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AHTHOXKeJIEIHI peareHTH, TaKi fK XJIOPHUJ HATPil0, KaJbLil0 Ta MarHiio,
IIMPOKO BHKOPHUCTOBYKOTBHCH /JJs1 3a0e3medyeHHsl Oe3MeYHOl eKCIuTyaTail
AOPOKHHOIO0 NMOKPUTTA B 3uMoBHMU mepioa. IIpore ix 3acrocyBaHHst mae
3HAYHHUH BILIMB HAa JOBIOBiYHICTL Ta MeXaHiuyHI BJACTHBOCTI 0OeTOHHHX I
(}iOpoOeTOHHUX MOKPUTTIB. [oc/aiKeHHSA MOKA3YIOTh, 1110 BILVIUB XJOPUIHHUX
peareHTiB NPHU3BOAUTH 10 YAaCTKOBOI0 3HMKEHHS MILHOCTI OeTOHY 4epe3
NPOHUKHEHHS IOHIB XJIOPY B NOPHCTY CTPYKTYpYy, WI0 CHPHUSA€ KOPO3il
apmatypHoi ¢iOpu Ta MeTajeBMX ejeMeHTIB. Y  (iOpoOeroni 3
KOMOiHOBaHMMH (iOpamMu 1eil e)eKT YaCTKOBO KOMIIEHCYETHCH PiBHOMIPHHUM
PO3MOiJI0M HABAHTAKEHHS TA MiIBUILEHOIO IIIJILHICTIO MaTepiaJty.

De-icing agents such as sodium, calcium, and magnesium chlorides are widely
used to ensure the safe operation of road surfaces during the winter period.
However, their use has a significant impact on the durability and mechanical
properties of concrete and fiber-reinforced concrete pavements. Studies show
that the effect of chloride-based agents leads to a partial decrease in concrete
strength due to the penetration of chloride ions into the porous structure,
which promotes corrosion of reinforcing fibers and metallic components. In
fiber-reinforced concrete with combined fibers, this effect is partially
compensated by a more uniform load distribution and increased material
density. At the same time, aggressive environmental conditions, particularly
the influence of saline solutions and de-icing agents (chlorides and sand-salt
mixtures), can significantly affect the physical and mechanical properties of
fiber-reinforced concrete, its durability, and its resistance to cracking.
Therefore, studying the material’s resistance under such conditions is
essential for assessing its suitability for road and civil construction
applications. The increased resistance of fiber-reinforced concrete compared
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to concrete without fibers under the influence of de-icing agents is achieved
through the combined introduction of steel and polypropylene fibers.
Ordinary concrete exposed to salts, particularly de-icing agents such as
sodium and magnesium chlorides, can lose up to 30% of its strength after just
90 days. The use of combined fibers of different sizes increases the contact
area within the cement matrix, enhances the structural density, and slows the
development of microcracks in the substrate caused by chloride corrosion,
while simultaneously reducing the rate of chloride ion migration. This helps to
slow the penetration of saline solutions and other chemical agents into the
depth of the samples, which significantly increases the durability of the
structures. Further research will make it possible to optimize the composition
of fiber-reinforced concrete for various operating conditions of road and
airfield pavements.

KarouoBsi ciioBa:
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Beryn. CHIrOBO-JIbOJIOBI  YTBOpPEHHS, 1110 (OPMYIOTbCS Ha TOBEPXHI
aBTOMOOUIBHUX JOPIT YW aepOJPOMIB MOAUISIIOTHCS HA TaKi OCHOBHI PI3HOBUJIM:
MyXKUW CHIT, YIIIJIbHEHUH CHITOBUW HaKaT Ta CKIOMOMIOHMNA sia. J{ms mikBimarii
3MMOBOi CJIU3BKOCTI 3aCTOCOBYIOTHCS AU(PEPEHIINOBaHI TEXHOJOTIYHI METOAU
00OpOOKM  OPOKHBOTO  MOKPUTTS Ta  BCTAHOBJEHI HOPMU  PO3HOJLTY
MPOTHOXKEJICAHUX MaTepiaiiB, IO BPaxOBYIOTh (PI3MKO-MEXaHIYHI BJIACTHUBOCTI
KOKHOTO BHIY YTBOPEHb.

