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AHoTanisi. J[OBroBiuHICTh ac(asbTOOCTOHHOTO IMOKPUTTS 3aJICKHUTHh HANPYKEHO-AePOPMOBAHOTO
CTaHy KOHCTPYKIIiT IOPOXKHBOTO OJISATY, 3HAYHUH BILUIMB HA SIKMI YHHSATH KOJWBAHHS TEMIIEPATYPH.

BukoHaHO po3paxyHOK i aHaJIi3 HANIPYKEHO-1e(hOPMOBAHOTO CTAaHY TUTIOBUX KOHCTPYKITiH IOPOKHb-
0ro osry 3 acajabTOOCTOHHUM HOKPUTTM JUIsi aBTOMOOUIBHUX JAOPIr IPU Pi3HUX TEMIIEPATYPHUX PEKUMaX
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ix pobotu. BcraHoBNIEHO, IO ICTOTHY pOJb IPH MPOTHO3yBaHHI MIIIHOCTI Ta TOBFOBIYHOCTI ac(aibToOETOH-
HOTO TIOKPUTTS BiJITparoTh TEMIEPATYPH, IO 3MIHIOIOTHCS B PIYHOMY 1 T0OOBOMY pekuMax. Po3rsaryrodi
HaTpy>XEHHS B IOKPUTTI BUHUKAIOTH HE TUIBKH MPH HU3BKHUX TEMIIEpaTypax IMijJ 4ac BECHSHOTO Hepe3BOJIO-
JKEHHS TPYHTIB, a TaKOX IPH 1HIIMX TEMIIEPaTypHUX pexuMax. Tak, MpH IMiIBHUIIECHHI TEMIIepaTypu 3aKo-
HOMIPHO 3MEHIIYEThCS 1 MOAYJIb MIPYKHOCTI achanbTOOCTOHY, 1110 MPU3BOANUTD A0 3MEHIIICHHS BEIMYUHH I'O-
PHU3OHTATBHUX HOPMAJIbHUX PO3TATYIOUMX HAIPYKEeHb achanbTOOETOHHUX IIapiB MPH iX 3THHI MPH Al TpaHc-
TIOPTY, OAHAK OJJHOYACHO O1IBIIT CYTTEBO 3MEHIITYETHCS MIITHICTH ac(haabTOOCTOHY Ha PO3TSIT, IO MIPHU3BOIUTE
JI0 3MEHIIIEHHS HOro JOBrOBIYHOCTI.

Kuaro4dosi caoBa. AcdansrobeToHHI mapu, KOJIMBAaHHSA TEMIIEpaTypHy, HaNpy>KeHO-IehOpMOBaHHUN
CTaH, MIIHICTH 1 JOBrOBIYHICTD.

Juis miaTBepHKEHHS TOUIIBHOCTI PO3paxyHKiB ac(albTOOCTOHHOTO MOKPUTTS MIPH Pi3HUX MOETHAH-
HSX TEMIIEpaTyp IIapiB, 0 BUKIMKAIOTh HECIPUATIMBI 3MIHU BJIACTUBOCTEH ac(aibTOOETOHY B IIapax J0-
POXHBOTO OAATY, OyJIO MPOBEIEHO PO3PaxyHOK i aHaji3 HampyKeHO-Ae()OpMOBAHOTO CTaHy THIIOBHX KOH-
CTPYKLIH JOPOXKHBOTO OAATY 3 ac(haabTOOETOHHUM MOKPUTTSM JJIsi aBTOMOOUIBHUX Aopir (Tadu. 1). Xapak-
TEPHOIO OCOOIHUBICTIO IIUX KOHCTPYKIIIH € HAsIBHICTh ABOLIAPOBOro ac(aibTOOCTOHHOTO MOKPUTTS, OCHOBH,
mIapy siIKoro MarotTh Matepianu: acdansrodeton, LIIIC 3 nementom, IIIIC 6e3 B'sxy4oro, i J0AaTKOBOTO
Iapy OCHOBH 3 ITICKy Ha TPYHTI 3 CYTJIMHKY JIETKOTO IMTyBaToro. KOHCTpyKIii BiAPI3HAIOTECS MiXK CO00I0
BUKOPHCTaHHAM B ac(haibTOOCTOHHHUX IIapaxX Pi3HUX BUAIB ac(haabTOOCTOHY.

Ha mincraBi pe3yabpTaTiB AOCTiIKEHb TEMIIEPATYPHOTO PEXKUMY IIPH JOOOBUX 1 PIYHUX KOJUBAHHSX,
3a METOJIMKOIO OIKCAHOI BUIIE, CTOCOBHO /10 KJIIMAaTHUYHUX YMOB, XapaKTEPHUX AJISI APYroi JOpOKHBO-KIiMa-
TUYHOI 30HH, OyNM OTpuMaHi rpadiku J0OOBUX 3MiH TeMIepaTypH acajibTOOCTOHHUX IIAPiB HA PiI3HUX TIIH-
OounHax Bix moBepxHi MOKPUTTS (0 cM; 5 cMm; 12 cm; 20 cM) B pi3HI ce30HU POKY (pucyHKH 1 - 4).

1i rpadiku mpemcTaBiaeHi TAKUM YAHOM, IO TTIOYATOK KOOPAWHAT BiJIITOBITA€ MAaKCUMyMY TEMIIepa-
TypH NOBEpXHi MOKPUTTS B TiHi. [IpencraBieni pe3yapTaTH CBiAYaTh MPO 3MEHIICHHS aMIUTITYAH KOJHBAaHb
TeMIIepaTypHy 0 TIHOWHI, IO TMOSICHIOETHCS TETUIOI30MAIIIHHNM edekToM. Lle Takok mPU3BOAUTH IO 3alli3-
HEHHS MAaKCUMyMY TeMIIEpaTypH: Ha TTIHOWHI 5 ¢M - Ha 2 TOAMHY; Ha TTMOuHI 12 cM - Ha 5 roauH; Ha TTUOUHI
20 cM - Ha 8 TOIUH.

Taknum YMHOM, OTPHMaHi pe3yabTAaTH CBiI4ATh, IO aMILTITYAA IIUX KOJIMBAHb 3MEHIIYETHCS 3 TIINOU-
HOIO Yepe3 TeIJI0i30JILiiHI BIACTHBOCTI MaTepiay, o IPU3BOIUTH A0 NPOsBY e(eKTy TEIUIOBOi iHepLili-
HOCTI 1 CTBOPIOE «3aIli3HIOI0UE» 3MIIICHHS (a3 KOJUBaHb TEMIIEPaTypH.

40

Temneparypa T, rpaa C
Temneparypa T, rpaa C

Bpewms t, yacbi Bpewms t, yacbl

....... T(tz=0) — — T(tz=5) T(tz=12) —— T(tz=20) e T(42=0) = = T(tz=5) T(tz=12) ——T(t2z=20)

a) 0)

Pucynoxk 1 — 3mina TemnepaTypu B Iapax JOPOKHBOTO OJATY B JIITHIM ITEPioJ: a) - TPH HOPMaJTh-
HUX TeMIIepaTypax; 0) - PH MiJABUIICHUX TeMIIEpaTypax
Figure 1 — Change in temperature in the layers of road pavement in the summer: a) - at normal tem-
peratures; b) - at elevated temperatures
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Tabmuus 1 — KoHeTpyKuii JOpokKHBOTO 01Ty 3 ac)anbToOOETOHHUM MOKPUTTSIM, IPUUHSATI IJIs1 pO-

3paxyHKy HalpyXeHO-I1e(OpMOBAaHOTO CTaHy
Table 2 — Designs of road clothes with an asphalt concrete covering accepted for calculation of a stress-

strain condition

udp

KoHcTpyKTHBHI 1IapH JOPOKHBOTO OJSTY 1 IX TOBIIMHA

1

1. llle6eneBo-MacTukoBuUii achanbrodeTon IIIMA-20 h=5 cMm;

2. AchanbTOOCTOH IIIBHUIA KPYITHO3EPHUCTUH THI b, (MakcHMajibHa KPYIHICTh MiHe-
panbHuX 3eped 40 mm) Ha 6iTymi mapku BH/I 60/90, h=8 cm;

3. AchanpTo0eTOH MOPUCTHH, KpynHO3epHUCTHI Ha 6iTymMi BHJT 60/90, h=8cwMm;

4. lllebeneBo-mimana cymim C-7, ykpimiena nemesroMm M 60, h=15cwm;

5. le6eneBo-mimana cymim C-5 mo ICTY B.2.7-30, h=18cm;

6. ITicok, h=20cMm.

1. lllebeneBo-macTukoBuii acanbrodeTon [IIMA-15 h=5cMm;

2. llle6eneBo-macTukoBuii achanbrodeTon IIIMA-20 h=8cm;

3. AcdanbrobeToH minbHUA, KpynHo3epHucTuil Ha 6itymi BH/L 60/90, h=8cwm;
4. lllebeneBo-mimjana cymim C-7, ykpimiena nemearoMm M 60, h=15cwm;

5. le6eneBo-mimana cymim C-5 mo ICTY B.2.7-30, h=18cm;

6. ITicok, h=20cm.

1. llle6eHeBo-MacTKOBHUI achanbrodeTon IIIMA-20 h=5cM;

2. AchanbToOCTOH IIIBHUH, TpiOHO3EepHUCTUH THIT A (MaKCHMajbHa KPYIHICTb MiHE-
panbHux 3epeH 20 mm), Ha 6itymi BHJT 60/90, h=8cwm;

3. AchanpTo0eTOH MOPUCTHH, KpynHO3epHUCcTHI Ha 6iTymi BHJT 60/90, h=8cwm;

4. lllebeneBo-minjana cymim C-7, ykpimiena nemearoMm M 60, h=15cwm;

5. lle6eneBo-mimana cymim C-5 mo ICTY B.2.7-30, h=18cwm;

6. ITicok, h=20cm.

1. ActhanbrobeTon mwinbHU, ApiOHO3epHUCTHII HA 6iTyMi BHJL 60/90 MmoandikoBanomy
moyrimepom, h=5cwm;

2. AchanpTo0eTOH LIiIbHUH, KpynHO3epHUCTHI Ha 6iTyMi BH/I 60/90, h=8cwMm;

3. AcdanbrobeToH nmopuctuii, kpynHozepuuctuii Ha 6itymi BH/I 60/90, h=8cwm;

4. llle6enero-mimana cymimt C-7, ykpimieHa riemearom M 60, h=15cwm;

5. lle6eneBo-mimana cymim C-5 mo ICTY B.2.7-30, h=18cwm;

6. ITicok, h=20cm.

AHai3youu pe3yjbTaTd, HaBeIeHI Ha pUCYHKax 1 - 4, MOKHA MOOAYMTH, 1110 KOXKHY 00y MPOTATOM

JIEKUTBKOX TOAMH TeMrepaTypa achaibTOOSTOHHHX IIapiB HAa Pi3HUX TIUOMHAX OJIM3bKa MK COOOIO 3 TOY-

HicTio =5 °C. Kpim Toro, TerioBa iHepuiiiHicTs B JOOOBOMY PEXHMi KOJMBaHb TeMIIEpaTypy PU3BOIUTD /10
TOTO, IIT0 MAaKCHUMaJILHI TEMITepaTypH 3aBKIH BHUIIE B BEpXHiX mapax. [Ipu mpoMy depe3 12 roauH cutyartis

3MIHIOETLCS - MAKCUMAJIBHI TEMIICPATYypPH BUIIIC B HIDKHIX rapax.
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Temneparypa T, rpaa C
Temneparypa T, rpaa C

Bpewms t, yacbl Bpems t, yacbl
------- T(tz=0) = — T(tz=5) T(tz=12) ——T(t2=20) v T(tz=0) = = T(tz=5) T(tz=12) ——T(t2=20)

Pucynok 2 — 3mina TemmepaTypu B mapax Pucynok 3 — 3miHa TemnepaTypu B mapax
TIOPO’KHBOTO OZATY B OCIHHIH TIepiof TIOPO’KHBOTO OJSTY B 3UMOBHIA TTEPioJ
Figure 2 — Change in temperature in the Figure 3 — Change in temperature in the
layers of road pavement in the autumn layers of road pavement in the winter

Temneparypa T, rpaa C

Bpewms t, yacbl

....... T(tz=0) = — T(tz=5) T(tz=12) ——T(t2=20)
Pucynok 4 — 3miHa TeMmepaTypH B Imapax JOPOKHBOTO OJISTY Y BECHSIHHUU TTEPioJ
Figure 4 — Change in temperature in the layers of road pavement in the spring

Buxonsuu 3 NpoBeACHOI0 aHalli3y XapakTepy 3MiHH TeMIieparypu achaabTOOCTOHHUX IIapiB, € Oue-
BUIHUM, IO Pi3HE NOEIHAHHS TEMIIEPATYP MOKE BHSABUTHUCS PO3PaxXyHKOBUM HE TiIBKH IIPU HU3BKUX BECHS-
HUX TeMriepaTtypax (sk npuitasaTo B (BBH), ane 1 mpu iHmMx TemnepHux ymoBax. JJis miATBEpIKEHHS TaHOTO
MOJIOXKEHHS 0yJI0 BUKOHAHO PO3PaxyHOK HANpYyXEHO-Ie(OPMOBAHOTO CTaHy ac(aabTOOETOHHHX IIapiB J10-
poxHBOro ozsry. Ha npuxnani konetpykii 1!, Ha pucynkax 5 - 6 npencrasieni rpadiyni 3ae:KHOCTI 3MiHHI
HOPMAJIbHUX BEPTHKATHHUX 1 TOPU30HTATBHHUX HANPYKEHB TI0 TIIMOWHI TIPH Pi3HUX TeMIepaTypax achaibTo-
OETOHHUX IIAPiB JJIsl KOHCTPYKLIN JOPOKHIX OJSTiB.

3MiHa 0 TIMOWHI HOPMATBHHX BEPTUKAIBHUX HANpPYXKeHb CBITYUTH TPO ICTOTHY PO3MOALTHIY
3IaTHICTB, IS aHATI30BaHUX KOHCTPYKLiH, achanprobeToHHNX mapis. Lli HanpyskeHHs mig achanbToOeToH-
HUMH IIapaMHi 3MEHIIYIOTbcA B 2-3 pasu. Opnak 3 minBumieHHsM temneparypu Big 0 °C mo 40 °C ix
PO3IOAUTbYA 3ATHICTE JEII0 3MEHIITYEThCs (TIpuban3Ho B 1,5 pasn).

OTtpumaHi pe3yabTaTH CBII4ATh, IO MiIBUILEHHS TEMIIEpaTypH MIPU3BOANUTH A0 3HAUHOTO 3MEHIICHHS
TOPU30HTATHFHUX HOPMAJIHHUX PO3TATYIOUMX HAPY>KCHB B HIDKHIN YacTHHI ac(hambToO0CTOHHOTO TOKPUTTSL. A
JUISE KOHCTPYKIIIT 2 BOHM NEPEXOIATh B CTUCKAKOUi, TOOTO, IPH 3rHHI KOHCTPYKIIIT IOKPUTTS 3HAXOIUTHCS B
ctuciiii 30Hi. [Ipy mpoMy Ans pi3HUX KOHCTPYKLIM 3aKOHOMIPHOCTI 3MiHH PO3TATYIOUMX HampyXeHb 3i
3MIHOIO TeMIlepaTypu € pi3Hi. OmHaK 11l JaHI TaKoK TOBOPATH PO Te, II0 € Hebe3neka podoTu achaabTode-
TOHHOTO MOKPUTTS B 30H1 PO3TATY NPH MO3UTHBHUX TEMIIEPATypax, KOJIM 3HAYHO 3MEHIIYETHCSI MIIHICTh ac-
(hampT00ETOHY TIPH PO3TATY 1 CTIWKICTH 0 TOBTOPHUX HABAHTAKEHb.
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Pucynok 5 — 3mina 1o rauOuHI HOpMaJIbHUX TOPU30HTANBHUX 1 BEPTHKAJILHUX HAPYKEHb, 1110 BU-
HUKAIOTh B KOHCTPYKIIi1 JOpoKHBOTO omary mpu 0 °C (koHCTpyKIist 1)
Figure 5 — Change of normal horizontal and vertical stresses in the road of pavement at 0 °C (con-
struction 1)
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Pucynok 6 — 3mina 1o rauOuHI HOPMaJIbHUX TOPU30HTAIBHUX 1 BEpTHKAJILHUX HATPYKEHb, 1110 BU-
HUKAIOTh B KOHCTPYKIIil 10poKHBOTO omsary TipH 40 °C (koHCTpyKITis 1)
Figure 6 — Change of normal horizontal and vertical stresses in the road of pavement at 40 °C (con-
struction 1)

OTtpumaHi pe3ynbTaTH TAaKOXK CBiAYaTh, 110 TOPU3OHTANIEHI HOPMaJIbHI PO3TATYIOUl HAIPYKEHHS MO-
KPHUTTS 3MIHIOIOTHCS IPOTATOM JIOOH P KOJIMBAHHSIX TEMIIEPATypH.

TakuM 4MHOM, MIPOBEACHUM aHaJi3 3MIHH TEMIIEPATYpPHOTO PEXUMY ac(albTOOETOHHOTO TOKPHUTTS
Ta MOro HaIpy>XKEHOI'o CTaHy MOKa3ye, 1110 MOXKYTh BUHUKATHU TaKi O€AHAHHS HAIPYKEHOI'0 CTaHy Ta TeMIIe-
paTyp LapiB, KOJIM TPAaHUYHUM CTaH, 3 TOYKH 30py YTBOPEHHS BTOMHOT'O pyHHYBaHHS, MOK€ HACTyIAaTH 1 IpU
IHIIMX TeMIepaTypax, nependadeHnx Metoaukoro (BBH) [1] . V 3B'3Ky 3 uum, 1715 OL[IHKH BIUTMBY TEMIIepa-
TypH 1 Hanpy)eHo-1e()OpPMOBaHOrO CTaHy ac(aibTOOSTOHHOrO MOKPHUTTSA Ha HOro JOBrOBIYHICTh, Oyiia 3a-
cTocoBaHa MeToAuKa [2 - 4], [] 3 BUKOpUCTaHHSIM MonudikoBaHoi 3anexHocTi baprenesa:

t*(c,T)=B(T)xc D (1)
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1e B«(T), b«(T) — mocriiiHi, 110 3aeXaTh Bi TeMIEpaTypH Ta TPUBAJIOCTI Jii HABAaHTAYKEHHS 1 BU3HA-
YaroThCs 3a pe3ybTaTaMK JJab0opaTOPHUX BUIPOOYyBaHb MaTEpPiaiB;

0 — Halnpy>KeHH:I, 10 BUHUKAIOTh B [Iapax JOPOKHBOTO OJATY MPH BiANOBIAHUX TEMIIEPAaTypax.

s 3naueHb napamerpiB B(T) i by(T) Oynu oTpriMaHi aHAIITHYHI BUPa3d BUIY:

b(T)=Ap+B/T'+Cpxe Db/T' 2)

lg B(T)=ap+bp/T"+rgxe rgT 3)
ne Ay, By, Cv, Dy, ap, bp, rp, pp— TOCTIiiHI, SIKi BU3HAYAIOTHCS 32 PE3yIbTaTaMHU JIA0OPATOPHHUX BHUIIPO-
OyBaHb Ha TPUBATY MIIHICTH IIPH Pi3HUX TEMIIEpaTypax i HABaHTAKCHHSX.

IIpu 1bOMy OIliHKA JOBTOBIYHOCTI MPOBOJMIIACS TO CITIBBIIHONIEHHIO KiTBKOCTI IHKIIB JI0 PyW-
HYBaHHS MPH BIATIOBIAHIN Temmieparypi mapy (N(T=t)) 10 KiTbKOCTI ITUKIIIB A0 PyWHYBAaHHS IPH PO3paxyH-
KOBiii Temnepatypi (N(T=0)).

B sixocTi mpukiiagy B Tabnumi 2 HaBeIeH1 pe3yIbTaTH pO3paxyHKiB BiTHOCHOT TOBIOBIYHOCTI acaib-
TOOETOHHOTO TIOKPHUTTSI IS KOHCTPYKITIT TOPOKHBOTO OAATY 4.

Tabmurs 2 — BigHocHa TOBroBiuHICTh ac(haibTOOCTOHHOTO OKPUTTS IIPH PI3HUX TeMIIepaTypax
Table 2 — The relative durability of asphalt pavement at different temperatures

T, °C R, MITa E, MIla B«(T) b(T) 5, MITa I%g—;(?)
0 8,8 6256 6,49x 108 5,01 0,31 1,00
10 6 3624 31672755 4,70 0,17 0,58
25 3,16 1440 559029,1 432 0,06 0,47

3 pe3yabTaTiB WX PO3PaXyHKIB BUIUIMBAE, 110 JOBTOBIUHICTE ac(haabTOOCTOHHUX IIAPIB MOKE 3MEH-
mmwmtucs B 1,5-2,0 pasu, npy MOBTOPHUX AisIX KOPOTKOUACHUX HABAHTAXKEHb, KOJHM TEMIEPATypH MOKPHUTTS
OynyTsb piBHi 10 °C abo 25 °C.

BucHoBku

BukoHaHu#i aHani3 cBil4HTh, IO ICTOTHY POJIb NP NPOTHO3YBaHHI JOBTOBIYHOCTI ac)anbToOeTOH-
HOTO ITOKPHUTTS Ta HOTO PO3paxyHKy Ha MIITHICTE Biirpae TeMIeparypa, 1o 3MiHIOIOTECS B PIYHOMY 1 1000-
BOMY pekuMax. Po3TsTyrodi Hanpy»eHHs B IIOKPUTTI BUHUKAIOTh HE TIJILKH MPH HU3BKUX TEMIIEPaTypax I
Yac BECHSHOTO MEPE3BOJIOKEHHS TPYHTIB, @ TAKOXK NPH 1HIIMX TEMIEPAaTypHUX peKuMax. Tak, MpH MiABU-
IICHHI TEeMIIepaTypH 3aKOHOMIPHO 3MEHIIYETHCS 1 MOAYJIb IPY>KHOCTI ac(halbTOOETOHY, 110 MPU3BOIUTE 10
3MEHILIECHHS BETMYMHHA TOPU30HTAIBHUX HOPMAIBHUX PO3TATYIOUMX HANpyXeHb acanbTOOCTOHHMX LIapiB
IIpH iX 3rHHI IPH Il TPAHCIIOPTY, OJHAK OJHOYACHO OLIBII CYTTEBO 3MEHIIYETHCS MIIIHICTh ac(haabTOOCTOHY
Ha PO3TST, IO MPHU3BOMTH JI0 3MEHIIIEHHsI HOTO JIOBrOBIYHOCTI.

[IpoBenennii aHai3 HaBeJCHUX PE3YNIbTaTiB PO3PaXyHKIB CBIJUUTH PO HEOOXiJHICTH MOAETIOBAHHS
po6oTH achaabTOOSTOHHMX MOKPHUTTIB IPH Pi3HUX MOETHAHHSIX TEMIICPAaTypH IIapiB 3 ypaxyBaHHIM ii 1000-
BUX 1 piYHHX KOJHMBaHb.
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TEMPERATURE OSCILLATIONS INFLUENCE IN ASPHALT CONCRETE LAYERS ON
STRESS-DEFORMED CONDITION OF ROAD PAVEMENT
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Summary. The durability of asphalt pavement depends on the stress-strain state of the pavement struc-
ture, which is significantly affected by temperature fluctuations. The calculation and analysis of the stress-

strain state of typical pavement structures with asphalt concrete pavement for roads at different temperatures
of their operation are performed. It is established that a significant role in predicting the strength and durability
of asphalt pavement is played by temperatures that vary in annual and daily conditions. Tensile stresses in the
coating occur not only at low temperatures during the spring waterlogging of soils, but also at other tempera-
tures. Thus, with increasing temperature, the modulus of elasticity of asphalt concrete naturally decreases,
which leads to a decrease in the value of horizontal normal tensile stresses of asphalt concrete layers during
their bending during transport, but at the same time more significantly reduces the tensile strength of asphalt
concrete.
Keywords. Asphalt concrete layers, temperature fluctuations, stress-strain state, strength and dura-
bility.
References

1. VBN V.2.3-218-186-2004 Sporudy transportu. Dorozhnii odiah nezhorstkoho typu

2. Mozghovoi V.V. Nauchnye osnovy obespechenyia temperaturnoi treshchynostoikosty asfaltobet-
onnykh pokrytyi: Dys. dokt. tekhn. nauk: 05.22.11 -K., 1996 —406 s

3. S. Brown, N. Thom, P. Sanders A study of grid reinforced asphalt to combat reflection cracking. As-
sociation of Asphalt Technologists. 2001, p. 543-571. https://asphalttechnology.org/.

4. Models for Predicting Reflection Cracking of Hot-Mix Asphalt Overlays. NCHRP Report, Issue 669,
2010, 70 p. https://trid.trb.org/Results?q=&serial=%22NCHRP%20Report%22

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
17



BYJAIBHULNTBO TA INBIJIbHA TH’KEHEPIA

YK 625.70 DOI: 10.33744/0365-8171-2021-110-018-025

MO0 OINIHKHU 3HAYEHD ®I3UKO-MEXAHIYHUX IIOKA3HUKIB
IMIIIAHUX IPYHTIB 3A JAHUMU CTATUYHOTI'O I JUHAMIYHOT'O 30HAYBAHHS
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STATIC AND DYNAMIC PROBING DATA
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AnoTtanis: B po6oTi, Ha OCHOBI aHaJi3y TAOJMYHUX AaHUX SK YMHHUX, TaK 1 KOJIUIIHIX HOPMATHBHUX
JIOKYMEHTIB 3 TUTaHb IHKEHEPHO-TEOJIOTIYHUX BUIITYKYBaHb 1 TPOCKTYBaHHS I'PYHTOBHUX OCHOB 1 (DyHIaMEHTIB
CTHOPYZ Ta JITepaTypHHUX JHKEPET, a TAKOXK BJIACHOTO IOCBily, JA€Thbes TpadivHa i aHaTiTHYHA iHTEepIpeTaris
BU3HAYEHHsSI OCHOBHHX 3Ha4eHb ()i3MKO-MEXaHIYHMX HOPMATHUBHHX 1 PO3PaXyHKOBUX MOKA3HHKIB MIIAaHUX
TPYHTIB 3a JaHUMH MMOKa3HUKIB cTaTnaHOTO (, MIla Ta nuHamiuroro Py, MIla 3om1yBanns. Bukopuctanus
3allPONOHOBAHUX EMIIPUYHHUX AHATITUUYHHX 3aJIC)KHOCTEH NTO3BOJISIE 3HAYHO MPUCKOPUTH OOpOOKY MaHHMX
MMOJIbOBUX 1H)KEHEPHO-T'€OJIONTYHMX BUINYKYBaHb 1 3a0€3MeUUTH OiIbIl 00’ €KTUBHE MOPIBHAHHS CTaHY TaKUX
I'PYHTIB Ha Pi3HUX 00’ €KTaX NpHW NPUUHATTI NPOSKTHUX pillleHb. BOHU TakoX MOXYTh OyTH BUKOPUCTaHI PH
PO3pO0IIi BITYM3HSIHOTO MPOrPaMHOT0 3a0€3MeUeHHs, Y pa3i Horo po3poOKH i BATOTOBIICHHS, I aBTOMAaTH-
HOTO pO3paxyHKY 3HAYCHb ()i3MKO-MEXaHIYHUX MOKA3HUKIB MIMAHUX IPYHTIB. OTpUMaHi aHATITHYHI 3aJIeK-
HOCTI MIPEJCTaBICH] y BUIJIAAl ABOX TaOJIWIb AJS Pi3HUX BHUIIB MIIIAHUX IPYHTIB: OKPEMO JIsl BUIIYKYBaHb
SIK1 37IACHIOIOTHCS 3 BAKOPUCTAHHSM SIK CTATHYHUX TaK 1 THHAMIYHUX 30HAIB. A Tpadiku J03BOSIOTE HAOUHO
TIOPIBHIOBATH IIi 3aJIS)KHOCTI, [0 MOXE HAAaTH HOBHM MaTepiai I MOJANBIINX HAYKOBUX y3arajibHEHb 1
BHCHOBKIB B TajTy3i IPyHTO3HABCTBA i MEXaHIKH IPYHTIB.

Kuro4yoBi cJjoBa: mimaHi IpyHTH, CTaTUYHE 30HAYBaHHS, TUHAMITHE 30HIyBaHHS, TYCTHHA CYXOTO IPYHTY,
KYT BHYTPILIHBOTO TEPTS, IPaj, 3YEIJICHHS, MOYJIb fedopmMariii.
Beryn

Boxe Garato mecsTHIITh MIPH IHKEHEPHO-TEOJIOTIYHUX BHIMTYKYBAaHHAX IS OYAIBHUIITBA OJTHOYACHO
BUKOHYIOTb, IK OypoBi poOoTH A5 BizOOpy 3pa3KiB HOPYIIEHOTO i HE MOPYLIEHOTO IPYHTY, TaK i METOIU
CTATUYHOTO 1 TMHAMIYHOTO 30HIyBaHHS IPYHTIB. Ta depe3 3HaUHy CKIATHICTH BiZOOPY MOHOJMITIB MilTaHUX
IPYHTIB, 0COOJIMBO HUKYE PIBHS IPYHTOBUX BOJ, MPH OLIHII 3HAYEHb iX (Pi3MKO-MEXaHIYHHX IMOKa3HHUKIB Ha
MpakTULi 0€3yMOBHY II€peBary HaJaroTh caMe pe3yJbTaTaM 30HIyBaHHS.

3a 11eif yac Ha OCHOBI y3arajJbHEHHs 0araTboX JOCHIIKEHb OyJIM CKJIaJCHI BIAMOBIAHI TaOIuII, SIKi B
MIEPITy Yepry XapaKTepH3yIoTh YMOBHI MEXI IMepexo/1y MIaHUX IPYHTIB BiJ OJHOTO CTaHY IiIJIHHOCTI JI0 iH-
IIOro 3a IX KOEe(II[iEHTOM MOPUCTOCTI: MyXKi, CepeIHbOl I'YCTHHHM, INiIbHI, Taki, SIK HAMPHUKIA[I MOAaHI y
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[1, c.17]. B memo GinblI po3MIMpeHOMY BHUIJISIIL 1 13 3aiIlydeHHAM KOPENALIHHUX JaHUX II0J0 MEXaHIYHUX
BiacTuBocTer mimanux rpyHTiB ( ¢, C, Ex), BoHM HamaBaluch i y BiANOBIIHMX HOPMATHBHUX JOKYMEHTax
CTOCOBHO 1H)KCHEPHHUX BHUIYKYBaHb JUIsI OyMiBHHUIITBA [2, ¢.92; 5; ¢.27], ane 6e3 MPUMITOK MO0 MOKITUBOCTI
THTEePHOMALIT IMX JaHUX Ui O1bII AETaTbHOTO aHali3y. TOMYy KOPUCTYBaHHS [IMMHU TaOJUISIMUA Y BUPOOHH-
Yiif 1 IPOEKTHHUIA MPAKTHUIII € JOCUTh HE3PYIHOIO CIIPABOIO.

B 11iit po6oTi Oyiia 3pobsieHa crpoba MpeaCTaBICHHS B rpaiqHOMY 1 aHAJITHYHOMY BHIJIS/II JaHUX
EMIIPUYHUX TaOMUYHMX 3 METOIO PUCKOPEHHS 1 MOKPAIEHHsI POOOTH T'eONIOTiB i MPOEKTYBAIBHUKIB 1 MOXK-
JIUBOCTI OLIBIIT 00'€KTUBHOI IIEPEBIPKU TaHUX OTPUMAHUX B peajbHUX YMOBaX po0OTH sIK (yHIAMEHTIB OY/IH-
HKIB 1 iH)KEHEpHHX CIIOPYA, TaK 1 B HACHIIaX aBTOMOOIIBHUX JIOPIT.

OcHoBHA YacTHHA
Ha puc. 1, mojani 3HaueHHs TYCTHHH CyXOr0 IPYHTY, TI[AHUX IPYHTIB Py, T/cM® i KoedinieHTa mopu-
CTOCTI €, 0JI, Ta TIOKa3HWKIB YMOBHOTO JMHAMIYHOTO OIOPY IPYHTIB 30HAyBaHHI0 P, Mlla (Ttabmuis 1) mis
KBApLEBHUX ITiCKiB 3 pg = 2,66r/CcM> y BUITIS1 TOTPOEHOT NIKAIK OPAMHAT.

Tabmurs 1 — EMmipuyHHUX piBHAHB BU3HAYCHHS (DI3MKO-MEXaHIYHUX IMOKA3HMKIB MIIIAHUX IPYHTIB 3a
MTOKa3HUKOM JHHAMIYHOTO 30HAYBaHHs Px, Mia

Table 1 — Empirical equations for the sandy soils physical and mechanical parameters determining
on the indicator of dynamic sounding Pd, MPa

Bua ninanoro rpyHTy PiBHsiHHS

[Ticok rpy0o i cepemHbO 3epPHUCTHI HE3aJISKHO BiJl BOJIOTOCTI pa = 1,41+0,28 I, Pn
@ =12,6 +2837 1, Pn
C=-2,07+3,02 I, Pn
En=4,64+37,4 1, Pn

[Ticox npibHO3EpHUCTHI MaTOBOJIOTHIA 1 BOJIOTHI pa = 1,40+0,25 1; Pn
@ =21,2+13,61;Pn
C=-1,93+4,57 I, Pn
En=0,7+34,0 lg Pn

[Ticox npibHO3EpHUCTHI BOJOHACHICHUN pa = 1,45+0,23 1; Pn

® =998+ 23811, Pn
C=-1,7+3,39 1, Pn
En=5,75+37,79 1, Pn

[Ticok mmTyBaTHI MaJIOBOJIOTHH 1 BOJOTHIA pa = 1,39+0,29 1, Pn

@ =14,80+ 17,221, Pn
C=0,1+5,13 l; Pn
En=-0,58+25,68 l; Pn

Ilicok npiGHO3EPHUCTHII HACHITHUI MAJIOBOJIOTHH i BosorHii Oe3 ywi- | pg = 1,53+0,22 [, Pn
JHHEHHS 1 3 YITUTBHCHHSIM ® =993+ 21,85 lg Pn
C=-0,64+5,38 I, Pn
En=-17,52+73,94 1, P
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3a aHAJIOTIYHOIO CXEMOI0 MOYKHA TOOYyBaTH BiIIOBITHI IOTPOEHI IIKAIU JJIsl TYCTUHU CYyXOTO IPY-
HTY 1 Koe(illi€eHTa ITOPUCTOCTI Ta OTIOPY TPYHTIB 30HIYBAHHIO i1 KOHYCOM CTaTHYHOTO 30Ha ¢, MIIa, 3rigHo
aHuX Ta0IuIl 2.

Tabmwst 2 — EMIipudaux piBHSHE BU3HAUYCHHS (Hi3MKO-MEXaHIYHUX IMOKA3HUKIB MMIMAHUX TPYHTIB 3a
MOKa3HUKOM CTaTUYHOTO 30HAyBaHHs g, MIla

Table 2 — Empirical equations for the sandy soils physical and mechanical parameters determining by
static sounding q, MPa

Bup mimmanoro rpyHTyY PiBHsiHHS

[Ticok rpy0o i cepemHbO 3epHUCTHI HE3aJISKHO BiJl BOJIOTOCTI pa = 1,35+0,31 1; q

@ =1245+17,97 5 q
C=-1,58+295 l; q
En=3,16+36,22 l; q

[Ticok npiOHO3EPHUCTHUI HE 3aJIEKHO BiJl BOJIOTOCTI pa =1,32+0,32 l; q
@ =12,64+21,351,q
C=-3,18+573 Il q
En=-5,0+40,7 1, q

[Ticok nuryBaTHii MaIOBOJIOTUIH 1 BOJIOrHiA pa =1,31+0,35 ;g

@ =1588+ 17,851, q
C=-0,51+5,01 Iz q
En=-7,22+38,44 1, q

[Ticok nmmmyBaTHii BOTOHACHICHHUN pa = 1,38+0,34 1; q

® =16,86+ 18,281, q
C=-1L11+6,0 1, q
En=-0,48+37,41, q

OCKUIBKH B OUTBIIIOCTI peaTbHUX BUMAAKIB BHITYKYBaHb JIOBOJHWTHCS MAaTH CIIPaBy came 3 KBapiie-
BHMH, aJIIOBiaJILHUMH, MOPEHO-30HIPOBUMH 1 ()IIIOBIOTIALIATEHUMH MiCKaMU SIK KONUIIHI, Tak i ynHHI CHull
g [ICTY 103BOJSI0TE HalaBaTH 3HaUCHHS (DI3MKO-MEXaHIYHHMX MOKAa3HMKIB IUX IMICKIB HE3aJISKHO BiJl X BO-
JIOTOCTI, 1110 1I¢ OiMbLIe CIPOIIYE 3aady MiA00py eMIIpUYHUX 3aJIeKHOCTEH Mi’K HUMH Ta TIOKa3HUKaMH CTa-
TUYHOTO YH JJHHAMIYHOTO ONOPY 30HAYBaHHIO.
Sk moka3ye MpoOBEJACHMI aHalli3, BCI LI 3aJISKHOCTI JOCUTh A00pe MiAMOPSIKOBYIOThCS JJorapudMiy-
Hil 3aJI€)KHOCTI THITY:
y=atbl, Pn )
i y=atbl;q )
Jie y — apaMeTp SIKUi BU3HAYAETHCS:
pPq - TYCTUHA CYyXOT0O TPYHTY;
¢ — KyT BHYTPILIHBOTO TEPTS;
C — 3yertenns klla;
En— Monyns nedpopmarii, Mlla;
a, b — eMmipuyHi KoeilieHTH;
Px — omip yMOBHOTO AMHAMIYHOTO OTIOPY TPYHTIB;
q — omip CTATUYHOMY 30HAYBaHHIO ITiJ] KOHYCOM 30H[A.
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TakuM YUHOM, BUXOSYH i3 IPUHHATHX B HOPMATUBHUX JIOKYMEHTaX KOHTPOJBHUX (MEKOBUX) 3Ha-
4YeHb KOe(IIi€HTIB MOPUCTOCTI - €, HE CTAHOBUTH CKJIATHOCTI MiAiOPaTH I KOYKHOTO BUAY MIIaHOTO IPYHTY
BiMOBIAHI IM eMmipu4Hi KoeilieHTH JorapuMidHUX PiBHSIHB, SIK e TIOKa3aHo Ha puc. 1. Jlani HeoOxinHi
TS TOOYI0BY X rpadikiB (111 JUHAMIYHOTO 30HIYBaHHS), TOOTO CTOCOBHO 3HaueHb =f(Pmx) Takox moka-
3aHi y Tabmmmi 1.
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Pucynok 1 — I'padiune nopiBusHasa pekomeraniid unHHEUX (ACTVY) i komumHix (T'OCT) momo omiHku
TYCTHHU CYXOTO IPYHTY: MIIIaHUX IPYHTIB MPUPOHOTO 3aJISITaHHs, METOJIOM JHHAMIYHOTO 30H TyBaHHS
Figure 1 — Graphic comparison of current (DSTU) and former (GOST) recommendations for the assessment
of dry soil density: sandy soils of natural occurrence, the method of dynamic sounding
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Ha puc. 2 maBeneno npukian rpadiqHoi iHTepOpeTalii BA3SHAYSHHS 3Ha4eHb (i3UKO-MEeXaHIYHUX I10-
Ka3HUKIB IpiOHO3EpHUCTHH ITICKIB MaJOBOJIOTHX 1 BOJIOTHUX. EMIipHYHiI aHATITHYHI 3aJIe)KHOCTI JIJIS 1TUX T10-
Ka3HUKIB TaKOXK MIPEJICTABIICH] Y BiJIOBIIHIN YacTHHI Ta0muIi 1.

{06 kpare 3po3yMiTH MEXaHI3M aHATITHYHOI OIIHKHA 3HaYeHb MEXaHIYHUX MTOKA3HHKIB OYIb-IKHX
MII[AaHUX IPYHTIB HAa PHUC. 3 MOJAHO MPHUKJIAA TAKOI OLIHKM IS THX K€ APIOHO3EPHUCTUH MAJOBOJIOTHX 1
Bosorux mickiB. TyT 30B0€HOIO (€, - P, MIla) € mkana abcuuc, a noxasuuku ¢, rpaz, C, klla i Ex, MIla
MPEICTaBJICHI BiAMOBITHUMH BiJJpi3KaMU IIKAIH OPAWHAT. SIK BHIIHO 3 I[LOT0 PUCYHKA Y TAKUH CTIOCIO 3pydHO
MOPIBHIOBATH 1 aHAJII3yBATH JIaHi, 110 MAIOTh B PI3HUX HOPMAaTHBHUX JOKYMEHTax [2, 5] pi3Hi MpeAcTaBIeHHs
T00TO, 00 Yepe3 MOKa3HUK MOPUCTOCTI €, OJ IPYHTIB, Ky y [5], a00 y 3HayeHHsax P, sk y [2].
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Pucynoxk 2 — I'padiuna iHTeprpeTaliis 3Ha4ueHb (i3HKO-MEeXaHIYHUX [TOKA3HUKIB IPIOHO3ECPHUCTOTO MICKY

MOJIOBOJIOTOTO Ta BOJIOT'OTO, TIPHPOAHOTO 3aJISTaHHS
Figure 2 — Graphic interpretation of the physical and mechanical parameters values of low-moisture and wet,
natural occurrence fine-grained sand
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3 puc. 3 qocuth 100OpE BUIHO, STK OCOOIMBOCTI OJTHOTO TaK 1 1HIIIOTO IMiIXO/IB 1 3HUKA€E HEOOXiTHICTIO
inTepnossinii mokaszHukiB ¢, C 1 E 3aBasku MoxIIMBOCTI iX 6e3mocepeTHpOro 00paxyBaHHs yepe3 HaJaHi y il
po6oTi Gopmysir. Binbin TOro, 3aBAsSKHA TaKOMY IIAXOMY 1 3aIPONOHOBAHOMY B [7] HPUHIMITY IIOHEPHOT 1H-
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Figure 3 — Algorithm for estimating the fine-grained sand of low-moisture and wet mechanical properties on
a double scale of abscissa €oq-Pq
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BucHoBkn
Hapnanus 9uHHAM TaONMIHAM HOPMATHBHUAM 3HAUEHHSM MOKA3HUKIB (Di3MKO-MEXaHIYHUX BIACTHUBO-
CTel MilaHuX IPYHTIB, TPa(ivyHOro i aHAIITHYHOTO 3MICTY /JI03BOJISIE HE TINBKH Kpallle yCBIJOMIIIOBATH pea-
JBHAW CTaH TaKUX IPYHTIB B IX MPHUPOMHOMY 3ajsTaHHI YM IMITYYHHX IHKCHEPHUX CIOPYIax, aje i OUThII
MIBUIKO 1 AETAILHO MEPEBIPATH 1X B IPOIIECi TEOTEXHIYHUX BUITYKYBaHb 1 POCKTYBaHHS.
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ASSESSMENT OF PHYSICAL AND MECHANICAL INDICATORS OF SANDY SOILS BY
STATIC AND DYNAMIC PROBING DATA

Lytvynenko Anatoalii Semenovych, route engineer, M.P. Shulgin State Road Research Institute State Enter-
prise — DerzhdorNDI SE, Kyiv, Ukraine. asl.weise@gmail.com, +380676992514, https://orcid.org/0000-
0002-7414-4731

Alieksieienko  Oleksandr Valeriiovych, National transport university e-mail: alexaliek-
sicienko@gmail.com, Ten. +380636039903, https://orcid.org/0000-0002-3796-9929

Annotation: In the work, on the basis of the analysis of tabular data of both current and former norma-
tive documents on engineering-geological surveying and design of soil bases and foundations of structures and
literary sources, as well as own experience, a graphical and analytical interpretation of determination of the
basic values of physical-mechanical normative and calculated indices of sandy soils according to the indicators
of static g, MPa and dynamic RD, MPa probing are given. The use of the proposed empirical analytical de-
pendencies can significantly accelerate the processing of field engineering-geological surveying and provide
more objective comparison of such soils condition at different objects while making design decisions. They
can also be used in the development of resident software, in case of its development and manufacture for
automatically calculating the values of the physical and mechanical parameters of sandy soils. The obtained
analytical dependencies are presented in the form of two tables for different types of sandy soils: separately
for surveying that are carried out using both static and dynamic probes. And the graphs allow you to visually
compare these dependencies, that can provide new material for further scientific generalizations and conclu-
sions in the field of soil science and mechanics.

Key words: sandy soils, static probing, dynamic probing, density of dry soil, deg, grip, deformation
modulus.
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Abstract: Modern calculations of layered plates and shells in a three-dimensional formulation are based
on a technique where the distribution of the desired functions over the thickness of a structure is sought by the
method of discrete orthogonalization. In this article, based on the approaches developed by the authors, the
thermally stressed state of layered composite shallow shells with a rigidly fixed lower surface is analyzed. The
distribution of the desired functions over the thickness of the structure is found based on the exact analytical
solution of the system of differential equations.

An approach to the study of the thermal stress state of shallow composite shells is considered, and an
analytical model is constructed for calculating the thermal stress state of shallow shells on a rigid base with a
sliding contact of the layers. Currently, this is a very urgent task when calculating the pavement of bridges. A
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feature of this approach is the assignment of the desired functions to the outer surfaces of the layers, which
allows one to break the layer into sublayers, reducing the approximation error to almost zero. Using the model
in question, an analysis of flat layered composite shells on a rigid base with a sliding contact of the layers
under the influence of temperature loading was carried out.

To build a spatial model, a load option is selected with temperature loads (according to the sine law)
and boundary conditions (Navier), which lead to the distribution of the desired functions in terms of a plate
with trigonometric harmonics of the Fourier series. A polynomial approximation of the desired functions by
thickness is involved.

Using the model in question, an analysis of flat layered composite shells on a rigid base with a sliding
contact of the layers under the influence of temperature loading was carried out. The considered example
showed that the proposed model provides sufficient accuracy in the calculations of layered shallow shells when
considering each layer within one sublayer.

The proposed approach can be used as a reference method for testing applied approaches in calculating
various stress states of layered flat composite shells.

Key words: temperature loads, tangential loads, thermo-stressed state, layered composite shells, semi-
analytical finite element method.

Introduction. Calculations of layered plates and shells in a three-dimensional setting, including calcu-
lations for temperature effects, are most fully presented in [1]. Modern similar calculations are based on a
technique where the distribution of unknown functions over the thickness of the structure is sought by the
method of discrete orthogonalization.

In this article, based on the approaches developed by the authors, the thermally stressed state of layered
composite sloping shells with a rigidly fixed lower surface is analyzed. The determination of the distribution
of the unknown functions over the thickness of the structure occurs on the basis of an exact analytic solution
of the system of differential equations.

1. Construction of the solution
In order to construct a spatial model, the variant of the loading by the temperature load (by the law of
the sinus) and the boundary conditions (Navier) is chosen, which leads to the distribution of the desired func-
tions in terms of the plate by the trigonometric harmonics of the Fourier series. The polynomial approximation
of the desired functions in thickness is involved.
The layered structure in the Cartesian coordinate system is considered. The faces of the layers are evenly

spaced at a certain distance and have zero curvature of the torsion & 12 = (0 . The variability of the main
curvature is neglected k ]] =const ; k 22 = const . The construction is rather slender, that is, for the coef-

ficients of the first quadratic form should be taken A4 1= 1; A )R 1 . 1t is assumed that the radii of curvature
are considerably larger than the thickness of the structure and its outer surfaces have the same curvature, it is
also possible to write [ + k 1125 I1+k 22Z R 1 . The introduced restrictions allow us to identify the curvi-
linear system of orthogonal coordinates with a planar orthogonal coordinate system. The X axis (lower index

1) and Y (lower index 2) are directed in the plan view, Z axis (lower index 3) for its thickness down; aj_j,

aj. — coordinates of external surfaces of k-th layer of the plate along the Z-axis; a comma at the level of the

index means a differentiation operation.
The vector of displacement, transverse components of the stress tensor, as well as the temperature dis-
tribution in the following form are depicted:
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U (x,0.2)=y ) xy) 7 2):
X xyz)=cF xy) 115 02):
T (xy.2) =t () 1 (2).i=123) 1)

Using the Cauchy relations, as well as representing the displacements and transverse stresses (1), ex-
pressions for deformations:

o) =y (0) f(0) () g6,
= 155
2=V 1V
26 =y {0 f15 v 15 =12 @
Hooke's law and relations for deformations (2) make it possible to determine the longitudinal compo-

nents of the stress tensor 0-9 I) , gg;) (7( ) with allowance for the temperature loading (1).

o =B Vi 1 kv 18+ B o 5+
tkpa V) £+ B 2R £ oy BOK) s BOE )i x,y) 90 2):

o =BE V1 kv 18+ BE v 1 ko v 1)
+BS/§) gg)f(k)_(a] B(k)_|_a2 B(k))t(k)(x’y)fgk)(z);
(k) G(k)(V(k)f(k) V(k)f(k) 3)
Substituting the expressions for deformations (2) and deformations (3) into the variational Reissner

principle, following [2], we obtain a resolving system of equations and corresponding boundary conditions.
For articulating support (the Navier boundary conditions), if the external loads are given by the following law:

mx | 7my mx . 7my
qB(x y,ag)=q; ;€08 ——sin——; qB(x V.ay)=q;,c08——sin——;
a b a b
mx  7my mx  7my
q23(x y.ag)=q,;sin——-cos—=—; q23(x Vily ) =(q4,Sih——cos ——;
a b a b
mx . 7my . mx . 7my
q33(xya0) q 38— » smT; qz3(x,y,an):q32szn7szn7;
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The distribution of the unknown function in the shell plan is represented thus:

V1 > V2 773 P b 5

BRRE a b
ng)=z'gl§)=5inMSin@? {5 = sin ™ in 7Y
a b a

Then the equilibrium equations for the orthotropic layered shell and the known steady-state heat con-
duction equation, which, in the framework of assumptions about the flatness of the shells, coincides with the

well-known equation for the plate

(k)qp(k)  (k)m(k)  H(k)p(k) _
AP Ty T Ay Ty + Ay T 557 =0
with considering ng) (x,v,z)=-— l‘(k) (x,y )ﬂ,gk) f gk3) (z ) are transformed as follows:
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The solution of system (4) is found in this form: fz(k) = z(k) e,B = (i=1....8).

The roots of the system of characteristic equations can be real, as well as complex, and

A6 2 k)2
B _ gl |1 ( j 2 ( y)
S la) aols )

Now the solution of the system of differential equations (4) can be represented as follows:

(k) (k) (k)
1=l e e ) 0 A2l o A
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_glk), _g(k), (k)
( (k)
C(k) (k) B C(k) (k) 7z,

k- C(") () 512 o) () P

k
14 = otk k) WSS O ul e #7216

The constants of integration (' l( ) ,i=1,....8 are found from the conjugation conditions of the

layers.
2. Results of numerical studies
As an example, the thermo-stressed state of a three-layer hollow shell with the following physical-

mechanical characteristics ~ was considered: EO =1 MPa; E (1) =172-1000- EO;

EYV =B =6,9-1000-Ey; GIY) =G1Y =3.45-1000- E); GLY =138-1000- E):

(1) _ (1) _ (1) _ _ . (1) v
o (1) B

A=A 08— a, =1° ol =80-107°

2 3 m - deg 0 1

05(]) —Ol(]) 2163,0-]0_6 - ap; h(l) :ﬁ (hz]m). The second layer, the thickness
2 3 0 4

h
h(Z) = 3 , identical to the first, but turned to 90°, the third layer is similar to the first, 4 /h=35 (a= b

).Thermomechanical contact of the layers is perfect. The plate is loaded on the upper surface with a temperature

distributed by the law of the sinus 7 g31~= 50-Ty (To= 1°).The bottom surface temperature of zero

8-(h/5
T,32=0. Curvature of the shell kjj=xkrl; ky ==xkr2 (krl :g;
4 (a+b)/a
8-(h/5) . - o
= ————"). The calculation was made when considering each layer within a single sublayer. The
(a+b)/b

value of temperature at the boundaries of the layers with consideration of each layer within a single sublayer:
50; 35.0164; 10.7681; 0.

Table 1 shows the dimensionless values of displacements, [/ ;= Ui 7
h-a, T)-10
U 3= Us 3 as well as stresses G;; = ©11 and G,) = _ %2 on the
h'ao'TO']O ao'TO'EO ao'TO'EO

boundaries of layers of a tight shell with sliding contact of layers and with a rigidly fixed bottom surface.
Considered the variant with negative and positive curvature (Z axis is directed downwards).
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Table 1 - Dimensional values of displacements and stresses on the boundaries of layers with sliding
contact of layers and with a rigidly fixed bottom surface.

Tabauws 1 - Po3mipHi 3HaUeHHS 3MillIEHB 1 HAMIPY>KEHb Ha ME3Ki LIapiB 3 KOB3aI0UUM KOHTAKTOM IIapiB
1 3 )KOPCTKO 3aKPIIICHOIO TTIOBEPXHEIO JTHA.

Ne = = — —
layer Uy Us o1l G22
k]] Z—kl’]; k22 =—kr2
1 -5.213 -4.195 4.858 -23.06 -5.213 -4.195 4.858 -23.06
-.5504 -2.317 -31.74 -9.230 -.5504 -2.317 -31.74 -9.230
2 -41.16 -2.317 -20.98 2993 -41.16 -2.317 -20.98 2993
-35.56 -.2969 3.459 -6.160 -35.56 -.2969 3.459 -6.160
3 -.5330 -.2969 -10.14 -11.48 -.5330 -.2969 -10.14 -11.48
0 0 2694 2177 0 0 2694 2177
kIIZkI”]; k22=kl’2

1 -8.394 -4.113 -6.854 -24.51 -8.394 -4.113 -6.854 -24.51
-3.677 -2.235 -23.25 -9.730 -3.677 -2.235 -23.25 -9.730
2 -41.76 -2.235 -21.96 -11.07 -41.76 -2.235 -21.96 -11.07
-36.27 -.2631 3.482 .0909 -36.27 -.2631 3.482 .0909
3 -.5831 -.2631 -13.00 -11.85 -.5831 -.2631 -13.00 -11.85
0 0 -.0644 -.0521 0 0 -.0644 -.0521

Conclusions. The approach to the investigation of the thermally stressed state of layered composite
shells is developed and a spatial model for calculating the thermally stressed state of flat shells on a rigid basis
with sliding contact of layers is constructed. At the present time, this is a very topical task when calculating
road pavement bridges. The peculiarity of such an approach is to assign the desired functions to the outer
surfaces of the layers, which allows the layers to be broken into substrates, reducing the approximation error
to practically zero. Using the considered model, an analysis of flat layered composite shells on a rigid basis
with sliding contact of layers under the influence of temperature load was carried out. The considered example
showed that the proposed model provides sufficient accuracy in calculations of layered flat shells when con-
sidering each layer within a single sublayer. The proposed approach can be used as a reference in the testing
of applied approaches.
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Anotanis: Cy4yacHi po3paxyHKH MIapyBaTHX IUIUT 1 000JIOHOK B TPUBUMIPHIH MOCTAaHOBL 3aCHOBAaH1
Ha METOJIHII, Ie PO3MOALT IIyKaHUX (DYHKIIIH [0 TOBIIMHI KOHCTPYKIIT PO3MIYKYETHCS METOIOM AMCKPETHOT
opToronamizauii. B naHiif craTTi Ha OCHOBI MiAXOiB, PO3POOJICHNUX aBTOPaMH, TPOAHATiI30BaHHUI TEPMOHAII-
PY’KEHHH CTaH MapyBaTUX KOMIIO3UTHHX MOJOTUX 00OJIOHOK 3 )KOPCTKO 3aKPIIUICHOIO HIKHBOO TIOBEPXHEIO.
3HaXOHKEHHS PO3MOALTY IMTyKaHUX (DYHKITIH 1O TOBIIMHI KOHCTPYKITIi BiTOYBa€ThCS HA OCHOBI TOYHOTO aHa-
JITUYHOTO PilIEHHS CUCTEMH JU(epeHLiaIbHIX PiBHSIHb.

PosrnsuyTHii MaXig 10 TOCTiHKEHHS TEPMOHAIPYKEHOTO CTaHY MOJOTHX KOMITO3UTHHUX O0OJIOHOK
Ta TOOY0BaHO aHANITUYHY MOJIEIIb AJIsl pO3paxyHKY TEPMOHAIPY>KEHOT'O CTaHy MOJOTHX 000JIOHOK Ha XKOp-
CTKill OCHOBI 3 KOB3aI0YMM KOHTAaKTOM m1apiB. Ha TenepimHiii 4ac 11e € BenbMuU akTyajibHa 3a7a4a Mpu po3pa-
XYHKY JTIOPOXHIX TTOKPHUTTIiB MOCTiB. OCOOIMBICTIO TAKOTO MiAXOAY € BiTHECCHHS ITyKaHUX (QYHKIIIH IO 30B-
HIIIHIX TOBEPXOHb 1IAPiB, IO T03BOJISIE PO30MBATH IIAPU HA MigMIapH, 3MEHIIYIOYH MMOXUOKY almpoKcUMallii
HPaKTHYIHO IO HyIs. 3 BAKOPUCTAHHAM PO3TILIHYTOI MOJIEIi TPOBECHUH aHaIi3 TTOJIOTHUX IIapyBaTHX KOMIO-
3UTHHUX 00OOJIOHOK Ha YKOPCTKiH OCHOBi 3 KOB3al0OUMM KOHTAKTOM ILIApiB IIiJ BIUIMBOM TEMIIEpaTypHOIO HaBa-
HTaKCHHSI.

s moOyn0oBH TTPOCTOPOBOT MOCII BUOMPAETHCS BapiaHT HaBAaHTAKCHHS TEMIICPATYPHUM HaBaHTa-
KEHHSIM (32 3aKOHOM CUHYca) 1 rpaHnyHUX yMOB (Hag'e), skuii mpu3BOIUTE A0 PO3MONITY IIYKaHUX (QYHKIIH
B IUIaHI IUTUTH 32 TPUTOHOMETPUIHUMH rapMoHiKaMu psaxy Dyp'e. 3amydaeThbes oTiHOMIaTbHA alPOKCUMAITIS
IIYKaHUX (PYHKIIH 10 TOBIIXHI.
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3 BUKOPHUCTAHHSAM PO3IIISTHYTOT MOJIeNTi MPOBEICHUI aHalli3 MOJOTHX IapyBaTUX KOMIO3UTHHUX 000-
JIOHOK Ha YKOPCTKiil OCHOBI 3 KOB3aIOYMM KOHTAKTOM INapiB i BIUIMBOM TEMIIEPATYpPHOTO HABAHTAKCHHS.
PosrasiHyTHI pUKIan 3aCBiAYMB, IO MPOIIOHOBAaHA MOJIENb 3a0e3euye JOCTATHIO TOUHICTD B pO3paxyHKax
NIapYBaTHX MOJIOTUX 000JIOHOK MPH PO3TJISIaHHI KOKHOTO IIapy B paMKax OJIHOTO IiIiapy.
3anponoHOBAHMH TiIX1T MOYKE 3aCTOCOBYBATHUCS Y SIKOCTI €TAJIOHHOTO METOY TIPU TECTyBaHHI MPH-
KJIQJHHX IT1IXOJIB B pO3paxyHKax Pi3HUX HAMPYKCHHUX CTaHIB IIapyBaTUX MOJOTUX KOMIO3UTHUX 000JIOHOK.
Kuro4oBi cjioBa: TemmneparypHi HaBaHTa)KCHHS, JOTUYHI HABAHTAKCHHS, TCPMOHAIIPYKEHUH CTaH,
[1apyBaTi KOMIO3UTHI 000JIOHKH, HAIliBAaHAJITHYHUN METO/ KiHIIEBUX €IEMEHTIB.
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Abstract. In various static stamp tests methods, both foreign and Ukrainian, it is foreseen to use a
different number of sensors for stamp settlement measuring.

Austrian method with three displacement sensors allows to reveal the stamp warping while loading, but
it is unclear how to determine the settlement in the stamp center, when the sensor readings at the moment of
warping will be completely different. The German method with a single displacement sensor is much simpler,
but does not consider the stamp warping. The use of Ukrainian methodology is not appropriate at all, because
two displacement sensors do not allow to observe the stamp warping.

The article is focused on mathematical model for the displacement of stamp points in road structures
static testing development with theoretical justification of necessary and sufficient number of sensors for stamp
settlement measuring.

Initially, the stamp displacement under warping in a flat deformed condition is considered as a rotation
on a certain angle a and a parallel transfer.
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It has been established that in this case, the stamp settlement with enough accuracy for engineering
practice can be measured with a single displacement sensor installed in the stamp center.

In fact, the stamp can rotate not only around the axis O,, but also around the O, axis. Therefore, a
separate mathematical model is constructed and describes the process of stamp displacement while it’s warping
in a volumetric deformed condition.

The developed mathematical model provides an opportunity to determine the settlement in the stamp
center, necessary for the modulus of elasticity calculation or modulus of deformation in the case when the
stamp at the warping moment will rotate both around the axis O, and around the O axis, and the rotation angles
o and S will be significant.

Keywords: road structure, static stamp tests, displacement sensors, stamp warping, settlement in the
stamp center.

Introduction. One of the most objective methods of road structures condition assessing and their layers
is the plate bearing tests in which the load is transmitted through a rigid stamp and the vertical deformation
(full or elastic) is measured before or after the load is removed. According to the defined full or elastic deflec-
tion, respectively, is the deformation module or modulus of elasticity, which are the main indicators of layer
deformation or road structure as a whole.

Materials and methods. Different methods of static plate bearing tests, both foreign and Ukrainian,
provide different number of displacement sensors use for stamp settlement measuring (Fig. 1).

) v b )

Q Q
Q S
S &

4
1 —sensor Ne 1; 2 — sensor Ne 2; 3 — sensor Ne 3; 4 — rigid stamp

Figure 1 — Schemes of displacement sensors placement by the methodology: a) ONORM B 4417
(Austria) [1-5]; 6) VBN V.2.3-218-186-2004 (Ukraine) [6]; B) DIN 18134 (Germany) [1, 7]

Pucynok 1 — Cxemu po3MillieHHs JaTYUKIB mepeMimens 3a Metoaukoio: a) ONORM B 4417 (Asc-
Tpist) [1-5]; 6) BBH B.2.3-218-186-2004 (Ykpaina) [6]; B) DIN 18134 (Himeuuuna) [1, 7]

Austrian technique use with three displacement sensors [ 1-5] (Fig. 1, a) reveals skewing of stamp during
loading, but it is unclear how to determine the settlement in the stamp center when the sensors are completely
different at the moment of warping. The German technique with a single displacement sensor [1, 7] (Fig. 1, ¢)
is much simpler but does not take into account the stamp warping. The use of the Ukrainian methodology [6]
(Fig. 1, b) is not advisable at all, since the two displacement sensors do not allow keep a close watch on stamp
warping.

The aim of work is to develop a mathematical model of the displacement of stamp points during static
tests of road structures and to substantiate theoretically the necessary and sufficient number of sensors for
stamp settlement measurements.

Results and Discussion. In the flat case of stamp displacement during its warping, it can be considered
as a rotation at a certain angle a and a parallel transfer (Fig. 2).
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Figure 2 — Stamp replacement during its warping in a flat case
Pucynox 2 — [lepemiteHHs mtaMIia Py MepeKoci B INIOCKOMY BHTIAIKY

Then in the system xOz the coordinates of point M:

x,, =l-cosa,
" (1

z,, =l-sina.

If « 0 1, then:

sina =«a,
cosa =1, ()

tga=«a,

hence OM=1.

In this case, the settlement in the stamp center can be calculated by equation:

S +8, +5, 3)
i 3 b
where S,.I S, 955 —readings of displacement sensors arranged as shown in Fig. 1, a.

In this case, the parallel transfer is not very interesting because all the points move by the same value.
In the more general case, when the point M does not lie on the Ox or Oz axis (Fig. 3):

Zqg

V4
Figure 3 — Coordinate conversion when axes are rotated
Pucynoxk 3 — IlepeTBopeHHsI KOOPIUHAT IPH ITOBOPOTI Oceit
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Hence:
x,=1-cosp,
z, =1-sing,
“4)
x=1[-cos(a + @),
z =[-sin(a + @).
Then:
xX=x,-cosa—z, -sina,
(5)

z=x,-sina+z, -cosa.

Denote the matrix:

D
I
7\
Nox
;./
s
I
7\
QN QR
;‘/
o
|

cosa -—sina
‘[ J (6)

sina cosa

Then we have the matrix equation:
X=4-X. @)

a

Matrix 4 is not degenerate, so it has an inverse matrix that can be represented as:

cosa sina
A =( j (8)

—sina¢ cosa
Then
x =A"x, )
or we can write:

X, =x-cosa+z-sina,

(10)

Z,=—x-sina+z-cosa.

In fact, the stamp can rotate not only around the Oy axis, but also around the Ox axis (Fig. 4).
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Figure 4 — Stamp replacement during its warping in a spatial case
Pucynok 4 — TlepeMillieHHs MITaMIIa MPH MEPEKOCi B IPOCTOPOBOMY BHUIIAIKY

In this case, the results of 3D modeling of stamp warping in the PC «AutoCAD» indicate that in this
case, the dependence (3) will already be incorrect (Fig. 5).

Figure 5 — Results of 3D simulation of stamp warping in PC «AutoCAD»
Pucynok 5 — Pesynerat 3D mMozpemoBanHs nepekocy mramia B [IK «AutoCAD»

Then we can get equations similar to (5) and (10) to move from one coordinate system to another. The
obtaining formulas will include both angle « and angle 5.

In practice, it is very difficult to determine which angle the stamp will return with respect to the Ox axis
and relative to the Oy axis (Fig. 6), since the behavior of the stamp is completely unpredictable.

Figure 6 — Stamp warping at soil base tests conducting
Pucynok 6 — [lepekoc mrramma npu npoBeicHHI BUITPOOYBaHb IPYHTOBOI OCHOBH

Therefore, there are difficulties in solving the system of equations with two unknowns a and f. There-
fore, let us consider another model of finding the stamp warping of central point O.

We assume that in the undeformed condition the stamp is in the plane z = 0, and at points 4, B, C there
are displacement indicators (Fig. 7).

HayxkoBo-TexHiganx 30ipHUK «ABTOMOBUIBHI JOPOT'Y 1 JOPOXKHE BYAIBHULITBOY http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).

AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
39



BYJAIBHULNTBO TA INBIJIbHA TH’KEHEPIA

B
7900
o X
NNS) A
S
C

¥
Figure 7 — The position of displacement indicators on the stamp in the deformed condition

Pucynok 7 — ITonoxxeHHs iIHIMKATOPIB MIEpEMilleHHs Ha IITaMIli B Heie()OpMOBaHOMY CTaHi

From here we can determine the coordinates of points 4, B and C in space. Under load, the stamp settles
and warps. The points 4, B, C are shifted in space along the axis of O: by the values z4, zs, zc respectively.
These replacements are determining by indicators. It is known that through three points that do not lie on one
line, you can draw a plane and only one. The equation of this plane can be written as:

X-x, y-y, z-z

Xg =Xy Vp— V4 Zp—Z, =0. (11)

Xe =Xy Ve= V4 Zc72

Y, =Y, Z,7Z% 4
(x_xA)'

xb’_xA yﬁ_y/‘t

+(z—-z,)-

=0, (12)
y(' - yA ZC - Z/l xL - x/l ZL - Zi xC - x.'i y(' - y/i
or
(x_xA)'((yB _yA)'(ZC _ZA)_(ZB _ZA)'(yc _yA))_
_(y_y,,1)'((x3 _xA)'(ZC _ZA)_(ZB _ZA)'(XC _xA))+ (13)
+(Z_ZA)'((XB _xA)'(yc _yA)_(yB _yA)'(xc _xA)) =0.
Having opened the brackets, we obtain the equation of the plane, which can be written in the form:
A*x+B*.y+C*z+D*=0. (14)
Before deformation, the points were lying on a plane z = 0, normal vector of that plane
n, ={0,0;1}. (15)
After deformation, the points have passed to the plane (2.14), normal vector of this plane
n, ={A* B*C*}. (16)
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The angle between planes z = 0 and (14) is equal to the angle between the vectors ;zl and ;z: (Fig. 8).

7, A*x+B*y+C*z+D*=0

A
| Y z=0

Figure 8 — Angle between stamp planes before and after warp
Pucynok 8 — Kyt Mixk IiongHaM#u 1Tamria Jo0 1 micis mepexocy

Let's find this angle:

cosy = =—=. (17)
] ]

Finding the dot product and the modules of corresponding vectors, providing that angle is sharp, we
obtain:

€

cosy = . (13)
NA*® +B* +C*

The plane of stamp before deformation Z = 0 will intersect with the plane after deformation (14) along
a straight line lying in the plane xOy (Fig. 9):

A*x+B*.y+D*=0. (19)

Figure 9 — The location of the intersection of two planes in the plane xOy
Pucynok 9 — PosramryBanHs npsiMoi IepeTHHY IBOX IUIOMIMH B IUIOMHKHI XOy

The distance from the stamp center point O in the undeformed condition to the straight line (19) is
found by equation:

d_|A*~xU+B*-yU+D*|

P (20)
A*¥ +B*

Accordingly, the settlement in the stamp center of the OO" will be:

00'=d -1gy. (21)
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Conclusions and Recommendations. Therefore, analyzing the presented research results, we can con-
clude that by suggested mathematical model using [8], it is possible to determine the settlement in the stamp
center necessary to calculate the modulus of elasticity or deformation modulus, in which case the stamp will
rotate around the axis Oy and around the Ox axis, and the angles of rotation o and § will be significant.

In the case when the stamp rotates only around the Ox or Oy axis, or when the angles a and S are
insignificant, the dependence (3) is fair and the stamp settlement with sufficient engineering precision can be
measured by a single displacement sensor mounted in the stamp center.

In order to estimate the angles values on which can actually rotate the stamp during warping, as well as
to determine definitively enough sensors when making measurements, it is necessary to conduct experimental
studies.
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AHoTaif. B pi3HIX METOANKAX CTATHYHHX [ITAMIIOBUX BUMPOOYBaHb, SIK 3aKOPJJOHHMX, TaK 1 YKpaiH-
CBKiii, mepen0adyeHo BUKOPUCTAHHS Pi3HOI KiTBbKOCTI NATYMKIB MEPEMIIICHb JJIsi BUMIPIOBAHHS OCiIaHHS
nrama.

BukopucTaHHS aBCTPIACHKOI METOIUKH 3 TPhOMA JATUNKAMH MEPEMIIIEHb JO3BOJISE BUABUTH TIEPEKO-
ITyBaHHS IITaMITa TIPH HaBAaHTAKEHHI, ajie He3p03yMiJIO, SIK BU3HAYUTH OCIAaHHS B IICHTPI IMITaMIIa, KOJIH T10-
Ka3aHHS JaTYMKiB B MOMEHT epeKoCcy OyayTh aOCOOTHO pi3HUMHU. HiMellbka METOUKa 3 OJHUM JaTYHKOM
nepeMillieHHs Habarato MpOCTillia, aje He BPaxOBYe MEPEKOIIYBaHHS IITaMIia. BUKOpHUCTaHHS YKPaTHCHKOT
METOIMKH B3araji He MOIUIbHE, OCKUIBLKY /1B JaTIUKH IEPEMIlIeHb HE Taf0Th 3MOTH BiJICIIAKYBaTH MEPEKOC
nIrama.

CratTs mpucBsiIeHA PO3pOOITl MAaTEMAaTUIHOI MOJIEIi TIEPEMIIIICHh TOYOK IITaMIIa TIPH CTATHYHUX BU-
MpoOyBaHHAX JOPOKHIX KOHCTPYKITIH 3 TCOPETHIHNM OOTPYHTYBaHHSAM HEOOXiTHOT Ta JOCTATHHOI KiTLKOCTI
JATYVKIB IS IPOBEICHHS BUMIPIOBAHb OCiTaHHS IITAMIIA.

CroJaTKy pO3TJISHYTO MEPEMIICHHsI IITaMIIa Py MePeKoci B MIOCKOMY JaeGopMoBaHOMY CTaHi SIK
MOBOPOT Ha JESIKUI KyT ¢ 1 MapajelbHUi IepeHOcC.

BcranoieHo, o B TaKOMY BUITAJIKy OCIZIAHHS IITaMIa 3 IOCTATHBOIO ISl iIHKESHEPHOT MPAKTHKHU TOY-
HICTIO MOYKHA BUMIPSTH OJTHAM JaTYUKOM IIEPEMIIICHHS, BCTAHOBIICHUM B IIEHTPI IITAMIIA.

B niiicHocTi mtamn Moxe o0epTaTucs He TUIBKK HaBKoo oci Oy, a i HaBkoJo oci Ox. Tomy, modymo-
BAaHO OKpEMY MaTeMaTHIHY MOJIETh, SIKa OMHUCYE MPOIIeC TIEPEMIIICHHSI IIITaMIIa TIPH TIEPEKOCi B 00’ eMHOMY
ne(OpMOBaHOMY CTaHi.

Po3po0bieHa MaTeMaTHYHA MOJIENb JIA€ 3MOT'Y BU3HAUUTH OCIiIaHHS B IICHTPI ITaMIia, HEOOXiqHE ISt
pO3paxyHKy MOAYJIS MPYKHOCTI 94U MOAYS Aedopmaltii, y BUIAAKY, KOJIW IITaMIT B MOMEHT TIepeKocy Oyre
obepratucs siK HaBKoJo oci Oy, Tak 1 HaBKoJIO oci Ox, a KyTH IOBOPOTY o Ta f OyAyTh 3HAUHUMH.

Kuo4oBi cioBa: 1opoXHS KOHCTPYKITiS, CTATUYIHI MITAMIIOBI BUIPOOYBAaHHS, NTaTIYUKU TICPEMIIICHbD,
MEPEKONTyBaHHS [ITaMIIa, OCITAHHS B IICHTPI IITAMIIA.
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AHoTanisi. B po0oTi onmcano npoliec BBEACHHS B KOMIT'TOTEp TEXHIYHOI pacTpoBoi iHopmariii i3 na-
MEPOBHUX 1H)KEHEPHO-TEOJIOTTYHUX KapT, IKUMHU CYMPOBOKYETHCSI PEKOHCTPYKIIisl TPAaHCIIOPTHUX KOMYHIiKa-
. IIpornonyeThcs hopmatizyBaTH MPoOLeC aBTOMATUYHOTO BBEACHHS Ta O PyBaHHSI TEXHIYHOI iHpOpMa-
1ii 13 BUKOpUCTaHHIM KapTorpadiunoi reorpadiunoi inpopmaniiinoi cucremu (I'IC) 3aransHoro npusHadeHHs
Maplnfo Professional. [Toka3zaHo, 110 TeXHOJIOTIisS POOOTH 110 PaCcTPOBIH MiAKIAILI T03BOJIAE KOMOIHYBATH SIK
PacTpOBi, Tak 1 BEKTOPHI miapu. Taka ornepariist 3Ha4HO 301J1bIIY€E TOUHICTH 1 IIBUAKICTD OLU(BPYBaHHS BX1IHUX
naHux. Buseneno, mo takuii crocid onudpyBaHHs He BUMarae 3ay4eHHs 30BHIIIHIX CIeNialbHUX MPUCTPOIB
JUTSL TIEPEHECCHHS 1H(pOopMaIlii i3 manepoBoi 0CHOBH y 1udpoBy Gopmy. 3amporroHOBaHO BUKOPHCTOBYBATH
Ui onM(pyBaHHS HAHECEHI Ha KapTy TOYKOBI 00'€KTH (CTaHIil, MyHKTH BUMIipIOBaHb, CIIOCTEPEKEHb 1 3Ha-
YEHHS TIOKa3HUKIB TEXHIYHOTO MOHITOPHHTY, TOIIO) a HEe caMi 13071iHii. CyTTEBOIO MEPEBAro0 € i BUKOPHC-
TaHHS MMPaBOi MPSIMOKYTHOI CUCTEMH KOOPAMHAT Ta CYIIBHOI KOOPINHATHOI MPUB'SI3KHA TOUOK.

Kuaro4dosi ciioBa: OuudpyBanus, kaprorpadis, reoJie3uyHa OCHOBA, KOMITTOTEPH3aLlis.

Beryn

OCHOBY IIPaKTHYHO BCiX IHKEHEPHUX PEKOHCTPYKIIIH Ta HOOYI0B, TEOPIH 1 TIIOTE3 Y PI3HUX 001aCTIAX
TPAHCIIOPTHOI TaTy31 TPAIUIIIHHO CKJIAIAI0Th PI3HOMAHITHI KapTOCXeMH, Tpadik, JiarpaMu Ta iHKEHEpHI Ha-
pucu. Jlo HUX BITHOCSATH KapTH apXiTEKTYpHi, CXeMH iH)XKCHEPHUX KOMYHIKallii, TPAaHCTIOPTHUX PO3B'SA30K,
tomo. OKpeMUM KJIaCOM IIPOXOISATH KAPTH Ta TUIaHU iHKEHEPHO-TEOJIOTIYHO OCHOBH: T€OJIOTIUHI, TEKTOHITHI,
pi3HOMaHITHI reodi3uyHi, TeoXiMiuHi, €KOJOTiYHi TOIIO.

Kpim Toro, mpu 06poO11i faHUX pAy iH)KEHEPHUX BUIIYKYBaHb MPU OYAIBHULTBI Ta pEKOHCTPYKILIH
TPAHCIIOPTHUX KOMYHIKAIA Ta MIIAXIB CIIOIYYSHBb Pi3HOTO PiBHIA, SIK Y MICBKiH iHQpACTPYKTYpi, TaK i 30BHI
MararoJiciB, a TAKOX Y CyIIPOBO/Ii F€0JI0T0-reo(i3HIHUX METOIB IUPOKO BUKOPHCTOBYIOTHCS TONOTrpadiuHi
KapTH.

3o0kpemMa, HailvacTille OCHOBOIO JUISl MiATOTOBKM KOHAMLIHHHUX iH)XKEHEPHO-KapTOrpadivHuX OCHOB
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JUIS1 IOJAIBIIOro OQOpMIIEHHS MicTOOYIiBHOI Ta KaJacTpoBoi JOKyMEHTaMii mo0 TpaHcdopMarii Tpancmo-
PTHUX MEpEX HEPiIKO BUKOPHUCTOBYIOTH SIK BUCOKOTOUYHI TomorpadivHi AaHi, Tak i MEpBUHHI MaTepialiu reo-
JIE3UIHOTO 3HIMAHHA. A JUIsI OCOOIMBO BKIMBUX KOMYHIKAIH, SKi BITHOCATH 10 KOMYHIKAIliii HAWBHUIIIOTO
paHry, a TaKoX Ti, 1[0 3aCTOCOBYIOTHCS IS MiATPUMAaHHS JepKaBHOI MEpeki CIeLialbHOrO 3B'SI3Ky Ta AJIs
moTped BiMICHKOBOI I'ajy3i, BAKOPUCTOBYIOTH 1 JIaHi, BII3HATI a00 OTpUMaHi 13 KapT CHUIIH TSKIHHS a00 1HIITHX
HaBIraIlifHUX €JIEMEHTIB MMOAI0HOTO PiBHS.

3yNMHUMOCH OKPEMO B CBOEMY aHaNli3l Ha iHTepIIpeTalii KapT, OTpUMaHMX 3a AaHUMH TpaBiMeTpii.
Tak, panimie mi KapTH OTPUMYBAJIHU IUIIXOM TPOBEIACHHS JCTATLHAX TPaBIMETPHUYMX 3HIMAHb Ta aHAJI3y U
y3arajabHEHHsI MacHBi 3BeIEHHUX )KypHaIiB criocTepexeHs. Ha ix ocHOBI hopMyBany BETUKOPO3MipHI MaTpHLI
CIIOCTEPEIKEHb Y BUIJISAAI CTPYKTYpOBaHHMX TaOmuib. [l eniMiHaIii HOXHOOK BUMIPIOBaHb Ta METOAY B IIi
MAaTpPHIli BBOIATHCS MOTIPABKH 3a PENbed) MICIIEBOCTI, @ Pe3yJIbTaTH 3HOMKH MPEIACTABIISIOTE Y BUTIISAIL cepil
rpagikiB 3MiHI aHOMAJIIH CHJIM TSDKIHHS 32 MPOQIISIMH CIIOCTEPEKEHb 1 KapT 130aHOMAJI.

Ha xapTy HaHOCATB IIyHKTH CIIOCTEPE)KEHb 1 3HAUCHHS aHOMaJIill Ha ONOPHHUX 1 PSAOBUX IIyHKTax. B
JaHil poOOTi OMUCYETHCA TEXHOJIOTISI BBECHHS B KOMITTOTEp iH(opMarii, IpecTaBIeHO] y BUTIIAAI peaabHOl
KapTH (paKTHYHOrO MaTepiany 3a JTOTIOMOTOK CydacHOrO MPOrpaMHOro 3abesmneueHHs. s aHamizy Mu 00-
panu nponpietapHy nporpamy Maplnfo Professional Bix dipmu Pitney Bowes (CILLA).

Le#t makeT mporpaMHoro 3a0e3nevYeHHs JOCTaTHRO HOIIUPEHUH y Aep)KaBHUX BUPOOHMYUX OpraHiza-
IisX, AKI 3aMaIOTHCSl OpraHi3alli€lo rpaBiMETPHYHUX 3HIMAHb Ta MOHITOPHHTY, Y TOMY YHCII Ui 3a0e311e-
YeHHS MOTped 3 PEeKOHCTPYKLil TpaHcopTHOI iHppacTpykTypH. Lle mporpamHe 3a0e3nedeHHs Mae Bci HE0O-
XiIH1 IHCTPYMEHTH AJIsl CTBOPEHHS IJIAHOBO-KapTorpadidyHuX MarepiaiiB i Oysio creuialbHO CHPOEKTOBaHE
IUTsE 00pOOKH 1 aHaTi3y iH(OpPMAIIii, 1110 Ma€e IPOCTOPOBY YU aAPECHY MPUB'SI3KY.

Ha croroasni penbed 3eMHOI MOBEpXHI, Ha Kil PO3TAIIOBAHI Ti UM iHIII 1HKEHEPHI Ta/9H TPAHCIIOPTHI
KOMYHIKaIlii, JOBOJIi YCITIIITHO alPOKCHUMYETRLCS Yepe3 PO3KIIa 30BHINTHLOTO TPaBIMNOIsA, OTPHUMAHOTO 32 J1a-
HUMH CYIYTHUKOBUX BUMIipIOBaHb, B s 32 ChepruyHUMHU QYHKIISIMH 1 HACTYITHOTO MePEepaxyHKy y BiAMOBiA-
HU niHiliHuE Qyakaionan. Takuii cepsic 3a nanumu cynytHukoBux miciiit GRACE i CHAMP naBiTh nocty-
[HU OH JIAlH.

OueBuaHO, Taka KapTorpadivyna indopmalis Mae MEHIY pO3IiJbHY 3[aTHICTh, aHIXK MarnepoBa, sKa
Mae HainomysapHimuii macmTad 1:200000. Ha 1ie € cBoi npuuntu 00’ ekTHBHOTO Xapaktepy. llloao anamiTu-
YHOT anpOKCUMALii BEJIMKOro apeany (MIeThes Ipo IOy DISHKM 3€MHOI TOBEpXHi npuHaimHi y 100 km?),
TO BOHA HAIITOBXHYJACh HA TPYAHOLII SIK YACENBHOTO TUIAHY, OCKIIBKHU [T TaKO1 TEPUTOPIi BXke 000B’SI3KOBO
ciix BpaxyBatu cepuunicTs 3emiti. [IpoTe aHamiTHYHI BUpa3wu B CHEPUIHAX KOOPAMHATAX CTAIOTh CKIIATHI 1
HECTIHKI MPH YUCENbHIN pearnizamii. TyT JOBOANUTHCS BIABATHUCH A0 MPOLELYp peryisipusawii po30iKHUX iH-
TeTpaJliB, SKUMH OMUCYIOTHCS BiATIOBIIHI MaTeMaTH9HI Mozeni. [IpoTe aHai3 TakKuX MOEIeH BUXOANUTH 32
PaMKH HaIIOro AOCIiIKEHHS.

KpiM TOro, BUHUKAIOTH 1 TPYHOII METOIOJIOTIYHOTO TUTAHY Y pO3pO0IIi KapTrpadivHOTO CYITPOBOIY
IHMKEHEPHO-OyAiBeTLHOT TOKyMEHTAIi1, III0 03HaYa€e HeoOXiMHICTh onmu(pyBaTH BEIUKUI 00CAT KapTorpadid-
Hoi iH(opMalii Ta 3BeCTH B OJHE Pi3HI IUIAHIIETH, yB S3aBLIM MOXUOKM CKICHKH Ta ouudpyBaHHs. [Jeski
rpy0i monepeaHi TEOPETUYHI OLIHKH I0J0 peatizalii Takoro GyHKIiOHATY A7 HAWO1IBII MOy IS PHUX Y Tpa-
HCIIOPTHIH raiay3i KaprorpapidyHux MaTepialiB J03BOJISIOTH CHOAIBATUCH HA MPAKTUYHY AOLIIBHICTh TAKOIO
MOPiBHSIHHSL.

Bigomi nporieaypu, alrOpuTMH 1 MporpamMHi KOMITIEKCH BBOY 300pake€Hb KapT 3a TOTIOMOTOFO JIiTi-
Taiizepa 1 ckaHepa 3 NOAAJBIINM MEPETBOPEHHIM BBEACHUX JaHUX Y LUU(PPOBUHA BUIIISAL SBISIOTHCA JOCHTH
CKJIaJHUMHU 1 TpyAOMiCcTKMMHU. Hanpukinaz, cydacHuil mporpaMHAN KOMILIEKC BBEJCHHS KapT 3a JOIOMOTOI0
ckaHepa [ 1] BUKOHye HAacTymHi [ii: 1) BBeICHHS Ta EKOHOMHE KOJAyBaHHS 300payKeHHs; 2) 3riayKyBaHHS KO-
HTYPiB; 3) yCyHEHHs MepeIiKoa; 4) BUAICHHS CKeJeTy 300paskeHHS; 5) KyCKOBO-JIiHIl{Ha anpoKcuMallis BeK-
TOPU30BAHOTO 300pakeHHs; 6) BUABIICHHS BIIPi3KiB 130J1iHIN; 7) BUSBJICHHS paMKH Ta OYHUCTKA 300paKCHHS
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30BHI paMKH; 8) MPOCTEXEHHs (parMeHTiB 130iHiH; 9) BBeIeHHA HUPPOBHUX 3HAYCHD, SIKi BIAMOBIAAIOTH 130-
ninisiMv; 10) popMyBaHHS BUXITHUX PEe3yIbTaTIiB.

st 00poOku Ta iHTepipeTanii reodiznanoi iHpopmarii, IpeAcTaBIeHoi y BUTISIAL KapT GakTHIHOTO
MaTepiajay, HeoOXiJHa aBTOMATH3allis iX BBEICHHS B KOMITTOTED. 3 IOSBOIO, PO3BUTKOM 1 JIeAasi OiIbIIl 3HAY-
HUM BHUKOPUCTAHHSIM T'€OIHPOPMAI[IHUX CHCTEM — 3'SIBUJIACH MOXIIMBICTh BUPILIMTH IPOOJIEMY OLIBIIT TOYHO
1 eeKTHUBHO.

Haii6inpin 01M3bKUM 10 CIIOCco0Y, 10 MPOIOHYETHCS , € crmocid [2] onudpoByBaHHs (AiriTanizarii)
CKaHOBaHMX 300pa)keHb penbedy 3eMIICKOPUCTYBaHHS, IO BKIIIOYAE€ CKaHyBaHHS KapTu (IJIaHy) 3 HaHece-
HUMH 130JTiHISIMU penbedy, 3aluc OTPUMaHOr0 300pakeHHs B (hailsl y Oyab-skoMy rpadiunomy (opmarti, 3a-
BaHTaKCHHS MAIIOHKY B TIporpamy Surfer, mgiritaizamiro BUILIEHOI KapTH MUITXOM IMPOBEACHHS IMTEPEXPECTIM
Kypcopy MHUILI MO TOPU30HTAMI 1 (hikCyBaHHS JIIBOIO KJIABIlICI0 MUII BiJXWUJIEHb Bix mpaMoi JiHii (0i1bI ae-
TajJbHO Ha 3TMHAX FOPU30HTAJICH, MEHII JACTadbHO HA MPSIMMX JIHISNX), BIIKPUTTS (aiiay 3 KOOpAMHATAMH X,
¥, z (KOOPIAMHATY X 1  BUCTABISAIOTHCSI aBTOMATUYHO, BUCOTA Z BBOJUTHCS BPYUHY), 3aKPHUTTS 1 30€peKeHHs
¢aiiny.

HenomikaMu BimoMoro crnoco0y € HacTyITHE:

— oun(POBYIOTHCS TOPU3OHTAI, [0 MPUBOIUTD IO 3MEHIICHHS TOYHOCTI, 1110 B CBOIO YEPTr'y MiABUIIYE
BIpOT1IHICTh OTpUMaHHSA a1y 3 HAOIMKEHUMHU (a 1HOII i HeTOCTOBIPHUMH ) KOOPAWHATAMH TOUYOK 1 3HAYCH-
HSIMM II0JIS1 B IIUX TOYKAX;

— BUKOPHCTOBYIOTbCA 3aco0u mporpamu Surfer, 10 IPUBOAUTE A0 MOJOBKEHHS TPUBAIOCTI IPOLIECY
o pOBYBaHHS, HEOAHO3ZHAYHOCTI KIHIIEBOTO Pe3yJIbTaTy, OCKUIBKH JBa Pi3HI OIepaTopH, HAIPHUKIIA, TIPO-
CIIIIKOBYIOUH OKpPEMY 130J11Hil0, OTPUMAIOTh MOJiOHI, aie Bce Taku BiAMiHHI Pe3yNbTaTH;

— TPYAOMICTKICTh Ta HE3PYUHICTh IIPOIIECY MiriTami3altii.

Bukinan ocHoBHOro Marepiaiay

[TocraBuMO 3a7a4y CTBOPEHHS CIOcO0y oLM(pPOBYBAaHHHS CKAHOBAaHUX KapT (JaKTUUHOT'O MaTepiany
3aco0amu reoindopmariiiinoi cucremu "Maplnfo", 110 3a0e3meYnTh MAKCUMAILHO MOXKIMBY aBTOMATH3AIIIIO,
JOCTOBIPHICTh, TOYHICTh 1 MiHIMaJILHUI Yac BBeJeHHs rpadiuHoi iHGopmalii B KOMIT'TOTep 3 BAKOPUCTAHHM
CHpaBXHiX F€OAC3UIHNAX YH YMOBHUX MPSIMOKYTHHX KOOPJHHAT.

