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KOMILJIEKCHUH BIIJIUB BATOMUX YUHHUKIB HA BHY TPIIIIHI HATIPYKEHH S
Y IOBEPXHEBUX IIAPAX HACTAJIEHUX ABTOMOBLUIBHUX JETAJIEA

JlocmikeHo akTyaabHe MUTaHHS KOMIDIEKCHOTO BIUIMBY PEXXHMIB €EKTPOJIi3y Ha CTPYKTYPY Ta BEIMYMHY BHYTPIIIHIX HAIpy-
KEHb y IMOBEPXHEBUX IMapax Pi3HOI TOBIIMHH HACTAIEHUX aBTOMOOIIBHUX HeTaiel. BcraHoBiIeHO, Mo Ha SIKICTh HACTAIEHHUX IOK-
PUTTIB 3HAYHOIO MipOIO BIUIMBAIOTH TaKi BaroMi YMHHHKH SIK TyCTHHA CTPyMY, TeMIIepaTypa Ta KUCIOTHICTh eNeKTpomiTy. st Bu3-
HAYCHHSI KOMIUIEKCHOTO BIUIMBY BarOMHX YMHHUKIB HAa BHYTDIIIHI PO3TATYBaNbHI HANPYXXCHHS Y MOBEPXHEBHX IIapax HACTAICHHUX
JeTaneif 3a pi3HoI IX TOBIIMHH 3aCTOCOBAHO CHCTEMHUH ITi/IX1]], BUX1THOIO IIEPETyMOBOIO SIKOTO € IMPAarHeHHs 3 MAKCUMAIBHOIO ITOB-
HOTOIO BpaxyBaTH MOYATKOBI Ta BHUXiJHI XapakTepHcTHKU 00'ekTy. Ha mincraBi 3acTocyBaHHS METOLY IUIAHYBAHHS €KCIIEPUMEHTY
OTPHMAaHO PETPEeCiiiHi piBHAHHS, SKi JAIOTh 3MOT'Y OLIIHUTH B3a€MOBIUINB I'YCTHHHU CTPYMY, KHCIIOTHOCTI Ta TEMIIEPATypPH €IEKTPOITi-
Ty Ha BHYTPIIIHI HaIIPy>XEHHs Yy MOBEPXHEBHX IIapax Pi3HOI TOBIIWHH HACTAICHUX aBTOMOOUIBHUX AeTaneil. 3a pe3yabTaTaMu aHa-
T3y perpeciiHuX piBHSHD ¥ OI[IHKM YHCIIOBUX 3HAYEHb Ta 3HAKIB iX KOe(Ii€HTIB 3'ICOBAHO, IO VIS Pi3HOI TOBIIUHK TOKPHUTTS CH-
J1a ¥ XapakTep BIUIMBY YMHHUKIB € HEOTHAKOBUMH, II0 JACTh 3MOTY BJJOCKOHATHTH TEXHOIOTIYHI IIPOLECH BiJHOBIECHHS aBTOMOO1Tb-

HUX JieTajlel eJIeKTPOTITHYHNM HapOIIlyBaHHSIM.

Kniouogi cnosa: ryctuHa CTpyMy; TEMIIEpaTypa Ta KHCIOTHICTD €IEKTPOJIITY; TOBIMHA IIOKPUTTS; PIBHSHHS perpecii.

Beryn. Craructiyni maHi cBimgats, mo g0 70 % mera-
JIel aBTOMOOIIIB, SKi BiANPAIFOBATH OIUH IUKI EKCILTY-
aTarrii, Mo>xe OyTH BiTHOBJICHO 3a COOIBapTICTIO, KA HE TIie-
pesumrye 30 % Bing HoBux (Polianskyi et al., 2012), mo exo-
HOMIYHO BHIIPABJaHO B CYYaCHHX YMOBaX. 3 OIJISAY Ha Iie
SJIEKTPOJITUYHE 3130 (TBEpAC HACTAIIOBAHHSI) € IyXKe
BXIIMBUM MAaTepiajoM IS HApOIIMyBaHHS Ta 3MIiIHCHHS
JleTaneil 3aBIsKH BUCOKIM TEXHIKO-€KOHOMIUHINA e(eKTHB-
HOCTI TpOIleCy WOro OTpUMAaHHS, Ha SIKMH BIDIMBAE OaraTo
YUHHUKIB.

