecié CHpAMOBAHO20 MOOUPDIKYBAHHA NOGEPXHI 00360NAEC POIUUPUMU
DYHKYIOHAbHI 8IACMUBOCME 00POOTIOEAHO20 MAMEPIAy, 30KpemMa NiOSUWUMU NOKAZHUKU MIYHOCIMI, 3HOCOCMILIKOCMI, KOPO3IUHOL
mpusekocmi. Ak egexmuenuti memoo indcenepii NOBEPXHI  3aNPONOHOBAHO  GUKOPUCMIAHHS  NIA3ZMOBO-ENeKMPONIMUYHO2O
oKcuoysanus 6 JayxcHux erekmponimax. QOcobnusocmi 006pobOKU mamepiany y 6UCOKOEHEP2eMUUHUX pedcuMax nio Oieto
KOPOMKOIUCUBYHUX eNeKMPUUHUX PO3DAOIE NONA2AI0OMb Y OPMYBAHHI HAHOCMPYKIMYPOBAHUX OKCUOHUX KOMNOZUYIUHUX NOKPUBIE Ni0
Yac eneKmpoXiMIYHUX Mma mepmMoxXiMiunux peaxyiu. 3a80saku ocobiusocmam nepebicy nia3mo80-eleKmpoIimuuHa 0opooKa mogxce
posensdamucs AK KOMOIHOGAHUL MemoO [HiCceHepii NoBepXHi 34 PAXYHOK NOEOHAHHS 6 OOHOMY npoyeci MOOUQIKyeaHHs
nogepxnegoco wapy o06pobn0eano2o mamepiany ma QOpMyBaHHS NOKpUGY 3 IHKOPROPAYICI0 KOMNOHEHMIG eneKmponimy ma
NPOOYKmie mepMOXiMIUHO20 NePemeoperHts. 3anponoHo8ano cnocié noeepxresoi 06pobku nopwnesoeo cunyminy AKI2M2MeH y
JIYACHUX eNeKMPONIMax Memooom Nia3mo80-e1eKmponimuuno2o okcuoyeanus. Ilokazano, wo 6 2anb8aHOCMAMUYHOMY pexcumi i3
JIYHCHUX PO3UUHIE eNeKmpOoNimie, wo MICHAMb CONi MAHSAHY Ma KOOALbIY, MONCIUBD 00ePICYSaAmu PIGHOMIDHI  WITbHI
MIYHOA02€306aHI 3 OCHOBHUM MEMAIOM KepamMiKOnoOiOHI NOKpUeu, OONOSAHI KAMANIMUYHUMU KOMROHEHMAMU, 6MICM SKUX
sapitoemucs 6 meoicax 25-35 am.%. Ilokasano, wo mopghonozia ma azoea cmpykmypa noeepxmesux wiapié 3MiHIOEMbCA i3
inkopnopayicio memanige-oonanmis. Copmosani nOKpusu Maiwoms GUCOKULL CIMYNiHbL PO36UHEHHS NOBEPXHI, W0 € NepedymMosor
BUCOKUX (DYHKYIOHATbHUX 67IACTNUBOCTHEU CHOPMOBAHUX KepaMIKONOOIOHUX NOKPUBIE. 3anponoHosanuil nioxio GUKOPUCMAHO 0/
Moouixysanns noeepxni nopuss KamA3-740. Bcmanosneno, wjo uKopucmauHs KepamikonoOiOHUX NOKpUBie NOPUiHs O08UZYHA
npuUoOUMb 00 3HUNCEHHSI 200UHHOI UMPAMU NATUBA MA KLIbKOCMI MOKCUYHUX PEYOGUH 3 BIONPAYbOGAHUMU 2A3AMU, WO POOUMb ixX
NEPCREeKMUBHUMU OJ151 BUKOPUCIAHHSL ) 6HYMPIUHbOYULIHOPOBOMY KAMAI3I.

Knrouogi cnosa: indicenepis nosepxui; nosepxnesa 06pobxa; niazmogo-eleKmpoimuine OKCUOY8anHsL, NOPUIHEBUL CNIA8, CULYMIH
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ABSTRACT A review of the existing approaches to the use of surface engineering methods for parts of a piston group of internal
combustion engines was made. It is shown that the use of processes of directional surface modification allows you to expand the
functional properties of the material being processed, in particular, to increase the indicators of strength, wear and corrosion
resistance. As an effective method of surface engineering, the use of plasma-electrolytic oxidation in alkaline electrolytes has been
proposed. The features of material processing in high-energy modes under the action of short-lived electrical discharges consist in
the formation of nanostructured oxide composite coatings during electrochemical and thermochemical reactions. Due to its features,
plasma-electrolytic treatment can be considered as a combined method of surface engineering by combining the surface layer of the
material being processed in one process and forming coatings with the incorporation of electrolyte components and thermochemical
conversion products. A method of treating piston silumin AKI12M2MgN in alkaline electrolytes by the method of plasma-electrolytic
oxidation is proposed. It is shown that in the galvanostatic mode from alkaline electrolyte solutions containing manganese and
cobalt salts, it is possible to obtain uniform dense ceramic adhesives with high base metal adhesion, doped with catalytic
components, the content of which varies from 25-35 at.%. It is shown that the morphology and phase structure of the surface layers
changes upon incorporation of dopant metals. Formed coatings have a high degree of surface development, which is a prerequisite
Jfor enhanced functional properties of ceramic-like coatings. The proposed approach is used to modify the surface of the KamAZ-740
piston. It has been established that the use of ceramic-like coatings of an engine piston leads to a decrease in hourly fuel
consumption and the amount of toxic substances with exhaust gases, which makes them promising for use in intra-cylinder catalysis.
Keywords: surface engineering; surface treatment,; plasma electrolytic oxidation; piston alloy; silumin

Beryn MacorabapuTHUX XapaKTEPUCTUK Jeranen Ta
KOHCTPYKIIH TOpU  OJHOYACHOMY  MIJBHMIICHHI  IX
eKCIUTyaTalliiHuX BJiacTHBOCTei. B TOil ke yac BHCOKa
SAKiCTh ~ Ta  eKCIUlyaraliifiHa  HaJiiHICTh  MalluH

CyuacHuit PO3BUTOK MaIIMHOOY TyBaHHS
3YMOBIIOE  TOUIYK  IIAXOAIB  IOJO  3MEHIICHHS
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JOCATAETBCS  BUKOPUCTaHHAM  HOBHX  HayKOEMHHUX
TEXHOJIOTil Ta HAyKOBO-TEXHIYHMX HampsMiB. 30Kpema
IHKeHepiss mnoBepxHi (surface engineering) 00’enHye
METOAU CIPSIMOBAHUX 3MiH (hiznKo-XiMIiYHUX
BJIACTHBOCTEH IOBEPXHEBUX IIApiB KOHCTPYKIIHHUX
MarepiaiiB NUIIXOM MOoAnGIKyBaHHS, JIeQopMyBaHHS,
HaHECEeHHS 3aXMCHUX IapiB, IUTIBOK Ta TIOKPUBIB PI3HUMHU
cniocobamu. Lle no3Bosnsie popMyBaTH MOBEPXHEBI IIapu
i3 3aJaHMMM  BIIACTUBOCTAMH  Oe3mocepenHbO  Ha
00pobIIIOBaHOMY MaTepiaini Ta OTPUMYBaTH
XapaKTePUCTUKH, IO CYTTEBO IMEPEBAXKAIOTh IMOKA3HHKU
OCHOBHOTO MeTairy [1].

