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"[linBUILIEHHS HaAIMHOCTI 1 €()eKTUBHOCTI MallllH, MPOLECIB 1 cucteM. Improving the
reliability and efficiency of machines, processes and systems", 16-18 kBitus 2025 p.
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Proceedings of the 7th International Scientific and Practical Conference
“"Improving the Reliability and Efficiency of Machines, Processes and Systems",
April 16-18, 2025. — Kropyvnytskyi: Central Ukrainian National Technical
University (CNTU), 2025. — 153 p.

B 30ipHUKY mpencTaBlieHI Mareplajd JONOBIJEH HAyKOBUX Ta HAYyKOBO-
MeJaroriYyHuX TMpaliBHUKIB, JOKTOPAHTIB, AaCIipaHTIB Ta CTYJEHTIB, IPOBITHUX
BiT‘{I/ISHHHI/IX 1 3aKOPAOHHHUX BHUIINX HABYAJIbHUX SaKJIaI[iB Ta HAYKOBHUX YCTAHOB,
NpPaliBHUKIB MIANPUEMCTB Ta JIEP)KaBHUX YCTAHOB, B SKHUX PO3IIIANAIOTHCA
3aBEpIIEHI €Talli HAYKOBUX PO3pPOOOK.

The collection presents materials of reports by scientific and academic staff,
doctoral candidates, postgraduate students, and students from leading national and
international higher education institutions and research organizations, as well as
employees of enterprises and government institutions, addressing completed stages of
scientific developments.

JpykyeTbes 3rigHo nucta MiHicTepcTBa OCBiTH 1 HaykKu YKpainu, Jlep>kaBHOI
HayKOBO1 ycTaHOBU "lHCTUTYT MojaepHi3awii 3micTy ocBitTh" “llepesnik mpoBeneHHs
HAyKOBHMX KOH(EpeHIliil 3 mpobjieM BHUIIOT OCBITH 1 HAyKW B cucTtemi MiHIicTepCcTBa
ocBiTH 1 Hayku Ykpainu Ha 2025 pik”. https://kntu.kr.ua/file/content/7313/naukovi-
ta-naukovo-tekhnichni-zakhody-2025-roku.pdf

OPTAHIBAIIMHU KOMITET

MiKHAPOAHOI  HAYKOBO-NPAaKTH4YHOI  KOHPepenuii  "IlinBuineHHst
HAAIHHOCTI i edeKTUBHOCTI MalIuH, npoueciB i cucrem. Improving the reliability
and efficiency of machines, processes and systems:

T'onosa — Bonogumup KPOIIIBHUH, xanm. Texs. HayK, m0pod., peKTop
HHTY;

3acmynnuk 2on06u — Biktop AVJIIH, n-p texH. Hayk, mpod. kadeapu
ekcruryaraiiii Ta peMonTy mamui HHTY
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Cexpemap — Jlap's KVYJIbBOBA, pokrop ¢utocodii 3 TpaHCIOPTHHUX
TEXHOJIOT1H, CT. BUKJIaad kadeapu ekcruryaraiii Ta pemonty mamud [THTY;

YiieHn oprkomirery:

Awugpiit BABIM, 1-p Texu. Hayk, mpodecop, 3aB. Kaheapu TeXHiaHOT MeXaHiKH
Ta CUIbCHKOTOCIOJAPCHKUX MAalIMH TepHOMUILCHKOr0 HAI[IOHAIBHOTO TEXHIYHOIO
YHIBEPCUTETY;

Awnzpiit TUXUU, kaHa. TexH. HAayK, AOI., IPOPEKTOp 3 HAYKOBOI pOGOTH Ta
MDKHapoaHuX 3B s3KiB LIHTY;

Biktop BUIIYEHKO, n-p TexH. Hayk, npod., pekrtop BiHHuIBKOrO
HAI[lOHAJILHOT'O TEXHIYHOT'O YHIBEPCUTETY;

Koctsautun BOPAK, n-p. TexH. Hayk, npod. kadenpu MallMHOBUKOPHUCTAHHS,
MOOUTbHOI €HEpreTUKU Ta CEPBICY TEXHIYHHX cHucTeM [lomichKOro HarioHaJIbHOTO
YHIBEPCUTETY;

Oner BEB3, kana. TexH. Hayk, JOIEHT, AekaH (axkynbrery OymiBHHUIITBA,
TPAHCIIOPTY Ta EHEPTEeTUKHU;

Bixrop BOMTOB, 1-p TexH. Hayk, pod. 3aBixyBad Kadempy TPaHCIOPTHUX
TEXHOJIOTIH 1 JIOTICTUKH J{epKaBHOr0 O10TE€XHOJIOTTYHOT'O YHIBEPCUTETY;

CranicnaB T'EPYK, xann. TexH. Hayk, [OLEHT, 3aBiayBay Kadeapu
arpoimxkeHepii JKUTOMHPCHKOrO arpOTEXHIYHOTO KOJIEIKY;

Onekcannp 'PAKOBCKI, PhD, npodecop, InctutryT TpaHCmopTy 1 3B'SI3KY
(JTaTBis);

Omnekcii JIEPKAY, kaHn. TexH. HaykK, JOI., 3aB. Kadeapw ekcruryaTarlii
MaIIMHHO-TPAKTOPHOTO MapKy JIHIMPOBCHKOrO JEPKaBHOT'O arpapHO-eKOHOMIYHOTO
YHIBEPCUTETY;

Onekcanap HAWXA, n-p TexH. Hayk, npod., 3aB. kxadempu Tpubdoiorii,
aBTOMOOLIIB Ta MaTepiallo3HABCTBA XMEIbHUIIBKOTO HAI[lOHAIBHOT'O YHIBEPCUTETY;

Irop KABAIIKIH, PhD, mpodecop, InctutyT Tpancnopry i 3B'13ky (JIatBis);

Bonogumup KBACHIKOB, n-p TexH. Hayk, npO(becop, 3aB1I[YBa‘I Kadenpu
KOMI'IOTEPU30BAHUX EJIEKTPOTEXHIUHUX CHUCTeM 1 TexHojorid HarionanbHOro
aBlalllifHOTO YHIBEPCUTETY;

Bornan KIHJAPATCBKMM, n-p Texn. Hayk, mpodecop, 3aBimyBau Kadeapu
eKCIUTyaTalii Ta PEeMOHTY aBTOMOOLIBHOI TexXHIKM HallioHaJTbHOTO YHIBEPCHUTETY
«JIpBIBCHKA MOINITEXHIKAY;

Cesarocna KPUIITOIIA, n-p texH. Hayk, mpodecop, 3aBigyBad kadempu
aBTOMOOUTBPHOTO TpaHCopTy IBaHO-DPaHKIBCHKOTO HAITIOHATBHOTO TEXHIYHOTO
YHIBEPCUTETY Ha(TH 1 razy;

Cepriii JIEILIEHKO, kana. TexH. HayK, [OIl., JEKaH arpoTeXHIYHOTO
¢dakynsTery HHTY;

Ceprit  JIY3AH, n-p TtexH. Hayk, mnpod., 3aB. Kadenpu 3BaprOBaHHS
HarrioHannbHOT0 TEXHIYHOTO YHIBEPCUTETY «XapKIBCHKUN MOMITEXHIYHUNA IHCTUTYTY;

Omner JAIIVYK, n-p TexH. HayK, npod., nepmuii npopekrop TepHONUIBLCHKOro
HaIllOHAJILHOT'O TEXHIYHOT'O YHIBEPCUTETY;

Cepriit MAT'OIIELLb, kana. TexH. HayK, JOII., 3aB. Kadeapu ekcruryaTallii Ta
pemonTy mamuH [THTY;
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Mukona MAPYVYK, kann. TexH. Hayk, mpodecop, 3aBiayBau kadeapu
aBTOMOOUTIB Ta aBTOMOOUILHOrO TocmogapcTBa HarioHaAIBPHOTO YHIBEPCHUTETY
BOJIHOTO TOCTIOZIAPCTBA Ta MPUPOJOKOPUCTYBAHHS;

IOpiiit MOHACTUPCBKWI, na-p texn. Hayk, mpod., 3aB. Kadeapu
aBTOMOO1TBLHOTO TpaHCIIOPTy KpuBOpiI3bKOro HAI[IOHATLHOT'O YHIBEPCUTETY;

Irop MYPOBAHUW, xaHm. TexH. HaykK, MOLEHT, JHeKaH (aKyIbTeTy
TPAaHCIIOPTY Ta MeXaHI4HOi imkeHepli JIyIlbKOro HaIllOHAIBHOTO TEXHIYHOTO
YHIBEPCUTETY;

Anmxeit HEBYAC, PhD, mnpodecop, JltoOMIHCHKUN TEXHOIOTIYHUHN
yHiBepcuret ([Tombima);

Bikropis HUKOHYYK, n-p exonom. Hayk, npod., 3aB. xkadeapu
TPAHCIIOPTHUX TEXHOJOT1M 1 TEXHIYHOTO cepBicy HallioHaIbHOTO YHIBEPCUTETY
BOJIHOTO TOCTIOJIapCTBA Ta IPUPOJOKOPUCTYBAHHS;

AHpii HOBHHLKHPI, KaHJI. TeXH. HayK, JOI., 3aB. Kadeapu HaIIAHOCTI
TexHiku HamioHansHOrO yHIBepcHTETy O1l0pecypciB 1 MPUPOJOKOPUCTYBAHHS
VYkpainu;

Pamynac TTAJIBIIIATIC, PhD, npodecop, BinbHIOCEKMII TeXHIYHUN
yHiBepcuTeT iMeHi ['enuminaca (JIutsa);

Mukona ITIATYPCBKUU, n-p Texn. Hayk, mnpod., mnpod. Kadenpu
IHKUHIPUHTY MAaIIUHOOYMIBHUX TEXHOJOriM TepHOMUIBCHKOIO HaIllOHAJIBHOTO
TEXHIYHOT0 yHiBepcuTeTy imeHi . [lymros;

Onexcauap IOJIITHCBKUM, n-p texn. Hayk, mpodecop, mpod. xadempu
TEXHOJIOT1] MalIMHOOYIyBaHHS Ta PEMOHTY MallMH XapKiBCHKOT'O0 HAI[iOHAJIHHOTO
aBTOMOOUTbHO-JTOPO’KHBOTO YHIBEPCUTETY;

Isan POTOBCBKUI, n-p Texn. Hayk, 3aBiayloumii kadeapu TEXHIYHOrO
CepBICY Ta 1HXeHepHOro MeHemxkMmeHTy M. M. II. Momotenka HarionansHOro
YHIBEPCUTETY 010pecypcCiB 1 MPUPOAOKOPUCTYBAHHS Y KpaiHu;

IOpiit POMKO, kaHx. TexH. Hayk, JOIL., 3aBigyBady KadempH TPAHCIIOPTHHX
TexHonorii, HamionanesHoro yHiBepcutery «JIpBiBCbKa MOMITEXHIKAY;

Banepiit CABVYJISIK, a-p TtexH. Hayk, mpod., mpod. kadempu ramys3ese
MalMHOOy1yBaHHsI BIHHUIIBKOT'O HAIlIOHAJIBHOTO TEXHIYHOTO YHIBEPCUTETY;

Bonomumup CAXHO, a-p TexH. Hayk, mnpodecop, 3aBigyBad Kadeapu
aBTOoMOOLI1B HallioHaabHOr O TPaHCIOPTHOTO YHIBEPCUTETY;

Jlromvuma TAPAHJIVIIKA, a-p TexH. Hayk, J0I., 3aBiayBauka Kadeapwu
aBTOMOOUTIB Ta TexHoJorid ix ekcmiyataiii Yepkachbkoro Jaep:kKaBHOIO
TEXHOJIOTIYHOT'O YHIBEPCUTETY;

Pamazan XABYTIIHOB, n-p TexH. Hayk, npod., 3aB. Kadeapu TpaHCTIOPTHUX
TexHoJorii HamioHansHOro TpaHCIOPTHOTO YHIBEPCUTETY;

Cepriit HIUMBAJI, kana. TexXH. HayK, JI0Il., 3aBiayBad kadeapu aBTOMOOLTIB Ta
TPAHCIIOPTHOTO  MEHEIXMEHTY  BIHHMIIBKOrO  HaIllOHAJBHOTO  TEXHIYHOIO
YHIBEPCUTETY;

Oner I1IbOHb, xana. TexH. HayK, J0I., 3aB. Kadenapu aBTOMOOUTIB
TepHOMUIBCHKOr0O HAIIOHATBLHOT'O TEXHIYHOTO YHIBEPCUTETY;

Cepriit JIMCEHKO, xann. TexH. Hayk, JOIl., 3aB. Kadenpu ekcruryaTaiii Ta
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peMonTy mamuH [THTY;

Omnexcii CMIPHOB, kann. ekoH. HayK, KEPIBHUK METOJUYHO-OPTaHI3aiiHOTO
Binauny (mam — MOB) IITHTY;

Jlimis PE3HIK, daxisens I kareropii MOB ITHTY.

YiieHu po0040i rpynu OPrKkoMirery:

Cepriit MAT'OIIEILLb, xaHmuaaT TEXHIYHUX HayK, JIOLCHT, 3aBiayBad Kadeapu
eKCIUTyarailii Ta peMoHTy MamuH, [IHTVY;

Cepriit JINCEHKO, kanaumat TEeXHIYHMX HAyK,. JOIEHT, JOLEHT Kadeapu
eKcruryarailii Ta pemonty MamuH, [ITHTY

Hmutpo T'OJIYD, kanaupaT TEeXHIYHHMX HAyK, JOLIEHT, JOLEHT Kadeapu
eKCILTyararlii Ta peMoHTy MamuH, [IHTVY;

Hap’s KVYJIBOBA, nokrop ¢inocodii 3 TpaHCIOPTHUX TEXHOJOIIH, CT.
BUKJaAa4 Kadenpu ekcruryaraiii Ta peMonty mamun LIHTY, cexperap kondepentii;

Aptem T'OJIOBATHH, acucrent kadeapn ekcIulyaTalii Ta peMOHTY MAIlMH,
[HHTY;

Cepriit KOBAJIbOB, nokrtopanT kadeapu ekcrulyarailii Ta peMOHTY MaIlluH,
LHHTY;

Onekcannp MATBIEHKO, nokropant kadenpu ekcruryaraiii Ta peMOHTY
mamuH, [ITHTY;

Pycian KIUVYPA, acmipanT kadeapu ekcrulyaTamii Ta PEMOHTY MAIIHH,
HHTY;

Onexcangp FOBXEHKO, acmipant kadenpu ekcrulyaraiii Ta pPEeMOHTY
mamuH, [THTY;

Cepriit XAPYEHKO, acnipant xadenpu ekcruryartaiii Ta peMOHTY MalllHH,
[HHTY;

Hmutpo KOCAKEBHWY, acnipanT xadenpu ekcruryaTailii Ta peMOHTY MalllvH,
[HHTY;

Omnekciit TEPTULIA, acmipanT kadenpu ekcruiyartalii Ta peMOHTY MallldH,
HHTY;

Tapac HAJINY, acnipanT kadeapu ekcrutyaTanii Ta peMmonTy mamus, [IHTY;

Bononumup ITIETJIEHKO, acmipant kadeapu ekcriyaramii Ta pPEMOHTY
mamvH, [THTY;

Anzpiit 3AMIIEB, acmipant xadempy ekcIUTyaTaiii Ta pPEMOHTY MallHH,
HHTY;

Cepriii TUIEHKO, acmipanT xadenpu ekcruryaTaulii Ta peMOHTY MallMH,
HHTY;

Awngipiit CEPTTAUYK, acnipanT kadeapn eKCIUTyaTalili Ta peMOHTY MallMH,
[HHTY;

Bikrop BAWIIAH, acmipant kadeapd ekciuyaTamil Ta PEMOHTY MAIlHH,
[HHTY;

Biramiit YYMAK, acmipant kadeapu ekcruiyaTallli Ta pPEMOHTY MaIIWH,
[HHTY;

€rop MAHbBKO, acnipanT xadenpu excruryarairii Ta pemonTy Mamut, [THTY;

3bipnux mamepiarie VII Mixnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Cr.7



JTideuyerHst HAOHTHOCTTIL T egheKyuBHOCT MauiuH, Tipouecis i cucmem. Improving the reliability and efficiency of machines processes and systems

Henuc JAYEHKO, acmipant kadeapu ekcrulyaTalii Ta PEMOHTY MAIlUH,
HHTY;

Bagum SLEHKO, acnipant kadenpu ekcrulyartaiii Ta peMOHTY MalluH,
HHTY;

Muxaitno MAT'OIIELLb, acmipanT kadenpu ekcrutyaTallli Ta peMOHTY MAIlIKH,
HHTY;

Aptem KPACOTA, acmipant kadeapu eKcrulyaTaiii Ta pEMOHTY MaIlluH,
OHTY.

Cexuii koH(pepeHuii:

Cexkuis 1. ®i3uyH1 Ta MaTEMaTUYH1 OCHOBH HAJIIMHOCTI 1 €(DEKTUBHOCTI MallIUH
1 00aiHaHHS.

Cekuist 2. Tpubosnoris By3JiB JeTaliel, CUCTEM 1 arperariB, poOOYuX OpraHiB
MaIuH 1 00IaTHaHHSL.

Cekmist 3. IlinBuieHHS 3HOCOCTIMKOCTI Ta TPUOOJIOTIYHOI €(EeKTUBHOCTI
JeTaneil Ta By3JiB CUIbCHKOTOCTIOAAPCHKOT Ta TPAHCTIOPTHOT TEXHIKH.

Cexkiist 4. TexHONOTIYHI METOAM MiABUIIEHHS HAIIAHOCTI 1 €(pEeKTUBHOCTI
JIeTajled MalllvH 1 00JIaJHAHHS.

Cexkuist 5. IlinBuieHHsT HAAIMHOCTI 1 €PEKTUBHOCTI BY3JIIB JIeTallel, CUCTEM 1
arperatiB MaIiuH Ta poOOYMX OpPraHiB METOJIaMH 1HHOBAIIMTHOTO 1HKUHIPUHTY.

Cekuiss 6. EkcrutyatamiiiHa HaAifHICTP Ta €QEKTUBHICTh BUKOPUCTAHHS
CUTBCHKOTOCIIOAAPCHKOT Ta TPAHCIIOPTHOT TEXHIKH.

Cexitist 7. IligBuiiieHHs: HAIMHOCTI Ta €EKTUBHOCTI TPAHCIIOPTHUX CHUCTEM Ta
TPAHCTIOPTHUX 3aC001B 13 3a0€3MEUCHHSIM HAJICKHOTO PIBHSI SIKOCTI MACAKUPCHKHUX Ta
BaHTAXXHUX MEPEBE3CHb.

Cekuis 8. Jlorictuka BUPOOHMYMX Ta TPAHCHOPTHUX MIANPHUEMCTB, (ipM,
KOMIIaHIH.

Cekuiss 9. ExkoHOMIKa Ta yIpaBiiHHS BHUPOOHMYMMH Ta TPAHCHOPTHUMU
HiANpUEMCTBaAMH, (pipMaMu, KOMITaHISIMH.

Cexkirig 10. CucteMu Ta cTpaTerii TEXHIYHOTO CEPBICY CUIbCHKOTOCTIOIAPCHKOT
Ta TPAHCHOPTHOI TEXHIKH.

Cekmist 11. IligBuieHHs HaAIMHOCTI Ta €(PEKTUBHOCTI (YHKIIOHYBAHHS
CUCTEM, BY3JIIB, arperariB, MallluH 1HTEJIEKTYyalli3alli€l0 X eJIEMEHTIB.

Cexkist 12. Tadopmartifini TEXHOJIOTIT Ta TEXHOJOTI{ IMITYYHOrO 1HTEIEKTY B
pO3B'si3aHHI MPOOJEM 1 3aBllaHh HAAIMHOCTI Ta €()EKTUBHOCTI MAIIMH, MPOIECIB 1
CHCTEM.
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UDC 621.436:665.75

RESEARCH ON THE ECONOMY AND HARMFUL EMISSIONS OF DIESEL
WHEN RUNNING ON RAPESEED OIL

Y.M. Abramov, Student of Group MM 1/1,

A.R. Danchak, Student of Group MM 1/1,

A.S. Denysyuk, Student of Group MM 1/1,

D.D. Marchenko, Assoc. Prof, PhD tech. sci.,

0O.0. Lymar, Assoc. Prof, PhD phys. -math. sci.

Mykolayiv National Agrarian University, Mykolayiv, Ukraine

For optical research of the process of PM spraying in atmospheric conditions, a high-speed
video recording stand was used, which allows for the recording of fast-moving pulse processes. The
diagram of the high-speed video recording stand and the determination of the geometric parameters
of the sprayed fuel jet are shown in Fig. 1. The video recording process was carried out on a high-
speed camera "Video Sprint/G6". Further data transfer from the camera to a personal computer is
carried out via the LA-1.5 PCI ADC board installed on it. The processing of the shooting results
was carried out according to the approved method using a computer program [1, 2].
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Fig. 1. - Scheme of a high-speed video recording stand for determining the dynamics, speed and length of the atomized
fuel jet

Principle of operation: the device for controlling the operation of the KK-2 installation (1) at
a given time, corresponding to a certain position of the engine crankshaft, sends a pulse to the
control unit (4), opening the high-pressure electric valve of the injector (6). In the ramp (5) under a
given pressure (up to 180 MPa) there is fuel that enters the injector atomizer (6) at the moment of
opening the electric valve. The pulse from the electric valve (4) simultaneously enters the
synchronization unit (2), which coordinates the voltage levels on the injector with the digital high-
speed video camera "Video Sprint/G6" (9) and the ADC board LA-1.5 PCI installed in the personal
computer (12). In this way, the start of the operation of the video camera is synchronized with the
moment of the leading edge of the pulse entering the injector electric valve. The information signal
from the video camera (9) is transmitted via the controller-camera cable to the controller board (11),
also installed in the personal computer (10). In addition, the LA-1.5 PCI ADC (12) the exposure
signal of the video camera (9) is supplied. The synchronization pulse signals from the
synchronization device (2) and the exposure moment signal of the video camera (9) are necessary
when determining the recording time of a given frame in the video film, which is recorded by the
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camera (9) and recorded on a personal computer (10). The fuel jet (9), sprayed by the nozzle (6),
moves along the surface of the screen (7) in the form of frosted glass, on the inside of which there is
a light source (3) with a 150 W incandescent lamp and a power supply. To register the image of the
fuel jet, synchronization was used with an external synchronization pulse - a signal from the EGF
electromagnet signal (for the CR TPA) [4].

The fuel system operating parameters are precisely recorded on the control panel of the UK-
2 installation, which allows experiments to be conducted for various stable injection pressures and
crankshaft rotation angle, which, in turn, is closely related to the synchronization pulse of the
"Video Sprint/G6" camera control.

The use of external synchronization for the "Video Sprint/G6™ camera has some specifics,
which is that the synchronization pulse received by the camera starts its work of shooting and
transferring video frames to the memory of the controller (11) of the computer for 8 us. In one
second, at a crankshaft speed of 1700 min™, 14 injections occur. The frequency of the frame pulses
is constant and is determined by the camera settings by the operator. Thus, the "Video Sprint/G6™
camera starts at the first pulse of the fuel injector valve opening and continuously records the
captured image in the controller's memory, and subsequent fuel injector valve pulses may no longer
coincide on the front with the frame pulse. As a result, there is uncertainty in the time of shooting
the first frame after the injector valve is triggered for all subsequent sprayings, except the first.
Recording and further processing of oscillograms of signals from the camera frame pulse and the
injector valve opening pulse allows us to calculate the time between the pulses from the injector
valve and the first frame of the atomized fuel flow [5, 6].

The high-speed video shooting stand allows for digital high-speed shooting of images that
reflect the dynamics of fuel atomization by a high-pressure nozzle for various liquid fuels in light,
to determine the length and describe the presence of internal optical seals of the jets in each image.
The jet is recorded on a light background and has dark outlines of the borders and internal optical
seals that are connected to each other in a gradient manner.

As an example, images of mono- and fractional injection for the maximum of the
investigated injection pressures of 160 MPa are shown respectively in Fig. 2.

AT
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a) mono injection b) fractional injection
Fig. 2. - Image of the fuel atomization process at a pressure of 160 MPa
mono- and fractional injection
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The presented images show that with the use of fractional injection, the main part of the
injected fuel falls into the wake of the previously injected fuel. Thus, it can be assumed that the
propagation speed of the front of the main part of the injected fuel decreases due to the reduction in
the mass of this portion and the collision with drops of previously injected fuel, which means a
decrease in the range and an increase in the proportion of volumetric mixture formation. The area of
the zone with a more uniform distribution of fuel increases, which indicates better homogenization
(i.e., uniform distribution in the volume of fuel and oxidizer) [7].

Dynamics of changes in bright zones of a jet of atomized fuel. When light radiation passes
through a atomized jet due to a decrease in the light flux that has passed through zones with a high
concentration of fuel droplets, the area of this zone will correspond to lower brightness, and vice
versa [9], which is caused by the optical inhomogeneity of the jet. Optical inhomogeneity is
understood as the phenomenon of unequal transmission and absorption of light by different zones of
the fuel jet, which causes a non-uniform color of the jet image, as a result of its unequal brightness
along its entire length. This, in turn, is caused by the real inhomogeneity of atomization and
distribution of fuel droplets in a real jet [10-12].

Experimental studies of the dynamics of the fuel jet development were carried out with the
allocation of six bright zones of the sprayed PM jet on the stand. Each point was obtained by
processing fuel jet images using the method of calculating the areas of bright zones of the jet,
developed and tested by Professor Eskov O.V. [3]. The areas of the zones on all graphs are
normalized to the total area of the entire jet.
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The works of such scientists as M. M. Khrushchev, A. Sh. Shevchenko, I. V. Kragelsky and
others are known for increasing abrasive wear resistance. The wear resistance of the working bodies
of machines for continuous soil cultivation has significantly increased thanks to the works of M. A.
Babichev, M. M. Severnyeva, Rabinovich, M. I. Chernoval, O. M. Mikhalchenkov, V. V. Aulin, A.
I. Boyk, B. I. Kostetsky and others. The spouses B.R. and N.I. Lazarenko, A.L. Livshyts, L.Ya.
Popilov and other scientists made a significant contribution to the development of new
electrophysical methods of metal processing. The works of I. E. Ulman, B. Ya. Borisov, I. |. Bevz,
A. K. Olkhovatsky, L. O. Solodkina, M. O. are known directly from the electrocontact processing
of parts of agricultural machines. Vasylenko, K. V. Borak, etc [1-3].

It has been established that depending on the wear resistance of the soil, the nature of wear
of plow blades varies (Fig. 1), which determines a differentiated approach to the restoration and
strengthening of technological processes of such working bodies [4-6].

A-A
A

@ (@ @

Fig. 1. - Wear properties of share blades of the serial batch:
on sandy and sandy soils (8 — share thickness); on clay and loamy soils
(Bls — blade by share width, Bns — toe by share width)

Of the analyzed methods, the most accessible and economically feasible is the method of
electrocontact processing, which provides simultaneous sharpening and strengthening of restored
share blades. Additional strengthening in local places of greatest wear of share blades will ensure an
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increase in their resource depending on the wear of the soils in which they are operated, and a
decrease in cost compared to the cost of new domestic working bodies on the market [7].

On clay and loamy soils, the plow blades reach the limit state due to linear wear along the
width B, and the toe of the share ceases to protrude above the blade due to more intense wear due to
increased specific loads, which also leads to the onset of the limit state of the plows (Fig. 1).

The dependence of the structural parameters of plow blades after their strengthening by
electrocontact processing and spot welding on the parameters and modes of the strengthening
process, which take into account the conditions of their use on soils of different wear rates, has been
established [8].

Theoretical calculations based on probability theory and the results of micrometric studies
have determined the quantitative values of the coefficients of rejection, recovery, and repeatability
of plow blade defects.

The geometric parameters of the repair inserts were determined according to the statistical
analysis of plow blade wear and the criteria for their maintainability [9, 10].

For electrocontact processing of plow blades, an original installation for electrocontact
processing of parts was selected.

For welding repair inserts, electrodes with a low carbon content of the UONI-13/45 brand
were selected, which allows to reduce the negative impact on the properties of the reinforcing
structures of the welded joint, as well as for spot strengthening with electrodes of the T-590 brand,
which allows to obtain a deposited metal layer with a hardness of 58-62 HRC to increase the wear
resistance of the plow blades in places of their greatest local wear [11, 12].

The technological equipment for welding repair inserts to share blades is designed in
accordance with the requirements of ergonomics, uniformity and operational safety while ensuring
the specified quality of restored and reinforced share blades.
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Based on the analysis of literature sources, it can be concluded that the main reasons
affecting the reduction of power indicators of tractor engines in operation are malfunctions of the
cylinder-piston group of the crank mechanism and fuel equipment. These malfunctions significantly
affect the productivity of machine-tractor units and their fuel efficiency. This leads to additional
financial costs for agricultural enterprises, including due to the extension of agro-technological
terms of operations [1].

Of scientific and practical interest is the development of methods for using modified and
alternative fuels in agriculture, which until now have mainly pursued the goals of increasing
environmental safety and fuel efficiency [2]. The use of fuels with modified characteristics as a
means of maintaining powerful performance of tractor engines has not been considered.

The use of modified fuel as a means of increasing the performance of tractor engines
requires changes in fuel equipment regulations. However, the existing regulatory and technical
documentation does not take into account the possibility of using fuel with modifiers to increase the
specified performance of machine-tractor units [3]. Therefore, it is necessary to assess the impact of
fuel with a modifier on the power and fuel-economic performance of the tractor engine, and then on
the effect of using MTA.

In order to justify the use of fuel with a modifier in operation, we have developed a block
diagram. According to the developed diagram, if the results of the diagnostics show that the engine
does not have the required amount of installed power, then maintenance (T1) is carried out. After
the maintenance, the diagnostic indicators are checked again. If the installed power cannot be
ensured, then the use of fuel with a modifier is justified [4]. The use of this method is envisaged in
the case of detection of limit wear of the engine cylinder-piston group during the diagnostics
process, for a justified period of operation.

Theoretical justification of increasing the efficiency of the use of MTA taking into account
the use of a modifier in fuel presents a method for assessing the decrease in the productivity of a
machine-tractor unit taking into account the loss of tractor engine power. The period of rational use
of fuel with a modifier to compensate for the decrease in power is justified. The requirements for
the fuel modifier and its concentration are justified. The change in the engine operating process,
which leads to an increase in its power, is theoretically considered. According to the results of
numerical mathematical modeling of the heat release process in the engine cylinder, a detailed
indicator diagram of the engine and the dependence of the heat release coefficient on the angle of
rotation of the KV according to the previously adopted coefficients of useful heat utilization at point
z' (Fig. 1). The simulated course of the working process in the 4CH 11/12.5 engine showed that
when the power value at the nominal operating mode decreases from 55.6 to 48.0 kW (a decrease of
13.64%), it leads to a drop in the compression value by 8.24% and an increase in the self-ignition
delay period in the range of 43.7...45.5% [5].
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Fig. 1. - Combined expanded indicator diagram of the 4CH 11/12.5 engine and heat release diagram in the cylinder: ¢’ -
point corresponding to fuel injection into the cylinder; i, i' - points corresponding to the beginning of visible combustion
for a standard engine and an engine with reduced power; c" - point corresponding to the highest pressure on the
compression stroke; z' - point of maximum pressure of the thermodynamic cycle

For engines with reduced installed power, it was assumed to use fuel modified with an
additive. In accordance with the classification of cations presented in the works of Bolshakov G.V.
and Danilov A.M., the requirements for the additive were formulated. One of which was to increase
the cetane number of diesel fuel [6-8]. Based on the presented requirements, the choice of additive
modifiers (hereinafter - modifiers) was justified. According to the results of consideration of
potential samples for further research. the Bio petro improver (BPI) modifier was selected.

Based on the chromatographic analysis, which revealed that the active substance of the
modifier is a bibenzene compound, calculations of its maximum concentration in the fuel were
made based on the criterion of complete combustion in the engine cylinder to elementary
components [9, 10]. The results of the calculations justified the concentration of the selected
modifier, which does not exceed 0.02% by mass.

Based on the results of processing statistical data on the indicators of modern domestic
tractors of different traction classes and different models of seeders, an analytical dependence of the
required nominal power of the tractor engine depending on the hourly productivity of the sowing
unit was obtained.
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Nn =31,954¢ 0,1078W,
The obtained dependence proves that an increase in the installed power of the tractor engine

does not lead to a proportional increase in the hourly productivity of the MTA.

Analyzing the obtained dependences, we can conclude that when the engine power of the

tractor corresponds to the nominal value, the minimum specific operating costs during sowing are
observed in MTA with a nominal engine power of 130 kW [11]. When operating tractors with a
diesel engine power reduced by 15%, the minimum operating costs are achieved at an engine power
of 60 KW. The difference in costs for processing a unit of area was 28.4%.
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11.
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A modern car consists of 15...20 thousand parts, of which 7...9 thousand lose their original
properties during operation, and about 3...4 thousand parts have a service life shorter than that of the
car as a whole. All this causes the greatest downtime of cars, resource costs of operation [1].

A literature review has shown that more than 70% of worn-out parts of automotive
equipment would be rationally reused after restoration. This significantly reduces the resource costs
of motor transport enterprises, and in addition, it is economically justified for repair production. The
costs of restoring parts in most cases do not exceed 25-30% of their cost, and with a qualified
appointment of restoration technology, 100% resource is achieved. The different service life of
automotive parts is due to various reasons. The main ones are: functional purposes performed, a
diverse range of loads, different types of friction in the connected parts and different materials from
which they are made, accuracy and quality of processing in the connected parts [2].

Automotive parts of the “shaft” type make up a large part of the range of parts that are
restored. In most cases, these parts limit the resource of machine components and assemblies. Their
restoration coefficient during major repairs of machines is 0.25 ... 0.95. The length of the restored
shafts is 100 ... 4000 mm, but more than 90% of these parts have a length of slightly more than
1000 mm. The diameters of the shafts are 12 ... 210 mm, but in 98% of the shafts the diameter does
not exceed 60 mm. The average mass is about 3 kg.

In parts of the "shaft" type, defects most often appear on the bearing seating surfaces and
threaded surfaces. Bearing surfaces are restored when wear exceeds 0.017...0.060 mm; surfaces of
fixed connections (hub locations with keyways, etc.) due to additional parts - when wear exceeds
0.04...0.13 mm; surfaces of movable connections - when wear exceeds 0.4...1.3 mm; under seals -
more than 0.15...0.20 mm [3]. Keyways are restored when wear exceeds 0.065...0.095 mm in width;
spline surfaces - when wear exceeds 0.2...0.5 mm [4].

Of the entire set of restored shaft surfaces, 46% wear down to 0.3 mm; 27% - from 0.3 t0 0.6
mm; 19% - from 0.6 to 1.2 mm and 8% - more than 1.2 mm (Fig. 1).

The main requirement that must be met when restoring shafts is to ensure the dimensions
and roughness of the restored surfaces, their hardness, coating continuity, adhesion strength of the
applied layers to the base metal, as well as symmetry, coaxiality, radial and end runout of the
treated surfaces, and parallelism of the side surfaces of the teeth of the spline and keyway grooves
of the shaft axis.

Automotive shafts are made mainly of medium-carbon and low-alloy steels [5]. They are
subjected to surface hardening with high-frequency currents, carburizing with subsequent
quenching, and normalizing.

After analyzing the literature [1-3], defects in "shaft" type automobile parts are usually
divided into three groups: mechanical damage, chemical-thermal damage, and wear of "shaft" type
automobile parts.
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B upto0.3mm
® from 0.3 mm to 0.6 mm
1 from 0.6 mm to 1.2 mm

1 more than 1.2 mm

Fig. 1. - Analysis of defects of shaft-type parts by degree of wear

Mechanical damage to shaft-type parts occurs as a result of damage to its surface by cracks,
risks and scoring, as well as possible bending of the shaft, its breakage or twisting [6].

In some cases, risks and gouges form on the working surfaces of shaft-type parts, especially
often this occurs in shaft-slide bearing joints, due to contamination of the lubricant or the abrasive
action of foreign particles [7].

When surfacing under a layer of flux, a loose flux is fed into the arc burning zone (Fig. 2),
which consists of individual small grains (grains). Due to the influence of high temperature, part of
the flux melts around the arc, forming an elastic shell that protects the molten metal from the action
of nitrogen and oxygen [8]. After the arc moves, the liquid metal solidifies together with the flux,
forming a brittle slag crust on the surfacing surface. The flux that has not melted can be used again.
Surfacing under a layer of flux is used to restore various parts of cars, tractors and agricultural
machinery.

Fig. 2. - Scheme of automatic surfacing:
1 - part to be surfacing; 2 - liquid flux shell; 3 - elastic shell; 4 - hopper with flux; 5 - mouthpiece; 6 - electrode;
7 - electric arc; 8 - slag crust; 9 - surfacing metal; a - Offset from the zenith

In cases where it is necessary to weld a layer with a thickness of more than 3 mm (when
performing welding on parts of the chassis of tractors and agricultural machines - rollers, axles,
rollers, axles, etc.), automatic welding is effective [9, 10]. Deep penetration is undesirable, as it
increases the deformation of the parts.
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In the technology of mass restoration of smooth and splined shafts, the organizational plan

applies the advanced principle of group restoration technology, the creation of unified group
equipment for restored surfaces of parts [11]. According to the technology, it is necessary to switch
to high-performance gas-thermal methods of applying powder materials with increased wear
resistance for the external cylindrical surfaces of movable and fixed connections.
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The wide technological capabilities of the vibration machining process in combination with
high productivity and the ability to process parts of complex configuration and low rigidity [1]
when performing finishing operations (cleaning, grinding, polishing, increasing the microhardness
of machined surfaces) put it among the most relevant and promising methods of machining machine
parts. The work of scientists O.P. Babichev, P.S. Bernik, I.S. Aftanaziv, B.B. Khodosh, V.I.
Dyachenko, I.M. Kartashov, V.A. Vlasov, M.E. Shainsky, E.A. Kogan, A.M. Tamarkin, V.M.
Moroz, Yu.M. Samodumsky, B.M. Givko, as well as foreign specialists: M. Matsunatsi and Ush
Hagidbi (Japan), O. Polish (England), K. Wellinger (Germany), St. Brandzha and Y. Raosha (USA)
and others.

A theoretical model of vibration-centrifugal machining of parts has been developed, which
reveals the essence of the force interaction of the working granule with the surface of the part [2].
The calculation by the method of BVO and its varieties is based on the phenomenon of increasing
the energy level of the working medium due to additional movements of the working chamber [3].
The complication of the kinematics of the movement of the working chamber occurred in such a
way that the working medium and the parts being machined were subjected to the simultaneous
influence of directional vibrations and centrifugal forces. Receiving kinetic energy in the form of
two component forces of vibration P and centrifugal forces P in, the granule penetrates the
machined surface with a normal force R N and is displaced along the surface by the associated force
R (Fig. 1).
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Fig. 1. - Calculation scheme of the interaction of the granule with the treated surface
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The complex nature of the movement of particles of the working medium under the hour in
the VO provides an increase in the intensity of vibration processing [4]. This is achieved by
increasing the speed, acceleration and complication of the trajectory of movement of the working
chambers of vibration-centrifugal installations (Fig. 2).

The mathematical model for determining the cutting force and metal removal during
vibration-centrifugal machining was based on its energy capabilities [5]. The kinematic energy E of
the particle consists of the energy of the particle under the influence of directional vibration E in
and the energy from the movement of the oscillating surface along the. Accordingly, the force of
impact P of the particle of the working medium with the surface being machined in the vibration-
centrifugal model can be represented as the sum of the force of vibration P in and the centrifugal
force Pvc.
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Fig. 2. - Graphs of the movement of an abrasive particle on the surface

The study of energy-power parameters, cutting force and metal removal rate during
machining of parts in an abrasive environment of a vibration-centrifugal unit (VCU) with
volumetric vibration of the working chamber was based on its energy capabilities [6]. The
quantitative and qualitative indicators of the VCU process are largely determined by the design
parameters and kinematic elements of the movement of the working chamber [7-9].

During the study of surface quality, an analysis of its roughness and microhardness was
carried out. The treatment was carried out in an abrasive environment and in an environment of
hardened polished balls [10]. The samples were made in prismatic and cylindrical shapes from
carbon and alloyed structural steels of the same grades as in determining the process productivity.

It was established that the change in surface roughness parameters depending on the type of
processing time in an abrasive environment occurs discretely. During the first 15 min. of
processing, an intensive reduction in micro-roughness occurs. The next 15 min. the intensity of the
roughness reduction is insignificant. In the period from 30 to 45 min. the roughness increases, but
the parameter R a does not exceed the initial one [11]. During further processing, from 45 to 60
min. a repeated reduction in roughness is observed, the intensity of the reduction of which is
approximately equal to the intensity in the initial processing period. Further, the formation of
surface roughness occurs discretely with a decrease in discreteness with an increase in the
processing time. When a constant roughness is achieved, the force interaction of the granule with
the surface of the part takes on the character of an elastic impact. With an increase in the
mechanical properties of the processed material, the quality of the surface ball improves. During the
hour of processing of samples of steel 45 in the environment of hardened steel balls with a diameter
of 12 mm at an angular amplitude of 3 degrees. and a frequency of oscillations of 22 s, the
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microhardness of annealed samples increases from 202 to 275 N/mm?, and of hardened samples -
from 504 to 647 N/mm?.
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TPAHCIIOPT TA IHOPACTPYKTYPA: BUK/IUKH TA IIEPCIIEKTHBH
PO3BUTKY

L.O. XiTpoB, doy., kano. mexu. nayx
Hayionanvnuii ynieepcumem 6001020 cocnodapcmea ma npupoookopucmysants, M. Pisne,
Yrpaina

TpancoptHa cucTeMa —  CYKYIHICTh  B3A€EMOIOB’S3aHUX  BHJIIB  TPAHCIOPTY,
iH(DpacTpyKTypHUX 00’ €KTIB Ta CEPBICIB, sIKI 3a0€3MEeUyIOTh TEPEMIIICHHS MaCAKUPIB 1 BAHTAXIB Y
npoctopi Ta 4aci. EekTuBHa TpaHCHOPTHA CHCTEMa CIPHSIE€ €KOHOMIYHOMY PO3BHUTKY PEriOHIB,
CKOpOUY€E BHTpPATH Yacy Ta PECypCiB, 3MEHINYE €KOJIOTIYHE HaBAaHTAXXEHHS 1 MMIJBHINYE SKICThH
KUTTS HACEJICHHSI.

Crarrsa 21 3akony Ykpaiau «IIpo Tpancmopr» [1] 4iTko po3’sICHIOE€ HMOHSATTS PO €IUHY
TPAHCHOPTHY CHCTEMY HAIIOi JIep’KaBH, 10 CKJIAAY SIKOi BXOJSATH BC1 BHIM TPAHCIIOPTY Ta ILISAXU
crionydyeHHs. BoHa mOBMHHA BIANOBIAATH BUMOTraM CYCHUIBHOTO BHUPOOHMIITBA, BHMOI'aM
HaI[lOHAIBbHOT O€3MeKH, MaTH pO3rallyXeHy iH(PAacTPyKTypy IS HaJlaHHS BChOTO KOMIUIEKCY
TPAHCIIOPTHHUX TOCIIYT, 3a0€3MeuyBaTH 30BHIITHBOEKOHOMIYHI 3B’ SI3KH.

Po3kpreMo 3MICT OCHOBHMX KOMIIOHEHT (pHC. ), HEOOXiMHUX Ui (DYyHKIIOHYBAaHHS €IMHOI
TPaHCIIOPTHOI cucTeMHu [2-5]:

1. TpancmoptHe 3a0e3meueHHs XapaKTepH3ye pi3HI BHAM  TPAHCHOPTY,  SKUH
BUKOPHCTOBYETbCS I 3a0e3MedYeHHs MOOLIBHOCTI mMmacaxupiB 1 (a00) JOCTaBKM BaHTaXiB
(aBTOMOO1TEHUH, aBiaIiitHUMA, 3aJ1I3HHYHUIN, METPOIIOJIITEH Ta iH.).

2. IndpacTpykTypa xapaktepusye (Hi3UUHy MIATPUMKY BUAIB TPAHCIIOPTY, HAHBAKIUBIIIUM
KOMITOHEHTOM $IKOi € MapIIpyTHa Mepexa i TepMiHaIu.

3. Insgxu CHoMydeHHs BKJIIOYAIOTh CHCTEMY B3a€MOIOB’SI3aHUX pO3TalllyBaHb, SKi
BUKOPUCTOBYIOTBCS ~ JUIS  TIPEJCTAaBICHHS (YHKIIOHATBHOI Ta MPOCTOPOBOI  Oprasizamii
TPAHCTOPTHOI A1SUTBHOCTI.

4. Tlotoku (mcaXMpo\BaHTa)k0) BH3HAYAIOTH IEPEMINICHHS HACEJICHHS, BaHTaXIiB 3a
BIAMOBIAHUMH IIIAXaMHU.

TPAHCIIOPTHE
3ABE3MEYEHHS, IX BHIH

>

(5=
=

m—b @ O [ TH®PACTPYKTYPA ]

Q

T

_:’: |:| - [ NOTOKH ]

Puc. 1 KoMnoHeHTH TpaHCOPTHOT cucTeMu [2]

3 orisay Ha BHIE CKa3aHe, MU MOXEMO 3pOOUTH BHCHOBOK, IO TpaHCIOPTHA
1HPPACTPYKTYpa € CKJIAZ0BOIO YACTUHOIO €MHOT TPAHCTIOPTHOI CUCTEMHU.
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[nsgxu crionydeHHs (ByIUYHO-AOPOKHS MEpeska), Ik CUCTEMa TPAHCIOPTHUX 1 MIMTOX1THUX
3aB’SI3KIB IUIAHYBAJIbHOI CTPYKTYpH MiCTa, IO NMPHU3HA4YEeHa JUIsl OpraHizauii pyxy TpaHCIOpPTY 1
MIII0XO0/11B, IPOKJIAaJaHHs 1HXKEHEPHUX KOMYHIKaLil Ta 6J1aroycTporo.

O06’exTn 00CIIyrOBYBaHHS (aBTOBOK3aJl, 3aJI3HUYHUN BOK3ad), K KOMIUIEKC OymiBenb 1
CHOpYA, IO MpHU3HAYeHA i OOCIYyrOBYBaHHs IAcCakHUpPiB, YIPABIIHHSA PYXOMHM CKIIAJOM,
30epiraHHs BaHTaXIB.

TexHonoriuni 00’ektu (OyamiBmi 1 cHnopyaud ciayx0 YTpUMaHHS Ta PEMOHTY UUIAXiB
CIOJTy4EHHSI, 00’ €KTH €HEPreTUYHOI0 rOCIOAapCTBa), TOOTO BUPOOHHUYI 00’ €KTH, 10 MPU3HAYEHI
1151 3a0e3neueHHs! (PyHKIIOHYBAaHHS IUISIXIB CIIOTY4EHHS.

O06’extu 3ac00iB yIpaBIiHHS PyXOM (TE€XHIUHI 3acoOM OpraHizauii Ta yHnpaBIiHHS PYXOM,
YIPaBIiHCBKI LEHTPU TOIIO), TOOTO OyIiBIAl Ta CIOPYIM, MEBHI TEXHOJIOTIYHI CHCTEMH SIKi
MIPU3HAYEHI JUIs YIIPABIIHHS PyXOM TPAHCIOPTHUX 3aCO01B.

OpHak TpaHCIIOPTHA CUCTEMa B 0araThOX perioHax YKpaiHu CTHKA€ThCS 3 HU3KOIO Mpoliem
yepe3 HEJOCTaTHIO PO3BUHEHICTb MepeX, Hee(EeKTHUBHOIO OpraHizalli€elo pyxy, BIICYTHICTIO
iHTerpauii M>Xk BUAaMU TPAHCIIOPTY Ta HETaTUBHUM BIUTUBOM Ha JTOBKIJLJIA.

OCHOBHI BHKJIMKH, III0 TTOCTAIOTh MEPE]] TPAHCTIOPTHOO 1H(PACTPYKTYPOIO:

- HepIBHOMIPHHH PO3BUTOK TPAHCIIOPTHOI MEPEXi Pi3HUX PErioHax;

- IEpEHACUUYEHHSI JOPOXKHBOI IHPPACTPYKTYpU NPUBATHUM aBTOTPAHCIOPTOM;

- HEJOCTaTHA JIOCTYIHICTh TPOMAACBKOIO TPAaHCHOPTY JJs MAaJIOMOOUIBHUX TIpyIl
HaCeJICHHS;

- HU3bKUH piBeHb IU(POBi3allii TPAHCIIOPTHUX MTOCIYT.

TpancnoptHi 3acoO0u B TPaHCHOPTHUX TEXHOJOTISIX TMPU3HAYCHI MJII OPraHi30BaHOTO
MEPEMIIICHHS JIIOJIEH, BaHTaXIB 1 CHEIiaJIbHUX BAHTAXIB Y MPOCTOPI 3 MiHIMAJIBHUMH BUTPATaMHU
gacy 1 pecypciB. 3ajeXHO Bil OCHOBHOI (yHKIIi iX YMOBHO MOXXKHAa MOJUIMTH Ha TPYIIH:
NacaKUPChKUN, BAHTA)XHUH, CHEIliali3oBaHWW, Majli Ta iHAMBIAyalbHI 3aco0M IEpecyBaHHS,
JOTicTHYHI 1aThopmu, OyaiBeIbHA Ta TOPOKHBO - EKCIUTyaTalliiiHa TEXHiKa.

Kiro4oBi 3aBmaHHS TPaHCIOPTHHMX 3acO0IB HAmpaBiieHI Ha MOOUIBHICTH (3a0e3redeHHs
JOCTYITHOCTI Pi3HUX TEPUTOPIH ISt JIFOACH 1 BAHTAXIB), EKOHOMIYHICTH (MiHIMI3aIlil €HEPreTHYHUX
BUTpAT 1 4Yacy Ha IepeBe3eHHs), Oe3mermi (3axXUCTy MacakWpiB, BAHTAXIB 1 HABKOJHIIHHOTO
CEpelIOBHINIA BiJ PH3WKIB), YHIBEPCAIBHICTh 1 CIemiadi3aliio (3aCTOCyBaHHS CTaHIAPTHUX Ta
aJlaTOBAaHUX PIllICHb ITiJ] KOHKPETHI NOTpeOn).

3aBASKM PI3HOMAHITTIO KOHCTPYKIIHA 1 TEXHIYHMX PIlIEHb KOXKEH BHJI TPAHCIOPTHOTO
3ac00y BUKOHYE CBOO pOJIb Yy 3a0e3nedeHHI epeKTHBHOTO (DYHKIIIOHYBAaHHS CY9aCHOT €KOHOMIKH Ta
MOKPAIEHH] SIKOCT1 KUTTSL.

[HTerpamiss B iHGPACTPYKTYpy: B3a€MOJis 3 JOPOTaMH, 3ali3HUISIMH, MOPTaMU Ta
aepornopramu Jyis 6e31epepBHOro JOTICTUYHOTO JIAHIIIOTA.

3aBIAKH PI3HOMAHITTIO KOHCTPYKIIM 1 TEXHIYHHMX pIMIEHb KOXXEH BHUJ TPAHCIIOPTHOTO
3aco0y BUKOHYE CBOIO pOJThb y 3a0e3meueHH] e()eKTUBHOTO (DYHKIIIOHYBAHHS Cy4acHOT €KOHOMIKH Ta
MOKpPAIIEHH] SKOCTI JKUTTSI.

JUis cTanoro po3BUTKY TPAHCIOPTY JOLLIBHO BIPOBAKYBATH KOMIUIEKCHI M1AXOH:

- PO3BUTOK MYJIbTUMOAAJIHOT MOOIBHOCTI Ta 1HTErpallis PI3HUX BUJIIB TPAHCIIOPTY;

- IPIOPUTET €KOJIOTIYHO YUCTUX Ta €HEProe(eKTUBHUX BUJIIB TPAHCIIOPTY;

- MOJIepHi3allisl IHPPacTPYKTypH 13 BpaXyBaHHSAM MPHUHIIUIIIB «PO3YMHOT'O MICTay;

- 3aJ]Iy4€HHS 1HBECTULIN Y pEKOHCTPYKLiO Ta OyIIBHUITBO TPAHCIIOPTHUX 00’ €KTIB.

[lepcrieKTUBHUM HampsiMOM € BIIPOBA/DKEHHS LUPPOBUX pilIeHb Yy cdepl yHpaBiIiHHA
TpaikoM, MOHITOPHHTY MAaCaKUPOMOTOKIB, OHJIAHH-CEPBICIB JUIsI KOPHCTYBAayiB TPAaHCHOPTY, a
TaKOX PO3BUTOK MOOUITHHOCTI.

[IpoBeneHuit aHami3 TPAaHCHOPTHOI CUCTEMH Ta 1HQPACTPYKTYPHU 3aCBITUMB, IO IXHIN
SAKICHUM CTaH 1 CHHEpris B3aeMo[li Oe3rnocepeHhO BIUIMBAIOTh HAa EKOHOMIYHUI PO3BHUTOK,
€KOJIOT1UHY Oe3IeKy Ta CoIlialbHe 0JIaromoyqusi CyCIibCTBa Yepes:

1. InTerpoBaHICTh SIK TOJOBHUN YMHHUK €(EKTUBHOCTI.
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EdextuBHe (yHKIIOHYBaHHS TPAHCHIOPTHOI MEpEXi MOCSATAEThCS JIMIIE 32 YMOB TiCHOI
KOOpJMHAIIT MDK yciMa i KOMIIOHEHTaMH — aBTOMOOIIBHUM, 3aJII3HUYHUM, aBia- ¥ BOJHHUM
TPAHCIOPTOM, a TAaKOX «OCTAaHHBOIO MMJIC0» (BEJOCHIeNHI I MIMOXiJHI MapIIPyTH).
BrpoBajkeHHsT MyJabTUMOJANbHUX XaliB 1 YHIQIKOBaHUX CTaHAApTiB (KOHTEWHepu3allis,
1HTErpoBaHi KBUTKOBI TIaT(HOPMH) CYTTEBO CKOPOUYE MPOCTOI BAHTAXKIB 1 MAaCaXKUPIB y MEPEX01ax
MDK BUJIaMH TPAHCIIOPTY.

2. Ctanuil po3BHUTOK 1 «3€JI€Ha» TpaHchopMallis.

[lepexin ©Ha enexkTpudikoBani W TriOpUIHI 3ac00H, BHUKOPUCTAHHS aJbTEPHATUBHUX
MATUBHUX TEXHOJOTIH 1 aaMIHICTpyBaHHS IIKIIJIUBUX BHUKUIIB € KIIOUYEM [0 3HWKCHHA
€KOJIOT1YHOTO HaBaHTa)XeHHA. CTBOPEHHS EKOJIOTIYHHUX KOPUIOpIB, BCTAHOBJICHHS 3apsIHUX
CTaHLIN 1 3a0XOYEHHS «3€JIEHUX» IHBECTHLINH (POPMYIOTH OCHOBY ISl BIJNOBIAI HA BUKIUKHU
KJIIMAaTHYHKUX 3MiH 1 MOTIPIICHHS SIKOCTI MOBITPs [6].

3. lludposizariis Ta iHTEIEKTyalbHEe YIPABIIHHS.

BukopucTaHHsS CHCTEM «pPO3YMHOTO» TpaHcmopTy, cucteM GPS- moniTopuary, Big
Data- ananiTuku ¥ aBTOMATH30BAaHUX CHCTEM KepyBaHHS TpadikoM J03BOJIIE€ ONTUMI3YBaTH
MaplLIpyTH, 3MEHILYBAaTH 3aTOPH Ta IiBULIYBaTH Oe3neky pyxy. BnpoBamxkenns MaaS - miatgopm
(Mobility as a Service) cTBOpro€ THYYKI CEpBICHM 3 MEpPCOHATI30BAHUMH MapIIpyTaMH, IO
CTHMYJIIOE 3pOCTAaHHS TIOMUTY HA TPOMACHKHI TpaHcopT [7].

4. TuBecTuIliiiHa MPUBAOIIUBICTb.

MopepHizamis  JOPOXXHBOI  Ta  3ai3HUYHOI  1HQPACTPYKTYpH  BHMAara€e 3HAYHHUX
KalliTaJIOBKJIAJIeHb. 3allydeHHs] NPUBAaTHUX 1HBECTOPIB 4epe3 MEXaHi3MHU Jep>KaBHO-TIPUBATHOTO
MapTHEPCTBA 1 BUITYCK «3€JCHUX» OOiraIiii momomarae MoOUTi3yBaTH pPecypcd ¥ pO3MOALITUTH
PHU3UKHU MIX JIEpP’KaBOIO Ta O13HECOM.

5. CouianpHa 1HKIIIO315 Ta Oe3neka.

3abe3mneueHHs]  JOCTYMMHOCTI TPAHCIOPTY JUIsl MaJOMOOUIBHUX TpyN  HAaCEJCHHs
(HU3BKOIIIJIOTOB1 MapUIPYTH, TAKTHJIBHI TaHENI, aJanToBaHI MOCAJKOBI MalJIaHYMKH) 1 CUCTEMH
MACHBHOI Ta aKTUBHOI OE3MEKH CIIPUSAIOTH MiIBUIICHHIO PiBHA KOM(OPTY i 3HHKEHHIO aBapiHHOCTI.

6. [lepcniekTBH Ta clieHAPii pO3BUTKY.

B cepennpocTpokoBiit nepcnexTusi (5-10 pokiB) cimiji 04iKyBaTH MMOKBAaBICHHS 1HTEPECY 10
aBTOHOMHHUX TpPAaHCHOPTHHUX CHUCTEM, JAPOH-IOCTaBKM Ta po3yMHuX MicT (Smart City).
JIOBrOCTPOKOBUH ~ yCHiX TIPYHTYBAaTUMETbCS Ha 30aJaHCOBAHOMY IOE€IHAHHI  «TBEPIUX)»
1HQpaCTPYKTYpHUX PIIICHB 1 «M’SIKUX» MOJITHK — MU(PPOBHUX CEPBICIB, EKOJIOTIYHOTO PETYIIOBAHHS
il CTUMYJTIOBaHHSI CTAJIOTO CIIOCOOY KHUTTH.

TakuM 4YUHOM, LUJTICHA CTPATETisl PO3BUTKY TPAHCIIOPTHOI 1HPPACTPYKTYPH 3 YpaxXyBaHHIM
IHHOBAIIi}, «3€JIEHNX» TEXHOJOTi Ta MapTHEPCHKOTO (iHAHCYBAHHS CTaHE KIIOYOBUM YHHHUKOM
M1BUIICHHS KOHKYPEHTOCTIPOMO>KHOCTI PET10HIB 1 IKOCTI )KUTTSI TPOMA/ISH.
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PE3YJIBTATH JIOCIJIZKEHB HIITKOBOI O ITPOCIOBAYA

E.B. AnieB, cmapui. 00cnion., 0-p mexH. Hayx,
1.B. JIuTBHHOB, acn.
Jninposcwruil Oepoicasruil azpapHo-eKoHoMiuHull yHigepcumem, M. /[Hinpo, Ykpaina

[linBumieHHs  eQeKTUBHOCTI  MpOLIECIB  TNEPBUHHOI Ta  BTOPUHHOI  MEpepoOKH
CUIBCHKOTOCIIOAAPCHKOI MPOJYKLIi € aKTyaJbHUM 3aBJAaHHSAM arpolpOMHUCIOBOIO KOMILIEKCY.
OpHMM 13 BaXKJIMBHX €TamiB 0OpoOKH MaKyxH Miciis BIIKUMaHHS OJiii € ii MpOCiIOBaHHS 3 METOI0
BUUIEHHS OuKoBOi ¢pakiii. Bix edexTuBHOCTI 11i€l oneparlii 3HAYHOIO MIpOI0 3aJIEXKUTh SKICTh
KIHIIEBOI'O TPOAYKTY, 3MEHLICHHs BTpaT I[IHHUX KOMIIOHEHTIB Ta MIABHUILEHHS E€KOHOMIYHOI
JOLIJIBHOCTI BUPOOHHIITBA. Y JOCKOHAJIEHHSI KOHCTPYKIi pOTOPHOr0 MpocitoBaya, OOIPyHTYBaHHS
HOTO ONTUMATILHUX PEXXHUMIB pOOOTH 3 ypaxyBaHHSIM (hi3MKO-MEXaHIYHUX BJIACTHBOCTEH MaTepiary
CHIpUSiE TOCATHEHHIO BUCOKUX TEXHIKO-€KOHOMIYHUX MOKA3HHKIB.

Mertoro naHoi poOOTH € €KCIIepUMEHTAIbHE BHU3HAYEHHS BIUIMBY TEXHOJOTIYHUX Ta
KOHCTPYKTUBHUX NapaMeTpiB Ha e(EeKTUBHICTh MpOIECY IMPOCIIOBAHHA MAaKyXH B POTOPHOMY
MmpocitoBadi 31 MIITKOBUM OapabaHoM, TMOOyJoBa perpeciiHoi Mojieiai Ta BCTaHOBJICHHS
ONITUMAJIBHUX YMOB po0OOTH 0OJafHAHHA IS JOCATHEHHS MAaKCHUMAaJIbHOTO CTYIEHS MPOCIIOBAaHHS
011K0BOT (pakiii.

[Iporpama Oyma cTBOpeHa Ha OCHOBI MONEPEHIX TEOPETHUYHUX Ta EKCIEPHUMEHTATbHHX
nociikeHb. Bona nmepeabadae Taki etany eKCrepuMeHTAIBHOI poOOTH:

— BUBUCHHS BIUTUBY 3aBaHTa)XEHHS Martepiany (q), 4acToTu oOepTaHHs poropa (n) Ta Kyra
3aKpy4YyBaHHS HIITOK () Ha €(PEKTUBHICTH MPOCIFOBAHHA O17IKOBOI (hpakiii (NI);

— BU3HAUCHHS ONTUMAJIBHUX MAPaMETPiB IIITKOBOTO MPOCitOBaya.

Jns peamizamii miei mporpamu Oyna po3poOiieHa 1 3MOHTOBaHa EKCIIEpUMEHTaIbHA
ycraHoBka (puc. 1), o ckiagaeTbes 3 NoApiOHIOBaYa, KUBHIBHUKA Ta POTOPHOTO MPOCitOBayva.

a )

a — cxeMa TeXHOJIOTiuHa, 0 — HIiTkoBHi OapabaH npocitoBaya, 1 — npobapka; 2 — KMBWIBHUK, 3 — IIITKOBHH MPOCitOBay,
4 — mpuiiMau OUTKOBOTO MOPOILIKY, 5 — TpHMay JYIIMTHHHOTO TTOPOLIKY

Pucynox 1 — EkcriepuMeHTanbHa yCTaHOBKA HIITKOBOTO MTPOCiOBada

OCHOBHUMH pPOOOYMMH €JIEMEHTAMH POTOPHOTO MpocioBada € MNHTKKA 1 cuto. LliTkn
po3TalioBaHi BIJHOCHO Bajla POTOpa IiJ TMEBHUM KyTOM 3akpydyBaHHs. CHUTOBa IOBEPXHS
BUTOTOBJICHA 3 KallPOHOBHX a00 IMOJIiaMiTHIX BOJIOKOH, 3 PO3MIpOM BiUOK Ha 1 CM JOBXKWHH, IO
CTaHOBUTb.

OO6'exTOM JOCHIIKEHHS CcTaja MaKyXa 3 HaciHHS TiOpuaa COHAUIHUKY 3amopi3bkuii 28, sika
noapiOHIOBanacst Ha apoOapii. IlogpiOHeHa makyxa macoro 10 Kr 3aBaHTaxXyBamacs B OyHKep
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*KUBWIbHUKA. [licns BKJIIOUEHHS OBUTYHA MpOCiiOBaua Ta >KUBUIBHUKA, MaTepiaj, 1[0 MPOUIIOB
yepe3 Biuka CUTa, 3BAKYBAJIHU, 00 BU3HAYUTHU CTYIiHb MPOCIFOBAHHS (1);;).

Jlnis nociigykeHb BUKOPUCTOBYBAJIOCSA CUTO 3 pO3MipoM Biuok 258 mkM. [lomauy matepiany
pEryIoBalId KUBUIBHUKOM HUISIXOM 3MIIIEHHS 3aCIIHKH IIHEKA, IO JTI03BOJISIIIO 3MIHIOBATH 00'eM
3axBaTy Matepiany. YacToTy o0epTiB poTopa KOHTPOJIOBAIM 32 JOMOMOIOI0 MEpPEeTBOprOBaya
9acTOTH.

Jlis  TOYHOrO BHUMIPIOBAaHHS YacTOTH OOEpTIB BUKOPHCTOBYBaBCS TaxomeTp. Kyt
3aKpy4YyBaHHS 0 KOPHUTYBaBCS 3a JOTIOMOT'OI0 3MIMICHHS OOOWIIOK BIJHOCHO Baja poTOpa, sSKi
¢bikcyBanucs 3a JOMOMOI' 00 TBUHTIB.

[lig yac excrepyMEHTIB TakoX (pikcyBasiacs MOTY)KHICTb ABUTYHA 32 JIONOMOIOI0 MPUIIALy
PTI-50.

Jlns BapitoBaHHS MapaMeTpiB mporiecy Oymm oOpaHi Taki (akTOpU: 3aBaHTAKECHHS
matepiany q (0,2-0,6 kr/c); gactora o6epTiB poropa n (80-120 xB™); KyT 3aKpyUyBaHHS LITOK O
(5-15°). Jlns tutaHyBaHHS €KCIIEPUMEHTIB 3aCTOCOBYBajacs CTaHIApTHA TPUPIBHEBA MAaTPHUILI
ONTUMalbHOTO IaHy bokca-benkeHa apyroro nopsaky st Tpbox (hakTopis.

Ha ocHOBI cTaTuCcTHYHOT 00pOOKH €KCIEPUMEHTAIBHUX AaHUX OYyJ10 1MOOYI0BAaHO PIBHSIHHS
perpecii, ske BimoOpakae 3aJeKHICTh CTYMEHs MPOCitOBaHHA 1), (%) Bl OCHOBHHUX KEPOBAaHUX
rapamMeTpiB MPoIecy:

Mn = 26,9 + 0,525n — 0,51250.— 0,4750gn — 0,425na — 0,8583n* — 1,766702. (1)

OnTuManbsHi yMOBH (DYHKIIIOHYBAaHHS TTPOCitOBada 3 CUTOM (Po3Mip Bi4OK — 258 MKM), 1110
3a0e3neuyloTh HaWBHUIIUI CTYMiHb HPOCIIOBAaHHS, JOCSATAIOTHCS 3a TAKMX 3HAYEHb IMapaMeTpiB:
q=0,2 kr/c, n=112,7 06/xB, a. = 8,9°, Ipu 1IbOMY CTYIIiHb MTPOCIFOBAHHSI CTAHOBUTH M, = 27,28 %.

TexHONOrIYHI TMOKa3HUKU: MaKCHUMAaJbHO [OIYCTUME 3aBaHTaKEHHS Matepiany 0, =
0,214 xr/c. I[TotyxHicth npuBoay: N = 1,1 kBrT.
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VIIK: 62.614

JOCIIIKEHHA I'TEPH/THOI THEBMATHYHOI EHEPTETHYHOI
CHCTEMMH JUIA TEPCIIEKTHBHHUX CHJIOBHX IIPUBO/IIB

JLI. Kpurona, doy., kano. mexw. Hayx,

P.M. MarBienko, acn.,

J.B. Konnabuis, acn.

leano-Dpankiecokuii HAYiOHANLHUL MeXHIYHUL YHIGepcumem Hagmu i eazy, m. leano-PpanKiecok,
Ykpaina

Po3poOka aBTOMOOUTIB HA CTUCHEHOMY TOBITPI € IIKABUM 1 TIEPCTICKTUBHUM HAIPSMKOM.
[Neprmii mpoTOTHIT aBTOMOO1JISI HA CTUCHEHOMY TOBITpi i Ha3Boro AIRPod, mokaszanuii Ha puc. 1,
OyB Bunymienuii kommaniero MDI B 1998 pori [1]. ITizuime MDI BumycTuia cepiro MpOTOTHIIIB,
Brimouatoun OneFlowAir, CityFlowAir, MiniFlowAir i MultiFlowAuir.

Pucynox 1 — Tpancnioptauii 3aci6 31 cticHeHNM moBiTpsiM AirPod

Tata Motors 3 Iugii € me oaHMM BHPOOHHMKOM aBTOMOOWIIB, IO TPAIIOE HaT
TPaHCIOPTHUMH 3aco0aMM i3 JABUTYHaAMH Ha CTHCHeHoMY moBiTpi. ¥ 2009 poui kommnanis Tata
BUITYCTHJIa aBTOMOO1JTb 3 THEBMATHYHUM IPUBOJIOM i3 IBUT'YHOM Ha CTHCHeHOMY moBiTpi [2]. Tata
TaKOXX pO3TJIsae IJIaHU Bipo/pkeHHS Bepcii Tata Nano 31 CTHCHEHMM TMOBITPSM, fKa paHilie
po3risinanacsa B pamkax ixupoi criBmparti 3 MDI. Kpim MDI 1 Tata Motors, Oynu # iHIIII KOMITaHii,
AK1 TpalioBajly HaJ IBUTYHOM Ha CTHCHEHOMY MoBiTpi. Hampuknan, xommanis EngineAir 3
ABcTpanii po3pobuia poTOpHHI HOBITPSHHI JABMTYH IIia Ha3Boro «motop Di Pietro» (puc. 2) [3].
Ha BigmiHy Bix iCHYIOUMX pPOTOpPHHX JBUTYHIB, ABHUTYyH Di Pietro BuUKOpHCTOBYe mpoCTHI
HWTIHAPUYHUA 00E€pPTOBHI TOpIIeHb (MIPUBIAHUN Ball), IKMH KOTUTHCS BCEPEIWHI MUIIIHIPUIHOTO
craropa.