AHaJji3 ocTaHHIX jgocJigxeHb Ta myOaikamin. ¥ po-
6otax (Melkov, 1971; Honcharov, 2008; Polianskyi, 2004)
JOCITI/DKCHO BIUTUB PI3HUX YHHHUKIB Ha EKCIDTyaTalliifHi
MTOKa3HUKH HACTAJICHUX IMOKPUTH JCTAICH, ajie BOHH ITPOBO-
JIAITACS METOJaMH OTHO(AKTOPHOTO 200 MOCIIIOBHOTO K-
CHICpUMEHTIB. Pe3ynbraT Takux IOCITIHKEHb TpPEICTaBIIe-
HO BEJIMKOIO KUIBKICTIO rpadikiB, 3a SKUMH Ba)XKO BH3HA-
YUTU YUCJIOBI 3HAYEHHS IIOKA3HMKIB ISl HOBOT'O IOEHAH-
HS YMHHHKIB, IO 1X BU3HA4YarOTh. Lle i BU3HAUaE aKTyash-
HICTb ITMTAHHS.

MeTa pocJrigsKeHHS — BU3HAYNTH KOMIUICKCHHI BIUIUB

IHpopmauis npo asTopis:

BaroMHMX YHMHHHKIB Ha BHYTPIIIHI PO3TATYBAJIbHI Hampy-
KECHHSI Y TIOBEPXHEBUX IIapax HACTAICHUX JETalIeH 3a pi3-
HOI IX TOBILHAHU.

PesynbraTu gocaimkenns. Bimomo (Polianskyi, 2004),
IO PEKUMH €JIeKTPOJIi3y BIUIMBAIOTh Ha CTPYKTYpY Ta Be-
JIMYUHY BHYTPIIIHIX HalpYXeHb Gy, Y MOBEPXHEBHX IIapax
0caJHKEHb, SKi MOBUHHI OYTH MiHIMaJLHUMU, OCKLIEKH BO-
HH TIPU3BOJIATH JI0 MOSBU MiKPOTPIIINH.

Ha sikicTh HacTaJeHUX MOKPUTTIB BEIMKUHA BIUIUB Ma-
I0Th TaKi BaroMi YMHHHKH, SIK TYCTHHA CTpymy D,, Temrie-
parypa eNeKTpoiTy ¢ Ta ioro kuciotHicts HCI. Tomy mifg
Yac BHBYEHHS CKJIaJHUX MPOLECIB MIMPOKO 3aCTOCOBYIOTH
CHCTEeMHHH MiJIXiJ], BUXiIHOIO IIEpEyMOBOIO SIKOTO € Tpar-
HEHHS 3 MaKCHMAJIBFHOIO ITOBHOTOIO BPaxyBaTH MOYAaTKOBI
Ta BUXiJHI XapakTepucTuky o0'exra. Halinommpenimmm ta
Halfle()eKTUBHIIIMM TaKUM METOJIOM € IUIAHYBAaHHS EKCIIe-
pumenty (Krug et al., 1977). 3a moyaTkoBi XapakTepUCTHKU
JUISL TAKHMX JIOCIIJDKEHb, & CaMe BIUIUBY IIepepaxOBaHUX BH-
IIle YMHHUKIB HAa BHYTPIIIHI HAaNpy>XEHHS y HacTaJICHHUX
MIOKPUTTSIX, NpuitHATO 3anexHocti (Melkov, 1971), naBene-
Hi Ha PUCYHKY.
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Puc. B ryctunu ctpymy Dy (@), Temmeparypu t (6) 1 kucnotaocti HCI (B) enexrporiTy Ha BHYTPIIIHI HANPY>KEHHS Gpy, Y TOKPUTTSIX
3aBTOBIIKHU: 1-2 MkM; 2-10 MkM; 3-20 MKM

