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Marepianu ~ VII  MibkHapogHOi ~ HAyKOBO-IPAaKTUYHOI  KOH(EpeHIii
"IlinBuIeHHS HAIIMHOCTI 1 €()EKTUBHOCT1 MAIlIMH, POLIECiB 1 cucTteM. Improving the
reliability and efficiency of machines, processes and systems", 16-18 kBitas 2025 p.
— KponuBauupkuii : IIHTY, 2025. — 153 c.

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 30ipHUKYy mpeAcTaBieHI Marepiajid JOMOBIAEH HAayKOBUX Ta HAayKOBO-
NEeJAaroriyHuX MpaIliBHUKIB, JOKTOPAHTIB, AacHipaHTIB Ta CTYACHTIB, MNPOBIAHUX
BITYM3HIAHUX 1 3dKOPAOHHUX BHUIIWX HABYAJIBbHHUX 3aKJIaJIiB Ta HAYKOBUX YCTAHOB,
HpaIliBHI/IKiB HilIHpI/IEZMCTB Ta JCPKABHHUX YCTAHOB, B AKHX POITTAAOTHCA
3aBEpIICH] €Tal HayKOBUX PO3POOOK.

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 3riqHo aucta MiHicTepcTBa OCBITH 1 Hayku YKpainm, Jlep»aBHO1
HayKOBO1 ycTtaHoBU "[HCTUTYT MojepHizaiii 3micTy ocBitu" “Ilepenik mpoBeneHHS
HAyKOBUX KOH(pepeHIlii 3 mpoOjeM BHINOI OCBITH 1 HAyKW B cucTemi MiHicTepcTBa
ocBiTh 1 Hayku Ykpainu Ha 2025 pik”. https://kntu.kr.ua/file/content/7313/naukovi-
ta-naukovo-tekhnichni-zakhody-2025-roku.pdf

OPTAHIBAIIIMHUNA KOMITET

MixkHapoaHOI  HayKOBO-NPaKTH4YHOI  KoH(pepenuii  "IlinBumenHs
HaAIHHOCTI i e)eKTMBHOCTI MamNH, npoueciB i cucrem. Improving the reliability
and efficiency of machines, processes and systems":

Tonosa — Bonoaumup KPOITIBHUM, xamn. TexH. HayK, mpod., PEKTOp
HOHTY;

3acmynnuk 2on0eéu — Biktop AVYJIIH, n-p texH. Hayk, mpod. kadeapu
eKcrutyararii Ta pemonty Mamus [THTY
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Cexpemap — Jap's KVYJIbOBA, nokrop ¢inocodii 3 TpaHCHIOPTHUX
TEeXHOJIOT1, CT. BUKJIaAa4 Kadeapu excruryaTailii Ta peMonTy Mamus [THTY;

YiieHu oprromirery:

Anppiit BABIM, 1-p TexH. Hayk, npodecop, 3aB. KadeapH TeXHi4HOT MeXaHiKH
Ta CUIbCHKOTOCHOJAPChKUX MAIIUH TepHOMUIBCHKOrO0 HALIOHAIBHOTO TEXHIYHOIO
YHIBEPCUTETY;

AHpii TUXWH, xaux. TexH. HayK, JOIl., TPOPEKTOp 3 HAyKOBOi poOOTHU Ta
MbKHapoaHux 3B s3kiB [THTY;

Bikrop BUIIYEHKO, n-p TexH. Hayk, mpod., pekrop BiHHuIbKOrO
HAI[IOHAJIbHOT'O TEXHIYHOI'O YHIBEPCUTETY;

Koctsautun BOPAK, n-p. TexH. Hayk, npod. kapeapu MaTMHOBUKOPHUCTAHHS,
MOOUIPHOT €HEepPreTUKU Ta cepBicy TeXHIYHUX cucteMm [lomichKOro HalioOHAJIBHOTO
YHIBEPCHUTETY;

Oner BEB3, kana. TexH. HayK, JOUEHT, JAekaH (akylbTeTy OyAIBHUIITBA,
TPAHCIOPTY Ta EHEPTEeTUKHU;

Biktop BOMTOB, 1-p TexH. Hayk, npod. 3aBinyBay kadeapH TPaHCIOPTHUX
TEXHOJIOT1H 1 JJoTicTHKHU Jlep>kaBHOTO 010T€XHOJIOTTYHOTO YHIBEPCUTETY;

CranicnaB T'EPYK, xkanj. TexH. Hayk, JOLEHT, 3aBilyBau Kadeapu
arpoimxeHepii JKUTOMUPCHKOTO arpoTeXHIYHOTO KOJIEIIKY:;

Onexkcanap 'PAKOBCKI, PhD, npodecop, IHCTUTYT TpaHCHOPTY 1 3B'SI3KY
(JTaTBis);

Onexkciit JIEPKAY, kana. TexH. Hayk, JOIl., 3aB. Kadeapw eKcIuryartairii
MaIIMHHO-TPAKTOPHOTO Napky JIHIMPOBCHKOTO AEP>KaBHOTO arpapHO-eKOHOMIYHOTO
YHIBEPCUTETY;

Onekcannap JAWUXA, n-p TexH. Hayk, mnpod., 3aB. Kadenpu TpuOOIIOrii,
aBTOMOOUTIB Ta MaTepialo3HaBCTBAa XMEJIBbHHUIILKOTO HAIlIOHAJIBHOTO YHIBEPCUTETY;

Irop KABAIIKIH, PhD, npodecop, [nctutyTt Tpancmopty i 3B'13Ky (JlaTBis);

Bonogumup KBACHIKOB, n-p TexH. nayk, mpodecop, 3aBinyBau kadeapu
KOMIT'IOTEPU30BAHUX EJEKTPOTEXHIYHUX CcHUCTeM 1 TexHousoriii HarionansHoro
aBialliifHOTO YHIBEPCUTETY;

Borgan KIHJIPATCBKUI, n-p texH. Hayk, mpodecop, 3aBimyBau kadempu
eKCIUTyaTaiii Ta PEeMOHTY aBTOMOOLIHHOI TeXHIKM HallloHambHOTO YHIBEPCHUTETY
«JIbBIBCHKA MOJIITEXHIKAY;

Ceatocna KPUIITOIIA, n-p TexH. Hayk, mpodecop, 3aBigyBad Kadeapu
aBTOMOOLTFHOTO TpaHCTOPTY I[BaHO-PpaHKIBCHKOTO HAIIOHATBLHOTO TEXHIYHOTO
yHiBepcUTETY HaTH 1 rasy;

Ceprii JIEILIEHKO, kana. TexH. HayK, /OIl., JEKaH arpoOTEXHIYHOTO
dakymprery HHTY;

Ceprii  JIY3AH, n-p Ttexn. Hayk, mnpod., 3aB. Kadeapu 3BaprOBaHHS
HartioHanpbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKIBCHKUM MOMITEXHIYHUN THCTUTYTY;

Onmner JSIIIVYK, n-p TexH. Hayk, npod., nepmuid mpopektop TepHOMUILCHKOTO
HaI[lOHAJTBLHOTO TEXHIYHOTO YHIBEPCUTETY;

Cepriit MAT'OIIELLb, kana. TexH. HayK, J0Il., 3aB. Kadeapu ekcruryartailii Ta
pemonTy mamuH LIHTY;
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Mukona MAPYVYK, kann. TexH. Hayk, npodecop, 3aBiayBad Kadeapu
aBTOMOOLIIB Ta aBTOMOOUIBHOIO TrocrnogapcTBa HailioHanbHOTO YHIBEPCUTETY
BOJIHOTO TOCTIOJ]apCTBA Ta MPUPOJOKOPUCTYBAHHS,

IOpiit MOHACTHUPCBHKHI, n-p texu. Hayk, mpod., 3aB. Kadeapu
aBTOMOOLIBLHOTO TpaHcopTy KpruBOPI3bKOT0 HALIOHATIBHOTO YHIBEPCUTETY;

Irop MYPOBAHUW, kaHn. TexH. HayK, JOLEHT, JeKaH (aKyJIbTeTy
TPaHCIOPTY Ta MeEXaHI4HOi iHxkeHepli JIyllbkoro HalioHaJIbHOTO TEXHIYHOTO
YHIBEPCHUTETY;

Anmxeit HEBYAC, PhD, mnpodecop, JlroOmiHCHKMIA  TEXHOJOTTYHHMA
yuiBepcutet ([lonbina);

Biktopis HUKOHYYK, n-p exonom. Hayk, mnpod., 3aB. xkadenpu
TPAHCIOPTHUX TEXHOJOrM 1 TEXHIYHOro cepBicy HaiioHalibHOrO yHIBEPCUTETY
BOJIHOTO TOCTIOAAPCTBA Ta MPUPOJOKOPUCTYBAHHS;

Anpnpiit HOBUILIBKWM, kaux. TexH. Hayk, JOIL., 3aB. KaeapH HaiiHOCT
TexHikd HamioHanbHOro yHiBepcuTeTy O1lopecypciB 1 MPUPOAOKOPUCTYBAHHS
VYkpainu;

Pamynac I[TAJIBILIATIC, PhD, npodecop, BinbHIOCEKHI TeXHIUHMIA
yHiBepcuTeT iMeHi ['enuminaca (JIutsa);

Mukona ITJATYPCBKUW, n-p TexH. Hayk, mnpod., npod. Kadeapu
IHKUHIPUHTY MAIIMHOOYAIBHUX TEXHOJOTiM TepHONUIBCHKOTO HaIliOHAJIBHOTO
TEeXHIYHOTO yHiBepcuTteTy iMeHi 1. [Tymros;

Onekcauap IOJIIHCBKUM, n-p Texn. mayk, mpodecop, mpod. kadeapu
TEXHOJIOT1i MAlIMHOOYAYBAaHHS Ta PEMOHTY MalllMH XapKiBCHKOTO HAI[lOHAJIBHOTO
aBTOMOO1TLHO-TIOPOKHBOTO YHIBEPCUTETY;

Iegan POTOBCBKUM, n-p TexH. Hayk, 3aBinyroumii kadeapu TEXHIYHOro
cepBicy Ta iH)KeHepHOro MeHemkmeHTy M. M. II. Momotenka HarionansHOr0
YHIBEPCUTETY 010pecypciB 1 IPUPOJIOKOPHUCTYBAHHS YKpaiHu;

IOpiit POMKO, kaHx. TexH. Hayk, JOIL., 3aBixyBad KadeapH TPAHCIIOPTHHX
TexHoJorii, HamionanbHoro yHiBepcuTeTy «JIbBIBChKa MOJITEXHIKAY;

Banepiit CABYJIAK, a-p Texn. Hayk, mpod., mpod. kadeapu ramysese
MaIMHOOYIyBaHHS BiHHHUIIBKOTO HAIIOHAIBLHOTO TEXHIYHOTO YHIBEPCUTETY;

Bonogumup CAXHO, na-p TexH. Hayk, mnpodecop, 3aBimyBaud Kadeapu
aBTOMOO1TiB HarioHaIbHOTO TPaHCIIOPTHOTO YHIBEPCHUTETY;

Jlomvuna TAPAHJIYIIIKA, n-p Texd. Hayk, JOI., 3aBigyBauka Kadenpu
aBTOMOOLIIB Ta TEXHOJOTIM 11X ekcruryartamii  Yepkacbkoro  JepaBHOTO
TEXHOJIOT1YHOTO YHIBEPCHUTETY;

Pamazan XABYT/IIHOB, a-p texH. Hayk, npod., 3aB. kKadenpu TpaHCTIOPTHUX
TexHoJIoTii HamioHaIbHOTO TPaHCIIOPTHOTO YHIBEPCUTETY;

Cepriit IUIMBAJIL, kann. TexH. HayK, J1011., 3aBiayBad Kadenpu aBToMoOLTiB Ta
TPAHCTIOPTHOTO  MEHEPKMEHTY  BIHHHMIIBKOTO  HAIIOHAJTBHOTO  TEXHIYHOTO
YHIBEPCUTETY;

Oner UIbOHb, xaua. TexH. HaykK, [10L., 3aB. Kadeapu aBTOMOOUIIB
TepHONUIBCHKOTO HAI[IOHATBHOTO TEXHIYHOTO YHIBEPCUTETY;

Cepriit JIMCEHKO, kann. TexH. Hayk, JOL., 3aB. KadeIpu eKcIulyartalii Ta
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peMmoHTy MamuH [THTY;

Onexciii CMIPHOB, kana. eKoH. HayK, KEpIBHUK METOJIMYHO-OPTaHI3aLiifHOTO
Binnauy (mam — MOB) HHTY;

JIimis PE3HIK, ¢axisens I kateropii MOB LIHTY.

Yienu po0040i rpynu OprKkoMirery:

Cepriit MAI'OIIELLb, xkanauaaT TeXHIYHUX HAYK, AOLIEHT, 3aBiyBad Kadeapu
eKcIuTyaraiii Ta peMonTy mMamus, [HTHTY;

Cepriit JIMCEHKO, kanaupat TeXHIYHMX HayK,. JOLIEHT, JOLEHT Kadeapu
eKcITyarailii Ta peMoHTy MamuH, [THTVY;

HOmutpo T'OJIYB, kanaupaT TEXHIYHUX HAyK, JOLEHT, JOLEHT Kadeapu
eKcIuTyarailii Ta peMoHTy MamuH, [THTY;

Hap’s KVYJIBOBA, noktop ¢uiocodii 3 TpaHCHOPTHUX TEXHOJNOIIH, CT.
BUKJIaau kadeapu excruryaraii Ta pemonty mamut LIHTY, cexkperap koHdepeniii;

Aprem T'OJIOBATHH, acuctenT kadeapn ekcIulyaTarlii Ta peMOHTY MallWH,
HHTY;

Cepriit KOBAJIBOB, noktopaHT kadeapu eKcIilyartalii Ta peMOHTY MaIluH,
HHTY;

Onexcangp MATBIEHKO, nokropanT kadenpu ekcruryataiii Ta pEeMOHTY
MamuH, [THTY;,

Pycnan KIUYPA, acmipanT kadenpu ekcruryartaiii Ta pPEMOHTY MaIIIWH,
OHTY;

Onekcanap FOBXEHKO, acmipanT kadenpu excrutyaTaiii Ta pPEMOHTY
mamuH, [ITHTY;

Cepriit XAPUYEHKO, acnipanT kadenpu excruryartaiii Ta peMOHTY MaIluH,
[HHTY;

Hmutpo KOCAKEBUWY, acmipanT kadenpu ekcruryaTallii Ta peMOHTY MaIlluH,
HHTY;

Onexcit TEPTULIS, acmipant kadeapu ekcruryartailii Ta PEeMOHTY MaIlWH,
HHTY;

Tapac HA/INY, acmipanT kadenpu excruryaTariii Ta peMonTy MamuH, [THTVY;

Bonogumup TIETJIEHKO, acmipant kadenpu ekcruryaTaiii Ta pPEMOHTY
mamuH, [THTY;

Amnpiit 3AWIEB, acmipanT kadempy eKCIUIyaTalii Ta pPEMOHTY MaIlWH,
HHTY;

Cepriit TUIIEHKO, acmipanT kadeapu ekcruryaTarii Ta peMOHTY MaIllWH,
HHTY;

Anpnpiit CEPTIMYVYK, acmipadT kadeapn eKcIuTyaTallii Ta PeMOHTY MAIlWH,
HHTY;

Bikrop BAMIIAH, acmipanT kadeapw ekcIulyaTarii Ta pEeMOHTY MaIllHH,
HHTY;

Bitaniit UYYMAK, acmipant kadenpu ekcrulyaraiii Ta pPEeMOHTY MalllMH,
HHTY;

€rop MAHBKO, acnipanT kadeapu excrutyararii Ta pemonty Maius, [ITHTY;
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Henuc JAYEHKO, acmipanT kadeapu ekcriyaraimii Ta pEeMOHTY MalluH,
HHTY;

Bangum AILIEHKO, acmipant kadenpu excrulyaranii Ta pPEMOHTY MalluH,
HHTY;

Muxaitno MAT'OIIELLb, acnipanT kadeapu ekciutyaTaiii Ta peMOHTY MalllvH,
HHTY;

Aptem KPACOTA, acmipant kadeapu ekciulyaTaimii Ta PEeMOHTY MallluH,
HHTY.

Cexkuii koH(epeHuii:

Cexuist 1. ®@i3uyHI Ta MaTEMaTUYH1 OCHOBHM HAJIHHOCTI 1 €()eKTUBHOCTI MAIlIH
1 o0J1aTHAHHSL.

Cexkuist 2. TpuOosoris By3JiB JeTaliel, CUCTEM 1 arperariB, poOOYMX OpraHiB
MaIlnH 1 00JaTHaHHS.

Cexmis 3. IligBuIIEHHS 3HOCOCTIMKOCTI Ta TpUOOIOTIYHOT €(EKTUBHOCTI
JIeTaJIel Ta BY3JIiB CUTCHKOTOCTIOAPCHKOI Ta TPAHCIIOPTHOT TEXHIKH.

Cekmiss 4. TexHOJOTiYHI METOIM TMIABHUINCHHS HAIIWHOCTI 1 €dEeKTUBHOCTI
JIeTaled MaIluH 1 00JIaJHAHHS.

Cexmuist 5. IlinBumiieHHs HaAIRHOCTI 1 €()EKTUBHOCTI BY3J1B JIETAJICH, CUCTEM 1
arperariB MaIlIuH Ta POOOYMX OPTraHiB METOAaMHU IHHOBAIIHHOTO 1HXKUHIPUHTY.

Cexkmiss 6. Excruryarariiina HaIiMHICTE Ta €(QEKTHBHICTh BUKOPHUCTAHHS
CUIBCHKOTOCIIOAAPCHKOT Ta TPAHCTIOPTHOT TEXHIKH.

Cexmuis 7. ITigBuineHHs: HaIIMHOCTI Ta €PEKTUBHOCTI TPAHCTIOPTHUX CHCTEM Ta
TPAHCIIOPTHUX 3aCO0IB 13 3a0€3MEeUEHHAM HAJIGKHOT'O PIBHS SKOCT1 MACAXKUPCHKUX Ta
BaHTAXHUX MEPEBE3CHb.

Cexkmis 8. JlorictTuka BUPOOHMYMX Ta TPAHCIOPTHUX MIANPUEMCTB, (ipM,
KOMITaHi}.

Cexkmis 9. ExoHomika Ta yInpaBlliHHS BHPOOHUYMMH Ta TPAaHCIOPTHUMH
mignpueMcTBamMu, ipMaMu, KOMITaHISIMU.

Cexirist 10. CucteMu Ta cTpaTerii TEXHIYHOTO CEPBICY CLUTLCHKOTOCTIONAPCHKOT
Ta TPAHCIIOPTHOI TEXHIKH.

Cekmist 11. IlimBumenHs HagiitHOCTI Ta eQEKTHBHOCTI (YHKIIOHYBaHHS
CUCTEM, BY3JIiB, arperaris, MalllMH IHTEIEKTYaJi3aIl€l0 1X eIEMEHTIB.

Cexmist 12. IndopmartiiiHi T€XHOJIOTIT Ta TEXHOJOT1l MITYYHOTO IHTEJIEKTY B
pO3B'si3aHHI MpoOJieM 1 3aBJaHb HAAIMHOCTI Ta €PEKTUBHOCTI MAIIHMH, MPOIECIB 1
CUCTEM.
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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.,

0.0. 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].
7 ™

3 __
9 m—
1 H " 11J

2 s =<7 1 12

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 ps. 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.