CyTTeBuil iHTEpeC A0 TOBEpXHEBOi Mozudixamii
OOyMOBIICHMH  camMe THM, IO  XapaKTePHCTHKU
MMOBEpXHEBUX IIApiB y TOEIHAHHI i3 BIACTHBOCTSIMH
OCHOBHOTO METally BH3HAYalOTh PIiBEHb BIACTUBOCTEH
BUpOOIB B wiomy. Takumii miaxin € 0e3yMOBHO
NpUBaOJIMBUM 1 3 €eKOHOMIYHOT TOYKH 30py B IOPIBHIHHI
i3 BiTOMUMH crtoco0aMu 3MiH 00’ €MHHX XapaKTEepUCTHK
KOHCTPYKIIHHUX MaTepiajiiB Ta TOTOBHX BUPOOIB.

TakuM  YMHOM, KOMIUIEKCHE BUKOPHCTaHHS
JOCATHEHb TEeBHHX (YHIAaMEHTAbHUX HayK 3abe3redye
CTBOPEHHS 1 MPaKTHYHE BUKOPUCTAHHS SK B OCHOBHOMY,
TaK 1 B  PEMOHTHOMY  BHPOOHHITBAaX  HOBUX
BHCOKOE(EKTUBHHIX pecypcoomagHux  TEXHOJOTIN
KepyBaHHS (YHKLIIOHAJBHHMH BIACTHBOCTAMH JeTayel
MallMH 3a paxyHOK CIPSIMOBaHOTO  (OpMyBaHHS
NOBEPXHEBUX IIAPIB Ta YIPABIIHHS IX BIACTUBOCTSIMH.

3 BUKOPUCTaHHSM METOJIB 1HXKEHepil OBEPXHi Ha
JIaHWI Yac BHPIIIYIOTBCS TUTAHHS MPOTHKOPO3iitHOro
3aXHCTY, IJBHIICHHS 3HOCOCTIHKOCTI, IOKpAIlCHHS
SIKOCTI ZieTaJied MallliH, 0COOIMBO i Yac eKcIuTyaTalii B
eKCTpEeMAIbHUX  yMOBax, MiHimi3amii  3a0pyaHeHHS
HaBKOJMIIHBOTO CEPElOBHINA, a TAaKOX Oararo iHIINX
mpodiem.

TexHONOTIYHI METOIN IHXKEeHepil MOBEpXHI MOXKHA
pO3MOMIMUTH Ha HACTYNHI TPyHH, a came: METOIU
MoanGikyBaHHA (3MiHA (I3UKO-XIMIYHUX BIACTUBOCTEH
MOBEPXHEBUX IIapiB OCHOBHOI'O Martepiany); HaHEeCeHHS
IUTIBOK, MOKPHBIB Ta 3aXMCHUX IIApiB; KOMOIHOBaHI, 10
MOEAHYIOTH METOAM MOIU(IKYBaHHS Ta HAHCCCHHS
MIOKPHBIB; YNPaBIiHHS MiKpoTONorpadiero moBepxoHs.

OcraHHIM 4YacoM B IH)KEHepii IOBEpXHI Bce
HalyacTime BHKOPHUCTOBYIOTBCSI METOAW  IIIIa3MOBOI
00poOKHM, 30KpeMa B elekTpoiyiTax. EnexTpoximiuna
00poOKa TOBEpXHI MaTepialy y BHCOKOCHEPreTHYHHUX
peXMMax OTpHMalia Has3By IUIA3MOBO-EJICKTPOJITHYHOTO
okcunyBanHs (IIEO), sxe me Mae Ha3By aHOMHO-
iCKpOBOTO 200 MIKpOIyTOBOTO [2].

ITin 71i€el0  KOPOTKOXHMBYYHX  EINEKTPHYHHX
PO3pSIIB Y BOJHUX PO3YMHAX EJIEKTPOJITIB MPH BUCOKIN
HAMpy3l Peami3ylOThCs CIEKTPOXIMIYHI Ta TEPMOXIMIUHI
peaxii, 110 NPU3BOJUTH JI0 (dopmyBaHHS
HAHOCTPYKTYpPOBaHHX OKCHJIHUX KOMITO3HMLIITHUX
MOKPUBIB, SIKi 3a O0ararhbMa MOKa3HUKAMH MEPEBEPIIYIOTh
MOKpHBH, cdopmoBaHi B iHmmHA cmoci6  [2,3].
MomudikoBana TOBEpXHsS CKJIANAETbCA 13 OKCHAHOT
MaTpHli OCHOBHOTO MeTally, B SKy I1HKOPIOpPOBaHi
KOMIIOHEHTH Ta MeperuiaBi poO0YOro po3umHy.

Hanomy cmoco0y moBepxHeBOi Moaudikamii
MIpUTaMaHHI TaKi MepeBary, K MPOCTOTa TEXHOJIOTIYHOTO
o0NaHaHHS, HETOKCUYHICTh POOOYMX ENEeKTPOJIITIB,
BiZICYTHICTh  (HEOOOB’SI3KOBICT) €Tally MOMNEepPeIHbOT
MIATOTOBKK TOBEPXHI JAeTalli, MOXJIHMBICT €()eKTUBHOI
00poOKH BETMKOTabapUTHHUX Ta CKJIAJAHO-NPO]iIbOBaHUX
BupoOiB. IlepepaxoBaHi 0COOIMBOCTI XapaKkTEepU3YIOTh
nporec [TEO-00poOkH K eKOHOMIYHUHN, SKOJIOTIYHHNA Ta
pecypcooniaiHui.

3 ypaxyBaHHIM BUKJIafeHUX ocodnusoctel, [IEO-
00poOKa MOKe pPO3TIAAATUCS SK KOMOIHOBaHHHA METOX
IIKeHepii TMOBepXHi, TOMYy IO B OJHOMY TpoIeci
MOETHYEThC  MOIUGIKyBaHHS IOBEPXHEBOTO  IIapy
00pobioBaHoro Marepiainy Ta (OpMyBaHHS IMOKPUBY 3
IHKOpIIOpaIi€l0 KOMIIOHEHTIB €JIEKTPOJITY Ta MPOAYKTIB
TEPMOXIMIYHOTO TIEPETBOPEHHSL.