OnuuM 13 Halle(DEKTUBHIMMX METOMIB € XIMIYHUHN croci0, skuil 3a0e3nedye
MOXJIMBICTh YTPUMAHHSI TIPOi3HOT YACTUHU JOPOTH BIILHOIO Bij] CHITOBO-JTbOJOBUX
BiJIKJIaIeHb. JlaHuii cmoci® 3acTOCOBYETbCS SIK JJIsl JIIKBiJAIl BXKE€ HAsBHOI
CIIM3BKOCTI, TaK 1 B MpodiTakTHIHUX X [ 1, 2].

[IpodimakTana oOpoOka 3MIMCHIOETHCS MMiJI Yac BUIAJAHHS CHITY Ta Ma€ Ha
MeTi 3amoOIirTH yTBOPEHHIO CHIFOBOTO HakaTy, IO (OpMyeThCS BHACIHIIOK
YIIUTBHEHHS CBI)KOTO CHITY 1] A1€10 TPAHCIIOPTHOTO MOTOKY [3].

VY BuUMNaAKy yTBOPEHHS Ha JOPOXKHBOMY MOKPUTTI TOHKOI JIbOJOBOI IUIIBKH
IPOBOJISATH 1i MIOBHE PO3TOIJICHHS, TOJ SIK CHITOBUI HAaKaT a00 CBIX)KOBUITAJIUNA CHIT
MIITa0Th YaCTKOBOMY IUIABJICHHIO — JI0 CTaHy IyXKOi BOJIOTO1 MacH, sIKa BTpavyae
3IaTHICTH YIIUTBHIOBATHCS 117 HABAHTAXKCHHSIM B1JT KOJIIC aBTOMOOLJIIB.

XimigyHUK croci0 OopoTHOM 13 3MMOBOKO CJIM3BKICTIO TPYHTYETHCS Ha
3aCTOCYBaHHI XIMIYHHMX PEAreHTIB (MEpEeBaXHO XJIOPUJIIB), SIKI MAIOTh 3/IaTHICTh
i 9ac KOHTAKTY 31 CHITOBO-JIbOJJOBUMHU yYTBOPEHHSMHU MEPEBOJNTH iX y PO3YUH,
10 HE 3aMep3ac 3a BiJg’eMHUX Temnepatyp [4, 5].

X7opuaH1 coMl HE MalOTh HIKIJUIMBOTO BIUIMBY Ha ac(hanbToOETOHHI MOKPUTTSI.
Opnak 3a00pOHSIETHCS 3aCTOCOBYBATH XJIOPUAM Ta MIIIAHO-COJISIHI CyMIIIl Ha
[IEMEHTOOCTOHHUX MOKPUTTSIX y PaHHIN Mepioj iXHHOTO TBEPAHEHHS — MPOTITOM
OJIHOTO POKY 3 MOMEHTY YKJIaJJaHHSI IIEMEHTOOETOHHOI CyMIIlli, BUTOTOBJIEHOI 13
BUKOPUCTaHHSIM TOBITPOBTATYBAIBHHUX JOOABOK.
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Y ueit mepiog ang OOpOTHOM 13 3MMOBOIO CIM3BKICTIO PEKOMEHIYETHCS
BUKOPUCTOBYBAaTH Jinie (puUKIiiHI MaTepiann 0e3 JoJaBaHHS CcoJied Ta
POBOJUTH 1HTEHCUBHE CHITOOYMIIEHHS IIiJI Yac cHironagy. Takuil miaxia
JI03BOJIsIE€ 30epiraTi HAJICKHUI PIBEHb 3UEIUICHHS KOJIIC TPAHCIIOPTHUX 3aC001B 13
JIOPOKHIM MOKPUTTSAM 0€3 PU3UKY IMOILIKOKEHHS Horo CTpYKTypH [1, 2, 4].