HayxoBmsimu IODHTYHI™ Gyno qociiipkeHo eKOHOMIYHO €()eKTUBHY KOHIICTIIIIFO T1OpHUIHOTO
JIBUTYHA 31 CTUCHEHUM TIOBITPSIM JUIS TEXHOJIOTIYHOTO TPAHCIOPTY 1 KOMEPUIHHUX TPaHCHIOPTHUX
3ac00iB. CTHCHEHE TMOBITPS MEPETBOPIOETHCS B MPOIIEC TalbMyBaHHS TPAHCIOPTHOTO 3aco0y Ta
MOXE BHKOPHCTOBYBAaTHCS JUIsl TNPHBOAY ITHEBMAaTHYHOTO CTapTepa Ta  JOCATHEHHS
PEKYINEPaTUBHOTO TaJlbMyBaHHS I TPAHCIOPTHHX 3acO0iB 3 OMNEpallisiMU «CTOM-CTAPT».
PexymnepartuBHe TaqbMyBaHHS CTUCHEHHM MOBITPSIM, B OCHOBHOMY, 3aCTOCOBYBAJIOCS 10 AU3EIbHUX
nBUTYHIB. Lle MOSICHIOETBCS THM (aKTOM, MO 1 IU3ENbHUN JIBUTYH, 1 IIBUTYH Ha CTHCHEHOMY
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MOBITP1 MPALIOIOTh HA BIAHOCHO HM3bKIM MBHAKOCTI. BinmpankoBaHe TeI1o, 0 YTBOPIOETHCS MiJ
9ac 3TOPSIHHS IMajiuBa TPAIAUMIIIMHOTO JBUTYHA, 3aiiMae mpuOim3Ho 60-65 % 3aranpHOi eHeprii
najiuBa y (GopMi OXOJOMKYBaJbHOI DPIIMHU JABUTYHAa Ta BHUXJIONHOI €HEprii, JAEMOHCTPYIOUU
BEJIMKHIA IOTEHINIAJl Y peKyTeparii BiApanb0BaHOTO TEIUIa.

Pucynok 2 — TpancnoptHuii 3aci6 Ha cTHcHeHOMY NoBiTpi EngineAir

Hocnigaukun IOHTYHI 3anpononyBaim TiOpUIHY CHCTEMY CTHCHEHOTO MOBITps (puc. 3)
JUTSL BiTHOBJICHHSI BiJIPaIlbOBAHOTO TEIUIA BiJ TU3EIBHOTO JIBUTYHA 3 METOI MiJABHIICHHS HOTO
e()EeKTUBHOCTI.

1 - InzensHuii ABUTYH; 2 - JlaT4uK KpyTHOTO MOMeEHTY; 3 - [loBiTpsiHuii koMmpecop; 4 - Kianan crabinizaropa
Harpyry; 5 - Akymyinsitop; 6 - bak 36epiranns nositps; 7 - Jlaruuk Tucky; 8 - Jlarunk Temneparypu; 9 - Typ6ina; 10 -
Tenzonarunk; 11 - Enexrpuunnii nurys; 12 - Konekrop; 13 - Perymrotounii kinanan

Pucynox 3 — I'iOpuHa MHEBMaTH4Ha EHEPreTHYHA CUCTEMa

Jlocmikyroun TiOpUIHY CHCTEMY CTHCHEHOTO TOBITPS Ha OCHOBI OKpeMOi pekymepaii
TeIla BUXJOMHMX Ta3iB 1 OXOJOMKYIYOi piauHU OyJa0 JJOBEJEHO, M0 NPOAYKTHUBHICTH 1
e(EeKTUBHICTh JBHT'YHAa HA CTUCHEHOMY IIOBITPI MOXHA NOKpAIIWTH LUIAXOM peKynepamii
BIJIMIpaIlbOBaHOTO Teria Bif 3BuyaiiHoro /IB3. OuiHuau nmoTteHmian eHepro3oepeskeHHs: riOpuaHoi
CUCTEMH 31 CTHCHEHHUM TIOBITPSM, MOJCIIOIOYHM CHUCTEMY OXOJIOJKCHHS JM3EIBHOTO IBUTYHA 1
MIAIUIA BUCHOBKY, IO 3aCTOCYBaHHS MHEBMAaTW4YHOI riOpuauzanii moxke 3aomaautu 80 %
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MOTY>KHOCTI BEHTWJISATOPAa OXOJIOJUKEHHS, OCKUIBKM BiANpalboBaHEe TEIUIO, LI0 MICTUTBCS B
OXOJIOJIKYBAJIbHIN P1JIMHI, PEKYNEPYETHCSI CTUCHEHUM HOBITPSIM.

Pazom 3 TMM 3acTOCYBaHHS JBUT'YHIB Ha CTUCHEHOMY IOBITpPI B TPAHCIOPTHUX 3aco0ax He
HACTUIbKHU TOMYJSPHE, MOPIBHSIHO 3 IHIIUMHU TEXHOJOTISIMH aJbTEPHATUBHOI €HEprii, TaKUMHU SIK
enekTpomoOimi. Kinbka TEXHONOTIYHUX MPHUYMH TMiACYMOBaHI HW4Ye. BUCOKI BTpaTH eHeprii
CTHCHEHOT'O MOBITPsI MiJ Yac poOOTH € TOJIOBHUM TEXHIYHUM Oap'epoMm. Uepe3 HU3bKY LIIIBHICTb
eHeprii HeoOXiqHO 30LTBIIMTA THCK 30€piraHHs CTUCHEHOTO MOBITPS, IO MOXE MPU3BECTU 10
CEpHO3HUX BTPAT CTUCHEHOI'O MOBITPS BIIHOCHO APOCENbHOI 3aCIIHKH, KOJIM MOBITPS BUITYCKAETHCS
3 MoBiTpsAHOro Oaka. Ilix yac pobGodoro mporecy ABUTYHa, IO MPAIO€ HA CTHCHEHOMY MOBITPI,
TUCK y IMJIIHAP]I BULIMM, HDK MICJIS PO3IIMPEHHS] CTUCHEHOIO MOBITPS, IO O3HAYae€, 10 €HEpris
CTHCHEHOT'O MOBITPSl HEJOCTATHBO MEPETBOPIOETHCS HA BUXIAHY MOTYKHICTh. KpiM TOTO, CTHCHEHE
MOBITPSI MO’KE 3a3HABATH BEJIMKHX BTPAT TMOTOKY ITiJl Yac MPOIECY BCMOKTYBAaHHS 4epe3 BUCOKY
MIBUJKICTh TIOTOKY Ta KOHCTPYKIIIO CHCTeMH KiamaHiB. [Iporec apocemtoBaHHS CTHCHEHOTO
MOBITPS CTBOPIOE HU3bKY TEMIIEPATYPY B MEBHUX MICIAX TpyO ab0 KianaHiB BIAMOBIAHO 0 €(eKTy
Jlxoyns-ToMcoHa, 1110 MOXe MPU3BECTH [0 MPobieM OJO0KYBaHHS JIbOJIOM JIBUTYHA IICIs TPUBAJIOT
poboTH.

CymyBaHHS eHeprii, mo 3’€IHye BHUXJONHY TpyOy JBHUTYHa Ta BHUXIJ KOMIpecopa
JU3EJIBHOTO JIBUT'YHA, TaK0X OyJ10 BUBYEHO 3a fonomororo CFD MoznentoBaHHS Ta €KCIIEPUMEHTIB.
Byno 3po6iieH0 BHCHOBOK, 1[0 Ha MPOILEC 3JIUTTS €HEeprii CyTTeBO BIUIMBAE IUIOIIA MONEPEYHOTO
nepepizy 3’€AHyBaibHOI TpyOu. I 6mu3bpko 70 % BiAMpanbOBaHOTO TEIIa BUXJIOMHUX Ta3iB MOXe
Oytu pekymepoBaHo. ['iOpuaHa cuctema Oyna OIliHEHA Ta MPOJEMOHCTPOBaHA B E€KCIEPUMEHTI,
KWW TIOKa3aB TOTCHINAT MiABUIIEHHA €()EeKTUBHOCTI cuioBoro mpuBoay ao 40 %, kKomum THCK
CTHCHEHOT'O TIOBITPsI cTabUIbHUIA Ha piBHI 8 Oap.

[lepepobneHe cTUCHEHE TOBITps  30epirajocsi B TOBITPIHOMY pe3epByapi Ta
BUKOPUCTOBYBAJIOCS JUIsl IPUCKOPEHHS ABUTYyHA. [1i]] yac MpUCKOPEeHHs ABUTYH MIT MPALIOBATH 1 SIK
[THEBMATUYHUN JBUTYH, 1 SIK JBHUI'YH BHYTPIIIHBOTO 3rOPSIHHA B YOTHUPUTAKTHOMY LMKII 3
MTHEBMATUYHOIO MiATPUMKOIO. [1i7] yac poOOTH B IMKJIi )KUBJICHHS 3 MIATPHUMKOIO MOBITPsI, CTUCHEHE
HOBITPSI BBOJWJIOCS B LMJIIHAP JBUTYHA, PO3LIMPIOBATIOCSA Ta BUKOHYBAJIO pOOOTY Iij 4ac NepUIoro
xoxy mopiiHa BHH3. IloTiM meil ke 3aps] MOBITPS BUKOPHUCTOBYBABCS B HACTYIMHOMY IpoLeci
3rOpsIHHS, BUKOHYIOUH J0JAaTKOBY POOOTY HaJ MOPIIHEM IIiJl 4ac HOro Apyroro Xoy BHU3.

[lpuHIMN peKkynepaTHBHOTO TajlbMyBaHHS IMOJSTAa€ y BIAHOBICHHI 3aiiBOT KiHETHYHOL
€HEepTii TPaHCIOPTHOIO 3aco0y Mij yac a3y raJbMyBaHHsS Ta MEPETBOPEHHI B JIOCTYIHY €HEPTIIO,
Taky sK 3apan akymynstopa. [lomiOHUM YHHOM peKylepaTHBHE TalbMyBaHHS MOXHa
BUKOPHUCTOBYBATH JIsl BUPOOHUIITBA CTHCHEHOTO TOBITPS B TiOpUaHIN cucTeMi moBiTps. OCHOBHA
BIIMIHHICTb TOJISITA€ B TOMY, IO €HEPTis aKyMyJISITOpa BiTHOBIIOETHCS B TPOLEC] 3apsKaHHS Ha
OCHOB1 XIMIYHOT peakiii, TOJAlI SK CTUCHEHE TIOBITPSI BUPOOJSETHCA B TMPOIECi CTUCHEHHS
koMmrpecopa. [TopiBHSHO 3 TIOPUAHOIO EICKTPUIHOIO CHIIOBOIO YCTAaHOBKOIO, TiOpHIHA cHUCTeMa 31
CTUCHEHHMM TOBITPSIM € OLTBII KOMIAKTHOI0, OCKIIBKU CTUCHEHHS Ta BUX1JHA MOTYXHICTh MOXKYTh
OyTH peasi3oBaHi Ha OAHOMY JIBUT'YHi.
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AOCIII’KEHHA CUCTEM HAJIKPUHTHYHOI' O /I[BOOKHCY BYIJIEI[IO
HA BAHTA’KHOMY TPAHCIIOPTI

A.L. Cem siHuyK, acn.,

I.M. Consipuyk, acn.,

T.T. I'pimarop, acn.

lsano-Dpankiecokuii HAYIOHATLHUL MeXHIYHULL YHIgepcumem Hagpmu i 2a3y, M. leano-Dpankiscok,
Ykpaina

IcHye Tpm OaraTooOilsifodYi CHUCTEMH peKylepalii BiJMpalbOBAHOTO TeIla JBHUIYHIB
BHYTPIIIHROTO 3TOpaHHSA, SKi 3apa3 JOCHIKYIOThCS Ha TpaHcmopti. lle TepmoenexTpudHi
redepatopu (TEI'), cucremu Ha ocHOBI opraHiuHoro nukiny Penkina (OLIP) i cuctemu Ha OCHOBI
HaJKPUTUYHOTO Tiokcuny Byrierto (sCO-) [1]. Li cucremu MOXHa BUKOPUCTOBYBATH HE JIHIIE IS
pekymepamii Telula BHUXJIONHMX Ta3iB  JBUTYHIB BHYTPIIIHBOTO 3TOpaHHS  BaHTaKHOTO
aBTOMOOUIBHOTO TPAHCIOPTY, aje W y 0araTbOX IHIIMX Taly3sAX, TaKUX SIK BUPOOHHUIITBO
€JIEKTPOeHeprii Ha BHUKOMHOMY MaiMBi a00 Cy/[HOBa €HEpreThka. 3a3HaueHi CUCTeMHU Oyiu
CrieliaJlbHO O0OpaHi aBTOpaMH CTaTTi, OCKIIbKM BOHHU IepeOyBalOTh Ha HAWBHIIOMY CTaHi
TEXHOJIOTIYHOT TOTOBHOCTI, TIOPIBHAHO 3 1HIIMMH HOBITHIMHU JOCTYITHUMH BapiaHTaMH 3HWKEHHS
BUTpAaT MaJiMBa Ta  3MEHIIEHHS TOKCHYHOCTI  BIANpPAlbOBAaHUX Ta3iB  (HaIpHKIA,
TEPMOAKyCTHUHUMH CUCTEMAaMH ), SIK1 3HAXOATHCS Ha MOYATKOBIH Ta cepenHiit cTaaii JOCTiHKeHHS.

JIBOOKHC BYyTJelI0 - 1€ €KOJOriyHo Oe3neyHa NpupoaHa poOoua pedyoBUHA, SKA €
HEIOPOTOI0, HErOprovuoro, BHOYX00E3MeyHO Ta TOommMpeHa B mpupoii. Kpim Toro, ABOOKHC
BYIJICL}0O Ma€ HU3bKUN MOTEHLIaJd 3 TOYKHU 30py BIUIMBY Ha Ijo0albHE MOTEIUIIHHS 1 HE Mae
030HOPYHHIBHOTO e(ekTy [2], M0 € BaXIMBHUMH €KOJIOTIYHHUMH XapaKTePUCTHKAMH MPH BUOOPI
poboYOi PpIAMHM A TEPMOAMHAMIYHOIO IMKJIY BUpOOHMITBa enekrtpoeHeprii. Komu CO;
HAOJKAETHCA 0 KPUTHYHOI TOYKH, BiH CTa€ MEHII MOJNATIMBUM 10 cTHCHeHHS. OTxe, podora
KOMIIpecopa MO)ke OyTH CYTT€BO 3MEHILIEHa, L0 MpU3BEAe 10 MiABUILEHHS e(EeKTUBHOCTI
TepMoanHamivuHoro 1mkiy. llle omHa mepeBara BukopuctanHs HuKiIiB sSCO; mossrae B ToMy, 0
BOHH IPALIOIOTH ITiJ] HabaraTo BUIIKUM THCKOM MPOTITOM YChOTI'O LIUKIY, 10 IPU3BOAMUTH 10 OLIBII
BHCOKOI HIUTBHOCTI poO0YO0i PIAMHH, IO TAKOX CHPHSIE MEHIIUM po3MipaM OOJaJHaHHS, a OTKeE,
MEHIIINM KamiTalbHUM BUTpatam [3].

Metoro maHOTO JOCHIDKEHHS € OIllHKAa TOTEHIaly peKylepaiii eJeKTpoeHeprii 3a
nonomorotro cucteM OLP, sCO, ta TEI' y cucremax yrwimizamii Temja BUXJIONHHMX TIa3iB
IU3eJIbHUX ABUTYHIB BHYTPIIIHBOIO 3TOPSHHS BaHTAKHOI'O aBTOMOO1IBHOTO TPAHCIIOPTY.

JlocmikeHHsT BUKOHAHO 3a Jomnomororn mnporpamuoro kommuiekcy GT-SUITE -
CIEI1ai30BaHOr0 IPOrpaMHOro 3a0e3MeueHHs A CUMYJSLIl  JABUTYHIB, TpaHCMICIH Ta
TPaHCHOPTHUX 3aco0iB. Llel KOMIIEKC € MOTY)KHUM I1HCTPYMEHTOM JJIsi MOJICNIOBAHHS PI3HUX
CUCTEM JIBUTYHIB 1 IIHPOKO BHKOPHCTOBYETHCA NPOBIIHMMH BHpOOHUKaMH y cdepi
aBTomoOuneOynyBanns. GT-SUITE Bkmiowae BOymoBani 3D CAD-incTpyMeHTH, 3aco0Ou
onTHMI3aIii Ta MOXJIMBOCTI HaBYaHHS HEHPOHHUX Mepex. KpiM Toro, BOHO IHTETpPyeTbCS 3
MATLAB i Simulink, 110 103B0JI5I€ MPOBOUTH TIUOMINI aHATI3 CUCTEM KEPyBaHHS.

BaxxnuBoto vactunoro mognentoBanHsi B GT-SUITE e kaniOpyBaHHsA pi3HUX KOMITIOHEHTIB
cucTeMd. Y IIbOMY HPOEKTI HEepHIMM KPOKOM OYJIO CTBOPEHHS aBTOHOMHHUX KaliOpyBaJbHUX
MOJIEJIEH NIl TEMI000MIHHUKIB, KOMIIPECOPIB, HACOCIB 1 TypOiH, IKi BUKOPUCTOBYIOTHCSI B MOJIEIISIX
JM3EJIBHOTO JIBUTYHA Ha BAaHTAKHOI'O aBTOMOOUIBHOrO TpaHcmopty. Lli Mojeni mopiBHIOBagUCS 3
JOBIJKOBUMM JIaHUMM BUNPOOYBaHb, HAJaHUMHU BUPOOHHMKAMHU JU3EJIBHUX JIBUI'YHIB, a TaKOX
IHIIMMU ~ JaHUMU  KajiOpyBaHHs, 3HaiineHumu B Jiteparypi. Komum kommoHeHTH Oyiu
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BiJIKaNiOpOBaHi, a AKICTh PE3yNbTaTiB MOPIBHAHO 3 JaHUMHU TECTYBAaHHS CTajla MPUNHITHOIO, OYI0
PO3IOYaTO MOJICITIOBAHHS JJIS IIHOTO TIPOCKTY.

JUis 1bOro TMpOeKTy BUKOPUCTOBYBABCA O-IMIIHAPOBUNA 4-TaKTHUN IU3EIbHUN JBUTYH
pobounm o6’emom 12,0 1 31 ctymenem ctucHenHs 17:1. Ile TUMOBI ABUTYHH aBTOMOOUIBHOTO
TPaHCIOPTY, K1 3apa3 BUKOPUCTOBYIOTHCSA ISl BAHTAKHUX aBTOMOOLTIB.

Mognens TemooOMiHY B LWIIHAPI, SIKA BUKOPUCTOBYETHCS B LBOMY JOCHIKEHHI, €
monemmto WoschniGT. ¥V miif Mojeni BUKOPUCTOBYEThCS (OpMyIia, sika TOYHO IMITYE KIACHYHY
kopemsinito Woschni 6e3 3aBuxpeHHs. OnHak pi3HHUIS Tojsrae B oOpoOIi Koedili€eHTIB
TEIUIOBIA a4l Tpu BiAKpUTHX kianaHax. Mogens WoschniGT BpaxoBye mnepenady Teruia,
301IpIIEHY MIBUAKICTIO MPUIUIMBY 4Yepe3 BIYCKHI KJalaHW, a TaK0oX 3BOPOTHHUI MOTIK yepe3
BUNYCKHI KjamaHu. KpiM Toro, BUKOpHUCTOBYBaHAa MOJEIb 3TOpAHHSA - L€ Oe3nocepenaHe
BrpuckyBaHHs (DI), xonu mnanuBo BHOPCKYeTbCs Oe€3MOcepenHbO B IMIIHAP. Y Wil Mojeni
e(eKTHBHA MOTYKHICTh JIBUI'YHA PET'YIIOETHCS KUIBKICTIO MalUBa, 110 BIOPCKYETHCSA B LIMIIHIPH.
[lonaya nmanuBa oOMexeHa B KOHTpOJIEP] CIIBBIJIHOIICHHAM IOBITPS Ta nanusa. TypOoHarHitauy
BCTaHOBJIIOBABCS Yac | cekyH/a, 1100 JOCATTH MOCTIHHOT MBUAKOCTI TYpOIHU MICIsA 3MIHU 4aCTOTH
000pOTIB KOJiHYacTOro Bajia nBuryHa. Ilicis Bu3HAUYeHHsS HEOOXIMHHUX IMapaMeTpiB KOPHUCTYyBau
MO>Ke BBECTH BIAIOBIIHI BXiAHI JaHl, HEOOXIIHI A1 MOIEIIOBAHHS.

Ha puc. 1 nokaszana moaens cucremu sCO,, ctBopera B GT-SUITE. Konctpykiiis cucremu
OasyBasacs Ha pEKyNepoBaHOMY 3aMKHyToMy ImkiIi bpaiitona. Llg cuctema mae nogaTKoBy
repeBary IMiJABUIICHHS 3arajibHO1 e()EKTUBHOCTI 3aBISKH BUKOPHUCTAHHIO peKyreparopa. Pobounm
TitoM nans i€l cucremMu € Byriekucnuil raz (COz) y HaAKpUTHYHOMY cTaHi. BaknuBum
TapaMeTPoM € MOYaTKOBA TeMIIepaTypa Xoao0arenTy. i Bectanosneno Ha 31 °C, mo6 3a6e3neunTty
HaakpuTHuHuii ctan CO; y Beiid cuctemi. Y HaJKpUTHYHOMY CTaHi Temrepatypa i Tuck CO, Bui
3a KPUTUYHY TOUKY, TOMY PiJIKy Ta MapoBy (a3u HeMoxJuBO po3pizHuTH. Lle BinOyBaeThCs, Konu
temnepatypa nepesuinye 31 °C i Tuck nepesuirye 83,8 Gap.

A - ’ = ~
- s
) ! - |7

" PH_Dlagram = FPerformance Auto_lnitialize

Puc. 1 — Cxema mopeni cucremu sCO2 y GT-SUITE

KoxxHa TpyOa MOJETIOETBCS SK «IUIOCKA IUIACTHHA», SIKY MOXHA 3HAWTH B THIIOBOMY
IUIACTUHYACTOMY TEIUIOOOMIHHMKY. TpyOM MOJENIOIThCS 3a JONOMOrOI0 TEIJIOBUX TpPYOOK,
3’€JHAHMX 13 MacaMH, sIKl IPECTaBIAIOTh CTIHKH TPYO 1 pedpa s BHYTpilHbo1 Tpyou. Kpim Toro,
mabnon TEM, sikuii BUKOPUCTOBYETHCSI B MOJIEJNi, BPaxoBYe BCi TPU TEPMOEIEKTPUYHI e(eKTH
(3eebeka, Ilenpthe 1 TomcoHa), mOO TeHEpYBAaTH ENEKTPUYHWUN TOTEHIIAT Y BIAMOBIAHOCTI 3
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pi3HHILIEI0 TeMIepaTyp Ha Hbomy. Jliis aHamily MOTY)XHOCTI, BUpoOseHoi Bcieto cuctemoro TEI,
Oyna cTBOpeHa MiJMO/IeNb, IKa MiJICYMOBY€E BC1 BUX1HI MOTY>KHOCTI BiJl KO:kHOro TEM.

3arajiom, 3 pe3yabTaTiB JOCTIKeHb ycix Tpbox cucteM PTBI', Ha puc. 2 mokasaHo, 110
HaWIMOBIPHIIIMMU CHCTEMaMH, sIKI OyayTh YCHIIIHUMHM JJIs 3aCTOCYBaHHS B CHCTEMax yTWIIi3alii
BIJIIIPAI[bOBAHOT'O TEIUIA BUXJIONMHUX Ta3iB JUIs BaKKUX IU3EIbHUX JBUTYHIB, € cuctemu OLIP i
SCO,. Li aBi cucreMu MarOTh 3HA4YHO BUINY edexTuBHiICTh, HDK TEL, i TOMy pexkynepyroTh
Habarato Oinblie eHeprii 3 BuxyomHux rasiB. Kpim Ttoro, cucremu sCO, MaioTh I0AATKOBY
nepeBary, OCKUIbKM € OUIbII KOMITAKTHUMHU 3aBJSKH BUIIOMY poOodoMy THCKY cuctemu. OmHak
TOJOBHUMH HpobiemMaMu, 3 sSKMMHU cTuKaloThesl gk cuctemMu OLIP, tak 1 sCOj, € po3poOka
BHUCOKOE(EKTUBHUX TypOiH, sKi OyAyTh HaAIMHMMM MpH MIJBUIICHUX THCKaxX 1 TeMIeparypax.
Skmo 1i npoGieMu BAACThCS IMOJ0JIATH, ICHYE 3HAYHA MOMIIMBICTB Ui MAacOBOTO 3aCTOCYBAaHHS
nux cucreM s gonatkis PTBI.

20,000 A 19495.9
N, Br
16,000 -
12,000 -
10061.7

8000 -+

pr— 4012.2

3 10.0 128.0 S37.2
Pexum 1 Pexum 2 Pexum 3
@® TEI OlIP @ sCO2

Puc. 2 — INopiBusuaHs TphOX cuctem PTBIT

Cucremn sCO, matoTe HaiiBumry edektuBHICTH 3 Tphox cuctem PTBI, a Takox MarTh
nepeBary KOMIIAKTHOCTI 3aBAsKU BUIIOMY poOodomy THUCKy. Kpim Toro, Bapricth KBT eHeprii,
BUpoOseHoi cucreMamu sCOj, TakoX 3HaUYHO HWXk4a, HK y cuctemax OLIP i TEI. 3Buuaiino,
BUKOPUCTaHHS TaKMX CHUCTEM BCE WIe € NPeIMETOM aHalidy y KOHTEKCTI MaclTaOHOl
enekTpu@ikalii Cy4acHOro aBTOMOOIIBHOTO TPAHCIOPTY, ajie Jefani OuIblie BIPOBAKEHHS
JIbTePHATUBHUX BUJIB MajMBa Ta BOJAHEBHUX MaJMBHHUX E€JEMEHTIB O3Hayae€, 10 TakKi CHCTEMH
MO)KHa pO3IJISAaTH K BHCOKOAKTyallbHI. 3BakKaloud Ha 3pOCTAIOUMM THCK HAa BHPOOHHKIB
aBTOMOOLUTIB II0J0 3MEHIICHHS BHKHUAIB BiJl TpaHCHOPTHHX 3aco0iB, cucteMu sCO,; MOXKYTh
BUSIBUTHCS TPHUBAOJIMBOIO TEPCIIEKTUBOIO HAa TMOTYKHUX JHM3EIBHUX JIBUTYHaX BAaHTAXKHOTO
aBTOMOO1LTBHOTO TPAHCIIOPTY.
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YIOCKOHAJEHHSI KOHCTPYKIII BUITYCKHOT O KOJTEKTOPA
JIBUT'YHA BHYTPIIIHBOT O 3rOPAHHA METO/[OM 3D-
MOJETIOBAHHS TA OIITAMI3AIIII TA30JHHAMIKH
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XmenbHuyvkuil HayioHanoHuu yHigepcumem, M. XmeavHUybKul, Yxpaina

OnHUM 13 KITIOYOBMX €JIEMEHTIB CHCTEMH BHUIIYCKY BIANpalbOBAaHUX Tra3iB JBUT'YHA
BHYTpIIIHBOTO 3rOPSIHHSI € BHITYCKHHl KOJNEKTOp. VOr0 KOHCTPYKIs BiAirpac BaIHBY POIb Y
¢dopmyBaHHI epEKTUBHOTO ra3000MiHy, 3MEHIIICHHI TEIUIOBUX BTpaT, 3HWKEHHI PiBHA 3BOPOTHOTO
THCKY Ta TMOKPAIIECHH] SKOCTI MPOAYBKH (OYMILEHHS) MIJIIHIPIB. Yce 1e 0e3MmocepeIHbO BIUIUBAE
Ha OCHOBHI po00Yi XapaKTEPUCTHKH JBUI'YHA — MOTYKHICTh, NMaJIMBHY €KOHOMIYHICTh Ta PiBEHb
LIKIUIMBUX BUKUIIB.

KoHCcTpykTHBHI mapaMeTpH KOJIEKTOpa, Taki K KUIBKICTh Ta JOBXHHA BUITYCKHUX KaHAIIB,
dbopma 00’eqHYBaNBHOI KaMepu, KOHQIrypallis TpyOOIpOBOIB, KYyTH iX 3’€HAHHsS Ta 3arajbHa
reoMeTpisi, BU3HAYAIOTh XapakTep BiJBENEHHS BiAMpaboBaHUX Ta3iB i (JOpMyBaHHS XBHIBOBHUX
MpoIIeciB y cuctemi BUMYcKy. Lle, y cBoro 4epry, mo3Ha4aeThCcsl Ha CHHXpOHI3alii (a3 ra3o00Mminy,
BIUTMBAIOYH Ha €(PEKTUBHICTh POOOTH JBUTYHA HA PI3HUX PEKUMaX HABAHTA)KCHHS.

3 ormsy Ha CKIQAHICTh (DI3MUHUX MPOLECIB, 10 BiAOYBalOTbCA y BUIYCKHIN cucTeMi,
BHUHUKA€E TOTpeda y BCEOIYHOMY JOCIIHKCHHI BIUTUBY KOHCTPYKTHBHHX OCOOJIMBOCTEH KOJIEKTOpPA
Ha Horo (yHKIIOHAJIbHI XapakTepucTUKU. OJTHUM 13 HaHePEKTHBHIIINX CY4aCHUX IHCTPYMEHTIB
Ui peaj3amii Takoro aHajmizy € METOAM KOMII'IOTEPHOTO MOJENIOBaHHS. BuKopHucTaHHS
CAD/CAE-mporpam, 3okpema SolidWorks i3 momynem Flow Simulation, mo3Bonsie BHKOHATH
rMOOKe YHWCEeNbHE MOJICNIIOBAHHS TiAPOJUHAMIYHMX Ta TEIUIOTEXHIYHUX TMpoLeciB  0e3
HEOOX1THOCTI BUTOTOBIIEHHS (D I3MYHUX MTPOTOTHUIIIB.

Mertoro naHoi poOOTH € CTBOPEHHS Ta JOCHipkeHHs 3D-Moenei pisHUX TUIIB BUITYCKHHUX
KOJIEKTOPIB, 30KpeMa — CTaHIapTHOI'O Ta BJOCKOHAJIEHOT'O PIBHOAOBIOr0 BapiaHTa. 3a JOIIOMOI OO
KOMIT'FOTEPHOTO  MOJIEJIIOBAHHS  3/1MCHIOETbCA TMOPIBHSUIBHUM ~ aHami3 X KOHCTPYKTUBHHUX
0cOOJIMBOCTEM Ta BIUIMBY HAa OCHOBHI IMapaMeTpU MOTOKY BIJINPALbOBAHUX Ta3iB — TaKHX SK
PO3MOALT TUCKY, TEMIIEpaTypH, NIBUJIKOCTI, a TAKOK €()EKTUBHICTh 3arajJbHOTO BiIBEICHHS Ta3iB 13
mwtiHApiB. OTpUMaHi pe3ylbTaTH 103BOJIAIOTH C(HOPMYBATH PEKOMEHAALli 100 BIOCKOHAIECHHS
reoMeTpii KOJIEKTOpa 3 METOI MiJBULICHHS €(QEKTUBHOCTI POOOTH J[BUI'YHA BHYTPILIHBOTO
3TOPSTHHSL.

Jnst TeopeTdHOrO AociKeHHsT Oyino oOpaHo aBToMoOins Daewoo Lanos 3 aBuryHom
A16DMS. V cepenosumii CAIIP SolidWorks Oyno moOymoBaHo 3D-mojeni TpbhOX THIIIB
BUITYCKHUX KOJIEKTOPIB: cTaHaapTHOro (puc. 1, a), piBHOIOBroro (puc. 2, a) Ta CHpOIIECHOrO (pHC.
3, a). JocnimkenHs mpoBoamiocs i3 3actocyBanusaM moxyist SolidWorks Flow Simulation, ne 6ymno
3MO/IETIbOBAHO POOOTY IBUTYHa B MOMEHT BIAKPUTTS BUIIYCKHOIO KJIallaHa, 30KpeMa IEepLIOro
UTIHApA.

Ha ocHOBI pe3ynbpTaTiB CUMYyJIALIT BCTAHOBJIEHO, 110 THCK Y MOMEHT BUITYCKY HEPEBUIILYE
aTMoc(epHuil, 0 HEraTMBHO BIUIMBAE HA SIKICTh OYHUIICHHS LWIIHIAPIB BiJ BIAMPAIlbOBAHUX ra3iB
(mpoxyBky). Lle MoOke CHPUYMHUTH TMOTIPIICHHS Ta3000MiHY, 3POCTaHHS 3BOPOTHOTO THCKY Ta
MiABUILEHHS TEMIIEPATyp Y 30H1 KJIaNaHiB, 0 3HIDKYE €(DEKTUBHICTD IBUTYHA. 3 METOIO 3HM)KEHHS
3BOPOTHOTO THUCKY OyJO 3alpONOHOBAHO KOHCTPYKIIIO KOJEKTOpa, $Ka CHpPUSE CTBOPEHHIO
PO3pIIKEHHS B CYCIHIX KaHAIaX Y MOMEHT BUITYCKY, TOKPALIYIOYH MPOIEC MPOAYBKH.
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Jns cumynsanii Oynu 3aj1aHi Taki BXiAHI MapaMeTpu IMOTOKY BiANpalbOBaHUX ra3iB 13
AT H]IpA:

— temmnepatypa — 820 °C;

—tHuck — 400 xI1a;

—ckiaan — 75% N, , 15% CO, , 5% H, O (mapa), 5% noBitps;

— THTI TIOTOKY — TYpOYJICHTHHH.

YMOBH HaBKOJMILIHBOTO CEPEOBUIIA HA BXO/lI 3 OOKY KaTaiizaTopa:

— temmepatypa — 20 °C;

—tuck — 100 kI1a;

— cxiaax — 100% moBiTps;

— TUI TIOTOKY — TYpOYJIE€HTHHUH.

[Micns 3amycky cumynsmii Oyau moOymoBaHI TpaekTopii pyxXy Ta3iB i OTpUMaHi Emopu
PO3MOALTY THUCKY, TEMIEpaTypH Ta IIBUAKOCTI B MeKaX KO>KHOT KOHCTPYKIIIT KOJIEKTOpa.

T T femfons=teeT T e 5755240
443851 35

4797087 43015030
37836997 R Horde e

> 40274819

33880926 38004713
20022855 > J1cae08
36164503

250647.84 34704397
33420292

220067.13 i
180486.42 30684081
29313976

14080571 et ro
10132500 26573785
26203659

Pressure [Pa) 238335 56
224634 49

Flow Trajectories 1 21003343
10723238

1836531 32

16983027

15612922

14242816

12872711

11502605

101325.00
Pressure Pa]

X

J

a
Pucynox 1. CrannapTanii BUITyCKHIH KojekTop: a — 3D-Monens, 6 — TpaekTopii pyxy rasis,
B — €III0pa PO3NOJLLY THCKY

3107088 T Terilon 25 S
WU 43103083
3779402 41604420
40105758
32115559 36007095
28481715 37108432
356097 68
167872 34111108
1124 32612043
21120029 31113780
174601 96 20615117
20116455
13796343 Je517702
10132500 191.29
236204 66
Pressure Pa} it
206231 40
Flow Trajectories | 19124477
17625814
161271 52

10132500
Pressure ]

Isosuriaces 3

A

Pucynox 2. PiBHOOBrHi BUITyCKHHI KoJiekTop: a — 3D-Monens, 6 — TpaekTopii pyxy rasis,
B — €IIOpa PO3IOALTY THCKY.

Prossura [P

45102630
47080
7331490
33845020
20560350
26674780
21789210
17903640
14018070
101325.00

Pressurs [Pal
Flow Trajectories 1

a 0 B
Pucynoxk 3. Criporenwuii BUITycKHHUI KoJiekTop: a — 3D-mozens, 6 — Tpaekropii pyxy rasis,
B — CIIOpa PO3MOITY THUCKY.
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“CraHmapTHHE "-PiBHOZOBrHH = CIIpOIIeHHEH

Pucynox 4. Jliarpama 3aj1e:KHOCTI MAKCUMAJILHOTO THCKY BUXJIOITHUX ra3iB Ha BUXOJ1 3 KOXKHOTO HMTIHAPA Bij
KOHCTPYKIIii BUITYCKHOTO KOJIEKTOpa

BucHoBku:

MaxkcumanbHUi 3BOPOTHHH THCK CIIOCTEPIraBcs Yy KOHCTPYKLISX 3 HEPIBHOMIPHOIO
JOBKMHOKO KaHajiB (CTaHIAPTHHUM Ta CIPOIIEHWH BapiaHTH), IO MOTIPIIYE YMOBH IMPOJYBKH Ta
HETaTUBHO BIUIMBA€E HA €(PEKTHUBHICTH pOOOTH ABHUTYHA.

PiBHOMOBII KONEKTOpH 3a0€3MEeUMIM Kpaluidi Ta3000MiH, 3MEHIIIEHHS 3BOPOTHOTO THCKY Ta
OLIBII €pEeKTUBHE OYUIIICHHS [IMITIH/IPIB.

TeMmrepaTypHe 1oJjie B PiBHOJOBIOMY KOJEKTOpi Oylio OUIBII PIBHOMIPHUM, IO CHPHUSE
3HMKEHHIO JIOKAJIBHOTO TETJIOBOI'O HABAaHTAXXKEHHS HA OKPEMI JUISHKH, MiABUIIYIOYH HAIIHHICTD Ta
JIOBI'OBIYHICTE €JIEMEHTIB CUCTEMHU.

3acTOCyBaHHS KOMIT FOTEPHOTO MOJICIIIOBAHHS JO3BOJUIO €(PEKTUBHO MOCTIJWTH BILIUB
reoMeTpii BUITYCKHOTO KOJIEKTOpa Ha PO3MOJAUI MapaMeTpiB IMOTOKY Ta 3poOUTH OOIPYHTOBaHI
BHCHOBKH MO0 JOIUIFHOCTI BIPOBAKEHHS PIBHOJOBTUX KOHCTPYKINHA Y CEPIHHUX TBUTYHAX.
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VJIK 621.891

IJIBHIITEHHA 3HOCOCTIHKOCTI BTYJIKH KYJIICH MEXAHI3MY
IIEPEMHKAHHA IIEPE/IAY JIETKOBOI'O ABTOMOBIIA

B.I1. CBigepcbkuii, 0oy., kano. mexu. HayKx,

JI.M. KupunueHko, cmapuiuii HayKo8uti cniepoOimHux,

H.B. Bouk, cm. ep. AT 22-1

XmenvHuyvkuii HayioHantbHUl YHigepcumem, M. XmeabHuybKutl, Ykpaina

VY cy4acHOMY MalIMHOOYAYBaHHI 3pOCTaHHS MUTOMHUX HaBaHTAXEHb Ta LIBHJIKOCTEH pyXy
YCKJIQJIHIOE eKCIUTyaTalliifHi yMOBH JeTajedl 1 By3JiB MalllMH, M0 CIPUYUHSE 301TbIICHHS
IHTEHCUBHOCTI 3HOCY KOHTAaKTYIOUMX TOBEpXOHb. Hapasi BuHHMKIA mpoOsemMa IiIBUIIECHHS
3HOCOCTIMKOCTI BTYJKH KYJICH JITKOBOTO aBTOMOOINS, MO JO3BOIIIO O MOKPANIUTH HAMIHHICTH
MeXaH13My [IepEMUKaHHS epeay 3arajaoM.

3 BHHAHJEHHSM BHCOKOTEXHOJOTIYHOTO MaTepiany (iayOoOH TMOsSBUIACH MOMKIIUBICTh
3aMIHUTH TMOJIIETUJIEH Ha AaHTUQPUKLUIHHMA KapOOIUIaCTHK, XapaKTEpUCTHKH SKOTO 3HAYHO
MePEBEPIIYIOTh MOJIIETHIICH B TaKUX yMoBax [1].

[TopiBHSIBHI ~ JOCHI/DKEHHS ~ MEXaHIYHMX,  TEINIOQI3MYHMX Ta  aHTHQPUKIIHAHUX
BJIACTUBOCTEH TEPMOIUIACTIB, SIKI apMOBaH1 BYIJICHEBUMH Ta CKJISTHUMHU BOJIOKHAMHU TOKa3alu, 110
KapOOIIaCTUKM MaloTh Kpallll XapaKTePUCTUKU HI)K TEpMOIJIACTH, apMOBaHI CKJIOBOJIOKHOM: 3a
MOJIyJIeM 3THHY y 2 pa3u, 3a TEIUIONPOBIAHICTIO B 2—3 pa3u 1 B 2 pa3u HWXKYY Aeopmaiiio Ta
noB3yuicte [2,3]. Lli BHUCHOBKM 1 CHPHSUIM BHUKOHAHHIO JOCTIDKEHb XapaKTEPHCTUK
(dbToporIacTOBUX MarepianiB, SKi HAlOBHEHI BYTJIEIEBO-BOJOKHHUCTUMH MarepiajaMu Ta
MaTepianiB Ha OCHOBI (TOPOIUIACTIB, MOAM(PIKOBAHUX KOMOIHOBAaHUMH HAIlOBHIOBAYaMH 3 METOIO
MIJIBUIIEHHS. 3HOCOCTIMKOCTI BTYJIKM KYJICH MEXaHI3My TIepEeMUKaHHS Tepead JIETKOBOTO
aBToMOO1Is [4].

Merta 1 3aBAaHHS AOCHIIKEHHS. MeToio poOOTH € MiABHUILEHHS 3HOCOCTIHKOCTI Mapu TePTs
BTYJIKa — BICh METOJOM 3aMiHHM Martepiaiy mojiieTuiieH-B Ha ¢ToporutactoBuii aHTHQPUKIIITHAN
KapOOIIacTHK.

Jly1 BUKOHaHHS [TOCTaBJIEHOI METH B pOOOTI BUBHAYEHO HACTYIIHI 3a]ayi:

—  JUIs TOKpalleHHS (I3MYHMX, MEXaHIYHUX Ta AaHTUQPUKUIHHUX XapaKTepUCTUK
KapOOIIacTUKIB TUITY (UIyOOH TOCIIIUTH BIUIMB BYIJIELIEBUX BOJOKOH Ta BHJIB (PTOPOILIACTY HA
BIIACTHBOCTI MaTepialiB;

— PO3pOOUTH METOAUKY Ta BUKOHATU JOCIIKEHHS 3HOCOCTIMKOCTI MOJTIMEPHOTO 6a30BOTO
MaTepiany nojietuineH-B ta antudpukuiinoro kap6ornactiuka @4K10BB10.

JocnimkeHHs aHTUQPUKIIHHUX BIACTHUBOCTEH MOJIMEPHUX MaTepiajiiB BUKOHYBAJIHU 3a
CXEMOIO KOHTaKTy «cdepa — muiomuHa». [Ipy HOpMalbHOMY NOCTIHHOMY HaBaHTa)KEHHI1
JOTPUMYBAJIUCh PEKUMY 3MIHHUX T'PAHUYHHX MUTOMHUX HaBaHTaXeHb. 3pas3ku miametpom 10+0,1
MM Ta Bucotoro 10+0,1mMm 3 kiHIEBOIWO cdepor pamiycy 6,35 MM KOHTakTyBalu cdeporo Imo
IJIOMIMHI METAJIeBOTO KOHTPTINA, 10 BUroTOBIeHE 13 ctaii 45 HB = 4,54+0,18 I'Tla, xiameTtp sikoro
60+0,15 mm Ta Bucora 10+0,15 mm. MeraneBe KOHTPTLIO 0OpPOOJIECHO O MOYATKOBOTO CEPEIHBO
apudMeTHIHOTO BIIXWICHHs nmpoduto moBepxHi Ra = 0,2+0,03 MxwM.

KoedimieHt Tepts Bu3HaUamu 3a GopMynor:

FTP_ L'f 1
N Rp-N' (1)

ne Frp — cuma tepts, H; N — nopmanbshe HaBantaxkenusi, H; Ryp — paxiyc Teptst, mm; f —
3ycuLIs, sike Jii€ Ha TeH300anky, H; L — miede momenty tepts M| = f L, [mm-H].
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3a pesynbTaTaMH JaHOTO JOCHTIDKEHHS MiIPaxOBYBaJIM IHTEHCHUBHICTH 00’ €MHOTO
3HONIYBaHHS JUIS NUIAXY TepTs AS;:

vy 2)

ne AVy; — 3MiHa 00’ eMy i-3pa3ka Ha MPOMIKKY Huiaxy Tepts Bix 0 mo 3 kM (mepiwmii etan
JTOCJTIIPKEHHS BIATIOBITa€ HEHIMHIN 3a7I€KHOCTI 3HONTYBaHHS B[l IUIIXY TEPTH);

AV, — 3MiHa 00’eMy i-3pa3ka Ha MPOMDKKY HUIAXy TepTs Bix 3 mo 50 km (npyruii eramn
JTOCITIIPKEHHS BIATIOBIAA€E JIIHIMHIN 3a7I€KHOCTI 3HOUTYBAaHHS BiJl IUISIXY TEPTH).

Hopmanpae nHaBanTaxkeHHs Ha oauH 3pa3ok Ni = 100 H, mBuakicts koB3anus V = 0,3 m/c,
TeMIeparypa 3aMmipsaiachk Ha Biactani 0,5—1 MM BiJ MOBEpXHI KOHTPTLIA 1 MpU BUMIPOOYBaHHI 0e3
MameHHs cranoBmia T = (323 +2) K.

JlocmimpkeHHS POoBOIMIH Ha IIisixy Tepts S; = 0...3 kM Ta S = 3...50 kM. Pesynbratn
BUKOHAHHUX BUNPOOYBaHb LIS APYTOTO €TaIly AOCHiKEHb (Sp) mpencTaBieHi Ha pucyHky 1.

IHNTEHCHBHCTH 3HOCY,
mm¥(Hem), 107

1 — dropomnact 411H (80 mac. %) + ByrieneBe BojgokHO 3 TkanuHu Texapm (20 mac. %); 2 — @Topormnact
4TTH (80 mac. %) + Byrierese BoJOKHO 3 TKanuHu Tekapm (15 mac. %) + ByrierieBe BOJIOKHO 3 TKanuHu Ypan-T15 (5
Mac. %); 3 — dropormact 4ITH (80 mac. %) + Byrienese BOJOKHO 3 TKaHWHU TekapM (5 mac. %) + Byrienese
BOJIOKHO 3 TKaHuHu Ypan-T15 (15 mac. %); 4 — @roporutact 41TH (80 mac. %) + Byrienese BosokHO 3 Tkanuau TTH-
2M (5 mac. %) + ByrierneBe BOJIOKHO 3 TKaHHHK Ypan-T15 (15 mac. %); 5 — @roporutact 41TH (80 mac. %) +
ByIJjeneBe BojokHo 3 TkauuHu TT'H-2M (10 mac. %) + ByrieneBe BoJIOKHO 3 TkanuHu Ypan-T15 (10 mac. %); 6 —
®roporutact 4ITH (80 mac. %) + Byrieuese BomokHo 3 TkanuHU TI'H-2M (15 Mac. %) + ByruerneBe BOJIOKHO 3
TkaHuHU Ypan-T15 (5 mac. %)

Puc. 1 —T'icrorpama iHTeHCHBHOCTI 3HOCY aHTHPpUKIiITHNX MaTepianiB @4BB20 MmoanikoBaHUX pi3HUMHI
BYTJICIEBUMH BOJIOKHAMH Ta X KOMOIHYBaHHAMHU JJIS PYTOTO €Taly MOCTiKeHHS pa S; = 3...50 kM

3a pe3ynbraTaMu BUIIPOOYBaHb BCTAHOBICHO, HAMOLIBIIY 3HOCOCTIWKICTH Ma€ KOMITO3HUITis
®4BB20, sika HarmOBHEHA BYTJICIIEBUM BOJIOKHOM Tekapm — 5 mac. % Ta BYIJICEIIEBUM BOJIOKHOM
VYpan-15 — 15 mac. %. 3HOcoCTIHKICTh IIboro MaTepiany Ha 25 % mnepeBaxae matepian ©4BB20,
HaroBHeHH 20 mac. % ByrjaeneBoro BOJOKHA 3 TKaHUHU TekapM.

Hanecenns Ha ByrieneBy TKaHUHY a00 BOJIOKHO (PTOPOILJIACTOBOTO MOKPUTTS MPUBOIUTH 110
IIIBUIIEHHS 3HOCOCTIMKOCTI KOMIIO3HUIIIHHOTO MaTepiany B necsaTkd pasiB [2,3]. Pazom 3 Tuwm,
BiJICJIIZTKOBYETBHCS IT1IBUIIICHHS MIIIHOCTI, 301JIbIIEHHS MOYJISI IPY>KHOCTI, @ TAKOX MiABHIYETHCS
TEPMOCTIHKICTh Ta XIMCTIMKICTh Marepiady. HaHeceHHS Ha BOJIOKHHCTI BYIJICIIEBI MaTepiain
(TOPOIUIACTOBOTO MOKPHUTTS MiJBUINYE BTOMHY MIIHICTh B JIECATKH THCAY pasiB. Buxonsum 3
IIBOTO, JUISl TTOKpAIICHHS aHTU(QPUKIIIHHUX XapaKTepucTuK kapoormiactukie ®4BB20 Ha moBepxHIO
ByTJeneBoi TKaHWHU TekapMm Oynmo HaHeceHO TOKpHTTA Droporutacty-4 “MB”. JlocmimkeHHS
3HOCOCTIMKOCTI BUKOHYBaJH 3a cxemow chepa — miuomuHa. HopmanbHe HaBaHTaKeHHS Ha OJHH
3pa3ok N;= 100 H, npu mBuakocti koB3anus V = 0,45 m/c, Temneparypa 3amipsiachk Ha BiJCTaHi
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0,5 — 1 MM Bix MOBepXHi KOHTPTLIA 1 MpH BUMIPOOyBaHHI 0e3 mamieHHs ctaHoBuina T = (323+2) K.
Excriepumentn npoBoawmm Ha moisaxy tepts S;= 0...3 kM, Sp; = 3...13 kM. Pe3ynpTaTét BUKOHAHHX
JOCTiIKEeHb TIpeIcTaBIeHi y Tabmui 1.

Tabmuus 1 — AHTUOPUKLIINAHI XapaKTEPUCTUKU
Mapkamu ¢GToporacty-4.

kap6omnactukie ®4BB20 3 pizHumun

IaTeHCUBHICTD [HTeHCHBHICTD Koedimient
Ha3zBa matepiairy Ta 3HOCY, 3HOCY, TepTH,
ckiaj, mac. % MM3/(H'M), -10® MM?’/(H-M), -10°® v
S1=3 km S$,=3...13 kM
®4BB20-4 “Mb” 3 NOKpUTTAM
®-4 “MB” Ha Byrenesii 1,265 0,7098 0,269
TKaHHHI
®4BB20-4 “J1” (d-4/1 — 80,
Texapm -5, Ypan-T15 — 15) 2,172 3,37 0,35
®4BB20-4 “T” (©-4T — 80,
Tekapm -5, Ypan-T15 — 15) 1,807 0,853 0,273
®4BB20-4 “0”,(d-4 “0” — 80, 3,124 4,934 0,297
Texapm —5, Ypan-T15 — 15)
AHanmizyroun BHUKOHAHI JOCTI/DKEHHS, MOXXHa 3pOOUTH BHUCHOBOK, M0 HAWHWKYY

IHTEHCUBHICTH 3HOCY Ta KOE(]IIIEHT TepTs Mae KOMITO3ULIWHUI MaTepiaj HAMOBHEHUH BYTJICLIEBUM
BOJIOKHOM 3 TKaHUHM TekapM, Ha MOBEPXHIO SKOro Oyl10 HaHECEHO (PTOPOIUIACTOBE MOKPHUTTS
®droporutact-4 “Mb”.

Kap6omnactuku ®4BB20 3 pizHUMH MapkamMu (QTOPOIIACTIB 32 IHTEHCHUBHICTIO 3HOCY
MOJKHA PO3TaIlyBaTh y Takuid psg: @-40"< @-4“/1"< ®-4“T”. HallOi1bIry 3HOCOCTIMKICTh MalOTh
KOMIIO3UIIIIHI MaTepiany Ha OcCHOBI (hroporacty-4“T”.

JlocmiKeHHsT MEXaHIYHUX XapaKTePHCTHK TPU CTHCHEHHI KOMITO3UIIIMHUX MartepialiB
®4BB20 BuxonyBanu 3a 'OCT 4651-82 CT. Ilepen exciepuMeHTaMH 3pa3Ku KOHIHUIIIOHYBAIM 32
I'OCT 12423-66 na mpotsi3i 16 romun mpu Temneparypi 23+2 C Ta BigHOCHI#H Bosorocti 50+5 %.

BumnpoOyBanHs mpu CTUCKYBaHHI aHTU(QPUKUIKHUX  (TOPOMIACTOBUX MaTepialiB
BUKOHYB&JIM 3 JOIOMOIOI po3puBHOI MamuHM Mapku P-0,5. 3pasku s pocnijikeHb Oyiau
BUTOTOBJICHI Y BUIJISAL IMITIHAPIB AiameTpoM 10 MM Ta Bucotoro 15 mm. JlocmikeHHS TPOBOAUIN
3 IIBUJKICTIO PYXY PYXOMOi TpaBepCH pO3pPUBHOI MalIUHU 2,5 MM/XB. MIIIHICTh NpU CTUCHEHHI B
MIlIa po3paxoByBanu 3a (OpMYJIOI0:

N
s N (3)
F
. 2
ne N — HopmanbHe HaBaHTakeHHs, H; F — muiomia nonepeyHoro nepepisy 3pa3ka, MM .
MinnicTs nipu cTUCKYBaHHI Kapoormiactukie @4BB20 3 pisaumu mapkamu (roporiacty-4

MpeJicTaBIeHo B TabmuI 2.

Tabnuusg 2 — MinHicTh IpU cTUCKYBaHHI kapOorutactukiB ©®4BB20

Hasra MinHICTh PY CTUCKYBaHHI, G,
MmaTtepiany Mlla
5% nepopmyBanns | 15% nepopmyBanns | 25% nedopmyBaHHS
®4BB20-4 “O”, (©-4 “O”) 17,899 39,97 65,1274
®4BB20-4 “/1”, (P-4 “[1) 20,13 46,37 70,96
®4BB20-4 “T”, (P-4 “T”) 14,65 39,62 68,41
®4BB20-4 “Mb” 15,92 31,75 —

Ct. 40
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AHani3 ofep>kaHuX pe3yabTaTiB MOKa3aB, M0 HANOUIBIITY MIIHICTh MPH CTUCKYBaHHI Mae
kap6omnactuk ®4BB20-4 “/1”. V kapb6omnactuka ®4BB20-4 “T” MIUHICTP IpU CTUCKYBaHHI
Je10 HUKYa, a HAHM)KYa MILHICTh NTPU CTHUCKYBaHHI y kapOorutactuka ©®4BB20-4 “O”.

Orxe, 3a pe3ylnbTaToM AaHTUQPUKIIHHUX Ta MEXaHIYHUX JIOCHKeHb JOILLUIBHO
BUKOPHCTOBYBATH JJisi MPUTOTYBaHHS KoMmno3uliitHux MatepianisB ®4BB20 ¢ropomnact-4 “T” ta
HAHOCHUTH Ha TIOBEPXHIO BYIJICIIEBOT TKAHUHU TekapM Mokputts propormiacty-4 “Mb”.

JlocmimKeHHs 3HOCOCTIMKOCTI MoJiMepHOro 0a3oBOTO Martepially TojieTwieH-B  Ta
anTu@pukuiiiHoro kap6oractuka ®4K10BB10 BukoHyBanu 3a CX€MOIO  KOHTaKTy «KOHYC —
wiomuHay. [Ipu HOpManabHOMY HaBaHTa)keHHI Ha oauH 3pa3ok Ni = 100 H BukopuctoByBasn
3pa3ku y popmi kBagpaTy po3MipoMm 3X3 MM Ta BHCOTOIO 12 MM 13 BEpXHIM KOHYCOM ITiJI KyTOM
90°. Kontprino, miamerp sxoro 60+0,15 mm ta Bucora 10+£0,15 mm, Buroromnene i3 crami 40X
HRC = 44-48 i oOpo0ieHO O MOYAaTKOBOTO CEepeIHhOAPU(METUIHOTO BIAXWICHHS MPOdiIo
noBepxHi Ra = 0,2+0,03 MkMm.

Pesynbraty mociipkeHb 3 BU3HAUYCHHSIM IapaMeTpiB MoJesi 3HOImyBaHHS [5] HaBemeHi y
Tabmumi 3.

Tabnuis 3 — Pe3ynbratsl 1OCHIHKEHD 3 BU3HAYCHHSIM MTapaMeTPiB MOJIeITi 3HOITYBaHHS

0 . U ,
Ne Marepian m Kw S.M N 1\\,4\/ K
1 [onietunen-B, 0.5 0,00688 504 0.773 .
0e3 MalleHHs
2 ®4K10BB10, 45 0.4296 504 49910 1549
0e3 MalleHHs
3 [Monietunen-B,
mactuino TAJI-17 2,5 0,0824 1224 0,745 1
4 ®4K10BB10, .
mactiiio TAJI-17 3,5 0,01873 1224 9,468-10 787

[opieusuus (K) 3HOCY MaTepiainis, Uy:
(1/2), K= UW1/UW2
(3/4), K=Uus/Ups

Beranosneno, mo kommnosuuiinuil antudpukuiinuit matepian @4K10BB10 npu tepTti 0e3
MaIlleHHs 32 3HOCOCTIMKICTIO IepeBakae 0a3oBMi MmaTepian moiietuieH-B y 1549 paszis, a npu
tepti y Mactwiti TAJl-17 — y 787 pasis.

Takum ymHOM, Oyno 31ilicHEHO BHOIp Ta OOTPYHTYBAaHHS TEXHOJIOTIYHOTO METOIY
MIJIBUIIEHHS 3HOCOCTIMKOCTI BTYJIKHM KYJICH MEXaHI3My TepeMUKaHHS TIepeaad JIETKOBOTO
aBTOMOOUIS LUIAXOM 3aMiHU mosieTwiieHy-B Ha xapOomnactuk @4K10BB10. ExcniepumenTanbHi
JIOCJTIJDKEHHST 3HOCOCTIMKOCTI aHTH(PPHUKIIHHUX MarepiaiiB Oyld MiATBEPKEHI pe3ylbTaTaMu
PO3paxyHKiB 3 BU3HAUEHHIM MapaMeTpiB MOJIEI] 3HOIIYBAHHS.
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JOCIIIZKEHHA ®I3HKO-XIMIYHHX BIACTHBOCTEH
TPUKOMITIOHEHTHOI INTAJIHBHOI CYMILII HA OCHOBI FIOETAHO.TY,
AHU3EJIBHOI'O TA BIOJU3EJ/IBHOI'O 1IA/IUBA

A.A. IITyub, Kano. mexH. HayK
Binnuyekuii nayionanvruii acpapuut yHisepcumem, m. Binnuys, Yxpaina

VY cydacHuX yMoOBax TJIOOQJIbHOTO TMOTEIUTIHHSA, EHEPreTHYHOi KpU3UW Ta MOCTIHHOrO
3pOCTaHHS I[IH Ha TPaJUIliiHI BUKOMHI €HEProHOCII 0COOJMBOI aKTyalbHOCTI HaOyBae mpoodiiema
MEepexoay IO BHUKOPUCTAHHS aJbTEPHATHBHUX Ta BiJIHOBIIOBAHUX Jpkepen eHeprii. OmHuMm i3
MEPCIEeKTUBHUX HAMPSAMIB  PO3BUTKY MaJIUBHO-CHEPreTUUYHOTO KOMIUIEKCY € CTBOPEHHS
IHHOBAIIMHUX TMaJMBHUX CyMilleH, siki O MmoegHyBaid B cOO1 €KOJOTiuHy O€3MeYHICTh, BUCOKY
E€HEepPreTHUHy e(EeKTUBHICTh Ta CYMICHICTH 13 ICHYIOUMMH JBUTYHAMH BHYTPIIIHBOTO 3TOPSHHSA,
30KpeMa y CKJIaJi KOT€HEpaliiHUX YCTaHOBOK, L0 3a0e3MedyloTh OJHOYACHE BHPOOHHIITBO
€JICKTPUYHOI Ta TEIJIOBOI CHEprii.

Cepen 3amporOHOBAHHX pIMIEHh YyCE OLIBIIOTO IONIMPEHHS Ha0yBa€ BUKOPHCTAHHS
TPUKOMIIOHEHTHHX MaJTUBHUX CyMIIIEH, 10 CKIaay SKUX BXOASTh: 010€TaHOJ, JU3elIbHE MaMBO Ta
Oiogm3ens. Takuii MiAXiA T03BOJNSIE MAKCHUMAIBHO €(PEKTHBHO TOEIHATH IEpPEBard KOXKHOTO 3
KOMITOHEHTIB 1 CTBOPUTH 30aT1aHCOBAHE 32 BIACTUBOCTSIMU QJIbTEPHATUBHE MAJIHBO.

BioeTaHoI € €KOJIOTIYHO YUCTHM CIIUPTOM POCIUHHOTO MOXO/PKEHHS 3 BUCOKHMM OKTaHOBUM
qHCIIOM, 110 3a0e3mneuye Kpaile 3TOpsIHHS MaiuBa Ta 3MEHIICHHS TOKCHYHUX BUKHIIB. JM3enpHe
MAJIMBO - 1€ TPAAWIIIHHE JKEPero €Heprii 3 BHCOKOI0 TEIJIOTBOPHOKO 3JATHICTIO, SIKE IIHPOKO
BUKOPHCTOBYETBCS B TPAHCIOPTi, €HEPreTUlll Ta MPOMHCIOBOCTI. bioausens, y CBOIO uepry, €
BIIHOBJTIOBAaHUM TIaJIbHUM, BUTOTOBJICHUM Ha OCHOBI POCIMHHUX a00 TBapUHHHUX >KUPIB, Ta THOI.
Bin Mae m00pi MacTWIBHI BIACTUBOCTI, CIPHUSE 3MEHILIEHHIO BUKHUAIB IIKIATUBUX PEUYOBUH Ta €
010JI0T1YHO PO3KIIATHUM.

3acToCyBaHHS TPHUKOMIIOHEHTHOI TAJMBHOI CYMIII JO3BOJSIE HE JIHIIE 3MEHIIUTH
3aJIeXKHICTh B1J] HAQTOMPOAYKTIB, aje N MiJBUIIUTH €KOJIOT1YHY €(QEeKTUBHICT, pOOOTH ABUTYHIB,
MOKPAIIUTH €HEePTeTUYHI MOKA3HUKH, 3HU3UTH BUKHJU BYIJICKUCIIOTO Ta3y Ta 1HIIMX IIKiIJIUBUX
pedoBuH. lle, y cBOIO uepry, CTBOpIOE MEPEAYMOBH JUIsl PO3IMIMUPEHHS cepu BUKOPUCTAHHS
JIbTePHATHBHUX TAJIUB y TPAHCIIOPTHOMY CEKTOPi, EHEPreTHIll, arpapHOMY BUPOOHUIITBI Ta 1HIIIUX
raxy3siX MMPOMHCIIOBOCTI.

Mertoto gaHoi poboTH € AOCTIKEHHS (13UKO-XIMIYHUX BIACTHBOCTEH CyMilIeil 3a3Ha4eHUX
KOMITOHEHTIB Y Pi3HUX CIHIBBIIHOUICHHSX, 3 TOJAIBIINM BU3HAUYCHHSAM ONTHUMAJILHOTO CKIIAIY JJIS
€(eKTUBHOTO I €KOJIOTIYHOTO 3aCTOCYBAaHHS Y TU3EIbHUX JBUTYHAX.

VY cBiTOBI# Ta BITUM3HSHIA HAYKOBIH JITEpATypi ICHYE YUMAJIO JOCTIIKEHb, MPUCBIYCHUX
OilomanBam. 30KpemMa, BCTAHOBJICHO, IO JTOaBaHHS 010€TaHOIY A0 JU3EIHLHOTO MaJIBa IMMOKPAIIYe
MIPOLIEC 3rOPsIHHS, MPOTE MOXKE 3HMKYBATH 3MallyBajbHI BIACTUBOCTI cymilii. bioausensb, y cBoro
4epry, KOMIEHCY€E Lel HEeIO0JiK, BOAHOYAC MOKPAIIYIOUX 30JIbHICTh 1 3HIKYIOUH €MICiI0 4aJHOTO
rasy[1,4,5].

JloCITiIPKEHHS CB1/I4aTh, 1[0 ONTHUMAaJIbHE CIiBBIIHOMIECHHS KOMIIOHCHTIB MOJKE 3aJIC)KaTH BiJT
iJIed BUKOPUCTAHHS: MaKCUMI3allil eHepreTuyHoi e(heKTUBHOCTI, MiHIMI3allli TOKCHYHUX BHKHUJIIB
a0 3a0e3nevyeHHs cTablIbHOCTI CyMillli TPU HU3BKUX TEMIIEpaTypax.

Bukiian ocHoBHOrO Martepiany. J{iisi mpoBeAeHHS AOCHTIKEHHS TPUKOMIIOHEHTHOT MajJIUBHOL
cyminni 0ys0 BUKOPUCTaHO BUCOKOSIKICHI KOMITOHEHTH, 110 BiJNIOBIJAIOTh CY9aCHUM CTaHAApTaM Ta
BUMOTaM JO aJbTepPHATUBHUX MajuB. Bulbip came mnux warepianiB OOYMOBIEHHUU IXHBOIO
JOCTYITHICTIO, TEXHIYHUMH XapaKTCPUCTUKAMH, a TAaKOX MOXKIUBICTIO €)EKTUBHOTO TIOETHAHHS B
pamMKax €IMHOI CyMillli U 3aCTOCYBaHHS Y TU3EIbHUX JBUTYHAX.
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bioertanon. YV pocmimkeHHI BUKOPHCTOBYBaBCS 0l0e€TaHON 13 piBHEM O4HIIeHHA 99%,
neHatypoBaHuil. bioeraHon Oyno oOTpuMaHO HIISAXOM (epMeHTalii IIyKpOBMICHOI CHPOBHUHU
POCJIIMHHOTO TOXOJDKEHHS, IICJIA 4YOro 3A1MCHEHO J0JaTKOBE OYMILEHHS JUIsl JIOCSTHEHHS
HEOOXITHOTO CTYIEHs YMCTOTH. VIOro OCHOBHOIO HEpEBATOI0 € BHCOKE OKTAHOBE UYMCIIO, 100pa
3MINIYBaHICTh 3 IHIIMMHM TalMBaMH, a TaKOX 3/IaTHICTh 3HIKYBAaTH €MICII0 TOKCHYHHX
KOMIIOHEHTIB Yy BUXJONMHMX Ta3ax. JleHaTypoBaHuii OioeraHon oOpaHO i 3a0e3neueHHs
0e3MeYHNX YMOB JIOCIIIKEHHS Ta BiJIMOBIAHOCTI PETYISITOPHIUM BHMOTaM.

JmzenpHe mamuBo. B sikocTi 6a30BOTO BHKOMHOTO KOMIIOHEHTa BHKOPHCTOBYBAJIOCS
Iu3elbHEe TManuBo, sike BiamoBimae Bumoram cranzaapry HCTY EN 590:2018. Lleit cranmapt
BU3HAYae (HI3UKO-XIMIYHI MMOKAa3HUKH, TaKl K HIUTHHICTh, B’A3KICTh, TEMIIEpATypa Crajgaxy, BMICT
CipkM TolIO. 3a3HaueHe [W3eJbHE MaJMBO IIHPOKO BUKOPUCTOBYETHCS y IMPOMHUCIOBOCTI Ta
TPAHCIOPTI, € CTAOUIBHUM JIKEpEsIoM €eHeprii Ta 3abe3nedye BHUCOKY TEIUIOTY 3ropsHHsS. BoHo
CJIYTYBaJIO OPIEHTUPOM Y MOPIBHSAHHI BIaCTUBOCTEH 3 MOAM(DIKOBAHUMU MATUBHUMH CyMillIaMH.

bioguzens. TpeTiM KOMIIOHEHTOM MJOCHIIKYBaHOI cyMilnl € O0loau3enb, BUPOOJICHUN
METOZIOM JIY’KHOI ecTepudikallii 3 BUKOPUCTAHHSIM METAHOJY Ta ParcoBoi OJii SIK CUpOBUHHU. B
pe3ynbTaTi peakuii oJaep)kaHO METWUJIOBI edipu >KUPHUX KHUCJIOT, SKI BIJIMOBIIAIOTH BUMOTAM
crangapty EN 14214. Bioguzenb XapakTepU3yeThCsl JOOPUMH MACTHIIBHUMH BJIACTHBOCTSMU,
BHCOKHM I€TAHOBUM UHCJIOM, a TAaKOX MEHIIOK TOKCHYHICTIO NPOIYKTiB 3ropsHHA. Moro
3aCTOCYBAaHHS B NAJUBHIN CyMilll CHpuUsi€e MiIBUILEHHIO €KOJIOTIYHOT OE3MEeKH Ta MOKpAIlEeHHIO
nporiecy 3MarieHHs aetaneii apuryna [1,2,3]. Yci koMImoHeHTH mepe 3MilyBaHHIM OyJId IiaaaHi
NEPBUHHOMY KOHTPOJIIO SIKOCTi, BKJIIOYAIOUM BI3yaJbHUHM OTJISA, TEPEeBIpKYy Ha HASIBHICTh
MEXaHIYHUX JOMIIIOK, a TAKOXK OIIIHKY OCHOBHHUX (h13UKO-XIMIYHUX TapaMeTPiB 3T1THO 3 YNHHUMH
METOAMKAMH.

Tabmums 1 - Cxunagum cymimeit. s omiHku  ¢i3UKO-XIMIYHMX BJIACTHBOCTEH Oyiu
copMoBaHi Taki MPOTOPIIii:
Cymim Bioeranon (%) Huzenb (%) Bioguzens (%)
Sl 10 70 20
S2 15 65 20
S3 20 60 20
S4 20 50 30

[TapameTpu mociKeHHS. Y KOXKHOMY 3pa3Ky BU3HAYAIUCH TaKi (hi3UKO-XIMi4HI BIACTUBOCTI:

- ryctusa (npu 15 °C);

- KiHeMaTu4Ha B’s13KicTh (40 °C);

- TEMIIEpaTypa 3aiiMaHHs;

- HIDKYA TETUI0Ta 3TOPSHHSA

- CTaOUIBHICTB CyMillIi (BIICYTHICTh pO3IIApyBaHHS);

- BMICT BOJY;

- 30JIbHICTb.

Pesynbraté Ta ix aHamiz. OTpumaHi pe3ylbTaTH CBiqUaTh MPO CYTTEBUI BIUIMB KOHIIEHTpALIi
0loeTaHONly Ha TEeMMEpaTypy 3aiiMaHHsA Ta B’S3KICTh MAJMBHOI CyMimm. 31 30UTBIICHHSM YacCTKH
010€TaHOJTy 3MEHIIYETHCS B SI3KICTh, 110 MO3UTUBHO BIUIMBAE Ha MPOLEC PO3MMIICHHS MajnBa B Kamepi
3ropsiHHS. BojHOYac Temmeparypa 3aiiMaHHS TMPU IbOMY 3HMDKYETBCS, IO MOXE MPH3BOIUTH IO
npo6JIeM i3 camo3aiiMaHHIM Y JM3ENIbHUX JIBUT'YHAX MPU XOJIOIHOMY 3aITyCKYy.

biommzens kommeHcye 1ell egeKkT 3a paxyHOK OUIbIIOi B’A3KOCTI Ta 3MalllyBaJlbHUX
BiactiBocTel. Halikpaii excrutyatamiiiHi BrnacTHUBOCTI mokasana cymim S2 (15% 6ioetanomy, 65%
msnamBa, 20% Oloausento), M0 TO€AHYe TPUHHATHY TeMIIepaTypy 3aiiMaHHs, CTaOUIBHICTh Ta
JIOCTATHIO TETJIOTY 3TOPSHHSL.
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Tabmun 2 - Pi3uKo-XiMiuHI XapaKTEPUCTUKH TPUKOMITOHEHTHUX MAJTMBHUX CYMIIIISH.