Ha naunnii yac rexnounorig I[IEO nocrarHr0 OBHO
orpanboBaHa Jyisi TPYIH BEHTWIFHUX METAJIB (JIIOMIHIMH,
TUTaH, MarHii), Ipo 10 CBITYNTH 3HaYHA KUIBKICTH POOIT
3 pe3yJibTaTaMH JIOCHTIDKEHb 1HO3EMHHUX Ta BITYM3HSHHUX

ByeHux. CdopmoBani  [IEO-nokpuBn  BOJIOAIIOTH
BHCOKHIMH IIOKa3HUKAMH MIIIHOCTi, TEpMIYHOI Ta
3HOCOCTIMKOCTI, KOPO3iHHOi TpPWUBKOCTi, BHUSABJISIOTH

KaTaJliTU4HI BIACTUBOCTI MO 3HEIIKOKEHHIO TOKCHYHHUX
KOMIIOHEHTIB y Ta30Biif Ta piakii dazax [4].

OTpumaHi pe3ynbTaTH J03BOJIIOTH BHKOPHCTATH
nepeBars [IEO nanst minBUIIEHHS eKCIUTyaTallifHUX Ta
PECYPCHUX XapaKTEPUCTHK JeTajiell aBTOMOOUIBHOI Ta
OpOHETaHKOBOI TEXHIKH, 30KpeMa MOpIIHEBOI TIpymnu
JIBUTYHA BHYTpPILIHBOTO 3ropsinus ([IB3).

B3 € cunoBuM arperatoM OiJIBLIOCTI 3pa3KiB
030poeHHST Ta BilicbKOBOI TexHikM. KoHCTpyKUiiHI
Marepiaid, 10 BHKOPHCTOBYIOTHCS IJISI BHUTOTOBIJICHHS
KOMIUIEKTYIOUMX JBWTYHIB, IIOBUHHI MaTH BHCOKY
TEIUIONPOBITHICT, Ta MINHICTB, 3HOCO- Ta KOPO3iHHY
CTIMKICTh, @ TaKOX HU3BKY IIUIbHICTH. HaifOimbm moBHO
3a3HAYCHUM BHMOTaM BiAIOBIJAIOTh JIMBApHI CIDIABH
amfoMiHifo Ha ocHOBi cucreM Al-Si, Al-Mg, Al-Cu,
Al-Cu-Mg, Al-Zn-Mg, Al-Cu-Mg-Ni [5]. Ontumainbhe
MO€/THAHHS MacorabapuTHUX MOKa3HUKIB Ta
eKCIUTyaTallilHUX BJIAaCTHBOCTEl MPHUTAMaHHO CHCTEMi
Al-Si. Marepianu Ha ii OCHOBI, HOCSTh Ha3By CHJIYMIiHIB
Ta HaiyacTille BHKOPUCTOBYIOTHCS [UISi BHUTOTOBIICHHS
JieTajei MopITHEeBOI PN CHIIOBHX arperaris [6].

Crmig 3a3HauMTH, MO B TpOIECi EeKCIUTyaTaril
JIBUTYHA  TIOPIIHI  MiJJTAIOTBCS  BIUIMBY  BHCOKHX
TeMmepaTyp i THCKy Ta3iB MiJ dYac 3TOPSHHS MaJMBa.
ToMy HaHOITBII PO3MOBCIOKCHOIO PUINHOIO BHXOJY 3
Jay TMOpIIHA € NeheKTH (IPOTOPSHHS) HOTO JACHIIS.

Buxomsun 3 1pOro, aKTyaJbHUM € MOUIYK
E€KOHOMIYHO Ta TEXHOJIOTIYHO JOCTYIHHUX METOJIIB
iHKeHepil MoBepxHi neraned nopmHeBoi rpynu B3 3
METOIO IMiJIBUIIEHHS 1X eKCIUTyaTalliiHIX BIACTUBOCTEH.

Merta Ta 3aga4i podoTu

SanpononyBatu cnocid ITEO-00poOku meraneit
MOPIIHEBOI IPYNH CHIOBHX YCTAaHOBOK aBTOMOOUIBHOI Ta
OpoHeTaHKOBOT TEXHIKH i3 (dopMyBaHHIM
KEpaMiKOITO1iIOHMX TTOKPHUBIB.
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JIst JOCATHEHHS TIOCTaBJIEHOT METH HeoOXiJTHO
BUPILIMTH HACTYIIHI 3aa4i:

MIPOBECTH OIS ICHYIOUHX MiAX0MiB
BUKOPHCTaHHS METONIB 1HKEHepil MOBEpXHi JeTajen
nopiuHeBoi rpynu JIB3;

OTpAIlFOBATH CIOCIO 00POOKH CHIIYMIHIB METOIOM
I1a3MOBO-EIKTPOITHIHOTO OKCHTyBaHHS 3
(hopMyBaHHSM KEPMaKOIMOMIOHUX IMOKPHBIB, IOMOBAHUX
JOAATKOBUMHM KOMIIOHEHTAMU;

JIOCTIIUTH BIACTUBOCTI C(OPMOBAHUX OKCHIHHUX
CUCTEM.

Marepiayu i MmeTonu

KepamikormoniOHi MOKpUBH (GOpPMYBaIX Ha 3pa3kax
mopmHeBoro  cmiapy  AK12M2MrH — (AJI25) Ta
cepiitnomy mopmHi KamA3-740 wmeromom IIEO B
TabBAaHOCTATHIHOMY pekuMi. J1s HaHeceHHs KoOaIbTo-
Ta MaHTAaHOBMICHUX ITOKPWBIB BUKOPHCTOBYBAJH JIYXKHI
po3unHu enektpoiiTiB. Ckiaj poOOYMX PpO3YMHIB Ta
pekuMu (popMyBaHHS HaBeAeHI y Tabui 1.

Tabmums 1 — Cximag eJIeKTPONITIB Ta PEXKUMH
(hopMyBaHHS TOKpHWBIB Ha MOPIIHEBOMY  CIUIABi
AKI12M2MrH (AJI25)

Ne Ckran, I'yctuna Hanpyra
PO3UHHY Mo/ v crpymy, A/nm? | TIEO, B
KMnO4 - 0.05
1 NaOH — 0.005 10...20 160...180
CoS04—0.1
2 KuP,0r — 0.4 3...5 200..240
Jns  ¢dopMyBaHHS TOKPUBIB BUKOPHCTOBYBAJU

na00paToOpHy YCTAQHOBKY, SKa BKIIOYaga JOKEPENo
nocTiiiHoro crpymy b5-50, egekTpoximiuHy KOMIpKY 3
MIPUMYCOBUM  OXOJIO/)KYBAaHHSIM Ta II€pPEMilllyBaHHIM
eJIEKTPOJIITYy, poboui enektpoau. Temmneparypa po3unHy
miaTpumyBanack B iHTepBaii 20—25°C. Yac popmyBanHs
mokpuBiB — 30 xB.

