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OCOBJMBOCTI MPOBEJAEHHS BAPTICHOI OI[IHKA ABTOMOBLJIBHUX JIOPIT
3AT'AJIBHOT'O KOPUCTYBAHHSA

¢ dzts g O W

Beryn. Oninka maiiHa TOPOXKHBOTO TOCHOAAPCTBA € BOMHOYAC K CKJIAHHUM, TaK 1 BAYKIMBAM
MUTaHHAM. 3/11HCHEHHS BapTICHOT OLIIHKK HEPYXOMOT'O MaiiHa B YKpaiHi IPyHTY€ThCSI HA BUKOPUCTaHHI
HOPMAaTHUBHO-TIPABOBUX AaKTiB, MOJIOKCHb HAIIOHAJIBHUX CTAHAAPTIB 3 OLIHKW MaifHa, HOPMaTHUBHHX
aktiB QOHY Aep>KaBHOTO MaifHa.

[IpoGrematnka. OpHIi€EO 13 IEpeAyMOB e(eKTUBHOTO (PYHKIIIOHYBaHHS MEPEXi aBTOMOOITHHIX
Jopir YKpaiHu € neperiisij Ta akTyasi3alliss HOpMaTUBHO-ITPABOBUX aKTiB Ta CTAHAAPTIB 3 OLIHKKA MaiiHa
3 YpaxyBaHHSIM MDKHApOJHOI TMPAaKTHKH 3 IPOBEIEHHsS BapTICHOI OWIHKHA AaKTHUBIB JIOPOXHBOTO
TOCIOJAPCTBA, OCKIJIBKH Ha CHOTOIHIIIHIN JIeHb HE PO3POOJICHO KOJTHOTO HOPMATHBHOTO JOKYMEHTA
a00 MeTOJMKH, SKi O BpaxOBYyBaJIM MPAaKTHYHI MiAXOMW IO IPOBEJCHHS BApTICHOI OI[IHKK MaifHa
JIOPOYKHBOTO TOCHoAapcTBa. He MeHI BaKJIMBUM MUTAHHSM, SIKOMY HEOOXIJIHO MPUIIIUTA YBary Ha
Cy4aCHOMY €Talli, € TIpolie/Iypa 3IHCHEHHs BApTICHOI OI[IHKM aBTOMOOUILHUX JIOPIT Ta CIIOPY HA HUX,
sSKa B CYKYIMHOCTI 13 TEXHIYHOK EKCIEPTH30I0 JaCTh 3MOTY OTPUMAaTH CIPaBEUIUBY BapTICTh
OIIHIOBaHHS aBTOMOOUTBHOT goporn. Takum dYWHOM, BUHHKIA HEOOXiJHICTE Yy pO3poOiIeHHI
METOJIMYHUX MIIXO/IB, SIKi 3 ypaxXyBaHHSIM CY4YacHUX TEHJCHIIIH Ta 3apyOiKHOTO JOCBiAy 3a0e3meyaTsh
e(eKTUBHE MPOBEJICHHS OIIHKA MaiiHa JOPOKHBOI'O TOCIIO/IaPCTBA.

Mera. Metoro pobotu € 3a0e3neueHHs HalOLIbII 00’ €KTUBHOI Ta KOMIUICKCHOI OILIHKHM MaiiHa
JOPOKHBOTO TOCIIOIAPCTRA 3 yPaxXyBaHHSIM 3aCTOCYBAHHS PI3HUX OLIHOYHHUX METOJIIB.

Martepianu Ta Metoau. OCKUTEKA aBTOMOOUITBHI JIOPOTM MOKHA BiJTHECTH JIO CHEIialli30BaHOTO
BUJy MaiiHa, W0 3HAXOMUThCS B JEpXKABHIA BJIACHOCTI, TO Ui WOr0 OI[IHEHHS JOIUIBLHO
BUKOPHCTOBYBAaTH METOJIM BUTPATHOTO Miaxomy. Came METOIUYHI MiIXOAM Ta MEXaHi3MHU 1X peatizarii
P TPOBEJIEHHI BapTiCHOI OI[iIHKM MaifHa JTOPOKHBOTO TOCIIOAAPCTBA € BH3HAYAIILHUMHU. B OCHOBY
KOXHOTO 13 TaKMX METOJiB TOKJIAJCHO KOMIUIEKC MPOIEAYyp 3 OIIHKHA, BUKOHAHHS SIKUX Yy TICBHIH
MOCJTIIOBHOCTI, JIA€ MOYJIUBICTD MTPOBECTH BAPTICHY OIIHKY.

Pesyibratu. Pe3ynpTaTroM poOOTH € OCHOBHI MOJI0XKEHHS METOIUYHUX IMiIXOIB Ta MPAKTUUHUX
PEKOMEHIAIliH, SKi 3 ypaXyBaHHSAM BUMOT YHHHHX HOPMAaTHBHO-IIPABOBUX akTiB [1-5] 3abe3neuyroTh
JIOCTOBIpHE TPOBEJICHHS BapTiCHOI OIIHKM aBTOMOOITBHHUX JOPIT 1 CHOPYJ Ha HUX Ta JIO3BOJISIFOTH
3MIACHIOBATH EKCIEPTHY OIIHKY, Juis (OpPMyBaHHS BHCHOBKIB IIpO CTaH MaiHa JOPOKHBOTO
roCIOIapCTBa Ta HOT'0 MOAAJIBIIEe BUKOPUCTAHHS.
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EKOHOMIKA. MEHEJKMEHT. NIAIIPUEMHHULTBO, TOPT'IBJIA TA BIPKOBA AIAJIBHICTD

BucHoBkH. 3ampomnoHOBaHWKA KOMITDIEKC METOAWYHUX ITIXOMIB Ta METOMIB 3 TMPOBEIACHHS
OLIIHIOBAaHHS MaifHa BKJIIOYae B ceOe OLIHOYHI MPOLENypH, BUKOHAHHS SKMX Y MEBHIH MOCIiZOBHOCTI,
HaJla€ MOXKIIMBICTH TMPOBOAWTH BapTICHY OIIIHKY MaifHa OPOKHBOTO TOCTOAApPCTBA, 3IIHCHIOBATH
EKCIIepTHY OIIHKY Ui (JOpMYBaHHsS BHCHOBKIB MPO CTaH MaiHa JOPOKHBOTO TOCIIONAPCTBA Ta HOTO
MOJJAJIbIIEe BUKOPUCTAHHS.

s dz ytsoe ' iffedptspd3@risn  maiina, METOAM BapTICHOI OINHKH, O0’€KTH OI[HKH,
aBTOMOOLTBHI JOPOTH, iH(GOpMAIIHO-aHATITHYHA CHCTEMA.

Beryn

BusHaueHHs clipaBeUITMBOI BapTOCTI MaifHa JOPOKHBOTO TOCIIOAAPCTBA B paMKaX 3MiHCHEHHS
Woro IHBEHTAapHW3aIii Ta MPOBEIACHHS EKCIEPTHOI TPOMIOBOI OMMIHKKA € HEOOXiTHUM THUTaHHSAM IIPH
MPOBEIEHHI 3aX0/iB I peOpMYBaHHS JOPOKHBOT'O TOCIIOIAPCTBA.

BapricHa o1iHka aBTOMOOUTBHOT TOPOTH € TIPOIIECOM PO3PAaXyHKY BapTOCTi JOPOXKHIX aKTHUBIB
Ha J]aTy OLIHKH 3a MPOLEIYPOI0, BCTAHOBICHOI0 HOPMATHBHO-TIPABOBUMHU aKTaMH Ta HAIllOHAJTEHHUMHU
CTaHIapTaMH 3 OL[iHKK MaiiHa [1-5].

[Tpu BapTicHi# OLiHIII aBTOMOOITEHUX JTOPIT 3arajJhbHOr0 KOPHCTYBAHHS TOCITAIOTHCS HACTYITHI
Limi:

—  BCTaHOBJICHHS HAsBHOCTI aKTHBIB Ta 1X €JIEMEHTIB;

—  BU3HAYEHHS BiAIOBIIHOCTI iX (PI3UTHOTO CTaHy JI0 OIIHEHOT BapTOCTI;

—  BH3HAYCHHS peajibHOI MOTOYHOI BAPTOCTi aBTOMOOIILHUAX JIOPIT.

[IpoBeneHHs BapTICHOT OLIIHKY 3/IIHCHIOETHCS Y BIIMOBIIHOCTI IO HACTYITHOI MIPOICAYPH:

—  BH3HA4Y€HHS 00’ €KTIB 1 METH OLIIHKHU;

—  BCTAHOBJICHHS MPHHIIMIIIB, OCHOB 1 IPABHJI JJIs OLIHKH aKTUBIB;

—  CKJIaJIaHHS MEepeTiKy aKTHUBIB Ta 0a30BUX AaHUX AJISl pO3PaxXyHKY BapTOCTi aKTHUBIB;

—  BCTaHOBJICHHS HOMEHKJIATYpU ITOKa3HUKIB SKICHOTO CTaHy, aHami3 Ta Big0ip HAHOLIbII
ICTOTHHX i3 HHX;

—  CKJIaJIaHHS MOJIEJIi OLIHKH SKICHOTO CTaHy 00’ €KTa OIlIHKH;

—  BU3HAYEHHJ PiBHA SKICHOTO CTaHy 00’ €KTa OIiHKH;

—  BU3HAYCHHS BapTOCTI aBTOMOOLIBHUX JIOPIT B 3aJIS)KHOCTI BiJI I[iJIeH OLIIHKH;

—  CKJIaJIaHHA 3BiTy MPO BAPTICHY OLIIHKY.

BapricHa omiHka aBTOMOOUTBHHX JOpIr 3arajJbHOIO KOPUCTYBaHHS Tiepeadadae TaKoX
MpOBE/ICHHsI 1HBeHTapu3alii. 3aBAaHHsAM iHBEHTapu3allii € OTpUMaHHS JJAaHUX PO HASBHICTH Ta CTaH
MaiiHa 00’€KTiB, IO 3HAXOJAThCS B YIPaBIiHHI OaraHCOyTpHMyBauya JOpPIr, a TaKOX CTBOPEHHS
MepeyMoB Ul Oprasizarii iH(OpMaIifHOI CHCTEMH 3 OIEpPaTHBHOTO OOJIKYy HAsSBHOCTi, CTaHy Ta
BUKOPUCTAHHS 3a3HAYCHOr0 MaiiHa. 3a pe3yibTaTaMy iHBEHTapu3allil mependavacThCsi KOPUTYBAHHS
ICHYIOUOT0 MAacHopTy aBTOMOOLIBHOT IOpOru abo CKjajaHHs HOBoro. [Ipu3HayeHHs iHBEHTapu3allii Ta
BU3HAYCHHS CIIPAaBEUIMBOI BapTOCTI NOJIATA€ Yy BCTAHOBJICHHI €IMHUX NPUHIUIIB IiATOTOBKA
TEXHIYHOT JIOKYMEHTAIIii Ha 00’ €KTH HEPYXOMOTO MaifHa JIOPOKHBOTO TOCIIOAAPCTBA.

HopMaTHBHO-IPaBOBUMH aKTaMH Ta HAI[IOHAJBHUMH CTaHIApTaMH OIiHKH MaiHa [1-5] He
BHU3HAYEHO KOHKPETHOI NPOLEAYPH 3 POBEIEHHS BapTiCHOI OL[IHKK MaiiHa JOPOKHBOTO FOCIIOAAPCTBA,
TOMY ITOCTa€ HEOOXITHICT Y BUPIIIEHH] PSIIy MUTaHb, a caMe: aJIalTallisi icHyrounx GopM Ta MoJieseH 3
OIIHKK J10 crnenu(ikki aBTOMOOIIBHHMX JOPIr SAK 00 €KTIB OI[IHKH, PO3POOJICHHS IOJOXKEHB, IO
JI03BOJIATH TIPOBOJIUTH BAapTICHY OLIHKY MaiHa AOPOKHBOT'O TOCHOJApCTBA, BPaxOBYIOUM CIEHU(IKY
MaiiHa.
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EKOHOMIKA. MEHEJ)KMEHT. MIAIIPUEMHHULTBO, TOPTIBJIA TA BIPAKOBA A1A/IBHICTD

OcHOBHA YaCTHHA

Metoro HMOCTIDKEHHS € po3poOKa OCHOBHHX TIOJIOKEHb METOMWYHUX TIAXOMIB MO0
BUKOHAHHS HaWOUIbII 00 €KTUBHOI Ta KOMIUIEKCHOI OIlIHKM MaifHa JOPOXHBOTO TOCIIOAApCTBa 3
ypaxyBaHHSM ix crierudiyHuX 0COOIUBOCTEH Ta MIXKHAPOAHOTO AOCBIY.

Orninky mOTpiOHO MPOBOAMTH 3a 00’ €EKTAMH JOPOKHBOTO rocrmonapcTBa. OO0’ €KTH JOPOKHBOTO
TOCHOAApCTBa, SIKi MiUIATaloTh iHBeHTapu3auii abo BapTiCHiNM OWiHII, KIAaCH(DIKYIOTbCS HACTYIHHM
YHHOM: aBTOMOOIIBHI JOPOTH, IITYYHI CHOPYAH, TEXHIYHI 3aCO0M Ta HEpyXoMe MaliHo, 10 HeoOXiTHe
Ut (QYHKITIOHYBAaHHS aBTOMOOITHHIX JIOPIT.

CxeMaTHYHO TMpoLec MPOBEACHHS BapTICHOI OLIHKM aBTOMOOUIPHMX JOPIr HaBEJEHO Ha
pHucyHKY 1.

I

Knac abo tun akTHEY. Horo ||

poamimenHa iHpopManizmpo ||
6anaHcoyTpHMyEada (::' BusnauenHa |

I

1

1

| TToTo4HHui CTaH

Metoau |

| TloTo4Ha OLiHEHA BapTiCTh

|
1
Tonoeri 1

TloToyHuil (BM3HAYEHHIT) #

TIPHHITHITH . N Kputepii oninku
; -

ynpasninns (bisu4HMI CTaH aKTHEY 3 :

/paxyEaHHM nedeKTis
dKTHEaMH ypaxy s Cb

11

TloTenuiiini Maiiby THI
BHTPaTH Ha YCYHEHHs
nedektie

Mogemni oniHKi |

TIporpama pobiT-EapTiCTE-

1

1

1

1

1

1

1
¢|

mepeowinka :
Ej

o

| Maiiby THA OLiHEHa BapTiCTh YacoeHit TOPH30HT |

Tanyzeei 6azu gaHux

Indopmaniiini cHCTeMH

TIpomec
TMIPHHHATTA
pillleHHA

-

Peanizanis
npouecy
OLI{HKH

\/

t d fmkz dzt<emalnporecy OiHKK JOPOKHBOTO aKTUBY [6]

EdexTuBHICT OIIHKK MaiiHa JIOPOKHBOT'O IOCIIOIAPCTBA 3aJICKHUTh BiJl METOAMYHHUX ITIIXO/IIB,
BIIMIOBIIHO IO sAKMX BOHa Oyzae 3nidicHioBatucs. [loOymoBa Mopeni OLIHKH JOPIT JO3BOJISIE
JNOTPUMYBATHCS CPOPMOBAHOI METOJOJIOTII /IO 3arajbHOI OLIHKH aBTOMOOUIBHMX JIOpIT, SIK Ha JaTy
BUKOHAHHS OIIHKH, TaK i y MaifOyTHIX a00 MPOTHO30BaHKX MEPiOJiB.
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EKOHOMIKA. MEHEJKMEHT. NIAIIPUEMHHULTBO, TOPT'IBJIA TA BIPKOBA AIAJIBHICTD

[Ipomec omiHKHM JOPOXKHIX aKTUBIB Tiepeadavae BUKOHAHHS PSAAY MOCTITOBHUX 3aB/IaHb!

—  BH3HAYEHHS 00’ €KTa OLIHKHU;

—  BH3HAYEHHS METH OIIHKH;

—  BH3HAYCHHS MOKAa3HUKIB SIKICHOTO CTaHy 00’ €KTa OLiHKH;

—  BuOip METOAY, BIAMOBITHO A0 SKOTO Oye 3iiiCHIOBAaTHCS BapTiCHA OIIiHKA.

Ho wmeroxiB, BiamoBigHo 10 [6-8] (pucyHOK 2), siKi BUKOPHUCTOBYIOTBCS JJIS MPOBEICHHS
BapTICHOI OLIHKM aBTOMOOLIBHUX JOPIT 3araJiskHOT0 KOPUCTYBaHHsI BiTHOCSATH HACTYIIHI:

—  METOJI IEPEOIIiHKH / IOOIIHKH aKTHBY;

—  METOJ] TPAaHUYHOTO CTaHy;
—  MeTof (BiKCOBaHOT BAPTOCTI MO BiTHOLICHHIO JI0 TPAHUYHOTO CTaHy;
—  MEeTOJ MepPeHeCceHO0i BapTOCTi (3aMilIeHHs).

t d kz dzts§ Me@au, ocHOBaHI Ha BHUTPATHOMY MiAXOMi, M0 BHU3HAYAIOTH BapTICTh
aBTOMOOLIBLHOI TOpOTH

MeToa nepeominky / JOOLIHKU aKTHBY TOJISITa€ y TOMY, L0 BaPTiCTh aKTUBY PO3PaXOBYIOTh SIK
NoOyTOK #oro mepBicHOT (IOYAaTKOBOi) BapTOCTi OYAIBHHIITBA 1 CHIBBIJIHOIIEHHS SKICHOTO CTaHY
aKkTHBy a00 HOro ejieMeHTa, CKOpUIoBaHOI Ha iHjeKc iH(Iil. YMOBOI0 € BiHOIIEHHS IOTOYHOTO
SIKICHOTO CTaHy aKTHBY a00 MOTO eJeMeHTa /0 Kpaworo crany. BapricTe akTuBIB y pik ! BU3HA4aIOTh
3rigno 3 [6] 3a hopmyioro (1):

- Kyt
V, =HC- : (1)
. ) Kk best. ) )
e V, i — 0a3ucHa BapTiCTh aKTHUBIB 3a METOJOM IICPEOIIIHKH / JIOOIIHKA y PIK t, TIPOIIOBUX

OJIMHUIIB;

HC — mepsicHa ((akTuuHa) BapTicTh OyAIBHUITBA 3riAHO 31 3BEICHMM KOLITOPUCHHUM
PO3paxyHKOM, TPOLIOBUX OJJMHUIIb;

Kkt — piBeHb SIKICHOTO CTaHy aKTUBY y MOMEHT 4acy t, y BUIJIsIIIi Koedimienta abo %o;

Kk best — HaKpaIuid piBeHb SIKICHOTO CTaHy aKTHBY, 3a(ikCOBaHHUIl 3a Mepioj HOTo KUTTEBOTO
LUKy, y BUTIIsIL KoedimieHTa abo %.

BiamosigHo 10 [6] oriHOYHY BapTiCTh JOPOKHBOTO aKTUBY 338 METOIOM TIEPEOITIHKH / JOOIIHKN
Ha JIaTy OLIIHKK OTPUMYIOTh KOPHT'YBaHHSM 0a3uCHOI BapTOCTI Ha iHIISLIO 32 Gpopmyoro (2):

B CPI,
Vr.r.t _Vrt CPIp (2)
e V|t — OIIIHOYHA BapTiCTh JIOPOKHBOTO aKTHBY 3a METOJIOM IIEPEOI[iHKU / JTOOIHKU Y PIK t,

TPOIIOBUX OJTUHHII;
CPI; — inaexc minu OyAiBHHUIITBA B PIK t;
CPly — inzexc 1inu Oy TIiBHUIITBA Y PiK, KOJIK 00’ €KT OyB MOOYI0BaHUI.
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Merto TpaHUYHUX BHTpPAT BUKOPHCTOBYE MOTOYHI 1 MUHYJI JaHi JUIs BU3HAYCHHSI BapTOCTI
akTuBiB. 711 pO3paxyHKy BapTOCTi aKTHBIB 3TiHO 3 [6] BHKOPUCTOBYIOTH hopmyiy (3):

Ky -K WOTS|
Vo= HC - ——kt” Mkworst , (3)

Kk best - Kk worst

e Vet — 0a3ucHa BapTiCTh aKTUBIB 32 METOJIOM T'PAaHUYHUX BUTPAT y PiK t, TPOIIOBUX OIMHHIIE;
Ky worst — HAUTIpIIAN piBeHB SIKICHOTO CTAHY aKTHUBY, 3a(iKCOBaHMIA 3a P10l HOTO KUTTEBOTO
LUK, y BUTTsA1 KoedinienTy abo %.
3rigHo i3 [6] oLiHOYHY BapTICTh TOPOKHBOTO aKTHBY 32 METOJIOM I'DAaHUYHUX BUTpAT Ha JaTy
OLIIHKH OTPUMYIOTh KOPUT'YBaHHSIM 0a3UCHOT BapTOCTI Ha iH(sLI0 32 hopmytoro (4):

_ CPJ,
Vimt= Vm.c.t ’ CPl, (4)
ne Vi mt — OIIIHOYHA BapTICTh JOPOKHBOT'O AaKTHBY 32 METOAOM TIpaHHMYHHX BHUTPaT y pikK t,

TPOIIOBUX OJTUHHIIb.
Merton ¢ikcoBaHOI BapTOCTI MO BiTHONICHHIO IO TPAHWYHOTO CTaHy MOJSATA€E y TMPHBEICHHI
CTaHy akTHBY a00 MOro emeMeHTy OO piBHA, SIKHI IOCIIJOBHO TEPEBHUIIYE MiHIMATBHHNA TOPIT
MPOAYKTHBHOCTI, BCTAHOBJICHUI Ui JaHOTO aKTHBY. BapTicTh aKTHUBIB BHpPaXKaIOTh 4Yepe3 MOCTiHHY
BEJIMYMHY TPOTATOM TEPMiHY CITy>KOM aKTHBIB A0 THX Tip, MOKH PiBEHb SKICHOTO CTaHy aKTHBY BHUIIIE
MEBHOTO TPAHUYHOTO 3HAYEHHSI, KOJIM PiBEHb SAKICHOTO CTaHy MMa/a€ HIKYE BCTAHOBJICHOTO TPAHUYHOTO
3Ha4YeHHsI (y TAKOMY BUTIQJIKY PO3TIISIAETHCS TUTAHHS ITPO OHOBJICHHS aKTUBY 200 HOTO JIKBIAIlifo).
[lopiuHO TPOBOASATH pPO3PaxXyHOK CTaHy akTuBy B MomeHT uacy t (Kyi). Bemmuuny
3HOCY (- » ~ « AUISAHKA aBTOMOOITBHOT JOPOTH BiAMOBiAHO 10 [6] Bu3HauaoTh 3a hopmyioro (5):

KSHOCy =1- Ky (5)

[HCTpYMEHTapiii 3 OIIHKK BEJTMYMHH 3HOCY onucaHo y [7], [8].

ITpu Ky > K mt OIIiIHOYHY BapTiCTh JOPOKHBOTO aKTHBY BU3HAYAIOTh HA OCHOBI KOPUTYBaHHS
BapTOCTi 3amilleHHs (a00 BiATBOPEHHs) 32 KOIITOPUCOM CTAaHOM Ha JIaTy OI[IHKHU Ha 1HJIEKC 1HQIISI].
ne Kk mt— TpaHHYHE 3HAYEHHSI AKTUBY, SIKE BCTAHOBIIIOETHCS EKCIIEPTAMU IOPOKHBOT OpraHizallii.

BianosigHo 1o [6] omiHOYHY BapTiCTh HOPOKHBOTO aKTHUBY 32 METOIOM (hiKCOBaHOI BapTOCTI
10 BiTHOIIECHHIO JI0 TPAHUYHOTO CTaHy Ta 3rigHo Gopmyiu (5) Bu3Ha4aTh 3a hopmyJioro (6):

V.;:=RCi-Ky;  RC-(1-K RC;—RRCy ¢, (6)

3HOCY
ne Vi ¢t — OIlIHOYHA BapTiCTh JOPOKHBOTO AaKTHUBY 3a METOJOM (DiKCOBaHOI BapTOCTI IO
BiJTHOIICHHIO /IO TPAHUYHOTO CTaHy y PiK t, TPOIIOBUX OJJMHUIIb;
RC; — BapTicTh 3amimeHHs (a00 BiATBOPEHHS) aKTHBY B PiK t, TPOLIOBUX OJMHUIIb;
RRCy ( — BapTicTh peMOHTHO-BIAHOBJIIOBAJIBHUX POOIT aKTHBY B PIK t,
RRCy;  RC; - Kyjoey, TPOLIOBUX OJIMHHUILD.
BigmoBimHo mo [6] Bapricte 3amimeHHs (ab0 BIATBOPEHHsS) aKTHBY BH3HAUYamOTh 32
bopmyioro (7):
n
2 #BiL, G, ()

ne C; — KOIITOPUCHA BapTICTh i-r0 €JIEMEHTY JIJISTHKH aBTOMOOIBHOT JIOpOTH, sIKa BiITBOPEHA B
MOTOYHMX I[iHAX Ha JIHCHY JaTy OIIHKH 3 BHKOPHCTAaHHSM TaKHX JK€ apXiTEeKTypHHX pIilleHb,
OyIiBeIbHUX KOHCTPYKIIIK 1 MaTepialiB, a TAKOXK 3 TIEHO XK AKICTIO OYy/1iBEJIbHO-MOHTaXHHUX POOIT, 1110 i
00’€eKTa OLIHKM (BapTiCTh BIATBOPEHH:) a00 3 BUKOPHUCTAHHSAM CyYaCHHMX MaTepiasiB i BiAMOBIAHO 10
HOBHX CTaHJAPTIB 1 IUTaHYBaJIbHUX PillIeHb (BAPTiCTh 3aMillICHHS);
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N — KUTBKICTh €JIEMEHTIB MUISTHKA aBTOMOOIITEHOT TOPOTH.
OcraTouHy OIIHOYHY BapTICTh TOPOKHLOTO aKTHBY 3rinHO 3 [6] Bu3HauatoTh (opmyioro (8):
Via=V+V, 8

ne V gg— OIIIHOYHA BapTICTh JUISHKH aBTOMOOUIBHOT IOPOTH, TPOIIIOBUX OJMHUIIG;

V — BapTicTb 3eMeNbHOI JUISHKK (AeTalbHY METOJMKY OLIHKHM BapTOCTiI 3€MeNbHOI TUITHKU
HaBEJICHO Y [6]), TPOILIOBUX OAUHUIIG;

V — oliHOYHA BapTICTh JAOPOKHBOTO aKTHBY BH3HAYEHA 332 OJHUM i3 METOJiB, HAaBeJICHUX Ha
PHUCYHKY 2, TPOLIIOBUX OJWHHUIIb.

AHami3 MeToliB, AKi BHUKOPHCTOBYIOTHCA [UJIsl TIPOBEACHHS OI[IHKA MaiHa JOPOXHBOTO
rOCHOAapCTBa, 103BOJIMB PO3POOHUTH iHPOPMALiiiHO-aHAII THYHY CHCTEMY, aJITOPUTMU SIKO1 € 3pYIHUMH
y BUKOPUCTaHHI Ta 3a0e3MeuyroTh aBTOMAaTH3allil0 MPOBEICHHS PO3PaxyHKiB (PUCYHOK 3) BapTicHOL
OIIHKM aBTOMOOUTBHHX JOPIT 3arajdbHOTO KOPUCTYyBaHHA. I[HdopmariiiiHo-aHANITHYHA CHCTEMa €
MIPOTPaMor0 3 BU3HAYCHOIO CTPYKTYPOIO, iHTepdeiicoM Ta mapaMeTpamH, siKi 3a0e3MeTyIOTh:

—  BUOIp HEOOXiMHOTO METOAY HJs TPOBEACHHS BapTICHOI OI[IHKM aBTOMOOUTBRHUX IOpIT
3arajibHOr0 KOPUCTYBaHHS;

—  peaizallito aJIrOPUTMIB IMPOBECHHSI OI[IHKH JIOPOXKHIX aKTHBIB;

—  pmoctym a0 0a3u JaHux, HeOOXiMHOT IS 3MIMCHEHHS pO3PaxyHKIB;

—  IeHTpami3oBaHe 30epiraHHs 3i0paHMX [aHUX M 1X TOAAJNBIIOr0 BHUKOPHUCTAHHA
OpraHi3aIisIMK 3 OI[IHKK MaifHa JOPOKHBOTO TOCTIOAAPCTBA;

—  HarmoBHEHHS 0a3M JaHWX aBTOMOOUIBHMMHU JIOpOTaMH, Ha SKi HEOOXiJHO NPOBECTH
BapTiCHY OLIIHKY;

—  JIOCTYIl 0 HOPMAaTHBHO-JOBIKOBOI 0a3m KOeQillieHTiB, HEOOXIMHUX JUIA 3IiACHEHHS
PO3paxyHKiB;

—  TIPOBEACHHS aHANi3y pe3yNbTaTiB BapTiCHOI OILIHKH aBTOMOOUTBHHX JOPIT 3arallbHOTO
KOPUCTYBaHHS 3 METOIO IJIAHyBaHHS Ta IPUAHATTS €()EKTUBHHUX PilllCHb.

A
MNpoext  [losiaxvky  HanawTyeaHHa —————— ‘Bmme

Mpoextn Buxinnsi aawi 3emensHi AinAHKW

& - PospaxyHoK

Uu. Hassanpoexty  3wauewsn aoporn Moswauewss Ta assa aoporu Kateropin aoporw Pi Gyaisnmutea OBnacts HAosxuna Npuwirca
9 |Tecroawii npoexr 1|Hauiowanwa  |H-03 Kumommp - Yepwioui |1l |2002 | ¥urommpcera ofinacru| 16 | |
10 | Tecroavii npoexr 2|Hauiowanswa | H-02./lssia - Tepwonine T 2005 | Mukonaiscura ofinacrs| 150 [Tea |

"1 SelectMethod - ] b

Bufiepir. MeToa paapaxyny

® Meroa nepeouikky / ACOUIHKM aKTUBY
MeTOA rpaHmuHIX BUTpaT
MeToa dikcosaHol BAPTCCTI N0 BIAHOWEHHIO A0 FPAHMUHOTO CTaH

Metoa neperecenol saprocti

Pospaxysat

t d fmz dztdlposedenns po3paxyHkiB B iHhOpMaliiiHO-aHATI THYHIN cHCTEMI
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Kinnesum pe3ynpTaToM MpoBeACeHHS BapTICHOI OIIHKY € (hOpMyBaHHS 3BITY PO OILIHKY MaifHa,
SIKMH BIAMOBIIHO 70 [3] MOBUHEH MICTUTH HACTYITHI BIJIOMOCTI:

—  onwmc 00’€eKTa OLIHKH MaifHa, AKUI 1a€ 3MOTY HOTro iIeHTH]IKYBaTH;

—  JIaTy OLIHKM Ta JaTy 3aBepICHHS CKJIaJaHHs 3BiTY, a y pa3i moTpeOu — CTPOK Aii 3BiTy Ta
BHCHOBKY ITPO BapTiCTh MaifHa BiJIITOBITHO 10 BUMOT 3aKOHO/IaBCTBA;

—  MEeTy IPOBEJICHHS OLIHKH Ta OOTPYHTYBaHHS BUOOPY BiNMOBIAHOT 0231 HOTO OIIIHKH;

—  IepeJiK HOPMaTHBHO-TIPAaBOBHX aKTiB, BiAMOBITHO 0 SKHX MPOBOIUTHCS OLIIHKA;

—  mepejik oOMeXeHb I0JI0 3aCTOCYBaHHS PE3yJIbTaTiB OLIHKY;

—  BHKJIAJ YCiX MPHITYLICHb, Y MEXaX SIKMX IPOBOIMIIACS OIiHKa;

—  OIHC Ta aHali3 310paHuX i BUKOPHUCTAHWX BUXITHWX JaHUX Ta IHINOI iHGopMaIii mix gac
MIPOBEICHHSI OIIHKH;

—  BHCHOBKH IIOJI0 aHAJi3y ICHYIOUOro 00’€KTa OWIHKM Ta WOro HalOuIbII eQeKTHBHOTO
BUKOPUCTAHHS;

—  BUKJAJ 3MIiCTy 3aCTOCOBaHUX METOJIMYHUX IiTXOAIB, METO/IB Ta OI[IHOYHHX MPOIEIYp, a
TaKOX BiAMIOBITHAX PO3PaxyHKiB, 3a JOIMMOMOTOIO SKHX ITiIOTOBIEHO BUCHOBOK ITPO BapTiCTh MaifHa;

— THMCbMOBY 3asBY OI[IHIOBaYa MOpPO SKICTh BUKOPHCTAHMX BUXITHUX JaHUX Ta IHIIOL
iHpopMmalii, ocoOucThi orsa 00'ekTa omiHKY (Y pa3i HEMOXKIMBOCTI OCOOMCTOTO OTJISILY — BiJNOBIIHI
MOSICHEHHSI Ta OOTPYHTYBaHHS 3acTEpeXeHb 1 MPUIYIICHb I0JI0 BUKOPUCTAHHS PE3yJbTaTiB OLIIHKH),
JNOTPUMAaHHS HAIliOHATHHHUX CTaHJAPTIB OIIHKK MaifHa Ta 1HIINX HOPMAaTHBHO-TIPABOBUX aKTiB 3 OLIHKH
MaiHa i 49ac ii MpoBeIeHHs, iHII 3asBU, MO0 € BAXIWBAMH U MiATBEPIKEHHS AOCTOBIPHOCTI Ta
00’ €KTUBHOCTI OIIIHKM MaiiHa i BUCHOBKY IIPO HOTO BapTiCTh;

—  BHCHOBOK IIPO BapTiCTh MaifHa;

—  JOAaTKH 3 KOISMH BCIX BHUXITHHX JaHUX, a TAKOXK y pa3i morpedu - i iHpopmarliiiai
JDKepena, sIKi po3’ICHIOIOTH 1 MiATBEPKYIOTh IPHUITYLIEHHS Ta PO3PaxyHKH.

[TpoBeneHHsT BapTICHOI OIIHKH 3 JOTOMOTOIO iH(OpMaIliHHO-aHATITUYHOI CUCTEMH JI03BOJISIE
BUPIIITYBaTH HACTYIIHI 3a/1a4i:

—  mpuiiMaTH eeKTHBHI YIPaBIiHCHKI PillICHHS;

— B 3QIKHOCTI BiJ mpaBa OalaHCOyTpHMyBada MPOBOJIUTH OLIHOYHY BapTiCTh 3eMEJIbHUX
JJISTHOK;

—  OIIHIOBAaTH Ta BpaxOBYBaTH BCi (aKTOpW, IO BIUIMBAIOTh HA KIHIEBUHA pe3yiabTar
BapTICHOI OLIIHKH;

—  BUOHMpATH JOKaJIbHI MOKA3HUKH Ta BU3HAYATH 30HH iX BIUIUBY (PUCYHOK 4);

—  BUKOHYBaTH BapTICHY OIIHKY 3€MENBHOI IUISHKH TiJ aBTOMOOUTHRHOI JOPOTol0, sSKa
3HaXOJIUTHCS HA TEPUTOPIl HACETIEHOTO MTyHKTY;

—  BUKOHYBAaTH OIIIHKY 3€MEJbHOI JIJITHKH ITii aBTOMOOIJIBHOIO JIOPOTO0, SIKa 3HAXOIUTHCS
1032 TEPUTOPIEI0 HACEIECHOTO MYHKTY;

—  3BOAMTU PO3PaxyHKH BapTOCTEH OKPEMHX 3€MENbHHMX IISIHOK MiJ aBTOMOOUIBHUMH
JOpOTraMH, SIKi 3HAXOJAATHCS y HACEJICHOMY ITYHKTI Ta 11032 HACEJICHUM ITYHKTOM;

—  eKCIOPTYBAaTH BUKOHAHI po3paxyHKH y nporpamy Microsoft Excel;

—  TPOBOJUTH PO3PaXyHOK BapPTOCTiI JIIJITHOK aBTOMOOITBHUX JOPIT B 3aJIEKHOCTI BiJl
o0paHoro MeToay (PUCYHOK 5).
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V m.c.t =HC - (Kk t - Kk worst) / (Kk best - Kk worst)
Vrmt=Vmec.t - (CPIt/CPIO)
Buxizsi aaHi:

O6nactb OyaiBHHLTBA JKutomupcbka 001acTh

Pik OyaiBHHITBA 2002
Kareropist aBTOMOGLIBHOT Joporu 11

TMo3HaueHHs aBTOMOOINBHOT 10pOrH M-29, nix’iza go M-18

ITepeicua BapticTb OyniBauuTBa HC

(THC. rpH) 49903,009
PiBeHb sikicHOTO cTaHy B MOMeHT uacy Kk t 58,7
Haiikpamwmii cran aktuBy Kk best 98,8
Haiiripimii piBeHb SKiCHOrO CTaHy aKTHUBY

Kk worst 312
Inzexc ninm OyNiBHUUTBA Y PIK KOIH 00 €KT

OyB nobyaosanuii CPI0 41,66
Inmexc winu OyaiBHuLITBA Ha pik ouinku CPIt 3,13

V r.m.t =29648,85 x (41,66/3,13) = 394623,35

t d Mz dzts Buecdunst BUXiAHUX MaHWUX U BU3HAYCHHS BApTOCTiI 3€MENbHOI TUITHKH B
iH(pOpMaLifHO-aHATITHYHIN cUCTEeMI

MR\ Pegarysana Buxigrux aaHux = () X

Hasea npoexty: Tectoeuii npoekt 1 ¥ Mnowa 3emensHoi gingHku: 155 Kareropis semens: | 3emni o3gopoByoror ¥

Crpok kanitanisauii, pokie: 33 PeHTHUIA Aoxia: 0,0752

Koesiuient Kn:

Hasea rpynu: OyHKUiOHaNBHO-NAGE ¥ Hassa nokansHux dakropis: | MiCUEsHaxopkeHHs K~ 3naveHHs Kn:

Koedivient Kp:
Kp2-giacTaHe A0 aeToMOBiNsHOT
AOPOTY AEPXABHOTO 3HAYEHHS, KM:

10-15km-1.2 =y Koediuient Kp3: He HanexaTts 40 30H ¥ Koediuient KnT: 8ia 50 ao 100 Tuc. oc v

Halibanxunii Hacenennii

AHINPOA3EPXNHCE v
NyHKT:

O6nacTs: Axinponetpoeceka ol ¥ PaiioH: KAPHAYXIBKA >

FeoMeTpUUHO HalMeHLLa BIACTaHDb Bia MeXi
KaAaCTPOBOrO KBapTany A0 MeXi HACeNEHOTO MYHKTY 8
BIINORIAHO N0 N3HWX IHASKCHUX KAAACTDORMUX KADT. KM.:

LLinpuHa 30HM BNAKBY HaceneHux nyHkTie (1): Micra obnacHoro 3Ha ¥

Koediujent:  Linn=202.37 rps. 33

Koedivier Ke:

Koediujent Ke1:

Koediujent Kn2:

Koediuient Kea2:

Koediuientu:

Koediuier Knus:

Perion:

KoediuierTu:

YarapHukoBa pocauH ¥

Nicy iHwwmx karteropii v

MomipHo 3abpyaHeHi ¥

Ke1=1, Ke2=1,11, Kn1=1, Kn2

AxinponeTpoeckka

36epertv

KoediuienT Ka2:

Koediuient Kn3:

Koediuient Kea3:

8 Keal=

MpuzHaueHHs:

1,2, Kea2=0,9, Ke:

AxinponeTpoecska o ¥ KoeoiuieHT Kn1: 1

Jlicocten Y Koediuient Keal: TepuTopii HopMansH: ¥

Linni Y,

3emni o3goposyoror ¥ KoeoiuieHt Kmu2: Jins 3emens NpupoaH

Ckacysatn

t d Mz dztsPo3pabyHOK O1iHOYHOT BapTOCTI IUISIHKM aBTOMOOIIBHOI JOPOTH BiJIMOBIAHO /10

00paHoOro MeToay
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Po3pobnena ingopmaniiino-aHamiTHYHA CCTEMa, MAIOUH aKTyaJlbHY Ta JOCTOBIpHY 0a3y JaHHX
Ta TIOKa3HUKIB, MOXKe OyTH BHKOpHCTaHA eKCIepTaMHU-OI[IHIOBaYaMU Ta (aXiBISIMU AOPOKHBOI Tairy3i
TP TIPOBEIICHHI KOMIICKCHOT BAPTICHOI OITIHKA MaliHa JOPO’KHBOTO TOCITOAApCTBA.

BucHoBku

1. TIlpoBemeHHs BapTiCHOI OIIIHKKM aBTOMOOITBHHX OPIT 3arajJbHOTO KOPWUCTYBAaHHS Mae
BRXJIMBE 3HAUCHHS, OCKUIBKM BHUPIINIYE PSS  BOKIMBUX IUTaHb, HEOOXIMHUX IS TPUHHATTS
OOTpyHTOBaHUX pIllIEHh B TPOIECI YIPaBIiHHI MaifHOM JOPOXKHBOTO TocmomapcTBa. [lo HuX cimin
BiJIHECTH: BCTAHOBJICHHsI HASBHOCTI aKTHUBIB, BU3HAUCHHSI BiJIOBIIHOCTI iX (DI3MYHOTO CTaHy OIiHCHIH
BapTOCTi, BU3HAYCHHS peaTbHOI IIOTOYHOI BAPTOCTI aKTHBIB.

2. MeToau BapTiCHOI OIIHKH JalOTh MOXJIUBICTH IPOBOJUTH BAapTICHY OIIIHKY MaiiHa
JIOPOYKHBOTO TOCIIOJIAPCTBA 3 ypaxXyBaHHIM HOTO crienu(piyHUX 0COOIUBOCTEH.

3. IlpaxTuuHuii miaXig A0 BUPIMICHHS MUTAaHHS BAPTICHOI OI[IHKKA MaiHa € MiIIPyHTSIM s
MPOBEIEHHs] KOMIUIEKCHOI 1HBEHTapH3alii Ta BapTiCHOI OIIHKM aBTOMOOUIBHHX AOPIr 3arajbHOTO
KOPUCTYBaHHS, MO0 B MOJANBIIOMY JO3BOJHMTH 3aCTOCOBYBATH ii Yy SIKOCTI OJHOTO i3 KIIFOYOBUX
MEXaHi3MiB JIJIsl YCBIOMJICHHS (DIHAHCOBOT'O CTaHY JIOPO’KHBOTO TOCIIOAAPCTBRA.

4. Bukxopucransas iHpOpMaIiifHO-aHATITHYHOI CHCTEMH IO3BOJUTH BHKOPHUCTOBYBATH 0a3y
MOKa3HHKIB Ta KOEQIli€HTIB AJIsl TPOBEJCHHS PO3PaxyHKiB 3 BU3HAYCHHS BAPTOCTI MaifHa JOPOKHBOTO
TOCTOAapCTRA.

5. BiamoBigHO A0 pe3yibTaTiB pO3paxyHKiB MOXKHA POOMTH BHCHOBKHM IIPO CTaH MaifHa, SKi
CHPUATUMYThH MPUHHITTIO OOIPYHTOBAHUX YIPABIIHCHKUAX PIIIEHb MO0 MOJAIBIIIOIO BUKOPUCTAHHS
JIOPOXKHIX aKTHBIB.
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FEATURES OF CARRYING OUT THE COST EVALUATION OF PUBLIC ROADS

Abstract

Introduction. The evaluation of the property of road economy is a complex and important issue.
The implementation of the cost evaluation of real estate in Ukraine is based on the use of regulations,
provisions of national standards of property evaluation and regulations of the State Property Fund.

Problem Statement. One of the prerequisites for the effective operation of the road network of
Ukraine is the revision and updating of the regulations and property evaluation standards taking into
account international practice on cost evaluation of road assets, because today there is no regulations or
methodology that would consider practical approaches to the cost evaluation of the property of
economy. An equally important issue that needs to be addressed at the present stage is the procedure for
cost evaluation of roads and facilities on them which together with technical expertise will allow
obtaining a fair cost of the evaluation of road. Thus, it is necessary to develop methodological
approaches which will ensure the effective implementation of the evaluation of the property of road
economy taking into account current trends and international experience.

Purpose. The purpose of the work is to provide the most objective and comprehensive
evaluation of the property of road economy taking into account the use of various evaluation
approaches.

Materials and methods. Since highways can be attributed to a specialized type of property of
state-owned property, it is advisable to use methods of cost approach to evaluate it. The methodological
approaches and mechanisms for their implementation when carrying out the evaluation of the property
of the road economy are decisive. The basis of each of these methods is a set of evaluation procedures,
the implementation of which in a certain sequence makes it possible to carry out the cost evaluation.

Results. The result of the work are the main provisions of the methodological approaches and
guidelines that taking into account the requirements of the current regulations [1-5] ensure reliable cost
evaluation of roads and facilities on them and allow carrying out the expert evaluation for formation of
conclusions about the state of the road infrastructure property and its further use.

Conclusions. The proposed methodological approaches and methods for carrying out the
property evaluation includes evaluation procedures the implementation of which in a certain sequence
allows carrying out the cost evaluation of the property of the road economy, carrying out the expert
evaluation for formation of conclusions about the state of the property of the road economy and its
further use.

Key words inventory of property, cost evaluation methods, evaluation objects, highways,
information and analytical system.
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BATATO®YHKIIOHAJBHUN CKJIAL HA OCHOBI TIPUPOITHOI'O MIHEPAJY JIJIS
INPOPITAKTUKH OKEJIEIUII

ddetsls Oy " W

Beryn. ¥V Berymi oxapakTepH30BaHO CTaH aBTOMOOUTRHUX IOpir B YKpaiHi Ta ii BHTiHE
reorpadiuHe po3TallyBaHHS Ha HUISAXY JI0 €BpoiHTerpanii. OOrpyHTOBaHO IOUIJBHICTH 3aXO0JIiB IIOA0
Npo(ITAKTUKK OXKEJICIUI[I Ha aBTOMOOUIBHUX JOporax, IO MOKPAalIUTh SKICTh aBTOMOOUIBHUX
nepeBe3eHb 0COONIMBO B 3UMOBHI IIEPiOJ Ta 3arajioM CIPUATHME 3HW)KEHHIO BUTPAT HA YTPHUMAaHHS B
HaJIC)KHOMY CTaHi BCi€l TPaHCIOPTHOI iHPPACTPYKTYpH.

IIpoGnematnka. I[IpoBemeHo aHami3 OCTaHHIX MOCTiKEHB 1 MyOJNiKalid 3a TEMaTHKOIO
JOCITIPKEHHSI, TPOaHaIi30BaHO OCHOBHI crtocoOu OOpOTHEOM 3 OXENeIUIICI0: MeXaHIYHUH, PPUKIIHHNT,
xiMiuHMY 1 KoMOiHOBaHMM. CHCTEMAaTH30BaHO MIEPEBAry 1 HEJOIIKU BiZIOMUX CIIOCOOIB Ta PELETITYP, 110
BHKOPHUCTOBYIOTHCS JUTS PO ITAKTHKH OXKellel Ha aBTOMOOUTFHIX JOPOTax.

Merta. YV ¢dhopMyJtOBaHHI HiJICH CTaTTI HABEJCHO METY AaHOI pOOOTH — IIe 3aMiHa TPaJULIHHUX
MIIIAaHO-TPAaBIMHUX CyMimied (BiJICiBIB) TBEpAWX MOHOJITHHX TIOPiA, IO BUKOPHUCTOBYIOTHCS IS
Npo(IIaKTUKK OXKEJICAMIN, Ha TTOPUCTI B KOMOIHAIT 3 XiMiYHUMH J00aBKkaMu. O0’€KT NOCITIIKSHHS —
MPUPOIHUH, MIKPOMOPUCTUN MiHEpa-ieoiT. MikpormopucTa MHpUpoAa ILEoJIiTy 3alde3rneuye Horo
BHUCOKI COpOIIiifHI BIACTHBOCTI, BiAMOBIAHO, PO3MIMPIOE MOMIIMBOCTI BHUKOPUCTAHHSA IHTPEIIEHTY B
MOEAHAHHI 3 TPAIUIIHHUMH XIMIYHHUMH peareHTaMu (CoiisiMH) ais mpodidakTUKK oxenenuni. Taka
penenrtypa (ckiam) € OUThII TEXHOJOTIYHOIO, 3MEHIIUTh BUKOPHUCTaHHS XIMIYHHAMH PEareHTiB i,
BIZINTOBITHO, 3a0€3MeuyBaTHMe MEHIIIE €KOJIOTIYHE HABAaHTAKEHHS Ha TPAHCIOPTHI IUISXU Ta MPUIIETITY
TEPUTOPII0, 3aBJIIKK BUCOKHM COPOIITHIM BJIIACTHBOCTSIM TOIIIO.

Martepianu i MeToau. 3a AOMOMOTOI0 CHCTEMHOTO MiAXOMy JOCTiIKEHO MeXaHi3M B3aeMOIii
COJi 3 JIOJIOM Ta CHITOM, PO3paxOBaHO KPIOCKOMIUHY CTaiy Juisi Bonu. [IpoaHanmizoBaHO MeXaHi3M
pO3YMHEHHS, SKUA € (QI3UKO-XIMIYHHM, aJDKe COJbBaTalis i0HIB coOJi (XIMIYHOTO KOMIIOHEHTY)
CYIPOBOJDKYETHCS TEIIOBUMHU sBUINAMHU. [10Ka3aHO TakoX, IO ISl CHJIBHO PO3BEACHUX PO3YMHIB
MOJISUTbHA KOHIIEHTpAILis 30iraeThcst 3 MOJIBHOIO KOHIICHTPAIIEI0.

Pesynpratu. HaBeneHo moBHY XapaKTEpUCTHKY MiHEpaly LEOJIT, BCTAHOBICHO HOTO OCHOBHI
(i3WYHI BIACTUBOCTI, SIKi JIEMOHCTPYIOTH OUEBHUJIHI TIepeBard ICONITy B MOPIBHSAHHI 3 TPaIUIlIHHUMU
minfaHo-rpaBiiiHuMu cymimamu. [lpeacraBneHo TepMOAMHAMIYHI XapaKTEPUCTUKH, KOHIEHTpaIliiiHi
(hakTopy (MOBITHUKOBI TaHi AJIs PI3HUX COJEl), AKi TO3BOJIATH J0OPaTH OB ONTUMATEHUHN XiMIYHUHA
peareHT (Ciib YM TXHIO CyMIilll), 3 BpaxyBaHHSIM POOOYMX TEMIIEPATyp, €KOJOTIYHOCTI, JIOCTYITHOCTI
TOLIO.

BucHoBku. JlocmipKeHHST CEpPeIOBHIN Ha OCHOBI MPHPOIHLOTO MiHEpaly LEOJIT 3 J00aBKOIO
TPaJULIHHUX KOMIIOHEHTIB COJIeH, B AKOCTI cymimn ais HmpoQiakTHKH OXKeJIeOli aBTOMOOILIBHUX
JIOpir, y TOMY YHCJi MOCTiB, IUIAXONPOBOAIB, TPOTYyapiB, MOKa3aj0 MEPCHEKTHBHICTH BUKOPUCTAHHS
MPOTHOXKEJISTHUX MaTepialiB 3alpPOIIOHOBAHOIO CKJIAAY Ta BHU3HAYMIIO HEOOXIAHICTH MOAAIBIIMX iX
JOCITiDKEHB.

s dzt yts 9 ' apfonbEEEmBHOIOpOrH, OXKETEAUIIA, CHIT, IIEOIIT, Cillb.
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Beryn

[Haexc sKocTi aBTOMOOUTEHUX HOPIr B YKpaiHi OauH 3 HAHTIPIINX, HE OUBISYUCH HA BUTITHE
reorpadiuHe po3TalTyBaHHS AepKaBH HA MUIIXY OCHOBHUX TPAH3UTHHUX MTOTOKIB Mi>k €BpoToo 1 A3i€to
Ta HasABHICTh PO3TANTY)XEHOI Mepexi aBTOMOOUTRHUX [Opir 1 BIANOBIMHOI TPAHCIOPTHOL
iHppacTpykTypu. Lli 0OCTaBMHU CTPUMYIOTH PO3BHTOK Tajly3i, 3MEHILIYIOTbCS OOCSTH TPaH3UTY
BaHTaXiB uepe3 TepuTopito Ykpainu. B 3akoni Ykpainum «IIpo aBTOMOOINBHI JOPOTW» aHOHCOBAHO
OymiBHUITBO, (DYHKLIOHYBaHHSA, PEKOHCTPYKII0, PEMOHT Ta YTPHUMaHHS aBTOMOOIIBHUX JAOpIT B
iHTEepecax JepKaBy i KOPUCTYBadiB aBTOMOOUTBHHX Jopir [1].

Ha mosixy o eBpoinTterparii YkpaiHu TpaHCIIOPTHA Taly3b AepKaBH € OJHOIO 3 IPOOJIEMHIX,
SIKICTh TOPOXKHIX CITONYYeHb fK 1 SAKICTh aBTOMOOLTBHIX IepeBe3eHb HE BiAMOBINAIOTH BUMOTaM 4acy,
aKTyaJIbHUM 3aJIMIIA€ThCS MUTAHHS SIK (iHAHCYBaHHs, Tak 1 €()EeKTUBHOIO BUKOPHCTAHHS KOLITIB.
OnHak, B IIMX YMOBax ajJbTEPHATHBHUMH 3aXOJaMH U PO3BUTKY TPAHCHOPTHOI raiy3i € MOCTYIMoBa
MOJICpHi3allisl Tany3i, KOMIUIEKCHUH WiAXiJ J0 BHUPIIICHHS HarajbHUX MOTPed Ta IUILOBE
¢iHaHCyBaHHS, HampuKial, Ha CE30HHY MNPOQUIAKTUKY OXKEJICOUIl aBTOMOOITBLHHUX  JIOPIT
(TpancnopTHHX 1DIAXiB). OXxenmeap Ha aBTOMOOLTBHHX JOpOorax YKpaiHH TOTIpIIye MEepermycKHY
3IaTHICTh aBTOMOOLIBHUX JIOPIT, Pi3KO 30UTBIIYE KUTBKICTh JOPOKHBO-TPAHCIIOPTHUX MPUTOJ TOIIIO.

Oxenenp — Imap JbOAY, IO MOKE€ BHHHKHYTH Ha TBEpIil MOBEpXHI JOPOTH (CyXOAOIy) B
3UMOBHIA TEPioJl PU TOXOJOAaHHI (MIHYCOBHX TeMIIepaTypax ud Temmeparypax Omusbkux 10 0°C).
Oskenelb CYTTEBO MOTIPIIYE 3YETJICHHS KOJIC TPAHCIIOPTHOTO 3ac00y 3 MOKPUTTSIM JOPOTH, HOCHTD
CC30HHMU XapaKTep, € HACHIIKOM (hi3MYHHUX MPOLECIB MPH OXOJIOKCHHI: KOHJECAIlisl BOASHOI MapH,
HaMep3aHHs Kpareib MepeoX0JI0PKEHOTO AOILY YU MPSKH, a TAKOK XapaKTePH3YEThCS IHUKIIYHICTIO,
00yMOBIICHOIO TOOOBHM KOJIMBAHHSM TEMIIEPAaTypH BIEHb Ta BHOUYI. Okene/b, 3a3BUYAi, 3'SIBISETHCS
IpY MiABHUIIEHIH Bosorocti mositps (moHan 90 %) Ha OiUISHKAX, IO MEXYIOTh 3 PIUKOIO, KaHAJaMHu,
o3epaMu a00 IHITUME BOAOHMaMH.

[Mpobnema oxkenenuii TPAHCIIOPTHUX MaricTpajiedl HaiOiNbII BiUuyTHa B 3UMOBHI MeEpiof,
SIKUH, HE AMBIITYMCH HA TIOMIPHHUI KiiMaT YKpaiHH, € JOCUTh TPUBAIUM. 3HAYHUMH € TaKOXK HACIIJIKH
3MMOBOTO TIepioy, MOB’s3aHi 3 CYyTTEBMM 30UIBIICHHSM JOPOKHBO-TPAHCIIOPTHUX TPUTOJ, Tak i 3
HEOOXIZHICTIO MPOBeeHHS MPO(MIIAKTUYHUX 3aXOJiB, HACTYIIHUM DPEMOHTOM JIOpir, i 0coOIHMBO e
CTOCY€ThCS. PEMOHTY MOCTIB, sKi HaiOiiblle cepell JOPOXKHIX O00’€KTIB TOTEPIalTh B MPOIECi
eKCIUTyaTaIlii.

JopedHo 3ayBakWTH, IO IHTEHCHUBHICTh OOJICICHHIHHS TOBEPXHI CYXOOIY MOCTIB 3HA4HO
OlybIlia 32 OJMHAKOBUX IOTOJHIX YMOB B IMOPIBHSHHI 3 aBTOMOOUIBHOIO JIOPOTOI0, IO MOSICHIOETHCS
HIBUIKUM TIPOMEP3aHHSIM JOPOKHOTO TIOKPHUTTS MOCTY TIPHY 3arajibHOMY ITOXOJIOJIaHHi.

Hany mpobnemy moTpiOHO PO3IIsSAaTH 3HAYHO INHpINE, ajpkKe B 3MMOBHH Tepioj] HEOOXiTHO
3a0e3MeYnTH PyX TPAHCIOPTY Ta Oe3leKy Ha Joporax JUisl BJIACHUKIB TPAHCIIOPTHUX 3aCO0IB 1 IS
MIIOXOJiB Ha Tporyapax. lIpoOremarnka oOJKeleauili OXOIUTIOE HE TiJIbKM aBTOMOOUIBHY JOpOTY
3arajlbHOrO KOPHCTYBaHHS Yy MeKaxX CMYTH BiiBeleHHs (3eMJIsIHE NOJIOTHO; MpOi3/Ha YacTHHA;
JOPOYKHE TIOKPHTTS; CMyTra pyXy; CIIOPYAM JOPOKHBOTO BOIOBIIBOIY Ta BOAOOYHCHI CIIOPYAM; IHIII
IHKEHepHI  OONAINTYBaHHS: CHITO3aXWCHI CHOPYAM, NPOTWIABUHHI 1 MPOTHCENEBI CHOPYH;
VIIOBITIOBANIBHI 3’13/, HATIpHI KaHABW; BUTIAPHI OacelHM; BIIKPHUTI Ta 3aKPUTI JAPEHAXKHI CUCTEMH. .. ), &
TaKOX MILIOXIIHI MPOXOH, TPOTYapH Ta 1HIII BiJIOBIHI €IEMEHTH AOPOXKHBOI IHPPACTPYKTYpH.

Tomy nipobieMa oXeJeTUIll, OUHMILEHHS CHITY € BiTYyTHOFO JUIS BEJIMKUX MICT, III0 00YMOBIICHO
BEJIMKOIO KOHIIEHTPAILi€l0 TPAHCHOPTY, HASBHICTIO KOMYHIKalild OyAWHKIB, MiIIOXOIiB, TOIIO, IO
3arajloM yCKJIaJHIOE€ IPOBEICHHA NPO(iTaKTHUHUX 3aX0IiB.

02Oz L. BMisOdzdz’ = H 15T dK nexysye dataniz iHpofmzl sz Tedadmgoro 2

nochipkeHsb [2, 3] HaHOUTBII TOMIMPEHUMH CIIOcO0amMu OOpOTHOM 3 OXEIEAMIICID € MEXaHIYHUH,
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MIOCHUITaHHS JIOPIT TICKOM, ITiCYaHO-TPaBIHHOIO CYMIIIIIO (TPaHITHOK KPUXTOKD) Ta COJEBUMH
CKJIaJIaMH Ha OCHOBI mimaHo-rpaBiitaux cymimeid (mami — III'C). 3a inmoro kinacudikarieo [4, 5]
PO3PI3HAIOTH MEXaHIYHUH, PPUKIIHHUHN, XIMIYHINA cOcO0H 1 iX KoMOiHawii. JJouinbHO po3MeKOBYBaTH
crocoOu TMpoBeneHHsT MPOPUIAKTUYHUX 3ac00iB Ta CKIaaHM (CyMilll KOMIIOHCHTIB) JJIsi BUKOHAHHS
MOCTaBJICHHUX 3aB/aHb.

Koxen 3 mux cmocobiB, SK 1 penenTypu KOMIIOHEHTIB, MalOTh CBOi Cdepu 3aCTOCYyBaHHA,
XapaKTepPU3yIOThCA TEXHIKO-eKOHOMIYHIMH ITOKAa3HUKaMH MO0 OMUTFHOCTI iX BUKOPHUCTaHHS, MAalOTh
CBOi TlepeBard Ta HEAOJIKH, a TOMY MUTaHHS PO3pOOKH HOBHX PELENTYpP € aKTyalbHUM 3aBIaHHIM Ta
MaTHMe TePCTIEKTUBH II0A0 MPAKTUYHOTO BUKOPUCTAHHS [6].

MexaHigyanii cnoci® € naBHIM HamiWHAM, OJHAK, € CaMHUM BHTpPaTHUM, TPHUBAIUM 1
Hee()eKTUBHUM, SKIIO BHKOHYETHCSA HeEperyiaspHo. HaBiTh dacTkoBa MexaHi3amis JaHOTO CHOCOOy
MOKE TPHU3BOAUTH [0 TOMIKOMKEHHS JOPOXHBOTO TOKPHUTTS, OOpAIOpiB, TPOTYyapHOI IUINTKH,
OpYKIBKH, 1110 MOXE 3HIKYBATH 1X TepMiH ciIyOu B 2 1 Oinbine pasis [4, 5].

Opukuiitnuii crocié mepeadadae BUKOPUCTAHHS IICKY, BiJACIBY, TPaHITHOI KPUXTH, CIIPHSE
30impimeHHI0 cuid TepTsa. Crocid BUKOPWUCTaHHA CUIKWAX MarepialliB, He IUBISIYNCH HAa 3HAYHY
€KOHOMII0 KOIITIiB BiJi BAKOPUCTAHHS JOCTYITHUX Ta JEIIEBUX CHUIKMX MaTepialiB, HOCUTh BHKJIIOYHO
MUTTEBY BHUTOJy. AOpasuBHHI MaTepiayl pi3HOI MPUPOIM Ta TOXOKCHHS TUCIEPCHICTIO J0 5 MM,
MOCHUITAHWH Ha MPOi3HIN YacTHMHI JOpOTH, 3JAaTHUH MiABUINUTH KoedilmieHT 34eruieHHs no 0,3.
TpuBainicTs Takoi TpPodiTaKTHKH YMOBHO cKjianae He Ounpmie 0,5 roguHu, MaTepial HE 3aTPUMYEThCS
Ha TPOI3HIH YacTHHI, PO3CIFOETHCA A0 oOoumHM moporu. Llef cmoci6 HalOimeml eQeKTHUBHHNA MpH
BIJICYTHOCTI aTMoc(epHUX OMaiiB Ha MiAHOMax, CIyCKaX aBTOMOOITBHHMX IUIAXIB, /€ LIBHIKICTH
TPaHCIIOPTHUX 3aco0iB oOMexxkeHo. HemomikoM MeTony B yMoBax 3Ha4yHOI ypOanizamii Mict €
JOJaTKOBI BUTpaTH Ha NPUOUpaHHS BiJNOBIIHUX TEPUTOPIH, YTHII3allil0 OTPUMAHHX MPOIYKTIB,
OpynmHOi Kamr OcOONMBO B TMEpioN BiUIWTH, 3YMOBICHOI CE30HHHUM BECHSHHM MOTEITUIIHHSIM.
BuxopucranHs abpa3uBHHX MaTepialiB THITY TPAHITHOTO BiJICIBY MPU3BOAMTH JI0 3aCMIYE€HHS CHCTEM
BOJIOCTOKY [3, 5,6].

XiMiyHUH cmoci® Oumbil  epEeKTHBHUI 3aBASKH BHKOPHUCTaHHIO J00aBOK coyed, sKi
3yMOBIIIOIOTH TaHEHHS CHIry, JbOay. BiH T03BOJS€ 3HM3UTH HOPMY BHTpAT CHIIKHX MarepialiB
Bimmosigno Bim 700 /Mm% 10 (200-300) r/M?. TexHiuHA CiTb BiTHOCHTBCS 1O HAHOGLIBLI JTIOCTYITHAX
3aco0iB 0OpoThOM 3 okenenuieto. Ha Oe3neuHnX MUISHKAX JOPIr HOPMH BHTPATH MIl[aHO-COJLOBHX
cymimeit cranoByiaTe Big 100 r/M? 10 400 1/M?%, 260 0,1-0,2 M° Ha 1000 M MOKPHTTS, 3 Ha HEOE3MeUHMX
0,3-0,4 M°. Aute pora, O YTBOPIOETHCS B Pe3yIbTATi TAHEHHS CHITY Ta JIbOIY, € OJHAM 3 HAiOiIbII
arpeCMBHUX PO3YMHIB 1 3aBia€ icTOTHOI mkoad. Lle — akTuBHA KOPO3is METalliB i KOHTaKTYBaJbHUX
MTOBEPXOHb MOCTiB, KOMYHIKaIlil Ta BiAMOBiAHA iHQPaCTPYKTypa, HE MEHIIINH 32 00CSATaMHU € PYHHIBHHIA
BIUTMB COJIEH Ha B3yTTs, Ky30B aBTOMOOLIS, TOIO; BUIIJICHHS XJIOPY B aTMocdepy, B TOMY YHUCIi MPH
yTUITi3alii HeraTUBHO BIUIMBAE HA JIIOJUHY, MpUpoAy Ta noBkums. Lli dhakTtopu B neskux KpaiHax Ta
BEJIMKHMX MEraroJjiicax Mpu3BeH 10 3a00pOHH BUKOPUCTAHHS XJIOPUIY Hatpito [3, 6].

Komb6inoBanuii cmnoci0 € HaWOiIBII ONTUMAIBHUM 1 I1HHOBAaUIHHUM JUIS MPOQITaKTUKA
OXKENIeIUII 3aBJIKM BUKOPHCTAHHIO OLIbII €(QEeKTHBHUX B TMOPIBHAHHI 3 XIJIOPHJIOM HATPIIO
npoTuBooXkenenHux MatepianiB [IOM Ha OCHOBI XJIOPHY KAIBIIIO 1 XJOPHY MarHito, B TOMY YHCTi Y
BUIJISAI PO3YUMHIB, 110 3abe3medye GibII HI3BbKI HOPMH BUTpat B cepeansomy 70 r/m?, Toxi sik TICC
300 r/m’°, Sk TOKa3ye aHaii3 NTEPATYpHMX JDKEpes, NATEHTiB, TA HOPMATHBHHX pErIaMeHTiB,
BukopuctanHs [IOM Ha OCHOBI XJIOPUJIIB KaJIito, KaJIbI[il0, MarHil0, a TAKOXK IXHIX CYMIIIed 3yMOBIIOE
JIeTII0 MEHIIT po0JieMH B MOPIBHSAHHI 3 TPAUIIIHOO CIILTIO - XJIOpUI0M Hatpito [3-6].
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HanparsoBanwuii gocBin [8] 103Bosise 00TpyHTYBaTH peKOMEH/IALIIT 1010 BUOOPY ONTHMATbHUX
3aco0iB  OOpOTHOM 3  OXKEJEeOUIIeI0 Ha OCHOBI  TEXHIKO-€KOHOMIUYHMX  HOMEHKJIATYpPHHX
MOKa3HMKIB SKOCTi, 3 BpaxyBaHHSIM TIIOKa3HHUKIB O€3MEKHM Ta EKOJOTiYHOCTI Il HaBKOJIHMIIHBOTO
cepenosumia [9-11], a came:

—  XiMiYHI KOMITOHEHTH 3ac00iB TIOBHHHI TapaHTyBaTH MIiHIMaIbHUI BIUIMB Ha KOPO3ifO
MOCTIB, JOPOXHBOI 1H(PACTPYKTYpPH Ta TPAHCIIOPTHUX 3aCO0IB;

— IOKiATMBI  KOMIIOHEHTH CKJIQAy TIOBMHHI TapaHTyBaTH MIiHIMAJIbHWUN BIUIUB Ha
3a0pyIHEHHS TPYHTIB MPHWIETJIUX 10 aBTOMOOIUIBHHUX JAOPIT, TEPUTOPIH i IPYHTOBUX BOJA XJIOPUAAMH,
[0 CIIOCTEPIraeThCs B TIEPioJl IHTCHCMBHOTO TAHCHHS CHITY;

—  KIJIIBKICTh BHECEHHMX pPEareHTiB Ui MpoQiIaKTHIHUX PoOIiT MOBUHHA OYTH MiHIMANBHOIO,
a/pke BOHA TIPSMO MPOTIOPITiiiHA 3aTalIbHIN BUTPATI MTPOTHBOOKEIICTHIUX MaTepiaiiB;

—  XJIOpUAM YaCTKOBO HAKONMYYIOTHCS B IPYHTI, @ YaCTKOBO IO T'€OXIMIYHMM JIaHIFOTax
BHMHWBAIOTHCS B TPYHTOBI BOAU(TPYHTIB, TOBEPXHEBHX 1 IMiJ3EMHUX BOJI).

[lo miifi mpwunHI JOUITBPHEM € po3poOKa Ta BIPOBAMKCHHA TPAaHUYHUX HOPM BHUTpAT
MPOTHBOOXKENEIHUX MaTepialiB 3 €KOJOTiYHOI TOYKM 30py, IO JO3BOJIUTH YIOCKOHAIUTH Jilodi
HOPMAaTHBHI JJOKYMEHTH B YKpaiHi JO BUIIOTO PiBHS €BPONEHCHKUX CTAHAAPTIB, sIKi OYAyTh MOBHICTIO
BIJNOBiZIaTH BUMOTaM O€3MeKH JOPOKHBOrO pyxXy Ta 3abesnedars Oanmanc B cuctemi «Jlopora -
HaBKOJIMIIHE cepeaoBuiie» [9].

A Sted3lz dzs 9 O dzdaw Y . dAgpXkauuf) IskGMsrdaom  Ykpainu 10 KHTIOBO-
KOMYHaJIbHOMY TOCIIOJJapCTBY 3aTBepkeHO « T eXHivHI mpaBuiIa Mo PeMOHTY MiCHKUX BYJIHIIb 1 JOPIr
(Ne 010-94 Bim 27.12.1994 p. 3okpema, m. 3.9. 3a3naueHux [IpaBun mepenbadae BUKOHAHHS pPOOIT
CE30HHOT'0 XapakTepy, 110 3a0e3MeuyloTh HAIEKHY YUCTOTY JAOPIT 1 HOpMaJbHI YMOBH E€KCILTyaTallii.
I1. 4.5 oOymoBIIOE HEOOXIJHICTH PETYJSPHOTO OYUIICHHS TOPOXKHBOTO TOKPUTTS BiJl 3a0pyJHEHHS,
JIKBIIAIiF0 3UMOBOI OXeJIel, CBOEYacHe 30MpaHHS CHIXHHMX BaJliB, TOINO. [IpaBuia periaMeHTyIOTh
IBA TpOLECH — Mpo(diTaKTHIHy OOpOOKy 1 Oe3MmocepeHbO YHINEHHS JOPOKHBOTO TOKPHUTTSL.
Bigmosigao mo 1. 7.27 npodidakTHKy MOTPiOHO TPOBOIUTH 32 1-2 TOAWHYU 10 BUHUKHEHHS OXKEJIeInIT,
MPOTHO30BAaHOT METEOCIIOCTEPSIKCHHAMH. UMINEHHS BigOyBaeThbCs B JIBa ETalM: CIIOYATKY JIiJ
00OpOOIISIOTH CILTIO, @ Yepe3 3-5 TOIUH CKOMIOIOTH CHELiaIbHAM YCTaTKyBaHHSIM.

VY BignosigHocti 1o cranaapty JCTY 3587 «TexHiuHe 00CIIyroByBaHHS JOPIT, PEMOHT JIOPIT,
CE30HHE YTPUMaHHS JOpIr» Npo(diuIaKTUKa OXKEJISAUIll BIIHOCHTBCS IO BUAY POOIT MmiJi 3arajibHOIO
Ha3BOK0 «YTPUMAaHHS JIOPIr» — KOMIUIEKC pOOIT, B Pe3ynbTaTi SKHX MiATPHUMYETHCS TPAHCIIOPTHO-
eKCIUTyaTalliiHiid CTaH JIOPOTH, JOPOXKHIX CIIOPYZA, CMYTH BiJBEIEHHS, €JIEMEHTIB OOJIAIITyBaHHSI
JIOpOTH, opraHizarii Ta 6e3neku pyxy [4, 9].

Io 1itt mpuywHI po3poOKa HOBOTO CKIAAY JUIsl TPOQIIAKTHKY OXeNeuIl TTOBUHHA 0a3yBaTUCh
Ha BUKOPWCTaHHI HAsSBHUX HOPMATHBIB, iICHYFOUHMX 3aCO0IB Ta TEXHIKM JJIs TPOBEIEHHS BKa3aHUX
poOiT. AHaii3 JiTepaTypu 3a TEMaTHKOW JociijpkeHHs [4, 6, 11] moka3as, 110 A€TaIbHO JOCHTIIKEHI
XimMiuHi 700aBkM A0 mimaHo-rpaBiitanx cymimed (III'C) mis npodinakTuky oxkenequIi, IXHil
ACOPTUMEHT € HIMPOKUM, JOCTYITHUM, 1 IPECTABICHUI BarOMUM CIIEKTPOM pEareHTiB, TAKOX JETAITBHO
BHUBUYEHHI MEXaHi3M IXHbO1 (Pi3UKO-XIMI4HOT mii.

Tomy OinbIINI HAYKOBHH Ta MPaKTHYHHUNA 1HTEpEC MPEACTABISE AOCTIIKEHHS 1HIINX «HOBUX»
MaTepialiiB B sfKOcTi 0a30BOro MaTepiaqy B3aMiH TpaJMLIHHOrO — BiACIBY MiHepajiB, IO MAaloTh
HOPUCTY KpUCTaliyHy OyIOBY Ta CTPYyKTypy. Takum MmiHepaiom € neomt (puc. 1, @, b), minepan
JOCTYITHHH, TIPOMHUCIIOBO BUJOOYBA€ETHCS Ta MAa€ IIUPOKHHA CIEKTP BUKOPUCTAHHS, B TOMY YHCII B
OymiBHUITBI. JOIIIBHICTE BUKOPUCTAHHS MPUPOJHBOTO MiHEpally HEeoNiTy XYCTCHKOTO II€OJIITOBOTO
3aBOJIY, 3 J00aBKOI KaM'sHOI couti Ut npodiIakTHKK OXxeneauil Bxe BuzHadeHa [8]. beszamepeuno,
BUKOPHUCTAHHS XJIOPUIY HATPilO MOBHUHHO OyTH MOCTYNOBO OOMEXEHE Ta 3aMiHEHE Ha peareHTH OibII
€KOJIOT14YHO Oe3MevHi Ta MEHII arpeCHBHI 11010 KOHCTPYKTHUBHUX MaTepiais.
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{ J Is fAHoi poboTH — € TOCITIPKSHHS CEPEIOBHUII HA OCHOBI MPUPOIHHOTO MiHEPATy HEOMITY 3
N00aBKOIO TPaAWLIHHUX KOMIIOHEHTIB coJied B SKOCTI CyMilli Ui MPOQINaKTHKH OKeJIeTUIi
TPaHCHOPTHUX LUISAXiB, HUISIXOMPOBO/IB, TPOTyapiB. B pe3ynbraTi OUiKyeThCs: 3MEHIICHHS KiTBKOCTI
pCareHTIB XJIOPUIIB HATPIl0, KaJbIlil0, MarHito; 3a0e3MedYeHHs OiLIbIIOI TPUBAIOCTI BUKOPUCTAHHS
Cepe/IOBHIL; 3MEHIICHHS EKOJIOTIYHOTO HABAaHTaKEHHS HA JOBKULIA B 30HAaX MPUJIETJIMX 0 MOCTIB i
IUISIXOMTPOBOIIB.

