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BU3HAYEHHA 3AKOHY CTATUCTUYHOTI O PO3IIOALTY AEPEKTIB
ABTOMOBUJIbHUX AETAJIEU KJIACY "AUCKH"

JlocijukeHO akTyallbHe MUTaHHs Je]eKTyBaHHs aBTOMOOUIBHUX JeTallei A/ iX M0JajbIIoro BUKOPUCTaH-
Hs. Ha e(exTUBHICTH PEMOHTY, a TAKOX Ha SIKICTh i HATIMHICTH BiPEMOHTOBAHMX arperaTis BILIUBAIOTH pOOO-
TH 3 fepeKTyBaHHS Ta COPTYBAHHS JA€Tanei, siki MOTpiOHO MPOBOAWTH BiAMOBITHOCTI O TeXHIYHUX yMOB. Jloc-
JDKEHO HasBHICTH IepekTiB MaxoBHKa aBTOMOOITBHOIO JBUTYHA SIK THIIOBOTO IPEICTABHMKA JAETANi Kacy
"mucku”. Ha mincraBi onpaitoBaHHs CTaTUCTUYHHUX JAHUX PEMOHTHOTO MiANPUEMCTBA BU3HAYEHO TyCTHHY PO3-
nofiny aedekriB, moOyJ0BaHO TiCTOrpaMy iX €MIipUYHOTO PO3MOMINY Ta ieHTU(iKOBAHO HOTO TEOPETUUHUM
3aKOH. Y3r0/KEHICTh MK TEOPETHYHUM Ta eMITIPUYHUM PO3IIOAiIaM1 BUIAIKOBOIT BEJIMYMHHM OLIHEHO 32 JI010-
Mororo kpurtepito [lipcona, 3Ha4eHHs SIKOTo € GIU3BKUM J0 TaOIMYHOTO, IO MiATBEPIDKYE MPaBHIBHICTH BHO-
PaHOro HOPMANBHOTO 3aKOHY PO3MOALNY BUIAIKOBOI BEMMYMHM (1edekTiB MaxoBHUKa aBTOMOOIILHOIO JABHTY-
Ha). 3a pe3yJbTaTaMK aHali3y 3aKOHIB po3noiny AedexriB aeraneit 3'sicoBaHo, IO A Pi3HKX X KJIaciB 3aKo-
HH € HEOJJHAKOBMMH, 1[0 JACTh 3MOTY BJOCKOHAJIUTH TEXHOJIOTIYHI MPOIECH 1X BiTHOBIECHHS Ta COPTYBAHHS 3a

palioHaJTbHIMHU MapIIpyTaMy PEMOHTY.

Kniouogi cnosa: aBromoOinbHMA IBUTYH, Ne)eKkTyBaHHS AeTanei, MaXOBUK, CTATUCTUYHHN Ta AMOBipHic-

HU aHaTIi3H.

Betyn. Benuka kinbKicTh aBTOMOOINBHUX AeTaleid, 110
HaIXOIATh 1O PEMOHTY BHACHIIOK 3HOLIYBaHHS, BTOMHU Ma-
Tepiany, MeXaHIYHHUX Ta KOPO3iffHUX MOLIKOKEHb, BTpaya-
FOTH CBOIO TPAINe3NaTHiCTh. BiIbIIicTh UX MeTaieil MatoTh
3aJIMIIKOBUN pecypc i MOXKYTb OyTH BUKOPHCTaHi MOBTOp-
HO, TiCIIsl TPOBEAEHHS TOPIBHIHO HEBEJMKOTO 00CsTYy po-
0iT 3 X BiJHOBJIEHHS, OCKIJIbKM BUTPATH TiILKH Ha Martepi-
anu 1S BiAHOBJIEHHS AeTaneil craHoBusaTh 1-12 % mopis-
nsaHo 3 HoBumHu (Panteleenko, Ljaljakin & Bajcur, 20038
CyJacHHX yMOB € HepeHTabenmbHO. Ha edextuBHiCTH pe-
MOHTY, @ TaKOX Ha SKIiCTb i HaHilHICTh BiAPEMOHTOBAHHX
arperariB BIUTMBAalOTh pOOOTH 3 Ie(eKTyBaHHS Ta COPTY-
BaHHs JeTaiei, siki MOTPiOHO MPOBOAWTH BIiAMOBITHO IO
TeXHIYHUX YMOB.