. . . Temora
Cymimm bioeranon | Iuzens | bioguzens | Temneparypa | I'yctuna | B’s3kicTh SropAHHA
% % % saiimanns (°C Kr/m3 MM?/C
) | ) | () CC) | Gerhe) | (o) | (PP
Sl 10 70 20 60 835 2.5 415
S2 15 65 20 56 838 2.3 40.8
S3 20 60 20 52 840 2.1 39.9
S4 20 50 30 54 845 2.6 39.5
TemnepaTypa 3alMaHHA vs bioeTaHon (%) l'ycTuHa vs bioeTaHon (%)
5 60f
< 844 |
% 581 [
S T 842}
= )
5 s6 1 © 840f
o =
= 5
% sal > 838
= L
gl | | | | | | 836 , | | | | ‘
10 12 14 16 18 20 10 12 14 16 18 20
BioeTaHon (%) BioeTaHon (%)
B'azkicTb vs bioeTaHon (%) Huxx4ya TennoTa 3ropsaHHA vs bioeTaHon (%)
526 ~ 415
2 25 Fa1o0
§ 241 £
= E 405
© 23 °
= 2 40.0
g1} i , ‘ i ¢ 4 ® 39.5 i . i | § ‘
10 12 14 16 18 20 10 12 14 16 18 20

BiceTaHon (%) BioeTaHon (%)

Pucynoxk 1 — ®izuko-xiMiuHi XapaKTEpUCTHKN TPUKOMIIOHEHTHUX TTAJIMBHUX CyMIiIlICH

BucnoBok.  IlpoBemeHe — JOCHIIKEHHS — MIATBEPIPKYE  JOMUIBHICTH  BHKOPUCTAHHA
TPUKOMITOHCHTHHX TMAJIMBHUX CYMIIIEH Ha OCHOBI 010€TaHOIY, JM3EIBHOIO TMajlvBa Ta OlOAM3EII0 SIK
epeKTUBHOI aTbTePHATUBH TPAIUIIHHAM JU3CTHHAM TaMBaM. 3BaKAIOYM HA I1X EKOJIOTIYHI Ta
SHEepPreTUYHI TepeBaru, Taki CyMIIll MaroTh 3HAYHHWK ITOTEHINAd IS IIMPOKOTO BIIPOBAKCHHS Y
TPAHCTIOPTHIN Ta HEPreTUYHIN TAITy35IX.

OnrtumanbHe CHiBBIIHOIIEHHS KOMIIOHEHTIB MAJMBHOI CyMIIlll BHU3HAYAETHCS 3aJICKHO BiJ
KOHKPETHHX YMOB EKCIUTyaTallii, TWIy IBATYHAa Ta BHMOI [0 TEXHIYHHX XapaKTEPHCTHK IaJMBa.
BonHouac, pe3ynbTaTté TOCHIIKEHHS BKa3ylOTh Ha Te, IO cyMill 3 BMIicToM 15% OioetaHomy, 65%
m3enbHOro manmmBa Ta 20% Oloamsenro 3abesmnedye Haiikpammii OamaHc MK (Pi3UKO-XIMIYHIMH
MOKa3HUKaMH, €HEPreTUYHOIO €(DEKTUBHICTIO Ta EKOJIOTTYHOIO OE3MEKOI0.

Otpumani  (PI3UKO-XIMIYHI ~XapAKTEPUCTUKH EKCHEPUMEHTAIbHUX 3pasKiB  CBIIYaTh IPO
30epe)KeHHsI IPUIHHATHOI TeMIIepaTypy 3aiiMaHHs1, 3SMEHIIIEHHS B’ 3KOCTI, TOMIpHE 3pOCTaHHs I'YyCTUHU Ta
HE3HAYHE 3HIDKEHHS TEIUIOTBOPHOI 3[AaTHOCTI TPH  OJHOYACHOMY TIOKpAmIeHHI MAaCTHIbHHX
BJIACTHBOCTEH 1 3MEHIIEHH] IIKIIMBUX BUKUIIB. Lle poOuTh CyMmill MpUIaTHOIO /Ul BUKOPUCTAHHS B
CYYaCHHUX JIM3€IbHUX JBUTYHAX 0€3 HEOOX1THOCTI 3HAYHUX KOHCTPYKTUBHUX 3MiH.

[epcneKTMBHUM HANPSMOM MOAANIBIINX JOCITIIPKEHb € PO3IIMPEHE €KCIIEPUMEHTAIbHE BUBUCHHS
TMIOBEJIIHKM TaJMBHOI CyMIIlll Y peallbHUX YMOBAaX €KCILTyaTallli, 30KpeMa: aHajli3 IapaMeTpiB 3rOpsIHHS,
€HEeprocroKMBaHHs, e(heKTUBHOCTI pOOOTH JIBUTYHA, BIUIMBY HA €JIEMEHTH MAIUBHOI CUCTEMH, a TAKOXK
EKOJIOTIYHUX ~XapaKTepUCTUK BHUXJIOMHMX Ta3iB. Taki BUOpPOOYBaHHS JaayTh 3MOTY OIIHUTH
JIOBIOCTPOKOBY CTaOUTBHICTh CYMIllli Ta MTBEPIUTH il JOLUIBHICTB JJIsl IPOMUCIIOBOTO 3aCTOCYBAHHSI.
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VJIK: 621.94:004.94

MOIAEJTIOBAHHA IIOBE/IIHKH MATEPIAJIIB IIPH
POBOTI 3 FDM TA FFF IIPUHTEPAMH

M.1. babun, cm. ep. Maw 23-1,
II.M. Jlyu, xano. mexu. Hayk
Binnuyekuii nayionanvruii acpapuuti ynisepcumem, m. Binnuys, Yxpaina

B cyuyacuux 3D-npuntepax texHosorii FDM (Fused Deposition Modeling) ta FFF (Fused
Filament Fabrication) 3aliMar0Th MPOBiTHE MiCIle 3aBASKH iX JOCTYITHOCTI, €KOHOMIYHOCTI Ta
IIMPOKiii cepi 3acTocyBanHs. OCHOBOIO JJaHUX TEXHOJIOTIH € rmojiava (ijJaMeHTy J10 HarpiBaJbHOTO
eKCTpyzepa, J¢ BiH IJIABUTHCS Ta HAHOCUTHCS MapaMu st (opMyBaHHS KIHIIEBOTO BHUPOOY.
EdexTuBHICTh 1IHOTO MPOLIECY 3HAYHOIO MIPOIO0 3AJIEKHUTH BiJl CUCTEMHU Mojadi (ilaMeHTy, sKa
MMOBMHHA 3a0e3MevyBaTi CTaOUIbHY MIBUAKICTH, BIICYTHICTh OJOKYBaHb Ta KOHTPOJIb 32 HATATOM
MaTepiany.

Cnoco6u nonaui ¢pinmamenTy B 3D-mpuHTEpax MOXKHA PO3JIUIMTH HA JIBI OCHOBHI KaTeropii:

- Direct Drive (mpsiMuii mpuBil) — EKCTpyAEp pO3TalIOBaHUIl Oe3mocepesHb0 Haj

HarpiBaJibHOIO TOJIIBKOIO;
- Bowden Drive (nuctanIiiiHuii mpuBia) — €KCTPYyEP 3HAXOIUTHCA Ha KOPITyCl IPUHTEPA,
a (1IaMEHT NOJIa€ThCs Yepe3 TePIIOHOBY TPYOKY 0 HAarpiBajJbHOTO €JIEMEHTY.

Kiro4oBi enemMeHTH cHCTEMH MPOTATYBaHHS (iTAMEHTY €: MEXaHi3M I0Jadi, HarpiBaJbHUN
ook (Hotend), cuctema oxomnomkenns. [logaua ¢inameHTy 3a3Bruail 311iCHIOETHCS 32 TOTIOMOT OO
3yO4YacTUX KOJIC, fKi 00epTaloThCs KPOKOBUM JIBUTYHOM. [ OJIOBHHMH TapamMeTpaMH € Cuia
CTHCHEHHS (PilaMeHTY Ta MBHUIKICTh oOepTaHHs. Hamani ¢inamMeHT nepenaeTses BiJ eKCTpyaepa A0
rapsaoro KiHIg — cOIuia, MPH IIbOMY TTOBUHHO 3a0e3MeuyBaTUCh HU3BKHH KOSQIIIEHT TepTs Ta HE
pO3IUIABICHHS ~ Martepialy JOCTpOKOBO. Y  HarpiBaneHoMmy Omomi (Hotend)  dimament
PO3IIABIISETECS Ta HAHOCHUTHCS Ha maTopMmy. BakimBOIO XapaKTEpHUCTHKOIO € PiBHOMIpPHICTBH
HarpiBaHHs. IToTiM cucTeMa OXOJIOMKEHHS BUKOHYE CTAOUIBbHICTh OXOJOMKEHHS PO3IIaBIEHOTO
TUTACTUKY TICIISI HAHECEHHS Ta APYKY 32 JIOTIOMOTOI0 BEHTHJIATOPIB.

[lepeBaru Ta HeJOIIKM BUKOPUCTAHHS CIIOCOOIB NpOTAryBaHHs (igameHTy B 3D-npunTepax
npejcTaBiaeHo y Taduuui 1.

Tabmuusg 1 - [TepeBaru Ta HeIOJIKU PI3HUX CIIOCOOIB Mojavl (PilaMeHTy.

IMapameTp Ipsamuii npuBin Jucranuiinnii npuBin
TounicTs mogayi pinamenty Bucoka Cepennast
CxJ1aHicTh KOHCTPYKIIL Cepenns Huseka
HIBuakicTs APYKY ObmexeHa Bucoka
gg&iﬁzzisb UL THYSIHX Bucoka Huseka

Axuo nepeniuut Matepianu aias FDM ta FFF npuntepis 3 HaltO11b1I NOIIUPEHIIINX MOXKHA
sugimnta: PLA (Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene), PETG (Polyethylene
Terephthalate Glycol), TPU (Thermoplastic Polyurethane). 3a mast MOXIHBOCTI MOJAETIOBAHHS Ta
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aHami3y MOBEAIHKM MaTepialliB y Tpoleci eKcTpy3ii HeoOXiHO Hacammepes MOPIBHATH iX

BJIacTHBOCTI (Ta0I. 2).

Tabnuns 2 - [lopiBHAIBHUIN aHANI3 BIaCTUBOCTE OCHOBHUX MaTepiainiB it 3D apyky.

Marepian
XapakTepucTHKA
PLA ABS PETG TPU

Temnepatypa njiaBjeHHsI 190-220°C 220-250°C 220-245°C 210-240°C
CriiikicTb 10 y’xapHuX Huzbka Bucoka Cepenns Bucoka
HAaBaHTaKeHb

TepmocTiiikicTh Huzbka Bucoxka Cepenns Cepenns
CrilikicTh 10 BoJIOTH Huzska Huzeka Bucoxka Bucoka

Jns aHanizy BIIACTHMBOCTEM MaTepiaiiB OyJl0 BMKOHAHO MOJIEIIOBaHHS Y NPOTPAMHOMY
3a0e3neueHHl ANSYS ta COMSOL Multiphysics. Ilponec ananizy nmoBeniHKH MatepiaiiB AJist
FDM 1 FFF npunrepiB mnependauae OTpUMAaTH JIE€TalbHOI XapaKTEpUCTHKH MartepialiB, IO
BUKOPHUCTOBYIOThCS Juist 3D-apyky. Ilpuxinagu 300paxkeHb, M0 UIIOCTPYIOTh HPOLEC aHali3y
noseninku MarepianiB it FDM Tta FFF npunTepiB 3a 10mMOMOrorw HpOrpamMHOro 3a0e3nedeHHs
ANSYS ta COMSOL Multiphysics npeacraBieHi Ha pUCYHKY 1.

lion of Fused De

tion Modeling FDM in Ansys with APDL commands

Depostion
L :

Temperature 3in °C

0

viar

120 min St imatim’ g
PRt

© !
ity

a —BIKOH MPOrpaMHOro 3a0e3MeueHHs, O — MPUKJIIa]] MOO0YI0BaHUX JiarpaM Mporecy aHai3y

Pucynox 1 — 3aranbHuil BUTIIA BIKOH IPOTPaMHOTO 3a0€3MeUYeHHS Ta JiarpaM IpoIIeciB OBEIIHKA MaTepialiB.
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MogpemoBannss FDM y ANSYS nemonctpye cumynsunito npouecy FDM y ANSYS,
BKJIIOUAIOYU PO3MOJILT TEMIIEPATypy Ta MEXaHIYHI HaNpyru mij yac ApyKy. CUMyJsiis IpoLeciB B
COMSOL Multiphysics mokasye BukopuctanHs (yHKIioHany aktuBamii matepiany B COMSOL
Ui cuMynsnii nporeciB anutuBHoro FDM BupoOHUIITBA, 30KpeMa pO3MOAUT KOHIEHTpalii Ta
TEIUIOBHX MOTOKIB.

MonentoBaHHS MEXaHIYHUX HaIpy)KeHb IMoKazano, mo PLA nemMoHCTpye BHCOKMI piBEHBb
’KOPCTKOCTI, MPOTE HOr0 MIIACTUYHICTh € JOCUTh HU3bKOI0. Y cBolo uepry, TPU xapakTepusyeTbces
BHCOKOIO TIJIACTUYHICTIO, M0 POOWUTH 1€l MaTepiaa ifeanbHUM [JIsi BUTOTOBJICHHS THYYKHX
JeTajei, TaKuX sIK MPOKJIAIKU YU 3aXUCHI 000JIOHKH.

Posnonin temmeparypu B Martepianax mokaszaB, nepeBary PETG mmactuky, mo  wMae
cTallIbHY TeMIepaTypy mijJ yac ekcTpysii. Lle 3mMenrye pusuk nedopmarii roroBux Bupo0Ois. ABS,
HaBIIaKH MOTpeOye pIBHOMIPHOIO HarpiBaHHs y MPOLEC IPYKY, 100 YHUKHYTH YTBOPEHHS TPIILIUH
9H IHIITUX Je(PEKTIB.

Hocmipkenas anresii mapiB BusiBuio, mo PLA 3a0e3medye Haiikpalne 34erieHHS MIDK
[IapamMu, 110 MiJBUIIY€E MIIHICTh TOTOBUX BUPOOIB. [[Isi JOCATHEHHS MOMIOHMX XapaKTePUCTHUK 3
ABS i PETG HeoOxiaH0 3a0€31eunTy MiABUIIICHUN TeMIIEpaTypHUN PEKUM 111 4ac APYKY.

OCHOBHUMH 3aBJIaHHSIMH MIPOEKTY €:

1. Amnamiz iCHylOYMX METOMIB MPOTATYBaHHS Ta MoBeAiHKM MarepianiB y FDM ta FFF
IpUHTEpax.

2. TlopiBHsSHHS BIACTUBOCTEW MaTepiamiB, MO0 BUKOpUCTOBYIOThcs B FDM Tta FFF
TEXHOJIOT15IX.

3. MopentoBaHHS TOBEAIHKYA MaTepiajiB il 9ac IPYyKYy.

4. Orminka eeKTUBHOCTI POOOTH CUCTEM MPOTIATyBaHHS (iTaMEHTY.

5. Po3poOka pekoMeHaaIii 1 onTUMi3allii mpouecy IpyKy.

3 PO3BHUTKOM TEXHOJOTiH 3D-ApyKy aKTUBHO IOCHIKYIOThCS HOBI moiiMepu. OcoOnuBy
yBary MpHUBEPTAIOTh 010pPO3KJIaAHI MaTepiaad 3 MOKPAIICHUMH MEXaHIYHUMHU BJIACTUBOCTSIMH, SKi
3MOXXYTh KOHKYpPYBaTH 3 TpaJWLiMHUMU IUIACTHKaMH. TakoX 3HAYHMHA TOTEHIIadl MAaloTh
KOMITO3UTHI (hiJTaMEHTH, IO MICTATh BYyTJICHIEBl BOJIOKHA a00 1HI JOMIIIKH, SKi 3a0€3MeuyroTh
MiIBUIIICHY MIIHICTh BUPOOIB.

MogentoBaHHsl 10Ka3ano, 110 MpPaBWIbHUI BUOIp MaTepiany, KOHTPOJIb TEMIIEPAaTypHOIO
pPEeKUMY Ta 3HIDKCHHS BIUIMBY 30BHIIIHIX (DPaKTOPIB JO3BOJSIOTH JOCSITTH BUCOKOI SIKOCTI JPYKY,
1110 € KJIIOYOBUM JUIsl PO3BUTKY 1HIYCTPIi aJUTUBHOTO BUPOOHUIITBA.

Cnrcok BUKOPUCTAHUX JKEPET

1. Boupmapenko B. 1., KpaBuenko O.C., 2020, Marepianu mist 3D-apyKy: BIaCTHBOCTI Ta mepcrnektuBu. Haykoso-
TeXHIYHUH KypHAI.

2. Gibson 1., Rosen D.W., Stucker B., 2021, Additive Manufacturing Technologies: 3D Printing, Rapid
Prototyping, and Direct Digital Manufacturing. Springer.

3. Luntz E., Perry R., 2022, Bowden vs Direct Drive Extruders: Which is Better? 3D Printing Insights.

4, ANSYS  Polyflow  Documentation, ANSYS  Polyflow  User's  Guide:  BeG-caiit.  URL:
https://ansyshelp.ansys.com/public/Views/Secured/corp/v242/en/poly_pf/poly pf.html (mara 3BEPHCHHS

12.04.2025)

5. COMSOL Multiphysics User Guide, COMSOL : Be0-CailT. URL:
https://doc.comsol.com/5.5/doc/com.comsol.help.comsol/COMSOL _ReferenceManual.pdf (mata 3BepHeHHs
12.04.2025)
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YK 629

I'AJIBMIBHI CHCTEMH ABTOMOBLIIB: XAPAKTEPHI BI/IMOBH,
MIATHOCTYBAHHA, OBC/1YITOBYBAHHA, PEMOHTYBAHHA

A. B. HoBunubkuid, 0oy., KaHo. mexH. HayK,

C. B. Crenmwk, acucr.,

B. M. CboMaKo CTYJIEHT MaricTpaTypu

HamionaneHuii yHiBepcuTeT 6i0pecypciB i IPUPOIOKOPUCTYBAHHS YKpaiHHy,
M. KuiB, Ykpaina

lanpMiBHA cHCcTeMa aBTOMOOLIS € OJHIEID 3 KIIOYOBHX CHCTEM O€3IIeKH, BIIMBAE€ Ha
MOKAa3HUKK HaJIMHOCTI, a 11 BIAMOBH MOXYTh MaTh KpuTwuHi Hacmigku [1, 2]. Enementn
raJbMiBHUX CHCTEM MAarOTh CBiil pecypc BUpPOOMBIIM SIKMI MiAIATAIOTh BiAHOBJICHHIO 200 X 3aMiHi
[2, 3]. XapakTepHi BiAMOBH rajbMiBHHX CHCTEM PO3IMOILISIOTHCS 3a MPUYMHAMHM BHHUKHCHHS B
3aJIe)KHOCTI Bif iX TWmy (MeXaHiuHi, TipaBiiyHi, MHEBMATUYHi, €JIEKTPOHHI) Ta 3a eleMeHTaMHu
migcucteM [4, S5]. PosrisHeMO OCHOBHI  BiIMOBM ITHCBMAaTHYHHUX, CJICKTPOHHUX Ta
€JIEKTPOMEXaHIYHUX CKIIQJIOBUX CHCTEMax raJbMyBaHHS, pEKOMEHJAIlil 010 00CIyroByBaHHS Ta
PEMOHTYBaHHS.

3Ha4yHy YacTKy BiJIMOB BaHTa)KHHUX aBTOMOOLIIB Ta aBTOOYCIB CTaHOBIATH IMOPYIICHHS
Ipale3JaTHOCTI THEBMAaTUYHUX CUCTEM. BOHU BKIIIOYAlOTh: BTPATy TUCKY Y MHEBMATUYHUX JIHIAX;
3aKJIMHIOBAHHS THEBMATUYHOT KaMepH abo 30JI0THHKA; HECTIPABHOCTI KoMIpecopa abo ocymryBada
NoBITps. Brpatu THUCKY y MHEBMAaTHUUHUX JIHISX OPOXOJATh Yepe3 BUTIKAHHS, pO3repMeTH3allilo,
3aMep3aHHs BOJIOTH B cUcTeMi. /[0 XapaKTepHHX BiJIMOB ITHEBMAaTHYHUX TaJIbMiBHHUX CHCTEM CIiJ
BIJTHECTU 3HOLIYBaHHS MaH)XeT Ta MeMOpaH MHEBMATUYHUX KaMep. 3aKJIMHIOBaHHS MTHEBMATUYHOT
KaMepu a0o0 30JI0THUKA BUKIIMKAE 3aTPUMKY a00 BTpaTy MOKIMBOCTI TaJIbMyBaHHS Ha BiJIIOBITHIN
oci TpaHcrnoptHoro 3aco0y. HecnpaBHicTh koMIlpecopa a0o ocylryBaya MOBITPsI MPU3BOIUTH 10
HecTallIbHOT pOOOTH BCI€T rajlbMiBHOT CHCTEMH.

JiarHOCTHYHI pOOOTHM TMHEBMAaTUYHHMX TalbMIBHUX CHCTEM BKIIOYAIOTh: MEPEBIPKY
TepMETHYHOCTI THEBMOCHCTEMH T/l TUCKOM; JIIarHOCTHUKY (BUTOKH TIOBITPSI YyTHO Ha CITYX); OTJIST
oCylllyBaya Ta JIPEHAXHMX KJIANaHiB; KOHTPOJb POOOTH KomImpecopa (THCK, 4ac HANOBHEHHS).
[Ipo¢inaktuyne o0OCIYroByBaHHS IMX TajJbMIBHUX CHCTEM aBTOMOOUTIB BKJIOYA€: MLIO0/IECHHE
3TMBaHHSA KOHJICHCATy 3 PECHBEPIB; MEPEBIPKY OCYIIyBaya MOBITPs Ta HOro perijaMeHTHa 3aMiHa
3riIHO PEKOMEH 1ALl 3aBOY BUPOOHHKA; KOHTPOJIb TUCKY B CUCTEMI IIE€PEJ] BUI3/10M.

Jlo OCHOBHHUX NPHUYUH BIIMOB €JIEKTPOHHHUX Ta €JIEKTPOMEXAaHIYHHUX CKJIAJOBHX CYyYaCHHUX
CUCTeMax rajibMyBaHHS BiIHOCATbCA HacTymHi: BiiMoBU ABS; BinmoBu ESP/ESC; necnpaBHOCTI
enekTponapkinroporo raneMa (EPB). BigmoBu ABS (anTHOIOKYBanbHOI CHCTEMH) TOB’S3aHi 3
MOpyIIeHHSIM po0OTH abo TMOBHOIO BiAMOBOIO AaTuukiB mBuaKocTi, EBY, comenoinie. Bonm
MO>KYTh NMPU3BOJUTH 710 OJIOKYBAaHHS KOJIC MiJ Yyac eKcTpeHoro ranpmyBaHHs. Bimmosu ESP/ESC
(cuctemu ctabumizarii) MPU3BOAATH JO HEKOPEKTHOT'O PETYIIOBAHHS TajJbMIBHOTO 3yCHJUISI Ha
okpemux kojecax. HecmpaBHocti enektpomapkinroporo raisma (EPB) € mpuumHOio BTpaTH
MO>KJIMBOCTI YBIMKHEHHS/BUMKHEHHSI CTOSIHKOBOT'O TajibMa.

JiarHoCcTHYHI pOOOTH IILOTO THITy TadbM BKIIOUAIOTH: KOMII'IOTEPHY [IarHOCTHUKY 3a
noniomororo OBD-Il ckanepa; mepeBipky cuUrHajiiB 3 JaTYMKIB IMBUIKOCTI KOJIC;, aHali3 KOJIB
nomMuwiok ABS/ESP; BumipioBaHHs oOmopy JIaT4uKiB Ta >kuBleHHA. [Ipodimaktuyni pobotu
€JIEKTPOHHUX Ta EJIEKTPOMEXaHIYHUX CKIAJ0BUX CHCTEMaxX TlaJbMyBAaHHS BKJIIOYAIOTh: 3aXUCT
eJIEKTPOKa0eiB BiJ MEXaHIYHUX MOIIKO/PKEHb; OYMIICHHS Ta MepeBipka cTany ceHcopis npu TO;
BUACHY 3aMiHYy aKyMYJISITOpHOT OaTapei Ta 3ano0i>KHUKIB.

TumoBuMHu 03HaKaMH BIJIMOB TaJIbMIBHUX CHCTEM aBTOMOOLIIB €: 301JIBIIIEHHS IaJIbMIBHOTO
NUISIXY; CKPHUITIHHSA, BiOparlii abo aepeHYaHHs MpU rajbMyBaHHI; yraJaHHS meaaii raipMa ado ii
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«XOJIOCTUI» X1J; IePeKic raJbMyBaHHs (aBTOMOOLIb TATHE BOIK); MOMEpeKyBalbH 1HIUKATOPU Ha
nanen npuianis (ABS, ESP, ransmiBHa piuHa TOIIO).

VY3aranpHIOIOYHM TMPEACTaBICHI MaTepiaid, MOXKHAa BUAUINTH 3arajibHi PeKOMEHJAIli AJis
BCIX THMIB TalbMIBHUX CHCTEM aBTOMOOLTIB. BoHM mnepenbayaroTh mepioANYHE BUKOHAHHS
HACTYIHUX POOIT: MPOBEACHHS PETYISAPHOTO TEXHIYHOTO OTJIAAY 3TiAHO 3 1HCTPYKIISIMU 3aBOAIB
BUPOOHUKIB, BIPOBA)KEHHS CHUCTEMH TMPEAUKTUBHOIO [IarHOCTYBAaHHS U1 aBTOMApKIB 3
BukopuctanHaM |0T Ta TenemeTpii; BUKOPUCTaHHSA OpHUTiHAJIBHUX a00 cepTU(IKOBAHUX 3aMacHUX
YaCTWH; HABYaHHS MEPCOHAY, BIAMOBIAAIHHOTO 32 BUKOPUCTAHHS TPAHCIOPTHHX 3ac00iB, ix
TeXHIYHE 00CITYrOByBaHHS Ta PEMOHTYBaHHS.

HayxoBwuil 1 npakTUYHUI 1HTEpEC MPEACTABIAIOTH HAYKOBI POOOTH, B SIKUX IPEICTABICHO
BUKOPUCTAHHS CHUCTEMHOIO aHaji3y Ta AaHaJITUYHUX METOJIB JOCHIIDKEHb I 3a0e3redeHHs
HAJIMHOCTI MOOUIBHUX E€HEPreTUYHHX 3ac001B AK CKJIAJHUX TEXHIYHMX CHUCTEM 13 BpaxyBaHHSIM
OLIHKMA TEXHIYHOrO CTaHy aBTOMOOUIIB [2, 6], JOCHIIKEHHS BUTpPAT HA MPOBEACHHS TEXHIYHOI'O
00CITyrOByBaHHS Ta PEMOHTYBaHHS [7].
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YK 629.331:629.017

OCOBJ/INBOCTI BUKOPUCTAHHA TA IIEPIO/THUYHICTH 3AMIHH
QUIbTPIB VI OYHLIEHHA I1IOBITPA KABIH KOPMO3bHUPA/IBHUX
KOMBAHWHIB

3. B. Pyxuiio, ooy., kano. mext. Hayx.,
IO. A. HoBunbkui, acn.
Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanns Yrpainu, m. Kuis, Yxpaina

OiapTpyu TSI OYMIINCHHS TOBITPSA B KabiHaX CydyaCHUX KOPMO3OHMpambHUX KOMOaHIB
BIJIIrparoTh OCOONMMBE 3HAYCHHA Yy 3a0e3nedyeHHi (YHKUIOHYBaHHS TPaHCHOPTHO-TEXHOJOTTYHUX
MaiH Ta kKompopTy oneparopa [1, 2].

[epionnynicTh 3aMiHM (DUTBTPIB OUYMILEHHS TMOBITPs KaOiH KOPMO30HMpaNbHUX KOMOAHHIB
3QJICKUTH BIJl KITBKOX YHHHHUKIB, 30KpeMa YMOB €KCILTyaTtaIlii, TUIy (iIbTpa, MapKu TEXHIKH Ta
pekomenaniii BupoOHuKa [3, 4]. BomHowac MoxHa chopMyOBaTH 3arajibHi peKOMEHJIAIl /10
00CITyroByBaHHs Ta MEPIOJAMYHOCTI 3aMiHM (iBTPIB OYHUIICHHS KaOIHM Ha OCHOBI TPAKTHUKH
TEXHIYHOTO 0o0ciyroByBaHHs. [lepir 3a Bce po3riisiHeMO THIH (DITBTPIB AJIs1 OUUIEHHS MOBITps. o
OCHOBHHX THIIIB (PUIBTPIB OYMIICHHS TOBITPS B KaOiHAX KOMOAHIB BIIHOCATHCS . TPYyOOT OUUCTKH
(momepenHili GimbTP); TOHKOI OYMCTKU (OCHOBHHA (DiTBTp); 3 aKTUBOBAaHMM BYTULIIM. DinbTp
rpy00i OYHUCTKH 3aTPUMYE MUJI, POCIMHHI PEIITKH, TyX. PiIbTp TOHKOI OUUCTKA BUKOPHCTOBYETHCS
IUIs OYMIICHHS TOBITps Bix npiOHomucmepcHoro mwiry. @DinbTp 3 aKTUBOBAHWUM BYTLUIAM
HEUTpamizye 3amaxu Ta XiMi4HI PEUOBUHH, 3aCTOCOBYETHCS MPHU €KCIUTyaTallil komOaiiHa B yMOBax
BUKOPHCTAaHHA JOOPHUB UM 3aC001B 3aXUCTY POCIIHUH.

PekoMeHn0BaHa MepiOAUYHICTh MEPEBIPKUM Ta 3aMiHU (DUIBTPIB Ui OYMILIEHHS MOBITPS
KaOiHM KOPMO30MpabHOTO KOMOaliHa MPEICTaBICHO B TAOJIHIII.

Tabnuns - PexkoMmeHmoBaHa MEPiOAUYHICTE OOCIYrOBYBaHHA Ta 3aMiHH (IIbTPIB A
OYMILEHHS MOBITPS KaOiHM KOPMO30MPaTLHOTO KOMOaiiHa.

Tun ¢inerpa [lepionnuHicTh EpeBipKU [lepionuuHicTh 3aMiHH
[Nomepenniit [Ipu moneHHOMY TEXHIYHOMY Koxni 250 moto-roa. abo 3a
biIBTP 00CJIyroByBaHHi / Miclig KOXKHOI 3MiHH | TOTPe0OI0

Y Koxui 250-400 moto-roz. adbo
OcHoBHU# QiTBTP . .
HOBITDS Kox#i 50 moTto-rog. 4acTILIEe Y 3alICHOMY
™ CEPEIOBHIIII

Koxni 200-300 moTo-roa. abo
1 pa3 Ha ce30H
Crnin 3BepHyTH yBary Ha (haKTH4YHI 1HTEpPBajdu OOCIYrOBYBAaHHS Ta IMEPIOAUYHOCTI 3aMiHHU
GUIBTPIB, SIKI MOXKYTh 3MIHIOBAaTHCS 3aJIEKHO BiJ] MOJIeNi KoMOaiiHa Ta yMOB eKcIuryaTamnii. 3aBoau
BUpOOHMKH KOopMo3Oupanbuux komOaitHiB CLAAS JAGUAR, John Deere 8000 Series, Fendt
Katana pekoMeHyl0Th JOTPUMYBATUCH MEPIOJUYHOCTI 3aMIHU HOBITPSHUX (PUIBTPIB KaOiHU , sKa
3a3HauyeHa B IHCTPYKIIi 3 ekcruryaTallii. OCHOBHUMH O3HaKaMH HEOOX1JTHOCTI JOCTPOKOBOI 3aMiHU
GIBTPIB €: 3HIKEHHS €(EKTUBHOCTI CUCTEMH KOHAMILIOHYBaHHS a00 X BEHTWJIALII; 3alOTiBaHHS
CKJIa KaOiHM 3 BHYTPIITHBOTO OOKY; BITYYyTHUM 3amax My, BT 00 CTOPOHHIX PEYOBHUH Y MOBITPI
Ka0iHM; Bi3yalbHe 3a0pyaHEHHS (inbTpa a00 3HOIIYBAHHS JAaTYMKA IMEpenagy TUCKY (IS THX
CHUCTEM KOHJWIIIOHYBaHHS, A€ 1€ TIepe10aueHo).
CepgicHi ciy0u arpapHuX MiAIPUEMCTB PEKOMEHAYIOTh Y Mepioj] iHTeHCUBHOTO 30MpaHHs
KOPMOBHUX KYJIBTYP MaTH KOMIUIEKT 3amacHUX MOBITpAHUX (inbTpiB. HeoOxigHO mam’sTaTH, 1m0
3aBOIM-BUPOOHUKN KOPMO30MpambHUX KOMOAHHIB 3a00pOHAIOTH MPOAYBATH (DiIBTPU CTUCHEHUM

Byrinsauii ¢pinetp | Koxkni 100 moto-roz.
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MOBITPSIM, OCKUIBKM II€ MOXX€ MOLIKOJUTH BOJIOKHA, 3MEHIIMTH €(QEKTHUBHICTh OYMILEHHS Ta
BUJIAJICHHA 3a0py/HEHb. 3aBOAN-BUPOOHUKH (PUIBTPIB PEKOMEHIYIOTh 30€epiraTu 3anacHi QijabTpu B
CYXOMY, YHCTOMY MICIIi y 3aBOJICBKIN yIaKOBII.

[TepcniekTMBHUM HampsMOM JOCTIKEHb € aHajli3 Ta CHHTE3 1HHOBALIMHMX peaii3ailiil B
HamnpsIMKy OOTpYHTYBaHHs CTpaTerii pe3epByBaHHS Ul 3a0e3leueHHs HAAIMHOCTI CUCTEM
¢iabpTpalli KopMo30upanibHUX KOMOalHIB [5].

Crucox BUKOPUCTAHUX IKCPECII

1. Novytskyi A., Karabynigs S., Ruzhylo Z., Novytskyi Y. (2018). Air filters for vehicle interiors. Agroexpert. Ne2.

Agrar Media Ukraine LLC. pp. 82-84.
https://nubip.edu.ua/sites/default/files/ul32/agroexpert_2018 no2_ 115 povitryani_filtri_saloniv_transportnih_z
asobiv.pdf.

2. Iponeyc O. B., HoBumpkmii A. B., Pyxuno 3. B. «JlizepctBo B cdepi ¢inprpamii» — epeKTUBHUN HampsM

3abe3neueHHs HaaiifHOCT1 TexHikn. Marepiamu X1 MibkHapoJHOT HAyKOBO-TIPaKTHIHOI KoH(eperii. [Tpobmemu
KOHCTPYIOBaHHsI, BUPOOHMIITBA Ta EKCIIyaTalii CUTbChKOTOCIOAapchkoi TexHiku. Kpomusuunpkuii: ITHTY,
2017. C. 255-256.

3. Kerner, M.; Schmidt, K.; Schumacher, S.; Asbach, C.; Antonyuk, S. (2021). Electret Filters — From the Influence
of  Discharging Methods  to Optimization Potential. Atmosphere, 2021, 12, 65.
https://doi.org/10.3390/atmos12010065.

4, Molnar, G., Ahrens, K., Wegener, Jens K., Dittmar, S., Peter, E., Martin, S., Schiackermann, J., Réver, M.
(2025). Operator exposure and cabin protection in plant protection product application. Journal fur
Verbraucherschutz und Lebensmittelsicherheit. Tom 20, Bernyck 1, pp. 63—79. DOI 10.1007/s00003-024-01531-
7.

5. Novitskyi, Yu. (2024). Ensuring the reliability of filtration systems for transport and processing machines by
redundancy. Scientific Reports of the National University of Life and Environmental Sciences of Ukraine,
20(4),85-95. https://doi.org/10.31548/dopovidi/3.2024.85.

3bipnux mamepiarie VII Mixnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Cr. 52


https://nubip.edu.ua/sites/default/files/u132/agroexpert_2018_no2_115_povitryani_filtri_saloniv_transportnih_zasobiv.pdf
https://nubip.edu.ua/sites/default/files/u132/agroexpert_2018_no2_115_povitryani_filtri_saloniv_transportnih_zasobiv.pdf
https://nubip.edu.ua/sites/default/files/u132/agroexpert_2018_no2_115_povitryani_filtri_saloniv_transportnih_zasobiv.pdf
https://nubip.edu.ua/sites/default/files/u132/agroexpert_2018_no2_115_povitryani_filtri_saloniv_transportnih_zasobiv.pdf
https://doi.org/10.3390/atmos12010065
https://www.scopus.com/record/display.uri?eid=2-s2.0-85208932245&origin=resultslist&sort=plf-f&src=s&sot=b&sdt=b&s=TITLE-ABS-KEY%28cabin+air+filters%29&sessionSearchId=bbccdc14bc5c8740dbf21b2293d164f5&relpos=2
https://www.scopus.com/record/display.uri?eid=2-s2.0-85208932245&origin=resultslist&sort=plf-f&src=s&sot=b&sdt=b&s=TITLE-ABS-KEY%28cabin+air+filters%29&sessionSearchId=bbccdc14bc5c8740dbf21b2293d164f5&relpos=2
https://doi.org/10.31548/dopovidi/3.2024.85

JTideuyerHst HAOHTHOCTTIL T egheKyuBHOCT MauiuH, Tipouecis i cucmem. Improving the reliability and efficiency of machines processes and systems

VJIK 631.363-049.32

CHCTEMA TEXHIYHOI O OBCJ1YTOBYBAHHA
3ACOBIB JlUIA IIPUTOTYBAHHA TA PO3/IABAHHA KOPMIB

A. B. HoBuubkuid, 0oy., kano. mexH. Hayk
Hayionanvnuii ynisepcumem 6iopecypcie i npupodokopucmyeanus Ykpainu,
m. Kuis, Ykpaina

B ocranni necstunitra 3I1PK sBnsitoTh co000 OaraTtoomnepariifHi MalliuHA Ta BiTHOCSTHCS
710 CKJIQJHOI CLIbCHKOTOCIOAAPChKOl TexHikU. He3Bakaroun Ha Te, 110 B TBAPUHHUIITBI YKpaiHU
3aCTOCOBYIOTHCSl Pi3HI TEXHOJIOTIi NMPHUTOTYBaHHS, TPAHCIOPTYBAHHS, J03yBaHHS Ta pO3/aBaHHS
kopMmiB, a BimmoBimHo pizHi 3[IPK nns ix peamizamii, Beauki arpapHi XOJAWMHTH Ta KOMIIaHii
BIJIAIOTh MepeBary daraToornepauniiHuM 3aco0aM iHO3eMHOTro BUupoOHuuTBa [1, 2]. Baxnuse micie
cepel MallMH Ta OOJaJHaHHS Ui TBapUHHHUITBA 3aliMalOTh 3aco0M Ul NPUTOTYBAaHHS 1
posnaBanHs kopmiB (3I1PK) Bimomux MammuoOyniBaux mianpuemcts €Bponu ta CIIA: KUHN
(®panmis); Siloking ta Strautmann (Himeuuwna); Roto-mix (CILIA); Delaval (IIeemist); Seko
(Itamist); Trioliet (Hinepnanmu) ta 6araro inmmx [2, 3].

B Vkpaini 3Hauny wactuny punky 3IIPK 3ailiMaroTe 3MimryBadi-kopMopo3aaBadi
¢paniysskoi kommanii KUHN, Brimtowaroun npuuinai PROFILE 12.2 DS, PROFILE 14.2 DS [2]
ta camoxinHi PROFILE SPW INTENSE 2 CS [4]. Mogeni PROFILE 12.2 DS ta PROFILE 14.2
DS € nmpuuinHUMH, arperatyloThCsi 3 TPAaKTOpaMH Ta BUKOPUCTOBYIOTHCS IJISi TOMIBII pPOraToi
Xy00M Ha MPOMHUCIIOBUX 1 MaJIUX TBapUHHUIBKUX (pepmax. 3mimysaui PROFILE SPW INTENSE
2 CS e camoximaumu 3IIPK ¢ipmu KUHN [4]. 3a pesympraTamu TpoOBEeNEHUX MOIMEPETHIX
JOCTIIKeHb ~ eKCIUTyaTalliifHOlT HaIIHHOCTI  3MIIyBayiB-KOPMOpO3AaBaviB  OyJI0 OTpPUMAaHO
iHpopMalio Tpo TOKa3HWKH Oe3BimMoBHOCTI Ta pemoHTonpuaatHicte PROFILE 12.2 DS Ta
PROFILE 14.2 DS [2].

Sk mnoka3ye aHami3 JOCHIIPKEHb CTaHy MaTeplajJbHO-TEXHIYHOTO  3a0e3NeyeHHs
TBapUHHUIIBKUX  MIANPUEMCTB, HENOCTaTHbO  yBaru MPUIUIEHO  CHCTEMI  TEXHIYHOTO
obciyrosyBanus 3[TPK: npuuimanx PROFILE 12.2 DS, PROFILE 14.2 DS; camoximgaux PROFILE
SPW INTENSE 2 CS. [To3a yBaror BUE€HHUX 3aJIUIIAIOTHCS TOCIIIKEHHS CTpaTeriii 3abe3neueHHs
Ipane3AaTHOCTI 3MinryBayiB MojenbHoro psaay PROFILE. Sk noka3yioTs nmonepenHi JOCHKEHHS,
BigHOBIeHHsA mnpane3narHocti 3IIPK moxe mnpoxoautu 3a pizaumu ctpaterismu CTOP: 3a
BUMOTOO ITICJISI BIJIMOBH; 32 PETJIAMEHTHOIO MEPIOUYHICTIO, 3THO TUIAHOBO-TIONEPEKYBaIbLHOT
cucteMu TO 1 peMOHTy; 3riiHO 3 pe3yiabTaTaMu JiarHOCTyBaHHA. KokHa 3 NpeacTaBiIeHUX
ctpateriii CTOP mae cBoi mepeBaru Ta HEHOJIKH, pi3HY cOoOiBapTicTh A il peainiszallii, TOMY
notpe0ye BUBUEHHS Ta JOCIIKEHb.

OcoOnmuBe Micle B OCTaHHI POKHM OTpUMAajo NpeaukTuBHE oOciayroByBaHHs (Predictive
Maintenance, PdM). CytHicTe 3a3HadyeHoi crparerii mossirae B HacTymHOMy. OOCIIyroByBaHHS
3M1MCHIOETHCS HA OCHOBI MOTOYHOT'O TEXHIYHOTO CTAaHy BY3JIIB: OI[IHKH TEXHIYHOTO CTaHY JaTYHKIB,
MOHITOpUHTY BiOpamiif, Temreparypy, HaBaHTakeHHsS Tomo). OcuoBy PdM cknaparoTth
cucTeMaTHuyHui 30ip Ta aHami3 ganux. OcHoBHUMHU aprymeHTamu Ha kopucth PAM s 3I1PK e
HEpIBHOMIpHE HaBaHTAXKEHHS Ha poOoui opranu. llIHeku 3 HOXKamH, €IEMEHTH NMPUBOJIB, JETall
PEAYKTOPIB 3a3HAIOTh PI3HOI 1HTEHCHMBHOCTI 3HOCY B 3aJIe)KHOCTI BiJl BHAY KOPMIB, BOJIOTOCTI,
HABaHTAXXCHHS, YMOB cepeioBuia. HasBHICTh IUKIIYHUX MEXaHIYHUX 1 BIOpalliifHUX HABAHTAXKEHb
MOXYThb TPU3BECTH JI0 PANTOBOi BIIMOBU J€Talled PEAyKTOPIB, MIAMIUITHHUKIB, T1APOTPHUBOIIB.
[lepcieKTHBHUM € BIPOBAKEHHSI CHCTEMH MOHITOPHHTY BiOpalii, TemrnepaTrypu, HaBaHTaXEHHS,
K1 JI03BOJISIE KOHTPOJIIOBATH CTaH y pPealbHOMY Yaci.

[IpenukTHBHE TEXHIUHE OOCIYroBYBAaHHS Ma€ 3HAYHI MepeBard Haj IHIIUMH CTPATETisIMH,
OCKIJIBKHM BIMIYa€THCS BHUCOKA BApTICTh MPOCTOI 3MillyBa4ya-KOpPMOpO3/aBaya, sika MPU3BOJIHUTH
——————————————————————————————————————————
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70 TIOpPYIIEHHS pallioHy, 3aTpUMKa B TEXHOJOTIYHOMY IIpolieci, HemepeadadyyBaHUX BHUTpAT
IIPUPOCTY Barv Ta HaJ01B MOJIOKA.

HaykoBuil 1 mnpakTUYHHI I1HTEpeC NPEACTABISIIOTH pPOOOTH, B SKHUX MPEACTABICHO
BUKOPUCTAHHS CUCTEMHOTO aHaJi3y Ta aHATITHYHUX METOMIB JOCIHIKEHb IS 3a0e3MeueHHs
HagiitHocti 3I[IPK sk ckiagHuX TEXHIYHMX CHUCTEM 13 BpaxyBaHHSIM BIUIUBY PEMOHTHO-
o0cmyroByro4ux i [6, 7].
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VIIK: 656.1

OPI'AHI3AIIIA BAHTAKOIIEPEBE3EHbB B YMOBAX BIHChKOBOI'O
CTAHY TA HA/I3BHYAHHHX CUTYAL[TH

B.O. lopomyk, cm. guxknadau,

B.C. Copoka, ooyenm,

€.b. Ciuinenbknid, cm. suxiaoau,

I.A. Bepexusik, cm. ep. TT-41

Hayionanvnuii ynisepcumem 6001020 2ocnooapcmea ma npupoookopucmysants, M. Pisue,
Yrpaina

B yMoBax BiiicbKOBOTO CTaHy Ta HaJ3BUYAlHUX CUTYalliil OpraHizallis BaHTaXONEPEeBE3EHb
Ha0yBa€ OCOOJIMBO BaXJIMBOTO 3HAUYEHHS 1 BiJirpae KIOYOBY poJib Yy 3a0e3MledeHHI
KUTTEISTBHOCTI epkaBu. Lle He e JoricThka — 1€ YacTHHA HalllOHaJbHOI Oe3meku. BoHa €
KPUTUYHUM €JIEMEHTOM 3a0e3nedueHHs 000pOHO3aTHOCTI Jep)KaBH, CTa0lIbHOTO (DYHKITIOHYBaHHS
€KOHOMIKM Ta WIATPHUMKH TYMaHITapHOI iHPPACTpyKTypu. 3MiHa JIOTICTHYHHX YMOB, 3arposa
iHQpacTpyKTypHUM 00'€KTaM Ta OOMEXEHHs Yy IepecyBaHHI BHMAararOTb HOBHX MIAXOIIB [0
TUTAaHYBAHHS Ta YIPaBIiHHS TPAHCTIOPTHUMH ITOTOKAMH.

Exonomiuna cutyariiss B YKpaiHi, 110 XapaKTEPU3YEThCS 3HAYHHM CKOPOUYCHHSM OOCSTIB
BUpoOHUITBA (10 60%), Oe3MmocepeIHHO BIUIMBAE HA CTaH JIOTICTUYHOTO CEKTOPY, OCKITBKH TOMUT
Ha TPAHCHOPTHI Ta CKJIAACHKI MOCIYTM MPSMO 3aleKUTh BiJ PIBHS BUPOOHHUYOI AKTUBHOCTI.
HaitOinpmmii  crmaj BUpOOHMLTBA  CIIOCTEPITAETbCS Yy  KIIOUOBUX — Traiy3siX, TakKuxX K
HadTonepepoOHa, MeTalypriiiHa, MalIMHOOYAIBHA, a TAKOXK Y JAepeBOOOPOOHiH, dapMalleBTUUHIH,
JeTKiid, noOyBHI Ta XapyoBi IMPOMHUCIOBOCTI, IO HETaTUBHO II03HAYAEThCA Ha o0cCsTax
JIOTICTUYHHX OTeparfiil.

[lowatok BiifHM B VYKpaiHi 3aBgaB CEepHO3HOTO yAapy IO TPAHCIOPTHIN JOTICTHII,
MPU3BIBIIU J0 BTPaTH MapUIpyTiB, 3yMHUHKHU aBiallii, MacIITAOHUX pyHHYBaHb JAOPIT Ta 3aJi3HMIIL,
YCKJIQJIHGHHST BAaHTAX000ITy depe3 OKymamiro Ta OOWOBI Jii, a TakoXX 3HAYHUX 30UTKIB
TPAHCHOPTHUX 3aCO0IB.

Oprasizaiiisi BaHTaXOIIEPEBE3eHb Y KPU30BUX YMOBaX CTHKAETHCS 3 TAKUMU OCHOBHHMU
npobieMamu:

- pyiiHyBaHHsA a0o0 OJIOKYBaHHS TPaHCIOPTHOI 1HPpPACTPYKTypu (MOCTH, aBTOMAricTpaii,
JIOTiICTUYHI BY3JIH);

- YacTKoBa ab0 MOBHA HEJOCTYIHICTh MEBHUX TEPUTOPIi yepe3 60ioBI Aii Y 0OMEKEHHS
Oe3meky;

- 3HIKEHHS pIBHA 3a0€3MeYeHOCT MajJuBOM, 3alacHUMM YacTUHAMH Ta TEXHIYHUM
00CIIyTOBYBaHHSIM,;

- MIJBUINCHUHA PU3HK JJIS BOJIIIB 1 BaHTaXy yepe3 00cTpiau abo MiHyBaHHS,

- 3MiHa TIPIOPUTETIB IEpeBe3eHb: 3POCTAHHSA MOTPeOM Yy JAOCTaBLI MEIUKAMEHTIB,
T'yMaHITapHOI JOTIOMOTH, 3aCO01B 3aXHUCTY.

Le mpu3Beno 10 pi3KOro CKOPOYCHHS BAaHTAXKOIIOTOKIB, OCOOJIMBO 3alII3HUYHUX 1 MOPCHKHUX.
OO6csr BaHTaKHUX nepeBe3eHb y 2022 poui 3MeHIIMBes Maiibke Ha 40% MOPIBHAHO 3 TOBOEHHUM
nepiogom (puc.l). Iloptu YopHoro mopst Oynu 3a0I0KOBaHi, KCIIOPT 3epHA, METAyprii, XiMii Ta
IHIMUX BaHTaXIB OyB 3ynmuWHEHHWH ab0 TIEpEeHANpaBICHUH Ha albTEPHATHUBHI MAapIIPyTH.
3ani3HUYHUN TPAHCHOPT MPALIOBAaB Yy KPU30BOMY peXuMi, (POKycyBaBCs Ha eBakyallii, IoCcTayaHHi
TyMaHITApHOI JOMOMOTH W TIEpPEOpiEHTAIlll E€KCIOPTY M0 3aXiJHOro KOpJOHY. ABTOMOOLIBHI
MEPEeBE3EHHSI YaCTKOBO KOMIIGHCYBAJIM OOCSATH, 3pOCiia POJb Majoro MPUBATHOrO Oi3HECYy Ta
BOJIOHTEPCHKOI JIOTICTHKH.
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Pucynok 1 — JIuHaMika riepeBe3eHb BaHTaXKIB yciMa BHIaMH TpaHCcopTy [2]

VY 2022-2023 pokax, mij yac TOBHOMACIITAOHOTO BTOPTHEHHS B YKpaiHy, Oyl0 pO3TOpPHYTO
MepeKy I'yMaHITapHUX KOPUIOPIB JJIsl TOCTaBKU MPOAYKTIB XapuyBaHHS, MEJIMKAMEHTIB Ta 1HIINUX
KPUTUYHHUX pecypciB. 3HaYHY pojb y Wi cHcTeMi BiJirpaly BOJOHTEPCHKI iHILIATHBH, NMPHUBATHI
MEPEeBI3HUKHU Ta MOOUIBHI JoricTUYHI HeHTpu. OcobnuBo edeKkTuBHOIO BUsiBMiIacs iHTerpamis IT-
pillieHb st KOOpAHMHALIT IepeBe3eHb 1 MOHITOPUHTY O€3MEeUYHUX MapIIpPYTiB.

Jlna rapantyBaHHs 0e3nepeOiiHOro TpaHCTIOPTYBaHHS BaHTaXXIB Y BOEHHMH ab0 KpU30BUI
4ac 3aCTOCOBYETBbCS CTpaTerisi po3poOKM Ta BUKOPHUCTaHHS aJbTEPHATHBHUX MLUIAXIB, 30KpeMa
TUMYACOBUX 00'I3HUX MUIAXIB Ta MEPEXI CUTBCHKUX JTOPIT.

AKTyaJqbHUM € TMOCUJICHHS KOOPAMHALIMHMX MEXaHi3MIB MDXK JEp)KaBHUMH OpraHaMu
BJIaJIM, BIMCHKOBUMH MMiApO3/iaamMu, JlepkaBHOW Ciiyk0010 YKpaiHu 3 HaJA3BUYAWHUX CHUTYaIIii,
BOJIOHTEPCHKUM PYXOM Ta Cy0'€eKTaMH NMPUBATHOTO IMiIPUEMHHULITBA.

HeoOxinauM € 3a0e3neueHHss 3aCTOCYBaHHS CYIMyTHHKOBHUX HABITAIllIHHUX CHCTEM, CUCTEM
OTIEPATUBHOTO OHJIAWH-MOHITOPUHTY PyXy TPAaHCHOPTHUX 3aCO0IB Ta 1HCTPYMEHTIB aJalTHBHOTO
MapLIPYTHOTO IUIAHYBaHHS.

3 MeTroro 3a0e3MeUeHHsl CTAJOCTI TPAHCHOPTHOTO CIOJYYEHHS B YMOBax HaJ3BHYAiHOTO
CTaHy 3aCTOCOBYETbCA ILIEHTpaJli30BaHa CHCTE€Ma YIPaBIIHHA JIOTICTHKOK, IO J03BOJISE
ONITUMAJIFHO PO3MOIUISTH HasiBHI pECypCH Ta ONEPaTUBHO pearyBaTé Ha OyAb-Ki 3MiHH CUTYaIlil.

Jnst 3abe3nedeHHs Oe3nepeOiHOrO TOCTayaHHA Yy BIMCHKOBUM Yac 3aCTOCOBYETHCS
MPaKTUKa MepeopieHTalii HIUBIIBHOTO TPAHCIIOPTY JUIS HOTO 3aTy4eHHS A0 BUKOHAHHS TEPMiHOBHX
JIOTICTUYHMX 3aB/IaHb.

B ymoBax BoeHHOTO cTaHy 200 HaJ3BHUYAHUX CUTYaIliH, U1t 3a0e3reyeHHs 6e3nepepBHOCTI
JIOTICTHYHHUX TPOIIECIB, BIPOBAKYETHCS MTPaKTUKa (POPMYBaHHS CTPATETTYHHMX 3aIaciB BAHTAXIB Yy
6e3mnocepeHid OJM3BKOCTI 10 MOTEHIIMHUX 30H PU3HMKY 3 METOI0 3a0€3MEeUYCHHS ONEepaTHBHOTO
pearyBaHHs Ha BUHUKAIO4i MOTpeOu.

BanTaxxorepeBe3eHHsI B yMOBaX HAaJ3BHYAMHMUX CUTYaIlili BHXOIATh 32 MEXI 3BHYHHX
JIOTICTUYHHUX CXEM 1 BUMAraroTh CTpaTeridHoro miaxonay. HeoOxinHoo € po3poOka HalioHaIbHOI
CHCTEMHU KPH30BOI JOTiCTUKH, MIATOTOBKA PE3EPBHOIO TPAHCHOPTY, CTBOPEHHS aBTOMATH30BAaHUX
w1aTGopM yIpaBIiHHS NEpeBE3CHHAMU. YCIIIIIHA OpraHizallis TaKUX MepeBe3eHb 3HAYHOIO MipOr0
BU3HAYa€ 3/aTHICTb JIEpXKaBM TPOTUCTOATH 3arpo3aM 1 3axUINAaTH HACEJIeHHS B YMOBax
Ha/13BUYAHOr0 a00 BOEHHOTO CTaHYy.
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VIIK: 658.6
JIOTICTUYHE 3ABE3IIEYEHHA EKCITOPTHUX BAHTAJKHHUX
IIEPEBE3EHbD: ITPOBJIEMH TA ITEPCITEKTHBH

L.A. Bepexusik, cm. ep.. TT-41,

B.O. Jopomyk, cm. suxiaoau

Hayionanvnuii ynieepcumem 6o0no2o cocnodapcmea ma npupoookopucmysanns, m. PisHe,
Ykpaina

Y cywacHux ymoBax TUoOami3amii Ta aKTHBHOTO PO3BHUTKY 30BHINIHHOCKOHOMIYHOI
TisUTBHOCTI, €()eKTUBHE JIOTiICTUYHE 3a0€3MeYeHHsI eKCIIOPTHUX BaHTAXKHUX MEPEBE3EHb € OIHIEI0 3
KIIFOYOBUX TIEPEAYMOB YCHIITHOTO (DYHKI[IOHYBaHHS TPAHCIOPTHUX MANMPUEMCTB. SKICTh
JIOTICTUYHMX TOCIIYT HalpsMY BIUIMBA€E HA MIBUIKICTh, BAPTICTh Ta HaIWHICTh TOCTABKU MPOAYKIIT
70 1HO3eMHUX mapTHepiB. OcoOJMBOI aKTyalbHOCTI Il TeMa HaOyBae g YKpaiHW, sKa IparHe
3MIIHUTH CBOi MO3MIIIi HA MIXXHAPOAHOMY PMHKY, BOJHOYAC CTHKAIOYUCH 13 PSAJOM BHYTPIIIHIX Ta
30BHIIIHIX BUKJIHKIB.

CyTHICTB JIOTICTUYHOTO 3a0e3MeueHHs eKCIIOPTYy IOJIArae B Oprasizaiii, KOOpAHMHAIl Ta
OMTHMI3aIliil MPOIECiB, OB’ SI3aHUX 13 TIEPEMIIIICHHSIM TOBapiB 3a MeXi KpaiHu. J[o Takux mporecis
HaJIeXKATh TPAHCIIOPTYBAHHs, CKJIagyBaHHS, MUTHE odopmieHHs, iHopmaliiiHa miaTpumka, a
TAaKOXX B3A€EMOAIS 3 JIOTICTUYHUMM OIEpaTOpaMH Ta KOHTPOJIOIOYMMHU OpraHaMu. BaHTakHi
MEPEeBE3eHHSI B paMKaX EKCIMOPTHOI iSUTBHOCTI 3IIHCHIOIOTHCS aBTOMOOUIBHUM, 3aJTi3HUYHHUM,
MOPCBKHM, aBialliIiHUM a00 MyJbTHUMOJAIBLHUM TPAHCIIOPTOM, B 3aJIeXKHOCTI BiJ CHelUQIKH
BaHTaXYy, BiJICTaHI Ta PEriOHy OCTaBKH.

OcHOBHUMHM NpOOJIEMaMH JIOTICTUYHOTO 3a0€3MeYeHHs] eKCIIOPTHUX BAaHTAXKOIEPEBE3ECHDb B
VYkpaiHi €: HecTabilbHA TOJITHYHA CHUTYallis, BIMCBKOBI Jii, YaCTKOBAa HEIOCTYIHICTb OKPEMHX
JIOTICTUYHHUX MAapIIpyTiB, 3HOIIEHA TPaHCIOPTHA 1HPPACTPYKTypa, HEAOCTaTHIM pPO3BUTOK
JOoricTHYHMX XabiB, a TaKOX CKIAQJHI TPOIEIypH MHUTHOrO O(OpMIICHHS. 3HAa4YHA YacTHHA
HiANPUEMCTB CTHKA€THCS 3 TPYIAHOIIAMHU Yy IUIAHYBaHHI €KCIIOPTHUX IOCTaBOK dYepe3 Ae(iluT
CY4aCHOTO TPAHCIIOPTY, HU3bKY MPOIMYCKHY 3/1aTHICTH ITYHKTIB MEPETUHY KOPJIOHY Ta HEJTOCTATHIN
piBeHb UG POBI3aIli] JIOTICTUYHUX TPOIIECIB.

[Ile omHNM BaXJIMBUM BHUKIMKOM € 3pPOCTaHHS BUTPAT Ha JIOTICTHKY, BHUKJIHMKAaHE SIK
HiABUILEHHSAM BapTOCTI MaJbHOIO Ta OOCIYrOBYBaHHSA, TaK 1 3HIDKEHHSIM pEHTAa0EIbHOCTI
nepeBe3eHb Ha (OHI HecTabuIbHOrO nonuty. BogHowac, 3 orisay Ha MiBUILEHHS BUMOT 3 OOKY
1HO3EeMHUX MapTHEPIB 0 SIKOCTI Ta MPO30POCTi JIOTICTUYHHUX MOCIYT, MiANPUEMCTBA 3MYIIEHI
1HBECTYBAaTH y MOJIEpHI3allil0 MpOIEciB, BIpoBakeHHs [T-cucTem ymnpaBiiHHS JIOTICTHKOIO Ta
IHTETrpaLiio 3 MIXKHAPOJHUMH JIOTICTUYHUMH TUIaTHOPMaMH.

[lepcriekTHBY MOKpaIlEHHS JIOTICTUYHOTO 3a0e3MeUeHHs] €KCIOPTY MOB’S3aHl 3 aJanTallero
HAI[lOHAJIBHOI JIOTICTMYHOI 1H(PACTPYKTypH [0 €BPONECHCHKUX CTAHJApTIB, PO3MIUPEHHAM
CHiBIpalli 3 JOTICTUYHUME omeparopamu €C, a Tak0X BIPOBAKCHHIM ITU(POBUX THCTPYMEHTIB,
TaKUX SIK €JCKTPOHHI JOKYMEHTH, CUCTEMH BIJICTEKEHHS BaHTaXIB Ta IIaTGopMu B3aeMoaii 3
MUTHHLEIO. 30KpeMa, NEPCHEKTUBHUM HaIIPSIMOM € PO3BUTOK IHTEPMOJAIBHHUX I€PEBE3EHb, SIKI
J03BOJISIFOTHh 3HU3UTHU JIOTICTUYHI BUTPATH 1 MiJABUIIUTU €(EKTUBHICTD TPAHCIIOPTYBAHHS Ha BEJIMKI
BIZICTAHI.

VY cydyacHUX yMOBax OCOOJIMBY yBary Ciij NPUIUISATH JOTICTUYHINA CTIMKOCTI MiIIPUEMCTB —
3aTHOCTI aJanTyBaTH JIOTICTUYHI MPOIECH 10 3MiH 30BHIIIHBOTO cepenoBuina. lle mependavae
PO3pOOKy allbTepHATUBHUX MapIIPYTiB, YKJIaJaHHS JOBIOCTPOKOBUX KOHTPAKTIB 3 JIOTICTHYHUMHU
napTHEpPaMH, CTBOPCHHsI Oy(depHUX CKJIaIiB Ta BUKOPUCTAHHS aHAJTITUYHUX IHCTPYMEHTIB IS
MPOTHO3YBaHHS PU3HKIB.

Y KOHTEKCTI yHpaBIiHHS CKJIAJACBKHUMH 3amacaMu TexHojorii BipryampHOi (VR) Ta
nonoBHeHOi (AR) peanmbHOCTEH MPEACTaBIAIOTh CO00I0 €(PEKTHBHI IHCTPYMEHTH JIsi BUPILICHHS
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BIJINOBITHUX Oi3Hec-3aBJaHb. 3a3HauCH1 TEXHOJIOTI], 1110 3HAMIUIM HIMPOKE 3aCTOCYyBaHHA y chepi
JUCTAHLIMHUX TEXHOJIOTIUHUX Omepaliid, 3a0e3neuyloTh BCeOIUHy Bi3yalli3allilo piBHS 3amaciB y
PEXUMI peanbHOro yacy.

3actocyBaHHs TexHonorii Big Data y cdepi MDKHapoAHMX BaHTaKHUX I€PEBE3ECHb
MPU3BOAUTH O 3HAYHOTO 3POCTAaHHA OMepaliiHoi e(eKTUBHOCTI, MiHiIMIi3allii (piHaHCOBUX BUTpAT
Ta MIJBUIIECHHS PIBHS KIIEHTCHKOro cepBicy. Big Data € moTykHUM 3ac000M AJisi IPOTHO3YBaHHsI
MONUTY Ha TMEpPEeBEe3eHHs, ONTHMAaJIbHOI MOOYIOBH JIOTICTUYHUX MAapHIPYTiB, 3AIHCHEHHS
KOMIUIEKCHOTO KOHTPOJIO Ta TiABUIIEHHA O€3MeKd BaHTaKoIepeBe3eHb. B  pesynbrari,
BIpoBaukeHHs Big Data TpancpopMmye mnapagurMy TpaHCHOPTHOI JIOTICTUKH, CIPHSIOYN
MIJBUIICHHIO KOHKYPEHTO3/IaTHOCTI, ONEpPaTUBHOCTI Ta €(QEKTUBHOCTI KOMIIaHIH B yMOBax
Cy4acHOi 1J106abHOT €eKOHOMIKH.

Takox Ba)KIMBO PO3BUBATH KaJApOBUHM MOTEHIIa] JIOTICTUYHHUX CIYKO 1 3a0e3nedyBaTH
ixHi¥ mocTiitHuiA npodeciiHuil pO3BUTOK BIAMOBIIHO 0 BUMOT MIXKHapoaHOro puHKy. Kpim Toro,
HEOOX1THO BMIPOBAKYBaTH MEXaHI3MHU JE€p>KaBHOI MIIATPUMKHU €KCIOPTEpiB Y cdepl JIOTICTUKH,
30KpeMa 4Yepe3 MiJbroBl KPeIUTH HAa MOJEPHI3allil0 TPAHCHOPTHUX 3aC00iB, CIIPOIIEHHS MUTHHUX
Mporeayp Ta MIATPUMKY OYAIBHUIITBA CYYaCHHMX JIOTICTUYHUX IIEHTPIB. 3aJy4eHHS 1HO3EMHHX
IHBECTULII y PO3BUTOK JIOTICTUYHOI 1HPPACTPYKTYPU MOXKE CTATH BaXXJIUBUM IIOIITOBXOM [0
MOKPAILIEHHS YMOB Il YKPaiHChKUX €KCIIOPTEPIB.

Texnonorist OJOKYeHH, 110 MMBUAKO HaOyBae NOUIMPEHHS, HaJa€ IMOCTayaJbHUKAM 1
KJIIEHTaM MOJJIMBICTh TPO30PO BIJACTEKYBATH TPAH3aKIll Ta KOHTPOJIIOBATH BCIO HEOOXITHY
noKyMeHTanito. Llei minxin rapantye BUCOKHIA piBeHb O€3MEKH Ta YHEMOMIIMBIIIOE MIaXpanChKi 11l
BCEpeIrHI JoTicTHUHO1 KoMmmanii. Kpim Toro, BimMoBa Bia (i3MUHHUX HOCIIB iH(OpMaIii 3HAYHO
3HWKYE PU3UK BUHUKHEHHS JIFOJICHKUX TOMUJIOK.

[lepcieKTUBHUM € PO3BUTOK JI€PAKABHOT'O Ta NPUBATHOI'O MAapTHEPCTBA y chepl TpaHCIOPTY
Ta JIOTicTHKHU. B ymMoBax iHTerpamii YKpaiHu 10 €BpONEHCHKOT0 PUHKY Ta MOCTYIIOBOTO MEPEXOIY
70 CTaJuX JIOTICTUYHUX PIIIEHb aKTyaJbHUM € PO3BUTOK €KOJIOTIYHMX MIIXOZIB 10 BaHTAXHHUX
nepeBe3eHb. BUKOPUCTAHHS €IEKTPUYHOIO TPAHCIOPTY, ONTUMI3allis JOTICTUYHUX MapUIPYTIB 3
ypaxyBaHHSM €KOJIOTIYHUX KPUTEPIiB Ta BIPOBAPKEHHS MPUHIUIIIB 3€JE€HOT JIOTICTUKH MOXKYTh HE
JIMIIE TIOKPAITUTH €KCIIOPTHI MOKJIMBOCTI, @ i 3SMEHIIIUTH HETaTUBHUH BILTUB HA JOBKIJUIA.

OTxe, HE3BaXAIOUM Ha HAsBHI TPYAHOIL, JIOTICTUKA €KCIIOPTHUX BAaHTAXKHUX I1E€PEBE3EHb B
VYkpaini Mae 3HAYHUN MOTEHLIAN JJIT PO3BUTKY. 3a YMOBHU JI€p’KaBHOI MIATPUMKH, MOJEpHi3awii
iHdpacTpykTypH Ta mudpoBoi TpaHchopMalii ramysi, yKpaiHChKi MAMPUEMCTBA 3MOXKYTh YCITIIITHO
KOHKYpYBaTH Ha MDKHApOJHOMY piBHI, 3a0e3leuyloun eQeKTHBHE TPAHCIOPTYBAHHS CBOET
MPOIYKIIii Ha 30BHIITHI PHHKH.
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IHHOBAI[IHHI CTPYKTYPHI IIEPETBOPEHHA HA ITPOMHC/IOBHX
IIIIPUEMCTBAX AK /IPAUBEP CTAJIOI'O PO3BUTKY

B.I. MeabHUK, 00Yy., KaHO. eKOH. HAYK,
O.M. TI'aiinaii, cmyoenm
Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanns Yrpainu, m. Kuis, Yxpaina

CTpyKTypHiI HEpeTBOPEHHS B MPOMUCIIOBOCTI € KIIOYOBUM MEXaHI3MOM [UIsl JAOCSTHEHHS
CTaJIOTO PO3BUTKY, OCKUIBKM BOHU CHPUSAIOTH TIJBUIICHHIO €(QEKTUBHOCTI BHPOOHHIITBA,
3MEHIICHHIO €KOJIOTIYHOTO BIUIMBY Ta IHTerpamii 1HHOBaIliiHWX TexHosorid. [li 3miHM
nependavyarTh TEepexia BiJ TPaauIiHHUX MOJeNeld BeJeHHs Oi3Hecy 10 OUIbII CydacHUX 1
BIJIMOBITAJIbHUX TIXO/IIB, K1 BpaXOBYIOTh €KOHOMIYHI, COIlIaJIbHI Ta €KOJIOTTYHI aCleKTH. 3TiTHO 3
nocmimxenasMu  OOH 3 mpomucnoBoro po3Butky (UNIDO), crpykTypHa TpaHcdopmaris
MIPOMUCIIOBOCTI € OCHOBHUM YHMHHHUKOM IHKIJIFO3UBHOTO Ta CTIMKOTO €KOHOMIYHOTO 3pPOCTaHHS,
0co0JHMBO B KpaiHax, 10 PO3BUBAIOTHCS.