Po3B's13aHHS TOCTaBIEHOI0 3aBJAHHS AOCSITA€THCS IIUIAXOM BUKOPHCTAHHS B AKOCTI BUX1THUX JAaHUX
MOTIEPEIHBO BiICKAaHOBAaHHUX KapT pakTHYHOTO MaTepiany. B mpasiii manemni BikHa (puc. 1) mpuBoautscs ¢pa-
TMEHT TPaBIMETPUYIHOI KapTH, Jie upaMu Mo3HadeHO: 1 — MyHKT (TOYKA) CIIOCTEPEIKEHHS; 2 — 3HAYCHHS
aHoMaJlii Ha MyHKTi; 3 — i3omiHisg. Ha Taki kapTu, KpiM HOMEHKIIATypH, MaciuTaly, KOOPJUHATHOI CITKH, BHY-
TPIIIHBOI 1 30BHIIIHBOI PAMOK Ta I1HIIOT0, HAHOCATH TAKOXK IMYHKTH CHOCTEPEKEHb 1 3HaUCHHS! aHOMAail Ha
[IUX MYHKTaX. [30JTiHIT TPOBOASTH MIITXOM IHTEPIOJIAIIIT IO TUTOTHHI [3].

Jns kanmiOpyBaHHA JMCTa KapTH BUKOPUCTOBYIOTH TOYKHM KYTiB BHYTPIIIHBOI paMku. st OTO B
Oyab-aKiii qocTymHIN mporpaMi oburciaeHHs koopauHaT (Hanpukianx, PHOTOMOD GeoCalculator 4.2) me-
PEBOISATH T€0Ie3UUHI KOOPAUHATH KYTiB paMKH Tpameuii B IPSIMOKYTHY CUCTEMY KOOPAMHAT, 1110 BUKOPUCTO-
BYETBHCS] HA KOHKPETHOMY JIMCTi. 3HAHHA JiIMICHUX KOOPAWHAT LIMX OMOPHUX TOYOK B MACIITAa0l KapTH 103BO-
JINTH B TTONAJTBIIIOMY aBTOMATHYHO BU3HAUNTH JIHCHI KOOPAMHATH BCiX 1HITUX OITA(POBAHUX TOYOK.

CyTb crioco0y mosisirae B MOCTIJOBHOMY BUKOHAaHHI anroputmy [4, 5, 6], 110 CKIaAa€eTbes 3 YOTUPHOX
eTalliB.

1. PeecTpauisi pacTpoBoro 300paskeHHsi. /i1t Toro mo6 reoindopmariiitHa cucteMa mokasyBaiia pa-
CTpOBE 300pakeHHsI MPaBIWJILHUM YHHOM, Pa3oM 3 BEKTOPHUMH JAaHHMU [TOBEPX HBOTO, IPOBOISATH peecTpa-
1if0 300pakeHHs. Peectpartis 301HCHIOIOTE B AiaIoTOBOMY BikHI "PeecTparrist 300pakeHHs", B IKOMY BHU3HA-
Yar0Th KOOPAMHATH TOYOK MPUB'I3KHU, a TAKOXK TUI MPOEKIii pacTpOBOro 300paKeHHSI.

Posrasaemo mporec peectpamii. [licms 3amycky Maplnfo BukoHyioTs koManmy Datin W Biokpumu
mabauyro. B mianosi "Bigkputu Tabauio" 3 criucky Tunu ¢hatinie Bubuparotsh dhopmat daitny Pacmp i Ha3By
¢aiiny, siKkuif HeOOXi1AHO BIAKPHUTH. KO HATUCHYTH KHOIIKY BiOKpumiu, TO Ha MOHITOpI 3'SIBUTHCS [1iallOTOBE
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BIKHO, B IKOMY IIPOTIOHY€ETHCS 3p0OUTH BUOIp — UM PEeECTPyBaTH 300pakeHHs, UM MpocTo mokasaTtu. [1pu Ha-
TUCKaHHI KHOTIKU Peeccmpysamu 3'aBnsieThes BIKHO "Peectpartist 300paskeHHA", B HIKHIH 4aCTHHI sIKOTO Oy1ie
MOKa3aHO TOYaTKOBE 300pakeHHs. 3a/1al0Th NMPOEKIIi0 CKAHOBAaHOT KapTH. BKa3yloTh Ha OJIMH 3 KYTiB BHYT-
pimHBOi pamku. Y BikHi "JlogaTi KOHTPOJIBHY TOUKY" 3a1al0Th KOOPAMHATH OMOPHOI TOUKH B MPSIMOKYTHIN
CHUCTEMI KOOpAUHAT. AHAJIOTIYHO BBOJSTH KOOPAUHATH III€ TPHOX TOUOK (KOHTPOJBHI TOUKH Ha 300pakeHHI
ABTOMATHYHO HyMepyIoThes ). Jist 30epekeHHsI BHKOHAHOT poOOTH BUKOPHUCTOBYIOTH KoMaHmy Paiin P> 36e-
peemu Pobouuii Ha6ip. JIng 4oro y BiANOBIAHOMY BiKHI BKa3yroTh (paiin pobodoro Habopy i kaTajor, e BiH
Oyze 30epexenuii. [licas peectpaliii KapTy y BEpXHiii yacTHHI BikHa "PeecTpaltis 300pakeHHs" MOBUHHI OyTH
BKa3aHi KOOPAUHATH YOTHPHOX KOHTPOJIBHUX TOYOK.

2. BexTopu3auisi. KoMm'rorepHa kapTa CKIagaeThbes 3 MIapiB, SKi MOKHA YIBUTH cOO01 K TIPO30pi IJTi-
BKH, ITI0 JIE)KaTh OJHA Ha onHil. KokHuil map MicTUTh pi3Hi BUaK iHGOpMaIlii: 001acTi, TOUKH, JiHii, TEKCTH,
a BC1 BOHHM Pa3oM CKJIAAAlOTh KapTy. JJs ympaBiiHHS IapaMH BUKOPUCTOBYIOTH JAianor "YTpaBiiHHS Iua-
pamu", 110 3ammyckaeTbes 3 maneni "Omneparii”, ska mo3HadeHa nudporo 4 Ha puc. 1 i BAKOPUCTOBYETHCS IS
BUOOPY 1HCTPYMEHTIB, BUKJIMKY JiaJoriB 1 T.1. Byab-fke BIKHO KapTH MICTUTh KOCMETHYHUHN MIap — MyCTUH
map, SIKAA JISKUTh TTOBEPX BCIX 1HIMHUX TIapiB. Js orudpoByBaHHS TOUYKOBHX 00'€KTIB iX HAaHOCSATH Ha KOC-
METHYHUH 1I1ap KapTH, TOOTO BUKOHYIOTh HACTYITHI [ii.

HaGip 3HaueHHs aHOMaTi{
BUJIIIIGHOTO 00’ €KTY
ap 0 Profe oina E ;
MaKn Mpaeka  Mporpammel OO0BekTel 3anpoc fTadnfua Hactpodkw OkHo  KapTa  Cnpaeka
W Ir 17 M
Ia'E' 0 apTa hapra
D [s ] e 1
| 0| sse230a,71 | 537904025 B2 B /_
B 0| 5564241 84| 537518005 53 0+53 +6.8
Ol o| sse074021 | s377ams| 641
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| o| 556309 58| 5375882688 44 i 6' I— 2
D 0| 5564751758 53760994 4.5 el
- +6.2e 4
hopra
IC: o i
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= f MuxaPN_3
1 5378 1600548585 -
& 6 +580—
Ll = 53 . O
&, K Bk TOUKH 56
—I—l b 741 13| 5 305 665, Rl (% 4
4 2
S~ 76562 | 5384 452, | ok 1R @ ' [ @-l @ @ {"p
| A feeonor | samemnd = - . -
Al o] sweudy || #le] 2ls] =[2] 28|
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Pazmep: 15,00 km * MzMeHAemEl; HET * BreIOpaHHEIR: TOUKH

Pucynok 1 — BHeceHHs MONpaBoK 1 TpacyBaHHS MEPBICHOrO ToMoILIaHy B iporpami Maplnfo Professional
Figure 1 - Amendments and tracing of the original topoplane in the program MapInfo Professional

BinkpuBaroTh pobounii Hadip 1 BMHKAIOTh pexuM Bysiu. BukoHytoTh koMauay Kapma W Ynpaeninns
wapamu, BAOUPAIOTh KOCMETUYHUH 1Iap 13 CIIUCKY 1 BCTAHOBIIOIOTD TaJ0UKy 3minHull. BUKOHYIOTH KOMaHIy
Hacmporwesannus W Cmune Cumesonie. 3'SBISETHCS A1aJI0T, B SKOMY 3MIHIOIOTH CHMBOJIL, IIPU(MT, KOJIIp, pO3MIip.
Leit ctune oopMiteHHsI 3aCTOCOBYIOTH JI0 BCIX TOUKOBHX 00'€KTiB, sIKi HAHOCATH HA KOCMETHYHMH 11ap. Bu-
OuparoTh iHCTpYMEHT MaltoBaHHs CuM60.1, HABOIATH KyPCOp Ha Te MicIe KapTH, Jie IOTPiOHO MOMICTUTH TO-
YKOBHI 00'€KT, 1 HATHCKYIOTD JIiBY KHOIIKY MuIi. [Ipu boMy HaHeceHu#t 00'eKT 3'1BsIEThCS Ha (POHI pacTpo-
BOTr0 300paxkeHHs1. [licnst HaHeCEHHS BCiX TOYOK 30epiraroTb CTBOPEHi BEKTOPHI 00'€KTH B iCHYIOUil a00 HOBil
Ta0IuIl, TOOTO BUKOHYIOTH KOMaHIy Kapma W 36epecmu kocmemuxy.
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3anucatb KoopauHaThl o6bekTa (Bepcua 2.3) @

Mma Tabnuupr: IAHomann' ﬂ
KonoHka X:
(Nonrota Ha BocTok..) |}( _'J
KonoHka Y-
(LUMpoTa Ha Cesep...) IY ﬂ

| Co34aTh HOBbLIE KONOHKKM NA XPEHEHWA KOOPAMHAT ... I

KoopauHaTel ByAyT BbIMMCNEHE! B NPOEKLMM.
GK soHa 5 (Mynkoso 1942)

(* Wcnone3oBaTe NPOEKUMIO TaBnuug!
(" Mcnonb3oBaTe APYIYI0 MPOSKLMIo

[v MpocmoTp pesyneTaTos

OK ‘ OTmeHa‘

PucyHok 2 — 3amuc moTOYHUX KOOPAUHAT ou(poBaHoro 00'ekra y ¢aiin onndpyBaHHs
Figure 2 - Recording of the digitized object current coordinates to the digitization file

Jani BEKOpHUCTOBYIOTH Iporpamy '"3amucaTh KoopAuHaTH o0'ekta" (puc. 2), sika € mporpamoro
MapBasic i noctauaersbcst 3 Maplnfo Professional; aBToMaTHuHO 3aMOBHIOIOTH JBI KOJIOHKH Ta0JIHIII 3HAYCH-
HsAMHU KoopauHaT X 1 V B 3aiaHiii mpoekiiii Ta mepe0yaoByOTh CTPYKTYPY TaOJIHII.

3. BBenenHnsi un(poBuX 3HaYEeHb, SIKi BiIMOBIZaI0TH MyHKTaM cniocTepeskeHHsi. KoxxHiii Touri He-
00XiTHO MPUBJIACHUTH BiJIOBIIHI YUCIIOBI 3Ha4YCHHS. Hrk4e KOPOTKO OMHUCaHi JBa MOXJIMBI CITOCOOH, 5K 118
MO>KHA 31HCHUTH.

Peaunizatiiro nepiioro crnoco0y 3AiHCHIOIOTH y TaKii MOCIiA0BHOCTI:

1) BigkpuBaioTs TaONUIIO y BUTIISAL KAPTH 1 HATUCKAIOTH KHOTIKY [Hgopmayis Ha maneni 4. Kypcop
TIpH TIOTIa/IaHHi y BikHO Kapmu HaOyne hopMu XpecTrKa.

2) Bxa3yroTb Ha MMyHKT 1 HATUCKAIOTh JiBY KHONIKY MHUIII. SIKI110 BUOpaHO €AMHUIA 00'€KT, TO 3'SIBUTHCS
BikHO "[H(opMmaris” (aus. puc. 1).

3) [lepeBoasTh Kypcop B nojie G 1 HAOUPAKOTh BIANOBIAHE 3HAUCHHS aHoMaUTii. J{j1st 30epekeHHs 3MiH
BHUKOHYIOTh KOMaHAy Datin W 36epeemu mabauyro.

PosrnsaeMo apyruii crocid, B SKOMY BUKOHYIOTh HACTYITHI JTii:

1) BinkprBaroTh TaOJIUITIO Y BUTIISAI KAPTH 1 CIICKY Ta PO3TAMIOBYIOTH BIKHA TaK, K I1€ 300payKeHO
Ha puc. 1.

2) BuainsgroTs B ipaBoMy BiKHI 00'€KT, a B JiBOMY HAOMparoTh 3HAUCHHS aHOMATii.

3) IloBTOPIOIOTH MOTNIEPEAHIHN MyHKT AJISl PEIUTH TOYOK 1 30€piraroTh TaOIHIIIO.

CyTTERO, IO B IbOMY BHIIAIKY BBEICHHS 3HAYCHDh TOUYKOBUN 00'€KT BHUIIISIETHCS OJTHOYACHO SIK 371iBa,
TakK i MPaBOPYY, 3aBISKH YOMY He Oye MpoIyIeHa KOIHa TOYKa.

4. Excnopt y popmat ASCII. Maplnfo mo3Bomsie excriopryBatu Tabmuani gadi B ASCII-datinm 3 po-
spinpHuKamu. [Ipu 3anmci Qaitny y ¢opmari ASCII reoindopmariiina cucteMa mokasye AiajJoroBe BiKHO
"ASCII-Tekct", B sIKOMY BUOMPaIOTh CUMBOJI-PO3AITIbHUK. OTpUMaHui (aii meperisgaiTs B TEKCTOBOMY
PEAAKTOPI 1 3aBaHTAXYIOTh B IPOTrPaMHi KOMIUIEKCH, IPU3HAYCHI IS iHTepHpeTalii reo)i3uuHuX MOJIiB.
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BucHoBok

TakuM YWHM 3aMpPOTIOHOBAHU CITOCIO JT03BOJISIE: 3HAYHO 301IBIIUTH TOYHICTB 1 €PEKTHUBHICTH onupo-
BYBaHHS reodi3MIHUX KapT; 3a0e3medye MaKCUMaTLHO MOYIIHBY aBTOMAaTH3AIIII0, IOCTOBIPHICTD, MTPOCTOTY 1
3pY4HICTh BBEJCHHS KapTorpadiuHoi iHpopMarii B KOMI'TOTep 3a TOIIOMOT0I0 CyYacHUX, 3pO3yMIIHX y BUKO-
pUCTaHHI IHCTPYMEHTIB; ICTOTHO ITOJIETIITYE Ta MIPUCKOPIOE PO3B'sI3aHHS Pi3HUX 3a11ad, SKi BUHUKAIOTh B HAy-
Kax Mpo 3eMITiO.

B pesynbrati po3B’s3Ky GOpMY€ETHCSl TEKCTOBHUI (aiii 3 XapaKTepUCTHKaMH BXiTHHUX 1 BUX1THUX JaHUX,
SIK1 1TIOCTPYE TaOIUITS Ha HACTYITHOMY CJaii, i, BIacHe, CaMHMH Koe]illieHTaMu aHAIITHIHOI alpoOKCHMAITii
y opmarti, npuaaTHOMY AJIsI MOJANBIINX ONEpaLiil B Oynb-sKOMy NakeTi HaykoBoi rpadiku. [TopiBHAHHS MO-
YaTKOBOTO ITOJISI Ta HOTO aHAJITHIHOI alpOKCUMAIii BKa3ye Ha Ay)Ke TapHy BiANOBIIHICTh: MU HE CTAJIA Ha-
BOJIUTH PI3HHUIIEBOTO TOJISI, OCKIJIBKK BOHO MEHIIIE 32 CHCTEMAaTHYHY IIOXUOKY BUMIPIOBaHb.

Lle nae 3Mory 3poOUTH BUCHOBOK MPO a0CONIOTHY Mpaue3JaTHICTh NPOLEAYpH aHATITHYHOT alpOKCH-
Mariii mossi, MpuHaiMHI, B JJOKAJILHOMY BapiaHTi Ta i1 yMOB TOPU30HTAILHO-IIAPYBATHX CEPEIOBHUII]
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Abstract. The paper describes the process of entering into the computer of the technical raster infor-
mation from paper engineering and geological maps, which accompanies the reconstruction of transport com-
munications. It is proposed to formalize the process of the automatic input and the digitization of the technical
information using the proprietary software Maplnfo Professional, which is a general-purpose mapping geo-
graphic information system (GIS). It is shown that the technology of working at a raster substrate allows us to
combine both raster and vector layers of initial engineering map. This operation significantly increases the
accuracy and speed of digitization of the input data. It has been found that such a method of the digitization
does not require the involvement of the external special devices in order to transfer the needed information
from the paper base to digital form one. It is proposed to use the point-based objects on maps (as the stations,
the measurement points, the observations and the values of technical monitoring indicators, etc.) for digitiza-
tion procedure, rather than the isolines themselves. A significant advantage of the proposed procedure there is
the use of the right rectangular coordinate system and the solid coordinate point binding before the vectoriza-
tion of mapping objects.

Keywords: digitization, cartography, geodetic basis, computerization.

References

1. Starostenko V. L., Matsello V. V., Aksak 1. N., Kulesh V. A., Legostayeva O. V., Yegorova T. P.
Avtomatizatsiya vvoda v komp'yuter izobrazheniy geofizicheskikh kart i postroyeniye ikh tsifrovykh modeley
/! Geofiz. zhurn. — 1997. — 19, Ne 1. — S. 3—13.

2. Tretyak A. M., Drugak V. M., Romans'kiy M. M., Muzika A. O. Zemlevporyadne proye-ktuvannya
zemlevolodin' ta zemlekoristuvan' zasobami program Maplnfo ta Surfer. — Kiiv: TOV TSZRU, 2003. — 94
.

3. Gravirazvedka: Spravochnik geofizika / Pod red. Ye. A. Mudretsovoy, K. Ye. Veselova. — 2-ye
izd., pererab. i dop. — M.: Nedra, 1990. — 607 s.

4. Yakimchik A. I. Tekhnologiya otsifrovki kart fakticheskogo materiala na osnove programmnogo
obespecheniya MapInfo Professional i CoreIDRAW // Geofiz. zhurn. — 2010. — 32, Ne 3. — S, 112—124.

5. Patent na korisnu model' Ne 46461, MPK G01V 7/00, GO1V 3/00. Ukraina, IGF NANU. Sposib
otsifrovuvannya skanovanikh kart faktichnogo materialu zasobami geoinformatsiy-noi sistemi "MapInfo" / A.
I. Yakimchik. Opubl. 25.12.2009, Byul. Ne 24.

6. Yakimchik A. I. Avtomatizirovannyy vvod kartograficheskoy informatsii sredst-vami GIS
"MaplInfo" // Voprosy teorii i praktiki geologicheskoy interpretatsii gravita-tsionnykh, magnitnykh i elektrich-
eskikh poley: Materialy 37-y sessii Mezhdunarodnogo seminara im. D. G. Uspenskogo, Moskva, 25 — 29 yan-
varya 2010 g. — M.: IFZ RAN, 2010. — S. 410—413.

7. Truboprovidniy transport gazu/Kovalko M.P., Grudz V.YA., Mikhalkiv V.B. ta in. Za red. M.P.
Kovalka. — K.: Agentstvo z ratsional'nogo vikoristannya yenergii ta yekologii, 2002. -600 s.

8. Diyak 1.V., Osinchuk Z.P. Gazova promislovist' Ukraini na zlami stolit' /{.M, Karp (vidp. red.). —
fvano-Frankivs'k: Lileya NV, 2000. — 231 s.

HayxoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JJOPOTH I JOPOXXHE BYIIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
50



TEOJE3IS TA 3EMJUIEYCTPIA

YK 528.8 DOI: 10.33744/0365-8171-2021-110-051-059

TEOJAE3WYHI TEXHOJIOT'TI 3BUPAHHSA TPOCTOPOBUX JTAHUX JJIS IIATHOC-
TUKU TA TACHOPTU3ALIIl ABTOMOBLJIBHUX JIOPIT

GEODESIC TECHNOLOGIES FOR SPATIAL DATA COLLECTING FOR HIGHWAYS DIAG-
NOSTICS AND CERTIFICATION

JTawenko /Imumpo Onexciitosuu, 0oxkmop ceocpadiunux nayx, ooyenm, HHI «In-
cmumym eeonoeiiy, Kuiscokuil nayionanvruuil ynieepcumem imeni Tapaca Illesue-
HKa, npogecop xaghedpu eeoinpopmamuxu, e-mail: uageog@gmail.com, men.
+380673235684,

https://orcid.org/0000-0001-5588-0322

IHaenrox /Imumpo Onexcanoposuy, Hayionanonuti mpancnopmuuti ynisepcumem,
Kageopa npoexmysaunHs Oopie, 2eode3ii ma 3emaeycmpor, npogecop,
ntupaviukd@gmail.com, +380672099378,

https://orcid.org/0000-0003-4493-4238

AHoTamis. Y cTaTTi po3rIIAHYTI MUTaHHS T€0e3UYHOT0 3a0e3eueHHs JiarHOCTUKH Ta MacopTH3amii
aBTOMOOUTEHUX JOpir. Bu3HavueHa poih TeoIe3nIHNX POOIT V I ABUIICHHS €(hDeKTHBHOCTI CHCTEMH YIIpaB-
JHHA SKICTIO B JOPOXHBO-OYAIBEIbHUX OpraHizalisax YKpaiHu.

Kuo4oBi cjioBa: mpocTOpoBi JaHi, reoae3is, TeoAe3HIHII MOHITOPHHT, IOPOKHE Oy TiBHUIITBO, Jiar-
HOCTHKA aBTOMOOUTEHUX JIOPIT, TAaCTIOPTH3AIIiS aBTOMOOUTBHHX JOPIT.

Beryn. Po3BuTok Mepeki IOpir Ta AOPOKHBOI iHPpacTpyKTypu B YKpaiHi nependayae 00K, OLiHIO-
BaHHS aBTOMOOUIBHUX JIOPIr Ta OyAiBHHIITBO HOBHX CYYaCHHMX aBTOMAriCTpasiel i3 BACOKMMHU TPAHCIIOPTHO-
eKCIUTyaTalliiHUMH XapaKTePUCTHKaMHU. 3pOocTaHHA PiBHSA iH(opMaliifHOro 3a0e3Me4YeHHs yIpaBliHHs y Tpa-
HCITOPTHIM Tany3l € Haa3BUYaHHO aKTyaIbHUM 3aBIAaHHSIM, BUPIIICHHS SKOTO HEOOXIAHE NI JIS iHTerpartii
Ykpaiau y €BpOoneichKy CIIBHOTY.

Mera i meToan. Huni ocHOBHMMY 3aco0amu 30MpaHHs JaHUX TPO CTaH aBTOMOOUTBHHX JOPIr € iH-
BEHTApH3AIIisl Ta MaCIIOPTH3AITIS.

IHBeHTapu3alisi — OJHOYACHUN KUTBbKICHHUM OOJK JOPOXKHIX CIOPYZ 3 OLIHKOIO IX CTaHy, SKUH
3IiHCHIOEThCS peryssipHo 1 pa3 Ha 8...10 pokiB. B xoai iHBeHTapu3alii BCTAHOBIIOIOTH 200 YTOYHIOIOTH I'€0-
METPHUYHI ITapaMeTPH JOPIT, THII i CTaH MOKPHUTTS, HOT'O MIITHICTB, @ TAKOXK 3MIMCHIOIOTH IHBEHTAPHU3AITIIO J10-
POXHIX criopy[l (MOCTiB, IUIIXONPOBOAIB, TPYO, CIIyKOO0BHX 1 TEXHIYHUX OYAMHKIB Ta CIIOPY[ TOLIO). 3TiTHO
3 HOpMaTHBAaMM, IHBEHTAPH3AIlisl HOBUX JOPIr a00 JOPIr MiCisd PEKOHCTPYKII MPOBAAUThCS HE II3HIIIE HiK
Yepe3 MiBPOKY Micis 3aTBEPKCHHS aKTiB Jep KaBHOI MpUAManbHOI KoMicii. HaToMicTs macnoprusaris — cu-
CTeMaTHYHHUN TEXHIYHUHA OOJIK CTaHy TOPOTH 1 AOPOXKHIX cropy. [lacnopt — 1ie HalBaXKIMBILINKA JOKYMEHT
TEXHIYHOTO O0JIIKY JaHMX II0J0 JOPOTH, Ha IMiJCTaBl SKOI0 BU3HAYAIOTh HOPMHU BHTPAT HA PEMOHT 1 yTpH-
MaHHA, TEXHiKO-€KCIUTyaTaliiiHi moka3HUKH. [lacmopTt MicTUTh: cxemy Aoporu (MacmTad AOBiIbHUI) i3
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MPUB’S3K0I0 0 KUJIOMETPaXKy i 3a3HAYCHUMH IEPEXPECcTsIMH, PO3B’SI3KaMH, KOPJOHAMH aIMiHICTPaTUBHHX
paiioHiB. B iHIIII po34iin 3aHOCATH YCi 3arajbHi BITOMOCTI PO IOPOTY, EKOHOMIYHI XapaKTEPUCTHKH, CTATH-
CTHYHI JJaHi PO CKJIAJ PyXY, TEXHIYHI JJaHi HA OKPEMI CIIOPYAH 1 eJIeMEeHTH (3eMJIsIHE MOJIOTHO, MPOi3Ha Ya-
CTHHA TOIIIO), TaHi IPO TPOIIOBI BUTPATH HA PEMOHT, YTPUMAHHS 1 PEKOHCTPYKITIFO JOPIT 3 MOMEHTY BBEACHHS
JIOPOTH B €KCIUTyaTaIlifo (TOTOYHUH PEMOHT HE 3a3HAYAETHCS ).

B VkpaiHi icHytoTs npobiemu reoindopmaniiHoro 3ade3nedeHHs! aBTOA0POKHBOTO KOMILIEKey. B
CHUCTEMI YIIPABIIIHHS CTAHOM MTOKPHUTTS aBTOMOOUTEHUX AOPIT [6] BpaxOBYIOTHCS JJaHi, HaBEICHI HA PUCYHKY 1.
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Pucynok 1 — Cknajg maHux, mo 30UparoThest TSl 3aB/IaHb YITPABIIIHHS CTAHOM TOKPUTTS aBTOMOO1ITb-
HUX JIOPIT.
Figure 1 — The data composition collected for the tasks of the state of highways coverage control.

I'eoMeTpuyHi mapamMeTpu OepyThbCs 3 TEXHIYHOIO MACIOPTY aBTOMOOUILHOI Aoporu [7], mpu HeoO-
X1THOCTI IPOBOJSTH BUMIPIOBAaHHS T€OMETPUYHUX EJIEMEHTIB IHCTpYMEHTAIBHO Ha MicLieBocTi. Jlo nux mapa-
METPiB BiTHOCATHCS: 1) MOKa3HUKU CUCTEMH KOHCTPYKTUBHO-TEOMETPUYHUX ITOKa3HUKIB: TCOMETPHYHI TTapa-
METpH JIOPOT'HU (sIK IIPaBUIIO, BU3HAUEHA YM IPUBEICHA CEepeAHs IIUpPUHA, JOBXHHA, PAIlyCcH, 3HAaYE€HHs I0-
XWJIIB Ta iH.) 1 KOHCTPYKTHBHI apaMeTPH MPOi3HOI YaCTHHH;

2) piBHICTH NMPOI3HOT YACTUHU;

3) cuctemy mokasHHKIB aedopmaniii (abo pylHYBaHb), HANpPUKIA[, NPOJOMIB, TPIIIMH, 3CYBIB,
BHOOIH, 9aCTKOBOT'O 200 IMTOBHOTO PYHHYBaHHS, TIOMTKOKEHE [6];

Haxanp, BUpilIEHHS HAYKOBHUX Ta NPAKTUYHUX 3334 11010 BUMIPIOBAHHS KOHCTPYKTHBHO-I€OMET-
PUYHHX TOKa3HUKIB Ta Aedopmaliii B YKpaiHi BeAeThCs eMmi30IU4IHO PO3PI3HEHUMH OpraHi3alisiMy, 10 MPH-
3BOJIUTE JIO MTOCTA0IeHHS e(PeKTHUBHOCTI pOOOTH, 3HIKEHHS HAIHHOCTI Ta SKOCTI OYAIBHUIITBA 1, IK HACITIIOK,
JI0 TTiIBUIIICHHS aBapiiHOCTI.

['eomeTpryHa TOUHICTh BU3HAYCHHS LIUX MIapaMeTpiB Ha MPaKTHLII € HAA3BUUANHHO HU3BKOIO. BigcyTHi
TEXHIYHI pEeTJIAMEHTH IIOJI0 KOOPAWHATHOTO 3a0e3MeUeHHs IHBEHTapH3allii Ta MacIopTHU3aIlil aBTOMOOTHEHIX
nopir. Sk yxke 3a3Havanocs, kaprorpadiuyHi MaTepiajiy NacmopTy IOPOTH CKIAJaroThCs Y TOBUTBHOMY Mac-
mTabi. [IpuB’s3ka TEXHIYHAX TaHUX Ha OKPEMi CIIOPYAH W eJIeMEHTH (3eMJITHE TOJIOTHO, IPOi3HA YacTHHA
TOIIO) 3IHCHIOETHCS IO KUTOMETPaXKy 3 HEJJOCTATHHOIO TOYHICTO.

Pexomenpauii, 10710 BAKOPUCTaHHS reoiHopManiiHIX cucTeM po3polieHi JlepskaBHUM MiANpHEM-
CTBOM - YKpPAiHCBKUM JIeP>KaBHUM iHCTUTYTOM 3 IPOCKTYBAaHHS 00 €KTIB TOPOKHBOTO TOCIIOAAPCTBA MAIOThH
HA/ITO 3arajibHUH XapakTep Ta MICTATH PsiI AUCKYCIHHHUX MOJIOKEHD [§].
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30KkpeMa CyMHIBHHM € MOXKJIMBICTH OIMCY MOJOXKEHHSI BCiX MPOCTOPOBUX 00’€KTIB AJISI BCiX aBTO-
MOOITBHUX JOpir YKpaiHu y cUCTeMi NPSMOKYTHHX TPUBUMIPHUX KOOpAWHATAX yepe3 KyJsacTicTb 3emii. B
JIOKYMEHTI Bi3HA4Ya€ThCS HEOOXIMAHICTh Iepe3deperkeHHs reoindopmarii y 6asi JaHMX IpU 3MiHI KapTo-
rpagiuHuX IpOEKIil, aje He BKa3yeThCs BUJ MPOEKLiN, HE0O0XiHA TOYHICTh IPOCTOPOBUX JaHHX.

BukaieHi I0JI0KSHHS 3yMOBIIIOIOTh HEOOXIIHICT PO3pO0ICHHS HOBUX IMIIXOIIB 0 peaji3allii 3aB-
JaHb KOOPJIMHATHOTO 3a0e3MeueHHs Ta 30MpaHHs MMPOCTOPOBHUX AAHUX JUIS JIarHOCTHKH, IHBEHTapHu3amii Ta
MacTopTH3allii JOPIr 3 ypaxXyBaHHSAM HOBITHIX TOCATHEHb HAYKH Ta T€OAE3MYHOr0 BUPOOHULITBA.

MeTo1o cTaTTi € BU3HAYEHHS F'OJOBHUX OCOOIMBOCTEH re0Ie3NYHUX TEXHOJIOT 11 30MpaHHs IIPOCTOPO-
BHX JIaHUX JUIS JIarHOCTUKY Ta MaclopTU3allil aBTOMOOITFHHUX JIOPIT.

Peanizatiis chopMyab0BaHOT METH Iiepe0ayae BUPIIIEHHS TAKMX 3aBIaHb:

- BHUBYCHHS BITUYM3HIHOTO Ta 3apyOi’KHOTO MOCBIAY 3aCTOCYBAaHHS I'€0JAC3UTHIX TEXHOJIOT1HM iHBEH-
Tapu3alii, NacCnopTU3aLii Ta MOHITOPUHTY aBTOMOOUIEHUX JIOPIT;

- BH3HAYCHHS DPIBHIB Ta Opraizallii 0e3mepepBHOr0 MeOTEXHIYHONO MOHITOPHHIY aBTOMOOLIBHUX
JIOpIr Ta JOPOXKHBOI iIHPPACTPYKTYPH;

- BHU3HAYEHHS HANPSMiB BUKOPHUCTAHHS CYyYaCHHX I€OAE3NYHHUX TEXHOJOTIH A TOCHIIKEeHHS Ieo-
METPUYHHX ITapaMeTpiB aBTOMOOUTBHHX JOPIT.

PesyabTaTu i nosicnennsi. IlotpeOye y3aranbHeHHS TOCBiJ BUKOPUCTAHHS Pi3HUX TEXHOJIOTIH A
IHKEHEPHOTO TEOIC3MIHOTO MOHITOPHHTY 00'€KTiB TPAHCITIOPTHOI iHQPACTPYKTYPH.

BitumsnsaHI (axiBIi HAroJOmyIOTh HA aKTYaJbHOCTI CTBOPEHHS aBTOMAaTH30BaHUX CHCTEM nedop-
MaIiifHOro MOHITOpUHTY MOCTiB [9]. KonekTus aBTOpiB 3ailicHIOE OOIPYHTYBaHHS CTBOPEHHS HOBOI 1HTEJICK-
TyalibHOI 1H(POPMALIHHO-KOMYHIKAI[ITHOT TEXHOJIOTIT CIIOCTEPEIKEHHS 3a CTAHOM aBTOMOOLIBHUX mopir [1].
Crizx MO3UTHUBHO OXapaKTEepPHU3yBaTH 1HILIATHBY KOJIET IIOIO PO3POOICHHS PEKOMEHIAIIN 10 3aCTOCYBAHHIO
reoinopMalliiHUX TeXHOJIOTiH Kopropailii Autodesk B 1opoxHEOMY rocriofapcTei [8].

3aKOpJOHHI HAayKOBII aKTUBHO BHKOPHCTOBYIOTH TEXHOJIOTii Treoes3ii Ta reoMaTHKH y 30HMpaHHi,
00poOJeHH1 Ta iHTepnpeTanii pe3yabTaTiB MOJLOBUX BUIPOOYBaHb LI0I0 TEOMETPUUHUX XapPAKTEPUCTHK aB-
TOMOOUTEHHX JOPIT, MOCTIB.

Huni B 6inbIocTi iHO3eMHHUX KpaiH 3aIIpoBaIXKYyIOTHCSI TEXHOJIOTIT aBTOMATH3allil IpoLeciB 30MpaHHs
Ta 00pOOJICHHS JaHUX PO CTaH aBTOMOOUTLHUX JIOPIT, 30KpeMa IMUISIXOM BUKOPHCTAHHS €JICKTPOHHUX Te0/Ie-
3MYHUX MPHIAIIB (SIEKTPOHHUX TaxeoMeTpiB, udporux Hiemipie, T HCC-npuiiMauis, Ja3epHUX CKaHEPIB,
Oe3ninoTHuX JiTansHuX anapaTiB (BITJIA) sk mokasaHo Ha pUCYHKY 2.

Monepeynwii npodpinb,  MOB3R0BXKHIA Npodink, yxun
VTI XPS TEXEoMETR, HiBerip

MicyenonoxeHHs, MakpoTeKcTypa TpiLMHW
BUCOKOTOUHWIA GPS BUCOKOTOYHE ~ CeHcopu

npodinioeaHHA

B

Pucynok 2 — Pi3ni Buau o0nagHaHHs, 10 BAKOPUCTOBYIOTECS [UIsS BU3HAUCHHS NapaMeTpiB aBTOMOOITBHUX
nmopir y IIsermii [17].
Figure 2 — Various types of equipment used to determine the parameters of highways in Sweden [17].
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[ITupoko po3MOBCIOKEHA METOIMKA CIUTFHOTO 3aCTOCYBAaHHS aKCEJIEPOMETPIB 3 MPUMadaMu CUT-
HautiB HaBirauiiaux cynytHukiB GPS Ta (BeiDou navigation System - BDS), siki MOHTYIOTECSI Ha aBTOMOOITI
Ta Besocunenu [21] Ta 30uparoTh MPOCTOPOBI JIaHi 11010 HEPIBHOCTI ITOBEPXHI aBTOMOOUILHUX JOPIT.

Kuraticbki daxiBlii MOBIIOMISIOTH PO PO3POOJICHHS 1| BAKOPUCTAHHS MPHIAAy, IO KOMOIHY€E aKce-
nepometpu 3 GPS nms oTpuMaHHS MPOCTOPOBO KOOPAMHOBAHUX AAHUX OO SIKOCTI JOPOKHBOTO OJSTY
[12, 13].

SIMoOHCHKI KOJIeTH BUKOPUCTOBYIOTH BUMIPIOBaHH: Mi>kHapoIHOro inAekcy piBHocTi (IR]) asst ominku
IPOMaJICBKHX AOPIr y MicTax npedekTypu XOKKaiIo i 3acTOCOBYIOTh reorpadiuny iHpopMauiiHy cuctemy
ArcGIS s ynopsiakyBaHHs 0a3 MPOCTOPOBHUX JaHUX 1 eeKTHBHOIO crocoly TXHBOI Biyamizallii Ha Iud-
POBHUX KapTax JOpir npuBeaeHi Ha pucyHKy 3 [10].

[[Inpoko 3aCTOCOBYIOTHCS TEXHOJIOTIT quCTaHIliiiHOTO 30HMyBaHHA 3emuti. Konektus yuenux 3 CIIIA,
Snonii Ta [HmoHE311 3acTOCYBAB CYITyTHUKOBHM pasmionokariitaui MmoHiTOpuHT (PSI-SAR — pamiomokariiro 3
CHHTE30BaHOIO arapaTyporo) JJIs BUSBICHHS Ta BUMIPIOBAHHS 3Mill[EcHh aBTOMOOUTFHUX JIOPIT Ta EIEMEHTIB
penpedy 3eMHOI TTOBEPXHI BHACTIAOK 3CcyBiB Ha Teputopii 3aximuoi Cymarpu (Iamonesis). ['eokomoBaHi
reo300paXeHHs! KOHTYPiB JedopmMaltii 3eMHOI MoBepXHi Oy HakJaleHi Ha POTOrpaMMETPUYHY MOJENb Te-
putopii mocmimkeHHs [15].

@ IRI<3mm/m
o 3mm/m<IRI<5mm/m
® Smm/m<IRI

Pucynoxk 3 — Bisyaurizaitist iHIEKCY PiBHOCTI AOPIr 3a JOIOMOTrO00 IporpaMHoro 3adesmneucHuss ArcGIS [10].
Figure 3 — Visualization of International Roughness Index using ArcGIS software [10].

OxpeMa Tema AOCITiIKEHb 3aKOPAOHHUX KOJIET TOJISra€ y po3poOJeHHI CHCTEM aBTOMATHYHOI'O
MOHITOPHHTY Ta BU3HAYCHHI JehopMarlii MOCTOBHX TIEPEXOIiB Y pealbHOMY 4Yaci 3a JJOTIOMOTOIO0 CYITyTHHUKO-
Bux npuiimadiB BDS ta GPS [11, 19, 20].

3aciIyroBye Ha yBary po3poOKH CTOCOBHO METOIOJIOTIi MPOEKTYBAHHS IMiI3E6MHUX MEPEX Y JOBTUX
TYHEJSX 3a JIOTIOMOT'OI0 TipOTEoq0MiTIB. 30KpeMa Clijl BiA3HAYUTH pPOOOTY iICIIAHCHKHUX KOJIET, MPUCBSYCHY
reoie3nYHOMY 3a0e3eueHHI0 Oy JIBHULITBA BUCOKOIIBHKICHHUX 3alli3HUYHUX TyHemiB B Icmanii [18].

Crig Big3HAYMTH psj MyOJTiKallii, MPUCBIYEHUX 3aCTOCYBAHHIO MOOLIBLHOIO JIA3EPHOIO CKaHYyBaHHS
Ui CTBOpEHHA 1H(OpMamiMHUX MPOIYKTIB, sSIKi CAyXaTh Ui  KapTorpad)yBaHHS MaBOJKIB, IIaHYyBaHHS
CTOKY BOJI 3 IOBEPXHI Ta iHBeHTapu3aiii mopir [14, 16].

PozBurox Cy4acHOI0 TpaHCTIOPTY i iHppacTpyKTypH HEMOXJIUBUN 0e3
3aCTOCYBaHHS HEIMEPEPBHOIO TEOTEXHIYHOTO MOHITOpWHTY. CIil BH3HAYMTH TaKi TEpUTOpialibHI PiBHI
MOHITOPHHTY:

— JIOKaJIbHUH (YacTillle Ha3eMHUH a00 Te0Ie3NIHUI);
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— perioHanbHUH (TOBITPSHUN 200 KOCMIYHHUH);

— n1o0aIbHMM (KOCMIYHHUH 1 KOCMIYHHN 3 HA3eMHOT MIATPUMKOIO).

KomrmiekcHIIT MOHITOPUHT aBTOMOOUIBHHX JOPIT TaKOXK 0a3yeThcs Ha BUKOPUCTAHHI BEIMKOI KiJlb-
KOCTi (pi3MUHHMX, MaTeMaTUYHUX, iHPOpMaLiiHuX, KapTorpadiunux i uudposux mozaeneil. Lle oOymoiioe
HEOOXITHICTh y3araJIbHCHHS JTIOCBITYy MOHITOPHHTY Ta IMOAAIBIITOTO HOTO TOCHTIKEHHS SK HOBOTO HAYKOBOT'O
HampsMy.

Hani npo siKicHUE cTaH aBTOMOOIBHUX JOPIT MOBUHHI BUKOPUCTOBYBATHCS AJISI BUPIIICHHS TaKUX
3aBJIaHb:

- CTPATETiYHOr0 JOBIOCTPOKOBOTO TUIAHYBAaHHA (3HAHHS CTAaHY BCi€l JOPOXKHBOI MEpexi);

- MOHITOPUHTY 00'€KTIB Ta MPOEKTIB (MOTOYHUH 30ip AaHUX HpU OYIIBHUITBI, PEKOHCTPYKIII Ta 00-
CIIyTOBYBaHHi 10PIir);

- IUTaHYBaHHIO PO3BHUTKY JOPOKHBOI MEPEXi;

- KOHTPOJTIO SIKOCTI BUKOHAHHS POOIT MiApsITHAKAMHU.

Kommnekc poOiT 3 1iarHOCTHKH Ta MOHITOPHHTY aBTOMOOUIBHUX JJOPIT € CKJIAA0OBUMH CUCTEMH YIIPaB-
JIHHS JOPOXKHIM TOCIOAaPCTBOM 1 IIEPEBE3CHHAMHU 1 CKJIAAa0ThCS 3 TAKMX €TalliB: 30UpaHHsI I0JIbOBHX JaHUX,
iX aHaJi3 Ta MPUHHSTTS YNPaBIiHCHKHUX pimeHb (puc.4) y chepax Oesmekn, KoMpOPTy BOMAIIB, TPUBAIOCTI
MaiiOyTHBOI eKCIUTyaTalii JOpir, CTaHy HaBKOJHUIIHBOTO MPHUPOJHOTO CEPEIOBHUIIA.

Bigomo, 1110 Te0TeXHIYHUN MOHITOPHHT CIIOPY, - II€ KOMITIEKC 3aXO0/IiB, SIKi 3a0€3MeTyIOTh PETYJIIpHE
CTHIOCTEpEKEHHS (MOHITOPHHT) 32 TEXHIYHUM CTaHOM TEPUTOPIH Ta IPYHTOBUX Mac 3 METOIO MOMepeHKEHH
HETaTUBHUX SIBUIII, IO BIUIMBAIOTH HAa IUTICHICTH 1 HAIWHICTD 00’ €KTIB CTIOCTEPEXKECHHS [3].

Honvosuii monimopunz  Ananiz danux 6 oghici

Texuiuni mapaMeTpn InopukaTopu Karodosi ingekcu
-ITor3moBIKHIIT TA -Cepeposume CrpaTerivni Ta
moTniepeyHnit po himi -besneka TIOTITHYHI T
-KomiiiaicTs -Kompopt ::>

-Komorikpusi :D -TpuBamcTsb

-Vxunu MaiOy THEO1

-Meratekctypa eKCILTY aTalii,

-MaxpoTekcTy pa 1HII

PucyHnok 4 — PiBHI BUKOpUCTaHHS TEXHIYHUX MapaMeTpPiB Ta MOKa3HUKIB MOHITOPUHTY
JUTSL YIIPaBJIiHHS JOPOKHIM TOCTIONAPCTBOM.
Figure 4 — Levels of technical parameters and monitoring indicators usage for road management.

Y po3BUHYTHX KpaiHaX CTBOPIOIOTHCS CHCTEMH, SIKI B aBTOMATU30BAaHOMY PEXKHMI ITOB1TOMIISIOTH OTie-
paTopiB, Ipo CTPYKTYpHI Aedopmairii OyaiBess i ciopya (MOCTIB, TYHEJICH, HACHITIB, BIAKOCIB, 1HITUX 1HKe-
HEPHUX CIIOPYH Ta IXHIX YaCTHH).

Cknaz i o0Ocsiru poOiT i3 AlarHOCTUKK aBTOMOOUIBHUX AOPIT 3aJIeKaTh Bil BUAY Ta MEPiOJUIHOCTI
obcTexeHHs. 3a3BU4ail BpaXOBYIOTHCS HACTYITHI TIOKA3HUKU:

- TEOMETPHUYHI TTapaMeTPH;

- XapaKTepUCTUKU MIIIHOCTI TOPOKHBOTO OJATY;

- PIBHICTB 1 39iITHI SKOCTI TIOKPHTTS;

- CTaH NPOTKIKOT YaCTHUHH 1 y30iy;

- CTaH BOJIOBI/IBITHUX CIIOPYI;

- CTaH eJIEMEHTIB IHKEHEPHOTO O0JIAITyBaHHS JTOPOTH.
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[IpoBeneHuii aHami3 iCHyIOUMX METOMIB BHU3HAUCHHS T'€OMETPUYHHX MapaMeTpiB aBTOMOOLTBHUX
Jopir B YKpaiHi [oKa3as, 1110 TOJIOBHUMH 1X HEJOMIKAMH € TaKi: HU3bKa IMPOJIYKTUBHICTh BUIPOOYyBaHb BHA-
CIIIJOK BUKOPHCTAaHHSA PY4YHOI Mpalli orepaTopa, 3HayHa Bara Ta TPOMI3IKICTh 0oOJiagHAHHS, HeOe3MeKa mo-
TpaIUITHHS oTlepaTopa i Kojieca JTOPOKHBO-OYMiBEIBHOI TEXHIKA M PyXOMOTO TPAHCIIOPTY Ta 1HIIII.

Tabmuus 1 — CyyacHi METOIU JOCTIHKEHHS TEOMETPHUYHHX MMapaMeTpiB aBTOMOOUTBHHUX OPIT
Table 1 — Modern methods of highways geometrical parameters studying

Hazga metony ['eomeTpuyHi MapaMeTpH TOPOTH
BucokoTouHe HiBETIOBaHHS [[IupuHa poi3HOi YaCTHHH,
THCC-BuMiproBaHHs KinbkicTb cMyT pyXy Ta IIMPHHA KOXKHOT CMYTH,

— - . [Inpuna y36i4,
JIiHiliHO-KyTOBI BUMIpIOBaHHS ) )
[To310BKHI Ta MOTIEPEYHI YXUIIH;

Hasemne nmasepre ckanyBaHHS PiBHICTB JOPOKHBOTO OKPUTTS;
CrepeodoTorpaMmeTpudHUiA ['nubnna Ta mupnHa Kouii,

Bucora Ta IpUHA BUTIOPY

Metoau Ta IpUJIATH JUISI TEOMETPHIHOTO KOHTPOJIIO CTPYKTYPHUX AchopMaIliii MOMIISIOTECS Ha AB1
TpyIU BiAMOBITHO A0 TBOX OCHOBHUX TPy MpodecioHaiB, SKi BUKOPUCTOBYIOTH 1i MeToau [11]:

1) I'eomeznuni — TexHoJOTii ro0anbHUX cucTeM cymyTHukoBoro mnosunitoBanHs (I'HCC), om-
ctanuiitai (BIUUIA, mitaku, mTy4Hi cymyTHUKY 3eMiti) OTOrpaMMETpHYHI, HA3eMHI T€01e3UUH1 BUMIpIOBaHHS
(3a JOTTIOMOT 010 TEOJIOIITIB, TIPOTEOONITIB, HIBEIIPIB, TAXEOMETPIB, JTA3EPHUX CKAHEPIB TOIIIO).

2) T'eoTexHiuHI CTPYKTYPHI BUMIPIOBaHHS JIOKAJIbHUX aedopmMaiiii 3 BHKOPUCTAHHIM IaTYHUKIB
Haxwiy, 1epOopMaIiiHUX JaTYHKIB, EKCTEH30METPIB', Ia3epHUX JAATUHKIB TOWIO [4].

KoxeH cmociO BUMiproBaHh Ma€ CBOI IEepeBard Ta HEMOTIKA. METOa J1a3epHOTO BHMipIOBAHHS
BiJICTaHi Ta pOOOTH 3 T€0IE3NTHUMH IHCTPYMEHTAMH 3aJISKHUTD BiJ MOTOAHUX YMOB (TyMaH, o1, imia). ['eo-
TEXHIYHI CTPYKTYPHI BUMIPIOBAHHS YacTO CYIPOBOIKYIOTHCS 3yIMHUHKOIO PyXy TPAHCIOPTY Ha MIISHKAX I0-
CHIDKYBaHUX JIOPIT, IO HE 3aBXKIU BUIIPABAAHE 3 CKOHOMIYHUX MipKyBaHb.

I'eoTexHiuHI METOAM HAWKpAIIE MiIXOASITh IS TOCTIPKCHHS 00’ €KTIB HEBEIHUKOI IPOTAKHOCTI, TIPH
YoMy aMILTITy1a 3MIIIeHb 1 AedopMaltiii HesHayi. OTKe, I TAKUX 1HKEHEPHUX CIOPY[ SIK aBTOMOOLIbHI
JOPOTH, MOCTH Ta TYHEJi Lii METOIU MalOTh 0OMEXeHE BUKOPUCTAHHSI.

[lepeBaroio reoJe3MUHUX CIIOCTEPEKEHB, L0 BUKOHYIOTHCS LUIIXOM MOOYIOBH MEpEXi TOYOK Ta
BHUMIpPIOBaHb KYTIB 1 BiJICTAaHEH, € Te, 0 BOHHW 3a0€3MeUylOTh HAAMIPHI CTIIOCTEPEKECHHS, IO JTO3BOJISE
OLIIHUTH iX TOYHICTh T4 BUSBUTH NOXHOKH (TpyOi, BUMIAAKOBI Ta CUCTEMATHYHi).

B pe3ynbpTaTi Te0Ie3nIHUX CTIOCTEPEKEHD OTPUMYIOThCS TipocTopoBi aaHi (I1J1), sxi citij BUSHAYATH
SIK HaO0opu aHux abo 0a3u HaHUX MPO 00'EKTH PeaIbHOTO CBITY, IO MAIOTh NICBHE MICIICTIONIOKEHHS Ha T10-
BepxHi 3emui, 3aikcoBaHEe y BCTAHOBJIEHIH CHCTEMI IPOCTOPOBO-4acOBUX KoopAauHaT [5]. HuHi sikicHi mpo-
CTOPOBI JaHi € HEBIJ’ €EMHOK YaCTHHOIO BHIIB AISUIHOCTI, IMTOB’SI3aHUX 3 OYIiBHHUIITBOM, IOCIIPKEHHSAM Ta
eKCIUTyaTalli€lo iHKeHepHOl iHPpacTpyKTypH.

OcraHHI JOCSTHEHHS B Tally3i KOMITTOTEPHHUX TEXHOJIOTIH Ta T€OMATHKH JO3BOJUIN BHKOPHCTO-
ByBaTH TOYHE I'€OJC3UYHE OOJaAHAHHSA IS BUMIPIOBAHHS Ta KOHTPOJIIO Acdopmaliii iHKEHEPHUX CIIOPY,
30KpeMa aBTOMOOLITBHHX J0pir. [losBa cydacHUX TaXeOMETpPiB J03BOJISE MpaIfoBaTH 0€3 KyTHUKOBHUX BiJIOH-
BauiB. TeXHOJOTII CYIMyTHUKOBOT'O TO3HUITIFOBAaHHS ITiIBUIYIOTH aBTOHOMHICTE BUMIPIOBAHHS KOOPIWHAT
00’ €KTiB.

Bunu i MeTou criocTepeskeHs 3a neopMaliisiMy CIIopy s OOUPaOThCS TaKUM YHHOM, 100 IX MOYKHA
OyJI0 BHpPA3WUTH B MIOKa3HUKAX BiAMOBIIHOTO KPUTEPIit0 Oe3rmeku. sl KOKHOTO BUAY 1 METOY CIIOCTEPEKECHD
BH3HAYAIOTHCSl BUMIpIOBaHI mapaMeTpH, popma ix mpeacTaBieHHs i HeoOXigHa TOYHICTh BUMipIoBaHb. [lpu

1 Tlpuctpiid, SIKMiA JO3BOJISIE BUBHAUYUTH CTYIIHb JeopMalii TBepIux Tif.
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BUOOpPI MeTOHiB 1 3aco0iB BUMIpIOBaHb BPaxXOBYETHCS HEOOX1IHICTH HAHOLIBII HOBHOTO BUKIIIOUEHHS CH-
CTEeMaTHYHHUX MMOXHUOOK BUMIPIOBaHb.

Cucrema CrocTepekeHb (MOHITOPHHTY) HalJacTIIIe CKIaaeThCs 3 KUTbKOX 0JI0KiB [3]:

- cHcTeMa CIOCTEPEKEHb 3a CTAHOM HABKOJIHUIIHBOIO MACHBY IPYHTY 32 MEXaMH OTOpPOKYBaJIbHUX
KOHCTPYKITiHf 00’ €KTa;

- CHCTEMa CIIOCTEPEIKEHb 3a TehopMaIlisaMi KOHCTPYKIIiH CIOPYKYBaHOTO 00’ €KTa;

- CUCTEMa CIIOCTEPEKEHb 32 ICHYIOUMMH 00’ €KTaMH, PO3TAlllOBAHUMH B 30HI BIUIMBY OYZiBHHILITBA.

3BUYAITHO, TeoAe3NTHE MOACITIOBAaHHS 00'ekTa (1 HOTO OTOYEHHS) O3HAYAE 3aKPITUICHHS Ha MiCIICBOCTI
MepexXi TUCKPETHUX TOUOK TAKUM YHHOM, 00 TOUKK HAMKpaIluM YNHOM XapaKTepu3yBajil 00'€KT, a TAKOXK
psAIy TOYOK IO TIPEICTaBIIOTH pyXxH 1 nedopmarii o6'ekra. Ile o3HaUae, M0 MOMETIOIOTHCS K TEOMETPIs
ob'ekta ame i mporec Aedopmarii. CrocTepeKeHHS 32 TEOMETPUYHUMH  XapaKTEPUCTUKAMH B IICBHI
MPOMIKKH 4Yacy, JO3BOJISIE OXapaKTepu3yBaTH pyxu o00’ekTy (ocimaHHs, mpocimaHHs, HaOyxaHHS 1
ycankn) [2]. Lle 703BoJIsI€ KOHTPOTIOBATA MOJEINI, SIKi OMMCYIOTh CTATHYHI, KIHEMaTHYHI Ta JMHAMIYHI TTapa-
METpH JIOPiT.

[TepcrieKTHBHUM € 3aCTOCYBaHHS Pa3oM i3 CTATUIHUMHE TaKOX 1 KIHEMaTHIHHUX MOJIETI AedopMartiid,
SIK1 TO3BOJISTFOTH OIIHWTH MIBUAKICTH 1 HABITh MPUCKOPEHHS PYXY TOYOK KOHTPOIIO.

BucHoBku Ta pexomenaauii. [ligBUIIEHHA $SKOCTI aBTOMOOUIBHHMX JOpPIT, MOCTIB Ta TYHEIiB
IIOB’513aHE 3 ONEPAaTHBHUM 30MpPaHHSIM NPOCTOPOBUX JAaHUX AJIS 3aBAaHb JIarHOCTUKHU Ta NPUNHSITTS Ha iX
OCHOB1 OOIPYHTOBaHMX YMPAaBIIHCHKUX pillleHb. Pe3ynbTar poOOTH BH3HAYAETHCS TOBHOTOIO, SIKICTIO Ta
CBO€YACHICTIO OTPUMAaHHS MPOCTOPOBHUX JAHMX ILIOA0 I'€OMETPUYHUX HapaMeTpiB JOPIr BiJ Ie0le3UCTiB Ta
IHIUX SKICHUX JaHUX MPO CTaH JOPIT Bix iHMUX ¢axiBiliB. bymiBenbHa opranizaliis B IpoIleci IaHyBaHHS,
3IIACHEHHS Ta KOHTPOJIIO Oy/iBEIbHUX IMPOLECiB Ha BCIiX CTAisIX JKUTTEBOTO LUMKIY aBTOMOOLIBHOI HOPOTH
JUTSE 3a0€3TeYeHHS BiIOBIIHOCTI 11 BUMOTaM SIKOCTI IMTOTPeOy€e MITHH PsIT TEOMETPUYHUX TapaMeTpiB (1103710-
BIKHI Ta MOTIEPEYH] YXUIIU; PiBHICTh JOPOKHBOTO IIOKPUTTS; TUOWMHA Ta IIMPUHA KOJIii TOIIO).

3nificHeHU# aHaji3 3acBiqYMB, 10 HUHI OTPUMAaHHS LUX MapaMeTpiB HaW3py4HIIIe 3iHCHIOBATH 32
JIOTIOMOT'O0 HOBITHIX T€0JIC3HIHIX TEXHOJIOT1H: BUCOKOTOUYHOTO HiBemoBaHHsA, | HCC-BuMipioBaHb, TiHIHHO-
KyTOBUX BUMIPIOBaHb, HA3€MHOTO Ja3¢pHOT0 CKaHyBaHH:I, CTEPEO(OTOrpaMMETPHYHOTO.

OrepaTUBHICTD, MBUAKICTE Ta SIKICTh MPOCTOPOBHX JAaHUX, OTPUMAHHUX 3a JOITOMOTOIO HOBITHIX TE€X-
HOJIOT' TIpHU3BEIE IO T ABUINCHHS KOHKYPEHTOCIIPOMOKHOCTI Oy IiBEIRHOI OpraHizarlii Ta ImiIBUIICHHIO 0€3-
MEKU BOJIIIB.

Ilepeaik nocunanb

1. AnexkcieB B.O. [u ngp.]. [HTepakTHBHHI MOHITOPHHI aBTOMOOUTBHHX Hopir : MoHorpadis / B.O.
Anexkcies, O.I1. Anekcie, A.A. Buamumr, B.O. Xa6apos, Biaaumss: BHTY, 2012. 144 c.

2. bapan ILI. [mxenepna reoaesis : Mounorpadis / I1.1. bapan, Kuis: Bino:n, 2012. 618 c.

3. Mummmk A., MapkoB E., Koxan E. KommiekcHuii reoTexXHIYHHI MOHITOPHHT SIK OCHOBa 30epe-
JKEHHSI TaM’ATOK apxiTekrypu // CydyacHi JOCSITHEHHS T'e0Ie3uyHOi Hayku Ta BUpoOHuiTea. 2010. Ne 1T (20).
C. 135-141.

4. 3anapunsbiii A.B. ABToMaTH3anus BRICOKOTYHBIX HHKEHEPHO-T€01e3ndecKkuXx u3mepenuii / A.B.
Samapunanbiid, M.: Henpa, 1976. 247 c.

5. Kapmincekwii 10.0., JIssmenko A.A., 'opkoBuyk M.B. KonnenryanbHi 3acaan oLiHIOBaHHS Ta 3a-
Oe3MeueHHs IKOCTI Fe0NPOCTOPOBUX JaHuX // BicHuk reomaesii Ta kaprorpadii. 2012. Ne 4. C. 33-42.

6. Pubiupkuit JIJI. [ gp.]. Cuctema ympaBiiHHA CTaHOM MOKPHUTTIB aBTOMOOINBHHUX Jopir. IH-
CTPYKIisl 10 (hopMyBaHHS OaHKIB qaHuX Jiisi CHCTEMH 3a pe3yJibTaTaMK HaTypHUX 00CTEKEHb aBTOMOO1Ib-
uux gopir / JL.JI. Pubiuskwuii, C.C. Kuzuma, O.I1. Kanin, M.M. JIuxoctyn, YKpaiHCbKa AepiKaBHA KOPIIOPAIlis
“Ykpasrogop™:, 2001. 26 c.

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
57



TEOJE3IS TA 3EMJUIEYCTPIA

7. Cuzonenko B. [u np.]. [lacmopt aBTOMOGUIBHOT Hoporu. COY 45.2-00018112 - 038 : 2009 / B.
Cuszonenko, C. NamiMcobkuid., JI. Pubinpkuii, M. I'ykoB, K.: [lepxaBHa citysk0a aBTOMOOUIBHUX A0PIr YKpaiHu
(YkpaBtomop), 2009. 76 c.

8. Cuzonenko B.B., PuGitskuii JI.JI. PekoMenaanii o 3acrocyBanHiO reoin(GopMaliiiHuX TeXHOIO0T1i
B J0pokHbOMY rocmogapcetsi. P B.3.1-218-05416892-735:2008. / B.B. Cuszonenko, JI.JI. Pubinekuii, K.:,
2008. 30 c.

9. CraposepoB B., Anamenko O. 'eongesnununii MmoHiTopuHr MocTiB // Geodesy, architecture & con-
struction 2011 (GAC-2011), 24-26 November 2011. C. 168-171.

10. Abulizi N. [u ap.]. Measuring and evaluating of road roughness conditions with a compact road
profiler and ArcGIS // Journal of Traffic and Transportation Engineering (English Edition). 2016. Ne 5 (3). C.
398-411.

11. Beshr A.A.E.-W. Structural Deformation Monitoring and Analysis of Highway Bridge Using Ac-
curate Geodetic Techniques // Engineering. 2015. Ne 08 (07). C. 488—498.

12. Du Y. [u ap.]. Measurement of International Roughness Index by Using Z -Axis Accelerometers
and GPS // Mathematical Problems in Engineering. 2014. (2014). C. 1-10.

13. Kongyang Chen [u ap.]. Road condition monitoring using on-board Three-axis Accelerometer and
GPS Sensor Harbin, China: IEEE, 2011. 1032-1037 c.

14. Kumar P. [u ap.]. Automated road markings extraction from mobile laser scanning data // Interna-
tional Journal of Applied Earth Observation and Geoinformation. 2014. (32). C. 125-137.

15. Razi P. [u mp.]. 3D Land Mapping and Land Deformation Monitoring Using Persistent Scatterer
Interferometry (PSI) ALOS PALSAR: Validated by Geodetic GPS and UAV // IEEE Access. 2018. (6). C.
12395-12404.

16. Shams A. [u ap.]. Highway Cross-Slope Measurement Using Mobile LiDAR // Transportation
Research Record: Journal of the Transportation Research Board. 2018. C. 036119811875637.

17. Sjogren L. Overall quality management of road condition monitoring: a case study / L. Sjogren,
2015. 21 c.

18. Velasco-Gomez J. [u np.]. Use of the gyrotheodolite in underground networks of long high-speed
railway tunnels / Survey Review. 2016. Ne 350 (48). C. 329-337.

19. Xi R. [u ap.]. Bridge monitoring using BDS-RTK and GPS-RTK techniques // Measurement. 2018.
(120). C. 128-139.

20. Yang J. [u ap.]. Automatic deformation monitoring for large span bridge based on multi-constel-
lation BDS and GPS system // International Journal of Robotics and Automation. 2018. Ne 5 (33).

21. Zang K. [u ap.]. Assessing and Mapping of Road Surface Roughness based on GPS and Accel-
erometer Sensors on Bicycle-Mounted Smartphones // Sensors. 2018. Ne 3 (18). C. 914.

GEODESIC TECHNOLOGIES FOR SPATIAL DATA COLLECTING FOR HIGHWAYS DIAG-
NOSTICS AND CERTIFICATION

Liashenko Dmytro Oleksiiovych, Doctor of Geographical Sciences, Associate Professor, National Transport
University, Professor of Road Design, Geodesy and Land Management Department, e-mail:
uageog@gmail.com, +380673235684, https://orcid.org/0000-0001-5588-0322.
Pavlyuk D.O., National Transport University, Department of Road Designing, Geodesy and Land Manage-
ment, postgraduate student, Dr.Tech. Sci., professor. https://orcid.org/0000-0003-4493-4238
Summary. The article is devoted to geodetic supply of highways diagnostics and certification. The role of
geodetic techniques for improving the efficiency of the quality management system in road construction or-
ganizations of Ukraine is determined.
Key words: spatial data, geodesy, geodetic monitoring, road construction, diagnostics of highways, certifica-

tion of highways.

HayxoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JJOPOTH I JOPOXXHE BYIIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
58



TEOJE3IS TA 3EMJUIEYCTPIA

References

1. Aleksiiev V.O. [and etc]. Interaktyvnyi monitorynh avtomobilnykh dorih : monohrafiia / V.O. Ale-
ksiiev, O.P. Aleksiiev, A.A. Vydmysh, V.O. Khabarov, Vinnytsia: VNTU, 2012. 144 c.

2. Baran P.I. Inzhenerna heodeziia : Monohrafiia / P.1. Baran, Kyiv: Vipol, 2012. 618 c.

3. Dyshlyk A., Markov E., Kozhan E. Kompleksnyi heotekhnichnyi monitorynh yak osnova zbere-
zhennia pamiatok arkhitektury // Cuchasni dosiahnennia heodezychnoi nauky ta vyrobnytstva. 2010. Ne I1 (20).
C. 135-141.

4, Zatsarynnui A.V. Avtomatyzatsyia vusokotchnukh ynzhenerno-heodezycheskykh yzmerenyi/ A.V.
Zatsarynnui, M.: Nedra, 1976. 247 c.

5. Karpinskyi Yu.O., Liashchenko A.A., Horkovchuk M.V. Kontseptualni zasady otsiniuvannia ta zab-
ezpechennia yakosti heoprostorovykh danykh // Visnyk heodezii ta kartohrafii. 2012. Ne 4. C. 33-42.

6. Rybitskyi L.L. [and etc]. Systema upravlinnia stanom pokryttiv avtomobilnykh dorih. Instruktsiia
do formuvannia bankiv danykh dlia Systemy za rezultatamy naturnykh obstezhen avtomobilnykh dorih / L.L.
Rybitskyi, S.S. Kyzyma, O.P. Kanin, M.M. Lykhostup, Ukrainska derzhavna korporatsiia “Ukravtodor™:,
2001. 26 c.

7. Syzonenko V. [and etc]. Pasport avtomobilnoi dorohy. SOU 45.2-00018112 - 038: 2009 / V.
Syzonenko, S. Halimskyi., L. Rybitskyi, M. Hukov, K.: Derzhavna sluzhba avtomobilnykh dorih Ukrainy
(Ukravtodor), 2009. 76 c.

8. Syzonenko V.V., Rybitskyi L.L. Rekomendatsii po zastosuvanniu heoinformatsiinykh tekhnolohii
v dorozhnomu hospodarstvi. R V.3.1-218-05416892-735:2008. / V.V. Syzonenko, L.L. Rybitskyi, K.:, 2008.
30c.

9. Starovierov V., Adamenko O. Heodezychnyi monitorynh mostiv // Geodesy, architecture & con-
struction 2011 (GAC-2011), 24-26 November 2011. C. 168-171.

10. Abulizi N. [and etc]. Measuring and evaluating of road roughness conditions with a compact road
profiler and ArcGIS // Journal of Traffic and Transportation Engineering (English Edition). 2016. Ne 5 (3). C.
398-411.

11. Beshr A.A.E.-W. Structural Deformation Monitoring and Analysis of Highway Bridge Using Ac-
curate Geodetic Techniques // Engineering. 2015. Ne 08 (07). C. 488—498.

12. Du Y. [and etc]. Measurement of International Roughness Index by Using Z -Axis Accelerometers
and GPS // Mathematical Problems in Engineering. 2014. (2014). C. 1-10.

13. Kongyang Chen [and etc]. Road condition monitoring using on-board Three-axis Accelerometer
and GPS Sensor Harbin, China: IEEE, 2011. 1032-1037 s.

14. Kumar P. [and etc]. Automated road markings extraction from mobile laser scanning data // Inter-
national Journal of Applied Earth Observation and Geoinformation. 2014. (32). C. 125-137.

15. Razi P. [and etc]. 3D Land Mapping and Land Deformation Monitoring Using Persistent Scatterer
Interferometry (PSI) ALOS PALSAR: Validated by Geodetic GPS and UAV // IEEE Access. 2018. (6). C.
12395-12404.

16. Shams A. [and etc]. Highway Cross-Slope Measurement Using Mobile LiDAR // Transportation
Research Record: Journal of the Transportation Research Board. 2018. C. 036119811875637.

17. Sjogren L. Overall quality management of road condition monitoring: a case study / L. Sjogren,
2015. 21 c.

18. Velasco-Gomez J. [and etc]. Use of the gyrotheodolite in underground networks of long high-
speed railway tunnels // Survey Review. 2016. Ne 350 (48). C. 329-337.

19. Xi R. [and etc]. Bridge monitoring using BDS-RTK and GPS-RTK techniques / Measurement.
2018. (120). C. 128-139.

20. Yang J. [and etc]. Automatic deformation monitoring for large span bridge based on multi-con-
stellation BDS and GPS system // International Journal of Robotics and Automation. 2018. Ne 5 (33).

21. Zang K. [and etc]. Assessing and Mapping of Road Surface Roughness based on GPS and Accel-
erometer Sensors on Bicycle-Mounted Smartphones // Sensors. 2018. Ne 3 (18). C. 914.

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
59



TEOJE3IS TA 3EMJUIEYCTPIA

YK 528 DOI: 10.33744/0365-8171-2021-110-060-068

JOCJII)KEHHS BILTUBY BIICTAHEMN MI’K BA3OBUMHU CTAHIIISIMH 1
CYIIYTHUKOBUM INPUMMAYEM HA TOUHICTbh KOOPJJUHATHUX BUSHAUEHDb

INVESTIGATION OF THE INFLUENCE OF SURFACES BETWEEN BASIC STATIONS AND
SATISFACTORY RECOGNITION ON THE ACCURACY OF COORDINATING DEFINITIONS

Heizeecmna Hamanis Bonooumupisna, kanouoam mexuiunux Hayk, 0oyeHm kageopu
npoexmysanis 0opie, ceodesii ma zemaeycmporo, Hayionanvnuii mpancnopmuuil yHi-
sepcumem, Kaghedpa npoexmysants 0opie, 2e00e3ii ma 3emMieycmpor, 00YeHm, super-
nesh@ukr.net, +380957970158,

https.//orcid.org/0000-0003-2406-3906

Xom’ak Anuna fApocaagiena, kanouoam mexHivHux HAyK, OOYeHm Kageopu npoexmy-
6anus Oopie, ceodesii ma semneycmpoio, Hayionanvnuti - mpaucnopmuuti  yHieepcu-
mem, Kagedpa npoekmysanHs 0opie, 2eodesii ma 3eMaAeycmpor, OOyeHm,
akhomjak(@gmail.com, +380673990164,

https://orcid.org/0000-0002-2483-8153

Omenvuyk Civinna Kocmanmuniena, xanouoam mexniyHux Hayx, ooyenm xagheopu
npoexkmyganHs 0opie, 2eodesii ma zemaeycmpoio, Hayionanvuuii mpancnopmuuil yHi-
sepcumem, Kapeopa npoexmyeanus dopie, 2eode3ii ma 3emieycmporo, ooyenm, sib-
@ukr.net, +380974403827,

https.//orcid.org/0000-0003-2191-1551

Manvko Mapia Mukonaiena, kanouoam mexHiuHux Hayk, ooyenm, Hayionanvrui
MPAHCHOPMHULL YHIGEpCUmem, 00YeHm Kageopu mpaHcnopmuozo 6yo0isHuymea ma
ynpasainna matinom e-mail: mariva.malko@gmail.com , men. +380674021763,
https://orcid.org/0000-0003-4450-1387

AmnoTanisi. JIocmiHKeHO BiICTaHI MK pi3HUMU 0a30BUMH CTAHIIISIMU 1 MOOLIBHUM IpUiMaveM, a Ta-
KO IOMMJIKM KOOPAMHATHUX BU3HAYECHb MIPU PI3HUX BiACTaHAX MK 0a30BOIO CTAHILIEIO i MOOLIEHUM MPHIA-
Madem. s peanizaiiii HOCTaBIeHUX 3aBJaHb OyJH 3aCTOCOBaHI HACTYIIHI METOAM JIOCIIDKEHB: MOJbOBUX
BHUMIpPIOBaHb, METOJ MAaT€MaTHYHOTO MOJEIIOBAHHSA Ta METOJM MAaTEMAaTHYHOI CTATUCTHKH JUIsI 0OpOOKH
EKCIIEpUMEHTAIIbHUX TaHUX. BcTaHOBIEHO CTYNEHb BIUIMBY BiJCTaHEH MiX 0a30BOIO CTAHIIIEIO 1 CYIyTHHKO-
BHIM NpUHiMadeM Ha TOYHICTh KOOpAWMHATHUX Bu3Ha4YeHb B RTK-pexumi.

Kirouosi cioBa: RTK-pexxum, 6a3oBa cranuis, cymyTHuKoBuid npuiiMay, momuiiky, 'HCC, koopau-
natu, GPS, I'JTTOHACC.
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Beryn. B nanmii yac Bu3HaueHHS MPOCTOPOBHUX KOOPAMWHAT 00'€KTIB 36MHOI ITOBEPXHi 3 BUKOPHCTAH-
HSIM Mepexi nepMmaHeHTHUX 0azoBux cranuii (BC) crae Bce Gunbin 3aTpedyBaHOIO TexHOOTiE. e mosic-
HIOETBHCSI ITUTOF0 HU3KOIO iX TIEpeBar o0 TPATUIIiHHIX MEPEK TPIaHTYIIAIIT 1 TOJIIrOHOMETPIi, a caMe: BUCOKa
MPOAYKTHBHICTH 1 ONIEpaTUBHUH 301p BUCOKOTOYHOI MPOCTOPOBO-4ACOBOI iHPOpMALii A MOAATBIINX KOOP-
MUHATHUX BU3HAYCHb, HE TIOTPIOHA HASIBHICTH NIPSIMOI BUAUMOCTI MIXK BUXI1IHHM 1 OOYMOBJICHUMH ITyHKTaMH,
CTaHIl1 MOXYTh OYTH BCTAHOBJICHI B 3pyYHHUX MICIISX, TaM, ¢ BOHM HEOOXi/IHI (a HE Ha BIAJAJICHUX BEPIIH-
Hax), TEOMETPIisl MEPEeXi HE € TAKOIO KPUTHYHOIO SIK B TPATULIIHHUX MEPEKaX.

IcHyE€ psim TPYAHOIIIB TIPH CTBOPEHHI 1 BHKOPUCTAHHI MEPEKi 0a30BHUX CTaHIIIH, TTOB'I3aHUX HOBU3HOIO
TEXHOJIOT] Ta, K HACIiA0K, 3 HEAOCTaTHHOIO0 BUBUCHICTIO.

HaiiBaxkuBimoro mpo0aeMoro, Ipu CTBOPEHHI Mepeki 0a30BUX CTaHIIIH € BU3HAYCHHS ONTHMAIBEHOT
BiJICTaHI M’k HUMH. 3MEHIIICHHS BiICTAHEW MK CTAHIIISIMH Bejie 0€3yMOBHO JI0 TiABUIICHHS TOYHOCTI ITO3H-
LIIOBaHHs, ayie 30UIbIIY€ YMCIO CTaHLiH, 10 MPUPOAHO BUKIHMKAE 3POCTAHHS BUTPAT Ha CTBOPEHHS 1
MIATPUMKY MEPEkKi. Y HayKOBO-TEXHIUHIN JIITEpaTypi, IPUCBIUYCHIN JaHOMY IIMTAHHIO, € CylepewinBa iHdop-
Marist. Tak goBxuHa 6a3uciB mepexi SAPOS (Germany) ctanoButs 40 ... 70 kM i Bximtoyae 250 cranuiit, GPS
network in the urban area of Recife (Brazil) - 20 ... 50 kM (4 mt.), RTK Network System in the Tokyo area
(Japan) - 50 ... 100 xm (6 mit.). TOB «Hagirariiino reome3nanuii ieHTp» (Mepexa bC B XapkiBchKiit 061acTi)
BKas3ye, 10 B CTATUYHOMY PEXHUMi MaKCHMaJbHa BiJICTaHb BiJl ©6a30BOI CTaHIIT 10 MICIIsSI TPOBEJCHHS 3HOMKHU
HE MMOBUHHO TepeBuiryBaTy 30 KM i JIMIE B MESKUX BHITAIKaX JOIyCKaeThbest podboTa 10 50 kM. «mKuHipHH-
roBuii Lentp I'@K» (Mepexa BC B YnbsHoBcbkoi obmacti PO) BBakae, 1110 MakcuManbHa JajdbHICTE pOOOTH
B pexkumi RTK 1o 50 kM, poOistun mo3HauKy, 10 B MEpion aKTHBHOCTI COHLISI CIIOTBOPEHHS padioCUTHATIIB
cynytHuKiB THCC B ioHOC]EpI IPU3BOIUTH [0 MOTIPIICHHS TOYHOCTI 2800 HEMOKJIMBOCTI BUKOHYBATH TOYHI
BHUMIpPIOBaHHS Ha BiacTaHsax Oinbme 25 kM. [IpoTupiyus BCix mpomno3uiiil nojisrae B TOMY, BiICTaHb, Ha SIKE
no3Bojsie Bigmansatucs Big bC npwuiimad, mo npairoe B RTK-pexxnMi, MeHIIe, HiXkK CTAaTHIHUN METOA BHKO-
HaHHS BUMIpPIOBaHb.

TakuM 4MHOM, 3pOcCTaroua MOMyJSPHICTh BUKOpUCTaHHS Mepexx bC Bumarae eTanbHOro BHBYCHHS
BHUIIIEBKA3aHUX MTUTAHb.

Mera i metoau. /[ BcTaHOBJICHHS CTYIEHS BIUIMBY BificTaHel Mik 0a30BOIO CTAHIEO 1 CYMyTHH-
KOBHIM IIpHiiMadeM Ha TOYHICTh KOOPAWHATHUX BU3HAaUYeHb B RTK-pexxnMi HeoOXiTHO MPOBECTH EKCTICPUMECH-
TaJbHI TOCIIDKEHHS 3 METOIO BHSBJICHHS 3aJIC)KHOCTI TOYHOCTI BU3HAUEHHS KoopauHat B pexkumi RTK mpu
PI3HUX BIACTaHSAX MK CYIMYTHHKOBUM IpHUiiMaueM i 0a30BOIO CTAHII€I0, a TAKOXK 3pOOUTH aHali3 TOYHOCTI
KOOPJIMHATHUX BHU3HAYCHB MPH Pi3HUX criocobax GpopMyBaHHs MepeKeBUX MOMPaBoK. Ha ocHOBI oTprMaHOro
aHaji3y, po3poOuTH peKOMEHaMLil 3 TPOEKTYBaHHS MEPMaHEHTHUX 0a30BUX CTAHIIIMN.

Jl1s BU3HAYCHHS 3aJIEKHOCTI TOYHOCTI KOOPAMHAT ITyHKTY CIIOCTEPEXKEHB BiJl OMMHOYHUX 0a30BHX
CTaHIIIH Oy7TM BUKOHAHI €KCIIEPUMEHTANIBHI TOCHIKEHHS Ha IMyHKTI TpianTyseamdii 111 kimacy boptamdi. Cxema

pucy

v R

pO3TallyBaHHS MyHKTY MpeACTaBlcHa Ha HKy 1.

Pucynok 1 — CxemMa po3ranryBaHHS yHKTY TpiaHTYILAIii bopTamdi
Figure 1 — Scheme of location of the point of triangulation Bortnichi
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[TyHkT OyB 0OpaHWii TAKHM YHMHOM, IIO0 BILIMB 0araToOKOMiHHIN OylI0 MiHIMAILHUM, TOOTO HABKOJIO
MYHKTY BUMIpIOBaHb BiICyTHI BUCOKI CIIOPYZH 1 IepeBa, SKi MOTJIH O CTUMYJIIOBATH SIBUIIE OaraTOKOJiiHIMN 1
CTaTu HKEPEJIOM MEPeLIKo ] Npy MpUHOMi paioCUTHAJIB BiJ HABITaLiHHUX CYMyTHUKIB. 3aralbHUA BUTIIS
IMyHKTY 3 BCTAHOBJICHOI HA HbOMY aHTEHOIO IIpUiiMava MOKa3aHUil Ha PUCYHKY 2.

3 ormsaay Ha, MO MyHKT BOpTHWYI BiTHOCHTBCS A0 3 KIiacy i HEBOMO WOTO CTaH B JIaHWUH 4Yac, TO
nepeJi BAKOHAHHAM JIOCHIPKCHb OyB BUKOHAHUI KOHTPOJIb HOTO KOOpAWHAT. 711 BHKOHAHO KOOPIMHYBAHHS
MYHKTY B PEXKHMIi CTaTHKa IOJ0 3-X HaHOmmk4nx 0a30BUX cTaHIii. HakonmuueHHs NaHuX 3IiHCHIOBANIOCS
NPOTSToM 2 roAuH. 3a Iepio BUMIpIOBaHb MpUHAManics curaaiy Big 20-Tu HaBiralifHuX CYIMyTHHUKIB, 3 IKUX
12 € cynyraukamu GPS 1 8 TJTIOHACC. [TocToOpo0Oka X BUMipIOBaHb BUKOHAHA B POTPAMHOMY KOMILIEKCI
SpiderWEB.

PucyHOK 2 — 3aranbHuil BUIIIS IyHKTY CIIOCTEPEKEHHS
Figure 2 — The general view of the observation point

Pe3yabTaTu i nosicHeHHsi. B pe3ynbraTi BAKOHAHUX BUMIPIOBaHb OTPUMAaHI KOOPJMHATH, SKi HaBe-
neHi B Tabnui 1. 11i kooparHATH Ae1o BiApi3HAIOTHCS Bl KATAIOKHUX 3HAYCHb KOOPIMHAT ITYHKTY, SKi OyiH
paHilie BU3HAYEHI B pe3yNbTaTi JiHIHHO-KYTOBHX MOOYIOB. 3 OISy HA SIKICTh CYYacHUX TEXHOJOTIH 1
BHUMIpPIOBaHb, OyJI0 MPUHHATO PIlIEHHS, IO B AKOCTI €TAIOHHUX KOOPAUHAT MyHKTY, OyIyTh NPUHHATI KOOp-
JUHATH 3 CYIMyTHUKOBUX CIIOCTEPEKEHb.

Tabmuus 1 — Etanonni koopauaati myHKTy boptauui B CK-63
Table 1 — The reference coordinates of the Bortnichi point in SC-63

Boprauui X y h
III xnac 5573987,371 3386228,936 113,138
CraTrka 5573987,441 3386228,945 113,044
Pi3HMII KOOpAMHAT, MM +70 +9 -96
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Jly1is BUpIIIEHHSI TIOCTABJICHOTO 3aBJIaHHS JOCHIKCHb, a CAME - BCTAHOBIJICHHS 3aJIC)KHOCTI TOYHOCTI
BHU3HAUYCHHS KOOPJMHAT BiJl OAMHOYHUX 0a30BuX cTaHiid B RTK, Oynu He3ane:KHO BH3HAUYEHI KOOPIUHATU
MyHKTY bopTHHYI Bif 6-TH 0a30BUX CTaHIIH, BIITAJICHUX Ha Pi3HI BiICTaHI B Miama3oHi Big 6 10 235 kM. Cxema
pO3MileHHs 6a30BUX CTaHIIH MO0 MyHKTY BOpTHUYI MMOKa3aHa Ha PUCYHKY 3.

Bincrani mo bC 1 HanpaBieHHs Ha HUX HaBeAeHi B TaOumii 2.Ha koxuny BC 6yno BUKOHAHO TpOXHU
oinmpmre 300 BuMipioBaHb (Tabi1.2) mpu aBTO30EpEKECHHI JaHUX 3 iHTepBajaoM B 1 ¢. Bci BUMiprOBaHHS BUKO-
HYBaJIUCS B YMOBaX YHCTOr0 HEOOCXMITY Ipu Byruuti macku B 10 rpaaycis. B pe3ynbprarti TOrO, 110 CIIocTepe-
YKEHHS TIPOBOIMIIHCS Y BEHiPHIN TO I1€ CIIPHSIIO 3MEHIIIEHHIO BINTUBY 10HOC(EepHUX 3aTpUMOK. TakuM IiMHOM,
MO’KHa KOHCTaTyBaTH, 10 YMOBH MTPOBEJICHHS EKCIIEPUMECHTAIBLHIX BUMIPIOBaHb OYJIM HaWKpaIIUMU.

NIZH
Hexun

KVDA
Kues, Hapuuna

Bbopranun

GLSV

Kues, I'onoceeBo 20km

VATU
Baryruno

KRRS
Kpemenuyk

Pucynok 3 — CxeMa B3a€MOITOJIOKEHHS 6a30BUX CTaHIIIN ITyHKTY CIIOCTEPEIKCHD
Figure 3 — Scheme of interconnection of base stations of the point of observation

[Tonepeniii aHaNi3 OTPUMaHUX PE3YJIbTATIB MMOKA3YE, M0 3HAYCHHS, PO3KUTY, BUTIAJIKOBUX CEPEIHIX
KBaJpaTUIHUX TOMIJIOK 1 CHCTEMaTHIHIX TIOMHJIOK 3pOCTAIOTh 31 301IbIIeHHsAM BifcTanel 1o bC. Kpim Toro,
ICTOTHO 3MIHIOETHCS PO3CIFOBAHHS INIAHOBUX KOOPIUHAT (PUCYHOK 4).

Amnani3 nux rpadikiB nokasye, mo oonacTs poscitoBaHHa npu BuMipax Bix BC KVDA, GLSV i NIZN
dhopmye eminc. 3i 30LIBIICHASIM BiJICTaHI MK CYITyTHHKOBUM TpuiiMadeM i bC ob6macTh po3ciroBaHHS cTae
BUTATHYTOI, 110 CBIAYUTH MPO MEPEBAKAHHSI CHCTEMATHYHUX TTOMUJIOK BHMIpIB.

CucreMaTHyHI MOMUJIKY B IDIaHI MPAKTUYHO JIHIHHO 3aJ]1€KaTh BiJl BiZICTaHI 10 0a30BOi cTaHIIii (pu-
cyHOK 5). LIst 3a/1eKHICTh ONMUCYETHCS JIIHIHHOK (YHKIIIE 3 KoedilieHToM Kopensiii piBHuM 0,986:
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5, =0,0037S,, (1)

S0 3agaTrcs AeUMETPOBOMY TOYHICTh, TOOTO CHCTEMAaTHYHA TOMMJIKA B IIJIaHI HE IIOBUHHA ITepe-
BumyBatu 0,1 M, To BincTans 10 bC He MOBHHHO TIEPEBUIITYBATH 25 KM.

Tabmurs 2 — XapakTepUCTUKHA BUMIPSHUX BEKTOPIB 1 pe3y/IbTaTH OLIHKH TOYHOCTI
Table 2 — Characteristics of measured vectors and results of estimation of accuracy

Hassa bC KVDA GLSV SHEV NIZH VATU KRRS
Kwuis
> | Kuis, I'o-
p i , . . .
o3tamryBanHs bC Hap OCEERO Kanis Hixun | Baryrina | Kpemenuyk
HHILA
Bincranb, kM 6,6 15,3 85,1 109,9 152,3 235,1
JupekmiitHuii KyT, Tpaayc 272,06 338,25 145,31 50,25 172,71 152,54
Hucro Bumipis 7, 312 311 328 329 329 329
Po3kun 3Ha4eHDb, M
3ax- Ax’/ 0,008 0,029 0,029 0,087 0,105 0,721
3ay- Ay] 0,009 0,017 0,029 0,049 0,121 0,302
3a BUCOTOIO - Ak’ 0,022 0,040 0,069 0,189 0,113 0,532
CepenHs KBapaTUIHA MMOXHOKA 32 BiIXMJICHHSIMH BiJI CEPETHBOTO 3HAYCHHS, M
3ax - 0;]6 0,002 0,005 0,005 0,026 0,028 0,160
3ay- G; 0,002 0,003 0,007 0,012 0,035 0,061
y TIaHi - Oj 0,003 0,006 0,009 0,029 0,045 0,171
32 BHCOTOIO - Gf]z 0,003 0,009 0,013 0,047 0,023 0,070
Bigxunenns Big cTaHmapTy (CHCTEMaTHIHA TIOMUJIKA), M
3ax- dx’ -0,015 -0,012 -0,263 0,029 -0,438 -0,763
J
3ay - Sy 0,004 0,023 0,087 0,304 0,3183 0,527
y iaHi - §// 0,016 0,026 0,277 0,306 0,541 0,927
JUAP.KYT BIAXUIICHHSI, TPALYC - 0(7/ 180 152 108 5 126 125
3a BUCOTOIO - &/ 7 -0,004 -0,023 -0,012 -0,001 -0,147 0,212

[Ipu 3HAYHUX BiJICTAHSIX CIIOCTEPIra€ThCs BiXUICHHS 3HAYCHD IUTAHOBUX KOOPMHAT Y HAIIPSIMKY JI0
0a30Boi cTaHIIil.

CucteMaTHyHi TOMIUIKH 110 BUCOTI ICTOTHO MEHIIIE 1 TTpH BigcTtansx a0 100 kM He epeButIyots 0,1 M.

