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TH®OPMAIIMHE OLIHIOBAHHS BUBPAHOI CYKYITHOCTI JIATHOCTHYHHUX
IHOKA3HI'MKIB KOHTPOJIBOBAHOI'O OB’€EKTA

Ilposederno 0ocnioscents 3MiHU MEeXHIUHO20 CMAHY eIeKmpPOYCMAaHo80K 6 npoyeci excnayamayii. Ilokazano, wjo modxcHa
BUOLIUMU  MAKY CYKVHHICIb NOKA3HUKIE (napamempu mexHiuHo20 CMaHy KOHCMPYKMUGHUX elleMeHmié abo 0iaeHOCMUYHI)AKI
MOACYMb 3MIHIO8AMUCL 68 NpOYeci eKCHAyamayii ma cymmeso enausamu Ha pobomo 30amuicms 06 ’€kma. /{1 euseneHHs
NOWKOONCEHHA HA PaHHill cmadii 11020 pO3BUMKY, 3ACMOCO8VIOMb Memoou ma 3acobu, AKi 3a6e3neuyromsv 6UCOKUU pigeHb
YYymaueocmi 00 3MiHU MeXHIUHO20 cmany eremenma. st CKIAOHUX cucmem 8apmicmv MAakux 3acobie modice nepeguuyysamu
EKOHOMIUHULL eqheKkm 8I0 OlACHOCMYBAHHS, MOMY HAMA2AIOMbCA 3MEHWUMU KIILKICMb KOHMPOIbO8AHUX NOKA3HUKIE.B pobomi
3anPONOHOBAHO MEMOOUKA BUSHAYECHHS BNIUBY 3MIHU MEXHIYHO20 CIMAHY KOJCHO20 NApamempa na pobomo 30amuicme 06 ekma
i iHghopmayiiine OYiHIOB8ANHS GUOPAHOT CYKYNHOCMI NOKA3ZHUKIG.

Kntouogi cnosa: mexuiynuii cman, NOWKOONMCEHHS, OYIiHKA cmany 06 ekma.
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INFORMATIONAL ASSESSMENT OF A SELECTED SET OF DIAGNOSTIC INDICATORS OF
A CONTROLLED OBJECT

A study of changes in the technical condition of electrical installations during operation has been conducted. It has been shown that it
is possible to distinguish such a set of indicators (parameters of the technical condition of structural elements or diagnostic) that can change during
operation and significantly affect the operability of the object. To detect damage at an early stage of its development, methods and means are used
that provide a high level of sensitivity to changes in the technical condition of the element (object of diagnosis). For complex systems, the cost of
such means may exceed the economic effect of diagnostics, therefore studies are being conducted to reduce the number of controlled indicators. In
addition, a large number of indicators leads to the processing of significant amounts of information, which is not always justified. The paper
proposes a methodology for determining the impact of changes in the technical condition of each parameter on the operability of the object and an
informational assessment of the selected set of indicators.

It is shown that by assessing the amount of information carried by each indicator, it is possible to determine the probability of a correct
assessment of the actual technical condition of the object, which can be obtained when performing the selected inspection. Determining the
probability requires taking into account two factors: the weighting characteristic of each indicator and the technical characteristic of the object.
Knowing the probability of a correct assessment of the actual condition of the object, it is possible to determine the degree of uncertainty of the
object's condition, which remains when controlling a limited number of indicators. It is also possible to determine the information about the actual
condition of the object, which we will obtain when performing an inspection or a set of inspections, and calculate it. The paper considers an
example of information assessment.

Keywords: technical condition, damage, correct assessment of the condition of the object
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IHocTranoBKa nmpo0JieMH y 3arajibHOMY BHUIJIsSIAI Ta il 3B’ A30K

