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KOMILJIEKCHUH BIIJIUB BATOMUX YUHHHUKIB HA BHY TPIIIIHI HATIPYKEHHS
Y IOBEPXHEBUX IIAPAX HACTAJIEHUX ABTOMOBLILHUX JETAJIEA

JlocmikeHo akTyaabHe MUTaHHS KOMIDIEKCHOTO BIUIMBY PEXKHMIB €JIKTPOJIi3y Ha CTPYKTYPY Ta BeIHYMHY BHYTPIIIHIX Hampy-
KEHb y IMOBEPXHEBUX IIapax Pi3HOI TOBIIMHH HACTAICHUX aBTOMOOITBHHX AeTanell. BcTaHoBIEHO, IO HA SIKICTh HACTAIEHHUX MOK-
PUTTIB 3HAYHOIO MipOIO BIUIMBAIOTH TaKi BaroMi YHMHHUKH SIK TyCTHHA CTPYMY, TeMIIepaTypa Ta KHCIOTHICTh €IeKTpomiTy. I Bu3-
HAuYCHHSI KOMIUIEKCHOTO BIUIMBY BarOMHX YMHHUKIB HAa BHYTDIIIHI PO3TATYBaNbHI HANPYXXCHHS Y MOBEPXHEBHX IIapax HACTAICHHUX
JeTaneif 3a pi3HoI IX TOBIIMHH 3aCTOCOBAHO CHCTEMHUH IiJIXiJ], BUX1THOIO IIEPETyMOBOIO SIKOTO € IPArHEHHS 3 MAKCHMAJIEHOIO MTOB-
HOTOIO BpaxyBaTH MOYAaTKOBI Ta BHXiIHI XapakTepucTHKU o0'exTy. Ha mifgcTaBi 3acToCyBaHHS METOXLY IUIAHYBAHHS EKCIIEPUMEHTY
OTPHMAaHO PEeTpeciiiHi piBHAHHS, SKi JAIOTh 3MOTY OLIIHUTH B3a€MOBIUINB T'YCTHHH CTPYMY, KUCIIOTHOCTI Ta TEMIIEPaTypH €JIEKTPOIIi-
Ty Ha BHYTPIIIHI HaIIPyXEHHS Y TOBEPXHEBHX IIapax Pi3HOI TOBIIMHM HACTAJICHHX aBTOMOOIIBHUX JeTaneil. 3a pe3yiabTaTamu aHa-
T3y perpeciiHuX piBHSHD 1 OIIHKM YHCIIOBHX 3HAYEHb Ta 3HAKIB iX KOoe(imi€HTIB 3'1COBAHO, IO VIS Pi3HOI TOBIIMHH MOKPHUTTS CH-
J1a ¥ XapakTep BIUIMBY YWHHHKIB € HEOTHAKOBUMH, III0 1ACTh 3MOTY BJOCKOHATUTH TEXHOIOTIHHI IIPOIECH BiHOBIECHHS aBTOMOO1ITb-

HUX JleTajlel eeKTPOTITHYHNM HapOIlyBaHHSIM.

Kniouogi cnosa: ryctiHa CTpyMy; TEMIIEpaTypa Ta KHCIOTHICTh €IEKTPOJIITY; TOBIMHA TOKPUTTS; PIBHSIHHS perpecii.

Beryn. Craructiyni maHi cBimuats, mo g0 70 % mera-
JIel aBTOMOOIIIB, SKi BiAIPAIFOBATH OIUH IUKI EKCILTY-
aTarrii, Mo>xe OyTH BiTHOBJICHO 3a COOIBapTICTIO, KA HE TIie-
pesumrye 30 % Bing HoBux (Polianskyi et al., 2012), mo exo-
HOMIYHO BHIIPABAaHO B CYYaCHHX yMOBaX. 3 OIJISAY Ha Iie
SJIEKTPOJITHYHE 3130 (TBEpAE HACTAIIOBAHHI) € TyXKe
BXIIMBUM MaTepiajoM I HApOIIyBaHHS Ta 3MIiIHCHHS
JleTaseil 3aBISKH BUCOKIM TEXHIKO-eKOHOMIYHIH e(eKTHB-
HOCTI TpoIleCcy WOro OTpUMAaHHS, Ha SIKMH BIUIMBA€E OaraTo
YUHHUKIB.

