ABTOMOBIJIBHI JOPOI'M 1 JOPOXXHE BY AIBHULITBO. BuIl. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

JOCIIKEHHS BIIUBY TPAHC®OPMAIIIL PYCJIOBOI BUTPATU HA
BEJIMYUHY 3AT'AJIBHOI'O PO3MUBY

RESEARCH THE INFLUENCE OF THE TRANSFORMATION OF RIVERBED CONSUMPTION
ON THE SIZE OF GENERAL WASHOUT

Bamkesuy Ipuna BacuiiBHa, xaHaumaT TexHIYHUX HayK, HamioHanbHUN TpaHCHO-
pTHUH  yHiBepcuTeT, Kadeapa «MocTh Ta TyHeNmi», AacHCTeHT, e-mail:
iv.bashkevych@gmail.com, +380509292285

https://orcid.org/0000-0001-7640-4317

Cononxuii Cepriii Mocndosuy, TokTop TexHIYHNX HayK, podecop, HarionanpHuit
yHiBepcUTET «JIbBIBChKA MOJITEXHIKaAY, 3aBiqyBad Kadeapu « ABTOMOOUIBHI TOPOTH
Ta MocTu», e-mail: s.solodkyy@ukr.net, Ten. +380322582517

https://orcid.org/0000-0001-9829-5123

AHoTauist. [IpoekTyBaHHS MOCTOBHX Iepexo/iB Mependayae JOBrOCTPOKOBE MPOTHO3YBAHHS 3aralib-
HOTO PO3MHUBY IIiJl MOCTaMH 3a OaratopidHmii niepion [1], aje HOro MupoKe BIPOBAHKCHHS 3arajbMOBYEThCS
BIJICYTHICTIO TEOPETUYHOTO OOIPYHTYBaHHS JISIKUX 3aCaIHUYUX MPUHITUITIB. 30KpeMa crioco0y BU3HAYCHHS
3aJTUIIKOBOTO PO3MHUBY BiJl TIOMEPEIHIX MABOJIKIB.

Kurouogi cjioBa: MOCTOBHI Iepexif, pycioBi Aedopmaliii, 3arajbHUN PO3MUB, 3AJTUIIKOBUN PO3MUB.

Beryn. I'igponoriyaunii pexxuM piku i rizpoMopdooriuHi mapameTpu ii pycia sSBISIFOTh COO00 CHCTEMY,
0 MOJKE ITiICHITIOBATH a00 MOCTa0ATH IHTEHCUBHICTD 3aTAIBHUX PYCIIOBUX JedOopMaIliil y 30H1 BILTUBY MO-
CTOBUX nepexoiB. OfHaK TOJOBHUM (PakTOpOM PO3BHUTKY 3arallbHOTO PO3MHUBY € BEJIMUMHA I XapakTep TpaHC-
(dhopmMartii pyciioBoi BuTpat, 00yMOBJICHA CTUCHEHHSM PIiKH MiIX0JaMH 10 MOCTA. 3arajibHHUI PO3MHUB ITiJ{ MO-
CTOM 3JICKUTH SIK BiJ aOCONIOTHOI BeMTMIMHH KoedilieHTa TpaHchopmarlii pyciaoBoi BUTpaTH, TaK 1 BijJ Xapak-
Tepy WOro 3MiHM B TPAHUISIX 30HH CTHCKY. TOMY BapTO BCTAHOBHTH 3B'SI30K MK BETMYHHOIO 3araJibHOTO PO3-
MUBY MiJI MOCTOM 1 Pi3HHUMH XapaKTEpUCTHKaMH TpaHchopMalii pycIoBoi BUTpaTH.

Merta i MeTOH. 3 METOI0 BCTAHOBIICHHS 3B’SI3Ka MiX BEIMYMHOK) 3arajibHOTO PO3MHUBY il MOCTOM i
PI3HUMH XapaKTepUCTUKaMH TpaHchopmarlii pyciioBoi BUTpaTH, GopMyIia Ijis BH3HAYCHHS XapaKTCPUCTHKH
TpaHcopMaLii pyciIoBOi BUTPATH 3aIIMCY€ETHCS 3 y3aralbHEHUM TTOKa3HUKOM cTereHst [2]:
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e ﬂM— KOoe(illi€HT CTUCHEHHS MOTOKY ITiJl MOCTOM; /. - JIOBKMHA 30HU CTHCHEHHS.

SAxmo Bpaxysaru (2) B (1), MaTuMeMo

) a-Lopy 3)

b b:l—i.

1
B
s mepeBipku 3p0o0IeHNX epeTBOPEHb PO3MIIAAIOTHCS TPAHINYHI YMOBH:

Kxonu [ = (), MaeMo ﬁM =1 - nouarox 30mmu CTHCHEHHS;

xond [ = [., MaeMo ﬂM = ﬂM - I MOCTOM.

Haparoun nokasuuky cremnens pizHi 3HaueHHs Big 0,1 mo 1,3 ogep:kuMo pi3Hi XapaKTEpUCTHKH TpaHC-
(dhopmariii pyciioBoi BUTpaTH, sKi HaBeAeHI Ha puc. 1.

SIK cBigUaTh TEOPETHYHI JOCIHIPKEHHS, IPH HEBEIIMKOMY CTUCHEHHI (puc. 1), TOOTO B MOMEHT 3JTUIIKO-
BOT'O PO3MHUBY, XapaKTEPUCTUKH TpaHchopMaLii pycioBOi BUTPATH 3MIHIOETHCS MPAKTHYHO 3a JTIHIHHUM 3aKO-
HOM. /[ 3anuImKoBOro po3MuBy Iisl BUTpaTa IIOBHHHA OYTH LIOHAMMEHILION 3 MOJIMBUX, TOOTO HE MEHIIE
JOMYCTHUMOT MMOXUOKH 11 TiAPOMETPUIHOTO BU3HAUCHHS B HATYPHUX YMOBaX, sika 3a gaHumu O.A Jlyumiesoi [3]
cTaHOBHUTH 2%. TakuM YMHOM, HaliMEHILIa BUTPATH 3aIlJIaBHOTO MOTOKY, SIKY MOXHa 3aMIipsATH, JOPiBHIOE IBOM
BiJICOTKaM BUTPATH PYCJIOBOTO MOTOKY B OpiBKax, KWW Ha 1ell MOMEHT JIOPIBHIOE 3arajbHiii BUTpaTi pikd
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BignocHa Bigcrans, /i,

Pucynok 1 — V3arajabpHeHi XapaKTepUCTUKU TpaHCchopMaIlii pycioBOi BUTPATH.
Figure 1 — Generalized characteristics of channel flow transformation.

SKI110 301IBLIIUTH 30HY, AKa BiIOBIIA€ 3AJIUIIIKOBOMY PO3MHBY, OTPHMAEMO PUCYHOK 2.

AHanizyrouu JlaHi, sSIKi HaBeJIeHI Ha PUCYHKY 2 BHIHO, 10 IPH HEBEIIMKOMY CTHCHEHHI, TOOTO B MOMEHT
3QJIAIITKOBOTO PO3MHUBY, XapaKTEPUCTHKA TpaHCHOpMaIlii pyciIoBOi BUTPATH 3MIHIOETHCS MTPAKTUYIHO 32 JIiHIH-
HUM 3aKOHOM.

st onepskaHHS 3MICTOBHHX pe3yJIbTAaTiB, 0 BiIOMBAIOTh CYTHICTH BIUIUBY Pi3HUX YMOB ()OPMYBaHHS
3MIHHOTO Y3/I0BX IIUISAXY PYCJIOBOI BUTPATH Ha BEJMYUHY 3arajlbHOrO0 PO3MHBY il MOCTOM, JIOCHTH OOMe-
JKUTBCST aHATI30M HOTo BEpXHBOI MEXi. Y 3B'S3KY 13 MMM BHHHUKA€E HEOOXIAHICTH B OJIEpyKaHHI aHAJIITUIHOTO
BHpa3y JUIsl BEPXHBOI MEXKI1 3aralbHOTO PO3MHBY, 1110 BPAXOBYE Pi3HI XapaKTePUCTUKHU TpaHCopMaIllii pycioBoi
BUTpPATH.

MareMaTidHa MOJIEb IJIs PIICHHS IIOCTABJICHOTO 3aBIaHHsI Ma€e BUTIIAN [4] 1 cKitamaeThes 3 qudepeH-
LiJILHOTO PIBHSHHS OaNaHCy HaHOCIB, TPAHCIIOPTYIOUOi CHPOMOXKHOCTI IMIOTOKY, PIBHSHHS BUTPATH MOTOKY,
XapakTePUCTUKHU TpaHChOopMaLlii pycIOBOI BUTPATH 3 y3aralbHEHUM MOKa3HUKOM CTETICHI:

6



ABTOMOBIJIBHI JOPOI'M 1 JOPOXXHE BY AIBHULITBO. BuIl. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020
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Binnocna Bigcrans, [ /1,
Pucynok 2 — KoedimieHT cTHCHEHHS TOTOKY Ha MMOYaTKy 30HW CTHCHEHHSI.
Figure 2 — The compression ratio of the flow at the beginning of the compression zone.

HaiinpocTimoro po3paxyHKOBOIO cXeMOI0 Oyzie Taka, KOJIY Ieplia B cepii OBiHb MPOXOAUTH 10 HEPO3-
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3 BpaxyBaHHAM OTPHUMAHOI MMOX1JHO1 — IIOX11HA — 3allUCY€TbCA TaKUM YHNHOM:
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[Ticns migcTaHOBKH PiBHSHHS OallaHCy HAHOCIB MAaTHMEMO KBa3iliHIHHE PIBHSHHS 3arajbHOTO pO3-
MUBY:
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B reopii audepeHmianbHUX piBHSAHb 3 YACTHHHUMH TIOXIJIHUMHU JTOBOJUTHCS, IO KBa3iIiHIHHOMY
PIBHSIHHIO 3 JBOMA HE3aJIS)KHIMH 3MIHHIMH BiIITOBIa€ CUCTEMA 3 IBOX 3BUYAHUX TU(EPEHITIAIbHIX PiBHSIHD,
sika B CHMETPUYHIH popMy HaOyBae BUAY:

dp dt
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Ckinanosi enementu cuctemu (10) sIBJISIFOTE cOO010 BiTHOIICHHS TU(EPEHITIANIB HE3AIEKHUX 3MIHHUX
110 KOeiIieHTIB IPY BIATIOBITHHUX IMOXiTHUX PO3IIyKyBaHoi (hyHKIi1. [ cKitagaHHst JBOX 3BUYafHUX PiBHSHb
Tpeba 3rypTyBaTH iX MOMAPHO B OYIb-IKOMY TOPSIKY. Takux HETIOBTOPIOIOUNX caMHX ce0e KOMOIHAITiH MOXKe
OyTH TUTHKH Tpu. Hanpukiaz, mepiie 3 ApyruM, Mepiie 3 TPETiM 1 TPEeTe 3 APYTHM. 3 METOI0 OTPUMAaHHS 3arajib-
HOTO pillleHHs KBa3UIiHIHOTO piBHSHHS HeMa MoTpeOu po3B’si3yBaTH iX Bci Tpu. JocuTh po3s’s3at Oynb-sKi
nBa. Bubip 1ux piBHSHB 3QJICKUTH BiJl CKJIATHOCTI IX PIMIEHHS 1 ITOB’sA3aHi 3 IUM YCKJIATHEHbD, 110 BHHUKAIOTh
MPY BpaxyBaHHI NOYaTKOBHX YMOB.

[leprue 3Buuaiine aAudepeHianbpHe piBHAHHS YTBOPIOETHCS BHACTIJOK KOMOIHAIIT KpallHIX WIEHIB CH-
cremu (10):
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[Ticns 3BeneHHs MoniOHUX 4WieHiB, piBHAHHSA (11) HaOyBarOTh BHUIY 3BHYAMHOTO 3 BiJOKPEMJICHUMHU
3MiHHUMHU:

dh dp 3dB,
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Ha BinMiHHY Bij 3BUYaiiHuX AudepeHiaTbHUX PiBHAHD, I SKUX 3arajibHe PillleHHs TOBHICTIO BU3HA-
YaeThCsl HEBIJIOMOIO CTaJOI0 BEJIMYMHOIO, 3arajbHe pIMIeHHS IU(EpeHIIaNbHUX PIBHSAHb 3 YaCTUHHUMHU
MOX1THUMH sIBJIsiE COO010 HeBU3Ha4YeHY GyHKUi0 @ Bix inTerpanis (13) 1 (16). Takum yuHOM, 3arajibHe pillIeHHS
KBa3iniHIiHHOTO piBHAHHSA (10) CTAHOBUTH:
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Bun ¢yHkuii @ Bu3HayaeThCs NUIIXOM BpaxyBaHHS MOYAaTKOBUX YMOB, TOOTO PO3B’s3aHHS 3amadi
Koumi.

Jiist 3100y TTS YaCTUHHOTO piteHHs, Tpeda inTerpanu (13) i (16) 3anucaT CTOCOBHO MTOYAaTKOBOTO MO-
MeHTY #o = 0. ToOTO BciM WieHaM SIBHO 3aJIe)KHUM BiJl Yyacy ¢ HaJaTH 3HAUYEHHs, SIKi BOHHM ITOBUHHI MaTy B TO-
YaTKOBHHA MOMEHT. TaKol0 BEIMYMHOIO € TITBKH MPHUPOIHA pyciioBa BUTpaTta BoAd (Opn. TOMYy B IOYaTKOBHHA
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BusHauuBIIM 3 OCTaHHIX BUPa3iB QYHKILIO / Ta apryMeHT f , MaTUMEMO iX SBHI 3aJI€KHOCTI BiJl iHTeE-
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Sxio Tpeba BU3HAYNTH TIHOWHY 3arajlbHOTO PO3MEBY TITBKH ITiJT MOCTOM, OJIEPKYEMO TaKy 3ajIeK-

HICTB:
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Pe3yabTaTu i mosicnenHs. J{ociipkeHHsI 3aIe)KHOCTI TIIMOMHY, 10 BINOBIJA€ 3arallbHOMY PO3MUBY,
BiJ apaMeTpa 7, 0 BU3HAYA€E XapaKTEPUCTHKY TpaHCPOpMaIii pycaoBoi BUTpATH, BUKOHAHO 33 TOIIOMOTOIO
aHaIITHYHOT popMymH (24) IUIst MOCTOBOTO TTepexoay depes piuky Binmbrranka [5 — 7).

3acanvuuil onuc p. Binvwanka. Piuka Binbianka 6epe movatok mooiamsy cena MopuHIi 3BeHUropoJiCch-
Koro p-Hy Yepkacbkoi o6acti Ha BucoTi 230 M Hag piBHeM Mopsi. Criepliry Teue Ha MiBACHHUM CXij, y cepeaHii
Tevii KpyTo TOBEPTA€ Ha MiBHIY, BiJ MicTa ['opoaumie Tede Ha miBHIYHUE cXif. Bragae mo J[Hinpa Hemomamik
Bix cena JIo3iBok Ha BHCOTI 76 M Haj piBHeM Mops. JlosxkuHa piuky Bix rupia 100 kM. [Tmoma Bogo36ipHOTO
Oacetiny 1260 kM2, Cepenniit moxun piuku 0,9 M/km. JlonuHa TpanemnienonioHa. Piuka mpoTikae B JiCOCTENOBIH
30Hi. 3amaBa y HIDKHIHN Teuii 3a0osiodeHa. Piuunie 3BuBHcTe, 3aBmmpmku 20 — 25 M. [ TnOMHA 3MiHIOETHCS BijT
2 o 3 pokiB. XKuBneHHs 3Mimane. 3amep3ae HaIIPUKIHIT TUCTOIIAA, CKpecae y OepesHi. BukoprcroByeTbes Ha
BOJIOTIOCTAYaHHS, 3POIICHHS.

BuximHUMH JaHUMH 0 TiIpaBIiYHOTO PO3paxyHKy Oyiau: MOpQOJIOTiYHI XapaKTepHCTHKH pP. Binb-
manka (tabiu. 1), psau cnoctepexeHb, KpUBI BUTPAT, BoJoMipHi rpadiku [8]. [y Bu3HaYeHHS TTHONHH B PO3-
MuToMy pycii (24), 6ynu moOynoBaHi rigporpag pycioBoi Ta 3arainbHOi BUTpatu 1% 3abe3nedeHocTi Ta iHTe-
rpasibHa QyHKUis rigporpada 1% 3adesneueHocti. ['padiune 300parkeHHs pe3yNbTaTiB AOCTIIKEHHS TTOKa3aHe
Ha (puc. 3).

Table 1 — Mopdonoriuni xapakTepucTUKH p. Binbiranka
Tabmuus 1 — Morphological characteristics of the river Vilshanka

upuHa po3aHBY piKU, M B 149

CepenHs IMPHHA pycia, M B 60

[IpupoaHa BiAMITKA JHA, M Z, 76,75

CepenHs BiMITKA 3aIlJIaB,M Z 82

KoediuieHT, 3amexHuil Bil KPyMHOCTI A, 0,000681
/

=l

=]

@

HAHOCIB
TTo300BXHINA ITOXWII THA

0,00033

Yac, no6a
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Pucynok 3 — 3aiexHIiCTh 3aralbHOTO PO3MHUBY BiJl XapakTepy TpaHc(opmallii 3arajibHOT BUTPATH IiJ] Y4ac Mpo-

XOJKEHHS TTABOJIKY

Figure 3 — Dependence of the total erosion on the nature of the transformation of the total flow during the
flood

Po3zmus
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BucHoBKH Ta pekoMeHaaIlii. AHaII3y04H JaHi, Ki HaBeleHl Ha pUCyHKy 2.14, MOXHa M00aYUTH, 1110
IpY 3MiHi oKa3HuKa cteneHs # Big #n = 0,4 go n = 1,3 rpadiky, 110 NOKa3yIOTh INUOUHY B PO3MHUTOMY pyci
i 9ac MPOXOPKEHHS IaBOAKY, Maibke HAaKJIaJalOThCs OJUH Ha oaHOro. lle cBimuuTh mpo Te, Mo BeluduHa
3arajibHOr0 PO3MHUBY Ha MOCTOBHX IepexoJax He 3aJIe)KUTh BiJl XapakTepy TpaHcdopmallii pyciaoBoi BUTATH.
3Ha4YeHHS BETMYUHHM 3aTaIbHOTO PO3MUBY 3POCTAIOThH 31 301IbIIEHHIM OKa3HUKA CTEICHS 7 B XapaKTepUCTULI
TpaHchopMmallii pycioBoi BUTpaTH.

KoedirieHT cTUCHEHHS MTOTOKY IIiJl MOCTOM f3,, TIPH 3aJIUIITKOBOMY PO3MHFBI TPAKTHYHO JIHIHHO 3MEH-
mryeTbes 70 1,0 Ha moyaTKy 30HU CTUCHEHHS.

XapakTepuCTHKa PycIOBOI BUTPATH 3 TOKa3HUKOM crenens 7 = 0,1 BUXoauTh 3a MeKi TEOpETHIHOT 00-
JIacTi icHyBaHHS KOe(IIi€HTIB 71 1 B IOIAIBIIOMY MOXKE OyTH BUKIIIOUCHA i3 aHAJI3Y.

Butparta nmoToky st 3aJHMIIKOBOTO PO3MHBY MOBHHHA OYyTH IOHANMEHIIO 3 MOXJIHMBUX, TOOTO HE
MEHILE JOMYyCTUMOI IOXUOKH ii TiJpOMETPUYHOr0 BU3HAUEHHS B HATYpi 1 mpuiiMaeTsest piBHOIO 0,02-Q,.

OTtpuMaHi pe3ybTaTH AO3BOJSIOTH 3MIHCHUTH aHAITHYHY peallizallilo MaTeMaTHYHOT MOJIET 3aTUIIIKO-
BOTO PO3MHUBY 3 JIIHIHOIO XapaKTEPUCTHKOIO TpaHCHOpMAIIil PyCIIOBOTO MOTOKY B CHCTEMi 0araTopiyHOro mpo-
TCHO3Y PYCJIOBHX JleopMalliii HA MOCTOBHUX Tepexoax.
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Summary. The paper presents materials for determining the traffic volume and composition of traffic
flow on a public highways network which will provide a reliable assessment of the traffic volume and compo-
sition of the traffic flow and will ensure that the actual traffic volume values fall within a specified range of
values with a given probability.

Probabilistic estimation of traffic flow volume is constructed which allows providing the actual traffic
volume values in a certain range with a given probability and obtaining a reliable basis for planning the new
construction, reconstruction, repair and maintenance of highways throughout the entire road network.

Keywords. Highway, traffic intensity, traffic volume, traffic flow, traffic composition, vehicles, re-
duction ratio.

Introduction. Traffic volume of traffic flows is an essential element for justification of works on
design, new construction, reconstruction, repair and operating maintenance of highways. Its values are consid-
ered while choosing the rational options for traffic management and in resolving other issues of design and
planning of roads deveelopment.

Analysis of the current situation.Usually for these purposes, the determined estimate of the number
of vehicles on the site over a certain period of time is used. But, in essence, traffic volume is a random variable
which can vary widely for one section. This is confirmed by the coefficients listed in the Methods M 218-
05416892-409:2004 "Methods of economic research for the design of roads", according to which even the
average daily number of vehicle driving on the highway section depending on the day of week and time of
year can vary in 2, 3, 4 times. Thus, the dispersion of the average value is much smaller than the variance of
the random variable, in essence, i.e. the traffic volume. Therefore, the specific values of average daily traffic
volume fluctuate much more widely.

Given the fact that any specific value of traffic volume depends mainly on the way of its obtaining, it
is clear that the point estimate of traffic volume of traffic flows is insufficient for a complete description of
traffic flow on the highway section. Additional proof of this is the value of the linear correlation coefficient
between actual traffic volume of the average daily flow of vehicles in 2006 and 2011, which is only 56,6%.
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Since this measure eliminates the factors of traffic volume growth, such value indicates a very low level of
compliance of traffic flows at different times for the same highway sections.

In these conditions, it is possible to ensure the reliability of forecast value traffic flows only through
probabilistic estimates based on study type and parameters of the distribution of the random variable depending
on its mean.

Building a probabilistic assessment of traffic flows volume will guarantee the actual traffic volume
values in a certain range with a certain probability which will provide a solid basis for planning the new con-
struction, reconstruction, repair and operating maintenance of roads throughout the network of public roads.

Materials and Methods. Currently in Ukraine, there is no procedure at the regulatory level of reducing
the visual short time recording to the average daily traffic volume value.

The method proposed in state building norms B.V.2-3-4 DBN has a large error and is 30-60%.

The researchers of an Information-Analytical Department of SE "Ukrdiprodor" proposed the the tech-
nique of reducing the short time visual recording (starting with one hour) to the average annual daily traffic
volume value using the data obtained from the counters of automatic recording of traffic installed the state
highways of Ukraine in the amount of 220 pieces.

According to the counter’s data which has been in operation for one year, 1,200 factors were received
that account for the month, day, hour registration and vehicle type according to the international classification
of “Euro 6”, through which you can get the average daily annual traffic volume, both by type and by the flow
of vehicles. Current number of the counters provides an adequate situation regarding the traffic volume during
the year and covers 40% of the road network.

Also, such counters provide data on the speed distribution of vehicles and their length.

The procedure of determining the short-term traffic volume

1. For the definition of traffic volume (traffic flow composition) the Form for the record of
vehicles must be filled: Figure 1 - road name, location of the recorder (km + m), date, day of week, time of
observation start-up, (fig. 1).

2. After finishing the observation the time and duration of counting should be recorded.

3. For counting traffic volume, only one person is sufficient and in the case of heavy traffic on
roads with four or more lanes - two people should be provided.

4. When making stationary counting, the vehicles in direct and reverse directions should be

considered. During the counting from the moving car - only opposing vehicles including those standing on the
roadside should be counted.

5. For ease of recording, the symbols (dots and dashes "of the closed envelope™) are used, each
of which displays 10 vehicles "the example is shown in Fig. 1"

6.
e o °
.. | . X
4 cars 6 cars 10 cars

Note: ® or - corresponds to 1 car

Figure 1 — Legend for counting traffic volume.
Pucynok 1 — YM0OBHI O3HAUEHHS U1 MiAPaXyHKY IHTEHCUBHOCTI PyXy

7. After completion of the observation, the total number of cars during the period of observation (if
necessary determination of traffic composition, traffic volume are recorded separately by type of vehicles and
determine their percentage) is counted. Traffic per day (Nay) is calculated as follows (1):

N,
Nd hour ( 1 )

¥ Kl 'ZK3

where N pour, - traffic volume for 1 hour, cars / hour;

K — Change in traffic volume by the months of the year, table 2;

K3 — Change in traffic volume by hours of the day and by days of the week, table 2.

8.  Determining the average daily traffic volume is performed in-office using the orrection factors

K; and K, To ensure that the measurement error does not exceed 5%, the measurement should be carried
out within two hours, [7].
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Note: In stationary mode all the cars in two directions are counted, and while driving (the car moves at
a speed of traffic flow) - only opposing vehicles are counted, including those standing on the roadside.

APPEMDIE-AY
(obligatory)q
FORM-OF VISUAL ACCOUMNTING-OF MOTION -BY TYPE-OF WVEHICLEY
Highwray: -+ Place-of accounting—+ -+ 3CHEMET
Doate:- —+ Checker; —» . —- Time: from 1o f
k| (ast name  nitiale ]
o= Passengerd Tracks (load-capacity)= ]
L’_a -ao Tses wnth-capacitys heavy-over 5 0tons= ]
g B . - lightweight:upta|  averagedf :
g Minihms {upta|  Medhom - Heavy-- ; S %ﬂ &
k: 5 s 2passenzerd] (2030p)5 | (overdlpes )| 2o 1o0E | 2305 0tenss
Type-45 Type 58 Type 1= Type 25 Type 325 s
E] E] E] ] E] ] ] E] ] E] o
= = E] ] E] ] ] = = E] I
E] E] E] El E] El E] = ] E] o
E] E] E] E] E] E] E] = ] E] o
E] E] E] E] E] ] E] g ] E] o
E] ] E] E] E] E] ] = ] E] o
E] E] E] E] E] E] E] = ] El o
E] E] E] E] E] ] E] H ] E] o
. % Trainss =
B ]
g
iGN | )| hwd | B89 | Gud | 5o | 65 |Cdbod| Gl | el
g PN T 245 3+l= ET¥E] S5 22 ST ET¥E] TEE |
Tvoe-ds Twoe-74 o
E] ] ] ] E] E] E] H ] ] ] o
E] 5 ] ] E] E] E] = ] ] ] o
= = = = ] E] = = = = = I
E] ] ] ] E] E] E] ] ] ] ] o
E] = ] ] E] E] E] g g ] ] o

Figure 2 — Form of a visual recording of road vehicles
Pucynok 2 — BiaHk Bi3yalbHOr0 001Ky JOPOKHIX TPAHCIIOPTHUX 3aC00IB

In Fig. 3 — shows an example of graphical change in reduction coefficients K and K3 for the data from
the counters of automatic recording of vehicles movement on the road H-07 Kyiv — Sumy — Yunakivka (di-
rection to Kursk), km - 77, Nova Basan.

The cast factor
(=}
>
S
]

0,60 L

0,40

0,20

0,00

1 2 3 4 5 6 7 8 9 10 11 12

Month
e a» o Car ® o o o o Freight with trailer = o Truck

e e Truck tractor e Busecs eamEm Flow

a) K — change in monthly reduction coefficients
a) K| — 3MiHa MicIYHUX KOe(ili€HTiB MPUBEICHHS
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“The cast factor

0.00 0,00
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Hour of obseryation Hour of observation
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b) K3 - change in hourly coefficients by weekdays
0) K3 — 3MiHa TOAMHHUX KOSQIILIEHTIB IO THAX THKHS
a) car, b) truck, ¢) freight with trailer d) truck tractor, ¢) buses, f) flow

Figure 3 — Change in the reduction coefficients K; and K> for the data obtained from the counters of auto-
matic recording of vehicles movement on the road H-07 Kyiv — Sumy — Yunakivka (direction to Kursk),
km—7 7, Nova Basan
Pucynok 3 — 3mina koediuientis npuBeaeHHs K; ta K> A1 1aHUX OTPUMaHUX 3 JTIYHJIbHUKA aBTOMAaTHIHOTO
00JIiKy pyXy TPaHCIIOPTHHUX 3aC00iB Ha aBTOMOOLIBHIM 10p0o3i H-07 KuiB — Cymu— FOnakiBka (#a Kypcbk),
kM — 77, HoBa bacans

The conclusions on the variation coefficients calculated on the average annual daily traffic volume can
be drawn from the table, where, as an example, the data processing results for the road H-07 Kyiv — Sumy —
Yunakivka km — 77, village Nova Basan , Chernihiv region, are given.

16



ABTOMOBIJIBHI JOPOI'M 1 JOPOXHE BY AIBHULITBO. BuII. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

Table 1 — The results of determination of the spread of conversion factors for the road H-07 Kyiv —
Sumy— Yunakivka km 77, village Nova Basan, Chernihiv region

Ta0murst 1 — PesynbTaTil BU3HAYCHHS PO3KULY KoedimieHTiB mepepaxynky as a/m H-07 Kuis — Cymu
— IOnaxkiBka, km 77 ¢. HoBa bocans, UepHiriBcbka o0

3 E g

Z o E 4 g 5 z

Characteristics of the analysis reduc- = S %o 5 E = 5 —
tion coefficients 5 IR =
= B &=

Mean 1,00 1,00 1,00 1,00 1,00 1,00 1,00

K Monthly o 0,19 0,20 0,39 0,11 0,20 | 0,27 0,18

Cy 0,19 0,20 0,39 0,11 0,20 | 0,27 0,18

Mean 0,04 0,04 0,04 0,04 | 0,04 | 0,04 0,04

Cars o 0,03 0,02 0,02 0,03 0,02 | 0,03 0,03

Cr 0,81 0,60 0,59 0,60 | 0,58 | 0,66 0,66

Truck Mean 0,04 0,04 0,04 0,04 | 0,04 | 0,04 0,04

with o 0,02 0,02 0,02 0,02 | 0,02 | 0,02 0,02

trailer Cy 0,58 0,50 0,51 0,50 | 0,49 | 0,49 0,54

Truck Mean 0,04 0,04 0,04 0,04 | 0,04 | 0,04 0,04

K; tractors o 0,02 0,01 0,01 0,01 0,01 0,01 0,01

Cy 0,40 0,34 0,32 0,31 0,29 | 0,32 0,29

Mean 0,04 0,04 0,04 0,04 | 0,04 | 0,04 0,04

Buses o 0,04 0,04 0,04 0,03 0,03 0,04 0,04

Cr 0,92 0,87 1,02 0,83 0,83 0,85 0,96

Vehi Mean 0,04 0,04 0,04 0,04 | 0,04 | 0,04 0,04

ehicles
flow o 0,03 0,02 0,02 0,02 | 0,02 | 0,02 0,03
Cy 0,77 0,55 0,53 0,54 | 0,53 0,60 0,63

Note, Mean - the average value; o - squared deviation (standard); Cy - coefficient of variation,

Table 2 — Conversion factors for average annual daily traffic volume M-19 Domanove-Kovel - Cher-
nivtsi - Terebleche, 320 km exit for Lutsk

Tabmuus 2 — KoedimieHTn nepepaxyHKy Ha CepeJHbOpPIYHY [0OOBY IHTEHCHBHICTH PYXY
M-19 JlomanoBe-KoBens-Uepnismi-Tepebdnede, km 320 Buizg va JIynbk
Monthly (K)
Coefficient of transition
Month Non-classified Freight with Truck Flow
vehicles Cars trailers Trucks trac- Buses
torss

January 0,70 0,91 0,59 0,84 0,83 1,47 0,89
February 0,38 0,23 0,12 0,26 0,26 0,38 0,24
March 1,21 1,04 1,12 1,04 1,02 0,13 1,04
April 1,25 1,04 1,08 0,95 0,96 0,18 1,02
May 0,84 1,05 1,12 1,08 1,06 0,24 1,06
June 1,18 1,13 1,15 1,23 1,24 0,21 1,16
July 1,32 1,20 1,28 1,19 1,22 0,17 1,20
August 1,34 1,16 1,25 1,14 1,21 0,33 1,15
September 1,19 1,15 1,09 1,08 1,05 2,63 1,13
October 0,89 1,11 1,17 1,12 1,10 2,49 1,11
November 0,95 1,01 1,00 1,07 1,05 1,98 1,03
December 0,76 0,98 1,03 1,01 0,99 1,79 0,99
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Hourly (K3) Cars
Monday Tuesday | Wednesday Thursday Friday Saturday Sunday
000-100 0,007 0,005 0,006 0,007 0,006 0,009 0,010
100-200 0,005 0,005 0,005 0,005 0,004 0,007 0,009
200-300 0,004 0,004 0,003 0,003 0,003 0,006 0,008
300-400 0,005 0,007 0,003 0,004 0,004 0,005 0,012
400-500 0,010 0,011 0,005 0,005 0,005 0,007 0,019
500-600 0,030 0,028 0,009 0,012 0,011 0,015 0,025
600-700 0,052 0,046 0,026 0,031 0,026 0,030 0,032
700-800 0,063 0,062 0,053 0,055 0,050 0,045 0,042
800-900 0,070 0,071 0,065 0,068 0,060 0,056 0,052
900-1000 0,070 0,072 0,073 0,073 0,065 0,064 0,060
1000-1100 0,071 0,072 0,076 0,073 0,070 0,070 0,071
1100-1200 0,070 0,070 0,073 0,072 0,072 0,073 0,083
1200-1300 0,070 0,072 0,072 0,073 0,072 0,077 0,093
1300-1400 0,070 0,073 0,077 0,075 0,076 0,078 0,087
1400-1500 0,069 0,074 0,076 0,079 0,079 0,083 0,071
1500-1600 0,069 0,071 0,074 0,076 0,081 0,079 0,068
1600-1700 0,066 0,069 0,076 0,070 0,078 0,072 0,066
1700-1800 0,059 0,042 0,068 0,067 0,070 0,060 0,056
1800-1900 0,046 0,052 0,055 0,054 0,056 0,047 0,045
1900-2000 0,034 0,035 0,039 0,038 0,041 0,036 0,033
2000-2100 0,024 0,024 0,026 0,025 0,027 0,028 0,023
2100-2200 0,017 0,016 0,018 0,016 0,019 0,021 0,016
2200-2300 0,012 0,011 0,012 0,012 0,013 0,016 0,012
2300-2400 0,008 0,008 0,009 0,009 0,010 0,014 0,008
Hourly (K3) Truck tractors
Monday Tuesday | Wednesday | Thursday Friday Saturday | Sunday

000-100 0,008 0,011 0,016 0,011 0,012 0,017 0,019
100-200 0,008 0,009 0,009 0,009 0,010 0,012 0,020
200-300 0,009 0,009 0,008 0,008 0,010 0,011 0,014
300-400 0,013 0,011 0,012 0,010 0,009 0,010 0,016
400-500 0,014 0,015 0,010 0,010 0,010 0,015 0,018
500-600 0,021 0,024 0,018 0,014 0,014 0,017 0,018
600-700 0,031 0,034 0,024 0,027 0,027 0,028 0,018
700-800 0,043 0,039 0,035 0,035 0,039 0,038 0,036
800-900 0,044 0,047 0,040 0,051 0,041 0,052 0,040
900-1000 0,056 0,055 0,048 0,055 0,052 0,064 0,041
1000-1100 0,061 0,062 0,064 0,058 0,060 0,067 0,050
1100-1200 0,065 0,068 0,066 0,070 0,065 0,076 0,065
1200-1300 0,066 0,064 0,069 0,067 0,064 0,081 0,074
1300-1400 0,070 0,068 0,072 0,067 0,066 0,082 0,074
1400-1500 0,077 0,072 0,061 0,070 0,072 0,077 0,064
1500-1600 0,077 0,074 0,083 0,072 0,076 0,072 0,057
1600-1700 0,076 0,072 0,079 0,067 0,078 0,066 0,054
1700-1800 0,073 0,047 0,067 0,075 0,080 0,056 0,058
1800-1900 0,057 0,066 0,065 0,062 0,067 0,043 0,048
1900-2000 0,043 0,049 0,052 0,051 0,049 0,035 0,060
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2000-2100 0,032 0,036 0,039 0,043 0,038 0,028 0,045
2100-2200 0,027 0,031 0,028 0,033 0,029 0,022 0,044
2200-2300 0,018 0,024 0,020 0,022 0,018 0,020 0,036
2300-2400 0,015 0,014 0,015 0,016 0,015 0,011 0,029
Hourly (K3) Flow
Monday Tuesday | Wednesday Thursday Friday Saturday | Sunday
0,006 0,006 0,007 0,007 0,006 0,009 0,010
000-100 0,004 0,005 0,005 0,005 0,005 0,008 0,009
100-200 0,004 0,005 0,005 0,004 0,004 0,006 0,010
200-300 0,006 0,008 0,005 0,005 0,005 0,006 0,013
300-400 0,012 0,014 0,006 0,007 0,007 0,010 0,020
400-500 0,031 0,028 0,011 0,016 0,013 0,018 0,026
500-600 0,051 0,045 0,027 0,033 0,028 0,033 0,034
600-700 0,062 0,060 0,050 0,053 0,048 0,046 0,044
700-800 0,069 0,068 0,062 0,066 ,058 0,057 0,052
800-900 0,071 0,071 0,071 0,071 0,065 0,065 0,058
900-1000 0,072 0,071 0,076 0,073 0,070 0,070 0,068
1000-1100 0,071 0,070 0,073 0,072 0,071 0,072 0,081
1100-1200 0,071 0,072 0,072 0,071 0,071 0,076 0,091
1200-1300 0,070 0,073 0,076 0,073 0,076 0,077 0,084
1300-1400 0,070 0,074 0,076 0,078 0,081 0,083 0,071
1400-1500 0,069 0,072 0,076 0,077 0,082 0,079 0,068
1500-1600 0,066 0,069 0,077 0,071 0,079 0,071 0,066
1600-1700 0,058 0,042 0,068 0,066 0,069 0,059 0,057
1700-1800 0,045 0,053 0,055 0,053 0,056 0,047 0,046
1800-1900 0,032 0,035 0,039 0,038 0,041 0,036 0,034
1900-2000 0,023 0,023 0,026 0,025 0,026 0,026 0,022
2000-2100 0,016 0,016 0,017 0,016 0,018 0,019 0,015
2100-2200 0,012 0,011 0,013 0,011 0,012 0,015 0,011
2200-2300 0,009 0,008 0,010 0,009 0,010 0,012 0,008
2300-2400
Composition of traffic flow is determined by the formula
_ N -100, )

where N,

typetransp

typetransp

total

- the percentage of a certain type of vehicles as part of the traffic, %;

N, _ the number of i- vehicles, of the calculated types (cars, buses, trucks, etc,) on the current section,

car / day;
N

total

Changes in the composition of traffic flow year years are defined by the formula

where
N

N,.=

mc

19

- the total number of vehicles on the current section, car / day.

N,

1

H
Nil

Nine increment factors by the type of i-vehicles, relative to the previous year;

3

i % - the number of i-vehicles of the calculated type (cars, buses, trucks, etc,) for the current year,%;
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Niy . the number i-vehicles of the calculated type (cars, buses, trucks, etc,) for the previous year,%.
Change in the composition of traffic before the initial year of observation was defined by the formula

N pine = L
Mo @
where: N,,. -increment factors by the type of i-vehicles, relative to the base (initial) year;
N, _the number of i-vehicles of the calculated type (cars, buses, trucks, etc,) for the current year,%;
N e v the number of i-vehicles of the calculated type (cars, buses, trucks, etc,) for the base (initial)
year, %.

These materials have been used as a basis for the development of DSTU 8824: 2019 Definition of traffic
volume and traffic flow composition on public roads.

As an example, the analysis of changes in traffic volume and composition of traffic flow for the road
M-14 Odessa — Melitopol — Novoazovsk for the period of 2005-2017 years was performed (Fig. 4 - 5).

80 20
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~

Percentage of vehicle types,%
8
Percentage of vehicle types,%
P
o

~
=]
IS

-
5]

2004 2006 2008 2010 2012 2014 2016 2018

2004 2006 2008 2010 2012 2014 2016 2018 Year
Year —r— —p— e Trucks =={l=Freight with trailers e===Truck tractorss
e—Trucks —Q==Buses e CAT trucks are light trucks are average

a) b)

Figure 4 — Changes in the composition of cars and buses (a) different types of freight vehicles in % by years
on the road Odesa — Melitopol — Novoazovsk (direction to the city of Taganrog) 94 km — 128
Pucynok 4 — 3MiHa ckiaay JeTKOBUX aBTO, Ta aBTOOYCIB (@) Ta pi3HUX TUIMIB BaHTaXHUX 13 % 1Mo pokax Ha
aBTOMOOUTEHIN J0op03i M-14 Oneca — Mukomaie — HoBoa3oBcrk (Ha M. Taraupor) km. 94 — 128

o

At various points in the structure of the fleet is changing accounting nonuniformly and with different
specifics. The number of cars near large cities is growing. Constantly increasing percentage of tractors with
semitrailers is observed.

According to the analysis of recording traffic volume on the highway M-14 it was found that the change
in traffic growth does not comply with the law of geometric progression as adopted today in the design works
(Fig. 5) and often is chaotic. The reasons lie in the shortcomings of a visual method of traffic recording, the
complexity of the process of political and economic instability of the state, the impact of the occupation of the
Eastern territory of Ukraine by the Russian mercenaries.

Fig. 5 a - d provide more detailed data on the changes in the traffic volume increment rate relative to
the intensity of the first year of operation for the selected type of vehicles at different points of observation,
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Figure 5 — Change in the traffic volume increment rate over the period of 2005-2017 years: a) cars;
b) freignt medium vehicles; c) trucks with semitrailer (truck tractor); d) vehicles flow
Pucynoxk 5 — 3mina npupocty inTeHCHBHOCTI 3a niepiog 2005-2017 poku: a) JETKOBUX aBTOMOO1IIIB;
0) BaHTQ)XHUX CEPE/IHIX; B) BAHTAXKHUX aBTOMOOLIIB 3 HAIIIBIPUYIENIOM (CiIebHUHN TATa4); T') MOTOKY T3

For defining the average daily traffic volume, it is of more appropriate to use such a linear dependence

Nimg = No (1 +a (t-1)),

where Ny - daily annual traffic volume during the first year of operation;
a - an annual traffic volume increment rate.
Major changes have occurred in the structure of traffic due to the dramatically growing tractors with
semitrailers which destroy pavement most of all. Growth the increment rate is up to 15 times! For trucks with
semitrailers (road tractor) there is almost a linear relationship type Ks, = a * ¢ + b, increase in traffic volume
with the annual increment rate of @ = 0,057 to km 610 - 635 and a maximum of @ = 0,708 to km 120 - 129 of
intermediate values of a = 0,484 to 0,655 for other regions.
For practical use in calculating prospective traffic (number of axles for clearing application for the
period of operation, it is expedient to use the linear regression according to the formula (5) with the increment
rtae for tractors with semitrailers a = 0,15 for 610 km - 635 close to the boundary line in Donetsk region and
a=0,5km 147 - 177 and maximally a= 0,75 and for other areas - (km 120 - 129).
Conclusions and Recommendations.The basic laws of traffic modes change on the roads of Ukraine
at the present stage of roads development have been defined. Transition factors from the specified hourly traffic
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volume to daily, weekly and annual average values that can be used in determining traffic volume on the roads
of Ukraine have been specified.

We need to renew and expand the practice of recording the traffic volume not only on the routes of
international transport corridors, but also on the local road network using modern advances in this field abroad.
The developed technique allows specifying the parameters of traffic load and defining the calculated values of
the required reliability in the design of pavement structures for strength and durability.

Based on the findings, the State Standard DSTU 8824:2019 Definition of traffic volume and traffic
flow composition on public roads was developed.
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BU3HAYEHHS IHTEHCUBHOCTI PYXY TA CKUIIAAY TPAHCIIOPTHOT O NIOTOKY
HA ABTOMOBUIBHUX JOPOTI'AX 3AT'AJIBHOI'O KOPUCTYBAHHSA
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AHoTanisi. B po6oTi mpuBeeHi MaTepiaiy 111 BU3HAYCHHS iIHTCHCHBHOCTI PYXY Ta CKJIaTy TPaHCIIO-
PTHOTO TTOTOKY Ha MEpeki aBTOMOOIIFHUX AOPIT 3aTaIbHOTO KOPHUCTYBAHHS, IO 3a0e31MeuyBaTUME JOCTOBI-
PHY OLIIHKY iIHTEHCUBHOCTI Ta CKJIaay MOTOKY Ta rapaHTyBaTUME MOTPAIUIAHHS (aKTUYHUX 3HAYCHb IHTEHCH-
BHOCTI Y BU3HAYCHUH Jiaria30H 3HAUCHb 13 33J]aHOI0 HMOBIpHICTIO.

IToGymoBana HMOBIpHICHA OIIHKA IHTEHCUBHOCTI TPAHCIIOPTHHUX IMOTOKIB, 110 JO3BOJISIE TapaHTYBaTH
(hakTHYHI 3HaYEHHS IHTCHCHBHOCTI y BU3HAYCHOMY Jialla3oHi i3 3aJaHO0 WMOBIPHICTIO, OTPUMATH HaIIHHY
OCHOBY JIJIsl TIJIAaHYBaHHS HOBOTO OyIiBHUIITBA, PEKOHCTPYKIii, pEMOHTY Ta €KCIUTyaTalliiHOTO YTpUMaHHS;
aBTOMOOUTHEHUX JTOPIT HA BCI MEpeki aBTOMOOUTBHHX JOPIT 3arajbHOTO KOPUCTYBAHHS.

Kuro4oBi cjioBa. ABTOMOOIBHA TOPOTa, IHTCHCUBHICTE, KOS(IIIIEHT MIPUBEACHHS, CKIIAT PyXy, TPaHC-
MOPTHI 3aCO0H, TPAHCTIOPTHUH MOTIK.
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Abstract: The change of the boundary conditions is the main responsible for the slopes equilibrium
disturbance, and mass wasting. Under normal climatic conditions, unconsolidated dry grains remain stable for
a given internal friction angle. This angle increases if the soil is slightly moistened, since the surface tension
between the water and the soil particles tends to fix the grains. During intense precipitation or snow clearing,
water infiltration causes a reduction in the values of the friction angle (¢”) and the cohesion (¢’) of the grains,
which threatens the stability of the slope, this latter is accentuated by vibrations, where liquefaction of the soil
occurs. Supported by the decline of the resistance to inter granular friction, the fall of the mechanical charac-
teristics of the soil will lead to the translation of the Mohr circle towards a rupture envelope curve. The incor-
poration of geotextile sheets can improve the stability of road embankments. This exerts stabilizing forces
opposing the forces disturbing the slope equilibrium. These forces are not taken into account by the Bishop
method, which is based on a good number of software such as Geostudio / slope. Our work consists in devel-
oping a mathematical approach to: introducing variable values of (c’) and (¢’) into the rupture criterion to take
into account water infiltration, introducing a new parameter (F s ) to take account of the effect of the seismic
stresses, introducing a force (r) to take account of the infiltrated water portion. Finally, stabilizing forces gen-
erated by the introduction of géosynthetic sheets (Geo) are engaged in the polygon of the Bishop forces. The
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result shows that the action of water is the main disruptive force of the slope and the action of the geotextiles
is the main stabilizing force.
Key words: internal friction angle, cohesion, geosynthetics, slope stability, Bishop’s method.

Problem statement: Shifts in the soil among geodynamic phenomena are the most common and most
serious on the surface of the earth. They cause a natural and continuous change in the relief and occur, as a
rule, either unexpectedly, especially during earthquakes, and / or during intense periods of rains with prolonged
precipitation and the combined action of geological factors of different geomorphology. The state of the prob-
lem in the field of equilibrium of the slopes is quite developed in the world [1, 2, 3] and a little less in Algeria
[4, 5]. There is a distinction between structural instability and geotechnical. The first form occurs in arrays at
low voltages in well-developed geological structures. They are induced from geological breaks arising from
the effect of their own weight of materials as a result of seismic actions or human activity [6]. The second kind
arises due to excessive stresses in the soil massif [7, 8]. Methods for studying the instability of rocks are also
empirical in classification [9] (Bieniawski, 1993). Methods of calculating the stability of slopes: analytical [10,
11]; digital [12] and, more recently, geomechanical [13]. For soils, methods are based on the calculation of
limiting equilibrium (Bishop, Felenius, Yambo, Morgenstern-Price, Spencerai et al.) Are the most commonly
used [14]. Comparison of the safety coefficients of different methods for calculating the stability of the slopes
advances the Bishop method as the most favorable for the use of the mathematical approach (Figure 1) when
calculating the safety coefficient for a natural slope, subject to destructive effects, the presence of groundwater
and stabilization by introducing geotextile layers.
In accordance with the simplified and strict Bishop method, effective stresses depend on the water level
in the soil, which also corresponds to the Terzagi assumption: ¢ '= 6-u (without compaction) [14].
What is not obvious, since the pore pressure may increase due to overload caused by suction during
draining of the soil; The principle of Terzagi was changed by Bishop, who obtained the equation:

(o' =0 - Uaty.(Ua- Uw)); )

where y- is the coefficient depending on the shear forces or consolidation, and ¢, Ua and Uw, respec-
tively, are the general stress tensor, air pressure and water pressure, and S = (Ua-Uw) is absorption [15] (Figure
1). Tensores of stress are expressed in the form of vectors of six components. In our approach, the soil particles
and the liquid are incompressible, and the air pressure is assumed to be the same as atmospheric pressure: Ua
= Pt.
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Figure 1 — Comparison of the safety coefficients of the three methods of limiting equilibrium.
Pucynoxk 1 — [TopiBHAHHS Koe]ilieHTIB Oe3MEKH TPhOX METOiB 0OMEKEHHS pPiBHOBATH.
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Figure 2 — Development of the coefficient y depending on the degree of saturation:
1: Sealed clay; 2: Dusty loam; 3: Light loam; 4: White clay
At the first stage, this assumption will be used in our approach.