AHaJi3 OCTaHiX J0C/iIKeHb. AHTHOXEJEAHI PEareHTH, Taki SK XJIOPHU[
HATPIlO, Kajblil0 Ta MAarHilo, HIMPOKO BUKOPUCTOBYIOTHCS MJis 3a0€3MeUeHHS
0e3meyHoi eKcIuTyaraiii JOpPOKHBOIO MOKPUTTA B 3uMOBHM mepion. Ilpore ix
3aCTOCYBaHHS Ma€ 3HAYHUU BIUIMB Ha JIOBFOBIYHICTH Ta MEXaHIYHI BJIACTHBOCTI
OctoHHMX 1 (iOpoOeToHHNX TOKPUTTIB. KomOiHOBaHmWii (iOpoOeTOH 11e
TpaauliifHui OETOH 13 BOJOKHAMH PI3HOTO TIOXOKEHHS (METaJeBUMH,
MOJIIMEPHUMH, 0a3aJbTOBUMM TOINO), L0 3a0e3mleuye MiJBUILEHY MIIHICTb,
TPIIUHOCTINKICTh Ta JOBTOBIUYHICTh KOHCTPYKIIIH.

®106po0OeToH, apMOBaHUI KOMOIHOBAHMMH (piOpaMu (ITOIIMPOIIIIEHOBUMH Ta
METaJeBUMH), JEMOHCTPYE TMIABUIICHY CTIHKICTh 10 TPINIMHOYTBOPECHHS 1
MOKpAIEeHy PO3IMOALTBYY 3AaTHICTh HABAaHTAXEHb Yy TOPIBHSAHHI 31 3BUYAWHUM
6etonom. [lomimpomninenoBa ¢idpa 3MEHIIY€e PU3UK YTBOPEHHS APIOHUX TPIIIMH
Opy ycaall Ta LUKIIYHUX MOpO30TAJMX BIUIMBAxX, TONI SIK MeTaineBa (¢i0pa
M1JBUIILYE MIIHICTh HA PO3PUB 1 3HOCOCTIUKICTH [6].

JlociKeHHsT TOKa3yl0Th, IO BIUIUB XJOPHUIHUX PEAreHTIB MPU3BOIUTH 0
YaCTKOBOTO 3HIDKEHHS MIIHOCTI OETOHY uepe3 MNPOHUKHEHHS 10HIB XJIOPY B
MOPUCTY CTPYKTYpY, LIO cHpuse Kopo3li apmarypHoi ¢(iOpu Ta MeTaieBux
enemMeHTiB. Y (i0pobeToHi 3 KoMOIHOBaHMMH (iOpamu 1el e(peKT YacTKOBO
KOMIIEHCY€EThCS PIBHOMIPDHHUM PO3MOJAIIOM HABAaHTAXXEHHS Ta II1JIBUIICHOIO
IIUTBHICTIO MaTepiany [7].

[Ipy 1pOMY yMOBU arpecHMBHOTO CEpEIOBHUINA, 30KpeMa BIUIUB COJISHUX
PO3YMHIB Ta aHTUOXKEJIEAHUX PEAreHTIB (XJIOPUIIB Ta MIIAHO-COISIHUX CyMIIIei),
MOXXYTh 3HAUHO BIUIMBATH Ha (PI3UKO-MEXaHIYHI XapaKTEpUCTUKU (PiOpoOETOHY,
HOTO JTOBrOBIYHICTH Ta CTIMKICTH JO TPIMIUHOYTBOpEeHHS [6]. ToMy mocmimkeHHs
CTIAKOCTI MaTepiaay B yMOBaX TaKWX BIUIMBIB € HEOOXITHUM JIJIs OIIHKH HOTO
MPUAATHOCTI Y TOPOKHHOMY Ta IUBIILHOMY OY/IIBHUIITBI.

BnacTtuBOCTI, TEXHOJIOTiISI BUPOOHMIITBA Ta MPAKTUYHE 3aCTOCYBAaHHS
($10poOeTOHY BUBYAJIM YUCIICHHI ITPOBiIHI BU€HI Ta (axiBil y cdepl OyaiBeIbHUX
MarepiajiiB, IMBUILHOIO, MPOMUCIOBOTO Ta JOPOXKHBOTO OYIBHUIITBA, CEPEl
skux: €M. Babuu, JLU. JBopxin, O.B. Awugpiiiuyk, B.A. Bospuayk, C.O.
Kposskos, C.1. Conoaxwuii, A.5. Bapammkos, O.I1. Cynak, M.I'. Cyp’siHiHoB Ta
. [8,9, 10, 11].