" e
A, W

sl

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 (6 — 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 (TI) 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; ¢" - 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=31,954e 0,1078Wh

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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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 to 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
guenching, 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 upto0.3 mm
@ from 0.3 mm to 0.6 mm
@ 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?2,

10.
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TPAHCIIOPT TA IHOPACTPYKTYPA: BUK/IUKH TA IIEPCIIEKTHBH
PO3BUHTKY

1.O. Xirpos, doy., kano. mexu. nayx
Hayionanvuuii ynieepcumem 600H020 20cnooapcmea ma npupoookopucmyeanis, m. Piene,
Ykpaina

TpancroptHa cuctemMa —  CYKYNHICTh  B3a€MOIOB’SI3aHUX  BHUJAIB  TPaHCIOPTY,
1HQPACTPYKTYPHUX 00’ €KTIB Ta CEPBICIB, AK1 3a0€3MeUyIOTh NEPEMILLIEHHS MMacaXXUPiB 1 BAHTAXKIB Y
npocropi Ta yaci. EQexTuBHA TpaHCIOpPTHA CHCTEMa CIpPHSIE €KOHOMIUHOMY PO3BUTKY PETi1OHIB,
CKOpOUY€E BHUTPATH YacCy Ta PECYpCiB, 3MEHIIYE EKOJIOTIYHE HABAaHTAXEHHS 1 MIJBUIIYE SKICTh
KUTTS HACEJICHHS.

Crarts 21 3akony Ykpaiau «IIpo Tpancmopt» [1] 4iTKO pO3’SICHIOE TIOHSTTS MPO E€JUHY
TPAHCIIOPTHY CUCTEMY HAIllOi JAeprKaBH, J0 CKJIaay sIKOi BXOJATh BCl BUIM TPAHCHOPTY Ta HUIAXU
crosrydeHHs. BoHa TmMOBHMHHA BIAMOBIAATH BHUMOTaM CYCIUIBHOTO BHPOOHHWIITBA, BUMOTaM
HaIIOHAJIbHOT O€3MeKH, MaTHh pOo3ralyKeHy IH(QPacTpyKTypy IJis HaJaHHS BChOTO KOMILIEKCY
TPAHCIIOPTHHUX MOCIIYT, 3a0€3MeYyBaTH 30BHIITHLOEKOHOMIYHI 3B’ SI3KH.

Po3kpremMo 3MiCT OCHOBHHMX KOMIIOHEHT (pHC. ), HEOOXiTHUX sl QYHKIIOHYBaHHS €THUHOT
TPaHCIOPTHOI cuctemu [2-5]:

1. TpancroptHe 3a0e3MeUYeHHs XapaKTEPU3ye PI3HI BUOUM  TPAHCHOPTY,  SKHUM
BHUKOPHUCTOBYETHCS Il 3a0€3MeueHHs MOOUIBHOCTI macaxkupiB 1 (abo) JOCTaBKM BaHTaXIB
(aBTOMOOLTHHUH, aBlALIMHWH, 3aTI3HUYHUN, METPOIIOJIITEH Ta iH.).

2. [ndpacTpykrypa xapakrepusye Gpi3uuHy MiATPUMKY BHIIB TPAHCIIOPTY, HAHBAKITUBIIITUM
KOMIIOHEHTOM SIKO1 € MapIIpyTHa MEepeka 1 TepMiHaIH.

3. Insaxu cronxy4eHHS BKJIIOYAIOTH CHCTEMY B3a€EMOTIOB’S3aHUX pPO3TaIllyBaHb, SIKi
BUKOPUCTOBYIOTHCSI  JUIA  TMPEACTaBIEHHS (YHKIIOHAIbHOI Ta MPOCTOPOBOI  oOpraHizailii
TPAHCIIOPTHOI AiSTTBHOCTI.

4. Tlotoku (mCakupo\BaHTa)KO) BHU3HAYAIOTh MEPEMINICHHS HACCJCHHS, BaHTaXiB 3a
BIIOBIIHUMH HUIAXAMH.

TPAHCIIOPTHE
3ABE3MEYEHHS, iX BHIH

>3

==
=

m—b @ O [ TH®PACTPYKTYPA ]

Q

)

_:E |:| — [ NOTOKH ]

Puc. 1 KoMIIOHEHTH TpaHCTIOPTHOI cucTemu [2]

3 ornsgy Ha BUIIE CKa3aHe, MU MOXEMO 3pOOUTH BHCHOBOK, IO TPaHCIOPTHA
iHpPaCTPYKTypa € CKIa0BOI YACTHHOIO €IMHOT TPAHCTIOPTHOI CUCTEMH.
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Hlnsaxu criosrydeHHs! (BYJTUYHO-TOPOKHS MEpEexXa), IK CHCTEMa TPAHCIIOPTHHX 1 MIIIOXITHUX
3aB’S3KIB TUIAaHYBAJIBbHOI CTPYKTYpU MICTa, IO MpHU3HAYCHA Ui OpraHizauii pyxy TpaHCHOPTY i
MIIIOXO/1iB, TPOKJIAAaHHS 1HKEHEPHUX KOMYHIKAI[ii Ta OJIaroycTporo.

O0’extn 00CcTyroByBaHHS (QBTOBOK3QJI, 3alTi3HMYHUN BOK3aJl), SIK KOMIUIEKC OymiBenb i
CIOpYA, IO TMpH3HAueHa Ui OOCIYyrOBYBaHHS IAaCaXHUPIB, YIPABIIHHSA PYXOMHM CKIIAJIOM,
30epiraHHsl BAHTaXIB.

Texnonoriuai 00’extu (OymiBmi 1 crmopyaud Ciayk0 yTpUMaHHS Ta PEMOHTY UUIAXIB
CTIOJy4eHHs, 00’ €KTH €HEPreTHYHOT0 rOCHoapcTBa), TOOTO BHPOOHUYI 00’€KTH, IO MPU3HAYECHI
115t 3a0e31neyeHHs (QYHKIIOHYBaHHS IUISIXIB CIIOTyYSHHS.

O06’exTH 3aco0iB ympaBiiHHS PyXoM (TeXHIUHI 3acO0M opraHi3amii Ta YHpaBIiHHA pPYyXOM,
YOPaBIIHCHKI TEHTPH TOIIO), TOOTO OyAiBJIl Ta CHOPYAW, TMEBHI TEXHOJIOTTYHI CHUCTEMH Kl
MpU3HAYEHI JJIs YIIPaBIIHHSA PYXOM TPAHCIIOPTHUX 3acO0IB.

OpHak TpaHCHOPTHA CUCTEMa B OaraThoX perioHax YKpaiHU CTHKAEThCS 3 HU3KOIO MpoodiieM
yepe3 HEAOCTaTHIO PO3BUHEHICTh MeEpek, HEe(DEKTHBHOIO OpraHi3ali€eld pyxy, BIICYTHICTIO
IHTerpalii MK BUJaMU TPAHCIOPTY Ta HETaTUBHUM BIIJIMBOM Ha JOBKULJIS.

OCHOBHI BUKJIMKH, II0 MTOCTAIOTh MEpe] TPAHCIIOPTHOIO IHPPACTPYKTYpPOIO:

- HEpIBHOMIPHUIN PO3BUTOK TPAHCIIOPTHOT MEPEX1 PI3HUX PETIOHAX;

- IEpeHaCUYeHHS IOPOKHBOT IHPPACTPYKTYPH MIPUBATHUM aBTOTPAHCIIOPTOM;

- HEJOCTaTHS [JOCTYMHICTh TPOMAJICBKOTO TPAHCIOPTY Ui MAaJIOMOOUIBHUX Tpyln
HaCEJICHHS,

- HU3bKUH piBeHb LK(pOBI3allii TPaHCIIOPTHUX MOCIIYT.

TpancnopTHi 3acobuM B TpPAaHCHOPTHUX TEXHOJIOTISIX MpPH3HAYEH1 JUIsl OpPraHi3oBaHOIoO
MepEMIITIEHHS JII0/IeH, BAaHTAXIB 1 CHEIIAIbHUX BAHTAXIB Y MPOCTOPI 3 MIHIMaIbHUMH BUTPATaMHU
yacy 1 pecypciB. 3ajexHO Bil OCHOBHOI (yHKIi iX YyMOBHO MOXHA TOJUIUTA Ha TPYIIH:
MacaXUPChKUM, BaHTAXHUHM, CHEIIai30BaHUNA, Majli Ta IHAUBIIyaJbHI 3aco0M TepecyBaHHS,
JoricTuuHi maTdopmu, OyaiBeTbHA Ta TOPOKHBO-EKCILTyaTalliitHa TEXHIKA.

KirouoBi 3aBiaHHS TPaHCIOPTHHX 3acO0iB HampaBiieHi Ha MOOUIBHICTH (3a0Oe3rmedeHHs
JTOCTYITHOCTI Pi3HUX TEPUTOPIH IS JIIOJEH 1 BAHTAXIB), CKOHOMIYHICTh (MiHIMI3aIli1 eHepPreTHUHUX
BUTpAT 1 4Yacy Ha IepeBe3eHHs), Oe3meri (3aXMCTy MacakupiB, BaHTaXiB 1 HABKOJIMIIHHOTO
CEpelIOBHINA BiJi PU3HWKIB), YHIBEPCAJIBHICTh 1 CIeliaiizamito (3aCTOCYBaHHS CTaHIApPTHHX Ta
aJIaTOBAHUX PIllICHB ITiJ] KOHKPETHI IIOTPEOH).

3aBaSKH PI3HOMAHITTIO KOHCTPYKIIA 1 TEXHIYHMX PINICHh KOXXEH BHJ TPAHCIOPTHOTO
3aco0y BUKOHYE CBOIO POJIb y 3a0e3nedueHH]1 €()eKTUBHOTO (PYHKI[IOHYBaHHS Cy4acCHOI EKOHOMIKH Ta
MOKpPAILEHH] SIKOCT1 XKUTTSI.

InTerpamis B iHMpacTpykTypy: B3a€MOisl 3 JOpPOraMH, 3ali3HULSAMH, TOpTAaMU Ta
aepornopramu Jyis 0e31epepBHOrO JOrICTUYHOTO JIAHIIIOTA.

3aBISKH PI3HOMAHITTIO KOHCTPYKIM 1 TEXHIYHHMX pIillIeHb KOKEH BHUJ TPaHCHOPTHOIO
3ac00y BUKOHYE CBOIO POJib Y 3a0e3neueHH1 e(heKTUBHOTO (DYHKI[IOHYBAHHS Cy4acHOI EKOHOMIKH Ta
MOKPAILIEHH] SIKOCT1 XKUTTS.

Jl1s cTajoro po3BUTKY TPAHCHOPTY JOLUILHO BIIPOBAIKYBATH KOMILJIEKCHI MIAXO0IU:

- PO3BUTOK MYJIBTUMOJIAIbHOT MOOUTBHOCTI Ta 1IHTETpallis pi3HUX BUIIB TPAHCIIOPTY;

- IPIOPUTET EKOJIOTTYHO YUCTUX Ta EHEProeeKTUBHUX BHUJIIB TPAHCIIOPTY;

- MOJIEpHi3aLlisl IHPPACTPYKTYPH 13 BpaXyBaHHSAM HPUHIUIIB «PO3YMHOTO MICTa»;

- 3aJTy4EHHs IHBECTULIH Yy pEKOHCTPYKIIitO Ta OYy{IBHULITBO TPAHCHOPTHUX 00’ €KTIB.

[lepcneKTUBHUM HampsMOM € BIPOBA/UKEHHS LM(PPOBHUX pilieHb Yy cdepi yInpaBiiHHSA
TpadikoM, MOHITOPHHTY MAacaKUPOMOTOKIB, OHJIAHH-CEPBICIB JIsI KOPUCTYBAyiB TPAHCHOPTY, a
TaK0>X PO3BUTOK MOOLIBHOCTI.

[IpoBeneHuii aHami3 TPAaHCIOPTHOI CUCTEMHU Ta IHQPACTPYKTYpPH 3acBiM4UMB, ILIO iXHIH
AKICHUM CTaH 1 CHUHepris B3aeMoJii Oe3lnocepefHbO BIUIMBAIOTH HA EKOHOMIYHHMHA PpO3BUTOK,
€KOJIOTTYHY Oe3IeKy Ta collialibHe OIaromoayqusi CyCliIbCTBA Yepes:

1. InTerpoBaHicTh K rOJOBHUN YNHHHUK €(PEKTUBHOCTI.
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EdextnBHEe (QyHKIIOHYBaHHS TPAHCHOPTHOI MEPEXi NOCATAETHCS JIMIIE 32 YMOB TICHOi
KOOpJWHAIll MDK yciMa ii KOMIIOHEHTaMH — aBTOMOOUIBHHMM, 3aJIi3HWYHUM, aBia- ¥ BOJAHHM
TPAHCIIOPTOM, a TAaKOX «OCTAaHHBOIO MUJICIO» (BEJOCHUTIEAHI W TMINIOXiAHI MapIIPyTH).
BrpoBamkeHHsT MyIbTUMOJANBHUX XabiB 1 yHi(IKOBaHUX CTaHAApTIB (KOHTEWHepH3allid,
IHTErpOBaHiI KBUTKOBI IIIaT(OPMHU) CYTTEBO CKOPOUYE MPOCTOI BAHTAXKIB 1 MACAKUPIB y Mepexoiax
MDK BUIAMH TPAHCIIOPTY.

2. Cranmuii po3BUTOK 1 «3eJIeHa» TpaHC(HOPMAITis.

[lepexin Ha enexTpudikoBani W TiOpUAHI 3aco00HM, BHKOPHCTAHHS ATbTEPHATUBHHUX
MAJTMBHUX TEXHOJIOTIH 1 agMIHICTpYBaHHS IIKI[UIMBUX BUKUIIB € KIIOYEM [0 3HWKCHHS
€KOJIOTIYHOTO HaBaHTaXEHHS. CTBOPEHHS EKOJIOTIYHUX KOPHUAOPIB, BCTAHOBJICHHS 3apsIHHUX
CTaHIIM 1 3a0XOUYEHHS «3€JEHUX» IHBECTULI (OPMYIOTH OCHOBY JJISl BIANOBIJAlI HAa BUKIHKH
KJTIMaTHYHHUX 3MiH 1 MOTIPIICHHS SIKOCTI mOBiTps [6].

3. Lludposrizaiis Ta iHTENEKTyaTbHE YIPABIIiHHS.

Buxopucranas cucreM «po3ymMHOTO» TpaHcropty, cucrteM GPS-monitopunry, Big
Data-anamiTikn ¥ aBTOMAaTH30BAHHUX CHUCTEM KepyBaHHsS TpadikoM J03BOJIIE ONTUMI3yBaTH
MapIIpyTH, 3MEHIIYBaTH 3aTOPH Ta IMiJIBUIIYBAaTH Oe3neky pyxy. BrnpoBamkenns MaaS-mnardopm
(Mobility as a Service) cTBOpro€ THYdYKi CEpBICM 3 TEpPCOHATI30BAHMMH MAapIIPYTaMH, IO
CTUMYITIO€ 3pOCTaHHSI IOMUTY HA FPOMAJICHKUI TpaHcmopT [7].

4. TuBecTHIlIiTHA TPUBAOIUBICTD.

MopnepHizaliss  JOpOXHBbOI Ta  3ali3HUYHOI  1HQPACTPYKTypH BUMara€ 3HA4YHUX
KaIiTaJloBK/Ia/leHb. 3aJy4eHHs MPUBATHUX IHBECTOPIB Yepe3 MEXaHI3MH Jep KaBHO-TPUBATHOTO
MapTHEPCTBA 1 BUIYCK «3€JIEHUX» OO0iraniii gomoMarae MoOUTI3yBaTH pecypcu W po3MOAUIUTH
PH3UKH MDK JEP)KaBOO Ta O13HECOM.

5. ComjanpHa 1HKIII0311 Ta Oe3IeKa.

3abe3nedeHHsT  JOCTYMHOCTI TPAHCIOPTY Mg  MajJOMOOUTBHUX TPYyNm  HaceJICHHS
(HU3BKOMIIJIOTOB1 MapHIPYTH, TaKTUJIBHI MaHENl, aJanToBaHi1 MOCAIKOBI MalIaHYUKH) 1 CHCTEMHU
MacUBHOI Ta aKTUBHO1 O€3MEKH CIIPUSIOTH MIABUIIICHHIO PIBHSI KOMMOPTY i 3HIKCHHIO aBapiitHOCTI.

6. [lepcriekTiBH Ta ClieHapii pO3BUTKY.

B cepennpocTpokoBiii nepenekTusi (5-10 pokiB) ciai o4iKyBaTH MOXKBAaBJICHHSI IHTEPECY 110
ABTOHOMHHUX TPAHCHOPTHUX CHUCTEM, JPOH-IOCTaBKM Ta po3yMHuXx MicT (Smart City).
JIOBroCcTpOKOBUH  yCHiX IPYHTYBaTUMEThCS Ha 30aJaHCOBAaHOMY TMOEIHAHHI  «TBEPAUX»
1HGPACTPYKTYPHUX PIIICHD 1 «M’SIKUX» MOJITUK — IIU(DPOBUX CEPBICIB, €KOJIOTIYHOTO PETYIOBAHHS
W CTUMYITIOBAHHS CTAJIOTO CHOCO0Y KUTTS.

Takum yuHOM, IUTICHA CTPATETis PO3BUTKY TPAHCIIOPTHOI IHPPACTPYKTYPH 3 ypaxyBaHHSIM
IHHOBAIIIH, «3€JeHUX» TEXHOJIOTIH Ta MapTHEPCHKOro (piHAHCYBaHHS CTaHE KIOYOBHUM YMHHUKOM
MIABUIIEHHS KOHKYPEHTOCIIPOMOKHOCTI PETIOHIB 1 IKOCT1 JKUTTS TPOMA/ISH.
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PE3YIBTATH /IOCIII’KEHB ILIIITKOBOI'O IIPOCIIOBA YA

E.B. AuieB, cmapuw. 0ocnion., 0-p mexH. Hayx,
I.B. JIuTBHHOB, ach.
J[Hinpoecvkuii deparcasnull acpapHo-eKoHOMIuHUL yHisepcumem, m. [[ninpo, Yxpaina

[linBumenHss  e(eKTUBHOCTI  MPOLECIB  TEPBUHHOI Ta  BTOPUHHOI  MEpepoOOKH
CUIbCBKOTOCIIOIAPChKOI MPOAYKIIi € aKTyaJdbHUM 3aBJaHHAM arpolpoOMHCIOBOIO KOMILIEKCY.
OaHMM 13 BaXJIMBHUX €TamiB 0OpoOKM MaKyxH Miciis BUDKUMAaHHS OJIii € il IPOCIIOBAHHS 3 METOIO
BUJIUIEHHS OUTKOBOI (pakuii. Bin epexTuBHOCTI 1€l onepallii 3HaYHOI0 MIPOIO 3aJIeXKUTh SKICTh
KIHLIEBOTO MPOAYKTY, 3MEHLIEHHS BTpaT LIHHUX KOMIIOHEHTIB Ta MIIBULIEHHS EKOHOMIUHO1
JOLIBHOCTI BUPOOHUIITBA. Y IOCKOHAJIEHHSI KOHCTPYKIIIT pOTOPHOTO MpOCioBava, 0OTpyHTYBaHHS
HOro onTUMaIbHUX PEKHUMIB pOOOTH 3 YpaxXyBaHHIM (PI3MKO-MEXaHIYHUX BJIACTUBOCTEN MaTepiany
CIpHsi€ TOCATHEHHIO BUCOKUX TEXHIKO-€KOHOMIUHUX TTOKAa3HUKIB.

