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AHoTauisi. B cTarTi po3risHyTI mpo0iieMu 00rpyHTYBaHHS PiBHIB 00CIYrOBYBaHHS B JOBIOCTPOKO-
BHUX KOHTpaKTaX Ha EKCIUTyaTalliiiHe yTPUMAaHHS aBTOMOOIUIEHUX JIOPIT 3arajJbHOTO KOPUCTYBaHHS. BcTaHOB-
JIEHO, [0 BUMOTH JI0 €KCIUTyaTaIliifHOTO CTaHy €JEMEHTIB aBTOMOOIIFHUX JOPIT B ICHYIOUMX HOPMAaTUBHHX
JOKYMEHTaxX € IOCUTh TIOBHUMH, ajleé BOHM HECUCTEMAaTH30BaHi, 10 YCKIIaIHIOE MpoLec iX 0OpoOKH 3 METOIO
YKJIa/IaHHS IOBTOCTPOKOBOTO KOHTPAKTY Ha eKCIUTyaTalliiHe yTpuMaHHs Aopir. BusHadeHo, 1110 3riHO CBITO-
BOI'0 JOCBIAy MpoOiieMy OOIPYHTYBaHHS PiBHIB OOCITyrOBYBaHHS MOTPIOHO PO3IJISAATH 3 JETali3alli€lo Ha
piBHI OKpeMoro aedexTy.

OO0’ eKT MOCITiHKEHHS — JOBrOCTPOKOBHH KOHTPAKT Ha OCHOBI KIHIICBUX €KCIDTyaTalIMHAX MTOKAa3HUKIB
(piBHIB 00CITyTOBYBaHHS) aBTOMOOUIFHUX JOPIT 3aTJIbHOTO KOPUCTYBAHHS.

[Ipeamer mocmimKeHHs — PiBHI 00CITyrOBYBaHHS — BUMOTH JI0 €KCIUTYyaTalliifHOTO CTaHy aBTOMOO1Ib-
HUX JIOPIT 3arajibHOr0 KOPHCTYBaHHS.

Merta q0CHiKeHHSI — OOTPYHTYBaHHS PiBHIB 00CIIYyTOBYBaHHS B JOBTOCTPOKOBHX KOHTPAKTaX Ha €KC-
IUTyaTaiifHe YTPUMaHH aBTOMOOUTHFHUX JOPIT 3araJIbHOTO KOPUCTYBAHHS.
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MeToau HOCTiIKEHHS - aHaJli3 Ta TEOPETHYHE y3aralbHEHHS CBITOBOTO JOCBily OOTpYHTYBaHHS PiB-
HiB 00CITyrOBYBaHHS IPH BIPOBAHKCHHI JOBIOCTPOKOBHUX KOHTPAKTIB HA €KCIUTyaTaIliiHe yTpUMaHHS aBTO-
MOOLUTFHUX JOPIT.

IIpoBeneHi MOCHiKEHHS MOKa3aIH, 1110 JIJIS BUPIMICHHS MPoOJIeMHu OOTPYHTYBAHHS PiBHIB 00CIyTO-
BYBaHHS CJIiJT BAKOPUCTOBYBATH IMITaIliifHE MOJICITIOBaHHS, 30KkpeMa, Metoq Monre-Kapio. I1pu misomy mo-
Ka3HUKHU PiBHS 0OCITYyTrOBYBaHHS €JIEMEHTIB IOPIT CIiJ] BCTAHOBJIIOBATH KPAILIMMH BiJl TPAHUYHO JOITyCTUMHX
3a YMOB 3a0e3IeueHHs Oe3MeKH, MBUIKOCTI Ta KOM(POPTHOCTI pyXy 1 3 BUMOT 30€peKEHHS CIICMEHTIB JIOPIT.

Kuro4oBi ciioBa: 10BrocTpokoBHH KOHTPAKT, PiBeHb OOCIYrOBYBaHHS, BHUMOTA, €KCILTyTaLlidiHHUN
CTaH.

IMocTanoBka mpodaeMu

Onmuunm i3 3aBnans [nany 3axoxiB momo peanizaiii Konemniii pedopMyBaHHS CHCTEMH IEP>KaBHOTO
yIpaBIliHHSA aBTOMOOUTBHUMHE JOPOTaMH 3arajibHOTO KOPUCTYBaHHS (11. 8) € 3aIpoBalyKeHHS! KOHTPAKTIB TpH-
BaJIOTO CTPOKY Aii (10 ceMH POKiB) MPO eKCIUTyaTalliifHe YTPUMaHHS aBTOMOOIIBHUX fopir [1].

Taki KOHTPAKTH B aHTJIOMOBHHX JDKepenax HazuBatoThes: Performance-based Contract (PBC); Output
and Performance-based Contract for Roads (OPRC); Performance-based Maintenance Contract (PBMC); Per-
formance-based Contract for Management and Maintenance of Roads (PMMR).

Amnrmificekke cioBo performance ymaHOMy BHIAAKy TIEPEKIANaeThCA SK 3IaTHICTH JOPOTH
3aJJOBOJILHATH BHMOTH JOPOKHBOTO PYXY Ta HaBKOJHUIIHBOTO CEPEAOBHILNA MPOTATOM MPOEKTHOTO CTPOKY
CITy)0H, TOOTO, eKCIuTyaTalliiftHi skocTi. HaiO1IbIn 3aralIbHIMHE 1HAMKATOPaMH MOTiPIIIEHHS TaKOil 3aTHOCTI
€ neeKTH, HampHuKIaa, Ae(eKTH MOKPHUTTS TOPOKHBOTO OZSTY: BTOMHI TPIIIMHH, KOJIHHICTb, HEPiBHOCTI,
KOB3aHHs TOIIO. [loTipimeHHs 1TUX 1HANKATOPIB ¥ Yaci € Ipoliec 3HOCY ado merpamartii.

JIOBrocTpoKOBi KOHTPAKTH BIIPOBAIKYIOTHCS I 30UTBIICHHS CYCITUIBHOI €(EKTHBHOCTI JOPIT i
e(eKTHBHOTO iX BUKOHAHHS MiAPSIHUMH OprafizauisMi. BoHU rapaHTyloTh aI€KBaTHICTD (PI3UMYHOTO CTaHy
JIOpIr ToTpedaM KOPHUCTYBAYiB IIPOTATOM BCHOTO TEPioay dii KOHTpakKTy [2-4].

B tpamuniiinux noroBopax (KOHTpaKTax) Ha EKCIUTyaTaliiiHE YTpPUMaHHS JOPIr HiAPSIHUK Hece
BiJIMOBITaJIbHICTh 32 BUKOHAHHS POOIT, 00’ €MU SKUX BU3HAYAIOTHCS JIOPOKHBOK aJIMIHICTpaIliero (3aMOBHH-
KOM), a po0oTa MmiApsAIHUKA OIUIaYy€eThCs 10 (JaKTy BUKOHAHHS HA OCHOBI OJJUHHYHUX PO3I[IHOK 32 BUKOHAHI
poOOTH Ta HagaHi MOCIyTH [2, 4].

Bigmianicts OPRC, PBC, PBMC, PBMMC (nmani 6ynemo BxuBatu JJKKII — moBroctpoxoBuii KoH-
TPaKT Ha OCHOBI KiHLEBHX EKCIUTyaTalliiHUX MMOKa3HMKIB) BiA TPaAWLiHOTO METOA-0a30BaHOIO KOHTPAKTY
MOJISITA€ B TOMY, 110 OiJIbIlIa YACTHHA OIUIATH MiIPATHUKY 0a3y€eThCs HA TOCSITHYTOMY 1 BAMIPSIHOMY «BHXOA1»,
SIKAN BIAOOpaKye TMPUHHATHA y KOHTPAKTI IIJIFOBHHM CTaH AOPIT depe3 cruermdikamii - «piBHI 00cIyTro-
BYBaHHS», BU3HAUCHI MPH yKJIaJaHHI KOHTpakTy. Oriara 34iHCHIOETHCS 3aMOBHUKOM IIOMICSYHO PIBHUMH
IIaTeKaMH 3a BUPAaXyBaHHSAM MITpadHUX CYM IPU HASBHOCTI CIIOCTEPESIKEHUX MOPYIICHb PIBHIB 00CIyro-
BYBaHHS.

et migxix gi€ B SKOCTI CUCTEMH MOTHBAIIIT TS 3a0€3MEUSHHSI ITiIPSTHUKOM ONTUMI3allii BUTPAT pe-
CypcCiB, 3alHATHX B 00CITyTOBYBaHHI 1 eKCIuTyaTallii mopir. JlopokHi areHTCTBA, SKi BIPOBAIHIN KOHTPAKTH
OPRC, nocsirnu exonowmii Butpar Biz 10% mo 40% mopiBHAHO 3 TpaAWLIHHUMHU KOHTPAaKTaMH, 10 BU3HAYAE
3aI1iKaBJICHICTh y BIOBAPKEHHI JaHOTO BUIY KOHTPAKTIB B YKpaiHi.

AHai3 oCTaHHIX TOCHTIHKEHB 1 IMyOIiKaIlii.

JlOBroCTpOKOBI KOHTPaKTH 3 €KCIUTyaTalliiHOTO yTPUMaHHA aBTOMOOUIBHHMX JOPIr HAa OCHOBI 3a0€3-
TICYEHHS KIHI[EBUX EKCIUTyaTaIll THIX ITOKa3HUKIB [5] € HOBUM SIBUIIIEM B IOPOKHHLOMY FOCTIOAPCTBI YKpaiHu.
B Vkpaini nepuri podoTH, IpUCBsYEHI JOBTOCTPOKOBUM KOHTpaKTaM, Oyiu BukoHaHi y 2015 p. B Hauionasis-
HOMY TpPaHCIOPTHOMY VHiBepcTHTeTi [6-7]. bymu po3pobieni MertonuyuHi peKOMEeHAAIii 3 X 3aCTOCYBaHHS
[5], a Takox cTBOpeHa IH(OpMaLifiHO-aHANITHYHA CUCTEMA YIPABIiHHS JOBIOCTPOKOBUMH KOHTpaKTaMHU Ha
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ocHOBI piBHIB oOcmyroByBanHs nopir (IACY-JIKKII) 3 BigmoBigauMm mporpamMHuM 3abe3mneueHHS [8] Ta
npuMipHa 6a3a TaHUX piBHIB oOcayroByBaHH: [9].

[TocTraHoBKa 3aBIaHHS

3niiCHEHHS TOBIOCTPOKOBHX KOHTPAKTIB 0a3yeThcs Ha GyHmaMeHTi crienngikaiiii abo cTaHIapTiB —
BHIMOT IIIOJI0 YCYHEHHS JIe(heKTIiB B IPOIIeCi EKCIUTyaTaIliifHOTO YTPpUMaHHSI aBTOMOOUTFHUX JOPIT.

Sk nmoriuHuil pe3ynbTaT paHille BUKOHAHUX TOCTIDKEHb, Ha3pijla HEOOXiAHICTh PO3POOIICHHS ABOX
HOPMATHBHHUX JOKYMEHTIB: MPOEKTiB HallioHAThHUX cTaHmapTiB: JICTY «HacranoBa 3 o0rpyHTyBaHHS PiBHIB
00CITyTOBYBaHHS TPH €KCIUTyaTaliiHOMY yTpuMaHHi aBToMoOUIEHUX aopir» Ta JCTY «ABTOMOOIIBHI J0-
poru. PiBHI 00ciTyroByBaHHS NP eKCIUTyaTalifHOMY yTpuMaHHI». s yoro HeoOXinHO OOTrpyHTYBaTH BH-
MOTH IIIOJI0 YCYHEHHS AePEKTiB B MPOIIECI EKCIUTyaTaifHOTO YTPUMAaHHS aBTOMOOUTBHHIX JAOPIT.

Buknan ocHoBHOTO Matepiaity

Ilpu3HaueHHs eKCIUTyaTallifHOro yTpUMaHHS Jopir (B AaHTJIOMOBHHX JDKepeigax — routine
maintenance) moJisirae B NOCTIHHOMY TpodiakTHYHOMY MIATPUMAaHHI eKCILTyaTalifHOTO CTaHy Ha PiBHi, HE
TipIIOMY BiJI TAKOTO, III0 MOKE OyTH 3a0€3MeUeHUI IMMU BUIaMU JisUTbHOCTI BignosinHo mo JICTY 3587-97
ta [1T.1-218-113:2009 [2, 3].

HenocrartHiii piBeHs QiHaHCYBaHHS €KCILTyaTaliiHOTO YTPUMAaHHS JOPIT 1 3 TCOPETHYHUX MipKyBaHb
1 3 IPaKTHYHOT'O JOCBIy, IPU3BOIUTH O CKOPOYCHHS (PAaKTHIYHHMX MIKPEMOHTHHMX CTPOKIB HEPIOAUYHHX T10-
TOYHHX CEPEIHIX 1 KaIMTaI,HUX PEMOHTIB JOPIT, a 3HAYUTH J0 3pOCTAHHS BAPTOCTI )KUTTEBOT'O IUKITY TOPIT 1
3MEHILIEHHSI 30BHIIIHIX COLialbHO-eKOHOMIUHUX BUTif (puc. 1). [Ipu 3poctanHi 3ycuib migpaIHUKA & 3aTpH-
MYETHCS TIOTIPIICHHS CTaHy S eJIeMEeHTY Moporu. KputnuHe 3HaYeHHS CTaHy Smin JOCATAETHCS Mi3HIIIE, 0
301IpLIyE TO3UTHBHE 3HaYCHHS QPYHKLII CycninbHOro 00po0yTy W, oJHaK mpu OAHOYACHOMY 3MEHLICHHI
3Ha4eHHA (PyHKIIT KopucHOCTI U s TMiApsITHAKA.

JKKII - e KOHTpAKT, B IKOMY OILIaTa poOiT 3 MOTOYHOIO APIOHOTO PEMOHTY Ta E€KCILIyaTal[ifHOIO
YTPUMaHHS aBTOMOOUIBHUX JOPIr 6e3mocepeHbo MOB'sI3aHa 3 BUKOHAHHAM (TIpH 3a0e3MeveHH] piBHS CTaHy
MiHIMAQJIBHO JOITYCTHMO{ SIKOCTi) a00 MMepEeBUKOHAHHSM ITi IPSTHAKOM JiTKO ITOCTABJICHUX y KOHTPAKTI BUMOT
1100 KiHLEBUX MOKa3HHUKIB EKCIUTyaTalliiHOTO CTaHy JOPIr, IKi MOXKYTb OyTH JOCATHYTI IUIIXOM BUKOHAHHS
POOIT 3 MOTOYHOTO IPiOHOrO PEMOHTY Ta EKCILTyaTaliiHOTO YTPUMAaHHS aBTOMOOITIBHUX JOPir [5].
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Pucynok 1 — I'inoTeTnuHuii BIUIMB Pi3HUX 3YCHIIb MiAPSIHUKA HA CTaH EIEMEHTY JOPOTH
Figure 1 - Hypothetical influence of different contractor efforts on the road element condition

IliHa KOHTpaKTy BKIIIOYAE:
- JUTSL TIOCITYT 3 TIOTOYHOTO APiOHOTO PEMOHTY Ta €KCIDTyaTalliiHOTO YTPUMAaHHSA - (PiKCOBaHY
CyMYy, sIKa BUIUTAYYETHCS PIBHUMHY MIOMICSIYHUMHU YaCTKAMU;
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- IUIs1 aBapiiiHUX poOiT - pe3epBHY CyMy, liepeadadeny Ajsl Takux Lineld. PezepBHa cyma, BKIIIO-
YeHa B [iHy KOHTPAKTY, SIBJISIE COOOI0 OLIHEHY KOIITOPHCHIMH PO3PAaXyHKaMH CyMY, IKa BUKOPHCTOBY€ETHCS,
y BUMNAJKY i1 3aTBEpKEHHsI 3aMOBHUKOM, AJISl OIUIATH aBapiiHUX poOiT i HemepeabaueHux BuUTpat. Po3mip
pPe3epBHOI CyMH, 3aJI€KHO BiJl YMOB €KCIUTyaTarlii, MOBUHEH 3HAXOIUTHCH ¥ MEKax, SKi BCTAHOBJICH]I HAIiO-
HAJIbHAMH 3aKOHOJJABYMMH aKTaMU.

Mogens o0rpyHTYBaHHS CyMH IIOMICSYHOTO IJIATEXY MiAPSIIHUKY 0a3yeThbcsl HA IEBHUX KOHIENTY-
ATBHUX TTEPEAYMOBAX, IS PO3YMIHHS SKHX MOTPIOHO HABECTH ESIKI TEPMIHM 1 BU3HAUCHHS TIOHATH [5]:

- nedeKT (MOIIKOHKEHHS ) — 1Ie BIAXMICHHS SIKOCTi, popMu a00 GakTHYHHUX PO3MIpPIB EIIEMEHTY
CKJIaJI0BOI TOPOT'H BiJl BUMOT HOPMaTHBHOT UM MPOEKTHOI TOKYMEHTALIi1, CIpUYMHEHE pyHHYBaHHIM (BTPaTOIO
CYLLIBHOCTI), nedopMarliiero (pakTHIHUX pO3MIpiB, GOpMH) ab0 MOTIpIICHHS BIACTHBOCTEH CIIEMEHTY HO-
porH, sike BUHUKAE NP MPOEKTYBaHH1, BUTOTOBJICHHI, B pe3yJIbTaTi MPUPOJHOTO 3HOCY, BIUINBY TEXHOT'€HHHUX
a00 aHTpoIOreHHNX YMHHMKIB. [10]:

- BHMOTa 3 yCyHEHHS Ie()EKTY - CYKYIHICTh BCTAHOBJICHUX IS IE(PEKTY €IEMEHTY JOPOTH KPH-
TepiiB: MaKCUMaIbHO AOMYCTHMOTO TMEPioAy MK OITSJaMH €JIEeMEHTY IOpPOTH; PiBHS BTPYYaHHS; TEPMiHY
JKBITAIIT - 9acy, MPOTSTOM SIKOTO e(DEeKT IMOBUHEH OYTH YCYHEHHH 1 IKHMI JOPIBHIOE PI3HUIN Mi’)K MOMEHTOM
YCYHEHHS Ta MOMEHTOM peecTpalii aedekry;

- PiBEHB BTPYYaHHS — XapaKTEPU3YETHCS TPAHNYHUMH 3HAYSHHIMH KiJTbKICHUX XapaKTePHCTHK
(po3MipiB, hopMu, IKOCTI TOIIO) Ae(DEKTY CIEMEHTY TOPOTH, IPH SIKUX IMOPYIIYEThCS BiAMOBIAHICTD €JICMEHTA
HOro MpU3HAYEHHIO, 10 BU3HAYCHA HOPMATHBHOIO YU MMPOEKTHOIO JOKYMEHTALIEI0, 1 SIKi 3yMOBIIIOIOTH HEOO-
XiTHICTE 00OB’SI3KOBOTO YCYHEHHS Ne(EKTY IS BITHOBICHHS ITi€l BiIIOBITHOCTI;

- piBEHb 0OCITYTrOBYBaHHS €JIE€MEHTY JOPOT'H — BUMOTA JIO CTAaHY €JIEMEHTY II0J0 3a0e3MeueHHs
HOTO BIATIOBITHOCTI IPU3HAYCHHIO — JIOBIOBIYHOCTI €IEMEHTY Ta 3aI0BOJICHHS KOPUCTYBAYiB JOPOTH TOCTY-
[OM, MIBHAKICTIO MOI3IKH, 0€3MeKo0 1 KoM(POPTOM PyXy. 3HMKCHHS PIBHSA OOCIIyrOBYBAaHHS XapaKTEPH-
3y€ThCS HASBHICTIO HENIIKBIIOBaHUX 32 00YMOBJICHHH y BUMO31 yCYHEHHS Ae(eKTy Jac Ha Horo JIiKBigalLilo;

- KIHIIEBI ITOKA3HUKHN — MIOKA3HUKH SIKOCTI EKCIUTyaTaIlifHOTO CTaHy €JIEMEHTIB JOPOTH, SKi Xa-
PaKTepU3yIOTHCS BIACYTHICTIO IPUTAMaHHUX €JIEMEHTaM IOPOTH Ae(HEKTiB 3 YCTaJICHUMH TPAHUYHUMH XapaK-
TEPUCTHKAMK 1 BU3HAYAIOTh PiBEHb OOCIYTOBYBaHHS KOXKHOTO €JIEMEHTY aBTOMOOINBHOI IOpPOTH 1 aBTO-
MOOUTHHOI JJOPOTH B ILJIOMY.

CraH eneMeHTiB aBTOMOOIBHUX JIOPIT, BiJl AKOTO 3aJIeXHUTh 3HaYeHHS QyHKUIi cycnibHuX BUrox (1),
(hopMyeThCS 11T BIUTHBOM JIBOX IPOTICCIB:

- npoliecy erpajanii — BHHUKHEHHS 1 PO3BUTKY B 4aci Je(eKTiB eIeMEHTIB AOPOTH, sKi € pe-
3yJIBTATOM [ii 30BHILIHIX 1 BHYTPILIHIX AECTPYKTUBHUX (PaKTOPIB (HANPHKIIAA, TPAHCIIOPTHUX HABAHTAXKCHB,
aTMOC(EepHHX ONaiB, TEMIICPATYPH, CTAPIHHS MaTepiajliB, TEXHOTEHHUX (aBapii) i aHTPOTIOTEHHUX (HABMHUCHE
MOLIKO/DKEHHS) YNHHUKIB ToIo). [Iponec nerpanaiii Mmoxe OyTH KyMYJISITHBHUM (HAIlpUKIIa, MOTIPIICHHS
PIBHOCTI TOPOKHBOT'O ITOKPUTTS) 200 panToBUM (HAMPHKIIA, 30MTTSA JOPOXKHBOIO 3HAKY) 1 TUCKPETHO-HEIIE-
pepBHUM (HAIPHUKIIAJ, TIOTIPIICHHS CTaHy OTOPOKEHB), SIK TTOKa3aHo Ha puC. 2;

- MIPOIIECY BiAHOBICHHS — JIKBIAIi] TIPS THUKOM JE(PEKTIB €IEMEHTIB JOPOTH UITXOM BUKO-
HaHHA poOIT 3 PEMOHTY Ta YTPHUMAaHHS eJIeMEHTIB opir. KoxkHa poboTa TpuBa€ MeBHUMA Yac, BEIMUHNHA SKOTO
3aJIeKUTh BiJl MPU3HAYCHOT 711 11 BUKOHAHHS KUJIBKOCTI TPYJOBHX 1 MaTepialibHO-TEXHIYHUX PECypciB (3yCHIIb
T IPSITHAKA ).
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Pucynok 2 - JluckpeTHo-HenepepBHUiI XxapakTep npouecy aerpagauii (¢1, ¢z, ¢min — MOXKIIMBI KiHLEB] LIJTHOBI
PiBHI CTaHy €JIEMEHTY, Bi/l SKUX 3QJICKUTh BETMIMHA CYCIUTHHOI BUTOJIH)
Figure 2 - Discrete-continuous nature of the degradation process (g1, g2, gmin - possible final target element
state levels, on which the public benefit value depends)

3ayBasKUMO, 1II0 MO MPOoIIecy JAerpaallii eIeMEeHTIB CKIaJI0BHUX JOpir B YKpaiHi OUTbII-MEHII j1e-
TaIbHO PO3POOIICHI JUIIE IS JOPOKHBOTO OAATY Ta HOTO MOKPHUTTS 1 IJIsSI €IEMEHTIB aBTOIOPOKHIX MOCTIB.
i nBi Mogeni 6a3yroThCs Ha pi3HUX NpUHUIMNAX. PiBeHb Aerpanamii JOPOKHBOTO OAATY XapaKTEePU3YEThCS
Koe(IIi€HTOM 3aracy MII[HOCTI, PIBHICTIO 1 KOe(II[iEHTOM 34YCIUICHHS MOKPUTTS. PiBeHb qerpanalii eJIeMeHTIB
MOCTIB XapaKTepU3YEThCs peUTHHIOM 32 100-0a1bHO0 IIKAJIOF0, I’ IThMa eKCIUTyaTalliiHUMK CTaHAMH, Iapa-
METpPOM HaJilHOCTI 400 XapaKTEepUCTUKOIO OE3MEKH, PIBHEM 3HOCY.

3amada onrrumisaliii GOpPMYITIOETHECS HACTYITHIM YrHOM [11]:

Max(U,.e., )15, + 3 (4, €)1+ 2)-[Co + X w(e) + 1Y (B 02— -U..
i=1 i=1 i=1 (1)

ne U, — KOPUCHICTD T TMAPAIHAKA; 7 — TTapaMeTp, KU MPEACTABIISIE BITHOMICHHS MiAPSIHAKA 10
pm3uKy. [Hakme kaxxyun, U, € BUTOJ010, OYIKYBaHOIO MiApsaHukom; Cp - CKIIaI0Ba, II0 BKIIOYAE (iKCOBaHY
BapTICTh HEOOXIJHUX MOYATKOBHMX 1HBECTHUIIHN JUIs HAJAaHHS HOCIYT; Wi(e;) — QYHKINS BUTPAT MiAPAIHUKA B
3aJIeKHOCTI BiJl 3yCHJIb y TPOILIOBUX OAMHUILIX [ 12], mpruoMy mepiua i Apyra noxigHi Bin i€l GyHKuii: y; (e;)
>0y (e) > 0; A — mapamerp, SKuii XapakTepusye TOJaTKOBY cHcTeMy Kpainu, A > 0; o; i i — dikcopani
rapaMeTpH, BCTAHOBJICHI B KOHTPaKTi. Sy — MiHIMallbHA CyCIIbHA BUTOJA , OTPAMaHa BiJ SAKICHOTO CTaHy
JOPOTH, KOJIM PiBHI SKOCTI 32 KOHTPAKTOM JOPiBHIOIOTH HYJIIO, SIKa BitoOpaxye TOH (hakT, 10 BUMAraeThCs
BUKOHAHHS NIEBHUX MiHIMaJIbHUX YMOB JUUIsI KOPHCTYBAHHS TOPOTOIO.

AprymenTamu inboBoi QyHKHIT (1) € 3ycunis niapsaHuka e;, i = 1, ...,n 1 QyHKLisS BUTPAT y TPOLIOBUX
OJUHHULISIX V;(e;), sIKi 3aJIeKaTh, B TOMY YHCIIi, BiJ] Yacy BiITYKy — AOMYCTUMOTO Yacy Ha JIKBiAaIiio 1eQeKTy,
3aIaHOMY B PiBHI 00ciyroByBauHs. [IpuitMaioun 10 yBaru mMiJIOYUCENBbHICTD NEIKUX PECypCiB (KUTBKICTH PO-
004X, MalIvH i MEXaHi3MiB), MO>KHA CTBEPAXKYBATH, 10 (QYHKIIsI BUTPAT Yi(e;) Ma€ KyCOYHO-HETIEpEPBHUIM
Xapakrep.
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Y Mojeni NpuiHATO, MO0 KOXKHA poOOTa 3 YCYHEHHS NeeKTy 3HAXOIUTHCS TiJl BILTMBOM MHOXUHU
MIpUTaMaHHUX 1¥ BHYTPIIIHIX 1 30BHINTHIX PU3UKOBUX MO1H. BITMB Ha TPpUBAJIICTH 1 BApTICTH i-1 poOOTH OIIi-
HIOETHCS Yepe3 BUTIAIKOBI KOSPIIIEHTH 3aTPUMKH &y, j 1 3OPOKICHHS &g ; POOOTH, SKI 3HAXOJAATHCS B IHTSPBAIL
BT MIHIMATBHOTO &y iniiny Co,inin JJO MAKCUMATIBHOTO oy iniares o, ivaxe SHAUEHB 1 XapaKTEPU3YIOTHCS TiCTOTpaMaMH
TPUBAJIOCTI Ta BApTOCTI Gy i1 Gy - OIIHKAMHU QPYHKIIH PO3ITOALTY KOS(IIIEHTIB SIK BUMAaIKOBUX BEJIUYHH, 10
MPUIMAIOTh 3HAYCHHS B IHTEPBAJII BiJl MiHIMAJIBHOTO JI0 MaKCHUMAaJIbHOT'O 3HaYeHHS. B iMiTamifiHiéi Moaeni
KOHKPETHI 3HAYCHH [IUX 3MIHHUX BH3HAYaI0ThC MeTofoM MonTe-Kapiro 3a mormoMmororo ricrorpamaM G, ; 1
G,i. OTxe, QyHKLIS BUTPAT Wi(e;) B IPONOHOBAHINH MOAET] MPUHHATA BUIIAJKOBOIO BETUUNHOIO:

v £S5
Wi(ei)zci(ri)'u-(n_l_*_%:l),
' " @

ne Ci(t;) — npoeKTHa BapTICTh pOOOTH 0 YCYHEHHIO Ie(eKTy 3a Yac BIATYKY Ti.

Orminka Baprocti podotu Ci(7;) 3AIMCHIOETHCS HAa OCHOBI TEXHOJIOTIYHOI KapTH, SKa TMPOCKTYETHCS 3
ypaxyBaHHSM 4acy BiT'yKy 7;. B TeXHOIOTIUHIH KapTi MOTpiOHA KiBKICTh HECKJIAIOBAHUX pecypciB (pobdounx,
MAIlliH ) BU3HAYA€THCSI OKPYTICHHSM A0 O1IBIIOro LiJIOro YKHCia, TOMY €(eKTUBHICTh BUKOPHUCTAHHS PECYPCiB
3aJICKUTD Bijl rpadiky TPYIOBOIO MPOILECY, 1€ MAIOTh MICIIe OYiKYBaHHS OJHUMH PECYpCaMU BUKOHAHHS TEX-
HOJIOT'YHO 3B’SI3aHMUX ITONIEPEIHIX ONepallii iHmMME pecypcaMmu. Yac Ha yCYHEHHS AeeKTy 7/ CKIIama€eThCs
3 yacy Ha 00poOKy iH(opmauii BizHOCHO AedekTy i Horo mikBigamii 7/, yacy IOCTaBKU pecypciB A0 Micls
postamryBanHs aedekTy 7, yacy BUKOHaHHS po6OTH TiB. [IOBUHHE BUKOHYBaTHCh OOMEKEHHS:

Yy _ (D 0 8
T, =(7/ +7, +7,) <7, 3)

B Mozeni tiy € BUNAIKOBOIO BEIMYMHOIO, SIKA XapaKTEPHU3YeThCs TicTorpamoro GiT iMOBipHICHOTO
PO3IOIUICHHS TPUBAJIOCTI YCYHEHHS AehEKTy

km.ax _kmin g_zpi
1,0 1,0 . (n _ 1 + i=1 )
Py )

Komu tiy mepeBuIye periiaMeHTOBAaHWN y KOHTPAKTI Yac BIATYKY Ti, MAPSTHUKY HAPaXOBYETHCS
mrpad [5]. Yei cymMu 3HHKEHHS OIUIATH BITHIMAIOTHCS 3 CyM, HAJICKHHX HIAPSIIHUKY, B KIiHIII KOXKHOTO
MicsIs. Y BUMAAKY MOPYIICHHS KPUTEPilo piBHsI 00CIyroByBaHHS (IKCYEThCS JaTa Ta yac peecTparii £; i gata
Ta 4ac yCYHEHHS ;. PI3HHIS MiXK HUMH ¢, — {; Ha3UBA€ThCSA (DAKTUIHUM YacoM pearyBaHHS (YCYHCHHS Jie-
¢bexTy) 7. 7151 po3paxyHKy BUKOPUCTOBYIOTHCSI HACTYIHI OJUHUII 3TiAHO Tab. 1, BigHOBiAHO 10 3apyOikHOT
MPaKTUKU:

¥ — perIIaMeHTOBAaHMH Yac BIATYKY Ha YCYHEHHS Ae()eKTy 3 TOUHICTIO 10 XBHJIMHHY;

7 - Tpo0oBe yKcio mTpadHUX OATIB 32 OJUHHUIIO Yacy IMePEBUINCHHS (Hanpukiad, | 6al Ha THKICHb
nopisaroe 0,142857 B neHp);

7y - paKTH4YHE APOOOBE YMCIIO AHIB HA YCYHEHHS Ne(eKTY 3 TOUHICTIO O XBUJIMHH,

¢p- BapTicTh | mrpaduoro Oamy.
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Tabmuus 1 - Po3mip mtpaduux 6altiB 3aeXHO BiJl 4acy pearyBaHHs
Table 1 — The size of penalty points depending on the response time
IToka3Huku 3arprMKa BUKOHaHHSA 1 mTpadHi 6amu

IHTepBanu yacy BiIryKy 0<t,<r r<g,<2r 2r<g,<3r 3r<g,<4r > 4r

. . MosxnuBe po3i-
3a3naveni wrpadHi Oanu 3a
0 n 2n 5n pBaHHS KOHTpa-

3aTPUMKY BUKOHAHHS
KTy

[Ipu po3paxyHKy GakTHIHOTO Yacy BiATYKY HEOOXiJHO BpaxOBYBaTH 4ac HECTIPUTIMBHX IMOTOIHUX
YMOB [1J151 BUKOHAaHHS pOOiT, IKWH BiIHIMA€ETHCS BiJ PaKTUIHOTO Yacy BiJITYKY.

KoedimienT nepesuiiieHHs (akKTHYHOTO Yacy BIATYKY Haj pErjaMeHTOBaHUM (k;) BU3HAYAETHCS 3a
(hopmyitoro (5) i OKPYTTIOETHCS JI0 HACTYITHOI IIJIOTO YUCIIA:

T, T
k,=|—— .7, >rk, =0,7,<r.

r

)

OxpyrieHHsi o3Hayae Te, IIO, SKIIO TEPMIH pearyBaHHS MEPEBHUILYE MAKCUMAaJbHO IOMYCTHMUUN
CTPOK, HalpHKJIaJ, Ha | XBUINHY, HApaXOBYETHCS MOBHUH MITpadHUI Oal 3a JaHe HOPYIICHHS.

HItpadni Oanu 3a HENOTPUMAaHHS PETIAMEHTOBAHOTO Yacy BiryKy (B,) po3paxoByrOThes 3a GopMy-
J1010:

B, =k, n-e, ©

Jie 71 — KiNbKIiCTh 0aJIiB 32 OMMHHULIIO Yacy (I€Hb); € — Koe(ilieHT KiTbKiCHOTO 3aCTOCYBaHHSI IITpadHUX
OauiB 3 obiacTio 3HaueHs (0, 1, 2, 5) 3 Tabm. 1.
Taxum urHOM, QYHKIIS BUTPAT Wi(e;) (1) KOpUTYeThCS LUITXOM ypaxyBaHHS mwTpagdy:

— P,
q_(//i(ei)—i_Bi cp’ (7)

ne B — xinpKicTh mTpadHUX OalliB 3a HECBOEYACHE YCYHEHHs 1-T0 JIe(eKTy; ¢, — BapTICTh OJIHOTO
mrpadnoro oany.

ODyHKITISA CYyCIUIBHOTO A00po0yTy — 1ie 30BHIimHIA KpuTepidt mist JAKKII, 3HadeHHs SKOT0 MOTPiOHO
MakcuMi3yBaTH. HalOibI cKIIaAHUM MUTAHHSM € KiJIbKiCHE BU3HAUCHHS BIUTUBY Ha CYCIIUIbHI BUTO/IM Mapa-
METpiB PiBHIB 00CITyrOBYBaHHS, BCTAHOBIICHUX ¥ ME&KaX IIOTOYHOTO APiOHOTO PEeMOHTY Ta €KCIUTyaTaIliiHOTO
yTpUMaHHs J1opir. BruuB aeskux nedekTiB Ha 3HaueHHS QYHKIIT CyCHiIbHOTO J0OpOOYTY AOCTaTHBO J0-
CJILJKeHHI 1 MOXe OyTH KiTbKicHO orlineHui. [lepi 3a Bce, 11e cTocyeThes Ne(eKTiB, M0 YCyBarOTHCS B IPO-
1IeCl 3MMOBOI'0 YTPUMAaHHS AOPOr'M — CHIXKHO-JIBOJAOBUN HAaKaT 1 0XKeJIe/b, SIKI 3HHKYIOTh KOSQIIEHT 34er-
JICHHS KoJieca 3 IOKPUTTSAM 1, TAM CaMUM, 3HIKYIOTh O€3MeKy 1 IBUAKICT pyXy. s iHmmX 1edeKTiB BIUTUB
Ha (QYHKLIIIO CycmiisHOro A00poOyTy He Takui odeBugHui. Hampukinaz, icHye 3B'SI30K piBHIB 0Ocmyro-
ByBaHHs AedekTiB, cnerudikoranux B JJKKII, 3 moka3HUKOM piBHOCTI JOPOKHBOTO MOKPUTTS. [I0Ka3HUK PiB-
HOCTI 3aJISKUThH BiJl MapaMeTpiB PiBHIB 00CTYTOBYBaHHS HE TIJILKH CAMOTO MOKPUTTS, ajle i 1HIINX eIEMEHTIB
JIOPOTH, SIKi 3MIACHIOIOTh HA TIOKPUTTS HE Oe3IMOCepenHil, a OIOCepeIKOBAaHMM BILTUB (HAPUKIIAT, CHCTEMA
IpeHaxy). A BKe uepe3 3HaUCHHS MOKa3HUKa PIBHOCTI MOKHA BU3HAUMTH 3HAYEHHS CYCILIBHOI BUTOIM Bif
BIUTMBY PiBHOCTI MOKPUTTA (puc. 3).
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Sycums, o ngncm MTOTOYHOTO
& > JpiGHOTO PEMOHTY Ta
/" YTPHMAaHHS
_UIac o BHUTpaTH Ha MOJaIbIIi CEPEIHI i KamiTalbHi
BIITYKY PEMOHTH
+ A
PieHI cepiHo3HOCTI 1 Minmupicts | + BTparH i 36HTKH B
PO3MOBCHO/IKCHHA + IJIBH,ZII{OCTi > JTII
nedexTy PYXy
i - Exonoriuni 36HTKH
IIIBHOKICTE
HepirHicTE - PYXY =
JIOPOKHEOTO BapricTs epeBe3eHb
OKPHTTS
+ 3a710BOICHHA
KOPHCTYBAUiR

Pucynok 3 - I'inoTeTn4Huii BIJIMB Yacy BiITYKy piBHA 00CIyroByBaHHS Ae()EKTy Ha CyCHiIbHY BUTOAY: “+”
O3Hayae€ NpSIMHUIA BIUIUB, TOOTO 30inbIIeHHs (200 3MEHILIEHHS) OHI€1 BEMUYMHH (IPUYMHH) BU3UBAE 301JTh-

[I3R4]

meHHs (200 3MEHITICHHS ) 3aJIeKHOT BEIMYUHA (HACTIIKY); - oOepHeHHH BIUTUB: 30UThIIeHHS (200 3MeH-
HICHH:) OHi€1 BeIMYMHU (IPUYKMHHI) BU3UBAE 3MEHILICHHA (a00 301IbIICHH) 3aIeKHOT BETMUYUHU (HACTIAKY)

Jlxepeno: aBTopchKka po3podKa.

Figure 3 - Hypothetical effect of defect service response time on public benefit: “+” means direct impact, ie
increase (or decrease) of one quantity (cause) causes increase (or decrease) of the dependent quantity
(consequence); “-” - inverse effect: increase (or decrease) of one quantity (cause) causes decrease (or

increase) of the dependent quantity (consequence)

Source: author's development.

HasiBHicTb 1e(heKTiB eIEMEHTIB JOPOTH, TPUBAJICTD iX ICHYBaHHS BIUIMBAIOTh Ha O€3MEKY, MIBUAKICTh
Ta KOM(OPTHICTE JOPOKHBOTO PYXY 1 Ha 30epekeHHsI eTIeMeHTIB 1opord. B mponoHoBaHii imMiTamiiiHiid Mo-
neni AeeKTH BIIOPSAKOBYIOTHCS B 3aJI€KHOCTI BiJI X KPUTEPIiB 1 pO3TIBIMAIOTHCS B IMOPSIAKY BIUTHBY Ha 1)
0e3IeKy pyxy, 2) MIBUIAKICTD PyXy, 3) KOMGMOPTHICTh PyXy, 4) 30epeKEHHS CICMCHTY.

Criz 3ayBakHUTH, 110 HA MOKJIMBICTh HETATHBHOI i1 eeKTy BIUIMBaIOThH (PaKTOPH PU3HKY Ta iX CIo-
aydeHHs. Tak, nedext apeHaKy MOXYTh 3HAYHO BIUIMHYTH Ha (opMyBaHHS Ae(EKTiB MOKPUTTS JOPOTH B
nepiosl IHTEHCUBHOI 37IMBH B pe3yibTati iH(UIbTpalii BOJOTH B KOHCTPYKILIIO AOPOKHBOTO ofsry. OTxe, B
MpoIeci MOJCTMIOBAHHA CIiJ] BiICTE:KYBaTH OJHOYACHWH cyMmicHUU BIUTMB (pakTopiB pusuky. B iMitamiiiHiit
MOJICJTi 3aIPOITIOHOBAaHA TaKa CXeMa BpaXyBaHHS PU3HKIB;

- (hopMyBaHHS CIICKY PU3HKIiB, SIKi BU3UBAIOTh HETATUBHUN BIUIUB Ae(EKTY;

- BCTAaHOBJICHHS IMOBIpHOCTI BIUIMBY PH3HMKIB Ha TPHBAIICTH 1 BapTiCTh pOOOTH 3 JikBimamii medexTy
MeTonoM MonTe-Kapio 3a 10moMororo rictorpamam;

- OLIIHKa IMOBIPHOCTI CIIPHYMHEHOTO PU3UKY B PE3YJIbTaTi 341 ICHEHHS MPUYMHHOI PU3UKOBOI MOJI].

T'omoBHUM (hakTOPOM TP BCTAHOBIJICHHS IIHA KOHTPAKTY € 00’ €M MOTHUTY Ha ITOCIYTH MiApsITHAKA 1
po3noniiaeHHs 00’ eMy MOMUTY B mepiof Aii KoHTpakTy. O0’ €M MOMUTY Ha MOCIYTH HiAPsSIHUKA — 11 00’ €MH 1
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KUTBKICTh JIeDeKTiB elIEMEHTIB IOpir, BAHUKHEHHS SKAX Ma€ BUIAIKOBHHA Xxapaktep. B imitauiiiniii moaemni
nepeadadyeHui HACTYITHUN MEXaHI3M MOJICITIOBaHHS 00’ €My TOIMUTY Ha MOCIYTH IiAPsIHHUKA.

B nesiki MoMeHTH Yacy I, ..., t, ... TAPSAHAK 3/11HCHIOE KOHTPOJh CTaHy €JIEMEHTIB JOPOru (Mepexi
nopir) i gikcye HasIBHICTH AehEKTIB eleMeHTIB moporu. OKpiM TOT0, KOHTPOJIb CTaHy MOXE 31HCHIOBATHCH
3aMOBHUKOM. Ha mpakrtwiri, ¢ikcarmis HasBHOCTI Te(PEKTIB €IEMEHTIB JOPOTH BHUKOHYETHCS 3 OTPHUMAaHHSIM
mugpoBoro poto nedekry i popMyBaHHIM HEOOXiTHOT CHMBOIIEHOI iH(OpMAITii 3a JOMOMOTOI0 TTEPCOHATb-
HOTO KOMII ToTepa (TutanieTa) Ta nepeaadi oo ta indopmarii uepe3 Mepexy iHTepHeT B 6a3y manux IACY-
JIKKII.

Pe3ynpTaToM KOHTPOJIIO € KUTBKICTh JeEKTiB IEBHOTO PiBHS 00CIYyrOBYBaHHS, Crie(iKOBaHUMH B
yMOBaX KOHTPAKTY. B 3aJIeKHOCTI BiJl 9acy BIATYKY, B MOJCII MPOCKTY€EThCS rpadik BUKOHAHHS POOIT 3 yCy-
HeHHs nedekTiB. [Ipu oMy BpaxoBYIOThCS IIOACHHI OOMEXKEHHS Ha HECKIIAJI0BaHi pecypcH, TOOTO MoTpiOHa
KUTBKICTH POOOYMX 1 MAIlIMH HE TIOBHMHHA IEPEBUINTYBATH 1X HASBHOCTI y miapsaHuKa. [1oTiM MomeToeThCs
BUKOHAHHS pOOIT, IPUUOMY TPUBATICTh 1 BapTiCTh poOIT BU3HAYa€ThCsl MeTogoM MonTe-Kapio:

R Sr Ers De Led T
C - ZZ Z Zl//rsedlt + th 4
r=1 s=1 e=1 d=

1 /=1 t=1 (8)

pu V' xT 0OMEeXEeHHSIX Ha HECKIIQZOBaHI peCcypcH

<2}

r e

Sy SN =12,V =12,..,T,

i ]
e=1

E,. D, L,
r=1s d=

I
—_

1=l )

Iie R — KUTbKICTh IIJITHOK JOPIT, SIKi 0OCITYTOBYIOTHCS MIAPSTHUKOM; S, — KiIJIBKICTh CKJIAIOBUX JOPIT;
E,s — KiNBKiCTB €eMEHTIB Y CKIIAIOBIH § TUITHKU JOPOTH 7 D, - KITBKICTb 1e(eKTiB, IPUTAMAaHHUX €JIEMEHTY;
Lcq— KiIBKICTh PIBHIB 00CIyroByBaHHS, IpuTaMaHHUX nedekry; 7 — KiNbKICTh JHIB y MEPiofi, SKUil Moje-
JIIOETHCS; YWisedir — BATPATH HA BUKOHAHHS POOIT 3 YCYHEHHS JIeeKTy 3a AeHb f; Ci — TpaHCaKIIHHI BUTPATH;
nrsedli — IOTpiOHA KUIBKiICTh HECKIIaJJOBAHOTO pecypcey; V — KiJIbKiCTh BUIB HECKIanoBaHuX pecypcis. Tpan-
CakIifHI BUTPATH BKJIIOYAIOTh, 30KpEeMa, BUTPATH IOIIYKY iH(pOpMallii, BATpATH BUMIPIOBAHHS (MOHITOPUHTY
CTaHy JIOpir) TOIIO.

IMuromi Butpat C/T B JesiKi MEPIOAH POKY MOXKYTh IEPEBHIIYBATH CyMYy ITMTOMOTO (PiKCOBaHOIO
iaTexxy. B Takomy pasi, MicsiuHa pi3HHL MK TOTPeOOIO KOIMITIB i (hiKCOBaHMM TUIATEKEM ITOKPUBAETHCS 32
paxyHOK BJIACHUX KOIITIB MiApsaHMKa a00 Kpeauty. Komu MicsuHa pi3HUI MK MOTPeO0r0 KOMITIB 1 (ikco-
BaHUM TUIATEKEM € BiI’ EMHOIO, TIAPSITHUK MOJKE JIIKBiTyBaTH 3a00pTrOBaHICTb.

3a mepioll MK TOYKaMH KOHTPOJNIO # - #x+/ 3 TMEBHOIO BipOTiIHICTIO MOXYTh BUHUKHYTH HOBI Je-
(dhexTH, Mo He mepeadayueHi B OIepaTHBHOMY IIIaH1 po0iT, TOMY iIHTEpPBaJl KOHTPOITIO % - f4x+ [ BCTAHOBITIOETHCS
TaKuM, [IPU SIKOMY IMOBIpHICTh BUHHKHEHHS JieeKTy Oyae noctatHso Manomw (< 0.05).

3aMOBHUK 3IiMCHIOE BUOIPKOBHI MOHITOPHHT IIPOIIECy JIKBimamii 1e(eKTiB eIeMeHTIB TOpir i Hapa-
XOBYe€ mTpadu y BUNAAKY IMOPYIICHHS TiAPSIHAKOM Yacy BiITYKY.

B momeHT nikBiganii qeekTy po3paxoBYIOTHCS MOKIIMBI BIUTMBH JIe(eKTy Ha 3HAUCHHS CKJIAZOBUX
¢dbyakmii 1o6poOyTy. OMiHKY BINTHBY MOXHA PO3TVIIHYTH HAa TaKOMY TIPHKJIIl BiIHOBJICHHS BiJCTaHI BHIH-
MocTi. Bukopuctaemo AaHi JOCHiIXEHb BIUIMBY BifICTaHI BUOMMOCTI Ha PH3HK JOPOXKHBO-TPAHCIIOPTHHX
roxiit, HaBeneHi B poboti [13].
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3a nepiox At Bi BUHUKHEHHS Ae(eKTy 10 HOTO YCYHEHHS yepe3 OUISHKY JAOBXKUHOIO L mpoige N-At
aBTOMOOWTIB. 30BHINHIN edekT Bix 3HWKeHHS pu3uky I TII AROmn B pe3ynbTaTi yCyHEeHHS neeKTy BiIcTaH1
BUIUMOCTI Oyze (puc.4):

AR() — Rc) H

mn omn  Yomn? (10)

7€ R%ymn— PU3HK TIPH HASBHOCTI AeeKTY; R"ymy — PUSHK TIiCIIA yCyHEHHs NeeKTy.
3amwkenns 30utky Big JTII nmpu ycepennenii BaprocTi BTpat Bif 1 A TII cos:

Acc)mn :Clos LNAtAR@mn (11

VY (asi oO6rpyHTYBaHHS [IHU KOHTPAKTY €X ante, Ik 3aMOBHUKOM, TaK 1 MIPSTHIKOM, 3a JOIIOMOTOIO
iMiTaliHOT MOJeIi HOTPiOHO MPOTHO3YBAaTH BCTAHOBIICHOI B PE3YJIbTaTi KOHTPOJIIO CTaHy KiNbKiCTh A1e()eKTiB,
rapaMeTpH IKuX qudepeHItiiioBani 3a piBHIMH 00CTyroByBaHHsI. L[ KUTBKICT MOJIETTIOETHCS HA OCHOBI 1CTO-
puuHNx AaHuX, HakomnueHuX B IACY-IAKKII [9], a mpu ix BigcyTHOCTI — Ha OCHOBI HMOBIpHICHHX
PO3MOiTIeHb, OTPUMAaHUX Ha OCHOBI €KCIIEPTHHUX OL[IHOK.

1.8
y = 2E-09x3 - 1E-07x2 - 0,002x + 1,100

Rz =0,907

1,6 |
1.4 |

1.2

ARanm

0.8 A

L
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0,6 /

04 -

0.2 1
0
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Pusux JTII, xinexicmos JTI na 1 man. aem.-xm

Biocmanw suoumocmi, m

Pucynok 4 - 3anexnicts mokaszuuka pusuky JTII Big BiacTaHi BUIUMOCTI y IU1aHi Ha 6arato
CMYTOBHX JIoporax: 1 — 3 po3moaiIbuoi0 CMYToI0; 2 — 6€3 pOo3MoAiIbu0l CMyTH
Jxepeno: Usanos B.B. [14]. AnanroBaHo aBTOpamH.

Figure 4 - Dependence of the accident risk indicator on the distance of visibility in the plan
on multi-lane road: 1 - with a distribution lane; 2 - without distribution lane
Source: Chvanov VV [14]. Adapted by the authors.

BunankoBa KiIbKiCTh JeEKTiB JAaHOTO BUAY 1 JAHOTO PiBHs 00CIyrOBYBaHHS BU3HAYAETHCS METOIOM
Monre-Kapio. InTepBai KoehillieHTY BIAXUICHHS BiT Kmin 10 Kmax JUTUTHCS HA S5 PIBHUX BiAPI3KiB (Ta0IMI. 2).
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Tabmurs 2 - BuxiaHi qasi Juist OMiHKY KUTBKOCTI Ae(eKTiB
Table 2 — Initial data for estimating the number of defects

Cepenns | KoedimieHT BigxuineHHS INicrorpama oI1iHKM HMOBIPHOCTEH MMOMaIaHHS B OAMH 3 5 PiB-
KUTBKICTh MIHIMYM | MaKCUMyM HUX BIPI3KIB IHTEPBATY Kmin = Kmax
nedeKTiB

D, Fomin Komax i ‘ p2 | D3 | D4 ‘ Ds

Posirpyerbcs 3HaueHHS! BUIIAIKOBOI BEJIMYHMHU ¢, sIKa pIBHOMIPHO po3noifieHa B iHTepsaii Bix 0 10
1, 32 HUM BU3HAYAETHCS HOMEp N IHTEpBAIY 3 TiCTOTpaMH, Kyau momanae &, 1 KUIbKiCTh aAedekTiB D 00-
YHUCITIOETHCS 3a POPMYJIOHO:

1 (n-1)
D= Dcp '7(kmax _kmin) [(Vl _1) + (5 - sz)/pn]
5 i=1 (12)

Hukmigai poOOTH, TaKi SIK OYUIIECHHS MOKPHUTTS Ta YKPIIUICHUX y30id Bij muty i Opymy abo mopivHi
po0OoTH 3 03eNIeHEeHHSs TOIIO MJIAHYIOTHCS Ha PETYISPHIA OCHOBI, a €Ki (HampHuKIa, 3aKJIaJeHHs TPIKH B
MOKPUTTI) MOBHHHI OyTH BUKOHAHI IO IEBHOI JaTH POKY, MPOTE TOYHA KIJILKICTh X HEBiOMA.

3 METOI0 YIpaBJiHHA MPOLECOM MOJICIIOBAHHS LUIIXOM IOCIiOBHOTO PO3IIISIAY MOAIH cucTemu
CTBOPIOETHCS PETICTP CUCTEMHOTO Yacy — BICh Yacy, Ha SKIA BiIMI9alOTHCSI MOMEHTH KOHTPOJIIO CTaHYy €lle-
MEHTIB, MOMEHTH MOYATKY 1 3aKiHUE€HHA POOIT 3 yCyHEeHHs Ae(DeKTiB Ta GOPMYETHCS Jiesika CTPYKTypa AaHuX,
acolifioBaHa 3 IUMU MOMEHTaMH, sKa iMeHTU(IKY€E THII MOMEHTY Ta Horo 3MicT. CTpyKTypa JaHUX Ja€ MOXK-
JIUBICTh BUKOHATH OOYMCIICHHS 1 HAKOITMYEHHS BUTPAT, MPUPOINEHHS (YHKIIT CYCHIIBHOTO 100po0yTY TOIIO
1 3aHECTH y PETICTP HOBUI MOMEHT Yacy 3MiHU CTaHy CHCTEMH.

Perictp cuctemHoro gacy popMyeThCsl 32 IPUHIMIIOM, HABEJICHAM Ha PUC. 5.

/ MoMeHTH KOHTPOIIO

Q ) 4

/
=
o

J
k4

I
:\ HesannanoeanHH MOMEHT

e
i KOHTPOIIO ':
! ! Yac
* O—t s ; .
Heé)em' Tlowatdg poﬁoin«l Ki}iem; poBoTH 'ul Hae
| ® @ ’. ® >
Hed)iem H(é‘)‘ifﬁIOK poOoTH :. Kinens poGotH
i i \E\\ Yac
ﬂetf)em
i V o ! s
PericTp cHCTeMHOTO Hacy Uac

Pucynox 5 — Cxema ¢hopMyBaHHS PETICTPY CHCTEMHOTO Yacy
Jlxepeno: aBTopcbka po3pooKa.
Figure 5 — Scheme of the system time register forming
Source: author's development.
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B nesiki 3amaHoBaHi MOMEHTH KOHTPOJIO HassBHOCTI Ae(eKTiB PiKCYIOThCs IaHi PO CIIOCTEPEkKEHI
ne(eKTH, BUKOHYEThLCS TUTAaHYBaHHS MOMEHTIB ITOYATKy poOiIT 3 iX yCyHEeHHsI, MeTojoM MonTe-Kapiio Bu3Ha-
YarOThCS BUITAIKOBI TPUBATICTE 1 BApTICTh poOiT. [li MOMEHTH 3aHOCSTBCS B PETICTP CUCTEMHOTO Yacy y Moc-
JIIZIOBHOCTI IX BUHUKHEHHS B Yaci, TOOTO BIOPSAKOBYIOTHCS. 3 CACTEMHOT'O PEricTPy MOCIIITOBHO BUOUPAETHCS
YeproBUi MOMEHT 3IiHCHEHHS TOii, 3a BIAIOBIIHIME aJIf'OPUTMAaMHU IHTEPIPETYETHCS CYTHICTD 1 BUKOHY-
€Thcst 00poOKa 11iel momii 3riHo 3 KIacu]ikaIiero momii.

MoOMEHTH KOHTPOJIO HASBHOCTI Ne()EKTiB MOXYTh OyTH BHITAIKOBHUMH (CKaprd KOPUCTYBadiB, KOH-
TPOJIb CTaHy €JIEMEHTIB JOPir 3aMOBHUKOM). BOHM Takok MOMIILYIOTBCSL Y PETICTP CUCTEMHOTO 4acy, B pe-
3yJIBTaTi YOO PEricTp KOPUTYETHCS, 1 paHilll 3aIUIAHOBaHI MOMEHTH BiOYTTS MOJii 3MILLyI0TECS (IIpU HEOO-
X1THOCTI).

BucHoBkn

1. BuMoru 10 eKCIuTyaTaIlifHOTO CTaHy €JIEMEHTIB aBTOMOOUTEHUX JAOPIT B iCHYIOUHX HOPMATUBHHUX
JIOKYMEHTax € JOCUTh TIOBHUMH, ajie BOHH NOTPEOYIOTh cUCTeMaTH3auii y NeBHii TaOnu4Hild GopMi.

2. 3HaueHHs MapaMeTpiB eKCIUTyaTalliiiHUX PiBHIB 00CIYrOBYyBaHHS, NPUCYTHI Y iICHYIOUHX HOPMAaTHB-
HHUX JIOKyMEHTaX HMPUHMArOTHCS HAMHM SIK TPAaHUYHO JIOIYCTHMI, BOHH NOBHHHI OyTH BpaxoBaHi B MOAEISX
OOIpyHTYBaHHS eKCIUTyaTalliiHUX PiBHIB 00CITyrOBYBaHHS K OOMEKEHHS.

3. [TapameTpu piBHIB BTpYYaHHS B €KCIDIyaTallIfHUX PIBHIB 00CITyTOBYBAHHS BCTAHOBIIOIOTHCS 3 TEX-
HIYHMX BHMOI 3a0e3leUYCHHs O€3MEeKH PyXy, MPOSKTHOI (PYHKIIOHAJBHOCTI CIIEMEHTIB CKIAIO0BUX IOPIT
(HampuKJal, BUAMMICTD 3HAKiB Y HIYHHH 4ac, JOMyCTUMa MPOIMYCKHA CIIPOMOXKHICTh TPyOU TOIIO), BIUIUBY
Ha JOBKIJUIS, BUMOT 13 30€peKCHHSI €JIEMEHTIB TOIIIO.

4. BusHaueHHs LiHU JOBrOCTPOKOBOTO KOHTPAKTy Ha YTPUMAaHHS aBTOMOOLIBHUX JOPIT Ta iHIINX
HOTO IapaMeTpiB ABJISE COOOI0 CKIIATHy HAYKOBY ITPOOJIEMY, SKa PO3TIISAAETHCS METOIaMH aHATI3y CYIacHUX
€KOHOMIYHHX TEOPIH: Teopii areHTCTBA, TCOpii HEMOBHUX KOHTPAKTIB 1 eKOHOMIKH TPAaHCAKIIIMHIX BUTpAT.

5. AHaii3 CBITOBOTO JOCBiAY 3 pO3p0oOKK Moenel oOIpyHTyBaHHS €KCIUTyaTaliiiHuX piBHIB 00CiTy-
TOBYBaHHS TI0Ka3aB, 10 IPO0JIeMy OOTPYHTYBAaHHS IMMOTPIOHO PO3TIIAIATH 3 JISTANI3AIlI€I0 HAa PiBHI OKPEMOTO
neQeKTy.

6. Jlns BupimeHHs npoOneMu o0IpyHTYBaHHsI 3alPOTMIOHOBAHMIN IMiXiJ HA OCHOBI IMITaLlifHOTO MO-
JETIOBAHHS 3 BUKOPUCTaHHIM MeToy MonTe-Kapro. {ina KOHTpaKTy 3aJ1eXXUTh BiJ cenu(iKOBaHUX B yMO-
Bax KOHTPAKTY PiBHIB 00CIyroByBaHHs Ae(DEKTiB €IEMEHTIB AOPIr, TapaMeTpH SKUX MOTPiOHO ONTUMi3yBaTH.

7. Iloka3HUKH PiBHA 00CIYyrOBYBaHHS €JIEMEHTIB JOPIT MOBUHHI BCTAHOBIIIOBATHUCH KPAILITUMHU BiJ| [pa-
HUYHO JIOIYCTUMHX 3 YMOB 3a0e3neueHHs O0e3MeKu, MBUAKOCTI Ta KOM(POPTHOCTI pyXy i 3 BUMOT 30€peKeHHs
CJIEMEHTIB JIOPIT.

8. 3amauero TexHIYHOI Teopii eKCInTyarTaii aBTOMOOITFHUX JOPIT MMOBUHHA OYTH PO3poOKa MoeeH
BIUIMBY PiBHIB 00CIYrOBYBaHHs Ha BETMUMHY CYCIUJIBHOTO T00POOyTY.
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Abstract. The article deals with the problems of substantiation of service levels in long-term mainte-
nance contracts of public roads. It has been established that the requirements for the operating condition of
road elements in existing regulatory documents are rather complete, but they are unsystematized, which com-
plicates the process of their processing in order to conclude a long-term contract for maintenance of roads. It
has been determined that according to the world experience, the problem of substantiation of service levels
should be considered with detail at the level of the individual defect.

The research object is a long-term contract based on end-of-life performance (service levels) of public
roads.

The subject of research - levels of service - requirements for the operational state of general roads.

The purpose of the study is to substantiate the levels of service in long-term contracts for the mainte-
nance of public roads.

Research methods - analysis and theoretical generalization of the world experience in substantiating
service levels when implementing long-term maintenance contracts of roads.

The conducted studies have shown that simulation modeling, in particular, the Monte Carlo method,
should be used to solve the problem of substantiation of service levels. In this case, the indicators of the level
of maintenance of the elements of roads should be set better than the maximum permissible in terms of ensuring
safety, speed and comfort of motion and the requirements for the preservation of elements of roads.

Keywords: long-term contract, service level, requirement, performance
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AHoTanist. Y naHiif cTaTTi BiZoOpakeHO 3HAYEHHS MEPEKi aBTOMOOUTEHUX JTOPIT IS COIIIAIBHOTO PO-
3BHUTKY CYCITIIBCTBA TA PO3BUTKY EKOHOMIKH JepKaBH BIJIOMY. Ha 0CHOBI iTepaTypHUX AXKeper MpoBeIeHO
KOMIUICKCHUN aHaji3 HUHIIIHBOTO CTaHy (DYHKUIOHYBaHHS AOPOKHBOI'O TOCIOAApCTBA YKpaiHH, CydacHHX
TEHJICHITIH HOTO PO3BUTKY. BCTaHOBIIEHO, IO TOPOXKHS TATY3b 3HAXOAUTHCS B TOCUTH BaXKKIH CHTYyaIlii, OCKi-
JIEKU TPAHCIIOPTHO-EKCINTYaTAMIHHIKN CTaH MePEeBaYKHOI O1IBIIIOCTI aBTOMOOUTEHUX AOPIT YKpaiHU € HE3aI0-
BibHUM. Yepes Opak GiHaHCOBUX pecypciB OyAiBHULTBO HOBUX JOPIT 3iHCHIOETbCS BKpail piaKo, a Bce Jac-
TiIlIe IPOBOIATHCS TOPOXKHI POOOTH IO YTPUMAHHIO MEPEXKi BXKe ICHYIOUMX JIOPIr Ta 3a0e3TMeUeHHI0 X He0O-
X1JHOTO TPAHCIIOPTHO-CKCIUTYaTaI[ifHOTO CTaHy.

3a pe3yabTaTaMy IPOBEACHOTO aHANII3Y BUALICHA O/IHA 3 OCHOBHUX MPUYHH MEPEAYaCHOTO PyHHYBaHHS
HOBO30yZOBaHHX a00 BiIPEMOHTOBAHMX KOHCTPYKLIH JOPOKHBOTO OJATY HEKOPCTKOTO THUITYy — HU3bKA Mill-
HICTh MIKIIIAPOBOTO 3YECTUICHHS B 30HI KOHTAKTY 3HOBY YKJIAJICHOTO MaTepiany 3 HI)KYE pO3TAIlIOBAHKM IITa-
poM. JleTanpHO BUBUEHO BIUIHB 3UCIUICHHS MiX ac(aabToOeTOHHUMU IIapaMu Ha MiLHICTb JOPOKHBOTO OJIATY
Ta oro noBroeiuHicTs. [IpoananizoBano psa GpaxTopis, AKi BILIMBAIOTH HA SKICTh 3UCTUICHHS MK IIapaMu.

BcraHoBIteHo, 1110 17151 3a0€3MeYeHHS MILIHOCTI 34EIICHHS MK ac(ajbTOOCTOHHIUMH IIapaMH TOPOK-
HBOTO OJITy HEOOXiTHO HEYXMIBHO JOTPUMYBATHCh TEXHOJIOTIYHNX PEKUMIB IX YKIaIaHHsI, TIEPII 32 BCE Te-
MIepaTypHHUX; BpPaxoBYBaTH (i3uKO-MeXaHIuHi BIACTUBOCTI MaTepiajiB Ha eTarli OyIiBHUITBA Ta BIJIUB KJIi-
MaTHYHHUX 1 MEXaHIYHUX YMHHHUKIB, a00 HaifuacTile X KOMIUIEKCHUH BIUIMB Ha €KCILTyaTallilo aBTOMOOIIbLHOT
TOpPOTH.

Ki1r040Bi cjioBa: KOHCTPYKLisI AOPOKHBOTO OJTY, acanbTOOCTOHHI MapH, MIITHICTh 3YETIICHHS MK
HIapamu, 3CyB, TpilIuHA.

Beryn. Mepeka aBTOMOOLIBHHX JOPIT € HEB1I €EMHOIO YaCTHHOIO €HMHOI TPAHCIIOPTHOI CHCTEMHU, 1110
3a0e3redye poOOTy BCiX ray3eil MPOMHUCIOBOCTI, EKOHOMIKH 1 CITBCHKOTO TOCTIOapCTBA, COMIaTbHUN PO3BH-
TOK CYCHiIbCTBa. BiJ cTaHy aBTOMOOIIBHUX JOPIT 3a1ekKaTh BUTPATH HA IIEPEBE3CHHS BAHTAXKIB Ta MACAKUPIB,
PIBEHB I1iH, TIEBHOIO MipOI0 3aWHATICTh HACEJIICHHS Ta TEMITH PO3BUTKY €KOHOMIKH OyIb-SKOi JACpKaBU 3ara-
JIOM.

Amnai3 jitepaTypHuX JpKepen [1] cBigunTh mpo Te, 10 HUHIMIHIN eKcIuTyaTalifHuil cTad OibIIOCTi
aBTOMOOUIFHUX JOPIT 3arajbHOTO KOPUCTYBAaHHA YKpaiHu € He3a10BUTbHUM. [IpakTHYHO ciMIecsT BiACOTKIB
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3 HUX ypa)Ke€HO SIMKOBICTIO, a OKpeMi IUISIHKH AOPIr € aBapiiHO HEOE3NeUYHUMHU Ta NOTPEOYIOTh TEPMiHOBOTO
KaITliTATFHOTO 1 MOTOYHOTO CePEeIHHOTO PEMOHTIB.

JlocipkeHHs 6araTboX BUCHUX [2-4] CB1I4ATh, IO OJHIEIO 3 OCHOBHUX MPHYHH MEPETYACHOTO PYIHHY-
BaHHsI HOBO30yIOBaHUX a00 BiAPEMOHTOBAaHUX KOHCTPYKIiil JOPOKHBOTO OAATY HEKOPCTKOTO THITY € HU3bKa
MIIHICTh MIDXKIIIAPOBOTO 3UEIUICHHS B 30HI KOHTAKTy CBIKO YKIJIQJIGHOT'O MaTepialy 3 HIKYE PO3TAIIOBAHUM
IIapoM, OCKUIBKH yMOBa MIITHOTO 3B'I3Ky MK IIapaMy Haifuactime He foTpuMyeThes. [Ipu excruryararmii no-
POXHIX KOHCTPYKLiH Ha KOHTAKTi MiX IIapaMy BiIOYBarOTbCS BiIHOCHI 3MILIEHHS, IO CBiYaTh MpO HEIO-
CTaTHIO MILHICTh MDKIIAPOBOTO 3UEIUICHHS NPU TMHAMIYHHUX BIUITMBAX TPAHCIIOPTHHX 3ac00iB i, K HACIIAOK,
BUHUKHEHHS BUCOKOYACTOTHHUX KOJIMBAHb ITPU3BOIUTH JI0 IIBUIKOTO PyHHYBaHHS JOPOKHIX TIOKPHUTTIB.

Mera i MeToan. MeTo0 CTaTTi € aHami3 iCHyl0UHX (aKTOPiB, SKi BIUIMBAIOTH HA MIlJHICTh 3YETJICHHS
MiX ac(albTOOETOHHUMH IIapaMu TOPOKHBOTO OJATY.

Pe3ysbTaTu i nosicienHs. Ha Tepuropii Ykpainu HalO11b11 PO3ITOBCIOPKEHUMH € KOHCTPYKIIiH T0po-
’KHBOTO OJIATY 3 ac(hanbTo0eTOHUM MOKPUTTAM. 11]06 moKpamyTi 34erieHHs M apaMy JOPOKHBOTO OJATY
3aCTOCOBYIOTH MIATPYHTOBKH 13 GiTyMy abo 6iTymMHOI eMyinbcii. JJopoxHi 6iTyMHI eMybCii — B SKYy4rH 1 TUTi-
BKOYTBOPHHI MaTepiall, o ABJsie cOO0I0 OIHOPIAHY MaJIOB’SI3KY PiIMHY TEMHO-KOPHYHEBOTO KOJIBOPY, SKa
CKJIAJIA€ThCA 13 OITYMY 1 BOJHOTO PO3YHHY eMYIbraTopa.

Cunu 34enyieHHs, SKi BiJirparoTh MEPLUIOPSIIHY PoJib B 3a0e3MeueHH] JOBrOBIYHOCTI JOPOKHBOT KOHC-
TpyKLii, 00yMOBIIOIOTECS aAre3i€l0 Ta KOre3i€r0 MIiBKU B'SDKYYOro, IO 3aCTOCOBYETHCS AJISl MiATPYHTOBKH.
Kore3is 3a1euTh BiJ] BIACTUBOCTEH KIICIO, a aare3is - Bil (i3MYHAX Ta XIMIYHAX BIACTUBOCTEH MTOBEPXOHB,
II0 CKJICIOIOTHCS 1 CHIT B3a€MOIIT IINX TIOBEPXOHB 3 KIICEM.

Henanexxne 34eruieHHs acanbToOOSTOHHUX MIAPiB MOKE MPU3BECTH 0 MOPYLICHb CTPYKTYPH JOPOXK-
HBOTO OJIATY: 3CYBY, BiAIIapyBaHHS BEPXHBOTO IIapy HOKPHUTTS Ta BAHUKHEHHS MO30BXHIX TPILIHH 110 CMY-
rax Hakarty (puc. 1).

a) 3CyB; 0) BiIIapyBaHHS BEPXHHOTO C) BUHUKHEHHSI [TO3/I0BXKHIX
nrapy; TPIIUH
a) slippage; b) delamination of surface ¢) longitudinal cracking
layer;

Pucynok 1 — XapaktepHi OpYIIEHHS CTPYKTYPH IOPOKHBOTO OJIATY, BUKITUKAHI HEJTOTPHUMAHHIM YMOB
34erieHHs ac(aabTOOETOHHHX MIapiB
Figure 1 - Potential violations of road structure caused by non-compliance with the bonding conditions
of asphalt concrete layers

Jnst 3cyBy XapaktepHi TpimuHU B hopmi miBMicsiss. BoHu 3a3Bu4aii MaloTh JiBa KiHIII Ta CIPSMOBAaHI B
HaNpsMKy pyXy TpaHCHopTy. BimmapyBauHs mepenbadae MOBHE BiUTIJICHHS BEPXHBOTO LIAPY TOPOKHBOTO
MOKPHTTS Bl HIKHBOTO 1apy. Lle Moxke cTaTucs yepes cepifo3He MOTipIIeHHs KOB3aHHS 1 pyiHyBaHHS aca-
JHTOOETOHHOTO APy HAAMIPHOIO KUIBKICTIO BOJOTH. MilHI 10o0Ope cKileeHi mapyu HeoOXiaHi A mepenadi
HaNpy>XeHb PO3TATY Ta 3CYBY IO BCiil KOHCTPYKLIi JOPOKHBOTO OIATY, OCKINBKM BiAIIApyBaHHS 3MEHIIYE
Hecy4y 3/1aTHICTh IOPOKHBOTO IMOKPHUTTS 1 MPUCKOPIOE MOSABY TPiuH. OCHOBHOIO MPUYNHOIO MOSBH MO3/I0B-
KHIX TPILIWH € BAHUKHEHHS HAaNPY>KEeHb PO3TATY Ta 3THHY B IIIApax JOPOKHBOTO OAATY i/ i€10 HABAaHTAXKEHb
BiJl aBTOMOO1IIB 1 TEeMIIEpaTypHUX KOJIMBaHb, 8 OCOOJIMBO MPH CHIJIBHIN i HuX GakTopiB. TpilIHHN 3apOaKy-
I0TBCS TaM, JIe HOpMaIbHI HANPY>KEHHS PO3TATY B IIapi JOPOKHBOTO OAATY MEPEBHUIIYIOTH MEXKY MIIIHOCTI Ha
PO3TAT MaTepiaty BiJIoBiHOTO TIapy [5].
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CyTTeBHI BIUIMB Ha SKICTh 3UCIUICHHA MK IIapaMy YUHSTh THII, BUI, CTPYKTYpa 1 QpakTypa marepiairy
mapis, M0 3’ €HYIOTHCS, CTYITIHb OYUIIICHHS TIOBEPXHI TIepel HAHSCSHHSIM TIATPYHTOBKH i OCOOIHMBO SIKICTh
1 BUTpaTH MATPYHTOBKH, a TAKOX PIBHOMIPHICTH ii HAHECCHHS Ha TTOBEPXHIO Ta Yac 3aTBEPHiBaHHS.

Binomo, o HaaMipHE BUKOPUCTAHHS €MYJbCii IPU3BOAUTH IO MIPOKOB3YBAHHS MIXK LIapaMu JOPOXK-
HBOTO OJIATY, a OT)KE, 3aBJIa€ IMKOIX MIITHOCTI 1X 3ueruieHHs. [Ipu BuOOpi miATrpyHTOBKH 13 OiTyMy ab0 OiTyM-
HO1 eMyJIbCil BaXKJIMBO HE TUTHKM BUKOPUCTOBYBATH MPABUILHUHN THII, € TAKO’K HAHOCHUTH 1i 3 TIPAaBHIILHOIO
MIBUIKICTIO.

OnHuM 3 HaWO1TBII 3HAYYIIMX YMHHUKIB, 10 BU3HAYAIOTH ONTUMAJIFHY HOPMY HAaHECEHHS OPOXKHIX
eMYJIbCiH, € cTaH ToBepxHiI MOKPHUTTA. [loBepXHi, AKi € BIAKPUTHUMH 1 OKHCICHUMH, TTOTPEOYIOTh OUTBIITIOTO
3aCTOCYBaHHS eMYJIbCIi AJISl TOCATHEHHS HAJIEKHOTO 3YETUICHHS MIXK IIapaMu JOPOXKHBOTO OJISTY.

3HaYHMH BIUIMB HA MILHICTh CKJICIOBAHHS YHHHUTH CTAH CKJIICIOBAaHUX ac(albTOOCTOHHUX IIapiB. SKiio
MOBEPXHS [UX IIApiB HIOPCTKA, TO (haKTUYHA IUIOMIA CKICIOBAHHS 30LTBIIYEThCS 32 PAXYHOK NMPOHUKHEHHS
eMyJIbCii B TTOpH 1 3MOYYBAaHHS BHYTPIIIHIX CTIHOK. AJie 11 HamMipHEe MPOHUKHEHHS TaKOX HeOakaHe depe3
MO>KJIMBICTh TIOSIBU PO3PHBIB MO BEPTUKAJI KJIeioBoOi mmiBku. KpiM Toro, BUpimansHUM € TpaHUYHE CKIICIO-
BaHHs, a HEe MIMOMHHE. 30iJbIIEHHS MOPUCTOCTI (MIPU BEIMYHHI MOP, AOCTATHIA IJsl TPOHUKHEHHS B HHUX
KJICIO) TIOBEPXHI CKJIICIOBAHUX ac(aIbTOBHX IIIAPiB ITiIBUIYE MIITHICTh CKJIICIOBAHHS y KiJIbKa pa3iB.

Hocnigaukamu [6] Big3HadaeTbesl TOH GaxT, 10 TOHKUHM KJICHOBUH 1ap Mae OBy MIHICTh Ha PO3-
PHB 1 3CyB Y IOPiBHSIHHI 3 TUM K€ TOBCTHM ILIAPOM KJIEIO, IPUIOMY 31 3SMEHIIICHHSIM TOBIIWHH IUTiBKU MiITHICTh
3'emHaHHs 3pocTae. Lle 3pocTaHHs MIITHOCTI YacTO OB’ I3YIOTH 31 301IBIIICHASIM MOJICKYJSIPHUX CHJI MK TBE-
PIUM TiIOM 1 BHYTPIITHBOIO YaCTHHOIO TDIIBKY KJICIO 1 3SMEHIIICHHAM KiTBKOCTI I€(PEKTIB Y TOHKUX KICHOBHX
TUTiBKaX y MOPiBHSHHI 3 TOBCTUM LIAPOM.

B ocHOBI nprimmmanss 6iTyMy, 0 BUAUTABCS B pe3yibTaTi po3namy OiTyMHOI eMyJIbCii, JIeKaTh MoJIe-
KYJISIpPHO-TTOBEPXHEBI sIBUIA. AZre3ist OITyMy 3aJIe:KUTh BiJl BEJIMKOI KIIBKOCTI (PaKTOPiB, BILUIUB SIKUX MPOSIB-
nsieThes B porecax ¢izuyHoi agcopouii i xemocop6ii. [Ipu HasBHOCTI TiBKH (izndHOT ancopOuii 34enieHHs
IUTiBKH OiTYyMy 3 MOBEPXHEI0 MiHEpaJbHOro MaTepialy OyAe 3HAUHO MEHIIUM, HiX B TOMY BHNAIKY, KOJIH
MaroTh MICIIE MPOTIECH XIMITHOI B3aemoii. [[s Toro, o6 3amobirta BiAnmIapyBaHHIO BOJOIO IDIIBKH OITYMY
BiJl MOBEPXHI MiHEpaJILHOTO MaTepiany, HeoOXigHO, 00 afacopOLiHHUMA 3B'I130K OITYMHOT TUTIBKH 3 MOBEPX-
HEI0 MiHEepaJIbHOI YaCTUHKH OYB BUILUM aJCOPOIiHOrO 3B'A3Ky MiHEpPaJIbHOTO MaTepially 3 BOJIOIO.

[Ipu BamTyBaHHI TOPOKHLOTO OMIATY CIIiJl BpaXOBYBAaTH KIIIMATHYHI Ta TPYHTOBO-T1APOJIOTIYHI 0CO0-
JIUBOCTI pi3HUX perioHiB Ykpaiau [7]. Lli ocobnmmBocTi HEOOXiMHO OpaTH 0 yBard Mpu BUOOPI TUITY 1 MapKU
acganbToOETOHY 3rifHO 3 pallOHYBaHHAM TepUTOPii YKpaiHu 3a KIIMaTHYHUMHI YMOBaMH POOOTH TIOKPHTTIB,
P IPU3HAYCHH] PO3PaXyHKOBHX XapaKTEPHCTHK IPYHTY 3€MJITHOTO TTOJIOTHA 3aJIeKHO Bifl HOTO BOJIOTOCTI y
PI3HUX 001aCTSIX 1 PO3PAXyHKOBUX XapaKTEPUCTHK acPaIbTOOCTOHY 3aJIeKHO BiJ HOTO TeMITepaTypH, a TAKOK
MIPY IPOEKTYBaHH1 3aX0/IiB 10 3a0e3MeYeHHI0O MOPO30CTIMKOCTI 1 OCYHIEHHIO TOPOXKHBOTO OJIATY.

ToBUIMHY MOHOJIITHHUX IIAPiB SIK OCHOBHU, TAK 1 OKPHUTTS CJiJ NpU3HAYaTH TaKolo, 00 po3TIAryroUi
HaIpy>KEeHHS, 110 TII0Th B HOTO HAHOUTBII HATIPYXKEHiH 30H1, HE MIEPEBUIYBAIH JOITYCTUMUX.

Bepxwiii map 0CHOBH KamiTATLHAX TOPOXKHIX OJIATIB TOTPIOHO BIAIITOBYBATH, TOJJOBHUM YHHOM, 3 MO-
HOJIITHUX MaTepiajiiB — 3 MOPUCTOTo ac(aabTOOETOHY, eOEHEBUX CyMilllel, PpakIiifHOro meOeH!0, a TAKOX
IIEMEHTOOETOHY.

JUst BIamTyBaHHS HIDKHBOI YACTHHHU OCHOBHM B 3aJISKHOCTI Bi/l PO3paXyHKOBHX YMOB PyXy CIiJ| Haja-
BaTH IEpeBary MOHOJIITHUM (YKpIIJIeHI TPYHTH 1 KaM'sHI MaTepiajin), a TaKOXK 3€pPHUCTUM Marepianam, 10
BiJIMIOBi/Ial0Th BUMOTaM HOPMATUBHUX JJOKYMEHTIB.

AchanbToO0CTOHHI IapU JOPOKHBOIO OJATY CJIiJ] BIAIIITOBYBATH JIMIIE B CyXy moroay [8]. YkiamaHHs
XOJIOAHUX Ta Tapsauux acaabTOOETOHHUX CyMillel OTPiOHO MPOBOAUTH BECHOIO ab0 BIITKY MpHU TeMIIepa-
Typi moBiTps He HIKYe + 5 °C, Bocenn — He HIKYe + 10 °C.

SIK BUHSTOK, pOOOTH 3 BUKOPHCTAHHIM TapsduxX ac(anbTOOCTOHHHX CyMIIICH OITyCKA€THCS MPOBO-
TIUTH TIPUA TEMITepaTypi oBiTpst He HIKYe HixK 0 °C, 32 yMOBH TOTpUMaHHS HACTYITHUX BUMOT'

- TOBIIMHA IIapy acalbTOOCTOHY MOBUHHA OYTH HE MEHIIE HiX 4 cM;

- acarbTOOCTOHHI CyMIIITi HEOOX1THO BUKOPHUCTOBYBATH pa3oM 3 [1AP;

- HIDKHIN 1ap J0POXKHBOI'O OAATy Tpeba BIaIlITOBYBATH 3 IIUILHUX ac()aabTOOCTOHHHUX CYMIIlIeH, SKIIO
B3MMKY Ta HaBECHI 110 HOMY Nepea0adacTbesl pyxX TPAHCIIOPTY;

- BEPXHii ap NOKPUTTS AOPOKHBOTO OASATY J03BOJISIETHCS BIAILITOBYBATH 10 CBIKOYKIAICHOMY HHXK-
HBOMY Iapy IICIIS 0XOJIOMKEHHS HOTO 0 TeMITepaTypH He Hiwk4e Hixk 20°C;
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- BEpXHil IIap MOKPUTTS TOPOKHBOTO OJSTY JOIMYCKAETHCA BIAIITOBYBATH MIiCIs MPOTPiBY HIKHBOTO
1Iapy rapsi4uM MickoM, BUCiBKaMu a00 acaabTopo3irpiBauaMu iHPpauyepBOHOIO BUIPOMIHIOBAHHS.

YKitamanHs XOJIOMHUX CyMIIIeH MOTPiOHO 3aKiHIYBAaTH OPIEHTOBHO 3a 2 THXKHI J0 MOYATKY IEPiOAy
OCIHHIX JIOIIB y JJaHI1# MiCIIEBOCTI.

[Tepen BramTyBaHHSAM IIAPYy TOPOKHBOTO OJSTY TIO ICHYIOUOMY TOKPHTTIO HEOOXiTHO BiJHOBUTH MO-
HOJIITHICTh CTApPOTO TOKPHUTTS BiAMOBITHUMU PEMOHTHUMH MeTtonamu. [Ipu rimbuHi Komil Ha cTapoMy ITOK-
putTTi moHax 1 cM Horo moTpiOHO BUPIBHATH IIISIXOM BIIAIITYBAaHHS BUPIBHIOIOYOTO IAPy TEPMOIPOdito-
BaHHSIM 4YH (PE3yBaHHSM.

OcHoBa, Ha SIKy YKJIaJa€ThCs ac(haibToOOSTOHHA CYMIII, IOBUHHA OyTH YHCTOIO Ta cyxoro. He mi3Hirme
HiX 3a 6 TOJ 10 MOYaTKy YKJIaJaHHs ac(albTOOETOHHOI CyMilli ap AOPOKHBOTO OASATY, 1[0 PO3TAIIOBAHUI
HIDKYE, TOTPIOHO 00poOUTH (MiAIPyHTYBATH) OYAb-SIKUM OPraHiYHUM B'SDKYYUM: OITYMHOIO €MYJbCIET0, Pil-
KuM, B'13kuM Oitymom mapku BHJI 90/130, BH/T 130/200.

[TiaArpyHTOBKY HHXKHBOTO IIAPY JTOPOIKHBOTO OJISITY MOXKHA HE BAKOHYBATH, SKIIO IS 1Iap BIAIITOBAHO
3 ac¢arbTOOETOHHOI CyMilli Ta MaTepialliB, MPOCOYCHUX OPTaHIYHUMHU B'SHKYUHMH HE Ti3HIIIE HiX 32 2 1001
70 YKJIaJIaHHs HOBOTO IApy, SIKIIO BiH YACTHH 1 IO HHOMY HE MEpeCyBaBCsl TEXHOJIOTIYHUN Ta IHIIMK TpaHC-
MOPT.

VY mponeci OyaiBHUITBA achaabTOOETOHHUX MOKPUTTIB Ta OCHOB Tpeba 3iiCHIOBaTH BXiJHHH 1 omepa-
UiHHUNA KOHTPOJIb SIKOCTI pOOIT, pe3ybTaTH SKOT0 MOTPiOHO BiZOOpakaTH B KypHajlaX MPUTOTYBaHHS CyMi-
meH, yKiIagaHHs Ta YIIUTbHEHHS 1X 110 3MiHax.

[Ipu npuroryBanHi achasbTOOSTOHHUX CyMIllICH MOTPIOHO KOHTPOJIIOBATH:

- TEMIIepaTypy OpraHigyHOTO B'SKY4YOro, MiHEpaJbHHUX MaTepialiB Ta TOTOBOI ac(aibTOOETOHHOI Cy-
MIIIli B Ky30Bi KOKHOT'O aBTOMOO1JIS; AKICTh Ta TO3YBAHHS BUXITHAX MaTEPialiB Ta TOTOBOI CYMIIIli —TIOCTIHHO;

- ¢isuKo-MexaHIgHI BIacTUBOCTI 1 ckiaza cymimi 3rigao 3 ACTY b B.2.7-89 1 ACTY b B.2.7-119 — ne
piaie oxHOTO pa3y 3a 3MiHy;

- (hi3MKO-MeXaHIYHI TOKa3HUKU OPTraHivHUX B'SDKYUYHX —HE PiAlle 0OJHOTO pa3y 3a 3MiHy;

- (bi3UKO-MEXaHIYHI MOKA3HUKU MiHEpAJIbHUX MaTepiajiiB (3epHOBHH CKJIaJ, MAapKy 3a JIPOOHIBHICTIO,
BMICT MWJIyBAaTUX 1 IIMHUCTUX YacCTOK, B T. Y. TIIUHY B TPYJKaX, KUIbKICTh INTACTUHYACTUX YACTOK) —HE pijie
oJHOTrO pa3y 3a 10 3miH;

- Ha MOYaTKy OYAiBEIHHOTO Ce30HY ab0 TPy 3MiHI MTOCTavYaabHHAKA MMPOMYKINii MOTPiIOHO BU3HAYATH Ma-
PKy 11eOeHI0 3a 3HOCOM Y OJTMYHOMY OapabaHi, MapKy 3a MOPO3OCTIHKICTIO.

VY mporeci BIamTyBaHHS MOKPUTTS Ta OCHOBH JOJATKOBO TpeOa KOHTPOJIIOBATH: TEMIIEpaTypy CyMilli
B KO’)KHOMY aBTOMOO1JTI Ha MicIIi YKIagaHHs; (i3UKO-MEeXaHIgHI BJACTHBOCTI ac(habTOOCTOHHUX CyMIIIeH 3a
NOKa3HMKAMU BUIIPOOYBaHHS TPhOX KepHiB Ha KoxkHI 9000 M? HOKPHTTS; 3UCILUICHHS IIAPiB HOKPHUTTS (KEPH
HE MOBUHEH PO3IUIATUCS MIPH yaapi MOJIOTKOM Macoro 1 Kr).

BucHoBku Ta pexomMenaanii. TakuM YUHOM BCTAHOBJIECHO, 1110 HA SKICTh 34EIUICHHS MiX acgalibTo0e-
TOHHUMHU IIIapaMH TOPOKHBOTO OJSTY BILTUBAIOTH Taki (DaKTOpH, K THIT MaTepiany IiATIPYHTOBKH, BUTPATH
MaTepiaay, YMCTOTa MOBEPXHI, MIOPCTKICTh MOBEPXHI, I'pajallis CKICIOBaHMUX IapiB. Bmiu nux ¢akropis
MpecTaBiIeHui y Tabmmii 1.

Ha nomavy mo mux YMHHUKIB, SIKi 3a3BHYAM OIIHIOIOTH y JabopaTopii, MOJbOB1 MOCIIHKEHHS ITOKa3y-
I0Th, IO HEIOCTATHE YIMUILHEHHS ac(hambToOCTOHHUX IMapiB TAKOXK MOXKE CIIPUATH MPOHUKHEHHIO BOJH, a
OTKe, 1 pyHHYBaHHIO MIIIHICTHOTO 3B’sI3Ky Mix Horo mapamu. [Ipu oOnamryBanHi achanbToOETOHHUX MIApiB
cJ1iJ; 000B’SI3KOBO 3aCTOCOBYBATH TaKi OCHOBHI METO/IM YIIIJIEHEHHS, SIK YKOUYBaHHS, BIOPOYILIbHEHHS 1 KOM-
IJICKCHUHA METOJ, TIPH SIKOMY MaTepiall OTHOYACHO IMITAETHCS YKOUCHHIO Ta BiOpoymriibHeHHI0. CTpyKTYypa
acganbToOeTOHY, 1110 BU3HAYAa€ HOTO MIIHICTh 1 3CYBOCTIHKICTD, y 3HaYHIH Mipi pOpMyeThCS came B pe3yiib-
TaTl yIIiIJTbHEHHS.

Jiis 3a0e3meueHHs MIITHOCTI 34eIUICHHS MK ac()aabTOOCTOHHUMH IIapaMH TOPOKHBOTO OATY HE0O-
X1JIHO HEYXWIILHO JIOTPUMYBATHCH TEXHOJIOTTUHUX PEKUMIB X yKIIQJIaHHSI, TIEPII 32 BCE TEMIIEPATYPHUX; Bpa-
XOBYBaTH (Di3MKO-MEXaHiYHI BJIACTUBOCTI MaTepiasiB Ha eTari OyJiBHUITBA Ta BIUIMB KJIIMaTHYHMX 1 MEXaHi-
YHUX YUHHUKIB, 00 HaigacTime IX KOMIUIEKCHHUIA BIUIMB HA €KCILTyaTaIlil0 aBTOMOOIIBEHOT IOPOTH.
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Tabauns 1 - Brimu pi3Hux QakTopiB Ha MILHICTh 3UETICHHS MK ac(anbTOOETOHHUMH HIapaMu JI0pO-
’KHBOTO OZIATY

Table 1 — The influence of different factors on the clutch durability between asphalt-concrete layers of
road clothing

BB Ha MiHICTE 3YeIJIEHHS MiK

dakTop
mapamMu

Tun kaeiioBoro mapy (miarpy-

CyTTEBO BILUIHBAE
HTOBKH)

31 3MEHIIIEHHIM TOBIIHHA KIEHOBOT
TUTIBKH MIIHICTh 3'€JHAHHS MIX LIapamMH 3pO-
cTae
BrumiBae 1 3aJIe)KUTH Bill TEMIIEpATypH
HaBKOJIMITHKOTO cepeioBUIIIa (TIPH HU3BKUX
TeMIeparypax MBUAKICTh HAHECEHHS eMYJIb-

PiBeHp BUTpaT HAHECEHHS MiT-
PYHTOBKH

[IBuaKicTh HAHECEHHS MIAIPY-

HTOBKH .
cili moBUHHA OyTH 3MEHIIICHA JJIs1 JOCSTHCHHS
HaJI)KHOI MIITHOCTI 3YCTUICHHS )
PiBHOMIpHICTD HAHECEHHS MiAT- PiBHOMIpHE HaHECCHHS 3a0€3meuye Mi-
PYHTOBKH IIHICTh 34CTICHHS MiXK IapaMu

YucTa noBepxHs 3a0e3mneuye OiblI BU-
COKY MIITHICTh 39CTUICHHS MK TITapaMH
IIopcTKicTh TOBEPXHI 301TBITY€E MiII-
HICTh 34CTUICHHS
Bonb rpy6i rpaganii cyMmibKHUX CKIte-
I'pamarmist cKJICIOBaHUX IIApiB FOBaHUX IapiB 3a0€3MMeUyIOTh OLTBII BUCOKY
MILHICTD TX 34EIUICHHS

YucToTa moBepxHi

IIopcTKicTh TTOBEPXHI
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ANALYSIS FACTORS AFFECTING FORMATION ON THE CLUTCH DURABILITY
BETWEEN ASPHALT-CONCRETE LAYERS OF ROAD CLOTHING

Levkivska Liydmyla Volodymyrivna, Ph.D., National Transport University, associate professor
department of high mathematics, e-mail: _v_g@ukr.net, +380975475724, Ukraine, 01103, Kyiv, Boychuka
str., 42, of. 514, https://orcid.org/0000-0002-5589-5257.

Elallak Jafar Musa, Postgraduate student of the National Transport University, Department of Road
Construction Materials and Chemistry, e-mail: jafarmoosa 77@ukr.net, +380668917124, Ukraine, 01103,
Kyiv, Boychuka str., 42.

Summary: This article reflects the importance of the road network for the social development of society
and the development of the economy of the country as a whole. On the basis of literary sources provides
complex analysis of roads in Ukraine, their current functional state and tendencies of development. It is
established that the road industry is in a rather difficult situation due to unsatisfactory transport and operational
conditions of the vast majority of Ukrainian roads. Construction of new roads is extremely rare because of lack
of financial resources. Road works are usually carried out to preserve the network of already existing roads
and to ensure their necessary transport and operational status.

According to the results of the analysis, one of the main reasons for the premature destruction of newly
constructed or repaired non-rigid pavements is the low strength of interlayer adhesion in the contact area of
the newly covered material with the layer below. The effect of clutch durability between asphalt layers on the
road strength has been studied in detail. A number of factors that affect the quality of clutch durability between
layers are analyzed.

It is established that in order to ensure the strength of grafting between asphalt concrete layers of road
clothing, it is necessary to strictly observe the technological regimes of their laying, above all temperature; to
take into account the physical and mechanical properties of materials at the construction stage and the influence
of climatic and mechanical factors, or most often their complex effect on the operation of the highway.

Key words: road construction, asphalt-concrete layers, clutch durability between layers, shear, crack.
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AHoTanisi. B po0oTi Ha OCHOBI aHANTITUYHOTO aHANI3y TaOMMYHHUX 3HAUYEHb MEXaHIYHHUX TTOKA3HUKIB
3B’SI3HUX TPYHTIB IMPHUPOTHOTO 3aJIATaHHS (CTPYKTYPOBAHMX), SIKI HABOAATHCS B OyHiBEIHHIX HOPMAaTHBHHX
JTOKYMEHTaX, Ta iX JEsKOro KOPEryBaHHS 3 ypaxyBaHHSAM IPAKTUYHOTO AOCBITY F€OTEXHIYHHX BHUIIYKYBaHb
13 3aCTOCYBaHHIM METOJY JUHAMIYHOTO 30HAYBaHHS, NA€ThCs rpadiuHa i aHamiTHuHa (HopMysbHA) IHTEPII-
peTaris IMX 3Ha4eHb BiIHOCHO 3HaYeHb MMOKa3HUKA AMHAMiuHOTO 30HAYyBaHHA P, , MIla, Ta moka3Huka TeKy-
gocrTi [r, 011., 33 CTyIIeHsI BOJJOHACHYCHHS IUX TPYHTIB S, > 0,8 o7,

Takox y poOoTi JaeTscs ¢izndnHe OOTpyHTYBaHHS CyTTEBOI Pi3HUILI Mi>K 3HAYCHHSIMH MEXaHIYHHX I10-
Ka3HUKIB 3B’SI3HUX IPYHTIB Y IX MPUPOJHOMY CTaHi Ta aHAJOTTYHUMH TEXHOTEHHUMH I'PYHTAMH y IITYYHHUX
IMKEHEPHHUX CTIOPYyIax-HACHIIaX, JIe IX CTPYKTYPHI 3B’SI3KHM OyJIM MOPYIIIEHI B TIPOIECi eKCKaBarlii, B MICIIIX
BHIIOOYTKY, pO3piBHIOBAHHS ITiJ] 9ac YKIaAaHHS Ta IMOIIAPOBOTO YITiITHHEHHS.

Kuro4osi ciioBa: HopMaTHBHI JOKyMEHTH, TaONWYHI AaHi, 3B’ 5I3Hi IPYHTH, IPUPOIHi, MEXaHIYHi M0-
Ka3HUKH, Tpadidaa iHTepIpeTaris, aHaTiTHIHI 3aJICKHOCTI.

Beryn

UYepes neBHY CKIAAHICTH BiAOMPaHHS MOHOMITHUX 3pa3KiB IPYHTIB, CKJIaJHICTh 1 TPUBAMICTS X 1a60-
paToOpHUX BHIIPOOYBaHb ISl BU3HAUCHHS CepeAHiX (HOPMATHBHHX) 1 PO3PaxXyHKOBUX 3HAUEHb MEXaHITHUX
MMOKA3HUKIB, HAa MIOYaTKOBUX €Talax MPOCKTYBAaHHS, a TAKOX JIJI1 MEHIII BiAMOBITAILHUX OYiBEIb 1 CIIOpPY/I,
3a3BHYai, KOPHUCTYIOTHCS HOPMAaTUBHUMU JaHUMH, SIKi HABOJATHCA B TaONMW4HIA opMi y BiANOBIAHUX HOP-
MAaTHBHHX JOKYMEHTax i3 OymiBamITBa [1, c. 47-48; 2, ¢. 88—-89, 3, c. 12—13].

OmHOYacHO, Ha TIOYATKOBUX €Talax MPOEKTYBAaHHS, Pa3oM i3 TPAAHMIIIHHIMHU OYPOBHMH T'€OTEXHid-
HUMH poOOTaMu Bxke 06arato poKiB 3aCTOCOBYIOTH # iHIII, OUTBII NPOAYKTUBHI, X04a 1 HE TaKi TOYHi, 1OTIOMi-
JKHI METOIM AOCTIDKCHHS TPYHTOBUX MACHBIB Ta OCHOB iHXKeHEpHHX cropyd. Cepen TaKuxX METOIIB JOCTaT-
HBO BEJIMKOTO MOIMMPEHHS HAOYIM METOAN CTATHYHOTO Ta IWHAMIYHOTO 30HAYBaHHA [5, ¢. 22]. 3HaYHUMU
HEJI0JIKaMU BUKOPUCTAHHS IIMX METO/MIB Y BITYUN3HSHIN TPAKTHUIII € TE, 110, 3a3BUYAM, O0IaTHAHHS T TAKUX
pOOIT BUKOPHCTOBYIOTH IMITOPTHOTO BUPOOHUIITBA, & METOIUKY OI[IHFOBAaHHS 3HAYECHh MEXaHIYHUX MOKA3HU-
KiB IpYHTIB 3amm(poBaHO B X MaCHOPTHIN MOKyMEHTAITl SIK BIACHICTH BIAIOBIAHOTO BUpoOHUKA. Uepes 11e
HE MOXXHa OyTH JTOCTaTHRO BIICBHEHHUM, IIIO JaHi, OTPUMAaHI B Pe3yIbTaTl AKHXOCh KOHKPETHO MPOBEICHUX
BUIIIYKYBaHb, BiANIOBIJAIOTh CaMe UM IpyHTaM, SIKi HACHpaBi 3aJsraloTh B OCHOBI iH)KEHEPHHUX CIIOPY.
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Tomy MeTor0 1i€i pOOOTH TaKOXK € HEOOXITHICTh TIOKA3aTH, SIKUM YHHOM PE3yJIhTaTH KOHKPETHUX JIO-
CIJIKCHb MOXKYTh OYTH y3TrOJKEHI caMme 13 JaHUMHU YMHHOI BITYM3HIHOI HOPMATHBHOI Oy1iBEIbHOI Oa3u 1a-
HUX.

