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AnoTtauis. XXutteBuit mux1 KOHCTPYKIIii (200 i1 ememMeHTa) po3risaaacThCs SIK MapKOBCHKHM TIPOTIEC 3
JUCKPETHUMH CTaHAMHU 1 HEMEpEepBHUM 4YacoM. [IpHHHATO I’SATh eKCIUTyaTalidHUX CTaHIB, B SKUX MOXeE
3HAXOAUTHCH KOHCTPYKIis. |1 BUTIaAKy OHOPITHOTO MAapPKOBCHKOTO MPOIIECY 3 MMOCTIHHOIO BETUIHHOIO 1H-
TEHCHBHOCTI TIEPEXO0/IiB OTPUMAHO BiANOBIAHY cucTeMy aAudepeHuiiinux piBHsHb (cuctemy Kommoroposa).
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TTIIPOTEXHIYHE BYIBHUIITBO, BOJHA TH)KEHEPIS TA BOJJHI TEXHOJIOT'TI

Jnsi BUpIIICHHS CHUCTEMH PIiBHSHb B aHAIITUYHOMY BHUTJISIAI 3aCTOCOBAaHMM METOA HEBU3HAUCHHX
koedirienri. OTpuMaHi pilIeHHS Jal0Th MOXKJIUBICTh BU3HAYUTH IMOBIPHICTH 3HAXODKCHHS KOHCTPYKITIi B
KOHKPETHOMY CTaHi, a TaKoX HaHOLIb1I IMOBIpHHIA Yac epexoay KOHCTPYKIi BiJf OTHOTO eKCILTyaTaliifHOro
cTaHy 0 iHmoro. Busnauena QpyHkist Oe3nexd, sIK iIMOBIpHICTh HE 3HAXOIKEHHSI KOHCTPYKILIi B OCTAHHBOMY
(Hemparie31aTHOMY) CTaHi 1 (YHKIIiSI IHTEHCUBHOCTI BiaMOB. [IpuBeneHo 1 JoCHiKeHo rpadiku iIMOBIPHOCTI
3HAXO/KEHHSI KOHCTPYKLII B KOKHOMY 13 I SITH CTaHiB, PyHKIII HAAIHOCTI Ta QyHKIi1 iHTEHCUBHOCTI BiIMOB.
OTpuMaHi aHATITUYHI 3aJISKHOCTI TaI0Th MOXKJIMBICTh BU3HAUCHHS TOBIOBIYHOCTI Ta 3aJIMIITKOBOTO PECypCy
pobOTH, K OKpPEMHX €JIEMEHTIB, TaK 1 CIOPYAH B IIIOMY, a TAaKOX JO3BOJIUTH ONTHUMI3YBAaTH ILIAHYyBaHHS
MPOBEAEHHS TOTOYHUX PEMOHTHHUX POOIT, 3HAYHO MOMIMIIMTH EKCIUTyaTaliifHi IOKa3HUKH CIOPYIH, CKOPO-
TUTH BUTPATH HA PEMOHTHI 3aX0JIU Ta TIOJOBXKUTH CTPOK JKUTTEBOTO IHKITY CIIOPYIH.

Kirouosi cioBa: QyHkuis HagiitHOCTI, piBHsHHS KonMoroposa, MapkoBCbKa MOAEIb, IHTEHCUBHICTD
BiIMOB, JJOBTOBIUHICTh, 3aJIMIIIKOBHI pecypc.

BeTyn. Y BimmmoBiTHOCTI IO KITACHYHOTO BU3HAYCHHS [ 13] HamiitHICT KOHCTPYKIII B MOMEHT Yacy t €
HMOBIPHICTIO CKJIaAHOI MOi1, SIKa MOJISITae B TOMY, II0: BiIMOBA He BiZIOyIEeThCS HA MOMEHT ITOYaTKy SKCILTY-
aTarii KoHCTpyKIIii (t = 0), TOOTO piBeHbh HABAHTAKCHHS B IIOYATKOBUI MOMEHT €KCIUTyaTallii He IIEPEBUIITUTE
TPaHWYHO JTOIYCTUMOTO 1 Bi]MOBa HE BinOymeThes 10 acy t (t > 0). [lo3Haunmmo HMOBIPHICTS IUX MOIIH, SIK
Py 1 P, BimmoBigHO. Toi 3riTHO 3 TEOPEMOIO MHOXKEHHS MMOBIPHOCTEH HE3aJICKHUX MO HAMIHHICTh KOH-
CTPYKLIi BU3HAYAETHCS SIK

