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YV pobomi npedcmaeneno GUKOHAHHS mMa pe3VIbMAmMu  eKCnepUMEHMALbHUX
00CNiONCEHb  NPUTUNAHHA  KAM STHO20 Mamepiany 00 001e0eHiN020 O00PONCHbO2O
NOKpUmmsi ma 6CMAHOGICHO ONMUMAIbHY MeMNepamypy Hazpiey 2pamimHo20 ma
6a3a16M0o6020 6IACIGY, 30 YMOGU PIZHUX MEMNEPAMYP HABKOIUUHBO20 CePeO0sULyd.

In the conditions when our country has become a direct neighbor of the European
Union, and also aspires to become its full-fledged member, it is necessary to bring the
development of all branches of the national economy closer to the European level, first of
all, to establish requirements for the use of a wide range of products that would meet
European quality standards.

Roads are constantly under load and exposed to the effects of atmospheric
phenomena. Climate, meteorological conditions, destructive actions of vehicles are
factors that deteriorate the properties of a road as an engineering structure, thereby
reducing the efficiency and safety of road traffic.

One of the important factors affecting the safety of road traffic and the speed of
movement of road transport is the slipperiness of the surface (low coefficient of adhesion
of the car tire to the road surface), which is especially evident in the winter period. As a
result, the braking distance increases, the probability of traffic accidents increases.

Important attention should be paid to winter maintenance, as the winter period is
quite difficult for the maintenance of roads and the movement of cars, especially in areas
with long winters and significant snow deposits.

Winter road maintenance is a complex of measures, including: road protection
from avalanches and snowdrifts, snow removal, elimination of winter slipperiness and
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fight against ice. Therefore, only the timely implementation of the above-mentioned
measures can fully ensure the safe and uninterrupted movement of cars in the winter
season.

Therefore, the problem of restoring the roughness of the surface on streets and
roads in the winter period is quite urgent. At the same time, an important task is the
observance of technologies in the construction of road clothing and the use of
environmentally friendly anti-icing materials in the fight against slippery road surfaces.

The paper presents the performance and results of experimental studies of the
adhesion of stone material to the icy road surface, and the optimal heating temperature
of granite and basalt sifting, under the condition of different ambient temperatures, is
established.

Knwuoei cnosa: asmomobinbha 00poea, OO0POX’CHE NOKpUMMA,  3UMOGe
VMPUMAHHS, CIU3LKICTb, NPOMUOdCENeOHT Mamepianu, Kam auull mamepian, 6esnexka
00POAHCHBO2O PYXY.

Keywords: road, road surface, winter maintenance, slipperiness, anti-icing
materials, stone material, road safety.

IMocTanoBka mnpodjemMu. ABTOMOOUTEHA JOpOTa SBISETHCA  LUTHM
KOMIUICKCOM IH)KCHEPHHX CIIOPYA, SKI TNpH3HAueHI [Uis 3a0e3MeUCHHS
Oe3neuHoro, 3py4Horo (koMmQopTHOro), 0e3nepediifiHOro pyxXy TPaHCIOPTHHX
3ac00iB i3 33JaHMMH IIBUKOCTSIMU T4 BATOBUMH HaBaHTa)KECHHSIMHU.

EdekTrBHICTE pOOOTH TPAHCHOPTHUX 3aCO0IB 0araTto B YOMY 3aJIC)KUTh
BiJl CTaHy IOKPHUTTS MOPIr 1 BY/IHIb, TOMY OJHHM i3 T'OJOBHUX 3aBIaHb iX
eKCILTyarTalii € 3abe3NeueHHs yTPUMaHHS Ta CBOEYACHOTO PEMOHTY BCHOTO
KOMIUIEKCY MTOPOXKHIX CIOPYHD 1 HAa TakOMy piBHI, MO0 HE IOTipIIyBajucCh
TEXHIKO-€KOHOMIYHI ITOKa3HUKH pPOOOTH aBTOMOOUIFHOTO TpaHCHOpTy. Tomy
HayKOBe OOTPYHTYBaHHS BIATIOBITHOI €KCIUTyaTallii aBTOMOOUTRHHX IOPIr, iX
YTPUMaHHS Ta PEMOHT HAaOYBa€ JOCHUTH BaXKJIIMBOTO 3HAYCHHS VIS JTOPOXKHBOT
ramy3i Ykpaiau.

CrminpHa poboTa aBTOMOOLTIB 1 JOPIr € CKIaTHOI0 B3a€MOIIOB’S3aHOIO
CUCTEMOI0, Yy sIKiii HOpMasbHa poOOTa TpaHCHOPTY Oyle 3aiexaTH BijJ CTaHy
MOKPUTTS JIOPOXKHBOTO OJSATY, a TepPMiH Horo ciyxOu Oarato B YoMy Oyne
3aJIe)aTH BiJl yMOB poOOTH aBTOMOOLIIIB.