AHani3 ocTaHHIX Aoc/ifKeHb Ta myoJikauniii. YV po-
6oti (Hudz, Borys & Zakhara, 201@ocnimkeHo iMOBip-
HiCHI MOKa3HUKM JedeKTyBaHHS AeTaneil kiaacy "CTpHAKHI 3
HasSBHICTIO CKJIATHUX MOBEPXOHE". TOMY akTyallbHUM € ajib-
TepHATUBHE MMUTAHHA — AOCHTIIKEHHA 3aKOHOMIPHOCTI po3-
oy neeKTiB aBTOMOOITEHUX AeTaieil Kiacy "Iucku”.

Meta po0OTH — BU3HAYEHHS 3aKOHY CTaTHCTHYHOTO
posnoxiny nedektie netajeit kiacy "aucku” (Ha MpUKIami
MaxOBHKa aBTOMOOLTEHOTO BUTYHa).

OCHOBHI pe3yJIbTaTH AOCTII:KeHHs1. 3aBIaHHS ne(eK-
TYBaHHs Ta COPTYBaHHSA JAeTaneil mondrae y KOHTpoJi aeTa-
Jieli A1l BU3HAUEHHS iX TEXHIYHOTO CTaHy, HarpoMaKeHHs
iHpopMalii mpo pe3ysbTaTH iX OTJIsLy 3 METOO il BAKOPHC-
TaHHSA JJIsI BIOCKOHAIICHHS TEXHOJIOTIYHIX TIPOLIECiB BiTHOB-
JIeHHS JieTaleli Ta COpTyBaHHA 3a MapIIpyTaMU PEMOHTY.

3rigHo 3 TY Ha pedexTyBaHHS MaxOBUKa aBTOMOOiNb-

Horo mBuryHa 3M3-511.10 puc. 1) Ha migcTaBi omnparro-
BaHHA NAaHWX peMOHTHoro mimnpuemctsa T30B "Vkpzaxi-
naprocrienMain’” 'y 40 neraneit BusiBieHO Taki nedekTu:
3HOILIEHHS 3yOLiB 3a 10BkKUHOW (Xi), cripalfoBaHHs po6o-
4oi moBepxHi (X5), 3HOIWEHHs 0TBOPIB Mix 6ontr (X3), Han-
noivm 3y65uiB BiHIA (X4), Hagmomu Ta TpituHu (Xs). X

A IS
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Puc. 1.OcHoBHi neextn MaxoBuka asuryHa 3M3-511.10

V Tabnuiui HaBeneHO Mepeiik aeTaneil Ta BUSBIEHI B
HUX Ne(eKTH, 3aralbHa KUTBKICTh SKMX CTaHOBUTH 89. Ma-
CHB JaHWX PO30WTO Ha I'SITh iHTEPBAJIIB 3TiJHO 3 KIIBKICTIO
nedekris.

Ta6n. PesyabraTu nedekTyBaHHSI MAXOBUKIB

Homep Hedexrn

nerani X, X X3 X, Xs
1 + - + - +
2 - + + - -
3 - + - + -
38 + + - + -
39 — + + - _
40 — + + - +

Bceroro: 18 35 20 11 5

YacroTy mosiBu (TyCTHHY) KOHKPETHOTO Ae(eKTy po3pa-
XOBYIOTh 32 (popmyiioro (Drohomyretska et al., 2012)
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p=ri=im @

Jie: Nj — KIBKICTh JleTaield, 1o MoTparuisioTh B i-i iHTep-
Bai, i =1, 2, , 5 —xinbpkicTs iHTepBatiB; N — 3arampHa
kinbkicts nedektis (N = 89).