3rigso 3 teopieto (Krug et al., 1977) suauennst pocui- Ta6u. 1. JlianazoHu 3MiHH J0CTiIKyBaHUX YHHHUKIB
JOKYBaHUX YMHHHKIB IPUHHATO 300pa’kaTd y KOJOBaHOMY Komopai HarypasbHi 3Ha4EHHS
BHTJISIIL, IO ICTOTHO IOJICTIIYE MPOIEAYPY CTATHCTUYIHOTO PiseHb 3Hi1 — h=2,10,20 Mmxm Temneparypa, °C
OIPAIfOBAHHS PE3Y/IbTATIB. 3allMC 3HAYEHb IPAHMIL iHTEP- x,i=1,23| Do, | HCL | h= | h= h=
BB y BiJJHOCHMX OJIMHWIX =1 IPMBOAUTE 10 CTaHmap- Alam r/m |2 k|10 miw |20 miev
THOI (hOpMH 3aITCy MaTpPHIli IJIaHyBAaHHS €KCIIEPUMEHTY, B I-gi);' -1 5 1 40 50 60
SAKIii BUKOPHCTOBYIOTh TiUIbKH 3HaKH. OTKe, y TabiL. | HaBe-  Fyppo- 0 0 3 55 60 65
JICHO Jiaria30Hy 3MiHU TYCTHHH CTpyMy D, (x1), KUCIIOTHOCTI B
HCl(x;) Ta Temneparypu #(x;) eIeKTPOJITY AJIsl Pi3HOI TOB- Bep- +1 35 5 70 70 70
IIMHY TOKPUTTIB HA MiJICTaBl €KCIEPUMEHTAIBHUX JaHHX. XHIM

Ta6u. 2. [loBHHII YHHHHKOBHIT eKcnepuMenT 2°
BryTpimHi HanpyXeHHs Y MOKPUTTSIX 0, MIla

:ylg] 3uimmi h =2 MKM h =10 MKM h =20 MKM
X Xy X3 XX X1X3 XoX3 CKCIICD. TCOPCT. CKCIICD. TCOPECT. CKCIICD. TCOPECT.
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 = 290 +540+310+555+340 +590 +365+ 610 _ 3600 _ 450;
3MIHIOIOTHCS Ha JIBOX PIBHSIX, HABEAEHO Yy Ta0. 2. 8
Martpuus IUIaHyBaHHSI MOBHUX YUHHUKOBUX E€KCIEPU- b= 540-290-310+555-340+590-365+610 _ 990 —123.75:
MEHTIB OPTOTOHAJIbHA, 3aBASKN YOMY Koe(illieHTH perpecii : 8 8 T
perpeciiHoro piBHAHHS BHU3HAYArOTH 3a (Qopmynor (Krug 310 =290 — 540 + 555 —340—-590 +365+610 80 .
etal., 1977) by = 3 =5 1%
b ziz”:x[/_y”l. 0Lk = 340-290-540-310-555+590+365+610 210 _, o
nio 8 8
IIe: n — KIJTBKICTh €KCIICPUMEHTIB; ); — 3HAUCHHSI ITapaMeTpa by = 290-540-310+555+340-590-365+610 _ —10 _ 125
ONTUMI3alii B i-My €KCIIEPUMEHTI; X;; — 3HAYEHHS j-IO YMH- e 8 g T
HHKA B [-My CKCIICPHMEHTI. 290 — 540 +310— 555340+ 590 —365+610 0
3HaueHHs b)BUM3HAYAETHCA SK cepelHe apudmermune D= 3 T8 0;
SHAUCHD yi. , 290 +540—310 — 555340590 +365+ 610 10
Po3paxoBaHi Ha OCHOBI E€KCHEPHUMEHTAIBHHX MaHUX b= 3 =35 1,25.
3Ha4YEHHS KOe(IIiEHTIB perpecii 1aroTh 3MOTy MPEICTaBUTH .
i . . Toni piBHSHHS perpecii MaTUMe BUTIIS
perpeciiine piBHSIHHS y TAKOMY BHTJISII:
Gy =ho+by x1+by X2+b3 X3 +b12x1X0 D131 +hasxoxs. O =450+123,75x,+10x,+26,25x3 —1,25x x5 +1,25x,x3,
Po3paxyHok koe(illieHTIB perpeciiHuX piBHSIHB: D, -20 HCI-3 t—55
JUIS TIOKPHTTS 3aBTOBIIKH 2 MKM: e MET e T T BT
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BukopucToByroun piBHSHHS perpecii, po3paxoByeMoO
TEOPETHYHI 3HAYEHHS Oy, MIIa, y MOKPUTTAX 3aBTOBIIKH
2 MKM:

O 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;
O 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;
O s=450+123,75+10+26,25-1,25+1,25=610.

Oninkn KoeilieHTIB perpeciiHoro piBHSIHHS HE3aJICK-
Hi 1 X YHMCIIOB1 3HAYEHHS Ta 3HAKM BKa3yIOTh Ha CHIIY 1 Xa-
pakTep BIUIMBY YMHHHKIB. UuM Oinblna BennunHa Koedi-
Li€EHTA, TUM CHJIBHIIINM € BIUTUB YMHHHKA Ha IapamMeTp Oll-
TuMizanii. Skmo koedinieHt Mae 3HaK "+", TO 31 301NIBIICH-
HSAM 3HA4YeHHS YWHHUKA [apaMerp onTuMizamii 301i16-
LIYEThCS, a AKIO " — " — TO 3MEHITYEThCS.

3a cWJIOI0 BIUIMBY YMHHHWKM PO3TAIIOBYIOTHCS B TaKii
MIOCITIZIOBHOCTI: TYCTHHA CTPyMY, TeMIIeparypa eJIeKTpOoi-
Ty, KHCJIOTHICTB CJIEKTPOIIITY.

AHAaJIOT4HO OTPUMAHO PiBHSHHS perpecii JUIs MOKPUTTS:

® 3aBTOBIIKH 10 MKM:

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

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

3a CWJIOI0 BIUIMBY Ha BHYTPIIIHI Hampy>KeHHS Y ITOK-
PUTTSX 3aBTOBHIKM 10 MKM YHMHHHKH PO3TAallIOBYIOTHCS B
Takii MOCIIIOBHOCTI: TYCTHHA CTpyMY (i), TeMmeparypa
EJIEKTPOJITY (X3) Ta KHCIIOTHICTH €JEeKTPOMiTy (x2). Ilpm
LIOMY 3pOCTaHHS 3Ha4€Hb YMHHHKIB (X;) Ta (x3) MpU3BO-

JIUTH JI0 3POCTAaHHS Oy, @ 3POCTAHHS YHWHHHKA (X;) — 1O
3MEHIICHHS.

CTOCOBHO BIUIMBY Ha BHYTPIIIHI HalpyXeHHS y ITOK-
PUTTSIX 3aBTOBHIKM 20 MKM YHMHHUKH PO3TALIOBYIOTHCS Y
TaKif IOCIIIOBHOCTI: TEMIlEpaTypa eJIeKTPOIITy, T'yCTHHA
CTPYMY Ta KHCJIOTHICTD €JIEKTPOJIITY. 3pOCTaHHS BEIHIHHH
KOXKHOTO 3 YMHHHUKIB NPHU3BOIUTH JO 3POCTaHHS BHYTpIlI-
HiX Hampy>KeHb y HOKPUTTI.