Pucynok 2 — Po3po0ka koedilieHTa y B 3aJ€KHOCTI BiJf CTYIICHS HACUYCHHS:
1: 'epmeTtnana rmnaa; 2: [TnipaAN cyrinHOK; 3: Jlerkuii cyrmuHOK; 4: bina riouHa
Ha nepmomy etami e npunyiieHHs Oy/Jie BUKOPUCTAHO B HAILIOMY MiAXOZI.

2. Methodology: The method consists in introducing the values of the variables (¢ ') and (') into the
break criterion of the Mora-Coulomb law, the new parameter (Fs) for mapping the influence of seismic loads,
the force (1) in the polygon of the Bishop forces for displaying the proportion of infiltration water and force
(Geo) generated by the introduction of geosynthetic layers.

A- Influence of groundwater availability: Cyclical change in pore pressure, causes a significant reduc-
tion in the interaction forces in the soil, which can lead to a significant disturbance of the stressed state in the
slope, even causing irreversible deformations. After a flood, melting snow, etc. a significant amount of infil-
tration water already seeping into the ground, as a rule, will be released from the slope by using the flow force
of the next hyperbolic trajectory (related to the permeability of the medium) (Figure 3). This phenomenon was
studied in the work of RICHARDS [16], its equation:

Div (k(p)grad(e))=c 22 ®)

slope

~___Piezometry line

Figure 3 — The flow of groundwater in accordance with the Richards equation
Pucynoxk 3 — IToTik rpyHTOBHX BOJ BiIMOBiAHO 10 piBHAHHS Piuapaca

On the basis of the general theory of aquifers, the RICHARDS equation [16] and the DEPUIT equation
[16] have two forces: the first arises from the groundwater pore pressure, the second is caused by the flow of
seepage water (it can be decisive in provoking slip, especially if the flow direction coincides with the slope
slope) [17]. However, do not neglect the decrease in shear resistance caused by the action of water along the

sliding surface (Figure 4):
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AMg

ra= —¢ =Yw sinxsin(6+a) 3)

AMp ¥ cos@

where: Mé is the shearing moment due to the strength of the flow, and Mp is the shear moment due to
the weight.

According to the data of [18], this equation takes into account the action of the water flow in comparison
with the intrinsic weight of the soil layer. The latter corresponds to certain values of a, and 6, (30 °, 60 °,
respectively). The component YY—‘O’, is significant, especially when the values of y and yw are close in value.

FIILIAT [19] proposed the law of the distribution of the water flow on the slope (this method gives the most
satisfactory results and has less criticism of the researchers), which connects the shear forces, the normal ef-
fective stress and the shearing stress:

o=2y;.f.icos’a(A+p.tana), (4

where A- is a compressibility.
Some methods for calculating the circular cylindrical slip surface make extensive use of this equation
[20], in our approach we introduce the force of the water flow (r) directly into the Bishop's polygon diagram.
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Figure 4 — The change in the safety factor (with different angles of inclination o) depending on the water ta-
ble.
Pucynok 4 — 3miHa koediiieHTa 0e3meku (3 piI3HUMH KyTaMH HaxHITy 0,) 3aJICYKHO BiJl CTOKY BOZH.

B- Influence of seismic loading: Flowability is a direct result of seismic vibrations on the location of
grains in the ground, these impacts are very harmful for stability. If the grain size curve of the soil sample is
found in the category of medium and fine sand, with a uniformity coefficient Cu = <2, then there are large
risks of destruction. The potential for fluidity is defined in [21] as the ability of the soil to reach the limiting
state under a seismic load. It depends on the type and initial state of the soil compaction (Figure 5).

CSR7_5 = 0;, (5)

vo

where CSR7.5 is the ratio of cyclic stresses for the magnitude of the earthquake readout M = 7.5 on
the Richter scale:

CRR7s= 0.833 / (q.cin).0.001+0.05 (6)

F = CRR75/ CSRys (7)
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where CRR7.5 - stresses to fluidity (for an earthquake of magnitude M = 7.5 on the Richter scale.
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Figure 5 — Curves CSR7.5, depending on SPT and percentage of fine particles [20]
Pucynox 5 — Kpusi CSR7.5, 3amexno Bix SPT ta BimcoTka ApiOHUX gacTHHOK [20]

This indicator gives the ratio of the shear stress T caused by seismic loads and effective geostatic stress
(c'v), depending on the penetration resistance SPT of ISO 22476-3, ASTM D1586 [22].

At the bottom of the slope, the shear stress due to the earthquake is determined by the peak earthquake
acceleration (ah) (Swiss standards), and with the SEED reduction factor (rd) [21].

1=0.65 F‘Eh.cv.rd (8)

In the body of the slope it is expressed in terms of the maximum acceleration (ag) of the active center
of gravity of the layer [23].

1=0.65. %g Gy 9)

The maximum accelerations (amax) are determined by the sum of the spectral values of the acceleration
(ai), each spectrum of their reaction (i) is corrected by the velocity of the effect (vs) [24].

Amax = [( 1. 60X31)2+( 1 .06xa2)2+(0. 86X33)2]0‘5 ( 1 O)
. — St E — 2_1'[
o=y P=g (11)

To replace the stresses by the acting forces:
- The horizontal force is the product of the average acceleration per block mass:

F horizontale™ dmoy - 1M (12)
- The vertical force connects the vertical component of the seismic acceleration to the block mass:
Frerticale =avert .M Frerticale = 0.66 anorizontale .M (13)

These two forces are used to use the mathematical approach in [25, 26].
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C - Influence of water content on shallow grounds: The phenomenon of bond failure in undrained soils
of undisturbed structure, and residual adhesion in finely dispersed saturated soils, was investigated using a
shear device for measuring adhesion for water content variables (Table 1).

Table 1 — Changing the adhesion depending on the water content (measured by the Micro-Harvard)
Ta0murst 1 — 3miHa aaresii 3a1eKHO BiJ BMICTY BOAH (BUMIPIOETHCS MiKpo-I'apBapaoMm)

Water content % 20 22 25 35 40 50 60
Cohesion in the soil of an un-

disturbed structure (kPa) 0.38 2.07 4.65 3.81 3.47 3.35 0.09
Residual grip (kPa) 0.19 0.77 1.33 1.30 1.28 1.20 0.09

The increase in adhesion, depending on the increase in water content, is observed with an upward
curved threshold corresponding to 25% of humidity, then decreases to very dangerous values beyond 55% of
humidity. The shape of this curve varies depending on the lithological composition of the soil [27, 28].

We can introduce this component directly into the Bishop breakdown criterion. The same observation
applies to the change in the angle of internal friction (hence, in the Bishop method, we use the coefficient (K¢
=0.8) and (¢ '= ¢ .K¢@.) Proceeding from this we obtain:

S=1/F(c (w)L+N tanp’ (w). (14)
D- Density analysis: Vulnerability of fine fractions to easy laying or washing out, affects the relative

density of the soil, and varies with time, sometimes the density increases with compaction or consolidation,
or decreases as a result of leaching or dissolving of fine fractions of the soil.

_ yd—ydmin ydmax
Dr= ydmax—ydmin X vd (15)
We can introduce the term relative density directly in terms of mass:
(W=Dr.h.b.1). (16)

E-Geotextile interlayers: The introduction of geosynthetics (schematically as a line in the 2D section)
can significantly improve the equilibrium state of the slope. With this layer position, only the tangential
component (GéoX) plays a role in equilibrium. The flexible characteristics of the interlayer do not affect the
nanormal component (under compression) .

3. The mathematical approach

- s

Figure 6 — a - Separation of the slope into blocks; b- Conditions of equilibrium; ¢ is the Bishop's polygon.
Pucynox 6 — a - Iloxin cxmry Ha 6710KH; 6 - yMOBH PiBHOBAary; C - MOJIITOH E€MMCKOIIA.
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X1, XR, EL, ER - vertical and horizontal forces between blocks; W is its own weight;

S is the normal force; Geo - tensile forces in geotextiles, F - seismic forces;

r is the force associated with the flow of groundwater; o is the angle of the base segment; 0 is the angle
between the line of the piezometric level and the horizontal.

The Coulomb-Mora law:

$ == (¢'(w) LN tang’(w) (17)
The projection of forces on the vertical in the center of the section.
(N+u,.£-y.L.sc).coso= WH(X-Xgr)-S.sino+(Fsyertr.51in0) (18)
the replacement of S according to (17):
(N+ua.L-y.L.sc)cosa= WH(xi-x;)- /F(c’(w) £+N.tang’(w)). sina +(Fyertr.5in0) (19)
(N.cosa)H(ua.£-y.L.8¢).cosa=W+(xr-xr)-(¢’ (W) L/F).sino—N.tan@’ (w).sino/F)+(Fyertr.8in0)  (20)
where: ¢ '(w), ¢' (w): are residual characteristics due to material fatigue (see section C):
N.(cosat(tang’(w).sina)/F) = WH(x1-xr)- L. (Ua -).S¢).coso — (¢’ (W) sina /F) +(Fyerctr.sind). (21)

WH+(x1,—XR)— f.(ua—x.se).cosa—(c'(w)Sina/F)+(Fsvert+rsin9)

(cosa+(tang’(w)sina) /F)

N 22)

For clarity and simplicity, Bishop's method allowed to neglect the forces in the intermediate sections
(which is present with a small difference between the blocks) and the center of gravity of the compartment is
located at half its height. Moments with respect to the center of rotation of the sliding surface:

W.R=S.R-F*yeriRx- Fonoriz( R.(cosa)- h/2)— r.sinf.Ry— r.cos0.(R.(cosa)- h/2)+Geo(R.(cosa)- h/2)  (23)
W.Rsina=R.tl - F*,cxR.sin0- Fouori(R.(cosa)-h/2) -((rsinf.Rsina)+((rcos0-Geo).(R(cosa)-h/2))) (24)

When the destruction criterion (t = ¢ '+ c.tang') is introduced into equation (24):

W. Rsina = R/F. [(¢’(wW){+Ntan@’(w)L) - (£tang’(W).(ua-.Se))] - [(Féverctrsinf)(Rsina)] - (Foporiz+rcos6-

Geo).(R.(cosa) -h/2)] (25)
- R [(c’(w)Z+N.tang’(w)¥€)—(£tane’(w).(ua—y.se))] (26)
WRsina+[(Fsvert+rsin®)(Rsina)]+[(Fsnoriz+rcos8—Geo) (R.(cosa) —h/2)]
F= [c(W)£+Ntan ’(w)]-[ftang’(w).(ua—x.se)] 27
WRsin  [(Fsyert+rsin®)(Rsina)]+[(Fsporiz+rcos0—Geo) (R.(cosa) —h/2)]° ( )
Substituting the values of N from (21) into (25) and taking into account the sum of the blocks:
,  tan@’(w)[W—(fcosa (ua—x.se))] +(c’(w)sina/F)+ Fsvert +rsinf]
_Z [[c'(w)e+ 5 cosa i((taan'(w)sina/F) £ (ua—x.se)] (28)
Z[Wjsinaj +[(FShoriz +ricosei—Geo)(co i—:—é)]+ (risin®j+ ZFsyert )(sinay)]
Replacing:
1 (seca)
e~ EmewE ] (29)
F
We get:
_ c/(W)f+Ntan "(w)[W—(*co (ua—x.se))]+(c'(w)$)+Fsvert +rsin® ][1/my]—¢(ua—y.se)] (30)

2[Wjsina + [(FShoriz +1ic0s0i—Geg) (cosaj—hi/2R)) + (risin®j + ZFsyert )(sina;)]
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1.5

T 1 11 (seca)

T i me (1+(taneg (w)tana)

S W— —

1.0 AR

B/ ABRSNNNNN\SE
-1 0 1 2

value tana

Figure 7 — Changing ma depending on tang '.
Pucynox 7 — 3miHa mo. 3a7eXHO Bif tang .

value Ma

4. Results: Equation (30) is the result of a mathematical approach for the Bishop method. The
appearance of seismic forces and due to the flow of water simultaneously with the numerator and in the
denominator and the stretching force in the geotextile with a negative sign in the denominator (plays a positive
role for stability) makes it possible to obtain the safety factor of the modified method and the simplified and
exact Bishop method.

u

At: (P,: (P'K(P; = Total vertical stress (31)

- simplified method: F = Z{c'b+tan Z‘vazi(;_m))}l/ . (32)
Zi(c'b+tan "(W(1-ru)))+(xl-x ){1

- exact method: F = {(C an ( i )) G )} /ma (33)

YXWsin

This allows us to obtain a safety interval in the design of the embankments and take into account the
various forces affecting the equilibrium of the natural slope [29, 30].

5. Conclusions: The phenomenon of instability of road slopes under the influence of various external
factors is not fully understood. Previous studies have shown that the level of groundwater in the slope had a
large role in development during the movement of a natural or constructed slope [31]. In this article, the influ-
ence of various external factors on the stability of slopes was assessed. Using the Bishop method, we were
able to establish a change in the safety factor, depending on the presence of geosynthetic layers, the availability
of groundwater and seismic forces. Instability thus appears in connection with the behavior of the last two
factors. The laying of geotextile layers plays a decisive role in the stabilization of slopes. The appearance of a
retaining force from geotextiles in the denominator of the modified Bishop equation with a negative sign
proves the strengthening of the structure due to the tension effect in the layers of geotextile.

With the use of software, this approach can be used to take these factors into account in limiting equi-
librium calculations.
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AHoTanisi: 3MiHa TPaHUYHUX YMOB € OCHOBHOIO IMPUYMHOIO MTOPYIIICHHS PIBHOBATM CXUJIIB Ta MacOBOI
TpaTu. 3a HOPMaIbHUX KIIMAaTUYHUX YMOB HEKOHCOJIIOBaHI CyXi 3epHa 3aJIMIIAIOTHCS CTAOIIbHUMU IS 3a-
JaHOTO BHYTPIIIHBOTO KyTa TepTs. Llell KyT 301IbIIy€eThes, SKIIO TPYHT TPOXH 3BOJIOKEHUM, OCKIJIBKH I0-
BEPXHEBUI HATAT MK BOJIOIO Ta YaCTHHKAMU IPYHTY Ma€ TEeHACHIII0 (ikcyBaTH 3epHa. [1iq yac iHTEHCUBHUX
OMMaJ(iB YK OYHMIICHHS BiJl CHIry iH(IIbTpaLlis BOAX CIPUYHHSIE 3MEHIIICHHS 3HaYeHb KyTa TepTs (@ ') Ta 3ryp-
TOBaHOCTI (c¢') PO 3epHa, IO 3arpoKy€e CTIHKOCTI CXMITY, IIe OCTAHHE IiIKPECTIOETHCS BiOpalisimu, e Biaoy-
Ba€ThCA 3piHKEHHS IPYHTY. [liATpuMKa 3HIDKCHHS OTIOPY MiXKTPaHYJIbOBAHUM TEPTSIM IMAIIHH MEXaHITHUX
XapaKTepUCTUK IPYHTY MPHU3BEJE 10 TepeBe/icHHs Koja Mopa Ha KpUBY PO3pHBY 000JOHKH. BHeceHHs reo-
TEKCTUIHHUX JIMCTIB MOXE TiIBUITUTH CTIMKICTh TOPOKHIX HacwuiiB. Lle 3milicHioe cTabimizyrodi cuiu, mpo-
TUJICKHI CHJIaM, 110 MOPYIIYIOTh piBHOBary cxuiy. Lli cumu He BpaxoByloThcs MeTonoM bimona, sikuit 6a-
3YEThCS Ha BEIIMKIM KiJIBKOCTI ITPOrpaMHOro 3abe3neucHHs, Takoro sk Geostudio / Haxui. Hama po6ora mo-
Jsirae y po3poOLi MaTeMaTHYHOTO MiAX0Ly A0: BBEJCHHS 3MIHHUX 3HaueHb (¢ ') i (¢') B kpuTepiit po3puBy s
BpaxyBaHHsI MPOHUKHCHHS BOJM, BBeJcHHS HOBOro mapamerpa (F s) mis BpaxyBaHHS edekTy ceficMmiuHi
HAIpPY>KEHHs, BBOASUM cuily (r) Ul BpaxyBaHHS 1H(UILTPOBAHOI BOAHOI yacTHHU. HaperiTi, B HOJIITOHI CHIT
€nuckona 6epyTh y9acTh CTa0TI3yI0Ui CHIIH, IO CTBOPIOIOTHCS BBEICHHSIM T'€OCHHTETHIHUX JHCTIB (I'€0).
PesynpTar mokasye, o Ais BOAW € OCHOBHOIO PYHHIBHOIO CHJIOIO CXMIY, a Jisl TEOTEKCTHIIIO € OCHOBHOIO
CTaOUTI3yI0Y0I0 CHIIOHO.

Kuio4oBi ciioBa: KyT BHYTPIIIHBOTO TEPTS, 3TyPTOBAHICTh, TCOCUHTETUKA, CTIUKICTh CXHITY, METO
Bimromna.
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Abstract. The development of technologies for road works as well as changing the ways and conditions
of their operation requires the development of the planning system. The planning system forms the methods
of identifying the best options for road repairs and calculating the volume of resources to maintain them in a
reliable operational state. In order to solve such problems in Ukraine since 2000, the Pavement Management
System (CYCII) is used. The article presents the results of recent studies, which are related to the development
of a new version of the CYCII system and presented in two blocks. The first of them develops methods of
planning capital and current average repairs of roads with non-rigid types of pavements. The second is the
procedure for repairing roads with cement-concrete pavements, where special attention is paid to the develop-
ment of the subsystem of the justification of current minor repairs.

Keywords: system of planning, improvement, road pavement, repair, criteria.

Introduction

The development of planning system, which determines the procedure for carrying out of repairs and
the repair-reconstruction measures on the roads, is based on specific models to solve the problems of traffic
planning the economy in Ukraine used a special model called the "Pavement Management System" — CYCIL
It was created in the development of the theory of road operation [1] in 2000-2001 and has been successfully
used to solve the problems of the current and long-term planning in all Regional Road Services of the country
[2, 3, 4, 5, 6]. But in the period 2008 - 2016 years this planning system for various reasons was used only in
some organizations. So under contract with Ukravtodor in 2017, in order to upgrade this system and full further
use in the road management, scientific-research work and practical research were carried out.

Problem statement and its communication with scientific and practical tasks.

In the updated version of CYCII system (as well as in the previous), separate sections of roads that
correspond to the road pavement types are considered as planning objects. In the updated version, we selected
two blocks - planning work on the road with the non-rigid type of pavement and roads with cement-concrete
pavement. But the processing of these blocks is carried out in the framework of the single methods and soft-
ware. Forming initial information to solve the problems of planning works on individual roads or within indi-
vidual regions, which are mostly the result of field work is carried out by a single but advanced methodical
support.

In the first (main block) the tasks of adjusting the system of planning repair and restoration measures
on the road sections with non-rigid types of pavement for different planning periods (1 year, 5 years and 20
years) are solved. As the planning work is done by determining the sequence of pavement repair based on
specially created economic-mathematical models, the focus in this part was paid to the study of behavior and
reliability of these models in different conditions of the road operation. First were proposed and reviewed
various ways to determine the actual value of the road pavement strength coefficient (K3.m.¢)). This is ensured
by the use of three methods.

The first method is based on the information on actual annual destruction of the roadway - w , which is
defined as a percentage of total pavement area. Principally, the pavement area destruction indicator is used in
the system of mathematical dependencies, which reflects its influence on the actual value of the road pavement
strength coefficient. In these mathematical models, the following parameters are used:

t - the term of road pavement service after overhaul, reconstruction or construction;
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InK * - estimated rate of the ratio between the w and .

Using mathematical dependencies that determine the ratio between K * w and ¢ a series of logarithmic
dependencies according to the axes w — K * is constructed. Using the principles of graphic manipulation, it is
possible to determine the parameter K * for different intervals of service life (fromt =4 ... 6 years; ... until t =
14 ... 16 years). Next, using the parameter K * you may calculate the value of K3..m.¢b:

Kzm.gp = K*+ 0,6. (1)

Studies confirm that this method is not effective and does not give a full guarantee in the determination
of K3.m.¢., as when determining the index w it is necessary to take into account the destruction and defects,
which actually affect the durability of the road, and their number for classifier CYCII is at least 10 different
species.

The next way to determine the pavement strength coefficient is based on the use of instrumental meth-
ods of the actual module of elasticity field measuring — E¢h. In turn, the normative value of the modulus of
elasticity of road clothing (E¢) is determined depending on the road category and type of pavement. It depends
on the combined intensity of traffic (N3g) and the group of axial loads (respectively Al, A2, and B). Based on
the developed and refined models of K3.m.¢) on each group of axial loads (N36.( A1), Nse. ( A2), N36.( b)) we
can assess the reliability of this method and recommend it as the main calculation methods for planning of
road pavement repairs.

We investigated the use of the third method of determining the Kz.m.¢h. under the condition of the
priority calculation of the actual modulus of elasticity - Ef, which can be established by conducting special
calculations using information on the construction of road clothing and the conditions for its use. But the
realization of this method requires a large volume of information in the data banks of CYCII and considerable
resources for its implementation.

When actual volume of road pavement strength coefficient Kzm.¢ will be less than minimum allowable
K3m.00n the models of substantiation of the first major overhaul period are realized (as in the basic version of
CVYCII). These models take into account different parameters that characterize the types of pavement, the
categories of roads, the impact of road-climatic zones, types of materials, etc. The main calculated parameter
for major repairs is the value of the pavement strengthening layer - inidc, including the definition (if necessary)
of the thickness of individual strengthening layers. We expand classifiers of possible technological realization
methods of these engineering measures due to the researches of the models of roadway strengthening layers
thickness definition based on the non-rigid road pavements repair projects analysis.

The planning system works is an expert-analytical model for determining the rational sequence of two
kinds of repairs - capital and current average pavement repairs. The economic-mathematical model of deter-
mining the best sequence of these types of repairs and calculation of necessary resources (and, above all, of
the funds as a definition of the resources type) are formed using more than 20 options. These settings reflect
not only the road pavement condition and related to his condition of other road elements, but also reflect the
conditions of the road operation. In this updated version of CYCII all economic-mathematical models created
through various so-called strategies for the operation of the road pavement.

Each of the road pavement operation strategies includes different but technologically possible and fea-
sible options for the sequence of road repairs in the period of the pavement service terms, i.e. within a calcu-
lated period 0 — Tx. Only in the updated version of the CYCII it is recommended of the 7 strategies for practical
use, each of which is possible from the point of view of rational technology repair projects of highway sections.
As the technical criteria for the justification of a particular repair, the following indicators are adopted: the
durability of road pavement, the equality of coverage, the coefficient of adhesion of the the car wheel with the
surface (as in the previous version). As a global decision criterion when choosing a final strategy for a series
of road repairs (justifying a better strategy) it is still carried out using the criterion of minimum total average
annual road transport costs. In other words - the minimum reduced average annual road - transport cost.

The updated version of the CYCII revised the system of reporting plan documents, which are formed
after determining of repairing road works strategies for selected road sections in estimated periods (years),
with a more precise definition (description) of road works technology, maintenance work and restoration
measures.

The main result of the planning unit works on the road with cement-concrete surface study is the for-
mation of complex work program to achieve a certain operational level on the road section. The system of
rational decision-making is a combination of theoretical and expert rules for determining the technological
priorities for the certain repair and restoration measures implementation of road section, which have been
developed in a number of previous studies [1,7]. The structure of this subsystem decision on formation of work
program includes the definition:

- the type of pavement repair — complete and current average repairs — for the criteria of road pavement
strength coefficient, actual straightness and the value of the adhesion coefficient of the car wheels with the
surface of the roadway;

- complexes of current minor repair works, implemented on the basis of carrying out a number of
interactive procedures of the best option of repair-regenerative works selection.

In order to solve these problems in the structure of the initial information it is suggested to use specific
parameters, such as:
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- temperature conditions of concrete hardening during construction,

- the conditions of road struction hydration,

- possible sources of moisture grants subgrade and road foundations,

- the fact of the presence or absence of the pins in the transverse joints,

- the state of the temperature joints,

- the state of the roadside,

- the mixed intensity of all vehicles wheels, which are located on their one side, movement;

- estimated load per wheel (kN)

- other parameters and characteristics characterizing of the road struction conditions.

It should be separately noted that in the updated version the range of cement-concrete pavement de-
struction and deformation is extended. To an existing list (which included 18 types of pavement destruction)
were added such as:

19 = crack subsidence;

20 = transverse cracks at the seams,

21 = crack pinching;

22 = crack — stitches;

23 = reflected cracks in areas of asphalt concrete strengthening.

The adoption of the pavement complete repairs is carried out based on the definition of the of road
struction strength factor, in accordance with the permissible (normative) — Kuiyn. oon. and actual — Kuiyw. .
The pavement condition requires improvement through complete repairing in case where Kmiyn.¢h. < Kmiymn.

After conducting the appropriate calculations, it is possible to recommend the following ways to im-
prove pavement strength, such as:

a) arrangement (build-up) of a new cement-concrete pavement according to the calculation of the thick-
ness of the pavement layer, provided that the old pavement acts as its base;

b) extension of the existing pavement by the reinforced concrete or fibro-concrete with the correspond-
ing calculations of new pavement layer;

¢) the destruction of unsuitable concrete slabs in unsatisfactory areas mechanized way and the place-
ment of new sections of pavement by concreting in the field of works;

d) strengthening of pavement by placing of the estimated thickness asphalt-concrete layers on the in-
termediate layer of black rubble;

e) continuous destruction of the existing pavement with its shredding and subsequent use as a material
for new base and coating layer of calculation construction thickness.

The choice of complete repair technological ways is determined on the basis of the technical-economic
studies of specific situations that occurred on the road section using the minimum cost criterion. In any case,
it is about determining the specific resource requirements for repair work. However, the most common pave-
ment repair both in our country and abroad is to use technology to type d) — strengthening pavement by placing
of asphalt layers estimated thickness on top with the intermediate layer of black rubble. The earlier relevant
engineering and economic calculations for determining the parameters of complete repairs found their expres-
sion in the normative documentation - see. Table 1.

In turn, the criterion of decision-making about the current average repair of cement-concrete pavement
is this condition:

Kwuiyn.¢p. < Kmiyn oon.
S ¢ >= S oon. (2)
where S ¢ and S don. — respectively, the actual and admissible (normative) values of the straightness
index, cm / km.

Table 1 — Minimum thickness of asphalt layers and strengthening black gravel layers for the cement-
concrete pavement

Tabmurst 1 —3HavueHHs MiHIMaJIbHOI TOBIIMHHM IIapiB acaabTOOCTOHY 1 MIApiB MiJACTUIAHHS i3 4Op-
HOTO MeOEHI0 IS i ACUICHHS IEMEHTHO — 0ETOHHOTO OKPUTTSI

The thickness of the Minimum thickness of asphalt and of black rubble base layers
concrete slab, cm Road-climate zone strengthening cement concrete pavement (in cm) in the total
number of applications estimated load in units on the strip
7 57
more than 2 x 10 10— 2 x 10
less than 15 JK3 V-1 19/22 15/17
JK3 ¥V -11 19/22 15/17
JK3 V-111 14/16 12/14
more than 15 JK3 V-1 22/25 20/22
JK3 ¥V -11 22/25 20/22
JK3 YV -111 18/20 15/17

Note to table 1:
- in the numerator, the thickness corresponds to the calculated load on the wheel 50 kn in denominator-
57.5kN;
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- in the given total thickness of bituminous layers a two-layer asphalt concrete pavement thickness 9 —
12cmfor JIK3—Y —-1and ¥V - 11 and 8 — 10 cm for IK3 VY — 111.is included.

In the case of condition (2), it is necessary to decide on the need for the current average repair on the
criterion of straightness of roadway in the following variants:

a) arrangement of double surface treatment on organic binder;

b) arrangement of a protective layer using a polymer-concrete mixture;

c) arrangement of a thin-layer leveling layer using bitumen-mineral binders (slurry-seal or macro-seal);

d) arrangement of a thin leveling layer made of bitumen-polymer-mineral slime.

Nevertheless, before carrying out the renewal current average repair in order to improve the straightness
of the roadway, it is necessary to plan the maintenance work to completely eliminate all existing types of
fractures and defects in cement-concrete pavement.

The next criterion of current average repair is an indicator of the adhesion, which is measured according
to the methodological provisions ICTY BB.2.3. — 2, ICTY BB.2,3 — 8 ta 'CTVY 218. 02070915 — 102. The
criterion of repair-reconstruction measures on improvement of adhesion of the roadway with a vehicle wheel
are the following:

Kwmiyn. ¢p. < Kmiyn Ooon.
>= foon. 3)
where f'¢p and fdon - is the actual and permissible value of the adhesion coefficient with the roadway.

Possible ways to increase the adhesion qualities of the roadway can be as follows:

a) placing a single surface treatment with stone material 4 - 6 mm using bituminous binding with surface
- active substances capital type and other measures to achieve a stable adhesion for binder with the surface of
pavement;

b) arrangement of a thin rigid layer using bitumen-polymer-mineral sludge;

¢) macroslipping of the concrete pavement surface;

d) placing a rough surface layer up to 1 cm using a polymer-concrete mixture;

e) cutting of small beads against sliding in the width 0,2 - 0,3 cm and a depth of 0,2 - 0,3 cm;

f) arrangement of a double surface treatment on bituminous binding with the measures to achieve stable
adhesion binding to the concrete pavement surface;

g) as a temporary measure - conducting periodic works to increase the hydrophobicity of the pavement.

Prior to each of these works for improvement of adhesion qualities must also plan to carry out a mainte-
nance work to completely eliminate all existing pavement damages. The best technological way of performing
work to increase the adhesive qualities of a car wheel with a cement-concrete pavement surface is determined
taking into account the current conditions of its operation on the minimal value criterion.

Special attention is the updated version of CYCII was paid to the development of subsystem of current
minor pavement repairs that includes the following steps:

— identification of the damage and defects types in the field observations;

— the establishment of the causes of the destructive process that caused this destruction;

- design (selection) of technology to eliminate the causes of the destructive process or its localization;

- optimization of the eliminating process of the destructive process consequences on the criterion of
minimal cost.

Update subsystem of maintenance work included:

- execution of works on specifying the classification of cement-concrete coating decays, taking into
account new additions and defining their classification characteristics and attributes:

- - expansion of possible causes of the genesis and development of cement-concrete pavement destruc-
tion classification and providing them with identified codes;

- development of a classification criteria for assessing the measure of cement-concrete pavement dam-
age by types of fractures.

To provide further automated search of rational methods and technologies for repair and liquidation of
the consequences of cement-concrete pavement fracturing in CYCII introduced the concept of "Defect Index
of cement-concrete pavement", which is determined by the results of field inspection of the pavement. The
defect index is formed by taking into account three components:

- the code of the detected destruction type;

- a definite possible reason for the development of this destruction;

- a certain level of defeat of the pavement with the established type of destruction.

Defect index of pavement fixed in the form of, for example, the following expression:

02. 8.2, 4
where 02. — is the code of the field conditions of destruction (in accordance with the classification of
fractures - these are cross-sectional through cracks);

B. — a possible reason of occurrence of such a destructive process (in accordance with the classifier is
foundations subsiding or soil in the middle area of the plate due to the non-conformity of the strength of
the base with the actual stresses on it (for example, local soil reloading etc. );

2. — is the level of pavement damage with this kind of destruction (in accordance with the classifier is
a cleazrly expressed transverse crack width 3-5 mm without loss of material at an average density of 0.1-0.35
m/ m°).
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Final stage of the pavement cement-concrete maintenance work planning subsystem updates is the de-
velopment of so-called "Recommended list of technological ways and methods to repair small damages of
cement concrete pavement according to their levels ", which has the form of the table. 2.

Decision-making to determine the best technological way to carry out the maintenance work represents
the implementation of logical iterative procedures, when each of the options is evaluated in monetary terms,
and the rational and final solution corresponds to the cheapest variant. In the process of forming repair and
restoration measures variants and road works corresponding to a certain technology, is taken into account the
logical - sequential technological impact of work to eliminate the effects of several destructions on one area of
pavement.

As in the first and second CYCII block subsystems of various documents forming, which are deter-
mined by the types of repair work, their volumes and road sections with planned works in a specific year, are
developed.

The conclusions

It should be noted, that the framework and direction of expert-analytical systems development that
have been defined and used in the process of the CYCII system formation are used in the process of other
planning work systems creation. For example, when creating analytical expert control system of bridges, expert
and analytical system of roads operation and in solving related to these systems engineering-economic prob-
lems, for example, [8]. In general, the development of a road planning system is a dynamic process of contin-
uous special scientific works implementation, conducting practical research and experimental work that repro-
duces the current conditions and perspective ways of industry development in the country.

Table 2 — Technological ways and methods to repair small damages for cement concrete pavements at
different levels of their destruction (fragment for the destruction with code 1)
Tabmuis 2 — TexHoJOrIYHI CIIOCOOU 1 METOAM PEMOHTY APIOHHX PYyHHYBaHb LIEMEHTHO — OCTOHHHMX
MOKPUTTIB MPU Pi3HUX PIBHAX iX ypaxkeHHs (pparMeHT Ui pyHHYBaHHS 3 KOJOM 1)

close to or exceed the
limits for the road
structure - in the
plates there are
stresses close to the
boundary of the
strength of cement
concrete on the bend;

¢) excess moisture of

nation of the strength
of the road structure
to the existing move-
ment. If the factor of
the safety margin is
less than permissible,
it is necessary to plan
overhaul in the form
of reinforcement of
the road structure
01.8.1-1 Works by

Determination of
the strength of the
road structure to the
existing movement.
If the factor of the
safety margin is
less than permissi-
ble, it is necessary
to plan overhaul in
the form of rein-
forcement of the

Co Name of The major causes of Level 1 Level 2 Level 3
de | destruction damage
1 2 3 4 5 6
1 Longitudi- | a) the heterogeneity 01.a.1-1 Increasing 01.a.2-1 works by 011.a..3-1 Reduction
nal trans- of subgrade compac- | the edges of the can- | code 01.a.1-1 of water permeability
verse tion in the transverse | vas by reducing the in areas of roadside.
cracks profiles (leaf edges vapor permeability of Filling the cracks
have a lower den- the canvas in the ar- with bituminous mas-
sity); eas of the roadside. tics, with mastic
Filling the crack with "Butislan-K" or poly-
heated liquid bitu- meric sealants with
men or dilute solvent sand filling of the
mastic "Butislan - K" surface
b) transport loads are | 01.6.1,2,3 Determi- 01.6.1,2,3 01.6.1,2, 3 Determi-

nation of the road
structure strength to
the existing move-
ment. If the coeffi-
cient of safety is less
than permissible, then
it is necessary to plan
overhaul in the form
of road construction
strengthening
01.8.3-1 Works of

the soil of the canvas | code 01.a.1-1 road structure the code 01.a.1-1.
in the zone of the 01.8.2-1 Works of
road in separate peri- the code 01.a.1-1.
ods of the year.
2 And so on
tothecode | ....... . . s
with the
number 23.
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[TocTitinuii pa3BUTOK TEXHOJIOTIH BUKOHAHHS JOPOXKHIX POOIT a TAKOXK 3MiHA CITOCOOIB 1 YMOB iX eKc-
IUTyaTalii BAMarae B CBOKO Yepry PO3BUTKY CHCTEMH IUTaHyBaHHs. CHCTeMa IUIaHyBaHHs pOpMy€e METOH BU-
3HAYCHHS KPAIIMX BAPiaHTIB PEMOHTIB JOPIT i PO3paxyHOK 0OCSTIB pecypeiB [uis MiATPUMAHHS X B Haliii-
HOMY eKCIuTyaTariinomy ctaHi. J{ms Bupimenns takux 3amad B Ykpaini 3 2000 poky BukopuctoByeTbes:t Cu-
creMa ympasiinHsa ctaHoM MOKpuTTs (CYCII). B craTTi HaBemeHi pe3ylbTaTd OCTaHHIX JOCTIIKEHb, SKi
OB’ s13aHi 3 po3poOkor0 HoBoi Bepcii cuctemu CYCII Ta BukianaeHi B 1Box Omokax. [leprmii 3 HUX po3BHBae
METO/Y TUTAHYBaHHSI KaIliTAIbHUX Ta TIOTOYHUX CEPEIHIX PEMOHTIB JIOPIT 3 HEKOPCTKUMU THIIAMH IIOKPUTTIB.
Jpyruii — HOpsIIOK IPOBEACHHS PEMOHTIB JJOPIT 3 IEMEHTHO — OETOHHUMH MOKPUTTSIMU, KOJTM 0CO0IMBa yBara
npuiieHa PO3BUTKY MiJICUCTEMH OOIPYHTYBaHHS MOTOYHUX MUIKHX PEMOHTIB.
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Vidbadd'’

AHoTauisi. BukoHaHa OLiHKA HaIPyXeHO-I1e(h)OPMOBAHOIO CTaHy Ta MII[HOCTI IUIMTH IPOI3HOI Yac-
TUHH aBTOAOPOKHBOT'O MOCTA 32 HEKJIACHYHOIO (YTOUHEHOIO) MOJEIUTIO PO3paxyHKy. B ocHOBI Mozeni 3Haxo-
TATHCS PO3PAXYHKOBI 3aJIEXKHOCTI TEOPii 3ruHy MapyBaTUX KOHCTPYKIIH (OaIOK, TIUT), YTOYHEHI BpaXxyBaH-
HSIM TIOTIEPEYHUX HOPMAaJIbHUX HANPYXKEHb BiJl OOTHCHEHHS IIapiB; METOIU BU3HAYCHHS 3yCHIIb (3THHAIOYX
MOMEHTIB), 1[0 32CTOCOBYIOTHCS IIPH PO3PaxXyHKaX KOHCTPYKIIH MPOroHOBUX OyI0B 3a1i300€TOHHUX MOCTIB;
3aJIeKHOCTI TeOopii Mpy>KHOCTI AJIsl OLIIHKH MIIIHOCTI MaTepiaiiB KOHCTPYKIiH Ta XapakTepUCTUKH MaTepiais,
10 BXOAATH JI0 IIApyBaTHX KOHCTPYKIIIH MPOrOHOBUX OyIOB 1 JOPOXKHIX OJIATIB.

3a JTOMOMOr0I0 pO3paxyHKy AOBEICHO HEOOXITHICTh 3aCTOCYBAHHS YTOYHCHHX MOJENICH JJI OIIHKA
KOMIIOHEHTIB HaIlpy:KE€HO-1e(h)OPMOBAHOT'O CTAaHY IIAapyBaTUX KOHCTPYKIIiH, SIKi BpaXOBYIOTh BIUIHB Aedop-
MaIIiif MONIEPEYHOTO 3CYBY Ta OOTHCHEHHS.

OTpumMani po3paxyHKH B JOCIIDKCHHI TOKa3adH, 0 YMOBH MIITHOCTI B JESKUX 30HAX KOHCTPYKIIil
nepepisy NporoHoBoi OyJOBH MOCTa MpPU BUKOPHCTaHHI YTOYHEHOI MOJIeNi HE BUKOHYIOTBCA, IO JO3BOJISE
NPUAHATH PILICHHS MIOAO0 MiJCHJICHHS 3ralaHuX 30H J0JaTKOBUM apMyBaHHSAM. B Toif e yac 3acTocyBaHHS
KJIACHYHOT MOJIEJTI IO PO3PaxyHKIB HE BUSBIIIO TIOI0HUX HEMOIKiB. [IpoBemeHnii mopiBHIIEHAN aHai3 PO3-
paxyHKiB KOMIIOHEHTIB HaIpy>KeHO-1e()OPMOBAHOTO CTaHy MOKa3aB MEPEBUILEHHS JOMyCTUMUX HANpy>KeHb
B 30HAX, 1110 BUPAXAIOTHCS B HEXTYBaHHI Ae(opMaliiif HonepevyHoro 3cyBy Ta O0TUCHEHHS 33 KIIaCUYHOIO MO-
JSTUTIO.

KirouoBi ciioBa: HexiiacuuyHa MOJIEINb, IUTUTA, IPOTHH, HATIPYKEHHS, aBTOJIOPOXKHI MOCTH.

BeTyn. B KOMITO3UTHUX KOHCTPYKITISX, TUTMTAX Ta Oaykax, 3A¢OUTBIIIOro IepeBaskaroTh IapyBaTi CTPY-
KTYpH, TOMY peajtizamii iXx Mozenel neopMyBaHHS 1a€ 3MOTY OTPUMYBATH PO3B’SI3KH aKTyTbHHUX TTPUKIIAI-
HUX 3324 Y TPAaHCIOPTHOMY OYAiBHUITBI, MpUiAMAaTH 0171 €eKOHOMIYHI Ta HaliHHI TPOEKTHI PillICHHS.

[opsin 31 CTBOpEHHAM HOBHX THUIIIB €()EeKTHBHUX IIApyBaTHX KOHCTPYKLiil BUHWKa€e HEOOXiIHICTh pa-
[IOHAJTHFHOTO BUKOPUCTAHHS TPAIUITIHHUX IapyBaTUX cucTeM. [Ipr OMiHIN MIITHOCTI IIUX CHCTEM MPHUHMAIOTh
710 yBaru TUIbKK OCHOBHI HECydi LIapH, a TEXHOJOT1UHI Mapy PO3TIIsSAaloTh SIK KOHCTPYKTHBHI. BpaxyBaHHs
ix cymicHOT poOOTH 3 HECYUMMH IIapaMH J03BOJISIE BUSBUTHU 3allacy MIIHOCTI BCi€i cuctemu [1].
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JlJ1s po3paxyHKy TUIMTH MTPOi3HOT YaCTHHH aBTOJJOPOKHBOTO MOCTa 3a3BUYail BUKOPHCTOBYIOTh KJIacH-
YHY MOJIEJIb, SIKa 3AaCHOBaHA Ha TiNoTe31 INIOCKUX nepepisiB. [IpoTe kacuvHa MoJelb He BpaxoBye Aedopma-
1ii MONEePEYHOro 3CyBy Ta OOTHCHEHHs. TOMY i 4ac MPOBEACHMX IMOMEPEaHIX TOCIIIKEeHb aBTOpaMu 0yII0
MPUIHATO PIMIEHHS MPO BUKOPHCTAHHS HEKJIACHYHOI MOJENI Al PO3paxyHKy KOHCTPYKLIH JOPOXKHBOTO
OJISTY Ha IUIUTHUX HPOTOHOBUX OyaoBax [2-7].

Merta i MeToau. METOIO JOCTIIKEHHS € PO3PaXyHOK IUTUTH TIPOI3HOI YaCTHHHU aBTOJOPOKHHOTO MOCTa
3a po3p0o0JICHOI0 HEKIIACHYHOIO MOJICIUTIO MIITHOCTI KOMITO3UTHOI 0aJIOYHO-TUTMTHOI KOHCTPYKIIi.

Pe3yabTaTu i mosicHeHHs. PO3paxyHOK TUIMTH MPOI3HOT YaCTHMHU MOCTA 32 HEKJIACHYHOK PO3paxyH-
KOBO-TEOPETHYHOIO MOJEJUTIO, 3MIHCHEHO Ha NPHUKIAIil MOMEPEeYHOTo mepepidy, SKuil BKIO4ae 6 Oalok
(puc.1).
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Pucynox 1 — Ilonepeunwuii mepepiz aBTOAOPOKHBOTO MOCTA
Figure 1 — Cross section of a road bridge

Po3paxyHkoBa cxema KOHCTPYKITii pO3TIIAIAETRHCS SIK HEPO3pi3Ha 5-TH MPOJLOTHA IapyBaTa O6alovHa
TUINATA, SIKA CITUPAETHCS HA TaBpOBi Oanmku. s po3paxyHKy NpUIHATA IUIMTA, KA cKiIagaeTrbes 3 10 mapis.
Po3paxyHOK BUKOHAHO CIIBHO 3 MIapaMy THIIOBOTO JAOPOKHBOTO OJATY, HA BIIMiHY BiJ TpaguLiiHOTO PO3-
paxyHKy, Jie mMapamMH JIOPOKHBOTO OJATY 3HeXTyBaHO. [Ipu 1boMy (QYHKIIIT MPOTHHY 3a JOBXHUHOIO OallKu
MpuiiMae HACTYMHUN BUTJIA 3@ YTOYHEHOIO MOJIEIITIO [2]:

. X
W(X) =W, SIn| — |, 1
(x) =w, ; (1)
_ .
R 72
D 2
T R L R HES @
7Z'
Dy 12 ( )
i ( 11) |

D1 1’ D12= D22 XapaKTEpPUCTUKU KOPCTKOCTI,

q.,- aMILIITy1a HAaBAHTAXKEHB;
W - IPOT'HH;
/- noBxxuHa 6AJIOYHO-IUIUTHOI CUCTEMH.

3a pe3yabpTaTaMy PO3paxyHKy 3a KIACHYHOIO Ta PO3POOICHOI0 MOACISME MOOYI0BaHO SMIOPH POTH-
HiB (puc.2).

[Ipu mocmimkeHi HanpykeHo-neGopMoBaHOTO cCTaHy Oyila BUKOHAHA TIEPEBipKa MIITHOCTI Iepepi3iB Ha
oropi 2 i mocepeIuHi MposkoTy 3 3 BUKOpUCTaHHsIM Kputepito Kynona-Mopa [8] ( puc.3):

O-er«; =0, ( /RCT) < P’ (3)

ne O, - €KBIBaJECHTHI HOpMaJbHI HAIIPYyKEHHS,
O x> Omin - MAKCHMAIIbHI Ta MiHIMaJIbHI HOPMaJIbHI HaNIPyKECHHS;

R,, R, -PO3paxyHKOBI OIIOPH.
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Pucynok 2 — Cxema HaBaHTa)KeHHS HEPO3Pi3HUH IUTUTH 1 €MIOPU IPOTHHIB
Figure 2 — The scheme of an inseparable plate and the diagram of deflections loading
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Pucynok 3 — Emtopu eKBiBaICHTHUX HAMPYXKEHb TIepepi3y Ha OMOPi Ta MOCEPESIUHI MPOILOTY
Figure 3 — Plots of equivalent cross-sectional stresses on the support and in the middle of the span

BucHoBkHu Ta pexkomeHaauii. AHaJi3 eKBIBaJIEHTHUX HAIPY>KEHb B OTMIOPHOMY IIepepi3i MoKasye, 1o
BOHU TTEPEBUIITYIOTh PO3PAaXyHKOBHH OITip y BEPXHINA PO3TATHYTIN 30HI (3aXUCHUN map 0€TOHY), a B Iepepisi
TTOCEPEINHI TIPOJIBOTY — Y HIDKHIN 30H1 TUIHTH. [1opiBHIOIOYN OTpHUMAaHI TaHi MOXHA 3pOOUTH BUCHOBOK, ITIO
YMOBH MIITHOCTI B WX 30HAaX MPU BUKOPUCTAHHI YTOUYHEHOI MOJIENI HE BUKOHYIOTHCS, III0 MOTPEOYE MiNCH-
JICHHSI PO3TJIIHYTUX 30H JOAATKOBUM apMyBaHHsM. [Ipu HpOMY po3paxyHOK 3a KIaCHYHOIO MOJAEILIIO MOKa-
3y€, 0 PO3PaxyHKOBI HAMPYKEHHS MEHIII 3a TomycTiMi. HaBeneHuM po3paxyHKOM 3a YTOUHEHOIO MOJIEIITIO
MiATBEPIHKEHO HEOOXiJHICTh BpaxyBaHHs BIUTUBY IONIEPEYHOTO 3CYBY Ha JIe()OPMOBAHMUN CTaH KOHCTPYKLIN
JaHOTO THILY.
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Abstract. The stress-strain condition and strength of the roadway slab are estimated according to the
non-classical (refined) calculation model. The model is based on the calculated dependences of the theory of
bending of layered structures (beams, slabs), specified by taking into account the transverse normal stresses
from the compression of the layers; methods for determining the forces (bending moments) used in the
calculation of structures of girder structures of reinforced concrete bridges; the dependence of the theory of
elasticity to assess the strength of structural materials and the characteristics of materials included in the
layered structures of girder structures and pavements.