CTpyKTypHi MepeTBOPEHHS MPOMHCIOBUX MIAMPUEMCTB Nepe0adatoTh NEPEOpieHTAIlII0 Ha
BUKOPUCTAHHS €KOJIOTIYHO YHCTHX TEXHOJIOT1H, ONTUMI3allil0 BUPOOHUYHX MPOIIECIB Ta IHTErPaIliio
nudposux pimens. Hanpukman, nporpama "bimeimn yuctoro BupooHuntsa" (Cleaner Production),
3anpoBapkeHa I[Iporpamoro OOH 3 naBkomumuboro cepenosumia (UNEP), cmnpsmoBana Ha
3amo0iraHHs YTBOPEHHIO IIKIAJIMBUX BUKHIIB HUISIXOM OINTHUMI3allii TEXHOJOTIYHHX MPOIECIB Ta
BIIPOBA/DKEHHSI €HEPro30epiraloynx TEXHOJNOTiH. 3a JaHMMH IhOTO NPOEKTY, ToHax 75%
1HBECTHUIlIN y ramxy3i MPOMHCIOBOCTI MPUMNAAAE€ HAa TEXHOJOTl "GOl YUCTOro BHPOOHUIITBA"
(UNIDO, 2017).

BaxnuBum acmektoM € Takox IudpoBa TpaHchopMmallig. 3rigHO 3 JTOCHIIKEHHSM
Ghobakhloo et al., mepexin mo iHmycTpii 5.0, sika MOEIHYE aBTOMATH3AIIIIO, IITYYHUHA 1HTEICKT Ta
JMIOJACHKUN  KamiTaj, [03BOJIIE TPOMHUCIOBUM MIAMPUEMCTBAM 3HU3UTH EHEPrOBUTpPATH Ta
i ABUIIUTH TPOAYKTHUBHICTD TIpaIli.

Opnak mporec TpaHcopmanii CYHpOBOUKYETbCS HH3KOIO BHMKIMKIB. Hampukian,
nocikenHs (Sipilova) mokasye, 1mo HecBoe€4acHa MOJIEPHI3allisl TEXHOJIOTIM MOXE MPU3BECTH 0
3pOCTaHHs E€KOJIOTIYHOTO HaBaHTAXXEHHS yepe3 Hee()eKTMBHE BUKOPUCTaHHS pecypciB. Tak, y
KpaiHaX 3 BHUCOKHMM pIBHEM IIPOMHUCIIOBOTO 3a0pyJHEHHS BIACYTHICTb I1HBECTULINA Yy «3€JIEHD»
TeXHOJIOT1i npu3Bena A0 30unbienHs BUkuaiB CO, . Kpim Toro, HenoctaTHii piBeHb KBasiikamii
MepCcoHaTy Ta Omip 3MiHaM 3 OOKY MEHE)KMEHTY 4acTO YIOBUIBHIOIOTH MPOLieC TpaHchopmariii.

JUis ycHilIHUX CTPYKTYPHHX IE€PETBOPEHb HEOOXIIHUI KOMIUIEKCHMHA MiJIXil Ha piBHI
Jep>KaBHOI MIATPUMKH, MIKTaJIy3€BO1 KOOIepallii Ta IHBeCTYBaHHS Yy JIFOJCHKUI KamiTal.

[lpuknagom Ha piBHI JepXkKaBHOI MHIATPUMKH MOXXE OYTH CTBOPEHHS CTHUMYJIB JJIs
BIPOBA/KCHHSI €KOJIOTIYHUX TEXHOJOTIH, HANpPHKIaa, MOAATKOBI MIJBIH JJIS MIAIPUEMCTB, SKi
BUKOPUCTOBYIOTH BiJIHOBIIIOBaHY €HEPIilo.

Mixrany3eBa Koomeparliss BHUSIBISEThCS HA PIBHI 3alpOBAKEHHS CIUJIBHUX IPOEKTIB
MIPOMHCIIOBUX MIANPHEMCTB 1 HAYKOBUX YCTAHOB, SIK Y BUIAAKy HiMenbkoi nporpamu Industrie 4.0,
ne po3pooka SMART-¢pabpuk ckopoTuiia BUTpaTH Ha JIOTICTUKY.

BaxmBUM acreKkToM 3aJIMIIA€THCSl HABYaHHS MPAlliBHUKIB pOOOTI 3 HOBUMH TEXHOJIOTiSIMHU.
Hampuknan, y IlBemii nporpama "Green Skills" migBummia piBeHb 3aWHSATOCTI B «3EJICHUX
cekropax Ha 10%.

OTxe, CTPYKTYpHI TIEPETBOPECHHS HA MMPOMHUCIIOBUX IMANMPUEMCTBAX € HEOOX1THOIO YMOBOIO
JUIL JIOCSITHEHHSI CTaJIor0 PO3BUTKY. BOHM J03BONAIOTH MOEAHYBATH €KOHOMIYHE 3pPOCTaHHS 31
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30epexEeHHsAM NPUPOIAHMUX PECypciB Ta COLIAIbHOI BIAMOBIAAIBHICTIO. YCHIIIHI KeilcH, Taki sK
BNPOBAUKEHHST 1HIYCTpii 5.0, MOBOASATH, IO IHHOBAIl Ta CHIBIpAlld MK CEKTOpPAaMU MOXYTb
3a0€e3MeUYnUTH JIOBIOCTPOKOBY KOHKYPEHTOCIIPOMOKHICTh MPOMHUCIOBOCTI. [l mojonaHHs
BUKJIMKIB HEOOX1/IHI CUCTEMHI 3MIHU Ha PI1BHI JAEpKaBHOI MOJITUKH, KOPIOPATUBHMUX CTpaTeriil Ta
IPOMaJIChKO1 CB1IOMOCTI.

Criucok BUKOPUCTAHOI JIITEpaTypH

1. Cramuit PO3BHUTOK B TIPOMHUCIIOBOCTI (n.d.). URL:
https://nmetau.edu.ua/file/lections_staliy_rozvitok_v_promislovosti.pdf

2. Sipilova, V. (2021). Structural change for sustainable development in economy: A literature review. SHS Web
of Conferences, 92, 08019. https://doi.org/10.1051/shsconf/20219208019

3. United Nations Industrial Development Organization. (2017). Structural change for inclusive and sustainable
industrial development. Retrieved from https://www.unido.org/sites/default/files/files/2018-
06/EBOOK _Structural_Change.pdf

4. Ghobakhloo, M., et al. (2022). Actions and approaches for enabling Industry 5.0-driven sustainable industrial

transformation: A strategy roadmap. Corporate Social Responsibility and Environmental Management, 29(6), 1-15.
https://doi.org/10.1002/csr.2431

5. Xaxanes J[. O. Ominka 3a0e3MeueHoCTi CTajJoro po3BUTKY HianpuemcTBa. bisnec Ingopm. 2024, Ne5. C. 338—
344 https://doi.org/10.32983/2222-4459-2024-5-338-344

3bipnux mamepiarie VII Mixnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 60


https://doi.org/10.32983/2222-4459-2024-5-338-344

JTideuyerHst HAOHTHOCTTIL T egheKyuBHOCT MauiuH, Tipouecis i cucmem. Improving the reliability and efficiency of machines processes and systems

YK 621.793.724

3A/THIIIKOBI HAIIPYKEHHA B EJIEKTPO/1YT OBUX IIOKPUTTAX 3
ITOPOILIIKOBHX JIPOTIB ITPH BI/THOBJ/IEHHI JIETAJIEH
ABTOTPAKTOPHOI TEXHIKH

B.M. I'Bo31eubKHMii,cm. HAYK. CNiBp., KAHO. MeXH. HAYK,

Dizuxo-mexaniunuu incmumym HAH Ykpainu, m. Jlveie, Yrpaina,

C.1. MapkoBu4, 00y., KaHO. mexH. HAYK,

LlenmpanvHoykpaincvkull HayioHAILHUN mexHiuHul yrisepcumem, M. Kponusnuyvkuii, Yxpaina,
H. 3. Mo3oaa, acn.,

X.P.3anopoxua, H.c., KaHO. mexH. HaYK,

M.M. CTyaeHT, npos.HayK. cniep., npogp, O0K. mexH. HayK

@izuko-mexaniunuti incmumym HAH Ykpainu, m. Jlveie, Yrpaina

Cepen ra3oTepMiuHUX METO/AIB HAHECEHHSI ITOKPUTTIB HAUMOIIMPEHIIINUM € €JIEKTPOAYTOBU
MmeTos HanwitoBaHHA. Enextpoayrosi mokpurts (E/II) i3 mopomkoBux apotiB (ITI) mmpoko
BUKOPUCTOBYIOTh JUISI BIJIHOBIICHHS JeTaJlell THITy «Ba» aBTOTPAKTOPHOI TEXHIKH,  KOTpi
eKCIUTYaTyIOThCS 32 BUCOKHX TUTOMHUX HaBaHTa)KEHb B YMOBaX TepTsI 31 3MaIlIeHHsIM OJIHBOIO [ 1-4].

Jo mnepesar EJIII BiHOCHO IHIIMX Ta30TE€PMIYHUX METO/IB HAHECEHHS IOKPHUTTIB
BITHOCATH MPOCTOTY TEXHOJOTIYHOTO IMPOLECY, MiHIMaJbHI 3aTpaTh Ta BHUCOKY IPOAYKTHBHICTS,
MOXJIMBICTh 32 HE3HA4HOro HarpiBaHHs netanedd (mo 150°C) HamuisTH Ha iX MOBEPXHIO IIap
HeoOxigHoi ToBuwHM (y aianasoni 0,1...10 mm) 3 Gaxanumu BiactuBocTsmu. Omxe EJII narote
MOJKJIMBICTh BiJJHOBJIIOBATH PO3MIpH 3HOIIEHUX JeTajeil Ta IMiABHMIYBAaTH X 3HOCOCTIHKiCTh [4—6].
OctanniM yacoMm Juisi mokparieHHs roMmoreHHoctTi EJIIT i1 iX BracTHBOCTEH akTHUBHO IMOYaIN
3aCTOCOBYBaTH Ha3BykoBui MeToa HanwioBanHs EJIIT [7—10]. ITix yac nanumoBanns EJII1 B HuX
BUHHUKAIOTh 3HAYHI 3aJUINKOBI HANPYXEHHS PO3TATY IMEPIIOrO POJIY, SIKI CIPHUAIOTH YTBOPEHHIO
TPIIMH Yy iX CTPYKTypi. 30KpeMa HaBiTh Ha eTalll MeXaHIYHOi OOpOOKH y TOKPHUTTIX MOXKYTb
dbopmyBaTHCS MaKpOTPILIMHHU, AKI CHPUATUMYTh WOTO PYHHYBaHHIO IiJ] 4ac eKCIuTyartaiii, abo
CYTTEBO 3HMKYBATUMYTh MO0 3HOCOCTIMKICTh. [8, 11].

Merta gocmikeHHsI. BCTaHOBHTH BIUIMB KOMIIOHEHTHOTO ckiaay muxTH I1J] Ha piBeHb
3aJIMIIKOBUX HAMpPYKEHb MEPIIOT0 POy Y HAMUICHUX HUMH MOKPUTTIX Ta BCTAHOBUTH X 3B'I30K
13 aOpa3uBHOIO 3HOCOTPUBKICTIO.

Jns wanumoBanns EJIl 3 Bukopucrannam [IJI B Hag3ByKOBOMY pEXHMi B
€JIEKTPOAYTOBOMY PO3MMJIIOBAYI BHKOPHCTANIM cOIIo JlaBajsi 3 BEPTHUKAIBHUM PpO3TAIIyBaHHIM
IBOX MOBITpsiHUX KaHauiB [10]. Haa3BykoBuii MOBITPSIHUIA CTPYMiHb 3 YUCIOM Maxa 2 OTpuMYyBajIu
3aBISKH MIABUIIEHHIO THCKY TOBITPSHOTO CTPYMEHIO Ha BHXo.i i3 comuia Big 0,6 mo 1,2 Mlla.
BHacnigok 11b0ro mBHIAKICTH MOBITPSHOTO CTPYMEHIO 3pocTtana y 2 pasu (Bix 300 mo 600 m/c), a
HIBUAKICTh AMCIIEPrOBaHUX MOBITPSHUM CTpyMeHeM KparuivH posmuiaBy 1] — Bix 60-90 no 160—
220 m/c. HanuneHi moKpuTTs Huti(yBaiu.

Jost narmwmroBannst EJIIT Buxopucrtanu I[11] miamerpom 1,8 mm 1] 150Cr10B5MnSi Ta T1/]
150Ti110B5SMnSi, muxty sikux ¢opmysanu i3 nopoikis ¢epocmiasiB — (FeSi, FeMn), meraniB —
(Cr, Ti) Ta xap6iny B4C, a 00070HKY BHUTOTOBIISIIM 31 CTpiuku ImmpuHoto 10 MM 13 crami 08kn
toBmmHOIO 0,4 MMm. Koedimient 3anoBuenns [1/] muxtoro qocsras 24%.

[ToxpuTTss BUMPOOOBYBaJIM Ha aOpa3WBHE 3HOIINYBAaHHA B YMOBAaX YKOPCTKO 3aKpPIIJICHOTO
abpasuBy. /Jlns 1bOro BUKOpUCTANM aOpa3suBHHIA TUCK 13 €JIEKTPOKOPYHIY CepeaHbOM' KOl
TBeprocti CM-2 Ha kepamiuHiii 38’1311 7K15 aiamerpom 150 MM Ta mupuHo0 8 MM. 3€pHUCTICTh
enekTpokopyHny cranoBmia 250..315 mxm (25A, 25H), miniitHa mBuakicts TepTs — 100 m/xB,
HABAaHTA)XCHHS B 30HI JiHIHHOTO KOHTAaKkTy — 15 H. 3HOC olliHIOBanM 3a BTPATOIO MacH 3pa3KiB 3
Tounictio 10 2-107 .,
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Jlns BU3HA4YeHHs BIUIMBY TEMIEpaTypy BIANYCKY Ha BEJIWYMHY 3aJIMIIKOBHX HalpyKE€Hb
postary 1 pony B EJII ans nanunenns odpanu I1/1, siki 3ab6e3neunnu O popMyBaHHS MOKPUTTIB 3
pizHuM (azoBuM ckianoM. 3o0kpema, 3a BukopuctaHHs 11/ X19HI0 y cTpykTypi HamuieHOro
MOKPUTTSL yTBOproBaBcs crabutpbHUil aycteHiT, [1J[ 150X10I'C — 3anumxoBuit ayctenit, I1]1
50X10I'C — wmaptencut, ITJI 0X10I'C — depur (puc. 1). Jdna minBumenHs teepaocti EJIIT
MEPEeBaXXKHO 30UIBIIYIOTh BMICT JIETYBAJIbHUX €JIEMEHTIB, TaKUX [K BYIJIElb Ta Oop, MpoTe 1€
CYINPOBOJUKYETBCS 3POCTAHHAM BEJIMYMHM 3aJMIIKOBHX HANpYyXeHb po3Tary | poay y Takux
MOKpUTTAX. BU3HauanpbHUI BIUIMB Ha 3aJIMILKOBI HANpYKEHHS po3TATy | poAy y HOKpUTTSAX Mae
BMICT y HUX BYIJIELI0. 3a BMICTY ByIrjeno B HOKpUTTi MeHe 0,4 mac.% 3aJuIIKOBI HaNpyXEeHHS
po3Tary I poay y Hbomy 3HmxkyBasnuch 1o 20 Mlla, 3a ioro migsumenHns nosag 0,4 mac.% —
cTpiMKO 3pocTanu, a npu 1,4 mac.% — csaras 150...160 MIla. Lle 3ymoBneHO pi3HUM (pa3oBUM
ckiaagoM EJIII 3 pisHuM BMiCTOM Byruienio. 3a BMICTY ByrJiento B nmokputrti 1o 0,4 mac.% y ioro
CTPYKTYpl IepeBa’kaB MapTEHCHT, a 31 3pocTaHHsAM Horo Bmicty moHan 0,4 mac.% — 3pocrana
KUIBKICTh 3QJIMIIIKOBOTO ayCTECHITY.
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Pucynok 1—- BrummB ¢azoBoro ckiagy MOKpUTTIB Ha BEIHYNHY 3IMIIKOBUX HANPYKEHb PO3TAry | pony B HUX.

IMicost Bimmycky 3a Temmeparypu g0 400 C B ycix TOKPUTTAX (HE3aIeXKHO Bij ix ha3oBoro
CKJIaay) CIOCTEpiraid He3HayHy TEHCHIII0 10 3HM)KEHHS BEIUYMHHU 3aJUIIKOBUX HANpyKeHb
postary | pony (puc. 2). Ilicas Biamycky 3a Temnepatypu nonan 400 'C BoHH 3HUKYBAJIMCS 3HAYHO
BiJJUyTHIIIIE, BHACIIOK TOTO, 110 HasBHUM y cTpykTypi nokpuTtiB i3 [T/ 150X 10I'C 3anumxkoBuit
ayCTEHIT MEepPeTBOPIOBABCS B MAPTEHCUT BIAMYCKY, IO CYMPOBOKYBAJOCA 3POCTAHHSAM 00’eMy
MOKPUTTA. SIK pe3ynbTaT BIAMOBIIHUX CTPYKTYPHHUX MEPETBOPEHb Yy TMOKPUTTI 3adikcyBaju
3JIMIIKOBI HANPY>KEHHS CTUCKY. TaKi K HapYXEHHs BUHUKAJIH 1 MICJISI BIAIMYCKY 3a TEMIEpaTypH
nonax 400 'C nokpurts 3 [1/] S0X10I'C, mio nos’s3anu 3aBeplIeHHSIM IEPETBOPEHHS MAPTEHCUTY,
HassBHOTO Y HOTO CTPYKTYPi, B MAPTCHCHUT BIAMYCKY. 3arajaoM, YuM BUITUM OyB BMicT C y TOKPHUTTI,
TUM OUIBIIE 3aJIHMIIKOBOTO ayCTEHITY 3alUIIanocs B HboMy. Binmosinno, yum Bummmid Bmict C B
ayCTeHITI, TUM OuThIIMKA e(eKkT 3MiHM HOTro 00’€My BHACIIOK NMEPETBOPEHHS B MApTEHCHUT. Y
MOKPUTTSX, HANWICHUX HEJIETOBAHUMHU BHCOKOBYrJieneBuMu [1J[ mepeTBOpeHHS 3alHMIIKOBOTO
ayCTEHITY B MapTEHCUT po3mouynHajocs Bxe 3a temmneparypu 200...300 'C. Bracigok JIeTyBaHHS
ITJ] TemmnepaTypHHid iHTEpBaJ MOYATKy CTPYKTYPHUX NEPETBOPEHb B MOKPHUTTSAX 3MIIIYBaBCS B
HaIpsIMi I IBUIIICHHS TEMIIEPATYPH.

3okpema, s nokputts i3 [TJI 150X10I°C, mo mictuno 1,5 mac.% C ta 10 mac.% Cr
MEPETBOPEHHSI 3aJMILIKOBOTO ayCTEHITY B MAapTEHCUT BIAMYCKY PO3MOYMHAJIOCS 3a TeMIepaTypu
Bimmycky monax 400 C (puc. 2). Toxi sk y mokputti 3 ITJ] 0X10I'2F06, 3a mux ke TeMmiepaTyp
BIIMMYCKY BHAULIIMCS 1HTEpMeTamiau 3amiza 3 amominieM (FesAl), mo cnpuuMHWIO 3MEHIICHHS
00’eMy MOKPHUTTS Ta, BIAMOBITHO, 3pOCTaHHS BEITUYMHH 3aJIHMIIKOBUX HANPYyXeHb po3Tary I pony y
HBOMY.
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Pucynox 2 — BrumB temneparypu Binnycky 7yiq, 3paskis 3 EAIL wammnenumu pisanmu I1]1, Ha 3anummkoBi
HaInpyxXeHHs po3Tiary I poay (Ogen) Y MOKPHTTSX.

Ha ocHOBI ekcriepMMeHTaJIbHO OTPUMAHUX 3alieXKHOCTel BILIMBY (pasoBoro ckiany E/IIT Ta
BMICTY B HHUX BYIVICLI0 Ha 3aJUIIKOBI HampyxkeHHs po3Tary | poay (Ores) B HOKPUTTSIX
3alpONOHYBAIIM eMITIpUYHY POPMYILY JUIs X BU3HAUCHHS:

Ores = [0,25°M-(0,45 - C) + 1,6-:A + 0,7-F+0,9-F1,5] MIla (1)
ne M, A F, Faews Ta C — BMICT BIANOBIAHO MapTEHCHUTY, ayCTeHITY, ¢epury, depury
cTaO1J1130BaHOTO AJIFOMIHIEM Ta BYTJIELIO B MOKPUTTI, Mac.%.

Emnipuuna ¢opmyna (1) mae 3Mory KijgbKiCHO OIIIHIOBAaTH BEJIMYUHY 3aJIUIIKOBHUX
HaIpy>KeHb PO3TATY | poay y MOKPUTTAX 3a BiAOMOTO CIiBBITHOIICHHS (a3 y HboMy. Pazom 3 Tum
BO)XJIMBUMH € HE caMa BEJIMYHMHA 3QIMIIKOBHX HANPY>KEHb PO3TATY | posly y MOKPUTTI (Gres), @ HOTO
CIIBBIHOIICHHS 3 KOTE€3UBHOIO MIITHICTIO (Op), SIK TMMOKAa3HUK CTIUKOCTI O TPIIIMHO yTBOPEHHS. 3a
pe3yibTaTaMH JIOCHIPKEHHS TMOKPHUTTIB, OTPUMaHUX 3 ycix aHamizoBaHux /], mpuitnum no
BHCHOBKY, L0 MOOJMHOKI MIKPO TPILIIMHH MMOYUHATIN YTBOPIOBATUCA Y MOKPUTTAX 32 YMOBH, KOJHU
MMOKA3HUK GOyes/Gy > 0,75. Komu xk 1eid moKa3HUX JOCATaB Ores/Cy > 0,85, TO y CTPYKTYpi MOKPUTTIB
dbopmyBasacsi Mepexka TPIIKMH. 3BIJICH 3PO3yMIJIO, HACKUJIBKH Ba)KJIMBO BUSBUTH 3aKOHOMIPHOCTI
BIUTMBY ITapaMeTpPiB HAMTMIIIOBAHHS Ha LIEH MOKa3HUK.

Ha nmpuknani nmokputtis i3 I1J] 90X10P2I'C BcTaHOBMIM B3a€EMO3B’ 130K MiXK IapaMeTpamMu
HANWIIOBAaHHS MOKPUTTIB (CTPYM Ta TUCK PO3MHIIIIOBAIBHOTO MOBITPS) Ta TIOKA3HUKOM Gres/Cy (PHC.
2). Tak 31 3poCTaHHSIM MPOAYKTUBHOCTI HAIWIIOBaHHSA (3 BHKOPHCTAaHHSIM OIJBIIOIO CTPYMY)
CHIBBITHOIICHHS Gy,,/Cp MPAKTUIHO HE 3MIHIOBAIOCK. 3 MIABUIICHHSIM TUCKY CTPYMEHS TIOBITPS BiJ
0,3 mo 0,65 MIla moka3HUK Ges/Cy 3pocTaB Bix 0,5 go 0,68, HaOMMKAIOYNCHh A0 MEXI, 3a SKOi Y
MOKPUTTI MOYMHAIM BUHMKATH MiKpo TpimuHU. KpiM TOro ciij BpaxoByBaTH, LI0 HEMOXIIUBO
3aro0irTi BUHUKHEHHIO JTOJIATKOBOT'O CIJIECKY HAIPY)KEHb PO3TATY B MOKPUTTI MICJIs 3aBEPILICHHS
npouecy HamwioBaHHS. [Ilo6 yHUKHYTHM LbOTO, CTaleBy MiJIKIAAKYy Iepel HalWIIOBaHHIM
nigirpisam 10 200...250°C. 3aBasSKy LbOMY BAAIOCS CYTTEBO 3HU3UTH MOKA3HUK Gres/Cy 10 3HAUECHHS
0,2 (puc. 3). 3miHa 3ampOIIOHOBAHOTO ITOKA3HUKA Ores/0; B Jiama3oHi 0...0,7 mpakTHYHO HE
BIUIMBAJIa HA CTIMKICTh MOKPHUTTIB 710 abpa3uBHOIo 3HOIIYBaHHs. [lics oro BUXxo1y 3a MeXi LbOTO
Jiara3oHy y TOKPHUTTIX (opmyBaiacs Mepeka MIKpOTPIMIMH, a iX 3HOCOCTIHKICTh CTPIMKO
3HMKYBAJACH.
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Pucynok 3 — CHIBBIHOIIICHHS Gyes/G, B TOKPHUTTI 3 ITJ] 90X 10P3I'C 3anexHO Bia mapaMeTpiB ioro
HarmmumoBaHHS: cTpyM I (1), Tck cTtpymento noBitpst P (2) Ta Temrieparypu minirpiBanHs 3pasKiB Iepes HalIloBaHHIM

Tninirpisy (3) .

s Toro, mo0 YHUKHYTH HEO0A)XKaHOTO PO3TPICKYBaHHS BHKOPHCTAIM TonepenHe (Tepen
HAMWIIOBaHHAM) MIITpiBaHHA 3pa3KiB, a00 AeTanell. 3aBIsIKH LIbOMY 3al00ITIIH MOSBI BIACTUBOTO /IS
EJIIT 3MeHIIeHHsT CIIBBIIHOIIEHHS Gyo,/0p Ta JOCATIIM MIABUIICHHS X poO0OTO3MaTHOCTI. B peanpHux
YMOBaX HeE 3aBXJIM MOXIIMBO peali3yBaTy MiJIrpiB AeTasel nepes ix HanuIoBaHHAM (0COOJIMBO 1€
CTOCY€ThCS BEJIMKOTrabapUTHUX €JeMEHTIB). JloCBij Moka3aB, 10 y IIUX BUIAJKAX, 1100 YHUKHYTH
PO3TPICKYBaHHS MOKPUTTIB MiJ 4ac iX HaNWIOBaHHS Ha MOJIOHI jaerani, mepui ix mapu ciix
HaHocuTH 3a Manux cTpymiB (100...120 A) ta Hu3bKOTO THCKY cTpyMmeHto noBiTps (0,3...0,4 MIla).
Tonai mojanpmn mapu MOXKHA MPOJOBKUTH HAHOCUTH BXKE 3a BUCOKUX cTpyMiB (200...250 A) ta
Ha3ByKoBOro THCKy moBitps (0,8...1,2 MIla). 3aBasku Takiii KOMOIHAIIT PEKUMIB HAMITFOBAHHS
BJAJIOCS] 1ICTOTHO IIiJIBUIIUTH KOT€3WBHY MILHICTh HAMWJIEHOTO IMOKPUTTS, 3HU3UTU 3aJIHMIIKOBI
HaTPYXXEHHS pO3TATY | poJy y HBOMY Ta JTOCSTTH TaKOTO 3HAYECHHS Oyoy/Op, 32 SIKOTO TPINIMHU Y
MOKPUTTI B3araji He BUHUKAIIH.

CripaBeUIHBICTh OTPUMAHUX 3aKOHOMIPHOCTEH MO0 BIUIMBY 3aJUINIKOBUX HATPYKEHb
postary | poay Ha abpasuBHy 3HOcocTiiikicTs EJIII mepeBipunu Ha MOKpUTTIX, HamwmiueHux [1]]
90X10P3I'C Ta III 90T10P3I'C. Bcramosumu, mo migirpisanas 3paskis go 200°C mepen
HAIWITIOBAaHHAM Ta Biamyck 3a temmeparypu 550°C BIpomoBk 2 Toj MNC/sA HANMIIOBAHHS A€
MOXJIMBICTh CYTTE€BO 3HM3WJIN 3aJUIIKOBI HAMIPY>KEHHS po3TATY | poay y 000X mokpuTTsx (Tadu. 1).

Tabnuusg 1 — BrumB TepMiyHOi 00pOOKM Ha BEIMUYMHY 3aIMIIKOBHX HANpyXeHb po3TAry |
POAY Yy TOKPUTTSAX

SanukoBi HarpykeHHs po3Tsry I pony y EJIIT ores,MI1a
bes nigirpiBanHs [Tonepenniii migirpis  |Biamyck cTaneBoi miakIaaku
Mapka I1/] CTaJIeBOT MIAKIAIKA CTajeBOl MAKIAAKU A0 3 IOKPUTTAM 32
nepe;l HamuJICHHSIM 200°C nepe1 HaUJICHHIM TeMIeparypu 5 50C
BIPOJIOBXK 2 TOJT
I3 90T10P3I'C 160 40 -10
IT1 90X10P3I°C 120 50 -5

Tak y mokputrti 3 IIJI 90T10P2I'C mimirpiBaHHsS NIAKIAAKA TEpe] HAMWIOBAHHIM
CIPUYMHHUIIO YOTUPHUPA30BE 3HMWKCHHS 3aTHMIIKOBUX HANPYXKEHb PO3TATy | poay, a ABOrOJWHHUN
Biamyck 3a remneparypu 550°C B3araji yCyHyB 3ajIMIIKOBI HANPYKEHHS po3TATy I pony y HbOMY i
HaBiTh 3a(iKCyBalu 3aIMIIKOBI HanpyxeHHs cTUcKy (—10 MIla). [lo3utuBHuU edekT migirpiBaHas
MIJIKJIAJIKK Ta BIAMYCKY BUSBHBCS JEII0 MeHIMM Yy Bunaaky nmokputts 3 [1J] 90X10P3T'C, npote
3araJibHa TEHJEHIIS 10 3HWKECHHS 3AJIMIIKOBUX HampyXKeHb po3TAry | pony 30eperyiace i y 1iboMy
BUITQJIKy. 3MiHA 3aJUIIKOBUX HampyxeHb po3tary I poxy B EJIIT micis q1omaTkoBOro T€pMi4HOTO
e
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BIUTMBY TIEPE]] YM MICJIs 1X HAHECCHHs, MO3UTHBHO BIUIMHYJIA HA a0pa3vBHY 3HOCOTPHUBKICTh TAKHX
MMOKPUTTIB, sIKa MABUIIIIIACS B pa3u (Tadi. 2).

Tabauusg 2 — Brmus TepmiuHOi 00poOKH Ha aOpa3uBHY 3HOCOCTIHKICTh TOKPHUTTIB

3MiHa abpa3uBHOI 3HOCOTPUBKOCTI HAIMJIEHUX MTOKPUTTIB BIIHOCHO €TAJIOHY
1u1s1 mopiBHsHHSA (cTaimb Y12 3 tBepaictio 640 HV 3)
Mapxa TTJ1 bes HiIfil“PiBaHHSI Honep?ngiﬁ MiIrpiB . Biamyck craneBoi
CTaNeBOi MAKIAIKN | CTaJeBOI MAKIAIKU 0 |MIAKIAAKH 3 TIOKPUTTSM 3a
nepe HalICHHSIM 200 °C mepex Temmeparypu 550 C
EJII HanwieHHsam EJIIT BIPOJIOBK 2 TOJ
I1J1 90T10P3I'C 0,7 2,0 5
1] 90X10P3I'C 1,3 2,3 2.2

3okpema, abpasuBHa 3HOcocTiiikicTe mokpurts i3 T[] 150T10PSI'C, nammnenoro 6e3
MOTNIEPEHBOTO MMiMIrPIBAHHS MIAKIAIKA TEpea HANWIIOBaHHAM, BUsBHIach Ha 30% Tipiioro, HiX
BlacTuBa etanoHy (ctamp Y12 3 tBepamictio 640 HVjp3). Tomi sk monepeaHe mimirpiBaHHs
migknagks 10 200 C mepes HAHECEHHAM MOKPHUTTS Jai0 3MOTY IIABHIIHTH HOro aGpasHBHY
3HOCOTPUBKICTb BJIBi4l (B1IHOCHO €TaJIOHY), a MICJs BIMYCKY abpa3uBHA 3HOCOCTIMKICTh B yMOBax
3aKpIIUIEHOr0 abpa3uBy TAKOTO MOKPUTTS 3pociia, ax y 5 pasiB. [lo3uTuBHuU BIIMB 000X BapiaHTIB
TEPMIYHOTO BIUTUBY Ha abpa3uBHY 3HOCOCTIHKICTh MOKPUTTA 3 [1J] 90X10P3I'C BusiBUBCS 3HAYHO
MEHILIUM, NPOoTe OLIbII, HIXK ABOKPATHE MiJABHILEHHS [MOKa3HUKIB, MOPIBHIHO 13 €TAJIOHOM, TaKOX
oyXe Xopowui pesynbraT. BBakanmu, mo 3HayHMA eQeKT BIAMYCKY HAMWICHOrO0 HOKPHUTTA
3YMOBJICHUH BHMIUICHHSAM 13 4acTO4oK amop¢Horo Oopy apiOHoaucriepcHUX OopuiiB 3aiiza
JIETOBaHUX TUTAHOM, SIKI CHPUSIM JHUCIEPCITHOMY 3MILHEHHIO MOKPHUTTS Ta MiJABHUILEHHIO HOTO
abpa3uBHOI 3HOCOCTIMKOCTI.

TakuM 4uMHOM, OTpUMaH1 pe3yJIbTaTH JOBOJATH MPAaBOMIPHICTh BUKOPUCTAHHSI BIJIITYCKY A0
EJII, nanunenux 3anpornoHoBaHumu [1/I, /Ui Big4yTHOTO 3MEHIIEHHS 3QJIMIIKOBHUX HAINpPYKEHb
po3Tary I poay B HUX, COPUSHHS BUAUIEHHIO TUCIIEPCHUX KapOiaiB Ta OOPUIIIB Y X CTPYKTYpI 1, K
HACIJIIJIOK, CYTTE€BOTO MiBUIIEHHS iX aOpa3MBHOT 3HOCOCTIMKOCTI B yMOBaX 3aKpiIJIEHOTO a0pa3uBy.

TakuMm dYHHOM, 3ampPOTIOHOBAHO eMUIpUYHY GOpPMYTy Ul BH3HAYCHHS 3aJIMIIKOBHX
HaNpYXeHb Gres Y MOKPUTTAX 3 [1]], sika BpaxoBye eKCIEPUMEHTAIBLHO OTPUMAaHI 3aJI€KHOCTI 1010
BIUTUBY (ha30Boro ckiaay Ta BMicty Byruiento B EII/] Ha Gyes.

CriBBiTHOILIIEHHS 3aJIMIIKOBUX HAIPYKEHb Y MOKPUTTSAX GOres 10 iX KO3EBHOI MILHOCTI Gp
3aMpOITIOHOBAHO BHUKOPUCTOBYBATH SIK MOKA3HUK CTIMKOCTI MOKPUTTS 0 Po3TpickyBaHHs. Ha ocHOBI
aHaJlizy OTPUMaHUX MOKPHUTTIB MOKA3aHO, IO TPIIIMHU MOYMHAIOTH YTBOPIOBATUCS Y MOKPUTTSIX,
JUI IKMX TIOKa3HMK Gres / G > 0,75, TOAl SIK 32 Gres / 65 > 0,85 y MOKPUTTSAX BUHUKAE Mepexa
TPIIIHH.

Bcranosieno, 1o nigirpiBaHHs 3pa3KiB IepeJl HamuiroBaHHAM MOKpUTTIB 13 I1/], a Takox ix
BIJITYCK 3MEHIIY€E 3aJIMIIKOBI HAMPYXEHHsI PO3TATY, CIPHUS€ BUIUICHHIO AMCIIEPCHUX KapOidiB Ta
00puiB Yy IX CTPYKTYpI 1 SIK HACIIAOK, CYTTEBO MiJBHUINYE X aOpa3uBHY 3HOCOTPUBKICTb.

[Tonepenne migirpiBanHsa migkaaakua g0 200 C Mepe]l HAaHECEHHSIM MOKPUTTS A0 3MOTY
MiJBUIIATA HWOTO a0pa3suBHY 3HOCOTPHUBKICTH BIBiUi (BITHOCHO €TaJOHYy), a MICJIA BIiIIYCKY
aOpa3uBHA 3HOCOCTIMKICTh B yMOBAX 3aKpIIJICHOTO a0pa3uBy TaKOTO MOKPUTTS 3pocia y 5 pasis.
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YIK:621.002.6:664.1

YMOBH EKCILIYATALII TA IPUYUHH BTPATH IIPAIIE3/TATHOCTI
TEXHOJIOT'T9HOI O OBJIA/THAHHA HA ITIJIIIPUEMCTBAX [IYKPOBOI' O
BUPOBHHUI|TBA

J.0. ATtpomenko, acn.,
O.B. Ky3uk, 0oy., kano. mexm. Hayk
LlenmpanvroyKkpaincokuil HaYyioHATLHUL MEXHIYHUL YHIGepCUmem

I{ykpoBe BUPOOHMIITBO € OJHHM 13 KJIIOYOBUX CEIMEHTIB arpornpoOMHCIOBOTO KOMIUIEKCY
VYkpaiau. TexHnonoridyae o0aaaHaHHA, 110 BUKOPHUCTOBYETHCS Ha MIIMPUEMCTBAX ITI€1 Taly3i, 3a3Ha€E
IHTEHCUBHOI'O 3HOCY B yMOBax CKJIAQJHOrO BHUpPOOHHMYOro cepenoBuma. llinTpumaHHA
Mpare31aTHOCTI 00JIaTHAHHS € KPUTUIHO BAXIIUBUM (DaKTOpOM JjIs 3a0e3reueHHst 0e31mepepBHOCTI
TEXHOJIOTIYHOTO TPOLIECy, EKOHOMIYHOi e(EeKTUBHOCTI BUPOOHUITBA Ta JOTPUMAHHS BHUMOT
Oesrnexu mpari. ToMy BUBYEHHS YMOB €KCIUTyaTallli Ta IPUYMH BUXOAY 3 Jady JeTajedl MaIuH 1
arperaTiB Ma€ MPaKTUYHE 3HAYEHHS JUIi ONTHMi3allii BUPOOHMLITBA Ta 3HIKEHHS BHUTpAT Ha
PEMOHT.

B mporeci 1iykpoBoro BUPOOHHIITBA TEXHOJIOTIUHE OOJAJHAHHS TMPAIIOE B Crienu(pIvHIX
yMOBax Ta MiJBULICHOTO HABaHTAXKCHHSA, L0 MPHU3BOAUTH A0 IOCTYNIOBOI'O 3HOCY IIOBEPXOHb
nerasnei MamuH i arperaTiB. OHI€IO 3 OCHOBHUX NPUYUH € a0pa3WBHUI BIUIMB TBEPAMX AOMIMIOK,
TaKuX SK TMICOK, 3eMJIs 1 JpiOHI KaMmiHIll, IO MOTPAIUIAIOTh pa3oM i3 Oypskamu. BoHU akTHBHO
YIIKO/KYIOTh po0oui MOBEpXHI HOXiB, TPyOONpOBOAIB i TpaHCHOpTEepiB. BHCOki TemmepaTypH,
XapakTepHl B HpoIecl BHUIAPIOBAaHHs], KpUCTali3alli Ta YBaplOBaHHSA CHpPOIly, CIPUYUHSIOTh
TEPMIYHY BTOMY MaTepiaiiB, M0 OOYMOBIIOIOTH YTBOPEHHS MIKpOTpilIuH, nedopMmariin i
MOCTYIIOBOI'O PyHHYBaHHS METaJIeBUX KOHCTPYKLIH.

3HayHy IIKOAY 3aBJa€ KOPO3is, SKa BHHUKA€ BHACIHIJOK KOHTAKTy METaly 3 arpeCUBHUMH
cepenoBumamMu. B mpomeci oOpoOku OypsiKiB YTBOPIOETHCS BEJMKAa KUIBKICTH IMapu, BOJIOTH, a
TaKOX KOHTAKT 3 PEYOBMHAMHM, L0 MAIOTh IiJIBUIIEHY KOPO3iiHY aKTUBHICTH (BYIJIEKUCIHMN Ta3,
BalHO, Cynab(IiTHI crnoiayku). Taka i NPU3BOIUTH 1O pPYHHYBaHHS TMOBEPXOHb amaparis,
pe3epByapiB i TeII0OOMIHHHKIB. MeXaHIYHUI 3HOC Jaerajeil oOyiagHaHHS, MmO Oepe ydacTh y
noIpiOHEeHHI, TPAHCIIOPTYBaHHI Ta MEpPeMilllyBaHHI CHPOBHUHHU, 30KpeMa IIHEKIiB, HO)KOBUX MJIMHIB,
HACOCIB, MiJIIMIMTHUKIB Ta iHIINX, BiIOyBa€ThCsl BHACHIIOK TepTs. OCOOIMBO IHTEHCHBHUM IIPOLIEC
3HOILYBAaHHS B HACJIJIOK NOTPAIJISAIOTh a0pa3sMBHUX YaCTHHOK B poboue cepenoBuiie. JlogaTkoBUM
(dakTopoM € BTOMa MaTepialy BHACIIOK JIii MOCTIHHUX MUKIIYHIX HAaBAaHTa)XeHb — BIOpaIIiid, 3MiH
TUCKY Ta TeMIepaTyp.

[lix wac ce3oHy mnepepoOku OypskiB (kammaHii) OITBIIICTH arperariB MIpaIioloTh
0e3nepepBHO MPOTATOM KIIBKOX THXKHIB 200 HaBITh MICSALIB, IO MPHU3BOAMUTH 0 MOPYIICHHS
MpaBUJl eKCIUTyaTallii, BIJICYTHOCTI PETYJSIPHOTO TEXHIYHOTO OOCIYrOBYBaHHS, HECBOEYACHOT
3aMiHM 3HOIIEHUX €JIEMEHTIB 1 BHMKOPHUCTaHHS HESIKICHUX MaTepiaiiB IpH PEMOHTI JIUIIe
MOCWJIIOIOTh IIpolec 3HOLIeHHs. ['11po- Ta mHEBMOyAapu Mpu 3amycKy abo 3ynuHIl oOJaJHaHHA
MOXYTh CIPUYMHUTU MUTTEBI MOUIKO/KEHHS YIIIIbHEHb, TpyO Ta apMaTypu. CyKyHHICTH IUX
(GakToOpiB 3HAYHO CKOPOUYE TEPMIH CIYXOM Jeraned Ta oOnajHaHHA W MOTpedye MOCTIHHOTO
KOHTPOJIIO, MPO(DITaKTUKH Ta MOAEpHi3allii.

Oxpemy KaTeropiro CTaHOBJIATH KOHCTPYKTHBHI a00 BUPOOHMU1 e(heKTH 00Ia HaHHS, K 3
4acoM HPOSIBJIAIOTHCS Y BUTIISAL TPILIMH, Aedopmaliiil abo BUX0y 3 Jaay okpeMux enemeHTiB. He
MEHIII BOKJIMBHUM € W JIIOJCHKUI (DaKTOp, KOJIM MOMUJIKH TIEPCOHANY ITiJl 9aC MOHTaXYy, IyCKy abo
eKCIUTyaTallil TaKoX MOXKYTb IPU3BECTH JI0 MOPYLUICHHS HOPMAJIBHOTO ()YHKIIIOHYBAaHHS TEXHIKH.
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JlocmiJKeHHsT TIOKa3ajM, 10 MPUYMHM BTPATH Mpale3laTHOCTI oO0JaJHaHHSA Ha IyKPOBHMX
MIJIpPUEMCTBAX 0O€3MocepeIHbO IOB’si3aHa 31 3HOCOM JeTajiell arperariB, SIKMH € OJHUM 13
TOJOBHUX YMHHUKIB 3HW)KEHHS HaIIHHOCTI Ta €(pEKTUBHOCTI pOOOTH TEXHIYHUX CHCTEM. 3HOC
neTaneil 00yMOBIIIO€ 3HMKEHHSI TOUHOCTI pOoOOTH arperartiB, 3pOCTaHHs BiOpalliid, BUTIK pOoOOUYNX
cepeloBulll, 301JbIIEHHS EHEProclOoXKMBaHHS Ta IOBHOI BTpAaTW Mpalne3laTHOCTI By3iniB. [lani
MIPOLECH MPU3BOJATh JI0 HE3aIJIAaHOBAHMX IPOCTOIB, MOPYIIEHHS TIpadikiB BUPOOHHUITBA Ta
HiABUILEHUX BUTpAT Ha aBapiiiHMi peMoHT. ToMy BHMBUEHHs 3HOCY SIK OCHOBHOI ()OpMH BTpaTu
Mparne31aTHOCTI JeTaJIe T03BOJIsIE HE JIUIIE OOTPYHTYBATH JOLUIBHICTH MOJIEpHI3aIli abo 3aMiHH
yCTaTKyBaHHS, a ¥ pPO3pOOMTH Ii€Bl cTparerii TEeXHIYHOro OOCIYrOBYBaHHS, SIKI IIJIBUIIYIOTbH
3arajbHy €()eKTUBHICTH BUPOOHMIITBA HA IYKPOBUX MiAIPHUEMCTBAX.

ITokazaHo, 10 OZHHMM 13 BaXKJIMBHUX CIIOCOOIB MIiABHINEHHS HAIIMHOCTI TEXHOJIOTIUHOIO
oOJaZHaHHS Ha MIANPUEMCTBAX I[YKPOBOTO BUPOOHMIITBA € BUKOPHUCTAHHS KOPO31MHOCTIMKHUX
MaTepialiB Ta CBOEYACHE BIHOBJICHHS 3HOIICHUX JeTajeil. 3acTOCyBaHHsS MaTepialiB, CTIMKHX 110
KOpO3ii, T03BOJIsSI€ 3HAYHO 3HU3UTH TEMIM PYHHYBAaHHS KOHCTPYKI[IHHHX €JIEMEHTIB, IPOJIOBKHUTH
TEepMiH IXHBOI €KCIUTyaTalli Ta 3MEHIUMTH KUIbKICTh aBapiiiHux 3ynuHok. CiJl 3a3HauMTH, IO
BIIHOBJICHHS J€TAJICH, 1110 BTPATHJIN CBOi ()YHKI[IOHAIBHI BJIACTUBOCTI BHACIIOK 3HOIIYBAHHS J1a€
3MOTY YHUKHYTH TOBHOi 3aMiHH JIOPOTHX BY3J]iB, CKOPOTHTH BUTPAaTH HA PEMOHT 1 HiJIBUIIUTH
3arajibHy €(eKTUBHICTh pOOOTH O0JIaIHAHHS. TIOEAHAHHS IUX MIIXOMIB 3a0e3neuye CTablIbHy U
6e3nepebiitHy poOOTy TEXHOJOTIYHUX JIiHIM Ha I[yKPOBUX 3aBOJIAX.

Takum ynHOM, e(peKTHBHA EKCIUTyaTallisi TEXHOJOTIYHOTro OOJiaJHAHHS Ha ITAMPUEMCTBAX
IyKPOBOT'O BUPOOHUIITBA MOJKJIMBA JIUIIE 32 YMOBU CHCTEMHOIO MiIXOY: JOTPUMAHHS TEXHIYHUX
pEerJIaMeHTIB, BIPOBA/HKCHHS CYYaCHMX METOJIB JIarHOCTMKH Ta MOHITOPUHTY, CBOEYACHE
oOciyroByBaHHs. EQEeKTHUBHUM 3acO00M ITiIBUIIICHHS HAIIHHOCTI Ta JOBrOBIYHOCTI 00JIaIHAHHS HA
IIYKPOBUX TMIAMPUEMCTBAX € 3aCTOCYBaHHS KOPO3IMHOCTIMKMX MaTtepialliB Ta BiJHOBJICHHS
3HOIICHUX JeTaleld MamuH Ta arperatiB. L{i 3axoau copusiOTh 3MEHIIEHHIO BTPAT, OB’ S3aHUX 13
MPOCTOEM TEXHIKH, CKOPOYEHHIO BHTpAT Ha KamiTadbHUH PEMOHT 1 3a0e3MeduyroTh CTaOUIbHY
po6OTYy BUPOOHHUYOTO MPOLIECY B YMOBAX arpeCUBHOTO CEPEOBUIIA. Y PE3YNbTaTi BIPOBAHKEHHS
TaKuX TEXHIYHUX PIIICHb MiJABUIIYETHCS 3arajbHa €()EKTUBHICTh Ta KOHKYPEHTOCIIPOMOKHICTH
HiANPUEMCTBA.
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YIK:655.3.066.5:004.932.2

34CTOCYBAHHSA TA TEXHOJIOI'TYHI ACITEKTH ®OTOTPABIOPHOI'O
METOJNY JPYKY

L.P. €EBMenbeB, cm. ep. M3-24,
O.B. Ky3uk, 0oy., KaH0. mexH. HayK
LlenmpanvHoyKpaincbKull HAYiOHATLHUL MEXHIYHUL YHIGepcumem

CydacHi TeXHOJIOTIi APYKY OXOIUTIOIOTh MIMPOKUI CIIEKTP METO/IIB, KOKEH 13 SKHX Ma€ CBOi
MepeBaru 3aJIeKHO BiJl THITY TPOAYKIli, SKOCTI 300pakeHHsI Ta BUMOT 10 Hakiany. Cepen HHUX
¢dororpaBropHuil MeTO] 3aiiMae 0cOO0IMBE MICIIE SIK OJMH 13 HAWOUIBII KICHUX CITOCOOIB INIMOOKOTO
npyky. Bin 3abe3neuye HaJa3BHYailHO TOYHY Mepenady 300pa)keHb, BKIIIOUYAIOUM HaWapiOHIII
netaini ¥ rutaBHI TOHOBI mepexonu. Pororpasiopa, ado TIIMOOKUN APYK, € OJHUM 13 HAUTOUHIIIMX
METO/IB BIATBOPEHHS 300paK€Hb Y BUCOKIH SKOCTI. 3aBISIKM MOXIIMBOCTI TIEpeIaTh TOHKI Tpajartii
KOJIbOPY, YiTKi AeTaji Ta JOCSITTH BUCOKOI IIIIBHOCTI (apOu, (GOoTOrpaBIOpHHUI METOJ AaKTUBHO
3aCTOCOBYETHCS Y BHTOTOBJICHHI YIIAKOBKH, XYJOXKHIX 1TIOCTpalliid, OaHKHOT, MapoK, XypHaJiB 1
KaTaJoTiB.

B ocHOBI (oTOrpaBlOpHOr0 METONYy JAPYKY JEKUTh IEPEHECeHHs 300pa)KeHHS Ha
IpyKapchky ¢opMy 3a jgomomMoror  QoroxiMmigHoro mporecy. CrouaTky —300pakeHHS
NEPETBOPIOETHCA HAa (POTOMACKY 3 PACTPOBOIO CTPYKTYPOIO, 1€ KO’KHA TOYKA BIJINOBIJIAE MIEBHOMY
TOHY MaiOyTHBOTO 300pakeHHs. [loTiM 11 Macka BHKOPHCTOBYETHCS JJIsi EKCIOHYBAaHHS
CBITJIOUYTJIMBOT'O IIapY, HAHECEHOT'0 Ha MiJIHY a00 1HIly METaJeBY LMIIHAPUYHY TOBEPXHIO.

[Ticns excrioHyBaHHS Ta MPOSIBICHHS Ha MOBEPXHI YTBOPIOETHCS penbed 13 3arianOneHHIMI
pi3HOT TTMOMHM, SKi BiAMOBIIAIOTH BIATIHKaM 300pa)kKeHHSA: YUM TIUOIIE 3ariau0IeHHS, TUM O1bIe
¢dapOu BOHO MOXKE BMICTHTH, a OTXKE, THM TEMHIIINM OyJe BiIMOBIIHUI €JIEMEHT Ha BiIOUTKY.
[Ticnst uporo Apykapchbky GopMy TpaBIsTh, 00 OCTATOYHO chopmyBaTu KoMipku s dapou. [Tig
qac apyKy (¢apOa HAHOCHTHCS Ha BCIO MOBEPXHIO (POPMH, TICIIS 4OTO 3 Hel 3UMINAETHCS HAITUIIOK 3
IUIOCKUX JUISHOK pakKeJIbHUM HOXEM, a B 3aryInOJIeHHsX BoHa 3anmumuaerbes. [lotim dopma
KOHTAaKTYe€ 3 TarepoM abo iHImmMM MaTepianoM, i papba mig THCKOM NepeHOCUTHCS 3 3ariH0IeHb Ha
IpyKOBaHUI MaTepial.

Oco6ymmBICTIO (POTOTPAaBIOPHOTO METOJY € BHCOKAa SKICTh Tepenadi MIBTOHIB, YITKICTh
300pakeHHS, MOKJIMBICTh OTPUMAHHS IUIABHUX TOHOBUX IEPEXO/IB 1 IETATILHOIO BIATBOPEHHS SIK
TeKCTiB, Tak 1 ¢Qororpadiii. Lleil Meron MMPOKO 3aCTOCOBYETbCA B modirpadii amas JIpyKy
BUCOKOSIKICHOT YIaKOBKH, >KypHaJIiB, IOIITOBUX MapoOK, €TUKETOK Ta 1HIIMX BHJIAaHb, /1€ BaXKJIMBA
TOYHICTh 1 HACUYEHICTh 300pakeHHs. POTOrpaBIOPHUM APYK BUPI3ZHIETHCS BUCOKOK CTAOUIbHICTIO
napaMeTpiB ApyKy 1 3HococTiikicTio (opM. OnHiero (GOpMOIO MOXKHA HaIpyKyBaTH 10 1-5
M1JIbIOHIB B1IOUTKIB 0€3 BTpaTH gKkocTi. Lle poOuTh MeTo HaA3BUYaiiHO €()EKTUBHUM IS BETUKUX
HaKJIaiB.

@DOTOrpaBIOPHUN METOJ 3AIMIIAETHCA HE3aMIHHUM JUIsi BUPOOHUIITBA ToJirpadivyHol
NpoAYKIiT BUCOKOI sikocTi. Ilonpu kKoHKypeHIito 3 60Ky odceTy Ta HUPPOBOro ApyKy, BiH BUT1IHO
BHUPI3HAETHCSA JOBTOBIUHICTIO ()OpPM, TOYHICTIO Tepenadi KOJbOPIB 1 3MAaTHICTIO NPAIIOBATH 3
BEJIMKOIO KUIBKICTIO MarepiaiiB. Y MallOyTHbOMY OYIKY€ThCSl TIOAaJbIE BIOCKOHAJICHHS
(GOTOrpaBlOpPHOrO METOAY 3a pPaxyHOK aBTOMaTH3allii, LU(POBOro TIpaBilOBAHHA Ta 3HIKEHHS
BapTOCTI MiATOTOBYUX MPOIIECIB.
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OpukIiiHe HaHECEHHS AHTHUPPUKIIHHUX TOKPHUTTIB MeTogoM DABO xapakTepusyeThCs
B3a€MOJIIEI0 €JIEMEHTIB CUCTEMH «/1€TalIb-IHCTPYMEHT-TEXHOJIOTIYHE CEPEIOBUIIIEY.

JlaHa B3a€MOJIist peatli3yeThCsl BHACIIOK IPUCYTHOCTI 4OTUPBOX (hakTopiB [1]

- MeXaHIYHUH (akTop, [0 neperadayae CTBOPEHHS NPUTHCKAIOUUX 3YCHIIb MiX
IHCTPYMEHTOM Ta JETaJUTI0, BITHOCHE MEePEMIIICHHS ITOBEPXOHb JIeTajll Ta IHCTPYMEHTY MiXK CO0O0¥0;

- XIMIUHUH, epedayae momnepeIHIo aKTHBALIII0 MOBEPXHI JeTajli, Ha poO0Yi MOBEPXHI
SKOT HAHOCUTHCS aHTU(QPUKIIIHHE TOKPHUTTS, , YTBOPEHHSAM XIMIYHMX B3a€MO3B’S3KIB MiX
MOBEPXHEIO JETAJ Ta IHCTPYMEHTOM, a TAKOXK MK KOMIIOHCHTAMH B TEXHOJIOTTYHOMY CEPEIOBHIIII;

- TepMiuHUN (PaKTOp MOB'SI3aHMI 3 HABATAKYBAIBHO-IIIBUIKICHUM PEXUMOM OOPOOKH,
0 OOYMOBJIOE TMOTYXHICTh TEIUIOBHIJICHHS B KOHTAKTHIM 00ylacTi Ta 3a0e3rnevye aKTHBAIIIO
IPOIIECIB 32 PaxXyHOK MIJBUIIEHHS TEMIIEPATypH B CUCTEMI «JI€Talb-IHCTPYMEHT-TEXHOJIOTIUHE
CepeIOBUILEY;

- (hakTOp MOB'AI3aHUI 3 BUBUIBHEHHSIM €HEPrii, MPU BUXO/1 Ha MMOBEPXHIO B Pe3yJIbTaTI
MIKpOIUTACTUYHOI Jedopmaltii CTPYKTYpHHUX Je(eKTiB, TUIY TUCIIOKAIlii, BAaKaHCIH 1 MIXKBY3JIOBUX
aTOMIB.

Hanecenns aHTU(PHUKIIITHOTO TIOKPUTTS MOKe OyTH peaiizoBaHe (PpUKIIIHO-MEXaHIYHUM
a60 GpUKIIHHO-XIMIYHUM crocoOoM. J[as 000X TEXHONIOTIYHUX BapiaHTIB MpUTaAMaHHI Pl
CIUJIBHUX PUC MPOIECY YTBOPEHHS OKPUTTS [2].

Po3rnsiHeMO OCHOBHI €Tamu YTBOPEHHS AaHTU(QPUKLUIHHUX TOKPUTTIB, L0 HACOCSATHCS
¢bpukniino-mexanivauM criocobom GPABO.

IToyaTkoBUI CTaH TOBEPXHI XapaKTEPU3YEThCS MPHUCYTHICTIO CTPYKTYp, IO MOXKYTh
MEPENIKO/PKATH  Oe3MmocepelHbOMY KOHTAKTY 1 aiare3iifHoMy 34YeIUICHHIO METaliB B TpOILECi
HaHECEHHS aHTU(QPUKIIHHOTO MOKpUTTS. CIliJ BIAMITUTH HAsBHICTh Y IOBEPXHEBOMY IIapi BOJOTH,
11apiB OKCHJIIB, 110 YTBOPIOIOTHCS B PE3yJbTaTl B3a€MOJIl KHCHIO MOBITPS Ta MeTaly naerani. Sk
NpaBUJIO, Ha MOBEpXHI MaroTh Micue 3’eaHanHs tuny FeO, Fe203, Fe304, a Takox XiMI4HO
abcopOoBaHnwuii kucens [3].

[eprmii eran yrBopeHHs nokpuTTs npu @ABO nependayae akTUBAIilO0 MOBEPXOHb JeTall
Ta IHCTPYMEHTY.

VY Bumanaky ¢pukuiiino-mexaniunoro merony ®ABO mepmuii eran yTBOpEHHs MOKPHUTTS
XapaKTepU3y€eThCs AUCTIEPryBaHHAM MaTepialiiB Mapyu TEPTs — IHCTPYMEHTY Ta JeTalll.

CrpanboBYBaHHS MEXaHIYHOrO (hpaKkTopa aKTUBALl NPH HAHECEHHI MOKPUTTA TEPTAM
B1IOYBA€THCS K HACHIAOK (PUKIINHOI B3a€MOJII, 3JaTHOI YaCTKOBO a0O0 TOBHICTIO 3pYHHYBATH
map okcuay abo XiMiuHO abcopOOBaHOrO KUCHIO. B mouaTkoBHii mepioj JTaMKH MIap OKCHAIB Ha
MMOBEPXHI TEPTS MiIJAETHCS 3HAYHOMY BIUIMBY JedopMariiii 3CyBy, BHACTIOK YOTO BiAOYBa€ThCA
pYyHHYBaHHS MaTepiajiB JAeTali Ta IHCTPYMEHTY Ta BUHECEHHS HOTO 3 30HU KOHTAKTY.

BinOyBaeTbcs pyiiHYBaHHS BEPIIMH MIKPOBHUCTYIIIB 1HCTPYMEHTA Ta JIETalll Ta BUHECEHHS
JAaHOTO MaTepially B TeXHOJoriuHe cepenoBuine. Ha naHomy etami MOXJIHMBE KOPOTKOYAacHE
OTOJICHHSI IOBCHUIBHMX IIOBEPXOHb 3a PAaXYHOK TMPHUCYTHOCTI CHJI TEpPTS MDK HEPIBHOCTIMHU
MOBEPXHI IHCTPYMEHTY Ta JeTajli. AKTHBallisl KOHTAaKTHHX MOBEPXOHb JeTaliell Ta iHCTPYMEHTY
CIIPHUSIE YTBOPEHHIO MI)KATOMHHUX 3B’s3KIB MK MaTepialaMu MOKPUTTS Ta aertai [4].

3bipnux mamepiarie VII Mixnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct.70



JTideuyerHst HAOHTHOCTTIL T egheKyuBHOCT MauiuH, Tipouecis i cucmem. Improving the reliability and efficiency of machines processes and systems

Jlpyruii eran yTBOpeHHsI MOKPUTTIB Nepedayae 0capkeHHs aHTU(OPUKIIHHUX KOMIIOHEHTIB
Ha moBepxHi jAerani. Ha nanomy erami BigOyBa€ThCsl MpOLEC XIMIYHOTO OCAKEHHS METalliB 3
okcuy mimi [4].
B pesynbraTi TpubOOHaBaHTaXeHb Ta TUCKIB YAaCTHHA YaCTOK Marepiajy 1HCTPYMEHTY, IO
YTBOPUJIMCS B pe3yabTaTi 3pi3aHHA Ha MEpIIOMY eTami, 3alpecoBYIOTbCA Yy BIAJUWHAX MIXK
BUCTYyNaMU NpoQuUI0 MOoBepXxH1 aeraii. lle mpuBoAUTH A0 3ryIaJKyBaHHS MMOBEPXHI, 301IBLICHHIO
peaNbHO1 TUIOII KOHTAKTY, 3MEHIICHHIO KOHTAKTHOTO TUCKY MPHU poOOTI AeTali 3 aHTUDPUKIIHHUM
MOKPUTTSIM. B pe3ynpTaTi BHCOKHX JIOKaJbHUX THCKIB YTBOPIOIOTHCS KOTE31MHI 3B S3KH MIX
OKpEMHUMHM YaCTKaMHU MaTepiay MOKPHUTTS.
Tpetili etan € 3akioyHUM Yy ¢GopMyBaHHI MOKpuTTiB. Ha nanomy erami 3aBepiryeTbes
NIEPEHECEHHsI MaTepiajly 1HCTPYMEHTY Ha IOBEPXHIO JIeTajli BHACHIJOK 3HMXKEHHS IIOPCTKOCTI.
BinOyBaeTbcss MpUNUHEHHS] HAPOITYBaHHS MOKPUTTS 1 BHACIIOK JOCATHEHHS PIBHOBAKHOTO CTaHY
[0 3CYBHMM XapakTepucTukam. [IpunuHseTscs 00’€MHa MIaCTUYHA TeUisl MaTepiany iHCTPYMEHTY
Ta 3MEHUIYETHCSI TEMIIepaTypa B 30HI TEpTs, L0 MPHUBOAUTH /0 TajJbMyBAaHHS XIMIYHMX pEaKIii
B3a€MO/Iii KOMITOHEHTIB TEXHOJIOTIYHOTO cepeaoBuIna [5].
JlaHuii eTan xapakTepu3yeThbCsl IPOXOKEHHIM Iudy3ii MeTaly, 0caJ)KEHOr0 Ha IIOBEPXHIO,
BIVIMO MOBEPXHEBOro Imapy Aetaii. Tak, Ik aHTU(PUKLIKHHI TTOKPUTTS, 110 OTPUMYIOTHCSI METOJIOM
OABO MarTh TE€BHY HECYIUIBHICTh, TO YaCTHHA TIOBEPXHEBO-aKTMBHOTO PEYOBUH 3
TEXHOJIOTIYHOTO CepeIOBHIIA aICOPOYETHCS B MOPAX MOKPUTTSL.
PosrnsiHyTa MOCHIMOBHICTH YTBOPEHHS TMOKpUTTIB mnpu BukoHaHI DPABO mo3Bomsie
JOCTIJKYBaTH Tporiec (OpMyBaHHS AaHTUQPUKLINHUX TOKPUTTIB, BUKOHYIOUM aHali3 CTaHy
KOMIIOHEHTIB CUCTEMH «JI€Tallb-IHCTPYMEHT-TEXHOJIOTIYHE CEpEeJOBUIIE» Ta IEPETBOPEHb, IO
BiIOYBaIOThCA B IPOIIECI HAHECEHHS TTOKPHUTTIB.
3Bakalouu Ha MPOBEJICHUN aHaI3 IMPOIECIB, M0 BiMOYBAIOTHCSA MPHU HAHECEHHI IMOKPUTTIB
metogamu  DPABO, MOXIHMBO 3pOOMTH BHUCHOBOK, IO MIJBUIIUTH SIKICTh HAaHECCHHS
aHTU(PUKIIITHOTO TTOKPHUTTS MOYKJIMBO ITiABUIITUTH:
- 3aCTOCYBAaHHSM TEXHOJIOTIYHHX CEPEIOBHUII ONTUMAJILHOTO CKJIATy Ta 3 HEOOXiJHOIO
KHCJIOTHICTIO;

- CTBOPEHHSAM OINTUMAJIFHOI TEMIIEPaTypH B 30HI KOHTAKTy JJs 3a0e3MedYeHHs MpoLecy
TPUOOIECTPYKIIIT TITIIEPHHY, IO € OCHOBOIO JIJII OUTBIIOCTI TEXHOJOTIYHUX CEPEIOBHIII,
1, SIK pe3ynabTaT, MPOBEACHHS XIMIYHHX peakiiii MK KOMIOHEHTaMH TEXHOJIOTTYHOTO
Cepe/IOBHINA Ta MaTepiajgaMu JeTalli Ta IHCTPYMEHTY.

BUKOHAHHSM OIlepaliii MexaHiyHoi 00poOku neraini, mo nepeaytots PABO, 3 cTBOpeHHIM
ONTHMAJIBHOI MIOPCTKOCTI TOBEPXHI, [0 TACTh MOXJIMBICTh B IMIOBHIHM Mipi peali3yBaTH MEXaHIYHHMA
Ta TeMIepaTypHuil (aKTOPH yTBOPEHHS MOKPUTTS (3a0e3MeUYeHHs pi3aHHs MaTepialy iHCTpYMEHTY
Ta HAarpiBaHHA 30HU KOHTAKTy Ta TEXHOJIOTTYHOI'O CEPEIOBUIIIA).
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In modern world transport there are integral component vital activity society. Development
transport systems is not only related to the implementation the newest technologies, but also from
provision convenience and safety management. Important component this process is ergonomics —
the science of adaptation technical systems to physiological and psychological features human [1].
In the context of a vehicle ergonomics covers design interior cabins, accommodation organs
management, information environment, lighting, ventilation, noise insulation etc. [2]. All these
aspects have direct or mediated impact on performance driver and vehicle reliability. Ergonomics in
a vehicle aims to creating conditions under which operator maybe to manage for a long time mobile
machine without significant reduction performance, safety or health risk [3]. The main directions of
ergonomic analysis include:

1. Placing elements management and control: it is important that all necessary the
elements were within reach, had logical accommodation and amenities dimensions;

2. Visual perception information: panels devices should be easily readable, have correct
brightness, contrast, size fonts and lighting;

3. Position sitting and posture operator: chair has to support one's back, to have height,
tilt and distance adjustment to the pedals;

4. Climatic conditions in the cabin: temperature, ventilation, absence excessive noise

and vibrations much affect the operator's well -being.

Ergonomics is an important factor for the error-free and trouble-free operation of a mobile
machine, its main influence [4]:

1. Reduction equal fatigue driver. Poorly designed cabin leads to accelerated fatigue
operator. A tired operator is more likely to is assumed errors, slower reacts to road situations, and
sometimes unconsciously causes overload units. On the contrary, comfortable fit, support body and
quality noise and vibration isolation reduce fatigue, increase concentration and, as a result, reduce
risk of breakage.

2. Reduction probabilities errors. Poorly located devices, levers Do buttons often cause
wrong or untimely management. For example, in stressful situations operator maybe confuse
switches or not have time react due to difficult access to the brake system. This directly affects the
safety and wear of the components.

3. Promotion correct operation. If to the operator easy drive the vehicle, it will not violate
instructions. For example, the smoothness of the pedal stroke or steering wheel rotation is reduced
dynamic brake load, steering mechanism and transmission.

4. Facilitation of maintenance. Ergonomic placement of technical elements (filters, tanks,
hoses, connectors) contributes to quick and safe maintenance, reduces the risk of damage during
replacement or repair.

5. Positive psychological impact. Comfortable cabin, modern interior, pleasant materials
decoration, silence - all of it increases level confidence in the vehicle, reduces stress and aggression,
improves driving style.

Today, the ergonomics of the interior of the cabin are calculated and taken into account
when designing a mobile machine, so modern DAF, Volvo, Mercedes - Benz class trucks are
equipped with ergonomic cabins with adaptive seats, intuitive arrangement of instruments and
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multimedia panels, which significantly reduces fatigue on long routes; John agricultural machinery
Deere is designed with long hours of work in the field in mind - special seats with shock absorption,
climate control and autopilot systems increase efficiency and reduce the risk of errors, Claas
combines are equipped with an ergonomic control system Cemos A utomatic , which is intended to
automatically adjust the threshing and separation mode; large touch display with an intuitive
interface; virtual driver assistant (tips for optimization). These functions provide the opportunity
longer continuous work without loss productivity; less load on the engine and cleaning system due
to accurate settings. All leading agricultural machinery brands equip their machines with climate
control and air filtration (category 4) — protection against dust and chemicals; armrests with a
control panel — reducing muscle strain; cab and axle suspension — reducing vibrations and noise,
which affects the durability of electronics.

With development digital technologies vehicle ergonomics continues to improve. In
particular:

1. Are being implemented adaptive control systems based on machine vision, which
reduce driver involvement.

2. Applicable biometric sensors that monitor health status and level fatigue driver.

3. Under development intellectual interfaces — for example, augmented reality on the
windshield.

All of this contributes further reduction errors human and increase reliability of transport in
general. In modern conditions ergonomic. The approach to transportation design is not a luxury, but
a necessity that directly affects efficiency, safety, and durability. operation transport means.
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Kopo3zis craini 3aBae 3HaUHUX €KOHOMIYHHMX 30MTKIB y 0aratbox rajay3sxX MpOMHCIOBOCTI.
BoHa He nuie 3HMKYE MIIHICTD 1 JJOBTOBIYHICTh CTAIEBUX KOHCTPYKIIIH, a 1 MOKE MPU3BOJUTH JI0
aBapiiHuX cutyaniii. lle oco0mMBO KPUTHYHO [UIsi arpapHOi Ta BIHCHKOBOI TEXHIKH, sKa
30epiraeThCs y BIAKPUTHX YMOBAX 1 MiTa€ThC IHTEHCUBHOMY BIUIUBY aTMOc(epH.