i3 BaXKITMBUMH HAYKOBUMM YU MPAKTHYHUMH 3aBAAHHIMH
Jns orpumaHHs HaOUTBIIOrO e(heKTy BiJ BUKOPHCTAHHS €JIEKTPOOOIa HAHHS il 4ac HOTro eKCIuTyaTaril
3MIHCHIOIOTH KePYIOUi JIii 3 4aCTKOBOTO, 200 MOBHOTO BiIHOBJICHHS BIACTUBOCTEH MaIIMHH, a00 Aii 3 TIOMepeKEHHS
OUiKyBaHOTO ToOTipmieHHS. Bubip BiJHOBIIOBAIPHUX Mi TICHO TOB'S3aHUM 31 3MIHOIO BIIACTHBOCTEH
€JIeKTpoOoOIaTHAHHS 3 YacoM, TOOTO MOTipIICHHAM HOr0 TEXHIYHOTO cTaHy. [lepmonpranHor0 3MiHU BIACTHBOCTEH
€JIeKTPOoOoOTaTHAHHS € JleTpajallis Horo eIeMeHTIB MiJ PyHHYIOUHMHU TiSMH eKCIUTyaTalliifHIX HaBaHTAXEHb Pi3HOL
MPUPOIM, IO 3MIHIOE HOTO AKiCHI NMOKa3HMKM — BUXITHI HapamMeTpH, sKi MOBHHHI BiINOBIZaTH HOPMAaTHBHO-
TeXHIYHIH mokymeHTamii. IIpn BHTOTOBIIEHHI eNeKTPOOOIaTHAHHSA KOXKEH 13 IapaMeTpiB BHUKOHYE CBOIO MEBHY
GyHKIIO 1 MO-CBOEMY B@KJIMBHH Ha €Tali CTBOPEHHsS eNeKTpooOJiafHaHHA. AJle SKIIO pPO3MIAIaTH
eNeKkTpooOagHaHHI 3 MO3MIil Horo TexHidyHOro obciyroByBaHHS Ta pemoHTy (TOP), TO miaxim g0 3Ha4YeHHS
napaMeTpiB iHIMH. € Taka rpymna napamerpis, ska Xo4 i 3MIHIOETBCS B IIPOLECi eKCIUTyaTallil, OJiHaK IPaKTUYHO He
BIUIMBA€ Ha SIKICTh €JNEKTpooOJIaJHaHHA N0 Horo yTwmizamii. B Toil 9ac, Kosm MOXKHAa BHIUINTH TaKy TpyIy
napaMeTpiB, SKi 3MIHIOIOTBCS B IpOIeci eKcIulyaramii 1 BIUIMBAalOTh HA BIIACTHUBOCTI €JIEKTPOOOJIaHAHHS
Oe3rnocepeHbO 200 Yepe3 iHIII eJIEMEHTH HACTIIBbKH, IO JIOBOAUTHCS BXXMBATH 3aXOIB 3 iX BIJHOBJIEHHS JEKiJIbKa

744 Herald of Khmelnytskyi national university, Issue 4, 2025 (355)



https://orcid.org/0000-0002-2438-7065
mailto:vmkytin@gmail.com
https://orcid.org/0000-0001-7185-6795
mailto:mkytina@gmail.com
https://orcid.org/0000-0002-2212-7577
mailto:kovallowartem@gmail.com

TexHiuHi HayKu ISSN 2307-5732

pasiB 10 TIOBHOTO MOpAaNbHOTO abo (QI3WYHOTO 3HOCY enekTpoobnmagHanag. lle nerpamyroui mapaMmeTpu
KOHCTPYKTUBHHX €JIEMEHTIB — iX Ha3MBalOTh Napamerpamu TexHi4HOro craHy (TC) KOHCTPYKTHBHHX €JIEMEHTIB
a00 JIarHOCTUYHMMH IapaMeTpaMH, OCKIJIbKM BOHHM 3MIHIOIOTHCS B MpOIECi eKcIulyartamii 1 BIUIMBalOTh Ha
BJIACTHBOCTI €JIEKTpOOONaaHaHHs. 3 JIpyroro OOKy Ui CKIaZHUX O0’€KTiB KiJIBKICTh ITOKAa3HUKIB MOXe OyTH
3HA4HOIO . JIJIs1 KOHTPOJIO KOXHOTO 3 HHMX IOTPiOHO BHOpaTu MeTo] KOHTPOJIO Ta 3acid mporo peamizaumii. .Jlus
BU3HAYCHHS TNOIIKOJUKEHHS Ha PaHHIH cTajil HOoro po3BUTKY MOTPIOHO 3a0€3MeUnTH BHCOKHH PiBEHb UyTIMBOCTI i
peaizaiiio CKaJHOT0 BUMIPIOBAILHOTO KOJIa, TOMY HaMararoThCsl 3SMEHIIUTH 1X KUIBKICTb [1,2].
AHaJi3 ocTaHHIX T0CTiTKeHb i myQaikanii