OcHOBHA YaCcTHHA

AHaNITHIHUHN aHaJi3 TAaOJIUIHIX 3HAYCHb MEXaHIYHUX MTOKA3HHKIB 3B’ I3HUX IPYHTIB, Y HOPMaTUBHUX
JMOKyMEHTaX 3TraJjaHuX y BCTYI 1 B IPUHHATHX TaM Aiana3zoHax (iHTepBasax) MIHIMBOCTI IIUX MOKA3HUKIB,
MOJKHA TIPEJCTABUTH y BUIJIAAI €KCIIOHEHIIaTbHUX 3anexkHocTel (puc. 1—3). YV BuOpaHUX KOoOpAuHATax i
niama3oHax 3MiHM Taki QYHKIiT Mo)ke OyTH MPeACTaBICHO Bigpi3KaMM MPSMHX JiHIH, 1[0 T03BOJSE JOCHTH
MPOCTO 3HAXOMUTH HEOOXITHI MOKa3HUKHU TpadidyHuM MeToaoM. 1o rpadikiB TakoX JOJAHO BIAMOBIAHI iM
AQHAITITUYHI 3QJIKHOCTI, 10 HE TiJBKU CIPOIIYE MPOIIEC 1 TOUHICTh BUBHAYCHHS YUCIIOBUX 3HAYCHB IUX T10-
Ka3HUKIB, aJie 1 T03BOJISE, IPU HEOOXITHOCTI, aBTOMATH3YBAaTH IIeH MPOIIEC TaK, K TEIep e POOUTHCS B Tac-
MOPTax CBEPJUIOBUH CTATUYHOTO 30HJyBaHHS. [ MPUCTPOIB TUHAMIYHOTO 30HIyBaHHS TAKOTO AHANITHY-
HOTO TIEPEXO0/Iy B3araji He iCHyBaJo.

100

Moayne aedopmanii £, , MIla

10
(1) E,=1280exp (-2.771)
(2) E;=64.0exp (-2.77L) 5
(3) E;=320exp (-2.77 L) ~ o {2)
e S i " ,
M
NO),
1
0.5 0 () 0.5 1,0 () 1,5

TToKa3HHE TEKYI0CTL 1. on

Pucynok 1 — 3ane)xHOCTI HOpPMAaTUBHHX 3HAaYEHb MOIYJIS Meopmartii 3B’ I3HUX IPYHTIB Bij| ITOKa3HUKA Te-
Ky4ocTi, koiu S; > 0,8 ox1.

Figure 1 - Dependences of the deformation modulus normative values of cohesive soils on the yield strength,
when Sr > 0.8 units

Ha puc. 4 y rpadiusiii Ta aHaTITHYHIA (opMax MMOKa3aHO MOXKIUBICTh MMOEIHATH 3HAYCHHS TOKA3HH-
KiB OIOPY IPYHTIB JTUHAMIYHOMY 30HAyBaHHIO P,, Mlla, 3 piznuanmMu napameTpamMu IpyHTIB y BUTIISIII TTOKa-
3HUKIB TEKY4OCTi /1, 0]1., Ta KoeillieHTa yIIIBbHEHOCTI k4, 011. (32 [Ipuknoncekum B. A.) [7, c. 207].
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Pucynok 2 — 3ane)XHOCTI HOpPMAaTHBHHX 3HAYEHb 3UCIUICHHS 3B’ I3HHUX IPYHTIB BiJ MOKa3HUKA TEKYJIOCTI,
xonu S; > 0,8 ox.

Figure 2 - Dependences of adhesion normative values of cohesive soils on the yield index,
when Sr > 0.8 units.

[oxkazuuku 11, [6, c. 32] Ta k¢ y 6€3p03MipHOMY BUTJISIII OB’ S3aHi 3 BOJIOTICTIO W, Of., Ta TyCTHHOIO
CYXOTO IPYHTY pd, T/CM?, 3a5I€)KHOCTAMU:

I = (wy = w,) [ (w, —wy), (M
ky=(e, —e,)/ (e, -e, ), ()

ne [L — MoKa3HUK TeKYy4OCTi, O]1.;
k4 — TIOKa3HUK YITITHFHEHOCTI, OJI.;

WL Ta Wp — MEXI TeKy4OCTi Ta pO3KOUyBaHHS IPYHTY, OJI.;
e, Tae, — KoeilieHTH MOPUCTOCTI IPYHTY, O1., SIKi BiANOBIAaI0Th 3HAYEHHSIM iX MEX TEeKy4OCTi
Ta PO3KOUYBaHHS

WiTa e, — BOJIOTICTb 1 KOe(Dilli€HT MOPUCTOCTI KO)KHOI'O KOHKPETHOT'O 3pa3Ka IPYHTY.

Jns crany noBHoro BogoHacudeHHs Sy = 1,0 mi ABa MOKa3HWKU OJHO3HAYHO MOB’sI3aHi MK CO0OIO
3aJIeKHICTIO!

e=w:p,,
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al +ky=1,0,

Jie W — BOJIOTIiCTb IPYHTY, B O11.;
ps — MATOMA Maca YaCTUHOK IPYHTY, I/CM>.
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Pucynok 3 — 3ane)XHOCTI HOpMaTUBHUX 3HAYCHB KyTa BHYTPIITHBOTO TEPTS 3B’ I3HUX IPYHTIB BiJ
MMOKa3HUKa TEKyJIocTi, kKo S; > 0,8 MIla

Figure 3 - Dependences of the internal friction angle normative values of cohesive soils on the yield
strength, when Sr > 0.8 MPa

s BU3HaYCHHS TIOKAa3HUKA ps HE TIOTPIOHO BiIOMpPaTH MOHOJITH I'PYHTIB.

Takum 4rHOM Ha puC. 4, Y JOCUTH 3pYYHOMY TrpadiuHOMY i aHATITUIHOMY BUTIISII, MOKHA Oa4HTH,
SIK BC1 MOJKJIMBI CTaHM TPYHTIB, BiI TBEpIUX IO TEKYUYHX, TaK 1 X 3B’S[30K y BOJOHACHYICHOMY CTaHi 3 OITIOPOM
YMOBHOMY AMHAMIYHOMY 30HIyBaHHIO Py, MlIla, 1o 103B0JISIE TOMMUPHUTH 1IeH 3B’ 30K 1 HA CTaH IPYHTIB i3
Sr>0,8. Ha puc. 4 1110 30Hy BHOKPEMIICHO BiJIITOBITHUM 3a0apBICHHSM (IITPUXOBUMH JTIHISIMH).

Yce BUCITOBIICHE JI0 TETIEP CTOCYETHCS TUTBKHU MIPUPOIHUX, B TiHl UM iHIIIIH Mipi, CTPYKTYPOBaHHX (KpH-
cTai3aliiiHi, BOJHOKOJIOIIHI 3B SI3KK) TPYHTIB, 1 B IPUHITUII, HE MOXe OyTH OyIb-IKIMM YMHOM TIOITUPEHE Ha
TEXHOTEHHI AECTPYKTYPU30BaHi IPYHTH B IITYYHUX I'PYHTOBHX IHXEHEpHUX cropynaax. [Ipudyomy, ue odymo-
BJICHO HE TUTHKH TIPUPOJHUMHU BIACTUBOCTSIMH CAMHX IPYHTIB, a i BEIMYMHOIO 3yCHIIb, SIKi HA HUX Tepesa-
FOTBCS, T2 XapaKTePOM iX MPUKIIATaHHs (IMHAMIYHI 3YCHILIA).

Tak, B mepeBaxHiii OLIBIIOCT] CIOPYA UUBIIFHOTO OYiBHULITBA, THCK, SIKHI YHHUTD CIIOPYa HA IPY-
HTOBY OCHOBY, He Ginbiue Hix 0,3 MITa (3 kr/cm?). Komnpeciiini BunpoOGyBaHHs IPYHTIB, 3a3BHYaii, 0OMEKY-
10Thes THCKOM p < 0,5 MIla (5 kr/cM?) i HOpMaTHBHI MOKA3HUKHU IPYHTIB JA0ThCS JIUIIE Y MEXkKaX IIACTHIHOTO
ctay rpyHTiB 0 < /1. < 0,75. beayMOBHO, III0 OKpeMi CIIOpYyIM pO3PaxOBYIOTH 1 Ha OLTBIINIT TUCK HA TPYHT, ajie
BOHH IPOEKTYIOTHCS 32 CTICiaIbHUMHU MPOEKTaMH 1 TOCTiIKECHHIMH.
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VY 3B’513Ky i3 MM a0COJIIOTHO HEIOPEYHHM MOKHA BBa)KaTH MPUCTOCYBAHHS HOPMATHBHUX IaHUX,
XapaKTePHUX I IUBUTBHOTO OyMiBHHUIITBA IS TOTPEO, HATIPHUKIIAT, TOPOKHBOTO 200 aepOIpOMHOTO OY/IiB-
HUIITBA, [0 € YMHHUM (PaKTUIHO 1 10 Terep [2—4].

3po0IieHNi HaMU aHAII THYHUN aHaMi3 HUX HOPMATUBHUX TOKYMEHTIB [2—4] a7 TpaHCTIOpTHOTO OY-
JIBHHIITBA MTOKA3aB, 10 (HOPMAITLHO BPaXOBYIOYH PyWHYBAaHHS MPUPOAHOT CTPYKTYPH IPYHTIB IiJ] 4ac CrIopy-
JUKEHHS HACHIIIB, B TAOJMYHUX JaHUX HOPMATHBHUX TOKYMEHTIB JEIIO 3MCHINICHI 3HAYEHHS TTOKA3HHUKIB ¢ —
3YEIICHHS Ta ¢ — KyTa BHYTPIIIHBOTO TepTA. Y TOH caMuii yac He 3p03yMisio, 3 IKUX MipKyBaHb TaM HaBiTh
nemro 301IbIIeHI 3HaYSHHS! MOYIIB PYXHOCTI, Enp, MIla, TOpiBHAHO 3 HABEACHUMH B HOPMATUBHHX JOKY-
MEHTax JJIs IIUBUTEHOTO OYAiBHUIITBA MOYJIsIMHU Aedopmartii £y, Mlla.

(=

a4

=

(o, we)
P,=85-exp(-3.15L)

Fs ﬂgp,:i —1g 8.5) /1ge (-3,15)

[MokasHuk yminenerocTi k, = (e, c) (e,.5,,)

,.'jlcn
lhﬂ.
N\ R
0 () 0.5 1,0 () 15

Toxazmnk Texysoctt I, = (w, — 1-.-‘p) ! (w, — u-‘P), om

Pucynox 4 — 3araibpHa 3aexHicTh TokazHuka Py, Mlla, 3B’ S3HUX TPYHTIB BiJ iX TOKa3HUKIB YIITi-
JBHEHOCTI Ta TeKy4ocTi, Koiu S; > 0,8 ox.

Figure 4 - General dependence of cohesive soils Py, MPa, on their density and fluidity,
when Sr > 0.8 units

Criz B3TH JI0 YBard, 1o y IIaCTHIHOMY CTaHi 3B si3HUX IPYHTIB (0 < Iy <0,75), s IKOTO 3aBXKIU
HABOJATHCS 111 IOKa3HUKHA Y HOPMATUBHUX JOKYMEHTAX, IPYKHI BJACTUBOCTI TAKUX IPYHTIB IPAKTHIHO BiJ-
CYTHI, a TaK 3BaHi MonyJi Aedopmarii Oiyble XapakTepu3yloTh (0COOJIMBO Ha MOYATKOBIH cTajii BUIPOOy-
BaHHs) CTPYKTYPHI BIaCTUBOCTI IPYHTIB Hi)K IUNIACTHYHHUX, 110 HAKpalle OMITHO came IS IECOBUX IPYHTIB
Ha X KOMIIPECIHHNX 3aJIeKHOCTAX [9, c. 53].

3 puc. 5 1oOpe BUAHO, IO IPYHTH, YIIUILHEH] B HACUIIAX, 3TIHO CTAaHIaPTHOTO VINITLHCHHS, TOBUHHI
MAaTH T'YCTHHY CYXOT'0 IPYHTY Jeo OUTbITY 33 T'YCTHHY CYXOTr'0 IPYHTY BiAIIOBIAHUX 3B’ SI3HUX IPYHTIB Ha MEXKi
X po3kouyBaHHS Wy, [10, c. 195]. V miif poOOTI Yepe3 BeIHUKY KUTBKICTh rpadiTHOro MaTepiary 1ie He OKa3aHo,
aze, 3a3BH4ai, rpadiku CTaHAAPTHOTO YITUTFHEHHS 3B S3HUX IPYHTIB y 0€3p03MipHUX KoopauHatax I. — kg
IyKe 100pe HaKIalaroThCs OJUH HA OAHOTO, i IX MaKCHUMallbHA TYCTHHA CYXOTo IPYHTY HEPEBHILYE aHAIOTi-
YHY TYCTHHY 3B’ I3HUX IPYHTIB Ha MEX1 iX PO3KOUYBaHHSI.
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Sk1o s pUKITay TOPIBHATH 3aJI€KHOCTI MOTYJIiB TehopMaltii CyTJIMHUCTOTO IPYHTY IPUPOIHOTO
3QJIATaHHs 1 MOAYJIIB MPY>KHOCTI IITYYHO YITUTBHEHUX IPYHTIB B TIPHJIAJIi CTAHIAPTHOTO YITUTHHEHHS (pHC. 6),
TO TaKOX HECKIIAJIHO TIOOAYNTH, 1[0 HE MOXKHA B HOPMAaTUBHUX JIOKYMEHTaX Ha CIIOPY/PKEHHS aBTOMOOUTEHIX
JIOPIT, UM IHIIMX MITYYHUX 1HXKEHEPHHUX IPYHTOBUX CIIOPY/, CIIUPATHCH HA JaHI HOPMATHBHHUX JOKYMEHTIB JJIs
IIUBUTBHOTO Oy IIBHHUIITBA SIK HA TIPOTOTHII.

0.5
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Pucynok 5 —TwumoBi cranu IpyHTiB IPUPOTHOTO 3AIIATAHHS Ta BAMOTHU JI0 CTaHy IPYHTIB,
YIIUIBHEHUX B HACHUIIaX

Figure 5 —Typical natural soils conditions and requirements for embankments compacted
soil conditions

Binpw Toro, Tenep BUHWKA€E MUTAHHS, a YU MOTPIOHO Mij Yyac po3paxyHKIiB JOPOXKHIX OAATIB KOpHUC-
TyBaTUCh TAKUMH TTOKA3HUKaMH SIK 34CTUICHHSI 1 KT BHYTPIIIHBOTO TepTs? Binomo, o mpu sSKicHOMY criopy-
JUKEHHI HACHIIIB Ha IPYHT IIPH HOTO YKOYYyBaHHI, IOBUHHI AisTH 3ycwust He MeHtri 0,6 MITa[11, ¢ 147, c. 152]
IIPH BOJIOTOCTI I'PYHTY HE OLIbIIIe HI)KHBOT MEXI1 IJIACTUYHOCTI WP, a 1€ IOCUTb CyXi 1 TBepi IpyHTH. Bumpo-
OyBaHHS TaKUX IMUIBHUX 3pa3KiB IPYHTIB Ha 3pi3 TOCUTH IpoOieMaTHYHE 1 HaM HE BilOMi JIiTepaTypHi 3Ha-
YEHHS TaKUX MOKa3HHKIB ¢, ¢ Tipu IL < 0. Ta # mpoBoanuTH Taki BUIpoOyBaHHs Tpeba Oyio O pH BEepTHUKAIb-
HOMY THCKY Ha 3pa3ok y Mexax (0,7—1,0) MlIla. TakuM YiHOM €TMHAM 1 HAUTOJIOBHIIITUM ITapaMeTPOM, SIKAH
XapakTepu3ye OyniBebHI BIACTUBOCTI YIIIIBHEHUX Y HACHUIIAX TPYHTIB, Ma€ OyTH JIHMIIE MOAYIb MPYKHOCTI
Ta MOB’sI3aHi 3 HUM BEJIMYMHU HAHOIIBIIOrO BiTHOCHOTO MPY>KHOTO MPOTHHY /max 1 BIANIOBITHA HOMY Mexa
mitHOoCTI Ry > 0,6 MITa.

B pe3ynbpTaTi IpOBEICHOTO aHaNi3y, 3’ ICOBYETHCS, IO HAa MIIHICTH 1 JOBMOBIYHICTH (HaIIHHICTD) J0-
POXHIX Ta aepOJPOMHHUX OJATIB OiIbIlIE BIUIMBAE HE METOJMKA IX PO3PaxyHKY, a caMe SIKiCTh CIIOpPYIKEHHS
3eMJISTHOT'O TTOJIOTHA TPYHTOBOI OCHOBH Ta IOCTOBIPHICTH BUKOHAHHSI i1 KOHTPOJITIO Ta OB’ S3aHi 3 IIUM IPOTIe-
COM mpuiaau i oOjaagHaHHA. SIk rapaHTis HaaiiHOI POOOTH JOPOXKHIX OMASTIB B iX OCHOBI HE MOBHHHO OYTH
IDYHTIB IPUPOJHOTO 3aIAraHHA 13 py < py  (IpHHAMHI HA IMOUHY 1,5 M B1J MOBEPXHI IOKPUTTS) .

p
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Pucynok 6 — IlopiBHAHHS 3aneXHOCTEH MOYIIB AedopMallii i MOIYIiB MPY>KHOCTI CYTIMHKIB
BiJ mmoka3HuKa I, ko S; > 0,8

Figure 6 - Comparison of the loam deformation modulus and elasticity modulus dependences
from /I when S;> 0.8

BucHoBKH

1. Bukonana po6oTa 1a€ MOXKIIUBICTb I LIUBIUIBHOTO OYJiBHULITBA KOPUCTYIOUNCH METOJIOM JTMHA-
MIYHOTO 30HAYBaHHS, Ha MOYATKOBHUX €Tanax MPOCKTYBaHHS HE TUIBKM AOCHTH A0OpE Ta AKiCHO IudepeHi-
FOBATH TEOTEXHIYHUI PO3pi3 32 HECHOIO 3/IaTHICTIO TPYHTOBHX IMUPIB, SIKi HOTO CKJIANAI0Th, aJie 1 KUTbKICHO,
OLITBII-MEHTIT e()eKTUBHO 1 TOYHO, OIIHIOBATH ()i3MKO-MEXaHIYHI TOKa3HUKU TPYHTIB BiIMTOBIIHO JIO CEPEAHIX
TAaOJMYHUX iX 3HAYCHb Y YUHHUX HOPMATUBHUX AOKyMEHTax 0e3 BiIOMpaHHS 3pa3KiB-MOHOIITIB CTPYKTYpO-
BaHHX IPYHTIB.

2. TeopeTHuHHUI aHai3 IIOKA3aB, 10 YMHHI HOPMATHBHI JaHiI HE MOXKYTh OYTH HISIKHM YMHOM BHKO-
PHUCTAHO SIK MPOTOTHII ITif] YaC OLiHIOBaHHS MEXaHIYHMX MOKAa3HUKIB JECTPYKTYPOBAaHUX TEXHOI'CHHHX IPYyH-
TiB, 3 IKAX CHOPYDKYIOTh IITYYHI 1H)KCHEPHI IPYHTOBI CIIOPY/IH.

3. Jlns 3a0e3nedeHHs HaAilHOT Ta JOBrOBIYHOI pOOOTH JOPOXKHIX OJSATIB aBTOMOOLIBHUX JOPIT 1 ae-
POApOMIB, B iX poO0YOMY IIapi HE MOBUHHO OYTH I'PYHTIB i3 TYCTUHOIO CYXOT'O IPYHTY MEHIIIOIO HiX I'YCTHHA
CYXOro IPyHTY Ha MEXi PO3KOUYBaHHs (HIDKHIN MexXi macThdHoCTi). Halikpaie, komu cepeHe 3HaAYCHHS
T'YCTUHHU CyXOT'0 IPYHTY TEXHOT€HHOI'0 YHIIIBHEHOT0 IPYHTY B poOodoMy mmiapi 6yzae y mexax (1,05+1,1) p,

“p

4. Ipu HEMOKITUBOCTI BUKOHAHHS 3 IKUXOCh TPUYUH OCTAaHHBO1 BUMOTH, CJTiJ] 3aCTOCOBYBAaTH METOTU
apMyBaHHsI IPYHTIB T€OCUHTETHKAMH a00 pO3pOOIIATH ClieliaibHi 3aX0A1 IS 30UIBIICHHS HECHOT 31aTHOCTI
TPYHTIB.
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DETERMINATION OF NORMATIVE VALUES OF MECHANICAL INDICATORS OF BONDED
SOILS BASED ON DYNAMIC PROBING DATA

Lytvynenko Anatoalii Semenovych, route engineer, M.P. Shulgin State Road Research Institute State Enter-
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Absract. In the work on the basis of analytical analysis of tabular data, both current and previous
domestic regulatory documents on civil engineering, for mechanical indicators of bonded soils of natural oc-
currence graphic and analytical (formula) interpretation of these values in relation to the values of the dynamic
probing index of P4, MPa, and yield index Iy, units, for the degree of water saturation of these soils S; > 0.8
units is given.

Correlation with the value of dynamic probing of P4, MPa allows not only to differentiate engineering
and geological (geotechnical) cross-sections, more or less detailed, but also to estimate the load-bearing ca-
pacity of selected layers of bonded soils accurately enough.

The theoretical analysis has shown that the values of mechanical indicators of natural bonded soils
adopted in the current regulatory documents, even taking into account their structural strength, can not be
directly used as a prototype to assess similar indicators of compacted technogenic soils of artificial structures
in the form of embankments of hydraulic dams, road embankments or airfields. This is due to the fact that in
the vast majority of cases in civil construction assessed the properties of soils in the plastic state, which tend
to have a lower density of dry soil than at the border of rolling, and a mandatory condition for the use of such
soils in artificial soil structures is their compliance with the requirements of the so-called standard compaction,
that is, the density of dry soil there should be more than the density of dry soil at the border of rolling. These
soils are in a solid state (their concentration is > 85 %) and indeed (through direct contact between the soil
parts) work as an elastic body and can be characterized by a modulus of elasticity with a corresponding small
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elastic deflection /max and a sufficiently large design critical resistance value of Ry > 0.6 MPa, which must be
determined at each laboratory test of the samples before they fracture or disproportional movement of the
stamp.
Keywords: regulatory documents, tabular data, bonded soils, natural, mechanical properties, graphical
interpretation, analytical dependencies.
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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 analyt-
ical solution of the system of differential equations. An approach to studying the thermally stressed state of
layered composite shells is also considered, and a spatial model for calculating the thermally stressed state of
shallow shells on a rigid basis is constructed. Currently, this is a very urgent task when calculating the pave-
ment of bridges. A 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.
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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 under consideration, an analysis of flat layered composite shells on a rigid basis under
the influence of temperature load 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. When dividing each layer into 32, 64, 128 sublayers, almost the same result was obtained.

The proposed approach can be used as a reference method for testing applied approaches in calculating
the stress states of layered shallow 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.

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 & 2= (0 . The variability of the main
curvature is neglected k ]] =Const ; k 22 = const . The construction is rather slippery, that is, for the co-

efficients of the first quadratic form should be taken A; = /; Ay ~ 1.1t is assumed that the curvature radii
have considerably larger thicknesses of the structure and its outer surfaces have the same curvature, and can
also be written / + kj;z; I+ kjyz = 1. The introduced restrictions allow us to identify the curvilinear
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_;, aj —

the coordinates of the outer surfaces of the k-th layer of the plate along the Z-axis; comma at the level of the
index means a differentiation operation.
A well-known approximation of the desired displacements by thickness is used [2]:

UE xy.z) =0 v £ 20w x0)08 (2):
U xy.2) =W xy) plz)i=12:1=12:p=1...4) (1

We have [ z(Ik) (x,y), U 1(5 ) (x,y) — tangential displacements on the faces of the k-th layer of the

structure;
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ng) (x,y), ng) (x,y ) — normal displacements on the faces of the k-th layer of the structure,

W(k) (x,v), W(k ) (x,y ) — shift functions in the direction of the X and Y axes;
S (k) (z), f z(é{) (z): B (k) (z). B, (k) (z ) — predetermined first degree polynomials;
gpl]k)(z) (ol k)(z) ﬂ(k)(z) ﬂ(k)(z) — second-degree polynomial;

(plj{,{) (z), ¢ ( z ) — third-degree polynomials.

The components of the strain tensor of a layer of a structure using the introduced approximation (1) are
determined on the basis of the following relations:

B =uk) i s wiklel) +kw i B k) =wE) ﬂ;,g) :

Cii D,ii
k k) o(k k) (k k k k
2 -ULE U W htoft) o)
281(?:(]1(1]{)13??+ngl)(¢,;k§+ ). @)

The stress, taking into account the expressions for deformations (2), is written on the basis of Hooke's
law:

et f(k) W% (k)+ K W(k)ﬂ(k) )+c(")W”‘)ﬁ”‘)

—(cFa (k)+C(k) (k)+C(k)a(k))t(k)f(k);
(k) - (k)(U(k)f(k) (k) ¢(k)+k]1W(k)ﬁ(k))+

033 — 11,1
UL+ ;k2)2¢§1;)+k W B )+ e wl gk -

_(Cgl;)a](k)+Cgk)a(k)+C(k)agk))t(k)f7(k);
o =G 1S v w i ol B 0

ip,3
ofs =G W +US I W ool o8 ).
(i¢j=],2;l=],2;p=]...4). 3)

here f(k) ( ) + agk)z + agk)ZZ (the coefficients agk) and agk) are found on the basis

of the solution of the equatlon of stationary thermal conductivity).
Equations of equilibrium, using expressions for deformations (2) and stresses (3), are obtained on the
basis of the Lagrange variational equation.
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They have the following form:

(k) (k (k) (k (k). (k (k) (k) .
-y +Tui u i - Benil P u ), - (Be12l + 120 )utk) -

- BD]Il(pk) Wik~ (BD]ZI(;) + BDaul(]f) + BD622$))W;@21+

(k) (k) _spilk) _ (k) _ (k) (k)
H(TUWIEY + CUWI Y —SDIUY — kg CLIEY —kp WCI12 Y ] +

(k) (k) _ (k) _g.
+BBTI () — ¢ =0,

k k k k k k k k k
~(B612( " + B2 )uik), - 8220 k) U 2l Tt - B622, 'utk),-

_ (k) yr(k) _ (k) (k) (k) )y (k)
BD221p W92 (BD]le +BD6IIlp +BD6221p WO+
(k) (k) _ (k) _ (k) _ (k) (k)
+(TUW21p +CUW21p SDZZp k”WCZIZp k22W0221p IW, 5+
k). (k (k) _
+BBT20,0) — 4 =0,

(k) ok (k) (k) (k) 7ok
BDIIS UGk), +(BDI2S + BD611C + BD6220 )UF)) ~

(k) (k) (k) (k) (k) gk
~(TUWI + CUWIG = SDIG —ky WOl Y koW Cl2 P UG +

(k) 1(k (k) (k) (k) yp(k
BD225) U)o+ (BDI2S + BD611G + BD6228) )UK -

(k) (k) (k) (k) (k) r(k
—(ruw 2+ cuw2) —sp2y) —ky we21R — kg we 22yt +

4 DD]]g;) ng e 1)1)22%) ng St
+ (1)1)12%‘9) + DD6I zg‘)) + DD622%§) + DD612%§) )ng M
(w208 +CC20Y) + CW2lk) —~ZD2) k) WO L) ~ ey W 0220 )ng e
H(ZZ0) 4k WL+ kygW 12+ Ky W 21+ kpgl 22+
kg kg W 11+ ke ko WW 12+ Kok WW 21+ Ky 2k oo WW 22)y (F) +

(k) (k) (k) (k)
+DDTIS ) + DDT2CE 107 +

k k k k
+ (218 4k DTIC + ko DT 205 )/ _qu)zo. 4
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For the hinged support of the heat conduction equation has the form:

k k)
A0 (k)

Ay

mx 0 k

A (k)( )50
3

It is desirable to realize such an equation by the grid method (it is possible to accurately satisfy the
boundary conditions on the surface of the layers, both in temperature and in heat flux, without particular com-
plications in the implementation).

The second derivative with respect to the temperature distribution function over the thickness of the
structure is based on the following difference equation:

(k) (k) (k)
(k) _ f(z ])_2f(z) 7(i+1)
f733 h(k) ’

The temperature values determined in this way on the surfaces of the layers and at their center make it

o) ¥ 1 a2

easy to determine the coefficients of the polynomial f7(k) = z+a; . Further, it is pos-

sible to solve the system of equations (4) for hinged support.

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: E 0= 1 MPa ; E (1) _ 172-1000-Ey;

ESY =Y =6,9-1000-Ey; 612 =G0V =345-1000- Ey; GYY =138-1000-Ey;

D =y =t = 0,25 Vo JEy=v,,/E); A =122 — W

32 =% Vo1 /B2 =V /B m- deg

T oy =1deg: 1 =80.1070 .«
m - deg

_ h
oV =al =1630-1070 -ay: NV =2 (h=1m).
2 3 4
The second layer, the h( ) = 2 thlckness identical to the first, but returned to 90 , the third layer

a
is similar to the first, Z =5 (a = b). The thermomechanical contact of the layers is ideal. A plate loaded

on the upper surface by a temperature distributed according to the law of the sine T q31~= 50-T 0 (

T0=] deg ). On the lower surface, the temperature is zero 7T’ q32= 0. Curvature of the shell
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8-(h/5)  ,_8-(h/5)
(a+b)/a’ (a+b)/b
out when each layer was considered within the same sublayer (P_1). The accuracy was confirmed by calcula-
tion according to the applied model with breakdown of each layer into 128 sublayers (P_128).

k]] =xkrl; k22 =+xkr2 (krl=

). The calculation was carried

The temperature at the boundaries of the layers with consideration of each layer within the same sub-
layer 50; 34,9685; 10.8110; 0 with breakdown of each layer into 128 sublayers 50; 35,0164; 10.7681; 0.

o . - Ui
Table 1 shows dimensionless values of displacements U] = R
hay - Tp-10
- U B o) B o
Uz = 3 3 as well as stresses 0 S ¥ — and 0yy = 22 at the
h'ao'TO']O ao'TO'EO ao'TO'EO

boundaries of layers of a shallow shell with rigid contact between layers and with a rigidly fixed lower surface.

A variant with negative and positive curvature was considered (the Z axis is directed downwards).

Conclusions. The developed approach to the investigation of the thermally stressed state of layered
composite shells is constructed and a spatial model is constructed for calculating the thermally stressed state
of shallow shells on a rigid basis. The peculiarity of this approach is the assignment of the unknown functions
to the outer surfaces of the layers, which makes it possible to break the layer into sublayers, reducing the error
of approximation to practically zero. With the use of the model under consideration, the analysis of gently
sloping composite shells on a rigid substrate under the effect of a temperature load is performed. The consid-
ered example showed that the proposed model provides sufficient accuracy in the calculations of layered shal-
low shells when considering each layer within a single sublayer. When each layer was broken into 32, 64, 128
sublayers, the result was almost the same.

Table 1. Dimensionless values of displacements and stresses on the boundaries of layers with rigid
contact between layers and layers and with a rigidly fixed lower surface

Tabauns 1. be3po3mipHi 3HaYeHHS epeMiLlIeHb 1 Halpy>KeHb Ha KOPIOHAX LIapiB 3 JKOPCTKUM KOHTa-
KTOM ITIapiB 1 MPOIIAPKIB 1 3 Y)KOPCTKO 3aKPIIJICHOIO HIDKHBOIO IIOBEPXHEIO

Layer # Uj U3 Oj] 022
PI128 | P PI128 | P11 PI128 | P PI128 | P
k]] Z—kl"]; k22 =—kr2

1 -8.874 -8.774 -4.654 -4.667 41.12 40.08 -46.38 -46.51
-5.052 -5.010 -2.570 -2.581 11.885 11.52 -34.935 -35.06

2 -5.052 -5.010 -2.570 -2.581 -36.07 -36.08 49.34 45.22
-1.818 -1.893 -3075 -.3070 -10.98 -11.06 4.617 3799
3 -1.818 -1.893 -3075 -.3070 4.003 4.677 -10.97 -11.19
0 0 0 0 4486 4215 3625 3406

k]] Zkl’l; k22=kl’2

1 -12.12 -12.08 -4.642 -4.659 24.67 24.06 -47.97 -48.07
-7.867 -7.868 -2.552 -2.566 13.91 13.89 -35.48 -35.57

2 -7.867 -7.868 -2.552 -2.566 -36.17 -36.16 36.86 33.23
-2.194 -2.266 -.3024 -.3035 -10.96 -11.02 8.464 4.619
3 -2.194 -2.266 -3024 -.3035 4.701 5.367 -10.84 -11.04
0 0 0 0 4284 4182 3462 3379
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Anortanisi. CydacHi po3paxyHKH MapyBaTHX IUTAT 1 000JIOHOK B TPUBUMIPHIN ITOCTAHOBI 3aCHOBaHI
Ha METOJHII, Ie PO3MOALT IIyKaHUX (DYHKIIIH [0 TOBIIMHI KOHCTPYKIIT PO3IIYKYETHCS METOJIOM AMCKPETHOT
opToronamizauii. B naHiif craTTi Ha OCHOBI MiAXOiB, PO3POOJICHNUX aBTOPAaMH, MTPOAHATI30BAHHUI TEPMOHAII-
PYKCHHUH CTaH MAapyBaTHX KOMIIO3UTHUX TTOJIOTUX O0OJIOHOK 3 KOPCTKO 3aKPIIIICHOI HUKHBOIO TIOBEPXHEIO.
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3HaxOIKEHHS PO3MOUTY ITyKaHUX (YHKLIHM 1O TOBIIMHI KOHCTPYKUii BiZOyBa€eThCs HA OCHOBI TOYHOTO aHa-
JITHYHOTO PILLICHHS CUCTEMHU MU epeHIiaIbHUX PIBHSIHD. TaK0X PO3MVISIHYTHH MiIXiJ 10 AOCHTIKCHHS Tep-
MOHAMNPY>KEHOT0 CTaHy IapyBaTUX KOMIIO3UTHUX O0OJIOHOK Ta MOOYI0BaHO MPOCTOPOBY MOAETH I PO3pa-
XYHKY TEPMOHAIIPYKEHOTO CTaHy IMOJOTUX 000JIOHOK Ha JKOPCTKil OCHOBI. Ha TemepimmHii gac 1e € BeaIbpMu
aKkTyaJbHa 3a/1a4ua IMPH PO3pPaxyHKY MOPOKHIX MMOKPUTTIB MOCTIB. OCOOIMBICTIO TAKOTO ITIIXOIY € BITHECECHHS
HIyKaHuX (QyHKIIH 10 30BHIIIHIX TOBEPXOHB LIApPiB, 10 AO3BOJISIE PO30MBATH IIAPH HA MiJIIAPH, SMEHIITYIOUH
MMOXHOKY alpoOKCUMAIlii MTPaKTHIHO JO HYJISI

Jis moGynoBu mpocTopoBoi MoJielli BUOMPAEThCA BapiaHT HABAaHTAKEHHs TEMIIEpaTypHUM HaBaHTa-
KEHHSIM (32 3aKOHOM CUHYca) 1 rpaHnYHUX yMOB (Hag'e), sskuii mpu3BOIUTE A0 PO3MONITY IIYKaHUX (QYHKIIH
B IUIaHI IUTUTH 32 TPUTOHOMETPUIHUMH rapMoHiKaMu psaxy Dyp'e. 3amydaeThbes oJTiHOMIaTbHA alPOKCHUMAITIS
LIYKaHUX QYHKIIH 110 TOBIIMHI.

3 BUKOPHUCTAHHSAM PO3TIITHYTOI MOJIETIi IPOBEICHUNA aHAaJIi3 MOJIOTHX MapyBaTUX KOMITO3UTHUX 000-
JIOHOK Ha >KOPCTKii OCHOBI MiJ] BIUITMBOM TEMIIEPaTypHOTr0 HaBaHTaXEHHS. PO3rIIsIHyTHIA IpUKIIa] 3acBiI4UMB,
10 IPOTNIOHOBaHa MOZETb 3a0€e3Meuye TOCTaTHIO TOUHICTh B PO3paxyHKax IIapyBaTHX MOJIOTHX 000JIOHOK IpH
PO3IJIsiAaHHI KOKHOT'O IIapy B paMKax oAHoro miaiapy. [Tpu po3ouBanHi KoxkHOrO Iapy Ha 32, 64, 128 mij-
IapiB OTPUMYBAJU MPAKTUYHO OJHAKOBUI PE3yJIbTaT.

3anporoHOBAHMM TiIX1T MOYKE 3aCTOCOBYBATHUCS Y SIKOCTI €TAJIOHHOTO METOY TPU TECTyBaHHI MPH-
KJIATHUX ITIXO/IIB B pO3paxyHKax HAIPYKEHUX CTaHIB MMapyBaTHX MOJOTHX KOMIIO3UTHUX 00OJOHOK.

KarouoBi cioBa: TemnepaTypHi HaBaHTaKCHHS, JOTUYHI HaBaHTAXKEHHS, TCPMOHAINPYXKCHUH CTaH,

IapyBaTi KOMIIO3UTHI 00OJIOHKH, HalliBAHATITHYHANA METOJI KiHIIEBUX CJIEMCHTIB.
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Abstract. An article devoted to the development of the latest equipment for testing road structures
during the diagnostics of roads both in the process of repair and construction, and in the process of operation.

A measuring station for stamp tests of road structures and their layers has been developed, which unites
the test equipment into a single automated complex mounted on the base car. This eliminates the need for
manual labor of the operator, increases productivity and accuracy of tests, provides the ability to perform
multiple loads.

At the same time, any truck or road vehicle can be used to create the load. A measuring unit with special
software installed on it is used for registration and processing of measurement results.

The results of laboratory tests of the measuring station, which were carried out in the laboratory of the
department of metrological support of measurements of geometric quantities of SE «Ukrmetrteststandard» are
highlighted.

The obtained results indicate that the values of measuring force, absolute error and range of measure-
ments of the station of movement of the station meet the regulatory requirements.

Keywords: static stamp tests, measuring station, laboratory tests, measuring force, absolute error.
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Introduction. Today, the issue of objective assessment of the condition of road structures for effective
management of the road network and rational allocation of financial resources is extremely important for the
road industry of Ukraine.

The use of heavy goods vehicles for freight transport has led to a sharp deterioration in the condition of
many roads, causing progressive damage to their pavement.

In these conditions, the issues of instrumental diagnostics of highways and allocation of areas in need
of major repairs or reconstruction are of great importance. The most objective assessment of such sites is
possible with the use of modern technical means and advanced test methods.

Materials and methods.

In the laboratory of roads and airfields of the National Transport University a measuring station for
stamp tests of road structures and their layers was developed [1-5].

The station is a complex measuring instrument, which is a set of test equipment combined into a single
automated complex for the rapid determination of the deformation characteristics of road structures and their
layers during stamp tests.

The laboratory tests of station were carried out in the laboratory of department of metrological support
of geometric values measurements of SE «Ukrmetrteststandart» in accordance with program and methodology
given in [6, 7].

The purpose of laboratory tests was to determine measuring force values, the absolute error and station
range displacement node measurements and to check their compliance with the regulatory requirements.

Results and Discussion. The tests were performed by conditions shown in Table 1, with certified meas-
uring instruments and working standards use, technical characteristics of which are given in Table 2.

Table 1 — Conditions for laboratory tests
Tabmurg 1 — YMoBH npoBeicHHS 1a00paTOPHUX BUMIPOOYBaHb

Name of the parameter Parameter value
Exterior temperature, °C from 15 to 25
Relative air humidity, % from 30 to 80
Atmosphere pressure, kPa from 80 to 106

Table 2 — Technical characteristics of measuring instruments and working standards
Tabauus 2 — TexHiuHi XapakTepUCTUKH 3ac00iB BUMIPIOBAIBHOI TEXHIKM Ta pOOOYHX €TATIOHIB

Name and marking

. Legal require-
of working measurement standard & qu

Specifications manual

and measurement technique means ments

Flat-parallel end measures DSTU 3741 Bogey values of length measures from 0,1 to 10
of length IV class mm, § =+ (0,2 +2-Ly) um

Scales for static weighing GOST 29329 | Measuring range from 0,2to 3 kg, A=+3 g
Rack C - 11 GOST 10197 | H=250 mm, the flatness of table 0,004 mm

Measuring range from 10 to 30 °C;

Meteorological glass GOST 112-78 | graduating mark 1 °C;

thermometer TM-6

A==+1°C
. Graduating mark 0,1 kPa;
Control aneroid barometer M-67 TC 2504-1797 A=+0.15kPa

Before tests starting, the station's displacement unit was checked for mechanical and other defects that
could affect measurements accuracy, mounted on a laboratory bench and connected to a power source.

The measurement force of displacement node was determined using scales for static weighing during
contact of measuring probe rod with weight pad. For this purpose, the measuring sensor of displacement node
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was fixed in a type C - Il rack with a displacement range not less than the measurement range of the displace-
ment node.

The measuring sensor core was lowered and weight readings were taken at the beginning, middle and
end of the measuring range of the displacement node when the sensor core was moved directly (when lifting
the measuring sensor rod).

The weights in grams divided by 100 were equal to the measurement force in newton’s (N).

As a result of testing, it was found that measuring force value of node displacement station is within
1 - 3 N, which meets regulatory requirements given in [6, 7].

The absolute measurement error using the station displacement node was determined by means of
plane-parallel end measures of length IV discharge with a nominal size of 0,1 mm, 2 mm, 4 mm, 6 mm,
8 mm, 10 mm (Fig. 1).

1 — station measuring displacement sensor node; 2 — rack C - II; 3 — rack table C - II; 4 — station measuring unit; 5 —
plane-parallel end measures of length IV discharge

Figure 1 — Determination of absolute measurement error using the station displacement node
Pucynok 1 — BuszHaueHHs aOCOIIOTHOT ITOXMOKK BUMIPIOBaHb 3 BAKOPHUCTAHHSAM By3J1a IICPEMIIICHb CTaHIi1

The methodology for determining the absolute error was to do following actions:

- measuring sensor of the movement node is fixed in the rack;

- lowered the core of the measuring sensor to contact with table working surface;

- readings of station measuring unit were set to «zeroy;

- on the table rack the distance piece was set with the lowest bogey value;

- the final measure length was measured, pre-installing the core of the measuring sensor on its work
surface;

- the core of the measuring probe was lifted and installed distance piece was replaced on the distance
piece of larger size;

- the measurement of each distance piece was carried out three times, removing the readings on the
display screen of the station measuring unit.

The length L, of each six finite measures, p = 1...6, measured by station displacement node,

was determined by the formula:

L.
21 0

where L,; — readings of the station measuring unit at the i - th measurement of the p - th distance piece,
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The absolute error A = of displacement node when measuring the length of each six distance piece,

p=1...6, was determined by the formula:
A =L -L @)

where L,s — real length value p - th distance piece, mm.

For the real value of measurements absolute error with help of station displacement node the maximum
obtained values were taken.

Standard deviation of displacement node random error component when the length of each six distance
piece was measuring, p = 1...6, was calculated by the formula:

3

The range of displacements measurements was taken to be the range in which the absolute error in the
displacements measurement did not exceed the maximum permissible value + 0,01 mm.
The results are shown in Table 3.

Table 3 — Results of absolute error and measurements range of station displacement node computations
Tabmurst 3 — Pe3ysabprat BU3HAYCHHS aOCOJFOTHOI MOXHMOKHM Ta Jialma3oHy BHMIPIOBaHb By3Jia Ie-
eMIIIeHb CTaHIi{

N Distance piece | Readings of displace- | Distance piece Absoi?gi;arla_ Stand?ir(()lndewa
Lpo, mm ment node L,;, mm L,, mm
4,, mm S, , mm

1 0,08
2 0,10 0,11 0,1000 0,000 0,0141
3 0,11
1 2,00
2 2,00 2,02 2,0067 0,007 0,0094
3 2,00
1 4,01
2 4,00 4,01 4,0100 0,010 0,0000
3 4,01
1 5,99
2 6,00 6,02 6,0067 0,007 0,0125
3 6,01
1 8,01
2 8,00 8,01 8,0033 0,003 0,0094
3 7,99
1 10,01
2 10,00 10,01 10,0133 0,013 0,0047
3 10,02

Real value of absolute variations of displacement node 4. = 0,013 mm

Maximum standard deviation Sy, = 0,0141 mm

The range of displacement node measurements from 0,1 to 10,0 mm
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According to the table, the real value of absolute variations measurements using station displacement
node does not exceed the maximum permissible value = 0,01 mm, and the measurement range is from 0,1 to
10,0 mm, which meets the regulatory requirements given in [6, 7].

The standard uncertainty in absolute variations determining using the station displacement node was
calculated by the formula:

u= \/%2 +u +ul +u,, ()

where u, — uncertainty of plane-parallel distance piece (for distance piece of IV class
u, =0,00012 mm);

u, —uncertainty of picking up (u, = 0,003 mm);

u, — uncertainty of pickingup S, mm;

u, —uncertainty of ambient temperature deviation from 20 °C, (for measurements at the laboratory

d

u,=0).
Extended uncertainty in absolute variations determining using the station displacement node was cal-

culated by the formula:
U=k-u, (5)

where k — coverage factor, (for confidence figure 0,95 under Gaussian law k = 2).
The results are shown in Table 4.

Table 4 — The results of the calculation of uncertainty in determining the absolute measurement error
Tabmumst 4 — Pesynbraté po3paxyHKy HEBH3HAYCHOCTI IMPH BU3HAYEHHI aOCOTIOTHOI MOXWUOKH
BHMIPIOBaHb

N The name of the parameter The value of the pa-
rameter
Standard uncertainty %, mm 0,013
2 | Extended uncertainty U , mm 0,026

As follows from the table, the extended uncertainty U when determining the absolute error of meas-
urements using the node of the station movements does not exceed the maximum allowable value of + 0,03
mm, which meets the regulatory requirements given in [8].

Conclusions and Recommendations. Therefore, in general, we can conclude that the developed sam-
ple of the automated measuring station for stamp tests of road structures and their layers has successfully
passed laboratory tests, as a result of which it was found that the values of measuring force, absolute error and
measuring range of the station regulatory requirements.
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B T0i1 ke yac 11si CTBOpEHHSI HABAaHTAKEHHSI MO’KHA BUKOPHCTOBYBAaTH Oy/Jb-SKWH BaHTa)KHHH aBTO-
MOOLIb YM JAOPOXKHIO MamuHy. J[ist peectpariiii Ta 00poOKH pe3yNbTaTiB BUMIPIOBAaHb BHKOPHUCTOBYETHCS
BHUMIpIOBaJIbHUHN OJIOK 3 BCTAHOBJICHUM Ha HHOMY CIELiaIbHUM IIPOTPaAMHUM 3a0€3CUCHHSIM.

BucBiTiieHO pe3ynbTaTi 1a00paTOpHUX BUIPOOYBaHb BUMIPIOBAJILHOI CTAHIIIT, 110 TPOBOJAUIKCH B Jia-
OopaTopii BiAALTY METPOJIOTIIHOTO 3a0e3MeUeHHS BUMIpIOBaHb reoMeTpuaHuX BenmnuuH 11 «YkpmeTprecT-
CTaHOapT».

OTpumMaHi pe3ynbTaTH CBITIATh MPO TE€, IO 3HAUCHHS BUMIPIOBAIHHOTO 3YCHILIA, aOCONMIOTHOT TTOXHU-
OKH Ta Jiana3oHy BUMIipIOBaHb By3Jia IIEPEMILIEHb CTAHIII{ BiANOBIAal0Th HOPMATUBHUM BHMOTaM.

KirouoBi ciioBa: craTiyHi tamMmnoBi BUIIpoOyBaHHS, BUMIpIOBajbHA CTaHIiA, T1a00opaTopHi BUIIPOOy-
BaHHSI, BUMIPIOBAJILHE 3yCHIIIS, a0COIOTHA TIOXUOKA.
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Abstract. The work is devoted to the study of land resources of Ukraine and search of ways of im-
provement of modern approaches to land management decisions. Special attention is paid to determination of
methods of rational use of land Fund of Ukraine. Investigated the processes occurring in the land sector of the
country that require the development of new conceptual approaches to the implementation of the land admin-
istration processes on the basis of conscious analysis of modern problems of land management and cadaster.

Key words: land use decisions, land resources, land fund, land management, land cadaster, land, terri-
torial device.

Formulation of the problem. In the current conditions of land use issues of land management and ca-
dastre become more and more relevant. The transformational processes taking place in the social and economic
life of the country require the development of new conceptual approaches to the implementation of land man-
agement processes based on the analysis of land management and cadastre problems. In the socio-economic
development of the society of land resources, land use and land relations throughout the human history played
a key role.

As an object of legal regulation, land from an economic point of view acts as an object of economic
activity and is the material base of any production process, organically serving as a source of satisfaction of a
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wide range of diverse human needs. Earth in the ecological sense is a natural object, an integral part of the
natural environment that interacts with other objects of nature in a broader sense that encompasses all natural
resources.

The purpose of the article is to study the methods of land and cadastral issues, as well as to develop
modern approaches to solving land management issues, stimulate rational land use and nature management.

To achieve this goal, the following tasks are addressed:

- to study the current state of land management of the country;

- to analyze the possibilities of modern approaches to rational land use;

- to develop optimal complex approaches by generalizing existing ones;

- to make a choice of principles and approaches after comparative analysis;

- To define an approach that satisfies the modern vision of land management and cadastre.

Main part. The land fund of Ukraine covers all land within its territory, regardless of its intended use,
types of management and forms of ownership. The composition and purpose of the lands of Ukraine are de-
fined in the Land Code of Ukraine. All categories of land have a special legal regime. The main purpose of the
land of Ukraine is divided into the following categories [2]:

- agricultural purpose;

- residential and public buildings;

- nature conservation and other nature conservation purposes;

- health appointment;

- recreational destination;

- historical and cultural destination;

- the forest fund;

- water fund;

- industry, transport, communications, energy, defense and other purposes.

Of great technical importance are the land provided for the needs of agriculture. Their main part consists
of lands, which include arable land, pastures, gardens, and hayfields.

The settlements' lands have a legal regime in which the development of a base for communal, cultural
and housing and housing construction is being developed, which contributes to the development of the service
sector.

In the category of land, industry, transport, communications, defense are territories in the use of indus-
trial production, enterprises of various types of transport; land provided for the operation and deployment of
military units, and others.

The lands of nature protection, recreation, recreation and historical-cultural destination have great rec-
reational and environmental significance. In recent years there has been a tendency to increase the area of land
in this category, which is a positive factor in determining the ecological and recreational role of these territo-
ries.

To date, the state administration of land resources is carried out by legislative and executive authorities
that regulate land relations. The work of these authorities is to predict and plan the use of land resources, as
well as to establish norms and procedures for land use.

State regulation of the use of land resources is a system of interconnected technical, economic, envi-
ronmental, economic and legal measures aimed at the regulation of land relations and the organization of the
rational use of land resources and their protection.

According to Art. 162 of the Land Code of Ukraine, which protects land is a system of legal, organiza-
tional, economic and other measures aimed at the rational use of land, the prevention of unjustified agricultural
land seizures, protection against harmful anthropogenic influences, reproduction and increase of soil fertility,
increase of productivity of forest land , provision of a special regime for the use of lands for nature conserva-
tion, recreation, recreation, and historical and cultural purposes.

Protection of land resources presupposes the preservation and restoration of useful properties of soils;
reduction of ecological destructive anthropogenic influence and increase of ecological influence on land and
natural resources; promotion of rational use of land resources; preservation of nature reserves and recreational
territories; prevention of environmental problems and timely liquidation of their consequences.

The main measures aimed at the protection of land are the construction of anti-erosion facilities, ame-
lioration works, the creation of protective plantations on the ground, the introduction of new technology and
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technology, and the improvement of the quality characteristics of low-productive land. It should be noted that
the effectiveness of these activities is directly related to the process of rationalizing the use of land resources,
which involves the implementation of sound environmental norms, the use of resource-saving technologies,
planning of economic activity and environmental and technical justification of the location of production, in-
stallation of treatment facilities. In addition, the rational use of land resources should correspond to their in-
tended purpose and ensure the profitability of production, which will promote the development of industries
for which land is the main means of production.

The main areas of rational use of land include:

- correct organization of production and its rational placement;

- optimal distribution of land resources between sectors of the national economy;

- development and introduction of a new system of agriculture, aimed at preserving and improving the
natural properties of land;

- specialization of production;

- improvement of the regulatory framework;

- introduction of a rigid system of penalties;

- Clear planning of the volume of public procurement,

- effective price policy;

- timely carrying out of economic land management;

- establishment of clear requirements for the accuracy and timeliness of submission of land cadastral
data;

- monitoring of the activities of land protection bodies;

- introduction of a system of motivation for rational land use at different levels;

- development of environmentally safe production.

The modern system of rational use of land resources should be aimed at preserving and recreating the
land-resource potential; introduction of efficient land use technologies; optimization of use of agricultural
lands; creation of an effective land market; formation of the state and regional system of management and
monitoring of the use of land resources; settlement of land ownership relations; consolidation of agricultural
land.

Actual problems of land management and cadastre affect the technical, ecological, economic and social
aspects of our society's life.

Currently, the problem of land management and inventories is actual, as in our country the potential is
being implemented very slowly, impeding both social and economic development. Lack of proper organization
and financing of land management led to the following problems of land management:

- loss of reliable information and databases on quantitative and qualitative state of land,

- destruction of agricultural infrastructure;

- occurrence of spatial defects of land plot

The disadvantages of land use of agricultural enterprises often arise as a result of the complex process
of forming the land masses of agricultural enterprises and lead to high economic costs to eliminate these prob-
lems:

- delays in the registration of land-use documentation for legal entities and individuals;

- Excessive cost of land management services.

At present, expensive land management works are on the shoulders of landowners, since there is not
enough public funding. For the organization and financing of land management, a competent policy is required
from the state.

There are no inventories on agricultural land, most of the land plots are not cadastral, so they are not
considered to be registered. Land-holding works on the transfer of ownership or use (lease) to agricultural
organizations or citizens of non-agricultural lands have not been carried out. All this does not allow obtaining
reliable information about land plots, boundaries, qualitative characteristics and location. Such disadvantages
indicate a cadastral failure. As a result, the state is losing due to the reduction of the total amount of budget
receipts from registration of transactions with land shares and other land plots.

The main disadvantage of the Ukrainian land cadastre is its fragmentation, the availability of infor-
mation in it only about 10% of legally used land plots, that is, information in the Unified State Register of land
is available only on land plots placed on cadastral accounting on a declarative principle.
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The ecological efficiency of land management is manifested through the influence of land management
measures on the environment and the nature of the use of land, the restoration and conservation of land, the
reclamation of disturbed lands, protection of lands from erosion, villages, flooding, waterlogging, secondary
salinization, drying, consolidation, etc. reclamation measures in the land management system allow for eco-
nomically profitable land.

The main task is to prevent deterioration of natural resources and their exhaustion. At the heart of solv-
ing this problem are the increase of waste gas production, the development of new ways to obtain energy, solve
the demographic problem, the development of resource-saving technologies. Do not violate ecological balance,
giving ecosystem recovery, can only be based on the rational use of land. The essence of land use is environ-
mental regulation and a system of prohibitions on all forms of exploitation that lead to the destruction of the
integrity of the territory.

In the socio-economic development of the society of land resources, land use and land relations,
throughout the human history, played a key role, therefore, the nature and extent of land transformation should
be considered as one of the decisive factors determining the level of effectiveness of the development of the
national economic system.

It is worth noting that the ecological aspects of land use for solving global problems in the field of
ecology involve the joint efforts of many land users. The significance of these problems is due to the fact that
they affect the regulation of land relations.

Conclusions and perspectives of further exploration. The land utilization and cadastre system is cur-
rently in the stage of improvement and development, and therefore requires a deep elaboration of many issues,
including the principles of determining the cadastral value. Consideration and elimination of problems in the
system of land management and cadastre, their knowledge and changes in practice are extremely important for
humanity. This will preserve the natural significance of objects of land management.

Consequently, the article examines the methods of land and cadastral issues, as well as developed mod-
ern approaches to solving land management, promoting sustainable land use and nature management.

The following tasks were solved:

- the state of land management of the country is studied;

- the possibilities of modern approaches to rational land use are analyzed;

- developed optimal complex approaches by generalization of existing ones;

- selected principles and approaches after comparative analysis;

- an approach, which satisfies the modern vision of land management and cadastre, is defined.

The main results obtained in the development of this article are the implementation of certain ap-
proaches for the management of land resources in Ukraine.

As a result of the research, further scientific advances have been made on the rational use of land, the
promotion of rational land use and cadastre.
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CporosHi TPUBUMIPHI MOJIEJNI CHIOPYA BUKOPUCTOBYIOTH B 0araTbox Tajy3six Uil aHalli3y, MPOTHO-
3YBaHHS PO3BUTKY THX UM 1HITUX SBHIII, ITOB’I3aHUX 13 CAMOIO CIIOPY/I0I0, TOX iICHYE HEOOX1THICTE TOCIITUTH
METOAM CTBOPEHHS TPUBUMIPHUX MOJEJIEH CIIOPY I Ta ONUCATU aJlTOPUTM iX MOOYOBH.

B po6oTi po3riisaaeTbes METO JTIIAPHOIO 3HIMAHHS, aHAII3YEThCS 00POOKa JaHHX, OTPUMYBAaHUX Y
BHTJISIAI XMapu TOYOK, B MPOTPaMHOMY 3a0€3IeUeHHI 3 METOIO0 CTBOPECHHSI iH(POPMAIIIHHUX MOIETICH.

Kuaro4dosi cioBa: minap, ckaHyBaHHS, Jla3ep, XMapa TOUOK, TPHBUMipHA MOJIEIb, iHpOpMaLiiiHa Mo-
bi (5319

Beryn Mobinbne nazepne ckamyeants - TEXHOJOT1S OTPUMaHHS BUCOKOTOYHHUX TPUBHUMIPHHUX IPOCTO-
POBUX JaHUX OO0'EKTIB JIA3CPHUMH CKaHEpaMHU B PYCi 3 BUKOPHUCTAHHSAM Pi3HUX HA3EeMHHUX TPAHCIOPTHHUX 3a-
co0iB.

Jlioapne 3HIMaHHS 3aCHOBaHE Ha O€3MepEePBHOMY OTPUMAaHHI BIAT'YKY BiJl IOBEPXHI, IO MiACBIYYETHCS
JIA3ePHUM MPOMEHEM 3 (DIKCOBAHOIO JOBKUHOK XBWIi. JlimapHe 3HIMaHHS MICIIEBOCTI JIO3BOJISIE OTPUMATH
XMapy TOYOK 3 YiTKO BU3HAYEHUMH IIPOCTOPOBUMHU KOOpIUHATAMH. SIKII0 Kiacu(iKyBaTh LIO XMapy TOYOK,
TO Ha 6a3i oTprMaHoi iH(pOpPMAIIii € MOXKJIUBICTS CTBOPSHHS PI3HOMaHITHUX MOJIEIICH.

[IpoTsiroM OCTaHHBOTO IECATUPIYYS JaHi MOOUIBHOTO Ja3epHOr0 CKaHyBaHHS 3aCTOCOBYIOTHCS SIK
IIPH IIPOEKTYBaHHI, TakK i MPH MOHITOPUHTY Pi3HUX 00'€KTIB IHYPACTPYKTYpHU Ta MPUPOAHUX MpoiieciB. CIEKTp
3aCTOCYBaHHS CHCTEMH AYK€ IMUPOKHH — Bix moOymoBu 3D Mozene, kapTyBaHHs OeperoBoi JiHii, TPOrHo-
3yBaHHS 3CYBIB 1 IOBEHEH, BUBYECHHS MiclLlb iCHYBaHHSA TBapHH JI0 OLIHOK HACTIJKiB Pi3HUX BIUIMBIB HA HaB-
KOJIUIITHE CEPEIOBUIIIC.

Mo0GinbHe na3epHe CKaHyBaHHS CJIiJ] BUKOHYBaTH NPHU I'€OAC3MYHHUX BUIIYKYBaHHSIX 1 MOHITOPUHTY
CTaHy aBTOMOOUTRHUX 1 3aJli3HUYHUX JOPIT, IS OIIHKA TEXHIYHOTO CTaHy TYHENIIB, IPH TPUBUMIPHOMY MO-
JIETIOBaHHI MICHKOT iHPPACTPYKTYpH Ta 1HIIHX 00'€KTIB Y3IOBXK TPAHCIIOPTHHX IUIAXIB.

[Ipu BUKOpHCTaHHI TEXHOJIOTIi MOBITPSHOTO Ja3€pHOTO CKAHYBAHHS JOCITAETHCS BHCOKA MPOIYK-
THUBHICTb OJBOBHUX POOIT IpH MiHIMANIbHUX (PIHAHCOBHUX 1 YaCOBHX BUTpATax, 1110, B CBOIO YEPI'y, IO3UTHBHO
BILTUBA€E HAa BAPTICTh, AKICTh 1 MIBUJKICTh MPOBEACHHS IH)KCHEPHHUX BHUINYKYBaHb, 4 TAKOXK Ha MOXJIMBICTh
OTpPUMAaHHA OlNBII TOYHUX 1 MOBHUX JAHMX, HIX MPHU MPOBEJCHHI BUIIYKYBaJIbHUX POOIT TpaguLiHHUMH Me-
TOJIaMH.

Mera i metoau [lousaTTs iHpopMaLiifHOr0 MOAETIOBaHHS CIIOPY/ SIK 3aci0 BU3HAYEHHS iX ITapaMeTpiB
Oymo 3amporioHoBaHO mpodecopoM TexHomorigaoro iHCTUTYTY JIkopmkii Yakom Ictmanom y 1975 p. min
Ha3Boro Building Description System (Cuctema onmcy Oynaisimi). IlizHime, y 1986 p., anrmiens Pobept Eitm
BIlepuie BUKopucTas TepMiH Building Modeling y ioro HUHIIIHEOMY PO3yMiHHI ITpY MIPOEKTYBaHHI TepMiHana
3 B aeponopty Xitpoy. CaMme BiH Brepiie c(hopMyJIF0OBaB OCHOBHI IPUHITUAIIHN 1H(OPMAIIIHHOTO MiAXO01Y Y PO-
eKTYBaHHIi: TPUBUMipHE MOJEIIOBAHHS, aBTOMAaTH3allisl OTPUMaHHS KPECIICHb, IHTEJIEKTyalbHa ITapaMeTpu3a-
1ist 00’ €KTIB, PO3MOALI Ipoliecy OyIiBHULITBA HAa €TaIIH.

ITo xMapax TOYOK MOKHA BUPILIYBaTH HACTYIIHI 3aBAaHHS: MO0OY10Ba TPUBUMIPHUX TU(DPOBUX MOJIE-
Jiel TOBEpXHiI BUMIpSHHX 00'€KTiB; MoOyAoBa IUaHiB, Mpo(isiB; OLIHKAa MOTOYHOTO CTaHy Pi3HUX KOH-
CTPYKIIH B MOPIBHIHHI 3 MPOSKTHOK MOJEIUII0; BU3HAUYCHH: AedopMaliiii 00'ekTa B pe3yabTaTi HOPIBHAHHS
MOCHIIOBHO BUKOHAHUX BUMIpPIOBaHb; BUKOHAHHS «BipTyaJbHOI» TOHNOTrpadivHoi 3HOMKH MicIIeBOCTI B OQici.

HaiimommpenimuM criocobom 30upaHHsS MaTepiamiB mjs cTBopeHHs 3D Momenei € nmazepHe CKa-
HyBaHHA. HaiiO1IBI IPOAYKTHBHUM € METOJ TOBITPSHOTO JIA3ePHOTO CKaHYBAaHHS, OCKIILKH BIH JO3BOJISE
OTpUMYBAaTH iH(OpMaIiifHi MOAETI [ BEIMKUX TUIOLI.

Pe3yabTaTu i mosicuenHst JlimapHe 3HIMaHHS 3aCHOBaHO Ha Oe3MepepBHOMY OTPUMAaHHI BIATYKY Bif
MOBEPXHi, IO MiICBIYY€ETHCS JIA3EPHUM ITPOMEHEM 3 (PIKCOBAHOIO JOBKMHOIO XBUJI. J{aHi cucTeMu MpauioloTh
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3a IPUHIUIIOM Oe3MepepBHOTO OTPUMaHHsI CMYT CKaHyBaHHsI. JlazepHuil MpoMiHb y Mexkax OJHi€l CMyTH Bij-
XWISIETBCSI T3EpKajioM abo Ipu3Mor0 (B ONTHYHHUX CKaHepax), a Habip CMyT OTPUMYETHCS BHACTIIOK PyXy
Hocis. Cxema BUKOHAHHS JIiIapHOTo 3HIMaHHI HaBeJeHa Ha puc. |.

I'ycToTa TOYOK BiIOMTTS 3aJICKUTh BijJ 9aCTOTH F'€HEPYBAaHHS IMIYJILCIB. Y neskux cuctemax me 100
k['11, T00TO 32 omHy cekyHay ¢ikcyerbes 100 000 ToUOK BiAOUTT.

Oxpim 3ragaHoi BUIlle anapaTypH, HesKi CHCTEeMU OCHAIICHI i JOTOMIKHOIO anaparypoio — OJHIEI0
abo mBoma Bimeokamepamu. [lepia opieHTOBaHA B HANPSIMKY J0 3eMIIi, a ApyTa — i KyToM 45 TpaxyciB
i ckepoBaHa Brepe . OTpuMaHi 300paKeHHSI MO>KHA BUKOPHUCTOBYBATH SIK JOTIOBHEHHSI 1O TOOY/I0BaHO1 CKa-
HepoM nudpoBoi Moaeri. Jleski HaltHOBIII cHCTeMH OCHAIEH]1 HUPPOBUMH aepO3HIMaIbHUMH KaMEepaMH, 110
Y CYKYIIHOCTI YTBOPIOE TOTYKHUI 0araToIiIbOBUi 3HIMAIbHUN KOMILICKC.

I
| —e > Ilepenaroua onTH4HA cHCTEMA —— i |
: Jlazep P Jlazepuuii immyabe

1
. = W miEisnsnSinn R s s b= i
’ [puiimaabna 3BoporHe i
i B.IIOI.( »  omTHuHA _ . BHIIPOMIHIOBAHHH :
: YupasJiHHA CHCTEMA - —mm——— - RiLaflerTa _ o - 1
1 1
1 > !
1 | l W . L . 1
| Cnekrpo-anaizatop bBiiok 00potkn curuais !
1 |-
| v > .
! ; doToeTeKTOp :
! 4 A 4 |
1 ] 1
1 > v i C o6 1
'Ly bnok kouTpoio napamerpis -HCTeMa Bilo0paxenHy :
| BHUXIAHOI'0 J1A3EPHOTO BHIPOMiHIOBAHHS orpumanoi ingopmauii [

MNOBOPOTHUI IPUCTPI

Pucynox 1 — 3aranpHa CTpyKTypHA cXeMa JIiJapHOTO 3HIMaHHS
Figure 1 — The general structure of the airborne laser scanning

CydacHi JliiapHi CHCTEMH Iaf0Th 3MOTY (iKCyBaTH ACKiTbKa BIIOUTKIB IIPOMEHS BiZl 00’ €KTa
( Puc. 2) Hanpuknan, skuio na3epHuil IpOMiHb Majae Ha KPOHY JepeBa, TO Neplie BiAOUTTs Oyae Bia KpOHH,
a HACTYITHE — BiJl TOBEpXHI 3eMii. JlazepHuil MPOMiHb IMUPOKO BUKOPUCTOBYIOTH Ha MPAKTHUIIl, OCKITBKH MO-
JKHA TIOOYMyBaTH, HAPUKIIAI, UG POBY MOJIEIH JIICOBOTO TOKPHUTTS 32 KpOHAMH JIepeB, IUGPOBY MOIEIH J1a-
XiB OyJMHKIB U151 3a0yI0BaHUX TEPUTOPIid, TU(PPOBY MOJENb BUCOKOBOJIILTHHX JIiHIN €JIEKTponepeay TOIIO.

Komm #inetses mpo kaprorpadyBaHHsS TEPUTOPIH, TO 3 TEXHOJIOTIYHOTO HOTIIALY TOO0YA0Ba IIM(DPOBUX
MoOJIeJIel BHMAarae Tak 3BaHOrO "4MIIEHHS'", TOOTO yCyBarOThCS IMITYJIBbCH, IO HE IOB’sI3aHi 3 MOBEPXHEIO
3emuti. YacTKOBO 1€ pOOUTHCS amapaTHO-TIPOTPAMHO, IPOTE TOBHICTIO e MPoIlec aBTOMAaTH3YBATH HE BIa-
€THCS, 1 TOMY MOTPIOHO BTPYUYaHHS OlepaTopa-PpoTorpaMMeTpHCTa.

HaykoBo-texHiunuii 30ipHUK «ABTOMOBLIbHI JOPOI'M I JOPOXKHE BYIIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

63



TEOJE3IS TA 3EMJIEYCTPIA

Nepwe sinGurra

N
.\

Nepwe sinburTR

Ocraune BinbuTTR
OcTanne BigBUTTA

Pucynox 2 — CxeMa mpoXOIKEHHS JIA3€HOT'O IPOMEHSI
Figure 2 — The Plan of Airborne laser scanning

OkpiM nazepa, SIKUH HAACHIAE IMITYJILC 3 ONITUYHOTO IEHTPY, Ha HOcii BctaHoBIeHO GPS-mpuitmay
st ikcatii mMpocTOPOBUX KOOPAWHAT TOUKH Ta iHepuUiiiHO HaBirauniiHy cuctemy (INS), mo ¢ikcye Haxun
maTdhopMH 3 JlazepoM, To0To Tpu Kyt Eitnepa.

KiHneBuM pe3ynbTaToMm JIa3epHOTO CKaHyBaHHS € BU3HAYEHI MPOCTOPOBI KOOPJUHATH TOUYOK 3EMHOI
MTOBEPXHI.

CyKyIHICTh TOYOK BIZOMTTS JIa3ePHUX IMPOMEHIB YTBOPIOE HEPETYIIAPHY CITKY 3 BEIHKOI KiJIBKICTIO
TAaKUX TOYOK. 32 LIUMH JAaHUMHU MaTEeMAaTHYHUM CIIOCOOOM MOXKHA, IMICHA KaMepajJbHOTO IOOIMPALIOBAHHS,
oTrpuMaTs HUPpoBy Moaenb penbedy (LIMP) moBepxHi y BUIIISIII PEryIspHOI CITKH .

s orpuMaHHS aepo(OTO3HIMKIB, 3 SKMMH TPAIMIIHHO MPALOITh (OTOrpaMMETPHYHI JTOJaTKH,
HEOOXiZHI MOBITPsIHI HOCIT 3HIMAJIBLHOT0 00JIaAHaHHs. B AKOCTI TaKMX HOCIiB BAKOPUCTOBYIOTH JIiTAKH, BEPTO-
JILOTH, a TaKoK ocTaHHIM yacoMm BILUJIA. /s BHCOKOTOYHOrO aecpoOTO3HIMAHHS B TOMOrpadiuHUX IIIX
MEPEBaXKHO BUKOPHUCTOBYIOTH MiJIOTOBAHI JITaKH.

Bubip niTaka - oA1H 3 eTaniB IUIaHYBaHHS 3HIMaHHS. 3arajbHi BAMOTH JI0 JIiTaKa: XOpOolIa MO3A0BXKHS
Ta TIOTIEPEYHI CTIMKOCTI; TOCTATHIM Miala30H MIBUAKOCTI, HEBETUKUNA Paliyc MOBOPOTY, BUCOKA ITBUIKICTD;
3arac roprovyoro Ha 6-8 roIuH MOJbOTY; OCHAILEHHS BUCOKOTOYHHM HAaBiraliiHUM OONaJHaHHS; 3pYYHICTh
PO3MIIIICHHS Ta eKCILTyaTallii acpodoToanaparypy Ta iHIIHX MPHIAAiB, HCOOXITHUX JIJIs1 3HIMAHHS, HAsIBHICTh
dotomoka s kamepu. [lo Tumy cmiioBOi yCTaHOBKH a00 IBHUTYHA PO3PI3HAIOTH JIITAKH : MOPIITHEBi; TYyp-
OOTBHMHTOBI Ta PEaKTUBHI.

st 00OpoOKHM J1a3epHOr0 CKaHYBaHHS BHKOPUCTOBYIOTH mporpamHui maketu ( ITIT ): MicroStation,
ArcMap ta Autodesk Civil 3D. IIIT MicroStation € 6aratoyHKIIiOHATbHIM, BUCOKOIIPOAYKTHBHUM MTAKETOM
aBromatuzoBanoro mpoekryBanHs (CAD, CAIIP), skuii 3abe3medye (yHKII KpECIeHHs, Bi3yauizallii,
aHai3y, MOJCITIOBAHHS 1 KepyBaHHS 06a3amMu gaHux. Microstation iMITIOpTy€e i eKCTIOPTYE Pi3HI BEKTOPHI Gop-
matu (DWG, DXF, IGES i CGM), pactposi ¢popmatu (TIF, JPG, CI, COT, RGB, RLE, PCX, PCT, EPS, RS,
TGA, BMP, WPQG). [lepenbaueHo MOKIUBICTh BUKOPHUCTAHHS PACTPOBUX 300paKEHb SK MimkiIaaku (pede-
peHT (aiiniB), a TAKOXK iIXHHOTO T€OMETPUYHOTO IEPETBOPEHHS, 110 JO3BOJISE, HAIPUKIIA/, CIIUIBHO 00pOOIsITH
AepOKOCMIuHI 300pakeHHsI 1 BEKTOPHY rpadiky.

Bentley Systems Incorporated € omHHM 31 CBITOBUX JIiAEpiB B 00JIaCTi IMOCTABOK KOMIUICKCHUX TIPO-
IpaMHHX pillIeHb AJS MATPUMKH iHPpacTpykTypH. CaMe apXiTeKTOpH, IHKEeHEPH, KOHCTPYKTOPH 1 eKCILTya-
TYHOU1 OpraHizamii HOKJIUKaHI TOJIIMIITUTH HAII CBIT 1 SIKICTh )KHTTS, TOMY MICisi KOMITaHii ITOJIAra€e B TOMY, 11100
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miABUIIMTH e()EeKTUBHICTH iX mpoekTiB. Bentley minTpumye ¢axisuiB B chepi iHPpacTpyKTypH, 10IOMararouu
iM ocBOrOBaTH iH(GOPMAIIIHHI TEXHOJIOT1], OpPraHi30BYIOYH HaBYAHHS 1 OCBOEHHS IEPEIOBOr0 JOCBI Y.

Sk paBuMIIO, B CKJIaJi 3HIMAJIBHOTO KOMILUIEKCY TOBITPSHOTO JIa3€PHOTO CKaHepa MPUCYTHS HU(pOoBa
acpodoToKamepa, 10 3AIHCHIOE CHHXPOHHY aepo(OTO3HOMKY MiCIIEBOCTI 3 BUCOKOK PO3ALILHOKO 31aTHICTIO
(po3mip miKcens Ha MICIIEBOCTI BiJ 3 CM B 3aJIKHOCTI BiJl BUCOTH 3MOMKH). BUKOpHCTaHHS KOMIUIEKCY B
TAKOMY CKJIaJi JO3BOJISE B KiJIbKA pa3iB CKOPOTUTH Yac i BUTPATH NMPH MOJANBIIIH 00poOLi MONbOBUX Ma-
TepiajiB i CTBOPEHHI KapT i IUIaHIB, TaK SK 3HAUCHHS €JIEMEHTIB 30BHIITHHOT'O OPIEHTYBAaHHS 3HIMKIB BUXOISITh
3 BUCOKOIO TOYHICTIO MPAaKTUYHO Mijg Yac 3HOMKH.

PesynpTaTom NOBITPSAHOTO JIA3€PHOTO CKaHYBaHHS € HeKJIacH(PiKoBaHa «XMapa» TOUOK («CHpi JaHi»).
XMapa TOYOK - 1Ie BelTuue3Hi Habopu BUCOTHHUX 3D TOYOK, 110 MarOTh 3HAYCHHS X, Y, Z, @ TAKOX JOJATKOBY
aTpuOyTuKy, Hanpukiaz, yac GPS, inTeHcuBHICTD 1 T.1. KoHKpeTHI moBepxHi, 1110 Bif0oOpa3uin CUrHal, Kia-
cU(DIKYIOTBCS 32 IIOYATKOBOI 0OPOOKH XMapu TOYOK. TOUKH 3eMHOI IOBEPXHi, Oy TiBEIb, TOKPUBY JIICY, IILIA-
XOMPOBOIB Ta IHIINX 00'€KTIB, 3 SKUMHU CTUKAETHCS JIA3epHUI MPOMiHb, CKIAAI0Th JaHi XMapu TO4oK. Kpim
MO3UIITHUX 3HAYCHb X, Y 1 Z CHCTEMOIO 30epira€ThCs TAKOXK JTOJIATKOBY iH(OpMaiIito. [{Jst KOKHOTO JIa3ePHOTO
IMITYJIBCY 3aITUCYIOTBCS 1 30€piraroThCsl Taki aTpuUOyTH: 1HTCHCHBHICTH, HOMEDP BiTOOpakeHHs, KUTBKICTh
BIIONTHX CHUTHAJIIB, 3HAUCHHS Kiacudikallii TOYKH, KpaitHi TOYKH JIiHii oapoTy, 3HaueHHs RGB, wac GPS,
KYT 1 HANpsIMOK CKaHyBaHHS.

Ilicist oTprMaHHS aBTOMATHYHO 3re¢HEPOBAHOT MOJIENI CIIOPYIN 00OB’SI3KOBHM KPOKOM € TIEpPEeBipKa
i€l MoJeni Ha MPaBWIBHICTh TOOYAOBH Ta Ha BIAMOBIAHICTD «XMapi» TOYOK, sIKa TPOBOAMUTHCS B MOBHICTIO
PYYHOMY PEXUMI.

HaBogumo oy 3 npukianiB ckiIagHoi OyAiBIIi 3 eeMeHTaMH OalToOBOrO THITY. ABTOMaTHYHO TPO-
rpaMa Hamarajacsi 3reHepyBaTH MOJEIIb 110 TOYKaX, aje MEepeIIKoI0i0 cTaja Kynojonoaiona dirypa (Puc.3).
UYepes 11e 1aHa MOJIEIb MEPeOyIOBYETHCS B PYYHOMY PEKHMI, B PE3YJIbTATI OTPUMYEMO MOJIENb 3 BiAOy10-
BaHMMH OCHOBHUMHU ckatamu. (Puc.4).

Hani monmemoeTses Kymonomnoaiona gactuaa. OcHoBa MaTtuMme (OpMy KpyTa, ajie 3a OCHOBY MPHH-
MAa€THCS IPAaBUIBHUN BOCBMHUKYTHHK — 1€ I03BOJISIE TOOYAyBaTH reOMETPUYHO NPaBIIBHY MOJeNb. BuMans-
OBYETBCSI «KapKac» YaCTHHU MOJET 3 BUKOpUCTaHHAM Bentley Microstation. BaxxIImBUM HIOAHCOM
€ BUKOPHUCTaHHS B IIif mporeaypi iHcTpyMeHTty Toggle Accu Draw, sSskuid 1O3BOJIsIE MaJTIOBATH JIiHIT TTapaire-
JBHO ocsiM KoopauHat. Ha pucynkax 3 Ta 4 300paskeHuii polec CTBOPEHHS «KapKacy» 3 IUIOIINH. Bigmanto-
BABIIIM JTaHY YaCTHHY, IPOBOATELCS Jii 3 IIapaMu: PO3rPYHOBYIOTHCS BCI MOJITOHN JaXy B OKpEeMi OJTWHUII,
BUAAJSIOTHCA CTIHM CTapoi MOJEIN Ta BXKeE 110 HOBOMY J1aXy CTBOPIOIOTHCSI CTIHM HOBOI MOJEINI, 3 KYIIOJIOIO-
TIOHOI YaCTUHOK BUKOPUCTOBYIOUM iHCTpyMeHT Create Buildings from poligons Otpumyemo 3D moznens
criopyau ( Puc.5).

B pesynprati mo orpumaniii 3D Mozeni MU MaEMO MOXJIMBICTh BU3HAYATH PO3MIp CIOPYAH 3 TOU-
HICTIO 10 5 CM.
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Figure 3 — Authomatically generated model with elements of the tower type

Drawing
File Home

B~BTad Fewrressiire nosHl=xfta BE

b - -

Attach

e+

Curves

120402_4.0001 final.dgn [3D - V8 DGN] - MicroStation

View  Annotate Analyze Constraints  Utilities  Drawing Aids  Content

B, '@ views, Domyéinie

= s
- 10000 [ 3EE S YA =

Ul uomasieu) Addy 5

¥-| 100N G BER SV

Q-5 - Bvsisonsre | EME:EEEE: = d3%GA BB = ¢ S0 HE AL Bl
Apply Intersection Line > Identify segment to apply oF| & ‘BLOKI ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ol ‘
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Figure 4 — Construction of the main construction ramps
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Pucynox 5— Pe3ynbrar moOynoBu MOAEII 3 €IeMEHTaMH OaIlTOBOTO TUITY
Figure 5 — Results of developed model with the elements of tower type

BucHoBku Ta pekomenaanii JlizapHe 3HIMaHHS € OJHUM 13 HaliCyYaCHILIINX BUAIB BUIIYKYBIbHUX
poOit. KiHlleBUM pe3ysibTaTOM 00pOOKH «XMapu» TOYOK B MPOrpaMHOMY 3ade3neucHHi € 3D moenp MiniMer-
POBOi TOYHOCTI (F€OMETPUYHO TBEPAOTLIBHA MOJIEIIb 00'€KTA, JOCTYIHA JJIsl IMIIOPTY MPAKTHYHO B OYIb-SIKY
CAIIP).

3acTocyBaHHS JIiIapHOTO 3HIMAHHA JO3BOJISIE JOCATATH BUCOKOI MPOAYKTUBHOCTI ITPHU BUKOHAHHI IO~
JILOBUX POOIT MpHu MiHIMaIbHUX (PIHAHCOBHUX 1 YaCOBUX BUTPATaXx, 110, B CBOIO YEPr'y, IO3UTUBHO BIUIMBAE 1X
Ha BapTICTh, SKICTh 1 MIBHAKICTh Ta Ha MOXJIUBICTH OTPHUMaHHs OiTBII TOYHHUX 1 MOBHHUX AaHUX, HIK HPH
3aCTOCYBaHHS TPAJULIHHUX METOIIB.
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Summary: An Airborne laser scanning allowed to get the cloud of points with clearly defined spatial
coordinates. If that cloud is classified, the various models could be created based on received information.

Nowadays, 3D models of buildings are used in a variety of industries for analysis and different pro-
cesses development forecasting, connected with buildings. It explains why the methods of creating 3D models
should be researched and algorithms of its developing should be created.

The Airborne laser scanning is researched in the paper, analysis of data (the cloud of points) pro-
cessing is done in programs that allowed to create information system

Key words: lider, scanning, laser, cloud of points, 3D model, information model.
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Summary. The operation of international transport corridors is primarily assessed in terms of direct
economic efficiency. Profit associated with the transit of transport operations and cargo. However, projects for
the creation and development of international transport corridors always entail socio-economic changes. In-
cluding: the development of industrial and social infrastructure, the transformation of industrial and economic
relations, environmental change, etc. This article discusses the existing problems and the ways of Ukraine’s
transition to standards (survey, design, construction, operation, modernization stages) and rules operating the
railways of the European Union. Taking into account the actual technical condition of the infrastructure of the
Ukrainian railway. The parameters limiting the speed of the existing sections of the railway are considered.
These include - the radius of the curve, the length of the transition curve, displacement, increase in the external
rail, insufficient increase; type of the upper part of the route and its wear; directed translations; artificial con-
structions; passenger platforms; communication and blocking systems; energy saving systems; rolling stock;
train speed and more. Line plan analysis on curves and straight sections of international transport corridors.
Calculations using the method of registration of measurement accuracy in high-speed movement confirmed
the urgent need to account for the volume of labor costs. The cost of restructuring curves and energy savings
to establish rational parameters of the plan in accordance with the specified maximum speed levels.

Keywords: geoinformation systems, arrow method, curve measurement, line layout, radius measure-
ment, international transport corridors, trackwagons and mobile laser scanning, maximum speed.

Introduction. The Association Agreement between Ukraine and the European Union has fully entered
into force on September 1, 2017. The need to develop and implement a methodology for assessing the effi-
ciency of regional transport and logistics infrastructure is dictated by circumstances that objectively limit the
development of regional economic systems, as well as the modernization of their structure. Namely: high cap-
ital intensity of infrastructure, long-term return of large volumes of investment resources; imperfection, insta-
bility of the state and regional regulatory framework, greatly increase the level of risks for infrastructure pro-
jects; limiting the effect of market competitive mechanisms; inflexible state tariff policy for products and ser-
vices of the infrastructure industries - monopolists. All of the above factors hinder the achievement of strategic
goals of public administration. In the absence of a unified methodology for assessing the effectiveness of state
infrastructure and monitoring its impact on the structural dynamics of social and economic parameters of eco-
nomic systems, implementation of development programs is complicated.

In the established practice of the functioning of international transport corridors, the position of direct
economic efficiency related to revenues from transit transport operations is firstly estimated. However, projects
of international transport corridors always entail socio-economic changes, including: the development of in-
dustrial and social infrastructure, the transformation of production and economic relations, changing the eco-
nomic situation, etc. At the same time, technologies of integrated assessments of the functioning of interna-
tional transport corridors have not been worked out so far, which complicates the deliberate decision-making
on their creation and development.

Considering international transport corridors as an independent category investment projects, one can
distinguish the following characteristic features their implementation, which determine the nature the assess-
ment:

- coordination processes development transport infrastructure in the interests integration international
transport systems for the unhindered movement across the borders passengers and goods;

- optimization transport processes that improve the quality transportation, including the reduction of
transport costs, lead to an increase in the attractiveness international transport corridors;

- harmonization interconnection between different modes transport in intermodal transport chains;

- assistance in the development a new territories, the development a new international markets for
goods and services;
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- increasing mobility the population, including the development international tourism and cultural ties,
due to increased transport accessibility the regions.

Analysis train speeds, especially passenger traffic, shows that they do not match the requirements
international railway lines in their technical condition.

Materials and Methods. A large number speed restrictions on the Ukrainian railways is associated
with the parameters the plan and the state the railroad. To increase speed the train along the curve, it is neces-
sary to determine the optimal parameters and put the curve in the correct, projected position. Calculations show
that when designing rail repairs it is possible to achieve a significant increase in the time train movement only
due to the requirements the CP-113 (p.2.3.2-2.3.4 — correction of curves in terms of restoration of design radii)
[1, 6, 8,], that is, to make tracks during capital repairs in the project position. Work on the restructuring curves
performed on the railways Ukraine is an inaccurate model in which it is believed that three adjacent points the
curve lie in a circle. On this principle, the work the dressing-finishing machine, is constructed - the method
smoothing. The absolute majority of modern methods curve correction calculations are based on the determi-
nation the displacements at separate points the track due to the difference in the length the involutes for the
existing and design variants (the involutes model). With long curves, large values landslides and significant
variations in the curvature an existing track, an involutes model can produce significant errors. More precisely,
the shifts can be determined in the coordinate system by geometric representation the design variant and find-
ing the distance from the starting point to its design position (coordinate model). As the speed increase brings
higher requirements for design quality, correction and current curvature, new approaches to filming, calcula-
tions and execution work are required. Of course, this will increase the cost a filming and designing such sites,
but this is a compulsory step, without which it will be practically impossible to implement a qualitative increase
in speed. What weakly influenced the trains' performance at speeds 90—120 km / h, is becoming important at
speeds 160-250 km / h. In order to determine how the outline information on the plan line affects the determi-
nation the rational parameters the curves and the permissible speed the trains, an analysis the methods filming

was conducted, fig.1.
Existing line ] )
/< /PrOJect line

Figure 1 — Geodetic survey accuracy
Pucynok 1 — TouHicTh Te0ie3MYHOT 3HOMKH

Train speed may be limited:

1. Parameters the plan: the radius curve, the length transition curve, diversion bias, increase the exter-
nal rail, insufficient increase;

2. Type the upper structure the track and its wear;

3. Shift transfers;

4. Artificial structures;

5. Passenger platforms;

6. Communication and locking systems;

7. Energy saving systems;

8. Rolling stock and so on.

The speed limitations are permanent and temporary nature.

Removal permanent restrictions is possible as a result reconstruction the section track, temporary - in
accordance with the plan performance travel works.
If there are several restrictions in one place, the minimum limit is taken
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By the condition the track, the following restrictions on the speed trains are possible:

1. Under the terms profile;

2. Upper structure the track;

3. Shift transfers;

4. Artificial structures;

5. Disease the earth's canvas;

6. On the elements road plan.

The appearance the restriction the speed trains is affected by many operational factors:

1. Quantity goods transported;

2. Wear elements the track;

3. Depreciation street transfers;

4. Contamination the ballast layer;

5. Untimely performance the travel works;

6. Inconsistency the top structure the track with the conditions operation and other.

Restrictions on the speed passenger and freight trains along the longitudinal profile are possible on the
brakes on the slopes and on the implementation the power locomotives on the ascent.

According to the established norms DBN V.2.3.-19-2008 at 120 km / h, the slope the profile should
not be more than 15 %e.

The maximum speed the passenger and freight trains on the slopes is determined by traction calcula-
tions or according to the brakes specified in [6].

For all-metal passenger carriages, equipped with electropneumatic brakes on slopes up to 14 %o per-
mitted speed 140 km / h.

By the power the locomotive VL82, which is currently used for passenger and freight trains, the con-
struction speed 110 km / h. For freight trains on the driving slope — 51 km / h.

When switching to a passenger locomotive BS2 or BS7 speed restrictions will not be. The gain in time
can be determined by the formula:

t=6OZ[1—lJ D

n "
where Z - length section;
¥, — maximum speed with existing locomotive;
V', — maximum speed at the design locomotive.

If the turnout is in a curve radius R > 788 m the speed motion is determined by the formula:

Vinax = 8,6%/? 2)
at the radius the curve R <788 m the speed movement is determined by the formula:
Vinax = 2.83VR 3)

On bridges with riding on a ballast, the stability the rail-sleeper lattice should be ensured. For this, the
shoulder width the ballast prism should be at least 35 cm, or filled with ballast troughs. The boom the rails on
the metal bridges in the extreme spans should be in the range 1/2500 + 1/3000, and in medium spans — 1/5000
+1/6000 the estimated span.

The maximum speeds the trains on the bridges must be determined experimentally on the basis dy-
namic tests.

The earth saw should be strong, stable, protected from natural and other factors and comply with ap-
plicable design standards.
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The suitability an earthwork for passage passenger trains at a speed 200 km / h, is determined by a soil
laboratory based on engineering geological, engineering-geodesic, engineering-hydrometeorological and hy-
drological surveys. If necessary, the engineering seismic and other types refinement, as well as the actual
determination the deformation properties soils, should be performed additionally. There is a diagnostic mobile
complex "Era" and "Integral" for studying the condition the earth's canvas.

The restriction the speed trains on passenger platforms depends on their width, type and location and
is determined by the design standards DBN V.2.3-19-2008 section 15 "Passenger".

According to the plan, the speed limitation line depends on the following factors:

1. Vpassengf — the given speed a passenger train;
2. V., — weighted average train speed,;

3. Vmaxcargo — maximum speed a freight trains;

4. Vmimargc — the minimum speed a freight trains;
5. f —speed lifting wheel on a rail;

6. apassenge — unsuppressioned acceleration the passenger train;
7. Gmaxcargo — unsuppressioned acceleration the freight train at Vmaxcargo;

8. Umincargc — unsuppressioned acceleration the freight train at Vmimargc;

9. ¥ —the rate growth a unearned accelerations.
Depending on these parameters, it is necessary to determine:
1. R —the radius the curve;
2. h —increase the curve;
3. [ —the length the transition curve;
4. 1 - deviation slope increase external rail.
Due to the fact that the relationship between values is nonlinear, the problem relates to multivariate

and is executed on the basis existing programs computer technology and modeling in the design railways on
the main criteria for driving comfort given in tabl.1

Table 1 — Criteria for driving comfort
Tabmuus 1 — Kpurepii kompopTHOCTI 1301

Country A pyssenger s M/C° v, e f,mm/c h,mm
Japan 0,50 0,14 45 180
England 0,65 0,25 38-57 150
Italy 0,85 0,15-0,33 56 160
France 0,85-1 0,30-0,85 50 180(200)
Germany 0,65 —0,85 0,30-0,70 28 - 31 150
Poland 0,60 0,30-0,70 28 —35 150
Russia 0,40-0,70 0,30-0,70 24 — 45 150
USA 0,50 0,30 32 140
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Method of arrows. The method allows a fairly accurate estimate the curvature two adjacent points, but
gives an error in determining the angle of rotation, which is calculated as the sum the arrows. Random meas-
urement errors the arrows are distributed according to the normal law with the parameters: the mathematical
expectation the arrow difference is zero, the mean square deviation is 1.2 mm.

Filming a track-measuring car. The asymmetry the measuring circuit, the large error measurement the
traversed path does not allow to obtain reliable parameters the line plan based on the results the races the track-
measuring vehicle.

Filming with straightening machines with the system "Navigator", "Arrow". Accurate system measur-
ing the distance traveled; small asymmetry, high accuracy bending arrows.

Method Gonikberg. When measuring Goniberga's method, the empirical error distribution curve was
approximated by the normal distribution curve, with the parameters the mathematical expectation the differ-
ence in arrows equal to zero, the mean-square deviation is equal to 3.3 mm.

Coordinate filming with the help electronic spacers allows to accurately determine the spatial position
the track section, but because the errors coordinates individual points (up to 20 mm) does not give a real
correlation the curvature, the neighboring points, the track at their close location.

Using GPS devices. Accuracy at the level an electronic tacheometers, such receivers give only with a
differential scheme and parking at each point for a sufficiently long period time, which prevents such filming
directly on the track in the "window".

The use modern equipment and innovative technologies opens up new opportunities for solving vari-
ous problems faced by engineers - designers, builders and railwaymen. It is important to get data in full details
when filming not only simple but also multi-level complex objects such as a contact network at large railway
stations (it is extremely difficult to determine their characteristics with the required accuracy).

The method omobile laser scanning, especially effective for prompt reception, processing and updating
a large volume of high-precision data. Project and construction organizations, services exploitation objects
strategic importance, railways require constant and accurate monitoring the constructive state objects - these
data can be obtained using mobile laser scanning, which allows for a short period time to collect high-dimen-
sional three-dimensional information about all objects that are in the scope the scanning system. At a filming
speed 60 kilometers per hour it is possible to achieve precision at the level several centimeters and density —
about 3000 points per square meter.

Used scanning system, which was installed on the roof the railway platform. Basic GNSS stations
were installed to ensure high accuracy measurements along the passage corridor. They were located every 20
kilometers on pre-installed base points.

Together with the scan, this system allows you to take pictures the territory the object with four wide-
angle cameras with a filming frequency up to 20 frames per second. The data from the cameras can signifi-
cantly improve the perception objects, analyze their characteristics, assign true colors to points and object
attributes.

Automatic correction the brightness the image, waterproof system, range scanning provide the ability
to perform filming in adverse weather conditions and at any time a day (even at night - with artificial lighting
in the area). Due to the compactness the device and the convenient mounting structure, the system mobile laser
scanning can be mounted on any vehicle.

The high frequency scanning allows to collect data without significant losses in the density measure-
ments.

After filming and processing mobile laser scanning data, control was carried out, in which reference
objects were used, fixed in characteristic points along the railway line. Data control was carried out by com-
bining the cloud laser reflection points (TLOs) with reference objects. The discrepancies data mobile laser
scanning on the reference objects: plan and height position which do not exceed 5 cm are received.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXXHE 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 109

74



TEOJE3IS TA 3EMJUIEYCTPIA

As aresult mobile laser filming received the following set data: TLO; geotagged photos; trajectory the
motion the scanning system; GNSS observation data at base stations.

After data processing is created: 3D-model terrain in the format AutoCAD and ArcGIS c insertion in
the database attribute characteristics; digital models railway infrastructure objects; digital terrain models in
ESRI GRID and ASCII format; topographic plans scale 1: 1000; classified TCO.

In addition, the latest software developments in the field digital cartography, CAD and GIS from the
well-known manufacturers Autodesk, Bentley, TechNet, ESRI, RIEGL, InnovMetric, TerraSolid, are used.

Especially noteworthy is the software product SiRailScan German company TechNet. With its help,
the cloud points laser reflection in the automatic mode check the dimensions the railways and formulate de-
tailed reports detected violations. In the long run, such reports can be used in the reconstruction and repair of
railways.

By results data processing the following tasks will be solved:

creation a complex system spatial data ohe infrastructure of railway transport;
— construction longitudinal and transverse profiles;

planning and calculating the trajectories of railway transport;

— analysis parameters of railway infrastructure objects and comparison with normative values;

— detection areas on a railway canvas and ballast prisms requiring repair or reconstruction;

— definition the dimensions the infrastructure along the railway track and the calculation critically dan-
gerous values (determination the wires the contact network and close-up transmission lines, deformation the
infrastructure objects, landslides the earth's canvas);

— inventory of railway infrastructure objects.

Results and Discussion. At present, a single geoinformation system is being created, in which the
integration cloud points, 3D models and topoplanes of railways with databases will be implemented. It’s ad-
vantage in the bulk picture, which is achieved by working with data in a three-dimensional space. This will
enable operative design train schedules and railways reconstruction, planning and conducting inventory works,
calculating geometric parameters of railway infrastructure objects, and solving many other tasks.