The calculation proves the need to use refined models to estimate the components of the stress-strain
state of layered structures, which take into account the influence of deformations of transverse shear and
compression.

The calculations obtained in the study showed that the strength conditions in some areas of the cross-
section of the girder structure of the bridge when using the refined model are not performed, which allows to
decide on the strengthening of these areas by additional reinforcement. At the same time, the application of
the classical model to the calculations did not reveal such shortcomings. The comparative analysis of the
calculations of the components of the stress-strain state showed the excess of the allowable stresses in the
zones, which are expressed in the neglect of the deformations of the transverse shear and compression
according to the classical model.

Keywords: nonclassical model, slab, deflection, stress, road bridges.
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Anoranisi: [TpoananizoBaHi pe3ynbTaT YHUCICHHUX €KCIICPUMEHTAIBHUX JOCHIHKCHD 13 BHBUCHHS
CUJIOBHX BIUIMBIB Ha OyiBeJbHI KOHCTPYKIIi, OyaiBii Ta cropynd. JloBeneHoO, 0 HepeBakHa OUIBIINICT
30BHIIIHIX HABAHTa)KEHb MOHOTOHHO 3MIHIOIOTHCS a00 MUKIIYHO OBTOPIOIOTHCS, TOOTO MalOTh 3MiHHHUN Xa-
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pakTep. BusiBneno, 1o [isi BACOKOPIBHEBUX IMKJIIYHUX HABAaHTXKEHBb (SIK MPaBUIIO, i3 MAJIOIO KiIBKICTIO MO-
BTOPIOBaHb) MOXKE OYTH NPUUMHOIO crienndiqHoro aeopMyBaHHs i pyHHYBaHHs MaTepialliB 1 KOHCTPYKLIH.
HaBeneni npukiiaay 31 CBITOBOT CTATUCTUKY aBapiil y OyAiBHUIITBI, sika (ikcye OaraTounceIbHI BUMAIKU, KOJIH
BHCOKOPIBHEBI MAJIOITMKJIOBI CHJIOBI BIUTMBH IPHU3BOIATH O HEOUIKYBAHOTO W CTPIMKOTO BTOMHOTO PYM-
HyBaHHs OyJiBelb 1 CIopy/[, MOYacTH — i3 TpariYyHUMH Hacligkamu. Pa3zoM i3 TuM, pakT HasiBHOCTI MaJIOLUK-
JIOBUX HABAaHTa)XECHBb BICOKOI IHTCHCUBHOCTI Ta iIXHLOTO BILIUBY Ha poOOTy MaTepiajiB i KOHCTPYKIIiH KOIHAM
YMHOM HE B11I0OpakeHUH y YUHHUX HOPMAaTHBHUX JJOKyMEHTAaX.

V 3B’43Ky 3 MM MPOBECHI eKCIIEPUMEHTAJIbHI OCIiKEHHS POOOTH ApiOHO3EPHUCTOrO (LIEMEHTHO-
MIIIaHOT0) 1 KPYIHO3epHUCTOTrO (Ha 3BHYAHUX 3aMl0BHIOBaYax) OCTOHIB IpH OJMM3BKUX A0 PYHHIBHUX BUCO-
KUX PIBHAX CTAaTHYHUX MAJOLMKIOBUX HABAaHTAKyBaHb IIEHTPAILHUM CTHCHEHHAM. Po3pobienuii eexTus-
HUHM METOJ BHU3HAYECHHS MAJOIMKIOBOI BTOMU Ta MPOTHO3YBaHHS LMKIIIYHOI JOBrOBIiYHOCTI O€TOHY, 110 Oa-
3y€ThCSl Ha BIJOMUX €HEPreTHYHHX IOJIOKEHHAX (TilMoTe3ax, KPUTEPiAX 1 CHiBBIAHOIIEHHSX). BiporigHicte
BISIBJICHHX 3aJICXKHOCTEH 1 3p00JICHUX BICHOBKIB IMIATBEPIKYETHCS IPUHHATHOIO 3015KHICTIO TOCITITHUX 1 PO-
3paxyHKOBUX JaHUX.

Kiro4oBi ciioBa: GeTOH, MaJTOIUKIIOBI HABAHTaKEHHS, MAIOLMKIOBA BTOMA, IUKJIIYHA JOBTOBIUHICTb,
CHEepPreTHYHI MMOJ0XKEeHHs (TI0Te3H, KpUTepii Ta CiBBIIHOLICHHS).

Beryn

VY peanbHuX yMOBaX MPAaKTUYHO BCi OyniBeNbHI KOHCTPYKLii, OyIiBil Ta COPYAH €KCILTyaTyIOThCS B
YMOBaXx MOBTOPHUX HABAaHTA)KKBaHb 13 BUMAJKOBUM a00 MEePioJMYHIM YepryBaHHSIM 3aBaHTaXXyBaHb 1 pO3BaH-
TaxxyBaHb. Cepell HUX MOKHA BUPI3HUTH TaK 3BaHI MAT0UUKI06] HAGAHMANCEHHA GUCOKO020 PiéHA (i3 MaK-
CUMaJIbHUMH 3HAYEHHIMM, OJIM3bKUMU 10 PyHHIBHUX IIPU CTAHAAPTHOMY OJHOPA30BOMY CTATUYHOMY HaBaH-
Ta)KyBaHHI) 13 KiJIbKICTIO TOBTOPIOBAHb 3a TapaHTOBAHUI TepMiH Ciy:kOu OyniBiai abo COpPYAM HECSTKH,
COTHI, a ICKOJH U THCAYl pa3iB (B yCiX BUIaJkKax OaraTo MEHIIE, HiK PerIaMeHTOBaHI OyAiBEJIbHUMH HOP-
MaMu Jiisi 0araTolMKIOBUX HaBaHTaKeHb 2x 10° MuKIIiB), sIKi 32 CBOIMH 3HAYEHHAMH TIEPEBUILYIOTH HABAHTA-
JKEHHS IPH 3BUIHOMY BUKOPHCTaHHI MaTepiaiy, eleMeHTa a00 KOHCTPYKIIii i MOXKYTh OyTH OXapaKTepru30BaHi
SIK TIEpeHaBaHTaXKCHHS. [l0 TaKuX MOXKYTh OYTH BiTHECEHI K HABAHTAKCHHS MPUPOTHOTO ITOXOHKEHHS (CEi-
CMiuHi, CHIrOBi, BITPOBi, XBHJILOBI, JILOJIOBI Ta iH.), TaK i €Ki TEXHOJIOTi4Hi (TPaHCIIOPTHI MPU HECAHKIIOHO-
BaHUX IEpETUHAX BEJIMKOBArOBUMH BaHTa)KaMHM MOCTOBUX CIOPYZ 3 OOMEKEHOIO0 BaHTaKOIIAHOMHICTIO Ta
BOJIOTIEPEITYCKHUX TPYO 1 TYHEJIB i HaCUIIaMH JIOPIT, Y CHJIOCaxX eJIEBATOPIB s 30€pEKCHHSI CUITKMX Ma-
TepiajiiB mifJ yac iXHbOT0 00Baiy, Ha MEPEKPUTTA BiJ Baru Jro/eH 1 pPEeMOHTHUX MaTepiajiB y 30HaX 00ciIyro-
BYBaHHS i peMOHTY 00JIaJHAaHHS, BiJl Bard CKJIaJ0BaHUX MaTepiajiB TOLIO).

BiracHi ekcriepuMeHTanbHIE T0CBiA [ 1-5], @ TAKOXK MOCITIHKEHHS 1HIIIX aBTOPiB [6-13] 3aCBiqIyIOTH,
IO [JTisl BACOKOPIBHEBUX MaJIOLUKIOBIX HABAHTAXXEHb CIIPHUYHHSE crieninivne nedopMyBaHHS HETIHIMHO ae-
(OpMIBHUX MaTepialliB, KIHIICBUM PE3yJbTaTOM SIKOTO € Maaouuxkioea emoma (nam — MIIB) — sBuie
HaCcTaHHS TPAHUYHOTO CTaHy (MOPYHIECHHS CYIUIHPHOCTI) Bii pO3MIIMIHCHHS MaTepially IpPH MPOTPECYI0IOMY
3poCTaHHI MIacTHYHOI Aedopmarii npu i rukiigHii 3miHi. 1o cTocyeThest OymiBenbHUX 00’ €KTIB, TO s
3a3HaYCHUX HAaBaHTA)KEHb MOJKE MPU3BECTU HE JIMLIE O TOYKOBUX BTOMHHUX MOIIKOMKEHD y BUTJISAL, HAIIPH-
KJIaJl, pO3IMOBCIO/KCHHS HEMPUITYCTHMIX BTOMHHX TPIIIHH, a ¥ TIOYACTH — 10 OLIBIN CepHO3HMX HACHTIIKIB,
aX 110 aBapii BipHO 3aIIPOEKTOBAHUX 3T1THO 3 YUHHIMH HOPMaMH OKPEMHUX KOHCTPYKIIIH Ta Oy/IiBEIIb i CIIOpy
YIiJIOMY.

JlopeyHo 3BEpHIMOCH /0 CBITOBOi CTaTUCTHKAa aBapiil y OyIOiBHHMLTBI, ska (ikcye OaraToumcenbHi
BHITAJIKH, KO BHCOKOPIBHEBI MAaJOIMKIIOBI CHJIOBI BIUIMBH IPH3BOMATH JO HEOUIKYBAHOTO W CTPIMKOTO
BTOMHOTO pyiiHyBaHHs. Ha3zBemo nuie faesiki BUIIQAKH MOBHOTO pyHHYBaHHS Oy[IiBeNb 1 CHOPYA, IO Majiu
MiCIle B OCTaHHI POKH, HaWIIMpIIe BUCBITIIOBAINCH Yy 3aco0ax MacoBoi iHQopmamii Ta mpu3Benu A0
HakTpariuHimux HachiakiB. Lle — oOBanenns Oaceliny “Jlenndin” y M. UycoBomy Ilepmcbkoro kpato Pocii
4.12.2005 p. (14 3aru6aux i 18 oci0, sSKi OTpUMaNH TUIECHI YITKOKEHHS); CIIOPTHBHO-PO3BAKATEHOTO KOM-
iekcy “TpaHcBaanb-napk” (28 mroaeit 3arunynm ta 113 oTpumanyu mopaHeHHs pi3HOTo cTymeHo) i bacman-
HOTO pUHKY (3aruHynmu 68 oci0, orpumanm nopaneHas — 39) y Mocksi (Pocis) Bimmosigao 14.02.2004 p. i
23.02.2006 p.; “JIpomoBoro manaity”’ y HiMmenbkomy ban-Paiixenxamti (basapis) 4.01.2006 p. (14 3arnbmmx i
34 Ba)KKO MOpaHEHUX); TOPTOBO-BHCTABKOBOTO LIEHTPY y MoibcbkoMy MicTi Kartosine 28.01.2006 p. (xinb-
KiCTh J)XepTB — 67, mopaHeHHs oTpuManu 141 moauHa); ToproBoro nentpy Maxima y Puzi 21.11.2013 p. (54
3aru0iux, 40 mopaHeHUX 1 cKalideHHX); 8-oBepxoBoi OyaiBii Pana-I1na3a, y skii po3MilIaIUCh 1T’ ATh IIEXiB
TEKCTUIbHOI (habprku, 6aHK 1 TOproBi ToukH, y M. CaBap (nmpuropomi cronuiti banrmanen — Jlakki) 24.04.2013
p- (3arubmmx Hamiuyerscs 1127 ocib, mopanenux — 6nu3bko 2500). [IpunarigHo BiA3HAYMMO HEABHE YacT-
koBe oOBaneHHs [LIymsaBchKOT0 3ai1i300€ TOHHOTO MIITXOMPOBOY B M. KueBi, 110 Bif0ysock 27 mortoro 2017p.
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(Ha macTs — 6e3 XKepTB), ke, Ha TyMKy (axiBIIiB, K pa3 1 € KIaCHYHUM NPUKIAIOM aBapii BHACIIIOK BTOM-
HOT'O PYHHYBaHHS TPAHCIIOPTHOI COPYAH, 110 MiAgaBaiach Aii BUIIE 3raJyBaHIX BUCOKOPIBHEBUX MAJIOLIUK-
JIOBUX HABAHTAXKECHbD.

VYce ckazaHe CBITYHMTD PO BaXKJIUBICTh 1 aKTyalIbHICTh Ipo0aeMu neGopMyBaHHs ¥ pyiHyBaHHS Oe-
TOHY B YMOBaXx 3a3Hau€HHUX CUJIOBHUX BIUIHMBIB, siKa MOTpeOye BCeOIYHOTO i peTeIbHOr0 BUBUCHHS Ta CHCTEMa-
TH3AITi1 33151 MOYKIIMBOCTI 11 peaizalii y po3paxyHKOBIH IMPaKTHIIL.

Hapasi HayKoBIIIMH HAKOIMMYEHI €KCTIEpUMEHTAIbHI JaHi, 0 03BOJIIOTE Bu3Havatn MIIB meskmx
0eToHiB, 30KpeMa, MpidbHO3epHUCTOTO [1,4], BAYXKKOTO Ha 3BUYaHUX 3amoBHIOBauax [ 1,4,9,11-13], Baxkkoro i3
IpiOHMM 3aIllOBHIOBAaYEM 13 BiAXOZIB TripHHYO30arauyBaibHOro BupoOHUNTBa [10], kKepamsutodberony [12].
ATte, mo-tiepiie — yci BiIoMi 3aJI€KHOCTI MarOTh (PEHOMEHOIOTIIHIHN XapaKTep 1 MOXKyTh OyTH BHKOPHCTaHI
JMIIE Uil KOHKPETHOTO Martepiany W MEeBHOTO PEXHMY HOro HaBaHTaXYyBaHHS; MO-IPYre — OXOMHTH JI0-
CJIIJUKCHHSIMH 3 TIOAIOHUM METOJIOJIOTIYHUAM ITiJIXOI0OM YCi MaTepiaiu JJisl y3aradbHCHHS JaHUX BUIAETHCS
TEXHIYHO CKJIaTHOO MPOLECAYPOIO, SIKif CYyIyTHS HU3Ka HECIPUATIMBUX (DAKTOPIB, HAUCYTTEBILINM 3 AKUX —
HEOOXIiTHICTh MIPOBEICHHS BEITUKOI KITHKOCTI TPUBAIHX 1 KPOTITKAX CKCIIEPUMEHTIB.

Merta Tta Mmetoau. Ha ¢oHi Buie oKpecieHnX TpyIHOIIIB BUHUKAE MOTpeda B po3podLi yHIBepCcaib-
HOTO amapary BuzHaueHHs Mexxi MIIB Ta nmporao3yBaHHs LUKITIYHOI JOBrOBIYHOCTI OyIb-KOTO HENiHIHHO
nedopmiBHOTO OyAiBETLHOTO MaTepiany i3 3adydeHHSM EHEPreTHYHUX ITOJ0XKEHB (TIMOTe3, KPUTEPIiB i
CIIBBIJTHOIIICHB), SKi YACTIIlIe 32 BCE HANAIOTh MOMJIMBICTh y HAHOUThII e(DeKTUBHUIN CTIOCIO OfepKaTh pe-
3yJIbTAT i3 MiHIMaJIbHUMH BUTPAaTaMH PO3PaxXyHKOBOI Mpalli Ta y HAHKOPOTIIWH TEpPMiH.

JloCBil BUKOPHCTaHHS SHEPreTUYHMX ITIAXO/IB, 0a30BaHUX HA 3aKOHI 30€pEKECHHS U MEPETBOPEHHS
eHeprii, y Teopii omopy OeToHy i 3ami300eToHy Bimomuii. Tak, HaNpUKIad, TUIATH, OOTIEPTi 10 KOHTYPY, PO-
3paxoBYIOTh METOJIOM IPaHUYHOI pIBHOBAaru Ha OCHOBI OajaHcy eHeprii. Po3risigaroun y rpaHH4HOMY CTaHi
IUTUTY SIK CUCTEMY IUIOCKHX JIAHOK, IO 3’ €IHaHI MK COOO00 JIIHINHUMH TUTACTHYHUMU MIApHIpaMHu, TIPHUPIiB-
HIOIOTh POOOTY 30BHIIIHIX 1 BHYTpimHIX cwiI [14]. Bigomi # iH1I11 BUNIaaKu e()eKTHBHOTO 3aCTOCYBAaHHS €HEP-
TeTUYHUX TOJ0XKEHB, 30KpeMa, pU TpaHc(HOpMYyBaHHI OTPUMAaHUX 32 CTAaHIAPTHUMHU METOJUKAMH Aiarpam
neopMyBaHHS OETOHY Ta apMaTypHOI CTaji, KOJIM HEOOXiTHO BpaxyBaTH XapaKTep HaBaHTa)KeHHs (oro iH-
TEHCHUBHICTB, (OpMYy ¥ IIBUAKICTH NMPUKIATAHHSI, TPUBAIICTD Iii, PSKUMHICTh Ta iH.) [15-18], omiHroBaHHI
YMOB PO3BUTKY TPILIMH y MEXaHilll pyHHyBaHHS OyAiBeIbHUX MaTepiamiB i KOHCTpyKUii [19-20], cknaganni
JOCTaTHBO MPOCTHX 1 aAEKBaTHUX (DI3MYHKUM IIpOIiecaM MaTeMaTHYHHUX MOZeJel Hanpy>KeHO-1e(OPMOBAHOTO
CTaHy Tepepi3iB 3ITHYTHX 3aTi300€TOHHUX CJIEMEHTIB Ha JOBUIBHHUX CTAmisX iXHBOI poOOTH Ta MpHU pyii-
HyBaHHi [21-23].

Pazom i3 TUM, CTOCOBHO PO3POOKH METOAIB PO3PAXYHKY MILHOCTI OETOHY NpW MOBTOPHHUX MAJIOLHK-
JIOBUX CTaTUYHUX BIDIMBAX CIiJ BII3BHAYUTH BKpail HEIOCTATHIO Mipy 3ailydeHHsS €HEPreTHYHUX MOJIOXKEHb.
HagiTh un HEe €equHy Hapasi 3 TOCTIKyBaHOI MpobdaeMu HayKoBy mparo [ 10] uepe3 HU3KY IpUIrH HE MOXKHA
BBaXaTH OCTATOYHO 3aBepiieHor0. OCHOBHA 3 HUX — MPUCYTHICTH y KiHLEBiHd QopMyii Ais BU3HAUYEHHS
IUKJTIYHOT JIOBTOBIYHOCTI OETOHY Meye KOHCTAHT bR cye, Ceye=1/ViReye 1 Ocye=Qleyel (11 Qleye), K1 XapaKTEPU3YIOTh
cneundivHi ocoOnMuBocTi AehopMyBaHHSI OETOHY B YMOBaX MaJIONIOBTOPIOBAJLHUX HAaBaHTAXXyBaHb. 3a3Ha-
YyeHa Baja 1mo30apiiste OakaHol e(PEKTHMBHOCTI MPaKTHYHE 3aCTOCYBaHHS 3alpOINOHOBaHOro aBTopamu [10]
CHEPreTHYHOIO MiAXO0AY, SIKHI IMEePBICHO 32 CBOIM OpPHUTIHAJLHHM 3aJyMOM Iiepeadadae BiOMICTh PO Me-
XaHIYHI XapaKTEPUCTHKH MaTepiaty JHIIE TPy OIHOPa30BOMY CTATUYHOMY HAaBaHTAXXyBaHHI 10 PyHHYBaHHS.

VY mpencTaBieHi cTaTTi po3po0ieH BITbHUH BiJ] MOAIOHMX HEJOIKIB BIAaCHUN €HEpreTUUHUH amna-
pat Bm3Ha4YeHHS Meki MIIB Ta mporHo3yBaHHS IHKIIIYHOI JOBTOBIYHOCTI OETOHY SIK OCHOBHOTO KOH-
CTpYKUiHOTO OyiBEIBHOTO MaTepiaiy.

Pe3ysabTaTu Ta nmosicienHs. Cepell yciX BiIOMEX 13 JiiTepatypu [6-8] aHaTITUYHUX CHiBBiJIHOILICHD
HaWOIIBIT YacTO 1T MaTEeMAaTHIHOTO onucaHHs kpuBux MIIB matepianiB (Tak 3BaHuX “miarpam Bemrepa”;
puc. 1) i3 SCKpaBO BUPI3HEHUMH AIJITHKAMHU BHKJIFOUHO MPYKHOTO H MPYKHO-TIACTHYHOTO AePOPMYBaHb MPH
“M’KOMY” pPeKHMi HaBaHTaKyBaHHS (TOOTO IpH HE3MIHHIA Yy MPOMIXKY Yacy df MBUAKOCTI Vg MPUPOCTY
HaIpyXeHb do, koiu V~do/dt=const) 3acTocoBytoTh emmipuuny popmyny JI.Koddina-C.MeHcoHa, sika, 30-
KpeMma, ISl M’ SIKUX CTaJIeH 1 aTIOMiHIMOBHX CIIIABIB, IO 3a3HAI0Th OCLOBOTO PO3TSATHECHHS, Ma€ TaKUW BUTIIS;

(Gs,cyc ~Oys,y )ng/c =D, (1)
I€ O, cye-Os,y=0, — JIlalla30H HAIIPYKEeHb, Y ME¥KaX SKOTO BiOYBa€ThCs MacTuyHe eopMyBaHHA MaTepiaiy,
TOOTO 30Ha TaK 3BaHMX 3HAYHMX IIACTHYHUX AedopMaliii, 0 MaIOTh Micle MPU Gy y<0s,cpc<Ry.u; Os,cye=Os,max
— MaKcUMaJlbHe HalpyXeHHS LUKy abo0 iHakiie —3HadeHHs abcomotHoi Mexxi MIIB; oy, — Hampy>keHHs1, 110
oOMexye TIpykHY pobOTy MaTepiay, abo iHaKIIe — MeKa HOTO TeKy4OCTi; Ry, — MeXa MIITHOCTI MaTepiaiy;
Heye — HUKIIIYHA JOBTOBIYHICTB; O 1 D — cTami L1t KOHKPETHOTO MaTepiaily XapaKTepHCTHKH, SIKi BU3HAYAIOTh
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HOr0 MIaCTHYHI BIACTUBOCTI Ta BCTAHOBJIIOIOTHCS i3 JJOCHIIB Ha pyHHYBaHHS [IPH OJHOPa30BOMY MOHOTOH-
HOMY HaBaHTA)XyBaHHI.

A\

e

Pucynok 1 — Cxema kpuBoi MayonukiioBoi BToMu (“miarpama Bestepa”) HemiHiliHO nedOpMiBHOTO
Marepianry B KOOPAUHATHUX OCSX Meye~Heye
Figure 1 — The diagram of the low-cyclic fatigue curve (“the Weller diagram”) of a nonlinearly de-
formable material in the coordinate axes 7eye~#icye

Jaii posrisgatiMeMo OSTOH, IO MITAEThCS M IKOPSKIMHOMY IICHTPAIEHOMY CTHCHEHHIO B YMOBAax
3HAKOCTAIUX MAJIONIOBTOPIOBATLHUX ITUKIIYHIAX HABAaHTa)KyBaHb BUCOKHX PIBHIB &K 10 PyHHYBaHHS. ATIPOKCH-
Marfiro BinoBigHo1 kpuBoi MIIB 3nificHuMo Apo0OBOIO paIlioHATEHOO (DYHKITIE) BUTIISTY

ngyc -1
Mb,cyc = I-p 7 (2)
Neye
T€  1Jb,cye=0%,cve/ Ry — BiTHOCHHUH piBeHb MLIB OeToHy; R, — Mexa MilTHOCTI O€TOHY MPH OJHOPAa30BOMY CTaTHY-
HOMY CTHCHEHHI (TaK 3BaHa “TIpU3MOBa MILHICTE); p 1 ¢ — cTani KoeillieHTH, SKi XapaKTepU3yI0Th HeiHiHH]
BJIACTUBOCTI OETOHY Ta BU3HAYAIOTHCS 3 YMOB MIHIMYMY KBaJIpaTHUYHUX aOCOIOTHHUX BiAXHJICHB JOCIITHUX
TOYOK BiJl TEOPETUYHOT KPUBOI.

Hapmanus ¢izuanoro 3micty napametpa “p” y Bupasi (2) He sBisi€ TPYIHOIIIB. SIKIIO B3ATH 10 yBaru

panime BctaHOBIeHUH y [4] ¢dakT HasBHOCTI B miarpami Bemmepa 7, cye~eye” Tak 3BaHOTO “KPUTHYHOIO”

. . cr o .
BIZIHOCHOTO PIBHS HAIPYXXEHb 7], .\, IEPEBULICHHS SKOIO CIPUYUHSE BTOMHE PyHHYBaHHS Matepiaiy, a Ta-
KO BUKOHATHU JESKI aareOpUyHi MepeTBOPIOBAHHS, 10 IMOB’s13aHi 3 BAKOHAHHAM alpOKCUMATHBHOIO 3aJICHK-

. . cr
HICTIO (2) rPaHMYHUX YMOB, 3TIAHO 3 SIKMUMH IIPU Heye=1 MAEMO 7fb.cpe=1, @ TIPU Neye>0 — ey My o5 TO

po3riaayBaHy GOpMyIly MOKHA 3alMCcaTy JEIO 1HAKIIe:

( cr ncqyc —1
b, cyc = 1- I_Ub,cyc p . 3)
Reye

3 ypaxyBaHHsIM 0a30BaHUX Ha Pe3yJIbTaTaX BIACHUX CKCIEPUMEHTAILHO-TCOPETHYHUX JIOCIIIKEHb
BHCHOBKIB [4] 1 BUCJIOBITIOBaHb iHITUX aBTOPIB [9,12,13,24-28] mpo BiAMOBIIHICTH TPAaHUIHOI BITHOCHOT MEXKi

cr . . o . . top o
MIIB 6etony 77, ., BEpXHbOMY BIAHOCHOMY PIBHIO HOIO MIKPOTPILIMHOYTBOPEHHS 7], ..., OCTATOYHUI BHUpa3

9

IUIs cTajoro koedimienta “p” y popmyii (2) HabyBae TaKOTro BUTIIALY:
r

- c - top
p=1- Mp,cye = 1- Mp,cre > )
TOOTO
cr _ __top
M, cye =Mp,cre (5)

3anekHO BijJl BUIy 3aCTOCOBAHOTO (PYHKIIIOHAJIEHOTO 3B’SI3Ky MK HANPYXCHHSMHU Op 1 TIOBHUMH
BimHOCHUMU aedopmartismu & (nuB. Bupasu (18) abo (26) y pawnimie omny0srikoBaHiit cratti [29]):

oy = Rylep/epr) PR = Rynt® (6)
a00
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&‘b _ Rbﬂg
(I=ver)en +verepr  (I=ver)ne + ViR

op =Ry (7)

. . cr to, .
(TyT 775:8},/ 81;12) AJId BUBHAYCHHS BIJHOCHOT'O PIBHA HAIIPYXXCHb Ub,cyc: nb,frc MOXYTb 6YTI/I BHUKOpPUCTAH1 OACP-

kaHi B [30] cniBBimHOMIeHHS (MUB. BignmoBigHo Bupasu (11) 1 (2) y 3a3HaveHii myomikartii [30]):

2Vh1p Eb P |VourR—Vbi:
t b,l;R ¢b,itr;R |Vbur;R7Vb,IR
Theye = h.ere = : (8)
Vbtr;R  €b1R

cr top \/Vb,l;Rgb,l;R _\/ZVb,tr;Rgb,tr;R
ab0 17, . =My e =

,CVC ,Cre (] ) (] 5

“Vbur;R NVbI,RED ;R —\L —Vh IR Vb,tr:REb,tr:R
)

(TyT mo3HaYeHHS Ti K caMmi, o W y HayKoBHX mpawsix [29,30]).
3 ypaxyBaHHsM (5) nepenuiieMo ¢popmyiy (3) B aOCOMIOTHUX HANPYKEHHSX:

_ ( cr ’ngyc -1 _ ( top ngyc -1 1
Ob,cyc = Ry —\Ryp O, cye q =Ry —\Rp _Ub,crc) q ’ (10)

cyc Neye

top __

top
b,ere nb,crcRb — HallpyKCHHA

cr .
ne Oy, —abcomorHa Mexxa MLIB GeToHy npy LeHTpaibHOMY CTHCHEHHI;

B CTHCHEHOMY O€TOHi, 110 BiAMOBiIa€ BEPXHiH I'PaHUIl MiIKpPOTPILIHHOYTBOPECHHS B HHOMY.
SanexHicts (10) Moxe Oyt npuBeaeHa 10 crpykrypu hopmynu JI.Kodhdina-C.Mencona (1), maroun
TaKWUi BUTJIS:

(O-b’cyc B O-g,rcyc ) ngyc =D, (11) Ae D=Ry~ O-g,rcyc' (12).

[MopisusHHS criBBimHOIMIECHS (11) 1 (1) 3acBimMdIye PO OYEBUAHY TOTOKHICTE

g=o. (13)

9

Hamamo ¢izuunoro 3micty ctanomy xoeilieHTy “q”, SIKUil TaKOX BXOAMUTH 1O CKIaay BUpasiB (2),
(3) 1 (10). CynpoBomKyeMo IO MPOIEAYpy OMiHKOIO sBuma MIIB i3 Mo3uIliii eHepreTHIHOi TIIoTe3u
I.Maprtina [6,31,32] 1 mpomno3uiit go Hei I'.Xendopna i x.Moppoy [33], 3rigno 3 skumu MIIB (BuuepnanHs
LUKITIYHOI TOBrOBIYHOCTI) HACTA€E Y BUMAAKY AOCSTHEHHS! CYMapHOIO IJIOLICIO MET TicTepe3nucy, MoB’ a3aHol
3 OUISTHKOIO TaK 3BaHMX CYTTEBUX IUTACTHYHUX AcdopMaliiid (st OTOHY I1iif 00J1acTi BiANOBITAIOTh CTHUCKA-

op

. cr . .
104l HAIIPYKEHHA O, . .= Gt o Ob,¢ C<Rb; IIPHUM. aBT. ), KPpUTUYIHO1 BEJINYNHHN, BUPAaXyBaHO1 3a 3HAYCHHSIM PO3-
b,cyc b,crc a1

CisIHOT B OTMHHMLI 00’ €My MaTepiany MOTeHIiaIbHOI €Heprii IPH OJJHOPAa30BOMY CTaTHYHOMY 3aBaHTAKyBaHHI
1o pyiinyBanHs. ChopMyaboBaHiil rinoTesi BiANOBiga€ MaTeMaTUYHUHN 3aIIKC:

Reye € plmax
S Wi =neye 0qdep =W, (14)
k=1 0

II€ Meye — KITIBKICTH IIWKITIB HABAHTAXKYBaHb JI0 PyiHyBaHHS (IIMKJIIYHA TOBTOBIYHICTB); k — OKyda KiJTbKiCTh
IUKJIIB HABaHTaXXyBaHb; Wj — €HEprisd, sika PO3CIIOEThCS B OJMHUII 00’eMy MaTepiany Ha k-My UK abo
1HAKIIIe — €HePTis IUTACTUYHOTO TiCTePE3NCy 3a ONIUH k-¥ UKIT, W* — KpUTHUYHA SHEPTis pyHHYBaHHS.

CkopucraeMoch 3ampornonoBanoro P.I'ancrokom [34] popmyioro MOBHOI eHeprii, HeOOXiTHOT TSl pyH-
HYBaHHsI MaTepiary MiCJIs My HUKIIIB HABAHTAXKYBaHb, Y BUIIIAAL (AUB. puUC. 2,Q):

ncyc
SWi=A+B ny,. (15)
k=1
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Aoy
Os A D> Wy =A+B-ng,
k=1

LS

0 0 ‘ - Enp &

Pucynox 2 — I'padiune Taymauenns Gopmynu P.I'anctoka (15) (a) i 3anexuocri (17) (0)
Figure 2 — Graphical interpretation of the R.F.Hanstock’s formula (15) and of the dependence (17)

OCKUIBKH KJIACHYIHA TeOPis MPY>KHOCTI (BKIIOYAIOYN W HENIHIHHY TIPYXKHICTH) HE PO3Pi3HSIE BUIAIKIB
neporo abo 0yIb-sIKOr0 HaCTYIMHOTO HaBaHTaXXyBaHb [6], To ipu Wi=W=const cuiBBigHomeHHs (15) HaOy-
Bae Jiento iHmoi popmMu

Reye
> Wy =B-neye =(W—=B)-neye = 4 (16)
k=1
3 1HIIUM (pi3ugHEM 3MicToM (puc. 2,6), 3aCBiqUyIOUH, IO KOHCTaHTa “A” XapaKTepu3ye TpaHu4Hy (ToOTO Mo-
BHY) eHepriio Wg, BUTpaueHy Ha pyHHYBaHHS IIPH OAHOPA30BOMY 3aBaHTa)KyBaHHI 0 PyHHYBaHHs, a cTajga
“B” BHU3HAYA€ CHEPTil0, 110 ¥Ie Ha BIJHOBJCHHS, TOOTO 3MEHIICHHS CTYICHS HAKOMMYCHHUX IOLIKOKCHb.
Taxi po3MipKOBYBaHHS AalOTh MiACTaBY TIIyMadyuTu Gopmyiy (16) HACTyTHUM YHHOM:

W, n,.=Ws. (17)

Sk 6aunmo 3 puc. 2,6, BU3HAUYEHHS IUTOMOI eHeprii W-B=W,,;, TMCUIIOBaHOT OJWHUIICIO 00’ MY 32 OJTUH
IUKJT TOBTOPHOTO HABaHTAXKyBaHHS, Niepe0adae 3HAHHs 3aJICKHOCTI HANPYXKEHb Op Bi TUIACTHYHHX Jedop-
MaIli# &, . SIKII0 CKOPUCTATHUCH OTPUMAHUM paHillle BIACHUM 3aKOHOM JIe)OPMYBaHHS OCTOHY IIPH IICHTPAITh-

HOMY CTHCHEHHI y “M’IKOMY” CHJIOBOMY pexkumi (auB. popmyiy (36) y myomikarri [35])

Vpr /U+V, 1/\I+v,
| Ebpl el "R): viEpppg ") oo /(1+vip) a18)
b= (I-vpr)enr (]_VbR)VbR/(1+VbR) b.pl
a0o iHaKme
o = Byep - (19)
e
1/(1+vyg)
VprEpoE
,Bb _ bR bOVbR/(I+V ) (20) i ay, =Vi ()
(]—VbR) bR bR I+vpr

(TyT Wi, Ebo, &z — CTaJi mapamMeTpH HENiHIHHOTO JedopMyBaHHS OETOHY MPH HOTO OTHOPAa30BOMY 3aBaHTAa-
JKyBaHHI 1O pyHHYBaHHS), a TaKOXX NMPHUHATH JO yBarWm IOCITIDKEHHS aBTOpPiB [6,36], O cBimyaTh Ipo
BIJIMIOBIAJIBHICTD 3a HMOPYIICHHS LUKIIYHOI MIIHOCTI HAKOIMUYEHUX IJIACTHMYHHUX AedopMarliiil y miama3oHi

cr . . . . .
HAIpPYKeHb O,....Ry (TyT R, — Mexa MiLHOCTI MaTepiany; 1uB. hopmyiy (1) i OSCHEHHS 10 Hei), J0XOAUMO
TAKOTO BUCHOBKY: TIPU BU3HAYCHHI eHEpPril Wy, NUCUMOBAHOT OJMHUIICIO 00’ €My OETOHY 3a OJIMH LUK TMO-

. o . cr
BTOPHOTO HABAHTAXKYBAHH:, PYHKIIOHATLHAN 3B’ 30K Op=f{&bpi) IS AUIAHKA &) ... Ebr CYTTEBUX ILIACTHY-

c o . cr
HUX JeopMalliii B 001acTi HaNpyKeHb Oy, ... Ry MOBUHEH MaTH BUIIISIA (IUB. puc. 3):

cr cr b
Ob,cye ~Oh,cye = Bp (gb,pl;cyc N gb,pl;cyc)a =P (Agb,pl;cyc )ab : (22)
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Op A

. E‘E’R =
| EbelR | Eppl:R .
Ry o-------- ;L ————————————————————————
Ub,cyr ______________________
O’;iqa = R:fw : f

o ' f
27%) gg 0=E'0),

) >
O ';?‘Uf :lggofrr gb,qvc (‘_:‘ R “_:‘b
cr
Ebprige ‘Agf’uy reve
Lanl *
" &p, pleye

Pucynok 3 — Jliarpama nedopMmyBaHHs GETOHY MPH HOTO OJHOPA30BOMY 3aBAaHTAXKYBAHHI I[CHTPAIb-
HHAM CTHUCKOM JI0 PyWHYBaHHSA V ““M’SIKOMY’~ CHJIOBOMY PEKHUMI

Figure 3 — The diagram of concrete deforming at its single ladening by the central compression before
destruction in the “soft” force mode

. . . _ cr .
B o6eprenoMy 3amwici, TOOTO y MateMaTH4HIH GopMi A& pi:cy= O eye- O boeye ), ciBBiHOIICHHS (22) BU-

TJISIIATAME TaK:
I/CZb
cr
Ob,cyc — Oy
_ cr _ > ,Cye
Agb,Pl;CyC = &b, plicyc ~ gb,pl;cyc - : (23)

B

OTxe, IPUHHSBIIK 0 ONPAIOBAHHS 3aJICKHICTH (22), OTpUMAEMO TaKUi BUpa3 IJIs BU3HAUCHHS ITH-
TOMOI eHeprii W

Ep,plicye giffpl;cyc Eb,plicye o giffpl;cyc o
— — b b —
W= [opdep pr = Jopdeppr= [ Bpsy pydeppr—= | Boep ), den, pi =
0 0 0 0
(24)
( cr )ab +1
_ B, Eb, plicye = €p, plicye
ap + 1
a0o 3 ypaxyBaHHsM (23) —
(O' O_cr )(ab +I)/ab
b,eye ~ P b, cye
Wpl = T, . (25)
ﬁb (ab + 1)
[Ticnsa minctanoBku (25) y (17) 1 mogambmnx anreOpUIHNX EPETBOPIOBAHE MATUMEMO
( cr )(ab +1)/ab
Ob,cyc ~%p,cye
‘n = WR 5
I/Olb cyc
,Bb (ab + ])
( cr ) ay [(ap+1) ey, ay ey +1)
Ob,cyc = 9p,cpe ) Meye = [WRﬂb (ab + 1)} . (26)

Sk 6aunmo, Bupas (26) crpykrypHo inenrnynuii popmyii JI.Koddina-C.Mencona (1) i rpancpopmo-
BaHoMYy 3amnucy (11) mporroHoBaHOi BIacHOT alpoKCHUMAaTHBHOI 3aiiexkHocTi MIIB 6erony (3). [Ipu mpomy
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D= [WR’B;/ab (Olb N ]):|06b [ap +1)

Taxkum unHOM, 3 ypaxyBanHsaM (21) dhizuyauil 3micT ctanoro koedimieHTa g=0 (AUB. TOTOXHICTS (13))
y cmiBBigHoIIeHHX (2), (3) i (10) HaOyBae GpopMai30BaHOTO BUIIISITY

A _ VbR
oy + 1 1+2 VbR .
[TincraBnsroun (29) y 3anexHICTh (3) Ta OepydH A0 yBard CHiBBIAHOIICHHS (5), OTPUMA€EMO OCTATOY-
HUI BUpa3 Ui BU3HAYCHHS BigHOCHOTO piBHA MLIB Getony, a came

v 1+2v
_1—(1_ top \ncf§/( o) -

Mb.cye = T,cre) vpr [(I+2vpR)

Neye

Q) i S=q=-2b_. (8
Olb+1

(29)

(30)

OGepHeHa 1o BigHomeHHIo 10 (30) 3aneXHICTD Y GOPMi Aey= 77b,cpc) HAAAE MOXKIIMBICTH POTHO3YBATH
LIUKIIIYHY TOBTOBIYHICTD OETOHY /ey 1 MAE BUTIISI
J— (1+2vpr )/Vor
_ b,crc
Reye = op . (1)
Mb,cyc ~Mp, cre

BucnoBku Ta pekomenaauii. O1iHKy ageKBaTHOCTI 3a1eKHOCTI (31) 3 ypaxyBaHHSIM CITiBBITHOIICHHS

.o fo, o
JUTST 00YMCIICHHS PUCYTHHOTO y Hili CTAJIOTO IapamMeTpa Ub,f,c (muB. Bupas (9)) 3miiiCHIOBAIM 32 EKCTICPUMEH-

TaJTbHUMH JAHUMHU, OTPUMAHUMHU TIPH BUIPOOYBAHHAX OKPEMHUX Cepiil IPU3M 13 ApiOHO3EPHUCTOrO IEMEHTHO-
mimfanoro 60erony JI3B-LII (17 mmit.), KpyHnHO3epHUCTOro OSTOHY Ha 3BMYalHMX 3amoBHIoBauax K3b-1-2 (16
IIT.) Ta KPYIMHO3EPHUCTOrO0 OETOHY Ha 3BMYAaHMX 3allOBHIOBaYax i3 IuacTudikyrouor godaekorw “Joden”
K3BA-1I (16 mT.) BUCOKUMH PiBHAMH MOBTOPHUX MAJOLUMKIOBUX CTATUYHUX HABaHTAKYBaHb LICHTPAJIbHAM
CTHCHEHHSIM 13 Jliarla30HOM BapilOBaHHS MaKCUMAaJIbHUX PiBHIB HAIPYXKEHB 7h,,—=0,78...0,96 1 HE3MIHHOIO Xa-
PAKTEPUCTUKOIO LUKIIIB 05=Oh min/ Obmax=0 (A¥B. Tab1. 1 y myouikaii [4]). ['padiuna inteprperanis MLIB mo-
CIIKyBaHMX O€TOHIB mpencTasieHa Ha puc. 4. [Ipo npuiHATHICTH PO3pOOIEHOro MiAXOAY 10 BU3HAUYEHHS
b,cye 13 3ATYICHHSM BiIOMHUX €HEPTeTHYHHX IOJIO’KEHb CBIAYATh CTATUCTUYHI XapaKTEPUCTUKU BapialliitHuX

. . .. exp calc
pAdIB HOpMAJIBHOT'O pO3NOALITY CIIIBBIIHOIICHD nb,cyc n

beye (TA0N. 1), BKasyrouu Ha 100py 301KHICTH J10-

. exp . calc
CIJHUX 3HAYEHD 7], ... | TEOPETUMHUX BENUYUH 7], ..., O0uncnenux 3a popmymnoro (30). [Ipu npomy cepenne

apupMETUIHE CITiBBITHOIICHD 77;2';‘, / U;il;c KonuBaeThes B Mexkax M=0,990...1,009; koedimient Bapiamii —
V=(1,82...3,21)%, nokazuuk Tounocti — P=(0,49...0,86)%.

Nbeye LIEHTPAJIbHE CTUCHEHHA
1,10
1,05
1,00
:\ o - pocnigHi Toukn ans O36-1,11
0,95 % Q7 o)
:D\ O ne :”mp ~0.892 o - pocnipHi Touku ans K36-1-2
090 +gv57 T bieve = Mb,ere = Us
i ‘o 9 o =0 = —|— — — L _ —_——— | — e —pr _807 O - mocnigHi Toukw anst K36-11
0,85 ! ‘).% © o Moeye = Mb.erc g
: = o~ o - . [o3 - TeopetuyHa kpusa MUB ans [36-1,11
0,80 O—0—O——==—= ~== === top
, < & O = = 7 = = =My =Mhire =0718 — —— - teopenuna kpusa MLB ans K36-1-2
0,75 4
: = = = = -TeopeTuyHa kpusa MLUB ana K36[-I11
0,70 '
0,65 4
0,60 +
017 10 20 30 40 50 60 70 80 90 100 N oy, YUKITU

Pucynok 4 — I'padiku MaJOIMKIOBOI BTOMH (3a7€KHOCTI 77 cye~Meye ) OETOHIB PI3HHUX BHUIIIB TIPH IICH-
TpaJbHOMY CTUCHEHHI, 110 TT0OyJ0BaHi 32 OTPUMAHOIO 13 3aTyYeHHSIM EHEPreTHIHUX MON0KeHb hopmyioro (30)
Figure 4 — Graphs of low-cycilc fatigue (“7 ce~nce” dependencies) of concretes of various types at
the central compression, constructed from the formula (30), that is obtained with the use of energy provisions
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Tabnumst 1 — YucnoBi 3HaUEHHS CTAUX MapaMeTpiB OCTOHY Ta CTATUCTHYHI XapaKTEPUCTHUKH 3aJICikK-
Hocri (30)

Table 1 — Numerical values of constant parameters of concrete and statistical characteristics of the
dependence (30)

Crani napa- CraTtucTiuHi XapaKTepUCTHKH Tp aHH?Hi BiAwHoCHi piBHi
METpU Oe- o 77le)zxp /n;alc MHB Ub,cyc Ha 0a3i Ncyc:ncyc
Bun 6erony TOHY el e LUKJIIB
0 N, +
U,i,frc Vir | M Xfoxz V,% | P,%| 100 | 500 | 1000 0o
JI36-L11 0,892 10,9141 14 {0,990 1,818 [1,82]0,491]0,916 | 0,906 | 0,904 | 0,892
K3b-1-2 0,807 10,511 16 |0,977|2,756 | 2,76 | 0,69 ] 0,867 | 0,847 | 0,841 | 0,807
K3B/I-111 0,718 10,830 14 | 1,009 | 3,207 | 3,21 | 0,86 0,785 | 0,759 | 0,751 | 0,718

[pumitku: 1. TyT npuifHATI Ti K cami MO3HAYEHHS Pi3HUX BUIIB OETOHY, IO i B Ta0m. 1 myOmikamii [4].
. top . . .
2. Jlns BUSHAYCHHS CTAIMX apaMeTpiB Mp.cre | VR BUKOPHCTOBYBAITH IIPE/ICTABIICH] Y Tabn. 1 myOmikamii

[4] miunicHi Ta nedopMaTHBHI XapaKTEPUCTUKHU ITO30BXHBOTO U MONEPEeYHOro 1eopMyBaHb
BIJIITOBITHUX OCTOHIB IPH OAHOPA30BOMY IIEHTPATHFHOMY CTHCHEHHI 10 pyHHYBaHHS.

3BepHIMO yBary Ha Te, 1o HaBeeHi y Tabi. 2 myOmikamii [1] 1 Tabm. 1 miel cTtaTTi gaHi 3 BUSHAYCHHS
BiHOCHUX piBHIB MILIB 3a pi3HrME MeTOAMKaMH (BiIMOBITHO BUKITIOYHO EKCIICPHUMEHTAIBHOIO Ta 13 3aTy4YCH-
HSIM €HEPreTHYHHX TOJIOKEHb) JAar0Th AyKe OJIM3bKI pe3yIbTaTH: HalOIbIIa po30iKHICTD MK BETMUYUHAMUI

Ulf’rcyc Ha 0a3ax Ngye=ne, =100, 500 1 1000 mukitiB, a TAKOX MPH Heye—>0, cTaHOBUTH A=4,18%. O1xe, 00maBi

METOJIUKHA MOXYTh OYTH BUKOPUCTaHI B MPAKTUYHUX PO3PAXyHKaX.

Pazom i3 TiM, BapTO BiI3BHAYUTH, IO MPOITIOHOBAHUHN METOJI, 0a30BaHUI Ha 3aCTOCYBaHHI CHEPTETUY-
HUX TINOTE3, KPUTEPIiB 1 CIIBBIAHOLICHD /10 BCTAHOBICHHS (PI3UUHOTO 3MICTY HEAKHMX CTaIMX KOE]IIiEHTIB
OCTOHY, BUJIA€THCS OLTBIT €(DEKTUBHAM. Y HUKAIOYH ITOCTaBICHHS TPUBAIUX 1 HAI3BUYAWHO KPOITITKUX EKCITe-

. o e . cr .y .
PUMCHTIB, TAKUU IMIAX1A JO3BOJISAE€ BU3SHAUATU 77[7 cye Ha TIeBHI# 0asi BI/IHpO6YBaHL Ncyc JIAIe 1Mo napamMeTpax

HOT0 MO3I0BKHKOTO i IMOTepeyHoro AeGopMyBaHb PH PETIIAMEHTOBAHOMY YHHHHM JICPYKaBHUM CTaHIAPTOM
[37] omHOpa30BOMY CTATHYHOMY HaBaHTa)XyBaHHI 10 pyHHYBaHHS.
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Summary: The results of numerous experimental researches on study of force influences on building
constructions, buildings and structures are analysed. Is proved, that the prevailing majority of external loadings
monotonously change or cyclically repeat, i.e. have variable character. Is revealed, that the action of high-level
cyclic loadings (as a rule, with a few of reiterations) can cause specific deforming and destruction of materials
and constructions. Examples are made from world statistics of accidents in building, that fixes numerous cases,
when high-level low-cyclic force influences result in unexpected and swift fatigue failure of building and
structures, thus mostly — with tragic consequences. At the same time, the fact of existence of the low-cyclic
loading of high intensity and their influence on work of materials and constructions in no way is represented
in the current regulatory documents.