N=P0'Pt. (1)

Bemnuuny Py MokHa Ha3BaTH ITOYATKOBOIO a00 MPOEKTHOIO HAMIWHICTIO 1, K BimoMo [3, 8, 13], BoHa €
(YHKITIEO XapaKTePUCTUKK Oe3meku 5, ToOTO

Py =N(B,t)|t=0 = F(B). (2)

Oyukrist Py (mani no Tekery P(t)) € WMOBIpHiCTIO 6€3BiIMOBHOT poOOTH ((PYHKITIERD OE3MEeKH) KOH-
CTpyKii Ha iHTepBai yacy Bij 0 1o t. Bona nos’s3ana 3 iIHTEHCUBHICTIO BiJIMOB KOHCTPYKIL A, (t) (failure
rate) nuepeHIIiHHOI0 3aIEKHICTIO:

1 dN 1 dP
Afr(t):_ﬁ'ﬁ=_;'_' (3)

®izuunuit 3micT GpyHkuii A, (t) netanbHo BuKIaneHo [4, 5, 6].

[Ticna inTerpyBanus (3) i 3 ypaxyBaHHSIM O4€BUAHOI PIBHOCTI

P()t=0 =1
OTtpumyemMo

P(t) = exp |- f; Ape(0)dt]. )

3 ypaxyBaHHM (2) i (4) 3asexHicTh (1) MOKHA 3aIMCATH y BUTIISIL

N(B,t) = F(B)exp |~ [ Apr(t)dt]. 5)
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Mera i metoau. IIpu BusHaveni HazginocTi KoHcTpykii N (S, t) Beauunny Py MOKHA pO3TIISIATH K
He3aJIEeKHUH Bifl 9acy KoedirienT npu GyHkii 6esmexu P (t). MeToa BU3HAYEHHS TPOEKTHOT HAMIHHOCTI KOH-
ctpykuii (Py = F(f)) mocratHbo BucBiTIIeHO B [3, 8, 13] 1 B OUIBIIOCTI BHIAJKIB, BUPAKAETHCS Yepes3
¢ynkuito Jlamnaca.

o crocyerbes dhyHKIIT Oe3nekn (4), TO Ha COTOIHITIHIN JEHB HE ICHY€ 3arajlbHO MIPUHHATHOI MOIET]
il TIOBEMIHKH, TOMY IOOYIOBA aeKBaTHOI 3a1exHOCTi P(t) morpebye BCEOIYHOTO TEOPETHYHOTO 1 TPAKTH-
HOT'O JOCIIIKEHHS.

VY cydacHHX yMOBax, KOJH OUIBIIICTS MOCTOBUX KOHCTPYKIM B YKpaiHi BXK€ MalOTh CYTTEBHU CTPOK
eKCIUTyaTarlii, BU3HAYCHHS 1X HaMIIHOCTI (a OT)KE 1 3aJTUIIKOBOTO PECYPCY) € HAM3BUIANHO aKTyaIbHOIO 3a/1a-
Yer0.

VY po0OTI MPOBOAUTHCS MOCTIKEHHS (PyHKIIT Oe3MeKr KOHCTPYKIIl Ha OCHOBI MapKOBCHKOI MOJIENI,
3anpononoBatoi B [8, 9, 10]. Ha Bigminy Bix panime posrisayToi Mozeni [7], B sikiit P(t) Bu3Hauanach Ha
KO)KHOMY XapaKTEepHOMY 1HTEpBall yacy eKCIUTyaTamii, B Iiii poOOTI HAaIHHICTh CUCTEMU BHU3HAYAETHCS 13
cucteMu nudepeHiHHanX piBHSHL KomMoroposa yisi BChOT0 MIPOMIKKY Yacy €KCIDITyartallii KOHCTPYKIIii. 3a
CTaHU MapKOBCBHKOI'O JIAHLIIOTa IPUIHATO eKCIUTyaTaliiiHi CTaHH MOCTOBUX KOHCTPYKIIMH, K1 y BiAMOBITHOCTI
1o ynaHoro JICTVY [1] moxineHo Ha 5 cTaHiB:

Cran 1 — cripaBHUI;

Cran 2 — 00MeXeHO CTpaBHU;

Cran 3 — mpare3qaTHHi;

CraH 4 — 00MeXeHO Tpare3IaTHHIA;

CraH 5 — Hemnpane3JaTHUi.