Metoro paHoi poOOTHM € eKClepUMEHTajJbHe BH3HAUYEHHSI BIUIMBY TEXHOJIOTTYHMX Ta
KOHCTPYKTHUBHUX IapaMeTpiB Ha €(QEeKTUBHICTh IMpPOLECy MPOCIIOBaAaHHS MaKyXd B POTOPHOMY
MpocifoBayi 31 MIITKOBUM 0OapabaHoMm, TOOyJOBa perpeciiiHoi Mojaeni Ta BCTaHOBJICHHS
ONTUMAJIBHUX YMOB poOOTH OOJIafHAHHS AJIs AOCATHEHHS MaKCHMAaJIbHOTO CTYIEHS MPOCIIOBaHHS
O1TKOBOT (ppaKITii.

[Iporpama Oyna cTBOpeHa Ha OCHOBI TOIEPEAHIX TEOPETHUYHUX Ta EKCIEPUMEHTATbHUX
nociipkeHb. BoHna nmepenbavae Taki eTanu eKCrepuMeHTaAIbHOT poOOTH:

— BHBYCHHS BIUIMBY 3aBaHTAKCHHS Matepiany (q), 4acToTH oOepTaHHs poTopa (n) Ta Kyra
3aKpy4dyBaHHs IIITOK (0) HA €PEKTUBHICTh MPOCIIOBAHHS OUTKOBOT (pakitii (nim);

— BU3HAYCHHS ONTHMAIHHHUX MTapaMeTpiB IIITKOBOTO MPOCIFOBayva.

Jlnst peanmizamii 1iei mporpamu Oyna po3poOsieHa 1 3MOHTOBaHa EKCIIEpUMEHTabHA
ycTaHoBKa (puc. 1), mo ckiagaeThes 3 moapiOHIOBava, )KUBHJIBHUKA Ta POTOPHOTO MTPOCiFoBayva.

a 0

a — cxema TexXHoJorivHa, 6 — miTkoBuil GapabaH mpocitoBaya, 1 — npobapka; 2 — )KUBWIBHUK, 3 — [IITKOBUII MPOCitOBad,
4 — mpuitMad O1IKOBOTO MOPOIIKY, 5 — MpHMaY JYIIITHHHOTO TIOPOIIKY

Pucynok 1 — ExciepiMeHTabHa yCTaHOBKA MIITKOBOTO MPOCitOBada

OcHOBHUMH pOOOYMMHM €JE€MEHTaMHU POTOPHOTO MpocioBada € IiTkd 1 cuto. litkn
pO3TalloBaHl BIIHOCHO Bajla poTOpa IIiJi MEBHUM KyTOM 3akpydyyBaHHi. CHUTOBa MOBEPXHS
BUTOTOBJICHA 3 KalpOHOBUX a00 MOJiaMiJHUX BOJIOKOH, 3 PO3MIpOM BIYOK Ha 1 cM JOBXHHH, IO
CTaHOBHTb.

OO0'eKTOM JOCIHIPKEHHS CTajla MaKyxa 3 HaciHHS riOpua COHSIIHUKY 3arnopizbkuii 28, ska
nospiOHIoBasacss Ha apoOapui. ITonpiOHena makyxa macoro 10 kr 3aBaHTax<yBanacsi B OyHKep
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KUBWIbHUKA. [liciis BKIIIOYEHHS JBUTYHA IMPOCIIOBa4ya Ta >KMBUJIBHMKA, MaTepias, IO MpPOMIIOB
Yyepe3 BiuKa CUTa, 3BaKYBAJIU, 00 BU3HAYUTH CTYIIIHb MPOCIFOBAHHS (1)

Jlnst tocTikKeHb BUKOPUCTOBYBAJIOCSA CUTO 3 po3MipoM Biwok 258 mxm. Ilogauy marepiamy
PEryaoBaIN KUBUIBHUKOM IUISIXOM 3MIIIEHHS 3aCJIIHKU IIHEKA, IO J03BOJISAJIO 3MiHIOBATH 00'eM
3axBary Marepiamy. Yactory o00epTiB poTOpa KOHTPOJIIOBAIM 3a JIOTIOMOTOI0 IepEeTBOPIOBaya
Y4acTOTH.

Jlisi TOYHOTO BHUMIPIOBAaHHS 4YacTOTH OOEpTiB BHKOPHCTOBYBaBCS Taxomerp. Kyt
3aKpydyBaHHS O KOPUTYBaBCS 3a JOIOMOTOIO0 3MIMICHHsS OOOWIIIOK BIIHOCHO Baja poTopa, SKi
(bikcyBamucs 3a JOTIOMOTOO TBHHTIB.

[Tix gac eKCepuMeHTIB TakoXK (iKCyBanacs MOTYKHICTb ABUTYHA 3a JOTIOMOTOIO MPHIIALy
PII-50.

Jlnst  BapitoBaHHS TapaMeTpiB Tmporecy Oyiau oOpaHi Taki (aKTOpu: 3aBaHTAKEHHS
marepiany q (0,2-0,6 kr/c); wactora 06epriB potopa n (80-120 xs™); kyT 3akpydyBaHHs IIITOK o
(5-15°). [lns mumaHyBaHHS €KCIEPHMEHTIB 3aCTOCOBYBalacs CTaHIApTHA TPHUPIBHEBA MAaTpPHUILL
ONTUMAJILHOTO TUTaHy bokca-berkena apyroro mopsiaky ist TphOX (PaKTOPIB.

Ha ocHOBI cTaTUCTHUHOT 00pOOKH €KCTIEpUMEHTAIbHUX JAHUX OyJI0 MOOYAOBAHO PIBHSAHHS
perpecii, sike BimoOpa)kae 3aJIeKHICTh CTYNEHs MpPOCioBaHHS Mn (%) Bl OCHOBHHMX KEPOBAaHUX
rapameTpiB Iporecy:

Mn = 26,9 + 0,525n - 0,5125a — 0,4750qgn — 0,425na — 0,8583n? — 1,76670>. (1)

OnTumanbHi YMOBU (DYHKI[IOHYBAHHS IPOCitOBadya 3 CUTOM (pOo3Mip BiUOK — 258 MKM), 110
3a0e3MeuyioTh HAWBHUIIMN CTYMIHb IPOCIIOBAHHS, JOCSTAlOThCA 3a TAKUX 3HAYEHb HapaMeTpiB:
q=0,2 kr/c,n=112,7 06/xB, o = 8,9°, mpu IbOMY CTYIiHb IPOCIIOBAaHHS CTAHOBUTH N = 27,28 %.

TexHONOTIYHI TMOKa3HWKW: MaKCHUMaJIbHO JOMYCTUME 3aBAaHTAXKECHHS Marepiary Qu =
0,214 xr/c. Tlotyxnictb npuBoay: N = 1,1 kBrT.
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JOCIHUIKEHHA T'TBPH/IHOI THEBMATHYHOI EHEPTETHYHOI
CHCTEMH JI/IA IEPCITEKTHBHHX CHJIOBHX IIPHUBO/IB

JL.I. Kpurrona, ooy., kano. mexu. nayx,

P.M. MartBicHuko, acn.,

J.B. Konuasuis, acn.

leano-Dpankiscokuil HayioHanbHULl MexHiYHUL YHIGepcumem Hagmu i 2azy, m. leano-Dpankiscok,
Ykpaina

Po3poOka aBTOMOOUIIB Ha CTUCHEHOMY MOBITP1 € LIKaBUM 1 NEPCIEKTUBHUM HAIPSIMKOM.
[lepunii mpoToTHn aBToMOOUIS Ha CTUCHEHOMY TOBITpI NiA Ha3Boto AIRPod, mokazanuii Ha puc. 1,
OyB BumymieHnii kommnaniero MDI B 1998 pomi [1]. ITiznime MDI Bumyctuia cepiro mpoTOTHITIB,
Biumouatoun OneFlowAir, CityFlowAir, MiniFlowAir 1 MultiFlowAir.

Pucynok 1 — TpancnopTtauii 3aci6 31 crucHeHrM noBiTpsiM AirPod

Tata Motors 3 Iunmii € me ogHUM BHUPOOHMKOM aBTOMOOUIIB, IO TPAILIOE HAJ
TPAHCIOPTHUMHU 3aco0amMH i3 JBUTYHAMHU Ha cTUCHeHoMy moBiTpi. Y 2009 poui xommnanis Tata
BUIIYCTHJIa aBTOMOOUTH 3 MHEBMATHYHUM MPHBOIOM i3 IBUT'YHOM Ha CTHCHEHOMY moBitpi [2]. Tata
TaKOXX PO3TIIAJAE IUIAaHU Bimpo pkeHHs Bepcii Tata Nano 31 CTUCHEHHWM MOBITPSM, SKa paHille
po3risganacs B pamkax ixuHpoi ciBnpaini 3 MDI. Kpim MDI i Tata Motors, Oynu i iHI11 KoMnaHii,
SK1 TpaIoBald HaJ JBUTYHOM Ha CTHCHEHOMY TnoBiTpi. Hampukian, kommanis EngineAir 3
ABcTpaii po3pobuiia pOTOPHUI MOBITPSHUE IBUTYH T Ha3Boio «Motop Di Pietro» (puc. 2) [3].
Ha BinMiHy BiA ICHYIOUMX pOTOpHUX JABMIYHIB, ABUIYH Di Pietro BHKOpPHCTOBYE MpPOCTHI
LWITIHAPUYHUN 00epTOBUNA MOpIIEHb (MPUBITHUMA Bai), SKUH KOTUTHCS BCEPEAMHI LUIIHIAPUYHOTO
cTaropa.

Hayxosigsmu IOHTYHI Oyno pocmimkeHo eKOHOMIYHO epeKTUBHY KOHIIETIIII0 Ti0pHAHOTO
JIBUTYHA 31 CTUCHEHHUM TIOBITPSIM JJIsi TEXHOJOTIYHOTO TPAHCIOPTY 1 KOMEPUIHHUX TPAHCTIOPTHUX
3aco0iB. CTHCHEHE TOBITPSI MEPETBOPIOETHCS B MPOIIEC TallbMyBaHHS TPAHCIIOPTHOTO 3aco0y Ta
MOX€ BHUKOPHUCTOBYBATHCS JUIsi TPUBOAY IMHEBMAaTUYHOTO cTapTepa Ta  JIOCSTHEHHS
PEKYIEepaTUBHOTO TalbMyBaHHS JJIsi TPAHCIOPTHUX 3acO0iB 3 OMEpaIlisiMd  «CTOIM-CTapTy.
PexynepatuBHe raibMyBaHHSI CTUCHEHUM TOBITPSIM, B OCHOBHOMY, 3aCTOCOBYBAJIOCS JI0 TU3ETHHUX
nBuryHiB. lle mosicHioeThCs THUM (PakTOM, IO 1 MU3ETBHUN JBUTYH, 1 JIBUTYH Ha CTUCHEHOMY
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MOBITP1 MPALIOIOTh HAa BIIHOCHO HU3BKIN IIBUIKOCTI. BianpanboBaHe TEIIO, MO YTBOPIOETHCS i
gac 3TOpSHHS IMaauBa TPAJUIIMHOTO IBUTYHA, 3aiimMae mpubausno 60-65 % 3arambHOi eHeprii
naiMBa y (GopMi OXOJOKYBAIbHOI PIIMHU ABUTYHA Ta BUXJIONMHOI €Heprii, JEMOHCTPYIOUU
BEJIMKHI MMOTEHIia] Y peKyIepaiii Bilnpans0BaHOTO TeIlIa.

Pucynok 2 — TpancniopTHuii 3aci6 Ha ctrcHeHOMY TOBITpi EngineAir

Hocnigaukn I OHTYHI 3anmpononyBanu riOpuaHy CUCTEMY CTHCHEHOTO TMOBITPsS (puc. 3)
JUTSI BITHOBJICHHSI BIiAIPAIlbOBAHOTO TEIUIA BiJ JWU3EJILHOTO JBUTYHA 3 METO MIIBHINCHHSI HOTO
e(eKTUBHOCTI.

3 5
1 - Iuzenbhuii ABUTYH; 2 - JlaTunk KpyTHOro MoMeHTy; 3 - [loBiTpsiHuii koMmmpecop; 4 - Knanan crabinizatopa
Hanpyry; 5 - Akymynsartop; 6 - bak 30epiransas nosiTps; 7 - Jlatunk THcKy; 8 - JlaTunk temmnepatypu; 9 - Typ6ina; 10 -
Tenzonatunk; 11 - Enexrpuannii apurys; 12 - Konekrop; 13 - Perymotounii knanan

Pucynok 3 — I'iOpuiHa THEBMaTHYHA €HEPreTHYHA CHCTEMa

Jlocmipkyroun TiOpUHY CHCTEMY CTHCHEHOTO TOBITpS Ha OCHOBI OKpeMoi pekymeparii
TeIUla BHUXJIOMIHUX Ta3iB 1 OXOJOJPKYIOUOi piIMHM OyJao JJOBEAEHO, L0 MPOAYKTHUBHICTH 1
e(peKTUBHICTh JIBUTYHAa HA CTUCHEHOMY IIOBITpI MOXXKHa TMOKpAlIUTH IUISXOM peKymneparii
BIJINPaIbOBAHOrO TeIula BiA 3BUUaiiHoro JIB3. OmiHuiaM noTeHuian eHepro3oepexeHHs riopuaHoi
CHCTEMHU 31 CTUCHEHHUM IOBITPSM, MOJIENIIOIOYN CHUCTEMY OXOJOPKEHHS IU3eIbHOrO JBUTYHA 1
AT BUCHOBKY, IO 3aCTOCYBaHHsS IMHEBMAaTW4yHOI TiOpuam3aiii moxke 3aomamuta 80 %

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Cr. 30



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

MOTY)XKHOCTI BEHTUJISITOPA OXOJIOJDKEHHS, OCKUIBKH BIANpaIbOBaHE TEIUIO, IO MICTUTHCA B
OXOJIO/DKYBAJIBHIN PiAMHI, PEKYIIEPYETHCS CTUCHEHUM IOBITPSIM.

Pazom 3 TUM 3acTOCyBaHHS JBUT'YHIB Ha CTUCHEHOMY IIOBITpI B TPAHCIIOPTHUX 3aco0ax He
HACTUIBKH TOMYJSPHE, MOPIBHIHO 3 IHIIMMH TEXHOJIOTIIMU aJIbTEPHATHBHOI €HEPrii, TAKUMU SK
enektpoMoOuti. Kinbka TEXHONOTIYHMX NPUYHMH MiACYMOBaHI Hrbk4ye. Bucoki BTpatm eHeprii
CTHCHEHOTO TOBITpsI Mix Yac poOOTH € TOJOBHUM TEXHIYHUM Oap'epoM. Uepe3 HHU3bKY HIUTBHICTD
eHeprii HeoOXiHO 30UIBPIIUTH THUCK 30€piraHHs CTUCHEHOTO MOBITPS, IO MOKE MPU3BECTH 0
CepHO3HMUX BTPAT CTUCHEHOTO TOBITPS BITHOCHO JPOCEIBHOI 3aCIiHKH, KOJIM TIOBITPSI BUITYCKAETHCS
3 moBiTpsiHOTO Oaka. Ilim wac poGoyoro mporecy IBUTYHA, IO MPALIOE€ Ha CTUCHEHOMY MOBITPI,
TUCK Y IUTIHAPI BHUIMUHA, HDK IMICIS PO3IIMPEHHS CTUCHEHOTO IMOBITPS, IO O3HAYAE, IO €Hepris
CTHCHEHOTI'O MOBITPSI HEAOCTaTHRO NIEPETBOPIOETHCA HA BUXIAHY MOTYXHICTh. KpiM TOro, crucHene
TIOBITPSI MO’KE 3a3HABATH BEJIMKHUX BTPAT TMOTOKY ITiJ] 9ac MPOIECY BCMOKTYBAaHHS dYepe3 BHCOKY
IIBUJKICTH TOTOKY Ta KOHCTPYKIIIO CHUCTeMM KiamaHiB. IIporec napocentoBaHHS CTUCHEHOIO
MOBITPSI CTBOPIOE HU3BKY TEMIIEPATypy B MEBHUX MICIAX TpyO ab0 KianaHiB BIIMOBIAHO 70 eeKTy
Jlxoynsa-ToMcoHa, 1110 MOKe IPU3BECTH J0 MpoOsieM OJIOKyBaHHS JIbOJIOM JBUTYHA ITICHIS TPUBAIOT
poboTH.

CymyBaHHS eHeprii, IO 3’€lIHYy€ BHUXJONHY TpyOy JBHUIYyHa Ta BHUXIJ KOMIIpecopa
JTM3EITbHOTO JIBUTYHA, TaKOK Oyio BUBYEHO 3a momoMororo CFD monmentoBaHHS Ta €KCIIEPUMEHTIB.
Bymo 3po0iieH0 BUCHOBOK, IIO Ha MPOIIEC 3JIUTTS €HEPrii CYyTTEBO BIUIMBAE IUIONIA MOTEPEUHOTO
nepepizy 3’ eaHyBasibHOT Tpyou. I 6mm3bko 70 % BiampanboBaHOTO TEIJIa BUXJIOMHUX Ta3iB MOXKE
Oytu pekyrnepoBaHo. ['iOpumHa cuctema Oyiia OI[iHEHA Ta MPOJEMOHCTPOBaHA B EKCIIEPUMEHTI,
SIKUW TI0Ka3aB TIOTEHINal MIABUINEHHS e()eKTUBHOCTI cuioBoro mpuBoxy ao 40 %, komu THCK
CTHUCHEHOTO TIOBITPs CTaOUTbHMI Ha PiBHI 8 Gap.

[lepepobneHe cTuCHeHe TOBITpS 30epirajJocs B  MOBITPSHOMY  pe3epByapi Ta
BUKOPHCTOBYBAJIOCS JJIsl TPUCKOpeHHs ABUTyHa. [1in yac mpucKopeHHs ABUTYH MIr IPALIOBaTH 1 K
MMHEBMATUYHUIA JBUTYH, 1 SK JBUTYH BHYTPIIIHBOTO 3TOPSHHA B UYOTUPUTAKTHOMY LHUKII 3
MMHEBMATUYHOIO MIATpUMKOIO. [1ig yac po6OTH B IIMKII1 )KUBJIEHHS 3 MIATPUMKOIO MOBITPS, CTUCHEHE
MOBITPSI BBOAMJIOCS B IWJIIH/P JIBUTYHA, PO3IIMPIOBATIOCS Ta BUKOHYBAJIO POOOTY I/l Yac MepIioro
xony mopuHs BHM3. [loTiM 1el ke 3apsii MOBITPS BUKOPHCTOBYBAaBCS B HACTYIHOMY IIpOIieci
3rOpPSIHHS, BUKOHYIOUH J0JaTKOBY POOOTY HaJl MOPIIHEM I1iJl Yac HOro APYroro Xo1y BHU3.