BurmaikoBi MOMIITKY BUMipIOBaHb ICTOTHO MEHIIIE CUCTEMATHYHUX (PUCYHOK 6). BoHH Tex 3pocTaroTh
3 pOCTOM BiJicTaHEeH, ajie He mepeBUInyoTh 0,1 M mpu BiacTamsx 10 180 kM.

i rpadiku moka3yioTs, 0 CIOCTEPIraeThesl TEHACHIIA 3MIILCHHS KOOPAMHAT 3 IUIMHOM uacy. [Ipu
BuMipax Bifg BC KRRS crnocTepiraroTbcsi Ckauyku B KOOPJUHATAX - 1€ SBUIIE TMOSCHIOETHCS TUM, IO MYHKT
crioctepexeHHs 3HaxoauThes Bil BC B 0imbmr Hixk 200 KM 1 CYITyTHHKOBH IIpHitMad TOCTIHHO HaMaraeThCs
BUKOHATH 1HIIATI3ALIIO.
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Pucynok 4 — O6sacTb po3citoBaHHS KOOPIMHAT IMYHKTY CIIOCTEpexeHb 3 6a30Bux craHuii: a) KVDA (s =7
kM); b) GLSV (s = 15 km); ¢) SHEV (s = 85 xm; d) NIZN (s = 110 xm); €) VATU (s = 152 km); f) KRRS (s =

235 xm)

Figure 4 — Scope of the coordinates of the point of observation from the base stations: a) KVDA (s = 7 km);
b) GLSV (s =15 km); ¢) SHEV (s = 85 km; d) NIZN (s = 110 km); ¢) VATU (s = 152 km); f) KRRS (s =

235 km)
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Pucynox 5 — I'padiku 3MiHA CHCTEMATHIHIX TTOMHIIOK
Figure 5 — Changes in systematic errors
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Pucynok 6 — I'padiku 3MiHH BUTIAaAKOBHX TIOMHJIIOK
Figure 6 — Charts for changing random errors

HayxoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JJOPOTH I JOPOXXHE BYIIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110



TEOJE3IS TA 3EMJUIEYCTPIA

BucHoBKkH Ta pekoMeHnaanii. Ha 0CHOBi BUKOHAHUX JIOCIIKCHb BCTAHOBJICHO, 1110 BUITAIKOBI ITOXH-
OKY BHUMIPIOBAaHb ICTOTHO MEHIIIE CHCTEMATHYHUX 1 BOHU HE € YMHHUKOM, 1110 Bu3Havae BiacTani 10 bC. Oc-
HOBHUM YHHHHUKOM, 110 0OMEXy€e JOMYCTHMI BiZicTaHI MiXK CyITyTHUKOBUM npuiiMadeM i BC, € cuctemaruuni
TTIOMUJIKH, 00YMOBJICHI HEMO>KJIMBICTIO BUKOPHUCTOBYBATH TIEPEIaHi TOMPABKHU Ha BiACTaHAX OubIie 25-30 KM.
[Ipu iboMy TIOTIpaBKH B IUIaHI BU3HAYAIOTHCS TIPIIIE, HiXK 10 BUCOTI. 3 OISy HA MIEPEKPUTTS 30H BIUIUBY Bif
OKPEMUX CTaHI[iil MOKHA BBaXKaTH, 110 BiZICTaHI M)XK CTaHIisIMH MMOBUHHI CKJIaAaTu He Ounbmie 50-60 kM.

IlepeJik nocunanp

1. Crapoctur A.IO. Konrmenmus ceTr MOCTOSIHHO JIEHCTBYIONMMX cTaHmui virtual reference station
(vrs) kommanuu trimble u TexHonorus ee moatamHoro cosfganust/A.JO. Crapoctun/ 3AO HIII «Hasreo-
KOM /r. Mockaa. / [OnextponHblli pecypc] /Pexmm  moctyma:  http:/www.credo-
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Summary: The distance between different base stations and the mobile receiver, as well as errors of coordinate
definitions at different distances between the base station and the mobile receiver are investigated. For reali-
zation of the set tasks the following methods of research were applied: field measurements, mathematical
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AHoTauisi. B crarti HaBeAeH] aHATI3 MKHAPOIHOTO JOCBITY BUKOPHUCTAHHS MPOHUKHOTO IIEMEHTO-
0eToHy Ha 00’€KTaX TPaHCIOPTHOI iHGPACTPYKTYPH, IIEPEBAry Ta HEJOMIKH MaTepialy Ta aHali3 BIaCTHBOC-
Tell MPOHHMKHOTO OETOHY.

O0’€eKT TOCITIIKEHHS — BUKOPUCTAHHS IPOHUKHOI'O LIEMEHTOOCTOHY MPH OYMiBHHIITBI 00’ €KTIB Tpa-
HCTIOPTHOI iHPPACTPYKTYpH.

Meta poOOTH — OOIPYHTYBaHHS BHKOPHCTAHHS NPOHUKHOI'O LEMEHTOOCTOHY MpPH OYIiBHHUIITBI
00’€KTIB TPAHCIIOPTHOT IHPPACTPYKTYPH Ha OCHOBI aHANI3y MONEPEAHBOI0 MIXXHAPOIHOTO AOCBIAY Ta jJabo-
paTopHUX BUNPOOYBaHb BiANOBIIHUX LIEMEHTOOETOHHUX 3pa3KiB.

Metoau TOCTiKEHHS — aHaJli3 MKHAPOIHOT Ta BITYM3HSIHOI JIiTepaTypH Ta OIliHKA TOCBITY BUKOPH-
CTaHHS IPOHUKHOTO IIEMEHTOOETOHY, IAOOPaTOPHI BUIPOOYBaHHs LIEMEHTOOETOHHUX 3pa3KiB.
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Oruisi CBITOBOTO JIOCBI Ty JOCIIIKEHD MPOHUKHOTO (APEHYI0UOT0) IIEMEHTOOCTOHY, BIAIITYBaHHS Ta
eKCIUTyaTallii mapiB aepoJPOMHOTO OJISTY 3 HBOTO MOKAa3y€e TEXHIKO-€KOHOMIUHY JOIUIBHICTh Ta e(eKTHB-
HICTB X 3acTocyBaHHs. [[poHHKHUI IEeMEHTOOETOH Iie MaTepial 3 BUCOKOIO BIIKPUTOIO MOPHCTICTIO, AKa 3a-
Oe3revye XopoIlli IyMOTIOTIIHHAIOYI BIACTUBOCTI 1 APEHAXHY 37[aTHICT B IIOETHAHHI 3 MOPCTKICTIO, PIBHICTIO
1 IOTIEPEYHUM TEPTSIM.

Pesynpratu ctaTtri MOXYTh OYTH YIPOBAJXKEHI B PI3HUX TEXHOJIOTiSAX OyIiBHHLTBA Ta PEMOHTY
00’€KTIB TPaHCTIOPTHOT iH(paCTPYKTYpH.

[Iporuo3Hi npumyIeHHs MO0 PO3BUTKY 00’ €KTa JOCIIIKEHHS — MOUTYK ONTHUMAIBHOTO CKIIaay Mpo-
HUKHOT'O [IEMEHTOOETOHY AJIS MOJANBIIOT0 BUKOPUCTAHHS B TEXHOJIOT1SIX OyJiBHHULITBA T4 PEMOHTY KOHCTPY-
KIIil Ta CIIOPY/I.

Kuro4osi cjioBa: MpoHUKHUI IeMEHTOOETOH, aBTOMOO1JIbHA JOPOTa, a8pOAPOM, JTOPOXKHE MTOKPUTTS,
AepOJIPOMHUH OJIAT, BOMONPOITYCKHA 3/IaTHICTh, TEQEKTH.

IMocTanoBka mpodaeMu

B cyuacHux ymoBax 00’€KTH TpaHCIIOPTHOI iHYPACTPYKTYPH BiAIrpaloTh BaXKJIMBY POJIb B EKOHOMIIIi
VYKpaiHu Ta B KHUTTI CyCIIUIBCTBA, 3aragoM. YoTupu 3 AeB’SITH MDKHAPOIHUX TPAHCIIOPTHUX KOPHUIOPIB MPO-
XOJISITh Yepe3 TepuTopito Ykpainu. Harra kpaina € He3alexKHOIO JepxaBow, ofHUM i3 3acHOBHUKIB OOH,
BXOJIMTH 110 Payiu €Bporu, MixkKHApOTHUX OpTaHi3alliil i3 pi3HUX BUJIIB TPAHCIIOPTY, 3aiiMa€e BUT1IHE ISt CTBO-
PEHHSI MDKHApOAHUX TPAHCIIOPTHUX KOPUIOPIB I'€ONOJITHYHE CTAHOBHUINE, MA€ PO3BUHYTY HPOMHCIIOBICTS,
CIPOMOXKHY BUT'OTOBJISITH Ta OOCIyTrOBYBAaTH CY4YacHi TPaHCIOPTHI 3aCO0H, JOPOKHBO- OyIiBEIbHY TEXHIKY,
a TaKOXK TMOTYXKHUH IMOTEHI[iall HAYKOBUX, POCKTHUX, HABYAIILHHUX 3aKIIaJIiB Ta KBaJTi(ikoBaHuX Kaapis [1].

Y OCiHHBO-3UMOBHH TEPio] eKcIuTyaTalii Ta 00CIyroByBaHHS €JIEMEHTIB TPAHCHIOPTHOI iHPpaCTpyK-
TYpH 4aCcTO BUHHKAIOTh TIPOOJIEMH 31 IIBUKUM BUIAJICHHSM BOJIM 3 IOBEPXHI TIOKPUTTS B Pasi JONILY i HOJMII-
IIEHHS APEHAXY IOPOKHBOTO Ta A€POAPOMHOTO MOKPHTTIB, PU3UK akBaruiaHyBaHHS [IC Ta TpaHCHIOPTHHX
3ac00iB, HU3bKA MOPCTKICTh MMOBEPXHI MOKPUTTA. Pyx TpaHcmopTHuX 3ac00iB MOCTIHHO CTBOpPIOE BHUCOKHI
piBEHB LIyMy, IO CHJIBHO IIKOJWTH 30POB 10 JIIOAWHU Ta 3a0pyIHIOE HABKOJIUIIHE cepeaoBHiie. Ps nmux ta
IHIIKX MpoOJIeM CTBOPIOE HeOe3MeYHl YMOBH IS JIIOJCH Ta HAHOCUTD IIKOAY €KOJIOTiT 3eMili.

Sk Bi;TOMO, OCHOBHUM BOPOTOM JOPIT € BOAA, @ TOYHIIIE BiICYTHICTh 200 HEJJOCTAaTHI POOOTH IpeHa-

Pucynok 1 — Hacnigku BincyTHOCTI 200 HeJOCTaTHROI pOOOTH APEHAKHOT CUCTEMH Ta HE3aJOBUIHLHOTO MTOBE-
PXHEBOT'O BOJIOBIJIBE/ICHHS B MICBKHX yMOBax: a) M. KuiB, 0) M. Ipminb

Figure 1 - Consequences of the absence or insufficient operation of the drainage system and unsatisfactory
surface drainage in urban conditions: a) Kyiv, b) Irpin

st pimenns i€l nmpobiemMy B OCTaHHI POKU YCIIIIHO BUKOPUCTOBY€ETHCS IPOHUKHUHN (IPEHYIOUHIT)
oeroH [2, 3].

BrpoBamkeHHS TPOHUKHOTO OETOHY BiJIMOBITa€ KOHIIEMINII CTajaoro (CTiKOro, HEMEpepBHOTO) PO3-
BUTKY (Sustainability):
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- «P0O3BUTOK, KU BiJNIOBiIa€ MOTPEOaM CHOTOJICHHS 03 IIKOIH [T 3aTHOCTI MallOyTHIX MTOKOJIIHb

3aJIOBOJILHATH BIIacHI moTpeduy» - Komicis bpynarnenma 1983;

- «P03BUTOK, KU BiMIOBIAA€ TPAHCIIOPTHUM Ta 1HIIIAM MOTpeOaM CHOTOACHHS 0€3 KO IS 37aT-
HOCTI MallOyTHIX IMOKOJIHb 33J0BOJBHSTH cBOi ToTpedbu» -TRB 2005.

«Cranuiiy - BKIIIOYAE «3ETECHUID aCIIEKT MPOEKTY (AKHIA 30CEPEIKYETHCS BUKIIOYHO Ha EKOJIOTITHOMY
YIIpaBIIiHHI), a TAKOXX IHTETPYE 1HIIII IBa KOMITOHEHTH: €KOHOMIYHOTO 3pOCTAHHSI Ta COIIAIbHOI BiIITOBIaTb-
HOCTI.

3acTocyBaHHS IPOHUKHUX [IEMEHTOOCTOHIB B MMOKPUTTI Ta OCHOBI 3/I1MCHIOETHCS B 0araThOX KpaiHax
(ABcrpii, benprii, Benmukooputanii, Himeuunnu, Icnanii, Hinepaangax, CIIA, ®@panuii, [sefinapii, Anonii
Ta iH.). Ha manwuii gac Ha OaraThox mBHIKICHUX Aoporax llIBeiapii 3acTOCOBYIOTLCS TOPOXKHI TIOKPHUTTS 3
BIIKPUTHMHY TIOPaMH, sIK1 TTOYaTH BUKOPHUCTOBYBATH B KiHII 1970—X pokis. [lepeBaru MOKPHUTTIB 3 IPOHUKHOTO
LEMEHTOOETOHY, 3a TaHUMH 3apyOiKHUX JOCHTIHKEeHB: IIBUAKE BUAAICHHS BOIU 3 IOBEPXHI MOKPUTTS B pasi
JIOITY 1 MOIMIIEHHS APEHAXY JOPOXKHBOTO Ta a€POAPOMHOTO OJATIB, IO 3MEHIIYE PU3HUK aKBaITAHYBaHHS
TPaHCHOPTHHUX 3ac00iB 1 MiABHIIYE Oe3MEKy PyXy B AOIIOBY HOTr0OAY; MiJBUILEHA i CTiKa IOPCTKICTH OBEP-
XHi; 3HIDKEHHS PIBHSA IIYMY Bl pyXy TPaHCHOPTHHUX 3aco0iB. JIpeHyioua 37aTHICTh MMOKPUTTS POOUTH HOTO
MPAKTHYHO CYXHUM, BOHO TaK0’XK Ma€ BUCOKUN CTYIiHb 3BYKOIIOTJIMHAHHS.

MeTa po0oTH — aHaJi3 CTaHy CIIPAB Ta BCTAHOBJICHHS MIEPCIIEKTUBHUX HAMPSMKIB BHKOPUCTAHHS ITPO-
HUKHOTO LIEMEHTOOCTOHY IpH OYAiBHHUIITBI 00'€KTIB TPAHCIIOPTHOI iIHYPACTPYKTYPH.

Bukaax ocHOBHOT0 MaTtepiany

1. 3arajbHi IOHATTS PO NPOHUKHUI 0eTOH (pervious concrete)

BuszHaueHHsI Ta MOHATTA. [[OHATTS MPOHUKHOTO IIEMEHTOOSTOHY B HaIllil KpaiHi Ta HA TEPEHAX OY-
Bmoro CPCP Ha cboro/iHi HE ChOpMOBaHO.

IIponukHUN (CHHOHIMH - TPOIYCKAIBHUM, MPOIYCKHUN, APCHAXHUN, NPECHYIOUHHA, APCHYBaTLHUN
TOI[0) OETOH — MaTepial, 0 OTPUMYETHCS IICIs TBEpAiHHA OCTOHHOI CyMilIi MiAiOpaHoro CKiaty, o BKIIIO-
Yae 1me0iHb, MaIy KUTBKICTh MiCKY, MMOPTIAHIIEMEHT, BOAY Ta J00aBKH, 3MaTHUN YW NMPU3HAYCHUHN MPOITyC-
KaTH BOMY 1/a00 iHIII PEYOBHHH MPU HOPMAJILHUX YMOBaX (TeMIiepaTypa BHUIIEC 3aMep3aHHs BOAX a00 PO34H-
HiB, aTMOC(EPHOMY THUCKY TOILO), 3aBASIKHA CPOPMOBaHIl CTPYKTYPi BIAKPUTUX MOP.

Ha cporonni Hemae kiacudikaiiii Takux eMEHTOOCTOHIB, IOIIOHO 10 TOro, SIK ac(haibToOCTOH Kila-
cudikyoTh 3a MOpUCTicTIO HA JuTHi (10 2,0%), mminbHuit (Bix 3 mo 5%), mopuctwii (Bixg 5 1010 %), Bucoko-
nopuctuii (Big 10 mo 15%) Ta npenyrounti (Bix 15 mo 25%).

JopoxHiit Ta aepoAPOMHHUI IIEMEHTOOETOH IOBHHEH MaTH MOPHUCTICTh B Mexkax 4 — 6% st 3a0e3me-
YEeHHSI MOPO30CTiiKOCTi [4]. 3a ocHOBY Kiacudikamii Moke OyTH MOKIIaJeHa ITOPUCTICTH (3aJUILKOBA) [IeMe-
HTOOETOHY (LIUIBHUMN, TOPUCTUH (HIOpYBaTHil), BUCOKOTIOPHCTHH) [5], OfHAK LIeH MOKA3HUK HECTaOlIbHUM,
Ma€ WMOBIPHICHHN CTOXaCTUYHHUI XapakTep, 3MIHIOETHCS IIPH 3MiHI YMOB BUIIPOOYBaHb, TOMY B IIEMEHTOOE-
TOHAX HE MAa€ MOIIUPEHHS.

IIpouuknuii nemenroderoH (I1LB) (Pervious Concrete (PC) [6] (Chandrappa and Biligiri, 2016) Oys
BUKOPUCTAHUH K 3aci0 JUis 3MEHIIEHHs CTOKY 3MTMBOBUX BOA. OCHOBHUM MpHHLUIIOM poboTu mapy [1Lb €
LIBHJKA TIepeiada 37MBOBOI BOAU Yepe3 B3aEMOIOB'SI3aHy BHYTPIIIHIO MAaKPOIIOPUCTY CTPYKTYypY. Llst cTpyk-
Typa CTBOPIOETHCS IIITXOM BHOOPY BIMTOBITHUX (PpaKiiii KpyITHOTO 3aITOBHIOBAYA Ta IIEMEHTYIOUHX MaTepi-
aniB. MaTtepial, o KIacu(iKyeTbCs 3a MMyCTOTaMH, CTBOPIOETHCS KPYITHUMH 3alIOBHIOBAYaMH OJTHOTO PO3-
Mipy 3 ONTUMAIBHOIO KUTBKICTIO TIEMEHTY IS IOKPHUTTSI Ta 3B’ I3yBaHH 3alIOBHIOBaUiB. BKa3aHO MiHIMaIbHY
nopucTicTh 15% Ta TunoBuii aianazon 16-25%. IIpoHUKHUM IEMEHTOOETOHOM Ha3UBAIOTh LIEMEHTOOETOH 3
BiJKPUTOIO CTPYKTYPOIO BETUKUX MOP, IKHH B SKOCTI B'SHKY4Oro MaTepialy MiCTHTh TaKy KiJIBKiCTb LIEMEHT-
HOTO TicTa a00 TOHKOTO PO3YHHY, 00 3aIIOBHIOBATH ITyCTOTH MK 3€pHAMH 3aIlIOBHIOBAYA ITiCIIS YIIUTEHEHHS
[7] Ta 3a0e3neunTH HEOOXiAHY MPOITYCKHY 30aTHICTh. 3arajJbHUN BUTIIAA MPOHUKHOTO LIEMEHTOOETOHY MOKa-
3aHO Ha pucC. 2.
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Pucynok 2 — 3aranbHuil BUrisa 3pa3ky KyOuKy MPOHUKHOTO LIEMEHTOOETOHY
Figure 2 — General view of a sample cube of pervious cement concrete

2. Mix6ip cxaany MIb

OCHOBHHMM TPHHIUTIOM Min00py ckiaxy cymimti [TIb € 3a0e3neueHHs BiAMOBIIHOTO TOKPUTTS 3a110-
BHIOBAUiB IIEMEHTHUM KaMEHEM, 10 MOXe OyTH JOCSITHYTO PI3HUMHU METOJaMH, TAKUMH K METOJl a0COIOT-
HOT0 00'eMy, TEOPisl HAUIMIIKY LIEMEHTHOI MacTi a0 Ha OCHOBI BiTHOLIEHHS 00'eMY IEMEHTHOTO PO3YHHY J0
MyCTOT MiX dacTkamu 3armoBHioBava [8 - 10] (Deo and Neithalath, 2011; Nguyen et al., 2014; Yahia and
Kabagire, 2014). Tunosa miasHICTh 3aM0BHIOBaYa cTaHOBUTH 14001800 Kr/M° npH CIIiBBiJHOIIEHH] 3aII0B-
HIOBaua Ta nemMeHry Bix 4:1 go 12:1.

OnHMM 3 OCHOBHHX KpPUTEPIiB 3aCTOCYBAaHHS MOPUCTOTO IIEMEHTOOETOHY € MOEJHAHHS XOPOIIOi BO-
JIOTIPOHUKHOCTI 1 OITOpY MEXaHIYHUM BILIMBAaM, B TOMY YHCIIi i HABKOJIMIITHBOTO cepeaoBumia. [Ipu Bukopuc-
TaHHI IPOHUKHOT'O LIEMEHTOOETOHY IS BIAIITYBAHHS MTOKPHUTTS a00 BEPXHIX HIapiB OCHOB 3a3HAueHi BHUILE
XapaKTepUCTUKU MOXKYTh OYTH JIOCSITHYTI UIIXOM BiJIHOCHO HEBEITUKUM JIO3YBAHHSM IIEMEHTY (1110 HE Tepe-
purye 200 kr/m?). SIKIIO MPOHMKHHUI EMEHTOOETOH 3aCTOCOBYETHCS ISl TIOKPUTTIB 1 MigaeThes Oe3mocepe-
JIIHHOMY BIUTMBY KOJIIC, TO BaXK4€ 3HAWNTH KOMITPOMIC MK BOJIOTIPOHUKHICTIO 1 MIIHICTIO, BKITIOYAIOYH OITip
BizpuBy me6iHOK. B 1bOMy BUNAKy CIIij MiABUIIyBaTH BMicT nemeHty (no 300-400 kxr/m®) a6o BBOIUTH
HEBEJVKY KiNBKICTh IIEMEHTY, aJie 3 TICBHUMH J100aBKaMH (B OCHOBHOMY MOJIiMepiB 400 MIKpOKPEMHE3EMY ),
SIK1 TIOKPAIIYIOTh MIIIHICTh IIEMEHTOOETOHY 0€3 3MEHIIICHHS HOro mopuctocTi [7 - 9].

CriBBigHOIIEHHS BOAM Ta eMeHTy (Mac. B / I1) Bubupaetsest Ha piBHi 0,2—0,4, 1k npaBuiio, HIXKYE,
HIX y 3BH4aitHorO ieMeHTobeTony [11]. BMmicT 3amoBHIOBa4da cTaHOBUTH Bix 50 10 65%, ipy CIiBBIAHOIICHH]
3aMOBHIOBAY - IEMEHT Bix 4:1 10 6:1. MakcuManbHu po3Mip (pakifiii 3alI0BHIOBAYiB KOJHBAETHCS B ME¥KaX
19-9,5 MM, iHOZ1 BUKOPHCTOBYIOTHCSI MEHIII 3amoBHIOBaYi (9,5-2,36 mm). Di3uyHi BIACTUBOCTI 3alIOBHIOBA-
YiB IMTOBHHHI BiIIOBIAATH THM CAaMHUM BUMOTaM, 1110 ¥ Ti, III0 BUKOPUCTOBYIOTHCS Y 3BUYAlTHIN [IeMEHTOOETOH-
Hiil cymimm. SIk npaBuio, BusiBieHo, mo [11[b 3 rpaHiTHIMU 3aNIOBHIOBaYaMH € OiIbII CTIMKMMU JIO MOIIKO-
JOKeHHS Bin 3amep3anHs — BiaraBaHHA (F / T) mOpiBHAHO 3 TaKMMU SIK 3 BaIlHAKOM ab0 PIUKOBUM TpaBieM.
[TopiBusHO TOHKA MIeMeHTHA nacTa B I11{b mo3BosIsi€e eriie moTparuiaTi BOi B 3alIOBHIOBAY, a OTXKE BIACTH-
BOCTI 3aIlOBHIOBAYiB Jy’)K€ BXIIUBI JJIs 3a0€3MCUEHHS BiIMOBITHOT CTIHKOCTI MPOTHU MOIIKOHKCHHS 3aMep-
3aHHA - BiITaBaHHS.

[TLB, sk mpaBuUII0, BUTOTOBIISIOTHCS 13 3BHUAHHOTO OPTIAHAIIEMEHTY Ta TaKiil KUTLKOCTI, Ka 3a0e3-
nevye NOKPUTTS AOCTaTHBOIO MIiI[HICTIO. BCTaHOBNIEHO, IO BUKOPUCTAaHHS TOJaTKOBUX LIEMEHTYIOUMX Mate-
piamiB € epeKTUBHUM 10 IpaHrdHoro 3HaueHHs [12] (Fu et al., 2014). TosiiuHa TOKpUTTS (6—9 MM) € BaXkJIu-
BUM (haKTOPOM, 10 BIUTUBAE K Ha CTPYKTYPHI, TaK i Ha rigponoriuni xapaktepuctuku [1LB. ITLB po3pobneni
3 HYJIbOBOIO 0CaJKOI0 KOHyca (JierkoykiamaiabHicTh I10), a 100aBKM BUKOPHUCTOBYIOTHCS VIS IIOKPAIICHHS
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npaue3aaTHocTi. JJo0aBKHM BUKOPUCTOBYIOTBCS JUISI 3aXOIJICHHS MOBITPSI Ta 3MEHIICHHS IIBUAKOCTI BUIIAPO-
BYBaHHSI, 8 TAKOK JUIs OJIMIIIEHHS MITHOCTI Iipu 3aMep3anHi - BinraBanHi (F / T) (moBiTpoBTATYBasbHA XiMi-
YHi 100aBKH).

3. OCHOBHI BJ1aCTHBOCTi HPOHUKHOTO IEMEHTO0ETOHY

VY pi3HHX KpaiHax MpOBEJICHI JOCHTIPKEHHS 3 METOI0 ONTUMI3allii CKIaJliB IEeMEHTOOETOHY 1 3a0e3re-
YeHHs! HOro MOPO030- 1 MOpo30coecTiiikocTi. /s OTprMaHHsI X BIACTUBOCTEH OyJM BCTAHOBIICHI BUMOTH
II0A0 MILIHOCTI MPH CTHCHEHHI, 3TMHI, BiIKPUTOI MOPUCTOCTI 1 TUHAMIYHOTO MOIYJISI IPY>KHOCTI.

[ponvikHMI 1IeMEHTOOETOH BiJIPI3HAETHCS BiJl 3BHYAHHOTO IILTBHOTO NEMEHTOOETOHY, K MPaBHIIO,
TUM, IO CKJIaJA€ThCs 3 CyMillli KPYITHOTO 3allOBHIOBAYa 1 PO3YMHHOI YaCTHHHU B KiIBKOCTI, HEOOXimHIN 1uist
00Ma3KH 1 CKIICIOBAaHHSI 3epEeH 3aMoBHIOBaYa (prc. 3). 3epHa KPYIMHOTO 3alI0OBHIOBAaYA CKIICIOIOTHCS B'SHKYUIUM
(IIeMEHTHOO TACTOI0) TIPH KOHTAKTI OJTHE 3 OJIHUM, a TIPOCTIP Mi>K HUMH 3aJIAIIAETHCS BUTLHUM 1 Ma€ CHCTEMY
BEJIMKHUX «HACKPI3HUX» MOBITPSIHUX HOP, PO3MIP SKUX 3aJICKHUTH Bil pO3Mipy 3epeH 3all0BHIOBAYA.

e s Y
kL‘LL sotoyivens ki‘kkh

a) minpHUN HenpoHuKHUT 1B 0) npouukHMiA (apeHyrounii) 116

Pucynok 3 — IlopiBHSHHS IPOHUKHOTO IEMEHTOOETOHY 0) 3 HEIPOHUKHUM a)
Figure 3 — Comparison of pervious concrete 0) to impervious concrete a) [12]

BwmicT «HacKpi3HO» HOBITPSHOT MOPHUCTOCTI MOXKe cTaHOBHTH 10 —25% 32 06’ €MOM B 3aJIeKHOCTI BiJ
Npu3HavYeHHs (IIapH OCHOBU a00 TOKPHTTS), HEOOXiTHOT MIITHOCTI i MOPO30CTIHKOCTI IIeMeHTOOeTOHY. BH-
coka mopucTicTs (10 25%), AOCTyMHA Ui BOAHU, AOCITAETHCS 32 PAXYHOK IEPEPUBUACTOTO TPAHYIOMETPUY-
HOTO CKJIQJly MiHEpaJIbHOTO 3aIlloBHIOBada. /71 peryaroBaHHsS BJIACTUBOCTEH MPOHHKHOTO LIEMEHTOOCTOHY
BBOJISTH MOJIIMEPHI To0aBku [7, 13].

Sk mpaBuiI0, 10 BXKIIMBUX MEXaHIYHUX BIACTUBOCTEH BITHOCSATH MIIHICTh Ha CTHCK, MIITHICTh Ha PO-
3TAT MPH 3THHI, BTOMJIIOBaHICTh, 3HOCOCTIMKICTh Ta MOPO30CTiHKicTh. Byio momiveHo, mo minHicTs [T1B Ha
3THHI 3JIMIIAETHCS HE3MIHHOIO POTATOM MEPioLy 3aTBEPAiHHS - 7-IeHHA MIIHICT cTaHOBUTH 90% Bix 28-
JIeHHOT MiTHOCTI. BetaHoBeHO, mo noBropiuHicTk [11[b € HU3bKOIO, 1 TS TX 301TBIICHHS! BUKOPUCTOBYIOTHCS
noJiMepu. BcTaHOBIIEHO, 1110 TOPUCTICTD CYMIIi € BaXKITUBUM (PaKTOPOM, IO BU3HAYAE TOBEIIHKY IIPH BTOMI.
Sk mpaswuito, [T1b 3 BenmukuMu po3mipaMu 3alIOBHIOBAaYiB MalOTh BUCOKY MIIHICTh HA CTHCK 3aBISIKH BHLLIOMY
CTYIICHIO HEOJJHOPITHOCTI B CTPYKTYPI MOp CyMilei.

Ha naHuii MOMEHT He iCHY€ CTaHAApPTHOI METOJMKH BU3HAYCHHS BOJOIPOHUKHOCTI IIPOHUKHOTO Oe-
TOHY B naboparopii. baraTo gocniaHUKIB TPUHHSITN TEXHIKY JIAMIHAPHOTO ITOTOKY BOJIH, MIPECTaBICHI AMe-
pukancbkuM iHcTUTYTOM OeToHy (ACI) KomiteTom mponukHOTO O0eTtoHy 522 [14]. PucyHok 4 (a) mokasye
TUTIOBUII METOJl BU3HAUYEHHS 1H)iMbTpawii 1abopaTopHuM niepMeaMeTpoM. BepxHst 1 HIDKHS TpyOKu (25 Mm)
CHOYATKY BUAAJSIFOTHCS 31 cTaHAapTHOTO IrutiHapa 100 mm Ha 200 MM, 00 3a0€31MeYUTH PIBHOMIPHHA 00’ €M
BOJU 1 YCYHYTH OyIb-SKe 3aCMiYeHHs MMOp Ha IHi 3pa3ka. [1oTiM 3pa30k 3aKpillIIOeThCS B TEPMOYCaJOUYHHX
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TUIACTUKOBUX Ta I'YMOBHX YIIUTBHIOBAJIBHUX KUIBLSAX. 3pa30K JOJATKOBO YTPUMYETHCS y THYYKUX TYMOBHX
rib3ax, 3'€THAHUX 3 BEPXHBOIO Ta HIDKHBOIO TpyOamu. /Iy CTBOpPEHHS 3BOPOTHOTO THCKY Ta 3alOOiraHHS
KaBiTallii Ha MOYaTKy BUMIPOOYBaHHS Nepe0oaueHa cTosSKoBa TpyOa, piBHa BUCOTI 3pa3ka. 3aCyBKa BEIIMKOTO
JiaMeTpy 103BOJISE MIBUAKO PO3MOYATH BUIIPOOYBAHHS.

Bu3HadeHHS BOJOPOHUKHOCTI Ha MIiCIIEBOCTI € JIOTiCTHYHO CKIIQJIHUM; TIOTpiOHA IeBHA Mo dikartis
JIOPO’KHBOTO MTOKPUTTS, 1100 CTBOPUTH HEOOXITHUI 00’ €M 3pa3ka, i BIAMOBIIHO BeJIMKa KUTbKiCTh Boau. 1100
MOJIETIINTH i TTpo0IeMH, BiTBTpallisi BAKOPUCTOBYETHCS SIK MOJIENTb BOJOTIPOHUKHOCTI. Y (inbTparlii mosi-
JOMJISIETBCSI JIUILE PO KiJBbKICTh BOJM, IO MPOXOAMUTE Yepe3 NoBepxHI0. [T0TiK € TaMiHAPHUM 1 OIIUPIOETHCS
MOTIEPEK IO 3aIIOBHIOBAYY TAKHM YHHOM, 110 00’ €M 3MOUYEHOTO TOPOKHBOTO IMOKPUTTS Habarato nepeBHILye
00’eM JTOPOXKHBOTO TIOKPUTTSI Oe3mocepeTHbO il BUMPOOYBaHHAM. Uepes 11e 301IbIIeHHsT 00CATY 3HAUCHHS
¢inpTpanii MoxxyTh OyTH Habarato OUTBIIMMU, HIXK 3HaYCHHS J1a00paTOpHOi BOJONPOHUKHOCTI. DinbTparis
BHUKOHYETKLCS B TIOJI 32 JIOTIOMOTOI0 CTAHJAPTHOTO METOy BUIPOOYBaHHSI Ha CTYIIHb iHQUIBTpaIlil Iepepizy
MOKPUTTA 13 poHUKHOTO OeToHy ASTM C1701, 3rimHo 3 sskuM 300-MM KiJIbIle BUKOPUCTOBYETHCS JISI BHMi-
PIOBaHHS IPOXOAY BOJIU Y TEXHIIli OCTIHHOI TOTOKY.

Bucota Boau miaTpuMyeThes Ha OUTBIT peamicThaauX Bix 10 MM 10 15 MM 118t iMiTaIii ouikyBaHUX
TJIMOWH JIOIIOBOI BOAU. X04a BUITPOOYBAaHHS Ha BOJONPOHHUKHICTh Ha MiCIICBOCTI BiIPi3HAETHCS Bif labopa-
TOPHOTO TECTY Ha BOJOIPOHUKHICTb, TIPY BUIPOOYBaHHI Ha QUIBTPAIIF0 BAKOPUCTOBYIOTHCSI HEJJOPOTT MaTe-
piay, BiH IIBUJIKWH, POCTUI Y BAKOHAHHI Ta 3JATHUH BiJIPI3HUTH TOTOYHI TipaBIiuyHi XapaKTePUCTHUKH M0~
kputTs. Ha pucynky 4 (6) moxazane BunpoOyBaHHs iHQIIBTpaLii B MOJIFOBHX YMOBaX.

Pucynok 4 — Metoau BumipioBaHHs iHQIbTpaLiiHIX BIACTUBOCTEH MPOHUKHOTO LIEMEHTOOETOHY
a — J1abopaTOpPHHUM MIEpMeaMeTPOM; O — MOTBOBUI METOT

Figure 4 — Methods of measuring infiltration requirements of the porous concrete
a — laboratory permeameter; b — field infiltration

Byno 3a3HaveHo, Mo KUTBKICTh MApiB YIMITBHEHHSI MOXe 3HAJI00UTHCS 301IBIIUTH, OO 3MEHITUTH
BEPTUKAIBHUI PO3IOJIT TOPUCTOCTI Ta MOTEHINA PYHHYBaHHS Ha HIXKHIH TOBEPXHI, JIe TIOPUCTICTh MOXKE
Oytu Oinbioro. CrivikicTs 1o ctupanHs [11b Moxe Oyt oriHeHa 3a gomomororo tecty Cantabro a6o TecTy
Ha CTHPaHHS HABaHTaKCHOTO Kojeca IPH TECTyBaHHI Ha CTHPAHHS MOBEpxXHi. [y MOKpameHHs CTiHKOCTI
LB 1o cTUpaHHS BUKOPUCTOBYBaJH BOJIOKHO Ta Jatekc. ASTM C666 moxe OyTH BUKOPUCTAHUH 7151 OLIHKA
Mopo3ocrtiiikocti [T1B, sikuit Moske 30epiraT Boy B MAaKpONOPax i, OTKE, B PE3YJILTATI MaTh 3aMep3I1y BOLY
IPU HU3BKHUX TEMIIEpaTypax.
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BractuBoCTI MOp B IIEMEHTHOMY KaMEHI MalOTh BUPIIIATbHE 3HAYCHHS [T 320€3MeUeHHS MiI[HICTHIX
Ta nepopmaruBHux BractuBocteii [1LB. Icaye aBa Tinu BnactuBoctel mop — HetpancnoptHi (NT) Ta TpaHc-
roptHi (T). BmactuBocti NT BKIIO9aroTh 3araibHy 00'€MHY ITOPHUCTICTH, PO3MIp IOP Ta iX po3moaii. BiacTtu-
BocTi T BKIIIOYAIOTH €(EKTUBHY MOPUCTICTh, 3B’ 30K MOP Ta 3BUBUCTICTh. [I0BHA MOPUCTICTh BU3HAYAETHCS
3rimHo ASTM C 1688, 1 pakTHIHO 3MIHIOETRCS 3aIeKHO Bl rmmonHn. CepenHii edeKTHBHUHN po3Mip mop 3,4
MM HOBiIOMIIIETHCS B JociimkenHi [15] (Kuang et al., 2010).

BracTBOCTI TPaHCIIOPTHHUX TIOP HACIIPAB/II MAIOTh BAXKJIUBE 3HAYCHHS JIJISl TPAHCIIOPTYBAHHS BOJIH 3
noBepxHi g0 Hu3y mapy I1b. IToera mopucticts [1I1b ckimamaeTbes 3 B3a€MOIMOB’ I3aHUX, KAIUIIPHUX Ta
3aMKHYTHUX 1Op. EekTrBHA NOPHCTICTH - Lie B3a€MONOB’ s13aHa yacTka mop (50—75% Big 3araibpHOI KiBKOCTI).
301bIIEHHST BMICTY IIEMEHTHOI ITacTH 3MEHIIYE 3B’SI30K IIOP, IO TaKOXK BUSBIISETHCS 3aJICKHUM BiJl THITY
3aIoBHIOBAYA.

IIponuknicte [111b 3anekuTh Bif pO3Mipy 3aloOBHIOBaYa, PIBHS YIIUILHEHHS, 36PHOBOTO CKJIaIy Ta
BMICTY LIEMEHTY 1, SIK TOBIIOMIIIEThCS, CTaHOBUTH Bix 0,1 1o 2 cm/c. [locnimkenns [6] Chandrappa and Bilgiri
(2016) HanarOTHh TOCTOBIPHI BUCHOBKH CTOCOBHO CITiBBITHOIIICHHS Mi’)K MEXaHIYHUMHU BJIACTUBOCTSAMHU, TIOPH-
cricTio Ta mponukHicTio I11b (puc. 5).

© MopucticTs - MilHICTh HA CTUCK
by [TopucTicTh - MIIIHICTH HA 3THH

80 ¥ TopucTicTs - IPOHKMKHICTH

Micok

20

60 70 80 20 100

MopThnaHauemeHT

PucyHok 5 - B3aeM03B'130K MiXk pi3HHMH BJIaCTUBOCTSIMU IIPOHUKHOTO OeTOHY (poOoTa npodecopa
Krishna Prapoorna Biligiri [6, 10])

Figure 5 — Interrelationships between different properties of pervious concrete. (work Professor Krishna Pra-
poorna Biligiri [6, 10])

4. IlpoexkTyBaHHS JOPOKHBOI0 OAATY i3 BOXONPOHUKHUMH IIapaMu

TumoBMiA AOPOXKHIN OAT i3 MPOHUKHUM LIEMEHTOOETOHHUM MOKPUTTAM CKiIagaeTbes 3 mapy 1B,
BEPXHBOTO HEOOOB’SI3KOBOTO APy TEOTEKCTIUIIO, APy OCHOBH, TEOTEKCTIIIIO a00 TeoMeMOpaHH Ta JoAaT-
KOBOi OCHOBH Ha I'PYHTI 3€MJISIHOTO NOJIOTHA (puC. 6).

Kpim Toro, Takok Moxke OyTH IepeadaucHuii mepepruBarodmii ado apeHakuuit map. HuwkHas reomeM-
Opana Moxe OyTH MPOHUKHOIO a00 HEMPOHUKHOIO, 3aJ€KHO BiJl HEOOXITHOCTI MPOCOYYBAaHHS BOJIU B IPYHT
a0o Hi.
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[IpoHuKHMI IEMEHTOOETOH BIAIITOBYIOTH SIK Y IIapax 3HOCY, TaK 1 OCHOBaX MOKPUTTA. Yce ue 00y-
MOBJICHO ITEPEBAYKAIOYOI0 XapaKTEPUCTUKOIO HAJ| IHIMAMH IIEMEHTOOCTOHAMHU — BUCOKA 1H(1IBTPAITis.

[IpoTo4HI MOKPHUTTS JO3BOJISIOTH 3TUBOBUM BOJIaM MPOHHUKATH B 3MITIO, TUM CAMHUM JOCSTAI0uN 3Me-
HIIICHHS 00CATYy Ta 3a0pyaHeHHs. THIIOBI 3HAYCHHS MIBUAKOCTI 1HGIIBTPAIl IPOHUKHOIO OCTOHY KOJIHMBa-
to1bes Big 0,20 cMm/c 10 0,54 cm/c. HeoOXiaHO, 11100 MIPOHUKHI IIOKPUTTS 30€PEriiv CBOIO MOPUCTICTD 1 BACOKHIM
piBeHb iHGNbTpaLii, o6 i Hagai BiAmoBiAaTH HiJIiM OOPOTHOHM 31 3TMBOBUMH BOJAMH, ISl IKUX BOHH OyIIn
po3pobieHi. OKpiM 1IbOr0, BAXKIUBY POJIb BIAIrPalOTh BEIMYHHA TIOP, OCKUIBKH BOHU 0€3[I0CEPEAHBO IMOB'S-
3aHi 31 WBUIAKICTIO iHGiNbTpanii. HemonaBHo po3po0ieHi KOMI'TOTEPHI MOAEMI TO3BOJISIOTH BipTyaJlbHO Xa-
paxKTepu3yBaTH MOMEPETHIO MIKPOCTPYKTYpPY OCTOHY.

[TpoHWKHUI IEMEHTOOSTOHHH TI1ap
BepxHiii reorexcTiiib (HE0OOOB’ A3KOBO)

3epnucra ocHosa / [1lap ocHOBH

e ‘ I'eorexcTuns / T'eomemOpana

PR
e d [pYHT 3eMIISIHOTO TOJIOTHA
S ‘

Pucynoxk 6 - TunoBuii nmepepiz 10pOKHLOrO Oy 13 MPOHUKHOI'O IIeMeHToOeTOHY (poboTa mpod. Krishna
Prapoorna Biligiri [6, 10])
Figure 6 — Typical cross section of pervious concrete. (work Professor Krishna
Prapoorna Biligiri [6, 10])

5. ExcnatyaraitiiiHe yTpUMaHHSI IPOHUKHUX MOKPHUTTIB

Tumnosi pylinyBanus 1uis [11b Bximo4aroTh 3HOLICHHS 1IBiB, 3a0pYAHEHHSI TIOBEPXHi, CKOIIOBaHHS Ta
BHKPHIITYBaHHSA. MIIHICTh KOHCTPYKITii KopuTIis 13 [11[b 3HaYHOIO MipoI0 3aJeKHUTh BiJl TOBIIUHU 3€PHUCTOT
OCHOBH. J0CTiI>KEHHS 3 BUKOPHUCTAHHSM YCTaHOBKHM 3 magadunm BantaxxkeM (FWD) mokasanu, mo po3paxyH-
KoBi 3HaueHHs Moxy:iiB [1Lb, mo npuitMaroThCcst IpH MPOEKTYBAHHI, CTAHOBIIATH ¥4 BiJ 3BUUAHUX LIEMEHTO-
0eTOHHMX MMOKPUTTIB. BcTanosineHo, 1o [111B ycminHo mom’ sKIyoTh HETOYKOBHI 3a0pyIHIOBAaY CTOKY IS~
XOM e()eKTUBHOTO BHIAJICHHS 3a0pYIHIOIOUNX PEYOBHH i, OTXKE, MOKpAIEHHS SKOCTI 1H(IIBTPOBaHOI BOIU
110 MICTUTh Ba)KKI METaJIH, Macia, peKabHi MaTepiaiu Ta muil. IcHye 3 MexaHi3Mu, 3a noroMororo skux [TLb
MPAaLIOIOTh HAJ 3MEHIIEHHSM 3a0pYIHIOIOUNX PEYOBHH:

1. ®i3uuHe OYMIIECHHS, IPH SKOMY OiJIbIlIa YaCTHHA 3BAKEHUX TBEPAUX PEUOBHH IOTTMHAETHCS KPH-
BOJIIHIHHAMH MUIIXaMU BHYTPIINTHBOT CTPYKTYPH.

2. XiMiyHe OYUIICHHS, IIPH SKOMY IIEMEHTOOETOH, M0 Ma€ JIy>)kKHe cepeaoBuiie Buaiise ionn OH™ i
COj3 B KOHTAaKTI 13 3a0pyIHCHOIO BOOIO; 10HM PearyrTh i3 3a0pyaIHIOBaYaMHM 1 0CaDKYIOTh 1X, a pH Bomu
TaKOX IIIBUITY€E€THCA, POOIISYHN i1 HEUTPATBHOIO BiJ KHCIIOI.

3. bionoriune OYMIIECHHS, IPU SKOMY PsAA MIKpOOiB, 110 ICHYIOTH Y MOpaXx, AOIOMAararoTh CIIOKHBATH
Ta PO3UYMHSITH 3BAXKCHI TBEP/I1I PEUOBHUHH.

Illgen Ta cmiBast. (2007) [16] Ta Illgen (2008) [17] matoTh AedKi BUCHOBKH 3 BCEOIYHOTO MOJILOBOTO
Ta 7a00pPaTOPHOTO MPOCOUYBAHHS Ta MOJICTHLHOTO TOCIIIKEHHS PI3HUX THITIB «ITPOHUKHUX) MOKPHUTTIB y Hi-
Me4urHi. BoHM 3a3Haumu, 1110 piBeHb iHQLIBTPAI]l PI3HUTHCS SK IPOCTOPOBO, TAK 1 MPOTATOM Yacy €KCILTY-
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aTauii. Hanpuknaz, BCTaHOBIIEHO, 10 MIBUAKICTh MPOCOYYBAaHHS MK KOJIeCaMH TPaHCHOPTHUX 3ac00iB 3Ha-
YHO BUILA, HIK HA CMY31 HaKaTy, Jic 3aCMiYeHHs1 MOTJIO OyTH HaCIiAKOM 3HOIIYBaHHS Bix BiOpauii Ta ymapy
muHU. Takox, 3aJIeKHO BiJ THITY TOKpHUTTS (Hanpukian, ®EMM abo mopucTi MOKPUTTS), IIOPUCTOTO OETOH-
HOT'0 IOKPUTTS), IBUAKICTb iHQ1IbTpawii yepe3 60 XBUIMH BUSBUIIACS 3HAYHO HIDKUOIO, HIX uepe3 10 XBuimH
Bix moyaTky iHdimeTpariii. BoHu nmpuiinuin 10 BUCHOBKY, IO piBeHB iHOUIBTpAIlil HACTIIFKHA CHIBHO Bapito-
€THCSI HA KOHKPETHOMY MicIIi uepe3 6araTo (hakTopiB, TAKKX SIK JIOKATLHE 3aCMIYCHHS BHACIIIOK KOHCTPYKITi1
a0o ymapy mWHU (ITUB., HApHUKIad, pucyHok 7, Big lllgen, 2008), mo mae 6inble ceHCY IPUHHATH IMOBIpHi-
CHHI 00 CTOXaCTHUYHHUI MiAX1M [0 Li€l mpoOieMH, a He pEeKOMEHIOBaHI 3HAYCHHS a00 PO3IIIS] €HHOIO PIBHS
MPOHUKHEHH:. BOHM TakoX 3a3HAYMIIH, IO JJIsI KOHKPETHOTO HOKPHUTTS IIBUAKICTD iH(QINbTpaLii 3Ha4HO 3a-
JIC)KHMTD BiJl IHTCHCUBHOCTI JOIIY - NIBUAKICTH iH(INbTpaLii 3pocTae 31 301IbIICHHIM IHTCHCUBHOCTI JOIILY, a
TTOTIM BUPIBHIOETHCS JTO TIOCTIHHOTO 3HAYEHHS, SIKE TIEPEBUINYE KOHKPETHY IHTECHCUBHICTh JTOTITY.

Benuki po3Mipu op, SIKi 103BOJISIOTH 301IBIINTH iHQUIBTPALIIO0, TAKOX MOKYTh JO3BOJIHUTH JpiOHUM
JaCTHHKAaM OCaJly HAaKOMMYYBaTUCS B IUX IyCTOTaX. 3aCMiYCHHS MOpP MOXE 3HAYHO OOMEXUTH poOOTy IHX
CHCTEM 3 TiAPOJIOriuHOI ToukH 30py. L1lo6 MiHiMi3yBaTu 3acMideHHs, HOTPiOHI NpaBUIbHE BJIAIITYBaHHS Ta
eKCIUTyaTallisl HOKPUTTS. BakyyMmHe miaMiTaHHS BYJIUIb, IPOMHMBKA IIi1 THCKOM a00 X KOMOIHAIIiS € HAWO1IbII
9aCTO BUKOPHCTOBYBAHMMHU METOAAMH ISl BUTICHEHHS MaTepiajliB, IO 3aKyNOPIOIOTh TIOPH MOPYBATUX MOK-
PUTTIB.

[IpoHukHUI OETOH MOKpAIIy€e SIKICTh BOJU TphoMa criocobamu. [lepiuii crocio moysrae B ToMy, 110
MopyBaTHii 0ETOH BUKOPHCTOBYETHCS pa3oM 3 iHPUIbTpamiiHuM ad0 YTPUMYIOUHM ILApOM, 3a1100iraroun pyx
3a0pynHeHol Boau Mo Tedii. Jpyruii crmoci0 mossirae B ToMy, IO 3a0pyJHIOI0YI PEYOBHHH B MEXKAX CTOKY
JOIIOBOT BOJM aCOPOYIOTHCS Ha YaCTMHKAX 3alIOBHIOBAYa, KOJIM BOJa IIPOHHKAE Yepe3 cucTeMy. Tpetii cro-
ci0 monsrae B TOMy, 110 MOKPUTTS 3aTPUMY€E BIAKIAAHU, 0 SIKHX aJcopOyIOThCs 3a0pyqHIOBadi (TIOKUBHI pe-
YOBHHH Ta METAJIN), B IOPUCTHX ITyCTOTAX.
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Pucynok 7 - KymynsaTrBHaA 4acTOTa KiHIIEBHX ITOKAa3HHUKIB iHQUIBTPALIii 3aralbHUX THIIIB JOPOXKHBOTO TOK-
purts ( mpod. Dr.- Ing. Marc Iligen [10, 15-16])

Figure 7 — Cumulative frequency of final infiltration rates of common pavement types. (Prof. Dr.- Ing. Marc
Illgen [10, 15-16])
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301bIICHHS TOBIIUHU MOXE MPU3BECTH J0 30UTBIICHHS MOTSHINATY OYHIIeHHS. JlOCHiIKeHHS TTOBi-
TOMJISTIOTH Tipo BuutydeHHs 94,3% ¢ocdopy. [ToBimomieHo mpo MO3WTUBHUM TOCBI IIO/I0 BUIATIECHHS 5K Ba-
KKUX MeTaliB (IPOMHUCIIOBA 30HA), TaK 1 (pekanbHUX pedoBUH Ta Gocdopy (CTiuHI BOAN).

ExopartioHaTbHHMI TTOTEHITIA Y TIOETHAHHI 3 TiABHIIEHOI0 OE3MEKOI0 PYXy CIpPHSIE BUKOPHUCTAHHS
ILB six OyaiBenbHOrO MaTepiaiay Ui MapKOBOK Ta JOPOXKHIX MOKPUTTIB. OHAK OLIbII HIUPOKOTO 3aCTOCY-
BaHHsI JPEHYI0Y0ro OETOHY MOKHA TOCSTTH, TIOM'SIKIIUBIIN HACTYITHI TPHU PUHKU:

Pu3uk 3acMideHHS OpraHigHUMH Ta HEOPTAHIYHUMH MaTepiaaMul 3HIKYE T1IPOTPOBITHICTS.

OOMexeHHS! MILHOCTI 3B 13Ky MIX 3allOBHIOBaYaMHM 301JbIIye PU3UK BUKPHUIIYBAHHS 3allOBHIOBaYa
MOKPUTTS, HAAMIPHOTO PO3TPICKYBaHHS Ta JEPEKTOYTBOPEHHS, IO MPU3BOAUTH 10 MPHUCKOPEHOTO 3HOLIY-
BaHHsI, 0COOJMBO NPH IHTEHCHBHOMY PYCi BEIMKOBAHTAKHUX TPAHCIIOPTHHUX 3aCO0iB.

Benuka yacTka mutomli moBepxHi MarTepiaiy, 0 3a3Ha€ HEraTUBHOTO BIUIMBY HABKOJHMIIHBOTO Cepe-
JIOBUIIA, 30UTBIITY€E PH3UK BTPATH IUTICHOCTI KOHCTPYKIIiT Yepe3 3MEHIIICHHS TOBroBiaHOCTI [6-10].

BcranoBieHo, 110 MiHICTh 3MEHITYEThCs MpHOIM3HO Ha 50% 3a xoxHi 10% 30i1bL1eHHs TOPUCTOCTI
[8] (Deo and Neithalath, 2010).

Sk mpaBuito, MinHICTH T111B q0oCcTaTHS IS IPOIYCKY TPAHCIIOPTHUX 3aC00iB 3 HEBEITMKOIO IHTCHCHB-
HicTIO pyXy. [lycTOTH 3aCMIYyIOTBCSI CMITTSIM 1 mJIOM, a Takox 3aatHicTh [11b xo inginerpawii, a oTxe, 3
9acoM IIPH eKCIUTyaTarlil 3HIKYEThCS €PEKTUBHICTh CTOKY 3TUBOBOI Bo/H. [10BimOMITSIITOCS, TITO BEPXHI 25 MM
[IIb 3acmiayrotbes. [ToTentTian 3acMiueHHs € HIKIUM TIPH CITIBBIAHOIIECHH] po3Mipy mmop abo BEIUKUX Jac-
TOK JI0 BEJTUKUX a00 HU3BKHX TOpP, 8 MAaKCUMYM - KOJIM PO3MIp HOp Ta po3Mip Marepiaiy, o 3a0MBa€TbCA,
OJTHAKOBI.

HaiiBaxxnuBiIoro xapakTepUCTUKOIO MPOHKHOTO [IEMEHTOOETOHY € ITOKpaleHHs 3uerieHHs maci [1C
3 BOJIOTUM MOKPUTTSM, IIBUJIKE BiJIBEICHHS 3TMBOBUX BOJI 3 IOBEPXHI MOKPUTTS, 3MEHIIICHHSI €)EKTY aKBarl-
JIaHyBaHHS, 3HKEHHS piBHA 1yMy 1 Biopaitii I[1C. ITokpuTTs 3 BOAOIPOHUKHOTO IIOPUCTOTO MaTEpialy € alb-
TEPHATHBHUM CIIOCOOOM OpraHizauii HOBEpXHEBOT0 BOOBiiBeAeHH . [[puHIMI pOOOTH TaKMX MOKPUTTIB MO-
JIATa€ y BUIbHOMY IIPOHHUKAHHI 3JTMBOBHUX BOJ BCEPEIUHY APCHYIOUOTO MaTepially MOKPUTTS 3 MOKIIUBICTIO 1X
nofaneioi ¢inprpauii. HIBuakicts GinbTpawii npu HbOMY 3aJ€KHUTh Bil IPEeHYI0UOi 34aTHOCTI IIeMeHTo0e-
TOHY 1 IONIEPEYHUX yXHJIiB IIOKPUTTS [6].

6. TexHiko-exkoOHOMiYHI MOKka3HNKH BUKopucTanus 1B

Jl71s1 IpOHUKHOTO IEMEHTOOETOHY HE CITOCTEPIraeThCs 3HAYHOTO 301IBIIICHHS ITOYaTKOBUX BUTPAT Bi-
JTHOCHO 3BHYAHOTO IleMeHTo0eTOHHOTO NoKpuTTs (Tennis et al. 2004). OckinbKY MPOHUKHUIA IIEMEHTOOCTOH
MOBHOIIHHO BUCTYIA€ OJHOYACHO B POJIi MOKPUTTS Ta EICMEHTY JPSHAKHOI Ta BOJOBIIBITHOI cucTeM. Taka
TEXHOJIOTiS TOPOKHBOTO TIOKPUTTS CTBOPIOE OLIBINT e(DEeKTHBHE BUKOPUCTAHHS 3€MeJb, YCYBalOUnd HE0OXia-
HICTh YTPUMYBATH BOJOWMH, €JIEMEHTH BOJOBIJBIIHUX CUCTEM a00 KaHami3aliiiHy cucteMy. BapTicTp XuT-
TEBOTO LUKy MPOHUKHOTO IIEMEHTOOETOHY TaKOX Ha0araTo HIKYa 3a 3BHYATHE TIOKPUTTS, OCKLUIBKH HOTO
MOXHA ITEPEPOOUTH B KiHIII )KUTTEBOTO MUKITY. L{e OyII0 mUpoKo BU3HAHO SK BapiaHT 13 HAWHIKYIOIO BAPTICTIO
XKHUTTEBOTO LUKITY, IKUH AOCTynHUH ans BnamrtyBanHs (Ferguson 2005). YHikanpHa TeKCTypa MOBEPXHIi MO-
PHUCTOrO IIEMEHTOOCTOHY B IMOPIBHIHHI 31 3BUYaiHUM OCTOHHUM IOKPUTTSIM 3a0e3Meuye MOCHIICHE TEPTS IS
IIMH TPAHCTIOPTY 1 CTIHKICTH 70 3aHOCY, 3a100irac BHHUKHEHHIO HEOE3MeKH pyXy, 0COOIMBO B CYBOPY HOTOTY,
TaKy sIK CHIr abo momr. BimkpuTa moBepxHS APEHYIOYOT0 IEMEHTOOCTOHY 3a0e3Iedye MBUAKE IPOCOTYBAHHS
Ta 3a1mooirae MosiBi KaIIOXK, 1[0 MOYKE YCYHYTH PO3XHTYBaHHS Ta 3aHOC MIPH TeMITepaTypi 3amep3aHHs. JlocBin
MOKa3ye, 0 HOPHUCTE EMEHTOOETOHHE MOKPUTTS T03BOJISIE IIBUIKO PO3MOPOXKYBATHCh Yepe3 BEJUKi BillK-
puTi nyctotu Ha noBepxHi (Bean et al. 2007). ITopiBHSHO 31 3BUYaHUMHU MOKPUTTSIMH, [TOPYBaTi OCTOHHI
MOKPUTTS MalOTh 0arato iHIIMX mepesar, nepenidennx Hiwkde (Bean et al. 2007), (US EPA 1999), (Ferguson
2005):

- MOXJIMBICTD IMIBHIIIOTO BiABOMY MTOBEPXHEBHUX BOJ 1 3MEHIIICHHS BUTPAT HA JPEHAXKHI CIIOPYIH Ta
BOJOBIIBIHI CUCTEMU;
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- 3MEHIICHHS TeMIIEpaTypy MOKPUTTS, 3a0e3MeUYeHHs BUILHOTO OOMiHY BOJIOTH Ta MOBITPS y MiA3eM-
HOMY I'PYHTI, 110 BiANOBiAHO MPHUHOCHUTH KOPUCTH POCTY POCIHH NPUIIETIINX TEPUTOPIil;

- 301IBIICHHS OTTOPY KOB3aHHSI Ta TEPTS MOBEPXHI, IO 3a0€3MIEYNTh OC3METHMI pyX TPAHCIIOPTY;

- 3MeHIIeHHS piBHS IIyMY, Ha BiIMiHY BiJ 3BUYAalfHOTO OETOHHOTO MOKPUTTSA. Po3risaaeTses K eKo-
JIOTIYHMI Ta mepepoOHuil OymiBeabHUM MaTepian [18].

Henoiku npoHUKHOTO OETOHY

Benuki nepeBary, moB’si3aHi 3 €KOJIOTTYHUMH, EKOHOMIYHUMH Ta CTPYKTYPHUMH HpoOneMamu, Oynu
PYIIIHHOIO CHIIOI0 BCE OLIBIIOTO 3aCTOCYBAaHHS IIPOHUKHOTO OETOHY y BChOMY CBIiTi. OTHAK iICHYIOTh TaKOX
HEIOJIIKU Ta po0IeMHu, sIKi He OyJIM OBHICTIO BUPILIEHI, 1 i TPOOIEMH MEPEIIKOIKAIOTh BUKOPUCTAHHIO Ta
BIIAIITYBAHHIO IPOHUKHOTO OeTOHY. IIpoTe Horo mupoke 3acTocyBaHHS 0ys10 0OMEKEHEe CYIepewITUBOIO 1H-
(dbopmarti€ro Ta BiACYTHICTIO €MMHUX CTAHAAPTIB, IO CTOCYIOTHCS JOBTOBIYHOCTI, 3aMOPOKYBAHHSI, MIITHOCTI
Ta HaJISKHUX BUMOT 11010 BUKOPHUCTaHHSA Ta KOHCTPYKUii ofsry. Hemomiku mpoHUKHOTO O€TOHY, mepesiyeHi
HIDKYE, 3raayloThCsl B MDKHAPOIHIN JIITEpaTypi, 1 A7 BUPIMISHHS IUX TTPo0IeM HeoOXiaHI JOJAaTKOBI TOCITi-
mkenns (Balades et al. 1995), (Bean et al. 2007), (US EPA 1999) [17]:

- TlopyBatuii 6eTOH HE CIPABISETHCS 3 IOCTIHHUM ITHTEHCUBHUM PYXOM BaHTaXXIBOK Ta JIETKOBUX TPa-
HCIIOPTHHX 3ac00iB Yepe3 HU3bKY MIITHICTh Ha CTHCK Ta BUTHH;

- Benuki BuTpaTH Ha 00CIyroBYBaHHSA Ta OYMILEHHS NOKPHUTTS. 3aCMiY€HHS MOBEPXHI MPOHUKHOTO
[IEMEHTOOETOHHOTO TIOKPUTTA 33 JOCUTHh KOPOTKMH Mepio]] 3HAYHO 3MEHIIYIOTh HOT0 TIOYaTKOBY JIPEHAXKHY
30aTHICTh. JlpeHaxkHa (pyHKIisI MOXe TOBHICTIO BTPATUTHUCH, SIKIIO HE MPOBOANTH €(EKTHBHE Ta CBOEYACHE
OYMILCHHS;

- CTiiKiCTh TPOHUKHOTO IIEMEHTOOETOHY JI0 ITUKJIIB 3aMOPOKYBaHHS-PO3MOPOKYBAaHHS Ta Mii MTPOTH-
O’KEJIeTHUX XIMIKaTiB 3HAYHO MEHIIA, HIXK Y 3BUYaHOTO IIEMEHTOOETOHY;

- € mpo6JyieMu 3 yIaImTyBaHHAM. 3 Pi3HUMH 3aIIOBHIOIOYMME MaTepiajJaMu PiBeHb YIIUTEHSHHS TaKOX
3MIHIOETHCS. 3EMIISIHE TIOJIOTHO 3 PIBHOMIPHOKO Ta CTa0lIBHOIO TIOBEPXHEIO, HAJIC)KHUM BMICTOM BOJIOTH Ta
JOCTaTHBOIO MIPOHUKHICTIO € KIIOYOBUM (PAaKTOPOM JUIsl BiIBOIY BOAH, SIKa iHQLIBTPYETHCS Yepe3 IPOHUKHE
IIEMEHTOOCTOHHE TTOKPUTT. HaaMmipHe yIIUTBHEHHSI MOKE TaKOXK CIPUYMHUTH HaOyXaHHS OCHOBH JOPOK-
HBOT'0 UM a€POAPOMHOTO OJIAITY.

- BB Ha CycimHE cepeloBHUINE Ta PO3BHHEHY TEPHUTOPi0. HeoOXiqHO MepenKomKaTH pyXJINBIM
BIIKJTaICHHSM 3 OKOJIMIIB 200 3 OY/IiBEIbHUX MalTaHIMKIB ITepeKpuBaTh opu. HeoOXimHMI HATIIA ITOBUHEH
OyTH BpaxoBaHHi pu po3poOiii. 30KkpemMa, CTiK 3 OCBOEHOI TEPUTOPii, IMOBIpHO, MiICTUTHME HIKYi PiBHI Ha-
BaHTa)XCHHS BiTKJIaI€HB, [0 CIPUYNHHUTD 3aCMIYeHHS

- [louaTkOBUI 3aXUCT BaXKJIMBHUNA AJIS1 TPUBAJIOTO TEPMiHY €KCIUTyaTalii IpoIyCKHOT0 OETOHHOTO TO-
KpuTTs. Hanpukian, monepeaHid 0eTOH Citix 0OpOOUTH ITiCTs 3aKiHUEHHS CYCITHBOI JUISTHKY Ta HE JOITyCKAaTH
PyXy TPaHCTIOPTY Ha TOIEPETHE TOKPHUTTS. 3a3BUYal 11e 00TOBOPIOETHCS i Yac mepea0yaiBeIb»HOT Hapaan
[17].

Bceranosneno, mo 1B 3amxy10Th BapTicTh KUTTEBOTO UKy Ha 30% y MOpiBHAHHI 31 3BUMaHUMHU
MOKPUTTSAMHU 3i 31uBoBUMH cTokaMu. FHWA moBizomiisie, mo Bapticts BctanoBieHHs 1B Ha 15-20% ne-
peBHILye 3BUUaiiHuN neMeHTo0eToH. B nanuii ac I11{b pexoMeHayeThCSl BAKOPUCTOBYBATH JAJISl IOPIT 3 HU-
3bKOI0 IHTEHCUBHICTIO PYXY, MICIIEBUX BYJHIIb, JOPIKOK Ta MPOi3aiB. [IpoIOBKYIOTHCS MOCHTIHKEHHS MO0
po3po6ku Bucokominnux [1Lb, siki B MalilOyTHbOMY MOKYTh OYTH BUKOPHCTaHI Ha aBTOMOOIIBHUX J0OpOTax
Ta aepoPOMax.
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BucHoBkn

Y po6oTi po3risgaeThes MPOHUKHUN OCTOH SIK CTiHKe pillieHHS 00'€KTIB TPaHCIOPTHOT iHPPACTPYK-
TypH IJ1s1 MiCbKUX TepuTopii. Ha ocHOBI ormsny niTepaTypu, IPOHUKHUN OETOH MOYKHA YCHIIIHO BUKOPHCTO-
BYBAaTH IIPH NMPABUILHOMY IIPOCKTYBaHHI, YKIIaTaHHI Ta 00CITyTOBYBaHHI.

Orsi CBITOBOTO OCBITY JOCIIHKEHB MMOPUCTOTO (IPEHYIOYOT0) IIEMEHTOOETOHY, YIAIITyBAaHHS Ta
eKCIUTyaTallii mapiB AOPOKHBOTO Ta a€POJPOMHOTO OAATIB 3 HBOTO MOKa3ye TEXHIKO—CKOHOMIYHY AOLLIIb-
HICTB 1 €pEKTHBHICTD iX 3aCTOCYBaHHSI.

Ile mMaTepian 3 BHCOKOIO BiIKPUTOO MIOPUCTICTIO, sIKa 3a0e31eUye XOPOIIli ITyMOTIOTIMHAIOYI BIIACTH-
BOCTI 1 IpeHaKHY 3[aTHICTh B IOEIHAHHI 3 HIOPCTKICTIO, PiBHICTIO 1 MOMIEPEYHUM TEPTAM

OpHak y MPOHUKHOI'O OCTOHY € JesKi MPo0IeMH 3 eKCIUTyaTalliiHUMHU XapaKTePUCTUKAMHU, B OCHOB-
HOMY MEHIIIa MILHICTh 1 JOBTOBIUHICTb Y€pe3 HOro MOPUCTY CTPYKTYPY Ta PU3UK BTPATU TiApaBIidHOI Ipo-
BIIHOCTI Yepe3 3aCMiueHHS CMITTSIM Ta TBEPAUMH IpeaMeTaMu. [IpoHUKHUN O€TOH 3arajioM IiIXOIUTh IS
MaorabapuTHUX JOPOXKHIX Ta aepOJPOMHHUX POOIT, TAKUX SIK MapKiHru, Micus crosiHok [1C, npoisau, 3ynu-
HKU TPAaHCHOPTY, 3ai3A1 IPOMaJICBKOr0 TPAHCHIOPTY AJIS MMOCAIKH MacMakKHUpiB, BEJIOCUIIETH] JOPIXKKH, abo
TpoTyapu Tomo. OgHaK TYT € BETUKI MEPCIIEKTHBH IS JOCTIIKEHHS TEXHOJOTIYHNX aCTIEKTIB, 00 CKOpHC-
TaTHCA NepeBaraMy Ta yCyHYTH HEJIOJIKU JaHOTO MaTepiaily, OCKIIbKH MOPUCTE TIOKPUTTS 34a€ThCS NIepCIie-
KTHBHUM €JICMCHTOM OYIiBHHIITBA JIJIS1 TOBTOBIYHOI €KCILTyaTaIrii.
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Abstract. This article presents the analysis of the international experience of the use of pervious con-
crete in transport infrastructure. It provides the advantages and disadvantages of the material and the results of
personal laboratory tests of relevant concrete samples.

The object of the research is the use of pervious concrete in the construction of transport infrastructure.

The objective of the paper is to justify the use of pervious concrete in the construction of transport
infrastructure by analyzing previous international experience and lab tests of the corresponding concrete sam-
ples.

Research methods included a analysis of the international and domestic literature, the evaluation of
the experience in the use of the pervious concrete, and laboratory tests of the corresponding concrete samples.

A review of the world experience connected with research of pervious (draining) concrete, installation
and operation of layers of aerodrome surface made of it, proved their technical and economic relevance and
effectiveness of their application. Pervious concrete is a material with high open porosity, which provides good
sound-absorbing properties and drainage ability together with roughness, smoothness, and transverse friction.

These are advantages of pervious concrete pavements, according to foreign studies: a rapid removal
of water from the surface of the pavements in case of rain and improved drainage of road and airfield pave-
ments reduce the risk of aquaplaning vehicles and increase traffic safety in rainy weather; increased and stable
surface roughness; reduced level of noise provided by vehicles. The draining ability of the pavements makes
it almost dry. It also has a high degree of sound absorption.
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The results of the article can be implemented in various technologies of construction and repair of
transport infrastructure.

The search for the optimal composition of pervious concrete for its further use in the technology of
construction and repair of various objects is the main purpose of predictive assumptions about the development
of the object of study.

Keywords: pervious concrete, road, airfield, road pavement, road surface, water permeability,
defects.
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METOJUMKA PO3PAXYHKY CTAJIE3AJII3OBETOHHUX HEPO3PI3HUX ITPOT'OHOBUX
BYJ10B MOCTIB 3 IBOMA 3AJII3OBETOHHUMMU IIVIMTAMU HA 11O YCAJIKU BETOHA

CALCULATION METHOD STEEL REINFORCED CONCRETE CONTINUOUS BRIDGES
SPANS WITH TWO REINFORCED CONCRETE SLABS ON THE EFFECT OF CONCRETE
SHRINKAGE

Crnumko Banepiii Ilununoguu, kanoudam mexHiuHux Hayk, 0oyenm, npoghecop xaghe-
opu “Mocmu, moneni ma 2iopomexuiuni cnopyou”’, Hayionanvnuit mpancnopmmuil yHi-
sepcumem,e-mail: valeriysnytko@ukr.net, men. 067 751 4373, +380442807978, Vrpa-
ina, 01010, m. Kuis, éyn. M. Omensanosuya-Ilasnenxa, 1, k. 218.
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AHoTamis. Y CTaTTi pO3rIIsIHyTa METOIMKA PO3PaXyHKY HEPO3PI3HUX MPOTOHOBUX OYIOB CTaje3ai-
300€TOHHHMX MOCTIB 3 JBOMA 3113006 TOHHUMH IUTMTAMHM Ha 1110 ycaaKu 0eToHy. Jlo JOBrOTpHBAINX MPOIIECIB,
10 HeOOX1THO BPaXOBYBATH IIPH PO3PAXYHKY IMTPOTOHOBHX OYZ0B MOCTIB KpiM ITOB3yYOCTI BiTHOCHTHCS 1 yca-
IKa OETOHY.

Hepo3pizHi mporoHoBi 0ymoBY cTane3ani3o0e TOHHUX MOCTIB 3 JBOMA 3aJ1i300€ TOHHUMH ITUTAMU Hal
MPOMIXKHUMH OIIOPaMHU 3HaYHO EKOHOMIYHIII, 32 BUTpAaTaMH METally, Y IOPiBHSIHHI 31 cTaje3ai300e TOHHUMHI
MocTtamu 3 ojHi€eo TumTor. [lepepi3 crane3anizo0eTOHHOT OalKW CKIAIAEThCS 31 CTANEBOI YaCTUHH, IO
00’eTHaHa 3 BOMA 3113006 TOHHUMH IUTUTAMH. Y CTaTTi HaBEJACHO Pe3y/IbTaTH PO3PaxXyHKY HEPO3Pi3HOI cTa-
Ne3a1i300€TOHHOT MPOTOHOBOT OY/TOBH aBTOAOPOKHBOTO MOCTY 3 JIBOMA 3113006 TOHHIMH TUITUTAMU 33 HaBe-
JICHOI0 METOJIHKOIO.

00’ekT mocaimKeHHsI: OAJTKU MPOTOHOBOI OYJIOBH CTalle3ali300€TOHHOTO MOCTY 3 JIBOMa 3aj1i300e-
TOHHMMH TUTHTaMHU.

Meta po6oTH. P0o3p0oOKUTH METOAMKY PO3PAaXyHKY IEpPepi3iB MPOrOHOBUX OYI0B CTale3adi300eTOH-
HUX MOCTIB 3 IBOMA 3aJ1i300€TOHHUMH TUTUTaMU Ha JIif0 yCcaJaKku OCTOHY 3 ypaxXyBaHHSIM MTOB3y4YOCTi.

KuouoBi cjioBa: nporoHoBa OymoBa MOCTY, CTajie3ai300eTOHHA Oajika 3 JBOMa 3a1i1300€TOHHUMHU
IUTUTaMH, ycaaka OCTOHY, ITOB3YYiCTh OCTOHY.

Hepo3pizHi IporoHoBi OyI0BHU cTaie3a1i300eTOHHUX MOCTIB 3 JBOMA 32113006 TOHHUMH TUTUTaMH, 1110
PO3MILIYIOThCSI HaJl MPOMIKHIUMH ONIOpaM, 3HAYHO EKOHOMIYHIIII, 32 BUTpaTaM{ METally, Yy HOPIBHSHHI 31 cTa-
JIe3aI1i300€ TOHHIMH MOCTaMH 3 OJHIEI0 BEPXHBOIO IHTUTOIO.

MeTtoauKy po3paxyHKy TaKOi IPOTOHOBOI OYIOBM MOCTa Ha JIif0 3THHAJILHOrO MOMeHTa M 1 HopMa-
TUBHOI ciiti N 3 ypaxyBaHHSIM IOB3Yy4OCTi OeTOHY HaBeneHo y poborax [3, 4].

Hwxue HaBeieMO METOJMKY pO3paxyHKY MPOTOHOBOI OYZ0BH CTaIe3alli300€TOHHOTO MOCTY 3 JIBOMa
3aJ1i300€TOHHUMH TUTUTAMU Ha JiI0 YCaJKu OETOHY.

PosrnsaeMo nepepis 6asiku mporoHoBoi Oy0BH, 1110 HABEICHUI HA pUCYHKY 1 y pobori [3].

Cunogi paxktopu M i N BiACYTHI, BpaXOBYEThCS JIHILE Aisl YCAAKH, 10 XapaKTEPU3YEThCS BITHOCHOIO
neGOpMALIIEIO £y;.

V crane 3a1i300€ TOHHOMY IIepepisi ycaaka 0ETOHY CTPUMYEThHCS apMaTyPOIO IUIHT 1 METaJICBOIO Oal-
Ko10. B pesynbraTi B apMaTypi, MeTaneBiit Oanii i B 6eTOHI BUHUKAIOTh YPIBHOBAXKEH1 3yCHILIISL.

[IpuitmaeMo JTiHIAHUE 3aKOH PO3MOALIY HAIPy)KeHb y OCTOHI 1 cTaJeBill YacTHHI mepepidy Mo ycii
BHCOTI cTane3anizo0eTonHoi Oanku. HeBimomMuMu BBaXkaeMo HaIlpy>KEHHsI HA MOMEHT 4acy ¢ y OeTOHi Ha piBHI
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UEHTPIB TSUKIHHS ApMATYPU BEPXHBOI i HIKHBOI AT O 3¢ 1 af_yt, HaIpYKCHHS B apMaTrypi Ha THX CaMUX
PIBHAX 07, 1 Jﬁyt, HAIIPY)KEHHs B CTAJIEBIH Oalll Ha PIBHI BEPXHBOI 1 HIKHBOI PIOPH Ty y¢ 1 051 ¢

[IpunycTrmo, 10 HEBiIOMI HANPYKEHHS ToAaTHI (po3TsAr). [[1s BU3HAYCHHS HEBIJIOMUX CKJIAJIAEMO
PIBHSHHS TPOEKITH MIFOYMX 3yCHIIb Ha BICh OAJIKH, PIBHSHHS MOMEHTIB JTIIOYMX 3YCHIIb BITHOCHO IICHTPY TsI-
XKIHHA apMaTypy HIDKHBOI TUIMTH, JBa PIBHSAHHA CHUILHOCTI Aedopmariil OeToHy i apMaTypu BEpXHbBOI 1 HU-
JKHBOT 3aJ11300€TOHHMX IUINT, JABAa PIBHSHHS CIIIBHOCTI Aedopmaliii 6€TOHY Ta BEpXHbBOI 1 HHKHBOI (iOpu
CTaIeBOi OAKH, a TAKOK PIBHSHHS, 110 BUIIUBAE 13 TIMIOTE3H IUIOCKHUX TIEPEpi3iB.

ITepexonumMo /10 CKIIaAaHHS PiBHSHB:

1) PisastaEs poexkitiit () x=0)
fABl Tpye " dAp + fABz Tpye * dAp + fAs gyt dAs + 07y At 0Py - A =0; (M
2) Pigusaus momenti (3 M=0)
J aﬁ_yt-Z-dAb+f abz_yt-Z-dAb +J Ogyt +Z dAs +
Ap1 Ap2 Ag
+0fy - A" (hg —a’) = 0; ()

ne Agq 1 Ag, - BIIOBIAHO TUIONI TIEpepi3y OCTOHY HIDKHBOI 1 BEPXHBOI 3a11300€ TOHHHX TUIHT;

A, — o1ma mepepizy CTanaeBoi OaKu;

A'"i A —BiANOBIIHO CyMapHi IUIOLI TIEpepi3y BEPXHBOI i HIKHBOT apMaTyp IUIHT.

PiBHsIHHS crinbHOCTI AedopMaLliil 3anKUCy€eThCS HAa OCHOBI TOTO, 110 anredpaiuyHa cyMa BiTHOCHOT Je-
dopmarii ycanku 6eTony €, 1 BinHocHa nedopmaris 6€TOHY Ep y¢, M0 BUKIMKAHA YCAJKOBUMHU HAIPYKEH-
HSIMH, IOPIBHIOE BiTHOCHIH nedopmanii apmatypu. Tex BiTHOCUTBCS 1 10 CTajeBOl OaNIKH.

Toni

Syt + 8b,ytf = 8r,yt; 3)
gyt + 8b,yt = gs,ytf; 4

BpaxoByemo, 1110 y mouaTKoBiii MOMEHT dacy t=0 3 SKOI0 MOYNHAETHCS BPaxXyBaHHS YCaAKH, HAMIPY-
YKEHHsI HC BUHUKAIOTh, TOJIi 3aITUCY€EMO

tdopye (1 _ Tryt,
Eye + Jy 2 (5 + Cer) dr = 22 )

3acTocoByroun MoAu(ikoBaHy Teopito cTapinHs [2] 6eToHy i popmyy

1
Sbt=E—M'(Ubo'K1+Ubt'Kz)»Ta

BPaxOBYIOH, 1O Tp o = 0, MaeMo

Opyt'Ka
gb,yt = Ey_bo ) (6)
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ne Epo - moyaTkoBHiA MOTyJIb TIPY>KHOCTI OETOHY;
K; 1 K, — xoedillieHTH, 1110 BpaXOBYIOThCA 3a (OopMyJIaMU HaBeACHUMH B [2] PH MPUHHATTI JTIIHIHHOT
3aJIeKHOCTI.

C¢r — Mipa moB3ydocTi 6eToHy. Mixk HanpyKeHHSMHU Y OETOHI Y MOMEHT 4acy T 03, 1 XapaKTepUCTH-
KOIO TIOB3Yy4OCTi OETOHY ¢ IPUIIMA€EMO JIIHIHHY 3aJICKHICTb.
Togmi, piBHAHHS ciIBbHOCTI nedopMaliil apMaTypH i 0eToHy OyAyTb:
B — B .
Oryt = Er - Eye + 1y - Ky Op,yt; (7
H _ H .
Oryt = Er - Eye + 1y - Ky - Op,yt; 3
PiBHsSHHSA crimsHOCTI Aedopmartiii Ha piBHI BEpXHBOI 1 HIDKHBOI MEXKi CTAJIEBOI OaJIKH 1 OETOHY :
Ospye = Est * Epp +1p - Ky - 052, 9)
s2,yt st yt b 2 b,yt»
o, =Ey Eyt+np- Ky 055 (10)
s1,yt — “st yt b 2 byt
Bennuuna €, - e nepopmaitis CTACHEHHS , TOMY i IPUEMAEMO 3 BiJI’€MHUM 3HAKOM.
incrasnsroun supasu (7), (8), (9) i (10) y pisusiuus pisHoBaru (1) i (2) i 3amiHIO04H 0f ),y IMBUCH
pobory [3] Horo 3na4uennsaM i3 Gopmynu (1), a g, i3 popmyn (4) 3 Bpaxysannam popmyi (2) i (3) maemo:
B H -0
DBy 0pyt + V1 Obye + Er - €y My = 0; (11)

2)ms - 0p ¢ + Mg - a,fyt +E- €y -myy =0; (12)

3uaueHHs B, Y1, Ms i Mg BU3HA4aoTh 3a [3] popmymnamu (22) , (23), (25) 1 (26).

Hemyy ="+ A+ A (13)
V'+Br / /
m12=[nr Lt 4 (hy —a'); (14)

Toni Hanpy>xeHHs y 6€TOHI HAa MOMEHT 4acy t B IIEHTpaX TSHKIHHS BEPXHBOI 1 HIXKHBOT 3a1i1300€ TOH-
HUX TUTUT BiJ ycalIku OETOHY 3 ypaxyBaHHSIM MOB3Y4OCTi OyAyTb:

O'g,yt = I];g/t By Syt; (15)

Glf{yt = I]JI-/It B €y (16)

__Yymypy—my1 Mg

e = L, (17)

B1Mme—y1-ms

H _ MsMy—Bimy,,
Tyt Bime=y1ms (18)

Hanpy>xenns B apmarypi BU3Ha4aroTh 3a popmynami (7) 1 (8).
Jns monepegHbpO-HaNPyKEHOI apMaTypy Il 3HaYCHHS OyIyTh CTAHOBUTH BTPATH MOINEPEAHBOTO Ha-
MPY>KEHHS, 110 BUHUKAIOTh y HACIIIOK ycaaKu OETOHY.
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Hanpysxenns y 6eToHI monepenHbO-HaPYKEHUX TUINT, 10 3HaiaeHi 3a popmymnamu (15) 1 (16) Oy-
IOyTh CyMapHHUMH BiJl caMoi ycaJKy OCTOHY 1 BUKJIMKaHUX HEIO BTPAT HANpYXeHb B apMarypi.
Hamnpysxennst y 6eToH1 Ha piBHI BEpXHBOI 1 HIKHBOI MEXKi CTajIeBOi OamKkh Bill yCaaKu OCTOHY:

(ho—cn) (c'-a")
O'bsfzt_dbyt h*‘ DYt (ho—a’)’ (19)

(-d) (ho—a'+d)
Ulf%/t = 0 Yt (he—ah) + Glg-{yt '—((;lo_a,) ; (20)

Hanpy>xenns B Metanesiii Oanii Big ycaaku OETOHY:
Ha piBHI BEpXHBOI MEXKI

_ S2 .
Os2,yt = Egt - eyt +n,- K- Op,yt (21)
Ha piBHI HWKHBOI MEXi
_ S1 .
Os1,yt = Es gyt +n, K- Op yts (22)
I
10fon
2000 4000
L]
L]
| EZ-IZII« | =
o 1800
=
| g =
E
9 ‘:
ke~ v4d | i
4300

Pucynox 1 — [Tonepeunuii mepepiz MporoHOBOi OyI0BU MOCTY B CEPEAMHI KPAWHBOTO IMPOTOHY
Figure 1 — Cross section of the runway structure of the bridge in the middle of the last span of bridge

IIpu po3paxyHKy HEPO3pi3HOi MPOTOHOBOI OYIOBH CTalIe3as1i300€TOHHOIO MOCTY 3 JBOMa 3ari300e-
TOHHUMH TUTUTaMU, 3a cxeMoro 3x33m, rabapurom I'-8,0m (nuB. puc.l), 3a HaBeIeHOI0 METOJHUKOIO, HATIPY-
JKEHHS BiJ ycamkuw OETOHY 3 BpaxyBaHHSIM ITOB3YYOCTi, IPHU MPUHHATTI XapaKTEPUCTHKHU MOB3YYOCTI @ =
1,82 i BignocHi# nepopmarii ycanku 6etony €, = 2,68 - 10~* cknmanu y nepepisi HaJi IIPOMi*kHOIO OMOPOIO:

y OETOHI Ha PiBHI LIEHTPIB TSHKIHHS apMaTypy BEPXHBOT 1 HUXKHBOT 3a11300€ TOHHUX TUTAT

0yt = 1,37MIla; (po3tsr);
U,ffyt = 3,05MIIa; (po3Tsr).

HampyxeHnHs y 0¢TOHI Ha piBHI BEpXHbOI MEXI CTaleBOI OalKK i YMOBHI HalpyKeHHS y O€TOHI Ha

PiBHI HIDKHBOT MEXi CTaJIeBO1 OaKH:
yt = 1,51MIla; ("po3tar");

yt = 3,19MlIla; ("po3Tar").
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Hampy»xeHHs B apMaTypi Ha piBHI LICHTPIB TSOKIHHSA apMaTypU BEPXHBOI 1 HUYKHBOT 3a1i300€ TOHHHX
TUTAT
b _ _ . )
Oryt = —34,46MIla; (cTuck);

orye = —11,0MIla; ("cTHCK")
Hamnpy>xennst B cTaneBii 6anii Ha piBHI BEpXHBOI 1 HIDKHBOT MEXi 11

Os2,yt = —34,1MIla; (cTuck);

Os1,yt = —9,4MIla; (cTuck).

Le roBopHuTh po HEOOXiAHICTH BpaXxyBaHHS ycalky OETOHY NMPH BU3HAYCHH] HANpYXeHO-1e(opMo-
BaHOI'0 CTaHy CTaJie3a1i300€TOHHUX MTPOTOHOBUX OYI0B MOCTIB.
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CALCULATION METHOD STEEL REINFORCED CONCRETE CONTINUOUS BRIDGE SPANS
WITH TWO REINFORCED CONCRETE SLABS ON THE EFFECT OF CONCRETE
SHRINKAGE

Snytko Valerii P. Candidate of Physics and Mathematics, Associate Professor, National Transport
University, Department of Bridges, tunnels and hydraulic structures, Professor, e-mail: valeriysnytko@ukr.net,
ten. +380442807978, Ukraine, 01010, Kyiv, street M. Omelyanovicha-Pavlenka, 1. https://orcid.org/0000-
0002-9530-4589

Summary: The article is considered calculation method steel reinforced concrete continuous bridge
spans with two reinforced concrete slabs on the effect of concrete shrinkage. For long-term processes that must
be considered when calculating the span structures of bridges, besides creep, concrete shrinkage applies.

Object of study: composite steel and concrete span beam bridge with two reinforced concrete slabs.
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TTIIPOTEXHIYHE BYIBHUIITBO, BOJHA TH)KEHEPIS TA BOJJHI TEXHOJIOT'TI

Purpose: to develop a calculation method the cross section steel reinforced concrete bridges with two
reinforced concrete slabs on the effect of concrete shrinkage considering concrete creep.

Continuous spans of steel reinforced concrete bridges with two reinforced concrete slabs over interme-
diate supports much more economically, in terms of metal consumption, compared to steel reinforced concrete
bridges with one concrete slab. Cross section of a reinforced reinforced concrete beam consists of a steel part
that combined with two reinforced concrete slabs. The article presents the results of the calculation of
continuous steel-concrete superstructure of a road bridge with two reinforced concrete slabs by the above
method.
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AnoTtanisi. HaBeneHi ocoOIMBOCTI 3acTOCYBaHHSI METOly KBaHTHIILHOI perpecii B 3a1auax riApoeKo-
Jiorii. BuzHadeHi nepeBard KyCOuHOI KBAaHTHJILHOI perpecii mpu 00poOIli BUXITHUX JaHUX.

Kuro4oBi ciioBa: riapoxiMiyHi 4acoBi psau, 00poOka BUXiJHUX JaHUX, KBAHTIIILHA perpecis, 0co0-
JINBOCTI KyCOYHOT KBaHTHIILHOI perpecii.

Beryn

B cyuacHwmii nepio mpu IOCTiIKEeHHIX B 001acTi eKkoorii HalHOLIbII YacTO BUKOPHCTOBYETHCS pe-
rpecis Ha OCHOBI MeToy HatiMeHmuX kBaapatiB (MHK). Onnak, sk Bimomo, MHK nuKTy€e rpaHUYHO KOPCTKI
BHMOTH JI0 BIACTUBOCTEH BXiHUX JAHUX 1 MPOSIBIISIE€ HEBUIPABIAHO MiABUINEHY YyTJIHBICTh JO aHOMAILHUX
3HAYCHbB, K1 XapaKTepHi I MIPUPOTHUX YaCOBUX PAIB. Y 3B'SI3KY 3 ITUM IPH aHAJi31 i MPOTHO31 PI3HUX €KO-
JIOTIYHHX YaCOBUX PSIIiB OUTBIT BUTIPaBIAHO BUKOPHUCTAHHS pOOACTHUX METOMIB perpecii, siki 0yIyTh B TOMY
YHci ¢1a00 YyTIHMBI JO Pi3HOTO POAY aHOMATIH y BUXiTHUX JaHHX.

B po6oTi [1] Ha KOHKPETHUX MPHKIaaaX OyJId PO3IIHYTI 0COOJHUBOCTI 3aCTOCYBAHHS IIPOCTOrO Me-
Toxy pobactHoi miniiHoi perpecii - Metomy KENDALL THEIL ROBUST_ LINE (KTRL) - B rizpoexosorii.

PazoM 3 1uM, 3 TOUKH 30py "TIHOMHM TOCIIIKEHH", METOIH JIIHIHHOT perpecii MaroTh TOM HEIOJIIK,
110 3 TaHUX BUI00YBAETHCS 3aHAITO MaJI0 KOPUCHOT iHpopMaITii.

[epexin Bix niHiiHOI perpecii a0 perpecii HeMiHIHHOT MOXe B 3HAYHIH Mipi 301IbIIUTH €EKTUBHICTD
JOCITIKEHB Pi3HUX MporeciB [2].

VY 3B'S3Ky 3 UM IS TOCITITHUKIB 3HAYHO TIEPCIIEKTUBHIIINMHE € METO/IU KBaHTWIIBHOI perpecii [3,4].