Pe3yabTaTu i mosicnenHsi. Yac nmepexo/1y CIopy.iv 3 OJTHOTO CTaHy JIO iHIIIOTO € BUMAIKOBOIO BEJINYH-
HOIO, TOMY MOJIEINI, 0 XapaKTepU3yIOTh TaKUH POIeC MaroTh 0a3yBaTHcs Ha Teopii iMOBIpHOCTEH (cTOXa-
ctruHi Mojen). OmHIE0 3 TAKUX CTOXaCTHYHUX MOJEJCH 1 € MOIeb, IKY BUKOPHUCTAHO B Ll poOOTI, a came
MapKOBChKa MOJICIb 3 JUCKPETHUMH CTaHAMHY 1 HEMIEPEPBHUM YacoM [4].

BianoBimgHo 10 i€l Mozem Jac rmepexoay MixK JUCKPETHUMH CTaHAMH BiIOYBA€ETHCSI Y BHITAIKOBI MO-
MEHTH 4acy. ['pad mporiecy po3risiHeMO Y HAUIPOCTIIIIOMY BHTJISATI, HABEICHOMY Ha PUCYHKY 1.

@LNQLNgLNOLNey

Pucynoxk 1 — Yac nmepexomy Criopyau 3 OJHOTO CTaHy JIO iHITIOTO.
Figure 1 — Time of transition of a structure from one state to another

Jie A;j - WiIBHICTH TIOTOKY BUITAJIKOBUX TIO/iH, AKUH NEPEBOUTL CUCTEMY i3 CTaHy [ JIO CTaHy j.

VY 3arajbHOMY BHIIAJKy TIEPEXOH i3 CTAaHY B CTaH MOXKYTh OYTH JOBUIbHUMH. Tak HAITPHUKIIAN, SKIIO
MOJKJIMBUH Tepexin i3 cTany 3 10 craHy 1 (BHAC/IIIOK MPOBEACHHS PEMOHTY), BIAMOBIAHUI mapaMeTp Az; #
0.

Y BUINAJKy MAPKOBCHKOIO JIAHIIIOTa, IO PO3TJISANAETECS, HE HYIIBOBI A;; IPEICTABIEHO HA PUCYHKY 1.
Sk BimoMo [4], MapKOBCHKHI IPOIIEC 3 HEMEPEPBHUM YaCOM OITUCYETHCS CUCTEMOIO AU EPECHIIMHNX PIBHAHB
KonmoropoBa, sika aiist BUNAAKY, IO PO3TISAAETHCS MA€ BUTIIS:
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dp,

E = —A12b15

dp,

o =302 + A12P1;

dps

L —A34P3 + A23D2; (6)
dp,

o —A4sPa + A34D3;

dps

dar = A45Ps-

s cuctemMa y MAaTpUIHOMY BUTJISIII HA0OYBa€ BUTIISTY
d _
L = ap, (7)

ne p = (P1, D2, P3, P4, Ps) - BEKTOP CTOBOELD, P;(t) - HMOBIPHICTh 3HAXOPKEHHSI CHCTEMH B [ - TOMY
cTaHi, a A — MaTpHIIsI po3MipoM 5X5:

-4, 0 0 0
Ay Ay 0 0
A=| 0 Ay =y 0
0 0 Ay = s
0 0 0 Ays

®)

e e R )

OCKITBEKH CHCTEMA MOXKE 3HAaXOJUTHUCH JIUIIC B OTHOMY 13 I’ ATH CTaHiB, JJI I[OBiJ'II:HOl"O qacy ! MOXHa
3a1McaTu:

5
Z pi(t) =1 9)
i=1
[TogaTkOBI yMOBH TSI iIHTETPYBAaHHS CHCTEMH (6) XapaKTepHU3yIOTh CTaH CHCTEMH Ha MOMEHT Jacy t =

p1(0) = 1; p,(0) = p3(0) = p,(0) = ps(0) = 0. (10)

SIkuto BBakaTH KOEILIEHTH A;; HE3ATIEKHUMU BiJl 4acy, TO CUCTEMa (6) MPECTaBIsie COO0I0 CHCTEMY
3BHYAHHUX AU(EPEHIIHHUX PIBHAHD 1-r0 HOPSAKY 13 MOCTIHHUMHU KOe]ilieHTaMH.