[IpuHIMI peKynepaTUBHOTO TajbMyBaHHSA IOJSATa€ y BIAHOBIEHHI 3alBOi KIHETHYHOT
€Heprii TpaHCIOPTHOTO 3aco0y M Yac (a3u raJbMyBaHHS Ta MEPETBOPEHHI B JIOCTYIIHY €HEPTito,
Taky SK 3apsa  akymynaropa. llogiOHuM YuHOM  pekylepaTMBHE TalbMyBaHHA MOXHA
BHUKOPHUCTOBYBATH ISl BUPOOHMIITBA CTUCHEHOTO MOBITPs B TiOpHaHIN cuctemi moBitps. OcHOBHA
BIIMIHHICTh MOJISITa€ B TOMY, II0 €HEPris aKyMyIsTOpa BIAHOBIIOETHCA B MPOLEC] 3apsHKaHHS Ha
OCHOBI XIMIYHOT peakIlii, TOJl SK CTUCHEHE IOBITPS BHUPOOJSETHCA B MPOIECI CTUCHEHHS
koMmripecopa. [TopiBHSIHO 3 TIOPUAHOIO EIEKTPUYHOIO CHUJIOBOIO YCTaHOBKOIO, TiOpHIHA cHCTeMa 31
CTHCHEHHMM TOBITPSIM € OUIbII KOMIIAKTHOIO, OCKIIBKM CTUCHEHHS Ta BHUXIIHA MOTY>KHICTh MOXYTh
OyTH peani3oBaHl Ha OJJTHOMY JIBUTYHI.
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AOCIII’KEHHA CUCTEM HA/IKPUTHYHOI O /IBOOKHUCY BYIJIEL[IO
HA BAHTA’KHOMY TPAHCIIOPTI
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leano-Ppanxiecokutl HayioHATLHUL MeXHIYHUL YHIgepcumem Hagpmu i 2azy, M. 1éano-DPpanKiscok,
Ykpaina

Icnye Tpm OararooOinsitoul cHUCTEMHU peKylepalii BiIIpalbOBAHOTO TEIja JBUTYHIB
BHYTPIIIHBOTO 3TOpaHHs, SIKI 3apa3 JOCHKYIOThCS Ha TpaHcnopTi. lle TtepmoenekTpuuHi
reneparopu (TEID'), cucremu Ha ocHOBi opraniunoro nukiy Penkina (OLIP) i cuctemu Ha OCHOBI
HaJIKpUTHYHOTO miokcuay Byriemnto (sCO2) [1]. i cuctemMu MOKHA BUKOPUCTOBYBATH HE JIUIIE LIS
pekymepanii Temja BHUXJIOMHUX Tra3iB JABUTYHIB BHYTPIIIHBOTO 3TOpaHHS BaHTAXKHOTO
aBTOMOOUIBHOTO TpaHCIOPTY, ajle W y OaraThOoX IHIIMX Tally3sfX, TaKUX SIK BHPOOHUIITBO
€JIEKTpOCHeprii Ha BUKOMHOMY MajuBi abo CyJHOBa €HEepreTuka. 3a3HayeHi cucteMu Oyiau
creniagbHO 00paHi aBTOpaMM CTaTTi, OCKUIBKM BOHM MepeOyBaloTh Ha HaWBHUIIOMY CTaH1
TEXHOJIOTIYHOT TOTOBHOCTI, MOPIBHSHO 3 IHUIMMHU HOBITHIMHM JIOCTYMHHMH BaplaHTaMH 3HMKEHHS
BUTpaT TMajuBa Ta 3MEHIIEHHS  TOKCUYHOCTI  BIANpANbOBAaHUX Tra3iB  (HaNpUKIa,
TEPMOAKYCTUYHHUMU CUCTEMAaMH), SIK1 3HAXOIITHCS HA MOYATKOBIN Ta CEpeIHINA CTaii JOCTIHKEHHS.

JIBOoOKHC BYyIJICHIO - II€ E€KOJIOTIYHO Oe3leyHa MpupoaHa pobodya pEUOBHHA, SKa €
HEJIOPOTOI0, HETOpIoYOol0, BHOYyX00E3MeyHOI Ta TMoIMpeHa B mpuponi. Kpim Toro, ABOOKHC
BYIUICIIO MAa€ HU3BKWW TMOTEHIIAJl 3 TOYKH 30Py BIUIMBY Ha TJIOOAJbHE MOTEIUIIHHS 1 HE Mae
030HOPYHMHIBHOTO €(eKTy [2], M0 € BaXJTMBUMU €KOJIOTTYHUMH XapaKTEPUCTUKAMHU TPU BHOOPI
po6oyoi pIiTUHU T TEPMOJMHAMIYHOTO IHHMKIY BUpoOHHITBA enekTpoeHeprii. Komu CO2
HaOIMKAETbCA [0 KPUTUYHOI TOUYKHM, BIH CTa€ MEHUI IMOJATIMBUM JI0 CTHCHeHHs. OTxe, pobora
KOMIIpecopa MoOKe€ OyTH CYTTEBO 3MEHILIEHa, L0 MpHU3BeJIe JO MIABUIICHHS e(eKTUBHOCTI
TepMoauHamiuyHoro nukiy. llle oana nepeBara BuxkopucranHs nukiiB sCO2 nossrae B ToMy, LIO
BOHM IPALIOIOTh 1111 HA0arato BUILKUM TUCKOM IPOTATOM YCbOI'O LIMKITY, 110 IPU3BOAUTH 1O OUIBII
BHCOKOI IIUTLHOCTI poO0YO0T PIMHM, IO TAKOX CHPHSE MEHIIUM po3MipaM oOJaJHAaHHS, a OTKE,
MEHIIIUM KaliTaJIbHUM BUTpaTam [3].

MeTo0 JaHOTO JOCHIIKEHHS € OIIHKa TNOTEHIialy peKymnepaiii elekTpoeHeprii 3a
nonomororo cucteMm OLIP, sCO: ta TEI' y cuctemax yrumizanii Teria BUXJIOMHUX ra3iB AU3EIbHUX
JIBUTYHIB BHYTPIIIHBOTO 3rOPSHHS BAHTAXXHOTO aBTOMOOUILHOIO TPAHCIIOPTY.

JocmikeHHsT BHKOHAaHO 3a Jomnomoror mnporpamHoro kommiekcy GT-SUITE —
CHEIialli30BaHOTO MPOrpaMHOro 3abe3meueHHsl s CUMYJSLii  JABUTYHIB, TpaHCMICIH Ta
TPAHCHOPTHUX 3ac00iB. Llel KOMIUIEKC € MOTY)KHUM IHCTPYMEHTOM JUI MOJICJIIOBAHHS PI3HUX
CHCT€M JIBUTYHIB 1 IIMPOKO BHUKOPHUCTOBYETHCS MpPOBLAHUMHU BUPOOHHMKaMU Yy  cdepi
aBToMoOneOynyBanns. GT-SUITE Bxmouae BOynoBani 3D CAD-iHCTpyMeHTH, 3acoOu
onTUMIi3alii Ta MOXJIHMBOCTI HaBYaHHA HEMpPOHHUX Mepex. KpiM TOro, BOHO IHTErpyeThcs 3
MATLAB i Simulink, mo g03Bossi€ MPOBOIUTH ITUOIIHMIA aHAT3 CHCTEM KepyBaHHS.

BaxumBoro vactunoro mojenmtoBaHHs B GT-SUITE e kamiOpyBaHHS pi3HUX KOMIIOHEHTIB
cucTeMd. Y IbOMY HpPOEKTI HEepHIMM KPOKOM OYJI0O CTBOPEHHS aBTOHOMHHUX KaliOpyBaJbHUX
MojieNel A TerI000MIHHUKIB, KOMITPECOPIB, HACOCIB 1 TypOiH, sSIKi BUKOPUCTOBYIOThCS B MOJIEIISIX
JIM3EJIbHOTO JIBUT'YHAa Ha BAHTAXKHOTO aBTOMOOUTbHOTO TpaHcnopTy. Lli Moneni nmopiBHIOBamucs 3
JIOBIIKOBUMH JIaHUMH BUNpPOOyBaHb, HAJaHUMH BUPOOHUMKAMHU JHM3EIBHUX JBUTYHIB, a TaKOX
IHIIMMU ~ JTAHUMHU ~ KajiOpyBaHHs, 3HaiineHumu B jitepaTypi. Komm kommoHeHTH Oynu
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BiJIKaJIIOpOBaHi, a SIKiCTb PEe3y/bTaTiB MOPIBHIHO 3 JaHUMH TECTYBaHHS CTasla MPUHHATHOIO, Oyi0
PO3M0YaTO MOJICITIOBAHHS IS IILOTO TPOEKTY.

Jlisi 1bOTO TMPOEKTY BUKOPUCTOBYBABCA O-LMTIHAPOBUM 4-TaKTHUM AM3ENbHUHA JBUTYH
pobounm o6’emom 12,0 i 3i cryneHem ctucHeHHs 17:1. Ile TUmoBi NBUTYHH aBTOMOOLIHLHOTO
TPAHCIOPTY, SIKi 3apa3 BUKOPUCTOBYIOThCS Il BAHTAXKHUX aBTOMOOLITIB.

Mogens TemaooOMiHY B LWIHAPI, sSKa BUKOPUCTOBYETHCS B I[bOMY JOCHIIDKEHHI, €
mozemtto WoschniGT. ¥V 1iii Mojeni BUKOPHCTOBYEThCS (OpMya, sSIKa TOYHO IMITYye KIACHYHY
kopemsmito  Woschni 6e3 3aBuxpeHns. OjHak pi3HULSA T1ojisirae B o0poOmi  KoedillieHTiB
TEIUIOBiAaui mpu Bimkputux kinanaHax. Mogens WoschniGT BpaxoBye mnepenady Teruia,
30UTBIICHY MIBHJKICTIO TMPHUILIMBY 4Yepe3 BIYCKHI KJIAaHW, a TaKOX 3BOPOTHHU IOTIK dYepe3
BUIYCKHI KjanaHu. KpiM TOro, BHUKOPHUCTOBYBaHa MOJ€ib 3rOpSHHSA - L€ Oe3nocepeaHe
BrpuckyBanHs (DI), konu mammBo BHOpPCKYeTbcs Oe3MnocepeHbO B IMMIHAP. Y WId Mojenl
e(eKTUBHA MOTYXKHICTh JIBUTYHA PEryIIOEThCS KUIBKICTIO MaJIMBA, 10 BIOPCKYETHCSA B LMIIHIPH.
[Tomaua manuBa oOMekeHa B KOHTpPOJEpl CHIBBIIHOIICHHSM IMOBITPs Ta nanuBa. TypOoHarHirauy
BCTAHOBJIIOBaBCA yac 1 cexyHza, 100 AOCATTH MOCTIMHOT HIBUKOCTI TYpOIHU MICHS 3MIHU YacTOTH
000pOTIB KOJIHYACTOro Baja ABUTyHA. [licis BU3HAueHHS HEOOXIIHUX NapaMeTpiB KOPUCTYBad
MO’Ke€ BBECTH BIIIOBIIHI BXiIHI JaH1, HEOOXIHI JJIs MOJIEJTFOBAHHS.

Ha puc. 1 mokazana monens cuctemu SCO2, ctBopena B GT-SUITE. KoucTpykiis cucremu
Oa3yBayacsi Ha PEKyNepoBaHOMY 3aMKHyToMmy MKl bpaiitona. Ilg cuctema mae mgomaTkoBy
repeBary MiIBUILEHHS 3arajibHOi e(eKTUBHOCTI 3aB/IIKM BUKOPUCTAHHIO pekynepaTopa. Pobounm
titom s miel cucremu € Byraekuciauid ra3 (CO2) y HaAKpUTHYHOMY CTaHi. BaxiuBum
IapaMeTpoM € MouYaTKOBa TEMIEPATypa X0I010areHTy. 1i Beranosaeno Ha 31 °C, mo6 3a6e3neunTtn
HagkputnuHuii ctad CO2 y BCiil cuctemi. Y HaAKpUTHYHOMY cTaHi Temneparypa i Tuck CO2 Butmi
3a KPUTHUYHY TOUYKY, TOMY PiJIKy Ta apoBy ¢da3r HEMOXKIUBO po3pi3HUTH. Lle BimOyBaeThCs, KOIH
temmneparypa nepesuiye 31 °C 1 Tuck nepesunrye 83,8 6ap.

e T = y— i 5
i S - =
)i ! /

" PH_DIagram  Pearformance Auto_Initialize

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

Koxna Tpyba MOJETIOETBCS AK «IUIOCKA IUIACTHHA», Ky MOJKHA 3HANTH B THUIIOBOMY
IUTACTUHYACTOMY TEIUIOOOMIHHMKY. TpyOu MOJETIOIOThCS 3a JOTOMOTOI0 TEIUIOBHX TpPYOOK,
3’€IHAHMX 13 MacaMu, sIKi PEJICTABIIAIOTh CTIHKM TPYyO 1 peOpa [yt BHYTpimHb01 Tpyou. Kpim Toro,
mabnon TEM, sikuil BUKOPHCTOBYETbCS B MOJENi, BPaXOBYE BCl TPH TEPMOEIEKTPUUHI €PEeKTH
(3ecOeka, IlenpThe 1 TomMcoHa), 1100 reHepyBaTH EJIEKTPUYHHMI MOTEHLIaN y BiAMOBIAHOCTI 3
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pI3HUIICI0 TeMIieparyp Ha HboMy. s aHami3y moTy»KHOCTI, BUpoOieHoi Bciero cuctemoro TET,
Oyna CTBOpEeHa MiIMO/IeNb, SIKa MCYMOBYE BC1 BUX1IHI MOTYXHOCTI Bixt kKoskHOoro TEM.

3arasiom, 3 pe3ynbTaTiB JOCHiKEHb ycix Tphox cuctem PTBI, Ha puc. 2 mokaszano, 1o
HAIMOBIPHIIIMMH CUCTEMaMH, sIKI OyIyTh YCIIIIHMMHU JUIsl 3aCTOCYBAaHHS B CHUCTEMax YTHIIi3allii
BIJIIPAIbOBAHOTO TEIUIA BUXJIOMHUX Ta3iB IS BXKKHUX IU3EIbHUX IBUTYHIB, € cucremu OLIP i
SCO. Lli nBi cucremMu MaroTh 3HA4HO BUlLy edekTuBHICTh, HDK TEI, 1 ToMy pexynepyroTh
Habararo Oimpmre eHeprii 3 BuxyionmHux raziB. Kpim Toro, cucremu sCO; MaroTh J0OAATKOBY
nepeBary, OCKUIbKM € OUTbII KOMITAKTHUMH 3aBIKHM BHIIOMY po004YOMY THUCKY cucTeMu. OJHaK
TOJIOBHUMH TpoOieMaMu, 3 sSKUMH CTHKaloThes sk cuctemu OLIP, tak i sCO2, € po3poOka
BHUCOKOC()EKTUBHUX TYpOiH, sIKi OyAyTh HaAIHHUMH IPH MiIBUIICHUX THUCKAaX 1 TeMIleparypax.
SIkmo mi mpoOsieMH BAACTHCS MOJOJATH, ICHYE 3HaYHA MOXIIMBICTH JUIsI MAaCOBOTO 3aCTOCYBaHHS
ux cucreM s pogatkis PTBI.

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

8000 -

pr— 4012.2

" 10.0 128.0 S37.2
Pesxum 1 Pexum 2 Pexum 3
@® TEI OLP @ sCO2

Puc. 2 — IopiBusiHHs TphOX cuctem PTBIT

Cucremn sCO; maroTh HaWBHUINY e€PeKTUBHICTH 3 TphoX cucteM PTBI, a Takox MarmTh
repeBary KOMITAKTHOCTI 3aBISKH BHIIOMY pobOodoMy THcKy. Kpim Toro, Bapticth KBT eHeprii,
BupoOsieHoi cucremamu sCO», TakoX 3Ha4HO Hrok4ya, HDK y cuctemax OILIP 1 TEI. 3Buuaiino,
BUKOPUCTaHHS TaKUX CHCTEM BCE M€ € MPeaIMETOM aHali3y Yy KOHTEKCTI MaciuTabHOi
enekTpudikamii CydacHOTO aBTOMOOUILHOTO TPAHCIOPTY, aje JeAayli OuIbIe BIPOBAKEHHS
aNbTepHATUBHUX BU/IB TalliBa Ta BOJHEBUX MAJUBHUX EJIEMEHTIB O3HAua€, 110 TaKli CHUCTEMU
MOXXKHA pO3TJSAaTH SK BUCOKOAKTyallbHI. 3Ba)kKalOUM HA 3pOCTAIOYUN THCK Ha BHUPOOHUKIB
aBTOMOOUIIB 1[0JI0 3MEHIICHHS BUKUIIB Bi TpaHCHOPTHUX 3aco0iB, cucremu sCO2 MOXKYTh
BUSIBUTHCS TPHUBAOIMBOIO TIEPCIEKTUBOI0 HA MOTYKHUX JM3EIbHHUX JIBUTYHAX BaHTa)KHOTO
aBTOMOOUIBHOTO TPAHCIIOPTY.
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YIOCKOHAJIEHHA KOHCTPYKIII BUITYCKHOI' O KOJIEKTOPA
JABUTI'YHA BHYTPIIIIHBOI' O 3I'OPAHHA METO/IOM 3D-
MOJEJIOBAHHA TA OIITUMI3ALII TA30/THHAMIKH
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OpHMM 13 KIIIOYOBMX €JIEMEHTIB CHCTEMHU BHIIYCKY BIINpallbOBAaHMX Ta3iB JBUTYHA
BHYTPIIIHEOTO 3rOPSHHS € BUIYCKHMH KOJEKTOp. MOro KOHCTpYKIlsi Bimirpae Bax<IHBY poONb Yy
(dbopMyBaHH1 €EKTUBHOTO T'a3000MiHYy, 3MEHIIIEHH] TEIUIOBUX BTPAT, 3HUKEHHI PIBHS 3BOPOTHOTO
THUCKY Ta MOKpAILleHH] SKOCTI MPOIYBKH (OUYMUIIEHHS) HWIIHAPIB. Yce 1e 0e3mocepeiHbO BILIUBAE
Ha OCHOBHI po00Yl XapakTE€pPUCTUKH ABUTYHA — IOTYXKHICTh, MAJIUBHY €KOHOMIUHICTh Ta PIBEHb
MIKITIABUX BUKUIIB.

KoHcTpykTHBHI apaMeTpH KOJIEKTOPa, Takl K KUIbKICTh Ta JOBKHWHA BUIIYCKHHMX KaHAaJB,
dbopma 00’enHyBaIbHOI Kamepu, KOH(DIrypaiiss TpyOONpoBOIB, KYyTH iX 3’€IHAaHHS Ta 3arajbHa
TEOMETPIsA, BU3HAYAIOTh XapakTep BiJBEICHHS BiANMpallbOBaHUX Ta3iB 1 (OpMyBaHHS XBHJIHOBHUX
MporieciB y cucteMi BUMYycKy. Lle, y cBOI0 "epry, mo3HavaeThCsl HA CHHXPOHI3aMii a3 ra3000MiHy,
BIUIMBAIOYH Ha €(pEKTUBHICTh pOOOTH JIBUT'YHA HA PI3HUX PEKUMaX HaBAaHTAKECHHSI.