T'onoena mema pobomu - po3TISIHYTH, IKUM YHHOM KBaHTWJIbHA PETPECist MOXKe 3HAMTH CBOE 3aCTO-
CyBaHHS Ha MPAKTHIII.

st mporo B SIKOCTi 00'€KTa TOCTIKEHHS OyiIM 0OpaHi TiApoXiMiuHi psSAd, Ui aHANI3Y IKUX e(EeKTH-
BHHI METOJ KBAHTHJILHOI perpecii MpakTUIHO He BUKOPHUCTOBYBABCSI.

OOroBopIOIOTHCS MTEPEBaru po3po0ICHOro aBTOPaMU METOAY KyCOYHOI KBaHTHIILHOI perpecii.
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3arajbHi M0JI0KEeHHS

VY cTatrTi pO3rIIAIaEThCs aHAIlI3 MPUPOTHUX JAHHUX 32 TOTIOMOTOK0 METOTy KBaHTHIBHOI perpecii. da-
XiBIIi, SIKi TIPAITIOIOTH 3 peATLbHUMHU JAaHUMH, TAaBHO BiA3HAYAIN TOH (DaKT, IO aHOMaJIbHI 3HAYEHHS (TaK 3BaHI
"BUKUAM'") aIeKBATHO BPaxyBaTH B MOZEISX, TOOYJOBaHMX HA OCHOBI MeToy HaitMeHIHX kBapaTiB (MHK),
MIPOCTO HEMOXKJIHUBO.

IIpu 11boMy, SIKITIO B TaHUX TIPUCYTHI aHOMATii, MiHIMi3aIis aOCOTIOTHUX BIAXHUIICHD Oy/Ie OLTBII T1e-
pcneKTuBHa, Hix merox MHK.

Sk Bimomo, 3araibHa i7iest perpeciifHOro aHaIi3y - 11e 3HAXOKEHHS NeIKuX "'cepeaHix" 3HaueHb 3aie-
YKHUX 3MIHHUX BiJl 3MiHHUX HE3aJICKHUX.

Bynyum 3aj1eXKHICTIO TIIbKHM OJHOIO ITapaMeTpa po3Moaily, a caMe "cepeAHbOro", perpeciiina QyHkK-
ITisI ITOBHOIO Mipoto He Oye BimoOpakaTy BILIMB BCIX HE3aJISKHUX 3MIHHMX Ha 3MiHHI 3aJICXKHI.

BinnoBigHo, KinbKa perpeciiHux KpUBHX AJSl PI3HUX YacTUH PO3MOALTY JO3BONAIOTH OTPHUMYBATH
OLTBII TTOBHY KapTHUHY 3aJIC)KHOCTEH.

Bxpaii criporieHo 1e Mo)KHa BBaKATH XapaKTEPHOKO BIIACTUBICTIO KBAHTHIILHOI perpecii.

Ha nanwii yac moOpe BimoMuil Takuii MeToa poOacTHOI perpecii sk "MeziaHHa" perpecis, e B KOCTI
"cepeaaroro" Buctymae memiana (a6o 0,5 KBaHTHIIB). 3a aHAJIOTIEI0 MOYKHA B3SATH TaKOX HaOip OyIb-SKHX
IHIIIMX KBAHTHIIIB.

3a3Buyaii 0epyTh HacTynHHUM HaOip kBanTwiiB: 0.05; 0.10; 0.25; 0.50; 0.75; 0.90 1 0.95.

TaxkuM 4MHOM, METOJI KBAaHTHJILHOI perpecii mpy aHaji3i TpeHAiB J03BOJISE OTpUMATH iH(OpMAIilo IO
BCHOMY Jliala30Hi 3HaYeHb KBAHTWIIIB BiJl HYJIA 1 IO OJUHHMII PO3IMOLTY 3aJICKHOI 3MIiHHOI. 3aBISKU IEOMY
OTPUMYIOTH 3HAYHO O1JIbIIIE iH(pOpMAaIii, Hi>K IpH BUKOPUCTAHHI METO/TIB JIIHIHHOT poO6acTHOH perpecii (Takux,
Hanpuknaf, sk merox KTRL [17]).

Sk Bimomo, MHK - perpecis, 1mo-cyTi, € BUpIIICHHSIM 3a/1adi MiHIMi3aIlii 3aJIMITKOBOT CYMHU KBaJIpaTiB:

ARGMIN =
wer  (A0-w)) ()

ne Y, — 3HaueHHs CIIOCTEPEKEHHS 3 BUOIpKH 00cary N,

U— BUOIPKOBE CepeaHE, IO OIMIHIOETRLCS 32 Ii€I0 BHOIPKOTO.

BiamogigHo, moaiOHUi MOIIyK I Me/iaH! MOKe OyTH 3[IHCHEHMIA 3a JOMOMOTOI0 MiHIMI3aIli cyMu
a0COIOTHHX 3aJIHIIKIB.

Tosi TOBOPATH PO MEiaHHY PErpecito.

3HaXOKEHHS KBAaHTIWIIA () 3aJaHOTO MTOPSIKY T MOYKHA PO3TIIAIATH K IMOIIYK apryMEHTY MIHIMyMY
CHeLiaNbHOI HIbOBOT PYHKIIT

ARGMIN =
Q €R (25=11VPT(YI - Q))’ 2)

B nanomy Bunaaky p; — GyHKIis, gKa 3a0e3nedye T — GanaHc CIOCTEPEKHUX 3HAYCHB!

_ t-UnpuU = 0|
pT(U)_{(T—l)-UanU<O|' (3)

VY 3BHYaiiHOMY perpeciiHOMy aHai3i OlliHKa MapaMeTpiB p perpeciiHoi GpyHKIII € BUpIMLIEHHSM OII-
TUMi3aliiHol 3anaui

A (T (- u:m)), 4)
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3a aHaAJOTi€I0 3 PErpeciiiHMM aHali30M MOKIMBO BBECTH KBaHTHIBHO-perpeciiiHi QyHKmii, KoXHa 3
SIKUX TIPEJICTaBIISIE COOOK0 NESIKY PETPecito YMOBHOT KBAHTHIII.
Y npoMy BHIaAKy NOOYA0Ba KBaHTHIBHO-PETPECIHHIX MOJETIEH MOXKIIMBO PO3IIISAATH SIK 3a7a4y OLli-

HKH IapaMeTpiB QyHKLIH V(X 7 ﬁ) 1 3HAXOIUTH PiLICHHS MiHIMi3ali€lo

AR (e (5 -r(x:8))) 5)

Bupimensas naHoi MiHiMi3auiiHoi mpobaemMu, Koiu V(X 1B )— niHiiHa QyHKUiA 3 HEBiIOMUMH Hapa-
MeTpaMH, ePEKTUBHO 3IHCHIOETHCS METOJAMH JIIHIHOIO IPOTrpaMyBaHHS.

Tax, 3amaui i3 BukopuctanasiM MHK BupimyroTscs uepes 100yTOK MaTpHILh.

PeasizyBaTt KBaHTHJIBHY perpecito 3HAYHO cKiIaaHime, Hixx MHK.

[IporpamMHO BUKOPHCTOBYETHCS JOCUTD CKJIAIHA Peai3alis i3 3aCTOCYBaHHIM MPOLEeAypH MiHiMi3amii
dbyHakii ogHiET 260 TEKiTHPKOX 3MIHHUX.

QUANTILE POLYNOMIAL REGRESSION ORDER 1 I
16 T T T T T
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Pucynok 1 - [IpoBeaenHs niHii AiHIHHOT KBaHTHIIBHOT perpecii (MoJiHOM MEepIIOoro CTyNeHs ) Yepe3 00IaKo
EKCIEpPUMEHTAIBHUX JaHUX ISl OLIHKH 3aJISKHOCTI KOHIIEHTPALil pO3UMHEHOTO KUCHIO BiJ TEMIIEpaTypu
PIIKOBOI BOJIH.

Figure 1 - Drawing lines of linear quantile regression (polynomial of the first degree) through the "cloud" of
experimental data for the dependence of the concentration of dissolved oxygen on the temperature

of river water.

[Iponenypa KBaHTHIIBHOI perpecii peanizoBaHa, Hanmpukiaaa, B Oe3komToBHil nporpami GRETL.
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[Ipu npomy ciif 3BaskaTu Ha pizHOMaHiTHI “KepiBHuursa” mo podoti 3 GRETL.

ABTOpH pOo3poOMIIH BiIacHy npoueaypy Ha MoBi nporpamyBanHst MATLAB, sika pearnizye MeTo1 KBa-
HTWJIBHOI perpecii 31 3Ha4HO OibIMME MOXITHBOCTIMH, HidK GRETL.

JocaiskeHHs MOBEAiHKHM PO3YMHEHOr0 KHCHIO Y BOHUX 00'€KTaX MeTOI0M KBAaHTWIBLHOI perpecii.

[pu gocaimkeHH] OyiIM BUKOPUCTaHI BUXIIHI cepeHbO000BI AaHi 3a epioq 1995 ... 2010 poku (6e3
MPOIYCKIB) KOHIICHTpAILIil PO3YMHEHOT0 KMCHIO B PIUKOBIi BOI 1 BOZ1 BOJOCXOBHINA, M2//1, TEMIIEPATypPi BOH,
OC, Butpar piukoBoi Boau, M>/c.

Jns Beix Bumaakie mooymoBani rpadiku s kBantuiis 0.05, 0.501 0.95.

Ha rpadikax HaBemeHi BUXIi/IHI IaHi y BUIIIA/I 00JlaKka TOYOK i JIiHIN perpecii s BiAMOBITHUX 3HA-
YeHb KBAaHTUJIIB.

IIpu mpoMy BepxHs JiHIsS perpecii - st 3HadeHas Q = 0.95, cepennst miHis - 1 Q = 0.50 1 HIWKHS
niHisg - 1 Q = 0.05.

QUANTILE POLYNOMIAL REGRESSION ORDER 3
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Pucynox 2 - IlpoBeneHHs iHiN perpecii uepe3 00J1ako eKCTIepUMEHTaIbHUX JaHUX IS 3aJ7I€KHOCTI KOHIICH-
TpaLii pO3YMHEHOT0 KUCHIO BiJl TEMIIEpaTypy Pid4KOBOI BOAM 32 IOTIOMOT0I0 METOIY
KBaHTHJIBHOI perpecii (II0JIiHOM TPETHOTO CTYIECHS).

Figure 2 - Drawing the lines of quantile regression (polynomial of the third degree) through the
"cloud" of experimental data for the dependence of the concentration of dissolved oxygen
on the temperature of river water.

Ha puc.1 npencraBieHi JiHii JTiHIHHOT KBAaHTHIBHOI perpecii (TIOIiHOM NEePIIoTo CTYTICHS ) IS 3aJIe-
JKHOCTEH KOHIICHTpAIlii KHCHIO BiJl TEMIEpaTypH PIYKOBOi BOAM. SIK BUIHO, SKIIO MPH JaHIM TeMIeparypi
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BoaU cnoctepiraerbes Benuka (Q = 0.95) abo Hasith cepenns (Q = 0.50) KoHLEHTpallisi KUCHIO, BUKOPUCTAaHHS
MIPSMOITIHIFHOT 3aJIC)KHOCTI IS JIiHIH perpecii Oyme OLThII-MEHIIT 00T PYHTOBAHOIO.

B npoMy BUMagKy oTpUMy€eMO KIaCHUHY KapTHHY MOBEIIHKH KHCHIO, KOJIU 3 ITiABULICHHSIM TEMIIepa-
TYpH BOJIM KOHIICHTPAIIiS PO3YNHEHOTO KHCHIO 3MEHITYETHCSI.

OpmHak Taky KapTUHY "TICYIOTBH" aHOMaTii, sIKi MalOTh MICIIe TIPH TeMIIepaTypax BOIW Bill 3HAYCHHS
00C i go mpubmu3HO + 2,50C.

Toni criocTepiraeThCs Tak 3BaHUN "KMCHEBHH Mapagokce”, KOJIW IpH 30UTBITICHH] TEMIIEpaTypy BOIH B
UX MeXax 30UIbLIYETHCS 1 KiJIBKICTh PO3YMHEHOT0 Y BOJII KUCHIO. 3p03yMiso, 10 HAcTpaB/i MapagoKcy He-
Mae, SIKIIO BPaXxOBYBaTH MOXJIUBICTh YTBOPEHHS JIbOAY HA MIOBEPXHi BOIU.

IIpo Taki sBHIIA MO’KHA TOBOPUTH TUTHKH TIPH HASBHOCTI YK€ MAJIUX KOHIICHTPAIIH PO3YHMHEHOTO Y
Boai kucHiO (Q = 0.05), Konu KUCEHb HE HAAXOAWUTH Y BOAY 3 MOBITPS 1 BUTPAYa€ThCsl BUKIIOYHO Ha pi3Hi
OKHCJIIOBaHI MPOIIECH.

[Ipu BenMKHX 1 cepeHiX KOHLEHTPALiIX PO3YMHEHOTO KUCHIO JIbOY Ha MOBEPXHI BOAHOTO 00'€KTa,
SK MIPaBHUJIO0, HEMA€, TOOTO KUCEHDb BUTBHO HAAXOAMUTH Y BOAY 3 MOBITPSI.

Takum 9rHOM, I MAJIUX KOHIIEHTpAIliil pO3YNHEHOTO KHCHIO TIpsMa JIiHis, K 00BiHA 00J1aKka eKc-
MEPUMEHTANBHUX TOYOK, OAHO3HAYHO HE MiAXOAHTh.

VY 3B'I3Ky 3 UM 301JIBIIMMO CTYITiHb HOJIHOMA KBAaHTHIIBHOI perpecii 10 IBOX.

QUANTILE POLYNOMIAL REGRESSION ORDER 3 |

16 T T T I ) 1
x x *
v ¥ g * : : :
b | ST *,‘..,: ......... I . T R RN G oxavvs s GRT —
2 « kB * H :
* Xx * * *
PR S ¥ *
% > ag, Cedax  xwr e _ * *
3 : " x
2 * *
+
12k ke -
10 -
'_‘N
&,
gtk -
6l .-
ak -
2 i 1 ] 1 i i
0 200 400 600 800 1000 1200 1400

Q
Pucynoxk 3 - I'pacdik 3a7e:KHOCTI KOHIEHTpALil pO3YMHEHOTO KUCHIO BiJl BUTPAT PIYKOBOi BOAU, OTPUMAHUI
3a JIOITOMOTOI0 KBAaHTHIILHOI perpecii (ITOIHOM CTYTIeHS 3).

Figure 3 - A graph of the dependence of the concentration of dissolved oxygen on the flow rate of river wa-
ter, obtained using quantile regression (regression polynomial 3).
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OnHak, SIK BUSBIJIOCS, B pa3i BUKOPHCTAHHS IMOJIIHOMA JIPYTOTO MOPSIIKY HIKHS O0BiIHA TAKOXK OITHU-
CY€ThCS HE 30BCIM KOPEKTHO.

Ha puc. 2 HaBesieHi qaHi, OTpUMaHi 3a JOMIOMOT'OI0 KBAHTHIILHOI perpecii AJis MoJIiHOMa TPEThOTO
MOPSIIKY.

Sk BHJHO, B IAaHOMY BHIAJKy HWKHS OOBI/IHA EKCIIEPUMEHTAILHIX TOYOK OIUCYETHCS BXKE JOCHTh
aJICKBaTHO.

ITonanpire miABUIIICHHS CTYIICHS TIOJIIHOMA HE A0 MIPUHITMIIOBOTO TOJIIMIIEHHS OIUCY HIDKHBOI 00-
BIIHOI.

V 3B'13Ky 3 UM rpadiku KBAaHTUIIBHOI perpecii A1 CTyIeHs MoJiiHOMa OIbIe TPHOX HE OYIyBajIu.

Amnai3 rpadiki, 0 XapaKTePU3YIOTh 1HITHN MPUPOTHIN BOIHUN O0'EKT - BOJIOCXOBHIIE, TOKA3aB,
10 MH MaeMO, TI0-CyTi, CXOXKi SIBHIIA i B IbOMY BHIIAAKY.

Ha puc. 3 HaBenmenuii rpadik 3aeKHOCTI KOHIIEHTpPAIil PO3YMHEHOTO KUCHIO BiJI BUTPAT PIUKOBOT
BOJIM, OTPUMAHHI 3a JOMOMOTOI0 KBaHTHIILHOI perpecii, 1t KpYIHOI pIBHUHHOI piuku YKpaiHu (BUKOPUCTA-
HUU TIOJIIHOM CTYTICHS 3).

QUANTILE REGRESSION FOR RIVER 0001
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Pucynox 4 - I'padik 3a1eXKHOCTI KOHIIEHTPAIIl pO3YNHEHOTO KUCHIO BiJl TEMITEPATYPH PIYKOBO1 BOIH, OTPHU-
MaHHMH 32 TOTIOMOTOI0 METOAY KyCOYHOI KBAaHTWIBHOI perpecii (CTymiHb nojiHoma 3).

Figure 4 - The graph of the dependence of the concentration of dissolved oxygen on the temperature of river
water, obtained using the method of piecewise quantile regression (polynomial degree equal to 3).
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Y manoMy pasi MOKIMBO TOBOPHUTH PO Te, 1o s kBantmwier Q = 0.50 ta Q = 0.95 maemo MakcuMym
KOHIICHTpAIlif PO3YMHEHOTO KUCHIO MPHU CEpemHix BUTpaTax Bomu (muB. rpadik). Jma kBanTmwm Q = 0.05
CIIOCTEPITraeThCcsl HE3HAYHE 3POCTAHHS KOHIIEHTPAIlil PO3YMHEHOTO KUCHIO 3aJICXKHO BiJ 3pOCTaHHS BUTpAT
BOJIH.

OcobamBocTi peasizanii MeTOIy KycOYHOI KBAHTHJIBHOI perpecii.

Jani po3rasHeMo J0/IaTKOBI MOKJIMBOCTI METOIY KBAaHTHIIBHOI perpecii, He TOPKAIO4HCh CaMoi CyT-
HOCTI METOTy, aJie SIKi JJO3BOJISIOTh HAWOLIBIN aIeKBaTHO ONMKMCYBATH CKCIIEPUMEHTAIBHI JIaHi.

Panime mu OynyBaiu mojiHOMiaJIbHY KBaHTHIIBHY PErpecito sl BCiX HasIBHUX €KCIIEPUMEHTAIBHUX
TOYOK Bifpasy.

Tenep po3i0'eMO BCIO MHOXXHHY 3Ha4€Hb HE3aJIe)KHOI 3MIHHOI Ha psiji iHTEpBAIiB PiBHOI JTOBKUHH.
[ToTiM IS KOYKHOTO TAKOTO 1HTEPBAITY 3aCTOCYEMO OKPEMO KBAHTHIILHY PErpecito 3 TIOJIHOMOM CTYTICHS 3.

VY 11bOMy BWIIaJKy BHHHUKAIOTH IEBHI CKJIQIHOINI HAa CTaiil MPOrpaMHOI peaisailii TaKoro MmiIXxomdy.
[lepmma ckinagHicTs ToNsATae y BUOOPi KiNBKOCTI ONTUMAalbHUX CEIMEHTIB, Ha sKi Tpeba "po30uTH" BHXIinHI
naHi. [HI1a CKIaaHICTh HOJATae B "MIPaBMIIBHOMY CTIOIYUYEHHI" pi3HUX CETMEHTIB Ha IXHIX KOpJIOHAX.

QUANTILE REGRESSION FOR RIVER 0001
16 T 2 r T - T

14p---

12

10

0,1

2 i i L 1 i i
0 200 400 600 800 1000 1200 1400
Q

Pucynok 5 - I'padik 3a1exHOCTI KOHIICHTPALil pO3YMHEHOT0 KMCHIO BiJl BUTPAT PIYKOBOI BOAM, OTPUMAaHUIH
3a JJOTIOMOT'OI0 METOJTy KyCOUHOI KBaHTUJIBHOI perpecii (CTymiHb moyiHoMa 3).

Figure 5 - The graph of the dependence of the concentration of dissolved oxygen on the flow rate of river
water, obtained using the method of piecewise quantile regression (polynomial degree equal to 3).
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Li 3aBganHs Oymu yCIiIHO BUPIIIEHI (B CTaTTi HE PO3IIISAAIOTECS).

[Ipu 1bOMyY KOKHOMY CETMEHTY HE3aJIeKHO1 3MiHHOT BUOMpAEMO BiNOBIHI 3HAYEHHS 3MIHHOT 3aje-
JKHOI.

[pu mocnimKeHHI 3a1eKHOCTI KOHLIEHTpaLii pO3YMHEHOTO KUCHIO BiJl TEMIIEpaTypy BOIAM AJISl PI3HUX
KBAHTUJIIB MIMPHHA CEIrMEHTa npuiimManack pisHOIO 0.50°C, Ipu JOCTiIKEHH] 3aI€KHOCTI KOHLEHTpALlii po3-
YUHEHOTO KUCHIO BiJl BUTPAT BOAM MIMPHHA ceTMeHTa Oyna 25m3/c.

Ha puc. 4 HaBezeHi pe3ynbTaTH 3al€KHOCTI KOHICHTpALil pO3UNHEHOT0 KUCHIO Bill TEMIIEpaTypH pi-
YKOBOI BOJIM 32 JOITOMOTOI0 METOy KYCOYHO1 KBaHTHIILHOI perpecii, Ha puC. 5 - pe3ynbTaTH 3aJICKHOCTI KOH-
LEHTpamii PO3YMHEHOT0 KHCHIO BiJl BUTPAT PiUKOBOI BOJAH (CTYMiHb NOJIHOMA AOPIBHIOE 3).

Sk BUHO, 00pOOKa €KCIEPUMEHTATBLHUX JAaHWX BUXOAWTH 3HAYHO Kpallle, HiK NP BHKOPHUCTAHHI
3BUYAHOTO0 METOAY KBaHTHIIBLHOI perpecii.

BucHoBku
1. KopoTko po3risiHyTa CyTHICTH METOY KBaHTHIIBHOI perpecii i Ti mepeBard, siki BOHa J1a€ MpH aHa-
J1131 IPUPOTHUX JTAHUX.
2. 3a T10TTOMOT010 METOTy KBAaHTHIIHHOI perpecii JoCiiHKEHO TOBEAIHKY PO3UYHHEHOTO KUCHIO B 3alle-
YKHOCTI BiJl TEMIIEpaTypH Ta BUTPAT piukoBoi Boau npH kBanTtwisix 0,95; 0,50 i 0,05 BiamosinHo.
3. SIk MoKa3aJIi YHCIIOBI €KCIIEPUMEHTH, OJTHAM 3 IIEPCIIEKTUBHUX METO/IIB aHATI3Y T1APOCKOIOTTIHHX
MIPOIIECiB € PO3POOICHHUI aBTOpAaMH METOA KyCOYHOI KBaHTHIIBHOI perpecii.
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PROBLEMS OF HYDROECOLOGY

Artemenko Vladislav A., Master of Ecology,Ukrainian Hydrometeorological Institute, State Service
on Emergencies of Ukraine and National Academy of Science of Ukraine, Hydrochemical Research, Scientific
Enployee, e-mail: artemenko@uhmi.org.ua, tel. 380936011250, Nauki avenue, 37, Kyiv, Ukraine, 03028,
room 34, https://orcid.org/0000-0003-0536-5415
Petrovych Volodymyr V., Candidate of Technical Sciences, Professor, Senior Researcher, Professor of the
Transportation Construction and Property ManagementDepartment,National Transport University. e-mail: pe-
trovichvv60@ukr.net, tel. +380442807338, Ukraine, 01010, Kyiv, street M. Omelyanovicha-Pavlenka, 1,
room 138, https://orcid.org/0000-0003-0422-2535

Abstract. Such perspective method of the analysis of the natural time series is considered in article as
method of quantile regression. They are discussed imperfection existing methods of the analysis of the natural
processes (least square method and the method of linear robust regression). It is shown that transition towards
quantile regression allows greatly to raise efficiency of the investigations of the natural time series. Main goal
of the work consists in practical applications of the quantile regression method for decision of the different
problemsof the hydroecology.

Hydrochemical time series were considered in article. By means of quantile regressin method was
investigated behavior of the dissolved oxygen in water depending on temperature of river water and depending
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on discharge of river water (for quantiles of order 0.05; 0,50 und 0,95). When performing the investigations
more perfect method of quantile regression was designed such as method piecewisf quantile regression (with
uce polynomial degree 1; 2; 3).

Numenical experiments when use the natural time series have shown greater advantage of the designed
method of piecewise quantile regression in contrast with classical method of quantile regression.

Keywords: hydrochemical time series, original data processing, quantile regression, features of piece-
wise quantile regression.
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AHoTauisi. B po0oTi MpoBOAUTHCS AOCIIIHKEHHS (haKTOPIB €KOJOTIYHOI'0 PU3HKY, 110 BU3HAYAIOTh Ba-
PTICTh 00’ €KTIB HEPYXOMOCTI Ta NPUIHATTS OLIIHOYHUX pillleHb. Bu3HaueHo, 110 00'€KTOM CYKYITHOT'O BIUIUBY
€KOJIOT1YHOTO PU3UKY BHUCTYIAIOTH KOMIIOHEHTH HABKOJIHUIITHLOTO CEPEIOBHUINA, & ONIOCEPEKOBAHO Yepe3 HUX
Oe3nocepeTHL0 00'eKTH HEPYXOMOCTi 1 moauHa. Cepe/] BCiX KOMIIOHEHTIB HABKOJIUIITHBOTO CEPEIOBHUIIA Hali-
OUTBII BU3HAYAIBHUM € aTMOCc(epa, TaK AK IIKiATUBI PEYOBUHH, IO HATXOAATH 3 aTMOC(HEPHUM MOBITPSIM B
OpTaHi3M JIIOIUHU TOTIMHAIOTHECS HAHOUTBIT 1IHTEHCUBHO. 3a TOJIOBHUM KPUTEPIH OIIHKYM €KOJIOTIYHOTO pHU-
3MKY NMPUUAHATO CTYIiHb BILUTUBY IIKiJUIMBUX PEUOBHH Ha 310poB's HaceneHHs. [IpoBeneHo cuctemarusaiiro
(hakTOpPiB EKOJIOTTYHOTO PH3HKY, IO TIependavac aHaili3 MPHYUH, HKEPET i 3HAYNMOCTI HETAaTHBHOTO MaTepiaib-
HOTO 1 (hi3MYHOTO BIUIMBY Ha AOCHTIIKYBaHIM TEpUTOPIi 3 BUIUICHHSIM JIBOX SIKICHO Pi3HHX BHIIB €KOJOTTYHOTO
PHBHKY: TIPSMOTO 1 HenpsiMoro. HaBeieHo sik O3UTHBHI, TaK 1 HEraTUBHI €KOJIOTYHI (haKTOPH, 10 BILTMBAIOTH Ha
BapTICTh 00’ €EKTIB HEPYXOMOCTIi. EKOJTOTIYHMI pH3UK 3apOTIOHOBAHO BU3HAYATH B paMKaX IMOBIPHICHOTO TIiJI-
XOJTy TIOZ0 OLIHKH MOTiPIICHHS XXUTTEIISUIBHOCTI BHACIIIOK MPOSIBY JICTEPMIHOBAHUX 1 CTOXaCTUYHUX e(ek-
TiB NPpH 3a0pyAHCHHI HABKOJIMIITHEOTO CEPEIOBHUIIA, IO OTOTYE 00’ EKT HEPYXOMOCTi. Bi3HadueHo 3ameXHOCTI
JUTSL KUTBKICHOT OIIHKY BEJIMYWHU MPSIMUX Ta HEMPSAMUX CKOJIOTIYHUX PU3HKiB. Po3p0o0iieHO KOHIIENTYyalbHI
OCHOBH 711 00’ €EKTUBHOTO BpaXyBaHHS HETATHBHUX CKOJIOTTYHHUX (PaKTOPiB MaTepiaibHOi 1 hi3N4HOI IPUPOIH
Ha 3a0yI0BaHUX TEPUTOPISIX.

Ki11040Bi cj10Ba: eKoNOTiYHIA PU3HK, HEPYXOMICTh, 00 €KT OLIIHKH, YIPaBIiHCHKI PIlICHHS

Beryn. CydacHuil pHHOK HEPYXOMOCTI € JOCHTHh MIHJIUBUM Ta Ma€ MOCTIHHY TEHICHIIIIO IO YCKIIaa-
HEHHS. 3'BISIIOTHCS HOBI (DiHAHCOBI IHCTPYMEHTH, 3MiHIOIOTHCSI HOPMATHUBHI TOKYMEHTH, BHHUKAIOTh HOBI
paBoBi GOpMHU BOJIOAIHHS 00'€KTaMH HEPYXOMOCTi. Y Mipy 1o1i0HOT €BOIIONIT HOMiHAIBHA CyMa, IO BUILTA-
YyeThCS 32 BIIACHICTh, HAOyBa€e Bce MEHILIOTO 3HAYSHHS SIK TOKa3HUK BapTOCTi. [HBECTOPH yCBiIOMITIOIOTH, 10
BOHU KYIIYIOTh HE JIMIIE HEPYXOMICTh, aJie TAKOXK 1 IIEBHUM HaOip yMOB. SIK HACTINOK, M1l BU3HAYCHHS PHUH-
KOBOi BapTOCTI HEPYXOMOCTI HEOOXiTHO BHOCHTH CYTTEBI 3MIHH B IIiHH, SKi BUIUIAYYIOTHCS 32 BIACHICTb.

Ha nymky 3axinHux BueHHX [1], BapTICTh 00'€KTIB KHUTIOBOI Ta HEKUTIOBOI HEPYXOMOCTI TPSMO 3a-
JICXKUTH Bi piBHA 3a0pyIHEHHS HABKOJMIIHLOTO MPUPOTHOTO cepemoBuia. IIpoTe B peamisx yKpaiHCHKOI
S€KOHOMIKH MPH YKJIaJaHHi JOTOBOPIB 13 MPOJaXy UM OPESHIN HEPYXOMOTo MaiiHa He 3aBXK/IU BiI0OpaKaeThCs
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BIUIMB €KOJIOTIYHOTO (aKkTopy Ha LiHy 00'ekTy. Lle moB'a3aHo 3 EKOHOMIYHOIO KPH30I0 B KpaiHi, 3HIKCHHSAM
IIHHOCTI €KOJIOTIYHHX OJIar Ta HEBHCOKHUM PiBHEM KYJbTypH KOHTPArCHTIB.

VY ToM ke yac 3a0pyIHEHHS! HABKOJHMIIHHOTO IPHUPOTHOTO CEPEAOBHIIA, KPiM IPOOIIeM, IO MOB'A3aH1
13 TIOTIPIIIEHHSAM 3/IOPOB'sSt HACEJICHHS, MPU3BOINUTE JI0 3HKEHHS BAPTOCTI HEPYXOMOCTI, TOAATKOBUX BHUTpAT,
TIOB'SI3aHUX 13 JIKBIAAIIIEI0 HACTIIKIB 3a0pyIHEHHS, 3HIKEHHS BAPTOCTI MPUPOTHHUX pecypciB Tomro. s mpo-
Onema BxKe moyasia BUXOJUTH 32 MEXi OKpeMHuX JeprkaB Ta EKOHOMIK 1 HUHI MPEICTaBIsIE TI00aIbHy 3arpo3y
MaiO0yTHBOMY JOBFOCTPOKOBOMY €KOHOMIYHOMY PO3BHUTKY. Y€ i€ BUMAra€ mepersiay iCHyIoUnX Miaxo/iB
IIOA0 OLHKH €KOJOTIYHHMX (PaKTOpiB Ta PU3MKIB, MOB’SI3aHUX 3 OLIIHKOIO HEPYXOMOCTI 3 METOI0 PO3POOKH
HOBHX, aICKBaTHUX CYYaCHUM PEalIisiM MiJXO0/iB 00 PO3BUTKY EKOHOMIKH.

CKJTaiHICTh €KOHOMIYHOT OITIHKY €KOJIOTIYHUX PH3UKIB 00YMOBJICHA B IIEPIINY YEPTy iX OararorpaHHi-
CTIO, 1[0 BKIJIIOYAE B ce0e: XapaKTEPUCTUKU TEPUTOPii HABKOJIO 00'€KTa HEPYXOMOCTi, MiHIUBICTh CTaHy Ha-
BKOJIMIITHLOTO CEPEIOBHUIINA, [PKepera 3a0pyTHEHHS, MEXaH13MH TTOMUPEHHS 3a0pyIHIOBAYIB, iX KOHIIEHTpAITil
Ta piBHI, a TAKOK OCOOJIMBOCTI BIUIMBY Ha OpPraHi3M JIOAWHH. 3 OTJISAY Ha Te, [0 €KOJIOTi4HI yMOBH po3Ta-
LIyBaHHS 00'€KTa HEPYXOMOCTI MOXYTh HAHOCHTH PEeIbHUI 30MTOK /7151 310POB'sl HaceIeHHs, 001k (pakTopiB
€KOJIOTIYHNX PU3WKIB MPHU OIIHIII HEPYXOMOCTI MAlOTh CTATH OJHUM 13 KOMIICHCAIIIHHNX 3aX0IiB BiIIIKOMY-
BaHHsI TaKoro 30uTKy. OTKe, Mepi Hi’K OLIHIOBATH BaPTiCTh 00'€KTa HEPYXOMOCTI, HEOOXiTHO YABIATH COO1
00csT IHBECTHIIIH SK B caM 00'€KT, TaK 1 B HABKOJIUIITHE CEPEIOBHIIE, TIOB’ SI3aHE 13 HUM.

Merta i MeToau. TeopeTHKO-METOOIOTIUHI OCHOBH €KOJIOTO-CKOHOMIYHO1 OITIHKK CTaHy HaBKOJIHIII-
HBOT'O CepeloBHIA Ha 3a0ylI0BaHUX TEpUTOPIsX mpexactasieHi B mpausx O.d.bananskoro, C.H.boOunesa,
A.AT'ony6a, K.I.'I'obmana, A.A.I'ycea, 10.A.I3paens, H.H.Moiiceepa, B.H.OBuinnikoBa, H.®. Peitmepc,
E.B.Prominoi, CI'.Tsrnosa, T.C.XauatypoBa, H.B.Uenypuux, A.C.Yemiea Ta iH. y4eHHX.

3HaYHWIA BHECOK y PO3POOKY 1 BIOCKOHAICHHS TEOpii €KOoJoridyHOro pu3nky BHeciaw B.l.I3mankos,
I'.A.Mortkin, C.M.Hogikos, K.A.Onetinik, B.A.Ocinos, b. M. Ilepdunbes, .M [orpasuuii, 10.A.PaxmaniH,
K.b.®piamaH 1 iH. BUeHi.

OpnHak, He3Ba)KalO4X Ha HAKOIMUYEHUH HAyKOBO-IPAKTHYHUN MOTEHIiall, 3aCTOCYBaHHS METOAIB €KO-
JIOT0-€KOHOMIYHOI OLIHKM CTOCOBHO MPOLIECY KOPUTYBAaHHS BapTOCTi 00'€KTIB HEPYXOMOCTI BUMAarae BH3Ha-
YEeHHS HE JIMIIE BU/IB, PiBHIB 1 KIMOBIpHOCTEH MOSBY Pi3HUX BHIIB HETATUBHOTO BILTUBY 3a0pyaHeHb ((akTo-
PiB €KOJIOTTYHOTO PU3HKY), IX (iHAHCOBUX HACTIKIB, aJie 1 pO3POOKH PeaaIbHOr0 MEXaHi3My YIPABIIHHS UMM
HacIliIKaMH, IHTETPOBAHOTO B cepy omnepauiil 3 HEPYXOMICTIO.

Merto1o po60TH € aHaI3 Ta cHCTeMaTH3allisl (PaKTOPiB €KOJIOTTYHOTO PU3HKY, 1110 BU3HAYAOTh BAPTICTh
00’€KTiB HEPYXOMOCTI [T IPUHHATTS OLIIHOYHUX PillICHb.

OO6’€eKT IociiKeHHs — IPOLEC KOPUTYBaHHS BAPTOCTI 00’ €KTIB HEPYXOMOCTI 3 ypaxyBaHHAM €KOJIOT14-
HOTO CTaHy TEPHUTOPIH iX po3MIIIeHHS.

Pe3ysbTaTu i mosicHeHHsl. Y CydaCHOMY CBiTi €KOJIOT1UHHMHA ()aKTOp € BaXIUBUM KPHUTEPIEM IpH
omiHIl 00'ekTa HepyxomocTi. Tak, HampukIaj, 3aKOHOJABCTBAMH 3aXiTHUX KpaiH repeadadeHi >KOPCTKI HO-
PMHU OXOPOHHU MPHUPOJH, IO BEAYTh A0 BEIMKHUX (hiHAHCOBUX BUTPAT 3a 3a0pyIHEHHS IUISHKH. Y 3B'A3KY 3
UM TIepe]] YKIaJaHHIM YTOAX KyMiBIi-IPOAaxy MOKYIILI, sIK MPaBHJIO, WIKaBISATHCS €KOJOTYHUM CTaHOM
JTTSTHKH.

MixXHapOIHUMHU CTaHJAPTaMU OLIHKKA HEPYXOMOCTI MepeadadyeHo TaKOX psf TOKYMEHTIB, 110 peria-
MEHTYIOTh 3aJICXKHICTh BAPTOCTI 00'€KTa B/l CTaHy HABKOJMIITHBOTO CEPEIOBHUIIA [2].

3HavHE MiCIIe MUTAaHHAM SKOCTI HABKOJIMITHLOTO CEPEIOBHUINA MPUAUISIETECS 1 B €Bporelicbkkux CTaH-
naptax ouinku (€CO). 3okpema, Ctangaptom Ne9 BkazaHa HEOOXiTHICTH OLIIHKM PH3HKY, IOB'I3aHOTO 3 Ha-
BKOJIMIITHIM CEPEIOBHUIIEM, TI00 YHUKHYTH (PiHAHCOBMX BHUTpAT HA KOMIICHCAIIIIO €KOJIOTIYHOI IIIKOIH 1 Bia-
HOBJICHHS €KOJIOT1YHOI PiIBHOBArd HAaBKOJHUIIHBOTO cepenoBumia [3].

OcHoBHI (akTopH, sKi 6e31mocepeIHbO BIUIMBAIOTH HA BAPTICTh HEPYXOMOTO MaifHa, 3riJHO 3 IPaBH-
namu €CO:

- HasBHICTh NPUPOJHHUX YU LITYYHUX MPOLECIB, IO CIPHUSAIOTH 3a0pYAHEHHIO CEPEAOBHILA;
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- MIPOIIECH, 1110 CIIPUSIOTH 3a0pyTHEHHIO IPYHTY, BIJIyTOBYBaHHS JIISHOK, SKi epe0yBarOTh IO
CYCiACTBY;

- BUM (i3WYHMX BIUIMBIB HA HABKOJIUIIHE CEPEIOBUIIIE;

- HasBHICTh HEOE3MEUHNX MaTepialiB 0e3mocepeTHLO B MPUMIIICHHI.

Y CIIA ekosorigHa OIliHKa TaKOX € CKJIAIOBOIO YaCTHHOIO OIIHKH HEPYXOMOCTI, JUIS ITi€1 METH TIe-
pendadeHi €KOJIOTi9HI KOHCYJIBTAHTH, SIKi 3aMarOThCS TOCIIKEHHSAM €KOJIOTT9HOT 00CTaHOBKH HABKOJIO OIIi-
HIOBAHOTO 00'€KTa.

B Ykpaini ekosnorigHa cuTyariist JOCUTh CKJIaIHA, [0 BIDTUBAE Ha e(DEKTUBHICTH €KCILIyaTallii Hepyxo-
MocTti. ToMy mpobneMa BpaxyBaHHS €KOJIOTTYHOTO YNHHUKA B OL[IHOYHIHN IisSUTBHOCTI € JOCUTh aKTYyaJIbHOIO.

IcHye meBHa Kacudikallisa eKOJIOTIYHUX (haKTOPIB, 3r1IHO 3 SKO BOHHU MOAUIAIOTHCS Ha:

- KepoBaHi (JIICUCTICTh TEPUTOPii, HASIBHICTE IHITHX HACAIKCHb, YNCTOTA BOIM JJIS1 BYKMBAHHS, HEOE3-
neKa 3CyBiB 1 iH.);

- HeKkepoBaHi (penbed), THIT IPYHTY, TEMIIEPATYPHUH 1 BITPOBHH PEKUM TOIIIO).

Ha oninky HEpyXOMOCTI MOKYTh BIUIMBATH SIK HETATUBHI, TaK 1 MO3UTUBHI €KOJIOT14HI (PaKTOPH.

Jlo HeratuBHUX ()aKTOPiB MOXKHA BiTHECTH:

- MEXaHIYHUHN CTaH MUISTHKA (HASBHICTH CMITTS, 3aXapalicHHs);

XIMIYHUH cTaH aTMOcepH, BOIH 1 IPYHTY;

(hi3uuHI TapaMeTpH, B TOMY YHCJI:
TEeTI0Be 3a0pyJHEHHS (ITiABUILICHHS TEMIEpaTypy BHACTIIOK LIKiAJTMBUX BUKHUIIB MiJIPUEMCTB);

CBITJIOBI XapaKTEpUCTUKH (cllabKe MPUPOAHE OCBITICHHS BHACIIOK 3aTIHEHHSI CYC1IHIMH 00'€KTaMn);

T IBUIIEHUHN PiBEHB IIyMY;
HasIBHICTB JKEpeNl eIEKTPOMArHiTHOIO BUIIPOMiHIOBAaHHS 1 PIBEHB iX BILUIMBY;

BMICT Y HAaBKOJIUITHHOMY CEPEIOBHUII PCUOBHH PATI0OAKTUBHOTO THILY.

Jlo mo3uTHBHUX (AKTOPIB €KOJIOTIYHOTO THITY MOKHA BiTHECTH:

- HaslBHICTb YyJJOBOT'O MPHUPOAHOTO JaHAMA]TY;

- HasgBHICTH MapKiB, BOJONM, TIPUPOTHHUX 3aMTOBITHUKIB 1 Oe3MepenTkoaHa TOCTYITHICTh 0 HUX;

- HasIBHICTh Pi3HOMAHITHUX 3€JICHUX HacaKeHb Oe3mocepelHb0 Ha TepUTOpii 00'ekTa Ta iH.

I Xxo4ya MexaHi3MHM OI[IHKH €KOJIOITYHUX (akTOpiB B YKpaiHi 3HAXOAATHCSA B CTAIii pO3POOKH, COIIHI
KOMITaHii, 0 3aiMarOThCs OIIHKOI0 HEPYXOMOCTI, MParHy4yd A0 MaKCUMaIbHO 00'€KTHMBHOTO OITIHIOBAHHS,
BPaxoBYIOTb SIK IO3UTUBHI, TaK 1 HETaTUBHI YHHHUKH €KOJIOTIYHOTO XapaKTepy.

PeanbHUM €KOJIOTO-€KOHOMIYHUM 1HCTPYMEHTAPIEM MPUUHATTS OIIHOYHHX PillleHb MPH KOPUTYBaHHI
PHHKOBOI BapTOCTi 00'€KTIB HEPYXOMOCTI 3 YpaxyBaHHAM (DaKTUUYHUX PiBHIB (Pi3HYHOTO i MaTepianbHOTO 3a-
JIHHS €KOJIOTIYHUM PH3UKOM CTOCOBHO TEOPii 1 IPAKTHUKN MIPUHHSITTS OIIHOYHHX PIllICHb.

[Ipu po3paxyHKy €KOJIOTiYHUX PU3UKIB B OLIHII HEPYXOMOCTI CIIi/i BAXOJUTH 3 TOTO, IO 3a0pyIHEHHS
HaBKOJIUIITHLOTO CEPEIOBHUINA BiTOYBAETHCSA B PE3yJIbTaTI MOCTiMHOTO (Oe3mepepBHOro) abo aBapiitHOro HaI-
XOIKEHHS B HBOTO IIKIJUIMBUX PEYOBHUH, JKEpesaMH SKUX € MPOMHUCIOBI 00'eKTH (CTallioOHApHI JKepena) i
TpaHCHOPT (TIePeCyBHI AKepena).

ODyHKITIOHYBaHHS ITUX 00'€KTIB, IK OCHOBHHX JKEPEIT 3a0pyAHEHHSI, TIOB'sI3aHE 3 PU3UKOM BUHUKHCHHS
Ha HUX CHUTYyallii, KOJH B pe3y/bTaTi BUMIaAKOBOI HEHABMHUCHOI MOJIi1, 8 TAKOXK IPH HOPMAIIBHOMY X (YHKIIiO-
HYBaHHI, B HABKOJIMIIIHE CEPEIOBUIIE MOXKYTh OTPAIUTH LIKIAJIMB1 PpEUOBUHHU.

CyyacHi JjaHi cBiguaTh Mpo Te, IO MO30YTHCS TOBHICTIO BiJl pU3MKYy OyTH MiJIaHUM BIUIMBY ILKiJJIH-
BHX PEUOBUH HEPEAIHbHO; ONTUMAIBFHO YO0 MOYKHA JOMOTTHUCS - II€ 3BECTH PU3UK 10 MiHIMyMY.

TpakTyBaHHS pU3UKY Y BITUYM3HSHINA 1 3apyODKHIN JTiTepaTypi pi3HOMaHITHE: BiJl IIOHATTS PU3UKY 5K
HMOBIPHOCTI 1O BU3HAUCHHS HOTO Y BUIIIAAI MOXKIIMBHX BTpat [4]. BigzHauumo, o nepiie TpakTyBaHHS pu-
3WKY BiJJOME 3 TEOpii pillicHb 1 BU3HAYAE PU3HK K WMOBIPHICTD MMOSBH HECTIPUATINBOI Toii. [{pyre - Bimome
3 Teopii irop 1 TpPaKTye PU3HK KITbKICHO, TK MAaKCUMaJIBHHKN 30MTOK, HAHECEHUH ITi€I0 XKe Toiero [S].

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
101



TEXHOJIOT'Ti 3AXHMCTY HABKOJIMIITHHOT' O CEPETOBHIIIA; EKOJIOT IS

B Teopii ctaTucTHYHOTO OLIHIOBAaHHS 1 Teopil irop mig pu3uKoM (a00 QYHKLIEIO PU3UKY) PO3YMIETHCS
MaTeMaTH4YHe crofiBaHHs GyHKINI BTpat [6]. CIOBHUKOBHM 3HAYEHHSAM CJI0Ba "PU3MK" € MOXIUBICTD JIFO-
CBKHX JKEpTB 1 MaTepialbHUX BTPAT a00 TPaBM i HOIMIKOMXKEHD [7].

B manwii yac HaO1LIBIT TOITUPEHUM 1 BU3HAHUM B €KOHOMIUHIH TEOpii € BU3HAUCHHS PU3UKY SK TBO-
BHUMIPHOI BEJIMYHWHH, IO BKIFOYAE WMOBIPHICTh HACTAaHHS HeOa)KaHOT BUIAJIKOBOI MOII 1 TTOB'I3aHUX 3 HEIO
BTpaT. BifmoBigHO 0 HBOro BH3HAYEHHS MOXKHA 3alpPONOHYBATH HACTYIHY KiacU(piKaliio pU3UKY, B SKii
BpaxoOBaHi B3a€EMO3B'SI3KH 3 PU3UKOM 3a0pyIHEHHS HaBKOJIUITHHOTO cepenoBuia (puc. 1).

MeTomonorisi OLIIHKKH PU3WKY — 1€ BUOIp ONTHUMAaJbHUX y AaHi KOHKPETHIH cuTyauii IUIIXiB ycy-
HEHHA a00 3MEHIICHHS PHU3HMKY, BOHA Ma€ CKIAJaTUCS 3 TPhOX B3a€EMOIOB'SI3aHHUX €JIEMEHTIB [8]:

- OIliHKAa PU3HUKY;

- YOpaBJiHHS PU3UKOM;

- iH(GOPMYBaHHS PO PU3HK.

Came X CyKyNHICTb Ja€ MOXIIUBICTD HE JIUILE BUSIBUTH 1CHYIOU1 IPOOJIEMH, PO3POOUTH LUIAXH iX BH-
pilieHHs, a i CTBOPUTH YMOBH AJIsl MPAaKTUYHOI peanizawii UX pilleHb.

B 3B’s3Ky 3 MM, TOJIOBHUM KPHUTEPIEM OIHKU PU3UKY CJIiT BBAXKATH CTYITIHb BIUIUBY IIKIIJIUBUX Pe-
YOBHUH Ha 3/I0pOB'S HACEJICHHS - IHAUKATOP €KOJIOTIYHOTO PU3HKY.

HeoOximHicTh BUAUIMTH PU3HK 3a0pyAHCHHS HABKOJHWIITHHOTO CEPEIOBHINA 1 TOB'SI3aTH WOTO TOXO-
JDKEHHSI 3 JpDKEpEeIaMy BUILIMBAE 3 HACTYITHOTO:

- 3II0pOB'sS HACEJEHHS - IIe XapaKTEPHUCTHKA, 10 3aMUKA€E JaHIIOXKOK 3B'S3KiB;

- TMPOMIXHI JaHKH - 00'€KTH HEPYXOMOCTI: (JTICOBI, BOJHI Ta peKpealliiiHi pecypcH, aTMoc(epHe Io-
BIiTps, OCHOBHI ()OHAM MPOMHUCIIOBOCTI 1 IPUBATHA BIACHICTH TPOMAISH).

Pu3uk 3a0pynHEHHS HABKOJHUIITHLOTO CEPEIOBHINA, SK OIMH 13 BHIIB PU3UKY, OXOILIIOE TIO0 CYTi BCi
MPUYUHHO-HACIIKOBI 3B'I3KW BUHUKHEHHS 1 HACIIIKIB OyIb-sIKOTO BUAY pU3HMKy. Hanpukiaz, iHIuBiyalb-
HUH pU3UK iCHY€ HE TUTBKM B pa3i mpsMOro BIUIMBY Ha JIIOJUHY, IPUITyCTUMO, BUOYXy, aje 1 3a0pyaHeHol B
pe3yNbTaTi 1[LOr0 BUOYXY HABKOJIMIIHLOIO CEPEIOBUINA, a TaKOX ""(GOHOBOro" piBHs 3a0pyIHEHHS Ha JTaHii
TEPUTOPIi.

3aBmaHHsA po3pOoOKM MEXaHi3My YNpaBIiHHS PU3UKOM 3a0pyAHEHHsI HaBKOJHUIIHHOIO CEPEeJOBHUINA
MOXE PO3TISAIATHCS 3 ABOX IMO3MITIH: CTBOPEHHS a00 BIOCKOHAJICHHS MIFOYMX TEXHITHHUX 3ac00iB, sSKi 0OMe-
XKYIOTh HAIXOKEHHS IIKIIJTMBUX PEUYOBHUH B HABKOJIMIIHE CEPEIOBUILE, a TAKOXK (POpMYBaHHS aIMiHICTpaTH-
BHO-CKOHOMIYHOI CHCTEMH, SKa 3000B'I3y€ 1 CTUMYIIIOE 3HIKCHHS aHTPOITOTCHHOTO BIUIMBY Ha HACEJICHHS 1
NpUpPOAY.

O0'exTamMu CyKYITHOTO BIUIMBY €KOJIOTIYHOTO PU3UKY BHCTYNAIOTh KOMIOHEHTH HABKOJIHMIIHBOTO Ce-
PEIOBHINA, a OTIOCEPEIKOBAHO Yepe3 HUX Oe3MocepeIHh0 00'€KTH HepyXoMocTi 1 moauHa (puc.2). CToCOBHO
3HAYYIIOCTI [PKepeT BUHUKHEHHS €KOJIOT1YHOTO PU3HKY CIiJl 3a3HAYUTH, IO 3a0pyAHEHHS aTMOC(EpPHOTro Mo-
BITPS € BU3HAYAIBHUM CEPEJI IHITUX KOMITOHEHTIB HAaBKOJIUIITHHOTO CEPENOBHUINA, TAK K IIKIJTHBI PEUOBUHU,
10 HAIIXOJISATH 3 ITOBITPSIM B OpTaHi3M JIIOUHU TOTIMHAIOTHCS HAHOUIBII iHTEHCHUBHO.

Hanpuknan, kpos'to agcopOyetsest 10 60% XiMiUHUX PEUOBHH, IO HAIXOAATH 3 MOBITPSM, 3 BOAU -
mumre 10%, 3 ki - 5%. MoxiiBe Kepeno JOJaTKOBOTO HAJIXOMKEHH XIMIYHUX €JIEMEHTIB - CUTBCHKOTOC-
noJapchKa MPOAYKLis HE € OAHO3HAYHHUM 1 CTa0UTbHIM JKEPEIOM HAIXOKEHHS 3a0pyIHIOIOYHX PEUYOBHH B
opraHi3Mm onuan. KpiM Toro, Ha 3a0yI0BaHMX TEPUTOPISX 3a0pyIHCHHS IPYHTY 1 BOIH € 0araTo B 4OMY
Pe3yNIbTaTOM IIEPBUHHOTO 3a0pyaHeHHsA atMochepu. ToMy Hpu BH3HAYEHHI BIUIMBY €KOJIOTTYHUX (HaKTOPiB
PHU3HKY Ha BapTiCTh 00'€KTa HEPYXOMOCTI TOUIIBHO BUIUINTH B SIKOCTI OCHOBHOTO JKepesia 3a0pyIHeHHS aT-
MOC(epHE MOBITPSL.
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Pucynok 1 — Knacudikamis ekonoriqyHoro pusuky
Figure 1 — Classification of environmental risk

J:kepesia eKOJIOTiYHOTO PU3UKY
CramionapHi IlepecysHi (TpaHCIIOPT)
ITpomucioBicTh ABTOMOOTBHUIT
CintbChKe TOCTIOIaPCTBO a3 HUYHUHA
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Pucynoxk 2 — JI>keperna eKOJIOTI9HOTO PU3UKY
Figure 2 — Sources of environmental risk
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BuzHauuBIM OCHOBHI MIPUYWHY 1 JDKEpesla BUHUKHEHHS €KOJIOT1YHOTO PHU3UKY, HEOOXITHO 3YITHHHU-
TUCS Ha HOro BUAax, sIK 3aBepLIaibHOMY €Talli MiArOTOBKU 0a3ucy €KOJOro-eKOHOMIYHUX PO3paxyHKIiB IpU
OIIIHIII HEPYXOoMOCTi. SIk mpaBuiio, 3a0pyIHCHHS HABKOJHMIIHBLOTO CEPEIOBUINA € CIIJIBHOIO Ji€l0 0arathox
npudrH. OCHOBHMMH 3 HUX IIPH OLHII 3a0pyJHEHHS HaBKOJIMIITHLOIO cepeaoBHiia € [9]:

—KJ1ac HeOe3IeKN MIKIIUBOCTI;

—kpatHicTh nepesuiieHns ['JIK (['/IP) 3abpyaHrotodoro dakropa;

—XapaxTep KOMOIHOBaHO] il peuoBHH, 110 CHJIHO MPUCYTHI y HOBITPI;

—TPUBAJICTH Ail 3a0pyaHIOBaYa HA OPTAaHI3M JIOAUMHY (PU HASBHOCTI €PEKTy KyMYJIAIIii).

Slkimo meprmi TpH YMOBH XapaKTepHi IS IETEPMIHOBAHO BILTUBY IPH aBapiitHOMYy (pa3oBoMy) 3a0py-
JHEHHi, TO OCTaHHI — ISl CTOXaCTHYHOT'O BIUIMBY NMPH NOTOYHOMY ITOCTIHHOMY 3a0pyIHEHH1, B TOMY YHCIi, B
MeXaxX eKOJIOTIYHIX HOpMaTuBiB [10].

OTXxe, B IKOCTI OCHOBHHX BH/IIB €KOJIOTIYHOTO PHU3HKY, III0 MAIOTh CYIIPOBOIKYBATH OTIepallii 3 HEPY-
XOMICTIO, IOIIEHO MPUIHSTH:

- IpsIMHI (aBapifiHKit) PU3KK, BEIMYMHA SIKOTO B OUIBINIH Mipi BU3HAYAETHCS MaCOBHUMH XapaKTepPHUC-
TUKaMH 3a0pyIHEHHS (MACOBUM BHKHIOM 3a0pYAHIOIOBAYiB, iX KOHIIGHTpALIH, piBHEM 1 T.I1.) 1 IPAKTHYHO HE
3ajiekaTh BiJl yacy. Yac BIUIMBY B JaHOMY BUMNAJKY € 0OMEXEHUM 1 BU3HAYA€THCA CAMOOYHILYIOUYOI0 34aTHi-
CTIO HABKOJIUIITHKOTO CEPEJIOBHUIIIA.

- HempsiMUH (IOTOYHMIN) PU3KK, BETTMYMHA SIKOTO B OB Mipi 3aJIS)KUTH Bifl 4acy BIUIMBY 3a0pyIHIO-
to4oro (akropa. [Ipu bOMy BILTHB MacOBHX XapaKTEPHCTHK 3a0pyJHEHHS 3pDOCTA€ B MIpy 3pOCTaHHS Kpart-
HOCTI ITepEBUIIICHHS iX (PAKTUIHUX 3HAYCHD HaJ €KOJOTIYHIMH HOpMaTHBaMH. AJie HaBITh Y pa3i JOTPUMaHHS
IUX HOPMATHUBIB HAsSBHICTh MOCTIMHO N1it040Tr0 OHOBOTO 3a0pyTHEHHS BUCTYIAE B AKOCTI MMOCTIHHOTO, aie B
TO¥ K€ Yac HeSIBHOT'O MOTEHITiaTy 3a0pyIHEHHS, a OTKE, 1 IOTEHIIIHHOTO (JaKTopa pU3UKY.

3 ornany Ha Te, WO NPH NpsMOMY (aBapiiiHOMY) PU3HKY MEpeBaKalOTh IETEPMIHOBaHI €PEKTH, IS SIKUX
HIDKHBOIO MEXKEIO BIUIMBY Ha 3IOPOB'S TIOAUHH € TpanndHo nomictumi kornertpartii (I'JIK) i pisai (I'’/IP), TO
B SIKOCTI OIIIHOYHOI BETTMUMHU MPSIMOT0 PU3HKY — KoedimieHTa KocTi cepenopumia Ky, MojkHa MpUiTHITH Kpa-
THICTh NepeBHUILCHHS (GaKTHYHHUX 3HA4YeHb KoHUeHTpauid C; (I MarepianbHOro 3a0pyaHeHHs) abo no3 Dj
(mns dizuaHOTO 3a0pyMIHEHHS) HaJ €KOJOTIYIHUMH HOPMAaTHBAMH B €KOJIOT1YHO 3HAYYIIUX TOYKAX:

C, J
=i abo K, =——. 1
K abo K,, P, (1)

[Ipu HENpssMOMY pU3HKY, HABITaKH, IEPEBaXKAOTh CTOXAaCTHYHI e(peKTH BIUIMBY 3a0pyqHIOBadiB. Tomy
OIIIHKa HEMPSIMOT'O PU3UKY TIOBUHHA MiCTUTH KOS(DIIIEHT KOCTI cepeioBHIA Kinp, 10 PO3paxoByeThCs Uepes
napaMmerp, 0 XapakTepHu3ye BIUIMB 3a0pYIHIOIOYOr0 (DaKTOpa MPOTATOM TPUBAIOTO IMEpioAy dacy. Takum
nmapaMeTpoM € 703a. BigomMo Takox, 10 7032 (TOKCO/03a) OI[IHIOE 0 XIMIYHUX PEYOBUH B 3AJICIKHOCTI BiJl
KOHIICHTpAIIi] 1 Yacy BILIMBY Ha OPIaHi3M JIOAMHU. Y 3B’S3KY 3 UM JOLUIBHO PO3LIUPUTH chepy 3acToCy-
BaHHS I[OT'O OILIHOYHOTO MTapaMeTpa Ha BECh CIIEKTP MaTepiabHOTO 3a0pyHeHHs. OCTaHHE JT03BOIIsIE 320€3-
MEYUTH €UHUA METOAMYHUH T AX1]] 010 BU3HAYEHHS BEIMYMHN HETIPSIMOTO PU3HKY, IKHH HAHO1IBIII BaXKKO
BH3HAYUTH B CHUIJTY HOTO HESIBHOI ()OPMH BILUIMBY, HE3AJICIKHO Bl (Bi3UUIHOT IPHUPOIU 3a0pyaHIOIYOr0 hakTopa
(MatepianbHOTO 4K (i3UUHOTO).

Benmmunna cepetar01000B01 1031 BILTUBY 1-0T0 3a0pyAHIOI0UO0T pEYOBHHH HA OPTaHi3M JIIOIHHUA MOKE
OyTH BU3HaU€HA HACTYIHUM YHHOM [6]:

D (Cam,wT outVout + Cnpu,wT in I/in )E enn T eni
"_ 3654, M ’

)
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ae D, — cepenHs Jo00Ba [103a PEYOBUHH, MI/KT 100a;

C o » Cnpu.w_ KOHLIEHTPALlis PEYOBMHM B aTMOC(EPHOMY MOBITPi Ta y IPUMIILEHH] BiJNOBIIHO, MI/M;
T,,, T, —4ac, 0 IPOBOAUTHCS 11033 NPUMIILIEHHAM Ta y IPUMILIIEHH] BiINOBIIHO, roj1/100a;

Vo » V, — LBHAKICT JUXaHHS 11032 IPUMIIIECHHAM Ta y NPUMIIIECHH] BIANOBIIHO, M*/TOL;

E,, —4acToTa BIUIMBY, JHIB/pIK;

T — TPUBAJICTh BIUIUBY, POKiB;

eni

A, —TIepi0Jl OCepeTHEHHs €KCIIO3MIIIi, POKIB;

M — maca Tina, xr;

365 — KiABKICTb AHIB Y POIIi.

Bianosimno, rparnyno gomyctuma no3a (I'/[/]) — e piBeHb BIUTHBY 3a0pyaHIOIOUOTO (haKTopa, SIKAN
HE BUKJIMKAE SKHX-HEOYIb HETaTUBHUX 3MiH Y 3I0POB’1 JIIOAMHH 1 HOTO TOTOMCTBA (010J0T1YHOTO ONITUMYMY)
3a MMEBHUH MPOMIXKOK Yacy.

KpathicTh nepepuiieHHss GaKTHUHOT 703K HaJ ii IPaHUYHO JOMYCTUMUM 3HAYCHHSM 1 BU3HAYAE BEJIH-
YUHY KOoe(]iIlieHTa IKOCTI CEPEIOBHIIA, IO JO3BOJISIE OMIIHUTH HETIPSIMUIN PU3UK:

D.

_ J
Knnpi_rﬂ% . (3)

Takum 9UHOM, €KOJIOTIYHUHN PHU3WK MOKHA BHU3HAYHTHU 32 JOIIOMOTOIO0 IMOBIpHICHOTO MiAXOMY IIOAO
OLIIHKH TOTiPLICHHS XHUTTEAISUIBHOCTI BHACIIAOK MPOSBY AETEPMiHOBAHHX 1 CTOXaCTUYHUX €(eKTiB MmpH 3a-
OpyIHECHHI HaBKOJIMITHBEOTO CEPEIOBHINA, IO OTOUYE 00’ €KT HEpyXOoMOCTi. Tomi I KUTBKICHOT OITiIHKH Be-
JUYUHH €KOJIOTTIHOTO PUBUKY Rexon, MOXKHA 3aTIPOIIOHYBATH HACTYITHY 3aJIEXKHICTh:

R 1l R - R, W

HID
Rexwz Rem)ﬂ . . . . .
pi(S] np o unp BCJIMYUHU IIPAMOro 1 HCIIPAMOTro (BII[HOBI)_IHO) CKOJIOTTYHOI'O pHU3HKIB.

R ™ = S [P K2, + PRE, [ K 5)

cep

P, — WIMOBIpHICTb NOAI1 3a0pyIHEHHS CEPEeIOBHUIIIA, 1[0 OTOYYE OOEKT HEPYXOMOCTI 3a TIEBHUI Mepion

t

gacy B pe3yJIbTaTi BIUIUBY MIEBHOTO (haKTOPY;

M q . . . . .
Kcep, Kf;p — Koe(IllieHT SKOCTI CepeJOBHINA NPU MaTepialbHOMY 1 (i3WYHOMY 3a0pyIHEHHSIX
BIJIITOBIHO;
6I0H . .
r — BITHOCHE CKOPOYCHHSI TPUBAJIOCTI KUTTS;

Kme} — KOe(iliEHT eKONOTiYHOT 3HAYYIIOCTI TEPUTOPIi.

BiZ[HOCHe CKOpPOYCHHA TpI/IBaHOCTi KHUTTA MOXHA BUSHAYUTHU HACTYITHUM YHHOM:

r«i{)rl. — H < 1 , (6)

r
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ne Ar — CKOPOUYEHHs TPUBAJOCTI JKUTTS NMPH NPSAMOMY (IETEPMiHOBAHOMY) i OMOCEPEAKOBAHOMY

(cToxacTHaHOMY) 3a0pyIHEHHI, PiBHI BiAMOBIIHO 45 1 15 pOKiB;
7' — cepeaHs TPUBAIICTD XXKUTTS JUIS TAHOTO PETiOHY.

[ToganpInM HAIIPSIMKOM JTOCITIKEHB € PO3pO0Ka MaTeMaTHYHUX CIIiBBIIHOIICHD JUTsI BH3HAUCHHS T1a-
pamerpy P, — MMOBIpHOCTI nofii 3a0py/HEHHs CEpEJIOBMINA, 110 OTOYYE OOEKT HEPYXOMOCTI 3a MEBHUM

IepioJ 9acy B PE3yJIbTaTi BIUIUBY IEBHOTO (haKTOPYy.

BucHoBkHu Ta pekomenaaunii. Miporo cyKyIHOI SIKOCTi 00'€KTiB HEPYXOMOCTI € iX BapTiCTh, AKa y 3a-
raJIbHOMY BHITaJIKy [TOBHHHA BKJIIOYATH B ce0¢ HE TIIbKHM MOTHBAILI] MOKYIIIIB 1 MPOJABIIB, a i 00'€KTUBHY
BCeOIYHY XapaKTEepUCTUKY HEPYXOMOCTi, BaXKJIMBOIO CKJIAZOBOIO SIKOT € PiBeHb 3a0pyAHEHHS HABKOJIHUIITHHOTO
cepeIoBHIIA TEPUTOPIi, Ha SKil BOHA pO3TAIIOBaHA.

B 3B’s13Ky 3 ITUM OITiHKa €KOJIOTIYHUX PU3UKIB MMOBUHHA CTATH 0A3MCOM JIJISl IPUAHATTS OOTPYHTOBAHHUX
BapiaHTIB OL[IHOYHUX PIllIeHb 3 YpaxXyBaHHAM €KOJOT1YHOTO MOTEHIiay NOJI0KeHHs 00'eKTa HepyxoMocTi. B
CBOIO YePI'y BUKOPHCTAHHS METO/IIB MATEMAaTHIHOTO MOJICITIOBAHHS TIPH OIIIHIII €KOJIOT1YHOTO PU3HKY, K Hal-
ORI 00'€KTHBHOTO KOMIUIEKCHOT'O MMOKAa3HUKA €KOJIOTIYHOCTI JaHOT TEPUTOpPii MOXKE 1 TOBUHHO CTAaTH OTle-
PaTHBHOIO 1 MOTHBOBAHOIO MiJICTABOIO AJISl NPUHHATTS €(DEKTUBHHUX YIPABIIHCHKUX PillleHb CTOCOBHO iHBEC-
THIH Y HEPYXOMICTb.
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Summary. The paper investigates environmental risk factors that determine the value of real estate
assets and make valuation decisions. It is determined that the components of the environment are the object of
the cumulative impact of environmental risk, and indirectly through them are real estate objects and people.
Among all the environmental components, the most decisive is the atmosphere, as the harmful substances
coming from the atmospheric air into the human body are absorbed most intensely. The main criterion for
environmental risk assessment is the degree of influence of harmful substances on the health of the population.
The systematization of environmental risk factors, which provides an analysis of the causes, sources and sig-
nificance of negative material and physical impact in the study area with the separation of two qualitatively
different types of environmental risk: direct and indirect. Both positive and negative environmental factors that
affect the value of real estate are listed. It is proposed to determine environmental risk as part of a probabilistic
approach to assess the deterioration of life due to the deterministic and stochastic effects of environmental
pollution surrounding a real estate object. Dependencies for quantitative estimation of direct and indirect en-
vironmental risks are determined. Conceptual bases for objective consideration of negative environmental fac-
tors of material and physical nature in the developed territories have been developed.

Keywords: environmental risk, real estate, object of valuation, management decisions.
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AHoTauisi. BukopuctanHus BiAX0AiB BUPOOHUIITBA Y TOPOKHEOMY OYIIBHUIITBI € OJHUM 13 BaYKIIHBHX
HaMpsIMIB 3aXHMCTY HABKOJHUIIHHOTO CEPEAOBHILNA Ta PalliOHAILHOIO BUKOPUCTAHHS MaTepiamiB mpu OyIiB-
HUITBI aBTOMOOUTBHHUX JIOPIir. PO3TisHyTa MOXKIUBICTH BUKOPHCTAHHS BIJIXOJIB CKJIOOOI0 Y JIOPOKHBOMY
OYIIBHHUIITBI I APEHAXHUX IMIApiB KOHCTPYKIH TOpokHBOTO onsry. llpemcraBieHi pe3yabTaTd HO-
CJIIJUKCHHS BIUTUBY 3€PHOBOTO CKJIANY BiIXOIB CKJI00O Ha koedimieHT ¢inprparii. JocmimkyBaimchk
BapiaHTH CyMIIIIeH CKJI00010 3 piuKOBUM ITickoM. OTpUMaHO MO3UTHBHI PE3y/IbTaTH, 110 CBIIYaTh MPO MOXK-
JIUBICTh 3aCTOCYBaHHS BiJXOJIB CKJIOOOIO JUIS BIIAIITYBaHHS JPCHAKHUX MIAPIB KOHCTPYKIIH TOPOKHBOTO
OJIATY.

Kuro4ogi cjoBa: 3aXUCT HABKOJIHUIITHBOTO CEPEIOBUINA, BIIXOIU CKIO00I0, TOPOKHE OYIIIBHHUIITBO,
JpeHylovi MaTepianu, KoedimieHT (iapTparii.
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Beryn

OpHi€ero 3 HaraapbHUX MPOOIEM TIPOMHUCIOBOCTI € TiepepodKa Ta yTwimizallis BiaxoniB. [IpuwauHoro 1i
BUHUKHCHHS CTaJl0 HE TiUIBKU 30UTBIICHHS OOCSTiB BUPOOHUIITBA, alle i HETOOPOSIKICHUI BUI00YTOK CHPO-
BHHH, HEPAIIOHAJFHE BUKOPUCTAHHS CHPOBHHHUX PECYPCiB, HAKOTIMYCHHS Ta YTHITI3allis 3aJIUIIKIB TTPOMH-
cioBocTi. [lopsa 3 muM HabyIra MOMMUPEHHS MPAKTHKAa CAMOBHBO3Y BiXO/IB HA HECAHKITIOHOBAHI 3BAJIMIIA,
10 CIPUYHHSIE 3a0pYHCHHS HABKOJUIITHBOTO CEPEIOBUIIIA.

CydJacHi TEHACHIII PO3BUTKY MOPOKHHOTO OYIIBHHIITBA MOJATAIOTH Y 3aCTOCYBaHHI 1HHOBAIIMHUX
TEXHOJIOT1H Ta BiJIXO/1iB BUPOOHUIITBA.

YrTumnizamisi BTOpUHHHX MaTepiaiiB BUPOOHUIITBA MPU3HAUEHA TSI 30€peKeHHS IPUPOTHAX PECYPCIB
1 CKOpOYCHHS 00CATY BiIXOIIB, SIKi HEOOXIMHO YTHII3yBaTH B CHCIIAIbHUX MICIISAX MOXOBAaHHS. Y THIIi3aIlis
320X04y€eThCs OaraTbMa KpaiHamMu €Bporneiicbkoro Coro3y, B SIKOMY € BiJIITOBI/IHI TIOJIOXKECHHS Y BCIX TUPEK-
THBAaX, IO CTOCYIOTHCSI YIIPABITIHHS BiIXOdaMHU.

B yMoBax pUHKOBOi €KOHOMIKH Ta HEIOCTATHHOTO (hiHAHCYBAHHS JOPOXKHBOI rairy3i, CKOJIOTIIHIX
po0JIeM Ta BUCHAKCHHS TPUPOTHUX PECYPCIB, MEPIIOUSPrOBUM 3aBAAHHIM € BUKOPHUCTAHHS BIIXOMIB TIPO-
MHCJIOBOCTI B OyMIBHHUIITBI JOPIT, MPH ITHOMY 3a0€3MEUNBIIN SKCIUTyaTaiitHy HaAIHHICTE IIapiB TOPOXKHIX
OJISATIB, & TAKOX 3/IMCHEHHS 3aX0JliB CIPSIMOBAHUX Ha pecypco- Ta eHeproz0OepexenHs. [1] B mopoxxaproMy
OyIiBHHUIITBI YKpaiHU Tepen0adacTbCsl MOKIIMBUM TOPSIT 3 TIPUPOTHUMH MaTepiadaMHu B SKOCTI CHPOBHHH
BHKOPHCTOBYBATH BiJIXOIU IPOMHUCIIOBOCTI, J0 SIKMX BiTHOCSTH METAIypriliHi 1u1aky, 30;1y-uHeceHHs 3 TEC,
BTOPUHHUI MOJIIETUIICH 1 TyMOBY KpUXTY [2-5].

3rimao posnopsmkeHHs Kadinety MinictpiB Ykpainu Big 4 rpymaas 2019 p. Ne 1420-p «IIpo 3acTocy-
BaHHS BIJXOMIB BUPOOHUIITBA B JIOPOKHBOMY OYHIBHHUITBI» mependadeHo JlepkaBHOMY areHTCTBY aBTO-
MOOUTHbHHUX JOpir, obmacHUM Ta KWiBCHKIM MICBKIH IepKaBHUM aIMIiHICTpAIlisIM PEKOMEHAYBATH: IIiJ] dac
3MiIACHEHHs MyOMiYHUX 3aKyIiBedb poOiT 3 OyAIBHULTBA Ta MOCIYT 3 TOTOYHOTO PEMOHTY aBTOMOOITBHHX
JIOPIr 3arajgbHOr0 KOPUCTYBAHHS 3aCTOCOBYBATH HELIHOBUI KpuTepiil “3axoau i3 3aXUCTy JOBKIJUIA 3 IIUTO-
MOI0 Horo Baroro He MeHire 10 BiICOTKIB, IKHH XapaKTepU3yBaTUMETHCS TOKa3HUKOM ‘‘piBEHh BHKOPHUCTAHHS
BiJIXO/liB BUPOOHHUIITBA Ta JOPOXKHBO-OYAIBEIBHUX MaTepialliB, OTpPUMAHUX 3 1X BUKOPHCTaHHSM SIK 3aI0B-
HIOBaYiB”; y JOTOBOpax Mpo OYIIBHUIITBO a00 HAJAHHS MOCITYT 3 TOTOYHOT'O PEMOHTY aBTOMOOUIBHHX TOPIT
3arajJbHOTO KOPHWCTYBaHHSA B 3amopi3bkiil, Jlonernpkii, Jlyrancekiit, J{HImponeTpoBChKiii, MHUKOIAIBCHKIMH,
KipoBorpancekiii o0mactsx mependavaTé MOJIOKESHHS MIOJ0 JOMITLHOCTI BUKOPUCTAHHS BIIXOIIB BUPOO-
HUITBA (METATYPTIHHUX ITUIAKIB, 30JTy-BUHOCY TOIIO) 3TiAHO 3 BiAMOBITHUMH HOPMATHBHUMH JTOKYMCHTAMH,
y TOMY YHCJIi 3 TUTaHb €KOJIOTIYHOTO MapKyBaHHSI.

AHaJni3 1ocaigxeHb

MOoJIHUBICTb 3aCTOCYBaHHS IPOMHUCIIOBHUX BiZIXO/iB MpH OyIiBHUIITBI aBTOMOOIJILHUX AOPIr nepeada-
yeHa npoekToM Konmemii JlepkaBHOT 11iT50BO1 €KOHOMIYHOT ITpOrpaMu OYAiBHUAIITBA aBTOMOOUTBHHX OPIT
3araJibHOr0 KOPUCTYBaHHS 3 HIEMEHTOOETOHHUM MOKPUTTAM Ha 2021-2025 pokw.

['0noBHUM HaNIPSIMKOM MOYJIMBOTO 3aCTOCYBaHHS CKJIOOOIO B IOPOKHBOMY OYAIBHUITBI € BUKOPHC-
TaHHS CKJI000I0 B SKOCTI IpiOHOro 3amoBHIOBaua (MiCKy) MPH BJIAINTYBaHHI OCHOBHM a00 JOPOYKHBOTO ITOK-
PUTTS 3 IPYHTIB, YKPIIUICHUX (3MILHEHUX ) HEOPTraHiYHUMU B’ SHKYYHMH PEUOBHHAMM (LIEMEHT, BAITHO).

[HIIMM HAIPSIMKOM € MOXKJIMBE BUKOPUCTAHHS CKJIO00I0 MPHU OYIIBHHUIITBI JOPOXKHIX criopya (Hacu-
MiB) 3 METOIO MOJIMIICHHS QiIBTPALiifHOT XapaKTepPUCTUKU MaTepiaiy, 3 SKOT0 OyAYETbCSl HACUI 32 PaXyHOK
YaCTKOBOI 3aMiHHU MiCKY CKJIOOO€M 1, THM CaMUM, HiIBUILEHHA KoedinieHTy (iapTpanii mcKy 3 HU3bKUM Koe-
(imienToM.
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B Kanani i CIIA mis 70p0XHBOTO TIOKPUTTS 3aCTOCOBYETHCS MaTepiall «riacanbTy, M0 MICTHTB JI0
70% cxio60r0. Y cKJani BEPXHBOTO HIapy AOPOKHBOTO MOKPHUTTS BUKOPUCTOBY€EThCS 10 60% ckioboro, a B
HIDKHIX [Iapax TOPOKHBOTO MOKPUTTS - A0 50%.

Jpenyrodi mapu JOpOKHBOI KOHCTPYKIT1 IIOBHHHI BiATIOBIIaTH BUMOTaM JI0 IPCHYIOUUX TPYHTIB 3Ti-
nuo 'BH B.2.3 —37641918-559 [6].

KoedimienT dinprpanii BusHadaerses 3a Tadn.1 (IBH B.2.3 —37641918-559:2019).
Tabauus 1 — Bumoru no npenytounx rpyHriB Bigmoigxno 3 'BH B.2.3 —37641918-559:2019
Table 1 - Requirements for draining soils in accordance with GBN B.2.3 - 37641918-559: 2019

.. : .. BwmicT wactrHOK po3mipoMm Mentie Hixk 0,1 MM, y BiICOTKaX,
Koedimient ¢inb- | Koedimient ne- . . .
. , ) He OiblIe HiXK MPU MPOEKTYBaHHI JBOCXHUIIOTO ONEPEYHOT0
Tpallii eTaoHHUH, | OJHOPITHOCTI, HPOGITIO TPH KiTBKOCT] CMYT PYXY
Kpe K 60/10 po
TBi YOTHPHU
40<310,0 40<310,0 40<310,0 40<310,0
1,5 1,5 7,5 7,5
7,0 7,0 7,0 7,0
5,5 5,5 5,5 5,5

Mpumitka. Y 4ncenpbHUKY HaBEICHO JaHi /Ui KOHCTPYKIIH 3 BiJBEACHHSM BOJIU TPYOUaCTUMH Jpe-
HaMH, Y 3HAMEHHHKY — JIJIs1 KOHCTPYKIIiH 3 BIABEACHHIM BOIU Yepe3 QIAbTPYIOUNH map mia y301dusMu.

IlocTaHoBKA 3aBAaHHS - JOCHIIMTH MOKIUBICTD 3aCTOCYBaHHS BiIX0AiB CKJI00010 I BJIAIITY-
BAHHS JPEeHYIOYHUX LIapiB.

Meta po60TH — IPOBECHHS MOIIYKOBUX JOCIIIKEHb ISl PO3POOKH MOKJIMBOTO 3aCTOCYBAaHHS IPO-
IYKITii 13 CKII00010 Y JOPOKHEOMY OYIIBHHUIITBI TSI KOHCTPYKITIH APEHYIOUUX ITapiB.

J1s yTOuHEHHSI MOKJIMBUX HANPSMKIB YTHIIi3alii NPOAYKLii i3 CKII0O0I0 Y AOPOKHBOMY Oy 1iBHHILITBI,
OyJ10 MPOBEACHO AOCIIIKEHHS TI0 BU3HAYEHHIO KoedilieHTy (inpTpamnii CKIo0oro.

Jns BU3Ha4YeHHs MPOITYCKHOI 3/[aTHOCTI Iapy CKI00010 P MOKIMBOMY HOTO 3aCTOCYBaHHI B 10pO-
XKHbOMY OYZ1BHULTBI HEOOXiHO BU3HAUUTH Koe(iieHT (inbTpaLii mapy ckj0000 Py EBHOMY THCKY BOIU
B JIOPOXKHIN KOHCTPYKIIii (HACHITY ).

Jlnst mopiBHSHHS BUTIPOOYBAHHS TPOBOIMIINCE 3 PIYKOBUAM ITICKOM.

Bumnpobysanns cxio6oro npoBoauiu 3riguo i3 ACTY b B.2.1-23 [7].

[Ipu BunpoOyBaHHI BU3HaYa M KoedilieHT QiIbTpaii ckI000r0 B HOPIBHAHHI 3 KOS(II[IEHTOM (isib-
Tpauii piYKOBOTO MICKY.

KoedimienT dinpTparii cka00010 1 micKy Bu3HaUaMM y (inpTpaniiHii Tpyoii Kd-00.

KoedimienT dinpTpalii po3paxoByBaiu 3a GOPMYJIOLO :

(M

ne K" - xoedimient dinprpanii rpynTy npu temnepatypi Bogu 10°C, M/106;

Q- 06" eM Bozy, IO TPOPIIBLTPYBANACH, CM;

F - mroma nonepevyHoro nepepisy UUMIHAPUYHOrO 3pa3ka IPyHTY, 25 cm%;

t - yac ¢inprpauii, 60 c;

i - TpaJlieHT HATIOPY BOJIH;

r - TeMIepaTypHa nomnpaska, ¥ = 0,7 + 0,03T;

T - Temnieparypa Boju, o GiILTPYETHCS il Yac MPoOBeAeHHs 10CBiay, *C.
Pesynbratu BuzHaueHHs KoedilieHTa QiabTpallii CKI000K0 1 MICKY MpUBeacH] y Ta01. 2
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Tabnuus 2- Busnauenns koedimienta Qinprpamii

Table 2- Determination of the filtration coefficient

TEXHOJIOT'Ti 3AXHMCTY HABKOJIMIITHHOT' O CEPETOBHIIIA; EKOJIOT IS

Cepenue
. Temme- | Ilmo- 006’em 3HaYEHHS
I'pani- | Tewmme- . .
paTypHa 1ia mpodiiab- Koedi-
€HT parypa . .
Ne Crutag MOTpaB- | mepe- | TPOBAHOI Ii€HTa
HAropy BOJIH, . .
oL i T Co Ka, piy, Bomu, Q | dimbTpa-
OFtH, rC° F cm? cm? uii, Ky
M/no6a
Cxio6iit dpaxiris
1 0315 - 0.14 10 1,00 11.0 10,2
Ck11006iit dpaxuis
2 0.63-0315 10 1,00 62,0 59,5
Ck11006iit dpaxuis
3 1.5 - 0.63 10 1,00 111,0 16,6
Cxuo6iit dpaxitis
4 25125 10 1,00 32,0 30,7
5 Cxio6iit dpaxiris 10 1,00 9.0 8.6
5-25
Ckn006iit ¢ppakmii
6 0,63 -0,315-30% 10 1,00 27,0 25,7

[Ticok-70%
Ckn006iit ¢ppakmii
7 1,25-0,63 -30% 0,6 10 1,03 25 30,0 28,8

[Ticok-70%
Ckn006iit ¢ppakmii
8 1,25-0,63 -30% 11 1,03 22,0 21,1

[Ticok-70%
Cxo0i#t dpakiii
9 0,63 - 0,315 -70% 11 1,03 36,0 33,5

[Ticok-30%
Cxo6iit (cymimn dpak-
10 1ii)-30% 11 1,03 5,0 4.4

[Ticok-70%
Cxo6i#t (cymimn dpak-

11 int)-70% 11 1,03 7,0 6,5
ITicok-30%
12 ITicok-100% 10 1,00 17,0 16,3

Ha pucynky 1 HaBeneHo rpadik 3aieHOCTi KoediienTa GinpTpamii BOAH Bl CKIagy CKI000I0 pi3-
HuX (pakiiiii Ta CyMilili CKI00010 3 MICKOM B PI3HUX CITIBBIIHOIICHHSX.

3a monepeHiMH JaHUMHU BCTAHOBIICHO, 1110 HAWO1IbIINH KoedinieHT GinbTpanii MatoTh (ppakiii cKIo-
6oro 1,25 - 0,63 mm Ta 0,63 - 0,315 MM BigmosigHo 107 ta 59,5 M/no0y. B cymim ckno6iit gppakmii 1,25 -
0,63 MM 3 mickom B criiBBigHOMmEHHI 70 % 10 30 %. xoediuieHT dinbTpauii cTanoBuTh 33,5 M/100Yy, 110 3HAYHO
Oinpie koediuienta ¢inprpauii micky (16,3 m/moly). IIpn BukopucTanHi ckinoboro (cymimn ¢pakuiit) 3
nickoM B criiBBiHOMEHHI 70 % 10 30 % BiANMOBiAHO, KOedimieHT GUIBTPAIil 3HIKYETHCS 10 BiJHOIIECHHIO JI0
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koediuieHTa Qinprpanii micky i ctaHoBUTh 10,2 M/100y. Takum yMHOM, 3a pe3ynbTaTaMu HONEpPEnHiX 10-
CIPKEHb BCTAHOBIICHO, IO JUTS IMiIBHINEHHS KoedimieHTa (QuTbTparii TOIiIFHO BUKOPUCTOBYBATH (PpaKIIii
ckio6oro 1,25-0,63 mmta 0,63 - 0,315 MM B cymimi 3 mickom B criBBigHOIIeHH: 70 % 10 30 % BigmoBimHO.

Kpim Toro Oysiu BU3HaUYEHI 1HII XapaKTEPUCTUKU CKIO00I0: HACHITHA IIIIbHICTD, SIKa CTAHOBUTH 1455
Kr/cM?; 3a TPaHYJIOMETPHYHMM CKJIAJOM CKJIOOiH BiIHOCHTBLCS 10 IPYIHU BAaKKUX JPiOHMX 3aIOBHIOBAYIB; 3a
MoyaeM KpynHocTi (MK) SIKHi cTaHOBUTH B MeXkax Bif 2,83 10 4,0, ck00iii BiATHOCUTHCS O KPYIHUX APi0-
HUX 3aIIOBHIOBAYiB; 3a XapaKTEPUCTHUKOIO MIITHOCTI Ha CTUCK MapKa ckJ1000t0 ¢pakirii 5-10 MM Mae MIITHICTh
600 kre/cm?.

120

0 A
A

60 ) A \\
40

/, 307 N p 335
20 T \‘4.

1 163 ’
10,2 ;. & 10,

1 2 3 4 5 [ 7 8 9 10 11 12
Ne ckamany

K¢, m/mo0a

[~

Pucynoxk 1 — I'padix 3anexnocti Ky Bix ckinamy ckio6oro
Ne ckmaai — ckno6iit gpakmii: 1 — 0,315 - 0,14 mm, 2 — 0,63 - 0,315 mm, 3 —1,25-0,63 mm, 4 —2,5 - 1,25
MM, 5 —5 - 2,5 MM; cyMmiIll CKI000!0 3 IMCKOM: 6 — MicoK,7 - micok (70%) + ckio6iit ¢p. 0,315 (30%), 8 -
micok (30%) + cko6iit dp. 0,315 (70%), 9 - micok (70%) + cko6iit dp. 0,63 (30%), 10 - micok (30%) +
ckio0iit ¢pp. 0,63 (70%), 11 - micok (70%) + cxnobiit cymim dpakiiiit (30%),
12 - micok (30%) + ckio6iii cyminr ¢pakmiit (70%),

Figure 1 - Graph of the dependence of K on the composition of slag
Ne compositions - cullet fraction: 1 - 0,315 - 0,14 mm, 2 - 0,63 - 0,315 mm, 3 - 1,25 - 0,63 mm, 4 - 2,5 - 1,25
mm, 5 - 5 - 2.5 mm; mixture of cullet with sand: 6 - sand, 7 - sand (70%) + cullet fr. 0.315 (30%), 8 - sand
(30%) + cullet fr. 0.315 (70%), 9 - sand (70%) + cullet fr. 0.63 (30%), 10 - sand (30%) + cullet fr. 0.63
(70%), 11 - sand (70%) + slag mixture of fractions (30%), 12 - sand (30%) + cullet mixture of fractions
(70%),

BucHoBok
Po3rnsiHyTO OAMH i3 METO/IB 3aCTOCYBaHHS BIAXOMIB CKII000I0. 3a pe3ysibTaTaMi MPOBEACHUX JI0-
CJIIJKCHB 10 BU3HAYCHHIO KoedilieHTa (iabTpallil BCTAHOBJICHO 110 CKJIOOIH AOIIIbHO BUKOPHUCTOBYBATH SIK
MaTepian as apeHyounx mapis. [ligBumenHs koediuieHTy ¢QinpTpauii qpiOHOTO MicKy mpu OyAiBHHLITBI
HACHITIB 32 paXyHOK BHKOPHUCTaHHS (pakiiii ckmodoro 1,25 - 0,63 mm,63 - 0,315 MM B cyMmili 3 mcCKOM B
criBBinHomeHHi 70 % mo 30 % BiAMOBITHO MOXYThH MiABHIIUTH Koe(iieHT (iapTparii 1piOHOTO MiCKy Ha
50-70%. OpnHak XapakTepUCTHKa MIITHOCTI Ha CTUCK (Mapka) ckiio0oro ¢pakuii 5-10 MM mo cranoButs 600
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krce/cM?, (Toi K y TpaniTHOro mebento ppaxiii 5-10 MM Mapka 1o MitHOCTI cTanoBUTH 1200 Kre/cm?) Moke
O0OMEKUTH HOT0 BUKOPUCTAHHS 7S BIINOBITHUX JOPOXKHIX KaTeropii/

BukopucTtanHs BiIxoiB CKJI00010 B TOPOKHEOMY OYIIBHHIITBI CIIPHUSAE 3MEHIIICHHIO iX IIKiIJTABOTO
BIUIMBY Ha HaBKOJIUIIIHE CEPEJOBUIIA.
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Summary. The use of industrial waste in road construction is one of the important areas of environ-

mental protection and rational use of materials in road construction. The possibility of using slag waste in road
construction for drainage layers of pavement structures is considered. The results of the study of the influence
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river sand were studied. Positive results have been obtained, which indicate the possibility of using slag waste
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Amnoranis. CTaTTs po3KpHBa€E MapajoKC Ta NapajurMy OCBITHBOI, HAYKOBOI i IPUKIIAIHOT AisUTEHOCTI
Ha NpuKIazl Kadeapu aepornoptiB HallioHaJIsHOrO TPAHCIIOPTHOIO YHIBEPCUTETY i Yac MiArOTOBKHU (haxiB-
LiB AJIS1 TPAHCIIOPTHO-JOPOKHBOTO KOMIIEKCY 32 HApsIMOM «AepOIopTH, aepOIPOMHI KOHCTPYKIII Ta CIo-
pyam» Ta «CHCTEMHUH aHaji3 B TPAHCIIOPTHIN 1HOPACTPYKTYpi» Ta MPAKTUKHA 3aCTOCYBAHHS ITUCTAHITIHHOTO
HaBYaHHA B yMOBaxX HEBM3HAYCHOCTI MaHAeMii KopoHaBipycy. [IpeacrapneHa aBTopchka MOJENb 3aCHOBaHA
Ha MPUHIUTNAX BCTAHOBJICHHS MEXaHI3My CHCTEMHOTO BIPOBA/KEHHSI KOMIICTEHTHICHOTO IMiIXOAY Ta 3aCTO-
CyBaHHS IHHOBaIlIMHUX TEXHOJIOT1¥ IMCTAHIIITHOTO HABYAHHS, III0 OTPUMAHO B IIPOIIECI aHAJ13Y BITUU3HIHOTO
Ta 3aKOPAOHHOTO AOCBiY 32 YMOB HEBU3HAUEHOCTI MaHIeMil KOpOHaBipycy.