Traditional technologies in Ukraine do not allow to solve the problems modernization the line plan at
the proper level. If the filming a plan for design reconstruction can be performed by coordinate methods, the
accuracy such filming will not be sufficient in the current maintenance and repair the track, since the error the
coordinate individual points can reach 10-20 mm. At the same time, filming curves symmetric or asymmetric
arrows methods will give an increasing error along the length the curve [4, 6]. During filming and racking a
not long curves with bending machines, accuracy is sufficient to provide standards for the content, but the
results measurements have a high uncertainty for building a plan and profile sites. This is due to the fact that
the angle rotation is practically determined by summing the measured arrows, and the position the trace in
space is double summed. Since measurements are performed with an accuracy 0.1 mm at distances less than a
meter, the uncertainty the position the end measured area after double summing the arrows is very high.
Without additional comparison the results arrival with the measured coordinate’s individual points, this infor-
mation will also be unreliable [4, 8, 9]. For detailed calculations the line plan in order to increase the speed, it
is necessary to accurately coordinate the existing plan two tracks, straighten the plan on the results these cal-
culations and check the performed stratification in accordance with the "Methods for the analysis of accuracy
of filming, calculations and correction of rail curves by different types machines / CP-0164". The realization
such filming and ensuring the subsequent maintenance the plan track at the proper level is possible only with
the creation a single ramp system of Ukrzaliznytsya. Technical and economic indicators project design evalu-
ation, project design efficiency determine the quality the project as a whole and the feasibility its implementa-
tion in particular. System indicators describing the quantitative and qualitative characteristics an object is used
to select the best project design. The combination these indicators gives an objective assessment the feasibility
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restructuring the curve and economic efficiency. The savings time observed during the reconstruction the rail-
way plan relate to the most common performance indicators and are widely used in the theory of railway design
(time train, time traffic locomotive and carriage, travel time passenger, time intervals). In addition, time is
included in the dimension many performance indicators, such as speed, throughput and shipping capacity.
Determination the effectiveness the project solution is carried out using indicators overall and comparative
efficiency investment costs [5]. The indicators the overall effectiveness design decisions include net discounted
income, profitability index, the internal rate discount, the term investment return. Comparative indicators in-
clude the comparative integral effect, the construction and operating costs and the payback period additional
investments. As you know, investment costs in railway construction are in the form investments.
Conclusions and Recommendations. One the main tasks in organizing high-speed traffic in Ukraine
is to ensure high accuracy and maintenance the upper structure the track. The intensity the wear and tear the
upper structure the track and the rolling stock, the accident-free and comfortable traffic at high speeds largely
depends on the magnitude the deviation the track from the design position in terms profile and height. Foreign
experience shows that the most effective way to control the geometry a track based on a stationary reference
grid along the track. Measurement this grid allows the most accurate determination the displacement rails.
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AHoTanisi. DyHKIIIOHYBaHHS MDKHAPOIHUX TPAHCIIOPTHUX KOPUAOPIB B MEPITY YEPTy OIIHIOETHCS 3 TTO3UITIN
NpAMOi eKOHOMIYHO1 e()eKTHBHOCTI, OB's13aHO1 3 MPUOYTKaMH BiJI oTiepaliii 3 TpaH3UTHOTO nepeBe3eHHs. O-
HaK TPOCKTH CTBOPEHHSI 1 PO3BUTKY MIKHAPOAHUX TPAHCIIOPTHUX KOPHUIOPIB 3aBXKAM TATHYTH 3a COOOI0 CO-
LiaJbHO-eKOHOMIYHI 3MiHHM Ha Me30 PiBHi, BKJIIOUAIOUYH: PO3BUTOK BUPOOHNYOI i coliaiabHOI iHPPaCTPYKTypH,
TpaHcOopMaLilo BUPOOHUIO-eKOHOMIYHUX BiTHOCHH, 3MiHa €KOJIOTiYHOi OOCTAaHOBKH 1 T.1. Y AaHii poOOTi
PO3MIISIHYTI ICHYIOY1 TIPOOJIEMH Ta IMTUISIXY BUPIIIICHHS TIepexoay YKpaiHu Ha HOPMH (3HOMKH, TPOCKTYBaHHS,
OymiBHULTBA, YTPUMAaHHSI, €Tl MOJICPHi3allii) 1 MpaBuiIa poOOTH 3aJi3HULE CBPONEHCHKOTO COI03Y 3 Ypaxy-
BaHHSAM PEaJbHOI0 TEXHIYHOIO CTaHy iIHOPACTPYKTYpH YKpaiHCHKOI 3ali3HHMIII. PO3MIsIHYTO mapamMeTpH, 1o
00MEXYIOTh IIBUAKICT HA ICHYIOUHX MIJSHKAX 3aM3HUIN. [0 HUX BITHOCSTRCS - MTapaMeTpaMH IIaHy: Paiyc
KpHUBOi, JOBXXKMHA TEPEXiAHOI KPHUBOI, YXHUJ BiBOJY, IiABHIICHHS 30BHIIIHBOI PEHKH, HEIOCTAaTHE IIiJABH-
IICHHS; TUI BEPXHBOI OY0BU KOJIIi Ta 11 3HOC; CTPLIOYHI MePEBOIH; IITYYHI CIIOPYAH; MAaCaKUPChKI I1aTdho-
PMH; CUCTEMH 3B’SI3KYy Ta OJIOKYBaHHS; CUCTEMHU €HEpro30epeKeHHs; pyXOMHUH CKJal; IHTEHCHBHICTh PYXY
rmoi3miB Ta inme. HaBemxeHo aHami3 TuTaHy JIiHIT Ha KPUBHX 1 MPSAMUX AUITHKAX MIXHAPOJTHUX TPAHCIIOPTHHX
KOPHUIOPiB, PO3PAaXyHKH 33 METOIUKOIO 00JIIKY TOUHOCTI BUMIiPIOBAaHb ITPH MBUIKICHOMY Ta BHCOKOIITBUIKIC-
HOMY pYCi, MATBepKeHa HaraibHa HEOOX1IHICTh BpaxyBaHHs 00CATiB pOOiT, BUTpAT Ha epe0yA0BY KPUBUX
1 EKOHOMIO CHEPTETUIHHUX PECYPCiB IS BCTAHOBJICHHS PaIlliOHATFHUX MapaMeTpiB IIaHy BiATOBIIHO 10 3a-
JTAaHWX PiBHIB MAKCHMAJTbHOI IIBUIKOCTI.
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AnoTtauis. XXutteBuit mux1 KOHCTPYKIIii (200 i1 ememMeHTa) po3risaaacThCs SIK MapKOBCHKHM TIPOTIEC 3
JUCKPETHUMH CTaHAMHU 1 HEMEpEepBHUM 4YacoM. [IpHHHATO I’SATh eKCIUTyaTalidHUX CTaHIB, B SKUX MOXeE
3HAXOAUTHCH KOHCTPYKIis. |1 BUTIaAKy OHOPITHOTO MAapPKOBCHKOTO MPOIIECY 3 MMOCTIHHOIO BETUIHHOIO 1H-
TEHCHBHOCTI TIEPEXO0/IiB OTPUMAHO BiANOBIAHY cucTeMy aAudepeHuiiinux piBHsHb (cuctemy Kommoroposa).

HaykoBo-texHiunuii 30ipHUK «ABTOMOBLIbHI JOPOI'M I JOPOXKHE BYIIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

79



TTIIPOTEXHIYHE BYIBHUIITBO, BOJHA TH)KEHEPIS TA BOJJHI TEXHOJIOT'TI

Jnsi BUpIIICHHS CHUCTEMH PIiBHSHb B aHAIITUYHOMY BHUTJISIAI 3aCTOCOBAaHMM METOA HEBU3HAUCHHX
koedirienri. OTpuMaHi pilIeHHS Jal0Th MOXKJIUBICTh BU3HAYUTH IMOBIPHICTH 3HAXODKCHHS KOHCTPYKITIi B
KOHKPETHOMY CTaHi, a TaKoX HaHOLIb1I IMOBIpHHIA Yac epexoay KOHCTPYKIi BiJf OTHOTO eKCILTyaTaliifHOro
cTaHy 0 iHmoro. Busnauena QpyHkist Oe3nexd, sIK iIMOBIpHICTh HE 3HAXOIKEHHSI KOHCTPYKILIi B OCTAHHBOMY
(Hemparie31aTHOMY) CTaHi 1 (YHKIIiSI IHTEHCUBHOCTI BiaMOB. [IpuBeneHo 1 JoCHiKeHo rpadiku iIMOBIPHOCTI
3HAXO/KEHHSI KOHCTPYKLII B KOKHOMY 13 I SITH CTaHiB, PyHKIII HAAIHOCTI Ta QyHKIi1 iHTEHCUBHOCTI BiIMOB.
OTpuMaHi aHATITUYHI 3aJISKHOCTI TaI0Th MOXKJIMBICTh BU3HAUCHHS TOBIOBIYHOCTI Ta 3aJIMIITKOBOTO PECypCy
pobOTH, K OKpPEMHX €JIEMEHTIB, TaK 1 CIOPYAH B IIIOMY, a TAaKOX JO3BOJIUTH ONTHUMI3YBAaTH ILIAHYyBaHHS
MPOBEAEHHS TOTOYHUX PEMOHTHHUX POOIT, 3HAYHO MOMIMIIMTH EKCIUTyaTaliifHi IOKa3HUKH CIOPYIH, CKOPO-
TUTH BUTPATH HA PEMOHTHI 3aX0JIU Ta TIOJOBXKUTH CTPOK JKUTTEBOTO IHKITY CIIOPYIH.

Kirouosi cioBa: QyHkuis HagiitHOCTI, piBHsHHS KonMoroposa, MapkoBCbKa MOAEIb, IHTEHCUBHICTD
BiIMOB, JJOBTOBIUHICTh, 3aJIMIIIKOBHI pecypc.

BeTyn. Y BimmmoBiTHOCTI IO KITACHYHOTO BU3HAYCHHS [ 13] HamiitHICT KOHCTPYKIII B MOMEHT Yacy t €
HMOBIPHICTIO CKJIaAHOI MOi1, SIKa MOJISITae B TOMY, II0: BiIMOBA He BiZIOyIEeThCS HA MOMEHT ITOYaTKy SKCILTY-
aTarii KoHCTpyKIIii (t = 0), TOOTO piBeHbh HABAHTAKCHHS B IIOYATKOBUI MOMEHT €KCIUTyaTallii He IIEPEBUIITUTE
TPaHWYHO JTOIYCTUMOTO 1 Bi]MOBa HE BinOymeThes 10 acy t (t > 0). [lo3Haunmmo HMOBIPHICTS IUX MOIIH, SIK
Py 1 P, BimmoBigHO. Toi 3riTHO 3 TEOPEMOIO MHOXKEHHS MMOBIPHOCTEH HE3aJICKHUX MO HAMIHHICTh KOH-
CTPYKLIi BU3HAYAETHCS SIK

N=P0'Pt. (1)

Bemnuuny Py MokHa Ha3BaTH ITOYATKOBOIO a00 MPOEKTHOIO HAMIWHICTIO 1, K BimoMo [3, 8, 13], BoHa €
(YHKITIEO XapaKTePUCTUKK Oe3meku 5, ToOTO

Py =N(B,t)|t=0 = F(B). (2)

Oyukrist Py (mani no Tekery P(t)) € WMOBIpHiCTIO 6€3BiIMOBHOT poOOTH ((PYHKITIERD OE3MEeKH) KOH-
CTpyKii Ha iHTepBai yacy Bij 0 1o t. Bona nos’s3ana 3 iIHTEHCUBHICTIO BiJIMOB KOHCTPYKIL A, (t) (failure
rate) nuepeHIIiHHOI0 3aIEKHICTIO:

1 dN 1 dP
Afr(t):_ﬁ'ﬁ=_;'_' (3)

®izuunuit 3micT GpyHkuii A, (t) netanbHo BuKIaneHo [4, 5, 6].

[Ticna inTerpyBanus (3) i 3 ypaxyBaHHSIM O4€BUAHOI PIBHOCTI

P()t=0 =1
OTtpumyemMo

P(t) = exp |- f; Ape(0)dt]. )

3 ypaxyBaHHM (2) i (4) 3asexHicTh (1) MOKHA 3aIMCATH y BUTIISIL

N(B,t) = F(B)exp |~ [ Apr(t)dt]. 5)
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Mera i metoau. IIpu BusHaveni HazginocTi KoHcTpykii N (S, t) Beauunny Py MOKHA pO3TIISIATH K
He3aJIEeKHUH Bifl 9acy KoedirienT npu GyHkii 6esmexu P (t). MeToa BU3HAYEHHS TPOEKTHOT HAMIHHOCTI KOH-
ctpykuii (Py = F(f)) mocratHbo BucBiTIIeHO B [3, 8, 13] 1 B OUIBIIOCTI BHIAJKIB, BUPAKAETHCS Yepes3
¢ynkuito Jlamnaca.

o crocyerbes dhyHKIIT Oe3nekn (4), TO Ha COTOIHITIHIN JEHB HE ICHY€ 3arajlbHO MIPUHHATHOI MOIET]
il TIOBEMIHKH, TOMY IOOYIOBA aeKBaTHOI 3a1exHOCTi P(t) morpebye BCEOIYHOTO TEOPETHYHOTO 1 TPAKTH-
HOT'O JOCIIIKEHHS.

VY cydacHHX yMOBax, KOJH OUIBIIICTS MOCTOBUX KOHCTPYKIM B YKpaiHi BXK€ MalOTh CYTTEBHU CTPOK
eKCIUTyaTarlii, BU3HAYCHHS 1X HaMIIHOCTI (a OT)KE 1 3aJTUIIKOBOTO PECYPCY) € HAM3BUIANHO aKTyaIbHOIO 3a/1a-
Yer0.

VY po0OTI MPOBOAUTHCS MOCTIKEHHS (PyHKIIT Oe3MeKr KOHCTPYKIIl Ha OCHOBI MapKOBCHKOI MOJIENI,
3anpononoBatoi B [8, 9, 10]. Ha Bigminy Bix panime posrisayToi Mozeni [7], B sikiit P(t) Bu3Hauanach Ha
KO)KHOMY XapaKTEepHOMY 1HTEpBall yacy eKCIUTyaTamii, B Iiii poOOTI HAaIHHICTh CUCTEMU BHU3HAYAETHCS 13
cucteMu nudepeHiHHanX piBHSHL KomMoroposa yisi BChOT0 MIPOMIKKY Yacy €KCIDITyartallii KOHCTPYKIIii. 3a
CTaHU MapKOBCBHKOI'O JIAHLIIOTa IPUIHATO eKCIUTyaTaliiiHi CTaHH MOCTOBUX KOHCTPYKIIMH, K1 y BiAMOBITHOCTI
1o ynaHoro JICTVY [1] moxineHo Ha 5 cTaHiB:

Cran 1 — cripaBHUI;

Cran 2 — 00MeXeHO CTpaBHU;

Cran 3 — mpare3qaTHHi;

CraH 4 — 00MeXeHO Tpare3IaTHHIA;

CraH 5 — Hemnpane3JaTHUi.

Pe3yabTaTu i mosicnenHsi. Yac nmepexo/1y CIopy.iv 3 OJTHOTO CTaHy JIO iHIIIOTO € BUMAIKOBOIO BEJINYH-
HOIO, TOMY MOJIEINI, 0 XapaKTepU3yIOTh TaKUH POIeC MaroTh 0a3yBaTHcs Ha Teopii iMOBIpHOCTEH (cTOXa-
ctruHi Mojen). OmHIE0 3 TAKUX CTOXaCTHYHUX MOJEJCH 1 € MOIeb, IKY BUKOPHUCTAHO B Ll poOOTI, a came
MapKOBChKa MOJICIb 3 JUCKPETHUMH CTaHAMHY 1 HEMIEPEPBHUM YacoM [4].

BianoBimgHo 10 i€l Mozem Jac rmepexoay MixK JUCKPETHUMH CTaHAMH BiIOYBA€ETHCSI Y BHITAIKOBI MO-
MEHTH 4acy. ['pad mporiecy po3risiHeMO Y HAUIPOCTIIIIOMY BHTJISATI, HABEICHOMY Ha PUCYHKY 1.

@LNQLNgLNOLNey

Pucynoxk 1 — Yac nmepexomy Criopyau 3 OJHOTO CTaHy JIO iHITIOTO.
Figure 1 — Time of transition of a structure from one state to another

Jie A;j - WiIBHICTH TIOTOKY BUITAJIKOBUX TIO/iH, AKUH NEPEBOUTL CUCTEMY i3 CTaHy [ JIO CTaHy j.

VY 3arajbHOMY BHIIAJKy TIEPEXOH i3 CTAaHY B CTaH MOXKYTh OYTH JOBUIbHUMH. Tak HAITPHUKIIAN, SKIIO
MOJKJIMBUH Tepexin i3 cTany 3 10 craHy 1 (BHAC/IIIOK MPOBEACHHS PEMOHTY), BIAMOBIAHUI mapaMeTp Az; #
0.

Y BUINAJKy MAPKOBCHKOIO JIAHIIIOTa, IO PO3TJISANAETECS, HE HYIIBOBI A;; IPEICTABIEHO HA PUCYHKY 1.
Sk BimoMo [4], MapKOBCHKHI IPOIIEC 3 HEMEPEPBHUM YaCOM OITUCYETHCS CUCTEMOIO AU EPECHIIMHNX PIBHAHB
KonmoropoBa, sika aiist BUNAAKY, IO PO3TISAAETHCS MA€ BUTIIS:
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dp,

E = —A12b15

dp,

o =302 + A12P1;

dps

L —A34P3 + A23D2; (6)
dp,

o —A4sPa + A34D3;

dps

dar = A45Ps-

s cuctemMa y MAaTpUIHOMY BUTJISIII HA0OYBa€ BUTIISTY
d _
L = ap, (7)

ne p = (P1, D2, P3, P4, Ps) - BEKTOP CTOBOELD, P;(t) - HMOBIPHICTh 3HAXOPKEHHSI CHCTEMH B [ - TOMY
cTaHi, a A — MaTpHIIsI po3MipoM 5X5:

-4, 0 0 0
Ay Ay 0 0
A=| 0 Ay =y 0
0 0 Ay = s
0 0 0 Ays

®)

e e R )

OCKITBEKH CHCTEMA MOXKE 3HAaXOJUTHUCH JIUIIC B OTHOMY 13 I’ ATH CTaHiB, JJI I[OBiJ'II:HOl"O qacy ! MOXHa
3a1McaTu:

5
Z pi(t) =1 9)
i=1
[TogaTkOBI yMOBH TSI iIHTETPYBAaHHS CHCTEMH (6) XapaKTepHU3yIOTh CTaH CHCTEMH Ha MOMEHT Jacy t =

p1(0) = 1; p,(0) = p3(0) = p,(0) = ps(0) = 0. (10)

SIkuto BBakaTH KOEILIEHTH A;; HE3ATIEKHUMU BiJl 4acy, TO CUCTEMa (6) MPECTaBIsie COO0I0 CHCTEMY
3BHYAHHUX AU(EPEHIIHHUX PIBHAHD 1-r0 HOPSAKY 13 MOCTIHHUMHU KOe]ilieHTaMH.

[ToOymyeMo po3B’s130K cUCTEMH (6) IS BUTIAIKY OJHOPITHOTO MapPKOBCHKOTO IPOIIECY 3 OAHAKOBUMU
xoedimientamu: A;; = A = const
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Po3B’s130k cuctemu piBHSHB (6) 3 mouaTkoBuMH ymMoBamH (10) mrykaemMo METOIOM HEBHU3HAUCHHUX
koedirientis [12].
XapaKkTepuCTHYHE PIBHAHHS CUCTEMH (6) MOXKHA 3aIIMCATH Y BUTIISIL:

det||A—kE|| = 0 (11)

ne E - oquHNYHA MaTpHIls 5-T0 TOPSZIKY, a k - XapaKTepucTUYHE Yuciio. [3 ypaxyBaHHsM (8) xapakTe-
puctuaHe piBHsSHHAS (11) HaOyBae BUTIIA;

k(k + )* = 0. (12)

Kopensimu piBasiaas (12) € yucna k = 0 i3 kpatHicTio 1 1 kK = —A 13 kpatHicTio 4. BigmosigHo a0 [12]
BEKTOp QyHIaMEHTANBHUX PO3B’s13KiB § = ( q1, (2,3, 44, J5) MA€ BUTIISAL;

g=(1e M te? t2e M t3e ), (13)
a po3B’s30K cucTeMH (6) MOKEMO 3aluCaTH y BUTIISL
p; () = ¥_; Cij q; , (14)

ne Cij — KOHCTaHTH (HeBU3HAYEHI KOeDillieHTH), SKi BUSHAYAIOTLCSA 13 TOYaTKOBUX yMOB (10).

3 ypaxyBanssam (13) i (14) po3B’s30k cuctemu (6) HaOyBae BUTIISLY:

242 343
PL(®) = e pa(1) = Ate ™M py (1) = e pa(0) = e
AZtZ + 131.3) e—ﬂ.t (15)
2 6 '

ps(t) =1—(1+2t+

HeBaxxko nepeBipuTH, mo ¢yHkuii (15) 3a10BonbHAI0TE cucteMy (6), modaTkoBi ymoBH (10) i ymoBy
HOpMyBaHHSA (9).
Llinkom o4yeBHIHA TaKOX TOBeAiHKa (yHKIT p; (t) mpu t — oo

PL=D2=P3=Ps=0;ps =1 (16)

IT’sTuii cTaH € KiHIEeBUM (KOHCTPYKILiS 3HAXOAUTHCS B HENpaLe31aTHOMY CTaHi), TOMy HMOBIPHICTb He
3HAaXOJ[KCHHSI KOHCTPYKIII B JaHOMY CTaHi € MIyKaHOIO (YyHKII€w Oe3mneku [4]:

A2¢2 /13t3>e—“. (17)
2 6

P(t)=1—p5(t)=<1+lt+—+—

Bupa3 (17) ¢pyskIii 6e3neku 1a€ MOKIIUBICT ITPH BIIOMUX 3HAYCHHSIX A i P, BU3HAYNTH HAIIHHICTD
KOHCTPYKIIil Ha JAaHUH MOMEHT 4acy, a TaKOX IMPOTHO3YBATHU 3AJUIIKOBHI pecypc ii podotu. Takox MoxHa
BH3HAYUTH WMOBIPHICTh 3HAXO/KEHHS CHCTEMHU B OJTHOMY 13 1i cTaHiB 3a pyHKIisamu (15).

3anexHicTh (17) HEBAXKKO y3arajJbHHUTHU IS JOBUIHHOTO YHCIA CTAHIB N
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AZtZ An—ztn—z
=1- = -4
P(t) =1 —p,(t) <1 A+t (n—2)!>e .

Cnix 3ayBakuTH, 1m0 B piBHAHHAX (15) dymkmii p,(t), i ps(t) € moHoronHnMHE, a QyHKIIT p, (1),
p3(t), p4(t) - MaroTh TOUKH excTpemyMy. JlocmiauBiny mi (YHKIIT HEBAXKO TMOKa3aTH, 110 P, (t), p3(t),

2 _1..03 (4
t 7 t

2 3 . .
P4(t) HOCATAIOTH MAKCUMATIBHUX 3HAYCHD IPH Lyygy = 75 tmay = 75 tmayx = 5 BIATOBIIHO.

Ha pucyHky 2 HaBeJICHO pe3ylbTaTd YHCEIBHOTO PO3PaxXyHKy 3anexHocteit p;(t) Ta P(t) mpu A =
0,08.

0.8
pl (t)
P20,
p3 (t) 06
2L LY,
p5 (t) 04
P (t) '

0.2

Pucynok 2 — ®yukmii p; (t) ta P(t)
Figure 2 — Function p;(t) and P(t)

Hagpenenwmii criocib moOymoBy aHATITHIHOTO PO3B’ 3Ky p; () HE BXKKO y3aralbHUTH IS BUIAIKY Pi3-

HUX A;;, @ TAKOXK IJIs1 IHIIOT KITBKOCTI IPOMIXXKHHUX CTaHIB.

JE
®OyHKLis iHTeHCUBHOCTI BiIMOB (3) 3 ypaxyBanHsaM (17) Mae BUTIISIA

A4t3

= 18
Ar (6 + 6t + 312t2 + A3t3) (18)

I'padix Gymkumii A¢,(t) npencrasneno na pucyHky 3.
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Pucynok 3 — I'padik Gpynkuii A¢,(t)
Figure 3 — Function graph As,.(t)

Ha puc 3 a, 6 naBeaeHo rpadiku QyHKIii iHTEHCHBHOCTI BIIMOB Ha JBOX Pi3HHUX YaCOBUX BiApi3Kax.
Sk BuHO 3 rpadixy QyHKis Agy-(t), W OPUAHATOT MOJEN, MOYUHAETLCSA 3 HYJIS | € MOHOTOHHO 3pOCTar0-
yoro. [Ipuyomy, Ha nouartkoBomy etari (6113bK0 5 pOKiB) GyHKIIs Afy-(t) Maibke nopisHioe Hyio. Lle cBin-
YHUTh PO TE, 1[0 B KOHCTPYKIIIT HE BiI0OYBalOThCS BIAMOBH 1 HAJIMHICTD 11 JIUIIAETHCS TAKOKO YK CaMOI0, SIK 1 Ha
MmovaTKy ii ekcruryaramii. Jlam Ha nmpaktuaHoMy erari excroryararii ( Bigx 0 mo 100 pokiB), sk moka3aHo Ha
PHUCYHKY 3a, HOMITHO JIOCHTb iHTEHCUBHE 3pOcTanHs QyHKii Az (t) . [Ipn BenmuKnx 3Ha4eHHAX ¢ (PUCYHOK
30), sIKi B3ATi TIIOTETUYHO IS HOCIIDKEHHS MOBEMHKA QyHKIIT Afy-(t), BUAHO, WO Agy(t) aCUMIOTOTHYHO
npsaMye 10 A B Hamomy Bunaiaky A = 0,08.

BucnoBku Ta pekomenaanii. OTpruMaHi aHaTITHYHI 3aJI€KHOCTI TI03BOJISIOTH BUBHAYNTH WUMOBIPHICTh
3HaXO/[)KCHHSI KOHCTPYKIIT B KO)KHOMY 13 CTaHIB, a TAKOX (YHKI[IFO HAAIMHOCTI B LIIJIOMY JIJISl JOBUJILHOTO Yacy
eKCIUTyaTallii, a TAKOK BU3HAYUTH 3AJIMIIKOBUI pecypc KOHCTPYKLIII.

3anponoHoBaHU METOJ aHATITUYHOTO BUPILICHHS CUCTEMM AudepeHIiiinux piBHIHb KoiMoroposa
MOe OyTH y3aralbHEHUH i U BUNIAIKy 0arato napaMeTpuYHOi CUCTEMH 3 Pi3HUMH A;;, sKa € Oiibin Habu-
YKEHOIO JI0 pealbHOT POOOTH KOHCTPYKITiii.

Busnauennst pyukuiit p; (t) (15) 103BoIIs€ MOKPALIUTH TOYHICTH IPOTHO3YBAHHS Yacy MEPEXOAy 3 OJi-
HOT'0 IPOMIXKHOTO CTaHy J10 iHIIOTO i MOKe OyTH BUKOPUCTAHO NPH IJIaHyBaHHI HIOTOYHUX PEMOHTHHUX POOIT
(MIXpPEMOHTHUX TEPMIHIB).

OTtpumMaHi pe3ynbTaTi po3B’ 3Ky PIBHSIHb MOXYTh OyTH BUKOPHCTaHI SIK MOJIENIbHI (TOPIBHSUIBHI) IJ1s1
OUTBII CKJIaJHOTO BUMAAKy HeogHOpigHoro (A = A(t)) mapkoBcbkoro npouecy. Cructema piBHsIHB Kommoro-
pOBa JIIs IOTO BUMAJIKY HE JIO3BOJISIE OTPUMATH PIIICHHS B aHAIITHYHOMY BUTJISIIL.

Cuiz 3BepHYTH yBary, o 3 puc. 2 BUIHO, IEPEXil KOHCTPYKLIi i3 CTaHy B CTaH MPOXOIUTH B 4ac, KON
(yHKLIsS KIMOBIPHOCTI 3HAXOKEHHS KOHCTPYKLII B JAaHOMY CTaHi A0CSTa€ MAKCUMYMY, a II€ JIa€ 3MOT'Y BU3Ha-
YUTH MIOTOYHUN CTaH KOHCTPYKIIIi.
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Summary. The life cycle of a construction (or its element) is considered as markovian process with
discrete states and continuous time. Five operational states have been accepted, in which the construction may
be. The corresponding system of differential equations is obtained for the case of a homogeneous markovian
process with a constant conversion rate (Kolmogorov system). The method of uncertain coefficients is applied
to solve the system of equations in analytical form. The obtained solutions make it possible to determine the
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probability of finding the construction in a particular state as well as the most likely transition time from one
operational state to another. Security function defined as the probability of not finding the construction in its
last (inoperable) state and the failure rate function. The graphs of the probability of finding a construction in
each of the five states, reliability and failure rate functions are presented and investigated. The obtained ana-
lytical dependences make it possible to determine the longevity and residual life of the work both individual
elements and structures as a whole and optimize scheduling for ongoing maintenance work, significantly im-
prove the performance of the structure, reduce the cost of repair work and extend the life of the structure.

Keywords: reliability function, Kolmogorov equations, markovian model, failure rate, durability, re-
sidual life.
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Anortanisi. CTaTTs npucBsucHa miadopy CKIaay 1IeMeHTOOeTOHHOI CYyMIIlTi Ta BU3HAYEHHIO (Di3UKO-
MEXaHIYHUX MTOKA3HUKIB JIPCHYIOUOTO IIEMEHTOOCTOHY JUTSl YIIAIITYBAHHS TTOKPHUTTSI IMIIOX1THUX JOPIKOK,
aBTOMOOUIFHHUX CTOSIHOK Ta TPOTEXHIYHUX CIOPYA 3 BUCOKOIO IPEHYIOUYOIO 3AaTHICTIO.

OO6’€eKT JOCTIHKEHHS — TPOIECH MPOCKTYBAHHS CKJIaAy Ta 3a0e3medeHHs MIITHOCTI Ta MPOITyCKHOT
30aTHOCTI APEHYIOUOr0 IEMEHTOOETOHY.

Mertoto poboTH € miadip cknagy Ta BU3HaUeHHs (Pi3MKO-MeXaHIYHUX (MILHICTh HA CTUCK, PO3TAT MPH
3ruHi, AeGopMaTuBHUX (MOIYJIb MPYXKHOCTI), €KCIUTyaTalliiHi (CTUPaHHICTh), MOPO30OCTIHKICTh, BOJOMPOITY-
CKHa 31aTHICTh IPEHYIOYOTO IIEMEHTOOETOHY. .

Metoau TOCHTIIKEHHS — HAyKOBO-CKCIIEPIMEHTAILHUH.

PesynpTatu cTarTi MOKYTH OyTH BUKOPHCTaHI IIPH EKCIUTyaTalii JOPOXKHIX 1 aepOAPOMHHUX NOKPHUTTIB
B BOJIONIPOHUKHUX MOKPUTTAX T4 OCHOBAX AJIS MiJBUILEHHS €KOJIOTTYHOCTI CEPEAOBHILA MiCT.

Kuarw4oBi cjioBa: apeHyrodnii 0€TOH, MIITHICTh Ha CTHUCK, MIITHICTh Ha PO3TAT IPH 3THHI, MOIYJb
NPY>XKHOCTI, MOAynb aedopMamii, MOPO30OCTIHKICTh, KJac OETOHY Ha pPO3TAT MpPU 3THHI, BOJOIPOIYCKHA
3IaTHICTD.

IMocTanoBka mpodJeMu.

Jpenytounii 1eMeHTOOETOH — 1Ie MaTepiaj 3 BUCOKOIO BIIKPUTOIO MOPHUCTICTIO, siKa 3a0e3Meuye MoK-
paleHi ITyMOTIOTJIMHAIOY1 BIIACTUBOCTI 1 APEHYIOUY 3/IaTHICTH B ITOEIHAHHI 3 IMOPCTKICTIO Ta PiBHICTIO.

[Ipu 3acTocyBaHHI B BEpXHbOMY IIapi MOKPUTTA L MaTepiad MOBHHEH YMHHUTH OMip AII0YOMY Ha
HBHOTO HABAHTAXCHHIO 3 ICHYIOYOI0 IHTCHCHBHICTIO PyXY, MaTH BiAIOBIIHY MOPO30CTIMKICTh 1 CTIHKICTH 0
Iii XJIOPHIIB Ta MAaTH KpaIlli IIyMOITOTJIMHAIOY1 XapaKTePUCTUKH.

Hpenytounii (qpeHa>KkHUA, TPOHUKHUNA, TPOMYCKaTbHUH, BACOKOIOPUCTHI, KPYITHO TIOPUCTHH, TIOPY-
Barmii) OetoH (Portland Cement Pervious Concrete (PCPC)) - me cymimt mebeHto, B, XiMIi9HAX T00aBOK i
LEMEHTY 3 HyJIbOBUM a00 3 Ay:Ke€ HU3bKUM BMIiCTOM TicKy. Lleii Tun 6eToHy Mae BENHMKY KiIbKiCTh MIXK3EpHO-
BHIX 1 B3a€EMOIIOB'SI3aHUX ITYCTOT, 5K 3a0€3MeUyI0Th OETOHY BUCOKY IPOHUKHICTB, JO3BOJISIOTH JOIIOBIH BOII
MIPOXOJIUTH KPi3h OCTOH, 3MEHIITYIOUN 30MpaHHs BOAM HA MTOBEPXHI 1 YHUKAIOUX 3aTOTUICHD.

[lepeBaxxHO OpeHa>KHUI OETOH 3aCTOCOBYETHCS AJIsl OONAILTYBAHHS:

* MMApKIHTIB 3 JISTKUMH TPAHCIIOPTHUMH HaBaHTAKEHHSAMU;

* OCHOB JUII aBTOMOOUIBHUX JIOPIT, MiCBKHX BYJIUIb Ta JIOPIT;

* TPOTYyapiB 1 MIIIOXiIHUX 30H;

* TOP1’KOK B MapKax 1 JIICUCTIM MiCIICBOCTI.

* CTiH, Jie¢ TOTPiOHO 320€3MEeYNTH TETUIO- i 3BYKO130JIAIiF0, IITyMOBUX Oap'epiB.

BramtyBaHHS mapiB OCHOBH JOPOKHBOTO OJSTY 3 APEHYIOUOTO IIEMEHTOOCTOHY 3a0€3eUnTh BiIBe-
JICHHS BOJIM 3 KOHCTPYKIIi JOPOKHBOTO OASTY B OCIHHbO-BECHSIHMH nepionu. Ta momepeauTs BiJ nepeayac-
HOT'0 pyHHYBaHHSI IIOKPHUTTS Ta KOHCTPYKILIi JOPOKHBOTO OJSTY B 30HI CKYITYEHHS BOJIU MPU 3aMEep3aHHi Ta
BiJITaBaHHI.

[1IBuKe BiABEICHHS BOIU 3 IOBEPXHI MOKPUTTS JO3BOJISIE B 3HAYHINM Mipi 3HU3UTH CITU3bKICTB 1 TTiIBH-
T 6e3neky pyxy. Take HOKpHUTTS MOXKe 3HIKYBATH PiBEHb IITyMY Bill TPAHCIIOPTHHUX 3ac00iB Ha 3 — 5 1b.

OpuH 3 BapiaHTIB BUKOPUCTAHHS IPEHYIOYOT0 IIEMEHTOOETOHY € CTBOPEHHS IiAIIPHUX CTIHOK TiIpO-
TEXHIYHHUX CHOpPYX (3aMiCThb BUKOpPHCTaHHA TabioHiB). SKmo raGioHM — MpoCTOpoBa ciTd4acTa KopoOuacta
CTPYKTYypa, fKa 3allOBHEHAa MPHUPOJHUM KaMEHEM, 1 TPUMA€ThCS 32 PaxXyHOK CITYACTOI KOHCTPYKINi, TO
MiAmipHa CTiHa 3 BUKOPUCTAHHAM JPEHYI0Y0ro OETOHY 3 AOAATKOBUM apMyBaHHAM KOMIIO3UTHOIO apMaTypoIo
3MO€E BUTPHUMATHU OLIbIIIe HABAHTAKCHHS, 30epiraloun IpeHy0dy 30aTHICTb.

Iett MmaTepian Biapi3HAETHCS Bij IIJIBHOIO IIEMEHTOOCTOHY, THM, 1[0 Ma€ MEPEPUBUACTUIH IPaHyJI0-
METPUYHUM CKJIaJ] Ta KUIBKICTh POYMHHOI YaCTHHU SIKa HEOOXiJHA TUTBKHU IS OOBOJIKAHHS 1 CKIICIOBaHHS
3epeH 3aloBHIOBayYa. BikpuTa MOpHUCTICTh MOKe 3HAXOTUTHCH B MexXax Bix 8 % 10 25 % 3a 06’ emoM B 3aje-
YKHOCTI BiJ] IPU3HAYCHHSI.
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[TepeBaru MOKPUTTIB 3 BEIMKOIIOPUCTOTO IIEMEHTOOETOHY, 3a JaHUMU 3apyOiXKHUX JIOCII[)KCHb, TaKi:
LIBUJIKE BUJAJICHHS BOJY 3 IOBEPXHI MOKPUTTS, 1110 3MEHIIIY€ PU3HUK aKBaIlJIaHyBaHHS TPAHCIOPTHUX 3aC00iB
1 miaBuIIye Oe3MeKy pyXy B IOLIOBY MOTOLY; MiJBHUILIECHA 1 MOCTi{HA MIOPCTKICTD MOBEPXHi; 3HIKEHHS PiBHS
LIyMY BiJl pyXy TpaHCIIOPTHHX 3ac00iB. JlpeHyroua 31aTHICTh MOKPUTTS POOUTH HOTO MPAKTHYHO CYXHM, BOHO
TaKOX Ma€ BUCOKHUH CTYIIHb 3BYKOITOTJIMHAHHSA. HeqomikoM MOpUCTHX MTOKPUTTIB € 3a0pyIHEHHS ITyCTOT B
MpoIieci eKCIuTyaTanii, o 3HaYHO 3HMKYE eeKT iX BukopucTanHsi. OJHUM i3 cIoco0iB BiTHOBJIEHHS IPEHY-
IOUYMX BIIaCTUBOCTEN TaKMX IOKPHUTITIB € IPOMUBKA IIOBEPXHI CUIBHUM CTPYMEHEM BOJM 3a JOIOMOIOIO CIIe-
LiaJIbHUX MAlIVH 3 NOAaJbIINM BaKyyMYBaHHSIM 1 BUJIQJIEHHAM 3a0pyIHEHOI BOAU.

AHaJIi3 0OCTaHHIX JOCTIZKeHb i myOJriKkami.

Oruisig CBITOBOTO JOCBIAY JOCHIHKEHD APEHYI0UOro (IIOPUCTOro) IIEMEHTOOETOHY, yJaIlTyBaHHS Ta
eKCIUTyaTallii mapiB JOPOKHBOTO Ta a€POAPOMHOI0 OJSTY Ta TIAPOTEXHIYHUX CIIOPYH 3 HBOTO IOKA3y€e TeX-
HIKO—€KOHOMIYHY JOIUIBHICTE 1 €()eKTUBHICTD X 3aCTOCYBaHHSI.

Ile matepian 3 BUCOKOIO BITKPUTOIO MTOPHCTICTIO, SIKa 3a0e31euye BUCOKY IPEHAKHY 3aTHICTH B T10-
€THaHHI 3 MOPCTKICTIO, PIBHICTIO 1 HONMEPEYHUM TEPTSAM Ta XOPOIIi IIyMONOTJIMHAIOY1 BIACTUBOCTI [1 - 4].

JpeHyo4unM 11eMeHTOOETOHOM Ha3UBaOTh MaTepiall 3 BIAKPUTOIO CTPYKTYPOIO BEIUKHX 110D, SIKHH B
SKOCTI B'SDKYy4OTO MaTepiaxy MiCTUTh TaKy KiIbKICTh LIEMEHTHOT'O TiCTa 800 TOHKOT'O PO3YHUHY, 1100 MOBHICTIO
3aIOBHIOBATH IyCTOTH MiX 3epHAMH 3allOBHIOBaYa MICJIs YIIUTBHEHHS. BMICT MyCTOT 3aJIeXKUTh BiJl 00’ €My
PO3YMHHOI YaCTHHHU, TOOTO CyMH 00’€MIB IIEMEHTY, IICKY 1 BOAU. Y MOMEPEIHIX AOCITIIKCHHIX e 00csAr
3MiHIOBaBcs Bix 15 1 35%, po3paxyHKOBHIA 0OCST MyCTOT NpuiiMaBcs piBHUM 25% .

HaifBa)kTMBIIIOI0 XapaKTEPUCTHKOIO MPEHYIOUOT0 IIEMEHTOOETOHY € MOKpaIlleHe 3YeTICHHS Iaci
nositpstHoro cyana (I1C) un xoneca TpancnoptHoro 3aco0y (T3) 3 BOJIOrHM MOKPUTTAM, LIBUIKE BiIBEACHHSI
37IMBOBUX BOJI 3 IIOBEPXHi MOKPHUTTS, 3MEHIICHHS e()eKTy aKkBarlaHyBaHHs, 3HIKEHHS PiBHS IIyMy 1 BiOpamii
kojic [1C gu T3. ITokpUTTS 3 BOAOIIPOHUKHOTO TTOPUCTOTO MaTepially € albTePHATUBHUM CIIOCOOOM OpTaHi-
3allii MOBEPXHEBOro BOAOBiABeNeHHA. [[prHIMI poOOTH TaKUX MOKPHUTTIB MOJSTAE y BIIBHOMY MPOHHUKaHH1
3JIMBOBUX BOJ BCEPEAMHY IPSHYIOYOr0 MaTepiaay MOKPUTTS 3 MOXKIIUBICTIO 1X moaaibinoi ¢inprparii. [1eu-
JKiCTh (QIIBTpaLii Ipy IbOMY 3aJICKHUTh Bl APECHYIOUOI 31aTHOCTI HIEMEHTOOETOHY 1 MOTIEPEYHHUX YXHUIIIB MO-
kputts [1].

OpHUM 3 OCHOBHUX KPUTEPIIB 3aCTOCYBAaHHS MOPUCTOIO LIEMEHTOOETOHY € MOEAHAHHS XOPOILIOi BO-
JOMPOHMUKHOCTI 1 OTIOPY MEXaHiYHUM BIUIMBAaM, B TOMY YHCIi i HABKOJIMIIHBOro cepenosuiia (puc. 1). Ilpu
BHKOPHCTaHHI MIOPUCTOTO IIEMEHTOOETOHY IS BIAIITYBAHHS ITOKPUTTS a00 BEPXHIX MIapiB OCHOB 3a3HAYCHI
BHUIIIE€ XapaKTEPUCTUKHA MOXKYTh OyTH JOCATHYTI LIUIAXOM BIJHOCHO HEBEJIMKUM J03yBAaHHS LIEMEHTY (10 He
nepesuntye 200 kr/m?). SIKIO MOpUCTHIT 1IEMEHTOOETOH 3aCTOCOBYETLCS YISl IOKPUTTIB 1 MiAIa€Thest Oe3mo-
cepenabpoMy BILTUBY KoJic [1C gu T3, To Bakde 3HAUTH KOMITPOMIC MI>K BOJTOIIPOHUKHICTIO 1 MIITHICTIO, BKJIIO-
YAKOYH OTIip BiAPHUBY IEGIHOK. V 1[bOMY BUIIAJKY CJIiJI IiABUILYBaTH BMicT neMeHTy (10 300 — 400 kr/m*) aGo
BBOJIUTH HEBEHKY KUTBKICTH IIEMEHTY, alie 3 Jo0aBKamMH (B OCHOBHOMY ITOJIMEPIB 200 MIKPOKPEMHE3EMY),
SIK1 TIOKPAIIYIOTh MIIIHICTh IIEMEHTOOCTOHY 0€3 3MeHIIeHHS Horo nopuctocTi [ 1, 5]. [TommpenHs HaOyBarOTh
€KOJIOT14H1 BOJOMIPOHHUKHI MOKPUTTS, 3 MOMJIUBICTIO PETyJIIOBaHHS BOAOBIABEICHHS AJIS1 3MEHIIICHHS TeMIIe-
paTypy HaBKOJHIITHHOTO CEPEIOBHUINA B MICTi, OCOOIHMBO B JIITHIN Mepio] MAKCUMAIBHUX TeMIiepaTyp (puc.
2).

XiMivHi 0OAaBKH € TOJIOBHUM IHTPEIIEHTOM B AaHUM Yac Oyap-skoi cymimri. B ocHoBHOMY BuKOpHC-
TOBYIOTBCS CymnepiuiacTudikaTopu i MoaudikaTopu rigparaiii. Pe3yapTaTi eKCIIiepUMEHTIB MOKa3y0Th, 110
BJIACTUBOCTI MOPHCTOTO IIEMEHTOOETOHY OLIBIIOI0 MipOIO 3aJIeXKaTh BiJ BIACTUBOCTEH MOMIMEPLEMEHTHOTO
TicTa 1 3UCTICHHS MiXK HHUM 1 3amoBHIOBadeM [1, 5 -8].

Kpim Toro, BaXJIMBOIO XapaKTEPUCTHKOIO TAKOTO IIEMEHTOOETOHY € JOCTaTHIM Omip 3aMOpOXy-
BaHHIO—BiTaBaHHIO MiJ Ji€l0 COJIEH, TaK K PO3UYMH MK 3epHAMHU 3allOBHIOBAYA, 3aB/SIKH BUCOKOMY BMICTY
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MOPOXHHH, MiJJIAEThCS TOCUJICHUM BIUTUBAM MOPO3Y 1 MPOTHOXKEIESTHUX coiel. s boro B 6araTbox Kpai-
Hax MPOBEJICHI BiIIIOBIIHI €KCTIEPIMEHTH 13 3aCTOCYBAaHHSAM Pi3HUX METOIB BUNIPOoOyBaHsb [1].

OpeHyrounii
uemeHToBeToHY]

\ Tpyba¥] BooonpoHUEHAa-
BoOonpoHKKHE" ocHoea"

membpaHat]

TpyHTHT

Pucynok | — 3araneHuii BUrisg apenyrodoro PucyHok 2 — Cxema BHYTPILIHBOTO BOAOBIABECHHS 3 IIPO-

O6eToHy HUKHOTO TIOKPHTTS 13 JPEHYIOYOT0 OETOHY

Figure 1 - General view of pervious concrete  Figure 2 - Scheme of internal drainage from the permeable
coating of pervious concrete

SIKII0 aepoAPOMH 3 HOKPHUTTSM 3 IIOPHCTOTO IEMEHTOOETOHY PO3TAallIOBaHi B KITIMAaTHYHUX YMOBAX 3
XOJIOIHUMH 3UMaMH, TO MaTepial MOBHHEH BOJOIITH BUCOKHM OIIOPOM 3aMOPOXYBAaHHIO—BiATaBaHHIO, il
MIPOTHOXKENIETHUX coJei Tomo [2].

Yepes BUCOKI BUMOT JI0 MiITHOCTI, 3HOCY, MOPO30— i MOPO30COJIECTIHKOCTI APEHYIOUNI IEMEHTOOETOH
NpY IbOMY cItoco0i OyaiBHHIITBA, SIK TPaBUIO, MOANU(IKYETHCSI BUCOKOSIKICHUMHU JOOaBKaMH MOMiMepiB. 3a
BUHSTKOM JISIKUX J1a00paTOpHUX BHITPOOYBaHb, BC1 KOJWIIHI MPAKTUYHI JOCTIX OyJIK MPOBE/ICH] HAa CKiIa-
Jax, MoauQiKoBaHUX mojliMmepami. [[Bomrapose OyJiBHULITBO — MOPUCTUI IEMEHTOOETOH Ha IIIIBHOMY LIeMe-
HTOOETOHHI 3 KJIIEHKUM KHUIIUMKOM — OyJio BUKOHaHO B HimeuunHi B 1993 p B paMKax JEKiTbKOX HEBEITHKHX
JOCTITHUX MIISTHOK. JIOCBI 3 YKIIaIaHHS MOPUCTOT IEMEHTOOETOHHOT CyMillll Ha CBIKOYKIIAJICHUN YKOUSHHI
IIEMEHTOOCTOH 03 KIICHKOro KIITUMKa He JIaB TIO3UTUBHUX PE3yIbTATIB M[0JI0 BiIMIHHOTO 3'€JHAHHS IIapiB.

Y nopiBHSHHI 3 TpaauIiiHuM achaaprobeToHOM (Ha medeHi po3mipom 3eper 0/11 Mm), sikuit BBaXa-
€ThCs eTasioHOoM B HimewuwHi, mocmigHi niasHky B BemukoOpuranii, benbrii Ta HiMmeuunHi mokasyroTh, 10
HOKPHTTS 3 MOPUCTOTO IIEMEHTOOETOHY 3HIKYIOTH IIyM IpuOin3Ho Ha 4 nb. Binmznauaersced, mo mopucre
MOKPHTTS CTBOPIOE TAKOXK YMOBH JUIS IIBUIKOTO TPOCYITYBaHHS IIOBEPXHI IIOKPHUTTSI, a 3HIHKEHHS IIyMYy TI0-
SICHIOETBCS KPAIIOI0 B3a€EMOJIEI0 MOKPUTTS 1 mpoTekTopiB maci [1C un T3, 4acTKOBUM MOTIMHAHHSM MOBITPS
i1 IIMHAMHY 3a JOTIOMOTOIO TIOp B IleMeHToOeToHHi [1-8].

[opsix 31 3HAYHMMU TIepeBaramMM: 3HW)KEHHSIM PiBHS LIyMY, 3MEHIIEHHSM PO30pPH3KYBaHHS, ITiBH-
IIEHHSAM O€3IeKu pyXy B AOIIOBY IOTO.Y, 3HIKCHHSAM PU3UKY aKBAIUIAaHYBaHH, 3SMEHIIECHHAM 00'eMHOT 1 1H-
TOMOI Baru HOPUCTHUH IEMEHTOOETOH Ma€ HACTYITHI HEJOJIKHI: BUCOKOIO BAPTICTIO Oy/AiBHULITBA, CKOPOUCHHAM
TPUBAJIOCTI TEPMiHY CITyKOH, MpobIeMaMu 31 IIBaMH, T0JATKOBUMH BUTPAaTaAMH Ha OUMCTKY IIOKPHUTTSI, CKiIa-
JHUM PEMOHTOM 1 yTPHUMaHHSM 3pYHHOBaHUX JUISHOK, JOJATKOBUMH BHTPAaTaMU Ha 3aX0JU 1O OOpOTHOI 3
oxeneaunetro [1-5].

OcHoBHa BUMoOra /10 3a0e3MeueHHs MPane3JaTHOCTI BUCOKOTIOPUCTOTO MOKPUTTA MOJIsrae B 30epe-
YKEHHI 0TO BIACTUBOCTEH MPOTATOM BCHhOTO Mepiojy eKciutyaTartii. /IJiss CBO€4acHOTO BiJIBEICHHSI BOJIHU 3 IO~
BEPXHI MOKPUTTA APEHYIOUNH IEMEHTOOCTOH MMOBUHEH MAaTH MeBHY (inbTpauiiiny 3xaTHicTh [1-8].

MeTo10 po6oTH €: mia0ip CKIIaay Ta BU3HAYCHHS i3UKO-MEXaHIYHUX (MIIHICTh Ha CTUCK, PO3TST MIPH
3TUHI, JeOpMaTUBHUX (MOIYJb MPYKHOCTI), €KCIUTyaTaliifiHi (CTUPaHHICTh), MOPO30CTIHKICTh, BOAOTPOITY-
CKHA 3/IaTHICTh IPEHYIOUOTO [IEeMEHTOOETOHY.
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BukJiax 0CHOBHOI0 MaTepiaty A0C/TiAKeHHS.

Jpenyrounii 6ETOH - MICTUTh KPYITHHIN 3alIOBHIOBAY IPH BiICYTHOCTI 200 MiHIMAILHOMY BMICTI Api-
OHOTO 3aIIOBHIOBAYY, a TAKOXK HEJOCTATHIO JIsl 3aTIOBHEHHS MOP 1 IyCTOT KiJBKICTh IEMEHTHOTO TiCTa.

3a KOpAOHOM BHKOPHCTOBYIOTH B OCHOBHOMY JIBa BUIIPOOYBaHHs, MPU3HAYCHI AJIs1 IPOHUKHOTO Oe-
TOHY:

* METOJ] BUMPOOYBaHHS 1JIs1 BU3HAUCHHS IIUTBHOCTI 1 MOPUCTOCTI (BMICT IIOP) CBI>KOMPHUTOTOBIICHOTO
npoHuKHOTO 6eTony (ASTM C1688);

* METOJT BUTIPOOYBaHHS JJI1 BU3HAYCHHS MBUIKOCTI iHbimbTpartii (ASTM C1701).

Tperiii TecT B 1aHU Yac MPUHHATO, 00 MEPEBIpUTH Mpane3JaTHICTh (JIETKOYKJIAAadbHICTh) Ha
OyZAiBeIbHOMY MaWIaHYMKY 3 BUKOPUCTAHHSIM IIEPEBEPHYTOTO CTAHAAPTHOTO KOHYCY .

Ha ocHoBi ananizy JiTepaTypHUX JaHHUX B TaOJ.. | HaBeIeHO BUMOTH JO JAPEHYIOUOro OCTOHY IS
IapiB OCHOBU Ta OKPHUTTS aBTOMOOUTEHUX JOPIT PI3HUX KaTEropii.

IIpu nabopaTopHuX BUNPOOYBaHHIX Oy HacTymHI Matepianu: remeHT M400; mebinp gpakiiiii 2-5
MM, 5-10 mm, 10-20 MM; TTicOK piuKOBHIA; XiMiuHI q00aBkKM Mapecrete Drain L ta Mapetard SD 2000.

Mapecrete Drain L - BogHa eMyJIbCis CITeliaJbHUX COMOJIIMEpIB, SKa MMOKPAITy€e BJIACTHBOCTI OETOHY,
SIKMI BUKOPHCTOBYETHCS IS IpeHaKHUX poOiT. Lle myke Tekyda narekcHa qo0aBka 01710-)KOBTYBaTOro BiATi-
HKY, SIKa IOJAETHCS B JPEHAKHUM OCTOH il Yac mepeMillyBaHHs B MilllasLli.

Mapecrete Drain L - cyminn conosiiMepiB i BTOpHHHUX KOMITOHCHTIB, SIKa TIPH JOJIABaHHI B IPECHAKHY
CyMIII 3HA4YHO MOKpaIIye ii BIacTHBOCTI 1 mponec TBepAiHHs. JloO6aBKa MiABUILY€ B'SI3KICTH 1 KOTe3it0 cymiri,
MOKPAIIYIOUH 11 JIETKOYKIaJAILHICTh TIPY YKIIAIaHHI 32 JIOTIOMOTOI0 ac(halbTOyKIiaiava, BUITUBAIOYH SIK CTSI-
XKy a00 NP BUKOPUCTaHHI pyyHHX iHCTpyMeHTIB. [Ipn BukopucTanHi 1y OyIiBHUITBA AOPIr JoOaBKa 3Me-
HIIIy€ PU3MK BUHUKHEHHS MPOOJIeMH HECTIHKOCTI a00 pO3IUIMBaHHA KOHTYPIB MOJIOTHA IIiJ] 4ac YKJIaJaHHS.

ITokparmeni (i3u4Hi BIaCTUBOCTI OCTOHY 30LIBIIYIOTH TEPMIiH €KCILTyaTallii APECHYIOUOro OCTOHY.
Mapecrete Drain L Moske 3MEHIIUTH Yac JETKOYKIaJaIbHOCTI CBixKOTro 6eToHy. ToMy B jkapKy HOTroay peKo-
MEHIYEThbCSI BUKOPHCTOBYBATH CITBHO 3 Mapecrete Drain L cnoBinbHIOBau cxorumoBanHs Mapetard SD
2000.

Creniansauid cknag Mapecrete Drain L 1o3BoJisie mominuryBaTi XapakTepUCTUKH IPEHYIOUOro Oe-
TOHY, ITiIBUIITYIOYH HOTO SKICTh 1 JOBTOBIYHICTB.

Jlo3yBaHHs n00aBKH 3/1IHCHIOETHCS 3a Baroto: Mapecrete Drain L nogaersces B kinbkocti 0,7-4 kr Ha
koxHi 100 kr riemenTy (Bix 2 10 10 kr Ha 1 M® OeTOHY) B 3aJIEKHOCTI Bl HCOOXiTHUX XapaKTEPUCTHK OCTOHY.
[am1i mo3yBaHHS, SIKI BiIPI3HAIOTHCS Bijl BHINEBKa3aHUX, TOBUHHI BU3HAYATHCS JJAOOPATOPHIUMHE BHIIPOOYBaH-
HSIMH, @ TAKOK Y3TOJKyBaTUCs 3 TEeXHIYHUM BiJIIJIOM IMOCTaYaIbHHKA.

Mapetard BogHMI PO3UNH aKTUBHHUX IMOJIMEPIB, SKI YIIOBLIBHIOKOTH TiJpaTallifo IIEMEHTY 1 3amobirae
LIBUIKOMY 3HIDKEHHS OCaAKH KOHyca OETOHY MiA yac »KapKoi MOroJy Ta IpW TPAHCIOPTYBaHHI Ha BEJHUKI
BijicTaHi. 30epeKeHHSI JIETKOYKIIATAIBHOCTI 1 YIOBUTBHEHHS CTPOKIB CXOIIIOBAHHS 301TBITYIOTHCS 31 301)1b-
MIEHHAM J03yBaHHs 100aBku, B Mexax 0,2% u 0,5% Big Macu IEMEHTY.

B xoni nabopatopHux migbopiB (27 1mT.) moOymoBaHi 3aI€KHOCTI MIITHOCTI BiJl CEPEIHBOI IITLHOCTI
puc. 3. 3 1ux migdopiB HAMKM BHU3HAYCHI IIICTh CKJIa/iB BUCOKOIOPUCTOI IIEMEHTOOCTOHHOI CyMillli ISl T0-
JabIIOro AeTAFHOTO aHami3y. BiqMiHHICTb MOJSrae y KiabKOCTI MIJIKOTO 3aloBHIOBaYa (MiCKY) Ta XiMiYHHX
100aBOK.

BunpoOyBaHHs 1IeMEHTOOCTOHHMX 3pa3KiB MmpoBoauin 3rigHo HopMm JJCTY b B.2.7-214.
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Tabmuis 1 - Bumoru 10 ApeHy04Y0ro 6eToHy
Table 1 - Requirements for pervious concrete

[Tapamerpu

Kareropist aBToMOOiIEHOT TOpOTH

100...130 o/m*

16 -II I -1v V (BenmocwurienHi

TIOP1KKH)
HaBanTaxxenHs Ha Bich. kKH (1) 115 (11,5) 100 (10) 60 (6,0)
Cxitan 6eToHy
W/C 0,27 ... 0,35 0,3...04 0,3...04
KiJIBKiCTh BOIH, KI/ M 100 ... 130 100 ... 130 100 ... 130
KUTBKICTDh HEMEHTY (JUI1 HOKPHUTTS / OCHOBH), 320 ...375/ 275 ...325/ 225...275/
Kr/ m> 150 ... 220 125 ...200 100 ... 150
[Ticox Ho 6% Ho 6% Ho 6%
[e6inb ®p. 5..20 MM Op. 5..20 Mm ®p. 5..20 MM
MakcuManbHHAN po3Mip MeOeHI0 25 MM 25 MM 25 MM
Posxin, kr/m? 1430 ... 1670 1430 ... 1670 1430 ... 1670
JlerkoyxkimamaabHICTE, CM 0 0 0
JKopcTkicTs , ¢ 0...5 0...5 0...5
Iopucricts (po3mip nop 1...8 Mm) mis 15...30% 15...30% 15...30%
CBIKOIIPUTOTOBIIEHOTO IPOHUKHOTO OETOHY
(ASTM C1688)
JpeHyioua 30aTHICTb (3arayibHa KiJIBKICTh
BOJIU, IO IPOHHKKAE Yepe3 6eToH) Bu3HaueHHs | 100 .. 750 n/xB./m> 100..700 100 .. 700
wBHAKOCTI iHQibTpanii (ASTM C1701) 100 ... 150 a/m? 7/xB./M> /xB./M?

100...130 w/m*

Kiac MiItHOCTI Ha CTHCK:

MIOKPUTTS B35 B 25 B 20

OCHOBH TIiJI IEMEHTOOETOH B 10 B 10 -

OCHOBH 1111 ac(habTO0ETOH B7,5 B7,5 B7,5

Knac MinqHOCTI Ha PO3TAT MPH 3THHI: TOKPUTTS

OCHOBH IIiJT IIEMEHTOOETOH Bbtb 4,4 Bbtb 3.6 Bbtb 3,2

OCHOBH 1111 ac(habTO0ETOH Bbtb 1,2 Bbtb 1,2 -
Bbtb 0,8 Bbtb 0,8 Bbtb 0,8

Mapka 3a MOPO30CTIHKICTIO OETOHY Y TT0-

KpHUTTI mpH BigTaBaHHi y 5% po3uuni NaCl /

JUTSE OCHOBY TIPY BiJITaBaHHI y BOJI

Big 0 1o - 5° C F 100/ F 25 F100/F 25 F 100/ F 25

Big 0 mo-5°C F 150/F 50 F 150/F 50 F 150/F 50

MiHiMaJIbHa TOBIIIMHA TIOKPUTTS (OCHOBH), CM 24 (18) 20 (16) 16 (15)

Ha ocnoBi anani3y nabopatopaux minoopis Oyno BUOpaHO ABa CKIaau 3 Pi3HOIO KiJIbKIiCTIO Mapecrete

Drain L —4 % Ta 3 % Bix macu nementy. Burorosneni Hactymi 3pasku: Kyou 100x100x100 mo 28 mT. Ko>KHOTO
CKIany 3 sKuX 18 mrt., BUMpoOyBaHHS HA MOPO3OCTIHKICTh, 8 IIT. BUMPOOyBaHHA Ha cTHcK. Kyou 70x70x70

Mo TPpH 3pa3Kd BUIpoOyBaHHS Ha cTHpaHHICTh. [1o wotupu npusmu 100x100x400 BunpoOyBaHHS Ha PO3TAT

IIpH 3TUHI (MOAYJIb NPYXKHOCTI, MOy b Aedopmanii). Huaiaapu @ 150 L = 150 mo miicTs mt. BUNpoOyBaHHs

Ha BO,I[OHpOHI/IKHiCTL .
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Pucynok 3 — 3anexxHicTh MiTHOCTI Ha CTUCK JIPEHYI0YOro OETOHY BiA HOTO IIIBHOCTI
Figure 3 - Dependence of compressive strength of pervious concrete on its density

BunpoOyBanHs HeMeHTO0eTOHHHMX 3Pa3KiB HAa CTHCK

IIpu BunpoOyBaHHI, HABAHTAXEHHS 3Pa3KiB MMPOBOIATE OE3MEPEPBHO 31 MIBUIAKICTIO, IO 3a0e3Iedye
MiABUIICHHS PO3PaXyHKOBOTO HANpY>KEHHS A0 MOro moBHOro pyiiHyBanHs B Mexkax 0,6 = 0,4 Mlla/c
[Ommoka! 3aknaaka He onpeaesnena.]. Kpurepiem MiHOCTI Ha CTUCK € MaKCUMaJbHE 3yCHIIIS, TOCATHYTE
B TIPOIIECi BUMPOOYBAHHS, IPH IKOMY 3pa30K ITOYMHAE PyHHYBaTHCA. Pe3ynbraT BUNIPOOYBaHb HaBEACHI Ha
puc. 4.

30

5% Ne5 4 % = 14,8981n(x) + 4,99 A

R2 = 0,983
__'______,_,_.—-—-—'—'11
) P=——
15 7
// Ne2 3 % = 7,5361In(x) + 10,743

MiruicTs Ha cTHCcK, Mlla

10 R2 = 0,998
5 [ |
AN2 3% MNoS 4%
0 [
3 7 14 28
Iloba

Pucynoxk 4 — 3aiiexHiCTh MIITHOCTI IPEHYIOYOTO IIEMEHTOOETOHY Ha CTHUCK BiJ CTPOKY TBEPIIHHS
Figure 4 - Dependence of compressive strength of pervious cement concrete on the curing time
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Bu3zHaueHHsI MilIHOCTi Ha PO3TST MPH 3rUHI

OcHO6HUM NOKAZHUKOM MIWHOCHI 00POIHCHLO20 UEMEHMOOEMOHY € MIUHICHb HA PO3MA2 NPU 32UHI
Ry

[Ipu BunpoOyBaHHi, HaBaHTAXXEHHS 3pa3KiB MPOBOIATH Oe3MepepBHO 31 LIBHIKICTIO, 110 3a0e3nedye
MiABUIICHHS PO3PaXyHKOBOrO HANpy>KEHHsA IO Horo moBHOro pyiHyBaHHs B Mexax 0,05 + 0,02 MIla/c
[Ommoka! 3akaaaka He onmpeaesieHa.|.

[Ipu BumpoOyBaHHI HA PO3TAT MPH 3TUHI 3pa3KU-MPU3MHU BCTAHOBIIIOIOTH 10 BUIPOOYBaJIbHOTO MPH-
CTPOIO 1 MPUKIIAJAIOTh HABAHTAXKECHHS 10 pyHHYBaHHS 3pa3ka. Po3mipu 3paszkiB-ipusmu 100%100%400 mm.

Bunpo0yBaHHsI leMeHTOOCTOHHUX 3pPa3KiB HA CTHPAHHICTH

3HOCOCTIHKICTh OLIHIOBAJH 32 BEIWYMHOIO CTHPAHHOCTI, Ky Bu3Hauanu Ha npunaiai JIKU-3 srigao
JACTY b B.2.7-212. 3pa3ku BCTAaHOBJIIOBAIHN B PaMKY IS KPIIUICHHS, 10 3HAXOMUTHCA HAJ TUCKOM, ITiCIIS
YOro ABOX IJICYOBUM BakeJeM 3aBaHTaKyBainu HaBaHTakeHHs 300 H npu Bigxunensi + 1 %. [lepen moyatkom
BHITPOOYBaHb 3pa3Ky BUTPUMYBAIHN IPOTATOM 48 TOIWH Y OBITPSIHO-CyxuX yMoBax ¢ = 20 £ 3 °C i BiTHOCHI!
Bosiorocti 65 £ 10 %. Ilicns BuTpuMyBaHHS 3pa3ku 3BaXKyBasiu 3 TouHicTio A0 0,1 T Ta BU3HAa4Yamu JiHiAHI
po3mipu 3 TouHicTio 10 0,1 MMm. [lepen BMUKaHHSAM Mpuiiay Ha MOBEPXHIO JHCKA CITiJl BUCUIIATH a0pa3uBHUN
matepian 3rigno ['OCT 3647 piBHOMIpHUM IlapoM Y KiibkocTi 20 T, 1 3aikicHioBanu 28 00eptiB. BumnpoOy-
BaHHsI MPOBOJIWIIN ISl KOJKHOI I'paHi, MpuyoMy KoxHi 28 00epTiB abpa3sMBHUN MaTepial 3aMiHIOBaJIM HA HO-
Buid. Ilicimsa 110 o6epTiB 3pa3ok BUMaNIM, BU3HAYATH MAcy 1 3HOBY BCTAHOBJIIOBAJIM B PaMKy, TOBEPHYBIITH
HAaBKOJIO BEPTHKAIBHOI oci Ha 90°, Takum unHOM BUKOHYBaJX 4 ukiw 110 110 06epTiB 11 KOXKHOTO 3pa3ka i
CTHPaHHICTh BU3HAYAIIH SIK CEpeIHE 3HAUCHHS 3MEHIIIEHHsI MacH 13 cepii BUIIpoOyBaHuXx 3pa3kiB. CTHpaHHICTb
I IOPOKHIX TOKPHTTIB Mae Oytr He Oinbie 0,7 r/cm? JICTY b B.2.7-145:2008.

Pesynpratu BUnpoOyBaHb HaBeACH] Ha puUC. 5.
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i 4,0
35 = i
30 P e 35
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Z 25 ///;{ prreemill |- 3.0
i 0 > e Jve [ 5
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a) | 6)
Pucynoxk 5 — liarpama “Hanpy>keHHs1 — aedopmanisa’ Ui JpeHyro4oro 0eToHy 3 KUIbKICTIO Mapecrete
Drain L: a) 3 %; 6) 4 %
Figure 5 - Diagram "stress - strain" for pervious concrete with the amount of Mapecrete Drain L: a)
3%; b) 4%
BusHaueHHs MOIYJISI HPYKHOCTI Ta Moy epopmanii
Monynb npyxHOCTi E, 00UHCITIOIOTH AJIS1 KOYKHOTO 3pa3Ka MpHY PiBHI HABAaHTa)KEHHS, 110 CTAHOBUTH

30 % Bix pyHHIBHOTO.
Pesynbratu po3paxyHKy MOIYIIS IPY>KHOCTI HaBEJIeHO Ha puc. 6 — 7.
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Pucynok 6 — 3miHa Momyiisi B polieci BUIPOOYBaHHS Ha PO3TAT IPH 3THHI 3pa3KiB a) ckiag Ne 2, 3 %
Mapecrete Drain L; 6) ckmag Ne 5, 4 % Mapecrete Drain L

Figure 6 - Modification of the module during the tensile test during bending of the samples a) compo-
sition Ne 2, 3% Mapecrete Drain L; b) composition Ne 5, 4% Mapecrete Drain L
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Pucynoxk 7 — Ocepenneni 3HadeHH 411 ckiamiB Ne 2 ta Ne 5 a) HanpykeHHsI-IedopmMartis 3paskiB Ta
0) 3MiHE MOIYJISI IPY>KHOCTI B IIpoIieci BUNPOOYBaHHs HA PO3TAT MPH 3THHI

Figure 7 - Average values for compositions 2 and Ne 5 a) stress-strain of the samples and b) changes
in the modulus of elasticity during the tensile test under bending

Bunpo0yBaHHs 11eMeHTO0ETOHHUX 3pa3KiB HA MOPO30CTiliKicThL
Jlns BU3HAYCHHS] MOPO30CTiiiKoCTi OeToHy 3pa3ku KyoiuHoi dhopmu 100x100x100 migmaroTses Gara-

TOPa30BOMY TOIIEPEMIHHOMY 3aMOPOKYBAaHHIO 1 BiITAIOBAHHIO B HACHYEHOMY CTaHi 5 % BOIIHUM PO3UNHOM
XJIOPUCTOTO HATPIIO.
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beTonHI 3pa3Ku BUTOTOBIISAIOTH 3TiAHO HOpM. OCHOBHI 1 KOHTPOJIbHI 3pa3Ku OCTOHY IEpe.l BUIIPOOY-
BaHHSAM HACUYYIOTh 5 % BOJSHUM PO3YMHOM XJIOPUCTOTO HaTpiro mpu Temnepatypi 18 £2 °C JICTY b B.2.7-
47.

ButsararoTs KOHTPOJIBbHI 3pa3KH 3 PO3UMHY, 1 4epe3 2 — 4 TOI. MICIII TOTO BU3HAYAIOTh Macy 3pa3KiB Ta
BUNPOOOBYIOTH iX Ha cTucK. OCHOBHI 3pa3ku, AKi HacH4eHi 5 % BOASHUM PO3YMHOM XJIOPUCTOTO HATPIIO,
MOMIIIAI0Th Y MOPO3WIBHY KaMepy AJisl BUPOOYBaHHS 3pa3KiB HA MOPO30CTIMKICTh. 3pa3Ki YCTaHOBIIOIOTh
Ha JBi JepeB’siHI MPOKJIAAKH, IIPH ITbOMY BiICTaHb MiXK 3pa3KaMH Ta CTIHKaMH{ ITOBHHHI OyTH 10 £ 2 MM.

Yucno uukiIiB 3aMOpOKyBaHHS 1 BiiTaBaHHsI mpuitMaroTs 3rinHo 3 JJCTY b B.2.7-47.

ITiciis BcTaHOBIICHHS B 3aKpUTiil Kamepi Temmneparypu -10 °C TemmepaTtypy 3HIKYIOTH POTITOM 2,5
+ 0,5 rox. 1o -18 + 2 °C i Burpumytots 2,5 + 0,5 roa. [lani remneparypy B Kamepi MiABULIYIOTH IPOTITroM 1,5
+ 0,5 rox. mo -10 °C, i mpu wiif Temneparypi BUBaHTaXYIOTh 3 Hel €EMKOCTI 13 3pa3kaMu./3pa3ku BiATaIOIOTh
mpotsiroM 2,5 £ 0,5 rox. y BaHHi 3 5 % BOISHUM PO3UWHOM XJIOPUCTOTO HATpPi0 Temmepatyporo 18 + 2 °C.
OCHOBHI 3pa3KH BUTATAIOTH i3 EMKOCTI, 1 uepe3 2 — 4 ToJ. Miciis TOro BU3HAYAIOTh Macy 1 BUIIPOOOBYIOTH Ha
ctuck 3riguao JJCTY b B.2.7-214/

Mapky 0eToHy 3a MOPO30OCTIHKICTIO BU3HAUAIOTD, SKIIO CEPEAHE 3HAUYCHHS MIIJTHOCTI HA CTUCK OCHO-
BHHUX 3pa3KiB Micisl JaHOI KUTBKOCTI LUKJIIIB MOMEPEMiHHOTO 3aMOPOKYBaHHS 1 BilTaBaHHs 3MEHILMIIACH HE
Oinpie HiX Ha 5 % y TMOPIBHSHHI 13 CEpeIHBOI0 MIIHICTIO HA CTUCK Ta BTpaTa MacH OCHOBHHX 3pa3KiB HE
nepeBuinye 3 % Big KOHTPOJIBHUX 3Pa3KiB.

3pazku 3 3% m06aBKu BUTpUMaIK 45 NUKITIB 3aMOPOKyBaHHS-BiITAlOBaHHS, 110 BiJINOBiIae MapIii 3a
Mopo3zocriiikicTio F100, pizHuIg no mirHOCTI Ha ctuck ckianae 13,2 %, mpupict macu 0,37 %.

3pasku 3 4% 100aBKU BUTPUMAITH 45 MUKITIB 3aMOPOKyBaHHSI-BiITAIOBaHHS, 1[0 BiJIIIOBiae MapIii 3a
Mopo3zocTiiikicTio F150, pizHuIg no mirgHOCTI Ha cTuck ckianae 8,7 %, mpupict macu 0,5 %.

Bunpo0yBanHs IeMeHTO0eTOHHIX 3pa3KiB HA BOJAONPONMYCKHY 3/1aTHICTH

EdexTrBHICTS MPOIYCKHOT 34aTHOCTI MaTepiay 3aJeKUTh BiJl BHYTPIIIHBOI IPOHUKHOCTI CHCTEMH.
Byno momideHo, 10 MMOPHUCTICTh cama 1o co0i1 € HEKOPEKTHUM IMOKa3HUKOM ITPOHUKHOCTI, OCKUTEKH TTPOHUK-
HICTb 3aJISKUTD BiJ PO3MIpiB MOP, TEOMETPIi Ta 3B'SI3HOCTI.

Huns ouinku BogonpoHukHOCTI B 11 «AJIIOHI» OyB BUroToBNneHnid BUNPOOYBaIbHUI NPUCTPIi s
BHMIPIOBAaHHS BOAOIPOHUKHOCTI (pHC §).

BopmonpoHuKHICTE BU3HAUEHO 3 CTIaZal0YiM PiBHEM Ta IIOCTIHHUM piBHEM BOJIU.

Bu3zHaveHHs BOAONPONMYCKHOI 31aTHOCTI pu BepcTsi Boam 1 — 1,5 cm
3pa3ku nepe BUPOOYBaHHAM BUCYLIYIOThCS 10 OCTiHHOT MacH. [ToTiM Ha 24 roAWHN TOMIIIAIOTHCS
y BOIY I HACHYEHHS 1X BO/0I0. B Tabi1. 2 HaBeeHI BIACTHUBOCTI APSHYIOUOro OeTOHY HpH (iabTparrii.

Tabmwmst 2 — I'igpaBiidHi BIACTUBOCTI 3pa3KiB
Table 2 - Hydraulic properties of the samples

. Bomonacuuenns | Bomompormyckna
II /em® .
apamerp IinbHicTs, r/em Barose, % 37aTHICTb JI-¢/M?
Cepemne 2,026 1,48 0,35
ereaﬂboxsaapaanHe 0.019 0.08 0.05
BiJXMJIEHHS
KoedirmienT Bapiamii 0,943 5,61 13,30
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Pucynok 8 — Cxema Ta 3arajbHUil BUTIIS]] YCTAHOBKH ISl BUTIPOOYBAaHHS Ha BOJIONIPOHUKHICTh
Figure 8 - Schematic and general view of the installation for water permeability testing

BononpoHukHicTh 3 HepeMiHHMM THCKOM
InrepBan yacy At, NpoTATOM SKOTO Hamip BOAM 3HUKYETHCS Bifl /o 10 /| Ta MPOHUKHICT K BHU3HA-
YaeThCs 32 HOPMYIIOL0:

K= ,LI—LA . lnﬁ , (1)
p-g-aAt h
Ile (4 — IMHaMivHa B S3KicTh Boaw, [la-c; L — noBkuHa 3pa3ka, M; @ — IUIOIIA MTOTIEPEYHOTO TIepepi3y 3pa3ka,
M,
A — TI0IIa TIONIEPEYHOTO MEPEPi3y BOAH B TPyOi, M2,
I3 popmynu 1 OTpUMYETHCS BOJOTIPOHUKHICTD 3a 1 M2, 11 IepepaxyHKy B M/c (puc. 9):

k=P8 k. 2
y7,
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Pucynok 9 — 3MiHa BOJOTIPOHUKHOCTI IPEHYIOYOr0 OCTOHY Bifl TUCKY
Figure 9 - Changing the water permeability of draining concrete from pressure

BucHoBku. ®i3nyHi Ta MEXaHIYHI BIACTHBOCTI 3aTBEPIIJIOTO IPEHYIOUYOTO OCTOHY IiJBUIIYIOTHCS
napaieibHO 31 30inbLIeHHsM qo3yBaHHsA Mapecrete Drain L:

* TIIBUITYETHCS MEXaHIYHA MIIIHICTD;

* [iABHUIYETHCS MILHICTh HA 3TYMH 1 PO3TATHEHHS;

* 3MEHIIYETHCS MOIYJIh MIPYKHOCTI;

* i IBUIIYETHCSI MOPO30CTIUKICTh 1 CTIHKICTh IO COJICH.

Pexomennyetbcst nogaBatn Mapecrete Drain L criiibHO 3 BOZIOIO 1 mepeMillyBaTu KOMIIOHEHTH JO
OTPUMaHHS OETOHY OJTHOPITHOT KOHCHUCTEHITI.

JloBroBivHicTh ApeHyto4oro 0eToHy, 3Mitranoro 3 Mapecrete Drain L, rapanTyeThcsi B TOMy BUNAAKY,
SIKIIIO Ha IMACTUIBHMIM map I0pir a00 JopikoK Oy1e MOKIIaicHa BiJIOBIIHA CUCTeMa sl 300pY Ta BiABEACHHS
JIOILIOBO1 BOJIH.

st rapaHTii ApeHakHOI 31aTHOCTI OETOHY MPOTATOM JOBTHX POKIB 1 30epeskeHHsI e()eKTUBHOCTI i
gac eKcIuTyaTarlii, He0OOX1JHO BUKOHYBATH PETYJISIPHI TEXHIYHI pOOOTH 10 OYHIIEHHIO ITyCTOT B KOHCTPYKIIi1
JPEHYI0Y0ro OETOHY.

B ta6i1. 3 HaBeneHO pe3ybTaTH BUIIPOOYBaHb APEHYIOUOr0 OETOHY.

OCHOBHI HaIIPSAMKH 3aCTOCYBaHHS APCHYIOUOTO OCTOHY:

- 3BEJICHHS Pi3HUX OTOPOKYBAJILHUX KOHCTPYKLIH;

- BUPOOHHULTBO (PimbTpaliiHUX OCTOHIB sl TOPOXKHBHOrO OyNiBHULTBA, TIAPOTEXHIYHUX OCTOHIB i
IPECHAXY.

B 3HayHiif Mipi OCHOBHI XapaKTEpUCTHKU APEHYIOYOro OETOHY BiANOBiAAalOTH KOHCTPYKIIHHO-TEI-
JIOI30JIIIITHOTO MaTepiary, IO TO3BOJISE 3BOJUTH 3 HHOTO IUTHTH, OJIOKH, CAMOHECYYl CTIHHM 1 >KOPCTKI
YTEIUTIONY1 MAPH NOKPiBelb, a TAKOXK 130JI0BATU IPYHTH BiJ IpOoMep3aHHs (BiITaBaHHS) B KHUTIOBOMY i 0-
POXHBOMY OyIiBHUIITBI.
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Tabnuus 3 — Y3aranpHeHi pe3yJibTaTd BUIPOOYBAaHHS JPEHYI0YOro OETOHY
Table 3 - Generalized test results of draining concrete

XapaKkTeprucTuka Cxkian
Ne 2 Ne 5
Cepens IiIbHICTE, KI/M> 1964 2025
3 noba 10,8 42
o 7 mob6a 15,9 17,0
MinnicTts Ha ctuck, Mlla T4 008 92 213
28 noba 21,1 24.9
MinHicTh Ha po3Tsr npu 3ruHi (28 moda), MIla 3,2 3,6
Monyns npyxHocTi (28 no6a), MIla 24585 22183
Monyinb aedopmariii (28 mo6a), MIla 11565 12629
CTupaHHicTh, I/cM> 0,34 0,33
Mopo30CTilKiCTh F100 F150
BonomnporyckHa 31aTHICTb J1/C - 0,35
Knac 6etony Ha cTuck B 15 B 20
Knac 6etony Ha po3TAr mpu 3ruHi Bw 2,4 Bw 2,8

3 orysioy Ha BHUCOKY (iMbTpYIOUy 34AaTHICTh APEHYIOUMX OCTOHIB, BOHM TAKOXK MOXYTh €(hDeKTHBHO
3aCTOCOBYBATHCSI METOJIOM «CTiHA B IPYHTI» JJI 3MIITHEHHS YKOCIB PIYKOBUX 1 MOPCHKUX OEpeTiB, sIKi 3a3BH-
Yaii pyHHYIOTBCSI BUXOIOM IPYHTOBUX BOJ, @ TAKOX AJIS ApEHaXy (QyHIAMEHTIB pi3HUX OyIiBeNb i CIOpy.
[lepcrieKTMBHUM € 3aCTOCYBaHHS TaKUX OCTOHIB I 3aXUCTY TiJ I'peOesib 1 BOAOCKUIIB IPU HEIITATHUX CH-
TyaIlisx y BUTJISII TIOBEHEH 1 IMITOPMOBHUX BILTHBIB.

Mepeaik nocunann

1. [IpuMeHeHrEe MOPHCTOTO (APESHUPYIOIIET0) [IEMEHTOOETOHY NP CTPOUTEILCTBE CIIOEB JOPOKHON
onexapl. O03opHas wuHpopmanus. Bem.  6/2007. [Enextponnuii pecypc]. Pexum  pmocrtymy:
https://files.stroyinf.ru/Datal/56/56228/index.htm

2. Kopmrynos B.J. ITopucTelii ieMeHTOOETOH 1151 TOPOKHBIX TOKPBITHH 1 OCHOBaHWI. Hayunbie uc-
cnenoBanus U paspadotku Corwsgopaun: K06, Beim. — M., 2001. — C. 140—143. — (Tp. / Coro3aopHum).

3. The National Academies of sciences, engineering, medicine. The National Academies Press. Guid-
ance for Used for Permeable Pavement at Airports. 2017 — 90 c¢. [Enextponnuii pecypc]. Pexum mocrymy:
https://www.researchgate.net/publication/319066437 THE NATIONAL ACADEMIES PRESS Guid-
ance_for Usage of Permeable Pavement at Airports

4. Rahman, M. A., M. Imteaz, A. Arulrajah, M. Disfani, and S. Horpibulsuk. 2015. Engineering and
Environmental Assessment of Recycled Construction and Demolition Materials Used with Geotextile for Per-
meable Pavements. Journal of Environmental Engineering, 141(9), 04015019.

5. Wu Hao, Huang Baoshan, Shu Xiang, Dong Qiao, Shrum Emily, Jared David Mark, Wu Peter.
Laboratory Evaluation of Latex-Modified Pervious Concrete. - Journal of Transport. Research Rec. 2010 —
15¢. [Enexrponnmii pecypce]. Pexxum moctymry https://www.researchgate.net/publication/258121243.

6. American Concrete Institute. Pervious Concrete. ACI Committee 522, technical committee docu-
ment 522R-06, 2006.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXKHE BY IIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

100



TTIIPOTEXHIYHE BYIBHUIITBO, BOJHA TH)KEHEPIS TA BOJJHI TEXHOJIOT'TI

7. Tennis, P.D., Leming, M.L., and Akers, D.J. Pervious Concrete Pavements. EB302, Portland Ce-
ment Association, Skokie, Illinois, and National Ready Mixed Concrete Association, Silver Spring, Maryland,
2004.

8. Montes, F. Pervious Concrete: Characterization of Fundamental Properties and Simulation of Mi-
crostructure, Ph.D. Dissertation, University of South Carolina, 2006.

9. ACTY b B.2.7-71 byniBensni Matepianu. LL{e6inb i rpaBii i3 UIITBHUX TiPCHKHUX MOPIiJ 1 BIAXOIIB
IIPOMHCIJIOBOTO BUPOOHUIITBA [T OYyIiBEIbHHUX poOIT. MeToau (hi3uKO-MeXaHIYHUX BUNPOOYBaHb.

10. ACTY b B.2.7-32 BbyniBenbHi Marepianu. [licok wmineHUA NpupoaHUi 1 OyaiBEeNbHUX Ma-
TepialiiB, BUPOOIB, KOHCTPYKIIiH 1 poOiT.

11. ACTY b B.2.7-214 ByniBensni MaTepianu. beronun. Metoan BU3HauUeHHS MILJHOCTI 32 KOHTPOJIb-
HUMH 3pa3KaMH.

12. ACTY b B.2.7-212 bynienbri Matepianu. betorn. MeTony BU3HAYEHHS CTUPAHOCTI.

13.TOCT 3647 Matepuais! umudosansHble. Knaccupukanus. 3epHICTOCTS M 3¢pHOBOI cocTaB. Me-
Toanl KoHTpOsI (Marepiamu nwtidysanshi. Kimacudikariis. 3epHUCTICTh Ta 3epHOBUH cKitan. MeTonu KOH-
TPOJIIO).

14. ACTY b B.2.7-145:2008 bynisenbHi marepianu. Bupobu 6eToHHI TpoTyapHi HeapMOBaHi.

15. ACTY b B.2.7-47 bynisenpHi Matepiasm. betoHn. Metoan BU3HAYEHHS MOPO30CTIMKOCTI. 3a-

raJibHi BUMOTH.

DRAINING CEMENT CONCRETE FOR HYDROTECHNICAL, ROAD AND AIRPORT
CONSTRUCTION

Gameliak Igor Pavlovich, Doctor of Engineering Sciences, professor, Head of department «Airports», Na-
tional Transport University, e-mail: gip65@gmail.com, +380503524124, https://orcid.org/0000-0001-9246-
7561.

Shurgaya Anzori Givievich, Private Enterprise «Alioni», Mostozagin 112, Head of Laboratory, e-mail:
alioni@ukr.net, +380993787380, https://orcid.org/0000-0002-3939-329X

Yakimenko Yaroslav Nikolaevich, Candidate of Technical Sciences, engineer, Private enterprise «ALIONI»
e-mail: yakymenkoy@ukr.net, +380689657364, https://orcid.org/0000-0002-2736-941X

Mysko Andrii Volodimirovich, director, LLC «Skanex» e-mail: misko@mega-line.com.ua +380675495777,
id ORCID 0000-0002-2382-2125, https://orcid.org/0000-0002-2382-2125

Guzhevsky Alexander Ivanovich, engineer, Private enterprise «ALIONI» e-mail: gujevskiy7@gmail.com
+380963000178, https://orcid.org/0000-0002-3069-9380

Karamanchuk Valery Leonidovich, engineer, Private enterprise «ALIONI» e-mail: valerakaraman-
chuk@gmail.com, +380980647223, https://orcid.org/0000-0002-6948-7895

Annotation. he article is devoted to the selection of the composition of the cement-concrete mixture and the
determination of physical and mechanical parameters of the draining cement concrete for the arrangement of
the pavement of footpaths, parking lots and hydraulic structures with high drainage capacity.

The object of research is the processes of composition design and ensuring the strength and capacity of draining
cement concrete.

The aim of the work is to select the composition and determine the physical and mechanical (compressive
strength, tensile bending, deformable (modulus of elasticity), operational (abrasion), frost resistance, water
permeability of draining cement concrete.

Research methods - scientific and experimental.

The results of the article can be used in the operation of road and airfield pavements in the culverts and foun-
dations to improve the environmental friendliness of cities.
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NONPARAMETRIC FACTOR OF VARIABILITY OF HYDROECOLOGICAL TIME SERIES
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AHoTanisi. 3 METOI0 BJOCKOHAJICHHS OIIHKHU TiIPOEKOJIOTIYHHUX YACOBUX PSIIB 3alIPOIIOHOBAHO BH-
3HAYaTH HeNapaMEeTPUYHUHN MOKa3HUK (Koe]ilieHT) BapiaOeIbHOCTI.

BuzHaueHi 3MiHH HETTapaMETPUIHOTO TOKa3HWKa BapiabeIbHOCTI TiAPOSKOIOTIIHOTO PSAIY 3a CE30-
HaMH KaJICHAApHOTO POKY.

MeToa 103BOJISIE OTPUMYBATH 3HAYCHHS HeIapaMeTPpUIHOTo KoedilieHTa BapiabeIbHOCTI HE TUIBKU
TUIS TIAPOEKOJIOTIYHUX, aJle TAKOXK JJIS BCIX 1HIIMX MPUPOAHUX YaCOBHUX PSAIB.

Kuw4oBi cioBa: TigpoeKonoriddi 9acoBi psau, oOpoOka BUXITHMX TaHUX, aHOMaJbHI 3HAYCHHS
psny, HemapaMeTpUYHUH KoedilieHT BapiaOesbHOCTI Py, PO3YMHEHUH Y BOJi KHCEHb.

Beryn
OmHi€r0 3 BAXIMBUX XapaKTEPUCTHK SKOJIOTITHOTO YaCOBOTO PATY € TIOKa3HUK Horo BapiabembHOCTI [1].
Sk BigoMo, mapaMeTpUYHMN MOKa3HUK (Koe(ilieHT) BapiaOenbHOCTI pAAy HPHUITyCKae, 10 BUXiAHI
JlaHl JOCHUTH J00pe OMUCYIOTHCS HOPMAITLHUM 3aKOHOM PO3TIOIITY, Ta BUPAKAETHCA (DOPMYIIOI0

POV - Std(V)
"~ Mean(V)’
Iie V' - BeKTOp MaHMX, SKi aHAJi3YIOThCS,

Std (V) - crannapTHe BiIXWIEHHS (CKaJp),

Mean (V) - cepeane 3Ha4eHHS (CKAJIP).

[Ipu 1IbOMY TaKOX BBaXKaIOTh, IO BC1 3HAYCHHS (CKJIAZIOB1) BEKTOPY MaHUX HeBim'emHi, Mean (V) # 0.
OpHak OUIBIIICTh TIAPOEKOJIOTIYHAX YAaCOBUX PAIiB MAlOTh CTATUCTHYHI PO3MOALICHHS, SIKI HE € HO-
pMansHUMU [2].
Tomy, cTporo Kaxy4u, napaMeTpuuHui Koe(illieHT BapiaObeabHOCTI, 110 YaCTO BUKOPHUCTOBYETHCS JIJIs aHa-
T3y pAAy B JAHOMY BUTIAIKY HE MiIXOMHUTD.
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VY 1150My 3B'13Ky IIPOIOHYETHCSI BAKOPUCTOBYBATH HEMapaMETPUUYHHI MMOKa3HUK (KoedillieHT) Bapia-
0€JIbHOCTI, IPUAATHUHN JIJIs TOCIIIDKEHD PI3HUX T'1IPOCKOJIOTTYHMX YaCOBUX PSIIB.

HenapaMeTpuyHuii MOKa3HUK BapiadeJabHOCTI
V 3B'SI3Ky 3 TUM, IIIO 3aCTOCOBYBATH TSI aHAJI3Y MTapaMeTPUIHUH IMOKa3HUK BapiabeITbHOCTI B JAHOMY
BHIIAJIKy HEKOPEKTHO, IPONIOHYETHCSI BUKOPUCTOBYBATH HEMapaMETPUIHHIA TTOKa3HUK BapiaOeIbHOCTI, MPH-
JTATHUW JJIs1 AOCHIUKCHHS OYIb-IKUX MPUPOTHUX YaCOBUX PSIIIB.
HemnapamerpuuHuii moka3HUK BapiaOeIbHOCTI OOUHCITIOETHCS 33 (HOPMYJIO0

(Quantile(V, 0.95) — Quantile(V, 0.05))
Median (V) ’
ne Median (V) - 3HaueHHS MeJliaHU JTAHUX.
[Ipu iboMy, 5K 1 JJIs1 BUIAKy BUKOPHCTAHHS MapaMETPUIHOTO IMOKA3HUKA, TOBUHHA BUKOHYBATHUCS
ymoBa Min (V) >0, a takox ymoBa Median (V) # 0.
Jns pearmizariii HemapaMeTPUYHOTO ITOKa3HWKA OyB HANMCAaHWH KOJ Ha MOBI HpOTpaMyBaHHS
MATLAB. Kon ocHOBHUX (DYHKITiil HABOAUTHCS HUKYE.

NPCV =

function [ ANS ]=1IS_VECTOR( V );ANS = false;
if isempty( V ) == truereturn
end

if isnumeric( V ) == falsereturn
end

if isreal( V ) == falsereturn
end

if isvector( V ) == falsereturn
end

if any( isnan( V) ) == truereturn
end

if any( isinf( V ) ) == truereturn
end

ANS = true;end

function [ ANS ] =IS_ MATRIX( M )ANS = false;
if isempty( M ) == truereturn

end

if isnumeric( M ) == falsereturn
end

if ndims( M ) ~= 2return
end

if any( any( isnan( M ) ) ) == truereturn
end

if any( any( isinf( M ) ) ) == truereturn
end
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if any( any ( isreal( M ) ) ) == falsereturn
end

ANS = true;end

function [ OUT ]=PCV(IN )OUT =] ];
if IS MATRIX( IN ) == falsereturn

end

A =std( IN ); B=mean( IN);
OUT=A /B;

if IS MATRIX( OUT ) == falseOUT = ];
endend
function [ OUT | =NPCV(IN )OUT = |;
L=0.05H=1-L;

if IS MATRIX( IN ) == falsereturn
end

A = quantile( IN , H );B = quantile( IN, L );C = median( IN );
OUT=(A-B)./C;

if IS MATRIX( OUT ) == falseOUT = ];
endend

IIpu eomy dyukmii IS VECTOR () ta IS MATRIX () € monoMi>kHUMH (CIy>KO0BUMH). BoHN
HEOOXiTHI VTS TIEPEBIPKU IPABMIIBHOCTI BX1THUX apryMEHTIB OCHOBHHX (009HCITIOBaHNX ) (DYHKITIH. DYHKITIS
IS VECTOR ( ) nepeBipsi€ - UM € BXITHUH apryMEHT BEKTOPOM, TOOTO MaTpHuelo po3mipy /xSZ2 abo SZIx1.
Kpim Toro, ¢yukris IS VECTOR () nepeBipse, mo0 BC1 eIEMEHTH BEKTOPY Oyiu JIHCHUMHU YUCIIaMHU 1 HE
Mictunid NAN, - Inf, + Inf 3Ha4eHb 1 KOMIUIEKCHUX uncen. BimmosigHo, IS MATRIX () mepeBipse, 4u €
BX1IHUH apryMeHT MaTpHIICIO, sIK [ie MPUHHATO Ha MOBi nporpamyBaHasi MATLAB (To0To MaTpuIero po3mipy
SZIxSZ2, ne SZ1 i/ abo SZ2 MOXyTh OyTH OJTUHUIICIO).

Oynukris IS MATRIX () nepeBipsie, 00 BCi €IEMEHTH TaKOX OyiH JIHCHUMU YHCIIaMU (JTi€ 3a aHa-
soriero 3 IS VECTOR ( )). BianosigHo oGuucitoBaibHi GyHKIii - e PCV () i NPCV ().

B ocHoBy nanux oOumcmioBaibHUX (YHKLIN MOKIaAeHo (GOpMynH, IO HaBeACHI BUB TEKCTi CTATTI.
Bxinni aprymentn (IN) ux GyHKITH - MaTpuili, BuXigHi aprymedaT (OUT) nux QyHKIIH - "TopH30HTAIBHI
BEKTOpHU", TOOTO MaTpHIi po3Mipy /xSZ2, ne SZ2 - 4ucio CTOBMITIB BXigHOT MaTpuIli IN.

SIK110 B AESIKMX BUMAIKaX HEMOKIMBO POBECTH BiATIOBIIHI pO3paxyHKH (HyJIbOBI cepe/iHi 3HAYCHHS,
HYJbOBI MEJiaHHI 3HAUY€HHS, HeaJeKBaTHI BXiIHI apryMEHTH 1 iH.), ToAl HaBeAeH] QyHKLI MOBEPTAIOTh MOPO-
HKHIO MaTPULIIO.

Le nerko mpoKOHTPOIIOBATH, BUKOPUCTOBYIOUH CITY>KOOBY DyHKILIIO isempty ().

HenapameTpuunuii koe@imieHT BapiadeIbLHOCTI PO3YMHEHOI0 Y BOi KHCHIO

PosriisHeMo sk puKjIan ABa BOAHUX 00'€KTa 3 ICTOTHO PI3HUM PEXUMOM (YHKIIIOHYBaHHSI.

Y po6oTi Oy BUKOpUCTaHI cepeTHROI000BI IaHi 10 KOHIIEHTPAI[iSIM PO3YMHEHOTO Y BOJII KUCHIO 3a
16-piuanii mepiox (3 1995 mo 2010 pokwu) mist Kpynoi piBHUHHOIL pidku (RIVER I) 1 KpyIHOTO BOIOCXOBHIIA
(RIVER II) Yxpainmu.

JoxuHa psany naHux ckiana 16x365 = 5840 (Toyok).

Panime Mu Bxke po3riisgaiy aHOMaii YaCOBOTO PsTy KOHIICHTpAIlil pO3YHHEHOTO KUCHIO, 1[0 MAIOTh
MiCIIe TIPH TEMIIEPaTypi PIIKOBOI BOIH, OJM3BHKOI 10 TEMIIepaTypu 3amep3aHus [3].
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VY pasi HasBHOCTI JbOAY Ha MMOBEPXHi BOAHOTO 00'€KTA 1 3aBISIKM MPOLIECaM OKUCIICHHS PSAY PEUYOBUH
y BOTHOMY CEpPEIOBHIIIl, CTBOPIOETHCS CYTTEBUI HEIOMIK PO3YNHEHOTO KHCHIO.

Takum yuHOM, IIpH TeMIepaTypi BOAM, OIM3BKOI 10 TeMIlepaTypH 3aMep3aHHs, IPUHIUIIOBO MOX-
JIMBa IPaHUYHO HU3bKa KOHIEHTPALisl KUCHIO.

VY 3B'3Ky 3 UM NIPU TeMIepaTypi, 0m3bKii 1o 0°C, ciif o4ikyBaTH TaKOXK HAHOIIBIINNA CTYIiHB
BapiabeIbHOCTI PO3UMHEHOTO KUCHIO, OCKUIBKH MPH IIOMY JIiT Ha MIOBEPXHI BOAOWMH MOXeE SIK OyTH (IyKe
MaJIui BMiCT PO3YMHEHOTO KHCHIO), TaK JIbOY MOXe 1 He OyTH (BMICT pO3UHHEHOTO KUCHIO JOCUTD BEJTUKHIA).

Ockinbky BUXiJHI JJaHi HE MiIKOPSIOTHCS HOPMAJIbBHOMY PO3IOALTY, B SIKOCTI "cepennporo” Oyia Bu-
KopucTaHa "memiana" [2].

Ha puc.1 npencrasnennit xix Menianu i 3HaueHb (RIVER 1) 1 (RIVER 1) no nHSIX KaleHIapHOTO
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Pucynoxk 1 — Xin Meianu KOHIIEHTpaIlii pO3YNHEHOT'0 KUCHIO JJIsT KPYITHOL
piBEEHHOI piuku (RIVER I) 1 xpymHOTO BogocxoBuma (RIVER II).

Figure 1 -Move median of concentration of the dissolved oxygen for large flat river
(RIVER I) and for large water reservoir (RIVER I).

[Ipu moOynosi rpadika OyB BUKOPHCTaHUN TOU e MiIXiJ, K [e TPUHHATO B METEOPOJIOTIT MPH OLIHII
"MeTeopoIoriuHOi HopMH".

Sk BunHO, rpadiku st (RIVER 1) 1 (RIVER II) inyTh TOCUTH 371ar0KEHO, IIPOTE KOHIICHTPAITIS PO3-
YHUHEHOTO KUCHIO Y BOJIOCXOBHIILII TIOMITHO OUTBIIIE, HIXK Y PIUIli.

MeToavrka OLIHKH BiIMiHHOCTEH 6a3yBanach Ha METOJI HemapameTpuyHoro Oyrctpena [4]. dakr Ha-
SIBHOCTI BIIMIHHOCTE# OyB BCTaHOBJICHHU CTAaTHCTUYHO. BukopucroByBamm piBeHs 3HauymocTi 0.05 (5%),
3a3BHYal IPUHHITHNA IS 33729 T1IpOSKOIOTIi.

Ha puc. 2 naBeneno rpagik xoay HemapaMmeTpuuHOro Koedinienrta BapiadensHocTi. [1pu npoMy Buxi-
JHI JaHi 00pOOJISUTUCS BIAMOBITHO IO METOAWKH, aHAJIIOTIYHOI MOOYAOBU MemiaH. 3p03yMiJio, IO B IOMY
BHITAJIKYy 3aMiCTh 3HAUCHb MeiaH 3HaXoawIn 3HaueHHs NPCV.
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SIK BUIHO 3 pUCYHKa, MiHIMalbHI 3Ha4eHHS BapiaOeNbHOCTI POZYMHEHOTO KUCHIO CHOCTEPIraloThCs
Ut 25 ... 75-X 9ucen KaJleHIapHOTO POKY, TOOTO MPHUITAIAl0Th Ha KiHENb Ci9HS - ToYaTok (a0 HaBiThH cepe-
TUHY) Oepe3Hsl.

Kpim Toro, mik BapiabenbHOCTi POZYMHEHOTO Y BO/I1 KUCHIO 17151 BOJIOCXOBHILA CIIOCTEPIraeThes MOMi-
THO TIi3HIiIIe, HIX I piukd. [Ipn mboMy CITif 3a3HAYMTH, IO BiICTaHbh MK ITyHKTAMHU CIIOCTEPEKEHD IS
PIYKH 1 BOJOCXOBHIIA 0yJI0 HEBEITHKUM.