AHani3 ocTaHHIiX JocJikeHb Ta myOaikaniii. Y po-
6otax (Melkov, 1971; Honcharov, 2008; Polianskyi, 2004)
JOCTI/DKCHO BIUTUB PI3HUX YHMHHUKIB Ha EKCIUTyaTaIliifHi
MTOKa3HUKH HACTAJICHUX IMOKPUTH JETANICH, ajic BOHH ITPOBO-
JIAITACS METOJaMH OTHO(AKTOPHOTO a0 IMOCIIIOBHOTO K-
CICpUMEHTIB. Pe3ynbTaTé TaKWX JOCHIPKECHb MpEACTaBIIC-
HO BEJIMKOIO KUIBKICTIO rpadikiB, 3a SKUMH Ba)XKO BH3HA-
YUTU YUCJIOBI 3HAYEHHS IOKA3HMKIB IS HOBOT'O IOEIHAH-
HS YMHHHKIB, IO 1X BU3HA4YarOTh. Lle i BU3HAUAE aKTyaih-
HICTb ITMTaHHSL.

MeTa pocJrigsKeHHS — BU3HAYNTH KOMIUICKCHHI BIUIUB

IHpopmauis npo asTopis:

BaroMMX YHMHHHKIB Ha BHYTPIIIHI PO3TATYBAJIbHI Hampy-
YKCHHSI Y TIOBEPXHEBUX IIapax HACTAICHHX JETalleH 3a pi3-
HOI IX TOBILMHU.

PesynbraTu gocaimkenns. Bimomo (Polianskyi, 2004),
0 PEKUMH €JIeKTPOJIi3y BIUIMBAIOTh HA CTPYKTYpY Ta Be-
JIMYMHY BHYTPIIIHIX HaNpYXEHb Gy, Y MOBEPXHEBHX IIapax
0caJKeHb, SKi MOBUHHI OYTH MiHIMAaJLHUMH, OCKLIEKH BO-
HU TIPU3BOJATH JI0 MOSBU MiKPOTPIIINH.

Ha sikicTh HacTaJeHUX IOKPUTTIB BEIHMKWI BIUIMB Ma-
I0Th TaKi BaroMi YMHHHKH, SIK TYCTHHA cTpymy D,, Temrie-
parypa eleKTpoiTy ¢ Ta Woro kuciorHicts HCI. Tomy mig
Yac BHBYEHHS CKJIaJHUX MPOLECIB MIMPOKO 3aCTOCOBYIOTH
CHCTEeMHHH IiJXiJ], BUX1IHOIO TIEPEIyMOBOIO SKOTO € Tpar-
HEHHS 3 MaKCHMaJIFHOIO ITOBHOTOIO BPaxyBaTH MOYAaTKOBI
Ta BHXIJHI XapakTepucTuku o0'exra. Halinommpenimmm ta
Hale()eKTUBHIINM TaKUM METOAOM € IUIaHyBaHHS EKCIIe-
pumenty (Krug et al., 1977). 3a moyaTkoBi XapakTepUCTHKH
JUISL TAKHMX JIOCHI/DKEHb, & CaMe BIUIMBY II€PEPaxOBaHUX BH-
Il YMHHUKIB HAa BHYTPIIIHI HAaNpY>XEHHs y HacTaJICHUX
TIOKPUTTSIX, NpuitHATO 3anexHocti (Melkov, 1971), HaBene-
Hi Ha PUCYHKY.
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Puc. Bomus ryctunu ctpymy Dy (@), Temmeparypu t (6) 1 kucnotaocti HCI (B) enexrporiTy Ha BHYTPIIIHI HAPY>KEHHS Gpy Y TOKPUTTSIX