[ToOymyeMo po3B’s130K cUCTEMH (6) IS BUTIAIKY OJHOPITHOTO MapPKOBCHKOTO IPOIIECY 3 OAHAKOBUMU
xoedimientamu: A;; = A = const
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Po3B’s130k cuctemu piBHSHB (6) 3 mouaTkoBuMH ymMoBamH (10) mrykaemMo METOIOM HEBHU3HAUCHHUX
koedirientis [12].
XapaKkTepuCTHYHE PIBHAHHS CUCTEMH (6) MOXKHA 3aIIMCATH Y BUTIISIL:

det||A—kE|| = 0 (11)

ne E - oquHNYHA MaTpHIls 5-T0 TOPSZIKY, a k - XapaKTepucTUYHE Yuciio. [3 ypaxyBaHHsM (8) xapakTe-
puctuaHe piBHsSHHAS (11) HaOyBae BUTIIA;

k(k + )* = 0. (12)

Kopensimu piBasiaas (12) € yucna k = 0 i3 kpatHicTio 1 1 kK = —A 13 kpatHicTio 4. BigmosigHo a0 [12]
BEKTOp QyHIaMEHTANBHUX PO3B’s13KiB § = ( q1, (2,3, 44, J5) MA€ BUTIISAL;

g=(1e M te? t2e M t3e ), (13)
a po3B’s30K cucTeMH (6) MOKEMO 3aluCaTH y BUTIISL
p; () = ¥_; Cij q; , (14)

ne Cij — KOHCTaHTH (HeBU3HAYEHI KOeDillieHTH), SKi BUSHAYAIOTLCSA 13 TOYaTKOBUX yMOB (10).

3 ypaxyBanssam (13) i (14) po3B’s30k cuctemu (6) HaOyBae BUTIISLY:

242 343
PL(®) = e pa(1) = Ate ™M py (1) = e pa(0) = e
AZtZ + 131.3) e—ﬂ.t (15)
2 6 '

ps(t) =1—(1+2t+

HeBaxxko nepeBipuTH, mo ¢yHkuii (15) 3a10BonbHAI0TE cucteMy (6), modaTkoBi ymoBH (10) i ymoBy
HOpMyBaHHSA (9).
Llinkom o4yeBHIHA TaKOX TOBeAiHKa (yHKIT p; (t) mpu t — oo

PL=D2=P3=Ps=0;ps =1 (16)

IT’sTuii cTaH € KiHIEeBUM (KOHCTPYKILiS 3HAXOAUTHCS B HENpaLe31aTHOMY CTaHi), TOMy HMOBIPHICTb He
3HAaXOJ[KCHHSI KOHCTPYKIII B JaHOMY CTaHi € MIyKaHOIO (YyHKII€w Oe3mneku [4]:

A2¢2 /13t3>e—“. (17)
2 6

P(t)=1—p5(t)=<1+lt+—+—

Bupa3 (17) ¢pyskIii 6e3neku 1a€ MOKIIUBICT ITPH BIIOMUX 3HAYCHHSIX A i P, BU3HAYNTH HAIIHHICTD
KOHCTPYKIIil Ha JAaHUH MOMEHT 4acy, a TaKOX IMPOTHO3YBATHU 3AJUIIKOBHI pecypc ii podotu. Takox MoxHa
BH3HAYUTH WMOBIPHICTh 3HAXO/KEHHS CHCTEMHU B OJTHOMY 13 1i cTaHiB 3a pyHKIisamu (15).

3anexHicTh (17) HEBAXKKO y3arajJbHHUTHU IS JOBUIHHOTO YHCIA CTAHIB N
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AZtZ An—ztn—z
=1- = -4
P(t) =1 —p,(t) <1 A+t (n—2)!>e .

Cnix 3ayBakuTH, 1m0 B piBHAHHAX (15) dymkmii p,(t), i ps(t) € moHoronHnMHE, a QyHKIIT p, (1),
p3(t), p4(t) - MaroTh TOUKH excTpemyMy. JlocmiauBiny mi (YHKIIT HEBAXKO TMOKa3aTH, 110 P, (t), p3(t),

2 _1..03 (4
t 7 t

2 3 . .
P4(t) HOCATAIOTH MAKCUMATIBHUX 3HAYCHD IPH Lyygy = 75 tmay = 75 tmayx = 5 BIATOBIIHO.

Ha pucyHky 2 HaBeJICHO pe3ylbTaTd YHCEIBHOTO PO3PaxXyHKy 3anexHocteit p;(t) Ta P(t) mpu A =
0,08.