OnuH 13 MPOTPEeCHBHUX CHOCOOIB 3aXMCTY CTalli BiA KOpo3ii — (OpMyBaHHS 3aXUCHHUX
OKCHUJHUX TUTIBOK Ha 11 MOBEepXHi. Taki IJIIBKH CTBOPIOIOTH HAJIMHHWKA Oap'ep, IO MEPEIIKoIKae
MPOHUKHEHHIO arpecHBHUX CEpENOBUIN 10 MeTany. BomHouac TpaauiiiiHi METOAM MarOTh CBOI
HEJIOJTIKW: HU3bKa aJre3isl TUIBOK 1 BAKOPUCTAHHS IIKIJTMBUX XIMIYHUX PEareHTIB, Ki 00OMEXYIOTh
€(eKTUBHICTh TEXHOJIOT1I.

MeTtor0 nOCHiKEeHHS € po3poOka mMeToAy (GOpMyBaHHS 3aXMCHHUX OKCHIIHUX IUIIBOK Ha
MOBEPXHI CTali 3a JONOMOTOIO JIA3ePHOTO BUIPOMiHIOBaHHS. Ll MeTommka 103BOJIsiE HE JMIIE
ONITUMI3yBaTH MPOIIEC CTBOPEHHS 3aXMCHOTO LIapy, a i TIUOIIe AOCTIAUTH MEXaHI3MU KOPO31iHOT
B3a€EMOJII.

MeTtononorist  JOCHiIPKEHHS  BKIIOYaja aHali3 HAyKOBUX  JKepesd, I[UIaHyBaHHS
eKCIIEpUMEHTIB 1 BapilOBaHHS MapaMeTpiB JiazepHoOro BIUMBY. s omiHKKM edekTiB oOpoOku
BUKOPHCTOBYBAJIM Pi3HI PEXUMH pPOOOTH Illasepa, Taki SK JOBXKHWHA XBHWIi, MOTYXHICTb, 4ac
€KCITO3UIIIi Ta 9aCTOTa IMITYJILCIB.

ExcnepumenTanbHi pe3yabTaTu NiATBEPAUIN €(EKTUBHICTh JIa3epHOIO BIUIMBY B CTBOPEHHI
BHCOKOSIKICHUX 3aXHCHHX ILUTIBOK. Lli MIIiBKM 1EMOHCTPYIOTh BUCOKY KOPO31HHY CTIHKICTB 1 CYyTTEBO
3HWKYIOTh IIBUIKICTh KOPO31HHHUX MPOLECIB.

Jlo OCHOBHUX MapaMeTpiB Ja3epHOTO BHUIPOMIHIOBAHHS, IO BHU3HAYAIOTH YCHIIIHICTH
(dbopMyBaHHS OKCHJHUX MOKPUTTIB, HaleXaTb JOBXKHMHA XBWIi, HOTYXHICTh Ja3epa, 4ac
ONPOMIHEHHSI Ta 4YacToTa IMIy/ibciB. JlOBXKMHA XBWJII BIUIMBA€ HAa CTYMIHb NOTJIMHAHHS €HEprii
METajoM, 1 MpaBUIbHUKA BHUOIp LILOTO MapamMeTpa J03BOJIAE€ ONTUMIZYyBATHU Mpolec (OpPMYBaHHS
wiiBoK. [IoTyXHICTh J1a3epa 3a0e3nedye KOHTPOJb TEMIEpaTypu HarpiBy mMarepiaiy: Mpu BUCOKIN
MOTY>KHOCTI BiIOyBa€ThCsl IIBHJKE HArpiBaHHS 1 OKMCHEHHs NOBEpxHI. Yac ompoMiHEHHsS Ta
4acTOTa IMITYJIbCIB BIUIMBAIOTh HAa TJIMOWHY TEPMIYHOTO BIUIMBY Ta 3a0€3ME€UyIOTh PIBHOMIPHICTH
00po6ku. Bubip onTumanbHuX napaMeTpiB ja3epHoi 00pOOKHU 3aIeXKHUTh BiJ] HEOOX1IHOT TOBIIMHH 1
CKJIaJy OKCHJHOI IUIIBKHM, TOMY €KCHEpPHMEHTaJbHE BHU3HAYECHHSI BIAMOBIIHOTO PpEXUMY €
BAXITUBOIO CKJIA/I0BOIO MPOLIECY.

Jnst  rapaHTyBaHHST BHCOKOi SIKOCTI OKCHIHUX TIIOKPUTTIB HEOOXITHO PETEIBHO
KOHTPOJIIOBATH HEPIBHOBAXKHI MPOLECH, SIKI BHHUKAIOTH MiJl 4yac ja3epHoi oOpoOku. OnHum i3
BOKJIIMBUX 3aXOJIB € KOHTPOJIb TEMIIEpPaTypH 3a JOIMOMOTOI TepMomnap abo iH(pauepBOHUX
HipOMETPiB, 110 J103BOJISIE YHUKHYTH HaJIMIPHOTO HAarpiBy 4M po3IUiaBiieHHs Matepiany. Kpim Toro,
IIBUIKE OXOJIOKCHHS TICHSA Ja3epHOi OOpOOKH CHpHsie YTBOPEHHIO IIIJTBHUX OKCHIHUX IIApIiB.
3anexHO BiJ BUMOT JO KIHIEBUX BJIACTUBOCTEH IUIIBKM MOXKHA 3aCTOCOBYBATH IOBITPSHE YU
pinuHHe oxoJoKkeHHs. KoHTponbs atMocdhepu 0OpoOKH, HANpPHUKIIA[ BUKOPUCTAHHS 3aXHUCHOTO
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ra3y, 3amnobirae HeOakaHUM XIMIYHMM pEaKI[isiM Ha TOBEpPXHI MeTaay 1 CIpHsi€ OTHOPIAHOCTI
OKCHJIHOTO IIapy.

JlazepHe BUIIPOMIHIOBaHHS JIEMOHCTPY€E BUCOKY €(EKTHBHICTh K IHCTPYMEHT JiJIs1 0OpOOKH
MeTaniB. BoHo He numie 3a0e3neuye Moaudikaiio mMarepianiB 3 BUCOKOIO SIKICTIO, ajie W 3HAYHO
MOKpAIIlye KOPO31iHY CTIMKICTh Ta 1HIII BIACTUBOCTI 0OPOOIEHUX MOBEPXOHbD.
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YJIK: 658.788:004.896:658.5

OINTHMIZALIA JIOTICTHYHHUX ITPOLECIB BHKOPHCTAHHA
POBOTH30BAHHX TEXHOJIOI'TH HA CKJIA/TAX IJIIPHEMCTB, ®IPM,
KOMITAHIH

€.A. OBuapos, cm. ep. TT-24m06,
1.0. KyaboBa, 0-p ginoc.
LlenmpanvroyKkpaincbkuti HAYioHAILHUL MeXHIYHUU YHieepcumem, M. Kponuenuyvkut, Yxpaina

VY cyuacHHX ymoBax riobanizarii Ta udpoBoi TpaHchopMalii JOricTUKa 3a3HAE CYTTEBUX
3miH. [IpoaHami30BaHO OCHOBHI BUKJIMKH, TOB’s3aHI 31 3pOCTaHHSM OOCATIB BaHTAaKOIEPEBE3CHb,
MiBUIICHHSIM BUMOT JI0 IIBUIKOCTI Ta TOYHOCTI JOCTaBKH, & TAKOX 3POCTAIOUYOI0 KOHKYPEHITIEIO
Ha PUHKY. 3 METOIO MiJIBUIIEHHS €()EKTUBHOCTI JIOTICTUYHUX MPOIECiBHA CKJIaAaX MiAIMPHEMCTB,
¢bipM, KOMIaHIi aKTHBHO BIPOBA/DKYIOTh IHHOBAIIWHI PpIMICHHS, Cepel SKUX KIYOBY pPOJIb
BIIIrparoTh CMapT-TEXHOJOTIi — poOoTH30BaHi cucteMu, [HTepHeT peueit (IoT), mTydynmit iHTEIEKT
(LLIT), anamituka Benukux nanux (Big Data) ta GPS-moniTOpHHT.

Y cdepi CkIaACbKOi JIOTICTHMKM  CMapT-T€XHOJOTIi  BIAIrpaloTh KJIIOYOBY  POJb,
3a0e3Mmeuyroun aBTOMATH3AI[i0 OCHOBHUX OIEparliil, MiABUIEHHS TOYHOCTI 0OPOOKH 3aMOBIICHb Ta
paiioHanbHE BHUKOpPUCTaHHS  (pi3udyHO-iHPOpMAIIHHOTO MpocTopy. PO3rIsHYyTO mNpakTU4He
3aCTOCYBaHHS Cy4aCHUX IU(POBHX PIllleHb HAa CKJIAJIaX MPOBITHUX JIOTICTUIHUX KOMIIAHIH.

Ha minmpuemctBax DHL, CEVA Logistics, Geodis Ta 1HIINX NPOBIIHUX JOTICTUYHHUX
OIepaToOpiB BUKOPHCTOBYIOTHCS aBTOHOMHI MOOUTBHI pobGotu kommawii Locus Robotics. Po6otu
Locus (momemi Origin, Vector, Max) (puc. 1) maroTh BOYyJOBaHMIl CEHCOpHHMH €KpaH,
pO3TalIOBaHUI y BEPXHIN YaCTHHI KOPIyCYy, 3a JONOMOTOIO SKOTO 3IIHCHIOETHCS B3a€EMOJIS 3
MpaIiBHUKAMH CKIIAy.

Pucynok 1 — Locus Robotics

Ha nucruteld BUBOAATHCS THCTPYKIIIT IOJJ0 BUKOHAHHS 3aB/IaHb, 10 JTIO3BOJISIE ONTHMI3yBaTH
mporec miadopy TOBapiB 1 3MEHIIUTH KibKICTh MOMIIIOK. POOOTH CaMOCTIHHO MEepeMilryrOThCs
CKJIa/IOM, a MpAaIiBHUK MOXE HAMpaBUTH iX y MOTpiOHE Miciie 0e3 moTpeOu MEepeHOCUTH BaHTaxXi
BpyuHy. BU3Ha4YeHO, IO BIPOBAKEHHS TaKWX POOOTH30BAHMX CHCTEM JIO3BOJISIE TiIBHINUATH
MPOIYKTUBHICTH MpalliBHUKA B 2—3 pa3u 0e3 301IbIIeHHS HaBaHTAXEHHs a00 TPUBAJIOCTI 3MiHU.
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[IpuknamoM aKTHUBHOTO BHKOPUCTaHHS pPOOOTH30BAaHHMX CHUCTEM Ha CBOIX CKJIagax €
kommanis Amazon. KommnaHnist 3actocoBye BiacHy JiHilKy poooTiB Kiva (puc.2), ctBopeHy Ha Oa3i
kyruieHol y 2012 poui kommawii Kiva Systems Hapasi — Amazon Robotics.

OcHoOBHE npu3HAYeHHS POOOTIB — MEPEMIIICHHS MOJHIIH (CTENIaXKiB) 3 TOBApaMU IO CKJIaIy.
PobGoT opienTyroThes 3a momomororo QR-komiB 1 cucteMu Hapiramii Ha mianos3i. OcHamieHHid
JIATYUKAMH JIJIS1 3a1100ITaHHS 31ITKHEHHSIM 3 1HIIMMH pOOOTaMHU Ta JIOIbMHU.

Pucynok 2 — Mo6unsHMii podot Kiva

HocmixeHo e(eKTUBHICTh BIUIMBY aBTOMaTH3aulii CKJIagiB Amazon Ha JOTICTHYHY
e(eKTUBHICTh: TICIs BHOPOBaDKCHHS cuctemMu Kiva cepenHiii 4yac BUKOHAHHS 3aMOBIICHHS
sMeHmuBcs 3 60-75 xBwnuH g0 15 xBunmuH. lle mo3Bossie He Jwimie mBUANIE OOPOOISITH
3aMOBJICHHS, ajle ¥ TOKPAIWTH 3arajlbHUNA PiBEHb CEPBICY, 110 € KPUTHYHHM Yy KOHKYpEHIli Ha
PHUHKY €JIEKTPOHHOT TOPTiBIIi.

O6rpynToBano, mo pob6otu Kiva [03BONSIIOTH 3MEHIIWTH IMUPUHY MPOXOIIB MIXK
cTelakaMu, 1o 3abe3neuye 30inblIeHHA e(eKTUBHOI Iuiomi ckiaxy Ha 50%. Jlomsm motpiGHO
O1bIIIe TIPOCTOPY IS TEPEMIIIICHHS MIXK PSAIaMH, TO1 K POOOTH MOXKYTh ITEPECYBATUCh B 3HAYHO
BY)KUUX MPOX0JIax. 3a3HAUCHE J1a€ MOXKIUBICTh HE TUIBKM €KOHOMHUTH KOIITH Ha HOBI MPUMIIIICHHSI,
ajsie ¥ oTpuMyBaTH OlIbIIe TPUOYTKY 3 Ti€T 3K TUIOMTI.

ABTOMaTH3aIlisl CKIQMIB JIO3BOJSIE HE JIMIIC IJABUIMUTH €(QEKTUBHICTh, aje W 3HAYHO
CKOPOTUTH BHTpaTH. 3rigHo 31 3BiToM Bank of America, koxeH ckiag Amazon, Ha SIKOMY
BCTAQHOBJICHO POOOTH30BaHY CHCTEMY, 03BOJIIE 3EKOHOMHTH OJIM3bKO 22 MIJIBHOHIB J0OJapiB
mopoky. g exkoHoMist popMyeThCst 3a paXyHOK 3HMKEHHSI BUTpPAT Ha OIUIATY Ipalli, IPUCKOPEHHS
MIPOIIECIB 1 3MEHIIICHHSI KIJTBKOCTI MOMIJIOK TI1JT YaC KOMIUIEKTAIlii 3aMOBJICHb.

Crni TakoX 3a3HAYUTH, 110 JUIS HEBEJIHMKUX CKIIAJIB, OCOOJUBO PETiOHAIBHOTO PiBHSA a00
CKJIQJiB Majoro Oi3HeCy, BIPOBADKEHHS TAKUX CHUCTEM MOXE BHSIBUTHCH EKOHOMIYHO
HegouimpHUM. OliHeHO (aKTOpH, M0 YCKIAJHIOITH BIPOBAHKEHHS: OOMEXKEHHWIl TOBapooOir,
HEBEJIMKA KIJBKICTh MPALliBHUKIB, BIACYTHICT OTPEOH B I11101000Bii poOOTI Ta BUCOKA BapTiCTh
nouyaTkoBux iHBecTulliil (podot Kiva un Locus moxe xomrysatu Big 30 000 qo 50 000 gonapis 3a
OJIMHUIIIO, HE BPAaXOBYIOUYH 1HPPACTPYKTYpPH Ta IPOrPaMHOIr0 3a0€3MeUeHH).

Takum 4MHOM, BUKOPUCTAHHS pOOOTHU30BAHUX TEXHOJIOTIM Ha CKJanax MiANPHEMCTB, QipM,
KOMIIaHIM CYTTEBO 3MIHIOE MIAXIJ 1O Oprasi3allii JOTICTUYHUX MPOILECiB. Y3arajJbHEHO MepeBaru
aBTOMATH3aIlil: MiABUIICHHS MPOAYKTUBHOCTI, 3MEHIICHHS KUIBKOCTI TMOMHIOK, ONTHUMI3allisl
MPOCTOPY Ta CKOPOUYEHHsI 4Yacy oOpoOKM 3amMOBICHb. Pa3oM 13 1M, BHU3HAYEHO OOMEKECHHS
BIIPOBA/KEHHSI JJIi Majoro Oi3Hecy yepe3 BHUCOKI MOYaTKOBI JIOTricTHYHI BUTpaTu. Ilomanbrmii
PO3BUTOK POOOTHU30BAHUX CKJIAJCHKUN JIOTICTUYHUX CHCTEM Yy JIOTICTULI OyAe MOB’S3aHO 3
MiABUIIEHHAM THYYKOCTi, 3 IHTErpami€lo 31 LITYYHUM IHTEJIEKTOM Ta 3HIKEHHSM BapTOCTI
BIIPOBAKCHHS.
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VIIK: 004.9:34:656

IIPABOBI TA TEXHOJIOTTYHI ACIIEKTH CMAPT-IHTEIPAIIIT

B.K. KoBanenko, cm. ep. TT-23-1,
J.0. KyaboBa, 0-p ginoc.
Llenmpanvroykpaincokuu HayioHATLHUY mexHiyHul yYHigepcumem, m. Kponusnuyvkuiu, Ykpaina

CyuachHuii etan 1ugpoBoi TpaHcdopmallii CycriabcTBa BUMarae KOMIUIEKCHOTO MiIXOY 710
iHTEerpamii cMapT-TeXHOJOriid. BrpoBa/ykeHHS 1HHOBAIIMHMX pilleHb Yy pi3HUX cdepax
KUTTEISIBHOCTI, B TOMY YHCIII Ha TPAHCIOPTi, CYNPOBOIKYETHCS 3HAYHUMM BUKIMKAMH, IO
noTpeOyIOTh HAYKOBOTO OCMHCIIEHHS Ta CUCTEMHOTO BUpIIIEHHS. TOMY JOLIJIBHO POBECTH aHali3
KJIIOYOBUX IPABOBUX, TEXHIYHUX Ta 1HQPACTpyKTypHUX Oap'epiB cMmapT-iHTerpauii B YKpaiHi, 3
METOIO PO3POOKH PEKOMEH/IAIIIH MO0 iX IMOI0JIaHHS.

[IpoanamnizyeMo mpaBoOBi aCIIEKTH CMapT-iHTErparlii:

— PEeTyJIATOPHI PO301>KHOCTI Ha MI>KHAPOAHOMY PiBHi;

— IpoOJIeMU CTaHIAPTHU3AIIIT,

— 3aXUCT NEPCOHAIBHUX JAaHUX;

— npaBocyO'eKTHICTD IITYyyHOTO iHTEeNnekTy (II).

AHami3 pPeryisITOpHUX TMPaKTHK CBIIYMTH TPO ICTOTHI PO3ODKHOCTI y miAXomax Ao
peryaroBaHHs 1HHOBAaLIWHUX TEXHOJOriH. Sk TMOKa3yloTh nochikeHHs, y Toi yac sk CLIA
JEMOHCTPYIOTh JiOepaNbHUM MIiAXi J0 BUKOPHCTAHHS APOHIB B YIPaBIiHHI TPaHCIOPTHUMH
MepeBe3eHHsIMU (30KpeMa, ISl JTIOCTaBKHU TOBapiB), €Bponeiicbkuit Cor3 JOTPUMYETHCS 3HAYHO
obepexHimoi momituku. s YkpaiHu, sika mparHe g0 €BpOiHTErpaiii, 1e CTBOPIOE JIOJATKOBI
CKJIQJIHOMII Y TapMOHi3alii 3aKOHOAaBCTBAa. 3 OJHOro OOKy, KpaiHa 3000B'a3aHa aJanTyBaTH
3aKOHOJIABCTBO BIAMOBIIHO 0 YTOIu Mpo acomiarito 3 €C; 3 1HIIOr0 — Mae BPaxoBYyBaTH JOCBI
THYYKHX 1HHOBaLIHHUX FOPUCAMKIIN JIs1 CTUMYIIOBAHHS HAI[lOHAIBHOTO TEXHOJIOTIUHOTO Oi3HECY.
PexomenoBaHO 3acTOCYBaHHS TIOPHIHOTO IMIJAXOAY — TapMOHI3yBaTH 0a30Bi MPHUHIIMIIH,
3aJMIIAI0YH IPOCTIP JUIsl IOKAJBHOTO PEryJIiTOPHOTO €KCIIEPUMEHTY.

IaTerpartis cMapT-TEXHOJIOTIH B JIOTICTUKY TPAHCIOPTY 3HAYHOKO MIPOIO 3aJICKHUTh BIJl
TEXHIYHOI CYyMICHOCTI MpPUCTPOIB Ta cucTeM. HuHi puHOK iHTepHery peueit (Internet of Things
(10T)) nemMoHCTpye BHCOKY (hparMEHTOBAHICTh Yepe3 BiJICYTHICTh €IMHHUX MPOTOKOIIB B3AEMOIII.
Hanpuxman, nmpuctpoi Binm Amazon, Google, Apple un Xiaomi 4acTo BHKOPHCTOBYIOTH 3aKPHTI
exocuctemH, Taki sk Amazon Sidewalk, Google Fuchsia, Apple Home Ecosystem, Xiaomi AloT
Ecosystem, 1m0 yCKJIaHIOE peai3allifo HAaCKPI3HUX JIOTICTUYHHX CIEHApiiB — BiJ] aBTOMAaTUIHOTO
MOHITOPHMHTY CKJIQJy JI0 OCTAaHHBOTO KUIOMETPY JIOCTaBKH. BupimeHHs 1iel mpobiemMu motpelye:
PO3pOOKH HAIIOHATBHUX CTAHAAPTIB; Y3TOMKEHHS 3 MIKHAPOIHUMH TEXHIYHUMH PETJIAMEHTAMHU;
CTBOPCHHS MEXaHI3MiB cepTHudikarrii.

IIpoBeneHuii aHami3 €BPOMEHCHKOrO MOCBiAYy perymtoBaHHs 3axucTy manux (General Data
Protection Regulation (GDPR)) mo3Bosisie BHOKPEMHTH KIIOYOBI HPHHIMIH, SIKi HOTPEOYIOTh
IMIUIEMEHTallli B yKpaiHCbKe 3akoHOoJaBcTBO. [IpuHIMN MiHiIMI3alli JaHUX nependayae 30ip nuie
Ti€el iHpopMallii, ska € abCONMOTHO HEOOX1THOO 71 GYHKLIOHYBaHHs cMapT-cucteM. Lle ocobmuBo
aKTyaJJbHO ISl JIOTICTUYHUX PpIllIEHb, 1€ HaAMIpHUHA 301p JaHUX MPO MiCLE3HAXOKEHHS,
MapLIpyTH pyXy ab0o NOBEJIHKY KOPUCTYBaYiB MOXE IPU3BECTH /10 MOPYLIEHb IPUBATHOCTI.

OO6oB'13k0Ba 3roja cy0'eKTa JaHUX BUMAarae Meperjsiay TpaauLIMHUX MIAXOJIB A0
iHpopMyBaHHS KopucTyBadiB. Y KoHTeKCTi loT-mpucTpoiB, siki 4yacTo NpauioTh y (OHOBOMY
pexuMi, HEOOX1THO PO3POOUTH HOBI MEXaHI3MHU OTPUMAHHS 3TOJHM, IO BPaXxOBYIOTh crenudiky ix
poboTu. €BponenchKUil TOCBIA AEMOHCTpPYE €(EeKTUBHICTh MOIIAPOBUX iHTepQeiiciB HagaHHA
3ro/Iv Ta BUKOPUCTAHHS Bi3yaJIbHUX 1HIUKATOPIB 300py JaHUX.
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Oco06suBy yBary BapTO NPUIUIMTH HPUHIMIY «privacy by designy», sxuii nepenbauae
BOY/ZIOBYBaHHSI 3aXO/IIB 3aXHCTy JaHUX M€ Ha €Tarl MPOEKTYBAaHHS TEXHOJOTIYHMX pimieHb. s
JIOTICTUYHHUX CHCTEM 1€ O3Haya€ HEOOXiTHICTh: aBTOMATH30BAHOTO AHOHIMYBAHHS JaHUX IMIiCIA
3aBepuIeHHs ix 0OpoOKkM; peami3alii MexaHI3MIB IICEBAOHIMI3allll MapIIPYTHUX JIaHUX;
BIIPOBAKEHHS ICLIEHTPANII30BaHUX CXeM 30epiraHHs yyTiInBoi iH(opmarii.

dinocodchKO-paBoBa TUCKYCIs MO0 CTATYCy IITYYHOTO IHTEJIEKTY MOTpedye HaAyKOBOTO
ocMuclieHHS. SIK TMOKa3yroTh Keiicu 3 aBTomioroM Tesla, TpaauiiiiHi TpaBOBI KOHCTPYKIIi
BUSIBJSIFOTHCS. HEJIOCTATHIMU IS PETYITIOBAaHHS HOBHX TEXHOJIOTTYHUX peatiid.

CyuacHa nmpaBoBa JIOKTpUHA IIPOMIOHYE TPU OCHOBHI MOJIEINI PETYTIOBAHHSA:

— ajanTauis ICHYIOUMX HOPM IIMBUIBHOI BIANOBIJANBHOCTI 3 ypaxyBaHHSAM crenudiku
MITYYHOTO 1HTEJICKTY;

— CTBOPEHHSI CIICLIATBEHOTO MTPABOBOTO CTATYCY «EJIEKTPOHHOI 0COOM»;

— po3poOKa KOMILIEKCHHX CXEM CTpaxyBaHHS PHU3UKIB, MOB'I3aHUX 13 BUKOPUCTAHHSIM

ABTOHOMHUX CHUCTEM.

Jlis  yKpalHCHKOTO TMPABOBOTO TMOJSI HAWOUIBII TEPCIEKTHUBHUM BUIJISAAE TOETHAHHS
nepiioi Ta Tpetboi Mojeni. e mepenbavae: monudikaiiro HOpM PO BiAMOBIAATBHICTS 32 IIKOAY 3
ypaxyBaHHAM creuu@ikd MTYyYHOTO IHTENEKTY; BIPOBAKEHHS OOOB'SI3KOBOTO CTpaxyBaHHS
PU3HKIB aBTOHOMHHMX CHCTEM; CTBOPEHHsS CHeIliali3oBaHUX peecTpiB KpuTuaHux LI-pimens;
PO3pOOKY CTaHIAPTIB AyJUTY aJTOPUTMIB AJIsl TOTPEO MPABOCYAJIS.

[I{o cTOCYETHCSI TEXHOJIOTTYHUX BUKJIMKIB, TO II€E:

— npo0sieMu iHTepoIepadbeTbHOCTI,

— kibepOesreka,

— MacuITabOBaHICTh PillIEHb.

JlocipKeHHST IEMOHCTPYIOTh, 110 PI3HOPIAHICTh TeXHIYHUX pimeHb y cdepi [oT cTtBoproe
3HAYHI TpyaHOINI y iX iHTerpamii. OCOONMMBO II€ CTOCYETHCS CHCTEM O€3MEKH Ta KPUTHYHOL
iH(DpacTpyKTypH.

CraTtuctuka KiOEpiHIIUICHTIB OCTaHHIX POKiB (30KpeMa, aTaka Ha CHCTEMY BOJIOTOCTaYaHHS
y ®@rnopuai) MmMATBEPIKYE HEOOXITHICTh: PO3POOKH CHEIiadi30BaHUX CTaHAAPTIB OE3IeKH;
BIIPOB/KEHHSI MEXaHI3MiB ITOCTIHHOTO MOHITOPUHTY; CTBOPEHHSI CUCTEM IIIBUJIKOTO PEaryBaHHS.

AHaJi3 10CBiIy pO3TOPTaHHS CMapT-MICT CBITYUTH , 10 00pOOKa BETUKHUX JaHUX MOTPEOYe:
MOTY)KHOI XMapHOi 1HQpacTpyKTypH; €(PEKTUBHHX QITOPUTMIB aHATITHKH, HAIIHUX KaHaIB
nepeaavi T1aHuXx.

B inppactpykTypHi 0OMEXEHHS BXOIATh.

— MepexeBa iHppacTpyKTypa,

— cepBepu,

— (inaHCH.

[lpoBenene nocHi/DKeHHS TOKa3ye, IO JJs IOBHOIIHHOTO (DYHKIIOHYBaHHS CMapT-
TEXHOJIOT1H HEOOXITHO: MPUCKOPEHE PO3ropTaHHsI Mepex SG; MonepHizallis TeJIeKOMYHIKaIiiHoT
iHpacTpyKTypH; 3a0e3neueHHs CTaOlTbHOTO eeKTPONOCTauaHHs.

AHauni3 BUMOT 10 00pOOKH TaHUX Yy pealbHOMY Yaci JO3BOJISE€ BUIUIUTH KIFOYOBI HAPSMKH
po3BuUTKYy: CTBOpPEHHSI PO3MOJAUICHUX IEHTPIB 00poOku maHux; BrmpoBamkenHs edge-o04uucieHs;
BukopucTaHHS KBAHTOBUX O0YHCIIEHb.

Posropranns takux cuctem — MutbspaHi 1HBectuiii. Hanpukmnan, crBopenns Smart City B
Cayniscwkiit Apagii (NEOM) onintoeTbest B monan $500 mup.

ETnyni auiemMu TEXHOIOTIYHOTO PO3BUTKY CKJIQAAIOTHCSA 3!

— QITOPUTMIYHHX YIEPEIKEHb;

— npo3opocTi pimeHs HII.

JlaHi COIONOTIYHMX JOCHIIPKeHb CBiAYaTh MPO CHCTEMHI MPOOIEMU B alrOpUTMax
po3mi3HaBaHHA 00pa3iB, MOXKYTh HEMPaBUIIBHO 1I€HTU(IKYBATH JIIOIEH 3 PI3HOIO 30BHILIHICTIO, 1110
notpedye: po3poOKM EeTHYHUX CTAHJApPTIB; BIOPOBAKCHHS MEXaHI3MIB aylIuTy; 3alydeHHS
coriorymaHiTapHuX (paxiBIliB.
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He 3aBxau 3po3ymino, yomy Il mpuiiHaB Te uM iHIIE pillIEeHHS — II€ OCOOTUBO TOCTPO
npo0sieMa «4OpHOI CKPUHBKU» CTOITh y TaKUX cepax: MeIUYHa J1arHOCTHUKA; KPEAUTHI PIlLIEHHS;
IIPaBO3aCTOCOBYA MPAKTHUKA.

AHani3 crany npoOieMH Ja€ MOKJIMBICTh 3alpONOHYBaTH HACTYIIHI CTpaTerii MojojJaHHs
3a3HavYeHUX Oap'epis:

1. [IpaBoBe nosne:

— yxBasieHHs 3akoHy «IIpo cMapT-TexXHOIoTii»;

— CTBOPEHHS PETYIATOPHUX «ITICOYHHIILY JIJISI TECTYBaHHS 1HHOBAIIIH;

— noBHa rapMoHisaiiist 3 GDPR Ta iHIMMHU €BponelcbKUMU CTaHAapTaMH.

2. TexHOJOTTYHUI PO3BUTOK:

— po3po0Oka HarionanbHoi loT-mmardopmu;

— BIIPOBaHKCHHS cTaHAapTiB Kibepoesneku (ISO 27001);

— imBectuii B R&D uepe3 nepxaBHO-IpUBaTHE NApTHEPCTBO.

3. Kanposa nonituka:

— OHOBJICHHS HaBYAJIBHUX Tporpam y TexHigaux 30;

— CTBOpEHHS 1IeHTPiB nepeniaroroBku [T-daxisiiz;

— MporpaMu OOMiHY 3 MDDKHAPOJIHUMH €KCIIEpTaMH.

4. Mi>xxHapoaHu# 10CBiA 11 YKpainu;

4.1. 3ano3uuntu 3 €C:

— CUCTEMY 3aXUCTY MEPCOHATBHUX JaHUX;

— miaxoau Ao cranaaptu3anii [oT;

— MEeXaHI3MU peryitoBaHHs Al;

4.2. 3ano3uuntu 3 CIIIA:

— THYYKI YMOBH JJISI CTapTalliB,;

— JIOCBi/1 BUKOPUCTAHHS JIPOHIB;

— MOJIeJIi BeHUYpHOTO (piHAHCYBaHHS.

5. Ilpono3wuiii moa0 MpakTHYHOT peari3ariii:

— CTBOPEHHS MIXKB1JIOMY0i poO0U0i rpyImu;

— po3pobKa TOPOKHBOT KapTH CMapT-iHTETpaLlii;

— 3aIycK MUIOTHUX MpoekTiB y Kuesi, JIbBoB1, XapKoBi;

— MOJIEpHi3allisl TeJIeKOMYHIKaliiHOI iH)PaCTPyKTypH;

— CTBOPEHHS HAI[lOHAIBHOTO IIEHTPY KiOepOe3IeKu;

— PO3BUTOK BEHUYPHOTO PHUHKY;

— moBHa 1M(dpoBa TpaHCHOPMAIIis TePKYIPABIIIHHS;

— CTBOPEHHS MEPEXi «PO3YMHHX MiCT»;

— iHTerpailis B enunuil mudposuit punok €C.

Takum 4YWHOM, TPOBEACHE IOCHIIHKEHHS JO03BOJSE€ KOHCTATyBaTH, IO YCHIIIHA CMapT-
iHTerpamis B YKpaiHi BUMarae KOMILJIEKCHOTO MiAXOAy, IO MOEJHYE: HAYKOBO OOTPYHTOBaHE
pETYIIOBaHHS; TEXHOJOTIYHY MOJCPHI3aIii0; COIiaibHy aaanTtamiio. [logomaHHA iCHYIOUUX
Oap'epiB MOXKITUBE JIMIIE 32 YMOBH TICHOI B3a€MOJii MK HaAYKOBUM CepeqoBHILEM, Oi3HECOM Ta
OopraHaMy BJIaJId, IO JO3BOJIUTh YKpaiHl HE JIMIIE 3aMO3WYUTH MDKHAPOJHMM JIOCBiJ, ale i
copMyBaTH BJIaCHY MOJIE€b TEXHOJIOTIYHOTO PO3BUTKY.
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Y JIK: 656.073:004.9

GPS-MOHITOPHHI Y JIOI'ICTHI]I BAHTA’KHUX IIEPEBE3EHD:
IIPHHITHUIIH POBOTH TA IIEPEBATH

I.C. Cyrak, cm. ep. TT 23-2,
J.0. KyaboBa, 0-p ghinoc.
Llenmpanvruii Hayionanbhuii mexniynuu yHigepcumem, M. Kponusnuyvxuii, Ykpaina

CyuacHa unorictuka [1] HemoxiuBa 0€3 OMEPATUBHOIO KOHTPOJIIO 3a MEPEMIIICHHSIM
BaHTaXiB. OOTPYHTOBAHO, 10 OJJHUM 13 KJIFOYOBHX 1HCTPYMEHTIB 3a0€3MEUCHHSI TAKOTO KOHTPOJIIO
€ GPS-MOHITOPUHI — TEXHOJIOTi CYIYTHHKOBOTO CIIOCTEPEKEHHS 3a PYyXOMUMH 00'€KTaMH
(BaHT@)XaMH) B peanqbHOMy daci. 1Ioro 3acTOCYBaHHSI OXOILTIOE BAHTAXKHI aBTOMOOL, 3aii3HUYHI
1aT(hopMH, MOPCHKI i aBialliiiHi MepeBe3eHHS.

3’sicoBaHo, 10 TpUHIUI PoOoTH GPS-MOHITOpMHTY moJsirae B OTPUMaHHI JaHUX 3
rio6aneHO1 HaBiramiiHoi cynmyTHHKOBOI cuctemu (GNSS), ski MOTIM TepenaloThCs Ha CepBep
JoricTuyHoi Kommadii depe3 GSM-Mepexy abo iHIII KaHadd 3B’SI3Ky. Y CKJIaal CHCTEMH
BUKOpUCTOBYIOTbc GPS-npuiimaui, SIM-monyni, crenianizoBaHe HporpaMmHe 3a0e3leyeHHsS Ta
aHaITHYHI TuIaTGopMu st 0OpoOKH oTpruMaHOi iH(hOpMaIii.

OnHuMm 13 mpukiagiB  BrpoBamkeHHS GPS-moHiTOpHHTY €  JoricTHuHi — omepariii
MYHIIIUTIATBEHOTO aBTOTpaHcropty B Kwuesi. Ilicist BCTaHOBIEHHS CHUCTEMHM Ha BCI CMITTEBO3H
BJIAJIOCSI CKOPOTUTH XOJIOCTI podirk Ha 23 %, oNTUMi3yBaTH MapIIPYTH Ta 3MEHIIUTH BUTPATH HA
nanuBo 10 18 %. Takox Oyn0 HOCATHYTO MOKpAILEHHS JUCIUILIIHUA BOJIIB Ta 3HIKEHHS IIPOCTOIB
TEXHIKU.

Bussneno nepesaru GPS-monitopunry B norictui [2]:

— ONEepaTUBHUIA KOHTPOJb 1 Bi3yalli3allis MiCIIe3HaXO/KEHHS TPAHCIIOPTY;

— MIBUIIEHHS 0€3MEeKU MepeBe3eHb 1 3aM00IraHHs BUKPAICHHIO BAHTAXKIB;

— ONTHMI3allisl JOTICTUYHUX MapIIPYTiB Ta PO3KIIAay JOCTaBKU;

— KOHTPOJIb BUTPAT NAIBHOTO 1 3MEHIICHHSI €KCIUTyaTalliiiHUX BUTPAT;

— ¢hopMyBaHHSI 3BITHOCTI 1 aHATITHKA €(PEKTHBHOCTI JIOTiICTHKH;

— iHTerparis 3 inmmmMu nudposumu mwiargopmamu (TMS, ERP).

Taxum unHOM, GPS-MOHITOPUHT € Ba)KJIMBOIO CKJIAJI0BOIO KOHIIEMIIIT CMapT-JIOTICTHKH, sIKa
noenHye UHGPOBI TEXHOIOTl, AHANNTHKY # aBTOMATU3ALII0 TPAHCIOPTHHX MpoleciB. Moro
BIIPOBADKCHHS JTO3BOJISIE TIJABUINUTH €(PEKTHUBHICTh, €KOJOTIYHICTh 1 HAMIWHICTH JIOTICTUYHHUX
ormeparii.

Cnucok BUKOPUCTAHUX JKEPET

1. Kucmuit B.M., BinoBoaceka O.A., Onediperko O.M., Consauk O.M. JI 69 Jlorictuka: Teopist Ta nmpakTuka:
Hagu. moci6. — K: entp yabosoi mitepatypu, 2010

2. Khrustalova S., Nevliudova V., Khrustalev K., Allakhveranov R., Kosenko V., Mrochko A. Use of GPS
monitoring in transport logistics. Journal of Natural Sciences and Technologies. 2024. Vol. 3, Issue 1. P. 266—
275. DOI: 10.5281/zenodo.12705614.
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YK:633.853.32

THHOBAI[IFHI ITIIXOIH JOCTABKH BAHTAKIB BHKOPUCTAHHAM
JIPOHIB

I.C. Bopouos, cm. ep. TT-24m6,
1.0. KyaboBa, 0-p ginoc.
Llenmpanvroykpaincbkuti HAYiOHAILHUL MeXHIYHUU YHigepcumem, M. Kponuenuyvkut, Yxpaina

OnHUM 13 IEPCHIEKTUBHUX HANPSMiB PO3BUTKY TPAHCHOPTHUX TEXHOJIOTIHM € BIPOBAKEHHS
OE3MUIOTHUX JITAIBHUX amapatiB (ApOHIB) IJis JOCTaBKU BaHTaxiB. Lle 3a0e3nedye HU3KY mepeBar
JUIL Cy4acHO! JIOTICTMKM: 3HAayHE CKOpPOYEHHS Yacy JIOCTaBKHM 3aBISKM YHUKHEHHIO 3aTOpIB 1
00MeXeHb JOPOXKHBOI 1HYPACTPYKTYPH, MiABUIICHHS JOCTYITHOCTI MOCIYT Y BaXKKOJIOCTYITHUX a00
BiJIaJICHUX palioHaX, 3MEHIICHHS €KCIUTyaTal[lfHUX BUTpAT Ha KOPOTKUX MapLIpyTax, 3HIKCHHS
€KOJIOTIYHOTO HABAaHTa)XEHHS 3aBASKM BHKOPHCTAHHIO EJIEKTPUYHUX JPOHIB, a TaKOX
aBTOMATH3AIlI0 JIOTICTUYHHUX TPOILECIB, MO CIpPHUSA€E TiJBUIICHHIO €(EKTUBHOCTI Ta TOYHOCTI
NIEPEBE3EHb.

Oco0nmBoi yBaru 3aciiyroBy€e 3aCTOCYBaHHS JIPOHIB Y TIPOIECI «OCTAHHBOT MUJII» JTIOCTaBKU
— (biHANBHOrO eTaly JIOTICTUYHOro JaHutora. Ilpu 1poMy BaHTaXX JOCTaBIIS€ThCS O€3MOCEPEIHBO
70 KiHIeBOro crokuBauda. Came Leil eranm € HailOimbInl pecypco3aTpaTHUM 1 CKIQJHUM Y TUIaHI
oprasizariii, OCKUIbKH TIOB’SI3aHHH 13 MICBKOI 1H(PACTPYKTYpOrO, TpadiKoM, BEIHKOK KiTbKICTIO
3aMOBJICHb Ta OYIKYBaHHSM MAaKCHUMAaJIbHO IBUIKOI JOCTABKH.

BukopucrtanHsa 0€3MUIOTHUX JITAIbHUX amapaTiB JO3BOJISIE 3HAYHO ONTUMI3yBaTH INPOLEC
«OCTaHHBOI MHJII», MiHIMI3yBaTH 3aTPUMKH, 3MEHIIUTH BUTPATH Ha MAJIMBO Ta MEPCOHAI, a TAKOXK
3a0e3meyuTH OUIBII €KOJOTiYHEe Ta THydke OOCIYroByBaHHS crokuBadiB. lle BimkpuBae HOBI
MOJKJIMBOCTI JUISI PO3BUTKY €JIEKTPOHHOI KOMEPIIii Ta JIOTiICTUKH MailOyTHBOTO.

3HayHy 3alliKaBJIEHICTh Yy BHUpIIIEHHI MPOOJeM JOTICTUYHOTO MPOLECY «OCTAaHHBOI MUIII»
MIPOSIBJISIFOTH TIPOBIJIHI CBITOBI KOMIIaHil, 30kpeMa Amazon, sika akTUBHO BIIPOBAKye iHHOBAIliIHI
TexHoJjorii y cdepi gorictuku. Kpim Toro, Amazon ekcriepuMeHTye JOCTaBKOIO BaHTaXiB IPOHAMHU
y paMKax mpoekty Prime Air, sxuii kommaHis po3podise 3 2013 poky. Meroro € 3abe3mneyeHHs
IIBUIKO1, O€3MEeYHOT 1 EKOHOMIYHOI JOCTaBKH HEBEIUKHUX MOCHIIOK (10 2,3 Kr) Ha BiacTaHb o 11—
24 xm Big ckiuany. llpm npomy 4ac HOCTaBKM Ma€ CTaHOBUTH Onu3bko 30 XBWIMH Micis
oopmieHHs: 3aMoBIIeHHS. [IpOHM OCHAIIEHI CKJIaJHUMH CUCTEMaMHU OPIEHTYBAaHHS B MPOCTOpi Ta
YHUKHEHHS 3ITKHEHb 3 IHIIUMH JITaJbHUMHU arapaTtaMy, JIOJbMH, TBAPUHAMH Ta MEPEIIKOJaMH.
BoHu 3acTOCOBYIOTH KaMepH, CEHCOPM Ta QJITOPUTMHU IUTYYHOT'O I1HTENEKTY i Oe3MeyHOro
MmaHeBpyBaHHs. OIMH 13 TUMIB IPOHIB, SIKI BHKOPHUCTOBYe Amazon, — me Amazon Prime Air
Delivery Quadcopter Drone (puc. 1). Bonu maroTh KBajpaTHUH BiACIK JJIs MAaKyHKIB, 110 pOOUTH
MIPOIIEC TPAHCIIOPTYBAHHSI 1 CKUJIAHHS TOBAPIB 3PYYHIIIAM 1 0€3MEYHITIIM.
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Pucynok 1 — Amazon Prime Air Delivery Quadcopter Drone
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[lorpu 4yMcieHHI mepeBard, BIPOBAPKEHHS JPOHIB Yy JIOTICTUYHI TPOLIECH MAE HUBKY
CyTTEBUX OOMEkeHb Ta BHKIMKIB. Hacammepen, e oOMexeHa BaHTa)KOMiIHOMHICTb, fIKa Hapasi
JI03BOJISIE TPAHCHIOPTYBATH JIMIIE HEBEJIMKI MAKYHKH MAcOI0 10 2—5 KT, 110 3MEHIIY€E JOLIIbHICTh
BUKOPHCTAaHHS JAPOHIB Yy MacoBii BaHTaxHiM jorictumi. Takox oOMexeHHH panaiyc Iii ApOHIB
(3a3Buuait 1o 20-30 kM) moTpeOye HASBHOCTI PO3TaTyKEHOI MEPEKl PO3MOAUTFYMX IIEHTPIB abo
MOOUTHPHUX Xa0i1B, IO YCKJIQIHIOE MacCIITaOHE BIPOBAPKEHHS.

[Ile oIHUMM BHUKJIMKOM € 3aJIeKHICTh BiJl MOTOJAHUX YMOB — CWJIBHUH BiTep, Jou] ado
CHITOIaJ MOXYTh YHEMOXJIMBUTH BUKOHAHHA MOJBOTY, IO 3HMXKYE HaIIHHICTH cepicy. Okpim
I[bOT0, ICHYIOTb PETYJIATOPHI OOMEXEHHs, OB’ sI3aHi1 3 MOJIBOTAMHU y MICBKHX YMOBaX, 7ie He0OX1IHO
BpaxoBYBaTH ILIJIbHY 3a0yJ0BY, MOBITPSHI KOPUIOpH, OE3MEKY JIIO/IEH, a TAKOXK JOTPUMAHHI HOPM
npuBaTHOCTI. He MEHII BaJIMBUM € NMUTaHHS O€3MEeKH: K TeXHIYHOI (YHUKHEHHsS 3ITKHEHb 3
nepewmkogamu, iHmmuMu BIUIA, moapmu uu TBaprHaMHM), Tak 1 KibepOe3neku, 30KkpemMa 3aXUCT Bij
NEPEeXOIUIEHHS! CHUTHANIB YNpaBliHHA a0o0 crnpo0 30BHIIIHBOIO BTpydYaHHS. BukopucTaHHS
HITYYHOTO 1HTEJIEKTY i CEHCOpPIB YAaCTKOBO KOMIIEHCY€E Il PU3MKH, OJHAK MOBHOLIHHA Oe3ledHa
iHTerpawiss JpOHIB y JIOTICTUYHY CHUCTEeMY IMOTpeOye TMOAajbIIuX JOCHiIKEHb, PO3POOKU
HOPMAaTHBHO-TIPABOBOi 0a3M Ta TEXHIYHOTO BIOCKOHAICHHS.
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VJK:621.9:620.17

OIIIHKA MEXAHI3MY 3MIITHEHHS MATEPIAJIIB JIETAJTEH
MAIIITHH KOMBIHOBAHOIO TEXHOJIOI'IEIO IIOBEPXHEBOI OFPOFKH
34 TBEPJICTIO

€.B. Mansbko, acn,
B.B. Ayuain, npog., 0-p mexu. nayx
Llenmpanvroykpaincokutl HayioHanbHUL mexHiyHul yHigepcumem, M. Kponusnuyvkuii, Yxpaina

B po0oTi posrasgaeThcss MeXaHi3M 3MIIHCHHs MaTepiajliiB AeTalied MamuH 1 poOoumx
opraniB. KomGiHOBaHa TeXHOJIOTisE 00pOOKH POOOUHX MOBEPXOHB BKIIIOYAE:

— Jla3epHe JIETYBaHHS MOBEPXHI apMKO-3aJ1i3a OJHUM 13 HITPHIOYTBOPIOKOYHNX elleMeHTIB (V,
Cr, Mo, Al);

— Aa30TyBaHHs, LUISIXOM PEryJIOBaHHSA TEMIEpaTypu Ta TPHUBAJIOCTI SIKOTO JIOCATAETHCS
OTPUMaHHS B a30TOBAaHOMY IlIapi 0AHO(pA3HOI CTPYKTYPH < -TBEPJOTO PO3UUHY JIETOBAHOTO a30TOM
0e3 BKJIIOUEHb YaCTUHOK HiTpuaiB [licas a30TyBaHHS JAOJATKOBO MiJIBULIYETHCS MIKPOTBEPIICTh
30HM J1a3zepHoro JeryBanHs (1o 12:16 ['Tla) 3a paxyHOK MexaHi3My TBEPIOPO3YMHHOTO 3MII[HEHHS
a30ToM;

— CTapiHHS 3 METOI0 BUAUICHHS B TBEPAOMY PO3YMHI JTUCHEPCHUX YAaCTUHOK HITPUIIB
BIJIIOBIAHOIO JIETYIOUOI'O €JEMEHTAa PI3HOTO CTYNEHS KOTepEeHTHOCTI, IO 3aJeXKUTh BIiJ
TeMIlepaTypu cTapiHHsA. MakcuMmanbHa TBEpAICTh, MIO JOCATAETbCS B 3MIIHEHIH 30HI micis
cTapinHs, ckiagae 16...21 I'Tla, npupict TBepAOCTI COPUYUHEHO JIEI0 MEXaHI3MY JUCIEPCIHHOTO
3MILIHEHHS HITPUIHUMHU (hazaMu.

Bucoka TBepmicTh MeTana micis KOMOIHOBaHOiI OOpOOKHM OOyMOBJIEHA CHIJIBHOIO IEI0
HACTYIHUX 3MIIHIOIOUUX MEXaH13MiB:
+Ac™ (1)

O-T = 0-0 + Ao_d + A0-3 + AO-m.p.../YE + Ao_m.p..N .3

Iie O, — HalpY)>K€HHs TePTs KPUCTATIYHOI IPaTKy;
Ao, — IpUpiCT TpaHulll IVIMHHOCTI 33 paXyHOK JUCIOKaliil qedopmaniiHoro 3MiLHEHHS;
Ao, — IpupicT rpaHULI INIMHHOCTI 32 PaXyHOK 3€PHOIPAaHUYHOTO TEPTS;

AcC, , ;z — TPHPICT TPAaHHMII TEKY4OCTi 3a PaxyHOK TBEPIOPO3YMHOTO 3MILHEHHA 3

JICTYIOUUM CJIICMCHTOM;

Ac,, , y —IPUPICT IPAHULII TEKYYOCTI 32 PaXyHOK TBEPAOPO3YMHOIO 3MILHEHHS MaTPHILL;

Ao —npupict rpaHuLi TeKydOCTi 32 PaXyHOK AUCIEPCIiHOrO 3Mil[HEHHSL.

[IpoBeeHO po3paxyHKH, CKIIAJICHO aTOPUTM Ta MiaiOpaHo MmporpamMHe 3a0e3reyeHHs s
3aji3a, JIETOBAHOI'O IIPH JIA3ePHOMY HArpiBaHHI OJHHMM 13 HITPUAOYTBOPIOIOYHMX E€JIEMEHTIB
BaHazieM (17%), xpomom (15%), moni6nenom (8%). Po3pobiieHa 1 momaHa cxema poO3paxyHKY
JI03BOJISIE IPOTHO3YBAaTH TBEPIICTh 3MIIHEHUX 30H Ui (POPMYBAHHS PETyJIbOBAHOI CTPYKTYpHU 3
BHUJIVICHHSAM JUCIEPCHUX HITPUIHUX YACTHMHOK PIZHOTO CTYIEHsI KOTE€PEHTHOCTI. BusBieHO, 110
CyMapHa TBEpJIiCTh BPAaXOBYE MEXaHI3MHU TUCIIOKAIIIHOTO, 36pHOTPAHUYHOT0, TBEPJOPOZUUNHHOTO
3MIIHEHHSI JIETYIOUUMH €JIEMEHTaMH Ta a30TOM, a TAKOX IUCIIEPCIHHOTO 3MIIHEHHS 32 MOJEILIIO
Mortra-Habappo. Po3paxyHkoBe 3Hau€HHS TBEpPIOCTI BIJIOBia€ €KCIEPUMEHTANBbHIA TBEPIOCTI
CIUIaBIB TICJISI JIA3€PHOTO JISTYBaHHS, a30TYBaHHS Ta HU3BKOTEMIIEPATYpPHOTO CTapiHHA 3
BUJUICHHSIM KOTEPEHTHHX YacTUHOK. Po3paxyHkM 3 BUKOpUCTaHHAM Bupa3dy OpoBanHa s
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JTUCTIEPCIHHOTO 3MIIHEHHS 3ICTABIISUIN 3 €KCIIEPUMEHTAILHOIO TBEPIICTIO CIUIABIB MiCIis Ja3€PHOTO
JIETYBaHHS, a30TyBaHHS Ta BHCOKOTEMIIEPATypHOTO CTapiHHS i3 3aCHYBaHHSIM HEKOTE€PEHTHHX
YaCTUHOK MIEBHOT'O PO3MIpY.

[NopiBHSHHS PO3paXyHKOBOI Ta €KCIIEPUMEHTAILHOI TBEPJIOCTI, MPECTABIICHE MOKA3ye, M0
HANOUIbIIE Y3TOKYIOTHCS Pe3yabTaTH PO3PAXYHKY 1 ekcmepuMeHTy Juist cruiaBiB Fe-Cr. Tpoxu
HIKUE €KCTIEPUMEHTAJIbHUX BUSBUIIMCS 3HAUEHHS pO3pPaxXyHKOBOI TBEPAOCTI AJid ciaBiB Fe-V, mo
MOJKJIUBO TIOSICHUTH HEBPAXOBAHUM BHECKOM IIPU PO3PaXyHKY CYOCTPYKTYPHOI'O 3MiLHEHHS,
OCKUIBbKH MICIS TaKoi 0OpoOKU WMOBIpHE 30€pekKEeHHsI B 30HI JIa3€pPHOr0 JIETyBaHHS OCEPEIKOBOI
cyocTpykTypu. PospaxyHok nmns crutaBy Fe-MoO mae myke 3aHmKeHI 3HAYeHHS TBEPIOCTI B
MOPIBHSHHI 3 €KCIIEPUMEHTOM.

BusiBneHo, mo [0AaTKOBE 3MIIHEHHS, 10 BHUKJIMKA€E TMPHUPICT EKCIIEPUMEHTaIbHOT
TBEPAOCTI, MOKe OyTH TICHO IOB’sI3aHE 3 YTBOPEHHSAM B 30HI JIA3€PHOTO JIETYBAHHS JAMCIIEPCHUX
iHTepmertaninnux ¢a3 Fe,-Mog, ki B psiai BUNaAKiB OyiaM BHSBICHI PETTE€HOCTPYKTYPHUM
aHaJII30M.

OmiHIOBaHHA BKJIAJy KOXHOTO 13 MEXaHi3MiB B CyMapHe 3MIlIHEHHs IOKa3ye, L0 yacTKa
TBEPJIOPO3UYNHHOIO 3MII[HEHHS JIETYIOUUM €JIEMEHTOM JAY>K€ HE3HauHa, BOHA MPAKTHYHO JIOPIBHIOE
Hymio i crasiB Fe-V i Fe-Mo, a miia crimasiB Fe-Cr cknanae 3...5%.

YacTka 3epHOTpaHMYHOTO 3MIIIHEHHS Baromiima B cruiaBax Fe;-Mog (7....10%) nopiBHSHO 3
IHIIMMH CIUIAaBaMU, IO TMOSICHIOETHCS OLIBII IPIOHO3EPHUCTOI0 CTPYKTYPOIO 30€peKeHHS Micist
a30TyBaHHS 30H JIA3€PHOTI'0 JIETYBAaHHS yCiMa €JIEMEHTaMU CYTTE€BO 3MEHILYEThCS MiCIIs a30TyBaHHS
B IIOPIBHSHHI 13 3MIIIHEHHM BiJ(pa3y Micis JiazepHoro jeryBaHss 1o 1...3% npu neryBanni Vi Cr, i
10 4...6% mpu neryBanHi Mo. BusiBieHo, 1110 HalO1IbII ICTOTHUH BHECOK BHOCSATH J1Ba MEXaHI3MHU
3MILIHEHHS: TBEPAOPO3YMHHUM a30TOM 1 JUCHEPCIHHMNA YaCTUHKAMHM HITPUIIB JIETYIOUHX
€JIEMEHTIB.

[Ipy BUAiNEHHI KOTEPEHTHUX HITPUIHUX YaCTHHOK B 30HI JIA3EPHOTO JIETYBaHHS OCHOBHUM
3MIITHIOIOYMM MEXaHI3MOM Il BCiX CIDIaBIB € MEXaHi3M JHCHepCiiHOro 3mirHeHHs. [Ipudomy
YacTKa I[bOr0 3MII[HEHHSI THUM O1JIbIlIa, YUM BHIA TEPMOJMHAMIYHA CTAOUIBHICTD HITPUAY (B psny
(Mo,N - Cr,N -VN). Ilpu 3MminHeHH] HITpUAaMH BaHamisg I 4acTka nocsarae 83%. Skmo

YTBOPIOIOTHCS HEKOTEPEHTHI HITPUAM, TO YacCTKa JMCIEPCIHHOTO 3MIITHEHHS 3HUXKYETHCS, TPOTE
s crutasiB Fe-V 1 Fe-Mo 1eii MmexaH13M 3MILHEHHS 3aIUAIIA€TECI OCHOBHUM.

B Toli yac 3HayHOI0O € J0JI1 MEXaHI3My TBEPAOPO3YMHHOTO 3MIIHEHHS B 3arajJbHOMY
3MinHeHHI. Oco01MBO ICTOTHA pojb IIOIO MeXaHi3My crocrepiraetecsi B cruiaBax Fe-Cr, mio
MOSICHIOETHCS] CUJIbHUM BIUIMBOM XPOMY Ha I1JIBUILEHHS PO3YMHHOCTI a30Ty B (PEpUTI.

TakuM YHHOM pPO3paxyHKH 1 EKCHEpUMEHTaJbHI pPE3yNbTaTH IMOKa3yloTh, IO pPiBEHb
JUCTIEPCIHHOrO 3MILIHEHHS (PepUTHOI MAaTpPULl MPH YTBOPEHHI KOT€PEHTHUX HITPUIHUX YACTUHOK
ICTOTHO BHILE, HIX NPH YTBOPEHHI HEKOI'€PEHTHUX YACTUHOK. {51 OCATHEHHS MaKCHMajbHOTO
PiBHSA 3MiIIHEHHS MOTPIOHO 3a0e3neunTy (HOpMyBaHHS ONTHUMAJIBHOI CTPYKTYPH, IO B CBOIO YEPry,
MOJKJIMBO PETyJIIOBAaTH ILUIAXOM ONTHMI3alii mapamerpiB KOMOIHOBaHOiI OOpOOKHM Ha KOXHIN 1T
ctanii. Po3poOneHa cxemMa po3paxyHKy Moke OyTH MEpeayMOBOIO PpO3POOKHU perysiboBaHOI
TEXHOJIOr1i KOMOIHOBAaHOTO MOBEPXHEBOI'O 3MIIHEHHA pPOOOYMX MOBEPXOHb JAeTalieid MaluH i
poOOYMX OpraHiB.
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Technical service is the main type of production maintenance. The performance level of
technical service enterprises significantly affects the efficiency of freight vehicle (FV) utilization. In
domestic practice, this activity has developed in the form of in-house maintenance by repair and
technical units, as well as specialized service companies.

Technical maintenance (TM) of freight vehicles is carried out at complex motor transport
enterprises (MTES) or at specialized service and repair enterprises such as service stations (SS),
repair workshops, and centralized TM bases. Considering modern features, development prospects,
and requirements for FV maintenance, an organizational structure of technical service has been
formed.

TM belongs to the most labor-intensive types of work to maintain vehicle operability, and
the quality of its implementation determines reliability, durability, and performance. The share of
drivers’ participation in maintenance work has increased in recent years from 25% to 85%, since
about 50% of the servicing capacities of repair and technical enterprises have been commercialized
and changed their specialization.

To ensure high-performance and high-quality operation of FVs, drivers must spend 1 to 1.5
hours daily on TM and about 1 hour on adjustments and technological tuning, totaling 2 to 2.5
hours per shift. To increase net working time, drivers reduce preparation time for vehicles, which
results in decreased operational efficiency.

It has been determined that downtime of FVs due to technical reasons accounts for 25-30%
of the total working time. As a result, the technical readiness of vehicles decreases to 60—70%, and
maintenance costs exceed manufacturing costs.

Under modern conditions, maintaining vehicle operability is a priority task: to a large extent,
operability depends on the forms and methods of organizing technical service.

Motor transport enterprises form a subsystem of technical service on a national scale. They
organize dealer service points for this purpose. These points receive necessary assistance: staff
training, technical reference materials, and even supply of equipment for maintenance work. TM by
dealers is performed free of charge only during the warranty period and provided that no other
materials not manufactured by the company are used. After the warranty period, vehicle
maintenance is carried out by the enterprises themselves or technical service companies.

Regarding vehicle technical service, it should be noted that over the past decade it has not
developed as required by the interests of the state and scientific and technological progress. The
current state of FV TM remains unsatisfactory. Today, improving TM by expanding the number of
service stations, machine and technology stations (MTS), and specialized repair enterprises is no
longer relevant. Therefore, modernization of FV TM is seen in improving this system.

In this regard, one of the main directions on which all TM enterprises and departments
should focus is the organization of maintenance for the secondary vehicle market.

The main goal of reforming the technical service system is to ensure high quality of TM
services for FVs. The quality of work performed by service companies depends on the enterprise’s
technological equipment, the qualification and professional skills of personnel, the quality of spare
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parts used, the level of work process organization, and regulatory and documentation support for
TM and technical diagnostics (TD) operations.

It has been determined that the contribution of the FV TM system to the efficiency of
vehicle technical operation is up to 25%. According to research results, with rational

implementation of TM technological processes, TM and TD time is reduced by 8-12%, vehicle
mileage increases by 20-28%, and productivity rises by 34—46%.
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Arena, a software product developed by Systems Modeling Corporation (USA) for
simulation modeling, enables the creation of dynamic computer models that can accurately
represent many real-world systems. The first version of the system was developed in 1993. Arena
features a user-friendly object-oriented interface and provides remarkable adaptability to various
application domains. The system does not require programming code and is simple to use, though it
demands significant time to master and a deep understanding of probability theory, mathematical
statistics, queuing theory, and Petri nets.

To display simulation results, the Cinema Animation system is used. The Arena interface
includes tools for data management, such as spreadsheets, databases, ODBC, OLE, and DXF format
support. The Arena simulation modeling system includes:

— a two-dimensional graphic editor;

— a three-dimensional graphic editor (3D Player package);

— editors for time templates and schedules;

—a symbol editor and a library of graphical templates;

— integration with the graphics template library and Microsoft clipboard.

The application areas of the Arena simulation modeling system include:

— customer service operations, management of internal business processes such as order
fulfillment, service, or control of simple production flows;

—complex large-scale projects with high sensitivity to changes in supply chain management,
production processes, logistics, distribution, warehousing, and service systems. It allows creating
specialized templates for repetitive complex logic, simplifying processes and reducing model
development time;

— operational and strategic issues in the development of packaging lines, such as investment
in new equipment, design of sensitive logic and conveyor handling, as well as industrial processes
of large-scale production in hybrid discrete-continuous systems;

— development of customer service strategies, such as transitioning to new call-processing
scenarios, virtual help desks, call forwarding based on practical experience, and modeling
workforce management;

— operational and strategic issues related to packaging line development, for example,
investments in new equipment, sensitive logic development, and conveyor operations;

— strategies for customer service development, such as switching to electronic contact forms,
virtual call-processing centers, call forwarding based on best practices, and personnel modeling;

— an effective post-processing tool that provides the ability to create and view 3D animations
of existing Arena models;

— an optimization tool specifically designed and configured to analyze simulation results
obtained using the Arena package;

— sharing Arena models for viewing and conducting experiments.

Arena supports discrete, continuous, and hybrid discrete-continuous modeling. The software
supports interaction with Microsoft VBA (Visual Basic for Applications); the ActiveX object model
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for external control; access via ADO/ODBC to databases (Oracle, Access, Excel, SQL); importing
files from AutoCAD (in DXF format); importing data from Visio and Blue Pumpkin Workforce
packages; and inter-process communication. Arena includes tutorials, a SMART library (depending
on version), electronic manuals, integrated help systems, and web-based knowledge bases.

When modeling processes and systems in Arena, three main panels are used:

1. Basic Process Panel — This panel contains the fundamental modules for model creation.
Obijects of this panel consist of graphical modules: Create, Dispose, Process, Decide, Separate,
Batch, Assign, Record, and data modules: Entity, Resource, Queue, Variable, Schedule, Set.

2. Advanced Process Panel — This panel allows modeling more complex processes. While
Basic Process Panel modules may include multiple internal properties, in Advanced Process these
characteristics are represented as independent graphical modules. The panel consists of 13
flowchart modules (Delay, Dropoff, Hold, Match, Pickup, ReadWrite, Release, Remove, Seize,
Search, Signal, Store, Unstore) and 7 data modules (Advanced Set Module, Expression, Failure,
File, StateSet, Statistic, Storage).

3. Advanced Transfer Panel — This panel contains modules for transfer and movement
processes, including 17 graphical modules (Enter Module, Leave Module, Pick Station, Route,
Station; Access, Convey, Exit, Start, Stop; Activate, Allocate, Free, Halt, Move, Request,
Transport) and 5 data modules (Sequence, Conveyor, Segment, Transporter, Distance).

Thus, the Arena software product can be effectively used for simulation modeling and for
improving service provision processes by technical service enterprises.
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The agricultural sector requires one of the largest transport and logistics systems, as it ranks
second in terms of freight volume in Ukraine. At the same time, the agrarian sector differs from
others due to the specificity of its cargo, primarily because it includes biological objects and
materials. These require special parameters for transport vehicles (TV), which often do not
correspond to established standard solutions, especially when transport vehicles are used within the
technological process of agricultural production, i.e., when transport and logistics costs are included
in the cost of agricultural products.

Despite the significant share of transportation costs in the technological process of
production, these technological operations do not receive sufficient attention in the practice of
machine and technological modernization of the industry. They are usually not mentioned in the
description of agrotechnologies, although the improvement of technological policy in the food
complex is considered at various levels of agribusiness management as a strategic course of its
development and as the basis for ensuring the competitiveness of the industry. An official state
register of crop production technologies has been approved and is in force. In the production of crop
products, for example, four groups of technologies (taking into account their level of intensity) are
recommended and applied, the parameters of which (agrotechnical, technical, human resource,
economic, etc.) are shown in Table 1.

Table 1 — Key Indicators and Parameters by Technology Types

Serial Key Indicators Technology Types and Their Parameters by Knowledge
no. Utilization
extensive normal intensive high
1. Varieties tolerant adaptable intensive with specified
parameters
2. Soil and Landscape | various moderately KU > 0.6, flat | U > 0.8, flat
Conditions complexity, complex and striped,; and uniform;
“folk” current stage | current stage
information — limited — technology
design based
on GIS
3. Fertilizers practically starting doses | programmed | informational,
absent by crop
phases
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Continuation of Table 1

Serial | Varieties tolerant adaptable intensive with specified
no. parameters
4. Plant Protection passive or episodic integrated, at combined,
absent threshold of biological and
harmfulness chemical
5. Soil Tillage System | system of soil protection | differentiated, | optimized by
furrow minimal, design
plowing including zero
tillage
6. Product Quality undefined, unstable, meets market balanced by
depending on | satisfactory, conditions, components,
weather poorly conditionally fully
conditions controlled controlled controlled
7. Land Assessment soil maps soil maps soil and geo-
Basis 1:25000 1:10000 landscape maps | information
systems (GIS)
8. Environmental Risk | active soil local soil risk of minimal risk,
degradation degradation contamination | controlled
9. Machinery generation |- | generation Ill | generation IV, | adaptive,

I multifunctional, | information-
highly energy- | oriented
intensive based on

satellite
monitoring
10. Transport Logistics | generation |- | generation Il | generation IV, | adaptive,

] highly energy- | integrated
intensive with | with
variable chassis | navigation
use, and satellite
accumulators, | systems
and multi-lifts

11. Machine Utilization | unmanaged, accordingto | large-scale, aggregate
depends on technological | according to operation
operator skills | maps under operational controlled

agronomist technologies according to
control crop and soil
requirements

12. Personnel Training: | traditional basic training | at least 5 years | high-class

Operators training, through of experience, | operator with
including in- | professional certification internship in
house education base farm
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Continuation of Table 1

Serial | Varieties tolerant adaptable intensive with specified
no. parameters
12. Specialists basic training | same as training under | raining under
(Agronomy, under previous new HEI new programs
Engineering, programs of | column programs + one-year
Technology HEIs, with agro-
Managers) colleges certification internship
domestically
or abroad
with
appropriate
certificate
13. Economic dependence profitability stable same, with
Performance on climate determined by | profitability at | access to
conditions quality of the level of foreign
and market, management | self- markets
unstable and sustaining
profitability production development
+/- costs
14. Investment established need for economic self-sufficient
Relations credit investment in | self- development
dependence, | unfavorable sufficiency, with
including years and new | investment in | stabilization
seasonal projects large projects | fund,
possibility of
investing in
external
projects
15. Agribusiness high-risk medium-risk, | low-risk high-rating
Relations stable business business
profitability
with high
labor
productivity
>300 ha per
operator
16. Relations with high need for | main need for interaction
Production and services, consumer of | project- with research
Technology payment risk, | auxiliary or consulting institutions
Services cooperation cooperative services and HEIs for
for service enterprise knowledge
formation services development,

staff training
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Note: KZ — moisture coefficient, EAA — elementary area of agro-landscape, GK — soil complex

It should be noted that the known parameters of crop production technologies (biological,
technical, human resource, economic, etc.) need to be complemented with transport logistics.

The distinctive features of the technologies currently in use and those recommended for
implementation are as follows:

Normal technologies allow the realization of the potential capabilities of domestic crop
varieties and livestock breeds at 30—40% and are designed for zones with low landscape potential.
In this case, it is primarily necessary to adopt resource-saving technological processes (soil-
protective techniques — minimum and zero tillage, combination of technological operations; initial
doses of fertilizers applied simultaneously with sowing, crop treatment during mass infections).
This significantly reduces labor and fuel costs and maintains production profitability. Many farms
in this group can later adopt technologies of a higher intensity level.

Intensive technologies are intended for deeper knowledge application and require the
involvement of mineral fertilizers up to 150 kg of active ingredient per hectare or more, limited use
of plant protection products against diseases, pests, and weeds depending on the threshold of their
harmfulness, and differentiated application of preparations at various growth stages. This type of
technology is designed for landscapes favorable in terms of moisture conditions.

Recently, science and advanced practices have been developing and implementing high
technologies for agricultural production aimed at precision control of crop formation processes,
harvesting, and storage using satellite monitoring based on global navigation systems.

Unfortunately, when describing the technological base of crop production, as noted earlier,
the specific features of transport processes depending on the level of production intensity have not
yet been indicated.

Based on the proposed principles of technology development, it is possible to preliminarily
define the distinctive features of transport vehicles (TVs) in agrotechnologies of varying intensity:

In extensive agrotechnologies, outdated transport vehicles are used — trucks manufactured
by GAZ and ZIL plants, tractor-based vehicles developed in the 1960-1970s, with a carrying
capacity of 3-5 tons.