NPCV [02] FOR YEARS 1995 ... 2010
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Pucynox 2 — Xin BeMMUWHA HEMapaMeTPUIHOTO KoedillieHTa BapiabeTsHOCTI KOHIICHTpPAITlli PpO3YHHEHOTO
KUCHIO [T KpYIHO1 piBHUHHOI piuku (RIVER 1) i xpynHoro BonocxoBuwa (RIVER II).

Figure 2 — Move of the value of nonparametric factor of variability concentration of the dissolved
oxygen for large flat river (RIVER I) and for large water reservoir (RIVER I1).

SIk BimOMO, I7151 €KOJIOTIIHHX MPOTIECiB a0COIOTHO 3BUYAHIM SBHINEM € HASIBHICTD IOCUTH BETUKOTO
Yrcia aHOMAJIbHUX 3HaU€Hb B PAdaXx JaHHX.

VY 3B'A3Ky 3 MM MU CHEUiaIbHO BpaxyBajiH el (akT, 30epirim Oiiblly 4acTHHY aHOMalii. 3 1i€lo
METOI0 BUKOPHCTOBYBaIM KBaHTII piBHIB 0.95 1 0.05, a He kBaHTWIII, Hanpukiam, piBHIB 0.75 1 0.25 Bigmo-
BITHO.

OcCKinbKH OIBIIICTh TPUPOIHUX SBHIL i MPOLIECIB HE ONMUCYIOTHCS HOPMAaJIbHUM 3aKOHOM PO3TOALTY,
Ma€ CEHC Y BCIX BUIAKaX BUKOPUCTOBYBATH METO/I OIIHKY BapiaOeIbHOCTI, 3aIIPOITIOHOBAHMM B TaHIi pOOOTI.

BucnoBku
1. 3 ypaxyBaHHIM 0COOJIIMBOCTEH IPUPOTHUX YACOBUX PSIiB (HE TiAKOPSIIOTHCS 3aKOHY HOPMAJIBHOTO
PO3IOITY, MICTATh 3HAYHY KUTBKICTh aHOMAJIBPHUX 3HAYCHB Ta iH.), PO3POOICHHMA METOI OIIHKU BapiaOeib-
HOCTI TaKuX PAIIB - METOJl HEapaMeTpUIHOI BapiaOeIbHOCTI.
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2. [IpakTHYHE BUKOPUCTAHHS METOY OLIHKH HETlapaMEeTPUYHOI BapiaOeIbHOCTI MTOKa3aHUi Ha TPUK-
JIaJl OIHKU YacOBUX PAIMIB CepeaHhOI000BUX KOHIICHTPAIIIH PO3YMHEHOTO y BOJI KHCHIO (SK JJIs KPYITHOI
PIBHHHHOI PiYKH, TaK 1 KPYITHOTO BOAOCXOBHINA YKpaiH)

3. B pe3ynbrarti JociiKeHHS] BCTAHOBJICHO, 1110 3HAYHO OUTBINO iH()OPMATHBHICTIO BOJIO/IIE€ HE Ba-
piabGenbHICTh YaCOBOTO PAY B IIJIOMY, a BapiabeIbHICTh 3 ypaxXyBaHHIM CE30HHOCTI (TI0 JHSIX, MICAIISIX, KBa-
pranax iid.).

4. MakcuMalibHi 3Ha4€HHS Bapia0eIbHOCTI PO3YMHEHOTO KUCHIO CIIOCTEPITAI0ThCS TIEPEBaXKHO TS 25
... 75-X 4mcen KaJlleHAapHOTO POKY, TOOTO HA KiHEIh CiuHS - MoYaToK (a00 HaBITH cepeauny) Oepesns. [Ipu
IEOMY TIiK BapiabeIsHOCTI PO3YMHEHOTO YV BOII KHCHIO JJII BOJIOCXOBHIIA CITIOCTEPITAETHCS 3HAYHO ITi3HIIIE,
HIXK JUIS PIUKH.
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AHoTanisA. Y cTaTTi PO3MSHYTI MUTaHHS BUKOPHUCTAHHS NAaHUX JUCTAHLIIMHOTO 30HAYBaHHS 3emuli
(/133) mst 3aBganp 3a0e3nedeHHs 30aIaHCOBAHOTO MMPUPOIOKOPUCTYBAHHS HA TEPUTOPISX Y MEXaX BILTUBY
00’€KTiB TpaHCHOPTHOI iH(pacTpyKTypH. BuzHaueHO 0COOIMBOCTI AUCTAHIIITHOTO MOHITOPUHTY IS 3aBAaHb
MIPOEKTYBAHHS TPAHCIIOPTHUX MEPEXK Ta B MPOILIEC] iXHBOI eKcIuTyaTalii. B po0oTi mpoaHaizoBaHO PO3BHUTOK
CyJacHUX AUCTAHIIIMHUX METOMIB (CYITyTHUKOBI 3HOMKH, 3aCTOCYBaHHSI MOOUIEHUX CEHCOPIB, BCTAHOBIICHUX
Ha aBTOMOO1JISIX a00 Ha TiTANbHUX anapaTax). 31iHCHEeHO KOPOTKHMA OIS METOAIB 300py MPOCTOPOBUX JTAaHUX
JUTS 33124 YIIPABIIiHHS PO3BUTKOM TEPHUTOPIH B MeXkaX BILIMBY 00’ €KTIB TPaHCIOPTHOT iHPpaCTPpyKTypH (aB-
TOMOOINIBHUX JOPIr, 3ai3HHULB TOIIO). Y CTATTi PO3MIISIHYTO JOCBiA BUKOPUCTaHHS TexHoiori 133 mms
MOHITOPHHTY 3MiH ITApaMETPiB JIICOBOTO ITOKPUBY B 3aKapIaTChKiil 001acTi Ha MIJITHKAX MPMIICTIINX 10 TPAHC-
MOPTHUX Marictpajiei, 3a KOCMIYHMUMH 3HIMKamu Landsat.

KirouoBi cioBa: mpocTopoBi JaHi, 00 €KTH TPaHCIOPTY, aBTOMOOUIBHI AOpOTH, OYyAiBHUUTBO Ta
ekcruryatariss gopir, /133, mpocTopoBi maHi, kapTorpadyBaHHs, TUCTAHIIIWHUNA MOHITOPUHT, BPa3JIMBICTH,
JIICOBHUH ITOKPHB.
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Beryn. 3aransHoBiIOMO, 1110 PO3BUTOK TPAHCTIOPTY € OJHUM 3 OCHOBHHX IEpPEeIyMOB Ta 3ac00iB 3a0e3-
MEYeHHsT J00pOoOyTYy, MOOLIBHOCTI Ta SKOCTI JKUTTS HacejeHHs. [oJimimeHHs AOCTYyImy 10 PHHKIB ITpalli,
XKUTJa, TOBApiB 1 MOCIYT € BAXXIMBHM JUJIsl peanizalii mijiel po3BUTKY TepHUTOpiil Ta rpoman. 3abe3neveHHs
BUIBHOT'O TICPEMIIIICHHS JIFOJICH € BOKIUBUM SIK B COITIaIbHOMY, TaK 1 €KOHOMIYHOMY aCIEKTax JKUTTEisTb-
HOCTI CYCITIICTBA. 3 1HIIOTO O0KY, B 0araThOX €KOJOTI9HO Bpa3IMBHUX PETiOHAX HUHI MPAKTHYHO HEMOYKIIUBO
30IACHIOBATH OYIIBHMLTBO HOBHX 00 €KTIB TPaHCIOPTHOI iH(pacTpyKTypH BHACTINOK IMiABHIICHHS PiBHS
LIyMy, OOMEXEHb B IIPOCTOPi 00 MOXKIIMBOI'O HETATUBHOIO BIUIMBY PYXY BaXKKOI'O BaHTAXKHOT'O TPAHCIIOPTY
Ha 0i0pi3HOMAHITTS Ta TaHAmAa(TH.

€ croaiBaHHSA, 10 EPCIIEKTUBHUI PO3BUTOK MEPEXki aBTOMOOLIBHUX JOPIT Ta JOPOKHBOI iH(pacTpyK-
TypH B YKpaiHi nepeadayae 70TpUMaHHsI BUMOI CTaJIOro (30aJ1aHCOBaHOIO PO3BUTKY). B OCHOBY Iii€l KOHIIETI-
uii OyJo TMOKIaJeHO YCBINOMJICHHS CBiIOMHMH (DaxiBUAMH Ta TpOMaasHAMH PIi3HUX KpaiH 1CHyBaHHS
...«B33€EMO3B’I3KY €KOJIOITYHUX, CKOHOMIYHHUX 1 COIaJIbHUX MPO0JIeM PO3BUTKY JFOACTBA Ta PO3YMIiHHS TOTO,
o 1X BUPIMIEHHS MOXIIMBE TiNbKH Ha KOMIUIEKCHIH OCHOBI, HA OCHOBI BpaxyBaHHS OanaHCy iHTEpeciB po-
3BUTKY IIPUPOAHM 1 CYCIIJILCTBA 3 OTJISIAY HA IHTEPECH TEHEPillHiX i MPUHACIIHIX TOKOMiHbY [4].

Merta i MeToaH. Buxoas4n 3 akTyaJIbHOCTI TUTaHb JOCTiHKCHD BIUTHBY TPAHCIIOPTY HAa YMOBH 30aJ1aH-
COBAHOT'O PO3BUTKY TEPUTOPIi, CIIiJl MAKCUMAIBbHO 3a0€3MeUYNTH CUCTEMHHUM MiAXiA 10 MPOEKTYBAaHHS TPaHC-
MIOPTHOI 1HPPACTPYKTYPH 3 YpaxyBaHHSAM CKOHOMIYHUX, COITIAIbHHX, CKOJIOTIYHUX BUMOT (€()EeKTHUBHICTH
TOCTIOIaPIOBAHHSA, SKICTh JKUTTS HACEICHHS Ta 30epeKeHHS MPUPOIHUX EKOCHUCTeM (abo MiHIMaIbHOTO aH-
TPONOTCHHOI0 BIUIMBY Ha HUX). 3 OJHOTO OOKY pO3BHHEHA Mepeka aBTOAOPIr 301MIbIIye 1HBECTHLIHHY MpH-
Ba0JIMBICTh TEPUTOPIT Ta CHIpHsi€ il EKOHOMIYHOMY 3POCTaHHIO, 3 IHIIIOIO OOKY, TPAHCIIOPTHA IHPACTPYKTYpa
HE TIOBUHHA PYHHYBaTH NMPHUPOIHI €KOCUCTEMH. 3pOCTaHHs PiBHS 00i3HAHOCTI (axiBLiB IIOKO 3MiH JIaH-
madTiB B MpoIeci MPOEKTYBaHHS, OYIIBHUIITBA Ta €KCIUTyaTamii 00'€KTiB TPAHCIIOPTHOI iHPPACTPYKTYpH
MOJKe 3a0€3ICUUTH MiHIMaJIbHY aHTPOIIOTeHHY TpaHchopMalliio JaHamadTiB (MOPYIIEHHS IPUPOIHOIO Io-
PHU3OHTAIBHOI T4 BEPTUKANBHOI CTPYKTYPH IPYHTIB, 3a0pyJHEHHS IPYHTY TOKCUKAaHTaMH; PyHHYBaHHS MpHU-
POIHUX OCEIHII; 3a0pYAHEHH aTMOC(EpH; 3arpo3u 010pI3HOMAHITTIO Ta 3HWKECHHST 010ITPOAYKTUBHOCTI ab0-
pureHHoi ¢iopu Ta Qaynu, 301NbLICHHS 3acWIIsl iHBa3iiHUX BUIB, BIUIMB Ha JIaHAMA(TH 110 MOTPeOyIOTh
0COOJIMBOI OXOPOHH B MEXaX MPUPOAOOXOPOHHUX 00'ekTiB). J{71s1 3a0e3mneueHHs OalaHCy iHTePECiB MICIIEBUX
rpoMas Ta Oi3HECy 3a ydacTi Jep)KaBHUX OPTaHiB SK PETyJATOPIB HMPHUPOIOKOPUCTYBAHHS Ta TPUHHSATTS
OOIPyHTOBAaHUX YIPABIiHCHKUX PillIeHb, KOHYE HEOOXiJHE BUKOPUCTAHHA PI3HOMaHITHUX HaOOpiB MPOCTOPO-
BHX JIaHUX JOCTATHHOI TOYHOCTI Ta aKTyaJbHOCTI (penbed), TiAPOIIOris, IPYHTH, POCIHHHICTS).

Merta ny6mikauii nosisirae y BA3Ha4Y€HHI 3MiCTy JUCTAaHIIHHOTO MOHITOPUHTY TEPUTOPIii, 10 MpUIerii
10 00'e€KTiB TPaHCHOPTHOI iHPPACTPYKTYpH Ta 3AiHiCHEHHI anpoOallii Bu3HaYeHHs 3MiH JiICOBKPHTHUX IIOLI Ha
TepuTopii Kapmarchkoro periony IuissxoM 00poOIIeHHS KOCMIYHUX 3HIMKIB BUCOKOTO PO3PI3HCHHS.

O06'eKTOM AOCIIIKEHHS € CMYTH (30HHU) BIUIMBY 00'€KTiB TPaHCIOPTHOI iHPPACTPYKTYypH, — TEPUTOPIi,
10 TIPHWJISATAIOTH 10 aBTOMOOUTEHOT JOPOTH (3UTI3HUITI ), B MEXKAX SKUX MPOSBISETHCS ii BIUIMB HA HABKOJIMIITHE
CepeIOBHIIE B X0 OyAiBHMIITBA Ta eKkcIryaTallii [3]. B poOOTI BUKOpPHCTAHO HACTYIIHI METOMM: aHAII3y Ta
y3arajbHEHHs JIITepaTypHHUX JKepel, reoindopManiiHoro MojentoBaHHs (kiaacugikarii JiiciB, BApOOOK Ta
IHIIMX JaHAmadTIB Ha OCHOBI aHANII3y KOCMIYHUX 3HIMKIB BUCOKOT'O PO3PI3HEHHS).

Pe3ysbTaTu i nosicHeHHs1. 3 METOIO OL[IHIOBaHHS BIUIMBY YIPaBIiHCHKHUX PIllIeHb HA PO3BUTOK TEPH-
TOpIi BIUIMBY aBTOMOOLIBHMX JIOPIT BApTO BUKOPUCTATH KOHIICIIIiI0 Bpa3nuBocTi (the vulnerability concept),
sIKa CKJIAIA€THCA 3 TPHOX eNeMEHTIB [4]: (1) BIUIMBY, SKUH BITHOCHUTHCS 10 CTPECOBUX (DaKTOPIB Ta MOPYIICHB,
MOB'AI3aHUX 3 EKCIUTyaTalli€l0 IOPiT, 1110 HETaTHBHO BIUIMBAE HA (DYHKIIIOHYBAaHHS €KOCHCTEM, (2) UyTIHBICTS,
sIKa BU3HAYAETHCS CTPYKTYPOIO HABKOJUIIHIX JaHAIA(TIB Ta MOSACHIOE PEaKIliio eKOCHCTEMH HA aHTPOIIOTeH-
HUH BIUIMB Pi3HOI IHTEHCUBHOCTI, Ta (3) ajanTaliiifHa 3J1aTHICTh EKOCUCTEM, SIKa € COI[IaJIbHOKO Ta SKOJIOTIY-
HOTIO 37IaTHICTIO CUCTEMH 3MIHIOBATHCS 200 3MIHIOBATH CBOi XapaKTEPUCTUKH, 100 3MEHIIHUTH ii Bpa3nuBiCTh
a00 TOJIMIINTH 3/1aTHICTH (DYHKIIIOHYBATH ITiJl YaCc HAaBaHTaKEHHS [8].
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[ToTeHiliHi HETaTWBHI HACIIKU a00 BTPATH B SIKOCTI Ta 3a0€3IMICUCHOCTI HACEIICHHS JICPIKaBU CKOCH-
CTEMHHMH TTOCIIyTaMi BUMararoTh BUMIPIOBaHHS MapaMeTPiB €KOCUCTEM, IXHBOTO MOHITOPHUHTY Ta po3po0-
JICHHSI TIPOTHO31B. Bpa3/MBiCTh MOXHA OI[IHUTH 3a JOTIOMOT'O0 PI3HUX IMOKA3HUKIB, arpEroBaHUX 1HJCKCIB Ta
UIIXOM KapTorpadyBanHs. KoHreniiiss Bpa3inBOCTI MOYKe TOTIOMOTTH HA0YHO TIOSICHUTH CKJIaIHI poOIeMu
MIPUPOIOKOPUCTYBAHHS 0co0aM, sIKi MPUUMAIOTh PIIIEHHS, Ta BAOCKOHAJIUTH PO3YMIHHS PO3BUTKY JIICOBUX
CKOCHCTEM.

Brumus fopir, 3a113HAG Ta iHIEX 00'€EKTIB TPAHCIIOPTHOT IHPPACTPYKTYPH HA JTaHAIAPTH 3MIHIOETHCS
MPOTSTOM IXHBOTO KUTTEBOTO LUKITY 1 IETaTbHO ONMCaHUK Y MOciOHUKY [2]. Bei eranu iboro HuKITy MOBHHHI
OyTH pO3TJISIHYTI 3 MO3MLIN OL[IHIOBaHHS IXHHOTO BIUIMBY Ha CepeJOBHUIIE. 3aralibHOBIIOMI YOTHPH TOJOBHI
€TaI| KUTTEBOTO ITUKITY 00'€KTIB TPAHCTIOPTHOI 1HPPACTPYKTYpH: MPOEKTYBAHHS, Oy IiBHUIITBO, €KCILTyaTa-
1181, JTIKB1garfis.

B mporieci mpoekTyBaHHS TOPIT BAKINBO 3MIMCHUTH SKICHE €KOJIOTiUHE OOTPYHTYBaHHS IPOEKTy. Exo-
JIOT14HI MapamMeTpu KOHCTPYKLii HAcHIly, JOPOKHBOTO OASTY, APEHAXKHOI CUCTEMH BH3Ha4Ya€ MalOyTHIH
BIUIMB JIOPOTH UM 3aJi3HHLI Ha TPUpoy. JlJsl CTBOPEHHS AKICHOTO MPOEKTY BKE Ha MOYATKOBOMY €Tarli KHT-
TEBOTO MUKITY MOTPIOHO 3a0e3MeUnTH HasIBHICTD JAHUX MPO O10PI3HOMAHITTS Ta €KOJIOTIUHI KOPUIOPH

B xomi OyaiBHUIITBA HOPIr 3iHCHIOETHCS BIUTUB Ha JIAHAMAPTH Ta 0i0Ty 3HAYHO IHTCHCHUBHIIIHH, HikK
B Iporieci iXHBO1 eKcInTyaraiii. By 1iBHHIITBO Jopir mepeadadae OyAiBHAIITBO TPAHCIIOPTHHUX PO3B’SI30K, OTO-
POk, Oap’epiB, MEpEeHECEHHS MICIIEBHX JOPIT, 00JIaIITyBaHHS APCHAXKY, IITyMO3aXUCHUX Oap’epiB, pe3epBy-
apiB Ju1g 3a0pyTHEHOT BOJTU, MOCTIB TOIIO. [ 0JIOBHUMH 0COOJIMBOCTSIMH BIUTUBY JJOPOXHBOTO OY/IiBHUIITBO HA
naammadTH € Taki: (1) CTBOPEHHS HOBUX MITYYHUX OCEIHII, /Ie OyIyTh IepeBaKaTH i1HBA31iHI BUIH POCIIHH;
(2) pekynpTUBaLis MaliAaHYMKIB Ticas OyAiBHULTBA; (3) BIUIMB JOPOTH Ta il €JIEMEHTIB Ha MiA3EMHI Ta I0-
BEPXHEBI BOJH; (4) MOXIIMBICTH 3aruOesi TBApUH Ha OyiBENbHAX MallaHYMKaX Ta HEOOXiTHICTh BXKHUTHU 3a-
moOkHI 3ax0u; (5) IIyM, BUKUIH Ta 3a0pyTHEHHS MPUPOTHOTO CEPEIOBHUIINA i Yac OymaiBHUIITBA. B miporteci
OyZmiBHUITBA HAa3eMHa TPAHCIIOPTHA iH(PpacTPyKTypa BIUIMBAE HA JIITOC(EPY, 3MIHIOE T1IPOJIOTIHHUH PEKUM,
MOXJIMBA aKTUBI3AIlisl 3CYBHUX MPOIIECIB, MiATOIICHHS.

ByniBHUIITBO AOpIr BIUIMBA€E Ha MPUPOJHE cepenoBuule (TaHAmadT), 30KpemMa Ha Mirpamito BUIIB AU-
KHUX TBapHH Ta PO3BUTOK MPUPOAHUX W HAMIBIPUPOJHUX TUMIB ocenui. OIHUM 13 HalimomupeHimunx Hebes-
TIEYHUX SIBUII] TAKOTO BIUIMBY € 3ITKHEHHS TBAPHH i3 TPAaHCTIOPTHUMH 3acobamu. KpiM bOTo iCHYIOTH 1 1HIIT
SIBUIIIA, SIKi € MEHIII TIOMITHUMH Ha NEPIINI TOTJISA, TPOTE CTBOPIOIOTH HEMPOXIiAHI Oap’ epu i Mirpariii BUIiB
TBapHH, 30KpeMa, aBTOMOOLIbHI Ta 3ali3HHYHI HUIAXH. BOHU po3auistioTh nanamadT Ha ApiOHI i 130J1b0BaHI
IUISHKY, SIKi Olnble He MOXKYTh 3a0e3ledyBaTd yMOBH JAJiSl JOBIOTPUBAJIOTO BIDKHBAHHS MOMYJSIIN X
BuaiB. Lleit HeOe3neunuii mporec Ha3MBaeThCs (PparMeHTaLi€l0 HABKOIUIIHBOTO MPUPOJAHOTO CEPEIOBHILIA.

B xoxi ekcrutyarariii 10pir, SKa 3a 4aCOM € HaHO1JIbII TPUBAJIOO, BIOYBAIOTLCS TaKi HEraTUBHI SBUIIA
Ta npouecH: (1) 6ap’epHuil BB 1oporu Ha naHamadr, (2) 3arubens TBApUH HA A0POTax, JIOJCHKI JKEPTBU
BHACJIIIOK 3ITKHEHHSI 3 TBApUHAMM Ta 30MTKH, TIOB's13aHi 3 aBapisiMu, (3) BUKUIU ra30MoAiOHNX, PIAKUX 1 TBEp-
IUX 3a0pyIHIOBAJIbHUX PEYOBHUH TPAHCIIOPTHHUMH 3aco0aMH, i, SK HACHIIOK, 3a0pyAHEHHS MPHUIIETIIOl TepH-
Topii; (4) mrymMoBe 3a0pyIHEHHS BiJl TPAHCIIOPTY; (5) 3a0pyAHEHHS CepelOBHIIA PEYOBHHAMH, 1110 BUKOPHCTO-
BYIOTBCS JUISI JIITHROTO Ta 3MMOBOI'0 00CIYTrOBYBaHHS A0PIT; (6) sIK MO3UTHUBHI, TaK 1 HEraTHBHI HACIIAKH CTBO-
PEHHSI HOBUX OCEJIHII Ha JUISHKAX, pO3TalIOBaHUX MOOIH3Y JOPIT.

3Ba)karouu Ha TPUBAJIHUI TepMiH (DYHKI[IOHYBaHHS AOPIr, HaiiuacTille nependavyaeTbCsl YaCTKOBA PEKOH-
CTPYKIIis, a He HIJIKOBHTA JIKBiAamis 00'ekTa TpaHcopTHOI iHGpacTpykTypu. Ha 11boMy eTari IpoeKT PeKOH-
CTPYKIIiT HaituacTime nepeadayae oOpoOIeHHS, YTHIII3AIliI0 Ta JIIKBiIaIlit0 Oy IiBEIBHUX BiIXO/IiB.

Bubip onTrManbHUX MapiipyTiB OyIiBHUIITBA 00’ €KTIB TPAHCIOPTHOI iIHPACTPYKTYPH IIOBHHEH CY-
MIPOBOKYBATHUCS PO3POOTICHHSIM MOJIeli eKOMepeKi Ta 3a0e3MmedeHHs ii HUTCHOCTI (TUIaHYBaHHSM MPOCTO-
POBOT MepeXi MPUPOIOOXOPOHHUX TEPUTOPIH, PO3MEKYBAHHIM KOPUIOPIB MIrparlii, CITOIYICHHSIM TePUTOPIi
JUTSL IESIKUX BUIIB BEJTMKHUX CCaBINiB. PO3BUTOK Mepexki KITFOUOBUX TEPUTOPIN Ta MIrpaIiifHuX KOpUIOpIB s
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BEIIMKUX CCAaBIIiB CIIMPAETHLCS HA BUSBJICHHS JICOBHX MAaCHBIB Ta BU3HAYCHHS IXHIX KUTbKICHUX 1 SIKICHUX Xa-
paktepucTuk. Lli muTaHHS, HUHI Ha JKaJib 9acTO BIACYTHI Y 3aKOHOABCTBI [2].

3aciayroBye Ha yBary 3MiCT Ta 3aBJaHHS TUCTAHLIMHOTO MOHITOPMHIY TEPHUTOpiH, IO MPHUIETTi A0
00'€KTIB TPaHCIIOPTHOI 1HGPACTPYKTYpU. MOHITOPUHT PO3PI3HAETHCS 3a (PYHKIIIOHAJLHUMH 3aBIaHHAMU, TC-
PUTOpPiaTbHIM OXOIUICHHSAM, IPU3HAYCHHM, a TAKOXK 38 BUMOTaMH JI0 IPOCTOPOBOI i TEMaTUYHOI I€TaIBHOCTI
onepxyBaHoi iHpopmaii [5]. Bimomo, 1110 MOHITOPHHT JiciB - Lie cCHcTeMa PETyIPHUX CIIOCTEPEKEHb, OLIHKI
Ta aHaji3y iHpopMallii Ipo CTaH JICIB Ta MPOrHO3YBaHHS HOro 3MiH 3 METOIO 3a0e3MeucHHs iH(popMalliitHo-
AHATITUYHOT MiATPUMKH NPUUHATTSA PillicHb UI0A0 CTAIOTO YIPaBIiHHSA Jicamu. JlaHi oTpuMaHi 3a pe3ynbTa-
TaMH TaKOTO MOHITOPUHTY € KOPHCHUMH TaKOX [ 3aBAaHb NPOEKTYBaHHS TPAHCIIOPTHUX MEPEK ACPIKaBH.

SIk yxe Bi3HAYAIOCS B MPOLECI MPOSKTyBaHHS BU3HAYAETHCS ONTHMAJbHE IOJOXKEHHS MaiOyTHBOT
JOPOTH Ta MOXJIHMBaA i MallOyTHs B3aeMOJisl 3 KOMIOHeHTaMH JaHamadty. OOJHUM 3 TUHAMIYHAX KOMIIO-
HeHTIB naHamadry € jic. JlicoBi TepuTopii 3a3HAIOTh 3MiH YHACTIIOK OyIIBHUIITBA Ta €KCIUTyaTallii aBTO-
MoOOiMbHUX fopir. Insaxom mopiBHSHHS MOXXKHA BU3HAYUTH MicCIs pyOOK JIicy Ta BiJTHOBJIEHHS POCIMHHOCTI
Ha Micti pyOok. Tepuropii mo6ir3y roJIOBHHX aBTOMOOUIEHUX TPAc 3a3HAIOTH ITiABUILIEHOTO aHTPOTIOT€HHOTO
BIUTMBY BHACJIOK HEPETJIAMEHTOBAHOT peKpeaIliifHol TisSUTbHOCTI.

OcHOoBHMMH 3aco0amMu 30MpaHHS TMPOCTOPOBHX NAHWX HHHI CTAlOTh AWCTAHLINHI CIIOCTEPEKECHHS.
Hazemni MeTomu oTpuMaHHS JaHUX HUHI BTPAvYarOTh CBOE 3HAYCHHS Yepe3 TMOPIBHIHO OUTBII TPYIOBUTPATH.
Hucranmiiine 3oamyBanasa 3emii (133) - me crmoci6 orpuManHs iHGOpMaIii Tpo 3eMHY TOBEPXHIO Ta PO3Ta-
LIOBaHi Ha Hill 00'€KTH IUIIXOM peecTpalii eIeKTPOMarHiTHOrO BUPOMiHIOBAaHHS, IO BiAOMBA€ETHCS BiJ HUX,
0e3 0e3mocepeTHhOr0 KOHTAKTY. 3aCTOCYBAaHHS MaTepiajiB CYITyTHUKOBOTO JUCTAHIIIHOTO 30HIYBAaHHS TS
JOCIIPKEHHSI JTiciB, B TOMY YHMCIIi 1 TICOBUX MacHBiB, SIKi 3HAXOJATHCS B MEXaX BIUIMBY 00’ €KTIB TPAHCIIOPTY
B YKpaiHi po3modayiock 3 cepeauan 1990-x pokiB, KO CTaBCS MPOPUB B PO3BUTKY T'eOiHPOPMAIIIHHAX CH-
CTEM BHKJIMKAHUH MIMPOKUM 3aCTOCYBaHHAM KOMIT IOTEPHUX TEXHOJIOTIH, SIKi Ay 3MOTY IEepEeTBOPEHHS J1a-
Hux /133 B uudposuii popmar ans IxHp01 oAaIbLI0i 00poOKu. 3a TuoM ceHcopa J133 BUIUIAIOTE:

a) METOAM 3 NMACHBHHMH CEHCOPAaMH, 1[0 BUKOPUCTOBYIOTH a00 BJIACHE BUIIPOMIHIOBAHHS NPEIMETIB,
a00 COHAYHE CBITIIO, 1110 BiAOMBAETHCS Bij IXHBOI MOBEPXHI Ta (PIKCYETHCS amapaToM;

0) MeToM 3 aKTUBHUMH CEHCOPAaMHU, L0 3IiHCHIOIOTH BUIIPOMiIHIOBAaHHS B HANPSIMKY 3€MHOI MTOBEPXHi
CUTHAITy Ta MPUHOM BiIOMTOTO CUTHAY. 3a3BUYail Take 3HIMaHHA 3IHCHIOETLCS B pamioziana3oHi. [lepesa-
TOI0 IIbOTO METOAY € MOXKJIMBICTh BUKOHAHHS 3HIMaHb B TEMHHMH yac A0OW Ta HE3HAYHWH BIUIMB MOTOJHHUX
YMOB: TyMaHy, XMapHOCTI. PajapHe 3HIMaHHS BUKOPHUCTOBYETHCS IJISl BU3HAUCHHS (POPMH MOBEPXHi (peiib-
edy) [7] Ta BUBUEHHS ii T€OJIOTIUYHOI CTPYKTYpPH.

[lepmra Benuka rpymna MeToAiB nojsirae y Qikcarii BIaCHOrO BUIPOMiHIOBAaHHSA 00'€KTIB B ONTUYHOMY
(oTo3HiMaHHS; CKaHEPHE 3HIMAHHS) Ta IHIIKX (TEIJIOBE, IePCICKTpaabHE, MYJIbTUCIICKTPaIbHE) diama3o-
HaX eJIEKTPOMArHiTHUX XBUIb.

JlocuTh 4acTo, rOBOPSIYM MPO JUCTAHIIIMHE 30HAYBaHHS, MAlOTh HA yBa3i (OTO3HIMAHHS Ta CKaHEpHE
3HiMaHHA. DOTO3HIMAHHS, - 11 PoTorpadyyBaHHS MOBEPXHI Y BCHOMY BUIUMOMY Jialma30Hi CIIEKTPY UM TEBHIN
HOro yacTHHi, a TAKOX B iH(payepBOHOMY AianazoHi. DOoTo3HIMaHH € HAWOIBII 3BUYHOIO TSI TIOJUHU Pop-
MO0 IPEIACTaBJICHHS iH(OpMaIIii, SKe 3a JTOIOMOroK 0araTo30HaJLHOIO 3HIMAHHS JO03BOJISIE ITiIBUIIMTH
AKICTB 1 JOCTOBIPHICTH Aemn(pyBanHHs. B 3am1auax MOHITOPHHTY JiICOBHX MacHBiB MOKHa BUKOPUCTOBYBAaTH
JUTSL BUSIBJICHHS TPAHUIls POCIMHHOCTI, 3aXBOPIOBAHHS POCIHUHHOCTI Tomo. Hemomikom poTo3HIMaHHS € He-
MOXIMBICTh CTIOCTEPEKCHD B HIYHUN 9ac Ta MPU HECTIPUATIUBUX METCOPOJIOTIIHAX YMOBAX, UyTINUBICTH (o-
TOMaTepianiB A0 MPOHUKAIOUOI paxialii Ta HeOOXiJHICTh TOCTaBKU (oTOMaTEpialiB Ha 3eMIIIO.

TeneriziitHe aepoKOCMiUHE 3HIMAHHSI - Ma€ OUIBIIY OINEPATHBHICTL 1 aBTOHOMHICTH POOOTH B
MOPiBHIHHI 3 (OTO3HIMAHHSAM, IO J03BOJISIE BUKOPUCTOBYBATH TEJIEBi3iiiHE 3HIMAHHS AJISl MOCTIHHOTO CHO-
CTEPEKCHHS 3a PI3HUMH SBUIIAMHU. 32 CIIOCOOOM 3aICy Ta Iepenadi BigeoiHdopMarlii BUAUISIOTh ONITHYHE,
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OIITHUKO-MEXaHiyHe 1 OoTo-TeseBi3iiiHe 3HIMaHHA. 3a CIIEKTPAIbHIM J[ialla30HOM TeJieBi3iiiHe 3HIMaHHS 0XO-
IUTFOE JIOBFOXBUIIbOBY YacTuHy Y ®@-nianazony (0,3-0,4 MkM), BUauMy i OJrokHIO iHppauepBony obnacts (0,4-
0,9 Mxm) criektpy. OnHEM 3 e(EKTUBHUX NPUIAAIB BiICO3HIMAHHS € TEJEBi3iiiHI KaMepH, Ha BUXOAIL 3 SIKUX
dopMyeTbecsi BuIuME 300paxkeHHs 00'ekty. Cepen HEIOJIKIB TENIEBI3IHOIO aepOKOCMIYHOTO 3HIMAaHHS
BHIUISIOTH TIPIIY B MOPIBHSHHI 3 (POTO3HIMAHHIM PO3ATHHY 3aTHICTE, OUTBII TE€OMETPHYHI Ta pagioMeT-
PUYHI CIIOTBOPEHHS, OOMEKEHUH MOTOHUMH YMOBAMHU 1 OCBITJICHICTIO YaCOBHM J[ialla30H CIIOCTEPEKCHbD.

CkaHepHE 3HIMAaHHS - 3HIMAaHHS TIOBEPXHI 3a JOIMOMOTOI0 ONTHYHHX a00 0aroTOCIeKTpaaIbHUX TPHU-
CTpOIB - cCKaHepiB. BiaMiHOIO TakuX MpUCTPOiB B hoTOKaMep € Te, 0 CKaHEeP 3HIMA€E 300pakeHH HE LIIKOM,
a o pagkax. CKkaHyrounii MpUCTPid pyxarounch B3AOBXK a00 B3JOBXK 1 MONEPEK MapLIPyTy 3HIMAaHHS PSAIOK 3a
PAIKOM IIOCTYNMOBO (iKCye BIIOMTHUI BiJ 00'€KTa CUTHAJ, B PE3yJIbTaTi YOr0 YTBOPIOETHCS PacTpoBe 300pa-
KEHHS, 10 CKJIaJaeThCs 3 MOCHiOBHIX cMyr. CKaHyI04i MPUCTPOi CIPUIIMAIOTh TEIIOBI a00 CBITJIOBI CUT-
HaJH, SKi TpaHC(HOPMYIOTBCS B eIeKTpHdHi 3a momomororo 1133-miniiikn uu I133-MaTpuii Ta KOXYIOTHCS ¥
uudpoBy GopMmy B mpucTpoi peectpauii. BukopucroByoun crenianbHi (ilbTpu MOXXHA OTPUMATH CIIEK-
TpajibHI CUTHAJIH B AY>K€ BY3bKOMY (10 HAHOMETPiB) Aiana3oHi, M0 Ja€ MOKIMUBICTh OTPUMYBATH 300paKCHHS
0aratb0X XapaKTepUCTHUK POCIMHHOTO ITOKPHUBY i JiciB. ['oBOpsYHM TIpo mucTaHIliiiHE 30UpaHHS TPOCTOPOBHUX
JaHUX, TIEPII 32 Bce HWIEThCS Mpo 3HIMaHHS 3emiti 3 kocMmocy. [Ipote, 10 1boro cnoco0y 300py JaHHUX BiTHO-
CUTKCSA 1 aepodOoTO3HIMAHHS, 3HIMAHHSA 3 Oe3miioTHOTO MiTamsHOTO amapary (BIIJIA) ta immi. 3HiMaHHS 3
BILJTA He MICTHTh CYTTEBMX BIIMIHHOCTEH BiJ ()OTO 1 TEJIEBI3IMHOIO 3HIMAHHS, 3HAYHO IMOCTYIAETHCS CYITyT-
HUKOBOMY MOHITOPHHTY 10 BEIMYHMHI OXOIUICHHS IUJIOLI, ajle € MEHII 3aJI)KHUM BiJ TIOTOAHUX YMOB (0C00-
JINBO BIDIMBY XMapHOCTI) B TTOPiBHSIHHI 3 MIJIOTOBAHOIO aBiaIli€l0 Ta KOCMIYHUM 3HIMaHHSIM.

Huni ¢axiBii BAKOPUCTOBYIOTH PSAJ] HOCIiB 3HIMaNIBHOT anapaTypy Ta CEHCOPIB PI3HUX THIIIB, 1[0 BUKO-
HYIOTh 30ip JaHUX PI3HUMHU AWCTAHIIWHUME MeTomamu. Cepel HUX 3HAYHY POJIb BIMITParOTh KOMEPITIHHI
KOCMIYHI anapaTy, 3HIMKH 3 SIKUX JTOCTYITHI JJTII BAKOPUCTAHHS ITMPOKOMY KOJIY KOPHUCTYBadiB B YChOMY CBITI.

Hpyra rpyna MeTofiB 6a3yeTbcs Ha aKTUBHUX CEHcOopax. Pamgionokaniiine 3HIMaHHs — aKTUBHUNA METO.
3HIMaHHS, KU TIependadaec OTpuMaHHSI 300pa’keHb MMOBEPXHIi 32 TOITOMOTOI0 BIIOUTHX PaioNpOMEHiB. Xa-
PaKTEpU3YETHCS CYTTEBUMU MEPEBaraMu: HE3aJICKHICTIO BiJl METEOPOJIOTTYHUX YMOB 1 4acy 100u, He3anex-
HICTIO PO3UIEHOI 3/TaATHOCTI Ha MICIIEBOCTI BiJ Bifiami J0 Pi3HHUX EJICMEHTIB Ha MOBEPXHI, SKa 3HIMAETHCA,
MOJKJIMBICTIO Tepeaadi iHGopmMarlii Mo KaHajlaM 3B 3Ky Ha BEJIMKI BifcTaHi. [IpoTe OCHOBHHUM HEIOIKOM
panionoKaliiHOro 3HIMaHHS € HU3bKa pO3iJbHA 3aTHICTh, HOr0 MO>KHA BUKOPHCTOBYBATH JIJIsl BU3HAYCHHS
TUIY, TPaHUIIb TA BUCOTH POCIMHHOTO TIOKPHUBY Ta 3HAYHUX QOPM penbedy.

JlazepHe ckaHyBaHHS — LI€ TEXHOJIOTISI OTpUMaHHs iHpopMalii mpo penabed Ta 06’ €KTH MiCLIEBOCTI 3a
JOTIOMOTOI0 JIa3epHOTO TpoMeHi0. KiHIeBUM pe3ynbTaToM BUKOHAHHS Ja3epHOTO CKaHYBAaHHS € BHU3HAYCHI
MIPOCTOPOB1 KOOPIMHATH TOUOK 3€MHOI TTOBEPXHI (XMapa TOYOK Ja3epHUX BigoOpakeHb). CyKyIHICTh TOYOK
BiJOWTTS Ja3epHUX NPOMEHIB YTBOPIOE HEPETYISIPHY CITKY 31 3HAYHOIO KUIBKICTIO TAKHX TOUYOK. 3a UMM Ja-
HUMH MaTEeMaTHYHUM CIIOCOOOM MOYKHA, TICIIsl KaMEPAITLHOTO JIOOTPAIIOBAHHS, OTPUMATH ITUPPOBY MOJICITH
pensedy (IIMP) ta mudpoy momens MicuieBocTi (LIMM) y Bursiai perynsapHoi ciTku. JlazepHe cCKaHyBaHHS
Ma€ TakKi IepeBard: MajieHbKa pOo301KHICTh My4Ka, SIKa BU3HAYA€ KyTOBY PO3IiJbHY 34aTHICTh CHCTEMH, BU-
COKa CHePreTUYHA MOTYKHICTh ITyYKa, KOTEePEHTHICTh Ta BY3bKHUH CIIEKTPAILHAN Aiaria30H BUIPOMiHIOBaHHS,
3HIMaHHA MOXXHA BUKOHYBATH B OyIb-AKui yac. Po3ainbHa 31aTHICTE IPH J1a3epHOMY 3HIMaHHI 3aJI€KUTh BiJ
TOBITUHY JIa3epHOTO TpoMeHI0. JlazepHe CKaHyBaHHS IMOAUIIETHCS HA TIOBITpsHE (aBialiifHe) Ja3epHe CKa-
HYBaHHS Ta Ha3eMHE Jla3epHe CKaHyBaHHSI.

JlinapHe 3HIMaHHS - aKTHBHE 3HIMaHHS MOBEPXHI LUIIXOM HemepepBHOI ¢ikcamii BiAOUTTS Bix mo-
BEPXHI, SIKa OMPOMIHIOETHCS JIA3EPHUM BUIIPOMIHIOBAHHSAM 3 (DIKCOBAHOIO JOBKHMHOI XBHJi. YacTora BH-
MPOMIHIOBaHHS HAJIAIITOBYETHCS HA PE30HAHCHI YaCTOTH MOTJMHAHHS MiAcTHIAi090] oBepxHi. TexHomoris
icaye 3 1960-x pokiB, KOJIM JIa3epHi CKaHepH Oy BCTaHOBJICHI Ha JiTakaX. | Tinbku B KiHii 1980-x pokiB, 3
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MOSIBOIO KOMEPLIHHMX crcTeM riodanbHoi cymytHukoBoi Hasiranii (THCC), ui naHi cTaau KOpUCHUAM iHCTPY-
MEHTOM IS 30UpaHHs MPOCTOPOBHX JAHWX BHCOKOI TOYHOCTI. 3apa3 B SIKOCTI HOBOTO TEXHOJIOTIYHOTO IPO-
pUBY IJI acpOIMHAMIYHOTO Ja3e€pPHOTO CKaHYBaHHS aKTUBHO BIIPOBADKYETHCS OJHO(DOTOHHA TEXHOJOTIS.
st 01HODOTOHHUX CUCTEM HOTPIOEH JIKIIIEe OJIUH BUSBICHUHN (DOTOH MOPIBHIHO i3 COTHSIMH a00 HaBIiTh THUCS-
yamu (DOTOHIB y 3BUYAMHOMY Jigapi. B pe3ynbrari Moxe OyTH IOCITHYTa TaKa IIUIbHICTh IMITYJIbCIB KA B
JIECATH-CTO Pa3iB € BUIIOIO MOPIBHIHO 3i 3BUYAWHUMU NaTauKaMu. Hazemue nazepue ckanysanus (HJIC) - ue
Cy4JacHa TEXHOJIOTis, K JO3BOJISIE 3 BUCOKOIO MIBUAKICTIO Ta TOYHICTIO BU3HAYATH KOOPAMHATH 3HAYHOT KiJlb-
KOCTi TOYOK Ha IOBEPXHi 00’ €KTIB, sIKi XapaKTepU3yIOTh HOro (hopMy, pO3MIpH Ta PO3TaIlyBaHHs B IPOCTOPI.
Cytp HJIC monsirae y BUMIpIOBaHHI BiJICTAaHEW Bijl CKaHepa 0 TOYOK O0'€KTa i peecTparlisi BiAMOBITHHX
HaIpsIMKiB (BEpTUKAIBLHUX 1 TOPU3OHTAILHUX KyTiB). HazeMHe J1a3epHe CKaHyBaHHS MOXKe OyTH cTarioHap-
HUM Ta MoOOiUTpHMM. [lpu cramioHapHiii 3HOMIII NpWIIa] BCTAHOBIIOETHCS HEPYXOMO Ha INTATHB, a
BHUMIPIOBAHHS MTPOBOJUTHCA 3 KiITBKOX TOYOK CTOSHHS. He BUKOPHUCTOBYEThCS IS JIIHIMHMX 00’ €kTiB. [Ipn
BHKOHAHHI MOOUTBHOTO JIa3¢pHOTO CKaHYBaHHS TIPWIIAJT BCTAHOBIIOETHCS Ha HA36MHUN TPAHCIIOPTHHUIA 3aci0
(aBTO, 3amizHMYHY mIaTdopMy, TomIo). BumipioBaHHS MPOBOOUTHCS OE3MEPEepPBHO MiJ 4Yac pPyxy HOCIS.
Mo0OiIbHE JTa3epHe CKaHyBaHHS € HAaHO1IbII O€3MIEYHHUM Ta €KOHOMIYHO BUTIIHUM METOJ0M Ha3eMHOI 3HOMKH
JHIAHUX 00’ €KTIB, aJ[)Ke OCHOBHA CKJIAJTHICTh MPH MPOBEICHHI 3lIOMOK B3JIOBX TPAHCIIOPTHUX MaricTpaieit
MOJISITa€ B HEOOX1THOCTI IIOBHOTO 200 YaCTKOBOTO 0OMEKEHHS pyXy. Moske BUKOPHCTOBYBATHCH JJISl TIPOEK-
TyBaHHS OpTaHi3allii TOpPOXKHHOTO PYyXy Ta YAaCTKOBOT'O MOHITOPHHTY JIICOBHX MACHBIB, IO 3HAXOIATHCS
B3JIOBX TPAHCIIOPTHUX KOPHUJIOPIB.
Kiracudikariis MeTomiB 30MpaHHs MPOCTOPOBUX JAaHUX MPEACTABICHA Ha PUCYHKY 1.

MeTtoam 3GKpaHMa NPOCTOPOBKX AKX

Oucraduinxi meToau Hazemsi marogu
Ascrvaml MNacuaHi HazamHe nasepHe cxaHyBaHHA
Nasepre AEPOKOCMINHE Hasemua cpoTorpammeTpin

CRaHyBAHHA — IHIMAHHRA

TaxeomerpuuHe 3HIMaHHA

Papionokauiiue 3uimannn 3 BNNA
e i FHCC simanns

1

Pucynok 1 — Metoau 30MpaHHs IPOCTOPOBUX JAHUX.
Figure 1 — The spatial data capture methods.

JlucTaHifiHi 3HIMAaHHS JO3BOJISIOTH KOPHUCTYBadyaM OTPHUMATH IPOCTOPOBI MIaHI IO MICTATH OITHC
MICIICTIONIOKEHHSI 00'€KTIB 3eMHOI OBEPXHI Ta iXHi SKICHI Ta KUIbKiCHI XapakTepucTuku. Lli maHi moBHHHI
a/ICKBAaTHO OIHMCATH iICHYBaHHS Ta PO3BUTOK KOMIIOHEHTIB JaHMaQTy y mpocTopi i yaci. Jemmdpysanns na-
HuX /133 HIHI BUKOHYIOTHCS 32 IOTIOMOT'OI0 CIIEITiali30BaHOTO ITpOorpaMHoro 3ade3mneueHns. Pi3Hi Buan 1anux
MOYTh OyTH BUKOPHCTaHI 3 Pi3HOIO METOIO [5].
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PagmionokaniiiHi reo300pakeHHs HaJAIOTh iH(OPMALio PO BKPHUTI JICOM IO, Pi3Ki 3MiHH JIICOBHX
€KOCHCTEM, JTICOKOPUCTYBAHHS. 3HIMKH CEpeaHBOI PO3iIbHOI 3MaTHOCTI 3aBISIKA MYJbTHCIICKTPATbHIN 1H-
(dopmarii € OTHUMH 3 TOJIOBHUX JDKEpEN AJs KapTorpadyBaHHs IOPOAHOTO CKIIany JIiCiB, BOHU JO3BOJSIOTH
BISIBJLITH TMHAMIKY 3MiH B JIICOBHX MacHBax. 3HIMKH BHCOKOI PO3MiIbHOI 3MaTHOCTI JO3BOJISIOTh BHUSBUTH
OUIBIIICTh 00’€KTIB JIICOBOrO I'OCIOAAPCTBA I iHBEHTapu3allii. 3HIMKH HaJABHUCOKOI PO3AUILHOI 31aTHOCTI
(otpumani 3 kocmiuHux anapatie WorldView-1, WorldView-2, GeoEye-1, GeoEye-2 QuickBird ta Ikonos)
HaWO1BIIOI0 MipOIO 33I0OBOJILHSAIOTE MOTPEOY y BU3HAYUCHHI TaKCAIlIHHUX TIOKa3HUKIB JIICOBUX HACAKCHb,
30KpeMa i3 3aCTOCYBAaHHSAM CYYaCHHX METOJIB 00'€KTHO-OPiI€HTOBAHOTO, SICKPABICHO-TEKCTYPHOTO Aemng-
pYBaHHsI, AITOPUTMIB HEHPOMEPEKEBOTO aHaNi3y, a TAKOK aBTOMAaTHYHHUX CTEPEOBUMIPIOBAHb.

Po3rissHeMo 10CBiJ BUKOHAHHS Kiacu(ikaiii 3MiHH IUTOII JIICIB Ta 1HIIKX BHIB JaHAMA(TIB HA KOC-
Mo(doTO300paKeHHAX OTpuMaHKX 3 cymyTHUKIB Landsat: (LT51850261997266KIS00 Landsat 5 TM 3a 1997-
09-23, LT51850262007198MORO00 Landsat 5 TM 3a 2007-07-17 Ta LC81850262020266LGNO00 Landsat 8
OLI 3a 2020-09-22 niist paiioniB 3akapnaTcbkoi Ta [Bano-DpaHKiBChKoOi o0macTeld (pHCYHOK 2).

Pucynok 2 — Landsat 8 3a 2020 p. kom0inauis kanainiB R:G:B = 5:4:3 («wurty4Hi Koab0pn»)
Figure 2 — Landsat 8 for 2020 combination of channels R: G: B = 5: 4: 3 ("artificial colors")

BukopucTtoByroun koM0OiHaIii 4epBOHOTO Ta OJIMKHBOTO iHPpauepBOHOTO KaHAIIIB Ta BiAMOBIIHI Bia-
CTHBOCTI POCIMHHOCTI I[0JI0 TOTJIMHAHHS Ta BIAOUTTS COHAYHOTO BUIPOMIHIOBAHHS IS IUX CIIEKTPAIBHUX
Jiama3oHiB, po3paxyeMo HopMaltizoBaHuil audepeHuinuil Beretauifauii ingekc NDVI (Normalized Differ-
ence Vegetation Index) 3a dhopmymoro [1]:
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NDVI = NIR — RED ’
NIR + RED

ne NIR i RED — 3Ha4yeHHSs CIeKTpalbHOI I'YCTHHH €HEPreTHUHOI SICKPABOCTI B OIMYKHBOMY 1H(pauep-
BOHOMY Ta YepBOHOMY KaHayax, BiAmoBigHo. NDVI nHaOyBae 3Hauenp y mianaszoni [-1; +1]. [ns BogHuX
00’extiB NDVI HaOyBa€ HeraTMBHUX 3HAYCHB; JJIs IPYHTIB, CyX0i POCIIMHHOCTI HAOIMKAETHCS O HYJIS; MaK-
CUMAaJIbHUX 3HAYCHb HaOyBa€ JUISl POCIUHHOCTI, 1[0 BEreTYyE, i MPOMDKHUX — JUIS PI3HUX CTaHIB POCIMHHOTO
MOKpUBY. 3HAUEHHSI 1HACKCY MPH BiICYTHOCTI POCIMHHOCTI ab0 Ay:Ke 3piIHKEHOTO TPaBOCTOIO/CTEOI0CTOIO
HAOJIMXKAETHCS 10 HYJIT a00 Mae BiJl’€MHI BEJIUYHMHHU, XapaKTePU3YIOUX roJIui IpyHT [6]. I BUSBICHHS 3MiH
JIICOBOTO MIOKPHBY, PO3paxyeMo pi3HUIII 3HaUeHb iHAeKciB: 3a nepion 2007 — 1997 pp. (Pucynok 3) ta 2020 —
2007 pp.
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Pucynox 3 — Pizaumi 3uadens inpekciB NDVI (2007 — 1997)
Figure 3 — Differences in the values of NDVI indices (2007 - 1997)

Ha pe3ynbryrouomy 300paskeHH] J0Ope BUPI3HAIOTHCA OUISHKYA BUPYOOK, IO3HAYEH] Ha TeMAaTHYHIH
KapTi TEMHO-CHHIM KOJIbOPOM.
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BucHoBKH Ta pekoMeHaanii.

OcHOBOIO JJ1s1 OpraHi3ailii MOHITOPHHTY TEPUTOPIN MPHIIETIIMX 10 00'€KTIB TPAHCIIOPTHOI iHGPACTPYK-
TypH € HacaMmIiepe MaTepiaiu AUCTaHUIHHOTO 30HayBaHHS. Martepianu 133, fki Bigpi3HAIOTHCS 32 METO-
JIaMy 30MpaHHS, POCTOPOBOIO PO3PI3HEHICTIO BUKOPUCTOBYIOTHCS JIJII OTPUMAHHS PIi3HUX MAHUX PO IPO-
CTOPOBE TIOJIOKCHHSI 00'EKTIB HA TEPUTOPII Ta TXHI AKICHI 1 KITbKICHI XapaKTEPUCTHKH.

B po6oTi po3risiHyTO 0COOIMBOCTI BUKOPUCTAaHHS MaTepiaiiB TUCTAHIIHHOTO 3HIMaHHS Pi3HOTO pO-
3pizHeHHA. Marepianu 3iiomku 3 BITJIA (doTo Ta migapHi), J03BOJIAIOTH OTPUMATH XMapH TOYOK 3 KOOPIMHA-
TamMH. Marepiajau Ha3eMHOTO JIa3epHOr0 CKaHYBaHHA 3 PyXOMOi IIaTgopMu Ta MaTepialld HA3EMHOTO JIazep-
HOT'O CKaHyBaHHS J03BOJISIIOTH OTPUMATH JaHI HAWBUILOI TOYHOCTI ajie 0OMeKeHi By3bKOIO CMYTOIO B3IOBXK
JOPOTH 1 MOTPeOYIOTh BUKOPUCTAHHS BUCOKOBAPTICHOrO 00JagHaHHsA. TaKkoX Il JaHl He MICTATh aTPpUOYTHB-
Hoi iHpopMaLii PO THIHU YTi1b MOPOIU AEPEB TOILO.

KocMo3HIMKH pi3HOTO PO3pI3HEHHS MAaI0Th MOXIIMBICTH BH3HAYUTH PI3HOMAHITHI XapaKTCPUCTHKU
naama@TiB TEPUTOPii B3IOBXK Tpach MailOyTHHOrO 00'€KTa TPAaHCIOPTHOI iH(PPACTPYKTYpH Ta HPUHHATH
pileHHs moo oro onTuManbHOi KoH(irypauii. Hacammnepen MoBa #ae mpo THITH CLIBCBKOTOCTIOAAPCHKUX
yTi1b, IepeBaKarodi TUIH POCIMHHOCTI, JIICOBI IO Ta iX AU(EpeHITialliio 3a TAKUMH THITAMH YTiab (BH-
PYOKH, TOpOCITi KyIlaMH, CBi>Ki BUPYOKH, BUPYOKH TpaB’ SIHUCTI, JIMCTAHI MOJIOJI HAacaPKEHHSI, XBOWHI MOJIOI
Haca/LKeHHs). 3raaHi METOIN OTPUMAHHS TaHUX XapaKTEPU3YIOTHCS OMEPATUBHICTIO, MBUAKICTIO Ta SIKICTIO
MIPOCTOPOBHX JAHUX, OTPIMAHHUX 32 IXHBOIO JOTIOMOTOIO.
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Summary. The article studies the issues of using remote sensing data for the tasks of ensuring sustain-
able nature management in the territories within the influence of transport infrastructure objects. Peculiarities
of remote monitoring for tasks of transport networks design and in the process of their operation are deter-
mined. The paper analyzes the development of modern remote sensing methods (satellite imagery, the use of
mobile sensors installed on cars or aircraft). A brief overview of spatial data collecting methods for the tasks
of managing the development of territories within the influence of transport infrastructure (roads, railways,
etc.) has made. The article considers the experience of using remote sensing technologies to monitor changes
in the parameters of forest cover in the Transcarpathian region (Ukraine) in areas near to highways, by use
Landsat imagery.
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Summary. The general properties of modern filtering materials of the new generation, such as natural
zeolites, are considered. The aspects for the use of natural zeolites for the purification of surface sewage waters
from highways are analyzed. It is determined that zeolites are an extremely promising natural raw material,
which is characterized by high technological parameters and the absence of negative environmental conse-
quences in their widespread use. Mathematical models of aerobic and anaerobic biological treatment of surface
sewage waters are presented. One of the ways to increase the efficiency of biological treatment is the intro-
duction of a biosorption method based on the joint biological and adsorption treatment of sewage waters in
time and space. The simulation results made it possible to evaluate the adequacy of the mathematical models
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used to describe the dynamics of the purification of surface sewage waters from highways using natural zeolites
in order to provide further recommendations and optimal control of sewage treatment plants during biological
treatment. An improved mathematical model can be used to determine the quality of surface sewage waters
from highways. As a result of experimental studies, the efficiency of using alternative filtering natural materi-
als has been determined. The introduction of new cleaning methods with the use of natural zeolites solves the
problem of improving the technical level of roads, traffic safety and environmental performance.

Key words: surface sewage waters from highways, natural zeolites, mathematical simulation, adsorp-
tion, concentration of pollutants

Introduction. In modern technologies of water purification one of the main places is filtering processes,
and, accordingly, filtering materials. The progressive deterioration of the ecological situation of water objects
requires a constant refurbishment of filtering elements, which are subject to increasingly high technological
and environmental requirements. The new generation of modern filtering materials include zeolites.

Zeolites are a large group of minerals hydrated with aluminosilicates of alkaline elements (Fig. 1).
During the heating of zeolites, water is released gradually, without breaking the crystal lattice. They are col-
orless or white, sometimes painted in yellow, red colour.

Figure 1 — Natural zeolite
Pucynok 1 — IIpupogauii neosit

Zeolites are natural and artificial, have selective, adsorption and ion exchange properties, are used in
many branches of the economy such as in industry, agriculture and in the processes of water purification.

The absorption of material by zeolites occurs through channels or window-entrances that have certain
sizes. Penetrating through these channels within the zeolite can only molecules whose size is smaller than the
diameter of the channel. This makes possible the use of zeolites as molecular sieves. About 50 mineral species
of natural zeolites are known. These are so-called boiling stones.

In industry, only artificially synthesized zeolites (permutites) are used, they are widely used in water
treatment devices, such as adsorbents, ion exchangers, molecular sieves. Also, zeolites have been widely used
as catalysts for many processes of petrochemicals and petroleum refining.

Zeolite is an extremely perspective natural raw material, characterized by high technological parameters
and the absence of negative environmental effects in their widespread use. They do not swell in water, they
are easily machined with subsequent fractionation, have absorption, ion exchange and other properties, are
safe for living organisms and therefore of great importance for use in the processes of surface runoff purifica-
tion.

Materials and methods. Natural zeolites are a relatively new class of mineral raw materials used in
the technological processes of purification and posttreatment of sewage waters. In connection with the devel-
opment of adsorption methods for cleaning liquids more and more there is a lack of adsorbents that have high
thermal stability and resistance in acidic surroundings. The acid resistance of natural zeolites can be used in
such cases, in which the use of synthetic zeolites is virtually eliminated.

High mechanical strength of a natural mineral allows to exclude granulation of adsorbent. As a result,
the cost of natural clinoptilolite, which is determined by the cost of extraction, grinding and dispersion, is
several times lower than the cost of synthetic zeolites.
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Sokirnitsky zeolite satisfies all the necessary requirements for filtering loads of water treatment plants
and belongs to the list of materials that are allowed for use in the processes of purification and concentration
of drinking water. According to the mineralogical composition, Sokirnitsky zeolite refers to clinoptilolite, the
content of which in the rock is estimated at 75 per cent (this allows the use of this material without prior
enrichment). According to the chemical composition klinoptilolit refers to sodium-potassium zeolites [1-3].

Advantages: it has strong sorbing properties, therefore, the more effective material than the filtering
materials used in the treatment facilities (coal, sand, crushed anthracite, gravel, quartz, marble, ceramic crumb,
metallurgical slag, polymer materials). Disadvantage of this material is washout from filter of a fine fraction
of zeolite.

The use of zeolites for the purification of surface runoffs is regulated by technical specifications of TU
U 14.5-00292540.001-2001.

The urgency of solving the problems associated with efficiency upgrading of treatment of surface runoff
on the adjoining roads of the territories determines the relevance of the topic.

The aim of the work is to compare the efficiency of sorbent cleaning of surface wastewater from petro-
leum products using zeolite and gravel blend.

Results and Discussion. For a successful solution of problems related to forecasting, operational man-
agement and control over the quality of the process of water purification, a complex description of hydrody-
namic, hydrochemical and hydrobiological processes is required. Such a description is currently being carried
out using methods of system analysis and mathematical modeling. An important part of the system for the
evaluation and management of the purification quality of surface sewage waters from highways is the auto-
mated monitoring system for wastewater treatment plants [4].

In most cases it is virtually impossible to determine the concentrations of organic substances contained
in surface runoff separately. Therefore, when considering biological purification processes, the variation of the
total concentration of the pollutant and the total biomass of microorganisms was studied. The process of aero-
bic biological treatment can be represented in the form of a formalized scheme (Fig. 2) [4-5]

n

0 . 0

[l

0

1~ ['ou!

»

2

Figure 2 — Formalized scheme: L;, — the concentration of surface sewage waters, mg/l; Lo — the concentra-
tion of purified water, mg/l; V - volume, m*; Q — runoff of entering sewage waters, m*/h; X — the concentra-
tion of natural zeolite, g/l
Pucynok 2 — ®opmartizoBana cxema: Lin — KOHIICHTpAIiS TOBEPXHEBUX CTOKIB, 10 HATXOAUTH, MI/J;
Lout — KOHIEHTpALIis OYMILEHOT BoaH, MI/TT; V - 06'em, M*; Q - BUTpaTa, CTIYHOI BOIH, IO HAJXOIMUTh, M>/TOJ;
X — KOHIIEHTpAIIisl IPUPOIHOTO IICOMITY, I/

On the basis of a detailed analysis of existing waste water treatment systems, an adaptive model of the
process of aerobic biological treatment of surface sewage waters from highways with the help of natural zeolite
has been improved.

The choice of a mathematical model reflects the hydrodynamics in the existing models of purification
processes. For traditional aerotanks, this approach is justified, since there are known dependencies between
the length of the reactor and its hydrodynamic characteristics. The mathematical model of the process of puri-
fication of surface sewage waters in aerotanks is compiled in the form of a system of differential equations of
the material balance, describing the dynamics of changes in pollution concentrations, zeolite and dissolved
oxygen [4, 6, 7]:
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dr),, _Qu(1*R)
dt vV

1

(L(/)ut (1) L(];ztt (i)) +RL/Z (1)

where Lﬁm @ and Lﬁm @1, — the concentration of the j-th component in the considered i-th test and in

the previous one, mg/l;
V.=V,/N,— volume of i-th test, m%;

V, — incoming flow rate, m*/hour;
R, — coefficient of zeolite recycling;

RZ;‘ — the speed of consumption of j-th substrate in the i-th test in accordance with an adequate model,

mg/I-hour;

¢&=Q{E&Qm—&)ﬂa 2

dt

where X, and X, - the concentration of zeolite in the considered i-th test and in the previous one,

i

g/l
R x, — the speed of accumulation of zeolite according to an adequate model, gX/I-hour;
dcC. (1R,
= Ol )(Ci_l —C,)*+KLa(C,—C,)+R. (3)
dt V. ’
where C; | and C;; — the concentration of oxygen in the considered i-th test and in the previous one,
mg/l;

KLa — coefficient of mass transfer of oxygen, hour;
C, — concentration of water saturation with oxygen at given temperatures and pressures, mg/l;
R — oxygen consumption speed, mgO-/1-hour.

As the boundary conditions for the solution of equations (1) - (3) the parameters of the first cell are
taken

X R
( 1+R.)
where X, — the concentration of zeolite in the recirculation flow, g/1;

. L R+L. )
L] = out i
out(i-1) (1+Rl) (5)

where L;, — the concentration of j-th component in surface sewage waters, mg/l;

4

_(C.#CR)
Sy ©)

where C, , C,; — dissolved oxygen concentration in surface sewage waters and recirculation flow of

zeolite, mg/l. They are usually taken C,; =0 and in the absence of aerationC,, = 0.

The most appropriate biochemical kinetics model was chosen to determine the appropriate speeds of
consumption of RL substrate, growth of RH biomass and consumption of oxygen in the RC. In the structure
of the model, the module of biochemical kinetics is basic and offers a calculation of the purification process
for a number of mathematical models of biochemical kinetics, conditionally divided into 2 groups: mono and
fixed order. To identify the model constants and determine the most adequate biochemical kinetics model, the
following generalized criterion was used:
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n 2 a
S = Z ( iekcn _ Xipoap ) +Z (L;zkcn _ Lfosp ) (7)
i=1 i=1

In the world practice, powdered adsorbents are widely used in the processes of aerobic and anaerobic
sewage treatment. It is believed that they not only adsorb organic matter, contributing to the biodegradation of
pollutions but also create a buffering effect for the biological system against the toxicants contained in the
treated wastewater. In this case natural zeolite was used.

Along with the petrochemical enterprises, the largest sources of pollution of the water environment with
petroleum products to date are enterprises of the automobile and highway complex.

One of the ways to increase the efficiency of biological treatment is to introduce a method of biosorption
based on a common in time and space biological and adsorption wastewater treatment.

A substrate is included in the structure of anaerobic silt in addition to microorganisms. It is a colloidal
system, which consists of products of their vital activity. Treated sewage water includes multicomponent or-
ganic and inorganic impurities. For biological purification, the process is determined by the presence of three
phases: biogas - liquid - flakes of anaerobic silt (conditionally solid phase), for the process of biosorption is
the complication of the presence of another solid phase such as adsorbent. The efficiency of acts of biochemical
renewal is largely determined by the hydrodynamic situation and the mass of the exchange characteristics of
the apparatus [4, 8].

Since one of the elements of the system is an adsorbent, the mathematical model reflects the absorption
of substrates by its surface. Thus the mathematical model taking into account adsorption is as follows:

dX 1, XL

22 = - pX
2 2
gl Me )
Ki KMe
dL * *
—=-K. (L -L )-K (L-L
dt X ( c c) a ( c) (9)
Lokt -1 ) — 2l .
KirLet ) 1o
dL .
7;‘= (L —L.) (11)
L=L (L) (12)
L=L(L,) (13)

where L, — pollution concentration that adsorbed on the surface of the adsorbent, mg/I;

K, — mass transfer coefficient of pollution to adsorbent, hour™.

In order to obtain the most complete mathematical model of the process in the biosorbir, it was supple-
mented for lotic regime with allowance for recirculation.

Dby, - Lo py
t (K Lt C) (9
Ki
dL * *
L= DU~ 1)Ky (L ~L)=K, (L=L) (s)
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dL . 1 XL
Tzcz l—L) =y —= I (16)
(K, +L.+-5)
Ki
dL, .
A=K (A - L 17
o JL.—L.) (17)
L=L, (L) (18)
L=L (L,) (19)
x, =14 (20)
1+r

L

gxzr_f+£ 1)
1+r 1+r

1
D=— (22)

l‘np
t = v 23
" o(l+r) (23)

Initial conditions:

1=0;L=L;L.=Leo; L=L,o;L,=Ly; Lry=Lo0; X=X, Xr=X,,, 24)

where L, — pollution concentration at the input to the system, mg/l;
L, — pollution concentration at the input to the device, mg/l;
X, —biomass concentration at the input (after recycling), mg/l;

X, — pollution concentration at the input, mg/I;

D — wash speed, hour™;

- time of stay, hour;

7 — recirculation factor;

U — volume flow rate of sewage water, m*/hour;

V' —volume, m’.

It is noted that biosorbent purification can self-stabilize when exposed to the system from the outside
(for example, when volley discharges and change of time of stay) [4, 9].

Thus, the results of simulation modeling allowed to estimate the adequacy of the mathematical models
used to describe the dynamics of surface runoff cleaning from highways with the help of natural zeolites with
the aim of providing further recommendations and optimal management of sewage disposal plants in biological
purification.

In the modern technologies of water purification, the processes of filtration and filtering materials oc-
cupy the main place. The progressive deterioration of the ecological situation of water objects requires a con-
stant refurbishment of filtering elements, which are subject to higher technological and environmental require-
ments. The new generation of modern filtering materials include zeolites.

Experimental studies were carried out in laboratory conditions on model surface sewage waters such as
emulsions of petroleum products [10, 11]. Model surface sewage waters was prepared by emulsifying diesel

fuel in distilled water while stirring with a mechanical stirrer (3,000 revolutions per minute) for 6-7 min. (Fig.
3-4).
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Figure 3 — Use of zeolite samples of different fractions for simulation of surface runoff
Pucynok 3 — BukopuctanHs 3pa3KiB IEOJITIB PI3HUX QpakIiil Iy MOJCTIOBAaHHS TIOBEPXHEBUX CTOKIB

Figure 4 — Simulation of surface sewage waters by emulsifying diesel fuel in distilled water by mixing
with a mechanical stirrer
Pucynok 4 — MopentoBaHHS IIOBEPXHEBUX CTOKIB IIISIXOM €MYJIBI'YBaHHS JH3EJIbHOTO MalnBa
B JMCTUJILOBAHIN BOAI MIPH MEPEMILTyBaHHI MEXaHIYHOIO MIIIaJIKOIO

The effectiveness of adsorption purification from petroleum products was investigated in 5 variants of
adsorbents. Four zeolite fractions (<1, 1-3, 3-5,>5 mm) and a gravel mixture (3-5 mm) were used as adsorbents
for the purification of the model run, which is used in a known method of treatment of washing-off from
highways.

The concentration of petroleum products was created in the model sewage waters that typical for rain
washing-off from highways, which are formed in the first 10-20 minutes of rain (5-10 mm of precipitation),
when the concentration of pollution has the highest value and the outflow from the rain should be cleaned in
full [12, 13].

The effect of purification was calculated according to the formula

E = (Cin— Ceon)/Cin -100 (25)

where FE — purification efficiency, %;

Ceon — the concentration of petroleum products in water after purification;

Cin — the concentration of petroleum products in water for purification.

The concentration of petroleum products was determined by gravimetric method in accordance with
the methodology recommended by the normative documents. The gravimetric method is based on the extrac-
tion of petroleum products from the aqueous medium by chloroform, evaporation and removal of the solvent,
dissolution of the butts in hexane, separation of the polar compounds on a column with aluminum oxide, re-
moval of the solvent and gravimetric measurement of the residual mass.
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The speed of purification increases when the size of the zeolite fraction is reduced, which is typical of
the sorption processing methods (Fig. 5-6).

ﬁﬂ‘l-u-.-

Zeolite £ 1 Zeolite 1-3 Zeolite 3-5 Zeolite 25 Gravel
mm mm mm mm blend 3-5
mm

Removal speed of petroleum
products (mg/g-h)

Adsorbent, fraction

Figure 5 — Removal speed of petroleum products (mg/g-h) with a processing time of 10 minutes
Pucynoxk 5 — IlIBuaxicTs BuAaneHHs: HAQTOMPOAYKTIB (MI/T TO) MpU TpUBasocTi 00poOku 10 XBuianH

g 5 -
>
;E =4 - B Removal speed of petroleum
o ) products (mg/g-h) with a
qg‘ %o 3 4 processing time of 30 minutes
T2
v O
Q S
[ e} 1 -
T>u g m Removal speed of petroleum
g 0 products (mg/g-h) with a
g Zeolite 1- Zeolite 3- Zeolite 25 Gravel processing time

3mm 5mm mm  blend 3-5 in the interval of 10-30

mm minutes

Adsorbent, fraction

Figure 6 — Removal speed of petroleum products (mg/g-h) with a processing time of 30 minutes and in the
interval of 10-30 minutes

Pucynok 6 — IlIBuaxicTs BuaajaeHHs: HAQTOMPOAYKTIB (MI/T TOM) IpH TpUBajocTi 00poOku 30 XBUIKH Ta B
iaTepBaii 10-30 xBumuH

Results and Discussion. The obtained data have been confirmed by the adsorption mechanism for the
removal of petroleum products. As a result of experimental researches, efficiency of the use of alternative
natural materials such as zeolites has been determined [14].

Implementation of the newest methods of purification with the use of natural zeolites solves the problem
of raising the technical level of highways, traffic safety and ecological functioning.
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AHoTauisi. Po3riasHyTO 3arajibHi BIIaCTUBOCTI Cy4acHHX (PUIBTPYIOUHX MaTepialliB HOBOT'O IOKOIHHS,
TaKuX sSK MpUpOHi 1eotiTh. [IpoaHaizoBaHi MEPCIEKTUBY 3aCTOCYBAHHS NPHUPOJIHHUX IICOJITIB ISl OUH-
IICHHS CTOKIB 3 NMOBEPXHI aBTOMOOUILHUX JOpir. Bu3Ha4ueHO, 110 MEOIiTH € HAA3BUYAWHO MEPCIICKTHBHOIO
TIPUPOTHOIO CHPOBUHOIO, KA XapaKTEPU3YETHCS BUCOKUMHU TEXHOJIOTIYHUMH TTapaMeTpaMH 1 BIICYTHICTIO HE-
TaTUBHUX E€KOJIOTIYHWUX HACTIIKIB MPH iX IMHpOKOMacIITabHOMY 3acTocyBaHHI. [IpencraBieHi MareMaTHdHi
MojienTi aepoOHOi Ta aHaepOOHOT 010JI0TTYHOT OUHCTKY TOBEPXHEBHUX CTOKIB. OHUM 13 CIIOCOOIB IMiIBUIIICHHS
e(eKTHBHOCTI 0i10JIOTIYHOT OUUCTKHU € BIIPOBAIKEHHS MeTOly OiocopO1ii, 3acHOBaHOTO Ha CHINBHIN y yaci Ta
pocTopi 610JI0TITHOT Ta aACOPOIIIHOT OYMCTKH CTOKIB. Pe3ynbTaTh iMIiTAIlifHOTO MOJICITIOBAHHS TO3BOJIIIIN
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OLIIHUTH aJICKBaTHICTh BAKOPUCTAHUX MAaTEMaTHUYHUX MOJEIICH I ONUCY TWHAMIKH OYHIICHHS TOBEPXHEBUX
CTOKIB 3 aBTOMOOIUTEHUX JOPIT 3a JOTIOMOTOIO MPUPOTHUX IEOJITIB 3 METOI0 HAJaHHS TOMAJIBIITNX PEKOMEH-
JaIfiif Ta ONTUMAIBHOTO YIPABIIiHHSA OYNCHUMH CITOpYAaMH IIPH O10JI0TIUHIN OUHCTIN. Y TOCKOHAICHA MaTe-
MaTH4YHa MOJENIb MOXe OYTH BUKOPHCTaHA JJIsl BU3HAYCHHS SIKOCTI MOBEPXHEBUX CTOKIB 3 aBTOMOOUIBHHUX
Jopir. B pe3ynbrarti eKCepUMEHTATBHUX JTOCTIKEHD BU3HAYCHO €(DEKTUBHICTh BUKOPHUCTAHHS aJbTePHATH-
BHUX (UIBTPYIOUUX IPHUPOIHUX MATEPiajiB - 1EOJiTiB. BpoBakeHHS HOBITHIX METOIB OYHMCTKH 13 3aCTO-
CYBaHHSIM IIPUPOJHUX ICONITiB BUPILIY€ 3aBJaHHS MiABULICHHS TEXHIYHOTO PiBHS aBTOMOOUTFHHX AOpir, 0e3-
MEKU PYXY Ta €KOJIOT1YHOTO (PYHKI[IOHYBaHHS.

Ku104oBi cj1oBa: TOBEpXHEBI CTOKU 3 aBTOMOOUTHFHUX JOPIT, IPUPOIHI MIEOTITH, MATEMAaTHIHE MOJIC-
JIIOBaHHSA, a/IcopOIisl, KOHIEHTpALIisl 3a0pyTHIOIOYHX PEUYOBUH
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AHoTanis.CTaTTsa po3KpHUBa€E Mapagokc Ta MapaJurMy OCBITHROI, HAYKOBOI M MPUKIIATHOI TiSUTBHOCTI
Ha npukIazi kadeapu aeponoprtis HarioHaisHOTO TpaHCIIOPTHOTO YHIBEPCUTETY MiJ 4ac MiATOTOBKH (aXiB-
IiB I TPAHCTIOPTHO-TOPOKHHOTO KOMIUIEKCY 3a HAIIPSIMOM «AEpOIOpTH, aepOAPOMHI KOHCTPYKIIII Ta CII0-
pynu» Ta «CUCTEeMHUH aHalli3 B TPAHCIIOPTHIM iHPPACTPYKTYpi» Ta MPaKTUKH 3aCTOCYBaHHS JUCTAHIIIHHOTO
HaBYaHHs B YMOBaxX HEBH3HAUCHOCTI MaHjeMii kopoHaBipycy. [IpeacraBieHa aBTOpcbka MOJIETh 3aCHOBaHA
Ha MPUHIIATNIAX BCTAaHOBJICHHS MEXaHi3My CUCTEMHOTO BIPOBA/HKEHHS KOMIIETCHTHICHOTO ITiJIX0JIy Ta 3aCTO-
CYBaHHS iHHOBAI[ITHIX TEXHOJIOT1i TUCTAHIIIIHOTO HABYAHHSI, III0 OTPUMAHO B MPOIIECi aHATI3Y BITYU3HIHOTO
Ta 3aKOPIOHHOTO JTOCBIAY 32 YMOB HEBU3HAUYCHOCTI TTAaHIEMii KOpOHABIPYCY.

OO6'exT OCTIKEHHS — OCBITHBO-HAYKOBO-TIPUKIIAHA AISUTbHICTE Kadeapu aepornopTis, sk JlabopaTo-
pii cHCTEMHHUX 3HaHb Ta PalliOHANBHUX 1HPPACTPYKTYpHHUX PillleHb y ckiaai HamioHaapHOro TpaHCHOPTHOTO
YHIBEPCUTETY, IO TO3UIIIOHYETHCS K PerioHambHMI OCBITHHO-HAYKOBHH JOTICTUIHHM IIEHTP HA 3acamax
ayTCOPCUHTY B yMOBAaxX IUCTAHIII{HOTO HaBYAHHs Ta HEBU3HAUEHOCTI MaHEMil KOPOHABIpYCY.

Merta poOOTH — BCTAHOBJICHHSI MEXaHI3My CHCTEMHOT'O BIIPOBAKCHHSI KOMIICTCHTHICHOTO ITiIXOTy Ta
3aCTOCYBaHHS 1HHOBALIMHUX TEXHOJIOTIH Ui B3a€MO3B’SI3KY «BUKJaJau—CTyIeHT—p0oOOTOIaBEIbY, O J0-
3BOJISIE Y MMiJICYMKY BH3HAYUTH HAHOUTBIT €PEKTUBHI IIJISTXH Ta 3aCO0M JOCATHEHHS KiHIICBHX ITiJIEH OCBITHBOI,
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HAYKOBOI 1 MPUKJIAAHOI JisUTFHOCTI B yMOBaxX HEBU3HAYCHOCTI MaHIEMii KOpOHaBipycy Ta 3a0e3MeUeHHs BU-
COKOKBaNi(DiKOBaHMMH KaJpaMu TPAHCIIOPTHO-IOPOKHIN KOMIUIEKC KpaiHH.

Metoau MOCHIKEHHS — CHCTEMHUH, KOHIIENTYaIbHO-METOAO0IOTIYHUH Ta MPOTPaAMHHM  ITiIXOIH.

BcranoBneHHs MexaHi3My 3aCTOCYBaHHs iHHOBAI[IHHUX TEXHOJOTIHN AJsl MOAET «METOAN HAaBYaHHS—
pe3ynbTaTH HaBYAaHHSA—OIIHIOBAHHS» 32 KOMIIETEHTHICHUM aJTOPUTMOM «3HAaHHS TEOPIi—BMIHHS MPHUKIAI-
HOTO 3aCTOCYBaHHS—HABUYKH BOJIOJIHHS TEXHOJOTISIMU» ISl TIOCHJICHHS B3a€MO3B’SI3KY «BUKJIANad—CTy-
JIeHT—POOOTOAaBELbY», TO3BOJIUTEH TOBECTH PE3YJbTaTH OCBITHBOTO IIPOIECY A0 BUMOT pOOOTOJABIIB Ta 3a-
0€3MeUnUTH TPAHCIIOPTHO-IOPOKHIN KOMITJIEKC BUCOKOKBaTi(hiIKOBAHUMH KaIpaMH.

[Nopanpmmii po3BUTOK 00'€KTa JOCITIIKEHHS — BOPOBAPKEHHS OCBITHBOI, HAYKOBOI i MPHUKIAIHOL Hisl-
neHOCTI JIJabopaTopii cucTeMHHX 3HaHB Ta pallioHATBHUX 1HPPACTPYKTYPHUX PIIEHD y CKIazdi PerioHabHOTO
OCBITHbO-HAayKOBOI'O JIOICTUYHOIO LICHTPY, /IS 3a0e3MeYeHHs BUCOKOKBaTi(DiKOBaHUMH KaJpaMHu TPAHCIIOP-
THO-JIOPO>KHiH KOMIIIEKC B yMOBaX AUCTAHLIHHOTO HABYAaHHS Ta HEBU3HAYEHOCTI MaHAEeMii KOPOHaBipycy.

Kurouogi ciioBa: mapanokc, napaaurma, kadeapa, yHIBEpCUTET, OCBITHS, HAyKOBa Ta MPHUKJIaTHA Mis-
JILHICTH, TAHAEMisl, HCBU3HAYCHICTh, CHCTEMHI 3HAHHS, PalliOHAIBHI PIICHHS.

IHocTanoBka npodaemu.

CyJacHOMY CBITOBI XapakTepHa OKOPiHHA MepedyaoBa CyCHTFHOTO BUPOOHUIITBA 1 KUTTEBOTO VK-
Jaay Ha IPUHIMIAX HOBOI €KOJOT1YHOI HapaJurMy Ta HE0OXiTHOCTI LiHHICHOI epeopieHTalii HOBOT'O MOJi-
THYHOTO T4 CKOHOMIYHOTO IOPSIIKY, HOBUX CTaHIAPTIB IMOBEIIHKH i HOBOTO THITY PaIliOHAIBHOCTI B IIJIOMY
[1]. 3 ornany Ha 1e, OCTAHHIM YacoM BCE yacTille BigOyBarOThCS «ITiAPUBHI» IHHOBALII 3 MPUBOAY HOBITHIX
TEXHOJIOT1H: HOBUX €HEProJKepen Ui TPAHCIOPTHUX 3acO0iB, MiAXOJIB IO OpraHi3allii Moi3I0K, METOIHK
YIIPaBIIHAS TPAHCIIOPTHUMH ITOTOKAMH, CTIOCO0IB 3MIMCHEHHS MaHIPIBOK 1 IEPEBE3EHB TOIO, BIIPOBAKEHHS
CYYaCHHUX MPOEKTIB BiJl HEOEC3MEKH «KJIIMATHYHOTO TEHOLUIY» 10 CTBOPEHHS BipTyaJlbHHX CBITIB, BiJ TiOpu-
JTHUX CIEKTPOMOO1TIB 10 610MiMIKpii TOII0. B KOHTEKCTI HOBUX TEXHOJIOT1H, OpraHi3aiiiaux Gopm Ta Oi3Hec-
MoOJIeJIeH BaXKIJIMBOIO € POJIb HACTYITHUX 1HHOBATOPiB: KOPIOpallil, HEYps0Bi opraHisaii, yHiBepCUTETH, PO3-
poOHuKH nporpaMHoro 3ade3neuenss (I13), HaykoBi ycTaHOBH, MicLeBi paay Ta MiANPHEMCTBA KOMYHAIBHOT
BJIaCHOCTI [2, ¢. 122]. 3pocTaHHs KOHBEPIeHIlii pi3nIHOTO Ta BIpTyaJIbHOTO CBITIB BiirpaBaTUME 3HAYHY POJIb
Yy HACTYNHUX ACCATHIITTAX, 32 YMOBH, 10 TEXHOJOTiYHA iH(PACTPyKTypa HE 3a3HA€ SIKMXOCh CEPHO3ZHHX
YIIIKO/KEeHb. BipTyallbHi TEXHOJIOTIT MIPOIIOHYIOTE MICIIE JJIS COIIAIbHUX 3yCTpiueH 1 3aHATh, O13HECOBUX Ha-
pan/yroa Ta iHmuX GopM MOOIIBHOCTI, y MPAMOMY PO3YyMiHHI clioBa, 0€3 BCTaBaHHA 3 Kpicia [2, ¢. 151].
Xaprieto rnodanpHOro iHGOPMALIfHOTO CYCHIIBCTBA BU3HAUCHO, IO BCi JIIOAU 0€3 BUHATKY IMMOBHHHI MaTu
MOXIMBICTh KOPUCTYBATHUCS TIEpeBaraMu TII00aILHOTO iH(OPMAIIIIHOTO CYCIIBCTBA, a CTIHKICTD IHOTO CyC-
MiJIBCTBA IPYHTYETHCS HA JEMOKPATHUHUX IIHHOCTAX, TAKUX SIK BUIBHUN OOMiH iH(pOpMAL€O 1 3HAHHIMH,
B3a€MHa TEPIUMICTB 1 TTOBara 10 0COOIUBOCTEH 1HITUX JroAei [3]. MemiakoMITeTeHTHICTh BUXOAUTH 32 PAMKH
KaHOHIYHUX TEOPid 1 METOAIB, Ta (DOPMYETHCS ITiJT BIUIMBOM SIK HaIllOHAIBHUX TaK ¥ TpaHCHAIIOHATHHUX TE-
HAEHLiH [4]. Y Toli e yac maHaeMisi KOpOHaBipycy Ta JJOKIAyH CTBOPHIIN HapaJoKc, IO pa3iodye PO3XOJUTHCS
3 YCTAJICHUMH TIPOIECaMH Y BCIX TATY3X €KOHOMIKH Ta 613HEC-MOJIeTi OCBITHBO-HAYKOBOTO CETMEHTY €KOHO-
MiKd 30KpeMa [5]. BUKIMKH ChOrOAeHHS JOBEIH BaXIMBICTh OPraHi30BYBAaTHCS y BiJIaJIC€HOMY PEKUMI Ta
30aTHICTh CYCHJILCTBA MIO0 BUPIICHHS HAarajJbHUX MPOOJIEM 1 pOOUTH NMpaBHUIIbHI BUCHOBKHM 32 YMOBH IOT-
PSCiHHS, IO BIAIITYBaB KOpoHaBipyc. He MeHIT HeOe3neuHoto, Hik aHaeMis, € iHdoaeMis, Tak sIK BOHa 0e3-
MOCEPETHBO BILTUBAE HA MOBEIIHKY JIF0jIeH. J|o TaknX BUCHOBKIB [6] MiMIIUTA BUEHI Ta pO3BIHYAIN HEOC3MEUHI
Miu TIpo KOpoHABIpyc [7], 10 mepekuBae HACEIICHHS B PI3HUX KpaiHaxX 3 MoYaTKy maHaemii. He BumankoBo
B €MIOXY MOCTHPAaBAM CaMe YHIBEPCUTETH CTAIOTh TOJIOBHUMHE €KCIIEPTHUMH MaiIaHInKaMH 1 BepudikaTopaMu
iHpopMmalii, mo po30ypxye TPOMAACBKY ITyMKy. ToMy, pekomeHnamii [8, 9] mon0 KpUTHYHOTO MHCIICHHS,
000B’S3KOBOTO aHaI3y OTPUMAHUX IaHUX, OAJIAHCY MiXK EMOINIMHICTIO Ta PaIliOHAbHICTIO, CAMOPETYIISIiT
TICUXOEMOIIIHHOTO CTaHY Ta HABHYOK MeJliaririeHu HaOyBarOTh OCOOJIMBOTO 3HAYCHHS MpPU BUPIIICHHI MPO-
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OsieM ykpaiHchkoi Buioi ocBity (BO), o BusBuB KapaHTHUH. Takoxk, 0COOJUBOrO 3HAYCHHS B YMOBaX CUCTE-
MHHX 3MiH, II0 MOB’s3aHi 3 MaHIEMi€l0 KOPOHAaBipyCy, HaOyBarOTh METOJOJOTIYHI Ta OHTOTEHETUYH] Mpo-
OJieMu colrianizariii, a TakoX mpodeciiiHa Ta eKOHOMIYHA COIiali3allii, TOOTO MPOIECY BXOMKEHHS 0 PI3HUX
JIOJICBKUX CIUTBHOT, 1 afanTarlii Ta pecomiarizamii ocoobucrocrti [10, ¢. 16-18; c. 47-52].

Sl moka3aB 0COOHMCTHH TOCBIJ aBTOPIB, BIACYTHICTh KOHTAKTY MK BUKJIAIa4eM Ta CTYACHTOM, IO
Oynu 32 YMOBH ayJUTOPHHUX 3aHSATh, JOAAE HE3PYUHOCTEH ITiJ] YaC HABYAIHLHOTO MPOIECY Yy JUCTAHIIHHOMY
pexuMi Ta 6e3MmocepeIHhO BIUTMBAE HA SKICTh B3aEMOIIi 1 3HMXKYye pesynbTat BO. Cepen 101aTKOBHX HETa-
TUBHHUX ()aKTOPIB BIUIMBY Ha AKICTh HABUYAHHS € HECTAOLIBbHICTH MOOLIBHOIO 3B’ 13Ky, HesIKICHUI [HTepHET 200
B3arajii iX BiJICyTHICTb, 1[0 B3araji YHEMOXKIIUBIIIOE KOHTAKT 31 cTyleHTaMHu. LIg Tema crae akTyallbHOIO Ha
HaWOIKYy TIEPCIIEKTUBY TUCTAHIIHHOTO HaB9aHHA [11] 1 cTocyeThes ITMGPOBUX HABMYOK IIIOAO BIIPABHOTO
OBOJIOJIHHS CyJaCHUMH TEXHOJIOTISIMH Ta 1X 3aCTOCYBAaHHS HE3AJIC)KHO Bl pEXKUMY HaBUAHHS, 3a0€3MICUCHHS
sskocTi BO depe3 edeKTHBHI METOIMKY BHUKIIAJaHHS, [0 MalOTh HAYKOBE MIIPYHTS Ta CIIOHYKAIOTh J0 KPH-
TUYHOTO MHCIIEHHS; 30epeKeHHs AKOCTI HABYAIBHOTO MPOIIECy Yepe3 101aTKOBE HaBaHTa)KEHHS 11010 MiAro-
TOBKH JI0 OHJIAMH 3aHATH; 3a0€3MCUCHHS CUCTEMH aKaJleMiqHOI JOOPOUSCHOCTI i METOJIIB OILIHIOBAHHS, IO
YHEMOXJIUBJIIOIOTh CTYICHTChKI MIPAKTHKY 11010 (haybcu(ikaiii Ta KOMiroBaHHs TOIIO. Takox, HEOOXiqHUI
MOHITOPHHT ¥ aHaJli3 HEIOJIKIB a00 YCHINTHUX MPAKTHK TS iX MEPETBOPEHHS HAa MOXJIMBOCTI e(PEKTUBHOT
peaizarii TUCTaHIIHHOTO HABYaHHS.

BpaxoByroun Te, Mo 0coOJUBOTO 3HaUEHHS HaOyBae Tpiana «BHUKIUK-TIOTpEOa-BUMOTa» Ta BTIJICHHS
iHHOBaMiHUX TexHojoriit BO, B [12] mogaHo GaueHHsI MOJIEINI «METOM HaBYAHHS - PE3yJIbTATH HABYAHHS -
OIIIHFIOBaHHS» 33 KOMIIETEHTHICHIM aJrOPUTMOM «3HAHHS TEOPii — BMIHHS MPUKIIAIHOTO 3aCTOCYBaHHS — Ha-
BHYKHU BOJIOJIIHHSI TEXHOJIOTISIMI» JIJISl TIOCHIJICHHS B3a€MO3B’SI3KY «BUKJIAIady—CTyI€HT—POOOTONaBEIbY, 110
JIOBOJIUTH PE3YJIbTATH OCBITH JI0 BUMOT POOOTOJIABIIIB Ta 3a0€3MEUCHHS TPAHCIIOPTHO-IOPOXKHBOTO KOMILIC-
kcy (TAK) BucokokBamihikoBaHUMH KaIpaMH.

BumenageneHi nmpo0iemMu ClIOHYKalld aBTOPIB JJOCIIIUTHU MMPAKTUKU 3aCTOCYBAaHHS IUCTAHIIIIHOTO Ha-
BUaHHS B YMOBaX HEBH3HAUYEHOCTI MaHAEMii KOPOHABIPYCY Ta PO3KPUTHU MapaJ0KC Ta MapajurMy OCBITHBOI,
HayKOBOI ¥ TMpUKIAAHOI AisuTbHOCTI Kadenpu aepomnopTiB HallioHAIBHOTO TPaHCIIOPTHOTO YHIBEPCHUTETY
(HTVY) mig wac migrotoBku ¢axisuiB aas T/K 3a HanpsMom «AepomnopTH, aepoApOMHI KOHCTPYKIIi Ta cro-
pyan» Ta «CHCTEMHHE aHaII3 B TPAHCIIOPTHIN 1HGPACTPYKTYpi».

AHaJi3 OCTaHHIX ToCTiTKeHb i myOaikamii.

VY yacTHHI HepIii JaHOI CTaTTi MPOBEACHUH BCEOIYHMI aHAi3 BITYU3HSHOTO Ta 3aKOPIOHHOTO JI0C-
BiJIy 3aCTOCYBaHHsI iHHOBAIITHMX TEXHOJIOTIH JUCTAHIIHHOTO HaBYaHH Ta TpaHcdopMmarii BO 3a ymoBu He-
BH3HAYEHOCTI naHaeMii kopoHasipycy. HaykoBa pobota [13] 3 monepnizanii BO B ocHOBHOMY po3KpHBae Te-
HICHITIT Ta MPiOpHUTETHI HAaNpSIMKHU po3BUTKY BO B Ykpaini 3 BpaxyBaHHIM MIKHApOJIHHUX TeHACHIIIH. [IpoBe-
JIeHa Tapaeslb MK TPaTUIliHHOI0 MOACILII0 HABYAHHS Ta MOJEIUIIO, IO MO0Yy/I0BaHa Ha OCHOBI KOMIICTCHT-
HicHOro miaxoay. OxapakTepu3oBaHa poJib iIHHOBALIHHUX TEXHOJIOTi HABYaHHS y MpoLIeci pearizalii komrie-
TEHTHICHOTO MMAXoay y 3aknanax Buimoi ocBiT (3BO). BucBiTIEHO 0COOMCTICHO-OPIEHTOBAHY CIIPSMOBa-
HICTh iHHOBaUiHOTO HaBYaHH:. [IpoaHanizoBaHi akTyadbHi IHHOBALiIHI MEAAaroriyHi TeXHOJIOTii HaBYaHHS,
10 BUKOPHCTOBYIOThCA y cuctemi BO.

Y KOHTEKCTI pO3BUTKY IIPOAYKTUBHUX CHJI YKpPaiHU B yMOBaX CTAHOBJICHHS 1HGOPMAIIITHOTO CYCIIiIb-
cTBa y po0ori [14] chopMmyiboBaHO OCHOBHI YMHHHKH, IO CIPHUSIOTH CTIHKOMY PO3BUTKY y TEPIINY Yepry
TOJIOBHOT IPOXYKTHUBHOI CHIIH — TIOAWHA. PO3KPUBAIOTHCS aKTyalbHI KOHIENTH 1 IEPCIIEKTHBHI HAPSMU Ta-
PaJNTMU CTIHKOTO PO3BUTKY OCBITHRO-HAYKOBOTO CETMEHTY €KOHOMIKH. 3alpOIIOHOBAHO aBTOPCHKI MOTIISIN
IIOJI0 HATIPSIMIB, Ha SKHUX Y MOAAJBIIOMY CJIiJl 30CEPESAUTH YBary IS 3a0e3MeUeHHS SKiCHUX 3MiH Ha Pi3HOMY
PiBHI y PO3BHUTKY NPOAYKTUBHUX CHJI Ha iIHHOBAIlIHIA OCHOBI. 3HAYHA yBara MpHUAiICHa peCypCHOMY 3a0e3-
MIEYCHHIO OCBITHBO-HAYKOBOTO KOMIUIEKCY, 30KpeMa KaJpOBOMY.
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HesBaxkaroun Ha Te, mo y 3BO akTUBHO PO3BUBAIOTHCS CUCTEMH YIIPABIiHHA HABYAJIHLHUM MPOLIECOM
(MomynpHE 00’ €KTHO-OpPIEHTOBAHE AWHAMIYHE HaBUAJILHE CepeloBHIIE), iHPOPMALiHHO-KOMYHIKaLiiHI TeX-
HOJIOT'i1 3aCTOCOBYIOTBCS TMIEPEBAXKHO K YaCTKOBI METOIUKH B 3aJICXKHOCTI BiJl HABYAIBHUX ITUIEH 1 CHTYaIlii
[15]. B ocHOBY moknazeHa Teopisi COLaTbHOIO KOHCTPYKTUBI3MY: CHIBpOOITHHLITBO, KOTHITHBI3M 1 camoc-
TiMHA ISUTBHICTH CTYJCHTIB PO3TIIAIAIOTHCS K HAMOIIBIT BaroMi €IEMEHTH IMi3HaBaIbHOI AisUTbHOCTI. CTpy-
KTypHO HaBYaIIbHI KypcH OYIYIOTh Y BHTIISIAI MOJTYJIbHOT CHCTEMH Ta MiCTSTh HACTYIIHI €IEMEHTH: TEOPETHY-
HUH Marepiall (TEKCTH JIeKIiif), MPaKTU4HI 3aBAaHH (3a/1adi, 3alUTaHHsA, TECTH JUIsI CAaMOIIEPEBIPKU) Ta 3a-
BIIAHHS JIJIs1 TICPEBIPKU 3HaHb (TECTH, BIpTyalibHI Ja00OpaTOPHi, KOHTPOJIBbHI, PO3paxyHKOBO-TpadidHi Ta Kyp-
coBi po0OTH), Bife0O-T0MaTKU (BiJACONEKINii, Bi/lCOIEMOHCTpAIlii) TOMO. 3’SBISETHCS KOHIICINS BiIKPUTOI
OCBITH, SIK CHCTEMa HaJaHHS OCBITHIX IMOCIIYT 3a JOMNOMOTrY 3ac00iB, HAsSABHUX Y PO3MOALJICHOMY iH(pOpMa-
LIHHO-OCBITHBOMY CEPEIOBHILII, OOPaHUX KOPUCTYBAUYEM 1 aJalTOBAHUX ITiJ] HOro KOHKPETHI 3anuTy. Bu3Ha-
4eHo, 1o it BO xapakTepHi OCBITHI TEXHOJIOTII HAa OCHOBi: OCOOMCTICHOI 1 )KHUTTETBOPUOI Opi€eHTAIlii Ie/a-
TOTIYHOTO TPOIIECY; aKTUBI3AIIl Ta iIHTCHCU(IKAII TiSITFHOCTI CTY/IEHTIB; e()eKTUBHOCTI yIPABIiHHS Ta Op-
raHi3alii HaB4aJIbHOTO MPOIIECY.

Y [16] BusHaueHo 1HUdpPOBY cucTeMy KommereHTHOCcTel mis Burmamadi (Digital Competence
Framework for Educators) 3 B3aemomnoB's3anux 6 OCHOBHUX o0JyiacTeil y 22 CKIaJHUKaX, 110 OpiEHTOBaHA Ha
ycCi piBHI OCBITH BiJl UTSUOTO CaJiKa JO BHINOI Ta MICISAUILTIOMHOI OCBITH, 3arajibHOI Ta nmpodeciiinoi, HaB-
YaHHS 0CI0 3 0COONMMBUMHU MTOTpeOaMu Ta y HeOpMaIbHUX HaBYaIbHMX KOHTEKCTax. JlOKIaaHui omuc moc-
TyIy HAaBYaHHS Ta BUKIIQJJaHHS 33 PIBHAMU Ta 0071aCcTIMHU MOJaHO Ha puc 1.