[TEO-06po6ky MOPILIHS MIPOBOAMIH 3
BUKOPUCTaHHSIM MOIU(IKOBaHOT YCTAHOBKHU MiJABUILECHOT
MTOTY>KHOCTI JUTsT 3a0e3MedeHHs peai3amii TeXHOIOTIIHIX
mapamMeTpiB mporecy (puc. 1).

CHCTeMH
nepemMilnyBaHHHA
Ta 0X0101:KeHHSA

CHCTEMaA
KOHTPO.I10

eJIeKTPOTITHYHA
KOMipKa

Puc. I — Yemanosxa ons IIEO-06pobku nopwnsa /[B3

Mopdoonorito moBepxHi CHOPMOBAHUX ITOKPHBIB
JOCII UKy BaIN 3 BUKOPUCTaHHIM CKaHIBHOTO
enextponHoro mikpockona (CEM) ZEISS EVO 40XVP
(Himeuunna). Tonorpadito noBepxHeBHX MIapiB BUBYAIN
METOJIOM aTOMHO-CHJIOBOI MIiKPOCKOMIl Ha MiKpPOCKOII

HT-206, 3oum CSC-37. XiMmiuHH# CKJIaJq IOKPUBIB
BU3HAYaJld 3 BHKOPUCTAHHSAM EHEpPro-IUCIIepCiifHOrO
CHEKTPOMETpA Oxford INCA Energy 350
(BenukoOpuranis) 3  IHTErpOBaHMM  HPOTPAMHUM
cepenoBuuieM SmartSEM.

PentrenodazoBuii  aHamiz ~ mpoBOXWIIM  HA
PEHTTeHIBCEKOMY mudpaxkromeTpi JPOH-2 B
MoHOoxpoMaTm3oBaHomy Co-Ko Bumpomineni (A =
1,7902A). BusHaueHHs (a3 TPOBOIWIN  IIIIXOM

MOPIBHSAHHS MDKIDIOIIMHHUX BiJCTaHEW Ta BIiTHOCHUX
IHTEHCHBHOCTEH EKCHEePHUMEHTAIBHOI KPHBOI 3 IaHUMHU
enextponHoi kaproreku PCPDFWIN.

KaranmiTnuHy = akTHUBHICTE  KepaMiKOMOIIOHUX
MMOKPUBIB TECTYBAJH IiJl Yac CTEHIAOBUX BHIPOOYBaHbL B
MpoIeCci 3TOpPsIHHA 1 KAaTaliTHYHOTO IEPETBOPCHHS
TOKCHUYHUX PEUYOBHH B IWIIHAPI JBUTYHA BHYTPIITHHOTO
3TOPSTHHS.

Buksiaja ocHOBHOrO MaTepiajy

HocnimkeHHs MIPOIIECiB CIPSIMOBAHOTO
Mou(iKyBaHHS TOBEpXHI JeTanell NOpLIHEBOI Trpymnu
JIBUTYHIB € aKTYaJbHOIO MPAKTUYHOK 3amaycto. Bimomi
pi3Hi TEXHOJIOTI1, 10 BUKOPHUCTOBYIOTHCS
aBTOBUPOOHMKAMH /sl 3MIIIHEHHS IOBEPXOHb JieTalieil i3
JMBAapHUX CIUIaBiB amoMmiHito. [IpoTe KoXHe Take
TEXHIYHE pIlIEHHS HE € YHIBEpPCAIbHMM Ta Ma€ IEBHI
0OMEKEeHHS.

VY cutoBHX ycTaHOBKax 3pa3KiB aBTOMOOLUIBHOI Ta
OpOHETaHKOBOI TEXHIKH, III0 €KCIUTyaTyeThest 30pOHHUMH
Cunamu  YkpalHm  Ta  IHIIHMH  BiCBKOBHUMH
(OpMyBaHHSIMH, TAaKOX BHKOPHCTOBYIOTHCS IOIATKOBI
cmocobn  o0OpoOkM  geramell  MOPHIHEBOI  TPYIH.
Hanpuknan, amoMiHi€BI MOPIIHI TaHKOBUX JIBUTYHIB
STA® Ta 6 T/ w™MawTh HAKIagKd 31 CTaml 3
TepMoau(y3iiHIM XPOMYBAHHSIM 3 METOKO ITiBHIICHHS
MIITHOCTI, TOPIIHI OeH3WHOBHUX IBUTYHIB 3M3-4905 Ta
3MJI-131 nonaTtkoBo  BKPHUTI  [IapoM  OJioBa  JUIs
M/IBUIIEHHA 3HOCOCTIMKOCTI, a IIOpIIEHb JM3EIHHOTO
meuryHa YT-20 (5/20) mae onepxaHuii aHOTyBaHHSIM
OKCHUJIHUI TIOKPHB JIJIS TiIBUAIICHHS MOKa3HUKIB MIITHOCTI
Ta TepMiuHOi cTiiKocTi [7].

Y 50-ti pokm XX cromrtrs ¢ipmoro Mahle
(HimeyunHa) 3acTOCOBYBAJOCH MOKPHUTTA TIOPIIHIB i3
ATFOMIHIIO TBepAUM XpoMoM. J[iist migBUIEeHHs aaresii Ha
erami  momepenHboi  OOpPOOKM  HAHOCHIM M sIKe
ragpBaHiuHe  3ajdi30, micast  4oro  (GopMyBajH
Oe3rnocepeIHbO LIAp €JIEeKTPONITHYHOro Xpomy. Ilokpus

orpumaB komepuidHy Ha3By Chromal. OcHOBHHM
HEIOJIKOM  LBOrO  MOKPHBY  Oyla  MOJKIJIMBICTH
posmiapyBaHHS B yMOBax ekciutyaramii. HactymHum

KOMEPI[IHHAM TIPOIYKTOM, IO BUKOPUCTOBYBABCS Yy
neuryHax BMW, Ferrari, Citroen, Porsche Ta VW Group,
craB Mertanokepamiuanii mokpus Nikasil, po3poOmenuit
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Mahle y 60-70-ti poku XX cromitts. [TokpuB “Hikens-
kap6ix kpemuito” (Ni-SiC) ¢opMmyBanu rajabpBaHIYHHM
METOJOM 3 OCaDKEHHSIM IIapy METaJeBOro HIKEIo i3
HACTYITHUM HACHUYECHHSM c(hOpMOBaHOI MaTpHLli KapOigom
kpemHi0. CPopMOBaHI MOKPUBH BOJIOAIIOTH BHCOKHUMH
MOKa3HUKAMK MIIIHOCTI Ta MAcCJIOEMHOCTI, MMPOTE dYepes