0.8
pl (t)
P20,
p3 (t) 06
2L LY,
p5 (t) 04
P (t) '

0.2

Pucynok 2 — ®yukmii p; (t) ta P(t)
Figure 2 — Function p;(t) and P(t)

Hagpenenwmii criocib moOymoBy aHATITHIHOTO PO3B’ 3Ky p; () HE BXKKO y3aralbHUTH IS BUIAIKY Pi3-

HUX A;;, @ TAKOXK IJIs1 IHIIOT KITBKOCTI IPOMIXXKHHUX CTaHIB.

JE
®OyHKLis iHTeHCUBHOCTI BiIMOB (3) 3 ypaxyBanHsaM (17) Mae BUTIISIA

A4t3

= 18
Ar (6 + 6t + 312t2 + A3t3) (18)

I'padix Gymkumii A¢,(t) npencrasneno na pucyHky 3.

HaykoBo-TexHiunuii 30ipHUK «ABTOMOBLIbHI JOPOI'M I JOPOXKHE BYIIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

84



TTIIPOTEXHIYHE BYIBHUIITBO, BOJHA TH)KEHEPIS TA BOJJHI TEXHOJIOT'TI

0.08 0.0

0.0 0.0
L /
?\fﬂ 0.0 // Aq(t) o0

0.02 / 0.02

0 it & (O B L0 0 200 400 600 800  IxIG

Pucynok 3 — I'padik Gpynkuii A¢,(t)
Figure 3 — Function graph As,.(t)

Ha puc 3 a, 6 naBeaeHo rpadiku QyHKIii iHTEHCHBHOCTI BIIMOB Ha JBOX Pi3HHUX YaCOBUX BiApi3Kax.
Sk BuHO 3 rpadixy QyHKis Agy-(t), W OPUAHATOT MOJEN, MOYUHAETLCSA 3 HYJIS | € MOHOTOHHO 3pOCTar0-
yoro. [Ipuyomy, Ha nouartkoBomy etari (6113bK0 5 pOKiB) GyHKIIs Afy-(t) Maibke nopisHioe Hyio. Lle cBin-
YHUTh PO TE, 1[0 B KOHCTPYKIIIT HE BiI0OYBalOThCS BIAMOBH 1 HAJIMHICTD 11 JIUIIAETHCS TAKOKO YK CaMOI0, SIK 1 Ha
MmovaTKy ii ekcruryaramii. Jlam Ha nmpaktuaHoMy erari excroryararii ( Bigx 0 mo 100 pokiB), sk moka3aHo Ha
PHUCYHKY 3a, HOMITHO JIOCHTb iHTEHCUBHE 3pOcTanHs QyHKii Az (t) . [Ipn BenmuKnx 3Ha4eHHAX ¢ (PUCYHOK
30), sIKi B3ATi TIIOTETUYHO IS HOCIIDKEHHS MOBEMHKA QyHKIIT Afy-(t), BUAHO, WO Agy(t) aCUMIOTOTHYHO
npsaMye 10 A B Hamomy Bunaiaky A = 0,08.

BucnoBku Ta pekomenaanii. OTpruMaHi aHaTITHYHI 3aJI€KHOCTI TI03BOJISIOTH BUBHAYNTH WUMOBIPHICTh
3HaXO/[)KCHHSI KOHCTPYKIIT B KO)KHOMY 13 CTaHIB, a TAKOX (YHKI[IFO HAAIMHOCTI B LIIJIOMY JIJISl JOBUJILHOTO Yacy
eKCIUTyaTallii, a TAKOK BU3HAYUTH 3AJIMIIKOBUI pecypc KOHCTPYKLIII.

3anponoHoBaHU METOJ aHATITUYHOTO BUPILICHHS CUCTEMM AudepeHIiiinux piBHIHb KoiMoroposa
MOe OyTH y3aralbHEHUH i U BUNIAIKy 0arato napaMeTpuYHOi CUCTEMH 3 Pi3HUMH A;;, sKa € Oiibin Habu-
YKEHOIO JI0 pealbHOT POOOTH KOHCTPYKITiii.

Busnauennst pyukuiit p; (t) (15) 103BoIIs€ MOKPALIUTH TOYHICTH IPOTHO3YBAHHS Yacy MEPEXOAy 3 OJi-
HOT'0 IPOMIXKHOTO CTaHy J10 iHIIOTO i MOKe OyTH BUKOPUCTAHO NPH IJIaHyBaHHI HIOTOYHUX PEMOHTHHUX POOIT
(MIXpPEMOHTHUX TEPMIHIB).