3 ornsaay Ha CKIAAHICTh (IBMYHHMX MPOIIECIB, IO BiMOYBAIOTHCS Y BHUITYCKHIM CHCTEMI,
BHHHUKAE MOTpeda y BCEOIYHOMY JOCIIKEHH1 BIUTUBY KOHCTPYKTHBHHUX OCOOJIMBOCTEH KOJEKTOpa
Ha Horo (yHKIIOHATBHI XapakTepuCTUKA. OIHUM 13 HaleEKTUBHINIMX CYYaCHHX IHCTPYMCHTIB
JUIsL  peanizailii Takoro aHalizy € METOJAM KOMIT IOTEPHOTO MOJCIIOBaHHS. BuKopucTaHHS
CAD/CAE-mporpam, 3o0kpema SolidWorks i3 moaymem Flow Simulation, m03BoJiss€ BHKOHATH
rMMOOKEe YHCeIbHE MOJICTIOBAaHHS TiIPOJAMHAMIYHMX Ta TEIUIOTEXHIYHUX TMpoIeciB  0e3
HEOOX1THOCTI BUTOTOBJICHHSI (PI3UYHUX MPOTOTHIIIB.

Mertoro naHoi poGOTH € CTBOpEHHA Ta JociimkeHHs 3D-Mozeneil pi3HUX TUIIB BUITYCKHHUX
KOJIEKTOPIB, 30KpeMa — CTaHJIapPTHOTO Ta BJOCKOHAJIEHOI'O PIBHOJIOBIOrO BapiaHTa. 3a AOMOMOIO0
KOMIT'IOTEPHOTO MOJEJIOBAHHSA 3IIMCHIOETHCS TMOPIBHSUIBHMM —aHali3 X KOHCTPYKTUBHHUX
0COOJIMBOCTEHl Ta BIUIMBY Ha OCHOBHI MapaMeTpu MOTOKY BIAMpPalbOBaHUX Ta3iB — TaKUX SK
PO3MOJIUT THCKY, TEMIIEPATypH, IIBUAKOCTI, @ TAKOXK €(EeKTUBHICT 3arajJbHOTO BiIBEACHHS T'a3iB 13
mtiHapiB. OTpUMaHi pe3ynbTaTd JI03BOJSIOTH chopMyBaTH peKOMEHAAIl 100 BIOCKOHAICHHS
reoMeTpii KOJIEKTOpa 3 METOI0 MiABUIICHHS €(QEeKTUBHOCTI pPOOOTH JABUTYHA BHYTPILIHBOTO
3TOPSHHAL

Jyia TeopeTHuHOTO JOoCHimKeHHS Oyno oOpaHo aBromoOuib Daewoo Lanos 3 aBuUryHOM
AlL6DMS. V cepenosuini CAIIP SolidWorks 6yno moGymnoBano 3D-mozeni TpbOX THIIIB
BUIYCKHHUX KOJIEKTOPIB: CTaHmapTHOTO (pHc. 1, a), piBHOOBrOro (puc. 2, a) Ta CIpoIeHoro (puc.
3, a). HocmimpkeHHs mpoBouiiocs i3 3actocyBanusM moayias SolidWorks Flow Simulation, ne 6ymo
3MOJIEIbOBAHO POOOTY JBUTYHA B MOMEHT BIIKPHUTTS BUITYCKHOTO KIamaHa, 30KpeMa IMepIIoro
LWITIHApA.

Ha ocHOBIi pe3ynbTariB CUMYJISIii BCTAHOBIEHO, IO THCK Y MOMEHT BHITYCKY TEpPEBHUIIYE
aTMoc(epHUH, [0 HETaTUBHO BIUIMBAE HA SKICTh OYHMINECHHS LWTIHIPIB BiJ BIANPAIlbOBAaHUX Ta3iB
(mpoayBky). Lle MoXe CHPUYMHHUTH TOTIPIIEHHS Ta3000MiHY, 3pOCTaHHS 3BOPOTHOTO THCKY Ta
MIABUIICHHS TEMIIEpaTyp Y 30Hi KIanaHiB, 1[0 3HIKYE €PEeKTUBHICTh ABUTYHA. 3 METOIO 3HUKCHHS
3BOPOTHOTO THUCKYy OyJI0 3ampoNOHOBAHO KOHCTPYKIIIID KOJIGKTOpA, SKa CIPUSE CTBOPEHHIO
PO3PIHKEHHS B CYCIIHIX KaHAIaX Yy MOMEHT BHUITYCKY, MOKPAIIYIOYH MPOIIEC MPOTyBKH.
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Jnst cumymsanii Oynu 3amaHi Taki BXiOHI mapaMeTpu IMOTOKY BiANpPalbOBAaHHX TasiB i3
WJTIHpA:

— temneparypa — 820 °C;

— tuck — 400 klla;

— cxnmag — 75% Nz, 15% CO2, 5% H20 (mapa), 5% nositps;

— THII IOTOKY — TypOyJIEeHTHHH.

YMOBU HaBKOJIMITHROTO CEPEIOBUINA HA BXO/Ii 3 OOKY KaTalizaropa:

— temneparypa — 20 °C;

— tuck — 100 kI1a;

— cxiag — 100% moBiTps;

— THII TOTOKY — TypOyJIEeHTHH.

[Ticnst 3amycky cumyisiii Oynu moOyaoBaHI TPaekTOpii pyxy Tras3iB i OTpHMaHi emopu
PO3IOALTY THCKY, TEMIIEPATypH Ta IIBUIKOCTI B MEKaX KOKHOT KOHCTPYKIIii KOJIEKTOPA.

45756138 T 7 fenfon=TgeT  ~ = 45755240
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AlTyInAT; 43015030
7638997 > 41644024
; 40274919

o 38004713
29022655 . 37534608
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22006713
180486.42
14000571
10132500
Pressure [Pal

Flow Trajectories 1

11502605
101325.00

Pressure [Pa]

J

a
Pucynok 1. CranpaptHuii BUIycKHUN KonekTop: a — 3D-mMonens, 6 — Tpaekropii pyxy rasis,
B — €IMOpa PO3MOJILTY THCKY
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Pucynok 2. PiBHonoBruii BUnyckHuii koiekrop: a — 3D-mMonenb, 6 — TpaekTopii pyxy rasis,
B — €MIOpa PO3MO/LTY TUCKY.
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Pucynok 3. Criponienuii BuImyckHuii konekrop: a — 3D-mMonens, 6 — TpaekTopii pyxy rasis,
B — €MIOpa PO3MO/LITY THCKY.
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Pucynok 4. Jliarpama 3aje)KHOCTI MaKCUMAJIBHOIO THCKY BHXJIOIHHX Ta3iB HA BUXOJ 3 KOXKHOTO HWTIHIPA Bif
KOHCTPYKIi1 BUILYCKHOTO KOJIEKTOpa

BucHoBku:

MakcumanbHUN 3BOPOTHUH THCK CIOCTEPIraBCS y KOHCTPYKIISIX 3 HEPIBHOMIPHOIO
JOBKMHOIO KaHAIIB (CTaHAAPTHHUM Ta CHpOIIEHUI BapiaHTH), IO MOTIPIIYE YMOBH INPOJIYBKH Ta
HETAaTUBHO BILIUBA€ HA €()EKTUBHICTh POOOTH JABUTYHA.

PiBHOJIOBT1 KOJIEKTOpH 3a0€3Meuniii Kpaluii ra3000MiH, 3MEHIIEHHS! 3BOPOTHOTO THUCKY Ta
OuTbI e(heKTUBHE OUUIIICHHS ITUTIH]IPIB.

TemmepaTypHe mojie B PIBHOJOBIOMY KOJIEKTOPI Oyna0 OUIBI PIBHOMIPHHUM, IO CIPHUSIE
3HIKEHHIO JIOKAJTLHOTO TEIJIOBOTO HABAHTAXKEHHS HA OKPEMI JIUISTHKH, MIABUIIYIOYH HAIIMHICT Ta
JIOBIOBIYHICTH €JIEMEHTIB CUCTEMHU.

3acToCyBaHHS KOMIT IOTEPHOTO MOJIENIIOBAHHS JIO3BOJIMJIO €(PEKTUBHO IOCTIIUTH BIUIKB
reoMeTpii BHUITYCKHOTO KOJIGKTOpa Ha PO3MOAUT MapaMeTpiB MOTOKY Ta 3pOOWTH OOIpyHTOBaHI
BHCHOBKH II0JI0 JIOLJIbHOCTI BIIPOBA/IXKEHHS PIBHOJAOBIUX KOHCTPYKIIN y CEpIMHUX ABUTYHAX.
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VK 621.891

HUIBHINEHHA 3HOCOCTIHKOCTI BTYJIKH KYJIICH MEXAHI3MY
IIEPEMUKAHHA ITEPE/IAY JIETKOBOI' O ABTOMOBLITA

B.I1. CBinepcbkuid, 00y., KaHO. mexH. Hayx,

JI.M. Kupudenko, cmapuwiuti Hayko8uii cnigpoOimHuKx,

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

XmenvHuyvkuii HayioHanebHUull yHieepcumem, M. XmMeabHUybKull, Ykpaina

VY cyyacHOMY MamIMHOOYJyBaHH1 3pOCTaHHS MUTOMHUX HABAaHTAXKE€Hb Ta LHIBUIKOCTEH pyXy
YCKJIQJHIOE eKCIUTyaTalliifHl yMOBHW JeTajeil 1 BY3JIIB MAallldH, M0 CHPUYUHSIE 30UTBIICHHS
IHTEHCUBHOCTI 3HOCY KOHTAaKTYIOUMX IOBEepXOHb. Hapasi BuHHMKIA mnpoOiema MiIABULICHHS
3HOCOCTIHKOCT1 BTYJIKM KYJICH JIETKOBOTO aBTOMOOUIS, IO JO3BOJMJIO O MOKPAIIUTH HAJIIHHICTD
MEXaHI3MY MepEeMHUKaHHS Nepeay 3arajioM.

3 BUHAWACHHAM BHCOKOTEXHOJIOTTYHOTO MaTepiany (iay0OoH MOSBUIAch MOXKIHMBICT
3aMIHUTH TIOJIIETHJIEH Ha AaHTHUQPUKIIHHUNA KapOOIJIacTUK, XapaKTePUCTHKU SKOTO 3HAYHO
MePEeBEPINYIOTh MOMIETUIICH B TaKuX ymMoBax [1].

[TopiBHSUTbHI ~ JOCHIKEHHS ~ MEXaHIYHUX, TeIIOPI3BUUHUX Ta  aHTUQPHUKIIHHUX
BJIACTUBOCTEH TEPMOILIACTIB, SIKi apMOBaHI BYIJICIIEBUMH Ta CKISTHUMH BOJIOKHAMH TIOKA3ald, M0
KapOOIJIaCTUKM MAalOTh Kpallll XapaKTepUCTUKH HLK TEpMOIUIACTH, apMOBaH1 CKJIOBOJIOKHOM: 3a
MOJyJIEM 3THHY Yy 2 pa3u, 3a TEIUIONPOBIAHICTIO B 2—3 pa3u 1 B 2 pa3w HWKYY Aedopmariiro Ta
noB3yvicte [2,3]. Lli BHUCHOBKM 1 CHPHUSUIM BHKOHAaHHIO JOCHIDKEHb XapaKTEPUCTUK
(dbToporiacTOBUX MarepianiB, SKi HAlOBHEHI BYIJICIIEBO-BOJIOKHHCTHMH MaTepiajaMu Ta
MarepiaixiB Ha OCHOBI (TOPOIIACTIB, MOIU(IKOBAHUX KOMOIHOBAHMMH HAINOBHIOBAYaMHU 3 METOIO
MIJIBUIIECHHS 3HOCOCTIMKOCTI BTYJIKH KYJICH MEXaHi3My TIEpeMHUKaHHs Tiepeaad JIETKOBOTO
aBTOMOOLIA [4].

Mera 1 3aBIaHHs IOCHIKEHHsA. MeTor poOOTH € MiABUIIEHHS 3HOCOCTIHKOCTI Mapu TePTS
BTYJIKa — BICh METOJIOM 3aMiHM Marepianry mojieTuiaeH-B Ha ¢ToporiactoBuii aHTH(DPUKITIAHII
KapOOTUTACTHK.

J1y1s1 BUKOHAHHS TIOCTABJICHOT METH B poOOTI BUBHAYCHO HACTYITHI 3aa4i:

— s TOKpameHHS (I3UYHUX, MEXaHIYHUX Ta aHTUQPUKIIMHUX XapaKTePUCTHK
KapOOIUTACTHKIB THIY (UIYOOH TOCHIIUTH BIUIMB BYIJICIIEBHX BOJIOKOH Ta BUIIB (PTOPOILIACTY HA
BJIACTUBOCTI MaTepiaiB;

— pPO3pOOUTH METOJAMKY Ta BUKOHATH JOCTIDKEHHS 3HOCOCTIMKOCTI MOJIMEPHOT0 0a30BOT0O
Matepiany nosieTuinen-B ta antudpukimiiinoro kapoorminactuka ©4K10BB10.

JocnimkenHss aHTU(QPUKIIHHUX BIACTMBOCTEH MOJIMEPHMX MaTepianiB BUKOHYBAJIM 3a
CXEMOI0 KOHTaKTy «cdepa — IuiomuHay. [Ipy HOpMalbHOMY MOCTIHHOMY HaBaHTaXXEHH1
JOTPUMYBATUCH PEKUMY 3MIHHUX T'PaHUYHHX MUTOMHUX HaBaHTaXXeHb. 3pasku niamerpom 10+0,1
MM Ta BUcoTOlO 10+0,1MM 3 KiHIIEBOIO cdeporo pazaiycy 6,35 MM KOHTakTyBajiu ceporo 1o
TUIOUIMHI METAJIEeBOr0 KOHTPTINIA, 110 BUroToBIeHe i3 crani 45 HB = 4,5+0,18 I'Tla, giametp sikoro
60+0,15 mm Ta Bucora 10+0,15 mm. MeraneBe KOHTPTLIO 0OpOOJIEHO IO MOYATKOBOIO CEPETHBO
apu(pMeTHYHOro BiAXmiIeHHs npodinto noBepxHi Ra = 0,2+0,03 MxMm.

KoeditieHnT Tepts Bu3Hauanu 3a Gopmynoro:

Fo _ LA
N Rp-N’

1)

ﬂ:

ne Frp — cuna Tepts, H; N — HopmanibHe HaBanTakeHHs, H; Rrp — paniyc Tepts, mm; f —
3yCHILIA, sIKE Jli€ Ha TeH300anky, H; L — miede momenty tepts ML= f L, [mm-H].
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3a pe3ymbraTaMH JAaHOTO JOCHI/UKEHHS NiIpaxoBYBaJH IHTEHCHBHICTH 00 €MHOTO
3HOUIYBaHHS Ui LUIAXY TepTs ASi:

l. = AVI (2)
"N -AS,

ne AVi; — 3MiHa 00’eMy i-3pa3Ka Ha MPOMDKKY HUIsXy Tepts Big 0 mo 3 kM (mepmuii eran
JOCITI/DKEHHS BIAMOBIIA€ HEIHIMHIN 3aI€KHOCT] 3HOIIYBAaHHS BiJ] UIAXY TEPT);

AV2; — 3MiHa 00’eMy i-3pa3ka Ha IMPOMDKKY muraxy TepTs Bim 3 mo 50 km (mpyruit eran
JOCITIDKEHHS BIAMOBIIAE JIIHIHHINA 3a7I€)KHOCTI 3HOITYBAHHS BiJI IISXY TEPTS).

Hopmanbhe HaBanTaxeHHs Ha ouH 3pa3ok Ni = 100 H, mBuakicts xoB3anus V = 0,3 m/c,
TeMIieparypa 3amipsiach Ha BiacTadi 0,5—1 MM Bix MOBepXHI KOHTpPTLIA 1 Npu BUNpoOyBaHHI 0e3
MaieHnHs cranoBmwia T = (323 +2) K.

JocnipkenHst mpoBowu Ha sy Tepts Si = 0...3 kM ta S2 = 3...50 kM. Pesynpratn
BUKOHaHHX BHITPOOYBaHb JUIS APYTrOTO €Tamy J0CHiKeHb (Sp) nmpencraBieHi Ha pucyHky 1.

InTencHBHCTL 3HOCY,
mm?/(Hem), 1077

1 — ®ropomnact 41TH (80 mac. %) + Byrienese BomokHo 3 TkanuuaHu Texapm (20 mac. %); 2 — roporuiact
4TTH (80 mac. %) + ByruierieBe BOJOKHO 3 TKaHHHH Tekapm (15 mac. %) + ByruerieBe BOJOKHO 3 TKauuuu Ypan-T15 (5
Mac. %); 3 — @roporutact 4ITH (80 mac. %) + Byrienese BOIOKHO 3 TKaHUHH TekapM (5 mac. %) + Byrienese
BOJIOKHO 3 TKaHuHHU Ypan-T15 (15 mac. %); 4 — @roporutact 411H (80 mac. %) + Byrienese BonokHo 3 Tkanuau 11 H-
2M (5 mac. %) + ByrJerneBe BOIIOKHO 3 TKaHHHU Ypan-T15 (15 mac. %); 5 — @ropormtact 411H (80 mac. %) +
Byrienese BojaokHO 3 TkauuHu TI'H-2M (10 mac. %) + ByrierneBe BookHO 3 TKaHUHHU Ypan-T15 (10 mac. %); 6 —
Oropormact 41TH (80 mac. %) + Byrnenese BonokHo 3 TkauuHH TI'H-2M (15 mac. %) + ByriereBe BOJIOKHO 3
TKaHuHH Ypan-T15 (5 mac. %)

Puc. 1 —TNicTrorpama iHTEHCHBHOCTI 3HOCY aHTU(PUKIIHIX MaTepianiB P4BB20 MoandikoBaHuxX pi3HUMU
BYIJICIICBUMH BOJIOKHAMU Ta iX KOMOIHYBaHHSAMH JUIsl JIPYroro eTamy JociipKeHHs npu Sy = 3...50 kM

3a pe3ynbTraTamMy BUIPOOyBaHb BCTAHOBJICHO, HAWOUIbIIY 3HOCOCTIHKICTH Ma€ KOMITO3MIIis
®4BB20, sxa HanmoBHEHa BYIJICLIEBUM BOJIOKHOM Tekapm — 5 mac. % Ta BYIJIELIEBUM BOJIOKHOM
VYpan-15 — 15 mac. %. 3HococCTiHKicTh 1IbOTO MaTepiany Ha 25 % mepeBaxae matepian ®4BB20,
HanoBHeHUH 20 Mac. % BYTJIEIeBOrO BOJIOKHA 3 TKaHUHU TekapMm.

HanecenHs Ha ByrjieneBy TKaHUHY a00 BOJIOKHO (PTOPOIUIACTOBOTO MOKPUTTS IPUBOJUTH 0
MIABUIIEHHS] 3HOCOCTIHKOCTI KOMIIO3MIIIHOTO Martepiany B JecsaTku pasiB [2,3]. Pazom 3 Tuwm,
BIJIC/TIIKOBYETHCSI MiABUIIICHHS MIIlHOCTI, 30UTBIIIEHHS MOIYJSI IPY>KHOCTI, & TAKOXK MiJBUIIYETHCS
TEPMOCTIHKICTh Ta XIMCTIMKICTh MaTepiany. HaHeceHHs Ha BOJIOKHHMCTI BYIJIEIIEBI MaTepianu
(TOPOIIACTOBOrO MOKPUTTS MiABHMILYE BTOMHY MIIHICTh B JECATKM THCAY pa3iB. Buxonsguu 3
L[bOTO, JUISl OKpAIIEeHHs aHTU(DPHUKIIHHUX XapaKTepucTHK KapOomnactukis @P4BB20 Ha moBepxHIO
ByrjieneBoi TkaHMHU Tekapm Oyno HaHeceHO NOkputra Propomnacty-4 “Mb”. JlocmimkeHHs
3HOCOCTIMKOCTI BUKOHYBAJIM 3a CXeMOI0 cdepa — IuiomuHa. HopmanbHe HaBaHTaXEHHS HAa OJHUH
3pa3ok Ni= 100 H, npu mBuakocti koB3anus V = 0,45 M/c, Temneparypa 3amipsuiach Ha BiCTaH1
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0,5 — 1 MM Bi MOBEpXHi KOHTPTLIA 1 MpH BUIPOOyBaHHI Oe3 MamenHs ctanoBmwia T = (323+2) K.
ExcnepumenTtu npoBoaniu Ha muaxy Tepra Si1= 0...3 kM, Sz = 3...13 kM. Pe3ynbpraTu BUKOHaHUX
JOCIIDKEeHb TpeAcTaBieHi y Tabmmmi 1.