OO6'exT DOCTIKEHHS — OCBITHBO-HAYKOBO-TIPHKIIAHA AISUIBHICTE Kadeapu aepornopTis, sk JlabopaTo-
pii CHCTEMHHUX 3HaHb Ta PalliOHAIBHUX 1HPPACTPYKTYPHUX pillieHb y ckiaaal HamioHaasHOro TpaHCIIOPTHOTO
YHIBEPCUTETY, IO MO3UIIIOHYEThCSA K PerioHanbHUN OCBITHHO-HAYKOBUH JIOTICTUYHWHN IEHTP Ha 3acalax
ayTCOPCHHTY B YMOBAaX JMCTAHIIIHOTO HABYAHHS Ta HEBU3HAYCHOCTI MaHIeMii KOPOHABIPYCY.

Merta poO0TH — BCTAaHOBIICHHSI MEXaHI3My CHCTEMHOT'O BIIPOBA/IKCHHSI KOMIIETCHTHICHOTO MiAXOY Ta
3aCTOCYBaHHS 1HHOBALIMHUX TEXHOJIOTIH Ui B3a€MO3B’SI3KY «BUKJaIau—CTyIeHT—p0oOOTOaBEIbY, IO J0-
3BOJISIE Y MIICYMKY BU3HAUNTH HAHO1IbIIT €PEKTHBHI IIJITXH Ta 3aCO0H JOCATHEHHS KIHIIEBHX II1JICH OCBITHBOT,
HAYKOBOI 1 MPUKJIAJHOI JisUTFHOCTI B yMOBaxX HEBU3HAYCHOCTI MaHEMii KOpOHaBipycy Ta 3a0e3MeUeHHs BU-
COKOKBaJTi(DiKOBaHUMH KaJpaMH TPAHCIIOPTHO-IOPOKHIN KOMILJICKC KpaiHH.

Metoau MOCHIKEHHS — CHCTEMHUH, KOHIIENTYaIbHO-METOAO0IOTIYHUH Ta MPOTPaAMHUM  ITiIXOIH.
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CUCTEMHUM AHAJII3

BcraHoBiieHHST MeXxaHi3My 3aCTOCYBaHHS IHHOBAI[IHHUX TEXHOJIOTIH I MOJIETI «METO/I! HAaBYaHHS—
pe3yNbTaTH HaBYAHHSA—OIIHIOBAHHS» 332 KOMIIETCHTHICHUM aJTOPUTMOM «3HAaHHS TEOPIi—BMIiHHS MPHUKIIAI-
HOT'O 3aCTOCYBaHHSI—HABUYKH BOJIOJIHHS TEXHOJOTISIMI» JUIS MOCUJICHHS B3a€EMO3B’SI3KY «BHKJIAIa4y—CTy-
JIeHT—POOOTOAaBELb», TO3BOJIHUThH TOBECTH PE3YJbTaTH OCBITHHOTO IIPOIIECY A0 BUMOT pOOOTOJABIIB Ta 3a-
0€3MeUnUTH TPAHCIIOPTHO-IOPOKHIN KOMITJIEKC BUCOKOKBATi(hiKOBAHUMH KaIpaMH.

[Toganpmunii po3BUTOK 00'€EKTa TOCITIHKEHHS — BIIPOBAIKEHHSI OCBITHBO1, HAYKOBOI H TIPUKITATHOT [TisI-
npHOCTI JJabopaTopii cucTeMHUX 3HaHB Ta PaliOHANBHUX 1HQPACTPYKTYPHUX pillleHb Y ckiaai PerioHansHOro
OCBITHbO-HAayKOBOI'O JIO'ICTUYHOIO LICHTPY, IS 3a0e3MMeYeHHs BUCOKOKBaTi(DiKOBAaHUMH KaJpaMHu TPaHCIIOP-
THO-JIOPOXKHIN KOMILJICKC B YMOBaX JUCTAHI[ITHOTO HABYaHHS Ta HEBU3HAYCHOCTI MaHeMil KOPOHABIPYCY.

Kurouogi cjioBa: napanokc, napagurma, kadeapa, yHiBEpCHTET, OCBITHS, HAYKOBa Ta MPHUKJIaIHA [Tisl-
JbHICTD, TTAHAEMIisI, HEBU3HAYCHICTh, CHCTEMHI 3HAHHS, PAIliOHATLHI PIICHHS.

@DopMyaTI0OBaHHS Wijei cTaTTi.

MeToro cTaTTi € BCTAHOBJICHHS] MEXaHi3My CUCTEMHOTO BIIPOBAKEHHS! KOMIIETEHTHICHOT'O MiAX01y Ta
3aCTOCYBaHHS IHHOBAIlIMHUX TEXHOJOTIH I HAJIarODKCHHS B3a€EMO3B 3Ky «BHKJIaAad—CTyIEHT—p0oO0OTOMa-
BEIbY», III0 JO3BOJISE Y MIACYMKY BH3HAYUTH HAWOUIBIT €(DEKTHUBHI NUIAXU Ta 3aCO0M NOCATHEHHS KiHIIEBHX
1ijel oCBITHBOI, HAYKOBOI ¥ MPUKJIAAHOI JisSUIbHOCTI B YMOBaX HEBU3HAUEHOCTI, BUKIMKAHOI TAHAEMIEI0 KO-
poHaBipycy, Ta 3a0€31eYeHHAS] BUCOKOKBaJIi(DiKOBAaHIUMH KaJpaMH TPAaHCIIOPTHO-TOPOKHIN KOMIUIEKC KpaiHH.

Bukisiax ocHOBHOr0 MaTepiany K0CTiAKeHHsI.

Y gacTuHi APYTiH JaHOI CTATTI, BpaXOBYIOUH aKTyalbHICTH IpodireMu BO mix gac «1okgayHy» Ta 00-
Me)KeHb, BUKJIMKaHNUX MAaHIEMI€I0 KOPOHABIPYCY Ta HAKOIMYEHUH BITYM3HAHUI i 3aKOpAOHHMIN JOCBiN 11 BH-
pimeHHs, Ha 3acajax CHCTEMHOTO, KOHIIETITYaIhbHO-METOMOJIOTIYHOTO Ta MIPOTPAMHOTO IiIX0iB, aBTOPaAMHU
PO3KpHUTO MapasoKc Ta MapaJurMy OCBITHBOI, HAYKOBOI i PUKIAIHOT AisUTbHOCTI migpo3ainy 3BO, Ha mpuk-
nani kapenpu aepornoptiB HTY, Ta mogaHo MexaHizM moOynoBu HOBoi MoJieli HaB4aHHS. L{e Bce MoxkimBe 3a
YMOBH HOBaIlili, HOBOBBEJICHb, IHHOBAIIIH Ta TpaHC(epy TexHooriH [34 - 36]. Jlusa moyaTKy CIiij IOSCHUTH,
10 HOBAIIisl € JIUIIE TEOPETUYHUM BiIKPUTTSAM Y BUTIIS/I BUHAXOLY UM HOY-Xay, HOBOBBEJCHHS — LI CIpoda
MIPaKTUYHOTO 3aCTOCYBAHHS HOBAIIii, a IHHOBAIIiS — pe3ybTaT BIPOBAKECHHS HOBOBBECHB, 110 MIPHUHIC pea-
JFHY KOPHUCTh HABYAJIFHOMY MPOIIECY, OTKE, OTOTOXKHIOETHCA 13 pe3yIbTaTaMH BIIPOBAIKEHHSI.

[IpencraBiena aBTopchbka MoJieNIb HABYAHHS 3aCHOBAHA HA TIPUHLIMIIAX BCTAHOBJICHHS MEXaHI3MY CHC-
TEMHOT'O BIIPOBAKCHHSI KOMITETCHTHICHOTO TTIIXOy Ta 3aCTOCYBaHHS iHHOBAITIHHUX TEXHOJIOTIH 3 BUKOPHC-
TaHHSM €JIEMEHTIB IUCTAaHIIIHOTO Ta 3MIIIAHOTO HABYaHHS, IO OTPHUMAHO B MPOLEC] aHANI3Y BITYN3HSIHOTO
Ta 3aKOPJOHHOTO JIOCBITy 32 YMOBH OOMEKEHb Ta HEBH3HAUCHOCTI, BUKJIMKAHHUX ITaHIEMI€I0 KOPOHABIPYCY,
Ta JI03BOJISE Y MIICYMKY BU3HAYUTH HAHOUTBI e(DEeKTUBHI IIJITXH Ta 3aCO0HM JOCSITHEHHS KiHIIEBUX IIJICH OCBI-
THBOI, HAYKOBO1 i PUKIAIHOT AiSIIBHOCTI MIOA0 3a0e3MeueHHs] BUCOKOKBaJIi(hiKOBaHUMH KaJIpaMHu TPaHCIIO-
prHO-T0opoxHiH Kommutieke (T/K) kpainn.

OTxe, mepes HaMH TIOCTAJIM 3aayi, 10 paHille BBAXKAINCS HEMOKIMBUMH Ta caMe MaHAeMisl KOpoHa-
BipyCy JAajia MOIITOBX JUIA MIMPIIOrO 3aCTOCYBaHHS TEXHOJOTIYHHMX MPOLECIB 1 MOJENIeH MUCIEHHS, IO 3a
3BHYAMHUX YMOB 3aKaaajo O Okl TpuBajoro 4yacy. KapantuH 3MycHB MO-HOBOMY, B PaMKax CUCTEMHOTO
MiAX0y, HOTJITHYTH Ha: MPOLIECH OCBITHBOI, HAYKOBOI Ta MPUKIAIHOT AISTIBHOCTI, CUCTEMAaTHU3yBaTu Ta Mij-
BHIIUTH 11 €PEKTHBHICTD; BIIPOBAPKEHHS CIUJILHOI Ta AyaJbHOI OCBITH MPH 3MIIIAHOMY HAaBYaHHI; HABEJACHHS
HOBHX 3B’SI3KiB Ta IOCHJICHHS X B3a€MO3B’SI3KY; PO3IIUPEHHS iIHKIIO3UBHOCTI; MOTUBYBaHHSI CIIiBPOOITHUKIB
Ta MOKPAIIEHHs X YHpaBIiHHS, KOPIOPATUBHY KYJIbTYpY; PO3pOOJICHHS 1 peai3alito HOBUX CHIBHUX Micii,
OadveHHs, CTpATeTii Ta TAKTUKH VIS TOCATHEHHS KiHIeBHX ITijeit BO.
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CUCTEMHUM AHAJII3

Ilapaookc oceimnbo-naykoeoi it npuxkiaonoi 0iAnbHOCHIE 8 YMOBAX HEGUZHAYEHOCHLI

VY HamoMmy BUNAKy 3HaUCHHS CJIOBA MApaJoOKC PO3TIAAETHCS SIK JyMKa, IO Pa3ioue PO3XOAMUTHCS 3
YCTAJICHUMH TIOTJISAIaMHU, Ha4e0TO CYIEepEeInTh 3I0POBOMY TUIY3IOBi, X04a HACIIPABAl MOXe W He OyTH XHO-
Hoto. Criepiry po3KpUeEMO 3HaYCHHS OpraHi3auiiHoi CTPYKTYPH HAIIOTO YHIBEPCHTETY Y BUpIILIEHI mepuioye-
pPrOBHUX IMHTaHb MIOAO 3aIPOBAHKCHHS 3aXO0JIB Ta CIIOCOOIB MTUCTAHIIIHHOTO HABYAHHS ITiJl YaC KapaHTHHY.
Otxe, opranizaiiifHa CTpyKTypa, 1o nepeadadac HasgBHICTh HEBHAUMHX KOPAOHIB MUK MiAPO3IiTaMH, IO
00yMoOBIeHI crienn(ikoro iX (YHKINH, 3aBKIU € OHIEI0 3 HAHOIMBIINX MEPEIIKO ] JJIs 3HAYYIINX 3MiH Ta
yTBOPIOE Oap’epu 1t 0OMiHY HABUYKAMH 1 CTBOPEHHS HEOOX1IHOI CHHEPIi.

Tak cranoch, 10 y HAIIOMY YHIBEPCHUTETI PO AUCTaHIiiHe HaBYaHHs Hiutocs e 3 2003 poky, Koiu
OyB CTBOpECHHUHU [HCTUTYT 3a09HOTO 1 AUCTAHITIHHOTO HABYAHHS VIS OpraHi3alliifHOTO 3a0e3MeUeHHS BIPOBa-
JOKSHHS IPOTPECUBHUX 1H()OPMAIIIHHUX TEXHOJIOTH y HaBYaIbHUH mpoliec, moTiM, 2016 poky, KO iIHCTUTYT
OyB neperBopenuid y Llentp 3aounoro Ta aucranuidiHoro HasuaHasa (L[31H), sk cTpykTypHUiA miapo3main 3
METOI0 OPraHi3aliiHOro 3a0e3eueHHs BIIPOBAHKECHHS IIEPEI0BHUX 1HHOPMAIIHHIUX TEXHOJIOT1H B HABYAIbHHHA
nporec. [o pedi, ocBiTHIH npouec Ha Bcix piBHAXx BO B L3/IH 3nilicHIOETECS 3 ypaXyBaHHSIM BH3HAHHX B
€BporelicbkkoMy pocTopi Buiioi ocBitr (€I1BO) Ta pekoMeH10BaHUX €BPONEHCHKOI0 KPEAUTHOK TpaHche-
pHO-HaKoMIyBanbHOIO cucTemoro (EKTC) mexaHi3MmiB 1 iporieyp v BianmoBigHOCTI 10 [lomoxkeHHs mpo op-
raHi3aIiro OCBITHBOTO porecy B HTY (mxepeno: http://vstup.ntu.edu.ua/pro_
orhanizatsiyu_osvitnoho_protsesu.pdf).

[Mapamokc nonsirae B ToMy, 1110 TIOBHOIIIHHE JUCTaHIIiHE HaBUaHHs OyJI0 3ampoBakeHo micis 18 Oe-

pe3us 2020 poky, KoJIi OYJIO OTOJIONIEHO PO OPTaHi3allii0 Ta aKTHBI3aIli0 AUCTAHIIITHOIO HABYaHHS 3 00Ky
anMiHicTpariii Ha pizauX piBHsax (MOHY, pekropar, HaB4aIsHO-METOAMIHAN BiiI, hakyIbTeT, kKadenpa) Ta
3aTBEp/PKEHI BIAMOBIAHI HaKa3M, pO3MOPSIKEHHS, OJI0KEHH, IHCTPYKLIi 010 poOoTH MpodhecopCchKO-BHU-
KJIaJTAIbKOTO Ta iHKEHEPHO-TEXHITHOTO CKJIaAy YHIBEPCUTETY Ha MEpioj] KapaHTHHY.

Cepen HUX MOXKHA BUALTHTH HACTYIIHI: 1010 THMYACOBOTO NIEPEXOLy Ha JUCTAHLIHE HABYAHHS; TIPO
OpraHi3aliio JUCTAaHLiiHOI poOOTH; PO MPOoQiIaKTHYHI 3aX0/11; PO BHOPSIAKYBaHHS 00JIiKy pobodoro qacy
POOITHHKIB; PO OTIII-KOHKYPC Kadeap YHIBEPCUTETY Ha Kpally MOCTAaHOBKY HAyKOBO-TOCIITHOI poOOTH;
PO BUKOHAHHSA [UIaHy POOOTH NMPOo(ecOPChKO-BUKIANAIBKOTO Ta IHKEHEPHO-TEXHIYHOTO CKIIa1y; PO 3amo-
BHEHH TaOJIMIb 3aHATOCTI Ha IIEPi0J KapaHTHUHY; PO rpadiky yepryBaHb Ta KOHCYJIbTALliH Ha Kadeapi; mpo
OpTraHi3aIliro MOIyJIbHOTO KOHTPOJIIO; PO MPOBEACHHS CEMECTPOBOI cecii; Ipo 3axucT OaKalaBpChKUX Ta Ma-
riCTepChKUX POOIT; MPO MPOXOKECHHS IOPIYHMX NPAKTHK CTYACHTIB; PO 3aX0IH LI00 3aBEpIICHHS HAaBYa-
JIEHOTO POKY; PO Tpadiky BiITyCTOK, PO BCTYITHY KaMIIAHIfO TOIIIO.

Tpeba BU3HAUMTH 11O, Yepe3 JIOACHKHIH (hakTop abo iHEpTHICTH caMoi akaJeMidHOI CIIUIBHOTH, MOTJIO
3arajJbMyBaTHUCh 3alPOBaHKCHHS a00, B3araii, 3ipBaTUCh 3aralibHUHN ITepeXil 10 OH-TaitH HaBYaHHs, 00 TUTHKH
HEBEJIMKa YacTHHA BUKJIQIadiB MaJia TOCBIT AUCTAHIIITHOTO BUKIIAJaHHS 1 OaxkaHHS peali3oByBaTH HOTO Ha-
nani. Ha BigMiHy 6araTboX CKENTHKIB, TaKy NEPEIIKOAY OyJI0 MOJ0IaHO Y Ty»Ke KOPOTKi CTPOKH, BCi 3amika-
BJICHI CTOPOHH YHIBEPCHTETY 3TyPTYBAIIUCS HABKOJIO ONIEPATUBHO BCTAHOBIICHOT YiTKOT Ta €IMHOI METH: 3aI10-
OIrTy MOIIMPEHHIO KOPOHAaBipycCy, 30€perTu 340poB’s CIiBPOOITHUKIB 1 CTYACHTIB Ta 3a0e3MeunTH MOBHO-
LiHHe Oe3rnepepBHE HABUYAHHS.

Sk 3'sacyBasocs, nepedopMaTyBaHHsS KypCiB Ha TUCTAHIIIMHE HABYaHHS € TPYIOMICTKOIO pOOOTOI0 Ta
noTpedyBaio JONATKOBOTO HABAaHTAKECHHS 1100 MiATOTOBKH O OH-JIAHH 3aHATH Ta 30€peKeHHsI IKOCT1 HaB-
4aJIbHOTO Tpolecy. Beyneped BchoMy, criBpoOIiTHUKY KadeApy IepeOPIEHTYBAIKNCH Ha MO3UTUBHUI J1aa 1Is
BUpILICHHS TEpIIOYEeproBoi MpoOieMH mepenadi 3HaHb CTyIEHTaM AOCTYIMHHUMH 3aco0aMu MOOITBHOTO
3B’sI3KY, sK-0T KuiBcrap, Vodafone, Lifecell Ta Intepuer-pecypciB Classroom, Moodle, Zoom, Meet, enext-
ponHa norra, Viber, Telegram, WhatsApp. [lucraniiifina Moaesb 3Ha4HO 3MiHKM/Ia 0a30B1 OCBITHI TEXHOJIOTT
Ta KyJbTypy BUKJIAJaHHS Yyepe3 B3aEMOJIII0 3 TEPUTOPIaJIbHO PO3MOIIICHOIO TPYIIOI0 CTYICHTIB, 32 JOTIOMOTH
IaTeprery (Bineo-koHdepeHtlii, comianpai Mepexi, hopymu). Ha Bukonanus mocranoB KMV, pekoMeHmartii
MOHY, naka3iB Ta po3nopsmkens aamiricTpanii HTY, mporec HaBuaHHS Ta 3alliKOBO-€K3aMeHaIliifHa cecis
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Ha Kadeapi aepomopTiB ISl CTYCHTIB HAMIPAMIB OCBITHIX IPOTrpaM «AepoIopTH, aepoAPOMHI KOHCTPYKIIii Ta
cnopyzan» (BA) ta «CuctemHmii aHami3 B TpaHCIOPTHIH iHppacTpykTypi» (CA) 3miliCHIOBAIUCH 32 PO3KIIa-
JIaMH y JUCTaHIIHHOMY a00 3MillIaHOMY pekuMax Ha 0asi oH-naitH miatdpopmu MOODLE Ta cuctemu «Ka-

denpar, puc.4.

CHCTEMA YIIPABJIIHHA HABYAJIBHHM IIPOIIECOM

CUCTEMA «KADPEIPA»

A o
AEPOIIOPTH JTEKAHAT HABYAJIBHO- -
, : METOIHYHHAN I3]1H,
3ABIIYBAY ®TB .
KADEIPH METOIUCT BIIILT IOIIIK, IIMO
- METOOHUCT METOOUCT

JHACT 3AITPOIIEHHA

- CTIOCTG IPOBEIEHH 3AHATE: AOCTYII
HKJIAT - TEXHOJIOIT UCT HABYAHHS:
- AT - CIIOCI5 IIEHTH®. CTYIEHTA: POJIb
- CIIOCIG OLIHIOBAHH TA «BUKJIATTAY»
OTOJIOIEHHS PE3VIIbTATIB:
- CIIOCOBH ITPOBEJIEHH

CTYJAEHT JOCTYII

MOJAYJBHE OB’€KTHO-OPIEHTOBAHE JTHHAMIYHE HABYUAJIBHE CEPEJOBHIIE

-CWIABYCH 3 HABUYAJIbHUX JHUCITUILIIH;

- TEOPETUUHUNA MATEPIAJI (TEKCTH JIEKIIA, OKPEMI TEMH, PO3/IUIN, TOCUIIAHHS, JKEPEJIA):

- IPAKTHUYHI 3ABJAHHS (3ATAYI, 3ATIMTAHHSA, TECTHU OJI51 CAMOIIEPEBIPKH);

-3ABJTAHH JIUIS ITEPEBIPKH 3HAHB (TECTH, BIPTYAJIBHI IABOPATOPHI, KOHTPOJIBHI,
PO3PAXYHKOBO-TPA®IUHI TA KYPCOBI POBOTH, KYPCOBI ITPOEKTH);

- HABUAJIbHO-METO/IUYHE 3ABE3IEYEHHS (ITPE3EHTALIIL, KOHCIIEKTH JIEKLINA, METOTUYHI
PEKOMEHIAIII TA BKA3IBKHU. 35IPHUKU. ITIOCIFHUKH. INIIPYYHHUKU. MOHOI' PA®II. [TIPAKTUKYMH)

Pucynok 4 — YpaBmiHHS B3a€EMOIEI0 «CTYICHT — BUKJIaAad» Ha Kadeapi aeponopTiB B yMOBax KapaHTHHY
(18.03-31.12.2020 p.)

Figure 4 — Management of Interaction «Student — Teacher» at the Department of Airports in Quarantine
(18.03-31.12.2020)

Kpim BupitmeHHs mpobieM OCBITHBOTO MpoIiecy MO0 BUAadi JEKIIHHOro MaTepialy, 3aBJaHb Ha BU-
KOHaHHS pedepaTUBHUX JOMOBiICH, MPAKTHYHUX, 1a00pATOPHUX Ta KOHTPOJIBHUX POOIT, PO3paxyHKOBO-Tpa-
(iYHMX Ta KypCOBHX POOIT, KypCOBUX MPOEKTIB, MapaiesbHO 3A1CHIOBANNCE 3aX01 LI0A0 CTBOPEHHS CHJIa-
OyciB, 3MiCTOBHX MOAYJIiB, pOOOYMX 30IIUTIB, MEPErTsAy Ta KOpPEryBaHHs 3MicTy HaBuanbHUX Ta PII, miaro-
TOBKH JI0 IPYKY Ta pearyBaHHS 3MICTy OKPEMHUX TE€M, PO3ILTiB, KOHCIIEKTIB JICKITiH, METOIUYHUX PEKOMCH-
Janiid Ta BKa3iBOK, 30ipHUKIB, MOCIOHUKIB, MiAPYYHUKIB, MOHOTpadiil Ta mpakTukyMmiB. Takoxk, Oynu 3miic-
HEHI BBEJICHHS €JICKTPOHHHX KYPHAJIIB 3 00JIIKY 3aHATh, JIKBiIallis 3a00proBaHOCTEl 3a MOMEPEIHil ceMecTp
Ta CKJIaJJaHHS aKaJIeMIYHOI Pi3HUII JJIsl MOHOBJICHHS CTY/ACHTIB, BUCcTaBleHHs o1iHOK 3a KI1/KP/PT'P/koHTpO-
JIbHY pOOOTY Ta MPOBEACHHS ICIIUTY/3aIIIKY.
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3nilicHeHO HayKOBE KEPiBHUIITBO, peAaryBaHHS 3MICTYy Ta MiATOTOBKY JI0 IPYKY Te3 AOMOBiAeH Ta mpe-

3eHTalil, MaTepiaiiB U MPOBEACHHs KOHPEPEHIiN, CTaTel 1O BITYM3HIHUX Ta MIXKHAPOJHUX (PaxOBUX BH-

JlaHb, HAYKOBE KEPIBHHUIITBO I1[0/I0 BAKOHAHHS €TaIliB PO3PaxyHKOBO-IpaiuHUX Ta KYPCOBUX POOIT, KYPCOBUX

MPOEKTIB, BUITyCKOBUX pOOIT, OH-NIaifH KOHCYbTyBanHs. [lapanensHo Ha kadeapi BUKOHyBasach poboTa 3a

10 HayKOBO-TOCTIAHIMHI POOOTAMH, III0 MaJTH MIPUKJIATHANA XapaKTep Ta MiATBEPIKEHO BIATIOBITHUMH aKTaMHU

BIIPOBAKEHHA 32 BUKOHAHUMH TOCTIIOTOBIpHUMHU TemMamu. OTxe, mapagokc, 0e3yMOBHO, BISIBUBCS B TOMY,

10 aHIeMisi KOPOHAaBipyCy 3a0e3Meuniia BEeIUKHiA IPOPUB, TIPU IKOMY Kadepa aeporiopTiB 3p00HIIa TIOCUTh
BaroMe 3pyIICHHs, IEPEXOAIYd 1O IOBHOMACIITAOHOTO JUCTAHIIIMHOIO HaBYaHHS (CIIBPOOITHUKH ITiIalil-

TYBaJIMCh Iil BUMOTH LIUX 3MiH) Ta MPOJIOBKHUIIA CBOIO OCBITHIO, HAYKOBY ¥ NPUKJIaIHY AisUIbHICTB, PHC. 5.

TEXHO.JIOra

AEPOJPOMHI TA
JOPOXHI
IOEMEHTOBETOHHI,

ACPAIIBTOBETOHHI

HAVKA:
ABT -1, TAT -8
koed.4,7
3 BITIH3H. KOH(.
5 MDXKH. KOHO.
9 crareii. | HMB

AHTHOXEJIEOHI
XIMIYHI
PEATEHTH JJIA
YTPUMYBAHHA

AEPOJPOMIB I
TOPIT

EKCILIYATAIA
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IHTEJIEKTYAJI3AIISI
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aBTOp. Harwix - 8
CTBOPEHO HOBO1

> TeXHOIIOTii - 5

TEIUIOBI3IMHUN
HEPYHWHVYIOUUN
KOHTPOJIb
NEDEKTIB
I[IOKPUTTS

JAIATHOCTHKA

Pucynox 5 — PesynpTaTsl mismieHOCTI Kadenpu aeponopTiB B ymMoBax kapantuny (18.03-31.12.2020 p.)

Figure 5 — The Results of the Airports Department in Quarantine Conditions (18.03-31.12.2020).

VY migcyMKy AiIbHOCTI Kadeapu aeporopTiB 3 6epes3Hs Ao rpyaHs Micsmis 2020 poky B yMOBax HEBH-

3HAYEHOCTI BUKIHKAHOL HaHI[CMieIO KopOHaBipycy, CJ'Ii,[[ 3a3HAYUTHU HACTYIIHC.
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[o-mepire, yMOBH KapaHTHHY CTaH TOJIOBHUM KaTali3aTOPOM MOIIUPEHHS JUCTAHIIIITHOTO HAaBYaHHS
Ta JIO3BOJIWIIM OTPUMATH BUKJIaJadaMK HOBI HABHYKH 1010 HA0OPY MEBHUX METOIHK 1 i IXOiB MPH MOOYA0BI
OCBITHBOI'O IIPOIIECY, OITAHYBATH HOBI OCBITHI Ta KOMYHIKalliiiH1 TexHoorii. [Ipuckopene nepedopmMaTyBaHHSI
3a X YMOB JI03BOJIMJIO 3aI00IrTH NOIIMPEHHIO KOPOHAaBipycy Ta 3a0e3MeUnTH MOBHOLIIHHE Oe3lepepBHE Ha-
BYAHHSI.

[Mo-npyre, He mepepBaBcs MPOIEC HAYKOBOI JTYMKH, IO JIO3BOJIIIO 3TYYUTH ITiJ] KCPIBHUIITBOM BH-
KJIaJa4iB Kad)eApHu CTYJCHTIB JJO HAYKOBOI pOOOTH, BUIATH CTATTi 3a HAIIPSIMaMH JIOCITI/KCHHSI, BUCTYIIUTH Ha
KOH(EpeHIisIX, MAroTyBaTH 10 3aXUCTY JBI KaHIUIATCHKI AMCEpTallii, BAKOHATH 3aIJTAHOBAHI €TaIly JTOCITi-
TKEHb.

[Mo-TpeTe, HAYKOBI JOCIHIKEHHS, 10 BUKOHYBAJIKMCh Ha Kadenpi, MaloTh NPUKIAIHE 3HAYCHHS, 10
MiATBEPHKEHO X BIPOBAHKCHHSIM Ta aBTOPCHKUM HATJISJIOM H HAJIXOJPKEHHSM BIITTOBIIHUX KOIITIB.

[TapagokcoM 3aluIIAETHCS TiSUTBHICTD 3 00KY MPOQiIbHOTO MiHICTEPCTBA, IO OOMEXHIIOCH 30ipKOI0
HOPMATHUBHUX JOKYMEHTIB Ta PEKOMEHIAITISIMH 010 BIPOBAKEHHSI 3MIIIaHOTO HABYAHHS Y 3aKJIaJ]aX OCBITH
[37], Ha BiAMiHy, HaNIpUKIaJ, BiJ HalOHAIBHOI OCBITHBOI cTpaTerii Kurato, mo Oyia po3po0ieHa i pearizo-
BaHa 3a JIYCHI JHI Ta BKJIIOYMIA 3arajbHy XMapHy IaTGopMy 3 HaBYAIBHUMHU MaTepiajlaMH, 3aayduiia Ipo-
MaJICBKI TeIeKaHa M I TPAHCIAIT OCBITHIX Iepesad, BEJIUKi TeJIeKOMYHIKaIlIiHI KOMIaHii, 1o 00'exHamu
3yCHJUIS 3 TEXHIYHUMU rirantamu Baidu, Alibaba i Huawei mis miaTpumky nugpoBoi HaBYaIbHOT Mepexi 3 7
THC. CEpBEpaMH, MPOMYCKHOIO cripoMokHicTIO 90 Tepabaiit/cek. CriBmpalrst MiX ITKOJIaMH, BATIAMH 1 TIiT-
PHEMCTBAaMU MIPU3BETIO IO PO3POOKHU BCEOCSHKHOI OCBITHBOT MOJENi JJIsl yUHIB Ta CTYIEHTIB, TOOTO, CTBOPECHHS
HOBOT CHCTEMH YIPAaBIiHHS OCBITOIO 32 Y4acTi BChOTO CYCHIUJIBCTBA, HE MOKJIAJAI0UUCh JIMIIE Ha JCpKaBHY
miarpuMKky [38].

Hapaouzma oceimnbo-Haykoeoi it RPUKIAOHOT JiATbHOCHI 8 YMOBAX HEGU3HAUEHOCMT

[Mapagurma y 7anoMy BHIAAKY PO3YMIETBCS SK «IIPHUKIAI», «B3IpELby, Y 3aralbHOMY 3HA4eHHI — T€o-
PETHKO-METOAONOTiYHa MoeNb. [lepen TuM, K MogaTH aBTOPCHKY MOJENb HaBYaHHS, 3BEpHEMOCH 10 [32, c.
36], ne: mependadeHO YHIBEPCUTETCHKY aBTOHOMIIO Ta iIHCTUTYMIMHY crpoMokHIcTh 3BO cepen mpioputet-
HUX NpUHOMIIB po3BUTKY BO; B ocHOBI kKoHUIenTyanbHoi Mozeni BO Mae OyTu nmokiaaeHuid KibepHEeTUIHUI
MPUHLIKI HEOOXiTHOTO Po3MaiTTsA, y cTpykTypi 3BO icHYIOTh cTapTamn-leHTpH, 0i3Hec-iHKyO0aTopH, BUPOO-
Hu4i migpo3aiu [39, ¢. 37-38]; ma npyromy ertarri (3 2023 p.) — JOCATHEHHS PiBHSA IHCTHTYIIIHHOT aBTOHOMIT
Ta 3a0e3neveHHs criikoro ¢inancysanns gisuibHOCTi 3BO [39, . 59].

[TepcrieKTHBH «3€J€HOTO YHIBEPCUTETY» [27], MO3BOMHIN MPEICTABUTH KOHICTTYAIbHY MOMETH Tis-
asHOCTI HTY, mo no3utionyetsest sk PerionansHuil ocBiTHRO-HAyKOBUit norictnaani nentp (Lentp OHJI)
Ta QYHKIIOHY€E HA 3acafax ayrcopcuHry [19]. IHHOBaIliliHI aCIIEKTH Ta IEpeBard 3ampoONIOHOBAHOI MOJCII
OCBITHRO-HAYKOBOI i IPUKJIATHOI TISUTBHOCTI TIO3BOJISIOTH CTBOPUTH MEXaHI3M IS peaizaltii peopMyBaHHs
y rany3i BO 1opoxXHbO-TpaHCHOPTHOTO CHIPSIMYBaHHS Ta MEPCIEKTUBU HAJaHHS ayTCOPCHUHTY y BUKOHAaHHI
PI3HOMAaHITHHX POOIT Ha PEriOHATILHOMY PiBHI Ta IEPEHHSITH QYHKITIT MICIIEBUX aAMIHICTPAIIii, 110 JO3BOJIUTH
nepeiTH Ha OLIBII BUCOKiM piBEHb YHPABIiHHS PET10HOM, SIK-OT OXOPOHA 370POB’ S, PO3BUTOK KYJIBTYPH, CO-
miajabHi MpobsieMu To1o. OMHOYAaCHO, aBTOPaMHU MPEICTABICHO OaueHHs KadeapHu acponopTiB, sk JlabopaTo-
pii CHCTEMHHUX 3HaHb Ta PalliOHAIBLHUX IHGPACTPYKTYpHUX pimieHb (JlabopaTopis 3P) y cknazai Llentpy OHJL.

Ines crBopenns Jlabopatopii 3P Mae Ha MeTi 30epekeHHs i PO3BUTOK TaJJaHOBUTUX CTYAEHTIB, PoOy-
JUKEHHS B HUX AYXY 3aIOB3STIMBOCTI Ta B3AEMOJIIT 3 COIIAIBHOIO Ta BIPTYaJTbHOIO CIUTBHOTAMH, TIPOCYBAHHS
1HKJTIO3UBHOTO 1 CTIHKOTO Cepe0BHILA, HATOBHEHOTO 3MICTOM IPOMAJCHKOT0 IpocTopy. s iHTerpoBaHoro
0ayeHHs JOBrOTPHUBAJIOrO MPOCTOPOBOTO, COLIAIBLHOTO 1 EKOHOMIYHOTO PO3BUTKY TEPUTOPIl Ta TeCTYBaHHS
PI3HUX CTpaTeriii JOCATHEHHS HOBIOCTPOKOBUX IIIJICH Yepe3 KOPOTKOCTPOKOBI ii, epeadaueHo CIiIbHY Po-
00Ty CTyIeHTiB, (axiBLiB HAYKOBO-JOCTITHIX 1 KOHCTPYKTOPCHKHX YCTaHOB, CIIELialli30BaHUX Jadopartopiii,
MaJIoro i cepeiHbOro Oi3HECY KpeaTHBHOI IHAYCTPIi 1 MiCIIEBUX BUPOOHHUKIB MaJIMX apXiTeKTypHUX HOpM it
MICBKOTO CEPEIOBHINA 1 MaTepiaiiB I 0J1aroycTporo, puc. 6.
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B mexax JlaGoparopii 3P nependaueHo 3amydeHHs TBOPYOI CIIIBHOTH CTYACHTIB JI0 MPOCTUX TOYKO-
BUX IMPOEKTIB JIOKAJILHOTO MPOCTOPY, SIK-OT, 3yIMUHKA a00 aBTOMABUILHOH TPAHCIIOPTY 3arajbHOTO KOPHCTY-
BaHHsI, TUISTHKA BEJOMOPIKKH, MIIIOX1AHOT 30HU, aBTOMOOITBHOT IOPOTH, OY/iBIIl Ta CIOPYAU aepOTIOPTIB 10
MOCTYIIOBOTO 3pOCTaHHS PiBHS CKJIaJHOCTI MOBHOMACIITA0HNUX MPO€EKTIB Bennkoro OyaiBHUIITBA, MOEPHI3a-
1T Ta PO3BUTKY 1HQPACTPYKTYpPH aepoIOPTiB B MeKax KpaiHU. BHACTIIOK BUIIE TPUBECHOTO, TIepen0adueHo
cuHTe3 ocBiTHBO-TIpoGeciitnux mporpam BA ta CA dakynbTeTy TpaHCHIOPTHOTO OYMIBHUIITBA JIJISI ITOJIANTb-
IIOTO MPOCYBaHHS 1/1e1 MOIBIITHOTO AUIIOMY/CTYIICHS, 10 HAIAIOTHCS MICJIs YCIIIIHOTO 3aBEPILCHHS 3100y~
BadeM BO crijbHOT OCBITHROI POrpaMu meBHoro ukiy/pisast BO.

Pucynok 6 — [Tapagurma nisuteHOCTI JIabopaTtopii cucTeMHHX 3HaHb Ta pallioHaTbHUAX PIllICHb

Figure 6 — Paradigm of the Laboratory of System Knowledge and Rational Solutions

Taxox, Ha yaci 3alpoBaXKCHHS €IeMEHTIB NyanbHoi popmu 3000yTTst BO 3a mogensmu: 1) i3 iHTer-
POBaHOIO MPAKTHYHOIO M1 ATOTOBKOIO, 10 Nepeadavae MoeTHaHHS MepioJiB HaBUYaHHS JUIs 3100yBaviB (axoBoi
nepeaBuIoi yu nepuoi BO B 3aknani 0cBiTH Ta Ha MIAMPUEMCTBI; 2) 13 IHTETPOBAHOIO MPOQECIHHOIO isTb-
HICTIO IS ToeAHaHHsI HaBuaHHS B 3BO Ta Ha miANpHEMCTBI ISl THX, XTO BXKe 3700yB (haxoBy mepenBUILy
a6o nepury BO, mpaiitoe Ha miANpHEMCTBI Ta Mae OakaHHS TPOJIOBXKUTH HABYAHHS 3a CBOIM MpodiieM abo
npogineM, BU3HAYCHUM MimprueMcTBOM. HaramaiimMo, 1o ayanbHa CUCTeMa Ma€ Ha METi MiJABUIIUTH SKiCTh
MiArOTOBKM MaiOyTHIX KBali(iKOBaHMX KaJpiB 3 YpaxyBaHHSIM BHMOT POOOTOJABINB y paMKaxX Oprasiza-
LiHHO-BIIMIHHHUX ()OPM HaBUAHHS 3 OCBOEHHSM CyYaCHUX IHHOBaiHHUX BUPOOHWYMX TEXHOJOTIH Ta MOJ0-
JIAHHS PO3PUBY MIX TEOPIEIO 1 MPAKTUKOK, OCBITOIO 1 BUPOOHUIITBOM.

SIK BiJTOMO, OIIBIICTH CTY/ACHTIB, JIJIS OIJIATH OCBITHIX TIOCIIYT, 3MYIIIEHI MiAPOOIIATH B Tay3sX TOPTi-
BJIi, pECTOPAaHHOT'0 Ta TYPUCTHYHOTO Oi3HECY TOIIO, IO HE € CyMIXHUMHU 3 IOPOKHBO-0Y1iBETBHUM HANPSIMOM
MiTOTOBKY Ta BIIASIIOTH 1X Bij axoBoi opienrartii. Otxe, iHHOBaIii y BO 3 enemenTamMu JyaibHOI OCBITH
JIO3BOJIMTH MaiOyTHIM QaxiBisaM 3apodnstu B Hawii cuctemi TJK Ta HabyBatu npodeciiHIX HaBUYOK, 10
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3HAAO0ONATHCA iM B IOAAJIBIIIHN YIpaBIiHCHKIHM MisUTBHOCTI Ha BiINOBIHHUX MOcagax (axoBOT0 CIPSIMyBaHHSI.
Jyis iporo moTpiOHO: a) 3a0e3MeYnTH JOCIITHO-EKCIIEPUMEHTAIBHY Ta HAYKOBO-TEXHIUYHY POOOTH 3a 3aTBEp-
JUKEHUMU TIpOTpaMaMHy Ta 3assBKaMHU Ta 0) 3IyICHHS MaTepiabHO-TEXHITHOI 0a3H 3a MepeTikoM 3aTBeprKe-
HUX 0a30BHX MiANPHUEMCTB, YCTaHOB, JIAOOPATOPii TOIIO BUPOOHUKIB MPOAYKIii TPAHCIIOPTHO-IOPOKHBOT Ta-
my3i. ToMy, HAHOIIKIAM 9acOM TIOTPIOHO MIATH Y HAIPsAMi HaJaropKCHHS 3B’ S3KIB 3 yciMa 3aIlikaBIICHUMH
CTOPOHAMH, SIK MOKJIMBHI BEeKTOD iaeHTH(]IKaIil Ta yocoOnaenns Jladoparopii 3P B crpykrypi Llentpy OHJI,
puc.7. IIpo nepcneKTHBU Tany3eBoi aHAITUIHOT CTPYKTYpH AuB. [40].

OPI'AHU JTEPXBIIAITA MIHIHO®PACTPYKTYPHU MIHOCBITH VKPAITHU
BPY, KMV, TIEPXKABHI VKPTPAHCBESIEKA. 3BO JIOPOXHBO-
AIMIHICTPAIIT, OPTAHH VKPABTOJIOP, TPAHCIIOPTHOTO
CAMOBPSIYBAHHS. OTT JEPXKCIIEIBBS30K, TIPOSLIIO, KOJIETKL
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Pucynok 7 — @yHkuionaibpHa cipsiMoBaHicTs JlabopaTopii Ha B3aeMOJiIo 13 3aliKaBICHUMHU CTOPOHAMH
Figure 7 — Functional Focus of the Laboratory on Interaction with Stakeholders

Ha migroropuomy erarmi npoBeaecHo SWOT-aHai3 04iKyBaHUX Pe3y/IbTATiB Ta CIPUATIMBUX (PaKTOPiB
MapTHEPCHKOI CHiBOpali 3 poOOTONABISIMU MIOAO aAPEecHOi MATOTOBKH KaJpOBOTO MOTEHIiAY; CTaXKyBaHHS
HAyKOBO-TIEJIaTOT1YHUX TPAIliBHUKIB Kadeapu Ha 6a3ax poOOTOABIIIB Ta Bi/MOBIHA MiITOTOBKA iX MpPAIliB-
HukiB y HITIK HTVY 3a BiamoBimHUMH CIIEiaIbHOCTSIMH Ta CIEIliaTi3aisiMi TPAHCIIOPTHOTO OyMiBHUIITBA Ta
OJIHOYACHO, — MDKJAMCIUTUTIHAPHUMH 3B’ I3KaMHU; 3 YPaxyBaHHSM BHMOT POOOTO/ABIIIB PO3POOUTH SKCIICPH-
MEHTaJIbHUH po0OUrii HaBYAIBHHI IUTaH Ta Y3rOJAMTH iX IIAHOBUH piBEeHb KBajidikallii/kaTeropii 3 HaBYaIb-
HUM IDTaHOM KadeapH;, po3paxyBaTH 3araibHU (DOHI €KOHOMIl TOJIUH TEOPETHYHOT'O HABYAHHS 32 JICPIKaB-
HuUM ctangaptom ocsitu Ta OIIIT (OHIT) 3a yMOB AyanbHOi ccTeMH Ta NepeBar Ajsl CTYACHTIB i poboToaas-
1B 30KpeMa Ta e KaBH B I[IOMY; IIepea0aYuTy po3poOKy 0a3u JaHUX IS MOCTIHHOTO MOHITOPUHTY Mparie-
BJIAIITYBaHHS Ta MOJATBLIOT0 POCTY KBallidikalii i nepcneKTHB Ha pUHKY Mpali BUITyCKHUKIB Kadeapu Llen-
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tpoM OHJL. [lpomy Mae mepenyBaTH MyJIbTHILTIKALIS AOCBiAY Ha Kadeapu CHOpigHEHOro NpodiTio AJs: y3-
T'OJDKEHHSI CYMICHHX €TalliB JIOCiTHO-CKCIIEPUMEHTAIEHUX Ta HAYKOBO-TEXHIYHUX POOIT; YHUKHEHHS TPOSBIiB
HEZI0OPOYECHOCTI ITiJT Yac BUKOHAHHS IePKaBHUX Ta TOCTIIOTOBIPHUX TEM JTOPOKHBO-TPAHCIIOPTHOTO W JOPO-
XKHBbO-OYAIBETFHOTO CIPAMYBaHH:; 0QOpMIICHHS pe3ynbTaTiB (yHIaMEHTaIbHHUX, €KCIIEPUMEHTAIbHUX Y1
MPHUKIIATHUX JOCITIIKEHb.

Homaiimo, mo Toproeo-mpomuciioBa nanara (TTIIT) pa3zom i3 ramyzeBoro npodcerminkoro (I1C) maroTs
CTaTH OCHOBHUMH 3aLliKaBJICHUMH CTOPOHAMH Y HaJaroKeHi e)eKTUBHOTO B3a€MO3B 13Ky MiXK T'ally3eBUMH
i ITpUEMCTBaMH, ycTanoBamu Tomno i3 Llearpom OHJI B3araii ta 3 Jlabopartopiero 3P 30kpema, sk OCHOBHOT
nabopatopii 3 IpoIyKyBaHHA BUCOKOKBaTi(PiKOBAaHHMX CIIEIHaJIiCTIB 32 ceun(piYHUMH HamnpsiMaMy OCBITHIX
nporpam bA Tta CA, 3arpeOyBaHuX HaIliOHATEHUM, €BPOIEHCHKIM Ta CBITOBUM pHHKaMH Tpaili. [Ipu domy
sanyueHHs TIII mae nependayaT KOHCYJIBTALIIIO FATy3eBUX MIAMPUEMCTB 1100 HABYAHHS; 3MIHCHEHHS ITij-
TOTOBKH iHCTPYKTOPIB 1 IIepcoHaly; MepeBipKy 1 cepTudikariio rary3eBoro mianpueMcTsa, o 341HCHIOE i-
TOTOBKY 3a IyaJIbHOIO CHCTEMOIO; 3MIMCHEHHSI ayIUTY, IEPEBIPKU BUPOOHUIOTO HaBUYAHHS Ta apOiTpak BUPi-
LICHHS CHIPHUX MUTaHb MIX Kadeaporo, CTYJCHTOM 1 Tady3eBUM IMiANPHEMCTBOM; OPraHi3aliio IPOMIXXHHUX
(MOIYJIBHHX) ICTIUTIB; M ATPUMKY TATY3€BHX ITiIITPHUEMCTB IIiJT Yac TOITYKY CTYICHTIB; OpraHi3allii BiamoBiI-
HuX (haxoBHX 3ax0iB. Y Toil ke gac [IC 3amydaeTbest 10 y3roKeHHS OIUTaTH 33 HaBUYaHHS; KOHTPOJIO BHPO-
OHMYOTO (NMPUKJIaTHOr0) HABUYAHHSI; YYacTi y po3po0Ili CTaHAapTIB OCBITHIX MpOrpaM; eKk3aMeHaliiHux/aTec-
TarifHUX CIUIBHUX KOMICIH.

[Momo crierudiky iHKIIO3UBHOTO CEPEAOBUIIA, CIIiJI BpaXyBaTH JIOKAIi0 Kadeapu Ta MOKIUBICT JTi-
cTaTucs O Hel Yepe3 LEeHTpalbHY TPAaHCIOPTHY OpaMy, BUKOPHCTAHHS BaHTaKHOTO J(TY, TAKOXK, 3pydHe
CYCIICTBO 3 YUTATHHOIO 3aJI0F0, MOXKIIMBICTH 33I0BOJICHHS Oioorigaux motped (Tyaner). [lorpedbyBatume mo-
JaTKoBe 0OJalITyBaHHS MaHAYCiB Ta PO3LUIMPEHHS OTBOPIB ABEped 10 camoi kKadeapH Ta aBAUTOPIH, mo i
1 IIOPSAKOBaHI, 715 3400yBadiB, SIKi KOPUCTYIOThCS Bi3KaMH.

B KOHTEKCTI BHYTPIIIHBOI B3a€EMOI1 3 CTPYKTYPHUMH HiAPO3iiaMi YHIBEPCUTETY, CIiJi HATOJOCUTH
Ha noTpeOi y 3amydeHi (paxiBLiB 3 IHO3EMHHUX MOB Ta iHO3eMHO{ ()iI0JIOTIT 10 AKICHOT MIATOTOBKH TEXHIYHOTO
TepeKyIaay MOJaHoTO 3MICTY MaTepialliB Ta pe3ybTaTiB HAYKOBUX JOCITIKEHb Kaeapn y BUTIISAAL T€3 TOII0-
Bizei, pedepartis, ctareil 10 KOHPEPEHLiH Ta )KypHaIIiB, [0 BXOAATH A0 HAYKOBO-METPUUHUX 0a3 JaHUX abo
10 Tepettiky (paxoBUX BUAaHb YKpaiHu. 3adydeHHs MaHOyTHIX (hiJI0JO0TIB A03BOJIMTH 3 OAHOIO OOKY 3arino-
JIEHHS Y TIpeIMET HaBYaHHS Ta MOCTIHHY MPaKTUKY MTepeKIIaay i 3a0e3nedeHHs] BUCOKOTPOheCIHHOT iaroTo-
BKH OakanaBpiB Ta MaricTpiB 3a ¢axom nepexnaay aas TK, mo B nogansmoMy nocnpusie HajaaroHKeHHIO
MMApTHEPCHKUX CTOCYHKIB 13 3apyODKHUMH 1HBECTOPAMH Ta ITAMPUEMCTBAMH, 3 1HIIOTO OOKY — 36KOHOMHTH
3HAYHI PeCypCH aBTOPIB Ha AKICHUH MepeKial.

OcnHoruuM 3aBnanHsaM BO y XXI cT. € po3BUTOK MHUCJICHHSI, OPIEHTOBAHOTO Ha CTililke MaOyTHE Ta
SIKICHY MiATOTOBKY BUCOKOKBaJIi(hikOBaHOTO (haXiBIisl Y BiAMOBIAHOCTI 1O iHHOBAI[IHHMX TEXHOJIOTH, BU3HA-
yeHnXx HarioHanbHOI0 TOKTPUHOIO pO3BUTKY O0cBiTH YKpainu y XXI cT., HalioHansHOIO cTpaTerieio po3BUTKY
ocBiTh B Ykpaimi Ha 2012-2021 pp. Ta TpyHTyeTbcs Ha PEKOMEHIAIiIX PuMmchkoro MiHICTEpPCHKOTO
KowmroHike, Ik OCHOBOIIOJIOKHOTO JOKYMEHTY, 1[0 OKPECIIIOE MPIOPUTETH PO3BUTKY IJIsl KpaiH €BpOnenHchKOro
npocropy BO (€TIBO) na mactynHi 10 pokiB. Y Toii e 4ac, yMOBH HEBU3HAUEHOCTI MaHAEMil KOpOHaBipycy
BHUSABHJIN HACTYIIHY MMapaJurMy:

- IPO30PICTh SIKOCTI OCBITH JIO3BOJISE JIETKO ITiJ'€THATHCS 10 JISKIIii, CeMiHapy abo OyAb-IKOTO 3aIHCy,
3a JOTIOMOTH JOCTYITHUX MPOAYKTIB MOKHA OpraHi3yBaTH KypcH Oyab-IKO1 CKJIATHOCTI — BiJl MPOCTHX BeOi-
HapiB J0 MOBHOLIHHUX HaBYAIbHUX IPOTPaMm;

- cisibHe po3pobaenHs 3BO 1 6i3HecoM oH-NaiiH OakazaBpaTiB Ta MariCTpaTypu MPONOHYE BiIKPUTUH
B110ip 10 mporpam BO Ha ocHOBI 1u(ppoBoro ciiay Ha CBOi# mwiaTdopmi. 3MilllaHe HABYAHHS CTa€ CTaHIAp-
TOM, MIPEeJUKATUBHA aHATITUKA 1 IITYYHUH 1HTENEKT 3MiHIOIOTh OCBITHI TEXHOJIOTIT Ta MiIXOAM, OCBITHI TpO-
JYKTH TIEPCOHATI3YIOTHCS Mij] MOTPeON 3aMOBHHKA Ta KOPUCTYBAUa;
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- IpoBeeHNH aHali3 TU(POBOT iIHPPACTPYKTYPH OO0 TPAHCIALIT 3aHITh, BUKOPUCTAHOTO BiI€O-KOH-
(epeHI-3B'13KY, 30epe:KEeHHS BEIMUE3HOT0 KOHTEHTY BUMArae 3aXucTy iHTeJIeKTyallbHIX paB Ha BUKJIAACHI
Y BIAKPUTOMY JOCTYIII JIEKIIT 1 3aHATTS Ta MOTpeOye inBecTyBaHHA R&D (mocimkeHHs Ta po3poOKH), AU3aiiH
1aT$hopM 1 METOIUK HABYAHHS;

- yepe3 eKOHOMIUHY KPHU3y Ta BTpaTy poOOTH 3pOCTaE IMOMUT HAa OTPUMAHHS IPYT'0i OCBITH, 3MIHIOETHCS
TpaeKTopis Kap'epu 1 popMaTu 3alHATOCTI, KOMIIAHIl IOYMHAIOTH CITUPATHCS HA JaHi i insight, 10 oTpuMaHi
B Pe3yJIbTaTi AaTa-aHaliTHKH (3a naHuMu Gartner Inc. TpeTHHa 3 HUX B)KE BIIMOBMIIACH BiJI IITATHOTO MEPCO-
HaJy Ha KOPUCTh CAMO3aiHATHX ), TIOCAIOB] pAMKH CTaIOTh BCE OUTBIN THYYKHMH - Ha TIEPEIHIH TUTaH BUXOIATh
He GopManbHi 000B'SI3KH, a HABUYKY;

- TIOCHJICHHS POJIi KOPIIOPATHBHUX YHIBEPCUTETIB Ta 3pOCTAHHS YHCIIA MIKHAPOIHOTO MapTHEPCTBA,
CTa€ MOXKIIBUM 3aBJISIKK OH-JIAHH (hopMaTy, 10 JI03BOJISIE 320MAIUTH 3HAYHI KOINTH Ha OPEH/Ty MPUMIIICHB,
TPaHCHOPTHI BUTPATHU Ta BiAPSIKCHHS Yepe3 3aly4eHHsS BUCOKOKBaTi(pikoBaHHX (paxiBLiB OH-IAlH;

- 3MiHEHHS MTOBEIIHKH Yepe3 THYUKICTh Tpadiky oH-JIaiH (popMaTy HaBUaHHS, IO 3pyYHO BITUCYETHCS
B MOBCSIKACHHE KUTTS; A0 PeUi, CTYACHTH OOMPAIOTh JKMBE CIIIKYBaHHS 3 BUKJIaJaueM i OZHOTPYITHUKAMU,
3aIyCKaIOTHCS aHTUIPOKPACTHHAITIHHI MapadOoHu IS 3aJTyIeHHS CTYICHTIB, SKi 3aMiCTh HaBYaHHS OJyKalOTh
B COIIIAJILHUX Mepekax; MPUIISIEThCS yBara Bike chopMOBaHHUM HOBUM ()OopMaM poOOTH Ta BUKIIAIaHHSI, TIO-
minmeHHs ¢popMatiB KoMyHikalii 1 wellbeing (6maromomyyus), TOOTO MeHTaNbHE, (Di3UYHE, ICUXIYHE, EMO-
IiifHE 3I0POB'S 1 piBHOBArYy.

OTKe, MPUCKOPEHU PO3BUTOK 1 MacIITa0yBaHHSI OCBITHIX TEXHOJIOT1H, BHACIIAOK KapaHTHUHY, BUMa-
raroTh iHTErpamii cepBiciB OH-IalH KOH(EpeHLil 1 MacOBUX BIAKPUTHUX OH-JIAfiH KypCiB 10 KIACHYHOI CHC-
temu BO, HaBYaHH: 3a 3aIIMTOM, epcoHani3aiii i ['efimidikarii, 3mimany ¢popmy ocBity, nocuieHHs IT-kom-
noHeHT 1 soft skills B mporpamax 3BO Ta nepexBamidikallii BUKIaaadiB BiAMOBITHO A0 X TPEHIB.

B koHTeKcTI Bullle mpuBeaeHoro, nposeAacHuin SWOT-aHai3 qisibHOCTI Kadeapu aeporopTiB J03BO-
JIMB BU3HAYUTH HOBY MICiI0, 1110 MOJIsrae B miarotoBui ¢axisui piBHiB BO 6akanaspis/marictpis 3a OIIII BA
ta CA, 3aTpeOyBaHMX HalllOHAJBLHUM, €BPONEHCHKAM Ta CBITOBUM PUHKaMH Ipali HUIIXOM (GopMyBaHHS y
BHITYCKHHKIB HEOOX1JHUX 3HAHB, PO3YMIiHHS, HABUYOK, YMIHb 1 KOMIIETEHTHOCTEH. BHACTIOK IThOT0, OaueHHs
kadeapu — OyTu IpOBiTHOIO Ta BU3HAHOIO KaeAPOIo Ha HALlIOHATEHOMY 1 MIKHAPOJHOMY PiBHI y Taiy3i mia-
roroBkH crremiaiictiB 3a OIIIT (OHIIT) BA ta CA, mo 3a0e3mnedye cydacHi, BACOKOSKICHI 1H)KEHEpPHI 3HAHHS
Ta MPOTIOHYE MEePEOBI TEXHOIOTI1 OYIIBHUIITBA ¥ MPUKIIATHUN CUCTEMHUH aHam3. B Mexax crparerii kade-
Jpa MPOBOJIUTH HAaBUAIbHY, METOINYHY, BUXOBHY Ta Mpo(OpieHTAalliiiHy, Y TOEIHAHHI 3 HAYKOBOIO, HAYKOBO-
JOCITITHOIO T2 HAYKOBO-TEXHIYHOIO HiSUTHHICTIO; 3aCTOCOBYE CTYICHTOIIECHTPOBAHHUN IiAX1M, B OCHOBY SIKOTO
MOKJIaieHa KOMIIETEHTHICHA MOJIENb (axiBIsl, 1110 CTBOPEHA 3a y4acTi BUKJIaAayiB, poOOTOIABIIIB 1 BUITYCKHU-
KiB, puc.8.

I"acio «Ha BapTi cuCTEeMHUX 3HAHb Ta PO3BUTKY PAIliOHANTBHUX PIIICHBY € BU3HAYAILHUM JIJISI KadeIpu
aepomopTiB 3 yacy ii 3acuyBanHs 2002 poky, BiAMOBITHO, 1€ Ma€ KOPEIIOBATHUCS Oe3MOCepeHbO 13 MOKIIU-
BHMH HaIlpsiMaMu Kadeapu Ha HaHOIMKYy MEPCIEeKTHBY, pUc. 9. 3 oAy Ha Te, 10 0COOJHMBOrO 3HAYCHHS
HaOyBae Tpiaga «BUKIMK — NOTpebda — BUMOTra» Ta BTUICHHS 1HHOBauidHMX TexHousorid BO, mpencraBnena
MOJIEJIb «METOJY HaBYaHHS — pPEe3yJbTaTH HABUAHHS — OLIIHIOBAHHS» 32 KOMIIETEHTHICHHUM alTOpUTMOM
«GHaHHSI Teopil — BMiHHS MPHUKJIAHOTO 3aCTOCYBAHHS — HABMYKHU BOJIOJIHHS TEXHOJOTISIMI JUTS TTOCHIICHHSI
B3a€MO3B’SI3KY «BHKJIaa4 — CTYJICHT — pOOOTOIaBEIbY, 10 JOBOJUTH PE3YJIBTATH OCBITH A0 BUMOT poOOTO-
naBiiB i 3abe3nedenns TJIK BucokokBamidikoBaHUMH Kaapamiu. Lle Bce 3a1eXuTh Bifl IKICHOTO BHKJIaallb-
KOTO CKJIazy, IO MOEAHYE, TAKOXK, HAYKOBY IMiSUTBHICTD 3 MOJANIBIINM BIPOBAIKEHHAM PE3yJIbTaTiB AOCITi-
JKEHb Ta BCTAHOBJICHOTO KOPIIOPATUBHOTO KJIIMaTy Ha Kadeapi.

3aydeHHs HAyKOBO-TIEIarOTiYHUX MPAIiBHHUKIB IO MMPOEKTIB Ta MPOTpaM Talry3i TOPOKHBO-TPAHCIIO-
PTHOrO OYAIBHHULTBA CTAIOTh peaJIbHUM B3ipIieM JAJIS CTYACHTIB Ta 3HAYHUM BaskKeJIeM IOBaru 10 OTPUMaHOTO
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JocBify mix yac HaBuaHHA y 3BO, crioHyKaloTh 10 BCeOIUHOTO iX 3adydeHHS A0 Pi3HOMaHITHHX cep Tisib-
HOCTi (HE TiNbKH HAaBYaHHS) BiJl SIKOTO 3aJIe)KUTh MaiilOyTHE BUITYCKHHUKA y MMOJANBIIOMY MpalleBIAITYBaHH]
3a axoBOIO OPIEHTAIIIEI0.

Jnst peanizalii KOMIIETEHTHICHOTO aITOPUTMY «3HaHHS T€OPii — BMIHHS MPHUKJIAJAHOTO 3aCTOCYBaHHS —
HaBHWYKH BOJIOJIHHS TEXHOJIOT1SIMI» BUKOPUCTAHO CUCTEMHUH TIIX1T SIK 3aci0 BUBYCHHS, aHAJI3Y 1 y3araib-
HEHHS IeAaroriyHux (HakKTiB 1 ABUII y Mi1aJCKTHUYHOMY IIPOILIEC] Mi3HAHHSA, 110 T03BOJUB BHKJIagadyaM: 1HTET-
pYyBaTH CBill IpeAMET A0 1HIIHNX (axOBHUX ITUCHHUILTIH; YiTKO BU3HAYATU NMPIOPUTETHI HAMIPSAMKN BUKJIaJaHHS;
CTPYKTYpYBaTH HaBYAJbHI 3aBJaHHS, a caMe: ()OPMYITIOBaHHS KiHIIEBOI METH HAaBUYAHHS; BU3HAYCHHS KiHIIE-
BOTO PiBHs 3HaHb CTYJEHTIB; BiI0ip 3MIiCTy HaBYaJILHOTO MaTepiany; po3po0Ka KOHKPETHOI TEXHOJIOT1i opra-
Hi3aIlil HABYaJILHOTO MPOIIECY; 3MIHCHEHHS HaBYaHHS; MPOBEACHHSI KOHTPOJIO, aHaJIi3y Ta OIIHKH PE3yJIbTa-

T1B.
CTPATEI'ISA
COEPHU AAJIBHOCTI
BHXOBHA TA
HABYAJIBHA METOJIHYHA IIPO®OPICHTAIIITHA HAVKOBA JOCILIHHANIBKA
- VZIOCKOHAJIEHHS OTIIL, PIT. - BHKOPHCTAHHA - TIOTTY JIAPH3ALILA = BPH“OH—% J%;Ii?m:-\s}mx - BUCOKWii PIBEHD
 TTBMIEHHA CYYACHHX EDKEHEPHOI OCBITH: M T TTEPHMENT
mmmm;mm HPOPMALIIHHX -3YCTPMITA T e rggémggm{x
- 3ATVYEHHSA 710 TEXHOJIOT TH: CEMIHAPH 3 - IIVBJIKALLA Y _IIPOBEJTEHHA
BUKJIATAHHA - BITEO KIIITH POBOTONABLUAMH; LEEONMETEMIH X bica JIOCIIITHULBKIX POBIT, IO
BTG E o JIOKYMEHTAJIBHI - 3ATIVUEHHS - MABHIEHHA AKOCTI BA3VIOTBCS HA BHPOBHHYHX
~ AKAZIEMIYHA CTPMKH CTYZIEHTIB 10 OUHIR, TTOTPEBAX IIPOBITHHX
MOBUTBHICTS BHKITAJATIB:; - 3ATTYYEHH HBECTOPIB HAVKOBHX Pt BITIM3HHUX IUIPHEMCTB
- IIPOCYBAHHA 3 [IPH30BHM ®OHIIOM HA JOCIIDKEHD/ MIDKHAPOHUX TPAHTIB: TA VCTAHOB. 3A
EEe IPOBEJEHHS ETAIIIB JTABOPATOPIA 3 m&%’?gg ﬁ_\";&?ﬁgw MDKHAPOJTHUM
MY OJTIMITL 4 y
AHILIOMY/CTYTIEHS: ALl R CIIIBPOBITHHIITBOM;
- 3ATIPOBA/DKEHHS - 3ATVYEHHA CTYIEHTIB IO
JIVATIBHOI OCBITH TOCTIITHHLBKHX POBIT

Pucynok 8 — Ctpareriuni HanpsMu Kageapy aeporopTiB 3a YMOB HEBH3HAUYCHOCTI MaHAEMii KOPOHABIPYCY
Ha 2021-2022 poku

Figure 8 — The Strategic Directions of the Airports Department under Conditions of Uncertainty of the
Coronavirus Pandemic for 2021-2022

==

OINC TA IUIAH [
TIIBHINEHHA HAYKOBOI'O PO3BHTOK JTHIAKTHYHOI'O PO3IIHPEHHSA MIKHAPOTHOL
PO3IIHPEHHS OCBITH TOTEHITATY MOTEHIIATY CHIBIIPATI
- VIOCKOHAJIEHHA - OH-JIAVMH CIIIBITPALLA I3 -3AXHCT ACTIIPAHTAMHU JBOX - OH-JIAVH CITIBITPALA I3

JUCTAHIIMHOIO HABYAHHS;
- CTBOPEHH YMOB
3ATIPOBADKEHHA IIOJIBIHOIO
JMILIOMY/CTYIIEHA TA
JIVAJIbHOI OCBITH BA TA CA;
- VCINIIHE [TPOBEJEHHA
BCTVIIHUX KAMITAHIM BA TA
cA

TIPOBIIHHMMH HAVKOBO-
HABYAJIbHUMH YCTAHOBAMM ;
- BUIAHHJ V HAVKOBO-
METPHYHHX BA3AX SCOPUS TA
WOS:

- PEATIBAIIA TOCTIIOrOBIPHUX
TEM

3AKOPJIOHHUMH 3BO:

- VIACTD V MDKHAPOJTHHX
HAVKOBO-TIPAKTHIHHX
KOH®EPEHIILIX OH-TAHH:
- VIACTb Y MDKHAPOJHUX
TIPOEKTAX

KAHTMIATCBKHX JUCEPTALII:
- IMBUITEHHA KBATIPIK AL
BHKJIATAYIB. B T.4. 3A PAXYHOK
VYACTIY MDKHAPOJHHX

"KTAX

Pucynok 9 — Opientupu kadeapu aeponopTiB 32 yMOB HEBU3HAUCHOCTI MaHAEMii KOPOHABIPYCY
Ha 2021-2022 poku

Figure 9 - Landmarks of the Airports Department under Conditions of Uncertainty of the Coronavirus
Pandemic for 2021-2022
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CucTeMHMIA MiIXiT JO3BOJIMB BU3HAYNTH MEPCIICKTUBY HABYAHHS, HOTO OCHOBHI B3a€MO/IiF0U1 KOMIIO-
HEHTH 3 ypaxyBaHHSIM MPOBIAHUX TCHACHLIH 1 IPUHLIHUIIB CyCITiIBHOTO PO3BUTKY; pealibHi MOTPEOH 1 MOXKIH-
BOCTI Cy0’ €KTiB HaBYaHHS, KOOPAMHAIIIO 1 CYOOPAMHAINIIO TAKUX BEITUKUX CHCTEM, SIK OCBITa, HayKa 1 BIPOBa-
JOKCHHS, a TAaKOX JIO3BOJIUB BiJJOOPa3HWTH KiIbKiCHE U siKicHe 3poctaHHs BO Ta mporHo3yBaTu OCBiTHI HpO-
IIECH, 3 ypaxyBaHHSAM BUMOT CYCITIILCTBA Ta POOOTOMABINB. Y MiJICYMKY OYyJI0 BCTAHOBJICHO OpTaHi3alliiHAMN,
METOJIUYHUN Ta TEXHOJIOTIYHUH OJIOKH MOKJIMBOCTI 3MilaHoi popMH HaBYaHHS 33 YMOB HEBHU3HAUEHOCTI I1a-
H7eMil KOPOHaBIPYCY.

Buknanavi cTaroTh MPOBITHUKAMH CaKpAJLHOTO BHCIIOBY «...JAEMO He puOY, a ByIKY..». He cekper,
IO CTYJEHTH ITiJ] BIUIMBOM JIETKOI «300MYi», 10 MPOMOHYIOTH 0e371i4 3acTOCYHKIB Ta [HTepHeT-pecypciB me-
peOyBaroTh y CKpUBJICHIN «BipTyadbHIH peasbHOCTI», ¥ HaIlla 3a1a49a TOBECTH J0 HUX, IO «peajii BipTyab-
HUX CBITiB» Ta MapHyBaHHS 9acy Ha HAKOIIMYCHHS BiJIITOBITHOTO irpOBOTO IOCBIAY (X04a, € TOCITIHKEHHS 110
irpoMaHist po3BuBa€ crenngiuai HaBUUKK) abo mepersay 0e3midi po3BaXalbHOTO KOHTEHTY HE CTBOPIOIOTh
y MACYMKY IIIHHOCTI, 32 10 HapaxOBY€EThCS 3ap00OiTHA TUIATHS IS 3a0€3nedeHHs 3ap0o0iTKy HE TUTHKH «HA
XJIi0 HACYIIHUY, alle 1 IS IOBHOIIIHHOTO KUTTS CiM’1 B CYYaCHUX YMOBaX.

IHdopmarriiro cj1ix mogaBaTi HEBEIUKUM 00CATOM. BaXkIMBO MpUBECTH BUCHOBKH YKPATHCHKOTO HEHPO-
¢iziomora bormana Tkada mpo Te, IO HEACOIMIaTUBHIN JIOACHKIM mam'saTi MOTpiOHO 23 XB. IJIs 3aCBOEHHS
OTpUMaHOI iH(OpMaIIii, i SKIIO BOHA BAXKJIMBA, TO IIEPEXOIUTH JI0 ITaM'sITi JOBrOTPUBAIOTO aCOIliFOBaHHS (TaK
3BaHa JcHHA mam'siTh). O00B’ I3KOBO BUKOPHUCTATH I epedhopMaTyBaHHS KIIACHYHHUX PO3KJIAIIB MO0 TPH-
BaJIOCTi 3aHATH Ta IepepB MK HUMU. Takoxk, iH(popMaliro ciif mojaBaTy y BUIJISAII Ipe3eHTAalil 3 Bi3yaiza-
uiero 00pas3iB 1010 TEMH JOCTIKEHHS (32 OLIIHKaMH eKCIIepTiB BUKOpUCTaHH: 00pa3is 10 10 pa3iB 30ibirye
00csTH 3aCBOEHHS MaTepialy); ayaioKOMeHTapi (ToJIoc 3a KaapoM); BiZeo KK o0 ¢ikcarii, HampHuKIIa,
AKTyaJIbHOCTI, 00’ €KTY Ta MPEAMETY JOCIIKCHHS, METH Ta TOCTABJICHUX 3aJla4, MPAaKTHYHOI I[IHHOCTI abo
e()EeKTUBHOCTI IMPOEKTHHUX PIIICHb, BUKOPUCTAHHS KIHOJOKYMEHTAIICTHKHU JIJIs BiOOpakeHHs cremiaizarii
€TaIliB TEXHOJIOTIYHUX/BUPOOHUYHX MPOLECIB Ta HACIIAKIB/MacITabiB iX MOpyLIeHHS.

Crij BUKOPUCTOBYBATH POJILOBHIA (DaKTOP ITiJl Yac HaBYAHHS ISl CTBOPCHHS Y CTyIeHTa 00pa3y Mai-
OyTHBOTO KepiBHUKA (IS OTIEPAaTHBHOTO, TAKTUYHOTO, CTPATETiYHOTO PIBHIB YIPaBIIHHSA), MO Oe3Mmocepe-
HBO 3MYILY€E OTOTOKHIOBATH ceOe 3 IMM KOHKPETHUM MEPCOHAXKEM HE TIIbKUM B MOMEHT [ii, ajie i B MOMEHT
PO3MipKOBYBaHHS, OUiKYBaHHSI, TIEPS)KUBAHHS BTPATH/TIEPEMOTH TOIIO, 0 Ma€ BIAOUTHCS Ha SKOCTI 3JiiC-
HEHHs €TalliB aHaJli3y Ta MOIIYKYy MPOOJeMH, TIPUHHSITTS pallioHATHHUX MPOEKTHUX PIMIeHb, iX OCTATOYHOI
peaizariii 30kpemMa Ta SKOCTi OCBITHBOTO MPOIECY B IIIOMY.

B pamkax HehopMabHOT OCBITH, CJIiJI 1OATH, IO MEPEXia Bl KJIACHYHOIO BUKJIaJaHHS TEOPETUIHOIO
MaTepiaiy (3a3BU4aii MOHOTOHHE BUMOBJISIHHS 3 ITHOPYFOUMM ITOTJISZIOM TIOHAJI TOJIOBAMU CIyXadiB) 10 HOBa-
MIMHUX TIPUHOMIB CIIpHUsiE SKICHOMY 3pOCTaHHIO €(PEeKTHBHOCTI IpOIlecy HaBYaHHS i OCBITHBOI IMOCIYTH Ta
MOJKHA CITIIBCTABUTH 31 CTBOPEHHSAM BHCOKOOIOKETHHX TBOPIB y KiHOIHAYCTpIi: 3auByBaTH ((heepBepk abo
CBIXI crieniepeKkTH); MPUMYCHUTH 3aBaraTucs (KackaJepu i akpoOaTu); BiIUyTTs 3araaku/TaeMHULi ((oxyc-
Huky/akipu To1o). MoKIMBO CKOPHCTATUCS HOBOBBEACHHIMHM 3a (DOPMOIO Ta 3MICTOM BHUKJIaJaHHS, Cepel
SIKUX MOXE OyTH €KCTpaBaraHTHUH BUTIIAT 200 (popMa BUMOBJISIHHS JISKTOPA (3BICHO, ECTETHYHO Ta 3MICTOBHO
JOBEZICH1), KpPOCBOPAH-PeOyCH, AEBI3U-TO3yHIH, BipILi, a MOXe 1 MicHi (TOH ke pen abo pok). Y gaHoOMy BH-
MaJIKy «CHITbHA TPay BUKJIA/Aya, SIK «PEXKHCEpa» Ta CTYNICHTA, SIK «aKTOpa» Ma€e 3MYCUTH OCTAaHHBOTO, TICIIs
e(eKTy 3AMBYBaHHs, 3aBaraTHCS Ta BUSBUTH Oa)KaHHS 3MIHHUTH CBill CITOCIO XKUTTS Yepe3 aHali3 CBO€EI MOBe-
JIHKH, HAa OCHOBI CBOIX BJIaCHMX MiH, HE3aIO0BOJCHOCTI MOOYTOM, O€3MOCepEaHIM OTOUYCHHSIM, BUMOI 4Yacy
TOLIO.

OcTaTOYHNUM PE3yNBTaTOM 3aJy4eHHS CTyIIEeHTa 0 CaMOCTIHHOTO PO3raJyBaHHs «Ta€MHHUIBY Ta OCO-
OMBOCTEH MalHOYTHBOT CIICIiaIbHOCTI Ta 00PaHOI crieliani3aliii Mae MPU3BECTH O PO3B’sI3aHHS MPOTUPIUYSL
3 YSIBJICHHSIMH PO caMoro cede, sIK «CMoXuBaya o0pa3iB», i Mo HABKOJIHILIHIO AIHCHICTB, SIK-OT IPOOIEeMHU
PO3BHUTKY CYCITIILCTBA, CTAHOBJICHHS 1HINBI/IA, ITI3HAHHS CBITY Ta OCTATOYHO 3aKPIilUTH I[IHHOCTI/igeann Mai-
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OyTHBOTO BUITYCKHHKA. BaKJIMBUM B IbOMY € 3aCTOCYBaHHS IPUKIIATHOT OCBITH, 32 SIKOi 33/1a€ThCS MeXa B3a-
€MO/Iii palioHaILHOTO Ta ipPalliOHAIBHOTO 1 JOAA€THCS KPaIIsl PO3CYUIMBOCTI/30POBOTO IITy3/1y, BHACHTIJOK
YOT0 CTYIEHTH IIePECTalOTh MPISTH, a IEPEXOAATH 10 IPOEKTYBAHHS 1 CKJIalaHHs Oi3HEC-TUTaHIB 32 00paHOI0
CHEIATFHICTIO Ta MAIOTh OTPUMATH 33/I0BOJICHHS BiJI OUiKyBaHUX Pe3yIbTATiB.

VY macyMKy 10 Apyroi 9YacTHHW HAIIOTO JOCIIHKEHHS BU3HAYMMO, IO cucTeMa TexHiuHoi BO B Yk-
paiHi yBIMIIIIA 1O CTadii KOJIATICY, III0 OYEBUIHO Ta BUMArae HETalHUX i, BPaXOBYIOYH, 1[0 Y HAC MEPTBUM
BaHTa)KEM JIe)KaTh HEOOXi/IH1 U1 IHOTO pecypcu. Jliist BUTIpaBIeHHS CUTYAaLi1 NePIIOPSAHUMH HPOTIOHYETHCS:
no nepuie - SKHAWIIBHIIIINK TTepex i1 10 IHTEpAaKTUBHUX METOJUK HaBYaHHS cTyNeHTiB. HeoOXiHO cTBOpIO-
BaTH HE MiJPYYHHUKH, & IUKIU KIIOYOBUX JIEKLIH y Bizeo dopmarti, i, 10 OCOOIMBO BaXKIUBO — TEMaTHUHI
LUK HAYKOBO-ITOMYJIPHUX (BIIbMIB, Y SKHUX MMOBUHHI OYTH IIPOCTO, 3p03yMIJIO 1 HAOYHO 3a(hiKCOBaHI Haii-
BKJTUBIIII TEXHOJIOTITHI TPOIIECH, IO BiAOYBAIOTHCS HAa peaTbHOMY BUPOOHHUIITBI, 3 KOMEHTapsIMH (PaxiBIliB
TakuX mianpueMmcts. Llei Menia KOHTEHT MOBUHEH OyTH 3BEACHUH 0 €TUHOT 0a31 NaHUX YHIBEpCHUTETY, 10C-
TYyI 10 Hel HOBMHEH OYTH IUTATHUM, a KOH(IAECHIIIAHICTD 3’ €qHaHHs 3a0€3MeuyBaTHCs 1HAUBIAyalbHUMH I1a-
pomsimu. [TonibHi MeToauKM (30KpeMa, TECTYBaHHS CIyXadiB OCBITHIX IporpaM) BXKe HalpalbOBaHi, HAIIPH-
Kiaj, B koMmanii «CkaHis», 1 mokasanu cede ayxe epekTruBHO. Pojib BukIamaya y Takiii cicTeMi OCBITH 3Be-
ICThCS IO CHCTEMAaTHYHOI MEPEeBIPKYM 3HAHb CTYACHTIB, KOHCYJbTAlil, MPOBEACHHS Ja00OPaTOPHUX POOIT,
MPaKTUYHUX 3aHATh, KEPIBHUITBA BUPOOHUUOIO MPAKTHKOIO TOIIO. Po3paxoByBaTh Ha IepKaBHI KOIITH NPU
CTBOPEHHI Takoi 0a3m Memia JaHWX HE JOBOIUTHCA. DiHAHCOBE 3a0€3MEUEHHS TAKOTO MPOEKTY MOXKE OyTH
30IHCHEHE TUIBKHM 33 JOIIOMOTH MIKHAPOAHOIO TPAHTY, 1 32 AOJIHOBOI Y4acTi CBITOBHX BUPOOHUKIB MIPOMHC-
JIOBOT TEXHIKH Ta il KOPHCTYBaviB B YKpaiHi.

Tomy Tpeba CKIMKATH Hapaay 3a y4acTi KEPIBHHUKIB TaKUX MiANPUEMCTB, IK-0T TOB «I1Ib «AnbTKOMY,
TOB «OHYP KOHCTYKUIOH IHTEPHEIIHJI», TOB «CII ABTrocTpana», TOB «ABTomarictpans — [1iB-
JIEHB» TOIIO, TMTOTPOCUTH iX Mpo MikHapoAaHy miarpuMky HTY moao HagaHHS TpaHTy, 1 TI3HATHCS PO MOXK-
JIMBOCT1, YMOBH 1 MIEPCIIEKTHBH iX TOJIBOBOI Y4aCTi Yy MPOEKTI CTBOPEHHS (iIbMIB, 110 CTAHYTb Ul HUX Haii-
MOTY>KHIIIOO IITLOBOKO PEKIIAMOI0 13 yCiX MOXKIMBUX. DiTbMU MOKHA OyZe TIEPEKIaIaTH iHIIUMU MOBaMH,
TOPTyBaTH HAUMHU HE TUIBKU B YKpaiHi, a i 3a KOpAOHOM. AJie Ha JaHHWH Yac Taki MPOEKTH B YKpaiHi € abco-
JIOTHO O€3HaliHHIMU Yepe3 BiACYTHICTh PUHKY 1HTEIEKTYalbHOI BIACHOCTI.

Tomy dpyea nponosuyis, MO € KIOYOBOIO — HAIl YHIBEPCUTET po3poOHUB 0e311id BHHAXOIIB 1 TEXHOJIO-
TiHf, IO ITUPOKO BUKOPHUCTOBYIOTELCS SIK B YKpaiHi, Tak i 3a KOPAOHOM. bifja B 0OJHOMY — HIXTO HE IUIATUTH Y
BCTaHOBJICHOMY 3aKOHOM TOPSKY 32 IX BAKOPUCTaHHS Hi YHIBEPCHUTETY, Hi aBTOpaM. Tak BigOyBa€eTbCs TOMY,
10 I1i BUHAXOAM 1 TEXHOJIOT11, iHIITMMH CJIOBaMHU — HEMaTepiaibHI aKTUBH, B YKpaiHi He 00JIIKOBYIOThCS, HE
3apaxOBYIOThCS Ha OyXTanTepchKuil 00K MiAPUEMCTB 1 yCTaHOB, IO iX IPOIYKYIOTh 200 BUKOPUCTOBYIOTH,
a (ickalbHI OpraHy He MEePEBIPSAIOTH Hi TaKOl 3BITHOCTI, Hi 3aKOHHOCTI BUKOPUCTAHHS 00’ €KTIB IHTEICKTya-
JbHO1 BiacHOCTI. 1100 MIHHOCTI TaKMX aKTUBIB, TO BOHA JY)KE€ BUCOKA, i1 BU3HAYAETHCS HOPMATHBHUMH J0-
KyMeHTaMH, 30Kkpema, 1e [lomoxkenns (ctangapt) Oyxraiarepcbkoro o0Omiky 8 «HemaTepianpHi akTHBIY, 3a-
TBepIKeHe HakazoM Ne242 MinictepcTBa ¢inaHciB Ykpainu 1ie 1999 poky. To6To HOpMaTHBHA 0a3a B I[bOMY
MUTaHHI i7icabHa, 33 OJJHUM BHHATKOM: 3a TPUIIATH pokiB KMV Tak i He JaB 3aBIaHHS MONATKOBIH IHCIIEKITi T
II0A0 PO3POOKH 1HCTPYKIII PO MOPSIOK MEPEBIpKU OyXTraaTepchbKoro 00Ky HeMaTepialbHUX aKTUBIB, 10
MPOAYKYIOTHCSI 200 BUKOPHCTOBYIOTHCS yCTAHOBAMH Ta mignpueMcTBami. Lle eauna npuynHa, 3 siK0i B YKpa-
iHI AOCI HEMae PUHKY 1HTEJIEKTyaJIbHOI BIACHOCTI, 1 BUPIIIUTH L0 MpoOIeMy MOXeE TiJIbKH YpsA, OTHIEI0-
€TMHOIO 1HCTPYKITIEFO IS TIOJATKIBITIB.

HTY — ne xpynHuii HarioHaIbHUM BUPOOHUK 00’ €KTIB MaiHOBHX IPaB iHTEJEKTyaJbHOI BIACHOCTI,
asie Hi BiH, HI HOTO aBTOPH 3a 1€ HE OTPUMYIOTh HalleskHOI BuHaropoau (posunti). Tomy, sixkmo KMV 1 Hagani
YTPUMYBATHMETHCS BiJ] 3aIIyCKy TaKOTO PHHKY, HAM JIOBEIETHCS 3aKPUTHCS Pa30M 3 YCIEI0 €eKOHOMIKOIO JIep-
XaBH, a00 CTaTH 3aYNHATEISIMHU Y ILOMY Ba>KIMBOMY MUTaHHI.
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BucHOBKH 3 JaHOTO AOCTiTKEeHHSI.

Ha 3acagax cucTeMHOro, KOHIENTYalIbHO-METOIOJIOTIYHOIO Ta MPOTPaMHOro MiAXOMIB IOCTiIKEH]
po0IeMH BUIIOI OCBITH 11 Yac MaHAeMii KOpOHABIPYCY Ta HAKOITMYEHUH BITIM3HSIHUN H 3aKOPIAOHHUN JOC-
BiJ 11 BUpIIICHHS, II0 JO3BOJIMIIO PO3KPUTH MapagoKC Ta MapagurMy OCBITHBOI, HAYKOBOI i IPUKIAIHOT dis-
JIbHOCTI Ka)epy aepOIOPTIB 32 YMOB HEBU3HAYCHOCTI KAPAHTHHY.

PozkpuTo MexaHi3M moOyI0BH HOBOI MO/ETi HABYaHHS, [0 3aCHOBAaHA Ha MPHUHIIUIIAX BCTAHOBJICHHS
MeXaHi3My CHCTEMHOT'O BIPOBAKEHHsI KOMIIETEHTHICHOTO MiAXOAY Ta 3aCTOCYBAaHHS IHHOBALiHHUX TEXHO-
JIOT1¥ 3 BUKOPHUCTAHHSIM €JIEMEHTIB JUCTAHITITHOTO HABYAHHS.

[IpencraBienuii mapagokc OCBITHHO-HAYKOBOI i MPUKIIaTHOI AITIBHOCTI KadeApH B yMOBaX HEBH3HA-
YEHOCTI KapaHTHHY, 1110 BUSBHB CIPOMOYKHICTh BUKOHAHHS Yepe3 MOO1II3aIlii0 BCIiX HASBHUX MOYJIMBOCTCH
Ta peCypciB TEXHIYHOIO 3a0€3MeUeHHs Ta IIBUIKOTO IiIAIITYBAaHHS CIIIBPOOITHUKIB ITiJi BAMOTH I[UX 3MiH,
IO MiITBEPAKEHO pe3yIbTaTaMU PIYHOTO 3BITY.

[pencraBieHO KOHIENTYalbHY MOJEb TISUTBHOCTI Kadempw, sik JlabopaTopii CHCTEMHUX 3HaHb Ta pa-
LiOHANBHUX 1HQPACTPYKTYPHUX PILLIEHD Y CKJIAZAl YHIBEPCUTETY, 10 MO3UIIOHYEThCS sIK PerioHanbHuil 0cBi-
THBbO-HAYKOBHH JOTICTUIHHUH IEHTP Ta PYHKITIOHYE Ha 3acagaX ayTCOPCHUHTY B YMOBaX HEBH3HAYEHOCTI Ka-
paHTHHY.

[Mapagurma nisieHOCTI JIabopaTtopii mossirae y CHHTE31 OCBITHBO-IPOQECIHHUX MporpaM «AepornopT,
aepOAPOMHI KOHCTPYKIIiI Ta criopyam» Ta «CHCTEMHHM aHali3 B TPAHCIIOPTHIN iHQPaCTPYKTypi» PaKyIbTeTy
TPaHCHOPTHOTO OYAIBHHUUTBA JUIS MOJANBLIOrO MPOCYBAaHHS i€l MOABIHHOTO AMIUIOMY/CTYIIEHS, IO HaAa-
IOTHCS MICIIS YCIIIIIHOTO 3aBEPIICHHS 3400yBaueM CIIbHOI OCBITHBOI MPOTpaMu MEBHOTO LUKITY/PiBHS BUIIOT
OCBITH.

BpaxoBytoun (yHKLiIOHaJIBHY cripsMoBaHicTh JlabopaTopii Ha B3aeMOIO i3 3alliKaBICHUMHU CTOPO-
HaMH, 3allPOTIOHOBAHO MPOCYBAHHS MyalbHOI GOPMHU 3700YTTS BHIOI OCBITH 3 METOIO &JIPECHOT MiJJrOTOBKH
KaJpOBOT0 MOTEHLiay JOPOKHBO-TPAHCIIOPTHOTO MPOQiio.

Po3kpuTO MOXKIIMBICTD AiSUTBHOCTI Kad)epu aeponopTiB 32 YMOB iHKIIO3UBHOTO CEPEIOBHUILA.

3anpoItoHOBaHO 3alTyUeHHS YHIBEPCUTETCHKUX (DaxiBIliB Ta CTYIACHTIB 3 iHO3EMHHUX MOB JI0 SKiCHOTO
TEXHIYHOTO MEepEeKIaay MaTepialiB Ta pe3yabTaTiB HAyKOBUX JOCIIIKEHb AJIs iX IpEeACTaBICHHS 10 HAYKOBO-
MeTpUYHHUX 0a3 JaHuX a0o0 10 mepeiiky (axoBUX BUAaHb YKpaiHH, IO JTO3BOJIUTH 3arjHOJICHHS Y HIPEAMET
HaBYaHHS Ta MOCTIHHY MPAKTUKY TEPEKIIaTy Ta EKOHOMIIO PECYypCiB aBTOPIB Ha SKICHHUH MEepeKIIa.