Merta i 3aBJaHHA XOCJHIIKEHHsI OTPUMATH J1aHl TIpO poOoTy (PiOpoOEeTOHHUX
3pa3KiB apMOBaHUX TMOJIMPONiIEHOBOK (iOpOI0 Ta OJHOYACHO CTajieBOIO Ta
MOJTIIPOITIJIEHOBOO (DiOpaMu 3a BIUIMBY aHTHOXKEJICTHUX pearcHTiB. BcraHoBHTH
BIUIUB AHTHUOXXEJIEJHUX pEareHTIB Ha MIIHICTh MOJIIUCIIEPCHOAPMOBAHUX
($10poOETOHHUX 3pa3KiB 3 BpaXyBaHHSIM iX poOOTH 3a /il HABAHTAKEHHS.
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s npurotyBanHs (iOpoOETOHHMX CyMilield BUKOPHUCTOBYBABCS TOBapHHIA
noptnanaunemednt I [-500 Ta IIL[ II-A/II-500 (CEM 1 42,5, CEM II/A-S
42,5DIN 11641, EN-196) Bupoouuirea [TAT «Bonuab-tiemeHT» (M. 310710yHIB),
micok 13 pojoBull CrnaByTChbKOro pailoHy XMENbHHUIBKOI 00nacTi Ta
rpaHyJbOBaHM TpaHITHUN 1e0iHb (pakmii 5—10 MM Bupischkoro kap’epy
PiBHeHCHKOT 001aCTi.

VY SKOCTI AMCIEPCHUX apMYyKOYMX BOJOKOH 3aCTOCOBYBAJIMCSI CTajeBa Ta
noninponineHoBa ¢idpa [12]: crameBa ankepHa ¢iOpa aoBxkuHOIO 50 MM 1
naiameTpom 0,5 MM; TTOTIITPONIJIEHOB BOJIOKHA JIOBXKHHOIO 20 MM.

Jlis  mpoBeACHHS EKCIEPUMEHTAIBHHUX JOCHIKEHh OyJ0 BHUTOTOBIICHO
nocnigHi 3pasku: 12 xky6iB po3mipom 10x10x10 cm 6e3 ¢idporo apmyBanHs; 12
KyOiB po3mipom 10x10x10 cMm 3 moninpornisieHoBoto ¢idporo, 12 kybiB po3mMipom
10x10x10 cM 3 xombOiHOBaHOW (PiOporo, 8 mpusMm pos3mipom 15x15x60 cm. Bei
KOHTPOJIbHI KyOM Ta IpU3MHU BUTOTOBISIMCS 3 OeToHy kinacy C20/25 31 ckiagom
LT = 1:3,72:2,30 mpu BomorieMeHTHOMY criBBigHomeHHi B/I] = 0,35. 3a
pesynbTatamMu BUIMPOOYBaHb, CEpeIHS MIIHICTh HAa CTHCK cTaHOBWia Rer = 49
Mlla, a koedimient Bapiatii — Cv=12,5%. BmicT noBiTpsa y cymiiri, HEOOX1THHI
JUTst 3a0e3nedeHHs Mopo3ocTiiikocTi Mapku F200, ctanoBuB 5—6%.

beronyBanHsi KyOiB 1 NHpU3M BHUKOHYBaJIM Yy 3a3JalieTib M1JrOTOBIICHIM
MeTajeBii 1HBEHTapHI onanyOlll, HasiBHIA y jabopaTopii. YIIUIbHEHHS OETOHHOL
cymimi B (opmax 3AifiCHIOBaM 3a JONMOMOroio BiOpocTony. Posmany6nenHs
3pa3kiB  NPOBOAWIM Ha S-i JeHb WICAS YKIaJAaHHS OETOHHOI CyMIIII.
KomOinyBaHHSI Bi3yaJbHUX CIOCTEPEXKEHb 13 MEXaHIYHUMHU BHUIPOOYBAHHIMU
JTIO3BOJISIE KOMIUIEKCHO OIIIHUTH TOBEIHKY OETOHY Mij BIULIMBOM aHTHOXKEJICTHUX
pearenTiB [13].

JUis ~ MopenmoBaHHS ~ BIUIMBY  AHTHUOXKENEAHUX  peareHTiB  (Kopo3ii)
BUKOPUCTOBYBAJIM TaKi PO3UHHHU:

e 5% NaCl — s imiTanii cojibOBOTO BILUIUBY;
o 5% MgCl. — nns imiTarii conb0BOTO BIUIUBY (MarHieBa KOpo3is).