Hdns 3a0e3neyeHHss ~ HOPMATMBHHMX  €KCIUIyaTalllHHUX  SIKOCTEH
ABTOMOOUIBHUX JIOPIT MOKHA BHJUTUTH HACTYIHI BUAM POOIT 3 iX peMOHTY Ta
YTPUMaHHS: IIOTOYHMH PEMOHT Ta eKCIUTyaTalliiHe yTpPHMaHHS, CBO€YacHE
BUKOHAHHS SIKMX CTBOPHUTH HEOOXI/IHI YMOBH 17151 Oe31MepepBHOTO Ta OE3MeYHOTro
pPYXy TpaHCIOPTHHUX 3aco0iB i3 HOpPMAaTMBHMMH  IIBHJKOCTAMH  Ta
HaBaHTAKEHHSIMU.

YTpuMaHHAM aBTOMOOUIBGHOI JOPOTH Ha3MBAEMO KOMIUIEKC poOiT i3
JIOTIISITY 32 MPOI3HOI0 YaCTHHOIO, y30144siMU (32 pO3IUTIOBAIEHOIO CMYTOI0, 32 11
HasBHOCTI), YKOCaMH, TOPOXHIMH CIIOpyJaMH Ta CMYTOI0 BiJBeIeHHS, i3
Mpo¢TaKTUKKA Ta YCyHEHHS HE3HAaUYHMX MOIIKODKEHb, 3a0e3MledueHHs Oe3nexn
JIOPO’KHBOTO PYXY, & TAKOXK 13 3MMOBOI0 YTPUMAaHHS Ta 03€JICHEHHSI IOPOTH.

193



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoiesnuymei', eunyck 18, 2022

BaxnuBy yBary npu 1ipOMy BapTO MPHIUTITH 3MIMOBOMY YTPUMAaHHIO, TaK
SK 3UMOBHMH TIepioJ] AOCHTh CKJIAQJHUHA JUIi YTPUMaHHSA JOpIr Ta pPyXy
aBTOMOOLTIB, 0OCOOJIMBO B pailoHax i3 3aTSHKHOIO 3MMOI0 Ta 3HAYHUMHU
CHIFOBUMH BIAKJIaJICHHSMH.

3UMOBe YTpPUMaHHS JOpIr — 116 KOMIUIEKC 3aXOJiB, Cepel SKUX: 3aXUCT
JOPOTH BiJl JIABUH 1 CHITOBHX 3aMETIB, CHITOOYHIICHHS, JIKBiJaIlisi 3UMOBOI
cnm3bKocTi Ta 0OopoThOa 3 JBOJOBOIO KpHrow. ToMmy TINIBKM CBO€YacHe
MIPOBEICHHS BUINE3a3HAUYCHUX 3aXOJiB ITOBHOIO MIpPOI0 MOXKE 3a0e3IeduTn
6e3meuynnii Ta 6e3mepebiifHuiA pyx aBTOMOOITIB Y 3UMOBY ITOPY POKY.

ToMy mpoOilemMa BiZHOBIEHHS IIOPCTKOCTI MHOKPHUTTA HA BYIHIX 1
Joporax B 3MMOBHH IEpioJ € AOCHTHh akTyanbHOIO. IIpm mpoMy BakiMBHUM
3aBIaHHAM € OTPUMAHHS TEXHOJIOTiH MpH OyINiBHULTBI JOPOKHBOTO OIATY Ta
BHKOPHCTAHHS CKOJIOTIYHO YHCTUX IPOTHOXKEJICIHUX MaTepianiB y 00poTsOi 3i
CJIU3BKICTIO JOPOIKHBOTO TTOKPUTTSI.

AHaJi3 ocTaHHiX aociizKeHb. BupimeHHsM npoOiieMm, NMOB’s3aHUX 13
3MMOBOIO CJIM3BKICTIO TOKPUTTS aBTOMOOULIBHUX JOPII Ta MICBKUX BYJIHIIb,
3aiiMaJIMCsl HAyKOBIl Pi3HMX KpaiH. Y poOori [1] mpencrasneHo y3arajabHEHHN
aHali3 MDKHapoOJHOTO JOCBiAy pI3HMX KpaiH B OopoTh0i i3 3MMOBOIO
CJIM3BKICTIO Ta HABEJCHO KOHKPETHI MPUKIaa ii YCYHEHHS 1 peKOMEHIOBaHi
3aX0IM 3a IaHWMH MDKHapomHuX KoH(pepeHmiit. ExomorivHnM Haciigkam
3MMOBOTO yTpPHMaHHS aBTOMOOUIBHHX JOpir mpucBsdeHa poborta [2].
MoIHBICTh  OOpPOTBOM 13 3WMOBOIO  CIHM3BKICTIO €KOJOTIYHO YHCTHMU
MIPOTHOXKETIECTHUME MaTepialaMy po3risigaeTbes y podori [3].