CKJIaMHUIA Ta CKOJOTIYHO  HEOE3NMeyHWd  MpoIiec
OJIepXKaHHS JaHa TEXHOJIOTIS HE CTala MacOBOIO.
HactynHe TOKONIHHAM [OKPHBIB MOPIIHEBOL

rpymu 0Oa3yeTbcss Ha HACHYEHHI IOBEPXHEBUX INApiB
JTUBApHUX ANTIOMIiHIEBUX CIUIaBiB KpeMmHieM. Ilpu mpomy
JUIL BUTOTOBJICHHS KOMIUIEKTYIOUNX BHKOPHCTOBYIOTH
CIU[yMiHH 13 PI3HAM BMICTOM CHIIIIIO, MiANAI0YH IX
0o0pobui pi3HMMH crmocobaMu  (XiMiuHE Ta Ja3epHe
TpaBIICHHA, €NeKTpoXiMiuHa oOpoOka). B pesynprati Ha
NOBEPXHi 00po0III0BaHOT AeTali popMyeThCsl KepaMiuHUN
MOKPUB 13 TMIJABHIICHOK TEIUIOCTIHKICTIO, MIIHICTIO,
3HOCOCTIHMKICTIO Ta KOpO3iiiHOIO TpHBKicTIO. [IprKinanamu
nmokpuBiB mporo Ttumy € Lokasil Ta  Alusil
(Kolbenschmidt), Silumal (Mahle) abo ix Bapiaumii.
VYka3aHi TEXHOJIOTII BHKOPHCTOBYIOTHCSI IPOBIIHUMH
KaMITaHiIMI-BAPOOHUKAMHU aBTOMOOIIIB, 30KpeMa
Mercedes-Benz, Honda, Porsche, Rolls-Royce Group,
General Electricc BMW, Volvo, Jaguar. B Toif e dac y
BIIKPUTHX JKepenax BiACYTHS iH(OpMAIis MO0 CKIamy
Ta TEXHONIOTii OJepXaHHA MJaHUX TIOKPHUBIB Uepes
KOMEpIiiiHy TaeMHHUIO. Lle CBIAYUTH MpPO aKTyaabHICTh
Ta NEPCIEKTHBHICTh JOCTIIDKEHb 100 (opMyBaHHS
KepaMiKOoMoJiOHMX MOKPUBIB Ha MOPIIHEBUX CILIABAX.

Sk 3a3Hayanocs BHINE, HaMH 3alpPOIOHOBAHO
BHUKOPHUCTaHHSI TEXHOJIOTI] TIa3MOBO-EJIEKTPOITITHYHOTO-
OKCUAyBaHHS  aist  (QopMyBaHHA  (PyHKLIOHAIBHHX
nokpuBiB Ha mopmHiax JB3. MoximBicTh pearizamii
[MEO-06po0ku Ha TpHKIaAi AeTaleid MOpIIHEBOI Ipymu
JBUTYHIB HaBEJICHO Y AociipkeHHX [8—13]. Y poborTi [§]
Ha/laHO pE3yJIBTATH MAOCIIKEHb IOJI0 BHKOPHUCTAHHS
texHomorii ITEO mnms 3MminmHEHHS poOOYMX IMOBEPXOHD
omoxy mmmiazmpie [B3. IlokazaHo TEXHOJOTIUHY
MoxnuBicte  peamizauii  [IEO  BenukoraGapuTHUX
BIJUTMBOK CHJIYMIHIB 3 OJICP)KaHHSM SIKICHOTO OKCH/IHOTO
nrapy. Asropamu [9] JOCHIIKEHO MOXKJIHBICTH Ta
MEpCIEeKTUBN  BUKOpucTtaHHi TexHojorii [IEO  mms
PEMOHTY Ta BiJJHOBIJICHHSI T€OMETpil poOOYMX MOBEPXOHb
Jetayeil ABUTYHIB i3 crrymiHiB. B poOori [10] HaBexeHO
pe3yibTaTd  eKCHEPUMEHTAIBHUX  JOCIKEHb  II0JI0
3MinHeHHsT noBepxHi nopmHs ASP80 3i crmaBy AK12
metogoM ITEO y myxxHO-crutikaTHOMY enektpomiTi. ITix
yac CTEHIOBUX BUIPOOYBaHb  BCTaHOBICHO, IO
IHTCHCUBHICTh 3HOUTYBaHHS TOPINHS 3 HAHECEHHM
MOKPUBOM 3MeEHIIyeThest y 2.5 pa3u. B poborax [11,12]
€KCIIEPUMEHTAIILHO MIATBEPIKCHO IT1 IBUILIEHHS
e(eKTUBHOCTI Ta ekoHoMiuHOCTI JIB3 npu BukopucTaHHi
MOPIIHIB i3  TEIUIOI30JIALIHUM IOKPUBOM  OKCHIY
ATOMIHIIO, SKUH  OAEPXKYIOTh TrallbBaHOILIA3MOBOIO
00pOOKOI0 ITATHUX TOPIIHIB ABUIYHIB. ABTOpamu [13]
BCTaHOBJICHO 3HIKEHHsSI IIUIIXOBOi Ta TPAHCHOPTHOI
BUTpaTH manuBa Ha 5-7% mixg yac Bukopucranas ITEO-
MOKpHUBIB Ha MopiHsx JIB3 MOpiBHSHO 13 TUIIOBUMH
TIOPIIHSIMH JIBUTYHA.

[IpoBeneHuit aHami3 CBiOYNTH, IO HaHdYacTime
JIOCHITHUKAMHU 17151 (JOPMYBaHHS Ha CHITyMiHAX OKCHUIHUX
MTOKPHBIB 3 M ABUIIEHUMH TEINIO3aXUCHUMHA
BJIACTHBOCTSIMH BUKOPHCTOBYIOTBCSI JIy’KHI  CHIIIKATHI
enekrponitu [4,14-16]. Takok MOMXIJIMBO OKCHAYyBaHHS
CIUVIaBIB  QIOMIHIIO B  €JEKTPONITax-CyCHeH3isax i3
JIoJaBaHHsIM B 0a30BUl pPO3YMH TOPOLIKIB Pi3HOTO
crymnento aucnepcHocTi [17,18]. IIporao3oBaHo mpupoaa
KOMIIOHEHTIB, 10  IHKOPIOPYIOTHCA IO  CKJIaxy
MMOBEpXHEBUX ImapiB, Oyxe BIUIMBATA Ha BIACTHBOCTI

chopMOBaHMX  KEpaMiKOMOMIOHWX  TMOKpWBIB.  Jlms
HaJTaHHA Mo U (iKOBaHIH MTOBEPXHIi CHUITyMiHY
JONATKOBHX BIJIACTHBOCTEH, 30KpeMa KaTaliTUYHHX,

BHKOPHUCTOBYIOTH ENIEKTPOJITH 13 JOJaBaHHAMHU COJIEH
nepexinaux mMeraiis [19,20].