OmarM 13 HaOLIPII POCHOBCIOKEHHUX METONIB BHOOPY CYKYMHOCTI KOHTPOJIBOBAHHX IOKA3HHKIB €
NOCTIKCHHST iX BIUTMBY Ha TeXHIYHWH cTaH 00’ekra [3,4]. Hampuxmam, posrissHeMo mporenypy BHOOpY
KOHTPOJIbOBAHMX ITOKA3HUKIB U 00’ €KTa, IarHOCTUYIHA MOJIEIh SIKOTO T0AaHA XapaKTePUCTUIHNM PiBHIHHIM

FOo, ) =x"+ ap_1(Ap_1) - x" .. a;(A)x + ag(Ay) = 0, (1)

ne A = (Ag,A4...4,_1) — N - BUMIpHHI BEKTOP MOKa3HUKIB.

Jns  ynopsjKyBaHHS TIOKa3HUKiB MOJKHA BHKOPHCTaTH BEKTOP BiIHOCHUX dyTamBocTed Ty, =
(tlp, top--- tnp) Moro KOMIOHEHTH JUTS IPOCTHX BEKTOPiB BU3HAYAIOTHCS SIK

1 9F/d2 o

Roxl aF/axZ * (xk Ao)
YropsiAKyBaHHS TOKa3HUKIB 3M1HCHIOETHCA 32 (JOPMYIIOI0 HOPMH BEKTOPIB

...................................... 172l | = VZI, 2. 3)

IIpn mpoMy BBaXKa€TBCSA, MO Ay = Ay, AKINO Ty = Ty

3nifiCHUBIIY TIOBHE YIIOPSAAKYBaHHS MTOKAa3HUKIB MOXHA BUOPATH CYKYyITHICTh KOHTPOJILOBAHHUX OKA3HUKIB.

[Ipu omiakm poOOTO3MATHOCTI 00’€¢kTa 3a HOro XapakTepuUcTHKaMu abo mapaMeTpaMu Jis BHOOpY
CYKYITIHOCTI KOHTPOJIbOBAaHHMX ITOKa3HHKIB MOXXYTh OyTH BHKOpPHCTaHI 3Hau€HHS IX YyTIMBOCTEH 1O 3MiH, SKi
BiZIOYBAIOTHCS B CTaHI BUPOOY.

Meta po6otrn. BusHaueHHs iH(GOpMaTHBHOCTI BUOpaHOI CYKOIHACTI KOHTPOJIOBAHMX ITOKA3HUKIB IS
BU3HAYCHHS TEXHIYHOTO CTaHy 00’€KTa.

tep =

(k =1...n). )

BuxJian ocHOBHOTO MaTepiany

Bimomo, 1110 B 3araqpHOMY BUIJISLII iHGOpPMAITisi BU3HAYAETHCS SIK BiJOMOCTI PO (Pi3HUHY CHCTEMY, SKa MOXKE
Oyt 00’eKTOM Tepenayi, nMepeTBOpPEeHHs abo mam’arTi curHany. [lepex moyatkoM JiarHOCTYBaHHs iCHY€ IOBHa
HEBU3HAUCHICTP MPO TEXHIYHHUN cTaH 00’ ekTa. [lepeBipka KOKHOTO IMOKa3HUKA 3MEHIIY€E CTYIiHb HEBU3HAYCHOCTI i
Jla€ TIeBHY iHQopmamito mpo craH o0’ekra. OmiHHBIIM 00’eM iH(poOpMarii, IKy Ja€ KOXHHHA TTOKa3HUK, MOXHA
BU3HAYMTH HUMOBIpHICTh P (V) MpaBUIBHOT OLIHKK iMCHOTO cTaHy 00’€KTa, sIKa JOCATA€ThCs MPH 3IiHCHEHHI
BUOpaHoi Kareropii nepesipok. [1pu BuzHauenHi P (V) BpaxoByIOTH [Ba (h)aKTOPH: Bary KOKHOTO MOKa3HUKA B OL[HIL
TC (HamaroTh HaWOLIBLIY Bary TOMY IOKa3HUKY, SKMH HaiCyTTeBille BIUIMBAE Ha poOOTO3IaTHICTH 00’ekTa abo
HABIIAKH, SIKUM € HAWOLIBII Yy TIMBUM 0 3MiH, 10 BiIOYBAIOTHCS B 00’€KTI); TEXHIUHY pealti3ailito 00’ekTa, T00TO
THII €JIEMEHTIB, 13 SKHX CKJIaJAEThCs 00 €KT, Ta Croci0 X 3’eaHaHHsI. B 0CTaHHBOMY BUMAIKY KOXKEH 00’ €KT MOXKE
XapaKTepU3yBaTUCh HMOBIPHICTIO Oe3BiMMOBHOI pOOOTH P; eNneMeHTIB BY3IiB, IO BH3HAYAIOTH (HOPMYBaHHS
TIOKa3HUKIB. FIMOBIpHICTh MOXHA BU3HAUMTH SK [4]

