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XapkiscoKuil HAYIOHATLHULL ABMOMOOITLHO-00POJICHIL YHIgepcumem, Yrpaina

IMOBIPHICHI METO/I AHAJII3Y OLIHIOBAHHSI CTAHY JJOPOKHBOI'O
OJISITY, 10 3HAXOJAUTHCS B EKCILTYATALIT

Ilposedeno ananiz memoodis, nos’A3aHux 3 IMOBIPHICHUM NIOXO00M 00 NPOEKMYBAHHA MA OYIHIOBAHH CIAHY
00POACHLO2O 00512y SIK GIMYUSHAHUX, MAK [ 3apyOINCHUX HayKkosyie. Bcmanoeieno, wo IMOSIPHICHI Memoou
003601A10Mb  8PAXYBAMU HEOOHOPIOHICIb NApaMempie KOHCMPYKYII OOPOANCHbO20 0042y Md MOXNCymb Oymu
3ACMOCOBAHT Y MOOeNAX OYIHIOBAHHA CIAHY O0POICHLO20 0052y 3 MPIWUHAMU Y WAPAX 3 MOHOIMHUX MAMepiais.

Knrouosi cnoea: oopoowcniii 00se, imogipHicnuil nioxio, koegiyienm eapiayii, koeghiyienm 6i0nogioHocmi,

MPIWUHU, NPOZHO3YBAHHS CINAHY O0POACHLO2O0 00ALY.

ITocTanoBka npoodJieMu

PisHOMaHITTS  MOjeNCH  OI[IHIOBaHHSA  CTaHy
MOKPUTTS 3 PYHHYBaHHSIMHU TOSICHIOETHCS: MIHJIHMBICTIO
IPYHTOBO-T€OJIOTIYHHUX, KIIMAaTHYHHX YMOB EKCIUTya-
Talii JOPOKHBOTO OJIATY; PI3HOMAHITTAM  (i3uKo-
MEXaHIYHUX XapaKTePUCTHK MarepialiiB KOHCTPYKTHB-
HUX IIapiB OPOXKHBOTO OIATY 1 IPYHTIB 3EMIITHOTO
MOJIOTHA; HEOJHOPIAHICTIO T€OMETPUYHMX INapaMeTpiB
JIOPOXKHIX OJISITIB y TO3A0BXHHOMY 1 IONEPEYHOMY
npodimsix. Tomy, Ha 1ymMKy Garathox aBropis [1-4] mis
OIIHIOBAHHS CTaHy IOPOXKHBOTO OAATY HEOOXiTHOIO
YMOBOIO € 3aCTOCYBaHHS METOMIIB IMOBiIpHICHOTO
aHawizy.

MeTo10 CcTATTi € IPOBEICHHS aHAI3y IMOBIpHIC-
HOrO MigXOAy JdO BpaxyBaHHS BIUIMBY pYyilHyBaHb

TIOKPHUTTA Ha CTaH JOPOXKHLBOT'O OJATY.
Buxkisiax 0CHOBHOTO MaTepianxy

SIk Bi3HAUarOTh aBTOPH [5], METOIM IPOEKTYBaHHS
Ta OLHIOBAHHS CTaHy KOHCTPYKII XOPOXKHBOTO OJISTY
MTOBHHHI BpPaxOBYBaTH NPUHIMIN HAIIHHOCTI, B TOMY
4uCIi IMOBIPHICHI METOM aHai3y HaailiHocTi. KoHuen-
i IMOBIPHICHOTO TPOEKTYBaHHS JOPOXXHBOTO OJSTY
oyna chopmynsoBana me B 1970-x pokax [6, 7, 8].
IIponoHyBaaKCs MiIXOAU, MOB’sA3aHi 3 IMOBIPHICHUMH
METO/IaMH MPOEKTYBAHHS Ta OIIIHIOBAHHS CTaHY JAOPOXK-
Hporo oxsary [9-16]. Ilpum 1npomy 3HauHa YacTHHA
JOCIIJKeHb OyJla TPUCBSYEHA MPOEKTYBAHHIO HOBOTO
HEXOPCTKOrO TOKpUTTs [6, 17—-19]. Binsmricts mocimia-
KEHb 0OMEXXyBaJlach OLIHKOIO CTPOKY CIY>XOHM JOpOXK-
Hboro nokpurts [20, 21].