Tabmuus 1 — AxTudpukmiiai xapaktepucTuku kapoorutactukie ©4BB20 3 pisHuMH
Mapkamu (roporuiacty-4.
[HTeHCHUBHICTH [HTeHCHBHICTH KoedirienT
Hasga marepiany Ta 3HOCY, 3HOCY, TepTS,
ckiam, mac. % mme/(H-m), -105 mm/(H-m), -10 VI
S1=3 kM S$2=3...13 km
®4BB20-4 “MB” 3 NOKPUTTIM
®-4 “MB” Ha ByrIeneBii 1,265 0,7098 0,269
TKaHWHI
®4BB20-4 “1” (d-4]] — 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
Tekapm -5, Ypan-T15 — 15)
AHani3yloud BHWKOHAHI JOCTIKCHHS, MOXKHAa 3pOOWTH BHCHOBOK, IO HaWHIKYY

IHTEHCUBHICTb 3HOCY Ta KOEQIIIEHT TePTS Mae KOMIO3ULIITHUI MaTepial HAITIOBHEHUN BYTJIELIEBUM
BOJIOKHOM 3 TKaHMHHM TekapMm, Ha TOBEPXHIO SKOro OylI0 HaHECeHO (TOPOIUIACTOBE MOKPHUTTS
®dropomnact-4 “MB”.

Kap6ommactukn ®4BB20 3 pisHuMu mapkamu (TOPOIIACTIB 3a IHTEHCHUBHICTIO 3HOCY
MOXHa pO3TaIlyBaT y Takuid psia: P-40"< O-4“]1"< O-4“T”. HaitOuibIy 3HOCOCTIMKICTh MAlOTh
KOMIIO3HIIIITHI MaTepiaiu Ha OCHOBI (hroporuiacty-4“T”.

JlocmiKeHHsT MEXaHIYHUX XapaKTEPUCTHK MPU CTHUCHEHHI KOMIIO3WIIHHUX MarepiajiB
®4BB20 BukonyBanmu 3a 'OCT 4651-82 CT. Ilepen excriepuMeHTaMH 3pa3Ki KOHIUIIOHYBAIH 3a
I'OCT 12423-66 na npoTs3i 16 roaun npu Temmnepatypi 23+2°C Ta BinHOCHii Bomorocti 505 %.

BunpoOyBaHHsT mnpu CTHUCKYBaHHI aHTUQPUKIIHHUX  (TOPOILIACTOBUX  MaTepiaiiB
BUKOHYBAJIM 3 JIOMIOMOTOI0 po3puBHOI MamuHu Mapku P-0,5. 3pasku g gocnikeHb Oynu
BHUTOTOBJICHI y BUTJISII IMTIHAPIB aiameTpoM 10 MM Ta BucoToto 15 mm. JlociimKeHHsS TPOBO AN
3 MBUAKICTIO PyXy PyXOMOi TpaBepCH PO3PUBHOI MaIIMHH 2,5 MM/XB. MIIIHICTh NMPU CTUCHEHHI B
MlIla po3paxoByBanu 3a (popMyIoro:

o= N ©)
F
. 2
ne N — HopManbHe HaBaHTaxeHHs1, H; F — muoma monepednoro nepepizy 3paska, MM .
MinHicTh npu CTUCKYBaHHI kapOomnactukis @4BB20 3 pisHuMu Mapkamu ¢roporacTty-4

MIPEJICTaBJICHO B TAOMUIII 2.

Tabnuus 2 — MinHicTs Ipu cTUCKyBaHH1 KapOomiactukis ©®4BB20

Hazpa MiuHicTh IpU CTUCKYBaHHI, G,
MaTtepiany Mlla
5% nedpopmyBannsa | 15% nepopmyBanus | 25% nedopmyBaHHS
®4BB20-4 “O”, (D-4 “O”) 17,899 39,97 65,1274
®4BB20-4 “1”, (®-4 “11”) 20,13 46,37 70,96
®4BB20-4 “T”, (®-4 “T”) 14,65 39,62 68,41
®4BB20-4 “Mb” 15,92 31,75 —
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Ananiz onep)aHUX pe3yJbTaTiB MOKa3aB, 0 HAHOUIBIITY MIIHICTh NMPH CTUCKYBAaHHI Mae
kapOomactuk ®4BB20-4 “/[”. V kapb6orumactuka ®4BB20-4 “T” MinHICTh NPH CTUCKYBaHHI
Je10 HUKYa, a HAWHWKYa MIITHICTh IPU CTHUCKYBaHH1 y kapOorutactuka ©®4BB20-4 “O”.

OTxe, 3a pe3ylbTaTOM AaHTUMPUKIIAHUX Ta MEXaHIYHUX JIOCIIDKeHb JIOIUIBHO
BUKOPHUCTOBYBATH JUIsl IPUTOTYBaHHS KoMmno3ulidHuX marepiainie ®4BB20 ¢ropomnact-4 “T” Ta
HAaHOCHUTHU Ha MIOBEPXHIO BYIJIELEBOT TKaHUHU TekapM NoKputTs ¢propomnacty-4 “Mb”.

JlocmipkeHHsT  3HOCOCTIMKOCTI ToJliMepHOro 0a30BOro Marepianmy TojieTuieH-B  ta
anTudpukmiiinoro xapooruractuka ®4K10BB10 BUKOHYBanmM 3a CXeMOIO  KOHTAKTy «KOHYC —
wiomuHay. [Ipn HOpManbHOMY HaBaHTakeHHI Ha oauH 3pa3ok Ni = 100 H BukxopucroByBamu
3pa3ku y Gopmi kBajgpary po3mipoM 3X3 MM Ta BHCOTOIO 12 MM i3 BEpXHIM KOHYCOM ITiJl KyTOM
90°. Kontprino, miamerp sikoro 60+0,15 mm ta Bucora 10+0,15 mm, BuroToBiene i3 crami 40X
HRC = 44-48 1 00poOieHO 10 MOYATKOBOTO CEepeAHbOAPU(METUIHOTO BIIXWICHHS MPOQLIIO
noBepxHi Ra = 0,2+0,03 MxMm.

Pesynbratu nocmipkeHb 3 BU3HAUEHHSM MapaMeTpiB MOJIENl 3HOLIYBaHHS [S] HaBeleHl y
Tabnuui 3.

Tabmuus 3 — PesynbraTn 1OCTIKEHb 3 BU3HAYCHHSIM NapaMeTPiB MOJIEITi 3HOITYBaHHS

Ne Marepiain m Kw S Uw, K
MM
1 [Momiernnen-B, 0,5 0,00688 504 0,773 1
6e3 MallleHHs
2 ®4K10BB10, 4.5 0,4296 504 49910 1549
6e3 MallleHHs
3 [Monietnnen-B,
mactuino TAJI-17 2,5 0,0824 1224 0,745 1
4 ®4K10BB10, e
mactuno TAJI-17 3.5 0,01873 1224 9,468-10 787

[Mopisusaus (K) 3H0Ccy Matepiainis, Uw:
(1/2), K = Uwt/Uwz
(3/4), K = Uw3/UW4

Bceranoneno, mo komnosumiiani antudpukniianii marepian ®4K10BB10 npu Tepti 6e3
MaIlleHHs 3a 3HOCOCTIHKICTIO IepeBakae 0a3oBui Marepiayn moiietuieH-B y 1549 pasis, a mpu
tepti y Mactuii TAJI-17 — y 787 pasis.

Takum uymHOM, Oyio 3MiiicHeHO BHOIp Ta OOIPYHTYBaHHS TEXHOJIOTIYHOTO METOIY
MJIBUIIECHHS 3HOCOCTIMKOCTI BTYJIKHM KYJICH MEXaHI3My IepEeMHUKaHHs Tepeaady JIETKOBOTO
aBTOMOOUIA NUIAXOM 3aMiHu moJietuneHy-B na kapbomnactuk @4K10BB10. ExciepumenTanbHi
JOCTIPKEHHSI 3HOCOCTIMKOCTI aHTU(PUKUIHHUX MaTepianiB Oyl MiATBEpIKEHI pe3ylbTaTaMu
PO3paxyHKIB 3 BUZHAYCHHSM ITapaMeTpiB MOJIEI 3HOIIYBaHHSI.

Crmcok BHUKOPUCTAHUX JHKCPECII

1. Huxa O. B. TexHosoriune 3a0e3meueHHs JOBrOBIYHOCTI TeXHIYHUX TpubocucTem : MoHorpadis / O. B. Juxa, B.
I1. Ceigepcokwit, O. C. pobot, H. C. Mamosets. — Xmensaunbkuit : XHY, 2021. — 178 c.
2. Cipeako I'. O. ®izmuni meromm mocuimkerHs pedoBuH: Y. II. TerurodizmdHi MeTrogm Ta BIACTHBOCTI

MOMIMEPHUX KOMITO3MTIB : MOHOTP. MiApy4. [CHel. Kypc JeKkiii. - 2-re Bua. Bump., fom.] / I'. O. Cipenko, B. II.
Csinepcrbkuit, M. b. Cxnananiok ; 3a pea. I'. O. Cipenka. - [BaHo-®pankiebk : Bun. Cympyn B.IL., 2020. - 292
c.—URL: /I http://elar.khnu.km.ua/jspui/handle/123456789/9824.

3. Sina Ebnesajjad. Fluoroplastics Volume 1: Non-Melt Processible Fluoropolymers / Sina Ebnesajjad. —The
Definitive User's Guide and Data Book. — Second Edition . — 2015. — 698 p.

4. Sina Ebnesajjad. Fluoroplastics Volume 2: Melt Processible Fluoropolymers / Sina Ebnesajjad.— The Definitive
User's Guide and Data Book.— Second Edition . — 2016. — 745 p.

5. Kyssmenko A.I'. «Meromm po3paxyHKiB 1 BHUNpoOyBaHb Ha 3HONIYBAHHS Ta HafiiHICTE.» : HapuanpHuit

MOCIOHMK JUISl CTYJCHTIB BHIIMX HaBYAIBHUX 3aKaiB — XmenbHuIpKHH, TYIL 2002 p. — 640 c.

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 41



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

VK 547.26:665.753:665.7

JAOCIUIZKEHHA ®I3HKO-XIMIYHHX BJIACTHBOCTEH
TPUKOMIIOHEHTHOI ITAJIMBHOI CYMIIIII HA OCHOBI BIOETAHOJ1Y,
JAU3SEJIBPHOI'O TA BIOTU3E/IBHOI'O I1AJTUBA

A.A. llITtyus, kano. mexu. Hayk
Binnuyvkuii nayionanenuti aepapHutl yHieepcumem, m. Binnuys, Ykpaina

VY cydacHMX yMoOBax TIJIOOAJIbHOIO MOTEIUIIHHS, E€HEPreTUYHOi KpU3M Ta MOCTIMHOIO
3pOCTaHHS IIH Ha TPaJuIlliiH1 BUKOIIHI €HEProHOCIi 0COOIMBOT aKTyaJIbHOCTI Ha0yBae mpobieMa
Mepexo/ly 10 BHUKOPUCTAHHS aJlbTEpPHATUBHUX Ta BIJHOBIIOBAHUX JKepen eHeprii. OmgHuM 13
MEPCIICKTUBHUX  HAMNPSMIB  PO3BUTKY TMAIWBHO-CHEPIreTUYHOTO KOMILIEKCY € CTBOPCHHS
IHHOBAIIMHUX MaJMBHUX CyMIIIeH, ki O MO€qHyBajdu B cOOl €KOJIOTiYHY O€3MeYHICTh, BHCOKY
eHepreTuuHy e(EeKTUBHICTh Ta CYMICHICTh 13 ICHYHOUMMM JBUTYHAMU BHYTPIIIHBOTO 3TOPSHHS,
30KpeMa y CKJIaJii KOTEHEpaIlfHUX YCTaHOBOK, IO 3a0€3MedyloTh OJHOYACHE BUPOOHUIITBO
€JIEKTPUYHOI Ta TEIJIOBOI eHeprii.

Cepen 3ampoTOHOBAaHMX PIMIEHh Yyc€ OUIBIIIOTO TOIMMPEHHS HaO0yBa€ BHKOPHCTAHHS
TPUKOMIIOHEHTHUX MaJIMBHUX CyMillIeH, 10 CKIaay SIKUX BXOJAATH: 010€TaHOJI, TU3eIbHE MaluBO Ta
Olommzens. Takuii miaxiag J03BOJISIE MAaKCUMalIbHO €(EKTHMBHO TOEIHATH TEPEeBaru KOXKHOTO 3
KOMIIOHEHTIB 1 CTBOPUTH 30aJTaHCOBAHE 32 BIACTUBOCTSIMU aJbTEPHATHUBHE TIAJIMBO.

bioeTaHos € €K0OrTYHO YHCTUM CIIUPTOM POCIMHHOTO MOXO/XKEHHS 3 BUCOKHMM OKTAaHOBUM
YHCIIOM, 10 3a0e3reuye Kpaile 3rOpsHHS MaluBa Ta 3MEHLIEHHS TOKCMYHUX BHUKHIB. JU3enbHe
MajuBO - 1€ TPAIMINIHE [HKEPENI0 €Heprii 3 BHCOKOI TEIUIOTBOPHOIO 3IATHICTIO, SIKE IIHMPOKO
BUKOPHUCTOBYETHCS B TPAHCIOPTI, €HEPreTUIll Ta MPOMHUCIOBOCTI. bioau3ens, y CBOW0O uepry, €
BITHOBJIIOBAaHUM MaJIbHUM, BUTOTOBJIEHUM HAa OCHOB1 POCIMHHHUX a00 TBapUHHUX XUPIB, Ta THOIO.
Bin mae moOpi MacTHIIBHI BIACTHBOCTI, CIpUsIE 3MEHIIEHHIO BUKHIB IIKIJUIMBUX PEYOBUH Ta €
010JIOTTYHO PO3KIATHHUM.

3acToCcyBaHHA TPUKOMIIOHEHTHOI NAJIMBHOI CyMIlll J03BOJISIE HE JIMIIE 3MEHIIUTH
3QJIC)KHICTh BiJl HAPTOMPOIYKTIB, ajie ¥ MIABUIIATH €KOJIOTIYHY €(PEKTUBHICTH pOOOTH JABUTYHIB,
MOKPAILIMTH €HEePreTUYH1 MOKAa3HUKH, 3HU3UTH BUKHJW BYIJIEKHCIIOTO ra3y Ta IHIIUX LIKITMBUX
pedoBuH. lle, y cBOI uepry, CTBOpIOE€ MEpeayMOBU JMJsi PO3LIUPEHHS c(hepu BUKOPUCTAHHS
IbTEPHATUBHUX MaJUB y TPAHCIIOPTHOMY CEKTOP1, EHEPreTHIll, arpapHOMY BUPOOHUIITBI Ta HIIUX
rajry3sx MpOMHCIOBOCTI.

MerToro 1aHoi poboTH € JoCTiKeHHs (HI3UKO-XIMIYHUX BJIACTUBOCTEH CyMilleil 3a3HaUYeHUX
KOMIIOHEHTIB y PI3HUX CIIBBIAHONICHHSX, 3 MOJAIBIINM BU3HAYEHHAM ONTHUMAJILHOIO CKJIAAy IS
€(EeKTUBHOTO 1 €KOJIOTTYHOTO 3aCTOCYBaHHS Y TU3EJIbHUX ABUTYHAX.

VY CBITOBI Ta BITUM3HAHIN HAYKOBIH JIiTepaTypi iCHye YUMo JOCIIIKEHb, PUCBIUYEHUX
OionanuBam. 30KpemMa, BCTAHOBJICHO, IO JI0/1aBaHHs 010€TaHOIY J0 AWU3EIbHOT0 MaJliBa MOKpAILye
MpolLieC 3rOPSHHS, MPOTE MOXKE 3HIKYBATH 3MAaIlyBalbHI BIACTUBOCTI cyMimli. bioausens, y cBoro
4epry, KOMIIEHCY€ el HeJOJIK, BOAHOYAC MOKPAIIYIOYH 30JbHICTh 1 3HMKYIOUH €MICiI0 YaJHOTO
razy[1,4,5].

JlocmiKkeHHs CBIYaTh, 1110 ONTUMAIbHE CIIBBITHOIIEHHS KOMIOHEHTIB MOXKE 3alIeXKaTh BiJl
[UIe BUKOPUCTAHHS: MaKCHUMIi3allii eHepreTuyHoi e(heKTUBHOCTI, MiHIMi3allii TOKCHYHUX BUKHIIB
a00 3a0e3nedyeHHs CTablIbHOCTI CyMIllll TP HU3bKUX TEMIIepaTypax.

Buxiian ocHoBHOTO Matepiany. JlJisi mpoBeACHHS TOCHTIPKEHHS TPUKOMIIOHEHTHOT MATMBHOT
CyMilIri 0yJ710 BUKOPHUCTAHO BUCOKOSIKICHI KOMITIOHEHTH, IO BIAMOBIal0Th CY9aCHUM CTaHAapTaM Ta
BUMOTaM [0 ajbTepHATUBHUX MajduB. Bubip came mux MarepiayiiB OOyMOBJIEHHH IXHBOIO
JOCTYIHICTIO, TEXHIYHUMH XapaKTEPUCTHUKAMHU, & TAKOXK MOKIUBICTIO €()EeKTUBHOTO MOETHAHHS B
pamMKax €JMHOI CyMIiIlli JUIs 3aCTOCYBaHHS Y TU3ETbHUX IBUTYHAX.
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bioeranon. Y pocmimkeHHI BUKOPHCTOBYBAaBCS 0Ol0€TaHON 13 piBHeM ouuiieHHs 99%,
neHatypoBanuii. bioeranon Oyno oTpumaHo uIIsIXOM (epMeHTalii IyKpPOBMICHOI CHPOBHHHU
POCIMHHOTO TOXO/DKEHHS, TICIAs YOTO 3IIHCHEHO JOJAaTKOBE OYMIIEHHS JUIS JOCATHEHHS
HEOOXIJHOTO CTYIEHs YMCTOTH. VOro OCHOBHOIO MEpEBAarol0 € BHCOKE OKTAHOBE YHCIO, 106pa
3MIIIYBAHICTh 3 IHOIMMH TIaJMBaMH, a TaKOX 3JaTHICTh 3HWKYBAaTH €MICIF0 TOKCHYHHX
KOMIIOHEHTIB Yy BHXJIONHMX Ta3zax. JleHaTtypoBanuii OioeraHonm oOpaHo sl 3a0e3nedeHHs
0e3MeYHNX YMOB JOCIIHKEHHS Ta BIAIOBIHOCT] PETYASTOPHIM BHMOTaM.