_ I kiSizg
P(v) - Zn k:Siz:i (4)
i=1KiviZi
Je¢ m, n — BIAMOBIJHO, KUIBKICTh KOHTPOJBOBAHMX TIOKAa3HWKIB Ta 3araibHa KUTBKICTh TOKA3HHKIB, SKi

. 1 . . . . o
XapaKkTepu3yloTh poO0TO31aTHICTE 00’€KTa; k; = P KOe(IIi€HT, SIKMH BpaxoBye OE3BIIIMOBHICTB ITPH TEXHIUHIH

peaizanii i-ro Mmoka3HuKa; S; — YyTIAUBICTh i-T0 MOKA3HKUKA; Z — IHAEKC i-TO MOKa3HHUKA.
3naroun P (V) MOKHA BU3HAYUTH Mipy HeBu3HaueHOCTI H () cTany 06’ €KTa, sika 3aIMIIAETHCS TIPH KOHTPOITI
00Me)KeHOI CYKYITHOCTI MIOKa3HUKIB, 0 XapaKTepU3yIOTh TEXHIYHUM cTaH. MOXHA TaK0X BU3HAYUTH 1HPOPMALIiO
I(a;, @) mpo mificHuit cTaH 00’€KTa, IKY MH OTPUMAEMO TIPH 3/1iCHEHHI TIepeBipKH ab0 CYKYITHOCTI TEPEBIpOK Ta
po3paxyBaTH il SK CepeJHE 3HA4YeHHs BUMAJKOBOI BEJIMYMHHU. Hampukiaa, mnepes MOYaTKOM OIIHIOBAHHS
po00TO31aTHOCTI 00’ EKT XapaKTEPHU3Y€ETHCSI HEBU3HAUCHICTIO (EHTPOIIIETO)
H=—=3" P log, P, =100y MN,..cccccooeiiiiiiiiieee e (5)
Jle N — 3arajbHa KUIbKICTh ITOKA3HUKIB, 10 BU3HAYAIOTH TEXHIYHUN CTaH 00’ €KTa.
BukopucTaHHsS m MOKa3HHUKIB Hece iH(OpMaIIio
I(M) = H — H(M) oo e, (6)
ne Him) = P(v) - log, P (v) + (1 -P (v)) -log, (1 -P (v))— YMOBHA €HTPOIIis MiCHIs 3iCHEHHS TEPEBIPKH.
PeKOMEHIYETHCSI BAKOPUCTOBYBATH TaKy CYKYMHICTh IIOKa3HUKIB, sika mae P(v) > 0,5.
Hpukaan. JliarHOCTUYHA MOJIENTh 00’ €KTa MTOJaHA MIEPEIaTHO (PYHKIIEI0 BUTIIY, TUITY
0

1
w(g) = [0.01(g+2+9.8))(g+2-9.8))(g+5)(g+9)]’

Jie KOpeHi XapaKTepUCTHIHOrO PiBHAHHS: ¢, = —2 — 9,8); 9, = =2+ 9.8j; 93 = —=5; 9, = —9; (i = 1,2,3,4).
[TotpibHO BHOpaTH CYyKyITHICTh KOHTPOIHOBAHUX MTOKA3HUKIB IS OLIHIOBAaHHS POOOTO3/1aTHOCTI 00’ €KTa.
BuzHaunMo BiTHOCHY 4y TJIHBICTh IepeaTHOl (QYHKIIT 1O KOPEHIB g; XapaKTEpUCTUYHOTO PIBHSHHS 32 (POPMYJIIOI0
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al b
S99 = g = 1S(gDIe.
IligcraBuBLIM BEJIMYMHU KOPEHIB, OTPHUMAEMO: [S(g)| = 1.11;|S(g,)| = 0.915;|S(g3)| =