MeTa poOOTH JOCSTAETHCSA JOCTIHKEHHSIM TEXHOJOTIYHUX BIIACTHBOCTEH 3alipONOHOBAHUX
CKJIa[liB TPOTHOXKEJIEIHNUX MaTepiajiB, IO AacTh 3MOTY PO3pOOMTH iX BIANOBIMHI PEHENTypH 3
BpaxyBaHHSIM BiJIOBIJHOCTI OCHOBHHUM €KCIUTyaTaliiHIUM MOKa3HUKaM Ta 3HU3UTH BIUIMB HA TOBKIJJIA.
HactynmHuM KpoKOM € BU3HAUEHHSI TEXHIKO-€KCIUTyaTaliifHOl e()eKTHBHOCTI.

Bukaan ocHOBHOT0 MaTepiary J0CTiKeHHS

[ BU3HAYCHHST OCHOBHHUX EKCIUTyaTaliiHUX, TEXHOJOTIYHUX IOKa3HHUKIB pearecHTiB s
npo(iTaAKTHKH OXKEJICAUII HEOOXIJHO BHUBYMTH MEXaHI3M B3a€MOJIl XiMIYHOTO peareHTy (couti) 3
JHOJIOM Ta CHITOM (TBEpJUM arperaTHUM CTaHOM BOAM). Lle HarmsaHo MOXKHA PO3TIISTHYTH HA TIPUKIIAAIL
TEXHIYHOI KaM’sHOI COJi — TPAAUIIHHOIO KOMIIOHEHTa JUIs mnpodimakTuku oxenequii [8].
ExcriepyiMeHTaIbHO OYJIO BCTAHOBJICHO, IO KPUCTAIM CYyXOTO XJIOPHY HATpPik0, TIOMIIICHI HAa TBEPILY
MOBEPXHIO JhOAY (CHITY), PO3UMHSIOTHCA Jy>Ke MOBUIBHO 1 3 MOTJIMHAHHSAM TEIUIOTH, 3 YTBOPEHHIM Ha
MOBEPXHI KpUCTAITY BOJSHOI IUTIBKH. [104aTKOBHI PO3YHH aKTUBI3Y€E MOAANbBIIE PO3UMHEHHS 3AJTUIIKIB
comi. Ilig miero BiacHOi BOJIOTM 1 MPHM BIJHOCHO Maiil MIBUJIKOCTI PO3YMHEHHS OKPEMi YaCTUHKHU
XJIOPUCTOTO HATPII0 MPOHUKAIOTH Yepe3 Imap JIbOAY Ha IMOBEPXHIO JOPOXKHBOTO IOKPUTTS, IO B
pe3ynbTaTi MOCIa0IIoe 3B'SI30K MK JTOPOKHIM TOJIOTHOM 1 miapom nsoxy. Ilicist Toro, sik Kpuctamn
PO3YHMHUTHCS, BiH TPOJOBXKYE HAKOMMMYYBATH TEIUIOBY eHeprito. LIIBHIKiCTh TaHEHHS 3aJIeXKHUTHh Bij
MIBUJKOCTI PO3YMHEHHS COJEH 1 EBTEKTHYHOI TeMIepaTypd pO3UUHIB (TeMIepaTypud IOYaTKy
KpHUCTaJTi3allii).

Januii MexaHi3M pO34MHEHHS € (I3UKO-XIMIYHHI, TaK SIK CYIPOBOKYETHCSI €IEKTPOIITHIHOIO
JIMCOIIIAIIIEI0 COTIeH 32 PiBHSHHAM

NaCl + Boga ---> Na + ClI.

ConbpBarailis i0HIB CYHpPOBO/UKYIOTBCS TEIUIOBUMH SIBUIIAMH 1 TPOTIKAE JI0 HAaCTaHHS
TUHAMIYHOI piBHOBarM Ipw MAaHii Temmeparypi. ToOTo cam mporec TPOQITAKTHKUA OXKEIEAUIIL
0a3yeThCcsl Ha SBHII KPIOCKOMIl — 3HW)KEHHS TEMIepaTypy 3aMep3aHHsS PO3YMHY MPOIOPIIHHO YUCTY
YaCcTOK PO3YMHEHOT PEUOBHHH, 1[0 OMUCYETHCS 3aKOHOM Payns. Ponb XiMiYHOTO peareHTy O4eBUIHA —
ClJIb TUIABUTH JIiJI, a MiIaHO-TpaBiiHa CyMIlll 3MEHIIY€E KOB3KicTh. OJHOYACHO Ma€ MICIle MEXaHIuHe
«pO30MBaHH) OXKeJe/li KoJiecaMd TPaHCIOPTHHUX 3aco0iB. [Ipu MOTparuisiHHI peareHTa Ha TOBEPXHIO
JbO/Ty HOTO YaCTKHM CHOYATKY IMOBHHHI PO3YMHHUTHCS 3 YTBOPEHHSM PO3UMHY, SKHH Mae TeMIeparypy
3aMep3aHHs HIKYE TeMIlepaTypH 3aMep3aHHs BoAW. besnepeuHo, 1o npu MoHmKEHUX TeMIlepaTypax B
peaNbHUX 3WMOBHX YMOBaX KUIBKICTh peareHTa HEeOOXiTHO 30iNbIIyBaTH MPOTOPIIHHO Tpai€eHTy
TEeMIIepaTypyd HaBKOJMIIHBOTO cepeqoBuiia. Came pO3YdH COJi, IOKM HOT0 KOHIIEHTpAIisl Taka, IIo
TeMIeparypa 3aMep3aHHsl HUKYE TeMIIEpaTypH IUIABICHHS JILOJY, PO3TOILTIOE JiJl. TOMY MIBUIKICTH
TaHEHHsS JbOJAY 1 CHITY 3aJIe)KWTh BiJI IMBUJIKOCTI PO3YMHEHHS COJNIEH 1 €BTEKTHYHOIO TEMIIEPaTypH
PO34HHIB.

3HIKEHHS TEeMIIEpaTypd 3aMep3aHHs PO3YMHY THUM 3HAuHIlle, YMM BHUIIE KOHIEHTpALis
PO34YMHEHOI pE4OBUHU M

t3aM = Km:
ne K — koedilieHT MponopuiiHOCTi, HA3UBAHUH KPIOCKOIIYHOIO CTAJIOK;

M — MOJIsUTbHA KOHIICHTPALII€l0, 10 JOPIBHIOE YKMCIY MOJIB po34uHEeHol peyoBuHu B 1000 M

PO3YMHHUKA.

36ipHuk Haykosux npayb «[JOPOT'U I MOCTHU» www.dorogimosti.org.ua
20 ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20



TEXHOJIOTTi 3AXUCTY HABKOJIMIIIHbOTI'O CEPEJJOBHUILIA

[Ipu nnaBaeHH1 THOAY PO3UMHH XJIOPHUIIB PO30ABISIOTHCS, iX KOHIEHTpalis nagae. Po30aBneHi
pPO3YMHM MAalOTh TeMIepaTypy 3aMep3aHHs BHINE, HDK KOHIICHTPOBAaHI 1 MOXYTh 3aMEp3HYTH,
BHKIIMKAIOYHN JOJATKOBY CIHM3BKICTh, III0 OCOOIHMBO XapaKTEePHO MPH 3aCTOCYBAaHHI XJIOPHCTOTO HATPIIO
1 MIIAHO-COMLOBUX CyMilliel Ha Horo ocHOBI [6].

Jns cuiapHO pO3BEIACHHWX PO3YHMHIB MOJSUIbHA KOHIIEHTpAIlis 30iraeTeCsi 3 MOJBHOIO
KOHIIEHTpAIli€r0, 1 OOMIBI BOHHM TPOMOPIIHI MONBHIN YacTmi po3dyuHEeHOi pedoBWHHU. [lopaxoBaHo
KPiOCKOMIYHY CTay, IJisl BOJH:

K= tu/m=(0-(-0,186)/0,1=1,86.

VY po3unHi XJOPHIY HATPIFO KOHIEHTPAIlis YaCTOK JOpPiBHIOE HEe 1 MOJIB/M, a 2 MOJb/1, TOOTO

XJIOPHUJI HATPiIO y BOASHOMY PO3YHHI 3HAXOIUTHCS B IUCOLIHOBAHOMY CTaHI:
NaCl = Na" + CI',
1 MICTUTb B JIBa Pa3H OUIBINE YACTOK 10HIB - KPIOCKOIIYHA CTaa JOPiBHIOE — 3,72.

t d Mz dats-Clleosdit: a — Biacis, ¢pakmis 6 Mm; b — mpoekiis ¢parMeHTy MOPHCTOT
KPHUCTAIIYHOT CTPYKTYPH LEONITY

Po30aBneni po3unHH MalOTh TEMIIEPATypy 3aMEp3aHHs BUIIE, HDXK KOHLEHTPOBAHI, 1 MOXYTh
3aMEp3HYyTH IIpU IOHWKEGHUX TeMmueparypax, ToO0to Oytu HeedexTuBHUMH. Ha mpaktumi
BUKOPHUCTOBYIOTh IIOKa3HUK poOouoi TemmepaTypd. BCTaHOBJIIEHO OCHOBHI eKCILUIyaTalliiiHi —
TEPMOJMHAMIYHI XapaKTePUCTHKU XIMIYHHX PEareHTiB Juis MpoditakTHky oxereneni (tabnuus 1).

v OB dzdyw 1

UjtedssHd kOB ydk SKOwOClkjtdisdSd tj O dids' o H dzv

Temneparypa, °C Termora po3uYnHEHHS, KKaJl/MOJIb,
Pearent 3 -
eBTEKTUYHA poboua eK30TepMidHa eHI0TepMiTHa
XJmopu KaJbIlito -51,0 -34,0 -51,40
XI0pHI HATPIIO -21,2 -9,0...-12,0 - 1,18
Xiopua Kaiito -10,0 -4,0 - 4,28
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OCHOBHUMH 3 HUX € INIABJIYA 3MaTHICTh — 3ATHICTh €()EKTUBHO TUIABHUTH JIiJl, TOOTO KITBKICTh
JBO/y B TpaMax, sIKy 34aTHHH PO3IUIABUTH OJIUH I'paM peareHTy. BpaxoByroun, 1o MOJIEKyJIIpHa Maca
NaCl 58,5, monekynsapHa maca CaCly 111, mpocTuii po3paxyHOK Toka3sye, mo aBi Mosekymu NaCl
piBHO3HAuHI MO BUTpaTi peareHTy oaHid Monekyni CaCl,, TOMy XJIOpPHUCTHH KaibIiif MPH HHU3BKHX
TeMIlepaTrypax OULTBII HiXK B IBa pa3u eeKTHBHIIIE XJIOPHCTOTO HATPIIO.

[Tpu BuGOpi peareHTy nMoTpiOHO BPaxoBYBaTH HOTO SKOJIOTIUHI XapaKTEPUCTUKH (TaOIuLs 2).

v OB d&zd yw 2
JteOdzd ydzts Htsf ZMisd o3 St s dezlsiiplsds O yp' 'L § § Ydz0 deficidzeo dz2'  H
toj utse d@ds i3ts Ml j te dzteaBin j g alzd ISt 'd3* iy

TJIK
. . OBP/] .
PeuoBuHa Kiac mxignuBocti 3 Cepennnon060Ba [Ipumitka
MI/M 3
MI/ oM
Harpito xmopun 3 0,15 0,15 [4]
Kaubriiro xmopus 3 0,10 0,05 [4, 11]

3riHO MaHWUX JOBIMKOBOI JITEPATypH XJIOPHUA KaJbIlif0, HOTO PO3YUHH € OLTBII OS3MEYHUMHU B
MOPIBHAHHI 3 TPAUIIIHHOIO KaM’STHOIO CUTiO (3 KJIac IIKiUTHBOCT).

[MpoBeneHo poOOTH 3 BUBYEHHS CEPENOBUIN HAa OCHOBI MPUPOAHBOIO MiHepally UEONITy
XyCTCHKOTO IICOJIITOBOTO 3aBOAY, 3 JOOAaBKOI KaM sSHOi coui, xyiopuay Harpito COJOTBHHCBKUX
COJICKOTIaJICHb, (1HIIMUX COJIeH) Ha KPIOCKOIIIIO Ta HABKOJIHUIIHE CEPEIOBUIIIC.

Heomit B BUTrMAAi MOpOmIKy abo TpaHyd PpI3HOTO MAWCIEPCHOTO CKIAAY OTPUMYIOTh
[UIIXOM TIOJIPiOHEHHS  NPUPOAHBOTO  MIHEpamy-IeodiTy Ha 3aBoai B M. XycT. (OCHOBHI
xapakTeprucTuki COKUPHUIIBKOTO KIMHONTHUJIONITY, SIKMH BHKOPHCTOBYBAIM Y  JOCIHIKEHHSIX,
Bimnoeimamu TY V 14.5-00292540.001-2001. ¥V ekcrnepMMeHTaX BHKOPHUCTOBYBAJIH TI'PaHYJIbOBAHY
¢dpakiito 3 mgiamerpoM yacTuHOK 0,25...6 MM. OCHOBHI XapaKTEPUCTHKH IICOJITIB JMB. TAOJHIIO 3.
Bucoka nopucticts 34 %, MiKpOHNOPHCTICTh B IMpokoMy aianasoni 2-50 A, ionHooOMiHHa emHicTh
1,5 mg.eq/g 1eMOHCTPYIOTh OYEBH/IHI MEpEBary EOJITY B MOPIBHAHHI 3 TPAAMIIIHHUMH MOHOJITHUMH
MilIaHO-TPaBIEBUMH CyMillIaMHU.

v0OB &zd yv 3
A Ldyds o d&zOMmlsdetsmils' yjtsdz' s’ o

AncopOriitHa eMHICTB 110 BOZ1 34-38%
Edextupauil niameTp mop 2-50A
IopucTicts 34 %
I'yctuHa 1900 — 2800 kr/m*
[Tinoma noBepxHi 413 m?/g
loHOOOMiIHHA EMHICTB 1,5 mg.eq/g
Bonoricts 6-8%
Tepmiuna CTIHKICTB 700 °C
Meska MIITHOCTI IPH CTHCKaHHI 8 — 15 MIla;
ITuToMa TErI0EMHICTH 0,83 — 1,00 xIx/(xr-K),
Temnonpogianicts — 0,14 B1/(m-u-K). 0,14 Br/(m-u-K)
TBeppicTh (MiHEpaJOTivHa IIKaa) 50-55
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LeomniT — e MOpPHUCTi KPUCTAU, MiHEpal BYJIKaHIYHO-0CaIOBOTO IMOXOHKEHHS, MA€ KapKacHy
CTPYKTYpYy, IO CKJIQUAETHCS 3 QIOMOCHIIKATIB JY)KHHX Ta JY)KHO3EMEJbHHX MeTtamiB. Jlns
AFOMOCHITIKATHHAX IIEOJIITIB BAXKITMBOIO XapaKTEPUCTHKOIO € BimHOCHHUU BMICT Si Ta Al y xapkacax. 3i
3pOCTaHHSAM YaCTKH JIIOMIHIIO B LIEOJITHOMY Kapkaci 30inblIyeTbesi 00’eMHa eMHicTh. KatioHu i
MOJIEKYJIH BOIM clabo TOB'sI3aHI 3 KapkacoM i MOXYyTh OyTH YacTKOBO a00O IMOBHICTIO 3aMiIIeHi
(BumaneHi) IIITXOM 10HHOTO OOMIHY 1 Jerifmparariii, MpUYOMy MOXHA 3YIHHHTH, 0€3 pyHHYBaHHS
KapKaca [EOJiTy.

ExcnepumenTanbHo Oyo BCTaHOBIEHO, IO HEONIT 3AaTEH IIBHIKO KAmiJSpHO MOTJIHUHATH
20-30 % (mac.) Bomu, Ta colieHOT BOJM (MIEpECHUCHUH PO3YMH) B TaKii ke KUTbKOCTi. YuM apiOHimia
¢pakis HeoNiTy THM OUTBIIY KiJIbKICTh BOASHOI a3y BiH 3aaTHHIA nornuHati — 10 40 %. PucyHok 2.

a) b)

t d M kz dzts Texu@roriuni BracTUBOCTI Ii€omiTy: @) — ApibHa (pakmis meomity 0,025 mm.
(cyxa Ta 3 BO0I0); b) — Tpy0a dpakiiis meomity 6 MM. (3 mepeHacuueHUM BoasHUM po3unHoM NaCl,
HacuyeHHM BosiHUM po3urHoM NaCl, BuxinHuii matepian)

[To30aBieHnii BoAM HEONIT SBISE COOOK MIKPOMOPHCTY KPHUCTAIYHY «TYOKY», 0OCST 1Mop B
sIKif cTaHOBUTH 10 50% 00csary kapkacy 1eonity. Taka «ryOkay, 1o Mae JiaMeTp BXIJHUX OTBOPIB Bij
0,3 mo 1 MM (B 3a/eXHOCTI BiJf BHIYy LEOJITY) € BUCOKOAKTUBHUM copOeHTOM. Came 3aBISKU Lii
BJIACTHBOCTI  IICOJIT BHKOPUCTOBYEThCS SIK  COpOeHT. SIBuimieM ajacopOmii — MOrJIMHAHHS,
KOHIICHTPYBaHHS PEUYOBMHM 3 Tra30BOi (a3su Ha IMOBEpPXHI TBepjoro Tina (amcopbeHtry) abo B
BHYTPILIHIA CTPYKTYpi MOpP YTBOPEHHX CHCTEMOIO MOPOXKHHH 1 KaHANIB, B SKUX PO3TALIOBAHI JIy>KHi,
JyHO3€MeJIbHI KaTiOHI Ta MOJIEKyId BOAM. MU IPOrHO3yeEMO MOAAJBIIY JIOKaIi3yBallbHY 31aTHICTh
HEONITIB MIOJI0 BCiX TETEPOTeHHUX BUKHUJIIB OPraHivHOI Ta HEOPTaHIYHOT IPUPOJH B 30HAX, MPHIIETIHX
JI0 aBTOMOOUIBHOI JOPOTH, B TOMY YHMCIII 1 IIKIJJIMBUX COJIEH , 110 3MEHIIYE iX BUKUAN B IPYHTOBI BOJH.

Heomit Bonomie amcopOIiiiHUMKU, 10HOOOMIHHMMH, KaTaJiTHYHUMH, JIETOKCHUKAI[IHHIMH,
OaKTEPUIMIHUMHU Ta 1HIIUMH I[[IHHUMHU BIAcCTHBOCTSIM. KoKHa YacTHHKA ICOJITOBOT MOPOLIUHKH Ma€e
0e31iy HaCKpI3HMX OTBOPIB giameTpoM 2-10 anrcrpem. XiMidHa MpHpOJa MOBEPXHI IEOIITY 37aTHA
aacopOyBatu sk monekynu Boau, Tak i CO,, H,S, NH3; NaCl iHmmx HeopraHiyHUX pPEYOBHH;
OpraHiuHUX PEYOBUH HAPTONPOIYKTH, Macia, XUpH. BiH € XopomuMm COpOSHTOM SIK 3 PIaKol, Tak
razonoaioHoi ¢azu. OcoOIMBICTIO LICOJITY € T€, IO BiH 3/1aT€H YTPUMYBATH B CBOIX IMOPax PEUOBUHH,
SKi TY/IW TIOTPAITAIIA, PO3MIPH MOJIEKYJI SIKHX HE MEPEBHUIIYIOTh PO3MipH MOP, TOMY LIEOJITH HA3UBAIOTh
MOJIEKYJSIPHUMH CUTaMH, IPOCTi PEYOBHHU BiH MPOIYyCKae, a OUIbII YTpUMYE B TOMY YHCHI 1 COJIi K
KPIOCKOIIYHI J00aBKH, 1110 0JIATOTBOPHO BIUIMBAE HA €KOJIOTIYHY CHUTYAIIiI0 MPUICTIIUX J0 aBTOLLISIXIB
ninsgHok TaOmwmig 4.
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v OB dzd yw

stedlIlsdydz H' O3 sted7/] HjvwEeEdr d&Bdzj CE2dz
Monekyna H, (o)) N, H,O NH; CH, CoH,
yp, 2,4 3,4 3,7 2,7 3,6 3,8 4,07

Lleomit € BIZHOCHO HETBEpAMM MarepialoM, HE KOMKYEThCS, TOMY MOXe OyTu
3aCTOCOBAaHWH AJISl MOCUIIAHHS JIOPIr, Mae BITHOCHO HEBUCOKY BapTiCTh, PUHKOBA L[iHA 3HAXOIUTHCS B
Mexax 50 eBpo 3a TOHY.

BucHoBku

HocmimkeHHsT cepeqoBHIl Ha OCHOBI MNPHPOJHBOTO MiHEpaly MEeoNiTy 3 100aBKOIO
TPaJUIIHHUX KOMIIOHEHTIB COJIeH B SIKOCTI CyMili Aisi Mpo(iJakTHKH OKENEAMIi TPAaHCIIOPTHHX
LOUISAXiB,  IUIAXOMPOBOJIB, TPOTyapiB  MMOKa3aJ0  IMEPCIEeKTUBHICTh  BUKOPHUCTaHHS  TaKWX
MIPOTHOKEJICTHUX MaTepialliB Ta BUBHAYMIIO HEOOX1THICTh MOAAJIBIINX TX JOCIIHKEHb.

Buronu Bin 3acTocyBaHHS IPOTHOXKEIEAHUX PEArcHTIB OYSBHU/IHI:

—  TPOCTOTA B €KCILTyaTaIlil;

—  IPOCTOTa B IPUTOTYBaHHI;

—  BHCOKa e()eKTHBHICTb JIii;

— IIBUJIKa IBHAKICTh BIUIMBY. Edekt Bijg 3acrocyBaHHS TOMITHUH Bxe mpotrsrom 10
XBUJINH;

—  MiHIMaNbHI BUTpaTH Ha 30epiraHHs Ta JIOTiCTUKY;

—  CKOJIOTIYHICTb.

3amponoHoBaHUi ckiaj € Oarato ¢pyHkUioHanbHUI. He MicTuTh conell. He Hagae koposiitHOTO
BIUIMBY Ha CTalb, IUIacTMacy, rymy. [Ipu motpamisiHHI Ha TPYHT BUCTyIa€e COPOSHTOM ISl IKiTIUBUX
peareHris.

OuikyeTbCsl 3MEHIIEHHS KUIBKOCTI pEareHTiB XJIOPUIIB HATpilo, Kalblilo, MarHio,
3a0e3neuyyeThcsi  OibIlla  TPUBATICTh BUKOPUCTAHHSA  CEPEJOBMIN, 3MCHIIYEThCS  CKOJIOTIYHE
HaBaHTa)XEHHS Ha JOBKULI B 30HAaX MPUIIETIHNX J0 IUISIXOMPOBOJIB. PerimameHToBaHe BUKOPUCTAHHS
OUTBII MPOTPECHBHOTO 3 €KOJIOTIYHOT TOYKH 30py CKIIQAY it MPOQITaKTHKU OXKENEAMIl CIIPUATUME
3HIDKCHHIO BHTPAaT Ha YTPUMaHHS B HAJISKHOMY CTaHi BCi€i TpaHCHOPTHOI iH(PPACTPyKTypH Ta
MTOKPAIUTH SIKICTh aBTOMOOUIBHUX MEpeBe3eHb, OCOOIMBO B 3UMOBUH TEPIOI.
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MULTI-FUNCTIONAL COMPOSITION BASED ON THE
NATURAL MINERAL FOR ICING PREVENTION

Abstract

Introduction. The introduction briefly describes the state of roads in Ukraine and its favorable
geographical location on the way to European integration. The expediency of measures for prevention
of icing on roads which will improve the quality of road transportations especially during the winter
period and, in general, will contribute to the reduction of the cost of maintenance in the proper
condition the whole transport infrastructure was justified.

Problem Statement. The analysis of recent researches and publications was carried out; the
main methods of icing combat were analyzed: mechanical, frictional, chemical and combined. The
advantages and disadvantages of known methods and compounding used for prevention of icing on
highways are systematized.

Purpose. The purpose of this article is the replacement of traditional sand-gravel mixtures
(siftings) of solid rocks used for icing prevention on porous materials in combination with chemical
additives. The object of research is natural, microporous mineral - zeolite. Microporous nature of
zeolite provides its high sorption properties, respectively, expands the possibilities of using the
ingredient in combination with traditional chemical reagents (salts) for icing prevention. Such
compounding (composition) is more technological, reducing the use of chemical reagents and,
accordingly, providing less environmental impact on the transport routes and roadside territory due to
high sorption properties, etc.

Materials and methods. By systematic approach the mechanism of interaction of salt with ice
and snow was studied, cryoscopic constant value for water was determined. It was analyzed that
mechanism of dissolution which is physico-chemical because salt ions solvation (chemical component)
is accompanied by thermal phenomena. It is also shown that for high diluted solutions, the molar
concentration is corresponded the mole concentration.

Results. The full characteristic of the mineral zeolite is given, its basic physical properties are
established which are shown the obvious advantages of zeolite in comparison with traditional sand-
gravel mixtures. The thermodynamic characteristics, concentration factors (reference data for various
salts) which will allow choosing more optimal chemical reagent (salt or their mixture) taking into
account working temperatures, environment, availability, etc. are presented.

Conclusion. Research of environments based on natural mineral zeolite with adding the
traditional salt components as a mixture for icing prevention of highways, including bridges,
overpasses, sidewalks, is shown the prospect of the use of de-icing materials of the proposed
composition and determined the need for their further research.

Keywords: highways, icing, snow, zeolite, salt.
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MARKOV MODELS FOR ASSESSMENTS AND PREDICTION OF STRUCTURAL
ELEMENTS

Abstract

Purpose. The purpose of the work is to develop a universal model for assessing the technical
condition of the structure in the function of the time of operation. The theoretical basis for the
development of a stochastic model for the technical condition of a structure during operation is the
Markov theory of random processes. Phenomenological models of cumulative accumulation of
damaged due to the natural degradation of elements during the life cycle of operation are considered.
The wear of the structure element is described by a Markov discrete process with continuous time. The
Markov process, whose evolution over time depends only on a fixed modern state, has found wide
application in the system of operation of road bridges. Degradation of elements during operation is
considered as a stream of failures that are physically a manifestation of damage to the elements of a
structure under the influence of loads and the environment. The degradation of bridge elements is
interpreted as a stationary simplest flow of Poissian type. A mathematical model of a random process
with continuous time and discrete states is described by the well-known Kolmogorov — Chapman
equations.

The technigue. Theoretical study of the processes of degradation of elements of bridges made in
the framework of probability theory and mathematical statistics.

Results. The model for assessment and prediction of a technical state of structural elements
which is based on the Markov theory of random processes is received.. Markov stochastic models of
damage accumulation as a result of natural deterioration, considered herein, are universal. They are well
proved theoretically and have a practical orientation. These models may be applied as an effective tool
for technical state assessments and prediction of structural residual resource. A key aspect of this
approach is the special procedure for evaluating the transition intensity parameter. The main lack of the
model is that the basis of the elementary flow with parameter A = const is accepted. However, the
parameter A is determined for each given element, and every time after a subsequent inspection it can be
specified, so the accuracy of the model should increase.

Scientific novelty. The study is pioneering. For the first time in the system of operation of
structural elements, a stochastic assessment of the technical condition of the structure is proposed.

Practical value. The resulting model is a practical tool for managing the reliability and resource
of structural elements.

Key words deterioration process; intensity of failures; Markov model of a random process;
matrix of transitions; reliability function, structural elements.

Introduction

This research dedicated the problem of stochastic modelling to describe damages accumulated
in structural elements. Classic scientific a priori formulation of structure lifecycle will obtain here a
rigorous scientific substantiation in resource terms — structures find corresponding universal models
describing phenomenological processes of destruction with application of Markovian random
functions. The basic scientific idea of this approach lies in new paradigm of structural theory —
connection between limit state equations and service life duration, so-called ‘stochastic’ ‘time-
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dependent’ random variables problem and the related failure probability calculations. The problem has
its own weight as a risk management tool.

There have been multiple attempts to develop analytical models representing the degradation of
bridge structures by knowing the deterioration process of materials. These models are typically very
complex, as they attempt to represent physical and chemical processes using specific models for each
different degradation cause. Moreover, they have to account that the actual condition of a bridge is the
consequence of many concurring degradation processes. For these reasons, obtaining an effective and
reliable mathematical degradation model is a very difficult task.

A different approach allows for evaluating the degradation a reliability-based models, using
historical bridge conditional al data. This allows an appropriate degradation curve to be determined for
each bridge reflecting all specific factors that have caused its degradation.

Despite classic, basic research in the reliability theory and practical algorithms of estimation
and prediction of structural condition states are insufficiently developed [1, 2. 3, 8, 12, 13, 14].

The classic models of reliability are based on the basic mechanics of material destruction,
consequently the structural reliability theory has not had wide practical application. The main limitation
is that the classic reliability models require precise information based on a load history, which is
expressed in the number of loading — unloading cycles [2]. Such data, for the majority of structural
elements, have never been obtained and it is not expected to be done so in the foreseeable future.
Therefore, when modelling uncertain processes of structural deterioration, one needs a model focused
on incompleteness of the initial information. This limitation can be overcame by a phenomenological
stochastic model.

The phenomenological stochastic model, which is described as the accumulation of damages in
the process where the evolution of time is defined by probabilistic laws, has become a powerful
alternative for a deterministic model during the last 30-40 years. Now, many researchers are inclined to
believe that the Markov stochastic model are the integrated universal for describe the cumulative
damage of structural elements.

The objective of this paper is to present this universal approach for evaluation stochastic
deterioration of the structural elements under maintenance.

Markovian models of random processes

Theoretical basis of the research is Markovian mathematical model for estimation and
prediction of structure element service life prediction within its operational cycle. This model is one
whose evolution in time depends only of fixed current state.

The modelling by the Markov process means that for any time t, the probability of stay
in an element, in each state in the future (t > to) depends only upon its state in the present (t =ty). Itis a
so-called memory-less process with discrete states (1, 2 ... n) in continuous time t. It is a «memory-
less» process because each discrete state is independent of the previous state. In other words, the
distribution of the Markov process at the moment of time, t, can be expressed through the distribution of
the previous moment of time independently of the process history.

At the same time the Markov discrete process is not completely independent from the past. The
small amount of the philosophical formulation of this dependence is: for the Markov discrete process a
future and its correlation depend on the past only through the present. Hence, it is not complete
independence of a future from the past, because the starting, present state (¢ = ¢,) depends from the past
deterioration stochastic process.

Here we shall formulate discrete models which meander on discrete states that transit in one
direction only - from a state with a smaller number to a state with the greatest number. In terms of
the Markov process, the task is to find unconditional probabilities for stay system S on any step k in a
state S;:

pi(k) = Prob[S(k) =S{; k=1,2,...n;i=0,1,...n-1 (1)
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The probabilities p;(k) are expressed through conditional probabilities of transition of system S

on astep k in a state S;, provided that on a step k -1 the system is able to S;:
pij(k) = Prob[S(k) = §; | Sk-1)=S] i,j=0,1,...,n-1 )

It is apparent that the transition probabilities (2) form a square matrix of transitions with the
size n-n, where n is the number of discrete states considered. Let us denote the transitions matrix as
P(i,t). On the main diagonal of the matrix, P(i,t) stands for the probabilities of a system delay in that
given state, where S; is on a step k; on lateral diagonals, a transition probability of the system transition
is from the state S; to the state Sj- p;(k).

In the search of transition probabilities, which are contained in the stochastic matrix P(i,t), a
major central point in the development of a deterioration model for structure elements are described by
the Markov discrete process [5, 6]. When the matrix, P(i,t), of a conditional transition probability is
found, the unconditional probabilities P; of that system stay in a state S; are turned out by the recurrent
formula:

0 Q 0 Q p0hQ phBRER "Q phgiB RN o

where i is number of current state; n is number of discrete states in the course of element lifecycle; py is
absolute probability of element remaining in k-th discrete statei; pi(t) is transient probability of k-th
discrete state.

Required probabilities of the Markov chain p;(t), p2(t)...., pa(t) are functions of time. They are
determined from a system of ordinary differential equations. It is known as the forward Chapman -
Kolmogorov equation, which describes the evolution of the Markov discrete process with continuous

time. In the matrix form, the differential equations are:
h

™ Oh 4)
where P(i, t) is a transition probability matrix and E is a transition intensity matrix. In addition
to the equation (4) we have the initial conditions:
att=0 py(t)=1; pa(t) = ps(t)=pa(t) =0 ®)
The elements of P(i,t) should meet the followings normalization condition
00 p @
for all i (row sum). This condition is due to the fact that Markov chain events are incompatible
and form a complete group.
From known elements of transition matrix P and vector of initial probabilities p, (formula (3))
are determined absolute probabilities of system states in time function after a fixed number of transition
steps.

Application

Markovian random process models as described in 2. are universal. Random process described
by the model is invariant as regards the type of structure, its material, operational environment.
Degradation properties of structure elements are described by two parameters: degradation criterion
and parameter failures intensity (mean rate of events occurrence)

The criterion of degradation may be adopted any factor of the stress-strain state: reliability,
internal effort, deformation. In our case, the criterion of degradation assumes the reliability of the
element, as the most common factor of the stress-strain state.

As regards failure intensity parameter, it requires special investigation in phenomenological
model of failures accumulation, and its determination in our model is described below.
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Problem formulation

We set a task to build a phenomenological probabilistic model of object element degradation in
the process of operation. Element degradation model is aimed to establish reliability law in time
function and, thus, to install tool for its technical condition prediction [9, 10]. Our developed model has
two components: phenomenological classification tables of discrete states and reliability function. The
following four assumptions form theoretical basis of the models proposed are shown below.

A. As criterion an element state condition a numerical reliability parameter for integrated
quantitative estimation of condition assessment and prediction is assumed. The reliability of an element
is defined in the classical meaning [13] as the probability that the safety limit state will be violated:

ps = Prob [r(R) — s(S) < 0], (7

where r(R) and s(S) are functions of random variables associated with resistance and loading effects
respectively

B. Lifecycle of the structures is divided into 5 discrete states. Each state is characterized by a
set of quantitative and informal qualitative degradation indices which describe hierarchy of element
failures.

C. Element degradation process within its lifecycle is described by a discrete Markovian
random process with continuous time.

D. Transition from one discrete state to another is described as Poisson’s process with discrete
states and continuous time.

Discrete states of element

We will formulate the Markovian process for models in which wandering in discrete states is
carried out in only one direction: from a state smaller, to a state with a larger number. Transition is
possible not only to adjacent state but with overshooting to subsequent states as well. In terms of
discrete Markovian process the problem comes down to search of unconditional probabilities of system
S being at a random step k in state S; We shall treat system of failures due to object element worn-out as
a flow of random discrete Markov chain events. «Random system discrete state» acts as random value.

Let us introduce 5 discrete states within element operation lifecycle which form a cortege
S={S., S, ..., Ss}. Discrete states are described by a set of quantitative and qualitative informal indices
which characterize hierarchy of element failures [7, 11]. A generalized description of states representing
accumulation of failures as hierarchy of successive element failures is specified in Table 1.

Table 1
General characteristics of states
State Characteristic of state
S; Element meets all project requirements
S, Element does not meet all project requirements, but the requirements of both first and

second groups of boundary states are not violated

Element does not meet all project requirements, but the requirements of the first group of
Sz boundary states are not violated. Requirements of the second groups of boundary states
may be partially violated, if this is not limiting normal structure functioning

Element has signs of violation of requirements of the first group of boundary states,

Sa whereas requirements of the second group of boundary states are seriously violated

Element has serious violations of requirements of the first group of boundary states,
impossibility of their prevention is proven and its operation must be stopped
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In terms of discrete Markovian process the problem comes down to search of
unconditional probabilities of system S being at a random step k in state S; , that is, to
obtaining transient probability matrix.

Let us assume that an element is to be consistently in state Sy, S,..., Sy, and the transitions from
one discrete condition state to another are carried out at the moment of time ty, t..., t,.1. The global aim
of this model is to establish the change reliability law in the function of time and the time prediction of
stay in each subsequent discrete state. This is a discrete stochastic process with continuous time and
regular distributed time intervals between states. The graph of the process represents a linear sequence
of events, i.e. a transition from any state to next (fig. 1).

ElnsBa: et iet

0 t

Figure 1 — Graph of the deterioration process

We determine matrix P(i, t) and matrix E by Chapman-Kolmogorov equations (equation (4)).
We slightly amend matrix elements form to simplify recording. The state flow intensities independent
from step and time

_ 0 _o _8 U
Equation (5) in this case is simplified and written as:
Q -
g o 8 W
Qo —

By integrating system of equations (11) we obtain transition probability matrix P:

mwygtpy . T oW,
W, T Twe T o ot T

>
1

™ onm o mwtxmoLo T 8 (10)
o s T T 0TI X '
U T Tt T T p U

We assume initial unconditional probability p, =0.9998 (B = 3,8. Here B is safety characteristic,
numerical parameter connected to reliability by relation: Pt = ®(-W, where ® is standard normal
distribution function), which corresponds to minimum normalized value of design reliability in State 1.
From equation (3) we obtain the vector of unconditional probabilities of staying in the state j:

Tiw W W Pho P wafo X Towt p glot T B pp

By known vector of remaining in state j = 1, 2, ..., 5 unconditional probabilities we determine
degradation curves, that is, family of stochastic process implementations, each of them at given value of
failure intensity parameter / gives predicted transition time from state j to state j + 1 [7,11].

Reliability function
Reliability function describes element degradation process within its lifecycle, that is,
connection is established between element reliability and operation time. It is postulated that
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degradation rate is described by a single parameter / — failure intensity index. This parameter is
admitted as constant, time-independent / = / (t).

We admit Poisson’s distribution law as reliability function under hypothesis D. At k =5
function has the form

P(t) =1- 0,008338Y/ (t)t)’e’ ", (12)
where P; — probability of element transition to state k within time t < Ty , is probability function of
service life in other terms.

Thus, at given failure intensity /, equation (12) founds connection between element reliability
P; in i-th state and time t, which passed from beginning of operation to state ;=2,..5. Element
degradation curves under equation (12) see Fig. 2.
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Figure 2— Element degradation curves

Determination of flowintensity parameter

Determination of flow intensity parameter is a keystone of structure element failure
accumulation under Markov phenomenological model. As seen from equation (12), a single lifecycle
management parameter is the flow intensity /. In the model under study the parameter / is determined
by solution of equation (12) with initial conditions for a particular element obtained from inspection
results. The procedure of parameter / determination was first proposed in 1999 in [152]. It consists in
specific determination of initial conditions for equation (12) relative to unknown parameter /:

- reliability P¢; - corresponding to determined i-th lifetime condition. This value becomes known as
soon as by inspection data element discrete state is classified;

- and also t; - time that passed from beginning of element operation to state i. Time t; is known from
bridge technical documentation.

Graphic interpretation of parameter determination procedure see Fig.3.
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Figure 3— Graphic interpretation of flow intensity parameter / determination procedure

Elementresidual life prediction

Residual life prediction is also determined by solution of the degradation equation (12).
Initial data for equation solution now become reliability P,s — boundary value of reliability in
operational condition 5 and flow intensity parameter g determined at previous step from equation (12).
The time Ts obtained under such initial conditions that is time passing from element current state to fifth
operational state, just is its residual life.

Algorithm of evaluation and prediction of structure element technical condition under
Markovian phenomenological model of failure accumulation is specified in Table 2 — an example of
operation system rules of road bridges [7].

Table 2
Algorithm of structure element lifetime corition evaluationand prediction

Step Operation

1 | Conventional assessment. The procedure for classifying the operating status of bridges according
to the survey results of inspection and/or testing and comparison characteristic defects and
damage, other signs of degradation with signs specified in the classification tables.

2 | Performance assessments. Classification of bridge element lifetime condition from results of
actual load capacity. Load capacity is determined on the basis of actual structure element
dimensions, mechanical characteristics of materials and description of defects revealed in the
course of inspection.

3 | Detail assessments. Classification of bridge element lifetime condition from results of analytical
calculation of their safety index actual as per moment of inspection. Initial data for safety index
are inspection data with material mechanical characteristics determined for the element and
guantitative degradation features of its cross-section, characteristic values of generalized
resistance and load at the ultimate limit state load.

4 | Lifetime prediction. Initial data for determination of residual life are element reliability P;, time
that passed from beginning of operation to current condition, and failure intensity flow intensity
parameter /.

36ipHuk Haykosux npays «JJOPOT'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 33



BYAIBHULTBO TA HMBIJIbHA IHXXEHEPIA

Discussion

The proposed model is integral. It does not contain an explicit theoretical apparatus of an
element sensitive to the material, its static scheme, construction technology, environmental conditions,
and many other aspects. On the other hand, all of these factors, are taken into account in the model at a
time when element state is specified by the tables of classification containing physical and mechanical
signs of degradation

It is evident that the proposed technique for determining the value of the parameter /, which
manages operation lifecycle model «from present», that is, from i-th discrete state, gives full
information about the loading history of the load «in the past». Flow intensity parameter / determined
in this procedure contains a lot of other information relating to object operation, such as environment
characteristics, level of loading effects, features of the design and the like. As parameter / is determined
for each particular element and must be finalized after each consecutive inspection, the model becomes
more accurate.

This is clear from the above formulation that the model is strictly substantiated in theory.
However, as the model is phenomenological, deep penetration into physical essence of described
process is necessary, as not only each of discrete states must be adequately described, but also
parameter variation within one state should be correctly established, whereas the modeled process is a
continuous one.

The solution on number of discrete states representing element lifecycle is quite arbitrary. It is
evidently that the more discrete states, will be the more accurate description of continuous damage
accumulation process. From the other side, description of a large number of discrete states requires
substantial expansion of valid natural data base. Model developer shall find a reasonable compromise
between these contradictory requirements.

An important theoretical aspect of model is element degradation process graph. Model graph,
which depends on the number of discrete states and the relationships between them will always be the
subject of special attention from the researcher, will always reflect his subjective idea of the essence
and patterns of the process.

Conclusions

Markov stochastic models of damage accumulation as a result of natural deterioration,
considered herein, are universal. They are well proved theoretically and have a practical orientation.
These models may be applied as an effective tool for technical state assessments and prediction of
structural residual resource.

A key aspect of this approach is the special procedure for evaluating the transition intensity
parameter. The main lack of the model is that the basis of the elementary flow with parameter A = const
is accepted. Actually, the parameter of failure rate is described by the stochastic function of time.
However, the parameter is determined for each given element, and every time after a subsequent
inspection it can be specified, so the accuracy of the model will be raised.
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MAPKOBCBKA MOJEJIb OIIHKU I TPOI'HO3Y TEXHIYHOT'O CTAHY
BYJIBEJIbHUX KOHCTPYKIIIA

O detslsOy "' W

Mera. Merta pobotu monsrae B po3poOlli yHiBepcalbHOI MOJENI OIHKK TEXHIYHOTO CTaHy
cropyu B (yHKIIIT 9acy ekcruryarartii. TeopeTndHuM 0a3ucoM po3poOKH MOJIEIi CTOXaCTUYHOI OLlIHKH
TEXHIYHOTO CTaHy CIOPYAM B TpOIECi eKcIulyarallii, € MapKOBCbKa TeOpis BHUIAJIKOBUX MPOIECIB.
Posrnsinatotbest peHOMEHONOTIuHI MO/IeNni KYMYJISITHBHOIO HAKOMWYEHHSI TOIIKOKEHOTO BHACHIJIOK
MPUPOAHBOI Jlerpajaiii eIeMeHTiB B MPOLEC] JKUTTEBOTO LHUKITY €KCIUTyaTalii. 3HOC eleMEeHTa CIIOpyIH
OIMCY€ETHCS MAPKOBCHKHM JIMCKPETHHM TIPOIIECOM 3 HENIEPEPBHUM 4acOoM.

Jerpanartisi eneMeHTiB B TIPOIIEC] eKCIuTyaTalii po3risaacThesl K MOTIK BiIMOB, IO Qi3UYHO €
MPOSIBOM TIONIKO/KEHb E€JIEMEHTIB CIIOPYIHW IIiJ] BIUIMBOM HABAaHTAXXECHb 1 OTOYYIOUOTO CEPEIOBHIIA.
Jerpanaiiisi eIeMEHTIB MOCTa TPAKTY€EThCSI K CTAIllOHAPHHUN MPOCTIHHUNA MOTIK MyaCCOBCHKOTO THITY.
MaremaTuyHa MOJENb BHUIAAKOBOIO Mpolecy 3 Oe3lepepBHHM YacoM 1 IUCKPETHHUMHU CTaHAMH
onucyerbes BimomuMmu piBHAHHAMH KonmoropoBa=Yenmena. Metoauka. TeopeTHuHe AOCIHiIKEHHS
MPOLIECIB JIerpajailii eJIeMEHTIB MOCTIB BHKOHaHE B paMKax Teopii MMOBIPHOCTEH 1 MaTeMaTHYHOL
CTaTUCTHKH.

Pesynpratn. OTpumaHa MoAelb OLIHKM 1 NPOTHO3y TEXHIYHOIO cTaHy OyIiBeIbHUX
KOHCTPYKLiH sika Oa3yeTbcs Ha MapKOBCHKi Teopii BuUHagkoBux mporeciB. CToXacTW4HI MoOAei
HAKOMWYEHHS TIOIIKO/KEHb BHACIIIOK PUPOIHOTO MOTIPIICHHS, PO3MIISHYTI B JJaHOMY JIOKYMEHTI, €
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yHiBepcaJbHUMHU. BOHU TeopeTHyHO OOIpYyHTOBaHI i MalOTh MPAaKTUYHY cIpsMOBaHicTh. LI momeni
MOKYTh OyTH 3aCTOCOBaHi SIK €)EKTUBHUI IHCTPYMEHT IS OLIHKY 1 IPOTHO3YBAaHHS TEXHIYHOTO CTaHy
Ta OIIHKY 3aJIUIIKOBOTO PECYPCY.

KitogoBuM acmekToM MBOTO TMIAXOAY € CIelialbHa TMpoleAypa OIIHKH MapaMerpa
IHTEHCUBHOCTI BiAMOB. OCHOBHHMM HEJOJIKOM MOJENi € Te, 10 NPUHHSTAa OCHOBA E€JIEMEHTapHOTO
MOTOKY 3 mapameTpoM A = const. B Hamomy BuUNanky, mapameTp BH3HAYAETHCS I KOXKHOTO JaHOTO
€JIeMEeHTa, 1 KOKeH pa3 MCJs HACTYITHOTO OOCTEXEeHHS /4 OTPHMYE HOBE 3HAYEHHS, TOMY TOYHICTB
Mozeni Oy/ie TiABHUITyBaTHCS.

HaykoBa HoBu3Ha. BukoHaHe JocCmiIkeHHsS € MioHepHUM. Brmepime B cucTemi ekcrutyartamii
aBTOAOPOXKHIX MOCTIB MMPOMOHYETHCA CTOXACTHYHA OLIHKA TEXHIYHOTrO Oy iBEIbHIX KOHCTPYKIIiH.

[paktryse 3HadeHHs. OTpuMaHa MOAENbh € TNPAKTUYHUM I1HCTPYMEHTOM YIIPABIiHHS
HAJIMHICTIO 1 pecypcoM Oy/iBeThHIX KOHCTPYKIIIH.

s dz¢ Yytso '  OfyikeSedi OKOHCTPYKINl; IHTEHCHBHICTH BIJMOB; MapKOBChKa MOJIEIb
BUIIAJKOBOTO MPOIIECY, MATPHUIIS IEPEXOIiB; MPOLIEC JIerpaaallii; GyHKI[isS HaliHHOCTI.
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MODERN EUROPEAN METHODS OF NON-DESTRUCTIVE DIAGNOSTICS OF BRIDGE
STRUCTURES

Abstract

Introduction. Various existing methods of non-destructive diagnostics, in particular for
diagnostics of bridge structures are analyzed. However, nowadays in different countries of the world the
researches are under way on the search for the most informative methods of non-destructive diagnostics
of building structures, facilities, in particular bridge structures, which would enable to receive reliable
data on the processes occurring in the structures under the influence of various factors.

Problem Statement. Existing methods of non-destructive diagnostics which are used for the
diagnostics of bridge structures basically consist in periodic placement of sensors on structures. Having
gathered information, the sensors are dismantled. Such actions are repeated as the time of the next
inspection comes. In addition, measurements are fulfilled only at the discrete points, as the most devices
and equipment have a limited operating range of measurements. The small amount of data received and
the long interval between their acquisitions cannot provide signaling about the inevitable disaster that
may be caused by various impact factors.

Purpose. The ultimate goal of the international scientific organization FEHRL, within the
framework of which the SENSKIN Consortium works, is to develop a system for monitoring bridge
structures in the framework of the international research project «<SENSKIN» — «Sensing Skin for
monitoring-based maintenance on the transport infrastructure».

Conclusions. Participants of the project «SENSKIN», including «DerzhorNDI» SE as a
Consortium member, developed the sensors that will collect information on bridges, power supplies,
data transmission and processing modules, software and other components of the bridge
structure monitoring system. At this stage, the prototype of the monitoring system has been tested on
the full-scale objects. Current information on the monitoring system can be found on the website of
the SENSKIN Consortium http://www.senskin.eu.

For more reliable operation of non-standard bridges (the bridges which parameters exceed the
limit values according to the adopted classification of bridges) in Ukraine, it is necessary to plan the
transition to monitoring of bridge structures using the systems that would enable the acquisition of the
necessary information about the state of structures in the event of catastrophic situations that will allow
avoiding, in particular, the death of people.

Keywords automatic monitoring and management systems, sensor, methods of non-destructive
diagnostics, non-standard bridges, monitoring system of bridge structures «SENSKIN».

Introduction

At present there are various methods of non-destructive diagnostics, in particular for the
diagnostics of bridge structures [1]. However, the studies of the most informative methods of non-
destructive diagnostics of building structures, facilities, in particular of bridge structures [2-6] are
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currently being conducted in different countries of the world. Non-destructive diagnostic methods
should provide reliable data on the processes occurring in structures under the influence of various
impact factors. These data should be sufficiently precise, and the expected errors should not exceed the
permissible values. The received data during the diagnostics of bridge structures should be of sufficient
volume for making correct decisions regarding the technical condition of bridge structures. The
equipment and devices used to diagnose bridge structures should work reliably in different climatic
conditions in which the bridge structures are found throughout their life cycle.

Monitoring of the structural state of bridges

Monitoring of the structural state of civil engineering infstructure of Ukraine

Monitoring of the structural state of civil engineering infrastructure of Ukraine, in particular of
bridges is carried out in accordance with state building regulations (DBN). The main document in
Ukraine on this issue is DBN B.1.2-14-2009 [7]. It establishes general principles of ensuring the
reliability and structural safety of buildings, facilities, building structures and foundations on the basis
of the regulation of the reliability of their constituent parts during all stages of the life cycle of a
construction object.

In order to achieve and maintain the necessary level of reliability and safety, in accordance with
the DBN, it is necessary to effectively monitor and control the structural state of civil infrastructure
objects at all stages of the life cycle of structures, buildings and facilities.

The purpose of the monitoring is to verify the compliance of the actual characteristics of the
object with the requirements established for it.

The process of creation and use of the object and the results of the implementation of these
processes are subject to monitoring, namely:

— execution of surveying works;

—  project development;

—  manufacture of materials and products;

—  construction of a building object;

—  technical operation, repairs, reconstruction.

The results of the control are used to make decisions about the possibility of completing the
process or using its results or eliminating the detected non-conformity.

In the period of the construction and operation of the facility for the prevention of accidents,
timely detection of damage and other defects, as well as for improvement of operating conditions, it is
necessary to provide continuous inspection (monitoring) of the state of the object and adjacent territory.

The objects which destruction can lead to catastrophic consequences are equipped with
automatic monitoring and control systems (ASMU). The ASMU must include a system of technical
diagnostics of building structures which includes the following devices protected from damage:

—  primary devices for obtaining information regarding the change of position (displacement)
and state (deformation, temperature, etc.) of the inspected object;

— secondary devices for the processing of the received information (for example, computer
system of the analysis of the state of the object, containing control standards and rules of decision-
making);

— signaling devices;

— lines of communication between equipment and devices.

The necessity of applying such systems and requirements to them should be established by the
design norms or rules of operation of the relevant objects.

Currently, such monitoring systems have not been used for bridges.
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Analysis of the need for monitoring of bridge structures using rdestructive diagnostics on
an example of real objects

In Ukraine, in accordance with current norms, the technical status of bridges is monitored
during their life cycle [7, 8, 9].

Monitoring of the technical condition of bridges is carried out by the survey experts.

The survey expert, at the initial monitoring stage, periodically examines the bridge structures.
The nature of the damage to the bridge structures is determined. In the case of detecting defects, the
expert may decide on the need for a survey or test of the bridge using the devices and equipment.

The objects which failure (deterioration can lead to catastrophic consequences include, in
particular, bridges, tunnels located on the main streets in the cities, since the failure of such an object
can lead, for example, to the transport collapse of the entire neighborhood unit of the city. Below are
the examples of such monitored objects.

For example, Figure 1 shows photos of bridge structures after a fire, as in the case of an
overpass near the Shuliavska metro station in Kyiv. Here, in the course of the initial inspection, the
defects of the concrete of the protective layer, of the fittings of the girders and the beams of the spans
were detected [10].

Figure 1— Overpass structures near the Shulyavskaya metro station in Kyiv after a fire

The overpass consists of 17 spans of the split system.

Subsequently, the employees of the «DerzhdorNDI» State Enterprise carried out a special
inspection of the overpass which was exposed to the fire. A special survey was carried out due to the
deterioration of the technical condition of the three supports and three spans.

According to the results of research carried out on the construction of an overpass | was
found out that in the spans 8 — 9, 9 — 10, 10 — 11 the greatest damage from the fire impact structures in
the 8 — 9, 9 — 10 spans had undergone, and less damage was caused by the spans 10 — 11.

The duration of the fire, in accordance with the technical concclusion on the study of the causes
of the fire, was of 78 — 85 minutes. At the same time, the data when the traffic on the overpass was
blocked is not given in the report.

Specimens of concrete (corse) were taken to assess the impact of the fire on the strength of the
structures of the overpass. The samples were taken from the body of the supports that were damaged
and not damaged by the fire, in order to compare the characteristics of the concrete. Also, the samples
were taken from the transverse beams’ diaphragms.
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Measurements of the deflections (vertical displacements) of the lower beams’ booms in the 8 —
9 — 10 — 11 spans and the measurements in the spans that were not damaged by the fire were made to
determine their possible increase and compliance with the admissible values.

In order to evaluate the influence of defects on the bearing capacity of the overpass structures,
the static and dynamic tests were conducted.

During static tests the following was measured:

—  deflections (vertical displacements) by mechanical devices (scale spacing was 0,01 mm)
and an optical-digital leveler (scale spacing of the leveling rod was 1,0 mm);

— deformations (mechanical strain gauges) (price of the leveling rod was 0.004 mm);

— acoustic emission signals (software-technical complex «AKEM» on the basis of a personal
computer).

Acoustic emission converters were installed on the concrete surfaces of beams of the spans
structures that were damaged and, for comparison, not damaged by the fire in the middle of the span
and on the console of the 9 th girder of the support.

During the dynamic tests the following was measured:

— mechanical vibrations on the surface of the bridge decking in the middle of the span over
one of the beams using (software and hardware complex «FREQS»).

As a result of the fulfilled work, the conclusions were obtained, some of which are presented
below:

— as a result of the visual inspection and the results of dynamic tests, it was found out
that 8 — 9, 9 — 10 spans were the most damaged by the fire, the spans 10 — 11 were less damaged:;

—  the limiting load on the damaged spans of the overpass is as follows: for a motor vehicle
load in a column is 10 ton-force, the permissible load on the axle of the car is 7 ton-force;

—  the results of the survey of the overpass indicate that at the stated load levels due to
changes in the characteristics of materials under the influence of high temperatures the initiation and
development of the chanses on the macro level will occur;

— the overpass needs reconstruction including replacing and strengthening the supports of
the spans 8, 9, 10 and the beams of the spans 8 — 9, 9 — 10, 10 — 11, according to a specially designed
project.

For further temporary operation of the facility, the following preventive measures were taken to
strengthen the structures damaged by the fire in order to avoid an emergency:

— urgent measures to be taken for traffic management in order to comply with the operating
conditions of the structure in accordance with the established restrictions on the load for trafffic;

—  after that, the structures for the reinforcement of the supports 8, 9, 10 and the beams of the
spans 8 — 9, 910, 10 — 11 were installed according to a specially designed project;

—  to strengthen the supports and the beams, at least once a week, the check tests of the state
of damaged bearing structures should be carried out;

— after the construction of the reinforcement structures in 2007, the restrictions on the
dimensions of the bridge decking and load capacity were removed,

— during the operation of the overpass with a temporary reinforcement in order to ensure its
trouble-free operation, once a month, the check tests are carried out.

As noted above, in the presence of equipment and highly qualified specialists, «DerzhdorNDI»
State Enterprise managed to carry out a special inspection of the fire superstructure and to develop
preventive measures to strengthen the structures damaged by the fire in order to avoid an emergency. In
this case, in particular, the deflections of bearing structures were determined; it was found out which of
the structures of the spans were the most damaged; in what structures and how much the carrying
capacity and stiffness decreased. To do this, instrumental measurements were carried out on both,
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damaged and non-damaged structures. It should be noted that the survey work was carried out
extremely quickly (immediately after the fire), since the closed bridge virtually paralyzed the traffic in
the whole microdistrict of the city. At the same time, although the works were carried out with the
observance occupational safety, it was necessary to work on the remnants of fire, where there was still
fumigation, including at night.

Another example of the collapse of the bridge which considerably complicated the pedestrian
connection of the neighborhoods of the city's districts is the collapse of the bridge across the Dnipro
Harbor in Kyiv (Figure 2).

Here, the damage to the bridge structures arose as a result of prolonged operation. For example,
after prolonged operation, the defects in the structures, in particular, the cable stays of the bridge over
the Harbor of the Dnipro River in Kyiv (Figure 2), were found.

Unfortunately, due to various reasons, the survey of the bridge structures was not carried out
timely. Accordingly, the repair works were not performed in time. As a result, the propagation of
defects occurred which led to the gradual weakening of the bridge and its failure.

In the case of a monitoring system availability (monitoring system which would provide the
data on, for example, cable stays deformation) of the structures of this object prior to the occurrence of
irreversible deformation of the cable stays, it would be possible to receive timely information on the
damaged cable stays. Subsequently, if required, to perform a special survey, repair (or replacement) of
the cable stays, thereby extending the bridge operation term.

3 Aq‘n:

R Al

Figure 2 — Damage of the bridge structures over the harbor of the Dnipro River in Kyiv due to
prolonged operation
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Taking into account the above, one can note the advantages of having a monitoring system on
the objects of transport facilities:

— in case of a fire, it is possible to react quickly to the situation, in particular, with regard to
limiting or closing the traffic on the bridge, which will protect people's life and health. In addition, often
an expert can not access all necessary parts of the facility to obtain the necessary information;

— in the event of failure of defining (bearing) structures, it is possible to quickly obtain
information on which structures have been out of order;

— during monitoring it is possible to receive notification about the critical values of
deformations caused by damage or deterioration of structures. In this case, the monitoring experts are at
a safe distance from the monitoredg facility;

— it is possible to obtain data on the deformations of the defining elements during operation
and to establish their conformity with the admissible values without closing the traffic for the time of
inspection or testing;

— the possibility of prolonged operation of the monitoring system's sensors and their stable
operation, including under the influence of repeatedly deformations, allows receiving a considerable
amount of information about the state of the structure with relatively low costs on the sensor.

Methods of diagnosing the technical state of the bridges

It is possible to use equipment that measures deformations in structures. These are various
strain gauge complexes and mechanical devices.

Other type of equipment is the equipment, the work principle of which is based on the
measurement of acoustic emission signals (AE). Acoustic emission (AE) is a phenomenon which is
based on the emission of elastic waves in solids due to the local and dynamic rearrangement of the
internal structure of the material. Block scheme of registration of AE signals is shown in Figure 3.

fi

IHE | 3
2
Figure 3 — Block scheme of registration of AE signals: 1 — the studied element (structure)

which is under the influence of F; 2 — wave conductor; 3 — AE sensor; 4 — amplifier; 5 — computer
connection port; 6 — PC

Such equipment records the formation and development of defects, in particular, the occurrence
and propagation of cracks.

The employees of the State Enterprise «DerzhdorNDI» developed methods for determining the
characteristics of building products and structures using the AKEM equipment which allow the
determining of micro- and macro cracks formation in metal material or in the reinforced concrete
structures.

Figure 4 shows the general view of the software and hardware complex «cAKEM».
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Figure 4 — General view of the software and technical complex «AKEM»

Tests within the monitoring can be performed both during the day and at night depending on the
object of the monitoring.

Several parameters are used to analyze the signals. One of these parameters is the coefficient
Kp of AE signals.

Figure 5 shows a graph of changes in the coefficient Kp of AE signals that were recorded
during testing the bridge span. The temporary load on the bridge span according to the loading scheme
is one car.
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Figure 5 — Graph of changes in the coefficient Kp of AE signals that were recorded during
testing the bridge span
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In this case, according to the results of the conducted researches using the AE method, it is
established that the temporary load on the bridge span created during static tests causes the formation of
micro and macro cracks in the metal structure. A limit for structure loading was determined, the excess
of which can create dangerous propagation of defects which were available in structures that could lead
to an emergency situation.

Also, other parameter that can signal on the presence and propagation of defects can be the
parameter «accumulation of energy of signals of acoustic emission» (Figure 6).
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Figure 6 — Graph of changes in the parameter «accumulation of energy of signals of acoustic
emissiony» depending on the values of the applied load which were recorded during the test of the
bridge span

Changing the value of this parameter reflects the technical state of the structure. For example,
during the analysis of this parameter it was established that the values of the energy of the acoustic
emission signals recorded in the material of the structures of the bridge span before the reinforcement of
structures significantly exceeds the energy of the acoustic emission signals after reinforcement.

The AE method is one of the methods for diagnosing the bridges state. Diagnostic methods
developed based on it can be effectively used for monitoring the technical state of the bridges.

Modern European methods of non-destructive diagnostic of bridge structures

ProjectgSENSKINé

The international scientific organization FEHRL have been developing a system for monitoring
the bridge structures in the framework of the international research project «<SENSKIN» — «Sensing
Skin for monitoring-based maintenance on the transport infrastructure» within the European
Commission Program HORIZON 2020.

SENSKIN is an EC co-funded project that operates in the framework of EC-FP7-Transport
(MG-8.1a-2014 - Smarter design, construction and maintenance). SENSKIN includes a consortium with
all the expertise needed in the lifecycle from research to innovation, as well as real-life end-users that
can provide solid feedback on the project results. The list of partners of the consortium has been
presented below:
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Partner Name Short Name Country
Institute of Communication and Computer Systems ICCS Greece
University of Potsdam, Applied Condensed-Matter Physics Group upP Germany
Egnatia Odos A.E. EOAE Greece
RISA Sicherheitsanalysen GmbH RISA Germany
TECNIC S.p.A. TECNIC Italy
Democritus University of Thrace DUTH Greece
Mistras Group Hellas A.B.E.E. MGH Greece
University of Stuttgart USTUTT Germany
TRL Limited, Transport Research Laboratory TRL UK
State Enterprise State Road Scientific Research Institute DNDI Uktraine
Forum Des Laboratoires Nationaux Europeens De Recherche Routiere FEHRL Belgium
Teletronic Rossendorf GmbH TTRONIC Germany
Turkish General Directorate of Highways KGM Turkey

The participants of the project, a member of which is also the DerzhdorNDI SE, at different
stages of the project solve different tasks such as development of the requirements for the method of
non-destructive diagnostics of bridge structures. It included collecting and analyzing the data on
existing approaches for monitoring the bridge structures state in different countries by the project
participants: which devices, equipment, monitoring methods are used in this case; who carries out
monitoring of bridge structures in different countries and with what difficulties, in this case, performers
of works face. The result of this data collection and analysis was the work tasks for further
development of the monitoring system for bridge structures approved by the project participants.

At the next stages, the project participants developed a sensor that will collect information on
bridge structures, power supplies, data modules, software and other components. Particular attention
was paid to the development of sensors because the task was to develop quite universal sensors which
can be used for monitoring the concrete, reinforced concrete and metal structures of bridges. For this
purpose, a multilevel method of checking the characteristics of the sensors was used: the mechanical
properties of the sensors were determined in the laboratory. The further studies were carried out on the
location of the sensors on the samples that simulated the bridge structures. At the final stage, the study
of the sensors on the full scale structures was carried out.

At the current stage, a prototype of the monitoring system which was approbated on full scale
objects was manufactured. Relative information on the monitoring system can be found on the website
of the SENSKIN Consortium http://www.senskin.eu.

¢CSENSKI Né sensor

The SENSKIN system consists of a sensor similar to dielectric elastomers and microelectronics
based on the use of a large expandable membrane with a sensitive capacity. The sensor ensures spatial
measurement of the strains exceeding the values of 10%, it has several advantages in comparison with
the similar sensors such as: needs low power for operation, easy to install, has a comparable or less cost
than conventional strain sensors, allows simple signal processing, has the opportunity of independent
monitoring and reporting. The system supports the network technology which ensures that
received stresses measurements reach the base station even under extreme conditions where
communication can fail. The SENSKIN project also develops a decision support system (DSS) for
proactive structural interventions based on conventional operational conditions and response emergency
measures in case of accident. Assessing the potential rehabilitation options, DSS will use the data
provided by SENSKIN sensors along with extended models of structural analysis taking into account
the economic, social and environmental impacts of the lifecycle.
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The principle of work of a skin-like sensor is based on the periodic measurement (monitoring)
of changes in capacity caused by the strain of the sensor. It is well known that capacity C of a parallel
plate capacitor can be presented as follows:

C=¢ggAld (1)
where A is the area of the capacitor, d is its thickness, and € and ¢, are the relative dielectric
penetration of the material of the sensor (i.e., the capacitor dielectric) and the vacuum dielectric
penetration in the SI system, respectively. If any of the above parameters changes, the capacity will also
change. Thus, if the capacitor is attached to any substrate, the strain of the substrate leads to a change in
the capacity of the sensor. For recording the large strains of the substrate, the capacitor must be fairly
soft, that is, it should be able to change its linear dimensions within the elastic strain, and the electrodes
must also remain conductive throughout the designed or expected range of movement. In order to meet
these requirements, a soft capacitive sensor which is manufactured from silicone rubber films with
corresponding electrodes was developed. Since the elastomeric material is essentially incompressible,
an increase in the area A in equation (1) will necessarily be associated with a decrease in thickness d.
Both combined processes lead to a linear increase in capacity when the sensor is stretched, for example,
in length or width. The view of the capacitive sensor and its design can be seen in Figure 7.

.§ . ®» Gw _ N e > 8 3 eie

b)

Figure 7—a): SENSKIN sensor (top view); b): SENSKIN sensor (design scheme): 1 — silicone
film; 2 — conductive layer (with a type electrical resistance of 0.1 — 10 kOm per 15 cm in length); 3 —
electrical contacts connected to the conductive layer; 4 — silicone protective layer which seals the
sensor; 5 — external frames used for mounting the sensor in the test device

Sensor parameters: Active electrode area is 15x3 cm® The capacity without pretension is
from 2.3 to 2.5 nF. Typically, the sensitivity is from 2 to 2.5 fF / micro strain. The resistance of the
electrodes varies within 0,02 — 0,07 Om / micro strain. Being made from soft elastomeric materials,
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sensitive capacitors can withstand mechanical stresses that exceed 300 % without losing their integrity.
It is proved that the electric characteristics of the sensor perform well within 100 % of its strain.

Data collection system

The challenge for data collection is the measurement of relatively small changes in capacities
caused by stretching compared to the large basic capacity of the sensitive element of the SENSKIN
sensor. The limitation for the data collection system is the relatively high contact resistance of the
sensor which varies from 100 Om to 10 kOm. Thus, for data collection there is a need in capacity for
digital convector (CDC) with a high resolution and a huge dynamic range. The data collection system
module consists of an analog part and the next digital signal processor (DSP). The DSP module
provides processing of the low-level signals as average value and supports the adaptation of sensor
parameters, as well as the requirements for measuring technology by programming at the assembler
level. The time of discharge of the internal circuit resistor and the unknown capacity of the sensor, on
the one hand, and the control capacitor, on the other hand are measured from the analog part. The
sensor capacity is determined by comparing the discharge cycles. The disadvantage of this
measurement principle is the resistances of the tensile electrode of a sensitive capacitor which
significantly impacts on the measurement result. Therefore, the system that includes the sensor must be
calibrated and the calibration results must be recorded in the DSP. The data collection system is located
on the investigated structure, at a certain distance from the sensor.

Communication system of SENSKIN

SENSKIN communication system is based exclusively on wireless telecommunication
technologies.

SENSKIN communication system consists of three different elements:

1. SENSKIN nodes. These are SENSKIN devices located at different places of the bridge
(bridge parts). Each SENSKIN device is equipped with a communication module.

2. SENSKIN gateways. They are a platform for intermediate software for the interconnection
of the deployed SENSKIN network with a remote administration tool.

3. SENSKIN security nodes. Their main difference is that they are mobile.

Control system in SENSKIN

At this stage, the work is underway to improve the control system in SENSKIN which includes
the calculation modules, the formation of the SENSKIN database structure, the development of the end-
user interface, the module of measurement data processing obtained from the sensors. All of these
modules are initerlinked through a control module. The control module provides efficient and accurate
data exchange between individual applications.

The SENSKIN database, as the central repository of information, provides relevant input data
and obtains output from calculation or information modules (e.g., sensor data, environmental and
economic profiles, status states for various bridge elements, etc.).

The user interface serves to graphically visualize the results.

Approbation of the measuring equipment for monitoring the technical state of the bridges
«SENSKIN» (Sensing Skin) on the bridge over the Bosporus (Istanbul, Turkey)

In May 2018, approbation of the measuring equipment for monitoring the technical state of the
bridges was carried out. Approbation was performed on the cable bridge over the Bosporus (Figure 8).
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Figure 8 — General view of the bridge over Strait of the Bosporus

The sensors and other elements of measuring equipment were located on the bridge structures
over the Bosporus (Figure 9).

Figure 9 — «SENSKIN» sensor, solar cell, data modules are placed on the surface of the
bridge pylon

The «ENSKIN» sensors were placed both on the opposite sides of the bridge footing and on the
lateral part of the bridge footing. The expert's workplace was equipped in the middle of the bridge pylon
bearing.

The results of the measurements of the «SENSKIN» sensors were displayed on the monitor in
the form of graphs (Figure 10, a) and data tables (Figure 10, b) by using specially designed software.

b)
Figure 10 — The results of the measurements of the «SENSKIN» sensors on the monitor:
a) graphs; b) data tables
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Conventional strain sensors were placed alongside the SENSKIN sensors to perform parallel
measurements that were forwarded to the central SENSKIN database and were used to evaluate and
compare the technical characteristics of the SENSKIN sensors. The sensor was evaluated in comparison
with the conventional tensor strain gauges in terms of the quality of measurements: accuracy,
sensitivity, noise threshold; useful measuring range; the sensor’s response on the changes in
temperature and humidity; strength, durability and lifecycle of the sensor during cyclic loading and
weather conditions. The technical and operational performance of the whole SENSKIN system which
consists of SENSKIN sensors, data acquisition system modules, communication elements and data
transmission, was assessed. Ease of use of the entire system, interpretation of the source data of the
system to support engineering assessment and the ability to self-control and self-assessment of
hardware and software malfunctions was also assessed.

By the use of «SENSKIN» equipment, the data on the operation of the bridge structure
elements were obtained. Further, the obtained data will be analyzed by the specialists involved in the
SENSKIN project.

Conclusions

1. The international scientific organization FEHRL have been developing a system for
monitoring the bridge structures in the framework of the international research project «SENSKIN» —
«Sensing Skin for monitoring-based maintenance on the transport infrastructure» within the European
Commission Program HORIZON 2020.

2. The participants of the project, a member of which is also the DerzhdorNDI SE, developed
a sensor that will collect information on bridge structures, power supplies, data modules, software and
other components of monitoring system of the bridge structures.

3. At the current stage, a prototype of the monitoring system which was approbated on full
scale objects was manufactured. Relative information on the monitoring system can be found on the
website of the SENSKIN Consortium http://www.senskin.eu

4. For more reliable operation of non-standard bridges (the bridges which parameters exceed
the limit values according to the adopted classification of bridges) in Ukraine, it is necessary to plan the
transition to monitoring of bridge structures using the systems that would enable the acquisition of the
necessary information about the state of structures in the event of catastrophic situations that will allow
avoiding, in particular, the death of people.

For carrying out the monitoring in addition to the necessary equipment the following issues
need to be solved:

— providing the arrangement of stationary monitoring systems on the non-stzndard bridges
that would inform on the emergency situations (eg critical deformation of structures, the rise of
water level, etc.);

— improvement of regulations on the order of data provision according to the monitoring
results (clarification of the passport of the bridge which contains information on existing defects and
their volume). It is needed for further planning of bridges repairs.
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Ulepoicasne nionpuemMcmeo «/leporcasnuii 00poJiIcHill HAYK0B80-00CHIOHUL iHcmumym
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CYYACHUI €BPONEMCHKUI METOJI HEPYMHIBHOI JIATHOCTUKH
MOCTOBHUX KOHCTPYKIIIA

¢ dztslsOy" W

Beryn. [IpoananizoBaHo pi3Hi iCHYIOWi METOAW HEPYHHIBHOI IarHOCTHKH, 30KpeMma, 1 JUIs
JiarHOCTHKA MOCTOBUX KOHCTpYKLid. Ilpore, B maHuii yac B pi3HUX KpaiHax CBITY NPOAOBXKYIOTH
BUKOHYaTH JOCIHIPKEHHsI OJI0 MOUTYKY HalOUTbII iHPOPMATUBHUX METO/IIB HEPYHHIBHOI JiarHOCTHUKH
OymiBeNbHUX KOHCTPYKINH, CIOPYI, 30KpeMa, MOCTOBHUX KOHCTPYKIH, ki © IaBadw MOXIIABICTh
OTPUMYBATH JOCTOBIpHI MaHi MIOAO MPOIECIB, SKi BiAOYBArOTHCS B KOHCTPYKIUSX MMM €0 Pi3HUX
(haKTOpiB IUIHUBY.

[Mpobnematuka. IcHyrodi MeToau HEPYHHIBHOI AiarHOCTUKHU, SIKi BHUKOPUCTOBYIOTBHCS IS
JiarHOCTHKH MOCTOBHX KOHCTPYKIIiH, MOJSTaI0Th, B OCHOBHOMY, Y MEPIOAMYHOMY PO3MIillICHHI JaBaviB
Ha KOHCTPYKIisAX. 3i0OpaBmm iH(poOpMaIlito, AaBadi JEMOHTYIOThCS. Taki Mii TTOBTOPIOIOTHCS, KOJIH
HACTa€ Yac HACTYMHOTO obOcTexxeHHA. KpiM TOro, BHUMipIOBaHHS BUKOHYIOTH TUIBKH B JUCKPETHHX
TOYKaX, OLIBIIICTh MPUIAJIIB Ta 00JaJHAHHS MalOTh OOMEKEHUH poOOUMii Tiana30H BUMipIOBaHb. Maja
KUTBKICTh OTPHMAaHUX JaHUX Ta BEJIMKWH IHTEpBal MiXK iX OTPHMaHHSIM HE MOXYTh 3a0e3NednuTH
CUTHAII3aIliI0 PO HEMUHYYY KaTtacTpody, fka Moke OyTH CIpHYMHEeHA Pi3HUMH (DaKTOpaMHU BIUIHBY.