Came Takuii miaxig Oysno oOpaHO st OllepIKaHHS
KepaMiKOIToJiIOHMX MOKPUBIB Ha MOPIIHEBOMY CHIIyMiHi B
JlaHid poOOoTi.

Pe3yabTaTi Ta iX 00roBopeHHs

[11a3MOBO-CJICKTPONIITUYHAM ~ OKCHAYBAaHHAM Y
JMYKHUX pO3YMHAX eJekTpomiTiB 1 Ta 2 (tabm. 1) Ha
3pa3zkax mopmmHeBoro cmiay AKI2M2MrH (AJI25)
ozepkaHi piBHOMIpHI MIUTHHI KEPaMiKOITO1i0HI TOKPUBH.

Buxopucranns JTy>KHHX KOMIUIEKCHHX
CJIEKTPOJITIB  J03BOJIAE 3AIHCHIOBATH T'OMOTCHI3AIII0
MMOBEPXHI B Mpoleci 0OpoOKH, 110 3a0e3leuye BHCOKY
a/re3ir0 yTBOPIOBAHOTO MIOKPUBY i3 OCHOBHHM METAJIOM.

Bennunna po6o4oi rycTHHM CTpyMy Ta Harpyra
00poOKM  3alIeKUTHh BiJl THIy BHKOPHUCTOBYBaHOTO
eJeKTpOJITy. BeTaHOBIIEHO, 1110 AJIS1 OTPUMaHHS TIOKPUBIB
JIOCTaTHHOI TOBIIMHM Ta 3a0BUIBHOI SIKOCTI JOLUIBHO
BUKOPHCTOBYBATH PEXUM I1a/1al0d0i IMTOTYXHOCTI, KOJIH
IIPY BUXOZl HA PEXUM IHTEHCHBHOTO iCKpPIHHS T'YyCTHHY
CTpyMy OOpOOKH 3HIDKYIOTH ISl 3aI00IiraHHs TEepPexory
TpoIiecy y AyroBuid pexum [7,21].

Mopdoomoris Ta Komip HOBEepxHI 00poOIIOBAaHOTO
Mmarepiany (puc. 2, a) 3MIHIOETBCS 13 1HKOPHOPAIIED
JIOJIATKOBHX KOMIIOHEHTIB JI0 CKJaay MOBEPXHEBUX
mapiB. [TEO-00poOka B MaHTaHOBMICHOMY EIEKTPOJIITI
NPU3BOJUTE JI0 YTBOPEHHS PIBHOMIPHOTO KOPHYHEBO-
YOPHOI'O TOKPHBY 13 BMICTOM MaHraHy nao 35 at.%.
[ToBepxHA NOKpPHBY € MIKpOrIOOyJsIpHOIO, Ha HIH
Bi3yaJli3y€Thcsl 3HAYHA KUIBKICTh KOHIJIOMEpPATIB, IO
yTBOpeHi  apibnumm  cepoimamm  (puc. 2, 0).
OKcuayBaHHS B €NEKTPOIIITI, IO MICTUTH COJi KOOAIBTY,
JTO3BOJISIE  OTPUMYBATH CHHBO-(IONETOBUI TOKPHUB 13
BMICTOM K0OanbTy B NMOBEPXHEBHX Imapax 1o 24 at. %.
Iukopriopaniss  ko0anbTy — BiIOyBaeTbCs y  BUTJISII
chepoifHUX OCTPIBKOBUX YTBOPEHb, SIKI B IpOIECi
OKCHJIyBaHHS BKPHMBAIOTh BCIO TOBEPXHIO 3pa3zka Ta
¢dopMyroTh  Mo3aiuHi  cTpykTypu. (puc. 2, 8).
JBocraniiinoto  mociigoBHoo  [IEO-o0pobOkoro B
enektpoiitax 1 Ta 2 MOXIMBO  OJEpXKaTH
JIpiOHOMUCTIEpCHUH  TIOpYBAaTHH  KepaMiKomoiOHuH
MOKPHB, IO MICTHTh OJHOYAaCHO OOWABAa KaTaJliTW4HI
komroHeHTH. CymapHUil BMICT KOOQIbTy Ta MaHraHy B
MOBEPXHEBUX mapax pocsrae 25-30 at. % (puc. 2, 2).
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Puc. 2 — CEM-306padsicenns nosepxHi Kepamikonooionux
nokpusis, cpopmoganux IIEO-06podKoro na
AKI2M2MeH (AJ125): a — Al, 6 — Al | AL,O3MnO,,

6 —Al'| A1,03:CoOs, 2 — Al | AL,O3CoOx, MnO.
36invwenns x 1000.

3a pesympTaTaMM aHANI3y XIMIYHOTO CKJIaxy
chopMOBaHMX  TOKPWBIB  BCTaHOBJICHO, M0 B
MMOBEpXHEBUX IMapax BMICT cwiimito (Si) ckiamae 1o
3 ar.%. lle mO3WTHBHO BIUIMBa€ HA TEIDIO3AXHCHI
BJIACTHBOCTI YTBOPEHHMX KepaMiKONMOAIOHMX Imapis, a
TaKOX ICTOTHO HE 3HIDKYE KaTaJIITHYHYy aKTHBHICTh
IHKOPITIOPOBAaHUX METaiB-/I0MaHTIB.

CdopmoBani  KepaMikOMoMiOHI TMOKPHBH MAaroTh
BUCOKMH  CTymiHb  PO3BUHEHHS  IOBEpPXHI, IO
MATBEP/PKEHO pe3yJibTaTaMu  JIOCHIPKEHb Tomorpadii
MTOBEPXHEBUX IMIAPiB KOHTAKTHUM METOAOM (pHC. 3).

[ToBepxHeBi KepaMiKOMOIiOHI Iapy CKIIAAIOTHCS
3 arJIoMepartiB 3epeH, PO3Mip SKUX KOIUBAETHCS B MEXKaX
100-200 uM Ta Mosxe csrati 400 HM.

Ilokasumkm mopctkocti (R, Ta R, s
PO3TIIHYTHX cHucTeM He nepeBuiryioTs: 0.05 — 0.06 MM
JUIsl TIOKPHBIB, NOMOBaHMX MaHraHoM, ta 0.3 — 0.4 Mk
IS IOKPUBIB, OTIOBAaHUX KOOAJIBTOM.

