14

chemical heat treatment also changes their chemical composition, which significantly expands the
range of variation of physical and mechanical properties

The paper considers the mechanism of possible destruction of parts operating in aggressive

conditions. The methods of surface protection of internal combustion engine parts are considered.
The complex of physical and mechanical properties of chrome coatings alloyed with titanium
obtained on the valves is investigated. The wear rate of boron alloyed chromium alloyed coatings
is 115-125 - 10-4 g/m2, and without coating it is 1.9-2.3 times higher.
When chromium layers are alloyed with titanium, a diffusion coating is formed, consisting of a
light zone up to 100 microns thick and microhardness up to 16500 MPa. The main phases on the
steel surface during chromium-titanium plating are a complex consisting of chromium carbide
CrxCy and titanium carbide TiC; a two-layer coating is formed on the steel surface, consisting of
a layer based on chromium carbide Cr7C3 [1 Cr23C6 and titanium carbide TiC, which is located
on the outer side of the coating.

An adequate model was obtained that allows us to calculate the value of the optimization
parameter for any point in the studied factor space. Using the method of mathematical planning of
the experiment, the optimal powder CBC charge of the following composition was obtained: 23Cr
+ 14Cr + 14Ti +5GTA +44AI1203... The economic calculation of the feasibility of innovative
technology implementation was carried out [3].
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'Hanionansnuii yaisepcuret «[lonTaBchka nositexHika ivmeni FOpis KongpaTiokay

YPAXYBAHHS ITIPOCTOPOBOI B3AEMO/II IAHOK ABTOIIOI3JIA
KATEI'OPIi M1 ITPY MOJEJIOBAHHI ITIPOLECY PYXY

ITocranoBka nmpodJsemu
[Tin wac pyxy aBTomoizga kareropii M1 BinOyBaeThcst AUHAMIYHA B3a€EMOJIisl MIX HOTO
JaHKaMH, TOOTO aBTOMOOiIeM 1 mpuuernoM. L B3aemomist BIUTMBae Ha HU3KY €KCIUTyaTallliiHUX
MOKa3HMKIB aBTOIOI3/1a, a caMe: CTIMKICTh, TaIbMiBHI BIaCTHBOCTI, AMHAMIKY pyXYy, Oe3meKy pyxy
Ta pAJl IHIIUX 1 BITOYBAETHCS Yepe3 TATOBO-34IMHUIN MPUCTPIH, OCKITIBKHA caMe BiH TIOB’SI3YE MIXK
co0010 JTaHKU aBTOMOi3/1a. Buxoasuu i3 BUIlle BKa3aHOTO MOXKHA 3pOOUTH BUCHOBOK, IO 3HAHHS
HABaHTaXXCHb, SIKI CTBOPIOE KOXKHA OKpeMa JIaHKa aBTOINOI37[a Ha BY30Jl TATOBO-3YilTHOTO

IPUCTPOIO T03BOJISIE BPaXOBYBATH BIUIUB I1i€1 JTAHKH HA 1HIITY.
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VY mepeBakHI OUIBIIOCTI HAYKOBHX Ipallb MPUCBIYCHUX CHJIOBIH B3a€MOIi JTaHOK
aBTOIO{31a TPU CKJIAJaHHI PIBHAHb PYXY 3aCTOCOBYIOTBCSA IUIOCKI PO3PaXyHKOBI CXEMHU Y
BEPTHUKAIbHIN Y1 TOPU3OHTAJIbHI IJIOLINHI, IO HE 103BOJIsIE BPaXOBYBATH BILTUB CKJIAJIOBUX, SIK1
B pe3y/lbTaTi MPOCTOPOBOI B3aeMoJii OyAyTh BUHUKATH B IHIIMX IUIOMIMHAX, BIAMIHHUX BiJ
po3paxyHKoBuX [1].

@®opMyBaHHSI METH A0CJiIKEHHS
Jis  0o0niKy CKIQJOBUX MPOCTOPOBOI B3a€EMOJIi JIAHOK MpUYeNa MPOMOHYETHCS
3aCTOCYBaTH MaTeMaTUYHUH arapar, SKUi I03BOJUTh BECTH OOJIIK TaKUX CHJI. BUpileHHs 1aHOTO
NUTAHHS BOAYAETHCS UIIXOM 3aCTOCYBAaHHS TaOJIMIIb MEPEXOy MiXK CUCTEMaMU KOOPAMHAT, SIKi
YKOPCTKO TIOB’s13aH1 3 OKPEMHUMH JIAHKaMH aBTOII013/1a Ta TaOJIUIIb MEPEX01y MK [IMMH CUCTEMaMHU
KOOpPJMHAT.