Mera. KinneBoro metoro MixkHapoaHOi HaykoBoi opranizaiii FEHRL, B pamkax skoi mpaittoe
Koncopuiym «SENSKIN» € po3poGiieHHSI cHCTEeMH MOHITOPUHTY MOCTOBHX KOHCTPYKIIH B pamMKax
MiXKHApPOJHOTO HayKoBo-gochigHoro mpoekty «SENSKIN» (UyrnamBa mikipa) Ui TEXHIYHOTO
00CITyroByBaHHSI HA OCHOBI MOHITOPUHTY TPaHCIIOPTHOI iHPPaCTPyKTypH.

BucHoBkn. VYuacHukamu npoekty «SENSKIN», unenom sikoro e I «depxxapopHII»,
po3po0iieHo AaBadi, ki 30UpaTUMYTh iH()OpPMAIIit0 3 KOHCTPYKIIIA MOCTIB, JKepesa KUBJICHHS, MOy
nepenavi Ta 0OpOOKM JTaHMX, MPOrpaMHe 3a0e3MeUYeHHs Ta 1HIN KOMIIOHEHTH CHCTEMH MOHITOPUHIY
MOCTOBHX KOHCTpYyKUi. Ha nanomy erami anpo0OOBaHO MPOTOTHII CUCTEMH MOHITOPHUHTY Ha HATYPHHUX
00’ekTax. AKTyanbHY iH(OpPMAILIO 00 CUCTEMH MOHITOPHHTY MOKHA 3HAWTH Ha caiiTi KoHcopiiymy
«SENSKIN» http://www.senskin.eu .

Hns Ot HagiHOI eKcIUlyaTalii [M03aKJIaCHHX MOCTIB  (MOCTIB, MapamMeTpH SIKHX
MEPEeBUILYIOTh TPaHUYHI 3HAYECHHS 3TiAHO 3 MPUHHATOIO KiIach]ikamiero MOCTiB) B YKpaiHi HeoOXinHO
TUIAHYBaTH TepeXiJl HA MOHITOPUHT MOCTOBUX KOHCTPYKIIN i3 BUKOPUCTAHHSM CHCTEM, SIKi O IaBaju
MOJJIMBICTh OTPHUMYBATH HEOOXiNHY 1HQOpMAII0 MPO CTaH KOHCTPYKIIH Yy BHUIMAAKY BHHUKHEHHS
KaTacTpo(iYHUX CUTYaIlil, IO JACTh MOXJIMBICTh YHUKHYTH, 30KpeMa, 3aru0eri Jro ei.

s dz¢ Yytso ' afiyoRtar@4@ : cucreMu MOHITOPUHTY 1 YOpaBIiHHSA, JaBad, METOIU
HEpYWHIBHOI [iarHOCTHKH, II03aKJIACHI MOCTH, CHCTEMa MOHITOPUHTY MOCTOBHX KOHCTPYKLIH
«SENSKIN».
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Hayionanvna axademis oopazomeopuoco mucmeymea i apximexmypu, M. Kuis, Yxpaina

METOIUKA IJIAHYBAHHSI EKCILTYATALII BY AIBEJIBHUX KOHCTPYKIIIHA

¢ dztslsOy " W

Beryn. [IyGmikanii ocTaHHIX poKH CBia4yaTh mpo iHTepec (axiBuiB A0 mpodieMu eKcIuryararii
OyIiBeIbHUX KOHCTPYKIIiH. BiH BUKITMKAaHUI HEAOCTaTHIM (DiHAHCYBAaHHSM, IO BEAC 0 HAKOIMYCHHS
00'eMiB BiIKJIAZICHNX PEMOHTIB, OyJIO HaBiTh 3alPOIIOHOBAHO BBOAWTH B HECHI KOHCTPYKIIii CHTHAIIBHI
eNIEMEHTH, MTOBE/IiHKA SKHUX 3MYIIyBaja O 3aMHCIUTHCS PO MOYATOK PO3YMHOI eKCILTyaTarlii.

[IpoGriemaTka. Y 3B'A3Ky 3 [IUM CIIiJl 3a3HAYUTH TaKi OOCTaBUHH.

— OckiJIbKH JIerpajiailisi BIaCTUBOCTEH CIIOPYAU MOYMHAETHCS HETalHO IMiCis 3aKiHYeHHS ii
3BEJICHHS, 3/I1IICHIOBATH €KCILTyaTaliifHi 3aX011 HEOOXiIHO OHOYACHO 3 IOYATKOM EKCIUTyaTallii, a He
Mi3HiIIe — TICIIT IEBHOTO HArayBaHHS.

— CydacHa OyxiBenbHa HayKa [O3BOJISIE TEOPETUYHO 1 JOCTATHRO TOYHO TNependayaTw
TIOTIPIIIEHHS BIACTUBOCTEH KOHCTPYKIIN 1 BiAMOBIMHO OyAyBaTH IUIaH €KCIUTyaTallii, He BIAIOYHCh JIO
JOJaTKOBUX HATYPHHUX BUMipIOBAHb.

Cepen npuurH AeTpajallii BIacTUBOCTEH OYIIBEIbHUX KOHCTPYKIIIH OCHOBHOIO € KOpPO3is CTasli
i 6eToHy — aTMOc(epHa, B arpeCHUBHIX T'a30BUX 1 piAKUX cepenoBuiiax. KoposiitHe pyiiHyBaHHS OETOHY
MOB'SI3aHO 3 PO3YMHEHHSIM KOMIIOHEHTIB LEMEHTHOTO KaMeHsS, HOro B3a€EMOJMIEI0 3 KUCIOTaMH, 3
YTBOPEHHSM 1 KPUCTAITI3AI€I0 B TOPAaX HEPOZYMHHHUX PEUOBHH.

Meta poboTu — o0y 0Ba METOJIUKM IUIAHYBAaHHS CKCIUTyaTalliMHUX 3aXOJiB I TOTO, 100
3a0e3neunTy O6e3nevny poooTy CIIOpYIH MPOTATOM 33/IaHOTO TIEpiofy.

Marepianu i MeToau. MeToauKy po3poOJeHO Ha OCHOBI aHawi3zy jerpajamii OyaiBeTbHHX
KOHCTPYKI[if Ta BAPTOCTI BiTHOBIIOBAIILHUX POOIT.

PesynpraTtu. 3ampornoHoBaHi MpOMO3KLii HOCATh METOANYHHUI XapakTep i He MPETEeHIYIOTh Ha
HIMPOKi y3araiabHeHHs. [IpoTe, MOKHA 3ayBa)KHTH, 1110 MPaBUIbHA eKCILTyaTallisi KOHCTPYKIIil TOBUHHA
IPYHTYBAaTUCS Ha CHUILHOMY aHajii3i 000X KpWBUX — Jerpajaiii HEeCHHX BIIACTHBOCTEH 1 BapTOCTI
PEMOHTIB.

BucHOBKHM. 3amporOHOBaHO METOAWKY IUIAaHYBaHHS €KCIUTyaTallifHUX — 3aXONiB IS
3abe3neueHHs 0e3neyHoi poOOTH CHOPYIN MPOTATOM 33/IaHOTO NEpioay.

S dz¢ Yytso ' Opide®-ai XOHCTPYKIIi, eKCIuTyaTallis CIOpYHA, IUIAHYBaHHS PEMOHTIB,
TEPMIiHU BiIHOBJIFOBAHHSI.

Beryn

Binowmo [1, 2, 3], oo cropy/u 3 INIMHOM 4Yacy BTPa4yalOTh CBOI BIACTUBOCTI. Take MmoripiieHHs
MOYMHAETHCSA BiJl CAMOT0 IOYATKy eKcIulyarauii. ByniBenpHI KOHCTPYKWil miJ BIUIMBOM CTaJIUX 1
3MIHHMX HaBaHTa)XeHb, a TAKOX IIiJ JI€I0 30BHIIIHHOIO CEPEIOBMIIA BTPAYAOTh MIIHICTh — HECHY
3MIaTHICTh, 301IBIIYIOTh MPOTMHHU, BTPAYaIOTh CTiHKICTH (GopMm piBHOBaru. Bei Taki mpoliecu MaroTh
3arajibHy Ha3By «aerpajaimis». B meBHMI MOMEHT Jerpanailis 30LIbLIYEThCS HACTIABKH, IO
YHEMOIIUBIIIOE TIOAAJIBIY O€3MEeYHY eKCIUTyaTalilo CIIopy/IH.

36ipHuk Haykosux npayb «[JOPOT'U I MOCTHU» www.dorogimosti.org.ua
54 ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20


https://doi.org/10.36100/dorogimosti2019.19.054
https://orcid.org/0000-0001-5075-4239
https://orcid.org/0000-0002-6838-0770

BYAIBHULTBO TA HMBIJIbHA IHXKEHEPIA

Tepmin OesmeuHoi ekciutyaranii cropyad Hikonn He OyB 1 Hapa3di He € MpeaMeToM
npoekTyBaHHA. JKOAHI HOPMU HE MICTITh PEKOMEHJalii Ipo Te, SK MPOEKTYBaTH CHOPYAY 3 3aJaHUM
TepmiHoM 47 pokiB abo, Hampukiman, 69 pokiB. Cropymy CIpOeKTOBaHO, MOOYIOBaHO, 1 BKe
eKCIUTyaTalliifHi opraHizanii BH3HAYaIOTh, IO 3 Helo pobutu amami. [IpoTe HaBITH SKImIO Mix yac
MPOEKTYBaHHA CHOPYAX OyJio OM Bce K TaKu MPU3HAUCHO MEBHY TPUBANICTS i1 Oe3MeuHoi eKcIuTyaraii,
TO 1 B TAKOMY BHITQJIKy CKOpIII 32 BCe depe3 Opak KOIITiB B MOMEHT BHYEpIIaHHS 33JaHOTO TEPMIHY
3aMiHy KOHCTpYKILIi 3po0ieHo He Oyae, HaTOMICTh HaiBiporigHime Oyae yXBaJleHO pillIeHHsS Mpo
MPOJIOBXKEHHS eKCIUTyaTallii. BinTak BUHHKA€E 3a7ja4a po TEPMiHH i 00’ €MH BiTHOBIIIOBAILHUX POOiT. B
3araJbHOMY JK BHIAJKy Taka 3a7ada BHHUKATUME 1 B MeXaxX IOYAaTKOBO 3alpOCKTOBAHOTO MEpiofy.
3aJie)KHO BiJl TOJMOBXKEHOI TPUBAIOCTI eKCIUTyaTaiii Moxe OyTH 3MiMCHEHO OAWH abo0 JeKiIbKa
PEMOHTIB.

Jns utaHyBaHHS eKCIUTyaTamii Copy iCHYFOTh KOMIT FOTEPHI MPOrpaMu, 30KpeMa Il MOCTIB
BioMi cuctemu ekcrutyararii Pontis, Bridgit, BMS Tta in. Boru B CBOiX po3paxyHKax HaidacTilie
BUXOJATh 3 TIOHATTSA — HAMIAHICTH crmopyan. HafmifHiCcTh cropynnm — y3aralbHEHE IOHSTTS, BOHO
OXOIUTIOE Pi3HI CTOPOHU POOOTH KOHCTPYKIIH, TOMY Ba)XKKO OTPHUMATH PEKOMEHMAIlii Mpo TEPMIiHH i
00’€MU BiTHOBIIOBAJILHUX POOIT BiTHOCHO KOHKPETHUX Oy liBETbHUX KOHCTPYKIIIH.

3a BH3HAUCHHSIM «HAMIHHICTE» — € WMOBIPHICTh HEBHXOIy IMapaMeTpiB CIOPYAH 3a TPaHUIl
JOITyCTUMOT 00JacTi, i, ik Oyab-fka WMOBIpHICTh, BOHA IPYHTYETHCS HE HAa MaTepialbHHUX OIHKAX i
00’€KTax, a Ha CTYINEHIO HaIOI iH(YOPMOBAHOCTI PO Ty UM iHIITY MOIIIO.

B oMy sociipkeHi BUXOAMMO 3 TOTO, 1O OLIHKO0 MPHAATHOCTI JI0 ITOJANBIIO] eKCILTyaTalii
€ JIMIIe OJHA XapaKTepUCTHKA CMOPY/M — HeCHA CHPOMOKHICTb. [i MOKHA OLIHIOBATH PO3PAXYHKOM,
TOMY BiJnajiae morpeda B pisHUX iHIIMX MMiAX0JaX, 30KpeMa B €KCIIEPTHUX OLliHKaX.

He icHye HecHOCTI cnopyau B IUIOMY, Ii HECHICTb BH3HAYAETHCA HECHICTIO OKPEMHUX
KOHCTPYKITif, a BOHa MOXe OyTH pi3HOI0. B cxiazi criopynu i eneMeHTH MOXKYTh eKCIUTyaTyBaTHCS B
PI3HUX YMOBaX. BiITaK MOXYTh MaTH HEOJHAKOBI TEPMiHU O€3MEUHOI eKCILTyaTallii.

Buxian ocHOBHOro marepiasy

[IporioHyeThes MigXin, SKAW TONATAaE B TOMY, IIO B KOXHIN cropydi (opMyeThCs TIeBHA
KUTBKICTBh TPYIl €JIEMEHTIB, SIKi 3HaXOAATHCS B OJHAKOBUX yMOBaX, TOMY MAalOTh OJHAKOBHH TEpMiH
6e3neunoi pobdotu. MoxkHa ySBHUTH COOi TPH 3alli300€TOHHI OallkW, OJHAKOBI 3a po3MipaMu Ta 3a
BUKOPHCTaHUMHU Matepianamu. [l mpuKiaxy B CHOPY/l 3aJi3HHYHOTO BOK3ally OJHA 3 TaKMX OaJIOK
MOJKE 3HaXO/IUTHCh BCEPEIUHI OMAIIOBAHOIO MPHUMIIIEHHS, 1HIIIA PO3TAIIOBAHA HA BiIKPUTOMY TMEPOHi
MPOTE ]l TIOKPIBJIEI0, a TPETs MpaIroe B CKIAAl Biaayky Haja koiissmu. KoxHy 3 mux Oanok Tpeda
BiJIHECTH JIO TPHOX PI3HUX TPYI KOHCTPYKIIiH, TOMY III0 BOHU MAaTUMYTh Pi3HI YMOBHU €KCILTyaTallii.

Bimomo [1, 2], uro mepeauacHi peMOHTH €KOHOMIYHO HEBHTI/IHI, OCKITBKH TPOIII e «I0POTi»,
xo04a 00’eMH poOIT MOPIBHIHO HEBeNUKi. Tak caMo 3ami3Hilli PeMOHTH BUKOHYIOTBCS TICIS CYyTTEBOTO
3HEL[IHEHHS TpoIleii, MPOTe IBUAKO 30UIBIIYIOTbCS 00’ €MH BiTHOBIIOBAJBLHHUX poOiT. OTXxe, MaeMo
ONTUMI3ALIMHY 3a/Ja4y PO HaHKpall TepMiHW BUKOHAHHS EKCILIyaTalliiHMX 3axofiB. Takux 3axo[iB
MoO3Ke OyTH 0/IMH a0 AEKiIbKa 3aJIeKHO Bijl TEPMiHYy TOAOBXKEHOI eKCIUTyaTalii CIopyAH.

He Tinbku TepMiHH, ajie ¥ 00’€MH PEMOHTHHUX POOIT TAKOXK € MPEIMETOM PO3PaXYHKIB, aJKe B
3arajbHOMY BHWIIaJKy HEOOOB’S3KOBO II0pa3y €JIEMEHTH CIOPYId BiJHOBIIOBATH O IXHBOTO
noyatkoBoro ctany. Ilpore, skmo HaeTscst Mpo 3ayi300€TOHHI KOHCTPYKLii, TO J00€TOHYBaHHS
mepepisiB 1 BITHOBICHHS apMaTypH 3a3BUYail BiZOYBA€ThCs caMe TaK — JI0 MOYaTKOBUX po3MipiB. Tomy
JUIS 3aJ1i300€TOHHUX KOHCTPYKIIIA Jpyre NMHUTaHHS — Ipo 00’eMu poOIT — Haiyacrtiiie Bignaaae i
3aJIMIIAI0THCS JIMIIE TEPMiHA PEMOHTIB.
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B po6orti [2] 3amady mpo CTPOKH PEMOHTHHUX POOIT OYJ0 PO3IISIHYTO CTOCOBHO MPOTOHOBHX
€JIEMEHTIB MOCTIB, B IbOMY JOCIiKEHI 3a1a4y MOIIMPEHO Ha CIOpYyLy B LioMy. Takox y3araibHEHO
BHIJIA TiTbOBOI (DYHKIIT — BapTOCTi BiIHOBIIOBABHUX pPOOiT. Hipkde WaeThcs Mpo BiAHOBICHHS
3aJ1i300€TOHHUX KOHCTPYKIii 10OCTOHYBaHHSIM.

3amava B 3araJbHOMY BHUIQJIKY CKIAIAETHCS 3 TPHOX YaCTHH:

— Mojem pyWHyBaHHS O€TOHY 1 CTalbHOI apMaTypl 3aJeXHO B HaBaHTAXEHb 1
BJIACTUBOCTEH CEpeIOBHILA;

—  omnTHMI3amiitHa 3a1ada mpo HalKpari TepMiHA BiTHOBIIOBAJILHUX pOOIT;

—  METOIH 1 CriocoOy BITHOBJIEHHS.

PosrnsaeMo e cepeqHro JaHKy 3a3HA4YE€HO! BHINE MOCTiAOBHOCTI. BaxkiamBuMm € cam ¢akt
ICHyBaHHS THX UM IHIIUX MoJened (mepimia JacThHa MpoOJIeMH), BOHM YacTo MaroTh (OpMyIbHHN
BUTJISIA 1 MOXYTh B MOAAJBIIOMY, SIKIIO Tpeba, OyTW 3aMiHEHI IHIIMMH 3aJeKHO BiJl YMOB
eKCIUTyaTaIlii.

B meBHili cniopyai BuOepeMo SKych TIpynmy KOHCTpykmii. Hexali me OymyTh 3a1i300€TOHHI
OanKky TMPSIMOKYTHOTO Tepepidy 3 po3mipamu b (mmpuna) i h ( Bucora). Hexait pobovya apmatypa 3
IIIOMIer0 Tepepidy F po3ramoBaHa B HIDKHIHM YacTHHI iepepizy O0anku. Llentp TsokinHs F BignaneHo Bix
HWKHBOI TIOBEPXHI OAJIKA Ha BUCOTY & 3aXUCHOTO IIapy.

I'panuro TeKy4ocTi apMaTypu MO3HAYHMO ,, , TOII TPAHUI MIIHOCTI OETOHY Ha CTHUCK NpH
3THHI JOpiBHIOBaTUME | ,, . Banky nrapHipHO 00mepTo Mo KiHISMX i piBHOMIPHO HABaHTaXKEHO.

ToBuIMHY 3pyHHOBAHOTO Iapy OETOHY OMMCYBATUMEMO CITiBBiTHOIICHHIM

1 ©o 8 P

BuueprryBaHHs HECHOT 3/1aTHOCTI OaJIKé CYNPOBOKYETHCSI YTBOPEHHSIM OJHOTO IUIACTUYHOTO
IapHipa B HalfHaINpyKEHIIOMY Mepepisi.

[Ipummyctmo, w0 Oanmka He Mae 3axXWIIEHWX IOBepXOHb. Koposis 3MeHmye po3Mipu
MOTIEPEYHOTO Mepepizy B B

MM NV dnNw o ¢
Jie TIIMOWHA TMOLIKOKEHOTO HIapy ONMHCYEThCs CHiBBiTHOIIEHHSM By (1). Bucora ctucHyTOl 30HM
BU3HAYAETHCS PIBHICTIO

® ‘Q h

ne m — xoedinient apMyBaHHs. [liede BHYTPINIHBOT MApH CTAHOBHTL O N Mo w3
ypaxyBaHHSM HOro BEJIMYUHA 3HAXOMMO IPAHUYHUI 3TMHATBHUNA MOMEHT

0 Q a8 G

Bupas (2) cnpaBemumBuii ais mamux @ < a. Ko x riMOMHA TOIKODKEHHS MEPEBUIILYE
TOBIIUHY 3aXWUCHOTO IIApy, MOYMHAETHCS IHTEHCHUBHE PYHHYBaHHS apMaTypu. 3MEHIIEHHsS IUTOMI il
MOTIEPEYHOTO NEPEPi3y MOKe OYTH MPEACTaBICHO BUPA30M

YO Q0o 0 h o
ae O — 9ac MOBHOTO PYHYBaHHS 3aXHUCHOTO Iapy.
BinnoBigHO 3MIHIOETHCS 1 PEIITa BETUYNH — BUCOTA CTUCHYTOI 30HH 1 IUIeYe BHYTPIIIHBOI TapH

@ O YOorH o Q me f
a TaKOXX FPaHUYHUMN 3TUHAIBHUI MOMEHT

0 "0 YO, a8
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OTxe, JiHIS 3MCHIICHHS B 4Yaci HECHOCTI Mae Bl AUIstHKM (puc. 1), po3aiieHi MOMEHTOM
MOYaTKy KOpo3il apMaTypH.

M
180 - 100z
\

—
\\\” N
140 ~ 18
~—_ |
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% \\/\L\\ ‘ 6
60 i il
|
" ot L

0 4 8 12 15 18 21 24 27 t

t d Mk dzts 3anexuicTh TpaHUYHOTO 3TUHAIBHOIO MOMEHTY BiJ Yacy eKCIUTyaTaiii Ta
BapTOCTI eKCIUTyaTallifHIX 3aX0iB

JlonycTiuMy BeM4uHy U P T'M° ' IPaHHYHOrO 3rUHAILHOTO MOMEHTY MOKa3aHo Ha puc. 1
TOPU30HTAIBHOIO JIIHIETO. Ii nepetu 3 rpadikoM aerpamarii MilHOCTI 103BOJIs€ BU3HAUUTH Yac O 110
SIKOTO MOYJIMBA Oe3MeyHa eKCIuTyartailis Oanku 0e3 OyIb-sSKUX BiTHOBJICHb I peMOHTIB. SIKIIO % Oalky
Tpeba eKCIUTyaTyBaTH JIOBIIE, HEOOXiOHI JOMATKOBI eKcruTyartariifHi 3axoan. OCHOBHA 3aiada TyT —
BU3HAYCHHS Yacy IPOBE/ICHHS TaKUX POOIT.

Xoua 3amaya, MO PO3TIISHYTA, B 3araJIbHOMY BHIAAKY MPHUITYCKa€ BU3HAUCHHS SKHAWKpAIHX
gacy i 00'eMy BigHOBIIOBaIBHHX poOiT [1, 2], y 3acTrocyBaHHi 10 Oanku, mBHIIIE 32 Bce, Oyne
MpoBe/ieHe TIOBHE, a He YaCTKOBE BiJTHOBJICHHsI Tiepepi3y, TOOTO BiTHOBJICHHS JIO MEPBUHHKUX PO3MIpIB.
Tomy 3amada CHpOIIyeTbCS 1 3BOMUTHCS JIO BH3HAUCHHS TUIBKM HAHKpamOro 4Yacy pPEeMOHTY
KOHCTpyKIii. KpiM Toro, mpu MOBHOMY BiJHOBJECHHI Iepepisy B TNepIIoMy HaOIMKEeHHI MOXKHA
MPUAHATH, TIO BapTiCTh poOIT MpomopIiiiiHa 10 IMUOMHK | MOIIKOHKEHOTO OSTOHY, MPUHAKWMHI, JI0
MOMEHTYy O  TIOBHOTO PYHHYBaHHS 3aXHCHOTO IAapy. 3arajioM jke IiiboBa (YHKI[sE — BapTiCTh
BiTHOBHUX poOIT — MOKe OyTH MpeJIcTaBlIeHa CIiBBIIHOIICHHSM

4 Qc¢v ¢Q QOp Q h T
ne "ORQ- napamerpy, BeuunHA| BU3HAYAETHCA BUpaszamu Buay (1),

‘Q — koedimieHnT exoHOMIuHOI edexTuBHOCTI. Taka MHiTbOBa (QYHKIS OKPIM BapTOCTI
BiJTHOBJICHHS IEPBUHHUX PO3MIpiB Mepepi3y MICTHUTH IIe i BapTiCTh PEMOHTY apMaTypH. 3 IPaKTHYHOT
TOYKH 30pY YACTKOBE BiHOBJICHHS apMaTypH CKJIQAHILIE, HiX 1 3aMiHa, TOMY B APYTOMY J0JaHKY B (4)
BBEJICHO MOBHY IUIOILY nepepidy F, a He ii momkomKkeHy 4acTHHY.

PosrisHeMo nepuiuii MpuKJIan — 3ali300€TOHHY OajKy 3 po3MipaMu Imepepizy @ 'Q
CT T 1 ' 3 Koedil[ieHTOM apMyBaHHS PO3TATHYTOI 30HH '  TUI C &I'paHHIs TEKYdOCTi CTaIbHOI
apmarypu mpuitasta , G T QUL 8 Mozeni koposiiioro momxomkenns (1) i (3) mpencrasieno
napameTpamu o Tmpneo TR pnQ i h a LiTbOBA byHKLisA —
Q  mim TpQ i &Kpim Toro | ipR  Tip &
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Ha puc. 1 BimobpakeHO 3MEHIIIEHHSI HECHOI 3/TATHOCTI OaiKy B 9aci (CoYaTKy BOHA CTAaHOBHIIA

p Yhp” ° ). fkmo momycTHMAa BETHYMHA HECHOCTI | p T’ hro cBoi HecHi BracTHBOCTI

Oanka BUUepITye 10 KiHLs 15 poky. ko x Tpeda moJoBKUTH TEPMiH eKCIuTyaralii me Ha 12 pokiB —
1o 27 poKy Bix MOYaTKy €KCIDTyaTallii, TO MOTPiOHI BiTHOBIIIOBAIBHI 3aXOH.

Ha tomy x puc. 1 ane B iHIIIKH cucTeMi KOOpIWHAT (OUB. MpaBy KpaiKy) HaBeAeHO rpadik
3MIHIOBaHHs BapToCTi ekciyarauidHux 3axofiB (C). B Mexax mouyatkoBOro mepiogy HalMeHIIiH
BapTOCTI BiJIIOBi/la€ MOMEHT MOBHOTO PYHHYBAaHHS 3aXHCHOTO Iapy OETOHY i MOYaTKy pyHHYBaHHS
apMaTypHu.

Hamaranus momOBXUTH CTPOK eKCIUTyaTamii Oallki MOYKHa pO3TIANaTH SK MOCTYMaIbHE
MepeHeceHHs NIITHKY Tpadika Ha BiMOBIAHY BiACTaHb N - N, K MOKa3aHO Ha puc. 1.

Ha rpadiky BapTtocTi poOIT MOXHA BIieAiTH TOYKY M MiHIMyMy, ajieé 3a3BH4ail BOHA
po3tamioBana HabaraTo Ti3Hime (mpasimie Ha rpadiky), HiX Tpeda, TOMY €IUHOI0 TOYKOIO, BapTOIO
yBary, € TO4YKa, 1o BiAmoBizae yacy 0 8

BuHukae enuHO MOXJIMBHM BHCHOBOK IIpO Te, L0 SKIIO IOTOJUTHUCS 3 MOBHUM
BiTHOBJIIOBAHHSM LOpa3y KOHCTPYKLIi 10 MOYaTKOBOI'O CTaHy, TO OTPUMYEMO HPOCTY PEKOMEHIALIIO —
BUKOHYBAaTH PEMOHTHI POOOTH B MOMEHTH TE€pe]l IOYaTKOM KOpO3ii apMaTypH.

Sk BHIHO 3 BUKIAACHOTO BUINE, JUIS TOBHOTO OIKCY 3a/ladyi MaloTh OyTH 3aqaHi HACTYMHI
napameTpHu:

—  BHCOTa 3aXHMCHOTO Hmapy GJ

—  KOedilieHT MO3I0BXKHBOT0 apMYBaHHS * |

—  TpaHWIs TEKy4OCTi apMmarypu ,

—  MinHICTh OeToHy Ha cTHCK Tipu 3ruHi | I

—  JIONYCTMMa BEJIMYMHA 3TUHAJIBHOTO MOMEHTY U ;

—  xoedimientr MO Moxeni pyiinyBaHmHs 6eToHY;

—  koedirient 'Q AQ koposii apmarypu;

—  koedinientn "QNQuinboBoi PyHKIIIT;

—  KxoedilieHT eKOHOMIUHOT eekTHBHOCTI (B

B cknami meBHOI cmopynd MawoTh OyTH YTBOpPEHI JEKijdbKa TPyl HECHHX eJIeMEHTIB.
BinMiHHICTE X04a OM OTHOTO 3 TIEpeliYeHNX MapaMeTpiB MEPEBOIUTh EIEMEHT JI0 1HIIOI TPYIH, BiATaK
THIIUME OYAYTh 1 pe3yJIbTaT! pO3paxyHKiB.

PosrisiHemo mpuknax 2, B SKOMY 3a YMOB Mpukiany | OyJaemMo 3MiHIOBATH JHIIE OJIUH
napaMmeTp — BUCOTY @ 3aXHUCHOTO TIapy B iHTepsaii 1,8 — 2,8 cm. PesynbraTu mogano B Tadr. 1

vOB d&zd yw 1
JYy 20 L3 ded fsCOLdzdC" 9 o OlstsMmis®™ o' Hdzso dz¥ 9 (
s mde yded n  t Of tec@ R jAEOG" o2 )

HaiiMenyBaHHS mapameTpiB IToka3uuku
['pyma eneMeHTIB 32 TOBIIMHOKO 3aXMCHOTO MIapy @, CM 1,8 2,0 2,4 2,8
MomenT O 8NOBHOIO pyiHYBaHHS 3aXMCHOTO APy, Pik 9 12 16 22
Mowment O 8snuepranHs HECHOCTI GasIKu, piK 13 15 18 23
BapTicTh BiIHOBIIOBATLHUX POGIT HA MOMEHT O , yMOB. TPOIIL. OJ1. 784 | 6,41 | 464 | 2,69
BapTicTh BiHOBJIIOBANLHUX POGIT HA MOMEHT O , YMOB. TPOIIL. O/ 9,55 | 8,88 | 7,39 | 651
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[TpunycTuMo Temep, IO BUpIlIEHO eKCIuTyaTyBaTH criopyay 20 pokiB. 3 Tabnuui 1 BUIIIHMBaE,
oo Uil NepHIMX TPbOX TIPYyH KOHCTPYKUi MaeMo TIJIaHyBaTW BiIHOBIEHHA. SIKIIO NPHHHATH
3po0JieHy BHWINE MPOTMO3HUIIII0, TO Tepiry OajKy IOBENeThCS PEMOHTYBaTH ABI4i — B 9 1 18 pori.
[epmmii peMOHT mist Hel KOWITyBaTUME, K BUAHO 3 Tabm. 1, 7,84 yMOBHMX TpOIIOBHX OJUHHMIb, &
JpYyTHI, BUKOHYBaHUN Ha 9 POKIiB Mi3HilIe, auire — 2,82 yMOBHUX I'POLIOBUX OAMHUIIb, TOXK CyMa BCiX
I’SIThOX JIOAAHKIB CTaHOBUTH 21,9 yMOBHHX TpOIIOBMX OAWHHUIG. SIKIIO X OygemMo dYeKaTH [0
OCTaHHBOI MHTIi, IO TIEPeAy€e BUYCPIAHHIO HECHOCTI IMX CJIEMEHTIB, TO TpH Iepili Oanku Oyne
BiipeMOHTOBaHO B 13, 15 1 18 poku Bijx mmodvaTKy eKCIuTyartallii, a CyMapHy BapTiCTh pOOIT B TaKOMY
BUTIAJIKY OTPUMAEMO JIOJNABAHHSM MEPIIMX TPHOX YHCEN 3 OCTaHHBOTO psjaka Tabn. 1. Llg cyma
cTaHoBHUTH 24,71 yMOBHUX TPOLIOBHUX OOWHMIB, e Ha 13 % Oinpme Bixm nomepeanpoi. B mpomy
MIPHUKIIAJ] 9eTBepTa Oaika He MoTpedye BiAHOBIIOBAHUX 3aXOJIiB.

Ille ommH mnpukman (mpukiax 3) Big [OBOX TMOMEpPEAHIX BiIPI3HAETHCS 3MIHIOBAHHSAM

numie koedinienta C; B Mojeni Aerpajanii 0eTOHy — IIBUIKOCTI pyHHYBaHHs, 1HILI apaMeTpH — 5K B
npuknani 1. PesynbraTa oOuncieHs HaBeaeHo B TalI. 2.

v OB d&zd yw 2

[y € O L3 ded sCOLdzdS " © o Otlstsfyls’ o' Hdztso dzt 9 O dac
IS4 mndz' ydzd » f( G tdc@dg o=t a3 )

HaiimenyBanHs mapaMeTpiB [Toka3Huku
['pyna ejeMeHTIB 3a INBHAKICTIO O pyiHYBaHHS 3aXMCHOTO MIApy 0,8 0,6 0,4
MoMeHT O TOBHOTO PYyHHYBAHHS 3aXMCHOTO APy, Pik 7 12 25
MomMeHT O BHYEpIIAHHS HECHOCTI OAJIKH, PiK 10 15 28
BapTicThb BiJHOBIIOBAILHUX POOIT HA MOMEHT O , YMOB. OJI. 11.15 6,41 4,40

B mpoMy mpukiani BHAHO, IO IS 33JaHOTO TepMiHY ekcruryatarlii 20 pokiB KOHCTPYKITii
MEepIIOoi TPYIH MAIOTh BiJJHOBIIIOBATHUCS JBiYi, a APYTOl TPYIH — OJIWH pa3 MPOTSATOM TaKOT'O TEPMIiHY.

BucnoBok

3anpornoHoBaHa METOAMKA IUIAHYBaHHS EKCIUIyaTal[iiHMX 3aXOMiB JUId  3a0e3leueHHs
0e3neuHoi poOOTH CIIOPYAX MPOTATOM 3aJaHOr0 Mepioay J03BOJISE BpaxyBaTH YMOBHM €KCIUTyaTarlii
CTIOPY/IH BiJI IKOTO 3aJIGKUTh MOMEHT IOBHOTO PYHHYBaHHS 3aXHUCHOTO IIapy.

Cnmcok Jiiteparypu

1. Jextsap A. C. TlnanyBanHs ekcrutyararii 3amizo0eToHHHX MocTiB. HaykoBi mpari
MixxnaponHoro ceminapy «MexaHika 1 Qi3uka pyiHyBaHHSA OyAiBEIbHUX MaTepialliB i KOHCTPYKLIN».
JIyuek, 2002. C. 16-19.

2. Jexrtap A. C., Kosanb [1. M. TIpo KOpHCHICTh CBO€YAaCHHX PEMOHTIB MOCTIB. BicHux
Hayionanvnozo mpancnopmuoeo ynisepcumemy. Kuis, 2006. N 11. C. 219-222.

3. Hocunesckuii JI. U. [Ipaktuueckue METOIBI YIIpaBIeHUS HAACKHOCTBIO KeJIe300€TOHHBIX
MocToB. Mockaa, 1999. 295 c.

36ipHuk Haykosux npays «JJOPOT'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 59



BYAIBHULTBO TA HMBIJIbHA IHXXEHEPIA

REFERENCES

1. Dekhtiar A. S. Planuvannia ekspluatatsii zalizobetonnykh mostiv. Naukovi pratsi
Mizhnarodnoho seminaru «Mekhanika i fizyka ruinuvannia budivelnykh materialiv i konstruktsii».
Lutsk, 2002. P. 16-19.

2. Dehtyar A.S., Koval P. M. On the usefulness of timely repairs of bridges (On the
usefulness of timely repairs of bridges). Visnik Nacional'nogo transportnogo universitetu. Kyiv, 2006.
11. P. 219-222.

3. Yosylevskyi L. Y. Prakticheskie metodyi upravleniya nadezhnostyu zhelezobetonnyih
mostov (Practical methods for managing the reliability of reinforced concrete bridges). Moscow, 1999.
295 p.

Oleksandr Babkov, Ph.D, https://orcid.org/0000-0001-5075-4239
Anatolii Diekhtiar, D.Sc, Professor, https://orcid.org/0000-0002-6838-0770

National Academy of Fine Art and Architecture, Kyiv, Ukraine
PLANNING METHOD OF BUILDING STRUCTURES MAINTENANCE

Abstract

Introduction. The publications of the last years testify to the interest of specialists to the
problem of building structures operation. It is caused by the insufficient financing that conduces to
accumulation of volumes of the postponed repairs; it was even offered to enter the signaling elements in
the bearing structures which behavior would force to think of the beginning of a reasonable operation.

Problem Statement. In this connection it should be noted such circumstances:

— As the degradation of properties of the building structure begins immediately after ending of
its installation, carrying out the operating measures should be started simultaneously with the beginning
of operation, but not later — after some reminders.

— Modern building science allows in a theory and enough exactly to predict the deterioration of
the properties of structures and accordingly to issue the plan of its operation, excluding the additional
scale measuring.

Among the reasons of the properties degradation of building structures, the basic one is the
corrosion of steel and concrete — the atmospheric one, in aggressive gas and liquid environments.
Corrosive deterioration of concrete is related to the dissolution of the components of cement stone, its
interaction with acids, with crystallization in the pores of insoluble matters.

Objective — is to develop the technique for planning the method for operating the planning in
order to provide safe work of the building facility during the set period.

Materials and Methods. Materials in this work were not used, methods have not used.

Results. The suggestions presented here, carry a methodical character and do not apply on wide
generalizations. Nevertheless, it is possible to state that the correct operation of structures must be based
on the joint analysis of both curves — degradations of bearing properties and the cost of repairs.

Conclusions. The method of planning of operating measures for providing the safe work of
building facility during the set period is offered.

Key words building facilities, operation of facilities, the repairs planning, renovation terms.
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YJIOCKOHAJIEHHS METOY OIIIHKH CTIHKOCTI INOKPUTTS HEXKOPCTKOI'O
JOPOXKHBOI'O OJATY 10O YTBOPEHHA KOJIII

¢ dztslsOy "' w

Beryn. Ha ocHOBI AOCBiy OCTaHHIX POKIiB €KCIUTyaTamii aBTOMOOIIBHUX JTOPIT BCTAHOBJICHO,
0 OJHMM 3 HalmommpeHimmx aedexTiB Ha achanbTOOETOHHOMY ITOKPHTTI BiJl TPaHCHOPTHOTO
HaBaHTA)XEHHs Ta BUCOKOI JITHBOI TEMIIEPATypH € KOs, sIKa TIPU3BOIUTH 10 3MEHIIECHHS HOTO CTPOKY
Cy>kOu, a BIIMOBIZHO 1 BCi€l KOHCTPYKIIIi JTOPOKHBOTO OJATY B IijIOMy. Bu3HaueHO HEOOXIiTHICTH
YIIOCKOHAJICHHST METOJy OLIHKH CTIHKOCTI IOKPHUTTS HEKOPCTKOTO JTOPOKHBOTO OATY 1O YTBOPEHHS
KOJIii.

[Mpob6nematrka. BpaxoByroun, 10 MOKPHUTTS HEXKOPCTKOTO JIOPOKHBOTO OAATY TepedyBae y
CKJIaJJHUX YMOBax eKcIulyarauii (MiITBepIKY€ThCsS IHTEHCUBHUM 3pOCTaHHAM Ae(eKTiB y BUIIIAIL
KOJil), MPUYMHOI HYOTO € 3pOCTaHHS IapaMeTpiB TPAaHCIOPTHUX HAaBaHTAXKEHb Ta BHCOKI ITHI
TEeMIeparypy, HEOOXiAHOMIIBUIIUTH CTIMKICTh TOKPHTTS HEKOPCTKOTO JOPOKHBOTO OSTY A0
YTBOPEHHS KOJTii.

Mera. [londrae B ymOCKOHAJ€HHI METOJY OIIHKH CTIHKOCTI ac(haabTOOETOHHOTO MOKPUTTS
HEKOPCTKOTO  JTOPOXKHBOTO OJATY IO YTBOPEHHS KOMii mpu Jii BepTHKAIGHUX HaBaHTaKCHb
TPAHCIIOPTHUX 3aCO0IB 32 BUCOKUX JITHIX TEMIICPaTyp.

Meroayu IOCTDKEHHS — aHAJTITHYHO-CKCIIEPUMEHTAIBHI 3 BUKOPHCTaHHSIM IOJI0XKEHb TEOpii
NPYXHOIUTACTHYHOCTI 1 TEPMOB'S3KONPYKHOCTI Ta EKCHEPHUMEHTAIBHUX METOMIB JIOCIIDKEHHS
YTBOpEHHSI Koulii B acQaibTOOETOHHOMY MOKPHUTTI HEXOPCTKOTO JIOPOXKHBOTO OJISTY; YHCEIBHOTO
MO/IEJTIOBaHHS; MATEMAaTHYHOT CTATUCTUKH.

Pesynpratn. Ha OCHOBI BHKOHAHOTO aHANi3y pO3MISHYTO YMOBH pOOOTH MOKPHTTS
HEXOPCTKOTO JIOPOKHBOTO OJIATY, @ TAKOXK MPOAHATI30BAHO ICHYIOUI TEOPETUYHI Ta €KCIICPUMEHTAIIbHI
METO/IM IPOTHO3YBAHHS YTBOPEHHS KOJIi1.

OTpuUMaHO aHANITHYHY 3aJEXKHICTh Ta YIOCKOHAJEHO METOJl OLIHKM CTIHKOCTI HOKPHTTS
HEKOPCTKOTO  JIOPOXKHBOTO OJATY JIO YTBOPEHHS KOJil, BiJg il BEPTUKAIPHHX HaBaHTaKCHb
TPaHCHOPTHUX 3ac00iB, MO JIO3BOJISIE BPaXOBYBaTH KOMILIEKCHY JiI0 OCHOBHUX (akKTOpiB, a came:
TEPMOB’ I3KOTIPYKHOIUIACTUYHI  BIIACTUBOCTI ac(hanbTOOETOHY; YKpIIUIEHHS IPYHTIB, TeMIepaTypy
ac(anpTO0ETOHY; BEPTUKAIBHUN THCK HAa MOKPHTTS MHEBMATHYHUX KOJIC MPH PO/l TPAHCIIOPTHUX
3ac00iB; IHTEHCHBHICTh NMPUKJIAJIAaHHS BEPTUKAILHUX HABAHTAXKEHB; Yac JIii HABaHTa)KCHHSI.

ExcriepMeHTanbHO  JIOCHI/DKEHO  PO3PaxXyHKOBI  TEPMOPEOJIOTIYHI  XapaKTEPUCTUKU
ac(anbTOOETOHIB Ta YKPIIUIEHUX IPYHTIB, MIIHICTh 34EIUIEHHS MiX ac()anbTOOETOHOM Ta OCHOBOIO IIPH
3CyBi, NPOBEICHO HATYypHi, Ja0OpaTOpHi Ta CTEHIOBI IOCHIPKEHHsS BIUIMBY pi3HHX ()akTopiB Ha
YTBOPEHHS 3aJMINKOBUX Je(opMalliii y BHUIJISAI KOJIIi, OTPUMAHO 3aKOHOMIPHOCTI [ii BILUIUBOBHX
(akTOpiB Ha IHTECHCHBHICTb YTBOpEHHS KoOJii B ac¢aJbTOOETOHHOMY IOKPHUTTI HEKOPCTKOTO
JOPOXKHBOTO OJIATY.

BucnoBku. ITix yac poGOTH YIOCKOHAJIEHO METOJ OLIHKHM CTIHKOCTI MOKPHUTTS HEKOPCTKOTO
JIOPOXKHBOTO OJISATY JIO YTBOPEHHS KOJII Ta BPaXOBaHO KOMIUIEKCHY JiI0 OCHOBHHX (PaKkTOpiB, a came:
TEPMOB’ A3KOIPYKHOIUTACTUYHHUX BIACTHUBOCTEH acgaibTOOETOHY, BEPTUKAIBHOTO TUCKY HA MOKPHUTTS
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TPAHCIIOPTHUX 3ac00iB Ta Yacy iX il Ha KOHCTpPYKIIiFO; IHTEHCUBHOCTI MPUKIAJaHHS BEPTHKAIBHUX
HABaHTaXXEHb. Pe3ynbTaTW JOCHI/PKEHb 3HAWILIM 3aCTOCYBaHHS TPH PO3pOOI HOPMATHBHUX
JOKYMEHTIB Ul TPOSKTyBaHHS, Oy/IIBHUITBA, PEKOHCTPYKIi, PEMOHTY Ta eKCIuTyaTamil
ac(anbTOOETOHHUX MOKPUTTIB HA aBTOMOOITBHUX AOpOrax YKpaiHH.

s dz¢ Yytso ' adnoiziSias@a: mopora, achanbToOeTOH, OITYM, JOPOXKHIH OJSIT, KOJIis,
HaBAHTAXXCHHSI, TIOKPUTTS, CTIHKICTh, TEMIIEPATYpPa, TEPMOB'SI3KONPYKHICTb.

Beryn

AHami3 OCBiMy OCTaHHIX POKIB €KCIUTyaTamii aBTOMOOITBPHHX JOpIT TMOKa3ye, IO OJHUM 3
HanomupeHimmx aedeKkTiB Ha acarbTOOETOHHOMY MOKPHUTTI BiJl TPAaHCTIOPTHOTO HABAaHTaKEHHS Ta
BHCOKOI JIITHBOI TEMIIEpaTypH € KOJis, sika MPHU3BOAWTH A0 3MEHIIEHHS HOr0 CTPOKY CIIyKOW, a
BIZIMOBITHO 1 BCi€i KOHCTPYKIIiT JOPOKHBOTO O/IATY B Iiiyiomy [1 — 5].

['010BHOIO IPUYMHOIO YTBOPEHHA KOJIii Ha ac(hanbTOOCTOHHOMY IMOKPHUTTI € Ta OOCTaBHHA, IO
OUTBIIICTD JOPIr OyJI0 3aMpPOEKTOBAHO il Po3paxyHKOBiI HaBaHTaxkeHHs rpymu A (100 kH Ha Bick) Ta
rpynu b (60 kH Ha Bich). 3 yacoM, B mpolieci excruryaTanii aBTOMOOUIBHUX AOPIr 3pOCTae HE TLIbKH
IHTEHCHBHICTb PYXY, ajie 1 301bIIyIOTHCS TapaMeTpH TPAHCIIOPTHOTO HAaBAaHTAKCHHS.

AmHani3z nociipkeHs 3 mpobieM JeopMyBaHHS Ta YTBOPEHHS KoJii B acdambToOCTOHHOMY
MOKPUTTI HEXKOPCTKOTO JIOPOKHBOTO OJATY Bif Jii TpaHCHOPTHUX 3acO0iB Ta TeMIlepaTypu
BuKOHaHI BueHUMH: AnekcanapoB A. C., barpakoa A. 1., bipyna O. K., benstunacekuii A. O.,
Borycnascekuit A. M., boruenko I'. O., bopmr 1. M., bparuayn B. 1., Bacinees O. I1., Bepensko B. A.,
BixoBuu 1. A., Bonko M. 1., BomoBuk O. O., I'amensk 1. I1., I'ezenusert JI. b., T'ormigze B. M.,
T'onosko C. K., I'openume M. B., T'oxman JI. M., Knanwok B. K., 3onotapros B. O., IBanos M. M.,
KazapuoBcekuit B.Jl., Kusmko 1. B., KopompsoB I. B., Kopamso f. M., Kombanoscrka A.C.,
Kipiuek O. O., Jlamuenko A. C., Mapuyk O. B., Matya B. I1., Mo3srosuii B. B., HeromenzsHos A. A.,
Onumenko A. M., Iasmiok /1. O., [Teusonwuii b. I'., Pagoscekuii b. C., Pynenceka A. B., CaBenko B.A1.,
Cibinbckit ., CmiproB B. M., Creoxkka B. B., Cionsi I'. K., Turaperko O. M., Tenraes b.b.,
Xapxyra M. 5., Hlymsx 1. C., Barksdale R.D., Gachwendt I., Gidel, Hushek S., Huurman M.,
Erlingsson S., Korkiala-Tanttu L., Lizenga J., Lytton R. L., NielsenJ., NijboerL.W., Tseng K-H.,
Poliacek I. Ta iHIMME [IOCHTiJHUKAMH, MOKa3aB, [0 HEIOCTATHsS CTIMKiCTh achaibTOOETOHHOTO
MOKPUTTSA HEXOPCTKOTO AOPOKHBOIO OAATY /0 YTBOPEHHS KOJii CyTTEBO 3HIKYE SK MILHICTH BCi€l
KOHCTPYKIIii JOPO)KHBOTO OJIATY, TaK i OCOOIUBO PiBEHb OE3MEKH PyXy 3a PaXyHOK CTBOPEHHS e(PeKTy
aKBaIUIaHYBaHHS B MICIIIX 3aCTO0 BOJHM Ta 3UMOBOI cim3bkocTi [1, 2, 6 — 11].

3riiHO 3 YMHHUMU HOpMaMH YKpaiHU LIOJ0 PEMOHTY Ta YTPUMAaHHS aBTOMOOUIBHUX JOpIr
3arajibHOro KopucTyBaHHA [19] mosiBa komii Ha achalbTOOETOHHOMY MOKPUTTI aBTOMOOIIBHUX JOPIT €
HEJIONYCTUMOIO, a Ta, 10 BUHHKIIA, IJJISrae TEPMIHOBIN JikBimamii. PeMOHT Ta 3axomu 3 JIikBimarii
KOl Ha acdalbTOOSTOHHOMY TIIOKPHUTTI € CKIAIHHM, TPYJOMICTKMM Ta (PiHAHCOBO BHUTPATHUM
MPOLIECOM, L0 CYNPOBODKYETHCS 3HAUHUMH MAaTepialbHUMHM Ta €HEpreTHYHUMH 3arparamu. OKpim
TOTO, ICHYIOUI MiJXOJU 3 BUKOHAaHHS PEMOHTHO-BIJIHOBIIOBAHMX POOIT YCYHEHHS KOJIi HE 3aBXKAH
MPU3BOAATE A0 Oa)XaHOro pe3yinbTaTy. SIK MOKa3ye WIMPOKHHA MPAaKTUYHUI TOCBiJ, BUKOPHUCTaHHS
TUIIOBUX KOHCTPYKLIM HEXOPCTKOTO JIOPOXKHBOTO OJATY HA aBTOMOOUIBHHMX HOpOTax HE 3aBXKAM
3a0e3MeuyoTh He0OXiTHY CTIHKICTh /IO YTBOPEHHS KOJIil, 8 METOIU iX pO3paxyHKY € HeJJOCKOHAJIMMHU.

IcHyrOUI METOIU OIIHKK CTIMKOCTI MOKPUTTSI HEXKOPCTKOTO JIOPOXKHBOTO OJISATY 3 YTBOPEHHS
KONii HEJOCTaTHRO  BpPAaXOBYIOTh  KOMIUIEKCHMH  BIUIMB  TEPMOPEOJIOTIYHMX  BJIACTHBOCTEH
achanpToOETOHY Ta YKpIIUIGHHX IIapiB OCHOBM 3 YPaxyBaHHAM DEXKUMIB HaBaHTAKECHHS
BEJIMKOBAaroBHX TPAHCIOPTHHX 3aC00iB 3a Pi3HHUX TemieparypHux ymos [1 — 5].

IcHyroui Mopmeni Ta METOOW 3 MPOTHO3YBAaHHA YTBOPEHHS KOJiI B MOKPHUTTI HEKOPCTKOTO
JOPOXKHBOTO OJSTY HE B MOBHIH Mipi BpaxoBYIOTh Taki ()aKTOpH, SIK: CTPYKTYPHI, TE€PMOPEOJIOTiuHi
BJIACTUBOCTI acanbTOOETOHY, PEOJIOTIUHI BIACTHBOCTI IPYHTIB, KOHCTPYKTHBHi, BIAaCTHUBOCTI
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YKPIIUIGHUX IPYHTIB OCHOBH Ta iX BIACTHBOCTEH, TEXHOJIOTIYHi, KIIMAaTHYHI Ta TPAaHCTIOPTHI (aKTOPH.
Takox ICTOTHUM HETOJIKOM YKpaiHCBKMX HOPMAaTHBHHX JIOKYMEHTIB 3 IPOEKTYBaHHS JOPOKHBOTO
omsary, 3okpeMa BBH B.2.3-218-186-2004, € BiACyTHICTH METOAY OINHKH CTIHKOCTI MOKPHUTTSI
HEKOPCTKOTO IOPOKHBOTO OJATY 10 YTBOPEHHSI KOJIii.

IIpoBenenmii amamiz poOIT CBIAYNTH, MIO JO TEMEPIITHHOTO Hacy 3aJHIIAETHCA BIAKPUTHM
NHUTaHHA BpaxyBaHHSA CHUIBHOTO BIUIMBY CTPYKTYPHHX, KOHCTPYKTHBHHX, TEXHOJIOT1UHHX,
KIIMaTUYHUX Ta TPAHCIIOPTHUX (PAKTOpIB HA YTBOPEHHS KOJil B MOKPHUTTI HEKOPCTKOTO JIOPOKHBOTO
OJIAITY IIpH Ta0OPaTOPHUX 1 CTEHAOBUX EKCIIEPUMEHTAIBHUX JOCITIHKCHHSIX.

TakuM YHHOM, TMPOBENEHWH aHai3 ICHYIYMX MIiAXOMIB M0 ypaxyBaHHS [ii BEPTHKAIBLHUX
HaBaHTaXEHb TPAHCIOPTHUX 3acO0iB MpH BUCOKMX JITHIX TeMIepaTypax Ha yTBOPEHHA KOIii B
ac(anbTOOETOHHOMY MOKPHUTTI HEXKOPCTKOTO NOPOKHBOTO OJSrY, SIKHM /Ja€ MOMIIUBICTH 3pOOHTH
BHCHOBOK TIPO T€, [0 HA JaHUW Yac He pOo3pOOIEHO yIOCKOHAJIECHHA METOI OI[IHKH CTIMKOCTI TTOKPHUTTS
HEKOPCTKOTO JOPOYKHBOTO OJATY /10 YTBOPEHHS KOJii 3 YpaxyBaHHSIM CTPYKTYPHHX, KOHCTPYKTUBHHX,
TEXHOJIOTIYHUX, KIIIMAaTUYHUX Ta TPAHCIIOPTHUX (aKTOPIB.

Bunnkae HeOOXiHICTP BHPINICHHS BaXXJIHBOI HAYKOBO-TIPAKTUYHOI 3a7adi — IIiABHINEHHS
CTIHKOCTI TIOKPUTTSI HEKOPCTKOTO JOPOKHBOTO OJIATY 10 YTBOPEHHS KOJIiI 32 PaXyHOK yJIOCKOHAJICHHS
MeToAy 11 OLIIHKM Ha CTaJlil MPOeKTyBaHHsI, OyAiBHUITBA Ta EKCILTyaTallil aBTOMOOITBHUX JOPIr.

OcHOBHA YaCTHHA

JIist miABMIIEHHSI CTIMKOCTI MOKPUTTS HEKOPCTKOTO JIOPOXKHBOTO OJIATY JI0 YTBOPSHHS KOJIiT 3a
pPaxyHOK YIOCKOHAJIGHHS METOXy il OLIHKHM Ha CTaiii MpOEKTyBaHHsS, OYyAiBHHUIITBA Ta €KCILTyaTallil
AaBTOMOOIUTEHUX JOPIT HEOOXiTHO BUPIIMINTH Psf 33714, a caMme:

— TPOBECTH aHaji3 yMOB poboTH i1 craHy ac(hanbTOOETOHHOTO MOKPUTTS HEKOPCTKOTO
JOPOXXKHBOTO ONATY Ha aBTOMOOUTBHHMX JIOpPOTaX, iCHYIOUMX TEOPEeTHYHHMX Ta EKCIIePUMEHTAaJbHUX
METO/IiB TPOTHO3YBaHHS YTBOPEHHS KOii;

—  BCTAaHOBUTH aHAJITHUYHY 3aJIC)KHICTh IS BIOCKOHAJICHHS METOJY OI[IHKH CTIHKOCTI
achaJbTOOCTOHHOTO TOKPHUTTSA HEKOPCTKOTO JOPOXKHBOTO OJATY JIO YTBOPEHHS KOl Bim il
BEPTHKAJIbHUX HaBaHTa)KCHb TPAHCIIOPTHUX 3aCO0IB MPH BUCOKHX JITHIX TEMIIEpaTypax;

—  eKCIIEPUMEHTAIBHO  JIOCHIUTH: PO3PaxXyHKOBI  TEPMOPEOJIOTIYHI  XapaKTEPUCTHKH
ac(anbTOOETOHIB Ta YKPIIUIEHUX IPYHTIB; MIIHICTh 34EIUICHHS MiXk ac(albTOOETOHOM Ta OCHOBOIO MPH
3CyBi; 1a00paTOpHI Ta CTEHIOBI AOCHIHKEHHS BILTUBY Pi3HUX (DAKTOPIB HA YTBOPEHHS 3aJUIIKOBHX
nedopmariiil y BUIIISIII KOJIii; 3aKOHOMIPHOCTI JTii BIUIMBOBUX (DAKTOPIB HA iIHTEHCHBHICTH YTBOPEHHS
Koutii B achanbToOETOHHOMY IMOKPHUTTI HEXKOPCTKOTO JIOPOKHBOTO OJIATY;

—  pO3pOOHUTH TPaKTHYHI PEKOMEHJAIii Ta METOJIWUKY pPO3PaxXyHKY IMiJIBUIIEHHS CTIHKOCTI
ac(harbTOOETOHHOTO TIOKPUTTS HEXKOPCTKOTO JIOPOKHBOTO OJIATY JI0 YTBOPEHHS KOJTii.

O dzOdz' L L ise tetsB tlsdse'j Ishyplsakr sOMfUs@ddlslsw dzj ¥ stefmis S t

SHWGEEZ dz2O Ooltsditse ' dz! dzgdr HBtetsE OR

3 MeTo BHpIIIEHHS TMOCTaBICHUX 3ajad pO3poOJeHO CXeMy YTBOPEHHsS KOmii Ha
ac(aabToOETOHHOMY OKPHUTTI HEKOPCTKOTO JOPOKHBOTO 0Ty (pHC. 1).

Buxonsuu 3 npuiiHATOI B poOOTI MOCTaHOBKM 3adadi B POOOTI 3aCTOCOBAHO aHAJTITHYHO-
EKCIIEPUMEHTAIbHUN MiXilT 3 BpaXyBaHHSAM BiJIOMHX HAyKOBUX IIOJIOKE€Hb YTBOPEHHS TUIACTUYHUX
nedopmaliiii B IOKPUTTI HEKOPCTKOTO JIOPOXKHBOTO OAry. 30KpeMa Ha OCHOBI JIOCIIDKEHb
Borycmaecekoro A. M., BacineeBa O. I1., 3onotaproBa B. O., Knanroka B. K., Jlyrosa C. B.,
CwuipnoBa O. B., Mesmuaunosa 3. A., [lasmroka JI. O., Pagoscekoro b. C., Tenrtaea b. b. Ta iHmmx
JNOCTIIHUKIB, MOXHA KOHCTaTyBaTH, M0 BigOyBalOTbCS Maji  BigHOCHI  jJedopmarii B
achaJbTOOCTOHHOMY IIOKPUTTI HEXOPCTKOTO JIOPOKHBOIO OJIATY 332 PaxXyHOK HAKOIMHYEHHS
BEPTHKAIBHUX Jedopmaniii Bil Nii HaBaHTAKEHHS, CyMapHEe HAKOIHMYEHHsS SKUX 3a MEBHUW Iepioj
MPU3BOINTH JI0 YTBOPEHHS KOJIIl.
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3 WMeTol BHpINIEHHS TIOCTAaBICHOI 3afadi po3poOJeHo cxXeMy YTBOpPEHHS Koiii Ha
acganbToOETOHHOMY HOKPHTTI HEXOPCTKOTo AOPOKHBOTO ofsry (puc. 1) [1, 2, 10].

Jns po3poOeHHsT aHANITUYHOI 3aJeKHOCTI 3 MPOTHO3YBaHHS KoJii B acdanbroOeTOHHOMY
MOKPUTTI HEXKOPCTKOTO JOPOXKHBOTO ofaary (puc. 1) posrismaersest 1 GopmyBaHHS 3a paxyHOK
HaKOIIMYEHHS 3alIIKOBUX nmedopmariii mpu [ii HaBaHTaAKGHHS TPAHCHIOPTHUX 3acoliB  Ta
BHCOKOI JITHBOI TeMmIeparypd B ac(aabTOOCTOHHHMX IMapax TIOKPUTTA Ta B IMapaXx OCHOBHU
HEXOPCTKOTO JOPOXHBOTO ONATY aBTOMOOINMBHUX MOpir. ActanpToO0eTOH 3 ypaxXyBaHHAM BiIOMHX
pe3ynbTaTiB nociimkenHs boryciaBcekoro A. M., Bepennka B. A., I'ezenuses JI. b., XKnanroka B. K.,
3onorapsroBa B. O., Marya B. I1., Ounumenka A. M., Pynencekoro A. B., TenraeBa b. b. Ta iHmmx
BUYCHHUX, PO3IIIAAAETHCS SIK TEPMOB’SA3KOIMPYKHOIJIACTHYHE TiJIO, BIACTHBOCTI SKOTO 3alpOIOHOBAHO
OMMCYBaTH TaKWUMH OCHOBHHMH TOKa3HUKaMHU: (QYHKIS MOAYNb IDIACTHYHOCTI (B A3KOMIpY)KHA
XapaKTepUCTHKA) achanbTo0eTOHY E, 46 wip(LT(t)), sfKka 3amexuTh BiJg 4acy il HaBaHTaXCHHS 1
temneparypu. lllapu KOHCTPYKIii JOPOXKHBOTO ONATY 3 ypaxyBaHHSM BiJJOMHX pe3yJbTaTiB
nociikens Bacinbesa O. I1., Marya B. I1., Mosroeoro B. B, Mypamunoi H. B., Pagoscekoro b. C.,
[MaBmoka 1. O., Tentaea b.b. Ta iHmMX BueHuX, omucatu: (QYHKIIE penakcaii JAUCKPETHOTO
matepiany R,(t), ykpimneHoro matepiamy R,.(t), 3emmsHoro monotHa R,,(t); dyHkmis momyms
nedopManii wapy 3 AuckperHoro warepiany E, ,.(t), ykpimieHoro wMatepiany Ey u(t),
3emssiHoro mosiotHa E, ,,(t); koedilieHTiB, 1m0 BpaxoOBYIOTh B’SI3KO-TUIACTHYHI BJIACTHBOCTI
MaTepialliB (IMCKPETHOrO MaTepiaiy, YKpIIUIEHOTO IIapy, 3eMJISTHOTO MOJIOTHA), BIXIOBITHO Kio Kuwswp,
K. [1, 2, 6 —11].

P

| s Itma SN, T(2)
------------ o = et —
Hus| Enoslt, TO), (0, W, 3,57 aoas(SNh, T(0)

X

W iaseoeay N

s et AR et SEAEELE
T Ruge(®), Eowy(t). iudp owip(8)

}:

t d iz dzts Txemb yTBOpeHHs Kouil Ha acdanbTOOETOHHOMY MOKPHUTTI HEXOPCTKOTO
JIOPOKHBOTO OJIATY aBTOMOOLUTBHOI fAoporu: P — nutomuii Tuck, MIla; u(t) — xoedimient Ilyaccona,
KW 3aJIeKaTh Bl Yacy Jii HABAaHTAXKCHHS, TEMIEpaTypw 1 BUay matepiany; T(f) — Temmepatypa,
ska 3anexuth Bim dacy, °C; E, .4(t, T(t)) — byHKImis Mogynst miacTHYHOCTI achaapToOETOHHOTO
nokputTs, MIIa; R,6(t), Rusp(t), Ry, (t) — dyHKIiS penakcarii AuckpeTHOro MaTepiany, yKpiluIeHOTO
Matepiaiy, 3emisiHoro moiotHa, MIIa; Ey o(?), Es wmp(t), Es 5n(t) — byHKIIS nedopmanii mapy 3
JHMCKPETHOTO MaTepiaiy, YKpIIUIEHOro Mmarepiaiy, 3emisiHoro monotHa, MIla; H,; — ToBmnHA
achanbToOETOHHOTO HOKPHTTS, 110 CKIAAAEThCs 3 KUTbKOCTI mapiB N, M; Ny Nujgups Ny — TOBIIMHA
mapy 3 JMCKPETHOrO Marepialy, yKpPIIUIEHOTO IIapy, 3eMIITHOTO MONOTHA, M; Ky Kupp: Kim —
KOoeQILIEHTH, 1110 BPaXOBYIOTh B’SI3KO-TUIACTHYHI BJIACTUBOCTI MarepiaiiB (IUCKPETHOIO MaTepiaiy,
YKPIIUICHOTO IIapy, 3eMJSIHOTO TMOJ0THA); Npmax(XN,2,T(2)) — MakcumanbHa TJIMOMHA KOJIis
ac(habTOOETOHHOTO TOKPUTTS HEXKOPCTKOTO JOPOKHBOTO OJIATY, M
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O dzOdz" IsdydzO L Odzj x dz' Mmls: sO EkEHMS 5dzOdzj dzd 2 d3d ssH
dzj Y stemMlsCtsets HEsteB)y dz' SEts BSHYWGEEZ HB EkZleatte]j dzdzv € sz

Sk mepemymoBa IS OIHKH CTIHKOCTI ac(adbTOOETOHHOTO TOKPHUTTS HEXKOPCTKOTO
JOPOXKHBOTO OASTY O YTBOPEHHS KOJIii 0yJ0 BUKOPUCTAHO: TEOPETUYHI MOJIOKEHHS Ta PIILICHHS 3a1a4
HAKOMWYEHHS 3aUIIKOBUX Aedopmaniil B acansrodeToni borycnascekoro A. M., Bacunbesa O. I1.,
CwumipnaoBa O. B., a mporao3yBaHHs 3aJHIIKOBUX JedopMarliil B I1apax OCHOBH Ta 3eMIITHOMY ITOJIOTHI
Bacunwepa O. I1., Mypammnoi H. B., Pagoscekoro b. C., Ilasmroka M. O., TenraeBa b. b. Ta inmmx
JOCIiTHUKIB MIPH Aii HAaBaHTa>KEHHS TPAHCTIOPTHHUX 3ac00iB Ta BUCOKOI JIITHHOT TEMIIEpaTypH.

3 ypaxyBaHHsM po3po0Osenoi cxemu (puc. 1) [1, 2, 10] Ta BitoMuX TEOPETHYHHX MOJIOKCHb
3allpONIOHOBAHO AHAJITHYHY 3aJICKHICTh M TMPOTHO3YBAaHHS TJIUOWHM yTBOpEHHS Komii B
MTOKPHUTTI HEKOPCTKOTO JOPOKHBOTO OJATY, Big MAil MUKIIYHOTO BEPTUKAIHFHOTO HAaBaHTAKEHHS
TPaHCIIOPTHUX 3aco0iB TPH BHUCOKUX IITHIX TeMIlEpaTypax, sKa BKIIOYaE B cebe mapameTpu:
TEPMOB’I3KOMPYKHOIUTACTAYHI ~ BIACTHBOCTI  ac(anbToOETOHY; KOHCTPYKIIl JOPOKHBOTO OHSTY
(3/06e3 yKpiTuIeHHs apiB OCHOBM); Nii BEPTHKAIILHOTO HABAHTAXXEHHSA Ta 3MIHU Temreparypu. Tomy
BU3HAYEHHsI 3araibHOi rmuouan komi h,,.(>N,t,T(t)) B achanbroO0eTOHHOMY MOKPHTTI 3 YpaxyBaHHIM
niaxo/iB Bacunbesa O. I1. BCTAHOBIIOETHCS 32 3AJIEKHICTIO:

Q- - ORfiYo 1, ORFYO 1 ;-0 1 50

17 O 1-0 1 0 Fo

3¢
o

. . ooy hop * 0 JO0y Qe s :
1 7 0 o'Yo Y-O — ——O0p 100> »p w
O 5 YO Ox Q0

— 3aJTMIIKOBA Jedopmaliii B acharbsToOeTOHHOMY IIapi, M;

f -~ h
. . R 7
1 -0 1 O O% — 3ajgumkoBa Jedopmarii B
- : .7 O T
YKPIMJICHOMY Iapi OCHOBH, M;
. . ¥ o7 h O T h
1 70 1-7 Bih Oﬁ — 3aJMIIKOBa Jedopmallist B Imapi

IMCKPETHOTO MaTepiainy, M;

1-7 BORO A@P° ho hoo" smmmkosa nedopmariii B 3eMIISIHOMY MOJIOTHI, M;

1 ~ O — cepeaHst BUCOTaA BHIIOPIB KOJIi, M;

1 BO o — 3moc MOKPHUTTS BiJ NIMIIOBaHWX IIWH (3aJ€KUTh Bl BUAY MiHEPAIBLHOTO
Matepiany achairbToOETOHY), M;

“Y~— po3paxyHKOBHI CTPOK CITy»KOH TOPOXKHBOI KOHCTPYKIIi1, POKH;

n ta N — IHTEHCHBHICTh PyXy PO3pPaxyHKOBHX aBTOMOOITIB Ha TOJIOCY PYXy BIAMOBIIHO B
MICSIIb 1 32 CTPOK CITY»OH, OJIMH. HABAHT.;

0 — vac penakcarti, c;

V — MIBHAKICTH TPAHCIOPTHOTO MOTOKY, MPUUMAETHCS K CEPETHE MiX MIBHUJKICTIO HA TMOYATKY
eKCIUTyaTallii JOPOKHBO1 KOHCTPYKIIIT Ta B KiHIII CTPOKY i CITy>KOH, KM/TOJI;

‘G — ngiamerp BiIOUTKY KoJieca pyXOMOTO aBTOMOOLIS, M;

[ — YKMCJIO MICSIIIB B POIIi 3 XapaKTEPHOIO CEPEIHBOI0 TEMIIEPATYPOIO;

7 — aKTHBHI JIOTHYHI HAPY>XEHHS 3CYBY B IPYHTI 3eMIIsTHOTO TosioTHa, MI1a;
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B — xoedimieHT KOHCHUCTEHIIIT IPYHTY, TOJIS OTMHUILI;

t — TpuBaITiCTh Aii OJHOTO MPHUKIIAICHHS aBTOMOOUTEHOTO HaBaHTaXEHHS, C;

W — ¢ynkumis, mo BigoOpaskae BIUIMB KOMOIHAIl MPUYMH YTBOPEHHs KOJii BiJl pelenTypHO-
CTPYKTYpPHHX, KOHCTPYKTHBHHUX, TEXHOJOTTYHUX (QakTopiB (BuA PyHKIHIT i mapamMeTpiB BCTAHOBIIOETHCS
eKCTIepUMEHTAILHO);

7 RO — napameTpu, IO BCTAHOBIIOIOTHCS EKCIEPMMEHTATLHO 1 BiJOOPAXKAIOTH BILIHB
LUUKTIYHOTO HABAaHTAXXCHHS Ha YTBOPEHHS KOl B acanbTo0eTOHI pU MOBTOpHOMY Ipoizai N koneca.

O y OWYO — cepenHbO-iHTErpajbHe 3HAYCHHS MOJYINS IUTACTHYHOCTI BH3HAYAETHCS 32
3anexuictio, MI1a:

O 7 diYo O y Yo O "0~ h q

ae O y OHYO - (ynKuis MOIYIIS MIACTHYHOCTI i-ro mapy acdanbTOBETOHHOTO MOKPHTTS;

N — KUIBKICTH 1apiB ac(anbTo0eTOHHOro MOKpUTTA (N = 3), MI1a;

'O~ — roBuMHA i-TO APy acHarbTOOCTOHHOTO MOKPUTTS (i = 3), M.

Jlist OIiHKH CTiiiKoCT MIOKPUTTSI HEKOPCTKOTO JITOPOKHBOTO OSTY 10 YTBOPEHHS KOJIii, siKa
0a3yeThCs HA OTPUMaHHI aHATITHYHUX 3anexHocTel (1, 2), 3apornoHOBaHO YMOBY TPAaHHMYHOTO CTaHY,
AKa MepeBIPAEThCA K MAKCHMAIbHE 3HAueHHs rmmOuay komii 'Q B UOMAYO haakommuenowo 3a
PO3PaxyHKOBHiI CTPOK CIykOHM Ta BKIOYae B ceOe s3arampHy riamOmny komi Q- BUORAYO s
BIJIMTOBITHOIO 3a0€3MEUEHICTIO, BH3HAYAETHCA 32 (DOPMYIIOFO:

0 oY Q@ - (RAYO Op & O Q h o

ne O - — Koe(ilienT JoBipYOi IMOBIPHOCTI;

0 — koediuienT Bapiamii rIMOUHU KO,

"Q — rpaHMYHO JOIyCTHMA ITIMOKWHA KOl 32 HOPMATUBHUM JOKYMEHTOM, M.

TakuM 4YHHOM, YIOCKOHAJIEHO METOJI OIIHIOBAHHS CTIHKOCTI TOKPUTTS HEXOPCTKOrO
JOPOKHBOTO OJIATY JI0 YTBOPEHHSI KOJIl BiJl BIUTUBY CTPYKTYPHHUX, KOHCTPYKTHBHHX, TEXHOJOTTYHUX,
KIIIMAaTHYHUX Ta TPAHCTIOPTHUX (PaKTOPIB, a TAKOXK 3alIPOMOHOBAHO ITOCIIIOBHICTE PO3PAaXyHKY OIIHKH
CTIMKOCTI TaKOTO MOKPHUTTS.

ExcnepuMeHTaNbHI JOCTITKEHHA

{BO" CIsd J €My J ted d3d dzls O dzdadrthberonnt tSbkgr'TTH Mejx@@TKOrO
JIOPOXKHBOTO OJIATY aBTOMOOULTBHUX Jopir, kimbueBuit creHn Il «/lopokHili KOHTpPOIB SKOCTI;
TpaJuLiiHui acanbTOOETOHNH JpiOHO3epHHUCTHH, KpynHo3epHuctudd (tun B, A), mebeHeBo-
MactukoBuil acanprodeton (ILIMA). JochimxyBanucs achanbTOOETOHN 3 BUKOPUCTAHHSIM MIeOEHIO
po3mipom 10 MM, 20 MM, 40 MM Ha OiTymax mopoxHix mapok bBHJI 40/60, BHJ] 60/90 Tta 6iTymax,
MomudikopaHux moiimepoM Mapku: BMITA  60/90-53, mo wmoaudikyBaim mnomiMepoM —
TepMoenacroractoM. JlocmipkyBamucst MaTepiaay MIapiB OCHOBH JOPOKHBOTO OJISTY: YKPITUICHHH
rpyHT, mebinb Gppaxiii 20-40 MM, medbeHeBo-TilaHa CyMilll, MiCOK, CyrMHOK [12 — 13].

Jy ¢ 0 Mmis' 2¢smlis OfMmW Odz' Is sB gz'ldlispda’ winpoGydsHEMNZ IS © 1S 16 §
3pa3kd BHTOTOBJISUTM 3a JOMOMOror cekropHoro mpecy (IIMA 218-21476215-450), mo BigTBOpIOE
YMOBH  YIIITbHEHHS — acanbToOETOHHOI cyMilmi, MOMIOHI yMOBaM  YIIUIBHEHHS  KOTKaMH.
Bazyrouuce Ha icHyrouomy wMetoni (COVY 45.02-00018112-020) 3 MeTor BH3HAYEHHS IOKAa3HHUKA
CTIMKOCTI acanpTOOETOHY HAKONMWYEHHS 3alMIIKOBMX JjgedopMmarmii y BHNIAAI KOJl 1pH
0araToIMKIOBOMY MOBTOPHOMY HABaHTaXCHHI 3a MiJBUIIECHUX TEMIIEPATyp, MPOBOJWIN JabopaTopHi
BunpoOysanus [ 14, 15].
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OTpumaHi pe3yabTaTH EKCIEPUMEHTAIBHUX OOCHTI[HKEHb BIUIMBY CTPYKTYpHHX (PaKkTopiB Ha
MiJBUIICHHS CTIHKOCTI MO YTBOpeHHS Koiii B acanpTOOETOHI MIATBEPAWIM BiOMI daHI PO
MiJBUIIEHHS 3CYBOCTIMKOCTI ac(aapbTOOETOHY 32 paxyHOK perylIiOBaHHS 3E€pHOBOTO CKIAAY,
BJIACTUBOCTEH OITYMHHUX B’SKYYHX, KPiM TOTO, OTPUMAaHO KIUJIBKICHI JaHi Ta 3aKOHOMIPHOCTI BIUIMBY
PEeXMMiB HaBaHTAKEHHS Ta KOHCTPYKTHBHO-TEXHOJOTIYHAX (PaKTOPIB.