In this connection experimental researches of work of fine-grained (cement-sandy) and coarse-grained
(with ordinary fillers) concretes by high levels (near-by to destruction) of static low-cyclic ladenings by central
compression were conducted. The effective method of determination of low-cyclic fatique and forecasting of
cyclic durability of concrete, basing on well-known energetic prinsiples (hypotheses, criteria and correlations)
is developed. The reliability of the established dependences and made conclusions proves to be true by ac-
ceptable convergence of the experimental and calculated data.

Key words: concrete, low-cyclic loadings, low-cyclic fatique, cyclic durability, the energy prinsiples
(hypotheses, criteria and correlations).
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AHoTtanisn: ExciepuMeHTanbHO JOCTIHKEHO, 00T PYHTOBAHO Ta BCTAHOBJICHO 3aKOHOMIPHOCTI BIUTUBY
KOHIICHTpAIlii COJTbOBUX PO3YHMHIB Ta iX TeMIepaTypu Ha (QUIbTpaIliiHi XapaKTepUCTUKHA TPYHTY. BHUABICHO
CYTT€BY BiIMIHHICTb MiX Koe(ilieHTOM (inpTpalii COMbOBUX PO3YUHIB 3 YpaxXyBaHHAM X TEMIepaTypu Ta
¢inpTpaniero yrctoi Boau. JocmainaMu BCTaHOBIIEHO, IO MpH QUIBTpalii COMTOBUX PO3YMHIB 3 KOHIIEHTpA-
miero 10 5% koedimieHT (inbrpanii 301IbIMUBCS y 2 pa3u MOPIBHSAHO 3 QinbTpamicto yuctoi Boau. [Ipu mo-
JAIBIIOMY 30UTBITICHH] KOHIICHTPAITii COTLOBUX PO3UHHIB CITOCTEPITAETHCS TaK 3BAHE SBUIIA OCOJIOHITIOBAHHS
TPYHTIB, 110 MPU3BOJUTH O Pi3KOTO 3MEHLICHHS HOro BOJOIPOHUKHOCTI, a BIAMOBIAHO 1 KoediienTta ¢inb-
Tpartii.

IToOymoBaHo Ta TEpeBIpeHO HA CTATHUCTHYHY 3HAYMMICTH 1 aJ€KBATHICTh EMIIIPHYHY 3aJICKHICTH
KoedimieHTa (QinpTpawii Big KOHIEHTpALil QUIFTPYIOYOro PO3YHHY Ta TEMIEpaTypu Y BUTISIAI pagialbHUX
0a3ucHUX QYHKUIH, SKi JO3BOJUIN YAOCKOHAIUTH MaTeMaTHYHY MO/JEIb HAPYKEHO-Ie(POPMOBAHOTO CTaHy
TPYHTY 3 YpaXyBaHHAM HETIHIHHUX (QIIBTPAIHIX IPOIIECiB, MO BiIOYBAIOTHCS Y TPYHTOBUX MacHBaX IPHU
HAasIBHOCTI 1 (DUTBTpAIlii COTLOBUX PO3UHHIB.
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Pesynpratn MaTeMaTHYHOT OOPOOKH TaHWX EKCIIEPHUMEHTIB 3 AOCHIIPKEHHS 3aJIe)KHOCTI KoedilieHTa
¢inpTpauii Bix KOHLIEHTpauii QiNbTPyI0UYoro po3drHy Ta HOTo TeMIIEPaTypH y HAH3pyUYHIIIOMY BUTJISAL 3 BU-
0OpOM ONTHUMAIBPHOTO MacIITady HaBeIeHO y BUIJIsAAI rpadikiB. [l mpoBeIeHHS YUCEIbHUX O0YHCICHD BU-
KOPHCTOBYBaJlaCh IHTEPIPETOBaHA 00'€KTHO-OPIEHTOBaHAa MOBa IporpamyBaHHs Python 3.6 Ta 6i0mioreka
NumPy. JInsg noOynoBu cepBepHOi yacTHHH BeO-cepBicy BUKopucTaHo ¢ppeiimBopk Flask, a ams kiieHTCHKOT
YaCTHHHU Ta Bi3yaiisallii JaHuX — MoBa mporpamyBaHHs JavaScript ta 6i6mioTeka Plotly.Js BigmosigHo. Po-
3po0ka nporpamHoro 3adesnedeHns 3aiiicHoBanacs B IDE PyCharm Community Edition Ha 6a3i oneparttifinoi
cucremu Ubuntu 16.04.

Kuro4dosi ciioBa: rpyHTH, QinbTpanis, KOHUEHTpaLis, COJIOBI PO3YHHHU, MaTeMaTHYHa MOJIENb

Beryn. Hepinko rpyHTOBI OCHOBH i crIOpyAM Ipy OYAiBHULITBI 1 eKCIUTyaTalii miAnaAaloTh Aii TAaKoro
TEXHOTEHHOT0 (aKTopy, sIK COMBOBI po3unHH. HasBHICTD CONILOBHX PO3YMHIB Y IPYHTOBHX MacHBax HMPUBO-
IUTh 3MIHH (QiTBTPALIHHUX, MIITHOCTHHX 1 Ae(OopMallifHUX BJIACTHBOCTEH IPpYyHTY. BenudrHa 1 iIHTCHCUBHICTD
3MiHH TaKHX BJIACTUBOCTEH MOXe OyTH CYTT€Ba, 110 PH3BOANTD 10 BUHUKHEHHS HE Nepe10adeH X J0AaTKO-
BUX JedopManiii, HIOPYIIEHHS MIilHOCTI i CTIIKOCTI IPyHTOBUX MacUBiB Tollo. Bee e Moxke ycKinagHioBaTi
HOpPMaJIbHY eKCILTyaTalito OyaiBeib i CIOPY, a y AKX BUMAAKaX MPU3BOAMUTE 10 aBapiil OyaiBelns i ciopyn
Ta MOXYTh MPUHOCHUTH 3HAYHUN €KOHOMITHHUH 30UTOK.

BomonpoHUKIHMBICTE OAHUX 1 THX )K€ IPYHTIB 3HAUHOIO MipOIO 3aJICKHUTH Bl XIMIYHOTO CKJIaay i KOH-
neHTparii GineTpytouoi piauau. Hocmimkenns, mo Oynu BukoHaHi B.C.1llapoBum i b.B./lepsriaum [1], mo-
Ka3aJu, o mpu QiIsTpaliii coIbOBOTO PO3UHHY 3 KOHIIEHTpalliero 10 10% yepe3 MOHTMOPILIOHITOBY TIUHY,
koedirierT ¢himpTparnii 301TBITHUBCS ¥ 2 pa3u y MOPIBHAHHI 3 GIIbTpaIicro yucToi Boan. [1omi0H1 mocmimKeHHs
Oynu mpoBeneHi HamMu [2] Ui OJHOPITHUX KBapLOBUX MIiCKiB KpymHicTIO Ppakuiil 0,25mMM. OinbTpyrouoro
piguaOIO OyB po3unH NaCl 3 koHueHTpariero Big 0 710 16 % . Jaaumu nociimkeHHIMHE 0YJI0 BCTaHOBIJICHO,
o npu GUIBTPAIil COTBOBOTO PO3UMHY 5% KOHIEHTpaIliero, KoedilieHT GipTpalii JocsIraB CBOro MakCcH-
MaJIbHOTO 3HaY€HHS B MOPiBHAHHI 3 KoediienToM (inpTpamii unctoi Bogu. PesynpraTu BUllle HABEACHUX J10-
CITiZIB 0OMEXKyBaJIUCS TIIBKH KOHIEHTpaLieto QiapTpyrodoi pizuau. TemnepaTypHuii pakTop COIBOBUX PO3-
YHHIB JOCUTH JIETAIBHO, SK IIPaBHUIIO, HE PO3TIIAIABCS.

Cepen octanHiX poOiT 3apyOiKHUX BUYSHUX, IPUCBIUCHUX JOCITIHKEHHIO TiHIWHUX Ta HEJiHIHHUX MPo-
LECiB JUHAMIKHU MiJ3eMHHUX BOJ, TEIUIO- 1 MaCONEPEHOCY B OJHOPIJHUX Ta HEOIHOPIIHUX TPYHTOBHUX CEPENO-
BWINAX, CIIiJl BUAUTATH Tpaii [3, 4, 5, 6] Ta inmmux BueHnX. OHaK, BpaXyBaHHS y MaTeMaTHIHNUX MOMICIIAX
HEeTHIWHHAN TIPOIIECiB, 0 BiOYBAIOTLCS MpH (HUTHTPAIlil COTLOBIX PO3UHHIB B TPYHTOBUX CEPEIOBHINAX, BH-
Marae ix mojanblUIni pO3BUTOK.

BujineHHsi HeBUpillIeHUX paHillle YaCTHH 3arajbHol mpoojemMu. Sk BizoMo, porec ¢inbrparii co-
JHOBUX PO3YHMHIB B TPYHTOBHX CEPEIOBHIIAX OIMHUCYETHCSA JOCTATHHO CKIATHOI MAaTEMaTHYHOIO MOJEILTIO.
CkJ1aHICTh JaHOT MATEeMATUYHOT MOJICITi TIOJISATA€E B TOMY, IO HASBHICTh Y BOJII TUX UM iHITUX acOLiHOBaHUX
KOMIIOHEHTIB COJIEH BIUTMBA€E Ha B’S3KICTh (DIBTPYIOUOTO COIBOBOTO PO3YHHY, TPOHUKIUBOCTI IPYHTY, a de-
pe3 Hux Ha Koedimicar ¢inprpanii k. Takum unHOM, KoeilicHT (BinbTpalii 3aI€KUTh K Bil BIaCTUBOCTEH
I'PYHTOBOTO CEPEAOBHILA TaK i BiJl BIACTUBOCTEH piAMHU, MO QinbTpyeThest. CKIaAHICTh JAHOTO (Pi3HYHOTO
HpolLecy MpHBEJA 10 TOTO , IO y 0araTbO0X BHMAIKaX UL CHPOIICHHS MaTeMaTHYHOI MOJEI, IO OMHCYE
MIPOIIECH MAaCOIIEPEHOCY COJICH, MPUHMAIOTh Mali Ta CEPEIHI KOHIICHTpAIlli KOMIIOHCHTIB, SIKi MICTATBCS Y
¢inpTpaniinomy po3unHi. KpiMm 11p0ro, BBaXKaroTh, M0 MWBUAKICTE GinbTpanii po3unHy, To0To 00’ eMHa Horo
KUTBKICTB, III0 TIPOTIKAE 33 OJUHUITIO Yacy Yepe3 OAMHUYHY IO P 3aJaHOMY TPajli€HTi Haopy, He 3aie-
JKUTH BiJl 3MiHH KOHIICHTpAIlii pO34HHY.

OpnHak, SIK BIUIMBA€ 3 OMHMCAHUX HIDKYE EKCIIEPUMEHTAIBHUX JOCHIKEHb QiIbTpalii COIbOBOr0 Po3-
ynny NaCl y mimaHux IpyHTax, koediunieHT Qinprpamii, a oTKe, 1 MBUAKICTh QUIBTpaALil MOXKYTb 3HAYHO
3MIHIOBATHCS 3aJICKHO BiJl KOHIICHTPAIIIi COTHOBOT'O PO3YHHY Ta HOTO TEMITEpaTypH.

[pYHT € CKJIaJHUM MOPUCTHM CEPEIOBHILEM, SKE 3[aTHE MPOIYCKATH Yepe3 cebe pianHH, rasu Ta ix
cymimi, To0To O6yTr MpoHUKIMBUM. CTYIiHb MPOHUKIMBOCTI y PI3HUX I'PYHTaX pi3Ha 1 BU3HAYAETHCSA X Xi-
MIKO-MiHEpaJTbLHUM CKJIQJ0M , CTPYKTYPHO-TEKCTYPHIUMH OCOOJIMBOCTSMHM, KOHIICHTPAIIE€IO PiUHU, 10 (PiTb-
TPYETHCS, @ TAKOK YMOBAMH TIPH SKUX MTPOXOAUTH (GUIBTparlis (BeIMIMHA HAMPHOTO TPAJi€HTa, TEMIIEpaTypa
Tomo). HaliMeHI1 BUBUEHHUM 1 HAaHOLIBII BAXKIIMBHUM 3 YCiX IepepaxoBaHUX (aKTOPIB € BIACTUBOCTI PiIUHH,
o QUIBTPYETHCA.

Merta i MeToau. ;11 BUBUCHHS TapaMeTpiB (iabTpaIlii COTLOBUX PO3YMHIB B IMIMAHUX TPYHTAX 1 BCTa-
HOBJICHHS KUTbKICHOT OLIIHKY 1X BIUIMBY Ha MPOHUKJIMBICTH IPYHTIB HAMU B FeOTeXHIuHil 1abopaTopii kade-
Ipu OCHOB 1 QyHAaMeHTiB HarioHanbHOTO yHIBEPCHTETY BOJHOTO TOCIIOAAPCTBA i MPUPOAOKOPUCTYBAHHS
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(HYBI'T]) BuKoHaHO cepilo eKCIEpUMEHTIB 3 BU3HaUEHHA KoedilieHTa QinpTpamii 3 ypaxyBaHHAM KOHIICHT-
pauii coap0BOro PO3UHHY Ta HOro TeMIlepaTypu. 3 METOIO 3MEHILICHHS TOXUOKHU EKCIIEPUMEHTY 1 BILTUBY Pi3-
HOMaHITHUX (aKTOPIB, OCIIIN MPOBOIIIIN ISl OJHOPITHUX KBAPIIOBHUX IICKIB. APiOHKUX. DIMETPYIOUOIO pi-
nuHo 0yB po3unH NaCl 3 konuenTpartiiero Big 0 o 160 r/i1. BusHaueHHs koedilieHTa GinbTparlii CoJI-0BOr0
PO3YMHY BUKOHYBaJIOCH Ha cTaHnapTHoMy npunaai K®-1. [liaroroBka npunazy i IpyHTY, IO JOCTIKYBaBCA,
a TAaKO MPOBE/ICHHS CAMOT0 EKCTIEPUMEHTY, BUKOHYBAJIOCH 32 CTaHIAPTHOIO METOANKOIO BifmoBinHo 3 JICTY
b B.2.1-23:2009 [7].

Pe3ysabTaTu nosicHeHHs. Pe3ynpTatu mpoBeaeHUX IOCTiKeHb kKoedinieHTa (inbTpamii 3a1exHo Big
KOHIIEHTpaLii QiIbTPYIOYOTr0 PO3YHHY i HOTO TeMIepaTypu AJs ONMHUYHOTO IpaJi€eHTa HAaropy HaBeIeHi B
Tabmumi 1.

B pesynbTari MaTeMaTHUHOI OOPOOKH AaHMX EKCIIEPUMEHTIB METOAOM padiajbHUX 0a3ucHUX (YHK-
il OTPUMAHO HACTYIHY 3aJeXKHICTh KoedinieHTa (QiapTpanii Big KOHIEHTpalii (QinbTPyIOUoro po3yuHy Ta
Horo TemMmepaTypu:

k(c,T)ziaj\/1+(c—cj)2+(T—Tj)2, (1)

€ ¢ — 3HAYEHHs KOHUEHTpalii (inbTpyiouoro posuuty, C; — eKcrepHMMEHTallbHI 3HAUYEHHS KOHLEHTpAii

dinsTpyrouoro posumny, I — Temmepatypa, Tj — EKCNepUMEHTalIbHI 3HAueHHs Temneparypu, ¢; —
Koeili€eHTH alpOKCUMYI040i (QYHKIIIT, 0 BU3HAYAIOTHCS SIK

a, =-0,003 , a,=0,007, a,=-0013, a,=0008, a,=0009, a,=0,026, a,=0,001, a,=0017,
ay =—0,028 , a,, =-0,029 , a,, =0,008, a,, =0,024, a,, =0,006, a,, =-0,050 , a,; =-0,069 , a,, =0,005,
a;, ==0,011, a,, =0,022, a,, = 0,018, a,, =—0,068 , a,, =-0,007 , a,, =0,005, a,;, = 0,039,

Tabauns 1 — PesynbpraT gocmimkens koedinienTta QinpTpamii 3a1eHo Bl KOHUEHTpauii (inbTpyro-
YOro PO34MHY i HOTro TeMIlepaTypH.

Table 1 — The results of filtration coefficient research depending on filtration solution concentration
and its temperature

Koedinient dinsrpawuii k,7 006y
.7 - 0 - 0
t=16"C t=25"C t=50"C t=75"C

0 0,20 0,22 0,78 0,80
20 0,30 0,32 0,96 1,00
40 1,20 1,43 1,80 1,88
60 0,40 0,50 3,24 3,50
80 0,38 0,43 2,24 4,90
100 0,40 0,44 1,22 4,00
120 0,39 0,44 0,96 1,80
140 0,39 0,45 0,80 1,60
160 0,40 0.47 0,60 1,60

Pesynpratu MareMaTH4HOT 0OpOOKH JaHMX €KCIEPHUMEHTIB 3 JOCIIIKEHHS 3aJI€KHOCTI KoedillieHTa
dbimpTpartii Big KoHIEHTpaMii GUIBTPYIOYOro po3dnHy Ta Horo temreparypu 3a Gopmynoro (1) HaBemeHO ¥
BUTIISAIL Ipadika, mo 300paxeHo Ha puc. 1. {ng npoBeneHHs YrcenbHUX 004YHCIeHh BAKOPHCTOBYBAIACH 1H-
TepIIpeToBaHa 00'eKTHO-Opi€HTOBaHa MOBa mporpaMmyBanHs Python 3.6 ta 6i0miotexa NumPy. [l noGynosu
CEPBEPHOI YaCTHHHU BeO-cepBicy BUKOpHCTaHO (periMBopk Flask, a mis KiIi€eHTChKOT YaCTHHM Ta Bi3yasizarii
JaHuX — MOBa nporpaMmyBaHHs JavaScript Ta 6i0mioTeka Plotly.Js BinmosigHo. Po3podka mporpamuoro 3abe3-
nedeHns 3aiiicatoBanacs B IDE PyCharm Community Edition Ha 6a3i onepaniitnoi cuctemu Ubuntu 16.04.
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Figure 1 — Dependence of filtration coefficient on concentration of filtrating solution and temperature

HasBHicTb 1 (inbTpaliisi COJLOBUX PO3UMHIB Y IPYHTOBHMX CEPEIOBHINAX, SIK MMOKA3yHOTh Ja00paTopHi
EKCIIEpUMEHTH, CYIPOBOKYIOTHCS IIPOLIECAMH B3a€EMOIT MiXk piakuMu ¢azamu (po3unHaMu) 1 TBepaoto ¢a-
3010 (MiHEpabHUMU YacTHHKaMHu). JlaHi mpolecu NpUBOASTE 10 3MiHH CKJIay i KOHLIEHTpalii CONbOBUX PO3-
YHHIB 1 TAKAM YMHOM BILIMBAIOTh HA MBUAKICTh (PinpTpalii (koedimieHT ¢iapTparii). Tak, npu 301IbIICHHI
KOHIIEHTpaIii conpoBoro po3unny NaCl Bix 0 no 4 — 8% xoedimient dinbTpamii piszko 3pocrtae. [Ipu ganii
KOHIIEHTpALii CObOBUX PO3YHMHIB OTPHMAINM MaKCHUMalbHE 3HaYeHHs Koedinienta QinbTpamnii, SKuil 3011b-
muBCA ¥ 2 — 4 pa3u MOpiBHSAHO 3 (UIbTparicro 9ucToi Boau. Ilpu moganpmiomMy 301IbIIeHHI KOHIIGHTpAITil
COJIbOBHX PO3YHHIB CIIOCTEPITA€ThCS TaK 3BAHE SIBUIIIEC OCOJIOHITIOBAHHS IPYHTIB, IO MPU3BOIUTE 0 PI3KOTO
3MEHILIEHHS X BOJOMPOHUKHOCTI, a BiANOBIAHO 1 KoedimieHTa (inmpTpamii. Taky 3aKOHOMIpHICTh MOXKHA IO~
SICHUTH Ha OCHOBI ()i3UKO-XIMIYHHX MPOLECIB, M0 BiAOYBAIOTHCS MiXK MiHEpaJbHUMH YaCTUHKAMH (TBEPAOIO
($a3010) 1 COJILOBUMH PO3YMHAMHU (PifKOI0 (a3010). Y 1aHOMY BUIAAKy MU MAaEMO JHMCIEPCHY cucTeMy. Ilo-
BEPXHEBA EHEPrisl TaKOi CHCTEMH BUMIPIOETHCS TIOBEPXHEBUM HATATOM, IO BUHUKAE HA MEXI JOTHKY JHC-
nepcHoOi (a3u 3 TMCIIEPCHUM CEPENOBHUIIIEM 1 BETMUMHOIO CyMapHOi OBEPXHIi BCIX YaCTUH TUCTIEPCHOI (azu.
Byne-sika mucniepcHa cHCTEMa HaMaraeThCs 3MEHIIUTH CBOIO TIOBEPXHEBY €Heprito. B cuctemi “MmiHepanbHi
YaCTUHKU + pO3YWH’ MOXKE BiAOyBaTHCS ii 3MEHIIICHHS 5K 3a PaXyHOK 3HIDKEHHS BEITWIHMHH CyMapHOI I10-
BEpXHi, TaK 1 3MEHIIEHHsS MOBEPXHEBOro HATATy pimuHu. OcTaHHIA (aKTOp i MPU3BOOUTH O CTUCHEHHS
I y3iiHEX MIapiB piIuHM, a OTXKE, 1 10 TOJATKOBOr0 YIIIIFHEHHS IPYHTIB Ta 301IbIIeHHS KoediienTa Qinb-
Tpartii.

3HaYHMi BIUIMB HA BOJONPOHUKHICTh i CTUCIMBICTH IPYHTIB YMHHUTDH CKJIaJ OOMiHHHUX KaTioHiB. Tak,
HAaCHYEHHS IPYHTIB 10HOM HATPil0 BUKJIMKAE MOMITHE 3MEHILEHHS 1X BOAOIPOHUKHOCTI 1 CTUCIMBOCTI. Pi3kum
TTOHMKEHHSIM BOAOIPOHUKHOCTI 1 CTUCIIMBOCTI TPYHTY BiJl HASBHOCTI OOMIHHOTO KaTiOHA MOSICHIOETLCS HOTO
JTUCTICPTYIOUOIO Ti€10. Y pe3ybTaTi 40T0 3MEHIITYIOTHCS PO3MIPH TIOP 1 YTBOPEHHS B IPYHTI 3HAYHOI KITBKOCTI
3B’s13aHOi BOJIU, IO MPU3BOJUTH J0 3MEHIICHHS BOAOIPOHUKHOCTI IPYHTIB.

Kpim Toro, ciix 3ayBayKuTH, 10 TIPH HASIBHOCTI COTLOBUX PO3YHHIB B TAKUX ITUCIIEPCHUX CUCTEMaX, 5K
TPYHTH, KPiM JBOX KOMITIOHEHTIB, TBEPAOI TUCIIEPCHOI (ha3H 1 piIKOTO AUCIIEPCHOTO CEPEIOBUIIA 3aBXKIH TIPH-
CYTHIH 1 TpeTiii KOMIIOHEHT — EJIEKTPOJIT, SIKUM € cOoNbOoBHU po3unH. [Ipu po3unHeHHi coiei y BoIi MiHe-
paJIbHI YaCTKU IPYHTY HE 3aJIUIIAIOTHCS MACUBHUMH JI0 MOJIEKYJ a00 10HIB pO3UMHHUX cofieil. JunoabpHi Mo-
JIEKYJIH BOJH, OPIEHTYIOYHCH B CHJIOBOMY ITOJIi MOJIEKYJI a00 i0HIB PO3YMHHOI COJIi, YTBOPIOIOTH HABKOJIO
HBOT'O YIIUIbHEHHH TimpartamiiHuil map. [igpaTyioTbes, abo SK KaXyTh Y TaKHX BUIAIKaX, 3MOUYIOTHCS 1
TBEpIi MiHEpaJbHi 4acTKH. Tak, Ayke rizpodijabHi € ITUHACTI IPYHTHU. 3alIe)KHO BiJ CTYNEHS T1iIpo¢inbHOCTI
MOBEPXHS YTPUMYE Pi3HY KIUJIBKICTh Timparalliiinoi, a0o, sk 1 Ha3MBarOTh, 3B’s43aHOI BOIU. BMICT 3B’s13aHOi
BOJM y TJIMHAX TOXOIUTH 10 25%, 110 IPU3BOJUTH O 3MEHIIIEHHS BOJOIPOHUKHOCTI IPYHTIB.

Bcranosnena 3anexHicTs koedilienTa (inpTpawii Big KOHIEHTpalLii QiIbTPYIOYOro PO3YHHY Ta TEM-
nepaTypy MPeACTaBIIsle€ HAYKOBHIA Ta MPAaKTHUHHUH iHTEpeC 1 B MOAabIIOMY MOYXE BUKOPHUCTOBYBATHCH MPH
moOyI0BI MaTeMaTHUYHUX MOJEJICH 3a1ad IMiI3eMHOI TAPOMEXaHIKU Ta aHaji3i (iIBTPYIOUNX BIACTUBOCTEH
I'PYHTOBHX CEPEJOBUIII.
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30Kkpema, B 3arajJbHOMY BUMAJKY, MaTeMaTHYHA MOAEb, 1[0 OMUCYE HANPYKEHO-Ie(OPMOBAHUH CTaH
I'PYHTOBHX CEpEIOBHUII NPU BpaxyBaHHI KoedinieHTa (iapTpanii 3a1eXHo BiJ KOHIEHTpalii QinpTpyrodoro
pO3YMHY Ta HOTO TeMIepaTypy B JBOBUMIPHOMY BUITIAIIKY, Ma€ HACTYITHUHN BUTIIAL [8, 9]:

d
a;x ;"y +X =0,
x y
2
6T},x 80'}, @)
ox Oy
X:‘Z’ Yoy 4 p1=7p(h(X)—x),pfyp(h(X)—y), 3)
V- (DVe)+ V(D VT) - (v, Vc)—n —, XeQ, t>0, 4)
V(b VT) = pe, UVT—CT 6 , XeQ, t>0, ®)
0 oc ory o ac oT
—| -K(,T)— K(c,T — (=0
ax( (c, ) + ax+vT ij Gy( (c, )ay 8y +Vr GyJ ) (6)
v=-K(c,T)Vh+v Ve+v, VT, XeQ >0, (7)
oU ov 1(oU ov
G =50 5y=5>€xy=§(a a} XeQ 8)
o, =, +2us, ’Gy :/189 +2/J<5;)’ Txy :zlugxya XeQ (9)

MIPH BIAMOBIAHMX KParOBHUX YMOBax IS MEPEMIIICHb, HAIPY)KEHb, KOHIICHTpALil QiIbTPYIOYOro PO3UnHY,
TeMIIepaTypy Ta I’ €30METPUYHOr0 HaMopy B JeAKil nociimkysaniit o6nacti €2 . TyT BUKOpUCTaHi HACTYMHI
noszHauenss: X =(x,y) — Touka obnmacti {2; A, 4 — npyxni ctani; ¢(X,f) — KOHIEHTpaLis (ilIbTPyIOUOro
posunny; 7 (X,t) —temneparypa; i (X) — II’€30METpUYHMH HaMIp; p,, p, — QIbTpawiiiHi THCKU (iNbTPY-

10490T0 PO34MHY; y, —ITIHTOMA Bara IPyHTY, IO 3HAXOAMTHCSA B 3BaK€HOMY cTaHi; U — BEKTOp IIBHIKOCTI

¢inprpanii; 7, — 00’eM cOILOBOr0 PO3UMHY BOAM B OJMHUILI 00’ €My IPYHTY; D — xoeoimienT (Tensop) koH-

BEKTUBHOI uQy3ii; D, — KoeilieHT (TeH30p) TepMOANQY3ii; A, — KoedilieHT (TeH30p) epEeKTUBHOI TEMIO0-

HPOBIJHOCTI BOJIOrOro IPyHTY; 0 — TYCTHHA COJIbOBOTO po3unHy; €, — MUTOMA TEMIOEMHICTH CONLOBOTO
pO34MHY; ¢, — 00’€MHa TEIUIOEMHICTB IPYHTY NIpH cTanoMy 00’ emi; K(c,T) — KoediuieHT (TeH30p) GpiabTpa-
1ii, mo o0uucIoeThes 3a popmynoro (1); v, — kKoedilieHT (T€H30p) XIMIYHOTO OCMOCY, v, — Koe(iljieHT

(TeH3op) TepMiyHOro ocMocy; ¢ ., €, &y, o, Oy, T, — HOpMaibHi Ta JOTHYHI AedopMalii Ta HAPyKCHHS;

t—4ac.

BucHoBku Ta pexomenaauii. OTpuMaHi eKCliepUMEHTANbHI 1aHi, a TAKOX iX CTaATUCTUYHA OOpoOKa
JIaJIA 3MOT'Y KIJIBKICHO 1 SIKICHO OLIIHUTH mpoiiecy GiabTpaliii COJIbOBUX PO3UYHHIB Y IPYHTOBHX CEPEIOBHIIAX
3aJIe)KHO BiJl BIACTHBOCTEH (GiIbTPYrOUOl PiIMHHU, TOOTO Bix 11 KOHIEHTpalii 1 TemnepaTypu. JaHi ekcriepu-
MEHTAJIBHUX JIOCITI/PKEHb MOKHA BUKOPHCTOBYBATH TIPH OIIHII CTaHy TPYHTOBUX OCHOB 1 CIOpYyA 3a aAedop-
MaIliIM{ Ta HECY4O0r0 31aTHICTIO. [lomanpImmumMu TociiKEHHIMU MOXKYTh OYTH OIliHKa HaIpyXeHO-Ie(hopMO-
BaHOT'O CTaHy I'PYHTOBHX OCHOB 1 CITIOPY/I 3 YypaxXyBaHHIM HETIHIHHUX MPOLECIB, 110 BiI0YBalOThCS IpU (ijlb-
Tpawii COTbOBUX PO3UMHIB Pi3HOI i3 3MIHHOIO TEMIIEPATYPOIO.

EXPERIMENTAL RESEARCH OF SALT SOLUTION FILTRATION DEPENDING
ON THEIR CONCENTRATION AND TEMPERATURE
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Abstract: The laws of salt solution concentration’s influence and their temperature on soil filtration
characteristics have been experimentally investigated, substantiated and determined. A significant difference
was found between the filtration coefficient of saline solutions, taking into account their temperature and the
filtration of pure water. Experiments have shown that under the process of saline solutions filtration with a
concentration of up to 5%, the filtration coefficient increased 2 times compared with the filtration of pure
water. With a further increase in the concentration of saline solutions there is a so-called phenomenon of soil
salinization, which leads to a sharp decrease in its water permeability, and, as a result, the filtration coefficient.

The empirical dependence of the filtration coefficient on the concentration of the filter solution and
temperature in the form of radial basis functions was constructed and tested for statistical significance and
adequacy, which allowed to improve the mathematical model of the stress-strain state of the soil taking into
account the nonlinear filtration processes in the presence of non-linear filtration processes solutions.

The results of mathematical processing of these experiments for investigation of the dependence of the
filtration coefficient on the concentration of the filter solution and its temperature in the most convenient form
with the choice of the optimal scale are shown in graphs. Python 3.6 programming language and NumPy library
were used for numerical calculations. Flask framework was used to build the server part of the web service,
and JavaScript and Plotly.Js library were used for the client part and data visualization. The software was
developed in the IDE PyCharm Community Edition based on the Ubuntu 16.04 operating system.

Key words: soils, filtration, concentration, salt solutions, mathematical model.
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3ABE3INEYEHHS JOBI'OBIYHOCTI JOPOXKXHBOT' O OJATY HA NIAXOJAX 1O MOCTIB 3
ACPAJTBTOBETOHHUM ITOKPUTTAM

PROVIDING DURABILITY OF ROAD CLOTHES ON APPROACHES TO BRIDGES WITH
ASPHALT CONCRETE COATING

Kymnip Onexcanap BoropumupoBuy, Haionansauii TpaHCIOPTHUI yHiBEpCHU-
TeT, Kadeapa IOPOKHBO-OYMIBEIBHMX  MarTepialiB 1  Ximil, acIipaHr,
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AHoTanis. B cTaTTi po3risaaThes 0COONMBOCTI JOPOKHIX KOHCTPYKLIH B 30HI CIIONYYEHHSI MOCTY 1
HACHITY, III0 BXKE 3HAXOAATHCS B EKCIUTyaTallii Ta CydyacHi KOHCTPYKTHBHI PillICHHS YUHHUX HOPMATUBHHX J10-
KYMEHTIB. BigMideHO OCHOBHI BHIH Je()EKTIB JOPOKHBOTO OJIATY.

OO0'eXT TOCTIMKEHHAS — KOHCTPYKIIIi TOPOKHBOTO OJSTY B 30HI CITOJIYICHHS MOCTa 1 HACHITY.

Merta pobOTH — aHaJi3 3MiHU IPOTHHY NOBEPXHI MOKPUTTS IO AOBXKHHI JOPOKHBOI KOHCTPYKLIT MOC-
TOBOTO IIEPEXOY 3 ypaxyBaHHSAM BIUIMBY IEPEXiTHOI IUTUTH Ta TEPMOPEOJTIOTIYHUX BIACTUBOCTEH acdaibTo-
OcToHY.

MerTon OCHiIKEHHS — BU3HAYCHHS! BEJIMUMHN BEPTUKAJIBHOTO MEPEMIIICHHS MTOBEPXHi acdanbTode-
TOHHOTO MOKPUTTSA MPHU il pO3paxXyHKOBOTO HABAaHTAXKEHHsI 1O TOBKUHI TOPOKHBOT KOHCTPYKIii MOCTOBOT'O
TIePEX0y B 30HI CIIPSHKEHHS 3 MOCTOM B 3JICKHOCTI BiJI TEMITEpaTypH Ta Yacy Mii HABaHTaKCHHS.

Binbie monoBuHM MOCTIB B YKpaiHi BIAIITOBAHO 3 MEpeXiqHUMU IIUTaMu. OCHOBHI Ie(eKTH AOPOK-
HBOT'O ac(aJbTOOETOHHOTO MOKPUTTS B 30HI CIIONYYECHHSI MOCTY 1 HACHILY - IPOCAJKU IPYHTY MigXOMiB, TPi-
ITUHYU B acPaTbTOOCTOHHOMY TTOKPHUTTI, PO3MHUBH IPYHTY, IpOTiKaHHS Boau. 11i medekTn mpus3BoasaTh 10 3Me-
HIIICHHS JOBTOBIYHOCTI achaibTOOCTOHHOTO MMOKPHUTTS HA MOCTOBHUX IEPEX0IaX.

3MiHHU BiTHOCHOTO MPOTHHY MOBEPXHi ac(asbTOOCTOHHOTO MOKPUTTSI AOPOKHIX KOHCTPYKLIN MO BiA-
HOIICHHIO J0 MPOTUHY KOHCTPYKIIIT IT03a MeXaMH MIEPEXiTHOI IUTHTH BUHUKAE HeOe3meka «KIIaBilmHoro ede-
KTY», 110 TIOSICHIOE YTBOPCHHS BiAMOBIAHUX A€(PEKTIB i IPU3BOIUTH 10 3MEHIIICHHS JOBIOBIYHOCTI KOHCTPY-
KIIiif TOPOIKHBOTO OJIATY.

PesynpTati cTaTTi MOXKYTH OYTH YIpPOBaIKEHI IIPU MPOSKTYBAHHI TOPOXKHIX OASATIB B 30HI CIIOTYYEHb
MOCTIB 1 IUIIXOTPOBO/IB 3 aBTOMOOITLHOIO IOPOTOIO 1 TEXHOJIOTIT IX pEMOHTY Ta OyXiBHHUIITBA.

[IporHo3Hi npumymeHHs MO0 PO3BUTKY 00'€KTa JOCTIIKEHHSI — MOLTYK ONTHMAIbHOT KOHCTPYKUIi 0-
POXHBOTO OJIATY B 30HI CIIOMYYEHb MOCTIB 1 IIJISIXOMPOBOIiB 3 aBTOMOOUILHOIO IOPOTOIO.

Kuro4oBi cjioBa: miaxoau 10 MOCTIB, JOPOXKHIHM O, acPaibTOOCTOHHE MOKPUTTS, IEPEXiIHi IUIUTH.

Beryn. OcHOBHUM 3aBAaHHSIM y MICLSX CHOJYYEHHsSI MOCTIB 3 aBTOMOOUIBHOIO JIOPOTOI0 € 3a0e3re-
YEHHS IJIaBHOTO MEPeX0/1y 3arajbHOI dKOPCTKOCTI Bil KOHCTPYKIIi HACHITY MiIXOAIB A0 OiNbII ’KOPCTKOI KOH-
CTPYKIIT IPOroHoBOI 0yA0BK MocTy. OJHAK Y IPOIIeCi X eKCILTyaTallii BAHUKAOTh Pi3HI BUAU 1e(EKTIB, 10
3HAYHO HOTIpIIYIOTh O€3MeKy pyXy Ta 3HWKYIOTh JOBIOBIYHICTH MOCTIB, @ TaKOXX KOHCTPYKIIi JOPOKHBOTO
01Ty y 30Hi cripsikeHHs [ 1-6]. Jlo ocHOBHMX BUAiB Ae()EKTiB BiTHOCATH NPOCAAKH IPYHTY miaxoniB (PucyHnok
1.a), TpituaK B acanbrodeToHHOMY MOKpHUTTI (PucyHok 1.0), po3smuBu rpyHTy (PucyHOK 1.B), IPOTIKaHHS
Boau (Pucynok 1.r). YacTKoBO 1151 Ipo0IeMa BUPINTY€E€THCS BIAIITYBAHHSIM ITEPEXiTHUX 3a1i300€ TOHHUX TUTAT
(Pucynok 2) i gedopmManiifHuxX mBiB Al KOMIIEHCALlil TeMIIEpaTypHUX mepeMimiens|7]. He3Baxkatoun Ha e,
Ha 6araTthox 00’ €KTax y MpoIeci eKCIUTyaTarii CIIoCTepiraloThesi PO3MUBH IPYHTY TIiT IEPEXiTHUMH TUIUTAMH,
MPOTIKAHHSA BOAM 10 IIAaQ)OBUM CTIHKaM OIIOP, HAMOKAIOTh TOPIIi 0aJloK, 110 BUKJIMKA€E KOPO3ikiHI MPOLECH B
OeroHi 1 apmarypi [3, 8, 9].
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a) 0)

Pucynoxk 1 — IIpuxnagu aedopmaniii i pyliHyBaHb B 30H1 CIIPSHKEHHS OPOKHIX KOHCTPYKIIH 3 MOCTaMH,
JIc a — MPOCiJaHHs HACUITY Ha MiIXoax mepel] omopor MocTy Ha a/a M-12, km 253+930; 6 — Bua Ha mpoi-
3HY YaCTHHY MocTa Ha a/n M-12, km 265+903 B HanpsMKy BiHHHIII; B — PO3MHUBH I'PYHTY [8]; T — BUTHH
CTIMKH OMOPH 110 OCi Yepe3 THCK CTapoi NEePEeXiAHOIO IUIUTH Ta MPOTiKaHHS BOAH [9]

Figure 1 - Examples of deformations and fractures in the area of the coupling of road constructions with
bridges, where a- is the subsidence of the embankment on the approaches in front of support of bridge on
the road M-12, km 253 + 930; b - the view on the travel part of the bridge on the road M-12, km 265 +
903 in the direction of Vinnitsa; ¢ - erosion of the soil [8]; g - the bend of the support stand on the axis
through the pressure of the old transition plate and the flow of water [9]

BiTunsusaumu daxiBipgimiu e y 70-1 pOKM MHHYJIOT'O CTOJITTS OyJIM CHCTEMAaTH30BaHI Ta y3arajibHeH1
MPOOJIEMH CIIPSHKEHHST aBTOMOOUILHUX JIOPIT 3 MOCTAMH, IO JO3BOJIHIIO PO3POOUTH MPAKTUUHI PEKOMEH A
[10]:

- Y KOHCTPYKIIIO CIIOJTYYSHHS MOCTY (IIUIIXOMPOBO/Y) 3 HACHIIOM BXOJIHUTh YaCTHHA 3EMJITHOTO I10JI0-
THa 332 OEPEroBOIO OIOPOI0 MOCTY (SIKY BIZICHIIAIOTh 3 APSHYIOUYOr0 IPYHTY), 1110 3aKIHUYETHCS 3aKPHUBAIOUYUM
oropy KoHycoM. JIopOKHE MOKPHUTTS B IIbOMY MICIIi BIAIITOBYIOTh 3 BAKOPUCTAHHSM MEPEXiTHUX TLUIHT;

- 3aJIOKHO BiJ THITy MOKPHTTS, IO BJIAIITOBYETHCS HA MiJXOJaX O MOCTY, 3aCTOCOBYIOTh TPU TUIIH
MEPEXIAHUX IUIUT: IPU [IEMEHTOOCTOHHOMY IOKPHTTI - MOBEPXHEBI MINTH (PUCYHOK 2.a), 1pu achaabToode-
TOHHOMY - HamiB3arjau0/eHi (pucyHok 2.0) i 3ariubiieHi (pUCyHOK 2.B);

- HaIiB3arimuOJICHI TUIUTH 3aCTOCOBYIOTh MPH ac(haibTOOCTOHHUX MOKPUTTSX, SIKi BIIAIITOBYFOTHCS Ha
JKOPCTKHUX (LIEMEHTOOCTOHHMX OCHOBAX) 1 OCHOBAX 3 KaM'ssHUX MaTepiaiB, YKPIIJICHUX IEMEHTOM, IPaHyJIbO-
BaHUM JIOMEHHHUM IIUIAKOM, MEJICHUM IIUTAKOM, 30JI010 BUHECEHHSI Ta 1H.

- 3arMOJICHI TTUTH YKJIAIai0Th TP achabTOOCTOHHUX TMOKPHUTTSX, SIKi BIAIITOBYIOTHCS HA HEXOPCT-
KHX OCHOBaxX 3 KaM'sHUX MaTepiajiB pi3HOI MIIIHOCTI, a TAKOX LUIAKOBOTO IIeOeHI0, 00pOOIeHNX OopraHiu-
HUMH BSDKYYHMH B YCTAHOBII a00 Ha MICIIi TPOBEACHHS POOIT.

- IOBXXKHMHY TIEPEXiTHUX TUIAT MPU3HAYAIOTH B 3QJICKHOCTI BiJl OUiKyBaHOT BUCOTH HACHITY.

BpaxoByroun A0cBia momepeaHix pokiB gociuimkeHb [11] y HUHIIHIX YMHHUX OyHiBEeIbHUX HOpMax
[12] nns 3a0e3meueHHs CIPsDKEHHS Iepea0adeHo:

- y 3’€IHAaHHI aBTOIOPOKHIX 1 MICBKUX MOCTIB 3 HACHIIOM YKJIaJIlaHHS 3aj1i300€TOHHUX MEePEXiIHUX
TUTUT JOBXKUHOIO, SIK MIPABUIIO, HE OLbIIe 8 M.

- MOCTaX 31 CTOSTHaMH, 1110 OOTMPAIOTHCS Oe3MOCcepeIHO Ha HACUTI (AMBAHHOTO THUITY), TOBXKHHY TIepe-
XITHHX IUTAT CJIiT IPUAMATH 2 M.

- [IPYU TEXHIKO-€KOHOMIYHOMY OOTPYHTYBaHHI pEKOMEHIY€ETHCS CTOSTHE MOCTIB ITPOEKTYBATH HE 0OCHII-
HUMH.

- IpH 3’€IHAHHI OOCHITHUX CTOSHIB 3 HACHIIAMH IIiIXOiB HEOOXITHO, 1100 IMiC/IsS OCIAaHHS HACHIY 1
KOHYyCa 4acTHHA CTOSHIB, 1110 IIPUMHUKAE J0 HACHITY a00 BIJIbHOT KOHCOJII (B aBTOJOPOYKHIX MOCTAaX), BXOI1IIa
B KOHYC Ha BeJIMYMHY (paxyrouH BiJl BEPLIMHU KOHYyCa HACUITY Ha PiBHI OPiBKH MOJIOTHA 10 TPaHi KOHCTPYKIIi,
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10 3’ €AHYETHCS 3 HACUTIOM, ) He MeHie 0,75 M mpu BUCOTI Hacumy 10 6 M i He MeHIe | M IpH BUCOTI HACHITY
noHag 6 M.
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Pucynok 2 — KoHCTpyKIIii CIIOJyueHHsI MOCTa 3 HACKIIOM JJIs IIEMEHTOOCTOHHUX MOKPUTTIB (a) 1 s acha-
JTTOOETOHHUX TOKPUTTIB - HAIliB3arnOaeHol mnTH (0), 3armubiieHoi WinTH (B): A 1 - mpoMi>KHA IUINTA;
2 - mepexifiHa IInTa; 3 - KPYIHO- 1 CepeAHbO3EPHUCTHH MICOK; 4 - IPEHYIOUHid TPYHT; 5 - rpaBiiiHO-1e0e-

HEeBa MOAYIIKA; 6 - YKPIIUICHUH TPYHT a00 achambTobeToH

Figure 2 - Constructions connection of the bridge with embankment for cement-concrete coatings (a) and for
asphalt concrete coatings- semi-insulated plate (b), deepened plate(c): where 1 - intermediate plate;
2 - transition plate; 3 - large and medium grained sand; 4 - drainage soil; 5 — gravel-rubble pillow;

6 - reinforced soil or asphalt concrete

B 3apyOixkHil mpakTHIli OyAiBHAIITBA MOCTIB 1 IIUIIXOIPOBO/IIB MaJIOi 1 CEpeIHBOT JOBKHHH (3arajibHOI0
noBxuHOIO 10 100 M) aKTHBHO BIPOBAKYIOTHCS IHTETpaNIbHI (pHC. 3) Ta IHII CXeMH criopyn [2].

Ha npaktuui maemo HactymHe. [Ipu po3po6ui i HanoBHeHHi 6a3u nannx ACYM [13] cnemianictu JI1
«epxxmopH/II», BUIIISIOTH IT’ATH THIIIB MOCTIB, IIOO MEPEXiTHUX TUINT:

0e3 mepexiIHuX IUINT;

3 mToro [-noaioHoro THITY;

3 TIEPEeXiJHOIO TUTUTOIO 1 MPOMIXKHOIO TUIUTOIO;

HE BU3HAYCHI (111010 KOHCTPYKITIT MMepeXiMHUX TUINT);

3 TIEPEXiJHOIO TUTUTOIO 1 MOMEPEYHUM OMIOPHUM JIC)KHEM.

Amnaitiz 4616 moctis 6a3u ACYM (PucyHok 4), 1010 THITy CIIOJIyYSHHSI MOCTIB 3 HACHIIOM, BUSIBUB LIIO:

Ha 34 % MOCTIB, iX CIIOIydeHHS 3 HACHIIOM BHKOHAHO 0e3 IepexiHuX IUIHT;

Ha 35 % MOCTIB CTIOTy4eHHSI BUKOHAHO 3 TIEPEXiTHOIO ITUTOIO 1 OMIEPEYHUM OMOPHUM JIS)KHEM;
Ha 10 % MOCTiB BIamITOBaHO MPOMDKHI TUIUTH;

Ha 1 % MocTiB BIamToBaHo WIUTH [ -moxioHOTO THIY;

Ha 20 % THIT CIOTy4YEeHHS HE BCTAHOBJICHO.