3aBTOBIIKH: 1-2 MkM; 2-10 MkM; 3-20 MKM

3rigao 3 Teopiero (Krug et al., 1977) 3HadeHHs mociti-
JOKyBaHUX YMHHHKIB HPUHHATO 300pa’kaTd y KOJOBaHOMY
BUIJISA/, IO iCTOTHO MOJIETIIYE MPOLEAYPY CTATUCTUYHOTO
OIPAIIOBAHHS PE3Y/IbTaTiB. 3alyC 3HaYE€Hb I'PaHUIb iHTEp-
BaIiB y BIJHOCHHX OAMHMIX +1 NMPUBOAWTH IO CTaHAAp-
THOI (hOpMH 3aIticy MaTpuli IJTaHyBaHHS EKCIIEPUMEHTY, B
SIKiii BUKOPHUCTOBYIOTH TUTbKHM 3Haku. OTxke, y Tabxn. 1 HaBe-
JICHO Jiaria30Hy 3MiHU TYCTHHH cTpyMy D, (x1), KUCIIOTHOCTI
HCl(x;) Ta Temneparypu #(x;) eNeKTPOJITY IJIsl pi3HOI TOB-
IIMHY TOKPUTTIB HA MiJICTaBI eKCIIEPHMEHTAIBHUX JaHHX.

Taou. 1. lianazonu 3MiHH 10CTiKYBAaHUX YHHHHUKIB

K . HarypanbHi 3HaUCHHS
P OMOBANL 157=73"70 20 mkm] _ Temmeparypa, °C
1BCHb 3HAYCHHSA
x.i=1.2.3 sz HC[, h= h= h=
» R Y-V5:1Y r/n 2 MkMm |10 MM |20 MKM
Hiok- -1 5 1 40 | 50 | 60
HI1U
Hymo- 0 20 3 55 | 60 | 65
BUHN
Bep- +1 35 5 70 | 70 | 70
XHIA

Ta6u. 2. [loBHHII YHHHHKOBHIT eKcnepuMenT 2°

Ne E— BHyTpilHi Hanpy»XeHHs Y DOKPUTTSX o, MIla
3/ h =2 MKM h =10 MKM h =20 MKM
X Xy X3 X1X2 X1X3 XoX3 CKCIICD. TCOPECT. CKCIICD. TCOPECT. CKCIICD. TCOPCT.

1 — — — + + + 290 290 275 275 265 265

2 + — — — — + 540 540 485 485 375 375

3 — + — — + — 310 310 245 245 305 305

4 + + — + - — 555 555 455 455 415 415

5 — + + — 340 340 465 465 385 385

6 + — + — + — 590 590 675 675 495 495

7 — + + — - + 365 365 435 435 425 425

8 + + + + + + 610 610 645 645 535 535

[T1an MOBHOTO €KCIIEPUMEHTY JUIS TPHOX YHMHHUKIB, SKi bo= 290 +540+310+555+340+590 +365+ 610 _ 3600 _ 450;
3MIHIOIOTHCS Ha IBOX PIBHSX, HABEACHO Y Ta0. 2. 8 8

Martpunsl 1iaHyBaHHS NMOBHUX YHMHHUKOBHMX EKCIEpPU- b= 540-290-310+555-340+590-365+610 _ 990 —123.75:
MEHTIB OPTOTOHAJIBHA, 3aBISKHA YOMY Koe(illieHTH perpecii : 8 8 T
perpeciiHoro piBHAHHS BHU3HA4YarOTH 3a Qopmynor (Krug _310-290 — 540 + 555340 590+ 365+ 610 _ 80 _ o:
et al., 1977) b= 3 =5

1< . — — _ _
b[=f2x[/.y[,l=0,l,...,k, b3=340 290-540-310 555+590+365+610:&:26,25;
n‘3 8 8