Ha pucysky 2, moka3aHO BIUIMB BHKOPHCTaHHS pIi3HUX OITYMHHX B SKyduxX Ha
npiOHO3epHUCTUH acdanbTobeToH Tumy A-20, mebeHeBo-MacTHKOBUN acdanbToberon LIIMA-10,
IIMA-20 Ha yTBOpPEHHS KOJIii.
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t d Mz detsBanex@iicts ruOUHU KOl Bl KITBKOCTI MPOXOJiB OT'yMIJIEHOTO KoJjeca Ta
BUIYy OiTymMHOrO B’spkydoro B acambroberoni (tum A, IIIMA) 3a temneparypu 50°C mpu
HaBaHTaxkeHi 700 H

OpepxaHo TOPIBHANBHI pe3ynbraT (puc. 2) acdanbTo0eToHiB THIY A (3 MaKCUMaJbHUM
po3mipom 3eper medeHto 20 Mm), medeHeBo-MacTrKoBHX acdanbroderonis (ILIMA-10, IIIMA-20), 3
SKUX BHUIUIMBAE, 110 MiHIMaJbHE 3HAUCHHS MIIHOMHU KoJii mpu temneparypi +50 °C cranoBuTh 3,5 MM
st [IIMA-20, a y tuni A-20 3Ha4eHHs Kouii Oiibiue B 2,7 pasiB. 3 pe3yabTaTiB TOCITIiIKEHHS MOXXKHA
CKa3aTd, 10, BUKOPHCTOBYIOUHM acQalbToOeTOHH Ha OiTyMax, MOAM(IKOBaHHX MOJIMEpaMU, MOXKHA
MiABHIUTH CTIHKICTh JIO YTBOPEHHS KoJii acdanbToberoHHOro mokputts Ha 50 — 60 %. MHani
JOCTIDKEHHS TAal0Th MOXJIMBICTh 00paTy HAWOLIbII CTiiiKUH acdambTOOETOH 10 YTBOPEHHS KOl IpH
NPOEKTYBaHHI KOHCTPYKIII JTOPOXKHBOTO Ofsry. Pe3ynbraTu JOCHIUKEHHS 3aCTOCOBYIOTHCS JUIS
0OTpyHTYBaHHs BUOOPY ac(hanbToOETOHY MPH MPOEKTYBaHHI KOHCTPYKIIT JOPOXKHBOTO OJISTY.

Jy @O & ydetsmis’ L wJ ¥ dzj3tadg¥ O dift tésdfs B jLishiszizdzd
OMmMW Odz! IstsB j Istsdzadzd d3 . Jnss € taafilgigetisd3 BUKOpHCTOBYBAIH METOTUKY
(COY 45.2-00018112-046) nns ouinku 34ervieHHs acainbToOeTOHHOTO 1mapy 1 achanbToOEeTOHHOTO
MOKPUTTA IPY BUIPOOYBaHHI IMiJ] Ai€l0 TOPU3OHTANBHUX Ta BEPTUKAIBHUX 3YCHJIIb, L0 MOJEIIOIOTH 0
30BHIIIHBOTO HABaHTAXKEHHS Ha ac(albTOOETOHHI Mapu MpH TaJbMyBaHHI TPAHCIIOPTHHUX 3acOOiB.
BunpoOyBanHs 37ificHIOBanu 3a nornomoroto npriany HTY-3U-1, 3pa3kiB kepHiB, ski Oynu BiiOpaHi 3
MOKPUTTS KiIBLIEBOTO CTEHAY. PesynmpTatamMu JOCHIPKEHHS BCTAHOBJIEHO ONTHMAJbHI BHUTPATH
iArpyHTOBKH, 10 cKiagaoth Bix 0,3 — 0,7 1/M° i CyTTEBO 3aexaTh Bix BHLy acdanbroberony. Lle
CBIAYMTH TPO Te, IO HpPU MPOEKTYBaHHI acQaabTOOETOHHUX IIApiB HEOOXiTHO BpPaXOBYBATH
ONTUMAJIbHI MapaMeTpy TeXHOIOTii ix BiamryBaHHs [16]. PesynbTaTé AOCHiIKEHHS 3aCTOCOBYIOTHCS
JUIst OOTPYHTYBAHHS KiJIbKOCTI MiJAIPYHTOBKH MiX ac(aibToOETOHHIMU MapaMH.
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1 mls Odzts o dzj dzdzv
AHamTHYHA 3aJI€KHICT 3 MPOTHO3YBAHHS YTBOPEHHS KOIii B ac(anbTOOETOHHOMY MTOKPHTTI MTOTpedye
3aCTOCYBaHHS XapaKTEPUCTHK, IO OMUCYIOTh TEPMOB’A3KOIPYKHIO MOBEAIHKY acdaabToOeTOHIB
(dyHKIisS pemakcaitii) Ta TEPMOB'I3KONPYKHOIDIACTHYHY ((PYHKISI MOAYIS IJIACTHYHOCTI; (DYHKIIIS, 110
BifoOpakae BIUIMB KOMOIHOBaHUX MPUYUH YTBOPEHHS KOJIi BiJl BHYTPIMIHIX (hakTopiB; mapaMeTpH, U0
B1I00paKaroTh BIUIMB MUKJIIYHOTO HaBaHTakeHH:) [1, 13, 17].

Otpumani mapameTpu (QYHKITIT MOIYIS TUIACTHYHOCTI Ie0eHEeBO-MaCTHKOBOTO ac(hambTOOETOHY
HaBeIeHO B Tadmui 1.

v OB dzd yw

1 Ot O3j sted tHidzbw ' § dz@isd ydzetsmis® 2z ¢

[MapameTpu QyHKIT ar [MapameTpu MOaYIIs TIACTUIHOCTI

udp achansTodbeToHY

kjtedsse ' WL Stfteky do 5§ &zOMls d ydzd 7

1

Q. °C

p, rpax’”

En al6s MIla

1, ¢

A

IIIMA-10 (BMIIA 60/90-53)

20

0,171

4754

1,68 x 10°

0,290

IIIMA-20 (BMIIA 60/90-53)

20

0,165

4586

1,53 x 10°

0,300

Jns BuzHaueHHS nedopMaIlifHMX BIACTUBOCTEH MarepialliB JOPOXHBOI KOHCTPYKINI B
JTA0OPAaTOPHUX YMOBax BHM3HAYaJIM BEPTHKAIbHI MEPEMIIICHHS 3a JOIMOMOIOI0 KOPCTKOIO IITaMITY,
BCTaHOBJICHOTO Ha TIOBEPXHI 1eOeHeBo-mimanoro mapy (¢ppaxiii 0 — 40 MM) OKPHUTTS 3a JOIIOMOTOIO
BaXIIBHOTO TIpecy (puc. 3), B 3alIe)KHOCTI BiJl Pi3HOTO yacy Jii HaBaHTakeHHs. HaBaHTakeHHS Ha
MOBEPXHIO IIEOCHEBOr0 WIapy TepelaBaiocs 3a JOMOMOTOI0 BaKUIBHOIO Mpeca uepe3 CTalleBHi
mTaMi 3agaHuM Jaiametpom. llepemimenss QikcyBamocs 3a JOMMOMOTOKO 1HIWKATOpa TOJUHHHKOBOTO
Tuny. BunpoOyBaHHs nepeMillieHb TPOBOIUIIN BiUi MpW HaBaHTaxeHH1 p = 0,5 MIla 3 TpuBainicTio aii
Big 0 1o 2400 c, pe3ynbTaTH HaBEACHO Ha pHC. 4.

OTtpumaHi pe3yiabTaTd BUNPOOYBaHb MarepialiB IIapiB OCHOBH 3a JOIIOMOTOI0 BaXKUJIBHOT'O
npeca (puc. 3) 103BOJIMIM BU3HAYUTH HA OCHOBI OTPUMAaHUX JIAHUX 3aJICKHOCTI TIEPEMIIICHh MaTepiasiB
OCHOBH TIpW 3aJaHiil BOJIOTOCTI Ta pi3HOMY dYaci nii HaBaHTakeHHsS (puc.4), BU3HAYUTH IapameTpu
¢dyHK1IH penakcalii Ta Momyns nedopmarii. Pe3ynbrati mapaMmerpiB HaBeeHO B TaOMHII 2.

v OB dzd yw

2

] OO sted jHdAESHOY ' tc 5O Cwj¥' y' ‘dds 906wWLC s dzOM

Koedirient
B'SI3KOIJIACTHYHOCTI
E.., Mlla E., MIla a x k
Ykpimiernii rpyHt, M 60 540 490 6,1 41 0,98-0,96
11eGinb, BJIALITOBAHUH  METOZIOM 358 332 6.0 40 0,97-0.93
3akiuHKY (Ppaxuii 20 — 40 mm)
[IleGeneBo-minana cymimr
(dpartii 0 — 40 Mw) 258 236 59 3,9
ITicok cepenHiit 138 125 9,0 3,75
CyrimHOK 70 49 5,8 2,1
ITpumirka: KoedinieHT macTHYHOCTI JUIsg MaTepially IapiB 3JISKNTh BiJ BOJIOTOCTI

. IMapameTpu QyHKIT penakcartii
udp matepiamy

0,96-0,91

0,94-0,88
0,91-0,83
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t Mz dats & Cx&ma BcTaHOBJIEHHS

LITaMITy Ta IHIUKATOpa TOJMHHHKOBOTO THITYy IPU

BU3HAYCHHI NIepeMillleHb B MaTepiaji 3a J1OOMOTo0

BaXiJpHOTO TIpeca: 1 — iHAUKAaTOpH TOJXUHHUKOBOTO

TUMy; 2 — IITaMO i3 3aliedyHuKamu; 3 — dopma i3
3pasKkoM

t d Mk dzts Saneskdwicts mepemimiens Bin
yacy [ii HaBaHTaXCHHA B IIcOCHEBO-MiNaHIH
cymiui npu Bojorocti 4 %

dlsj dzHts9 ' odfftctsB lzo Odzdzy . Hp@ruimreuusdziongrina ty dgizsuenfyjls j dzH
norepeyHoro npodimo  acambTOOETOHHOTO TMOKPUTTS HEKOPCTKOTO JOPOKHBOTO — OJATY 3
BUMIPIOBaHHSIM TIapaMEeTPiB KOJii B 3aJI€KHOCTI BiJl KUTBKOCTI MPOI3/AiB KOJieca 1O OJHOMY CIiTy MPH
temmneparypax Big 45 °C go 55 °C [18]. HdocnimkyBaHa KOHCTPYKINS CKJIajaiacs: BEPXHiH Iap
mokputtss 3 I[IMA-20 nHa OiTymi, Momu¢ikoBaHOMY MOJIMEPOM, TOBIIMHOI 5 CM; UIUTBHAN
npiOHO3epHUCTHH achanpTOOEeTOH THITY A 3 MAaKCHMAIBHOIO KPYITHICTIO MiHepalbHUX 3epeH 20 MM Ha
OiTymi mMoaudikoBanomy momimepom BMITA 60/90-53, TOBHIMHOIO 8 CM; HWKHIM mIAp — TMOPUCTUIN
KPYITHO3EPHUCTHH ac(abTOOCTOH THITY A 3 MAKCUMAIBHOK KPYIHICTIO MiHepanbHUX 3epeH 40 MM Ha
BH/I 60/90 ToBuuHO0 8 cM; MiX IIapaMyd BUKOHAHA IMiIPYHTOBKA Ha MOJIU(IKOBAHOMY OITYMI; Iap
OCHOBH 3 IeOeHeBO-Ianoi cymimti C-7, yKpIIJIEHO IEMEHTOM, TOBIUHOKO 15 cM; map 3 medeHeBo-

nimanoi cymin C-5 Touinoo 18 cm. Ilonmepeunnit mpodinb Ta KiHETHKY 3MiHH HOTO XapaKTEPHCTHK
MOKa3aHO Ha PUCYHKY 5.

0
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Bincrass Ha cTBOPI, CM. ) . ]
A Bmop O Komis O Fomis3emmopoy =& Konix Teoperasa

a) 0)
t d mkz dzts3anexbiicts yrBopeHoi Kodii B achaabTOOCTOHHOMY MOKPHTTI HEXOPCTKOTO
JIOPOXKHBOTO OJIATY BiJ| KUIBKOCTI MPOI3/iB KoJieca: a) — monepedHuil npodiik; 6) — KiHeTHKa 3MiHU
XapaKTePUCTUKH YTBOPEHHS KOl
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OTtpuMaHi JaHi cBiI4aTh Mpo Te, MO i3 301TBIIEHHIM KiJTHbKOCTI HABAaHTAKEHb TEMITH 3POCTaHHS
TIAOMHM KOJii CTIOYAaTKy CTPIMKO 301IBIIYIOTHCS, @ MOTIM TOCTYTIOBO 3aTyxaloTh (puc. 7). PesympraTn
JOCHIDKEHb  JIO3BOJIMJIM  BCTAaHOBUTH  MIJBUILEHHA CTiHKOCTI acaabTOOETOHHOTO TOKPHUTTS
HEXOPCTKOTO JOPOKHBOTO OAATY N0 YTBOPEHHS KOJIi 32 PaxyHOK 3aCTOCYBaHHS: y BEPXHBOMY Ta
HIKHBOMY Iapi TOKPUTTS acanbToObeToHy Ha OiTyMi MOAM(IKOBAaHOMY TMOJIMEPOM, a TaKOX
YKPIIUIEHOTO MIapy OCHOBH Ta PalliOHAILHOTO KOHCTPYIOBAaHHS JOPOXKHBOTO OJIATY.

3 MEeTOI0 MepeBipKH TOYHOCTI MepEeMilIeHHS 3IMIIKOBUX AedopMaliiii B mornepedHomy npodisi
KOHCTPYKIIii TOPOKHBOTO OJSTY BHUKOHYBajlocs 11 po3puTTs (puc. 6). Pesympratu mocmimkeHHS
J03BOJIMJIM BH3HAYUTH TOIIAPOBE HAKONMHMYEHHS IUIACTHYHUX 3aIMIIKOBHX Jedopmaniii y KOKHOMY
mapi KOHCTPYKIii JOPOKHBOTO OASTY (pHC. 7).

TIpoeKTHe PO3TAIYBAHHS IAPY,CM

BinMmiTka nmo peini, MM

BICYTTHHOK JNeTKui MilTAHHCTHI. @ Ilpoekt - IIIC C-5 - 18 cM;
BTIpoekT - MOV - 15 em; @ITpoext - ACT KpITA-40 HILT. BH]I 60/90 - 8 em;
@IIpoekt - ACT Kp Il A-40 HILL. BH][ 60/90 - 8 ca;  BITpoexT - IIIMA -20 BMIIA 60/90-53 - 5 cn;
t d Mk dzt8B8ranimii BuI po3puTTs t d Mz dats ResynbraTu gociimkeHHs
KOHCTPYKLUI{ JIOPOKHBOTO ozAry IUTACTUYHUX  3aJMIIKOBUX  aAedopmamid B
Ha kimbneBomy crenai Il «Jlopoxniit KOHCTPYKTHUBHUX IIapax JOPOKHBOTO OJATY

KOHTPOJIb SIKOCTI»

[IpoBeneHO uYMCIIOBE MOJIENIOBAaHHS BEPTUKAIBHUX MEPEMILICHb B IOKPHUTTI HEXKOPCTKOTO
JOPOKHBOTO OJISITY 3a JOMOMOTOI0 METO/AY CKIHYCHHUX eNIEMEHTIB JUIsl PI3HUX KOHCTPYKIil
JIOPOKHBOTO O1ATY. Ha OCHOBI OTpHMaHUX pe3y/IbTaTiB 3p00JICHO BUCHOBOK PO T, 110 MaKCHUMAaJIbHI
MOJISI TIEPEMILICHb PO3MOBCIOKYIOTHCS B KOHCTPYKLIi, B SIKiH HE BHKOPHUCTOBYIOTHCSl YKPIIJICHHS
IapiB OCHOBH, MaKCHUMallbHI TIEPEMILICHHS! B KOHCTPYKIIii 3 BUKOPUCTAHHIM YKPIIUICHHX MaTepiajiB
menm 1o 40 %.

s mepeBipKkM aAE€KBAaTHOCTI 3ampOIOHOBAHOI MaTeMaTHyHOi Moxemi (3), a Takox Ui
BUBYEHHS TapaMeTpiB yTBOPEHHs Koiii B acgalbTOOETOHHOMY MOKPUTTI HEXOPCTKOTO JOPOKHBOTO
OJISITY BUKOPHCTAaHO KOHCTPYKI[IO JOPOKHBOTO OJISTY TIPH CTEHAOBUX BUNPOOYBAaHHS HAa KiIBIIEBOMY
crenai HI1 «JlopokHili KOHTPONb SKOCTI» 3 HAaBEACHWMH BHILE MapaMeTpPaMH, a TaKOX HPOBEICHO
HaATYpHI JOCII/KEHHSI YTBOPEHHS KOJIii, aHAJOT14HOi KOHCTPYKLil HEXOPCTKOIO JIOPOXKHBOTO OJATY,
IO EKCIUIyaTyeTbCs Ha aBTOMOOUIbHIN j0po3i M 03 Kuie — XapkiB — JlomkaHchkuid. PesynbraTtn
HaTYPHHUX JIOCIIDKEeHb OyJIM ITPOBECHI Ha aBTOMOOLIBHIH 10po3i M 03 Kuis — XapkiB — JloBxaHChKUi
B 2016 ta 2018 pokax. Kpim Toro, s cHiBCTaBIE€HHS 3alpolOHOBaHOI MaTeMaTHYHOI MOJENi 3
ICHYIOUMMH METOAaMHM, OyJI0 IPOBEACHO TEOPETUYHI PO3PAaXyHKH YTBOPEHHS KOJIIl B 3allpONOHOBaHIi
KOHCTPYKIIIT JOPOKHBOr0 oadary 3a migxoxamu Bacinbea O.I1., M-218-03450778-256 [1, 4, 5, 8] Ta
BUKOHAHO IMOPIBHSIHHS 3 OTPUMAHOIO0 TEOPETHYHOIO 3alEXHICTIO (3), HATYPHUMH JOCIIKEHHSIMH, LI0
HaBEJICHO Ha puc. 8.
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Ha mixcraBi HaTypHHMX, CTEHIOBHUX Ta TEOPETHYHO pO3paxoBaHuX 3a ¢opmyror (1-3)
JOCTI/KEHb BCTAHOBIIEHO 3aJIEKHICTh YTBOPEHHS TIIMOWHU KOJIii B ac(arbTOOSTOHHOMY MOKPHTTI Ha
PI3HUX KOHCTPYKIISIX HEKOPCTKOTO JOPOKHBOTO OJATY BiJ BIUIUBY CTPYKTYpHHX, KOHCTPYKTHBHHX,
TEXHOJIOTIYHUX, KIIMATHYHHUX Ta TPAaHCIOPTHHUX (akTopiB. PO301KHICTH pe3ysbTaTiB 3HAXOOUTHCS B
mexax Big 9,0 % mo 18,0 %, mpu piBHi moBipdoi BiporigHocti 0,95. lle Bka3zye Ha MOXKITUBICTH
MPAKTHYHOTO 3aCTOCYBaHHS yIOCKOHAJIEHOTO METOMY OIIHKH CTIHKOCTi ac(arbTOOETOHHOTO MOKPHUTTS
HEKOPCTKOTO TOPOKHBOTO OJIATY.
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Tepmin excrryaTanii acaabTo0eTOHHOT0 MOKPHUTTS, POKH

@=—¢ e PcKOMEHJALUU 110 BBIABJICHUIO M YCTPAHEHMIO KOJEll Ha HEKECTKUX IOpOXKHbIX oxexnax. A.Il. Bacunbees, FO.M.

SlkoBneB. — M.: MAé[I/l 2002. . o )
—& . M-218-03450778-256-2004. Merommika BUNPOOYBAaHHS MOKPUTTIB HA CTifKicTh poTH KomieyTBopenHs. Kuis 2004 p.

e \[€TO/INKA PO3PAXyHKY AucepTanii, 'apkymra M.B.
= =@ == Jlocnipkenns npo¢. Ounmenko A.M.

+++<% -+« HarypHi gocnimxenns aBroMobinsHoi noporn M03 Kuis-Xapkis-/loexancekuii, 2016, 2018 pp.

t d Mk dzts BaneBuicte rmbuau Komii B achaibTOOCTOHHOMY IOKPUTTI HEXKOPCTKOTO
JIOPOXKHBOTO OJASTY Ha aBTOMOOUMBHIM mopo3i MO03 Kwuie — XapkiB — J[loBxkaHcekuil Bim mii
HaBaHTaxkeHHs p = 0,8 MIla B 3aexHOCTI BiJ] TepMiHY eKCILTyaTaii

BucHoBku

VY po0oTi HaBeIEHO TEOPETHYHE y3arajbHEHHS 1 HOBI BHUPIIIEHHS HAYKOBHX Ta MPAKTUYHUX
3aga4d. Y poOOTi yIOCKOHAJIEHO METOA OLIHKU CTIKOCTI MOKPUTTA HEXOPCTKOTO AOPOKHBOTO OASTY 3
YTBOpEHHSI ~ KOJIii Ta  BpaxoBaHO KOMIUIGKCHY JIil0 OCHOBHMUX  (akTopiB, a  came:
TEPMOB’A3KONPY>KHOIUTACTUYHHUX BJIACTHBOCTEH ac(aabToOETOHY, BEPTUKAIBHOIO TUCKY Ha MOKPUTTS
MHEeBMAaTHYHUX KOJIIC TPAHCIIOPTHUX 3aco0iB Ta dacy iX [Iii Ha KOHCTPYKILIiIO; iHTEHCHBHOCTI
MPUKIIAIaHHS BEPTUKAIBHUX HABAHTAXKEHbB; IIi TOJOXKEHHS OyNH MiATBEPIDKEHI eKCIIePUMEHTATbHUM
JIOCITIJPKEHHSIM, B TOMY YHCIIi 3 BpaXyBaHHSM YKPIIJICHHS IapiB OCHOBHU JIOPOXKHBOTO OJIATY.

Pesynpratn nmocmimkeHb 1O3BOJMIM CHOPMYIIOBATH TEOPETUYHI Ta HAYKOBO-TIPAKTHYHI
BHUCHOBKH, OCHOBHUMH 3 SIKUX €:

1. I3 anamizy BiJOMHUX JITepaTypHHX JaHUX Ta JOCIIPKEHb CTOCOBHO HEXOPCTKOTO
JOPOXKHBOTO OJISITY BCTAHOBIICHO:

—  ac¢asbTOOCTOHHE IOKPUTTA HEXOPCTKOTO JOPOKHBOI'O OAATY AaBTOMOOIIBHUX JAOPIr
nepedyBae y CKIQJIHUX yMOBax eKCIUTyaTallii, II0 MiATBEpAXKYETbCS IHTEHCUBHUM 3POCTaHHSIM
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nedexTiB y Burisini komi (monan 60 % mmacTudHUX AedopMarii i3 3arajJbHOI KITBKOCTI JeeKTiB), ¥
3B’S13KY 3 pPOCTOM TapaMeTpiB TPAaHCIOPTHUX HaBAaHTAXKEHDb Ta BUCOKHX JITHIX TEMIIEPATYp;

— B ICHYIOYHMX HAayKOBHX pPO3pOOKax HEIOCTaTHHO BHMBYCHO: KOMIUICKCHUH BIUIMB
TEPMOB’ SI3KONPYKHOIUTACTUYHUX ~ BJIACTHBOCTEH ac(anbTOOETOHy 3 BpaxyBaHHSIM CTPYKTYpHHX,
KOHCTPYKTHUBHHUX, TEXHOJOTIYHUX, KIIMATHUYHHUX, TPAHCIOPTHUX (aKTOpiB; ICHYIOUI METOIW OIliHKH
CTIMKOCTI MOKPHUTTSI HEXKOPCTKOTO JOPOKHBOTO OJSTY 10 YTBOPEHHS KOJIii HEAOCTaTHHO BPAaxOBYIOTH
KOMIUICKCHUH BIUIUB TEPMOPEOJIOTIHHUX BIACTUBOCTEN acanbTOOETOHY Ta YKPIIJICHHS [IapiB OCHOBH,
a TakoX (aKTUYHUX PEKHMIB HABAaHTAXEHHS BEIMKOBAarOBHX TPAHCIOPTHUX 3ac00iB 3a pPI3HHX
TEMIIEPATypHUX YMOB; ICHYIOUI eKCHEepHMEHTAalbHI JOCHIMKEHHS HEIOCTaTHRO BiIOOpaKkaloTh
(akTHUHI YMOBU poOOTH MOKPUTTS; HE B MOBHIM Mipi BUBYEHO CTiKiCTh ac(aabToOETOHHOTO MOKPUTTSI
JI0 YTBOPEHHS KOJIi1 Mpy KOMOiHOBaHOMY 3aCTOCYBaHHI Pi3HUX MPaKTHYHHX 3aXOIiB.

2. BCTaHOBNEHO aHANITHYHY 3aJI€KHICTB, SKa JO3BOJISIE TPOTHO3YBAaTH TJIIMOWHY YTBOPEHHS
KOJIil B IOKPUTTI HEXKOPCTKOTO TOPOKHBOTO OIATY, B dii MMUKIIYHOTO BEPTHKAIHFHOTO HABAHTAKEHHS
TPaHCHOPTHUX 3acO0IB MpHM BHCOKMX JIITHIX TeMIepaTypax Ta BKIOYae B cebe mapameTpH:
TEPMOB’A3KOIMPYKHOIUTACTHYHI ~ BIACTHBOCTI  ac(albTOOETOHY; KOHCTPYKIil JOPOXKHBOTO OAATY
(3/06e3 ykpituleHHs TMIapiB OCHOBW); Jii BEPTHKAIFHOTO HABAaHTAXKEHHS Ta 3MIHH TEMIIEPaTypH.
VY I0CKOHAJIEHO METOJ| OIIIHKU CTIMKOCTI MOKPUTTS HEKOPCTKOTO JOPOKHBOTO OJATY IO YTBOPEHHS
KOJii, BiMl Aiil BEPTHKAIbHUX HABAaHTaXKEHBb BiJ] TPAHCIIOPTHUX 3ac00iB, IO J03BOJIAE BPaXOBYBaTH
KOMIUIEKCHY [0 OCHOBHUX (akTOpiB, a came: TEepMOB’ I3KONPY>KHOIUIACTHYHI BIACTUBOCTI
acganbToOETOHY; YKpIIUICHHS TIPYHTIB, Temmeparypy achainbroOeToHy; BEpPTUKAJIbHUH THUCK Ha
MTOKPHUTTS MMHEBMATHYHUX KOJIC MPH TPOI3[i TPAHCHOPTHHX 3aco0iB; IHTEHCHBHICTH MPHUKIATAaHHS
BEPTHKAJIbHUX HaBAaHTa)KCHb; Yac Jii HaBaHTA)KECHHS.

3. Ha ocHOBI eKkcriepuMeHTaIbHUX Pe3yIbTaTiB:

—  JIOCHIJDKEHO BIAcTUBOCTI acanproOeTOHy Ta YKpIMIEHHX TIPYHTIB, a came: (i3uKo-
MEXaHi4HI BJIACTHBOCTI; PO3PaxyHKOBI IMapaMeTpH TEPMOB’SI3KOIPYKHBOILIACTHYHUX BIACTHBOCTEH
(byskmiss nmedopmartii, ¢yHKmis penakcamii, (QyHKIiS ITACTHYHOCTI), MIIHICTh 3YETUIEHHS MK
acganbTOOETOHOM Ta OCHOBOIO MPH 3CYBI; XapaKTEPUCTUKH YTBOPEHHS KOJii;

—  O/Iep)KaHO TOPIBHsUIBHI ~ pe3ynbTaTd  BUNpPoOyBaHb  acdanbToOeToHiB THy A, b
(3 MakcUManpHUM pO3MipoM 3epeH mebeHto 20 MM), mIe0eHeBO-MacCTHKOBHX ac(haibTOOETOHIB
(IIMA-10, IIIMA-20), 3 sKuX BHUIUIMBaE, IO MiHIMaIbHE 3HAa4YeHHA TJIHOWHU KONii TIpU
temmeparypi +50 °C cranoButh 3,5 MM jius [IIMA-20, a y tuni A-20 3HaueHHS KOJii OUIbIIE HIX B
2,7 pa3is;

—  Ha MiAcTaBi HATYpPHUX Ta CTEHJOBHUX JOCII/UKEHb BCTAHOBIICHO 3aJISKHICTH YTBOPEHHS
rMOMHY KOuTii B acarbTOOETOHHOMY MOKPHUTTI HA Pi3HUX KOHCTPYKIISIX HEXKOPCTKOTO IOPOKHBOTO
OJISITY BiJ BIUIMBY CTPYKTYPHUX, KOHCTPYKTHBHHX, TE€XHOJIOTIYHHX, KIIMAaTHYHHX Ta TPAHCIIOPTHUX
(dakTopiB, TIepeBipeHa AJCKBATHICTh TCOPETHYHHMX IIOJIOXKEHb, IMIJATBEPIIKEHO aJeKBaTHICTh
TEOPETHYHHX PIllICHb 3 €KCIIEPUMEHTAIEHUMH JTaHUMH

— Ha OCHOBI YHCEJIBHOTO aHalli3y BCTAHOBIEHO 1 JOBEACHO MOXKJIHUBICTD IiJIBUILEHHS
CTIMKOCTI ac(arbTOOETOHHOTO MOKPHUTTS HEXOPCTKOTO JIOPOXKHBOTO OJISATY N0 YTBOPEHHS KOMii 3a
pPaxyHOK 3aCTOCYBaHHS: y BEPXHBOMY Ta HIDKHBOMY IIapi MOKPHTTS acdanbToOeToHy Ha OiTymi
MoOU(IKOBaHOMY MOJIIMEPOM (IIPH IX KIJIBKOCTI 10 5 %); YKPIIJIEHOro Iapy OCHOBH Ta palliOHAJILHOTO
KOHCTPYIOBAaHHS JJOPOXKHBOT'O OJIATY.

4. Pe3ynbpTaT JAOCIIKEHb 3HAWIIIN 3aCTOCYBaHHS TPU PO3pO0Ill 7 HOPMATHBHUX JIOKYMEHTIB
JUIE TIPOCKTYBaHHs, OYJIBHHIITBA, PEKOHCTPYKIIii, PEMOHTY Ta eKCIuTyaTamii acqaibTOOeTOHHUX
MMOKPHTTIB HA aBTOMOOIIBHUX JIOpOTax YKpaiHu.
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IMPROVING THE METHOD OF EVALUATION OF THE STABILITY OF NON-RIGID
PAVEMENT AGAINST RUTTING

Abstract

Introduction. The experience of road operations of recent years shows that one of the most
common defects in asphalt pavement under the impact of traffic loads and high summer temperatures is
rutting which leads to decrease of its life time and, respectively, the road pavement design as the whole.
The need to improve the method of evaluation of stability of non-rigid pavement against the rutting is
determined.

Problem statement. Taking into account that non-rigid pavement is in complicated operational
conditions (it is confirmed by intensive growth of defects, such as rutting) due to increase of traffic
loads and high summer temperatures, it is needed to increase the stability of non-rigid pavement against
rutting.
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Purpose is to improve the method of assessing the stability of the non-rigid asphalt pavement
against rutting under the impact of vertical loads of vehicles at high summer temperatures.

Methods of research are analytical and experimental using the provisions of the theory of elastic
plasticity and thermal elasticity and experimental methods of studying the rutting formation in non-rigid
asphalt pavement; numerical simulation; mathematical statistics.

Results. On the basis of the performed analysis, the working conditions of non-rigid pavements
were considered, as well as the existing theoretical and experimental methods of forecasting the rutting
formation was analyzed.

Analytical dependency is achieved and method of evaluation the stability of non-rigid pavement
against rutting under the impact of vertical vehicle loads is improved that allow considering the complex
impact of major factors, namely: thermo viscous elastic properties of asphalt, soil stabilization, asphalt
temperature, vertical pressure on pavement of vehicle tires, intention of vertical pressure, time of load
impact.

The calculated thermoreological characteristics of asphalt concrete and reinforced soils, the
adhesion strength between asphalt and the foundation during shearing were experimentally researched.
Field, laboratory and bench tests of the impact of various factors on the formation of residual strains in
the form of rut were carried out, as well as the regularities of impact of influence factors on the intensity
of the rutting formation in non-rigid asphalt pavement.

Conclusion. During work, the method of evaluation of the stability of the non-rigid pavement
against the rutting was improved and the complex impact of the main factors was considered, namely:
thermo viscous elastic properties of asphalt concrete, vertical pressure of vehicles on the pavement and
the time of its impact on the structure; the intensity of vertical loadings. The results of research were
used in the development of regulations for the design, construction, reconstruction, repair and operation
of asphalt pavements on highways of Ukraine.

Key words:highway, asphalt concrete, bitumen, pavement, rutting, loading, stability,
temperature, thermo viscous elastic.
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Hayionanenuii mpancnopmuuil ynieepcumem, m. Kuis, Yxpaina

JOCBIJ 3ACTOCYBAHHSA EITIOKCUAC®AJIIBTOBETOHHOI'O IIOKPUTTSA HA
ABTOJOPOXHIX MOCTAX

O dztslsOy "' W

Beryn. Hapano anamiz ocTaHHIX JOCHIDKEHb INOJO TONEPEIKECHHS YTBOPEHHS Ie(eKTiB
achanbTOOETOHHUX TOKPUTTIB Ha  aBTOJOPOXKHIX MOCTaX Ta TOJOBKEHHA TEPMIHIB  iX
eKCIUTyaTalliifHOTO Tepioxy. BHU3HaueHO MEepCreKTHBY 3acTOCYBaHHS B YKpaiHi acganrbToOOETOHHUX
MOKPUTTIB 3 acanbrobeToHy MOAMQIKOBAHOTO TEpMOpPEaKTHUBHUMH moiiMepamu. ChopMyabOBaHO
3aja4i JOCTiKCHHS.

[IpoGriemaTnka. BincyTHICTH MOCTaTHROTO AOCBIMY 3aCTOCYBaHHS €MOKCHAC(aIbTOOETOHHOTO
MOKPUTTA Ha aBTOJOPOXKHIX MOCTax YKpaiHM Ta HEBH3HAYEHICTh EKOHOMIYHOI AOIINBHOCTI HOro
3aCTOCYBaHHSI.

Mera pobGortn. BukoHaTH aHami3 iCHYIOUOTO [OCBiIy 3acTOCYBaHHS acgarbTOOETOHHOTO
MOKPUTTA 3 achanbTOOCTOHY, MOAM(PIKOBAHOTO TEPMOPCAKTUBHUMH IOJIMEpPaMH, JUIS ITiIBUIICHHS
HOTO JOBrOBIYHOCTI HAa aBTOJOPOKHIX MOCTaX.

Marepianun i mertogu. AHami3  iHQOpMamiHHUX  JDKepen M0N0  3aCTOCYBaHHS
enokcuac(haabTOOETOHHOTO TMOKPHUTTS HAa aBTOJOPOXKHIX MOCTaX. AHANITHYHI  JOCITKEHHS
achaibTOOETOHHUX CyMillieH, MOAU(IKOBAHUX SIIOKCUIHUMU CKJIaIOBUMH.

Pesynpratn. Bu3HadeHO mNepCHEKTHMBHI HAmpsMH IIOKPAIlaHHSA SKOCTI MOKPHTTIB Ha
ABTOJIOPOKHIX MOCTaX, MiJIBHINEHHS X IMpaIme3laTHOCTI Ta JOBroBidyHOCTI. lIpoBeneHo aHamiTHUHMIA
OIJISA[ JIOCBiJy 3acCTOCYBaHHS €MOKCHAC(aTbTOOCTOHHOTO TOKPUTTS Ha aBTOAOPOXKHIX MOCTax.
Buueno nuranus moaudikaiii 6iTyMHOT OCHOBU acqaibTOOCTOHHUX CyMillleld eNOKCHUCKIaIOBUMH 3
METOI0 TIONINIICHHS iX TEXHIYHUX XapaKTePUCTUK. BCTaHOBIEHO MEPCHEKTUBHY EKOHOMIUHY
e(EeKTHBHICTh 3aCTOCYBaHHS ernoKcHac(anbTo0eTOHHUX cyMmimeii B Ykpaini. ChopmynboBani 3amaqi
MOJJAJILIIOTO  JIOCHI/DKEHHSI  €MOKCHAac(albTOOETOHHOTO TIOKPUTTS TMPH HOro 3acTOCyBaHHI Ha
aBTOJIOPO’KHIX MOCTaXx.

BucHoBkH. AHami3 iHpOpMAmIHHAX HKEped IIOA0 3aCTOCYBaHHS EMOKCHAC(albTOOSTOHHOTO
MOKPUTTS Ha aBTOJOPOKHIX MOCTaxX MOKa3aB €KOHOMIYHY Ta TEXHIYHY JOIIBHICTh 3aCTOCYBaHHS X
MOKPHUTTIB, OCKUIBKA Yy TIOPiBHSAHHI i3 TMOKPUTTSIMH 3 acaibTOOETOHIB CTaHOApTHOTO CKIALY
(6e3 moauikaTopiB) BOHM MarOTh 3Ha4YHI EPEBary; BBEACHHS y OiTyM enoKcucKiIagoBux Bix 5,0 % no
20,0 % mpu3BOIUTH IO CYTTEBOTO MiJIBUIIEHHS MIITHOCTI T4 TEIJIOCTIMKOCTI eOKcHachalbTOOETOHY 32
BCix Temmeparyp. BrpoBamkeHHs enokcHacaabTOOSTOHIB JO3BOJISE MIABUIIMTHA SAKICTH Ta
JOBIOBIYHICTh MOKPHUTTIB HA aBTOJOPOKHIX MOCTaX, a TAKOXX 3HAYHO CKOPOTUTH BUTPATU HA PEMOHTHi
pobotu.

S dz¢ ytso ' kydrtiac@uibrobeTonHa  cymim, achansT, Moaubikaiis OiTymy,
JIOBI'OBIYHICTh IOPOKHBOTO OKPHUTTSI.
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Beryn
S IskzOdzr dz' Mmis: i 5 M ls Okpairjiagaso-excrfiyierBididzy cgofi nmepesaxHol

OLTBIIOCTI aBTOAOPOKHIX MOCTIB B YKpaiHi, sIK 1 B psilli iHIIMX KpaiH cXigHO1 €Bpomu, HE BiANOBiAa€e
Cy4acCHHM CBITOBHM BHUMOTaM JOPOXHBOTO PyXy 1 MOTpeOye MOJIMIICHHS 3 YpaXyBaHHSIM COIIabHO
eKOHOMIYHHX TOTpeO nepkaBu. Ha aBTOMOOITEHMX AOporax 3arajbHOIO KOPHUCTYBaHHSA B YKpaiHi
eKCIUTyaTyeThcst Omu3bko 16150 aBTomopoxkHix woctiB [1]. IlepeBakna 1ix OimblIcTE Mae
3aJi300€TOHHY IUIMTY NPOi3HOI YacTHHU 3 acalbTOOCTOHHMM MNOKPUTTAM. OCTaHHIMH POKaMH Y
3B 3Ky 13 3pOCTaHHSIM IMapaMeTpiB TPAHCIOPTHUX HABAaHTAKEHb Ta I AI€I0 aHOMAIbHO BHCOKHX
JTHIX TeMreparyp acqalbToOOSTOHHE IMOKPHUTTS aBTOJAOPOKHIX MOCTIB JOCUTH IIBUIKO BTPAda€E HECHY
3IaTHICTh. 3HAYHOTO PO3MOBCIOKEHHSI HAOYNN e(eKTH y BUTIISIIL:

- xomii (zedopmariist morepeqHoro Npodisito JOPOKHBOTO MOJIOTHA Y3/I0BXK JiHii HAKATY);

- BUKpUWIIyBaHHS (MOpPYIIEHHS IUTICHOCTI TIOKPUTTS 3a paxyHOK BHWITQJaHHA YaCTHUH
MiHEpaJIFHOTO MaTepiany);

- PO3KpUTHX TPIilIWH (JiHIAHI MOMIKOHKEHHS 3 ITUPUHOIO PO3PUBY Oiibllie 3 MM);

- aymeHHa (TIOCTiOBHE pyWHYBaHHS TOBEpPXHI B pe3yJbTaTi BiANIAPOBYBaHHS TOHKHX
YaCTHHOK Martepiainy);

- BuOOiH (medextn y hopmi MOTIHOIEHB 3 Pi3KO MMO3HAYCHUMH KPasIMH );

- TOOJMHOKUX TPIIIMH a00 CITKM TpimMH (MO3IOBXKHI, MEPETHHi, MOMEPEYHi PO3PHBH,
Xa0THYHO PO3TAlIOBaHi HA MMOBEPXHi MOKPHUTTS 03 OyIb-IKOi 3aKOHOMIPHOCT).

VY pesynbrati, HE0OXiTHO BUKOHYBAaTH BiJHOBJICHHS IOKPHUTTIB Ha aBTOJOPOXKHIX MOCTax 3
MiBUIICHOI0 TEPIOAWYHICTIO a00 BHKOHYBAaTH IepemdacHi pemoHTH. lle, B cBol uepry, BUMarae
3aJy4eHHs JOJATKOBMUX BaroMHUX BUTpAT, a TAKOK CTBOPIOE 3HAYHI TPYTHONII y PyCi TPaHCIOPTHHX
3aco0iB i/l 4ac YCYHEHHS 1e(EKTIB.

OpHuM 3 HaBaXJIMBIIKX (PAKTOPIB, IO BIUIMBAE HA 3HIKEHUH TEPMiHU CIYKOM MOKPHUTTIB B
YMOBaxX IHTEHCHBHOTO Ta BaHTAXOHAIPYKEHOTO PyXy TPAHCIOPTY € OITYMH 3 HEAOCTATHBO SIKICHUMH
BJIACTUBOCTSIMH. Y TOPIBHSIHHI 3 IHIIMMH JIOPOKHBO-OYIiBEILHUMH MaTepiajiaMu OITyMH € HalOiIbII
YyTIMBUMH JIO Jii TPAHCIOPTHUX HABAaHTKEHb Ta BIUIMBY MOTOJHO-KIIIMaTHYHHUX (hakTopiB. Bitym sik
TEPMOIUIACTUYHHUN MaTepian po3M’SIKIIYETHCS NPH MiIBUIIECHUX TEMIEPaTypax Ta CTa€ KPUXKUMH TIPH
HU3BKUX, 1110 MIPU3BOIUTH JI0 YTBOPEHHS Ha TOKPUTTSAX MOCTIB 3a3HaUeHHX BHIIE Ae(EKTiB.

o dZ2Odz' L sMis Odzdz' .~ Cronaasifn dz' ¥ixpajjidz’peansni  cTpoku  Ciry:xOu
ac¢habTOOETOHHOTO TOKPUTTS HA MOCTaX CTAaHOBIATH 6-12 pokiB 3amicTh HOpMaTHBHUX 15-20 poxkis.
IlepeauacHi peMOHTM Ta BiJHOBJIEHHS LMX IOKPUTTIB BHMAararTh OaraTOMiTbHOHHUX IOAATKOBHX
BUTpAT, SKi MOXXHa Oyyio O crnpsMyBaTH Ha OYAIBHHIITBO HOBHX a0O PEMOHT Ta PEKOHCTPYKIIIO
icHyrounx MocTiB. OJHMM 3 BUpPIMIANLHUX (AKTOPIB, IO BILUIUBAE HA TEPMIHH CIYKOU MOKPHTTIB B
YMOBaX iHTEHCHBHOT'O Ta BAHT)KOHAIIPY>KEHOI'O TPAHCIIOPTHOTO PYXY, € BIACTUBOCTI OiTYMiB.

3 ycix [IOpOXKHBO-OyIiBENBHUX MarepialiB OiTyMH € HalOUIbIl YyTIMBUMH 10 [ii
TPAHCHOPTHUX HABAHTA)XXEHb Ta BIUIMBY IOTOJHO-KIIMAaTHYHUX (akTopiB. BiTym 3a BHCOKHX IITHIX
TEMIIepaTyp PO3M’SIKIIYEThCS, M0 MPU3BOJIUTH JIO YTBOPEHHS KOJIii, 3CyBIB, HAIUIMBIB. 3a HU3BKUX
3MMOBHX TEMIIEpaTyp BiH CTa€ KPUXKUM Ta >KOPCTKHM, IIO NMPH HU3BKOTEMIEPaTypHOMY CTHCKaHHI
ac(aabTOOETOHHOTO MOKPHUTTS OOYMOBIIIOE TMOSIBY MOMEpeYHUX TpimuH. Huspka MinHicTh OiTymMy €
MPUIHHOIO TOTO, IO BHACHTIJIOK TPHUBAJIOI JIii TPAHCIIOPTY Ta MOCTIHHUX PO3TATYBaJIbHUX HANPYKEHb Ha
MOKPHUTTAX BHHUKAIOTh XAOTHYHI «BTOMHI» TpimuHu. HepocraTHe npununanHs (aaresis) OiTymy a0
MOBEPXHI KaMm’SHOrO Marepialy NPU3BOAUTH A0 TOSBM Ha NOKPUTTAX JyLIEHHS, BUOOIH Ta
BUKPUIITYBaHHA [2].
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3Bakalouu Ha BUIICBUKIIAJCHE, HANpaBlicHa 3MiHAa BJIACTHBOCTEH OITyMy € HaiOiIbII
e(heKTUBHUM CITOCOOOM ITiIBHIIEHHS IPaIe3MaTHOCTI Ta JOBTOBIYHOCTI JOPOXKHBOTO ITOKPUTTS Ha
aBTOAOPOXKHIX  Mocrax. HaiOiapmr  e(eKTUBHUM  HANPSIMKOM  ITIBHINEHHS  JOBTOBIYHOCTI
ac(anbTOOETOHHOTO TIOKPUTTSI € 3MiHa MOBEOIHKH OiTyMy WLUIsIXOM Mojudikamii pi3sHUMH BHIAMH
n00aBOK: MONIMEPHUMH, aAre3iiHUMH (KaTiIOHHUMH TOBEPXHEBO-aKTUBHUMHU PEUYOBHHAMH), BOCKAMH,
TYMOBOIO KpHUXTOIO TOIIO [3].

JopoxHiit OiTyM SIK OJMH i3 OCHOBHHX KOMITOHEHTIB ac(anbTOOETOHY, 10 BUTOTOBISETHCA HA
3aBojiax YKpaiHHM, Ma€ HU3bKY KOPO3iiHYy CTiHKiCTb, IO MPU3BOAWUTH A0 BHHHUKHEHHSI Ha MOBEPXHi
MIOKPHTTS BHIE3a3HaueHNX AedexTiB. Cepen ycix BiZoMux MoaudikaTopiB HAMMEHII JOCHTIHKEHIMHU €
TEPMOPEAKTHBHI IMOJIIMEPH, 30KpEeMa eTOKCHIHI CMOIHU Ta 3aTBEPKyBadl JO HUX (EMOKCHUCKIAIOBI).
Pazom 3 1um, aHamiz JOCHIKEeHB, sIKi OyJU MPOBEJCHI Ha CHOTOIHINIHIA JICHb, BKa3ylOTh Ha T€, IO
€TMOKCUCKIIaZIOBI MOKYTh JOKOPIHHO 3MiHIOBAaTH BIACTHBOCTI OiTYyMiB Ta acgaibToOETOHIB, 1 eeKT Bif
X 3acTOCyBaHHS MOK€ OYTH 3HAYHO BHIIUM HIXK y IHIIHX MoAudikaTopis [3, 4].

OTXe, albTepHATUBHUM pIlIEHHSIM 3 TIOKpamaHHsd SKOCTi OiTyMiB € wMomudikamis ix
BiJNIOBITHUIMU TEPMOPECAKTUBHHMHU TOJIMEpaMH, SIKi 3[aTHI 3a0€3MEeUUTH JOJATKOBY THYHYKICTH IpU
HU3BKUX TEMIIEpaTypax i JOAaTKOBE 3UCIUICHHS JJIsl CIIPUNHHATTS HAIIPY>KEHB.

B xpainax 3axigaoi €8ponu, Kuraro, CILIA Ta ABcTpalii coctepiractbes 3HA9HUH iHTEpEC 10
BUKOPHUCTAaHHS B PO MOAM(IKATOPIB — TEPMOPEAKTHBHHUX TOJIMEpiB (30KpeMa EMOKCHUIAHUX CMOI).
AchanbToO0CTOHHI CyMIllli PI3HUX BHIIB, 10 CKJIAAY SKUX BXOJISATH CHMOKCHJIHI CMOJIM, OTPHUMAIN HA3BY
«EnokcnacdanbrodeToHm».

BpaxoByroun Te, M0 BITYM3HSAHI JOPOXKHI OITYMH CYTTEBO BiJIpI3HSIOTHCS SIKICHUMH
XapakTepUCTUKAaMH BiA THX, II0 BHUKOPUCTOBYIOTBCS Yy KpaiHax 3 J00pe PO3BHHEHOIO
iHQPACTPYKTYypOIO, TIOCTAaJO NHTAaHHS BHUBYCHHS BIUTUBY TaKMX MOAM(DIKATOPIB HAa BIACTHBOCTI
JOPOXKHIX OiTYMiB, 110 32aCTOCOBYIOThCSI B YKpaiHi. OKpiM 1boro B YKpaiHi BiICYTHS YiTKa aJanToBaHa
TEXHOJIOTiS BIAIITYBaHHS €MOKCcHac(harbTOOETOHHUX OKPUTTIB, BIICYTHI KOHKPETHI TapaMeTpH 010
BUPOOHUITBA enoKcHac(aabTOOETOHHUX CYMIIIEH, a TAKOXK HeIOCTaTHS KBali(iKallis CHemiaicTiB, sKi
0 BUILHO BOJIOZIIH MMM MUTaHHAMU. Lle Bce CriOHyKa€e 10 MPOBEJCHHS OJJATKOBHUX JIOCIIIHKEHb.

o 1poro vacy, He 3BayKarouu Ha LIMPOKE 3aCTOCYBAHHS TEPMOPEAKTHBHUX IMOJIMEPIB Y CBITi, B
VYkpaini Taki JOCHi/DKEHHS TPOBEAEHI B HENOCTATHIA KIIBKOCTI, a TakOXX BPaxOBYIOUH, MO iX
BUKOPHUCTAHHS TIOBUHHO MPHU3HAYATUCH HA OCHOBI OKpeMHX (hi3MKO-MEXaHIYHUX MOKAa3HUKIB — HE Ma€
MOJKJIUBOCTI TIEPECBIUYUTUCH B JOULIBHOCTI iX 3actocyBanHs [3]. {00 HAOMU3UTHCH MO BUPIIIECHHS
LBOTO MHUTaHHS, OYyJIO NPOBEINEHO aHali3 BITYM3HAHOIO Ta CBITOBOI'O JOCBiAy 3acTOCYBaHHS
enokcuac(haabTOOETOHHUX TIOKPUTTIB HAa aBTOJIOPOXKHIX MOCTaX.

BuBueHHsIM emokcuachaibTOOETOHY 3aliMalOThCsl TaKi MNPOBIAHI HAyKOBI ILIEHTPH, SK:
BASt (Himeuunna), TRL (Benmka bBpuranis), LCPC (®Ppanuis), OPUS (Hosa 3enanpis),
Turner Fairbank Highnay Research Center (CIIIA) Torio.

3a ixHiMu nanuMu npu 3amidi (20-35) % OiTyMy €MOKCHCKIIaJ0BOIO CHOCTEPIraeThCsl 3HAUHE
MOJINIICHHS TOKa3HUKIB MIITHOCTI acdaabTOOETOHHOTO MOKPUTTS, OCOOJMBO TPH MiJABHIICHUX
Temreparypax, B 2-3 pa3u 30UIbIIYETHCS MOTO OIp KOJIEYTBOPEHHIO 0€3 TOTIPIICHHS MPH IBOMY
HU3bKOTEMIEpaTypHoi moBeAiHKH [2]. XapaKTepHO-SKICHOIO PHUCOI0 emoKcHac(haibTOOETOHY €
30aTHICTh HAOMpaTH MIOHICTH NPOTATOM TpUBAJIOrO mepiogy ekcrutyartamii. Kpim  Toro,
enokcuacanbToOETOH BiJJ3HAYAETHCS YMOBUILHEHUM CTapiHHSAM TMiJi BIUTMBOM ITOTOHO-KITIMATHIHUX
(bakTOpiB Ta CTIHKICTIO O [ii MaTUBHO-MACTHIBHUX MaTepialliB, 0 TAKOX JAaCTh MOXIIUBICTh 3HAYHO
MiABUIUTH CTPOK CIIy>KOM IOKPHUTTIB Ha HOro ocHOBI [2].

KoHcTpyKIlisi JOPOKHBOTO OJISTY HAa 3a1i300€TOHHIN TUTUTI MPOI3HOI YaCTHHHW MOCTa TIOBUHHA
BH3HAYATHCh MPOEKTOM Ta BKJIIOYATH B cebe, SK TpaBUIIO: OCTOHHWH BHPIBHIOBAIBHUI IIap;
rizpoizosnsnio; OeTOHHUI 3aXMCHUH 1map (IpU HEOOXiAHOCTI); ABOIIAPOBE achaabTOOCTOHHE MOKPUTTS.
KoHcTpykuiss ~ AOpoXXHBOrO — OIATy HAa  IUIMTI  OPOI3HOI  YacTUHM 3 BUKOPHCTaHHSAM
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enokcrac(haabTOOETOHY, BPaXOBYIOUH HOT0 3aXMCHI T1ApO(UTHEHI BIACTUBOCTI, BUKIIIOYAE HEOOXITHICT
BIIAIITYBAHHA TiJIPOi30JISAIii Ta BIMOBIIHO OETOHHOTO 3aXMCHOTO MIAPY, IO JTA€ MOXKIIUBICTH 30eperTu
pecypcu npu Oy 1iBHUIITBI.

Baprictes acdanbTobeTOHHHX CcyMinield, MOAU(IKOBAaHUX TEPMOPEAKTUBHUMHU IOJiMEpaMH,
3BHYAHO BUIIA Y TOPIBHSIHHI 13 3BHYaiiHUMHU acGanbTOOETOHHUMHU CyMIIIaMH, ajle, BPaXOBYIOUH P
(hakTOpiB, SKi BIUIMBAIOTH HAa BapTICTh KIiHIIEBOTO MPOIYKTY, TAKWX K 301TbIIEHUN TPUBAIUN CTPOK
CITy>KOM TOKPUTTS a0 eKOHOMisl MaTepiajiB IpH yKJIaJaHHi, 0OYMOBIIOE BUCOKY PEHTa0ENbHICTh HOTO
3acTocyBaHHS [5].

[ J 15O tcts Bukdsafu anami3 icHyrouoro QOCBimy 3acTocyBaHHS ac(haibTOOCTOHHOTO
MOKPHTTS 3 acanbTo0eTOHY, MOAN(DIKOBAHOTO TEPMOPEAKTUBHIMH MOJIIMEPaMH IS T ABUIIIEHHS HOTO
JIOBTOBIYHOCTI Ha aBTOJOPOXKHIX MOCTaX.

Buxkiag ocHOBHOro Marepiajty 10C/IiaKeHHS

Enokcumai cMonmu SBISIOTH COOOKO OJITOMEpH, IO MICTATh E€MOKCHIHI TPYyNH, SKi 37aTHI
Mg Ai€l0 3aTBEpIDKYyBauiB YTBOPIOBATH 3LIMTI moiiMepu. HalOinpln mommupeHi enoKCHUAHI CMONHU —
MPOAYKTH MOJIKOHACHCAIIi eNmiXIopriipuHy 3 ¢peHonamu, Haityacrinie — 3 6icheHonom A [2].

[loeqayroun pi3HOMaHITHI CMOJNH 1 3aTBepIpKyBadi, MOXKHA OTPUMATH Martepiaiu, ski OymyTh
MaTH Pi3Hi BIACTHBOCTI, BiJ] TYMOTIOAIOHUX J0 YKOPCTKUX 1 TBEPIUX, IO TIepeBepIIaTh HABITh CTANb 32
MILHICHUMH XapaKTepucTUKamMu. Ha ChOTOAHINIHIM JEHb €MOKCHIHA CMOJa, BJIACTUBOCTI SKOI
MEPEeBEPUIYIOTh  XapaKTepUCTUKM BCIX IHIIMX MaTepialiB Ha OCHOBI CHHTETHYHUX CMOJ,
BUKOPHCTOBYETHCS B YCIX TaTy3sX MMPOMHUCIOBOCTI.

HaiiGinpm yHiBepcaqbHUM 1 HAIIHHUM KIIEEM BBAYKAETHCS CaMe CTIOKCHAHMN. 3aBISKHA HOTO
MIIHOCTI Ta XOPOIIii anre3ii KJICHOBOTO 3'€JHAHHS, BIH OJTHAKOBO JOOPE CKJICIOE SIK B3YTTs, TaK i JeTali
mitakiB. EmokcuaHa cMolla BHKOPHCTOBYETHCS, SIK TMPOCOYYBAaJbHHH MaTepian Aisl CKIOHHWTKH 1
CKJIOTKaHWHH, /IS BHTOTOBJICHHS CKIIOIUIACTHKIB, $Ki 3aCTOCOBYIOTh Yy KopaOmeOyayBaHHI,
OyHiBHUIITBI, JTiTaKOOY/{yBaHHI, BATOTOBJICHHI MalllMHHUX JieTalel Ta iH [6].

Kpim Toro, Taka cMoJjia BXOJUTh A0 CKJIQJYy MOKPHUTTS JUIS T1APOI30JIAMil Ta XIMIYHO CTIHKUX
MOKPHUTTIB, a TakoXX B (apOW Uil BHYTPIIIHIX 1 30BHIIIHIX POOIT, TiAPOi30II0BaNIbHI 3MIIIHIOBAJIbHI
MIPOCOYEHHS Ul JiepeBa, OETOHY Ta IHIIMX MOPUCTHUX MaTepianiB. OCTaHHIM 4acOM EIOKCHIHI CMOJIU
3HAXO/IATh 3aCTOCYBAaHHS B JOPOXHLOMY Oy IiBHHUIITBI [6].

B pamkax peamizamii mi>xkHapogHoro mpoekTy Economic Evaluation of Long Pavements, 1o
BukoHyBaBcs i erigoto CrinmbHoro OECD/ECMT LleHTpy TpaHCHOPTHUX JOCIHIIKEHb, JTOBEICHO
€KOHOMIYHY JIONUTBHICTh BUKOPUCTAHHS HA JUISTHKaX aBTOMOOUIBHHUX JIOPIT 3 BUCOKOIO IHTEHCUBHICTIO
PYXy JOpOXKHBOTO TIOKPUTTSI 3 enokcuacaibTOOETOHY, sKe Mae Habarato JOBIIUN TEpPMiH
excrutyatarii (10 40 pokiB) i IpaKTHYHO HE IOTPeOy€E BUTPAT HA PEMOHT Ta YTPUMaHHSI.

B ocranHi 1Ba AecATWINTTS enokcuachaabToOSTOH 3HANIIOB HMIMPOKE 3aCTOCYBAHHS B SIKOCTI
MOKPUTTS TOBIIMHOIO NpuOIM3HO 50 MM Ha MOCTax MO BChOMY CBiTy, ocoOnmBo B CximHiil Asii.
3o0kpema, enokcuacalbTOOCTOH BJIAINITOBAHO B SIKOCTI TMOKPHTTS Ha MocTax Sutong (HalgoBIIHMN
BaHTOBUI1 MicT B Kurai), Xihoumen (Bucsiumit mict B Kurai) ta Oakland Bay Bridge (Bucstumii mict
B CHIA). Ilpu BramTyBaHHI TakMX MOKPHUTTIB OyJl0 HpPOBENEHO OaraTo MONEPEeIHIX HOCIiIXKEHb,
BUPILIEHO PSA CKIaJHUX MPOOJieM BIAITYBAaHHS TaKOT'O JOPOKHBOTO MOKPHUTTS Ta BUTPAYCHO 3HAYHI
3yCHJUIL s TOTO, 00 MaTH MOMJIMBICTH CKOPHUCTATUCH YHIKAIGHUMHU — BIACTHBOCTSIMU
€MOKCUCKIIAOBUX [7].

3a ocTaHHI POKH BEJIMKa KUIBKICTh JOCTIDKEHHS 1 TEXHIYHI TOKYMEHTH Oynu omyOJikoBaHi 3
PI3HUX acMeKTiB 3aCTOCYBaHHs IIUIBHUX ernokcuac(hanbToOSTOHHMX CyMillell Ha MOCTax Yy SKOCTi
MOKPUTTS, IO CTOCYIOTHCSI BAPOOHUIITBA IIMX CyMillIel, MEXaHIYHOTO aHali3y enokcuacdaibToOeToHy,
CTPYKTYPHOTO aHaii3y, OIIHKH €(QEKTUBHOCTI Ta METOIB TEXHIYHOrO OOCIyroByBaHHS. [HXXeHepH
MAalOTh JIOCBiJl YCHIIIHOTO 3aCTOCYBaHHs YHIKAIbHUX BIACTUBOCTEH €MOKCHIHOT CMOJIN AJIsl BUPILICHHS
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CKJIaJHUX TPOOJIEM JOPOKHBOTO MOKPUTTA Ha MOCTax. AJjle THM HE MEHII NHUTAaHHA 3 CHCTEMHOTO
3aCTOCYBaHHS IIbOTO MaTepially y MOCTOBOMY OYIIBHHUIITBI IIe J0Ci TOTpeOye rirmOOKOro BUBYCHHS Ta
BIOCKOHAJICHHSL.

Jns  BupimeHHs mnpoOJieM HEAOCTaTHIX TEXHIYHMX XapaKTePUCTHK acalbTOOCTOHHUX
MOKPUTTIB Ha aepoipomMax, SKi Morium O 3a0e3MeYnTH CTIWKICTh 10 BETUKUX HABaHTAXKEHb, 10
BHCOKHX TeMIlepaTyp 1 epo3iiHOro BIUIMBY, Ieplle TOKOJIHHS enokcuachambTo0eToHy Oyio
po3pobiaeno «Shell Oil Co», 3 Toprosoro mapkoro «EPON» [5].

[TokpuTTs BIAIITOBaHE 3 BUKOPUCTAHHSAM LILOTO HOBOTO B’SKYYOTO HE CXMJIBHE O YTBOPEHHS
KOJii, pyX MO0 HROMY MOX€ OYyTH BIIKPHUTHM BXXE depe3 IBl TOJWHU 1 € CTIHKAM IO [ii arpecuBHUX
cepenosui. Po3poOienuit HoBuit BUA acanpTobeTorny otpuMas Ha3By «Shell Epoxy Asphalty» [5].

EnokcuachanbrobeTroH — rapsuuii  acambTOOCTOH, BHUIOTOBICHMN 13 3aCTOCYBaHHSIM
B’SDKYUOro, 10 MOAU(]iKOBaHE BETMKHUM BMICTOM EMNOKCHMAHOI CMONHM Ta 3aTBepikyBaua [2]. Ilig uac
BUPOOJNEHHS acgarbTOOETOHHOI CyMillli eMOKCHIHAa CMOJIa Ta 3aTBepIpKyBad 3MIIITYIOTBCH, 1
BiI0OYBa€ThCS XiMiUHA PEaKIlisl, HACTIIKOM SKOI € CTBOPEHHSI )KOPCTKOI MOJIIMEPHO] CiTKH. Pe3ympraTom
peakuii € HEe3BOPOTHE TBEPAiHHS B’sDKydoro (TepmoszarBepiiBaHHs). [Ipu HHM3BKHX Temreparypax
peaxiisi MPOXOAUTh MOBUILHO, a MPH MiABHUILNEHHI TEMIIEpaTypH BOHA 3HAYHO MPHCKOPIOETHCS. Takum
YUHOM, TeMIlepaTypa HaBKOJMIIHBOTO CEpEeIOBUIA BU3HAYAE dYac, 3a SKUH CyMIIl 3aHINA€ThCS
IJIACTUYHOIO 1 MOXe OyTH yKIIafieHa B TOKPUTTSL.

3Ba)kalouu Ha BJIACTHUBOCTI OITYMIB Ta €MOKCHUIAHHMX CMOJ, BMICT OCTaHHIX 3HAYHO IMEPEBHIIYE
BMICT TEpPMOIUIACTUYHUX MONiMepiB i ckianae Big 20 % m0 35 % Big Macu B’ sHKyqoro. XapaKTepUCTUKU
OITYMHO-ETIOKCHTHOTO B’SDKYYOTO IIICHS ToNiMepr3amii HACTITBbKHA BIAPI3HAIOTBCS BiJ BUXIIHOTO
0iTyMy, 0 MOXHa TOBOPHUTH HE TPO MOJIMIICHHS HOT0 SKOCTI, a PO paKalbHy 3MiHY BIIACTUBOCTEH.
3a TaHUMU TOCIITHUIIBKOTO HEHTPY KommaHii «Shell» rooBHUMH 0COOIMBOCTIMH OTPHUMAHOTO OITyMy
€ 3JaTHICTh HE PO3M SIKIIYBATUCH IIiJ] JI€I0 Telia i He PO3YMHATHCH B HAPTOBUX PO3UMHHHKAX [8].
TunoBi BmacTuBOCTI enokcuacharbTo0eTOHy HaBeeHO B Tabmumi 1.

v OB dzd yw
. AcoaibT 3 3BuuaitHui
Y.y. HalimeHnyBaHHS IOKa3HHKa
€IMOKCHCKIIAJI0BOIO acdanprodeToH

1 | Cra6insnicTs no Mapmamny, kH 45 7,5

2 TexydicTh no Mapuramny, MM 4,0 4,0

3 Yacrka Mapmaiia 11,2 1,9

4 Monyns xopctkocti, H/M, 3a Temmeparypu 0 °C 2,0-10" 1,510%

5 Momyns xopctrocTi, H/m, 3a Temmeparypu 20 °C 1,2:10% 3,0-10°

7 Momyns xopctkocTi, H/m, 3a Temmeparypu 40 °C 3,3-10° 4,0-10°

8 Momyns xopctrocTi, H/m, 3a Temmeparypu 60 °C 19,5-10® —

9 |I['panums BTOMU MpH 3TUHI (IIUKITIB 0 pYHHYBaHHS IPU 1.0-10° 3.0-10*
BMicCTi B’sDKy4oro 6 %) ’ ’

10 l"pgmx'm;f BTOMH MPH gmm (UMKITIB 10 pyHHYBaHHS MPH >2.0-10° 2.0-10°
BMICTI B sDKy40ro, 7 %)

11 | Miumicrs npu cruckanti, MH/M (nouaTtkoBa) 16,0 3,7

12 | Miunicts npu ctuckanni, MH/M (miciist 7 106 BUTPUMKH 13 17.0 31
3aHYPEHHSAM B Macio ' '

13 | Minnicte npu cruckanHi, MH/m (micns 30 116 BUTpUMKH 13 16.9 29
3aHYPEHHSIM B Macjo ' '

14 | Minnicte npu cruckanHi, MH/m (micns 56 ni6 BUTpUMKH i3 172 18
3aHYpPEHHSAM B Macio ' '
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Pesynbratu BunpoOyBaHb B pi3HUX KpaiHax CBITY CBiA4YaTh, IO Pi3HMLS T'PaHMII BTOMHU MpPH
3THHI MiX 3BUYaifHAM achaabToOeTOHOM 1 ermokcrnac(harbToOETOHOM € He MEHIIIE HiXK JeCATUKPATHOO.
TepmopeakTHBHUI XapakTep B’SHKYHYOro BHUKIIIOYA€ YTBOPEHHS HAa MOKPHUTTI 3 emokcruachanbToO0eToOHy
3CYBIB Ta KOJIHHOCTI.

3a eKOHOMIYHMMH TOKa3HUKaMH OITYMHO-€NOKCHUIHE B’SDKy4Y€ B CEpEAHBOMY KOIUTYE B
12 paziB moposkue 3BUYaiHOTO OITyMy. AJie Taki TEXHIUHI XapaKTEPUCTHKH eMoKcHachaibTOOETOHY, SIK
MeXa BTOMH TpH 3THHI Ta 3anumkoBa aedopmamis B 10 i Oinmpire pa3iB MepeBHINYIOTHh BiATOBIIHI
MMOKa3HWKH 3BHYaiiHOTO acdamproOeToHy [8]. Takum umHOM, 30IJBIIEHHS CTPOKY CIY>KOH
enokcuac(haabTOOETOHY POOUTH Iel MaTepiaj eKOHOMIYHO €(EeKTHBHUM JUIsI OCOOJIHBO BAXKKHUX YMOB
eKCIUTyaTalii JOpOTru: Ha aBTOJOPOXKHIX MOCTaxX, Ha AUISHKaX aBTOAOPIT 3 BUCOKOIO iHTEHCHBHICTIO
PYXY, IEpeXpecTsx, ByIUIAX BEIUKHX MIicT Ta Micusx koHueHTpamii ATIL.

BusnaueHo, 10 OJHUM 3 MEPCTIIEKTHBHUX MAaTepialliB, SIKUH MOXKe 3a0€3[eYNTH CTPOK CITYKOH
MMOKPHUTTIB HA MOCTaX 3 MiJBUIICHOIO JOBTOBIYHICTIO, € emnokcuacdanbTodeToH. 3 1967 poky Oiibiie
50 000 Ton enokcuachaabToOETOHY OYIIO YKIIQJIEHO Ha METalIeBi Ta OETOHHI TOKPUTTSI MOCTiB. OJHIM 3
MEepUIMX BUMAAKIB HOTO 3acTOCyBaHHS Oylio BiamTyBaHHS B 1967 poui mpoi3HOi 4YacTHMHH Ha
OPTOTPOIIHIH CTaneBiil MporoHoBii O0ynoBi MocTy B San Meteo-Hayward uepes mpoTtoky San Francisco.
MicT [0 TenepimHBOrO Yacy 3HAaXOMUTHhCS B 3aqoBibHOMY cTaHi. Ciif OJHAK 3a3HAYHTH, IO
BHACIIOK M SIKOTO KIIiMaTy (IIPaKkTHYIHO 0€3 MOPO03iB) MPOTHOXKENEIHI MaTepiand He 3aCTOCOBYBAJIHCH
[8]. B Toif e yac MOKPHUTTA 3 emoKcHac(arbTOOETOHY TMiIaBaIOoCh 3HAYHOMY YIBTPadioleTOBOMY
OIIPOMiHIOBAHHIO.

B pesynbrari OCHiPKEHh BCTAHOBIICHO, IO MPU BHPOOHHUITBI emOKcHachambTOOCTOHY
TEMIIEpaTypHUI 1HTEpBAN HArpiBaHHS MiHEpaIbHOTO MaTepialy 3HaXOAWThCA B Mexax Big 143 °C
1o 150 °C. HmxkHs TemmepaTypHa TpaHHIS IMOYATKy VIIUTRHEHHsS cTaHOBHTH 82 °C, 3aKkiHUeHHS —
66 °C. Yac TtpaHCHOPTYBaHHS 3aJIe)KHUTHb BiJ TEeMIEpaTypu ernokcuachanbToO0eTOHHOI cyMimm Ta
BaHTAXKOMIAHOMHOCTI TpaHcopTy. [Ipu Temmepatypi 116 °C momyctuma TpUBaicTh TPaHCTIOPTYBaHHS
KOJIMBA€EThCs Bif 42 xB. 10 62 xB. [Tpu 127 °C 1ieit inTepBan 3meHIyerbes A0 (35-43) xB [8].

OpHuM 3 HAyKOBUX ILEHTPIB, A€ BUKOHYBAJIHCH JOCHIDKEHHS enokcuachaibToOeToHy,
€ xommaHis «Road construction by Scott Wilson» (Hortinrem, Benuka bpuranis). Busuanuce nsa tunu
enokcuacanerodetony: HMA — rapsumii acdanstoberon Ta SMA — mebeHeBO-MaCcTHKOBUI
actanbro0eToH. ENOKCcHB’sKyde CKIIaIanoch 3 JBOX YacTUH: A — emokcuiHa cMoiia tTa B — Oitym
pasoM i3 3aTBep/pKyBaueM. Bwmict OiTyMy y BHXiOHHX acdanbToOeToHax cTaHOBUB 6 %,
ernokcuB’spKkydoro — 6,3 % Bix Macu MmiHepanpHOro marepiany. SMA nonatkoBo BmimyBas 0,3 %
cTabim3aIifHuX BOJOKOH [9].

Opnpasy micns ymiabHeHHs 3pa3ku enokcuacdansroderony (HMA ta SMA) mManu >KOpCTKICTb,
SK 1 3pa3KH CTaHJapTHHUX acdanbToOeToHiB. [licis 3aBepleHHs «3aTBEPAIHHI» Ta TIOBHOI cTadimizarii
CTPYKTYpH enokcuacdanstoderonn HMA ta SMA manm xopctkicTh 3a Temmepatypu 20 °C B 3 pasu
O1ITBITY, Hi’K KOHTPOJIBHI 3pa3KHu.

B moBHicTIO 3aTBepAiiioMy cTaHi enokcuachanbToO0eTOHH Manu y 2-8 pa3iB OUThIIMIA OIIip
MOB3Y4OCTi Mij Oaratopa3oBuMH HaBaHTakeHHAMHU ripu 40 °C Ta omip yTBOPEHHIO KOJIii BiJ Kojieca 3a
temneparypu 60 °C, HiX BiIIOBIIHI KOHTPOJIBHI MaTepialy.

BumpoOyBanHss Ha omip BTOMI TOKa3aid, WIO 3a [MM [OKAa3HUKOM JIOBIOBIYHICTb
enokcuacansrodeTony B 10 pasiB Gisblia, HiXX KOHTPOJIBHUX cyMimiei [9].

Pesynpratn BunpoOyBaHHS Ha BHUIMH Oajiki 3a TOHIDKEHOI TeMIIEpaTypH IOKas3ald, IO
enokcuac(}hanbToOETOHN BUSIBUIIM 301JIbIIEHY MIiLHICTB/)KOPCTKICTb, ajie i3 3MEHIIEHOI0 PO3TSHKHICTIO B
MOPIBHSHHI 3 KOHTPOJbHUMHU 3pa3kamu [9].
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Takum 4YmHOM, MOXHAa 3pOOMTH BHCHOBOK, IO 32 OCHOBHHMH XapaKTEPUCTUKAMU
enokcrac(haabTOOCTOHH MEPEBUIYIOTh KOHTPOJIBHI cyMimmi B 2-3 pa3u, a B JAEAKHX BUMAAKaxX Oimblie
Hik B 10 paziB. B minomy, y MOpiBHSHHI 3 KOHTPOJHHHMH 3pa3KaM{ i3 3BHYAMHUMH OiTyMamH,
CTMOKCUB’sDKyde Hagae ac@anbTOOETOHAM Taki mepeBaru: 301UIBLICHHS KOPCTKOCTI (W0 CHpusie
301IBLICHHIO OMOpPY HABaHTAXECHHSM), 3pPOCTaHHS TMPYKHOCTI MpH MiABHIICHUX TeMIIepaTypax
(1o TIPU3BOIWTH A0 MiABUIIEHHS CTIHKOCTI CTOCOBHO YTBOPEHHIO AedopMariiil), a TakoK Halae O
HHU3bKY YyTJIUBICTB JI0 TEMIIEPATYPH Ta HABAHTAKCHb.