Jlns BpaxyBaHHS IMOBIPHICHOTO XapakTepy 3MiHU
TPAHCHIOPTHO-EKCITyaTallilHUX IOKAa3HWKIB aBTOMO-
6inpHUX opir B.H. SIpoMko 3anporoHoBaHO 3acTOCOBY-
Batn 0Oe3po3MipHUN KOe(]IIlieHT BiIMOBIAHOCTI, SK
XapaKTePUCTHKY CTaHy JOPOKHBOTO 01Ty [22]:

ko Xe, (1)

ne K — xoeQiIlieHT BiAmOBIAHOCTI;

Ky — dbakTuyHuil piBeHb HAAIWHOCTI KOHCTPYKLIT
JOPOXKHBOTO OJIATY;

Koy — eTanmoHHUI piBeHP HAOIHHOCTI KOHCTPYKIi
JIOPOKHBOTO OJIATY.

HocmimkenusiMu [22] oOGrpyHTOBaHO, 1O MPOLEC
neOopMyBaHHS MOKPUTTS MiANOPSAIKOBAHHH HOpPMalb-
HOMY 3aKOHY PO3MOILIY:

o e ? dz' )

@3]

JIe Z — OpJHATa HOPMOBAHOI IUTBHOCTI PO3MOILTY
layca, sika 3aleXuTh BiA CTyneHs JIeQOpMyBaHHs
TNOKPUTTS:

ale)=20 @)

ne /[ —mnoma 1eopMOBAHOTO  TTOKPHUTTS, IO
BU3HAYAETBCSA 32 pE3yJIbTATaMH Bi3yaJbHOTO OLIHIO-
BaHHs, M%/1000 M2,

Toxni po3paxyHKOBa IMpane3gaTHICTh JOPOKHBOTO
O[Ty TOB’si3aHa 3 Je()OPMATHUBHICTIO JOPOKHBOTO
OJIATY 1 KiNbKicTIO Aedopmartiii Ta pyiiHyBans [22]:

1g[§+1)
2,72-3.25lgI-

N =10 &3, ©

ne | — BUMipsiHUi POrHH JOPOKHBOTO OJSTY, CM.
Maroun  Oe3CyMHIBHI IlepeBarm y  4acTHHI
BpaxyBaHHS WMOBIPHOCTI pO3MOIUTy pyHHYyBaHb Ta
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nedopmariiii, MeTon BpaxoBye JedopMaTHBHI BIIACTH-
BOCTI MarepiajiiB IIapiB JOPOKHBOTO OJATYy Ta IX
TOBIIMHY dYepe3 (YHKINIO BiAryKy KOHCTPYKIII Ha
30BHIIIHIH BIUIMB — BENMYHMHY IPYXKHOTO IPOTHHY
KOHCTPYKIii, 0 BUMIprOeTbcs. Takui MinxiJ 3HWKYE
JIOCTOBIPHICTh pe3yJIbTaTiB Yepe3 MOXUOKU 1HCTpyMEH-
TalbHUX BHMIPIOBaHb IIPY)KHOTO HPOTHHY, IO
MIPOBOASATHCS Ha 3pYHHOBAHUX MOKPUTTSX.