. 18 35 20
Toni: :——0 20; = 0,39, ;= = 0,2:
Il P P2 = 89 Pz = 89
11 5
—==0,12 — = 0,06
Ps= 89 Ps = 89

OTpuMaHi 3HauYeHHS TYCTUHHM PO3IMONITY BUMAIKOBOT
BEJIMYHMHY pj TIOAHO Ha pUC. 2y BUMIIAI TiCTOrpamMu po3-
TOJTiTY.

A

i fi

Lo
| 2 3 4 5 Xi

Puc. 2.T'icrorpama ta 3akoH po3noiTy AedekTiB MaxoBuKa

BusHauaeMo XapakTepUCTHKN CTaTUCTUYHOTO PO3MOi-
ny (MaTeMaTHYHEe CTIOIBaHHSA i TUCHIEPCilo), 32 JOTIOMOT OO
AKX PO3PaxOBYEMO FYCTUHY TEOPETHYHOTO 3aKOHY PO3IIO-
nmiry. MareMaTidHe CHOMIBaHHA BUMAIKOBOI BEIMYUHA
cranoutb (Drohomyretska et al., 2012)

a:é&)pi R, (2

€ Xcep; — CEPENIMHA iHTEPBAITY.
Tomi a = 10,2+ 210,3%+ 30,22 1@ 0,12 [5 0,01
=02+ 0,78+ 0,66+ 0,48 03 2
Jucrnepcis BHUMaaKoOBOI BeMMUWHU cTaHoBUTH (Droho-
myretska et al., 2012)

5
D= ;(&epi_ a%p. (3)

Tonmi D = 1,42+ 0,067+ 0,074 0,8 0,389 1.
AHani3 rictorpaMu po3nojiiy a€ 3MOTY TOMYCTHTH Ti-

HoTe3y, M0 TEOPETHIHHI 3aKOH PO3MOITy BHIAaAKOBOI Be-

JIMYMHY € JIOTapU(pMiYHO HOPMAIBLHUM, TYCTHHA SIKOTO CTa-

HoBuTh (Drohomyretska et al., 2012)
~(In x=In %)?
1 & 2%« (4)

f)=——

9 XOinxN271T

ne In x0:2Ina—O,5Ir(D + az); Oinx=+/In (D+a%)-2 Ina.
Inx = 2xIN2,42- 0,5In( 1,24 2,4)=
= 176- Q98 = 0,78. '

Oinx =N (L24+ 2,43 - ZIn 2,42/ 1,96 176 0.

Tomi

—(0-0,78%
fi(x) = 0, 887& 0405 =(,88701502= 0,88710,223 O,
0,887 —(0,693- 0,78}
fi(x2) = > ———[& 0405 =0 440%019= 0,44]0,96 0,4
1,099—0783
fi( )_&87 0405 =0,3(E0%1= 0,3010,78 0,2
—(1,386- 0,78}
fi( )_&87 0405  =Q 3(E097= 0, 2270,4 0,0¢
0, 887 —(1,609- 0,78}

fi(xs) = 0405 =0,3015%7= 0,1810,1& 0,0:

HepeBlpI/IMO Y3TOKEHHST TEOPETUYHOTO i CTATHCTUYHO-
r0 PO3MOMINiB BHIAAKOBOI BETMYNHU. Y3TOIKEHICTh PO3-
MOAIJIIB OLiHIOEMO 3a nomomororo kputepito [lipcona y2.
Busnaunmo Mipy po30i>kHOCTI 3a popMyIoro

Z_NII(pI_f)

fi
o, 2(; ;), 2f, (039 0,43,

0,43
(0.22-0,23 (012 009, (006 O (?j):
0,23 0,09 0,03
=890+ 0,003# 0,0004 0,64 0,08
=89[0,044F 3,92.