B Uentpanshiit mabopatopii OPUS (Homa 3emanaist) Oynum mpoBeneHi IOCIIIKEHHS
BIUIMBY O0iTyMy, MOAM(]IKOBAaHOTO EMNOKCHAHOK CMOJIOIO, Ha KOre3iiiHi BIacTHBOCTI IOPHCTOTO
acanpTobeTony (OGPA).

IIpu npoBenenHi nocmuimkeHs i BUpooHnTBa OGPA BHKOPHCTOBYBABCS €MOKCHOITYM, KU
€ IIPOJIYKTOM JIBOX YaCTHH, 3MIIIaHUX Ieper Oe3nocepeiHiM BUKOPUCTaHHAM. YacTrHa A cKiamanach 3
eMOKCHIHOI cMoNH, YacThHa B — i3 3aTBepmKyBada Ta 6itymy. BMicT B’sKydoro B CyMmillli CTaHOBHB
4,7 %. Mopucticte OGPA — 20,4 % [12].

[MpoBoaunucey HempsiMi BUMipioBaHHS Moxayssi mpyxkHocTi (ITM) KOHTpOJBHMX 3pa3KiB
acdanperoberony OGPA Ta enokcnacdanbrodberony OGPA. ITM enokcnachanbTo0eToHY 301TBITHBCS
Bim 570 ompa3y micnsi BurotoBieHHs mo 4300 micms 3arBepaiBanas (puc. 1), ToOTO Oimbmie HiK B
7 pazis. J{ns nopiBasHHES, [TM KOHTpONBHUX 3pa3kiB achambTobeToHy — 3 840 mo 2500 [10].
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Koresis nabGoparopHux 1 cTeHAOBHX 3pa3kiB BuXigHOro acgamstoderony OGPA Ta
enokcuachanpTooeTony OGPA Bu3nauanace 3a meromom Cantabro. [10] Ilefi meton mossrae y
BU3HAYEHHI a0pa3sMBHOTO CTHPaHHS Marepiany. 3a pe3yJbTaT BUIIPOOYyBaHb NPUIMAETbCS BTpaTa Macu
3pa3ka (y %), BigHeceHa 10 oro BuXigHOI Macu. PesynbTatm BumpoOyBaHb 3a MeTogoM Cantabro
(% BTpaTH Macu) He3icTapeHHX 3paskiB (y BUIAAKy emokcrachansrodberony OGPA micis BUTPUMKH 32
temneparypu 85 °C mpotsrom 120 rox.) ta micna ix crapiHHS (BUTpUMKH 3a Temmnepatypu 85 °C
mpotsiroM 909 ro.) HaBeaeHi B Tabmwmi 2 [10].
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v OB dzd yw
Btpara macu, %
Ha3spa acanproberony . . . X
Hesicrapenux 3paskiB 3icTapeHux 3pa3KiB
Enokcuachansroderon OGPA 14,9+ 4,6 17,6 £4,6
Kontponsauii achamsTodberon OGPA 53,1 +£5,2 72,1 £7,7

3a gaamMm  Tabnwimi BTpara Macw enokcmac(ampToOeToHy Habararo MeHIIa, HiX
KOHTpOJIBHOrO acanprobeToHy: B 3,6 pa3u HesicTapeHHX 3pa3kiB Ta B 4,1 pa3u micisg iX cTapiHHS.
Crinx TakoX 3a3HAYMTH, IO CTApiHHA CYTTEBO HE BIUIMHYJIO Ha BTPATy Macu emnokchachaibToOeTOHY
(14,9 % mpotu 17,6 %) Tomi SIK IS KOHTPOJIBHOrO ac(aibTOOETOHY BOHO 3HAYHO 301IBIIHIOCH
(na 26 %).

Bynu npoBeneHi BUIpoOyBaHHS JOCHITHUX TUISHOK enokcruac(aibToOeToHy Ta KOHTPOJIBHOTO
achaybTOOCTOHY Ha KOJIIEyTBOPEHHs. JIJis LIbOro Ha CTEHAOBUX JAUISHKAX Oyyio BUKOHaHO 198 TwHC.
MPOXOJiB Koyieca (TPOTSIroM 3 THXKHIB) 3 HABAHTAKCHHSM CKBIBAJICHTHUM 8,5 T Ha Bick. MiHiMallbHA
TeMIlepaTypa MoBITps pX BUMPoOyBaHHAX craHoBmia 4,2 °C, makcumansHa — 27,7 °C [10]. Ha puc. 2
MpeICTaBIeHa JMHAMIKa YTBOPEHHS KOJIi B 3aJIE)KHOCTI BiJl KITPKOCTI TTPOXO/IB KOJIeca.
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t d Mz 2zt8&1exnicTs rTMOHHYN KOMIT BiJl KITBKOCTI MPOXO/IiB KoJieca

Sk BuzmHO 3 Tpadika, rmuOuHa Komii Ha OUIAHLOI 3 ernokcuacgaabTOOETOHOM Oyna 3HauHO
MEHIIIe, H)K Ha KOHTPOJIbHIH AisHIl (2,5 MM tipotu 4,2 mm). Ciaij 3a3HaYMTH, 10 HA JUISHII, ¢ OYyB
yKiIajeHnii enokcruacdanbTodeToH, TuOrHa Kol micis 60 mpoxoiB Kojieca ctabini3yBanack, TOJI SK
KOJIIWHICTh Ha KOHTPOJIBHIN MUISIHII TIOCTIHHO 301JIbITyBAaIach.

IIpoBeneni 8 OPUS pocmipkeHAS TOKa3aiy, 110 KOTe3iiHa MIIHICTh ernmoKcuac(aibTo0eTOHy
OGPA 3nauHO OinbIa, HiXK KOHTpOJIEHOTO acdanbTodeTony OGPA Ha unctomy 6iTymi (BUNIPOOYBaHHS
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3a meromoMm Cantabro). Merox Cantabro Takox 3acBiquuMB OUTBIIUI OIip emokcHacharbTOOETOHY
OKHCIIEHHIO, TOOTO WiABHINEHY AOBroBiuHicTh. Tak, cranmaptauii OGPA, okwucienmii 70 cTaHy,
CKBIBAJICHTHOMY MPUOJIU3HO 7 POKaM CITy>KOW, IMOKa3aB MaivKe TMOJBiHHE 30UIBIICHHS BTpAaTH MacH B
nopiBusHHI 3 HesicTapeHnM OGPA. B To#i e yac mTy4He cTapiHHS HE BIUIMHYJIO Ha BTPaTy Macu
enokcrac(haapTo0eTOHy. BumpoOyBaHHS Ha KOJIHHICTP TOKa3aqu HabaraTo OUIBITY CTIMKICTB
enokcuacanbTo0eTOHY 10 Ail TpaHCHOPTY, HixK cTaHAapTHOTO acdanbrodeTony [10].

Yang Kang BuKOHYBaB [OCHIIKEHHS 3 TOPIBHSHHSA PEOJIOTIYHMX  BJIACTHBOCTEH
€MOKCHOITYMHOTO B'SKY4OTO, OITyMy KOHTPOJBHHX 3pa3KiB i OITyMy MOAM(IKOBAHOTO MOIIMEPOM
turry CbC.  3a3HauaeTpbcs, MmO eEMOKCHOITYMHE B’SDKyde CYTTEBO BIAPI3HSAETHCA BN  IHIINX
MOJU(IKOBaHNX OITYMHHUX B'SDKYUHX.

Pesynpratn BuUmpoOyBaHB Ha OWHAMIYHOMY pPEOMETpI 3CYBYy IMOKasajw, M0 Aedopmarii
moB3ydocTi emokcubirymy Bix 107 g0 102 pasu Ginbure HiX y OiTyMi KOHTPONBHHX 3pasKiB
i Big 10 10 10 pasu Ginbure, Hixk B 6iTymi Moaudixosanomy monimepom tumy CBC [11].

JlocmimkeHHs 3 TOB3y4yOCTi Ta BiJHOBJICHHS MOKA3aJIH, 10 SMOKCUOITYM MOBHICTIO €IaCTHYHHIMA
micas 100 1UKITiB 3aBaHTOKEHHSA-PO3BAHTAKEHHS, II€ O3HAYAE, IO EMOKCHOITYM BiJ3HAYAETHCS
BHCOKOIO CTIHKICTIO 10 YTBOPEHHSI KOJIii.

B nmocmimxennsx Peiliang Cong miono BIUIMBY CIHIBBIAHOIICHHS 3aTBEpIKyBada J0
€MOKCHIHOI CMOJHM Ha MIIHICTh TPH PO3TATYBAHHI 3aTBEPKCHOI EMOKCHIHOI CMONH Ta OiTyMHOTO
B’SOKY4OTO 3 EMOKCHIHOK CMOJIOI0 BHKOPHCTOBYBaBCS OiTyM, KOMIUIEKCHO MOAU(DIKOBaHHUN
MOJIIMEPOM Ta €IMOKCUIHOI CMOJIOK (pHC. 3). BIUIMB CIIBBITHOLICHHS 3aTBEPKyBaya 10 €IOKCHIHOT
CMOJTY Ha TPAHUIIIO MIITHOCTI MIPH PO3PHBI €MOKCHIHOI CMOJIH i €TIOKCUOITYMY, [0 MICTUTB €MOKCHIHY
cmody: (a) 10 %, (b) 20 %, (e) 30 %, (d) 40 %, (c) 50 % [12].
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t d Mz dzts§ 3anSkHicth MIHOCTI Ta PO3PUB BiJ KIIBKOCTI CMOKCHIHOI CMOJH Ta
CHIBBiIHOILIICHHSI KOMIIOHEHTIB

'panuiss MinmHOCTI MPH PO3TATYBaHHI MiJBHUIYETHCS 13 301JIBIICHHSM BiJICOTKOBOTO BMICTY
3aTBeppKyBada. [Ipu BigHOIIEHHI 3aTBep/KyBava a0 ernokcuanoi cmonu (0,75), MIIHICTh Ha PO3pUB
MEPEXOINTh Yepe3 MaKCUMyM 1 ctaHoBUThH 64,1 MIla. I3 3011bIIeHHSIM BiJHOIICHHS MILHICTh TOYHHAE
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3HIKYBaTUCh [12]. CaMe BigHOIICHHS 3aTBeppKyBada J0 enokcumuoi cmonu (0,75) Moxe BBakaThCs
ONITUMABHUM, OCKUTBEKH 3a0e3MedyeThcsl HailO1IbIna MIiITHICTh 3aTBEPALIIOl CMOJIH.

3aneXHiCTh MIMHOCTI €NOKCHOITyMy, IO BMIIy€ pPi3HY KIUTbKICTh EMOKCHUCKIAIOBUX €
AHAJIOTIYHOO, IO CBIAYMTH PO HE3HAYHWH BIUIMB OITYMHOTO CEpeloBHINA Ha 3aTBEpAiBaHHSI
€MOKCUIHOI CMOJIH.

I'panutio MiITHOCTI TIPX PO3TATYBaHHI 1 BITHOCHE TIOJJOBXKEHHS TPH PO3PHBI IS EMOKCHOITYMiB
HaBeneHO Ha puc. 4. ['paHuns MIOHOCTI MpH PO3TATYBaHHI EMOKCHOITYMY 301NbIIyEThCS 31
301MBLICHHSIM BMICTYy €MOKCHMAHUX CKiagoBux [12]. ['panunmsg MigHOCTI T0puU  pO3TATyBaHHI
eMOKCUOITyMy MOBUIBHO 30UIBIIYETHCS MPU BMICTI emOKCUCKIanoBux 10 20 %, i € OUIBLIO HIX Y
BUXiTHOTO MonugikoBaHoro OiTymy. I'paHHIsT MIiIHOCTI MpH pPO3TATYBAaHHI MOMITHO 30UIBLIYETHCS,
KOJIM BMICT €MOKCHCKIanoBux nepesuirye 20 % 3a macoro. Tak, TpaHuils MilIHOCTI IPH PO3TATyBaHHI
enokcubiTymy 3 10 %, 20 % 1 30 % emoxcuckmamosux cranoBuna 0,32, 0,41 i 1,24 MlIla, BiamoBigHO.
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t dEndz® € Brutue BMicTy €MOKCHIHOT CMOJIM HA MII[HICTh Ta MOAOBKCHHS

BinHocHEe MONOBXEHHS IIPH PO3PHBI, € OAHMM 3 KIIOYOBHX IIOKA3HUKIB HPOTHO3YBaHHS
IUIACTUYHOCTI MaTepialiB Ha OCHOBI €MOKCUCKIamoBUX [12]. BigHOCHE TMOMOBXKEHHS TIpU
po3puBi enokcubitymy 3 10 % enokcucknanoBux cranoBuio 440 %, a npu 50 % enokcuckiIagoBUX —
TinbkH 130 %, TOOTO BiIHOCHE MOIOBKEHHS ITPU PO3PHBI 3MEHILY€ETHCS 13 BMICTOM €IOKCUCKIIAJOBUX B
€MOKCUOITYMi.

B 70-80 pokax B Jleninrpaucekin ¢iaii «CorozmopHUM» npoBOAMINCH TOCIIIKEHHS
noJiiMepOeToOHy, B SIKOMY Y POJi B’SDKY4Oro BHUKOPHUCTOBYBAJIMCH EHNOKCHAHI CMOJM Ta CyMimIi
EMOKCHIHUX CcMOJN 3 pinkum Oitymom Mapku MI 70/130 y cmiBBigHomenHi 100 mo 50. Bwicr
CIOKCHB SDKYUYHX CKJIanaB 5-7 % BiJ Macu MiHEpPaJIbHOTO MaTepiaiy.

JocnipkeHHsl MoKas3aid, MO0 MIIHICTh Ha CTHCK mojiMepachaibToOeTOHY Ha EMOKCHIHIH
CMOJII IPOTATOM YCBHOT'O MEPIOAY BUTPUMKH 3pOCTa€ (OCOOIMBO IHTEHCHBHO MHpOTSAroM | micsis).
[Ticns 3 pokiB 30epiranHs MIIHICTH 3pa3KiB noiiMepOeToHy 30inbmminack B 1,5-1,8 pasiB y nopiBHSIHHI
3 TOOOBOIO MIITHICTIO [2].
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Minnicte monmiMepOeTony micis 4320 UUKIIB 3aMOpPOKYBaHHS/BINTaBaHHS IIiIBHIIIIACH B
1,3-1,5 pa3u y mopiBHSHHI 3 JOOOBOK MIIHICTIO 3pa3KiB, 0 OyIU Miaani 4 MUKIAM 3aMOPOXKYBaHHS.
[TonmimepbeToH Ha €MOKCHAHIH CMOJNI BiJ3HAYAETHCS AYy’KE BHCOKOIO MOPO3OCTilKicTio. BiH BUTpHMaB
4320 uukiiB 3aMOpPOKyBaHH-BiATaBaHHS y MPiCcHIK Boi O0e3 3HIKEHHS MIITHOCTI Oinbine Hix Ha 15 %.

3HOCOCTIHKICT, MaTepialy BH3HA4Yajdl Ha CIELialbHOMY HpWiafi, B SKOMY Ha 3pa3oK [isiB
abpasuB mpotsarom 700 oOepTiB Mmix HaBaHTAXCHHSAM Ha 3pa3ok 2 Kr. [licmsa 1soro BH3HAYAIH
BTpPaTH 3a Macol Ta CEpeNHI0 BHCOTY CTHpaHHSA. 3HOC 3pa3KiB moiimepachambTOOETOHY Micis
BUTPUMKH B MOpO3WIbHIA kamepi no 1500 mwmkiiB He 30inbmuBces, a micias 2 000-4 320 nwmkiis
30inpmmBes Ha 5-8 % B MOpPIBHSHHI 31 3HOCOM 3pa3KiB Mpu 30epiraHHi Ha MOBITPI B €KBiBAJIEHTHOMY
BIIII.

Sk cBimuaTh pe3ydbTaTH BHUMPOOYBaHb MOJIMEPOETOHY HA EMOKCHAHIN CMOJ Ha XIMIYHY
CTIMKICTh 32 BUTPUMKOIO B DI3HHX CEPEAOBHUINAX, MOJIMEPOCTOHM Ha EMOKCHAHUX CMOJIaX MAaloTh
BUCOKY XIMI4HY CTIMKICTh 0 OCH3HMHY, KEPOCHHY, AU3EIBHOrO MainBa Ta aBTony. KoedimieHt BTpatu
MIITHOCTI moJliMepOeToHy B ycix Bumaakax Oys He meHie 0,8 mpu ButpumyBanHi 40 1i0 B arpeCUBHOMY
cepenoBuii [2].

TakuMm umHOM, AOciimKeHHs, mo Oymu npoBeneHi B «Coro3gopHUNy», 3acBiquminm 37aTHICTD
noJIiMepOeTOHY Ha EMOKCHAHIA CMOJI MPOTSIroM TPHUBAJIOrO TepioAy 30epiraTd BHCOKY MEXaHiuHY
MIIHICTh Ta XIMIYHY CTiHKicTh. lle Aamo MOMJIMBICTH TPHUITYCTUTH JOBTOTPUBAIY POOOTY IBOTO
MaTepiany B JOPOXKHBOMY MTOKPHUTTI 6€3 pyHHYBaHHS.

B Vkpaini y Al «epxmopH/II» Takok BUKOHYBalIWCh TOMIYKOBI JOCIIKEHHS
enokcuachanprodeToHiB. [Ipy poBeaeHH] AOCIIIKEHb BUKOPUCTOBYBAIUCH:

- 6itym mapku BH/I 60/90 BupoOHuITBa, 110 BiAnoiganu Bumoram JJCTY 4044;

- mebinp ¢paxmii (5-10) mm, o 3agosonpasuTy BuMoru JJCTY b B.2.7-75;

- TICOK mTy4YHOro moapiOHeHHs: (BiciB), mo Bignosinas Bumoram JICTY b B.2.7-76;

- MiHEpaJILHUH MOPOIIOK BUPOOHHUIITBA, 10 Bianosinas Bumoram JJCTY b B.2.7-121,

- CMOKCHJIHA CMOJIa B KOMIDIEKCI i3 3BTBEPKYyBAUEM.

[ligibpani ckmaam BuXimHUX acganbToOETOHIB Ta emnokchac(aibTiB BIAMOBIAATN BUMOTaM
ACTY b B.2.7-119.

[Mpouec BUpOOHUIITBA €TTOKCHACHATETOOETOHY CKIIaJIABCSI 3 TAKUX TEXHOJIOTIYHUX OTEparlii:

- JI03yBaHHs Ta MEepeMilllyBaHHs MeOeHIo, MCKY Ta MiHEpaJbHOrO MOPOIIKY BiAMOBIIHO J0
migiopaHoro CKiany;

- HarpiBaHHs MiHEpaJILHOT'O MaTepiary 10 MOTPiOHOT TeMIeparypu;

- BBEJEHHs 3aTBEep/PKyBaya B HArPITHHA A0 BiJMOBIAHOI TemmepaTrypd OiTYyM 3 HACTYIHHUM
MepEeMINTyBaHHAM MPOTATOM 5-10 XB;

- BBelIeHHs OiTyMy pa3oM i3 3aTBep/pKyBadyeM B MiHEpaIbHY CyMilll 3 HACTYITHUM
nepeMilTyBaHHIM;

- BBEIEHHS B CyMIll EMNOKCHIHOI CcMOJM abo0 eNoKCUIIONiypeTaHy 3 HACTYITHUM
MepeMillyBaHHSIM.

BupoOHuIITBO Ta BHUIpOOYBaHHS 3pa3KiB  acainbToOeTOHy Ta enokcuachambToOeToHY
BUKOHYBAIUCH 33 TpaauIliiiHOIO TexHouoriero 3rigno 3 ICTY b B.2.7-89.

3 METOI0 JTOCIIJDKEHHS 3MiH BIACTHBOCTEH emnokcuac(anbTOOETOHY B 3aJIE)KHOCTI BiJl CTYHEHS
(hopMyBaHHA CTPYKTypH MaTepially MiA Ii€l0 TEPMOOKHCIIOBAJIBLHHUX IPOLECIB B EMOKCHCKIIAI0BHX
3pa3ku ernokcuacharbToOeTOHY BUTpUMYBaIH NpoTsaroM 1, 14 Ta 28 ni6 3a Temmepatypu 20 °C [6].
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MinHicTh Ha CTHCK 3pa3KiB ernokcuacharbTo0eToHy, ki Oynu moiiHo 3agopmosani nipu 20 °C
ta 50 °C gemo HIDKYe, HK y BuUXimHOTO acdansrodeTony (BimmoBimao Ha 0,5 Mlla Ta 0,2 MIla). I3
301IBLICHHSIM TEpPMiHY BUTPUMKH MIIHICTh 3pa3KiB emnokcuacgansTobeTony 3poctae. OcobiauBo
IHTCHCHBHE 30UIBIIICHHS MIIIHOCTI crioctepiraetbes 3 7 10 14 ni6 Burpumku. Yepes 28 ni0 MilHICTh
enokcuachanpTobeTony 3a Ttemmeparypu 20 °C ckmagae 5,4 Mlla mporm 3 MIla y BuxigHoro
acdanperoberony, a 3a temmeparypu 50 °C Bigmosigao 2,9 Mlla npotu 1,4 Mlla. Takum ymHOM,
MiHicTh 3a Temneparypu 20 °C 36inpmmnack Ha 64 %, a 3a Temneparypu 50 °C — B 2 pasu [6].

BaxnuBoro BiacTuBicTIO ac(haabTOOCTOHIB € iX 3MaTHICTh 30€piraT¥ MillHICTh TIPH ITiIBUIICHHI
TEMIIEpaTypH, Ky MOXKHA XapaKTepu3yBaTH Koe(imieHTOM TtemiieparypHoi dyTimBocTi. KoedimieHT
TEMIIepaTypHOi JyTIUBOCTI BHXITHUX acdanbrobeToHiB craHoButh 0,42-0,43. Tlpu BBencHHI
eMOKCHCKIIaI0BHX BiH 3poctae 10 0,53-0,54 abo na 23-28 % [6].

Jns  emokcmachanbToOCTOHIB Ta BHXITHUX acadbTOOCTOHIB BH3HAYaBCS Koe(DiIlieHT
BHYTPIITHBOTO TepTs acdambToOeToHy tg@ 1 J1adopaTopHHH TOKA3HWK 34erUieHHs mpu 3cyBi C.
[IpoBeneHi BunpoOyBaHHs MOKa3alH, MO NPU BBEJCHHI y ac(aabTOOCTOHHY CYMIlll €IOKCHCKIIAJT0BIX
tge MpakTHYHO He 3MiHIEThCs, a C, 3pocTae BianoriaHo Ha 12 % Ta 35 % [6].

3Bakal0uM Ha Te, MO0 BBEACHHA EMOKCHUCKIAJOBOI MiABHUIIYE MIIHICTh Ta TEIUIOCTIHKICTh
ac¢abTo0eTOHIB, Oy TPOBENEH! MOCIIIHKeHHS ii BIUIMBY Ha OINp TMOKPHUTTSA KONIEYyTBOPEHHIO B
YMOBaxX BHCOKHUX JIITHIX TeMIIEpaTyp.

Ax cBimyate gnaHi BunpoOyBaHb, miciast 14 1m0 BUTPUMKH 3pas3kiB  emnokcuachaibTy
IHTEHCHBHICTh KOJII€yTBOPEHHS HAa HHOMY NPAKTUYHO TaKa K, SIK 1 Ha BUXimHOMY achambTOOeTOHI
(micms 30000 mpoxoaiB rMMOMHA KOJi# Ha 000X TOKPUTTAX CTAaHOBUTH 4,6 MM) [6].

[Micns ButpuMku 28 1 Oinbme Ai0 I1HTEHCHBHICTH KOJIIEYTBOPEHHS Ha IMOKPHTTIX
enokcuac(anbToOETOHY 3HaYHO 3MEHIIYEThCS. SIKIIO rmMOWHA KOIii y BHUXiTHOTO acalbTOOCTOHY
micas 1000 mpoxoniB craHoBmna 1,7 mMm, a micms 30000 mpoxomiB — 4,6 MM, TO Yy
enokcuachanpTo0eToHy micnsa 42 ni0 BurtpuMmku BiamoBimao 0,3 mm ta 1,7 MMm. Takum umHOM, 3
MPOTIKaHHAM TPOLECIB POPMYBaHHS CTPYKTYPH €MOKCHAC(haIbTOOETOHY 30UTBIIYETHCS OIip TOKPHUTTIB
kosieyTBopenHto. [licist 42 ni6 BiH 3pocTae maiike B 3 pasu [6].

BucnoBku

AHani3oM iHpOpPMALIHHUX JHKEPEN MO0 3aCTOCYBAaHHS €MOKCHAC(haTbTOOCTOHHOTO TOKPUTTS
Ha aBTOJIOPOXKHIX MOCTax BCTAHOBJICHO, M0 BHUKOPHCTAHHA TEPMOPEAKTUBHUX TOIIMEpIB Yy
SIKOCTI MOAHUdikaTopiB OiTyMy H03BOJISIE 3HAYHO TIOKPAIIMTH HOTO BIIACTUBOCTI, a OTke i
BJIAacTUBOCTI acdanbTOOETOHIB Ha HOro OCHOBi. 3acBiAYEHO MEPCIEKTUBHICTE BUKOPHCTaHHS
enokcuac(haabTOOCTOHY, SIKUH Y TOPIBHAHHI i3 3BHUYaiiHUM ac(aibTOOCTOHOM BiJ3HAYAETHCS BHIUMHU
MII[HICHUMH XapaKTEePUCTHKAMH, OUTBIINM OMOPOM KOJNi€yTBOPEHHIO, YIOBIIBHEHHM CTapiHHAM TIiJl
JIEF0 TIPUPOTHO-KIIIMATHYHAX (PAKTOPIB Ta CTIHKICTIO 10 il MAIMBHO-MACTHUIIEHUX MaTepiaiB.

BusnaueHo, mo BBeZieHHS y OiTyM emokcuckianoBux Big 5,0 % mo 20,0 % mnpuzBoguTh 110
CYTTEBOI'O MIJBUIICHHS MIIIHOCTI Ta TEIUIOCTIMKOCTI enokcuachanabToOETOHY 3a BCIX TEMIIEparyp.
Pazom 3 MM HU3BKOTEMIIEPATYpHI XapaKTEPUCTHKH OTPUMAHKMX ETMOKCHB’ SHKYYHX HE € TipmuMmu (a y
psAi BUNAIKIB — KpallMMH), HK Yy HeMoaudikoBaHuX OiTyMiB Takoi k B’s3kocTi. Ilpum npomy, unm
OLTBIIMIT BMICT TEPMOPEAKTUBHUX MOAM(DIKATOPIB, TUM O1JIBII 3HAYHOIO € SIKiCHAa 3MiHa BJIACTUBOCTEH
oitymiB. CepenHsl TyCTHHA emOKCHAc(haIbTOOCTOHY 3HMXKYEThCS MPH OJHOYACHOMY 3pOCTaHHI HOTO
BOJIOHACHYEHHS, KOe(Dilli€HT BOAOCTIHKOCTI HE 3aJIC)KUTh BiJl BMICTY €ITOKCHCKIIAOBHX.

BnpoBamkenas enokcuachanbToOETOHIB JO3BOJIMTH MiABHIIUTU SIKICTh Ta JIOBTOBIUHICTBH
MOKPUTTSA Ha aBTOAOPOXKHIX MOCTaxX, a TaKOXX 3HAYHO CKOPOTHTH BUTPAaTH HA PEMOHTHI poOOTH.
[MuTaHHs 11010 BUKOPUCTAHHS 3a3HAYEHUX MaTepialiB JUIS MOCTOBHX TOKPHUTTIB € JyXK€ aKTyaTbHUM
aJle BOAHOYAC JIOCUTHh HEBH3HAYEHHUM, & OT)KE IOCTABJICHO 3aJadi LIOJ0 MOAAIBLIOr0 MPOBEACHHS
JIOCIIIKEHD.
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EXPERIENCE OF APPLICATION OF EPOXH ASPHALT CONCRETE
PAVEMENT ON ROAD BRIDGES

Abstract

Introduction. The analysis of recent research on prevention of formation of defects of asphalt
pavements on road bridges and extension of terms of their operating period is given. The perspective of
application in Ukraine of asphalt pavements modified with thermosetting polymers is determined.
The research tasks are formulated.

Problem statement. Lack of sufficient experience in the use of epoxy asphalt pavement on the
Ukrainian road bridges and uncertainty of economic feasibility of its application.

Objective. Perform an analysis of the existing experience of using asphalt pavement modified
with thermosetting polymers to increase its durability on the road bridges.
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Materials and methods. Analysis of information sources on the use of epoxy asphalt pavement
on the road bridges. Analytical studies of asphalt mixtures modified with epoxy constituents.

Results. The perspective directions concerning improvement of quality of pavement on the road
bridges, increase of their performance and durability are determined. An analytical review of the
experience of using epoxy asphalt pavement on the road bridges has been conducted. The questions of
modification of the bituminous base of asphalt mixtures with epoxy composites with the aim of
improving their technical characteristics have been studied. The promising economic efficiency of the
use of epoxy asphalt mixes in Ukraine has been established. The tasks concerning further investigation
of epoxy asphalt pavement when applied on the road bridges have been formulated.

Conclusions. An analysis of information sources on the application of epoxy asphalt
pavement on the road bridges showed the following: the economic and technical feasibility of the use
of these pavements, since they have significant advantages compared with the asphalt pavement of the
standard composition (without modifiers); the introduction into the bitumen of epoxy constituents from
5.0 % to 20.0 % leads to a significant increase in the strength and heat resistance of epoxy asphalt
concrete at all temperatures. The introduction of epoxy asphalt concrete allows improving the quality
and durability of road pavement, as well as significantly reducing the cost of repairs.

Key words: epoxy asphalt mix, asphalt, modification of bitumen, durability of pavement,
research.
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BUKOPUCTAHHS ACPAJIBTOBETOHHUX CYMIIIEA HA OCHOBI
CIIIHEHOI'O BITYMY

o dztslsOy "' W

Beryn. Hagano XpoHonOriuHWE — aHalmi3  BHKOPHCTAHHS  TEXHOJOTIi  IPHUTOTYyBaHHS
ac(anbTOOETOHHUX CyMilleld Ha OCHOBI CIiHEHOTro OiTyMy 3a KOpIOHOM. Bu3sHaueHo mnepeBaru
BUKOPHUCTAHHS 1Ii€1 TEXHOJIOT1.

IIpoGremaTnka. AcdambToOETOHHI CyMilli, BATOTOBJICHI 3 BUKOPHUCTAHHIM CITIHEHUX OiTyMiB,
IIMPOKO BUKOPHUCTOBYIOTHCS, 30KpeMa B TakuX KpaiHax sk BemmkoOpwuranis, CIUA, Himepnanam,
ABcTpaltisi, e BKEe NPUHHATO CTaHIAPTH IIOJ0 3aCTOCYBaHHs CIIHEHOTro OITyMy IiJl 4ac MpOoIecy
BUTOTOBJICHHSI ac(hanbTOOCTOHHUX CyMIillleld, OCKUNBKH iX 3aCTOCYBaHHS 3a pPaxyHOK OCOOJIHBOI
TEXHOJIOTII JO3BOJSE 3HU3UTH KiNBKICTh €HEPrOBHTPAT, HEOOXIAHWX JUISI BUTOTOBIEHHS CyMIimli, Ta
MIJBUIIATH SIKICTh Ta JOBrOBIYHICTH JOPOKHBOTO TOKPUTTS. YJOPOXKYAaHHS CHEPropecypciB Ta
HEOOXIIHICTh IMiIBUIICHHS TEXHIKO-CKCIUTyaTalliiHUX MOKa3HUKIB aBTOMOOUILHUX JIOPIr BUMAarae Bif
JOPOXKHBOT Tamy3i YKpaiHM TOCTIHHOTO PO3BUTKY Ta 3alpOBA/DKEHHS KapIUHAIBHUX 3MiH IIOJI0
TEXHOJIOT1] BUKOHAHHS OyIiBelIbHO-PEMOHTHHUX po0iT. Came 3 UX NPUYUH BIPOBAIKEHHS TEXHOJIOTI]
MPUTOTYBaHHS ac(albTOOCTOHHUX CyMillleii HAa OCHOBI CIIHEHOTO OiTyMy € Ba)KIIMBUM Tally3eBUM
3aBHaHHsAM. Ha TemepimHiii yac B YkpaiHi BiICyTHI HOpMaTHBHI IOKYMEHTH, SIKi O periaMeHTyBajH
BUKOHAHHS POOIT 3a JAaHOK TEXHOJIOTIEI0, IO YHEMOJMJIMBIIOE I MpPaKTHYHE BUKOPHCTAHHA Ta
00MeKy€e ONTHMI3AIliI0 Ta PO3BUTOK JIOPOKHBOI rairy3i Ykpainu.

Merta. Meta po0OoTu mojsiraja y JOCHIDKEHHI JOIIJIBHOCTI BHUKOPHCTAaHHS B YKpaiHi
acabTOOETOHHUX CyMilllelt Ha OCHOBI CIIIHEHHUX OiTyMiB.

Marepianu i meronu. IIpoBefeHO eKCliepUMEHTALHI BHIIPOOYBAaHHS TPAIUIIIMHUX Tapsiuaux
acganbToOETOHHUX CcyMileil 3 Ta 6e3 oJaBaHHsI PEreHEPOBAHOTO achanbTOOETOHY3 Pi3HUM BMICTOM
SIK BUXIJTHOTO, TaK 1 CITIHEHOTO 0iTyMYy.

Pesynpratu. BeraHOBIIEHO JOLIMBHICTh BUKOPHUCTaHHS ac(haibTOOCTOHHUX CyMIiIllell Ha OCHOBI
cnineHoro Oitymy. Hanmano pekoMmeHJamii [IOJ0 TEXHOJOTIYHMX TapaMeTpiB TMPHUTOTYBaHHS,
TPAHCIIOPTYBAHHS, YKJIQJIaHHS Ta YIIUTbHEHHS TaKUX CyMIiIIeH.

BucnoBku. [IpoBeneHi AOCHIUKEHHS TOKa3ai, 10 3a (Pi3UKO-MEXaHIYHUMHU TMOKa3HUKAMHU
ac(anbTOOETOHU SK HA BUXIJTHOMY, TaK 1 Ha CHIHEHOMY OiTyMi BIJIIMOBIJAIOTh BHMOTaM YHHHHX
HOpPMAaTHUBHUX JIOKyMEHTIB YKpaiHu. Bij3HaueHo mepeBarn BUKOPUCTAHHS CIIHEHOTO OiTyMy, a came:
3HW)KEHHS TEMIIepaTypd NPUTOTYBAaHHA Ta YUIUIBHEHHS CyMillli, €KOHOMisl ONTHMAalIbHOTO BMICTY
0iTymMy Ta eHepropecypciB. OTpuMaHi pe3yJbTaTH BKa3ykTh Ha JOLIBHICTh 3aCTOCYBaHHS TEXHOJIOTIT
MPUTOTYBaHHS acPabTOOETOHHUX CyMilllel Ha OCHOBI CITiHEHUX OiTyMiB B YKpaiHi.

S dz¢ Yytso ' : adpaizdse®e@on, achanbToOeTOHHI CcyMmimi, OiTyM, B’SDKyYe, IOPOXKHE
OymiBHULTBO, CIIiHEHUH OiTyM, Temreparypa, (i3uKo-MeXaHi4Hi OKa3HUKH.
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Beryn

TexHomoris mpuroTyBaHHs ac¢arbTOOETOHHWX CyMillled Ha OCHOBI CIIIHEHHX OITyMIB, IO
MaloTh MiABUINEHY MTOBEPXHEBY aKTUBHICTh, MEHIITY YMOBHY B’SI3KiCTb 1 OUIBIIy TUTOMY ITOBEPXHIO, A€
3MOTY 3HU3UTH CHEPrOBUTPATH, 3MEHIIUTH IIKIIJWUBUHA BIUIMB HA JOBKULIS 332 PaXyHOK 3HIDKCHHS
BHUKHIIB Y TIOBITPS, PO3IMIUPHUTH CE30H YIAIITYBAaHHS CyMimIeH, 301MbIUTH BiACTaHb TPAHCIIOPTYBAHHH,
ITiIBUIIIATH JOBTOBIYHICTH IIOKPUTTIB.

Bnepmie mnowanm  3acTocoByBaTH  cmiHeHi Oitymm y 1957 pomi Ha  iH)XXEHEpHO-
eKCIepUMEHTANbHIM cTaHIlii yHiBepcuTeTy mraty Aiiosa. [Ipodecopom yuisepcurery L. Csanyi 6ymo
3aIPOITOHOBAHO BUKOPHUCTOBYBATH CITIHEHHH OITYM B SIKOCTI B’sDKy4O0r0 AJist IpyHTIB. [1]. st criiHeHHs
Oyyo BUKOpUCTaHO BOAsSHY mapy. Y 1960-x pokax aBcTpamilicekoro kommaniero Mobileoil Gyro
npuadaHoO TpaBa Ha TEXHOJOTiI0, 3ampornoHoBaHy L. Csanyi 3 A€IKMMH YAOCKOHAJICHHSIMHU. 3amicTh
CIiHEHHS 32 TEXHOIIOTI€IO 13 BUKOPUCTAHHIM TapH TapsAdiil 6iTyM moYaid CIIHIOBATH 3a JTOTIOMOTOF)
XOJIOJTHOI BOJIM y CHEIiallbHIN po3MmmMpIoBaibHiN kamepi. Lg kommaHisi He BUKOPHUCTOBYBaIa MAaTeHT, 1
TIABKH 13 3aKiHUCHHAM TEPMiHY HOTO il MOYalIHCs 1HTEHCHBHI JOCHTIPKEHHS Yy LIbOMY HAIMpPAMKY Y
PI3HHX KpaiHaX CBITY.

[Hounnatoun 3 1990-x poKiB JigepoM BUKOPHUCTAaHHS TaKOi TEXHOJIOTIE€ CTaja KOMITaHis
WIRTGEN, sikoto Oyno po3pobiieHo abopatopHy yctaHoBky WLB 10 st oTpuMaHHS CIIHEHOTO
OiTymy y 1abopaTOpHUX yMOBaX.

VY 3B’a3Ky 13 AedinuromM marepianiB Ta OakaHHSX 3MEHIIUTH TPOIIOBI BHTPATHHA IOPOXKHE
OymiBHUITBO TakKa TEXHOJOTiA 3HalILIa cBoto peamizauito y [TAP [2]. ¥V 2002 poui Oyno po3pobieHo
TumuacoBuii TexHiuani mociOHUK TG2 13 3acTaHIAPTU30BAHOIO METOOJOTIEI0 1000py CKIaay CyMili,
i1 onmTEMi3arlis, MPOEKTYBaHHS MIapiB JOPOKHBOTO OJIATY 13 CyMilleil Ha OCHOBI CIiHEHUX OiTyMiB [3].

Ha panmii wac 1 TexXHOJOTIS 3HAWNDIA INMAPOKE PO3MOBCIOKEHHS 3 BIAMOBIIHUM
yIIOCKOHAJICHHSAM Ha ITiZICTaBl MONepeHFO OTPUMAaHOTO JOCBiNy Y TakuX KpaiHax sik Himepnanau, Hosa
3enanis, Benukobpuranis, CIIIA, Asctpaitist Ta inmii [4-12].

AMepukaHChKOO  KoMmmaHiero  AstecInc.  po3pobiieHo  cucTeMy  MiJrOTOBKH  TEIUIAX
acdanbrobeTonHnx cymimeir GreenPac. ¥V CILA nmpubmuzno 90 % Temnux cymimieid oTpuMYIOTh caMme
M criocoboM. Ha naHwuii yac KijbKiCTh 3aBOJIIB, IO MPAIIOKOTH 3a II€K TexHoJoriew, outbiie 800 y
BChOMY CBiTi. OcOOIMBOIO MOMYJIAPHICTIO Taka TEXHOJOris kopuctyeTbes y Kazaxcrani. ¥ 2014 poui
Ha TiACTaBi IJa0OpPaTOpHUX BUMPOOYBaHb TAJOCTHIAHOTO 3aCTOCYBAaHHS TEXHIYHHHA 1HCTUTYT
AO «KA3IOPHUW» po3pobuB BigomMuili HOPMATUBHO-TEXHIYHHN JOKYMEHT HIO0 NMPUTOTYBaHHS Ta
3aCTOCYBaHHIO ac(habTOOETOHHUX CyMillieii 3 eHepro3bepirarunmu gobaBkaMu («rermt cymimri») [13].

OCKiIbKM TEXHOJIOT1sI MPUIOTYBaHHS ac(hanbTOOETOHHUX CYMILIEH HAa OCHOBI CIIiIHEHUX OiTYyMiB
Ma€ 3HAYHI TMepeBard, sKi MiATBEP/HUKCHO CBITOBUM JIOCBIJIOM, HEOOXiJHO OYJO JOCIHIHKCHHS
MOJKJIMBOCTI 3aCTOCYBaHHSI JaHOI TexHoJorii B Ykpaini. ns 1mporo HeoOXigHO OyJ0 BH3HAYHTH
MOJKJIMBICTb 3aCTOCYBaHHSI Li€] TEXHOJIOTI] B paMKax iCHYIOUHMX OyliBEJIbHUX HOPM YKpaiHH.

OcHOBHA YaCTHHA

JlocmipkeHHsT  MOXITMBOCTI  3aCTOCYBaHHS TEXHOJOTii TPUTOTYBaHHS ac(haibTOOETOHHUX
cyMmimield Ha OCHOBI cmiHeHoro Oitymy Oyio Bukonano B JIT «epxmopH/AD» [14]. Lli mocmimkeHHs
nepeadadand TPOBEACHHS  psly EKCHEPUMEHTIB IIOJO0 INPUTOTYBaHHS Ta  3aCTOCYBaHHS
ac(anbTOOETOHHUX CyMiIllei Ha OCHOBI CITIHEHUX OITyMiB.

Ha mepmiomy erami eKkCHepUMEHTAIBHHX JOCHIUKEHb BHUTOTOBIISUIM KOHTPOJIBHI 3paskd 3
TpaguLiiHOi Taps4yoi achaibTOOETOHHOI CyMIlNi3 AOAaBaHHIM pereHepoBaHoi acganbToOeTOHHOT
cymimn (PAIT) y kinbkocti 25 % Ta 0e3 Hel Ha 3BMuaiiHOMY (BHXimHOMY) OiTyMi Ta 3 TpaaumiiHOI
rapsiuoi acanbToOeTOHHOI cyminn 3 nomaBaHHs PAIT ta 6e3 Hei Ha cmiHeHomy OiTymi. KinbkicTh
OiTymy BapiroBasiach B inTepBadi Bix 4,0 % 10 5,5 %.
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Hdns mpurotyBanHs acdanbToOETOHIB Ha OCHOBI BHXIIHMX Ta CIIHEHHX OITyMiB
BUKOpHCTOBYBanu: 1ebinp ¢pakmii (20 —40) mm 3riguo 3 JACTY b B.2.7-75 [15]; mie6inb
¢paxuii (10 —20) mm 3rigro 3 JICTY b B.2.7-75[15]; wmeOinp ¢pakuii (5—10) MM 3rigHo 3
JCTY b B.2.7-75 [15]; micok i3 BiiciBiB OApiOHEHHs BUBEpKEeHHX Tipchkux nopia ¢pakuii (0 — 5) mm
srigao 3 JICTY B.B.2.7-210 [16]; minepansuuii mopomiok 3rigno 3 JICTY b B.2.7-121 [17]; PAIL,
6itym mapku BHJI 60/90 srigno 3 JICTY 4044 [18].

[Tix yac BUKOHAHHS AOCIiIKEHHS OYJIM POBECHI BUMPOOYBAaHHS TakMX ac(aabToOeTOHiB:

— Tapsunid piOHO3EPHUCTHHA MOPHUCTUH acdalbTOOETOH HEMEepepHBYACTOl TPaHyIOMETil,
mapku I, Ty A-b (ACT. [Ip.I1.A-b.HIL.I)na Buxigaomy 6itymi BHJI 60/90, 3 BMicTom GiTymy 4,5 %,
5,0 %, 5,5 %j;

— TapsuAid KPYMHO3EPHUCTHH IMITBHUKN ac¢anrbTOOETOH HEepepruBYaACTOl TPAHYIOMETPIi,
mapku I, tumy Al (ACT .Kp.II[.A1.HILI) ua Buxigrnomy 6itymi BHJI 60/90, 3 BmicTom 6itymy 5,0 %,
5,5 %, 6,0 %j;

— rapsynii KpYMHO3CPHHUCTUH IMITbHUN acgalbTOOETOH HENepepuBYACTOI T'PaHYJIOMETii,
mapku I, tummy Al (+PAIT 25%) (ACT.Kp.III.A1.HILI + PAII) na Buxignomy 6itymi BHII 60/90, 3
BMicTOM OiTymy 4,5 %, 5,0%, 5,5 %;

— rapsynid JpiOHO3EpHUCTUI TOpUCTHH acdambTOOETOH HemepepuBYacTOi TpaHyIOMeTpii,
mapku I, tuny A-b (ACT . Jp.I1.A-B.HILI) na cninenomy 6itymi BHJ] 60/90, 3 B7micToMm Gitymy 4,0 %,
4,5 %, 5,0 %;

— Trapsyuii KpYMHO3CPHHUCTUH IMITbHUN acgalbTOOETOH HENepepuBYACTOI TPaHyJIOMETii,
mapku I, iy Al (ACI.Kp.IL[.A1.HILI) na cninenomy 6itymi BH/I 60/90, 3 BmicTom Gitymy 4,5 %,
5,0 %, 5,5 %j;

— rapsynidi KpYyMHO3CPHHUCTUH IMiITBHUN acgalbTOOETOH HENepepuBYACTOI TpaHYJIOMETii,
mapku I, tumy Al (+PAIT 25%) (ACI.Kp.lI.A1.HILI + PAII) na cninenomy 6itymi BHJI 60/90, 3
BMicToM Oitymy 4,0 %, 4,5%, 5,0 %.

[Tlix wac 3acTocyBaHHs CIIHEHHX OITYMiB TEXHOJIOTIYHMH MpoIeC NPUTOTYBaHHS
achaJbTOOCTOHHUX CyMillled CYTTEBO HE 3MIHIOBaBCS Ta 3JIHCHIOBABCS 3 JOTPUMAaHHSIM
CTaHIAPTHOI MOCIIIIOBHOCTI Ta 3MICTy TeXHOJOriYHux omeparii 3rizHo 3 JICTY b B.2.7-319 [19] Ta
JCTY b B.2.7-119 [20]. Ilpx BHKOpHCTaHHI CIiHEHHX OITYMIB TOTYBaHHS MiHEpalbHUX MaTepiaiiB
(micky, mEOHIO 1 MiHEPATBHOTO MOPOIIKY), IX MPOCYUIYBaHHs, (PaKIiOHYBaHHS, JJO3YBaHHS 1 1oj1a4a y
3MilllyBa4 BHKOHYBaJIHCh Y Takiil e MOCIiOBHOCTI, IO 1 MpH 3BHYAWHINA TEXHOJOTii IPUTOTYyBaHHS
achanbToOETOHHUX cyMimieid. Pi3HUIS yTeXHOIOTIi mossrana JUiie y 3MiHI MPOIECiB IMiJrOTOBKH i
nojiadi 0iTymy, siki 3a0e3MeuyroTh HOT0 BBEJIEHHS Y 3MilllyBay y cHiHeHOMY craHi. [Iporiec criHeHHs
0iTyMy CKIIaIaBCsl 3 TAKUX TEXHOJIOTIYHHUX OTepaIliii:

— HarpiBaHHs BuXigHoro OiTymy mo temneparypu 160 °C;

— TIOCTYIIOBE BIIPHCKYBaHHS IIiJ] TUCKOM ITOBITpS HEBEIHKOI Mopiii xomomHoi Bomu (Bix 2 %
1o 4 % Bix Macu 6iTyMy) y Tapsiumii OiTyMm y criemiajibHii Kamepi,

— mepeminryBaHHs cymini y kamepi Bripogosxk (10 — 20) ¢ 10 mosiBu miHU.

3aBasgku eQeKTy CIIHIOBaHHA, WiJ dYac SKOro OITyM MEpexoAMB Yy BiIHOCHO CTIiHKy
TOHKOJMCIIEPCHY TETEPOreHHY CHCTEMY, sIKa CKIIaJanach 3 B’sDKY4OroO, MOBITPS, BOJH, MapH, CyMII
XapaKTepu3yBaBCsl IIACTUYHICTIO, TOJETIIyBaBCsS TpoIec il mepemillyBaHHsS, BiJOyBaBcs OLIBII
piBHOMipHUI po3monin OiTyMy 10 MOBEpPXHI MiHEpaJbHMX MaTepiaiiB, LI0 CYNPOBOIXKYBaBCS
MOKPUTTAM YCiX MiHEpalbHUX YacTOK TOHKOK OITyMHOI IUTIBKOIW. THM caMHM 3MEHIIYBaCh
TEXHOJIOTIYHI TEeMIICpaTypu HPHUroTyBaHHs cymimn. Jlns 3a0e3medyeHHs HEOOXITHOI OHOPIIHOCTI
acganbToOETOHHOI CyMillli Ha CIliHEHOMY OiTyMi Ta MOTPiOHOTO BKPUTTS OITYMOM KaM’SIHUX MaTepiaiiB
Oysi0o nmoOpaHO ONTHMANbHI BJIACTHUBOCTI CIIHEHOro OiTyMy, fKi XapaKTepU3yBaJUCh CTyIEHEM
CIIHIOBaHHS Ta TepiogoM miBpo3mnaay. CrymiHb CHiHIOBaHHS (TIOKa3HUK 3pPOCTaHHS 00’eMy)
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OLIIHIOBANACh 30UIbIICHHSIM 00’eMy OiTymy (AV) y chiHEHOMY CTaHi BiIHOCHO MOYAaTKOBOTO 00’eMy,
nepiox miBposnany (Ty,) — 3MaTHICT CIMIHEHOTO B’SHKYYOro 30epiratu cBiii 00’em y 4aci. Y Tabmumi 1
HaBEJCHO JaHI MIOAO 3aJeKHOCTI MOKa3HWKA 3pPOCTaHHA 00’€My MiHM Ta TEepioAy MiBpO3Magy Bif
KUIBKOCTI BOJIH.

v OB d&zdyw 1
1 Odzj 1 dz" Mis! ¢ OL GO { tcdzdhlSIO@zdAf' | tsBtSHE ' 9 tcts
o' H C' dz ¢sfmls' otsH(

KIHI?KICTL BOJIH JU1A CIILEIOBAHE, 1 5 3 4 5
% BiJ KUIBKOCTI B’SKY4OTO

[Noxa3uuk 3poctanns 00’ emy (AV) 6 16 23 31 33
ITepion miBposnany minu (Typ), ¢ 30 20 11 7 7

[Tpu nonmaBanHi Bogy y KibKOCTI (2 - 3) % Bia KiJIBKOCTI B’S3HOTO CHOCTEPIranucsi HanoOiabI
ONTUMANIbHI 3HAYEHHS IIOKA3HWKIB 3pocTaHHS 00’eMy Ta mepiomy miBpo3mamy miHu. Ilim dac
MPUTOTYBaHHS TPAAWIIAHOI CyMimli TemIeparypa BHXIIHOTO OiTyMy I dac TepeMilryBaHHS
cranosuia (140 - 155) °C, winepansHoro warepiany — (170-180) °C. TemmepaTypa mig dac
YUIUTbHEHHS 3HaxX0amIach B Mexax (135 - 145) °C. I1ix yac mpurotyBaHHs CyMillli Ha OCHOBI CITIHEHOTO
Oirymy ioro Temneparypa craHoBuia (130 -145)°C, temneparypa HarpiBaHHS MiHEpPaJbHOTO
marepiany — (140 -160) °C. Temneparypa mif 9ac yuiibHEHHs 3pa3kiB craHoBwiaa Bix 125 °C mo
135 °C. Takum YMHOM, BUKOPUCTaHHS CITIHEHOTO OITyMy JA03BOJIIIIO 3HU3UTH TEMIIEPATypy HArpiBaHHS
B’SDKYYOT0 i MiHepaibHOro Martepiany Ha (10 - 15) °C, 3eKOHOMHUTH MaTMBO VIl BUTOTOBJICHHS CYMili i
3HM3UTHU eMicito CO; B 0TOUyBaJIbHE CEPEOBHIIIC.

BunpoOyBanusi acanbToOETOHIB Ha BUXITHOMY Ta CIiHEHOMY OiTyMaxX MpPOBOJMINCH 32
MOKa3HUKAaMH Ta METOJIaMU BUIIPOOYBaHb, HABEICHUMH B TaOJIHIIi 2.

v0OB &z yw 2
AL s Odz ydz2' fsCOLdedSd SO BRBilstsHd odf tctsBlzo Odz

HazBa mokaznuka MeTtoau BUNIpOOYBaHb
CepeiHst r'yCTHHA, p, I/cM° n.8 JICTY b B.2.7-319 [18]
Bopounacuuenns, W, % 3a 06’ emoM m.14 ICTY b B.2.7-319 [18]
I'panuns minHOCTI TipH cTucKy, R, MIla, 3a Temnepatypu:
- 20 °C; n. 16 JICTY b B.2.7-319 [18]
-50°C
KoedimieHT moBroTpuBaioi BoocTinkocTi, Ky, m. 23 JICTY b B.2.7-319 [18]

Otpumani (¢iznko-MexaHiuHi nokasHuku achanproderony ACI.Jp.I1.A-B.HII.I 3anexno Bin
BMICTY OiTyMy HaBelleHO y TaOnuisx 3, 4 Ta Ha PUCYHKY 1.
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v OB &z yw
AL ffis Ode’ ydz'® fsCOL-ed & . qub 2O Bbleisd® o dn ' Hdzsc
3HaueHHs IOKA3HUKIB 3QJIEXKHO Bl KIJIBKOCTI
IToxa3nuku . .
BHXiAHOTO OiTyMmMYy, %
Kinekicte 6iTymy, % 45 5,0 55
Cepenus rycTuHa, p, rlem® 2,32 2,34 2,34
I'panuns  MinHOCTi mpu  cTHcKy, R, Mlla,
3a remneparypu 20 °C 3.2 3.3 2.6
KoedimienT 10BroTprBanoi BoaocTinkocTi, Ky, 0,86 0,89 0,89
v OB dzq yw
AL S Odz' ydz' S OL-tzd € . un (2O sMbzsd ° MY ° dzj dalsc

3HaYeHHs IOKA3HUKIB 3QJIEXKHO Bl KIJIBKOCTI

IToka3zHuku - .
crineHoro 6itymy, %
Kinskicts 6iTymy, % 4,0 45 50
CepenHst ryCTHHA, p, T/cM> 2,30 2,34 2,32
I'pannus  MminHOCTI Tmpu  cTHcKy, R, MIla, 31 34 33
3a remneparypu 20 °C ' ' '
Koedoimient noBrorpuBanoi BogocTinkocTi, Ky, 0,89 0,9 0,9
4 0,95
3.4 = 0,93
<35 g1 _o--feoool 33 2 o
=3 32 33 S 089 __oe-- D 0
N M 089 ===
2 2,6 % 087 0,89 0,89
2 = 0,86
m 0,85 '
4 45 5 55 8"
BMICT BITYMY, % 5 ‘ o ° >
==== Cninennii A-b — Tun A-B R BMICT BITYMY, %

= === Cninenuii A-b Tun A-b

t d Mz dzts Tlopidusuus ¢isuko-mexaniuanx nokasuukis ACI.JIp.J1.A-B.HILI Ha ocHOBi

BHXITHOTO Ta CIIIHEHOTO OiTyMiB

3rigno JICTY b B.2.7-119 [20] anst nopucroro acanbrodeTony Tuiy A-b rpaHuis MillHOCTI
pu cTUCKY 3a Temneparypu 50 °C Ta BogoHaCHYEHHS HE BU3HAYAIIACh.

3a pesynbraTaMyd BHUIPOOYBaHb TpaHMLS MIIHOCTI NpH CTHUCKY 3a Temneparypu 20 °C
acdanprodeTony tuny A-b mpu BmicTi BuxigHoro Oitymy Bim 4,5 % 1o 5,5 % 3MiHIOBajach Bif
2,6 MIla go 3,3 MIla i Oyna HaiiBumiow npu BMicTi Oitymy 5,0 %. MakcuMaabHOTO 3HAYEHHS
cepeHbOi rycTHHHM acdanbrodeToHy Tuny A-b Ha BuxigHOMy OiTymi mocsrand mpu BMICTi OiTymy
5,0% i cranosmio 2,34 r/em®. HaiiGinbime 3madeHHs KoedilieHTy TOBroTpHBAnOi BOZOCTIMKOCTI
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acdanbrobeTony Ty A-b Ha BuxigHOMY 0iTyMi — mpu BMicTi O6itymy 5,0 %. I'panuns minHoCTI Tpn
ctucky 3a temmnepatypu 20 °C achanprodeTony Tumy A-b Ha criiHeHOMY OiTymi mpH BMICTi OiTyMy Bif
4,0 % mo 5,0 % 3minoBanace Big 3,1 Mlla mo 3,4 Mlla. Ilpu mpomy Haiibinmbiie il 3HaYeHHS
Bignosigano 4,5 % Bmicty 6itymy. Cepenns ryctuHa acdanstoderony thmy A-b Ha cmineHOMy OiTyMmi
Oyna HallBHIIOI TIpH BMicTi Gitymy 4,5 % i cramoBmna 2,34 r/cm’. Koedimient nosrorpupaioi
BoJOCTIHKOCTI achanprobeToHy Tuy A-b Ha criiHeHOMY 6iTyMi Mae HaWKpaIwii pe3yabTaT Ipy BMICTI
oitymy (4,5-5,0) %, a came 0,9. Pesynprarn BUMpOOYyBaHb 3aCBiTUMIM, IO CIIHEHHS JO03BOJISE
3MEHIIUTH MOTpiOHMI BMmicT Oitymy B cymimi. Tak Haiikpami pe3ynsTatd BuUnpoOyBaHb B
acanbToOeTOH1 Ha BUXiqHOMY OiTyMi Manu micue npu 5,0 % B’spKydoro, a Ha CIiHEHOMY OiTyMi — Ipu
45%. Ilpu upoMy cmocrepirajoch i MEBHE TMOJIMIIEHHS BIACTUBOCTEH acdanbToOeTOHy mpHU
BHKOPHCTaHHI CIIIHEHOTO OiTyMy SIK 32 MIITHICTIO, TaK i 32 Koe(ilieHTOM JOBrOTPUBAIIO] BOJOCTIHKOCTI.

Otpumani (izuko-mexaniuHi mokaszHukuacgansroderony ACI.Kp.[.A1.HILI 3amexHo Bix
BMICTy OiTyMy HaBelleHO y TaOnuisx 5, 6 Ta Ha PUCYHKY 2.

w dzO0 tsf

vOB d&Zdqyw 5
AL S Odz' ydz' fsCOLddSd du).ste.z. o1. 1.
3HaveHHs NOKA3HMKIB 3aJI€KHO BiJ KUIBKOCTI
IToxa3Hukmu . . N
BUX1THOTO OiTymy, %
Kinskicts 6iTymy, % 50 55 6,0
CepenHs TYCTHHA, P, rlem® 2,33 2,34 2,33
Bongonacuuenns, W, % 3a 00’emoM 2,5 2,3 2,2
I'panuus MinHOCTI pH cTHCKY, R, MI]a, 25 24 29
3a remmepatypu 20 °C ’ ' '
I'panuns minHOCTI TIpH cTUCKY, R, Mlla, 100 113 100
3a remmepatypu 50 °C ' ' '
KoedimieHT noBrorpusaioi BogocTinkocTi, Ky, 0,89 0,93 0,94
v OB iz yw
AL i Odf REd® L dlzgl £ & .01y 1.udz@G Mdzig§ ° dzisdztdsclztzzz
3HaYeHHs IOKA3HUKIB 3QJIEXKHO BiJ KIJIBKOCTI
IToka3HuKH . . o
criiHeHoro 6itymy, %
Kinekicte 0iTymy, % 45 5,0 55
CepenHs rycTuHa, p, rlem® 2,34 2,34 2,35
Boponacuuenus, W, % 3a 06’ emom 2,4 19 2,1
I'panui MinHOCTI pH cTUcKy, R, MI1a, 26 57 24
3a remmeparypu 20 °C ' ' '
I'panuis MinHOCTI IpH cTUCKY, R, Mlla, 105 119 115
3a remmeparypu 50 °C ' ' '
KoeimieHT 10BroTprBaioi BooCcTinkocTi, Ky, 0,92 0,96 0,96
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3 2
2,8 2,7
28 _ === < 13 105 1.19 1,15
226 === Soo = v P
\\\ 2,4 > 1 ===
o 24 2,5 S =3 1 113 1
0% 2,4 ® 05
2,2 29
2 0
45 5 55 6 45 5 55 6
BMICT BITYMY, % BMICT BITYMY, %
==== CroiHeHui Al Tun Al ==== Cnigenuii Al Tunm Al

N
[0}
P
N

2 3
2,6 5 g{ 11
24 ~ 9-2 3
° S : 2,2 1 096 0,96
822 o~ = 002 ___ 02 ____C
2 s = g Fmm"
2 NPT 2,1 S 0.9 0,93 0,94
19 < 0,89
1.8 808
45 5 55 6 N 45 5 5,5 6
BMICT BITYMY, % 4 BMICT EITYMY. ©
==<== Cninennii Al Tun Al » %
==<== Cninennii Al Tum Al

t d Mz dzts Topidisuus disuko-mexaniunux nokasuukis ACI.Kp.II.A1.HIL.I Ha ocHOBI
BHXITHOTO Ta CIIIHEHOTO OiTyMiB

3a pesynbraTaMyd BUNPOOYBaHb BCTAHOBJIEHO, IO TPaHUISl MIMHOCTI NPH CTHCKY 3a
temneparypu 20 © C kpynHo3epHUcTOro acanproderony tumy Al Ha BUXigHOMY OiTymi mpH BMicCTi
oitymy Bix 5,0 % n0 6,0 % 3mintoBanack 3 2,2 MIla no 2,5 MIla. MakcuMasbHe 3HaYCHHS MIIIHOCTI
Bianoeigano 5,0 % OGitymy.['panuis MIHOCTI mpu CTUCKY 3a TemmepaTypu 50 °C KpyIHO3EPHUCTOrO
acdanbrobeTony Tumy Al mpu BmicTi BuxigHoro 0itymy Big 5,0 % mo 6,0 % cranosuna Bix 1,0 Mlla no
1,13 MIla. MakcumanbHe 3HaueHHs MinHocti 1,13 MIla acdansroderony Oymno npu 5,5 % Oirymy.
Cepennsi rycruna acdansroberony Tumy Al Ha BuximHOMy OiTymi cramosmia Bix 2,33 r/cm® 10
2,34 t/cM’. Ti Ginbime 3mHauemHs gocsramock Tpu 5,5 % Gitymy. HaiimMenme BOJXOHACHYEHHS
acdanbTobeTOHy Ha BHXiZHOMY OiTymi amopiBHIOBano 2,2 % npu BMicTi Oitymy 6,0 %. Haiibinbme
3HAa4YeHHS KoeQillieHTa JOBrOTPUBAIOI BOJOCTIHKOCTI Ha BHUXIJHOMY OITyMi KpYITHO3EPHUCTHI
acdanbroberon Thmy Al maB mpu Bwmicti 5,5 %. [Ipu BHKOpUCTaHHI CHiHEHOTO OITYyMy TpaHHUIL
MIHOCTI mpu cTUcKy 3a TemiepaTtypu 20 °C  kpynmHo3epHHCTOro acansroderony Tumy Al
3MiHroBanack 3 2,4 MIla o 2,7 MIla nipu BmicTi B’ spxydoro Big 4,5 % 10 5,0 %. HaiiGinbiine 3HaueHHs
MirHOCTI 32 Temmeparypu 20 °C (2, MIla) Biamosinano 5,0 % B’spkydoro. ['panuns wmimHocTi mpu
crucky 3a temmneparypu 50 °C acdanbroberony tumy Al B 3aleXHO BiJg BMICTY CIIHEHOTO OiTymy
cranosuna (1,05 — 1,19) MIla. HaiiBuiie 3HaueHHs MIiIfHOCTI 3a Temmeparypu 50 °C 6yno mpu 5,0 %
crineHoro OiTymy. CepelHs T'yCTHHA KpPYIHO3EpHHCTOrO acanbTodeTony Tty Al Oyla mpakTHYHO
HE3MIHHOIO NPH BMICTi cHiHeHoro Gitymy (4,5 — 5,0) % i cranosuna 2,34 r/cm’®, npu Bmicti 5,5 % —
2,35r/cM®. Tlpu 3mimi BmicTy cmiHeHoro 6itymy Bim 4,5% g0 5,5% HaiiHIKYe 3HAYEHHS
BOJIOHACUYEHHSI KPYITHO3epHHUCTOrO achanbro0eToHy aAopiHIOE 1,9 %, HaitBume (mipu 4,5 % OiTymy) —
2,4 %. KoedimieHT ITOBroTpuBaioi BOMOCTIHKOCTI KPYIMHO3EPHUCTOTO acdanbTodbeTrony tumy Al OyB
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HaiOlIpmMM Tpu  BMicTi  cmiHeHoro Oitymy 5,0% 1 cranoBuB 0,99. Takum 9mHOM
KpYyMHO3epHHUCTHH acanpTo0eToH TUIy Al Ha BUXiZHOMY OiTyMmi TOKa3yBaB HaKpaili pe3yibTaTh
pu Bmicti 6itymy 5,5 %. Ha cmineHomy Oitymi acdanproberon Tumy Al MaB Kpamii pe3ysibTaTu
npu BMicTi 6itymy 5,0 %.

OtpumaHi ¢izuko-mexaHivyni mokazHukn achanprodbetonyACI . Kp.I[.A1.HILI + PAII 3anexHo
BiJl BMiCTy OITyMy HaBeJIeHO y Tabnuisx 7, 8 Ta Ha pHUCYHKY 3.

5 2
18
E16 ,E’EL
314 ’19" /\
B L 1,2
12 s 14
3 1
4 45 5 55 4 45 5 5,5
BMICT BITYMY, % BMICT BITYMY, % '
= === Cuinennii AI+PATI Tun AT+PAII = === Crinennii AIPAIl == Tun A1+PAII
35 11

=

W, %
[
(6]

[
(]
[}
]
]
\
\
\
\
\
N
5]

K. JIOBT. BOJIOCT
©
e
v
\

\
\
\
\
o
O
N
o
&3

1,18 0,88
0,5 0,8
4 45 5 55 4 45 5 55
BMICT BITYMY, % BMICT BITYMY, %
==== Cmigennii A1+PAII Tum A1+PAII ==== Cminennii A1+PAIl Tumr A1+PAIT

t d Mk dzts Topidisaus dizuko-mexamiuanx mokasuukizs ACIT Kp.II[.A1.HILI + PAIT ua
OCHOBI BUXIJIHOTO Ta CIIIHEHOTO OITyMiB

vOB &z yw 7
AL gt Odz' ydz' T sCOLddSdi ¢d zkOssmezisdl . pY~WwHdSGE S

3HaYeHHs MOKA3HUKIB 3aJIEXKHO Bl KIIIBKOCTI

HoxasmmicH BUXigHOTO OiTyMYy, %

Kinekicte 0iTymy, % 45 5,0 55
CepenHs rycTuHa, p, r/em® 2,42 2,41 2,43
Boponacuuenus, W, % 3a 06’ emom 2,3 2,28 2,64
R
Ipanmns  mimHocTi mpu  crucky, R, MIla, 13 14 19
3a remneparypu 50 °C ’ ’ '

KoedimieHT m0oBroTpuBaioi BogocTinkocTi, Ky, 0,88 0,92 0,93
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v OB dzd yw
AL iEROdz ydzg' f s5C OL ded C d +h é¢ ydz0s ts.Mmalztsp I . \lf . Wz dztsc s

3HaueHHS [TOKAa3HUKIB 3aJIEXKHO BiJ KUIBKOCTI1

HoxasnuicH crineHoro 6itymy, %

Kinbkicts 6iTymy, % 40 45 50
CepenHs TYCTHHA, p, r/em® 2,42 2,45 2,42
Boponacnuenus, W, % 3a 00’ emom 1,54 1,18 2,25
I'panuns MlI_IHOCTlo npu crucky, R, MIla, 3.7 45 4.0
3a remneparypu 20 °C

I'panuus  MminHOCTI mpu  cTucky, R, MIla, 13 16 14
3a Temnepatypu 50 °C ' ' '
KoedimieHT noBroTpuBaioi BoJoCTinKoCTI, Ky, 0,87 0,94 0,95

Hatiikpami pe3ynprati BunpoOyBaHb B ac(hambToOETOHI Ha BUXiTHOMY OiTyMi MalH MicIle Tpu
5,0 % B’spxydoro, a Ha criiHeHOMY OiTyMi — 4,5 %.

AHamiz OTpHMaHHX pe3yJbTaTiB 3acBIIYMB HE TUILKUBIAMOBIMHICTE OTPHUMaHHUX (i3UKO-
MEXaHIYHUX MOKA3HHKiB BUMoOraM ctanaapty [19], ame i ix mosimimieHHs HaBiTh 3@ MEHINOI KiJTbKOCTI
OiTymy.

IMokasuuk 3ueruieHHs omintoBaBcs 3rigno 3 JICTY B B.2.7-319 [19]. 3a pesynpratamu
BUMPOOYBAHHs 3YCIUICHHS OIiTYyMiB 3 IOBEPXHEIO pPI3HHX MiHEpaIbHUX MarepianiB (Tabmuis 9)
BCTaHOBIIEHO, IO TPW BUKOPHUCTaHHI CIIHEHWX OITyMiB iX 34YeIICHHS 3 IMOBEPXHEI MiHEpaTbHHUX
MmatepianiB Ha (10-12) % kpame, HDK NpU BUKOPUCTAaHHI TPAIUIIMHOTO B’S3KOTO OIiTYyMy MapKu
BH/I 60/90.

v OB dzf yw
1 sC0OLdzedSd Lyjfdzjdedgy B ' Iskd3" @ L o jtendzj®
) Iloxa3Huk 3ueruieHHs, %
Marepian . .
Criinenunit 6iTym BHJ 60/90

Bamnnsik 78 69

I'panir 27 24

ITicok 36 31

JIOCTOBIpHICTh OTPUMAHHX PE3YJLTATIB MiATBEPXKECHO THM, IO €KCIIEPUMEHTH MPOBOIMIUCH
3TiJTHO 3 METOJUKAMH, BCTAHOBIIEHUMHI HOPMaTUBHUMHU JJOKyMEHTaMH Y KpaiHu.

Ha mincraBi oTpUMaHUX pe3yJbTaTiB pO3pOOJIEHO PEKOMEHJAIii MI0J0 TNPUTOTYBaHHS Ta
3aCTOCYBaHHS ac(aibTOOSTOHHUX CyMIIlleii Ha OCHOBI CITiHEHUX OiTyMiB [21].

BucHoBKkH

IIpoBeneHi  IOCHI/PKEHHS BUKOPUCTAHHS TEXHOJIOTII NPUTOTYBaHHS —ac(albTOOCTOHHUX
CyMillleil Ha OCHOBI CIIHEHHUX OITyMIBJa0OTh 3MOTY 3pOOUTH TaKi BACHOBKHU:

1. ®i3uko-MexaHiuHI XapaKTEPUCTHKH LHX CyMiIlleid, BCTAHOBIEHI MiJ 4Yac BUMNPOOYBaHb
3T1IHO 3 3aTBEP/PKEHIMH METOJIUKAMH, BiJIMOBIAIOTh BAMOTaM YNHHUX HOPMATHBHHX JIOKYMEHTIB.
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2. PesynbraTd BKa3yloTh Ha JOUIIBHICTH 3aCTOCYBaHHS TaHOI TEXHOJOTIT B YKpaiHi, OCKIJIbKI
BiJI3HAYAIOTHCS TaKi TepeBaru sSK 3HHKEHHA TEMIEpaTypd NPUTOTYBaHHS Ta YIIUTBHEHHS CyMIIli,
EKOHOMisI OITUMAIBHOTO BMICTY OITyMy Ta €HEPropecypciB.

3.  ViockoHaneHO TexHIUHY 0a3y s OyAiBHHUIITBA aBTOMOOITBHHUX JIOPIT 3arallbHOrO
KOpHCTyBaHHS. P03po0iieHi pekomMeHallii moa0 MPUroTyBaHHS Ta 3aCTOCYBaHHS achaabTOOETOHHHX
CyMillleil Ha OCHOBI CIiHEHHUX OiTyMiB MICTSTb BUMOTH JI0 BUXiTHUX MarepiajiB Ta KiHLIEBOI MPOAYKIIi,
TEXHOJIOTII0 TIPUTOTYBAaHHS, METOAW KOHTPOJIOBAHHS, NOPAAOK YKIAZaHHA Ta YIIUIBHEHHS
acaybTOOETOHHUX CyMilllel Ha OCHOBI CIIIHEHHX OiTYMIB,
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USING ASPHALT MIXTURES BASED ON FOAMED BITUMEN

Abstract

Introduction. A chronological analysis of using the technology for the preparation of asphalt
mixtures based on foamed bitumen abroad was given. The advantages of using this technology were
determined.

Problem statement. Asphalt mixtures made using foamed bitumen are widely used in particular
in countries such as the United Kingdom, the USA, the Netherlands, Australia, where standards for the
use of foamed bitumen during the process of asphalt mixtures production are already adopted, because
their using, due to special technology, allows to reduce an amount of energy required for the production
of the mixture and to improve the quality and durability of the road pavement. The rising cost of energy
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resources and the necessity to increase the technical and operational indicators of roads require the road
industry in Ukraine to constantly develop and introduce radical changes in the technology of
construction and repair work. Due to the introduction of the technology of preparation of asphalt
mixtures based on foamed bitumen is an important task for us. Unfortunately, today in Ukraine there are
no normative documents that would regulate the implementation of works based on this technology
which makes it impossible to use it and limits optimization and development of the road industry in
Ukraine.

Purpose. The purpose of the study is reserch of expendiency of using the asphalt mixtures based
on foamed bitumen in Ukraine.

Materials and methods. Experimental tests of traditional hot-mixes of asphalt concrete mixes
with and without addition of reclaimed asphalt concrete with different contents of both source and
foamed bitumen have been carried out.

Results. The expediency of using asphalt mixtures based on foamed bitumen has been
established. The result is the developed recommendations on the processing parameters of preparation,
transportation, laying and compaction of these mixtures.

Conclusions. The studies showed that physical and mechanical parameters of both asphalt based
on original bitumen and foamed bitumen correspond the requirements of the current normative
documents.The advantages of their using are noted: reduction of the temperature of preparation and
compaction of the mixture, saving of optimum content of bitumen and energy resources. The obtained
results indicate the expediency of application of technology of bitumen foaming during the preparation
of asphalt concrete mixtures in Ukraine.

Keywords asphalt concrete, asphalt mixtures, bitumen, binder, road building, foamed bitumen,
temperature, physical and mechanical characteristics.