PesynbraTi  pEeHTreHOCTPYKTYPHOTO  aHANI3y
Mou]ikoBaHOT  IMMOBEPXHI  IMOPIIHEBOTO  CHIIYMiHY
CBiYaTh, MO0 y TNOBEPXHEBHX IMIapaXx OKCHIOBAHOTO
CIUIaBy KpiM amoMiHifo mpucyTHi ¢asu Si ta a-AlLOs, a
chopMOBaHi TTOKPUBH MICTATh OKCHIM METalliB-IOMAHTIB
(puc. 4). IarencuBHicTh JNiHIH Ha audpakTOorpamax €
BIJOOp@KEHHSIM  KUTBKICHOTO  CKIany C(hOpPMOBAaHUX
CHCTEM.

dopmyBanus kepamikomnonionux ITEO-cTpykryp
BiJOYBA€ETbCS y HEPIBHOBAXHHX yMOBax, IMpO MIO
cBimuuth amoppHe ramo Ha Kkyrax 20 ~ 20° Ha
pEeHreHorpaMMax, a TaKOX YTBOPEHHS OKCHJIIB MeTaliB-
JIONAHTIB pi3HOI BayieHTHOCTI. Opep)kaHi pe3ysbTaTu
KOpeNnoioTh 3 AanuMu uisi okcugHux [TEO-cuctem Ha
CIUIaBaX AJFOMIHIIO Ta iHIIMX BEHTWIEHUX MeTamiB [22].

Puc. 3 — 3D-xapma nosepxni [IEO-noxpusis,
Ha AKI2M2MzH (AJ125): a — Al | AL,O3MnO,,
6 — Al | Al,03CoOy. Obnacme cKany8auHs SMKM X SMKM.

Puc. 4 — Penmeenozpamu kepamikonoOiOHUx noKpusis,
cpopmosanux na AKI12M2MeH (AJ125):
a—Al| ALO3>MnO,, 6 — Al | A1:03-CoO;.

OcobmauBocTi ($a3oBoOi CTPYKTYpH MOIU(IKOBAHOT
MMOBEPXHI CHWIYMIHY y CYKYHHOCTI 13 PO3BHHEHOIO
MOBEPXHEIO Ta 3HAYHUM BMICTOM OKCH[IB KaTaTiTHYHUX
KOMITOHEHTIB € MepelyMOBOI0 BUCOKUX (DYHKIIOHAJIBHUX

BJIACTHBOCTEH copMoBaHUX KepaMiKomoJiOHMX
MOKPHBIB.
Anpobarist MOJJIUBOCTI BUKOPUCTAHHS

po3pobaeHoro migxony A MoAM(piKyBaHHS TOBEPXHI
nopwHiB JIB3 3nificHioBanack nuisixom ITEO mopuoras
meuryHa KamA3-740, BHTOTOBIIEHOTO 3i  CIUIaBY
AK12M2MrH, 3 ¢opMyBaHHSIM OKCHIHHUX IOKPUBIB Ha
neHmi mopmHs (puc. 5) [23].
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a 7]

Puc. 5 — Hopuenv KamA3-740 3i cchopmosarum
KepamikonooiOHUM HOKPUBOM.
a—ALOsMnO,, 6 — ALO3MnOx-CoOy.

Bcranosnero, 110 BHUKOPHCTaHHS
Kepamikommo1iOHUX MoKpuBiB nopinag JIB3 npuBoanuTh 10
3HIDKCHHS TEeMIIEPaTypH 3aIlalioBaHHS MAIUBHOI CyMiTi.
3a paxyHOK TeIUIOI30JAMIHHIX BIACTUBOCTEH MIapy
KaTaTiTHYHOTO TOKPHUBY UIS  BCIX  JOCIIIKCHUX
OKCHUJHUX CHCTEM 3MEHIIYEThCS BHTpaTa MOBITPS
MOPIBHSIHO 3 TIOPIIHEM 3 HEOOPOOIIEHOIO TTOBEPXHEO.

3aBISIKM  OCOOJIMBOCTSIM  TIPOLIECIB  KATAIITUIHOTO
TOpIHHS TaJlBa y MPHCTIHKOBUX 30HAX KaMepH 3TOpSIHHS
JIB3 cxopouyeThbcs (pa3za HEKSPOBAHOTO TOPIHHS MAINBA i
yac HOro 3ropsiHHSA. BCTaHOBNEHO 3HW)KEHHS TOIWHHOI
BUTpaTH THamuBa B Mexkax [-4%. HaiiBumii moxa3sHUKH
MATABHOI €KOHOMIYHOCTI JEMOHCTPY€ TMOPIICHb i3
KEepaMiKOIMOIiIOHNM IIapoM HECTEXiOMETPHYHHUX OKCHIIB
MaHTaHy. 3HWKEHHA TEMIIEpaTypu TOpIHHSA BUKIIOYAE
MOJMJIMBICT Y4acTi a30Ty TOBITpS Yy Tra3o(ha3oBux
peakuisix. 3a3HaueHi OCOOJIMBOCTI MpOLECY TOPIHHS Ta
KaTaJliTU4YHI MPOIECH Ha MOBEPXHI OKCHUIHHX MOKPHBIB
MOPIIHST 320€3MeYyr0Th 3HIKECHHS KUTBKOCTI TOKCHYHHUX
ra3oBUX BHMKWAIB ABMryHa. HaiiBuiny kaTtanmiThuHy aito
MIPOSIBIISIIOTH  3MIIIaHI OKCHJHI CHUCTEMH 3 KOOAJIbTOM.
[opmens i3 mokpuBoM AlO3; CoOx H03BONSE 3HU3UTH
pukuan NOy B mexkax 10% 1a CO — 15-18%, Toai sk yis
MaHTaH-BMICHUX OKCHIHHX TOKPUBIB IIi TIOKa3HUKH €
ICTOTHO HIDKYHMHU.

Takum gwmHOM, [IEO-00poOka mopmmuie [IB3
no3BoJsie  (hopMyBaTH MaHTaH- Ta  KOOAJIBTBMICHI
KepaMiKOMmOIi0HI MMOKPUBH i3 BUCOKMMH KaTaJliTHUHUMHU
BJIACTHBOCTSAMH. YKa3aHl CHUCTEMH MOXYThb 3HaWTH
3aCTOCYBaHHSI B TEXHOJIOTISIX BHYTPIIIHBOIMIIHAPOBOTO
Katajgizy 3 METOI 3HIDKEHHS TOKCHMYHOCTI BHUKHJIIB
JIBUTYHIB Ta MiJBUINCHHS X MAJIMBHOI CKOHOMIYHOCTI,
30Kkpema aist nBuryHiB B-46 (B-84), YT/I-20, KamA3-
740, AIM3-238, Too.

BripoBa/pkeHHS  3aIIpONIOHOBAHOTO  TEXHIYHOTO
pimeHHs mOA0 O00poOkm cepiitaux mopmHIB B3
JO3BOJHMTH IMIABHIIUTH TAIWBHY EKOHOMIYHICTH Ta
TePMIiH eKCIUTyaTallii MOPIIHEBUX JABWUTYHIB, 3HH3HUTH

KOHCTPYKIIHHUX MaTepialliB, a TaKOX PO3IINPEHHs Koja
METaiB-I0aHTIB. Ie JI03BOJIUTD M ABUALLUTH
(bYHKI[IOHATIbHI BJIACTUBOCTI OOpOOJIIOBAaHMX MaTepialiB
Ta pPO3IMUPUTH cdepy BUKOPHCTaHHS  3MiLIaHUX
OKCHUIHHUX CUCTEM.