Bracnigok nposenenoro SWOT-ananisy aisuibHOCTI Kadeapy aeporopTiB, BU3SHAYCHO HOBY Micito, Oa-
YEHHS, CTpaTeTiuHI HAIPSIMH Ta OPiIEHTHPH Kadeapu acpoIlopTiB 32 YMOB HEBU3HAYCHOCTI BUKIMKAHOI ITaH-
neMiero kopoHaBipycy Ha 2021-2022 poku.

[IpencrarieHo peamizallito KOMIETCHTHICHOTO aJlTOPUTMY «3HAHHS T€OPil — BMIHHS MPUKIIATHOTO 3a-
CTOCYBAaHHS — HABUYKH BOJIOJIHHS TEXHOIOTISIMU» Ta PO3TIIIHYTO OpraHi3alliifHUi, METOAMYHUI Ta TEXHOJIO-
TiYHAN OJIOKM MOXKIIUBOT 3Milanoi (GopMH HaBYaHHS 32 YMOB HEBH3HAUCHOCTI MaHAEMii KOPOHABIPYCY.
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Abstract: The article reveals the paradox and paradigm of educational, scientific and applied activities
on the example of the Airports Department of the National Transport University during the specialists for the
transport and road complex training in the field of «Airports, aerodrome constructions and structures» and
«System analysis in transport infrastructure» in conditions of coronavirus pandemic uncertainty.

The presented author's model is based on the principles of establishing the systematic competency
approach implementation mechanism and innovative technologies of distance learning application, which was
obtained in the process of domestic and foreign experience analysis under coronavirus pandemic uncertainty.

The research object — educational, research and applied activities of the Airports Department, as a
Laboratory of Systems Knowledge and Rational Infrastructure Solutions within the National Transport
University, which is positioned as a Regional Educational and Research Logistics Center on the basis of
outsourcing in distance learning and coronavirus pandemic uncertainty.

The purpose of the work is to establish a mechanism for competency approach systematic
implementation and innovative technologies application for the «teacher—student—employer» relationship,
which allows to determine the most effective ways and means to achieve the ultimate goals of educational,
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scientific and applied activities in the coronavirus pandemic uncertainty. providing highly qualified personnel
to the transport and road complex of the country.

Research methods — system, conceptual, methodological and program approaches.

Establishing of a mechanism for the model «teaching methods—learning outcomes—assessment
applying innovative technologies according to the competency algorithm «knowledge of theory—application
skills—technology skills» to strengthening the relationship «teacher—student—employery», will bring the results
of the educational process to employers requirements and provide the transport and road complex with highly
qualified personnel.

Further development of the study object — the introduction of educational, scientific and applied
activities «Laboratory of Systems Knowledge and Rational Infrastructure Solutions» as part of the «Regional
Educational and Scientific Logistics Center», will achieve the ultimate goals of providing transport complex
by highly qualified personnel in terms of distance learning and coronavirus pandemic uncertainty.

Key words: paradox, paradigm, department, university, education, scientific and applied activities,
pandemic, uncertainty, system knowledge, rational solutions.
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AHoOTamis. Y cTaTTi pO3IJSAHYTI NIPUHLHIN Ta aJTOPUTMH cTBOpeHHs MaTeMaTnyHoi mozem A TII na
IUIISTHIT MBUAKICHOT MaricTpaii 3 BUKOPUCTAHHIM TEOpii CHCTEMHOTO aHaJIi3y Ta CUCTEMH MacOBOTO 00CITy-
TOBYBaHHSI.

Karw4osi cioBa: cuctemuuii ananiz, mareMatuada moxaenb JTII, cuctema mMacoBoro oOCIyroBy-
BaHHSI.

IMocTanoBka 3aaayi. Po3risiHeMo cuTyamnito Ha IBUIKICHI Marictpam. BupinmMo — ginsHKy
MIBUIKICHOI MaricTpalli TOBXHHOIO ,,0IH aBTOMOOLIH + BiACTaHb Oe3medHoro pyxy’ . bymemo BBaxkaTu, 1o
MOsIBa aBTOMOOLJIS HA [TOYATKY BUIICHOT TUISIHKY — [I€ 3aIUT Ha 00CIyrOBYBaHHs, a IPOIyCTUTH aBTOMOO1Ib
4yepes yCro BUALICHY JUISHKY — 1€ 03Ha4a€ 00CIIYKUTH 3anuT. ToOTO BUAUICHY MUISHKY MIBUAKICHOT MaricT-
paji MOXHa MPEJCTaBUTH K CHCTeMy MacoBoro oocimyroByBanHs (CMO) 3 BiAMOBaMH, CTPYKTYPHY CXEMY
SKOi MOYKE€ MaTH HACTYITHUH BUTJIISLI.

Hocmimxenns Takoi CMO 3 BigzMoBaMH 3a JOIIOMOTOIO KJJACHYHHUX METOMIB [5] € HE TOUITEHUM Yepe3
BHCOKY JIUHAMIKY TOMiM: CTATUCTHYHI TIOKa3HUKH IHTCHCUBHOCTI HAJXOJKCHHS 3alHMTIB CYTTEBO BiApi3HS-
IOTBCS BiJl MyacCOHIBCHKUX, 3ITKHEHHS aBTOTPAHCIIOPTHUX 3ac00iB Ta iH. Bee e mpuBoauTh 10 Pi3Koi 3MiHU
MUHAMIKW MOMINA Ha IIBMIKICHIM Marictpaii, 10 HenependauyBaHoi 3Minu ctaniB CMO 3 BimMmoBamu. s
JOCTIDKeHHS JUHAMiKU (QyHKIioHyBaHHA Takoi CMO cTBOpHMO HACTYITHY MaTeMaTU4Hy MOZAEIb i METOJIUKY
i1 mociimKeHHs.
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Pucynok 1 — CtpykTypHa cxema IUITHKA TOpOTH, ipeacTaBieHoi sk CMO
Figure 1 - Block diagram of the road section presented as GS

CrtBopenHs mareMaTuaHoi Mojieni CMO 3 BiqmoBamu. Crio4aTky po3rissHEMO BUITAJIOK ,,CIIOKIHTHOTO”
obcmyroByBanHs 3amuTiB. Ckiagemo HacTymHui rpad cranise CMO.

A A A
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»
»
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Pucynok 2 — I'pad cranie CMO 3 BinMoBamu
Figure 2 - Graph of GS states with failures

Kopucryrounce ckiaanenum rpagom cranie CMO i mpasuiom Koamoroposa MoxkHa CKIIacTH MaTeMa-
THYHY MOJEIb JOCTIPKCHHS THHAMIKY MO B CHCTEMI MacOBOTO OOCIYyTrOBYBaHHS 3 BiJIMOBAMH y BUTJISIII
HACTYITHOI CUCTEMH TU(EPEHIIIHIX PiBHIHD MIEPIIOTO MOPSAIKY.

d _
—po=-—-A-po+H-P1
dt
d _
Etpl—%-po—%~p1+2u-pz—u-p1

d
Etpz=%-p1—%p2+3-u-p3—2u-p2

d
—p2=A-p2—3-pn-p3
dt

JlonoBHUMO 11 piBHIHHAM-OOMEKEHHSIM:

po+p1+p2+p3=1
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Bapianr 1. YBenemo nepmmii HaOip NOYaTKOBUX 3HaY€Hb IHTEHCHBHOCTEH MOTOKIB aBTOMOOLIIB Ha
CMyTax JOpOrd (MOYaTKOBI 3HAUEHHsI IHTEHCUBHOCTEH HaIXOMKEeHHS 3anuTiB Ha Bxoai CMO):

Al =51 A2 = 5.1 2 =3 pl =3

1 IPOTSKHICT YaCOBOTO iHTEpBady Ist JocmimpkeHHss CMO: t:=0..9(

JIoTOBHUMO aJropuTM HACTYIHUMHM JIBOMa IIPOrpamMaMHu, 3a JOTIOMOIOI0 SKHX OyIeMO KepyBaTH iH-
TEHCHUBHICTIO HaJTXOHKCHHS 3aITUTIB 1 TPOIYKTUBHICTIO (IHTEHCUBHICTIO 00CIyroByBanHs 3anmuTiB) CMO mpo-
TATOM 1HTEPBAILY JOCITIKEHHS.

A(t) = | A1 if 30 < t< 60 p(t) == |ul if 30 < t< 60
A2 otherwise p2 otherwise
Metoauka mociipKeHHs. [ oTpuMaHHS po3B’s3KIB CHCTEMHU 3BUYAHUX TUGEPCHIIHHNX PIBHAHD

BUKopucTaeMo Metof, Pynne-Kyrra, peanizoBanuii 3acodamu MathCAD. [lns 4oro yBeeMo BEKTOp Mmoyart-
KOBHX YMOB — BEKTOP MOYaTKOBUX 3HAUCHH HEBIAOMHUX 1 BeTOp-GyHKITIIO0 D:

=\ (1) - po + u(t) - p1
A1) -po—A(1) - p1 +2-u(t) - p2 — p(t) - p
At - pr—A () - p2+3-p(t)-p3—2-p(t) - p2
A(t) - p2—3-u(t)-p3

D(t,p) =

S S W

Jiist po3B'sI3Ky CUCTEMH OUQepeHIiiHIX piBHSIHb BUKOpUcTaeMo BOyaoBany B MathCAD ¢yHkiro:

Z = rkfixed (p,0,90 ,1500 ,D)

Po3B’s130k cuctemMu nu)epeHLINHUX PIBHSIHD IPEACTABMMO Y BUIVIAI MAaTPHII PO3B’S3KiB, 4YaCOBHUX
rpagikis 1 Gpa3oBuX NOPTPETIB — TpaekTopiit 3miHu ctaniB CMO y dhazoBomMy npocTtopi:

Martpuris po3B’si3KiB:

0.06| 0.44| 0.44]0.105|0.016
0.12|0.389| 0.41]0.159|0.042
0.180.349 | 0.392 | 0.193 | 0.067
0.240.316 | 0.38]0.216(0.088

AW N~ O
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Pucynok 3 — Yacosi rpagiku po3B’s3KiB cucteMu AU(epeHIIHHNX PiBHIHb
Figure 3 - Time graphs of the differential equations system solutions

0.6

Pucynok 4 — BinnocHa auHamika 3miau cranie CMO
Figure 4 - Relative dynamics of GS state changes

Amnani3z quaamiku ctaniB CMO 1o pe3yabTaTax JTOCIiKEHHS IS MePIIoro Habopy iIHTEHCHUCBHOCTEH

=82, ul=p2.

81

Hal JIBTATIB — IMHAMIKHA BUTKY IMOJIH 110 YaCOBUX T 1Kax B’SI3KIB CUCTEMH U -
Amnaiis pe3 aTi ami 03 OZ1# 1o 4aco adikax po3B’A3KIB CUCTE epe

HIIIHHUX PIBHSIHB - ITOKA3ye€, M0 B i€ IbHOMY BHUIAJKY, KOJWA IHTCHCUBHICTh HAIXOKEHHS 3aITUTIB MalOTh
MOCTiiHE 3HAYCHHSI, CUCTEMa MTOBOJIUTH ce0e ,,CTIOKIMHO™: Ha MOYaTKy iHTepBaly JOCIIKEHHS cUCcTeMa Tie-

PEXOIIUTH A0 CTAJIOT0 PEKUMY 1 3HAXOAUTHCS B HHOMY JIO KiHIIS YaCOBOTO 1HTEPBAITY TOCIIIPKEHHS.
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Bapiant 2. YBeaemo apyruil Habip MOYaTKOBUX 3HA4YECHb IHTEHCHBHOCTEH MOTOKIB aBTOMOOLIIB Ha cMyrax
TopoTH (TI0YaTKOBI 3HAYEHHS iIHTCHCUBHOCTEH HAXOKEHH 3anuTiB Ha Bxomi CMO): 81 >< 82, ul ><p2:

Al =31 A2 = 5.1 pl =1.2 p2 =3
t:=0..9(

I[OHOBHI/IMO AJITOPUTM HACTYIIHUMHU JABOMA MNporpamMamMu, 3a JOIIOMOI'OI0 AKUX 6YI[CMO KEpyBaTu 1H-

1 IPOTSKHICT YaCOBOTO iHTEpBay Ist JocmipkeHHss CMO:

TEHCHUBHICTIO HaJTXOHKCHHS 3aITUTIB 1 TPOIYKTUBHICTIO (1IHTEHCUBHICTIO 00CIyroByBanHs 3anmuTiB) CMO mpo-
TATOM 1HTEPBAILY JOCITIKEHHS.

Al pnl
At == |rmd(r1) + i030<1< 60 p( = rnd(p1) o if 30< 1< 60
A2 otherwise p2 otherwise

IIpu oMy BpaxyeMo HaA3BHUYANWHICTh CUTYaIlii — 31TKHEHHS aBTOMOOLTIB Ha OJIHIN 13 CMYT JOPOTH i
JKBiJaLilo HACIIAKIB 3ITKHEHHS MPOTATOM iHTepBany dacy 30<t < 60 Ha iHTepBaJi AOCTiIKEHHS, KOJH 1H-
TEHCUBHICTb 1 MPOYKTHBHICTh CHCTEMH BUIIAJKOBO 3MiIHIOIOThCS. Ha 11e#t yac BimOyaeTbes mepepos3noiii BXi-
JHOTO MOTOKY, HAIIPUKJIIA 32 CXEMOI0, L0 II0Ka3aHa Ha puc. 6.5.

MeTtoaurka gocmimkeHHs. s oTpruMaHHs PO3B’A3KiB CUCTEMHU 3BUYalHUX AU(EepeHIiiHNX PiBHIHD,
KoeiIieHTH TTPH HEBIIOMUX KO MAlOTh BUTJISA (DYHKITIH, IO YTPUMYIOTh BHIIAJIKOBY KOMITOHEHTY, SIKa Bpa-
XOBY€ CTUXIHHICTh IEpepO3MNOALTy TOTOKY aBToMoOL1iB Ha Bxoai CMO, 3HOBY BUKOpUCTaeMO MeTo[ PyHHe-
Kyrra, peanizoBanuii 3acobamu MathCAD. [ 1150T0 yBEIEMO BEKTOP IMOYATKOBHUX YMOB — BEKTOP ITOYAT-
KOBUX 3Hau€Hb HEBIIOMUX 1 BeTOp-hyHKIIiI0 D.

Mepwa cmyra
Al

PN (mponyxtusHicTs u(t))

| Jpyra cmyra

| nEN

HOrO NMOTOKY

(mpoaykrusHIicTD U(t))
AN I\ TpeTa cmyra

Al l/
(mpomykrusHicTb U(t))

IHTEHCUBHICTb BXia-

IR

Pucynok 5 — CtpykTypHa cxema IUISHKH JOPOTH B HAJI3BHYAHHIN cuTyalii, mo npencrtasiena sk CMO 3
BIZIMOBaMH

Figure 5 — Block diagram of the road section in an emergency, presented as a GS with failures
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5 —A (1) - po + 1(t) - pi

5 Dlt.p) = A(t) - po—A(t) - p1 +2-pu(t) - p2 —p(t) - py
0 A -pr—A()-p2+3-pu(0)-p3-2-pn(H)-p2
0 A(t) - p2 =3 - u(t) - p3

s po3B'3Ky cucTeMu nu(EPEHIIIMHNX PiBHAHL BUKOpUCTaEMO BOynoBany B MathCAD ¢yHKIito:

Z = rkfixed (p,0,90 ,1500 ,D)
Po3B’s130k cuctemu nu)epeHLIHHUX PIBHSIHD IPEACTABUMO Y BUIVIAI MATPHIN PO3B’A3KIiB, YaCOBHX
rpadikiB i pa3oBux HOpTpeTiB — TpaekTopii 3minu ctaHie CMO y da3oBOMy MpoCTOpi:
Matpuus po3B’si3KiB:

0 1 2 3 4 |
0 ol o5 05 0 0
7 — | 1] 006 044] 044]0105] 0016
2| 012]0389| 041]0159] 0.042
3| 0.18] 0349 0.392] 0.193 | 0.067
4| 024]0316| 038]0216] 0.088
0.6 ]
7 D
o 04F m
2 s - ,
...... ]
(3) [T
Z IIL ey 9, .
----- 0.2 LA T ]
7 4 ( Ay Ak b Il vy
O | —
| | | | | | | |

Pucynok 6 — Hacosi rpadikut po3B’si3KiB CUCTEMH JTU(PEPEHIIHHUX PiBHIHB, 110 YTPUMYIOTh BUITaIKOBY
KOMIIOHEHTY Ha 4yacoBoMY iHTepBasi yacy 30<t < 60

Figure 6 — Time graphs of the differential equations system solutions that hold a random component in the
time interval 30 <t <60

JoxwuHa ,,ipoOKK” — KUTBKICTh aBTOMOOLTIB M, 110 OTPUMAIOTh BiIMOBY B OOCITYTOBYBaHHI i HaKO-
nmyaThest Ha BXoai CMO 3a mepiox 30< t < 60:

ta:=3( m = ta-(k2—kl) m=a
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BinnocHa nquHamika TpaekTopiil y pazoBoMy mpocTopi MaTUME BUTIISIAL
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Pucynok 7 — BinHocHa AuHaMika TpaekTopill y pa3oBoMy MPOCTOPI 3 ypaxyBaHHSIM BUIAIKOBOT KOM-
TTOHEHTH 1HTCHCUBHOCTI HAIXOHKEHHS 3aITUTIB 1 IHTCHCUBHOCTI 00CTyrOByBaHHS 3aITHTIB

Figure 7 — The relative dynamics of trajectories in the phase space, taking into account the random
component of the requests intensity and the service requests intensity

AHati3 pe3ysbTaTiB — IUHAMIKKA PO3BUTKY IO/IiH 10 YacOBUX rpadikax po3B’s3KiB cucTeMu audepe-
HIIHUX PiBHSHD - MOKA3Ye, 0 y BUMAJKY, KOJIHM iHTEHCUBHICTh HaXOKCHHS 3aIUTIB YTPUMYE BUIIAIKOBY
KOMITOHEHTY 3Ha4eHb (ITiCJIS 3ITKHEHHS aBTOMOOLTIB), CHICTEMa ITOBOIUTE ce0e aiekBaTHO, TOOTO Ha iHTEpBalIi
gacy 30<t < 60 gociipKeHHS CCTEMa MEPEXOANUTH 10 HE CTIHKOTO PeXUMY (PYHKIIOHYBaHHS i 3HAXOAUTHCS
B HROMY JI0 KiHIISI 9aCOBOTO 1IHTEPBAITY - JIO JIIKBiaIii HACTIAKIB HAI3BUYAMHOTO CTaHY 1 BITHOBICHHS PyXy
aBTOMOOWTIB Ha J0po3i. JmHaMika BITHOCHUX TPa€EKTOPii y dazoBomy mpocTopi (puc. 6.7) BKa3ye Ha CKIIaI-
HICTh OpraHizauii ynpaBiiHHSI PyXOM IIOTOKY aBTOMOO1IIIB.

BucnoBku

1. Ha migcraBi 3aCTOCOBAaHOTO CUCTEMHOTO MiAXO0Ty PO3pO0JIEHA MAaTEMAaTUYHA MOJIEIh CUCTEMH Maco-
BOTO OOCITYyrOBYBaHHS 3 BIIMOBaMH, IO JIO3BOJISIE BPaXOBYBATH BHUIIAJIKOBY KOMIIOHEHTY y CKJIaJi TIOTOKY
IHTEHCHBHOCTI HaJIXO/PKCHHS 3aIUTIB HA 00CIyrOBYBaHHS i IHTCHCUBHOCTI 00CITyTOBYBaHHS.

2. Po3pobiiena MeToauka mociikeHHsT MaTeMatnaHoi Moeni CMO 3 ypaxyBaHHSIM BHITaIKOBUX KOM-
MOHEHT B Ipouecax ¢pyHKuioHyBaHHs Takux CMO.

3. MaremaTtn4yHa MOJIENb i METOIMKA i JOCHIHKCHHS MOXYTh OYTH BUKOPHUCTaHI JIIs1 MOJICITIOBAHHS BU-
MaJKOBUX MapKiBCHKUX MPOILECIB 1 TMHAMIKK (YHKIIOHYBaHHs iHIIKX KinacieB CMO.
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Abstract. The article describes the principles and algorithms for creating a mathematical model of the
road traffic accidents on the highway section using system analysis theory and queuing system theory.
Keywords: system analysis, mathematical model of road accidents, queuing system.
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Summary. System approach is considered In article to acrodrome’s provide to safety flight. The De-
signed theorist-plural models given process, allowing develop the methods of the analysis and syntheses of the
undertaking the study, methods of their execution and use in theories and practice analysis of the systems
operation aerodrome’s services civil airport. Example of real exhibit developing models is Shown for on-
embroidering to safety flight.

The proposed set-theoretical models of the acrodrome flight safety system make it possible to develop
a methodology for analyzing and synthesizing research, methods for their implementation, and to apply the
theory and practice of the systemology of functioning of acrodrome services of civil airports.

The real application of one of the constituents of the developed models to the use of anti-icing chemicals
showed that their effectiveness depends not only on the melting properties, but also on the correct and eco-
nomical use.

Keywords: safety flight, system approach, management without-danger flight, aecrodrome, chemical
reagent.

Introduction. Civil aviation at the present stage of development is a complex dynamic system whose
main task is to ensure the safety of flights (BP) of aircraft. In general, such a system consists of the following
subsystems: “crew — aircraft — air traffic control — flight safety”. Each of the subsystems is a corresponding
complex system, the components of which can be considered as independent systems and, if necessary, subject
them to analysis and synthesis in order to study the quality indicators for improving the organization of safety
management.

Main part. One of the components of the “safety assurance” subsystem is acrodrome safety assurance,
which includes a set of measures to maintain the aerodrome (runway, taxiway, peron, aircraft parking areas)
in their continuous operational readiness and represents a system naturally united into a single whole in ac-
cordance with certain principles and related to each other by given relationships.

Aerodrome flight safety is entrusted to the aerodrome service, as the regularity and safe execution of
aircraft landing operations depend to a large extent on the preparation of the airfield for flight.
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The solution to the problem of increasing airfield safety at the system level lies in the plane of both
formal and informal (qualitative) mathematical methods; the division of large uncertainty (aerodrome flight
safety) into simpler components, which are better amenable to research (which corresponds to the notion of
analysis), while maintaining a holistic (systemic) understanding of the object of study; development of meth-
ods of analysis and synthesis, determining the sequence of stages of the study and methods for their imple-
mentation; the need for collective decision-making (by bringing together specialists from different fields of
knowledge).

Formally, the aerodrome service is an organization in the form of an airport structural unit responsible
for the aerodrome safety of flights. The set-theoretic model M1 of the aerodrome service (AU) is described by
the following expression:

M1: ORAS [SP Ap (BP)] x TV — AU [AO (BP)] x TV, ey

where M1 — the model of the aerodrome service in the form of its mapping in the airport structure, the
mapping concepts are the sets of this structure;

ORAS - organization (acrodrome service) responsible for BP [1];

SP Ap — the structural unit (SP) of the airport (Ap) (responsible for the provision of airfield BP);

BP — flight safety;

TV — current time;

AU — aerodrome service;

AO (BP) — aerodrome flight safety assurance.

Organization of aerodrome safety assurance ORAO (BP) is a system consisting of elements of tan-
gible and intangible origin interconnected by procedural relations in order to ensure the readiness of the aero-
drome for safe take-off, landing, taxiing and parking of aircraft. The set-theoretic model M2 of this system is
described by the following expression:

M2: SiAO (BP) (EM x ENM x Pr x SC) x TV — Or AS [SP Ap (BP)] x TV (2)

where M2 — AO (BP) organization model in the form of a display, the concepts of which are sets;

SiAO (BP) — system (airfield support for BP);

EM - elements of material origin;

ENM - elements of intangible origin;

Pr — BP processes;

SC — system goal, SC = BP, ensuring the readiness of the aerodrome for safe operation as intended.

The system of aerodrome safety assurance of flight of SiAO (BP) is a combination of planned and
preventive methods and processes technologically combined with the elements that make up the system in
order to prepare the aerodrome for its intended use.

The set-theoretic model M3 of this system is described by the following expression:

M3: Me (PP) x Pr (Te) x Ob x Sb x Cp x HC x Re x Ri (NGo) x IP x TV — SiAO (BP) [AO (BP)] x TV, 3)

where M3 — model of the system of SiAO (BP) in the form of a mapping, the concepts of which are
sets;

Me (PP) — techniques:

- Mel (I1IT) technique of mechanical cleaning of the surface of airfield coatings from pollutants, snow,
ice;

- Method Me2 (II1) of thermal cleaning of the surface of the surface of airfield coatings from snow
and ice formation;

- Me3 (PP) technique for the use of anti-icing chemicals;

- Me4 (PP) methodology for assessing the technical condition of airfield coatings;
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- Me5 (PP) methodology to ensure the readiness of the airfield for take-off and landing operations
according to its technical condition;

- Me6 (PP) technique for repairing airfield coatings.

PP — preventative (methods);

Pr (Te) — a technological process (preparation of an airfield for flights);

Ob — object (airfield);

Sb — subject (performers);

Cp — external environment (environment, financial, technical, etc.);

HC — control action (command to complete the preparation of the airfield for flights);

Re — material and technical and financial resources (what and how much must be spent to prepare the
airfield for flights);

Ri (NGo) — the risk of the airport being unprepared for take-off, landing, taxiing and aircraft parking;

IP — procedures for the information support system (information about the weather, finances, equip-
ment, executors, the state of the airfield, etc.).

The technological process of aerodrome safety assurance — sequentially parallel technological ac-
tions to maintain aerodrome coatings and the responsibility of the aerodrome service in the necessary and
sufficient situation (condition) for the safe take-off, landing, taxiing and parking of aircraft.

The set-theoretic model M4 of a technological process in which concepts are sets is described by the
following expression:

M4: De (Te) x Trl (AS) x Tr2 (AS) x Tr3 (AS) x Ca (BP) x TV — Pr (Te) x TV, 4)

where M4 — model of the technological process;

De (Te) — technological activities (to ensure BP);

Trl (AS) — territory of responsibility of the aerodrome service of the first stage (IWPP, MRD, KRM,
GRM, platform, lighting equipment)

Tr2 (AS) — the territory of responsibility of the aecrodrome service of the 2nd stage (GVPP, MS, con-
necting taxiways, station square);

Tr3 (AS) — territory of responsibility of the acrodrome service of the 3rd stage (CPB, BPB, intra-airport
access roads, including to radio communication facilities, fuel and lubricants);

Ca (BP) — a situation ensuring flight safety.

The situation of the aerodrome flight safety process is a set of states (consequences) of the elements
of the aerodrome flight support system and the environment that are changed by the events (cause) at the same
time.

The set-theoretic model M5 of a situation in which concepts are sets is described by the following
expression:

M5: Xia (EM, T1) x Xia (ENM, T1) x Xia (Cf, T1) x St (T1) x T1 x TV — Ca (BP) x T1 x TV, (5)

where M5 — a model of the situation in the form of a display in which concepts are sets;

Xia (EM, T1) — the state of elements of material origin at time T1;

Xia (ENM, T1) — the state of elements of intangible origin at time T1;

Xia (Cf, T1) — the state of the external environment, most often weather conditions, at time T1;

St (T1) — an event that occurred as part of the aerodrome service and / or the influence of the environ-
ment at time T1.

Actions to maintain aerodrome coatings and territories of responsibility of the aerodrome service -
the activities of subjects of the aecrodrome service to achieve a number of events (reason) that bring the aero-
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drome coatings, territories of responsibility of the aerodrome service and the environment to the state (conse-
quence) of readiness / unavailability of the aerodrome for operation as intended in any season of the year and
at any time of the day.

The set-theoretic model of the M6 action is as follows:

M6: Dia (AS, Sb) x St (T2, T3) x Xia [Tr] (AC)] x Xia [Tr2 (AC)] x Xia [Tr3 (AC)] x Xia (Wed,
T2, T3) x Xia (Go, Ngo, Ae, EN) x T2 x T3 x TV — De (Te) x T2 x T3 x TV, (6)

where Dia (AS, Sb) - activity of subjects of the airdrome service;

St (T2, T3) — an event that occurred as part of the aerodrome service and / or the influence of the
environment at time T2 and T3;

T2 — time point of any season of the year;

T3 — any time of day;

Go / Ngo — readiness / unreadiness;

Ae — airfield;

EN — intended use.

An event (cause) of aerodrome flight safety is a phenomenon in time and space, as a result of the
beginning and / or end of a sequence of interdependent technological operations, the influence of logical and
semantic decisions on controlled influences on subjects and objects of the aecrodrome service, the implemen-
tation of procedures for information support and implementation work on material and resource and financial
support for the functioning of the aerodrome service.

The set-theoretic model M7 of this event has the following form:

M7: TO (Te, T4, T5) x HC (Sb, Ob, T6) x IP (T7) x Re (T8) x TV — St (Ti) x TV, (7)

where TO (Te, T4, T5) — technological operations with the beginning at time T4 and the end at T5;

T6 — time of receipt of control actions;

T7 — finishing time of the procedure for the information support system;

T8 — the time of receipt of material and technical and financial resources intended for the acrodrome
service.

By definition [2], the sequence of technological operations performed by subjects of the aecrodrome
service at the facilities is nothing more than sequentially parallel processes. Therefore, TO (Te, T4, T5) = Pr
(Te), and Ti are time points on the axis of the real time scale, then M7 (model (7) will take the following form:

M7: Pr (Te) x Ob x Sb x HC x IP x Re x TV — St (Ti) x TV. (8)

The state (consequence) of acrodrome flight safety is a sequence of events that are determined by
preventive methods, unplanned events determined by changes in the environment, taking into account the risk
that the airfield is not ready to perform its functions within a certain time interval on the real-time axis.

The set-theoretical model M8 of this state has the following form:

MS: Me (PP) x St (Ti) x Cp x Ri (NG) x TV — Xia (Ti) x TV, 9)

where the concept of St (Ti) is subject to decomposition according to the model (8). Then, taking into
account minor permutations of the concepts of the M8 model, we have:

M9: Me (PP) x Pr (Te) x Ob x Sat x Cp x UV x Re x Ri (NGo) x IP x TV — Xia (Ti) x TV. (10)
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Comparing model (3) and model (9) we see their full adequacy, that is:
M10: M9 =M3 « Xia (Ti) x TV =Si [AO (BP)] X TV. (11)

Conclusion. The set-theoretic model of the aerodrome flight safety system (3) is identical to the state
model of aecrodrome flight support (9) and can be applied equally to the theory and practice of the systemology
of functioning of the aerodrome services of civil airports.

As an example of a real application of the above models, we consider the concept of Me (PP) —methods,
models (3) and one of its components — Me3 (PP) — a technique for using anti-icing chemicals [3]. In turn, this
methodology depends on many factors (prevention or removal of ice or snow from the airfield cover, type of
airfield cover, thickness of ice or snow on the cover, temperature, humidity, environmental wind force, appli-
cation of a liquid or granular chemical reagent to the coating, type of chemical reagent and its operational
efficiency, the availability of appropriate modern technical means and trained personnel, the applied system
for preventing the formation of ice, snow, etc.) and it can It can be considered as a system for the use of airfield
anti-icing chireagents, which is organically included in the aecrodrome flight safety system. The figures below
show the consumption of different types of airfield chemical reagents in g/m? and the cost of their use in
UAH/m?, for the prevention and removal of ice 1 mm thick from the airfield coating at different temperatures
(from 0 °C to — 12 °C) for single and multiple application. It can be seen from the graphs that with a single
application of the reagent to the coating, the consumption in g/m? decreases towards formates, but the price in
UAH/m? increases, which is explained by the high cost (UAH / kg) of chemicals of the formate group. A
somewhat different situation is observed with repeated application of reagents to the coating. The general
pattern of cost reduction in g / m2 is observed but only in a more pronounced form, but at the same time the
cost of using reagents of the acetate-formate group in UAH/m? is sharply reduced. The cost reduction is ex-
plained by a sharp decrease in the number of applications on the coating (at times) and the duration of the
reagent on the coating, depending on weather conditions, from 3 to 5 days [4].

Conclusions:

1. The task of increasing the aerodrome safety of takeoff and landing operations is one of the most
difficult components in the overall flight safety system, the solution of which lies in the plane of both formal
and informal approaches in this direction.

2. The analysis of the safety task based on the developed set-theoretic models allows us to conduct this
study on simpler components, while maintaining a holistic (systemic) understanding of the object of study.

3. The proposed set-theoretical models of the aecrodrome flight safety system make it possible to develop
a methodology for the analysis and synthesis of research, methods for their implementation, and to apply the
theory and practice of the systemology of the functioning of acrodrome services of civil airports.

4. The actual application of one of the components of the developed models to the use of anti-icing
chemicals showed that their effectiveness depends not only on the melting properties, but also on the correct
and economical use.
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Figure 1 a, b, ¢ — Consumption g/m? and the cost of UAH/m? of reagents of the urea-nitrate group
(1 a, b— ANS, NKMM) and formate group (potassium formate — 1 c) to remove and prevent ice formation
on the runway during disposable (lower part of the drawings) and reusable (upper part of the drawings) their
application

Pucynok 1 a,6,B — ButpaTu pearentis r/m? i BapTicTs rpa/M> KapbaMugHO-HiTpaTHOI rpymu (1 2,6 —
AHC, HKMM) Ta ¢opmiatroi rpynu (popmiat kaxist -1 B) 1uis BULAICHHS Ta MONEPEIKEHHS JIbOI0-
cairoyrsopenns Ha 3I1C mpu ogHOpa30BOMY (HIKHS YaCTHHA PUCYHKIB) 1 6aratopa3zoBoMy (BepXHs

YacTUHA PUCYHKIB) X 3aCTOCYBaHHI

CUCTEMHMH OIJIXIJ 10 AEPOJIPOMHOI'O 3ABE3IIEYEHHSA BE3NEKHU MOJIBOTIB
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AHoranisi. [{[uBiTbHA aBiaIlis Ha Cy4acHOMY €Talli PO3BUTKY SIBIISIE COOOI0 CKIQAHY TUHAMIYHY CH-
CTeMy, TOJIOBHUM 3aBIAaHHSIM fKOi € 3a0e3neueHns Oe3nexu noaboTiB (BIT) moBiTpsHuxX cyneH. Y 3araibHOMY
BHTJISII TaKa CHCTEMa CKIIANIAETHCS 3 HACTYITHUX TMIACUCTEM: «EKila)X — TMOBITPSHE CYIHO — YIPABIIIHHS T10-
BITPSHUM PYXOM — yOE3IeUeHHS MOJIbOTIBY. KoXHa 3 MACHCTEM MOXKE MPEICTABILITH i3 cede BiATOBIIHY
CKJIQJIHy CHUCTEMY, CKJIAJIOBI YACTHHH SKOiI MOYKHA PO3TISAAATH SK CAMOCTIHHI CHCTEMH 1 IpU HEOOXiTHOCTI
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MinaBaTy iX aHajii3y i CHHTE3y 3 METOI0 BUBUYEHHS 1HIMKATOPIB SIKOCTI MO MOJIMIICHHIO OpraHizarii ympas-
JiHHS 0€3MeK0I0 MoaboTiB. OJHIET 31 CKIIaIOBOT MiICUCTEMH «YOE3IMEUYEHHS IIOJILOTIBY € aepOoJIPOMHE yOe3-
TICYEHHS TIOJILOTIB, SKE BKIIFOYAE KOMIDIEKC 3aX0liB moao miarpuManus aepoapomy (3I1C, P/I, meponis ta
MICIIb CTOSIHOK MOBITPSIHUX CyZIeH) Y iX MOCTifHIN eKCIUTyaTaliiHiii TOTOBHOCTI 1 IPE/ICTABIISIE CUCTEMY, Ya-
CTHUHU SIKOI MOXKHA PO3TIIAATH SK 1i CKJIaI0Bi, 3aKOHOMIPHO 00'€THAHI B €UHE ITiJI€ BIATIOBIIHO O TIEBHUX
MIPUHITUIIB 1 TIOB’SI3aHUX MK COOOF0 3aJaHUMH BiTHOCHHAMH.

AepoapoMHe yOe3nedeHHs MoJbOTIB MOKIaIeHe Ha aepoIpOMHY CIykOy, Tak sIK peryJsipHicTh 1 0e3-
TIeKa 3 THO-TIOCAIKOBUX OIepalliid MOBITPSHUX CYyACH Y 3HAYHINA Mipi 3aJeKHUTh BiJl MIATOTOBKHA JTHOTHOTO
MOJIS 10 TOJIBOTIB.

Pimrenns 3amaun miABUIICHHAS acpOAPOMHOTO yOE3eUeHHS MOJILOTIB HA CHCTEMHOMY PiBHI JICKHUTD Y
IIIOMIMHI K (POpMaTBHUX, TaK 1 He(POpMaNTBHUX (SIKICHUX) MAaTeMAaTHYHUX METOIIB, PO34YJICHOBYBAaHHS BEIH-
KOi HEBU3HAYCHOCTI (aepoipOMHa Oe31eKa MOIbOTIB) Ha OLIBII MPOCTI CKIA0BI, SKi KpaIle MiIIarThCs 10-
CIiPKEeHH!O (1110 1 BIATIOBIAA€ IOHATTIO aHali3), IpH 30€peKEHHI MUTICHOTO (CHCTEMHOT0) ITi IXOTY 10 00'€KTY
JOCIHIPKEHHSI; PO3POOKH METOAMKH aHANi3y 1 CHHTE3y, 10 0OYMOBIIOE MOCIiAOBHICTH €TamiB MPOBEACHHS
JOCITI/DKEHHS 1 METOMM iX BUKOHAHHS, HEOOXIMTHOCTI KOJICKTHMBHOTO YXBajeHHS pimeHHA (00'eqHaHHSIM
(haxiBIiB pi3HUX TATY3CH 3HAHB).

VY craTTi po3riIsiHYTUH CUCTEMHUM MiAXiA 10 aepoIpOMHOro 3a0e3rnedeHHs moasoTiB. Po3pobieHi Teo-
PETUKO-MHOKHHHI MOJIETIi TAHOTO TPOIIECY, SAKi JTO3BOJISIFOTH PO3POOIISITH METOIUKY aHAII3Y 1 CHHTE3Y Ipo-
BEJICHHS JIOCII/PKEHHS, METOIM iX BHMKOHAHHS 1 3aCTOCOBYBaTH B TeOpii 1 NPaKTUIll CHUCTEMOJIOTIi
(YHKLIOHYBaHHS aepOJPOMHHUX CIyXO HUBUIBHHX aepomnopriB. HaBeaeHuil mpukiaa pealbHOrO 3acTOCy-
BaHHSI pO3pPOOICHUX MOCIICH TS ITiIBUIICHHS OS3ITeKH IMOIHOTIB.

3anponoHoBaHi TEOPETUKO-MHOKHHHI MOJIEIi CUCTEMHU aepOAPOMHOr0 3a0e3MeUeHHs] 0E3MeKH MOb-
OTIiB JIO3BOJISIIOTH PO3POOIISTH METOJUKY aHAN3y Ta CHHTE3Y MPOBEICHHS JOCIIKCHHS, METOJIU X BHKO-
HaHH/, 1 32CTOCOBYBATH B TEOPIi 1 MPAKTULI CUCTEMOJIOTi] PYHKIIOHYBaHHS aePOAPOMHHX CIYXO [UBITEHIX
aepomopTiB. PeanbHe BrpoBa/KeHHS OJHIET 13 CKIaJOBUX PO3POOIECHUX MOJEINEH 10 3aCTOCYBaHHS MIPOTHO-
JKEJICTHUX XIMIYHHMX PEarceHTIB MoKa3ajo, Mo iX e(eKTHBHICTD 3aJIC)KUTh HE TUTHKH BiJl INIABUILHUX BJIACTH-
BOCTEH, aje 1 Bil IpaBUIILHOTO i EKOHOMHOTO 3aCTOCYBaHHSI.

KurouoBi ciioBa: Gesreka MmoyibOTIB, CACTEMHUH MIAXiM, YIPaBIiHHSI O€3IEKO0 MOIBOTIB, aCPOAPOM,
XiMpeareHTH.
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AnoTtanis. CtarTs cnpsiMoBaHa Ha PO3POOKY 3aX0JiB ONTUMI3allii JaHIIOra MocTadaHHs IPOIyKIii
3a JIOTMIOMOTOI0 CYYaCHUX TEXHOJIOTiH OJIoKYeHH. BaxIIMBOIO CK1a10BOIO pOOOTH € TaKOXK 3a0e3MeueHHs 0e3-
MK JIAHIIOra OCTavyaHb Ta, 30KpeMa, 3a0e3reueHHs Oe3eku Ta 30epiraHHsa TOBapiB (BaHTAXKIB).

[IpoanamnizoBaHO CBITOBY CTaTHCTUKY MO 00iry KOHTpadakxTy, o cTaHoBUTh 3,3 % y piK, 0 eKBiBa-
neatHo 500 mupa. mosr. CILIA (2017 pik), 1m0 € Ay»e aKTyaIbHAM I YKpaiHu.

Po3rnsiHyTO TEXHOJIOTiIO Ta adrOPUTMH IIONO ONTHMI3allil JaHIoTa MocTayaHb IIJISIXOM aHallizy Ja-
HUX BiJ KO>kHOT TOUYKH, 1 BUSIBJICHHS ITPOOJIEMHHUX ITPOIIECIB Ta TyHKTIB.

3anpornoHOBaHO BUKOPUCTAHHS TEXHOJIOTIT CMapT KOHTPAKTY B CHCTEMI OJIOKYCHH, It 3a0e3eueHHs
Oe3neku ToBapy (BaHTaxy), IJIsl BiICHIJKOBYBaHHS MOXOKEHHS TOBapy, MapIIPyTy, €TAIliB IIEPEBE3CHHS Ta
HOTO OPUTIHATBHOCTI, IIUITXOM CTBOPEHHS 3aIACIB Y KOKHOMY ITYHKTI IepeOyBaHHS TOBapy (BaHTaXY).

Kuro4oBi cjioBa: naHIIoOT MocTadyaHb, TEXHOIOTiA OJOKYEHHY, CMapT-KOHTPAKT, Oe3Ieka, 30epirants
Ta 3aXUCT TOBApY.

IocTranoBka npodaemu. CboroHi AyXe akTyaJbHUMH € HayKOBI TOCTIDKEHHS CIPSIMOBaHI Ha Mpo-
€KTYBaHHS, CTBOPCHHS, yIOCKOHAJICHHS Ta ONTHMI3aIlif0 JAHITIOTIB MOCTavaHb (30KpeMa ix TpaHCIIOPTHOI
CKI1afoBoi) Ta 3a0e3meyeHHs ix Oesneku [1]. Ha cydacHomy erami 3abe3neueHHio Oe3nekn (QpyHKIIOHYBaHHS
JIAHIIOTIB MOCTa4aHb MEePEUIKoKaE mpodaema danscudikamii ToBapiB, 3aMiHa TOBapy Ha MiAPOOKY caMe Imif
4yac TPAHCIOPTYBAaHHS Ta BUIAAHHS MiAPOOKH 32 OpUIiHaj. 3a TaKUX YMOB, HEMOXKJIMBO BiJICTE)KUTH IOXOJ-
JKEHHS TOBapy (BaHTaXy) Ta Horo crpamBxHICTh. CIIOUaTKy 3aMOBHUK, a TIOTIM 1 KiHIIEBUH CHOXHBAa4Y HE MO-
yTb OYTH BIICBHCHHUMH Yy TOMY, II[0 OTPMMaHU#l (MpUI0aHMii) TOBAp € OPUTiHAIOM, 3 BIAIOBIIHUMH CKO-
HOMIYHMMHU, (JiHAHCOBUMH Ta PEIyTalliiHUMH HACIiAKAMU.

Indopmariist mpo JaHIIOT MOCTa4aHb TOBAPY BiJ 3aBOAY-BUPOOHHUKA A0 KiHIEBOTO CIIOKHMBAYa € HEJO-
CTYITHOIO B TIOBHOMY 00'€Mi, 1110 YHEMOKJIMBJIIOE ONTUMI3AIIII0 MPoliecy AocTaBku. CaMe ToMy iCHy€e He00-
X1THICTh CTBOPEHHS CUCTEMH BiJICTEXKYBAaHHS TOBAPY Ha BCiX €Tarax JOTiCTUYHOTO JaHIFOTa BiJl BUPOOHUIITBA
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JI0 KIHIIEBOTO CIIOKMBada, 3 METOI0 MiATBEPIKCHHS OE3MEeKH Ta OPUTIHAIBHOCTI TOBapy i ONTHMi3awil
JIQHITIOTA TTOCTAYaHb.

Buxkjaa 0CHOBHOI0 MaTepiajy 10CTiIKeHHsl. AHATI3 CTATHCTUYHUX JaHUX CBITYHUTH, IO B CBITI I0-
POKY BiIOyBa€ThCSl BUTOTOBJICHHS Ta MPOJaK KOHTpadaKTHOT MPOAYKIil, IIOPOKY 1 udpa JHUIIe 3pocTae. 3
nmomoBiai Opranizaliii €eKOHOMIYHOI'O CIIBPOOITHUIITBA Ta PO3BUTKY CIIIAYE, 110 000pOT KOHTpadaKTHOI Ipo-
IyKIii B cBiTi gocsrae 500 miipa. momapiB, Mo CTaHOBUTH OJU3bK0 3,3% cBiTOBOrO iMMIoOpTy. Y €Bporeich-
KOMY COI031 Takoi MOKa3HUK Jocsr 134 mupa. nonapis, 0 CTaHOBUTH OJIM3bKO0 6% iMmopTy. i1s MOpiBHSIHHS,
3a nanumu nomnepeausoi gonosigi OECP, onyonikosanoro B 2016 poiii, yacTka KoHTpahakTHOT MPOIYKINT B
cBiTi craHoBmwia 461 Miapa. monapiB abo 2,5% cBITOBOrO iMIIOPTY, a B €BpornelickkoMy coro3i 116 mup. mo-
napiB ab6o 5% immoprty (puc. 1, 2.).

Jlinepamu M0 BHPOOHHUITBY TOBApiB 3 MOPYIICHHSMH MPaB Ha 00'€KTH 1HTEICKTYaabHOI BIACHOCTI €
Kuraii i ['onkoHr - monan 60%, Typeuunna - monan 3,5% i Ciaramyp - nonan 2%. Haftuactime miapoOisitoTh
OJIAT 1 BUPOOHU 31 IKIPH, B3YTTS, CACKTPUYHI IPUIIaIU Ta 00JIaJHAHHS, TOJUHHHUKH, maphyMepis Ta KOCMETHKA,
IrpalKH.

BimzHavaetbest, mo 24% BuIy4deHHS KOHTpaakTHOI MPOJYKINii 37IMCHEHO 3 MOPYIICHHSIM TpaB Ha
00'eKTH 1HTEJICKTYaabHOI BJacHOCTI mmpaBoBiacHuKiB 3 CIIA, 16,6% - 3 ®panii, 15,1% - 3 Itanii, 11,2% - 31
[Beiinapii, 9,3% - 3 Himeuunnu, 6nmu3pko 6% - 3 Anonii Ta 6imseko 1,3% - 3 Kurato. [2]
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Pucynok 1 - O6opot koHTpadakTHOI MPOAYKILIi B CBiTI Ta €BponeicbkoMy coro3i, mupa. goa. CLIA
Figure 1 — Turnover of counterfeit products in the world and the European Union, billion. USD

Sk BugHO 3 rpadikiB, KOXKHA IBAIATa OAWHULL TOBApY, IO KymyloTh B €C € KoHTpadakTHO, 3a-
rajibHi 30UTKHA KOMITaHIH-BUPOOHHUKIB TOBapiB cTaHOBIATE S00 mupa. moxapie CIIA B pik, yepe3 HassBHICTb
Ha PUHKY HE OPUTIHAILHUX TPOIYKTIB.

biokuelin - moOymoBaHa 3a MIEBHUMHM MpaBUIaMu Oe3lepepBHA MMOCIIIIOBHA JIAHIFOKOK OJIOKIB (3B's3-
HUH CIHCOK), IO MICTATh 1H(OpMAIlifo. 3B'I30K MK OJ0KaMH 3a0e3MeUyeEThCs HE TIIBKKA HyMEpalli€io, a i
TUM, IO KOXKEH OJIOK MICTUTBH CBOIO BJIACHY XELI-CYMY 1 XeII-CyMy MONEPEeTHbOTro O0Ky. 3MiHa OyIb-IKO1
iH(dopMaIrii B 6J10111 3MIHUTE HOTo Xem-cymy. 11106 BiamoBigaTy npaBuiiaM MoOya0BH JAHIFOKKA, 3MIHU XEIII-
CyMH TIOTPiOHO Oyze 3ammcaTy B HACTYIHHUN OJIOK, IO BUKJIMYE 3MIHH BXKE MOTO BIAacHOI xemr-cymu. [lpu
LOMY ITOTIePEIHI OJI0KH HE Oy IyTh 3a4inaTucs. SIKIo 3MiHIOBaHUH OJIOK OCTaHHIH B JTAHIIFOXKKY, TO BHECSHHS
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3MiH MOXE HE BUMaraTy iCTOTHHUX 3YCHIIb. AJie SKIIO IMiCIsl 3MiHFOBAHOTO OJIOKY BxkKe C(HOPMOBAHO MPOJIOB-
JKEHHS, TO MOXIIMBO, HE BJIACThCSA BKpail TpyJoMicTKUM mporiecoM. CrnpaBa B TOMY, IO 3a3BHYail KOMii
JIAHITFOXKKIB OJIOKIB 30epiraroThcst Ha 0€3J1idl pi3HUX KOMITTOTEPIB He3aleKHO OMH Bix oaHoro [3,4,5].

% imnopTy

N

CsiT €ec

Pucynoxk 2 - O6opot koHTpadakTHOI MPOIYKIIii B CBiTI Ta €BpoMeiichKoMy cOt031, % IMIIOPTY
Figure 2 — Turnover of counterfeit products in the world and the European Union, % of imported goods

BuxopucTtoByroun mpo3opi JaHi, OJOKYEHH 1a€ 3MOTY CTBOPIOBATH HOBI IMTPOMUCIIOBI TPOIIECH, IO 3a-
Oe3neuye HAA3BUYAMHO MIBUAKY Pealizallilo TPaH3aKI[iH 3aBISKH MOKIUBOCTSIM PO3YMHHX KOHTPAKTIB.
Byno mpoBeaeHo pocimkeHHs, B skoMy Euroclear Bu3HaunIa OCHOBHI niepeBaru 0ok4uetiny. [6] Cepen

HUX:
° HaJIMHICTh METOIB MH(PYBaHH;

° KOH(IISHITIHICTh TaHUX;

° B OyZIb-sIKUI1 MOMEHT 4acy 0a3a JaHuX 3a0e3Meuylo€ HaliifHIiCTh poOOTH 0€3 LIEHTPaTFHOTO OpraHy;
° CHHXPOHI3aIlis JTaHUX MK YIaCHUKAMH IIPOIIECY;

° Ha MPOTHUBAry TPaJULiHHOMY KOHTPAKTy, PO3YMHUH KOHTPAKT € aJrOPUTMOM, L0 MPOrPaMyeThCS B

3aJIC)KHOCTI BiJl YMOB, 1[0 HECE B CBOKO YEepPI'y BUKOHAHHS 3aKJIAJCHUX IHCTPYKIIN Uit pOOOTH Haja PI3HUMHU
nponecamu. Yepes e MoxkHa 6e3 mpobieM Ta BUTpAT 4acy BAOCKOHAIMTH Pi3HI omnepanii 3 HiHHUMH Mare-
pamu, BEeKCeJSIMH 1 T11.;
° O1TBIIT TTOBHI HAOOPH TaHUX;
° po3nojineHa 6a3a JaHUX JO3BOJISE BiIIUTH BiJl 3BUYHHUX TPATUIIIMHUX [EHTPATi30BaAHUX CHCTEM, SIKi
BHKOPHUCTOBYIOTHCS B HAII Yac JUISI BiJICTE)KEHHS Ta BEJACHHS 3aIlMCIB 11O PI3HUX 1HBECTHINIAX 1 YToIaxX;
° HIBUJIIE 30IHCHEHHS TpaH3aKIii. Y BCiX Oyae eAMHUI TOCTYI 10 JaHMX, [0 B CBOIO YEPry HpU3BEIC
110 ORI IBUAKOTO PO3MOBCIOMKEHHS iHPOpMAaIil Ha pUHKY;
° KOHTPAreHTH MOYHYTH OiJIbIIIe JOBIPSITH OJMH OJJHOMY, OTPUMABIIH JOCTYI IIPO30PHI JOCTYI JI0 Ja-
HUX, HEe TOTPiOHO Oy/e N0JaTKOBO Y3To/DKYBATH 1 3BIpSTH AaHi PO YTOIHU; BIIKPHUTICTh JAHUX TaKOXK, 103BO-
JIUTh yYaCHUKAM I ITBEPKYBATH CBOIO HaliHHICTh, 301/IbIIYBATH PIBEHb AOBIPH Ta LIMM CAMHUM 3MEHIITYBaTH
pusnku (HiHAHCOBHX 3000B'I3aHb.

CMapT-KOHTpakKT (aHri. Smart contract - po3yMHHH KOHTPAKT) - KOMITIOTEPHUH alTroOpuTM, MpU3HAYe-
HUH 1715 GopMyBaHHs, KOHTPOJIIO 1 HamaHHs iH(popMallii mpo BONOAIHHS YUM-HeOyab. Haliuacriie MoBa iine
PO 3aCTOCYBAaHHS TEXHOJOTi OJOKYeiHy. Y Oifbll BY3bKOMY CEHCI MiJl CMapT-KOHTPAKTOM PO3YMIi€ThCS
Habip QyHKLIH i JaHUX (TIOTOYHHIA CTaH), IO 3HAXOASTHCS 3a MIEBHOIO aIpecoro B OnokueiiHi [7].
OpuriHalbHICTh TOBAPY 7 MOXKE OYTH IMiITBEPIKCHA IIJITXOM MiATBEPIKCHHS ()aKTy BUPOOHHUIITBA TOBApY 7
3 BJIACHUM ificHTU(IKAIIIHAM HOMEPOM Ha BHPOOHUIITBI Ta BiJICTE)KYBaHHS ITOBHOTO JIAHIIOTA MOCTAYaHb
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ILOTO TOBApy # BiJ 3aBOJly BUPOOHUKA J0 KIHIIEBOTO CrioKMBava. [1Jis BUpimeHHs 1i€i 3a1a4i 0yI0 BUKOPH-
CTaHO CMapT KOHTPAKTH JIJIS 3alKCIB JaHUX B OJ0k4eliH. Cxema peatizallii HalmpoCTiloro cMapT KOHTPAKTY
TIpeACTaBIICHA Ha pHC. 3.

[Mosicuenns o cxemu. J1Jist po3yMiHHS pOOOTH IEOTO CMAPT KOHTPAKTY HEOOXITHO BU3HAUYNUTH HACTYITHI
TIOHSTTSL:

Organisation - KOMITaHis-BUPOOHKK TOBapiB, 3aBoj, (hadpuka. BucTynae BIaCHUKOM CMapT KOHTPAKTY.

Point - manufacture - Touka-BUpOOHHUK, NepIIa CTPYKTYpa, 0 3aHOCUTD AaHi B OJOKYEHH Mpo BUPOO-
HHUIITBO TOBApIB 3 3a3HAYCHHSM TX 1IeHTU(IKALIHHOTO HOMEpa.

Point-transportation - Touka-niepeBi3HHUK, CTPYKTYypa, [0 3aHOCUTH JIaHi B OJIOKYCHH MPO OTPUMAaHHS
napTii TOBapiB 3 MEBHUMH 1IeHTH(IKAIIHHUME HOMepaMu. BapTo 3a3Haunty, 1110 Point-transportation Mosxke
CKJIaIaTUCh 3 0araThbOX TOYOK B JIAHIFOI'Y IOCTABKH BiJl BUPOOHHIITBA 10 KIHIICBOrO peanizaTopa. Hanpukman:
CKJIaJI, MUTHHIIS, a€POTIOPT, MTOPT, BOK3aJ, TSPMiHAJ Ta iHIIII.

Point- retail - Touka - npoaaBelb, CTPYKTYpa, 1110 3aHOCHUTH JaHi B OJIOKYEHH PO MPOJIak TOBApy.

Organization

Point Point Point
- manafacture J - transportation - retail

( b I ~
Product Product Product Product Product Product
transfer transfer transfer transfer transfer transfer
with batch with batch with batch with batch with batch with batch
number 100 number 200 number 100 number 200 number 100 number 200

\ J \ /

L |pIFs ][ IPFS : [ IP]FS ][ IPFS ] [ IPIFS ]: IPFS

v

[ Serial numbers \l [ Serial numbers ]

Pucynox 3 — EnementapHa cxema peaizallii cMapT KOHTPAKTY IJIs BiICTEKYBaHHS MOXODKEHHS TOBapy
Figure 3 — General scheme of smart contract implementation for tracking the origin of goods

J11s KOXKHOT opraHi3allii-BUpOOHHKA IPOAYKIIIT CTBOPIOETHCS OKPEMHUI CMapT KOHTPakT. BupoOHUK, sk
BJIACHUK CMapT KOHTPAaKTy, cTBoptoe Touku (Point) mis KO’KHOTO yd4acHHKa MpPOLECY AOCTaBKH Bif BUPOO-
HUITBA 110 Tpofaxy. [Ipukmanu cxem Todok npeacTaBieHi Ha pUCYHKY 4.

Koxna Touka MictuTh iHpopMaliito (if0 iHGopMaliio 3amgae KOMIAHI BUPOOHHK TOBApiB), IO €
HE3MIHHOIO:

- HazBa,

- Micue po3ramryBaHHs,

- ImenTudikamiiauit Homep

Jlnst KopeKTHOro (PYHKIIOHYBAaHHS CUCTEMHU KOXKHa Toduka BHOCHUTH JaHi B OJOKYEHH PO MPUOYTTS
napTiii ToBapy, a came:

- mara mpuOyTTS TOBapy,

- HOMep Maprii,

- IOCHUJIAHHS Ha iIeHTH(]iKaLiiHI HOMEpH KOXHOT oquHULI ToBapy. Lleit HoMep € yHIKaJIbHUMH 1 IIpH-
CBOIOIOTHCS Ha BUPOOHUIITBI. [neHTHdiKaLiliHI HOMepH MOXKYTh 30epiratuchk B IPFS —mpoTokon ta cucrema
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PO3MOBCIOJKCHHSI JaHUX 3a 3MICTOM, siKa MoOyIOBaHA HA KOHIEMINI ieHTU(IKyBaHHS JaHHUX 3a XEIIOM,
T00TO 3a I/1, KM PO3paxoBYeTHCS i BIAMOBIAHO 3aJI€KHUTh, BiJ IXHBOTO BHYTPILIHBOTO 3HaUeHHS [8], € me-
IIEHTPaTI30BaHOI0 CHCTEMOI0. Takox iHGopMaIio MoXxHa 30epiraio Ha OyIb-TKOMY IHITOMY CXOBHIITI, IICH-
Tpaji30BaHOMY a00 JELEHTPaTi30BaHOMY, XMapHOMY a00 CTalliOHApHOMY.

- Point Id - inentudikamiinuii Homep Touku.

[ EHpoéHHKH Cknap, Hﬂpunaseub}

BupoBHuk 4 Cknag [ Muthumua [ Mutiega % Cknag [ MNpopaseus

BupobHuk [ Cknag [~ Muthags 4 Mopr [ Mopt [ MutHaua —’{ MnanqﬂH Cknag HﬂpunaBEqb‘

Pucynoxk 4 — IIpuxnaau cxem B3aeMofii TOUOK y JaHLIOTY TIOCTa4aHb
Figure 4 — Examples of schemes of interaction of Points in a supply chain

Takum 49uHOM (DOPMYETBCS 1CTOpiS MEPEMIIIEHHS TOBapy, TOOTO 3'IBISETHCS MOYKIIMBICTH BiacTe-
JKYBaHHS TIOXOJ/[KCHHS TOBApPY, 1 BIZICTEKYBaHHS B3a€MO/Iii MiXK YIaCHUKaMU TPOIIECY TOCTABKH.

3acTocyBaHHs OJOKYEHHY A7l JTAHLIIOT1B [TOCTAa4aHb JO3BOJISIE BUPIIIUTH PSLI IPOOIIEM:
Hanaty BIIeBHEHICTH KIHIIEBOMY KIIIEHTY Y TIOKYTIIIi OPUTIHAIBHOTO TOBapY,

Bupobnuk Mmoxe OyTH BIIEBHEHHH, 110 KIII€HT NpUAOaE OpUTiHATBLHUN TOBap,
HanifiHicTh cHCTEMU, IIITXOM 3UTYICHHSI TCIICHTPaTi30BaHOI CHCTEMH OJIOKUCHH.
MO>KIMBICTh BiJICHIIKYBATH JIAHITFOT TOCTAYaHHS JIS KIHIIEBOTO CIIOKHMBaya Ta BUPOOHHKA.

Onrtumizanis npouecy A0CTaBKU MOXe OyTH JOCATHYTa LIISIXOM aHaJli3y OTPUMAaHUX AaHUX, Yepes3 3a-
CTOCYBaHHS CMapT KOHTPAKTiB TAKUM YHHOM: BUPOOHHK MOXe OauuTH J1aHi mpo omnepartii mpuodyrts B Touky,
qac npuOYTTs Ta KUTBKICTh napTiii/ToBapis. [Ipu aHami3i IUX JaHUX MOXKIIMBO BUSIBUTH 3aTPUMKH, 3001, BTpaty
TOBapy, MBHUAKICTh JOCTAaBKH Mk Todkamu, BiMOBIaIBHICTE KOKHOI Toukn. CrucTemMa, 1o MpOOHYETHCS €
MIPOCTOIO B IHTETpAIlil IJIsT KOXKHOI KOMITaHii, i He MOTpe0y€e 3HAYHNUX TOAATKOBUX BUTPAT.

BucnoBok. [IpoananizoBaHo CBITOBY CTaTHCTHKY IO 00iry KOHTpagakry, o cTaHOBUTh 3,3 % y pikK,
1o exBiBasieHTHO 500 Mpa. mosur. CILIA (2017 pik), 0 € gyKe aKTyaJlbHAM ISl Y KpaiHu.

Po3riisiHyTO TEXHOJIOTIIO Ta AJITOPUTMH IIOJI0 ONTUMI3allii JIAHIFOTA MOCTaYaHb MUITXOM aHali3y Ja-
HUX BiJ KO>kHOT TOUYKH, 1 BUSIBJICHHS ITPOOJIEMHHUX ITPOIIECIB Ta TyHKTIB.

3anpornoHOBaHO BUKOPUCTAHHS TEXHOJIOTIT CMapT KOHTPAKTY B CHCTEMI OJIOKYCHH, [Tt 3a0e3eueHHs
Oe3neku ToBapy (BaHTaXYy), JUIS BiJICIIIKOBYBaHHS MIOXOPKEHHS TOBAapy, MapIIpyTy, €TAIliB IEPEBE3CHHS Ta
HOTO OPUTIHATBHOCTI, IIUITXOM CTBOPEHHS 3aITACIB Y KOKHOMY IIYHKTI IIepeOyBaHHS TOBapy.
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DEVELOPMENT OF MEASURES FOR OPTIMIZATION OF THE PRODUCT SUPPLY CHAIN BY
USING MODERN BLOCKCHANE TECHNOLOGY
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Abstract. The article is aimed at the development of measures for optimization of the product supply chain
by using modern blockchane technology. The world statistics on counterfeit turnover, which is 3.3% per year,
which is equivalent to $§ 500 billion (2017), which is very relevant for Ukraine, is analyzed.

The technology and algorithms for supply chain optimization is achieved by analyzing data from each point
and identifying problem processes and Points are considered.
The use of smart contract technology in the blockchain system is proposed to ensure the safety and security of
the goods (cargo), to track the origin of the goods, route, stages of transportation and its originality, by creating
records at each point of stay of the goods.
Keywords: supply chain, blockchane technology, smart contract, safety and security of the goods
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Summary. The work is devoted to the solution of the issue of economic and safe transportation of
goods and passengers by road. This transportation depends on the condition of roads, road surface, vehicle
type and weather conditions. Weather conditions are taken into account both in terms of visibility (meteoro-
logical) and in terms of the coefficient of adhesion.

The general criterion for assessing all conditions is the average speed of the vehicle, taking into account
weather and road conditions. Weather conditions are determined by the type of visibillity: clear weather, rain,
snowfall, blizzards, rain. By the coefficient of adhesion: dry surface, normal, wet, snow, ice. By road condi-
tions: category of road, width of the travel section, radii of horizontal curves, longitudinal slopes, width of the
road, the state of surface (coefficient of solidity). According to weather conditions, the calendar year is divided
into three periods according to the conditions of cars’ movement.

The first (winter) - December, January, February, March; second (spring-summer) - April, May, July,
June, August; third (autumn) - September, October, November. The use of weather conditions in the Northern
regions of Ukraine is presented in this work.

Keywords: road, weather, speed, visibility, coefficient of adhesion.

Introduction. Transportation of goods and passengers is of great importance for the economy of the
country. The main indicators are the cost of transportation and socio-economic indicators of passenger traffic.
Planning of transportation depends on many indicators that characterize not only road conditions, but also
weather conditions. For transportation of goods and passengers, road conditions must meet the requirements
of transport. These conditions vary depending on the category of roads - the higher the category of road the
better the conditions for transport. Weather conditions reduce the speed of road transport and can increase
travel time. Taking into account weather conditions will allow planning of cargo and passengers transportation
under favorable weather conditions and minimum cost.
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Purpose and methods

The task of the road is to provide an economical, safe transportation of goods and passengers by road.
The main indicator is the speed of vehicles, which depends on:

- geometric elements of the road,;

- type of car and its traction-speed characteristics;

- type of cover and its condition;

- weather conditions.

The geometric elements of the highway determine the speed of free movement of the car in different
road conditions. Changing road conditions causes a change in vehicle speed. Surface of the road and its con-
dition is very important. The presence of pits, tracks, bumps and small coefficient of adhesion (normal from
0,35 to 0,7), cause a significant decrease in the speed of the car. Weather conditions are characterized both by
the distance of visibility and the state of road surface. In addition, each category of the road corresponds to its
maximum load on the car axle (from 6t to 11.5t). Visibility (this is the distance visibility of the road surface
by the driver) affects the speed of the car. It varies from 15 to 150m or more. According to the distance of
visibility, the speed of the car changes.

Results and explanation

The cost of transportation of goods and passengers depends on many factors, one of which is the cost
of fuel, which is up to 52% of the cost. The fuel consumption is directly proportional to the speed of the car.
Minimum fuel consumption corresponds to the optimum speed of the car. Reducing or increasing the speed of
the car leads to increased fuel consumption and cost of transportation. On the other hand, transportation of
goods and passengers may be determined by the time spent on transportation.

Weather conditions are determined by:

- clear weather;

- rain;

- storm;

- snowfall;

- blizzard

Condition of coverage is determined by the coefficient of adhesion, which characterizes the grip of
the car wheels with the coating and its condition:

- dry;

- humid;

- wet;

- SNOWY

- icy

Table 1 — Meteorological visibility
Tabmunsg 1 — MeTeoponoriuna BHIUMICTh

Weather conditions Visibility distance, m
Fog 100
Rain 150
Snow 100
Storm 15
Blizzard 16

The average speed of cars depending on visibility is calculated by the formula:
V = Vo +0.13S , (1)
where V — average speed of the car, km/hour;
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Vo= 29,1 km/hour.

So, with visibility 100 m :

V=29,1 + 0,13*100=42,1 km/hour

And with visibility 16 m:

V=29,1 + 0,13*16=31,1 km/hour

Depending on the coating, it is characterized by the coefficient of adhesion:

Table 2 — Coefficient of adhesion according to the coating condition
Tabmuns 2 — KoedinieHT 34eruieHHs y BiIIOBIJHOCTI IO CTaHy HOKPHUTTS

Weather conditions Factor of adhesion
Dry, clear 0,5-0,7
Normal 0,4-0,5
Wet 0,2-0,3
Snow 0,2
Ice 0,1

The influence of weather conditions and the coefficient of adhesion is characterized by distance and
dynamic dimensions (distance - distance between cars, dynamic size - distance plus length of the car).

The distance and dynamic size are calculated according to the formula of NeizvestnoyN.V. and
Krasilnikovoy O.V.

1,6e (1, +1)(0,0003V> — 0,015V +0,61)

D== 2
36 2

where V' — speed of the car, km / h;

L, —length of the car, m;

@ — coefficient of adhesion.

The combined effect of the visibility distance and the coefficient of adhesion is determined (Zhuk M.M.,
Kovalyshyn V.A. Determination of safe speed of vehicles in difficult conditions, taking into account the func-
tional state of the driver) by the formula:

127(p> - 12)
T A 3
V6e3. K ¢ (S Lo) ( )

v

where ¢ — coefficient of adhesion;
S — meteorological visibility, m;
L,— security clearance, m;

I — cross slope;

K, — braking efficiency factor.

This dependence is shown in the figure 1.
Change of visibility (in the drawing from the top to bottom) 150 m, 100 m, 50 m, 40 m, 20 m.
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Figure 1 — Change of the visibility of the road surface depending on the coefficient of adhesion and
speed of the car.

Pucynok 1 — 3miHa BUANMOCTI MOBEPXHi OPOTH B 3aJIKHOCTI BiJ KoedillieHTa 34erIeHHs
Ta MBUAKOCTI aBTOMOOLIA

According to this graph, it is possible to determine the speed of the car depending on the visibility and
the coefficient of adhesion according to the condition of coating of the road.

Weather conditions are taken into account both from the distance of visibility and from the state of
surface.

As of the driving conditions on motor roads it is possible to distinct three periods under conditions of
movement:

- winter - (December, January, February, March);

- spring-summer (April, May, June, July, August);

- autumn (September, October, November).

Each of these periods is characterized by natural conditions. Winter - snowstorms, blizzards), spring
and summer - rain, storms), autumn (rain, storms, Snow).

According to weather conditions, the state of surface and visibility range change, and as a result, the
speed of the car and fuel consumption changes.

These conditions lead to unsatisfactory conditions of travel and transportation of goods and passengers.
The example of the Kyiv region shows the distribution of unsatisfactory travel conditions for certain periods.
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Table 3 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of
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Ukraine during the winter period
Tabmuus 3 — BiZcoTOK HEe3aA0BUTBHUXIIOTOJHUX YMOB Ha aBTOMOOUTBEHUX Joporax y [liBHIYHKX

patioHax YKpaiHua y 3UMOBHH TIEpiofT

Year Winter period
Snow rain storm blizzard
2013 60/49% 2/1,6% 2/1,6%
2014 22/18.2% 1/0,8% 2/1,6%
2015 28/23% 3/2,5% 5/4,1% 2/1,6%
2016 44/36% 1/0,8% 3/2,5%
2017 33/27% 4/3,3% 3/2,5%
2018 49/40% 7/5,7% 3/2,5%
Total 236 14 9 15
Average 32,3% 1,9% 1,2% 2,1%
value

Table 4 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of

Ukraine in the spring-summer period
Ta0muist 4 — BigcoTok He3aI0BLIBHUX IMOTOJAHUX YMOB Ha aBTOMOOLIBHUX JA0oporax y ITiBHIYHHX

pafioHax YKpaiHu y BECHSHO-TITHIH mepion

Year Spring-summer period
snow rain storm blizzard
2013 24/15.6% 1/0,6%
2014 23/15% 10/6,5%
2015 34/22.2% 3/1,9%
2016 42/27.4% 1/0,6%
2017 38/24.8% 9/5,9%
2018 8/7.8%
Total 169 24
Average 18,4% 2,6%
value

Conclusions and recommendations.
1. Unfavorable weather conditions appear:

- winter period-37,5%,
- spring-summer period -21%,
- autumn period-10.9%.

2. During the winter, the blizzards and storms make up 3.3%. In a blizzard, delays can last up to 3 days.
3. The most favorable conditions are during the spring-summer period where the rain is 2.6% and the

delay can be up to 2-3 hours.

4. When performing transportation in unfavorable conditions it is necessary to take into account the
decrease of the speed of motor transport and increase the socio-economic rate of passenger transportation. The

calculation is carried out using Figure 1 and tables 1,2,3,4,5.
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Table 5 — Percentage of unsatisfactory weather conditions on highways in the Northern regions of
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Ukraine in the autumn period

Tabmuist 5 — BiicoTok He3aI0BIIBHUXIIONOJHUX YMOB Ha aBTOMOOLIBHUX Joporax y [TiBHIYHUX paii-

oHax YKpaiHH y OCiHHIH mepiox

Year Autumn period
Snow rain storm blizzard

2013 12/13%

2014 2/2.1% 4/4,4%

2015 5/5.5% 2/2,2%

2016 9/9.9% 2/2.1% 2/2,2%

2017 1/1% 8/8.8% 1/1,1%

2018 4/4.4% 6/6.6% 2/2,2%
Total 14 35 9 2/2,2%
Average 2,5% 6,4% 1,6% 0,37%

value
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IIVIAHYBAHHS IIEPEBE3EHDb BAHTAKIB TA [TACAXKUPIB 3 YPAXYBAHHAM
IHOorogHnx ymoB

Honyx Karepuna MuxaisiBHa, K.T.H., TOIEHT Kadeapyu MPOEKTyBaHHS JOPIr, Teoae3il Ta 3eMIIeyCTPOIo,
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AHoTaiisi. Po6oTa npucBsueHa BUPIIIEHHIO MUTAHHS €KOHOMIYHOTO Ta OE3MEYHOr0 MepeBEe3CHHS Ba-
HTaXiB Ta MacaXupiB aBTOMOOUTHPHIM TpaHCTIOPTOM. Lle mepeBe3eHHsI 3aJIe)KUTh BiJl CTaHy aBTOMOOUTBHHUX
JIOPIT, TOPOXKHBOTO TTOKPUTTS, TUITY aBTOMOOLIS Ta MOTOJAHUX YMOB. [1oro/mHi yMOBU BpaxOBYIOThCS SIK TO
BHIUMOCTI (METE€OPOJIOTIUHI) TaK 1 IO MOKa3HUKY KOoeillieHTa 3UCTICHHS.
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3araJlbHIM KPUTEPi€M OLIHKU BCIX YMOB € IOKa3HUK CepPeIHbOI IIBUIKOCTI PyXy aBTOMOO1JIS 3 ypaxy-
BaHHSIM MOTOJHUX 1 JOPOXKHiIX yMOB. [10o TUIy BUIMMOCTI MOTOIHI YMOBH BU3HAYAIOTHCS: SICHA MOT'0Aa, JIOLLI,
CHITOIaJ, XypTOBHHA,31TMBa. [10 KoedimmieHTy 34eTUIeHHS: CyXe MMOKPUTTS, HOpMaJIbHE, MOKpE, CHIT, OXKelre-
auns. [lo noposkHIM yMOBaM: KaTeropis JOpOory, MIMPHHA MPOi3HOT YaCTHHHU, PafilyCH TOPU30OHTAIBHUX KPH-
BHIX, TIO3I0BKHI ITOXWIIH, IIMPHUHA y301949s CTaH MOKPHUTTS (KoedirieHT mirtHocTi). [To moromanM ymoBam Ka-
JIEHTAPHUK PiK TUTUTHCS Ha TPU TEPIOIU IO yMOBAM PyXy aBTOMOOITIB:

[epmmii (3uMoOBHIA) — IpylieHb, Ciu€Hb, JIOTHH, Oepe3eHp; Npyruil (BECHSIHO-TITHIN) — KBITE€Hb, Tpa-
BCHb, JIUTICHB, YePBEHD, CEPIICHB; TPETiil (OCIHHIH) - BEpECeHb, JKOBTEHb, JINCTONAA. B poOOTI MpUBEACHO BU-
KOPUCTaHHS MOroHUX yMoB y IliBHIUHNX palioHax YKpaiHH.

Kuro4ogi ciioBa: nopora, noroja, IBUIKICTb PYXY, BUIUMICTh, KOS(DILIEHT 3UCIUICHHS.
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AHoTanis. Marepian wiel 4acTUHM 3arajJbHOTO METOAOJIOTIYHOTO PO3/LTY MO CTBOPEHHIO CYy4acHOT TEPMiHO-
JIOT14HOI cUcTeMH JOCTaBKH BaHTaxiB (/IB) 6a3yeTscs Ha TepMiHaxX i BU3HAUCHHAX HABEACHUX B MOMEPEIHIX
JacTHUHAX TIOO0AIBHOI CTaTI MPUCBIYCHUX TPOIO3HUITISM IO YAOCKOHAIICHHIO TEPMIiHOJIOT1 TPAHCIIOPTHOT CH-
ctemonorii [1-4]. Oco0IHBO 1€ CTOCYETHCS TAKOTO BAXKIMBOTO POAY AisUTLHOCTI SK iH(opMarltiitHe 3a0e3me-
gerns (13).

Kurwo4oBi ciioBa. nexinapatiBHO-TpadiqHAN OMHC, TEOPETUKO-MHOXKHUHHA MOJIENb, TPOCKTHA MOCIH,
PHU3HMK BUKOHAHHS JOCTABKU BaHTaXYy, CLICHAPii JOCTaBKU BaHTAXYy, iHpopMaliiiHe 3a0e3MeyeHHSI.

ITocTanoBka mpoodJjemMu. /1o KOHKpEeTH3aIlii MOHATL 1 KPUTEPIiB AKOCTI 1 KITBKOCTI iHGopMarii i B
oMy iH(popManiiHOTO 3a0e3MeYeHHs] HaBeIeMO MOHSTTS, SKi MOJIETIIaTh Mi3HAHHS KPUTEPIiB 1 mpoueciB.
I e Bepbampra Verb K, mexmapatusua Decl K, nexcukonoriuaa Lex K onmcy kareropiit /IB, miarBictnyna
Lin P, cemantnuna Sem P, cuntakcnuna Sint P 1 noriura Log P monxeni nporieciB noctaBku BanTtaxis (I1/IB),
nparMatuaHui onuc Prag P obnacti npeamerHoi aisuipHOCT (OI1[1) Mo mocraBui BaHTaxiB. B sikocTi kaTero-
piit JIB BUCTYIaIOTh ONKCH (XapaKTEPUCTHKHN ) OMUHIUYHUX eJieMeHTiB J|B, Hanpukiaj: 00’ ekT, Cy0’ eKT, O,
CTaH, cUTyauis 1 inm. B skocTi npouecis B, Hanpukian: cutyauiiHui, CMCTeMHUA, pedaeKcHHH 1 iHmi (IUB.
Tab:1. 1). KoxkHe 3 ux NOHATH Tpae cBoto e(heKTHBHY POJIh B IIpolieci mizHaHHA /| B, K mpoiiecy MakCuManbHO
HaOIMKEHOTO IO IPAKTUKU TOCTaBKH BaHTaXiB. 11 BU3HaUeHHs OYIyTh 3aBEPIIICHHUM TOHITTSIM PETPE3CH-
TATHUBHOCTI iHpOpMaLiiiHOro 3a0e3neueHHs, IKe MOeAHy€e KpuTepii epeKTUBHOCTI iHpOopMaLiHHIX eeMEHTIB
i1 I3 B 1mimoMy, 3 OJHI€T CTOPOHH 1, 3 APYTOi CTOPOHH, MOTOKIB iH(GOPMAITITHIX €IEMEHTIB, IMICUCTEM, SKi
B3a€MOJIIOTh, B €AMHY CUCTEMY JIOCTABKU BaHTAXIB, SIK 1 PO3yMIIOTh IX JIesKi TEOPETHKH 1 OIBIIICTh MPaKTH-
KiB, SIKi paIioloTsh B cdepi B, B cucTemi NOriCTHYHUX 3a7ad TPAHCIIOPTYBAHHS BAaHTAXIB LUIIXOM 3ally-
YEHHS PYXOMHX TPAHCIIOPTHHUX 3aCO0iB.

OcHoBHuii MmaTepiaia. [lamo mi npuitoMu (METOAM, METOMKH ) OITUCY KAaTETOPii 1 MPOIECciB CTOCOBHO
110 piBHSI emicTeModIorii (mi3HaHHsA) mporteci [IB, sk Takux.

Busnavenns 72. BepOansuuii omuc kareropiii Verb K — ycBinomienuil cioBecHui onuc 4acTHHU
npeaMeTHoi obnacti [IB, fka cKiIagaeThesl 3 OMMCY KOHKPETHOI MOCTaBICHOI MpobJeMH, sika BKIIIOYAE I
pIIIeHHS TTOCTABJICHOI 3a/1adi, OCHOBHI THTAaHHS, Ha SIKi CJIiJ OTPUMATH BiATOBiNi, OOMEXECHb 1 MOMJIMBUX
NpUMYLIeHb B 3aJadi, a TAKOX BHUX1THOI iHPoOpMaIlii, ika € B pO3NOPSHKEHH] JOCHiTHIKA CUCTEMHU.

Busnauenns 73. JlexnapatuBuuii onuc kateropiii JIB Decl K — ycBimomiteHuit onmuc kaTeropii mpe-
IMeTHOI obacTi /1B, 1110 MICTUTh OCHOBHI MPUHIIMIIH 1 3arajibHi MOJOKEHHS MisJIbHOCTI B PO3TJIsAaeMil mpe-
IMETHiH o0aacti BitHOCHH, 6€3 00TpyHTYBaHHS 1 OUCY CHOCOOIB X peanizarmii.

Busznauennst 74. Jlexcukomnoriunuii onuc kateropiii /IB Lex K — ycBimomiiennii onuc mpeaMeTHOT
obnacti o /1B, 1110 BUKOPHCTOBYE 3amac CIiB i BUpa3iB, B TOMY YHCII i CIeHTy (3kaproHy), sike BijoOpakae
BCTAaHOBJICHE TIPUYNHHO-HACIIIKOBE cripuiiHATTA OI1/] mo mocTaBIli BaHTaXy B TUTaHi 3iHCHEHHS KOMYHIKa-
TUBHHUX BIJHOCHH MDK «CIEILaJliCTOM — clieliaigicTom» 1 «crenianict — EOM».

Tpeba BimmituTh, o Verb K, Decl K i Lex K onmcu MaroTs B OUIBIIH Mipi, CIOBECHUH OITUC KaTEro-
piti JIB, B TOMy YHCIII TpaHCHIOPTYBaHHS BAaHTAXIB 332 TOTIOMOTOIO0 IMEPECYBHUX TPAHCIIOPTHUX KOMIUICKCIB
(ITTK). OcHoBa st nporo nekiaaparuBHo-rpadivyHoro onucy B, Tinbku AI'O MeTomoorii KOHIENTYalbHO-
JIOTIYHOTO BiJJOOpaXEHHS 1 MPOSKTHOTO MOJICIIOBAHHS € OB 3arajlbHUM CIIOBECHO-TPaghidHOIO CKIAI0BOIO
nporiecy JIB peati3oBaHUM BUXOISMYH 3 KHUTTEBOI MPAKTHUKH, JOCBIAY 1 3II0POBOTO CEHCY IMOCAI0BOI 0cOOU
[1IB kepyrounch HAyKOBUM amaparoM i ocoOHCTOI0 iHTYiLi€eto crienianicTta (iB) — mpeamerHuka (iB). Ilpu ne-
o6ximgHOoCTi, 10 JII'O 3aIy9aroThCS CIIeialliCTH — MTPOSKTYBATLHUKH, SIKI BUPIITYIOTH IO 3371a9y, 3 TOUKH 30DY,
pauioHai3amii cy4acHUX TPaHCIOPTHO-TEXHOJIOTIYHHUX, HacaMIepel TEXHIYHUX YMOB, HO 3 OOJIKOM coliia-
JBHO-eKOHOMIYHMX BUMOT. [lepeiinemo 1o 6inbir opMambHUM MOAETSIM MPOILECY AOCTABKH BaHTAXKIB.

Busznauennst 75. Jlinrsictuuna monens JIB Lin P — npencraBisie co0oro peryispHe, OOHO3ZHAYHE i
MOCHIIOBHE BiJHOIICHHS JaHUX O MUTaHHIO JOCTaBKU BaHTAXy, B OCHOBHOMY, 5IKi 0a3yI0ThCs Ha iH(popMallii,
sika po3MimeHa B 3asBIli Ha JIB 1 maHmx mepecyBHOTO TPaHCTIOPTHOTO KOMIUIEKCY MPHU3HAYEHOTO 3TiTHO 3
CKJIaICHUM CIICHAPiEM J0 JTOCTABKH BAaHTAXY.
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JlinrBicTHYHA MOJIENTb BU3HAYAE KUIBKICHI 1 AKicHI ckianoBi [1JIB kopucTyrouuch paiioHaNbHICTIO,
JOLINBHICTIO 1 edexTuBHIcTIO AisutbHOTO acnekTy [ITK nmpusnauenoro no JIB. OcHoOBOO A7s TiHTBICTUYHOT
MOJIEJi CITY>KUTh TeOpeTHKOo-MHOKUHHI Mozenm [1JIB. B pamkax Lin-mofeneit KOHKpeTH3y09a TPaHCIIOPTHA
nisueHICTD KonekTuBy 1 mapKy IITK Bchoro TpancnopTHOro miAmpreEMCTBA, HAIJICHOTO HA BUKOHAHHS L€l
KOHIICTITH (apTYMEHTY) MOJIeJieH BUCTYIIAI0Th BXKE HE OMMHUYHUMH KaTETOPisSMH, sIKi BU3Ha4atoTh JIB, a MHO-
JKWHAMH, K1 HaIllJICHI Ha PIMEHHS PI3HUX TPAHCIIOPTHUX 3aJ]1ad, 3TiAHO 3asBOK Ha JOCTABKY BAaHTAXy, SIKAN
MOCTYTIA€ Ha CIeliali30BaHe aBTOTPAHCIOPTHE MiANPHEMCTBO.

Tabmurg. 1. BignoBigHicTh c10BeCHOT0/(POPMATEHOIO ONMUCY MOJETI i OMKCY MOJIENI METOHOJIOTIT
KOHIIETITYaJIbHO-JIOT1YHOTO BiT0oOpaXkeHHs 1 mpoekTHoro MoaemoBanus (KJIO i [IM)

Table. 1. Correspondence of the verbal / formal description of the model and the description of the
model of the methodology of conceptual-logical mapping and project modeling (KLO and PM)

Ne Onuc/ | Kareropis B/ Bun IMo3na- | 3 sIKUM OIMHUCOM/MO-
3/m | /Mozenb | /BuA mpolecy OTIHCY/BUJT YCHHS JICJLTI0 METOOOT 11 Tun kepyBaHHS
Mozel ormmucy/ | KJIO i IIM mparmroe?
/Mopeni
JlexnapaTuBHO-Tpa- [MpuunHHO-HACTI -
1 Ormc Kareropis Bepbanbue | Verb K | ¢diunuit omuc (JAI'0) KOBE KEpYBaHHSA
B -K (ITHK), crienapae ke-
pyBanss (CuK)
2 Ormc Kareropis Hexmapatn- | Decl K Ao ITHK, CuK
B - K BHE
3 Omnmuc Kareropis Jlexcukono- Lex K Aro ITHK, CuK
B - K rivHe
TeopeTnko-MHO- Curyariiiine kepy-
4 Mopens | CuryamiitHuit JlinrsicTu- Lin P ’KHHHA MOJEIb BaHHs (C1K), mipo-
1B — P gHE (TMM), iudosmori- IIeCHe KepyBaHHS
yHa mozens (1JIM) (ITK)
5 | Mopens | Curyamiviauii | Cemantuyne | Sem P TMM, IJIM C1K, IIK
naB-p
Jloriko-ceMaHnTHYHA CucremHe kepy-
6 | Monens CucremHMit CuHTaKCu- Sint P moaeins (JICM), mo- BaHHA (CuK)
I1JIB — P YHE TiKO-JTIHTBICTHYHA
mozeins (JIJIM)
7 | Monens | PeduexcHuit Jloriune Log P JICM. JITIM CuK
naB-p
8 Omnmuc Pednexcuuit [IparmaTu- Prag P Bupobun4o-koHC- CuK, pedexcusHe
1B — P gHE TPYKTUBHUU OTIHIC kepyBanHus (PK)
(BKO)

BusznauenHst 76. Cemantuana mozens /IB Sem P — 3akoHOMIpHUIT onc mpeAMETHOT 00J1acTi Al 110

JB, 1110 BUKOPUCTOBYE CMHCIIOBY CTOPOHY OKPEMHX CIIiB i CIIOBOCIIOJIYUYEHb, SIKI MPUCYTHI B JIHTBICTUYHIN
mozem OINJ] mo mocTaBIli BaHTaxy.

OCHOBOIO TSI CKJTaIaHHA Mozene Sem P TakoX CiIykaTh TCOPETUKO-MHOKHUHHI MOJEI MPOIIECiB
JIB. Tpeba BimMiTUTH, 11O JTIHTBICTUYHI, CEMaHTUYHI 1 HacTyrHI Monedni (Sint P, Log P) He € 060B’s13k0BUMU
st izHaHHS JIB. Bonm ciykath 1yt 61memt moBHOI emictemostorii [T1/IB 1 BceOiuHO omMcyroTh I1i IPOIIEeCH,
aJie IMpH [bOMY MICTATh 0araTo €JIEMEHTIB, 10 MOBTOPIOIOTHCS, SIKi TABTOJIOTIYHO MIATPUMYIOTh APYT APYyTa.

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
167



TPAHCIIOPTHI TEXHOJIOT'TI (3A BUJTIAMM)

ATmpiopi HEMOXKIIMBO YCBIIOMHTH KOJH 3’ ABJSE€THCS HEOOXITHICTE B KOHKPETHUII KO)KHOTO BHUIY MOZETCH.
Ockinbky Hamow mpodJaeMoro € mpodjaemMa CTBOPEHHsI MPONO3ULIH 110 YAOCKOHAIEHHIO TEPMiHOJIOT1] TpaHC-
MMOPTHOI CUCTEMOJIOTT, JAEMO MaKCUMAJIbHO IIOBHY KapTHHY pi3HOMaHITHOCTI Moaeeit IT/IB 1 Bxe He OyaemMo
MIPUBOJIUTH JIOJIATKOBE MOTUBYBAHHS iX CTBOPEHHSI IiCIIsl TOSICHEHHS, 1110 1I€ 3@ MOJICJb, 3 SKUM HEOOXiTHUM
HaxwWIOM BOHA OyJie BUKOPHCTOBYBATHUCS B TIporieci m3HaHHs J[B 3a mpu3HadeHHIM.

Busznauennst 77. Cuarakcuana monens JIB Sint P — nmpeacTasisie co6oro popmMaabHO O3HAYEHI CITO-
co0u 3’€JHaHHS CIIiB, siKi BimoOpaxkatoTs OI1J] mo /IB, B ciioBocnony4eHHsIX 1 MPONO3ULISX, 8 TAKOXK IPUHOMH
oprasizairii CMHACIOBOT'O JTOCTIDKSHHS IIJITXOM 3aCTOCYBAaHHS BiTHOIIIEHb MK CJIOBaMH B TEKCTOBOMY CTPOIO.