IIe: n — KIJTBKICTh €KCIICPUMEHTIB; ); — 3HAUCHHS ITapaMeTpa _290-540-310+555+340-590-365+610 —10 _ 125
ONTUMI3allii B i-My €KCIIEPUMEHTI; X;; — 3HAYEHHS j-TO YMH- b= 8 g 7T
HUKA B [-My CKCTICPUMEHTI. 290 -540+310-555-340+590-365+610 0

3uaueHHs b)BU3HAYAECTHCA AK cepenHe apumermune  Di = 3 g 0;
SHAUCHD yi. , 290 + 540310 — 555340590 +365+ 610 _ 10

Po3paxoBaHi Ha OCHOBI EKCHEPUMCHTAIBHUX HTaHUX 3= 3 e 1,25.

3Ha4YeHHS KOe(IIiEHTIB perpecii 1aroTh 3MOTy IIPEACTaBUTH

perpeciiine piBHSIHHS y TAKOMY BHTJISII:

O =boTb1x1+by X b3 X3 +b12X1X2+D 133103 +b3x0x;3.
Po3paxyHok koe(illieHTiB perpeciiHuX piBHSHB:

JUTSL IOKPUTTS 3aBTOBILIKH 2 MKM:

Toni piBHSHHS perpecii MaTUMe BUTJIS
O =450+123,75x,+10x,+26,25x3 —1,25x1x,+1,25xx3,
D, 20 HCI-3  (-55

s X2 = > X3

15 2 15

ac xX1=
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BukopucToByroun piBHSHHS perpecii, po3paxoByeMO
TEOPETHYHI 3HAYEHHS Oy, MIla, y MOKPUTTAX 3aBTOBIIKH
2 MKM:

Opur.1=450-123,75-10-26,25-1,25+1,25=290;
O 2=450+123,75-10-26,25+1,25+1,25=540;
Opnr3=450-123,75+10-26,25+1,25-1,25=310;
Opur4=450+123,75+10-26,25-1,25-1,25=555;
O 5=450-123,75-10+26,25-1,25-1,25=340;
Onr.6=450+123,75-10+26,25+1,25-1,25=590;
Opur.7=450-123,75+10+26,25+1,25+1,25=365;
Opnr.s=450+123,75+10+26,25-1,25+1,25=610.

Oninkn Koe(illieHTIB perpeciiHoro piBHIHHS He3aJlexk-
Hi 1 IX YHMCIIOBI 3HaYCHHS Ta 3HAKH BKa3yIOTh Ha CHIIY 1 Xa-
paxkTep BIUIMBY YMHHHKIB. UuM Oiybmna BennunHa Koedi-
LIIEHTA, TUM CHJIBHIIINM € BIUTUB YMHHHKA HA ITapaMeTp Oll-
TuMizanii. Skmo koedinieHT Mae 3Hak "+", TO 31 30LIBIICH-
HSAM 3HAa4YeHHS YMHHUKA IapaMerp ontumizamii 301imb-
LIYEThCS, a AKIO " — " — TO 3MEHIIYEThCS.

3a CWJIOI0 BIUIMBY YMHHHWKH PO3TAIIOBYIOTHCS B TaKiil
MIOCITIZIOBHOCTI: TYCTHHA CTPyMY, TeMIeparypa eJIeKTpOTi-
Ty, KACJIOTHICTb CIICKTPOIIITY.

AHAaJIOTi9YHO OTPUMAaHO PiBHSHHS perpecii UIs MOKPUTTS:

® 3aBTOBIIKH 10 MKM:

Opr =460+105x1—15x,+95x3
® 3aBTOBIIKH 20 MKM:

Gpur =400+55x;+20x,+60x3.

3a CWJIOI0 BIUIMBY Ha BHYTPIIIHI HAampy>KeHHsS Y ITOK-
PUTTSIX 3aBTOBHIKM 10 MKM YHMHHHKH PO3TAaIlIOBYIOTHCS B
Takii TMOCIIIOBHOCTI: TYCTHHA CTPyMY (¥X;), TeMmmeparypa
EJIEKTPOJITY (X3) Ta KHCIIOTHICTH €NEeKTPOMiTy (xz). Ilpm
LIOMY 3pOCTaHHS 3Ha4€Hb YMHHHKIB (X;) Ta (x3) MpU3BO-

JIUTH 11O 3POCTAaHHS Oy, @ 3POCTAHHS YHMHHHKA (X;) — 1O
3MEHILIECHHS.