BucnoBok. Ha mifcraBi 3acrocyBaHHS METOAY IUTaHY-
BaHHS €KCIEPUMEHTY OTPHMAHO perpeciiiHi piBHSIHHS IS
BH3HAYCHHS BHYTPIIIHIX HAINpyXXEHb Pi3HOI TOBIIMHU HAC-
TaJCHUX ITOKPUTTIB JAETalleH, sIKi JalTh 3MOTY OIliHUTU
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 HAINIPSKEHUSA
B IOBEPXHOCTHBIX C/10AX OCTAJIEHHBIX ABTOMOBWIBHBIX IETAJIEA

HccnenoBaH akTyanbHbII BOIIPOC KOMIUIEKCHOTO BIMSHUS PEKUMOB 3ICKTPOIM3a Ha CTPYKTYPY U BEJIUYMHY BHYTPCHHUX Hall-

PSOKEHUIA B TIOBEPXHOCTHBIX CIOSX PA3TUYHOMN TONIIIMHBI OCTAICHHBIX aBTOMOOMIBHBIX JeTallei. Y CTaHOBJIEHO, YTO Ha Ka4ecTBO OC-
TAJICHHBIX MTOKPHITHH B 3HAYUTEIBHON CTETICHH BIUSIFOT TaKHE BECOMBIE (DaKTOPHI, KaK IUIOTHOCTh TOKA, TEMITEPATypa U KUCIOTHOCTh
anekTponuta. [ onpeneneHns KOMIDIEKCHOTO BO3JICHCTBUS BECOMBIX ()aKTOPOB HA BHYTPCHHUC PACTSTHBAIOIINEC HAMPSHKCHUS B
MOBEPXHOCTHBIX CJIOSX OCTAJICHHBIX JAeTalel NPy Pa3IudyHON WX TOJNIUHE IPUMEHEH CUCTEMHBIN MMOJIX0/, UCXOIHOM MPeAnoChUIKON
KOTOPOTO ABJSETCS CTPEMIICHUE ¢ MAKCHUMAJIBHOH TTOJIHOTON y4eCTh HadallbHBIC U BBIXOIHBIC XapaKTePUCTHKNA 00bekTa. Ha ocHOBa-
HUU TIPYMEHEHHs METOo/ja MIIAaHUPOBAHUS SKCIIEPUMEHTA MOMyUEHbl PETPECCUOHHBIE YPAaBHEHUS, TO3BOJISIOLINE OLEHUTH B3aUMOBIIH-
SIHUE TUIOTHOCTH TOKA, KUCIOTHOCTH U TEMIIEPATYpPhl AJIEKTPOIUTA HA BHYTPEHHUE HANPSHKEHUS B MOBEPXHOCTHBIX CIOSIX Pa3IMYHON
TOJIMHBI OCTAJICHHBIX aBTOMOOMIIBHBIX Aetanei. [1o pe3ynpraraM aHanmn3a perpecCHOHHBIX YPaBHEHUI U OLICHKU YUCIIOBBIX 3HaUe-
HUI ¥ 3HAKOB UX KO3()(UIIMEHTOB BEIICHEHO, YTO JUIS PAa3HOW TONIIMHBI TIOKPHITHS CHJIA U XapaKTep BIUSHUS (HaKTOPOB SBISIOTCS
HEOJMHAKOBBIMH, YTO TIO3BOJIUT YCOBEPIIIEHCTBOBATh TEXHOIOTHICCKUE TIPOIIECCHI BOCCTAHOBJICHUSI aBTOMOOMIIBHBIX JETaJeH JJIeK-
TPOJUTHUYECKUM HapalluBaAHUEM.
Knrouegwie cnosa: noTHOCTH TOKA; TEMIEpATypa U KUCIOTHOCTh 3EKTPOIUTA; TONIIMHA MOKPHITUS; YPaBHEHUSI PErPECCUH.
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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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