36ipHuk Haykosux npayb «[JOPOT'U I MOCTHU» www.dorogimosti.org.ua
106 ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20



BYAIBHULTBO TA HMBIJIbHA IHXKEHEPIA

https://doi.org/10.36100/dorogimosti2019.19.107

VIIK 691.16

Konunens 1. B., https://orcid.org/0000-0002-0908-4795
Coxoaosa O. B., https://orcid.org/0000-0003-4202-8661
Coxouos O. B., https://orcid.org/0000-0002-4694-9647
FOnak A. JI., https://orcid.org/0000-0002-5294-5554

Jlepocasne nIONPUEMCME0 «/leporcasruii 00POICHI HAYK080-00CTIOHUL iHcmumym
imeni M.II. Ulynveinay (11 «/lepacoopH/I»), m. Kuis, Yxpaina

BILJINB TOBABOK HA OCHOBI CHHTETUYHHUX BOCKIB HA EKCILTYATAIIAHI TA
TEXHOJIOT'TYHI BJACTHUBOCTI BITYMIB

¢ dztslsOy "' w

Beryn. BeranosneHo, 10 3a paxyHOK BHKOPHUCTaHHS JO00aBOK Ha OCHOBI CHHTETHYHHX BOCKIB
MOKHAa 3HU3UTH TEXHOJOTIUHI TeMIepaTypu BHPOOHHITBA ac(albTOOCTOHHUX CyMIIIeH, a TaKoXK
3MEHIIUTH MIKiIJMBHI BIUTUB HA HABKOJIMIIHE CEPEIOBUIIIC Ta BUTPATH NaTUBa HA IX BUPOOHHIITBO.

[IpoGrematnka. PobGoTy mnpucBs4eHO mpoOIeMi MiIBUINEHHS TEIUIOCTIHKOCTI OiTymMy Ta
3HIDKEHHIO TEXHOJIOTIYHUX TeMIIepaTyp BUPOOHHUIITBA ac(PaTbTOOETOHHIX CYyMIIIeH.

Merta. YcraHOBIEHHS 3aJIe)KHOCTI BIUIMBY BMICTY TOOAaBKM Ha OCHOBI CHHTETHYHHX BOCKIB Ha
TEIUIOCTIHKICTh OITYyMy Ta 1Oro TEXHOJOTI4HI BIACTHBOCTI.

Marepianu ta Metomu. Sk 00’€KTH IocHiKeHHS Oyno MpuiAHATO OiTyM HaTOBHH AOPOXKHIN
B’ si3kmii Mapku BHJI 60/90 (Buximuuii), 6itym, momudikosanuii 1,0 %, 2,0 % Ta 3,0 % mobaBku Ha
OCHOBI CHHTETHYHHX BOCKIB, Ta eKBineHeTpamiiiauii 6itym mapku BH]T 40/60 3 neneTpartiero GIU3bKOI0
no meHerparii Oitymy, momucdikoBaHoro 3,0 % mo0aBKM Ha OCHOBI CHHTETWYHHMX BOCKiB. Jlis
BCTAHOBJICHHS TEIUIOCTIHKOCTI OITyMiB BH3HAYald IX TEMIIEPAaTypy PO3M’SKIIEHOCTI 3a KUTbLIEM i
KyJICIO, EKBIllEHETpaliiHy TeMIepaTypy po3M’sKIIEHOCTI Ta JUHAMIYHY B’SI3KICTh 3a TeMIepaTypu
PO3M’SIKIIIEHOCTI 3a KiNblieM 1 Kynero. [ BCTaHOBJIEHHS TEXHOJIOTIYHHX BJIACTUBOCTEH OITYyMiB Ha
OCHOBI 3aJIe)KHOCTI B’SI3KOCTI OITYMiB Bijl TEMIlepaTypy BH3HAYaIH TEMIIEPATypH 3MIlTyBaHHS OiTyMYy 3
MiHEpAJIFHUM MaTepiaJioM TijJ] 4Yac BHPOOHWITBA ac(adbTOOCTOHHHX CYMIIlle Ta TeMIlepaTypu
MOYaTKy iX YUIUTbHEHHS.

Pesynbratu. Jlochi/pkeHO BIUIMB BMICTy JO00aBKM Ha OCHOBI CHUHTETHYHHMX BOCKIB Ha
eKCIUTyaTalliifHi Ta TEeXHOJOTIYHI BIIACTHUBOCTI OiTyMiB. BcTaHoBieHo, mo qo0aBka Ha OCHOBI
CUHTETUYHHX BOCKIB IiJIBHIIY€ TETUIOCTIHKICTh OITYMY 3a TEMIIEpaTypOr PO3M’ SAKIIEHOCTI 3a KUTBIEM i
KyJICI0 Ta JUHAMIYHOIO B’SI3KICTIO 32 TEMIIEPaTypu pO3M’SKIIEHOCTI 3a KijbLeM i KyJet. [Ipu mpomy
SKBINCHETpAIlIiHA TeMIlepaTypa PO3M’SKIICHOCTI HE 3MIHIOEThCS. TakoX BiIOYBA€ThCS 3HIKECHHS
JUHAMIYHOT B’S3KOCTI OITYMY 3a TEXHOJIOTIYHUX TEMIICPaTyp.

BucHoBku. ExcrnepuMeHTanbHUMH JOCHIPKEHHSMU JIOBECHO MOXKJIMBICTH  ITiJBUILEHHS
TEIUIOCTIHKOCTI OiTyMiB 3a paxyHOK BHKOPHCTaHHS 100aBKM Ha OCHOBI CHHTETHYHHX BOCKIB Ta
MO>KJIMBICTh 3HHKEHHSI TEXHOJIOTIYHHX TEMIepaTyp BUPOOHHUITBA Ta YIIiIbHEHHS ac(albTOOETOHHUX
cymimeir Ha (25—30) °C (y mOpiBHSIHHI 3 TEXHOJOTIYHUMH TeMIlepaTypaMd BHPOOHHIITBA Ta
yIIUIbHEHHS ac()aabTOOCTOHHHUX CYMIIIICH Ha eKBIIIEHETPaI[ITHOMY OiTyMI).

s dz¢ ats ) dzthaar@beronna cymim, 0iTym, m00aBKa Ha OCHOBI CHHTETHYHOTO BOCKY,
TEIUIOCTIHKICTh, TEXHOJIOTIYHI TEMIIEPATYPH.
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Beryn

Tapsai acanpTOOETOHHI CyMmimIi BUPOOIISIOTh 3 BUKOPUCTAHHIM OiTyMiB HATOBUX TOPOXKHIX
B'S3KHX 32 BHCOKMX TEXHOJIOTIYHHX TemrepaTyp. Jliama3oH TemmepaTypd HarpiBaHHS MiHEpalbHUX
MatepianiB ctaHoBuTh Bim 165 °C go 185 °C, Oirymy — Bim 135°C mo 165 °C, a ymiinbHEHHS
acanbTOOCTOHHUX CyMillleii BUKOHYIOTh 3a Temneparypu Bin 135 °C go 155 °C [1].

HarpiBanHa MiHEepabHUX MaTepialiB CYNPOBOIKYETHCS 3HAYHUMH BUKHIAMH IITKiJTHBHX
PECYOBHH B HAaBKOJIMIITHE CEPEIOBHIIIE, IO MOTIPIIy€e EKOJIOTIYHEe CTAHOBHIIE, a TAKOXK BUTPATOIO IAJINBA
JUTS X HarpiBaHHS.

3 MeTor 3MCHIICHHS BIUIMBY Ha HABKOJIMIIHE CEPEIOBHUILNE PO3MOBCIOKEHHS Ha0YII0
BUKOPUCTAHHS TEIJIMX TEXHOJOTiH BUPOOHUITBA achalbTOOCTOHHUX CyMillled Ha OCHOBI B’A3KHX
oitymiB [2]. Lli TexHOMOTIT MOXHA Ki1acu(iKyBaTH 3a TpboMa TunaMu [3]:

—  TEeXHOJIOTiS MEPIOro TUITY 3aCHOBaHA Ha BUKOPHUCTAaHHI BOAW (CIIHIOBAaHHI) Ta MOXe OyTH
MOMIiJIeHa Ha J1Ba MiATHITK, a caMme: TEeXHOJIOTisA, B sIKiii BHKOPHUCTOBYIOTh BOJY B PIIKOMY CTaHi abo
napy, i TEXHOJIOTiS, B SIKii BHKOPHCTOBYIOTh PEUYOBHHH, IIO i Yac HarpiBaHHS PO3KIAAAIOTHCS 3
BUJIJICHHSM BOJIH.

—  TEeXHOJIOTisl APYroro THIY 3aCHOBaHA Ha BHKOPHCTAHHI CHEMialbHUX XIMIYHHX T00aBOK,
[0 3HIKYIOTh IMOBEPXHEBUM HATAT OiTyMy, TONIMIIYIOYH OOBOINIKAHHA, 3PYYHICTh VKJIAaJaHHS Ta
YIIUTEHEHHS ac(haabTOOETOHHUX CYMIIIEH.

—  TEXHOJIOTiSl TPEThOr0 THUIY 3aCHOBaHA Ha BUKOPUCTaHHI JOOABOK Ha OCHOBI CHHTETHYHHUX
BOCKIB, IO 3HIKYIOTh B’SI3KICTh OITYyMy 32 TEXHOJIOTIYHUX TEMIIEpaTyp i, THM CaMuM, JO3BOJISIOTH
3HM3UTH TEMIIepaTypyu BUPOOHUIITBA achambToOeTOHHHUX cyMmimied. 3rigHo 3 [4, 5, 6, 7] BUKOpHCTaHHS
pi3HOTO BMIiCTy 1M00aBOK HAa OCHOBI CHHTETHYHHX BOCKIB TaKOX JO3BOJISIE 3HAYHO ITiJBUIIUTH
TEIUIOCTINKICTh OITyMiB, TpWU IHOMY MOXKE BiOyBAaTHCS MINBUIICHHS 1X JKOPCTKOCTI 32 HHU3BKUX
Temmeparyp [6, 7].

BpaxoByroun Te, 110 TEXHOJIOTIS BUPOOHUITBA OITYMIB B YKpaiHi CYyTTEBO BiJIpi3HSETHCS Bif
TEXHOJIOTI{ iX BUpOOHHUITBa B KpaiHax 3axigHoi €Bporm Ta CIIIA, i BiqnOBiIHO € 3HAYHA PI3HUI 1 y
BIIACTHBOCTSX OITyMiB, HEOOXiJIHO BCTAaHOBUTH 3aJIeKHICTh BIUTUBY BMICTy J00aBKM Ha OCHOBI
CUHTETUYHHX BOCKIB Ha TEIUIOCTIMKICTh OITYMy BITYM3HSHOTO BHPOOHHIITBA Ta HOTO TEXHOIOTIYHI
BJIACTUBOCTI.

OcHOBHA YaCTHHA

st BCTaHOBJIEHHS TEIUIOCTIMKOCTI OiTyMiB BH3HA4YEHO iX TeMIIEpaTypy pO3M SKIIEHOCTI 3a
kimpeM 1 kyneto 3rigHo 3 JCTY EN 1426 [8], exkBimeHeTpauiliHy TeMnepaTypy poO3M’SKIIEHOCTI Ta
JUHAMIYHY B’S3KICTH 3a TEeMIlepaTypd pO3M SKIIEHOCTI 3a KUIbIeM 1 KyJlew 3TiIHO 3
JCTY EN 13302 [9].

s BCTaHOBJICHHSI TEXHOJOTIYHUX BIIACTHBOCTEH OITYMIB Ha OCHOBI 3aJIeKHOCTI B’SI3KOCTI
OiTyMiB BiJl TeMIepaTypd BH3HAYEHO TeMIIepaTypH 3MilIyBaHHS OiTyMy 3 MiHepaJbHHM MaTepiaioM
mig yac BHpOOHHMITBA ac(aiabTOOETOHHMX CyMilleil Ta Temmeparypd MOYaTKy iX YUIUTBHEHHS
srizHo 3 [10].

Hdnst nocmijpkeHHst Oyno mpuidHsITO OiTyM HadTOBHN MOpokHiM B’s3kuii Mapku BHJT 60/90
srigao 3 JICTY 4044 [11] (Buxigawmii), Oitym, momudikosanuii 1,0 %, 2,0 % ta 3,0 % mobaBku Ha
OCHOBI CHHTETHYHOTO BOCKY, Ta ekBineHeTpauiitauii 6itym mapku BHJI 40/60 3rigno 3 JICTY 4044 [11]
3 TIEHeTpalli€ro, ONM3bKOI J0 TmeHeTpamii Oitymy, MomudikoBanoro 3,0 % mo0aBkuM Ha OCHOBI
CHUHTETHYHOT'O BOCKY.
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ITin yac monuikarii 100aBKy Ha OCHOBI CUHTETUYHOT'O BOCKY BBOJHIIM B OITYM, PO3IrpiTHiA J0
temnepatypu (155 —160) °C, npu mocTiHOMY MeEXaHIYHOMY MepeMilllyBaHHI 3 HACTYITHUM
nepeMilryBaHHsIM OiTyMy 3 100aBKOIO BIpoAoBx 60 XB.

Pesynbraty gocmikeHb HaBeACHO B Ta0muii 1 ta Tabnwmii 2.

Pesynpratn BUNpPOOYBaHb CBimYaTh MpO Te, 10 Npu BBeAeHHI B OiTyMm Binm 1,0 % a0 3,0 %
N00aBKM Ha OCHOBI CHHTETHYHOT'O BOCKY Ma€ Miclie 3pocTaHHs Horo B’s3kocTi. Ilenerpamis GiTymy
mapku BHJI 60/90 3a remmniepatypu 25 °C npu BBeaerHi 1,0 % no6aBku Ha OCHOBI CHHTETHYHOTO BOCKY
3HMKyeThest B 1,32 pasm (3 74x0,lmm go 56,0 X 0,1 mm). 30inbIIeHHS BMICTY J00aBKU
CYIIPOBOIKYETHCS TIOJANBITUM 3HIDKEHHSM TeHeTparlii: npu 2,0 % no6aBKku Ha OCHOBI CHHTETHYHOTO
BOCKY - B 1,37 pasu (3 74 x 0,1 mm g0 54 x 0,1 mm), ipu 3,0 % n006aBKH HA OCHOBI CHHTETUYHOTO BOCKY
- B 1,45 pasu (3 74 x 0,1 mm mo 51 x 0,1 mMm). Takum yuHOM, mijJ Yac Moaudikamii 6iTyMy MapKH
BHJI 60/90 mo6aBKOI0 Ha OCHOBI CHHTETHYHOTO BOCKY BiJIOYBa€ThCs HOro mepexim B OiTyMm OLIbII
B’s13k01 Mapku i3 3HadeHHsM mneHerpanii Bix 40 X 0,1 mm mo 60 x 0,1 MM, TOOTO B’SI3KiCTh OITYyMYy
3MIHIOETBCS Ha O[HY MapKy.

v OB dzf yw
tiLkd sOIsd odL dzOUj dede ofdzdok HESBOOSCJ dz® tsfydatse
sjf dzsfyls' 2¢° fls! B' sk Bk
Pesynpratn BunpoOyBaHb 6iTymy
Ha3ssa nmokasHuka, MOIn(pIKOBAHOTO T0OABKOIO Ha
OJIHUIISL BUMIPIOBaHHS Mapiu MapKH OCHOBI CHHTETHYHOT'O BOCKy, %
BH/I 60/90 | BH/L 40/60 10 20 30
I'MuOuHa MPOHUKHOCTI TOJIKK (TIEHeTpallis),
3a remneparypu 25 °C, 0,1 mm 4 49 56 54 51
Temneparypa po3m’KIIEHOCT] 3a KUTbLEM i 500 55 515 645 957
Kynero, °C ' ' ' '
ExBinenerpaniiiHa Temmeparypa 47 54 47 47 48
po3m’sikmieHocTi, °C
JluHamivyHa B’SI3KICTh 3a TeMIepaTypu
poswsikimenocti, Ta - ¢ 2600 2830 3200 3410 4800
v OB dzg yw

tiLkd sOIsd odL dzOyj dzdz”
sjRdsdse " ydz

dntf dizl g s d YEASE@ 45 ¢ sdg@ kzts ffalts ¢
o zOMIsdo sMls' B' Iskdik

Pesysnbratu BunpoOyBaHb OiTymMy
HasBa noka3sHuka, MO (IKOBAHOTO 10OABKOIO HAa OCHOBI
OJIMHHUIIS BUMIPIOBaHHS MapKi MapKi CHHTETHYHOTO BOCKY, %0
BHJ1 60/90 | BHJI 40/60 ’
1,0 2,0 30
JlunamivHa B’S3KiCTh 3a
Temmeparypil35 °C, Ia - ¢ 0,631 0,854 0,613 0,528 0,496
Hunamiasa B;I3KiCTs 52 0,204 0,422 0,198 0,176 0,168
temrnepaTypul60 °C, I1a - ¢
Temneparypa 3MmilryBaHHs OiTyMy 3 161,5 - 188,0 - 161,0 - 158,0 — 157,0 —
MiHepaIbHUM Matepianom, °C 167,0 196,0 166,0 163,5 162,5
Temmeparypa no4aTky yuiiabHEHHS 150,5 - 171,0- 150,0 - 147,0 - 146,0 —
achansTo0eTOHHUX cymimiei, °C 155,5 178,0 155,0 152,0 151,0
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OpHOYaCcHO 13 3pOCTaHHS B’SI3KOCTI BiAOyBa€eThCs MiABHIICHHS TEMIIEPAaTypH PO3M’ SIKIIEHOCTI
OiTymy 3a kimpneM i kynero. llpu BBemenni 1,0 % mo6aBku Ha OCHOBI CHHTETHYHOTO BOCKY B OiTyM
mapku BHJI 60/90 Temmeparypa po3m’sikiieHocTi 3poctae Ha 1,5 °C. 30UIbIICHHS BMICTY J00aBKU
MIPU3BOJINTH O IHTEHCHBHIIIOTO 3POCTaHHS TeMmIepaTypu po3Mm’sikineHocTi. Tak, mpu Bwmicti 2,0 %
n00aBKM Ha OCHOBI CHHTETHMYHOTO BOCKY TeMIIepaTrypa po3M sIKIIEHOCTi 0iTymy 3pocrtae Ha 14,5 °C
(mo 64,5 °C), a nipu BM™micTi 3,0 % n00aBKM Ha OCHOBI CHHTETHYHOTO Bocky— Ha 45,7 °C (mo 95,7 °C).
Hani pe3yibpTaTH CBiI4aTh Mpo Te, W0 Bxe npu BBexeHHI 2,0 % no0aBku BimOYBaeTbcs 3HAYHE
3pOCTaHHS TETIOCTIHKOCTI OiTyMYy.

OpHak 10 30BCIM NPOTHIIC)KHUX BUCHOBKIB MOYKHA IPUITH, OLIHIOIOYN Pe3yIbTaTH BU3HAYCHHS
eKBIMIEHETPaLiHHOI TeMmepaTypr pPO3M SKIIEHOCTI (TeMmmepaTypw, 3a SKOi TeHerpamis OiTymy
cranoButTh 800 x 0,1 mm). [laHi pe3ynbraTH cBim4yaTh Mpo Te, MO JOOABKAa Ha OCHOBI CHHTETUYHOTO
BOCKY HE BIUIMBa€ Ha TEIUTIOCTIHKICTh OITyMy, OCKUTPKM 3HA4Y€HHS EKBIITEHETpAIiifHOI TeMmepaTypu
pO3M’SIKIIIEHOCTI  MOIU(iKOBaHMX OITyMiB € aHAJOTIYHUMHU EKBillCHETpalilHii TemrepaTypi
po3M’sikmIeHocTi BuxigHoro 0itymy mapku bHJL 60/90. B Toii e dac TermocTiiKicTh Mou(iKOBaHOTO
0iTyMy 3a JaHMM MOKa3HHKOM € MCHIIIOK 3a TEIUIOCTiiKicTh OiTymy mapku BHJI 40/60 ((47 —48) °C
npotu 54 °C).

Jns 61TyMlB mapku  BHJ[ 60/90 Ta wMapku BHI[ 40/60 pizHUIE Mix TEMIIEPATYPOIO
PO3M’SIKIIIGHOCTI 32 KiNBLEM 1 KyJelo Ta EKBIMEHETPaliiHOI TEeMIIepaTyporo po3m’ AKIIEHOCTi €
HezHauyHoto (3,0 °C ta 1,0 °C). B Toii xe vac mis MoAudiKoBaHUX OITYMIB I PI3HUISI CTAaHOBHUTH
4,5°C, 17,5 °C 1a 48,7 °C.

Pesynprat BH3HaueHHS MUHAMIYHOI B’S3KOCTI OITyMy 3a TeMIepaTypu pO3M SKIIEHOCTI 3a
KUJIBLIEM 1 KYJICHO BKa3yHOTh Ha Te, IO 31 30UIBIICHHAM BMICTY 0OaBKHM JUHAMIUHA B’S3KICTh 3POCTAE.
3a TemmepaTypu po3M’AKIIEHOCTI 3a KUTbIIEM 1 KyJero OiTyMm, MoaudikoBaHUA AO0ABKOI Ha OCHOBI
CHHTETUYHOTO BOCKY, Ma€ BHIIYy AWHAMiuHY B’s3KicTh, Hik OiTymn mapku BHJI 60/90 ta BH/I 40/60,
IPU FOMY B IIEPIIOMY BUITAIKY TEMIIEpaTypa MPOBEICHHS BUIPOOYBAHHS € 3HAYHO BHUIIOIO.

TexXHONOTiYHI BIACTUBOCTI OITyMiB XapaKTEpU3yIOTh 3a 3HAUYEHHSIM IX TUHAMIYHOI B’S3KOCTI.
Tak, 3rigao 3 [10] 3a TemmepaTypy 3MmimiyBaHHs OiTyMy 3 MiHEpaJIbHHM MaTepiajoM MPUIMArOTh
TeMIlepaTypy, 3a Kol JuHamiyHa B’s3KicTh OiTymy craHoButh (0,17 +0,02) ITa-c, a 3a Temmepatypy
MMOYaTKy VINITBHEHHS — TeMIeparypy, 3a sKoi JWHaMidyHa B’S3KICTh OITyMy CTaHOBUTH
(0,28 £ 0,03) ITa-c.

Ilin wac momudikamii 6iTyMy A00aBKOIO Ha OCHOBI CHHTETHYHOTO BOCKY, HE3BAXKAIOUM Ha
3HW)KEHHS TeHeTpaii 0iTyMmy, BiOyBaeThCcsl 3HW)KEHHS MOTO JMHAMIYHOI B’SI3KOCTI 32 TeMIEpaTypu
135 °C ta 160 °C (pucyHok 1).
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Tobto Oitymun, moau¢ikoBaHi J00ABKOIO Ha OCHOBI CHHTETHYHOTO BOCKY, NMPH MEHILIUX
3HAUYeHHSIX TNeHeTpauii 3a Temmeparypu 25 °C  (Oinplmili B’A3KOCTI 3a MOMIPHHX TeMIeEparyp
eKCIUTyaTallii) MalTh MEHIIYy B’S3KiCTh 3a TEXHOJOTIYHMX Temneparyp. [lopiBHIOIOUM AUHAMIUHY
B’SI3KICTh 32 TEXHOJIOTIYHUX TemIeparyp OiTyMiB, 1[0 MaiOThb OJM3bKI 3HAYCHHA MEHeTpauii
(mapxu BHJI 40/60 Ta mapku BH/I 60/90, mogudikoBanoro 3,0 % mobaBku Ha OCHOBI CHHTETHYHOTO
BOCKY), 0auuMo, 1110 IMHAMIYHa B’s3KicTh MoudikoBaHOTO OiTyMy 3a Temmeparypu 135 °C ta 160 °C e
B 1,72 pa3u ta B 2,51 pasu, BIANOBIIHO, MEHIIIOIO 32 IWHAMIYHY B’A3KiCTh HEMOAM(]IKOBAHOTO OiTyMy
(puc. 2).

Ockinpky A00aBKa Ha OCHOBI CHHTETHYHOTO BOCKY 3HIDKYE AMHAMIYHY B’S3KICTh OIiTyMy 3a
TEXHOJOTIYHUX TEMIlepaTyp, TO BOHA TaKOXX Oyle BIUIMBAaTH HAa TEXHOJOTIYHI TEeMIIepaTypu
BAPOOHUIITBA Ta VIIUIbHEHHA ac(anbToOeTOHHUX cymimeid. g BCTaHOBIEHHA IHOTO OyIio
moOyIOBaHO 3aJIeKHICTh JMHAMIYHOI B’ SI3KOCTI BT TEMIEpaTypH ISl KOXXHOTO JOCTIHKYBaHOTO OiTyMy
(puc. 3-7).
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t d M &z tztBEranoBiIeHHS TEXHOJOTIYHHX  TEMIEpaTyp BHUPOOHHMIITBA Ta  IOYATKY
ymisHeHHS acampTo0eTOHHUX cyMmimed s Oitymy mapku BHJ[ 60/90, momudikoBanoro 3,0 %
JI00aBKKM Ha OCHOBI CHHTETHYHOT'O BOCKY

YcTaHoBNeHI TemmepaTypu BUPOOHHUIITBA Ta YHIUTBHEHHS ac(albTOOCTOHHUX CyMilled Juis
oitymiB mapku bHJ[ 60/90 ta BH/I 40/60 € BummMmu 3a BiAMOBIAHI TeMIlepaTypd, BCTAaHOBJIEHI B
tabmumi 12 JICTY b B.2.7-119 [1]. Tak, ycraHOBieHHH HEOOXiJHUN Jiama3oH TeMIlepaTypH
HarpiBanHs Oitymy mapku BHJI 60/90 cranosuth Bim 161,5 °C mo 167 °C, a aiama3oH TeMieparypu
HarpiBanHs Oitymy 3rigHo 3 JCTY b B.2.7-119 cranosuts Bix 140 °C go 155°C, a mna Gitymy
mapku BHJI 40/60 miana3oH temmeparypu HarpiBaHHs OiTymy ctaHoBUTH Bijg 188 °C mo 196 °C Ta Bin
145 °C no 165 °C, BianosigHo. BianoBiiHi AaHi OTPUMYEMO IS JTialla30Hy TEMIEpaTyp, 3a IKUX Tpeda
PO3MOYMHATH YIILTBHIOBATH ac(habTOOCTOHHI CYMIIIT.

BukopucranHs 100aBKH Ha OCHOBI CHHTETUYHOI'O BOCKY B KiibkocTi 1,0 %, 2,0 % Tta 3,0 % nae
MOJKJIMBICTh 3HHU3UTH TeMIIeparypy BUpPOOHUITBA ac(adbTOOETOHHHX CyMilllel B TOPIBHAHHI 3
BuximgauMm Oitymom mapku BHJI 60/90 B cepemnpomy Ha 1,0 °C, 3,5°C Ta 4,5 °C, BiamosigHO.
BpaxoBytoun, mo gianmazon Temrepatypu HarpiBanHs 6itymy mapku BH/I 60/90 min yac BupoOHHUIITBA
acdanbToOeTOHHUX cyMimeil craHoBUTH 5,5 °C, TO (akTHYHO TeMIepaTypu HarpiBaHHs OiTymy,
MOAM(DIKOBAaHOTO J00AaBKOIO HA OCHOBI CHHTETHYHOTO BOCKY, BXO/STh B Jlialla30H TEMIIEPaTyp
HarpiBaHHs BuxigHoro Oitymy. Ile 3k crocyeTbcst 1 TemmepaTypu TO4YaTKy YHIUIBHEHHS
ac(anbTOOETOHHUX CyMiIIEH.

Ilim gac MOpiBHAHHS TEXHOJOTIYHUX BIIACTUBOCTEH €KBIlIEHETpalliiHUX OITYMIB YCTaHOBICHO,
o NOTpiOHA Temreparypa HarpiBanHs O0itymy mapku BHJI 60/90, momudikosanoro 3,0 % no6GaBkoro
Ha OCHOBI CHHTETHYHOTO BOCKY, (TeHeTpaiiis 3a Temmepatypu 25 °C cranouts 51 x 0,1 MM) € Oinblie
HiK Ha 30 °C HIWK4YOIO 3a BiAMoBimHy Temmepartypy s O0itymy mapku BHJ 40/60 (meHerpauis 3a
temneparypu 25 °C cranoButh 49 x 0,1 mM). Jlns Temmeparypu MOYaTKy YUIUTBHEHHS ISl PI3HUI
CTaHOBHTH OMH3bKO0 25 °C.
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BucHoBku

BukoHasi gocinikeHHS TOKa3ajii HACTYIIHE:

1. [lo6aBku Ha OCHOBI CHHTETHYHUX BOCKIB MiJBHIIYIOTH B’S3KICTh OITYyMy 3a TOMIPHHX
(3a 3HaueHHsAM TieHeTpamii 3a Temmeparypu 25 °C) Ta 3a BHCOKHX TeMIIEpaTryp eKCInTyaTarlii
(32 3HaYCHHSIM JMHAMIYHOI B’S3KOCTI 3a TeMIepaTypd pO3M’SKIIEHOCTI 3a KiibleMm i Kynero). [lpu
[IbOMY €KBilleHEeTpalliifHa TeMIIepaTypa po3M’ IKIICHOCTI MPAKTHYHO HE 3MIHIOETHCS.

2. Beenmenns B 0iTym J100aBKM Ha OCHOBI CHHTETHYHHUX BOCKIB MPU3BOJUTH JIO HE3HAYHOTO
3HWKEHHS 1X JUHAMI4HOI B I3KOCTI 3a TeXHoJoriuHuX Temmneparyp. [1ig yac moaudikauii 6itymy 3,0 %
n00aBKM Ha OCHOBI CHHTETHYHHX BOCKIB TEXHOJIOTIYHI TeMIepaTypy BHPOOHHIITBA Ta YIIUIbHEHHS
acanpToOeTOHHUX cyMireit MOXyTh OyTH Ha (25 — 30) °C HIWKYMMU 32 BiIAMOBIIHI TEMIEPATYPH LIS
0iTyMy 3 OJIM3bKUM 3HAUCHHSIM NICHETpallii.

3.  OckinbkH BCTaHOBIIEHI TeMIlepaTypyd BHPOOHHWIITBA Ta YIIUIPHEHHS ac(albTOOETOHHUX
CyMiIleil € 3HaYHO BUIIMMU 32 BinmoBimHi Temmeparypu 3rigao 3 ACTY b B.2.7-119 [1] Ta 3Baxarouu
Ha TIPUHHATTS HOBOTO MapKyBaHHS OiTyMy 3a 3HaYCHHSM TICHETpallil, BAHWKA€E KpUTHYHA HEOOX1THICTh
B TIPOBEACHHI JOCHTI[)KCHb 3 YTOYHEHHS TEXHOJIOTIYHHX TeMIIepaTyp BHUPOOHHIITBA Ta YIIIbHEHHS
actanpTOOETOHHUX CyMilel Ta iX BIUIMBY Ha BJIACTUBOCTI ac(halbTOOETOHIB.

Cnucok Jiitepatypu

1. JACTY bB.2.7-119:2011 Cymimi acdampToOeToHHI 1 acdambToOETOH TOpPOXKHINA Ta
aeponpomuunii. Texuiuni ymoBu. Kuis, 2012. 43 c. (Indopmaris Ta tokyMeHTaILis).

2. PanoBckuit b. C. TexHomorms  HoBoro Ttemioro acgansrodetona B CIIA.
Hopooicnas mexnuxa. Caunkt-Ilerepoypr, 2008. C. 24-28. URL: https://bitumen.globecore.ru/wp-
content/uploads/sites/5/2015/08/tehnologia_tverdogo_asfaltobetona.pdf (marta 3seprenns: 05.03.2019).

3. John D’Angelo, Eric Harm, John Bartoszek, etal. Warm-Mix Asphalt:
European Practise. Report N: FHWA-PL-08-007. Washington, 2008. 72p.
URL.: https://international.fhwa.dot.gov/pubs/pl08007/pl08007.pdf (mara 3seprenns: 05.03.2019).

4. Diana Simnofske, Konrad Mollenhauer. Effect of wax crystallization on complex modulus
of modified bitumen after varied temperature conditioning rates. IOP Conf. Series: Materials Science
and Engineering. 2017. Vol. 236. DOI:10.1088/1757-899X/236/1/012003.

5. Eva RemiSova, Michal Holy. Changes of Properties of Bitumen Binders by Additives
Application. IOP Conf. Series: Materials Science and Engineering. 2017. Vol. 245.
URL.: https://iopscience.iop.org/article/10.1088/1757-899X/245/3/032003 (mata  3BepHEHHS:
05.03.2019).

6. Mohsen Aboutalebi Esfahani, Majid Harooni Jamaloei, Mohammad Filvan Torkaman.
Rheological and Mechanical Properties of Bitumen Modified with Sasobit, Polyethylene,
Paraffin, and Their Mixture. Journal of Materials in Civil Engineering. 2019. Vol. 31. 7.
DOI: https://doi.org/10.1061/(ASCE)MT.1943-5533.0002664 (nara 3sepuenns: 05.03.2019).

7. Solouki, A., Muniandy, R., Hassim, S., Kheradmand, B. (2015). Rheological property
investigation of various Sasobit-modified bitumen. Petroleum Science and Technology. Vol. 33. 7.
P. 773-779. DOI: https://doi.org/10.1080/10916466.2015.1010040 (nara 3Bepuenns: 05.03.2019).

8. JICTY EN 1427:2018 (EN 1427:2015, IDT) birym Tta OitymHi B’sokyd4i. BusHaueHHs
TEMIepaTypu po3M SKIIEHOCTI 3a MeToioM Kimblg i Kymi. Kwis, 2019. 20 c. (Indopmamis Ta
JIOKYMEHTAIIisl).

36ipHuk Haykosux npayb «[JOPOT'U I MOCTHU» www.dorogimosti.org.ua
114 ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20


https://bitumen.globecore.ru/wp-content/uploads/sites/5/2015/08/tehnologia_tverdogo_asfaltobetona.pdf
https://bitumen.globecore.ru/wp-content/uploads/sites/5/2015/08/tehnologia_tverdogo_asfaltobetona.pdf
https://international.fhwa.dot.gov/pubs/pl08007/pl08007.pdf
https://iopscience.iop.org/article/10.1088/1757-899X/245/3/032003
https://doi.org/10.1061/(ASCE)MT.1943-5533.0002664
https://doi.org/10.1080/10916466.2015.1010040
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=78301
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=78301

BYAIBHULTBO TA HMBIJIbHA IHXKEHEPIA

9. JACTY EN 13302:2019 (EN 13302:2018, IDT) birym Ta OiTymMHI B’spKyd4i. BusHaueHHs
JUHAMIYHOI B S3KOCTI OiTYMHOTO B’sDKY4YOT'O 3 BUKOPUCTaHHSAM pOTaLiiHOro Bicko3uMeTpa Kuis, 2019.
23 c. (Tndopmarrist Ta TOKyMEHTAITis).

10. STANDARD by ASTM International (ASTM D2493 - D2493M-16) Standard Practice for
Viscosity-Temperature Chart for Asphalt Binders. 2016. 5 p.

11. JCTYVY 4044-2001 bitymu HadTOBI nopoxHi B’si3ki. TexHiuni ymoBu. Kuis, 2001. 32 c.
(Inpopmaris Ta ZOKyMeHTaLis).

REFERENCES

1. National standard of Ukraine (DSTU B V.2.7-119:2011) Asphaltic concrete mixtures, road
and aerodromes asphaltic concrete specifications. Kyiv, 2012. P. 43. (Information and documentation)
[in Ukrainian].

2. Radovskyi B. S. Tekhnolohyia novoho teploho asfaltobetona v SShA (New warm asphalt
concrete technology in the USA). Dorozhnaia tekhnyka. St. Petersburg, 2008. P. 24-28. URL:
https://bitumen.globecore.ru/wp-content/uploads/sites/5/2015/08/tehnologia_tverdogo_asfaltobetona.pdf
(Last accessed: 05.03.2019) [in Russian].

3. John D’ Angelo, Eric Harm, John Bartoszek, etal. Warm-Mix
Asphalt: European Practise. Report N: FHWA-PL-08-007. Washington, 2008. 72. p. URL:
https://international.fhwa.dot.gov/pubs/pl08007/pl08007.pdf (Last accessed: 05.03.2019) [in English].

4. Diana Simnofske, Konrad Mollenhauer. Effect of wax crystallization on complex
modulus of modified bitumen after varied temperature conditioning rates. IOP Conf. Series: Materials
Science and Engineering. 2017. Vol. 236. DOI:10.1088/1757-899X/236/1/012003. [in English].

5.  Eva RemiSova, Michal Holy. Changes of Properties of Bitumen Binders by Additives
Application. IOP Conf. Series: Materials Science and Engineering. 2017. Vol. 245. URL:
https://iopscience.iop.org/article/10.1088/1757-899X/245/3/032003  (Last  accessed:  05.03.2019)
[in English].

6. Mohsen Aboutalebi Esfahani, Majid Harooni Jamaloei, Mohammad Filvan Torkaman.
Rheological and Mechanical Properties of Bitumen Modified with Sasobit, Polyethylene,
Paraffin, and Their Mixture. Journal of Materials in Civil Engineering. 2019. Vol. 31. 7.
DOI: https://doi.org/10.1061/(ASCE)MT.1943-5533.0002664 (Last accessed: 05.03.2019) [in English].

7. Solouki, A., Muniandy, R., Hassim, S., Kheradmand, B. (2015). Rheological property
investigation of various Sasobit-modified bitumen. Petroleum Science and Technology. Vol. 33. 7.
P.773-779. DOI: https://doi.org/10.1080/10916466.2015.1010040 (Last accessed: 05.03.2019)
[in English].

8. National standard of Ukraine (DSTU EN 1427:2018 (EN 1427:2015, IDT)) Bitumen and
bituminous binders. Determination of softening point by ring and ball method. Kyiv, 2019. 20 p.
(Information and documentation) [in Ukrainian].

9. National standard of Ukraine (DSTU EN 13302:2019 (EN 13302:2018, IDT)) Bitumen and
bituminous binders. Determination of dynamic viscosity of bituminous binder using a rotating spindle
apparatus. Kyiv, 2019. (Information and documentation) 23 p. [in Ukrainian].

10. STANDARD by ASTM International (ASTM D2493 - D2493M-16) Standard Practice for
Viscosity-Temperature Chart for Asphalt Binders. 2016. 5 p. [in English].

11. National standard of Ukraine (DSTU 4044-2001) Viscous petroleum road bitumens.
Specifications. Kyiv, 2001. 15 p. (Information and documentation) [in Ukrainian].

36ipHuk Haykosux npays «JJOPOT'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 115


https://bitumen.globecore.ru/wp-content/uploads/sites/5/2015/08/tehnologia_tverdogo_asfaltobetona.pdf
https://international.fhwa.dot.gov/pubs/pl08007/pl08007.pdf
https://iopscience.iop.org/article/10.1088/1757-899X/245/3/032003
https://doi.org/10.1061/(ASCE)MT.1943-5533.0002664
https://doi.org/10.1080/10916466.2015.1010040
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=78301
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=78301

BYAIBHULTBO TA HMBIJIbHA IHXXEHEPIA

Ivan Kopynets, https://orcid.org/0000-0002-0908-4795
Oksana Sokolova, https://orcid.org/0000-0003-4202-8661
Oleksii Sokolov, https://orcid.org/0000-0002-4694-9647
Alina Yunak, https://orcid.org/0000-0002-5294-5554

M.P. Shulgin State Road Research institute State Enterprise — DerzhdorNDI SE, Kyiv, Ukraine

IMPACT OF ADDITIVES BASED ON SYNTHETIC WAXES ON THE OPERATIONAL AND
PROCESSING CHARACTERISTICS OF BITUMEN

Abstract

Introduction. It is established that due to the use of synthetic wax additives, it is possible to
reduce the process temperatures of asphalt mix production, as well as to reduce the harmful effects on
the environment and fuel consumption on their production.

Problem statement. The work is devoted to the problem of increasing the heat resistance of
bitumen and reducing the process temperatures of asphalt mixes production.

Obijective. Determination of the dependence of the content of the additive based on synthetic
waxes on the heat resistance of bitumen and its processing properties.

Materials and methods. As the objects of the study of oil paving viscous bitumen of BND 60/90
grade (initial), modified with 1,0 %, 2,0 % and 3,0 % synthetic wax additives, and equi-penetration
bitumen of BND 40/60 grade with the penetration value which is close to the bitumen penetration
modified with 3.0 % of synthetic wax additive were taken. To determine the heat resistance of the
bitumen, its softening point was determined by the ring and ball method, the equi-penetration softening
point and the dynamic viscosity at the softening point was also determined by the ring and ball method.
To determine the processing properties of bitumen on the basis of the dependence of the bitumen
viscosity on the temperature, the mixing temperatures of bitumen and aggregates during the production
of asphalt mixes and the temperature of the beginning of their compaction were determined.

Results. The influence of the additive content on the basis of synthetic waxes on the operational
and processing properties of bitumen is investigated. It was established that the additive based on
synthetic wax increases the heat resistance of bitumen at the softening point by the ring and ball method
and the dynamic viscosity at the softening point by the ring and the ball method. In this case, the equi-
penetration temperature of softening is not changed. There is also a decrease in the dynamic viscosity of
bitumen at the process temperatures.

Conclusions Experimental research has proved the possibility of increasing the heat resistance
of bitumen by using the additive based on synthetic waxes and the possibility of reducing the process
temperatures of production and compaction of asphalt mixes at (25-30 °C) (in comparison with the
process temperatures of production and compaction of asphalt mixes on based on the equi-penetration
bitumen).

Key wordsasphalt mix, bitumen, synthetic wax additive, heat resistance, process temperatures.
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TEOPAJIIOJIOKAIISA IK HEPYUHIBHUMAMETO,I MOHITOPUHI'Y
SEMJUISIHOTI'O ITOJIOTHA

ddetsls Oy " W

Beryn. V BeTymi KOpOTKO HaBEJEHO OCHOBHI (PakTOpH, IO MiIOTh Ha 3€MIISTHE IOJIOTHO
3aJII3HUYHMX 1 aBTOMOOUIBHUX JIOPIT, KOTPl CHPUYHHAIOTh BUHUKHEHHS Ta PO3IOBCIOHKEHHS Pi3HOTO
pony nmedekriB Ta gedopmamiii. HagaHo KOpOTKY XapaKTEepHUCTUKY METOMY T€0pajiofoKarlii, OmIcano
3araJbHUAN NPUHIUI JIiT Teopaapa.

[Mpobnematrka. 3acTocyBaHHS PYHHIBHHX METOJIB MOHITOPHHTY3EMIISHOTO TIOJIOTHA He
TIO3BOJISIE BHUSIBUTH 3apPOJKCHHS Je(EKTIB 3eMIISTHOTO ITOJIOTHA HA PAaHHIX CTafifX, IO B IMOAAIBIIOMY
MPU3BOJIUTH 0 BUHUKHEHHS aBapiiHUX CHUTYalliil Ta 30UIBIICHHS BUTpPAT Ha MOTOYHE YTPUMaHHI. Y
TOW K€ 4Yac 3aCTOCYBaHHS HEPYHHIBHMX METOJIB YCKJIaJHEHO Y 3B’S3Ky 3 HE3HAYHUM JIOCBIIOM iX
3actocyBaHHs. OHUM 13 TaKUX HEPYHHIBHUX METOJIIB € TeopaioioKallis.

Mera. MeToro poOOTH € OIJIA[ Ta aHAN3 ICHYFOUHX OCIiKEHb, SKi MPHUCBSIYEHI METOIY
reopajionoKaiii, SK OJJHOTO 3 IIEPCHEKTUBHUX HEPYIHIBHIX METO/IIB 1iarHOCTHKHU 3eMJISTHOTO ITOJIOTHA.

Marepianu i Meronu. BukopucTaHO METOAM aHami3y Ta CHUHTE3y INPH BWUBYEHI iCHYIOHOTO
JIOCB1Jly 3aCTOCYBaHHS T'€0PaIi0JOKAIIIMHUX JTOCIIPKEHb, SIKI HABEJICHO B JIITEPATYPHUX JKEpeax.

Pesynpratu. Ha ocHOBI aHamizy mOCHiPKeHb y HamlpsMi 3aCTOCYBaHHS T'eOpaioIOKaIlifHOTO
METOJ{yBCTaHOBJICHO iICTOPHYHHUI PO3BHTOK Ta ()i3UUHY CYTHHICTH 3a3HaueHOro merony. [IpuBeneHo
0COOJIMBOCTI MOIIUPEHHS XBUIIb y TIPCHKHUX TOPOJAaX 3 YpaxyBaHHSM iX XapaKTepHCTUK. Po3risHyTo
OCHOBHI 3aJI©KHOCTI Ta TPHUITYIIEHHS, III0 BUKOPHCTOBYIOTHCS TIPU OOCTEKEHHSX (JIOCTI/IKEHH1) pi3HUX
criopyad Ta OO0’€KTIB TreopamiofoKariifHuM MetonoM. OmNHMCaHO Ta MPOAaHAII30BAHO PE3YJIbTATH
o0CTeXXeHb METOJIOM Treopamionokartii. [lokazaHO MOXIIMBICTh KOHTPOIIO SKOCTI BUKOHAHHX POOIT Ta
MOPIBHSIHHS 3 TPOCKTHUMH PillICHHSMHU.

BucHoBKkH. AHali3 CBITOBOTO Ta BITYM3HSHOTO JIOCBINY 3aCTOCYBAaHHS T'€OPaliOJIOKAIiTHOTO
METOJy IOKa3ye, MOo-TIepIIe, 0 Teopajapd MOXKYTh €(EKTHBHO BUKOPHCTOBYBATHCS [UIS 3arajbHOTO
00CTEKEHHs TIPOTSHKHUX JJITHOK3EMJISHOTO MOJIOTHA. IX OCHOBHHMH HepeBaraMH € ONepaTHBHICTH
MpoBeeHHsT PoOIT 1 HU3bKa TPYNOEMKICTb. [lo-mpyre, 3acTocyBaHHS reopajgapa, 30KpeMa IpH
JOCHI/DKEHH] 3aIi3HUYHUX TEPeroHiB, € e(EeKTUBHUM I1HCTPYMEHTAapieM BHUSBICHHS B 3€MIISTHOMY
MOJIOTHI JE(EKTiB Pi3HOTO TUILY 1 CBOEYACHOTO JiKBilyBaHHS BUABJICHUX HEIOJIKIB.

VY 3B’S3Ky 3 MM aKTYaJIbHOIO HAayKOBO-TEXHIYHOK) 33/1a4€l0 € MPOBEICHHS JOCTIKCHb Ta
pO3poOKa PEKOMEHJAI II0J0 TIeopadioOKaliiHOr0 MOHITOPUHIY 1 OIIHKM TEXHIYHOIO CTaHy
3eMJISIHOT'O TIOJIOTHA.

S dz¥¢ y tss' Oredpanionokarisi, MOHITOPHUHT, TeOpajap, 3eMJISTHE TIOJIOTHO, EIEKTPOMArHiTHa
XBHJISL.
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Beryn

Iin yac ekcrutyararii 3eMJsHE TIOJIOTHO SIK 3JII3HMYHHUX, TaK 1 aBTOMOOUILHUX JIOPIT 3a3HAE
Pi3HUX BIUIMBIB: AMHAMiIUYHE HaBaHTa)KEHHS BiJl PyXOMHUX OAMHUIIb, TEMIIEPaTypHHX, aTMOC(epHHX
OTIQJIiB, IO MPU3BOJIUTH IO BHHUKHEHHS Ta PO3IOBCIOKEHHS nedeKTiB, medopmariiii i mOIIKOIKEeHb,
SIKi B TIOJAIBIIIOMY CTAHOBIISITH 3arpo3y Oe3meni pyxy TPaHCIOPTY.

Ha nanwmii yac icHye BeMKa KiIbKiCTh METOIB JUIS JOCIHIPKEHHSI CTaHy 3eMJISTHOTO MOJIOTHA, SIK
PYHHIBHMM TaK i HEepYHHIBHUM METOJaMH, OJHUM i3 TaKUX METO/IB € reopaaionokaunis. Januii MeTox
JI03BOJISIE NIBUJKO Ta €KOHOMIYHO BHTITHO IIarHOCTYBaTH CTaH 3€MJISIHOTO MoJoTHA. ['eopanionokamis
(miamoBepxHeBe pajionokaitiiine 3o0HmyBaHHs; aHrid. Ground-penetrating radar, GPR) — wmeton,
3aCHOBaHUI Ha BUIPOMIHIOBAaHHI IMITyJIbCiB €IEKTPOMArHITHUX XBHJIb 1 peecTpalii CUTHaIB, BiIOUTHX
BiT pi3HUX OO0’€KTiB JOCHIIKyBaHOTO cepeloBuina. Ha BXonmi cepegoBhIa TEHEPYETHCS
€JIEKTPOMAaTHITHHNA IMITyJIbC, @ Ha BUXO/1 IPUHMAIBHOI0 aHTEHOIO CIIPUAMAETHCS BIATYK CEPEOBHIIA,
0 € CYKYITHICTIO XBHIIb, SIKi BIAPI3HAIOTBCA MIX COOOI0 YacOM IIPOXOJDKEHHS, IHTEHCHUBHICTIO 1
¢dopmoro. Y KiHEMaTWYHUX 1 AMHAMIYHMX XapaKTEPUCTHKAX IHX XBHIb MICTUTBCS iHpOpMALis Mpo
cepenosuine. Ilpunan, B sikOMy peajli3oBaHI NMPHHIMIIK T'€OPaJIioJIOKAIlil, HA3UBAETHCS T€OPaTapOM.
[Ipuanmn nii reopagapa 3aCHOBaHWI Ha BHIPOMIiHIOBaHHI HAIIMPOKOCMYTOBUX IMITYJIBCiB METPOBOTO
1 JeIMMeTpoBOTO Miama3oHy eNeKTPOMArHiTHUX XBWJIb 1 MPHUAMAIbHOI BIATYKY — CHTHANY, IO €
CYIICPIIO3UIIIEI0 aMILIITYA TPSMUX, BIIOOPaKCHUX 1 3aJOMJICHMX XBHJIb, SKi JOCATIIM MPHHOMHOI
AHTEHH.

s BU3HAUEHHS MOKIJIMBOCTI Ta MEPCIEKTHB BUKOPUCTAHHS Te0palioNoKallii Ik HepyHHIBHOTO
METOJTy MOHITOPHHTY 3€MIITHOTO IOJIOTHa HEOOXiTHO TPOBECTH OIS ICHYIOUMX JOCHIIKEHb B Y
3a3HAUYEHOMY HAIPSIMi.

Buxkiiag 0CHOBHOT0 MaTepiary

) ZQdz'tetsB " Is o BB d&ZOMIs' GJBKBOH' sdzsC Oy"' 2 dzd ~

B cepenuni 50-x pokiB A. I'. TapxoB Ta iHIIIi, po3pO0IISIIA METOA, 3aCHOBAaHHUI Ha HATIPYXEHOCTI
€JIEKTPOMATHITHOTO TIOJS BiJJIAIEHUX PaJiOCTaHINH BiI T€OIOTiYHOl OYIOBH JaHOI TUISHKA MiCIIEBOCTI.
AmnanoriuHi gociipkeHHst Oyiu nposeseHi k. BelitoM, sikuii TeOpeTHUHO OOTPYHTYBaB Pi3HI BUMAIKH
PO3IOBCIOIXKCHHS PaJIIOBUIIPOMIHIOBaHHS B cioictux cepemopumiax [1], ta JI. M. Bpexorckux [2]. B
kiami 50-x pokiB [3] A. . llerpoBchkuii cTBOpHB amapaTypy pamionpocBidyBanHs, ['. S. UepHsk
JOCITIIKYBaB PafdioXBUILOBE MPO(IIIOBAHHS 3 BUKOPUCTAHHSAM METOIUKH HACTPOWKM aHTEH, a TaKoX
CTaHIII} PaliOXBHUIILOBOTO 30H/IyBaHHS Ha OCHOBI IHTEP(EPEHIIIHHOTO METOTY.

st cepeqioBHII 3 BEIMKUAM 3aTyXaHHIM PaJioXBHIIb ITUPOKO BUKOPHCTOBYBaHI B paJlioioKarii
Jiarma3oHy AEUMETPOBOTO i THM OiJIbIlle CAaHTUMETPOBOTO XBHIIb BHSBWIHCS HempumaTHUMU. [loTpiGen
OyB Tmepexix B METPOBHH 1 AEKaMETPOBHI Jlialla30HH, 110 MOTIPIIHIO O PO3MUTBHY 3aTHICTh METOILY TIO
JaTbHOCTI. Y 3B’SI3Ky 3 UM OYJIO MPUHHATO 3aCTOCYBaHHS PaJliOiMITYJILCIB, 10 BKIFOYAIOThH JIEKUIbKA i
HaBiTh OJMH TEPioJ] BUCOKOYACTOTHHX KOJIMBAHBL (OJHOMEPIONHI IMITYJbCH, a00 MOHOIMITYIbeH). Jliis
(hopMyBaHHSI TaKUX IMITYIIECIB €(eKTUBHIM BUsBUIIOCA 3arnporioHoBaHe [Ix. Kykom B 1956 p. 30ymxeHHs
LIMPOKOIIOIOCHOI aHTEHH MEPENajoM HalpyTy — yIapHUM 30yDKEHHIM aHTEH.

Hazemni pajionokaTopd MiAMOBEPXHEBOTO 30HAYBAHHS, B SIKUX 3aCTOCOBYETHCS yJIapHE
30yIKEHHS aHTEH, MPAIFOIOTh MEPEBAXHO B iHTEpBaii yacToT 15 - 500 MI'm, mpudoMmy HIDKHS Mexa
yacrime Bcboro 0nmuszpko 100 MI'n. Leit MeTox ycmiHO 3acTOCOBAaHO ISl 30HAYBAHHS y BAalHAKY Ta
Byrimii [4], B cyXoMy JIOJIOMITi TOBIIMHOIO 75 M [5], a Takox AJisl BUSIBIICHHS 3aKPUTHX TPYO Ta IHIIKX
MOJIIOHMX TPeJMETIB Ha MIMOWHI 10 8§ M y TIICHIH BOJI, MEp3NHX Ta 3BUYaiHuX rpyHTax [4] Ilin gac
30H]IyBaHHS MEP3JIUX I'PYHTIB OYIJI0 TIOKa3aHO MOXIIMBICTh KAPTYBAHHS CTPYKTYPHHUX HEOJIHOPIIHOCTEH
B iHTepBaii raubuH 3 - 30 M [6].
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TeopeTHUHNM Ta MPAKTUYHAM AacleKTaM [MiAMOBEPXHEBOIO PaJiojOKalifHOTO 30HIYBaHHS
MPUCBSYCHO BENHKY KIUIBKICTH HaykoBHX poOiT [3, 6-14]. Barommii BHECOK Yy pPO3BUTOK
pamioNoKamiiHOTO  MIATIOBEPXHEBOTO  30HAYBaHHS BHecianm BueHi: A.P. Annan (Kananma);
J. L. Davis (CIITA); J.D. Daniels (Bemuko6puranis); M. Bano (®panmis); T.Dahlin (IlIsemis);
M. U. Ounkenpmreiits, M. JI. BmagoB, A. B. CraposoiitoB, C. B. U3tomoB, C. B. [Ipyunnus,
A. C. Bozuecenckuid, A. 0. I'punes (Pocis); 1. M. Bagpis, B. I'. Cyrak, O. O. Bepriii, A. M. Kynens
(Yxpaina) Ta iHrmmIi.

JocnipkeHHsiMA B 00JIaCTi 3aCTOCYBaHHSI METOJY reopadionoKalii, siK i iHmMX reodismaHux
METO/IiB TIPH JIarHOCTHUII 3€MJISHOTO TOJIOTHA 3aTi3HUYHUX 1 aBTOMOOUILHUX JOPIT 3aliMaMCs BUYCHI:
I'.T. Konmun, A. I'. Kpyrusiid, E. C. Ammmsz, B. A. fBHa, B. U. I'puneik, A. M. Kymmxuaukos (Pocis);
B. J1. ITerpenko [15,16], A. I'. batpakosa [17] (YkpaiHa).

BimoMyMu KOMIIaHiIMH Ta OpraHizalisMy, SKi 3aiiMarOThCsI PO3POOKOI0 reopaaapiB Ta
mporpamHoro  3a0esmedeHHs, €: Transient Technologies, EASYRAD GPR (VYkpaina);
000 «I'eomoropazsenka», OAO «BHUHUCMHM», OOO «TAUMEP», 000 «JIOTHC» (Pocis);
GSSI (CHIA); Sensor and Software Inc (Kanana); Geoscanners AB Ta MALA (IlIserwis); US Radar Inc
(BemukoOpuranis); Radar Systems (Jlatisz); OYO corporation Ta NTT (Smnonis); GEOZONDAS
(JIntBa) Ta iHIIi.

Ha manmii yac o6acTh 3acTOCYBaHHS METOAY reopamioniokariii (puc. 1) goctaTHso oOIIHMpHA Ta
IIBUJIKO PO3BUBAETHCS: IMBLIBHA iHkeHepis [18]; apxeomnoris [19]; riaponoris [20]; rpomanckka Oe3neka
Ta KpuMinamictuka [21]. V TpaHCOpTHOMY OYTIBHHUIITBI METOJ 3aCTOCOBYEThCS VISl HEPYIHIBHOTO
KOHTPOJIFO 3aJII3HUYHUX Ta aBTOMOOUILHHUX JIOPIT; JUIsSi KOHTPOJIIO SIKOCTI IMiJ Yac OyJiBHHIITBA HACHIIIB;
JUISL OLIHKHM BHYTPIIIHBOTO CTaHY AOPOXHIX KOHCTPYKIIii; JUISl OL[IHKH CTaHy MOKPHUTTS B aeporopTax;
IPY A1aTHOCTHII 3aJTI3HUYHOTO Ta aBTOMOOLIEHOTO 3€MIISTHOTO TIOJIOTHA Ta OT0 OCHOBH; [T BU3HAUCHHS
CTyHEHs 3a0pyTHEHOCTI 0alacTHOTO MIApy 1 BUSBICHHS MiCIlh PO3TANITyBaHHS OAllaCTHUX 3ariINOJICHb B
OCHOBHIH IO 3aJi3HUYHOTO 3€MJITHOTO IIOJIOTHA; Ul BCTAHOBJICHHS PiBHSA I'PYHTOBHX BOM; IS
BCTAHOBIJICHHS MEX MpPOMEP3aHHsS 3eMIITHOTO TIOJNIOTHA; TPU OOCTE)KEHHI MiAMPHUX CTiH, MOCTIB Ta
TyHemnis, [7, 10, 11, 22-31, Ta iHmi].

VY mpangsx [32, 33] HaBeAeHO 3acTOCYBaHHsS TeopaapiB, y TIpHUUIN Tamy3i, iHKeHepaMH s
3a0e3rneueHHs Oe3MeKH TIpHUYUX pOOIT, BUMIPIOBAHHA TJIMOWMHW 3aJATaHHS KOPIHHHX TIOPiJ,
KaprorpadyBaHHSI MIIIaHO-TPaBIMHUX TOKJIAJiB, BH3HAYCHHS TOBIIMHU TOPiA, a TaKOX TOUIYKY
KOPUCHUX KonaJivH. ABTopu [34] mpONOHYIOTH 3aCTOCOBYBAaTH TIe0OpajapaiiojoKailiio  sK
CaMOCTIHHHUI Teo(pI3MYHUI METOJl, TaK 1 B KOMIUIEKCI 3 IHIIUMH TI'eO(i3HUHUMH METOJAMH JUIS:
moOyMOBM  TEOJOTIYHMX pO3pi3iB, BH3HAUEHHS MEX IUIACTIB; MPOTHO3YBAaHHS IOTEHIIHHO
BUKHJIOHEOE3IMEYHNX 30H TEKTOHIYHHUX IMOpPYyIIEHb;, MOHITOPHHTY CTaHy BYTUIBHUX IUIACTIB i
BMIII[YFOUMX IX TIOPiJ MOKPIBIII Ta IiJOIIBH; BHUIIEPEKYyIoUe CKaHyBaHHS MAacHBY TOpia B Tporleci
MPOXOJKA BUPOOOK (TPaHCHMOPTHHUX, JPEHAKHUX, BEHTWIAIHHUX BHPOOOK, JIaB ,TOIIO);
BHU3HAYEHHS] TOYHOTO MOJIOKEHHS IMi[3eMHUX 00’ €KTIiB miepe OypiHHAM a00 mo4aTkoM poOoTH B 32007,
BU3HAYEHHsI PiBHS TPYHTOBHX BOJI, 30H HAJUIMIIKOBOTO OOBOJHEHHS; BU3HAYCHHS BUXOJIB KOPIHHUX
nopiji i T.A.; BUSBICHHS JUISHOK DPO3BUTKY HEOE3NEYHHWX TEOJIOTIYHUX TMPOIECIiB — KapCTOBUX
MOPOXHHH, TOPOXHUH, Cy(}o3ii, 3CyBIB, TEKTOHIYHMX IIOPYIICHb 1 30H TPINIMHYBATOCTI, 30H
PO3YIIIIBHEHHS, MEX JIiH3, IUIMBYHIB; TOOyJ0OBa JIETalbHUX TEOJOTIYHUX  PO3PI3IB  MiXK
T'e0JIOrOpPO3BilyBaJIbHUMHU CBEPJIOBUHAMH; KOHTPOJb TOBIIMHH OCTOHHHMX CTiH IIAXTHUX CTBOJIB,
myp(iB, TOMIYK 1eeKTiB KPIIUICHHS.
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t d Mk dzt®©Gnacts 3acrocyBaHHs METOY reopatiooKarii

VY mpaui [35] HaBexeHO pe3yabTaTH TeOpafapHUX OOCTEKEHb HACHIIIB IMPH JIOTMIOBHEHHI IO
TPaAULIHHUX TEXHOJOTIH IHKEHEPHUX BHUIIYKYBaHb, IO JTO3BOJISIIOTH BHSIBIIATH MIATOIUIEHI MICI i
CTYIiHb iX TMOIIKO/KEHHS, IO € HEOOXiMHUM Ui TPHU3HAYCHHS BiAMOBIIHAX 3aXOJiB MO0
3armo0iraHHsl TMOJANBIIOTO PO3BUTKY IOIIKOKEHb. [loKa3zaHO MOXJIHMBICTE KOHTPOJIO SIKOCTI
BUKOHAaHUX POOIT 1 BiAMOBIAHICT, MPOEKTHUX PIillleHh MIACHOCTI. ABTOp 3a3Hadae, M0 HEOOXiTHO
(dhopMyBaTH eneKTpoHHY 0a3zy MaHUX I CHCcTeMaTH3alii Ta 30epiraHHs iH(opmarmii, ska MICTHTB
pe3yabTaTH TeopaioNIOKAliiHHOTO OOCTe)KEHHS HACHUIly, JJIsi CTBOPEHHS e(EeKTUBHOI CHUCTEMH
MOHITOPHHTY 32 MiATOIIEHUMH HACUTIAMH, TOTCHIIIHHO CXUJIBHUMU JI0 PYHHYBaHHSI.

Y mpani [36] 3a3HaueHO peE3yNbTaTH OOCTEKEHHS 3€MIITHOIO IIOJIOTHA 32 JIOIOMOTOI0
reopalioIOKAIliiHHOTO 30HyBaHHS Ha 00’€KTaX PEKOHCTPYKINI i KaIliTaIbHOTO PEMOHTY 3aJi3HUIIb.
ABTOp 3a3Hauae, MO 3aCTOCYBaHHS T'€OPaiONOKAIIHHOTO 30HAYBAaHHS CTBOPIOE TEPEIyMOBH JUISI
OOTrpYHTOBAHOI'O IIPOEKTYBAaHHS 3aX0/iB M0 03J0POBJICHHIO 3€MJITHOTO TIOJIOTHA: BIIALITYBAHHS ILAPIB 3
TEOTEKCTUIIIO TA FEOPEIIITOK, IIMO0Ka BUPi3Ka OaacTy i MiaHyBaHHS OCHOBHOI IUIOINAAKH, OCYIIECHHS
OamacTHUX JIOX 1 MIIIKIB, BiJICHIIAaHHS KOHTPOAaHKETIB, BIAIITyBaHHA KOHTpdopciB 1 rabioHiB,
MiAMPHAX CTIHOK, MPUCHIIOK 1 iH. ExoHOMiuHMI e(eKT NMpH BHKOHAHHI 1HXEHEPHO-TEOJOTIYHHX
BUIIYKYBaHb 13 3aCTOCYBaHHSM TIeopaiapiB sl OOCTEKEHHS 3EMIITHOIO IIOJIOTHA 3aJIi3HUIb
JOCSITAEThCS 32 PAXyHOK CKOPOUEHHS OYpOBHX POOIT 1 MiABUIIEHHS SIKOCTI 0iepKyBaHoi iHdopMarrii 3a
pe3yJibTaTaMHi  JIOCII/DKEeHb. JIOCTOBIPHICTh OOCTEKEHHS 3E€MJISTHOTO IIOJIOTHA 13 3aCTOCYBaHHSIM
reopalapHuX TEXHOJOTiil 30UThIIYETECA B CEpeIHHOMY B Kilbka pa3iB. KilmbKiCTh CBepAIOBHH
KOHTPOJIBHOr0 OypiHHS HEOOXiAHO BHU3HAYATH 32 pe3yjbTaTaMH IeopaliofOKalifHOTO 30HIIyBaHHS 3
ypaxyBaHHSIM TOTO, B SIKUX MICISIX BUHHKAIOTH TPYAHOINI MPH iHTepHperamii pagaporpam. 3TiJHO
aHaJi3y pajaporpam Ta pe3yJbTaTiB iHKEHEpHO-TeOJOr yHUX poOiT (3 BimOOpoM mpol), BCTAaHOBJIECHO,
oI0 3a JONOMOTrOI0 aHajli3y aMIUNTyH CHTHajdy B KOXHIH TOYII 30HAYBAaHHS MOXHa BH3HAYaTH
BOJIOTICTh SIK TPYHTIB, IO CKJIAQJIAIOTh 3eMJISIHE MOJIOTHO, TaK 1 0anacTHOI MPHU3MH, IO JIO3BOJISE, B
CBOIO 4Yepry, TOIepe/KyBaTH JiedopmMallii OCHOBHOI IUIOMAJKA 3EMIITHOTO TIOJOTHA Ta OalacTHOI
MPU3MHU.
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VY npani [37] okpeciieHO pe3ylbTaTh KOHTPOJIO SKOCTI 3aKPIiIJICHHSI MPOCaAKOBUX TPYHTIB 32
JOTIOMOT'OF0 TE0PaIi0JIOKAI[IOHHOTO 00CTeKEHHSI MAaCHBY 3 TIOJAIBIIIOI 00POOKOI0 OTPIMAaHUX JTaHUX B
ABTOMAaTHU30BAaHOMY PEXHMi 3 TOOYIOBOIO pO3pi3iB AOOPOTHOCTI MOJS 3BOPOTHHOTO PO3CIFOBAHHSL.
[Tokazano, 10 TMPOBEACHHS POOIT MO 3aMPOMOHOBAHINA METOMUIII JO3BOJISIE 3 OJTHOTO OOKY MiJIBHUIIUTH
SKICTh 3aKpITUIGHHS TPYHTIB, a 3 IHIIOTO — 3HM3WTH BHUTPATH HAa BUKOHAaHHA poOiT. Posrmsnyto
pe3ynbTaTH HaTypHUX CIOCTEPEKEHb 3a 3MiHAMHU 3HaUY€HBb JOOPOTHOCTI MPH 1H EKIIHHOMY 3MIITHEHHI
TPYHTY OCHOBH B PEXKHMi Tigpopo3puBy. TakuM YHHOM, 3aCTOCYBaHHS TeopajiiloKamii 3rifgHo
3allPONIOHOBAaHOI METOAMKH, MOXE CTaTh OJHMUM 3 e(eKTHBHHX 3aco0iB BU3HAUCHHS SKOCTI
3aKpiMJIeHHs] TPYHTIB OCHOB ()yHIaMeHTiB. B po0oTi moka3aHo, 10 Cy4acHi KOMIT IOTE€PHI HMPOTrpamMu
00pOOKH reopaiIoKallioHHUX CIIOCTEPEXKEHb T03BOJISIIOTH Ha OiIBII BUCOKOMY TE€XHOJOTTYHOMY PiBHI
BUpIIIYBAaTH MpPaKTU4HI 3aBAaHHS Ha OyJiBeJbHUX 00 €KTax, 30KpeMa B METOJaX HepyHHiIBHOTO
KoHTpomo. OTpuMyBaHi 3 IX JOMOMOTOIO 1aHi MOKa3yIOTh HASBHICTH iH €KIIHHOTO PO3YMHY B MACHBI,
HOT0 MPOCTOPOBUI PO3MOILI, pO3TAlTyBaHHS PO3YIIUTPHEHNUX 30H TPYHTY, B TOMY YHCII 1 HA KOHTAKTi 3
(dyHIaMEHTOM, TO3BOJISIOTH MEPEXOAUTH JI0 3HAYEHB IILTBHOCTI.

Y mnpami [38] HaBemeHO TPWKIAA BUKOHAHHA TeO(i3MYHUX JOCIHIHKEHb METOdaMH
reopaionokarnii i emextporoMorpadii B Mexax iHXEHEpHUX BHINYKYBaHb Ha IIJISHII OyAiBHHUIITBA
3aJTi3HUYHOI ectakanu. OCOOMMBICTIO NIISHKW € MiJABHMIICHUA PiBEHb TEXHOI'CHHUX MEPEIIKOA, SKi
MAalOTh 3HaYHUH BIUIMB HA MOJILOBI JOCHIPKEHHSI €1eKTPOPO3BiAyBAILHUX POOIT, 301MBIIYIOUN TOXUOKY
BHOOpY eneKTpoToMorpadiqHoi Momemi, THM CaMHUM 3HWKYIOYH OJHO3HAYHICTh TEOJIOTigHOI
iHTepIpeTalii Ha eTam KaMmepalibHOI 00poOKu. Posrmsimaerhcs mimxix g0 CHiIbHOI OOpOoOKHM Ta
iHTepnpertanii reodi3MUHUX JaHUX, KOJIH MPH PO3PaxXyHKY eNeKTpOTOMOrpadiuHoi Mojeni B SKOCTI
anpiOpHAX JAHUX BUKOPUCTOBYIOTHCS JIITOJNIOTIYHI MEXi, BUIIJICHI 32 JaHUMH T€0paIioOKaIlii.

ABTOpM  3a3HAYalOTh, IO PO3PAXYHOK TEOCNEKTPUYHHMX MOJENed 3 ypaxyBaHHSIM
reopaioNIOKaIlifHNX JaHUX JIO3BOJIMB 3HM3WTU HEOJHO3HAYHICTH PO3B’S3aHHS OOCpHEHOI 3anadi,
00yMOBJICHOI BIUTMBOM TEXHOTEHHUX IEPEIIKO, Ha JUISHIII CMYTH BiBEASHHS JiF0YOI 3aIIi3HHII, THM
CaMUM ITiJIBUIIHUBIIY JTOCTOBIPHICTh T€0JIOTIYHOI iHTepIpeTallii reoi3nIHNX TaHUX.

VY npari [39] npoBeneHa anpo0ariis i BIPOBaPKEHHS CYy4aCHOT TEXHOJIOTT reopaioKanii as
BUPIIIICHHST 1HKEHEPHO-TEXHIYHOT 3aJaui B MpoOIleci MPOEKTHUX 1 OyAiBeIbHHUX POOIT Ha MPHUKIAMI
BUBUCHHS CTaHy BEPTUKAJIBHOI MiAMIPHOI CTIHKM HA 3CyBHOMY CXWJIi. BcTaHOBNIEHO, 1110: KOHTaKT CTIHU
3 TPYHTOM MOJKHa BB)KaTH BIJHOCHO PIBHOMIPHO WIUTEHUM, NPUYOMY s OIYHOI CTIHM HWKHS
YacTHHA OUIBII IIJIbHA, HIXK BEPXHS, a JIJIs JIMIBOBOI CTIHU CIIOCTEPIra€ThCsl MEHII IIIJIbHUN KOHTAKT B
niana3oni 20—25 MeTpiB BiJl JIIBOTO Kpaw CTiHW; OSTOHHA CTiHA CIIOPYKE€HA Ha TAJIbOBiH OCHOBI 3
METaJICBHX IIMYHTIB (cTajeBux TpyO).

ABTOpPHM 3a3Ha4alOTh, IO IepeBara Cy4acHOi TEXHOJIOTIi TeopaliofioKallii Mpu BUSBICHHI
nedekTiB OETOHHUX KOHCTPYKIIH monsrae B MOOIUIBHOCTI HATypHHX CIOCTEPEKEHb 1 B CTBOPEHHI
HOBHUX IPOTPaMHHUX HPOJYKTIB OOPOOKH pamaporpam, IO JO3BOJISIE MOPSJ 3 aHAII30M IEePBUHHOI
XBHJILOBOT KapTHHH CTBOPIOBATH ii MaTeMaTHYHY (iIbTpaIiio 3a JIOTIOMOTOI0 MOOYI0BH HAOIMKEHOT
MOJIEJIi CepelIOBHINA B IMapaMeTpax eIEKTPOMArHiTHOrO IMOJIsS 1 TUM CaMHMM BUAUTMTH 00’ €KTH Ha (OHI
nepemkoa. Hemonmikom TreopaionokallioiHUX BUMIPIOBaHb, HA BiAMIHY BiJl YJIBTPa3ByKOBHX i
CeCMOAaKyCTUYHUX, € BIJCYTHICTh Ha JaHWH MOMEHT KiNBbKICHUX KOPEJLIMHUX 3aJeKHOCTEeH, L0
JIO3BOJISIIOTH OLIIHIOBATH (hi3MKO-MEXaHI4HI BJIACTHBOCTI OCTOHY.

AKTyaJbHUM 3aBJaHHSAM BIOCKOHAIEHHS METOMIB HEPYHHIBHOTO KOHTPOJIIO BEPTHUKAIBHUX
OCTOHHUX CIOpPYXI € PO3poOKa: TEXHOJIOTid Oe3lepepBHOro 3alucy MapaMeTpiB Mol B pyci 3a
JIOTIOMOT'O}0 BUKOPHUCTAHHS CHEHialbHUX TiJPaBIivyHUX IMOMYNIOK B YJIBTPa3BYKOBHX 1 aKyCTHYHHX
npwiagax; MaiuorabapuTHUX 0araTO4acTOTHHX —YJBTPa3BYKOBHX, aKyCTHYHHUX 1 TeOpaJlapHUX
anapaTHUX KOMIUIEKCIB, IO MICTATh JBa 1 Oibllle NPUAMaTbHUX OJIOKH, PIBHOBIAJAICHUX Bij
reHeparopa.

36ipHuk Haykosux npays «JJOPOT'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 121



BYAIBHULTBO TA HMBIJIbHA IHXXEHEPIA

Y mnpami [40] 3ampomoHOBaHO METONWKY Oe3lepepBHOTO BH3HAYEHHS BJIACTHBOCTEH
KOHCTPYKIIIHHUX IIapiB, 0 0a3yeTbcs Ha TeopadioioKaliiHOMY METO[, TapOBaHOTO MPSMUMH
BUMIPIOBaHHSIMH BIIACTHBOCTEH KOHCTPYKLii. Po3rnmsHyTO pi3HI MeTOAM BH3HA4YEHHS OiCIEKTPUYHOI
MPOHHUKHOCTI MilIaHO-TpaBiifHO1 cymimi i 1i 3MiH, MOB’sA3aHUX 31 3MIHOIO XapaKTEPUCTUK TPYHTY B
mpolieci yImiIbHeHHA. TakoX BH3HAYEHO 3HAYEHHS YCAJAKH TPYHTY B TIPOIECi YIIBHEHHS 3
ypaxyBaHHSM 3MIHHOTO 3HAYCHHS MiCJICKTPUYHOI MPOHUKHOCTI, OTPUMAHO 3aJCKHICTh IIITBHOCTI
TPYHTIB B PI3HHX IIapax MO TIUOWHI BiA KiJBKOCTI MPOXOAiB KOTKAa. E(eKTHBHICTH MPOIMOHOBaHMX
METO/IiB TIepeBipeHa Ha JUISHII 3€MJISTHOTO TIOJIOTHA MIPH MPOOHOMY VIIITFHEHHI.