CTOCOBHO BIUIMBY Ha BHYTPIIIHI HalpyXeHHS y ITOK-
PUTTSX 3aBTOBHIKM 20 MKM YHMHHUKH PO3TALIOBYIOTHCS Y
TaKif ITOCIIIOBHOCTI: TEMIlEpaTypa €JIeKTPOIITy, T'yCTHHA
CTPYMY Ta KHCJIOTHICTh €JIEKTPOIITY. 3pOCTaHHS BETMUMHHI
KOXKHOTO 3 YMHHHUKIB NPHU3BOJUTH JO 3POCTaHHS BHYTpIlI-
HiX Hampy>XeHb y MOKPUTTI.

BucnoBok. Ha mifcraBi 3acrocyBaHHS METOAY IUIaHY-
BaHHS €KCIEPUMEHTY OTPHUMAHO perpeciiiHi piBHSIHHS IS
BH3HAYCHHS BHYTPIIIHIX HAIpy>XEeHb Pi3HOI TOBIIMHU HAC-
TaJCHUX ITOKPUTTIB JAETaleH, sKi JAar0Th 3MOTY OIliHUTH
CTYIIHb Ta XapaKTep B3a€EMOBIUIMBY Ha HUX I'YCTHHH CTPY-
My, TEMIIEpPATypH Ta KUCIOTHOCTI €JIEKTPOIIITY.
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KOMIIJIEKCHOE BO3/IEUCTBUE BECOMbIX ®AKTOPOB HA BHYTPEHHUE HAIIPSXKEHUSA
B IOBEPXHOCTHBIX C/101X OCTAJIEHHBIX ABTOMOBHW/IbHBIX JIETAJIEA

HccnenoBan akTyanbHbII BOIIPOC KOMIUIEKCHOTO BIMSHUS PEKUMOB 3ICKTPOIM3a Ha CTPYKTYPY U BEIUYMHY BHYTPCHHUX Hall-

PSOKEHUIA B TIOBEPXHOCTHBIX CIOSX PA3TMYHOMN TONIIMHBI OCTAJICHHBIX aBTOMOOMIBHBIX JIeTaleil. Y CTaHOBIJIEHO, YTO Ha Ka4eCTBO OC-
TaJICHHBIX TTOKPHITHH B 3HAYUTEIBHOMN CTETICHH BIHSIFOT TAKHAE BECOMBIE (DaKTOPHI, KaK IUNIOTHOCTH TOKA, TEMIIEPATypa U KUCIOTHOCTh
anekTponuta. [ onpeneneHns KOMIDIEKCHOTO BO3JICHCTBUS BECOMBIX ()aKTOPOB Ha BHYTPEHHHE PACTATHBAIONINE HATIPSHKCHUS B
MOBEPXHOCTHBIX CJIOSX OCTAJICHHBIX JeTalel Npy Pa3IuuHON UX TOJIIMHE IPUMEHEH CUCTEMHBIN MOJXO0/I, UCXOIHON MPEANOChUIKON
KOTOPOTO SBISETCS CTPEMIICHUE ¢ MAKCHMAIBHOH TTOJIHOTON y4eCTh HaYallbHBIC U BBIXOIHBIC XapaKTEPUCTHKU 00bekTa. Ha ocHOBa-
HUU TIPUMEHEHUS METOo/ja MIIAaHUPOBAHUS HKCIIEPUMEHTA MOMYUEHbl PETPECCHOHHBIE YPaBHEHUS], TI03BOJISIOLINE OLICHUTH B3aUMOBIIH-
SIHUE TUIOTHOCTH TOKA, KUCIOTHOCTH U TEMIIEPATYpPhI AJIEKTPOINTA HAa BHYTPEHHUE HANPSHKEHUS B TOBEPXHOCTHBIX CIOSX Pa3IUuyHON
TOJIMHBI OCTAJICHHBIX aBTOMOOMIIBHBIX AeTanei. [1o pe3ynpTaram aHanmnsa perpecCHOHHBIX YPaBHEHUI 1 OLCHKN YMCIIOBBIX 3HAYe-
HUI ¥ 3HAKOB UX KO3()(HUIIMEHTOB BEIICHEHO, YTO JUIS PA3HOW TONIIMHBI TIOKPHITHS CHJIA U XapaKTep BIUSHUS (aKTOPOB SBISIOTCS
HEOJMHAKOBBIMH, YTO TIO3BOJIUT YCOBEPIIIEHCTBOBATH TEXHOIOTHUIECKUE TIPOIIECCHI BOCCTAHOBJICHHSI aBTOMOOMIIBHBIX JIETaJICH dJIeK-
TPOJTUTHUYECKUM HapallUBaHUEM.
Knrouegwie cnosa: miOTHOCTH TOKA; TEMIEpATypa U KUCIOTHOCTh MEKTPOIUTA; TOJMIIMHA OKPBITUS; YPABHEHUS PETPECCHH.