VY pobortax 3apyOikHuX aBTOpiB [23] Big3Haua-
€TBCSL, 10 3MiHA TOBIIMHH IIAPY AOPOKHBOTO TOKPHUTTS
BiNIOBiJa€ HOPMAJIBFHOMY PO3IOAUTY 3 KOe(iIlieHTOM
Bapiamii y nmiamasoni Bim 3 % mo 25 % s mapy
acdampToberony i Bim 5% mo 35 % mna mapiB 3
3epHHUCTUX MaTepiajiB. AHAJIOTIUHI pe3yIbTaTH OTpUMa-
Hi npo¢. LIL amensxom [24]. Moaynb mpyXHOCTI
Marepialy [IapiB KOHCTPYKIIi JOPOXHBOTO OJSTY,
KUTBKICTh TPHKJIAaJaHb PO3PaXyHKOBOTO HAaBaHTa)KCHHS
TaKOX MOXYTb OYTH OXapakTepH30BaHi Koe(illieHTOM
Bapiamii [23-25]. Moyl mpy>KHOCTI MiAKOPIOIOTHCS
JoroHopMansHOMY [26—29] abo HOpMaTbHOMY 3aKOHAM
posnoxiny [27, 30]. AHaIOTIYHO 3MIHIOETBCS KOSQIIiEHT
[Tyaccona matepiaiiB mapiB JOPOKHBOTO OSATY 4epes
HEOHOPIIHICTh TeMIepaTypH 3a TIIMOMHOI KOHCTPYK-
mii [31-33]. ¥V gmocmimkenHi [25] BcTaHOBIEHO, IO
Bapiallisi FeOMETPUYHHX MapaMeTpiB LIAPIB JOPOKHHOTO
OJIsITy, IHTEHCHBHOCTI PyXy TPaHCIIOPTHHUX 3acoOiB i
CKJIaly TPAHCIIOPTHOTO TOTOKY, KoedillieHTa, II0
BPaxoBYy€ PO3MOALT TPAHCIOPTHHX 3aco0iB MO cMyrax
PYXY ICTOTHO BIUIMBAIOTh Ha CTPOK CITY>KOU JOPOKHBOTO
omary. ToMmy ocCTaHHI HOCHIIPKEHHS CHpPSIMOBaHI Ha
po3po0IieHHs MOJieTIel OLIIHIOBaHHS CTaHY JOPOXKHBOTO
OJIATY, SIKI BPAaXOBYIOTh HEOIHOPIIHICTH Ta MIHJIHUBICTH
BXIIHMX mapamerpiB d4epe3 GYHKIII  po3mominy
HMOBIPHOCTEH Ta CTATHCTHYHI XapaKTEPHUCTHKU PO3MO-
niny. Tak, y mociimkeHHi [23] KOHCTPYKIIsI TOCHIICHHS
BBa)KAETHCSI HEBJIAJION0, SIKIIIO BUKOHYETHCSI YMOBA!

P(f)=P(s)<0=P[{In(N)-In(CTL)}-<0] (5)

ne P(f) — iimoBipHicTh BimMoBwH;

S — 3amac MIIHOCTI;

CTL — cymapHe TpaHCIOpTHE HaBaHTa)KCHHS, aBT.;

N — 3anMIIKOBHH pecypc DOPOXKHBOTO HOKPHTTS,
aBT.

Binpnricte  po3MIAHYTHX IMOBIPHICHHX MOJEINCH
OLIIHIOBAaHHS 1 IPOTHO3YBAHHS CTaHy JJOPOKHBOTO OJIATY
Opi€HTOBaHI Ha MPOEKTYBAHHS HOBOTO OYy/IiBHHIITBA, 1[0
JIO3BOJISIE HE BPAaXOBYBaTH 3aKOHOMIPHOCTI 3MiHIOBAHHS
(hi3UKO-MeXaHIYHMX BJIACTMBOCTEH MaTepiajiiB IIapiB
KOHCTPYKIIi Ta IX TeOMETPHYHUX MapaMeTpiB y mporeci
ekcruryarariii. Pa3om 3 THM, HaiOITBII aKTyadbHUM €
OLIIHIOBaHHS CTAHy JOPOXKHBOTO OJIAITY 3 PyHHYBaHHSIMH,
B TOMY YHUCJI IPUXOBAHUMH TPIIIUHAMH.

Baromuii BHecOK y BHpIIIEHHS 3a3HAYEHOI
npobiiemu BHecnu poboru B.C. Pagoscekoro [15, 34,

35], LIL T'amenska [36-39], B.M. SIpomko [40-42],
B.A. Bepennko [43, 44], B.B. Mo3srosoro, [45-47],
B.JI. Kazapuoscekoro [48, 49], 1.1. Jleonosuua [50, 51],
B.A Cemenoga [52, 53]. IIpodecopom B.A. CemenoBIM
[52, 53] oOrpyHTOBaHO [OIJIBHICTH 3aCTOCYBaHHS

koedimienta Bapianii (Cy) BuMiproBaHHX  (i3HKO-
MEXaHIYHHX, TEOMETPHYHHX @apaMeTpiB  ImapiB
KOHCTPYKILIi JOPOKHBOTO OJATY JUIS  OI[IHIOBAaHHS