{ Mdzts o dz’ " Missted ydz H Odz' SO R OLOSIsjdmisd¢

I'eopamionokamiss € OAHWUM 13 TPOTPECHBHUX METOMAIB JOCHIDKEHHS CTaHy iH)KEHEpHHX
CHOpyH 1 TakuM, IO BHKIMKae iHTepec cepen (axiBimiB, 00 3aiiMarOThCcs HEPYHHIBHUMH
nocaimkeHasmu. Y 1910-1911 pp. mimenpkumu Buennmu . Jlesi ta I'. JleliMbaxoM BCTaHOBIIEHO, IIIO
JesiKi TipchKi MOpoaM (KaM’siHa Cillb, Tilc, CyXHi MiCOK) MOXKHA AOCIIAUTH 33 TOTIOMOTOI PalioXBUIb
0e3 mpoOsieM, a s IHIMX (HANPUKIAA, JUIS TJIMHU) BUHHKAIOTh NEBHI OOMEXEHHs. BoHU Takoxk
3anpornoHyBaiu B 1912 poui iHTepdepeHIiiHui MeToA I TMONIYKYy BOAW Ta pyHA. SIKIIO 3MiHUTH
4acTOTy TreHepaTropa NpW TEBHIH BiAcTaHI MDK NpUAMaiIbHOIO Ta IMEpelaBajbHOI aHTEHAMH, IO
pO3TalIoBaHi Ha MOBEPXHi 3eMJi, TO B MpuiiMadi (iKCyIOTbCS MAaKCUMyMH Ta MiHIMyMH CHUTHAIIB,
BUKJIMKaHI  iHTepdepeHmiero mpsMoi 1  BiIOMTOI  Big  MiANOBEPXHEBOTO  IMAPYy  XBHIIb.
3acTOCyBaHHSIM LHOTO METOAY 10 JIbOJAOBHKIB EKCIIEPUMEHTAIBHO JOCII/KYBaB HIMEUBKHI BUCHHI
B. Irepn (1929 p.), a anist BU3HAYCHHS PiBHS IPYHTOBUX BoJ y myctuHi — Enp-Cain (1956 p.) [3].

AL dyddd fifdzds] st OH " sz Oy "'

Y 1873 pomui motTmaHAchkuil MmareMaTuk-¢izuk Jxeiimc Kiepk MakcBemn y3araibsHUB
excriepuMeHTanbHi 3akoHu Kynona, bio-CaBapa-Jlannaca, Ammnepa, @apazes i cpopMyitoBaB piBHSIHHS
SIKi CTaJiu (PyHIaMEHTOM BCi€i eIeKTpoIuHaMIKU. MaKCBesUT 3alIpOIIOHYBaB TEOPIk0 SIEKTPOMArHiTHOTO
OIS, sIKa KIAacU]iKye CBITIO SIK eIEKTPOMAarHiTHE SIBUILE TaK CaMo, K €JIeKTPUKa 1 MarHeTusM. 3aKoH
Kynona nokasye, 1110 €JIEKTPUYHUHN 3apsiji OTOYCHUM CJICKTPUYHUM TI0JIeM, KU i€ Ha 1HIII 3apsiu,
3MYIIYIOYM IX TMepecyBaTHCs, SKIIO BOHM BUIBHO II¢ poONsATh. 3akoH Awmrmepa TMoKasye, IIo
eNeKTpUIHUN 3apsz (200 cTpyM), IO PYXA€THCS B MPOBITHUKY, CTBOPIOE MArHiTHE TOJIE, IPOTIOPIIiifHEe
MIBUAKOCTI 3apsay. SIKIIO eleKTpuYHe Iojie 30UTBIIYETHCS, TaK IO 3apsia MPUCKOPIOETHCS, HOTO
IIBUJAKICTh 3MIHH TPU3BOJIUTH JIO 3MIHM MArHiTHOTO TIIOJISI, IO, Y CBOK YEpry, IHIYKY€E IHIIE
SJIEKTPUYHE TI0JIe B MPOBIAHUKY (3akoH Dapajest) i THM caMUM BIUIMBA€E Ha PyX MPUCKOPEHOTO 3apsiy.
3’eaHaHHS €JICKTPUYHOIO Ta MArHITHOTO IOJIB HAa3MBAETHCS EJIEKTPOMArHETU3MOM. SIKIIo aBa mpsiMi
MPOBITHUKY MMOKJIaJICHI HACKPI3HUMH 1 MOEJHAHI MOCIIJI0BHO, BOHU JIIOTh SIK €JICKTPUYHUH JHUIIOJb.
3MiHHE eNIeKTPUYHE T0JIe, 0 3aCTOCOBYETHCS JI0 IPOBIIHUKIB, PU3BOIUTH J0 KOJIMBAHHS JTUTIOINS, IO
Ilie K aHTeHa IS BUNpPOMiHIOBaHHS XBuili EM. EnekTpoMaruiTHi XBWJII CKIIQIAalOThCS 3 MarHiTHOTO
nons H Ta enexrpuynoro monst E, siki 3MIHIOIOTBCS 3 4YacTOTOKO OCHWJIATOpA Ta OPIEHTOBaHI [
MPSIMUAM KYTOM OJIMH JIO OJIHOTO Yy TUIOIIWHI, IEPIICHIUKYJISAPHIH HAMPsMY MOIIUPEHHS prc. 2.

Y Metoni reopazmionokanii NOUIMPEHHS €NEKTPOMArHiTHUX XBHJIb B CEPEIOBHUILI OMUCYETHCS
($byHIaMEeHTaTbHUMU PIBHAHHIMHU eJeKTpoauHaMiku MakcBema (1-4), mo0 oTpuMaTy MOBHY CUCTEMY
PIBHSIHb EJIEKTPOMArHiTHOro mois a0 piBHsIHb (1-4) momaroTh MaTepiaibHi piBHAHHA (5-7), IO
BPaxOBYIOTh BJIACTUBOCTI CEpeIOBHUIIIA!
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‘ — BIIHOCHA MarHiTHa MPOHUKHICTh CEPEOBHUIIIA;
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IMpu 3actocyBaHHI pPaiOJOKAIifHAX JOCHIPKEHh HEOOXiJTHO BpaXxOBYBaTH 3aracaHHs,
MIBUIKOCTI TIOIIUPEHHS PaJliOBUIPOMIHIOBaHHS, YaCTOTHY AMCIIEPCII0 Ta iHINI MapaMeTpu y pi3HUX
CepeloBUIaX: TIPYHTI, MiCKy, CYIJIMHKY, BOJi, MOBITpi, JbOAI, KOHCTPYKUIHHHX MaTepiajax,
CepeIoBHIIIaX 3 PI3HOKO BOJIOTICTIO TOIIO [2, 7, 8].

[Mutome 3aracaHHs, sKe BU3HAYa€ TIMOWHHICTH 30HIYBaHHS, Ta MIBUJKICTh IONIMPEHHS
€JIEKTPOMArHITHUX XBHJIb B CEPEIOBUIL BU3HAYAIOTHCS 11 €IEKTPUUYHUMHU BIACTUBOCTSIMH 1 € HAHOUIBII
BaXXITUBIUMH MapaMeTpaMy, SIKi XapaKTepH3YIOTh MOXIIHBOCTI 3aCTOCYBaHHSI METOJLy TeOpajioioKallii.
OCKUTbKH BCI PEUOBHMHH, OKPIM METaliB, MOXYTh OYTH BIJIHECEHI JO JIENEKTPUKIB i3 KIHICBOIO
MPOBIAHICTIO, TO BBOJUTHCS KOMIUIEKCHA BiIHOCHA JieNIeKTPUYHA POHUKHICTB!

- - @nh P

e - — KOMIUIEKCHA BiJTHOCHA IIPOHHUKHICTb;
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- — mificHa YacTHWHA, TIOB'SI3aHA 3 MOJISAPHU3AIlI€I0 JISIeKTPHUKA i TI€f0 MPUKIAACHOTO TTOJI;

- — ysBHA YaCTHHA, MOB'sI3aHa 3 KIHIICBOIO MPOBIHICTIO JieeKTpuKa (B OM/M):

» 1--h w
ae 1 —4acToTa NPUKIAJCHOr0 eNeKTPOMAarHiTHOTO MOJI.

JIns XapaKTepUCTHUKH JISTeKTPUYHUX BTPAT 3aCTOCOBYIOTh TAHTEHC KyTa JieJICKTPHYHKUX BTPAT,
sIKa BU3HAYAETHCS SIK BITHOIIEHHS YSABHOI Ta AifICHOT YaCTHHM BiTHOCHO] JIi€IeKTPUIHOT IPOHUKHOCTI:

o — —/~h p T
- '| - -
ae 0 Q- raHreHc KyTa JIieJeKTPUYHUX BTPAT.

Jns reopamionokarmii HEOOXIMHO TAaKOXX 3HATH ITUCIEPCII0 MICIEKTPUYHOI MPOHMKHOCTI Il
3aJIeKHICTh BiJI YaCTOTH MNPUKIAJCHOTO EJICKTPOMArHiTHOro moiisa. [0 CckiIajoBy BU3HAYAKOTH
CKCIIEPUMEHTAIIBHUM NUIAXOM. Bin AieeKTpruyHOi Ta MAarHiTHOI HMPOHMKHOCTI 3aJIeKHTh IIBUAKICTH
MIOIIUPEHHS eNIEKTPOMATrHITHUX XBUJIb B JieleKTprukax. OCKiNbKU I OIMBIIOCTI TipChKUX Topix [7]
3HAYeHHs] MATHITHOI MPOHUKHOCTI MPHOJIM3HO CTAaHOBUTH | 1 HE 3alie)XHTH BiJl 9acTOTH, TO (pa3oBa
IIBUJIKICTH MMOIIUPESHHS XBHJII CTAHOBUTHUME

, W A i
W - = pp
2 A i
e ()~ MIBUIKICTh MOMIMPEHHS €IEKTPOMArHiTHUX XBHJIb Y BAKyyMi.
CuiBBigHomieHHs (12) — omHe 3 HAHOUIBIN BaXXJIMBUX JUIS paJapHUX JOCHIIKCHb, OCKIIbKU
V — BUMipIOBaHa BEIMYMHA, & - — BIACTHBICTh PEUYOBHHH.
[Tpu upoMy KoedillieHT 3aracanHs Oyze
| 1 70OM-h P C
JIOBXKMHA XBUJII B CEPEIOBUIL JOPIBHIOBATUME
off - h po

3BIJICM TIMTOME 3aracaHHs, TOOTO 3aracaHHs XBWJII Ha OJMHHMIIO JOBXKHHH NUIAXY B JenuOenax
Ha Metp (ab/m) Oyme
0 v tpl_ms8 pT
st npakTHYHOTO 3acTocyBaHHs Gopmyiy (15) po30uBatOTh Ha JIBI — IS BUIIAJKIB 3 MaTUMH
JieNEeKTPUIHUMH BTpataMu Ko fg 0 < 0,3 i 3 Benmukumu JienekTpuuHuMu Brpatamu 0 1Q 110 [7]

G

éﬁ

-0®” " 0 Qi
8 pu
OB " 00 Tiv

=

[IBuAKICTH MOMIMPEHHS IMIYJIbCY BHU3HAYAETHCS SIK TPYIOBA HIBHJKICTH XBHJI 32 PiBHSIHHIM

Penes

p p QQs&

O ® HO e
ne ¢ — KOMIUIEKCHUI KOe(DII[ieHT 3aJI0MIIEHHS.

VY cnabo MOrMMHAILHUX CEpeAOBUINAX BIIMIHHOCTI MiX ()a30BOi 1 TPYIOBOi MIBUAKOCTSIMH
Oynytb HeBenuki. OTKe, y pe3ybTaTi NPUITyIeHb PO MalicTh BTpAT, Yac MpoOiry XBWIl depe3 miap
ToBuMHOK h Oyze Bu3HaYaTUCh 32 hopmyioro ¢ T2 (a He 3a popmyow — ¢ T ), e W — MWBUAKICTH
MpoOiry 30HyBAILHOTO CUTHAIY B IIapi.
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[Ipote anaini3 mokasas, IO 3aIEXKHICTh KOMIIEKCHOI IieIEKTPUYHOI MPOHUKHOCTI BiJl YacTOTH,
BH3HAYAETHCS YacOM Tospu3arii v [41].

Ha puc. 3 moka3zaHO KibKa €KCIIEPUMEHTAJIbHUX 3aJISKHOCTEH, e Uil XBHJIb METPOBOTO
miamazony — f ~ 10° I'my i 6Gimblue 3HAuGHHS JieNEKTPHYHOI MPOHUKHOCTI BXKE MPAKTHYHO HE
3MIHIOIOTBCS.

Y pesymprari aHamizy BENWKOI KUTBKOCTI JTaOOpaTOpPHHX Ta HATYPHUX EKCIIEPHMEHTIB
BCTAaHOBJICHO, IO Y Jiana3oHi METPOBHUX XBWJIb [iiCHA YacTHHA KOMIUIEKCHOI JieJIeKTPUIHOI
MPOHHUKHOCTI €', @ OTXKE 1 MIBUIAKICTH MOMIUPEHHs €JIEKTPOMArHiTHUX XBWJIb, IPAKTHYHO HE 3aJIeKaTh
BiJl YaCTOTH 1 THITY TPYHTIB, a Ty>K€ CHJIBHO 3aJeXKaTh BiJ IX BOJOTrocTi. BYeHMMH BCTaHOBIIEHO, IO
BEJIMYMHA THUTOMOTO OIOPY TOPOAW TaKOX 3aJIE)KHUTh BiJl YAaCTOTH EJIEKTPOMATHITHOI XBWII, THIY
nopoju, il BOJIOTOBMICTY 1 MiHepaii3amii. 3aralbHOI0 3aKOHOMIPHICTIO € 3MEHIICHHSI TUTOMOTO OTIOpY
3 pOCTOM YaCTOTH, BOJIOTOCTI 1 MiHepaTi3aIlii BOAH B IIOPO/Ii TIMHSICTOCTI TTIOPOJIH.

Eed. sizn. on.

()

10

(]

10

10

1 1 1 'l i

3 1 5

3 - 3 6 7 S
10 10 10 10 10 10 fTu

{ d Mz dzts-€ BancXkuicth AieNeKTPUYHOI MPOHUKHOCTI PISHUXMOpiA Biax uactotu [42]:
1 —micok; 2 — cyrmHOK (Bosoricte 10 %); 3 — cyrmusok (Bosoricts 20 %); 4 — CyrJIMHOK
(Bonoricts 30 %); 5 — riuHa

1 sh d tej dzdse tsjolsdjeSdz’ Is dad i jrtejdHds o M

[lommpeHHs: eneKTPOMAarHiTHUX XBUJIb METPOBOTO Jiara3oHy, XapaKTepHOTO JIIsl TeOpalapHuX
JOCTIDKEHb, PO3IIISIAETHCS B PaMKaX 3aKOHIB T€OMETPUYHOI ONTHKH BiJIIOBIIHO ISl TUIOCKUX XBHUJIb
Ha BEJIMKHX BIIJQIAX BII JoKepena 1 Juis CPepUYHMX XBWIb Ha MalMX BiAJamsxX Bij
JoKepena.BpaxoByroun KOHTPACT MO AieNeKTPUYHIN MPOHUKHOCTI IMITyYHUX a00 MPUPOJHUX IIapiB,
MOXKHa iX BIJPI3HHTH OIWH BiJ OJHOrO. BCTaHOBHBIIM B3a€MO3B’SI30K MIiX i€TEKTPHUYHOIO
MPOHHUKHICTIO Ta XapaKkTepUCTUKAMH PEYOBHH CTajJ0 MOXIIMBUM pO3B’S3aTH I1HXKEHEpHI 3amadi
reopajioyoKarii.

[Ipu BU3HAYECHHI MIBUAKOCTEH MOIMIUPEHHS 1 aMILTITY]] XBWIb y paMKax JOIMYCTUMUX TOXUOOK,
nirote npunHiunmu depma, [toiirenca, Openens 1 3akon CHeniyca. 3rigHo [7] mpUIyCKaeThCs, MO B
130TPOITHOMY CEpEeJIOBHUIII MPOMIHb IMEPIEHANKYISPHUN (QPOHTY XBWII, 1 MOMIIMBI T€OMETPHYHI
moOyIOBU NIISAXiB XBUJIb B CEPEAOBHUIN 3 TOJAIBIIMM OOYMCIICHHSAM NapaMeTpiB CepellOBHUINa 3a
BUMIPSHUMH KIHEMaTHYHUMH 1 TUHAMIYHUMHU XapaKTePUCTHUKAMH 3alMCiB XBUIIb (pagaporpam).

XBWJisl, 110 THOIIMPIOETHCS, BiJIOUBAETHCS TIABKW BiJ TPaHWIlb MMOAUTY PI3HUX CEpPEIOBHII, B
SAKHX CIOCTEpIraeTbcs 3MiHa BiZHOCHOI Ii€NEKTPUYHOI MPOHUKHOCTI abo mpoBigHOCTi. KoedimieHT
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BIIOMTTA TIpM HOPMAIBHOMY TAaJiHHI XBHJI HAa TPAHUIIO TOAUTY MK CEpPEIOBHIIAMH 3 PI3HOIO
TeTeKTPUIHOIO IPOHHUKHICTIO, Oyl BU3HAYATHCH 32 BUPA30M:

-~ - - Fr- -8 P X

U - p U~ -—~—— 8 pl.IJ

IIpm nBOpazoBOMYy MPOXOMKEHHI dYepe3 TPaHUI0, HANpPUKIAA, MPH BIGOWTTI Bix OB
rMOOKOiI FPaHHmIl, CyMapHe 3MEHIIEHHs aMILTITy M CUTHAIY Oyie 10piBHIOE P V- it

HanzeruyaitHo BaKITMBUM U1l TEOPAMiONOKAIIHHUX JOCHIDKEHb € SBUINE AWQpaKii, sSKe
BUHHKAE y PE3yJIbTaTi OMPOMiHEHHSI 00 €KTa €IeKTPOMArHiTHUMH XBHJISIMH, PO3MIpH SIKOT'O MEHIII 3a
noBxuHy XBui. Judpakiis Moke BIUIMHYTH Ha pO3Mi3HABAHHS XBUJIBOBHX KapTHH, TaK SIK TIOMIYK
JOKAIBHUX 00 €KTiB 3BOJUTHCS O MOIIYKY BTOPHMHHUX JDKEpeNl BHIIPOMIHIOBAHHS Ha 3alHcax, II0
BIUIMBa€ HAa BHU3HAYCHHS TJIMOMHW 3ajsiTaHHA O00’€KTa Ta IIBUAKICTH  PO3MOBCIOKECHHS
CJICKTPOMATHITHUX XBUJIb B CEPEIOBHIII HaJ 00’ EKTOM.

dakropamy, IO BIUIMBAIOTh HAa 3MEHIIECHHS aMIUTITYAW 30HIYBAIFHOTO CHUTHATY (3aracaHHs
CUTHaNY), € [7]: BIZOMUTTA 1 3aJOMJICHHS HA NMPOMDKHUX TPAHMIIIX; BTPATH, MOB’s3aHi 3 3aracaHHIM
CUTHAJIY B CEPEAOBUII;T€OMETPUYHE PO3CIIOBaHHS ()POHTY XBHJII.

OcranHiil ¢akTop Mae 3HaYSHHS HA HEBEIMKHX BIIJANAX BiX JDKepena KOIWBaHb B TepIIi
Mepioy XBHIIb, KOJHM XBIJIIO MOKHA BBaKaTH C(HEPHYHOIO 1 MIUIBHICTH MOTOKY €HEprii BiJ JKepena
3MEHIIY€ETHCSI 0OEPHEHO MPONOPLIKHO IUIOINII MOBEPXHI (POHTY, a aMILTITy/Ia, BiAMOBITHO, OOEPHEHO
MpoTopIiiiHa paaiycy cdepu abo BifCcTaHi A0 JKepena:

-—~~- h P w

e 'Y — BijicTaHb 10 JuKEpena.

st po3paxyHKy 3MEHIIEHHST aMILTITY M BiAOUTOT XBHJI1 32 PaxXyHOK PO301XKHOCTI chepruuHOro
¢poHTy R nopiBHIOBaTHME TOABOEHIN TIMONHI TpaHuUIli BinOouTTs.HeoOXiaHO TakoX BpaxoBYBaTH, II0
B PI3HUX CEPEIOBHIIAX IIBUIKICTh OIUPEHHS XBHJIb Pi3HA.

3rigno [9] 3amaui, siki BUPILIYIOTHCS 32 JOIOMOIOI0 T'€0paIioIOKallii, MOKHA 00’ €IHATH B YOTHUPHU
OCHOBHI Tpynu: 1) BHUBUEHHS TI'eOJIOTIYHOI OyHOBH Iepepidy; 2) MOIIyK pi3HOMaHITHUX 00’€KTiB; 3)
JOCII/DKEHHS. PI3HUX KOHCTPYKIiH; 4) BUBYEHHS (I3UKO-MEXaHIYHMX BIACTUBOCTEH MarepialiB i
00’€KTiB.

Ilpuxnaam 3acTocyBaHHS reopaaiooKaliiiHOro 00cTesKeHHs B PI3HUX raJTy3six

lted shkClk tf Ldzsd3Odz Isdzedms tsBO ' CIs' o

3agadi 3 MOWIYKY Pi3HUX OO’€KTIB € OJHUMHM i3 OCHOBHUX HANPSAMKIB IeOpamionoKaliifHuX
JOoCHipKeHb. JIo HUX BITHOCSTHCS TONIIYK TPYOOIPOBOJIB, KaOesiB, BAIYHIB, 3IMIIKK OYiBEITHHHUX
KOHCTPYKIIif, €EMHOCTEH, MOPOXKHHH, apXeoJOTriyHMX O0’€KTIB 1 iH. Ounpmie iHpopMalii B JaHOMY
HanpsIMKy HaBeneHo y [7, 9, 11, 43 Ta ixmi].

Haiibinpmr mpocta XBWIIbOBa KapTHHA CIIOCTEPIra€ThCsi IMpH  reopagiojoKaliifiHOMYy
npodunoBaHHl Haja TpyOamu, sIK MPaBUIO HA pajaporpaMi BUJIHO TUTBKM TEOPETHYHA BEPIIMHH
rinepoosm (puc. 4). AHami3 JOCBiIY IOCHIAHUKIB, SIKI 3aiiMAlOTBbCS MHUTAaHHSAMM TeOpajioJIoKailii,
MoKasye, o iHQOPMaTUBHICTb Te0opalapHOro 3HIMAaHHS 3aJIC)KUTh HE TUIBKU BiJl CKJIaAy NOPOAHM, aje i
Biil i1 3BOJIOKEHOCTI Ta MOroiHix ymoB. Ha pwuc.5. HaBemeHo ¢parMeHT TIeopaiiooKaIiiHOro
poiIr0, BUKOHAHUH Haj TpyOoro aiamerpoM 20 cM, sika 3HaXOIUThC Ha riubOuHi 50 cM. a — B cyXy
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Mnorofy, 6 — micis noury. BuMiproBaHHS IPOBOAMIIM 3 IHTEPBAJIOM y 2 THXKH1, BAKOPUCTOBYBAJIH aHTECHY
500 MTI'1. CrpinkaMu moka3aHo MOJOKEHHS TpyOu. 3 pUCYHKY BHJIHO, IO oci cMH(a3HOCTI Bl TpyOH
JI00pe MPOCTEXKYIOTHCS B CYXOMY TPYHTI @, HiX y Bojioromy 6 [9].

t d Mz dzts pardient reopamionokaiiifHOro mpodink, CTPIIKOK MOKa3aHa TEOPETUYHA
rinep0oJa, e CBIIYUTH PO HASIBHICTH TPYOH [9]

1 tod sBfMisd y J dzdzv n Hstetsy dz' 565 -f sth®Ote  isle
Jane reopaaiofokaliiiHe AOCIHiIKEHHS BKIIOYAE B ceOe: TOUIYK MOPOXKHUH MiJ] MTOKPUTTSIMU; TIOUIYK
MICIIb 3 MiBHUILIEHOI BOJIOTICTIO; MOINYK AUISHOK PO3YILIIBHEHHS; MOLIYK TPILIMH B HOKPHUTTAX 1
OCHOBaXx; BU3HAUCHHS TOBLIMHW MOKPHUTTS; BU3HAUCHHS BHYTPIIIHHOTO CTaHy MOKPHUTTSA 1 iH., Oiiblie
iHpopMallii B TaHOMY HanpsMKy HaBeaeHo y [9, 11, 35, 43, 44, ta inmux].

Sk 3a3HaueHo y [11], ogniero 3 mpobaeM ekcIuyartarii A0opir € JiKBigaLis IpocagokK i MpoBaJliB
JIOPOKHBOTO TMOJIOTHA, [0 BUKIHUKAIOT, SIK TIPaBUIIO, IOPYIICHHS PEKUMIB PyXY, a B JISSIKUX BUTIAJIKaX
1 cepiio3Hi amapii. IlpuumH yTBOpPEHHS NpPOCATOK 1 MPOBAJIB AOCUTH Oarato, aje OCHOBHUMH €:
MOPYIIEHHS! TEXHOJIOTi{ CHOPYIKEHHSI TPYHTOBOI OCHOBH 1 JIOPOXKHBOTO OJISTY, HESIKICHO MpPOBE/eHA
3BOPOTHA 3aCHIIKA MPH MPOKJIAALI KOMYHIKAIId BIAKPUTHM CIIOCOOOM, aBapii 1 HEIITAaTHI CUTYaIlii i
Yac MPOKJIAJaHHs MiJ JIOpOrol0 KOMYHIKalil 3a JONOMOIo Oe3TpaHIIEHHHMX TeXHOJOTriH, aBapii Ha
MiJ36MHUX BOJOHOCHUX KOMYHIKAISX, TNPOSIBM KapcToBO-Cy(h(O3iiHUX 1 3CYBHHX IPOIICCIB.
BusiBjIeHHS KOHKPETHHUX NPHYHMH IPOCAJOK ITOPOXKHBOTO ITOJIOTHA CHPHSIOTH MPUHHATTIO HAHOIbII
pallioOHaIbHUX 1HXKEHEPHUX PIIIeHb I 1X JTIKBIALii.

i d m z Blztdparment reopamionokaitiiinoro mpodis [9]: a) — cyxa noroaa; 6) — micIis JOILY
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Ha puc. 6 mpuBeneHo NpWKIa[ TeOpaAioNOKallifHOTO 30HAYBaHHS MUISHKH IPOBaly Ha
aBTOJIOPO3i Ta Pe3ybTaT OOPOOKH.

t d M & eztS&uaysanns Micus npoBay Ha aBTOI0PO3i Ta oro pesyibrar [43]

I3 MaTepianiB npuBeneHuX y [9], BUAHO, MO BUKODHMCTAHHS aHTCH 3 PI3HOI0 YacTOTOIO
JIO3BOJISIE YCIIIIHO BU3HAYATH IPHYHHH nedopmariii OKPUTTIB 1 3a HEOOXiAHOCTI MPOBOIUTH
MOHITOPHHT SIK JOPOXKHBOTO TaK 1 37ITHO-[IOCAAKOBOTO MOJIOTHA.

1 ted fBMisSjyjdedz? 7 L Odz' L dzd YBlatpEdsi excrjiyegail damsidso 1 15 dzts |

MOJIOTHA 3aJIi3HMIN Ta MiJBUIICHHS HABAHTaXXCHHS B HHOMY BHHHUKAIOTH Je(OopMalliiHI IMPOIECH.
MerToro reopamioNoKalliiHUX [OOCHIDKEHb € TMOLIYK Ta MONEPEKEHHS NpUYMH AeopMariifHux
MpoIeciB U IX YHUKHEHHS Ta YCYHEHHs. 3a/adi, M0 BHUPIIIYIOTHCS MPU JOCHTIHKEHHI: BU3HAUYCHHS
TOBILMHHA OCHOBHHX IIapiB 3€MJITHOTO MOJIOTHA; BUBYEHHS KOHTYPIB LIapiB AJIs1 BUSIBJICHHS NPOCiJaHb,
OanmacTHUX 3ariMOJIeHb, KOPUT 1 iH..; BUSIBJICHHS MICIb CKYNUYEHHS TpA3EBUX THI3A abo JiH3, IO
NpUBOAATE OO0 YTBOPCHHA BI/IHJ'IeCKiB; Imouryk MiCI_II) JIOKAJIBHOI'O TICPE3BOJIOKCHHA, BU3HAUYCHHA
TOBIIMHHM OanacTHUX 1UIeH(iB HA BiIKocax; Ta iH.. OinbiIe iHQopMaNii B JaHOMY HamnpsIMKy HaBEIEHO
y[9, 10, 11,15, 16, 43, 44, 45, 46, 47 Ta iHmwuXx].

[ommpennm nedexrom OanacTHOI MPU3MHU € YTBOPEHHS TPSA3eBUX THI3N abo JIiH3, MO B
MOJAJIBIIOMY BeJ€ A0 IEPE3BOJIOKEHHS, Ta MiJ Ii€l0 AWHAMIYHOTO HABAaHTAXEHHS YTBOPIOETHCA
Buruleck. Ha puc. 7. mpuBeneHo 3a0pynHeHWi OanacT Ta pajaporpaMmy Ha SKii BHIUICHI Micis
3a6pyz[HeHoro Oanacty (CTpPINKOIO Ha pajaporpami IMOKa3aHO Bepx 3a0pyaHeHoro OayiacTy, IO
BIJITOBIa€ JiHIT HA q)OTo)

. ~:7-"'—"'""""‘"“ — i =
o BT e i i il —-w’-'-
o oy — i

‘L%

t d Mz dzts $par¥ient pagaporpamu i po3komnaHuit 3abpyaHeHuitGamacTHui map [9]:
a) — pagaporpama; 6) — 3a0pyIHEHU OaacTHUIT map
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OpHi€l0 3 TOMOBHUX IEpeBar reopaaioNiokanii y MOpiBHIHHI 3 OYpiHHSM € MOXIIUBICTh BECTH
HeTepepBHY 3HOMKY, TOOTO OTPUMaHI JIaHi CTAHOBJISITH IIPOCTOPOBO—YACOBHH Tepepi3 puc. §.

100 200 300 400 500 600 700

T i i
0

1203 1760 200 25 mo 2000 nw
OO0 RRE L0 LR 8

t d Mz dztsbparmBuT pamaporpamu Hacuy 3a1i3HUYHOT KO micist iHTepnpeTartii [46]

Ile m03BOJISIE€ IPOCTEIKUTH CTAH 1 IOTYKHICTh IPYHTIB HACHITy B3JIOBXK YChOT0 Npodiio, a He B
Horo okpemux Toukax. Ha maniil minsiHIli HasBHI qedopmaiiii 3eMIISHOTO TOJIOTHA, 10 CTAHOBJISATh, B
OCHOBHOMY, IIPOCAJIKM 3aJII3HWYHOI Komii Ta posnoB3aHHsA Hacumy. Hani nedopmanii ycysamuch
IUIXOM IiJICUIIaHHS MIeOCHI0, M0 T00pe MpOCTeXyeThcs Ha pamaporpami. 11lo6 orpumaru mani mpo
TOBIIMHY HIEOCHIO KIIACHYHUM METOJIOM, J0BEJIOCS OM MPOOYPUTH HE OJUH JIECATOK CBEPIJIOBHH, SKi
noTpeOyIOTh 3HAYHUX BUTPAT KOLITIB i Hacy.

BucnoBku

Ha manmit MOMEHT SIK Ha aBTOMOOUTBHMX, TaK i Ha 3aJI3HUYHKX J0pOrax HaWMOUIMPEHIITUMU
METOAAaMH OLIHKH iX CTaHy € Bi3yallbHi OTJIAIH, SKi HE 3aBKAM e(peKTUBHI Ta HaJiiiHI, iX pe3yabTaTH y
3HA4YHId Mipi 3amexars BiJ KBamidikamii iHXeHepa, IO 3AiHCHIOE orisin.JlaHy cuTyamiro MOXHA
MOKPAIIUTH METOJIaMH BHKOPHCTaHHSI 3ac00iB HEPYHHIBHOTO KOHTPOJIOOMIHKHA TEXHIYHOTO CTaHy
TPAHCHOPTHUX CIOPY/I, AKi KCIUTYaTyIOThCSl Ha 3ali3HUYHUX Ta aBTOMOOUIBHUX JA0porax YKpaiHH.

Sk mokasye aHami3 3acTocyBaHHA reopajapiB y kpaiHax €C BOHHM MOXYTb €(EeKTHBHO
BUKOPHCTOBYBATUCSl JUIA 3arajbHOTO OOCTEXEHHS NPOTSHKHUX AUITHOK 3€MJISTHOTO IOJOTHA
ABTOMOOUIBHHX JOPIir Ta 3ali3HMYHMX IIEPETOHIB. IX OCHOBHMMH IIepeBaraMH € OIepPaTHBHICTb
MpOBeJIeHHs pOOIT 1 HU3bKA TPYAOEMKICTh. BOHM CIIPHUSIOTH IiJIBUIIICHHIO JIOCTOBIPHOCTI 1H)KEHEPHO-
reosioriyHoi iHpopMamii i THM caMUM HOKPaLIyIOTh SIKICTh 1 3HIKYIOTH BapTiCTh SIK IPOEKTHOI
JIOKYMEHTAIIi1, TaK i Oy/iBeJIbHUX, PEMOHTHHX 1 EKCIUTyaTaIiiHuX pOOiT.

3acTocyBaHHS Teopajapa, 30KpeMa B IHKEHEPHO-TEOJIOTIYHHMX  YMOBax  3ali3HHLb
VYKpaiHu03BOMUTD BUSIBISITH B 3€MJITHOMY HOJOTHI Ae(EKTH Pi3HOrO TUIY 1 NMpUHAMAaTHCBOEYACHI
PIIICHHS 13 METOI YCYHEHHS XBOPHX MICI[b. BUKOpUCTAaHHS reopaIiofioKallil J03BOJIUTh HPOCTEKUTH
CTaH 1 TOTYXHICTh I'PYHTIB HACHITY B3JIOBXK YChOTO MPO(iII0, a HE B HOTO OKPEMHUX TOUYKAX.
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Ha ceoroxmHimHii neHp HEMae€ MPAKTUYHAX PEKOMEHMAIIHd 13 OIIHKKA TEXHIYHOTO CTaHy
3eMJISIHOTO TIOJIOTHA TFe0paioNoKalliiHUM METOIOM. TOMy HampsIMKOM MOJANIBIIOT HAYKOBO-A0CIiAHOT
pobotn € mpoBeneHHS (YHOAMEHTAIBHUX JOCHIDKEHb, IOM0 e(QEeKTUBHOCTI 3aCTOCYBaHHSI
reopajlapHuX TEXHOJOTIH B PI3HMX CepeloBUINAX MPH Pi3HIM TeMmeparypi, IIIFHOCTI Ta BOJOTOCTI
TPYHTY.

VY 3B’SI3Ky 3 UM aKTYalTbHOIO HAYKOBO-TEXHIYHOIO 33/1a4€l0 € MPOBEICHHS IOCIIIKeHb Ta
po3poOKa pEeKOMEHAAIii IIOM0 TEeOpaioNOKAMIHHOTO MOHITOPUHTY 1 OIIHKH TEXHIYHOTO
CTaHy3eMJISTHOTO MOJIOTHA.
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GPR METHOD AS A NON-DESTRUCTIVE METHOD FOR SUBGRADE MONITORING

Abstract

Introduction. The introduction briefly describes the main factors influenced the subgrades of
railways and roads which cause the formation and distribution of various defects and strains. A brief
description of the GPR method is provided, the general principle of the Ground-penetrating radar (GPR)
operation is described.

Problem Statement. The use of destructive methods of subgrade monitoring doesn’t allow
detecting the formation of defects in the subgrade on early stages which in the future leads to
emergencies and increases costs for current maintenance. At the same time, the use of non-destructive
methods is complicated due to the insignificant experience of their application. One of such non-
destructive methods is GPR method.

Purpose. The purpose of the work is to review and analyze existing research related to the GPR
method as one of the prospective non-destructive methods for subgrade diagnostics.

Materials and methods. The methods of analysis and synthesis are used in the study of existing
experience of the use of GPR researches which are presented in the literature.

Results. On the basis of the research analysis of the use of GPR method, it was determined the
historical development and the physical nature of the indicated method. The features of wave’s
distribution in rocks taking into account their characteristics were given. The main dependencies and
assumptions used during surveys (researches) of various facilities and objects by GPR method were
considered. The results of surveys using GPR method were described and analyzed. The possibility of
quality control of performed work and comparison with design decisions is shown.

Conclusions. Analysis of the world and national experience of the use of GPR method shows,
firstly, that GPR can be effectively used for general survey of extended sections of subgrades. Their
main advantages are efficiency of work performance and low laboriousness. Secondly, the use of GPR
method, in particular during the study of railway haul is an effective tool for detecting various types of
defects in the subgrades and timely eliminating the identified disadvantages.

Yy 3B’513Ky 3 UM aKTyaJIbHOMO HayKOBO-T€XHi‘IHOIO 3a1a4Cr0 € IMPOBCIACHHSA ,[[OCJ'IiL[)KﬁHB Ta
po3poOKa pPEeKOMEHJAI MIOA0 TIeopaJioNoKalliiHOTO MOHITOPUHTY 1 OIIHKH TEXHIYHOTO CTaHy
3EMJISTHOT'O ITIOJIOTHA.

Due to this, the actual scientific and technical task is carrying out the research and developing
recommendations for GPR monitoring and evaluation of subgrades technical state.

Key words: GPR method, monitoring, ground-penetrating radar (GPR), subgrades,
electromagnetic wave.
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3ACTOCYBAHHSA TEXHOJIOT'TI YKOYYBAHOI'O HAJIZKOPCTKOI'O
OEMEHTOBETORY JUIA BY AIBHUIITBA ABTOMOBIJIBHUX JOPIT

O dztslsOy "' W

Beryn. BeranoBneHo, 1o 3pocTaHHS BapTOCTi OiTyMy Ta 30UIbIIEHHS HAaBaHTaKCHHS Ha
KOHCTPYKIIIIO JOPOXXHBOTO OJISTY CIIOHYKA€, BUKOPHCTAHHS [IEMEHTOOETOHY JUIsl IOPOXKHIX MOKPHUTTIB.
AmHamniz mpoekTiB OyAiBHWUITBA, PEKOHCTPYKIIi Ta KaIliTaTbHOIO PEMOHTY AaBTOMOOIIBHUX AOPIr
3arajqbHOTO KOPUCTYBAaHHS TOKa3aB, MO 30UTBIIYETHCS KIJTBKICTh IMPOEKTIB 3 BHUKOPUCTAHHSAM SIK
LEMCHTOOCTOHHUX TIOKPHUTTIB, TaK 1 KOHCTPYKIIH JOPOKHBOTO OJAATY 3 BHUKOPUCTAHHSM
[IEMEHTOOETOHHUX IIIapiB.

IIpoGnematnka. [lomryk TEeXHONMOTIYHMX Ta EKOHOMIYHMX pIlIEHh BIAIITYBaHHS IapiB
MOKPUTTA aBTOMOOUTFHMX JIOpIr MOTpeOye BWUBYEHHS JOCBIAY 3aCTOCYBaHHS HETPaIUIIMHUX IS
VKpalHH TEXHOJOTIH, Yy NaHOMYy BHIIQJKy —YKOYYBAaHOTO HAPKOPCTKOTO ILeMmeHToOeToHy. Kokna
HETpaauIliiiHa Ta «HOBa» g YKpaiHW TEXHOJIOTiA MOTpedye ii JI0JaTKOBOTO BHBYCHHS IPH
3aCTOCYBaHHI B MicleBHX yMmoBax. lle 1 JOCHiMKEeHHsS BIUTUBY Ha JOBTOBIYHICTH OOJIaHAHHA Ta
MEXaHi3MIB Ui BJIAIITYBaHHS TOKPHUTTIB, MOCIHIIKEHHS MICIIEBHX MaTepiaiiB, JOCIIHDKEHHS YMOB
eKCIUTyaTallii ToIo.

Mera. MeTorw JOCTiDKEHHSI € KOHTEHT-aHaJi3 CBITOBOTO JOCBiMYy JOCHTIKEHb TEXHOJOTIH i
MO>KJIMBOCTEH BUKOPHCTAHHS YKOYYBAHOTO LEMEHTOOETOHY B Taly3sX IPOMHCIIOBOTO Ta IMBIJILHOTO
Oy/JIBHUIITBA, a TaKOX ITOCTAHOBKA 3aBJaHb AHAJIOTTYHOI'O 3aCTOCYBaHHsS MaTEpiajiB 1 TEXHOJIOIIH B
yMOBax YKpaiHH.

Martepianu Ta Meronud. BukoHaHo aHami3 mnyOMmiKamiii o0 JO0CBiy BHUKOPHCTaHHS
YKOYYBaHOTO IIEMEHTOOETOHY B Pi3HUX TaTy3sIX IPOMHUCIIOBOTO Ta IIMBUILHOTO OY/IiBHUIITBA.

Pesynbratu. 3’s1COBaHO, IO JOPOTH 3 IIEMEHTOOCTOHY CIIPOMOXKHI CIPUHAMATH HaBaHTAKEHHS
BiJl BEJIMKOBAroBOTO TPaHCIOPTY 0€3 YTBOpEHHs KOJIMHOCTI Ta pyiHyBaHHs. [IpoBejeHWi aHami3
MOKa3aB, IO TEXHOJOTisS YKOYYBaHOTO HA/DKOPCTKOTO IIEMEHTOOETOHY JI03BOJIIE BUKOHATH
BJIAIITYBaHHS IIEMEHTOOETOHHOTO MOKPUTTSI 3 BHCOKUMH EKCILTyaTaliiHUMH XapaKTePUCTHKaMH i3
3aCTOCYBaHHSM ac(albTOYKIAJANBHUKIB 1 KOTKIB Ta MOXIIUBICTIO BITKPUTTS PyXy II0 BIAIITOBAHOMY
[EMEHTOOETOHHOMY TOKPHUTTIO 4epe3 1-3 mobu. TakuM YMHOM, Yy BHUMAJIKax TOTPeOH MIBUAKOTO
BBEJICHHS B EKCIUIyaTallifo Jopord a0 MaijjaHuMKa JISi CTOSHKA aBTOMOOLUTIB, TEXHOJOTIs
YKOYYBaHOTO HA/DKOPCTKOTO LEMEHTOOSTOHHY € HalOuibm edekTuBHO. [IpoBeneHuii aHami3
JO3BOJIUB  chopMyBaTH HOBI 3amadi  JOCIKEHHS TEXHOJIOTII YKOYYBAaHOTO  HAJKOPCTKOTO
LEMEHTOOETOHY AJ1s1 OyAIBHUITBA aBTOMOOIJILHUX JIOPIT, a caMe — BUBYECHHS BJIACTUBOCTEH YKOUEHOTO
LIEMEHTOOCTOHY Y KOHCTPYKIIISIX aBTOMOOUIBHUX JOpIr YKpaiHM Ta BCTAHOBJIGHHS E€KOHOMIYHOTO
eeKTy BiJl BUKOPUCTAHHSI MICIIEBUX YKPaTHCHKHIX MaTepialiB.

BucnoBku. Ornsg AociikeHb Ta JOCBiLY BHUKOPHUCTAHHS YKOUYBAaHOTO LIEMEHTOOETOHY
MiATBEpPIUB €(DEKTUBHICTh Ta IEPCIIEKTUBY BUKOPUCTAHHS II€T TEXHOIOTIT B YKpaiHi.

S dz¢ Yytso '  yhownammi® HapKOpeTKUIT 1IEMEHTOOETOH, IIEMEHTOOCTOHHE ITOKPHUTTS,
BEJIMKOBaroBUi TPaHCIOPT, IIapH JAOPOKHBOro oaary 3 uemeHroberony, RCC, Roller Compacted
Concrete.
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Beryn

301IbIIEHHs] KIIBKOCTI BEJIMKOBArOBHX aBTOMOOILIIB, IOCTiMiHE 30UIbIIECHHS HaBaHTA)KEHHS Ha
BiCh CTUMYJIIOE 3aCTOCOBYBATH B SIKOCTI OKPUTTS ieMeHT0o0eToH. OCOOMMBO BENMKiI HABaHTAXKEHHS Bij
TPaAHCTIOPTY BiAOYBAIOTHCS HA JOPOTaxX Ta MPOMHCIOBHX MaiJaHYMKaX, B IOPTax Ta I i34ax 0 HHX.
3actocyBaHHSI 0ETOHOYKIQIATFHUX KOMIUIEKCIB OTpeOye 3HAUHMX (DiHAHCOBHX BKIIAJIEHbB. | €XHOIOTIA
OyAIBHHUIITBA IIEMEHTOOSCTOHHUX JIOPIT 13 3aCTOCYBaHHS OCTOHOYKJIaNaIbHUX KOMIUIEKCIB mependavae
MEPEeKPUTTS] PyXy Ha 3HAYHMK Yac A0 JOCSATHEHHS OETOHOM TMOKa3HUKIB MILIHOCTi, JOCTAaTHIX s
BIKPUTTS PyXy. AKTYalbHICTh poOIeMn 0OyMOBIIEHa 3pOCTAIOUUM O0CATOM BaHTAXHHX IMEPEBE3CHb
CLIIBCBKOTOCITOJIAPCHKOI MPOAYKINIT BiJi JTaHIB MO MICHEBUX OPOTax JIO €JIEBATOPIB Ta MOPTIB, POCTOM
IHTEHCHUBHOCTI PYXy, BUKOPHUCTAHHSIM CyYaCHHX BaHTa)KHMX aBTOMOOUIIB Ta MOCTIHHMM MOIIYKOM
3JICIICBIICHHS OYIIBHUIITBA IEMEHTOOCTOHHUX MOKPUTTIB. J{J1s1 BUpILICHHS MUTAHHS [IEMEHTOOCTOHHUX
JOpir HeoOXi/THa TEXHOJIOTiA, SIKa JO3BOJISIE OTPUMATH IIEMEHTOOCTOHHE MOKPHUTTS Ta BIAKPUTH PyX
TpaHcnopty Ha 1-3 100y, 10 3HAYHO MEPEBUILYE el MOKAa3HHUK I LEMEHTOOETOHHOTO TOKPHTTS 3
CYMIIIIi 3 OCaJKO KOHyca 1-3 cM (BIIKPUTTS pyXy MO IUISHIN depe3 7-14 mi0), CTiike A0 BEIUKHX
HaBaHTaXEeHb, aTMOC(EPHHUX KOJNMBaHb, Oe3ledyHe Ta ekoHoMiuHe. Lls 3amava morpebye yBakKHOTO
MiIXOAy I CKJIQJIOBUX IEMEHTOOCTOHY, CKJIaly IIEMEHTOOSTOHHOI CyMillli Ta MPaBHIILHOTO
3aCTOCYBaHHS IIApy 3 YKOUYBaHOTO LIEMEHTOOETOHY TpPH MPOEKTYBaHHI KOHCTPYKII ITOPOXKHBOTO
onsry. Tako TEXHONOTiEr0 MOXKe OyTH TEXHOJIOTISl YKOUYBaHOT'O Ha/PKOPCTKOTO IIEMEHTOOETOHY.

B VkpaiHi BifcyTHIH IOCBiJi BUKOPUCTAaHHA yYKOYYBaHOTO IIEMEHTOOETOHY, TOMY HEOOXiIHO
BUKOHATH KOHTEHT-aHaJi3 CBITOBOT'O JOCBIy JIOCIIIPKEHb TEXHOJIOTIH 1 MOXJIMBOCTEH BUKOPUCTAHHS
YKOUYBAHOT'O [IEMEHTOOCTOHY B Taly3sX MPOMHUCIOBOI'O Ta IIMBLILHOTO OYAIBHUIITBA, @ TAKOXK 3pOOUTH
MOCTaHOBKY 3aBJaHb aHAJIOTTYHOT'O 3aCTOCYBaHHS MaTepialiB i TEXHOJIOT1H B yMOBax YKpaiHu.

BuKkJiag 0CHOBHOTO MaTepiary

VY panasHCBKI Yacw IIeMEHTOOETOHHA CYMIlll, 10 YKJIaJaeThesi acdaabTOyKIaJalbHUKAMHA Ta
YKOUY€ETBbCA KOTKaMH, TodYajla MacoBO BHKOPUCTOBYBaTHCHh y 1984-1985 pokax juis ymamryBaHHS
OoCHOB ac(anbTOOETOHHMX JOpir. MakcuMalibHa Mapka LObOr0 OETOHY, L0 BHKOPHCTOBYETHCS,
nocsrae M150 (mexxa MIITHOCTI Ha CTHCK ¥ KF/CMZ). Y Toifi Xe uac Mapka 3a MIIIHICTIO
IIEMEHTOOETOHHOTO TIOKPUTTSA Cy4dacHHUX Jopir ckiamae M400 — M450. Ha ganmii gac mebeHeBo-
micyaHa CyMill, [0 YKpilJIeHa IIEMEHTOM, IIUPOKO BHUKOPHCTOBYETHCS Ul BIAIUTYBAaHHS OCHOB
JOPOXKHIX OJATIB 3 IEMEHTOOETOHY Ta acdanbrobeToHy. Takok MiCHUH OETOH 3aCTOCOBYETHCS LIS
BJIAIUTYBaHHA MICBKMX BYJWIb Ta JOPIr 3 MOAAIBIIMM HEPEKPUTTSIM achaapTobeToHOM abo
BUKOPHCTOBYEThCS OiTyMOMiHepanbpHa cyMim. Ilpu mpomy mapka 3a mirHicTIoO He nepeBuirye M150
[1]. TexHonoris micHOro O€TOHY, IO YKIQAA€ThCs ac(haabTOyKIAJAIEHUKOM, € PI3HOBUAOM
YKOUYBaHOT'O OETOHY, ajie TIJIbKH Y TOMY, 10 BAKOPUCTOBY€ETHCS Ti CaMi KOMIIOHEHTH Ta IPUTOTYBaHHS
BinOyBaeThCcsl y OeTOHO3MilTyBadi. SIK BEpxXHIM LIap IOPOXKHBOTO OAATY YKOUyBaHWH O€TOH Ha
TepuTopil YKpaiHu He BUKOPUCTOBYBABCS [2].

BukopucTaHHs yKOUYBaHOTO LIEMEHTOOETOHY [UIsl MOKPUTTS MalJaH4YMKIB Ta JOpIr Ma€ CBil
noyartok e y 1930-x pokax y lsewnii. ¥ CILIA ykouyBaHHH1IEMEHTOOETOH BIiepiie OyB 3aCTOCOBAHHMA
B aepomnopTy Sfkima, Bamumnrron nHa mouatky 1940-x. B aepomopry Oylio cHOpYAKEHO 3IiTHO-
MOCAZAKOBY CMYTY. AJie HalOiNbIIOro PO3BUTKY TEXHOJOTis yKOUYBaHOTO LIeMEHTOOeTOHY Halyia y
1970-x y Kanani [3], Ha momankax Ajsl COpPTYyBaHHS AEPEBHHM Ha Jico3aroTiBisiX. OCHOBHOIO
BUMOTI0I0 OYyJI0 IIBHJKE BIAIUTYBaHHS MOKPUTTS JJIsI IPOi3Ly JIiCOBO3iB Ta pOOOTH MEpeBaHTaKyBadiB.
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[Ipu npomy Oinm BiACYTHI BUMOTH A0 WIBiB Ta KoMmdopTHOCTI mpoizay (piBHocTi). ¥ 1980-x pokax
Imxenepunii kopryc apmii CLA mpoBiB MacmTabHI JOCHIKEHHS] YKOUYBaHOTOLIEMEHTOOETOHY Ha
MOPO3OCTIHKICTh T4 BUTPUBANICT Y PI3HUX NMPUPOAHUX yMoBax. [lepmmii BEMTUKUI MPOEKT — CTOSTHKA
JUIL BaXKKOI BilicbKOBOi OpoHeTexHiku OyB peamnizoBanuii B @opt Xya, Texac [4]. 3Bitm mo mmx
BUNPOOYBAaHHSAX JaJId «3€JIeHE CBITIO» JUII BHUKOPHCTaHHS LOTO IIEMEHTOOETOHY Y LHUBUIBHOMY
OyaiBHUOTBI. Y 1990-Ti poku MPOMHUCIIOBICTH MoYaja BUIIYCKaTH ac(albTOYKIAAAIbHUKH 3 BaKKOIO
BiOPOIIMTOI0 Ta KOTKH, LIO JO3BOJISIOTH YIIIJIBHEHHS JKOPCTKHX IEMEHTOOETOHHUX CyMilIeH.
3pocratoue HaBaHTKEHHS Ha TMOKPUTTS aBTOMOOLIBHMX JOPIr Ta MaiIaHYMKIB Jago MOLITOBX Y
MOIIYKY TOKPHUTTS, CTIMKOrO [0 HaBaHTaXEHb Ta Yy TOM K€ 4Yac EKOHOMIYHOro. YKOUyBaHUi
nementoberod RCC (Roller Compacted Concrete) cTaB BiAMOBIAIIO Ha 11€ TUTAHHS.

YV 1990-x y CIIA 6yno peanizopano nume 22 mpoektu (418063 M%) i3 3acTocyBaHHAM
yKodyBaHoro nemenrooderony [4]. ¥V mepmomy aecstupiaui XXI cropiuust (2000-2010 pokwu) ix Oyio
pxe 70 (7,4 man. %) [5]. Lle B OCHOBHOMY GymM NPOEKTH MPOMICIIOBI, BiiCHKOBI Ta IOPTOBI.
Ha mouaTtky npyroi mekagu ykodyBaHWN OETOH OTpUMaB HOBi cepH 3acTOCYBaHHS: BEJOJOPIKKH,
MICIIeBl JIOPOTH Ta MPOi3AW, KOMEpPLiHHI MapKOBKH, CEKTOp ra3o- Ta HaTOBHAOOyBaHHS. Takox
MPOJIOBXMWIOCh BHKOPHCTaHHS HOro Ha mpomuciioBux Maiganuynkax. 3 2011 mo 2016 Oyno Bxe
BJIAIITOBAHO 8,4 MJTH. M’ IOKPHTTIB 3 YKO4yBaHOTO emMenToberony B CIIIA [6].

[llimpHa  CTpPyKTypa YKOYYBaHOI II€MEHTOOETOHHOI CyMimIi JO3BOJHJIA  3MEHIIUTH
BUKOPHCTAaHHS B’SDKy4OTrO y CKJaai 0e3 BTpaTH MII[HOCHHUX Ta TEXHOJIOTIYHHX XapaKTEPUCTHK.
I'panndHi BUMOTH O BIIACTUBOCTEH CYMIIIi MTO3BOJISIIOTH BHKOPHCTOBYBAaTH MICIIEBI Marepiaiu Ta
BiZX0aM BUPOOHUIITB [7].

YkouyBanuii memeHTo0eTOH, BiAmoBigHO 10 TepmiHonorii ACI (AmepukaHchkuii [HCTHUTYT
Betony, CIIIA [8]) 1ie «6eTOH, 10 YKOUYETHCSI KOTKaMH; OETOH, 110 Y HEYIIIJIbHEHOMY CTaHi BUTPHMYE
Mg 9ac yKO4YyBaHHs, Bary KaTka». OcoONMBOCTI TEXHOJIOTI] BIAIUTYBAaHHS MOKPHUTITIB 3yKOUYBaHOTO
eMEHTOOETOHy 0a3yeThCsl HA TPaHUYHHMX IOHATTAX, IO BiJPI3HSAIOTBCS BiJ 3BHYAWHOTO
1eMeHTO0eToHY. J|OBroBiYHICTh Ta MIIHICTh YKOUYBaHOTO IIEMEHTOOETOHY CITUPAETHCS Ha OCOOIMBOCTI
no0opy ckiamgy, Mo NOTpeOye TUIBKM JOCTaTHBOI KUNBKOCTI YaCTHHU PO3YMHY ISl 3allOBHEHHS
HPOCTOPY MiXK KaM’siHUM 3aroBHIOBa4eM [9].

YKkouyBaHUIl LEMEHTOOETOH € pe3yJabTaTOM IIOIIYKY CIPOLICHHS ICHYIOUHMX TEXHOJOTiN
BIIAIITYBaHHS OETOHHUX IIOKPHUTTIB Ta JOPIr, TMONIYKYy METOAiB OymiBHHITBA 0€3 BUKOPHUCTAHHS
OITYMOBMICHMX MaTepiajiB, HaMaraHHSIM BHKOPHCTAaHHS MICIIEBUX MaTepialiB Ta BiJIXOJiB
BUPOOHUIITBA.

TexHomNOris MPUrOTYBaHHS CyMIIIIi JUIS YKOYYBaHOTO IIEMEHTOOETOHY JT03BOJISIE BUKOPHCTAHHS
3MimryBauell BENUKOI MPOAYKTUBHOCTI s 3abe3meueHHs poOoTH achanproykinafganbHukiB. Lle
J03BOJISIE 3aJaBaTH BENHKHH TEMIT YKJIQJaHHA IIEMEHTOOETOHHOI CyMilli, CKOpOYYyIYM dYac Ha
peaizalfiro MpoeKTy Ta BUTPATH Ha eKCIUTyaTallifo obOnamHaHHs. s 3aBjaHHS HEOOXIJHOTO TEMITY
pobotu acdanproykiananpHika Ha Benukux o00’ektax y CIIA pexkoMeHmyeTbCs BUKOPHUCTAHHS
3MillyBa4diB 3  MOPOAYKTUBHICTIO 250 ToHH/romuMHy. BiAmoBiAHO IIBHIAKICTH  BIAIITYBaHHS
[IEMEHTOOETOHHOTO TIOKPHUTTS BENHKA. Pa3oM i3 paHHIM HaOOpOM MIITHOCTI Ta 30UIBIIEHHSM BIKHOM
MOJKJIMBOCTI Hapi3aHHs MIBIB Ja€ 3MOTY MPHUIIBUANIMTU BIJAKPUTTS PyXy TPAHCIOPTY IO TOKPUTTIO
(Pucynox 1).
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t d M kz dzts TlopiBHsiHHEA y dYaci MOXJIMBOCTI CHPHUHSTTS HABAHTAKEHHS MOKPUTTSAM 3
YKOYyBaHOTO Ta 3BHYAWHOTO 1eMeHTo0eToHy [10]

TpaHcriopTyBaHHS, VYKJIAJAaHHS Ta YIIIJIbHEHHS YKOYYBaHOi IIEMEHTOOETOHHOI CyMimn
BiOYBa€THCSI PO3MOBCIOIKCHOI0 TEXHIKOIO: aBTOCAMOCKHIAMH, ac(albTOyKJIaAaIbHUKaMU, KOTKAMU.
MO)KJ'II/IBiCTI) TPpaHCIIOPTYBAaTU BCJIIMKMMHU aBTOCAMOCKHIAMH JoIlloMarae Hi,ZITpI/IM}/BaTI/I TEMII
ykianannsa. CyyacHi acaabTOyKIaJaIbHUKH JIOTIOMaratoTh gocsarta 90 — 98 % yuiinbHEeHHs, HaJlaTH
HEOOXiIHMH YXWJI Ta YHHKHYTH cerperaiii nemeHToO0eToHHOi cymimn (PucyHok 2). YiminbHeHHsS
KOTKaMHM Pi3HOTO THITy Ta MacH HaJal0Th MOBEPXHI HEOOXiAHOI INIAAKOCTI Ta JOYLIIEHIOIOTh BEPXHIH
mrap.

t d iz dzts-CBrnamryBaHHS MOKPUTTS 3 YKOYYBaHOTO HA/DKOPCTKOTO LIEMEHTOOCTOHY 3
(bopMyBaHHSIM KPOMKH

36ipHuk Haykosux npayb «JOPOI'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 141



BYAIBHULTBO TA HMBIJIbHA IHXXEHEPIA

3HIDKEHUI BMICT IEMEHTY B YKOIYBaHOMY IIEeMEHTOOETOHI 1a€ 3MOTY 301JIBIIIATH BiJICTAHb MIXK
nedopmariiianvu mBamu. [11] Komm He moTpiOHEe HOCSATHEHHS PIBHOCTI Ta BUCOKOTO KOM(DOPTY
Mpoi3ay BETMKOBArOBOTO Ta TEXHOJIOTTYHOTO TPAHCIIOPTY MPH YKIIaJaHHI YKOUYBaHOT'O IEMEHTOOETOHY
LIBH HE BIAIITOBYIOTHCS.

ITokpuTTS 3 yKOYYBaHOTO IIEMEHTOOETOHY BIAIITOBYIOTH HaidacTimie TOBIIMHOIO 10 20 cM
B oguH mmap. Ilpm HeoOXimHOCTI BiAIITYBAaHHA TOKPHUTTS OiNbIIOT TOBIUMHH  YKIIaJaHHS
BinOyBaeThcst y 2 mapu. HamiBcyxa KOHCHUCTEHLIS LEMEHTOOETOHHOI CyMillli IO3BOJISIE YKIIaJaHHS
MTOCITIZIOBHO JTBOX IIApiB.

Tunm KiHnEeBoi OOPOOKM TOKPUTTS YKOYYBAaHOTO IIEMEHTOOETOHY 3ajekaTh BiJf BHUMOT
KOM(OPTHOCTI MpOi3ay, MBHUIKOCTI PyXy, HasBHOI TeXHIKM Ta TUIy 00’ekta. Cy4acHi MiAXOAu IO
CKJIaay CyMImIi Ta cydacHe OONaJAHAHHSA TO3BOJSE OTPHUMATH SAKICHE IOKPHUTTS 0€3 0JaTKOBOI
00poOku. Iy HagaHHS PIBHOCTI yKJIaJeHOMY TOKPUTTIO MPOBOAATHCSA MOMATKOBI omepartii. leprmwmii
BapiaHT 1e (pe3epyBaHHS OCTOHHOI MOBEPXHi: BUPIBHIOE MPO(MiIb YKIAJCHOTO MOKPUTTS Ta Halae
HeoOXigHo1 mopcTkocTi. Jpyruii BapiaHT L€ YKIaJaHHS JOAaTKOBOTO OITYMOBMICTHOTO HIApy: Halae
PIBHOCTI TOKPUTTIO, MPAIOE SIK IIap 3HOCY. Tperiit BapiaHT e 0OpoOKa 3aTHPaTFHOK MAIIWHOK Ta
HaJlaHH$ MOPCTKOCTI CrieliaibHuMu miitkamu (PucyHok 3).

t dHdzt8 £ O6pobka MOKPHUTTS 3 yKOUYBAHOTO LIEMEHTOOCTOHY 3aTHPATILHOK MAITHHOK)

OCHOBHMMU TiepeBaraMu I1i€i TEXHOJOTIl € BapTiCTh YJIAIITYBaHHS, MIBUIKICTh 3aIyCKy PyXy
TPAaHCHOPTY, 3aCTOCYBaHHS MICIIEBUX MaTepialiB Ta HasABHOTO OOJaJHAaHHS JUIS YKIaJaHHS Ta
yitiibHeHHs.. OCHOBHMM HEJOJNIKOM € PIBHICTh YKJIQJEHOI'O IOKPUTTS, ajieé CBITOBMH OCBiJ HOro
BUKOPHUCTaHHS JI03BOJISIE 3a3/IAJIETiAb TepeI0aunTH YCYHEHHSI IIbOTO HEIOIIKY.

B pe3ynabTaTi MU OTPUMY€EMO IEMEHTOOCTOHHE OKPUTTS O€3 apMyBaHHSI, 110 BUTPUMYE BEITUKI
HaBaHTAXXEHHS Ta CTiHKe 10 aTMOC(EPHOro BILIMBY, a TAKOX BIAKPUTE O eKCIUTyaTalii 3a KilbKa JAHIB.

QaxiBusMu kadenpu «byniBHMITBa Ta eKcIUTyaTalii aBTOMOOUIBHHX IOpir» XapKiBChKOTO
HaI[IOHAJILHOI'O aBTOMOOLIBHO-OPOKHBOT0 YHiBepcuTeTy Ta «bymiBenbHol kommanii «DopTtic I'pym»
OyB pO3pOoOJICHHH HOPMAaTUBHUN TOKyMeHT — Texuiuni ymoBu. CyMmimn HEMEHTOOCTOHHI 1
LIEMEHTOOETOH HAJHKOPCTKI ykouyBaHi [12].

ABTOopamMu OyJio MpoBeneHO JadOpaTOpHI JIOCIIPKEHHS MICIEBUX MartepiaiiB (I[EMEHTY,
me0eHro, mcky). 3pobieHuii 1001p CKIaay YKOYyBaHOTO LIEMEHTOOCTOHY Ta 3a)OpMOBaHi 3pa3Ku is
BUNPOOYBAHHS HAa XapaKTEPUCTUKH MIITHOCTI YKOUYyBaHOTO IEMEHTOOETOHY.
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OcHOBHMMHU 00’€KTaMH, i€ 3aCTOCOBYETHCS YKOUYBaHMH LEMEHTOOETOH, € aBTOMOOLUIBHI
JOPOTH, JIOTICTUYHI MEHTPH, MOPTH, MATaHINKHU IJIs1 CTOSHKM BEJIMKOBArOBOTO TPAHCIOPTY, Mia i3Hi
Ta BHYTPIMIHI TIOPOTH MPOMHUCIOBUX MiAIPUEMCTB, 3’1311 Ta PO3ILUTIOBAIbHI CMYTH aBTOMAaricTpaieH,
KOMIUTEKCH 3aroTiBJli Ta CKJIayBaHH Ta iHIIIE.

BucHoBku

1. Amnami3 iCHYIOYOTO JOCBily BHKOPHCTaHHS YKOUyBaHOTOLIEMEHTOOETOHY [IOBiB HOTO
€KOHOMIYHY e(eKTHUBHICTh NPH BIAMITYBaHHI JOPIr Ta MaWIaHYMKIB A PyXy BEIUKOBAaroBOTO
TPaHCIIOPTY.

2. OCHOBHMMH IIepeBaraMH BHUKOPHCTAHHS YKOYYyBAaHOTO IIEMEHTOOETOHY € 3MEHIICHHUH
BMICT LIEMEHTY, BiICYyTHICTb apMyBaHH:, MOXJIMBICTh 3aCTOCYBAaHHSI MICIIEBUX MaTepialiB, IBUIKICTH
BJIAIITYBaHHS MOKPUTTS, IIBUAKICTh BBEICHHS B €KCILTyaTallilo, CTIHKICTb JJO BEIMKUX HABAaHTA)KECHb Ta
aTMOC(EpHOTO BILIUBY.

3. 3pobmenuit molip CKIaay YKOYYBAHOTO IEMEHTOOETOHY Ta BHTOTOBIICHI 3pa3Kd s
BHIIPOOYBaHHS Ha MIIlHICTHCKIIAIAl0Th IEPEIYMOBH 3aCTOCYBaHHS JaHO1 TEXHOJOTI] B YKpaiHi

4. Pospobieni TV VY 42.1-40708558/02071168-001:2019 «Cymimi 1meMeHTOOCTOHHI i
LEMEHTOOETOH HaPKOPCTKI YKOUYBaH1» Jar0Th MOXKJIMBICTh 3aCTOCYBAHHS L€l TEXHONOTIi B YKpaiHi, a
TaKOXX JOCJIJUTH TEXHIYHI MOKAa3HUKU MOKPHUTTS, BJIAIITOBAHOTO 3a 3a3HAYCHOIO TEXHOJIOTIEIO, IO B
MONAJBIIOMY JO3BOJHTH PO3POOMTH B YKpaiHi Tamy3eBi HOPMH 3aCTOCYBaHHS CyMiIIeH
[IEMEHTOOETOHHUX 1 IIEeMEHTOOETOHY HaPKOPCTKOTO YKOUYBAaHOTO.
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ROLLED EXTRA HARD CEMENT CONCRETE APPLICATION FOR ROAD
CONSTRUCTION

Abstract

Introduction. It was established that the increase of the bitumen cost and the load on the
pavement design prompts the use of cement concrete for road pavement. Analysis of construction,
reconstruction and overhaul projects of public roads has showed that the number of projects using both
the cement concrete pavement and pavement designs using cement concrete layers is increased.

Problem statement. The search for technological and economic solutions for arrangement of
road pavement layers requires to study the experience of using the non-traditional technologies for
Ukraine, in this case — rolled extra hard cement concrete. Each non-traditional and «new» technology
for Ukraine needs for further studied during application in the local conditionals. It is also a study of the
impact on the durability of equipment and mechanisms for pavement arrangement, study of local
materials, study of operational conditions, etc.
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Purpose. The purpose of the article is content analysis of world experiences of the research of
technologies and possibilities for using the rolled cement concrete in industrial and civil construction, as
well as the task statement for the application of the same materials and technologies in Ukraine.

Materials and methods. Provided domestic and foreign Analysis of publications related to
experience of using the rolled cement concrete in industrial and civil construction.

Results. It is established that cement concrete roads are able to take the loads from heavy good
vehicles without rutting and destruction. The analysis showed that the technology of rolled extra hard
cement concrete allows carrying out the arrangement of cement concrete pavement with high
operational performance using the asphalt pavers and rollers and the possibility to carry out the
movement on the cement concrete pavement after 1-3 days. Thus, in cases of the need for the rapid
commissioning of a road or a parking, the technology of rolled extra hard cement concrete is most
effective. The analysis allows forming the new tasks of research of the technology of rolled extra hard
cement concrete for road construction, namely, the study of the properties of rolled cement concrete in
the Ukrainian highway structures and the establishment of the economic effect of the use of local
Ukrainian materials.

Conclusions. Review of the research and experience of using the rolled cement concrete has
confirmed the efficiency and prospects of using this technology in Ukraine.

Key words: rolled extra hard cement concrete, cement concrete pavement, high good vegicle,
cement concrete pavement layers, RCC, Roller Compacted Concrete.
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CXEMA JOCJIIUKEHHS ITO3J0BKHIX KOJINBAHb CTPU)KHSA
KYCKOBO-CTAJIOI'O IIEPEPI3Y

O dztslsOy "' w

Beryn. IlpoektyBanHs OymiBeNbHHX KOHCTPYKIIIH MOCTIB TOB’S3aHE 13 MaTeMaTHYHUM
MOJICTIOBAHHSIM KOJIMBAJIBHUX TPOIIECIB, 10 BHHUKAIOTh B TaKMX KOHCTPYKINisAX. Taki MaTeMaTW4Hi
MOJIEJIi OMHUCYIOTHCS TU(EPEHIIATbHUMH PIBHSIHHAMH TiepOOIiYHOTO THUIY. MeToau po3B’s3aHHs
TaKWX 33724 MOAUIAIOTH Ha MpsaMi Ta HabmmkeHi. OCHOBOIO MPSIMUX METOIB € METOJ| BiTOKpEMIICHHS
3MIHHHX, MeTo GYyHKIIii [ piHa, METO/ iIHTETpATbHUX MTEPETBOPEHb.

[MocranoBka npobnemu. [IpobieMoro B Takux 3amadax € mpobjemMa MHOXKCHHS y3aralbHEHUX
¢ysKIii. B 3anponoHoBaHiif cxeMi Taka mpobiiemMa 3 y3aralbHEHUMH (PYHKIISIMA YCYBa€ThCS MUIIXOM
3BeleHHST TUQEPEHIIIabHOTO PIBHSAHHS 10 CUCTeMH Mu(EpeHIialbHUX DPIBHSAHb Ta BUKOPUCTAHHS
MaTPUYHOTO YHCIICHHS.

Merta po6otu. OpepkaHHs aHATITHYHOTO BUTJISAY PO3B’S3KY 3afadi MO3OBXKHIX KOJWBaHb
CTPHXKHS, IO CKIAJAETHCS 3 YOTUPHOX KYCKIB KyCKOBO-CTAJIOTO Iepepi3y.

Meronu BUpiIeHHd. 3alpONOHOBAaHWA METO]| BHPIIICHHA 3a7adi HAEXWTh 0 TPSIMHUX
METOJIB, SIKi JO3BOJSIOTH OTPHUMATH aHATITHYHHHA BUTJISA PO3B’SI3Ky. B OCHOBY MeTOmy BHpilIEHHS
IIOCTABJIEHOT 3aJayl NOKJIAaJeHO KOHIEIII KBa3iMOXIAHMX, METOJ 3BEACHHS BHMXIAHOI 3ajayl 10
PO3B’sI3yBaHHS JIBOX NPOCTIIIHMX, aje B3a€MO3B’S3aHHMX 3a/ad, CyYacHY TEOPII0 CHUCTEM JIHIHHUX
nrdepeHIlialbHUX PiBHSHB, KiacuyHuid Meton Dyp’e Ta MoanM(iKOBaHMH METOJ| BIACHUX (QYHKILiH.
[lepeBaroro MeTOAy € MOXKIUBICTD PO3TJSIHYTH 3a7ady Ha KOKHOMY BiJ[pi3Ky po30OWTTA, a TOTIM 3a
JOTIOMOTOI0 MaTPHYHOTO YMCIICHHS 3alMCaTH aHAJITUYHUNA BUpa3 po3B’si3Ky. Takuil miaxin mo3Bossie
3aCTOCOBYBATH MPOTpaMHi 3ac00H 10 TIpoIiecy BUPILIEHHS 3a/1a4i Ta rpadivHoi imocTpaliii po3s’s3Ky.

Pesynbratu po6otu. OCHOBHUM PE3yJIbTATOM POOOTH € aHAJIITUYHUN BUIJISI PO3B’SI3KY 3a/1adi
MO3/IOBXKHIX KOJIMBaHb CTPYDKHS IO CKJIANAEThCS 3 YOTUPHOX KYCKIB KYCKOBO-CTAJOrO IIE€pepizy
IWTHIAPUIHOI (GOopMH Ta OTpUMaHHS HEOOXiTHOI KUTBKOCTI BIIACHUX 3HA4YeHb Ta BIACHUX (PYHKIIN 3a
JIOTIOMOTO0 TIPOrPaMHOT0 MaTeMaTtu4Horo nakery Maple.

BucHoBku. OTpuMaHi pe3yibTaTH MOXKYTh OyTH BHKOPHCTaHI B HPOEKTYBaHHS OyIiBEIbHUX
KOHCTPYKI[ilf MOCTIB Ta OTIOP.

S dz¢¥ ytso ' xehpipzihepd@ilianpHe piBHAHHA, KpaiioBa 3amaya, matpuis Ko, GyHKIis
Hipaka, 3ajaua Ha BjiacHi 3HaueHHs, MeTo Dyp’e Ta MeTO BIaCHUX (YHKIIIH.

Beryn

B mpoekryBaHHI OyaiBelIbHUX KOHCTPYKIIH MOCTIB OOOB’SI3KOBUM € BpaxyBaHHS KOJIUBHHX
MpOIIeciB, 0 BUHUKAIOTh B X ormopax. MareMaTu4He MOJICTIOBaHHS KOJIMBHUX TIPOIIECIB TIOB’sI3aHe 13
PO3B’s3yBaHHAM IU(epeHiaIbHUX PIBHSIHD TiepOOIIYHOTO THITY.

MeTtoau po3B’si3yBaHHs HECTALIOHAPHUX KPalOBHX 3aJad MOXKHA MOJAIIUTH Ha MPSMi, OCHOBY
AKUX CTaHOBHMTH METOJ BiJOKPEMIIEHHsS 3MiHHUX, MeTon mkepen (meron ¢yHkuii Ipina), meron
IHTEerpajbHUX NEPETBOPEHB, HAOIIKEHI Ta YUCIIOBI METOIH.
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3amporoHoBaHa y Mii poOOTI CXeMa HAJEeKHUTh 10 MPSMUX METOJIB PO3B’SI3yBaHHS KpalOBUX
3amad. B ocHOBy pearmizarii 1i€i cxemMn MOKIJIAZIeHO KOHIEMIIiI0 KBa3imoximHux [1], MeTon 3BeAeHHA
BUXIJTHOI 3a/a4i 10 pO3B’sI3yBaHHS JBOX IMPOCTIIIHNX, ajieé B3a€MOIIOB’3aHUX 3a]ad, Cy4acHy TEOpilo
cUCTeM JiHIMHUX nudepeHiadbHUX PiBHAHB, KiIacuyHuii Metox Pyp’e Ta MOAU(IKOBaHUH METOX
BIIACHUX (DYHKIIIi.