PesynbpTati 00cTeXeHb 1 aHaIi3 iICHYI0YO01 JOPOKHBOT KOHCTPYKIii MOCTOBOTO MEPEXOAY CBiTYaTh, 110
BOHH, HE 3a0€3MeUyI0Th HEOOXiAHOI JOBrOBIYHOCTI TOPOKHBOTO MOKPUTTA. Ha HboMy Bke uepe3 2-3 poku
BHHHUKAIOTh TPIIKHHY 1 iHII gedextn [3, 14]. OCHOBHOIO IPUYUHOIO LILOTO € T€, 10 TPAIUIIHHI KOHCTPYKIIIT
CHOJYYEHHS MOCTY 3 HACUIIOM Ta JOPOKHBOTO OAATY MOCTOBOTO TIOJIOTHA Ta MiJXO/iB A0 MOCTY, HE 3a0e3re-
YyIOTh TUIaBHY 3MiHY Hallpy>KeHO-Ie(opManiiHOro CTaHy B 30HI 3MiHH KOHCTPYKIil JOPOXKHBOTO 0Ty [3-6,

16].
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Pucynox 3 — [aTerpaibpHa repeximHa 1minTa: Pucynox 4 - CriBBiTHOIICHHS Pi3HUX THIIIB CITOJTY-
1 - TpyHT HacHITy IMiTXOMAIB; 2 - IEPEXilHA IUIMTa  YEHHS MOCTIB 3 HACUIIOM Ha Jjoporax YKpaiHu 3ara-
YKOPCTKOT KOHCOJIbHOI KOHCTPYKITi1 JILHOTO 1 MICIICBOT'O 3HAYCHHS

Figure 3 - Integral transition plate: 1 -the soil of the = Figure 4 - The correlation of different types connec-
embankment approaches; 2 - a transition plate of a tion of bridges with embankment on the roads of
rigid console construction Ukraine of general and local significance

Mera i MmeToaHn

MeTto1o gaHuX AOCIIKEHD € aHAIi3 3MiHH ITPOTUHY IMMOBEPXHI MOKPUTTS 10 TOBKHHI TOPOKHBOI KOHC-
TPYKIIii MOCTOBOTO MIEPEXOY 3 YPaXyBaHHSM BILUTUBY MEPEXIAHOT IITUTH Ta TEPMOPEOIOTIYHIX BIACTHBOCTEH
acganbToOeTOHYy.

Jnist mociKeHHs IPUAHSTO OJIMH 13 HAHOUIBII MOIIMPEHNX BapiaHTiB KOHCTPYKIIT CIIOyYeHHSI MOCTa
3 HACHIIOM JJ1s ac(habTOOCTOHHOTO OKPUTTS 3 HAIIB3arIHOIeHO IHTOK (PHUCYHOK 2.0) TOBKHHOIO 6 M.
Taka KOHCTPYKIIisl JOPOKHBOTO OJSITY Tependadace IIaBHAN MTepeXia HampyKeHo-1e(GopMOBaHOTO CTaHy ac-
(anbTOOETOHHOTO MOKPUTTS BiJ Micus OONMUpaHHA MEPEXiTHOI IUINTH Ha OTIOPY MOCTY O MICIIS 3aKiHUCHHS
MIepEXiTHOT TUTHTH, J¢ HOT0o KOHCTPYKITiS BiIITOBITAE 3aIIPOSKTOBAHIN IS TaHOT aBTOMOOIITHLHOI TOPOTH.

JlocmimKeHHs MPOBOIMITN HA TIPUKIAAl aBTOMOOUTEHOT TOPOTH 3araasHoro kopructyBanus 111 kateropii
3 KalliTaIBHUM JOPOXHIM OJIATOM B JIOPOXKHBO-KIIIMATUYHINM 30HI Y-2 IOPOXHBO-KIIIMATUYHOTO PaoHY
IL.P.1, po3paxyHKOBe HaBaHTaKEHHS — A,. s 1IbOT0, 3 IEBHUM HAOIMKEHHIM, BU3HAYAIIU BEJIMYHHY BEPTH-
KaJIBHOT'O TIEPEMIIIICHHSI IOBEPXHI ac(hambToO0CTOHHOTO MTOKPUTTS TIPH i1 pO3paxyHKOBOTO HABAHTAKCHHS TI0
JOBXHHI IOPOKHBOT KOHCTPYKIIiT MOCTOBOI'O IIEPEXOAY B 30Hi CIIPSKEHHS 3 MOCTOM B 3aJISKHOCTI BiJ] TEMIIe-
paTypu Ta 4acy Aii HaBaHTaKeHHs. PO3paxyHKOBI XapaKTepUCTUKH JOPOKHBO-0Y 1iBEILHUX MaTepiaiB BCTa-
HOBJIIOBAJIM 3a TaOJIMYHUMH JaHUMH YMHHUX HOPMAaTUBHUX JOKyMeHTIB [17- 20].

Pe3yabTaTH i nosicHeHHA

KoncTpykuist 40poKHBOTO OIATY 3 acalbTOOETOHHUM MOKPHUTTAM B MeXKaX 30HH CIPsDKEHHA (B 30H1
CEpeIUHM NIEPEXiTHOT IUIUTH, B 30H1 3aKIHYCHHS IIEPEXiAHOT IUTMTH 1 0€3M0CEePEIHBO 3a MEPEXITHOI ILIUTOIO)
MoKa3aHa Ha PUCYHKY 5.

PesynpTaTi 3MiHHM BiJTHOCHOTO MPOTHHY KOKHOI KOHCTPYKIIiT JOPOKHBOTO OZSTY B 3aJI€KHOCTI BiJl Te-
MITEpaTypy OKa3aHO Ha puc. 6. AHaITI3 WX TAHUX CBIYHTH, 1[0 MPOTUH JJIs PO3TIIIHYTUX TEMIIEPaTyp IIpH
iX 301IBIICHH] 3pOCTa€E. BibII TeMIH 3pOCTaHHS BiTHOCHOTO MPOTHUHY CIIOCTEPIraloThCsl HAa TIOBEPXHI IMTOK-
PHUTTSL KOHCTPYKLIi, 10 3HAXOAUTHCS B CEpeArHI nepexinnoi mutu (puc. 6.a). [Ipu Temnepatypi 40 °C BiH
301bLIyeThCS Y 2,5 pa3u. Jis KOHCTPYKUIi 0 3HAXOAMTHCS HA KParo TUIMTH Ta KOHCTPYKLIi JOPOKHBOTO
OJIATy aBTOMOO1JIbHOT JOPOT'H BiIHOCHUH HPOTHH 301JIbIIYETHCS MEHIIIMMHU TEMITAMHU, MalKe OHAKOBO, 1 IPU
40 °C 3pocrae maitke B 1,6 pa3u (Pucynku 6.6 1 6.B). 3arajibHe 301UIBIICHHS BiTHOCHOTO MTPOTHHY PO3TIITHYTHX
JOPOXKHIX KOHCTPYKIiH OB’ s13aHE 3 TUM, IO 31 301JIIICHHIM TEMIIEPaTypPH 3MEHITYETHCS MOIYJIb ac(anbTo-
OeronHux mapis. [ligBumieHa TemMnepaTypHa Yy TJIMBICTh KOHCTPYKIIii, IO TIPEICTaBIIcHa HAa PUCYHKY 5.a T0-
SICHIOETBHCS HAsIBHICTIO TPHOX ac(habTOOCTOHHUX IIaPiB 3arajbHOI TOBIIMHOIO 25 CM Yy MOPIBHSAHHI 3 [BOMA
mrapamu acQanbToOeTOHY AJsl KOHCTPYKILiH 5.0 Ta 5.B. bin3bki 3HaueHHS XapakTepy 3MiHM POTHHIB BiJ Te-
MITEPATyPH ISl [IUX KOHCTPYKITIA MOXYTh CIPUSTH OUTBII TIABHOMY IEPEX01y HAIMPYXKEHO-1e(hOPMOBAHOTO
CTaHy BiJ MOPOXKHIX KOHCTPYKIIiH Ha/I ITUTOIO 10 TOPOKHBOT KOHCTPYKIIii aBTOMOOIBHOT JOPOTH.

66



ABTOMOBIJIBHI JOPOI'M 1 JOPOXHE BY AIBHULITBO. BuII. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

a) g) B)
2 2
1 IO = 1 I LTI 1 T
2 g 2 g 2 8
3 ,8 4 o
ﬂﬂﬂﬂﬂﬂﬂﬂ 4 o =l
F—————— =
b—_—— = —— = o
L e S g
o =
e b gt i e
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
FEzEemErTAl 80000 R EEs oo @

——— e —— — ]

ﬂ
<1
=1
<
A
<1
<1

T4
b
3,

400

VVVWNWNVVVY
FPRETTRTITTVY

7

Pucynok 5 — KoHCTpyYKIIist JOPOKHBOTO OAATY 3 achaabTOOCTOHHUM TOKPUTTSM B MEKaX 30HH CHPSHKSHHS 3
MEPEXiAHOIO TUTUTOO TIOBKUHOIO 6 M: a — KOHCTPYKIIiS B 30HI CEpEIMHU TUTUTH; O — KOHCTPYKIIisl B 30Hi 3a-
KIHYEHHS TIepeXiAHOI IUTUTH; B — KOHCTPYKIis Oe3MmocepeHbo 3a MepexiqHOI0 IINTOI; 1 — BepXHil map mno-
KpUTTA 3 ac(haabTOOCTOHY; 2 — HIKHIH 1Iap MOKPUTTS 3 achanbToOCTOHY; 3 — BEpXHiii map 0CHOBH 3 aca-
TTO0ETOHY; 4 — HIDKHIHN ITap OCHOBH 3 IMIeOSHEBO-IMINAHOT CYyMIIlli; 5 — mepexifHa IumTa; 6 — map 3 Ie-
OeHI0; 7 — TpyHT (ITICOK cepeIHbOi KPYIHOCTI)

Figure 5 - Construction of road clothing with asphalt concrete coating within the zone of coupling with
a transition plate length 6 m: a - construction in the zone of the middle of plate; b - construction in the zone
of the end of the transition plate; c - construction directly behind the transition plate; 1 - top layer of asphalt
concrete coating; 2 - bottom layer of asphalt concrete coating; 3 - the top layer of the base of asphalt
concrete; 4 - the bottom layer of the base of gravel-sand mixture; 5 - transition plate; 6 - a layer of rubble; 7 -
soil (sand of medium size)

a) 6)
3,00 3,00

2,00
ol N I
0,00
10 20 30 40

Temnepatypa acdanbtob6eToHHOrO
nokpurra, °C

2,00

Wi E N 1
10 20 30 40

Temnepatypa acdanbTo6eTOHHOro
nokpurra, °C

o
o
!

BigHOCHMIA nporuH
BigHOCHMIA nporuH
=

3,00

2,00
Nl BN B B B
0,00 -

10 20 30 40

Temnepatypa achanbtobeToHHOro NoKpuTTa, °C

BiaAHOCHMIA NpOruH

PucyHok 6 — 3MiHa IPOTHHY MOKPUTTS IPU AUHAMIYHIN Jii HaBaHTaXeHHS. ['padiku a, 6 1 ¢ BiAMOBIAAIOTH
KOHCTPYKLISIM TOPOXKHBOTO OJIATY 4, 6 1 6, PUCYHKY 5
Figure 6 — Change the deflection of the coating with dynamic load action. Graphs a, b and ¢ correspond to
the designs of road clothes a, b and c, fig. 5
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Pucynox 7 - 3miHa BiTHOCHOTO TIPOTHHY MTOKPUTTS IPH AUHAMIYUHIHN Mii HABAaHTaXKEHHS I10 BiHOIIICHHIO
JI0 IpOoruHy KOHCTpyKuii npu Temneparypi 10 °C. I'padiku 1, 2 1 3 BiAMOBiAAIOTH KOHCTPYKLISM TOPOXK-
HBOT'O OJISITY a, O 1 B PUCYHKY 5, BIATIOBiAHO

Figure 7 - Change relative deflection of the coating with the dynamic action of the load relative to the
deflection of constructions at a temperature of 10 ° C. Graphs 1, 2 and 3 correspond to the designs of road
clothes a, b and ¢, Fig. 5, respectively

BucHoBkn

binpire moroBUHM MOCTIB B YKpaiHi BIIAIITOBAHO 3 MepeXiTHUMHY utuTaMu. OCHOBHI 1eeKTH JOPOK-
HBOT'O ac(aIbTOOETOHHOTO MOKPUTTS B 30HI CIIONYYECHHSI MOCTY 1 HACHILY - IPOCAIKU IPYHTY MigXOMiB, TPi-
LIMHY B acaabTOOETOHHOMY IIOKPHUTTI, PO3MUBH IPYHTY, pOTikaHHs Boau. Li nedextu nmpu3BoasITh 10 3Me-
HIIICHHS JOBTOBIYHOCTI achaibTOOCTOHHOTO MMOKPHUTTS HA MOCTOBHUX MEPEX0IaX.

Sk ciimye 13 aHaMi3y pe3yNIbTaTiB 3MiHU BIZHOCHOTO IPOTHHY MOBEPXHi ac(hambTOOETOHHOTO TTOKPHTTS
JOPOXKHIX KOHCTPYKIIH (U151 MPUKIIAAy 3 HAalliB3arauOIeHOO TUTUTOIO) TI0 BiTHOMIEHHIO 0 MPOTUHY KOHCTPY-
KIIii 1Mo3a Me)XaMy NepexifHol MJINTH BUHUKAE HeOe3MeKa «KJIABIIIHOTO €PEeKTy», 0 MOSICHIOE YTBOPEHHS
BIIMOBIAHUX JICEKTIB 1 IPU3BOAUTH 0 3MEHIIICHHS JOBIOBIYHOCTI KOHCTPYKII# JOPOKHBOTO OJIATY.

Buxoastun 3 TOro, 1o OCHOBHOIO YMOBOIO BJIAIITYBaHHSI CIIOTYYE€Hb MOCTY 3 HACHIIOM € 3a0e3MevYeHHs
TUIaBHOCTI 3MiHHM 3arajbHOI KOPCTKOCTI Ha BECh NEPio]] eKCILTyaTalii TOpory 3 ypaxyBaHHIM TeMIIEpaTypHOI
YYTIMBOCTI ac(haabTOOCTOHY, HEOOXIAHO MPOIOBKYBATH JOCTIIKSHHS IPUYKH AedopMallii 1 pyiHHyBaHb J10-
POKHBOTO MOKPUTTS OISt MOCTIB JJIs MiABHUINEHHS HOIr0 JOBroBIiYHOCTI. I10TpeOyrOTh MOJANBIIOrO BAOCKO-
HaJICHHSI KOHCTPYKIii CIIOMy4YeHb MOCTIB 1 HIUISIXOMPOBOIIB 3 aBTOMOOUIBFHOIO IOPOTOI0 1 TEXHOJOTIT 1X peMo-
HTY Ta OyIiBHHUIITBA.
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PROVIDING DURABILITY OF ROAD CLOTHES ON APPROACHES TO BRIDGES WITH
ASPHALT CONCRETE COATING

Kushnir Alexander Vladimirovich, National Transport University, Department of Road Construction
Materials and  Chemistry,  postgraduate  student,  dornii48@gmail.com,  +380974432495,
https://orcid.org/0000-0002-2487-4234

Abstract. The article deals with the features of road constructions in the area connection of bridge and
embankment already in operation and modern constructive decisions of the current normative documents. The
main types of defects of road clothes are noted.

The object of research - structures of road clothes in the bridge and embankment area.

The purpose of the work is to analyze the change in the deflection of the surface of the coating along
the length of the road construction of the bridge transition, taking into account the influence of the transition
plate and the thermoreal properties of the asphalt concrete.

The research method is the determination of the value of the vertical displacement of the surface of
the asphalt concrete coating under the action of the calculated load on the length of the road construction of
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the bridge transition in the zone of coupling with the bridge, depending on the temperature and time of the
load.

More than half of the bridges in Ukraine are arranged with transition plates. The main defects of the
road asphalt concrete coating in the area connectin of bridge and embankment - drainage of soil approaches,
cracks in asphalt concrete coatings, soil erosion, water leakage. These defects lead to a decrease in the
durability of asphalt concrete coating on bridge transitions.

Changes in the relative deflection of the surface of the asphalt concrete coating of road structures in
relation to the structural deflection outside the transition plate presents a danger of "key effect", which explains
the formation of the corresponding defects and leads to a decrease in the durability of road constructions.

The results of the article can be implemented in the design of road clothing in the area connection of
the bridges and overpasses with the highway and the technology of their repair and construction.

Foreseeable assumptions about the development of the research object are the search for an optimal
design of road clothing in the area connection of bridges and overpasses with an automobile road.

Keywords: approaches to bridges, road clothes, asphalt concrete coating, transition plates.
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Summary. This article deals investigate in laboratory conditions effect of bituminous Polygum binder
on rutting resistance of different types asphalt concrete using rutting measure. It includes research of fine-
grained asphalt concrete, which in grading composition related to types A, B, V and stone-mastic asphalt
(SMA) with a maximum particle size of grains of 10 mm with asphalt binder Polygum" and oil bitumen BND
40/60 till accumulation of residual strains in form of rutting. This indicates that studied asphalt concrete with
Polygum binder have in almost 1.5-2 times less rutting than asphalt concrete with bitumen BND 40/60.

Keywords: bituminous concretes, Polygum binder, rutting firmness, procedure of assessment, proce-
dure of testing, rutting depth, strength of adherence depending.

Introduction. On general use roads of Ukraine in recent years there has seen a steady increase in traffic
of heavy vehicles which causes accumulation of residual strains in form of rutting in layers of asphalt coating,
especially during high summer temperatures.

Violation of transverse equality in asphalt pavement in the form of rutting creates dangerous conditions
for driving, as: there is increased risk of loss of vehicle control while crossing over a track, during maneuvers
(eg overtaking), stagnant water in a rut can lead to hydroplaning wheels of the vehicle and as a result - danger-
ous driving. In addition to safety reduction stagnant water in a track leads to its more intensive development,
in the winter it complicates efficient removal of snow and ice deposits, increasing slip in strip rolling and
reduces safety.
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According, rutting is the most difficult type of strain, its appearance on "roads in operation is unaccept-
ble, and emerged rutting is to be urgently eliminated". This indicates that asphalt concrete with ordinary bitu-
men (BND) does not always meet requirements of standards [1-3]. In this case, it should be noted that for such
roads critical standard of quality for bitumen and asphalt concrete is not always enough to ensure both pro-
duceability, resistance to accumulation of residual strain, water and frost resistance of asphalt conctere. The
current range of different modifiers for bitumen and asphalt concrete mixtures in Ukraine allows significantly
increase rutting resistance of asphalt concretes with bitumen which are in compliance with standards. There-
fore, research rutting asphalt concrete, prediction of intensity of rutting in asphalt concrete is urgent task.

Materials and Methods. According to [1, 4] depending on category of roads and bridges, they use
various types and kinds of asphalt concrete which differ in number of coarse aggregate (gravel).

Comparison results of stability tests of asphalt concrete with different gradation before rutting are given
in [5]. The authors of these studies claim that among these fine-grained asphalt concrete the lowest depth of
rutting is typical for type A and the highest — to type B. Sand asphalt concrete is characterized by the highest
rut depth compared to the fine-grained asphalt concrete, while after 25 000 passes depth rutting from wheel of
type A 2 times lower than type D. The results of tests showed that rutting depth and indicator of compressive
strength at 50° C, as criteria shear resistance are in contradiction

As the results of studies conducted in HNADU [6], rutting resistance of asphalt concrete is greatly in-
fluenced by binder (bitumen). As the number of bitumen from 6.4% to 4.6% depth of rutting in asphalt concrete
after 30,000 wheel passes is reduced from 14 mm to 6 mm. So, in determining dependence between depth of
rutting and bitumen content in asphalt concrete was observed maximum (extreme), in contrast to results when
tested for resistibility and determining the rheological characteristics [1].

Objective of this research — investigate in laboratory conditions effect of bituminous Polygum binder
on rutting resistance of different types asphalt concrete using rutting measure.

At the Department of Road Construction Materials and Chemistry NTU were performed research of
fine-grained asphalt concrete, which in grading composition related to types A, B, V and stone-mastic asphalt
(SMA) with a maximum particle size of grains of 10 mm with asphalt binder Polygum" and oil bitumen BND
40/60 till accumulation of residual strains in form of rutting. Rutting test was carried out by sector press,
developed by SSTC Doryakist and NTU (Fig. 1), and loaded on a metal wheel with a pressure of 0.8 MPa,
which is transferred to asphalt concrete sample. This pressure is equivalent to load A1 (57.5 kN) temperature
of +55 ° C and varying the number of passes wheels on one track in forward and reverse direction by the
method described in [7, 8].

Figure 1 — Scheme of the device for testing resistance of asphalt concrete to accumulation of residual
strains: 1 - test wheel, 2 - metallic form 3 - strain sensor.
Pucynok 1 — Cxema npuctporo asst HepeBipKH CTIKOCTI acdanbToOSTOHY 10 HAKOMYEHHS 3aTUIIKOBUX
nedopmariii: 1 - BunpoOyBasibHe Koseco, 2 - MetaneBa ¢popma 3 - JaTyuk gedopmartii.

Grading of tested asphalt concrete of types A, B, C and SMA are shown in Fig. 2.
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Figure 2 — Grading of asphalt concrete: a)- Type A; b) - Type B; ¢) - Type V; d) - SMA
Pucynok 2 — Knacuoikanis achansrobetony: a) - tun A; 6) - tun b; B) - tun B; 1) — IIMA

Physical and mechanical properties of bituminous Polygum binder and road oil bitumen BND 40/60,
adopted for the preparation of asphalt mixtures of types A, B, V and SMA are given in Table 1.
Physical and mechanical properties of asphalt concrete are given in Table 2.

Table 1 — Physical and mechanical properties of bituminous binder
Tabmums 1 — ®isuuni Ta MexaHiuHi BIACTHBOCTI OITYMHOIO B’S3KY40r0

Property Polygum BND 40/60
Penetration at 25 oC, 0,1 mm 59 56
Softening point, °C, 82 53
Ductility, at 25 oC, sm 72 49

Elastic recovery at 25 oC, % 96 -

Table 2 — Physical and mechanical properties of asphalt concrete
Tabmaums 2 — disuuni Ta MEXaHiuHi BIaCTHBOCTI ac(aabTo0eTOHY

Type A Type B Type V SMA
Property g = = =
S e = 2o = 2o = | 8%
| 5 5¢ | £ | Zs | & | &g | 2 | &s
Water saturation, % | 4 o 1,9 152 |18 |165 |200 |26 1.8
for volume
Critical  compres-
sion strength, MPa,
at
20 °C 59 5,1 7,4 5,30 7,8 5,45 53 4,2
50 °C 2,8 1,39 2,95 1,45 3,1 1,47 2,65 1,45
Coefficient of pro-
longed water re-| 1,00 1,00 1,00 0,99 1,00 0,99 1,00 1,00
sistance
Optimal content of
bitumen binder in | 5,6 6,2 6,0 6,5 6,3 6,7 6,0 6,2
asphalt concrete, %
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In determining rutting of studied asphalt concrete with asphalt Polygum binder and BND 40/60 was
noted trend of increasing depth of rutting with increasing number of wheel passes and temperature of 55
°C (Fig. 3, 4). Obtained results show that asphalt concrete with asphalt binder Polygum is less rut resistant. As
shown in Figure 3 asphalt Type A with asphalt binder Polygum after 20 thousand wheel passes has rutting
depth of 3.24 mm, and for Type A asphalt with bitumen BND 40/60 according to Figure 4 rutting depth is 6.48

mm.
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Figure 3 — Dependence of rutting depth on number of wheel passes in the studied asphalt concrete
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Figure 4 — Dependence of rutting depth on number of wheel passes in the studied asphalt concrete with

bitumen BND 40/60
Pucynok 4 — 3anexuicts TMOMHU K0T y K0CTipKyBaHOMY achanbtoderoni 3 6itymom BND 40/60

B1JI KUTBKOCTI KOJIICHHUX TIPOXOJIiB
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Results and Discussion.This indicates that studied asphalt concrete with Polygum binder (Fig. 3)
have in almost 1.5-2 times less rutting than asphalt concrete with bitumen BND 40/60 (Fig. 4). Also based on
the results of the study (Fig. 3, 4) the influence of gravel content on intensity of asphalt concrete rutting Fig.5.
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Figure 5 — Dependence of rutting depth after 20,000 wheel passes in studied asphalt concrete on gravel
content

Pucynok 5 — 3anexHicTh rIMOMHY KOJIT BiJl BMICTY I'paBito B JOCIIKYBaHOMY ac(habTOOCTOHI Micis
20 000 mpoxoiB KoJseca

Conclusions and Recommendations. 1. Research results indicate that rutting criterion is quite sen-
sitive to the viscosity of bituminous binders. This should be taken into account for preparation of bituminous
mixtures for different climatic conditions of asphalt pavement operation.

2. All studied Polygum bituminous binder have 1.5-2 times less rutting than asphalt with BND40/60
bitumen.

3. It is also found that with increasing content of gravel in asphalt with Polygum binder for example
with 66% gravel rutting depth is 2.5 mm, and with 27% gravel rutting is 5.79 mm. Rutting depth with decrease
of gravel increased 2.3 times.
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AnoTtanis. Ll cTarTs npucBsueHa JOCTiKEHHIO B Ta0opaTOpHUX yMoBax 0iTyMHOTO B'sbKy4oro [lo-
JIITYM Ha BIUIMB CTIMKOCTI 10 YTBOPEHHS KOJIil pi3HUX TUIIB achansTo0eToHy. BoHa BKiodyae B cebe mocii-
IoKeHHs piOHOo3epHUCTHX acdaiprobeToHiB THHIB A, b, B Ta mebeHeBO-MacTHKOBOro achanbToOeTOHY
(ILIMA) 3 MmakcUMaJIbHUM PO3MIipOM YacTHHOK 3epHa 10 MM Ha OiTymMHOMY B'sxKydomy Ilomirym Ta GiTymi
BH/JI 40/60 mo HakomWYeHHS 3aJUINKOBHUX aedopMaliiii y BUIIIAAl KoJiii. Pe3ynpTaT BKa3ylTh Ha Te, IO
JIOoCTiKyBaHul acaabTo0eTOH Ha OiTyMHOMY B'sukydomy Iloirym maike B 1,5-2 pasu Mae MEHIIY KOJIiIO
Hix acgansTobeToH 3 6itymom BHJI 40/60.

KurouoBi ciioBa: acanstoberon, B'sokyue [lomirym, CTifKICTh 10 KOJIii, METO/] OL[IHKH, METOJI BUIIPO-
OyBaHHsI, TTHOWHA KOJIil.
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Summary. The analysis development of highways network for general use is executed in Ukraine,
and also development strategy of highways network in Ukraine is offered on a prospect 25 ... 30 years on
the basis on definition of minimum and actual ranges between the biggest cities of Ukraine. For comparison,
is presented an analysis of the road network in developed countries (The USA, Great Britain, France, and
Germany). Calculation methodology and determination direct distance indexes is offered between the cities
of Ukraine by their GPS coordinates, minimum spherical distances, minimum vehicle speed and time, and
time spent on moving vehicles between the biggest cities of Ukraine. Set four groups of factors (legislative,
financial, administrative and productive) that restrain development of highways network for the general use.
On results technical and economic comparison is recommended to arrange coverage for highways from ce-
ment concrete.

Keywords: highways, development of network, directions, factors, strategy, highways.

Introduction. Socio-economic development of country, its integration, in a world and European
community is largely depends on the development of transport infrastructure, in particular from the ramified
presence of highways network. The highways of the general use provide domestic and international trans-
portations of passengers and cargo, most accessible for the wide circle of users by automotive transport. An
increase level of motorization in Ukraine, increase volumes of carrying passengers and loads, including
transit transport, insolvency to satisfy growing demand of user’s auto transport infrastructure in accordance
with national and European requirements, requires the necessity of development highways network of the
general use.

Analysis of the last researches and publications. In accordance with development Conception of
road - transport complex in Ukraine until 2015 and to further period [1], Conceptions of the Government
having a special purpose economic program of development highways general use are on 2013-2018 [2],
Transport strategy of Ukraine on a period to 2020 [3], Transport policy of Ukraine and its approaching to the
norms of European Union (€C)[4], development highways of general use should be made towards their in-
tegration into the Trans-European Transport Network, which is aimed at bringing the state of roads to the
relevant international requirements. In these normative documents register such directions of highways de-
velopment:

- providing of priority highways development of the general use and bringing them in line with the
requirements of the current normative documents [3,4];

- creation of appropriate international standards corridors and roadside infrastructure and roads bring
Ukraine to European levels [1];
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- development network modern roads of higher categories between all regional centers and large
industrial sites [3, 4];

- development network of rural roads and providing access roads paved all villages [1,3];

- improving public sector management road of Ukraine [1,2];

- establishment information-analytical road management system [2];

- improvement the material and technical base of the road economy [2];

- transition to an innovative way of development, technical re-equipment, introduction new technol-
ogies of construction and reconstruction highways, reduction of energy works intensity, preventing the harm-
ful effects of road construction on the environment (establishment of anti-noise building, maintenance ways
of animal’s migration, mode of guard territories and objects of the naturally-protected fund and other nature
protection setting) [2];

- strengthening of state support and introduction of world experience in relation to building highways
due to credit funds and non-state investments on the basis of concessions or mechanism of state-private
partnership, perfection Ukrainian legislation that regulates this sphere of activity [1, 3, 4];

- forming stable system of financing the road economy [1,2];

- making alteration to the current tax legislation in part of size rates increase of taxes and collections
in the special fund of the state budget [3,4];

- paying introduction for using highways, that coincide with international transport corridors that is
used by heavyweight vehicles and busses [3];

- introduction of paying for using the new highways built on concession principles [3, 4];

- development and claim norms of charges on operating maintenance of highways [2].

Analogical directions of development highways network general use are marked in scientific works
by V.O. Galushko [5], N.V. Kudritska [6], U.E. Paschenko [7], D.K. Prayger [8], LR. Uhnovsky [9] and
other.

Unsolved constituents of general issue. For today there is absent determination of concept «devel-
opment highways network for general use» in legislative and scientific literature, in accordance with that
directions of development must be determined. There is not understanding of long-term prospect of devel-
opment and necessity of building speed highways of world-class. In result, analysis the above-mentioned
information can be noted, that in the brought directions development highways network Ukraine for general
use is general directions that behave to development of all road economy industry. These general rules for
their implementation require detailed ground and revision, wide discussion, definitions of implementation,
sources and volumes of financing and etc.

Formulation of article aims. The aim of work is raising the task of development strategy of design
highways network of Ukraine on a prospect 25 ... 30 years on the sensing basis of minimum and actual
ranges between the most cities of Ukraine and establishment respective directions of development, that is
aimed at its integration into the international transport network.

Results and Discussion. A highway is the linear complex of engineering building, intended for con-
tinuous, safe and comfortable motion of transport vehicles [10]. The highways of the general use and engi-
neering building on them enter in the complement of road economy which is the only industrial-economic
complex [11].

Concordantly [4] it is planned to improve the transport-operating state over 9,1 thousand kilometers
of highways on basic routes, first of all between regional centers. Reference volume of financing, necessary
for implementation of Program 268880 million hrn. Thus, the cost of repair averages 29 547 252,75 hrn / km
or at the course of NBU on 29.05.2018, that presents 26,1495 hrn/ $, - 1 129 935,67 $/ km

For today absent developments for integrations national roads transport network in a transport net-
work type the Large Silk Way or New Silk Way.

The Large Silk Way is the system of caravan roads, that connected Eurasia from Mediterranean in
China and served as in the epoch of antiquity and Middle Ages a key point for the conduct of trade and
cultures dialogue between East and West (Fig. 1a). The known «silk way» is a route that began in the Khan
capital on east and closed in the capital of the Roman Empire on a west. This route has two directions: south
and north [9].

New Silk Way or «One belt - one way» (OBOR), China strategic program started in 2013, sent to at
development of the large Eurasian economies through an infrastructure, trade and investments. Initiative
contains two international trade connections: the surface «Economic belt — The New Silk Way» and ocean
«Silk Sea Way 21 century» (Fig. 16) [10].
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Figure 1 — Chart of passing route Old (a) [9] and New (6) Large Silk Way [10]
Pucynok 1 — Cxema mapmpyty crapa (a) [9] Ta HoBa (6) Benukoro IlloBkoBoro [msaxy [10]

OBOR embraces more than 65 countries there is a half of earth population and 40% GDP (Fig. 2) on
that. Investments for OBOR are estimated scope from 4 to 8 trillion dollars of the USA. The China fund of
the Silk way, Asian investment bank and state-private financing, is examined as potential sources of invest-
ments. Although its tasks in industry of transport are related mainly to multilateral building of infrastructure
(transport lines and building), he embraces a navigation and aviation and aims to provide investments for the
increase multimodality and integration modes, road safety, custom registration and development of stand-
ardized politician and positions. OBOR also will assist a management building and exploitation green and to
the low carbon transport, with full impact consideration of climate change on its projects.

a) 0)
Figure 2 — Chart of passing route Asia is Europe [11] for territories European
(a) and Asian (0) countries [12-13]
Pucynok 2 — Cxema mMapuipyty A3sis e €Bpomna [11] st repuropiit eBponelichbKux
(a) Ta aziaTcpkux (0) kpaiH [12-13]

Participating Ukraine in building of New Silk Way for today have unclear character and it is related
mainly to suggestions development existent transport corridors of Ukraine (Fig. 3).

Meantime for development of the state needed strategic decisions related to the pre-eminent devel-
opment of infrastructure for the next launch economy.

Ifto look at the map of developed countries highways will see “spider web” of roads. A map highway
of Germany (Fig. 4a) is autobahn, France, (Fig. 40) - AutoRoute, Italy is motorways Great Britain - highways,
the USA is an express road (Fig. 4 in, and 4r).

In Ukraine for today there is not a single highway of world-class.

For an analysis 95 most cities of Ukraine are chosen with a population more than 60 thousand inhab-
itants.
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Figure 3 — Chart of development transport corridors in Ukraine [14] on initiative of Ministry Infrastructure of
Ukraine and Ukravtodor [15]
Pucynok 3 — Cxema TpaHCIIOpTHHX KOPHIOPIB B YKpaiHi [14], mo po3pobneHa 3a iHimiatuBoro Minictepc-
TBa iHpacTpykTypu YKpainu ta YkpaBTomopy [15]

Determination of direct distance is between the cities of Ukraine on their coordinates. Determina-
tion of direct distance between the cities of Ukraine on coordinates was executed with determination coordi-
nates every city in obedience to the location of Main Post office (center of city) for help to addition of Google
Maps [1]. Found coordinates, both in latitude and longitude in degrees, and in degrees, minutes and seconds
(table. 1). All indexes were registered in the Excel in the matrix of 4x95.

Table 1 — Coordinates of center cities of Ukraine
Tabnus 1 — KoopuHaTH IEHTIB MicT YKpaiHu

Name of settlement Longitude Width Longitude, deg. Width, deg.
Kyiv 50°27'00.3"N | 30°31723.5"E 50,450094 30,523206
Kharkiv 49°59'08.7"N | 36°15'28.0"E 49,985753 36,257781

Knowing the center of city point coordinates, it is possible to define a line distance between cities after
the chosen points. The formula spherical theorem of cosines is used for this purpose [1]:

Ao = arccos {sin | sin @, +cos g; cos g, cos Ai} , (1)

where it is a width and longitude of two points in radians

IO
M- difference of coordinates on longitude

Ao angular difference.
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Pucynok 4 — Kapta aBTOMOOGITBHUX JAOPIT PO3BUHYTHUX KpaiH

For translation of angular distance in metrical, an angular difference is needed to multiply on an Earth
radius (R3=6372795 meters, units of eventual distance equal units, in what expressed radius (in this case me-
ters).

2

Example. Knowing the center cities coordinates table 1, width and longitude transferred in radians,

Ly =Ao Ry,

using a formula (3):

]

radians = deg® 7 3)
180
It is accordingly got:
Name of settlement Width Longitude @ radian A radian
Kyiv 50,45009 30,52319 0,880520 0,532730
Kharkiv 49,98575 36,25778 0,872416 0,632818
Knowing coordinates in radians a calculation is executed by formula 1:
sin(0,880520) - sin(0, 872416) +cos(0,880520) - cos(0, 872416) x
Ao = arccos =0,064537, (4)
xc0s(0,532730-0,632818)

Distance (minimum distance between points on a sphere or spherical distance) between cities, which is
equal to

Ls =0,064537-6371,21=4112, km

&)
For verification of direct distances between cities by coordinates, used on-line calculation on a site
Garmin [16].
The values of distance expected by formula (3between the city center built in the matrix 95x95, that is
created in Excel.

This matrix is basis for further calculations of such parameters:

° rush on the intercity route, equal to the difference distance actual L.y and minimum
Ly
AL :Lexis_Lsf‘ (6)
. coefficient of rejection existent network Lexis, from optimal as the ratio of distance
between cities at passage roads an existent network to minimum spherical distance:
o Lexis
o= ™
sf

At approaching of this coefficient to 1,0 this direction is optimally provided road on intercity connec-
tion. At the value K;.; more than 1,20 between cities unsatisfactory connection.
coefficient of overrally:
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AL Lexis _Lsf

KO,,:L = 7 zKrej_l' (8)
sf sf
. loss of time at passage between cities
A =1 ctual " mine ®)

where f.cuar 18 actual time of passage between cities, on the existent roads network.
tmin, 1S minimum time of passage at permissible speed Vaiowe= 60 (90) km/h.

Ly
Vallowed
Coefficient of loss time at passage between cities

At
K =—o. (10)

t . =
min

A comparison of the actual speed of vehicles between cities and speed at a minimum distance Ly. The
results of calculations by formulas (1 - 10) are tabulated (1 - 4).

The highways network of Ukraine is formed in a middle 70’s past century, according to the require-
ments that time economy, weak industrial production. It is necessary to form the new network of highways,
that must provide the requirements of society in mobility, to steady development, necessities of communication
and tourist development, to comply requirements of ecological and road safety.

A task stands before Ukraine, how to convert possibilities of the state with the most index of transit in
concrete investments sent to development forroad infrastructure. How to leave off a barrier for movement
traffic flows between East and the West, by North and South in roads and bridges for the mobile and safe
movement goods and passengers.

In the near time necessary development Conception of long-term development highways network of
national value (with a prospect on 20 — 30 years). It is especially important to link territories which were long
time under the rule of different empires in one state road system (North Bukovyna, Prykarpattya and
Zakarpattia with Center, North and South of country, Center, North and South with Donbas). The total length
of new highways must be about 8 - 10 thousand km. At the same time, new roads should not pass on existent
routes, which must be attributed to the lower level roads that together with entrances to the cities and ports will
provide work of logistic chains.

Table 1 — Minimum spherical distances between the biggest cities of Ukraine
Tabmuus 1 — MiniManeHi cepuyHi BicTaH1 MK HaHOIIBIIMMHU MicTaMi YKpaiHu

Kn.VIJ MykolaivMariupollLuhansk{MakijvkalVinnytsya Simie- | Seva- Kherson|PoltavalChernihiv|Tcherkasy|
Rig ropol | stopol
1 203 4 |5 6 1 § 19 10 11 12 13 14 15 16 17 | 18 19 20
Kyiv 411,2 13938 [441,0 594,5 | 4440 46803494 4012 | 634,6 | 666,6 | 5945 | 199,7 | 667,1 | 687,6 | 450,8 | 303,3| 1280 | 156,7
Kharkiv  |411,2 190,5]564,7 2480 | 2524 |875,21314,4] 4590 | 3347 | 2707 | 248,0 | 566,8 | 582,6 | 632,7 | 459,3 | 1303 | 3874 | 3078
Dnipro 93,8 190,5 391,9] 211,2 70,5 |814,8(140,6] 2819 | 240,9 | 3140 | 2112 | 4878 | 3974 | 4448 | 272,9 [129,5| 430,0 | 2433
Odesa  [441,0] 564,7 13919 5599 | 3659 [621,01252,8 110,7 | 522.8 | 684,0 | 559.8 | 3486 | 3124 | 3018 | 145,2 | 446,8 | 5583 | 3436
Donetsk  [394,5) 248,0 |211,2(559,9 1992 1025,9 45111 1023 | 1281 | 0,0 | 6989 | 441,8 | 500,5 | 4194 1296,5| 6077 | 4509
Zaporizhzhyal444,0 252,4 | 70,5 1365,9| 19,2 8427 2555 | 1980 | 3191 | 1992 | 5147 | 330,5 | 3803 | 232,7 | 1994 | 4918 | 2885
Lviv  |468,0] 875,2 | 8148 621,0{10259| 8427 668,4 | 10403 | 1116,7] 1025,9 | 328,1 | 931,6 | 9224 | 7283 | 756,8 | 5442 | 5799
Krivij Rig 3494 3144 |140,61252,8] 3324 | 1344 |74 1448 | 3277 | 47,5 | 3324 | 3874 | 3333 [ 367,01 | ISL1 |207,1] 4254 | 1955
Mykolaiv [401,2| 459,0 | 2819 |110,7| 451,1 |  255,5 |6684 4203 | 5742 | 4511 | 3624 | 2776 | 2888 | 60,2 |346,7| 5051 | 2747
Mariupol [634,6| 334,7 |240,9(522,8| 102,3 | 1980  |1040,3327,7| 4203 200,7 | 1023 | 7124 | 356,9 | 416,5 | 377,8 | 3541 | 6659 | 482,1
Luhansk  1666,6] 270,7 [314,0684,0] 128,1 | 3191 |l116,74475| 5742 | 210,7 1281 | 7940 | 5650 | 6243 | 545,5 | 363,7| 657,0 | 5368
Makijivka [594,5] 248,0 |211,2{559,8| 0,0 1992 11025,9332,4| 45,1 | 195 | 1281 099,0 | 441,8 | 500,5 | 4194 [296,5| 607,7 | 4509
Vinnytsya {199,7] 566,8 |487,8 |348,6] 6989 | 5147 |328,1 3874 3624 | 6733 | 7940 | 699,0 038,3 | 6414 | 422,2 | 4413 | 321,1 | 260,7
Simferopol 667,1] 582,6 |3974 [312,4] 4418 | 3305 {9316 [333,3| 277,6 | 2617 | 565,0 | 4418 | 6383 59712200 | 516,5| 7563 | 5227
Sevastopol 087,0 632,7 |444,8|301,8| 500,5 | 3803  |922,4|367,1| 2888 | 5059 | 6243 | 5005 | 6414 | 59,7 2368 [5594| 7835 | 5494
Kherson [450,8) 459,3 |272,9 [145,2) 4194 | 23,7 {7283 [15L,1] 60,2 | 580,0 | 545,5 | 4194 | 4222 | 220,0 | 236,8 358,0 | 5483 | 3147
Poltava  303,3] 130,3 [129,5]446,8] 296,5 | 1994  |756,8]207,1] 346,7 | 310,8 | 363,7 | 296,5 | 4413 | 5165 | 5594 | 358,0 3129 | 180,6
Chernihiv [128,0| 3874 [430,0(558,3| 607,7 | 4918 |544.21425,4] 505,1 | 4684 | 657,0 | 607,7 | 32,1 | 756,3 | 783,5 | 5483 | 3129
Tcherkasy [156,7] 307,8 |243,3|343,6{ 4509 | 2885  |579.9195,5] 2747 | 508,0 | 5368 | 4509 | 260,7 | 522,7 | 5494 | 314,7 | 180,6

Cities  |Kyiv[Kharkiv|Dnipro{OdesalDonetsk|Zaporizhzhya| Lviv
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Table 2 — Minimum rates movement of cars between the biggest cities of Ukraine
Tabnuus 2 — MiHiMasibHI aBTOMOOLTbHI MapIIPYTH MK HaHOLIbIIMMU MicTaMu Y KpaiHu

Cities KyitharkivDniproOdesaDonetskZaporizhzhyaLvivK;i‘gjMykolaivMariupolLuhanskMakijvkaVinnytsya Srl;;fﬁ sstf)‘;/)il Kherson|PoltavalChernihiv|Tcherkasy|
1 2003 |45 6 7 8191 10 11 12 13 14 15 16 17 18] 8 20
Kyiv 05 | 55 | 65| 56 56 09153 | 60 55 | 8 | % 03 60 58 | 60 | 66 | S8 56
Kharkiv | 65 58|83 | 41 59 06|57 | 41 4 149 4 03 59 56 | 51|55 ] 60 54
Dnipro |55 | 58 2149 47 05 51| 40 4 | 4 | sl 52 56 3| 46 | M| R 47
Odesa |65] 53 | 42 56 56 59141 52 56 | 4| 87 61 55 3151 | M e 61
Donetsk |56 | 47 | 49 | 56 52 6250 | 57 9 | 4 | X 51 59 56 | 56 | 51| 56 49
Zaporizhzhya] 56 | 59 | 47 | 56 | 2 6256 | 46 53 ] 50 | 4 53 57 53 | M | 55| 56 51
Lviv. |69 66 | 65 |59 ] 62 62 55 0 | 62 ] & 53 56 55 1 56 | 68 | 67 05
KrivijRig |53 | 57 | 51 | 41| 50 56 53 34 55 | 46 | 55 50 49 48 | 46 | 48 | 56 50
Mykolaiv |60 | 47 | 40 | 52| §7 46 551 34 ST | 83 | 87 7 46 4 0 1451 % P}
Mariupol | 55| 48 | 48 | 56 | 49 53 60|55 | 57 48 | 53 57 60 55156 | 52| T 53
Luhansk |58 | 49 | 44 | 4| 4 50 0246 | 54 48 4 60 55 $31 8% | M| 9 54
Makijivka |59 | 47 | 51 | 57| 4 54 03]55 | 57 B | 4 52 60 6 | ST |5 N8 50
Vinnytsya [63] 63 | 52 | 61 | 5l 53 53150 | 55 5T | 60 | 52 56 55 1 65 | 62 50
Simferopol [ 60 | 59 | 56 | 55 | 59 57 56149 | 60 60 | 55 | 60 56 55 | 8 | 6l 52
Sevastopol | 58 | 56 | 53 | 53 | 56 53 550 48| 53 55 | 53 56 55 SLLSS |59 51
Kherson |60 | 51 | 46 | 51 | 56 4 5646 | 49 6 | 83 57 55 55 51 48 | 62 56
Poltava [ 66| 55 | 54 | 54 | 5l 55 08| 48 | 46 52 | 4 | 55 05 58 55 | 48 52
Chernihiv | 58 | 60 | 58 | 67 | 56 56 67156 | 62 5T | 51 | 38 62 61 59 | 62 | 6l
Tcherkasy | 56 | 54 | 47 | 61 | 49 51 05150 | 46 3 | 4| 50 50 52 51 56 | 52

The statistical analysis of rate movement specifies on the following:
High speed from Kyiv in Rivne 72 km/h. Minimum speed from Kyiv to Brovarys 41 km/h., and for
the road of Kropivnitsky- Mykolaiv rate of movement 17 km/h. For comparison in Germany regula-
tion speed on autobahn is 130 km/h.