JuzenpHe nanmBo. B sKkoCTi 0a30BOro BHKOMHOTO KOMIOHEHTa BHKOPHUCTOBYBAJIOCS
Iau3eNbHe TManuBO, sike Bimmosimae Bumoram cranmapty JCTY EN 590:2018. Llei#i cranmapt
BH3HaYae (Di3MKO-XIMIYHI MOKa3HUKHU, TaKi SK IIUTbHICTh, B’S3KICTh, TEMIIEpaTypa crajaxy, BMICT
CIpKM TOIIO. 3a3HaueHe IU3eJbHE NaJIMBO IIMPOKO BUKOPHCTOBYETHCS Y HIPOMHUCIOBOCTI Ta
TPAHCIOPTI, € CTAaOUIPHUM JIKEPEJIOM €Heprii Ta 3abe3nedye BUCOKY TEIJIOTY 3TopsiHHSA. BoHo
CJIYT'yBaJIO OPIEHTUPOM Y MOPIBHSAHHI BJIACTUBOCTEN 3 MOIM(DIKOBAHUMH MMATMBHUMH CYMIIIIAMHU.

bioguzens. TpeTiM KOMIOHEHTOM JIOCHIKYBAaHOI cyMilmll € Ol0au3enb, BUPOOIEHUI
METOJIOM JIY’KHOI ectepudikallii 3 BUKOPUCTAHHSIM METAHOJy Ta ParcoBOi oJiii sIK cUpoBUHH. B
pe3ynbTaTl peakilii OoJep>KaHO METWJIOBI €dipu KUPHUX KHUCIIOT, AKI BIAMOBIZAIOTH BUMOTAM
craunapry EN 14214. bionusens XapakTepu3yeTrbcs TOOPUMH MACTUIBHUMM BIACTHBOCTSAMU,
BUCOKMM IICTAHOBMM UHCJIOM, @ TAKOX MEHIIOK TOKCHUHICTIO MPOAYKTIB 3ropsHHA. Moro
3aCTOCYBaHHS B MaJMBHINA CyMillll COpHUs€ MIJABUILEHHIO €KOJIOTTYHOI Oe3MeKd Ta MOKpaIleHHIO
mporiecy 3MareHHs aetaneit apuryna [1,2,3]. Vci koMImoHeHTH niepel 3MillyBaHHSIM OyJId MiiaHi
MIEPBUHHOMY KOHTPOJIIO SIKOCTi, BKJIIOYAlOYM BI3yaJbHHM OIJISI, MEpeBIpKYy Ha HASBHICTh
MEXaHIYHUX JOMIIIOK, @ TAKOX OI[IHKY OCHOBHUX (DI3UKO-XIMIYHHUX MapaMeTpiB 3TiIHO 3 YNHHUMHU
METOJUKaMH.

Tabmuuss 1 - Cxumagm cymimei. s OIiHKKA  (QI3UKO-XIMIYHHUX BJIACTUBOCTEH Oy
chopMoOBaHi Taki MPOTOPIIIi:
Cymim bioetanon (%) Juzens (%) bioguzens (%)
S1 10 70 20
S2 15 65 20
S3 20 60 20
S4 20 50 30

[Tapamerpu nocnipKeHHs. Y KOXKHOMY 3pa3Ky BU3HAYAIHCh Taki (DI3UKO-XIMIYHI BJIaCTHBOCTI:

- ryctuna (ipu 15 °C);

- kiHemaTn4Ha B’ s13KiCTh (40 °C);

- TeMIIepaTypa 3aiiMaHHS,

- HIDKYa TEIUIOTa 3TOPSHHS

- CTaOUIBbHICTB CyMillli (BIICYTHICTh pO3IIapyBaHHS);

- BMICT BOJIH,

- 30JILHICTb.

Pesynbratu Ta ix anamiz. OTpuMaHi pe3yabTaTH CBIAYaTh MPO CYTTEBMH BIUIMB KOHLIEHTPALUi
OioeTaHONly Ha TeMIeparypy 3aiiMaHHi Ta B’S3KICTh HaIMBHOI cymimmi. 3i 30UIbLICHHAM YacTKU
010€TaHOITy 3MEHILYEThCS B SI3KICTh, 10 NMO3UTUBHO BIUIMBAE HA IPOLIEC PO3MMJICHHS MAJMBa B Kamepi
3ropsiHHA. BojHouac Temmeparypa 3aiiMaHHS NpU IbOMY 3HIDKYETBCS, IO MOXKE HPHU3BOJHUTH JIO
npo6JieM i3 caMo3aiiMaHHAM Y JIM3ENIbHUX IBUT'YHAX MIPU XOJIOJAHOMY 3aITyCKYy.

bioguzens kommeHcye 1l edekT 3a paxyHOK OUIBIIOI B’S3KOCTI Ta 3MallyBaJbHUX
BiacTuBocTel. Haiikpari ekcrutyaraiiiiiHi BIacTuBOCTI mokazana cymimr S2 (15% Oioeranony, 65%
masnanuBa, 20% Oioan3enio), IO MOETHYe NPUHHATHY TeMIlepaTypy 3aiiMaHHs, CTaOUIbHICTH Ta
JIOCTaTHIO TEIJIOTY 3rOPSIHHSL.
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Tabmuis 2 - @3UKO-XIMIYHI XapaKTEPUCTUKH TPUKOMIIOHEHTHUX TTATMBHUX CYMIIIICH.

. . . Temnora
Cymim bioeranon | {uzens | biogusens | Temneparypa | I'ycrtuna | B’sa3kicTs SropAHHS
% % % 3arimanus (°C Kr/m3 MM2/C
) | %) | (%) CC) | ) | Gnwle) | PR
S1 10 70 20 60 835 2.5 41.5
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 3alMMaHHA vs bioeTaHon (%) F'ycTuHa vs bioeTaHon (%)
60}
s 844
%8 T 842}
= T
)ﬁ 5
m 56 © 8401
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£ =
'g sal 5 838
g
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! i ‘ i ‘ : ‘ . . ‘ , . ‘
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T 2.6} 4 o415
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Pucynok 1 — ®i3uko-XiMiuHi XapaKTePUCTHKN TPUKOMIIOHEHTHUX ITaJJMBHUX CyMIiIIei
BucHOBOK. [IpoBenene JIOCHIDKEHHS MIITBEPIDKYE JIOLIUIBHICTE BHUKOPUCTAHHS

TPUKOMIIOHEHTHUX TMaJMBHUX CyMIIIEH Ha OCHOB1 010€TaHONy, MU3EJBHOTO MAMBA Ta OI0JU3EII0 5K
e(EeKTUBHOI AJIbTEPHATUBU TPAMUIIIHHUM JU3EIbHUM TAJIMBaM. 3BKAIOUM Ha 1X EKOJIOTTYHI Ta
EHEepreTHYHi TepeBard, Taki CyMilll MalOTh 3HAYHWMA TOTEHINAd Ui IIUPOKOTO BIIPOBAKCHHS Y
TPAHCIIOPTHIN Ta €HEPreTUYHIN TaTy3sX.

OntumanbHe CIHIBBITHOIIEHHS KOMIIOHEHTIB MAJMBHOI CyMIIlll BHU3HAYAETHCS 3aJIEKHO BiJ
KOHKPETHUX yMOB €KCIUITyaTallii, TUIy IBUTYHAa Ta BHMOI JI0 TEXHIYHHX XapaKTCPUCTHK IAMBA.
Boanouac, pe3yabTaT JOCHIKEHHS BKa3ylOTh Ha Te, IO cyMim 3 BMicToM 15% Oioetanomy, 65%
mu3enpbHoro manmuBa Ta 20% Oloamsenmo 3abesnedye Haikpamuii OamaHc MK  (DIBUKO-XIMIYHUMH
MOKa3HUKAMH, HEPreTUIHOI0 €PEKTHUBHICTIO Ta €KOJIOTTYHOI0 OE3MEKOIO.

Otpumani  (PI3UKO-XIMIYHI XapaKTEpPUCTHKU EKCHEPUMEHTAIBHUX 3pa3KiB  CBiIUaTh Mpo
30epeKeHHs PUIHATHOT TeMIepaTypH 3aiMaHHsI, 3SMEHILIEHHS B SI3KOCTI, TOMIpHE 3pOCTaHHsI TYCTHHU Ta
HE3HAYHE 3HIDKEHHS TEIUIOTBOPHOI 3JaTHOCTI MPH  OJHOYACHOMY TIOKPAIleHHI MAaCTHUJILHUX
BJIACTUBOCTEN 1 3MEHIIeHHI MIKUTMBUX BUKUIB. Lle poOuTh cymill mpuaaTHOIO s BUKOPUCTAHHS B
CYYaCHMX JM3EIbHUX JIBUTYHAX O€3 HEOOX1THOCTI 3HAYHUX KOHCTPYKTUBHUX 3MiH.

[epcrieKTHBHIM HAIMpPSMOM TOIANBIITNX JIOCIIHKEHb € PO3IIUPEHe eKCIIEPUMEHTAILHE BUBUCHHS
TOBEIIHKY MaJMBHOT CyMIllll y peajbHUX YMOBaX eKCILTyaTallii, 30KpeMa: aHajli3 MmapaMeTpiB 3ropsHH,
€HeProCroKMBaHHsI, e(hEeKTUBHOCTI pOOOTH JIBUTYHA, BIUIMBY Ha €IEMEHTH MaJUBHOI CUCTEMH, a TAKOX
EKOJIOTTYHUX XapaKTePUCTUK BUXJIOMHMUX Ta3iB. Taki BHIpOOyBaHHS JaayTb 3MOTY OLIHUTH
JIOBIOCTPOKOBY CTAOUTBHICTh CYMIIIIl T MIITBEPIUTH il JOLUIBHICTb JUIS IPOMHCIIOBOTO 3aCTOCYBAHHS.
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MOIE/TIOBAHHA IIOBE/IIHKH MATEPIAJIIB IIPH
POLOTI 3 FDM TA FFF IIPUHTEPAMH

M.I. Babun, cm. ep. Maw 23-1,
I1.M. Jlyn, xano. mexu. Hayk
Binnuyvkuii nayionanenuti aepapruti yHieepcumem, m. Binnuys, Ykpaina

B cyuacuux 3D-nmpuntepax texnosorii FDM (Fused Deposition Modeling) ta FFF (Fused
Filament Fabrication) 3aiimatoTh NpoBiiHE Miclleé 3aBISKHU IX JIOCTYHHOCTI, €KOHOMIYHOCTI Ta
HIUPOKIN cdepi 3acTocyBaHHs. OCHOBOIO IJaHUX TEXHOJIOTIH € mojaya (uUIaMeHTy 10 HarpiBalbHOIO
eKCTpyZAepa, A€ BIH IUIaBUTbCS Ta HAHOCHUTbCA IIapamMHu A (OpMyBaHHS KIHIIEBOTO BUPOOY.
EdexTuBHICT 1IbOTO MpOIECYy 3HAYHOK MIPOIO 3aJ€KUTh Bl CUCTEMHU Mojadl (iTaMeHTy, sKa
MOBMHHA 3a0e3MeuyBaTu CTaOUIbHY IIBUIKICT, BIICYTHICTH OJIOKYBaHb Ta KOHTPOJIb 32 HATATOM
Marepiary.

Crnoco6un nonadi ¢inamenty B 3D-npuHTEpax MOXKHA PO3IUTUTH HA JABI OCHOBHI KaTeropii:

- Direct Drive (mpsmuii mnpHBiI) — €KCTpyAep poO3TalloBaHUI Oe3nocepeHbo Hal

HarpiBajbHOIO T'OJIIBKOIO;
- Bowden Drive (aucranuiiinuii npuBia) — eKCTpyAep 3HAXOAUThCS Ha KOPITyCl IpUHTEpAa,
a ¢iTaMeHT oAA€ThCs uepe3 TepIoHOBY TPYOKY /10 HArPiBAILHOTO €JIEMEHTY.

Kiro4oBi eneMeHTH cuCTeMH TPOTITYBaHHSA (PUIaMEHTY €: MEXaHI3M I0Jiadi, HarpiBaabHUN
om0k (Hotend), cucrema oxomnomkenns. [Togaua ¢inameHTy 3a3BHUail 3AiHCHIOETHCS 3a JOMTOMOTOIO
3y04acTuX KOJIiC, SIKi OOEpTaThCS KPOKOBHM JIBUTYHOM. [ OJIOBHHMMH TapamMeTpaMHu € Cujia
CTUCHEHHS (piTaMeHTy Ta MBUIKICTh oOepTanHs. Hamami ¢itameHT nepeaaeTbes Bif eKCTpyaepa 10
rapsi9oro KiHIIS — COIlIa, MPU IbOMY MTOBHHHO 3a0€3MeuyBaTUCh HU3BKUN KOe(DIIEHT TepTs Ta HE
pO3ILIaBJIEHHsT ~ MarTepiady JOCTpokKoBO. Y  HarpiBagpHOoMy Omori (Hotend)  dimament
PO3IUIABIIAETECS T4 HAHOCUThCA Ha TuIaTGopmy. BaxiMBOO XapakTepHUCTUKOIO € PIBHOMIPHICTH
HarpiBanHs. [loTiM cucTeMa 0XOJIOMKEHHS BUKOHYE CTAaOUIbHICTh OXOJIOKEHHS PO3IUIABICHOTO
IJIACTUKY MICJI HAHECEHHS Ta JIPYKY 3a JOIOMOT0I0 BEHTHIIATOPIB.

IlepeBaru Ta HEJOJIKM BUKOPUCTAHHS CIIOCOOIB MpOTATryBaHHs ¢itameHTy B 3D-npuHTepax
npeAcTaBieHo y Tabmuii 1.

Tabmuis 1 - [lepeBaru Ta HeAOTIKM PI3HUX CMOCOOIB oAl piTaMeHTy.

IMapametp [psmuii npusin Jucranuiianii mpusin
TounicTs mogayi pinamenty Bucoxka Cepemus
CxiaaHicTh KOHCTPYKIIil Cepenns Hu3sbka
HIBuakicTs APYKY ObMmexeHa Bucoka
ll\g):leiz;;ziifb AL THYHKHIX Bucoka Hu3sbka

Sxmo nepeniunty Matepianu a1 FDM ta FFF npunTtepis 3 HailOu1bI1 NOMIMPEHIIIUX MOYKHA
sunumta: PLA (Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene), PETG (Polyethylene
Terephthalate Glycol), TPU (Thermoplastic Polyurethane). 3a anst MOXIHBOCTI MOJETIOBAHHS Ta
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aHaji3y MOBEAIHKM MaTepialliB y Tpoleci eKcTpy3ii HeoOXigHO HacamIepel NOpIBHATH iX

BJIacTUBOCTI (Ta0I. 2).

Tabmuus 2 - IlopiBHAIBHMN aHAJI3 BIACTUBOCTEH OCHOBHUX MaTepiaiiB A 3D apyky.

Marepian
XapakTepucTHKA
PLA ABS PETG TPU

Temmneparypa niaBjeHHsi 190-220°C 220-250°C 220-245°C 210-240°C
CriilikicTb 10  y#AapHux Huspka Bucoka Cepenus Bucoka
HABaHTa:KeHb

TepmocTiiikicTh Husbka Bucoxka Cepenns Cepenus
CrilikicTh 10 BoJIOTH Hwusnpka Hwusrpka Bucoxa Bucoxka

Jliga aHamizy BIAacTUBOCTEH MaTepianiB OyJ0 BHUKOHAHO MOJENIOBaHHS Yy MPOTrpaMHOMY
3abe3neyeHHi ANSYS ta COMSOL Multiphysics. Ilponec ananizy moBeaiHKM MaTepiaiiB ajs
FDM 1 FFF npunrepiB mnepeadadae OTpUMATH JETalbHOI XapaKTEPUCTUKH MarepiajiB, IO
BUKOPUCTOBYIOThCS g 3D-npyky. Ilpuknagu 300paxeHb, M0 UIIOCTPYIOTh MIPOLIEC aHANIZY
noBeainku MarepianiB uis FDM Tta FFF npunTepiB 3a 10MOMOroro mporpaMHOro 3a0e3neyeHHs

ANSYS ta COMSOL Multiphysics npeacrasieHi Ha pUCYHKY 1.

ion of Fused D

ition Modeling FDM in Ansys with APDL commands

Depostion

Temperature in °C

0

a —BIKOH IpOrpaMHoOro 3abe3nedeHns, 0 — mpukiaj noOyI0BaHMX JliarpaM MpoIecy aHali3y

Pucynok 1 — 3aranpHuii BUTIISA BIKOH IPOrpaMHOTo 3a0e3MedYeHHs Ta JliarpaM MpomeciB MOBEAIHKN MaTepialiB.
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MogemoBanuss FDM y ANSYS nemonctpye cumyisinito mpouecy FDM y ANSYS,
BKJIIOYAIOYH PO3MOALT TEMIIEpaTypy Ta MEXaHIYHI HAIpyrd mig yac apyKy. CUMyJsiis nporecis B
COMSOL Multiphysics moka3ye BukopuctanHs ¢yHKI[ioHany akTtuBaiii marepiany B COMSOL
UL CUMYJISAIIT mpoueciB agutuBHOro FDM BUpoOHUIITBA, 30KpeMa pO3MOAUT KOHIEHTpalii Ta
TEIUIOBUX TIOTOKIB.

MoenmoBaHHSI MEXaHIYHUX HAINpPYKEHb MoKasano, mo PLA neMOHCTpye BUCOKHI piBEHb
KOPCTKOCTI, MPOTE HOTO TUIACTHYHICTh € JOCUTHh HU3bKOI0. Y cBOMO uepry, TPU xapakrepu3yeTnces
BHCOKOIO TUIACTUYHICTIO, IO POOWTH LeH MaTepian igeadbHUM JUISI BUTOTOBJICHHS THYYKHX
JeTanel, TAKUX SIK TMPOKIIAIKH YU 3aXUCHI 000IOHKH.

Posnonin Temmeparypu B Matepianax mnokaszaB, mepeBary PETG mmactuky, mo  mae
cTaOUIbHY TEeMIEpaTypy mix yac ekctpysii. Lle 3mMenmye pusnk aedopmariii roroBux Bupo6is. ABS,
HaBIIaK1 NOTpeOye pIBHOMIPHOI'O HArpiBaHHS y MPOIIECi IPYKY, 100 YHUKHYTH YTBOPEHHSI TPIIIMH
YM HIIKUX JAe(EKTIB.

HocnimkenHs aaresii mapis BusiBwio, mo PLA 3a0esneuye Haiikpaie 34eIUIEHHS MDK
apaMu, 10 MiIBUIIY€E MIIHICTh TOTOBUX BHpOOIB. [Isi JOCATHEHHS MOJMIOHUX XapaKTEPUCTHK 3
ABS 4 PETG HeoOx11HO 3a0€31€4UTH MIBUIICHUI TeMIIepaTypHUN PEXUM i1 4ac APYKY.