In normal agrotechnologies, the above-mentioned vehicles fit better, as well as trucks with
higher carrying capacity when used in group operation methods.

For intensive agrotechnologies, fourth-generation transport vehicles are required — trucks
and tractor trailers with increased load capacity and higher operational and technical parameters.
High technological results from these vehicles can generally be achieved under group operation
methods based on transshipment transport technologies.

High-level agrotechnologies, designed for GIS use, require the adoption of these principles
in technological transport as well. Such systems have been developed and are being used by
advanced transport companies, and are associated with vehicle management through navigation
systems — the American GPS (global positioning system) — global automated satellite navigation
systems.

In fourth-generation transport equipment, as expected for high-level agrotechnologies,
modern achievements in information technology based on satellite monitoring should be applied.
With the help of new domestic satellite navigation systems, it will be possible to manage the
transportation of agricultural products more efficiently within the unified process of its production.

More accurately and precisely, the task of optimizing the transport system should be solved
by finding a combination of transport vehicles, time, and distance required to deliver products while
minimizing costs. Typical transport analysis issues include:

How should shipments be grouped to establish shuttle transportation along complex,
sometimes off-road routes?

What is the best sequence for servicing consumers and the optimal delivery frequency?

Which routes should be assigned to specific types of transport vehicles?
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Which types of transport vehicles are most suitable for servicing particular categories of
consumers?

What delivery time requirements will consumers impose?

Finding answers to these questions is carried out using geographic information managed by
a satellite navigation system, although with varying degrees and frequency of use. Transportation
analysis methods are generally classified as heuristic, exact mathematical, interactive, and
combined.

Three groups of data are required for transportation analysis:

— transport network layout, or more precisely, the directions of movement (crop rotation
map — inter-field boundaries), since agricultural enterprises practically lack a developed field
transport network;

— data on shipment and delivery demand,;

— operational performance indicators.

The transport network layout reflects all possible routes and serves as the basis for any
transport analysis. It includes all links and nodes, road lengths, transit times, and various
restrictions, such as weight limits. Transport layouts detailed to the level of individual route sections
are especially important in cases where natural obstacles are encountered. Another approach is to
plot the location of all clients on a coordinate grid and indicate direct route connections with them.
Geographic latitude and longitude are most often used as coordinates. The coordinate transport
layout is generally less expensive but also less accurate and does not account for natural obstacles in
the terrain.

Data on shipment and delivery demand characterize the periodic need of customers for
product supply. For strategic or long-term analysis, demand is expressed as the average volume of
periodic shipments or deliveries per customer. Then, based on the average demand, routes are
established with adjustments for capacity during peak demand periods. For operational analysis
purposes, demand is usually expressed by the number of orders scheduled for delivery to consumers
during the planning period.

Operational performance characteristics include: the number of vehicles, capacity
limitations, rules for organizing drivers’ work, and operating costs. Satellite navigation makes it
possible to model transport processes in agricultural technologies more accurately.

Thus, the main goal of solving the tasks of technological and technical modernization of the
sector is to increase labor productivity in the production of agricultural products and, on this basis,
to ensure its competitiveness.
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High-quality and timely maintenance (M) and repair (R) of equipment determine the
efficiency of enterprise operations. The current fleet of machinery in Ukraine is diverse.

A decline in the engineering support of enterprises is observed. Some repair and technical
enterprises are changing their line of activity, with only 11% of companies retaining repair and
technological equipment and personnel. The repair and maintenance work performed by these
enterprises is low-profit and, in most cases, unprofitable.

An analysis of the cost structure of repair work shows that a significant share of total
expenses consists of spare parts (SP) (from 61% to 86.8%). Overhead costs range from 17.5% to
5.5% of total expenses. The analysis indicates that recently the main scope of work to ensure
machinery operability has shifted directly to producers and is mostly reduced to replacing parts and
some simple components, which leads to increased production costs.

Currently, the supply of services significantly exceeds demand. There is a need for state
regulation of relations in the field of production and technical services to stimulate the formation of
a market system for production and technical services in accordance with current legislation. It is
necessary to develop a technical service system that combines branded service and regional
business service, which differs from the existing system of directive management.

The experience of many foreign countries with developed market economies shows that the
most rational form of organizing maintenance and repair (M&R) of machinery on farms is the
dealer system. In this case, as research has shown, a single-level marketing channel is used, which
reduces the number of intermediaries between the manufacturer and the agricultural producer and
makes supply more efficient. Technical service enterprises in this system solve tasks of marketing,
leasing, etc.

A dealer is a legal or natural person that performs intermediary functions for the
manufacturer in the sale of technical products, providing pre-sale preparation, carrying out or
organizing maintenance and repair of equipment at the consumer’s request throughout its entire
service life, and selling necessary consumables.

A consumer is a legal or natural person engaged in production, storage, and processing of
products who orders services, purchases, and uses technical means, spare parts, and materials.

The effectiveness of a dealer enterprise is focused on ensuring the uninterrupted
implementation of technologies by producers through quality maintenance and repair of equipment
during the off-season. Prompt elimination of failures during warranty and post-warranty periods,
within the regulatory downtime limits, determines the need for substantiating the placement and
operation of the dealer enterprise's service center system.

The dealer enterprise placement system is a set of technical centers that interact with the
dealer and with each other based on relevant agreements, located throughout the region according to
certain rules, forming a zone served by the dealer.

The dealer service zone is a set of territorially limited areas served by technical centers.
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A technical center service zone refers to a territory that includes a certain number of
technical service consumers, with boundaries limited by the technical and financial capabilities of
the enterprise.

According to the modern concept of technical service development in the agro-industrial
complex, on the basis of specialized repair and technological enterprises (RTE) under agreements
with manufacturers, technical centers have already been partially created. They provide equipment
sales to consumers, perform technical service, pre-sale preparation, maintenance during warranty
and post-warranty periods, supply spare parts and repair materials, restore worn parts and
manufacture missing ones, assemble, repair, and sell used machinery, train personnel, distribute
best practices, scientific and technical achievements, and conduct marketing research. This is the
main range of work performed by the best dealer enterprises abroad.

However, in Ukraine, full-fledged agricultural machinery dealers are practically absent at
present, in part due to the unreasonable remoteness of the dealer enterprise from the agricultural
producer. The issue of the dealer point's service zone has not been fully studied. Only certain
aspects of the placement of technical service centers have been considered, taking into account the
existing repair and technological base (RTB). At the same time, more attention was paid not so
much to the formation of the service area of the center as to the selection of a construction site for
the repair center, calculation of distances for delivery of repair objects, and determination of a
rational organizational form. Domestic and foreign experience shows that the dealer's service
system for agricultural machinery should be located closer to the producer.
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VJIK:629.114.6:004.021

OILITHKA AJJEKBATHOCTI PO3POB/IEHUX MATEMATHYHHUX
MOJEJIEH IHHOBAIIIHHOI OF'€EKTHO-OPIEHTOBAHOI CHCTEMH
TEXHIYHOT O OBCJIYTOBYBAHHA I PEMOHTY ITAPKIB
TPAHCIIOPTHHX 34ACOBIB

JI.II. KocsikeBu4, acn,

C.B. Jlucenko, 0oy., 0-p mexu. HaYK,

Llenmpanvroykpaincokull HayionanbHuu mexHiunuu yHigepcumem, M. Kponusnuyvkuii, Yxpaina
A.b. I'ynka, ooy, kano. mexu. nayx

Tepnoninvckuil HayionanvHuu mexuiunuu ynisepcumem imeni leana Ilynos, m. Tepuonine, Ykpaina

OriHKa aJeKBaTHOCTI PO3POOJICHMX MAaTEMAaTHYHHUX Mojelicli 00'€KTHO OpiEHTOBAHOI
cucTeMH TexHiuHOTO 00ciyroByBanus i peMonty (TO i P) mapky T3 3ailicHioBanacs 3a 301KHICTIO
PO3paxyHKOBHX 3HaUYCHb nepioguyHocTi TO, oTpuMaHux 3a po3po0JeHUMH METOAUKAMHU.

B sxocTi mOpiBHSUIBHOT METOAWKHM Oyna MpUHHSATA METOAUKA, IO J03BOJISIE BH3HAYATH
nepioanunicth TO T3 3 ypaxyBaHHSM IIBHAKOCTI 3HOIITYBaHHS OCHOBHUX €JIEMEHTIB MAIIIHH.
AJIeKBaTHICTh 3aMPOTNIOHOBAHOI METOJAMKH BU3HAUEHHS MEPIOJUYHOCTI PEMOHTHO-00CITYTrOBYIOUUX
Ta KOHTPOJIPHO-IIarHOCTUYHUX BIUIMBIB OIlIHIOBAjJacsd 3a 30DKHICTIO pPe3yJbTAaTiB YHCEIHHOTO
EKCIIEPUMEHTY 3 JaHUMHU PO3PAXyHKy 3 YpaxyBaHHSIM IIBUIKOCTI 3HOIIYBaHHS OCHOBHHUX
€JIEMEHTIB MallIMHH 32 METOIUKOIO:

U la
— n
%]

ne U, - rTpaHWyHUN pIBEHHb MIarHOCTUYHOTO TIapamMeTpa, 30KpeMa TpaHWYHE 3HOC
ckIaganbHOl oquHuIll T3, BU3HAUECHUH 32 KPUTEPIEM HEMOMIIMBOCTI IMOJANIBIIIOI EKCILTyaTallil;

@- 4YHUCIIOBA XapaKTePUCTHKA CKJIQJAbHOI OJWHMIN, IO XapaKTepH3ye EKOHOMIUHY
CKJIJIOBY;

N1- gucio TO 3 mponoHOBaHOI MEPIOAUIHICTIO ;

& - xoedillieHT, 110 BPaXOBYE 3MIHY IEPIOAUYHOCTI MPOPIITAKTHYHOrO TEXHIYHOI'O BIUIUBY.

OCKITBbKH 3 PO3paxyHKY IMOPIBHIOETHCS MEPIOANMYHICT, BUKOHAHHS TO 11 aHaIi30BaHOTO
monayns T3, ans skux nepioguunicts TO-1 cranoButh 100 MOTO-TO1., TO, IOPIBHSHO 3 IJIAHOBO-
3anobixuoro cucreMoro TO i P, Benmmunna @ cranosuts 60/100 = 0,6:

w-C -a
L=, (2)
M-C,
1e W - grcito BiaMoB 3a mepion t (t = 6000 moTo-roxm); W = 4;
C; - 3aranpHa BapTICTh peMOHTY eneMeHTa T3 abo ckinanaibHOI OIMHUIIL.
C, =(C,+C_(w-1)/w,
1 ( 0 p( )) (3)

C o— BapTIiCTh HOBOI CKJIaalIbHOT oauHMII; TpuiiMaemo Co= 3780 rpH.;

C, - BapTICTh KalliTaJbHOIO PEMOHTY CKJIaJabHOI OAMHMIL; IpHuiiMaeMo piBHOIO C, = 1890
T'PH.

C, - BapTIiCTh OAHOrO TeXHIYHOIO 00cyroByBanus TO-1;

M - xoedilieHT, IO BpaxoBY€ 3HIDKEHHS HaIpAIfOBaHHS CKIAJalbHOI OJMHMIN MIX
YeproBUMH BiJIMOBaMHU:
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M =1+ K(w-1), 4)

ne K - monpaBouHUI KOEMIIEHT, 10 BPAXOBYE 3HIKCHHS HATIPAIIOBAHHS HA BiMOBY i
Yac BIPOBaKEHHS 00'eKTHO-0opieHTOBaHOI cuctemu TO 1 P.

[Ipuitmaemo, 10 30UIBIIEHHS  CEPEIHHOTO  HAIpaAIlfOBaHHSA HA  BIIMOBY IIpH
periaMeHTOBaHOMY TEXHIYHOMY JiarHOCTyBaHHI ckiaae 25-30 % (3a pe3ynbraTaMH €KCIEpPTHOL
OIIIHKH).

3a TaHUMU 3aTy4eHHX €KCIIEePTiB MEepiOAMYHICTh aHami30BaHOro Moayis T3, koTpum OyIo
HaJIaHO BIJIOMOCTI IIPO CEepeIHI 3HAUCHHS HaITpallfOoBaHHS Ha BIAMOBY, TOOTO, it T3 13 3araJlbHUM
HampaimoBaHHsIM 6-10 THC. MOTO-TOA. MEPIOJWYHICTh TPOBEJCHHS IIaHOBMX BruuBiB TO-1
ckiajzae B cepenabomMy 95-105 moto-ro.

BpaxoByroun, 110 4yacTHHAa PO3PAaXyHKOBHX MapaMeTpiB MpHiiManacs TakKOX 3a JaHUMHU
€KCTIEPTHO1 OIIHKU Ha MIJCTaBl MPAaKTUYHOTO JOCBIAY €KCILTyaTallii MapkiB TPAHCIIOPTHHUX 3aC001B
(T3), npuiimaemo, 1110 301KHICTh PO3PaXyHKOBUX 3HAUCHb MEePioanIHOCTI nmpodinakTruyHoro TO 3a
PpO3p00JIEHOI0 METOAMKOIO, CTAHOBUTH 5-7 %. BaXIuBUM MOKa3HUKOM B YMOBaX KOHKYPEHII 3
BUKOHAHHSI poOIT, MOB'I3aHUX 3 BUKOPUCTaHHIM T3, € TpyIOMICTKICTh m00 3abe3meueHHs ix
Mpamne3 aTHOCTI. ToMy BHKOHAHO OIHKY 3HIDKCHHS TPYAOMICTKOCTI BHUKOHAHHS TEXHIYHHMX
BIUIMBIB 110 3alpOINOHOBAaHIA IHHOBALINWHINA 00'€KTHO-OpIEHTOBaHI cHcTEMi TOPIBHSAHO 3
odimiitaoro I13C.

IcHye miaxig 70 OLIHKK TPYAOMICTKOCTI BUKOHAHHS PEMOHTHHX omepalliii 3 T3 Ha OCHOBI
BUKOPHCTAHHA CTAaTUCTHUHUX perpeciiHux 3anexHocted. OnHak BiH JOCHUTh CKIAQJHUN Y
3aCTOCYBaHHI. 3HIDKEHHS TPYIOMICTKOCTI BU3HAUMIIM Ha OCHOBI €KCIIPEC-OLIHKH TPYIOMICTKOCTI
BUKOHAHHS TEXHIYHHMX BIUTUBIB 3a (HOPMYIIOIO:

C T QOC
o 2.Tp |
ZTpiﬂﬁ‘C
©)

n n
ne ZTpiO o ZTpimC - cymapHa TpyaoMictkicte TO 1 P BiANOBiAHO 0 3alIpONOHOBAaHOT
i1 i=1

IHHOBAIIIITHOT 00'eKTHO-OpieHTOBaHOI cucTemu Ta [13C BianmoBiaHO.

BpaxoByroun, 1o ce3oHHe 00CIYrOBYBaHHS BHKOHYETHCS SK IO IEpIIiHA, Tak 1 MO APYTid
cucreMax JBivi Ha pik, a TO-3 noeaHyeThCs 3 HAKOIMKYNM IOTOYHUM PEMOHTOM, TPYAOMICTKICTb
[IUX TEXHIYHUX BIUIMBIB Y PO3paxyHKax HE BPaXOBYETHCS.

Jlyis mpukiamy, mo po3riisIaeThCs, MPU 3HAYSHHSIX MEePioIMYHOCTI TEXHIYHUX BIUTUBIB: 32
I13C 1 3a mpomoHOBaHOW iHHOBaIlIWHOW cuctemMor TO 1 P 3 ypaxyBaHHSM BHKOHAHHS JBOX

n
JTIarHOCTHUYHUX TMepeBipok TpuBajicTio mo 0,5 rox TpydOEMHICTh Z:Tp.OOC

. cxkiagae 2440
i=1

n
JIIOJ./TOM., a ZTpimC - 3072 mon./rox. Toxi Ky, = 2440/3072 = 0,80.

i=1

3Biacu 3HWKeHHs TpyaomictkocTi TO 1 P ans anamizoBanoro moayns T3 cknane OJIM3BKO

20%. Opnnak, SK BUIUIMBA€E 3 aHANI3y MapKiB MalldH JBOX YIPaBlIiHb MEXaHI3alii, 1€ OCHOBHA
JacTHHA 3ac00iB MarOTh 3arajbHe HampamoBaHHsa 10-20 tuc. moto-roa. Kpim toro, 3araiom mapk
T3 mae 3moc monam 60 %. Ha miacraBi mporo mnpu BOPOBAKSHHI 1HHOBAIIHHOI 00'€KTHO-
opierroBanoi cuctemu TO 1 P Oyne HipK4e 1 MOXKe CTAaHOBHUTH B cepeiHboMy 12-15%.

TakuM unHOM, TIPUHMAEMO, IO BIIPOBAKEHHS 00'ekTHO-OpieHTOBaHO1 cuctemu TO i P T3
CIPUSTHME 3HIKEHHIO TpyaomicTkocTi TO 3a paxyHOK yHpaBIiHHS TEXHIYHHUM CTaHOM MamivH 12-
15 %.
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UDC: 629.114.6:621.43:519.863

FUNDAMENTALS OF FORMING AND SELECTING THE OPTIMAL
REPLACEMENT INTERVAL FOR WORN-OUT COMPONENTS OF MINING
TRUCK ENGINES

S.V. Kharchenko, Porstgraduate Student,

S.V. Lysenko, Assoc. Prof, PhD tech. sci.,

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
D.V. Myronov, Assoc. Prof, PhD tech. sci

Ternopil lvan Puluj National Technical University, Ternopil, Ukraine

Restoring the operational reliability of mining truck engines through the replacement of
worn components is currently considered one of the most promising approaches. However, effective
implementation of this method requires the development of scientific, methodological, and
organizational-technical solutions that take into account the specific design characteristics of
engines and their operating conditions.

Among the wide range of issues related to maintenance organization, a critical task is to
determine the optimal structure and replacement intervals for worn components. This is a highly
complex scientific, technical, and techno-economic process.

A key feature of techno-economic problems, including the development of an optimal
structure and scheduling for engine maintenance, lies in finding a truly optimal solution. From the
perspective of maintenance organization, replacement of worn engine components can be
performed either upon the failure of each individual part or through the simultaneous replacement
of specific groups of components.

Practice shows that replacing individual engine components after failure is economically
unjustified, as it leads to frequent disassembly, prolonged downtime during maintenance, and,
consequently, higher costs and losses.

Conversely, simultaneous replacement of groups of components before major maintenance
creates a dual effect. On the one hand, it reduces labor intensity and overall maintenance duration,
as well as minimizes losses associated with the break-in period of engine components. On the other
hand, replacing components with varying lifespans simultaneously results in losses due to the
underutilization of the remaining resource of prematurely replaced components.

The optimal system is considered one that ensures minimum overall costs and losses
associated with simultaneous replacement of component groups.

To determine the optimal approach for restoring engine serviceability, it is essential to
integrate data on cost and revenue functions with information about the service life of engine
components.

The optimization methods reviewed in Chapter | have a humber of significant limitations.
Therefore, their application to mining truck engines requires further research. This study aims to
justify an optimization method that combines formal and heuristic approaches, ensuring both
theoretical rigor and practical applicability in developing an optimal maintenance structure for
mining truck engines, considering their design and specific operating conditions.

To establish and select the optimal maintenance structure and replacement schedule for
engines, the following steps are necessary:

1. Develop a target function for determining the optimal structure and replacement schedule
of worn engine components.

2. Analyze the behavior of components included in the optimization target function, such as
specific revenue losses, specific costs of replacing worn components, losses due to underutilized
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component life, and losses associated with additional disassembly-reassembly operations and break-
in periods during maintenance.

3. Design a flowchart and algorithm for optimizing the target function and selecting the
maintenance strategy for the engine.

4. Provide a mathematical description of changes in operating costs for the considered
alternatives.

Justify the necessary constraints and maintainability indicators for the analyzed options and
determine the optimal maintenance structure and replacement intervals for worn engine
components.
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UDC: 629.114.6:62-192:519.24

IDENTIFICATION AND ANALYSIS OF FAILURE STATISTICS FOR
COMPONENTS, ASSEMBLIES, AND UNITS OF RENAULT GROUP LIGHT
COMMERCIAL VEHICLES

S.Yu. Tyschenko, Postgraduate Student,

V.V. Aulin, Prof., Dr. Tech. Sci,

A.V. Hrynkiv, Senior Researcher, PhD tech. sci,

I.B. Hevko, Prof., Dr. Tech. Sci

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

The identification of components, assemblies, and units that limit the operational capability
of Renault Group vehicles was carried out on Renault Dokker, Renault Express, and Renault Master
models.

It was determined that the list of components, assemblies, and units of light commercial
vehicles that restrict overall operability is formed based on a comprehensive assessment of the
following criteria:

— the number of typical failures per unit of mileage for each vehicle model;

— the degree of influence of typical failures on the overall operability of the vehicles;

— the ratio between the cost of component replacement and the mean time to failure (MTTF)
for a given type of failure.

To obtain the most reliable results, it was decided to collect real operational data from the
Renault brand dealer service network through an experimental study. As a result of collecting
statistical data and forming a database of failures occurring during operation, data on average
MTTF, the coefficient of variation, and other parameters were obtained. This enabled the
development of a failure classification for vehicles of this brand and the determination of indicators
for their operational reliability. The analysis of the experimental data also allows for the calculation
of integral and differential functions of time-to-failure.

The determination of operational performance indicators for light commercial vehicles
within the dealer service network was based on the method of successive preferences. Additionally,
a methodology was applied to identify critical components of light commercial vehicles according
to reliability parameters.

At the current stage, it is necessary to determine the degree of influence of a typical failure
Qj on the overall operability of the vehicles. For this purpose, classification data, maintenance and
operational experience, and repair information for assemblies and units were analyzed. The degree
of influence of a typical failure can be classified into one of three levels:

— level Q1: failure of a component that makes further vehicle operation impossible, i.e., the
component reaches a critical or faulty state;

— level Q2: failure of a component that significantly reduces the technical condition of the
vehicle, requiring repair, and results in the vehicle being classified as faulty;

— level Q3: failure of a component that slightly deviates from reference technical conditions
and requires long-term repair, meaning the failure can be considered non-critical.

The process of vehicle operation and its efficiency is closely related to a comprehensive
approach to material and technical support (MTS), including planning supply volumes and
managing spare parts inventory across the entire chain—from the distribution network to the dealer
service network.
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Based on the experience of the domestic automotive market for foreign-made vehicles and
the high growth rates of this segment, a characteristic feature can be observed: a limited range of
parts, components, and assemblies (spare parts) that account for the largest share of total spare parts
consumption, including those for passenger vehicles under warranty mileage. Timely measures to
ensure the required level of vehicle operability can be achieved through optimizing the organization
of spare parts supply and planning demand and supply volumes within the conditions of service
stations (STOs) operating in the dealer network.

In this regard, experimental research was aimed at structuring and organizing the necessary
information, identifying processing methods, and applying them to predict the demand for vehicle
components, considering their distribution in the area of business activity and the functioning of
inventory management systems at technical service enterprises.

Solving this problem required an experimental approach focused on:

— applying a statistical approach to obtain reliability characteristics of vehicle components
during operation, as well as absolute and specific costs for spare parts in restoring operability;

— identifying patterns of component failure distribution and forming the primary functions of
failure flows;

— assessing the significance of component failures on the overall operability level of
vehicles;

— identifying the range of components (spare parts) that limit vehicle operability.

The vehicles serviced at dealer centers operated under suburban and intensive urban traffic
conditions.

The experimental data collection period lasted 2 years (including all seasons, from 2022 to
2024). The study involved 500 Renault brand vehicles, including Renault Dokker, Renault Express,
and Renault Master.

The structure and designations of Renault commercial vehicle components subject to
operational reliability assessment were compiled into a table. The nomenclature of components was
determined based on operating conditions and intensity, as well as failure patterns and failure flow
data obtained from the information database.

Failures and malfunctions were classified according to key principles to ensure a qualitative
assessment of the reliability of vehicle assemblies and units.

Classification features, considering the specifics of failures and malfunctions and their
examples, were recorded in the relevant tables.

The following results were obtained:

1. Statistical characteristics of the operational reliability of passenger car components were
determined (mean time to failure and standard deviation estimates), along with absolute and
specific costs for spare parts in restoring operability.

2. Failure distribution patterns of components were identified, and the primary functions of
failure flows were established.

3. The significance of the impact of component failures on vehicle operability was assessed.

4. The nomenclature of components critical to vehicle operability was defined.

The collected observation data were categorized according to organizational and local
attributes, taking into account the experience and qualifications of service station (STO) personnel,
including diagnostic engineers. The study presents examples of regular technical condition
monitoring for passenger vehicles, considering the operating hours of assemblies and units, actual
operating conditions, and the volume of maintenance performed, including the full list of identified
and recorded failures and malfunctions.

In terms of operating modes and conditions, a number of the conducted tests fall into the
category of tests for which the operating mode is not subject to strict fixation. When divided
according to the nature of recommendations, the tests can be classified as:

— informational, meaning the data is intended for a broad audience (including clients and
STO personnel);
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— advisory, containing specific proposals (sometimes commercial) addressed to the
manufacturer or consumers. These recommendations define the list of vehicle components limiting
operability and identify the root causes of failures and malfunctions. Additionally,
recommendations are developed regarding timing and specifications for work aimed at maintaining
the proper technical condition of Renault Group vehicles.

During experimental research on collecting statistical information about the operational
reliability of selected components, performance indicators were obtained. Based on the developed
mathematical model, the task of identifying components limiting operability was accomplished. For
further stages, issues related to optimizing and forecasting the demand for vehicle components were
considered, taking into account their distribution within the area of business activity and the
functioning of spare parts distribution systems in the dealer STO network. The set of components
was compiled into relevant tables and assessed for their impact on vehicle operability.

Critical components in terms of operability were identified, which made it possible to form a
failure flow function for the selected vehicles. The mean time to failure (MTTF) of components
limiting operability was calculated.

The selection of Renault commercial vehicles proves to be a rational choice for business
owners, as it helps reduce overall maintenance costs. Their high reliability and maintainability
ensure more stable and predictable operation for modern corporate fleets, companies, and
enterprises.
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VJIK 681.5.004.8

34CTOCYBAHHA I'PA®OBHX HEHPOHHHX MEPEX VI OIITHKH
HAJITTHHOCTI CKTAJHHUX ABTOMATH30BAHUX CHCTEM

C.I'. KoBaaboB, doxmopanm, Kauo. neo. Hayx,

B.B. Ayiiun, npog., 0-p mexu. nayx,

A.B. I'punbkiB, cm. 0ocnionux, KaHo. mexH. HAyK

Llenmpanvroykpaincokull HayioHanbHul mexHivHul yHieepcumem, M. Kponusnuysxuii, Yxpaina

3’s130BaHO 3aCTOCYBaHHS TpadoBHX HEHPOHHUX MEPEX IS OLIHKKH HAJIHHOCTI CKIIAIHUX
ABTOMATHU30BaHUX CHCTEM:

1. 3HadeHHsI OLIHKU HAJIHHOCTI Ta €(PEKTUBHOCTI CKJIAIHUX CUCTEM:

— CydYacHi CKJaJHI CHCTEMH BKIIOYAIOTh O€3J1i4 B3a€MOIMOB’SI3aHUX KOMITOHEHTIB, IO
YCKJIQIHIOE iX aHai3;

— METOJIU OIIHKH JTO3BOJIIOTH MepeadadaT MOBEAIHKY CUCTEMH, 3HAXOAUTH CIa0Ki MicIs
Ta TMOKPAIYBaTH 1i CTPYKTYPY;

— BQXIJIUBICTh OIIHKM 3pPOCTa€ y CHUCTEMaX BHCOKOi IHTErpailii, TaKuX SK TEXHOJOTIYHi
Mepexi, TPaHCTIOPTHI CUCTEMH Ta 010JI0TIYHI TTPOIIECH.

2. Metop naniroriB MapkoBa Ta #ioro 3acrocyBanus (puc.l):

— ZI03BOJIsi€ MOJICTIOBATH 3MIHU CTaHy CUCTEMH Yy Yaci, BpaXxOBYIOYH MOBIPHICTh IEPEXO/IIB
MIX CTaHaAMU,

— MpEACTaBIsi€ CUCTEMY Yy BUIIISLALI Tpada, 1€ BY3NIM BiANOBIIAaIOTH CTaHaM, a pedpa —
HMOBIPHOCTSIM II€PEXO/IiB;

— J1a€ 3MOT'Y BU3HAYUTH KIIFOUOBI MOKa3HUKU HAAIIHOCTI Ta e(peKTUBHOCTI CUCTEMH,

— BHKOPHCTOBYETBCS y cdepi NpPOTHO3YBaHHS CTaHIB TEXHIYHHX, (piHAHCOBHX Ta
010JIOT1YHUX TPOIIECIB.

JTaHytor MapkoBa

P11 P12 P13
M=|p21 0 p23 MaTpuua ctany

0 P32 O

S=(1,0,0) BeKTop cTaHy

MMmoBipHicTb nepexoay B MapKiBCbKOMY NpoLLeci:

S(n) = 5(0)-P"

Pucynox 1. 3acrocyBaHHs JaHIforieB MapkoBa Jjis MOJCTIOBAHHS HAMIHHOCTI Ta e()eKTUBHOCTI CKITATHIX
cHcTeM

3. OOMeKeHHsT MEeTOTy JaHIFOTiB MapKoBa y CKIAIHUX CUCTEMaX:

— MOJIEJIFOBAHHS 3HAYHOI KIJIBKOCTI CTaHIB Ta TXHIX B3a€MOINA CTa€ HAI3BUYANHO CKIATIHUM,

— METOJlT HE BpaxoBye cJa0Ki, aje KPUTHYHI 3aJIGKHOCTI MK €JIEMEHTaMH, IO MOXe
MIPU3BECTH JI0 HETOYHHX TPOTHO31B,;

— BUMAarae CIpoIeHHs MOJIEII, III0 MOKEe HETAaTHBHO MTO3HAYUTHUCS HAa TOYHOCTI aHAJIi3Yy;

— y CKJIQJIHUX CUCTEeMaXx, Jie¢ iCHye OaraToBHMipHA B3a€MOJIiS MK €JIeMEHTaMH, HEOOXiTH1
BJIOCKOHAJICHI METOAM aHATI3y.
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4. I'padosi veliponni mepexi ('HM) sik yaockoHaneHuii MeTO aHaII3Y:

— 'HM MoxyTh mpamioBaTH 3 0araromapoBUMU CTPYKTYpaMU Ta CKIAAHUMH 3B’ SI3KaMHU
MIXK eJIEMEHTAMHU,

— BUKOPUCTOBYIOTH METOJM MAIIMHHOTO HAaBYaHHS JUIS BH3HAYCHHS IPHUXOBAHUX
3aNIeKHOCTEN Yy TaHuX;

— J103BOJISIFOTH OTPUMYBATH OUIBLI TOYHI MOKa3HUKHU HAIIMHOCTI Ta €()eKTUBHOCTI CUCTEMU Y
MOPIBHSIHHI 3 TAHIIOraMu MapKoBa,

— 3a0€3MeYYI0Th MOXKITUBICTh BUSBJICHHS CIA0KUX Ta CKJIAIHUX B3a€EMO3B’SI3KIB y TpadoBiif CTPYKTYpi TaHHX.

5. CtpykTypa rpadgoBux HEHPOHHHUX Mepex (pHuc.2):

— MaTpHIIS 03HAK: MICTHTh XapaKTePUCTHKHU 00’ €KTIB CUCTeMH (BepInH rpada);

— MaTpUIS CyMDKHOCTI: BU3HAYA€E CTPYKTYPY B3aEMO3B’SI3KIB MK 00’ €KTaMu;

— BXIJHHI [Iap: MpUiiMae aHi 1 mepenae ix Juist MoJablIoro aHasizy;

— MPUXOBaHI Iapy: BUKOHYIOTH arperyBaHHs iH(opmaiii BiJ CyciiiB, TO3BOJISIOUYH BYy3JIaM
HaBYATHUCS,

— BUXIJHHUH IIap: TeHEepye pe3ylbTaTd MOJAEIIOBAHHS, 1[0 MOXYTh OyTH BHUKOPUCTAHI IS
IIPOrHO3YyBaHHs a00 Kiacudikarii.

IpadoBa HelpOHHA MeperKa

. - - T T T 7
I i IHiLianizauin . o . ; "
pad peanbHoi cuctemu u 4 } BxigHuit wap MpuxoBaHi Wwapwu BuxigHumn wap }
[
\ | pesynbTar
A(nxn), H(mxn) | | Ha=fa(Ho-Wo) A H1 Hz=fa(H1-\N1) A, Hn| HM mpamoro | | Y
|:> ‘ E> - Binpaska |::> [PeBmiEEEioR= | I
; nosigomnens | **° Ut IAE |
‘ - arperauis [
| Wi (dxd) ‘
|
Lo _ |
A - CuTyaTMBHa maTpuud, M - KiJIbKICTb O3HaK By3na,
H - MaTpuua o3Hak By3is, d - KiNbKiCTb 03HaK, W0 ONpPaLbLOBYIOThL
W - MaTpuuga Barosmx koedillieHTis, npuxoeaHi wapu
N - KiNbKicTb By3nis rpada, fa() - dyHkuja akTrBauii

Pucynok 2. Ctpykrypa rpadoBHX HEHPOHHHUX MEPEXK

6. 3acTocyBaHHs rpaOBUX HEHPOHHUX MEPEXK Y CKIAHUX CHCTEMAX:

— I'HM 3acTocoBYyIOThCS y COLIAIBHUX MEpEXax JJIsl aHalli3y 3B’ SI3KIB MK KOPUCTYBauyaMu;

— BUKOPUCTOBYIOThCS Y XiMii Ta G10JI0T1i AJIs1 MOJIETIOBaHHS MTOBEIIHKH MOJIEKYJ Ta O1JIKiB;

— y TpaHCIOPTHUX Mepekax JJONOMararTh B ONTHUMI3Allli MapLIpyTiB Ta PO3MOILIL
pecypcis,;

— B CHEPreTHYHHX CHCTEMaxX CIPHUSIIOTh aHANi3y pPO3MOJUTY EJIeKTPOCHEpPTii Ta MOUIYKY
cJIa0KuX MicIlb B iHPPACTPYKTYPI.

7. IlepeBaru rpadoBUX HEHPOHHUX MEPEXK:

— JIO3BOJISIIOTH AaHANI3yBaTH CKJIaJHI CHCTEMH, BPAaxOBYIOUM SIK OO €KTH, TaK 1 iXHi
B3a€EMO3B’SI3KU,

— 3a0e3MeuyloTh BHCOKY TOYHICTh OIIHKM HaXiHHOCTI Ta €(EeKTUBHOCTI y CKIATHUX
CTPYKTYpax,

— BUKOPHCTOBYIOTBCS JIJIsl pO3pOOKH CTpaTeriii ONTUMi3allii Ta 3aXUCTY CKJIAIHUX CUCTEM,

— BIJIKpMBAIOTh HOBI MOMJIMBOCTI JIJISl JJOCII/KEHD B PiI3HUX chepax HAyKH Ta TEXHIKH.

Takum ymHOM, rojoBHOIO mepeBaroro I'HM € 3marHicTh mpautoBaTH 3 JaHUMH, [€
iH(opmarllisi 1mMoB’s3aHa HE TUIBKM 3 00’€KTaMu (BEepIIMHAMH), aje W 31 3B’SA3KaMH MK HUMH
(pebpamn). Lle BinkpuBa€e HOBI JOCTITHUIILKI MOXKIIUBOCTI IS OIIIHKY HAAIHHOCTI Ta €(DeKTUBHOCTI
CKJIQJTHUX CHUCTEM, TaKUX K TPAHCIIOPTHI MEPEXi, CHEPTeTUYHI CTPYKTYPH, O10JIOT14HI B3a€MOIii
abo comianbHi Mepexi. 3aBusiku npbomy ['HM nomomararors riudiie 3po3yMiTH (DyHKIIIOHYBaHHS
CUCTEM Ta PO3pOOUTH CTpaTerii IJid iX ONTUMi3allii Ta 3aXUCTY.
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YK 621.3:004.8

KIIACUH®IKALIIA THITIB CUTHAJIIB TA METOAIB MAIIIHHHOI O
HABYAHHA JIJIA IHTEJTEKTYAJIbHOI OIIIHKH TEXHIYHOI'O CTAHY
MOBUIBHUX MALIIHH ITJITIPUHEMCTB AI'POITPOMUC/IOBOI O
BHPOBHHUI|TBA

0.0. MarBi€Hko, dokmopaum, 00y., KAHO. MexH. HAYK,

B.B. Ayiin, npog., 0-p mexu. nayx,

A.B. I'puHBbKiB, cm. 00CiOHUK, KAHO. MEeXH. HAYK

Llenmpanvroykpaincokutl HayioHanbHuL mexHivHul yHieepcumem, M. Kponusnuyvkuii, Yxpaina

CydacHa wMoOinpHa TexHiKa arpompomucioBoro BupoOHunTBa (AIIB)— TpakTopw,
KOMOalHM, CaMOXIi/IHI I1aci, arpopobOTH Ta aBTOTPAHCIIOPT — XaPAKTEPU3YETHCS BUCOKUM PiBHEM
aBTOMaTH3allii, CKJIaIHUMH MEXaTPOHHUMM CUCTEMaMU M €KCIUIyaTalli€l0 B )KOPCTKHMX LMKJIIYHUX
Ta CE30HHMX HaBaHTaXeHHsX. [lepexim Bi MIaHOBO-TIONEPEKYBAIBHUX JI0 CTAHO-OPi€HTOBAHUX
CTpaTeriii TeXHIYHOrO CEepBICY BUMAarae HaJiiiHOTO 300py PI3HOTUIOBUX EKCIUTyaTalliiHUX JaHUX
Ta iX 1HTeJeKTyallbHOI 00poOku. MeTa 11i€i poboTH — chopmyBaTu Kiacudikaliro AlarHOCTUYHUX
CUTHAJIB, CEHCOpPHOi 0a3u Ta amroputMmiB MmamuHHOro HaBuanHa (MH) i mnoOymnoBu
IHTEJIEKTYaJIbHOT CUCTEMH TEXHIYHOTO CepBiCY MOOUIbHUX MaluH mianpuemcts AIIB.

31 CTpPIMKUM pPO3BUTKOM TeXHOJOriH mryyHoro iHtenekty (LLI) ta MH cBiToBa HaykoBa
CHUIbHOTA BK€ HE MEPIIUI PIK aKTUBHO JOCIIIKYE MOXKIMBOCTI aBTOMaTU30BaHOTO MOHITOPUHTY
TEXHIYHOT'O CTaHy MAalliH.

Y po6oTi mpoIeMOHCTPOBaHO, 110 BiOpamiitHi curHanu Big MEMS- Tta m’e30eneKkTpuaHnx
aKCeJIepOMETPiB MOXKYTh 13 BHCOKOIO TOYHICTIO BHUKOPHUCTOBYBATHCS Ul BUSIBICHHS aHOMAJiH;
KpiM TOTO, aBTOpW BIEpIE 3alpOIOHYBAIM TEPEHOC HAaBYAHHS 3 JOPOTMX BHCOKOYACTOTHHX
CEHCOpIB Ha JICMIEBIII, 10 € BAXKJIUBUM JJisi MOO1TbHUX MarH ATIB.

VYBara 3ocepemkeHa Ha aKycTHUHMX curHajax: Jjerka CNN-apxitekTypa omnepye
KOHCTAHTHOIO MOTY>KHICTIO OJIHOIIATHOTO KoM totepa Raspberry Pi Ta gocsirae Bucokoi TouHOCTI
npu Ki1acudikamii 3ByKOBUX aHOMail, 10 MIATBEPIKY€E KUTTE3AATHICTh OHJIAWH-I1arHOCTUKHU 32
aKyCTUYHUMH O3HAKaMHU.

JloBeneHa eheKTUBHICTh OE3KOHTAKTHUX ONTHYHUX METOJIB: BUKOPHUCTOBYIOUHM HEBEIHKY
CNN, aBTOpH B peaJbHOMY 4Yaci OIHIOIOTH IIOPCTKICTH Ra moBepxoHb, 10 Oe3mocepenHbo
PEIEBAHTHO /IS 3HOIIEHUX JIeTallel TPYHTOOOPOOHOTO 00JIaTHAHHS.

[MommproeThest 1 iesl Ha TBEPIICTh MaTepially: 3aCTOCYBAaHHS KJIACHYHUX aHCaMOJIEBHUX
MOJIeJIe /0 CKaHiB BIMOWTKIB 1HJICGHTYBaHHS JIO3BOJIMJIO YCYHYTH JIIOJICBKUN (akTop mpH
3YUTYBaHHI JllaroHalieH, a [1e BIAKPUBAE IUISIX J0 MIBUIKOTO MOJILOBOTO aHAIi3y TepMOOOpOOICHIX
JeTanaei TpaHCMicii.

[okazaHo MOTEeHIIAN MTYYHUX HEHPOHHHUX Mepex 1 SVM ais 1iarHOCTHKH PeIyKTOpPiB 3a
BiOpaniiftanMu aeckpuntopamu. CydacHi TITUOOKI MiXOJM MAIOTh MOTEHIIAA CYTTEBO ITiABUIIUTH
YYTIUBICTH IO PaHHIX JIE(EKTIB.

CucremMaTn30BaHO Cy4acHI MAallMHHO-HABYaJIbHI MIAXOAU 10 aHaJli3y CUTHaJiB aKyCTUYHOI
emicii, 0co0JMBO Yy JiarHOCTHII MIKPOTPIIIMH Y WiAIIUMHAKAX MOOUIBHUX MAIWH, IO
MIITBEPJUKYE PEIICBAHTHICTh BUKOPUCTaHHA AE-curHaniB y Hamii MeTO0JIOT1i.

BusiBneno, mo 6aratoceHcopna CNN-BiLSTM 3muTTst THCKY, BUTpaTH Ta TEMIIEpaTypH
1CTOTHO ITiJIBHIIYE TOYHICTh JIarHOCTUKH T1IpaBIiYHUX KOMIIOHCHTIB y PeaIbHOMY Yaci.

Onwucano mnpaBmiio-opieHToBaHy IMiargopmy «Big-Data-Driven Fault Analysis» nms
TpakTopiB, y skid moenHano GPS-tenemertpiro, nor-¢aiinn CAN-mmHu Ta cepicHi 3amucu. Lle
MiATBEP/KYE aKTyaJdbHICTh CTparterii iHTerpamii TexeMerpii 3 JaTYMKaMu CTaHy Ui MOOYIOBH
IHTEJIEKTYaIbHOT CUCTEMHU TEXHIYHOTO cepBicy MOOLIbHUX MammuH mianpuemcts AIIB. Posrasuyre
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MiJKPITUTIOE JOULTBHICTh BKJIIOUEHHS BIAMOBIIHOTO THUIYy CUTHAIY O KOMIUIEKCHOI METOJOJIOTI],
SIKa TIPOTIOHYETHCS.

B poboTi cucteMaTH30BaHO TUIM CHUTHANIIB, SKI MUIATalOTh OTPUMAaHHIO 1 00poOIi
MEeTOJaMH1 MAllTMHHOTO HAaBYaHHS JJIsI OLIHKH TEXHIYHOTO cTaHy MOO1TpHUX MammH ATIB (Tabu. 1).

Taomuus 1 — Tunu curHainiB Ta METOAM MAIIMHHOTO HABYAHHS JUIS OLIHKM TEXHIYHOI'O

CTaHy MallluH

. Turm maTaukiB . . Mertonu
®di3uyHa .. . | KonrtponboBani Onnaiin-
Tun curnany (excrutyaTtariitai i MAaIIHHHOTO
BEJTMYMHA . BY3JIM TEXHIKM | 3aCTOCYBaHHS
/ nabopatopHi) HaBUYaHHS
Bi6paniiini | IlpuckopeHss MEMS- [ligmmnanKky | Tax CNN,
a, m/c? akcelepomMeTpu / pEeAYKTOpH, Autoencoders,
[T'e30enexTpuyHi | BaJv, TBUTYHH Isolation
aKceIepoMeTpu Forest
AxycTryHi PiBens mymy, | Konnencaropsi JBurynu, Tax CNN, CRNN,
SPL, nb; Mikpodonu / HACOCH, HaJIMBHI WaveNet
CIIEKTp odaitH IryMoBi CHUCTEMU
KaMepu
Temneparypui | Temnepartypa, Tepmonapu, JlBurynu, Tax LSTM,
T, °C TEPMOPE3UCTOPH |  IMAMIUITHUKH, GBDT
/ IY-kamepu T'iIpOCUCTEMHU
YneTpasBykoBi | Ammiityna, | AE- cencopu / 3BapHi 1IBH, YacTKkoBO CNN, SVM
(AE) gacrota 20— | peexTocKONH JAHIIOTH,
200 xI'g MM AIIUITHUKA
Enexrpuuni Crpym, Cencopu I'eneparopw, Tax GRU,
Hanpyra, [, A; CTpyMy, €JIEKTPOABUTYHU XGBoost
U, V; P, kW Hanpyru /
Ocuunorpadu
AHai3 MacTui Meranesi Jatunku JBurynm, OO6MexeHo Random
JIOMIIIIKA B'13K0CTI / KOpPOOKH Forest,
Crnexrpomerpu nepenad k- NN
Curuganm Tuck [T'e3ope3ncTuBHi I"anbMiBHI, Tax LSTM, CNN,
TUCKY ceHcopu / ripaBiivyHi Ta GBDT
[penu3iiini ITHeBMaTHYHI
MaHOMETPHU CHUCTEMU
GPS/IMU Koopaunatu, GPS, IMU- ITinBicka, maci Tax LSTM,
TeneMeTpis MIBUAKICTH cencopu / RTK Autoencoders,
GPS-npuiimayi Seq2Seq
OnrtuyHi RGB/ Kamepu / Kopos3is, 3Hoc, Tak ResNet, ViT,
(poro/Bineo) Depth- JlazepHi TPILMHUA paM Transfer
306pa)I(eHH51 CKaHepH Learning

Ilpumimka. JlocTynHIicTh OHNalH-3acTocyBaHHA it AE Ta
MIBUKICTIO BUMIPIOBAHb 1 HEOOXITHICTIO (P1IBTpAIIl CUTHAITY.

aHamizy MacTui oOMexeHa

Hexaii Sy, (t) - norounmit wacoswmit pAn k-ro CEHCOpHOTO KaHajly, IONEPEIHBO
CHUHXPOHI30BaHUI Ta HOpPMaTi30BaHUH. 3a pe3yabTaTaMu MOMEPEAHbOI ONTUMI3aLlli METOIIB O3HAK

JUISL KOKHOTO KaHaiy oO0paHo ¢QyHKHIT @, 110 MPOEKTYyIOTh CUTHAJ y HPOCTIp 1HPOPMATHUBHHUX

neckpurropiB Z = @ (Sx (E]]

[HTerpansuuii inguKaTop TexHigyHoro crany (ITC) MammHn BUZHAYUMO K
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IO =F(2y,-2x; 0) = 2o, 0 fuelZi) (1)

ne F — ysaranbHena QyHKIis, fKa IEPETBOPIOE MHOXKHHY O3HAKOBHX BEKTOPIB Zp Y
MIPOTHO30BAaHUM 1HIUKATOP j}(ﬂ 1 pempe3eHTye aHcamMOJb a00 «METaMOENb», M0 00’ €IHye
noxaisHi npeaukropu (Mozeni) fi; © — e Habip ycix HACTPOIOBAaHHX mapaMeTpiB Mozl J : Baru
HeifpoMepexk, Koe(illieHTH IepeB pillleHb, 3MillleHHs, TileprHapaMeTpH TOMO; fix — JOKaIbHi

Mojieli (HampHKIIaJ, JepeBONoIiOHI aHcamMOIi abo HelpoMepexi) Il KOKHOTO THITY CUTHAITY, (g
— BaroBi Koe(iIi€HTH, [0 BU3HAYAIOTHCS AJITOPUTMOM CTOXAaCTHYHOI ONTUMI3AIlli Ha BaigaIiiiHini
BUOIpIIi; K — xinpkicts Tumis curnanis.

Otpumane ) yHidikoBaHe y mmKaii i BimoOpakae 3aJMIIKOBUH pecypc abo CTyIiHb
Jerpajanii arperary.

Jliss paHHBOTO TIOMEPEIDKEHHS PO AHOMAJII0 BUKOPHCTOBYETHCS TPOTHO3HUN Oydep
nosxuau 3 LSTM-Mozemnto:

Verrn = LSTM([3;, Pe—ys-.. D (2)
ko Verg < Oppge, TO CHCTEMA (hopmye peKOMEHIAIIIIO MIOI0 CEPBICY.
BucHoBku
1.  3ampomnoHoBaHO neTani3oBaHy KiacH(ikalilo JeB’SITH HaHiH(OPMATUBHIIIMX THIIIB

CUTHAJIIB Ta BIIMOBIIHUX CEHCOPIB Ui MOOUIbHUX MamuH ATIB.

2.  CdopmynboBaHo iHTerpambHy Moxenb (1)—~(2), mo 00’exHye  pi3HOpITHI
ML-nipeauKTOopH y € JMHUNA 1HAUKATOP TEXHIYHOTO CTaHY.

3. IlpoBenmeHuii Orysia JITEPATypH CBIAYUTH PO BHCOKY PE3yIbTATUBHICTH TIMOMHHOTO
HaBYaHHSA Ul KOXXHOTO THUIy CHUTHaly Ta MIATBEPAXKYE E€KOHOMIYHY JIOLUIBHICTb
OHJIAatH-MOHITOPHUHTY.

4.  Tlopanemia po6orta Oyzae cipssMOBaHa Ha po3pOOKY METOA0JIOTIT 300py Ta y3ro/PKeHHS
OaraTokaHAJILHUX CHTHAJIIB, & TAKOK HAa KOHIENTYaJIbHE NMPOEKTYBAHHS 1HTEIEKTYaJIbHOI CHCTEMH
TEXHIYHOTO CEepBiCY MOOUIBHUX MAaIIMH MiJOPUEMCTB arponpOMHCIOBOTO BHUPOOHUIITBA,
BKJIFOYAIOYM B3aeMOit0 3 IMdpoBUMHU ABiHWKaMu MamuH. [lig mudpoBuMu IBIMHHKAMH
PO3yMiEMO yCTaleHHI MIXKHApOAHUN TEPMiH, 10 MO3HAYA€ BipTyalibHi (LUpPOB1) MOAEN] (i3UUHUX
00’ekTiB a00 cucTeM, L0 MOCTIHHO CHHXPOHI3YIOTHCS 3 pEabHUM IMPOTOTHIIOM 4Yepe3 MOTOKHU
JaHUX JaTYMKIB1 JAl0Th 3MOTY MOJENIOBAaTH WOT0 TMOBEIIHKY, HPOTHO3yBAaTH BIIMOBHU Ta
ONTHMI3YBaTH €KCIUTyaTaIlio.
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THE ROLE OF VEHICLE ROUTING PROBLEMS IN THE FIELD OF
COMBINATORIAL OPTIMIZATION OF FREIGHT TRANSPORTATION
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V.V. Aulin, Prof., Dr. Tech. Sci,

A.V. Hrynkiv, Senior Researcher, PhD tech. sci

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Vehicle routing problems represent one of the key and, at the same time, most complex
areas of combinatorial optimization in transport logistics. Clarke and Wright were the first to
incorporate multiple vehicles into the problem formulation and developed a more efficient heuristic
based on a greedy algorithm. Since then, numerous models and algorithms have been proposed to
obtain exact and approximate solutions for various versions of this problem, which were later united
under the general category of Vehicle Routing Problem (VRP).

The growing interest in VRP is driven by its practical significance and high computational
complexity. Such problems frequently occur in companies engaged in distributing goods from
production or warehouse facilities to consumers or retail outlets. However, there are many other
areas of application, including service maintenance, courier and postal services, waste collection,
street cleaning, private transportation, public transit routing, and fast-food delivery.

Any VRP-class problem is a generalization of the classic Traveling Salesman Problem
(TSP), which involves finding the most cost-effective route for a salesman visiting a set of cities
exactly once and returning to the starting point. The main distinction between VRP and TSP lies in
the possibility of having multiple closed routes in the solution. Both problems are NP-hard,
meaning there are no methods capable of finding exact solutions or verifying the optimality of
approximations within polynomial time. Similar to TSP, VRP can be described using graph theory,
where the objects of combinatorial optimization are graph structures.

Despite the global interest in VRP research, this area remains underdeveloped in Ukraine,
leading to frequent reliance on international experience. Consequently, terminology adopted for
VRP often differs from that used in TSP and reflects the most common field of application—
transport logistics. In routing problems, “salesman” corresponds to “vehicle,” “path” becomes
“route,” and “city” is replaced by “customer.” Additionally, for the initial “city,” the term depot
(from French dépdt, meaning warehouse or storage) is introduced, indicating the starting and ending
point for vehicle routes. In practice, a depot can be a transport company, production site, or
warehouse.

The well-known transportation problem is a mathematical model formulated as a special
case of linear programming aimed at determining an optimal freight transportation plan from
origins to destinations with minimum transportation costs. Unlike VRP, the transportation problem
belongs to complexity class P in computational complexity theory.

The classical vehicle routing problem (VRP) is a combinatorial optimization problem that
seeks the optimal set of closed routes for a fleet of homogeneous vehicles, all departing from a
single depot to serve multiple remote customers. The optimality criterion can be expressed in
various ways, but most often it is the minimization of total route length. Figure 1 illustrates a typical
example of route construction for a fleet of three vehicles, where the goal is to minimize the overall
route length. The depot is located at the center, surrounded by customers to be visited. Distances
between all route points are known. The optimal solution ensures that each vehicle visits its
assigned customers and returns to the depot, following the shortest possible routes.
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MapuwpyT 3

Figure 1 — Example of a Solution to the Classical VRP Problem: vehicle — transport vehicle, route — route, depot —
starting and ending point of the route

The classical Vehicle Routing Problem (VRP) can be modeled using a graph C = (V, E)
with a set of vertices V = {0, ..., m} and a set of edges E. The set of vertices | = 1, ..., n
corresponds to customers, whereas vertex O represents the depot. An n x n cost matrix cj Is

alsospecified where each element(i,j) € E denotes the cost associated with traveling between
vertices i and j.

In graph theory terms, the classical Vehicle Routing Problem (VRP) can be interpreted as
the construction of several Hamiltonian cycles of minimal length on subgraphs of graph GG, which
share a common vertex — the depot. In the absence of capacity constraints and with an arbitrary
number of vehicles kk, the problem is reduced to constructing kk cycles with the common vertex 0,
covering all vertices of the graph and minimizing the total cost of visiting all customers. This means
that the problem becomes a set of Traveling Salesman Problems (TSP) with kk cycles and a
common point 0. Such a problem can be transformed into a classical TSP by adding k—1 additional
copies of vertex 0 and corresponding edges connecting them to the other nodes.

Thus, it has been established that the classical approach has limitations that make it less
suitable for real-world conditions. Modern variations of vehicle routing problems include numerous
modifications of the classical formulation, most of which represent combinations of several basic
extensions. These modifications primarily differ by the real-world constraints imposed on the
solution, such as capacity limitations, time windows, restrictions on the number of vehicles, and
others.
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YIIPAB/ITHHA ®AKTOPAMH PECYPCO3ABE3IIEYEHHA
IIEPEBIZHUX BH/IIB IIA/IBHOCTI /lV/IA CTA/IOT'O EKOHOMIYHOI O
3POCTAHHA TPAHCIHIOPTHOIO IIIIIIPUEMCTBA

O.M. Tepruus, acn,

T.M. Hanuy, acn,,

B.B. Ayain, pod., 1-p TexH. HayK,

A.B. I'punbkiB, cm. 0ocnionux, KaHo. mexH. HAyK

Llenmpanvroykpaincokull HayioHanbHul mexHivHul yHieepcumem, M. Kponusnuywkuii, Yxpaina

[locuneHHss KOHKypeHIli Ha TPAaHCIOPTHOMY PHUHKY BHMAara€ BiJl TPaHCIOPTHUX
MiIPUEMCTB TIOIIYKY HOBUX IMiJIXOJIB O OpraHi3aiii cBOiX BHPOOHMYHUX MpoIeciB. BaxinBoro
MepeBaroio BCIM yYaCHHUKIB PUHKY € €KOHOMis Ha BUTPATax .

YYacHUKM PUHKY TIepeBE3eHb MParHyTh 3HIDKEHHS CBOIX BHUTpPAT Yy TOPIBHSHHI 3
KOHKYPEHTaMHU 32 paxyHOK IiJABHUIIEHHS €()EeKTUBHOCTI BUKOPHUCTAHHS PECYpCiB 1 CTBOpPEHHS
ONTUMAJbHOI CHUCTEMHU YNpPAaBIIHHA (pakTOpamu, 110 BIUIMBAIOTH HAa BUTPATH, 1 TpaHcopmarii
BUTPAT TAKUM YMHOM, 11100 BUKIIFOUUTH HAHOLIBII BUTPATHI €JIEMEHTH.

Bubip edextuBHOr0 BapiaHTa ynpaBiIiHHS BUTpAaTaMH BU3HAYA€ TOTCHINA MIATPUEMCTBA Y
MiHiMi3aIlil BUTpaT y mepeBi3HOMY mporeci. KoHKkypeHTHa mepeBara <JIiIepCTBO y BHUTpaTax»
HalyJa MUPOKOTO MOMIUPEHHS 1 € OHIEI0 3 TPHOX 0a30BUX CTPATET1M KOHKYPEHIII].

UuM HMxK4Ya coO0IBapTICTh BUPOOHHUIITBA TIOPIBHSHO 3 KOHKYPEHTaMH, TUM BUIIE MOTECHINAI
MANPHEMCTBA JIJII  CTAjJOr0 PO3BUTKY 3a pPaxXyHOK CTaOUIBHOTO 3pOCTAaHHS JOXOJIB, IO
MEPEeBUIYIOTh CEPEeIHBOTATY3eBl 3HAYCHHs, HE3BAKAIOUM HAa BHUCOKY KOHKypeHmito. Jlis
30epeKeHHsI PEeCypCHOTO JIiAepCTBa BUINUA MPUOYTOK TMIAMPHEMCTBO MOXKE PEIHBECTYBATH Y
MOJIEpHi3allif0 BUPOOHUIITBA, PO3IIMPIOBATH PHUHKKA 30yTy 3 JAOMOMOIOK HHU3BKHX I[IH Ha
MPOIYKIIIFO Ta MOCTYTH.

[Tpu bOMY MOKITUBI TaKi BapiaHTH peaiizallii pecypcHoi mepeBaru:

- CTpaTerisi HU3bKUX IIH, 110 3a0e3nedye 3poCTaHHS 00csiIry mpojaxy (opl€eHTOBaHa Ha
CIO’KMBAYiB, YYTJIMBUX JIO IIHN);

- CcTpaTeris HU3BKHUX BUTpAT, IIPH peai3alii SKoi IMiIIPUEMCTBO, M0 MAa€ HIKYI BHTPATH
MTOPIBHSHO 3 KOHKYPEHTaMH, MOXE BCTAHOBJIFOBATH I[IHU Ha MPOAYKIIiI0O HA PHHKOBOMY PiBHI, IIPH
bOMY HAANpUOYTKH CIPSMOBYBATH Ha PO3BUTOK BUPOOHMIITBA Ta aBTOMATH3aIlil0, 32 PaxyHOK
qoro 3a0e3meuyeThes 11e OUTbINa ONTUMI3aIlisl BUTPAT, HiXK Ha CePeTHbOTATy3¢BOMY PiBHI |

TakuM 4MHOM, pecypcHa mepeBara MiANPHUEMCTBA 3a0e3MeuyeThCs HU3bKUMH BUTpPAaTaMHU.
[Tpu 3actocyBaHHI cTpaTerii HU3BKUX BHUTPAT MiJMPHEMCTBO MOXE 3HI)KYBAaTH BIUTHB 13 OOKY
MOCTaYaIbHUKIB PECYpCiB, 30KpeMa 3 JIOMOMOIOI0 YIIPaBIiHHS IX MOCTaBKaMH.

Jlnst  mianmpueMcTBa  JOCSITHEHHS  «IAEpCTBA 3 BUTpAT» €  Hale(eKTHUBHINIO
JIOBFOCTPOKOBOIO CTpaTerielo 3a yMOB TapudHoro perymoBaHHsS. CTparteris «JIiepcTBa y
BUTpaTax» mepeadavae 3pocTaHHs 00CSITY BUPOOHHIITBA 3 METOIO 3HMKEHHS MOCTIWHUX BUTpAT.
Edekr macmtabyBaHHsI MOXKe BUMAaraTH 3a1y4eHHS 3HAYHHUX IMOYATKOBUX 1HBECTHUIIIN Y TEXHOIOTI]
Ta oO0JagHaHHS JJIs1 MallOyTHROT MiHIMI3AIllT BUTPAT. YTIPABIIHHS pecypco3a0e3neueHHsM BUMarae
3M1IICHEHHS! CUCTEMHOT'O KOHTPOIIIO HaJl BAPOOHUYUMHU MPOIIECAMH.

BusiieHo, 1o «1iaepcTBO y BUTpaTaxy 3a0e3MeuyeThCs 32 paXyHOK TaKuX (DaKTOpIB:

- MO>XKJIMBOCTI MPUA0AHHS PECYPCIB 3a HUKYMMH I[iHaMH (200 MiJANPUEMCTBO Mae
MOKJIUBICTh CaMOCTIMHO 3aliMaTHCs BHUJOOYTKOM CHPOBHHHHMX PECYpPCIB I 3aBaHTaKCHHS
BUPOOHUYMX MOTYKHOCTEH);

- OiAMPUEMCTBO  Ma€  3MOTy  JIuBepcH(iKyBaTH  TNPOIYKIIO,  OpraHi3yBaTu
BUPOOHUILITBO TOBAPiB-CYOCTUTYTIB;
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- HiANPHUEMCTBO MAa€ MOXJIIHUBICTh PO3IIMPIOBATH BHPOOHUYI MOTYXKHOCTI IS
MacmTadyBaHHS TIPOIYKIIii;

- HiANPUEMCTBO  3JaTHE 3HW)KYBaTH BHUTpPATH 3a  JIOIOMOTOK)  3POCTaHHS
TEXHOJIOTTYHOCTI;

- HiIPUEMCTBO CUCTEMHO 3/1IMCHIOE KOHTPOJIb HEMTPOYKTUBHUX BTPAT;

- HiANPUEMCTBO €(heKTUBHO KEpYe PIBHEM 3aIaciB;

- HiANPUEMCTBO MA€ YHIKaJIbHY TEXHOJIOTIO, 10 JTO3BOJISIE BUPOOIATH MPOIYKIIIO 32
OITUMAJILHOIO IIHOXO.

[Tig yac mpoBeneHHs aHAi3y BUPOOHHUYUX MPOIECIB, SKi BIUIMBAIOTH CKOPOYCHHS BHUTpAT,
ONITUMI3AIlil0 PEeCcypCiB, 3MCHIICHHS HEMPOAYKTUBHHX BHUTPAT, MEHEIDKMEHTY JIOBOJIUTHCS
BUPIIIYBAaTH, SIKI METOJIU pecypco3a0e3eueHHs Kpalll y THUX Yd iHITNX yMOBax.

dakropu, HeOOXiMHI 11 (OPMYBaHHS KOHKYPEHTHOI mepeBaru «JIimepcTBO y BUTpaTax»
NPEJCTaBICHI HA PUCYHKY |.

' . ] |

MOMIIHBICTE EVTIVEATH PECYPCH IO OUIbII HMSEEMM LIfHAM ]
L.

efiekT exoHOMI MacmTaby

MOMIIMEICTE OHEepCHMEYEATH TPOIYELED

s Ny
EMpODHHIITED TOBAPIE-cYDCTUTVTE

. o

4| edeKTMEHE VIIPABIIHHA PIBHEM 3arlacis

- '\

IHHOBALTHHI TEXHOMIOT, Mo N03BOIAKTE ONTHMIZVEATH BapTICTh

h A

4 5

CTAHOAPTHZ0EAHE i VHIbEOEaHe EHPODHHIITED

, A

MIHIMISELA BHTPAT Ha obCIyToBVEAHHA 1 rapas TiHI TOCTVTH

W, ’

Pucynox 1 - @akxTopn koHKypeHTHOI nepeBaru "JlinepcTBo y BuTparax"

IIpu dopmyBaHHI T'paHUYHUX IIIHOBUX IMapaMeTpiB IPU NpHAOAaHHI pecypciB, HEOOXITHO
OILIIHWTH aNbTCPHATUBHI BapiaHTH pecypco3ade3nedeHHs 1 BUOpAaTH ONTHMANIbHI PINICHHS, IO
3a0€3MeUyIOTh JIOCATHCHHS IIOCTaBIICHMX Ilijiei. HaiOiapm e(peKTUBHHMM METOAOM, SKHH
3aCTOCOBYETBCSI Yy CTpAaTEeTiYHOMY IUIAHYBaHHI IS BU3HAUEHHS TIPIOPUTETIB PO3BHTKY B
JIOBFOCTPOKOBIM TEPCIIEKTHBI, € SKOHOMIYHE MOJCIIOBaHHSA. Pi3HI MeTomm aHamilzy e(peKTHBHO
BHKOPHUCTOBYIOTBCSI CTBOPCHHS TEPECIMKTHBHUX C€KOHOMIUHHX MOJEJCH, OIIHKH IMEPCIECKTHBHUX
puHKIB. B manumii yac 1i MeTtoau HaOyIM IIHPOKOTO 3aCTOCYBAaHHS B IIPOTHO3YBAaHHI PI3HHX
COIIAIbHO-€KOHOMIYHUX TMPOIECiB, JUIsl OI[IHKA I1HHOBAIIfHOTO cepenoBuIna. Pe3ymbraTtu
JOCHIJIKCHD 13 BUKOPUCTAHHIM MOJICTIOBAHHS 3IMCHIOIOTHCS 3 METOO MiJBUINECHHS S€KOHOMIYHOI
e()EeKTUBHOCTI.

[Ipu mpoBemeHHI JOCHIIXEHb BHUKOPHUCTOBYIOTHCS PIi3HI 1IHCTPYMEHTH aHalli3y poOOTH 3
iHpOpMalIfHUMH ~ TIOTOKAaMH, AaHKETYBaHHS CKCICPTHUX CIIBTOBApHUCTB, HANPHUKIAT 3
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Bukopuctanuam Metony [Menbdi, SWOT-anamizy, wmetomuku ¢GOKyc-TpyM, CIEHAPHOTO
TIaHyBaHHS. B OCHOBI pi13HUX MIAXO/IB, K1 3aCTOCOBYIOTHCS B paMKaXx JOCIIKEHHS, BU3HAYAJIbHE
MicIie 3aiiMar0Th aHAIITHYHI METOIU Ta CIICHApHI BapiaHTH PO3BUTKY.

Po3BuTOK Ta BIOCKOHANIEHHS BUPOOHMIITBA, 3POCTAHHS BIAMOBITAJIBHOCTI MEHEHKMEHTY 3a
HACJIIKA TPUHHATUX DIIICHb, MIABUIICHHS BHUMOT JI0 SKOCTI YIPaBIiHCBKUX PIIICHb MPU3BOIATH
710 HEOOX1HOCT1 3aCTOCYBaHHS MEPEIUKTUBHUX METO/IIB, 110 JIO3BOJISIIOTH MIPOTHO3YBATH Tepeodir
OKpPEMUX €KOHOMIYHHX MPOIIECiB, BpaXOBYBAaTH BUHUKHEHHS MOKJIMBUX PU3UKIB Ta (DakTOpiB, 110
HETaTHBHO BIUIMBAIOTh Ha O13HEC, HA OYiIKyBaHI ()iHAHCOBI PE3YyJIbTATH.

dopmyBaHHS cTpaterii €EeKTUBHOTO YIPABIIHHA pecypcaMH € AMHAMIYHHUM MPOIECOM.
[Ipy BuU3HAYEHHI JOBrOCTPOKOBOi €(EKTHBHOI TONITHUKH Yy cdepl pecypco3ade3neueHHs
MiIPUEMCTBA Ba)UIMBO OO'€KTUBHO OIIIHIOBAaTH 3MiHY Makpo-, Me€30- Ta MIiKpOMapaMeTpiB.
BusnauuBmm 111, HEOOXIMHO PETYIAPHO MPOBOJAUTH MOHITOPHHT MaKpOCEpEIOBHINA 1 3a
HEOOX1THOCTI KOPUTYBATH OKPEMI CTPATETi4Hi HAMIPSMHU.

BpaxoByroun, 10 IOTOYHI MAaKpPOECKOHOMIYHI Ta  ME30€KOHOMIYHI  CHUTYaIii
XapaKTepU3YIOThCSl BUCOKMMHU PU3MKAMH Ta HEBU3HAUYEHICTIO, 3 METOI0 3HIKEHHSI HETaTHBHOTO
BIUTMBY 3OBHIIIHIX (aKTOPiB, 3aCTOCOBYETHCA METOJ E€KOHOMIYHOTO MOJCJIOBAaHHSI Ta
MIPOTHO3YBaHHS JUHAMIKH I[IHOBOI IMOBEIIHKH MOCTAYaJbHUKIB Ta MOKYIIIIB 3aJIEKHO BiJ PI3HUX
CIIeHapiiB — 0a30BO1, MO3UTHBHOI UM HeraTUBHOI. JlOCIIIIIKeHHSI €KOHOMIYHHUX IIPOIIECIB, CIIOCO0IB
BUSIBJICHHST 3MIHHMX, IO BIUIMBAIOTh, IPOBOIATHCS B paMkax (opcaiiT-anamizy. IlpoGmemi
€KOHOMIYHOT'O MOJICJIFOBAHHS MPUALIAETHCS 0COOIMBA yBara ChOro/THI.

MeToau €KOHOMIYHOTO MOJICTIOBAHHS, HE BTPAdYaloTh CBOET akTyalbHOCTI. CTaTHCTHKA
3aCTOCYBaHHSI METOIB €KOHOMIYHO-MaTeMaTHYHOTO MOJICNIOBAHHS MIATBEPKYE 1X €(EKTUBHICTD:
ONTUMI3AIIHIX Monenel no3Bosise A0 15% 3HM3UTH cOOIBapTICTH BUPOOHUIITBA TMPOMYKIIii,
3HAYHO IIJBHUIIUTH IPOAYKTUBHICTH Mpalli, MOKPAIIMTH TEXHIUYHI Ta EKOHOMIYHI ITOKa3HUKH.
BuKOpHCTaHHS EKOHOMIYHO-MAaTeMAaTHIHUX MOJENEH J103BOJIIE BHUPINIYBATH IMUPOKE KOJO
YIOpPaBIiHCHKUX 3aBJaHb Ta 3HIKYBATH MMOBIPHICTh HACTAHHS HETaTUBHUX (haKTOPIB.