VY [17] po3kpHTO CyTHICTH poOOUYO-TEMATHYHOTO TUIAHY AUCLUILTIHU/CHUIadyCy, 32 YMOBH JUCTAHIIIH-
HOT'0 YW 3MIlaHoro (OpMaTy HABUAHHS, K «MaIi» HABYAIBLHOTO KYpCy Ta «yroJI0I0» MiXK BHKJIAJadeM Ta
CTYZACHTOM, IO MICTUTH €JIEMEHTH, SIK-OT TOH Ta CTPYKTYpa, OUiKyBaHHA Ta BiANOBiAaJbHICTh, HASBHICTS 1
noctymHicTh. Crmimabyc Mae OyTH Opi€HTOBaHHMM HA HaBYAHHS, PO3YMIHHS PI3HOMAHITHUX IOTJISIIIB Ta MPak-
THK, TPYNIOBE OOTOBOPEHHS, pO3KpHUBaTH (Pilocodiro HABYAHHS Ta BUKJIAJAHHS 1 CTBOPIOBATH CEPEIOBHUILE
MapTHEPCTBA 1 TOBIpH.

VY [18] HaromomIeHo, 1o I 3alpoBaPKCHHS €PEKTUBHOT MOAEII 3MIIIIaHOTO0 HABYAHHS HEOOX1THO
MiAXOJUTHU 10 TUIAHYBAHHS BCHOTO MPOLIECY BUBYESHHS TUCIUILTIHY, K 10 CYKYITHOCTI B3a€MOIIOB’ I3aHUX BH-
JIiB HABYAJILHOI MIsUTHHOCTI CTYACHTIB Ta MICTHUTH Y3TOJKCHI MiXK COOO0I0 CKITAIOBI 3a IIPUHIIMIIOM «CTIOYaTKy
IUIaKTHKa/METOAMKA/TIeJarorika, oTIiM TEXHOJIOT»: IJIaH TeM Ta BU/IB AisIHOCTI, LI KypCy, IO CIiBBijI-
HOCSITBCS 3 IIUISIMUA OCBITHBOI IIPOTpaMu, HaBYaIIbHI Pe3yJIbTAaTH KYPCY, OIliIHKA HABYAIBHUX pe3yabTaTiB. s
MPOEKTYBAHHS UM aJIaNTallil Kypcy, SK TEOPETHYHOTO, TaK 1 MPaKTUYIHOTO, MTPOTIOHYETHCSI BUKOPUCTOBYBATH
MiAXiA 3BOPOTHOTO AM3aliHY, IO J03BOJISE CTPYKTYPYBaTl HaBYaHHS CTYACHTIB, OPIEHTYIOUHCH Ha crelia-
JIbHE OITIHIOBAHHSI, IO PO3POOJICHO AT IEMOHCTpAIIii iX 3700yTKIB Y JOCATHEHI IUIEH KypCy.

VY po6ori [ 19] 3a3HaueHO, 1110 CTPIMKHI pO3BUTOK iH(POPMALIIHOIO CYCIIILCTRBA, MPOOIEMH KaIPOBOI0
3a0e3MeYeHHs] B yMOBAaX INI00ANbHOI0 KOHKYPEHTHOTO CEPEIOBHUIIA, 3HIKCHHS 3arajibHOrO PiBHSA OCBITH Ta
OTPUMAaHMX 3HaHb MalOYTHIMHU (axiBIIMHU Ta BiJCYTHICTh B3a€EMOJII 3al[iKaBJICHUX CTOPIH IOTpPeOye CTBO-
PEHHSI HAKOIIMYYBAIBbHOI CUCTEMH, SIK MpaLe3JaTHOr0 MexaHizMy pedopmyBanHs ramy3i BO mis ctumymio-
BaHHs OTPUMAaHHS 3HaHb CTyJCHTaMH Ta 3ano0iranus i npodinakruku xabapuunrsa y 3BO Ta opranax nep-
JKaBHOT BJIAJM, MiABUINECHHS ()aXOBOro PiBHS CIEI[AIICTIB 1 MOJAIBIIOro 3a0e3neueHHs GaxiBLUAMU IS OTle-
PaTUBHOTO, TAKTUYHOTO Ta CTPATETIYHOTO PiBHIB YIIPaBIiHHA. 3 BUKOPUCTAHHSIM CUCTEMHOIO MiXOY, OJIO-
JKEHb TEOPI MPEIEeACHTIB H MPUHHATTS PIICHb Ta METOAIB 0araTOKpUTEPIaIbHOTO OITIHIOBAHHS, a TAKOXK,
CJIEMEHTIB TeOpii yHpaBmiHHSI IPOEKTAMH, IPOrpaMaMy Ta KOMaHIaMH, 3alIPOIIOHOBAHO CTBOPEHHS perioHa-
JBHOTO 0aHKY JaHWX PEUTHHTY CTYICHTIB, BUKJIaAayiB, (axiBLiB Ta poOOTOAABIIB y Taly3i TPAHCIOPTY Ta
JOPOKHBOTO OY/IBHHIITBA; BIPOBAPKCHHSI HAKOTTMYYBAIBHOI CHCTEMH JJIsl BUKOPUCTaHHS OTPUMAaHUX 0a30-
BUX PEHTHHIOBUX 0ajiB y MOAaNbILii mpodeciiiHiil qisTbHOCTI; pO3po0Ky MexaHi3My KOoOpAWHalii Ta 0OOMiHy
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iH(pOopMaLi€ro MiX 3alliKaBJIEHUMH CTOPOHAMH 3 TIOAAJIBIINM BUX00M 10 [ T00anbHO1 Mepexi mpareBnamry-

BaHHA.
IIPOTPECIA BHKJIAJIAHHSA KEPIBHHIITBO CAMOPET VJISIIA HABYAHHA V
. HABYAHHSA CIIBITPAII
HOBAUYOK CJIABKE CJIABKE CJIABKE CJIABKE
BHKOPHCTAHHA BHKOPHCTAHHA BHKOPHCTAHHSA BHKOPHCTAHHA
(AD) ITA®POBIX I&POBHX LIH®POBIX LIA®POBIX TEXHOJOITI
TEXHOJIOITH JULT TEXHOJOITH UL TEXHOJIOITH JUL CAMO V CIIUTHHHX
BUKJIATIAHHA B3AEMOI PETVJLALII HABYAHHA HABYAIIBHUX
JLATBHOCTAX
BA30BE BHKOPHCTAHHS 3AOXOYEHHA 3AOXOYEHHA
AOCIITHHK BHKOPHCTAHHA BA30BHX BHKOPHCTOBYBATH BHKOPHCTOBYBATH
(A2) JOCTYTIHHX LIIPPOBHX LIMSPOBHX LM$POBI TEXHOJIOT T I LM$POBI TEXHOJIOT T ¥
TEXHOIIOITH JUL CTPATEITH JUIT CAMO PETVJIbOBAHOTO CIIUTbHHX HABYATBHHX
BHKIIATTAHHA B3AeEMOII HABYAHHS IISUTBHOCTSIX
3MICTOBHA BHKOPHCTAHHA BAKOPHCTAHHA _ 3ACTOCYBAHHA
IHTETPATOP IHTErPATRH HOCTYTHIX ITM$POBHX ITM$POBHX TEXHOJIOITH I[H$POBHX TEXHOJOITH
(B1) ISPOBIX TEXHOJIOIT TEXHOJIOITH JUIA TIPH PO3POBLI CAMO ITPH PO3POBL] CIIUTBHIX
¥ IPOLEC BUKTATAHHA BJIOCKOHAJIEHHSA PEI'VIIbOBAHOIO HABYATTBHUX
. B3AEMOTIT HABYAHHA JUUTHHOCTEH
BHKOPHCTAHHSA BUKOPUCTAHHS BHKOPHCTAHHA BHKOPHCTAHHS
EKCIIEPT LI$POBHX TEXHOJIOITH LA$POBHUX TEXHOIIOITH L[U$POBHX CEPEJIOBHILI IHSPOBAX
U5 BIOCKOHATEHHS L1 BIOCKOHAJIEHHS UL BCEBIYHOL CEPEJIOBHII JIJL
(B2) TIETAT OT TYHAX MOHITOPHHT'Y TA IIITPUMKH CAMO TITTPHMKH CIIUTbHHX
CTPATEITH KEPVBAHHA PETVIIbOBAHOTO HABYAJIBHIX
HABYAHHA JIATBHOCTEH
OPTAHIBAIILA, CTPATEITYHE TA KPHTHYIHA BUKOPHCTAHHA
MOHITOPHHT TA ILIECTIP AMOBAHE PE®.IEKCLA LIIOJIO IM$POBHX CEPEJIOBHII]
JIJIEP THVUKA ATATTATIA BHKOPHCTAHHA ILIU$POBUX CTPATEITH, JULA COLTBHOT O
(3] BHKOPHCTAHHA LIM$POBHX TEXHOJIOITH 1110 BUKOPHCTOBYIOTBCS TBOPEHHS 3HAHB
LIH$POBUX TEXHOJIOITH JULA KEPYBAHHA TA JUL BUXOBAHHS CAMO TA B3AEMHOT'O
UL BIOCKOHAJIEHHA _ HATIAHHS ITTTPHMKH PEI'VJIEOBAHOTO OITHIOBAHHA
TIEJATOITYHUX CTPATEITH HABYAHHSA
BUKOPUCTAHHA _ BUKOPHCTAHHA PO3POBKA HOBHX LJU®POBHX BUKOPHCTAHHA
HIOHEP LM$POBUX TEXHOJIOITi IIUPPOBHX, $OPMATIB TA/IH ILHPPOBUX,
(€2) JI/L1 OHOBJIEHHA TEXHOIIOITH ITEJJATOI TYHIX IIIXO/IB 17T TEXHOJIOITH
CTPATEITH JUL7 OHOBJIEHHA 51 CAMO PETVIIbOBAHOTO JI715 OHOBJIEHHA
BHKJIATAHHA KEPYBAHHA HABYAHHA CIIBIPAIN

Pucynok 1 — PiBHi Ta 00:1acTi mocTymy HaBYaHHSI Ta BUKJIaJaHHS

Figure 1 — Levels and Areas of Progress in Teaching and Learning

[lomo myanpHOI CHCTEMH, SIK METOIOJIOTIYHOI XapakTepucTuku BO, ¢ 3a3HaunTH, 1110 BOHA TIEpe/-
0ayae y3roKeHy B3a€MOII0 OCBITHBOI Ta BUPOOHUUOI chepH 3 MiArOTOBKH CIELiaNIiCTIB NEBHOT KBaTi(ikamii
B paMKax Ooprai3amiifHo BiAMiHHUX GopM HaBuaHHA. Y myOmikauii [20] moxgaHo aHaji3 pe3yabTaTiB MEPIIOro
POKY BIpOBapKeHHs nyaibHoi hopmu (D) 3m00yTTs OCBITH y 3aKiIagax gaxosoi nepeasuinoi (PIIB) ta BO
Ykpainu, onrcaHo MiIX0/ J0 OpTaHi3allii CIiBIparlli i3 KOMIaHiIMH 3 METOIO HiATOTOBKY 3700yBayiB 3a D,
BHBYEHO JTyMKY CTOPiH IIOJI0 TiepeBar Ta HenodikiB J(®, BU3HaueHO 3aBAaHHS Ui CTBOPEHHS CIIPHUSTIUBUX
YMOB IOIIUPEHHS HOBUX IPAKTHK, 310paHO JaHi Ui JOOIMPALOBaHHS HOPMATUBHOI 0a3u. 3anmpoBaKEeHHS
J® 3100yTTs ocBiTH Ha piBHI PIIB Ta BO € akTyanbHUM 3 OIVISAY HAa MIBUAKUE TEXHONOTIYHUNA PO3BUTOK,
Tepexi 10 €eKOHOMIKH 3HaHb, HEOOXIAHICTh CKOPOUCHHSI PO3PUBY Mi’K BUMOTAaMH 10 TPOoQeCiitHuX KoMIIeTe-
HTHOCTEH (axiBLiB Ha PUHKY Ipali Ta HAOyTUMHU KOMIETEHTHOCTSIMH BHITyCKHUKIB 3akiafaiB ocBiTH (30).
st 30 taka ¢opMa oprasizariii 3100y TTs OCBITH JOIIOMOYE IIPUBEPHYTH yBary MeBHOI KaTeropii BCTYITHUKIB
Ta yTpUMaTH NIEBHY YaCTHHY 3/100yBadiB Ha CTapIIUX Kypcax, a TAaKOXK JIMCHO OHOBUTH 3MICT OCBITHIX IPO-
rpaM, OTPUMATHU JIOCTYII IO MaTepiaIbHO-TEXHIYHOI 0a31 poOOTOMABIIB HE TUTLKU JUIS ITiITOTOBKHU 37100yBa-
4iB, ajie ¥ miaBUIICHHS KBasi(ikaiii meJaroriyHMx Ta HayKOBO-TIEIAroriuHUX MpamiBHUKIB. KpiMm Toro, 1e
CHpUSITUME MiBUIIEHHIO KOHKYPEHTOCTIPOMOKHOCTI 37J00yBaviB OCBITH, SIKI BUXOJSATHh HA PUHOK Mpari, ix
(iHaHCOBIH HE3aIEKHOCTI, OTPUMAHHIO JOCBiy/CTaXy poOOTH L€ IiJ] Yac HABYAHHS, FapaHTOBAaHOMY OTpH-
MaHHIO TIEPIIOro podOY0ro Miclis, MOJETIIMTh IPOIIEC IMpalleBIallTyBaHHs Iicisa BUIycKy. PoOoTomasiii
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OTpPUMAIOTh (PaxiBIiB 3 IPYHTOBHUMH TEOPETUUYHUMH 3HAHHSIMU Ta 3aTpeOyBaHUMH KOMIIETEHTHOCTSIMH Ha
PHHKY IIpalli 3arajoM Ta Ha OKpEMOMY MiANPHEMCTBI 30KpeMa, Ha SIKMX HEe BUTPAuYaTUMYThCS PECYPCH Ta Yac
IUTS TIepe/ TOHaBYaHHS, 3HAHOMCTBA 13 0COOIMBOCTSIMH POOOTH B KOMIIaHii, aJanTallito TOIIO.

Po36ynoBa inkmo3uBHOI ocBith (I0) B Ykpaini [21] BuMarae BUpIIICHHS HU3KH 3aBAaHb HA JABOX PiB-
HAX: Ha Jep)KaBHOMY Ta Ha piBHI KokHOTO 30. Ha mepxaBHOMY piBHI — I1e (hopMyBaHHS HOBOI (imocodii
JepKaBHOT OJITHKY; BIOCKOHAICHHS HOPMaTHBHO-IIPaBOBOT 0a3u BiIMOBIIHO 10 MIXKHAPOAHHUX 3000B’A3aHb
VYkpainu y chepi npas noauHu; 3a0e3neueHHS KOHCTUTYIHHUX MPaB 1 Aep)KaBHUX rapaHTild Ha OCBITY AITAM
3 ocobmuBuME ocBiTHIME TToTpebamu (OOIT); BHoCKOHATICHHS CUCTEMH ITiATOTOBKH IT€IarOTIYHUX MTPaIliBHU-
KiB 10 pobotu 3 nitbMu 3 OOIL. Ha piBHi 30 — 11e 3a0e3meueHHs YHIBEpCaIbHOTO IU3aiHY; PO3YMHOTO MTPHC-
TOCYBaHHS; IHIUBIAYaJIbHOIO Ta AU(EPEHIIIIOBAHOTO MiAX01Y; IICHX0JI0r0-IIeAaroriYHOr0 CyMpPOBOAY MiTCH
3 OOII; aganTaris 3MiCTy Ta METOJIB HaBUaHHS; CTBOPCHHS CHPUATINBUX YMOB ISl IXHHOT'O HABUAHHS Ta
couiamizanii; 3a0e3neuenns akocti [0. 3HayHol yBarum moTpeOye BHUpIlIEHHS NUTaHb NPOBEACHHS BYACHOI
KOMILIEKCHOT TICHXOJIOTO-TIEIarOTi9HOT OIIHKK PO3BUTKY JUTHHU Ta HAJAaHHS MICHXOJIOTO-TIEIaroTiYHHX, KO-
PEKLIIHO-PO3BUTKOBHX MOCIYT, IO € BU3HAYAIBLHOIO YMOBOIO ycmimHOCTi 10. Y KOHTEKCTi €BpOmeHChKUX
nirHocTel 10 BuMarae mepeopieHTallii CBiJOMOCTI CYCHUTBCTBA, IEAATOTIYHAX MPAIIBHUKIB, a TAKOX 3JiHC-
HEHHs TpodeciiiHO-TIeqaroriaaoi TisUTbHOCTI 3 YpaxXyBaHHSM IPHHIIMIIB TOJIEPAHTHOCTI, IOBAard 10 1HIWBI-
IyadbHHUX OCOOJMBOCTEH NiTEH Ta HEMOMYIICHHS JUCKPUMIHAIII.

Ilo cTocyeThCst 3aKOPAOHHUX MyOJTIKAIlii, CJIJT BUIUTHTH KUTbKa POOIT 3a HAIIUM HAIMIPSIMOM JTOCITi-
JoKeHHs. 3a JaHuMU [22], HaBeAEHNUMHU B CHEUialbHOMY BHITYCKY IMPOTrpaMy MIKHApOJHOTO HEPIOJUYHOTO
onnaita-suganas University World News, cranoMm Ha kBiTenb 2020 poky B i3ois1ii nepedyBanu nonas 3,4
MiTBsIpIU 0ci0 B Ounbin HiX 80 KpaiHax, mo ckiano 01m3pko 43% nacenenHs cBiTy. Cpoi 3BO 3axpumm 170
KpaiH, He 3MOTJIH BiABiAyBaTH YHIBEPCUTETH 1 IIKOIU OMU3BKO 1,7 MUTBSpAM CTYIEHTIB 1 yYHIB, IO CKJIAIO
90% Bij 3arabHOI KIIBKOCTI HaCEICHHS TUIAHETH, 1[0 HABYAETHCA. 3aX0IH IIOJI0 JOKaJi3allii Ta COiaabHOl
130JIS1IIi1 TPU3BENH J0 MOTPSICiHb, SKUX cucTeMa BO He 3a3HaBana 3 4aciB Apyroi CBITOBOI BiifHU.

Sk mokaszanu peaiii ChOrOAEHHS, aHAEeMisi KOPOHABIPYCY BUSBWIA Hallypas3nuBille Miclie B CHCTEMI
OCBITH, ITI0 3aCHOBaHA Ha KOHIICTIIii HAaBYaHHS 32 YMOB IIPHUCYTHOCTI BUKJIAJadiB Ta CTYACHTIB OJHOYACHO B
OJHOMY 1 TOMY 3 MICIIi B aBOUTOpisiX. BupileHHsM mi€i mpobiieMu CTaB mepexil Ha AucTaHLiiHe HABYaHHS,
0 MPHU3BENIO 10 npobiiemMu 1ubpoBoi HepiBHOCcTI 3BO, BukIanadiB i cTyAeHTIB. 3'acyBayocs, 110 3HA4YHA
gactuHa 3BO, 0co0nmBO B KpaiHax, IO PO3BUBAIOTHCS, HE BOJIOAIE HEOOXIMHOIO TEXHIYHOIO 1 HaBYAIBHO-
METOAMYHOIO 023010 IS IEPEXOAY 10 OHIAWH-PEKUMY; HACHIIKOM BiACYTHOCTI IM(POBUX KOMIIETCHIIIH BU-
KJIaJIaviB 1 CTY/ICHTIB CTAJIM TPUBAJIi IIEPEPBHU B HAaBYaHHI 1 HEBJOBOJICHHS 3 00Ky BCIX YYaCHHUKIB HABYAILHOTO
nporecy. 3a Bepciero Bloomberg Businessweek HaBiTh B aMmepukaHchbKill iHxycTpii BO Baprictio 600 mupa.
non. CIHIA Ta 10CBiOM «EKCTEpHOTO HABYAHHSA» HANPHUKIAI, B 3B'A3Ky 3 yparanom «Kartpira», 70% 3 1,5
MJTH. BUKJIAJIadiB HIKOJIM HE BEIH BipTyalbHUX KypciB [5]. Takox, manaemis 3pyiHyBajia IIo0aIbHY apXiTe-
kTypy BO, 1m0 noB's3aHa 3 npoekTaMu MO0 IHTEPHALIIOHATI3alil B paMKax MDXXHapOAHOI akaJgeMidyHol MoOi-
npHOCTI. Yepes 11ie HalmpuBaOIuBIIIi 11 iHO3eMHHX CTyAeHTiB 3BO BTpaThiIn OUTBITY YaCTHHY CBOiX JOXO-
IiB, iCTOTHO TOTipIIKBCS (piHAHCOBUI CTaH BUKJIAAAYiB, AMIHICTPATOPIB 1 JOMOMIKHOTO MEPCOHATY abo Ja-
CTHHA TIPAliBHUKIB B3araji BTpatuia podoTy. Ll cutyariis HaBpsix 4 HOKPALIUTHCS Yepes3 Te, 10 BIalH A0-
XOJIIA CTYJICHTIB, iX OATHKIB Ta CIOHCOPIB, K OCHOBHUX JoHOPIB 3BO.

3a eKcrepTHUMH OLiHKaMU a0iTypieHTH LBOTO POKY MaTUMYTh HHXKYMH PiBeHb 3HAHb 1 MOTHBALil 10
HaBYaHHS, HIK a0ITYpi€HTH MUHYJIMX POKIB Uepe3 MepeHeCeHH TEPMiHIB ITiICYMKOBOI aTecTallii B MKojax Ta
HEMOXKITUBICTB i1 371iiCHEHHS B 3BUYaiiHOMY pexkuMi. Lle cTaBuTh mifi CyMHIB yCHIIIHICTh BCi€l MpUitMaIbHOT
KaMIaHii yepe3 He3po3yMilo MPUHHATHUMN CTYMiHb 00'€KTUBHOCTI BU3HAUYEHHSI PiBHS 3HAaHb Ta TPYAHOLI iX
OIIiHIOBAaHHS B MacmTabax kpaiau. OCHOBHHN 3aKJIHMK JaHOT'O JOCIIHKEHHS MOJISTac y TOMY, IO iHTepHAIIio-
HauticT y cepi BO moBuHHI OyTH pEeBOMIOLIMHUMYI B CBOIX AyMKax 1 B AifX AJIS MPUCTOCYBAHHS O HOBHX
peasiit 3a JoImoMOTH 3MiH Ta iHHOBaIin [23].
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Cnin 3ragatu po6oty P. bapraerra [24] nBaausTH 40THPHOX PiUHOI JaBHUHH, JIe HaroyuomyeTbes: «la-
CJIOM CYy4YacCHOCTI CTa€ Pi3HOMAaHITHICTb, 1 SKIIO AJIS IIBOTO Tpeba JIOMYCTUTH YaCTKY HECIIOiBaHKH i CTIOHTaH-
HOCTI CyJacCHOTO YHIBEPCHUTETY, IIe JOBEACThCS 3poouTH. [IpoTe, BasKKO MIPUHHATH TE3Y PO Te, 10 YHIBEPCH-
TeTOM MOke OyTH Bce, 110 3aBroaHo. Ctatyc yHiBEpCUTETY He MOBHHEH cTaTtu noctynHuM. 3BO, mo npeten-
IYIOTh Ha IIeH cTaTyc, TOBUHHI MPOUTH NIEPEBIPKY HA BIATIOBIIHICTD IIUIOMY Py KpUTepiiB. OTxe, MH MAaEMO
CIIpaBy 3i CIPaBKHBOIO TOJIOBOJIOMKOIO. 3 OJHOTO OOKY, MH BIJKHIA€MO TYMKY IIPO iCHYBaHHS SKOIiCh 3ara-
JBHOT ie1 yHIBepCHUTETY, 3 iHIIOT0 OOKY, MH IIPHITYCKA€MO, 1110 TIOBUHHI iCHYBAaTH SIKICh MEX1, 1110 BU3HAYAIOTh
YHIBEPCHUTET.

VY migcyMKy poOOTH MiAKPECHIEHO: «...CKIAAHY CTPYKTYpYy YHIBEPCUTETY, B IKOMY 30CEpeIKeHO Oa-
raTo Hallii Ha OCOOWMCTHH 1 COIMIaIbHANA PO3BUTOK 1 pO3yMiHHSA. BiH MOKIMKAHUN HE TUTHKH MHOXKHTH CXEMH
PO3yMIHHS CBITY, a i BUNTH OUTBIIT-MEHII KOM(DOPTHOMY JKHTTIO B YMOBaX paguKaabHOI HEBH3HAYCHOCTI, 110
BUHHKA€E He 0e3 HOro JOMOMOTH 1 3yCHiIb. YHIBEPCUTET MOPOKYE HAJCKIAAHICTD 1 BUMTH HAC 3 HEIO KHUTH.
SlkuM 9MHOM YHIBEPCUTET PO3BHBAE HEOOXiTHI 3HAHHS JJIS BJIATU i KOHTPOIIO HAJ CBITOM Ta IOTIHOIIOE
B3a€EMOPO3YMIHHS MK JIIOJbMH 1 cBiTOM? SIK HOMY BIA€THCSI OJTHOYACHO HECTH MPOCBITHULTBO 1 KPUTHKY, 1
BIJIMTOBITaTH BUMOTaM €KOHOMIYHOTO BiJIpOJIKEHHS 1 3pocTaHHA? Bemmka crokyca cka3aTty, o 1€ B PUHITATT
HEMOJKJIMBO. AJIe IIe He TaK - YHIBEpCUTET Ma€ Bce Iie poOWTH, HEe TUBIITYUCH Ha X cynepewmBicTb. HaBpsin
YH TaKy JOJIO YHIBEPCUTETY MOXHA Ha3BaTH MIACIIMBOIO — IIACTs B3arayi Homy Oinbine He moctynHo. Tpeda
BIIMOBHUTHCS BiJ MOAIOHUX O4iKyBaHb. KOH(MIIKTHI AMCKYPCH BIIaIH, €KOHOMIUYHA KOHKYPEHIIis, 3HAHHS, 1C-
THHA, EMaHCHIIAIS i CIIPaBEITUBICTh HE TaK MPOCTO 3HAXOATH IUISIXH B KUTTI. Y HIBEPCUTET TIOBUHEH J[OTIO-
MaraTy HaM KHTH B YMOBaxX HCBH3HAYCHOCTI 1 HABITh HABYUTH pajiTy ii. Lle 3aBmaHHs CTOITH Mepe HamH, i
B CBITI, JI¢ TTaHy€ TOTaJIbHA HEBU3HAYCHICTh, BOHA HE MOXKE OYTH 1HIIIOIO».

VY nactynHiit npaui [25] BapHeTT Harosomye, 10 Bi YHIBEPCUTETCHKUX 3HAHB, 10 PO3YyMIIOTHCS SIK
YUCTE 1 00'€KTUBHE MTPOYUTAHHS CBITY, AIMCHO MOTPIOHO BiAIMOBHUTHCS. [HCTUTYIIIHA aBTOHOMIS, Ha SIKii Taka
CTIOTJISTAIbHA KOHIIETIIisl 3HAHHSI MaJia JesIKy OCHOBY, OLJIbIIIE HE JIOCTYITHA YHIBEPCUTETOBI: BiH OJJHOYACHO
BKITFOUCHUH JT0 IEPKIPOEKTIB Ta B yMOBaX IJI00ai3allii mpocyBa€e CBOi MOCIYTH B Taiy3i 3HaHb 3a JOMOMOTH
BJIACHOI IiAMPHUEMHHUIILKOT isTIHOCTI, YUM YHIBEPCUTET HE M030aBIIAETHCS JCTITUMHOCTI. B emoxy Haackia-
JTHOCTi YHIBEPCHUTETIB YEKA€ HOBA CIiCTEMOJIOTIS KUTTSI B YMOBaX HEBH3HAUCHOCTI: BiJIKPUTA, CMIJIUBA, IIi-
KaBa, JIOCTYITHA, IO YCBIIOMIIIOE CBOIO BJIACHY HE3aXHUIICHICTh. CBIT HAJCKIATHOCTI MTO30aBIsI€ YHIBEPCUTET
BiJI ITONIYKY 3HAHP 1 ICTHHH: OLJIBITIC HE MOXKHA TPHUITYCKATH, IO ICHYIOTh YiTKI KaTeropii o0 IpaBmIHLHOTO
3HaHHS 200, 10 TUTBKK YHIBEPCUTET MOKE IPUAMATH PillIeHHS 100 KPUTEPIiB Ta 3aKOHHUX (HOpPM peaizarii.
OnHax i7est yHIBepCUTETCHKHUX 3HAHB B TAKUH BIK HE BMEpJIa, il MOYKHA BHIIPABUTH 33 YMOBH, 110 YHIBEPCUTET
TOTOBHUU BIJIMOBUTHCS BiJI BIACTHBOTO HOMY MOYYTTS «3HAHHS» PO T€, 1[0 BBAKAETHCS ICTUHOIO 1 3HAHHSM,
1 BJIOBHTH €ITICTEMOJIOTIYHI MOKJIUBOCTI, IO BIIKPUBAIOTHCS B PE3YNIBTATI HAIACKIAAHOCTI. 3HAHHSA 1 Te, 110
BBQ)XAETHCS ICTUHOIO, € BIAKPUTHMHE, MHOXKATHCS 3HAHHS Ta PAMKH JUTS pPO3YMIiHHS CBITY. 3peIiToro, Bee, 10
y Hac €, — 11e 0e3114 iCTOpii Mpo CBIT, aje, TAKUM YHMHOM, MU HE 1T030aBIICH] Ha/Iii.

VY BiK HaJICKJIATHOCTI BiJl YHIBEPCUTETY BUMATacThCs 3/IaTHICTh J0: PEBOJIOMIHOTO MTEPEOCMHUCIICHHS;
KPUTHUYHOTO JIOTIUTY NPETEH/ICHTIB Ha 3HAHHS; HAa/IaHHS JIIOJIM MOXKIIMBOCTI Bi4yBaTH ceOe KOM(MOPTHO B
HEBU3HAYCHOMY CBiTi; PO3BUTKY CHJIM KpUTUYHOI 1ii. Takox, cuTyauis HeBU3HA4E€HOCTI BUMArae BiJf KaTeropii
«BUCHHH-IOCITITHAK» BMIHHS YIPABISITH YACICHHAMA paMKaMHU HE TUTBKH AYMKH, a ¥ MIsITBHOCTI, CaMOTIi3-
HaHHS 1 KOMYHIKaIliif, y HAJCKJIaJHOMY CBiTi HEOOXIiTHI TOCIIJHUKH 31 CMUIMBOIO CaMOCBIJIOMICTIO; Ti, XTO
TOTOBHH CITIBIIPAITIOBATH 3 MONITUKAMH 1 AEPKABHUMH YHHOBHUKAMH, XTO 3/IaTHUIA BXXKUTHUCS B 1X TUCKYPCH 1
TOBOPHTH 3pO3yMLIO0 iM MOBOIO; XKUTH B PEAJIbHOMY MOBCSIKJICHHOMY CBITi Ta CTaBaTH B HHOMY CBOEPITHUMU
KOMYTaTopaMH, IO BiIKpUBA€E HUIAX 10 Oe31iyi pi3HUX BHUpilIeHb OyIb-IKUX CHTYyallil, HAIPHUKIAA, Ma€ 3Mi-
HUTHUCS YSBICHHS PO «BHPIIICHHS MPOOIEMM», IK METH 1 CyTi qociimpkenHs. He icHye sKOpPCTKOrO MOHSTTS
BUpILIEHHS TPOOJIEMH, TaK K B3araji pilleHb y mpobieM HeMae. € JInIIe TUCKYPCH OCMHCIIEHHS mpoliiem,
1o cami 1o co0i TeX 3 CHipHUMH. TakuM YHHOM, BUYCHI TOBHHHI HABYUTHCS MaHCTEPHOTO MOBODKCHHS 3
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JTUCKypCaMH, OTOYCHUMH KOHKYPEHTaMH Ta OMO3UIIMHUMHU OJ0Kamu. BUeHi MaroTh CTaTH CBOTO POy TpO-
MaJICbKUMH JlisT9aMH, HaBiTh MTOJIITHKAaMH, aJie B CBOIH cdepi. IM noBeneThCS 3alHATHCS MUCTELITBOM HMOBIp-
HOT0, aJie MPH [[OMY PO3MIMPHUTH HOTO TOPU3OHTH, IOMICTUTH B TIOJIE 30pYy HAIOi yBark SKOMOTa OiTbIle
00'eKTiB.

Heo0OxinHo kpuTH4HO BigpedaekcyBatu ceHc 1 3aBaanHsa BO, BUXOAsS4M MIHIMYM 3 IBOX 3HaY€Hb I10-
HATTSA «BO» — BHUIIA TOMY, III0: a) BUSBIISE CIIPHICTH paMOK BHITIOTO MOPSKY, 3a JIOMOMOTH SIKUX JIFOIAHA
HaMaraeThCsl 3pO3YMITH CBIT; 0) 3aIy4a€e 0 CBOiX OCBITHIX MPOIECIB THUX, XTO MOKIHKAHWA PO3BUBATHUCS 5K
JIIOJICHKI ICTOTH, 3/1aTHI 3aCBOITH HEBU3HAYCHICTH BHUIINOTO MOPSAKY 1 MpUcTOocyBathcs 1m0 Hei. Ilo-cipapxk-
HHLOMY sIKiCHE HaBuaHHs B cydacHoMy 3BO nepenbavae GopMyBaHHS BiJIOBiTHOTO CTaBICHHS 0 HEBH3HA-
YEHOCTI K 3 OOKY BUCHUX-BHKJIQ/IadiB, TaK 1 CTy/ICHTIB. BOHO MOBHMHHO OyTH OpraHi30BaHO TAKUM YHHOM,
100 TIepIni, yCBiJOMITIOIOUH CYMHIBHICTD BCiX CBOIX CXEM, IPYHTYBAJINCS Ha HEBU3HAYCHOCTI K (popMi icHY-
BaHHS B YMOBaX HaJICKJIAJAHOCTi. B Mi3kax Apyrux BOHO MOBUHHO MOPOJ)KYBATH YCBIJOMJICHHS I1i€1 HCBU3HA-
YEHOCTI 1 TOTYBaTHCS 10 KOM(BOPTHOIO KHUTTS B I[bOMY KPUXKOMY CBITI HaJICKJIaIHOCTI.

B yniBepcureti, o0yzoBaHOMY Ha MPUHIIMIII HEBU3HAYEHOCTI, HOTPIOHO BIAMOBHUTHUCS BiJ CTaporo i
BY3BKOTO CEHCY TTOHSTTSI «HaBYAHHS TIIBKH SIK IPOIIECY Iepeaadi 3HaHb 1 Mpua0aHHs IpodeciifHuX HaBHUIOK.
Heo0xinHO po3po0iiaTH HOBI METOIM HABYAHHS, 1110 TO3BOJIIOTH CTY/ICHTaM HaBUYUTHCS (DOPMYIIIOBATH CyM-
HiBH 1 OTPUMAaTH JOCBIJI OCBOEHHS CIIPHOCTI sIK Takoi. JIekuii moBUHHI OyTH 3aMiHEHi iIHTEpaKTUBHUMHU METO-
JlaM{ HaBYaHHS — tebaTamMu 1 ceMiHapamH, 1o al0Th CTYACHTaM MOXIIHBICTE IIPAMIOBATH 3 CYIEPEUTUBUMU
igessmu 1 mepceriektuBamu. OcobmuBa qyMka bapHeTTa mpo Te, 1m0 1S YCMIIHOTO PO3BUTKY B CTYACHTAX BiJI-
MOBITHOT'O CTaBJICHHS /10 HEBU3HAYEHOCTI 1 31aTHOCTI POPMYITIOBATH CBOI CYMHIiBH, HEOOXITHO «BUKJINKATH
OpOoMiHHSA B TX Mi3Kax» 1 «IIPOCTO B HUX MOBIPUTH». Takoro poay HaBYaHHSI BUMArae JOBrOCTPOKOBHX 3000B'-
si3aHb TI0 BiJHOIICHHIO JIO CTYJCHTIB, HEOOXiTHO TIOCTIIHO CIIJIKYBaTUCS 3 HUMU, CTUMYJIFOBATH iX BIICBHE-
HICTB B c00i, JOoITOMaraTi B YCBIOMJICHHI HUMH BJIAaCHUX JTOCSTHEHb. He MWBHO, SKIIO 3a TaKUX BHMOT JIO
BUKJIaaHHA B cydacHoMy 3BO OaraTto BueHHX BigiadyTh IiepeBary JOCTiIHUIBKINA Kap'epi HiX NeJaroriyHii.
I e Oy;n0 Ham¥caHO HA TTOYATKY HAIIOTO CTOJITTS!

VY po6oTi [26] BU3HaUYEHO, 1110 CyYacHa Kjaachka bapHeTTa 3po0Ouiia BUpIIIaJbHUM BIUIMB HA MiXKHAPO-
JHOMY piBHI B 00JacTi JOCHIKEHb 1 po3po0ok B raiy3i BO 3 Tux mip, sik Oyna ony6nikoBana Oinbiie 20 pokis
tomy. O0'€qHYI0UH TPUALATHPIYHY aKaIeMIiuHy TBOPUiCcTh 3 Maibke 30 omyOJikoBaHUMH ToMaMH, «Peaiza-
IIisl YHIBEPCHUTETY B €TI0XY HAJCKIIATHOCTI» TPa€ BAKIIUBY POJIh B PO3BHUTKY 1 TpaHchopMartii corianpHoi Teopii
B comiaibHy Qinocodiro BO, poOUTh BaxJIMBUI KPOK BiJ aKIEHTY Ha «3HAHHA» A0 (OKYCY Ha «BUCHHS IPO
OyTTs», 3MiHIOE (PYHIAMEHTAIBHUI TOTIISAI HA BITHOCHHH MiX YHIBEpCHUTETaMH 1 IIMPOKUM TOBAPHUCTBOM
o0 Hafil, badeHHs 1 MalioyTHROTO BO.

B po6oTi [27] mpommoHy€eThCS MOJICTh €KOJIOTITHOTO YHIBEPCHUTETY, 0 Ma€ HAHOUTBITHH MTOTSHITIAT 3
TOYKH 30py HoJaibInoi eBotrorlii BO, ko 3BO mpooBXyI0Th pO3IMIMPIOBATUCS, BUKJIMKAIOYH 3HAYHI CYyTIe-
PeUKH mpo X Wil Ta CTOCYHKH 3i cBiTOM. CTBepIKYEThCs, 110 po3imrpeHHs BO BiAKpuiio HOBi IpocTopH Ta
MO>KJIMBOCTI 1 OCHOBHA 171€51 IOJISITA€ B BUSABJIEHHI 3B'13K1B Mk 3BO Ta OCHOBHUMHM €KOCHUCTEMAaMU: 3HAHHSIMHU,
COIIaTbHUMH 1HCTUTYTaMH, JIFOJbMHU, CKOHOMIKOI0, HABYaHHSIM, KYJIbTYPOIO Ta MPUPOTHUM CEPEAOBHUIIICM,
puc.2.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXXHE 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 109

136



CUCTEMHUM AHAJII3

CHCTEMA
3HAHD
JTHOJICBKA COIATTLHA
CHCTEMA CHCTEMA
VHIBEPCHTET
OCBITHS KVJBTYPHA
CHCTEMA CHCTEMA
TIPAPOTHA EKOHOMIUHA
CHCTEMA CHCTEMA

Pucynok 2 — B3aeM03B’ 130K YHIBEPCUTETY 3 OCHOBHHUMH CBITOBUMH €KOCHCTEMAaMHU
Figure 2 — The Relationship of the University with the World's Major Ecosystems

VY po0ori [28] minkpecneno, mo Hame ysBieHHA mpo maiOyTHe 3BO ctano «Oe3HaniitHO BOOTHMY,
1mo30aBieHUM (aHTa3ii, 3aMKHEHUM B paMKaX PHHKOBUX a00 TEXHOJIOTIYHUX MOJIENICH, 1 TPeACTaBIICHI albTe-
pHatuBHI Moaeni 3BO MaitOyTHBOT0, 6€3yMOBHO PO3IIMPIOIOTH KOPAOHH Hamoi ysiBu. OMUCaHU CBIT, B AKUH
BOyIOBaHAa KOHKpPETHA MOJIEh, @ TAaKOX POJh 1 XapaKTEpUCTUKH BUKIAIAdiB, CTYIACHTIB, aaMIHICTPaTOPIB,
BigHocuHY 3BO 3 30BHIIIHIM CBITOM, IPOBEAEHI iICTOPUYHI Mapaei i BKa3aHi BUTOKH i7ie, B3SITUX 32 OCHOBY
KOXKHOI 3 MOXIJIMBUX MoJieNieii ocBiTH MaiOyTHboro. Ha puc.3 mpencrasieni mogeni 3BO, npuHmunu ocBit-
HBOTO TIporiecy Ta cepu peairizarlii 3HaHb.

VY [29] nomaHo mpuKIagy BOPOBaIKEHHA B Oi3HECi Ta B MOBCSKACHHE XHUTTS OCHOBHUX HMPUHILIHUITIB
Teopii 0OMEKEHb CHCTEM 1 aJlfOPUTMIB PO3YMOBHX IPOIIECIB, IO TOTIOMAraroTh 3HAXOIUTH B HAWKOPOTII
TEPMIHM II€BI PillICHHS 0araTboX MPOoOJIeM ITif Yac KPH3H Ta 3MIHUTH CUTYallil0 0e3 3HAaYHMX (HiHAHCOBUX
BKJIa/ieHb. [lepenano TOHKOLII BIPOBaIKEHHS YIIPAaBIIHCHKUX METOAMK Ta YHIKaJIbHI MalicTep-Kiacu AJIs Ke-
PIBHHKIB OYIb-SIKOTO PiBHS, ITEpe]] SKUMHU CTOSATH 3aBJAHHS ONTHMI3aIlii BUPOOHUIITBA, IIOCTAHOBKH ITUTCH 1
3BUIBHEHHS BiJ] TAJIBMYIOUYHX CTEPEOTHUIIIB MUHYJIOTO Ta MONIYKY B3a€EMOBHTITHOTO BUPIIICHHS MPOTHPIY.

VY [30] po3kpuTO OCHOBHI Ta AOAATKOBI MPOrpaMHi HABUYKH, 1110 3a3BUYAN OUYIKYIOTh IOOAYUTH B KaH-
nuaarax poOOTOAABIN, CEPe IKUX: KOMYHIKATHBHI HAaBHUKH, YMIHHS BUCTYIIATH ITyOJIiYHO; HAaBUYKAa pOOOTH
B KOMaH/Ii; YIPaBJIiHHS YaCOM; THYUYKICTh 1 aJallTUBHICTD; JIiIEPCHKI AKOCTI Ta 0coOHCTi sKocTi. [InanyBanHs,
B TOMY YHCJIi TTIOETAITHE KEPIBHUIITBO A0 Mii, IO BiToOpakae sk MiHIMYM, SIKY OCBITY 1 SIKHH JOCB1 JUTSI IIOTO
HEOOXiZHI Ha HUISAXY A0 BIACHUX MpOQeciiHIX BEPIIMH HA3WBAIOTh OJHUM 3 OCHOBHHX CHOCOOIB MOOYI0BU
yCHIIIHOTO KUTTA. CKiIaJaHHs YiTKUX IUTaHIB JO3BOJISIE HE TUTBKU PO3YMITH CBOIO METY, a i TIOCTYIOBO PO3-
POOJISATH MUISAXH OO 1i JOCATHEHHSI, MOTHBYBATH ce0e Ha CaMOPO3BUTOK: HABUUTHCS IJIAaHYBaTH JIE€HB, PO3-
MUCYBATH 3aBJIaHHS HA THXKHI, MiCSIli, CEMECTPH 1 pO3yMiTH, IKUX 3HaHb, BMiHb Ta HABUYOK JOMOTTHUCS TIPO-
TATOM POKY IS TOCSATHEHHS MTpodeciitHoi MaricTepHOCTI. AJle, OKpiM ITpodeciitHuX HaBUIOK, BAKITUBUM €JIe-
MEHTOM NPOQECifHOro MOPTPETY 1 pemyTauii B Cy4acHOMY CBiTi € Tak 3BaHHI M'aki HaBu4KH (soft skills), mo
BapTO HANpPalbOBYBATH 1 pO3BUBATH OyAb-sIKOMY (haxiBLIEBi HE3aIEKHO BiJ chepu MisSTTBHOCTI U1 Kap'epHOTO
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yemixy. OTxe, okpiM 37i0HOCTEH Ta 3HaHb, HEOOXIAHMX Ul KO>KHOI KOHKpeTHOiI mpodecii, mpodecionanmu

Maibke 3 KOXHOT JTUCHUIUTIHU MOTPeOyI0Th IEBHOTO HA0Opy SKOCTEH, HABUYOK Ta MOBEAIHKH.

1

-LIEA CYIIEPMAPKETY 24/7

6.

- OB'€THAHHs / CHHTE3

= PEAMI3AINA: BIGIIOTEKH, KOBOPKIHTH, MY3EL S JTFOJICBKOTO I IITYYHOI' O
VHIBEPCHTET- OFICH, BEPORHFMI IPHMIIEHES T HABITh THTEPSEHCHAN IHTEIEKTIB
ILTAT®OPMA IEPKOBHHI TP OCTIP VHIBEPCHTET PEAI3AIII: CTPIDKHEBOIO HABFKOIO
€ [IPOITPAMYBAHHA
- OCBITHA EKOCHCTEMA 3 - COPHHHATTSA, IHTEPIIPETVBAHHA,
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KOJIEIKIB TIPIB ATHIIX BY,IHHKIB TLIA EEATUALDL TPATIC TOBARHA
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3. CTPATEITH, ®OPMYBAHHA LIEH, IOBY/IOBA AJTb TEPHA THBHAX
TVMAHITAPHHH AJIBTEPHATHBHHX IIONITHK I 8. IHCTHTYT CBITIB
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PucyHok 3 — AnbTepHAaTUBHI MOJICITI YHIBEPCUTETIB MaHOYTHHOTO
Figure 3 — The Alternative Models of the Future University

B xonTekcTi nmoctnanaemiunoi Tpancgopmaiiii 3BO ta orpumanus BO, ciaing HaBecTH MPOrHO3HU MPO-
¢ecopa Cxorra ["ammosest [31] mono ouiHKM OCHOBHUX TpeHMIB moTouHOi cutyauii B CLIA 1 cBiTi. Bin Haro-
JIOIIYE, 10 3 KOKHUM POKOM eJTiTHI amepukanchki 3BO Bce Oijibliie YCKIaAHIOIOTh IPOLEaypy IPUHOMY, CBi-
JIOMO OOMEXKYIOUYH KiJIbKICTh BCTYITHUKIB Ta CTBOPIOIOTh €PEKT HEIOCTYITHOCTI CBOIX OPEHIIB I «IIPOCTUX
cMepTHUXY. L1 eKCKIF03UBHI OpeHH, B CBOIO YEpPTy, JO3BOJSIOTh BCTAHOBIIOBATH CYIEp-BUCOKI IIHA HA Ha-
BUYaHHSA 1 HOPMYIOTh YHIBEPCUTETCHKI OFOKETH, IO mepeBUITyioTh BBII okpemux kpaiH.

Excriepr 3 xxanem koHcTaTye, Mo OpeHau enitTHuX 3BO miaATpUMYyIOTECS HE SKICTIO OCBITH, IO € «I0-
pore, aJie IOCUTh MOCEPETHEY, a IITYYHO — IPUHOMHUMH KOMicisiMU. BoHH «IpopoOISIFOTE (haHTACTHYHY PO-
00Ty, CTBOPIOIOYM CaMHUil PETEIbHUI 1 TPYIOMICTKUI HpOIieC CHiBOECIIN B CydacHil icTOpii» Ha OCHOBI IO-
nepeanboi nepeBipku OiorpadiyHuX NaHUX abITypi€eHTIB Ta iX CTOPIHOK B COLMEpexax, Mmoo 3'sicyBaTu, Yu
3MIHCHIOBATIMCH OYAb-Ki 3JIOYMHMU; UM € MCUXIYHI BIAXUICHHS; 3JI0BKHBAaHHS aJIKOrojieM ad0o BUCTYIIH 3 pa-
CHUCTCHKUMU a00 iHIMMH (haHATHIHUMHU 3asIBAMHU.

Bin imeHi BignoBiganeHuX 3a amepukancbky BO ["amnoBelt HeBo3HauHO BU3HAE: «MU mparHeMo 10
KacTOBOI CHCTEMI, PAHXYIOUM MOJIOAWX JIIOJIEH 33 I0X0aMMy, HAaBOASYHU MEPEKOHINBI apTyMeHTH, 10 Haii-
cwibHiI Openau — ue He Apple, Mercedes-Benz a6o Coca-Cola, naticuneHimi 6penau — ue MIT, Oxford ta
Stanford. Ane akageMiku 1 agminicTpaTopH rpoBigaux 3BO cBiTy 3a octadHi 30 pOKiB YOMYCh BHPILIHIH, 110
YHIBEpCHTETChKa OCBIiTa HE € IPAaBOM JIIOAMHH, 1110 3a0e3Meuy€eThCs IEPKaBOIO, a € IPEAMETOM po3Kkomi. Bonn
OTPUMYIOTh 33JI0BOJICHHS KOXKEH pa3, KOJIM BUCTYNAIOTh Ha BHYTPIIIHIX 300pax i miJ Ty4Hi OTJIECKH KaXyTh:
«Y 1pOoMy potri My BigXwiriu He 85% abitypieHTiB, a 87%!». Lle piBHO3HAUHO TOMY, SIK OYUIBHUK MIPUTYIKY
JUTst O€3IOMHHUX XBAJIMBCS O, IO HAIEPeI0IHI BiBepHYBCA Bix 9 3 10 4OIOBIK, SKi 3BEPHYJIUCS IO HHOTO 3a
nIonoMoror. AMepukanchka cucrema BO, 3a piKiCHUM BHUHSTKOM, «BTpaTHiIa CBIM MEPBICHUNA CIICHApPIi».
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[IpaBna B Tomy, mo Oyas-skuid 3BO 3 gecsTkamu MinbapaiB Ha OajaHci, 10 HE 301IBIIYE KUIBKICTh MEPIIO-
KYpPCHHKIB, € HE CyCHUIBHIM OJIaroM, a MpUBaTHUM HiAIPUEMCTBOM, IO «CI'SHIJIE Bil PO3KOLII».

OTtxe, e 10 MaHAeMil 3axiTHa, 30KpeMa, aMepruKaHCchka, cuctema BO, 3 TOUKH 30py SKOCTI HAaBYaAHHS
Ta JOCTYHHOCTI, epedyBana B cepiio3niil kpuzi. COVID-19 octaTouno BBiB ii B cTaH KOpCTKOi TypOyneHT-
HocTi. [IpoTe, HaBiITh MaHIEMIsI — «KOMY BiifHa, a KOMY MaTH pifHay. JlesKuM, K IpaBHIO, CaMUM 0J1aromo-
nyuHuM i 6aratum 3BO, BoHa nae 1ie Oiblie T0XOIiB Bij Mepeaayi TeXHOIOr i, 0araTOMiIbSIPIHUX ITOXKEPT-
BYBaHb 1 JOAATKOBOTO Aepk(pinaHcyBaHHA. BimbIocTi K — Bennde3Hi NpoOieMH eKOHOMIYHOTO XapakTepy,
10 MafOTh CEPHO3HI TOBMOCTPOKOBI HACIIIKY JUTS iX 3MaTHOCTI BUKOHYBATH CBOI Micii. 3a cI0BaMH eKCIepTa,
naHaeMis 3MacTuiia Kojieca Uil BXOKEHHS BEIMKUX TexXHouorii y BO, 1o B ¢BOIO uepry, MOXyTbh 3/1laMaTu
KOJIECO 3apOKCHHS KacTOBOI cMcTeMH minTpuMku opeHay 3BO 3a paxyHOK 0OMEXEHHs HOro TOCTYITHOCTI.
[TocTnangemiuae MaitOyTHE CIIPUIMHHUTH TICHI TAPTHEPCHKI BITHOCHHH MiX eliTHUMH 3BO 1 HaltOUTbITMu
TEXHOJIOTIYHUMH KOMIIAHIsIMA CBiTy, B pe3yJbTaTi BHHUKHYTH YHiBepcuteTH-Kibopru: MIT@Google,
iStanford, HarvardxFacebook, Berkeley&Microsoft Toio.

i mapTHepchbKi BigHOCHHH J03BONIATE 3BO 3HaYHO po3mupuTH Habip CTYACHTIB, IPOTIOHYIOYH iM Jie-
FITUMHICTh OHJIAHH-CTYIEHIB OaKajaBpiB 1 MaricTpiB, a TaKOX Pi3HI CepTU(IKATH, TOCTYIHICTD 1 I[IHHICTb
SIKUX OyayTh celicMiuHO 3MmiHtoBaTu JauamadpT BO. 3HauHO Oiibiie JIF0ACH 3MOXKYTh OTPUMATH IOCTYII J0
HaziliHoi BO, xoua BoHa i Oyne HajaBaTHCS, B OCHOBHOMY, uepe3 [HrepHeT. Lle moiermuTs KUTTS COTHAM
MIJIBHOHIB JIFO/ICH, ajle M030aBHUTh JIFOJCTBO 1HAUBIAYaIbHOI CHCTEMH HaBYaHH, 1110 PO3BUBAJIACS CTOIITTIMH.
SIKIo ypsau He MOXKYTh 3a0€3MEUUTH PO3BUTOK THUX UM 1HIIUX cep KUTTS CYCHiNbCTBa, B ToMY uncii BO,
TO B HUX HEMHUHYYE BTPYUYaIOTHCS MiNbspaepH. | e 3aBKau Mae CBOIO 1iHY: BOHU CTAalOTh Maike HEAOTOP-
KaHHUMH MOHOIIOJIICTAMH Ha CBiTOBOMY pHHKY BO, 1 iX HE MOkHa OyIe YCYHYTH 3 ITOCa.

[Ipornosu I"anmnoBest MO0 BUHUKHEHHS YHIBEPCUTETiB-KiOOpriB, 0€3yMOBHO, TyXe MPaBIONONiOHi,
OCKIJTBKH CITUPAIOTHCS Ha HAsSBHI TEHACHINI. TeXHOJOTIYHI KOMIaHII-TiraHTH CTablILHO BHCIIOBITIOIOTH TJIH-
00Ky 3alliKaBJICHICTb B cepi OHIAHH-OCBITH. AJle SIKIIO paHille iX iHTepec 0 YTBOPEHHS 0OMEXYBaBCs Mij-
TOTOBKOIO (paxiBLiB, B OCHOBHOMY, Ul MOTPeO BIACHUX KOPIOpALiid, TO Telep BOHM BUXOISATH HAa CBITOBI
npoctopu. Tak, Hanpukiazn, B cepenuri masa 2020 poky, Google oronocus npo BumineHas 100 000 cturme-
HAIH Ha OTpUMaHHS OHJaiiH-cepTH(]iKaTiB B 00JIACTi aHATI3y JaHUX, YIIPaBIiHHS IPOEKTAMH 1 PU3HAUYEHOTO
JUTSE KOpHCTyBaua inTepercy.

OpHak, HE3BKAIOYM HA CBOIO TVIMOMHY 1 JIOTIKY, IPOrHO3M [ ayioBess He 1030aBICHI MPOTHPITIS. 3
ogHOro 0OKY, eKcrepT 0aunTh B MacITadyBaHHI Cy4aCHUX TEXHOJIOTIH CUITy, 34aTHY 3pYHHYBaTH KacTOBICTb
BO, 3a6e3meunBmy 10 HHOIO JOCTYT BCiX Oakaroumx. 3 1HIIOTO, BiH KOHCTATYE, IO Il K TEXHOJOTI1, «IIpH-
KYIOTB» JIO CBOIX KOMIT IOTEPIB COTHI MIJIbIOHIB MOJIOJTUX JIFOZCH, 1 OCTATOYHO PO3ILIATH CBIT Ha yxKe Oara-
THX 1 BigHOCHO OimHuX. Ilepmr OymyTh HaBUaTHCS B KaMITycax, ApYyTi - TUTBKH BaoMa. Jlami [amroseit mpie
PO BEJIMUE3HI 3apaxyBaHHs, IO 3MOXKYTh 3a0€3IICUNTH YHIBEPCUTETH-KIOOPTH; ajie BU3HAE, 110 OCHOBHI JIH-
BigeHIH BiA AisbHOCTI 3BO 1 mpaBo po3nopsKaTUCS TEXHONOTIIMHU 3aIUIINTECS Y «KYTIKA MiJIbSPACPIBY.
Agte € 1 6e3mepeyHi Te3u, HapUKIIa, Mpo Te, IO IJIsS 3HAYHOTO 301BIICHHS PEHTA0STHbHOCTI IEP’)KaBHUX 1H-
Bectuuiil B 3BO ocTanHIM HEOOXiAHO MaciuTaOHE BUKOPUCTAHHS HAHCYYaCHIIINX TEXHOIOTIH.

VY [32] posrsiHyTO ckiaaHe 3aBaaHHs BO B mepion comiaqbHOrO IMCTAaHLIIOBAHHS, 3 BPaXyBaHHSIM
TOTO, IIT0 BapiaHT MOBEPHEHHS A0 HOPMH Hapasi € 1mo3a kouTpoieMm 3BO, Ta BapiaHT MOBHICTIO BiITAICHOTO
HaBYaHHsI TIOKH IO HE BC1 TOTOBI po3risaaTy. s 3HaxomKeHHs pillieHHS MiX [IMMHU JJBOMA MOJII0CaMU, TIpei-
CTaBJICHI YMOBHI MOJIeJIi TIOBEPHEHHSI 10 OYHOTO HAaBUAHHS JIIS OUTBIIOCTI KOJEKIB Ta YHIBEPCUTETIB: 1)
MOBEPHEHHS 10 HOPMU; 2) Mi3HIH cTapT; 3) NepeHeceHHsT CeMEeCTpiB; 4) IHTCHCUB Ul HEPIIOKYPCHUKIB; 5)
nepeBara BUITyCKHUX KypCiB; 6) CTpyKTypoBaHa akajeMiuHa nepepsa (Gap Year); 7) HinboBUl HaBUYaJIbHUI
m1aH; §) cerMeHTOBaHa HaBYaIbHA TIporpama; 9) 6mok-turan; 10) MogyapHiCTh; 11) BipTyanbHe HABYAHHS CTY-
JICHTIB 3 TYPTOKHUTKY; 12) MOaeNb 3 HU3bKOIO MpUCyTHICTIO; 13) 3mimana mogens (HyFlex); 14) momudiko-
BaHa KOHCYJbTaTHBHA MOJIENb; 15) MOBHA BilAICHICTh. BaxmmBuM cTae Oym0oBa CIiIBHOTH, sSIKa MIATPHMYE
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HaBYaHHS Ta 0COOJIMBOI yBaru NoTpedye MiATPUMKA BUKIIAITaHHS Ta HABYAHHS, KOHCYJIbTYBaHHS, 3JIOPOB'S Ta
N0OpOOYTY CTYICHTIB, BUKIIaa4diB Ta CIiBPOOITHUKIB, KOOPAMHAILIS Ta JIOTICTHKA.

V [33] 3a3HaueHo, 1110 r100abHI KPU3HU 3aBXKIU CIPUSIOTH IIPOrPECy TEXHOJIOTIH Ta TX IIMPOKOMACIII-
TaOHOTO BIPOBAKCHHS B JKUTTS CYCIIIBCTBA CIIOCOOAMHM, IO PaHIIlle BBAXKAIIUCS HEMOMXIIMBUMHU Ta Came
TIaHIeMist KOPOHABIpYCY Jajia MOMITOBX JJIS IIAPIIIOT0 3aCTOCYBaHHS TEXHOJOTIYHUX MTPOIIECIB 1 MOIEIICH MH-
CJICHHS, IO 32 3BHYAHHUX YMOB 3a)Kafajio O OiIbIT TPUBAJIOTO Yacy.

VY migcyMKy 10 IpOBEICHOTO aHalli3y MOKHA BCTAHOBUTH, IO IMyOJIIYHUHA AUCKYPC 3 TPOOIEeMaTHKU
BIUTMBY TaHeMii KopoHaBipycy Ha cTaH chepu BO po3BHUBAETHCS, MPUPOCTAE HOBOIO 1HGOPMAIIIEI0, TUCKY-
CiSIMU 1 CTATUCTHKOIO, JOMIOMAarae HaM Kpaliie 30pi€HTYBATUCS B CKJIaIHUX CUTYAIisIX ChOTOJCHHS, 3HAXOUTH
HaWO1IpIT ePeKTHUBHI PIiICHHS 1 BUOYOBYBATH pallioHAIBHI CIieHapii po3BUTKY. TuM Oinbire mo 006roBopro-
BaHi MPoOJIEMHU BUABJISAIOTHCS 3aralbHUMU I BCix 3BO, He3anexxHo Bia (OpM BIACHOCTI Ta HAIllOHAJIBHOT
MpUHANIEKHOCTI. TOX, HacTaE «KMOMEHT ICTHHI» y TIPOIIECi pO3yMiHHS HAaraJlbHHUX BUKIUKIB, 1[0 IPUBHECTA
naHaeMis y chepy BO, Ta npencTaBuTH mapagoke Ta mapaaurmMy eeKTHBHOI MOJIEIi OCBITHROI, HAYKOBOI Ta
MPUKIIAIHOI AISUTBHOCTI.

[TinroToBKa cIremniaaicTiB BUCOKOTO KJIaCy B HOBUX yMOBaX moTpedye ctBopenHs HoBux OIIII ta OHII,
BIPOBAHKCHHS Cy9acCHUX MYJIbANMEIIMHUX 3ac00iB HaBYaHHS, HABUYAILHUX (ITbMIB, HAITUCAHHS HOBUX CH-
nalyciB, HABYAJILHO METOJUYHMX KOMIUIEKCIB, poOOOYHX Mporpam, NOCiOHMKIB Ta MiApy4YHUKIB TOIIO. [Ipn
IIbOMY PIBEHb HaBaHTAKCHHS Ha BUKJIagada 3pocTace B 3 — 4 pas3u, 3a IOCBIIOM MPOBITHUX 3aK0poHHNX 3BO
3a BUKJIaIa4eM 3aKPIILTIOETHCS BCHOTO 2 — 3 CTYICHTH, 3aMicTh § — 10 CTYJCHTIB y HaImMX peainisx. [Hmoro
piBHS Mae OyTH MaTepialbHO-TeXHIYHA 0a3a BUKJIAIAlLKOTO CKIIaly HAPUKIIAI, HAIBHICTH OCOOUCTOTO HOY-
TOYKy ¥ 3ac001B KOMYyHIKaIlii Ta BiAMOBITHOT KOMIT IOTEPHOI TPAMOTHOCTI 13 3aCBOEHHS 3aC00iB KOMII FOTEP-
HO1 KOMYHiKaIii.

Po3BuTOK myanpHOI OCBITH, 10 MOeAHYe HaBdaHHS ¥ 3BO Ta 6e3nocepeHp0 Ha BUPOOHUIITBI, B yCTa-
HOBI, opraHi3anii, abo «B Toi», nepeadavyae akTUBHY y4acTb poOOTOAABIIB, HacaMIepel Y HalaHHI MOKIIH-
BOCTel 3100yBayam BO omaHOBYBaTH MPaKTHYHI HABUYKH, 3AJTyUYCHHI BUKIIAIaviB-IPAKTUKIB, PO3BUTKY Ma-
TepiaapbHO-TeXHITHO1 0a3u 3BO, po3po0ii HOBUX METOIUYHMX MiAX0iB. JlyanpHa OCcBiTa Ma€ Ha METI pO3BH-
BaTH y 3100yBauiB BO npakTuyHe po3yMiHHS 0cOONMBOCTEH CBO€ET mpodecii, azantyBaTtu OCBiTHIH mporec y
3BO g0 BuMor puHKY mpaii. HasBHICTh eeMEeHTIB AyadbHOI OCBITH HE € 000B’I3KOBUMU MPU aKpeauTaIlii
OCBITHIX TpOTpaM, OJIHAK, HasBHICTh TaKUX CJIEMCHTIB HAJa€ OCBITHINA MpOrpaMi CYTTEBI MepeBaru. Takum
YUHOM, JIUISl JJOCATHEHHS MMocTaBlieHuX e, 3BO Ta xadeapy MOBUHHI MpaIfoBaTH 3 POOOTONABIIMH, Bpa-
XOBYBAaTH iX 3aUTH Ta 320€3MevyBaTy X NOTpeOH y AKICHUX BUITYCKHHKAX, FTOTOBUX BUKOHYBATH 3a/1aHi Y-
HKUIT Ta npuHOCUTH NpUOyTOK. {115 mboro kpiM (opmanbsHOro cknananas JoroBopis (Yroa) mpo criBOpario
HeoOXiHa mocTiiHa (1oaeHHa) poOoTa 3 poOOTOMABILISMH, IO MOJIATAE y: KOHCYJIbTYBaHHI, 00MiHI iH(OP-
MaIli€r0, BAKOHAHHI HAyKOBO-AOCIITHUX Ta JOCIiTHO-KOHCTPYKTOPCHKHUX POOIT, BAKOHAHHI HAyKOBO-TEXHIY-
HOT'O CYIpOBOY 00’ €KTIB OyiBHHUIITBA TOIIO.

JList mokpareHHs poOOTH B HAMPSMKY ITPAKTHYIHOI M ATOTOBKH CTYACHTIB AOLUILHO: a) OImyOIiKyBaTH
[epenik ycraHOB-TTapTHEPIB, CHUIBHO 3 SKUMH peaitizyeTbes Cuctema npodeciiitHoro po3BUTKY BUKIIaada Ta
MPaKTUYHOI MATOTOBKU CTYACHTiB; 0) B 00’ enHaHHAX poOOTOAaBLIB, Hanpukiaa, HamionansHiil Ta Beeyk-
paiHCBKiN TOPOXHIX acoIliaIlisax, Ta MPOBIMHAX OPTaHi3allisfax raigysi 310patu gaHi Mpo HEOOXiMHY KiIBKICTh
BUITYCKHUKIB 32 HalpsMKaMU MiATOTOBKH Ta CIEIiaIbHOCTSIMH Ui BUKoHaHHs [Iporpamu Benuke OymiBHE-
LTBO; B) po3podutu [Iporpamy oprasizaiii cTaxyBaHHS I€IarOriYHAX Ta HAYKOBO-IIEAAroriyHMX KajapiB Ha
BHUPOOHUITBI; I') OpraHi3yBaTu mpoBeAcHHs npakTuk y 2021 poui 3a cnenianbHicTiO 192 «byniBHHLTBO Ta
LUBLIbHA 1HKEHepis» Ha 00’ekTax Benukoro OyniBHUITBAa aBTOMOOIIBHUX AOPIT Ta a€pOJPOMIB, Cy4aCHHX
AB3 Ta 11B3, mpoBigHUX NPOEKTHUX OPraHi3allisfax Tomo. 3aKpilUTH HACTABHHUKIB 13 IPOBIAHUX (PaxiBLiB M-
MIPUEMCTB 32 KOKHUM CTyAeHTOM. Lle 3a0e3neunTs B mepcrnekTUBi afpecHy, HiIbOBY MiATOTOBKY KaApiB A
KOHKPETHHX IIIIMPUEMCTB; J) CTBOPWUTH HaBUYalIbHI (ITBMH Ta MpPOTpaMHI KOMIUIEKCH 3 HAIISIHOTO

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXXHE 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 109

140



CUCTEMHUM AHAJII3

KOMIT IOTEpPHOT'O MOJICIOBAHHS MPOoIeciB BUIIPoOyBaHHs Ta OyIiBHULTBA 00’ €KTIB TPAHCHOPTHOI iHppacTpy-
KTypH (Ha 3pa30K CTUMYJISTOPIB IIPH MiATOTOBILI MiIOTIB YX BOAIIB) TOLIO.

Kpim Toro, BrpoBaJKeHHS 3MIIIAHOI OCBiTH, 3a sikol 80% Oyne mucraHmiliHa podora i Timbku 20%
OYHa MPAaKTHKa, BUMArae KapAWHaJIbHO HOBUX MiAXOMIB A0 IUIAaHYBaHHS Ta peanizalii MpakTU4YHOI poOOTH
crynenrie. Ha kadenpi aepornopTis, y cmiBnparii 3 pexxucepoM [TaxomoBum CeprieMm IBaHOBHYEM CTBOPEHO
binpM «Jloporu He3aaeKHOCTI». Sk 00’ €KT IHTEICKTYaIbHOI BIIACHOCTI BiH € IEPIIIOIO0 JIACTIBKOIO Y HAIPAMKY
PO3BHUTKY MeJia KOHTEHTY II0JI0 YaCTKOBOI 3aMiHM NMPAKTUKU CTYACHTIB IPH HEMOKJIMBOCTI JOCTYIY AO Ja-
OopaTopiii Ta BUi3My Ha 00’ €KTH OyXiBHUIITBA.

Kpwusa cTBOpIo€ BUKIUKY 1 HaZla€ MOKIMBOCTI. XTO MEPLINI 3aiiMe HOBY Hillly, TOH i Oy/ie IpaloBaTH.
4 MJTH. TOTCHIIMHUX CTYACHTIB OJIMKHBOTO Ta 1aJIbHBOIO 3apYOIXKIKSA B OCBITI 0€3 KOPIOHIB — 1€ TOH MOTCH-
Iiaj 3a ki Tpeda 6opoTHUCs.
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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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Abstract: The article deals with the system of training of analysts and proposes the analytical structure
of the transport and road complex with the corresponding analytical centers in each of the regions of the coun-
try, which have the principal novelty of research on rational forms and methods of information and analytical
activity for improving the infrastructure projects and programs management and it is the perspective of creation
of industry analytical elite.

The object of the research - it is a system for the training of analysts majoring in “System analysis in
transport infrastructure” for the transport and road complex of the country.

The purpose of work — it is to identify the main program goals of applied system analysis in the transport
infrastructure and strategic ways for the creation of analytical elite of the transport and road complex of the
country.

Method of research - it is a systemic, conceptual and software approaches.

Suggested industry analytical structure has principled novelty toward the training of systemic analysts,
providing with them the transport and road complex of the country, the continuous monitoring of the state and
expert evaluation of the important decisions, the development of alternative infrastructure projects and pro-
grams in related fields of transport and road industry, that allow qualitatively to improve decision-making at
strategic, tactful and operational levels of the management toward infrastructure projects.

The support from the side of interested parties (Stakeholders) of the Ministry of Infrastructure and
Ministry of Education concerning guaranteed annual state order of stated specialty “System analysis in
transport infrastructure” in National Transport University will allow significantly increase the analytical po-
tential of transport and road complex and country as a whole.
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Further development of the object of research — it is the state support for the system of the training of
analysts for the transport and road complex of the country and suggested analytical system is the basis for the
development of related fields of transport and road industry and support of public initiatives in improving the
management toward infrastructure projects and programs and the creation of industry analytical elite.

Key words: system analysis, infrastructure of transport, transport and road complex, industry analytical
center, analytical elite.

Formulation of the problem.

Today's scientific tasks are aimed at ensuring the reliable functioning of the transport-road complex
(TRC) of the country as a whole and in the areas of research of the state of materials in structures and destruc-
tive processes, development and improvement of means and materials for increasing the reliability and dura-
bility of building structures, buildings and structures using modern construction technologies.

The use of the Road Fund and the annual increase in funding proves that the authorities have under-
standing attitudes to solving the problems of the country's road industry. Recent changes to the Budget Code
and the state budget for 2020 allow “Ukravtodor” to borrow under state guarantees and raise additional funds
for the repair of about 6,500 km. and construction of at least 4,000 km. of roads, construction of several junc-
tions on the most dangerous sections of general-purpose roads, bridges in Zaporizhzhya, Mykolayiv and Kre-
menchuk, as well as 9 bypass roads in Ukraine. 34 road projects in 14 regions of the country have already been
started this year. [1]

Positive developments in financing require an appropriate attitude to the profile staffing providing of
the country's road industry, namely the proper support of innovative projects for the design, construction, op-
eration, maintenance, repair, and reconstruction of transport infrastructure facilities in accordance with the
requirements and provisions of applicable legislative and regulatory legal acts of Ukraine.

Therefore, the industry needs the immediate provision with appropriate specialists to carry out profes-
sional tasks and responsibilities of an applied nature regarding the rational strategic, tactical and operational
management toward infrastructure projects and their successful implementation. This is about the perspective
direction for the training of highly qualified personnel, namely system analysts who combine the professional
competences of related fields of transport and road management. The implementation of this educational pro-
ject will solve the problems of providing the industry with analysts of transport infrastructure systems and the
creation of analytical elite of the TRC of the country, which is capable of solving strategic goals.

Analysis of the recent research and publications.

The carried out analysis of research and publications revealed the following. In work [2] it is discussed
the basic conceptual approaches toward understanding the nature of public administration analytics as a system
that combines problematic, methodological, information-technological, organizational, value-normative, per-
sonnel aspects. It is emphasized that the importance among the rules of the social phenomenon makes the
institutionalization of analytical activity, which is becoming a widespread and influential type of socio-eco-
nomic activity and is increasingly based on the values, norms and standards that are formed in society.

In accordance with this rule, there, in our country, is a need to intensify intellectual activity in general
and analytical in particular. This is possible only if the country creates its policy in the field of analytical
intelligence. In work [3] it is proved that the professional and activity part of the analytical component is a set
of special competencies, which are invariant, determine the competences related to the knowledge of the ap-
paratus of performing analytical functions. These include information-analytical, accounting-analytical, finan-
cial-analytical, mathematical or quantitative-analytical, system-analytical and IT-analytical. All analytical
competencies form the analytical competence of the specialist, which will allow specialist to make careful
decisions in order to improve productivity at strategic, tactical and productive levels. Based on the theoretical
analysis of the basic concepts of the research, analytical competence is defined as an integrative professional
quality of a person, reflecting, on the one hand, the ability to identify an information need, to search the infor-
mation, and to have effective work with it using the processes of analysis and synthesis; the ability to get
general successful indicators based on accounting and financial and quantitative analysis of the activity and
to conduct the evaluated conclusions, the ability to research systematically and to evaluate situation; and, on
the other hand, the ability of the individual to use computer technology and telecommunications technology
as a tool for analytical research and use them in professional and daily life for making of management deci-
sions. In work [4] it is researched the normative regulation and the current situation for training analysts of the
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information field. The raised question is about the classification features of the field of knowledge and spe-
cialty of persons who are professionally engaged in analytical activity. There are differences in national clas-
sifiers; resolutions of the Cabinet of Ministers of Ukraine concerning the training of relevant specialists. It is
noted that there is no mechanism for calculating the need in such specialists. Issues of activity of the Ministry
of Information Policy of Ukraine are separately raised. The division of analysts' competences by educational
level is proposed according to the transnational and national qualifications limits. The conclusion about the
fatal consequences of laying the emphasis of training analysts of the information field on self-education has
been made. In work [5], the evolution of system analysis from ancient Greek philosophy to synergetic is dis-
cussed. The transition from authoritarian public administration to democratic governance is analyzed. The
dependence of changes in systemic and state management theories on the development of economic sectors is
shown. The choice of a systematic approach as a theoretical and methodological basis of state management is
substantiated. It is emphasized that the current crisis of the classical theory of state management is connected
with the rapid growth of the tertiary post-industrial sector of the economy (production of services). The way
out of this crisis is to develop ways of democratic governance on the basis of decentralization and forming
partnerships between government and citizens based on their self-organization and self-government, the most
famous of which are the concepts of New Public Management and Good Governance. The large number of
unsuccessful attempts of using classical systems approaches and methodologies for the solution of state prob-
lems makes us search the new systems theories, the most popular of which is synergetic. The formation of the
Quaternary sector of the economy makes the systematics become the theoretical and methodological basis of
state management. The perspectives of further exploration in this direction are in connection with the fact that
the five-year economic sector will be based on motivations. Charlatan commercial religious sects, PR agencies,
astrological communities, and the similar structures are already looking for ways for this activity to carry
commercial nature. Therefore, it is necessary to investigate how these changes will affect the practice and
theory of state management, which system theories support the solution of new problems related to the evolu-
tion of human creative abilities.

Formulating of the goals of the article.

Based on the above, the purpose of this article is to determine the main programmatic goals of applied
system analysis in the transport infrastructure and strategic directions of creation of the analytical elite of the
country’s transport and road complex.

Outline of the main research material.

It should be noted that global trends of using the modern technologies in road construction, new meth-
ods (including Foresight methods), strategic, tactical and operational management toward infrastructure pro-
jects require a respective level of professional training of system analysts, especially analysts of transport
infrastructure systems.

They are future high-class specialists who are ready to fulfill the tasks of the customers within the
requirements and provisions of the current legislative and regulatory acts.

In view of the above, in 2017, on the basis of the fundamental theoretical and applied platform created
by the Department of Airports of the National Transport University (NTU), training of analysts in the special-
ization "System Analysis in Transport Infrastructure" was started. Considering the educational program, we
will define its uniqueness and differences. The Bachelor's program consists of the following educational com-
ponents: theoretical part, practice and final certification.

The theoretical part is the disciplines (modules) related to the normative part of the program, and the
disciplines (modules) related to its selective part, which is formed by NTU and provides the opportunity to
implement bachelor programs that have different professional directions of education within the same spe-
cialty. The program includes blocks of the selective part toward the specialty and for specialization "System
analysis in the transport infrastructure".

The program includes the disciplines of the cycle of humanitarian and socio-economic disciplines (9%),
the cycle of disciplines of mathematical and natural and scientific training (21%), the cycle of vocational and
practical training toward the specialty (45%), the cycle of vocational and practical training in special activities
(25%).

Practices are fully relevant to the selective part of the program. The program of practice provides prac-
tical acquaintance and acquisition of practical skills toward the specialty and professional direction.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXKHE BY IIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

149



CUCTEMHUM AHAJII3

Final certification has deal with the normative part of the program and ends with the assignment of the
qualification specified in the list of specialties and directions of higher education training.

The training time and the time of organization of the program permit to have internships (or part of
training) abroad on the basis of individual grants.

The educational program includes the implementation of a competent approach to the organization of
the educational process, which allows to present the results of training with the help of an integrated system of
competences and consists in the ability to solve complex specialized problems and practical problems of sys-
tem analysis in professional activity or in the process of learning, which involve the using of theoretical pro-
visions and methods of system analysis and information technology and is characterized by the complexity
and uncertainty of the conditions.

The focus of the program is on the ability to use the technologies of analysis, modeling, forecasting,
design and decision making in the field of construction of transport infrastructure objects. The educational
program involves the acquisition of social skills (soft skills). Comparison of program specialized professional
competencies and learning results are presented in Table 1.

At the same time, the conducted analysis of the list of competences of the graduate identified on the
basis of the standard of higher education of Ukraine [6] majoring in the specialty "System analysis" for the
first (bachelor) level of higher education, approved and put into effect by the order of the Ministry of Education
and Science #1245 as of November 13, 2018 did not identify the methods, techniques and technologies of a
psychological nature that a higher education graduate should master for using in practice.

Table 1 — Program specialized professional competencies and results of learning
Tabmuis 1 — [porpamHi criertianizoBaHo-npodeciiiHi KOMIETEHTHOCTI Ta pe3yJIbTaTh HaBYaHHs

Program specialized professional competencies

Program learning results

1

2

ability to analyze, use the provisions of the legisla-
tive and regulatory framework in the field of design,
construction and operation of transport infrastructure
objects and technologies with regard to their reliabil-

ity

be able to analyze, use the provisions of the legisla-
tive regulatory framework in the field of design, con-
struction and operation of transport infrastructure
objects and technologies with regard to their reliabil-

ity

knowledge of engineering research methods, design
technology using universal and specialized software
and computer systems and systems for automated
design of transport infrastructure objects

know the methods of engineering research, design
technology using universal and specialized software
and computer systems and systems of automated de-
sign of objects of transport infrastructure

knowledge of methods and technology of operation,
reconstruction and reliability of transport infrastruc-
ture objects

to know methods and technology of operation, re-
construction and reliability of transport infrastruc-
ture objects

ability to use the requirements of occupational
safety, fire safety, life safety and environmental pro-
tection when designing, constructing, operating and
reconstructing transport infrastructure objects

be able to use the requirements of occupational
safety, fire safety, life safety and environmental pro-
tection when designing construction, operation and
reconstruction of transport infrastructure objects

ability to carry out and organize the technical opera-
tion of transport infrastructure objects, to ensure the
reliability, safety and efficiency of their work, to an-
alyze the technical and economic efficiency of their
work and development of measures to improve them

be able to carry out and organize the technical oper-
ation of transport infrastructure objects, to ensure the
reliability, safety and efficiency of their work, to an-
alyze the technical and economic efficiency of their
work and to develop measures for its improvement
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Continued table 1

1

2

knowledge of the organizational and legal grounds
of management and business activity, planning of
staff work and methods of implementing innovative
ideas, organization of production and effective man-
agement toward people's work during the design,
construction and operation of transport infrastructure
objects

to know organizational and legal grounds of man-
agement and business activity, planning of staff
work and methods of implementation of innovative
ideas, organization of production and effective man-
agement toward people's work during the design,
construction and operation of transport infrastructure
objects

knowledge of the nomenclature of building materials
and products of inorganic and organic nature, their
technical and operational properties, features of
manufacturing and rational use depending on the
conditions of use, operation and taking into account
economic appropriateness, environmental safety,
economics of nature management and performance
of technical and economic analysis and calculation
of indicators of production of different types of
building materials, products and structures

to know the nomenclature of building materials and
products of inorganic and organic nature, their tech-
nical and operational properties, features of manu-
facturing and rational use depending on the condi-
tions of use, operation and taking into account eco-
nomic appropriateness, environmental safety, eco-
nomics of nature management and to perform tech-
nical and economic analysis and calculation of indi-
cators of production of different types of building
materials, products and structures

knowledge of raw material base, nomenclature and
grounds of technologies of getting all types of build-
ing materials, products and structures, design of
technological lines and enterprises, their production
using local raw materials and industrial waste, de-
signing of effective technologies of monitoring of
their reliability

to know the raw material base, nomenclature and
grounds of technologies of getting all types of build-
ing materials, products and structures and to design
technological lines and enterprises, their production
using local raw materials and industrial waste, to de-
sign effective technologies of monitoring of their re-
liability

knowledge of the grounds of production processes,
principles and methods of their organization in the
main, collateral and service units of enterprises,
methodology of research and design of production
processes and systems and theoretical rules of the
flow of elementary processes and basic stages of
technological process of manufacturing building ma-
terials, products and structures, principles of optimi-
zation of technological solutions and calculating the
parameters of technological processes and apparatus
and assessing their impact on the environment

to know the basics of production processes, princi-
ples and methods of their organization in the main,
collateral and service units of enterprises, methodol-
ogy of research and design of production processes
and systems and theoretical rules of the flow of ele-
mentary processes and basic stages of technological
process of manufacturing building materials, prod-
ucts and structures, principles of optimization of
technological solutions and calculating the parame-
ters of technological processes and apparatus and as-
sessing their impact on the environment

ability to determine the basic properties of building
materials, products and structures using modern test
methods, to determine the dependence of the proper-
ties of materials on their composition and structure,
as well as their manufacturing technology for the ra-
tional and environmentally friendly use of building
materials, products and structures for objects of
transport infrastructure

be able to determine the basic properties of building
materials, products and structures using modern test
methods, to determine the dependence of materials
properties on their composition and structure, as well
as their manufacturing technology for the rational
and environmentally friendly use of building materi-
als, products and structures for objects of transport
infrastructure
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Continued table 1

1

2

knowledge of technology of production and utiliza-
tion of industrial waste toward the industry fields,
main measures of utilization, recuperation and recy-
cling of waste

To know the technology of production and utiliza-
tion of industrial waste toward the industry field,
main measures of utilization, recuperation and recy-
cling of waste

Ability to conduct monitoring and evaluation of the
reliability of the condition of structural elements of
transport infrastructure objects

be able to conduct monitoring and evaluation of the
reliability of the condition of structural elements of
transport infrastructure objects

ability to develop technical documentation and draw
up work schedules, instructions, plans, budgets con-
cerning monitoring of the reliability of the condition
of the structural elements of transport infrastructure
objects

be able to develop technical documentation and draw
up work schedules, instructions, plans, budgets con-
cerning monitoring of the reliability of the condition
of structural elements of transport infrastructure ob-
jects

For comparison, the Institute for the Future report presents a map of future professional skills [7],
which defines current skills in the context of scientific and technological progress: critical thinking; innovative
adaptive thinking and the ability to work with modern media resources; calculated thinking; project thinking;
managing toward cognitive load; social intelligence; intercultural competence; ability to work remotely; trans-
disciplinarity.

Therefore, in order to receive full professional training in the curricula of future system analysts, it is
necessary to add a block of psychological and pedagogical disciplines, such as "Psychology and pedagogy",
"Psychology of personality”, "Psychology of effective communication”, "Psychology of leadership, influence
and power", etc. [8], which gives great impetus to the development of the humanitarian component of higher
education, especially modern philosophy [9]. As a result, graduates are formed knowledge in the field of psy-
chology of personality, cognitive processes, psychology of activity, psychology of a group (team), psychology
of human relations; ability to work in a team, create conditions for cooperation; management skills toward
workgroup and teamwork skills, reflecting a particular application focus for future communication of system
analyst.

In view of the above, it becomes an urgent need to develop new conceptual approaches to the creation
of the industry analytical structure, that has, in its work, a fundamental novelty toward the continuous moni-
toring of the state, expert assessment of priority decisions, development of alternative infrastructure projects
and programs in related fields of transport and road industry and will allow qualitatively to improve work
concerning decision-making at all levels of management: strategic, tactical and operational.

It is proposed to establish an industry analytical center of the country's transport and road complex
(IAC) with corresponding branches - regional analytical center (RAC) in each of the regions, which have a
fundamental novelty toward conducting research with rational forms and methods of information and analyti-
cal activity, Figure 1.

In order to ensure reliable functioning of the IAC it is important to form a team of like-minded people
and to solve the following strategic tasks:

- creation of analytical tools for the implementation of infrastructure projects;

- creation of common infrastructure and methodology of expert-analytical activity of regional centers
for solving problems at the place and promotion of their own infrastructure projects in the regions;

- creation of a modern and powerful analytical support for the warning management system, using
predictive analytics technologies based on Big Data to expand the network of expert groups (centers);

- creation of a multilevel monitoring system of available information toward the implementation of
infrastructure projects in the regions, the country as a whole and in the world. The monitoring product will be
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constantly updated Profile Collection (Atlas) of maps, illustrations, tables, schemes toward solving problems
of transport infrastructure systems;

- training and professional training of analysts of transport infrastructure systems for public, local and
private management on the basis of the created fundamental theoretical and applied platform at the department
of airports of NTU, where training toward this specialization is conducted since 2017.

The conceptual decision for creation and functioning IAC is to involve a wide range of experts and
organizations in the expert-analytical activity, to establish relations with a number of leading regional and
foreign mass media, news agencies, scientific and research and project institutes, the Administration of Presi-
dent, the Government, local state administrations, self-government bodies.

Industry Analytical Center

I 1
1 . : 1
of the Transport and Road Complex of Ukraine : Regloilaﬂl.analyctxlcal :ﬂ—
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Figure 1 — The conceptual scheme of the analytical structure of the transport and road complex of the country
Pucynok 1 — KonrentyanbHa cxemMa aHaTITUIHOT CTPYKTYPH TPAHCITOPTHO-TIOPOKHBOTO KOMITIEKCY KpaiHu

The main idea is to develop and implement a program to build a highly efficient self-structured hierar-
chical multi-purpose system that will generate the analytical elite of the TRC of the country and is designed to
develop and support public initiatives in improving the management toward infrastructure projects. Using this
system will significantly enhance the analytical potential of our country as a whole.

Y our mobile publishing department and the staff of contracted journalists are required. Due to the for-
mation and maintenance of appropriate databases, the use of advanced information and analytical technologies
IAC will be able to conduct deep analytical studies of a multidisciplinary nature with the involvement of nec-
essary specialists (researchers, analysts, consultants). Also, IAC will take into account the world experience
of similar structures, in particular, RAND Corporation and DARPA (USA) [10].
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Conclusions from this research.

Global trends in the direction of modern technologies in the road construction, the use of new methods
(including Foresight methods), strategic, tactical and operational management toward infrastructure projects
require an appropriate level of professional training of system analysts.

The programs of academic disciplines in “System Analysis” course should take into account the re-
quirements of the present and perspective future and special applied orientation and emphasize on the training
of competitive specialists for the analytical structures of the TRC of the country.

There is a clear example of solving the problem of providing of TRC with high-qualified personnel by
the department of airports of NTU, on which in 2017 it was started the training of analysts in the specialty
"System analysis in transport infrastructure" on the basis of the created fundamental theoretical and applied
platform.

The uniqueness of the academic, practical and applied orientation of the educational program ensure a
relevant teaching staff of professional practitioners in close collaboration with interested parties (stakeholders),
among whom are relevant government officials, representatives of local authorities and state administrations,
industrial ministries, agencies, services and scientific and research institutions, higher education institutions,
transport infrastructure facilities, transport and road operators of different forms of ownership.

The analysis of the list of competences of the graduate, identified on the basis of the higher education
standard of Ukraine toward the specialty "System analysis" and the report of Institute for the Future concerning
future working skills for 2020 proves the need to add a block of psychological and pedagogical disciplines in
the curricula in order to receive a full vocational training reflecting the special application orientation for com-
munication of future system analysts.

Considering the strategic importance of system analysts for TRC and the country as a whole, the Min-
istry of Education and the Ministry of Infrastructure should provide an annual state order of 10 people for the
declared specialization "System Analysis in Transport Infrastructure".

The creation of a IAC will be the basis for the development of related industry of transport and road
industry and the support of public initiatives in improving the management toward infrastructure projects.

The functioning of the IAC will give impetus to the creation of the analytical elite of the TRC of the
country through the involvement of a wide range of experts-analysts, team nature of work, institutionalization
of expert-analytical fellowship, using of network structure.

The purposeful and systematic promotion of intellectual achievements of the national applied school of
system analysis in the transport infrastructure among compatriots abroad should be considered as an important
direction of activity.
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B craTTi po3riIsIHYTO CHUCTEMY MIiATOTOBKM AaHAJITHKIB Ta 3alPOIIOHOBAHO AHANITHUYHY CTPYKTYPY
TPAHCIIOPTHO-TOPOKHLOTO KOMITIEKCY 3 BIIIOBIIHAMH aHATITHYHAMHU IICHTPAMH B KOKHOMY 3 PETiOHIB
KpaiHH, 10 MalOTh NPUHLIUIIOBY HOBW3HY NOCTIIKEHHS 3a pamioHadbHUMHU (opMmMamu i Metomamu iHdop-
MalliiHO-aHAIITHYHOT AiIsUTBHOCTI I MOJIIIIICHHS yIpaBIiHHS 1HQPACTPYKTYPHUMHU MIPOEKTAMH 1 Iporpa-
MaMHU Ta € MIEPCICKTUBOI0 CTBOPEHHS raTy3eBOi aHAITUYHOL SITITH.

OO0'eKT MOCIIIKEHHS — CHCTEMAa MIATOTOBKU aHAIITHKIB 3a crerjamsamieio «CHCTEMHUN aHaii3 B
TPAHCIOPTHIN 1HDPACTPYKTYPi» IS TPAHCIIOPTHO-AOPOKHBOIO KOMIUIEKCY KpaiHu.

MeTa poOOTH — BU3HAYCHHSI OCHOBHHUX MPOTPAMHHUX I[JICH MPUKIIAJHOTO CUCTEMHOTO aHai3y B TPaHC-
MOPTHIH iHQPaCTPYKTypi Ta CTPATEriYHUX HAIPSIMIB CTBOPCHHS aHATITUYHOI €JIITH TPAHCIIOPTHO-IOPOKHbB-
Or0 KOMIDICKCY KpaiHH.

MeTo/ TOCITIPKEHHS. — CUCTEMHUH, KOHIIENTYaIbHHIA Ta MPOTPAMHIN TiIX0IH.

3anponoHoBaHa Traily3eBa aHAITHYHA CTPYKTypa Ma€ MPHHIUIIOBY HOBU3HY LIOJIO IMiJTOTOBKU CH-
CTEMHHMX aHATITHKIB, 3a0e3MeUeHHS HUMHU TPaHCIOPTHO-AOPOXKHBOI'O KOMILIEKCY KpaiHW, MOCTIHHOTO
MOHITOPHHI'Y CTaHy Ta €KCIIEPTHOI OLIHKH BJIATHHUX PIllICHb, PO3POOKH albTEPHATUBHUX 1HPPACTPYKTYPHHUX
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MPOEKTIB 1 MPOrpaM B CYMDKHHX Tally3sX TPaHCIOPTY Ta AOPOKHBOT'O TOCIONAPCTBA, IO JO3BOJAE SIKICHO
MOJINIIUTH NPUHHATTS PillICHb HAa CTPATEriYHOMY, TAKTHYHOMY Ta ONEpaTHBHOMY PiBHSX yIpaBiiHHS iH(ppa-
CTPYKTYPHHMH TIPOEKTAMH.

[linTpuMka 3 OOKy 3allikaBIeHUX CTOPiH (cTeikxomaepiB) MiHiHppacTpyKTypu Ta MiHOCBITH 100
TapaHTOBAHOTO IOPIYHOTO JEPKABHOTO 3aMOBJICHHSI 3asIBJIICHOI crieriamizarii «CuCTeMHUH aHaii3 B TpaHC-
MIOPTHIN 1HPpacTpyKTypi» y HarioHarbHOMY TpPaHCIIOPTHOMY YHIBEPCHTETI MO3BOJHTH 3HAYHO MOCHIUTH
AQHAII THYHUN TIOTEHITia)l TPAaHCIOPTHO-TOPOKHLOTO KOMIUIEKCY Ta KpaiHu B IJIOMY.

[Toganpmnii po3BUTOK 00'€KTa TOCIIKEHHS — IepyKaBHA MIATPUMKA CUCTEMH ITiATOTOBKH aHATITHKIB
IUIs1 TPAHCTIOPTHO-IOPOKHBOTO KOMIUIEKCY KpaiHU Ta 3alpoNOHOBaHa aHATITUYHA CHCTeMa € 0a3010 sl po-
3BUTKY CYMDKHHX Tally3el TPaHCTIOPTY Ta JOPOKHBOTO TOCIIOAAPCTBA 1 MIATPUMKH TPOMAICHKUX 1HIIIaTHB B
CIIpaBi BIOCKOHAJICHHS YIIPaBIiHHA IHPPACTPYKTYPHUMH MIPOEKTAMH 1 IIpOrpaMaMu Ta CTBOPCHHS Taly3eBOi
AQHATITUYHOT CJTITH.

KuarouoBi cioBa: cucreMHuit aHaii3, iHQpacTpyKTypa TPaHCIOPTY, TPaHCIOPTHO-IOPOXKHIA KOM-
TUICKC, TATy3eBUH aHATITHYHUH [IECHTp, aHAIITUYHA JIiTa.
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Summary. Time series for the technical monitoring of the transportation networks include interference
and omissions. Their analysis requires the special statistical analysis. Known statistical packages do not contain
a full cycle for processing of large time series. The linear timeline for the processing of periodic data is not
available in digital statistics.

The sliding window approach is suitable for processing of interrupted time series. Its disadvantage is
the restriction on the length of the row and the sensitivity to data gaps. The graph of the time series processing
needs the internal optimization. The necessary steps for optimizing of the time series processing graph are
determined. They are as follows: store data in an internal database, build the data samples on a single time
scale, sampling based on the meta-description of the series, averaging in a sliding window, calendar bindings
and omission masks, generalization of graphs, storage of graphics in vector format and so on.

The conditions for the study of series are revealed such as the database, calendar structure of data,
processing of the gaps, a package of numerical methods of analysis, processing in a sliding window.

Keywords: monitoring, time series, optimization, averaging, sliding window.

Introduction

The data time series obtained during the continuous technical monitoring of engineering and transport
networks, along with the useful signal, also contain the highly variable interference, data gaps, and non-sta-
tionary effects. These properties of the series require the use of the special methods of the statistical analysis
for the initial data as well as their transformations. To do this, one can use the statistical analysis packages
(SPSS, WinStat, etc.), but they do not contain a complete cycle of operations for the processing of time series.
In particular, for processing of the large-dimension data, a database management system (DBMS) for time
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series, a computing unit, and a data visualization unit are required. An example of the implementation of such
a block is presented in the Simulink package for Matlab [1]. It is necessary to provide a linear timeline in the
data processing [2]. It is most accessible implemented in the modern visual editors (such as MS Visio, 3D
Studio Max, etc.) [3]. This greatly increases the ergonomics of data analysis and the joint processing of the
series with unequal start dates or inconsistent frequency of observations. Such series often accumulate when
monitoring the acoustic, seismic, electromagnetic, mechanical and other types of vibrations.

To analyze the structure of the series, it is necessary to identify the dependencies and relationships
between the individual signals, which are burdened by noise. Many methods of digital processing of imperfect
data are known [4]. The moving time window technique is often used [5] to study the development of the
process in time and to identify the variation of useful signal anomalies as a reaction to external influences. The
drawback of the moving window technique is the limitation on the row length and high sensitivity to data gaps
and omissions.

Materials and Methods

The graph for processing of the series of data monitoring in the general case should contain the fol-
lowing blocks: the data collection and storage; preliminary data processing; processing of the data gaps; the
data synchronization; the averaging in a moving window; visualization; report creation. In addition, each of
these steps requires the internal process optimization. This article will be devoted to the analysis and general-
ization of the main approaches in this direction.

Optimization of storage of source data. The data must be stored in an internal database. Each row is
an infinite number of cells with a clear time reference and a fixed interval between the observations (from 10
6 sec to 10 sec). When storing the data in a compact format (32 bits per value), it is possible to process rows
containing ~ 10° points. When importing, the data must be added to the existing series (while monitoring the
compliance with the chronology) in order to process the ongoing series of monitoring technical data. The
advantage will be the ability to read data from digital catalogs of earthquakes [6].

The formation of the primary database of monitoring allows us to work not with the file names, but
with the data samples. When setting up the data processing parameters and visualizing their analysis results, a
clear time scale is required, rather than the point numbers, which greatly increases the quality and the speed of
the processing. For the joint processing of the series with mismatching intervals and / or the periodicity of data,
it is necessary to recalculate the data in a single time scale, leading them to the same calculation level.

In the general case, the primary flowchart of the processing of time series of the technical observations
can have the following form: creation (import) of a data sample — preliminary filtering (data editing) — import
into a calculation unit — mathematical transformations — analysis of new data — the data visualization — the
report generation.

Optimization of source data preparation. While performing the various operations on the source
data, we change them, creating the new series. To protect the primary data from accidental change, we need to
distinguish between the accesses levels to them. Primary digital information is a series of instrumental obser-
vations imported to database. The service utilities can have access to it (import, export, sorting, editing, etc.).
In addition, the numerical data analysis algorithms [7] should work not with primary data, but with series
copies such as the data sampling.

Not all information from the database is recorded into the sample, but the data needed for a specific
analysis (in the set of series and in the sampling time interval). Such a selection is convenient for the calcula-
tions: it is easier to specify the data that should be used by the necessary procedure and to set the real processing
parameters. When creating a sample, data series must be recalculated at a given polling frequency. Thus, it is
possible to build a joint analysis of data with the different frequency of observations [8].

The data series must have a meta description (a special attribute like exif / iptc in image files). New
series created during the calculations should retain a meta-description of the original series, supplementing it
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with the new information about the processing performed. It is important to record the user's operations within
the data processing file (such as the calculation method, the model parameters, the calculation results, the
statistical characteristics of the original series and those created during the calculation). This saves the pro-
cessing information in a convenient form for subsequent analysis in other programs for engineering and / or
mathematical modeling.

It is necessary to enter the processed (changed) rows from the workspace into the database separately,
adding a new series to the main database, and not changing the primary data.

The well-known statistical analysis packages (SPSS, Statistica, Stadia, Statgraphics, Matlab) store the
workspace in RAM, which imposes the appropriate restrictions on the size of the data sample [9]. Moreover,
if one save the operational information from the workspace onto a separate (external) hard disk of a computer,
one can load any amount of the data into the sample (up to filling the entire disk). The created sampling is not
lost during the abnormal end of session, but automatically opens the next time the program starts.