Table 3 — Time spends on moving of cars between the biggest cities of Ukraine
Tabnuus 3 — Yac pyxy aBToM00iTiB MiK HalOIMbIIMMHU MicTaMu YKpaiHU

Cities  |Kyiv KharkivDniproOdesaDonetskzapOHZh Lviv KH‘VU MykolaiviMariupol{Luhansk{Makijvka|Vinnytsya Simfe- | - Seva- Kherson|PoltavalChernihiv|Tcherkasy|
zhya Rig ropol | stopol
1 213 [ 45| 6 7 1819 10 11 12 13 14 15 16 171 18] 19 20
Kyiv 724 [ 8:15 [7:28 | 13:41 | 9:08 [7:50{7:53| 8:00 | 1418 | 14:12 ) 13:04 | 416 | 1336 | 1523 | 9:05 | 5:12| 227 | 325
Kharkiv |7:24 3:46 13:44] 6:41 | 5:00 |15:17)6:30| 11:37 | 8:43 | 6:47 | 622 | 1143 | 1106 | 13:33 | 10:52 ) 2:35 | 857 | 6:58
Dnipro  |8:15| 3:46 10:46| 5:24 | 1:49 JIS:51)2:52) 759 | 6:37 | 832 | 534 | 1054 | 813 10:40 | 712 | 338 | 931 | 554
Odesa | 7:28] 13:4 |10:46 13:03 | 9:56 [13:337:31] 2:33 | 1107 | 16:37 ] 13:03 | 657 8:26 10:20 | 3:56 | 1047] 907 | 717
Donetsk |13:41] 6:41 | 5:24 |13:03 424 120:4318:09] 10:33 | 2:18 | 3:53 | 0:28 | 16:12 | 915 1041 ] 923 | 801 | 1424 | 1112
Zaporizhzhya 9:08 | 5:00 | 1:49 | 9:56 | 4:24 17:043:44| 735 | 5:08 | 8:04 | 440 | 1147 | 6:36 9:03 | 6:35 | 5:00 | 10:51 | 6:46
Lviv  |7:50] 15:17 | 15:5113:33] 20:43 | 17:04 15:300 14:36 | 2201 | 20:56 | 20:57 | 6:57 | 20:02 | 2206 | 1541 [12:55] 10:14 | 11:08
Krivij Rig |7:53] 6:30 | 2:52 | 7:31] 8:09 | 3:44 |15:30 507 | 845 | 1119 | 820 | 8:50 7:59 9:53 | 500 | 5:43 | 9:46 | 454
Mykolaiv [8:00] 11:37 | 7:59 [2:33] 10:33 | 7:35 |14:36] 5:07 838 | 553 | 229 | 1605 | 719 9:45 | 727 1923 | 1536 | 11:31
Mariupol [14:18| 8:43 | 6:37 |11:07] 2:18 | 5:08 [22:01/8:45| 8:38 5531 229 | 16:05 | 719 9:45 | 727 | 923 | 1536 | 1131
Luhansk |14:12 6:47 | 8:32 |16:37] 3:53 | 8:04 PRLSG|IL19] 14:09 | 5:53 341 | 1818 | 13:03 15:30 | 13:11 ] 9:09 | 15:32 | 13:33
Makijivka [13:14] 6:22 | 5:34 |13:03] 0:28 | 4:40 [0:57/8:20] 10:45 | 229 | 3:41 16:23 | 926 1053 | 934 | 810 | 1433 | 113
Vinnytsya |[4:16] 11:43 | 10:54|6:57| 16:12 | 11:47 |6:57{8:50| 7:47 | 16:05 | 18:18 | 16:23 13:29 | 1523 | 859 | 919 | 6:38 | 6:48
Simferopol |13:36] 11:06 | 8:13 8:26| 9:15 | 6:36 P0:12{7:59| 5:38 | 7:19 | 13:03 | 9:26 | 13:29 252 | 451 | 1L06 | 15:38 | 12223
Sevastopol [15:23] 13:33 [10:40|10:20] 11:41 | 9:03 [22:069:53 7:52 | 9:45 | 1530 | 11:53 | 15:23 | 2:52 0:43 113:20] 17.30 | 14:15
Kherson 9:05] 10:52 | 7:12 [ 3:56 | 923 | 6:35 [IS4115:001 1:27 | 7:27 | 1311 ] 9:34 | 859 4:51 6:43 10:10 | 11:04 | 11:06
Poltava |5:12| 2:35 | 3:38 |10:47] 8:01 | 5:00 [12:55/5:43| 911 | 923 | 9:09 | 810 | 9:19 | 11:06 | 13:20 | 10:10 6:38 | 439
Chernihiv [2:27| 8:57 | 9:31{9:07| 1424 | 10:51 {10:14)9:46| 9:57 | 15:36 | 1532 | 1433 | 6:38 | 1538 | 17:30 | 11:04 | 6:38 5:04
Tcherkasy 3:25] 6:58 | 5:54 | T:17| 11:12 | 6:46 [11:08]4:54| 6:50 | 1131 | 13:33 | 11:23 | 648 | 1223 | 1415 | 11:06 | 439 | 5:04

The statistical analysis of spending time on moving of cars specifies on the following:

Maximal spending time from Uzgorog to Konstantinivka of 23 h 59 min

Minimum spending time is from Torez to Snizhne 20min.
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Table 4 — Coefficient of rejection Keiox existent network, from optimal for biggest cities of Ukraine
Taomuis 4 — Koedimient BigxuiaeHHs Keiox iCHYI0UOl MEpEKi, BiJl ONTUMAJIBHOT IJIs1 HAHOLIBIINX
MmicT Ykpainu

Cities  [Kyiv[Kharkiv[Dnipro|OdesalDonetsk Zazpho;;zh Lviy Klili\éu MykolaiviMariupol[Luhansk{Makijvka[VinnytsyaiSimfe-ropol|Seva-stopol|Kherson|PoltavalChernihiv|T cherkasy
1 203 | 4151 6 7 1819 10 11 12 13 14 15 16 17 18] 19 20
Kyiv LI7T [ LIS|LI0| 128 | 116 [L16[120] 120 | 124 | 123 | 131 | 134 1,22 130 | LB LI | 123
Kharkiv |1,17 LIS [129] 127 | LI8 JLI6| 17| 119 | 126 | 122 | 122 | 131 113 120 | 120 | LI0] 140 | 123
Dnipro  |L,I15] 1,15 LI6| 125 | 120 [126[1,04] 1,14 | 132 | 120 | 134 | 116 1,16 126 | 120 [ 1S3 ] 129 | LIS
Odesa |1,10] 129 | 1,16 130 | 152 (129122 120 | 119 | 131 | 134 | 122 149 180 | 138 | 130 109 | 130
Donetsk |1,28] 127 | 1,25 [ 130 LIS {125 123) 133 | LI0 | 129 | - 1,19 1,24 130 ] 126 | 138] 133 | 121
Zaporizhzhya|1,16| 118 | 120 [1,52| 1,15 125[1,56] 137 | 137 | 125 | 125 | 122 1,13 120 | 123 [ 139] 124 | 119
Lviv  |L16] 116 [ 126 [129] 125 | 1,25 LIS| 120 | 127 | 120 ] 128 | 112 1,22 132 ] 120 | 116 ] 126 | 125
Krivij Rig |1,20] 117 | 1,04 [122] 123 | 156 |L15 120 | 146 | LI8 | 137 | LIS 1,19 130 | 1S3 [ 132] 129 | 126
Mykolaiv [1,20{ 1,19 | 114 |120| 133 | 137 |1,20]1,22 LI7T | 134 ] 137 | LI§ 121 144 | LI | I22] 122 | LIS
Mariupol |1,24] 126 | 1,32 | 1,19 110 | 137 [127/146] 117 134 ] 129 | 129 1,23 130 | LIT 138 ] 132 | 128
Luhansk (1,23} 122 | 120 | 131} 129 | 125 120/ LI8| 134 | 134 122 | 137 1,28 132 | 129 [ 135 ] 135 | 135
Makijivka [131) 122 | 134 [134] - | 125 |L28]137] 137 | 676 | 122 121 1,28 134 | 130 | 153 ] 140 | 125
Vinnytsya 1,34 131 | L16 [122] 119 | 122 |LI2[LIS| 118 | 136 | 137 | 121 1,19 130 | LI7T {137 128 | 131
Simferopol [1,22] 1,13 | 1,16 [149] 124 | 113 |122)1119] 121 | 168 | 128 | 128 | 119 15T 120 [ 124 125 | 123
Sevastopol [1,31] 120 | 126 | 1,81] 130 | 126 |132[130| 144 | 1,07 | 132 | 134 | 131 151 146 | 132 131 | 132
Kherson (1,21} 120 | 121 | 138] 126 | 123 |120[153| LI8 | 072 | 129 | 131 | LI7 1,20 146 1351 124 ] 120
Poltava [LI3] 1,10 | 1,53 [130] 138 | 139 |L16|132] 122 | 158 | 135 | 1,53 | 137 1,24 132 | 135 129 | 133
Chernihiv [LIT{ 140 | 129 | 1,09] 133 | 124 |1,26/129| 122 | 188 | 135 | 140 | 128 1,25 130 | 124 119 1,28
Teherkasy [1,23] 1,23 | LIS [130] 121 | 119 |125]126] LIS | 121 | 135 | 125 | 131 1,23 132 | 120 | 133 ] 128

Figure 5 — Scheme of development highways network
Pucynoxk 5 — CxeMa po3BHTKY MepeKi aBTOMOOLIBHUX JIOPIT

The rays, forming the system of radial roads, leave the largest cities of Ukraine in different directions.

So away from Kyiv radiated eight directions: 1) Kyiv - Chornobyl' — Pripyat; 2) Kyiv - Desna -
Slavutich - Gomel. 3) Kyiv - Kaniv - Smila - Kropivnitsky- Mykolaiv. 4) Kyiv —BilaTserkva -Uman - Blago-
vischensky—Krive Ozero - Shiraevo— Odesa; 5) Kyiv - Fastiv - Vinnytsya - Zhmerinka - Kam'ianets'-Podil's'kyi
- Chernivtsi. 6) Kyiv - Zhytomyr —Staro-Konstantiniv - Terebovlia - Monastirska - Kalush-Chop 7, 8) II direc-
tion is considered higher.
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Farther necessary development Strategy of development highways network top level with such calcu-
lations that distance from a large settlement with a population more than 100 thousandinhabitants to the modern
highways from 6 - 8 lines did not exceed a 50 - 70 km.

For example, the coefficient of rejection Keiox epresents for directions: Chernivtsi -Odesa - 1,65, Lviv-
Uzhhorod - 1,45, Ternopil- Ivano-Frankivsk - 1,40, Kherson - Odesa - 1,38, Vinnytsya- Poltava - 1,37, Kyiv -
Vinnytsya - 1,34, Kyiv - Ivano-Frankivsk - 1,34, Kyiv -Chernivtsi - 1,28 and ect.

Realization Strategy and Conception must come true by development 4 - five-year or 3 years - seven-
year construction plans for highways network. Experience of reconstruction a road Kyiv - Odesa showed that
repairs on the route of roads built on Soviet technologies are not rational due to poor quality of the basis,
insufficient soil compression and layers of road pavements, the occurrence of weak soils in the bases of em-
bankments, etc.

All points Strategy, Conception and Plans must be concrete, in detail done, to have concrete terms of
implementation, have the financial and skilled providing.

1 W///// 1 - pavement from the monolithic road cement concrete class of durability on

a strength at the bending By 4,4 (55) at the pressing B 35, frost-resistance F

150 in 5% solution of NaCl accordingly DSTU b B.2.7-176:2008 , E =36 000

MPa, h= 26 cm.

2 — separating layer from the woven geosynthetic material with a mass per
unite area a not less than 500 g/m>

3 - lean concrete B 7,5 accordingly DSTU b B.2.7-176:2008

E=19000 MPa h=18.25cm.

4 — natural gravel - sandy mixture of continuous granulometryC3, accordinly
DSTU b B.2.7-30:2013 fr. 0 - 70 (80), E= 240 MPa A= 20...30 cm.

5 — a damp-proof course from geomembrans

6 —subbase - compacted soil with a compaction ratio no less 0,98 E,,> 40,0
MPa a)

1 — a stune mastic asphalt concrete is fine-grained (fr. 0-20), accordingly
6 DSTU b B.2.7-127:2015, on the modified bitumen brand PBV 60/90-54 E=
3500MPa, E+1p=400 OMPa h=5cm.

NNy
o N

-
-

I

=

cordingly DSTU b B.2.7-119:2011 E=4500 MPa,
E+10=3200MP61, E+20= 460MPa h=10cm.

w [N

accordingly DSTU b B.2.7-119:2011 E=2800 MPa,
E+10=2000MPa, h=10 cm.

4
4

-.-.-.-
o

cordingly GBN B.2.3-37641918-554:2013

E =500 MIla h=15..20 cm.
5 — optimal gravel sandy mixture of C 4 fr. 0 -80 accordingly DSTU b B.2.7-
30:2013 £ =230 MPa h=20...35cm.

with durability on the break of 13,1 kH/m and relative elongation 52 %;

0)

/77 ==/ 777

Figure 1 — Recommended construction of rigid (a) and flexible (6) road pavement
Pucynok 1 — PexoMeH10BaH1 KOHCTPYKLIT )KOPCTKHUX (2) Ta HEXOPCTKUX (0) TOPOXKHIX OJIATIB
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2 - an asphalt concrete is coarse-grained dense on the bitumen of BND 60/90 ac-

3 — an asphalt concrete is coarse-grained porous on the bitumen of BND 60/90

4 - optimal macadam-gravel - sandy mixture is treated by cement, brands 60 ac-

6 - separating layer from the unwoven thermoset geotextiles of TYPAR SF 56

7 -subbase - compacted soil with a compaction ratio no less 0.98 E.,> 40,0 MPa
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Necessary development of strategy highways network in Ukraine on a prospect 25 — 30 years.

It is suggested to link 95...100 most cities of Ukraine into a single network as combination of the parallel
and radial system of network development. It is necessary to build five practically parallel roads in the direction
of North - West to South-East (Fig. 5) :

I) The border with Belarus - Ripky, Sivshi. from Chernihiv, Konotop, Southwards from Summy-Kharkiv

- Severodonetsk- Luhansk. Length of road I - 708,547 km.

II) On Brest - Kamin - Kashrsky - Sarny-Korosten - Borodianka - Kyiv -Yahotyn - Lubny-Myrhorod -
Dykanka - Krasnograd - Lozova- Donetsk. Length of route Il is a 1119,968 km.

IIT) The border with Poland on Holm - Kovel- Lutsk - Rivne —Novograd-Volinsky - Zhytomyr —
BilaTserkva—Korsun-Shevchenkovsky - between Smila and Tcherkasy - Krementchuk- Dnipro - Pokrovske-
Mariupol. Length of route Il is a 1147,557 km.

IV) Novoyavorivsk- Lviv - to the North Ternopil - Khmelnytskyi-Vinnytsya - Uman - Novoukrainka—
South Kropivnitsky—Krivij Rig- Nikopol - Melitopol- Berdiansk. Length of route IV is a 1072,655 km.

V) Old Sambir - SouthDrohobych-Kalush—Ivano-Frankivsk - vil. Zalischiky- Kam'ianets'-Podil's'kyi -
South Mogilev Podolsk - Korisha - Lubashivka - Nikolaevsk- Kherson - on Skadovsk (Armiansk). Length of
route V is a 807,971 km.

VI) Chop - SouthMukachevo-Hust - Rahiv-Verkhovyna - Vizhnitsa- Chernivtsi. Length of route VI is
a 289,213 km.

General length is a 4437,364 km.

From Kharkiv, except for 2 directions of the 1st level, 4 directions to the south depart, etc.

Necessary accumulation facilities on building of new roads and bringing investments, but not loans,
creation of concession roads and development state - private partnership. Necessary wide discussion in relation
to passing routes and their benefit for a population resident in the zone of route highways. It is also required a
technical and economic comparison of variants constructions of rigid and non-rigid pavement taking into ac-
count charges on building, maintenance and repair on 40 years’ summer prospect (rice. 6) with a return on 20
years to Contractor on maintenance and repair. Variants of construction of rigid, non-rigid road pavements at
the action of loading 115 xH/axis expected for the project of entrance road to the airport city of Turkmenobad
in Turkmenistan brought around to Fig. 6. In the conditions of Ukraine for motion of heavy transport vehicles
more the best is a variant of rigid road pavements.

Conclusions. In Ukraine presence own resources, especially, as basic astringent material for prepara-
tion concrete, (but not the imported bitumen) requires the revision strategy of development road industry to
the necessity building highways from concrete.

For development of road net in Ukraine it is necessary:

— Development Conception of long-term development highways network (with a prospect on 25 — 30
years).

— Link land Ukraine in one state system with a network of modern highways.

— Length of new modern highways must present a not less than 10 thousand km.

— Highways must not pass on existent routes (there must be an alternative passage for speed roads).

— Establishment Strategy of development highways network, that distance from a large settlement with
a population more than 50 - 100 thousand inheb. to the modern highways with 6 ... 8 stripes of motion
did not exceed a 70 - 75 km.

— Strategies and Conceptions must be development on 4 - five - year or 3 — 7 years plans for the con-
struction highways network.

— Modern highways must be built with cement-concrete coverage.

— Itis necessary to define criteria that allow attributing the concrete projects of bilateral and multilateral
collaboration to initiative «One belt - one way» public, scientists and economists, and to the partici-
pants in a project to the countries - to develop the general plan of actions on the basis of the declared
principles, mechanisms and priorities.
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AHoTanis. BukoHaHO aHaNi3 PO3BUTKY MEPEKi aBTOMOOUTIBHUX JOPIr 3aralbHOr0 KOPUCTYBaHHS B
YkpaiHi, a TaKOXX 3aIPOIIOHOBAHO CTPATETII0 PO3BUTKY MEPEXkKi MBHUIKICHIX aBTOMaricTpayieid YKkpainu Ha
nepcrnekTuBy 25 ... 30 pokiB Ha OCHOBI BH3HAUCHHS MiHIMAIbHUX Ta ()AKTUYHHMX BiJCTAHEH MK HalHO1Ib-
IIMMHU MicTaMH YKpaiHu. J{Js MOpiBHSAHHS HaBEJEHO aHalli3 MEpeXi aBTOMOOUTBHUX JOPIr B PO3BHHYTUX
kpainax (CLIA, BenukoOpuTtanist, @paniiiss Himeuurna). 3anporoHOBaHO METOIUKY PO3PaxyHKY Ta BU3HA-
YeHHS TIOKa3HUKIB IPSMOI BiJICTaHI Mk MicTaMu YKpainu 3a ix GPS koopauHataMu, BU3HAUCHI MiHIMaIbHI
cdepuuHi BiicTaHi, MiHIMAJIbHI IIBUIKOCTI PyXy aBTOMOO1IIB Ta Yac 3aTpaueHUid Ha IepEMIILICHHS aBTOMO-
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AHoTauisi. Bucokuii piBeHb 3a0pyIHEHHS HABKOJIHIIIHLOI'O CEPEIOBHUIIA B 30HI a€POIOPTY, BUKJIUKAHE
TISUTBHICTIO aBlaTPaHCIIOPTHUX MPOLIECIB, 00YMOBIIIOE HEOE3IEKY, BUKIMKAHY HOTIPIICHHIM SKICHUX Xapak-
TEPUCTHK MOBITPS, BOAHUX Ta iHIINX 00'€KTIB.

VY cTaTTi pO3MISIHYTI €KOJIOTuHI MPOOIeMH 3aCTOCYBaHHS aHTHOXKEICIHUX XIMpEeareHTiB, crerudika
BIUTMBY MOBITPSIHOTO TPAHCHIOPTY HA HABKOJIUIIIHE cepe/loBHINe. [IUTaHHS OXOPOHHM HABKOJIUITHBOTO CEPE0-
BHUIIIA Ta TEXHIKK O€3MEKU NPH eKCIUTyaTalii aeporopTiB Ha CbOTOAHIIIHIN A€Hb € TAKUMH 3K BaXXJIIMBUMH K
Oe3rmeka MoNboTiB, EPEKTUBHICTD KaIliTAIOBKIIAACHB Ta BapTICTh OyNiBHUIITBA a€POIIOPTIB.

Kurouogi ciioBa. besneka 1moyiboTiB, €KOJIOTis, aHTHOXKEIIEIHI XIMpeareHTH, acpoIpOMHa CIIyk0a, ae-
poapom, epeKTUBHICTb.

Beryn

[Tiz HABKOJIMITHIM CEPEJIOBUIIIEM PO3YyMi€ThCS MPUPOJHE CEPEIOBHUIIIE, 30€peKEHHS SIKOTO MAa€ 3aralb-
HoAepXaBHEe 3HadYeHHsA. OXOpOHA MPUPOIHU SABJISE COOOI0 CUCTEMY MPUPOTHO-HAYKOBUX, TEXHIKO-BUPOOHH-
YHMX, CKOHOMIYHHX 1 aJAMiHICTpaTHBHO-NIPABOBHX 3axoiB. [lpu exciuiyaTawii aepoIpoMiB OXOpOHa HAaBKO-
JIATITHROTO CEPENOBHINIA BKIIIOYAE THTAHHSA: 3HIKEHHS 1 3aXUCTY BiJ ITyMy, IIIO BHHHKA€E TPH POOOTI
aBiaJIBUTYHIB IPHU CTOSHIT, 37TbOTI 1 TIOCAMIT, a TAKOXK MEPECYBAHHIO 10 aepOAPOMY IMOBITPSHUX CYIICH; 3a0-
PYAOHEHHS aTMoc(epH, BOOIONMHMIL 1 IHIIMX BOASHHX JKEPE, IPYHTIB; HONEpeIKEeHHS epo3ii penbedy i 3a-
TOTIJICHHS BHACJIIZIOK IPHCKOPEHOTO CTOKY 3 AISIHOK 3 BOJOHENPOHUKHUMH IPYHTaMH 1 IOKPUTTSIM; OXOPOHY
(daynu i guropwm. V JiTHIN nIepio 0cOOIHBA yBara IpHIUISETHCS OXOPOHI CUTBCHKOTOCTIONAPCHKUX YTiMIb 1 JTiCO-
BHX HacaJKeHb. 3eMJIS sIKa 3HAXOJUTHCS Y BEJCHHI aepOIOPTIB MOBUHHA OYTH I[IJIKOM OCBO€EHA, TOOTO 3acisHa
TpaBaMHu 1 3aca/pkeHa pocIuHaMu. HasBHICTB 3eeHOro (JepHOBOT0) MOKPHBY i JTicCOHACAMKEeHb, 0COOINBO B
MICIISIX CKYTTYCHHS JTFOACH (aepOBOK3aIIN) Pi3KO 3MEHITYIOTh ITyMIIUBICTb 1 3aITMICHICTH MTPHU3EMHOTO ITOBITPSI.

VY 3umoBwuii nepioa nmpu 36upani cHiry 3 3[1C, PJ], MC i nepoHiB BayKJIHBO 3pOOUTH IPaBUILHUI BUOIp
HOro BUBE3CHHS [ TOTO, 1100 P BECHSIHOMY CHIrOTaHEHHI HOTOKM CTIYHHX BOJ HE MOIIKOIMIN Ha CBOEMY
LUISIXY MOJIOAI JIiICOBI HACAJKCHHS, HE BUKIUKANU epo3ii 1 3a0pyaneHHs rpyHTiB. Lli micus Bapto Bubupatu
Ha IUISHKAaX MPOXOKEHHS KOJICKTOPIB APEHAKHO-BOJOCTIYHOT CHCTEMH IIJIS TOTO, 100 CTidHI BOJAW MOYKHA
OyJi0 HaIlPaBUTH Yepe3 OTIIAJO0BI KONOASA31 B CHCTEMY BOAOCTOKY. TOYHO TaK0X HE0OXiTHO 3aBYaCHO BH3HA-
YUTH OUISIXM CTIYHUX BOJ, 1[0 YTBOPHJIMCS MicCJsl TAHEHHsI CHITY, IO HArPOMAJAWBCS, IPU HOTO 3aTPUMIIL 3a
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JOTIOMOTOI0 TIPUCTPOIiB BUIMOK i BamiB y3m0Bxk 3IIC, a Takok 3a JOMOMOIOI0 LIMTIB YM IHIIMX MPHCTPOIB
Y3JI0BK iA'T3HUX JOPIr.

AMiHICTpaIlis aepoapoMiB (aepoITOpPTiB) TOBHHHA PO3POOIIATH 1 3AIHCHIOBATH 3aX0 I IO OXOPOHI IPY-
HTIB BiJ €po3ii, 3a0pyIHEHb, paIlioHAIPHOMY BUKOPHUCTAHHIO 3€MJIi, BIABEIACHOT ITi]] aepOIPOM, TI0 OUUIIICHHIO
37IMBOBHUX 1 IOTAJMX BOJ 3 TILOTHOTO MOJIIO Y BUMAKY iXHil 3a0pYAHEHHS 1 3 iHIIUX UTAHb.

ABiallis, B OPIBHSAHHI 3 IHIIMMH BHAaMU TPAHCIIOPTY, BUCTyIAE K crienu(iuHui 3a0pyaHIOBaY Ha-
BKOJIMIITHLOTO CEPEIOBHUINA i HETATUBHO BIUIMBAE HA CKOJIOTIYHHWHA CTAH IMOBITPSI, BOJHUX 00'€KTIB, a TAKOXK
TPYHTIB HaBKOJIO aeponopTiB. 3a0pyAHEHHS HABKOJIHUIIHHOTO CEPEAOBHILA B 30HI aepONOPTY, BUKITUKAHE Misl-
JBHICTIO aBlaTpaHCHOPTHUX MPOLECiB, 00YMOBIIOE HeOe3eKy, BUKIMKAHY MOTIPIICHHSM SIKICHUX XapakTe-
PHUCTHK IOBITPs, BOJHUX Ta iHIIUX 00'€KTiB. ABiallepeBi3Hi MPOLIECH MPHU3BOAAThH 10 IHTCHCHBHOI'O 3a0py /-
HEHHS HABKOJIMIIHHOTO CEPENOBHIIA BUPOOHNYMMHU 1 TOCMIOAAPCHKO-TIOOYTOBUMH CTIYHUMH BOJIAMH, TTHIIOM,
aepo3ossiMu. [IpupoHi Bonu 3a0pyIHIOIOTBCS TAKOXK B PE3yJIbTaTi OcilaHHs 3 aTMochepy MUy 3 BiAmpalb-
OBaHUMH Ta3aMH aBiaJIBUTYHIB, HA3eMHOTO TPAHCIIOPTY 1 KOTENIeHb. 3a0pyIHEHHS BOAHUX 00'€KTIB BigOy-
BA€ETHCA 1 3a PaXyHOK IMOBEPXHEBOTO CTOKY, KM (POPMY€ETHCS MOMIOBUMHM 1 TAJTMMH CHITOBHMH BOJAMHU Ta
CTOKOM BOJH 3 a€pOAPOMIB 31 IITYYHHMH HNOKPUTTAMH. J[0 TMpUpOIHUX OO'€KTIB, SIKi MiAJIATalOTh BIUIMBY
aBlaTPaHCMOPTHUX MPOIIECIB, pa30M 31 CTIYHUMH BOJAMH HAAXOISATh MiHEpalbHi cymimri, peHomH, BaxKKi Me-
TajIM, XIMIYHI CyMIllli JJI1 MUTTS JIITaKiB 1 MPOTHOXKEIEIHOT 0OPOOKH aepOIPOMHUX IMOKPHUTTIB, MiHEpaJIbHI
Maclia, pO3YMHHI OpraHiyHi JOMIIIKH 1 a30TOBMICHI pEUYOBHHH.

Mera i merogu. [IpoGiema 6opoTOH 3 OKEJIETULEIO Ta CHIFOM Ha JOPOrax 1 B aeponoprax 3aju-
IIAE€THCS aKTYaJIbHOIO Ha HAMOJIMOK4YH yac. B OCHOBI ICHYIOUHMX METOIB OOPOTHOH JIeXkKaTh 3aXOAH CIIPSMO-
BaHi a00 Ha BUIAJICHHS 3 IOKPUTTS BXKE YTBOPEHOTO JTHOY 1 CHITY, a0 Ha MoIepeKEeHHS HOTO TOSIBH.

OCHOBHOIO HAYKOBOIO KOHLIEMIII€I0, TIPH OLHIII T4 BUBYCHHI MOKJIMBOTO LIKiJAJIMBOTO BIUTUBY TOKCHU-
KaHTIB, B T.4. XIMpeareHTiB, Ha HABKOJIMIITHE CEPEIOBHIIE, 3TOPOB'S JIIOAWHHA € OIIHKA HEOE3MEKH 1 CTYIiHb
iX BIDTUBY Ha TPYHTH, BOIY, aTMochepHe ToBiTpsI, piopy 1 payHy.

Buxonsun 3 boro, KOMILIEKC JOCTIIKEHb 3 BUBUCHHS OIIHKU HeOe3meku Oy b-aK01 XiMIYHOT peyo-
BUHH BKJIIOYa€ BU3HAUCHHS KPUTEPiaTbHUX MTOKA3HHUKIB, U0 TO3BOJISIIOTH OLIHUTH PiBHI LIKiAJIMBOTO BIUIMBY
3 BpaxyBaHHIM MOIJIMBUX IIJISXIB BILUTUBY.

B 0ocHOBiI METOIMYHUX MiAXOAIB Tiri€HIYHOTO HOPMYBAHHS XIMIYHMX PEYOBUH B TPYHTI € BU3HAYCHHS
KpHUTEpiiB iX HeOe3MmeKu A1 HAaBKOJHUIIHBOIO CEPEeIOBHUINA 1 310pOB'S HACETICHHSI.

['omoBHUM B Teopii 1 MPaKTHUIl OIIHKH IIKIJTMBOTO BIUTMBY Ha HABKOJHUIITHE CEPEIOBUIIC Ta 30POB'S
JIFOTMHH, & TAKOX TIT1€EHIYHOTO HOPMYBaHHS peYOBHH (OyIb-SIKHUX ), TOKIAACHIN KPUTEPIid, IO TOITyCKA€ MOXK-
JUBICTh HAIXO/PKEHHs 1 HAsIBHICTh HEOE3MEUHNX PEUYOBHH B TPYHTI, BOA1, aTMOCHEPHOMY HOBITpPi B KUIBKO-
CTsAX OE3MEUHUX IS 3IOPOB'S JTIOCH 1 HABKOJIHMIITHEOTO CEPEIOBHUIIIA.

s 6e3meyHa BeTUIMHA PETIAMEHTY€EThCA TpaHUnIHO-AoImycTHMO0 KoHmeHTpartieto (I'JIK) BmicTy Xi-
MIiYHOT pEUYOBHHU B IPYHTI Ta 1HIIUX CEPEIOBHIIAX, IO MICTAThH XIMIYHUH iHTPEIIEHT.

[Tix TJK XiMi4HMX pEUOBHH B TPYHTI HEOOXIIHO PO3YMITH MAaKCUMAJIBHY X KUTbKiCTh (MI/M? ) B BEp-
XHBOMY IIapi aOCOIOTHO CYXOTO IPYHTY, BCTAHOBIIEHY B €KCTPEMAaJIbHUX TPYHTOBO-KIIMATUYHUX yMOBaX,
sIKa TAPAHTYE BiICYTHICTh HETATHBHOTO, TIPSIMOT'0 200 OTIOCEPEAKOBAHOTO BILIUBY Yepe3 KOHTAKTYIOUi 13 TPyH-
TOM cepelloBHIIa (BOJA, OBITPS, XapuoBi MPOIYKTH, CHPOBHHA) Ha 3A0POB'S JIIOJUHN, YMOBH KHTTS Hace-
JICHHSL.

[Ipu orintli HEOE3MEKN HAIXOMHKEHHS XIMIYHUX PEUYOBHH B HABKOJIMIITHE CEPEIOBHINE (TPYHT), HEOO-
XiIHO BUXOAWTH 3 HEMPUITYCTUMOCTI MEPEBUILEHHS aanTaliifHoi MOKJIMBOCTI OpPTaHi3My HalYyTIHBILIMX
IpyII HACEJIEHHS, TOPOTY MOKIIMBOCTI CAMOOYHILICHHS TPYHTY MPH 130J1b0BaHii, KOMIUIEKCHiH 1 KoMOiHOBaHiH
Iii XIMIYHIX PEYOBHH HA OpTaHM JIFOJWHU 1 HABKOJIUIITHE CepPeIOBHIIE (TIOpIir 0e3medHo] mii).

IcToTHE 3HaYEHHS MPH OILIHLI CTYNEHs HeOEe3MeKH XIMIYHUX PEUOBHMH Ta iX BIUIMBY Ha IPYHT — Mae
CTYHiHb NIepeBUILEHHS BMicTy enemenTta Haa ['JIK. Uum Bullle epeBHIICHHS, TUM BUILE CTYMiHb HOTo HeOe3-
MEKH.

B manuit wac mpu OIiHII CaHITapHO-TIT1IEHIYHOTO CTaHy TPYHTY OCHOBHA yBara BiJIBOAUTHCS B 3arallb-
HOMY BMiCTy MeTamiB B TpyHTi. OgHak OifbIl Ba)XJIMBO IMPH OLIHII CTYNEHs HeOe3MeKH (TOKCHYHOCTI)
XIMIYHUX PEUOBHH TSI HABKOJIUIITHHOT'O CEPEIOBHINA 1 JIFOAMHY 3HATH — B sIKi pOpMi BOHH MPUCYTHI B TPYHTI.

JloBesieHO, 110 HAHOUIBII HEOE3MEYHUMU € PyXoMi (opMH XIMIYHMX PEUOBHH, SKi 1 BH3HAYaIOTh
CTYIiHb TOKCHYHOCTI 1 HEOC3MEUHICTh IX BIUIMBY Ha HABKOJIMIITHE CEPEIOBUILIE 1 JIIOIUHY.

Cryninb HeOe3NeKH aHTHOXKENEAHUX PeareHTiB Ta Kiac iX HeOesleKu OOTPYHTOBYETHCS 1 BH3HA-
YJaEeThCS Ha IMiICTaB1 PE3yNbTATIB CaHITAPHO-TITI€EHITHUX JOCIIHKCHb.
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[Ipo mpsmy HeOe3neKky CBimT4aTh JaHi, OTPUMaHi 3a CyMOIO Pe3yJbTaTiB JOCIiIKEeHb 010J0TiYHOTO
BIUTMBY. BMiCT TOKCHKAHTIB B TPYHTI TOBOPHUTH PO MOTEHIIHHY HEOE3MEeKy, ajie BiH HE MOXKE CITY>KUTH Tps-
MHUM TIOKa3HUKOM HEOE3IICKH, TOMY IO BiACYTHI JaHi PO XiMiuHi ()OPMHU CTaHy PEUOBHH, iX B3a€MOIIIO 1
CITIBBiHOITICHHS B TPYHTI.

J17ist OLIiHKY cTyTieHsI HeOe3eKn MOPiBHIOIOTh PiBHI BMICTY CKJIaJJOBUX B aHTHOXKEJICAHOMY pearcHTi 3
ix BMicTOM B TpyHTi. OTHaK Iie HE MOXKe OyTH €TMHUM 1 OCHOBHUM KPHUTEPIEM OITIHKH CTYICHS HEOE3eKn B
LJTOMY.

l'onoBHMM TapaHTOM JOCTOBIPHOCTI OLIHKHM CTYIIEHS TOKCHYHOCTI € Pe3yJIbTaTH CaHiTapHO-TOKCUKO-
JIOT1YHUX O10JIOTIYHUX OCHTIHKEHb, TOMY IO TiJIbBKH BOHM MOXKYTb 00'€KTHBHO BiIOOpa3suTH CTYHiHb HeOe3-
MEKH PeareHry, siK €INHOTO IIiJIoTO.

B nmanwmii yac 3acTOCOBYIOTHCS Pi3HI TBEPAI 1 piAKI XiMpeareHTH, 0 CTUMYJIIOIOTh IHTCHCUBHICTD Ta-
HEHHS CHIT'Y — XJIOpHIIU, KapOaminu (cedoBHHA), alieTaTd, GopMiaTH i T.1.

3a cTyneHeM BIUIMBY Ha OpPraHi3M JIFOJAMHU IIKIIJIHUBI PEYOBHHHU HOIUISIOTHCS HA I'ITh KjaciB HeOe3-
meku: 1 — pedoBUHU HaA3BUYAitHO HeOe3MmeyHi; 2 — pPeYOBHHHM BHCOKOHEOE3INeUHi; 3 — pEYOBHHH MTOMIPHO
Hebe3neuHi; 4 — pe4OBUHH MaIOHEOE3MeUHi; 5 — MPaKTUIHO HEe3arpo3JIHBi.

Knac Hebe3nexku MKiAIUBUX PEUYOBUH BCTAHOBIIIOIOTH 3aJI€KHO BiJl HOPM 1 TIOKA3HUKIB, HABEICHUX Y
Tabmuri 1. HanexHiCTh MIKiTHBOI PEIOBUHU IO TOTO YH 1HIIIOTO KJIacy HeOe3MeKH BU3HAYAIOTH 33 MTOKA3HH-
KOM, 3HAYCHHS SKOTO BiJIITOBi/Tae HAOIIbIII BUCOKOMY KIIaCy HEOE3MECKU.

Tabmurs 1 — Kinac HeOe3neKy IIKiIJTMBUX PEUYOBHH
Table 1 — Classes danger of harmful substances

.. CTyIIiHb MIKIJJIHBOTO
Kitac HeGe3nexkn XiMIYHUX- y &

CITIOJIYK IJI HABKOJIMIIHBOT'O

JIYK Ha HABKOJUIITHE Cepe- HEOEe3MEKH IS HAaBKOJHMIITHBOTO CEPEIOBHUINA
cepeIoBHIIa

JOBHUIIIC

BILTUBY HeOe3neunnx cro- |Kpurepii BimHeceHHs HeOE3MeYHNX CIIONTYK IO KITacy

I xrac (Ham3BUUaiiHO HEOE3- Ekomnoriuna cucrema 0€3MoBOPOTHO MOPYIIEHA.

Jly’K€ BUCOKHUHN

TIeYHi) Ilepion BiTHOBIICHHS BiICYTHIH.
Exonoriuna cuctema nysxe nopyuiera. [lepiox

II kmac (BucokoHeOe3MeyHi) BHUCOKHI BiTHOBJICHHS HEe MeHIe 30 pOKiB MiCIIsl IOBHOTO yCY-

HEHHS JKepeta IIKiUIMBOTO BILIUBY.
Exonoriuna cucrema mopymiena. Ilepion BiHOB-

111 xinac (momipHOHEOE3MEeUHi ) cepeaHin neHHs1 He MeHiIe 10 pokiB miciis 3HMKEHHS IK1JIH-

BOTO BIUTMBY BiJ] ICHYIOYOTO JpKEepea.
. . Exounoriuna cucrema nopymieHa. Ilepion ca-

IV knac (Manone0e3mneyHi HU3bKUH Py PloA

MOBIJHOBJICHHS HE MEHIIIEC 3 POKIB.

V xnac (pakTU4HO He3a-

. JTy’Ke HU3bKUN Ekornoriuna cucteMa mpakTUYHO HE MOPYIICHA.
TPO3JIHBI)

3a0pyaHEHHS TOBITPSHOTO CEPEIOBHINA B 30HI a€POITOPTY Ta HA MPHJIETIIIH J0 HHOTO TEPUTOPIi BU3HA-
YaeThCsl 3aTaIbHUM 00’ €MOM BHKHIIB 1 KOHLEHTPALIEIO 3a0pyIHIOIOYHX PEYOBUH Ha IIUX TEPUTOPisX. Brmus
AHTHOXKEJICAHUX XIMPEareHTIB Ha MOBITPS B poOOUii 30HI HaBECHO HAa PUCYHKY 1 a, O, B HACEIIEHUX MyHKTaX
Ha PUCYHKY 2 a, 0, Ha 3a0pyIHEHHS TPYHTY — Ha PUCYHKY 3 a, 0, Ha 3a0pyIHEHHS BOIU — Ha PUCYHKY 4 a, 0,
nepesuieHHs ['/IK B Boai Ha pucyHKy 5 a, 0.
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Pucynok 1 — BrimuB ximMpeareHTiB Ha 3a0pyAHEHHS NOBITpsl y poOouUiii 30Hi:
a - TIpY OAHOPA30BOMY 3aCTOCYBaHHi; O - Mpu 6araTropa3zoBOMy 3aCTOCYBaHHI
Figure 1 — Chemicals impact on air pollution in activity zones:
a - in the one time usage ; b - when it’s reusable.
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Pucynok 2 — BrimuB xiMpeareHTiB Ha 3a0pyAHEHHS MOBITPS B HACEIECHUX ITYHKTAaX:
a - TIpY OAHOPA30BOMY 3aCTOCYBaHHi; O - Mpu 6araropa3zoBOMy 3aCTOCYBaHHI

Figure 2 — Influence of chemical reagents on air pollution in settlements:
a - in the one time usage ; b - when it’s reusable.
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PucyHok 3 — BrutiB XiMpeareHTiB Ha 3a0pyIHCHHS TPYHTY:
a - IpH OZIHOPA30BOMY 3aCTOCYBaHHI; 0 - IpH 0araTopazoBOMy 3aCTOCYBaHHI
Figure 3 — Influence of chemicals impact on soil pollution
a - in the one time usage ; b - when it’s reusable.
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Pucynok 4 — Bruu xiMpeareHTiB Ha 3a0py/THCHHS BOJIU:
a - MPY OJTHOPA30BOMY 3aCTOCYBaHHI; O - pu Oaratopa3zoBoMy 3aCTOCYBaHHI

Figure 4 — Influence of chemicals impact on water pollution
a - in the one time usage ; b - when it’s reusable.
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Pucynoxk 5 — IlepeBuiienns BmicTy XiMpearenty y Boai Hag I'/IK
a - TIPH OJTHOPA30BOMY 3aCTOCYBaHHI ; 0 - TIpH 0aratopa3zoBOMY 3aCTOCYBaHHI.

Figure 5 — Exceeding of chemicals content in the water over the maximum allowable concentration.
a - in the one time usage ; b - when it’s reusable.

BucHoBku

1.0xopoHa NpUPOIH SBJILE COOO CUCTEMY ITPUPOIHO-HAYKOBHX, TEXHIKO-BUPOOHUIHMX, EKOHOMIYHHX
1 aIMiHICTPAaTUBHO-NIPAaBOBHX 3axoAiB. [Ipu OyqiBHHULITBI 1 eKCIUTyaTalil aepONOPTiB OXOPOHA HABKOJIHUIIHBOTO
CepelloBHUINA BKIIIOYA€E MUTAHHS: 3aXUCT BiA IIyMy; 3a0pynHeHHS aTMocdepr, BOJONMHUIN 1 iHIIMX BOIHHUX
JDKEpet, IPYHTIB; HOMEPEKSHHS epo3il penbedy 1 3aTOIUICHHS BHACIIOK IPHUCKOPEHOTO CTOKY BOAM 3 JiJIs-
HOK 3 BOJIOHENPOHUKHUMHU IPYHTaMH i IOKPUTTSMH; OXOPOHY (JIOpH i (ayHH.

2. 151 BUKITIOYEHHSI MOXKJIMBOTO HETaTHBHOTO BIUIMBY 3aCTOCYBaHHSI aHTHOXKEJICTHUX XiMpeareHTiB
Ha JIFOJIMHY 1 HABKOJIUILHE CEPEIOBHINE HEOOXIAHO YiTKO 1 TOYHO BUKOHYBATH BUMOIHM IHCTPYKIIiH 3 TX TpaHC-
MOPTYBaHHs, 30epiraHHs i 3aCTOCYBaHHS.

3.Haii0inpl1e BIUIMBAIOTH Ha 3a0pyTHEHHS MOBITPs Y poOOUii 30HI aepOMOPTIB XJIOPH KaJbIIiIO 1 Ma-
THiO, SIK IPH OJJHOPa30BOMY Tak i 0araTopa3oBoMy X 3aCTOCYBaHHi, 1 KapOaMiau Ta HiTpaTH — IpH Oararo-
pPa30BOMY 3aCTOCYBaHHI.

4.Ha 3a0pyJHeHHs MOBITPs B HACEJICHUX MTyHKTaX HaiOible BIIMBAIOTH Taki XiMpeareHTH sik AHC,
HKMM i npu ogHOpa30BOMY 1 ITpH Oaratopa3oBOMY 1X 3aCTOCYBaHHI.

5.Ha 3a0pynHeHHs rpyHTY HalOible BIUIMBAIOTh XJIOPHINA MarHiro, aretaTd i GopMiaTu K IpU OJ-
HOPa30BOMY TakK i 6araropa3zoBoMy iX 3aCTOCYBaHHI.

6.Ha 3a0pynHeHHs Boau HalHOiIbIIe BIUIMBAIOTh aueTartd i popmiatu, mpu upomy nepesuineHss ['JIK
BIJI3HAYAETHCS U1 BCIX XIMpEareHTiB, OKpIM aleTariB i opMiaTis.
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BUKOPUCTAHHS IHOOPMAIIMHNUX TEXHOJIOT'TH JI/151 3HAXOIXKEHHSI
HAWUKOPOTIIOT O IIUISIXY HA TPAHCIIOPTHOI MEPEXI

USING INFORMATION TECHNOLOGIES TO FIND THE SHORTEST WAY ON THE
TRANSPORT NETWORK

Mpoxyxnin I'eopriii CemeHOBUY, TOKTOp TEXHIYHUX HAYK, 3aBiTyBay Ka-
(deapu MiKHApOIHHX IEPEBE3EHb Ta MUTHOTO KOHTpoJsi HamioHansHOTo
TPAHCIIOPTHOTO YHIBEPCHUTETY,

https://orcid.org/0000-0001-9701-8511

€pxo SApocaas BosoaumupoBu4, acipaHT Kadeapu MiXKHAPOIHHUX IepEeBe-
3¢Hb Ta MHUTHOTO KOHTPOJI1 HalliloHaIhbHOTO TPAHCIIOPTHOTO YHIBEPCHUTETY,

https://orcid.org/0000-0002-6759-9578

Anotanis. [IpuBenenuii aHanmiz (QyHKIIOHYBaHHsS TpPaHCIIOPTHO-JOPOKHBOTO KOMIUIEKCY YKpaiHH,
SIKAT TIPEJICTaBIIsIeE COOO0I0 CKIIAHY OpTaHi3allifHO-TeXHITHY CUCTEMY, sSIKa BUMarae HOBHX ITiXOIB A0 ONTH-
Mi3allii MDKHAPOJHUMHU BaHTAKHUMH TIEPEBE3CHHAMH. AKTYaIbHICTh JOCTIIKEHD Y IIHbOMY HaIPSIMKY BH3HA-
4aeThCsl HEOOX1THICTIO MiABUILEHHS €EeKTUBHOCTI EePeBE3CHb BAHTAXKIB Y MUKHAPOAHOMY CIIOJIYYEHHI 3a pa-
XYHOK pO3pOOKH 1 BIPOBAXKCHHS MOJIENICH, METO/IIB Ta MPOrPaMHOT0 3a0e3MeveHHsI MPOLECY PalioHaIbHOT
oprasizarfii 1 onTUMIi3arii MapIIpyTiB MDKHAPOIHIX BAaHTAKHUX TepeBe3eHb. [Iporemypa 3HaX0HKEHHS OTITH-
MaJIbHUX IUIaHIB NIEpEeBE3CHb BAaHTAXIB HA TPAHCIIOPTHUX MapIIpyTax A03BOJISIE 3 YCiX ICHYIOUHMX BapiaHTiB
NepeBe3eHHsT BaHTAKiB BUOpATH HAMOUIBII IEHIeBi M0 ABOX PEKUMAax ONTUMI3allii epeBe3eHHs BaHTaXKiB —
a0o 3a KpHUTEpieM BapTOCTi, a00 3a KpUTepieM dacy. BUKopucTaHHS B MPOIECi 3HAXOMKEHHS ONITUMAIEHOTO
IJIaHy MapIIpyTiB MDKHAPOIHUX BAaHTAKHHUX MEPEBE3CHH TO3BOJISE 3HAYHOIO MIPOIO IMiIBHIMUTH SKICTh Pi-
LIEHB, SIKi TPUAMAIOTHCA.

JI1s1 po3B’sI3aHHS TPAHCIIOPTHOI 33/1a4i PO HAMKOPOTIIIHH MIUISIX Ha MEPEeXi K 3a/1adi PO BaHTAXKOIIO-
TOKH y Mepekax 3allpONOHOBAaHO BUKOPHUCTAHHS MaTPUIHO-MEPEKEBOI MOJIENI BAHTAXXHUX MEPEBE3CHD 3 BU-
KOPUCTAaHHSIM Cy4acHUX iHPOpMaLiiiHUX TeXHOIOTii. BilbIIicTs onTUMI3aliifHUX 33124 Ha MEpekax — Le 3a-
Jadi mpo noToku y mepexax (network flow problems). st MepeskeBUX 3a1a4 onTuMizanii ¢pyHAaMeHTaIbHUM
€ TIPUHIIATI 30€pEeXEHHS MTOTOKY B OyIb-IKOMY BY3JIi, & CaMe —CyMa IOTOKIB Ha BHXO/I1 By3JIa IOPiBHIOE CyMi
MMOTOKIB Ha HOTO BXOZI IUIIOC MOTEHIIiaN By3/a ( + mpomo3utiis/ - monuT). Kimacuuaumu 3a1aduaMu Ha rpadax
€ 3aJ1a4i Ipo No0YAOBY HAWKOPOTILIHX [UIAXIB Ta iX CyKYMHOCTEH Y BUIJISA1 BiANOBIAHUX AEPEB YH KOHTYPIB.
OnHiero 3 TaKUX 3a7a9 € MONIYK HAWKOPOTIIOTO MUIIXY MiXK JBOMA 3aaHUMH By3JIaMH: JDKEPEIOM 1 CTOKOM.
O0'exkTaM¥ MTOTOKIB Y MPAKTUIHUX 3a7adaX BUCTYIAIOTh BaHTaXI, Ta3, MacakKUpH, TPAHCTIOPTHI 3aCO0H, CHUT-
HaJIU 3B'A3KY, PiAUHU ToUIO. J{J1s1 OOUMCICHHS TOTOKY Y By3J1aX BUKOPUCTOBYETHCS (YHKIII OOUHCICHHS CYMHU
BEJIMYMH, KOOPAMHATH SIKHX 3aJI0BOJIGHSIOTH BU3HAUEHIM yMOBi (TOOTO, SIKIIO MEBHI BEJIMYMHHU HAJICKAThH
BiamoBiaHil MHOkHHI). B Excel Taky npouenypy Bukonye ¢yukifiss CYMMECIIN (aprymentn). Le nae mox-
JUBICTH aBTOMATH3YBATH 3a4a4i PO BUOIp HAWKOPOTIIETo NUIAXY Ha MEpeXi, 0COOIMBO Y MIXKHAPOIHHX TIe-
PEBE3CHHSIX.

Kniouosi cnosa: Mi>xuapo iHi BAaHTaKHI TIEPEBE3EHHS, HAKKOPOTITHH IMTUISIX, 3a/1a4i PO BAHTaKOITOTOKI,
Excel-porpammu.