Busnauenns 78. Jloriuna mozens /IB Log P — € 3akoHOMipHUM omMcOM IpeAMETHOT 00acTi aii o
JIB 3a m01moMororo 4uciieHb, CHMBOJH 1 TIpaBUjla SKUX MOXKYTh OYTH iHTEPIpPETOBaHI B TEpMiHAX JIOTIKH, a
cXema 3B’S3Ky PO3MIpPKOBYBaHb, SKa BUPAKAETHCS 3arajlbHO 3HAYUMHAMHU KOHCTPYKITiISIMH JIOTIKH (aKCioMaMH
a00 TeopeMaMu), TPUBOJIUTH BiJl 000CHOBAHMX CYPKEHb — MTOCHJIOK JI0 iCTUHHHX CY/KEHB — Jii.

Busznauennst 79. IIparmatrunuit omme JIB Prag P — npencraBise co00r0 OMUC CYKYITHOCTI TiH, SIKi
BigoOpaxatots O/l mo JIB, HampaBneHUX Ha TOCATHEHHS peaibHUX pe3yJIbTaTiB IO JOCTaBIll BaHTaXiB, 03
crpoO MigirHaTH Il i i B)Ke ICHYI0Yl METOIH 1 MPUHOMHU MYJIbTHMOAAJIbHUX MEPEBO30K BAHTaXIB 1 PyHK-
LiOBaHHS 1HQPACTPYKTYpHU TpaHcnopTy 1o JIB.

[IparmaTuunuii (Tper.: QUTOBUH, OCBiTHUH, pakTHKa [5]) omnmc Bchoro mporecy J[B Bumarae Bxke
OJTHO3HAYHOI HAsABHOCTI B Teopii i mpakTtuili moBHoro mi3zHaHHA [1/IB, Tak sk Prag P Bkmiouae Gararto, mo
BXOJHTH B CKJIaJI0B1 BUPOOHNUO-KOHCTPYKTHBHOTO onrcy (BKO) MeTomonorii KOHIENTYanbHO-JIOTIYHOTO Bi-
n0OpakeHHsI 1 IPOrpaMHOTr0 MOAEIIOBAHHS CHCTEMH J0CTABKU BaHTaXy (IHB. TaOI. 1).

B po6oti [4] po3risayTi PS|— #ii o ckimagannio cieHapito i PS; — nii mo opranizarii /JIB. Menmre
CKa3aHo mpo indopmaiiiHe 3a0e3nedeHHs — PSi,. Cijx MaTu B BUAY, IO I Aii HE Bi0OpaXKaroTh BECh MPOIIEC
B, 3 iboro B Tab1. 2 1aHO MOBHMIA nepenik mii PS; — PSy3, ski migmararots ¢opmarizaiii B mporeci JoCii-
JDKEHHSI CUCTEMH JI0CTAaBKU BaHTaxiB. OcoOJIMBOI yBark BUMarae 1o cede 4-a KoJoHKa Tabnuui 2, 1e IpuBo-
TUTHCSI TICPEIK JiHl, IKi BAMAraroTh CIUTBHUX MOJieeld. ToOOTO yIpaBIliHHS MPOILIECAMU IO JIOCTABIIl BAHTAXKIB
3MIHCHIOETRCS TIPU HAIBHOCTI HEOOXiMHOI iHhopMaIIii 1 OIIHIN PU3UKY TIPH peatizallii Ko>kHoi omneparii /IB.
Jlo maHUM [IisiM 11e TOBEpHEMOCS, a 3apa3 OlIbII JeTanbHO PO3TIsIHEMO iHpopManiiine 3abe3nedenns 11/1B.
B Munynmux po3giiax HeOAHOPA30BO MPHUAUILIN yBary iHdopmamiianM enemenTam (IE), Ha ocHOBI aHaTi3y
SIKUX BUKOHYIOTECS Aii PS1— PSy;. lamo Bu3nadeHns iHpopmariitaoro enementa (IE) [6].

Busnauenns 80. [upopmaniitnum enementom (IE) HasuBaeThest iHQopmaris, sSika Ma€ pi3Hy CTYMiHb
CKJIQIHOCTI 1 JUCKPETHUH XapaKTep.

3 BU3HAYCHHS BUXO/IUTh, 1110 iH(QOpMAITiTHUH eIEMEHT HE € KOHKPETHOIO 1HPOPMAIIiifHOIO OIUHUIICIO.
B sIKOCTI KOHKPETHKH BUCTYIIA€ HACTYIHA iH(GOpMaIlis: PeKBI3UT i € I;, mOBimOMIEHHS is € I, MOKa3HUK iy
€ I,1 nokyMeHT i € 4. Bonu po3ramosani mo Mipi 30i7bIIeHHS 00’ €My 1 3pocTaHHsIM 1H(OPMAIIHHOT CKITaI-
Hocri IE.

Busnavenns 81. PexBi3uT i, € iHpopMaLiiiHuii eneMeHT, IKUH € CEeMaHTHYHO HETOAITIBHOIO iH(Op-
MaITi€ro.

Hampuxian: Homep iep:kaBHOI peecTpallii aBTOMOOLNS, BU TapH, sIKa MPU3HAYCHA JUISt BAHTAXY 1 T.11.

Buznauenns 82. [1osinomiieHHS is € iHQOpMAIIHHUI €IEMEHT, SIKHA CKIaIa€ThCS 3 ICKIIBKOX PEKBi-
3WTIB, SIKAH JJa€ BU3HAYCHY KIIBKICHY 1/a00 SKiCHY XapaKTEPUCTUKY IO/1ili a00 BEJIMYHUH, SKHH OMUCYE 00’ €KT
a0o mporec JO0CTaBKU BaHTAXKY.
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Tabmuus 2. [locnigoBHM# epeueHb Aii, SKi MalOTh MiCLie IPH AOCTABII BAaHTaXY IO 3asBIIi
Table 2. Sequential list of actions that take place during the delivery of goods on request

ITo3- Micue aii, iHTEpBaI Iepenix xiH, sIKi BUMararoTb CyMiCHUX Mozelneit
Ha- Hist qacy il
YEeHH
st
PS, Cknananus cueHapiro JIB ABTOTpaHCIIOPTHA PS; & PSi2,1 VPS5 (1)
PS, Opranizanis /1B KOMHaHis, inTepan | PS; V PS; & PS5, V PS15(1,2)
PS; | Texuiuna minroroska JIB uacy I — nepen BUKO- | PS; V PS, V PS; & PS1z; V PS5 (1,2,3)
HaaasM /B

PS4 Hpouec B PS; & Pslz,z V PSi3 (4)

KonTpons po3xoay cleHapiro PS4V PS5 & PS122 V PS5 (4,5)
PSs B i peansroro mpouecy JIB: | Pyx mo moporam Vkpa-
PSs, | mo yacy; inm i nosa i, intepBan | PS4V PSs; & PS122V PSi3 (4,5.1)
PSs, | IIPOCTOPOBi PO3XOKEHHS vacy aiil — mig yac JIB [ pS, V PS5, & PS122V PS1s (4,5.2)
PSe InenTudikamis crany: PS4V PS5V PSe & PS1,,V PSi3 (4,5,6)
PSe1 | Bogis (mcuxodizionoriuni); PS4V PS5V PS¢ & PS122V PSy3(4,5,6.1)
PSg, | BaHTaky (30epexkeHHsD); PS4V PS5V PSe2 & PS122V PSy3 (4,5,6.2)
PSes | @BTOMOOLI (TEXHIYHOrO) PS4V PSsV PSe3 & PS122V PSi3 (4,5,6.3)
PS; IIpornec npuitastTTs pitmens mo | HeobxinHicTh B BUKO- | PS7 & PS12 V PSy3
PS;, | crany: Haui i [1I1P Bunukae | PS;; & PS12 V PSy;
PS;, | BOmIs; HE TUILKU DM OLIHII | PS;, & PS;2 V PSi3
PS;; | BaHTaxy; CTaHy BOAis (BaHTaxy, | PS;; & PSy; V PSy3

aBTOMOOIIA aBTO), a IPH IHIIUX

nisx PS;

PSs KoHTpomb 3a eheKTHBHUM BH- [Ipu BukonanHi /IB PSg & PS1» V PSi3

kopuctanHsM (st JIB) xowm-

wiekcy BBA
PSo ITnanyBanHs KEepy4oro ABTOTpaHCIIOPTHA PS¢ & PS; V PSi3

BIUTUBY T10 CTaHy: KOMIITaHisi, MiJ] 9ac BH-
PSo; | BOmIs; koHaHHs J[B PSy; & PS1» VPS5
PSy, | BaHTaxy; PSos & PSi12 V PSy3
PSy; | aBToMOOGiIs PSos & PSi» V PSi3
PSio | Posmonin pecypcis mst KB: ABTOTpaHCHOPTHA PSoV PSi9o & PS12V PSy3

KOMIIaHis 3 00JIiIKOM
PSi0,1 | A%st Boxis; MoxIUBocTeH iHmuX | PSo; V PSio1 & PS12V PS5
PSio, | VIS BAaHTAXY; Creniani3oBanuX mifn- | PSq, V PSjo2 & PS12V PS5
PSio3 | ALt aBTOMOOLIS PHEMCTB, I1i1 9aC BUKO- | PSe3V PS03 & PS1» V PS)3
Hanusa /[B

PSi; | Peamizariis kepyto4oro BILTUBY [Ipu BukonanHi /IB PSo V PSioV PS11 &PS12V PSi3
PSi2 | Indopmauiiine 3abe3neyeHHs [Ipu peanizauii PSi2
PSi2,1 | A% MIATOTOBYOTO €TaIy; PS;-PSn PSi2.
PS5 | Juis peamizanii 1B PSi22
PSi3 | Ominka pusuky Bukonanus J[B IIpu peamizarii PSi3

PS;-PSi;
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Busnauenns 83. [Toka3HUK ip € iHpOpMAaLiTHAM MTOBITOMIICHHSIM, SIKE CKJIAAAETHCS 3 POPMai30BaHOl
CYKYITHOCTI PEKBI3HUTIB.

BusnauyenHs 84. JJokyMeHT iq € iHpOpMaLIHHNI TOKA3HUK (MIOBIIOMJICHHS) CYKYITHICTb SIKUX € CaMO-
CTIMHUM, 1 € 3HAYHUM CIHCKOM iH(POpPMaLiiHUX MaTepiajiB, SKi 1O3BOJIAIOTH 3pOOUTH BU3HAYECHI BUCHOBKH
1/a00 maTH peKOMEHIaLIIi 10 MPOIECY JOCTABKU BaHTAXIB.

OCKUTBKH PEKBI3UTH B OAMHWUYHOMY YHCIII HE YTBOPIOIOTH iH(MOpMAaIlii, ska Hece 3aKiHUCHUH OIHC
noxii JIB abo crany xomruiekcy BBA, To BusHauenns 82-84, BimHocHO Buny IE, «mmoBucaioTs B MOBITPI»,
SIKTIO HE po3rsHyTH iX moToku (I11) crocoBHO 10 mitt PSi. Bymemo po3pizasaTa BXigHi, BHYTpinTHI moToku IE.
Tpeba posrnsaaty iHQOpMAaLiiiHI eleMEeHTH K y3araJbHeHHS BTUIEHHA iHpopMauii is, ip, ia € L. Bximni i
BuxinHi [1l, € Hacoinkom BukOHaHHS psny Aiit PSi, i BOHM MOEAHYIOTH Ail MiXK COOOI0 MEPETBOPIOIOYH iX B
eTarl cerMeHTy abo cerment npouecy B [2]. Lli moToku OyaemMo Ha3uBaTh pelenTOPHUMH — F]-I_) :j €F,j= Ad

FPH

e
T F]:E Ha3HMBAarOTh TaKOX

(angasit), k = 1,9 (udpa) i epexropHmmMm — Fje_ S €F,, Fi F» cF.Ilotokn

CHUCTEMHHMH MMOTOKaMH 1H(GOpMaIlii y BIIMIHHOCTI BiJl JaHMX, HECUCTEMHHUX IOTOKIB, SIKI [IUPKYJIIOIOTH BCE-

BX

pemuni mii PSi, Bxinaux i fi i Buxinnnx fj‘i?xc . Tlpus's3ytounced mo F

P £ex Fje O prix gy pe3ynbTarty

jr2 K2 Tk K

BukoHaHH II1 aiit PSi mamo ix hoopmasibHe BU3HAYCHHS.

Tabmuus 3 CuctemHi iHpopMaLiliHi mpoLeLypH i MpOMo3uLii BITHOCHO 3MiHM HUMHU ceMaHTHKa [E
Table 3 System information procedures and proposals for changing the semantics of IE

Ne Iadopmarriitna ITo3na- | 3minmo0TE | Neo [adopmariitaa Ilo3na- | 3MiHIOIOTH
n/m nporenypa YeHHS | CEMaHTUKy | I/ npoueaypa YCHHSI | CEMaHTHUKY
IE IE
1 ®opmyBaHHA Ro 3MiHIOE 18 | Benenns 6azu Rg3 3MiHIOE
3HaHb
2 360py R3 He 3mintoe | 19 | IlepeTBOopeHHs Rop 3minIOE
3 [Tpomixkue 30epiranHs Rxi He 3mintoe | 20 | CridikicTs (3axwie- Rc He 3MiHtoe
HICTB)
4 ITepenaui R He 3mintoe | 21 | KogyBannas Rk 3mintOE
5 dopmamizarii Ro: 3MiHIOE 22 | JlekomyBaHHS Ry 3MiHIOE
6 BBoay indopmarii Rar 3MiHIOE 23 | OuiHka 10CTOBIip- Ron 3MiHIOE
HOCTI
7 ®opMyBaHHS 3aIllUTY Ras 3MiHIOE 24 | OuiHka MOBHOTH Ron 3MiHIOE
8 O0poOka 3amuty Ros He 3mintoe | 25 | Orninka ogHOPIAHO- Roo 3MiHIOE
CTi
9 [Momryk inpopmanii Rm 3MiHIOE 26 | OuiHka HenepepuB- Ron 3MiHIOE
HOCTI
10 | 36epiranus (apyropsi- Rx> He 3mintoe | 27 | HaBuanns (camona- Ru He 3mintoe
JTHOTO 1 HACTYITHUX) BUYaHHS)
11 | Bunmaui Rs 3MiHIOE 28 | IloromxeHus Rn He 3miHro€
12 | Bukopucranas Rpuk 3mintoE 29 | 3aTpuMKH Rsar He 3mintoe
13 | Oninku (00poOkn) Roz 3MiHIOE 30 | Posmopinmy Rp He 3minroe
14 | Ananizy Ra 3MiHIOE 31 | Bzaemonii Ras 3MiHIOE
15 | EkcneptHOTro 3a0e3re- Res3 3mintoE 32 | Inmertudikamii R; 3minIOE
YEeHHS
16 | CnotBopenHs iHpOp- Rar 3MiHIOE 33 | Kommosumii Rxkm 3MiHIOE
Marii
17 | Benenns 6a3u naHux Rsp He 3mintoe | 34 | Jexommo3uttii Rk 3MiHIOE
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Busnavenns 85. CucteMHHUM MOTOKOM iH(popMalii (peuenTopHiM, eeKTOPHUM) OyJeMO Ha3HUBaTH
nocaioBHicTh B yaci IE minecnpsiMoBaHe 3MiHEHHX B MPOCTOPI icHyBaHHS iHQOpMaLiiHIX €I1eMEHTIB, 3T1THO
METOaX, aJITOPUTMAaM i JOTITHIM IIPaBUIIaM, sIKi pETJIaMEHTYIOTh KOHKPETHHH CIIOCi0 3acToCcyBaHHS At SPm,
m#i,m= 1,_M

Busznauensst 86. [lorokom (HecHCTEeMHUM, BHYTPIIITHIM, 30BHINIHIM) JaHUX OyZeMO Ha3WBATH ITOCITi-
JOBHICTb B Yaci 1 MPOCTOPi peKBI3UTIB 3MiHEHUX 3TiAHO 3 ANTOPUTMaMH i1 criocodamu mpoueayp Rix.

Iadopmariiiiai mpoueaypy MOXKIHMBO 3rPYITyBaTH M0 4-Ma (i3MYHUMH CYTHICHUMHU HanpsMkami. Le
IpyIlyBaHHS MpeacTaBiisie cOO0I0 MPUMIPHY [i0, sIKa IPUBOAUTH B OCHOBHOMY, JI0 3MiHM CEMAaHTHUKH 1HQOP-
MaIliifHIX €JIEMEHTIB, SIKi HapakaloTbcs mporenypam [3. B 3araapHOMY CeHCi citoBa, iHGOpMAIIiifHI mporie-
IypH AUISTHCA Ha MPOLEAYPH, SIKi 3MIHIOIOTh CEMaHTHKY 1 SKi HE 3MiHIOI0Th ceMaHTUKy IE (auB. Ta611.3)

Busnauenns 87. [npopmaniiini npouenypu (IIT1) nmpencraBnsroTs co6010 peanizamito KOMIUIEKCY Ipa-
BUJI (METO/IB, aJITOPUTMIB, METOJUK), SIKI PErJIAMEHTYIOTh OJWH BUZ 3MiHH / HE3MIHU CEMaHTHKH iHpOpMa-
uiHoro eneMeHTy (ir, is, ip, 14) B IpocTopi 1 yaci icnyBaHHs [E.

[adopmamiitai nporneaypu BBoay IE xapaktepusyernes [7]:

BUXITHUMU JAHUX I, 15, 1p, 1d € . 1 (0<i>d;),

e ir— KUTBKICTb PeKBi3uTiB B ¢opmi (popmari) IE;

d; — 3arajibHa KiJIBKICTh PEKBI3HTIB;

R — MakcuMaibHa KibKICTh pekBi3uTiB B hopmi (popmari) IE.
KUIBKICTIO BUXIIHUX JaHUX 1r;
Jacy BBOY JaHUX tg.
Indopmaniitai npouenypu ouinku (06podkn) IE BuzHavaeTbes:
Buxigaumu ganuMu O< i>d;;
KIJIBKICTIO BUXIJHUX TaHUX Ir;
JaHUMHU, 5SIKi BUKOPUCTOBYIOTBCS MPH OLIHII — 6a3a 3HaHb O< i>1p3;
AITOPUTMAaMH, SIKi BUKOPUCTOBYIOTHCS TIpH OIIHIT O< i>ias;
4acoM OIIHKH (00pOOKH) to.
Indopmaniitna npoueaypa Bunadi iHpopmarii XapaKTepu3y€eThCs:
pe3ynbTaToM OmiHKH (00po0KH), O< ré>dok;
00’emoM pe3ynbTaty duok;
4acoM Ha/laHHS PE3yJbTaTy tp.
[ndopmaniitna npoueaypa cnoTBopeHHs iHpopMaii BA3HAYAETHCS:
naHuMu crioTBopeHHs O< i>dok;

- CIIOTBOPEHHS 3arajbHOro 00’eMy pe3ynbraty dr, 110 MPUBOIUTH IO 3HHUILNEHHS IaHUX 1/a00
JI00ABICHHIO HOBUX;
3MIHOIO Yacy BUAAYl PE3YNbTaTy ty = ts +1y.

Ha puc. 1 noka3aHi 00’ €KTH MOHITOPHHTY TIPOIIECY JOCTABKH BaHTAXY, SIKUH JOCTABIISETLCS I1e-
PECYBHHM TPaHCIOPTHUM KOMIUIEKCOM B CKJIali «BOAiN — BaHTax — aBToMo01Ib» (BBA). B IITK dopmyerscs
1 30upaeThes iHGOpMAITisS PO TEXHIYHUNA CTaH CHCTEM 1 BUPOOIB aBTOMOOLISI, TPOBOAUTHCS TMepeaada X Ha
anaparypy 3B’s3Ky (A3). Amaparypa 3B’S3Ky MNpallo€ 3 CYIyTHUKOBOIO pajJiOHaBIramiiHOIO CHCTEMOIO
(CPHC) GPS/TJIOHACC/Galileo a60o 3 MOOLIBHOIO CHCTEMOIO 3B’ SI3Ky. B 11bOMy BHIaaKy iH(pOpMAILIis PO
TEXHIYHUHN CTaH aBTOMOO1IIA Tonaaac B iHpopMmaIlifHo-aHATI THIHUH [IEHTP aBTOTPAHCIIOPTY.

Indopmaniitno-ananituunuii nentp (IALl) aBTOoTpaHCIIOPTY MO AOMEHAM 3HaHb 00pOOIsEe NaHi,
SIKI TIOCTYITHJIM 3 METOIO 3MIMCHUTH JIarHOCTYBaHHS CHCTEM 1 BHPOOIB aBTOMOOLIS, siKka 3xiticHIoe /B, mpu
IBOMY J1aHi BUBOJATHCA Ha 3ac00u BinoOpakeHHs iHpopMmanii. Pe3ynpraTu niarHocTyBaHHs (B BUIAAKy He-
00XiJJHOCTI) MTOBEPTAIOTHCS 0 BOIS ISl YCYHEHHS HECIIPaBHOCTEH cHilaMH BOJisl a00 3MiHI MapIIpyTy aBToO-
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TPAHCIIOPTHI TEXHOJIOT'TI (3A BUJTIAMM)

MOOLIsI. MapIipyT 3MIHIOETBCS TaK, 1100 BIH MAKCUMAILHO OJM3bKO MPOMIIIOB OIS CIICI[iali30BaHOTO TiI-
pueMcTBa abo dipmu, sika npoBoauTh TO mporo aBromoo6ins. Ilicas nmposeaenns TO (peMoHTY) aBTOMOO1TB
MMOBEPTAETHCS HA MAPIIPYT 1 JOCTaBKa BaHTaXXy MPOJOBXKYyeThes. Ha puc. 1 mpencraBiieHni Takox qecTadimi-
3yrounii hakTop 30BHIIHBOTO cepenoBuia arogoporu (3CA/l). Ha npoMy pucynky nokasasi inpopmariiHi
nporeaypu i moToku IE, sKi cKi1amaoTh CyTHICTE iH(GOpMaIiitHOTO 3a0€31eYCHHS.

P —
' cor fe—l IALL I CPHC
| aBTOTpaHCNopPTYy i
. S Ih _

T | Sy

ncnetyep

[l (oricr) | lnTkeBA AC + || 3can
| L_aBT. komnanii | | I
I - -

Pucynok 1- O0’€KTH MOHITOPHHTY MPOLECIB JOCTABKH BAaHTAXKIB
Figure 1- Objects of monitoring of cargo delivery processes
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Pucynok 2 - Ctpykrypa iH(popMaliiitHoro 3ade3neueHss aii PS;
Figure 2 - The structure of the information support of the PS1

Ha puc. 2 Bxe BOoHU NpeACTaBlIeHI B pamkax mii PS;— ckmaganns cuenapito /B, skuii BAKOHY€EThCS
CHELiaNiCTOM aBTOTPAHCIIOPTHOT KOMIIaHii — TUCTIeTYepOM (JIOTiCTOM) MPH OTPUMAaHi iH(popMaLiifHOI 3asiBKH
Ha JIB. Ex3eMIUIsIp ClieHapito TOCTaBKH BaHTaXy (B €JICKTPOHHIN a00 mamnepoBiii ¢popmi) mepeaaeThest mpus3-
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TPAHCIIOPTHI TEXHOJIOT'TI (3A BUJTIAMM)

Ha4YE€HOMY BOJIil0 aBTOMOOIIIS, SIK MPaBUIIO, e 3-x abo 4-x BicHUil TsAray 3 mpuuenoM abo 6e3 (dypa Ha xap-
TOHi), IKWii MOBHHEH BUKOHATH /B 3rigHO 3asBKM Ha HOCTAaBKY BaHTaxXy. OCh 1€l KOHTPOJb 32 BUKOHAHHSM
MPaBHIBHOTO TPOIIECY JOCTAaBKHM BaHTa)Ky IO KOHTPOJIFHO-4aCOBUM TOYKaM cueHapiro JIB mo gacy i mpocto-
poBomy nosnoxenHio [ITK BukoHye Bofiii mepecyBHOTO TPaHCIIOPTHOTO KOMILIEKCY 1 mapasienbHo, Mo mepe-
naHii iHdopmarii B aBTOTPaHCIIOPTHY KOMITaHIIO, TUCIIETIEPOM (JIOTICTOM), a TAaKOXK B iHGOpMAaIliifHO-aHAITi-
THYHOMY IIEHTpP1 aBTOTPAHCIIOPT, pUC. 3.

r-— """ "7/ /0 00— N
| | t 4
| |
| R% — Rs!‘l Ir, Is, ip, Iy | R4!'! [
| U = - | 1
|
. !
| | 4 i |
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| - IALL aBTOTpaHcnopTy; [
| -nTkBBA; {
I_ - PS; - KOHTpOAIb po3x0Ay B cueHapito B i peanbHoro npouecy B J

Pucynok 3 - Ctpykrypa iHpopmariiiiHoro 3ade3mneueHus maii PSs
Figure 3 - Structure of information support of PS5 operation

Ha IITK npoBoauThcs ineHTH(IKAIIS TIPOCTOPOBOTO-4ACOBOTO ITOJI0KEHHS TIEPECYBHOTO TPAHCIIOPT-
HOT'0 KOMIUIEKCY 1 IpUIIMalOThCs, IPX HEOOXiJHOCTI, KEPYyIOUi BIUTUBH AJIs IOA0JaHHS TPOOIEMHOI CHTYaITi.
B miii gii mpuiimatots ydacts Bomiit [ITK 1 gucnerdep (morict) i HaykoBuit criemianmict IALL B 3anexHOCTI
BiJ BUAY MpoOJIeMHOI cUTyalii, MpUAMA€ETHCS PILICHHS PO HeTalHUK a0 YIOBIUIbHEHHUH KePYIOUUi BIUIUB
0 30€PEIKCHHIO «CTATYC-KBOY: MCUX0(i310I0T 1 YHOMY CTaHi BOJIis — 30€peKEHHS BAHTAXKY, IO IOCTABISAETHCS
— TEXHIYHOT'O CTaHy CHCTEM aBTOMOOLIA, SKi BINTMBAIOTh HA MOMEHT Yacy BHi3y aBTOMOOUIS 3 BOPIT aBTOT-
paHcropTHOI KoMmaHii (0a3u) Ha mpeaMeT BUKOHAHHS 1ii PSs— moctaBku BaHTaxy 3a mpu3HadeHHsM. SIK i
paHime JOMOBJISUTHCS B paMKax ITi€l TEMHA MU HE PO3TIIIAAEMO IMUTAHHSA TICHXO0(Qi310JI0TIIHOTO CTaHy BOIIS 1
30epeKeHHs BaHTaXy, X04a 1 Ha Led paXyHOK € 06arato BeIbMH KOPUCHHX IyOmikaniil. Hamry yBary nampa-
BHMMO Ha TEXHIYHY A1arHOCTHKY CHCTEM 1 BUPOOiB aBTOMOOLNIS, IO MepeBo3uTh BaHTax. Hanpukian, odeptu
KOJIIHYATOr'0 BaTy ABUTYHA, THUCK B TiApocucTeMi (TalbMax), THCK B IITHHAX aBTOMOOLIA, poboTta dap Omrk-
HBOTO 1 TaTbHBOTO CBITIA i T.1. Ll MeTomonoris 6a3yeThcst Ha OMO3UIIT «Cy0’€KT — 00’ €KTY», Je Cy0’ eKTOM
BHICTYIIA€ BOJIIN, a 00’€KTOM IIIIX0Ba podoTa aBToMoOLIsI mpu JIB [8].

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
173



TPAHCIIOPTHI TEXHOJIOT'TI (3A BUJTIAMM)

Ha puc. 4 nokazanuii nieii miaxiz, BiH icHye Bxke OUIbIIe cTa POKiB 1 00YMOBJICHUH NESIKUMH 0COOIH-
BocTsMu. [lo-miepiie: Boaii He € 3aBXK I MiATOTOBICHUMH JIFOABMU J10 a0CTPAKTHOTO MUILUICHHSI, SIKE BUMarae
CHUCTEMOMISUTBHAN Tiaxin, puc. 5. [To-apyre, BCi CIPUAHATTS BOiSA HAMpaBJieHI HA poOOTY CHCTEMH aBTOMO-
0114, PO HECTIPABHICTh, SKY iHQOPMYBaB BiINOBiMHUI AaT4uK. [le BinOyBaeThcs B 3aJ€KHOCTI Bii 0c0o0IH-
BOCTeH (DYHKIIFOBaHHS CBIIOMOCTI BOJIs, SIKUM (BIKCY€E TUIBKH BUSBIICHY HECIPABHICTh. BCl CIpHMHATTS 1 1H-
(hopMOBaHICTh HOTO MIAMOPSAAKOBAHO OJHIN JYMITi: SIK HE JOITYCTUTH 3YIIMHKY JOCTABKH BaHTAXY 1 3aTPUMKH
aBTOMOO1IIS B 10opo3i. Lle mpu 1ipoMy, SIKIIO rpaMOTHUM BOAIN 3HAE MPO iCHYBaHHS MOXUOOK 1-r0 i 2-ro poxy
ag 3 i Bg3 - [ToxubOka ag zmonsrac B Tomy, mo (GpyHKIiIOBaHHS CUCTEMH aBTOMOOLIS PHUMAETHCSI HECTIPAB-
HOIO, TIpH (paKTUYHO THpane3qaTHui. Jlanii GpakT mpu3BOAMTH 0 MaTepiajJbHUX 3aTpaT, 10 €KOHOMIUYHHX
BTpaTaM, SIKi BHHHKAIOTh PY BUKOHAHHI TEXHIYHOTO 00CIIyrOByBaHHS a00 peMOHTI (JaKTUUHO CHPaBHHUX CH-
creM aBToMOOLTs. Kynu ripie moxubka 2-ro poxry g 3 — Ko pobOTa CHCTEMH MPUITMAETHCSI CIIPABHOIO TIPH
(haKTHYHO HECTIPaBHOI CHCTEMH, TYT BUHUKAE PU3UK MOTPAIIUTH B TOPOKHBO-TpaHcopTHY npuroxay (ATII):
TII = {1u, Cun, A, TAB}. Oco0nmBO, SKIO I HECTIPABHICTH, HAITPHUKIIAI, TaTbMIBHOI CHCTEMH aBTOMOOIJIS.
[MaminHs THCKY B TanbMiBHIA cucTeMi 3arpokye nomnazanHio B JTII npu 3iTKHEHHI 3 APYrHMM pyXOMUM
00’ekToM 200 MOMaAaHHs B iHIII YMOBH PYXY, 3 IPYTHMH YYaCHUKAaMH PyXy MO aBTOMAricTpassiM, 3ralaeMo
nornoBHEHY abpesiatypry dhopmyny BAJICYIT, ¥V — iHII y9acHUKH pyXy.

3micT Snpo
HanpasieHicTh akTH- Harypanictuunuii Te3a mpo NPOTUCTOSHHS
. . 1 1 1
BHOCTI Y 30BHimIHiit miaxin »| jaHux HaMm OG'eKTiB i Hac
. SK Cy0'eKTiB 1X mi3HaHHA 1/
CBIT v
a00 nmepeTBOpeHHs, TOOTO
BHJIIJICHHS B CTPYKTYPi MH-
Posrisigae cBit CIIEHHS 1 TISTIBHOCTI TIITBKHA
¢doxyciB cy0'ekTa Ta 00'e-
KTa
A A
SIK JICSIKAM YHHOM SIK 3aJIaHU B
BIIAIITOBAHU TOMY BHUTJIAII B
SIKOMY iCHYE€
A
B nonsTTax
A
110 BUSIBIISIE 1 00'€KTUBHO SIK1 3aJIMAIIAIOTHECS HE3MIH-

BigoOpaxkae Hayka HUMH, TUTBKH YTOYHIO-

A 4

IOTBCA

Pucynox 4 - HatypaaicCTHIHHIA M AXi1 B TISUTBHOCTI TI0 IPUHHATTIO PIIICHHS
Figure 4 - Naturalistic approach to decision-making activities

3acTocyBaHHS METOOJIOTI] CHCTEMOMAISIIBHOrO MiAX0My i B yMoBax ALl aBTOMOOIIBHOTO TpaHCIIOPTY
BaXKKO, SIKILIO HE MaTH €KCIIEPTHY CUCTEMY 3 IOMEHaMH 3HaHb OKpeMo 10 eeMenTaM popmynn BAJICVYIT i
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0 iHIIMM CHCTEMHHUM eJIeMEeHTaM. B CyKyImHOCTI MOXIJIMBO PO3MOBIISITH NpO 0a3y 3HAHb OKPEMO KOHIIETITY-
anpHO 1 (hakTyanbHO. B KoHIenTyanpHii 0a3i 3HaHb MOBHHHI 30€piraTucs CXeMH JKUTTE€3a0€3MeUyI0UHX CHC-
TeM aBTOMOOUIIB JAHOTO THUITY, JaHI 0 KOHKPETHOMY BOJIIO, IIIJITXaM I10 SIKUM IPOBOAUTHECS /B, mporHo3
cepeloBHIIA PyXy aBTOMOO1IIS, MOCTIHHO Airoua iHdopMallist pizHoro xapakrepy i iHme. B dakryanbniit 6a3i
3HaHb MTOBUHEH OyTH cueHapii [IB, mpouecy mocTaBKHM BaHTaXy 3 MONpaBKaMy Ha (haKTHIHE BUKOHAHHS 10
gacy 1 IpoCTOpy KOHTPOIbHO-9acoBUX TOUOK (KUT), KUTBKICHI 1 IKICHI OIIHKH MTOTOYHOI iH(popMartii mpo 1B
1 TEXHIYHOMY CTaHi aBTOMOO1JIA 1 Oararo iHime. PucyHku 4 1 5 1ar0Th TUTBKYA CXEMaTUYHY KaPTUHKY METOJIO0-
JIOTIYHMX MiIXO0/IIB, TOMY Ha pHC. 6 peCTaBlieHa CTPYKTypa iHdopMariiiHoro 3abe3nedyeHns aii PSe; B yac-
TUHI 11eHTH(iKaLi] TEXHIYHOTO CTaHy CHCTEM aBToMOO1IsL. TaM jke nmokas3aHi JOMEHHU 3HaHb BOJisl IPU BHSIB-
JIEHI HECTIPAaBHOCTI CHCTEM, SIKi KOHTPOJIOIOTECS MaTIrKaMu. Bojiii, K 1 BCi HOpMaIIbHI JIFOH, MAIOTh 1T ATh
OprasiB mo4yTTiB [9]:

— Bi3yasbHe (3arajqpHe cpuiiManHs iHdopMarii, AUM HaJ KarmoToM, BiJ KOJIIC aBTOMOOIJIS, Bi3yallb-
HUU OTJISAI BUPOOIB CHCTEM aBTOMOOLISA # 1HIIIE. );

— Ha cMaK (Maibke He 3aCTOCOBYETHCS MPH A1arHOCTYBaHi HECIPaBHOCTEH aBTOMOOINI);

— TaKTWIbHE (HEBJIACTUBHMA HArpiB BHPOOIB CHCTEMH, SIKUH TIOYYBAETHCS TIPH MPUKIIATAHHI JTOMTOHI
JIOJIUHM, M’ SI30B1 BIAYYTTS, MOYYTTS MIPUCKOPEHHS 1/a00 ranbMyBanHs [10] 1 T.11.);

— HIOXOBE (3amax rapy, HarpiTux BUPOOiB CHCTEMH aBTOMOOLNA 1 T.I1.);

— aymiayibHe (HEBIACTHBI 3BYKH IPU POOOTI BUPOOIB CUCTEMH, IBUTYHA, IIEPETOBOPH C
JHCIIETYEPOM aBTOTPAHCIIOPTHOI KOMIAHii mpo 3MiHy Mapipyty B, indopmanis Bix Apyrux BOAIIB 1O M-
TaHHSM CIIOJIYYCHUX 3 HECIIPABHICTIO CUCTEMH aBTOMOOLIIA 1 T.11.).

Ho mi ceHCOpHI CIIPUIHATTS Majio JOTIOMAaraloTh, SIKIIO TEXHIYHI MapaMeTpu «XUTPOY», JIATCHTHOI
«IPUXOBAHO» CUTHANI3YIOTh MPO HECTPABHICTh CUCTEM, OCOOJIMBO JBUTYHA 1 psAAy BHPOOIB, sIKi 3B’s3aHi 3
po6OTOIO ABUTYHA €AMHOIO (YHKITIOHATHHOIO 3aIeKHICTIO. 11i peasibHO icHYI0Yi (haKTH MOXKYTh OYTH TUTBKA
BUSIBJICHI A1arHOCTHYHOIO amaparypolo, sika € He Ha KOXHii cTaHuii TexHiunoro odciyrosyBanns (CTO) na-
HOT'0 TUIY aBTOMOO1J151, a00 mpu 61kl 06pobui iHopMmarii B ymoBax iH(popMaliifHOT0-aHATITUYHOTO LICH-
TPy aBTOTpaHCHOPTy Kpainu. OCh BIAMOBIIL HA OCHOBHE MTUTaHHS: YoMy Tpebda 3amydatu 1ALl aBToTpancmo-
pTy npu BukoHaHHi J[B, 0co011BO mpy JOCTaBILi BaHTaXy B KpaiHU JaJIEKOro 3apyOixoks. s ycyHeHHs Ta-
KHUX BHITAJIKiB Tpeba 31aromkena podora Boxis I1TK, qucmeruepa (soricta) i HaykoBoro criBpoOiTHHKA [ALL.
CxaxeMo, TIpH BUSBIICHI IIPOTPECY0U0i HECTIPABHOCTI CUCTEMH THITY: BU3HAYAIOUHMH MapaMeTp CHCTEMH Ha-
MAaraeTbes 10 BUXOY 3 TPYOKHM 3HAUEHb TapaMeTpy, SIKiil BIAaCTUBHM Mpane3JaTHUI CTaH CUCTEMH, 3 3HAYHUM
rpamienToMm. I1po meit dhakT Bomiro HEOOXITHO JOMOBICTH BiApasy ke AUCTIETIEPY (JIOTICTy) aBTOTPAHCIIOPTHOT
kommadii. J{ucneruep (Jorict) mo AOBiAKOBIM JiTepaTypi 3HaX0AUTH aapecy i renedonnuit Homep CTO, y sikoi
€ 00JIaJJHaHHS U1 AIarHOCTHKY 110 Xy pyxy I[ITK 3 1miaro mocTaBku BaHTaxy. SIKIIO € 3amac mo 4acy po3-
BHUTKY HecrpaBHOCTI, To 1 CTO Moxe OyTH Ha 3HAYHOMY BijIajieHi BiJl MApPIIPYTy JOCTABKU BaHTaXYy. SIKIIIO
Hi, TO Tpeba K MOXIIMBO MIBUALIE foixaTu 10 Bignosignoi CTO.

HMucneruep (yrorict) iHGOpMye mpo cuTyaiiito, 1o ckianacs Bois [TTK 1 pekoMenaye oMy 3MiHUTH
MapuipyT /[IB 11st BUKOHAHHA TEXHIYHOTO 00CIyroByBaHHA aBTOoMOOis. [lapanensHo 31 3MiHOIO MappyTy
JOCTaBKH BaHTaXY, IKUHA BHUKOHY€ BOAIN, JUCTIETYED (JIOTICT) 3B’ A3Y€ETHCS MO CYIMYTHUKOBOMY (MOOITTBHOMY)
3B’ 513Ky 3 anMinicTpariiero CTO 1 pobuTts 3aka3 Ha TeXHIYHE OOCIYTOBYBaHHS BiATIOBITHOTO THUITY aBTOMOOLIIS
1 peKOMEeHAYeE 1Ie pa3 NepEeKOHATHCSA B HECTIPABHOCTI CUCTEMH 3a JOIIOMOTOI0 JiarHOCTHYHOI anapaTtypu. Ilo-
P 3 UM 3aKa3ye HEOOXIqHI 3amacHi YaCTHHHM, IHCTpyMeHTH 1 mpubopu (31I1), 3 TuM, 11100 mpocTiii aBTOMO-
Oinst OyB O6u MiHiMansHuA. TobTo, Konu I1TK npubysae Ha CTO Horo Bxe dekaroTh 1 3 HeoOxigHuM 311Tom.
[Micas TO (pemonTy) aBTOMOO1LI, sSIKIIO TIe HeoOXinHo, [ITK moBepraeThcs Ha MapmipyT abo HOTo qucTeTYep
(JToTiCT) HaATIPABIISIE IO IHITOMY MapIIPYTy, HO 3 YMOBOIO 000B’I3KOBOT TOCTABKY BAaHTAXKY 32 IPU3HAUCHHSIM.
Taxwii po3kiaj cipaB OyBae Ipu I1C,= {CKBTxk, CKBTck}, IIC, < IIC. 3pobneHnii
BHUCHOBOK HACTYITHOTO 3MiCTY:
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1. Tlpu nopiBHSAHHI HE3HAYHUX MaTepiaIbHUX BUTpaTax yHHKaeM 3HauHy 3ynuHky [ITK mpu mocra-
BLIi BAaHTAXXy 3a IPU3HAYCHHSM 1 B CTPOK.

2. Indopmarriiine 3a0e3neueHHs MPOSABISE cebe, IK KEPYHOUN eJIEMEHT MPOLIECY.

Iadopmaris, sika mocTynae 3 TaTYMKIB CUCTEM aBTOMOOLIS, TOBUHHA MATH BiAMOBiAHI 3HaYeHHS (O11-
3BKAMH JIO OJMHHIII) JOCTOBIPHOCTI, TOBHOTH, OMHOPIAHOCTI 1 6€3mepepBHOCTI, a [3 B mMiioMy MOBHHHO OyTH
OTIepaTHBHE 1 EKOHOMIYHE, TOOTO CTOITh IIUTAHHS PEMPEe3eHTaTUBHOCTI (TIpeAcTaBHUITBO) I3 Repr IS.
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Pucynok 5 - CucteMoisuIbHUN MiAXiA B JisSUTBHOCTI 1O MPUHHSTTIO PillIEHHS
Figure 5 - System-based approach in decision-making activities

Busnauenns 88. PenpeseHTaTuBHICTD cucTeMu iHQOpMaLiifHOro 3a0e3MeUeHHS — XapaKTEePU3YE SIK-
iCTh JAaHWX HaJlaHUX BUCHHUM 1 MPAKTHKaM EKCILTyaTallii TPaHCTIOPTHUX 3ac00iB 1 BKIIIOUa€e KpUTEpii onepartu-
BHOCTI {2 1 €eKOHOMIYHOCTI 1H(POPMaLIIHHOrO 3a0e3eUeHHs X, JOCTOBIpHOCTI A, omgHOpiaHIcTh O, 1 Oe3nepe-
pBHicTh N inpopmanii
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Figure 6 - Structure of the action of PS6.3 in terms of identifying the technical condition of vehicle systems
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Mu 3anponoHyBajH cepito cTaTei Ha rmodanbHy TeMY PO MPOIO3HLIi MO YJOCKOHAIEHHIO TEPMiHO-
Jorii TpaHCHOpPTHOI cuctemoutorii. B naniii craTti gano 17 TepMiHiB 1 X BU3HAYEHB, SIKi HAMpaBJIeH] HA OHO-
MaHITHE pO3yMiHHS CYTHOCTI TPAHCIIOPTHOI cucTeMororii. Harooc 3po6ennii Ha cyqacHe TpaKTyBaHHS OITH-
CiB 1 MOJENTFHOTO PSy ACKJIAPaTHBHOTO, CEMaHTHYHOTO 1 JIOTTYHOTO BiJOOpakeHHS pealbHUX TPAaHCIIOPTHUX
MIPOIIECiB, 30KpEMa, IPOIIECCIB ITePEBE3CHHS BaHTaXiB. bararo Bu3HaueHb 3p0o0JIeHO 1 1Mo JIiHiT iHpOopMaIiiHOTO
3abe3nedeH s onepariii i xii mo /B, Tak sk 3po0ieHa 0JXHO3HAYHA BiIOBiAL PO HEOOX1THICTh MATH MIITHE
I3 ans xepyBaHHS npoliecaMy JOCTaBKH BaHTaxy. [Iporiec mpUAHSTTS pillieHb, SIKUA CYNPOBOUKYE MPAKTHU-
yHO KOXxHY mito [1/IB moBuHEH MaTH, B SKOCTI iH(GOpMaLiHHOI MIATPUMKH IHTEICKTyaabHE 1H(QOpMaILiiHe
3abe3neueHHs. JJo peui ckazatu, 6araTo cydacHHUX OCHIIHUKIB, SIKi IPALIOIOTH B 00JacTi TPAaHCIIOPTHOI TeX-
HIKH 1 TEXHOJIOTI1, Ha3MBAIOTh TPAHCIIOPTHI 3aCO0H, K1 00J1aIHAHI CJIEMECHTAMHM IHTEJIEKTyalli3alii — «1HTejIe-
KTyaJbHUM TPAHCIIOPTHHM 3acobom». He Moke «mMaTok 3ajiza» OyTH iHTeNeKTyalbHUM. [HTeTeKTyaThHuM
€ inpopmauiiiHe 3a0e3NeUeHHs, KOPUCTYIOUHCH SIKUM TPAHCIOPTHUH 3aci0 B LiIOMy MiANagae miJl KaTeropito
IHTEJIeKTyai3arii.
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Summary: The material of this part of the general methodological section on the creation of a modern
terminological system of cargo delivery (DV) is based on the terms and definitions given in previous parts of
the global article on proposals for improving of transport systemological terminology [1-4]. This is especially
true of such an important activity as information support (IS)

Keywords. Declarative-graphic description, theoretical-plural model, design model, risk of cargo de-
livery, cargo delivery scenario, information support.
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VEHICLE DELAY AT THE CROSSROADS AND ROAD JUNCTIONS

3ATPUMKU TPAHCIIOPTHUX 3ACOBIB HA NIEPEXPEINEHHAX TA IPUMHUKAHHAX
ABTOMOBUIJIBHUX JOPII
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Summary. The main types of maneuvers on crossings and adjoints of highways in one level are studied. The
probability of an unobstructed injection of a vehicle from a secondary to the main road and vice versa, taking
into account the average length of the free interval between the vehicles of the main stream, is determined. The
dependence of the duration of free intervals, and their number, on the intensity of traffic, the composition of
the traffic flow, and the speed of vehicles, was found. A series of equations was obtained for determining the
total transport delay in the performance of various types of maneuvers, depending on the type of intersection
or adjacency. Vehicle delays at crossings and adjacent roads are used to economically justify changing their
parameters. Therefore, the work is designed to minimize the delays of vehicles at crossings and interconnec-
tions both in one and at different levels.

Key words: road, maneuver, free interval, car, delay.

Introduction. The economic justification for the reconstruction of the highway is based on the time of
unhindered passage of the road section. The study takes into account vehicle delays not only along the main
road, but also on secondary roads, which makes it possible to more accurately describe the flow of traffic. In
determining the delays at crossings and adjacencies, a reduction in the speed, stop, waiting time and travel
without delay during vehicle maneuvers are taken into account, and these data are subsequently used to eco-
nomically substantiate the change of cross-linking and adjacent parameters.
Existing methods only consider the reduction of the speed of the entrance to the intersection or the adjoining,
with its subsequent increase when you go to the main road. They do not take into account the travel of vehicles
with a stop and expectations for maneuvering. In order to more accurately determine the time of car delay,
intersections and adjoints, it is necessary to take into account not only the intensity and change of speed, but
also precisely understand the pattern which vehicle makes and take into account the time spent as a change in
speed when performing maneuvers, and on expectations Possibility of filling the injection into the main
transport stream. To calculate the average delay in transport on the adjacency or intersection of roads it is very
important to take into account time intervals between cars and groups of cars moving by the main stream.
Since the availability of free intervals depends on the vehicle’s ability to perform the maneuver, that is ex-
pected.

Objectives and Methods. For a more precise definition of the delay time of vehicles at the intersections
and adjacencies of highways, one must investigate: the traffic flow, both on the main road and on the secondary
one; the average length of movement of groups of cars along the main road and the time intervals with which
vehicles proceeding on a secondary road. Record the number of cars waiting to be maneuvered and the number
of cars passing without delay. The task is to get a dependency to calculate the waiting time of the car before
maneuvering, taking into account the type of adjoining or intersection and the type of maneuver.
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Results and Explication. Delay arises when performing maneuvers by vehicles at adjacency and in-
tersections as a result of insufficient length of the free interval. The main condition for a free travel without
delay is the availability of free intervals between groups of cars moving along the main road. The free intervals
should be sufficient for maneuvering.
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Figure 1 — The scheme of infusion of vehicles from the secondary road into the main stream of the main
road: (tg) travel time of a group of vehicles, seconds. (t.g) time required for maneuvering, seconds. (tvirn) du-
ration of the free interval, seconds. (tocn1) Waiting time for the vehicle’s maneuver Ne2, seconds. (toch2) wait-
ing time for maneuver of vehicle number 3 (1) vehicle number 1 (2) vehicle number 2 (3) vehicle number 3

Pucynok 1 — CxeMa BIuBaHHS TPAHCIIOPTHUX 3aCO0IB 13 IPYTOPSTHOI JOPOTH B OCHOBHUH TTOTIK TOJIOBHOL
JOporH: (tgr) Yac y I0PO3i TPYNH TPAHCIIOPTHHX 3aC00iB, CEKYH/. (tzag) Yac, HCOOXITHUH JIsi MAHEBPYBaHHS,
CeKYHAH. (tyirn) TPUBAIICT BUIBHOTO iHTEPBAIY, CEKYHI. (toch1) YAC OUIKYBaHHS AJIsI MAHEBPY TPAHCIIOPT-
HOTO 3ac00y Ne2, cexyH. (toch2) YaC OUIKYBaHHS JJI MaHEBPY TpaHCTIOPTHOTO 3aco0y Ne 3 (1) Tpancmopt-
HorO 3ac00y Ne 1 (2) TpancioptHOTO 3ac00y Ne 2 (3) TpaHcmopTHOTO 3ac00y Ne3

In Figure 1, there are three cases of injection of cars from the secondary road into the main stream of
the main road. In the first case, car number 1 has enough time to perform maneuvers and travels without delay.
In the second case, the time to carry out the maneuver by car number 2 is not enough, so the waiting time of
the car will be toni. In the third case for car number 3, waiting time for a car for maneuver is tocho.
The waiting time for the car is partly from the t,,, and the driving time of the car group tgr. In option 3, waiting
time will be a part of the time from the tg.

The car that drives to the adjacency is waiting for the time interval on the main road to be sufficient to
perform the maneuver (freeman (t,ag + ter)). In the event that the condition (tvirn™> (tzag + ter)) 1S not executed,
there is a delay of vehicles and a queue is formed. The ratio (tz.g + te) / ton shows the share of fate on the
number of cars on the secondary road (N2), which can wait until the maneuver.
The total delay includes both time for maneuver and time spent on braking before maneuvering. While the
timing of the maneuver in turn consists directly from the very maneuver and subsequent acceleration of the
car to the required speed of movement:

tzag = tkr T Lrozg (D
where ti - time spent by the car, to travel through the curve of the area of adjoining.

trore - time of acceleration of the «car to speed on the main road.
There is a condition: the greater the intensity of the movement, the less free intervals.
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toivm = f(N, ¢, V) (2)

where N - intensity of movement;
¢ - the structure of the traffic flow;
V - average speed on the main road.

Therefore, traffic on the main road will be characterized by the presence of free intervals and driving
group of vehicles
The intensity will be:
Ni=ngMcars 3)

where ng - number of groups of vehicles moving along the main road per unit time, pcs .;

Nears - the number of vehicles in the group, vehicle.

Average travel time for 1 group of vehicles:

fgr = fcars "MNears 4)
where t.,s - average interval of 1 vehicle, ¢ .;

Nears - NUmMber of vehicles in a group, pcs.

Average free time interval:

tyiim = —— —tgr (1.5)

where tg - average length of movement of 1 group of vehicles, s .;
Ngroup - the number of groups of vehicles going through the lane per unit time, pc.

To determine the transport delay, when performing any maneuver on the intersection or adjacency, the number
of vehicles waiting for the maneuver is determined:

N. _ tzag+fgr ‘N, = tzag+fgr . _ nngZ(tzag+Egr) 6
zatr — i 2 — 3600 — 2 3600—F...- ( )
villn ngr —tgr gritgr

where N - intensity of traffic on a secondary road, vehicles / year;

N - intensity of movement on the extreme right lane of the main road, vehicles / hour;
t,ag - time required for maneuvering, sec.

ter - average time of the group of vehicles, sec.

The vehicle can drive to the adjacency at any time interval within 0-(tgeneral + tg). The maximum
delay of the transport will be when, at the time of arrival to the adjacency, the value of the free time interval
on the main road will be approximated to 0. The minimum delay of the transport will be when the value of the
free interval will be close to (tzag + tar).

The total delay in transport, when performing any maneuver, will be equal to:

tzagttgr nngZ(tzag‘l'Egr) . tzag+fgr _ nngz(tzag‘l'Egr)z

t =n . = = = = 7
zatr = Tzatr 2 3600~ gr gy 2 7200~ Egrngr )
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zag+tgr

t .
where - the average duration of delay, sec .;

Nzqer- NUMber of vehicles waiting for the maneuver, pcs;

N - intensity of movement on the extreme right lane of the main road, vehicles / hour;
N: - intensity of traffic on a secondary road, vehicles / hour;

t,ag - time required for the maneuver, sec;

tgr - average length of the journey of a group of vehicles, sec.

The general delay of transport, when performing the maneuver of the vehicles from the secondary to
the main road, will be equal to:

¢ __ NgrN> (tza‘g‘l'fgr)2 (8)
Zatr = 7200-2-Egrngr

where ng,.is the number of groups of vehicles going through the lane per unit time, pcs .;
Nz - intensity of traffic on a secondary road, vehicles / hour;

t,ag - time required for maneuvering, sec.;

trpynu- average length of driving of a group of vehicles, sec.

Let's consider three cases of a maneuver of the right turn from the secondary road to the main one.
Figure 2 shows the scheme of the vehicle when performing the maneuver of the right turn from the secondary
road to the main without delay.

=y

tgnl "t

Figure 2 — Scheme of vehicle movement when performing the maneuver of the right turn from the secondary
road to the main without delay: t, - average length of movement of 1 group of vehicles, s
Pucynok 2 — Cxema pyxy TpaHCIIOPTHOTO 3ac00y IPH BUKOHAHHI MaHEBPY MPABOTO MOBOPOTY BiJI APyropsi-
JTHO1 JOPOTH JI0 TOJIOBHOT 0€3 3aTPUMOK: ter - CEPEIHS NOBXKHUHA PyXy | Tpyny TPaHCTIOPTHHX 3ac00iB, C

Figure 3 shows the scheme of movement of the vehicle when performing the maneuver of the right
turn from the secondary road to the main with a minimum loss of time:
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Figure 3 — Scheme of vehicle movement when performing the right turn maneuver from the secondary road
to the main with a minimum loss of time
Pucynok 3 — Cxema pyxy TPaHCIIOPTHOTO 3aC00Y MPH BUKOHAHHI MaHEBPY MPABOTO MOBOPOTY BiJl APYTOPS-
HOT JIOPOTH JI0 OCHOBHOI 3 MiHIMAJILHUMH BTpaTaMHU 9acy

Figure 4 shows the scheme of the vehicle movement when performing the right turn maneuver from
the secondary road to the main with the maximum delay value:
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Figure 4 — Scheme of car movement when performing the right turn maneuver from the secondary road to
the main with the maximum value of delay
Pucynok 4 — Cxema pyxy aBTOMOOLIS IPY BUKOHAHHI MaHEBPY MIPAaBOTO MIOBOPOTY BiJI APYTOPSIHOI TOPOTH
JI0 TOJIOBHOT 3 MAaKCUMAaITbHUM 3HAYCHHSIM 3aTPHUMKH
General delay of transport, when performing the maneuver of the right turn from the secondary road
to the main, is determined with the formula:

NngrNz (tzagl"'t_gr)z
Lzatr = z )
7200~ Tgrngy

where ng - number of groups of cars going through the lane per unit time, pcs .;

N; - intensity of traffic on a secondary road, vehicles / hour;

t,ag1 - total time required for maneuvering the right turn from the secondary road to the main, sec .;
tgr - average length of driving of a group of vehicles, sec.
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Figure 5 shows the scheme of the vehicle movement when performing the right turn maneuver from
the main road to the secondary without a delay:
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Figure 5 — Scheme of the vehicle movement when performing the right turn maneuver from the main road to
the secondary without delay
Pucynok 5 — Cxema pyxy TpaHCIIOPTHOTO 3ac00y NpH BUKOHAHHI MaHEBPY IPABOTO ITOBOPOTY 3 FOJIOBHOL
JOpPOTH Ha BTOPHHHY 0€3 3aTPUMOK

General delay of transport, when performing the right turn maneuver from the main road to the sec-
ondary, is determined by the formula:

n Nz (t 2+E )2
toatr = = (10)
7200-2Eg, gy

where ng - number of groups of vehicles going through the lane per unit time, pcs.;
Nz - intensity of traffic on a secondary road, vehicles / hour;

tan - total time required to perform the right turn maneuver from the main road, sec.
te- average length of driving of a group of vehicles, sec.

The delay of the transport on the intersection, when performing the maneuver of the direct intersection
of the main road flow is presented in Fig. 6.
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Figure 6 — The scheme of movement of the vehicle when performing the maneuver of the direct intersection
of the main road flow without delay

Pucynok 6 — Cxema pyxy TpaHCIIOPTHOTO 3aC00Y MPU BUKOHAHHI MAHEBPY MPSIMOTO MEPEXPECTS OCHOBHOTO
JOPOXHBOTO TIOTOKY 0€3 3aTPUMOK

The general delay of transport, when performing the maneuver of the direct intersection of the main
road flow, is determined by the formula:

n Nz(t 3+E )2
toatr = =t (In
7200~ tgrngy

where ng - number of groups of vehicles going through the lane per unit time, pcs .;

Nz - intensity of traffic on a secondary road, vehicles / hour;

t,ag3 - total time required to perform the maneuver of the direct intersection of the main road flow, sec.
tgr - average length of driving of a group of vehicles, sec.

The number of vehicles traveling without stopping is calculated by the formula:

Ngs = NZ — Naarp (12)

where N; - intensity of traffic on a secondary road, vehicles / year;
Nz - NUmMber of vehicles that are waiting for maneuver, pcs.

Conclusions and recommendations: The results of the research presented in the article are theoreti-
cally and practically substantiated, tested in real conditions. When solving the problems of reducing the over-
load of crossings and adjacencies of highways in one or more levels, it would be reasonable to use the resulting
research formulas to calculate the delay.
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3ATPUMKHU TPAHCIIOPTHUX 3ACOBIB HA IIEPEXPEIIEHHAX TA IPUMUKAHHSAX AB-
TOMOBIJIBHUX JOPIT'

CoxoJjienko Tersina BikropiBHa, HamioHanbHUH TpaHCIIOPTHUI YHIBEpCUTET, Kadeapa MPOSKTyBaHHS 10-
pir, reozxesii Ta 3eMJeycTpoOlO, acmipaHT, iamtanyxa@gmail.com, +380937875015, https://orcid.org/0000-
0003-1485-2717.

AnoTtanis: J[ocniaKeHo OCHOBHI BUAY MaHEBPIiB HA NEPECIUCHHAX Ta NPUMHUKAHHSIX aBTOMOOLTBHUX
JIOpIr B OTHOMY piBHi. Bu3HadeHO iMOBipHICTh 0€3MepenTKOAHOTO BIMBAHHS aBTOMOOUTSI 3 IPYTOPSIHOT 110-
pOTH Ha TOJIOBHY 1 HaBIAKH, 3 YPaxXyBaHHAM CEpEIHLOT TPUBAJIOCTI BIILHOTO IHTEPBAIY MK aBTOMOOUISIMH
OCHOBHOTO TIOTOKY. 3HalJICHO 3aJICKHICTh TPUBAJIOCTI BUILHUX 1HTEPBAJIiB, Ta X KUIbKICTb, B1Jl IHTEHCUBHOCTI
PyXy, CKIaay TPAaHCIIOPTHOTO MMOTOKY, MBUIKOCTI pyXy aBTOMOO1TiB. OTpUMaHO PsiT piBHIHB ISl BU3HAYCHHS
3arajbHOl 3aTPUMKH TPAHCIIOPTY NPH BUKOHAHHI PI3HUX BUIB MAHEBPIB B 3aJISKHOCTI BiJ] TUILY EpECideHHs
Y IPUMHUKaHHA. 3aTPUMKH TPaHCTIOPTHHUX 3ac00iB Ha MEPEXPEIICHHAX Ta MPUMHUKAaHHIX aBTOMOOUTBHHX J10-
pIT BUKOPUCTOBYIOTHCS TSI €EKOHOMITHOTO OOTPYHTYBaHHS 3MiHHM iX mapameTpi. OTke poOoTa po3paxoBaHa
Ha MiHIMi3alii0 3aTPUMOK TPAaHCIIOPTHHUX 3ac00iB Ha MEPEXPEUICHHAX i MPUMUKaHHIX SIK B OHOMY TaK i B
pI3HHUX PiBHSX.

Kuaro4dosi ciioBa: nopora, MaHeBp, BiUTbHHIA iHTEpBaJl, aBTOMOO1LIb, 3aTPUMKA.

Ilepenik mocuiann

1. TlepexpeleHHs Ta MPUMHUKAHHS JIOPIT B OJTHOMY PiBHI. MeTo/Iu MPOSKTYBaHHS Ta OpraHi3alii 10po-
)HBOTO pyXy. BBH B.2.3-218-192-2005. Yxpasromop. K., 2005.

2. B. A.Todwman, B. M. Busranos, M. I1. [Tonskos. IlepeceueHus 1 MpUMbIKaHUS aBTOMOOMIIBHBIX J0-
por. — M. : Beicmas mikona, 1989. — 319 c.

3. Xeiir ®@. MaTtemaTtrdeckast TEOPHS TPAHCIIOPTHEIX IMMOTOKOB. M.: Mup, 1966. — 288 c.

4. Homimyk B.I1., /I3r06a O.I1. Teopis TpaHCIOPTHOTO MMOTOKY: METOU Ta MOJIEHII OpraHi3aIlii T0poxK-
uporo pyxy / B.IL. IMommyk, O.I1. /I3t00a. — K.: 3nanus Ykpainu, 2008. — 175 c.

5. Hpro 1. Teopus TpaHCTIOPTHBIX IOTOKOB U yrpaBieHue uMu. M.: Tpancmopt, 1972. — 424 c.

6. Iomimyk B.I1. Teopis TpaHCIOPTHOTO MOTOKY: METOIM Ta MOJIENI OpraHi3allii JOPOXKHBOTO PYXY :
HaBy. 1moci0. / B.I1. IMomimyk, O.I1. [I3r06a. — K.: 3nanus Ykpainu, 2008. — C. 49 — 169.

7. IlpoexTupoBaHUE W U3BICKAHKE MIepeceUeHmi aBTOMOOWILHBIX opor / [ E.M. JIo6anos, B.M. IlleBs-
koB, B.A. l'oxman u ap. ]. — M.: Tpancnopt, 1972. — C. 40-84.

8. INampumk A.M. Tpancrnoptai motoku / ITamsunk A.M. — K.: HTVY, 2010. — C. 26-42, 44-47, 52-54, 8'7-
102.

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
187



I'AJIY3EBE MAIIMHOBY YBAHHA

YK 624.072.33 DOI: 10.33744/0365-8171-2021-110-188-196

INTEGRAL ASSESSMENT OF STRESS-DEFOMATED CONDITION OF METAL STRUCTURES
OF MACHINES UNDER THE ACTION OF STATIC AND DYNAMIC LOADS
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Abstract. The article considers a system that combines the influence of static on dynamic loads on the
example of the support-rotary circuit of a truck construction crane. The position of the system and its elements
with the highest loads is revealed, the method of creating steel structures is investigated, each element, de-
pending on the average load, experiences a stress-strain state. The basic laws of the theory of elasticity and
plasticity were used to build a calculated mathematical model of the loaded support-rotary circuit. Equations
of motion were compiled taking into account the behavior of structural elements and the machine as a whole
under the simultaneous action of different loads.

The calculation scheme was taken in the form of a structure consisting of rods rigidly connected to each
other in nodes. As a method of calculation the method of finite elements with definition of displacements
(deformations), efforts (stresses) in nodes of a grid of constructive elements of a design of a basic-rotary con-
tour is applied. The stress distribution in each structural element depending on the type of load was obtained.
This distribution allowed to choose rational parameters of a design in each its section. The proposed approach
allowed to create a solid structure that provides reliability and economy of material. Thus, the results obtained
allowed to fully analyze and decide on the simultaneous provision of strength, rigidity and minimum material
consumption of the structure.
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Keywords: modeling, machine, stress-strain state of metal structures, diagnostic systems, support-ro-
tary circuit, dynamic loading.

Purpose and methods. The modern development of construction in Ukraine puts forward new require-
ments for equipment that would ensure high reliability, performance, and a range of economic and ergonomic
requirements. To a large extent this applies to steel structures construction vehicles and equipment, demand
for which is growing every year. The solution of this problem lies in the direction of improving the design, the
identification of the potential of existing structures, improving their productivity and efficiency, the develop-
ment of diagnostic systems.

Metal construction machines of various technological purpose in the operation accept both static and
dynamic loads and tend to work in the mode of alternating load, the effectiveness of such cars due to software
defined technology modes and parameters impact on the processed material, which can be realized by careful
selection of mathematical calculation models that adequately reflect the actual motion of the system.

Modern machinery provides a solution to a number of issues that are caused by factors of a different
nature. The main factor influencing the implementation of projects of construction of new machines are pur-
pose requirements of today's market and directly to consumers of such technology.

Over time, the appearance of new construction materials and technologies for their manufacture and
processing, the vector of development of engineering change its direction. Undoubtedly, the design require-
ments of modern machines and high stiff enough, but the fundamental concepts of what the machine has to be
changed somewhat.

That is, when it comes to modern technological machine, is to identify the main issues to be addressed
[1, 2]: a low power consumption of the implementation process with a high quality; low consumption of ma-
terials; high reliability; certain durability; low manufacturing cost.

In carrying out theoretical studies [1-3], as well as practical implementation [1-6], it began the scientific
study of the problem: the development of the most effective and reliable construction machines for different
loads, provided by the establishment and management of changes in domestic laws (elastic and dissipative)
properties of the system "vehicle - environment".

The goal of the work. In recent years, development and creation of construction machines of various
technological purpose being to find ways of constructive solutions with a variable. In operation of such ma-
chines is assumed maximum utilization of internal resources to the machine in turn makes it necessary to
ensure durability and reliability with desired dynamic parameters. Production of such a problem is to determine
the intensity of the structural elements of the machine and the assessment of their stress-strain state.

Results and explanations. An integrated assessment of the condition of the metal structures of the
machine can be performed on the basis of dynamic tests. The idea of such tests is to find the actual dynamic
characteristics of the structure (natural frequency, oscillation amplitude, etc.) with subsequent comparison of
these characteristics with the characteristics obtained by mathematical modeling of the system. The mathemat-
ical model should be designed to adequately describe the actual design and its behavior under different loads,
and be able to reflect the simulation of various imperfections associated with the manufacture and direct oper-
ation for its intended purpose.

Under dynamic loads on structural elements, which are inherent in most machines for technological
purposes, the main type of damage is the formation and development of cracks due to the accumulation of
fatigue stresses. Durability in fatigue failure is determined by the long-term cyclic action of loads on the load-
bearing structures of the machine and its individual elements, resulting in a crack, gradually develops and leads
to failure.

The solution of the problem of determining the study of the stress-strain state is carried out by using a
comprehensive approach that combines analytical calculations, mathematical modeling and direct experi-
mental research.

To implement these tasks, the following sequence of studies was provided:
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analysis of the behavior of the structural elements of the machine in terms of taking into account all
types of loads that were carried out during its operation and determining the possible set of loads acting on the
elements;

development of the calculation model of the object of research taking into account the general or sepa-
rate most loaded knots or constructive elements;

compilation of equations of motion taking into account the behavior of structural elements and the
machine as a whole with the simultaneous action of various loads;

ssessment of real loads for the development of an algorithm for determining the stress-strain state, iden-
tifying the most stressed structural elements;

development on a computer model of a matrix of control points of limit values of integral characteristics
of a condition of a design for the further application at full-scale tests;

computer calculations to determine stresses and strains by applying a number of possible loads on the
model;

development and carrying out of experimental researches on the samples reflecting real conditions of
work of a detail or unit of the machines;

adjustment of the computer model as long as the comparison of the integral characteristics obtained by
measurements at the control points during the experiment and during the simulation may differ within the
allowable error (thus obtained computer model will be adequate to the actual design within the points adequacy
- control points of integral characteristics);

development of recommendations for improvement of the existing or creation of a new design which
corresponded to the basic idea of uniformity of distribution of pressure irrespective of the applied forces on
elements of the loaded product.

Analysis of possible loads was carried out on the basis of research on the example of truck cranes [4].
This is due to the fact that these machines are a classic example of the structure of the system, which organically
combines static and dynamic loads, which require proper consideration for safe operation of the crane in terms
of its actual load. The basic laws of the theory of elasticity and plasticity were used to build a calculated
mathematical model of the loaded defense industry [4].

Equations of motion were compiled taking into account the behavior of structural elements and the
machine as a whole under the simultaneous action of different loads. In the case of a dynamic action on its
metal structure (Fig. 1), as a linear elastic body, the equations of motion in the adopted coordinate system (Fig.
2) have the form:

In the case of dynamic performance on metal structure as a linear elastic body, equation of motion has
the form:

zijj+F=p- U, (1)

Where z;; ;- stress tensors, (i, j = 1, 2, 3);
F;- components of bulk forces;
p - density material;
U; - vector of movements.
Given the viscous properties then replace in (1) the operator:
02 92 a
P p(a) + k. @)
where k- viscosity.

Equation (2) as such remains unchanged.
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Figure 1 — Calculation scheme of the reference circuit of the truck crane
Pucynox 1 - Po3paxyHkoBa cxeMa OTIOPpHOTO KOHTYPY aBTOKpaHa
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Figure 2 — The coordinate system of the acting forces on the reference circuit of the car
Pucynok 2 - Cuctema KOOpAWHAT JIFOUMX CHJI HA OTIOPHUH KOHTYp aBTOMOOLIS

The notation of the wave propagation velocity in the crane support rotary device is introduced

1

2 1-v E, — .E
¢ p’ c T 2(1+v) p’ ©)

1~ dva—2v)

NN

For the case when the force F (t) is common and operates along the axis OX1 (at the beginning of the
coordinate system)

x5, = o S (= ) + 2 (1= ) (e~ 2) - (1-32) - [Fpce

C? R2 1 c2 R2 (o8} c
1
AR)AA;  (4)
R R =
X1X 1 1
U (1,300 %, 0) = 322 [ P(t-¢) - Pt—g)+3 fcisz(t— AR)dA J; (5)
1
R R =
X1X 1 1
U (g, Xz, X3, 1) = 322 [ P(t- cT) -& P(t- C_z) +3 fcisz(t— AR)dA ]. (6)
1
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If the force acts along the axis OX2, then you have to replace the index:

1-2;
y(22)=>{2—>3;
3-1.

If the force acts along the axis OX 3, then you have to replace the index:

1-3;

y(22):>{2—>1;
32

For the plane problem (x3 = 0); for one-dimensional problems: (x1 # 0; x2 =x3 =0).

So, as a result of dependencies are as follows: using Cauchy relations, Hooke's law and relations that
bind Lame elastic constants of Young's modulus, shear modulus and Poisson's ratio is decisive for calculating
the stress-strain state of stresses in reference circle of application solutions in the form of third-rank tensor

(Fig. 3):

1 XiXjXk
Vijk (X1, X2, X3) = Br(l—v) R® [(1 = 2v) (i 8 = X3~ 8 = Xj 7 8i) = 33 ],

1 XiXjXk
Vijk (1, X2, X3) = 8l —v) R® [(1 = 2V) (i 8y = X * B — %)+ 8a) — 33 ],

(i=1,23).
In this case, the right kind of movement will be: Uj(xy,Xz,X3) = Ujj(Xq,X2,X3) * Fj(Xy, X3, X3),
(i=1,23).

Figure 3 — Estimated scheme of the crane frame

Pucynoxk 3 — Po3paxyHkoBa cxema paMH aBTOKpaHa
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Design model frame with outriggers shown in Fig. 3 as well. Design model adopted in the form of
construction consisting of rods rigidly interconnected the nodes. Units conventionally shown as small circles
numbered in Arabic numerals. Serial number of the rod (item) affixed in a circle. Each rod section is now with
geometrical characteristics. Design model building on a line connecting the centers of gravity of cross sections
of rods.

Design model is in rectangular coordinates X, Y, Z (general coordinate system). The result of the cal-
culation of finite element of this design is shown in Fig. 4.

P3 (Nim 2 (MPa))
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04125

0.0833
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Figure 4 — The result of the calculation of the crane frame

Pucynok 4 — Pe3ynpTaT po3paxyHKy paMHu aBTOKpaHa

The correctness of the results of mathematical modeling to a greater extent depends on the mechanical
properties of structural materials and the study of complex work units bearing structural elements. Test proce-
dures for mechanical characteristics of the static effect is to create a load on the test sample in order to create
in it a certain kind of stress (tension, compression, shear). Thus a tensile test determined the basic mechanical
characteristics not only of constructional materials, and their connection to each other (Fig. 5a). Quite often
undergo static tests not only the individual samples of the materials, but entire units (Fig. 5Sb) future construc-
tion in order to study their stress-strain state and evaluation of stiffness.

It was found that the maximum loads occur in the position of the crane installation, perpendicular to the
main axis of the vehicle on which the crane installation is fixed. It was found that of all the nodes of the crane
installation, the greatest stresses occur in the Support rotary crane, which provides rotation of the lifting mech-
anism by 360 degrees. By changing the dynamic and static loads and analyzing the results obtained in Figure
6, the results of the research were changed in the design of the defense industry so that all elements had one
order of numerical values of stresses, which in the final design allowed to reduce the mass of the defense
industry by 30%.
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a)
Figure 5 — Testing of structural elements of metal structures:
a) - tensile welded joint; b) - bracket strength test

Pucynok 5 — BunpoOyBaHHSI KOHCTPYKTHBHUX €JIEMEHTIB METAJIOKOHCTPYKITI:
a) — BUNIpoOyBaHHS 3BApHOTO 3’ €JTHAHHS Ha PO3TAT; 0) — BUIIPOOYBAaHHS KPOHIITEHHA

Integral assessment of the metal structures of the finished product can be made on the basis of the dy-
namic tests. The idea of testing is to find the actual dynamic characteristics of the structure (natural vibration
frequency, vibration amplitude, etc.) and then comparing these characteristics with the characteristics obtained
by mathematical simulation of the system design. The mathematical model must be created so that adequately
describes the real structure and its behavior under various loads and the ability to reflect the simulations of
various kinds of defects associated with the manufacture and operation of the immediate appointment.

At the dynamic loads on structural elements inherent in most vehicles technological purpose, the main
type of damage is the formation and development of cracks caused by the accumulation of stress fatigue.
Durability destruction determined long cycles of stresses on the supporting structure of the machine and its
individual elements, resulting in a crack gradually develops and leads to destruction.

Calculation and testing of individual elements of the design of the machine is not too difficult, although
in some cases require a lot of material resources and time-consuming. When it comes to more complex parts
and assembly units of the accuracy of the analytical calculation is subject to doubts in terms of the rational use
of materials, resulting in an increase in material consumption structure, and further the energy intensity of the
whole technological process, which performs such a design.

It is obvious that the solution of this problem lies in the integrated approach should combine analytical
calculations, mathematical modeling and direct experimental studies.

To implement this approach assumes the following sequence of research work:

- analysis calculation of structural elements of the machine in terms of for all types of loads that were
made in the design of the machine;

- the development of a computer model of the object of study (general or individual most loaded com-
ponents, structural elements);

- determining a possible combination of loads acting on the elements;
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- conduct additional simulations and calculations to determine the behavior of structural elements and
the whole machine while the action of various loads (if necessary);

- verification of design decisions and the choice of the most efficient, by modeling teamwork loads on
computer models, evaluation and analysis of stress-strain state, identify the most stressful elements of the
structure;

- to develop a computer model of the matrix control points limits the integral characteristics of the state
of design for future use in field trials;

- conducting full-scale and model (computer experiments) by applying certain loads on the real sample
and its model,;

- adjusting the computer model until the comparison is integral characteristics obtained by measure-
ments at control points during the experiment and the simulation will differ among themselves within the
allowable error (the thus obtained computational model is adequate actual design within the points adequate -
integral control points characteristics).

To construct a mathematical model can be used general purpose computational systems, which are based
on numerous calculations and the fundamental laws of the theory of elasticity, plasticity, and the like. Recently,
such settlement systems have been widely used in various industries, including mechanical engineering. The
results of analysis of structures by numerical methods (eg finite element method) is a movement (deformation),
effort (stress) at the nodes of the mesh design of the structure. Depending on the need for rational calculation
accuracy, the number of nodes and finite elements, respectively, can be measured in hundreds and thousands.
On the one hand the processing of the results of such calculations is time-consuming, but allows at the design
stage to obtain a general picture of the structural layout of the machine components and the improvement of
its conduct in terms of the rational use of materials. In the case of upgrading an existing machine model of
technological purpose, calculation model in this sector, will allow to analyze the technical level of the design
and fulfill its forecasting reliability, and in conjunction with the implementation of the pilot studies to assess
the current technical condition of the appearance of possible failures, and the like.

Conclusions and recommendations:

1. The analysis methods of modeling and machine indicates the need to consider the stress-strain state
of the steel structures.

2. Proposed methodology and test methods for machines under static and dynamic loading, the way the
software determine the load on the metal machine.
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AHoTanis. B ctaTTi po3nisiHyTO CHCTEMY, 110 TIOEHYE BIUTUB CTATHYHUX HA JMHAMIYHUX HABAaHTa)KCHb
Ha TIPHUKJIAAlI OMOPHO-TIOBOPOTHOTO KOHTYPY AaBTOMOOLTEHOTO OYAiBEIHLHOTO KpaHy. BHSABIEHO MOIOKEHHS
cucTeMH Ta i1 elleMeHTIiB 3 HaO1MbIIMMU HaBaHTAXXCHHSIMH, JOCIiIPKEHHIH METOJI CTBOPEHHS CTaJIeBUX KOHC-
TPYKIII#, KOXKEH €JIEMEHT B 3aJICXKHOCTI BiJl CEpeIHbOI 3aBaHTAKCHHI BiUyBa€ HAMPYKEHO-I1e()OpPMOBAHOTO
ctany. J{ns moOynoBH po3paxyHKOBOI MaTeMaTHYHOI MOJIEJi HABAHTAKEHOTO OTIOPHO-TIOBOPOTHOTO KOHTYPY
OyJIn BUKOPHCTaHHI OCHOBHI 3aKOHM TeOpii MPYKHOCTI Ta MiiacTUUHOCTI. Bynu cknazneHi piBHSAHHSA pyxy i3
ypaxyBaHHSM TIOBEIIHKH KOHCTPYKTHBHHX €JIEMCHTIB Ta MAIlTHHU B IIUJIOMY ITPH OJHOYACHIN i1 pi3HOMAHIT-
HUX HaBaHTaXeHb. Po3paxyHKoBa cxema NpuiiManacs y BUTJISAI KOHCTPYKLIi, IO CKIANAETHCS i3 CTEP)KHIB
JKOPCTKO 3’€THAHUX MK 00010 y By3iax I KOXKHOTO CTepKHS JaHUH Iepepi3 MPUBEIACHUHN 3 TEOMETPHY-
HUMH XapaKTEPUCTHKAaMH. Y SIKOCTI METOAY PO3pPaxyHKY 3aCTOCOBAHO METOJ CKIHYEHHHUX €JIEMEHTIB 3 BU-
3HAUYEHHSIM HepeMmimeHs (aedopmarii), 3ycuinb (HanpyKeHb) y By3JaxX CITKM KOHCTPYKTHBHUX €JIEMEHTIB
KOHCTPYKIIiT OTIOPHO-TIOBOPOTHOT'O KOHTYPY. Byio oTpuMaHo0 po3moia HanpykKeHb B KOXKHOMY €JIEMEHTI KOH-
CTPYKLIi B 3aJIe;KHOCTI BiJl BUAY HaBaHTakeHHs. el po3monin 103BOJIMB BUOpATH palliOHANBHI MapaMeTpH
KOHCTPYKITii B KOKHOMY 11 ITepeTHHi. 3arpOITOHOBAHKM ITiAX1]T JO3BOJIUB CTBOPUTH PIBHOMIITHY KOHCTPYKIIIIO,
110 3a0e31eduye HaliiHICTh Ta EKOHOMIIO MaTepiany. TakuM YMHOM OTpPHMaHi pe3yJIbTaTH TO3BOJIMIIN B TTOBHIH
Mipi IpoaHaji3yBaTH Ta NPUHHATH PillleHHs U100 OAHOYACHOT0 3a0e3neueHHs MilTHOCTI, )KOPCTKOCTI 1 MiHi-
MaJIbHOT MaTePiaIOMICTKOCTI KOHCTPYKITIi.

Kiro4oBi ciioBa: MoJiennioBaHHA, MalllHA, HAMIPY>KEHO-Ae(pOPMOBAaHHUI CTaH METAJIEBUX KOHCTPYKIIii,
JIarHOCTUYHI CUCTEMH, OITIOPHO-TIOBOPOTHUI KOHTYp, THHAMIYHEC HABAHTAKCHHS.
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Abstract. In the thesis features of personnel management in the construction industry. The conceptual
framework of the system of personnel management of the building, which is based on enhancing the role of
staff, compared with traditional methods of management in the domestic construction companies. Easy to
assess the quality of staff building company from a position of the enterprise, based on the factorial-target
approach, which is to allocate the defining problems of structural units that must be solved to achieve this goal,
identification and evaluation of relevant key features of staff.

The quantitative relationship between the components of quality of construction personnel and
construction of net income/
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Assessment of quality of staff positions offered to investors by the criterion of «cost of personnely,
which is defined as net sales of construction works, reduced by the amount of material costs and depreciation
of fixed assets of the organisation.

The mechanism of stimulation of the construction workers, depending on the achieved level of quality
of works. The complex of measures aimed at improving the «qualifying component» as staff of the construction
industry.

Keywords: Personal Management, the construction, the quality of personnel, incentives, raising and
qualifications.

Formulation of the problem. Staffing is a key point in evaluating of constraction organization as a
whole in terms of its ability to perform a certain type of work, the feasibility of investing, choosing a reliable
partner and more. Indeed, the quality of performed work, the effectiveness of management decisions, and
therefore the final results are depends on the qualification and experience of the organization personnel, the
social and psychological climate in the team, the ingenuity of individual employees, etc.

Analysis of recent publications. The work of such outstanding scientists as S. Adams, M. Armstrong,
V. Vrum, A. Maslow, M. Porter, T. Stevens, F. Whiteley, F. Herzberg, T. Yu. Bazarova, B.LEremina, A.Ya.
Kibanova, S.I. Samigina, L.D. Stoliarenko, M.V. Kaymakova, N.P. Belyatsky. Some aspects of personnel
activity management of the enterprises were also be considered by scientists of V.R. Vesnin, O.S. Vikhansky,
O.I. Naumov, B.M. Ginkin, R.A. Fathutdinov, G.A. Dmitrenko, O.M. Kryvoruchko, D.P. Goddess, O.V.
Volkova, O.P. Yehorshin, E.M. Kailuk, A.M. Kolot, O.V. Fedosova, V.M. Lich, V.G. Fedorenko, V.O.
Pokolenko, N.P. Ivleva.

The available works do not take into account the construction specifics, which must be taken into
account when solving the tasks of assessment, motivation, preparation, retraining and advanced training of
personnel in the construction industry.

The main features of construction that affect the process of personnel and production management,
include the following:

- the uniqueness of the vast majority construction sites, which determines the need for the development
of new project documentation, and therefore organizational and technical solutions;

- the variety of construction work types;

- long life construction products cycle (may be more than 100 years) in combination with the need to
ensure the construction objects operation safety throughout the cycle;

- assessment of the management decisions economic effectiveness is complicated by the considerable
duration of construction projects (CP);

- the qualification of management personnel (at the stage of preparation and implementation) and pro-
duction (in the process of construction works implementation) greatly affects the safety of the construction
object further operation.

- Many stages of CP preparation, a large number of participants, combined with the complex process
of workflow organization, which results in the complexity of determining the subject and the level of respon-
sibility for ambiguous or wrong decisions.

The results of the conducted researches show that in the last decades there is a steady tendency to
decreasing of construction works quality, widespread involvement of unskilled or low skilled workers in work
performance, decrease of engineering and technical workers preparation quality.

Thus, the question of the existing methods, models, mechanisms of personnel management improving,
taking into account the specifics of the features and current needs of the construction industry is relevant.
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The purpose of the work is to improve the scientific and methodological bases of construction enter-
prises personnel management.

The main material.

Management, as a process of impact on the object, is realized through the application of various, pur-
poseful, interrelated, mutually supportive measures, which are selected taking into account the basic manage-
ment methods such as economic, administrative (organizational-administrative), social and psychological, and
are implemented through the use of developed relevant mechanisms.

Therefore, personnel management is being considered as a process of the enterprise personnel influ-
encing through the implementation of a set of interrelated measures, in order to achieve it such state that most
effectively ensures the achievement of the goals that are set before the organization.

A set of indicators is characterized the condition of the staff. At some point in time they are recognizes
its quality and the level of its functional duties fulfillment. An appropriate system is created for the implemen-
tation of personnel management functions in the organization.

Based on the analysis of existing approaches, the construction of a personnel management system
(MS) can be represented as a system of dependent characteristics functions: the goals of the organization (G),
the used methods of personnel management (Mt), the functions of personnel management (F) and the mecha-
nisms of personnel management (Mx ):

f1(Gy ... Gp) = 0;
fo(Mt; .....Mt,,) = 0;
f3(Fy.....Fp) = 0;
fa(MXxq .....Mxy) = 0.

The personnel management system of the construction company (Fig. 1) should take into account the
peculiarities of the industry management:

- specialization of organizations in:

o stages of work (design, survey, construction);

o types of work (zero cycle, installation of the building frame, finishing, special, etc.);

MS= (1)

o functions in the investment and construction process (investor, customer, contractor)

- strict technical regulation of all construction stages of the construction object;

- availability of a standardization framework, which contains the norms of labor losses for the execu-
tion of construction works: resource elementary estimated standards for construction, repair-construction and
other works;

- reduction in the volume of construction groundwork, which leads to significant breaks in the con-
struction organizations workload;

- high level of injury and occupational morbidity.

Generalization of the main tendencies of construction industry development in Ukraine indicates that
one of the the construction industry main problems is the low quality of construction work, due, in particular,
to the shortage of highly skilled management, engineering and labor personnel. Subjects of construction activ-
ity need to develop effective methods of personnel assessment and appropriate incentive mechanisms, retention
of highly qualified personnel within the enterprise.

The purpose and methods of the organization personnel assessment depend on the subjects needs that
interested in such assessment in the construction:

- the construction organization itself;

- the customer of construction products;

- an investor who invests in order to profit from the construction organization entrepreneurial activity;

- an investor who invests at the stage of construction and, upon completion of construction, receives a
profit from the construction object.
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Figure 1 — Personnel management system of road construction management
Pucynox 1 — Cuctema ynpaBiliHHS IIEPCOHAIIOM JTOPOKHBO-0YAIBEIIHFHOTO YITPABITIHHS
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The assessment of personnel is divided into internal, wich performed by the construction organization
itself and external, performed by interested contractors.

In accordance with international quality management standards (150 9001), quality is the degree to
which a set of intrinsic characteristics meets the requirements.

The above definition allows us to conclude that at first, quality must be quantified, since it is a degree
of requirements satisfaction. Secondly, it is necessary to have a certain set of characteristics (parameters) of
the object, which will evaluate its quality (in our case, the quality of personnel). Thirdly, the quality assessment
depends on the list and the level of the subject requirements.

The list and level of requirements for the assessment subject depend on the assessment subject and its
purpose. Depending on the purpose, different subjects will be prioritized for different entities in assessing the
quality of construction organization personnel. Ensuring the right quality of products is a prerequisite for the
enterprise competitiveness, which is also important for the investor.

The following characteristics can be used to evaluate the quality of construction organization person-
nel:

- skill level (S1). This characteristic includes such elements as level of education, experience (seniority)
of work, worker discharge, category of engineering and technical workers, a certificate from a responsible
executor presence, a scientific degree or academic degree presence, possession of an employee of related pro-
fessions, etc .;

- readiness and commitment to training, advanced training (T)

- employee's age (A);

- health status (H);

- innovation (I) (adequate perception of innovation);

- labor productivity (LP) - output;

- array of individual psychological and physiological characteristics (Ph), the set of which may vary
depending on the specific requirements of the profession or position occupied by the employee (communica-
tion skills, perseverance, ability to work "in the press", attentiveness, meticulousness, presence of leadership
qualities, commercial talent career growth).

Thus, a generalized staff quality index (Qp) can be represented as a function:

Qp=F(SL T, A, H,1I,LP,Ph). )

Obviously, it is necessary to distinguish between the quality of the construction organization personnel
as a whole and the quality of a particular category of workers, as well as the quality of an individual worker.

To determining the level of personnel quality, it is necessary to give value to each of the given char-
acteristics and to compare with a certain standard. It can be predicted that the sum of the separate scores for
each characteristic will give an overall estimate of the quality of the staff. The developed appropriate scale
summary scores can be transformed into understandable verbal. The quality of the staff can be categorized as
unsatisfactory, satisfactory and excellent.

Based on the results of the staff quality assessment, decisions regarding the need for employee training,
upgrading, transfer to another position should be made and measures to motivate staff and the appropriateness
of their work in the organization should be developed.
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For the customer and the investor the assessment of the personnel qualification level of the construc-
tion organization with the important from the point of view of its ability to provide high-quality and timely
execution of construction works. For this purpose, as a rule, as part of the competitive bidding proposal, the
contractor must provide the customer with information on ensuring the organization with management, engi-
neering and technical staff, work experience, the conformity coefficient of the workers average grade to the
average category of object works. Information indicating the qualification of the staff may also include the
feedback of previous customers on the quality of the work performed.

The empowerment of the customer (investor) in carrying out the assessment of the contracting organ-
ization personnel qualification level can be ensured through the system of industry employees personal certi-
fication. In Ukraine, the current legislation provides for certification of responsible contractors for certain types
of work (services) related to the creation of an architectural object (architects, design engineers, technical
engineers and experts). Unfortunately, other employees of the industry, including chief engineers and super-
intendents, are not subject to the system of personal certification, which reduces the level of personal respon-
sibility in the construction works execution/

A personal certification system can be both mandatory and voluntary and it is an effective means of
furthering and assessing, as worldwide experience has shown,

It is determined that depending on the ame of the quality assessment of the staff a set of specific
characteristics that make up the concept of “quality” depends on. Thus, guided by the purpose of the evaluation,
it is possible to reduce the list of characteristics to be evaluated.