Busnaueno, mio kiI04oBl (GaKTOpH YCHIXy OyAb-SIKOTO MIAMPUEMCTBA — 1€ IIBUIKE
MPUUHATTS SIKICHUX PIIICHb, 30€PEKEHHS €KOHOMIYHOTO OallaHCy, 3HMKCHHS PU3UKIB, OTPUMAHHS
[IJTBOBOTO €KOHOMIYHOTO €(EKTy JJOCATalOThCS 3 BUKOPUCTAHHSAM METOMIB E€KOHOMIYHO-
MaTEMaTUYHOTO MOJICIIOBAHHS, IO € BKpail BaXKJIMBOIO CKJIAJ0BOIO 0araThOoX MPOLECIB, IO
JI03BOJISIE aHATI3YBaTH, MPOTHO3YBATH Ta BIUIMBATH Ti YW iHINI MPONECH UM SBUINA, SIKI y XOIi
€KOHOMIYHOTO PO3BUTKY.

BpaxyBanHsi BIUIMBY pecypcHUX (AKTOpiB Ha BUPOOHUYO-CKOHOMIYHY €()EKTHUBHICTH
MOKYTILS Ta MPOAABIS, BAKOPUCTAHHS MEXaHi3My OOIPYHTOBAHOTO PO3MOJIITY MOKIUBUX PU3UKIB
a00 BWUTOJA BiJl 3MIHHM PHUHKOBOI KOH'IOHKTYPH MDK CTOPOHAMH KOHTPAKTY, MPOMOHYETHCS 0
KOHTPAKTIB 3 MOCTa4aTbHUKAMHU BKJIFOUATH MEXaHI3M PECYpCHOTO MAPUTETY IS TPYI MPOIYKIIT 32
MIPU3HAYCHHSAM Ta MOAIOHUM TTapaMeTpaM.
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DEVELOPMENT OF AN ALGORITHM FOR THE FORMATION OF
LOGISTICS PROJECT-ORIENTED CLUSTERS IN THE AGRO-INDUSTRIAL
COMPLEX

M.A. Bakulenko, Student of Group 77-22,

S.G. Chaplyhin, Student of Group 77-22u6,

V.V. Aulin, Prof., Dr. Tech. Sci,

A.V. Hrynkiv, Senior Researcher, PhD tech. sci

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

One of the main directions for enhancing the resilience of rural development is the
diversification of the economy and the technological modernization of its sectors, primarily in the
agro-industrial complex (AIC), through the following measures: supporting effective employment
in small and medium-sized agricultural enterprises; promoting consumer cooperatives, including
peasant (farm) holdings and personal subsidiary farms; and encouraging job creation in non-
agricultural sectors.

The issue of state support for small-scale farming remains highly relevant for the
Kirovohrad region. Farmers in the region face the following challenges:

1. Small farms experience difficulties accessing sales markets, as the largest share is
occupied by major retail chains that displace smaller producers. For retail chains, working with
farmers as suppliers is often unattractive due to small production volumes.

2. A significant share of revenue from agricultural product sales is absorbed by
intermediaries.

3. A high proportion of food imports from other regions, high production costs, and a large
share of logistics expenses, combined with outdated material and technical resources.

In addition to the above challenges, it should be noted that the Kirovohrad region market
continues to experience significant growth in the presence of national and local retail chains. In
2021, retail trade turnover of retail chains in the Kirovohrad region accounted for 27.1% of the total
retail trade turnover in the region. In 2022, this figure increased by 25% compared to the previous
year. In 2023, retail trade turnover in the networks accounted for 33% of the region's total retail
trade turnover, which represents an 11% increase compared to 2022. In 2024, this figure reached
37.3%, marking a 10% increase compared to 2023.

It should be noted that retail chains are displacing small and medium-sized businesses,
causing imbalances in the development of trade formats, which negatively affects the level of
competition. Measures taken by the legislative authorities to address this problem—such as
introducing regulations on the minimum provision of population with retail space and organizing
fairs — have unfortunately not led to a significant expansion of farmers' access to the retail market.

The creation of cooperatives is a central issue of the subprogram “Support for Small-Scale
Farming”, which is part of the departmental target program “On the Development of Agricultural
Cooperation for the Period up to 2030.” The main goal of the program is to create favorable
conditions for uniting private agricultural producers into cooperatives to reduce the cost of goods in
the sales market, as well as to expand the application of innovative technologies to improve the
quality of the final product.

Under current economic conditions in Ukraine, a common practice has developed whereby
most of the financial resources generated at all stages of agricultural product processing and sales
remain with companies providing packaging, storage, transportation, and distribution services.
Agricultural producers receive only a small share of the final product’s value as revenue.
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Consequently, financial flows leave the agricultural sector, which negatively impacts the ability to
achieve the program’s objectives.

From a logistics perspective, and given the problem of financial outflows from the
agricultural sector, the main goal of the program can be interpreted as forming stable supply chains
that ensure long-term and mutually beneficial cooperation among agricultural producers. This
would allow producers to reduce their costs by providing their own services related to the
production and distribution of goods to the end consumer. Since the full production cycle requires
substantial fixed assets, it is difficult for each individual producer to achieve this independently.
However, under collective farming, capital investments can become economically viable.

According to the concept proposed in this study, the solution to the problems of the agro-
industrial complex (AIC) related to the cooperation of small and medium-sized agricultural
producers lies in the creation of regional logistics project-oriented clusters. To establish such a
cluster, the following key components are required:

— central (core) companies — the “nucleus” of the cluster, possessing modern production
capacities capable of ensuring stable and high-quality production of final products;

— competitiveness of enterprises participating in the cluster;

— a network of logistics operators ensuring the uninterrupted flow of materials and goods
within the cluster’s supply chains;

— the regional business climate, including the level of logistics infrastructure development,
scientific, educational, and human resource potential, and the degree of investment attractiveness in
the region.

Clusters can be created in two ways: (a) through the initiative of state authorities, or (b)
spontaneously, when enterprises and organizations start cooperating on joint projects and programs

________ 1 r—— =71
I + I +
I Objective — Establishment of a Cluster | Goal — Implementation of Joint Projects and
| Programs

¥ ¥

Establishment of a Coordination Council,
whose tasks are:

— defining the cluster development strategy;

— selecting the cluster participants;

— establishing interaction among potential

participants.

Cluster Formation

Integration of Potential Cluster Participants

¥

Cluster Formation

Initiator — Government Authorities
Initiator — Several Enterprises

a b

Figure 1 — Possible Ways of Cluster Formation: () initiated by government authorities; (b) initiated by
enterprises, firms, companies, and organizations

It is known that any cluster goes through certain stages of a life cycle (LC):

LC1 — Agglomeration: enterprises, firms, companies, and organizations that can become
cluster participants are located within the cluster territory.

LC2 — Cluster Emergence: cooperative relationships arise between cluster participants, and
the level of specialization increases.

LC3 — Developing Cluster: the number of participants expands, information exchange
intensifies, and the level of cooperation grows.
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LC4 — Mature Cluster: the cluster reaches a critical number of participants, connections
become stable, and the cluster's functioning mechanism is well-established.

LC5 — Transformation: changes in the cluster caused by shifts in the market, technology,
the economic situation in the region, and other factors.

Logistics project-oriented clusters follow the same general stages of the life cycle.
However, their specificity lies in the investment project around which the cluster operates:
participants are selected based on an assessment of their resources to fully meet the needs specified
in the project. The main goal, apart from capital accumulation, is the effective implementation of
the investment project. In this regard, the cluster must remain flexible, adapting over time to
environmental conditions.

It is worth noting that for a logistics project-oriented cluster, the last stage of the life
cycle—transformation — is particularly important. Since this type of cluster is a temporary structure,
after the implementation of the project, the cluster may either cease to exist or transform into
another cluster created to implement a new investment project with different objectives. During
transformation, the cluster’s purpose, participant composition, boundaries, and other characteristics
may change.
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In the classification of economic activities of road transport enterprises (RTES), a wide range
of services is identified, such as auditing services, consulting services, telecommunication services,
and others. Many scholars lack consensus on this issue. There are several reasons for this, the most
significant being related to the development of scientific and technological progress, where the
conceptual framework fails to adapt quickly enough to new types of economic activities,
intellectual and creative innovations, and scientific discoveries. Furthermore, in an attempt to fully
reflect the economic essence of a service, the interpretation and the author’s vision of the problem
should highlight the feature considered most important in this context.

When studying transport processes, the terms “logistics service” and “logistical service” are
considered fully interchangeable synonyms, each with its own classification. Their main
characteristics include:

— customer demand satisfaction service — a set of services aimed at meeting demand (order
execution time, delivery frequency, order quality, etc.);

— production service — services for maintaining products at all stages of the life cycle (from
order placement to commissioning, including user training);

— after-sales service — services provided after product shipment, including warranty and post-
warranty work;

— information service — services for providing consumers with product information and its
maintenance, including advertising activities;

— financial and credit service — services for providing goods on credit or instaliment plans,
deferred payment options, various bonuses or discounts, as well as classic credit services.

Due to the full-scale war, a separate area has emerged in logistics—the service logistics
approach, which focuses on organizing and providing logistics services.

Logistics services are implemented during the sale of material or digital goods, as well as
other services. The application of logistics services improves the competitiveness of the enterprise,
increases sales volumes, ensures information support, enhances customer loyalty, stimulates
purchases, and creates a positive experience from previous transactions, which often leads to repeat
contracts. Thus, the subject of logistics service is a specific set of relevant services, while the
objects of logistics service are the actual consumers of material flows.

Analysis of the entire set of transport services shows that additional logistics services are
required for a large number of business processes in various industries. Furthermore, warranty and
post-warranty services, including after-sales support, are necessary to increase and maintain the
desired level of competitiveness.

Automation of logistics services through the use of intelligent technologies (IT) increases
business efficiency by reducing costs. Workforce reduction during the implementation of
information systems (IS) is one of the most common and obvious managerial decisions, which,
moreover, is relatively easy to quantify. On the one hand, cost reduction is a positive factor for
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enterprises; on the other hand, it leads to a rapid increase in the number of positions being
eliminated.

The intensive development of information, production, and intelligent technologies inevitably
results in changes in logistics support.

It is important to emphasize that in logistics, business process automation is also aimed at cost
reduction by minimizing staff. Currently, large retailers and suppliers are implementing robotic
warehouse technology. A particularly notable example from international practice is Amazon, one
of the first companies to introduce robotic warehouses. The use of robots allowed the company to
reduce the operational cycle time more than fourfold (from 60—75 minutes to 15 minutes) and cut
operating costs by 20%.

In the United States and China, a series of fully autonomous warehouses have now been
launched. Since such warehouses do not require human involvement, robots operate in complete
darkness, saving electricity. Robotic warehouses employ sorting robots, palletizing robots, and
scanning robots (for inventory control using RFID tags). Analysis of this trend suggests a new
approach: instead of using individual robots, integrated solutions are applied to optimize workloads
for both humans and robots.

Logistics services must be provided continuously to meet consumer needs, ensuring 24-hour
support of flow processes. Transportation services can be provided either by the company itself or
by intermediaries or logistics providers. Depending on the type of logistics system and the structure
of the integrated logistics chain, some services can be delivered in an automated mode. This is
particularly relevant for e-commerce, where the competitiveness of an online store depends on the
speed of delivery to the customer. In many cases, delivery speed has a greater impact on the
customer’s choice than price.

In e-commerce, pre-sale and after-sale consultations can be effectively automated using
conversational bots (software robots capable of communicating in natural language with users).
Currently, social networks and messengers offer tools for creating bots on their platforms, which
has further driven their popularity. Initially, the use of conversational bots surprised users, attracted
interest, and boosted sales. Today, the technology has become widespread, and many websites use
bots for economic reasons, as bots can operate 24/7 without holidays, weekends, sick leave, and
without salary requirements. However, for experienced users, such bots appearing in pop-up
windows have shifted from an advantage to an annoyance.

Logistics operators can provide various services, and based on their scope, they are classified
into PL (Party Logistics) levels, currently identified as five or even six. 1PL providers handle
logistics processes internally and are also referred to as logistics insourcing. 2PL providers
represent partial outsourcing of logistics processes.

The most significant interest lies in providers at the 3PL level and above. 3PL providers
deliver comprehensive logistics outsourcing but do not participate in supply chain design. Their
core services include transportation, warehousing, freight forwarding, packaging, and more.
Typically, the client company retains an internal logistics specialist to manage these operations. A
4PL provider undertakes full supply chain design and management of the client’s logistics
processes. Simply put, 4PL is essentially 3PL plus planning and supply chain management. 5PL
providers not only manage logistics processes and integrated supply chains comprehensively but
also deliver network-based services using a unified information space in the context of logistics
process transformation.

Information technology (IT) support is the key component of this type of provider, which is
why they may not own physical assets. 5SPL providers interact with clients at a strategic level,
engaging in joint planning of logistics operations.

Regarding the 5PL level, practitioners generally view it as an advanced version of 4PL that
incorporates automation and optimization of logistics solution development. Clients always have
the option to either outsource services or manage internal logistics independently. While
outsourcing offers undeniable benefits in terms of strategy development, management, design, and
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support of logistics processes, it also entails risks, such as loss of employee expertise and control
over internal logistics processes.

Maximum benefits from outsourcing can only be achieved through high-quality, advanced
tools for automating logistics business processes integrated into unified information systems. Such
integration provides full transparency of all information, financial, and—if necessary—Ilogistics
flows, eliminating “grey” schemes and fostering trust in cooperation.

Logistics support for 5PL providers is inherently linked to virtual environments used to
deliver a full range of services. Therefore, 5PL providers fully align with the digitalization strategy
of logistics under the national “Digital Economy” project, transitioning to virtual interactions,
virtual business processes, and global integration of participants in supply chains. To implement
new marketing and analytical capabilities and build fundamentally new logistics infrastructures,
providers employ cutting-edge technologies, including Smart Home, Internet of Things (loT),
advanced artificial intelligence algorithms, machine learning, and big data technologies.

A critical review of modern logistics service levels and providers in academic literature has
revealed attempts to introduce a new level — 6PL. Its distinguishing feature was proposed as
specialized software that automatically generates schemes for sustainable interactions among supply
chain participants. However, this feature is already present in 5PL providers through specialized
information systems, technologies, and global networks, even if not explicitly formalized.
Virtualization of relationships, which is characteristic of 4PL and 5PL, cannot alone justify the
introduction of an additional classification level.

Modern product coding technologies (barcoding, QR codes, RFID tags), geolocation systems,
and transport monitoring tools enable logistics services of a fundamentally new level by providing
real-time data and reducing costs. The future development direction of 5PL providers lies in the
adoption of IT as a foundational element, enabling automation of more complex functions and
business processes. Skilled specialists will gain powerful support from self-learning intelligent
information systems. Such systems will operate with expert knowledge, provide decision-making
support, learn from employee experience and historical corporate data, and, in some cases, make
independent decisions.

To achieve this, an enhanced architecture of the logistics information system is required,
where core components include modern algorithms and mechanisms for automatic data collection
and processing. The system should integrate several new types of modules to centralize various
procedures:

— parser — performs automated data collection from internal and external sources;

— aggregator — sorts, enriches with metadata, and stores data in a buffer zone for analysis;

—analytical module — conducts semantic data analysis in the buffer zone and prepares datasets
for machine learning;

— design module — develops integrated supply chain models based on available data;

— logistics module — retains the functionality of traditional logistics information systems.

The inevitable transformation of logistics service principles is driven by the rapid
development of IT and communications. The 5PL level, also known as virtual logistics, will
continue to evolve alongside digitalization and the advancement of intelligent algorithms. The
number of 5PL providers will grow continuously, and their information systems will increasingly
rely on IT as their foundation.

The issue of maintaining the current classification of logistics services amid the development
of new principles for conducting logistics operations will ultimately require revision, either by
adding a “+” sign to the 5PL level or by expanding the existing classification with new features,
such as: automation of expert functions; creation of a unified business process environment;
application of intelligent technologies as a foundation; implementation of adaptive logistics flow
management models; functioning based on the coplanar flow mechanism; and automated design of
supply chains.
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MOXIMBO BHAUTUTH KiTbKa METOMIB (OPMYBaHHS Ta BHUKOPUCTAaHHS BaHTAXKHOTO
aBTOTPAHCHIOPTY: CTATUCTHUHUHN, MOHOTpaiuHUM, PO3paXxyHKOBO-KOHCTPYKTUBHUH, MOJIETIOBAHHS
Ta ONTUMI3AIiI.

CraTUCTUUHUN 3pYYHUN [ OLIHKU BIUIMBOBUX (DaKTOPIB CLIBCKOTOCIOAAPCHKOTO
mignpuemctea (CTII). BusnauaroTh BIIMB OKpeMHX (AKTOpPiB Ha po3Mipd Ta €(PEKTUBHICTH
BupoOHunTBa B CTII, 1O0CTHimKyIOTh B3a€MO3B'SI3KH Ta B3a€EMO3AJICKHICTh BUPOOHHUUX MapaMeTpiB
MIX c00010.

BukopuctoBytoun KoOMOiIHAIiiHI YrpYMOBaHHSA, BUAUIAIOTH TPYIy MIANPUEMCTB 13
pamioHaTbHUMH BUPOOHMYMME dakTopamu. LI rocrmogapcTBa MmiIIar0Th ASTaIbHOMY O00CTEKEHHIO
Ta MoHorpadiyHOMYy BUBYeHHIO. [Iporpama MoHOrpadiyHOrO OOCTEKEHHS BKIIOYAE BHUBUYCHHS
MMATaHb CKOHOMIKHM Ta OpTraHizallli TeXHIKH Ta TEXHOJIOrii, iH(opMmariiiHoro 3a0e3nedyeHHs Ta
yrnpaBiaiHHS BUpoOHUNTBOM. [Ipoobpazom CITI MoxyTh OyTH Kpamy TOCHoJapcTBa MEBHOL
tepuTopii. Martepianu MoHOTpadiuHOTO OOCTEKEHHSI HAWKpaIUX TOCIOIAPCTB BHKOPUCTOBYIOTH
BiJTHOCHO PalliOHAIBHUX (AKTOPIB IHIINX TOCMOAAPCTB TAHOTO THITY.

Po3paxyHKOBO-KOHCTPYKTUBHUN METOJ TIOJSTAaE B TOMY, IO BH3HAYAIOTh OCHOBHI
noka3zHuku CI'TI, TouHiIIe BCTAaHOBIIOIOTH pallioHa bHI ()aKTOpH B ICHYIOUHX CepelHiX yMoBax. Ha
MPHUKIIAJI [BOTO CEPEIHBOCTATHCTUYHOTO ITiIIMPHEMCTBA PO3POOJISIOTECSI HAa TICPCIIEKTHBY
pamionansHi  (aktopu. [lo CyTi, BUKOHYEThCS TMPOEKTHUH PO3PAXyHOK IS BiTIOpaHOTO
rocrogapcTBa, mo ao0pe mpamoe. Ile mocuth TpyamoMmicTka TBopdya poOoTa, aje BOHA TapaHTYeE
ONTHMAJIBHICTh PO3paxyHKOBOro BapianTa. OIIHUTH BCi MOXKIIMBI BapiaHTH MPOCTUM MepeOopoM
HepealbHO - IIe BUMaraTMMe Tak 0aratro dacy, IO JOBEAETbCA BIIMOBHUTHCS BiJl BUPIIICHHA
3aBJIaHHS.

Coaig 3a3sHauydTA 1€ OJWH ICTOTHHUM HENOJIK aHaJIi30BaHUX MeTomiB. Bci BoHHU
nepen0avarTh y3aralbHCHHS JTOCBIAY POOOTH, HAKOIMYCHHS Ta CTATHCTUYIHY 00pOOKY (haKTHIHUX
(hakTOpIB 3a MEBHUI YaCOBHM Mepiol. Y pasi BIICYTHOCTI MAaCOBOTO CTATUCTUYHOTO MaTepiany, abo
HOro HEAOCTYMHOCTI, uepe3 KOoH(iNeHUIWHICT, 1HQOpMallli, BUKOPUCTaHHA IMX METOAIB Oyne
YTPYIHEHO.

Ha CI'Il mran tpaHcmopTHHX POOIT CKIAJal0Th HA OCHOBI PIYHUX BHUPOOHUYHMX IPOrpam
POCITUHHUIIBKUX Ta TBAPUHHUIIBKUX Taly3ell, a TakoX MiACOOHUX BUPOOHUITB. BiH oXormioe Bech
o0csir TiepeBe3eHb BAHTAXIB SK MPOTATOM POKY, Tak 1 3a MepiojaMud pPoOIT 3 ypaxyBaHHSIM
KaJleHAapHUX TEPMiHIB iX BUKOHAaHHA. [IpM 1IbOMYy BpaxoOBYIOTHCA BCi MEPEBE3CHHS 3 peamizarii
MpOAYKIli Ta OOCIYyroByBaHHS BHUPOOHWYMX TIPOIECIB Y POCIMHHHUIITBI, TBAapUHHHUIITBI Ta
JOTIOMIXKHHX MiAPO3Aiiax rocrnofapcTBa. [ImaHyloTh BaHTaXHI MEepeBE3eHHs 3a MepiojaMu Ta 3a
BUaMH TpaHCTIOPTHHUX 3ac00iB (T3).

BuxigHumu AaHUMU TUJIAaHYBaHHA TPAHCIOPTHUX poOIT € BHIM Ta OOCATH BaHTAXKIB,
BIJICTaHI MIEPEBE3CHB Ta 1X KajdeHAapHI TepMiHu. OOcAT BaHTaXIB, IO MEPEBO3ATHCS, BU3HAYAETHCS
3 TEXHOJIOTIYHUX KapT, a IHIIUX BUAIB - 3 T0AATKOBUX PO3pPaxyHKiB Ha Oy/IiBeJIbHI Ta 1HII pOOOTH.
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[TnanyroTe po0OOTYy 3 ypaXyBaHHSAM IIE€PEAOBOI TEXHOJIOTII Ta pallioHaIbHOI OpraHizamii
npaii. [Ipu npomy BukoprctoBy0Th npuitHATI B CI'TI TexHIYHI HOPMATHBHU TPAHCIIOPTHUX POOIT:
MIBUJKICTh PYXY;, YaC Ha HABaHTAXXEHHS Ta PO3BAHTAKEHHS; XOJIOCTI mepei3au; mpodilakTuka Ta
MOKA3HKKH IJIaHy TeXHigHOoro oociyroByBauus (TO).

Y CI'll nnanyBaHHS TpPaHCIOPTHUX POOIT MPOBOAUTHCS ABoMa crocobamu. Ilepuit
MOJISITa€ B TOMY, 1110 MPHU CKJIaJaHHI BUPOOHUYO-(DIHAHCOBOTO TIJIAaHY MiANPUEMCTBA PO3PAXOBYIOThH
oOcsr nepeBe3eHb, SIKHH MOXKHA 3/I1MCHUTH 3aIlJIaHOBaHUM CEPEIHBOOOIIKOBUM CKIagoM mapky T3
(3a ix Bumamu) CI'TI, a moTtiMm, SKIIO 3a paxyHOK BJIACHHUX 3aCO0IB TEPEBE3CHHS IMOBHICTIO HE
3a0e3MeuyloThes, TO Mepea0ayacThCsl 3aTy4YeHHS TPAHCIIOPTY 31 CTOPOHH.

3a JOpyruM CIocoOoM, IO 3aCTOCOBYETHhCSA TPH IUIAaHYBAaHHI KalliTaJOBKIAJACHb Ta
Bu3HaueHH1 motpedu CI'TI B ocHOBHUX 3aco0ax BUPOOHUIITBA HA KOHKPETHUN Tepio BUPOOHUYOT
TISITBHOCTI, PO3PaxoOBYIOTh KUIBKICTh T3, HEOOXIMHHMX /I TIEPEBE3CHHS 3aINIAHOBAHOTO OOCATY
BaHTaXIB (32 BUJIaMH KOIITIB Ta BAHTaXIB).

3a mepmmM criocobom s HasBHOTO B CI'TI aBTOMapky BCTAHOBIIOETHCS CEPEIHBOPIUHE
YHCII0 MAIIUH, K€ BiJ0OpaXKaeThCsl PO3MOALIOM 3arajibHOI KIJIbKOCTI MAaIlIMHO-/IHIB IepeOyBaHHS
y CI'TI Ha KiJTBKICTh KaJeHIAPHUX THIB HA PIK.

[Tpu BU3HAUEHHI 3araJIbHOT KUTBKOCTI MAIlIMHO-HIB TIepeOyBaHHSI BAaHTAKHUX aBTOMOOILTIB
y CI'TI HeoOXigHO BiJ HAIBHOCTI MAalllMH HA IIOYAaTOK POKY BIJHATH KUIbKICTh MAIIIMH, III0 BUOYIIH Y
3aIJIaHOBAHOMY POIIi, OTPUMAHUI 3aJTUIIIOK TTOMHOXUTH HA YMCJIO KAJICHJIAPHUX JIHIB Y POIIi Ta J0
[HOTO J0JIaTH MalIHO-AHI nepedyBanHsa y CI'TI mammH: nomnoBHEHHS Ta BUOYTTS y IUIAaHOBAHOMY
pOIIi; MaIIUHO-JAHI B POOOTI 3 ypaxyBaHHSM 3HAaXO/DKCHHS MAaIlIMH y PEMOHTI; BHUXITHUX Ta
cBIATKOBUX IHIB. CepeaHI0 KIUIBKICTh JHIB POOOTH MAaIllMH MOXHA IPUHAMATH 3 PO3PaxyHKy 3a
JaHUMH MUHYJIOTO POKYy 3 HEOOXIHOIO TOMPaBKOK Ha TOJIMIICHHS BUKOPHUCTAHHS
aBTOTPAHCIOPTY.

BantaxxomigioMHICTh ~ MallMH ~ aBTOMApKy  BHU3HA4Ya€e  SK  CyMy  3arajbHOL
BaHTAXOMITAOMHOCTI MO KOXHIM Mapili MaliuH, Ky pO3paXxoOBYIOTh MHOXEHHSIM HOPMAaTHBHOI
BaHTAXOITITHOMHOCTI OJTHI€T aBTOMAIIMHA NIEBHOT MAPKH HA IXHIO CEPEIHBOOOTIKOBY KUTBKICTb.

Cepenabon000BHi TPOOIT OJIHIET aBTOMAIIIMHM, 1 B TOMY YHUCJIl 3 BAHTAXKEM, BCTAHOBJIIOIOTh
3 ypaxyBaHHSM TOKa3HUKIB MUHYJIOTO POKY Ta 3aXOiB MO0 IMOKPANICHHS BUKOPUCTAHHS MAIINH
y 3amiaHoBaHOMY polli. MHOXEHHSM OTPHUMaHHMX BEJIWYMH MPOOIry Ha YHCIO MAIIMHO-IHIB Y
poOOTI OTPUMYIOTH 3arajbHHUI MPOOIT BCIX aBTOMAIIWH, Y TOMY YHCIi 3 BaHTaxeM. [Ipu 1mpomy
mpoOir BaHTAKHUX MAIMH 3 JIIOJbMHU BKIIOYAETHCS B 3arajbHHil MpoOir, ajie He B Mpoodir 3
BaHTaXEM.

3aranpHUil 00'eM BaHTAXOMEPEBE3CHh Yy TOHHO-KUIOMETpax BH3HAYAIOTh, PO3YMIIOYU
3arajbHUNA MPOOIr 3 BaHTAXXEM Ha CEPEAHIO BAaHTAXKOIMAHOMHICTh Ta KOC(IIIEHT BHKOPUCTAHHS
BaHTaXOMiTHOMHOCTI. CepelHs BaHTAXOIMIIUOMHICTh PO3PAXOBYETHCS PO3MOJMLIIOM 3araibHOi
BAHTAXXOMITHOMHOCTI Ha CEpPeAHBOPIYHE YHCIO MAaIlMH, a Koe(illieHT BUKOPUCTAHHS
BAHTAXOIITHOMHOCTI OepyTh 3a JaHUMH MHUHYJIOTO POKY 3 YypaxXyBaHHSIM OCOOJMBOCTEH
BaHTAXXOTICPEBE3CHh 3aIlJIaHOBAHOro poky. KoedilieHT BUKOPUCTAHHS BaHTaXXOIMIAHOMHOCTI
BU3HAYAIOTh PO3MOAIIOM (PAaKTUYHO BUKOHAHUX TOHHO-KUIOMETPIB Ha JOOYTOK CepelHbOi
BAHTAXOMIJHOMHOCTI Ta IPOOIry 3 BAHTAXKEM.

OOcsT nepeBe3eHb Y TOHHAX OTPUMYIOTh PO3TOIITIOM 00CATY BaHTaXKOIIEPEBE3€Hb Y TOHHO -
KUJIOMETpax Ha CEpeIHIO BIICTAHb PEHCY, sIKA 3aJICKUTH BiJl KOHKPETHHUX BiJCTaHEW 3allIaHOBAHUX
nepeBe3eHb. SIKII0 OTpuMaHuil BUIIE 0OCAT MIepeBe3CHb Y TOHHAX He 3a/10BoJbHsIE ToTpedbu CI'TI y
3aIIaHOBAaHOMY POIl, TO MependayaroTh 3aXOAU IOAO TMOKPAIICHHS BUKOPHCTAHHS BIIACHOTO
aBTOTPAHCTIOPTY UM 3aITy4EHHS MAIIHH i3 OOKY.

3a apyrum criocoOoom s oOrpyHTyBaHHS moTpeOu y T3 HEoOXiTHO BU3HAYMTH. OOCSATH
IepeBe3¢Hb 3a BHJIAMHM BaHTaXIB, CEPEAHIO BIJICTaHb, KaJCHAAPHI CTPOKH Ta TPHBAIICTh
MepeBe3eHb; PO3MOAUICHHS! BAaHTAXIB 32 BUIAAMH TPAHCIOPTY 3 YpaxXyBaHHSIM pPEabHUX YMOB Ta
MO>KJIMBOCTEH MIANPUEMCTBA; BCTAHOBJIEHHS TEXHIKO-EKCIUTyaTalliiiHI MOKa3HWKH BUKOPHUCTAHHS
okpemux BuaiB T3; notpedy mianpuemctsa y T3.
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CepennHb0001KOBY TOTpeOy miAnpueMcTBa y T3 00UHCITIOIOTH 32 POPMYJIIOH0:

B Q
3651, 111, K, Ky, K Ky (1)

ne Q - oOcsr BaHTa)KONEPEBE3CHb, T/KM; JIc — cepeIHb01000BHI TTPOOIr BAHTAKHOTO aBTOMOOLI,
KM - ['Tlcp - BaHTaXOMIIHOMHICTD CepeTHOOOIIKOBOTO BaHTAKHOTO aBToM0o0O1Is, T; K;— koedimieHT
BUKOpPHUCTaHHA Tapky; Kpr - KoedillieHT TeXHIYHOi TOTOBHOCTI mpaiorounx wMamme;, Ky —
KoedimieHT BUKOpHCTaHHS Npo0iry; K - koedimieHT BUKOpUCTaHHS BaHTaXKOIIJHOMHOCTI.
CepenHbpo000BHIA TPOOIT BAHTAKHOTO aBTOMOOIJIS OLIHIOETHCS 32 (HOPMYIIOFO:

Jo =WiTy, (2)
ne — We cepenHs ekciulyartauiifHa MBHIAKICTb, kM/rol; T y - yac mepeOyBaHHS MAaIIWHU Hapsi
MPOTSATOM POOOYOTO JTHS.

[Totpeby B T3 TouHilIe BU3HAYAIOTH Mij Yac IUIAHYBaHHS MEpPEBE3CHb MEBHUX BAaHTAXIB B
YCTaHOBJICHI TepMiHH. /I IIbOTO PO3PaxoBYIOTh Yac OJHOIO pelicy, KUIBKICTh peiciB 3a poOoUnit
JIeHb 3 ypaxyBaHHsM crienugiku pobit. BpaxoByroun (hakTHUHY BaHTAKOMITHOMHICTH MAIIHHH,
BHU3HAUaIOTh O0CAT BaHTaXy, KU OJHA MalllMHa MOXeE MepeBe3TH 3a JeHb. [loTiMm, MmoaiTuBIIN
3araJlbHUi 00CAT BaHTa)000Iry Ha 00CAT BaHTaXYy, IEPEBE3CHOIO OJHIEI0 MAIIMHOIO 32 poOounit
nepioJ1, 3HaXOAATh HEOOXiTHY KiTbKICTh MAIIIHH.

Jlyis BU3HauUeHHs 3araibHOI moTpeOu B T3 Ha 3armiaHOBaHUI Mepioj Mpy NMEpeBE3eHHI BCiX
BHJIIB BaHTaXXIB OOYHCIIIOIOTh HEOOXIAHY KIIbKICTh BaHTa)KHHX aBTOMOOLIIB JI1 KOXKHOTO BHIY
BaHTaXy OkpemMo. CTBOpPIOEThCS Tpadik BUKOPHCTAHHS BAHTAKHUX aBTOMOOILTIB Ha IEH TEpioj.
[Ticst ibOro PO3POOISIOTHCS 3aX0AH ISl 3HWKEHHS HApyKeHOCTI TpaHncnopTHUX pooiT B CI'TI Ta
BH3HAYAEThCS HEOOXIJHA KUIBKICTh BAaHTaXKHHMX aBTOMOOLTIB. SIKIO CHOCTEpIra€ThCs HecTaya
BaHTA)XHUX aBTOMOOIJIIB, YaCTHHY POOIT MOXKHA MepeaaTH 1HIIUM BUAaM TPAHCIIOPTY UM 3alTy4UTH
TPaHCHOPT 31 CTOPOHHU.

[Ticnst mpoBeAeHHS pO3paxyHKIB 3 yCiX BUJIIB BAHTAXKOMEPEBE3CHb CTAHOBIISITh PIYHUM MJIaH
TPAHCIIOPTHHUX POOIT IO MiAMPUEMCTBY Ta OyIYIOTh PidHI rpadiku BUKOPUCTAHHS Pi3HUX BHIIB T3.

Jlo ynpasmninas nporecamu Ha CI'TI moTpiOHMI CHCTEeMHHMM Miaxifa. Y HEHTPI METOAOJIOTl
CHUCTEMHOTO aHami3y 3HAXOAUTHCSA OTepallis KUIBKICHOIO TIOPIBHSHHSA albTepHATHUB. Tomy
HAHOLIBII OOTPYHTOBAaHUMHU Ta MPUHHATHUMHU CTAIOTh METOIM ONTHUMAIBHOTO TUIAHYBAHHS, IO
0a3yl0ThCsA Ha BHKOPHCTaHHI €KOHOMIKO-MAaTE€MaTHYHHX METOMIB y IMOEAHAHHI 3 MEPCOHAIBHUM
komi’'torepom (I1K). BoHum BigkpuBaroTh HEOOMEXKEHI MOMKIHMBOCTI OTPHUMaHHS HEOOXITHOI
KUTBKOCT1 BapiaHTIB y BUpIIIEHHI €KOHOMiIUHOi mpobiemu. IlepeBara ix mossirae y 3a0e3nedeHHi
ONTUMAJBHUX PIlIEHb 32 KOPOTKUN TPOMIKOK Hacy.

Jlns BU3HA4YEHHS MOTpe0d y BaHTa)KHOMY aBTOTPAHCIIOPTI Ta MOTO parlioHaJbHOI'O CKJIamdy
HaWOLIBII €(PEKTHBHUM € 3aCTOCYBaHHS METOJIB CKOHOMIKO-MAaTeMaTHYHOI'O MOJCIIIOBAHHS B
noeqHanHi 3 cydacuumu [IK Ta makeramu mnpukiagHUX TOporpam, IO Ja€ 3HAYHI NepeBaru
MOPIBHSHO 3 IHIIUMH METOJAaMU: TIO-Tiepiie, 3a0e3MeuyeThCsl IMMOBHA peami3allis MPUHIUIY
CHCTEMHOTO IMAXOAY; MO-ApYyre, MiABUIIYETHCS MBUAKICTH 1 AKICTh PO3POOKH IUIAHIB, MO-TPETE,
3'IBIISIETHCS. MOXIIMBICTH peaizailii 0araToBapiaHTHOTO IMIAXOAY JO BHUPINIEHHS 3aBlaHb; TO-
YeTBepTEe, HAJAEThCS MOXKJIMBICTh ONEPATUBHOTO KOPUTYBAaHHS IUIAHIB y BIANOBIAb HA 3MiHU
BHYTPIIIHIX Ta 30BHILIHIX (haKTOPiB BUPOOHUIITBA.

OnTumaneHe TMJIaHYBaHHA BHUXOAWTH 13 TaKUX METOJOJOTIYHUX mnepeaymoB. [lpu
TUTAHYBaHHI BUPOOHUIITBA 3aBXK/IH 31T TOCSITHEHHS OJTHI€T i Ti€T )k METH € KiTbKa nuiaxiB. OmHi 3
HHX OLIbIN e(eKTUBHI, 1HII MeHII edekThBHI. Taka OaraToBapiaHTHICTH OOYMOBJICHA B3a€MO/IIEI0
MHOXXHHHA YMOB Ta (PakToOpiB Ta IX MOPIBHSHO IIMPOKOIO B3aemo3aMiHHicTIO. [lman y pasi
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pO3MISIMAEThCS K (DYHKIISI MHOKMHHM 3MIHHUX BEJIMYWH, MOB'I3aHI MiXK COO0I0 HAWCKJIaAHIIIIMMHU
B32€MO3AJIC)KHOCTSIMH.

Posrasgaroun muTaHHS KPUTEPIiB ONTUMAIBHOCTI, CJTiJT 3a3HAYUTH, 110 ONTUMI3AIlis PillIcHb
JOCATAETHCS HE JIMIIE MUISIXOM BH3HAYCHHS KPHUTEPII0 ONTUMAJIBHOCTI Ta BHOOpPY HaAWKpamoro
BapiaHTy Ha Woro ocHoBi. HaGmmwkeHHs 10 onTUMyMy 3a0e3MeuyeThCsl TPaBHUILHUM BU3HAYCHHIM
yCiX OCHOBHUX YMOB PE€aJbHOTO €KOHOMIYHOTO TPOIIECY, Kl 3HAXOMISITh CBOE BiJOOpaKECHHS B
PI3HHX KOMIIOHEHTaX EKOHOMIKO-MAaTeMaTUYHOi MOjelNi: B OOMEXKEHHSX 3a NpPOAYKIIEI Ta
pecypcamu; y crocobax BUPOOHHMIITBA, IO ONMHCYIOTh BapiaHTH BHKOPUCTAHHS PECYPCIB 3 TOUYKH
30py BUTpAT 1 €hEKTUBHOCTI; Ta B IHIIUX aCMEKTaXx.

Burmsn 1 xapakTtep MaTeMaTHYHOI MOJENI  3alleKaTh  BIJI  B3aEMO3B'SI3KIB 1
B3a€MO3aNIeKHOCTEHN (pakTOpiB. B3aeMo3B's3ku ogHNX (HaKTOPiB MOKYTh OyTH ONMHUCaHI CUCTEMAMHU
JNHIMHUX PIBHSHH Ta HEPIBHOCTEH, 1HIMX — PIBHSIHHSAMU Ta HEPIBHOCTSAMH BHUIIOTO TOPSIKY,
TPETiX — Ha OCHOBI KOPEJSIIHHOTO aHami3y, YeTBEePTUX — 3 BUKOPUCTAHHSIM Teopii HMOBIpHOCTEH
Tomto. Taka pI3HOMAHITHICTh B3a€MO3B'I3KIB (DaKTOPIB, IO XapaKTepHU3yIOTh BHPOOHUUY
nisieHiCTh CI'TI Ta MOkmuBOCTeH iX ommcy ¢opmi CHpusio po3poOli HHU3KH EKOHOMIKO-
MaTeMaTHYHUX MOJeliel: 6aTaHCOBUX, EKOHOMIKO-CTATUCTUYHUX, ONTHUMI3alliHHUX.

Bce me cBimuuTh mpo Te, IO 3aBAAHHS BIJHOCHO ONTUMAJIbHOTO (OPMYBAaHHS Ta
BUKOPHUCTaHHA aBTOMOOUIbHOrO TpancnopTy B CI'Tl mMokHa mojaTH y BUIUIAI ONTHUMI3AIiitHOI
MOJIeJIi B paMKax JIiHIHHOTO TporpaMyBaHHs. [1iICyMOBYIOYHM BUIICBUKIA/ICHE, MOKHA Bi[3HAYUTH,
10 TPOBENEHI JOCITIDKEHHS TEOPETUYHUX Ta METOJUYHHMX OCHOB OpTraHi3allii TpPaHCIOPTHOTO
3a0e3reueHHs B arpapHii cepi J03BOJINIIH:

- chopMyIIOBaTH OCOOTMBOCTI aBTOTPAHCIIOPTY SIK Tally3i HAPOJIHOTO TOCMOIAPCTBA, 110 HE
BUPOOJISIE HOBOT MPOIYKIIii, a TUIIe Oepe yJacTh Y ii CTBOPEHH;

- BUABUTH chnenudiky poOOTH aBTOTPAHCIOPTY B CLIBCBKOMY TOCIOAAPCTBI, SKa
MIPOSIBIIIETBCS. B CE30HHOCTI HOTO BUKOPUCTAHHS, Y TOEIHAHHI OCHOBHOT'O TEXHOJIOTTYHOTO
Mpolecy 3 TPaHCIOPTYBAHHSIM, HEMOXJIMBOCTI 3AIACHEHHS NPUHIUIY O€3MepepBHOCTI, MPH
BUKOHAHHI CIJTbCHKOTOCTIOJIAPCHKUX POOIT aBTOTPAHCTIIOPT MEPECYBAETHCS 3EMEILHOK JIUITHKOIO,
MPEeIMETH XK Tpalli 3aJIUIIAI0THCS HA MICI 710 30MpaHHs BPOXKAI0, MPUHIIUI TOTOYHOCTI MOKITUBUN
JIUIIIEe HA OKPEMHUX CTAJIiIX BUPOOHHIITBA;

- OOIpyHTYBaTH MOXJIHMBICTh Ta JOIJIBHICTh BUKOPHCTaHHS METOMIB CEKOHOMIKO-
MaTeMaTHYHOI'O MOCNOBaHHs, cydacHux IIK, IHIIMX TEXHIYHHX 3aco0iB Ta IIPOrpaMHHUX
KOMIUIEKCIB /U po3poOKH TuIaHiB (popMyBaHHS Ta BUKOpHcTaHHs aBroTpancniopty B CI'TL, a Takox
JUTSl BJIOCKOHAJICHHSI YIPABIIHHS Ta KOHTPOJIO 32 WOTO JiSIBHICTIO Ha OCHOBI aBTOMAaTH30BaHHUX
cucteM 00poOKku iHpopmarii.
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THE IMPACT OF DIGITALIZATION ON THE PARAMETERS OF
SUSTAINABLE DEVELOPMENT OF A CORPORATE LOGISTICS SYSTEM
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A.O. Mironova, Student of Group 77-24M,
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Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Digitalization should be based on one or more technologies that drive a digital breakthrough
in a particular sector. A digital breakthrough is similar to a vortex—an inevitable movement of
different industries toward a “digital center,” where business models, products, and supply chains
become highly digitized. In turn, digital technologies contribute to the creation of new business
models that deliver new value to customers.

The digitalization of industries occurs unevenly. Global leaders in technology are
predominantly sectors that produce information products. Digital leaders have advantages in
innovative technologies, flexibility, speed, risk-taking, and system agility.

Digital transformation is an organizational transformation that integrates digital
technologies and business processes into a corporation’s digital business model. Therefore, it is
proposed to use the term “transformation” rather than ‘“change,” emphasizing that the digital
transformation of an enterprise, company, or organization goes far beyond functional thinking and
holistically addresses the complexity of actions required to seize opportunities or mitigate threats
arising from digital technologies. From the perspective of corporate logistics, digital transformation
is fundamentally related not only to technology but also to strategy. This means that top
management teams must find ways to benefit from an innovative logistics business model that
optimizes customer needs and experience.

The main characteristics of digital transformation in corporate logistics systems include:

1. Digitalization significantly changes the competitive environment of all logistics systems.

2. Most industries have already experienced some degree of digital transformation, and the
sector understands the trends of digitalization in its market.

3. Corporate structures follow a sequential approach to digital transformation of their
business model at all levels, whereas non-corporate structures tend to adopt technologies chaotically
as a reaction to digital developments.

4. Most logistics systems still underestimate the potential of digitalization in operational
activities and supply chain redesign.

5. There is no single undisputed leader in digitalization among industries, but each industry
has its own leading indicators.

6. Most corporations underestimate or ignore potential threats posed by digital
transformation.

7. The pace of transformation remains slow, even though corporations constantly face
rapidly growing digital competition.

8. External integration of digital technologies is often underestimated as corporations strive
to maintain leadership within their respective markets.

The main drivers of digital technology development in corporate logistics systems include:
new opportunities for process improvement and optimization of problem areas; changes in other
corporate systems; shifts in the competitive environment; and pressure from both industry
corporations and IT service providers.
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For consistent and systematic digital transformation of a corporate logistics system,
decision-making and technology implementation should begin at the highest levels of corporate
governance and be executed locally. The tasks at each level of digital transformation management
are presented in Table 1.

Table 1 — Tasks for Implementing Digital Transformation of Corporate Logistics Systems

Level of Digital Tasks
Transformation
Management
Corporate Management Development and implementation of the corporation’s digital strategy.
Design of a digitalization KPI system.

Selection of priority functional areas for digitalization of corporate
systems.

Distribution of responsibilities in strategy implementation.
Achievement of sustainable development goals.

Function T Ensuring flexibility of the corporation's IT and digital capabilities.
Defining the role of IT functions in the corporation's overall
digitalization process.

Budgeting for the digital transformation process.

Production and ProductEnsuring the implementation of adopted digital technologies in
Development Function production.

Adapting the portfolio of products and services for digital change

management.
Digital ProcessEnsuring full development of digital technologies in operational
Management Function processes.
Administration of processes and activities for digitalization of logistics
systems.

Monitoring the level of dynamic adaptation.

Distribution and Customerjldentifying the share of digital customers.

Relations Function Determining the share of digital sales.

Analyzing market and competitor digitalization.

Analyzing digitalization of intermediaries.

Quality Control andAnalyzing the impact of digital changes on customer relations and
Service Function service.

Developing digital customer support.

On-site Work of StructuralEnsuring horizontal and vertical communication and feedback.
Units Ensuring mobility.

Today, leading corporations have a clear understanding of how and which digital
technologies will impact logistics systems. At the same time, 12% of corporate logistics systems are
evaluated as being above the level of global digitalization, 24% operate with technologies at the
market level, 52% plan investments in the active development of digital technologies, and 12%
focus only on stable, well-established technologies.

The main results of digitalization in corporate logistics systems should include:

—ensuring full visibility and transparency of the logistics system;

— increasing flexibility and responsiveness of the supply chain;

— rapid synchronization of demand and supply to adjust the assortment and production
volumes;

— effective communication among all participants in the corporation’s logistics system;

— structuring and analyzing large volumes of corporate data;

— optimizing the management of information flows accompanying transactions;

— improving logistics services;
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— operational efficiency of the logistics system;

— corporate risk management.

Based on the analysis of well-known methodologies for assessing the level of digitalization,
it is possible to compile a ranking across six groups of indicators most significant for evaluating the
digitalization of corporate logistics systems in the context of sustainable development:

1. Digital technologies — the set of technologies and the digital infrastructure considered in
each methodology.

2. Regulatory framework — a group of indicators that includes the legal and regulatory base
necessary for realizing a country's economic potential considering certain technologies, as well as
the level of development of digital public services, etc.

3. Level of competence — reflects knowledge, skills, and proficiency in digital technologies,
as well as demand, supply, experience, and potential in this field.

4. ICT integration — essential for assessing the level of digitalization in inter-corporate
logistics systems.

5. Costs of digitalization — more detailed information on this group is provided by the
methodology for calculating the e-intensity index.

6. Sustainable development goals — evaluates digitalization from the perspective of the 17
Sustainable Development Goals, including environmental and social aspects.

An analysis of existing methodologies for assessing the level of digitalization shows that
each represents a way to analyze and compare companies and regions by their digitalization level.

After the implementation of the Industry 4.0 concept and the increasing commitment to
digitalization, more data became available in the areas of product and logistics process design,
quality control, and enterprise (corporate) condition monitoring. While Industry 4.0, as a paradigm,
focuses on quick responses to market competition and meeting customer needs, sustainable
development has significant potential, which is now receiving growing attention. This is primarily
interpreted as creating sustainable corporate value. On a broader scale, mature digital technologies
facilitate the transition to a circular economy, reducing overproduction, energy consumption, and
waste, thereby moving toward more sustainable corporate development.

Value creation in Industry 4.0 can be represented and characterized in Table 2.

Table 2 — The Impact of Industry 4.0 on Value Creation in Corporate Logistics Systems

Components of the Corporate Characteristic
Logistics System
Logistics Model New models are based on intelligent data and offer customers

functionality and access rather than ownership of the product.

New models emerging include:

Product-Service Systems (PSS) — logistics service systems where
the company offers a combination of products and services (with
the focus shifting from the material flow toward the service
component) compared to the traditional emphasis on material flow.
PSS can be implemented using smart products and provide the best
solutions to meet user needs.

Supply Chain and Product LifeEnterprises are digitally connected throughout the entire supply
Cycle chain and across the product life cycle, thereby ensuring real-time
value creation. Blockchain technologies are applied for secure
equipment management and for providing new services across the
network by enabling transparent transactions among participants.
Product “Smart” products will actively support the manufacturing process.
The product independently makes decisions regarding specific
production stages and initiates appropriate measures in the event of;
malfunctions.
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Continuation of Table 2

Components of the Corporate
Logistics System

Characteristic

Logistics Processes

New  manufacturing technologies, such as additive
manufacturing, are increasingly being applied, enabling the
design of new complex logistics processes.

Personnel

Production workplaces are at risk of being automated. People
will be significantly affected by the increased volume of work
requiring new knowledge and by the uncertainty of tasks.

Organizational Structure

The decision-making process is shifting from centralized
management toward decentralization. Customer orders
autonomously coordinate their path through the supply chain,
while logistics processes are optimized on demand and in real
time.

Equipment

Autonomous, self-organizing production equipment with high
adaptability to changes in terms of product, process,
organization, and human factors is replacing passive production
systems.

Digitalization contributes to the development of new corporate models. To support
sustainable development, business models can perform both direct and indirect functions. By
contributing to the achievement of at least one of the Sustainable Development Goals (SDGSs), a
corporate model can directly support sustainable development. Indirectly, by selling functionality
instead of material products, it is possible to create greater value for more people while consuming

fewer resources.

The results of assessing the impact of Industry 4.0 technologies on the sustainable
development of the corporate logistics system are presented in Table 3, where the positive impact of
Industry 4.0 is indicated with a plus (+), the negative impact with a minus (—), and a neutral impact

with zero (0).

Table 3 — Assessment

of the Impact of Industry 4.0 Technologies on the Sustainable

Development Parameters of the Corporate Logistics System

Industry 4.0 Technologies Product and | Logistics N~
- Personnel | Organization
Material Flow| Processes

Environmental Aspects of Sustainable Development

Amount of Materials Used - + 0 +
Share of Reused Materials + + 0 +
Amount of Waste + + 0 +
Energy Consumption 0

Water Consumption 0 + 0 +
Emissions 0 0 + +
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Continuation of Table 3

Social Aspects of Sustainable Development
Pollution

+ + + +
Working Conditions +/- + +/- +
Information Transparencyl + + + +

The increasing implementation and use of intelligent logistics systems may lead to a higher
share of renewable energy sources. In addition, electric-drive-based vehicles are likely to be used
more frequently within optimized decentralized networks. Technological equipment in production
processes will likely be more efficiently controlled through ICT. All these changes can result in
reduced pollutant emissions and noise, positively impacting society.

One of the most important indicators of social sustainability is working conditions under
Industry 4.0. With technological advancements in manufacturing, changes in working conditions
are expected. Increasing use of ICT will facilitate fast and reliable communication between
production equipment and lead to the replacement of manual labor. Workers in Industry 4.0
environments will require new and higher qualifications. They must also be able to adapt to shorter
and faster life cycles of corporate systems and to the unprecedented transparency of production
processes, which positively impacts professionalism levels.

Blockchain technologies are used to share data and enhance security in supply chains and
production processes. These features can be leveraged to track sustainability-related indicators such
as child labor or resource origin and make them available to stakeholders and decision-makers.

Thus, this study provides an assessment of the potential of Industry 4.0 in contributing to
sustainable development. The research focused on the environmental and social dimensions of
sustainability from the perspective of corporate logistics systems. The assessment shows that value
creation factors can largely have a positive impact on the environmental dimension of
sustainability. Critical areas with expected negative contributions, such as material consumption,
primary energy use, social issues, and workforce challenges, were identified and discussed.
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Tepuoninvckuil HayioHanvHul mexuiynull ynisepcumem imeni leana Ilynos, m. Tepuoninw, Ykpaina

JIsi BUSIBIICHHSI XapakTepy 3aJeXHOCTI pi3HHX mapameTpiB TpancmopTHux mponecis (TII)
OyJio TMpoBeNeHO HU3KY eKcriepuMeHTiB. OIHUM 3 HHX € BH3HAYCHHS YacTKU NepeHarpaBICHHS
TpaHcmopTHHX 3ac00iB (T3) y TpaHCIOPTHOMY MOTOIII.

[IpoBeeHO cCOIIONOTiYHE OMHWTYBAaHHS CEpel BOMAIIB 3 METOI0 JOCHIKEHHS BHOOpY
MapuIpyTy pyxy B TPAaHCIOPTHiM Mepexi. JlaHe OnUTyBaHHS BKIIIOYAJIO HACTYIIHI 3aBJIaHHS:

- BUSIBJICHHS CTYIEHs BIUIMBY XapaKTEPUCTUK TPAHCHOPTHOI iHOPACTPYKTYypH NPUHHATTS
pillIeHHs Mpo BUOIp MapLIpyTy PyXy Y4aCHUKaMU JIOPOKHBOTO PYXY;

- aHali3 3aKOHOMIPHOCTEH, TMOBSI3aHMX 13 BHUOOPOM MapHIPYTy pPyXy Yy4YaCHHKaMHU
JOPOXKHBOTO PYXY 3aJI€KHO BiJl TOTOYHOI TPAHCIOPTHOT CUTYaILlii.

Byna po3po0GiieHa aHkeTa 3 METOIO OIIHKH YIOJ00aHb BOJIiB Ta BUSBJICHHS iX MPIOPUTETIB
npu BuOOpi Mapmpyty. OTpuMaHi JAaHi MiCHs aHali3y JO3BOJMIM BHU3HAYUTH, (AKTOPH, LIO
Haii0ipIle BIUIMBAIOTH Ha BUOip MapmpyTy. BoHu nomomornm y ¢popMyBaHHI peKOMEHIAIIIH 010
oprasizauii pyxy B TPaHCIIOPTHIH Mepesxi 3aJI€KHO BiJ] KOHKPETHUX XapaKTEPUCTHK CXEMH PYXY.

Koxxnomy pecrionzieHTy Oyio mpeacTaBiIeHO CXeMY TPAHCTIOPTHOT MEPEXKi, 10 BKIIIOYAE Pi3HI
MapIipyTd pyxy TMpU pI3HHX KoedilieHTax 3aBaHTaxeHHS iH(pacTpykTypu. [IpencraBneni
MapIIpyTH MaJld XapaKTePUCTHKH, TaKi K JOBXHWHA MapUIPyTy, MPOrHO30BAaHUN Yac y J0po3i Ta
AKICTh MOI3AKU. PecroHzeHTaM MpONOHYBaloCs OLIHUTH HalaHy iH(opMariio Ta 3podutu BUOIp
MapHIpyTy, KUl HalO1IbIIIe BIATOBIAAE TX TIepeBaraM cepejl 3aIporoHOBaHUX BapiaHTiB. B pamkax
ONMUTYBaHHS OyNM TpPEJCTaBICHI Pi3HI CXEMH BYJIHMYHO-IOpPOKHBOI Mepexi (BJIM), Bkitouyaroun
OPSIMOKYTHY CXEMY, MAariCTpajibHO-IPIMOKYTHY CXE€MY, TpPUKYTHY CX€My, J1arOHaJIbHO-
NPSIMOKYTHY CXEMY Ta paialibHO-KiJIbIIEBY cxemy (pHc. 1).

Bonism Oyiio HagaHO Taki KpUTEPii A1 OIIHKH 3aIIPOTIOHOBAHHUX CXEM PYXY:

— cran B/IM 3a 3HaueHHS Koe]illieHTa 3aBaHTaXKEHHS Mepexi B 4-x miamazoHax: z<0.5
(Cxemm Al, BI, C1, D1, El), 0.5 <z < 0.7 (Cxemn A2, B2, C2, D2, E2) ), 0.7 <z < 0.9 (Cxemn
A3, B3, C3, D3, E3), z> 0.9 (Cxemu A4, B4, C4, D4, E4));

— 3HAQYEHHS NPOTSKHOCTI MapIIPYTY 3 BXOY IO BUXOAY TPAHCIIOPTHOTO 3aci0 3 mo0yaoBaHOi
Mepexi (KM.); 3HAUCHHS Yacy pyxy 00 'T3HUMH nuisixamu (TOxI.).

— XapaKTepUCTUKM SIKOCTI IOI3/KM 3a NPONOHOBAaHMUM MAapIIPYTOM (3a KpUTEpIEM pIBHA
00CITyrOBYBaHHSI MEPEXIi 3a JaHUM IPEJCTABICHUM MapIIPYTOM); KUIBbKICTb BY3JiB (IIEPEXPECTIB -
0]1.) B IOPO31 JaHUM MapIIPYTOM.

[lpoBeneHe omMMTYBaHHS cepel BOMIIB PI3HMX TpyM, BKIIOYAIOYM JKIHOK Ta YOJOBIKIB,
npodeCiiHUX Ta TMPUBATHHUX BOJIiB, a TAKOX MPEICTABHHUKIB PI3HUX BIKOBHUX Ta JOCIITHHUX
KaTeropiid, MO3BOJMWIO 310paTW MLiHHI JaHI MpO TepeBard Ta TMPIOPUTETH BOAIIB NpH BUOOPI
Mapupyty pyxy. OCHOBHUII BUCHOBOK, 3p00JI€HUI HAa OCHOBI aHaJi3y pe3yJbTaTiB OMUTYBaHHA. Y
TOMY, III0 BHOIp BOJis 3aJI€KUTh BiJl BITHOCHUX BiIMIHHOCTEH MK Pi3HUMHU MapIpyTaMu, a HE BiJl
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XapaKTEPUCTUK KOKHOT'O MapIIpPYTy OKpeMo. € BOjli OL[HIOIOTh "BUT1IHICTB" BIIMIHHOCTEH MiX
MIPOTIOHOBAHUMH MapIIPyTaMH.

CxeMa ByIMHO-TOposHEof Mepexd TTobymoeaHa cxema g Fissim

ITpsmiokyTHA
1 (Cxema A)

MaricTpans -IpaM oKy THa
(Cxema B)

[

Miar 0HAILHO-TIPAM OKYTHA
it TIAMOK]
(Cxema C)

TpuxyTHA
4 (Cxema D)

PamianeHo-KiELEE
(Cxema E}

Pucynox 1 — CxeMu TpaHCTIOPTHOI MepeXi IPOTIOHOBAHI B OMTUTYBaHHI BOJIiB

Pe3ynbprati OmUTYBaHHSA MOCIYXXWJIA OCHOBOIO MJISi BIOPSAKYBAHHSI Ta 3BEACHHA JAaHUX Y
tabymmo 1, mo, WMOBIPHO, JOMOMOTIJIO BHUSBUTH HAWOLIBIN 3HAYYIII KpuUTepil Ta (akTopH, 1o
BIUTMBAIOTh Ha BUOIp MapmIpyTy BOA1iB.

Tabnuus | — Ankera 00J1iKy y4acHHKIB onuTyBaHHs (PparmMeHr)

No Crax KinpkicTe|{ine  [3miHn Bamnl?.fl i |BuGip mapuipyty
. Cratb . .. kputepiti A B |C D [E
QHKETH [BOJIHHS 3aTOpIB  [[OT3KH MapIIpyTy MAPIIPYTY
1 1-2 poxku  Yonoiumii |1-2 1 X 3) 4 4 4 4 A
2 HOHaR S iy ropismii (0 b 2 6 [ P LI
OKIB
3 HoRazn s s ommit |1 0 6 5 4ol B
POKIB
4 1-2 poxkun  DKinoumit [<2 8 X 0 6 4 4 3 2
S) 2 - 5 pokiB Kinounii (1 6 X 1 5 b 2 B3 2
6 1-2 poxku  YosoBiuuii |1-2 7 - 2 6 4 2 3 4

Le 1o3BONMMIIO OLIBII TOYHO BU3HAYMTH, SIKI XapaKTEPUCTHKH MapIIPYTiB BaXIIUBI AJIs BOJIIB
Ta K1 3 HUX MalOTh HAMOUIBIITY Bary mij] 4ac yXBaJICHHS PIICHHS MPO CXEMY MaplIpyTy pyxy depes
Mmepexy. Lli pe3ynbpraTi, y cBOIO 4epry, Moriu OyTH BUKOPUCTaHI A (JOpMyBaHHS peKOMEeHAALin
1010 OpraHi3amii pyXy B TPaHCIIOPTHINA MEpEeXKi, BpaXOBYIOUH II€pEBary Ta MPiOPUTETH BOIIB.

3a pesynapTaTaMu aHajizy 3i0paHMX AaHUX 3poOJeHa IMOMepenHs OLIHKA BIUIMBY Pi3HHX
XapaKTEPUCTUK BapiaHTy IOPOKHBOTO PyXy Ha BUOip BoxiiB T3:
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1. JlomiHanbHUN MapHIpyT 3 MOTIPIICHHAM YMOB PYXy MNPUTATYE 10 cebe NpuBaOIMBICTh
BUOOPY B NOpPIBHSAHHI 3 IHIIMMH MapIIpyTaMH 3a paxyHok s3pocTanHs A, Tlpy unpomy

JIOMIiHAHTHUM MapIIPYTOM 3aBKIH SBISETHCS MapuIpyT y sikoro A =MaX ppy 2 —>1

2. Al po3paxyHOK NpH 3pOCTaHHI Z.

3. 31 3pocTaHHsAMZ, CTHOYaTKy BiJOyBaeTbCcs TMPUTATYBAHHS YBard Ha BCI aJIbTEpHATHBHI
MapLIpyTH HACTYITHUM IIEPEXO0/I0OM YBaru Ha JOMiHAIbHUAN MapIIPYT.

Pe3ynprati mpoBeneHOro OMWUTYBAaHHSA Oylu MiJJaHi aHali3y 3 BHUKOPUCTaHHAM pPI3HUX
metoxiB. [lepen BuUOOpOM MeToly HEHPOHHHMX MEPEX JaHi bOTO ONUTYBaHHSA OYyiH OIIHEHI 3a
JIONIOMOT0K0  TporpaMHoro 3abesnedeHHs SPSS, MmMpPOKO BUKOPUCTOBYBAHOIO [UIsl aHali3y
pe3yiIbTaTiB JIOCIiPKEeHb, 3aCHOBaHMX Ha Bignosiasx BoxiiB T3. Kpim Toro mpoBeneHo anami3
perpecix 3a monomororo Microsoft Excel.

Y SPSS #iMOBipHICTP OMWIKH p Ma€ pi3HI Mo3HauYeHHsA. 3a3Bu4ail y SPSS 3nauenns p
no3Havyaetbess Sig. ( Significant ). IcHye BcTaHOBIEHa TEPMIHOJOTrIS, IO 3aCTOCOBYETHCS [0
JOBIpYMX IHTEPBaIiB HMOBIPHOCTI:

— BHUCJIOBJIIOBAaHHS 3 MMOBIpHICTIO MOMMWIKU p <= 0,05 BBaXat0ThCs 3HAUYILIUMH,

— BUCJIOBJIIOBAaHHS 3 UMOBIpHICTIO MOMMWIKH p <= 0,01 BBa)karoTbCsl J1y’Ke 3HAUyLIUMU,

— BHCJIOBIIOBaHHA 3 HMOBIpHICTIO noMmiku p<=0,001 BBakalOThCI MaKCHUMAaJIbHO
3HAYYIIUMHU.

Ha ocHOBI oTpuMaHuX pe3ynbTaTiB MOXKHA 3pOOUTH TaKi BUCHOBKU:

- OTPUMAaHHS y3TO/’)KEHUX 3HAUYEHb IapaMEeTPIB OI[IHKY B aHAJII30BAaHUX  Maciitadax MK
PI3HUMH MapLIPyTaMu BUSBHIIOCS HEMOXIIUBUM.

- Ha TOMY CaMOMY MapIIpyTy pyXy HEMOJIMBO OTPUMATH Y3TOJDKCHI 3HAYCHHS MTapaMeTpiB
OLIIHKH III0JI0 PI3HUX JOPOXKHIX CUTYalli 3a PI3HUX 3HAYCHHSIX Z .

Meton SPSS OyB 3acTocoBaHui CHUIBHO 3 MeTOAOM perpecii B Excel , mpore pesynbraTi
aHaJi3y JaHUX BUSABHIIUCS 1IEHTUYHUMH TONIEPETHIM pe3yibTaTaM.
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YJIK: 658.7:339.542:004.9

BHPIHIIEHHA JIOI'ICTHYHHUX ITPOBJIEM TPAHCIIOPTYBAHHA
IHHH®POBI3ALIEIO IIPU IIPOXO/’KEHHI MUTHOI'O KOHTPOJIKO

B.A. IloouBa, cm.cp TT-24M,

A.B. Hanyma, 77-24M,

B.B. Ayain, npod., 1-p TeXH. HayK,

A.B. I'puHbKiB, cm. 00cnioHuK, KaHO. mexH. HayK

Llenmpanvroykpaincbkuti HayioHALHUL MexHIuHUull yHisepcumem, M. Kponuenuyvkut, Yxpaina

Jlorictuuni mpobIeMy TPaHCTIOPTYBAHHS CTAHOBJISTH HACKOTOJIHI CEpHO3HY 3arpo3y (puc.
1).

3aTPUMKH IIPH MUTHOMY \
odopMITeHHI

3ymIHKA TPAaHCIIOPTHOTO
CTIOJYUCHHS

b POBPI’IB B TaHIOHOIrax 1mocradyaHb 2

[udposizarmisa

CaiToBI MpodIeMn

JleObuTopchbKa 1 KPeIUTOPChKa
3a00pProBaHoOCTI

[Tepeboi B mocTagauHi
IIPOIYKTIB

Pucynok 1 — Jlorictuyni mpobiemMu TpaHCIOPTYBaHHS

OcrtaHHI KiIbKa ACCATKIB POKIB 13 Iepei3gaMu 4Yepe3 MHUTHHMH KOHTPOJIb CTae Jeaall
CKJIaHIIINM, OCKUIBKHU 3'IBIISIIOTHCS. HOBI METO/IM TEPEBE3EHb Yepe3 KOPJOH MITPaHTIB Ta TOBapiB,
SK1 HEe BIAMOBIIAIOTE HOPMaM KOHTPOIO TPUIMar0u0i KpaiHH.

Y ©Oaratbox KpaiHaX MUTHHNA KOHTPOJb JAaBHO TMepednioB Ha nudposizaiio. Bike
BUKOPHCTOBYIOTh CHUCTEMY IMPOIYCKY uepe3 MOOIIbHI CEepBICH, a TaKOXX CHUCTEMY KOHTPOJIO
BaHTAXIB, IO TIEPEBO3SATHCS, 3a JOMOMOTOI BEIMKHX PEHTIeHIBCHKHX amapaTiB. IIporiec
MepPEeBEe3eHHS TOBApY Yepe3 KOPAOH HaJIaroKEHUH 1 JO3BOJSE JETKO CIPABIATUCS 3 KOPCTKICTIO
3aBJISIKH 1HHOBAIIHUM TEXHOJIOT15IM, BBEJCHUM paHIIIIe.

[Mudposizalis MUTHHUII ModYana 3'IBISTHCS 3 PO3BUTKOM MIKHAPOIHOI TOPTIBIIi.
3aKopJIOHHI MUTHHUIII € HAJAroJPKEHUM MEXaH13MOM 3 IU(POBI3AII€I0 MUTHUX TMPOIIECIB, y AKOMY
JIOJCHKOT mparli crae aenani MeHmre. LlinkoM mpuOpatu JIOACHKY MPaIio MOKH 10 HEMOKIIHUBO,
X04a J0 I[bOT'0 ¥ MparuyTh, 00 € QyHKIIII, SKi HEMOXJIUBO JI03BOJIMTH BUKOHYBATH poOoTy. Tepmin
1M(poBa MUTHHIIS CKIIATAETHCS 3 BUKOPUCTAHHS 1H()OPMAIIITHO-KOMYHIKAIIMHUX TEXHOJOTIH, 0a3
JAHUX, XMapHUX TEXHOJIOTIM, TOENHYIOUH 1H(OpMaIli0, OJEp)KaHy NIUISIXOM TEXHOJOTIH
e
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€JeKTPOHHOI MHTHUII, a TaKoX riobanpHoi Mepexi [HTepHer, 3MI Ta CTIIBHUKOBUX MEpEK.
3aBAsIKM TEXHOJIOTISIM MUTHHMIII YHUKAlOTh BEJMKOI KUIBKOCTI MamepiB A0 eJIEeKTPOHHHUX
JOKYMEHTIB.

OKpiM eJIeKTPOHHOTO JIOKYMEHTOOOITY Ha KOpJIoHaxX y 0araTbox KpaiHax 3aCTOCOBYIOTHCS
aBTOMOOINBHUN PEHTIeH, SKHM M03BOJSIE BUKIIOYUTH PYYHUH OTJISA, a TAKOXK MEPEeBE3CHHS
KOHTpabaHAM Ta TOBapiB, IO HE BIJAMOBIIAIOTH JOKYMEHTAIlll. SIKIII0O BUHUKAE CIIpHA CUTYaIlis y
CIpaBy BCTYMAIOTh MPAIliBHUKU MUTHHIII 1 311HCHIOIOTH MMOBHUH OTJIA TpaHCIIOpTHOTO 3aco0y (T3).

B Vkpaini 11 MUTHUH KOPAOH IyXKe€ BIIPI3HAETHCS BIJ Cy4aCHHUX CBITOBUX CTAaHIAPTIB.
OcHoBHa po6OTa TaKOX BiIOYBA€THCS IIISAXOM IMEPEBIPKH MANEPOBUX JOKYMEHTIB, II0 3HAYHO
MIBUIIYE Yac TPOXOAY dYepe3 KOpaoH. [IoropkeHHs JOKYMEHTIB Ha BBE3CHHS Ta BHBE3CHHS
BaHTaXIB BiJIOYBa€TbCA B PYYHOMY PEKMMI, XOdYa 3aMOBHEHA JCKIapallis TaKOX HAJCUIAE€THCS
3a31aJIeriab.

€nuna mudposizamis y YkpaiHi BUTIAOAE K 3HATTSA BiIOMTKIB manbiliB. Ll ymoBa €
00O0B'I3KOBOIO 1 JJI BOAIIB, SIKI MPOBO3ATh BaHTaX, 1 JAJII MPOCTUX JIOACH, Kl MEepeTHHAIOTh
KOPJIOH.