BusHauaeMo 4uCIIO CTyMHEHIB BIIBHOCTI S AK pi3HUIIO
Mix KinbkicTro inTepBaitiB (N; = 5) i KifbKiCTIO HakIaaeHUX
3B's3kiB C (s lorapuMidHO-HOpMalTbHOTO 3akoHy C = 2;
i 9ac po3paxyHKy BUKOPHCTOBYIOTH JIBI UHMCIIOBi Xapak-
TePUCTHKU: MaTeMaTHIHE CIIOIBAHHS i TUCTIEPCilo)

S=N-c-1= 5 2-1= . (7)
3HalouM BeJIMYMHY 2 Ta YUCIIO CTYNEHiB BiIbHOCTI, 3Ha-
XOJIMMO TaOIMIHe 3HAYCHHST WMOBIPHOCTI y3TOKCHHS CTa-
THUCTHYHOTO Ta TEOPETHYHOTo 3akoHiB posnoxiny (Droho-
myretska et al., 20120ckinbku 3a Xz = 3,92i uucna cry-
NeHiB cBoboau S= 2 iMOBIpHICTh y3TO/KEHHS CTaHOBUTDH
p = 0,15.0ckinbku p = 0,15 > 0,0570 emmipuanuii posmo-
JiN y3TOIDKYETBCS 3 TEOPETHYHHMM, TOOTO 3 HOPMAaJIbHUM
3aKOHOM po3roniny (yMoBa y3romkenns p > 0,05).

BucHoBok. AHaii3 3aKOHIB PO3MOALTY HedeKTiB meTa-
neii mokasas, 10 AN Pi3HUX IX KJIaciB 3aKOHH € HEOJHAKO-
BUMH, L0 AACTh 3MOTY BIOCKOHAJINTH TEXHOJIOTIYHI MpoLie-
cH X BiHOBJICHHS Ta COPTYBAHHS 3a paLliOHATLHUMH Map-
HIpyTaMU PEMOHTY.

(6)

X?=89

Toni

TlepeJlik BAKOPUCTaHUX JKepeJt
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I. C.Tyds, H. M. Bopug, O. H Koyroméac

OIIPEAEJIEHUE 3AKOHA CTATUCTHUYECKOTI'O PACIIPEAEJIEHUA JEPEKTOB
ABTOMOBWJIBHBIX IETAJIEA KJIACCA "JUCKHU"

HccnenoBan akTyanbHbIi BOTIPOC Ae(eKTUPOBAHUS aBTOMOOMIBHBIX JeTaeit A uX JanbHeliero ucnons3oBanus. Ha o dexrus-
HOCTh PEMOHTA, a TaK)K€ Ha KAYeCTBO U HAJIGKHOCTh OTPEMOHTHUPOBAHHBIX arperaTroB BIUSIOT padOTHI C 1eEeKTUPOBAHUS U COPTUPOBKU
JieTaneid, KOTOpbIe CleyeT NPOBOJUTH B COOTBETCTBHM C TEXHUYECKMMH ycIoBUsAMU. MccnenoBano Hanmuue ae)eKToB MaXOBUKa aBTO-
MOOMJILHOT'O JIBUTATENs KaK TUIIMYHOTO MpeJCcTaBUTEs JeTauu kiacca "nucku”. Ha ocHoBaHMM 00pabOTKM CTaTUCTUYECKUX JaHHBIX pe-
MOHTHOT'O TIPEATIPUSTHUS OTIPEAeiieHa TNIOTHOCTh paclpeaeieHus 1eeKkToB, MOCTPOeHA TMCTOrpaMMa MX dMITMPUYECKOr0 pacipeerie-
HUS. ¥ MACHTU(QUIMPOBAH €ro TEOpPEeTUYECKMii 3akoH. COrllacOBaHHOCTh MEXKIY TEOPETHYECKAM M SMIHMPHUYECKHM DPaclpeaeIeHUIMH
CiTydaifHO# BENMYHMHBI OIICHEHA ¢ TIOMOIIBI0 kputepus [IupcoHa, 3HaUeHNE KOTOPOro ONM3KO K TaOIWUYHOTO, YTO MOJATBEPIKAACT Mpa-
BUJILHOCTh BBIOPAHHOTO HOPMAJIBLHOTO 3aKOHA PACTIPEICNICHUs CIydaiiHON BelnnuuHbl (1e(eKTOB MaXOBHUKa aBTOMOOUILHOTO JBUraTe-
J1sT). AHaJIM3 3aKOHOB pacrpe/eaeHus 1e)eKToB aeraiei mokasaii, 4To /s Pa3IUIHbIX WX KIACCOB 3aKOHBI SIBIISIFOTCS HEOAMHAKOBBIMH,
YTO MO3BOJUT YCOBEPIICHCTBOBATh TEXHOJIOTUUECKHE MPOIIECCH UX BOCCTAHOBIICHHS U COPTHPOBKH IO PAIMOHANLHBIMYI MapHIpyTaMu
peMoHTa.