Results and Discussion

Optimization of the data loss processing. The real series of the technical measurements in the mon-
itoring of engineering and transport networks without stopping their current operation contain the data gaps.
The gaps are artificially filled during the preliminary data preparation. Data gaps are filled in according to an
a priori model of the measured value prediction. There are a number of valid models for interpolating the data
gaps. The choice of one of the models at the stage of data preprocessing is not always optimal

A different approach to the processing of the observation gaps allows for their presence at any stage
of the analysis. The average value can be estimated from the measured data, when alternating them with gaps
or not (Fig. 1). One can not fill in the data gaps, but one need to calculate the data averaging in a moving
window, while entering the necessary corrections (such as the recalculation of the weights and norms, taking
into account other effects, the correction for obtaining of the unbiased estimates).

The FFT method [10] does not allow the gaps; it is necessary to fill in the gaps artificially before
calling the method. Alternatively, one can to provide that the method fills in data gaps by default before cal-
culating it. This requires more sophisticated time series calculation algorithms. However, you can use the data
analysis methods that are not available in packages of the statistical processing of observations. Moreover, the
analysis results are more statistically substantiated than when they are filling in the blanks manually when
preparing the data.

The rejection of the incorrect measurements can be performed during the preliminary preparation of
the data series (as far as the misfit looks like a sharp outlier) and at any stage of the analysis. Adaptive proce-
dures are required for rejecting the defective observations at all the stages of the data processing.

Data sync optimization. While working with the monitoring data series, one need to calculate the
arithmetic expressions (to subtract one signal from another, to determine the average value of the variables)
element by element, taking into account the synchronization of measurements. It is necessary to add with each
other the data that are measured at one moment in time. If the first parameter was measured daily from 1995
until 2015, while the second is obtained from 2003 until 2019, then the sum of the signals will be calculated
for the time interval varying from 2003 until 2015. We take the information about the start and end dates of
each row involved in the calculations from the meta description of the series. It is important for the user to
type in the formula window the desired expression with the names of the series and the rest should be done
automatically.

The variables in the formula are the identifiers of the data series, and the result of the calculations is a
new time series, each value of which is calculated from the values of the original series by the formula given.
In the computations, a “reasonable” processing of data gaps and special situations (dividing by 0, etc.) is
needed. To correctly account for the experimental and the computational errors, it is necessary to prohibit the
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dividing by zero and also by any small numbers less than a given threshold. This threshold is also needed for
comparing values, search-and-replace, etc.

The data synchronization is also needed in other calculations such as the estimating the correlation
coefficient in a moving window. This allows for joint signal processing not to look for the start-end dates of
the series, but to focus on the data analysis. The calculation results get the calendared binding (a method set-
ting). In calculating of the moving average, the result can be compared with the middle of the window and its
right border [11].

In addition to the arithmetic operations, the operations with calendar time series are needed: we need
to “transfer” the series to another time zone (given the switch to summer / winter season) or to deploy it
"backwards" or to “stretch-squeeze” the time axis, if the clock by which the observations were synchronized
was behind or in a hurry.

One need to combine the rows without breaking the calendar data binding. While calculating the value
of the combined series, we look in the given order for the values of the original series for the desired time
instant; thus, we put in the result series the first value, which is not a gap. Therefore, you can build complex
algorithms for filling gaps. It is necessary to form the several rows of aggregates, using the certain methods
depending on the different conditions, and then merge all the rows into one.

The gaps mask of the certain series is used in the numerical modeling on the model of a real series
survey or generated by applying to it the spreading or the drying procedures. In the first case, the mask includes
all the values adjacent to the gaps in time (n-th order neighbors for n-folded spreading). In the second case, all
the values that have at least one missing value among the neighbors are deleted from the gaps mask. Masks
allow us to build the flexible algorithms for filling the gaps, while combining the different methods, depending
on how far in time the gap is from the nearest measured value.

In the numerical modeling, a quasiperiodic and pseudorandom implementations of a series are needed,
the length and moments of gaps of which correspond to a real series of measurements. They are used as a
“control group” in assessing the significance of the various effects. By mixing the values of the series, it is
possible to destroy all the correlation relationships without changing its distribution function. Replacing the
values of a number by their ranks, one can maintain the ordering of values, transforming any distribution
function into a uniform one. The numerical modeling makes it possible to evaluate the stability of the results,
their dependence on the characteristics of the signal, and reasonably interpret the observations date series.

These data series transformations can be performed in any statistical analysis package (SPSS, Statis-
tica, Stadia, Statgraphics, Matlab) [8]. However, you need to perform all the calculations taking into account
the synchronization of observations, and the flexible processing of the gaps and the special situations.

Optimization of the processing in a moving window. One of the monitoring problems is the tracking
of the changes in a controlled system. The structure of the series changes, the response to variations of the
external factor (atmospheric pressure, tide, etc.) does it too another way [12]. In order to detect the changes, it
is necessary to evaluate the properties of the signal not in the whole row, but within the time window. Then
one can move the window to the right and repeat the calculations. Therefore, they apply the adaptive noise
filtering, adjusting the filter parameters to the current properties of the series

The drawback of moving window methods is that they are difficult to combine with each other. These
methods require that the entire the window is placed “inside” the row. The full "run" of the window is always
less than the length of the original row. Therefore, if the row is limited in length and the window is wide, then
after applying several methods, nothing will remain of the signal to process.

The moving window methods should work without reducing the length of the filtered signal. At the
beginning of time, the center of the moving window is aligned with the first point of the signal; the values in
the left half of the window are considered gaps. If the allowed number of passes in a moving window is more
than 50%, the calculations are performed for all points in the series, from its first point. In addition, the length
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of the processed signal does not decrease. By varying the number of gaps, one can adjust the size of the "exit"
of the window outside the row. If gaps are prohibited (0%), the calculations are performed only within a series.
The gaps inside the row are similarly processed (Fig. 2).

This algorithm is better than the pre-filling the gaps procedure, or rejecting the data array in the pres-
ence of an insignificant amount of “spoiled” observations.

If the moving window is shifted by 1 point, the time step of sampling of the processed signal is equal
to the step of sampling the original row (not the size of the window). This allows us to accurately track the
changes in environmental monitoring parameters. By combining moving window methods, one can implement
almost any data analysis algorithms.

Data visualization optimization. With the enormous power of computing and signal processing, a
visual analysis of the graphs, and estimation of the signal characteristics goes by the wayside. The basis of
statistical analysis packages are the data processing methods, and visualization is an addition to them. In the
graphs, attention is paid to the design, not the content, which is convenient for the reports, but not in the
analysis procedures.

Work with a signal should be started by studying its graph, and by choosing the optimal processing
methods, as well as their parameters and the settings. The processing results must be displayed in the form of
graphs in order to evaluate the effectiveness of the method and make the necessary corrections.

In the study the most interesting often are the unexpected effects of deviation of signal characteristics
from the model ones. If these deviations are associated with interference, their detection is also important in
order to eliminate the source of interference and to improve the quality of observations. Formal algorithms
come from a predefined model of the perturbation and the signal, and they are ineffective in detecting such
deviations. Using the qualified data visualization, deviations can be detected by the researcher [13].

During the visualization procedure, the data series (of a million-dot length) must be displayed quickly,
on the fly, detailing any section of the series in a real calendar scale. Labels and fields must be minimized to
use all the screen area to display the data.

In working with the large data sets, generalization of graphs is needed. This speeds up image retrieval,
reduces the file size of the graph when stored in the vector format. Vector drawings are convenient for large
rows processing and visualization, providing the image quality and ease of its design.

In addition to the time series processing units studied above, the scattering diagram (correlation field),
spectra and periodograms (for the cyclic processes) are also used in the processing of technical monitoring
data, as well as the fractal properties of the series are analyzed. However, these characterristics are beyond the
scope of our study.

Conclusions and Recommendations

The problems of the data processing for the technical monitoring of engineering and transport networks
require different processing methods. The statistical analysis packages do not have the necessary tools; it is
difficult to maintain the databases, to process the gaps, and to perform the data synchronization. Matlab uses
the ready-made built-in functions (such as the spectrum calculation, the plotting, etc.), or the algorithms for
solving the non-standard problems. However, in Matlab there are no tools for organizing the database, most of
the available data series functions do not work with the gaps, and one need to program the synchronization of
data series by itself.
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Figure 1 — Points with data gaps and moving averaging in a window with a given averaging radius
Pucynoxk 1 — Touku 3 mpomyckaMu JaHUX Ta OCEPETHECHHS Y KOB3HOMY BIKHI
3 3a1aHAM PaJiilyCoOM OCEpEIHEHHS
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The alternative programs for the analyzing of the data series are poorly documented and require the
constant author support. They cannot be adapted to solve the new problems while studying the data of the
technical monitoring of the engineering and transport networks. None of the row tools has the necessary fun-
ctionality. To study the time series, one need a database of time series, a calendar data structure, the processing
of the gaps without restrictions, a powerful package of the numerical analysis methods, the processing in a
moving window of time series of technical measurements.
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Figure 2 — Estimation of the correlation coefficient between geophysical fields in a moving windows: on the
left is the gravity (top) and magnetic (bottom) fields; on the right is the correlation coefficient calculated in a
window of 11x11 (top) and 33x33 (bottom)

Pucynoxk 2 — OrinroBanHs KoedilieHTa KOpeJIALii Mk reo()i3HUHUMH MOJISIMH Y KOB3HOMY BIiKHI: 3J1iBa —
I0JIE€ CHJIM TSDKIHHSA (Bropi) 1 MarHiTHe (BHU3Y) I0JI€; ClipaBa — KOS(II[iEHT KOPEJIsLii, OOYMCICHUH Yy BIKHI
11x11 (Bropi) i 33x33 (BHU3Y)
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OBMEXEHHS OIITUMIBALIIl CTATUCTUYHOI'O AHAJI3Y JAHUX TEXHIYHOI'O
MOHITOPUHI'Y TPAHCHHOPTHUX MEPEX

Ky3pminenp Muxosa [lerpoBu4, TOKTOp TEXHIYHUX HayK, AOLEHT, HanioHansHM TpaHCHOPTHUI YHiBep-
CHUTET, 3aBiyBay Kadeapu KOMII FOTepHOI, iHKeHepHOI rpadiku Ta au3akiHy, e-mail: kuzminecmp@ukr.net,
ten. +380442849713, Ykpaina, 01103, m. Kuis, Byn. M. Boituyka 42, k. 705. http://orcid.org/0000-0002-9636-
919X
JlyooBenko IOpiii IBanoBuY, kanauaaT Gizuko-MaTeMaTUYHUX HAyK, JAOlEHT, HallloHaapHMI TpaHCIIOPT-
HUM yHIBepCHTET, BHKIanad Kadeapud KOMII'IOTEpHOi, iHkeHepHOi Tpadiku Ta nau3aiiHy, e-
mail: nemishayeve@ukr.net, ten.: +380665979384, Ykpaina, 01103, m. Kuis, Byn. M. Boiiuyka 42, k. 709.
http://orcid.org/0000-0002-8128-5989

AHoOTamis. Y nporeci HelepepBHOTO TEXHIYHOTO MOHITOPUHTY TPAHCIIOPTHHUX MEPEXK Ta 00’ €KTIB J10-

POKHBO-MOCTOBOTO T'OCIIO/IAPCTBA HAKOMMYYIOTHCS BENMKI OOCSTH JaHUX HETICPEepBHHUX BHMIpIOBAHb Pi3HO-
MaHITHUX TEXHIYHHUX MMOKa3HUKIB. Lli 6a3u 1aHUX MICTITh OKpEMi 4acOBi PSAN 3aIKCiB TEXHIYHOTO MOHITOPHU-
HTY TPaHCTIOPTHUX MEPEK, IO BKIIOYAIOTh, KPIM KOPUCHUX CUTHAIIB, TAKOX BUIAJAKOBI 3aBaau (ITyMH) Ta
TIPOITYCKH JaHWX Pi3HOI MpUpOaH. AHAI3 TaKMX NAaHWX, IO YCKIATHEH] HeTIHIHHAUMHA MOXHUOKaMHU, BUMarae
CHELiaNBbHOTO CTATUCTUYHOTO iHCTpyMeHTapiro. LIlnpoko BXUBaHi CTATUCTUYHI MAKETH AJ1s1 0OpOOKU BUMA-
KOBHIX JTaHUX, 37€OUIBITOTr0 HE MICTATH IMTOBHOTO IHKIY 3aCO0iB Ta aJTOPUTMIB, HEOOXIMTHUX IJIT 00pOOKH
BEJIMKHUX YacOBHX PSAAIB Ta IHIIMX CHOCTEPEKEHb BENUKOI PO3MIPHOCTI. 30KpeMa, JiHiiiHA IIKaza 4acy Ais
00pOOKH MEePioANYHMX AaHUX B MOMIMPEHUX Mporpamax Hu(poBoi CTATUCTUKU BIICYTHS. A THM 4acoM, HaKO-
MMAYEHO TTO3UTUBHUN AOCBiT 00pOOKH MaHUX, IO YCKIIaTHEHI TOXUOKaMHU, B 30BCIM 1HIIIM Tayry3i 3HaAHb — Ie0-
(i3MYHOMY Ta TEO0IHKCHEPHOMY MOHITOPHUHTY. | 3BiATH MOXHA 3aMIO3MYHTH JIesIKi IPUHOMHE Ta 3aco0u.
3okpeMa, TUISIXOM aHaTi3y TEXHIYHUX CTIOCTEPEKEHD 13 TOIIOHUMH ITOYaTKOBIMH YMOBAaMH Ta 9aco-
BUMH 0OMEKCHHSIMH, BUSBICHO, 1110 METOAMKA KOB3HOT'O BiKHA MiIXOAUTH 3 TOCTATHBOIO JIJIsl TPAKTUKU TOY-
HIiCTIO A71s1 00poOKHK mepepBaHuX 4YacoBUX psniB. [Ipore ii ronoBHUMH HENONIKAMU € iICTOTHE OOMEKCHHS
1010 JOBKHHHM PsIIKa 3aMUCy Ta MiBUICHA YyTIMBICTh JO NPOTaIuH AaHUX. HeXTyBaHHS muMHu 0OMeKeH-
HSIMH METOJTy MTPU3BOAUTH A0 ICTOTHHUX CIIOTBOPEHb MOAEII KOPUCHOTO CUTHAITY ITiJl Yac MOTOKOBOI (ibTparii
BxifHO1 iHpopMartii. Tomy rpadik 0OpoOKH YaCOBHX PSIiB MOTPEOYE MEBHOI BHYTPIIIHBOI ONTUMI3ALIi1, 11100
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aIanTyBaTHCh 10 HAKOTIMYEHHS MOXUOOK IIiJ] Yac MOCTiIOBHUX iTepalliil 3 mepBiCHOI OOpOOKH TaHHX.

Bu3HaueHO KOMMAKTHHN anroOpuTM, SKHH MICTUTh HEOOXiIHI KpokH A onTumizamii rpadika
00po0OKHM gacoBuX psAmiB. 1li KpOKH MONATAIOTH Y HACTYITHOMY: HEOOXimHE 30epiraHHs MaHUX y BHYTPIITHIH
0a3l JaHWX CHCTEMH CIIOCTEPEXKEHb; 0OYA0Ba 3pa3KiB JaHUX Ui THOPIBHAHHS Ma€ BUKOHYBAaTHCH JIMLIE Y
€IMHOMY MacITabi yacy; HiIbOBY BUOIPKY JaHUX M1 KOHKPETHOI 3a/1adi JOIMUIBHO 3/MIHCHIOBATH HA OCHOBI
METAOITUCY YCI€l cepii CrocTepeKeHb; OCePeTHEHHS HAHOUTBIIT ONTUMAIBHO 3MIMCHIOBATH Y KOB3HOMY BiKHI;
KpiM TOT0, IOUIJBHO 3aJiATH NPUB’ 3Ky MacHUBY JaHHUX Ta OKPEMHUX CEpiil JO KaJeHJapHUX AaT Ta mependa-
YUTH MAacKH JJIs FeHepaIi3aliii MpomyckiB (K IpH MOIIyKy y ¢aitnoBux 0azax naHux). Takox He 3aiiBUM Oyie
MO>KJIMBICTb TOOYIOBH 3BEICHHUX IpadikiB CHOCTEPEKEHD Ta 30epiranHs rpadiky y HOMKUPEHOMY BEKTOPHOMY
dhopmari.

Po3kpuBatoThCsl YMOBH BUBUCHHS YaCOBHX PSA/IiB TEXHITHOTO MOHITOPHHTY, a caMe Taki, sk 6aza ma-
HUX, KaJeHJapHa CTPYKTypa AaHUX, 0OpoOKa MpOrajvH, ONTUMAJIbHUN MaKeT YHCEIbHUX METOMIB aHallizy
JAaHUX, TIOCITIIOBHA TX 00po0Ka y KOB3HOMY BiKHI TOIIO. BCi MMpormo3uirii mpoimifocTpoBaHO KOHKPETHUMU TIPH-
KJIaIaMH1 TEXHIYHOTO Ta re0(i3nIHOT0 MOHITOPHUHTY, 0 BUKOHYBAJIHNCh aBTOPAMH y MOMEPEIHI POKH.

Kuwo4oBi cjioBa: MOHITOPHHT, YaCOBHM PsiJl, ONITUMI3AIIis, YCEPETHCHHS, KOB3HE BIKHO.
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Summary.The article deals with the influence of road conditions on fuel consumption by vehicles
when transporting goods and passengers, which depends on the speed of movement. The optimum fuel con-
sumption corresponds to the optimum speed of movement which is distinctive for each type of car. Increase
or decrease of the optimum speed leads to increased fuel consumption. Elevations reduce the speed and in-
crease fuel consumption by up to 30%. Road conditions (width of roadway, condition of surface, presence of
horizontal curves, longitudinal slopes, pedestrian crossings, settlements) cause a change in the speed of move-
ment and consumption of fuel and lubricants. It is possible to take into account the road conditions by plotting
the speed of movement along the route, the change in the speed occuring during the travel time and socio-
economic indicators of the route.

Based on this chart, fuel costs and route times are calculated. Since the cost of fuel is 50-52% of the
cost of transportation of goods and passengers, the cost will be roughly 2 times higher. The cost of transporta-
tion of goods by trucks is characterized by the cost of transportation, and the transportation of passengers by
the cost and time spent by passengers when traveling the route.

Keywords: road, car, speed, fuel consumption, route travel time.

Introduction. Transportation of goods and passengers is estimated by the route travel time.

Travel time depends on the type of vehicle, road conditions, weather conditions and traffic organiza-
tion. The average speed of the car on individual sections of roads on the route may be the main criterion
(5,6,7,8). Road conditions determine the average speed of the car. Under road conditions, we mean geometrical
parameters of the motorway (the width of the roadway, the number of lanes, the radii of horizontal curves,
longitudinal slopes, the radii of vertical curves, the availability of settlements, pedestrian crossings) and the
state of surface (coefficient of adhesion, flatness). The article considers the question of plotting the speed of
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the car by defined route and determination of fuel consumption by cars that affect the cost of transportation
both for goods and passengers. Fuel costs depend on the type of vehicle, its purpose, average speed in various
road and weather conditions, which increase with decreasing or increasing the speed of movement from opti-
mal speed.

Purpose and methods. The cost of the route travel depends on fuel consumption and average speed
of the car. The result will be the route travel time and its cost.

So the time of the route travel depends on the speed of the car, and this in turn depends on the geometry
of the road and the type of car:

r=fwv.p), (1

where : V=HIL,C( !)
P- type of car,
I1- road parameters,
C- state of surface.

The main criterion for the cost of freight transportation is the cost of fuel and lubricants. The cost of
transportation of goods by highways consists of the cost and profit.

The cost of transportation of goods by cars is formed as follows ( 3,4 ):

c:(CT+cw+cp+ca)+C";ﬁ, )

where V- speed of the car (km/hour);
Cr- fuel and lubricating material costs (uah /km);
Cui- the costs of tire wear (uah / km);
Cp- maintenance and repair costs (uah / km);
Ca- restoring costs and depreciation (uah / km);
C- fixed costs (uah/ hour);
Czm- driver’s wage (uah/ hour).
The costs considered can be divided into three groups. The first group depends on the car driving (uah / km),
second on the length of the journey (uah / h), third on the speed of cars (km/hour).

When examining the cost of driving a car the following must be taken into account: speed, length of the
journey, length of the route.

The cost of fuel and lubricants, taking into account the cost of the length of the section of the road 1km.

G=L1G-1f (3)

where Gs - fuel consumption at 1 km (1);
LIt — cost of fuel (uah.)

Gs=f(;P), 4)
where P- type of car.
0. 11, K
Tire wear costs: Cw = M , (5
Hy,
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where LI - cost of tire, uah.;

Hi - the mileage is set at 1 km;

[T - number of tires;

Ke- takes into account road conditions.
Depreciation deductions:

c, =Hea g, (6)
1000
where la - car cost, uah.;
a — the rate of depreciation deductions.
Maintenance and repair rates:
C,=H,K. (7)
where Hot - maintenance rates.
According to the data ( 4 ) part of expenses in percent.
Table 1 — Costs of transportation of goods and passengers
Tabauus 1 — ButpaTu Ha ne6peBe3eHHs BAHTaXKiB 1 Maca>KupiB
General | Fuel and lub- | Depreciation | Repair and ser- Fixed Wage Assignment
costs ricants Costs vice
100 52 22 5 12 6 3

It can be seen from the table that fuel and lubricants account for 52% of freight costs, while salaries
and business trips make up 9%, which together make up 61%.

Fuel consumption is characterized by the type of car and the optimum speed, which can be expressed
by the following graph:

E
c
o)
fol
£
5
72}
C
8
0
\E\ —
0
Vop ¥
speod (km/h)

Figure 1 — Dependence of fuel consumption by the car on the speed of movement.
Pucynok 1 — 3anexxHicTb BUTpaT MalnBa aBTOMOOITIEM BiJl IIBUIKOCTI PyXy
The optimum speed depends on the type of vehicle and varies from 35 km/h to 80 km/h.

Results and explanation. The speed of the cars depending on the geometry of the road is calculated
as the decrease of the average free-movement speed from the number of lanes, the width of the lane, the radii
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of horizontal curves, the longitudinal slope and the equality of coverage, the passage of settlements, the planned
solutions of crossings and adjacencies.

So the speed of free movement of cars on a horizontal straight section of the road, depending on the
category of road and vehicle type, is given in Table 2

Table 2 — Average free traffic speed depending on the type of road and type of vehicle.
Tabmuis 2 — CepeiHi MIBUAKOCTI BUILHOTO PYXY B 3aJI€KHOCTI BiJl KaTeropii A0pir Ta THUILy aBTOMO-

OimiB
Ne Road cate- Number of Average speed, km/hour
gory lanes Cars Trucks Buses Auto trains

1 Ia 6 91,13 75,70 77,50 81,03

2 Ia, IO 4 88,04 75,77 74,61 80,00

3 I 2 84,29 71,90 71,50 72,93

4 11 2 79,72 67,06 69,33 71,11

5 v 2 75,83 64,08 67,03 68,75

Reducing average speed depending on the radius of the horizontal curve, taking into account the type
of vehicle through its average length, depending on its size, is shown in Figures 2 and 3.

80
70
60
50
40
30

Average speed (km/h)

20
10

The dependence of the average velocity velocity on the radius of the
horizontal curve

A
=
/<
/

The radiys of the horizontal curves. m

120

=—L=4m
=f—=]1=6m
L=8m
=¢=1=10m
=He=1=12 m

Figure 2 — Graph of the average speed depending on the radius of the horizontal curve up to 100 m and the

average length of the car.

Pucynoxk 2 — I'padik 3a1eKHOCTI CepeAHbOI IBUAKOCTI PYXY BiJl pajaiyca ropu30HTaIbHOI KpuBoi 10 100 M

Ta CEPeHbOI JOBKUHH aBTOMOOLIS
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The dependence of the average speed of movement on the radius
of the horizontal curve
85
80
= ——1=4 m
.S 75 =fl=1=6 m
< 70 L=8m
5
Q, 65 L=10m
w2
% 60 L=12m
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55
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<
50
0 100 200 300 400 500 600 700
Horizontal curve radius, m

Figure 3 — Graph for determining the average speed of traffic flow depending on the radius of the horizontal
curve from 100 m to 600 m and the average length of the car
Pucynok 3 — I'padik 1o BU3HAYECHHIO CEPEIHBOI IIIBUAKOCTI PyXy TPAHCIIOPTHOIO IIOTOKY B 3aJICKHOCTI BiJl
paaiyca ropuzonTtanbHoi kpuBoi Bix 100 M 1o 600 M Ta cepeqHbo1 TOBKUHHA aBTOMOO1IIS
The reduction of the average free-movement speed, depending on the longitudinal slope, is shown in
Figure 4.

1,2

» \

0,6

0,4
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Figure 4 — Graph of the dependence of reducing coefficients on the longitudinal slope

Pucynok 4 — I'padik 3a1€KHOCTI 3HUKYIOUUX KOSOIIIEHTIB BiJl 03I0BXKHBOIO TOXHITY

The speed of the car is greatly influenced by the magnitude of the impact indicators, varying from 20
to 400 cm / km:

V=V,—0,035, (®)

where V, — free-wheel speed, km / hour;
S — impulse indicator.
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Based on the parameters of the highway and the presented dependencies, a graph of the speed of the
motorway is formed, shown in Figure 5.
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N 3500 4000
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Figure 5 — Average speed graph

Pucynoxk 5 — I'padik cepeaHpoi MBHIAKOCTI pyXy

Direct and dashed lines show the direct and reverse motion of cars where:
V, — speed of movement depending on the equality of coverage;

V, — speed depending on the intensity of the movement;

Vi — speed depending on the longitudinal slope;

V. — speed of movement depending on the radius of the horizontal curve;
Vy — free movement speed;

V, — restriction of speed of traffic by means of traffic organization.

On the basis of the received graph, the time of the current route travel, as well as the fuel consumption,
are determined. When calculating fuel consumption, it is necessary to take into account the elements of the
road. When driving on the elevation, fuel consumption is increased by up to 20% according to the number of
researchers. Increasing or decreasing the speed with respect to optimal speed increases fuel consumption up to
10% for every 10 km / h of change in speed. (1,2,3,4,9)

Conclusion. During the determination of the cost and travel time on the road, in accordance with the
task, the average speed of the vehicle is taken into account, including the parameters of the road and the con-
dition of coverage.
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BIIJIUB JOPOKHIX YMOB HA BUTPATHU ITAJIUBA ABTOMOBLJIIB
Honyx Karepuna MuxaiyiBHa, K.T.H., TOIEHT Kadeapyu MPOEKTyBaHHS JOPIr, Teoae3il Ta 3eMIIeyCTPOIO,
HamionaneHuiA TpaHCTIOPTHUHN YHIBEpCHUTET.
https://orcid.org/0000-0003-2544-5359
Manbuuk AHTOH JIMUTpPOBUY, acTipaHT Kadeapu TypusMmy, HarioHamsHANA TpaHCTIOPTHUI YHIBEPCHUTET.
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AHoTauisi. B cTaTTi po3rIsHyTO IUTaHHS BIUIMBY JOPOXKHIX YMOB Ha BUTPATH MMAJINBa aBTOMOOLIIMHU

NIpY MIEpPeBE3eHHI BaHTAXKIB Ta MMAacakKupiB, AKi 3a1eXaTh BiJ MBUAKOCTI pyXy. ONTHMaIbHI BUTPATH NaMBa
BiJNOBIAAI0Th ONTUMAaJIbHINA MIBUIKOCTI PYXY, IKa € XapaKTEPUCTUKOIO IJIsl KOKHOTO THITy aBToMOOis1. 30i-
JBINIEHHS a00 3MEHIIIEHHS IMBUAKOCTI PYXY BiJl ONTHMAJIBHOI PUBOIATE IO 30UIBIICHHS BUTPAT MAIMBa aB-
ToMoOinsiMu. HasiBHICTB migiloMiB 3MEHIIY€e IBUAKICTH pyXy Ta 3011b11ye BuTpaTh nanusa 10 30%. opoxHi
YMOBH (IIMPHHA HPOi3HOI YACTHHU, CTaH HOKPHUTTS, HAIBHICTh TOPU30HTAIBHUX KPUBHX, ITO3I0OBXKHIX ITOXH-
JIiB, MIIOXiAHUX TEPEXOiB, HACEIEHUX IMYHKTIB) BUKJIMKAE 3MiHY IIBUAKOCTI PyXy Ta BUTPAT MaJHUBO-MACTH-
JBHUX MaTepianiB. YpaxyBaHHS AOPOKHIX YMOB MOXKJIMBE depe3 MoOyA0BY Tpadika MBUAKOCTI PyXy IO Ma-
pHIPYTY, 3MiHA MIBUIKOCTI pyXy BUHUKAE 1 HA Yac MPOi3y Ta COMiaIbHO-€KOHOMIUHI TTOKA3HUKH TPOI3Iy Ma-

pHipyTy.
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Ha ocHoBi 11koro rpadika po3paxoBYIOThCS BUTPATH MaJMBA Ta 4ac MPOi3ay Mapmipyty. Tak sk Bu-
TpaTH manuBa ckiaanaTh 50-52% BapToCcTi MepeBe3eHb BAaHTAXKIB Ta MAacaXHpiB, TO COOIBApTICTh Oyne y 2
pasu Oinpira. BapTicTh mepeBe3eHh BAHTAKHIUMH aBTOMOOUISIMH BaHTaXiB XapaKTePHU3YETHCS COOIBAPTICTIO
MepPeBe3CcHb, a TICPEBE3CHHS MACAKUPIB COOIBAPTICTIO Ta BUTPATAMU Yacy MACaKUPIB MPU MPOI3l MapIIPYTYy.

Kuarw4ogi ciioBa: gopora, aBToMOO011b, IIBUIAKICTH PYXY, BUTPATH TAIHMBA, YacC TIPOi3ay MapIpyTy.
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Anortanis. [IponosxyemMo ApyKyBaTH MPOMO3UIIi 100 BJOCKOHAJCHHS TPAHCIOPTHOI CHCTEMO-
norii. st craTTst BU3Haua€ Bke 4-y 4aCTUHY BEJIMKOI TEMH 31 CTBOPEHHS 1 KOPUTYBaHHS TEPMiHiB 1 BU3HAUCHbD,
SIK1 TIOTPIOHI [T KOMYHIKAIIHHUX HPOIIECIB CIIKYBaHHS, B IEPIIy Yepry, JOCIITHUKIB B LIl rady3i npes-
METHOI JiSUTBHOCTI «JOCHiTHUK TPAHCIIOPTHHUX CUCTEM (TEOPETHK) — TOCIIIHUK TPAHCTIOPTHUX CUCTEM (IIpaK-
THK)». J{pyTHii acriekT BepOambHO1 B3aEMOIT TOJIATaE B HATATOHKEHHI KOMYHIKAIIIHIX BIIHOCHH MIX <JTIO-
nuHOI0 — EOM», 1110 B CyJacHHX yMOBaX BayKJIUBO.

Kuaro4osi ciioBa. nexknapatuBHO-TpadiuHUiA OMUC, TEOPETUKO-MHOKHUHHA MOJIENb, TPOSKTHA MOJEIb,
PHU3MK BUKOHAHHS JOCTABKU BaHTaXKY, CLEHAPIH JOCTABKH BAaHTaXYy.

MocTranoBka npodaemu. CTBOPEHHS CLEHAPII0 TPAaHCTIOPTHHX IpolieciB focTaBku BaHTaxiB (I11B),
€ CKJIQTHOIO0 TAKTHKO-TEXHIYHOIO €10 B PE3yJIbTATI KO OTPUMYEMO TIPUOIM3HIH rpadik pyxy IMepecyBHOTO
TPAHCIIOPTHOTO KOMITIEKCY B CKJIaJIl «BOJIN — BaHTaX — aBTOMOOUIEY. Bcl il CKIIagoBUX YaCTHH KOMIUIEKCY
CTPSIMOBAaHI Ha BUPILLICHHS TOCTABICHOTO 3aBAAHHSI 3 T0CTaBKU BaHTaxy (/IB). Y cyuacHOMY TpakTyBaHHi 1€
THIIOBA JIOTicTHYHA 3anada. Anani3 [1/IB moka3as, mo crieHapiii JOCTaBKH BaHTaKy MOXKHA PO3OHUTH HA PsII
XapakTepHHUX [iH, sIKi MOTPIOHO PO3IIISAATH OKPEeMO. 3aCTOCYBaHHS METOMOJIOTIT JOCHTIHKEHHs CKIaTHUX
TPAHCIIOPTHUX CHCTEM — METOJIOJIOT11 KOHIIENTYaIbHO-JIOTIYHOT'O B1TIOOPaXKEHHS 1 MPOCKTHOTO MOICITIOBAHHS
[1] mepenbadae Ha 1-my erami nekmapaTuBHO-Trpadivamii oruc (JII'0), 2-Mmy —1o0ymoBa TeOpEeTUKO-MHOKHH-
Hoi mozeni (TMM), Ha 3-my — ctBopeHHs iH}onoriynoi mozeni (IJIM), Ha 4-my etami moOyoBa KOHIENTY-
anpHOT Mozeni (KM), sk cykymHocTi JII'O, TMM a6o IJIM, Ha 5-My — CTBOpPEHHS JIOTIKO-CEMaHTHIHOI MOICTIi
(JICM), nHa 6-my etani BupoOHHUO-KOHCTpYKTOpChbkui onrc (BKO) npouecy moctaBku BaHTaxy, Ha 7-My —
noOyaoBa 00'eqHaHoi JoriKo-miHrBicTHyHOI Mogeni (JIJIM), sk cykynrocti JICM 1 I1KO i, HapemTi, Ha 9-My
eTari ctBopeHHs npoekTHoi mozem (IIM) y Burmsmi KM 1 JIJIM. 1li eranu ciig BUKOHATH IJIS KOXKHOI il
nepeabadeHoro cueHapiem JIB Big PS| — ckiiaganHs cueHapiro 1ocTaBKY BaHTaxy i 10 PSi3 — omiHku pusuky
BUKOHAHHS IOCTAaBKH BaHTAXY, ITiCIIs KOXKHOI peasmizartii aiii PS; + PSi;, sk ocHOBH emicTemororii (T1i3HaHHS)
cuctem JIB [2].

OcHoBHul MaTtepian. Bukmnag ocHOBHOro Matepiany cTaTTi OyeMo CynmpoBOMKYBaTH TEPMiHAMH 1
BH3HAYCHHIMHU OIHCIB 1 MOJIENICH, SIKi MAIOTh 3arajibHy CIIPIMOBAHICTD JJIS BCIX BHIIB TPAHCTIOPTY.

Busnauenns 64. JlexnaparuBHo-rpadiunuii onuc (AI'O) obmacti mpeaMeTHOI AisUTBHOCTI TpaHC-
mopTy — 1Iie rpadivne BigoOpaKeHHs CTPYKTYypHU 00J1acTi, 3po0JIeHe 3a pe3yabTaTaMu aHalli3y AOCTYITHOI Ha-
YKOBO-TEXHIYHOI, TEXHOJIOT0-KOHCTPYKTOPCHKOI Ta 3aKOHOAaBY0-HOPMATHBHOI JIITepaTypH, 1 IeKIapaTUBHAN
oruc rpadikiB B IJIaHI MPOOJIIEMATHKU PO3B’I3aHHS MIOCTABJICHUX 3aB/IaHb.

JexnapatuBHo-rpadiunnii onuc aiid PS; — ckinamanus cuenapiro [IB € BepbanbHoi Gopmoro rpado-
AHAJITHYHOTO BiOOpaXXeHHS MapIIPYTy PYXOMOTO TpaHCHOpTHOro 3acody mo JIB i3 3a3HaueHHIM
MIPOMIKHHX ITyHKTIB PeiCy, MPOCTOPOBUX AUISHOK NMUIAXY MK HUMH (B KUIOMETpax), reorpadiaHuX KOOpIn-
HaT (¢ — JOBrota, A — IIMPOTAa, alt — BUCOTa) KOHTPOJIbHUX TOYOK HAHECEHHUX Ha MapLIPyTi TPAHCIOPTHOIO
3aco0y 3 MPU3HAYCHHSIM YaCOBUX TUMYACOBHUX iHTEpBaliB «o4yatok I1n — kinens Ik («mpuOyTTI-BUOYTT»)
3a SIKHMHU BU3HAYAIOTHCSI MOKITUBI TTPOOIEMHI CUTYAIlli pyXy TPaHCIIOPTHOTO 3aco0y.

HFO (PSI) = VerB (HHg HK), Dlg tl, DZ’ t2, KTBL‘IH.’ KTd)lH (1)
T [ACO (PS1)] =Ti1, ne D1, D, — natu BuOyTTst KTgipn. 1 ipuOyTTSt KT i 2)

T=T, — uac Butrpauenuii Ha cknamanus 'O, ti, t; — vac BuOyTTs apromMammvH 3 KTy, 1 mpulOyTTs B
KOHTpOJbHY TOUKY KT gis..

Busnauenns 65. Teoperuko-mHOkHHHA MOjiesb (TMM) y Burmsizi BimoOpaskeHHs Hajgae co0or0 0e3-
JIiY KOMIDIEKTIB MOZEIIi y BUTIISAI IEKapTOBOTO BUPA3y:
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M:AxBxC—-D. 3)

Je KOXKHOMY 3-MY €JIEMEHTY KOPTEeXy <a, B, C> CTaBUTbCA B BiNOBIAHICT eneMeHT <d>, a, B, ¢, d —
eJeMeHTH yHiBepcyMiB MHOXHH A, B, C, D, To6T0 2a EA, B €EB, ¢ €C, d € D.

Inakmie BimoOpaxeHHsS sBIsSE co00t0 (GYyHKINT M 3Ha4YeHHs eneMeHTiB MHOXuHHA D. Ilpn mpomy
¢yHKUis M moB'a3ye MHOXKHMHH, SIK MPABHUJIO JIOTIYHOIO (AITOMETPUYHOIO0, CEMaHTHYHOIO, JIIHTBICTHYHOIO)
(hopMOI0 BiATIOBITHOCTI KOXKHOMY BapiaHTy KOPTexXy <d>.

TeopeTnko-MHOKHHHA MOJAEITH CKIaAaHHS CIICHAPI0 JOCTABKH BAaHTAXY € BIIOOPaKCHHSAM Y BUTIISIL
JEKapTOBOTO BUPA3y BUIY

TMM(My: KTX(g, A, alt) X LK T, KT) X T, X T, - P} (C5). )
T[TMMM,] =T, < i>=unr; (5)
Pz € P% P ={P1,P;,P3, Py, P } . (6)

P]— mepeBe3eHHs aBialliiHUM TpaHCTIOpTOM, P5 — aBro, P3 — 3ami3HuyHuM nuisixoMm, P — MopchKkuM,
t — pIYHHM TPAHCIIOPTOM;

infrl = TBiﬂl‘Ip; SuI’le Tnpnﬁ; C3 E C; C = <Cl, CZ, C3> . (7)

ne KT{' — manoBa i-a koHTposbHa TouKa crieHapito I P5 (Cs) (Ha3Ba KOHTPOIBbHOI TOUKH, KO 3aJ1i3-
HAYHO{ CTaHIIii);

@ — 10Brota KOHTposibHOI Touku KTj';

A — mmpora KoHTposibHOT Touku KTi;.

alt — Bucora KT}

T{,; — nmaHoBumii MoYaTOK yacy mpUOYTTA TepecyBHOro TpaucmoptHoro kommiekcy (IITK) BBA B
KOHTPOJIbHY TOUKY cuieHapito KT{';

T{x— nnanoBuii kinens yacy npubytrs PTK B koHTpOmbHiif Toumi KT7';

5 (C3) — cuenapiii noctaBku BaHTaxy C3 10 MPU3HAYCHHIO aBTOMOOLTEHUM TPAHCIIOPTOM;

Cs; € C; C=<C(Cy,Cy, C3>, Cy — macaxupu, C, — macaxxupu 3 BanTtaxxkeM, C3 — BAaHTaX;

L(KT:.i, KT;) — mnanoBa Bigctanb Mi KOHTpoJbHUMH Toukami (cycignimu) KT u KT; cnenapiro,
KM.

T=T,, —uac 3arpadeHuii Ha ckinananas TMM i MozaemoBaHHS.

JexnapatuBHO-TpadigHmil OMUC Ta TEOPETHKO-MHOKHHHA MOJEIh JAal0Th MOXKIIUBICTH MOOYLYyBaTH
1H(OJIOTIYHY MOJIENIb CUCTEMH 13 3a3HAYEHHSIM MOTOKIB iH(OpMAaLiHHUX eJIeMEHTIB pi3HOI cKinagHocTi. [Ipu
IbOMY TOTPIOHO OO0YHCITIOBaTH a00 CTATUCTUYHO BU3HAYATH TaKi IMOKAa3HUKU SIK: JOCTOBIPHICTH, ITOBHOTY,
OJTHOPIMHICTH 1 Oe3mepepBHICTE iHMOpMAaIIii, sIKa IUPKYJIIOE€ B CUCTEMI, OTICPATUBHICTh 1 €eKOHOMIYHICTE iH-
¢dopmaniiinoro 3abe3neuenns O/l — nii PSi B uinomy. exknapatuBHo-rpadiunuii onuc, TMM i indonoriuna
MOJIETIb B CYKYIHOCTI TPEACTaBIISAIOTh COOOI0 KOHLENTYaIbHY MOJENb JOCITIIPKYBAaHOI TPAaHCIIOPTHOI CH-
CTEMHU.
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Busnauenns 66. [ndonoriuna monens (IJIM) — ne BinoOpaskeHHs iH)OpMAIITHUX MOXKITMBOCTEH, SIKi
MOYTb OyTH peryibOBaHi B CHCTEMi MOHITOPUHTY Ta iH(pOpMaLifHIX BUMOT, HEOOX1AHUX AJIsl €(peKTUBHOTO
YIIPaBIiHHS TPOIECaMU JOCTABKH IMACAKUPIB a00 BAHTAXKIB 32 MPU3HAUYCHHSIM.

Iadonoriuna mogens nii PS; mpeacrasisie co0ol0 CyKynHICTh TOTOKIB iHQOpMaLiHHUX E€IEMEHTIB,
BH3HauYCHHX y 3asBIl Ha [/IB, 3 reorpadidyHux KOOPAUHAT KOHTPOJIBHUX TOUOK Ki, BifcTaHi I, iHTEepBaIbHOI
OIIHKHY Jacy Ati.

( 1M(3a);
Ii(@ A alt); I, (KTi_y, KT;);
At = |TF.H - Tgxl;
i= ON, N— HaTypaJibHe YUCJIO;

JIM(P%) = J t))

TUIM(P3)] =T,
ne 1"(3s1) — nanoBa iHdopMaris, 1Mo TOCTYTAE i3 3aBKM Ha JOCTABKY BAHTAXKY;
I;(, A, alt) — inpopmarist mpo HagaHHS IPOCTOPOBOT JUCIOKALIii KOHTPOJIbHOI Touku KT;
At — iH(opMaltist Ipo IpuOJIM3HUK YaCOBHH IHTEPBa (IT0YaTOK, KiHelb) 3HaxomkeHHs I[ITK B koH-
TPOJIBHIH Toumi crienapito KTi.

Busnavenns 67. Konnenryansna monens (KM) — 6aratopasoBe BimoOpaskeHHs Lijiel Ta 3aBJaHb
MOHITOPHHT'Y TPAHCIIOPTHHX ITPOIIECIB, SK aHATITUYHHUX 1 CEMAaHTHYHUX (QYHKIIIH MOJICIICH, Ha MHOXKHHE KOH-
LENTiB (apryMeHTIB MOJENi, B TEPMiHaX i BU3HAUCHb KaTeropii iHdopmariifHoi TeXHONOrii BUXOAsI9Hu 3 pe-
3yJIBTATIB ICKJIAPaTHBHO-TPa(iyHOr0 OMUCY, TOOYI0BH TCOPETUKO-MHOKUHHHKX 1 1IH(POJOTIYHUX MOIEIeH 00-
JIACTi TIPEIMETHOI TiSUTBHOCTI.

Konnenryansna mozens cueHapiro KM[P} (C3)] € norignoro cymoro onucy 'O, TMM i IJIM moze-
JIel TIpoIiecy JOCTaBKH BaHTaXYy.

HFO(Psl) = VeI‘B(HH ) HK)JDL t1, DZ, t2, KTO, KT¢1H;
TMM(M,) = Ki'(@,2,alt) X L(KTi_l‘ KT; XTirfH XTirfK - P3 (C3);
1"(3s), I; (@, alt);
I, = (KTi_; — KTy); At = |Tjy, — Tix |-

KM[P? (cg)]{ ©)

k I]1M={

T[KM(PEI)] = T1,1 & T1,2 & T1,3 = T1,4.

KonmnenrtyanpHa MOZENb JO3BOJISIE YHUKHYTH «IIPOBANIB, «PO3PUBIBY» B OIMHCI IMPOIECIB, 3 OJHOTO
00Ky, a 3 iHIIOro — 3MEHIINTH a00 B3arai yCyHyTH HaJAMIpHICTh B CHCTEMHOMY OMNKCi 00'€KTa JOCHTIHKEHHS
— inopmariitnoro monitopunry (IM) cknagHUX TPaHCHOPTHUX OpraHizaliiHO-TEXHIYHUX cucTeM, [3]. Crin
BpPaxOBYBAaTH, 1110 3araibHOI (TI100aIRHO01, MeTaMoeli) Moseni IM B mpuHITHIIL HE iICHY€E — CITPOOH pO3pOOUTH
il mokasanwm, mo ue Oyae AyKe CKIaJHOI0, TPOMI3AKOI0 KOHCTPYKLIEIO 3 SIKOI0 HEMOXKJIMBO IMpaloBaTH. Sk
MIPaBUIIO0 HEOOX1HO CTBOPIOBATH OKPEMi MOJIENI, SIK1 BiOOpakaroTh (GyHKITIFOBAaHHS CHCTEMH 32 HAIPSIMKaMU
JOCTIHOTO 1HTEepecy iHopMarriiinoro monitopunry. Hampuxian JII'O crpykrypu iHbopMaIliiiHOro MOHITO-
puHTyY, npouecyaibna TMM, TeopeTHKO-MHOKMHHA MOJENb cuTyauiiiHoro ympasiiaasa IM, IJIM moniTo-
PUHTY TIPOIIECY JOCTaBKU BaHTAXKY B IIJIOMY Ta iH.

Hactynnuii etan cknagaeTbes 31 CTBOPEHHS JIOTiKO-ceMaHTHUHUX Moenei (JICM) 3 BUKOpHCTaHHAM
amapaTy MaTeMaTH9IHOI JIOTIKH 1 CEeMaHTHYHOTO aHami3y. L{i Mosen 3akmagaroTe OCHOBY IS IOOYIOBH BY3b-
KorpodeciiHux 0a3 3HaHb 1 TOMEHIB. JJOMEHH CTBOPIOIOTHCS OKPEMO 3a CYKYIHICTIO KOHIIENTyaabHUX (0C-
HOBOTIOJIOXKHUX ) 3HAHb 1, OKPEMO, 110 akTorpadiuHiM (MOTOKOBUM) 3HAHHSAM. ONUCH, SKi BUILE HABOAMUIIHCS,
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1 MozIeNi ciry>KaTh AJIs peajizauii BUpoOHMU0-KOHCTpYyKTHBHOTO onucy (BKO) MoniTopunry, sk cucremy, i 3a
CBOEIO CYTTIO, SIBJISIE METOJIOJIOTII0 CTBOPEHHS MPOTrPaMHO-anapaTHOro KOMILIEKCY Ha 0a3i cydacHuX iH(op-
MamifanX TexHoJorin. OcHoBHUM 3aBaanHsIM BKO € mpoBeneHHs JOTiKO-CHHTETHYHNAX OTIEPAIlii 3 MOogaTb-
IIMM TIPOCKTHUM MOJICJIIOBAaHHSIM crcTeMu [M.

Busznauenss 68. Jloriko-cemantnana mojeis (JICM) — ceMaHTHIHO 3HAYUME BiOOpayKCHHSI BUIIA -
KiB 1 CTaHIB 00'€KTIB TPAHCIIOPTHOI CHCTEMH B CEPEIOBUII TPAHCIIOPTHHUX IPOIIECIB ¥ BUTIIAI KOMILIEKCY
JIOT1YHUX BUCJIOBIIIOBAHb (IIPOCTHUX 1 CKJIJHUX ), B3aEMOTIOBSI3aHUX PUYUHHO-HACII1IKOBUMH 3B'I3KaMU IILJIsI-
XOM 3aCTOCYBaHH MpaBWIbHO oOymaoBanux Gopmyi (I1I1D) anredpu joriku.

V noriko-cemanTiuHO1 Moziei cueHapiro JIB kpim KM[P3(C3)] 1onoBHEHHSIMU CITyKaTh CEeMaHTUYHI
OITUCH, SIKi CTOCYIOTBCS TIEPECYBHOTO KOMILIEKCY «BOJIi-BaHTaK-aBTOMOO1Ib» (IIPY TOCTABLi BaHTaXKy aBTO-
MoOliIeM, oTpuMaHi 3a iHpopMaIli€ro, sika MiCTUTHCS B 3asBIIi Ha /B 1 ciry>x00Bilf JOKyMEHTAITIi 00 TpH-
3HaueHux ais [IB aBTomo06ins 1 Boxis (-iB) BKa3aHOTO aBTOMOOIIIS:

SEM(ZIB) = I, (IL.LB. Boxisi, Bik i cTask pobOTH 3a KEPMOM, TICHXO(i310I0TiUHII CTaH, OCOOUCTI Ta
COITiaIBbHI SIKOCTI, TpodecionansHe BMiHHS, iIHPOPMYBaHHS PO CTYITIHb HEOE3TEKH BAaHTAXY TOIIIO).

SEM(AT) = I, [Bux BaHTaxXy (HOMEHKJIATypa), TUI TapH, HeOe3meuHnii abo MIBUAKOIICYBHUI BaH-
Tax, 3 MyHKTY «lI-Bignp.» B myHKT «II-pu3.»

t| — TUTAaHOBAHA JaTa i Yac BiANpaBJieHH:, t, — TUIAHOBAHA JaTa i 9ac MpHOYTTS, IPOMIXHI ITyHKTH
(KOHTPOJBHI TOYKH) i T.IL. ].

SEM(ZIA) = I, [Tum i XapakTepHCTHKa aBTOMOOLIIS, MaTepiaibHi pecypcH (MXPEMOHTHHI pecypc,
TaJTuBO, MACIIO Ta iH.),
......... aj), ] = 1, — MnapameTpu TeXHIYHOTO CTaHy CHCTEM 1 BUPOOIB i T.I1. |.

SEM (Cu. petica) = SEM(/IB) & S, (") & SEM (/1A);
JICM(PS,) S TMM (M, ); IJIM (P%); _ (10)
KM[P3 (C3)]

TJICM(PS,)] = Tis

Busnauyenns 69. Jloriko-miHreictuuna Moaeis (JIJIM) — sBise co6oro 0a3y (hparMeHT, JOMEH) 3HaHb
PO TPAHCHOPTHY CHCTEMY, SIKa CKJIAAA€ThCA 3 TyalbHOI KOMITO3UIIi] JIHIBICTHYHOT YOPMU CEMaHTHUKH 3HAHb
1 JIOT1YHOT YaCTUHM MOJETI y BUTTISIAL MIPABUIBHO MOOYJOBAaHUX (POPMYIT anreOpH JIOTIiKH.

JUTI (3u) = Ling[SEM(3H)] + NP (JICM) | (11)

Busznauennst 70. BupoOuudo-koHcTpyKTOpchkmit omuc (ITIKO) — me KOMIUTEKCHHH OMUC METOI0-
JIOT1YHUX, METOAMYHHUX 1 BUPOOHMUYUX PillIeHb, TEXHIKO-TEXHOJOTTYHMX OCOOJMBOCTEH SIKOCTEH MoJemnei,
KOHCTPYKTHUBHOI peajizallii JOMEHIB 3HaHb JOCIITHAIBKOT TIsTHHOCTI 3 aHaJli3y Ta CHHTE3Y CKIaAHUX TPaHC-
MOPTHUX CUCTEM.

BupoOHNYI0-KOHCTPYKTOPCHKHUM OMUC € KOMIUIEKCHOIO CKJIaZI0BOIO CLICHAPHOI JOCTaBKH 3 CEMaHTHKH
A0, TMM, IJIM, JICM — iHIIuX acneKTiB KOHCTPYKTHBHOI IPOOJIEMH TOCTaBKH BAaHTAXKY 32 MPU3HAYCHHIM
3 JOTPUMAaHHSM TepMiHiB BignpaBKu BaHTaxXy 3 KTgig., mpuOyTTs BanTaxy B KTgin. 31 30epeskeHHAM piBHS
0e3MeKH pyxy MepecyBHOTO TPAHCIIOPTHOTO KOMIUIEKCY.

T[IKO(PS,)] = T . (12)

TUIJIM(PS))] = Ti5s & Tis=Ti7. (13)
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TIIM(PS))] =T14 & T17=Tis. (14)

Busnauenns 71. IlpoektHa mozens (IIM) — cyKkymHICTD AeKIapaTHBHO-TpadiqHOrO OMUCY, Teope-
TUKO-MHOXHHHOI, 1H(OJIOTIYHO1, JIOTIKO-CEMaHTUYHOI Ta JIOTiKO-JIIHTBICTUYHOT MOJIeIICH 1 BUPOOHUYO-KOH-
CTPYKTOPCHKOTO OTHCY TPAHCIIOPTHUX CHUCTEM Y BUTJIAI aITOPUTMIB 1 IPOTPaMHOI TIPOIYKITiT MOIEITIOBAHHS
CKJIQJIHUX OpTraHi3aIliifHO-TeXHIYHUX TPAHCTIOPTHUX CHUCTEM.

Bech koMIIIeKc OmMuCiB 1 MoJienell CTAHOBUTh MPOEKTHY MOJIENb TPAHCIIOPTHOI CUCTEMH JIOCTABKU
Bartaxy (JII'O, TMM, JIM, JICM, IIKO) = IIM B o6xacTi PS;— cknaganns cuenapito /[B.

HexnapatuBHo-rpadidHuil ONMUc oprasizauii Mpoiecy JO0CTaBKH BaHTaxiB PS, € BepOambHOIO (op-
MO0 Tpad0-aHATI TUHIHOTO BiTOOpaskeHHS MOCIIIOBHUX, MTOCITiJOBHO-TIAPATICIBHAX Ta MapalebHUX MMPOIECIB
oprasizamiifaoro 3abe3nedeHns nporecis /B, ski BUKOHYIOTBCS B PI3HHUX MiAPO3aiIax GipMH, 0 3aiMa€eThCs
aBTOMOOUIFHIMH TEPEBE3CHHIMH 1 JOCTABKOIO BAaHTaXKIB, SIK B YKpaiHi, Tax i 3a i Mmexkamu. 3 oCHOBHUX cep
opranizamii [1/IB MoxHa Ha3BaTH MiATOTOBKY MEPEBI3HUX 1 CIYKOOBUX JOKYMEHTIB, SKi YaCTKOBO IIepe/ia-
I0ThCS BOMI€EBI 1 3anuiaroThest Ha ipmi. OcobinBo iX 6arato npu BUMori (3asBka Ha JIB) moctaButh HeOe3-
nevHui Baatax. L5 gisg Moxke OyTH BUKOHAHO CIieLliasli3oBaHo0 (ipMoro 1, 0y1eMo BBaXKaTH, 110 ii BAKOHAHHS
He mapaieNbHO 3 1HIAMHA 3a0e3MeTyounMHy MisiMu. Jo TieperniKy mii BU3Ha4daroTh PS, BXOAWTS 1 1inecps-
MOBaHUW 1HCTPYKTaX BOMiS, YTOYHCHHS KIIMAaTUIHUX Ta IHIIWX YMOB JIOPIT, IO SKHUX 3arutanoBano I1/1B,
YMOBH CEpeZIOBUINA, TPUOIU3HUN Yac IEpEeTHHY AEPKABHOTO KOPAOHY 1 6arato iHIIOro, M0 CTAHOBHUTH Op-
raHizaniiiee 3abe3nedyeHus JIB.

AFO(PSZ) = VeFB(Z¥=1 Id,K) (M’ IIC’ I[ya KTMa D39 t3> D49 t4)segm; T[AFO(PSZ)] = T2,1 (15)

1€ Yix=1lqx — BUTOTOBJIEHHS i MiATOTOBKA OpraHi3alliifHUX iH(GOPMAIIHHIX JOKYMEHTIB Ha MPOLEC
B, 1110 1IaHy€eThCS;

- A4, AC, AY — opranizauiiiHi JaHi Mo JOpOraM, CEpeAOBHILI 1 iHIIIM YMOBaM pyXy KOMIUIEKCY
BBA;

— KTy — 3ammaHoBaHa KOHTpOJIbHA TOYKa NEPETHHY JEPKABHOTO KOPAOHY (Y BiTHOIICHHI Op-
raHizamii miei mii);

— D3, t3, Ds4, t4 — 3ammaHoBaHi AaTH 1 9ac MepeTUHY KOHTPOIBHOT TOUKH KTy

—  Segm— cerment cuenapito P5 (C3), yactuna cuenapis /1B, sika BUKOHYETBCS OJJTHUM BHIIOM TPaHC-
opTy 0€3 MmepeBaHTaKEHHS BAHTAXY, 3aMiHH TPAHCIIOPTHOTO 3ac00y, a00 HOTro orneparopa, mepeadaayBaHOTO
orsiay abo 36epiraHHs BaHTaXXY Ha JAepKaBHOMY KOPZIOHI, CKIIai.

TeopeTHKo-MHOKMHHA MOJIeNb oprasizanii JIB npenctasisie co0oto BimoOpaKeHHs Y BUIIISI1 BUpas3y
(mexapTOBOT0) MHOKHUHHU (HaKTOPIB, SKi € B PO3MOPSHKEHHI CIIIBPOOITHHKIB aBTOTPAHCIIOPTHOI (hipMHu.

TMM(M>): U¥_; Iqx XDD X DCX DY X KT, X D} x Df xt} Xt} X Segn — P} (Segm) (16)
T[TMM(M,)] = T2 (17)

ne lgx —MHOXHHA OpraHi3alliiHuX iHQOPMALIHHUX JOKYMEHTIB;
DD — MHOXHHa iHpOpMaLifHUX eJIeMEHTIB PO CTaH JOPIr 1 opraxizauii pyxy no HUM;
DC — MHOHMHA iHPOPMAILIIMHUX €JIEMEHTIB PO CTaH BHYTPIIIHLOTO CEPEIOBHILA PYXY KOMILICKCY
BBA;
DY — MHOkUMHa iHpOpMaLiTHUX eTEMEHTIB PO iHIII YMOBH, SK npaBuio DY = () B MOMeHT ckia-
nanHs cueHapis [IB;
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5 (Segm) — YacTHHA CLCHAPIIO TOCTABKH BaHTAXKY, SKa BH3HAYAETHCS PO3MipaMu (TPUBAJICTIO)
CEerMEHTY Segm.

Cran opir B OCHOBHOMY BH3HA4ae pyX Mo HUM. Hac 1ikaBUTh, B TIEPITY YEPTy MEPEIECTeHTHICTD (SIKi
nepeadadaloTh 3arpo3y) CHTyalii B IyadbHOMY MO€IHAHI «EJIEMEHTH IOpir — Oe3meka pyXy» BUXOASYH 3
poro MHOkMHa DD BU3HAYarOTHCS CyKYIHICTIO KOe(illieHTiB Oe3neKH (SIK HOro paxyroTh (axiBLi 0 OPOXK-
HIM po0oTaM) 1 MPOIYCKHOI 31aTHOCTI 1oporu, To6To DD = Kg, V,, [4]. MHOXUHa cTaHy cepeaoBHIIa (01,
TyMaH, CHIT, O)KeJie/ib, OOKOBUH BiTEp, MIrpallis JUKAX TBAPUH ¥ 1HIIL.) OMOCEPEAKOBAHO 3B’53aHO 3 CJIEMEH-
TaMH JOPOXKHIX YMOB 1 MOXKe 06arato ckazaTd JOCBiqueHOMY BoJito. [laHi iHIIMX yMOB, B OCHOBHOMY, BH3HA-
YJaI0ThCsl BHHUKHEHHSM B TIpolieci pyxy komiuiekcy BBA tpancrmoptaux npurox DY = TII {N, CH, A, TA},
ne N — inmuaent, CU — cepito3nuit iHnmuaeHT, A — aBapis, TA — Tshkka aBapis. BOHH MICTSATE BiIOMOCTI, SIKi
BUSIBIISIFOTHCS B Tipouieci poscmigyBanns TI1. B npomy Bunagky DY = (. B BinHOIICHHI YaCTHHY CLIEHAPIIO
JIB Bigcunaem no po6otu [5], ne mianyetses Segm = 1,3; Segi = Segs = P} (C3) — BUKOHYIOTBCSI aBTOMOO1ITb-
HUM TpaHcnopToM, Segx(Cz) = P3 (C3) — BUKOHYIOTBCS 3aJIi3HUYHOIO TIOPOTOIO.

IHdoaoriuHa Mo/Ie)Ib BU3HAYAETHCS 1H(POPMALII€I0, KA HAIXOIUTh B BUTJIAI MIOTOKY 1HPOPMAIIHHUX
€JIEMEHTIB BIANOBIIHO 110 3asBKU Ha JIB, manux 3 mkepen DD, DC, DY, indopmarliiiiHux BapiaHTiB, SKi BUHH-
KalOTh NP TIEPETEHi AePKaBHOTO KOPAOHY, 1 TEPMiHIB IIUX JiH, & TAKOK NPOTSIKHOCTI CEIMEHTY Segm, KU
BKJIOYA€ KOHTPOJIBLHY TOUKY NepeTuHy uepe3 kopaoH KTy,

IH(3H) = Id,l UId,Z U.. Uld,k;
UIM(P3) = {I"(DD,DC,DY; Ify (KT, @rp Apraltyy); (18)
Aty = (Dy — Dy) x24; Aty = |th — 5 |;

T= [MM(PQ)] = T2,3 (19)

1e Qrp, Arp, alty, — reorpadiuni KOOPAMHATH NPUKOPAOHHOTO NEPEXOTY
T»3 — 4ac 3aTpadenuii Ha 00poOKy iHpopmartii B momesni IJIM(P5);

KonnenTyanbHa MoJienb BU3HAYAETHCA JOTT9HOIO cyMoro ortucy IO i moneneit TMM, VIM

HFO(PSZ) = VeI‘B (Zi\é‘:l Id,K) (rﬂrﬂ' .Z[C: Ay, KTM, D3, t3' D4, t4)Segm;
TMM(M2): U¥_, I XDDXDCx DY X KTmx D X D X t] x
th xSeg, — Pj (Segm);

KM(PS2) = I"(3,) = U™, dk; I"(DD,DC, DY); (20)
IJIM(PY) = I, (KT, @rpy Arp, altyy);
\ AT]_ = (D4 - Dl) X24, ATZ = |t2 - tg |,
T[KM(PS,)] = Ta1 & T2z & T23=Taa Q1)

Amnanoriyao JICM(PS, ) mogens JICM(PS,) kpim KM(PS,) MicTuTh ceMaHTHUYHY OpraHi3alliiiHux ac-
nektiB JIB, otpumana 3 SEM (/IB) i SEM (JIA). Otxe, noriko-cemantiuna mojaens JICM(PS,) monmaerses
OpraHi3aliifHIMU NUTaHsAMY, ki Bu3Hauatoth SEM(/IB), SEM (JII), i SEM ([1A). 3HOBY k€ TpUMaIOTHCS B
SIKOCTI aHajora ImacymMmkoBy moxaenb IIM(PS;), MoxkHa mipuiiTet 10 BUCHOBKY Ipo cyTHicTh [IM(PS,), ska
npencTaBisie coO0 TOETHAHHS PSy MOJENed, JOTPUMYIOUYHCh METOJOJOTIi KOHIENTYalbHO-JIOT1YHOTO
BiT0OpaskeHHS MPOCKTHOTI'O MOJICIIFOBAHHS JOCHTIPKCHHS CKIIQHUX TPAHCTIOPTHUX CHUCTEM.
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ITepeitnemo mo0 apyroi ckimanoBoi cycmiibHOTO 3a0e3neueHHs [1/1B, To6To mo aii PS; — Texniuna
nigroroska npouecy /IB. BoHa ckiamaeTscs 3 mepeBipKH HasiBHOCTI 1 IOCTATHOCTI MANHBO-MacTHIBHUX Ma-
TepiajiB, MOTJIMOJICHOTO OISy aBTOMOOUIA 1 HOTO CHCTEM, TIEPEBIpKH 3ac00iB 3B’ 3Ky MIXK BOJIEM Ta JIHC-
neTyepom, 3abe3neueHHs MIKPEeMOHTHOT'O PECypcy XOAOBOi YAaCTHMHH aBTOMOOUIA i HOro ABHTYHa i TOMY
moiOHUX OTepalliid HalpaBJIEHUX Ha TeXHIYHE 3a0e3nedeHHs nporecamu JIB. Tpeba BigMiTHTH, 10 TEXHIYHA
miaroroBka /IB He 0OMEXyeTbCsI MOMKITHBOCTSIME aBTOMOOLUIS, a 3aXOIUTIOE TEXHIKO-TEXHOJIOTTYHY CTOPOHY
Bcroro mporecy JIB. Ho 3 00mikoM IOCTaBIeHOT0 3aBIaHHSI 0OMEKXUMOCS TEXHIYHOIO MiATOTOBKOIO MEpecy-
BHOTO TPAHCTIOPTHOTO 3aC0O0Y /10 3aIUTAaHOBAHOTO TIPOIIECY TOCTABKU BAaHTAXKY.

Jl1st cTHCIOCTI BUKIIAAY MTOCHIIAEMOCH 3pa3y Ha BU3HAUCHHS MPOCKTHOI Moxeni i PS; (Bu3HaueHHs
71) marouun B Bumy, mio 14 Aist aHajoriuHo PS,. 3ocepenemo Hamry yBary Ha aii PS; — mponeci npuitHATTS
pimens (I1I1P), sike B maHOMY BHIIQAKy Ma€ TPHOXCTOPOHHIO HANpaBJICHICTh MO CTaHy MEPECYBHOTO TpaHC-
MMOpTHOMY KoMIuTekcy BBA:

PS; 1 — IITIP no ncuxodio3010ri9HOMY CTaHy BoAis KoMiuiekcy BBA;

PS; ;, — IIIP no noTOYHOMY CTaHy BaHTaXy, KU IiAJIATa€ JOCTABKU 33 NPH3HAYCHHAM;

PS;, 3 — III1P mo TexHiuHOMy cTaHy aBToMoO11s mipouiecy IB.

PS, = PS,; & PS;, & PS, (22)

Kinpka myMOK BiTHOCHO TpoOIEeCY MPUUAHATTS pimieHb. lle HacTipku ckiIamna i crienndivaaa mis, mo
Tpeba roBoputH mpo TexHonorito I1I1P, sika Mae KOHKpETHUH HANIPAM NPUHHATTS PillleHb, SKi BU3HAYAIOTHCS
0Cco0OHCTOr0 023010 3HAHB (axiBIill. BoHa 3aJIe)KUTE BiJl TPAKTHUKH 1 3IOPOBOTO CEHCY (aXiBIA-TIpakTHKA. by-
JIEMO TOBOPHUTH PO (pakTorpadidHmii JOMEH 3HaHb, K YaCTUHHU 0a3u 3HAHb 1 Py CTAHAAPTHUX OIEparlii mo
MPUAHSTTIO PillIeHb (KOHLENTYaJIbHIH JOMEH 3HaHHA) [6].

His PS; 1 1 PS; , 6araro B womy BusHauaeTsca SEM (IB) i SEM (/II'), To6T0 dakTorpadiunnmu na-
HUMH 110 3aCTOCYBaHHIO IICMXO(]i3i0JOTiYHOrO CTaHy BOAisl (BTOMJICHICTH 1 BIACYTHICTH dHacy, SKWi
BHIIUISETHCS HA BIIIOYNHOK, CCHCOMOTOPHA PEaKIlis, Mpodeciiiti, 0COOMCTI 1 CommiaabHI SKOCTI U 1HII.) 1 ce-
MaHTUK{ CYTHOCTI 3MiHM BaHTaxy 1 HOro Tapu (HOpYILIEHHS TapH, MiJMOYYyBaHHs, [IOpYa, YCYIIKa, yTPycKa
BaHTaxy 1 T.1.). [IpuBenemMo MatematuuHy (GopMy BHILEHABEICHOTO AISITBHOTO aCHIEKTY

PS; 1 = SEM (IIB) = Vx; Jy; P(Xx;,y;, T),i= LN, j= LK. (23)

e X; — (pakTop cuxo(di3ioNOTiYHOTO CTaHy BOJIIS;
yj — dakTop MOMMIKOBOI Aii BisA Komiuiekca BBA;
TII = {1n, CUn. AB, TaB} — TparcnopTHi npuroau (BusHaueHHs [53-57];
P(xi, Yj» TH) — IpeauKaT ncuxogizionoridyHoro crany Bois i oro Briue Ha TII.
PS,, = SEM (JII) = VX 3V, PXy, Vo, T, m = T, ™, j= T,a . (24)
<m,n > =unk
e X, — GaKkTop 3MiHU CTaHy BaHTaXy 1 HOTO Tapw;
Yn — GakTop BIUIMBY CTaHy BaHTaXYy 1 HOTO Tapu Ha TPAHCIIOPTHY MPHUTOMY, KA MOXKIIMBA TPH
HEBIAMOBIIHOCTI CTaHy BaHTaXy 1 HOro TapH JaHWM, sIKi BU3Ha4eHi B 3asaBLi Ha [IB;
P(X;, Vo, TIT) — mpeaMeT cTaHy BaHTaXy i HOTO TapH, a HOro TaKoK BIUIMB Ha MOXKJIHBICTE TTI.
@DaKTUYHUN CTaH aBTOMOOIISI BU3HAYAETHCSA AKICHUMU 1 KITbKICHUMY IMOKa3HUKAMH J1arHOCTUKH CH-
cTeM aBTOMOOLIs 1 6araTo B YoMy 3ayieXath BiJ MOXHOOK 1-T0 1 2-ro pody amapaTypu AiarHOCTYBaHHS, siKa
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3HaXOJUTHLCA B CHCHiaJ’Ii3OBaHOMy HiI[HpI/ICMCTBi TEXHIYHOIO 06CJ'Iy1"0By'BaHH$I NEpECYBHOI0 TPaHCIIOPTHOT'O
KOMILJICKCY. V3arajabHEHO ueﬁ BHCHOBOK MOKJIMBO IIPEACTABUTU B BI/II‘J'ISI,Z[i

PS; 5 = SEM (JIA) = Ya 3CP(a, ¢) & VB 3TII P(B, TIT) € NC[1®(1)];. (25)
12(1) = Repr IS(D) = At &IL(D) & O() & N(D 0 U & T(D) [t = T . (26)

e o, 3 —moxubka 1-ro pony i moxmubOka 2-ro poay B AiarHOCTYBaHi;
C={...rpH.,...KpOH.,...€BpO} — EKOHOMIYHI BTpaTH MPH MPHUBIJICIOBaHHI BIUIUBY O;
IIC ={KBT., CKBT,CKBTx, CKBT} — mpobnemHi curyartii, ki MaroTh Mictie B mporieci /1B,
cyasuu no ingopmarii, mo nocrynae 1 (t) (susnauenns 48-51 [7];
A, 11, O, N — 10CTOBIpHICTB, IOBHOTA, OAHOPIIHICTh, HEIIEPEPUBHICTH 1H(OPMAIIIT;
Q, Y(t) — omepaTHBHICTh i EKOHOMIUHICTP iH(OpPMALiTHOTO 3a0e3eUCHHSI.
V3aranbHeHHIO iHpopMaliiiHoro 3abesnedenns, Ak Aii PSy, ansa PS; ;3 BusHauaioThes Tak: AKii cMu-
cnoBiii iHpopMarlii Sem(ls), K0T AKOCTI Zm, TpeOa 3a0e3meunTH, kUM 00’ eMoM Yis, ski aii PS; 1 g0 skoro
MOMCHTY 4acy tn

Pslz S { SEM [Is(zm)]:YIs: Psi:tn} . (27)
[HmMMY cltoBaMu, B TO3HAYEHHX 1 TEpMiHAX AaHOI CTATTi, LeH BUpa3 MpuiMae BUTIIAL
PS;, S {TICI?(D)], F(a, B), Repr IS(T), PS73} (28)

ne SEM [I(Zy)] = SEM (JIA) € TIC[1®(1)];
Yis = F(a, B) = F[Rerv(a, B)];
PS;, nns peanizauii PS; 3;
t, =T

3 00JiKOM IpOMI3JIKOCTI 1 CKIaTHOCTI CTaTi MepeHeceM CTBOPEHHSI MOAENBHOTO psxy aii PS, — PSg,
PSg — PS; 4, B OKpemuii po3aisI 3araJIbHOTO MaTepially 10 YI0CKOHAICHHIO TPAHCTIOPTHOI CUCTEMOJIOTIi. bibI
NeTalbHO, MUTaHHS, SIKi 0B’ s3aHi 3 iHdopMarliiinuM 3ade3neueHusM (13) aiit mo 1B — PS;, OyayTh posris-
HYTi B HACTYITHMX YaCTWHAX TEMAaTHKHU 3arajbHOro Martepiamy. Lle moB’si3aHo 3 iHTEpecoM 1 3HAYEHHSM, SIKi
3aCTOCOBYIOTBCA 10 I3 mocTaBkM BaHTaxiB, a Takoxk A0 Aii PS;3 — ominku pusuky JB micist BUKOHaHHS KiH-
meBoi aii PS; 1 B mioMy 1Mo BCbOMY IIpOIIeCy JOCTABKH BAaHTAXKY BiJl TOYATKOBOI IO KiHIIEBOT TOYOK IPH3HA-
YEeHHS.

Bucnosok. ismu PS; — PS;; MokHa onvicyBatu cKiagHi TPaHCIIOPTHI, OpraHi3aliifiHO-TEeXHI4Hi CH-
CTEMH, BUXOJISTYH 3 PI3HUX aCMEKTIB i CTOPIH JOCTIKEeHb. Tak0X CITij] TaM’TaTH, 10 HOCTiIOBHICTh YHi(iKO-
BaHmX niki PS; — PS5 He € morMoro 1 iX cimimyBaHHsS IpyT 3a IpyroM (abo mapayieIbHO APYT APYTY) € TOBITLHUM
MOMEHTOM, SIKAH BH3HAYA€THCS ACKIApPATHBHO-TPadiuHUM OMHUCOM TPAHCIIOPTHOI CHCTEMH BHXOJSMYHU 3 J0-
CJIIKYBAaHOTO iHTEpECY.
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Summary: We continue to publish proposals for improving transport systems. This article defines the
4th part of a large topic on the creation and adjustment of terms and definitions required for communication
processes of communication, primarily researchers in this field of subject activity "researcher of transport
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Summary: The movement of single and group cars in traffic flows was investigated during the work.
These studies are used to calculate the vehicle delay time during maneuvers through crossings and adjacencies
at the same level. On the basis of the data obtained, the technical and economic discussion of the cross-sectional
or adjoining parameters under consideration can be made.

In the course of the study, examination will be conducted on the influence of intensity, velocity and
traffic flow on the distribution intervals between cars and a graph of this effect for different traffic intensities
is to be constructed. On the basis of the provided charts, the dependence of the free interval, necessary for
maneuvering, on the traffic flow intensity is described. Using this dependence, you can figure out the number
of cars that can be transported continuously.

Knowing the traffic flow, its intensity and the distribution of free intervals between cars and groups of
vehicles, the lag time of cars that are waiting for the ability to maneuver as well as their quantity can be
calculated with the help of the proposed method.

Keywords: traffic Intensity, free interval, interchange, vehicle, group of cars, road.

Introduction. The behavior of vehicles affects the behavior of drivers. A separate driver, trying to
achieve his own optimal solution, conflicts with others who interact with him by means of overtaking, switch-
ing lanes and changing the itinerary on a straight section of the road. By performing a maneuver on the inter-
section of the crossing or adjoining of highways, the main problem of interaction between drivers is the ex-
pectation by the vehicle of the possibility of maneuvering. Thus, there is a need to study the interaction of
traffic flows driven by the main and secondary roads to address the problems associated with the loss of time
and long-term expectations.
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Purpose and methods: After investigating the distribution of free intervals between cars in the traffic
flow, it is possible to calculate the length of waiting time for cars to maneuver. The time required to perform
a maneuver depends not only on the type and geometric parameters of intersection or adjacency, but also on
the length of free intervals and the duration of the group of cars and consists of time for the implementation of
the actual maneuver itself, the duration of the free interval between groups of vehicles moving on the main
road and the duration of the group of cars, the interval between which is less than the required maneuver.

Given the dependence of the distribution of free intervals in the traffic flow on the intensity of traffic
and the composition of the traffic flow on the main and secondary roads, it is possible to create a model of
behavior of vehicles in the course of maneuver on crossing or adjoining and to consider such models for dif-
ferent intensities and different types of transport solutions in one level . Further, these data may be used for a
feasibility study of changing the parameters of transport solutions at one level.

Results and explanation. Having examined the traffic flow of motorways in the locations of transport
interchanges in one level, a number of parameters such as traffic intensity, speed, traffic flow composition,
intervals between single and groups of cars, the number of vehicles in the group were recorded and processed
for further use in calculations. On the basis of the processed data the regularity of the traffic of vehicles and
the distribution of free intervals depending on the intensity of the movement are deduced.

Research at a different intensity of movement is given for an intensity of 458 cars / hour, as an example.
(Table 1, Fig.1)

Table 1- Frequency of occurrence of a free interval of a given length in a traffic flow, moving with
traffic intensity N = 458 cars / hour.

Tabmuus 1- YacTtoTa mosiBU BIIBHOTO iHTEpBaTY 3aaHOi JOBXHHHU B TPAHCIIOPTHOMY MOTOIIi, IO PY-
Xa€ThCSA 3 IHTCHCHBHICTIO pyXy N = 458 aBTOMOOLIIB / rOAUHY.

Duration of interval, seconds Number of intervals,%

8-10 30

10-12 23

12-14 17

14-16 8

16-18 6

18-20 7

20-22 7

22-24 2

The study was conducted for intensities from 458 cars per hour to 1094 cars per hour. For each of the
intensities, a diagram is constructed and a degree dependence is derived. The degree dependences for each of
the intensities considered in the research are shown in Table 3.

The general function of the dependence of the appearance of a free interval for any intensity:

n=Ax" (D
where n - number of free intervals of given duration in percentage to total,%.

X — duration of free interval, seconds.
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The distribution of the appearance of free intervals

pieces of a given duration at N = 458 car / hour
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40 \
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Figure_1 — The distribution diagram of the appearance of free intervals of a given duration in a traffic
flow for an intensity of N =458 cars / hour. Where t is the duration of the free interval, c; n - number of free
intervals of a given duration, pcs.

Pucynox 1 — Jliarpama po3moiTy MOsBH BITLHUX IHTEPBAJIB 3a1aHOT TPUBAJIOCTI B TPAHCIIOPTHOMY
moTol ajst inTeHcuBHOCTI N = 458 aBTOMOOLTIB / roauny. Jle t - TpUBaiCTh BIIBHOTO IHTEPBAIY, C; N - Kijlb-
KiCTh BUIBHUX 1HTEPBAJIB 3aJaHO1 TPHUBAJIOCTI, IIIT.

Table 2 — General table of the dependence of the number of free intervals of a given duration on the traffic
intensity.

Tabmwst 2 — 3aramsHa TaOIUIIST 3aJIEKHOCTI KUTBKOCTI BUTBHHUX 1HTEPBATiB 3aJaHOT TPUBAJIOCTI BiJl IHTCHCH-
BHOCTI PyXYy.

ts, sec Intensity of vehicles in 1 lane of traffic in 1 direction, cars / hour
458 704 730 732 746 820 850 856 934 980 1094 | 1140

1 2 3 4 5 6 7 8 9 10 11 12 13
8-10 32 56 16 40 42 22 52 54 18 10 10 12
10-12 24 36 24 20 34 26 26 34 10 16 18 4
12-14 18 8 8 18 20 12 12 8 6 2 6 2
14-16 8 16 10 8 6 8 8 6 4 2 6 8
16-18 6 6 8 12 4 4 10 2 6 4 4
18-20 8 4 4 16 6 4 2 6 0 1 4 2
20-22 8 4 6 4 4 2 2 0 4 2 2
22-24 2 1 2 8 2 6 0 4 0 1 0 4
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n, pieces The number of intervals of a given duration for each value of intensity

%0 that is considered in the distance table

80 N=704

70
N=746
60 N=856

50
N=458
40 N=732

30 N=820

i N=980 \ \\
10 N114

8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24

tr,seconds

Figure 2 — Graph of the number of intervals of the given duration for each intensity value, which was
considered in the study. Where tr is the duration of the free interval, seconds; n - the number of free intervals
of a given length, pieces; N - traffic intensity, cars / hour.

Pucynoxk 2 — I'padik KiTbKOCTI iIHTEPBATIB 3aaHO1 TPUBAIOCTI TSI KOSKHOTO 3HAYCHHS IHTEHCHUBHOCTI, SIKE
BPaxoBYBaJIOCh Yy HociimxerHi. [e tf - puBanicTs BiIbHOTO iHTEpBaIly, CEKYH/; Nl - KUTBKICTh BIJIbHUX 1H-
TEpBaJIiB 3a1aHO1 JOBKUHH, ITYK; N - IHTCHCUBHICTh PYXY, aBTOMOOLIIB / TOI.
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Table 3 — Functions of the dependence of the appearance of a free interval of a given duration for each inten-
sity considered in the study.

Tabmwust 3 — @yHKITIT 3aJIeKHOCTI IMOSBY BUTBHOTO 1IHTEPBATY 3a/1aHOT TPUBAIOCTI JIsT KOMKHOL
IHTEHCUBHOCTI, BpaXxOBaHOI B JIOCIi/PKEHHI.

Traffic intensity N, Dependency function R Coefficient A Coefficient B
cars / hour
458 y =42,655x 11! R2=0,7808 42,655 -1,11
704 y = 80,069x 170! R*=10,8436 80,069 -1,701
732 y = 38,149x7 081 R*=0,6926 38,149 -0,891
746 y = 63,474x713% R*=0,8406 63,474 -1,395
820 y =29,617x70-96 R*>=10,7891 29,617 -0,966
856 y = 58,969x1:42 R*=0,8461 58,969 -1,42
980 y = 12,995x°1:026 R*=0,4880 12,995 -1,026
1140 y = 8,3282x703%8 R2=0,3741 8,3282 -0,58

Based on the data in Table 3, the graphs of the dependencies of the coefficients A and B are constructed
which are shown in the figure. 3:

A y =-0,0557x + 72,34 0 $
R2 = 0,8995 02
50

0,4
40 D

-0,6 j
30

0,8
20 AN 1 /></
10 \ , &<

0 . - . y =0,0006x - 1,4038
0 500 1000 1500 N B R*=0,5628

500 1000 lSOON

Figure 3 — The graph of the coefficient A and coefficient B dependence on the traffic intensity N.
Pucynok 3 — I'padik 3anexnocti koediuienra A ta koedinienta B Big inTeHcHBHOCTI pyxy N

On the basis of the data in Table 3, the dependence functions of coefficients A and B are determined:
A= —0,0557x + 72,34 2)
B =0,0006x — 1,4038 3)

The number of free intervals of a given length can be determined by substituting the intensity of the
traffic on the strip and setting the required interval for the maneuver between cars or groups of vehicles.

n=A-t,5B 4)
By substituting the values of the previously determined coefficients A and B, the equation is obtained:
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n = (—0,0557(N) + 72,34) - (t,)*0006(N)~1,4038 (5)

where, n - number of intervals of the given duration in the traffic flow;
N - intensity of traffic along the lane, cars / hour;
t¢ - the duration of the free interval, seconds.

Check the equation with the actual data for intensity N = 1140 cars / hour and for the duration of the
free interval of 20 seconds:

n = (—0,0557(1140) + 72,34) - (20)00006(1140)= 14038 _ g 847 . 20~072 = 2 pieces

Conclusion: After examining the model of behavior of vehicles in carrying out the maneuver on crossing or
adjoining and considering such models for different intensities and different types of transport solutions in
one level, we obtained an equation by which one can determine the number of free intervals of a given length
for any intensity of motion.

Given the dependence of the distribution of free intervals in the traffic flow on the intensity of traffic
and the composition of the traffic flow on the main and secondary roads, it is possible to calculate the number
of vehicles that can perform maneuver on the intersection or adjacency.

On the basis of this data, it will be possible to carry out a feasibility study on changing the geometric
parameters of transport solutions in one level.
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Amnotanis: [1in yac BuKoHaHHS poOOTH OYyJI0 TOCTIIKEHO PyX OAMHOYHHX Ta IPYyI aBTOMOOLJIIB y Tpa-
HCTIOPTHOMY THOTOLli, 3aKOHOMipHICTh MOSIBU BUIBHHUX IHTEPBAJIiB MK TPAaHCHOPTHUMH 3ac00aMu, IO pyxa-
FOTHCS TOJIOBHOIO JIOPOTOI0, 3AJICKHICTH MOJKIIMBOCTI BUKOHAHHS MaHEBPY Ha TEPEXPEIICHHI YU IPUMHUKAHH]
BiJl TPMBAJIOCTI PyXy I'PYyIIM aBTOMOOLJIIB Ta TPUBAJIOCTI BIILHOTO iIHTEpBAIY MiXK IUMHU rpynamu. [lani goci-
JDKEHHS! BUKOPUCTOBYIOTBCS ISl PO3PAXyHKY Yacy 3aTPUMKH TPAHCIIOPTHHUX 3acO0iB IMiJ] yac BUKOHAHHS Ma-
HEBpIB HA TEPEXPEIICHHS Ta MPUMUKAHHIX B OJHOMY piBHI. Ha OCHOBI OTpMMaHWX JaHWX MOXKIHUBO OyIe
BHUKOHATH TEXHIKO-€KOHOMiUHE OOIPYHTYBaHHS MapaMeTPiB MEPEXPECTs UM MPUMUKAHHS, IO PO3TIISAAETHCS.

B X071 BUKOHAaHHS TOCTIPKEHHS OyJIO PO3TIISHYTO BIUIMB IHTEHCUBHOCTI, IIBHAKOCTI PYXY Ta CKIIaIy
TPaHCHOPTHOTO MOTOKY Ha PO3MOJiN iHTEPBaJiB MiXK aBTOMOOUIAMH Ta MOOYAOBaHO rpadikd 3aJIeXKHOCTI
IIHOT'O BIUTMBY JJIS1 Pi3HOT IHTEHCUBHOCTI pyXy. Ha ocHOBI moOymoBaHux rpadikiB BUBEICHO 3aJICKHICTh MTOSBH
BUIBHOTO 1HTEpBaITy, HEOOXiTHOI TPUBAJIOCTI JAJIT BUKOHAHHS MaHEBPY, BiJl IHTCHCHBHOCTI PyXy TPaHCIIOPT-
HOT'O TMOTOKY. BHKOPHCTOBYIOUH 10 3aJIEKHICTH MOXKHA OyJie po3paxyBaTH KiJIbKICTh aBTOMOOLIB AKi 3MO-
KYTb O€3NepenIKOHO BUKOHATH MaHEBD.

3Hal04M CKJaa TPAHCIIOPTHOTO MOTOKY, HOr0 iHTEHCHUBHICTh Ta 3aKOHOMIPHICTh PO3MOALNY BiTBHUX
IHTEpBaIiB MK aBTOMOOUIIMH Ta TPyIIaMH aBTOMOOLTIB, 32 TOITOMOTOIO 3aIIPOIIOHOBAHOTO METOAY MOYKITUBO
Oyne po3paxyBaTH SK 4ac 3aTPUMKH aBTOMOOUIIB IO OYIKYIOTh MOXJIMBOCTI BUKOHAHHS MaHEBpY TaK 1 ix
KUIBKICTB.

KurouoBi cioBa: [HTeHCHBHICTh pyXy, BUIbHHIA 1HTEpBaI, pO3B’si3Ka, TPAHCIIOPTHUH 3acio,
rpyrna aBTOMOO1TIB, aBTOMOOIJIbHA JJOPOTa.
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KOMIT'IOTEPHE MOJIEJTIOBAHHS ITPOLECY YIIIJIBHEHHS IPYHTY
I TPYBOIIPOBOAOM

COMPUTER MODELING OF THE PROCESS OF SOIL SEALING UNDER THE PIPELINE
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AHoTamis. Y cTarTi, 3a TOIIOMOTOI0 KOMII FOTEPHOT'O MOJICIIIOBAHHS B CEPEIOBUII AnsSys, TOCIIHKEHO
poboumii mporiec 3MiHHOTO O0JaHAHHS OJHOKIBIIIEBOTO €KCKaBaTOpa JJIA YIIIILHEHHS IPYHTY MiJ TPyOOTI-
POBOJIOM Ta OLIIHEHO BIUIUB MapaMeTpiB poOovoro o0nagHaHHs Ha SKiCHY KapTHHY NPOLECY YIIiIbHEHHS IPy-
HTY Ta 3MiHY IIapaMeTpiB HAIPYKEHO-IePOPMOBAHOTO CTAHY MaricTpajibHOTO TPyOOIPOBOLY Ta IPYHTY.

Karo4oBi cjioBa: MOJICITIOBaHHS, IPYHT, HANPYXXEHUH CTaH, EKCKaBaToOpP, TPyOOIIPOBiT

BeTyn. Ykpaina Boso/li€e 9aCTHHOIO YHIKQJIBHOI CHCTEMHU TPAaHCKOHTHHEHTAIBHUX MaricTpadbHUX Ha-
(TO- Ta ra30MPOBOIiB, 3aBASKHU SIKUM € MOXKJIMBICTh TPAHCIIOPTYBAaTH HaTy 1 Ta3 10 O6arateox Kpain €Bporu
Ta A3ii, a TaKOX 3a0e3MeuyBaTH CHEPrOHOCISIMH BIaCHY €KOHOMIKY. [lepeBaskHa YaCTHHA TaKOi TPAaHCIIOPTHOT
CHUCTEMH TIOOYIOBaHA ITiB CTOJIITTS TOMY Ta HUHI MTOTPEOy€ KA TAILHOTO PEMOHTY.

B VkpaiHi po3po0iieHO Ta BIPOBAKEHO HOBY TEXHOJIOTIF0 BUKOHAHHS PEMOHTY MariCTpallbHUX TPY-
0OIPOBOIIB, sIKa Mepeadavac BUKOHAHHS POOIT 13 3aMiHM 130JIAIIIHHOIO MOKPUTTA, 0€3 miaioMy TpyOou Ta, B
OKpEeMHUX BUTAJIKaX, 0€3 3yIHUHKY MepeKadyBaHHs MpoayKTy. OCTaHHBOO OIEPAIli€l0 TaAKOi TEXHOMIOTII € 3a-
CHUTIaHHS BiIPEMOHTOBAHOTO TPYyOOIIPOBOIY Ta YITUTFHEHHS BiICUIIAHOTO I'PYHTY Iia Tpy0Ooro. JlaHy omnepairito
BHKOHY€ MAIlIMHA 3 HOBUM POO0OYMM 00JIaHAHHSAM, 3aBJaHHs SIKOTO YIIUILHUTH IPYHT A0 HEOOXIIHUX Mapa-
METpPiB MIITHOCTI, IIPH LILOMY CTBOPIOIOYH MiHIMAIBHHUH BIUIMB Ha 3MiHY Hampy>XeHO-A1e()OpMOBaHOTO CTaHy
(HAC) mirogoro TpyOompoBoIy.

Mera i meToau. Po3po011i Ta BpoBaxKEHHIO KOMIUIEKCY HOBOI 3eMilepuiiHoi TexHiku [ 1, 2] nns Bu-
KOHaHHS TIOIIOHUX POOIT MPUCBAYESHO HU3KA HAYKOBHUX PoOiIT. 30Kpema, 0 CTOCYEThCS OTepaltii yiiasHEeHHS
IPYHTY IIiJ TpyOOIIPOBOIOM, B poboTax [3, 4, 5] OyJio pO3KpUTO MEXaHi3M IMPOLECY YIIIIbHEHHS IPYHTY ITiJ
TpyOOTIpOBOIOM, OOYMOBJIEHHUH B3a€EMOIEIO SIAEP YUIUTBHEHHS IPYHTY il Yac OOTUCKYBaHHSI 1OT0 TUIOCKHUMU
MOBEPXHIMH pOOOYOro OpraHa, 1o piBHOMIPHO PyXalOThCs OHA MPOTH OAHOI, B yMOBaxX, OOMEKEHUX CTiH-
KOIO TPYOOIPOBOAY 1 AHOM TpaHILEl, SKUH TO3BOJIMB KEPYBATH CTYIICHEM Ta PIBHOMIPHICTIO YIIITFHEHHS Ma-
CUBY IPYHTY TiJl TPYOOITPOBOZOM 3a OVH MPOXia pododoro odmamHanHs. Po3po0ieHo MmaTeMaTu4Hi MOACIi
JUTS. BU3HAYCHHS HAIPY)KeHb Ta KOSOIIIEHTIB YIIIIbHEHHS IPYHTOBOIO MacHUBY IIiji TpyOomporogoM. Busna-
YEHO paIlioHaIbHI 3HAYEHHS apaMeTpiB IPYHTOYIIIIFHIOBAIEHOTO 00JIaTHAHHS: KYT OOTHCKYBaHHS 75°, Bil-
cTaHb MK Jonatkamu 1400 MM, TOBXKHHA Ta MHpPHHA JoTaToK — BiamosigHo 600 Ta 300 MM, BiACTaHb Bif
JIOMIATKH 70 TBipHOi TpyOomnpoBoay / — 180 MMm. BetaHoBIEHO 3aKOHOMIPHOCTI 3MiHM TUCKY IPYHTOYILIIBHIO-
BaJIbHUX JIoNaToK Ha IpyHT P = 0,18...0,35 MIla Bix koedirieHra foro yiminsHeHHS B Mexax Ky = 0,9...0,95.
Taki mapamMeTpu A03BOJIHIIN CTBOPUTH €PEKTUBHE POOOUE O0JIaqHAHHS IS YIIUIBHEHHS IPYHTY ITiJl Marict-
paNbHUMU TPYOOTIPOBOIAMH.
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OcTtaHHIM YacoMm, OyJ10 3alpOINIOHOBAHO CIIPOEKTYBATH KOHCTPYKIIIO 3MiHHOTO poO04Y0ro 00a HaHHS
JI0 O/THOKIBILIEBOT'O €KCKaBaTOPa, AJIs1 YUIUILHEHHS IPYHTY MiJ] TpyOOIpoBOJaMH MU BUOIPKOBOMY PEMOHTI.
Jns1 Buio3MiHeHOro po6odoro o0agHaHHS HE BUPIIICHUM 3aJIUIIIIOCS TUTAHHS, A KU BIUTMB YNHHUTH IIPO-
LeC YIIiIIbHEHHS IPYHTY MiJ TpyOONIpOBOAOM Ha 3MiHY HampyXeHO 1e(OpPMOBAHOTO CTaHy TpyOH, IpH BiJ0-
MHX HaBaHTaKCHHSX Ha He, 1 K1 mapaMeTpu IPYHTOYIIUIFHIOBAJIBHUX JIOMATOK HEOOXiTHI 1S €(h)eKTHBHOTO
VINUTBHEHHS TPYHTY.

Merto10 po60oTH - 33 JONIOMOTOI0 CYYaCHUX 1HKCHEPHO-Pa3paxyHKOBUX MPOrpaM 3MOJISITIOBATH PO0O-
M TIpoIeC 3MIHHOTO OOJaJHAaHHSA KCKaBaTopa IS YUIUIbHEHHS IPYHTY MiJ TpyOOIIPOBOIOM Ta OLIHHTH
BIUIMB MapaMeTpiB I'PYHTOYIIILHIOBAJIFHHUX JIOMATOK HA SIKICHY KapTHUHY HPOLECY YIIUIBHEHHS IPYHTY Ta
3MiHy TTapaMeTpiB MaricTpalbHOTO TPYOOIPOBOY.

OO0’ €T OCIIHKEHHS — MPOIeC YIUIBHEHHS IPYHTY 1T TpyOOIIPOBOIOM.

Pe3ysbTaTu i nosicienHsi. B nporieci BUKOHaHHs AOCIiIKEHHA, 0yJI0 po3po0IeHO TPUBUMIPHY MO-
JIeNIb eKCKaBaTopa 3 poOoYrM 00JaJHAHHSAM, IPYHTOBOIO MPHU3MOIO i TPYOOTIPOBOJIOM Ta 3MOJICITBOBAHO
TpyOomposixn (puc. 1).

Pucynok 1 — Moaens 3MiHHOTO Po00Y0ro 00IaHAHHS 0 €KCKABATOPA AJISl YUIIIBHEHHS IPYHTY i Tpy0o-
HPOBOJIOM
Figure 1 — Model of interchangeable work equipment to the excavator for soil compaction under the pipeline

J1o TPYyHTOBOTO CEepeOBHIIA MPUKIAJAEHO HABAaHTAXXKEHHS (pHC. 2) Bi IPyHTOYIIIIbHIOBAIBHUX JIOMA-
TOK, BiTIOBIHO JO MaKCHMAJIbHUX 3yCWIIb B TIAPOUMITIHAPAX, 3 YPaxXyBaHHAM KiHEMAaTHKH IIPUBOY.
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Pucynok 2 — Cxema npuKIIaiaHHS HABAaHTKEHHS BiJl IPYHTOYIIUIEHIOBAJIBHUX JIOMATOK
Figure 2 — Scheme of application of load from soil compacting blades

VY pesynbraTi gocnimkeHs O0yno BcranosieHo 3mMiny HJIC tpyOonpoBofy, aHami3 SKUX JaB MiCTaBy
CTBEP/KYBATH, 110 OOTUCKYBAaHHS IPYHTY MiJ TPyOOHPOBOJOM JIONATKAMU YHHHUTH BILTHB Ha 3Miny HJIC
TpyOH. SIKicHa KapTHHA EIIOPH PO3IOILTY HANPYKEHb TP [IbOMY M€ BUIIISAI PHC. 3.

Pucynok 3 — Enropa po3noainy Hampy>XeHb B TpPyOOIPOBOI HiJ Yac YIIiIbHEHHS IPYHTY
Figure 3 — Plot of stress distribution in the pipeline during soil compaction
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YV pe3ynbTaTti BUKOHaHHS HU3KH JAOCIiIKEHb, Y TOMY YHCII1 1 IOCIiIKEHb HAIIPSIMKiB (POpPMYBaHHSI 30H
neOopMyBaHHS I'PYHTY pHUC. 4, OYJIO 3aIIPOIIOHOBAHO 3MIHUTH (HOPMY VIIUTBHIOBAIBHOT JIOMIATKH, 3pOOUBIIN
if TaMaHOIO 3 KITBKOX YaCTHH.

0.00° 350.00 700.00 {mm])
I 00

Pucynok 4 — ®opmyBanHs 30H AeGopMyBaHHS IPYHTY
Figure 4 — Formation of soil deformation zones

HasBHICTH 1OOATKOBUX «KPWJI» JIONATKHA JI03BOJIUIIO MEPEHANPABUTH HAMPAMHU (OPMYBaHHS 30H Jie-
(hopMyBaHHS IPYHTY IiJ TPYOOIIPOBOAOM, 320€3MEUMBIIH IIPH ILOMY PiIBHOMIpPHE Ta SIKiCHE YIIITbHEHHS IPY-
HTY puc. 5 mig TpydonpoBoxoM 3 MiHiManbHOO 3MiHOI0 H/IC TpyGonpoBoy.
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Pucynok 5 — ®opMmyBaHHS 30H YUIIIEHEHHS IPYHTY
Figure 5 — Formation of soil compaction zones

Kpim Toro, B pe3ynbTari TOCTiKSHHS, JIHIUTH BUCHOBKY, 1110 MOYXXHA BUKOPHCTOBYBATH (popMYy Jioma-
TOK y BUTJISIII IBOX Ha miBcep Ha BijicTani 1265MM, 3 BCTAHOBICHHMH pallioHATBHUMU PaJilycaMi KPHBU3HU
275 ta 375 MM, Ha BifcTani 272MM Big Tpyou giamerpom 1420mm (puc. 6).