Bcmyn. CBiTOBa TpaHCIIOPTHA CUCTEMA 3apa3 MEPEKUBAE MPOIEC NINO0KUX, HYHIAMEHTAIBHUX 3MiH.
Onep>xaHO 1HTEHCUBHI IMITYJIBCH JIJIST PO3BUTKY IPOIECIB CTBOPEHHS €IMHOTO TOPTOBOTO PUHKY Ha PI3HUX
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KOHTHHEHTaX, ICTOTHO CIIPOLICHO MPOLEeAYpY NepeTHHAaHHS KopAoHiB. [ligBHIIeHHS e()eKTHBHOCTI MKHAPOA-
HUX TIEPEBE3CHb Y MEPIIy Yepry MOB’SI3aHO 3 BUPIMICHHSIM 3a7ay PO HAHKOPOTIIWH HUIX Ha Mepexi. s
BHPIMIECHHS 33/1a4 ONTUMI3AIlii PEKOMEHIYETHCSI BUKOPUCTAHHS MATPUIHUX a00 MEPEKEBUX MOJCIICH TpaHC-
MMOPTHUX CUCTEM.

AHaJi3 MaTpUYHOI MOJISITi IPEACTABICHHS BAaHTAXKHUX MEPEBE3CHb JIO3BOJIMB 3POOUTH HACTYIHI BHC-
HOBKH: BaHT2)KHI TIEPEBE3CHHS 1 3aCHOBAaHA HAa HUX TPAHCIOPTHA 33a/1a4a € YaCTKOBUM BUIAJIKOM 3arajbHOT
3a/1a4l JIHIHHONO IpOrpaMyBaHHs, Yy ITIXOMl, 3aCHOBAHOMY Ha JIHIHHOMY IpOrpaMyBaHHI, KO)KHA JO-
CJIIJDKYBaHA CHUCTEMa PO3LISAAEThCS SK CYKYIHICTh JISKITbKOX JICMCHTAPHUX OIEpalliif, Ha3BaHUX TEXHO-
JIOTiYHUMH mporiecaMu. Ha moyarkoBoMy erami 10 Hel HOOAr0ThC MaTepiajbHi pecypcu (MALLWHU, JTIOOA
CHPOBHHA, YCTATKYBaHHS), 8 PE3YIAbTATOM € MPOAYKTH YH TIOCIYTH POMHCIOBOTO a00 1HIIOr0 BUPOOHHMIITBA;
3BEJICHHS BAHTAXKHUX MEPEBE3EHD 10 CUCTEMU JIHINHUX DIBHAHB 1 IaJi 10 MATPUYHOIrO MPEACTABICHHS OPHU-
IIyCKa€ BUKOPUCTOBYBATH JIO 1X ONTHMI3allii CTaHAApTHI MaTpUIHI MeToau [1].

MepekeBa MOJICNb MPEJICTABICHHS BAHTAKHUX IEPEBE3eHb € OLbII HAOYHA 1 MPUPOJHA IO BIJIHO-
MIEHHIO 10 MAaTPUYHOI MOJIEII, aJle ICHYIOUM METOAM ONTHUMI3anli mepeBe3eHb BAHTAXKIB Ha I11€] MOJIEN] € J10-
CUTBH CKJIAJIHUMU 1 BAKKO IIaI0Thes popmanizaiii. OnTuMizalis_nepeBe3eHb Ha TPAHCHOPTHOI MepexKi 3a
JIOTIOMOTOI0 METO/Y MOTEHIIaJiB JO3BOJISIE PO3B’A3aTH TPaHCIOPTHI 3aBJaHHS HEBEIMKOI PO3MIPHOCTI,
a cama MpoIeaypa oep>KaHHs KiHIIEBOTO Pe3yIbTaTy — ONTUMAIIBHOTO IJIaHy TIepeBe3eHb BaHTaXy Oe3Ioce-
PEAHBO Ha TPAHCIIOPTHOI MEPEXKi, € JOCTATHHO TPOMI3IKOIO 1 cltabko (hopMatizoBaHoo [2].

Omnucana y poOOTi MaTpUIHO-MEpEeKeBa MOJEINb IePCBE3CHb BAaHTAXKIB HOB

0 pO3B’SA3aHHIO MPOOJIEMH ONTHMI3allli BAHTAKOTIOTOKIB Ha TPAHCIIOPTHUX MEpPEeXkaxX 3a PaxyHOK
ITUPOKOTO 3aCTOCYBaHHSI METOMIB 1 aJTOPUTMIB OOYHCITIOBAIIEHOT MAaTEeMAaTHKHU
1 pO3B’sI3aTH TPAHCTIOPTHUX 3aBJaHb Pi3HOI PO3MIPHOCTI 1 KOHGIryparii.

Knacuunumu 3agagamu Ha rpadax € 3a7adi Ipo MoOyaoBy HAHKOPOTINHX MUISIXIB Ta 1X CYKYIHOCTEH y
BUTJISAI BiIIOBIAHUX JepeB un KOHTYpiB. OMHIEIO 3 TAKWX 33724 € MOIIYK HAWKOPOTIIIOTO MIUIAXY MK IBOMa
3aJaHMMU By3JlaMH: S (pkepeaoM) i t (ctokom). bimpimicTs onTuMi3amiiHUX 3a1ad HAa Mepexax — Le 3ajadi
po MOTOKH y Mepexax (network flow problems). Jlns MepexxeBux 3amau ontumiszaiii pyHIaMEeHTaIBHAM €
MIPUHIIKI 30€PEKEHHS IMOTOKY B OYIb-SIKOMY BY3Ji, a caMe —CyMa IOTOKIB Ha BHXOJIi By3Jia JIOPIBHIOE CyMi
MOTOKIB Ha HOT0 BXOI IUIIOC MOTEHIian By3na ( + mpono3unis/ - nonut). Kmacnunumu 3agadamu Ha rpadax
€ 3a71a4i Ipo NoOYA0BY HAWKOPOTILHX [UIAXIB Ta iX CyKYMHOCTEH Y BUIJISA1 BiANOBIAHUX AEPEB YH KOHTYPIB.
OnHiero 3 TaKUX 3a7a9 € MONIYK HAWKOPOTIIOTO MUIIXY MiXK JBOMA 3aaHUMH By3JIaMH: JDKEPEIOM 1 CTOKOM.
O0'exkTaMU MTOTOKIB Y MPAKTUIHUX 3a7adaX BUCTYIAIOTh BaHTaXi, Ta3, MacakKUpH, TPAHCTIOPTHI 3aCO0H, CHUT-
HaJIK 3B'SI3KY, pifguHH Too [3].

Merta i 3aBnanHs poOOTH - aBTOMATHU3YBATH 3aJ1adi PO BUOip HAWKOPOTIIIETO NUIAXY Ha MEpexki, 0C00-
JIUBO Y MIDKHAPOIAHUX TIEPEBE3CHHSX.

Buknao ocnoenozo mamepiasny. binpuiicTs ONTUMI3ALIMHUX 33124 HAa MepEKax — € 3a/1a4i PO MOTOKH
y Mepexax (network flow problems). st MmepexeBux 3aga4d onTuMizauii pyHIaMEHTAIBHUM € MIPUHIHI 30€e-
PEXKEHHS MOTOKY B Oy Ib-IKOMY BY3JIi, a caMe —CyMa IOTOKiB FBuX(X) Ha BUX0/1i By3j1a JOPIBHIOE CYMi ITIOTOKIB
Ha #oro Bxomai FBx(x) + nmorentiian p(x) By3na ( + npomo3uiiist/ - monur) [3].

[oTik y KO’)XKHOMY BY311i MepeKi — e QYHKIis, [0 33J0BOJIBHSE JIIHIHHUM PIBHSAHHSAM 1 HEPIBHOCTSIM,
IIe KOXKHIHN my3i (Xi, Xj) Mepexi TOCTaBJICHO Y BiMIOBIIHICTE OJTHE UM KiIbKa TIO3UTHBHUX Yucel. Hampukiaz,
BeauunHa C (Xi, Xj) B 3a7a4i PO MaKCUMAaJIbHUH MOTIK € MPOMYCKHO 3AaTHICTIO AyTrd (MaKCHMMabHA KiJlb-
KiCTh MPOAYKTY, 10 MOXKe OyTH JOCTaBJICHA 3 By3Jia Xi y By30J Xj IO IIii Ty3i 3a OXMHHMLIO Yacy), B TpaHC-
MOPTHIH 3a1a4i — 1e abo BiZicTaHb, a00 Yac MepeBe3eHHs, a00 BapTiCTh IEPEBE3CHHS OJWHHIII BAHTAXY MO Li€l
ny3i. OTKe BeJIMUrHA MMOTOKY 110 1Ty3i (Xi, Xj) He IIEPEeBHIIy€e MPOMmyCcKHOT 3maTHOCTI i€l ayru C (Xi, Xj), AKIIO0
BOHA 33J1aHa.

Knacuuanmu 3agauamu Ha rpadax € 3a1adi Ipo moOyA0By HAHKOPOTIINX MUISXIB Ta X CYKyImHOCTEH y
BUTJISAI BiIITOBIAHUX JepeB un KOHTYpiB. OHIEIO 3 TAKWX 33724 € MONIYK HAWKOPOTIIIOTO MIIAXY MK IBOMA
3aIaHAMH BY3JaMu: s (Jpkepesrom) it (ctokom). BimbmricTs onTUMIZaIlifHAX 3a/1ad Ha Mepekax — Iie 3aaadi
po MOTOKH y Mepexax (network flow problems). Jlns MepexxeBux 3amau ontumiszaiii pyHIaMEeHTaIBHUM €
MIPUHLIKI 30€PEKEHHS MMOTOKY B OYIb-SIKOMY BY3Ji, a caMe —CyMa IOTOKIB Ha BHXOJIi By3Jia JIOPIBHIOE CyMi
MMOTOKIB Ha HOTO BXOZI IUIIOC MOTEHITiaN By3/a ( + mpomo3utiist/ - monuT). Kimacuuaumu 3agadyaMu Ha rpadax
€ 3a71a4i Ipo No0YA0BY HAWKOPOTILIHX [UISAXIB Ta iX CyKYMHOCTEH Y BUIJISA1 BiANOBIAHUX AEPEB UM KOHTYPIB.
OnHi€ro 3 TaKMX 327124 € MOIIYK HAWKOPOTILIOTO LUIAXY MK ABOMA 3aJaHUMHU BY3JIaMH: PKEPETIOM 1 CTOKOM.
O0'exkTaMU MTOTOKIB Y MPAKTUIHUX 3a7adaX BUCTYIAIOTh BaHTaXi, Ta3, MacakKUpH, TPAHCIIOPTHI 3aCO0H, CHUT-
HaJIK 3B'SI3KY, PiIUHU TOLIO.

Jlnst mpukiamy BUKOPUCTaHHS CydacHUX iH(OpPMANiHHUX TEXHOJOTIH MPOMOHYETHCS PO3B’SI3aHHS
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TPAHCIIOPTHOI 3aJ1a4i PO HAMKOPOTIIMY NIJISX HA MEPEXKI BiJ] By3la-pkepena — M. PiBHE 710 By3I/1a-CTOKY — M.
[Ipara, Tak sk OCHOBHA YaCcTWHA BUTPAT Ha 3/IHCHEHHS NICPECBE3CHHS MIPUTIAJIA€ CaMe Ha BUTPATHU HA MAJIUBO.
Sk mpaBmITO, TIepEBE3CHHS BAaHTaX1B BiIOyBaeThes Ha MapmipyTi M. PiBHe (Ykpaina) — m. [Ipara (Uexist)
— M. PiBHe (Vkpaina) yepe3 TpaH3uTHy Kpainy [Tosbliny, sikuii OyayeTbCs HA BUKOPUCTAHHI €JIEKTPOHHUX KapT
1 HaBeJICHO Ha puc. 1.
JlocmimKkeHHs TIoKa3aiy, o 3arajibHa JOBKWHA TPAIUIIHHOTO MapmpyTy ckiaagae 2400 k.
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Pucynok 1 — Cxema mapupyTy nepee3enns M. PiBHe (Vkpaina) — m. [Ipara (Uexis) — m. PiBue (Ykpaina),
KNI OOYI0BaHO Ha BUKOPUCTAHHI €JIEKTPOHHUX KapT

Figure 1 — Scheme of the route of transportation Rivne (Ukraine) - Prague (Czech Republic) - Rivne
(Ukraine), which is based on the use of electronic maps

3HalizeMo HAWKOPOTIIMHI IUISIX HAa TPAHCHIOPTHIM MEepexi B By3ia Jkepena Bys3na-Ixepena — M. PiBHe
10 By3na-cToky — M. [Ipara (Hexail Ha BCix IUIAHKaX Li€l TpaHCIIOPTHOI MepEkKi AOMYCTUMHUI 1BOCTOPOHHIH
PYyX, a IXHS JOBXKHMHA B 000X HAIPsMKaX OJTHAKOBA).

OpierToBanwmii rpad HA3UBAIOTH Mepexkero (network), 1e BU3HAYAETHCS:

- BY30JI-IKEPeIo, 10 Ma€ TIIbKH BUXiTHI AyTH (TI03HAYAETHCS OYKBOIO S, BiJ SOUTCE - IXKEPEIo);

- BY30JI-CTiK, III0 Ma€ TUIbKU BX1IHI AyrH (II03HaYaeThest OYKBOIO t, Bia terminal — KiHIIEBUH MyHKT);

- BCI iHIII BY3JIM — IPOMIXKHI (TpaH3UTHI), 3'€IHAaHI MK COO0I0 AyraMH, cepe.l IKUX € 1 BXiHi, 1 BUXiAHI
TyTH.

OpieHTOBaHI Ayrd y MepexXi MO3HAYalOThCs CTPLIKAMH, HEOPI€HTOBaHA Iyra 3aMiHIOETHCS JBOMA
Ha3yCTpid CIPSIMOBAaHUMH CTpiiKamu. Jlyra 31 CTPUIKOO 1 IEBHUM 3HAYCHHSIM BiIITOBITHOTO MapameTpy (1e
MOXe OyTH: IPOITyCKHA 3aTHICTh TPAHCIIOPTHOI KOMYHIKaIIii, BiICTaHb MIX apoi0 BY3JIiB, BapTICTh ab0 dac
NepeBe3eHHs TOIL0) BU3HAYA€E YHIBepcallbHE MOHSTTS — MOTiK (flow), 0 pyXaeThes 3 MOYaTKOBOTO By3Jia IyTH
B KiHleBUH. O0'eKTaMu MMOTOKIB y MPAaKTHYHMX 3a/adaX BHCTYIAIOTh BaHTaXi, ra3, MacaKUpH, TPAHCIIOPTHI
3aco0u, CUTHAJIH 3B'SI3KY, PiIMHU TOIIIO.

3amana ciTka y BUTIISAL 3MimaHoro 3BaxeHoro rpada 3 10 Bysnamu i 18 qyramu, mo4aTkoBi JaHi MalOTh
HactynHul Burisin y Excel-tabnumi (puc.1).

Tpeba BU3HAYNTH HAWKOPOTIIHU MUISIX BiJl By3Jla-mkeperna — M. PiBHe 10 By3nma-cToky — M. Ilpara y
HACTYMHIA MaTeMaTU4Hi{ MOCTAaHOBLI:

- 3HalTH BekTop Ayr X = (x1, x2, ... x18), ge enemMeHT xi = 1, SIKIIO BiAMOBiAHA IyTra HAJICKUTH HAHKO-
poTIIOMY IUIAXY, 1 0 y MPOTHBHOMY BHITAJIKY; 1 — MOPSAKOBUI HoMep ayru (1= 1, 2, ..., 18);

- 00 3arajbHa JOBXKHHA IUIAXY

18
D = Z d.x, - min
i=1

ne di— moexxuHa i-o1 xyru;
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- 32 YMOBH 30epeKeHHsI 0aTaHCy MOTOKIB sl KOXKHOTO j-ro By3na (j = 1, 2, ..., 10): FBux(xi) — FBx(xi)
= 0, ne Fpux(xi), FBx(Xi) — cyMa mOTOKIiB Ha BXOJl Ta BHXOJI KOXHOTO j-TO BY3Ja; IUIS By3Ja-IHKepela
Feux(x1) — FBx(x1) = 1; mns By3na — croka Feux(x10) — Fx(x10) =—1;

- TpH Beix xi > 0.

NbBiB
2
211
503 597
oLnas PigHo
Bpho
Mpara 2288 T | Kpakis
233 i : 515
10 B
204 108
340 173 2195
80
° Katosiue
95
OcTpaea 350

TMobnnH

Pucynoxk 1 — Tparcnoptaa mepexa M. Pisae (Vkpaina) — m. [Ipara (Uexis)
Figure 1 — Transport network of Rivne (Ukraine) - Prague (Czech Republic)

Jis iporo B Excel-tabmuiti 1uist BCiX AyT BU3HAYA€EMO Jiana3oH Ais HeBimomux X (Jlyra) i oounciaroemo
3Ha4YeHHsS LiIboBOi QyHKuUii 3a Gopmynoro — CYMMIIPOU3B ([yra; HoxkuHa), a i BCiX BY3JTiB 00-
YUCITIOEMO cyMH BXimHuX (Bxin) i Buxigaux (Buxim) motokis, ix cymy (Buxin-Bxin), 3amaeMo KOJIOHKY TIpa-
BHX YaCTHH 00MexeHb (OOMEKEHHS ).

Ha puc. 3 moka3zane rpadiude 300pakeHHs] OTPUMAHOTO PE3yJIbTaTy, a caMe — HAMKOPOTILUH LUISX,
SIKU# 300payKeHUI Ha TPAHCIIOPTHIM MEPEeXkKi Y BUTJIAII CTPIIOK.

Jliist 064YrCIIEHHS TTOTOKY y BY3JIaX BUKOPHUCTOBYEThCS (DYHKITISI OOUMCIICHHS CYMH BEJIMYHH, KOOPIH-
HATH SKUX 33J0BOJILHSIOTH BU3HAUYCHIN YMOBI (TOOTO, SIKIIO MEBHI BEIMYWHU HaJIe)KATh BiJMOBIAHIA MHO-
xwuHi). B Excel taky npouenypy Bukonye ¢pynkuis CYMMECIIU (aprymentn). Hanpukiaza, cyma BXigHHX
TTOTOKIB By3J1a BU3Ha4Ya€eThCs 3a hopmynoro — CYMMECJIU (Bci KiHI AyT; BY30JT; TOTOKH), TOOTO, ITiICyMO-
BYIOTBCS IIOTOKH I10 THX JyTax, KiHI SKUX CHIBIagaroTh 3 MOTOYHUM By3J0M. 3a popmynoro — CYMMECIIN
(Bci movaTku Ayr; BY30JI; IOTOKHM) MiJICYMOBYIOTECSI BUXiHI MOTOKK. Ha puc. 2 moka3zaHe po3B’si3aHHA TO-
CTaBJICHOT 3a71a4i 3a joroMororo koMauu «Ilomyk pimenHs» B cepenoBuini Excel-mporpamu, 3 sskoro BUIHO,
1o BekTop X = (0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,1,0), a 11e, y cBOO 4epry o3Havae, 1Mo HAHKOPOTIIHH TUIAX 3
micta PiBHO B micTo [Ipara npoiine nocninoBro uepes M. Kpakis, M. Karosiue, M. Octpasa cxiage 1030 k.
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ELLHMK AAHHEX ™

CKaYyaTh & NPEOEPAI0EITH rogkaKHeHnA CCPTHPOBKE M PHABTR
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Pucynok 2 — Po3B’s13aHHA 3a71a4i Ipo HAKKOPOTIIMI IUIAX HA MEPEXKi

Figure 2 — Solving the problem of the shortest path on the network
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Pucynoxk 3 — I'padidne 300pakeHHs pO3B’sI3aHHA 3a/1a4i IPO HAHKOPOTIITHH MIJITX Ha MEPExXi
Figure 3 — Graphical representation of the solution of the problem of the shortest path on the network

[IpoBeneHi po3paxyHKH MOKa3aJIH, 110 3alpOIIOHOBAHWN BapiaHT MapIIpyTy Ma€ HAHKOPOTIITHH ITUISIX
y 1030 kM, oo Ginblre HiX y ABa pa3u KOpPOTIIE TpaauliitHoro Mapmpyty (2400 km).

BucnoBku. J1ji1 po3B’si3aHHS TPAHCIIOPTHOI 331a4i PO HAHKOPOTIIHH MIJITX HA MEPEXi K 3a1adi Ipo
BaHTAXKOIIOTOKH Y MEPEXKax 3alpOIIOHOBAHO BUKOPUCTAHHS MAaTPUIHO-MEPEKEBOT MOZIeIi BAaHTaXKHUX TIepe-
BE3€Hb 3 BUKOPUCTAHHSIM Cy4acHUX iHPOPMAaLiiHUX TEXHOJIOTiH. binpimicTs onTuMi3amiifHuX 3a7a4 Ha Mepe-
JKax — IIe 3aj7a4i Mpo MoToku y Mepexax (network flow problems). Jlns MepexeBux 3amad onTumizaiii GyH-
JMaMCHTAJIbHUM € TPUHIUI 30€PEKEHHS IIOTOKY B OyIb-IKOMY BY3J1i, a caMe —CyMa ITOTOKIB Ha BUXO/I By3JIa
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JOPIBHIOE CyMi IOTOKIB HA HOTO BXO[i IUTIOC MOTEHIial By3Ja ( + npomno3uis/ - nonur). Knacuunumu 3ama-
yaMu Ha Tpadax € 3amadi npo NoOyAOBY HAWKOPOTIIHMX LUIAXIB Ta iX CyKYNHOCTEH Yy BHUIIIAII BiINOBITHHUX
nepeB 4u KOHTYpiB. OIHIEIO 3 TAKUX 33134 € MOIMTYK HAWKOPOTIIOTO NMUIIXY MIXK TBOMA 3aIaHAMH By3JIaMU:
JoKepeItoM 1 cTokoM. O0'eKTaMul TOTOKIB Y MPAaKTHYHUX 3a/1adax BHCTYIAIOTh BAHTaXI, a3, MaCAKUPH, TPAHC-
MOPTHI 3aCO0M, CHUTHANM 3B'SI3KY, PIAUHM Tomlo. s oOuYMCIEeHHS MOTOKY y By3JaX BHUKOPHCTOBYETHCS
(GYHKITiST OOYHCIICHHS CYMH BEJIMYMH, KOOPAUHATH SIKHMX 3aJ0BOJIbHAIOTH BH3HAUEHIH yMOBI (TOOTO, SIKIIO
TIeBHI BeJTMYMHY HaJICKAaTh BiANOBIHIN MHOXWMHI). B Excel Taky nponenypy Bukonye pyukiis CYMMECJIN
(aprymenTn). Lle 1ae MOKIUBICTh aBTOMATHU3YBATH 3aa4i PO BUOip HAHKOPOTILEro NUIIXY Ha MEpexkKi, 0c00-
JIMBO Y MXKHApOAHUX NiepeBe3eHHsX. [IpoBeeHi po3paxyHKH MOKa3ald, U0 3aPONOHOBAHUM BapiaHT MapII-
pyTy Mae HaiikopoTmwid nmuisix y 1030 kM, mo OiIbIIe HDXK y JBa pa3d KOPOTIIEC TPAAUIIIHHOTO MapIIpyTy
(2400 k™). Bukopuctants cydacHuX iH(GOpPMAaLidHUX TEXHOJOTIH Ja€ MOXKIIUBICTh aBTOMAaTU3yBaTH 3a/adi
PO BUOIp HAMKOPOTIIETO NMUIAXY Ha MEPEKi, 0COOTUBO y MIXXHAPOJHUX MEPEBE3CHHSIX, 110 3HAYHO IiBH-
ITUTH €EKTUBHICTh MDKHAPOIHUX aBTOMOOITEHUX ITEPEBE3CHb.

Keywords: International Freight Transportation, Shortest Way, Problems About Freight Flows, Excel-
Programs.
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Abstract. An analysis of the functioning of the transport and road complex of Ukraine, which is a
complex organizational and technical system that requires new approaches to optimization of international
freight. The relevance of research in this direction is determined by the need to increase the efficiency of
international cargo transportation through the development and implementation of models, methods and soft-
ware for the process of rational organization and optimization of international freight routes. The procedure
of finding the optimal plans of cargo transportation on TM allows from all existing options of cargo transpor-
tation to choose the cheapest on two modes of optimization of cargo transportation - either on the criterion of
cost, or on the criterion of time. The use of international freight routes in the process of finding the optimal
plan allows to significantly improve the quality of decisions made.

To solve the transport problem of the shortest path on the network as a problem of freight flows in
networks, it is proposed to use a matrix-network model of freight transportation using modern information
technologies. Most network optimization problems are network flow problems. For network optimization
problems, the principle of preserving the flow in any node is fundamental, namely, the sum of flows at the
output of the node is equal to the sum of flows at its input plus the potential of the node (+ supply / - demand).
The classic problems on graphs are the problems of constructing the shortest paths and their aggregates in the
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form of corresponding trees or contours. One such task is to find the shortest path between two given nodes:
source and drain. The objects of flows in practical problems are cargo, gas, passengers, vehicles, communi-
cation signals, liquids, and so on. To calculate the flow in the nodes, the function of calculating the sum of
quantities whose coordinates satisfy a certain condition (ie, if certain quantities belong to the corresponding
set) is used. In Excel, this procedure is performed by the function SUMMES (arguments). This makes it
possible to automate the task of choosing the shortest path on the network, especially in international traffic.
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AHoTanis. 3eMenbHO-KaiacTpoBi poOOTH B YKpaiHi iCTOPUYHO MOB’A3aHi 3 IUIAHYBaHHIM TEPUTOPIi
ABcpo-Yropumay, [onemii, Pymynii, Uexii, CnoBauunnu ta Pocii. B nmoganbsmomy ¢opmyBaHHS KanacTpy
B1I0YBajI0Cs B paasHChbKHi mepio. CboroaHi, Koau GopMyIOThCSA 3eMeNbHI BiIHOCMHN Ha OCHOBI IPUBATHOI
BIJIACHOCTI, IIIKABUM € JOCBiJ 3apyOiKHUX KpaiH, SKi ByKE MPOUITUTH MIISX CTAHOBJICHHSA. B poOoTi posrisima-
IOTBCSl Ta aHANI3YIOTbCS MUTAHHS PO3BHTKY 3€MENbHO-KalaCTPOBOI CHCTEMH B 3apyODKHHX KpaiHax Ta B
YkpaiHi,cTAaHOBJICHHS Ta BIOCKOHAJICHHS 3€MEIHHUX BITHOCHMH B YKpaiHi BuBUeHHS HOCBimy 3apyOiKHHX
KpaiH € HeoOXiJHIUM eJIeMEeHTOM (OPMYBaHHS Ta PO3BUTKY HAIIOHATBHOI CHCTEMH KaJIaCTPOBOTO OOITIKY.

KirouoBi ciioBa. 3eMenbHO-KagacTpoBa cUCTEMa, 3eMENIbHIM KaacTp, KalacTpoBi 3HOMKH, 3eMEIIbHI
pecypcH, JOKyMEHTaIlis.

Beryn. 3emits Bimirpae BeTU4e3Hy POJIb Y CTBOPEHHI MaTepiadbHUX OJIar K JpKepesio ICHyBaHHS JIFOI-
CBKO1 CIUIBHOTH, MPUPOAHA OCHOBA CYCIIJIBHOTO FOCHOAAPIOBaHHS, sIKe Oe3M0CepeIHBO MOB'I3aHe 3 BUKOPU-
CTaHHIM 3eMJIi SIK IIPOCTOPOBOI0 0a3uCy i 3aco0y BHpOOHUITBA. OOMEKEHICTh 3eMEIBHUX PECYPCIB HA TIIi
3pOCTaHHS HACENEHHS pOOUTH Bce OLITBIN BaXKITUBOIO MPOOIIeMy JOAHINBOTO CTABJICHHS Ta PAI[lOHAIEHOTO BH-
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KOPUCTaHHS 3eMeJb. 3eMIIS B KPaiHi - 11 TI0 CYTi «30J10TO», B IaHUH Yac 3eMJIsl € AyKe Aopororo. st posmo-
TITy Ta O0JIIKY 3€MIIi TIOBOJATLCS  KaJacTpoBi poboTH . JlocTOBipHA 3eMeNTbHO-KaAacTpoBa iHpopMaIlis CTBO-
PHUThH HAJEXKHI YMOBH JIJISl HAJIAHHS 3eMeJTb, PAIliOHATEHOTO i e()eKTHBHOTO BUKOPUCTAHHS 1X 32 MPU3HAYCH-
HsaM (OymiBHMIITBA JOPIr, JIiHIT 3B’ 3Ky, €JIeKTponepenadi, CopyKeHHs: BAPOOHUYHNX 1 MOOYTOBUX 00’ €KTIB,
HEOOXiAHMX Ui HaceneHHs) [4]. AKTyaJbHUM € MUTaHHs OLIHKH 3eMeNb NPUAOPOXKHIX CMYT, OCKIJIBKH X
BapTICTh MOJKE BIUITMBATH Ha BUOIp HAIIPSIMKY 1 po3TalllyBaHHsS aBTOMOOLIBHUX JIOPIT , iX 00JIaITyBaHHSI.

Y BCiX pO3BHHEHUX JIeprKaBaX 3eMEIbLHUHN KagacTp BEACTHCS MPOTITOM 0araThOX CTONITH 1 € CKIIATHAM
3aX0JI0M, KWK OXOIUTIOE IIMPOKE KOJIO MUTAaHb 3 BUBYCHHS Ta OLIHKH 3eMenb. ToX aHami3 3eMeIbHUX Kajac-
TpiB Ta JOCBiAy €BPONEHCHKUX KpaiH € aKTyaJbHUM B IEPioj] CTAHOBJICHHS 3e€MEJbHHUX BiTHOCHH B YKpaiHi.

[IutaHHAM IOCHTIKEHHS KaAacTPOBUX CHCTEM B CBITI 1 B OKpEMUX KpaiHaX MPUCBSIUCHI YHUCICHHI ITy-
Omikanii 3apyOikHux aBTOpiB: Binbsmcona i Tinr (ABctpanis), Kaydpmanna i Creyanepa (Himeuunna), Jlap-
ccona (I1Iseuis), Xenccena (Kanana), Enepmak ([Janis) i in. [Ipobnemam cygacHOro eramy po3BUTKY KaaacT-
pOBOI cucTeMH B YKpaiHi MpuCBSIIeHI poOOTH yKpaiHChKUX BUeHUX: Bomomina H. A., lanunenko A. C., JIu-
xorpyn H. I'., Tpetsaka A. M., Uepemmuucekuii M. . Ta iH. OgHaK i Ha 3aKOHOJIABUYOMY PiBHI, 1 B HAYKOBHX
KOJIaX MUTAaHHS 1010 KOHUENTYaJbHUX 3aca] HOOYAOBH 1 HallpaBJICHHS NOAANBIIOTO PO3BUTKY CUCTEMU 3€-
MEJIBHOTO KaJacTpy B YKpaiHi Bce IIe 3aTMIIAETCS TUCKYCIHHIM 1 He BUPILLICHUM.

Meta i MmeToau. MeTta JoCTiHKCHHS TIOJISTAE B aHAII31 3eMEIbHO-KaIaCTPOBUX CHCTEM B KpaiHax 3
BHCOKUM PiBHEM €KOHOMIYHOTO PO3BUTKY, IIO JO3BOJHUTH 3pOOUTH BUCHOBOK PO CYTTEBI BIIMIHHOCTI B TO-
HATTAX 36MEJIBHOTO KaJacTpy, HOro opraizaliifHy CTpPyKTypy, 3MICT 1 ciocoOu BefeHHs. BuBueHHs gocBiny
3apyOiKHHX KpaiH € HeOOXiMHUM eJleMeHTOM (hOpPMYBaHHSA 1 BAOCKOHAJICHHS HaIlIOHAIBHOI CHCTEMH KaJacT-
pOBOTO OOIIKY.

100 onep:kaTu 3eMeIbHO-KaJACTPOBI BiIOMOCTi, BUKOPUCTOBYIOTh Pi3HI METOMH, SIKi 3aJIeXaTh Bix
MPU3HAYCHHS [TOKa3HHUKIB 3eMENBHOTO KajacTpy. Jinst oOuuCIieH s TUION] 3eMEeIbHUX JUISTHOK TPOBOMASTHCS
3WOMKH MIiCIIEBOCTI, JJIsl BH3HAYCHHS ITOKA3HUKIB MPUPOTHUX BIACTUBOCTEH I'PYHTIB — OOCTEKECHHS 36MEIIb, a
IUIs EKOHOMIYHOI 1X OLiHKM — 30UpaHHs, 0OpoOIeHHS I aHaJi3 CTATUCTHYHHUX AaHUX MPO TOCIOAAPCHKE BU-
KOPUCTaHHS 3eMeb

Pe3ysabTaTu i nmosicHenHsi. /lani 3eMeNbHOrO KaJacTpy NMpU3HAUYECHI JJISI FOPUINIHOTO OGOPMIICHHS
3eMeNbHOI BIIaCHOCTI, OTIOIaTKYBAaHHS Ta BCTAHOBIJICHHSI L[iH Ha 3eMJIIO TIPH KYMiBJIi-IPOAAXKY, & TAKOX AJIS iX
€(eKTHUBHOTO TOCMOAAPCHKOTO BUKOPUCTAHHS. Y OUIBIIOCTI KpaiH 3eMeNbHOMY KaJacTpy JAep:KaBHi i TOCHO-
JApChKi OpTaHH MPHUIUIIOTH BEIUKY yBary. 3eMeibHi KagacTpy BCiX KpaiH MArOTh 3arajbHi MOJO0KEHHS, 1 B
TOH K€ Jac KOKEH 3 HUX BIIPI3HIETHCS 32 3MICTOM, TEXHIKOIO Ta OpTaHi3aIi€ro IPOBEICHHS.

Haii0inbpm mepenoBi TeXHOJOTIi, SKi BUKOPHUCTOBYIOTHCSI B 3€MEIBHOMY KanacTpi B 3apyOiKHHX
KpaiHaX, MMOBHHHI B aJallTOBAHOMY BHUTJIAI MeperMaTucs 1 YKpaiHCbKUMH 3eMeNbHO-KaJaCTPOBUMH Opra-
Hamu. [Iporpec He CTOITh Ha MicIIi, 1 3eMEJILHUI KaaacTp, K 1 BCi i chepH JIIOACHKOI AisIbHOCTI, PO3BH-
BAETHCA 1 BJOCKOHATIOETHCS. BUBYEHHS! JOCKOHAIO OCBiAy 3apyODKHHX KpaiH 3eMelbHO-KaJacTpOBOI CH-
CTeMHU HEOOXiHO IJIsi BpaXyBaHHs CBOiX BJIACHUX MOXKJIMBHMX IOMMWJIOK 1 HEJOMIKIB y PO3BUTKY BJacHOi 3e-
MEJIbHO-KaIaCTPOBOT CHCTEMH, a TAKOXK JJIS MOAAIBIINX il B JAHOMY HAIpSMKY.

JlepxaBHUI 3eMETBHIHN KagacTp — €UHA AepKaBHA CHCTEMa 3eMeIbHO-KaJacTPOBUX PoOIT, sSka BCTa-
HOBJIIOE TIPOIICTypY BU3HAHHS (DaKTy BUHUKHEHHS YW MPUIMHCHHS MpaBa BIACHOCTI HA 3€MEIbHI JISHKY 1
rpaBa KOPUCTYBaHHS HUMH Ta MICTUTh CYKYITHICTh BIIOMOCTEH 1 IOKYMEHTIB IIPO MICIIC PO3TAIIyBaHHS Ta
MIPaBOBUH PEKUM ITUX TIISHOK, X OIIHKY, KiTacu(iKaIiio 3eMelb, KUTbKICHY Ta SKICHY XapaKTepUCTHKY, PO3-
MOJILT CepeJT BIACHUKIB 3eMITi i 3eMJICKOPUCTYBaviB [2].

VY kpainax €Bponu Ta iHIIMX KpaiHaX CTBOPEHO HANIOCKOHAJIIII 3eMeNbHO-KaJacTpoBi cucteMu. B
€BPONCHCHKUX KpaiHaxX € 0araTo CIUIBHOTO MK PI3HUMH CHCTEMaMH peecTpallii 3emii Ta iHdopMalii mpo
3eMJIIO 32 OKpEMHUMH TpyHaMHy KpaiH Ii€i YacTHHU CBIiTYy, IO CKIANOCs iCTOpUYHO [3]

€BponeichKi Ta iHII KpaiHU CBITY HaJIUyIOTh Maike 2 cTopivys icTopii pO3BUTKY 3eMeIbHO-KaaacT-
POBHUX Ta PEECTPAIIHHUAX CHCTEM.

X yMOBHO MOXXHA BHJIIINTH YOTHPH OCHOBHI OJIOKH KpaiH:

- KpaiHM 3 TaK 3BaHOIO HAMOJIEOHIBCHKOIO aIMiHICTPaTHBHOIO CHCTEMOIO (KpaiHW miBIHS €Bpormwy,
BrTrogaroun dpamnriito, Icnaniro, Itamiro, ['pemiro, i T.11.);

- Kpaiau 3 HiMeIlpKoto cucteMoro (HiMeuunna, Ascrpis, [lBeiimapis);

- OJIOK CKaHIMHABCHKUX KpaiH, HAMsICKpaBillIUM MpeacTaBHUKOM sikoro € 11IBeris;

- TpyIia aHTJIOMOBHUX KpaiH (BennkoOpuTaHis, a TakoX iHIII KpaiHH CBITY, fKi B Til 4M iHIIINA Mipi
3a3HaJIM BIUIMBY aHTIIIHCHKOTO «3arajabHOTo mpasay, Bkimtodatoun CIIIA 1 Kanany).
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VY ®panuii kagactp OyB 3acHOBaHMH B mepiuii nojaoBuHi XIX cr. 3eMenbHUI KagacTp BHUPILIYE 3aB-
JIaHHSI, TTOB'sI3aH1 3 OTMIOAATKYBAaHHAM, 00JIIKOM 3€Melb, iICHTU(IKAIIIE€I0 Ta OMMMCOM 3eMEIbHUX JIISTHOK — 3€-
MeJbHA MIITHKa 3 BCTAHOBJIGHHSM 3E€MIIEBJIACHHKIB 1 3€MJIEKOPUCTYBAdiB, CKJIaJaHHSIM KaJacTPOBUX
maHiB /[ BeneHHS 3eMeNbHO-KaaacTpOBUX poOIT B KpaiHi mie ['eHepambHa JUPEKITiS MOAATKOBUX CITYKO,
MOJATKOBUX 1 3eMENbHUX Olepalili, po3ramoBana B [lapuki, a B KO)KHOMY JiemapTaMeHTi € OKpeMi JUPEKIil
MOATKOBUX CIyx0 . yHKil KagacTpy y ®paHIii - BU3HAYCHHS MICL PO3TAIllyBaHHS Ta iIeHTU(IKALISA 3e-
METBFHUX JUISTHOK; OTHC X MEX, THITY BUPOIIYBAaHUX KYJILTYp, XapaKTEepPUCTHKA OYyIiBelb, pO3pPaxyHOK Oa3n
IUIS1 OTIOIaTKYBaHHsI 3¢Melb HUX AUISHOK 1 Oy/IiBelib; OHOBIICHHS KaIaCTPOBOTO IJIaHy Ta CYIyTHBOI TEKCTOBOT
iHpopmaii [1.]

Kamactp ®paHiiii BUKOHY€E TpH OCHOBHI QYHKIIIT [7]:

- (ickanbHy (OIiHKA HEPYXOMOCTI; ieHTH(]IKAIliS BIACHUKA OIIHKH);

- IopuauuHy (mpaBoBa izeHTH(iKaLis 1 Gi3HYHUN ONTUC HEPYXOMOCTI);

- TEXHIYHY (BHTOTOBJICHHS KaJaCTPOBUX IUIAHIB, MIATPUMKA TE€OMPOCTOPOBUX JAHWX IJIS 1CHTH-
(ixartii Ta Gi3MIHOTO OIMHCY BIACHOCTI TOIIIO).

OcHOBHHMM 3aBIaHHAM KagacTpy B Icmanii € 3a0e3nedeHHs MoAaTKOBOT MOJMITUKU MO BiTHOLICHHIO A0
HEPYXOMOCTI, 3aBASIKM YOMY BiH 3HAXOAWTHCS Y BEIEHHI MiHICTEPCTBa €KOHOMIKH 1 MaiiHa. YpaxyBaHHSIM
HEPYXOMOCTI 3aiiMaeThest JlepkaBHMMA ceKpeTapiaT 3 MaifHa, SIKOMY T IIOPSIKOBYEThCS [ 0JTOBHE YIIpaBIiHHS
KajgacTpy.

Kagactp mictuth HacTynHy iH(OopMamio: BiIOMOCTI PO BIACHUKA; JaHi IPO KOXKHY OKPEMY 3€MENTbHY
IUISIHKY, B TOMY 9HMCJII HOrO €KOHOMIYHI 1 (hi3MYHI XapaKTEPUCTHKH; JaHi 10 OMOAATKYBaHHIO HEPYXOMOCTI,
BKJTFOYAIOYH IIiHY, CTaBKy IOJATKY, pO3Mip Ta 3MiHy nojaTtkiB. KagactpoBa iHdopmarlliss BHKOPUCTOBYETHCS
HE TUTBKHU MOAATKOBUMHU OpraHaMy, ajie 1 B IJIaHyBaHHi, YIPaBIiHHI MICbKHMH 1 CUIBCBKUMH TEPUTOPISIMHU, B
OYIIBHHUITBI 1 PO3BUTKY 1H(GPACTPYKTYpPH, B PIIICHHI 3€MEIIBHUX CYIIEPEUOK, PO3BUTKY HISUIBHOCTI CITYKO
COIIaJIBbHOI JOTTOMOTH 1 T. 1.

KanactpoBa cuctema indopmanii B Icnanii ckiaga€eTbes 3 YOTUPHOX MiJCHCTEM.

[lincucrema OLIHKM MiCTUTh BAapTICHI MOKA3HUKH, SKi BH3HAYAIOTHCS 3TiHO 3 JIIFOYUMH MPaBUIAMU
PO TEXHIYHI HOPMATHBHU 3€MEIHLHO- KaJacCTPOBOI OIIIHKM Ta IOCTIHHO OHOBIIOETHCS PO3PaXyHKOBHM Ta0-
yuuaM Baptocteld. Ilincucrema reorpadiunoi 3eMenbHO-KagacTpoBoi iHpopMarii - 1aHi, sIKi € OCHOBOIO ISt
uudposoi kaprorpadii. [lizcucrema 6azoBoi iHopmaii - CyKynHicTh iH. popmallii, MoB's3aHo0i 3 GI3HIHUMHU
XapaKTEepPUCTHKAMU HEpyxoMoro maitHa. IligcucTema omogaTKyBaHHS BCTAHOBJIIOE BAapTICHI B3a€EMUHHU MIXK
3eMeNbHO-KaaCTPOBOI BAPTICTIO, 00'€KTaMH OIOIATKYBaHHS Ta TIIATHUKAMH MOJJATKIB.

I'ooBHOIO OCOONMBICTIO 3eMENBHO-KaacTpoBoi cucteMu B HiMeuunHi € BiACYTHICTD (enepanbHOro
piBHs. 3eMeNbHO-KagacTpoBa cucteMa HiMeudrHn Mae 11Bi CKIIaZ0Bi: KaJacTp HEPYXOMOCTI Ta TOCIIOAapCh-
Kuit kKamactp. B mepmomy kinacudikaris 3eMelb 3MIHCHIOETHCS 32 IPUPOTHUMHA, CKOHOMIYHUMU Ta IOPUIIY-
HUMH NIOKa3HUKaMH. B rocrmomapchkoMy K KazacTpi moxia 3emii BinOyBaeThesl Oe3mocepeiHbo 3a MpU3Ha-
YECHHSIM ClIBCBKOTOCTIONAPCHKUM (PiLIsl, Caid, BAHOTPAAHUKH TOILO), JIICOroCIoAapchKi BUaH (Jicu, Oomorta
Ta 3eMJIi, HE MPUIATHI 10 00poOITKY), 3eMiIl i 3a0yI0BYy Ta iHIII 3eMJIi (IOPOTH, aepoIPOMH TOIIO). JJis
JOCTOBIPHOI Ta CIIpaBeIIUBOT OLIHKY 3eMji B HiMedunHi 3eMeIbHO-01IHOYHI pOOOTH Mepeadadaiy AeTaabHe
BUBYCHHS IPYHTIB 332 TEHETHKO MOP(OJIOTIYHIMHU O3HAKAMU JJIs1 BU3HAUEHHS MPOAYKTHUBHOCTI Ti€l UM 1HIIOT
TUJISTHKHA 3€MJTI CIITECHKOTOCTIONApChKOTO Mpu3HadeHHs. el nporiec HazuBaeThess OoHiTyBaHHSM. [HDOpMAa-
Iif0, OTPUMaHy B pe3ynbTaTi OOHITYBaHHS, B TIOETHAHHI 3 JAaHUMH, OTPUMAHUMH BiJl €EKOHOMIYHOI OITIHKH,
MO’KHa BHKOPUCTOBYBATH JUIsI OLIiHIOBaHHS MUISHKY 3a 100 OabHOO IIKAJIOK Ta PO3MOIIIUTH 3eMIIi Ha CiM
TpyIL: B EpIIy TPYIy NOTPAIUIAIOTh Kpallli 3eMJIi, @ B OCTAaHHIO, CbOMY, BiJIIOBIHO, Hairipmi [5].

OCHOBHOIO BIIMIHHICTIO aBCTPATIHCHKOT KaAaCTPOBOI CHCTEMH BiJl EBPOIIEHCHKIX CHCTEM € T€, IO aB-
CTpajiiichka cucTteMa 0a3yeThCs Ha KaJacTPOBI 3HOMKH OKPEMHUX 3eMENbHUX AUISHOK JIS 1HIWBITyaTbHUX
BJIACHUKIB. X04a KaJJaCTPOBi CHCTEMH BCIX IITATIB Iy>Ke€ CX0XKi, B KOXKHOMY LITaTi € cBoi crieruiyHi BigMiH-
HOCTI. Y KO)KHOMY IIITaTi IPUHAHATHN OAWH a00 KiJTbKa 3aKOHIB, SIKi MATPUMYIOTh 3¢MEITbHO-KaIaCTPOBY CH-
creMy. [Ipy cTBOpeHHI KamacTpoBOi CHCTEMH B MEXaX ITIOTO IITaTy BCE OKPEeMi 3eMeITbHI TIITHKY TTOBUHHI
OyTH 00'e1HaHI pa3oM, Mmoo chopmyBaTH eaune misie. ToOTO, cHCTEMa PO3BUBAETHCS 110 MPUHIIMITY «BiJ 4acT-
KOBOTO JIO 3araJIbHOT0Y

3 oy Ha Benmuky 1wionty, B CIIIA He icHye €THHOI 36MEIbHO-KaIaCcTPOBOI CHCTEMH, Tisl SKOi O T10-
HIMPIOBAJIACh Ha BCIO TEPUTOPIiO Kpainu. KoxkeH mraT Mae CBOIO KalaCTPOBY CUCTEMY, ajie OCHOBHI MPUHIIUITA
JUIIAIOTHCS HE3MIHHUMH

OcCHOBHOTO OMHHMIICTO 3eMeNbHO1 BiacHOCTI B CIIIA € iHIUBIIyaibHA 3eMeTbHA AUISHKA, IO Ma€ MeBHI
O3HaKU: ajpeca, reoJIe3WYHi JIaHi Ta OMIHOYHWH iHAekc. Ha kapTi mopsy 3 OUISHKaMH IMOKa3yHOThCS aBTO-
MOOIIBHI 1 3aMi3Hi TOpOTH, eneMeHTH Tigporpadii. PaxiBusgmu 3emieBnopsigHoro 6iropo (Bureau of Land
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Management) BUKOHYETbCSI KaJacTpoBa 3HOMKa, BEACHHs 3eMeJIbHUX (peecTpauiiHux) apxiBiB 31 mrary, a
TaKOX Pi3HUX 3eMeNbHO-1H(popManiitnux cuctem CILIA.

Pi3Hi mTaTH BeAyTh 3eMEIbHO-KaaCTPOBI Ta PEECTPALiiHI CHCTEMH MO-Pi3HOMY. Y KpaiHi po3po0iieHO
KiJIbKa OCHOBHHX KaJacTPOBUX 0araToIIboBUX iH(GOpMaLiHHUX cucTeM [8]. B ofHUX IITaTaX € CeMaHTHYHI
JlaHi, B IHIIMX - KQpTH, Ha SKUX [TOKa3aHi AaHi, IO MiUIATaloTh BKIIOUYEHHIO B 3arajibHy CHCTEMY.