G. S. Gudz, M. I. Herys?, I. Ia. Zakhara3, M. M. Ostashuk!

'Lviv Polytechnic National University, Lviv, Ukraine
2Ukrainian National Forestry University, Lviv, Ukraine
}Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine

THE SUBSTANTIVE FACTORS COMPLEX INFLUENCE ON THE SURFACE LAYERS'
INTERNAL TENSIONS IN THE STEEL HARDENED CAR'S PARTS

The parts steel hardening allows to provide them the high indexes of wear resistance, hardness, corrosion resistance; to restore
the dimensions and coatings' properties, what is economically justified. However, all galvanic coatings are characterized by the inter-
nal stresses, which are accompanied by the tendency of coat cracking, peeling and the fatigue strength level reduce. The main factors,
which have an influence on the coatings' properties under the steel hardening, are: the electric current density; the electrolyte acidity
and temperature. Until recently, the studies of these factors were carried out by methods of one-factor or sequential experiments, by
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the results of which it is difficult to determine their numerical values for a new combination of the factors. Therefore now, during the
conceptual studies of complex technical objects, the systemological approach is used, which initial preconditions are in trying to ma-
ximally take into account the input and output characteristics of the object. To the most designed and effective methods of the syste-
mological approach implementation should considered the mathematical planning of experiment. In this case, is means as the choice
of the number and the conditions of the conducting experiments, as it is necessary and sufficient for the problem solving. The mathe-
matical theory of the experiment, in general case, does not limit, neither the number of investigated factors, nor the number of para-
meters, which are evaluated and optimized. Consequently, during practical implementation of those theory methods, in order to
increase their capacity and efficiency, there is the tendency to reduce both: the number of investigated factors and optimization para-
meters (output indicators). For this purpose it is widely used: a priori information of the object behavior, the specially designed met-
hods of the non-significant factors isolating (ranking method, expert estimation method, random search, etc.), the transition to a gene-
ralized optimization parameter and the consideration some of the optimization parameters as constraints. Therefore, in the article pro-
vides a plan for a complete factor experiment for three factors (current density, acidity and electrolyte on the two levels temperature).
Working out of the matrix, make it possible to estimate the mutual influence of the above factors on internal stresses in the different
thicknesses surface layers of the steel hardened car's parts. According to the results of the regression equations analysis, of the nume-
rical values estimates and of their coefficients signs, it has been established that the nature of such influence and its intensity are qua-
litatively different in the case of different thicknesses of the coating. This will make possible to improve the technological processes
of car's parts restoring by the electrolytic augmentation.
Keywords: electric current density; electrolyte temperature and acidity; coating thickness; regression equation.
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