Metoro podotm Oyi0 TNPOBEAEHHS EKCIEPUMEHTAIBHUX JOCIHIIKEHb
NPWINIIAHHS KaM STHOTO Marepially 10 00JIeIeHIJIOr0 OPOXKHBOI'O MOKPUTTS Ta
BCTAaHOBJICHHSI OIITUMAaJIbHOT TEMIIEpaTypu HarpiBy rpaHiTHOTO Ta 6a3aJIbTOBOTO
BIJICIBY, 32 YMOBH Pi3HUX TEMIIEpaTyp HAaBKOJHUIIHHOTO CEPEJOBUIIA.

PesyabraTn pociimkenb. o crnocoGiB 0opoTeOM 3  00NeneHIHHIM
BIZIHOCSATBCS: MEXaHIYHHUIl (MOXHa 3acTocoByBaTH AJst nopir 11—V karteropiid),
¢bizuxo-ximMiuHui (MOKHA 3acTocoByBaTH 1uisi gopir I-II kareropiii), xiMidHHI
(MoxHa 3actocoByBatu ais nopir [-1I1 kaTeropiit) Ta TETIOBHIA.

Hattnommperimum crmocodom 00poTHOH 31 CITU3BKICTIO K B YKpaiHi, Tak i
3a KOPJOHOM € TIOCHITKA MOKPUTTS CYyMIIIIIO TicKy Ta TexHiuHoi comi (NaCl).
IIpore HaBiTH HEBENMKa KiJIBbKICTh COJICH, IO HAKONMYYETHCS HA IPOTS3i
6arathbOX pOKIB y NPHIOPOXKHIM CMy3i, MaTMMe HEraTHMBHUH BIUIMB Ha PICT
JIepeB, 36PHOBHUX KyJbTYp Ta iHIII POCIHHU. Y 3B’S3KY 3 arpeCUBHUM BIUTUBOM
XJIOPU/IB HAa HABKOJIMIIHE CEPEAOBHIIEC B NESIKHX KpalHaX BHCIIOBIIOIOTHCS
MIPOTH 3aCTOCYBAHHS XIMIYHHX MaTepiaiB I 3MMOBOTO YTPHUMAaHHS JIOPIT.

Y pobGoti [3] 3ampomoHOBaHO BUKOPHUCTATH TPaHITHUA BIiJCIB, SK
GKONOTIYHO YHCTHil MaTepian, Harpithii mo Temmeparypu 160-180°C 'y
cymuiabHOMY OapalaHi, 3 METOI0 MOCHUIAHHS HUM OOJIEIEHLIOTO JTOPOXKHBOTO
TIOKPUTTS Y 3MMOBHH I1epioj] KOMOIHOBaHUMH JIOPO’KHIMU MamuHaMu. I[Ipote, B
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JIaHid poOOTI HE po3riigaiacs HOBEAiHKAa JAaHOTO MaTepially Ha IOKPHTTI,
30KpeMa, 3YETUICHHS TPaHITHOTO BiJICIBY 31 CJIM3bKUM JIOPOXHIM OJIITOM.

VY 3B’S3Ky 3 IMM Y HAyKOBO-JOCIiAHIHN J1aboparopii kadenpu Oy1iBHUIITBA
Ta NUBLIBHOT iHXeHepii JIyIbKOro HAI[lOHAIEHOTO TEXHIYHOTO YHIBEPCHUTETY
MIPOBOAMIINCH ~ €KCIIEPUMEHTANIbHI  JAOCIIUKEHHS] NPWIMIAHHS — KaM’ sSHOTO
Marepiaiy 70 00JIeJeHIIOr0 J0POKHBOTO HOKPUTTS.

st mociikeHb BUKOPUCTOBYBAJIACh iMiTallisi 00JIEIEHISIONO JOPOKHBEOTO
MOKPUTTS, 0a3aNbTOBHII Ta TPaHITHUA BiACIB, SKUA HATPITHH 1O MEBHOI
TEMIIEpaTypH.

Hus  cTBOpeHHs  iMmiTamii  OONENEHINOT0  TOPOKHBOTO  HOKPHUTTS
BUKOPHCTOBYBAINCH IJIACTHKOBI JIOTKH, B SKHX 3aMOPOXXYBald BOIY O
YTBOPEHHS JIbOTY B MOPO3IIBHIN KaMepi.