B Tabmuui 1 nmokazaHo 3MiHY MILIHOCTI Ha CTUCK y BIJICOTKAaX, 110 € TOJOBHUM
MOKa3HUKOM CTIMKOCTI OETOHY /10 BIUIUBY aHTHUOKEJICTHUX PEarcHTIB.

Tabmui 1
Btpara mirtHocTi KoMOiHOBaHOTO (hiOPOOETOHHY Ta OETOHY
Tun Bun 6etony MeTton BunpoOyBaHHs MIpU Brpara
BILUIUBY MOJICTFOBaHH1 P13HUX THIIIB MILIHOCTI
KOpo3ii yepes 90
1HiB (%)
Xmopua | 3Buuaiinuii 6eton | 3anypenHs B 5% po3unH MgCl, ~25%
MarHito Kom6inoBanuit Te x came ~17%
(MgCl2) | dibpobeTon
Xmopun | 3Buvaitnuii 6eton | 3anypenHs B 5% posunni NaCl ~31%
HaTPIIO KomOinoBanui Te x came ~21%
(NaCl) ($10pobOeToH
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55,0 . .
MiuHicTb Ha cTucK, MIla

50,0
H [L-I, 6e3 ¢pibpu
45,0 B AL+ Ao
mNu-1 +nnNo+Co,
40,0
MLU-Il 6e3 ¢pibpwn
35,0 B OU-l+ AR
cinb XJ10pULA, MarHito
Puc. 1. 3mina minHOCTI (h16pOOETOHHY Ta OETOHY BiJ] BIUIUBY aHTHOXKEIEIHUX
peareHTIB
MiuHicTb Ha cTuck, MTlla
54,0
52,0
50,0
48,0
46,0
44,0
42,0
40,0
38,0
Nu-, 6es MU-1+NN®  MAU- NU-11 6e3 MU-Il+NN® M-I
¢ibpu +MN®+CP, ¢ibpu +MNP+CP,

B KT Mcinb MExnopua marHito

Puc. 2. 3mina minHocTi pi0po6eToHHY Ta GETOHY B 3aJI€KHOCTI BiJ BUIY LIEMEHTY Ta BUIY
¢bi16pu

BucnoBok. IligBuieny criiikicte pidpodbeToHy mopiBHAHO 3 OeToHOM Oe€3
¢Gi16pu 10 pyWHYBaHHS MMiJ Yac BIUIMBY aHTHOXKEIEIHUX PEareHTIB, JOCITAETHCS
KOMOIHOBAaHUM BBEJICHHS CTaJeBOI Ta MOJIMPOMiIeHOBO1 (hiOpu. 3BuuaiiHuii OETOH
]l BIUIUBOM COJICH, 30KpeMa aHTHUOXEJICAHUX PEarcHTIB (XJOPHAIB HATPIIO Ta
MarHio), Bxe uepe3 90 quiB moxke BTpadyatu 10 30% CBO€ET MIITHOCTI.

Buxopucranus komOiHOBaHOi iOpu pI3HUX PO3MIPIB 30UIBIIYE 30HY
KOHTAKTy MK IIEMEHTHHM KaMeHEeM, ITiJIBUINY€E MIJTbHICTh CTPYKTYPH Ta TaIbMy€E
PO3BUTOK JPIOHUX TPINMH y CyOCTpaTi, BUKIMKAHUX XJIOPUIHOI KOPO3I€IO,
OJIHOYACHO 3HIKYIOYM IIBUAKICTH Mirpamii xjgopuaHux 1ioHiB. lle no3Bosse
CHOBUIBHUTH TPOHUKHEHHSI COJISHUX PO3YMHIB Ta IHUIIMX XIMIYHHUX PEArcHTIB Y
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MMOWHY 3pasKiB, MO ICTOTHO MIJABUINYE MOBrOBIYHICTh KOHCTpYyKIii. [Tomambimi
JOCTIDKEHHST JTO3BOJISITH ONTUMI3YBaTH ckiaa (iOpoOeToHy aiis pi3HUX YMOB
eKCIuTyaTallli JIOPOKHIX Ta aepOJIPOMHUX MOKPUTTIB.
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