Pucynok 6 — PamioHanbHa cxeMa po3TallyBaHHS Ta apameTpu (GOpMHU JONATOK JUIS YITUILHEHHS TPYHTY il
TpyOOTIIpOBOIOM
Figure 6 — Rational layout and shape parameters of the blades for soil compaction under the pipeline
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[Tpu npomy Branocs 3abe3neynty MiHiMansHUHA BIuuB Ha 3MiHy HIAC TpyOonpoBomy Ta JOCSATTH Haii-
OLTBII PiBHOMIPHY SIKICTh YIIUTBHEHHS IPYHTY IO OCi ITiJ] TpyOOompoBoaoM puc. 7.

0.00 450.00 800,00 (rrr)
I 000

Pucynok 7 — @opMyBaHHS 30H YIIIIBHEHHS IPYHTY i TpyOONPOBOIOM
Figure 7 — Formation of soil compaction zones under the pipeline

BucHoBku Ta pexomeHaauii. Pe3ynbraty HociIXeHHs MOKa3aiy, U0 3aBASKH MOACIIOBaHHIO POOo-
YOro MPolecy 3MIHHOTO O0JIaIHAHHS €KCKaBaTopa sl YIIIJIbHEHHS IPYHTY IIiJl TPyOOIPOBOIOM, 3 BUKOPHC-
TaHHSIM CYYaCHHX 1H)KEHEPHO-pa3paxyHKOBHUX MPOTPaM, BJANIOCS OIIHUTH BILUIUB MapaMeTpiB IPyHTOYIIIIb-
HIOBaJIbHUX JIOTIATOK Ha SIKICHY KapTHHY MPOLECY YIIUILHEHHS IPYHTY Ta 3MiHY apaMeTpiB MaricTpalibHOTO
TpyOOIIpOBOAY.

BcranoBneno, mo A 3MiHHOTO pobodoro obnajHaHHS €KCKaBaTopa, Ui YIIUIbHEHHS IPYHTY MiX
TpyOOTIPOBOIOM, OLITBII paIlioHAILHO BUKOPUCTOBYBATH (POPMY JIOIIATOK Y BUTIISIL IBOX Ha TiBcdep po3Ta-
NIOBaHMX Ha BijgcTani 1265MM Mik coboro, 3 pagiycamu KpuBH3HU 275 Ta 375 MM, Ha BiJcTaHi 272MM Bij
TpyOu miametpom 1420Mm.

[IpoekTyBaHHS 3MIHHOTO poOOUYOTO OONAHAHHS €KCKaBaTOpa 3 TAKUMU MapaMeTpaMu IPYHTOYIIIb-
HIOBaJIbHUX JIOMIATOK Ta iX pO3TaIlyBaHHSM BiTHOCHO TPYyOOIIPOBO/Y 03BOJIUTH SIKICHO YIIUTEHUTH TPYHT Iij
Tpy0O¥0, 3 MAKCUMAIEHUM KOe(Dilli€HTOM YIIITbHEHHS, Ta 3a0€3MeYUTH MiHIMAIBHUHN BIUTUB OOJIaTHAHHS Ha
3MiHY HaNpyXeHO-Ie(POpPMOBAHOTO CTaHy TPYOOIIPOBOY.
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Summary. In the article, using computer simulation in Ansys environment, the working process of
replacement equipment of a single-bucket excavator for soil compaction under the pipeline is investigated and
the influence of working equipment parameters on the qualitative picture of soil compaction process and
change of stress-strain state of main pipeline and soil is evaluated.
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Abstract. The constant aspiration of a person to replace manual labor with the work of machines and
mechanisms is reproduced in such concepts as "mechanization", "automation", "machine-tool" and others. In
the construction industry, the most common and most favorable for the disclosure of this desire is an indicator
of the level of mechanization. But in the techniques and recommendations that provide advice on the definition
of this indicator, its calculation is carried out using generalizations of mechanization of labor without giving
any clear representations as to the determination of production volumes in a purely mechanized way.

The article reveals the essence of the indicator of the level of mechanization of road production, which
determines the expediency of improving the structure of the main production assets of the enterprise for the
implementation of such a program of work, which would contribute to maximizing profits. In general, the
definition of the rational level of mechanization is based on the implementation of an iterative algorithm, which
includes a number of stages.

Thus, at the first stage, the initial (basic) program of a road organization is determined using data on
the quantity and quality of the main production assets and the usual program of work for this enterprise. De-
termining the structure of this program, consisting of a number of road works and labor processes, in turn, is
carried out using the developed algorithm, which involves the maximum technological use of all types of
resources, including technical, which contribute to the mechanized mode of work. Next, using the data on the
structure of the works, it is possible to obtain the estimated value of profit that can be obtained as a result of
the implementation of the initial program of work.

On the basis of the information about the estimated value of profit formed part of it in the form of a
production development fund. The size of the fund for the development of production is the basis for reforming
the machine park of the road organization. Options for changing the quantitative and qualitative composition
of the machine park include the steps to assess their residual value, the purchase of new machines, major
repairs or replacement of existing units of equipment.

Using the data of various variants of the modernization of the park of machines and mechanisms, the
corresponding changes for working hours for them are determined for the year, that is, the initial annual of
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working time is recalculated. The updated information on annual working time funds is used to determine the
appropriate modifications to the park of machines of the work program of the road organization. For each
option of updated programs of work determined by the calculated profit, and its maximum value is approved
rational program of work.

At the last stage, using data on total costs of manual and mechanized labor, as well as data on the total
number of performers, indicators are calculated that characterize the level of mechanization of a road enter-
prise. The obtained indicators, as characteristics of the level of mechanization, can be used to solve various
tasks in the field of road production management.

Key words: level of mechanization, program of work, estimated profit, indicators of mechanization.

Presenting main material

As you know, the level of mechanization of production is used in the processes of enterprise man-
agement in order to determine or confirm the sustainability and success of its activities. The indicator of the
level of mechanization is used in the process of forming an offer for participation in competitive bidding, as
an indicator of the formation of the wage level of the program executors, as a mandatory indicator of enterprise
activity reporting, as well as a criterion for evaluating the results of the production and economic activity of
the enterprise. In general, the definition and prediction of the indicator of mechanization of production is de-
termined by its relevance and comprehensive necessity.

Determination of the level of mechanization takes place at different levels of production manage-
ment, that is, it can be determined at the level of individual works, at the level of execution of individual
programs of works or contracts or at the level of the entire enterprise. In all these cases, the calculation of the
level (indicator) of mechanization of production is quite simple, that is, it is determined by the ratio of volumes
of work that were performed mechanized way to the total output [1,2]. But the problem of implementing such
a method of calculating the level of mechanization lies in the fact that the determination of the fate of "mech-
anized" share of work in the total volume of production is extremely complex and virtually unresolved prob-
lem, because this part of the work can be imagined as the cost of energy workers, whether it is the number of
executed products, is it a lot of labor. Therefore, the use to determine the level of mechanization of information
on the cost of manual and machine labor or the number of performers (workers and machine operators) will
only lead to the calculation of indicators characterizing the level of mechanization.

On the basis of the system-technical analysis of the suburbs of the indicator of the level of production
mechanization, it is possible to conclude that it has a relative nature, and therefore its significance does not
directly affect the achievement of the best results of production, but, on the other hand, is an inherent charac-
teristic of the organization of production. In general, the level of mechanization should be understood as the
tendency to reduce manual labor in the production process, provided that the cost of its production is reduced
and that a positive socioeconomic effect is achieved. In road production, as a criterion for achieving a favorable
result, the profit that can be obtained as a result of the implementation of the program of work can be best
taken.

On the basis of the analysis of the trends in determining the profit in transport construction, one can
conclude that in practice only the concept and meaning of estimated profit are actually used. Since the defini-
tion of estimated profits is carried out at the design stage as part of a consolidated estimated calculation [2],
then in the further material it is a question of a predominant definition of the planned level of both company
profits and the possible level of mechanization that contributes to achieving this profit.

Determination of the rational relation between the enterprise activity program with the defined
structure of work necessary for its successful implementation by the level of mechanization and planned profit
is carried out using the method of iterative modeling of the processes of solving such problem in the following
stages:
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IIP1 -> KII1 -> IIM ->1IP2 ->KII2; E=KII2—-KIII, @))

where IIP1 - procedures for modeling the processes of implementation of the initial program of works
of the enterprise;

KII1 - calculation of the estimated profit that can be obtained as a result of the implementation of
the IIP1 program;

IIM - procedures for simulation of processes for improving the condition of main industrial assets;

IIP2 - procedures for modeling the implementation of the program of work after the renewal of the main
production assets of the enterprise;
KII2 - calculation of estimated profit, which can be received as a result of program [IP2;
E - is the economic effect that can be obtained as a result of the renewal of the structure of the main
productive assets.

To solve the stages of the problem (1) a system of initial data that characterizes the activity of a
road enterprise is formed and includes:

- list and amount of labor and technical resources available to the road enterprise - » = 1, 2, ..., R,
where r is the type of resource (or group of resources of one class);

- estimated annual working time fund of each group of resources, which is measured in hum. x h for
labor. and for technical resources - in the mash.x h - Fr; which forms the so-called "cash desk" of resources;

- a list of characteristic works and groups of labor processes, which constitute the latest program of
work of the road enterprise - i = 1, 2, .. , n, where i is the kind of characteristic work (or group of labor
processes). The list of characteristic work and labor processes is established on the basis of the analysis of acts
on executed work in the form number Kb-2B;

- the cost of performing a unit of measurement of a characteristic work or a group of labor processes -
Ci, which can be determined from acts Ne Kb-2B, UAH;

- calculation of the technologically possible duration of a typical work or a dedicated group of labor
processes - Ti, A.

The source data system also includes a normative base on the cost of resources per unit of meas-
urement of a characteristic work or group of labor processes, which uses state Resource Element Estimates
(RECNs - PEKH) [4,5]

Procedures for simulating the processes of implementing the enterprise program's initial program
of work - ITPI begin with the determination of the feasibility of each i - th work characteristic of this program
throughout the year, during the period 7i. For this purpose, for each work, the level of its provision with re-
sources is set, which can be demonstrated by such an example.

The characteristic work corresponds to REKN - DSTU B D.2.2 - 2013, Sb. 27, tab. 27 - 14 [4]. Unit
of measurement of this work - 100 m?, the estimated time of its execution is 600 hours. A fragment of the
calculation of the level of resource provision is presented in the table 1.
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Table 1 — A fragment of the results of calculating the level of provision of resources
Tabnui 1 — @parMeHT pe3yabTaTiB PO3PAXYHKY PiBHS 3a0€3MEUCHHS pecypcamMu

Resource expenditures
Number of per 100 m* (PEKH) | Maximum | Costs Take The coefti
Name enterprise volume of | resource into cient is se-
resources resources unit cost work, m® | resource | conside cured by
measuring | resources Vmax on ration resources
Vmax Kap.,ir
1 2 3 4 5 6 7 8
1.Cost of labor 68 hum. x h 17,9 33835 6056 10,1 6,73
(workers)
2 Motor 3 mash. x h 5,32 33835 1800 3 1
gradars,
99xW
3.Road roller, 2 mash. x h 22,92 33835 7755 12,93 0,15
13t

The maximum amount of work - Vmax is determined by the performance of the lead resource, which in this
case adopted an motor grader. Then:
Vmax = (600/5,32) x 100) x 3 = 33835 m®

Resource Coefficient - K3p., i r (column &, table 1) is determined by dividing column data 2 into
column data 7. The estimated factor providing the resources of the above work is the minimum value of all the
supply factors for each type of resource, that is, 0.15 , that is K3p., 1=0.15.

Then, depending on the value of the coefficients of providing resources, all the characteristic work
and labor processes are divided into 2 groups. The first group includes such works and labor processes in which
Ksp., i > 1, that is, the enterprise has enough resources to perform this work (or labor process) throughout the
technological period. The second group includes such works and labor processes in which Ksp., i <I.

From these two groups there is a general ordered "queue" of work and labor processes, which begins
with their ordering in the first group. In this case, the work (or labor process) which has a higher specific value
- PSi, which is calculated as: PSi = (Vmax x Ci) / Ti, occupies a higher place. The characteristic work (labor
processes) is arranged in order of decreasing their coefficient of providing resources - K3p., i .

Formation of the initial (basic) program of work - /1P is carried out by allocating according to
certain rules and in a certain sequence from the "cash desk" resources of their required volumes for each work
(labor process). Allocation of resources from their "cash desk" represents a system of simulation procedures
that are implemented in the following sequence:

- to the first in a ranged sequence of work and labor processes is provided "cash" resources, from
which "selected" part of the resources necessary for this work - Fir, z, where z = 1, 2, .., Z is the number of
the iterative step of allocating resources for work and labor processes. Necessary part of resources is deter-
mined by the multiplication of the time available for the time allocation of the resource, which is in the current
"cash desk", by the ratio of demand - Knomp., ir, z [6]. This coefficient is determined on the basis of the
information on the maximum and the limited (allowable by the coefficients of provision) the volume of pro-
duction of all works and work processes, the timing of their execution and the performance of the leading
resources. Thus, after the "provision" of the first work or labor resource process in the amount of Fir, 1, in the
"cash register" a balance is formed that is used to meet the needs of the subsequent work (labor process);

- the resources remaining after the previous distribution in the "cash register", are transferred to the
subsequent work (labor process) in accordance with the specified order. Next, for this subsequent work (pro-
cess), the necessary amount of resources is calculated - (i + 1) r, I in accordance with the demand-calculated
by current information — Knomp., (i + 1) r, I;

- then the residual after the previous use of the "cash register" of resources is "passed" to the queue of
work (labor process) until such time as all work and processes of the program of work are secured in accord-
ance with a definite part. This completes the first iteration of resource allocation, z = I;
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- then the distribution of resources is carried out for the following iterations, when z = 2, 3, ..., Z. The
expansion of resources ends on that iteration, that is Z, when the residual "box office" will not find the neces-
sary resource for the next labor process. This iteration is canceled and the resource allocation is stopped. In
principle, the number of iterations can be calculated (the formula in the article is not given), but, as the practice
of the calculations performed shows, their number is from 7 to 12.

In parallel with the allocation of resources for work and labor processes, at each iteration, the vol-
ume of work that can be performed by the given part of resources - Vi, z, and their sum over all iterations gives
the opportunity to determine the total amount of each work (or labor process) - Vi, and in the general form of
their list and the physical expression forms the initial program of works - //P!. In addition, the calculation of
the spent working time of each resource is made - Fr,eump. and the remainder after the time allocation is F7,
sanuws. The information makes it possible to take further decisions that the resource base of the company and
streamlining the work program. So, for example, with data value fund of working time each resource - Fr,sump.
expended in carrying out the program of work and remaining after the distribution of stock of time - — F7,
sanuw. may calculate the amount of each r - th resource used respectively during execution program of work
and remains unused after its execution. Such information is the basis for drawing up the so - called balance of
resources.

First of all, for the determined initial program of work - [7P1I calculated estimated arrived - K/ in
accordance with the provisions of the existing sectoral documents [4]. According to the method of determining
profit, its value mainly depends on the value of the work performed (in other words, on the volumes of pro-
duction) and the structure of labor, that is, the relation between manual and mechanization labor. But in any
case, profits are a generator of the formation of late economic foundations, among which there is a fund for
the development of production and serves as a source of improvement of the quantitative and qualitative state
of the main productive assets, and first of all - working machines and mechanisms.

Procedures for modeling the processes of improving the state of the main production assets repre-
sent a definition of possible options for changing the quantity and quality of machines and mechanisms. In
general, the designation of the options for the modernization of the machine park - v (where - v = 1,2, ... V)
appears as a sequence of expert procedures, each of which has its purpose. So, with the formation of options
for the modernization of the machine park, opportunities can be considered:

- estimates of the state of machines and mechanisms at residual value [7] and their replacement
for new ones in order to obtain negative results;

- the purchase of new machines and mechanisms that are inadequate in the road organization,
which caused the suspension of the development of the program of work at the stage of distributing the "cash"
of resources for work and ore processes;

- major repairs of machines that are close or perish the terms of their lifetime.

Formation of each variant of the change in the quantitative and qualitative composition of the ma-
chine park is carried out within the framework of a definite development fund for testing. For any variant of
the change in the machine park, the annual funds of working time for those resources that are subject to change
in the appropriate version are Fr, v(where-r= 1,2, ... R, v=12,.. V).

Thus, new values of annual working time resources of all resources are formed, which serve as the
initial data for modeling the processes of implementation of the program of work after the renewal of the main
production assets of the enterprise - /IP2. For each of the v - their variants of the modernization of the machine
park, and accordingly to the change in the annual resources of working time resources, formed options for
annual work programs - //P2, v. For each option of the updated program of work the profit is calculated - K712,
v, but as the final version of the perspective program of work, the one that corresponds to the maximum profit
value - K712, v -> max is taken.

Using the information on the structure of the program of work, both //P/ and I7P2, indicators that
characterize the level of mechanization - /IM according to the formulas can be calculated:

TP M
M=—""" oo PM=—
TP, + TPum (M +P)

where TPum - the complexity of work performed mechanized way, that is, mechanized, mash.x h .;
TPp - total labor complexity of manual labor, hum. x h .;

)

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXXHE 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 109

202



I'AJIY3EBE MAIIMHOBY YBAHHA

M - number of machines in the production unit, person ;
P - number of workers in the production unit, people.

Obtained by the formulas of indicators of the /M, characterizing the level of mechanization, can
be taken to improve the practical activities of the enterprise. But even in this case, a comparative analysis of
the comparison of values of indicators of the level of mechanization of /7M, that can be obtained as a result of
programs /1P and [1P2 is useful.

Conclusions

The article presents one of the approaches to the assessment of the nature of the level of mechanization of
production, based on the idea of its development in order to implement a more perfect program of work of the
enterprise and achieve more profits. The definition of rational relations between the structure of the production
program of the enterprise, the quantitative and qualitative composition of the main productive assets and the
profit is realized on the basis of an iterative expert - analytical model. The obtained indicators of estimation of
the level of mechanization of road production can be used to evaluate the activity of road economy units at
different levels of management.
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Amnoranisi. IlocTiliHe TIparHeHHs JIFOAWHA J0 3aMiHH PYYIHOI Ipari Ha poOOTy MaITuH 1 MeXaHi3MiB BIATBO-
PIOETHCS B TAKHUX MOHATTAX SIK “MexaHizalis’, “aBromMaruzamis’, “MexaHoo30poeHicTh” Ta iHIuX. B Oyxise-
JBHOMY BUPOOHUITBI HAMOIIBII PO3NOBCIOKEHUM Ta HAMOIIBII CIPUSTIMBUM [UIS PO3KPUTTS LBOTO par-
HEHHS € TIOKa3HUK PiBHSA MeXaHi3allii. Aje B METOAMKAX Ta PEKOMEHAAIINX, B AKUX HaJaHI MOpaayd BU3HA-
YEHHS [[bOT'0 MOKA3HUKA, HOTO PO3PaXyHOK 3/1IHCHIOETHCS 13 BUKOPUCTAHHSAM y3araJlbHIOIOUHX YSBJICHb PO
MeXaHi3alliro npari 0e3 HagaHHs Oy/Jb — IKUX YiTKUX YSABJICHB 1[0 O BU3HAYCHHS 0OCSTiB BUPOOHUIITBA Ha-
CITpaBi YUCTO MEXaHI30BaHUM CTIOCOOOM.

B crarTi po3KkpuBa€eTHCS CyTh TOKa3HHUKA PIBHSI MEXaHi3allil JOPOXKHHEOTO BUPOOHUIITBA, SIKUU BU3HAYAE

JOLITBHICTh YIOCKOHAJICHHS CTPYKTYPH OCHOBHUX BUPOOHMYMX (POHMIB MiANMPHUEMCTBA AJISl BUKOHAHHS TAKO1
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nporpamu pooiT, sika cipusia O JOCATHEHHS MaKCUMaJIbHOTO NpUOYTKy. B 1inoMy BH3Ha4YeHHS pallioHANb-
HOTO PiBHA MeXaHi3amii 6a3yeThCcs Ha peaizallii iTepaTHBHOTO allTOpPUTMY, KA BKIIIOYA€E B ceOe psijl eTalliB.
Tak Ha mepmomMy erari BU3HAYA€ThCS MoYaTKoBa (0a30Ba) mporpama JOPOKHBOI OpraHizarii i3 BUKOPUCTaH-
HSM TaHHX PO KITBKICTH Ta AKICHUHM CTaH OCHOBHHMX BHPOOHMYNX (DOHIB Ta 3BUIHY IS ITHOTO ITiIMPHUEMCTBA
nporpamy po0it. BusHaueHHs CTPYKTYpH Li€l Mporpamu, 1o CKIagaeThes i3 psiy JOPOXKHIX POOIT Ta TpyI0-
BHX IPOIIECIB, B CBOIO YEPr'y 3MIHCHIOETHCS 13 BUKOPUCTAHHAM PO3POOJICHOIO aJiIrOPUTMY, SKHH Hepeadayae
MaKCUMaJIbHE TEXHOJIOTIYHE BUKOPUCTAHHS BCIX BHUIIB PECYPCiB, B TOMY YHCHI 1 TEXHIYHUX, SKi CIIPHIIOTH
MEXaHi30BaHOMY CITOCOOY BUKOHaHHSI po0iT. J[ami i3 BUKOPUCTAHHSAM JJaHUX PO CTPYKTYPY POOIT MOKIHBO
OTpPUMAaTH PO3PaxXyHKOBE 3HAUCHHS MPHOYTKY, IKUH MOKe OyTH OTPHUMaHUI B pe3ysbTaTi BUKOHAHHS T10YaT-
KOBOI ITporpamMu pooir.

Ha ocHoBi iHdopmartii npo po3paxyHKOBe 3HaUeHHS NPUOYTKY POPMY€ETHCS HOTO YacTUHA y BUIIISAAL (o-
HAY PO3BUTKY BUPOOHHLTBA. Bennunna GoHIY pO3BUTKY BUPOOHHUIITBA € OCHOBOIO JUIsl peOpMyBaHHS Ma-
MIUHHOTO MTAapKy TOPOKHBOI opraHizaiii. BapiaHTH 3MiHN KUTBKICHOTO Ta SIKICHOTO CKJIATy MAaITHHHOTO ITapKy
nepen0ayvarTh €TalH OMIHKY iX 3aIMIIKOBOI BAPTOCTI, MPUAOAHHS HOBHUX MAIHH, KaIlliTalbHOTO PEMOHTY a00
3aMiHH ICHYHOUUX OJMHUIIL TEXHIKH.

I3 BUKOpHCTaHHAM JaHWX Pi3HUX BapiaHTiB MOJAEPHi3alil MapKy MAalIHH Ta MEXaHI3MiB BH3HAYaIOTHCH 1
BIJIMTOBIIHI IJIs1 HUX 3MiHH po00YO0ro yacy poOOTH Ha IIPOTsI3i POKY, TOOTO MEPepaxoByOThCS MOYATKOBI PidHi
¢donau pobouoro yacy. 3miHeHa iH(opMmalig npo piuHi GoHIU POOOUOTo Yacy BUKOPUCTOBYETHCS JIJIsl BU3HA-
YeHHS BIJMOBIAHMX JI0 BapiaHTiB 3MiH MApKy MAIlKMH NporpaM poOiT AOPOKHBOI opranizamii. s KoKHOTro
BapiaHTy OHOBJICHHX IIPOTrpaM poOiT BU3HAYAETHCS PO3PAXYHKOBUH MPUOYTOK, a 3a HOTr0 MaKCHMaJILHUM 3Ha-
YEHHSIM 3aTBEPIKYETHCS pallioHaIbHA TTporpaMa pooir.

Ha ocrannpoMy etari i3 BUKOPUCTaHHIM JaHUX PO CyMapHi BUTPATH Py4yHOI Ta MEXaHi30BaHOI mpali, a
TaKOXX TaHWUX IPO KITBKICTh BUKOHABIIIB, PO3PAaXOBYIOTHCS MMOKA3HUKH, SIKI XapaKTEPHU3yIOTh PIBEHb MEXaHi-
3arii JOPOKHBOTO TiampueMcTBa. OTpUMaHi TOKa3HUKH, SK XapaKTCPUCTHKU PIBHSA MeXaHizallii, MOXYThb
OyTH BUKOPHUCTaHI I BUPILICHHS Pi3HOMAaHITHUX 3aJa4 B cepi yIpaBIiHHA JOPOKHIM BUPOOHUIITBOM.

Kuro4osi ciioBa: piBeHs MexaHizallii, mporpama poOiT, po3paxyHKOBHUH NMPUOYTOK, HOKa3HUKU MeXa-
Hi3arii.
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Summary. The article studies issues related to risks in entrepreneurial activity. The factors and reasons
for its occurrence are analyzed. Methods for risk assessment are reviewed, among which special attention is
paid to methods based on mathematical statistics and expert assessments. It is concluded that risk has a positive
effect — it stimulates enterprises to improve the business planning system.

Key words: entrepreneurship, business planning, risk assessment, mathematical statistics.

Introduction. In the context of market economy, each enterprise, regardless of its size, form of own-
ership or type of activity, does planning. For newly created companies, effective planning helps to avoid mis-
takes in business activities that may cause bankruptcy. In existing enterprises, the need for planning may arise
in connection with changes in the production organization, its technical and technological support, mechanisms
of product sales, etc. [10]. Planning is also a prerequisite for investing in an enterprise, as investors seek a clear
perspective and guarantees of receiving their money back with some profit.

Business plan is an integral part of a business project in countries with a developed economy. The need
for its working out is due to the fact that the risk of bankruptcy for newly created enterprises is quite significant,
especially in the first 3-5 years [10]. The main reason for failures is the choice of the wrong way in planning
of their own activities. Therefore, the ability to compile a business plan is a rather urgent task that necessitates
constant analysis of changes in the environment in order to timely adjust the chosen business strategy.

The Economic Code of Ukraine [5] states that “Entrepreneurship is an independent, initiative, system-
atic, at its own risk, economic activity carried out by economic entities (entrepreneurs) in order to achieve
economic and social results and profit”. That is, the ability and readiness for risk is an essential part of an
entrepreneutr.

The development of entrepreneurship in Ukraine necessitates the study of risk issues. The emergence
of risk situations can be due to the following factors:
unplanned changes in internal and external conditions of activity;
availability of alternative solutions;
probability of loss occurrence;
probability of obtaining additional profit.

In a situation of political and economic instability, the degree of risk increases significantly. In the
current conditions of Ukraine’s economic development, the problem of risk enhancement is very urgent, as
evidenced by data on the growth of the loss-making rate of industrial enterprises [6].

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXKHE BY IIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

205



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;
HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

Publications analysis. The study of risk assessment in the planning of entrepreneurial activity was
undertaken by such authors as J. Mill, N. Senior, F. Knight, J. Keynes, V.A. Beloshapka [1], Z.S. Varnaliy [2],
T.H. Vasil'tsiv [3], V. Hoy [4], L.I. Donets’ [6], V.V. Zyan’ko [7], F. Kotler [§8], A.M. Mel’nikov [9], L.S.
Shevchenko [10] and others.

For the first time, the notion of “entrepreneur” in the scientific use was introduced by the English econ-
omist R. Cantillion. Cantillon also made a systematic analysis of entrepreneurship. He interpreted entrepre-
neurship as an economic function of a special kind and emphasized the always present element of risk in it.

The study of risk as an economic category was initiated by J. Mill and N. Senior. They associated the
reason for economic risk, first of all, with entrepreneurial activity and investigated it in terms of compensation
for possible loss. Later, the American economist F. Knight clarified that economic risk is not just a material
loss but a consequence of uncertainty in profits. In his work “Risk and Uncertainty”, F. Knight noted that risk
is an objective probability that an event will occur. Therefore, the risk can be expressed quantitatively, in
particular, in the form of a formalized mathematical probabilistic distribution of revenues. J. Keynes associated
the economic (in particular, financial) risk with the unpredictability of market prices and excess of worked out
equipment [7].

Materials and Methods. The purpose of the article is to investigate the factors of risk occurrence in
entrepreneurial activity and methods of their assessment during business planning which are based on methods
of mathematical statistics and probability theory.

Results and Discussion. The entrepreneur’s risk function consists in the need to make decisions that
are aimed at success, but do not guarantee it because of the uncertainty and the variability of the economic
situation. An entrepreneur risks not only his own property and investment, but also his work, time and business
reputation [2].

Risk assessment is one of the sections of a business plan. The purpose of this section is to identify,
minimize and neutralize risks.

Risk is usually interpreted as a likelihood (threat) of the loss of part of enterprise resources, lack of
income or the emergence of additional costs as a result of the implementation of certain production and finan-
cial activities.

Factors that determine the level of riskiness of entreprencurial activities and in many ways adversely
affect the result of entrepreneurial activity, can be divided into external and internal [2, 3, 6, 7, 9]. External
ones include:
unstable, contradictory legislation;
unforeseen actions of government agencies;
instability of economic (financial, tax, foreign economic, etc.) policy;
political, social and economic instability;
unforeseen changes in the domestic and foreign market conditions;
unforeseen competitor actions;
corruption, racket;
emergence of new technical and technological advances that can lead to the rapid moral aging of the product;
unplanned changes in relationships with partners;
cycling sales volumes;
cycling cash flow;
spontaneous forces and climate.

Internal factors include:
unplanned changes in the production process (equipment breakdown);
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unplanned changes in the domestic economy;

lack of business information at the company;

absence of marketing service;

financial problems within the firm;

lack of personnel motivation;

insufficient competence of managers, specialists and workers;
non-compliance with the terms of the contracts by the management of the firm;
difficulties in obtaining materials, components and loans;

risk aversion among the management of the firm;

errors in making decisions;

illness or death of leading specialists.

Different methods can be applied to assess business risk. The most common are three groups of methods
[6]:
statistical methods;
methods of expert assessments;
calculation-analytical methods.

Statistical methods consist in studying the statistics of losses and profits in a given or similar enterprise
in order to determine the probability of an event and assess the value of risk. That is, the quantitative assessment
of entrepreneurial risk is carried out using methods of mathematical statistics. However, statistical methods
are not suitable if the object of research is a newly established company.

Method of expert estimation. If the use of statistical methods is impossible (for example, due to lack
of reliable information), methods based on the use of experience and intuition of experts, that is heuristic or
methods of expert estimation, are applied. The peculiarity of this method is the lack of a clear mathematical
ground for the optimality of solutions.

Calculation-analytical methods. The essence of such methods is that the costs for each activity, as well
as its individual elements, have different degrees of risk. For example, the risk degree of costs associated with
the acquisition of raw materials will be higher than the cost of wages.

The following indicators are used to assess the risk degree:
in absolute terms, the risk is defined as the magnitude of possible losses in the material or value measurement;
in relative terms, risk is determined as a percentage by dividing the value of possible losses by the index of the
financial condition of the enterprise (cost of property (funds), current expenses, investment or expected profit);
since risk is a probabilistic random category, it is characterized not only by magnitude, but also by the proba-
bility that it will reach this magnitude. Therefore, methods of probability theory and statistics are used to
calculate the risk degree.

Based on the practice, foreign specialists believe that one can focus on the following limit values of
probability of risk of loss [4]:
for an acceptable risk, which is equal to profit — 0,1;
for a critical risk, equal to income — 0,01;
for a catastrophic risk, equal to the value of the property — 0,001.

This means that you should not sign a contract, if in one case out of ten you can lose all profits, in one
out of hundred — revenue, and in one out of thousand — all the capital.

According to studies conducted in western countries, the bankruptcy of small firms in 98% of cases is
due to poor management and only 2% are not dependant on the firm.
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The risk management process involves analysis, quantification and methods for risk reduction (or com-
plete elimination).

The essence of qualitative analysis is to determine the risk factors and types of work in which it occurs.
At this stage, the actions of risks identification are specified. This is a comprehensive analysis of various forms
of enterprise reporting and surveys of experts.

The quantitative assessment consists in establishing the relationship between the economic risk factors
and the main results of the operating activity of the enterprise and determining the value of risk using statistical,
analytical and other methods.

Quantitatively, the probability of occurrence of a certain financial loss of an enterprise can be calculated
as follows:

_m
Pi=—, €y
where P; is the probability of occurrence of the i-th volume of loss;

m —number of real cases of this volume of loss to happen;

n — total number of events (elements) that are studied in aggregate.

The criterion for a quantitative assessment of a risk is the probability of obtaining a result smaller than
the required (acceptable) value:

K=P-(R,—Ry) (2)

where P — probability of occurrence of a risk situation;

R, — value of the planned result (required);

Ry— obtained result (actual).

An absolute value is taken as a criterion of a quantitative risk — the degree of risk:

K=C-P, 3)
where C — expected loss;

P — probability of loss.

Approaches to risk assessment can also be reduced to the following three groups:

1) risk is estimated as a sum of the products of possible losses, weighted considering their probability;

2) risk is estimated as a sum of the risks from the decision making and the risks of the environment
(independent of internal decisions);

3) risk is defined as the product of the probability of occurrence of a negative event and the degree of
negative consequences.

The most common methods of risk assessment are [3, 7]:

1. Method of discount rate adjusting. The essence of the method is to bring flows of future payments
to the present moment (discounting the future value of financial resources).

2. Method of reliable equivalents (probability coefficients). It consists in establishing the coefficients
of probability adequately for each type of risk and reducing the expected revenues of financial resources by
their magnitude.

3. Sensitivity analysis. llustrates an influence of individual input factors on the final result of the en-
trepreneurial activity (implementation of a business project).

In the process of sensitivity analysis, the dependence of performance indicators (financial result) of the
project on the changes of one of the selected parameters whose value varies in the specified small range (£5%,
+10%, etc.) with fixed values of other parameters is determined. Parameters that change during the sensitivity
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analysis are divided into two main groups: those that affect the volume of revenues and those that affect the
volume of expenditure. As a result of the analysis, for all ambiguous factors a chart or a table of sensitivity is
made, relying on which the project effectiveness can be concluded.

Using objective method, the probability of event occurrence is determined by calculating the frequency
of its occurrence.

Important indicators, on the basis of which it is possible to draw conclusions about a risk degree of a
business project, are: dispersion, standard deviation and coefficient of variation.

Dispersion is the measure of the deviation of the actual parameters of the variation range from its mean
value. The latter characterizes the average financial result of a particular operation (enterprise activity) and is
determined by the formula:

F=) P, 4)
i=1

where F; — i-th possible financial result, monetary units;

P; — probability of occurrence of i-th financial result.

The dispersion &° is defined as the weighted average of squares of the deviation of the actual financial
results of the investigated business operations from the average value within the variation range:

62=Z(Fi—F)2'Pi- )
i=1

The dispersion signals the presence of risk, but it doesn’t show the direction of deviation from the
expected value. An entrepreneur often needs to know what is the most likely result of a bargain — a loss or a
profit.

The mean square deviation (standard deviation) ¢ is defined as:

§=+/52. 6)

The mean square deviation describes the weighted average (most probable) magnitude of the variation
of individual variants (possible financial consequences of economic operations) from their average value.

The coefficient of variation (v), which is defined as the ratio of the mean-square deviation to the mean
value of the variant, is also used to compare the variations of different statistical sets:

_6 7
V—F. ()

The higher the value of the mean-square deviation and the coefficient of variation, the higher the risk
is.

The subjective method is based on subjective assessments of experts, consultants or entrepreneur’s
personal experience.

To reduce the risk and improve the reliability of the project, an analysis of its sensitivity is carried out,
that is, the level of impact of the main (critical) factors on the efficiency (payback period, profitability, etc.) is
determined. Following factors are usually considered: unit price; sales volume; unit cost price; inflation rate
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in the planned period; delay of payments for shipped products, etc. As a result of sensitivity analysis on the
planning stage, measures that reduce the risk degree in the project implementation are also provided.

It is advisable to carry out the sensitivity analysis in relation to risk, which is difficult to eliminate by
traditional methods for risk minimization, because it is present systematically due to external factors and de-
pends on the activity of a particular company or industry. This risk is called systematic and is expressed by the
sensitivity coefficient f (8). It determines the level of fluctuations in the results of the industry in relation to
the results of the market or the economy as a whole. However, this indicator can also be used to determine the
level of fluctuation of the results of an individual enterprise in relation to the results of the industry in which
it operates.

Given the statistical data on the profitability of a particular (i-th) type of securities, the sensitivity co-
efficient is determined using following expression:

o cov(Dy, D) _ ?_1(Dmj — D) (Dij — D)
i 62(Dm) Z;l:l(Dm] _ Bm)z

; (8)

where 7 — number of j-ths time intervals in the investigated period (interval of sampling);

D, D,, — yield of the i-th type of shares and average market yield respectively;

cov(D,, D) — yield covariance of the i-th type of shares and average market yield;

&*(Dw) — dispersion of the average market yield of shares;

Dy, Dy, —yield of the i-th type of shares and the average market yield for the j-th time interval respec-
tively;

D;, D,, — average yield of the i-th type of shares and the average market yield for the entire period
respectively.

A scale is used to describe f (Table 1). The range of values from 0 to 2 is recommended for estimating
the coefficient § using expert method.

Table 1 — Scale of coefficients of systematic enterprise risk (5)
Tabmums 1 — [kana koedilieHTIB CUCTEMAaTHYHOTO PU3UKY IMiATPHEMCTBA ()

b Risk grading
0 no risk

(0..1) | risk value is below average

1 risk value is at the market average level

(1..2) | risk value is higher than the market average

An application importance of the coefficient f is the possibility to estimate how much the expected
revenue on a specific type of shares compensates for the riskiness of investments in these shares. That is, this
indicator allows to determine what should be the yield of a risky action depending on the average market yield
Dy, at the given time and the yield of risk-free investments Dy:

D{ = Dy + (D, — Do), 9)

where Dy is a yield rate that has a risk equal to 0. The National Bank’s rate on state debt securities can
be taken as a D.
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4. The method of scenarios. Using the analysis of sensitivity, key factors of an investment project are
determined. Possible situations caused by fluctuations of these factors are considered (the “tree of scenarios”
is being built). The method of expert estimation determines the probabilities of each scenario. For each sce-
nario, considering its probability, an array of net current values of the project is calculated. The risk criteria of
the enterprise (or its project) are calculated based on the data of this array.

Thus, the scenario analysis involves forecasting by highly skilled experts of several possible scenarios
and related dynamics of main indicators of the project. Probabilities measured in this way are subjective prob-
abilistic situations. According to assumptions, a reassessment of the project cost for pessimistic and optimistic
versions is being made. The main advantage of the scenario approach is that it does not require knowledge of
the laws of the distribution of probabilistic changes for major market factors. However, the drawback is that
any scenario assessments have an imprint of subjectivity [7].

5. Analysis of probabilistic distribution of payment flows. The application of this method for risk anal-
ysis provides an opportunity to obtain useful information about the expected values of net present value of a
project and net income, as well as to analyse their probabilistic distributions.

6. Method of decision tree. Used in situations where decisions taken at a certain time are dependent on
decisions taken earlier, and in turn determine scenarios for the further development of events.

7. Monte Carlo method (simulation modelling). The method is based on economic-statistical methods
and game theory. The simulation modelling algorithm involves the following steps: determining the key factors
of an investment project (using sensitivity analysis); defining the maximum and minimum values of key fac-
tors; choosing the distribution type of probabilities; performing simulation of key factors; calculating the cri-
teria that quantitatively characterise the risk of an investment project (mathematical expectation of net present
value, dispersion, mean square deviation, etc.).

An alternative way of considering uncertainty is to use the theory of fuzzy sets. It provides a possibility
to propose a method for assessment of investment risk basing on the of complex indicator of estimation of a
risk degree (w) [3]:

1-2
w=R (1 +— @ - /1)), (10)
NPV,,;
1=— min , (11)
NPVavg — NPVpin
NPV,,;
R=_ min ) (12)
NPVoor — NPV,
- CF
NPV.... — Z <$) _1 (13)
e =1 (1 + RDmax)t

n

CF,
NPVjpay = E (—"‘“" )—I, 14

NPV, = Favg I, 15
Z ((1 + RDm,g) ) (15)
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_ CEnax — CFnin

CFayg = 5 ) (16)

RDmax - RDmin
2 )

RDgyg = (17)

where NPViin, NPVuax, NPVayg — minimum, maximum and average value of net present value respec-
tively, monetary units;

CFiny CFax, CFayg — respectively the minimum, maximum and average net cash flow (income minus
costs) for period ;

RDiiny RDpaxy, RDave — minimum, maximum and average annual discount rate respectively;

I — amount of investment in the implementation of the investment project, monetary units;

n —number of the last investigated period (investment horizon).

Conclusions and Recommendations. Risk is an integral part of entrepreneurial activity in a market
economy. Therefore, the risk should be considered when developing a business plan of an enterprise. A lot of
attention should be given to the creation of an effective risk management system both at the enterprise level
and at the state level when implementing or regulating economic activity. This guarantees the stability of the
entrepreneurship functioning. Positive side of risk appears in the fact that the its presence is a strong incentive
for economic entities to rational use of productive resources, thorough analysis of activity profitability, con-
sidering investment estimates and selecting skilled personnel.
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Ko3apuyk Irop AnaroJiiiioBuy. KaHAUJAT TEXHIYHUX HayK, HallioHasHMIA TpaHCTIOPTHUI YHIBEPCUTET, 10-
IIEHT Kadeapu TpaHCHOPTHOro OymIBHUIITBA Ta YNPaBIiHHA MaiHOM, vigorous@i.ua, KwuiB, VYkpaiHa,
+38(093) 889-56-46. Number ORCID: https://orcid.org/0000-0003-4972-6016

Po3BuTOK mignpreMHUIITBA B YKpaiHi 3yMOBITIO€ HEOOXITHICTh BUBUCHHS IPOOJIEM, TIOB’ SI3aHUX 3 PH-
3MKaMH, OCKIIbKU PU3UKHU — HEBiJ'€MHA YaCTHHA MiJIPUEMHHUIBKO1 isIbHOCTI. BUHUKHEHHSI pU3MKOBHX CHU-
Tyariiii Moxe 00yMOBITIOBATHCS TAKUMH YNHHUKAMH: HeTleper0avueHi 3MiHA Y BHYTPIIITHIX 1 30BHINIHIX yMOBaxX
JisUTBHOCTI; HasiBHICTH aJIbTEPHATUBHUX PIllICHb; IMOBIPHICTh BUHUKHEHHS 30MTKIB; IMOBIPHICTh OJep KaHHs
JI0IaTKOBOTO MPUOYTKY. OCOONMBO CHIILHO CTYITIHb PU3HMKY 3POCTA€ B YMOBaX MOJITUIHOI i €KOHOMIYHOI
HecTabuTpbHOCTI. TOMy mocmiKeHHS i€l TPoOIeMH € HaralbHUM Yy CY9aCHUX YMOBAaxX PO3BUTKY CKOHOMIKH
VYkpaiHu, a cTaTTs € aKTyaJIbHOI0. TaKoXK B CTaTTi aHAI3YIOTHCS (PAKTOPH 1 MPUYMHN BUHUKHEHHS MiAIPHEM-
HUIIBKOTO PU3UKY. PO3IIIAIaI0TECS METO/IM OLIIHKH PU3UKY, CePEll SIKKX OCOOJIMBY YBary MpHIiICHO METOIaM
(sIK HaHOIIBII TOYHUM, OOIPYHTOBAHUM 1 MPAKTUYHUM), SIKI IPYHTYIOThCSI HA MaTeMaTU4HIA CTaTHCTHUII Ta
EKCIIEPTHUX OIiHKaX. 3p00JIeHO BUCHOBOK ITPO MO3UTUBHUHI €(EKT PU3HUKY — BIH CTUMYJIIOE CY0’ €EKTH I'OCIIO-
JapIOBaHHS BIOCKOHAIIIOBATH CUCTEMY Ol3HeC-IIJIaHYBaHHs, palliOHaIbHO BUKOPHCTOBYBATH BUPOOHHUYI pecy-
pCH, 3MYIIY€ MiANPHEMIIB PETEIBHO aHATI3yBaTH PEHTAOCNBHICTh CBOEI MisSUIBHOCTI, pPO3IIISLIATH iHBECTH-
IiifHI KOMITOPUCH, TiAOUpaTH KBaJTi(hiKOBaHI KaIpH.

Kiro4oBi cioBa: mianpueMHUITBO, Oi3HEC-TUTaHYBaHHS, OLIHKA PU3HKIB, MATEMAaTHYHA CTATHCTHKA.
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Abstract. The article considers the basics of the system of complex analysis of the enterprise engaged in
transport construction, which is proposed to be implemented in three stages. The idea of allocating such stages
determines the needs of the enterprise in obtaining decisions not only about the current shortcomings in its
activities, but also about the positive directions of its development. At each stage of the analysis, it is proposed
to use relatively simple, but effective and accessible to employees of the enterprise methods. The first, which
is generally presented as a rapid analysis, uses relatively simple expert methods. At the second stage, when it
comes to the analysis of current activities of the enterprise, it is recommended to use calculation and analytical
methods, which are developed in official methods and recommendations. The third stage is the stage of con-
ducting scientific and practical work and research, which are aimed at obtaining important decisions in the
field of significant change and improvement of the enterprise. Each stage of the analysis of activity of the
enterprise is shown in article by examples of the decision of its component problems.
Key words: enterprise, complex analysis, stages, methods, decision algorithms.
Introduction

The analysis of the production enterprise, which independently fulfills contracts in the field of construction
and operation of transport facilities (DBU, companies, joint-stock companies, etc.), is the final function of the
management system. Evaluation of the advantages of its activities in comparison with other enterprises and
identification of shortcomings can be established only in the process of conducting various types of analysis.
But a sample analysis of only some activities can lead to misinterpretation of the development of the enterprise
as a whole, and therefore it is proposed to implement this function in a comprehensive system that includes a
number of stages and uses different methods. The first stage is a rapid analysis of activities based on the
implementation of expert methods. It is recommended to include in the questionnaire of the expert survey the
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characteristic factors that characterize different types of activity - production, technological, economic, organ-
izational and financial. The second stage is an analysis of the most important factors that determine the char-
acteristics of the enterprise and which were identified in the first stage. This stage of analysis can be defined
as a system of implementation of calculation - analytical methods aimed at obtaining data that characterize the
prospects and dynamics of development of a particular activity of the enterprise. At the third stage with the
use of special scientific search methods a thorough study of the causes and consequences of the obtained values
of individual indicators. For this purpose special calculations, statistical researches are used, and also scientific
- search works are carried out. Such a detailed, causal, order of analysis of various activities of the enterprise
allows to identify weaknesses and make recommendations on the forecast of their liquidation.
Presenting main material

When imagining the concept of "analysis", as a rule, there is an idea of the implementation of decisions
about the current state of the object and the search for its improvement using possible information and certain
methods. Developed mathematical methods of analysis of the state of objects mainly reflect the procedures of
processing arrays of information, most of which are quite complex for operational use by employees in their
activities. In recent decades, the solution of problems of analysis of the state of objects is proposed in the
framework of system analysis, which is a set of methods and tools (usually information technology) used to
learn the processes of object development, which are reflected in the sequence of actions to determine the best
"links between variable or constant elements of the system." In most cases, such methods and tools are based
on the use of complex mathematical apparatus and specific definitions, such as utility functions, multicriteria
solutions, etc., which makes them remote or not suitable for solving practical problems of enterprise analysis.
On the other hand, practically available methods of analysis of the enterprise [1], as a rule, are focused on
assessing its financial condition, which is generally reduced to the procedures of operating with accounting
information.

But when we really consider the system of enterprise activity as a set of interconnected subsystems that
form the production, organizational, technological, economic and financial activities of the enterprise during
certain periods (for example, five years, years, terms of individual contracts), it is possible to conclude that the
analysis of the enterprise should be developed according to its needs, which can be carried out at different
stages. It should be noted that the analysis of the enterprise at certain stages is primarily based on the formation
of specific and reliable information, and, secondly, it focuses not only on identifying negative phenomena, but
also on assessing the positive directions and forms of development of certain activities.

The first stage of the analysis of the enterprise can be described as a rapid analysis, which can be quickly
implemented in order to assess the positive and negative factors influencing the activities of the enterprise.
Such an analysis can be most successfully performed using the methods of expert survey [2], which have long
proven their effectiveness in various sectors of the economy for the rapid solution of production management.

The questionnaire of the expert survey should include "packages" of factors that characterize certain

activities and are consistently listed in the questionnaire. Mixing "packages" of factors is not allowed. In the
questionnaire of the expert survey, the wording (name) of the factors that evaluate a certain type and type of
activity must be unambiguously understood in order to provide a positive or negative answer by the expert.
"Packages" of factors for individual activities can be compiled as follows:
- in the group of factors that characterize the production activity, it is recommended to include the following:
the quality of the processes of forming the work program, including the procedures of competitive bidding and
obtaining a contract; assessment of the qualification level of performers; the need to develop and evaluate the
existing production base;
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- in the group of factors that characterize the organizational activity may include: quality and timeliness of
formation and issuance of production tasks; the quality of design documentation governing work within con-
struction sites; assessment of the level of operational regulation of the use of labor and technical resources;

- the factors that characterize the technological activity is recommended to include: assessment of the quality
of the material supply system; availability and evaluation of documents regulating technological modes of
work performance - technological maps, maps of organization of labor processes; organization and efficiency
of the technological control system of production;

- the factors that determine the economic activity of the enterprise can include such as: the level of production
at the enterprise; level of mechanization of labor processes; organization of the system of profit formation of
production and its use;

- a group of factors that determine financial activities include such as: the effectiveness of the organization of
the accounting service; the level of business activity of the enterprise; efficiency of work using the salary fund.

In the documents on the study of expert survey systems there are almost no clear recommendations or
methods for determining the required number of factors in the questionnaires of the expert survey or the num-
ber of experts who will be engaged in this process. The conducted research and the accumulated experience of
the authors in the field of conducting an expert survey indicate that the number of factors in the questionnaire
should not exceed 12 - 15, which corresponds to the psychological principles of situational assessment of the
problem. The title of the questionnaire of the expert survey should correspond to the idea of conducting a
comprehensive analysis of the enterprise. For example, the title may look like: A list of factors that affect the
efficiency and performance of the enterprise.

The number of experts, as well as the number of factors recorded in the questionnaire of the expert survey,
cannot be clearly defined in terms of both the amount and structure of information that experts must have.
From the experience of the authors, the number of experts should be 7 - 9 people, which corresponds to the
principles of reliability of team management, which is formed by experts. In addition, the odd number corre-
sponds to the principles of preference of a certain group of members of the team of experts, provided that the
vote on controversial issues of the survey. On the other hand, if the number of experts is 10, then this condition
significantly speeds up the processing of expert questionnaires. Thus, the number of experts is recommended
to accept in the number of 7 - 10 specialists with experience and competent to provide answers to the questions
in the questionnaire.

Experts' answers are best obtained in the form of a ranked representation of the impact of each factor on
the overall result. This means that the expert puts in the questionnaire the rank (number) "1" of the factor that
in his opinion is the most important, for example, most determines the negative (or, accordingly, positive)
aspects of the enterprise. Rank "2" is assigned to the next factor, which is less important than the factor with
rank "1". Thus, the greatest value of ranks is equal to the number of factors (it is not recommended to give
individual factors the same ranks!).

Sometimes it may be advisable to conduct an expert survey based on the principles of self-assessment of
experts, a separate questionnaire of the expert survey is a symmetrical matrix, where the factors act as experts.
Processing of the questionnaire of the expert survey is carried out (including with use of data of the question-
naire of self-assessment of experts) with use of simple arithmetic operations which allow to define average
value of a rank of each factor. The obtained information on the average value of the rank of factors is the basis
for analyzing the situation of the enterprise. For example, it is possible to build a diagram of the distribution
of ranks by factors, which makes it possible to distribute them by groups of influence or by type of activity,
which is the basis for providing information on improving certain activities of the enterprise. In general, the
rapid analysis of the enterprise on the basis of an expert survey is presented as the simplest and most accessible
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mechanism for the overall assessment of the enterprise, which does not require for its use or significant re-
sources or time for its implementation.

The information received during carrying out the express - analysis gives the chance to define such direc-
tions of activity of the enterprise which need to be improved. A more detailed analysis of activities in such
areas can be performed using calculation and analytical methods, which are set out in the relevant government
or industry documents and developed in separate sections of applied mathematics.

In this regard, the most developed is the analysis of financial activity of the enterprise, which uses relatively
simple approaches [1,3] or serious mathematical models [4] to determine such indicators as, for example,
financial stability of the enterprise, its solvency, profitability and others. In our opinion, the assessment of
payment flows, comparison and evaluation of the effectiveness of contracts is of special attention. These meth-
ods of analysis of financial activity of the enterprise developed in due time are rather actual and verified on
scales of their use. But, unfortunately, they are all based on transactions with information that compiles finan-
cial statements, or uses statistical approaches to process it. As you know, accounting is the final financial part
of the enterprise, and therefore some of the indicators, such as the company's profit "follow" from a rather
vague calculation. On the other hand, the use of statistical methods for processing financial information in
many cases is a questionable factor due to the effect of autocorrelation of indicators.

At the stage of analysis of the current analysis of the enterprise it is also possible to determine the indica-
tors, which, on the one hand, are quite simple to understand and calculate, and, on the other hand, are quite
complex in their interpretation and nature of formation. This can be considered on the examples of calculation
of such an indicator as production and the indicator of organizational - technological activity as the level of
mechanization.

Thus, the rate of production is traditionally determined by dividing the volume of products obtained over
time (in the construction industry in most cases - is the cost of work performed) by the number of contractors.
But determining the cost of work performed (or the process of forming contract prices) in construction is still
far from perfect, which will be discussed below. In addition, this approach to determining the output does not
take into account the intensity of work of performers. Therefore, for the analysis of production should be used
quite serious techniques, such as [5], in which the processes of calculating production are estimated by such
an indicator as productivity. Unfortunately, the use of such techniques to analyze the rate of production in
transport construction companies is quite complex and virtually inaccessible for many reasons.

Determining the indicator of the level of mechanization, which is classically determined by the ratio of the
volume of work performed by the mechanized method to the total volume of work, is somewhat problematic.
The reason for this is to determine part of the volume of work that is "performed in a mechanized manner."
Therefore, the level of mechanization is recommended to be determined by indicators that characterize it, for
example, using data on the ratio of labor intensity of machine operators to the total labor intensity of performers
or a simple ratio of the number of machine operators to the total number of workers.

But despite the shortcomings of determining some indicators of different activities of the enterprise, the
current analysis with their use is quite reasonable, as the values of these indicators are mainly relative in nature,
which still provides a basis for assessing trends in certain activities.

It should be noted that in the direction of development of processes of the analysis of current activity of
the enterprises of building branch developments of methods of an estimation of prospects of its improvement
are conducted. For example, at one time a method was created to determine the production capacity of indi-
vidual production enterprises of transport construction [6]. Production capacity is the performance of the max-
imum amount of work of a certain structure under the condition of the best technological use of resources. As
a result of determining the production capacity is calculated not only the possible volume of certain types of
work in the physical dimension, but also the so-called balances of resources, ie determines the excess resources
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- labor and technical - or their lack of greater employment in the production of existing resources. The ad-
vantage of this technique is that for its definition relatively small and absolutely accessible volumes of infor-
mation are used, namely:

- the number of resources - labor and technical - and the value of the annual working time of each of them
(respectively in man. x hours and machine. x hours);

- a list of technological processes performed by the enterprise during the year under various contracts, which
is registered in the acts of work performed in the form NeKB-2B;

- technologically possible time of each labor process during the year;

- the cost of the unit of measurement of each technological process, which is also an integral part of the acts
on the form NeKB-2B;

- normative information on the cost of resources per unit of work, which is an integral part of the Resource
Elemental Estimate Standards — RECN — Pecypchi Enementni Komrropucni Hopmu PEKH).

Calculations of production capacity, and in other words - a rational program of work - are implemented
using an algorithm for simulating the processes of employment of resources on individual processes in the
order of their priorities, which in turn are calculated without additional source information, which is given
above. Cost evaluation of the work program as a whole and its components of technological complexes of
works, as well as data on employment during the year of labor and technical resources are used to determine
various indicators of organizational, technological and economic activities of the enterprise.

If necessary, in the system of analysis of various activities of the enterprise can be developed special re-
search work. For example, which are related to such pressing issues as determining the real cost of work of

individual contracts and determining the actual profit of the enterprise.
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Figure - 1 Scenario of adjustment of tables of conditional norms of percent of expenses
Pucynox - 1 Cuenapiit KOpUTyBaHHS TaOJIUIb YMOBHUX HOPM BiJICOTKIB BUTpAT

As is known, since 2000 there is a system of determining the cost of construction works in Ukraine, which is
characterized by the use of the so-called comprehensive method of calculations to establish the components of
the cost. This means that some elements of value, such as the cost of transporting goods, the cost of operating
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machines and others are calculated in accordance with clear methods of analytical formulas. The other part of
the cost elements, such as overhead and administrative costs, profit and the other large part is determined in
relation to the total regulatory labor costs through a system of coefficients and monetary factors. Such calcu-
lation procedures are also based on a number of guidelines, recommendations and a system of normative doc-
uments (JMS). For example, it is “Recommendations for determining funds for customer risk insurance. P
J.1.1-218-03449261 - 760: 2009 ». But the standard labor costs of workers and machine operators do not
correspond to the actual costs, as the employee is in production during the work shift and only part of it this
time (35 - 45%) is engaged in work.

Information on possible actual labor costs, which determine the planned costs (or design estimates), could
be established provided that the algorithms for determining the elements of the cost of work will be based on
data from the design of the production organization within individual facilities. Only in this way can be ob-
tained information on the number of performers of various works and labor processes, data on the terms of
their employment and the intensity of resource use during work shifts, information on working conditions. All
these data can be used in the development and implementation of an effective method of determining the real
cost of the project, which can be called the method of direct calculation.

Implementation of the method of direct calculation of value determination is focused on the development
of a number of algorithms for determining its individual elements. Particular attention should be paid to the
definition of such elements as overhead and administrative costs, the calculation of which is associated with
the formation of data on actual income.

In 2004-2008, with the responsible participation of O.P. Kanin (O.I1.Kanin), research works on the devel-
opment of the accounting system, rationing and planning of articles of general production and administrative
costs were performed at the request of SJSC Motor Roads of Ukraine. The idea was that in the system of
accounts of activity of separate production units of region (area) accounts (on the rights of subaccounts) are
entered, each of which corresponds to this or that article of general production and administrative expenses.
Then, during payment transactions under a certain item, information is entered into the accounting system. On
the basis of the accumulated data on expenses on each article the so-called conditional norms of percent of
expenses (fig. 1) which are defined as a share of expenses from the sum of direct expenses are defined. Having
such regional conditional norms of percentages of expenses it is possible to calculate both cost of each article
of general production or administrative expenses and their general value. This information as planned data is
stored in the accounting structure and acts as a cost limit for the relevant items. As a result, the difference
between the planned value of each item and the actual costs accumulates the amount of savings that are part
of the profit.

Actual profit is defined as the sum of funds, determined by the principles of estimated profit and the amount
of accumulated cost savings for all items. Accounting according to the following principles is carried out in
the context of: individual contracts; individual performers; individual months. Such a developed accounting
system provides a variety of information on the operation of the costs of performing contracts by different
performers and serves as a source of analysis of all activities of the enterprise.

Conclusions

The procedures presented in the article for conducting a comprehensive analysis of the enterprise, consist-
ing of individual stages, outline the general tasks that are solved. Each of the selected stages can be performed
independently, but still desirable sequential scheme of their implementation. It should be noted that conducting
an effective analysis of any activity of the enterprise requires not only hard work of performers, but also the
appropriate qualifications. Therefore, in practice, the analysis of the enterprise is to determine the dynamics of
change of a particular indicator over time or in relation to another indicator. Such studies are carried out using
simple methods of comparative analysis, statistical studies, graphical methods, etc. But the development of
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modern production increasingly requires an effective analysis of the enterprise on the basis of a systematic
approach to this problem and its solution using sound methods.
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AHoTauisi. B ctaTTi po3riasHyTI OCHOBH (PYHKIIIOHYBaHHS CUCTEMH KOMIUIEKCHOTO aHali3y MiSUTbHOCTI IMifTI-
PHEMCTBA, 3aHHATOrO B cepl TPAaHCIOPTHOTO OYIIBHHIITBA, SKHH IIPOIIOHYETHCS Peali3yBaTH 3a TpbOMa eTa-
nam. [7est BUAINICHHS TaKUX €TaliB BU3HAYA€ MOTPEOH MiANPHUEMCTBA B OTPUMAaHHI pillleHb HE TIJILKH PO
TTOTOYHI HEJOJIKH B OTO MisITLHOCTI, ajie TAKOX 1 PO TIO3UTHBHI HAIIPSIMKHA HOTO PO3BUTKY. Ha KokHOMY 13
€TaIliB MPOBEACHHS aHai3y IPOMOHYETHCS BUKOPUCTAHHS BITHOCHO MPOCTUX, aJie €(PEKTUBHUX 1 TOCTYITHUX
JUIs1 IPALliBHUKIB MiAIpUEMCTBa MeToAiB. Ha mepiomy, SIkuii B LIJIOMY YSIBISIETbCA SIK €KCIIPEC — aHajli3, BHU-
KOPHCTOBYIOTHCS BITHOCHO MPOCTI eKcnepTHI MeToau. Ha apyromy etami, KOJIM MOBa #Je PO aHali3 MOTOY-
HO1 JiSUTBHOCTI MiAIPHUEMCTBA, PEKOMEHIYETHCS BUKOPHUCTAHHS PO3PAaXyHKOBO — AHAJITHIHUX METOMIB, SIKi
PO3BHHYTI B 0piliHUX METOIMKAX Ta peKoMeHAawisX. TpeTiii eTam — 1e eTan NpoBEACHHS HAYKOBO — MPaK-
TUYHUX POOIT Ta JOCIIIXKEHb, Ki CIPSIMOBaHI HA OTPUMAaHHS BaXJIMBUX pillleHb B cepi CyTTEBOI 3MiHU Ta
TTOKpaIalHs TisTBHOCTI MianpueMcTBa. KojkeH eran aHami3y JisUIBHOCTI MAIPHEMCTBA IEMOHCTPYETHCS B
CTaTTI MPHUKJIaIaMU BUPITIICHHS HOTO CKJIATOBUX 3aad.
Kuaro4ogi cioBa: mianpreMcTBO, KOMIUIGKCHUN aHAITI3, €TAlld, METOM, AJITOPUTMH PIllICHb.

Ilepeaik nocunanb

1.I0epemet A.JL., Caiipynun P.C. Metonuka ¢punancoBoro ananuza. — M.: UHOPA, 1996. — 176.

2.bemenes C.J., I'ypeuu P.I'. MaTemaTnko-cTaTUCTUUECKUE METOABI SKCIEPTHBIX OLEHOK. — 2 — €
n3a. — M.: Cratuctuka, 1980. — 263 c.

3.Pycak H.A., Pycak B.A. ®uHaHCOBBIN aHaN3 CyObeKTa X03siicTBOBaHus: CIpaBoYHOE mocoome. —
Mas.: Bemaik., 1997. — 309 c.

4 Yetsipkua E.M. MeToas! prHAHCOBBIX 1 KOMMEPYECKUX pacueToB. — M.: «/leno», «Business Pedny,
1992.-320 c.

5.PexoMeHanuy mo KOMIJIEKCHOMY TUIAHUPOBAHUIO U aHATU3Y MPOU3BOIUTEILHOCTH TPY/Aa B CTPOU-
tenbctBe /BHUIIU Tpyna B crpoutensctBe. — M.: Crpoitnszaart, 1986. — 88 c.

6.Jlimcpkmit I'.€., JIuxoctyn M.M. OcHOBH opraHi3ariii, INIaHyBaHHS Ta YIIPABIIHHS TOPOKHIM BUPO-
onunreom: [ligpyunuk y nox yactunax. — K.: TPAHMHA, 2010. — 400 c.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXXHE 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 109

220



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;
HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

YK 311:656.13 DOI: 10.33744/0365-8171-2021-109-221-227

HOBI BUMOI'M €C IIOJ0 PO3BUTKY IHOPACTPYKTYPHU
ABTOMOBUIBHUX JOPIT

NEW EU REQUIREMENTS FOR ROAD INFRASTRUCTURE DEVELOPMENT

Hogixosa Anna Muxaiiiiena, 00Kmop eKOHOMIUHUX HAYK, CMAPUWULl HAYKOBULL
CnigpoOIMHUK, HAYANbHUK [Jenmpy HAyKo8uX 00CTIONCEHb KOMNIEKCHUX TMPAHC-
nopmuux npoonem, Jlepocagrnozo nionpuemcmaa «/lepoicasgnuii agmompancnopm-
HUll HAyK0B0-00CHIOHUUL ma npoekmuuil iHcmumymy,e-mail:  anovikova(@in-
sat.org.ua; men. +380444560405, Yxpaina, 03113, m. Kuig, npocnexm Ilepemocu,
57. x..903

https://orchid.org/0000-0002-7165-8673

Cabancoka Onvea Bonooumupiena, acnipanm HTY, nauaneruk 6i00iny esponeti-
cokoi inmeepayii AcMAII Yxpainu, e-mail: aircu@asmap.org.ua, men. 201-54-
79, 03150, m. Kuis, eyn Konosanvys, 11, Acoyiayis misicHapoonux asmomooine-
Hux nepegiznuxie Yrpainu (AcMAII Ykpainu)

https://orchid.org/0000-0002-7165-8673

I'epacumenko Anna Bonooumupiena, cmapwuii suxnaoay Hayionanoruti mpan-
cnopmuuil yHieepcumem, cmapuwiuli suxiaoad kageopu «Aeponopmuy, e-mail:
a_gerasimenko@yandex.ua, men. +380442801308, Ykpaina, 01010, m. Kuis, ey
M. Omensnosuua-Ilasnenxa, 1, k. 324

https://orcid.org/0000-0001-7038-3703

AHoTanis. Po3risHyTa MOTOYHA CUTYaIlisl OO CTBOPSHHS O€3MeYHMX 1 HAJIMHUX 30H MapKyBaHHS
BAaHTKHUX TPAHCIIOPTHHUX 3ac00iB y €Bpori. 3MiHCHEHMI aHaji3 €BPOIEHCHKUX HOPMATHBHUX aKTiB IIOAO
YIIpaBIiHHAS 0€3MEeKOI0 JOPOKHBOI iIHDPACTPYKTYypH, crierudikallii 30H TapKyBaHHSI BAHTAKHUX aBTOMOO1ITIB,
PEXHMIB Yacy Tpalli Ta BiAMIOYMHKY BOJIisl, 2 TAKOXK YKPAaTHCHKOTO 3aKOHOJIABCTBA MOJI0 WX MUTaHb. Hamgani
PEKOMEHIAITIT BiTIOBITHO MOYITHBUX 3aX0IiB IIO0 YIOCKOHAICHHSI 3aKOHOJaBCTBA YKpaiH! B YaCTHHI CTBO-
penns SSTPA 3 orsaay Ha Yrogy mpo Acoriartito Ykpaina — €C (Yroma).

3milicHeHo aHami3 AonoBinelt MixkHapoaHOTO COr03y aBToMoOibHOTO TpancnopTy (IRU) momao mpo-
eKxTy npodiHaHcoBaHoro €sponeiicbkum Cor30M CTOCOBHO O€3MeYHMX 1 HaIIHHUX 30H I mapKyBaHHs (Safe
and secure truck parking areas (SSTPA)) a1 BaHTa)XHUX TPAaHCIIOPTHUX 3ac00iB B €BPOIIi Ta MMiICYyMKOBOI'O
3BITY IPO TOCTIIKEHHS Oe3MeuHuX Ta Oe3MeYHNX MiCIlb MapKyBaHHS BaHTaxXiBoK B €C.

KurouoBi ciioBa: 1opoxHs iHGPacTPyKTypa, BAHTAXKHUNA aBTOMOOLIBHHMIA TPAHCIOPT, MapKyBaHHS
BaHTa)KHHUX TPAHCIIOPTHHX 3aC001B, Oe3meyHi MicIls napkyBaHHs, [TlakeT MoOipHOCTI €C, mepiou KepyBaHHs
Ta BiamounHky Bofiss, SMART taxorpad, Yroaa npo Acouiamiro Ykpaina — €C.

ITocranoBka npodiemu B €BporreiickkoMy Coro3i OLTBIICTE BAHTAKHIX ITEPEBE3CHL BUKOHYETHCS aBTOMOOLTH-
HUM TpaHcropToM. [l 3a0e3neueHHs Oe3reKH IepeBe3eHb CTPOTO JIMITYFOTECS TIEPIOH TPalli Ta BiINOYMHKY BOJIIIB, 110
CTBOPHJIO IIPOOJIEMyY PO3BHTKY CEPBICHOI IHPPACTPYKTYPH Ha aBTOMOOUTHHUX JI0porax. J{0 1boro sk HeoOXiTHO 3a0e3eUnTH
OXOpPOHY aBTOMOOLTIB Ta BAHTAXKY I Uca 3yIMHKH. be3reuri 3011 s TapKyBaHHsT BaHTKHIX aBToMoOLTiB (Safe and
secure truck parking areas (SSTPA) € BaiBAM MPiOpUTETOM J1IsI TaiTy3i BAHTKHHX TiepeBeseHb. SSTPA HeoOximHi
JUTs1 320€3MeUCHHSI COLIIAJTFHO CIPABESJIMBUX YMOB JUTs MPOQECIHMX BOZIIB i1 Yac 000B'SI3KOBOIO BiANOUMHKY. OIHAK iH-
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¢pactpykrypu SSTPA Opakye y Oarateox eBporelichkrx KpaiHax. L[ BincyTHiCTs Oe3nedHol iHppacTpyKTypH A BiTo-
YUHKY Hece IMKOMY IMiHKY BAHTAKHIIX TIPHEMCTB Ta CTBOPIOE 3pO3yMLTI TPYIHOII Y 3aTy9eHHI HOBHX BOIIiB 10 TIPO-
(hecil.

Mera craTTi nosnsrae B aHalli3yBaHHI 3aKOHOIABCTBa €Bponeiicbkoro Coro3y 010 CTBOPEHHST 0e3-
MEYHHUX Ta HAIIMHMUX 30H MapKyBaHHSA HAa aBTOMOOLIBHHX J0pOrax Ta po3poOlll MPOIO3HUIH 3 OHOBJICHHS
Yroau npo acomiarnito Ykpaina — €C.

Buknag ocnoBHoro marepianay. €Bponeiicbka komicist (€K) Mae Hamip BHECTH CBiif BHECOK Yy TO-
JIIIIIEHHS CUTYaIli1 3 OS3MEYHIMHY 1 HaliHHIMY 30HAMH CTOSTHKHM BaHTXKHUX aBTOMOOITIB B €BPOIICHCEKOMY
Corozi. Lle Oyme 1ocATHYTO NUIIXOM BCTAHOBJICHHSI 1 Y3TO/PKCHHS CTaHJAPTIB 1 IIIbOBUX IMOKA3HUKIB SKOCTI,
MTOTY>KHOCTI 1 KUTBKOCTI MaTaHIMKIB IS MMAPKYBaHHS, a TAKOXK ITUISIXOM BCTAHOBJICHHSI OCHOBH /IS PillICHb
[adopmarriiiino - koMmyHikariiiaux TexHojorii (Information and Communication Technologies (ICT), siki mo-
3BOJISITHh BOJISIM 3HAXOJUTH 1 3aMOBJISITH O€3MEUHI MICIIS ISl CTOSITHKM aBTOMOOLUTIB 1 TJTaHYBaTH CBOT MOI3]IKA
BIMOBITHO. €BPOKOMICiS TAKOXK IUTAHYE 30CepeauTH iHBeCTHIIiT Ha Kopuaopax TEN-T ta mpuckopuTy npwii-
HSATTS TTOTO/KEHUX cTaHAapTiB. OTHUM 3 KIIFOYOBHUX BUMOT IIOJI0 iH(YPACTPYKTYpH B INTAHOBAHUX KOPHIOpaAX
€ 3a0e3mevyeHHs Oe3MeYHMX 1 BiANOBIAHNUX 30H BiINOYMHKY (TprOIn3HO KOkHI 100 KM.) Ta HAsIBHOCTI YUCTOTO
MajnBa.

VY 110My KOHTEKCTI OyJI0 BUIaHO JIEKiTbKa BAXKIIMBUX 3aKOHOAABYMX akTH €Bporneiickkoro Coro3y:

Jupexmusa €C 2008/96 npo ynpaeninna 6e3nexor 00podicHboi ingpacmpykmypufl], B Akl 4iTKO
BKa3YEThCS, IO TSI ICHYIOYOi JJOPOKHBOI MEPEKI TMOTPiOHA MOCTATHS KUIBKICTh O€3MEUHNX 1 HAMIHHIX 30H
BIATIOYMHKY, TI00 IPOTHAISATH HUHINTHLOI 37T0YMHHOCT] B CEKTOPI aBTOMOOUTFHUX BaHTAXHUX TIEPEBE3CHB, a
TakoX 3a0e3neunTn Oe3rneKy BOAiiB. Y ToH ke 4ac B JIMPEKTUBI BKa3yeTbCs, 0 HEOOXiAHO Oye BpaxoBy-
BaTH, III0 HOBI IUISHKY JOPOTH, SKi IIOBUHHI OYTH MMOOY0BaHi, MalOTh OYTH HaJIEXKHUM YHHOM 3a0e3redueHi
HaJCKHUMH 1 0€3MEYHUMH MICIISIMH JIJIS1 TTApKyBaHHS.

Jupexmusa €C 2010/40 npo ocrosu 015t pO320pMAHHS IHMENEKMYAIbHUX MPAHCNOPMHUX CUCHEM )
cghepi asmomobinbHO20 MPAHCHOPIY MA NPO 83AEMOOTI0 3 THWUMU udamu mpancnopmy [2], ska BU3HaJae
neBHI crienugikamii A1 1HTEISKTYalbHOI 30HN MapKyBaHHS BaHTa)XKHUX aBTOMOOLIIB, TakKi AK iH(popMarliis i
nocayru 3 OpoHIOBaHHA 1715 Oe3MeYHX 1 HaAiHUX Micub HapKyBaHHS. Y Hill BBOOUTHCA IpaBuiio «100 km»,
TOOTO, pEKOMEHIAITisS PO3BUBATH 30HU BIIIIOYNHKY Ha aBTOMAricTpalsax nmpuoan3Ho koxkHi 100 kM. Ha ocHOBI
uiei Jlupexturu Oyio mpuitHato Perimament €C 885/2013, mo gonosHioe dupektuy I[TC €C 2010/40 om0
HajaHHs iHQOpMaLiHHUX TMOCIYT A7 Oe3MeYHNX Ta HaAIWHUX Miclb AJsl MApKyBaHHSA BaHTAXiBOK Ta KOMEp-
HIHHUX TPAHCIIOPTHUX 3aCO0IB 3 METOI ONTHMI3allil OOMIHY JaHUMHM 1 TOCTYIHOI iH(opMallii B MaciiTabax
BCi€i KpaiHu 3a J0MOMOI0I0 onTuMizarii nudpoBoi iHdopMalrii i mosinieHHs iHhPacTPYKTypH AJIs IHTEICK-
TyaJbHUX TPAHCIIOPTHHUX CUCTEM. Y OiIbII mi3Hil nompasLi 10 JAMPEKTUBYU MiJKPECTIOETHCS BKINBICTD M-
proro Bukopuctanus pimenb [TC 3a 1ormoMoror po3poOKu CHUTBHUX 1 aBTOMATH30BAHUX CHCTCM.

Kpim toro, B Peciamenmi €C 561/2006 wodo eapmonizayii coyianbHo2o 3aKOH00A8CMEd Ha a8mo-
MobinbHOMY mpancnopmi ma oonoguioe Peenamenm Paou €EC Ne3821/85 ma €C2135/98 ma giominse Pee-
namenm Ne3820/85 [3] BcTaHOBJICHO MpaBUja MO0 Yacy KEPyBaHHs Ta BIAMOYMHKY BOIis, 30KpeMa, MaKCH-
MaJbHHIA MIOACHHUHN 00CIT TOAWH poOOTH He Oinbiie 9 ToAMH (32 BUHATKOM JIBOX Pa3iB HA THXKJICHb, KOJIH
1oro MoxxHa poAoBxkuUTH 10 10 rouH). Y bOMY K IOJIOKEHHI BKA3YEThCS MaKCUMAaTbHUH IIOTKHEBUH Yac
KepyBaHHSA (10 56 roanH), 3arajbHa KiJTbKICTh HAKOITMYIEHOTO TBOTIKHEBOTO Yacy kepyBaHH: ( 70 90 roauH),
OIeHHMI Tiepio BianounHKYy (11 roauH abo ckopodeHi 9 ToANH) i MOTHKHEBUH BiAMOYMHOK (45 romuH abo
ckopodeHi 24 rogunn). [lepepBu MOBUHHI TpUBaTH HE MeHINE 45 XBUJIHMH, i BUKOPUCTOBYBATH iX VIS BiJIO-
YUHKY MOTPiOHO micis 4,5 ToauH KepyBaHHS. BapTo BpaxoByBaTH 000B’S30K KOMITGH CAIli BiAMOYHHKY. Lle
MPABHUIIO 3aCTOCOBYETHCS SK JI0 BAHTAXKHUX, TAK 1 0 MACAKUPCHKUX aBTOMOOITHHHUX TIEPEBE3CHb.

Iomouna cumyayis w000 3min 00 NOOHCEHb Hacy Kepysannsa ma gionouunxy y €C ma wo0oo enpo-
8a00KCen s be3neuHUx ma HaoiuHUX CMOAHOK.

B nanwmit yac Permament €C 561/2006 neperisiHyTO.
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8 munas 2020 poky napnameHT npuiHaB [lakeT MoOipHOCTI — |, sikuii siBiIsIe c0O010 Habip 3aKOHOAA-
Burx akTiB €C, mpu3HAYCHUN I PETyTIOBaHHSI KOMEPIIIHHUX BiTHOCHH B c(hepi aBTOMOOUTEHOTO TPAHCIIO-
pTy Ha piBHi €C.

Hoge 3akoHOmaBCTBO A7 IEPEBI3HUKIB Ta BOJIIB KpaiH €Bporneiicbkoro Coo3y BU3HAYAE MIpaBuia y
TISUTBHOCTI aBTOMOOLIBHOIO TPAHCIIOPTY Ha HAHOJIVMIKYE NECATHIIITTS, Ma€ BayKIIMBI HACTIAKM JIJIS1 KOMEPIiii-
HUX OTEpaTOpiB aBTOMOOUIBHOTO TPAHCIIOPTY, B YaCTHHI BUKOHAHHS MPaBHJI NP0 Yac KEPYBAaHHS Ta BiJIIO-
YHHKY BOJiiB, KOHTponbHUM npuctpii SMART Taxorpad Ta BuMor 10 Oe3neyHHX Ta HagiHUX Miclb map-
KYBaHHSI.

Opnun 3 noxymenriB [lakety MoOinbHOCTI - Pecnamenm €C 2020/1054 6i0 15 aunus 2020 p. npo ene-
cenns nonpaeok 00 Peanamenmy €C Ne 561/2006 w000 dompumarnms pexcumie npayi ma iOno4uHKy 600iie
ma Pecnamenmy €C 165/2014 woodo maxoepaghis, suznauae wjooo b6esneynux Cmosamok, nacmynue: [4]

«3 METOIO CIIPUSIHHSA COIiaIbHOMY TIPOTPECY JOLITHHO BKa3aTH, JIe¢ MOKHA BUKOPUCTOBYBATH IOTH-
JKHEBI TOAMHHU BIANOYMHKY, 1100 BOAisIM OyJio 3a0e3MedYeHo aJeKBaTHI YMOBHU BIAMOYHHKY. SIKICTh ITPOXKH-
BaHHSI 0OCOOJIMBO BKJIMBO T 9ac PETYIISPHUX MOTHKHEBHX IEPiOJIiB BIATIOUYHNHKY, SIKi BOIIH IIOBUHEH IIPO-
BOJIUTH 11032 KaOiHOIO TPaHCIOPTHOTO 3aco0y B MOTPiOHOMY NPUMIILIEHH] 32 paXyHOK TPaHCIIOPTHOTO MiAm-
PHEMCTBA K pOOOTOMABIIL. 3 METOO 3a0e3MeUeHHs HaJICKHUX YMOB TIpalli Ta Oe3MeKu BOIIIB JOLIIBHO yTO-
YHUTH BUMOTH TIPO HAJaHHS BOISM SKICHUX 1 aAalTOBAaHUX J0 TCHACPHUX MMUTaHb MPUMIIIEHB Ha MMEepiox ix
PETYISPHOTO MOTHKHEBOTO BiAMOUNHKY, SKIIO iX 3a0HparoTh 3 JOMY.

Takox He0OXiTHO mepeadauuTH, 1Mo0 TPAHCIIOPTHI MiAIPUEMCTBA OpraHi30BYyBaIl poOOTY BOMIIB Ta-
KUM YHHOM, 11100 TEepioar BiICYTHOCTI BIOMa He OyIIM HaMipHO TPUBAJIUMHU 1 00 BOJIl MOTJIM OTPUMYBATH
BUTOAY Bijl TPUBAJIUX MEPIOiB BiIIOYMHKY, B3SITHX B SKOCTI KOMIEHCALI] 32 CKOPOYCHI MEPioAn MIOTHKHE-
BOTO BiamounHKy. OpraHizailisi TOBEpHEHHS ITOBUHHA JO3BOJIUTH JICTATUCS JO OMEPAIiHHOTO IIEHTPY TPaHC-
TTIOPTHOTO IIAMPUEMCTBA B JEPKaBi-wICHI HOro ycTaHOBH ab0 3a MICIIeM IIPOXKUBAHHS BOIis, 1 BOiT MOXKYTh
BUTLHO BHOUPATH, JIe TPOBECTH Tepiof BignounHky. 1100 mpogeMoHCTpyBaTH, 1110 TPAHCTIOPTHE MiIPUEMC-
TBO BUKOHYE CBOI 3000B'sI3aHHS 110 OpraHi3aliii pery/s[pHOr0 MOBEPHEHHS, BOHO MIOBUHHO MaTH MOKJIUBICTh
BHKOPHCTOBYBATH 3aIlIMCH Taxorpada, 4eproei CIMCKH BOAITB a00 1HIIY JOKYMEHTALIIIO.

Xoua perynsipHi IOTWKHEBI TOAWHH BIANOYHMHKY 1 OUTBII TpUBaJi MEPiOAM BiAMOYWHKY HE MOXKHA
BHKOPHCTOBYBATH B TPAHCIIOPTHOMY 3ac00i a00 Ha MapKoOBIIi, a TUILKH B MOTPIOHUX MPHUMILIEHHSX, SIKi MO-
KyTh OyTH MTOPYY 3 MAPKOBKOIO, BKpai BAKJIMBO JIATH BOMISM MOXKIIMBICTh 3HAWTH O€3MEUHY 1 HAIIHHy Hap-
KOBKY 00J1acTi, 1o 3a0e3MeuyroTh BIAMOBIIHUIA piBeHb OC3MeKH i BiAMOBiAHI 3py4yHOCTi. KoMmicis Bxke BH-
BUMJIA, SK CTUMYJIIOBATH PO3BUTOK SIKICHUX ITAPKOBOK, BKIIFOYAIOUH HE0OXiaH1 MiHIMansHI BUMoru. Tomy Ko-
Micii i1l po3poOuTH CTaHAAPTH TSI OS3IIEYHUX 1 HAIWHUX 30H MapKyBaHHA. LI cTaHmapTH MOBUHHI CTIPUSATH
PO3BUTKY IKICHUX MapKOBOK. CTaHAAPTH MOXKYTh OyTH HEpErysHyTi A5 3a0e3MeueHHs KPamoro J10CTyIy 10
aIbTCPHATUBHUX BUJIIB TTAJMBA BiMOBIIHO 0 MOMITHKH PO3BUTKY i€l iIHPPACTPYKTYPH.

Besneuni 1 HafiiHI CTOSHKY MOBUHHI MiJUTSITATH MPOLEAYpaM ayAuTy Ui cepTudikaiii BiIOBiTHO
no cranaaptis €C. Li npouenypu ayIuTy Tako MOBHHHI TapaHTyBaTH, IO MICIS I CTOSHKH aBTOMOOLTIB
MIPOJIOBXKYIOTh BIATOBINATH MM CTaHAApTaM. TakuM 9MHOM, €BPOKOMICIS IUIAHY€E MIATOTYBATH MPOLEIYPY
ceprudikamnii A7 cTBOpeHHs O€3MeYHNX 1 HAJIHNX 30H MapKyBaHHS BaHTAXXHOTO TpaHCopTy B €C.

B inTepecax Oe3nekn JOPOKHBOTO PyXy Ta MPaBO3acTOCYBaHHS BCi BOAIl MOBMHHI OyTH HMOBHICTIO
00I3HaHI 1100 IPaBHJI, III0 CTOCYIOThCS Yacy KEPYBaHHS Ta BIANOYUHKY, & TAKOXK 11010 HEOC3IEKH, ITOB's13a-
HOI 3 BTOMOF0. B 1IbOMY BiTHOIIICHH] Ba)KJTHBa HAsIBHICTB JIETKOJIOCTYIMHOT iH(OpMAITii 010 JOCTYITHUX MiCIlb
BIJIMOYMHKY. €BPOKOMICis TOBUHHA HaJaBaTH iH(OPMAITiI0 MI0A0 OE3MEUHUX i HAIMHUX CTOSTHOK Yepe3 3py-
YHHI 111 KOPUCTYBauiB BeO-caiT. L{to iHopMalIito CTiT HOCTIHHO OHOBJIFOBATH.

Peznamenm (€C) 2020/1055 E€sponeticorozo [laprnamenmy ma Paou 6io 15 aunna 2020 poky npo
sHecents smin 00 Peznamenmie (€C) No 1071/2009, (€C) No 1072/2009 ma (€C) No 1024/2012 3 memoro ix
aoanmauyii 00 po36umky 6 cekmopi asmomooiibHo2o mparcnopmy [6] , 0OMexye nepeOyBaHHS 1HO3EMHHUX
TPaHCHOPTHHUX 3ac00iB y Aepxasi-wieHi €C. CtaTTs 5 CTaBUTH BUMOTH, «OpTraHi3yBaTH AisJIbHICTH CBOTO aB-
TOMApKy TaKUM YHHOM, 1100 3a0e3MeYnTH MOBEPHEHHS TPAHCIIOPTHUX 3ac00iB, sIKi mepe0yBaloTh Y po3Mops-
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JDKEHHI MAMPUEMCTBA T4 BUKOPUCTOBYIOTHCS B MDKHAPOJHUX MEPEBE3CHHSX, 10 OAHOTO 3 ONEPATHBHUX IICH-
TPiB IIi€l IeprkaBU-YIcHA MTPUHANMHI TIPOTATOM BOCHMH THXKHIB TIICJISI BUXOIY 3 HBOTOY, 1€ TIPUBENE IO IIIe
OUTBILOT KITBKOCTI MOT30K BaHTaXKIB Ta 301IbLICHHS TOTPEOU Y MapKyBaJbHUX 30HAX.

[epernsuyTi xepiBHi npuHmunu Tpanc’eBponeiicbkoi Mepexi (TEN-T), BcranoBneHi Peeramenmom
€C 1315/2013 6io 11 epyons 2013 poxy npo nacmanosu €spocorosy wooo pozeumxy Ipanc’ceponeiicbkol
mpancnopmuoi mepedxci ma cxacysanns Piwenns 661/2010/€C [7], nependadaroTh CTBOPEHHS 30H MapKy-
BaHHS Ha aBTOMATICTpasIX MpHOIH3HO Yepe3 kKoxkHi 100 kM, 100 HalaTH KOMEPIIHHIM YY4aCHUKaM JI0OPOXK-
HBOTO PYXY MiCIIe JJIs TapKyBaHHS, 110 MA€ BiITOBITHUIN piBeHB 3aXHCTY 1 Oe3meku. 11106 mpruckopuTH i mpo-
cyBaTH OyAiBHHMLTBO BiAMOBiAHOI iHQPACTPYKTypu Miclb HapKyBaHHS, BaxJnBo, 00 Cor03 MaB AOCTaTHI
MOXUIMBOCTI U1 CITiB(piHAHCYBAHHSI BiATIOBITHO JI0 MiFOYUX 1 MAaHOYTHIMH ITpaBOBUMU akTaMu CO103y, SIKUMHU
BCTAHOBITIOIOTHCSI YMOBH TSI TAKO1 (hiHAHCOBOT ITiITPHMKH.

{06 Boxii Mornu Ge3neyHo i KOM(OPTHO BiAMOYMBATH Mif Yac MOI3A0K, B €C MIaHylOTh CTBOPHTH Ta
obOnagHaTH MEPEXY CePTU(IKOBAHUX MiCIlh TapKyBaTHHA. [IpoiTH cepTHdIKaIio 3MOKYTh TAPKOBKH JIUIIIEC
3aXWIEeHl BiJl MPOHMKHEHHS CTOPOHHIX, HAa SKUX MOXHa Oyae KymuTH DKy 1 Hamoi, ;e Oyme Xopore
OCBITJICHHS 1 CAaHBY3JIM 3 ypaxyBaHHIM CTaTi BOJIIB.

€BpOKOMICIS IMyOIIKyBaTUME CITUCOK TaKWX MApKOBOK Ha CIICHIAIbHOMY CaWTi 1 OHOBIIOBAaTH Horo €K
CKJIaJie CITMCOK Oe3MeYHuX MICIb Ui nmapKyBaHHs. Lle#t ciimcok Oyae myOuiKyBaTucs Ha odiliiiHOMY caiTi i
MOCTiIAHO OHOBJIFOBATHUCSI.

Y 2018 pomi Mixuapoaauii coto3 aBToMo0iuTbHOTO TparcopTy (IRU) pazom 3 TpboMa acomiamisiMu -
greramu (UNTRR, Pymynis; ITD, Janis; TLN, Himepmanan) 1 AekiapkoMa iHITMMHE 3aIliKaBJICHUMH CTOPO-
Hamu (€Bporneiicbka opranizauis 6e3neynoro napkysanus (ESPORG), €Bponelicbka koMnaHist 3 mepeBipKu
Tpa"cnoptHuX 3aco0iB (DEKRA)) moyanu qociaimkeHHs, 110 $hiHAHCYEThCS €BPOKOMICIERO MO0 Oe3MeYHUX
1 HaTiHHUX 30H MapKyBaHHS BaHTAXKHUX aBTOMOOWUIIB B €Bporri. MeTa MOCIIHKEHHS TOJIATaE B TOMY, 1100
BHU3HAYUTH TUIAH JIil IS CTBOPEHHS MPABIIILHOI CTPYKTYPH JJIS BIIAJIH 1 MPUBATHUX PO3POOHHKIB, Oarkatounx
cteoputu SSTPA. Ile BkiTtouae TouHy 1HGOPMAIIIIO PO MPOIIECH TUTAHYBAaHHS, EKCIDTyaTallii Ta CTaHIapTH3a-
1i{, a TAaKOX TIEPEIOBl METOIN POOOTH.

OcHosHUMU UCHOBKAMU Y020 OOCHIONCEHHS €

- CTBOpEHHS CTaHIAPTHOI CUCTEMU cepTHdiKaIlii Ta MPUCBOEHHS KaTeTOPii MapKOBKaM.

- Pozmmpene obcrexenns notped i BuMor kopuctyBadiB SSTPA,

- CTBOpeHHS KOMIUICKCHHX KapT PO BAaHTAXHI MOTOKH 1 Tapsvi TOUKH,

- CTBOpEHHS METOAMYHOTO KEPIBHUIITBA TI0 HajamTyBaHHi0O SSTPA.

IIlo cTocyeThCst CTBOPEHHS 3arajJbHOTO CTAHIAPTY IS CepTH(IKaIi Ta OMIHKY apyBaJbHUX 30H Ba-
HTa)KHUX aBTOMOO1JiB, OyJI0 BpaxOBaHO MOMEPEIHI Pe3yabTaTH KOMIUIEKCHOT'O OOCTEXKEHHS CEKTOpY, 30K-
pema, 00roBopeHHsI B ()OKyC-TpyIax 3 BOJISMHU BaHTaXIBOK, TPAHCTIOPTHHUMHU KOMITAHISIMH, CTPaXOBUKAMH,
BaHTAXOBIJIPaBHUKAMH 1 ONIEpaTOpaMu 30H NMapKyBaHHS. Buxonsuu 3 mboro, 0ysi0 3alpornoHOBAHO HOBHIMA
CTaHIAPT, IO CKIANAEThCs 3 4 PiBHIB O€3MEKH, sIKi PO3TAIIOBaHI OJUH 3a OJHUM (OpoH3a, Cpi0iIo, 3010TO i
IUIaTHHA, B1Jl HU3BKOTO 0 BUCOKOr0). 1100 mocsartu mux piBHIB Oe3MeKH, CIIoYaTKy HEOOX1AHO TO0CIrTH 6a30-
BOTO PiBHsI 0OCITyrOBYBaHHS.
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—[ Bronze level security

OuikyeThCs, O KOJW IeH CTaHAApT TMOYHE JISATH, BiH OyIe CTBOPIOBATH MPO30PiCTh, 3MIITHIOBATH
JIOBIPY 1 ITOJIETIITYBATH iHBECTHUIIII IPUBATHOTO CEKTOPA OIEpaTOPaMHU apKyBAJILHUX 30H BAHTAXKHUX aBTOMO-
OiiB 1 (pinaHCOBUMU iHBecTOpamu. OHAK BiH MOXKE ITiIJISTATH IMOAABIIAM 3MiHAM, 3aCHOBAaHUM Ha 3aKOHO-
naBcTBi €C.

Cgoim (hiHancyBaHHsM HocimkeHHst SSTPA €BpoKOMICS Mae Hamip BHECTH CBIiil BHECOK Y TIOKPAITICHHS CHTYaLIii
mozo uporo B €C. Le Oyae JocsrHyTo 3a I0MOMOTOR0 TapMOHI3aLlil CTAHAAPTIB OLHIOBAHHS Ta cepTU(iKaLlii 30H MapKy-
BaHHS BAHTKHIX aBTOMOOLTIB, a TAKOXK IIVIIXOM BCTAHORBJICHHST OCHOBH TS CyMICHUX pittieHs ITC, sKi T03BOJSTE BOMIISIM
3HAXOUTH Ta OPOHIOBATH OC3TICUHI MIiCITS IS TIAPKYBAHHS Ta TJIaHyBATH CBOI TIOI3/IKH BiIITOBIIHO.

Ponp IRU y mocnimkenHi nossirae y 30MpaxHi inpopmarti rmpo notpedu ta BuMorn SSTPA 3ariikaBleHHX CTOpIH,
BKJTFOYAIOYH BOJIIIB, TPAHCTIOPTHHX OTIEPATOPIB, OTIePATOPIB IAPKYBAHHS, CYTHOIUIABHIIX KOMITAHIH Ta CTPaXOBHKIB, 8 TAKOXK
JIOTIOMOI'TH Y (hOPMYBaHHI MOJITHYHKMX PEKOMEHIALTH. [HTeprpeTaliis pe3y/bTariB OlMTyBaHb Ta PEKOMEH/IALTIH BioOpa-
3UTKCS Y CTBOPEHHI 3aralbHOl CCTeMU OrtiHFoBaHHs 71t SSTPA.

Jocmimkenns SSTPA 103B0UTh 3a0€3Me4rTH iHPOPMOBAHE HPUHHATTS PIIICHb 3 00Ky TPAHCIIOPTHHX KOMITaHiH
Ta OIePATOPIB MAPKYBAHHSI [1sT 3a0€3TIeUeHHS OC3MIeKH BOIIIB, 1110 BiITOYMBAIOTH.

[otouni pesynsraru mpoekty. [Ipoekr SSTPA 3i0paB BifmoBiai Bill MpeICTABHULIBKOI BUOIPKH MPALIBHHKIB CEK-
TOpPY aBTOMOOUTHLHOTO TPAHCIIOPTY, OIEPaTopiB, BAHTAKOBIIPABHUKIB Ta CTPAXOBUKIB. HipkKde HaBeIeHO IeKUThka BHOpa-
HUIX CTATHCTHUYHEIX JIAHVX, sIKi Oy7 oTprMaHi i yac ormryBanHst IRU 111010 3ariikariieHIX CTOpiH Y €BPOICHCHKOMY BaH-
TOKHOMY TPaHCIIOPTI.

3HAYHMI BIICOTOK YCIX 3aIlKaBIICHAX CTOPIH TIOTOAMBCS 3 HEOOX1THICTIO TepMIHOBO HeoOXimamx SSTPA.

* 83% BOIiIB 3aSIRIISIIOT, ITI0 KUTHKICTB KpaiH, 1m0 3aiticHio0Ts SSTPA B €C, € HemocTaTHBOI0 JTs X PeryisipHOro
BIIIOYHHKY.

* 86%0 TPaHCTIOPTHHX OTIEPATOPIB BBAKAIOTH, 1110 AKIIIO BIATIOYMHOK Y CAJIOHI 3a00pOHEHHH, TO J71s1 BOJIiB HE BUCTa-
Ya€e 30H MapKyBaHHs, 11100 MPOBOIKUTH CBIl TIDKHEBUI BiINIOYMHOK Y FOTEIISIX.

3a narnvu GAP anamizy: 15 kpain €C TepMiHOBO OTpeOYIOTh I0ATKOBHX 30H T TAPKyBAHHS BAHTKHUX aB-
TOMOOLTIB Ta JIMITIC B KpaiHax beHemokcy, kpainax barrii, Icnanii, [ perrii Ta BermkoOpuTaHii mporio3uItist JOPIBHIOE TIOTTHATY
Yy OTBIIIE.

O4eBHIHUM € T€, 0 B YKpaiHi CUTYaIlis 3 HeIOCTATHHOIO KiJIBKICTIO O€3MEUHUX Ta HAJIHUX CTOSTHOK
JUTSI BAHTKHAX aBTOMOOUTIB Ta BiAIOBIZHO MpoOIeMaMH B YaCTHHI TOTPUMAaHHS TOJIOKCHD Yacy Mparli Ta
BIJIMTOYMHKY BOJIiS BE/IC 10 BUCOKHMX PU3UKIB B UACTHHI OE3MEKU JTIOPOKHBOTO PYXY.

VYkpaina Ta €BpoCcor03 TOMOBUIIHCS OHOBUTH YTOy PO ACOIIIaIlifo Ta 30HY BiJIbHOI TOPTiBIIi, a came:
OHOBJICHHSI JIOJATKIB 10 YTOIW B KOHTEKCTI JOCTYITy Ha pUHKH €Bporelickkoro Coio3y, OHOBIICHHS YMOB
TOPTiBIIi.

3 MeTOM TiABHUINCHHS Oe3MeKkH Ha Joporax Ta 3 OIIAAy Ha IUIaHW 3aKOHOJaBYMX 3MiH B YTOJi IIpo
Acorriarito, SKi HaIIpaBJICHI HA BHECCHHS 3MiH JI0 IEIKUX HOPMATHBHO-TIPABOBUX aKTIB YKpaiHM IOJI0 CTBO-
peHHsI O€3MeYHNX YMOB ISl YYaCHHUKIB TOPOXKHBOTO PYXY, BiAMOBIAHOCTI €BPOINEHCHKUM COLIiaIbHUM HOP-
MaM, BBRKAEMO 3a JIOLLIIbHE PO3TIISTHYTH HEOOXIIHICTh BKIIOUCHHS /IO OHOBJICHOT YTOH:
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HupextuBu 2008/96/€C 3 MeTor0 CTBOpPEHHS 0€3MEYHMX 1 HAAIMHUX 30H CTOSHKH BaHTAXKHHUX aBTO-
moOuTiB (SSTPA) B YkpaiHi,
HupextuBu 2010/40/€C sixa BBoguth mpaBmwio «100 km», ToOTO, peKOMEHIalil0 PO3BUBATH 30HU
BiJNIOYMHKY Ha aBTOMarictpassix npuoiau3Ho koxHi 100 kM.
Mo 1iei poboTr MaroTh OyTH 3aiydeHi yci 3allikaBJICHI OpTaHM Bjiaad, 30kpeMa , MiHiHbpacTpyk-
TypH, Ykpasronop, MBC, Mingin, MicieBi Jep>kaBHi aaMiHicTparii.
BucnoBkn
be3neuni Ta AKiCHI MapKyBaJbHI 30HH HECYTh JEKiIbKa (QYHKIIIH: 1al0Th MOKIHBICTh TIOBHOLIIHHOTO
BIJIMOYMHKY BOMISIM-TAJICKOO1THIKAM 3TiJTHO BCTAHOBJICHUM HOpPMaM 4acy BOJIHHS Ta BiJMOYHUHKY; 3a0e31e-
YyI0Th 30€pEKEHHS BAaHTAXY, HaJIAI0Th TOBHUN KOMIIIEKC TTOCTYT Y I0PO3i.
Hoge 3akonomaBcTBO €C MOCHIIIOE BUMOTH JI0 KiIJTBKOCTI CTOSHOK (uepe3 KoxkHi 100 kM), STKOCTI T10-
CIIyT TIapKyBaJbHUX 30H. be3neuni 1 HafiiiHI CTOSHKY MOBHHHI MiJUISTaTd NpOLEAypaM ayauTy AJsl CepTH-
¢dikarii BimmoBigHO mo ctanmaptiB €C. Uepes Bumorun €C momo peryisIpHOTO MOBEPHEHHS CKIMMaXiB y
MDKHapPOJHOMY PYCi JOJOMY KUTBKICTh TTAPKOBOYHUX MiCIIh Ma€ 3pocTatd. binbmricts kpain €C moTpedyioTsh
TEpMiHOBO1 po30yI0BH 30H NapKyBaHHS, L0 CTOCYETHCS 1 YKpaiHu.
IIponioHy€ETHCS TP OHOBJICHHI YTOAM MPO acomiamiio Ykpaina — €C BBeCTH TUPEKTHUBH, MOI0 CTBO-
pEeHHs Oe3MeYHNX Ta HAAIHUX 30H CTOSHOK Ha aBTOIOpOTaxX YKpaiHu.
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Abstarct. The current situation is considered on the development of safe and secure parking areas for
trucks in Europe.