Buxkiia 0CHOBHOTro MaTepiany
JIns ckiiafiaHHs TabJHLli epexo.ry 3aCTOCOBYEMO JIBi POCTOPOBUX CUCTEMH KOOP/WHAT,
pyXoMy Ta HEpyXOMy, 3 IIOYaTKOM Yy IIeHTpPi KYyJbOBOTO INAPHIPY TATOBO-3YiITHOTO
npucrocyBanHs. Hepyxomoro OXYZ BBakaeMO CHCTEMy IO IOB’s3aHa 3 aBTOMOOiIEM, a
pyxomoro OXyz — noB’si3any 3 npuuenom (Puc. 1).

Puc. 1 Po3kiafieHHs1 CHITM BIUIMBY MpHYENa Ha aBTOMOOLIb-TATaY Ha MPOEKIii M0 OCsIM
KOOpJAMHAT. (JTIBOCTOPOHHS CHCTEMa KOOPAMHAT — MOBOpoT BiJ oci OX 1o oci OZ 311HCHIOETbCS
3a TOJMHHUKOBOIO CTPLIKOIO)

B novarkoBuii mepio gacy oci 000X CUCTEM KOOpJMHAT CHiBIaaatoTh. [Ipumyckaemo, 1o
aBTOMOOUIb-TSATaY HE 3MIHIOE CBOTO TOJIOKEHHS 1 3HAXOJUTHCA Ha PIBHIM TOpH30HTaNbHI
noBepxHi. Jlami, y mporieci pyxy, 3a paxyHOK BIIXWJICHHS IIPUYEIIa Bijl TOYaTKOBOTO TOJIOKESHHS
pyxoma CUCTeMa KOOPJMHAT IMOYMHAE BIIXWIATUCH Bl HEpYyXoMoi. OnuiieMo 1e BiIXUICHHS Yy
BUTJISIZI TPHOX MTOBOPOTIB HaBkosio oceit OX, OY 1 OZ BianoBinHo Ha KyTH @, 3, v [2]. KoxeH 13
MOBOPOTIB BiAMOBIIHO MOKEMO OIUCATH 33 JOMOMOTOI0 MaTPHULb Y BUTJIISII

1 0 0 cosp 0 sing cosy -—siny O
0 cosa -sina |, 0 1 0 |,|siny cosy Of. @
0 sina cosa —-sing 0 cospg 0 0 1

[TpuiiHsABIIM TE€BHY MOCIIAOBHICTh MOBOPOTIB Ta 3HAHIIOBIIM a00yTOK MaTpuis (1)
OTPUMYEMO DPE3yIbTYIOUy MaTpuiio. Tak, HaNpuKIaa, IpH MOCIITOBHOCTI MTOBOPOTIB HABKOJIO
oceit OX, OY i OZ pe3ynbTyioya MaTpHUIld IOBOPOTIB HaOy 1€ BUTIISILY



16

cosf-cosy sina-sinf-cosy— CoS«-Sinf-cosy +
—CoSa -Siny +sina-siny
cosB-siny sina-sinf-siny+ cosa-sinB-siny —
+COS - COSy —sina -cosy @)
—sinfg sina -cos 3 COScx -Cos 3

[Ticns TpaHCcIOHYBaHHS MATPHILi (2) OTpUMAEMO TAOIUITIO IEPEXOY BiJl PyXOMOI CHCTEMHU
KOOPJIMHAT JI0 HEPYXOMO1 y BUTJIsAAI Tabyumii 1.

Tabnuys 1. Tlepexia Mi>k pyXOMOIO Ta HEPYXOMOIO CUCTEMaMH KOOPIUHAT

Oci cucteM OX oy 07
KOOpauHaT
Ox Ccos f3-cosy cos B-siny -sin g
sing-sin 5-cosy — sina-sin B-siny + )
Oy ) sing-cos f
—cosa-siny +COSa -COSy
cosa-sin B-cosy + cosa-sin B-siny —
Oz : .ﬂ 4 . posiny Cos¢ -Cos 3
+sina-siny —Sina -cos y
BucHoBku

3anporoHoBaHa TaOJIUIIS IEPEXOIY MK CUCTEMaMU KOOPIMHAT, SIK1 YKOPCTKO TIOB’s13aHi 3
OKpEeMHMH JIaHKaMHU aBTOMO13/1a 1a€ MOKIIUBICTh BPaXOBYBATH MPOCTOPOBY B3aEMOJIIO [IUX JIAHOK
MpU MaTEMATUYHOMY MOJICIIIOBAHHI MPOIIECY PYXY.
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TpunninpoBchka nepikaBHA akajeMis OyIiBHHIITBA Ta apXiTEKTypH

MOJIEJIOBAHHSA CTIMKOCTI ABTOMOBLIA, SIK 3PA3KA TEXHIYHOI
CUCTEMM, ITPA ITOB3/1OB’KHbOMY IIEPEKHJAHHI

Po3rnsiHyTo BU3HAUEHHS CTaHY CTIMKOCTI aBTOMOOLIS, K TEXHIYHOI CUCTEMH, MPHU PycCi
BHU3 110 YKJIOHY JIOpPOTH, a CaMe, IIPH TaJibMyBaHHI Ta MO>KJIMBOMY MOB3/I0BXKHbOMY IEPEKUIaHH1