VY poOoti [2] po3rissHYTO 3arajbHy CXeMy IOCTIIKCHHS TO3J0BXHIX KOJHBaHb CTPHIKHIB
KyCKOBO-CcTasioro mepepizy. Otpumano sBHi ¢(opmynan s OOYMCIEHHS PpO3B’SI3KY Ta HOTO
KBa3iMOXiAHOI TaKol 3a7adi i OyIb-sIKOTO MiAIHTEPBATy OCHOBHOTO TIPOMDXKKY, SIKi € CIIpaBeJIMBIMH
JUTS TOBUTRHOI CKIHYEHHOI KiJTBKOCTI TOYOK PO3PUBY MEPIIOTO poay Y GYHKIISIX — KoedillieHTax 3aadi.

Y pobGoti [3] posrnsmaeTbes rinepOosidyHe pIBHSAHHA 3 KYCKOBO-HENEPEPBHUMH 32
MIPOCTOPOBOIO 3MIHHOIO Koe(illieHTaMH Ta TPaBUMH YaCTHHAMH 3 HaWOIIBII 3aralbHUMU JIOKATHHUMHI
KpalloBIMH yMOBaMHU. BUIiIeHO BHUTIAJOK KYCKOBO-CTANMX KOe(IIi€HTIB Ta MPaBUX YaCTHH, KOJIH
PO3B’sI3KH BUXITHOT 33/1a4i MOXKYTh OyTH OTPUMAaHO B 3aMKHEHi# (opmi.

B miii po0OoTi IOCHIKYIOThCS MO30BXKHI KOJHBAHHS CTPWKHS 3 YOTHPHOX KYCKIiB KYCKOBO-
CTaoro rmepepizy. 3a OMOMOTOI0 METOAY PEIyKIii JOCTI[PKCHHS 3BOMUTHCS 0 3HAXOMKCHHS
PO3B’sI3KY IBOX 3a/1a4: CTallioHapHOI HEOIHOPIIHOI KPalioBOi 3a1a4i 3 BUX1THUMU KPaiOBUMH YMOBaMHU
Ta MIIIaHo1 3a/1a4i 3 HyIbOBUMHU KPallOBUMH YMOBaMH ISl IEBHOTO HEOJHOPITHOTO PiBHSIHHS.

OcHoBHi Mo3HAYeHHS, (POPMYTIOBAHHS 32/1a4i Ta TONOMiKHI TBepIKeHHA
Hexaii L — Bigkpuruii intepBan nmikicmoi oci R, @[ O 0— Bigpisok miiicHoi oci;
W W O ® O —j0BiUIbHE Po30UTTS Biapizka [  ailicHoi oci OX Ha ABi YaCTHHU.
BBenemMo 0CHOBHI ITO3HAYEHHS:

. R} N Al i ~ e
—— XapakTepucTUyHa QyHKIls mpoMikky W  htodro — W %N zg E"Q Tio3
Hexaiit "ORQ 1ofOR’ — craumi. IToknagemo
Ow "00—-8
Po3risiHeMO piBHSHHS TIO30BKHIX KOJIMBAHb CTPUIKHS
-00w — — 0w 3— hov oNw hov m) Hh (1)
3 KpailoBUMHM YMOBaMU
8u(xo, 1) =y o(t),
P00 g [0+ @
i U, ) =y (),
Ta NIOYaTKOBMMHU YMOBaMU
gu0)=/ (0,
Xl [0 X4l , 3)

}%(X,O) =/ 1(%),

ne r ohf 0N6 mh Hbhe ®P & —kyckoBo-HemepepeHiHa W NW 8
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Meroa peaykiii BimmrykaHHs po3B’s3Ky 3aj1adi JCTAIbHO ONKCAHUWM, Hampukiang, B [4, 5].
3rijfiHoO 3 UM METOIOM, PO3B’s130K 3a1ad4i (1) — (3) nrykaemo y BUTIISIII CyMH 1BOX (DYHKITi#

u(xty=w(x ) +x 9. 4)
Onny 3 Gynkuiit, nanpukmag W(X, ), ckoHCTpyr0eMO chemiatbHUM croco6oM, ToAi (QYHKILiIO

V(X, t) Bu3sHauMMo, BUKOpHCTaBIIK MoOynoBany pyHkiiro W(X, t).
TodynoBa gynxuii W(X, t)

Busnaunmo ¢ynxuito W(X, ) sk po3s’a3ok kpaitosoi 3anaui
(FOI Qi) 18, ©)
eW(>‘0 0=Yo(®. 0: + b ©)
[ WOk, ) =y1(0),

3ayBaskuMo, o 3MiHHA { TyT BBaXKaeThcs mapamMeTpoM.
B ocHOBI MeToy po3B’si3yBanHs 3a1a4i (5), (6)71eKUTh KOHIIETIIIIS KBA3iMOXiIHMX, BUKJIAJCHA B

[6].

Busnaunmo kBazinoxigHy GyHKIii W( X, t) , K 100yTOK QyHKuii F (X) Ta DOX1AHOI IO 3MIiHHII
1] o o2
X @ynkuii W(X, t), TobTo wl =F Wi. Beexemo BekTop W:%\F‘] . 3a TakMxX IO3HAYeHb

KBazigudepeHiaapHe piBHAHHS (5) 3BOIUTHCS 0 €KBIBAJCHTHOI CHCTEMH JAM(EPEHITIATbHUX PiBHAHb
MIEPILIOTO MOPSIKY

_ 1
Wxi=%" F(x (7)
0

-|-oog:1: ot

BB 9@”

I[Tin po3s’sizkoM cuctemu (7) po3yMieMo aOCOJHOTHO-HENEPEPBHY BEKTOP-(DYHKIIIFO V_V(X, 1),

1110 32 3MIHHOIO X CHpaBIpKYe Ti Maibke ckpi3b (auB. [6]).
Kpaiiosi ymoBu (6) 3amuiieMo y BeKTOpHiii popmi

P&V, 0 @ WO% ) (3, ®)
al o a0 0 —, .\ dolt)
e P= , Q =
B0 %@ o WFe B
Hexait W (X, t) Ta V\,{l](x, t) BusHaueHi Ha mpoMikKy [X; X 41), | =0, 3. Tloknagemo
3
wx)=a w(xq . ©)
i=0
Ha npomixkkax [%; %41) , | 0, 3 cuctema (7) BimnoBinHO HaOyBae BUTIISLY
o a. 1 6
aw 6 % = 2w
) 8=§ Y X (1)
¢ ox 8% o 9%¢
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Marpuni Komi B (% 9, I =0,3 Takux cucTEM BiANOBIIHO MATUMYTh BUIJIA

_al b(xs) 2l x-S
&(x,S)—g% 1 ,ueh(x,S)—nI;dZ == (11)

g1 i

ITo3nayumo
def

B, %) = B(% %),
def
B(X, %) = Bi(% %) &% %,
def
BOg. %) = B0 %) B(% ¥ B X %,
def
B %) = B %) B% %9 Bx ) BOf % (12)
Crpykrypa (11) marpuus B (X, 9), 1 =0,3 nae MoknMBiCTH BCTAHOBHTH CTPYKTYPY MATPHIIb
(12)
X - X0
Fo
1

X-X_ X%
Fo F

B(%, X) = . B(x, %)=

BB {E
B B

il XX, XX X8 %
B %)= Fo Fy Fo
&

1
- X, XX 80 XM
Fo F F> F3
1

B(x, %) =

B

def —
npuaomy B(%, %) = 1,1=0,3,

e | — ogMHWYHA MATPUIIS.
Po3B’s3ku cuctem (10) Ha nmpomikkax [Xi X +1) BIAIIOBIAHO MArOTh BUTJIISA

Wi(x 9= B(x x) @, (13)
ne Pi, i =0,3 - noku mo HesizoMi Bekropw [1].
B Toukax X = X NOBMHHI BUKOHYBATHUCh YMOBH CHPSDKECHHSA, a caMe V_Vi (){, t) = w-l( X D

(muB. [7]), B pe3ysibTaTi 4Oro OJAEPKUMO PEKYPEHTHE CITiBBiTHOILICHHS E’i =B.1(%, X 2 E? 1. Toni,
BuKopucToBytoun (12), ogepxyemo
Pi=B(x,%) ®,i=

ne Po — nouarkoBuii (HeBimomuii) BEKTOD.

3 (14)

— _ def _
Jlst 3naxomkenHs Po Bukopucraemo kpaiiosi ymosu (8), B sikux nokiaagemo W(>g, ) = Ro.
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Bukopucrosytoun (13) ta (12), Bu3Hagaemo

O whh o o 6 whh O 6 oo 6 o 0

i T 6ol s
p
ITizcTaBUMO BH3HAYCHI TAKMM YHHOM V_\/( X, D) Ta V_V(X4, t) B xpaiioBi ymoBu (8) B pe3ynbTari 4oro

BoHu HaGynyTh BursAy [P+ Q € X, )@)]_Fb =, 3Biaku OJIEPIKYEMO

Po =[P +Q By, %) * (15)
BuxonaBmm i Hax MaTPUIIMU, BU3HAYAEMO, IO
) L s XmatXm g
P+Q &x ot =——— 28 F, - (16)
a Xm+1~ Xm e -1 1
F ¢
m=0 m
[TincraBumo (16) y (15) Ta (14)
a3
Xm+1 Xm

_ t

Po=— L1 @ LMy, () 17
> - X
a Xm;m & yo(t) ()
m=0 m

as Xm+1~ Xm -1 Xm+ “Xm 1 Xmu Xm

5 = 1 ﬁ F—J/o(t) aF— ») + ai ()
=73 =0 m m® m m G Fm
a Xm+1~ Xm e t) +
= c -Yo(t) ()
m=0 m
=1,3. (18)

Ha ocuoBi ¢opmyn (13), (18) micnst mepeTBOpeHb OTPUMAEMO BEKTOp - (YHKIIi V_Vi(X, 1),

, 3 Ha IPOMDXKKaX [X; % 4+1) , BiAIOBinHO:
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&, X-X @ 2 Xmt1 = Xm 0
— 1 Polt) 0
Wo(x t)= 3 N ﬁ- ﬁo 0
q ™ : z o) w0 O
m=0 m
a2 K+l = Xm X
1 gl = G (t) +—( W(t) )
) Xm+1~ X 2“_0 "
a Fimg -Yo(t) +J/1(t)
m=0 m
WI (X, t) —; 3
Xmt1~ Xm
a _nrL @ I
m=0 Fm
as - X -1 Xmt ~Xm X X
o Ty . ey o e Knyg Ly )
=0 m m® m m & m )
& -¥o(t) ()
=13, (19)
I[Mepuri KOOpAMHATH BEKTOPIB Wi(x 1), i=0,3 s (19) e wykanumn ¢yHkuismu W (X, t)

BiznoBizxxo. [TixcraBisroun ix y (9), oTpuMyeMo po3B 130K Ha BCbOMY MPOMDKKY [ Xg; Xg] -
ModynoBa dynxuii V(X t)

3anumemo Mimany 3agauy aas ¢yskuii V(X, t). Iigcrasnsioun (4) B (1) Ta BpaxoByouu, IO

GbyHKIS W( X, t) 3anoBosbHSE (5), 01ePXKYEMO HEOTHOPIHE piBHHHHH

—aé:( )Ta Q—E t‘—x)# —:F(x)o? xi (%; %), ti (0; + . (20)

[MincraBuMO (4) B TI0YaTKOBi yMOBH (3). Oz[epn(HMo nns gynkuii V(X, t) nouarkosi ymoBu
£V(x0)= R (),

i I [%; X, 21
0= Reo, 0 “

def def LW
re Fo(¥) =/0(¥) Wx0), Fi(x) =/1(X) E(X’O)'
Ockinbku Qpynkuis W(X, t) cnpasaxye kpaitosi ymosu (6), To i3 (4) BUIIIMBaIOTH KpaioBi yMOBH
ans pynxii V(X, t)
&v(x, 1) =0,

o0, 1O @
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Otxe, 32 yMOBH, 110 po3B’s130k W(X, t) 3anaui (5), (6) € Bimomum, Gynkuis V(X t) e po3s’s3kom
Mirtranoi 3amadgi (20) — (22).
Metoa ®@yp’e Ta 3aa4a HA BJACHI 3HAYEHHS

Jnst piBasinas (20) po3riisiHEMO BiANIOBIJHE OHOPITHE PIBHSIHHS
2 o
Lorx s HreH (23)
E H= MXG M
3 KpaiioBuMu ymoBamu (22).
Horo HeTpuBianbHi po3B’I3KH MIYKAEMO Y BUTIISIL
v(x t)=sinit +9 XJX), (24)
ae W — mapamerp,
€ _ KOHCTaHTAa,
X(X) — nesinoma dyHkis.
[TincraBumo (24) B piBasHHs (23). OnepsxuMo KBasigudepeHiianbHe piBHIHHS

(FOOXi(X)i+a?F(Y X(3 D, (25)
2 1
Je a = =
[TincraBumo (24) B ymoBu (22). Onep>xuMo KpaiioBi yMOBH
X =0,
£ o) = (26)
i X(x4) =0.

[lig poss’sskom piBHsHHS (25) posymiemo aGComoTHO-HenepepBHy Ha [Xg; X4l dyHKIi0

X (X), mo crpaskye iforo mMaiixe ckpisb [6].

Bai noxiamy X1 = Fx X =aX A—gIe 0 %
BIBIIIK KBa3iMmoXiaHy = i, BEKTOP —%([1] Ta Matpumo A= o ,
G Ea’F 0
3anmieMo 3aaady (25) — (26) y MaTpiuaHOMY BUTJISIIT
Xi=A®&, (27)
PX(%)+QX(%) 9. (28)

BesnocepeiHbpor0 MEPEBIPKOIO MEPEKOHYEMOCH, 110 Matpuii Komi 6 ohih  cucremu (27)
BIZIMIOBIIHO HA MPOMDXKKaX [X; % 11) MatoTh BUIIISL

Ay | OEI® |
Gii e R
Q OkTe | AllGo |

dynmpaMeHTanbHa MaTpuis (aHamor marpumi Komr Ha BCbOMY MPOMIKKY) cuctemu (27) mae
CTPYKTYpY

6 oo h 6 ahoh B whdh 3-h C W
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Jie, aHAJIOT14HO, 5K 1 B popmyuti (12),
6 whoh 6 ho h h h'Q mnos

[T03HAYMMO TaKOXK 3
v W W
0 wwh > 1 5 !
w w ]
Herpupiansauii po3s’asok X (X, W) cuctemu (27) mykaeMo y BN, 0 G 6 ofoh  Bh
=_aG N y
ne C= & - JesKHUil HEHyIbOBHUIA BEKTOP.
c-2

Bekrop-hyHKILis Y(X, W) Mae 3aJ10BOJILHATH KpaioBi ymosH (28), To6TO

0 whoh 0B whoh D m

BpaxyBasim, mo O o foo h "@npuiizemo 10 piBHOCTI
0 03 whoh B 18 (31)
Jlnist icnyBanHs HeHyb0Boro Bekropa C B (31) HEOOXiqHO i IOCUTH BUKOHAHHS YMOBU
AAD 0B whoh 8 (32)

KoHkpeTu3yeMo BHIJISII J1iBOI YaCTHHM XapaKTEPUCTHYHOTO piBHsAHHA (32), BpaxyBaBIIH
Bursa Matpuis P, Q ta (30)

AAD 0B wfoh AAG T
T TT

18
€11

T T ] ]
0]

p T 1 1

" A P >

AAC&)1 w1 8

CdopmyinroeMo HAaCTyIHE TBEPIKECHHSI.

Teepmxennst 1. Xapaxmepucmuune pisnusnns 3aoaui na énacnui snauenns (25), (26) mae euensno

byo(w) =0. (33)

Sk Bigomo (muB. [8]), kopeHi W{ XapaktepucTH4yHOro piBHAHHA (33), fKi € BIaCHUMH
3HaueHHAMH 3a1a4i (25), (26), € momaTHUMHU Ta PiI3HUMH.

151 3HaXOMKEHHS HEHYJIBOBOTO BEKTOpA 6 mijicTaBuMo B piBHICTH (31) W 3amicte W. Toxi

MIPHUIAJIEMO JI0 BEKTOPHOI PiBHOCTI

a 1 0 g&gl QéO

Fuuu) b ) & 2B
sKa €KBIBaJICHTHA CHCTEMI PiBHIHD

6C,=0,

i . "

()@ B ) C 0.

Ockinbku Bukonyetbest (33), 10 C;=0,a0 V'Y, T h anpukaz, C, =1, to6t0 C=

M)

B
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Hexait Xk(X W) — HeTpuBialbHMI BIaCHHUII BEKTOp, IIO BIiAIOBIZa€ BIACHOMY 3HAYCHHIO

1 hCnpasennuBuM € TBEpIKEHHS.

Teepmkennst 2. Bracui eexmopu cucmemu ougepenyianvhux piensuns (27) 3 kpaiiosumu
ymosamu (28) marome cmpykmypy

® o 6 ofoh  BA O
Hacuinox. Bracui gynxyii Xy (X, W), aK nepuwi Koopounamu é1acHux 6eKmopie ?k(x, W),
MODICHA 3anucamu y 6201
® ah p M dwh DBhQ phgholBs (35)

30kpeMa, OCKIJIbKU

3
Xe(x ) =a Xei(x W) Q. (36)
i=0
10 3 (29) Ta (35) BUILIHBAE, 1O
® o p m B clwh B ohwh BA'Q o8 (37)

TodynoBa po3p’sizky V(X t) mimanoi 3amaui (20) — (22)

s pose’sizanns 3amaqi (20) — (22) 3acrocyemo meton BiacHux (yHKIiH [5], Akuil mossrae B
TOMY, 110 po3B’s130k 3a1a4i (20) — (22) urykaemo y BUIIISI

o]
v =a () S(xmp), (38)
k=1
ne Ty (1) — moku wo HeBinomi GpyHKiT.
2W
Ockinbkn —- BXOAWTh B paBy uactuny piHsuus (20), To posknazeno ii B pin ®yp’e 3a
Mt
Biacaumu Gyskuismu Xy (X, W) kpaiioBoi 3anaui (25), (26)
2 o]
BV =8 wie® 8 (xm). (39)
M= k=1
[Mincrasnstoun Bupas (38) y (20) ta BpaxoByroun (39), oTpuMaeMo piBHICTbH
2e . ... i r .. e .. D r ° ..
A dOBFO) QIxm)) T FOP T (0% x ) g RXE wdx X xw
k=1€ u k 2

Bpaxosyroun, mo Biachi GyHkuii Xy (X, W) 3a10BonbHs0TH piBHsHHSA (25), MPUXOAMMO /10
piBHOCTI

- T B0 AR T T () IX(x @) £ FOFAWR) X(x .
k=1 k 2
[IpupiBaroemo koedimientn Oyp’e
Ti()+uf Q1) ), k=1,2,3,... (40)

36ipHuk Haykosux npays «JJOPOT'U I MOCTHU» www.dorogimosti.org.ua
ISSN 2524-0994. Dorogi i mosti, 2019. Issues 19-20 155




IIMBIJIBHA BE3IIEKA

3aranpHui PO3B’ 30K KOKHOTO 3 AudepeHiiaasaux piBHsaHb (40) Mae BUIIIST
t

T (t) = a cosmqt +dy sin mgt i fsin wt s) w®)d, (41)
0

ne ay , dy —uesinomi crai [9].
t
1 .. .
Mosuauumo | (t) =— fpinug ¢ -8) WI(S) ds. 3aysammo, mo 1(0) =0, 14§(0) =0 [10].
Y o
Jlns BusHaveHHs cranux &y, Oy possuHemo B psiam Dyp’e 3a BracHUMH (YHKLISMHA

Xk (X, W) npasi yacTnHK no4aTKOBUX YMOB (21)

Fo(® =8 bk XR(xm), (42)
k=1
Fi(9 =a x XR(xwi). (43)
k=1
e Fok. F1k — Binnosinui koedinientun Dyp’e.
3 (41) BumuBae, 1o
T (0) = &, (44)

Td() = amisin ut ey yeos Wl
3BIIKH
Tkl(O) = dek' (45)
3 (38), mepmioi ymoBu B (21), Ta Bpaxysasuiu (42), oaepxKyeMo

a a
a T OO (x ) =Aa ok XX ). 3simxu, Buxopuctoyioun (44), Maemo

k=1 k £
TO)=a = f«.
Ananorivno 3 (38), apyroi ymosu B (21), Bpaxysasiu (43), Mmaemo
o] o]

a TO)OK (xw) =a 1k X% ). 3sinku, Bukopucrosyioun (45), 3Hax01HMO
k=1 k 2

Ti(0)=dmy, = F. a0 dy :%.

OTKe, 0CTAaTOYHO OTPUMYEMO PO3B’ 30K Mimanoi 3aaaui (20) — (22) y Burmsazi psmy
2 e Fie . 15 A
V(xt)=a € Rpygcosut +1K sin gt —Asin w{ s)w ©)dsu X (0O w.
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3
Bpaxosytoun (36) ta e, mo V(X ) =& V(X0 &, ne Vi(Xt) usHaueni Binmosinno Ha
i=0
IPOMDKKaX [X; % 4+1) , OEPIKyEMO
=8 F 1! AV
Vi(x)=8 éRcosmt + sinyt —psin w{ s)w @)dsuX; G w,  (46)
k=16 M %o g

ne dynxuii Xy i (X, W) obuncmoroTses 3a hopmyioro (37).

BpaxyBaBiu repiiri KOOPJHHATH BEKTOPIB V_Vi(X, 1) B (19) Ta (46), oTpuMaeMo po3B’SA30K
zamaui (1) — (3)

3
u(x)=a (w(x9 +(x1) qC
i=0
3acrocyBanns makera Maple 10 3HaX01KeHHsI BJIACHHX 3HAYEHb TA BJACHUX
dyukuiii 3axaui (27) — (28)

CyuacHi nmporpamHi 3aco0u Aal0Th 3MOTy OTPUMATH HEOOXiJHY KiNBKICTh BJIaCHUX 3HA4YEHb Ta
BlacHMX (YHKLIHA, o 3abe3nedye BIAMOBIIHY TOYHICTH PO3B’S3Ky. Po3risiHemMo pesynbTar
3acTocyBaHHS Mmakery Maple mis oTpumaHHS pO3B’S3Ky MOCTaBIeHOi 3amadi. [ mpuxmamy
PO3TIISIHEMO CTAJIEBUI CTPHKEHBb TOBKUHOIO | M, IIO CKJIAJAE€THCS 3 YOTHPHOX IIIIHAPHYHHUX KYCKiB

O/IHAKOBOI JIOBXKWHH, IUIONI MONEPEYHHX Mepepi3iB AKUX BimmosiaHo cramoBmsats F, =0,002% W’
F, =0,00062%, F,=0,0009, F,=0,000p wm°. 3a takux ymos X, =0, x =0,25 x,=0,5,
X =0,75 X,=1. Moxmyms IOnra muas crami crasoButs E=203943242590 HM?, rycTHHA

r =7900 kr/m®. OGurCcIeHO MepIi OXMHAAIATS BIACHHX 3HAYCHD Ta BIACHHX (YHKIIH:

3HaxX0/Ke HHSA NePIIHX OAHHAIATH ©,

> o, = NextZero(®w — b,(w), 0, guardDigits = 500, maxdistance = 1000000000000 ); for & from 1 to 10 do w,

= NextZero(® — by,(w), o, guardDigits = 500, maxdistance = 1000000000000 )od
®, = 4314.3455

+1

®, = 10095.341
®, = 15876.336
®, = 20190.682
®, = 24505.027
w, = 30286.022
w, = 36067.018
w, = 40381.363
o, =44695.709
w, = 50476704
®,, =56257.699
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3Haxo/yKe HHA MePIIHX OAHHATNATH BJIACHHX GYHKOIH X,

cos(oc- (x — s]), w

> evalm{[ 10 }&*Marrix[ ) [—oc-FO-sin(oc-(x —s]), cos(u-(x —s])]

|

0
&*
|

] V= evalf(mbs(s=x0,%]];

_127.32395 sin( o x)
kO

o

> forkfromlto 11 do Xk’ 0= .mbs(oc: Oy Yko) od
Xl, g =47.417243 sin(2.6851825 x)
Xz, o = 20.264236 sin(6.2831855 x)
X3, o =12.885491 sin(9.8811880 x)
X4, g =10.132118 sin(12.566371 x)
XS, o= 8.3482613 sin(15.251553 x)
Xﬁ, o= 6.7547453 sin(18.849556 x)
XFI., o = 5.6720622 sin(22.447559 x)
XS, o = 50660590 sin(25.132741 x)
Xg, o = 45770472 sin(27.817924 x)
Xyq o =4.0528473 sin(31.415926 x)
Xy, o =3.6363799 sin(35.013929 x)

3Hax0 Ke HHS MePIIMX OAHHAJUATH BJIACHHX QYHRIGH X 1

) sin(oc- (x— .s*])

> eva.lm[[ 10 ]&*Matrix{ cos(oa- (x=5)) o F) ) [—oa-Fl-sin(oc-(x - .5“]) cos(oa- (x —S])] &"B
0
&F ) ] Xy = evalf(subs(s:xl,%}};
5 )’
7, = cos(a (x — 0.25000000) ) —[2.045743810 [(cos(0.00015559616\/w )

1
Je
— 9.0000000 sin( 0.00015559616 \/?ﬁ cos( 0.00015559616 /o )

3\

— 6.9444444 cos( 0.00015559616 /& ) sin 000015559616 \/?)2) sin(0.00015559616 | ” )

J

1 —— 2
+ —[8.1829752 10° [cos(o.00015559616Jw2 )

Je
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R

~ 90000000 sin( 0.00015559616 J?ﬁ sin(0.00015559616 |/ o” )

J

—_ —_—
N 5.6826217 10° cos( 000015559616 |/ o ) sin(0.00015559616 & )
[
03]
1 1
+ —|509.29581 sin(a (x — 0.25000000)) [ — [2.0457438 10° (
oL
L03]

cos( 000015559616 ./ o’ )

~0.0000019552791 |/ & sin( 0.00015559616 / w” ) cos(0.00015559616 \/?)2 — 0.0000012220495 (
~0.11111111 sin(0.00015559616\/?)2 + 005(0.00015559616\/?)2J J?sin(O.OOOlﬁS%lﬁj?))
sin(0.00015559616 ./ o” )| + [—1.6000000 cos(0.00015559616 / & ) sin(0.00015559616\/?)2 + (

~0.11111111 sin( 0.00015559616 \/?)2 + cos(0.00015559616 \/?ﬁ cos( 000015559616 J?))

Y

cos[0.00015559616 \/?))

J

> forkfromltolldoX, = eva.lf(mbs((x=mk, =0, YM)) od
Xl, 1= 0.00006 cos(2.6851825x — 0.67120562) — 34.140411 sin(2.6851825x — 0.67129562)
X2: 1= —0.000028204696 cos(6.2831855x — 1.5707964) 4+ 2.2515818 5in(6.2831855 x — 1.5707964)
XB, 1= 0.000073 cos(9.8811880 x — 2.4702970) — 9.2775657 sin(9.8811880 x — 2.4702970)
‘X4, 1= -0.000017797616 cos(12.566371 x — 3.1415928) + 40.528472 5in(12.566371 x — 3.1415928)
XS, 1 = 0.000060 cos(15.251553 x — 3.8128882) — 6.0107383 sin(15.251553 x — 3.8128882)
X6, 1 = —0.000098379001 cos(18.849556 x — 4.7123890) + 0.75052731 sin(18.849550x — 4.7123890)
)(:f-‘ 1:=0.000045 cos(22.447559x — 5.6118898) — 4.0838923 sin(22.447559 x — 5.6118898)
XS, 1= -0.000051008451 cos(25.132741 x — 6.2831852) + 20.264237 5in(25.132741 x — 6.2831852)
Xg, 1= 0.000042 cos(27.817924 x — 6.9544810) — 3.2954669 sin(27.817924 x — 6.9544810)
XlO, 1= ~0.000070309279 cos(31.415926 x — 7.8539815) + 0.45031640sin(31.415926 x — 7.8539815)

Xyq 1 =0.0000663 cos(35.013929x — 8.7534822) — 2.6182045 sin(35.013929 x — 8.7534822)

SHAXOMKe HHA NePIIHX OAHHAANATH BNACHHX QYHKIHH X,

cos(oc- (s — .5“}), w ) [—oc-FZ-sin(oc- (s — s}), cos(oc- (x— s})]

> evalm[[ 10 ]&*Marrix[
o F,

]&*B

&*

0
. } (Y, = evalf(.mbs(s=x2,%]} :
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> forkfromltolldod, ,:= evalf(subs(m: o, 0=, YM)) od
X], 5 = 0.00006 cos(2.6851825x — 1.3425912) — 23.708617 sin(2.6851825 x — 1.3425912)

Xz, 5= —0.000028204696 cos(6.2831855x — 3.1415928) + 1.5635985 sin(6.2831855x — 3.1415928)
XB, 5 = 0.000073 cos(9.8811880x — 4.9405940) — 6.4427540 sin(9.8811880 x — 4.9405940)

)(4, 5 = -0.000017797616 cos(12.566371 x — 6.2831855) + 28.144771 sin(12.566371 x — 6.2831855)
XS, 5 = 0.000060 cos(15.251553x — 7.6257765) — 41741237 sin(15.251553 x — 7.6257765)

X6, 5 = —0.000098375001 cos(18.849556 x — 9.4247780) + 0.52119950 5in(18.849556 x — 9.4247780)
)(—7’ 5 = 0.000045 cos(22.447559x — 11.223780) — 2.8360362 5in(22.447559x — 11.223780)

XS, 5= ~0.000051008451 cos(25.132741 x — 12.566370) + 14.072386 5in(25.132741 x — 12.566370)
X9, 5 = 0.000042 cos(27.817924 x — 13.908962) — 2.2885186 sin(27.817924 x — 13.908962)

XlL’J, 5 = -0.000070309279 c0s(31.415926 x — 15.707963) + 0.31271972sin(31.415926 x — 15.707963)

X, 5= 0.0000663 cos(35.013929 5 — 17.506964) — 1.8181975 5in(35.013929 x — 17.506564)

3HAXOKe HHA NePIIHX OJHHAAIUSTH BIACHHX QyHKRUIH X, .

> eva.lm[[ 10 }&*Ma.trix[ cos(oc-(x — S}), w N [—ot.-FB-sin(oc-(x — S]), cas(oc- (x —S})] ]&*B
&*[ i) ] (¥, = eva.lf(mbs(s=x3,%]} :
BucHoBKH

TeopeMy mpo pO3BHHEHHS 32 BJIACHUMH (YHKIISIMH aJanTOBaHO JJs  BUIAJKY
T epeHIliaTbHAX PIBHAHB 3 KyCKOBO-CTAIUMH (32 IPOCTOPOBOIO 3MiHHOKO) KoedillieHTaMu.

Otpumano ABHI GopMynu AJsi OOUMCICHHS PO3B’SI3Ky Ta HOro KBa3imoXigHOl it OyAb-SKOTO
MiiHTepBaITy OCHOBHOTO MPOMIXKY, IKi € CIIPaBeIMBUMU ISl JOBUTBHOI CKIHYEHHOI KiJIBKOCTI TOYOK
PO3pUBY TEPILIOTO POAY 3TraJaHUX BUILE KOS(II[IEHTIB.

[epeBaroro METOy € MOXIIMBICTD PO3TIITHYTH 33]]a4y Ha KOXKHOMY BiJIPi3Ky PO3OHUTTS, a IOTIM
3a JIOTTOMOTO0 MaTPHYHOTO YHCIICHHS 3aIlUCATH aHATITHYHUN BUPa3 PO3B’S3KY.

Takuii miaxixg qae 3MOry 3aCTOCOBYBATH IPOTpaMHi 3aCO0M 10 MPOIIeCy BHPIMICHHS 3ajadi Ta
rpadgiunoi imocTpamii  po3B’s3Ky. OTpuMmaHi  pe3yiabTaTH  MaloTh Oe3locepeqHe IMpakTHYHE
3aCTOCYBaHHS B TEOPii KOJIMBaHb CTPHXKHIB 3 KyCKOBO-3MiHHHM PO3MO1IOM ITapaMeTpiB.

HaBeneHo npukian 3actocyBaHHs mNakery Maple 10 3HaxXo/DKEHHS BIIACHHX 3HAYEHb Ta
BIacHMX (DYHKIIH 3a/1a4i KOJIMBAHHS CTAJIEBOTO CTPIKHA TOBXKUHOIO | M, IO CKJIAaJAa€ThCsl 3 YOTHUPHOX
KYCKiB OJJTHAKOBOI JOBXUHHU.
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THE SCHEME FOR INVESTIGATION FOR LONGITUDINAL OSCILLATIONS OF ROD OF
A PIECEWISE-CONSTANT SECTION

Introduction. Design of bridges' constructional structures relates to the mathematical modeling
of oscillatory processes that arise in such structures. Such mathematical models are described by
differential equations of hyperbolic type. Methods of solving such problems are divided into direct and
approximate. The basis of direct methods is the method of separating variables, the Green's method of
function, the method of integral transformations.

Problem statement. An issue in these tasks is the problem of multiplying the generalized
functions. In the proposed scheme, this problem with generalized functions is eliminated by reducing
the differential equation to the system of differential equations and using the matrix calculation.

Purpose. The purpose of work is to obtain analytical form of solution of the problem of
longitudinal vibrations of a rod consisting of four fragments of piecewise-constant section.

Methods. The proposed method of problem solving belongs to direct methods, which allow
getting an analytical form of solution. The basis for solving the task includes the concept of quasi-
derivatives, a modern theory of systems of linear differential equations, the classical Fourier method
and a modified method of autofunctions. The advantage of this method is a possibility to examine a
problem on each breakdown segment and then to combine the obtained solutions on the basis of matrix
calculation. Such an approach allows the use of software tools for solving the problem.

Results. The main result of the work is analytical presentation the problem of longitudinal
oscillations of the rod consisting of four parts of piecewise-stable section of cylindrical shape and
obtaining the required number of its own values and its functions with the help of Software
mathematical Package Maple.

Conclusion. The obtained results can be used in designing of building structures of bridges and
supports.

Key words quasi-fferential equation, the boundary value problem, the Cauchy matrix, the Dirac
function, the eigenvalues problem, the method of Fourier and the method of autofunctions
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Llepoicasne azenmemao agmomodinbHux dopie Yxpainu, m. Kuis, Yxpaina
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Jleporcasne niONPUEMCBo «eporcasnuil 00pOodICHil HAYK0B0-00CTIOHUL iHcmumym
imeni M.II. Ulynveinay (11 «/lepacoopH/I»), m. Kuis, Yxpaina

HEJIOJIIKA B IOPOYKHIX YMOBAX TA iX BILJIUB HA BAHUKHEHHS JJOPOKHbBO-
TPAHCIIOPTHHUX ITPUT'OJ

¢ dztslsOy " w

Beryn. OkpecneHO OCHOBHI TMPHYMHA BUHHUKHEHHSI JOPOKHBO-TPAHCIIOPTHHUX TPHUTO.
[IpencraBneno peWTHHT KpaiH 3a CMEPTHICTIO B JOPOXHBO-TpaHcHopTHHX mnpuromax (IATID).
[IpoanamizoBaHo poOOTH HAYKOBIIIB CTOCOBHO 3MEHIIICHHS PiBHS aBapifHOCTI Ta TSDKKOCTI HACIIIKIB
BiJ] TOPOXHBO-TPAHCIIOPTHUX MPHUTO/I.

[pobnematuka. BincyTHicTs a00 HemocTaTHs KiNbKIiCTh iH(OpMAaLlii PO piBeHb aBapiliHOCTI,
MPUYUHN 1X CKOEHHS HE Ja€ MOXJIMBOCTI BU3HAYHMTH MICIA iX JIOKamizamii Uit OOIpyHTOBaHOTO
IJIaHYBaHHS 3aX0/1iB BUSBICHHS HEIOJIKIB B JOPOIKHIX YMOBaX.

Merta. MeToro poOOTH € BUSBJICHHS Ta aHaIi3 HEJOJIKIB B TOPOXKHIX YMOBAaX, SKi HMPU3BOISTh
710 BUHUKHEHHS Toro uH iHmoro sumy JITII.

Martepianu # mMetonu. [Ipu BU3HaYeHH] MepesniKy HEHOMIKiB, sIKi BIUTMBAIOTh HA BHHUKHEHHS
JOPOKHBO-TPAHCTIOPTHUX TPHUToJl, OyJ0 BUKOPHUCTAHO METOAM TIOPIBHSHHS 1 OTOTOXKHEHHS, Ta
Mmarepianu rany3eBoi basu qanux o6uiky ta anamizy JITIT (Road Safety Management (RSM), sika Gyia
ctBopena B I« epxaopHID».

Pesynbratu. HajaHo nepenik HEIOMIKIB B JOPOXKHIX YMOBaX, SIKI MPHU3BOJAThH 0 BUHUKHEHHS
nadoro Buay JITII. [IpoBeneHo aHaji3 CTATMCTUYHUX JaHMX IOJ0 BH3HAUCHHS HAWYACTIIIMX BHUJIIB
ATIL. B pesynbrari npoBenenoro anamizy JTII Ta HemomikiB sSki BIUIMBAIOTh Ha 1X BUHUKHEHHS,
Bu3HaueHo, 110 JTII BUHMKAIOTH MpHU IJIKOM MEBHUX OOCTaBUHAX, SIKI MOCTIHHO MOBTOPIOIOTHCH, i
koxkHomy Buay HTII BrmactuBi omni ¥ Ti *k aBapiiiHi curyamii. JocsATTH 3HIKEHHS JOPOKHBO-
TPAHCHOPTHUX HPUTOJ Ta TSHKKOCTI X HACIIAKIB MOKJIMBO LUISIXOM ITOKPAIIEHHS JOPOXKHIX YMOB.

BucHoBku. O1HUM 13 IPIOPUTETHUX HANPSIMKIB POOOTH LI0A0 3MEHIIEHHS KIIBKOCTI 1 TSDKKOCTI
JOPOKHBO-TPAHCTIOPTHHUX TPHUTO/] € MMOKPAIIEHHS TOPOXKHIX YMOB Ha iCHYIOYii Mepexki aBTOMOOIITBHUX
nopir. lle MOXJIMBO NIIAXOM YIOCKOHANIEHHS OpraHizalii JOpPOXXHBOTO PyXy Ta pO3POOKH i
BIIPOBAIKEHHS 3aX0/IiB 3 MiABUILEHHS O€3MEKH JOPOKHBOTO PYXY.

Jns BU3HAUEHHsI BIUIMBY HEJOJIKIB B JIOPOXKHIX yMOBax HEOOXiJIHO BHKOPHUCTOBYBATH
CTaTUCTUYHUH aHANI3 JJAHUX MIPO IOPOKHBO-TPAHCIIOPTHI MPUTOJTH.

Jiis oTpuMaHHS MO3UTHUBHOIO pe3ynbTary i3 3MmeHmeHHs kinekocti JTII Ta iX Hacmiakis
HEOOXiJIHO BHWBYATH IPUYMHN BHHUKHCHHS aBapiHOCTi, BU3HAYaTH MAUISHKMA IX JIOKaji3amii Ta
OOIrpYHTOBaHO IUIAHYBATH 3aXOAM 13 JIKBiIAIlli HEIOMIKIB, SKi 301IbIIYIOTh IMOBIPHICTh BUHUKHEHHS

JITII

Pe3ynpraTy 1mo10 BU3HAUEHHS HEJOJIKIB Y JJOPOXKHIX YMOBaX MOXKYTh OyTH BIPOB3PKEHHO B
poboTi 3 mpoBeacHHS AyauTy Oesneku aBTOMOOLIBHHMX Jopir. Ile momomMoske 3MEHIIUTH KiJIbKICTh
KOH(IIKTHUX TOYOK Ha aBTOMOOLIBHHMX JOpOrax Ta OLIHUTH €(EKTUBHICTh BIPOBAIKCHHUX 3aXOJIiB
010 TiABUINEHHS O0€3MeKH JOPOKHBOTO PYXY.
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3a3HadeHe BuIIE 3a0€3MeUUTh HEOOXITHY CHCTEMY Y BUpIMIEHHI MUTaHb O€3MEKH JTOPOKHBOTO
PYyXy 1 CTBOPHUTH II€BHI TapaHTii e(peKTHBHOCTI po3pOOIIOBaHNX 3aXO/IiB.

S dz¢ Yytso ' OelpazSOp@KHEOTO PyXy, HOPOKHBO-TPAHCIIOPTHI TMPUTOIN, aBTOMOOIIbHA
Jopora.

Beryn

[IpoTaroM ocCTaHHIX [JECSATUIITH y CBITI CIIOCTEPIrae€ThCsl CTPIMKE 3O0UTBLICHHS KiTBKOCTI
TPAHCIIOPTHUX 3acO0iB Ta IMIABUIIEHHS IHTEHCHBHOCTI IOPOKHBOTO PyXy, IO TPHU3BOJUTH [0
30UTBIIIEHHST KITBKOCTI JTOPOKHBO-TPAHCIIOPTHUX TPHUTOA Ta TsDKKOCTI iX HacuiakiB [1]. Pesosmroris
I'enepanbnoi Acambmei OOH 58/289 Big 14.04.2004 p. «llomimmenHs riao6anbHOI  Oe3meKH
JIOPOKHBOTO Pyxy» [2] 3aTBepauia KoHueniiro: «He MOXHA MOCATTH MOOUIBHOCTI IIHO 3JIOPOB’A i
XKUTTS Jrofeii». 3a manumu BcecBiTHBOI opramizamii oxopoHu 370poB's [3] mIOpiuHO KepTBAMH
JIOpoXKHBO-TpaHcnopTHUx mpuron (mami - ATII) y Bckomy cBiti cratoth 1,2 MiH. 0ci0, a ONM3BKO
50 MJIH. OTPUMYIOTh MIOPaHEHHS a00 3aJIMIIAIOTHCS IHBAIIaMU.

Hocninnuneka opranizamiss World life expectancy, 3a manumm BcecBiTHBOI opranizarii
370pOB’s1, CKJIaia peiTHHT Kpain 3a cMeptHicTio y JATII (Tabmums 1) [4].

v OB d&zdyw 1
s'dz €' Mls!y MA3dtelsi?2 k2 ruvl dO 100 Isdmwy dzOm4 dzj dzdz"

Kpaina KinbkicTb cMepTeii Ha Kpaina KinpkicTb cmepTeit Ha
100 tuc. ocib. 100 tHC. ociO.
IIBewisa 2,49 Cep0is 6,38
Benukobputanis 2,58 Bonrapis 6,40
Hinepnannun 2,81 Benbris 6,61
IBetinapis 2,82 JItokceHoypr 6,71
Janis 2,89 I'pertis 7,00
Hopgeris 2,93 MakeoHis 7,02
Ictranis 2,94 CroBaydnHa 7,30
Icnanmis 3,24 PymyHnis 7,89
Himeuunna 3,54 IMonsmia 7,93
Dinnamis 3,73 Xopsaris 8,22
Ipnananis 4,01 Typedunna 8,85
Itamisa 4,72 JlaTBisg 8,85
ABcrpaitis 4,74 Yopuoropist 9,01
Opantis 4,86 Yxkpaina 9,11
CnoseHis 5,75 MongoBa 9,90
EctoHnis 5,94 bimopych 11,16
Yexis 5,97 JIntBa 11,34
ITopryramist 6,11 AnbGanis 12,32
YropinuHa 6,22 Pocis 15,85

VYkpaina Mae mokasHuku KimbkocTi cmepreit y JTII ma 100 tuc. oci® ripmi HiK y KpaiH
€ppornmn.

JIOpO)KHBO-TPAHCTIOPTHHN TpaBMAaTu3M OOXOIUThCS KpaiHam B 518 miupa. non. B pik, M0
CKJIaJja€ B CEpPelIHBOMY BiJl OJHOTO 1O JBOX BIJICOTKIB iX BaJOBOr0 HAIlOHAJBLHOIO NPOIYKTY.
Hait6inpmmii Tsirap HecyTh Ha c0o0i KpalHH 3 HU3bKUM 1 CepellHIM piBHEM JIOXOJIIB Ha JYIIy HACEICHHS.
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3a omiHKaMy eKCHEPTiB SIKIIO HAROIMKYMM 4acoM He OyayTh 3p00JieH] pilllydi KPOKH MO MOJINIICHHIO
cuTyarii Ha goporax, To Ao 2020 p. B mux KpaiHax Kimbkicte cMmeprei B pesynbrati ITII 3pocte Ha
80%, a y 2030 potii JOPOKHBO-TPAHCTIOPTHI MPUTOJXA MOXKYTh CTAaTH OJIHIEI0 3 OCHOBHUX IT’SITH MPUYUH
CMEPTHOCTI JIFO/IEH y CBITI.

Y nomoBixi BeecBiTHROT opraHizaiiii 0XOpoHH 310pOB's 17151 €BPOCOIO3y HA3UBAIOTHCS MPHYNHU
BUHUKHEHHSI JTOPOKHBbO-TPAHCIOPTHUX TMPHUIOJ: BOXIi HOBHUX KpaiH - ydacHMKiB €C CXWibHI
MIEPEBUIYBATH MIBUIKICHUN PEXUM, ITHOPYBAaTH peMeHi Oe3meKw i crerianbHi 3aco0u Oe3meKu s
niteid (autsui kpicna). llle omHa mpuyMHA BHCOKOI CMEPTHOCTI Ha JOpPOTrax - HETOTOBHICTH 0
OTIepaTHBHOI POOOTH ICHYIOUHMX CIy’)KO TIOPSATYHKY B yMOBax 30UIBIIEHHS KiTBKOCTI aBapii,
BiJITAJIEHICTh MEIUYHUX ITYHKTIB Bi/l aBapiifHUX MIJISHOK JOPOTH.

VY OGinbmocTi kpain CxigHoi €BpomH, SKi MarOTh NPUCKOPEHWH PO3BUTOK aBTOMOOLmi3alii,
iH(ppacTpyKTypa JOPOTH, JOPOXKHI CIy)XOM Ta MEAWYHI YCTAaHOBH HE BHUTPUMYIOTH 30UTBIIEHOTO
HaBaHTaxeHHs. Y BemukoOpurtanii i CIIIA aBromoOinizaiis iine Bxe Oubiine 40 pokiB i pO3BUBAETHCS
pa3oM 3 JOPOKHBOIO iHPPACTPYKTYPOIO Ta CUCTEMOIO HAaJaHHS MEAMYHOI JOIIOMOTH MOCTPaXIAINM B
ABTOMOOITFHUX aBapisx.

[IpoBeneHi MOCHIHKEHHS LIOJ0 PiBHA aBapiiHOCTI Ha aBTOMOOUIBHUX JOoporax YKpaiHu
MTOKA3YIOTh IO B MOPIBHAHHI 3 €BPOINEHCHKUMHI KpaiHaMU CTaH Oe3MeKH JOPOIKHBOTO PYXy B YKpaiHi €
BKpail He3aI0BUTFHUM 4Yepe3 BUCOKUH PIBEHb CMEPTHOCTI Ta JOPOKHBO-TPAHCIIOPTHOTO TPaBMaTH3MY.
BigHocHa kinbKicTh 3arubnux B YKpaiHi y 7-10 pa3ziB Oinblia, HiK y €KOHOMIYHO-PO3BHHEHUX KpaiH
€BporerchKoro corsy [2, 5].

3aBmaHHs OE3MEKM JOPOXKHBOTO PyXy B YKpaiHi momsirae y 3a0e3leucHHI 3HIKEHHS
aBapifHOCTI 1 3MEHIIEHHS THKKOCTI HACTIAKIB BiJl JTOPOKHBO-TPAHCIIOPTHUX TPHUTOA, & OCOOIHBO
smenineHHst ATII i3 cMepTenbHUME BUTIaIKaMu 10 MiHiMyMy. JloCSTTH 3HMKEHHS PiBHS aBapiifHOCTI Ta
TsKKOCTI HachiakiB Bia JTII MokHa 3aBIsKH JEeTaIbHOMY BHBUEHHIO NMpuunH BuHUKHEHHs [ITII Ha
AaBTOMOOITFHUX JOPOTax Ta BKUBIIH BiIMOBITHI 3aX0IH IS iX 3aM00ITaHHS.

Came TOMY BCTaHOBJICHHS HEJNIOJNIKiB B JTOPOXKHIX yMOBAaX, SIKi BIUIMBAalOTh HAa BHHUKHEHHS
pizaux BuniB ATII, 1o3BonuTE po3poOUTH BiIOBIIHI 3aX0AM OO0 3arI00IiraHHs iX BHUHUKHEHHIO.

AmHani3 aBapiiiHocTi Ta crocoou 3HwkeHHs J[TII 3ampomoHoBaHO y po0OoTax OaraTbox
HaykoBIiB. B VYkpaini mi nuranHs y cBoix poOortax BucBiTimoBanu [lomimyk B. I1., €pecos B. L,
Jlanoswmii O. T., [I3t00a O. Il., ITampuuk A. M. V¥V cBoix po0OoTax BOHM aHami3yBaJd Ta HaJaBaJlid
pEeKOMEH/1aIlil CTOCOBHO 3MEHIIICHHSI PiBHS aBapiiiHOCTI Ta TshKKocTi Haciakis Bix JATII [1, 5-8].

B po6ori [8] Oymo mpoBeaeno rimbokuii anainiz oocraBuH ckoeHHs JTII Ha aBTOMOOLTEHUX
J0porax 3arajJbHOT0 KOpUCTYyBaHHS B YkpaiHi. IlpencraBnenuii anami3 mokasas, o0 B 0araTtbox 3
JOPOKHBO-TPAHCTIOPTHUX TPHUTroj] OyB TPUCYTHIM BIUIMB HEIOJIKIB YMOB PyXy aBTOMOOITBHUMH
JIOpOraMH, IO B CBOIO YEpry MPHU3BOAMTH 1O TOMMJIOK BOAIIB Ta YCKIagHEHHS KepyBaHHSA
aBTOMOOISIMHU.

B 3a3HaueHux poOoTax OMUCAHO OCIiKEHHS 3aKOHOMIPHOCTEHW 3MiHM aBapiiiHOCTI Ha
aBTOMOOUIPHMX Joporax YKpaiHM Ta CTBEPIKYEThCS, IO JUIA JOCSTHEHHS 3HIDKEHHS pIBHA
aBapiiHOCTI JOIIBHMUM € po3po0Ka IporpaM pO3BUTKY aBTOMOOUIBHHUX JIOpIT  3arajibHOTO
KOPHCTYBaHHS Ha OCHOBI METOJMKH yTIPaBIIiHHs O€3MEKOI0 TOPOKHBOTO PYXy B YKpaiHu.

binopycekuit Buenuit Kancekwii [I. B. 'y po6oTi [9] posrisjgae BHHUKHEHHS JIOPOKHBO-
TPAHCIIOPTHUX MPUTOJ SIK CTPUOKOMOIIOHUI TTepexi BiJl HOPMAIILHOTO MPOIIECY PYXY IO aBapiid uepes
BUHUKHEHHS! KOH(JIIKTHOI cHTyalii, KOJIM BOJid NpUMae HENpPaBUIbHE PIilIEHHS Ta 3MiHIOIOTHCS
napameTpH pyxy.

TakuM YMHOM € BKpail BaKJIMBHM [POAHANI3yBaTH HEAOJIKM B JOPOXKHIX yMOBax, SsKi
CHPUSIIOTh BUHUKHEHHIO pi3HUX BUAiB JTII Ta po3poOuTh 3ax0/1¢ JUTs 3HHKCHHS PiBHS aBapiiHOCTI Ha
aBTOMOOUIPHMX Joporax YKpaiHM Ta 3MeHIIeHHS Tsbkkocti HacmiakiB Bim HATII, y tomy umcmi
3MeHIeHHs Kimbkocti JTII i3 cMepTeIbHUMU BUIIAAKAMU 10 MiHIMYMY.
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Bukaan ocHOBHOro MaTtepiaay

Jns BUSBIEHHS HEAONIKIB y MOPOKHIX yMOBaxX CJiJ 3HATH, IO JOPOXKHI yYMOBH IIe —
CYKYIHICTh T€OMETPUYHUX TapaMeTpiB, TPAaHCIIOPTHO-EKCIUTyaTalliiHUX SKOCTEH JOPOTH, TOPOKHBOTO
MOKPUTTS, €JIeMEHTIB 0OCTaHOBKH 1 OOJIAIITYBaHHS, sIKi Oe3MocepeHbO BILIMBAIOTH HA YMOBU PYyXY
TPAHCTIIOPTHUX TOTOKiB. [lOpOXKHI yMOBH TIOCTIfHO BIUIMBAlOTh Ha O€3MEKy MOPOKHBOTO PYyXY.
Xapakrepuctuky BuaiB ATII crnig BUKOpUCTOBYBATH SIK iHPOpMAILIiO, IKa JOIIOMAarae BCTAHOBUTH POJIb
JIOpOXkHiX yMOB y BuHUKHeHHI I TTI.

Ha croromguimHii AeHp iCHye psA HEHONIKIB B JOPOXKHIX YMOBaxX $Ki BIUIMBAIOTh Ha
BHHHUKHEHHS TUX 9d iHMmIX BUAiB JTII (Tabmurs 2).

v OB d&zd yw
LjHBd € o HBEBYd & bEdssOR, we' Mfwdwsls!
Bug ITIL Hepnomixu B JOpOKHIX YMOBaX, sIKi IPU3BOAATH 10 BUHUKHEHHS qaHoro suxy A TII
3iTKHEHHS HeBiamoBigHicTs MUPHUHU MPOI3HOT YACTHHH;

HEBIAMMOBITHICTH paziyca KPUBOI B IUIAHi;
HEBIIMOBIIHICTH BiICTaHI BUAMMOCTI HOPMATUBHHM BUMOTAM JUIs JIOPIr JaHOI KaTeropii;
PIBCHB 3aBaHTAKCHHSI JOPOTH MIEPEBHUIIYE ONTUMAIIBHE,

BiJICYTHICTh PO3IOALIBUOI CMyTH 200 Oap’€pHOTO OTOPOKCHHS Ha PO3IOAUTHIIN CMY3i B
3aJIeXKHOCTI BiJl KaTeropii Jopory;

HEBIAMOBITHICT THITY MEPEXpEIIeHHS i MPUMHUKAHHS IHTEHCUBHOCTI PyXy TPaHCIIOPTHOTO
HOTOKY;

BiZICYTHICTB IepEXiTHO-IIBUAKICHAX CMYT Ha B’131aX i 3’13[1aX TOPOXKHIX PO3B’SI30K.

Hai3n Ha banspke po3ramryBaHHS BiJl KPOMKH MPOi3HOT YaCTMHU JIEpeB; HEOTOPODKEHI Omopu
MEPEIKOY €JIEKTPUYHOTO OCBITJICHHS Ta IHITUX MEPEIIKO/; He3a0BIIbHUI cTaH y301uust.
Iepexnganus BigcyTHicTh ab0 HEBIANMOBIAHICTH IOINEPEYHOrO IMOXWIY BipaXy Ha KPHBHMX Y IUIaHI

HOPMAaTHBHHM BUMOTAaM II0/I0 IPOCKTYBAHHS aBTOMOOIBHUX JIOPIT;

paniyc KpuBOl y IUIaHi Ta PO3IIMPEHHS MPOI3HOI YACTHHU HE BiINOBIJAIOTh HOPMATUBHUM
BHUMOTaM JTs1 JIOPIr JaHOT KaTeropii; BiJICYTHICTh OTOPOIKEHHS B MOTPIOHUX MICIISIX;
HE3aJJ0BUIbHUM CTaH 1 BIICYTHICTh YKPIIJICHHS y30i4dsi;

BIZICYTHICTh TBEPJIOTO MOKPHUTTS HA 3’i37aX.

Haiszx na BincyTHICTh 00IaITOBAHHUX MIMIOXITHUX MEPEXO/iB B HEOOXITHUX MICIISX;
roxona BIJICYTHICTh UM HE3aJOBUILHUI CTaH TPOTyapiB 1 MIMIOXiTHUX MOPDKOK B HACEIICHHX
MYHKTaX;

HEBIIMTOBITHICTH BiJICTaHI BUANMOCTI HOPMATUBHIM BAMOTAaM JUISL IOPIr TaHOI KaTeropii;
BiJICYTHICTh B HEOOXiTHUX MICIISIX aBTOOYCHUX 3YIIHHOK;

BIZICYTHICTb OCBITJICHHSI B HACEJICHUX MYHKTaX;

HE3a/I0BiNbHUI cTaH y36i4.

Hai3n Ha Henocraras muprHa y30i9ds;

TPaHCHOPTHHI | genoCTATHS IIMPHHA 3yMHMHKOBOTO MaiiaHUHKa;

3aca6, mo HEBIITOBITHICTH BiJICTaHI BUAMMOCTI HOPMAaTUBHIM BUMOTaM JUISL JIOPIr TAHOI KaTeropii;
CTOITh

BiJICYTHICTh CTOSTHOK O1J1s1 00’ €KTIiB CEpBICY.
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[lepenik HemomniKiB BH3HAYEHO NUISXOM IOPIBHSHHS IMOKA3HHWKIB EKCIUTyaTallifHOTO CTaHy
JIOpOTH 3 HOpMAaTHUBHUMH BUMoramu. OCHOBHI BHMOTH JO JOpIT, iX TEXHIYHOTO CTaHy, PIBHSI
YTpUMaHHS 1 00JIAIITYBaHHS PErIaMEeHTOBAaHO PSAIOM HOPMATHBHHX JIOKYMEHTIB. 30KpeMa IIe JepKaBHi
oyniensHi Hopmu JIBH B.2.3-4-2015 «ABToMo0inbHi noporu. Yactuna I. IIpoextyBanns. Yactuna IL
Bynisaunreo» [10], AbH B.2.3-5-2018 «Bymnui ta goporu HaceneHnX myHKTIB» [11] Ta immi.

IIpnm BusBICHHI KOHKPETHHX HEIOINIKIB CIiJ pO3pOOIATH BIANOBINHI 3axomud 3 Oe3meku
JOPOKHBOTO pyxy s ix nikBimauii. [IpaBuibHO 3amporioHOBaHI 3aX0[H 3 MOKPALICHHS JOPOXKHIX
YMOB € AyKe eeKTUBHUMH 3 TOUKH 30py Oe3meku pyxy [12].

3a manumu ['amy3eBoi 0asu manmx oOmiky Ta anamizy JITII (Road Safety Management)
aBTOpamMH OyJI0 ITPOBEJICHO aHaJli3 CTATUCTUYHMX JIaHUX I BU3HAaYeHHs Hanvactimmx Buais JITIL.

IIpoBenenuit anami3 cBimuuTh, 1m0 a0 Havactimux BuAiB [ TII BimHOCATBCS 3iTKHEHHS, HAi31
Ha TIepeNIKoTy, IepeKuJaH s, Hai3 ] Ha mimoxoaa (pucyHok 1).

Haizn Ha
Hai3n Ha mimoxona Benoiznlr:;}mcm Haisn Ha TBapun
4,99% 14570 9 . .
99% 1,46% IlaminHg BaHTaXIB
Hai 1,13%
al3]] HA TIEPCIIKOY
19,51%
Haisx Ha 3iTKHEHHS

TPaHCIOPTHUH 3aci0, | 59,00%
110 CTOITh
4,29%
[lepexunanns
8,48%

t d iz dzts Posnduin ATII 3a BumamMu OPHroJ Ha aBTOMOOUIBHHX J0pPOTax JAEp>KaBHOTO
3HavyeHHs 3a 2018 pik

3iTKHEHHS

OCHOBHMMHU NPUYUHAMHU 3ITKHEHb TPAHCHIOPTHUX 3acO0IB € MOPYLICHHA NpaBWJl MpH OOroHi
abo 00'i31i TpaHCIIOPTHHX 3ac00iB, BHi3[ Ha 3yCTPiUHY CMYTy JOPOTH IPU Pyci B KpaHHBOMY JIBOMY
pAaY, CAMOBIICBHEHICTh BOJIIB, BIJICYTHICTh Ha JIJSHKAX JOPIT OCHOBOI JIiHI1, OPIEHTYIOYHUCH 32 SKOIO,
BOJII¥ HE BUDKIDKAE HA CMYTY 3yCTPIUYHOTO PYXY.

OxkpiM [JOTpUMaHHS NpPaBWJI JOPOXKHBOIO pPyXy HpuU OOroHi, HEOOXIIHUMH YMOBaMHU
3a0e3redyeHHs Oe3MeKrd pyXy € OIliHKa IIBHIKOCTI Ta BIJCTaHI JO aBTOMOOLIA, IO HAOIMKAETHCS 3
MPOTHJICKHOTO HAMpsiMy, BHOIp MPaBWJILHOIO IHTEPBAly MDK aBTOMOOLIEM, M0 oOOrasse, i
aBTOMOO1JIEM, 1110 e Ha OOTiH, OTJISIOBICTh JUISTHKH JJOPOTH.

Hai3n Ha nepemkony

Jlo OCHOBHMX NPHYMH HAi3qy Ha MEPEIKOLy BiJHOCATHCS HEOTOPOKEHI OTIOPH €IEKTPUIHOTO
OCBITJICHHS, HENpPaBWJbHA OpraHizaiis JOPOXKHBOI'O PyXy B MICISIX BHKOHAHHS JIOPOXKHIX POOIT,
HasBHICTH Ha TMPOI3HIA YaCTHUHI CTOPOHHIX MpPEAMETIB Ta OJIM3bKE PO3TALIyBaHHS JEPEB BiJl KPOMKH
MPOi3HOI YaCTUHHU.
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Ilepekunanng
IlepeBakHa OIIBIIICTH ITUX TPUTO BUHUKE Yepe3 HEMPaBHUIbHI MPUHOMH BOIIHHS aBTOMOOLIA,

a came: pyX Ha yXWiax 3 BUMKHEHOI0 KOpOOKOIO Tepenad, BUIi3J Ha CIM3bKe y30i4usi, 3aCTOCYBaHHS
rajJbMyBaHHS PU CIU3BKOCTI TOPOKHBOTO MOKPUTTS, pi3Ke MaHEBPYBaHHSA 1 T.1.

3abpynHena abo oOmep3na Mpoi3HA YacTHHA — aBapiHI yMOBU IS PyXy TPaHCIOPTHHX
3aco0iB. bararo BoziiB HempaBWJIBHO BHOWpae MIBHIKICTH PyXy NPH pyci Ha CIM3BbKIA MpOi3Hi
YaCTHHI.

Bognii HempoomiHOOTh TOW (hakT, MO JOPOXKHIN M HA MOYATKy JOILYy CTBOPIOE Ha JOPO3i
TUTIBKY, SIKa 3HAYHO 3HMKYE 3YCTUICHHS KOJIeca 3 MOKPUTTSIM JIOPOTH. TOMY TIpH pi3KOMY TajbMyBaHHI
a00 pi3KOMY MaHEBpI aBTOMOOLITL BTpavya€e CTIHKICTh, 301IbIIYIOYHA HOTO raJIbMiBHAN TILISX.

Haizn Ha mimoxoxna

Jo npuunH Hal3My Ha MIIOXOa BiMHOCHUTHCS HEMPaBHIIbHA OpraHi3allisi JOPOKHBOTO PyXy Ha
MIIIOXITHOMY TIepexoji, ado KOJM MINIOXiJ MEPEeXOAUTh JOPOTy y HEJA03BOJICHOMY Miclli. 3HaYyHa
yactka JITII BigOynacs, KoM MIIIOXOAH TEPEXOAATh BYJIHUIO a00 JOPOTY 1M03a MEKaMH IIIIOX1IHOTO
nepexofy. Hexryroun npaBuiaMu JOPOKHBOTO PyXY, MIIIOX1/T IIOTPAILISE B 30HY PU3HKY.

st 30epeskeHHsT AKUTTS MIIOX0iB He0OXiTHO BIAIITOBYBATH MIIIOXiHI MEPEXOAU, TPOTYapH,
MIIOXIHI JAOPIKKKM, aBTOOYCHI 3yNMUHKH BiJIMOBIAHO /0 HOPMATHUBHUX JOKYMEHTIB, a TaKOX CJIiJ
MIPUIIISATH YBary OCBITJIICHHIO HACEJIEHUX MyHKTIB.

CriocTepekeHHsI 3a TIOBEIIIHKOIO TIIIOXOMIB — OJHE 3 OCHOBHHX 3aBIaHb BoAisd. HaiOimbmry
yBary BOZISIM MOTPIOHO 3BEpTaTH HA MILIOXOMIB, SKi 3HAXOIATHCA 3 MPAaBOrO OOKYy MO XOAY PyXy
aBTOMOO1NsA. JloCUTh YacTo MpUYMHAMH HAI3AIB HA TMIMIOXOJIB € HEYBaXKHICTh BOMIIIB MpH 00 i3mi
MIIIOXOJiB, SKi CTOSTh, a00 WAYTh B MOMyTHOMY Hampsimi. DaxiBIsAME BTy O€3MEKH TOPOKHBOTO
pyx AIT "HepxmopHAI" Oyno noseneno, mo 3HauHa yactuna JTII 3 Haizmom Ha mimroxona BigOynacs
KOJIM TIIIOX1Jl pyXaBcsl y MOMyTHOMY HATPSIMKY.

Y Oararbox BUNAAKax BOMAIl BBaXKalOTh, IO Oe3leka pyxy MIMIOXOAiB Oyne 3abe3redeHa
caMuMmu TinroxogaMu. Ha xaib, 1ie TUIIoBa HOMHIIKA BOIS.

Oco065uBoi 00epeKHOCTI OTPIOHO JOTPUMYBATHCS TIPH MOSABI AiTeH y moui 30py Boais. SAkiio
TITH BX€ 3HAXOIATHCSA HA TPOI3HIA YacTHHI, BOAIA 3000B'SI3aHUI 3YMUHHUTHCSA 1 MPOIYCTHTH iX Y
MoTpiOHOMY HampsiMi. B OKpeMHX CHTYyaIlisiX HEYyBOKHOTO IIIIOXOAa 3a3Aalierilb HEeoOXiIHO
MOMEPEIUTH 3BYKOBUM CHUTHAIIOM 1, SIKIIO BiH Ha HBOTO HE pearye, MOHMU3UTH HIBHIKICTH PYXy i
301JBIIMTH OOKOBUU IHTEPBaJ] MIX aBTOMOOUIEM Ta MIIIOXOJO0OM 3 THM, IIO0 NMPH HEOOAYHUX MdisX
MII0X0/1a MOKHA O0yI10 6 3armo0irTi Haizmy.

Hai3n Ha TpaHCHOPTHUI 3aci0, 1110 CTOITh

[MepeBakHa OIIBIIICTD IUX TPUTOJl BUHHUKE Yepe3 HEJOCTATHIO HIMPHUHY y30i4dsi, BiJICYTHICTh
3YNUHOYHOTO MalJaHYWKa Ta CTOSHKHU Oinsg 00’ekTiB cepicy. llle onHiero 3 mpuumH € aBTOOyCHA
3ynuHKa OiTS TpUMHUKaHHS 3 BiJICYTHICTIO TIEpEXiTHO-IIBUAKICHOI CcMyrd. B Takux BuIagkax
MacCaXUPChKi TPAHCIIOPTHI 3aCO0M, IO CTOSITh HAa 3YMHHIII, TIOCTIHHO CTBOPIOIOTH aBapiiHy CUTYaIlilo
JUIS 1HIIUX TPAHCIOPTHUX 3aC00iB, 3aKPUBAIOYH OTJISIOBICTb.

Haizn Ha Benocunenucra

OCHOBHMMY TIPUYMHAMH HAi3y Ha BEJOCHIICINCTA € BIJICYTHICTh OE3MEYHHX Ta KOMMOPTHHX
YMOB JIJIsl BEJIOCHIIEJTHOTO PYXY, BIJICYTHICTh BEJIOCUTICTHHUX JIOPIKOK.

OCKiNbKH, BEIOCHIIEANCTH I3AATH HE TUIBKHM y BEIUKUX MiCTaX, OOJIACHMX IIEHTpax, a U y
HEBEIIMKUX MICTaxX Ta MICTEYKax, a TAKOXK Y CeJax 1 CeNHUIIax, TO JJisi HUX TaKOX MOTPiOHO CTBOPIOBATH
BiJINIOBITHI YMOBH. Y 3B’5I3KY 3 IIUM Jy’K€ BRXKIIUBO 3HATH, SIKI JIOPO’KHI YMOBHU OYJIM Ha MiCIli CKOEHHS
ATII, i skuM YMHOM BOHHM MOTJIM BIUIMHYTH Ha BUHUKHEHHS aBapiiiHUX CUTYyalil.
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Omxke, HAECTbCS HE TUIBKM TMpo OYIIBHUITBO BEJIOAOPIKOK Ta BIIAIITYBaHHS  JUISA
BEJIOCHIICAMCTIB BUIIJICHUX CMYT Ha JIOpOraX 3arajbHOr0 KOPHUCTYBaHHS, a MPO 3HAYHO IIMPIIE KOJIO
MMUTaHb, AKI MOTPeOYIOTh AOCTIHKEHHS 1 BHpIMIeHHA. J(o X MHUTaHb BIMHOCHUTHCS TEXHIYHWW CTaH
BEJIOCHUIIE/IA, OJIAT BEJIOCUTICAMCTIB, 3aCO0U TEPIIOT MEIUYHOI JOMIOMOTH Ta IHIIIE,

IIpoananizyBasmm Haitgactimi Buau ATII, npuuman iX BUHUKHEHHS Ta HEJONIKH B JOPOXKHIX
yMOBax, MO BIUIMBAIOTh HAa X BHHUKHEHHS, aBTOPU CTBEP/PKYIOTh, IO 3a0€3MCYHUTH 3HUKCHHS
KUJIBKOCTI IOPOKHBO-TPAHCIIOPTHUX TIPUTOJ] T TSKKOCTI X HACIIIKIB MOYKIIUBO HUISTXOM:

—  TIOKpAIICHHS MOBEIIHKY Ta TUCIUILTIHU YYaCHUKIB JIOPOKHBOTO PYXY;

—  TIOKpAaIIeHHS TEXHIYHUX XapaKTEPHCTHK TPAHCIIOPTHUX 3ac00iB;

—  TIOKpAIICHHS JOPOXKHIX YMOB;

—  KOHTPOJIIO 3a 3HAHHSIM MPABWI JOPOKHBOTO PYXY;

—  3MIHHM CHCTEMH IIATOTOBKHU BOIIIB;

—  3MIiHU BIAIOBITHIX HaBYAJIHHUX MPOTPaM.

BucHoBku

1. OpHUM i3 TPIOPUTETHUX HANPAMKIB POOOTH MIOAO 3MEHIIEHHS KUTBKOCTI 1 TSKKOCTI
TOPOKHBO-TPAHCIIOPTHHUX MPUTO/] € TIOKPAIIEHHS JOPOXKHIX YMOB Ha iCHYIOUil MEpeKi aBTOMOOITEHUX
nopir. Lle MOXINMBO NUIIXOM YIOCKOHAJICHHS Oprafizamii IOpOXHBOTO PyXy Ta po3poOKd i
BIIPOBAJ[)KCHHS 3aXO0/IiB 3 MABUIICHHS O€3MeKH JOPOKHBOTO PYXY.

2. Jlng BU3HAYCHHS BIUTUBY HEAONIKIB B JOPOXHIX YMOBaxX HEOOXiTHO BHUKOPHUCTOBYBATH
CTaTUCTUYHUH aHANi3 JaHUX PO JOPOKHBO-TPAHCIIOPTHI MIPUTOIH.

3. Jnsg oTpuMaHHS TO3UTHBHOTO pe3ynbTaTy i3 3meHmeHHs kKimbkocti ATIT Ta ix
HACJNIJIKiB HEOOXIZTHO BWBYATH TPUYMHW BWHWKHEHHS aBapiiiHOCTI, BW3HAYaTH MdIITHKH iX
Jokamizamii Ta OOIPYHTOBAaHO TUIAHYBAaTH 3aXOMW 13 JIKBifamii HEIOMiKiB, sKi 30UIBIIYIOTH
iMoBipHicTs BuHUKHEeHHs J{TTI.

4. Pe3ynbTaTH BU3HAYCHHS HEIONIKIB y JOPOXHIX yMOBaX MOXYTh OyTH BIPOBaKEHHI Y
poboti 3 mpoBeneHHS AyauTy Oe3lekd aBTOMOOUTBHHX AOpir. Lle momomorke 3MEHIHUTH KiNBKIiCTh
KOH(JIIKTHUX TOYOK Ha aBTOMOOUIBHHX JOpOraxX Ta OLIHUTH €()EeKTHUBHICTh BIPOBAKEHUX 3aXOJIiB
IIOJI0 TABHIICHHS O€3MeKH JOpOoxHbOro pyxy. lle 3abe3meunTh HEOOXiIHY CHCTEMYy y BHUPILICHHI
MUTaHb O€3IeKN JOPOKHBOTO PYXy 1 CTBOPUTH MEBHI rapaHTii e(peKTHBHOCTI pO3pOOIIOBaHUX 3aXO/IiB.
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ANALYSIS OF EMERGENCY AND ACCIDENT PREVENTION EVENTS IS STEP TO
REDUCE EMERGENCY

Abstract

Introduction. The main reasons for the occurrence of traffic accidents are outlined. The ranking
of countries on mortality in road accidents (road traffic accidents) is presented. The work of scientists is
analyzed in relation to the reduction of the accident rate and the severity of the consequences of traffic
accidents.

Problem Statement. The absence or insufficient amount of information about the level of
accidents, the reasons for their occurrence does not allow determining their location for a reasoned
planning of measures to identify deficiencies in road conditions.

Purpose. The purpose of the work is to identify and analyze the disadvantages in road
conditions that contribute to the occurrence of a particular type of accident.

Materials and methods. In determining the list of shortcomings that affect the occurrence
of traffic accidents, the methods of comparison and identification were used, as well as the
materials of the Road Safety Management (RSM) branch database which was created in the
State Enterprise «DerzhDorNDlIy.
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Results. The list of deficiencies in the road conditions which contribute to the occurrence of this
type of road accident is given. The analysis of statistical data on determination of the most frequent
types of accidents is carried out. As a result of the analysis of accidents and defects affecting their
occurrence, it has been determined that accidents occur under well-defined circumstances that are
constantly repeated and the same accident situations are common to each type of road accident. To
achieve reduction of traffic accidents and severity of their consequences is possible by improving road
conditions.

Conclusion. One of the priority areas for reducing the number and severity of road accidents is
to improve road conditions on the existing network of highways. This is possible by improving the road
traffic management and developing and implementing the road safety measures.

To determine the impact of deficiencies in road conditions, it is necessary to use a statistical
analysis of road traffic accident data.

To obtain a positive result in reducing the number of accidents and their consequences, it is
necessary to study the causes of accidents, determine the areas of their localization and reasonably plan
measures to eliminate deficiencies that increase the probability of an accident.

Results for defining the road conditions can be implemented in the Road Safety Audit. This will
help reduce the number of points of conflict on the roads and assess the effectiveness of the
implemented road safety measures.

The above mentioned will provide the necessary system for solving the traffic safety issues and
will create certain guarantees of the effectiveness of the measures being developed.

Keywords: mad safety, traffic accidents, road, public road.
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