Knroueevie cnosa: aBToMOOWITBHBIN IBUTaTellb; Ae()EeKTUPOBAHUE J€Tallell; MAXOBHUK; CTATUCTHIECKHIA ¥ BEPOSITHOCTHBIN aHaN3BI.

G. S. Gudz, M. M. Borys, O. Yo. Kocyumbas

DETERMINING THE LAW OF STATISTICAL DISTRIBUTION
OF DEFECT AUTOMOTIVE PARTS OF "DISC" CLASS

The issue of automotive parts flaw for their sulbsed use is topical. A typical representative atpaf "drives” class is the flywhe-
el of an automobile engine. It comes in for refie a large number of automotive parts due therweaterial fatigue, mechanical and
corrosion damage, and losing ability to work. Mokthese parts have residual life and can be ugeth after a relatively small amount
of work on their recovery, because only the costaaterials to restore parts make up from 1 tol@d¥hpared to the new ones that is
unprofitable in modern conditions. The flaw detestand sorting of parts, which should be carriedazgording to specifications, influ-
ence the effectiveness of repair and on the qualtity reliability of repaired units. Therefore, fhepose of research is to determine the
law of statistical distribution of defect parts'discs" class (for example, automobile engine flgef). The task of flaw detection and
sorting automotive parts is to control the partsiétermine their technical state, accumulate thelt® of their examination in order to
use them for improving technologic processes dfspastoration and sorting them according to reqmites. According to the specifica-
tions for flaw detection of the flywheel of ZMZ-51D motor on the basis of processing of "Ukrzahidsetsmash" Ltd. Data, the aut-
hors have detected the following defects of 40gpdeingth of teeth wear, wear work surface, wedeshéor bolts, teeth crown break-
down, cracks and breakdown. An array of experimeafata was divided into five intervals accordinghe number of defects. We have
also calculated the probability of each defect (eicgd density distribution). Then we have defingdtistical distribution (expectation
and variance) on the basis of statistical charaties analysis by which the theoretical densityhaf distribution was calculated. It gave
us the opportunity to construct an empirical disttion histogram for which the theoretical (normaly was chosen and calculate the
theoretical density of distribution of a randomighte. Finally, consistency between the theoretical the empirical distribution of ran-
dom variable was assessed using Pearson critéisoralue is close to the tabular confirming therectness of the chosen normal distri-
bution law of random variable (defects automobflermgine flywheel). To conclude, the analysis aflyability distributions of parts de-
fects has shown that for its different classedahes are different, which will help improve the pesses of their recovery and sorting by
the rational repair routes.

Keywords:car engine; flywheel; statistical and probabitisthalyses.
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