The main factors influencing the quality of constract works are: quality and timeliness of building
materials, products, structures supply; providing workers with quality tools and controls; appropriate qualifi-
cation of workers, foreman and master; their interest in quality work; careful implementation of intermediate
and final controls; quality of production planned tasks. The relationship between the functions of the structural
units of the building company and the factors they provide are presents in Figure 2

For each structural unit function the key characteristics that the personnel of this unit should have for
the best implementation, which directly affect the quality of the constract works are highlighted (Table 1).

Features are divided into two groups - common to all units and specific, which are divided into objec-
tive and subjective. Objectives are evaluated on the basis of concrete work results, on indicators. Subjective
characteristics are assessed by unit managers based on personal experience of communicating with specific
employees, not documented statistics on their behavior.

Each subjective and objective criterion is assigned a weighting factor and a rating scale is proposed.
Weighting factors for determining common characteristics for workers and engineering staff are different.

In order to simplify the expert evaluation, it is suggested to use the apparatus of fuzzy mathematical
logic. One of the basic tenets of the theory of fuzzy sets is to remove the clear distinction between belonging
(value 1) and non-belonging (value 0) of elements to a set. The attribution of element X to set A is described
by values that lie in the interval between 0 and 1, and linguistic variables can be used to describe these values.
For example, a subjective characterization of staff, such as an interest in quality work, can be described not
only as "high interest” or “lack of interest”, but also “low interest”, “average interest”. The value of a linguistic
variable is coordinated with a corresponding scale in points: for example, “lack of interest” - 0 points, “low
interest” - 3 points, “average interest” - 5 points, “high interest” - 10 points.
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Estimates in fuzzy logic theory are interpreted as an accessories function. An expert or decision maker
determines the value of accessories function.

Suppose that A = {al, a2, ..., an} = {al, j = (1, n) } is the set of employees to be evaluated,;

K = {kl, k2,..., kn} is the set of subjective criteria that characterize these workers, where - k1 is
interest in high quality work; k2 - honesty (level of trust in the employee); k3 - stress resistance; k4 - the desire
for development.

According to the results of the assessment, it is considered appropriate to introduce adequate measures
to encourage employees to achieve this goal.

In order to ensure the quality of the constract work performance, we will offer a mechanism of incen-
tives for construction organization employees, taking into account their results (Fig. 3). This mechanism is
based on a systematic assessment of personnel quality by the criterion “Quality of construction work perfor-
mance and monthly assessment of functional responsibilities performance by each individual employee and
the unit as a whole”.

Based on the results of the staff quality assessment, which is proposed to be conducted once every half
year, tariff rates, salaries, unit rates are set and adjusted, and thus the level of basic salary is determined for the
next half year. Based on the results of the individual assessment, for the technical workers, coefficients of labor
participation (KLP) are established, on the basis of which the supplementary payroll of the unit is distributed.
The total additional salary fund for the units and the workers individual labor participation rate is determined
by the results of the functional duties fulfillment level assessing (on a monthly quantitative indicators basis).
Such mechanism ensures transparency in the principles of the distribution of material remuneration and incen-
tives for employees, which should increase their level of diligence and responsibility.

According to the year results, the final assessment of each employee in points (which are accumulated
annually) is determined. We propose to establish an incentive system based on cumulative rating accumulated
over 1, 3,5, 7 and 10 years. The cumulative principle of the proposed mechanism will facilitate the growth of
the most experienced, responsible and skilled workers in organizing the employment potential.

A quantitative correlation between the constituent qualities of the construction organization's staff and
income is established according to the research.

Based on statistics on the construction organizations activities, we have developed a regression model
of the net income dependence on the production, structure of personnel by age, qualification, intensity of train-
ing and improvement of staff qualification in the past years.

It is proposed to use the indicator "cost of personnel”, As a criterion for assessing the quality of per-
sonnel from the investor's point of view. It is defined as the net income / sales, reduced by the amount of
material costs and depreciation of fixed assets of the enterprise, the indicator - characterizing the value contri-
bution of staff at all levels in the organization's income.

Measures have been developed to improve the "qualification component of staff quality” in construc-
tion industry in Ukraine, in particular, involving the joint efforts of self-regulatory organizations (CO) mem-
bers (Fig. 4).
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work implementation

Tabmuus 1 — Ouinka sIKOCTI IEpCOHATY JOPOKHBO-OYAIBEIBbHOT OpraHizauii 1j1st 3a0e3MeYeHHs] BUKO-

Hanusa bBMP
Structural Subdivision function, Key personnel Assessment Indicator Criterion Score
subdivision which affects the characteristics that method score
quality of the most affect the
construction work quality of the unit's
performance production
1 2 3 4 5 6 7
3arasbHi JUIst BCIX MiJPO3/IiiB i MpaliBHUKIB
Objective: According to
Qualification incl. the indicators Discharge (for
education workers) From 1 to 8
Experience Work experience 0to5
Health Experience of simi- 0to5
Use of working time lar work 1to4
Category (for pro-
fessional) 0to2
Degree 0to4
Sick leave share
Unproductive used 0to4
Subjective: time share
Interest in quality Testing 0to8
work
Honesty
Stress resistance Expert 0to5
Striving for evaluation of 0to5
development of the unit Oto5
head *
E 0,5
Staffing Recruitment Objective: Expert
Service (dismissal) of staff; knowledge of the evaluation of 0to5S
Assessment of regulatory the unit head
qualifications; framework, * 0to5
Organization of knowledge of staff
training and advanced | assessment methods | According to
training, Subjective: the work Oto5
participation in the Communicative; results Oto5
production program of | Organizational skills
the construction Staff turnover Oto5
program Percentage of 0to5
employees who have 0to 10
received training or
advanced training
The overall quality
level of the
organization's staff
E 0,5
Supply and Supply of quality Objective: Expert
marketing materials, raw Knowledge of | evaluation of Oto5
department materials, structures, material properties; the unit head
Objective: fuel, etc. in a given Supplier Market *
Subjective: period Knowledge Oto5
Subjective:
Communicative; 0to5
Commercial talent 0to5
According to The share of Oto5
the work complaints,% of
results total delivery
E 0,5
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Continued table 1

Characterized by individual units
Planning and Production of Objective: Expert
economics development program; Knowledge of the evaluation of 0to5
department Rationing of labor; normative base of the unit head
Rationale for wages, the labor economy *
bonuses
Subjective: 0to5S
Creative approach to The general level 0to5
work (by the enterprise)
of the staff's interest
in the quality of the
work performed
E 0,5
Production Proposals to determine Subjective: Expert
and Technical | the need for workers, | Leadership abilities; | evaluation of 0to5
Department | their characteristics; Organizational the unit head
Participation in the abilities; * 0to5
assessment of workers' | Ability to work in a
skills; Organization of team; Oto5
training and advanced Ability to work 0to5
training in production; "under the press"
Participation in the
development of According to Share of cost of Oto5
approaches to the work works to eliminate
employee motivation results deficiencies from
the total amount of
work,%
E 0,5
Brigade - | Construction work | Subjective: Expert 0to5
Brigadier, implementation Absence of bad | evaluation of
workers Subjective: habits the unit head 0to5
Absence of bad habits | Ability to work as a *
Team Leadership | team 0to5
Expertise * Share of workload
According to of inadequate
According to  the the work quality
results of work results Degree  of non- 0to5
compliance with the
work quality
requirements
E 0,5
Conclusions

1. The global trends in the development of construction are; increasing requirements for the quality
of construction work, reducing the professional qualification of a large proportion of construction workers,
the lack of highly qualified engineering and technical staff, the widespread temporary staffing system for the
implementation of the project, increasing the share of construction projects in the projects that are being
implemented difficult conditions, which leads to a decrease in labor productivity of workers, requires high
skills, increases the level of responsibility for the wrong organizational and technical decisions. The peculi-
arities of personnel management in the construction industry and the above development trends necessitate
the improvement of existing personnel management mechanisms in construction.

2. Effective resolution of these problems requires that the personnel management system of the con-
struction organization is built on an increase of the personnel service role. The head of staff in the construc-
tion organization structure must have the same level of authority as the deputy director of finance and pro-
duction.
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Systematic training seminars
conduction on the practical
application of the new regulatory
and legislative framework
provisions. Application of new
materials and technologies

The best practices of
administration, management and
construction organization
between the members of the
building company CO exchange

A

Using of internal
capacities of
building company

Organization of
professional skill
competitions

Training complexes
at the joint expense

Figure 4 — Measures have been developed to improve the "qualification component of staff quality" in the
road construction industry of Ukraine with the involvement of self-regulatory organizations (SO) members

Pucynok 4 — Po3po0ieHi 3ax0/11 111010 IMiIBUIIICHHS «KBATI(PiKAIiHOI CKIaI0BOI SIKOCTI IIEPCOHATY» B
TOPO’KHBO-OYIIBENbHIN Tay3i YKpaiHu 3 3aIydeHHIM CHiIFHUX 3YCHIIb WICHIB CaMOPETYIIIOIOYNX OpraHi-
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3. The modern interpretation of the personnel management concept in construction is defined. It is
the process of applying a set of interconnected activities to help staff achieve the necessary state to maximize
the effectiveness of the construction organization's goals.

4. It is clear that the staff condition is determined by a set of indicators that would be able to determine
the staff quality and the level of their functional responsibility fulfillment. A new set of characteristics is
proposed to assess the quality of construction organization personnel. It includes: qualification level, ability
and willingness to study or advanced training, employee's age, health status, tendency to innovate, produc-
tivity, individual psychological and physiological characteristics, the recruitment of which may vary depend-
ing on the specific requirements of the profession or position, which occupied by an employee.

5. The authors found that a prerequisite for the staff quality level assessment is to determine the
purpose of the organization for the implementation of which staff is evaluated. The set of staff characteristics
and their rank in the overall staff assessment should depend on the purpose of the organization. With this
ame, a system of construction company personnel quality assessment for the needs of the enterprise itself is
proposed. It is based on a factor-based approach and provides for the identification of structural units that
ensure the achievement of the goal (quality, timely execution of construction works, profitability of activity,
uniform load of resources) tasks, definition of staff influential characteristics. The implementation of the
proposed approach to assessing the construction organization staff quality contributes to the effectiveness of
the organization, and, in particular, to improve organizational relationships.

6. The proposed mechanism of employee incentives, taking into account the personal results
achieved, contributes to increasing the level of interest in achieving the organization goal, and maintain its
highly skilled labor potential.

7. According to the results of the calculations, a quantitative link between the constituents of the
“quality of construction organization staff” and the net income of the construction organization was estab-
lished. It can be used to analyze the internal reserves of the organization with the place of increasing its
efficiency.

8. It is proposed to assess the personnel quality from the investor's point of view by the criterion of
"personnel cost". It is defined as the net income from the construction and assembly works realization, re-
duced by the amount of material costs and depreciation of the organization fixed assets. This indicator char-
acterizes the value of staff contribution at all levels in the organization's income.

9. Developed measures of the "qualification component of the personnel quality" of the construction
industry improving, are based on the joint efforts of the investment construction process subjects. They help
to improve the construction products quality while reducing the costs of building organizations to improve
the employees skills.
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B po0oTi po3riisiHyTo 0COOIMBOCTI YIIPABIIHHS IIEPCOHAIOM B Oy/IiBEIbHIM ramy3i. 3anporoHoBaHi

KOHIIETITYaJIbH1 3acaar moOyJ0BH CHCTEMH YIPaBIIiHHS IepcOoHaoM OyIiBEJIbHOI OpraHi3aiii, B OCHOBI AKOT
MOKJTIaJICHO IIiABMILCHHS POJIi CIyKOU mepcoHaty. BrockoHaneHH MeXaHi3M OLIIHKH SIKOCTI IIEpcoHaIy 0y-
TiBEITLHOIO MIAMPHUEMCTBA 3 TIO3HUITIT cCaMOoro MiAIPUEMCTBA, 3aCHOBAHUHN Ha (PaKTOPHO-IIITHOBOMY ITiIXO/I1,
IO TOJIATAE Y BUAUICHHI BU3HAYAIBHUX 33124 CTPYKTYPHHUX HiPO3.iiB, sIKi HEOOX1THO BUPILIMTH TSI A0~
CSITHEHHS IOCTABJICHOT METH, BU3HAUCHHS I'a OLIHKH BIATIOBITHUX KITIOYOBUX XapaKTEPUCTHK IIEPCOHAITY.

BcranoBieHo KinbKicHUE 3B’S130K MK CKIIQJIOBHUMHU SKOCTI epcoHany OyaiBenbHOI opraHizamii Ta
YUCTUM J0X0J0M OyIiBeIIbHOI OpraHi3ariii.

OIiHKY SKOCTI ITEPCOHAITY 3 IO3MINII iHBECTOpa 3MIHCHIOBATH 3a KPUTEPIEM «BapTICTh ITEPCOHAIY,
KU BU3HAYAETHCA K YMCTHH JOXiJ peanizamii OyJiBelbHO-MOHTaXHUX POOIT, 3MEHIICHUI MU BETUUUHY
MaTepiaJbHUX BUTPAT Ta aMOPTH3Allil OCHOBHHUX (OHIIB OpraHizariii.

Po3pobnennit MexaHi3M CTUMYJTIOBaHHS NPaLliBHUKIB Oy 1iBEIbHOI OpraHizalii B 3aJIe:KHOCTI Bif J10-
CSITHYTOTO PIiBHS AKOCTI BUKOHAHMX POOIT. 3aNpONOHOBaHNN KOMILIEKC 3aXO0iB, 10 CIPSMOBaHI Ha IiBU-
IICHHS «KBaTi(iKaIiiHOI CKIaI0BOI» SIKOCTI MEPCOHATy OYIiBEIbHOI) ramysi.

Kuro4osi cioBa: ynpapiiHHS HepcOHAIOM, OYAIBHUITBO, SIKICTh IIEPCOHATY, CTUMYJIIOBAHHS, Mif-
BHIIICHHS KBaTi(hikariii.
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Abstract. Features of the structure of the road economy, as part of the country's economy, affect the
creation of a systematic methodology for assessing its property, when individual components will determine
the peculiarities of the use and development of road infrastructure. To this end, for the purpose of assessing
the property status of highways, which are the main component of the road economy, it is recommended to
develop different models of approach to the definition of property valuation of highways.

In the article the directions and models of estimation of the property condition of highways are offered,
with the use of different concepts of determining their needs in the infrastructure of the region's economy and
the need to maintain them in the proper operating condition. The combination of needs and the state of high-
ways is used as a conceptual criterion for the formation of models for their evaluation as property in the struc-
ture of the region's economy. According to this criterion, a road is considered as an object which:

A - provides social and administrative needs for the organization of motor transport in the region and
the implementation of passenger transportation;

B - can make a profit as a result of its use;

C - is a part of the main productive assets of the region and the state as a whole, which should be
maintained in good condition;

D - a national economic object of a specific purpose, which is used to provide activities of individual
sectors of the economy.

The proposed structural classification of highways according to the conceptual criterion of their needs
and conditions - A, B, C and D - is the basis for the formation of different models for assessing their property
status, the peculiarities of which are discussed in the article. The main principle of such a classification of
motor roads and transport facilities in general for the purpose of their property assessment is that they are
considered as objects or sub-entities in the models of calculating the property of owners or users of transport
facilities.

Keywords: need for roads, road condition, conceptual criterion, model of estimation, property.

Presenting main material

The property of the road economy is formed by a complex infrastructure of elements for different
purposes, for example, roads - objects of operational nature, production enterprises (factories) - elements of
the system for ensuring the implementation of labor processes products, machines and mechanisms - these are
steel parts of the main production assets of enterprises, and so on. Therefore, the creation of a single method-
ology for assessing the state of the property of the road economy appears not only as a complex, but also labor-
consuming task. Obviously, there is a need to create a systematic methodology for assessing the property of a
road economy, the individual structural elements of which (subsystems) will reproduce the features and nature
of the development of a particular component of the road economy.
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In the process of assessing the property status of the main element of the road economy - roads - should
use the conceptual criteria that form the approaches to the goal of such an assessment. In this case, the motor-
way is considered as an object that provides certain needs (criteria), that is, an automobile road is regarded as
an object which:

A - provides social and administrative needs for the organization of motor transport in the region and
the implementation of passenger transportation;

B - can make a profit as a result of its use;

B - is part of the main productive assets of the region and the state as a whole, which should be main-
tained in good condition for the purpose of widespread use in the national economy and the provision of vital
activity in the region;

G - is a national economic object of a certain purpose, which is used to provide activity of individual
branches of the national economy.

The directions of the use of highways are given and form different models of property status assess-
ment, since the criteria and limitations used in determining the needs, the assessment of the state and volume
of road maintenance of roads in accordance with the directions of the status of roads (A, B, B and D) should
be taken into account in these models. In terms of system analysis are the relationship between these models:
model B is focused on obtaining resources for maintenance in a proper condition of the property - roads and
transport structures on them, model C evaluates the state of this property, model D - determines the directions
of improvement of the state of roads for account of the implementation of complexes of construction works
and repair and restoration measures, model A - focused on the definition and assessment of the needs of prop-
erty (roads), taking into account current and future conditions development of a particular region.

The development of the model A of the property state of roads is formed under conditions determined
in the process of solving certain engineering and economic problems, such as the task of forming rational
routes (transport corridors) or reproduced in models of the region's development. Thus, models for the for-
mation of rational routes (or rational networks of roads or the model for determining short distances of vehi-
cles) have one characteristic feature - it is obtaining data on the expediency of operating an existing or the need
to design a new road that would meet the purpose of the problem - set of shortest routes, a minimum the cost
of transportation of goods and passengers.

The ideas of the rational development of the networks of roads in the structure of the national economy
of the country or the administrative district have always been the subject of theoretical research and practical
direction of the activity of individual scientists of the road industry, as well as of entire scientific groups of the
relevant branch services, educational establishments and research institutes. In scientific developments and in
the practical results that have been achieved in this respect, it is possible to identify several areas in the devel-
opment of road networks.

The first direction of the development of the network of roads is marked by its physical modeling,
when each component of the road is considered as an engineering structure that combines settlements in the
structure of the overall system of transport links in the region. In essence, such models use fairly simple opti-
mization approaches aimed at minimizing construction and repairs and reducing losses, both from traffic flows
and from negative impacts on the external environment. The most characteristic development of such a prin-
ciple of modeling the development of the network of roads comes from 1955 to 1985, for example [1,2], which
is a characteristic feature of the time of economic development of countries. One of the groups of such models
involves the creation in general terms of an "economic and mathematical model of optimization of an inte-
grated transport network", which combines the ideas of the development of all types of transport, and the role
of connecting elements of communication is assigned to highways. The rational length of the network of roads
of the region in the enlarged form is determined by a simple equation, which uses such parameters as popula-
tion size, area of the territory, gross volume of agricultural products.

But such simple approximation approaches to the development of the transport network were very
simple to determine a truly well-founded network of roads. Therefore, the creation of optimization models for

HayxoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JJOPOTH I JOPOXXHE BYIIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
212



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;
HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

determining the rational configuration of the network of highways was more viable and practically feasible. In
these models, considerable attention is paid to the study of the minimum value of road transport costs with
careful study of the processes of formation of relations between the main parameters that influence the devel-
opment of the network of roads, as the length of the route between the correspondent points i and j, the volume
of freight between points i and j, road expenses, which ensure the transportation of goods at the site ij, transport
costs in the same direction, the average speed of transport of vehicles.

The development of mathematical optimization models uses a number of complementary approaches,
which, for example, include the use of a system for determining the best transport connection in the regional
network, determining the impact of transport on the environment. In turn, solving such auxiliary tasks in global
optimization models caused the conduct of such studies, such as, for example, the definition of the system of
additional connections in the transport network, the definition of rational adjacency of congresses on main
roads, etc.

The second direction is based on the theory of development of variants of work on the network of
roads in order to improve both the structure of the network itself and the quality of its transport status, based
on the use of models of rational use of capital investments in order to improve their technical level. At the
same time, as the main indicator, which determines the best option for the implementation of work, the value
of total deductible costs and the profit growth rate, the use of which uses information about the work of
transport and the dynamics of work on the merely roads. In recent studies, the use of reduced costs has been
expanded to a large number of parameters that are taken into account in models for assessing variants of the
development of the network of roads, including the costs of developing competitive types of transport - rail-
ways, water transport.

The third direction of the development of the network of roads is based on the use of economic and
then socio-economic models. In most of these models, the road is regarded as an element of the general
transport system whose task is to organize the reliable transportation of goods and passengers by road. On the
other hand, the road is considered as an element of the infrastructure of economic relations between the main
functional types of activities that can be developed in the region and satisfies all social needs of the population,
including individual residents.

The best example of such models is the implementation of special projects by a consulting firm with
a road profile (PM-Consult - Germany, GeoConsult - Austria), which consists in identifying long-term pro-
grams of road works in the system of development of the national economy of the region. In general, the idea
of a better combination of economic, social and technological and resource opportunities in the development
of regional road networks is constantly improving and continues to be used at the level of organization of the
work of administrative structures, as evidenced by the activities of the special 15th section of the World Road
Congress - PIARC.

The formation of models of the development of the network of roads on the basis of ensuring all the
requirements of individual residents for transport connections throughout the year, as a rule, is aimed at devel-
oping a local network of roads. In this case, options for the potential development of individual families that
can use the appropriate network of roads on the train of their lives are considered. In such models literally
there is a simulation of the behavior of individual family members, their labor activities, the development of
their own interests, implemented with the use of transport services. The above directions of the formation of
the need for highways in certain regions of the country can be taken into account when creating models for
assessing their property according to different criteria.

In models of type B the road is considered as the object of obtaining profit from its use. The most
widespread forms of development of such models are the development of so-called concession programs and
the formation of programs of payment for travel on the roads of a certain destination and certain groups of
vehicles. The second direction is considered as more realistic as it is dynamically developing in many countries
of the world.
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So in 2011-2012, Kapsch Traffic COM AG, in support of the European Integration Program of
Ukraine in the Trans-European Transport Network, carried out work on the creation of an electronic payment
project for transporting certain groups of transport vehicles by motor roads of specified categories. During the
company's cooperation with the employees of Ukravtodor, a concept for the implementation of the electronic
payment for travel through 2014 was created. Thus, projects have been created to determine the technical
equipment of this system, defined fees for the payment of the train, conditions and plan for organizing work
on collection of funds, forms of control and accounting of the work of the system, and so on. But this project
has not been realized and is at a stage of possible development.
Conceptual position of the model of payment for transportation of vehicles consists in the formation
and solving of such an equation:
Il = (Nijx Fix Tj) - (BT + PV), @)
where /7 - the desired profit from the work of the electronic payment system for road transport, UAH / year;
i - number of groups of vehicles, i = 1, 2, ..., n;
j - number of types of payment terminals for fare,j =1, 2, ..., m.

BT - primary expenses for the project realization (creation of terminals of account, control service and
account of expenses, expenses for technical devices of cars, expenses for installation and maintenance of cash
registers and other = measures of  technical and organizational nature), UAH;

PV - current expenses for servicing the electronic system of organization and automatic accounting
for payment for road transport (maintenance of software, expenses for communication services, current repair
and restoration work of equipment) and other costs, which are determined by the method of expert analysis of
the work of such systems, UAH;

Nij - is the intensity of traffic of vehicles of the type whose fare on the road should be paid to the
j-terminal;

Fi - fare for car and other types of vehicles;

Tj - is the number of ; - th type terminals.

Of course, model (1) is presented in a generalized form, since it lacks the time factor, the coefficient
of traffic growth, the parameter of inflation and other parameters that can develop the model. But in this model
there is essentially one parameter that regulates and evaluates the efficiency of this model - this is the value of
the fare - and this parameter is determined in the process of solving the model (1) at the given value of I1. In
turn, the value of T (the meaning of the implementation of the system fare) can be set in the range of 15 - 20%
of the total value (BT + PV).

In type C models, the road and its associated transport facilities are considered as part of the main
productive assets of the region and the state as a whole. The state of highways and their transport facilities
determines the volume of certain road construction works and repair and restoration measures, the totality of
which determines the general needs for financial resources and determines the residual value of the object.
Determination of the residual value of the objects of the road economy is formed on the basis of the following
principles:

- each and every element of the road (i = 1, 2, ..., n) or s - and the transport structure (s = 1, 2, ..., S)
has its initial cost, which was fixed at the cost of execution works on its creation or was determined by the
rules of the market price - respectively Voi or Vos;

- each element of the road or its related transport facilities has certain service life, that is, the terms of
validity in terms of their suitability for use - respectively, Toi or Tos. These terms of service are best defined
using the advanced expert appraisal method, since the use of so-called degradation models for most elements

and transport constructions is seen as a virtually impossible approach. The research carried out in this way
on previous stages of the implementation of the scientific works [3] made it possible to compile tables of
terms of service of elements of roads and transport constructions.

- at the time of evaluation of property - the residual value of an element of roads and structures - each element
is on a certain period of service (a: this term has not yet come, b: just ended, c: already passed);
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- for each item and transport structure that are components of a particular object, the possibilities of
road construction works or repair and restoration measures performed to improve their condition are consid-
ered and fixed costs of their implementation. Possible fixing of different options for carrying out works and
repairs - I: were carried out in different situations of fixing the service life of elements of roads or transport
facilities - a: b: ¢; 2 - work and measures were not implemented- using existing methods of estimating the
residual value of the main production facilities of the road economy, the residual values of each element or
transport structure are calculated - respectively Zoi or Zos;

- the total residual value of the object as part of the property of the road economy is defined as the sum
of the residual value of each element or transport facility - Zoi or Zoi.

Obtained values of the total residual value of the object (part of the property) are used to solve various
practical tasks related to the formation of the resource supply system of the object necessary for its maintenance
in the proper operating condition, the formation of the accounting and reporting system and other tasks .

Models of type D are focused on the decision of tasks of planning of resource provision of property
objects in order to provide activity of certain branches of the national economy. Models of resource planning
for maintenance processes in the normal operating status of distributed objects in Europe should include the
model HDM-IV, various models of the PMS type and the Ukrainian model of the SUSP (CYCII), the basis of
which was developed in 1996-2001 [4], and the reproduction of this model takes place during the year 2017
for Ukravtodor.

In the latest version of the SUSP model, as in its previous versions, the planning of resource provision
of road objects is carried out through a repair system - capital and medium - as well as certain current mainte-
nance repairs. In the latest version of the SUSP model, seven repair strategies are considered, namely:

Strategy 1, which defines the so-called standard terms for repairs of non-rigid type of road surface,
consists of two middle repairs between adjacent major repairs, the basis of which is determining the develop-
ment of the value of the modulus of elasticity of road clothing and forecasting the volume of annual destruction
of the travel section.

Strategy 2, which is aimed at fulfilling the condition of non-exodus of road wear outside the permissi-
ble (project in accordance with category and traffic flow). Thus, the criterion of the formation of repair strate-
gies in this case is the equality of coverage. According to this strategy, two middle repairs are carried out, and
the terms of their carrying out, as well as the power of repairs are calculated autonomously, that is, inde-
pendently of each other. But the equality of coverage should have the same acceptable value in these two cases.

Strategy 3, which is also focused on the implementation of the condition of non-exodus of road wear
beyond the permissible, but with the condition of three average repairs in period 0 - T.
Strategy 4 defines the conditions for carrying out two stages of capital repairs and a series of average repairs
in the same period 0 - T, provided that the regulatory equality of coverage is observed.
Strategy 5, which determines the conditions for major repairs in the period Tk <= 6 years and which develops
in two directions:

Strategy 5a: Defined by the fact that at first one average repair is carried out before major repairs are
carried out. Then, two average repairs are made on conditions of non-exodus of road clothes beyond the per-
missible value of strength. If the definition of such a strategy for the implementation of road repair measures
is targeting the permissible equality of road coverage.

Strategy 5 b: Determined by the fact that at first one average repair is carried out before major repairs
are carried out in the event of non-exit of the transport condition of road wear (strength) under admissible
conditions, then one major repair is carried out, and then, at regular intervals, two average repairs are made
with the cost respectively .

Strategy 6, considering the possibility of major repairs in the period Tk> 6 years. The development of
such a strategy includes the following steps: first, 2 average repairs are carried out during the period of over-
haul, that is, in the period 0 - Tk, in the estimated year Tk, the capital repairs are carried out by value, and then
one more average repair after the Tk period is performed.
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Strategy 7, which deals with mathematical models of the justification of two stages of capital repairs
without carrying out mid-repairs of average repairs.

The main requirement for determining the terms and capacity of major repairs is the desired equality
of coverage, and the implementation of major repairs is accompanied by work on the current minor repairs and
maintenance of the road as a whole. In the process of planning average repairs, as the main limitation, the
equality of coverage and the coefficient of adhesion of the coating to the surface of the road is taken as the
main limitation. The criteria for choosing a better strategy for carrying out road repair work are the values of
road and transport costs, and the choice of the best value of this criterion is determined in the process of
interactive dialogue.

The above directions for determining needs, assessing the state and establishing resource support for
maintenance in a reliable operational condition of highways should be used in the development of a system of
models for their property valuation. Such models of property status assessment can be developed as stand -
alone for further practical use, and used in the light of information that will be obtained from other models. In
any case, the complexity of the solution to the problem of property valuation of motor roads is evident and
comprehensively reflects the dynamics of requirements for the movement of property - the quantity and quality
of transport and operational condition of highways.

Conclusions

Features of the structure of the road economy determine the various approaches to valuing the property
of'its constituent elements. In order to assess the property of roads as the main component of the road economy,
various approaches and techniques may be developed where a road is considered as part of the regional econ-
omy's infrastructure as an object of income or as the state's main assets requiring its maintenance of resources.
But the prospect of developing such stand-alone approaches to property valuation requires the creation of a
comprehensive strategic model for the property valuation of individual roads and network of roads of a certain
destination.
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AnoTtaniss. Oco0JIMBOCTI CTPYKTYPH TOPOKHBOTO TOCTIONAPCTBA, K CKJIAJ0BOI YACTUHH EKOHOMIKH KpaiHH,
BIUTMBAIOTh HA CTBOPEHHS CUCTEMHOI METOJMKH OLIHKH HOro MaifHa, KOJIM OKpeMi CKJIaZoBi OyAyTh BH3HA-
YaTH 0COOJMBOCTI BUKOPUCTAHHS Ta PO3BUTKY IOPOKHBOT IHPPACTPyKTYpH. 3 I[I€F0 METOO JIJIS OI[IHKU Maii-
HOBOTO CTaHy aBTOMOOUTHHHX JIOPIT, SIKi € OCHOBHOIO CKJIaJ0BOI0 YACTHHOIO JOPO’KHBOTO TOCIIOIapCTBA, Pe-
KOMEHAYEThCS PO3pO0Ka PI3HUX MOJIENIEH MiAX0My 10 BU3HAYCHHS MAifHOBOI OI[IHKH aBTOMOOITHHUX JOPIT.

B crarTi 3amponoHoOBaHI HANIPSAMKHA Ta MOJIEI OIIHKK MalHOBOTO CTaHYy aBTOMOOITBLHUX IOPIT MpH
YMOBI BHKOPHCTaHHS Pi3HMX KOHIICTIIIH BHU3HAYCHHS iX MOTpeOH B iHGPACTPYKTypi €KOHOMIKH PETIOHY Ta
HEOOXIAHOCTI y MIATPUMAaHHS iX B HAJIEKHOMY eKCIUTyaTamiiiHoMy cTati. Criojy4eHHs moTpedu Ta CTaHy aB-
TOMOOITIBHUX AOPIl BUKOPUCTOBYETHCS SIK KOHIIETITYANbHUH KPUTEPii 0 POpMyBaHHS MOJIENeH 1X OLIHKH SIK
MaifHa B CTPYKTYPi eKOHOMIKH PETiOHy. 3a TAaKHM KpUTEPiEM aBTOMOOLTEHA TOpOTa PO3TIAIAETHCS IK 00’ €KT,
SIKUMN:

A - 3a0e3meuye coLianbHO — aIMiHICTpaTUBHI MOTPEeOH B OpraHizamii pyxy aBTOMOOLIEHOTO TPaHCIIO-
PTY B perioHi Ta 3MIHCHEHHI MACAKUPCHKUX TIEPEBE3EHb;

B - moxxe npuHecTy IpUOYTOK B PE3YJIbTaTi CBOIO BUKOPHCTaHHS;

C — SIBISIETHCS YACTUHOIO OCHOBHUX BUPOOHMUYMX (OH/IB PETIOHY Ta AEPKaBH B I1JIOMY. SIKi TOBUHHI
OyTH miATpUMaHi B HAJIE)KHOMY CTaHi;

D — HaponHo-TOCIIONApUUil 00°€KT IEBHOIO LiIbOBOIO NPU3HAUCHHS, SIKUM BUKOPUCTOBYETHCS IS
3a0e3MeYeHHs AiSIIbHOCTI OKPEMHX rally3eid HapOJHOTO rOCHOAapCTBA.

3amponoHOBaHa CTPYKTypHa KIacuQikamis aBTOMOOUILHUX JOPIT 32 KOHLENTYaJIbHUM KPUTEPIEM iX
notpedu Ta crany - A, B, C ta D - € 0CHOBOIO 1151 (hOPMYBAHHS Pi3HUX MOJICJICH OLIHKKM X MaiHOBOI'O
CTaHy, 0COOJIMBOCTI PO3BUTKY SIKHUX 1 PO3IVIAIAIOTHCS B CTATTi. ['OJIOBHUM MPUHIIMIIOM TaKOi Kiaacupikarii
aBTOMOOUIFHUX JIOPIT Ta TPAHCIOPTHHUX CIIOPY[ B LILIOMY 3 METOIO iX MaifHOBOI OLIIHKH € Te, 10 BOHH PO3T-
JIJAI0THCS K 00 €KTH a00 Cy0”’€KTH B MOJCIIAX PO3PAaXyHKy MaliHa BIIACHUKIB YU KOPUCTYBAYiB TPAHCIIOPT-
HUX CIIOPYI.
KirouoBi ciioBa: motpeba B 1oporax, cTaH JOPOrd, KOHIENITYaNbHUI KpUTEPii, MOAET OL[IHKH, MaiHO.
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Summary. The aim of the article is identification of main factors influencing investment attractiveness
of land in the cities of Ukraine.

To achieve this goal the following tasks: determining trends and key factors in land use of cities; char-
acteristics of land; the definition of urban areas and limitations in their use. Improved classification of the
factors which allows for cartographic provision of land in cities and their investment potential, level of inter-
action between different stakeholder groups, areas of urban development, which allows to generate methodical
toolkit for estimation of the level of investment attractiveness of land in cities.

Define the factors and features of their influence on investment processes in the sphere of land use of
cities of Ukraine.

Prospects of further research is to develop a methodological approach to the evaluation of the level of
investment attractiveness of land in cities and substantiation of measures on the increase of efficiency of their
use.

Key words: land relations, factors of influence, investment attractiveness of the lands of restrictive
factors of land use.

Introduction. Modern features and trends in urban land development require new grounded approaches
to determine the factors that affect them, first and foremost, investment attractiveness, which will enable their
rapid development in the overall system of city development.

Analysis of recent research and publications
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In the writings of foreign and domestic authors, much attention is paid to the study of many issues of
rational use of land resources by attracting investment. In previous studies [1-4] and the existing regulatory
framework [5,6] there is no consistent and unambiguous classification of factors that affect the land of cities
and create their attractive features for an investor.

Purpose and tasks of the article. The aim of the article is to determine the main factors influencing the
investment attractiveness of Ukrainian cities.

To achieve this goal, the following tasks are addressed:

- determining the directions and main factors in the field of land use of cities;

- characteristics of the land of cities;

- definition of city territories and restrictions on their use.

Materials and Methods. The city is an open, hierarchical organized economic system. The city is
considered an open economic system, since the amount of resources that it receives in monetary terms is not
equal to the value of products (services) that are given to them in the environment. At the same time, the city
is a hierarchically organized system, as it has management bodies. The city is a special economic system,
which, on the one hand, can be considered as a territory, and on the other hand, as an object of management

(Fig. 1).
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Figure 1 — Scheme of organization of the city's land
Pucynoxk 1 — Cxema opranizarii 3emMenb MicTa
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Land of the territory of the city has its own investment potential (the sum of objective prerequisites for
investments, which depend on the availability and diversity of spheres and objects of investment, and on their
investment attractiveness).

Not only the data on all land, buildings and structures within the city territory, qualitative characteristics
and cost of reproduction, the share of improvements in urban land (engineering, transport infrastructure, etc.)
should be used as the initial information for mass evaluation of urban land and real estate. , usefulness of
location, transport accessibility, ecology of separate sections of the city territory, information about the exist-
ence of restrictions on urban land, but also information on urban development characteristics, and the invest-
ment potential of the city's territory, etc. [4]. Consequently, at the level of a particular site, when determining
its investment attractiveness for the purposes of mass assessment, it is necessary to take into account the po-
tential increase in the benefits from the use of plots in the territories planned for development, including when
changing their functional purpose, that is, in monetary terms, assess the return on the most efficient use of land
Plots with the planned functional purpose and the planned level of development of infrastructure, business,
etc. on this site [2].

Investment value - the value of a land plot for a particular investor. Unlike the market value, which
implies the presence of a "typical" buyer or "typical" investor, the investment value is determined by the needs
and characteristics of a particular person. The investment value is related to the current value of future income
derived from the use of property. For an investor, such factors as risk, scale and cost of financing, the future
increase or decrease in the cost of objects, changes in tax legislation are important.

When taking into account the above-mentioned vision of the relationship of factors and their impact on
the value ofland, a system of factors is proposed that directly affects the change in the investment attractiveness
of urban lands (Table 1).

The value of urban lands depends on many factors. Without their classification, the establishment of
significance, the degree of influence on the size of the fee for land, it is impossible to correctly carry out an
economic assessment of the lands that are part of the city boundary.

Results and Discussion. On the other hand, an algorithm for accounting for the investment attractive-
ness of urban land for their mass evaluation is proposed. It consists of the following steps:

1. General strategic priorities of city development:

- strategy of social and economic development of the city;

- general development plan of the city.

2. Strategy of realization of investment potential of the city, which determines long-term plans for re-
alization of potential of territories, list and contents of ways of their realization on the basis of strategic prior-
ities of city development.

3. Mass evaluation of urban lands:

- definition of investment attractiveness of typical sections of the city at the moment;

- estimation of investment attractiveness of typical areas of the city in the future, as a result of the
implementation of the strategy of determining the investment potential of the city.

4. Comparison of the current and planned level of investment attractiveness of land taking into account
investment risks, which include the influence of factors that impede the implementation of strategic city de-
velopment plans.

5. Determination of the value of the coefficient of investment attractiveness of typical sections of the
city.

6. Calculation of the cost of typical land plots using the coefficient of investment attractiveness.
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Table 1 — Classification of factors characterizing the investment attractiveness of urban land [3 - 5]
Tabmuns 1 — Knmacudikanis ¢pakTopis, SKi XapaKTepU3YIOTh iHBECTULIIHHY IPUBAOJIUBICT MICHKHX 3€-

MeTb [3 - 5]
Factor Name | Factor Components
The attractiveness of the environment, the region, the market
o . The ratio of demand and supply from potential tenants and lessors, sellers and
Situation in the real . . .
buyers of real estate, the marketing period of objects, the level of development
estate market . . . .
of firms to provide services in real estate transactions and the cost of services.
Terms of land use Rights to the land plot, payment for the land plot.
Administrative Town-planning system, real estate taxes, activity of various controlling bodies.
regulation
General economic | Investment attractiveness of the region, city, trends of industry and services,
situation solvency of enterprises and organizations.

Socio-political situation

Trends in changes in population size, migration, style and living standards of
the population (education, employment, income), crime rate, political stability.

Natural factors

Ecological situation, degree of propensity of the territory destructive natural
and anthropogenic influence.

The attractiveness of the immediate surroundings

Characteristics of the

location

Distance to the city center or district, proximity to the specified objects, the
possibility of integrated use.

Degree of development
of the district and
neighboring objects

The social and public significance of the district, existing buildings or premises
in the area and immediate surroundings of the land, production and social
infrastructure.

Transport infrastructure

Communication with motorways, roads, public transport.

Engineering
Infrastructure

Provision of all types of utilities, telecommunications, working conditions and
the degree of monopoly of organizations serving engineering systems, utility
costs.

Engineering-geological
conditions

Bearing ability of soils, possibility of flooding, waterlogging, high standing of
groundwater.

The attractiveness of the adjacent territories and the site itself

Physical characteristics

The presence of buildings on the plot, the areca and shape of the plot, its
condition and order, the density of development, the possibility of expansion
of development by acquisition of neighboring areas.

Access to the plot

Availability and condition of access roads, parking, railway entrance.

Legal support

The documents certifying the rights to the land plot, possible arrest by the
munition, registered easements, restrictions on the use of the site.

These factors are systematized in three levels (Fig. 2).
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Changes in the attractiveness of the environment, the region. the market: the

1 conditions of land use. the situation on the real estate market the means of
regulating the land market, the general economic and socio-political situation in the
region and the state as a whole.

The planmed change in the attractiveness of the immediate surroundings of the
2 land plot: location. the degree of development of the district, neighboring objects
and sites, transport and engineering infrastructure, engineering and geological
conditions.

Planned change of the attractiveness of the land plot: phvsical characteristics of the
3 land, availability of access to it, water supply, electricity, etc., legal support of the
land.

Figure 2 — Levels of systematization of factors influencing the investment attractiveness of urban land
in the future
Pucynoxk 2 — PiBHi cucTeMaTu3aliii pakTopis, 10 BILIUBAIOTh HAa IHBECTHUIIMHY MPUBAOIUBICTh MiCh-
KHX 3eMeJIb B MaliOyTHhOMY

On the basis of the analysis and taking into account market requirements, a general scheme for the
implementation of urban land in the context of the impact on it of the factors of the external and internal
environment, taking into account the investment attractiveness of urban lands by their mass assessment (Table
2).

Thus, based on the analysis of the existing experience of mass assessment of urban lands and the de-
velopment of the idea of forming a method for accounting the investment attractiveness of urban lands for their
mass assessment, it is proposed, for the purpose of determining the degree of expressiveness of the investment
attractiveness of typical sites in the mass assessment of urban land, to assess the following characteristics of
land: location ; market demand; financial feasibility (the ability of the project to invest in this area to ensure
the profit from its use, sufficient to compensate investors for costs and ensure the receipt of expected profits);
legal status and availability of necessary documents; maximum profitability with the most effective use of the
site.

The listed characteristics assume an estimation when forming the investment value of land plots, which
objectively reflects the investment potential of land plots. An important aspect in this case is precisely the
accounting of the dynamics of changes in the value of land [5].

This system involves the calculation of the amount of additional benefits to the city from the imple-
mentation of investment-attractive areas by comparing the investment value of sites with the cadastral value,
calculated on the basis of assessing the level of land rent for tax purposes. This benefit is formally expressed
by the current level of investment attractiveness.
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Table 2 — Implementation of urban land by levels, which are formed on the basis of mass estimation
using the coefficient of investment attractiveness

Tabmuis 2 — Peanizaiiiss MiCbKUX 3€MeJTb 33 PIBHAMHU, 5Ki (JOPMYIOTHCSI HA OCHOBI MacOBOI OIIIHKH 13
3aCTOCYBaHHIM Koeili€HTa iHBECTUIIIHOT TPUBAaOIUBOCTI
Type of mass estimation of urban lands according to

Level of investment program existing methods using the coefficient of investment

attractiveness

Formation of the cost of land in the city, taking into
Investment programs of the state level account their investment attractiveness, demand and

supply analysis

. Investors selection (tenders, contests, auctions, sub-

Investment proposals of the city level .

contracting)

Investment development (realization of investment
projects)
Monitoring of the effectiveness of urban land imple-

Control of target use of the budget

Results of cadastral assessment of urban lands

mentation

Conclusions and Recommendations. As a result of the analysis it is determined that the investment
attractiveness of the land of cities is formed on the basis of the combination of factors. For a comprehensive
analysis of investment attractiveness, factors are identified which can not be modified in the short term and the
system of factors that change over a relatively short period of time and significantly influences decision-mak-
ing on the use of urban land.

The classification of factors based on the definition of geospatial land provision of cities, their invest-
ment potential, the level of interaction between different groups of interested persons, directions of urban de-
velopment, has been improved, which allows us to form a methodical toolkit for an integrated assessment of
the level of investment attractiveness of land in cities.

Prospects for further research are the development of a methodical approach to assessing the level of
investment attractiveness of land in cities and justifying measures in relation to increasing the efficiency of
their use.
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AHoTanis. MeToIo CTaTTi € BUSBIECHHS OCHOBHUX (JaKTOPiB, IO BILUIMBAIOTH HA IHBECTHLIIHHY PUBa0-
JIUBICTH 3eMJII B MiCTaxX YKpaiHW.

Jnist nocsArHEeHHsI i€l MeTH BUPIIIYIOTHCS HACTYIIHI 3aBAaHHs: BU3HAUYEHHS TCHICHIIIH 1 KIIIOYOBUX (a-
KTOPiB B 36MJICKOPHUCTYBAaHHI MiCT; XapaKTEPUCTHKHU 3eMEJIh; BUBHAUCHHS MICEKUX TEPUTOPi Ta 0OOMEKEHD ¥
ix BukopucrtauHi. [lokpaiena kiacudikaiiis ¢hakTopis, 1110 J03BOJISIOTH 3iHCHIOBaTH KapTorpadiuHe 3a0e3-
MIEYEHHsI 3eMeJIb B MiCTax 1 iX IHBECTULIIHNI MOTEHLiall, piBEHb B3a€EMO/Ii MK PI3HUMH IpyIllaMH 3allikaBie-
HUX CTOPiH, HAIIPSIMKHA MiCEKOTO PO3BUTKY, IO JO3BOJIIE CHOPMYBATH METOINIHIHN IHCTPYMEHTAPIN AJIST O1Ii-
HKU piBHS 1HBECTULIHHOI MPUBAOIMBOCTI 3€MeNb B MicTax.

Busnauntu dakTopu i 0COOIUBOCTI X BIUIMBY Ha iHBECTHUITIHHI MPOIIECH B Chepi 3eMICKOPHUCTYBAHHS
MicT YKpaiam.

[lepcriekTrBa MOAANBIIMX AOCTIKEHD TOJATAE B PO3POOII METOOIOTIYHOTO MiIXOY IO OILIHKH Pi-
BHsI IHBECTHIIIITHOT MPUBAOIMBOCTI 3€MEITh B MICTaX 1 OOTPYHTYBaHHI 3aX0IiB 010 ITiIBUIIECHHS ¢(heKTHBHO-
CTi iX BUKOPHCTaHHSI.

Kiro4uoBi ciioBa: 3emenbHI BiTHOCHHH, (JaKTOPH BIUIMBY, iHBECTHUIiI{Ha PUBaOIMBICTh 3eMeNb, 00-
MEXKYBaIIbHI YUHHUKH, BUKOPUCTAHHS 36MEIIh.
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Summary. One of the most important areas of development in Ukraine is the road sector. It belongs to
the strategic sectors of the national economy, and the public road network is a significant component of
Ukraine's infrastructure potential. The length and condition of road affects not only the safety and quality,
mobility and employment, accessibility of educational and other services, but also causes changes in the temp
and flow of capital in Ukraine, and is a necessary prerequisite for recovery competitiveness of the country's
economy as a whole.

Three international transport corridors pass through Ukraine, which are combined with four national
transport corridors. They all pass through the Kyiv region. An urgent problem for Kyiv today is the construc-
tion of a Large Ring Road (hereinafter referred to as the "LRR") around Kyiv city, which should relieve the
flow of transit transport through the capital of Ukraine, reduce harmful emissions from exhaust gases, and
preserve the city roads from being destroyed by excessive vehicles, that are now creating a global city problem.

Key words: road sector, concession, large ring road, public-private partnership, evaluation.

Introduction. Starting from 2007, the project documentation for the construction of the LRR is being
developed. The main objectives of the project are:

-strengthening the role of Ukraine as a transit country through the combination of three international
and four national transport corridors;

-unloading of Kyiv city from transit transport (average daily intensity of about 200 thousand cars / day),
up to 40%;

-creating fast and comfortable conditions, improving road safety, significantly reducing travel time;

-development of a powerful infrastructure of the Kyiv region in a 500-meter corridor;
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-maintenance of the road network, which is not designed for heavy weight loads and requires consid-
erable financial costs for its restoration;

-creation of jobs during and after the construction of the LRR, as well as in the roadside infrastructure
(up to 30,000 places);

-use of products of domestic production of metallurgical, mining, oil, machine-building industries, etc.;

-reducing congestion in Kyiv;

-increase of average operational speeds of traffic of vehicles, in comparison with the existing conditions
of traffic through Kyiv;

-4x reduction in traffic accidents due to poor road conditions;

-reduction of operating costs of road transport and unproductive costs of working hours of passengers
and goods, reducing the cost of transportation;

-reduction of the negative impact on the environment, in particular, the amount of harmful emissions
into the atmosphere by 40-50%.

It should be noted that today, irrespective of the existing legislation on the allocation of land for con-
struction, there are a number of problems, ranging from unauthorized construction in the 500-meter corridor,
the allocation of land plots and the approval of project documentation for them and the development of design
estimates.

Considering the development period of project documentation since 2007, in the current legislation of
Ukraine there have been some changes in the part of state and departmental building norms and standards, and
suspended the design.

The purpose of the study is to investigate the problematic issues related to the implementation of the
construction of the Large Ring Road around Kyiv and the ways to solve them.

Main part. The design and construction of a Large Ring Road around Kyiv is based on the basis of the
preliminary draft documentation for the construction of the LRR, developed in July 2007, which defines the
general direction of the passage of the LRR, and was approved by the district state administrations in eight
districts of Kyiv, Brovary, Boryspil, Vasylkiv, Vyshgorod, Kyiv-Svyatoshin, Makarov, Obukhov, the follow-
ing physical volumes of work:

-route length 214 km, including in the new direction 149 km, on the existing roads - 65 km;

-category of road - 1A (analogue of the Kyiv - Kharkiv-Dovzhansky road on the segment from Khar-
kovskaya Square, Kyiv to Boryspil Airport);

-intersections with highways at different levels, without traffic light regulation on the main route,
providing speed calculation to 130 km / h;

-overpasses - 50;

-transport interchanges in two levels - 35;

-the number of lanes - 4-6;

-large bridge crossings - 3, incl. through the Dnipro River the northern junction - 8220 m, the southern
junction - 4900 m, through the Desna River - 8910 m;

-automated system for pavement condition, traffic control;

-external lighting;

-objects of road operational services - 9 units;

-objects of road service (parking, hotel, cafe, gas station, service station, car wash) - 42 units;

-estimated land area of about 2000 ha.

The total cost of the project works is 165 million UAH. Works for 130 million UAH have been com-
pleted. The need for funds to complete the project works is 35 million UAH.

Sources of funding provided by the project:
- State Budget of Ukraine (separate budget program);
- International Investor Loans (World Bank, EBRD, EIB, etc.);
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- Under concession (public-private partnership).

The investment return paths foreseen by the project:

- Fee for operational readiness (from the state budget);

- Revenues from the use of consumers of road service facilities;
- Revenues from payment for the travel of vehicles;

Potential participants in the project implementation are:

- State Road Agency of Ukraine;

- Kyiv Regional State Administration.

The problematic issue of the LRR construction is that the facts of unauthorized construction within the
general direction of its passage have been revealed. In 2014, on the instructions of the Kyiv Regional State
Administration, a survey was carried out to inspect and fix such sites of unauthorized construction. In order to
carry out appropriate checks on such construction and take the necessary measures and restore the status of
land plots, the Roads Service in the Kyiv region timely within its competence provided and agreed to provide
complete and objective information in accordance with the developed materials for the design of the LRR,
taking into account the documentation that also applies to land acquisition.

At present, the Department of Architectural and Construction Inspection in the Kyiv region and other
obliged authorities need to accelerate the work on demolition and restoration of the status of land.

The General Directorate of the State Geocadastre in the Kyiv region provided information on the num-
ber of land plots in a 500-meter corridor on the first priority plot of construction of the projected LRR, namely
partially or completely 1105 land plots, of which:

- Borodyansky district - 226 units;

- Makarov district - 418 units;

- Kyiv-Svyatoshinsky district - 228 units;

- Vasylkiv district - 163 units.

In 2009, the LRR is included in the list of objects that can be granted a concession under state guaran-
tees. The mechanism for raising additional funds under state guarantees to finance the design and construction
of the LRR should be defined to work on the involvement of international financial organizations in the fi-
nancing of the preparation and implementation of LRR construction project.

Today, one of the main problems in the allocation of land for construction is that the current legislation
does not provide for the possibility of automatic transfer of the right to use the land / lease when transferring
ownership of real estate. The new owner actually has to go through the whole procedure of allotment of land
to use and the conclusion of a lease, which in optimistic development can last about six months. However, the
new owner cannot effectively use their property. There is no public access to state and communal property
land databases, so investors cannot afford to be inspected from buildings (fig.1). Also, one of the problems is
the improvement of the legislation on the use of agricultural land for road construction, the coordination of
objects location. Overcoming all of the above issues affects the process of allotment of land for road construc-
tion and requires action as representatives of the road industry and legislation.

The concession for LRR construction involves the involvement of external investors. This form of pro-
ject in the world was called "public-private partnership" [1]. PPP is a system of relations between public and
private partners, in which the resources of both partners are combined with an appropriate allocation of risks,
responsibilities and rewards (compensation) between them, for mutually beneficial long-term cooperation in
the creation of new and / or modernization of existing the entities that need investment and in the use of such
facilities [2].
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Problems of securing the rights to land for LRR
construction

- the duration of the
removal procedure

- a complicated procedure
for the transfer of
ownership

- no automatic transfer of
the right to use the land

- not clear definition of the status
of land parcels of the road

- the issue of alienation of land
from private property

- the issue of the division of land
into communal and state property,

- imperfect access to land
information

- complicated procedure
for identification of land
plots

Figure 1 — Problems of securing the rights to land for LRR construction
Pucynok 1 — IIpoGiemu 3abe3nedeHHs paB Ha 3eMeJbHI AUISTHKH 1111 Oy AiBHUITBO BKA ]

Recently, public-private partnerships are gaining ground in Ukraine, as attracting investment, develop-
ing national, regional and local infrastructure, expanding and providing better services to citizens are undeni-
able public priorities [3-4].

Successful implementation of public-private partnership projects aimed at the development of infra-
structure industries needs to be addressed in the various stages of the preparation and implementation process
[2].

The main methods of valuation of PPP projects according to foreign experience in this research were
Cost Benefit Analysis (CBA), methods of cost-effectiveness analysis of PPP projects (Cost Effective Analy-
sis), multicriteria analysis (Multi-Criterion Analysis), methods of analysis of benefits and risks (Risk Benefit
Analysis) [5].

The choice of a particular method depends on the amount of market information available regarding
the expected income from owning (using) the property, the stability of its receipt, the purpose of the valuation
and so on [6].

To analyze the effect of the implementation of the concession agreement was carried out by the method
of benefit and risk analysis (Risk Benefit Analysis), which is used for project evaluation as a method of eval-
uating the effectiveness of investment projects implemented in the public sector, especially at the stage of
"feasibility study", to support decision makers in choosing between design alternatives compared to financial
and socio-economic indicators [7].

Risk Benefit Analysis compared the risks of situations and the cost of benefits during peer review.

Evaluating the risk group for the first phase of LRR construction from the M-06 Kyiv - Chop road to
M-05 Kiev - Odessa a table with probability of occurrence of risk was prepared by the method of expert as-
sessments (table 1).
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Table 1 — Risk grouping by cause
Tabnuig 1 — I'pynyBaHHS PU3HKIB 32 PUYUHAMHY iX BUHUKHCHHS

Cluster risk / reasons . . . . Probability of occur-
for risk Risk groups Types of risk / single risk rence, Pi
changes in budget legislation 0,04
Changes in legislation changes in public policy 0,04
changes in taxation 0,03
Political budget restructuring 0,015
Budget changes .
budget constraints 0,015
Changes in standards and | building standards and regulations 0.06
norms (state, industry) ’
changes in the general conditions of 0.13
the project ’
anges in the form of the contract 0,08
Contractual changes -
unforeseen technical problems or en-
vironmental impact (environmental 0,09
Contractual risk)
ontractua bankruptcy 0,07
Related to a partner refusal of the partner t9 perfor@ the
work / ensure the required quality of 0,05
work
Changes in project imple- | changes in user needs 0,01
mentation requirements demographic / social changes 0,07
significant rainfall 0,04
Natural -
natural disasters 0,03
limiting the scope of modern tech- 0.01
Operational Productivity / quality nologies ’
lack of resources 0,08
poor planning 0,08
Management shortcomings in the form of a con- 0.06
tract ’
Total 1

The estimated length of new road will be 35.2 km, the estimated cost of the project is 400 million UAH.
The project is planned for 2020.

Fare for 1 km will be charged 2.9 UAH, and for travel of the whole section - 102.08 UAH.

Risk Benefit Analysis includes determining the benefits of construction (B):

B=D x1x 365, (D
where D — revenue from the passage of one car on the whole road (102.08 UAH);
I — the intensity of cars per day (average daily intensity =~ 40,000 cars / day).

Determination of the cost of impact (C):

Ci=P;x B, (2)
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10

11

where P — probability of occurrence.
Determining the cost of risk (R;):

Ri=Pix G, 3)
Determining the risk weight (7;):
R
r =ﬁX100, @
Determining the risk of impact () on construction
W, =1, X P, )

The results of cost-risk calculations are presented in table 2.

Table 2 — The results of cost-risk calculations
Tabmuis 2 — Pe3ynbraTi po3paxyHKiB 3a METOIOM BUTPATH-PU3UKH

Types of risk / single | Probability of

Determination of the | Determining the cost | Determining

Determining the

<k ®) cost of impact (Ci), of risk (Ri), the risk risk of impact
ris occurrence (P; .
USD USD weight (ri) (wi)
2 3 4 5 6 7
changes in budget legis-
. 0,04 59 614 720,00 2 384 588,8 2,26 0,0902
lation
changes in public policy | 0,04 59 614 720,00 23845888 2,26 0,0902
changes in taxation 0,03 44 711 040,00 1341331,2 1,27 0,0380
budget restructuring 0,015 22 355 520,00 335332,8 0,32 0,0047
budget constraints 0,015 22 355 520,00 3353328 0,32 0,0047
building standards and
regulations (state, indus- | 0,06 89 422 080,00 5365324,8 5,07 0,3044
try)
changes in the general
L. . 0,13 193 747 840,00 25187 219,2 23,82 3,0965
conditions of the project
anges in the form of the
0,08 119 229 440,00 9538 355,2 9,02 0,7216
contract
unforeseen technical
problems or environ-
. . 0,09 134 133 120,00 12 071 980,8 11,42 1,0274
mental impact (environ-
mental risk)
bankruptcy 0,07 59 614 720,00 7302 803,2 6,90 0,4834
refusal of the partner to
perform the work / en-
0,05 74 518 400,00 3725 920,0 3,52 0,1761

sure the required quality
of work

230
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Continued table 2

1 2 3 4 5 6 7

12 | changes in user needs 0,01 14 903 680,00 149 036,8 0,14 0,0014
d hic / social

13 | COMOBHAPRIC SOCIAt 1 o7 104 325 760,00 7302 803,2 6.90 0,4834
changes

14 | significant rainfall 0,04 59 614 720,00 2 384 588,8 2,26 0,0902

15 | natural disasters 0,03 44 711 040,00 1341331,2 1,27 0,0380
limiting the scope of

16 . 0,01 14 903 680,00 149 036,8 0,14 0,0014
modern technologies

17 | lack of resources 0,08 119 229 440,00 95383552 9,02 0,7216

18 | poor planning 0,08 119 229 440,00 9 538 355,2 9,02 0,7216

hortcomings in th

1o | Shorteomings i the 0,06 89 422 080,00 5365324,8 5,07 0,304
form of a contract
> 1 1445 656 960,00 105 741 609,6 100,00 8,3999

Conclusions: According to the Risk Benefit Analysis method for construction of a Large Ring Road
around Kyiv, the effect of the implementation of the concession agreement amounted to 353.01%, which in
monetary terms 510 331 363 449,6 USD. The payback period of the project is four years. We propose to set a
certain risk of influence on road construction in the fare, which will accordingly amount to 110.65 UAH.

References

1. IIpo mepskaBHO — MpuBaTHE MapTHEPCTBO: 3akoH Ykpaiau Big 01.07.2010 Ne2404-VI. — [EnexTpoH-
Hul pecypc]. — Pesxxum moctymy: http://zakon4.rada.gov.ua/laws/show/2404-17.1.

2. Jlesiki muTaHHA OpraHizauii 3AiHCHEHHS IepKaBHO-TIPUBAaTHOTO napTHepcTsa : [loctanoBa Kabinerty
Minictpi Ykpainu Ne 384 Binx 11 keitas 2011 p. / Kabiner MinictpiB Ykpaiau // OdimiiHuii BICHUK YKpaiHu
: [Enextponnutii pecypc]. — Pexum mocryry : http://www.kmu.gov.ua.

3 KatalinTéanczos, GiSeogKong. Public—Private PartnershipInfrastructure Projects // Periodica poly-
technica ser. Transp. Eng. Vol. 29, 2001. - No. 1-2, pp. 71-81.

4. Canada Strategic Infrastructure Fund Act, 2002, c. 9, s. 47, [Assented to March 27th, 2002]; Regu-
lations Prescribing Capital Assets for the Purpose of the Definition “Strategic Infrastructure” in the Canada
Strategic Infrastructure Fund Act SOR/2003-51Registration January 30, 2003.

5. Green Paper on public-privatepartnerships and Community law on public contracts and concessions,
presented by the Commission of the European Communities, Brussels, 30.4.2004 COM(2004) 327 final.

6. Gutachten des Bundesbeauftragten fiir Wirtschaftlichkeit in der Verwaltung zu Wirtschaftlichkeits-
untersuchungen bei Offentlich Privaten Partnerschaften (OPP) im BundesfernstraBenbau // Gz. V 3 - 2013 -
0144 Bonn, 2013.10.SIMULATION OF INVESTMENT RETURNS OF TOLL PROJECTS / by Weiyuan
Yuwen, Zhanmin Zhang // Texas A&M Transportation Institute, August 2013.

7. David, Rodreck; Ngulube, Patrick; Dube, Adock (16 July 2013). A cost-benefit analysis of document
management strategies used at a financial institution in Zimbabwe: A case study. SA Journal of Information
Management. 15 (2).

PO3POBKA AJITOPUTMY OLIHIOBAHHS PU3UKIB IIPOEKTY BY/JIIBHUIITBA BEJIUKOI
KIJIBIIEBOI ABTOMOBLJIBHOI JOPOT' HABKOJIO MICTA KHEBA
Xapuenko AnHa MukoJiaiBHa, KaHIWAAT TEXHIYHUX HayK, AOLCHT, HalioHanpHUI TpaHCTIOPTHUH YHiBEp-
CHUTET, JOLCHT Kadeapu TPaHCIOPTHOro OyAIBHUITBA Ta YIpPaBIiHHA MaiiHOM, e-mail: anna-x3@ukr.net, tel.
+380442807909, Yxpaina, 01010, m. Kuis, By;1. M. OmessHoBrua-ITasienka, 1, k. 206. https://orcid.org/0000-
0001-8166-6389

HaykxoBo-TexHiuHuX 30ipHUK «ABTOMOBUILHI JIOPOI'H I JIOPOXXHE BYIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
231



EKOHOMIKA; OBJIIK I OIOJATKYBAHHSA; MEHE/UKMEHT; MAPKETHUHI';
MIATPUEMHUITBO, TOPTIBJISA TA BIPKOBA AISAJBHICTD

Korux Hdap's, KuiBcbka oOmacHa nepykaBHaA aaMiHicTpallis, JlemapTaMeHT perioHaaIbHOro po3BUTKY KHIBCHKOI
obnacHoi ieprkaBHOI aAMIHICTpalii, Y paBiHHs (yHKLIIOHYBaHHS Ta PO3BUTKY aBTOMOOUTBHUX JAOPIT 3arajibHOrO
KOPHCTYBaHHS MICIICBOTO 3HAYECHHSI, TOJIOBHUI CIELIAIICT BiILTY IHHOBALIHO-KOHIIECIHHOT podoTH, e-mail: ko-
tikdasha97@gmail.com, tel. +380956103828, Ykpaina, 02000, m. Kuis, Byin. FOpist Lmeenka, 40, k. 510. https://or-
cid.org/0000-0003-1960-5029

AnoTtanis. OJHUM 3 HAUTOJIOBHIIIMX HAMPAMIB PO3BUTKY B YKpaiHi € JOPOXKHE TOCIoapcTBO. BoHo
HaJCKHUTh IO CTPATETIYHUX TaTy3eld HAIllOHAIBHOI €KOHOMIKH, a Mepeka aBTOMOOUTEHUX JIOPIT 3araJIbHOTO
KOPUCTYBaHHS € BarOMOIO CKJIa/I0BOIO iHQPAaCTPyKTYpHOTO IOTeHIiany YKpainu. [IpoTsHkHICTh Ta CTaH aBTo-
JOpIr BIUIMBA€E HE TUTBKU Ha OE3MEKy Ta AKiCTh IEPEBE3CHHS BAaHTAXIB Ta MacaXUpiB, MOOLIBHICTh Ta PIBEHBb
3aHATOCTI HACENEHHS, JOCTYIMHICTh OCBITHIX Ta IHIIUX TOCTYT, a # 0OYMOBIIIOE 3MiHY TEMIIIB Ta MTOTOKIB
PYXy Kamitany B YKpaiHi Ta 3a ii Me:kaMH, a TaKoX € He0O0XiHOIO MePeayMOBOIO BiTHOBJICHHS! KOHKYPEHTOC-
MIPOMOYKHOCTI €KOHOMIKH KPaiHH B IIJIOMY.

Yepes Ykpainy mpoxoIsiTh TpU MIKHAPOTHHUX TPAHCHOPTHI KOPHIAOPH, SIKi MOETHYIOTHCA 3 HOTHPMAa
HalllOHAILHUMU TPAaHCIIOPTHUMHU Kopuaopamu. Bei Bonn mpoxoasats yepe3 KuiBcbky o0macTb. AKTyaabHOIO
rpobemoro 1yt Kresa Ha cbOT0/THI € Oy IIBHUIITBO BETUKO1 KIJTBIIEBOT aBTOMOOLTBHOI JOPOTH HABKOJIO MiCTa
Kuesa, sxa Mae po3BaHTaXXUTH MOTIK TPAH3UTHOTO TPAHCTIIOPTY Yepe3 CTONUIIO YKpaiHu, 3SMEHIINTH IIKiJTUB1
BHUKHUIM BiJI BUXJIOITHUX Ta3iB, 30€perTH MOKPUTTS IOPIT Y MICTI Bi pyHHYBaHHS depe3 HaAMIpHY KUIBKICTh
TPAHCIIOPTHHUX 3ac00iB, 10 3apa3 CTBOPIOIOTH TII00amsHy Ipodiemy micTy. Ilepeorninuty 3Hauennss BKAJI ve
MOJKJIUBO, BOHA Ma€ CTpaTeriuHe 3HAYCHHS YIS BCi€l KpaiHu, a OCh ii BiJICYTHICTh HABIAKU — 3aB/Ia€ BEIMKOI
ITKOM Ta IPUHOCHUTH 0araToMiasHOHHI 30UTKH MicTy KueBy Ta ii MemTkaHIisiM.

Ki1io40Bi c10Ba: 10poKHS rary3b, KOHIECIs, BEJMKA KilbLieBa aBTOMOOUIbHA AOPOTa, AeP:KaBHO-TIPH-
BaTHE MMapTHEPCTBO, OITIHKA.
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Summary. The thesis presents methodological approaches to diagnosis and restructuring the system of
economic regulation business processes of construction organizations, aimed to stabilize their economic de-
velopment. It was suggested a new definition of the term «business process of construction organization» and
performed the decomposition of business processes in construction. It was determined main components of
management of construction organizations, which allow improving their structure and consolidating all pro-
cesses with strategically goals. It was improved the outsourcing mechanism to optimize financial processes
and flows of subcontract construction organizations under condition of constrains on resources and deadlines
on the construction of residential buildings designed and optimal measures of pre-payment. A new approach
for the management of financial flows by means of fuzzy sets. Found out typical failings in administration of
business processes in «effective» and «ineffective» of construction organizations to restructure their activity.
It was conducted determinative factor analysis of profitability of operating activity in construction industry
and worked out measures to improve the situation. Worked out the quantitative characteristics of key business
processes, which allow defining the size of the advance payment of a customer to optimal level.
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Formulation of the problem. Economic development of modern enterprises as complex self-organiz-
ing open systems, characterized by such features as: increasing dynamism of processes, multiplicity, sensitivity
to changes in the characteristics of the environment, increased nonlinearity and feedback, variation of charac-
teristics so valued. Such factors of the conditions of operation of economic entities require a radical increase
in the efficiency of adaptive management, aimed at regulating business processes of the enterprise.

The formation of a modern civilized market and socially oriented market relations is determined by the
course and management of business processes of a particular enterprise. Since construction companies are the
formative form of the investment and economic potential of the national economy, the effectiveness of their
business processes should be a matter for both academics and practitioners, not only at the level of the indi-
vidual enterprise, but also at the national level. The dynamic nature of the competitive environment in which
construction companies operate is forcing them to constantly find new, more effective methods of managing
adaptation and economic development mechanisms with the obligatory requirement to increase the competi-
tiveness of products or services.

Analysis of recent publications. Many of the scientific works are devoted to problems of increasing
the efficiency of enterprise management, among which the works of such Ukrainian and others scientists as
A.V. Busyhina, D.M. Gvishiani, V.H. Herasimchuka, A.Yu. Denysova, S.A. Zhdanova, V.I. Knorringa, V.M.
Kolpakova, V.S. Kulibanova, V.S. Ponomarenka, A.H. Porshneva and others. With regard to improving the
management of construction companies, then here should bring the works of such authors: A.Ye. Achkasova,
A.V. Druzhynina, V.F. Zalunina, O.S. Ivanilova, L.M. Kozara, Yu.P. Panibratova, B.V. Prykina, I.S. Ste-
panova, O.A. Tuhaia, V.I. Torcatiuka, R.B. Tiana, S.A. Ushatskoho, L.M. Chystova and other well-known
scientists in this field. The essence and essential characteristics of business processes of enterprises in the
process of creating a new value is reflected in the writings of foreign scholars such as E. Deming, V. Shuhart,
M. Robson, F. Ullah, J. Becker. Among others researchers, the methodology of business process management
deserves attention to the development of E.V. Novoselova V.I. Romanchina, A.S. Tarapanova, H.A. Kharla-
mova, V.H. Eliferova, S. Riba, I. Kremliovoii, O.V. Malysheva, M.Z. Svitkina, A. Kuriana and P. Serenkova.

The results of numerous studies allowed to develop effective economic and organizational tools for
local adaptation of business entities to market conditions, but there are still no effective mechanisms for inte-
grated management of the entire complex of business processes of construction enterprises. This leads to an
imbalance of development capital investment across the economy, excessive sensitivity to external disturb-
ances and catastrophic instability of construction companies, regardless of their size, area of economic activity
and types of business entity. In this connection, there is an urgent need to study methods and develop new
technologies for process management of construction enterprises, which led to the choice of subject, subject
and subject of research, as well as the definition of its goals and objectives.

The purpose and tasks of the study. The purpose of the work is to develop a theoretical concept and
methodical tools for diagnosing and synthesizing the system of economic regulation of business processes of
construction enterprises, aimed at stabilizing their economic development.

Systematization of the reasons complicating the widespread introduction of process-oriented manage-
ment by enterprises of the investment and construction complex, has revealed the main factors of destabiliza-
tion of entrepreneurial activity in construction, namely: the lack of a clearly formulated policy and strategic
goals in the field of process management of quality; insufficient level of professionalism of quality manage-
ment personnel; insufficient financing of construction and installation works and investments in the latest
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technologies and materials; ignorance of the requirements of the ISO 9001 to the development and implemen-
tation of processes and their integration into the quality management system.

The conducted studies have provided the basis for identifying the main obstacles to business process
management in creating value in construction and the mechanism for their elimination through a purposeful
restructuring of the management system at the industry. It was established that the discreteness in time of the
through business process of a construction enterprise is largely due to the discrepancy of the results of the
output of the previous process with the criteria for the inputs of the next process. This non-coordination of
business processes becomes more severely affected if it is detected in the event of a collision of the outputs of
the subcontractor's business processes with the inputs of the business processes of the general contractor, since
the break of the chain in this case will be more significant and its elimination will be characterized by higher
costs of each party, and therefore and greater losses in the value of the final product. It is necessary to define
the concept of the "business process of a construction company", namely: it is an integral chain of coordinated
operating links, which, with the help of technology and organizations, transform the input resources into a
result (initial, intermediate or final products), the consumer value of which for the client exceeds the cost spent
on his resources. As a result of the analysis of scientific approaches to the essence of process management and
its place in the system of quality management of construction products, the decomposition of the business
processes of the construction company was performed. The main process for construction contractors and for
most general contractors of enterprises is a set of processes of "construction site" of general construction (in-
stallation and laying) and start-up and adjustment, the output of which is intermediate or final construction
products. The security processes, first of all, include the logistic and economic-legal processes that provide the
resource inputs of the main process, as well as project-organizational processes, which not only provide, but
also optimize inputs of the main process by distributing resources between work, and accompany the process
itself, promoting the quality of products, rational use of all kinds of resources and reducing their unproductive
costs. Accompanying security processes are the financial-fiscal and part of the administrative processes, as the
creation of construction products is characterized by a long and productive cycle that exceeds the length of
periods of payment of basic taxes and the formation and delivery of regular financial statements.

In our opinion, repair, restoration and marketing processes should be included in the business processes
of development of a construction company, which in scientific researches are defined as auxiliary processes
of transformation. Marketing processes related to the study of demand for intermediate and final construction
products, the search for new customers, the expansion of the market niche of the enterprise, the formation of
its portfolio of orders, ultimately contribute to the long-term stage of accelerated development of the construc-
tion company and ensure its adaptation to the requirements of the competitive environment.

Summarizing the scientific and technical provisions gives grounds to assert that the "weakness" of the
chain of business processes of a construction company, the elimination of which does not exclude outsourcing,
is determined by isolating the integral blocks of processes and assessing the volume of their resources in com-
parison with the consumer value of the output. An in-depth analysis of the DBN D.1.1-1-2000 and other nor-
mative acts, which defined the methodology for calculating prices for construction products, made it possible
to draw a conclusion on the strict regulation of the economic parameters of the auxiliary and security business
processes that are accounted for in such items of expenses as generic and Administrative expenses. The cost
of auxiliary and supportive business processes imposes an additional constraint on their labor intensity and
labor costs for the relevant category of employees, since the corresponding amounts also are directly propor-
tional to the complexity of the main business processes of the construction site. Such circumstances require
construction companies, especially subcontractors, to rationalize their internal organizational structure, reduce
internal transaction costs, as excessive deployment of control apparatus, unreasonable economic feasibility
processes and business operations increase the cost of construction products.
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To identify typical deficiencies in the process approach to managing construction companies, we will
conduct a deterministic factor analysis of the profitability of operating activities in the whole industry. As a
result, the following causes of complications of process management in construction were identified:

1. Inefficiencies in the use of hired workers, as they do not ensure the proper quality of work performed.

2. Ineffective management of the levers of the economic mechanism, because excessive labor repro-
duction costs do not increase payroll, and the level of prices for final construction products established by
builders is high, compared to its value for consumers, which results in low profitability of construction.

3. The high material construction of the construction is caused by a high share of the cost of materials
and logistics costs associated with the timely provision of inputs of major business processes.

A common for all enterprises of the "non-performing" group is the tendency of inefficiency to admin-
ister the through business process, which consists of an imperfect management system both in the construction
process and in the processes accompanying it. Loss of solvency is due to the inability of such enterprises to
generate sufficient income from their core business, since the cost of outlets through the process often exceeds
the value of outputs for customers. Thus, changes in the management system for a "non-performing" group of
companies should be more extensive and involve participants in both the main and auxiliary processes. More
successful companies have gaps in the administration of auxiliary business processes, and for unprofitable
joint stock companies there is a need to improve management not only auxiliary, but also the main building
business process.

In the conditions of destabilization of the construction services market, when the customer, as a carrier
of demand, plays a decisive role, the opportunity to receive income from their activities will be exclusively
productive enterprises, the quality of outputs of the through process which is acceptable to the customer. Such
enterprises should have an "acceptable" assessment of the administration of business processes, that is, the
value of Bgen > 1.05. Using correlation-regression analysis, a tight correlation between the dependent variable
and the indicator of return on wages was established, that is, the value of net income from the sale in the
calculation of 1 UAH labor costs. This result is due to the decisive role of the labor factor in ensuring the
continuity of the business processes chain to create the ultimate consumer value. The magnitude of the salary
of employees, which among the sample of construction enterprises has a log-normal distribution, was included
in the logit regression equation, the value of which is proposed to be considered as an indicator of the effec-
tiveness of management of the main and security business processes.

According to the results of the component analysis, it is established that the growth of debit indebted-
ness, the cost of realized CIW negatively affects the formation of the main factors, that is, there are signs of
weaknesses in management.

The analysis of the main factors has statistically confirmed the results of the diagnosis of the effective-
ness of the administration of the through business process and the conclusion on the difference of priority tasks
of improving the economic mechanisms of enterprises with different levels of effectiveness.

Enterprises that managed to withstand the macroeconomic crisis, relatively better administer the basic
processes of construction production, but require better management of financial and fiscal security processes.
The main reason for the inefficient, loss-making activity of construction enterprises is due to the low efficiency
of management of the main building site processes and their logistical support.

The optimization task consists in determining the maximum of the target function - the share of material
costs in the estimated cost of the construction business process, while respecting the set of restrictions that are
determined by the technical and economic parameters of general construction works, provided by the technol-
ogies of construction of high-rise multi-section brick residential houses.

For general construction works: 0.865 —0.975 x; — 2.365 x2 + 0.819 x3 — max.

For plumbing works: 0.931 —0.999 x; — 2.44 x, + 0.516 x3 — max.

Independent variables included in the optimization tasks are governed by the following restrictions:

HayxoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JJOPOTH I JOPOXXHE BYIIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 110
236



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;
HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

1. The target function can not be a negative number, and variables can not be less than 1%: xi x> x3 >
0.01;

2. Taking into account the diversity of possible design decisions and technologies for their implemen-
tation in the construction of objects, in the role of the second constraint, it was accepted that each of the inves-
tigated structural elements of the estimated cost of the average level, that is, the average arithmetic mean of
the percentages, was accepted. Thus, for general construction works x; < 4.85%, x, < 12.70%, x3 < 16.55%,
and for sanitary works x1 <4.82%, x» < 12.34%, x3 < 13.99%.

3. The value of the target function should not exceed the optimal value equal to the value of the free
constant of the regression equation, y < 0.865 for general construction works and y < 0.931 for sanitary-tech-
nical.

4. Since a significant amount of construction works is carried out manually and is labor-intensive, the
share of labor costs should not be lower than the average value of the sample: for general construction work:
1 —y—x1—x2<0.1712, for sanitary-technical works: 1 —y — x;—x, <0.1746.

The solution of the proposed tasks with the help of MS Exel allowed to determine the optimal size of
the share of material costs in the estimated cost of construction, and hence the size of the down payment for
construction outsourcing, which is respectively:

- for general construction works — 72.1% (y = 0.721). In this case, the size of other structural compo-
nents of the estimate are as follows: the cost of operation of machines and mechanisms (x;) — 1%, total pro-
duction costs (x2) — 9.78%, salaries of the main workers — 17.12%.

- for sanitary-technical works — 74.53% (y = 0.7453). At the same time, the sizes of other structural
components of the estimate are as follows: the cost of operation of machines and mechanisms (x;) — 1.05%,
total production costs (x2) — 7.51%, salaries of the main workers — 16.91%.

Given the results of the solution of tasks it is not expedient to give outsourcing high-tech, capital-
intensive work, which uses such machines and mechanisms that require high-skilled workers and labor-inten-
sive construction processes. If, however, subcontractors carry out work with less than the optimal share of
material costs, it is advisable to reduce the amount of the down payment for such work. As an option, the
solution to the problem of economic regulation of business processes of construction enterprises is proposed
to manage financial flows through a fuzzy logic approach. When designing a system of regulation of financial
processes of construction enterprises, a three-element set of input linguistic variables (LV) with gaussian, z-
like and s-like membership functions was given (Table 1). They allow us to calculate the degree of confidence
in the affiliation of each of the terms LV to any value of the variable of economic characteristics within a
universal set.

In the used Larsen algorithm, dephasing is performed by the center of gravity method, that is, the clear
value of the output variable corresponds to the abscissa of the center of gravity of the area of the curvilinear
figure obtained at the aggregation stage. In order to improve the interaction of the participants in the construc-
tion process, it is expedient to document the components of the system of fuzzy conclusion documented in the
contracts for the implementation of the CIW. In particular, in the "Obligations of the parties" and "Payment
terms" sections it is expedient to indicate the terms of bonus and fines of the executor, which will affect not
only the amount of the advance payment, but also the contract price of the work. The quantitative characteris-
tics of the main business process, which correspond to the "threshold for the preservation of acceptable value"
in the proposed system, are:

- the quality of work execution is 94.5%, that is, the proportion of shortcomings that require immediate
elimination should not exceed 5.5% of the completed CIW volume;

- the term of work execution is 1,03, therefore the delay can not be higher than 3% of the time scheduled
by the project of works execution (PWE) and the calendar schedule;

- not less than 95% of the content of the estimate documentation should be unmistakable.
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Table 1 — Parameters of membership functions used when applying a fuzzy-logical approach
Tabmuus 1 — [apameTpu (yHKUIH HaJIEKHOCTI, 110 BUKOPUCTAHI MPU 3aCTOCYBaHHI HEYITKO-JIOT14-
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> - - ) 6 —_— - - ;
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©, ©,

The subcontractor should be involved in the work

2

Determination of the optimal amount of advance payment based on the
regression level and the economic structure of the project cost estimate

v

Calculation using the fuzzy-model of the adjusted value of the down
payment based on evaluations of the previous subcontractor's work

N7

Concluding a contract with each subcontractor-outsourcer, taking into
account the optimal amount of advance payment and expediency of its
increase

Subcontractor-outsourcer selection for the
fulfillment of the process according to the
criteria: the quality and timeliness of the
implementation of the CIW and the quality
of the preparation of the estimates and fi-
nancial documentation

Actual i-th outsourc-  Averages per sample
ing business pro- ~ >of potential outsourc-

cesses mg

For customers
of CIW

Calculation using the fuzzy-model of the expediency of additional fi-
nancial incentives for the subcontractor-outsourcer during the final
calculation for the performed work

\/
End

Figure 1 — The algorithm for improving the system of economic regulation of business processes at con-
struction enterprises
Pucynox 1 — Anroput™ yaoCKOHAJICHHS CHCTEMH €KOHOMIYHOTO PETyJIIOBaHHS O13HEC-TIPOIIECiB HA OY/Ii-
BEJIBHUX TIANPUEMCTBAX
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In order to increase the amount of prepayment by 5% and it is right to demand from the customer strict
observance of contractual obligations in the part of the schedule of payments for executed works, the "threshold
of preservation of value" should meet the following criteria:

- The quality of work execution is 97.5%, that is, the percentage of shortcomings that require immediate
removal, must not exceed 2.5% of the executed volume of CIW;

- the term of work execution is 0.95, hence the advance can not be less than 5% of the time scheduled
by the calendar schedule;

- not less than 93.5% of the content of the estimate documentation should be unmistakable.

In order to increase the efficiency of business process administration of subcontractors, an algorithm
for economic regulation of business processes was developed (Fig. 1). The fuzzy conclusion system is central
to the management technology of the through business process of construction enterprises, since its use is
foreseen at the final stages (No.9 - No.12) of the algorithm. The implementation of this management technol-
ogy can accelerate the output of the construction industry from the economic crisis, reducing the ineffective
losses of limited cash resources and the volume of poor-quality construction products.

Conclusions. The paper formulates and solves the actual scientific and applied task of effective eco-
nomic instruments for the regulation of business processes of construction enterprises. In the course of the
study, a number of new approaches have been proposed to clarify the essence of the concept of "business
processes" in relation to the management of construction production, the classification of business processes,
the outputs of which ensure the creation of the value of a construction product, the diagnosis of the efficiency
of managing processes at the micro and macro levels, diagnostics of objective needs in the restructuring of
business processes of a construction company, optimization of financial flows in the outsourcing of major
construction business processes, the use of optimization results under uncertain economic environment. The
results obtained are a significant contribution to the development of the concept and economic tools for diag-
nosing and synthesizing the system of economic regulation of business processes of construction enterprises,
aimed at stabilizing their economic development.

1. Having analyzed the conceptual approaches of process-oriented management, the essence of the con-
cept of "business processes of a construction enterprise” has been clarified, namely: "This is an integral chain
of coordinated functioning links, which, by means of technology and organization of production, transform
the input resources into the result (initial, intermediate or final products), whose consumer value exceeds the
cost of the client's resources for the client". This definition more fully reflects the economic expediency of
implementing process-oriented management in construction companies.

2. It is established that it is impossible to determine a universal list of business processes for construc-
tion enterprises. The reengineering of business processes of a construction company involves management
regulation of such a set of supporting processes of management improvement and development of companies,
the outputs of which ensure satisfaction of the economic interests of consumers of construction products.

3. Based on the proposed system approach to the division of business processes of construction enter-
prises by their place in the system of quality management of construction products, it has been established that
the main process for construction enterprises is a set of processes of a "construction site" of general construc-
tion and commissioning, the output of which is intermediate or final construction products . A number of
security processes contribute to a steady flow and create the necessary value for consumers of the outputs of
the main process.

4. In order to ensure adaptation of the economic system of a construction company to an unstable mac-
roeconomic environment during the crisis and recession, the set of auxiliary business processes and, accord-
ingly, the tasks of process management of construction enterprises, are proposed to be classified according to
the following groups: logistic, technical and technological development, administrative and controlling, mar-
keting and financial and fiscal.
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5. The method of assessing the effectiveness of economic management of business processes and de-
termining the need for changes in business process management mechanisms is theoretically substantiated and
developed, which, unlike existing ones, involves comparing the actual and standard dynamics of economic
indicators, as well as analyzing the net income in terms of every hryvnia labor costs. The essence of the pro-
posed method is to determine the efficiency of business process administration using logit regression with one
independent variable — payload. It is established that the marginal values of wages, which indicate the potential
of a construction company to obtain a positive financial result due to the effective administration of the through
business process, should exceed 8.28 ... 9.41 UAH.

6. The conducted research of the main factors of the through business process of construction enter-
prises has statistically confirmed the results of diagnostics of the efficiency of administration of the through
business process and allowed to generalize the differences in the priority tasks of improving the economic
mechanisms of enterprises with different levels of performance:

- enterprises that managed to withstand the macroeconomic crisis, relatively better administer the basic
processes of construction production, but require better management of financial and fiscal security processes;

- the main reason for the ineffective, loss-making activity of construction enterprises is due to low
efficiency of management of the main processes of the construction site and their logistical support. Negative
consequences of such deformations through the chain of value creation complicate the activity of construction
enterprises even under favorable conditions of the macroeconomic environment.
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AHoTanisi. Y po0oTi JOCTiHKEHO METOIOIOTIHHI MIX0IU A0 JIarHOCTUKH Ta PeCTPYKTYPHU3aIlii CHC-
TEMH €KOHOMIYHOTO PeryJitoBaHHs Oi3HeC-MpoleciB OyaiBebHUX MiANPHUEMCTB, CIIPIMOBAHUX Ha cTabifi3a-
M0 IX €KOHOMIYHOTO PO3BHTKY. 3alpOIMOHOBAHO BJIACHE BU3HAYCHHS IOHATTS «Oi3HEC-TIporieCcy OyIliBelb-
HOTO MiIPUEMCTBA» Ta BUKOHAHO JCKOMITO3HIIiI0 Oi3HEC-TIPOIIECiB Y OyaiBHUITBI. BU3HaueHO TOI0OBHI KOM-
MOHEHTH YNpaBIiHHA OyAiBEIbHUMH MiATIPUEMCTBAMHU, SIKi JO3BOJISIOTH MOJIMIIUTH iX OPTCTPYKTYpY Ta y3-
TOJUTH MPOLIECH HIDKYOTO MOPSAAKY 13 TOJMOBHUMH IUISIMU. BIOCKOHaNIEHO ayTCOPCHHTOBUI MEXaHi3M ONTH-
Mizanii (iHaHCOBHMX MPOLECIB i MOTOKIB MiIAPSITHUX OyAiBETBHUX I JIPUEMCTB B yMOBaX KOPCTKUX OOMEKEHb
Ha pecypcH Ta TEpMiHM BUKOHAHHS POOIT MO 3BEICHHIO KUTIOBHUX Oy[iBElNb, a TAKOK PO3PaXOBAHO ONTHUMA-
JEHAW PO3MIp aBaHCOBOTO IUIATEXKY. 3alpPOITOHOBAHO HOBHH MiAXiJ MIOAO yIpaBiliHHA (HiHAHCOBHUMH ITOTO-
KaMH MIPH ayTCOPCUHTY 3a IOTIOMOTOI0 3ac00iB Teopii HEUiTKUX MHOXKHMH. BUSIBIIEHO THITOB1 HEAOIIKY B aAMi-
HICTpyBaHHI Oi3HEC-TIPOIIECIB «PE3yIBTATUBHUXY 1 «HEPE3YIbTATUBHUX» OyMiBEIBHHUX ITiIMPUEMCTB, Ha TIiI-
CTaBi SIKMX BU3HAUYEHO OCHOBHI HANIPSIMKH i PiBEHb MOTTIMOJICHHS MPOLECHOI PECTPYKTYpHU3aLii OyAiBeTbHUX
nianpueMctTB. [IpoBeneHo aeTepMiHaHTHUM (HaKTOPHUE aHali3 peHTa0eIBHOCTI ONepaliiiHol AisUTBHOCTI B Li-
JIOMY TIO TauTy3i, BHACTIAOK SKOTO OyJW BUIUICHI OCHOBHI NMPUYHHH yYCKJIQJTHEHD MPOIECHOTO YIIPaBIiHHSA Y
OymiBHUITBI. BCTaHOBIIEHO KiBbKICHI XapaKTEPUCTHUKH OCHOBHOTO Oi3HEC-Npolecy, sIKi BiAMOBINAIOTH «II0-
pory 30epeKeHHS MPUHHATHOT IIHHOCTI» 1 JO3BOJIAIOTH HiABUIIMTHA PO3MIp aBAHCOBOTO IUIATE)KY 3aMOBHHUKA
TTOPiBHSHO 13 EKOHOMIYHO ONITUMAJIEHUM PiBHEM.

Kurouogi ciioBa: 6i3Hec-mporiec Oy MiBeTbHOTO MiITPUEMCTBA, ONITUMI3allist piHAHCOBUX MOTOKIB, Xa-
PaKTEpUCTHKH OCHOBHOTO O13HEC-TIPOIIECY, PO3MIp aBaHCOBOT'O IIJIATEXKY, AyTCOPCHUHT Y OY/IiBHHUIITBI.
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