0.98;|S(g4)| = 0.249.
BusHaunMo HAMOBIpHICTh NMPAaBHIBHOI OLIHKK CTaHy 00’€KTa IMpH KOHTPOIIOBAHHI MOJOXEHHS KOXKHOTO
KOpeHd g;:
P(g;) = %;P(yl) = 0.278; P(g,) = 0.228; P(g3) = 0.245; P(g,) = 0.249.

i=158i
Po3paxyemo HeBM3HaueHicTb H Ta KiNbKiCTh iH(OpMAIlii, Ky MOKHa OTPUMATH y BHITAIKy KOHTPOIIIO
TMIOJIOKEHHS KOXKHOTO g;
(g1, 9) = log;n = [P(g4) log P (91) + (1 = P(g1) log,(1 = P( g1))] = 0.585.
AHanoriqHo:

1(g,,9) = 0.510;1(g5,9) = 0.5;1(g4, g) = 0.49.

Bigkuaemo n1Ba HaiiMeHII iH(OPMaTHBHI KOPEHI i CIIPOCTUMO JIarHOCTUYHY MOJIEINb 3aBJSKH 3HWKEHHIO
CTETIeHsI XapaKTePUCTHYHOTO PIBHSAHHSA, TOOTO
, K k

Wig) =

001,(g-g1)(g-g2) ~ T2g2+2ETg+1°

neT =01 ¢&¢=0,2;, k=10.
3HaiimeMo BTparty iH(QopMaIlii 3a paxXyHOK BiICyTHOCTI KOHTPOJIIO ITOJIOKEHHS KOPEHIB g3 1 g4-
P(gs4) = P(g3) + P(g,) = 0.494;

(g3, 94) = P(g34) - l0g P (g34) + (1 = P(g34) - logz(1 — P(g34)) = 0.505.
BusHaunMo 4yTIUBICTH KOPEHIB g; CIIPOIIEHOT MOielli 00’ €KTa 0 3MiHHU MapaMeTpiB, sKi IepeadadaroTbes

o koHTpoio: d(p) = k; T, &
1 0W/dap 0) d(o)
Reg'? W /0gi Gie &

tegr = tege = 0.76;trgy = trg, = 165.8;t; = tg , = 5.01.
Slkmo BigomMa HMOBIPHICTH BIIMOBH, IO BpPaxoBy€ TEXHIUHY peawizauito o0’exta: py = 0.99;pr =
0.95; ps = 0.9, To BenuuuHU KOe(DIilliEHTIB
ki, =1/0,99 = 1,01;kr = 1/0,95 = 1,05; ks = 1/0,9 = 1,11.
3HaiiieMo BENIMYHHU HMOBIPHOCTEH MPAaBUIILHOI OIIIHKA pOOOTO3AaTHOCTI 00’ €KTa MPH KOHTPOII KOKHOTO
MOKa3HHUKa, IIPH LBOMY SIK S; OyIeMO HiJCTaBIATH BEIMYHMHH HOPMH BEKTOPiB T(tk gy tkgz), TOJi OTPHUMAEMO:

P(k) =0,761/180,823 = 0,0042; P(T) = 174,589/180,923 = 0,965; P(¢) =5,567/180,023 = 0,0308.
Ockineku P(k) i P(¢) menmre 0,5, TO 1yis OI[iHIOBAaHHs CTaHy 00’€KTa HEOOXiJHO BHKOPHUCTOBYBATH HE OJIWH
MOKa3HHUK, a iX CYKYIHICTb.

BuCHOBKH 3 1aHOT0 OCTIIKEeHHSI i MepCcneKTHBU NOAAJIBIINX PO3BiIOK y JaHOMY HanpsMi
3anpornoHOBaHO METO/I paH)KYBaHHS TOKA3HHUKIB I10 CTYIIEHIO IX BIUIMBY Ha 3MiHY TEXHIYHOT'O CTaHy OO€KTa
1 METO/] OLIIHIOBaHHS 1X 1HQOPMATHBHOCTI NP OOMEXEHi 1X KUIBKOCTI.
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