I'0710BHOIO 0COOJIMBICTIO MOIEII 3€MEJILHOIO KaIacTpy, BUKOPHUCTOBYBaHOI B BenkoOpuTaHii, € momaia
GbyHKII MK CIy>)kO6aMu, sKi TTPOBOJATH 3MOMKY 1 BUKOHYIOTH KaprorpadidHi poOoTH, i ciry>kbamm, sKi
3IIHCHIOIOTH PEECTPALIII0 PEYOBUX IPaB Ha 3eMJIIO Ta OO0JIK creniaiizoBaHoi iHpopmarii npo 3emio. KoxkHa
3 HUX MOYKE CaMOCTIHHO po3po0iaTH METOAUKH 1 ¢popmu 00iiky. DyHKUIi 3 peecTpalii mpaB Ha 3eMJIIO MO-
kimaneHo Ha KopomiBceky 3emenbHy peectpartiiiny manaty (K3PID). Tpagumiitno K3PII peectpye mpaBa Ha
3eMJIIO 1 HEpYXOMICTh Ha MarnepoBUX HOCISIX, a TEKCTOBA YaCTUHA CBiAOITBA PO BOJIOJIHHS BEACTHCS B EJICK-
TpOHHOMY BUTJIsiAL. Y BenukoOpuTaHii BIpOBaJKyeThCS CUCTEMA, IO T03BOJISIE BHOCHTH 3aITUCH NP0 BJlac-
HICTh 3 BUKOPUCTaHHSIM €JIEKTPOHHUX KapT.

B AHrii BaxIMBY pOJIb BiAIrpa€e MpaBUiIO «KOPIOHIB 3arajibHOIO XapaKTepy», TOOTO KOPIOHHU IEIKUX
3eMJICBOJIOZIIH ICHYIOTH 3 THX Iip, KO Iie He OyNo iX JTOKYMEHTaJIbHOTO MiITBEpKEHHS, 1 HalKpalie
MiATBEPIUKEHHS PO3TAIlyBaHHS - Ie QaKTUYHE iICHYBaHHS. Y 3B'A3KY 3 IIMM iH(opMamiliHa OCHOBa yIpaBIiHHS
3eMENIBHAMHE pecypcaMu B BenmukoOpuTaHii BIAPI3HAETHCS BT iHIMX €BPOMEUCHKUX KpaiH, OCKUILKH HEMae
(hopMaTbHOTO 3eMENBHOTO KaaacTpy

Tabmurst 1 — 3apyOixkHHIA JOCBI PO3BUTKY 3€MEJIbHO-KaJaCTPOBUX CHCTEM
Table 1 — International experience in developing the land cadastral systems

Kpaina Binnmosinanbhui oprann | I'ostoBHI pyHKLiT KagacTpoBoi HopmarnBaa 6a3a
CHCTEMH

Opaniis HamionansHa ciry)x06a OO0TiK KUTBKOCTI Ta SIKOCTI 3€- HamionansHi 1eTEKTHBH
Kajacrpy, MeJIb 3 METOO OTIO/IATKYBAaHHS, | OOJAINTYBaHHS TEPUTO-
Cayx0a HaioHaIbHOT OHOBJICHHSA 3aCTapiinx KagacT- | pii, rekpet MiHicTepc-
JTIOKyMEHTAIIi1 KagacTpy, | pOBHUX IUIaHiB, KOOPIUHAITIS , TBa (DiHAHCIB IIPO CTBO-
Jlupexitis moaaTKOBUX TepeBipKa 1 IMeHTpaTi3allis 30- | peHHS KaJIacTPOBOTO
CIIy’k0 JenapTaMenry, MOK 3eMeJIbHUX AUISHOK. udposoro miany.

Icnanii MyHninunansHi opranu | OuiHka, HAKOTIMYEHHS reorpa- 3aKoH PO 3eMIII0, I'Po-
BTN (higHO1 KagacTpoBoi iHhopMaIii, | MagTHCHKHII KOJIEKC.

6a30B0i 1HMOpMAIIii, OTIOIATKY-
BaHHSI.

Himeuunni ®denepanbhe areHTCTBO | ONOAAaTKyBaHHS Ta BCTAHOB- HamionaneHi Ta noka-
kaprorpadii i reozesii, | JICHHS I[iHK Ha 3€MJIIO, 3eMe- JBbHI YPSIIA, OKPEMI TPO-
I'eoindopmaniiinuii JBHO-OLIIHOYHI po0OTH. MaJIsTHU Ta Oi3Hec.
odic OyHaecTary.

ABcTpis Kamactposi ynpasninasa | -BemeHHs peecTpy BIIaCHOCTI;

B KOJ)KHOMY IITaTi., Jlep- | - CTBOPEHHS KaJlaCTPOBHUX KapT
JKaBHE KOMEPIIHE M- | Ta MiJroToBKa JOKYMEHTAIIIT,
MPUEMCTBO 3€MENIbHO- - PEECTPYIOTHCS YTOAU Ta HIII
MaiHOBOI iH(opMariii IIPaBOBI aKTH

CIIIA [Ty6miuna 3eMensHO- [Tomin TepuTopii Ha OKpeMmi JlexpeT mpo 3eMiTio,
3HIMQJIbHA CUCTEMA OJIOKH Ta CeKIlii, CHCTEMa PeECT-
(PLSS), ronoBHMii 3eMe- | parrii mpas.
neHu odic (GLO).

BenukoOpuranii | Koponiceka 3emensna | [ligTBepmkeHHs U peecTpais
peecTpariiina nanara MpaB BIACHOCTI
(K3PII), ciry>x0a Bemyda | KamacTp BemeTbes IS CIIpaBeI-
3WOMKY 1 BUKOHYE Kap- | JMBOTO OMOJATKYBAHHS 3€MJICB-

Torpadiui poboTH JIACHUKIB Ta € TapaHTOM IIpaBa
BJIACHOCTI Ta MpaBa BH- KOPHC-
TaHHSI 3eMeb.
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HesBakaroun Ha BiAMIHHOCTI KaZacTPOBHX iHPOPMALIIHHUX CUCTEM, B TOMY YHCII 1[0 MICTATHCS B HUX
JaHUX, BOHW BUKOPUCTOBYIOTBCS 3 METOIO ONOJATKYBaHHS, a TAKOX AJIs iHpopmManiiiHoro 3a0e3neueHHs op-
raHiB ynpaBliHHS HE0OXiaHOIO iH(opmamiero. KagacTp nepepaxoBaHUX BHIIEC KpaiH BUPIIIY€E 3aBAaHHs, I10-
B'sI3aHI 3 ypaxyBaHHSAM 3€Mellb, IACHTU(IKAMIECIO 3eMETbHUX TUISTHOK, BCTAHOBIICHHSM 3€MJICBIIACHHUKIB a00
3eMJICKOPHCTYBAUiB, PEECTPALIIEIO 3eMENbHUX AITISTHOK 1 HEPyXOMOT0 MaifHa, CTBOPEHHSIM KaJacTPOBUX KapT.

HaykoBo-MeToIu4HI OCHOBH 3€MEJIbHUX KaJacTPiB €BPOINEUCHKUX KPaiH 3aCTOCOBYBAJINCA B MUHYJIOMY
Ha BCiif TepuTopii 3axigHoi YKpaiHw, 1ae Mi3HIMIe BEIUCS Y BUTIIAII aBCTPIACHKOTO, YECHKOTO, IMOIBCHKOTO,
pYMyHCBKOTO KagacTpiB. Y 1828 p. B ['anuuuni Oyno BBeA€HO HOBHUI 3eMeNbHUNA KaiacTp Mia Ha3BoOIO "ze-
¢iniTym". Bin icHyBaB TyT 10 1939 poky. Ominka 3emMenb YUCTUM A0X0A0M (3a 15 pokiB). byno BuaineHo 5
KJIaciB 3eMellb, pUUIA BIJHOCHIACh N0 TPHOX KIACIB — TPEThOro, YETBEPTOrOo 1 IT'ATOTO.
VY 1935 poui cTBOpeHH MONBCHKUI KagacTp, sSIKUil 0a3yBaBCsl HA METOAMLII OLIIHKH aBCTPO-YrOPCHKOTO Ka-
nactpy. OUiHIi miuIArany WicTh BUAIB 3eMeIbHUX yTifb. [Ipy BigHECEHHI IPYHTY [0 TOTO YH 1HILIOTO Kiacy
BPaxOBYBAJINCh MEXaHIUYHHMH CKJIaa IPYHTY, KJIIMAaTHYHI yMOBH, BOJHHH pexuMm, penbed, cepemHs ypo-
JKaWHICT MPOBIAHOI KyIbTypH. BCi 11l YMHHUKY OIiHIOBAHUCH "TyHKTaMu'" (Oamamu). Uepes 11e MeTo1 OTpH-
MaB Ha3By "myHKTOBOTO". [lyHKTOBHUI MEeTOM OLIHKY 3eMenb 3apoanBcs B HimeuunHi. 3 1919 poky Ha 3HauHIN
teputopii ['anmuuHn 3eMenbHO-KagacTpoBi poOOTH Benucsa opraHamu OypikyasHoi YexociaoBauunnu. B oc-
HOBY poOiT OyJjia MoKjaeHa METOANKA aBCTPO-YTOPCHKOTO KaIacTpy.

VY Pociiicekiii imMmepii, 10 ckiaxy sSKoi MPOTATOM TPHBAJOro Yacy BXOIWIIA YyacTHHA YKpaiHu, 3eMe-
JIbHO-KaJJaCTPOBi POOOTH MPOBOJIMIINCS 3 METOIO OMOJATKYBaHHs. 31 CKacyBaHHSAM KPIIIOCHOTO TpaBa, 3 po3-
BHTKOM KaIliTai3My IMOYaJIMCS MAacOBI MEPEIiTH 3eMelTb, KYIiBIS-TIPOAaK, OPEH/IA, BHACIIIOK YOT0 BUHUKJIIA
HEOOXiTHICT, HOBHX METOIUK OIIHKH 3eMelTb. TaKy METOIHUKY 3allpOIIOHYBaB POCICHKII BUCHUH IPYHTO3HA-
Berlb B. B. Jlokyuaes. Moro HaykoBmii HaIpsM BKJIFOUYAB [BA METOM: PHPOTHO-ICTOPHUHMIA i CTATHCTHKO-
exoHoMIuHMA. CyTh MEPILIOro HojsArae B kiacudikaliii IpyHTIB Ta IX OI[HIN 3a MIPUPOIHUMHU BIACTUBOCTIMH,
JUTSI 9O0TO TIPOBOIMIMCH MacoOBi 00CTeXEHHS 1 TabopaTopHi aHami3u. JloKyJaeB OIiHIOBAB IPYHTH HE TUTHKH SIK
MPUPOAHO-ICTOPHYHE TiJIO, aJie 1 AK 3aci®6 BUPOOHMLITBA, TOMY M 3alIPOINOHYBAB JPYTUil METOM MPOBEACHHS
OLIIHKHU 3eMeJIb — CTAaTUCTHKO-eKOHOMI4HUH. CyTh HOTO B TOMY, IO HA BCiX BU3HAYCHUX IPyHTaX BU3HAUABCS
YUCTHUH TOXiJT BiJl BUKOpHUCTAHHS 3eMJIi. [IopiBHSIHHS JaHWX OOHITYBaHHS IPYHTIB 3 1X EKOHOMITHOIO OITIHKOIO
JI03BOJISIJIO BU3HAYATH NOXigHIicTh 3emii. [lopsin 3 meronom JlokydaeBa B kiHIi XIX cTomiTTa 3acTOCOBYBa-
Jcs | iHII MeToAH (32 30BHIIIHIMHU 03HaKaMM), HAPUKIIAA BEreTalliiHUM, KOJU IPYHTH AOCIiIKYBaIHCh.

OdimiitHo 3eMeNnbHMIA KagacTp BeAEThCSA B YKpaiHi 3 mogaTKy 80-X poKiB MHHYJIOTO cTOMITTS. Ha my-
MKy P. [laHac, cydacHa cuctema BKJIIOUYAaE B cebe HACTYITHI eIeMeHTH [5]:

- KaJjacTpoBE 30HYBaHHS;

- KaAacTPOBI 3HIMAHHS;

- OOHITYBaHHS IPYHTIB;

- EKOHOMIYHA OI[IHKA;

- TPOLIOBA OLIiHKA 1 Iep>KaBHA PEeECTpaLisi 3eMENbHUX AITISTHOK;
- 00JIIK KUIBKOCTI Ta SIKOCTI 3€M€JIb Ta 1H.

Takum gnHOM, Ha KiHelb 80-X pokiB XX CT. 3eMeIbHUNA KamacTp B YKpaini chopMyBaBcs y MUTICHY
CHUCTEMY AaHUX, SIKi MICTATh BIZIOMOCTI MPO pEeeECTpaliio 3eMelb 1 MpaB Ha HHUX. OOMIK KUIBKOCTI Ta SKOCTI
3eMelb, OOHITYBaHHS IPYHTIB 1 €KOHOMIYHY OIHKY 3eMelb. CIIifl mAKPECIUTH TOH (aKT, mo y mopedopme-
Hult nepion, y 1988 poti, Oynu mpoBeeH] MOBTOPHI CYIIbHI POOOTH 3 €KOHOMIYHOI OI[IHKH 3€Melb, JaHi
SKO1 HMHI IPUMHSATI 32 OCHOBY BU3HAYCHHS TIOKA3HUKIB TPOLIOBOI OLIHKU 3eMelb B YKpaiHi.

BaxnuBoro Bixoro B icTOpii 3eMeNbHO-KaAacTPOBHX POOIT y MEpIIi pOKH IEMOKPATUYHOI BIaau OYyi0
TIPOBEICHHS OOHITYBaHHS IPYHTIB ¥ 1993 porti. 3rigHo 3 METOAMYHUMHU PEKOMEHAAIISIMH IIOI0 TIPOBEIACHHS
OOHITYBaHHSI TPYHTIB, CXBaJICHUMH HayKOBO-METOAWYHOIO panor0 YAAH 3 nuranb OOHITYBaHHS IPYHTIB
Vkpainu 21 ciuns 1993 poxy, poOotu 3 OOHITYBaHHS I'PYHTIB IPOBOJIIUCS B TAKOMY HOPSIIKY:

- YTOUHEHO NPUPOJHO-CIIILCHKOIOCIIOAPChKE PaHOHYBaHHS 3eMENbHOTO (QOHY;

- CKJIAJICHO CIIMCKHU arpOBHPOOHUIHX TPYI IPYHTIB;

- IPOBEICHO arpoeKoJIoriyHe 00IPyHTYBaHHS PO3MILICHHS CUTBCHKOTOCTIOAAPCHKUX KYIBTYD;

- 310paHo 1 00po0IJICHO JaH1 MPO BIACTHBOCTI IPYHTIB;

- BUOpAHO €TaJIOHH JJIs1 OOHITYBaHHS IPYHTIB PiJlIi;

- po3pobneHo mKanu OOHITYBaHHS IPYHTIB. 3 METOIO BpaxyBaHHS KJIIIMATHYHHX 1 MICIIEBUX YMOB y MeXax
KOHKPETHOT'O IPHUPOIHO-CUTECHKOTOCIIOAAPCHKOT0 PAHOHY 3aCTOCOBYBABCS €KOJIOT1YHHMA KOE(Illi€HT, Ha AKUI
MHOXMUBCS 3arajJlbHUi 0an OOHITETY KOXKHOI arporpylu 3a IPUPOJHUMM BJIACTUBOCTSAMH €IIMHOI LIKaJIN
OOHITYBaHHS IPyHTIB. EKONOTiuyHMIA KOe]ilieHT — 1€ BiTHOIIEHHS YPO>KaWHOCTI BiIMOBIAHOI KyJIbTYpU Ha
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eTaJoHHOMY (TpuitHATOMY 32 100 6amiB) IpyHTI y 3eMeJIbHO-OLIHOYHOMY paiioHi 10 ypoKaiiHOCTI 1i€i KyJib-
TypH Ha €TAJTOHHOMY I'PYHTI B 30Hi ii BUpOIIyBaHHS.

Po3po6koro 11kan OOHITYBaHHS IPYHTIB (JI€TalbHE BUBUCHHS I'PYHTIB 3a F€HETUKO-MOP(OIOrTYHUMHI
03HaKaMH) OyJI0 3aBEpIIcHO TEpIIHid eTarl (CideHb-KBiTeHb 1993 poky) OoHiTyBaNbHHX poOiT. Ha migcrasi
UX JaHuX Oyl BU3HAYCHI CepeAHbO3Ba)KeH1 Oanu OOHITYBaHHs IPYHTIB paiioHiB, oOsacTeid 1 Ykpainu 3ara-
oM. HenomikoM B oprarizailii BAKOHaAHHS OOHITYBaJbHHUX POOIT MOXKHA BBaXKaTH Te€, 110 HE BU3HAYAIHCS
0asii OOHITETY ISl OKPEMHX 3€MEJIbHUX TIISTHOK 1 3¢MJIEKOPUCTYBaHb.

3Ha4yHOI0 MPOOJIEMOI0 POBEACHHS OOHITYBaHHs B YKpaiHi € HasBHICTB 3acTapinux 6a3 maHux. [1po-
BECTH JIOCTOBIpHY OLIIHKY Ta CTBOPHUTH 00'€KTUBHI IJIaHH, OIIMPAIOYUCH HA OAI0HY iH(OpMallito, HEMOXKIIHBO,
a OHOBJICHHS 0a3 IPOCYBAETHCS 3HAYHO IMOBUILHIIIE, HIXK HEOOX1IHO. BaskITMBO po3yMiTH, IO cama 3eMeNTbHO-
KaJacTpoBa cucTeMa B YKpaiHi, He3BaKaloul Ha HEAKTyaJIbHICTh HasiBHUX B HEl JaHWX MPO CTaH 3eMeb, M0-
TpeOye MPUHLIUIIOBUX 3MiH.

Jlst Toro, o6 HaOIM3UTH BITYM3HSIHY 3€MEIbHO-KaJacTPOBY CUCTEMY 10 €BPOIICHCHKOI HE BUCTAYaE
mporiecy GopMmyBaHHs Ta 30epiraHHs iHGOpMAIl PO CTaH, KiJABKICHI Ta AKICHI XapaKTEPUCTHKH 3€MeJlb, HE
MOBHHHE CTATH CAMOLIJIIIO, @ IaHi — BUKOPUCTOBYBATHCH HE JIMIIE B IPAaBOBOMY 0. SICKpaBUM NPHUKIAI0M
€ Icnanisi, kagacTpoBi 0a3u sikoi MiCTATH iH(QOPMAIIiFO HE JIHIIE MPO CTaH Ta MICIE3HAXOPKEHHS 3eMIi, a i
PO BCi 3MIHH, 1K1 BiAOYBAJIMCS 3 TUM YH IHIITUM 00'€KTOM BJIACHOCTI 3a BECh YacC BEJICHHS 3aIlUCIB.

BucHoBkHu Ta pekomenaaunii. 3eMenbHUNA KagacTp B OUIbIIOCTI KpaiH 3axigHOi €BpPOIN € OCHOBOIO
111 TOOYAOBH 1 MIATPUMKH Pi3HUX BHIIB KaJacTpy Ta PeecTpiB (HEPYXOMOCTI, TiCOBOTO, BOJAHOTO, IPUPOIO-
OXOpPOHHOTI'0, MICTOOYIIBHOI'O Ta T.) 1 0a3yeThCs HA 3eMeNIbHUX IUISHKaX. [[uM 3a0e31euyroThCsl OlepaTUBHE
OTPUMaHHS 1 nepeaava iHnhopMalii Ipo MPUPOIHI PECypCH, 3HaYHA e(hEeKTUBHICTh 3€MEJIbHO- KaJaCTPOBUX
CHCTEM.

3HauHuil eekt AaroTh iHGOpPMAIiiHI CUCTEMH, TIEPII 32 BCE B TUX JACprKaBax, JIc IHTEIPOBaHI 3eMe-
JIEHO-KaJacTPOBI Ta peeCTpalliiHi CHCTEMH B paMKax ofHiel opranizartii. Ile BmacTiBo Takiil kpaiHi, ik Opan-
IIis Ta iH.

Jiist Toro, 100 HAOMM3UTH BITYM3HIHY 3€MEJIbHO-KaaCTPOBY CUCTEMY J0 €BPOIEHCHKO1, BaXKIIUBO 3a-
OC3IIeYNTH PEECTPALIIIO 3eMEIb 3 yciMa XapaKTePUCTUKAMHU, IO HEOOXiTHI IS CTAJIOTO €KOJIOTO-CKOHOMIY-
HOT'O Ta COLIAIILHOT'O PO3BUTKY TEPUTOPIiHi.

BpaxoByroun CBITOBHH JOCBi PETYIIOBaHHS 3eMEJILHUX BiJTHOCHH, AJs1 JOPMYBaHHS €(EeKTHBHOI 3e-
METTLHO-KaJacTPOBOI CHCTEMH B YKpaiHi BaXKJIWBO chOpMyBaTH MacuB iH(oOpMaIlii mpo: 3emMini Ta 3eMelbHi
TUISTHKH, [IpaBa Ha sKi He opopmileHi, a00 0(OpMJICHI HENIPABUILHO; HE BUKOPHCTOBYBaHI a00 HEC(PEKTHBHO
BHUKOPUCTOBYBaH1 3eMJIi 1 3eMeJIbHI JUISHKH; 3eMIIi, BUIBHI BiJ IpaB TPbOX CTOPiH, MPUAATHUX 10 BUKOPHC-
TaHHS.

CydacHa 3eMeNnbHO-KaJacTpoBa CUCTEMa, sIKa BHOYIOBYETHCS 3 BUKOPHCTAHHSIM CydacHUX iH(popMa-
LiAHUX TEXHOJIOTiH, y IEPCHEKTHBI CTBOPUTH MOXKIIUBICTD OIEPATUBHO OTPUMYBATH HEOOXiTHY iH(pOpMaLito
PO 3eMJIi Ta 3eMeJbHI AIISTHKY 10 BC1i TepUTOpii YKpaiHH 32 paXyHOK KOPHCTYBaHHsI BIJOMOCTSIMH PO 00'-
€KTH KaJacTpy, 110 BifoOpakeHi Ha U poBil kKapTorpadidHii OCHOBI.
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Summary: Work related to Land cadasters in Ukraine is historically related to the planning of the territory of
Austria-Hungary, Poland, Romania, the Czech Republic, Slovakia and Russia. Subsequently, the formation of
the cadastre occurred in the Sov iet period. Nowadays, international experience of countries that have already
gone through the path of formation is interesting regarding land relations are formed on the basis of private
property in Ukraine. In the paper issues of development of land cadastral system in foreign countries and in
Ukraine, development and improvement of land relations in Ukraine are considered and analyzed. The study
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AHoTauist. Y maHii poOOTI po3rsiaaThes (HaKTOPH, 110 BIUIMBAIOTh HA JUCIIOKAIII0 MYJIbTHMOIAIIb-
HUX TepMmiHamiB. [loMuika mpu BHOOPI perioHy JUCIOKAIil MyJIbTUMOAAIBHOTO TEPMIHAITY MOXKE TIPU3BECTH
JI0 BEJIMKUX BUTPAT 1 MOTIPIIEHHS SKOCTI MYJIbTHMOJAIHLHOTO MEPEBE3CHHS BAHTAXKIB, BUCYBAETHCS TiNOTE3a
po HeOOXiHICTh AUCIOKAMLii MyJIbTUMOJATFHUX TEPMiHAIIIB 3 BpaXyBaHHSM Ipynu (akTopis, 110 MaIOTh ic-
TOTHUH BIUTHB Ha e(DEKTUBHICTh TX (DYHKI[IOHYBaHHSI.

Kuaro4oBi ciioBa: MyIpTHMOIaBHI IEPEBE3CHHS, MYJIbTUMOJIAIEHIH TepMiHall, BAHTaX, (pakTopwu, pe-
TiOH.

IMocTanoBa npodJeMu. B cydacHIX yMOBax po3BUTOK MYJbTUMOJAIBHHX TIEPEBE3CHD € HAHOIBII TTe-
PCIIEKTHBHUM HAIIPSIMOM JUIS PO30YI0BH CBITOBOI TPAHCTIOPTHOI CHCTEMH, OCKIIBKH Ja€ MOKIIUBICTh 3HATHO
3MCHIIUTH HABAHTAXXCHHS HAa HABKOJUIIHE CEPEOBUIIE Ta 3HAUTH ONTUMAIILHUIN OallaHC MK 4acoM JIOCTa-
BKH Ta 11 BapTICTIO.

BaxJTMBOIO CKJ1aJI0BOIO MYIBTHMO/IATEHUX TIEPEBE3CHb € MYJILTHMOJIATBHI TePMiHAIH, €)EeKTHBHA PO-
00Ta sIKUX, BiAirpae 3HaYHy poJib B 3a0€3MEUYCHH] 3pOCTaHHSI MIXKHAPOAHUX TPAHCTIOPTHUX MTOTOKIB Ta MiBHU-
IICHHS KOHKYPEHTHO3/IaTHOCTI YKpaiHu Ha MIKHApPOJHUX PHHKAX. Y 3B’SI3KYy 3 IIHM, aKTyallbHUM € JOCJi-
JUKEHHS (aKTOPIB, 10 BIUIMBAIOTH Ha AMCIIOKAIII0 MYJIbTUMOIAIEHUX TEPMiHAIIB.

Merta pocriaKeHHsT — TOCIiPKeHHS ()aKTOpiB, 1110 BIUIMBAIOTH HA JUCIOKAIIiI0 MyJIETUMOJIATBHAX TE-
pMiHaMIB.

Buxnan ocHoBHOTo Matepiany pocaimxenns. 3rigHo [Ipoexty 3akony Ykpainu «I[Ipo mymsTuMoma-
JIBHI TIEPEBE3CHHSD», MYJILTUMO/IaIbHAN TepMiHaT — BUPOOHUYO-TICPEBAHTAKYBATLHIN KOMIUIEKC OYyb-IKOT
(hopMH BIACHOCTI, 110 BUKOPUCTOBYETHCA il YaC MYJIbTUMOAAIBHOTO MIEPEBE3CHHS IS 3MIHU BUJIIB TPaHC-
TIOPTY, BUKOHAHHS OTIepaIlili HABaHTa)KCHHS, PO3BAaHTAXKCHHSI, 30€piraHHsI BaHTaXIiB TomIoO. [ 1]

Jlo ckmagy MyJIbTUMOJAIBLHOTO TEPMIHATY MOXKYTh BXOJWTH: KPUTI CKIIAJICHKI KOPITYCH, BITKPHUTI
CKJIQJIChKI MalIaHYMKH JIJIsl KOHTEHHEPIB Ta BEIMKOBATOBUX BaHTAXIB, 3aJII3HUYHI Ta aBTOMOOLUIBHI i 13H1
Ta BHYTPIIIHI IIJISIXH, CITy>KOOBO-TEXHIUHI Ta aAMiHICTPaTUBHO-IOOYTOBI Oy IiBJIi, CTOSHKH JJII aBTOMOOLIIB,
T10 3HAXOJISITHCS ITiJT OXOPOHOI0, TapaXKi Ta PEMOHTHI MaCTEPHI M1 TPAHCTIOPTHUX 3aC001B, TapH, KOHTCHHE-
piB, MIHOMHO-TPAHCTIOPTHUX MAIIIHMH, MTaJTMBO3aNIPaBOYHI Ta €KiMipyBalbHI MPUCTPOI TSI TPAHCIIOPTHUX 3a-
c00iB, MUTHHI TIOCT, 30BHIIIIHI Ta BHYTPIIIHEOMAHIaHYNKOBI 1HKEHEPHI MEpexi, MPUCTaHi Ta MipcH, 3aco0n
OCBITJICHHS, TIOXKEKHOI Ta OXOPOHHOT CUTHAJII3aIii Ta 3B'SI3Ky 1 T.1. [5]
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MynbpTUMOIaNBHI TEPMIHATH MOXYTh OYTH pisHONpO(diNbHUMH ab0 creniali3oBaHUMH — aJanToBa-
HUMH T IeBHUH BUI TpaHCHopTy. Bubip Toro um iHmoro tepMiHaiy mpy opraHizamii MyJbTHMOJATEHIX
BAaHTKHUX TEPEBE3CHD 3aJICXKUTH Bl GYHKITIOHAIBHOI PUHAJISKHOCTI TEpMiHATY (B 3aJIGKHOCTI Bil 0C00-
JIUBOCTEH HOT0 OpraHi3aIiiitHol CTPYKTYpH Ta TEXHIYHOI OCHAICHOCTI). [2]

[Tomunka npu BUOOpi perioHy AUcIOKalii MyJIbTUMOJAIBHOTO TepMiHay MOKE IPU3BECTH JI0 BETTMKHX
BHUTpAT 1 MOTIPIICHHS IKOCTI MyJIbTUMOATBHOTO TIEPEBE3EHHS BAHTAXKIB, BUCYBA€ThCA TIIIOTE3a PO HEOOXi -
HICTh AUCIIOKAIlii MyJTbTUMOTAIBEHUX TEPMIHAJIB 3 BpaxXyBaHHIM IpyId (GaKkTOPiB, IO MAIOTh ICTOTHHUIA BILIUB
Ha e(eKTHBHICTb X QyHKIIOHYBaHHA. BuOip dakTopis, 1110 TOBUHHI BpaxOBYBaTHCh, 31IHCHIOETHCS HA OCHOBI
TEOPETUYHUX 1 MPAKTUYHUX 3HAHb. JIOIIIEHIM € BUKOPUCTAHHA MPUHIUITY: YUM OUTBIIMKA KOMITIEKC (pakTo-
PIB OXOIIEHO, TUM TOYHIII pe3yJIbTaTH JOCTIKCHHS.

TpancnopTHO-iHQPacTPYKTYpHI (paKTOpH XapaKTEPU3YIOTh PiBEHb PO3BUTKY TPAHCIIOPTHOI iHPpacTpy-
KTypH, TPAHCHOPTHY JOCTYIHICTD PETiOHY, KUIBKICTh MPALIOIOYNX BaHTAKHUX TEPMiHAIIIB, BUXiJ Ha MIXKHa-
POJIHI PUHKH, HASIBHICTh BAHTA)KOBJIACHUKIB TOIIO. TpaHCIIOPTHO-IHPPACTPYKTYPHI (PaKTOPH BIUIMBAIOTH Ha
THIT MYJIFTUMOJIAJIBHOTO TEPMiHATY Ta 30HYy HOr0 00CITyroByBaHHS.

CBiTOBU TOCBIJ CBiAUNTB, M0 OIU3BKICTh IO BEIUKUX aBTOMATICTPAICH, 3ai3HUIb, BOJHUX IUISAXIB,
MDKHApOAHUX TPAHCTIOPTHUX KOPUIOPIB Ta BAaHTa)KOBJIACHUKIB BIUIMBAE HAa JOLIBHICTD AUCIOKALIT MyIbTH-
MOJQTBHUX TEPMIHAIIB.

B 3anexxHOCTI BiJ perioHy OUCIOKalii, MyJIbTUMOJATBHUN TEpMiHA MOKe 00'€JHYBaTH KiJIbKa BHIIB
TpaHCHOPTY (aBTOMOOLTBHUI, 3a1i3HUYHUH, BOTHUH, TTIOBITPSHUIA), IIE JO3BOJISIE BAKOHYBATH O1JIbII ITMPOKUHN
CIIEKTp ITOCITYT, TIOB’sI3aHUX 3 0OPOOKOI0 BaHTAXiB, 30UIBITYIOYH TPAHCTIOPTHUH MOTEHITIAT MYJILTHMOIAITh-
HOTO TepMiHany. Ha manuii MOMEHT iCHYIOTh TaKi THIH MYJbTHUMOJIBHUX TEPMiHAIIB 32 BUJAMU TPAHCIIO-
PTY: aBTOMOOITBHO-3aTi3HUYHHN, aBTOMOOIIbHO-BOIHUH, aBTOMOOIIEHO-TIOBITPSHUM, 3aJ1i3HUYHO-BOTHHM,
3II3HUYHO-aBTOMOO1ILHO-BOHUH, 3aTI3HHIHO-aBTOMOOUTEHO-TIOBITPSHUT.

ODYHKITIOHYBaHHS TEPMiHATYy TaKOX TOB'SI3aHO 3 HOT0 HETATHBHUM BIUTMBOM Ha IPHJIETITY TEPUTOPIFO.
Ie moB's13aHO 3 BEIMKUMH BaHTaKOTIOTOKaMH MO0 aBTOMOOIIBHUX I0pOTrax, 4acTO HEMPUCTOCOBAHHX JI0 PYXY
BEJIMKOBaroBOI0 BAaHTAKHOTO TPAHCIIOPTY, 110 T€HEpYe MiABUIICHUH IIIyM 1 KOJIMBaHHS Ha OyIiBii, IO po3-
TamoBaHi mobdau3y mpopir. Omke, OaxkaHa TUCTOKAIliS TEPMIHATY B MICIli CTHKOBKH aBTOMOOLTBHOTO Ta 3aJ1i3-
HUYHOTO TPAHCTIOPTY MOOJIHM3Y MariCTpaibHUX aBTOIOPIT 1 3aJ1i3HUIIb BEIUKOI MPOMYCKHOI 31aTHOCTI. [4]

Juciokaniss MyITbTUMOAAJIBHOTO TEPMiHATY B PErioHi, Yyepe3 SIKUH NpOXOIsTh MDKHAPOAHI TPaHCIIOP-
THI KOPUIOPH, BIUTMBAE HA 30UTBIIICHHS MIXKHAPOIHUX BAHTAKOTIOTOKIB B MYJIBTUMONAIEHUX CTIOTYUCHHSX.

B perioni muciokariii MyJIbTUMOIAIEHOTO TEPMiHATY MArOTh OyTH PO3TAIIOBAHI BaHTAKOBJIACHUKH,
TPaHCHOPTHI, CKJIAJIChKi, CTPaXx0oBi KOMMaHii, 0aHKH, 110 3a0e3MeYnTh €PEeKTUBHY POOOTY BCIX yYACHUKIB MY-
JBTUMO/IAIEHUX MIEPEBEe3eHb BAHTAXKIB.

ExoHOMiUHI (hakTOpH BU3HAYAIOTH MPUBAOIUBICTE PETIOHY 3 €EKOHOMIYHOI TOYKH 30Py Ta BKIIOYAIOTh:
piBEHb BUKOPUCTAHHS BAJIOBOTO PETiOHAIBHOTO MPOAYKTY, BAPOOHHYI MOKJIMBOCTI PErioHy, oOcsT mepese-
3€Hb 3a BUIAMH TPAHCIIOPTY, OOCST eKCIIOPTY Ta IMIIOPTY TOBAPIB 1 HOCIIYT, MPOIYCKHY 31aTHICTh BAHTAXKHUX
TepMiHAJIIB.

Jemorpadiuni hakTopu XapaKkTepU3yIOTh TPYAOBUH MOTEHIIAN PErioHY, 10 HUX HAJIC)KaTh: HASBHICTh
KBaJIi(piKOBaHUX TPYIJOBUX PECYPCIB, YHCENBHICTh MPale34aTHOTO Ta 3arajibHa YUCEIbHICTh HACCIICHHS.

MynbTUMOATBHUH TepMiHAI MOXe OYTH PO3TALIOBAHUH MOPYY 3 HACEIEHHM ITYHKTOM, IO JJO3BOJISE
BUPIIINTH MUTAHHS TPYJOBUX PECYPCIB, @ TAKOXK, CaM TEPMiHAI MOXKE CTATH NPUIUHOIO 3POCTAHHS HACEIICHHS
periony.

HaykoBo-TexHiuHi Ta iHHOBauilHi ()akTOpH BUPAKalOTh IHBECTULIIIHY Ta HAYKOBO-TEXHIYHY HpUBa0-
JIUBICTh PETiOHY, BKIIOYAIOTh B ce0€: KUIbKICTD MiANPHUEMCTB, SKi BUKOHYIOTh HAyKOBO-TEXHIYHI POOOTH; 00-
CSIT HAYKOBUX T4 HAYKOBO-TEXHIYHUX POOIT, BUKOHAHUX BIACHUMHU CHJIAMH MiANPHEMCTB; 0OCST iHHOBALiTHOT
MPOAYKIiI, 10 € HOBOIO JUISl pUHKY; YaCTKy IMiIMPUEMCTB, IO BIPOBAKYIOTh iHHOBAIII].

3a pesynbTaTaMH JOCTIIKEHHS (paKTOPiB, BUKJIACHUMHU BHUIIIE, 3aIIPOIIOHOBAHO (DAaKTOPH, 1110 BILIMBA-
IOTh Ha IUCIIOKAITII0 MYJbTUMOMAILHAX TEPMIHATIB, SKi 3rPYINOBAHO 3a BIATIOBIIHUMH KaTETOPISIMH; TPAHC-
MOPTHO-1HPPACTPYKTYPHi, EKOHOMIUHi, IeMorpadiuHi, HAyKOBO-TEXHiYHI Ta iHHOBaLiliHi (akTopu (Tadi.1).

JL1st KOMIUTEKCHOI OIiHKH (haKTOPiB, IO BIUIMBAIOTH HA JAMCIIOKAIII0 MYJIHTHMOJIATBLHOTO TePMiHATY,
3aMPONIOHOBAHO MOKA3HUK NPUBAGIMBOCTI periony (Pyp).

I[Toxasnuk npuBabmuBoCTi periony (Py,) BinoOpakae peanbHuil piBEHb PO3BUTKY PETIOHY, CTaH TPaHC-
NOpTHOI iHQPACTPYKTypH, AeMorpadiyHuil cTaH B PErioHi, piBeHb BIPOBAIKEHHS HAYKOBO-TEXHIYHUX Ta
IHHOBAIIIMHUX TEXHOJIOTIMH, IKUH pO3PaxOBYEThCS 3a (POPMYIIOHO:

Pp = Fip + Fe + F; + Fuy, @)
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nie Fjg — NOKa3HUK, 10 XapaKkTepU3ye TPAHCIIOPTHY IHPPACTPYKTYpPY PETIOHY;

F. — moka3Hux, 10 XapakTepu3ye eKOHOMIKY PETiOHY;

F, — noxasuux, mo xapakrepusye a1eMorpapiquuii cTaH periony;

Fyri — IOKa3HUK 110 XapaKTepHU3ye HAyKOBO-TEXHIYHI BIIPOBAKEHHS Ta iHHOBALII B perioHi.

Tabmuus 1 - I'pynu dakTopis, 110 BILTUBAIOTH HA TUCJIOKALiI0 MyJIbTUMOJAIBHUX TEPMiHAJIB B PETio-

Hax
Table 1 - Groups of factors influencing the location of multimodal terminals in the regions
Ne Haspa daxrtopy
1 TpancnopTHO-iHPpPacTPYKTYpHi PpakTOpH
1.1 | JloBxuHa aBTOMOOIILHUX JOPIT 3aralbHOTO KOPUCTYBAHHS, (THC. KM)
1.2 | HlinbHicTh aBTOMOGUILHUX JTOPIT 3 TBEPAUM TOKPUTTAM, (kM Ha 1000 kM> TepuTOpii)
1.3 | KigpKicTh BaHTaKHHX aBTOMOOIJIbBHUX TEPMiHAJIB, OJ.
1.4 | EkcruryaTariifina JOBXKHHA 3aJ1I3HHYHUAX KOJIIH 3arajJbHOTO KOPUCTYBAHHS, (KM)
1.5 | 1linpHicTh 3ai3HUYHUX KOl 3aragpHOro Kopuctysanss, (kM Ha 1000 km? TepuTOpii)
1.6 | KigpKkicTh BAaHTOKHUX 3aTI3HHIHUX TEPMIiHATIB, OJI.
1.7 | Mopceka goctynnicts, (TAK/HI)
1.8 | Hoctynsicts BHyTpimHix BoaHux muisixis, (TAK/HI)
1.9 | KigpKicTh MOPCHKHX TOPTOBEJILHUX MOPTiB, OJ.
1.10| KinpKicTh MOBITPSIHIX BAaHTAXXHUX TEPMIHAJIB, OJI.
1.11| KinpKicTh BHYTPINTHIX BOJHUX TEPMIHAJIB, OJI.
1.12| Buxig 1o MbKHApOAHUX TpaHCIIOPTHUX Kopuaopis, (TAK/HI)
1.13| KinpkicTh CKIaIChKUX KOMIUIEKCIB, OJI.
1.14| HasBuicth BanTaxkoBaacHukis, (TAK/HI)
2 | ExoHoMmiuHi hakTOpH
2.1 | BanoBwii perioHanbHUI MPOAYKT, (MITH. TPH)
2.2 | OO6cAar BaHTaXXHUX aBTOMOOUIEHHUX TIEPEBE3€Hb, (MIIH. T)
2.3 | OOcsr BaHTQ)XKHUX 3aJTI3HIYHUX NIEepEBE3€Hb, (MIIH. T)
2.4 | OOcsr BaHTa)KHUX MOPCHKHX IEPEBE3EHbB, (MIIH. T)
2.5 | OOcsr BaHTa)KHUX BHYTPIIIHIX BOAHUX NEPEBE3CHb, (MIIH. T)
2.6 | OO6cAar BaHTaXHUX MTOBITPSHUX ITEPEBE3CHB, (MITH. T)
2.7 | TlpomyckHa 34aTHICTh BAaHTRKHIX aBTOMOOITEHUX TEPMIHAJIIB
2.8 | TlpomyckHa 34aTHICTh BaHTAKHHX 3aJII3HHYHUX TEPMIiHATIB
2.9 | TlpomyckHa 37aTHICTh MOPCHKUX TOPTOBEJIHLHUX MOPTIB
2.10[ TIlpomyckHa 34aTHICTb MOBITPSIHUX BaHTAKHUX TEPMiHAIIIB
2.11| O6csr excniopTy ToBapiB, (MiH.101.CIIA)
2.12| OG6csr immopty ToBapis, (MiH.01.CIIIA)
2.13| O6csr excriopty nociyr (MrH. o1 CIIIA)
2.14| O6csr immopty mocayr, (MiaH.10a1.CIITA)
3 | Jdemorpadiuni pakropn
3.1 | YwcenpHICTH HACEIEHHS, OCI0
3.2 | IlpanesnaTHe HaceleHHs, 0Ci0
3.3 | HasuicTs kBamidikoBaHux TpynoBux pecypcis, (TAK/HI)
4 | HaykoBo-TexHiuHi Ta iHHOBaMiiiHi akTOpPH
4.1 | KinpKicTh mANMPUEMCTB, SIKI BAKOHYIOTh HAYKOBO-TEXHIUHI POOOTH, OJI.
4.2 | OOcsr HayKOBHX Ta HAYKOBO-TEXHIYHUX pOOIT, BUKOHAHUX BIACHHUMH CHJIAMH I IPUEMCTB,

(MITH. TpH)

4.3

OO0csT IHHOBAIIHOT TPOTYKITii, IO € HOBOIO VISl PUHKY, (THC. TPH)

4.4

YacTka TiAMpUEMCTB, IO BIPOBAKYIOTH IHHOBAITI|
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PesynpTatn gocnimkeHHs GpakTopis, 10 BIUIMBAIOTH HA AUCIOKALIIO MYJIbTUMOAAIBHUX TEPMiHAIIB IO-
Ka3yIOTb MEPCIEKTUBHICTh TOCIIIKEHb M0 JaHOMY HampsaMKy. [loctae HeOOXiHICTh BAOCKOHAIEHHS iCHYIO-
qiX a00 CTBOPEHHS HOBMX METOJMK BH3HAUCHHS AMCIIOKALI] MyJIFTUMOJAJIBHUX TEPMIHAIB 3 BPaXyBaHHIM
OTiHKH (haKTOPiB BIUTMBY Ha MOKA3HUK IMPHUBAOIMBOCTI PETIOHY.

BucnoBku. locnimkenns (pakTopis, UI0 BIUIMBAIOTh HA AMCIOKAII0 MYJIbTUMOJIANBHUX TEpMiHAJIB
JO3BOJIUTH C(hOpPMyBaTH MEPEIKY MYJIbTUMOIATIBHUX TEPMIHAIIB, 110 CIPUATHME 301IbIIECHHIO 00CATIB MYJIb-
TUMOJIAJIBHHX MIepeBe3eHb BAaHTAXIB.

IepcnexkTnBY NOAAIBIINX AOCTI/IZKEHb Y JAHOMY HANPSIMKY.

JlocnimpkeHHs Ta BIOCKOHAJICHHS! METOJUK BH3HAYCHHS IUCIIOKAMii MyJIbTUMOJAIBHUX TEPMiHAIIB.

IlepeJik nocuianb

1. IIpoexT 3akony Ykpainu «IIpo mynbTumMozmanbHi nepeBeseHHs», 2019 p. [Enekrponnuii pecypce]. —
Pexxum moctymy: http://search.ligazakon.ua/l_doc2.nsf/link1/J101075A .html

2. OCHOBBI TPOCKTHPOBAHHUS HHQPPACTPYKTYpHl MYJIbTHMOJAIBHBIX mepeBo3ok/ E.B. Ilaceunas;
®I'bOY BO PI'VIIC. — PoctoB w//1, 2016. — 44 c.: wi. — bubnuorp.: c. 43

3. Kopuiiiko f.P. HaykoBe oOrpyHTyBaHHsS BUOOpY Micls po3TallyBaHHS MYJIbTUMOAAILHOTO TpaHC-
noptHo-iorictudHoro ueHtpy / 5. P. Kopnitiko. // EpextuBHa exoHomika. - 2013. - Ne 1. - Pexxum moctymy:
http:/nbuv.gov.ua/UJRN/efek 2013 1 52

4. JloricTnyHi aciekTu QpyHKIIOHYBaHHs iHTepMoAanbHuX TepMmiHaniB / 1. O. Ilpouenko, C. Jlimaxk, O.
Croxnocu // Jlioacekuit kamitan i mpodeciiina ocsita. - 2014, - Ne 04. - C. 36-42.

5. llupsiea C.B., Icaeako B.JI. CyuyacHuii ctaH Mepeki MyJIbTUMOJIAIBHUX TepMiHAIIB YKpainu //
MixxHaponHa HayKOBO-paKTHU4YHA iHTepHeT-KoH(epeHuis «TeHaeHmii Ta MepcrleKTUBH PO3BUTKY HAYKH 1
OCBITH B yMOBax Tiobanizamii». — [lepescnas, 2020. Bur. 59. — C. 473.

RESEARCH OF FACTORS INFLUENCING THE DISLOCATION OF MULTIMODAL
TERMINALS

Shyriaieva Svitlana V., Ph.D., associate professor, National Transport University, professor
department of transport technologies , e-mail: svitlana007@gmail.com, tel.: +380508855299, Ukraine, 01010,
Kyiv, M. Omelyanovich-Pavlenko, str. 1, of. 432, orcid.org/0000-0001-9696-635X.

Isaienko Volodymyr L., National Transport University, Kyiv, e-mail: isvova49@gmail.com, tel.:
+380984199084, Ukraine, 01010, Kyiv, M. Omelyanovich-Pavlenko, str. 1, of. 432, orcid.org/0000-0001-
7935-4554

Summary. This paper considers the factors influencing the dislocation of multimodal terminals. The
error in choosing the location of the multimodal terminal can lead to high costs and deterioration of the qual-
ity of multimodal transportation, the hypothesis of the need to deploy multimodal terminals, taking into ac-
count a group of factors that significantly affect their efficiency.

Key words: multimodal transportation, multimodal terminal, cargo, factors, region.

REFERENCES

1. Draft Law of Ukraine "On Multimodal Transport". (2019). [Electronic resource]. — Access mode:
http://search.ligazakon.ua/l_doc2.nsf/link1/J101075A.html [in Ukrainian].

2. Pasechnaya E.V. (2016) Osnovy proektirovaniya infrastruktury mul'timodal'nykh perevozok:
[Fundamentals of multimodal transportation infrastructure design: lecture texts] Rostov-on-Don, 44 p. [in
Russian].

3. Korniyko Y.R. Naukovo obgruntuvanna vibory mistsya roztashuvannya multimodal transport and
logistics center/ Y. R. Korniyko. // Effective economy. - 2013. — No. 1. — Access mode:
http:/nbuv.gov.ua/UJRN/efek 2013 1 52 [in Ukrainian].

4. Procenko I. O. Logistical aspects of functioning Intermodal terminals/ Procenko I. O.,Liscak
S.,Stoklosa J.// Human capital and professional education. — 2014.-No0.04.-S.36-42. [in Ukrainian].

5. Shyriaieva, S.V., Isaienko V.L. (2020). The current state of the network of multimodal terminals of
Ukraine // International scientific-practical Internet conference "Trends and prospects for the development of
science and education in the context of globalization." - Pereyaslav, 2020. Issue. 59. - P. 473. [in Ukrainian].

114