Sxmo roBoputu mpo YKpaiHy, TO NMEepeBE3eHHsI BCEpeauHI KpaiHU 3HAXOASTHCS B TPOXHU
KpamioMy IOJIOXKEHHI, Hi’K MI>KHAPOIHI JIOCTaBKH, aJi¢ BCE OJTHO BOHH JAJICKi Bi/I TOCKOHAIOCTEH.

BaHTaxxHe TpaHCIOPTHE CHOJTY4YEHHsS OAHE 3 HAWJOPOKYMX y TPAHCIOPTYBAHHI, aje MpHU
[bOMY HaWmBuame. Taky JOCTaBKY MOXYTh COO1 JIO3BOJMTH TUTbKH BEJHMKI KOMIIAHIi, sKi
3aMOBIISIFOTH BEJIMKI MapTii a00 Ti, IJI KOTO Yac JOCTaBKH BaXKIIMBIIINN 3a TPOIIOBI KOIIITH.

3akpuBarOYM KOPJOHH Yy BCIX KpaiHaxX, pPi3KO MOTIPIIWIOCS TPAHCIIOPTHE CIIOJIYYCHHS, Y
NeSKUX KpaiHaX, TakuX K HiMeIlbKa aBlallpOMHUCIIOBICTh MPAKTHYHO 3YMUHUIACS, CKOPOUEHHS
MEePEeBE3eHb K BAHTAXHUX, 1 MACAKUPCHKUX 3MEHIIIIOCS Makxke 96 BiJICOTKIB MPOTH MHHYIIHM.
HaltmiBuammii TpaHCOPT TO JOCTaBIl BaHTaXiB BUSBUBCA HENOCTYMHHM JJIs MiJIPHEMCTB,
MiAAI0YA UM TIPOCTOi y poOOTI AepKaBHUX MIANPHEMCTB BIHCHKOBOI MPOMHCIOBOCTI Ta Pi3HUX
MaJHX TiATPUEMCTB.

Benukoro mpo0ieMoro € 11e i To# (akT, Mo Ha TaHOMY eTalli HeBiJJOMi TepPMiHU BUPIMICHHS
cuTyanii, mo ckiuanacs. [Ipubnu3HI MPOrHO3W MOCTIHHO BIAKIANAIOTHCA, IO 3aBJAE CEPHO3HUX
¢dinancoBux Brpar. OpraHizamii pi3HHX KpaiH IOJAIOTh TMPOXaHHS JACPKABHUM CTPYKTypam
rmocabyeHHsT 00MEXKYBaJIbHUX 3aX0/IiB.

3apa3 mnpu copoOi IepeHecTH BHPOOHHUIITBO KOMIUIEKTYIOUMX 10 cebe 1oaomy,
aBTOBHPOOHUKH 3ITKHYIWCS 3 THUM, II0 BUTPATH Ha JIOTICTHYHI IMOCIYTHd, a TaK caMO Ha 4ac
BUTpPAYCHUN Ha repeolIaIHaHHs MAIPUEMCTB HE JOIMUIBHO, 1 OyAe JelIeBIe OIMIATUTH IPOCTIH Y
BUPOOHUIITBI BTPATUBIIN KUTbKa COTEHb MUIBHOHIB, HI’)K BTPATUTH KiTbKa MUIBSPIIB. 30yayBaTH
KiJIbKa HOBHMIX IMANPHEMCTB. 3a sKi Hamaiai Tpeba Oyjae CIuradyBaTH MOJATKH Ta INIATUTH BEIIHKY
3apo0iTHY TiaTy cmiBpoOiTHHKaM. Came TOMy 3apa3 yci IIyKaloThb PIIICHHS, SK BHUTH 13 L€l
CUTYyaIIii.

JleOiTopchbka Ta KPEAUTOPChbKAa 3a00pProBaHOCTI € MpoOJeMOr0, sSKa  3aBXau Oyia
aKTyaJIbHOIO JUJISl PI3HUX KommaHik. J[eOiTopchka 4M KpeauTopchka 3a00proBaHICTh OpraHi3alliit
HaWJacTillle BUHUKAE BHACHIJOK HEBUKOHAHHS JIOTOBIPHHX 3000B'SI3aHb OMHIET 31 CTOpIH Tepen
iHImoro. Ha 3araapHuii cTaH IMiANPHEMCTB ITO3HAYAETHCS KITBKICTh 1e0ITOPCHKY 3a00ProBaHICTh.

JlebiTopchbka 3a00proBaHICTh, IO 3POCTAE, TATHE 32 COOOK0 KpeauTopchKy. OpraHizallii He
BHICTaYa€ KOINTIB Ha oruiaTy Oopris. [y morameHHs ctapux 3000B's13aHb Oprafi3ailii BCTynalTh y
HOBI, IIMM 30LIBIIYIOYHM po3Mipu OopriB. Tomy 1m0 [y oruiaT 3a00proBaHOCTEH IMOTPiOHI
(iHaHCH, SKHMX 3apa3 HE BHCTAYa€ y KOMIIAHIH Ha BUJa4dy 3apOOITHHUX ILIAT, alie MPH I[bOMY
MiIPUEMCTBO Ma€ TMpaIloBaTH, TOMY IO BiA Hel 3ajexkaTh IHIIN oOpraHizamii y JaHII031
MoCcTayaHHS.

Ha miarpuMKky 0i3Hecy ypsia BUJLISE BEJIMKI KOIITH, 1 HABITh Pi3HI 3aX0AU MIATPUMKH. AJie
HE BCl KOMMaHil MOXYTh JO3BOJIUTU COOl CKOPHCTATUCS JEPKABHOK IMiJATPUMKOI, OCKITBKUA HE
MIIXOMATH MiJ TEBHI KPUTEpii. BHACHIIOK YOro Ae0IiTOpchKa Ta KPEAUTOPChKa 3a00proBaHOCTI
3poctaroTh. CUTyallisi HUHI MOCWIIOETHCA TTI00aTbHUM 301IbIIEHHSM TOMUTY Ha MPOJOBOIBCTBO.
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HagiTe HaliMeHIIHif 3aXi/1, 10 BIUTMBAE Ha BiJIbHE MEpEMIICHHs JIto/Iel 1 ToBapiB, Oye 1ie Oibiie
HaIpyKyBaTu I7100aJbHUI MPOIOBOJIBYMM JTAHIFOKOK.

VYkpaina 3/1aTHa iCHyBaTH CaMOCTIHHO, 3abe3neuyroun cebe cama. CTOCOBHO CLIBCHKOTO
rOCIIOIapCTBa, B KpaiHI HeMae NpoOJieM, BCE TPAIMIOE y 3BUYAMHOMY PEXHMI, IMepedoiB y
MocTayaHHI KOPMiB HemMae. € HE3PYUHOCT] JUTsl IEBHUX JOOABOK, SIKI MOXYTh JTIOCTABIISITH 3 1HIIMX
KpaiH, ajge OCOOJMBUX MpOOJEeM L€ HE MPUHOCUTh, OCKUIBKM JOOABKM TaKOro poJy PIJIKO
3aCTOCOBYIOTBHCS 1 HE 3aBXKIU €(EKT IOMITHHA.

CaiTOBa KpH3a MO3HAYAETHCS HA KOXKHIN KpaiHi MO-pi3HOMY, BapTO CKa3aTH, 10 OJHUMH 3
MOCTPAKJIAIUX € Oprasizanii, sKi HaJalTh JIOTICTHYHI MOCTyrd. JisabHICTh, SKid BOHHU 3BUKIIH
MIPUCBAYYBATH BECh CBiil 4ac, HE MOXKE MPOAOBXKYBATHU MPAIIOBATA B TOMY X pexumi. KinbkicTh
KIIIEHTIB PI3KO CKOPOTHJIACA 1 MPOJOBXKYE 3MEHIIyBaTUCh. JloricTuka Oyna roroBa A0 TaKOTO
pO3BUTKY mofii. HaiiOimpmre 3apa3 cTpakmaloTh TI KOMIIAHII, y BIIACHOCTI 9M OPEHII SIKHX €
TpaHcnopT. OpeHJa KOIITYye TpOIIei, BIACHUM TPAHCIOPT TEX MOTpedye (iHAHCOBUX BUTPAT,
OCKUIbKM MAalllMHU TOBMHHI 3HAXOAUTUCA Y CHELIaIbHUX TapakKHUX MPUMIMICHHIX a00 Ha MICIAX
JUTSL TIApKYBaHHS.

3 miei cutyanii MoxHa Oyno O crmpoOyBaTH BHMTH 3a AOIOMOTOIO 37a4i TPAHCIOPTY B
OpEHJIy 1HIIUM IIJIMPUEMCTBOM, aj¢ ChOTOJIHI MaJO KOro I[IKaBUTh TPAHCIOPT, KOJIU OOMEKCHHS
MPOIYCKHOI CHPOMOXKHOCTI KOpAoHiB. Jlorictnunmii Oi3HeC 3a3HA€ BEIMYE3HUX 30MTKIB
MPOJIOBXKYIOUM YEeKaTH KIiHIM emijeMii 1 MoBHOMAcIITa0HOI BiHM B YKpaiHi 1 Mpaioroudu 3
KJIIEHTaMH, 110 3aJTHIIHAIINCS.

Ha panuii MOMEHT JjIsi BiJIHOBJICHHS pIBHOBAarW 1 cTaOumizaiii cHTyarlii, o CKjajiacs,
MOTPiOHO BUPIIITUTH HE OJTHE 3aBAAHHS 3 YCIX 00paHMX, a BUPIIIYBATH iX yCiX pa3oM.

['onoBHOIO TPOOJIEMOI0 MHTHUIII CTajla HEIOCTATHS IUQPOBI3aIlisi CHCTEM MPOIYCKY Ta
ohOopMIICHHS JOKYMEHTIB. 3 MeToro mudpoBizamii MnoTpiOHO BBEACHHS EICKTPOHHOTO
JOKYMEHTOOOITY Ta Orisay aBTomMoOuIss. Y €Bpomi 0OaraTto KpaiH HEpeHIIM Ha YacTUHY IHX
3ax0JIiB AJIs TOTO, 100 3apa3 BiACTEKYBATH BC1 BaHTAXI, 10 MOTPAIUISIIOTh HA TEPUTOPIIO KpaiH Ta
MIHIMi3aIlif0 Yacy Ha MMPOXOJKCHHSI MUTHUX ITOCTIB, IIOTPiOHA TTOBHA ONTHMI3aIlisl.

Jlns opopMITeHHST TOKYMEHTIB Y PI3HHX KpaiHaX ICHYIOTh CBOI HOPMH Ta CBOI AcKIIaparrii.
[Iporpama Ha TenedoHi abo 3arajbHa IporpamMa B IHTEPHETI JO3BOJUTH, 3aUIIOBIIM HA OAUH CAMT
3pOOHUTH Ta 3aBaHTAXXUTH B 0a3y aBTOMOOLIb Ta BOIS, SKHH KEpPye TPAHCIIOPTHHUM 3aCO00M.
IMoganus 3asBM, AeKiapallii, a Tak0oX CIHCOK YyCiX JOKYMEHTIB OyJe HamaHO Ha caiTti abo y
JOJIaTKy, MiATKIKAIOYM 10 KOPJAOHY BOJINM ab0 Kepyroua MiJIPUEMCTBO 3MOKE HaAicIaTH 3a
KUIbKa TOJIWH JOKYMEHTH Ha OOpOOKYy B €IEKTPOHHOMY BHWIJISI, IO JO3BOJIUTH 30epertu
JOPOTOIIHHKIA Yac mpu 00poOIIi TaHUX.

OO0'eqnanHs 0a3M JTaHMX BCIX KpaiH HEMOXKIIMBE 3 IOJITUYHHUX MIpKyBaHb, PO3po0OKa JaHOI
MporpaMd HE TMOBHWHHA JISTaTH Ha OAHY KpaiHy s 3a0e3nmedeHHs MiHiMi3allil MOJITHYHHX
KOH(JIIKTIB KOJKHA KpaiHa MOXE B3STH 32 OCHOBY 3arajibHy 0a3y a00 CTBOPHTH CBOIO. Takum
YMHOM, LU(POBI3yl0UM 0a3y AaHMX MOXKHA YHUKHYTH 0araToKiJIOMETpOBUX MPOOOK 1 COTEHb
HEPBOBUX BOIIIB.

Hactymuaum kpokom y 1iudpoBizallii MUTHUX MOCTIB € TpodiieMa, 3 kot cTukaroThest 100%
BOJIiiB, 11€ OTJISJ] aBTOMOOLISA, YacoM Iie 3aiiMa€e KijbKa TOIHWH ISl TOTO, MO0 TEPeBIPUTH, YU €
3a00pOHEHI PEYOBUHU UM KOHTpabaHaa.

Jlpyroio mpo0iemMoro, 3 SKOI 3ITKHYJIACsS OUIBIIICTh KpaiH, e 3YIHHKA TPaHCIIOPTHOTO
cnonydeHHs. KOpIoOHM 3aKkpuTi, JIOTICTHKA CTPaXKIaE Yepe3 Te, IO KOJEH BHJ TPAHCIIOPTY HE
MOXXE TOJI0JIATH CHUTYaIlito, 1Mo ckianacsa. IIpocTom TpaHCOPTY NPHU3BOAATH 10 BEIMUYE3HUX
¢binancoBux BrpaT. KoxkHa KpaiHa, sfika BHpIIIMIA 3alIPOBAJUTH 3aKPHUTTS MPOIYCKHOTO PEXKUMY,
TaKUM YHHOM cIpoOyBajia yoe3neuuTH cede.

[udbpoBuM sBHILIEM TPOOIEMHU MOXKE CTaTH po3poOKa 0coOIMBOI mporpaMu. Sk Bigomo, Ha
CHOTOJIHIIIHIN JeHh HU3KA KpaiH J03BOJIMIIA BUTLHUUN B'I3]1 HA CBOIO TEPUTOPIIO ISl MEPEBE3CHHS
BaHTaXIB, ajie € | Ti, XTO 3alIPOBAJIUB JIO3BOJIH 3 HU3KOI YMOB, JIO SIKHX BXOJHUTH T€, O B KpaiHy
MO>KHa B'TXaTu He 3 Oyab-sikoi kpaiHu. KokHa kpaiHa BiAKpHMBa€ CBOi KOPAOHU JIMIIE THM, KOTO
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BBakae Oe3nmeynumu. [I[o6 He BIamTOBYBaTH NPOCTOI TPAHCHOPTY Ta BaHTaXy Iporpama
MPOKJIaIaTUME MapIIpyT, SKAW JOCTYMHUM came 3apa3. [Iporpama pmistTume 3a TPHHIIATIOM
HaBiraTopa Ui MPOKIAJaHHS BUTIAHIIIOTO MapHIPyTy 3 ypaxyBaHHSM 30BHIIIHBOMOIITHYHHX
TaHUX.

Kpim 11p0r0, Yy mporpaMy MO»Ha 3aBaHTQKUTH JICKJIAPaIiio JIJIS MPOXOHKEHHS KOPJOHIB Ta
Hajgicnatu. Ilicas mpui3gy aBTOMOOLNS KOXKHA Meka MaTHME Yy CBOiM 0a3i JMaHWX 3allOBHEHUM
JOKYMEHT, BOJI€B1 3aJIUIIUTHCS JIMILE TOJATH TOKYMEHTH Ha MAIllMHy Ta HOro 0COOUCTI.

Po3po6ka moni6HO1 cucTeMHu 3MOXKe TPOXHM CTaOUII3yBaTH CUTYaLlIO JUJIsi aBTOMOOIJIBHOTO
TPaHCIOPTY.

Hacrymra nmpo6iema moB's3aHa 3 po3pHUBOM Y JIAHITIOKKY TOCTadaHb. BITBIIICTE cepeaHix 1
BEJIMKMX 3aBO/JIiB, OpPraHi3alliii 3BHKJIM 3aMOBJISITH BCE HEOOXITHE Yy 3aKOPJIOHHUX IMOCTAaYaIbHUKIB,
OCKIUIBKH II¢ HabaraTto BHUTIHINIE, HDK POOHWTH 3aMOBJICHHS Yy CBOIM KpaiHi, ajie pid y TOMY, IO
3apa3 1e CTaJl0 HeMOXIUBUM. IliqmprueMcTBa MOYMHAIOTH BiJICTaBaTH Bij 3aIlljlaHOBaHUX I'padikis,
JIOTICTUKA HE MOYXE JIOCTABIISATH CHPOBHHY Ta MaTepialid TOYHO BYACHO, 1€ MPU3BOIAHUTH JO 3aCTOIO
y BHPOOHMITBI. XOpPOIIOTO IOCTAaYaJIbHMKA 3HAWTH CKJIAJIHO, OCOOJIMBO SKIIO € TOH, 3 SIKUM
HAaJIaro»KeHO O0araTopiyHy poOoTy.

JlocHTh XOPOIINM PIlIEHHSIM MOXKE CTaTH IPorpama, o BKII0YAE 3arayibHy 0aszy ganux. Jo
Hel BXOITh yCi MANPHEMCTBA Ta opraHizamii 3 Oyab-akux cdep *KuTTsA. baza maHux cKiIamaeTbes
13 oprani3alliii, o0 3HAXOASITHCS HA TEPUTOPIi OJTHIET KpaiHU.

3axoas4yu B MporpaMy y BIKHO, MOXHa BIHcaTH cdepy, ska IikaBuTh. [Iporpama BumacTh
IIUPOKUH MepetiK OibII KOHKPETHUX O0JIACTEH, MEPEeXoIsTuu B TIEBHY, Oy/ie BKa3aHO BECh CIHCOK
oprasizarlii, o HaJarTh JaHi MOCIYTH, iX KOHTAKTH Ta BCS HEOOXiaHa iHhOpMaIlis.

Le#t caiiT Moxe OyTH KOPUCHUM I 0aratboxX opraHizamiii. BoHU 3MOXYTh 3HAWTH T1IHY
3aMiHy JUI TOTO, 00 HE MepepuBaTH poOOTY ITiJT Yac maHaeMii. 3BUYaiHO XK, 1€ MOYKE BHSBUTHCS
BUTPATHUM PIIICHHAM Y IUIaHi (DIHAHCIB 1 Yacy, OCKUTBKH TIOCTAaBKH 3-3a KOPJOHY MOXYTh OYyTH
JEIICBITUMH, a e ¥ yac Oy/no BHTpadyeHO, aje Ie HEe CKacoBye Toro (akTy, mo opraxi3armii
3MOXYTh MPOTPUMATHCS HA TUIABY SIKAWCH Yac. ByayTh 1 Ti KOMIaHii, sIKi 3MOXKYTh 3pO3YMITH, III0
BITYM3HSHUN BUPOOHHUK MaTepialliB TEX MOXe OyTH TOOpUM 1 BUTIAHHMM, TOXK 1 MICHS 3aKiHUEHHS
BCiX 3a00pPOH BOHU 3QJIUIIATHCA XOPOIIMMH IMapTHEPAMHU.

JleOITOpChKlI YM KPEOUTOPCHhKI 3a00proBaHOCTI POOJIATH OpraHizamil 3aJe)KHUMH Bif
3pocTaHHs (hiHaHCOBHX 3000B's13aHb. KiiEHTH HE MIATATH BUPOOHUKY 3a HOro TOBap, BUPOOHUK HE
MOJK€ CIUTATUTH JIOTICTUYHIN KOMIaHii 3a HaJaHi MOCIYTH, a JIOTICTHYHA MIANPUEMCTBO 3aTPUMYE
OIJIaTy oOpraHizailii, ska Hajaja TPaHCIOPT Ta TOCIYTd BOJISA, a TPAHCIOPTHUKH HE MOXKYTh
BUIUIATHTHU 3apOOITHY IJIATY BOJIISIM 32 TIEPEBE3CHHS.

Taxuii 60proBuii JTaHIFOKOK MPHU3BOJIUTH J0 KpaXy, BCi CTOPOHH JIAHIIOXKKA IT1IPaXOBYIOTh
XTO KOMY 1 CKUIBKM BHHEH, CIOJiBalOYUCh HA YYHHICTH 1 PO3YMiHHS, alie HIYO0TO HE BiJOYBa€ThCS.
Koxxna «mocTpakmana» opraHizalis HamMaraeTbCcsl ¥ Hagadl 3alMaTHCS CBOEIO ISJIBHICTIO Ta
MOKPHUBATH YaCTUHY OOpTiB, ajie 3a00proBaHOCTI HE MPUITUHSAIOTH 3MEHIIYBATUCh. J[€XTO MOYMHAE
po3yMmiTH, 1110 0€3 KpeIUTHUX MO3WK BUOpATHC 13 cuTyallli Oyjae ckiagHo. 3poOUBIIN OTepalito Ta
BUIUIATHBILY 32 PAXYHKaMH, BOHU TaKOX POCTYTh, IO MPU3BOIUTH 1X 10 OAaHKPYTCTBA.

Po3pobiiena mporpama J1OmOMOKe€ KEpIBHHUKOBI BiACTeXyBaTh (DiHAHCOBI MpobiIeMu
CaMOCTIHHO B peallbHOMY 4Yaci. 3 ii gomomMororw binbwe He Tpeba Oyme MOCTIHO 3BepTATHUCS 0
Oyxrantepii 3a aKTOM 3BipKH, BCE MOKHA OyJie eperysiiaTi CaMOCTIHHO.

3aBOSKM DPETYISAPHUM OHOBJICHHSIM TPOTPaMH, KEPIBHUK TIAMPHUEMCTBA TaKOX MOXE
MEPETJISHYTH JepKaBHI MPOMO3UIIT MI0JJ0 BUILIATH 3a00prOBAaHOCTEH Ta OApa3y 3a HEOOXITHICTIO
HAJIICJIaTH 1X JI0 €JICKTPOHHOT'O JOKYMEHTOOO0ITY.

l'oBopsiun mpo YkpaiHy, BapTo 3rajatu Toi (hakT, M0 HECIUIaTH Ta MPOCTPOYCHHS 3a
JOTOBIPHUMH 3000B'SI3aHHSIMH € CIIPaBAl CEpilo3HOI0 mpoobiaemoro. He Bci TpaHCHOPTHI KOMITaHil
3aTHi 3idCHIOBaTH TisUThbHICTH 3 100% mepenomnaTi, OUTBIICTh Y yMOBaX PUHKOBOI €KOHOMIKH Ta
YKOPCTKOI KOHKYPEHIli 3MYIIEHI MpaloBaTH 3 BIACTPOYKAMH IO IUIaTeXaX. 3a PaxyHOK I[bOTO
3'IBISIETBCS OaraTo OpraHizaiiid, sSIKi BBaXarOTh, IO OIUIATY 3a JIOTICTHYHI TMOCIYTH MOXHA 1
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BIJIKJIACTH, HE3Ba)XKalOUM Ha CTPOKH. € HU3KA 3aMOBHHKIB, SKIi HAKOMUYMBIIW BEIHKI OOpru y
PI3HUX MIAMPUEMCTBOX OTOJIONIYIOTH ce0e OaHKpyTaMu Ta CIOKIMHO 3aKpHBAIOTh Oi3HEC. Y TaKHX
BUIAJIKaX TPAHCIIOPTHI KOMITaHii HE MOXYTh CTATHYTH OOpPTH.

Bupimenns npobieMu Mae 3HAWTH HECTOAIBAaHUN MOBOPOT - 3aKOHOJIABUE IIKPITIIICHHS.
Jlnst 3axucTy 000X CTOpiH BiJl 0OMaHy Ta HECIUIATH IOCIYr MOTPiIOHO BHECTH MPOIO3HINI0 HA
3aKOHOJIaBUOMY PIBHI IIOJO0 y4YacTi B YrojJi TPeThOi He3alikaBiaeHOi cTopoHu. Lliero cTopoHOoIO
BUCTYyMaTUMe OaHK, Y SIKOMY BIAKPHUTO «ECKPOY-paxyHOK». CyTh JaHOTO MPOEKTY MOJIATAE B TOMY,
[0 3aMOBHUK IepeKa3ye KOMITH 3a TIEPEBE3CHHS BAaHTa)XXKy HAa PaXyHOK y OaHKY, 3 IOTO PaxyHKY
HEMOXJIMBO 3HATH KOIITH HE OJHIEI0 31 CTOpIH JOKM HE OyayTh 3poOJieHI BCi JOTrOBipHI
3000B's13aHHS 11010 TTepEeBE3eHHS BaHTaXYy. [[aHi rpomn He MOXKYTh OYTH BUKOPUCTaH1 OaHKOM ISt
3MIMICHEHHSI BJIACHMUX OIEpalliii BHACIIJOK YOr0 BiJICOTOK Ha Ii KOWITH HE CTIATYETbCA 1 HE
HapaxoByeThcs. [licis TATBEpIKEHHS YroAu B EIEKTPOHHOMY BHUIUISIAI 000X CTOpIH TpoIi
MEePEePaxOBYIOTHCS JIOTICTUYHOIO KOMITAHI€I0, M0 HAJa€ TMOCHYTd. SIKIO BUHHKAE KOH(MIIKTHA
CUTYallisl M)k CTOPOHAMHU, TO T'POILI NEPEPaXOBYIOTHCS OJHIEIO 31 CTOPIH JIUIIE 32 PILIEHHSIM CYyaY,
y pasi HEeBUPIIIEHOTO KOHQITIKTY.

TakuM 4YWHOM, NPOBIBIIM aHANi3, CTAa€ BHJIHO, YaCTHHA IIAIPHUEMCTB, OpraHi3allii,
TiSUTBHICTh SKMX paHime Oyna CHOpsSMOBaHA Ha JIOCTaBKY BaHTaXy BEJIMKAMH TMapTisiMU Ta
O0COOJIMBUMH PO3MipaMH IS IMAIPUEMCTB Ta KOMIIAHIM BHPIIIMIA MHITH Y IEPEBE3CHHS JIPIOHOTO
ToBapy Mis (hi3MYHUX OCi0. BOHM 3aBaHTaXylOTh y MAIIMHY TOBapH Ta PO3BO3SITH NoaA0MYy. Jleski
BOJIIi TTPUBO3STH BAaHTAX HE JOAOMY, a JO CIIEI[iaJbHMX MYHKTIB BHAadi. Y YKpaiHi IpUKIagaMu
MOAIOHMX ITYHKTIB € BEJIMKI METajeBi «Iradu» 3 JABEpIATAMU KaMep pi3HHX po3mipiB. JlroauHa,
MIIXOAsYM A0 MYHKTY Bujadi, canye QR-komx abo BBOAWTH HOMEpP 3aMOBIICHHS, MICJS YOTO
notpiOHa KaOiHKa BIAKPUBAETHCA JUIS BHIy4eHHS BMicTy. Lli MyHKTH pO3TamIOBaHi y TOPTrOBHX
[[EHTpax, Mara3uHax Ta HaBiTh OaHKaX.

Pi3Hi kpaiHM moYaiy BUPOOJATH 3aCO0M 3aXUCTy UIS MPOJAXy Ta IS TYMaHITapHOI
JIOTIOMOTH, BIJMPABIAIOYM TOBAap Ha EKCIOPT, Ha JOMOMOTY MpWiiliuia Jorictuka. JlorictuuHi
KOMIIaHii pPeryjsIpHO HAJalOTh TPAHCIOPT JUISI TEPEBE3CHHS BAHTAXKY 1O PI3HUX KpaiH, 1 0d
TisTIbHICTh HaOWpae o0epTiB. 3MIHIOWOYM CTpaTerio, JOTICTUYHA OpraHizaiis HaOyBae HOBOI
0i3Hec-mMoem. BoHa 3MIHIOETBCSI IIOPa3y, KO KEPIBHUIITBO MiIIMPHEMCTB, OpraHi3amii BUpIIIye
MPUBHECTH Y MIAIBHICTH IIOCHh HOBE. SIKIIO pimieHHSIM Oyae MepeopieHTaIli€l0 Ha HOBI CIOXKHBYI
PUHKH, y OI3HEC-MOJEl 3MIHUTBhCS KaHajad 30yTy, MapTHEPH, CIOXHBayi Ta OaraTo IHIIOTO,
3aJIeKUTh BIJ TOTO, SK BUIJIAAANa MOJENb Yy MouYaTKoBili Bepcii. I'Hyuka-0i3Hec-mMonenb B
oprasizarii, 11e 3aropyka ycrixy.
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UDC 629.33:001.895

DEVELOPMENT AND OPERATION OF THE SYSTEM OF INTEGRATED
ELECTRONIC DOCUMENTATION AND INDIVIDUALIZED FORECASTING
OF TECHNICAL MAINTENANCE OF TRUCKS

T.M. Nadych, Postgraduate Student,

V.V. Aulin, Prof., Dr. Tech. Sci,

A.V. Hrynkiv, Senior Researcher, PhD tech. sci

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

In modern conditions of operation of trucks, effective organization of technical maintenance
(TM) and technical diagnostics (TD) processes is of particular importance. For this purpose, it is
advisable to develop a System of Integrated Electronic Documentation and Individualized
Forecasting (SIEDandIF) of trucks, which allows automating access to regulatory and technical
information (RTI), optimizing the process of servicing vehicles and forecasting their technical
condition. Such a system is an integral part of the digital transformation of the motor transport
industry, aimed at increasing the reliability of vehicles and reducing operating costs.

The principle of horizontal integration is applied in the development of SIEDandIF, which
involves the use of previously formed funds for similar systems. This allows you to significantly
reduce the costs of creating new information blocks (IBs) by reusing existing regulatory and
technical materials (RTMs). As a result, significant resource savings are achieved, and unification
of approaches to servicing different models of trucks is ensured.

Information blocks, such as "Tools, equipment and devices", "Fuel and lubricants”, "Spare
parts and their interchangeability”, have a hierarchical structure that is easily expanded by adding
new components. Each block has its own directory containing RTMs with a detailed description of
objects, their illustrations, technical characteristics and operating procedures. Information is
grouped by purpose, functionality and classification features.

In addition to static data, SIEDIiIP also integrates software and algorithmic tools for
predicting the residual resource of vehicles. The algorithms are general in nature and can be adapted
to different models and operating conditions of vehicles. This allows you to increase the accuracy of
diagnostic conclusions and make maintenance individualized, that is, focused on the actual
technical condition of the vehicle's components and assemblies.

The operation of SIEDandIF involves the use of electronic media with the possibility of
multiple reproduction of the system. The system should work under any modern operating system,
without making special requirements for the PC hardware. The main condition is stability, speed
and protection of information from loss or distortion.

The software is organized in such a way that any user - even with basic PC skills - can easily
use the system's functionality. All SIEDandIF blocks are placed in the appropriate directories in the
general system folder. The main program (file "General™) contains hyperlinks for access to
information blocks.

The developed general algorithm for the user's work with SIEDandIF includes the following
steps:

1. The procedure for turning on the PC and logging into the system.

2. Determining the type of maintenance being performed, followed by the selection of
operations for this maintenance and configuring SIEDandIF in accordance with the task.

3. Logging into the configured system version and viewing the sequence of operations of the
technological process in the "TD and Maintenance Operations™ block.

4. Conducting vehicle diagnostics and collecting data on the residual resource of
components.
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5. Forecasting the resource and determining the required volume of vehicle maintenance.

Additionally, the SIEDandIF user manual provides:

1. Explanations on reinstalling the program in case of data loss;

2. Interactive diagram of transitions between information blocks;

3. Methods for forming records for forecasting;

4. Algorithms for entering diagnostic results.

The use of SIEDandIF TM of trucks at motor transport enterprises allows to increase the
productivity of technical personnel, reduce the likelihood of human errors when performing
maintenance, and also ensure high-quality training of new personnel due to clear access to
regulatory and instructional information.

An individualized approach to determining the technical condition of a vehicle makes it
possible to plan maintenance taking into account the real load and wear of units. As a result,
downtime is reduced, the resource of components increases, the number of emergency breakdowns
is reduced, and therefore the total costs of the enterprise for maintenance are reduced.

The SIEDandIF TM of trucks system allows:

- automate the processes of technical maintenance of freight vehicles;

- provide timely access to current technical information (RTI);

- predict the condition of vehicle units taking into account their real technical condition;

- reduce the costs of developing new information systems due to the reuse of existing data;

- increase the efficiency of personnel and resources of motor transport enterprises.

Thus, the implementation of SIEDandIF TM of trucks in the practice of motor transport
enterprises and maintenance stations is a strategically appropriate step towards the digital
modernization of the industry, which allows bringing the processes of maintenance and routine
repairs to a qualitatively new level.
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YJK: 631.153:656.13

IHIBUIIIEHHA EOEKTHBHOCTI BUKOPUCTAHHA
TPAHCIIOPTHHX 34ACOBIB B AI'POIIPOMHUC/IOBOMY BUPOBHUITBI
3ACTOCYBAHHAM JIOI'ICTHYHHX METO/IB

A.M. 3aiiues, acn,

B.B. Ayuain, npod., 0-p mexu. nayx,

C.B. JIuceHko, 00y., KaHO. mexH. HayK

Llenmpanvroykpaincbkuti HayioHabHUL mexHivHui yuisepcumem, m. Kponuenuyvkut, Yxpaina

Crieninika TpaHCTIOPTY B arponpoMuciioBomy BupoOHUITBI (AIIB) momnsrae B Tomy, 1110 BiH
SIBISIETHCS HE TUTHKU TATY3310 TTOCIIYT 110 MTEPEMIEHHIO MPOAYKIIii, a i mpuiiMae 0e3mocepeHio
y4acTh B TpoIlecax BUPOOHHIITBA CLIBCHKOTOCIIONAPCHKOI MPoAyKIIii . TpaHcHopTHI mporecu B
AIIB 3aitmarots 0115t 30% ycix BUAIB poOIT MO BUPOIYBAHHIO CiILCHKOTOCTIONAPCHKOI MPOIYKIIII.

ATIB xapakTepu3yeThCsl CE30HHICTIO, @ caMe HEPIBHOMIPHICTIO TIEPio/IiB POCTOIB 1 MIKOBUX
HaBaHTAXXEHb JIJIs1 bpaHcTopTHUX 3ac00iB (T3). ToMy e moBMHHO OyTH BpaxOBaHO MPHU BUOOPI
TpancnopTHoi ctparerii B AIIB. HepiBHOMIpicTh piuHOTro 00'eMy TpancmopTHuX poOit B AIIB Ha
npukiani TOB «Arpodipma iM.. SIHOBChKOTOY» 300pakeHo Ha Puc.1.
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-=~06'em nepese3seHb npoaykuii TOB "Arpodipma im. AHOBCbKOro

Pucynoxk 1 Piunuii 06'eM nepeBe3eHb CUIbCHKOTOCIOAAPCHKOT IPOIYKIIiT Y BiICOTKOBOMY BUpaxxeHHI Ha TOB
«Arpodipma iM.. SHOBCEKOTO» C.I'0MybieBmui, HoBoykpaincekuii paiion, KipoBorpaaceka o0macts

Edexrupnicts Bukopucranus T3 B AIIB (Ex) — e KoMIIeKCHHI MOKa3HUK €KOHOMIYHOCTI,
€KOJIOT1YHOCTI, eprOHOMIYHOCTI, IPOAYKTUBHOCTI, HAAIMHOCTI, MAHEBPEHOCTI 1 MPOX1IHOCTI, a
Takox Oe3neunocti T3.

OcHoBHi Kkputepii e(h)eKTUBHOCTI BUKOPUCTAHHS TPAaHCIIOPTHUX 3ac00iB B AIIB BkitouaroTh:

— exonomiunicTh (E1): PiBeHb BUTpaT pecypciB Ha OJMHHUIIO BUKOHAHOI TPAHCIIOPTHOT
po6oTH (HanpUKIIaa, BUTpaTa NaJMBa HA TOHHO-KIJIOMETP, COOIBapTICTh MEPEBE3CHHS TOHHH
BaHTaXY);
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— exostoriunicTh (E2): PiBeHb HEraTUBHOTO BIUIMBY TPAHCIIOPTHUX 3aCO0IB HA HABKOJIHIITHE
cepeoBHILE (BUKUAM LIKIIJIMBUX PEUOBUH, PIBEHB LIyMY);

— eproHoMiuHicTb (E3): Ctyminb 3py4HOCTI, 6€31eKH Ta PyHKIIOHAIBHOCTI T3 un
TPAHCIOPTHOI CUCTEMH ISl JIIOAMHH, MIHIMI3YIOUH (P13UYHE Ta ICUXOJIOTTYHE HAaBaHTa)XKEHHS,
HiABHUIYIOYHM €()EKTUBHICTh Ta 3HIXKYIOUH PU3HMK TOMMJIOK;

— npoaykTuBHIcTh (E4): OGcsr BUKOHAHOT TPAHCTIOPTHOT pOOOTH 32 OJIMHUIIIO Yacy
(HampuKIaa, TOHHO-KIIOMETPH Ha TOAMHY, KUTBKICTh MepEeBE3EeHMX BaHTAXKIB 32 3MiHY);

— HaniinicTk (E5): 3natricts T3 BUKOHYBaTH cBOi ()yHKIIIT O€3 BiJIMOB Ta MPOCTOIB
IPOTSTOM 33JaHOTO Mepioay Yacy;

— MaHeBpeHicTh Ta npoxiaHicts (E6): 3natHicTh T3 eekTUBHO MpaioBaTH B Pi3HUX
JOPOXKHIX Ta NOJIBOBUX YMOBAX, XapaKTEPHHUX JAJISl CLIIBCHKOTO FOCIOJapCTBRa,

— 6e3neunicts (E7): KoMruieke Ta ciuctema mpaBuil, 3aX0/IiB i 3aC00iB, sIKi CIPSIMOBaHi Ha
3axXHCT 1 30€pesKeHHs )KUTTS 1 37J0POB'ST YYaCHUKAMU JI0POKHBOTO PYXY.

BpaxoByroun BuIlie3a3HaueHe, NOKa3HUK 3araibHOi epekruBHOCTI (Ex), BU3HAUYa€THCS
BUPA30M:

n
Es- :EI-EZ-Es-E4-E5-E6-E7=1;[Ei (1)

3scoBaHO, 110 MiABULICHHS €PEKTUBHOCTI BUKOPUCTaHHS T3 MPU3BOIUTD 0 3HUKEHHS
c001BapTOCTI CLTLCHKOTOCTIOIAPCHKOI MPOAYKIIii, ONTUMI3AIlil TOTICTUHYHUX TPOIECIB, 3SMEHIIICHHS
€HEepProCHOKUBAHHS Ta MiABUICHHA KOHKYPEHTO3AaTHOCTI MIANPHUEMCTB arponpoOMHUCIOBOTO
koMmruiekcy (AIIK).

Ha ocHOBI pe3ynbTaTiB 10CIiHKEHb OyI0 3aporOHOBaHO Ki1acu(iKallito JOTICTUYHUX
MeToAiB mijBuIeHHS epexkTuBHOCTI Bukopuctanus 13 B AIIB (Puc.2).

[ Knacudikanis Joricrnunux Meroais miaBuienns egpextuBHocTi Bukopucranns T3 B AIIB

—/

'V 10CKOHAIEHHS TTiABHIEHHS AKOCTI q
PozBuTOK oprasizarfii TJIaHYBaHHS Ilinemuerts
A " P HY) — €KOJIOriYHOT i
MarepianbHOi 6a3u TPaHCIOPTHOIO BaHTAKHHX a
TPaHCNOPTHOT Ge3meku
3a0e3MeyeHHs TiepeBe3eHb
) TTiBUIITEHHS TOYHOCTI | (Minimizanis Haciikis
Onosermis Mapiy O GIEy pozslpa;l;mkiu 00'eMiB i BBy T3 Ha
PYXOMOro CKJay i i ]
ey | G 1) ) rpadikis nepesesensb | HABKOJIHMIIIHE
v cepeioBHUIIe
IOCKOHUTCHED] OOrpyHTYBaHHS OOrpyHTYBaHHS
> cucremu TO i panioHanbHHX GopM i ONTUMANIbHUX Minimizanis HaciakiB
pemonty T3 TEXHOJIOTi i MapmpyTiB pyxy T3 BIUIMBY BaHTaXiB Ha
I EIIYO BHUKOpHcTaHHS T3 > HaBKOJTHIITHE
OKpAILEHHS YMO P ———— O6rpynTyBaHHsA CepeoBUILE

PO3MIIIeHHS OOrpyHTYBaHHS 06'emiB i rpadikis

36epiranns T3 auioHanbHIX HopM
P | 5| PaLOHAIBHA dop | [EECYPEHOLY) 3a6e3MeueH s IIPpaBuIl
- S— opramizaii i orraTi 3a0e3reueHHs 2
Panionamizaris npani ekcryaranii T3
iH(ppacTpyKTypHOTrO P —— TPaHCIIOPTHHX

IIPOLIECIB

3a0e3nedeHns Minimizauis 4
TPAaHCIIOPTHHX HPOCTPOIB 1 XOMOCTHX Pospobra 3abesneucHHs G':cznem
LPOLECIE 11poGiriB TpaHCIOpTY IBTEPHATUBHUX CRIINED

> cuenapii opranisamii

G Hlﬂ“me““f‘_ . TPaHCTIOPTHUX JlOTpHMAaHHSI PeKUMY
3 ep?)KeHHﬂ BaHTaXIB l'IpOLleCiB Tipaml 1 BIAIMOYUHKY
> 11X CIIOXHBYUX BOZIiB
sKocTeil mij yac OumiHka

IICPCBC3CHHA > aJbTEPHATHBHHX 3abecrieyeHHs
BapiaHTiB JIOTPHUMAHHS [TPaBUJI

Possurok crctemm BuKoprcTanns T3 JI0POIKHBOTO PYXy

TPaHCHOPTHOI e —
JIOTICTHKI OOrpyHTYBaHHS
CXEMH PO3MilLlleHHS
TPAHCHIOPTHHUX
TApO3iTiB

Bukopucranus —>|
Cy4acHHX
iHopManiHHIX
TEXHOJIOTi B
yHpaBIiHHI
TPAHCIOPTOM

Puc.2 Kiacudikariiist JOTICTHYHHX METO/IIB ITiABUIICHHS ¢(PEKTUBHOCTI BUKOPHUCTAHHS TPAHCIIOPTHHX 3ac00iB B
arporpoMHUCIOBOMY BUPOOHUIITBI

TakuM YHMHOM, MMPOBEICHI JOCIIIHKEHHS MOKa3aJIM, 0 3aCTOCYBaHHS JaHMX JIOTICTUYHHX
METOZIB 3aJIeXKUTH B crierudiku 1 po3mipy mianpuemctBa AIIK, HassBHEX pecypciB Ta iHIINX
dakropi. KoMiekcHu miaxig MOeAHYIOUYH JOTICTUYHI METOIU, 03BOJISIE ICTOTHO MiABUIIIUTH
epexTuBHicTh BuKopuctanus T3 B AIIB.
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BILIMB BEJIHYHHH THCKY PO50Y0I PITHHH HA HAJIHHICTH
MEXATPOHHOI T'I/TPOCHCTEMH HABAHTAKYBAJIbHOI'O
OBJIA/THAHHA CMITTEBO3IB

A.A. BoBk, cm. ep. AT-22MbB

P.1O. Peuunubkuid, cm. ep. AT-22Mb

B.B. TuBopcbkuii, cm. ep. AT-22MbB

I.B. I'ony®, kano. mex. nayx, ooy.,

B.B. AyaiH, 0okm. mexw. Hayk, npogh.

LlenmpanvHoyKkpaincbKull HayioHAILHUN mexHiuHul yrisepcumem, v Kponuenuyvkut, Yxpaina

MexaTpoHHI CUCTEMHU TPAHCIIOPTHUX 3aC001B OTPEOYIOTh PETENHLHOTO aHaJli3y BITUBY
pi3HuX Tpym GaKTOPiB IS MiABUINEHHS 1X HaJIHHOCTI Ta epeKTUBHOCTI (pyHKIioHyBaHHs [1-5]. V
CMITT€BO31B 3 OIYHHM 1 33HIM 3aBaHTaXKEHHSIM ME€PEBAXKAIOTh HECTIPABHOCTI TiIPaBIIYHOI CUCTEMHU
[6, 7]. Lle moB's3aH0 3 TUM, 11O TIPH IiAHOMI BaHTaXiB, Maca SKHX IIEPEBHUIYE TPAHUYHO
JOMTyCTUMY, B MIEPITY YePTy HaBaHTaKEHHS IOBOJUTHCS Ha TipoummiHapu. Takox BigOyBaeThCs
PO3pUB IUIAHTIB, pyKaBiB BUCOKOT'O THCKY. 3a pe3yJIbTaTaMU CIIOCTEPEKEHb BU3HAUEHI CTPYKTYpa 1
HaOIIBII YacTi XapaKTepHi IPUYUHH BiJ]MOB:

1. I'ippaBniyHe o0IaHAHHS CMITTEBO3IB!

1.1 rigpaBmiuni nuaiaapu (35 %): 3HOCH MaHXKET, yIUIIbHEHb, IITOKY; PO3PUBH raiiokK
KpiIUIeHb MOPUIHS JI0 IITOKY; BUTHHU IITOKY Ta MEXaHI4HI MOLIKOJKEHHS;

1.2 rigponacoc (16 %): 3HOC KOpITyCY 1 IIeCTepeHb; BATUCKAHHS CaJIbHUKIB; TPIIIMHN B KOPITYCi;

1.3 TpyOonposoau 1 muanru (15 %): oOpuBH LTAHTIB 1 3HOC TPYOONIPOBOIIB;

1.4 rigpopo3noxinsHuK (13 %): 3HOC YIIIJTPHEHB Ta 30JIOTHHKIB; TPIIIMHHU B KOPITYCi.

2. MeTtaneBa KOHCTPYKIIif:

2.1 maninymnsitop (14 %): TpilMHY 1 371aM CTPLIH; TPIIMHU OCHOBH; PO3PUBH 3BAPHHX 3'€THAHB;

2.2 HaJipaMHUK, Ky30B (6 %): TpIILIMHYU 1 BUTUH HaJpaMHUKa; JedopMallii 1 TpILIMHU Ky30Ba.

HeoOxinuum €, Bu3HaueHHs (haKTOpiB, M0 BILIMBAIOTH HA BEJTMYMHY TUCKY pOOOYOI piAMHY B
TiIpOoCcUCTEM] CMITTEBO3IB. Lle mpocTopoBe MOI0XKEHHST HABaHTa)KyBaJIbHOTO 00JIaIHAHHS IT1]] Yac
3Ba)KyBaHHS, KyT HAXWJIy aBTOMOOLIS BIIHOCHO TOPU30HTAIbHOI MOBEPXHI 1 Maca BaHTaXYy, 1110
nizHIMaeThes. Jo movaTKy IiaHyBaHHS €KCIIEPUMEHTY He0OX11HO BUOpaTu 001acTh BU3HAUECHHS
(akTOpiB, TOOTO BEPXHIO 1 HUKHIO MEXY 3MIHU KOXKHOTO (JaKTOPY B pealbHUX YMOBaX eKCILTyaTalii
cMitTeBO3y. [IpH 11bOMy HE0OXiHO OpaT 0 yBaru yMOBH NMpoBeAeHHs mpotecy. [ani B o6macTi
BHU3HAYEHHS BUAUINTH JIOKAJIbHY MiA001aCcTh U JOCTIKEeHb Ha (i3uuHii Mojen. Bulip miei
mi100J1aCTi CKIIQIAETHCS 3 BHOOPY OCHOBHOTO PiBHS 1 BHOOPY iHTEpBasIiB BapitoBaHHS [6].

[IpocTopoBe moI0KEHHST HaBaHTAXKYyBAJILHOTO OO0 HAHHS CMITTEBO3A ITiJT Yac 3BaKyBaHHS

HaBeJIeHO Ha puc. 1.

1 - rimporuninAp Ha 37aMi CTPLNK; 2 - TIAPOUMIIHIAD I IepeKUAaHHs OaKy; 3 - rizpoumTiHIp
JUIs 3aXOIUTeHHS; 4 - 0ak; a, b, ¢, d - poboyi JTaHKK MaHITyJsITOpy
Pucynox 1 - IIpocTopoBe mookxeHHsI HABaHTAXXYBaJIBHOTO 00JIaTHAHHS CMITTEBO3a IIPH 3BaXKyBaHHI 0aKy 3
MOOYTOBUMH BiIXOJaMH

3bipnux mamepiarie VII Mixnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Cr. 142



JTideuyerHst HAOHTHOCTTIL T egheKyuBHOCT MauiuH, Tipouecis i cucmem. Improving the reliability and efficiency of machines processes and systems

JlochimKkeHHs: TPOCTOPOBOTO MOJIOKEHHS HABAaHTAXKYBAJIBHOTO 00JIalHaHHA Ha (13U4HII
MOJIEJ € HEMOXJIMBUM, @ TOMY €KCIIEPUMEHT MTPOBOJIUBCS OE3MOCEPEIHHO HA CMITTEBO31 3 O1UHUM
3aBaHTAKEHHSIM BIIXOIB (puC. 2).

Pucynox 2 - [TonosxeHHs1 MaHinyJsiTopa CMITTEBO3Y MiJl 4ac TapyBaHHs

OO6nacTb BU3HAYEHHS MiTHOMHOI MacH BaHTaXy, [0 BIUIMBAE HA THCK POOOYOI PiAMHU B

T1APOUMIIHAPI TIAPOCUCTEMH CMITTEBO3Y, JCKHUTH B Aiana3oHi Bix 0 xr mo 500 kr (puc. 3).
8000

7000

6000 4°

=$=00 KI

=f=170 kr
=gr=250 kT
=3¢=330 kr
=H=410 xr
1000 =®=490 kr

Tuck PP B rigpoumninapi, klla
3
I
I
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I
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Yac, ¢

Pucynok 3 - Jliana3oH THUCKIB po60U0i piAMHY B TIAPOLMIIIHAPI TAPOCHCTEMU CMITTEBO3Y ITijl Yac MigHoMy
0akiB 3 TOOYTOBMMHU BiIXOZaMH Pi3HOT Macu

MakcumasbHe 00MEXESHHs BU3HAYAETHCSI KOHCTPYKTUBHUMHE OCOOJTUBOCTSIMH
HaBaHTAXKyBaJIbHOT'O MEXaHI3My CMITTEBO3a 1 BIIMOBI1a€ MAKCUMAJIBHO JIOMTYCTUMIN Maci MiAHOMHOro
BaHTaXYy, 10 BIUIMBAE HAa 3MIHY THCKY B Horo ripocucteMi [6] (puc. 4).
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Pucynox 4 - 3MiHa THCKY B TIAPOLMIIHPI TIPOCUCTEMH CMITTEBO3Y Iifl Yac MigiioMy 0akKiB 3 MOOYTOBUMH
BIIXOJdaMu
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[Tpu BuGOPI JOKaIBHOT MiO00MACTI TS JOCTIIXKEeHb BEPXHS MeKa BUOUpanacs 3 ypaxXyBaHHAM
XapaKTepUCTUK poboyoro crenay 1 ckiana 110 kr. B sikocTi Hynp0BOro piBHs OyB BUOpaHUIl LIEHTP
nio6nacTi - 55 xr. BpaxoByroun, 1110 B MeXkax I'yCTOHACeJIeHOro MicTa 30ip MoOyTOBHX BIXO/IB
3MIIACHIOETHCS Ha CHELiaIbHO MIArOTOBICHUX MalJaHYMKaX, 00JIaCTh BU3HAYEHHS KyTa HAXWITy
CMITTEBO3Y BIJHOCHO TIOIIMHY MOBEPXHI 3eMiti Oyna BuOpaHa B AiamazoHi Bix 0 go 70. [Tossa miporo
KyTa HaXWJy BUKIMKaHa HEPIBHOCTMU MalJaHUMKa, HA SIKOMY 3/11HCHIOEThCS 301p MOOYTOBUX
BiZIX0/iB. J{71s1 MpoBeeHHS AOCHIHKEHb Ha pOO0YOMY CTEH/II BAKOPUCTOBYBAIUCS TaKi )X 3HAYCHHS
KyTa Haxuity. HynpoBuil piBeHb Takok OyB BUOpaHuii B ieHTpi oduacti - 3,50.

Indopmariro o Beix TpboOX (pakTopax sl pealbHUX YMOB €KCIUTyaTallii CMITT€BO3Y (001acTh
BU3HAYEHHS) 1 AJ1s1 IPAKTUYHUX JOCHIJKEHb (111001acTh BU3HAYCHHS ) HABECHO B Ta0I. 1.

Tabmuus 1 - O6nacri 1 migo6nacTi BU3HaUeHHS (DaKTOPIB peaJIbHUX YMOB €KCIUTyaTarii
CMITTEBO31B

N Oo6nacte BusHauenusa | IligoOmacTs BU3HAYEHHS
Excrutyaramiitauii paxktop
. Huxns Bepxus | HynboBu IaTepBan
CMITTEBO3A Lo .
Mexa Mexa il piBeHb | BapirOBaHHS
IIpocTOopoBe MOIOKEHHS HaBaHTAXKY-
pocTop Ry 60 90 75 +15
BaJILHOTO 00JIaTHAHHS, TPAIyCiB
Maca noGyToBUX BiJIXO[IIB, KT 0 500 55 +55
Kyt naxwminy aBromo01s1s1, TpaayciB 0 7 3,5 +35

Takum 4MHOM, BU3HAYCHO BIIUB €KCIUTyaTalllHHUX (DaKTOPIB CMITTEBO31B HAa HAIWHICTD iX
MEXaTPOHHOI T1IPOCUCTEMHU HABAHTAXKYBAJILHOTO O0JIaTHAHHS.

Crmcok BUKOPUCTAHUX IKCPEII:

1. Aymnia B.B., T'onyd I.B. O6rpyHTyBaHHS MeXaHi3My (DYHKIIIOHYBaHHA MEXaTPOHHOI CHCTEMH CKJIOOYHUIIICHHS
aBTOMOOLI. 30ipHUK HayKOBUX Tpanb LleHTpansHOyKpaiHChKUI HayKOBHUH BicHUK: TexHiuHi Hayku. KponnBHULBKHIL:
LIHTY, 2023. Bumn. 7(38). 4.1 C. 167-176.

2. Aymin B.B., T'omyo 1I.B., 3amyperko A.C. Po3poOka mareMaTHdHOI MOJEi MEXaTPOHHOTO MOMYJS CHCTEMH
PYJIBOBOTO YIPABJIIHHS BaHTAXKHUX aBTOMOOLUTIB. [linBUIIIeHHS HAIIHHOCTI 1 €()EKTUBHOCTI MAIllMH, MPOIIECIB 1 CHCTEM:
V MikHap. HayK.-IpakT. kKoH}., 19-21 kBit. 2023 p., M. KponuBHuIbKUH: MaTepianu koH). / M-BO OCBITH 1 HayKH
Vxpainu, LlenTpansHOyKpaiH. Hall. TEXH. yH-T, Kad. ekciuryaranii Ta peMoHTy MamuH. KponuBaunekuit: [THTY, 2023.
C.9-11.

3. Tl'omobopoasko O.0., Kopobouka O.0. MexaTpoHHI CHCTEMH aBTOMOOUIBHOTO TpaHcmopry. Xapkis: TOB
«CMIT», 2006. 300 c.
4, lony6 [.B., Iwmaraitmo IB., Ilmmpouit A.B. Tta iH. Iligxix m0 MaTeMaTHYHOTO MOICTIOBAHHS

3aKOHOMIPHOCTEH BIUIMBY CKCIUTyaTallifHUX (aKTOpiB Ha HaMifHICTh Ta e(EKTHBHICTH POOOTH aBTOMOOUIIB JUIs
30upaHHsA 1 TPaHCHOPTYBaHHA TBEPIMX MOOYTOBHX BimxomiB. IHHOBaIiifHI TeXHOJOTIi PO3BUTKY Ta €()EeKTHBHOCTI
(YHKIIOHYBAaHHS aBTOMOOUTRHOTO TPaHCIOPTY: MibKHap. Hayk.-pakT. KoH}., 22-24 mucromama 2023 p., M.
KponuBuunpkuii: Matepianmu koH}. / M-Bo ocBith i Hayku Ykpainu, LleHTpampHOyKpaiH. Hall. TeXH. yH-T, Kad.
eKCIUTyaTallii Ta peMoHTy MamuH. - KpornmBaunekuii: [LITHTY, 2023. C. 16-18.

5. Fony6o J.B., Ayain B.B. MaremaTuuna MoJienb MiIBHIICHHS SIKOCTI YIPaBJIIHHS MEXaTPOHHOI CHCTEMOIO
MIKPOKJIIMATy CaJIOHY aBTOMOOiIA. 30ipHUK HAayKOBHX Ipanb LIeHTpaapbHOYKpaiHCEKHH HAyKOBHH BIiCHHK: TeXHIdHI
Hayku. Kponusaunpekuit: THTY, Bun. 9(40). Y.2, 2024. C. 186-197.

6. Bepesiok O.B. MaremaTtnaHe
MOJIEIIIOBaHHS TMHAMIKU TiIpOIIPHUBOy pOOOYHMX OpraHiB NepeBepTaHHsS KOHTEHHepa ITijl 4ac 3aBaHTa)KEHHS TBEPIHX
MOOYTOBUX BiIXOJIB Y CMITTEBO3. BicHMK XMEIbHUIILKOTO HAIlIOHATLHOTO yHiBepcuTeTy. TexHiuHi Hayku. 2013. Ne 5.
C. 60-64.

7. [TonoBnu B.B. Ta iH. EdexrtuBHicTh ekcrutyataiii CMITTEBO3iB y cepeloBHIIl "MicTO-cMiTTe3Banmmie",
Hayxoswnii Bichuk HJITY Ykpainu, T. 27, Ne 10, 2017, c. 111-116.
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3ABE3IMEYEHHA HAJIE;KHOTO PIBHA AKOCTI ITIEPEBE3EHB
IMACAKHPIB JIETKOBHMH ABTOMOBLIAMH-TAKCI
YI0CKOHAJTEHHAM MOJEJI OPTAHI3AIIII TPAHCITOPTHOI'O
ITPOIECY

A.L Ilpouenxo, cm. ep. TT-22Mb

I.B. I'ony®, kano. mex. nayx, doy.,

B.B. Ayain, 0okm. mexu. Hayk, npog.,

Llenmpanvroykpaincokutl HayioHanbHul mexHivHul yHieepcumem, M. Kponusnuyvkuii, Yxpaina
AL.IL T"onnoBanoB, conosa npasninus AT "Takcomomopruu napk"

AT "Taxcomomopnuti napx” m. Kponuenuyvkuti

[Toka3HUKHM SKOCTI TPAHCIOPTHOTO OOCIYrOBYBaHHS HAcelleHHS MICTUTh €BpomechKuit
CTaHmapT ouiHku skocti B cdepi Tpancmopry DIN EN 13816:2002-07 «TpaHcmopTyBaHHS.
MarepiasibHO-TeXHIUHE 3a0e3NevyeHHsl Ta HOCAYrH. ['pomajchKuii MacakUpCbKUHA TPAaHCIOPT.
BusHaueHHs1 SKOCTI 0OCITyroByBaHHs, CKJaJaHHS 3aBIaHb 1 MPUHIMNU BuMipiBy [1]. V mpomy
JOKYMEHTI MpPUBEJCHI MOKAa3HUKM SKOCTI JJIA MacakupcbKoro TpaHcmopty [2]. YactuHa 3 nux
MOKa3HMKIB HOCHUTb 3arajlbHUM XapakTep JJIs yCiX BHJIB TPAaHCIOPTY, 1HIIA YaCTHHA MOKa3HUKIB
Mo>ke OyTH 3acTOCOBaHa He JJIS YCiX BHJIB TPAHCIOPTY, & TUIBKHU JUIA X YaCTUHU a00 HaBIiTh AJISA
OJTHOTO BHJYy. AHaI3 IUX IOKAa3HUKIB JO3BOJUB 3POOMTH BHUCHOBOK, IO IOKa3HUKHU SKOCTI
HepeBe3eHb MMACaXKHUPIiB JICTKOBUMH aBTOMOOiMsIMU-Takci (I14;7) MOBUHHI CKIagaTUCS TaKOXK 3
JIBOX OCHOBHHMX YaCTHH: - OCHOBHOI (I1flp), BU3HAYEHOK UM JOKYMEHTOM 3 YpaxXyBaHHSIM
3aCTOCOBHOCTI JI0 IaHOTO BHIY IEpeBe3eHb; BapiaTHBHOI (114), 110 BU3HAYAETHCS JTOJATKOBO JIO
JETEPMIHOBAHOI 3 YpaxXyBaHHSIM IYMOK MAacCaXUpiB. Y 3araJbHOMY BHTJISAI TMOKAa3HUKH SIKOCTI
NepeBE3EeHb MacaXXHpiB JIETKOBUMHU aBTOMOOUISIMHU-TAKCl MOXKYTh OyTH BU3HAUYCHI 3aJI€KHICTIO:

1A =114, + 1A, . Q)

[Toka3HUKHM SKOCTI 3TPYyNOBaHI 3a CXOXKMMHU OJHOPITHUMHU O3HAKaMH, IO JO3BOJSIOTH
ob'eqHaTH iX B TpPYyNU IMOKa3HUKIB. TakuMu rpymnamMu cranu Oesreka TPaHCIOPTHOTO MPOIECy;
CBOEYACHICTh HAaJJaHHS TIOCTYTH; KOM(POPTHICTh TPAHCTIOPTHOTO TPOIIECY.

3 ypaxyBaHHSM LbOTO TOKAa3HUKU SKOCTI YTBOPIOIOTH OaraTOpiBHEBY CHUCTEMY, sKa
IPEJCTaBICHA HA PUCYHKY | y BUIJIsAL AepeBa LiJei.

st peamizanii TpaHCHOPTHOTO MPOIECY BIAMOBIAHO IO TMOKA3HHUKIB SKOCTI TEPEBI3HUK
MOBUHEH MaTH HEOOXiAHY MiAroToBieHicTs [3, 4]. Ilix miAroTOBIEHICTIO PO3YMIETHCS KOMILIEKC
CTaHIB CTPYKTYpPH TEPEBI3HUKA, 3MaTHUX 3a0€3MEYUTH TPAHCIOPTHHUM MPOIEC Yy BIAMOBIIHOCTI
CYy4aCHUM BHUMOTaM 3a MOKa3HUKAMU SIKOCTI, epeaycim oe3neri [5, 6]. [liaroToBaeHICTh TAKOXK SIK
1 IOKa3HUKHU SIKOCTI HOCUThH OaraTopiBHEBUH 3rpyNoBaHui Xapakrep. TakuMu rpynamu cTaju:

- MiATOTOBJICHICTH TiepcoHany (I1;);

- MiATOTOBJIEHICTH pyxomoro ckiaany (11pc);

- HasIBHICTh BUPOOHUYO-TeXHIUHOT 0a3u (1175);

- HAsIBHICTb CJTY’KOM 3aMOBJICHHS JIETKOBHX Takci (I1c3r7);

- 3arajbHi IUTaHHS OpraHi3alii TPaHCIOPTHOTO 00CIyroByBaHHs HaceneHHs (Ilopr).

B 3aranmpHOMYy BUTIIAAI MIATOTOBJIEHICTh 1O IE€PEBE3€Hb MACAXKUPIB JITKOBUMHU TaKCi
IPOLTIOCTPOBaHA 3aJICKHICTIO!

g =H_H+HPC + s + g + Hopr - 2
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Pucynox 1 - Mojens BIUIMBY MIATOTOBICHOCTI MIEPEBI3HUKA Ha SKICTh MTEPEeBE3CHB MacaXHUPIiB JISTKOBUMH
ABTOMOOLIAMU-TAKCI

3 orysiy Ha 1€ MiArOTOBJICHICTh 10 NEPeBe3eHb MacaKUPiB JETKOBUMH TaKCi MpeaCTaBIeHA
Ha PUCYHKY | K JepeBa CHCTEMH IMOKAa3HUKIB. BiamoBigHO 110 i€papXii, MULIO BUIIOTO PIBHS €

SKICTP TTepeBE3eHb MTACAKUPIB JTIerkoBAMH Takci — [[°, sika MiCTHTb TPH I IILii:
- Ge31eKy TpaHCIIOPTHOTO nporecy g ;
- CBOEYACHICTh, HAJaHHS TOCTYTH [{(y;
- KOM(OPTHICTH TPAHCIIOPTHOTO TIpouecy 1], 53 .
JI0 TIOKa3HHKiB Ge3MeKH TPaHCTIOPTHOTO Tporecy g, BiTHeceHo:
- IOTPUMAHHS PABHI JJOPOXKHBOTO PYXY L[o1;;
- CTpaxyBaHHs Bi/imoBifansHoCT 1141,
- 0e3meKy TpaHCIIOPTHOTO 3aco0y 1], 513 .
Jlo IOKA3HUKIB CBOEYACHOCTI HaJlaHHA TIOCIYTH 1], -
- IpUGYTTS 10 MiCIIs 3aMOBIICHHS Y BKA3aHMUit uac 1] ga ;
- BMiHHS OpPI€EHTYBATHUCS Y HACEIEHOMY IyHKT1 1], ééz ;
- IPOTIO3HIIiSl ABTEPHATHBHUX BapiaHTIB MapmpyTy pyxy 1/ 553 :
Jlo moka3HuKiB KOM(OPTHOCTI TPAHCIIOPTHOTO MpoIiecy 1], 53 :
- OXaifHWH 30BHIIMIHIA BUTJISAI BOdisA 1] éél;
- YHCTOTA CAJOHY Ta Ky30Ba aBTOMOGLIS L] s, ;

- JIOTIOMOTa Y 3aBaHTAKEHHi-PO3BAHTAXKEHH] 6araxy s ;
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- 06TpYHTOBAHA BAPTICTh HOCIYT ] lh,;

- 3HIDKKH Ta aKIii I MOCTIMHUX KIIIEHTIB 1], (gs .

3 ypaxyBaHHSIM BHUpa3y (2), MIATOTOBIEHICTH JO0 TIEPEBE3CHHb IMMACAKUPIB JIETKOBUMU
aBTOMOOUISIMH-TaKCi MpeICTaBlIeHa Ha PUCYHKY | sIK JiepeBa CUCTEMU MOKA3HHKIB.
BepmmHoro nepeBa CUCTEMH TOKa3HHUKIB € MIJTOTOBJICHICTh TMEPEBI3HUKA 110 3A1HCHEHHS

TpaHcnopTHoro npouecy C 0 , 1110 CKJIAJA€ThCA 3 MIJICUCTEM:
- miarotoneHicTs nepconany Cyy;
- MATOTOBJIEHICTh PYXOMOTO CKJIay Céz ;
- HAsIBHICTb BUPOGHUIO-TeXHiuHOT 6azu Cog;
- HASIBHICTb CITy’KOH 3aMOBJIEHHS JIETKOBHX Takci Cyj |
- 3arajbH1 MUTaHHS OpraHi3allii TPaHCIOPTHOTO 0OCITYrOBYBaHHS HACEICHHS C0[5 .
[Tizcucrema miAroTOBIEHOCTI MEPCOHATY MICTHUTh MMOKA3HUKHU Cél:
- I ATOTOBIEHICTH BOiHChKOr0 cKIamxy Cory;
- IPOBEJICHHS 1HCTPYKTaXiB BOJIHCHKOTO CKIIAIy Céﬁl;
- IPOBEIEHHs CTaKyBaHb BOJIiiichbkoro ckmaxy Cyipo
- IOTPUMAHHS PEXUMY TIPALl Ta BiJMOYMHKY BOiChKEM cKIagoM Cirra;
- IPOXOKEHHS TIEpePeficOBUX MEIMYHHUX OTIIAIB BOIiChKIM cKianoM Coiry
- KOHTPOJTb OXAHHOTO 30BHIITHBOTO BHTIIALY BOMIHCHKOTO cKiamy Copys ;
- I ATOTOBIIEHICTh iHKEHepPHO-TeXHIYHOTO TIepconany Car,
- 6a30Ba OCBITA 1H)KEHEPHO-TEXHIYHA IEPCOHATY Cﬁél;
- i ABMIEHHs KBaMiQiKaii ikkeHepHO-TeXHIdHOr0 mepconany Cyiy, .
[Tincucrema miAroTOBICHOCTI PYXOMOTO CKIIa Ty Céz MICTHUTD ITOKA3HUKH:
- HasIBHICTb PO3IT13HABaJIbHOI CUMBOJIIKH JIETKOBOT'O TaKCi ngl;
- inopMmarriitna 3a6e3nedenicTs canony Cip, ;
- TIBOCTOPOHHE PO3TAIIYBaHHS PYJILOBOTO YITPaBIIHHS Cééa ;
- HASIBHICTD HE MEHIIE YOTHPHOX ABEPei uIs BUXOY 3 canony Copy .

ITiicucTeMa HAasBHOCTI BUPOOHMYO-TEXHIUHOT 6231 MiCTUTH oKasHUKH Cpg

- PEryJsIpHICTh TOCTAHOBKH PYXOMOTO CKJIaJy Ha TEXHIYHE 0OCITYyTrOBYBaHHS 1 PEMOHT Céél;
- HasSBHICTh cepTHQIKATy BIAMOBIAHOCTI HA POOOTH 3 TEXHIYHOTO OOCITYrOBYBaHHS Ta
PEMOHTY PYXOMOTO CKJIATy Cééz .

[Tlincucrema HasgBHOCTI CIYXOM 3aMOBIEHHS JIETKOBHUX aBTOMOO1NIB-TaKci C(§4 MICTHTH
MMOKA3HHUKH:

- oprasisauii npuitomy 3amoBieHb Coay;

- 00JIiK CKapr macaxupis Céjz :

[Tincucrema 3aranpbHUX MUTaHb OpraHi3allii TPAHCIIOPTHOTO OOCIYTOBYBaHHS HACEJICHHS CéS
MICTHTH ITOKa3HHUKH:

- Oprasi3ailisi BUITYCKY PyXOMOT'O CKJIQJy Ha JIHIO Colf-,l;
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- HasIBHICTh HOPMATUBHO-TEXHIYHOT'O Ta HOPMATHBHO-IIPABOBOTO 3a0€3MeYeHHS Cééz :

Takum uuHOM, 1A peamizalii e€(peKTHBHOrO TPAHCHOPTHOTO TMPOLECY BIAMOBIAHO JI0
MOKA3HUKIB SKOCTI TEpPEBI3HUK TMOBUHEH MaTH HEOOXIJHY MiJArOTOBIEHICT, 3a HACTYIMHUMH
OJTHOPITHUMHU O3HAKAMHU: IiJTOTOBJICHICTh IEPCOHANY; IITOTOBICHICTH PYXOMOTO CKJIany;
HasBHICTh BUPOOHWYO-TEXHIYHOI 0a3M; HABHICTh CIY>KOM 3aMOBJICHHSI JIETKOBHUX aBTOMOO1ISIMU-
TaKCl; 3arajibHi MUTaHHS OpraHi3allii TPAaHCTIOPTHOT'O 0OCIYTOBYBAaHHS HACEJICHHS.
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