BucHoBkH

1. B po0oTi mpoBeIeHO OIS ICHYIOUHX ITiTXOJIiB
BUKOPHUCTAaHHS METOMIB IH)KEHepii TOBEpXHI meTaneit
NOPIIHEBOI TPYNH JBHTYHIB BHYTPIIIHBOTO 3TOPSHHSL.
[Toka3aHo, OO 3aCTOCYBaHHS IPOLECIB CIIPIMOBAHOTO
Momu(iKyBaHHA  IOBEPXHI  JO3BOJSIE  IIABHIIUTH
MMOKAa3HUKH MIIHOCTI Ta 3HOCOCTIMKOCTI JeTajeH,
PO3MHUPUTH 1X PYHKIIIOHATbHI BIACTHBOCTI.

2. OmpaiboBaHO Croci0 MOBEPXHEBOI 00POOKH
MOPIIHEBOTO CUIIYMIHY Y JY)KHHUX €JIEKTPOJIITaX METOJIOM
I[IEO. Iloka3aHo, 1m0 B 3ampONOHOBAHUX PEXKUMAX
MOJKJIMBO ¢dopmyBatu piBHOMIpHI IIiJIBHI
MIITHOATe30BaHi 3 OCHOBHHUM METAJIOM KEepaMiKOIOIi0OHi
MOKPHBH, JTOTIOBaHI JJOAaTKOBUMH KOMITOHEHTaMH.

3. CdopmoBaHi OKCHAHI CHCTEMH Ha ITOPIIHEBHX
AIOMIHIEBUX CIUIaBaxX MalOTh IIABUINEHI MeEXaHiyHl
BJIACTUBOCTI. 3aBISKM IHKOPIOpALii OKCHIIB MaHTaHy Ta
KOOaIbTy 10 CKIIQAy MOBPEXHEBHX IIapiB Moan(ikoBaHa
MoBepXHsI HaOyBae KaTamiTHYHOI aKTHBHOCTI. Lle poOuThH
3anpononoBanuii minxig [TEO-00poOKku mepcrnekTHBHUM
JUIs. BUKOPUCTAHHSI Y BHYTPIIIHBOLMIIIHAPOBOMY KaTai3i
3 METOI 3HIKCHHS TOKCHYHOCTI Ta30BHX BHUKHIIB
JIBUTYHIB Ta MiIBUIICHHS 1X TAJUBHOI CKOHOMIYHOCTI.
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AHHOTAITHA [Iposeden 0630p cywecmsyiomux noOX0008 UCNOAb306AHUS MeMO008 UHICEHepUU NOGEePXHOCMU Jemaell
nopuinegoli  epynnwl - Ogueamenell  GHympennezo  ceopanus. Ilokazamo, umo  npumenenue NpPOYeCco8  HANPABIEHHO20
MOOUDUYUPOBAHUA NOBEPXHOCIU  NO360JAEM  PACUUPUMb  (DYHKYUOHATbHbIE CBOUCMEA 00pabamvlieaemMozo mamepuaid, 6
YACMHOCMU NOBLICUMb NOKA3AMENU NPOYHOCMU, UZHOCOCMOUKOCMU, KOppo3uonHou cmoukocmu. Kax sgpexmuenviii memoo
UHJICEHepUl  NOGEPXHOCMU  NPEeONOCEHO  UCNONb306aAHUE  NIAA3MEHHO-DNeKMPOIUTNUYECKO20 — OKCUOUPOBAHUA 6  UWeNIOUHbIX
anekmpoaumax. Ocobennocmu 0Opabomxu mMamepuana @ BbICOKOIHEP2eMUYECKUX peicumax noo oelcmeuem KOPOMmKOICUBYUUX
INeKMPULECKUX pazpsa008 3aK04aiomcs 8 QopMupo8aHuy HAHOCMPYKMYPUPOBAHHBIX OKCUOHBIX KOMAOZUYUOHHBIX NOKPLIMULL NpU
INEKMPOXUMUYECKUX U  MEPMOXUMUYecKux peakyusx. bnacodaps ceoum ocobeHHOCMAM — NIAZMEHHO-I]1EKMPOIUMUYECKAs
06pabomka Modxicem paccmampueamvcs Kak KOMOUHUPOBAHHBIL MEMOO UHIHCEHEPUU NOBEPXHOCMU 30 CHEMm COBMEWjeHUsi 6 OOHOM
npoyecce MOOUDUYUPOBAHUA NOBEPXHOCIHOZ0 CNIOSL 0OPADAMBIBAEMO20 MAMEPUANA U HOPMUPOBANUS NOKPLIMULL ¢ UHKOpnopayuel
KOMNOHEHNO8 INeKMPOIUMA U NPOOYKIMOE MePMOXUMULECKO20 NPeodpaz06aHusl.

IIpeonoscen cnocob obpabomku nopuwinesozo cunymuna AKI2M2MeH 6 wenounvix 31eKmpoiumax memooom Hia3MeHHO-
INeKMPONUMUYECcKo20 oKcuouposanus. Ilokazano, umo 8 2anb8AHOCMAMUYECKOM PedcuMe U3 WeOUHbIX PACBOPOS INeKMPOIUNOs,
cooepacawux conu mapeanya U Kobanbma, 603MOICHO NOJYYeHUe PAGHOMEPHbIX NJIOMHBIX C GbICOKOU adze3uell ¢ OCHOGHLIM
MEManiomM KepamukonoooOHbIX NOKpulmuil, OORUPOBAHHBIX KAMATUMUHYECKUMU KOMNOHEHMAMU, COOepICcaHue KOMOpbIX
sapvupyemcs 6 npedenax 25-35 am.%. I[loxkazano, umo mopgonoeus u ¢azosas cmpykmypa no8epXHOCHMHbIX CLOEE USMEHSEMC NPU
uHKopnopayuu memanios-oonanmos. C@opmuposannvie NOKPbUMUS UMEIOM 6bICOKYIO CMeneHb pasgumus NO6epXHOCMU, YmO
AGNAEMCS. NPEONOCHLIKOU NOBLIUEHHBIX (DYHKYUOHANLHBIX CE0UCME KepamMuKonooobHwvlx noxkpuimui. IIpednoscennsiti nooxoo
ucnonw3oean 0 moougurkayuu nogepxnocmu nopwins KamA3-740. Yemanoeneno, umo ucnonvzoganue KepamukonoooOHbIX
NOKpbIMuUll NOPWHA O8ucamensi NpUBOOUM K CHUIICEHUIO HACOB020 pacxo0da MONAUGA U KOIUYECMBA MOKCUUHBIX Geujecms C
ompabomaguiumu 2azamu, Ymo oeiaem ux nepcneKmuGHsIMU 05l UCHONb308AHUS 80 HYMPUYUIUHOPOBOM KAMALU3E.
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