OJTHOPIAHOCTI 1 OOTPYHTYBaHHS 3aKOHIB PO3MOALILY
BumaakoBux BemwunH [53]: Hopmaneamit (Cy =0,25);
Beiibyna (Cy =0,44); norapupmiunnii Hopmansauii (Cy
=0,68) 1 excnonenuiitnuit (Cy =0,92). Pobotu
LIL. F'amernsika CTBOPHWIN TCOPETHIHHUN (PYHAAMEHT IS
OILIHIOBaHHSA HAMIHHOCTI KOHCTPYKIII JOPOKHBOTO
OJIATY Ha eTami eKCIUTyartamii 3 ypaxyBaHHSAM BCBHOTO
KOMIUIEKCY BHIAAKOBHX (aktopiB. 3rimHo 3 [54]
OCHOBHHMH ITOKAa3HHKaMH, L0 XapaKTepH3YIOTh CTaH
JIOPOXKHBOTO OJIAATY € KOe(iI[iEHTH Bapiallii: 3aralbHOTO
eKBIBAJICHTHOI'O  MOZYJISI ~HPYXXHOCTI  KOHCTPYKIIii
I0poxHBOTO OFATY (Crie); HAUPYXKEHHS PO3TATY HPH
3ruHi makeTy MouomiTHUX mapiB (Co); HANpyKeHHS
3CYBY B HE3B’3aHUX [Iapax i IPyHTi 3eMJITHOTO [TOJIOTHA
(Cr). Onst ominroBaHHS KoedimieHTa Bapiamii KpUTepiiB
TPaHMYHOIO CTaHy 3alPOIIOHOBAHO BHKOPHCTOBYBATH
3aexHicTh [54]:

R G(Em,r,d) ’ o, ? 5 (6)
Ce.o= Z[ 0 jx[E J XCG).’

i 3ue’z_-‘a-

Je N — KUIBKICTh MapaMeTpiB, L0 BIUIMBAIOTh Ha
PO3paxyHOK /ISl JAHOTO KPUTEPII0 TPAHUYHOTO CTaHy;
®, Ta @, — napaMeTp po3paxyHKy Ta HOro cepeHe

3HAYECHHS;
C,,; — kKoediuieHt Bapiawii napamerpa.

BucHoBku

TakuM YMHOM, IMOBIPHICHI METOAW JO3BOJIAIOTH
BpaxyBaTH HEOHOPIIHICTb IapaMeTpiB, IO XapaKTepH-
3yIOTh HANPYXEHO-IC(OPMOBAHUIA CTAH KOHCTPYKLIT
JIOPO’XKHBOTO OJISITY Ta MOXYTb OyTH 3aCTOCOBaHi y
MOJENSAX OLIHIOBaHHS CTaHy JOpPOXHBOTO OISTY 3
TPIIHAMH Y IIapax 3 MOHONITHUX MaTepiaiis.
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PROBABILITY METHODS OF ANALYSIS OF ASSESSMENT OF THE CONDITION OF ROAD
CLOTHES IN USE
A. Batrakova, S. Urdzik
Kharkiv National Automobile and Highway University, Ukraine

This article is a continuation of the analysis of methods and criteria for assessing the condition of non-rigid
pavement, which contains in its structural layers such hidden defects as cracks, material disintegration, violation of
the structure of intermediate layers of monolithic material and others.

The variety of models for assessing the condition of the pavement with destruction is explained by: variability of

soil-geological, climatic conditions of operation of pavement; the variety of physical and mechanical characteristics
of the materials of the structural layers of the pavement and the soil of the ground; heterogeneity of geometric
parameters of pavements in the longitudinal and transverse profiles. According to many scientists to assess the
condition of the pavement is a necessary condition for the use of methods of probabilistic analysis. Methods of
designing and assessing the condition of the pavement structure must take into account the principles of reliability,
including probabilistic methods of reliability analysis.

Most of the considered probabilistic models for assessing the condition of pavement are focused on the design
of new construction, which allows not to take into account the patterns of changes in physical and mechanical
properties of materials of structural layers and their geometric parameters during operation. However, the most
relevant is to assess the condition of pavement with damage, including hidden cracks. Much of the article is devoted
to the analysis of this area of research.

According to the results of the analysis, it is concluded that probabilistic methods allow to take into account the
heterogeneity of parameters that characterize the stress-strain state of the pavement structure and can be used in
models to assess the condition of pavement with cracks in layers of monolithic materials.

Keywords: probabilistic approach, coefficient of variation, coefficient of conformity, forecasting the condition
of pavement.
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