OTtpumMaHi pe3ynbTaTi po3B’ 3Ky PIBHSIHb MOXYTh OyTH BUKOPHCTaHI SIK MOJIENIbHI (TOPIBHSUIBHI) IJ1s1
OUTBII CKJIaJHOTO BUMAAKy HeogHOpigHoro (A = A(t)) mapkoBcbkoro npouecy. Cructema piBHsIHB Kommoro-
pOBa JIIs IOTO BUMAJIKY HE JIO3BOJISIE OTPUMATH PIIICHHS B aHAIITHYHOMY BUTJISIIL.

Cuiz 3BepHYTH yBary, o 3 puc. 2 BUIHO, IEPEXil KOHCTPYKLIi i3 CTaHy B CTaH MPOXOIUTH B 4ac, KON
(yHKLIsS KIMOBIPHOCTI 3HAXOKEHHS KOHCTPYKLII B JAaHOMY CTaHi A0CSTa€ MAKCUMYMY, a II€ JIa€ 3MOT'Y BU3Ha-
YUTH MIOTOYHUN CTaH KOHCTPYKIIIi.
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Summary. The life cycle of a construction (or its element) is considered as markovian process with
discrete states and continuous time. Five operational states have been accepted, in which the construction may
be. The corresponding system of differential equations is obtained for the case of a homogeneous markovian
process with a constant conversion rate (Kolmogorov system). The method of uncertain coefficients is applied
to solve the system of equations in analytical form. The obtained solutions make it possible to determine the
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probability of finding the construction in a particular state as well as the most likely transition time from one
operational state to another. Security function defined as the probability of not finding the construction in its
last (inoperable) state and the failure rate function. The graphs of the probability of finding a construction in
each of the five states, reliability and failure rate functions are presented and investigated. The obtained ana-
lytical dependences make it possible to determine the longevity and residual life of the work both individual
elements and structures as a whole and optimize scheduling for ongoing maintenance work, significantly im-
prove the performance of the structure, reduce the cost of repair work and extend the life of the structure.

Keywords: reliability function, Kolmogorov equations, markovian model, failure rate, durability, re-
sidual life.

References

1. DSTU-N B V.2.3-23: 2009. Guidelines for estimating and forecasting the technical condition of road
bridges: - K .: Minregionstroi Ukraine, 2009. - 49 p.2. Bogdanof J. Probabilistic models of damage accumula-
tion / Kozin F. - Moscow: Mir, 1989. - 344 p.

3. Bolotin V.V. Resource machines and structures. / V.V. Bolotin. - M: Mechanical Engineering, 1990.
- 446 p.

4. Wentzel, E.S. Theory of random processes an d its engineering applications / E. S. Wentzel, L. A.
Ovcharov - Moscow: Higher. School, 2000. - 383 p.

5. Gmurman, V.E. Probability theory and mathematical statistics / V.E. Gmurman. - Moscow: High
School. - 1972. - 367 s.

6. Gnedenko V.V., Belyaev Yu.K., Soloviev A.D. Mathematical methods in the theory of reliability /
V.V. Gnedenko, Yu.K. Belyaev, A.D. Soloviev. Gnedenko V.V., Belyaev Yu.K., Soloviev A.D. - Moscow:
Science. - 1965. - 361 s.

7. Yevseychik Yu.B., Medvediev K.V. Algorithm for determining the reliability of an element of a
design with a function of the function of the intensity of the failures // Prob. Motor roads and road construction.
-2017,vp. 99 -p.210 - 217.

8. Lantuh-Lyashchenko A.I. A probabilistic model for assessing the technical condition and forecasting
the residual life of road bridge elements / Lantukh-Lyashchenko A.I - M .: Roads and bridges. Russian Road
Research Institute. 2007. - p. 103—111

9. Lantuch-Lyashenko A.l. Estimation of the reliability of the construction on the model of a random
Markov process with discrete states. // Sb. Motor roads and road construction. - 1999, issue 57 - pp. 183-188.

10. Lantuch-Lyashenko A.I. Estimation of technical condition of transport structures in operation. Bul-
letin of the Transport Academy of Ukraine, Ne3, Kyiv: 1999.-c. 59-63.

11. Lantuch-Lyashenko Al, Kirian V.I., Koval P.M. etc. Guidelines for determining the technical con-
dition of bridges. - TAO Kind. "Logos", K.: 2002. 117 p.

12. Petrovsky I.G. Lectures on the theory of ordinary differential equations. M .: Science, 1970.

13. Rzhanitsyin A.R. Teoriya rascheta stroitelnyih konstruktsiy na nadezhnost. M.: Stroyizdat, 1978.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXKHE BY IIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

87