The reports of the International Road Transport Union were analyzed on the European Union-funded
project on Safe and secure truck parking areas for trucks in Europe and a final report on the study of safe and
secure places for truck parking in the EU.

The analysis of European regulations is carried out on road infrastructure safety management, speci-
fication of truck parking zones, rules of working time and rest of the driver, as well as Ukrainian legislation
on these issues.

Recommendations for possible measures to improve the legislation of Ukraine are provided in terms
of establishing the SSTPA in view of the EU-Ukraine Association Agreement.
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Annotation. The state of public highways undoubtedly affects the quality of cargo and passenger transport
ation, the level of prices, the degree of employment of the population and the pace of economic development
of the state. Consequently, the development of the network management system for highways and improve-
ment of their transport and operational condition is a prerequisite for further socio-economic development of
the state and society.

Of particular importance are the research directions of the administrative and legal principles of man-
agement in the field of motor roads in Ukraine, since the geographical location of Ukraine, subject to the
integration of domestic transport infrastructure into the European one, will allow in the future to receive annual
international transit transport by road and tourist trips, significant development of international cooperation of
the state and significant revenues to the state budget of the country.

The article defines the directions of legislative and administrative changes in the management of motor
roads of Ukraine.

Keywords. Laws of Ukraine in the field of roads, areas of research of administrative and legal princi-
ples of management in the field of roads in Ukraine, the state management of roads

By resolution of Cabinet of Ministers of Ukraine from March, 21 in 2018 N 382 the Government
having a special purpose economic program of development of highways of the general use of state value was
ratified on 2018 - 2022. The Program aim are renewal and development of highways of the general use of state
value for integration of them to the European transport system and increase on them of strength of motion,
speed, comfort and economy of transportations security. (7)

The Ukrainian State Road Transport Agency Ukravtodor is an integral part of the unified transport
system of Ukraine.

The state of highways of the general use indisputably influences on quality of transportation of loads
and passengers, standard of prices, degree of employment of population and rates of development of economy
of the state.

Thus, development of control system by the network of highways and improvement of them the
transport-operating state is necessary pre-condition of further socio-economic development of the state and
society. The special value is acquired by directions of researches of administrative-legal

principles of management in the field of highways in Ukraine, as a geographical location of Ukraine
on condition of integration of a home transport infrastructure in European will give an opportunity in the future
to get annually from transit international transportations by a motor transport and tourist journeys considerable
development of international cooperation of the state and ponderable receivabless in the state budget of
country.
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The main problem is that management in the field of transport and operational condition of public
highways currently does not contribute to creating the necessary conditions for further socio-economic devel-
opment of the state, strengthening its defense capability and economic security. The study of the property
aspect of the state of the network of highways still does not allow to realize the country's potential for further
development of public administration in the field of motor roads in Ukraine (5).

The State Department in the field of highways has the following characteristics:

a) is carried out on the basis of laws of Ukraine;

b) has an active, purposeful, nationwide, executive and administrative, organizing character;

¢) has its own control object;

d) is expressed in the development of managerial decisions;

e) controls the compliance of the owners of vehicles, as well as citizens, officials with the requirements
of the Laws of Ukraine "On Roads", "On Road Traffic", rules, norms, standards for ensuring road safety in
general and roads, in particular (1,2) .

When it comes to toll roads, local governments, which ensure the operation of toll roads for public
use, are responsible for their technical condition, for compliance with the rules and norms of maintenance and
repair of highways and in accordance with the procedure established by law, as well as by law compensate for
damages caused to users.

According to the existing legislation, local self-government bodies that manage the operation and
development of streets and roads of cities and other settlements are responsible for:

a) the state of the streets and roads of cities and other settlements in accordance with the current norms,
including regarding the safety of vehicles and pedestrians;

b) quality of design, construction, reconstruction, repair and maintenance of streets and roads of cities
and other settlements;

¢) placement of technical means of road traffic organization, objects of road service and advertising
carriers;

d) reimbursement of losses to users of streets and roads of cities and other settlements that have arisen
due to their unsatisfactory condition, in the manner prescribed by law.

In addition, at the local level, the use of departmental (technological) roads, which includes farm
technological roads belonging to legal entities or individuals, is being solved.

There are certain peculiarities of relations between the State Agency of Motor Roads of Ukraine and
other bodies of executive power on ensuring road safety.

It was established that regulation of relations between the State Agency of Motor Roads and other
bodies of executive power is determined mainly by binding and authorizing norms, namely, according to part
5 of Article 12 of the Law of Ukraine "On Roads", attempts "to observe norms of environmental legislation by
road users and initiate attraction to the administrative liability for pollution and clogging of the highway and
its strip "; Part 10 of Article 12 of this Law permits "to restrict or prohibit, with the notification of the relevant
police department of the Ministry of Internal Affairs of Ukraine, the movement of vehicles in the event of a
threat to the life or health of road users, the safety of goods or the possibility of causing damage to public
roads, including in difficult weather conditions ".

Authorizing norms regulate a considerable part of state-management relations in the field of high-
ways. Basically, these are the norms that establish the general legal framework for the implementation of public
administration in the field of highways.

Thus, the competence of the Cabinet of Ministers of Ukraine is carried out in accordance with Arti-
cle 4 of the Law of Ukraine "On Road Traffic", bodies of legislative power, regions and cities of republican
subordination, respectively, Article 5 of the Law of Ukraine "On Road Traffic", participation of enterprises,
institutions and organizations in ensuring road safety, respectively paragraph 1 of Article 12 of the Law of
Ukraine "On Road Traffic".

The competence of the Cabinet of Ministers of Ukraine includes: drafting laws, regulations on road
traffic and its security, defining the powers of executive authorities; formation of state bodies of management
in the field of traffic; coordination of activities of ministries, other central bodies of executive power, associa-
tions and local self-government in the sphere of traffic, etc. It is noted that the norms according to clause 1 of
Article 12 of the Law of Ukraine "On Road Traffic" are supplemented by the binding norms of paragraphs 2-
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4 of Article 12 of this Law, by imposing obligations on officials responsible for the operation and technical
condition of vehicles, officials responsible for the construction, reconstruction, repair, operation and installa-
tion of roads, other structures, persons responsible for the operation of roads.

Control and supervision as a means of ensuring lawfulness in the field of public administration of
motor roads consists of three areas for consideration of issues of legality in the activities of the authorities in
the field of roads, as well as the development of proposals and recommendations for improving administrative
changes in the activities of Ukravtodor subdivisions:

1. The direction of control as a means of ensuring the rule of law in the field of motor roads determines
that, since public administration is a social phenomenon and is regulated, first of all, by the norms of adminis-
trative law, then the legality is the main feature inherent in public administration, the activity of the subject
and object of management, the basis of the interconnections between them.

Control (departmental, state, public, internal, etc.) has a special significance as an integral part (el-
ement) of management, which ensures a systematic review of the implementation of the Constitution, laws of
Ukraine, other normative acts, discipline and law and order, and consists in the intervention of controlling
bodies in operational activities controlled bodies, giving them binding instructions for the suspension, modifi-
cation or cancellation of management acts, enforcement of coercive measures against controlled bodies.

With the help of control there is a "reverse" connection between the subject and the object of manage-
ment in the field of highways, it becomes possible to adjust management decisions in order to increase the
efficiency and effectiveness of public-management activities.

It should be noted that authorized state bodies and their officials, carrying out control activities, form
a certain system of supervisory bodies, which should act on the basis of the ultimate purpose of their activities.
Such principles are a system of principles of control in the field of public administration of motor roads: ob-
jectivity, efficiency, transparency, systematic, regularity, reality.

To this end, it is necessary to analyze the effectiveness of the authority of the bodies of control in
the field of motor roads: the Cabinet of Ministers of Ukraine, the Ministry of Infrastructure of Ukraine, other
ministries, legislative and executive authorities, regions and cities of republican subordination, bodies of san-
itary and epidemiological service.

Particular attention should be paid to the direction of study of such kind of special control in the
field of highways, as dimensional and weight control, its features, organizational and legal principles and pro-
cedures for implementation.

2. The direction of supervision as a way to ensure legality in the field of highways. At the same time
it is necessary to take into account the peculiarities of supervision in the sphere of highways, which consist of
methods, methods and measures of supervision carried out by "Ukravtodor". It should be noted that in accord-
ance with the Law of Ukraine "On the Basic Principles of State Supervision (Control) in the Sphere of Eco-
nomic Activity," the legislator identifies the notion of "state supervision" and "state control" and considers
them as the activities of authorized central bodies of executive power, their territorial bodies, bodies of local
self-government, other bodies within the powers, envisaged by law to detect violations of the requirements of
legislation by economic entities and prevent them, to ensure the interests of society, in particular, the proper
quality of products, property and services, an acceptable level of danger to the population and the environment.
Taking into account the discussion of the question of the relation between concepts of "control" and "supervi-
sion" in the theory of administrative law, it is noted that supervision is investigated as a kind of state control,
which is characterized by peculiarities inherent only to him.

The methods of supervisory activity of Ukravtodor, in general, can be defined as follows:

a) to supervise the observance of the requirements of legislation on the use and protection of roads of
general use and the corresponding property;

b) to conduct investigation of the causes of accidents and accidents on motor roads, as well as to
conduct official investigations;

¢) to supervise the state of work on the prevention of offenses at enterprises, institutions and organi-
zations of the road economy;

d) monitor the internal and external markets for construction, repair and maintenance of highways;
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e) to implement state policy in the sphere of state secrets protection, to carry out, in the established
manner, control over the state of protection and preservation of state secrets in the central apparatus of
Ukravtodor, at enterprises, institutions and organizations belonging to the sphere of its management.

3. Direction of use of modern information technologies in the management of the State Agency of
Motor Roads of Ukraine "Ukravtodor". There is a need to apply a systematic approach to solving the problem
of informatization of control and supervision activities of Ukravtodor subdivisions. Formulate recommenda-
tions for the formation of an informational system of public administration in the field of highways, which will
include central, regional and local levels.

It should be noted that strategic tasks must be solved at the central level.

The regional level of the information system should address the tasks of ensuring the state of highways
at the level of individual regions and cities of regional subordination, as well as to monitor the work of bodies
and units at the local level.

The local level of the information system of the state administration in the field of highways is the
basic level at which the information system unites the units of "Ukravtodor", the city (paradise), internal affairs
bodies, separate bodies and units of the Ministry of Internal Affairs and the Ministry of Emergencies of Ukraine
into a single unit. Particular attention should be paid to the issues of information exchange between the next
parts of "Ukravtodor", the city (paradise) of the internal affairs departments of the Ministry of Internal Affairs
of Ukraine and the Ministry of Emergencies of Ukraine.

Territorial units of the Ministry of Internal Affairs and the Ministry of Emergencies of Ukraine, the
Ukravtotrans and the Holovavtotransinspektsiya of the Ministry of Infrastructure, "Ukravtodor" in the event
of deterioration of traffic conditions or traffic violations exchange information about the state of travel in the
regions, cooperate on coordination and action measures to ensure uninterrupted and safe traffic vehicles and
the decisions taken to ensure the conditions

Road traffic is reported to the central authorities via regular or through dispatching services, provided
that they are in the mode of telephone and fax communication or by e-mail (3).

Such ranks on the basis of analysis of the current legislation and practice of its application can
formulate a number of suggestions and recommendations aimed at improving the administrative and legal
framework for management in the field of motor roads in Ukraine, namely:

1. The state administration in the field of motor roads is defined as the enforcement activity of author-
ized bodies of the state executive power and bodies of local self-government, the functioning of which is aimed
at protecting constitutionally fixed vital interests, first of all, life, rights and freedoms, as well as interests in
meeting the needs for the movement of participants of the road - citizens, stateless persons and foreign citizens
- pedestrians and drivers.

2. The subjects of state administration in the field of highways are the executive authorities, their
officials who have the appropriate powers: the Ministry of Infrastructure of Ukraine, the State Agency of
Motorways of Ukraine Ukravtodor, the Customs Committee of Ukraine, the Ministry of Finance of Ukraine,
the Ministry of Regional Development, construction and housing and communal services of Ukraine, the An-
timonopoly Committee of Ukraine, the State Property Fund, as well as local executive bodies and local self-
government bodies.

3. The object of public administration in the field of motor roads is the social relations that arise in the
field of ensuring the proper condition and development of highways. Relations within each of the subjects of
management can be defined as intra-system relations in the field of public administration of motor roads, and
relations that arise in the process of implementation between the subjects of management in the field of motor
roads of their powers, are external systems.

4. Public relations that arise in the implementation of public administration in the field of highways
include:

1) relations arising in the process of construction and operation of highways;

2) relations arising in the process of using motor roads, that is, traffic (between road users);

3) relations arising in the process of ensuring the safety of motor roads, ie liability for violations of
traffic rules.
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One can assume that each of the components is governed by certain norms of the current legislation,
which constitute separate legal sub-institutes of administrative law, which together constitute the legal institute
of management in the field of highways:

a) Institute of Road Traffic;
b) Institute for the regulation of behavior of road users;
¢) institute of responsibility.

5. Principles of public administration in the field of motor roads can be defined as general, specific
and structural. The general principles can be attributed to: objectivity, universality, democracy, legitimacy. By
specific - the division of powers, delegation of authority, social orientation, optimization of management, in-
tegrity, manageability, controllability, transparency, the combination of collegiality and unity of command.
Structural principles can include structural-target, structural-functional, structural-organizational, structural-
procedural principles.

With regard to public administration in the field of highways, structural-organizational and struc-
tural-procedural principles are of particular importance. Structural-target and structural-functional principles
should be distinguished in the event that there is a problem of matching goals and optimization of functions of
different subsystems (6).

6. Public administration in the field of highways has the following features:

a) carried out on the basis of the law;

b) has an active, purposeful, nationwide, executive and administrative, organizing character;

¢) has its own control object;

d) realizes the requirements of the law by implementing law enforcement and law-making activi-
ties;

¢) develops managerial decisions;

f) controls the compliance by the owners of vehicles, as well as citizens, officials of the require-
ments of the Law of Ukraine "On Road Traffic" - rules, norms, standards for ensuring road safety.

7. Stages of the state management in the field of motor roads:

a) preparation for the management decision;

b) management decision making;

c) execution of managerial decision;

d) control over the execution of a management decision;

¢) adjustment in case of unsatisfactory performance of management decision.

8. Management decision as the main form of management in the field of highways is characterized by
the following features:

a) has executive, volitional character;

b) is accepted by authorized state authorities (their officials);

c) is a form of expression of the purposeful control of the subject of public administration on its object;

d) has a mandatory or recommendatory character for an object of management; ¢) is an action by
which the management problem is solved;

f) has a conscious character.

9. The main directions of activity of the Cabinet of Ministers of Ukraine concerning management in
the field of highways are:

a) formation of state authorities in the field of motor roads, management of their activities;

b) development and approval of state programs of development and safety in highways, streets and
railway crossings, environmental safety requirements, as well as programs for coordinating the use of all types
of public transport;

¢) financing and control over the implementation of state road traffic development programs and their
security;

d) determination of the procedure for issuing licenses and certificates and carrying out activities re-
lated to the carriage of goods and passengers, training of drivers, construction, reconstruction, repair and
maintenance of highways, streets and railroad crossings, with other types of activities that affect traffic safety.

10. It is established that when forming an informational system of management in the field
of motor roads, the following should be taken into account:
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a) the specialization of separate structural units of the system of public administration (it means the
definition of the circle of management entities, the definition of their competence, the specificity of the imple-
mentation of interrelations);

b) definition of a public body with a broader scope of public administration in the field of motorways
(the aspect of concentration of authority);

¢) Decentralization of management decisions (determining the range of officials who directly make
managerial decisions and form information flows, taking into account the specifics of their activities and the
scope of authority).

11. The legal mode of motor roads is a system of norms, rules, tools that regulate social relations that
arise in the implementation of public administration in the field of motorways of Ukraine.

Conclusions

On the basis of the above, it can be noted that the main directions of improvement of the functions
of management of road economy of Ukraine are:

a) Optimization of the network of highways in accordance with the requirements of the development
of the state economy;

0) reforming the existing system of maintenance of roads of state importance by introducing a regional-
linear principle of their servicing by specialized road-operation enterprises;

B) Performing works on construction, reconstruction and major repair of roads should be conducted
on a competitive basis with the introduction of international principles for the construction of civil engineering
contract (FIDIC) (4).

It must also be agreed with the opinion of experts that any attempts to improve the system of state
control and management of the network of roads, introducing sporadic changes to the legislation or adopting
new subordinate acts, will not be very successful. The effectiveness of each such measure will be offset by the
general imperfection of the legal basis, its numerous deficiencies, problems and imbalances.

Only radical reform can fundamentally change the situation, which would not simply optimize the
content of sectoral legislation but also integrate it into an integrated system with the same principles of organ-
ization, operation and development (8) .

The first stage and at the same time the cornerstone of such a reform should be the adoption of the
Law of Ukraine "On Public Audit on Road Transport" - a law that outlines the basics of sectoral control,
defines its general principles, goals and priorities, and serves as the basis for standard setting in the relevant
area of management activity.
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nauk. konf. profesor.-vy'klad. ta aspirant. skladu (m. Odesa, 21-22 travnya 2010 r.) / Vidp. red. d-r yury'd.
nauk, prof. Yu.M. Oborotov // Odes ka nacional na yury'dy chna akademiya. — O. : Feniks, 2010. — S. 324—
326.

6.Tovstuha S.O. Osobly'vosti udoskonalennya derzhavno-upravlins'ky'x mexanizmiv u sferi be-
zpeky" dorozhn'ogo ruxu v Ukrayini / S.0. Tovstuxa // Innovaciyi v derzhavnomu upravlinni: sy'stema in-
tegraciyi osvity', nauky’, prakty'ky': materialy’ nauk.-prakt. konf. za mizhnar. uchastyu ( Ky'yiv,27
trav.2011) .K.: NADU, 2011 — T.1.-S.629-631

7.Postanova Kabinetu Ministriv Ukrayiny® vid 21 bereznya 2018 r. N 382
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8. Maly'novs'ky'j V. Ya. / Derzhavne upravlinnya: Navchal'ny'j posibny'k.- Vy'd. 2-ge, dop. ta
pererob.- K.: Atika, 2003.- 576 s.

HAINMIPAMKHU 3AKOHOJABUYUX TA AIMIHICTPATUBHUX 3MIH
B YIIPABJIIHHI ABTOMOBLIbHUMHA JOPOI'AMM YKPAITHU
OcsieB KOpiii MuxoJiaiiBu4, KaHIuAaT TEXHIYHAX HAYK, JOIEHT, HamoHaasHUN TpaHCIIOPTHUH YHIBEpCH-
TET,JOIEHT Kadempu TpaHCTIOPTHOrO OYIIBHMIITBA Ta YIpPAaBIIHHSI MaiHOM, e-mail: osiaev(@ukr.net Tem.
+380964822206, https://orcid.org/0000-0001-7282-600X

Anoranisi. CTaH aBTOMOOUTBHHX JOPIT 3aralbHOTO KOPUCTYBAaHHS O€3MepeyHO BIUTUBAE HA SIKICTh
TIEPEBE3CHHS BAHTAXIB 1 MacCaKWpiB, PiBEHb IIiH, CTYIHb 3aHHATOCTI HACEJICHHS Ta TEMIIM PO3BUTKY
eKOHOMIKH AepkaBu. OTKe, PO3BUTOK CUCTEMH YIIPABIIHHS MEPEKEI0 aBTOMOOUTFHUX JOPIT Ta MOJIMIIICHHS
iX TpaHCIOPTHO-EKCIUTYaTAI[IfHOTO CTaHy € HEOOXiJHOI TMepeyMOBOK IOJAJBIIOT0 COIiaIbHO-
€KOHOMIYHOTO PO3BUTKY JACPKABHU 1 CyCITIHCTBA.

Oco0mBOrO0 3HAaYEHHS HAOYBalOTh HAMPSMKH TOCHIKEHL aIMiHICTPATUBHO-TIPABOBHX 3acaj
yhnpaBiiHHS y cdepi aBTOMOOUTFHUX IOpir B YKpaiHi, OCKUIbKK TeorpadivuHe po3TallyBaHHS YKpaiHH 3a
YMOBH IHTETpaIlil BITIM3HIHOI TPAaHCTIOPTHOI 1HQPACTPYKTYPH B €BPOIEHCHKY AaCTh 3MOTY B MalOyTHHOMY
OTPUMYBATH IMOPOKY BiJ TPAH3UTHUX MDKHAPOJHUX IIEPEBE3CHh AaBTOMOOUIPHHUM TPAHCIIOPTOM Ta
TYPUCTHUYHUX MOI3/I0K 3HAYHUH PO3BUTOK MiXKHAPOIHOTO CITIBPOOITHUIITBA JIEP’KABU Ta BAaroMi HAJXOKCHHS
70 IeP>KaBHOTO OIOKETY KpaiHH.

Y crarri BHW3HAYCHI HaNpPSIMKHA 3aKOHOJABYMX Ta aIMIHICTPAaTUBHHX 3MiH B YIIpaBJIiHHI
aBTOMOOUIEHIUMH AOpOTaMH Y KpaiHu.

Kuaro4dosi cioBa. 3akonn Ykpainu y cdepi aBTOMOOUIBHIX JOPIT, HAIPSIMKHA JOCHTIHKEHb aJAMIHICT-
paTUBHO-TIPABOBHX 3acajl yIpaBIiHHI y cdepl aBTOMOOLIBHUX J0pIr B YKpaiHi, AepsKaBHE YIIPABIiHHSI aBTO-
MOOUTHPHIMH TOPOTaMH

IlepeJik nocunanb

1. 3axon Ykpaiam "IIpo aBTOMOOUTEHI qOpOTH".

2. 3akon Ykpainu "[Ipo mopoxHiit pyx".

3. IIpo BHeceHHs 3MiH [0 Aeskux 3akoHiB Ykpainu Big 11.11.2016 — [Enextponnuii pecypc]. — Pesxxum
nocrymy: http://zakon3.rada.gov.ua

4. Tlpo 3aTBEpKEHHS BUMOT OO MTPOBEACHHS KOHTPOIIIO SIKOCTI poOiT 3 HOBOTO OyMiBHUIITBA, PEKOH-
CTPYKLIi Ta KamiTalbHOTO PEMOHTY aBTOMOOLTBHUX JAOPIT 3arajJbHOro KopuctysanHs: [locraHoBa KaGinery
MinictpiB Vkpainu Nel065 Bim 28 rpymus 2016 p. — [ Enextponnuii pecypc] — Pexxum moctymy:
http://zakon3.rada.gov.ua

5. Macnoga S.1. PedopmyBaHHS crCTEMU ASPKABHOTO YIIPABIIiHHS aBTOMOOITEHUMH JTOPOTAMU 3araJlb-
Horo kopuctyBanHs/ fl.1.MacnoBa// [IpaBoBe ®HUTTS cydacHOi YKpaiHM: T€3H JAOI. MI>KHApOIHOI HayKOBOT
koH(epeHiii npod.-BukIaa.ta acmipant. ckiaaay (M.Oneca, 21-22 tpasusa 2010)/ Bian.pen. a-p 0OpuaMdHAX
Hayk, rpod. KO0.M.O6opotos //Onecka HallioHanbpHa opuandHa akaaemis.- Onpeca.:®ewnike, 2010. — C.324-
326.

6. Toscryxa C.O. OcoGnuBOCTI yIOCKOHAJICHHS JeP>KaBHO - YIPaBIIHCBKUX MEXaHi3MiB y cdepi 6e3-
MeKH A0pokHBOro pyxy B Ykpaini/ C.O.ToBctyxa//IHHOBALIT B Iep)kKaBHOMY YIIPaBJIiHHI: CHCTeMa iHTerparii
OCBITH, HayKH, IPAKTUKH: HAyK.-IPaKT. KoHG.3 MK Hapox. yuacTio. ( Kuis, 27 tpaens, 2011). K.: HAY,
2011 T.1.- C. 629-631

7. IloctanoBa Kabunetry MinictpiB Ykpainu Big 21 6epesns 2018 Ne382.

8. MamninoBcekuit B.1O. / [lepkaBHe ynpapiliHHS: HAaBYaJbHUI MOCIOHKMK. — BU.2-T¢, JOI. Ta mepepoo.-
K.:ATixa,2003.-576 c.
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MOJIEJIIOBAHHS BIVIMBY IHTEI'PAJIBHOI'O IIOKAZHUKA ®OPMYBAHHA TA
BUKOPUCTAHHSA IHTEJIEKTYAJIbHOI'O KATIITAJIY HA Y3AT AJIbHIOIOUYI KPUTEPIT
KOHKYPEHTOCITIPOMOKHOCTI il IHBECTHUIIIIHHOI TPUBABJUBOCTI BYIIBEJIbHAX
maAnPUEMCTB

SIMULATION OF THE INFLUENCE OF THE INTEGRAL INDICATOR FOR FORMATION AND
USE OF INTELLECTUAL CAPITAL ON THE GENERALIZED CRITERION OF
COMPETITIVENESS AND INVESTMENT ATTRACTIVENESS OF CONSTRUCTION
COMPANIES

Cnasincoeka Onena Cepeiigna, 0oxmop mexHiunux Hayk, npogecop, Hayionanvruii
mpancnopmuull yrigepcumem, npoghecop kagheopu mpannopmnozo 0yoisHuymea
ma ynpaeninusa matnom, e-mail: elenaslavin9@gmail.com, men.: +380509698109,
Yrpaina, 01010, Kuis, éyn. Omenanosuua — llagnenxa 1,

https://orcid.org/0000-0002-9709-0078

Ilpynenxo /Imumpo Onexcanoposuu, Kanouoam eKOHOMIYHUX HAYK, Ooyenm, Xa-
ol PKIBCLKUL HAYIOHANLHUL YHIGepcumem Micokoeo eocnooapcmaa imeni O.M. bexe-
e moea, doyenm Kagedpu mpancnopmHux cucmem i aocicmuku, e-mail: prunen-
) kod@rambler.ru, men.: +380677311111, Yxpaina, 61002, Xapxis, eyn. Mapwana
/\“ P Basicanosa, 17,
: Voo
= Sl |\ https://orcid.org/orcid.org/0000-0001-7322-9998
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AHoTanisA. Y cTaTTi BU3HAYECHI HANPSMHU MOJAEIIOBAHHS BIUIMBY IHTETPAaJbHOTO MOKa3HUKA (OpMY-
BaHHSI T2 BUKOPHUCTAHHS IHTEJIEKTYIBHOTO KaIliTaly Ha y3aralbHIOIOUN KPUTEPii KOHKYPEHTOCTIPOMOYKHOCTI
1 IHBECTHUIIHOT TPUBAOIMBOCTI OYMiBEIbHUX MiAPUEMCTB. BCTaHOBIIEHO BUCOKHMIA PIBEHB BIUIMBY 1HTETpa-
JBHOTO NOKa3HUKa (JOPMYBaHHS T4 BUKOPUCTAHHS 1HTEIEKTYyaJbHOTO KaliTalny Ha piBeHb KOHKYPEHTOCIPO-
MO>KHOCTI. JloBeneHo, 110 iHBeCTHLIHHY NpUBaOIMBICT HA HU3LKOMY PiBHI O0YMOBIIOIOTH HAPSAMHU (hOpMy-
BaHHSI Ta BUKOPUCTAHHS IHTEJIEKTYAIBHOTO KaIiTany OymaiBEIbHUX MAMPHEMCTB. Pe3yapTaTH MOAETIOBAaHHS
chopMyBasld OCHOBY AJISl 3pOCTAHHA PiBHSI KOHKYPEHTOCIIPOMOKHOCTI 1 iIHBECTHLIHHOT MPUBAOIMBOCTI LIS~
XOM MPUAHATTSA OOIPYHTOBAHUX YIMPABIIHCHKHUX PILLICHb.

KurouoBi cjioBa: iHTeleKTyallbHUH KamiTall, OyIiBebHI MIANPUEMCTBA, (OPMYBaHHSI Ta BHKOPHC-
TaHHS IHTEJIEKTYaIHHOTO KalliTary, KOHKYPEHTOCIIPOMOXKHICTh, IHBECTHITIfHA TIPUBAOIUBICTD.

Beryn. Pe3ynsTaTHBHUMU MMOKa3HUKAMH, M0 XapaKTEPU3YIOTh AISUTHHICTE OYIIBETLHUX T ATIPUEMCTB
€ y3arajgbpHIOIYN KPUTEPii KOHKYPEHTOCIIPOMOXKHOCTI i iHBeCTHITIHHOT mpuBadmBocTi. [Topsi 3 miM, Bpaxo-
BYIOUM MIKHApOIHHIA JOCBIJ Ta CydacHi HANpsIMH PO3BUTKY €KOHOMIKH IiJIPUEMCTB, 3pOCTa€ 3HAUCHHS Ha-
npsAMiB GOPMYBaHHS Ta BUKOPHCTaHHS 1HTENEKTYaJIbHOTO KamiTaldy. Y bOMY KOHTEKCTI BUHHKAaE HEOOXi-
HICTh BCTAHOBJICHHS MPUIMHHO-HACIIIKOBHUX 3B’ S3KiB MK y3araJIbHIOIOUNMHU KPUTEPISIMU KOHKYPEHTOCTIPO-
MO>KHOCTI 1 iHBECTHIIHOI MPUBAOINBOCTI Ta IHTETPaIbHUM MOKA3HUKOM (POPMYBAHHS Ta BUKOPUCTAHHS 1H-
TEJNEKTyaJIbHUM KamiTaioM Ha OyIiBelIbHUX HiANPUEMCTBAX.
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JlJis BUIIIICHHS TIOCTABJICHOTO 3aBIaHHS Y JIOCIIPKEHHI 3/IIHCHIOETHCS MOJICITIOBAHHS BILUTUBY 1HTET-
PaNBHOTO MOKa3HUKA JOPMYBaHHS Ta BHKOPUCTAHHS IHTEICKTYaIbHOTO KalliTally Ha y3aralbHIOIYH KPUTEPil
KOHKYPEHTOCTIPOMOKHOCTI ¥ 1HBECTHITIHHOI MPHUBAaOIMBOCTI OyMiBEIBHUX MMIAMPHEMCTB MUISIXOM 3aCTOCY-
BaHHSI CKOHOMETPHUYIHOTO IHCTPYMEHTApIit0, IKHI 0a3y€ThCS HA METOZaX KOPEISIIHHO-pEerpeciitHOro aHaizy.

Merta i MeToau. Bu3zHadueHi HanpsSMu MOJICITIOBAHHS, SIKi ITOJISATAI0OTh Y HACTYITHOMY:

1. ®opmyBaHHs iHGOpMAIIHO-aHATITUYHOTO 3a0€3MeUCHHS )1 IPOBEACHHS MOICITFOBAHHS.

2. IloOyznoBa KOpeALiHHOI MaTpUI, IO BU3HAYAE 3B S3KM MIXK IHTETpajbHUM IOKa3HHKOM (opmy-
BaHHsI Ta BUKOPUCTAHHA IHTEIEKTYAIBHOTO KaliTady Ta y3aralbHIOIOYHMHU KPUTEPISIMU KOHKYPEHTOCTIPOMO-
JKHOCTI ¥ IHBECTHIIIITHOT MPUBAOIMBOCTI Oy IIBEIEHUX i ATIPUEMCTB.

3. Po3po0Oka mozeneii, 1o xapakTepu3yloTh MPUIMHHO-HACTIIKOBI 3B’ I3KH MIX iHTETpaJIbHUM TOKA3HU-
KOM ()OpMYBaHHS Ta BUKOPUCTAHHS IHTEJIEKTYaIbHOT'O KalliTAITy Ta y3arajlbHIOIOUHNMHU KPUTEPIsIMUA KOHKYPEH-
TOCIPOMOXKHOCTI ¥ IHBECTHUIIITHOT IPUBAOIUBOCTI Oy IiBEIBHUX IiANMPHUEMCTB.

4. TlepeBipka po3po0iaeHNX MOECIICH Ha aZlcKBaTHICTh Ha OCHOBI 3aCTOCYBAHHS BiAIOBITHUX KPUTEPIiB.

5. InTepmnpeTanis BCTAaHOBJICHUX MPUYMHHO-HACTIIKOBHUX 3B S3KIB MIXK IHTETPaIbHUM MOKa3HUKOM (o-
PMyBaHHS Ta BUKOPUCTAHHS iHTEJIEKTYaIbHOTO KaIliTally Ta y3aralbHIOIOUUMHU KPUTEPIIMU KOHKYPEHTOCIPO-
MOXHOCTI ¥ IHBECTHIIIHOT TPUBAOIMBOCTI OYIiBETEHUX ITi AMPUEMCTB.

Posrnsimaroun mpencTaBieHi HapsSMU MOJENIOBAaHHS, CIi BiA3HAYMTH, 10 GopMyBaHHS iH(OpMa-
LiHHO-aHAII THYHOTO 3a0€3NeUeHHS 311HCHIOETHCS Ha OCHOBI PE3YJbTaTiB OLIHKM 1HTETPAIbHOTO MMOKa3HUKA
(hopMyBaHHS Ta BUKOPHUCTAHHS 1HTEICKTYaIBLHOTO KaMiTaly H y3aralbHIOIOUHUX KPUTEPIiiB KOHKYPEHTOCIIPO-
MOXHOCTI Ta 1HBECTHUIIIMHOT IPUBAOINBOCTI OYIiBETHLHUX ITi ATPHUEMCTB.

[ToGynoBa KOpemnsIiiHOT MaTpHLIi, 10 BU3HAYAE 3B’ SI3KM MIX 1IHTETPaIbHUM IOKa3HUKOM (OPMYBaHHS
Ta BUKOPUCTAHHS 1HTEICKTYaIFHOTO KaIliTaAIy Ta y3aralbHIOIOUNMHU KPUTEPIIMH KOHKYPEHTOCITPOMOYKHOCTI
1 iHBECTHIIIHOT TIPUBAOIUBOCTI OYIIBENEHUX IIATPUEMCTB 3MIHCHIOETLCS MUIIXOM 3aCTOCYBaHHS Koedimie-
HTY MTapHOT KOPEeJsLii.

Ha ocHOBi kopensuiiiHoi MaTpuIli, 0 BU3HAYAE 3B’ SI3KM MIX iHTETPAIbHUM MOKa3HUKOM (POPMYBaHHS
Ta BUKOPUCTAHHS 1HTEICKTYaILHOTO KaIliTaAIy Ta y3aralbHIOIOUNMHU KPUTEPIIMH KOHKYPEHTOCITPOMOYKHOCTI
i iHBeCTULIHHOT MPUBAOIMBOCTI OYAIBENbHUX MiANPHUEMCTB BCTAHOBIICHO:

MOCepe il BIUIMB iHTErPaIbHOTO KPUTEPit0 GOPMYBaHHS Ta BUKOPUCTAHHS 1HTEIEKTYyaJIbHOTO Kalli-
Tajly Ha y3araJIbHIOIOYNI KPUTEPii KOHKYPEHTOCIIPOMOXKHOCTI OyMiBEIbHIX MiATIPUEMCTB (KOe(hIIi€HT AeTe-
pminanii (R?) nopisHioe 0,688);

HU3BKUH BIUIMB 1HTETPAIbHOTO KPUTEPio GOPMYBaHHS Ta BUKOPUCTAHHS 1HTEJIEKTYAIbHOTO KaIliTamy
Ha y3arajbHIOKUMii KpuTepiil inBecTHNiiiHOT mpuBadiusocti (R = 0,0013);

HU3BKUAW PIBEHB 3AJICKHOCTI MiX y3araJbHIOIOUNMHU KPUTEPIIMH KOHKYPEHTOCIIPOMOXKHOCTI ¥ iHBEC-
TULiHHOT TpuBabauBocTi (R? = 0,01).

Po3poOka mopnenei, mo xapakTepu3yloTh TPUINHHO-HACIIAKOBI 3B’ 13K MK 1IHTETpaIbHUM MTOKa3HH-
KOM ()OPMYBaHHS Ta BUKOPUCTAHHS IHTEJIEKTYaIbHOTO KAl TATY Ta Y3aralbHIOIOYNMHU KPUTEPisIMUA KOHKYPEH-
TOCIIPOMOXKHOCTI ¥ 1HBECTHIIMHOT TPUBAOIUBOCTI OYyIiBEIEHHUX IMiMPHUEMCTB 3IIHCHIOBATIOCH HAa OCHOBI 3a-
CTOCYBaHHS METOJy MiICTAHOBKHU CYTHICTH SIKOTO TIOJIATA€E Y MOKPOKOBOMY BKIIIOYEHHI B MOJIENb (PaKTOpiB.
OCKibKY JOCTIKY€ETHCSI BIUTUB 1HTETPaJIbHOTO MOKa3HUKa (POpMYBaHHsI Ta BUKOPUCTAHHS 1HTEIEKTYaJIbHOTO
KamiTary Ha y3arajJbHIOIYH KpHUTEpii KOHKYPEHTOCTIPOMOXKHOCTI Ta 1HBECTHINIITHOI MPHUBAOIMBOCTI, TO IS
noOyI0BY MOAETI JIUIIE 31IHCHIOETHCS OWH KPOK. Pe3ynpTatn mobynoBu Mojienell npeicTaBieHi Ha puc. | —
2.

Mo 3aJIeKHOCTI MK IHTerpaJbHUM ITOKa3HUKOM (DOPMYBaHHS Ta BUKOPHCTAHHS IHTCIICKTyaIbHUM
KaIIiTaJIOM 1 y3arajJbHIOIOYNM KPUTEPIEM IHBECTHINIIHOI MPUBAOIHBOCTI Oy MiBEIBHUX MiIPHEMCTB CBITUNTH
PO HU3BKUH 3B’ 30K MiXK HUMHU.

Pe3yabTaTu i mosicHeHHs1. Y pe3yibTaTi MOJEITIOBAHHS BCTAHOBJICHO JIHIMHUI ITOCEPEIHINA 3B’ SI30K
MiX IHTErpaJbHUM MOKa3HUKOM ()OPMYBaHHS T4 BUKOPUCTAHHS 1HTEJIEKTYalbHOTO KamiTaly i y3araibHIO-
YUM KPUTEPi€EM KOHKYPEHTOCIIPOMOKHOCTI OyIiBeJIbHUX MiAPHEMCTB.
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Pucynoxk 1 — I'padik Ta Moe/Ib 3aJICKHOCTI MiJK IHTETPaJIbHUM ITOKa3HUKOM (POPMYBaHHS Ta BUKOPUCTAHHS
IHTEJIEKTyaJIbHUM KaIliTaJoOM 1 y3arajibHIOYHM KPUTEPIEM KOHKYPEHTOCIIPOMOXKHOCTI OYIiBEITBHUX
i IIPUEMCTB, BiJTH. OJI.
Figure 1 — Schedule and model of dependence between the integral index of formation and use of intellectual
capital and the general criterion of competitiveness of construction enterprises, rel. Units

0.8 y =-0,0353x + 0,5025
o’ R2=0,0013
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Pucynok 2 — I'padik Ta Moe/Ib 3aJIEKHOCTI MiJK IHTETPaJIbHUM ITOKa3HUKOM (POPMYBaHHS Ta BUKOPUCTAHHS
IHTEJIeKTYyalIbHOTO KaliTaly 1 y3aralbHIOIOUUM KpUTEepieM iHBECTULIITHOT MPUBaOIUBOCTI Oy IiBEIBHIX
i IIPUEMCTB, BiJTH. OJI.
Figure 2 — Schedule and model of dependence between the integral index of formation and use of intellectual
capital and the general criterion of investment attractiveness of construction enterprises, rel. units

[Tepesipka po3po0IeHIX MoIeTIcH Ha aIeKBATHICTh 3MIHCHIOETHCS Ha OCHOBI BiATIOBITHUX KPUTEPIiB:
1. Koedirmient xopemnsii (R), SKuii XapakTepu3ye piBeHb BIUIMBY HE3JICKHOTO MTOKa3HUKA (1H-
TerpaJibHUN MOKa3HUK (POPMYBaAHHS Ta BUKOPUCTAHHS iHTEJIEKTYalbHOTO KalliTally) Ha pe3yJbTyI0Ui CKIIaI0B1
(y3araibpHIOIOU1 KpUTepii KOHKYPEHTOCTIPOMOKHOCTI Ta iHBECTHLIHHOI MPUBAOIMBOCTI OYy/IiBEIbHUX ITiIPH-
eMmcTB). Ha ocHOBI 3Ha4ueHB Koe(iIlieHTa KOPEIIAIlii BH3HAYAETHCS HAIIPSIM 3aJISKHOCTI. 30KpeMa, SIKIIO BU3HA-
YEeHO 3HAK MIHYC, TO BCTAHOBJIEHO OOCpPHEHMI 3B 530K, SKILIO IUIIOC, TO MPSIMOMPONOPLIHHUEI. 3aIeXHO Bif
3HA4YeHb KOe(illiEHTY KOpeIsLii BCTAHOBIIOETHCS PIBEHD BIUIMBY MK ITOKa3HUKAMHU:
0 — BizmCyTHI# 3B’SI30K;
0,01 - 0,25 — HU3BKUI piBEHH BIUIUBY;
0,251 — 0,5 — mocepeHiii piBEeHB;
0,501 — 0,75 — cyTTeBHit piBeHB;
0,751 — 0,99 — Bucokwmii piBcHB;
1 — abGcomoTHHI 3B’ SI30K.
2. KoedimieHT nerepminanii BU3HA4Ya€ThCs K KBaApaT BiJ Koe(ilieHTy KOpesLii 1 XxapakTepu-
3y€ 3B’ 30K MiX TTOKa3HUKAMH.
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3. Kpurepiii CtpionenTa (f) BU3HAUa€ CTAaTUCTHYHY 3HAYYLIICTh NOKAa3HUKIB PO3p0o0OICHOI MO-
neni. BiH OIIHIOETHCS 3a CIIIBBIAHOIIEHHSIM:

Vi-V,

A, (1)
oo

ne Vi - cepenHi 3HAUCHHS TIEpIIol apuMeTHIHOI TOPiBHIOBAILHOT CYKYITHOCTI; V> — cepeHi 3HaUYeHHS
Ipyroi apupMETHYHOT TOPIBHIOBAIBLHOI CYKYITHOCTI; Vi — CEPEIHI IMOMHIIKH POl apu()METHUHOT TOPIBHIO-
BaJIbHOI CYKYITHOCTI; V2 — CE€peHI HOMUIIKU APYToi apuPMETHIHOI TOPIBHIOBAIBHOI CYKYITHOCTI.

t =

[Moka3HHUKH € CTATHCTHYHO 3HAYUMUMU, SIKIIO (pakTuuHe 3HaUeHHS KpuTepito CThIOJCHTA TEPEBHUIILYE
Horo HOpMaTUBHE. Y NPOTUIICKHOMY BUIMAIKY, IIOKA3HUK BHKIIOYAETHCA 13 MOJEITI.

4. Kpurepiii @imepa (F) BU3HAUYAETHCS A TMiATBEPIPKEHHS 3HAYYIIOCTI KOS(Ili€HTIB KOpes-
1i{, 1110 MTOKa3y€e HaIIHHICTh BCTAHOBJICHUX 3B’ A3KiB MK IHTErpaJIbHUM ITOKa3HUKOM (DOPMYBaHHS Ta BUKOPH-
CTaHHS 1HTEJIEKTYAIbHOTO KaliTaly i y3araJbHIOIOUUMH KPUTEPIsIMA KOHKYPEHTOCTIDOMOXHOCTI Ta iHBECTHU-
UiHOT MpUBaOIMBOCTI OyIiBeNbHUX MiANPHEMCTB. HaniiiHicTh BCTAaHOBIEHUX 3B’S3KIB MiX MOKa3HUKaMHU
M ITBEPKYETHCS, AKIIO (haKTHIHE 3Ha4YeHHS KpuTepito dimepa nmepeBurnye ioro HopMaTtuBHe. SKmo Ha-
BITAKH, TO MOJIEITh BBAKAETHCS HEAEKBATHOO. 3HAYCHHS KpuTepito Dimepa BU3HAYAETHCS 3a CIiBBIIHOIICH-
HSIM:

F==TL )

Iie 1) — KOPEJSIIiitHEe BITHOIIEHHS, [0 XapaKTEePU3ye 3B’ I3KW MK IHTETPATbHAM ITOKa3HUKOM (popmy-
BaHHS Ta BUKOPUCTAHHS IHTENEKTYaJIbHOTO KaIiTaTy i y3aralbHIOIOUNMH KPUTEPiIMH KOHKYPEHTOCTIPOMOXK-
HOCTI Ta IHBECTHLIIHHOT MPUBaOINBOCTI OYIiBENbHUX MiATIPHEMCTB; p — IIapaMeTpy MOJIEINI perpecii; # — KiJib-
KIiCTh CIIOCTEPEKEHb, K1 3aCTOCOBYIOTHCS JJI1 MOACTIOBAHHSI.

5. KpuTepii nepeBipku Ha roMo a00 TeTEPOCKEAACTUYHICTh, SKI 3aCTOCOBYIOTHCS JIJIsS BH3HA-
YCHHS OJIHOPITHOCTI a00 PO3TalyKCHOCTI 3aJUINKIB BUIAIKOBOI BenuunHU. [Ipy 1bOMY 3aCTOCOBYIOTHCS
tectu bpoiimra-Ilarana, Batita, I'onsdensna-Kpanara, I'meiizepa, meton EfiTkeHa.

6. Kpurepiit Jap6ina — YorcoHa (d) 3aCTOCOBY€EThCS M1l BU3HAYCHHS aBTOKOPETIAIIT 3aJTHITKIB
Ta BU3HAYAETHCH Jlialla30HaMHU 3HAYCHb, JIe OXapaKTepU30BaHi BIIMOBIIHI 30HH III0/I0 MiHIMAJTLHOTO i MaKCH-
MaJjIbHOro Horo 3Ha4eHs (dp ta dy):

KO d < dy, TO3UTHBHA aBTOKOPEIIALiS — MOJIETh BBAKAETHCS HEAJAEKBATHOIO;

SIKIIO d > dy, TO TIMOTe3a HE BiIKUIAETHCA — HETaTUBHA aBTOKOPEIIAIliS — MOJIENb aJcKBATHA,

Ko dy < d < dy — 30Ha HEBU3HAYCHOCTI, JI¢ HE MOKJIMBO YiTKO BU3HAUYHUTH PIBEHb aBTOKOPEIALIi,
BHHHUKA€ HEOOXITHICTD ISl TPOBEACHHS JOJATKOBHX JOCIHIKEHb [1].

7. Kpurepii nepeBipku Ha MyJIbTHKONIHEAPHICTD, SIKa BU3HAYAE CTYIEHD 3aJISKHOCTI MiXK He3a-
JISKHUMHU 3MiHHUMH. CYTHICTB ITLOTO SIBHIIA MTOJIATAE Y TOMY, IO BUCOKHI PiBEHB 3AJICKHOCTI MK HE3aJICK-
HUMH TIOKa3HUKaM¥ TIPU3BOJTUTH JIO 3MIIIICHHS PE3YJIbTaTiB OIIHKY i OTPUMAaHHS HEJOCTOBIPHUX 3HAYEHD KO-
edimienty xopessiii. [TepeBipka Ha MyJIbTHKOJIIHEAPHICTh 3IHCHIOETHCS HA OCHOBI KOC(IIIEHTIB KOPEIIALII.

Pe3ynbpraTi BU3HAYCHHS KPUTEPIiB aJIeKBATHOCTI MpeACTaBIeH] y Ta0m. 1.

PesynpraTi BH3HAUCHHS MPEICTaBICHUX KPUTEPIiB CBIMYATh MPO aJACKBATHICTH MOJEII 3aJICHKHOCTI
MDXK IHTETpaIbHUM TTOKAa3HUKOM (POpMYBaHHS Ta BUKOPUCTAHHS 1HTEIIEKTYaIFHIUM KaIliTaJIOM 1 y3araJdbHIOIO-
YUM KPUTEPi€EM KOHKYPEHTOCIIPOMOKHOCTI Oy 1iBeJIbHUX MiAPHEMCTB.
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Tabauns 1 — PesyneTaty BU3HaUCHHS KPUTEPIiB aJJeKBATHOCTI MOAEI 3aJIEKHOCTI MiXK iHTErpalbHAM
MMOKa3HUKOM (POPMYBaHHS Ta BUKOPHUCTAHHS IHTSIEKTyaJIbHUM KalliTaJOM 1 y3arajbHIOIOUNM KPUTEPIEM KOH-
KYPEHTOCTIPOMOKHOCTI OyAiBEILHUX ITiIITPUEMCTB

Table 1 — The results of determining the criteria for the adequacy of the model of the relationship
between the integral indicator of the formation and use of intellectual capital and the general criterion of
competitiveness of construction enterprises

Ha3sBa xpure-

3HaYCHHS KPUTEPIIO

PiBeHb afeKkBaTHOCTI

pEBipKH Ha
romMo abo re-
Tepo-CKeac-

TUTSL iIHTETPAIBHOTO TT0-
Ka3HUKa (POPMYBaHHS Ta
BUKOPHUCTaHHS 1HTEJICK-

pito
Bucokuii piBeHb BIUIMBY IHTErpalibHOTO IMOKa3HHKa (Popmy-
BaHHS Ta BUKOPHCTAHHS IHTENEKTyaJbHUM KaIliTajioM Ha y3a-
TaJBHIOIOUNH KPUTEPi KOHKYPEHTOCIIPOMOKHOCTI OyaiBelb-
HUX NiANpUeEMCTB. BuU3Hauae mpsMONPONOPUiHHUN 3B 30K
Koedimient MDXK TTOKa3HHKaMH. 36iHLIHeI-.IH}I IHTETPaTLHOTO MOKA3HHKA do-
ii (R) 0,83 PMYBAHHS T2 BUKOPHCTAHHS IHTENEKTYabHHM KalliTaloM Npu-
Kopemsii ( 3BOAMTH A0 3POCTAaHHS y3arajbHIOIOUOTO KPUTEPiI0 KOHKYpEH-
TOCIIPOMOYKHOCTI OyMiBEIBbHHUX IiAMPHUEMCTB 1 HaBITaKH. 3MiHH
y3arajgpbHIOIOYOTO KPUTEPIF0 KOHKYPEHTOCIIPOMOXKHOCTI Ha
83% o0yMoBIeH] 3MiHAMHU 1HTErpaJbHOTrO MOKa3HUKa (HopMy-
BaHHS Ta BUKOPHCTAHHS 1HTENIEKTyaJbHIM KaIliTaJOM.
Koedimient CyTTeBuii piBeHBb BILTABY IHTErpaILHOTO TOKA3HHKA dhopmy-
A BaHHS T4 BUKOPUCTAaHHA IHTEJIEKTYaIbHOTO KaIliTaly Ta y3ara-
JeTepMiHaLii 0,688 . . y
R?) JILHIOIOYOTO  KPUTEPII0 KOHKYPEHTOCIIPOMOXKHOCTI OyniBemb-
( HUX M JIPUEMCTB.
JUTSI TIOCT1HHOT 3MIHHOI:
tpaxr = 28,72
tpur = 3,25
Kpurepiii  |amns inTerpanpHoro nmoka- | [lokasHuky Mozesni cTaTUCTHYHO 3HAYUMI, (PaKTHYHI 3HAYCHHS
CrerofienTa | 3HHKA opMyBaHHsA Ta | KpuTepito CThIOJEHTA IIEPEBUIIYIOTh HOTO KPUTHUHI ab0 HOP-
(9 BHKOPWCTAHHS IHTEJICK- | MAaTUBHI 3HAYCHHS.
TyaJbHOTO KaliTaly:
tpaxr = 33,94
tpur = 3,25
AV _ KoedimienTn kopensmii 3HaunMi, pakTHIHE 3HAYCHHS KPUTE-
Kpurepiii ®i- Fpaxr = 63,5 L N . :
wepa (F) Fepyr = 5,32 pito dimepa nepeBUILye HOro KpUTHYHI 400 HOPMATHBHI 3Ha-
YEeHHSI.
JUIS IOCTIMHOT 3MIHHOT:
tpaxr = 0,33
Kpurepiii mie- tpur = 3,25

3aUIIKY TOKAa3HUKIB PO3MOIIICHI OJHOPIAHO, (PaKTHYHI 3Ha-
yeHHsI kpuTepito CThIOJICHTa MEHIIIE KPUTUYHOTO a0 HOpMa-
TUBHOTO 3HAYCHHSI.

TUYHICTh TYyaJIBHOT'O KaIiTay:
td)a}cT == 0,12
tipur = 3,25
Kpurepiii d=082 ABTOKOpEJISILisA 3ajJHIIKIB BiACYTHS, OCKUIBKH PO3PaXxyHKOBE
Hapbina — dy = 1’ 32 3Ha4YeHHs Kputepito apbina — YOTCoHa nepeBHIye HOTo MaK-
Yorcona (d) ’ CHMajbHE KPUTHIHE 3HAYCHHS.
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Kinens 1ab. 1

Hazsa kpure- 3HaYCHHS KPUTEPIIO PiBens anexBaTHOCTI
pito

Kpwurepii me-
peBipkH Ha
MYJIBTHKOJTi-
HEapHICTh

HC HCpeBipHeTLCH Bi}_ICYTHSI Apyra HE3aJIC)KHA 3MIHHA.

Pe3ynpraTy BU3HAUCHHS KPUTEPIiB aJJeKBATHOCTI MO 3aJIS)KHOCTI MiXkK IHTETpAIbHUM ITOKa3HUKOM
(hopMyBaHHS Ta BUKOPUCTAHHS IHTEICKTYyIBHOTO KaIliTATY 1 y3arajJbHIOIOUNM KPUTEPie€M IHBECTHINTHOT TpH-
BaOIMBOCTI OyJiBEIbHUX MiAIPUEMCTB MPEICTaBIeH] y Ta0mI. 2.

TakuM YMHOM, HA OCHOBI JOCHIIKEHHS BUSHAYECHO, 1[0 HEAJEKBATHICTh MOJEI 3aJICKHOCTI MiXK 1H-
TerpajbHUM IMOKa3HUKOM (POPMYBaHHS Ta BUKOPUCTAHHS 1HTEICKTYaIbHOTO KaIliTaly 1 y3arajbHIOIOUUM KpH-
TepieM 1HBECTHUIIHHOT MPHUBAOIMBOCTI OyMiBEIbHUX MiATPUEMCTB. Lle marBepaKye BUCHOBOK MPO HU3BKUH
PiBEHB BILUTUBY MOKa3HUKA ()OPMYBaHHS Ta BUKOPUCTAHHS IHTEICKTYaIbHOTO KaMiTaay Ha iHBECTHINIIHY MPH-
BaOJIMBICTh OYIiBEIBHUX ITiIIPUEMCTR.

Tabauns 2 — PesynpTaty BU3HaUCHHS KPUTEPIiB aJJeKBATHOCTI MOAEI 3aJIEKHOCTI MiXK iHTErpalbHUM
MOKa3HUKOM (hOPMYBaHHS Ta BUKOPUCTAHHS IHTEIEKTYaJbHOTO KaIiTaldy 1 y3arajlbHIOIYHM KPUTEPIEM 1HBE-
CTHULINHOT TpUBaOIMBOCTI OyIiBENbHUX MiAMPUEMCTB

Table 2 — The results of determining the criteria of adequacy of the model of dependence between the
integral indicator of the formation and use of intellectual capital and the general criterion of investment
attractiveness of construction enterprises

HazBa kpure- . . .
pifo 3Ha4YeHHS KpUTEPilo PiBeHp amexBaTHOCTI
HU3BbKHI PiBEHb BIUIMBY IHTErpajbHOTO TOKa3HHKA (opmy-
BaHHsI Ta BUKOPHUCTAHHS 1HTENEKTyaJIbHAM KalliTaloOM Ha y3a-
TATHHIOIOUNH KPHUTEPIA 1HBECTHUIIHHOI MPUBAOIMBOCTI Oyi-
BEJLHUX MMANPHUEMCTB. Bu3Hnadae obepHEHUIT 3B’ 130K MiX I10-
Koedimient 0.036 Ka3HUKaMu. 301bIICHHs iHTETPalbHOTO MOKa3HUKa (HopMy-
kopemsii (R) ’ BaHHs T4 BUKOPUCTAHHS 1HTEJIEKTyalbHUM KaliTaaoM MpH3-
BOJUTH 10 3MEHITICHHS Y3arajbHIOIUOTO KPUTEPII0 1HBECTH-
IHOT MPUBAOIMBOCTI OYIiBETFHUX MIAIMPHEMCTB 1 HaBITAKH.
Le € anoMabHUM 1 HE BimoOpaXkae eKOHOMiYHI HanpsMH (o-
pMyBaHHS Ta BUKOPUCTAHHSI IOKa3HUKIB.
HU3BKHMI PiBEHb BIUIMBY IHTErpajbHOrO TOKa3HHKA (opmy-
Koedimient BAHHS Ta BUKOPHCTAHHS .iHTeJ'IeKT}.’aJ'IBHOFO Karritany Ta y3a-
feTepMinarii 0,0013 TaJIbHIOKOYOTO KPUTEPiio 1HBECTHUII{HOT TpUBaOIUBOCTI OyIi-
(R?) BEJIbHUX HIANIPUEMCTB.
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Kinens tab. 2

HazBa kpure-

3Ha4YeHHS KpUTEPito

PiBeHs anexBaTHOCTI

CrprozmenTa (t)

Ka3HUKa (POPMYBaHHS Ta
BHKOPUCTAHHS IHTEJICK-
TyaJIbHOTO KaIiTamy:

piro
JUTS TIOCTIMHOI 3MIHHOT:
tpar = 0,18
tipur = 3,25
Kpurepiii JUTSL IHTETPAJIGHOTO 10- | TIOKa3HUKU MOJEJi CTaTUCTHYHO HE3HA4MMi, (paKTHUYHI 3Ha-

4yeHHs KpuTepiro CThIOJICHTA HE IEPEBUIIYIOTh HOTO KPUTHYHI
a00 HOpMATHBHI 3HAYCHHS.

td)a}cT - 0,67
tupur = 3,25
Kpurepiii ®i- Fpacr = 0,197 KOG.(l)lLIlG.HTI/I KOPEJSIii He3Hat31/IM1, q)aKTI/I'{}.Ie 3HAUCHHS KpH-
Tepito Dimmepa He IEPEBHUITYE HOTO KpUTHYHI 400 HOPMATHBHI
mepa (F) FKpuT =5,32 SHAYCHHSL.

Kpurepiii ne-
pEBipKH Ha
romo abo re-
Tepo-cKeaac-

KpUTEpilt TIepeBipKu Ha TOMO ab0 TeTepo-CKeIaCTUIHICTEL HE
BH3HAYAETHCS, OCKIJIBKU MOJICIh € HEaJeKBaTHOK), BCTAHOB-
JICHI TIOTIepeIHI KpUTEpii He MAIOTh CTATUCTHYHOI 3HAYYII[O-
CTI.

TUYHICTh
Kpurepiit Hap- kputepiit JlapOina-YoTcoHa HE BH3HAYAETHCS, OCKUIBKH MO-
6ina — Yot- - Jebh € HeaJIeKBAaTHOIO, BCTAHOBJICHI TIOMIEPEaHI KpHUTEpii HE
coHa (d) MAalOTh CTATUCTUYHOI 3HAYYLIOCTI.
Kpurepii ne-
pEBipKH Ha . . .
. HE TIePeBipsIeETHCS BIJICYTHS Apyra He3aJIe)KHa 3MiHHA.,
MYJIETUKOITi-
HEapHICTh

[HTEpIpeTyI0YM OTpHUMaHi pe3yabTaTH BCTAHOBJICHO, III0 3pPOCTaHHS IHTETPAIBHOTO IMOKa3HUKY (op-
MyBaHHS Ta BUKOPUCTaHHS iHTEJEKTYaJIbHOTO Kamitamy Ha 68% 00yMOBITIO€ 301IbLICHHS Y3aralbHIOIOYOTrO
KPHUTEPiI0 KOHKYPEHTOCIIPOMOKHOCTI OyiBEIbHUX MiANPUEMCTB 1 HaBnaku. [lopsia 3 uM, BIUIMB iHTErpalib-
HOTO TOKa3HWKa ()OPMYBaHHA Ta BUKOPUCTAHHA iHTENEKTyaJlbHOTO Kamitary Bchoro Ha 0,13% oOymosiioe
3MiHY y3arajbHIOI0UOr0 KpUTEPII0 iHBECTULIHHOI MPUBAOIMBOCTI. Y TaKHX YMOBAaX JAJisl HOAAJBIIOTO JOCIHi-
JDKEHHSI IIOJI0 POTHO3YBAHHS 3MiH 3aCTOCOBYETHCSI MOJIENb, L0 XapaKTePU3Ye 3aJIeKHICTh MIX iHTErpab-
HUM TIOKa3HUKOM ()OpMYBaHHS Ta BUKOPUCTAHHS IHTEICKTYAIBHOTO KaITliTaly 1 y3araJIbHIOIOUUM KPHTEPiEM
KOHKYPEHTOCTIPOMOKHOCTI OyAIBEILHUX ITiITPHUEMCTB.

PesynpTatu mporHo3yBaHHA 3MiH Y3arajJbHIOIOUOTO KPUTEPII0 KOHKYPEHTOCIPOMOKHOCTI OyaiBeb-
HUX TIITPUEMCTB 3aJICXKHO BiJ[ 3pOCTaHHS MOKa3HHUKA (DOPMYBaHHS Ta BUKOPHUCTAHHS 1HTEIEKTYaIbHOTO Ka-
MiTay MpeACTaBICHO y Taou. 3.

VY pesynbTati JOCTiHKEHHS BU3HAYEHO, 10 3pOCTaHHS MOKa3HUKA (JOpMyBaHHs Ta BUKOPUCTAHHS 1H-
TEJNEKTyaJbHOr0 Kamitany Ha 4% i Ginblie mpu3Bese 10 30UIbIICHHS y3araJbHIOI0U0ro KPUTEPiI0 KOHKYPEeH-
TOCITPOMOXKHOCTI Ha BCiX OYIBEIBLHUX ITiAMPUEMCTBAX.

VY pe3ynbTati AOCTIKEHHS BU3HAYEHO, 1110 3pOCTaHHS MOKa3HUKa (DOPMYBaHHS Ta BUKOPHUCTAHHS 1H-
TEJNEKTyaJbHOr0 Kamitany Ha 4% i Ginblie mpu3Bese 10 30UIbIICHHS y3arajJbHIOI0UOr0 KPUTEPit0 KOHKYPEeH-
TOCITPOMOXKHOCTI Ha BCIiX OYIBEIBHUX I AMPUEMCTBAX.
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Tabmwmrst 3 — Pe3ynbratv mpoTrHO3YBaHHS 3MiH y3arajabHIOIOYOT0 KPUTEPit0 KOHKYPEHTOCTIPOMOKHOCTI
OymiBEeIbHUX MINPHEMCTB 3AJICXKHO BiJ] 3pOCTaHHS TIOKa3HUKA (GOPMYBaHHsI Ta BUKOPUCTAHHS IHTEIICKTYallb-
HOT'O KamiTaiy

Table 3— Results of forecasting changes in the general criterion of competitiveness of construction
enterprises, depending on the growth rate of formation and use of intellectual capital

1 | 2 | 3
3pocTaHHs OKa3HUKa QOPMYBaHHS T4 BAKOPUCTaHHS 1HTEIEKTYyalIbHOTO Kamitary Ha 1%
INAT «Xonauaroea koMmnanist «KHiIBMICBKOYI» 0,362 0,936
IpAT «IlontaBchbkuii JOMOOYAIBEIbHUI KOMOIHATY 0,318 1,188
ITAT Tpect «Kutno0ya-1» 0,36 0,943
ITAT dipma «"anOym» 0,327 1,12
JITAT «byniBenbHa KOMITaHISI « YKpOyI» 0,321 1,164
ITAT «KuiBchke crieriaaizoBaHe peMOHTHO-OyTiBEIbHE TOBAPHUCTBOY 0,299 1,39
ITAT «Yxkpaincbke crenianbHe OyIiBebHO-MOHTaXKHE T ATPUEMCTBO
0,275 1,832
«YkpcnenOyIMOHTaXK
[IpAT «Kpusopixarmodym» 0,308 1,287
IpAT «Jlyupkuit 1oMOOyiBEIbHNN KOMOIHAT 0,298 1,404
3pocTaHHs OKa3HUKa (OPMYBaHHS T2 BAKOPUCTAHHS 1HTEIEKTYaIbHOTO Kamitany Ha 2%
[TAT «Xonzaiarosa kommnanis «KuiBMicbkOy1» 0,372 0,962
[pAT «IlontaBcekuii JOMOOYAIBETEHUI KOMOIHAT 0,328 1,225
ITAT Tpect «Kutimooyn-1» 0,370 0,969
ITAT dipma «"anbymn» 0,337 1,155
JITAT «byniBenbHa komnadis «YKpOyI» 0,331 1,200
ITAT «KuiBchke crienianizoBaHe peMOHTHO-OyliBEIbHE TOBAPUCTBO» 0,309 1,436
ITAT «Yxkpaincbke crienianbHe Oy/iBeIbHO-MOHTaXKHE M1 ATPUEMCTBO
0,285 1,899
«YKpcenOyAMOHTaX)»
[IpAT «Kpusopixarmooym» 0,318 1,329
IIpAT «JIyupkuii ;oMoOyAiBeIbHUNA KOMOIHAT 0,308 1,451
3pocTraHHs IOKa3HUKa GOPMYBaHHS Ta BAKOPUCTAHHS 1HTENIEKTYyalbHOTO Kamitary Ha 3%
[NAT «Xonzainrosa kommanist «KuiBMicbkOy1» 0,382 0,987
IIpAT «IlontaBchbkuii JOMOOYAIBEIbHUI KOMOIHATY 0,338 1,262
ITAT Tpect «KutnoOya-1» 0,380 0,996
ITAT dipma «"andyma» 0,347 1,189
JITAT «byniBensHa kommOaHis «YKpOyI» 0,341 1,236
ITAT «KuiBchke criertiaaizoBaHe peMOHTHO-0yTIiBETbHE TOBAPHUCTBOY 0,319 1,483
ITAT «Yxkpainceke crienianbHe Oy/iBebHO-MOHTaXKHE T ATPUEMCTBO
0,295 1,966
«YkpcrenOyIMOHTaXK
[IpAT «Kpusopixarmooym» 0,328 1,371
[IpAT «JIyupkuii ;oMoOyaiBeIbHUNA KOMOIHATY 0,318 1,498
3pocTanHs NOKa3HUKa GOPMYyBaHHS T4 BAKOPHCTaHHS iHTEJIEKTYaJbHOr0 Kamitany Ha 4%
INAT «Xonauaropa koMmanist «KHiBMiCBKOY» 0,392 1,013
IpAT «IlontaBchbkuii JOMOOYAIBEIbHUI KOMOIHATY 0,348 1,3

HaykoBo-texHiunuii 30ipHUK «ABTOMOBLIbHI JOPOI'M I JOPOXKHE BYIIBHULITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

242



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;

HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

Kinens 1ab. 3

1 2 3

ITAT Tpect «Kutinooyn-1» 0,390 1,022
ITAT dipma «"anbymny 0,357 1,223
JIIAT «byniBenpHa koMmnaHis « YKpOym» 0,351 1,273
ITAT «KuiBcbke crieliani3oBaHe peMOHTHO-0Y 1iBeITbHE TOBAPHUCTBOY 0,329 1,529
ITAT «Yxkpainceke crienianbHe Oy/iBebHO-MOHTAXKHE T ATPUEMCTBO

0,305 2,032
«YKpcenOyAMOHTaXK)»
[IpAT «Kpusopixarmooym» 0,338 1,413
IIpAT «JIyupkuii oMoOyAiBeTbHUNA KOMOIHAT 0,328 1,546

3pocTaHHs NOKa3HUKa QOPMYBaHHS T4 BAKOPHCTaHHS iHTEJEKTYaJbHOI0 Kamitany Ha 5%

ITAT «Xonauarosa komiaHist «KuiBMiCEKOyT» 0,402 1,039
[IpAT «llonTraBchkuii JOMOOYTiBEIbHAA KOMOIHATY 0,358 1,337
ITAT Tpect «Kutno0ya-1» 0,400 1,048
[TAT ¢ipma «"anOym» 0,367 1,257
JIIAT «byniBenpHa koMmnaHis « YKpOym» 0,361 1,309
ITAT «KuiBchke crieriaaizoBaHe peMOHTHO-0yTiBEIbHE TOBAPHUCTBOY 0,339 1,576
ITAT «YxpalHceke criemianbHe OyIiBeTbHO-MOHTAXHE T ATIPUEMC-

0,315 2,099
TBO «YKpCHEUOYAMOHTAX
[IpAT «KpusopixarnoOya» 0,348 1,454
[IpAT «JIyupkuii 1oMoOyaiBeTbHUNA KOMOIHAT 0,338 1,593

3pOCTaHH$I IIOKa3HHKa (l)OpMyBaHHH Ta BUKOPUCTAHHS IHTEJIEKT

aspHOrO Kamitaiy Ha 10%

I[NAT «Xonzainrosa kommnanis «KuiBMicbkOy1» 0,452 1,168
[pAT «IlontaBcekuii JOMOOYAIBETEHUI KOMOIHAT 0,408 1,524
ITAT Tpect «Kutinooyn-1» 0,450 1,179
ITAT dipma «"anbyn» 0,417 1,429
JIIAT «byniBenpHa koMmnaHis « YKpOym» 0,411 1,490
ITAT «KuiBcbke crienianizoBaHe peMOHTHO-0Y 1iBeITbHE TOBAPHUCTBOY 0,389 1,808
ITAT «Yxpalaceke criemianbae 0yIiBeTbHO-MOHTAXHE T ATIPUEMC-

0,365 2,432
TBO «YKPCHEIOYAMOHTAXK)
IIpAT «KpuopixarnoOya» 0,398 1,664
IIpAT «JIyupkuii ;oMoOyaiBeIbHUNA KOMOIHATY 0,388 1,829

3pOCTaHH$I IIOKa3HHKa (l)OpMyBaHHH Ta BUKOPUCTAHHS IHTEJIEKT

aspHOTO Kamitaiy Ha 15%

ITAT «Xonauarosa komaHist «KuiBMiCEKOyT» 0,502 1,297
[IpAT «llonTraBchkuii JOMOOYTiBEILHUA KOMOIHATY 0,458 1,710
ITAT Tpect «KutnoOyna-1» 0,500 1,310
[TAT ¢ipma «"anOym» 0,467 1,600
JITAT «byniBenbHa KOMITaHISI « YKPOyI» 0,461 1,671
ITAT «KuiBchbke crieriaaizoBaHe peMOHTHO-0yTiBEIbHE TOBAPHUCTBOY 0,439 2,041
ITAT «Yxpalaceke criemianbae 0yIiBeTbHO-MOHTAXHE T ATIPUEMC-

0,415 2,766
TBO «YKPCHENOYIMOHTAX
[IpAT «KpusopixarnoOya» 0,448 1,873
[IpAT «Jlynpkuii JOMOOYIiBeTEHUN KOMOIHAT 0,438 2,065
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BucHoBku Ta pexomenaauii. Ha ocHOBI pe3ynpTaTiB MOJEIIOBaHHS IHTErPabHOTO TIOKAa3HUKA Gop-
MYBaHHsI Ta BUKOPHUCTAHHS 1HTEJIEKTYaIbHOTO KaMiTaly Ha 3alpOIIOHOBAaHI 3aX0/HU 100 3pOCTaHHS y3araib-
HIOIOYOT0 KPUTEPI0 KOHKYPEHTOCIIPOMOXKHOCTI 1 IHBECTULIIHHOT MPHUBAOIMBOCTI OYMiBEIIbHUX MIAIPUEMCTB.
30kpeMa, OCHOBHA yBara (pOKyCYEThCsI Ha 3a0€3MeUeHHI 301IbIICHHS IHTErPajibHOrO ITOKa3HUKA (POPMYBaHHS
Ta BUKOPHUCTAHHS 1HTENEKTYalbHOTO KamiTaly Oi1blI Hik Ha 4% U 3pOCTaHHS PiBHS KOHKYPEHTOCIIPOMOXK-
HOCTI. Y KOHTEKCTI (OpPMyBaHHS Ta BUKOPUCTAHHS 1HTEJICKTYAIBHOI'O KaliTajly 3alpOIIOHOBAHO 3MIHUTH Tpa-
€KTOPIIO | MIX0au HOro 3aCTOCYBaHHS s 3a0€3IeUeHHs] IHBECTUIIIHHOI TPUBAOIMBOCTI Oy IiBEIBHMX ITiII-
PHEMCTB.

Taxum 4rHOM, 311HCHEHO MOJIEIOBAaHHS BIUIMBY 1HTEIPAILHOTO MOKa3HUKA (POPMYBaHHS Ta BUKOPHUC-
TaHHS 1HTEJICKTYaJILHOTO KalliTaay Ha y3araJbHIOIOUH KpPHUTEPii KOHKYPEHTOCIIPOMOXKHOCTI ¥ 1HBECTHIIIHOT
MPUBaOIUBOCTI, IO JO3BOIMIO (PopMaNi3yBaTh 3B’ SI3KM MiXK MPEICTABICHUMH MTOKa3HUKAaMU 1 PO3pOOUTH 3a-
XOAM AJis X 3pOCTaHHA y KOHTEKCTI 3a0e3MeueHHs PO3BUTKY OyliBeIbHUX MiANPHEMCTB.
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SIMULATION OF THE INFLUENCE OF THE INTEGRAL INDICATOR FOR FORMATION AND
USE OF INTELLECTUAL CAPITAL ON THE GENERALIZED CRITERION OF
COMPETITIVENESS AND INVESTMENT ATTRACTIVENESS OF CONSTRUCTION
COMPANIES
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Summary.The article defines the directions of modeling the influence of the integral indicator of the
formation and use of intellectual capital on generalizing criteria of competitiveness and investment attractive-
ness of construction enterprises. A high level of influence of the integral indicator of the formation and use of
intellectual capital on the level of competitiveness is established. It is proved that the investment attractiveness
at a low level is determined by the directions of formation and use of the intellectual capital of construction
enterprises. The results of modeling have formed the basis for the growth of the level of competitiveness and
investment attractiveness through the adoption of sound management decisions.

Key words: intellectual capital, construction companies, formation and use of intellectual capital, com-
petitiveness, investment attractiveness.
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Summury. In public are considered the functioning features of mechanism of financing of housing
construction through the Construction Financing Fund (CFF), the main investor risks of using CFF and pre-
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conditions of their origins are defined. It is educed that decision-making about investing using CFF must con-
sist of two stages: on the first stage a bailiff chooses an investment project, initiator and proprietor the Builder,
on the second stage the choice of object of investing is made by investor. The principles of choice and the
model of choosing the Builder by bailiff are developed; the principles, model and methods of Investor's choice
of investment object are offered. The control system was developed to monitor the pre- conditions of risk
origins. The suggestions of legislative base improvements in relation to CFF are developed to decrease the
risks of investors.

Key words: housing construction investment, conditions of risks origin, control system, association of
investors.

Formulation of the problem. The housing problem in Ukraine is one of the most acute socio-economic
problems. According the State Statistics Service of Ukraine there are about 1.216 million families in the
housing register as 0o 01.01.2018 year. These data are only about those people who need housing and officially
entered the housing register. Most of those who need to improve living conditions do not see the meaning of
the apartment registration. Annually apartment queue decreases on average from 2 to 5%. So waiting for a new
home needs 20 to 50 years. The problem is deepened in the face of limited state funding, significant housing
prices, low average incomes, and lack of effective mortgage lending system at affordable rates.

Nevertheless, a part of the population still has the opportunity to improve their living conditions at their
own expense. According to the State Statistics Committee of Ukraine in 2018, at the expense of the population's
funds aimed at the construction of their own apartments, UAH 19.49 billion, or 26.7% of all investments in
fixed assets, at the expense of the population's funds for individual housing construction, was disbursed - UAH
17.589 billion, or 32.6% of all fixed capital investments. Therefore essential to develop housing is to encourage
the involvement of public funds. Particular importance of this problem was acquired during the economic crisis
in the country. Housing construction actually stopped because of the lack of credit and own funds of
developers.

The main direction of the population funds attraction stimulating to investing in housing at the
construction stage is to increase confidence in existing investment mechanisms, as they all relate to a
significant degree of investment risk.

In accordance with the Law of Ukraine (Article 4) "On Investments in Activities", investment and
financing of housing projects construction can be carried out exclusively through construction financing funds,
real estate funds, collective investment institutions, non-state pension funds that are established and in
accordance with the legislation, as well as through the issue of interest-free (targeted) bonds on which the basic
product is a unit of such real estate.

For investors who have the objective of obtaining housing as a result of housing construction investing,
housing construction financing schemes through construction financing funds and issuance of targeted bonds
are the most acceptable. And investory who plan to receive income from property should use schemes
involving real estate funds, joint investment institutions, private pension funds.

Investments in housing construction through construction financing funds (hereinafter referred as CFF)
and real estate funds (REF) are less risky than using other mechanisms permitted by law according to experts.

Therefore, at the present time it is relevant to develop mechanisms aimed at reducing of investors risks
in housing construction precisely when using the CFF scheme.

Analysis of literature has shown that it is quite widely represented works devoted to investment risks,
the reasons for their occurrence. However, most of them consider "enterprise investments in general" and were
used by us only as a basis for determining a specific list of investment risks in terms of the CFF use and the
reasons (preconditions) for their occurrence.
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Presentation of the main material

Analysis of recent publications. An important contribution to the investment activities study, the
evaluation of its effectiveness was borne domestic and foreign scholars Blanc I.A., Butuzov V.M., Maruschak
A.L., Vilensky P.L., Livshits V.N., Smolyak S.A., Baldin K.V., Kovalev V.V., Krushevsky A.V., Lipsits L.V.,
Melkumov Ya.S., Peresada A.A. etc. Features of investment activity in construction investigated by scientists
Shevchuk V.J., Rogozhin P.C., Stepanov I. C. , Goiko A.F., Fedorenko V.G., Ushatskyy S.A., Michels V.O.,
Pedan M.P., Prokolenko V.O. There are important work of specialists-practitioners - Dotsenko-Belous N.,
Kravchenko V.I., Polyachenko V.A., Palivoda K.V. Problems of the CFF functioning are devoted to a small
number of works. The most fundamental of them are the works of N. Dotsenko-Belos and I. Chalyi. Problems
of the investment market and ways of its reduction are researched by Whitlinsky V.V., Nakonechny S.I.,
Granaturovym V.M., Grabov P.H., Petrova S.N., Poltantsev S.M., Illyshenko S.M. The issues of investment
control are devoted to the work of Bondar M.I. , Bilukhi M.T., Dickan L.V., Dudko V.P.

Funding construction through the CFF and REF was introduced into the practice of Ukrainian
construction by the Law of Ukraine "On financial and credit mechanisms of property management in the
construction of housing and real estate operations". This law aims to reduce the risks of investors to the usual
scheme of financing construction where the main subjects were the investor and developer, introduced a
financial intermediary - CFF (REF). The main tasks of the manager is the accumulation of funds of investors
(trustees), financing of construction in accordance with the schedule specified by the contract with the
developer, control over the targeted use of the developer of the funds received. However, such a scheme carries
significant risks for the investor, and the task of choosing a honest developer for the investor added the task of
choosing a bona fide manager.

In works on investment risks using CFF, either individual problems are investigated, or such works
are superficial. The works aimed at the systematic study of investor risks under the CFF scheme and the causes
of such risks are missing. In the articles devoted to reducing of the investing risks in housing construction
through the CFF, there are only general, disparate recommendations. At the same time, the traditional
indicators used to assess investment projects can not be used by investors who invest in housing construction
to further obtain ownership because they do not meet the goals of investment. In the literature available to us,
works devoted to the issue of investment control and the development of criteria for evaluating investment
projects in housing construction, the more so when using the mechanism of the CFF, from the standpoint of a
private investor, was not identified. Methodological approaches to the selection of the investment object are
also not developed.

The main difference between the CFF mechanism and the traditional scheme of direct investment in
construction is the presentation of the investors interests by the CFF manager, which the investor trusts to
manage its funds in order to reduce the investin risks. The CFF manager is a professional market participant,
a financial company that has a license to carry out activities involving fund managers for the construction
projects financing. Also, the the CFF manager may be a bank that has a corresponding permission of the NBU..

In accordance to the terminology of the Law of Ukraine "On financial and credit mechanisms of
property management in the construction of housing and real estate operations", the developer is a person who,
in accordance with the law, has the right to perform the functions of the construction customer for the
construction objects and has entered into an agreement with the manager.

The law states that the manager in the interests of the principal can check the financial condition of the
developer. If the manager concludes that the developer is in risk not fulfill its contractual obligations (in
particular, the terms of commissioning the object can be delayed more than 90 days or the cost of the object
increases by more than 20%), the manager has the right to replace such developer.
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The CFF mechanism includes measures to prevent the consolidation of one investment object for two
or more investors. The obligatory insurance of property risks by investors is envisaged, in particular, the
untimely commissioning of the object. The financial state of the supervisor is controlled by the Ukraine State
Commission of Financial Services Markets. However, according to the results of the study, despite the
measures stipulated by the Law, to reduce the risks of private investors when investing in housing at the stage
of construction through the CFF mechanism, the risks still remain.

The main risks of the investor, using the CFF mechanism, include such risks: not getting an apartment;
not getting an apartment in the agreement term; receiving an apartment with low consumer characteristics; no
return of invested funds; lack of funds for investing in another facility (apartment), analogous to its consumer
characteristics, in case of the investor’s failure from further participation in the CFF; the return of less amount
than was invested in case of investor's refusal to further participation in the CFF.

The generalizations and the systematic list of the main prerequisites (reasons) of the emergence of
investment risks is:

1. Prerequisites for the investment risks emergence, which are to be controlled at the pre-investment
stage, are: availability of the required permissive documentation; financial manager condition; financial
developer condition; provision of the project by financial resources; manager qualification; the rules of the
CFF and the agreement on the CFF participation; developer qualification and production capacity;
attractiveness of the object according to its consumer characteristics; adequacy of the established price; the
correctness of the project implementation cost determination; the correctness of the design documentation;
adequacy of the established construction terms.

2. The prerequisites for the investment risks emergence that are to be monitored during the construction
phase are: availability and validity of all required permits during construction; financial manager condition;
financial developer condition; construction calendar plan execution: scope of work and financing; funds flow
plan execution; allocation of funds; the receipt and expenditure of funds; macroeconomic indicators, in
particular inflation; material prices; wage level in construction; housing prices; marketing measures for the
apartments sale.

The analysis of the legislative framework on CFF issues revealed that the law regulates the
organization of the main participants in the CFF relationship scheme (manager, developer and investor
(trustee)) at the stage of attracting funds from the trustees, construction and financing, the commissioning and
transfer of ownership on built housing to the trustees. The stage of pre-contract relations between the manager
and the developer in the legislation and literature is not registered.

At the same time, in our opinion, this stage is extremely important, since the main way of investment
risks minimizing is to analyze the possibility of their occurrence before the investing decision-making and
choosing a successful project for investment .

We identified that investing decision-making with the CFF mechanism should consist of two stages:

- at the first stage, the manager, acting in the interests of future principals, has to choose the developer,
who will be contracted, and the CFF formed;

The selection process of developer by manager should consist of two indissoluble stages (Fig. 1):

Figure 1 - The process of developer selection by a manager
Pucynox 1 - IIpouec Bubopy 3a0y10BHHKA MEHEIKEPOM
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The process of developer selection by a manager

The investment project analysis The developer analysis as the investment project exec-
utor

The purpose of the analysis: The purpose of the analysis:

Determine whether the project will | Determine whether the developer can implement the

be in demand on the market project in time and in accordance with the business plan

Objects of analysis Objects of analysis

-Housing market; - Human

-Architectural-design solutions of a | - Financial

residential building; - Material and technical base for the needs of the

- The price policy offered by the | investment project

developer;

-The average cost of construction

An evaluation of the developer's organization is proposed to be carried out in 17 indicators. Each
indicator is rated in points from 0 to 100. The general assessment of the company's developer is carried out by

the formula:
n
03 = z ki * 0
i=1

where O3 - the general rating of the company in the points;
n - the number of indicators for which the assessment is carried out;
k; - weight (priority) of i-th indicator;
0; - score of the i- th indicator in points.

As aresult of the investment project analysis, the manager must be sure that the investment project, in
which the developer invites him to take part, will be in demand by the market. This part of the analysis is very
important, since a significant part of the investment risks is that the apartments or will be sold off schedule,
and therefore no funds will be received on the schedule, or will not be sold at all.

The manager should carefully examine the general housing market trends in terms of demand, prices,
consumer preferences, etc.

It is important to define the market segment in which the future house will be positioned. So Ukrainian
builders share newly built housing on the following classes: "social", "economy class", "business class",
"premium", "deluxe". In order to specify house to a certain class, it should have a certain set of characteristics.
The price of apartments in a residential building must also be established on the basis of class of the house. As
a result, the class of the house, the price of the apartment and the architectural and structural characteristics of
the house must be kept consistent.

Also, the manager may, with the experts help, analyze the architectural and design decisions taken in
the project documentation, as their quality also affects the intensity of the apartments sale.

The price set by the developer is considered adequate if the definition was taken into account the class
of aresidential building, the value of attracted capital, the price of competitors, the investor's risk, the developer
profit rate, general market trends. At different construction stages, the price may vary.

The final stage of the investment project evaluation is to determine the probability of all apartments
selling within the specified time frame with the chosen pricing policy. An additional criterion for choosing an
investment project for the manager will be the income from the apartments sale, considering that the size of
the manager's earnings, in the form of remuneration for the trustees funds managing, transferring funds to the
developer, etc., directly depends on the amount of these funds. At the same time, the main criterion for an

investment project choosing should be the probability of selling all apartments within the timeframe for the
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select pricing strategy, considering that the purpose of introducing the manager to the housing financing
scheme was to protect private investors.

As a result of the developer's company assessment, the manager must make sure that the developer is
able to build this residential building in a timely manner and qualitatively, that is, the capacity of the developer
organization, the availability of qualified personnel, material and technical base corresponds to the investment
project needs.

The developer who has got the most points and is recognized financially stable and solvent is selected.

After the creation of the CFF, that is, an agreement between the manager and the developer conclusion,
the second stage of the investment choice begins, namely, the investor's choice of the investment object.

The choice of the investor-agent of a particular investment object consists of four steps:

- analysis of the construction and investment object (apartments);

- analysis of the investment project;

- analysis of the developer;

- analysis of the manager of the CFF.

The purpose of the analysis of the investment object is to determine the degree of compliance of a
residential building in a particular apartment with the needs of the investor.

As a result of the investment project analysis concerning the residential building construction, the
investor must ensure that the project is attractive to other investors, and therefore the developer will have no
problems with the funds attraction for the construction completion. we offer to use, as the criterion of objects
investment appeal, a combination of two criteria: average price + maximum consumer characteristics.

The developer's analysis should provide an answer to the question whether or not this developer is able
to complete the construction of the facility within a specified time period with high quality, according to his
experience, providing human resources with financial resources, material and technical base, etc.

The purpose of the CFF manager's analysis is to determining whether the manager will actually be
able to effectively perform his functions of the investor’s funds managing in investor’s interests, not the
developer or the manager himself. It is important at this stage to analyze the terms of the CFF rules and the
agreement to CFF participation and determine how they are loyal to the investor. Thus, the investor's choice
of the investment object is a multicriteria task: the investor should evaluate the object for consumer
attractiveness, investment attractiveness, trust in the developer and trust in the manager, while taking into
account the adequacy of the investment object price, its financial capabilities and object construction readiness.
In turn, each of the criteria "consumer attractiveness", "investment attractiveness", "trust to the developer",
"trust to the manager" reflects the integral characteristics of the object by the group of criteria of the lower
level.

For the task formalization of the investment object investor's choice, were used mathematical
apparatus:

- fuzzy sets - for a step-by-step evaluation of each alternative object by the chosen criterion and
determining the appropriate rank of the object;

- clear sets - to exclude from the analysis of objects that do not meet the requirements of the criteria
"adequate price", "consumer attractiveness", "financial opportunities of the investor."

In order to make an investor choose of an investment object, it is proposed that each of the alternately
was ranked in turn according to the chosen criteria k;. If variant does not meet the requirements of a certain
criterion, it exits further consideration. The optimal investment option will be the one that will rank first among
those objects remaining after the evaluation of all selected criteria.

At the pre-investment stage, the main task of the investor is the choice of the least risky investment
option. Tor this purpose he gradually evaluates a set of objects according to different criteria, defining
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"bottlenecks" - the preconditions for the risky situations emergence. The objects that invest in the aggregate
valuation are the most risky. Or the investor invests in these objects knowingly assuming a risk. In this case,
at the post-investment stage, he should pay particular attention to precisely the premise that at the pre-
investment stage could cause a risky situation in his assessment. Therefore, it is extremely important to ensure
continuity between the assessment and prerequisites of risk control at the pre-investment and post-investment
stage. The system of control over the prerequisites for the emergence of investment risks itself performs such
function.

The subjects of control in our proposed control system are the public authorities that participate in the
CFF mechanism, the CFF manager, the investor, the auditor and the Investors' Council. Functions of these
entities with regard to control, provided by the current legislation.

In order to create the possibility of the investor's function of actual implementation in the system of
control over the investment prerequisites, it is necessary to introduce into practice the functioning of the
mechanism of the CFF association of investors - the Council of Investors.

The purpose of such unit formation - voluntary association of investors - is to advocate the investors
interests throughout the facility construction period to the manager and developer.

Authorized representatives of the Investors' Council should participate in the construction control with
manager. Such control should be real, it involves measuring of the developer’s actual work done in the weekly
work.

In the case of a situation that threatens the successful construction completion, the manager, developer
and the Investors Council must jointly work out measures to prevent or already overcome the crisis.
Representatives of the Investors Council should be part of the State Commission when the facility is
commissioning. Upon construction completion, the Investors' Council turns into the organization of co-owners
of multi-storey buildings (Condominiums) and already operates the built-up facility.

In the case of, in the opinion of the Investors Council, the manager does not fulfill his duties in
defending the interests of investors, the Investors' Council has the right to apply to the higher financial
institution of the Financial Services Commission to take measures even before the change of manager.

The purpose of such unit formation - voluntary association of investors - is to advocate the investors
interests throughout the facility construction period to the manager and developer.

Authorized representatives of the Investors' Council should participate in the construction control with
manager. Such control should be real, it involves measuring of the developer’s actual work done in the weekly
work.

In the case of a situation that threatens the successful construction completion, the manager, developer
and the Investors Council must jointly work out measures to prevent or already overcome the crisis.
Representatives of the Investors Council should be part of the State Commission when the facility is
commissioning. Upon construction completion, the Investors' Council turns into the organization of co-owners
of multi-storey buildings (Condominiums) and already operates the built-up facility.

In the case of, in the opinion of the Investors Council, the manager does not fulfill his duties in
defending the interests of investors, the Investors' Council has the right to apply to the higher financial
institution of the Financial Services Commission to take measures even before the change of manager.

HaykoBo-TexHiunuii 30ipHUK « ABTOMOBUIBHI JIOPOT'M I JIOPOXKHE BY IIBHUIITBO» http://addb.ntu.edu.ua
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD).
AUTOMOBILE ROADS AND ROAD CONSTRUCTION, 2021. Issue 109

251



EKOHOMIKA; OBJIK I OITOJATKYBAHHA; MEHE/KMEHT; MAPKETHHT;
HNIAIPUEMHUITBO, TOPI'IBJIA TA BIPKOBA JAIAJIBHICTD

Conclusions

1. Studies conducted showed that, despite the measures taken by legislators, when investing in housing
at the stage of construction through the CFF, the investor risks: not getting an apartment; not to get an apartment
in the agreement specified terms; to get an apartment with low consumer characteristics; not return the invested
funds; in case of refusal from further participation in the CFF to receive funds in an amount less than was
invested in the fund, or insufficient for investing in another object (apartment), similar in its consumer
characteristics.

2. The decision to invest with the CFF application should consist of two stages: at the first stage the
manager chooses an investment project, its initiator and owner-developer; in the second stage the investor
selects the investment object.

3. Formulated selection principles and developed model of manager’s choice of the developer will
allow the manager to evaluate the investment project risks before its implementation, take measures to reduce
risks before the investment stage and make a reasonable decision on the feasibility of implementing such a
project in general.

4. The proposed principles, model and method of the investment object investor’s selection will
facilitate the investor to make informed choices, allow him to assess investment risks, choose the least risky
option of investing or take certain risks consciously.

5. The continuity between the assessment and control of risk pre-investment and after-investment
stage is provided by the system of control over the preconditions for the investment risks emergence, which
combines mechanisms for reducing investment risks in residential construction in the pre-investment and after
investment stages.

6. The list of documents at all stages for the CFF mechanism participants is offered. It will facilitate
the effective implementation of their functions, including control ones.

7. The mechanisms for reducing investment risks in the pre-investment and post-investment stages are
being developed. The proposed measures to improve the legislation will increase the confidence of private
investors in financing construction through the CFF, will help increase the confidence of private investors in
financing construction through the CFF, and thus increase the volume of investment in housing construction
due to the private investors and the exit of the construction industry out of the financial crisis.
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AHoTauist. Y po0oTi po3ryIstHyTi 0c00IMBOCTI (GYHKIIIOHYBaHHS MeXaHi3My (hiHAHCYBaHHS >KHJIIIIIHOTO OyIi-
BHUIITBa 4Yepe3 ¢poHau QinancyBanns OyaiBauuTa (PDOB). BuznaueHo, mo npu BKIIaZieHHI KOWTIB B OyIiB-
HUNTBO yepe3 ODC iHBeCTOp PU3UKYE: HE OAEPKATH KBAPTUPY; HE OAEPKATH KBapTUPY B yCTAaHOBJICHUI JO-
TOBOPOM CTPOK; HE TIOBEPHYTH 1HBECTOBaHI KOIITH; B pa3i BiIMOBH Bix ydacti y @D oTrpumatu Hazanm cymy,
MeHIY, HixK Oyna BKIageHa abo HelO-CTaTOYHO sl iHBECTYBaHHS B 00'€KT 3 aHAJOTTYHUMH CIIOKUBUUMHU
XapaKTepUCTHKaMHU. BH3HaueHO OCHOBHI TIEPEIyMOBY BUHUKHECHHSI 1HBECTUITIHHUX pu3HKiB 1pu ODb Ha 1me-
pea- i micis IHBECTHIIIHHUX CTaisiX.

BusiBneno nBocTaniiiHa npupoaa NpUHHATTS pilieHH npo iHBecTyBaHHs pu P DB: Ha nepmiit craaii
YIIpaBUTEINb, IIFOYH B iHTEpecax iHBeCTOpa, BUOMpae 3a0yIOBHUKA 1 CTBOPIO€E 3 HUM ODb, Ha ApyTHii-IHBEC-
TOp BUOMpae 1iist inBecTyBaHHsA KOHKpeTHHI DB (00'exT). Onpi-po3aineHi 0CHOBHI MPUHIUIIK BUOOPY yIIpa-
BHTeNeM 3a0ymoBHHKA. Bubip ympasuteneM 3a0ym0BHHKA TIOBHHEH 0a3yBaTHCS Ha aHATI31 IHBECTUIIHHOTO
MIPOEKTY, IO MPOIIOHYETHCS 3a0YOBHUKOM, 1 BIIACHE OpraHizarlii 3a0y1oBHHKA. B IKOCTI OCHOBHOT'O KPHTE-
Pil0 OLIHKM 1HBECTHLIHHOTO MPOEKTY MPOMOHYETHCSI HMOBIPHICTH MPOAAXKY BCiX KBAPTHP B JKUTIOBOMY OY-
JTUHKY B YCTaHOBJICHI TEPMiHH mpu oOpaHOi MiHOBOI cTparerii. 3a0yIOBHHUK OMIHIOETHCS O 17 KpHUTEpisM,
BUOMpPAETHCS TOH, XTO HAOpaB HAUOUIBINY KiNbKICTh OaliB 1 BU3HAHMH (PiHAHCOBO-CTAOUILHUM 1 TIATOCIPO-
MOXHUI-HUM.

IuBecTop, B CBOIO Uepry, mpu BUOOPi 00'€KTa IHBECTYBAHHS, [IOBUHEH OITIHUTHU 3 TOUKH 30PY CITOKUBYOI
iHBECTULI1HOT MPUBAOIMBOCTI, CBOIX ()IHAHCOBHUX MOKIUBOCTEMH, TOBIPH A0 YIpaBUTENs Ta 3a0yIOBHUKA, SKi
opranizyBanu ne ®@Db. /[ MareMaTnaHOI iH-IHTEpIIpETAIlii 3aBIaHHs BUOOPY iHBECTOPOM 00'€KTa iHBEC-
TyBaHHS B poOOTi 3aCTOCOBaHMI amapat He4iTKoi Joriku. [IpononyeTbes 3aiiicHIOBaTH BUOIp 00'€KTa B CiM
€TalliB, 10 Yep3i OL[iHU-Basl KOXKEH albTEPHATUBHUX 00'€KTIB IO OJHOMY 3 KpHUTepiiB. O0'eKT, 0 HE 3a10BO-
JBHAIOTH 3HAYEHHSM TOTO YH 1HIIOTO KPUTEPi0, BUOYBAE 3 MOJAIBIIOTO PO3IIIALY. TaKuM YHHOM, iIHBECTOP
BiJKM/Ia€ HAOLIBII pU3MKOBaHI BapiaHTH IHBECTYBaHHs a00 mpuiiMae pu3uk cBigoMo. Pozpobieno metonuky
BHOOpPY IHBECTOPOM 00'€KTa iIHBECTYBaHHS, BiANpallbOBaHa Ha IPUKJIaai OyaiBHUITBA 12 )KUTIOBHX OyIUHKIB
B MicTi Kueai.

Ha micnsinBecTuniiHOrO cTafii OCHOBHA (YHKIIiSl iHBECTOpA MOJISATa€ B KOHTPOJ MEPEA-NOCUIIOK BH-
HUKHEHHS PU3WKIB, XapaKTepHUX I i€l cTamii, 1 BUAUICHUX MPHU aHadi31 00'€eKTUBHUM TOB Ha JTOIHBECTIIIi-
oHHOU ctanii. Jns 3a0e3neuenns peamnizanii miei ¢yHKUIi 3amponoHoBaHO cTBO-BaTh [lopanu iHBecTOpiB -
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rpoMajicbKi TOOPOBiNEHI 00'eAHaHHS iHBeCcTOPiB. PO3p00ieHo cucteMy KOHTPOIIIO 3a MEpeayMOBaMHU BUHUK-
HeHHs pusnKiB. Cy0'ekTamu i€l cucteMu € JlepkaBHUI KOMITET 10 KOHTPOJIO 32 pUHKaMH (iHAHCOBHX ITOC-
JIyT, opranu Jlep’kaBHO-TO apXiTEKTypHO OYIiBEILHOTO KOHTpoito, ynpaButenb @Db, imBectop, ayaurop,
Pana inBecTop-piB. CucTemMa BKIIIOYAE K YK€ MepeadadeHi YUHHUM 3aKOHOJABCTBOM (YHKII1, Tak i JoAat-
KOBI, 3aIIpoItoHOBaHi 3100yBadeM. Po3po06iieHo pomo3ullii 1mo10 3AiHCHEHNH-CTBOBAHHIO JiI04Y01 3aKOHO 1a-
BYOi 6a3u 3 nuranb PDb.

Kiro4oBi cjioBa: iHBecTyBaHHS JKUTJIOBOrO OyniBHUITBA, GoHA (hiHAaHCYBaHHS OyAiBHHUITBA, EPEAYMOBH
BHHUKHEHHS PU3HKIB, CHCTEMa KOHTPOJIIO0, 00'€ IHaHHS 1HBECTOPIB.
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