I'paniTHnit Ta 06a3ambTOBWE BiACIB HarpiBal B My(QenpHIH medi 1o
temmnepatypu 160, 180 ta 200°C (puc. 1). Ilopanbine HarpiBaHHS Kam’sHOTO
Marepianry BBa)Ka€EMO HEJOLILHUM, OCKUIBKU HPU TEMIIepaTypax, OUIbIINX 3a
200°C, BiH MOXe€ ITOKPUBATUCS BOZOIO, III0 YTBOPIOETHCS B PE3yJIbTATI TAHEHHS
IBOLY.

Puc. 1 HarpiBanHs kaM’stHOTO Matepiairy

KonTpons 3a TeMmepaTypor HarpiBaHHS TPAHITHOTO Ta 0a3aJbTOBOTO
BiJICIBY IIPOBOIIIIH MPH JOIIOMO31 CIELiaTbHOTo TepMoMeTpa (puc. 2).
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]

Puc. 2 BumiproBaHHs TeMIiepaTypy KaM’sTHOro Martepiary

Jnst 3a0e3nedeHHs YMOB, MaKCUMAJIbHO HAONKEHUX IO PeajlbHUX IPU
MIPOBEICHHI eKCIIEPUMEHTAIFHUX OCIIHKCHD, JIOTKH 3 JIbOJOM PO3MICTHIIA Ha
BYNWIIl Ta IIOCHIIANM, HATPITUM JO BIAMOBIAHOI TeMIepaTypH TapsSIuM
IpaHiTHAM i Ga3aTbTOBHM BijaciBoM i3 Hopmoro BuTpat: 0,15M° mHa 1000 M
IOPOXKHBOTO TTIOKPHTTSL, 3TiAHO 3 [4] (puc. 3).

- 3

Puc. 3 [TocunanHs iMiTOBaHOTO 00JIEACHIIONO TOPOKHBOTO OJATY rapsiuuM
rpaHiTHUM i 0a3aJIbTOBHM BiJCIBOM

Ilin wac B3aeMomii iIMITOBAaHOTO JIOPOKHBOTO TOKPHTTS 3 HATPITHM IO

BIZIMOBITHOT TeMHIepaTypu rapsiiuM TpaHiTHUM 1 0a3aJbTOBHM BiJICIBOM

YacTHHA TeIlIa 3aTPAYaEeThCs Ha TAHCHHS JIbOy. B MOMEHT, Kou Temmeparypa

196



"Cyuacni mexnonozii ma memoou po3paxyukie y oyoiesnuymei', eunyck 18, 2022

nocsarae 0°C, BigOyBaeThCs MPWIMIIAHHSA KaM SHOTO MaTepianry IO IOBEpXHi
00JIeICHIIOT0 JOPOKHBOTO MOKPUTTSI (puc.4).

re ™

Puc. 4 TlpummnasHs KaM’THOTO MaTepiary 0 TOBEPXHi 00JIeIeH1Ioro
JOPOXKHBOTO HOKPHUTTS

ExcriepuMmeHTanbHI  IOCHIDKEHHS ~ NPOBOAWIM 33 TEMIIEpaTypH
HaBKOJIMIIHBOTO cepefoBuia -3, -5 ta -7°C y TphOXKpaTHiii MOBTOPIOBAHOCTI
JUIsl KOJKHOT 3 TeMmeparyp 1, sIK pe3yibTaT, IpUiMann cepeaHboapupMeTHIHEe
3HaueHHs . Pe3ynbTaT JoCHiAy BKadye Ha Te, L0 TpPH TeMmeparypi
HaBKOJIMIIHBOTO cepenoBuiia -7°C rpaHiTHH 1 0a3aibTOBHUIl BiACIB 10CTaATHHO
Harpitu 10 temmnepatypu 180 °C.

BucHoBok. Ha 0cHOBI OTpUMaHUX pe3yiabTaTiB MOXKHA CTBEPXKYBATH, 110
3a JIONIOMOTOI0 BHKOPHCTAHHS TPaHITHOTO YM 0a3aJbTOBOTO BIJCIBY, SKHH
Harpitiii  n0 Temmeparypu 160-200°C, MoOKHAa TiJBHIIUTH LIOPCTKICTh
o0JIeIeHIIOr0  IOPOXKHBOTO  OJSITY B 3UMOBHH  IIepiof, HE 3aBJaBIIN
HEraTHBHOTO BIUIMBY HaBKOJHMIIHbOMY IPHPOAHOMY cepenosuily. [Ipu mpomy
BIZICYTHS TOTpeda y BUKOPUCTAHHI HOBOI CIIEIialbHOI TEXHIKH Ta CIIEIiabHOTO
oOaiHaHHS.
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