OCHOBHHMMH 3aBIaHHSIMHU MIPOEKTY €:

1. Amxani3 iCHyIOUHMX METOJIB MPOTATYBaHHSA Ta mnoBeniHku MmatepianiB y FDM ta FFF
MIPUHTEPAX.

2. TlopiBHSHHS BIACTHBOCTEW MaTepialliB, 10 BUKOpUCTOBYIOThcs B FDM ta FFF
TEXHOJIOTISIX.

3. MoaenroBaHHS MMOBEIIHKH MaTepiaiiB i 9ac IpyKy.

4. Orminka epeKTHBHOCTI pOOOTH CUCTEM MPOTATYBAaHHSA (PiTaMeHTY.

5. Po3poOka pekoMeHmalii 111 onTuMizallii mporecy ApyKy.

3 PO3BUTKOM TeXHOJIOTIH 3D-IpyKy akTUBHO IOCIIKYIOTBCS HOBI moJiiMmepu. OcoOimBy
yBary mpHBEPTAIOTh 010pPO3KIIaaHI MaTepiad 3 MOKPAICHUMU MEXaHIYHUMHU BJIACTHBOCTSIMHU, SKi
3MOXYTh KOHKYpYBaTH 3 TpaJulIMHMMU IUIaCTMKaMH. TakoX 3HAaYyHMH NOTEHLIAd MaloTh
KOMIO3UTHI (hUTaMEHTH, IO MICTATHh BYTJEIEBl BOJIOKHA ab0 iHII JOMIIMIKH, SKi 3a0€3MeYyr0Th
MJBUIIEHY MIITHICTh BUPOOIB.

MojenoBaHHs MOKa3ajlo, 110 MPaBWIIbHUI BUOIp Marepiady, KOHTPOJIb TEMIIEPaTypHOIO
pPEeKUMY Ta 3HMKEHHS BIUIMBY 30BHIIIHIX (PAKTOPIB JA03BOJISIFOTH JOCAITH BHCOKOI SIKOCTI APYKY,
110 € KJIFOYOBUM JUUIsl PO3BUTKY 1HYCTpPii aJMTUBHOTO BUPOOHUIITBA.
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TI'AJIBMIBHI CUCTEMH ABTOMOBUIIB: XAPAKTEPHI BI/IMOBH,
MIATHOCTYBAHHA, ObC/IYIOBYBAHHA, PEMOHTYBAHHA

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

C. B. Crenok, acucr.,

B. M. CboMaKo CTYACHT MaricTpaTypu

HamnionanbHuii yaiBepcuteT 6i0pecypciB i MPUPOJIOKOPUCTYBaHHS Y KpaiHu,
M. KuiB, Ykpaina

l'anpMiBHA cHcTeMa aBTOMOOUISI € OAHICIO 3 KIIOYOBUX CHCTEM O€3MeKH, BIUIMBAE Ha
MOKA3HUKU HAIIMHOCTi, a ii BiIMOBM MOXYTh MaTH KpuTuuHi Hacmigku [1, 2]. Enementu
raJIbMIBHUX CHCTEM MaroTh CBIM pecypc BUPOOMBILIM SIKUI MIIATalOTh BIAHOBIEHHIO a00 X 3aMiHi
[2, 3]. XapakTepHi BITMOBU TaJbMIBHHX CHCTEM PO3MOIUSIFOTHCS 32 MPUYMHAMUA BUHUKHEHHS B
3aJIe)KHOCTI Bi 1X TUIy (MEXaHiuHI, T1IpaBJliyHi, THEBMATH4HI, €JIEKTPOHHI) Ta 3a eJeMEHTaMH
mincucrem [4, 5]. Po3risHEeMO OCHOBHI  BiIMOBM  MHEBMATHYHHX, €JICKTPOHHUX Ta
EIIEKTPOMEXaHIYHUX CKJIQJIOBUX CHUCTEMax rallbMyBaHHsS, PEKOMEH/AIl] Mo10 0OCIyroByBaHHS Ta
PEMOHTYBaHHSI.

3HauHy 4YacTKy BIJIMOB BaHTAKHHUX aBTOMOOLUIIB Ta aBTOOYCIB CTAHOBJATH IMOPYIIEHHS
MPane3JaTHOCTI MHEBMAaTHYHHUX CHCTEM. BOHM BKITIOYAIOTh: BTPATy THCKY Y ITHEBMAaTHYHUX JIHISX;
3aKJIMHIOBaHHS THEBMAaTUYHOT KaMepH a00 30JI0THUKA; HECITPABHOCTI KoMIpecopa abo ocylryBaya
noBiTps. BTpaTn THCKY y MTHEBMAaTHYHHUX JIHIAX MPOXOJATh Uepe3 BUTIKAHHS, PO3TEPMETHU3AIIIIO,
3aMep3aHHs BOJIOTH B cucTeMi. J[o XapakTepHUX BiIMOB MTHEBMAaTUYHUX TaJIbMIBHUX CHUCTEM CIIiJ
BITHECTH 3HOLIYBAHHS MaHXET Ta MeMOpaH MHEeBMAaTHUYHUX KaMmep. 3aKJIMHIOBAHHS MTHEBMAaTUYHOT
KaMmepu abo 30JI0THHKA BUKIIUKAE 3aTPUMKY a00 BTpATy MOXKJIMBOCTI TaJIbMyBaHHS Ha BIAMOBIIHINA
oci TpaHcropTHoro 3aco0y. HecmpaBHicTh KoMmmpecopa abo ocylryBada MOBITPs NMPU3BOJUTH IO
HecTaOUTbHOT pOOOTH BCI€T TAIbMIBHOT CHCTEMH.

JliarHOCTHYHI pOOOTH IMHEBMATHYHUX TAJIbMIBHUX CHCTEM BKIIOUYAIOTh: IEPEBIPKY
F€PMETUYHOCTI ITHEBMOCUCTEMHU ITiJ] TUCKOM; JTIarHOCTUKY (BUTOKH TIOBITPSI YyTHO Ha CIIyX); OTJISI
OCylllyBaya Ta JPEHAXHUX KIAMaHiB, KOHTPOJb poOOTH KoMIpecopa (THUCK, 4ac HAllOBHEHHS).
[IpodirakTnyHe O0OCIYrOoBYBaHHS IIMX TaJbMIBHHUX CHCTEM aBTOMOOUIIB BKIIIOYAE: IIOJCHHE
3JIMBaHHS KOHJIEHCATY 3 PECHBEPIB; MEPEBIPKY OCyIlyBaya MOBITPS Ta HOro periiaMeHTHa 3amiHa
3TiJHO PEKOMEH Al 3aBOAy BUPOOHHKA; KOHTPOJIb TUCKY B CHCTEMI MIepe]l BUI3IOM.

Jlo OCHOBHUX MPUYUH BIIMOB €IEKTPOHHUX Ta EJIEKTPOMEXAHIYHUX CKIAJOBHX CY4aCHUX
CHUCTeMax rajibMyBaHHs BiIHOCAThCA HacTymHi: BinMoBu ABS; Binmou ESP/ESC; necmpaBHOCTI
enekrponapkinroporo ransMa (EPB). BinmoBu ABS (aHTHOI0KYBalbHOT CHCTEMH) IMOB’S3aHI 3
MOPYIIEHHSM poO0OTH ab0 TMOBHOKIO BIAMOBOIO JaT4MKiB MBUAKOCTi, EBY, conenoinis. Bonu
MOXYTh HMPU3BOJUTH 70 OJIOKYBaHHS KOJIC i Yyac eKCTpeHoro raabmyBanHsa. Bimmosu ESP/ESC
(cuctemu crabinmizanii) NPU3BOJATH J0 HEKOPEKTHOIO PEryjJiOBaHHS TallbMIBHOTO 3yCHIJIIS Ha
okpemMux kojecax. HecmpaBHocTi enekTponapkinrooro raisma (EPB) € mpuumnoro BTpatu
MOJKJIMBOCT] YBIMKHEHHSI/BUMKHEHHS CTOSTHKOBOT'O TrajlbMa.

JliarHOCTHYHI POOOTH LBOTO THUIY TaJbM BKIIIOYAIOTH. KOMIT'IOTEPHY MIIarHOCTUKY 3a
nonomoroto OBD-Il ckanepa; mepeBipky CHrHaliB 3 JAaTYMKIB HIBUAKOCTI KOJIC; aHaji3 KOJIB
nomMusiok ABS/ESP; BuMiptoBaHHs omopy JaTuukiB Ta >kuBieHHS. [Ipodimaktuyni poOotu
CJIEKTPOHHUX Ta EJNEKTPOMEXaHIYHHX CKIAJOBHUX CHCTEMax TajbMYBaHHsS BKIIOYAIOTh: 3aXHCT
€JIEKTPOKa0eiB BiJi MEXaHIYHUX IOIIKO/PKEHb; OUMIICHHS Ta NepeBipka crany ceHcopi npu TO;
BYACHY 3aMiHY aKyMYJISTOpPHOI OaTapei Ta 3ano01KHUKIB.

TumoBuMHU 0O3HAKaMH BiIMOB TaJbMIBHUX CUCTEM aBTOMOOUIIB €: 30UIBIIEHHS TaJbMIBHOTO
HUIAXY; CKPUITIHHS, BiOparii abo JepeH4aHHs MpH TajdbMyBaHHI; yNaJaHHA Mefali raapMma abo ii
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«XOJIOCTHIT» Xifl; IepeKic ralbMyBaHHs (ABTOMOOLTH TATHE BOIK); MONepeKYBaIbHI IHAMKATOPH HA
naneni npuwiazgis (ABS, ESP, ranemiBHa pinuHa TOIIO).

VY3arajapHIOIOUM TPEACTaBICHI Marepiajiy, MOKHA BUAUIMTH 3arajibHi peKOMEHJamii s
BCIX THUNIB TaJbMIBHUX CHUCTeM aBTOMOOUIB. BoHum mnepeabadaroTh mepiogudHe BUKOHAHHS
HACTYITHUX POOIT: MPOBEACHHS PEryIspHOTO TEXHIYHOTO OIJIANY 3TiIHO 3 IHCTPYKIISIMH 3aBOJIB
BUPOOHMKIB, BIPOBA/DKCHHS CHCTEMH NPEAUKTHBHOTO [iarHOCTYBaHHS JUIS aBTOIMAPKIB 3
BukopuctanasMm 10T Ta Tememerpii; BUKOPUCTaHHS OPUTIHAIBHUX a00 cepTHU(IKOBAaHUX 3aIlacHUX
YaCTUH; HaBYaHHS IIEPCOHANY, BIANOBIAAJBFHOTO 33 BUKOPUCTAHHS TPAHCIOPTHHX 3aco0iB, iX
TEXHIYHE 00CITYrOByBaHHS Ta PEMOHTYBaHHS.

HaykoBuii i mpakTUYHMIA {HTEpEC MPEICTABIIAIOTh HAYKOBI pOOOTH, B SKHX MPEICTABICHO
BUKOPHUCTAHHS CHUCTEMHOTO aHaji3y Ta aHAIITUYHUX METOJIB JOCHIIKEHb JUIsl 3a0e3leueHHs
HAJIMHOCTI MOOUIPHUX E€HEPreTUYHHUX 3ac00IB AK CKJIAJHUX TEXHIYHMX CHUCTEM 13 BPaxyBaHHAM
OIIHKM TEXHIYHOTO CTaHy aBTOMOOUIIB [2, 6], MOCHiKEHHS BHTpPAT HA MPOBEICHHS TEXHIYHOTO
00CITyroByBaHHS Ta PEMOHTYBaHHs [7].
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VJIK 629.331:629.017

OCOBJIHBOCTI BHKOPHUHCTAHHA TA IIEPIOJHYHICTh 3AMIHH
@LIbTPIB VI OYHUIIEHHA ITOBITPA KABFIH KOPMO3BHPAIbHUX
KOMBAHHIB

3. B. Py:xxuJo, doy., kano. mexu. nHaykx.,
10. A. HoBuubknii, acn.
Hayionanvuuii ynisepcumem oiopecypcis i npupoooxopucmysanns Yrpainu, m. Kuis, Yxpaina

OinpTpu JUIS OYMLICHHS MOBITPS B KablHaX CY4YacHMX KOPMO30MpajJbHUX KOMOaiiHIB
BIJIITpalOTh OCOOJIMBE 3HAUEHHS Yy 3a0e3NedeHH] (YHKLUIOHYBAHHS TPAaHCIOPTHO-TEXHOJIOTTYHUX
MarluH Ta kKomdopry onepatopa [1, 2].

[lepioguuHicTh 3aMiHU (QIIBTPIB OUYUIIEHHS MOBITPS KablH KOPMO30HMpanibHUX KOMOAWHIB
3aNeXUTh Bl KUIbKOX YMHHMKIB, 30KpEMa YMOB €KCILTyartallii, TUly (uibTpa, MapKu TEXHIKA Ta
pekomenaiiii BupoOHuka [3, 4]. BogHouac MoxkHa chopMynmoBaTH 3arajibHi pEKOMEHIAIT 10
00CIyroByBaHHSl Ta MEPIOJUYHOCTI 3aMiHM (UIBTPIB OYMINEHHS KaOlHM HAa OCHOBI MPAaKTUKHU
TeXHIUHOTO oOcayroByBaHHs. [lepin 3a Bce po3riissHeMo THUIH QUIBTPIB A1 OuUIeHHS HoBiTps. o
OCHOBHHUX THUIIIB ()UIBTPIB OUMIIEHHS MOBITPs B KabiHaX KOMOANHIB BIJHOCATHCS: Ipy00i OUNCTKU
(momepenHiit (PimbTP); TOHKOI OYMCTKH (OCHOBHHMH (UIBTP); 3 aKTUBOBAHUM BYTruLIAM. DuIbTp
rpy00i OUMCTKHU 3aTPUMY€E MHJI, POCIMHHI PEIUTKU, MyX. PUIBTP TOHKOT OUUCTKU BUKOPHUCTOBYETHCS
JUIsL OYMINCHHS TOBITpsA Bix ApiOHOmMcCHEpcHOro muiy. DuIbTp 3 aKTUBOBAHUM BYTULISAM
HEUTpali3ye 3amaxu Ta XiMI4HI pEUOBHHH, 3aCTOCOBYETHCS IIPH €KCIUTyaTallii komOaifHa B yMOBax
BUKOPHUCTAHHS JOOPHUB UM 3aCO0IB 3aXHUCTY POCIHH.

PexomennoBaHa TEpiOAUYHICTh TMEPEBIPKH Ta 3aMiHU (DUIBTPIB 1IJI OYHUIICHHS TOBITPS
KaO1HM KOPMO30HMpaIbHOTO KOMOaHa MPEACTABICHO B TAOJIHIII.

Tabmuust - PexomeHgoBaHa TNEPIOAUYHICTH OOCIYrOBYBaHHS Ta 3aMiHM (PUIBTPIB JyIs
OYMIIEHHS MOBITPS KaOiHU KOPMO3OUpaTbHOTO KOMOaHa.

Tun dineTpa [TepiognuHicTh MEepeBipKH [lepiognuHicTh 3aMiHU
[Tontepeaniii [Ipu mo1eHHOMY TeXHIYHOMY Koxni 250 moTo-roa. abo 3a
biTBTp 00CITyrOoBYBaHHI / miCIIs KOJKHOI 3MIHM | TOTPEO010

o 4 Koxmni 250-400 moTo-rox. abo
OcHoBHH QLIBTP . i

. KoxHi 50 MmoTO-TOI. YacTinie y 3aiuIeHOMY

MOBITPS .
CepeIoBUIII

Koxmni 200-300 moTo-rox. abo
1 pa3 Ha ce30H
Cnin 3BepHYTH yBary Ha (pakTH4HI iHTepBajiu OOCIYroBYBaHHSA Ta NEPIOJAUYHOCTI 3aMiHH
GUIBTPIB, SIKI MOXKYTh 3MIHIOBAaTHCS 3aJIeKHO BiJ] MOJeNi KoMOaiiHa Ta yMOB eKCIuTyaTallii. 3aBoau
BUPOOHUKH KopMmo3OupansHux komOaiiHiB CLAAS JAGUAR, John Deere 8000 Series, Fendt
Katana pekoMeHyl0Th JOTPUMYBATHUCh MEPIOJUYHOCTI 3aMiHU MOBITPAHUX (DIIBTPIB KaOiHM , sKa
3a3HaveHa B IHCTPYKIii 3 ekcruryaTallii. OCHOBHMMHU O3HAaKaMU HEOOXiTHOCTi AJOCTPOKOBOI 3aMiHU
GUIBTPIB €: 3HIKEHHS €(PEeKTUBHOCTI CUCTEMM KOHIMIIIOHYBaHHs a0o0 X BEHTHJISALI; 3arOTIBaHHSA
CKJIa KaO1HM 3 BHYTPIIIHBOTO OOKY; BIAUYTHHUH 3amax Muity, LBUIi 800 CTOPOHHIX PEYOBHH y MOBITPI
KaOiHM; Bi3yalibHe 3a0pynHEeHHs (uIbTpa a0o 3HOIIYBaHHS JaT4MKa Mepenagy TUCKY (A TuX
CHCTEM KOHJUIIIOHYBaHHS, JIe 1ie epeI0aueHo).
CepgicHi ci1y>x0u arpapHuX MiANPHEMCTB PEKOMEHAYIOTh y Mepio IHTEHCUBHOTO 30MpaHHs
KOPMOBHUX KYJIbTYpP MaTH KOMIUIEKT 3alacHUX NOBITpAHUX (uabTpiB. HeoOximHO mam’sitatu, 110
3aBOJIM-BUPOOHUKHM KOPMO30MpaTbHUX KOMOAHHIB 3a00pOHSIOTH MPOAYBaTH (PUIBTPH CTUCHEHUM

Byrineuuit pinetp | Kosxni 100 moTo-ro1.
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MOBITPSIM, OCKUTBKH II€ MOJKE IMOIIKOJUTH BOJIOKHA, 3MCHINUTH C€(PEKTUBHICTh OYHUIICHHS Ta
BUJAJICHHS 3a0pyAHEHb. 3aBOIM-BUPOOHUKHN (UTBTPIB peKOMEHIYI0Th 30epiraTtu 3amnacHi GpimbTpu B
CYXOMY, YACTOMY MICIIi Y 3aBOJICHKIil YIaKOBIIi.

[lepcrieKTHBHUM HaAmpsIMOM JIOCIIKEHb € aHaji3 Ta CHHTE3 IHHOBAILIWHUX peami3aiiii B
HamnpsSMKy OOTPYHTYBaHHS CTpaTerii pe3epByBaHHS sl 3a0e3MedeHHs HATIMHOCTI CHCTEM
¢inpTparii KopMo30upanbHIUX KOMOaiHIB [5].
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V]IK 631.363-049.32

CUHCTEMA TEXHIYHOI O ObCJ/1YTOBYBAHHA
3ACOBIB JlV/IA IIPUHTOTYBAHHA TA PO3/IABAHHA KOPMIB

A. B. HoBuubkui, 0oy., KaHo. mexH. HayK
Hayionanvnuu ynisepcumem 6iopecypcie i npupoookopucmyseanus Ykpainu,
m. Kuis, Ykpaina

B ocranni gecstunitts 3IIPK sBisitoTh coboto OaratoomneparliifHi MaliiHu Ta BITHOCSITHCS
JI0 CKJIaJHO1 CUIbCHKOTOCHOApChKoi TexHIkU. He3Baxaroun Ha Te, U0 B TBApUHHUITBI YKpaiHU
3aCTOCOBYIOTHCSI Pi3HI TEXHOJIOTIi MPHUTOTYBaHHS, TPAHCIOPTYBAHHS, JO3yBaHHS Ta pO3JaBaHHS
kopMmiB, a BianoBigHO pi3H1 3IIPK mng ix peanizamii, Benuki arpapHi XOJJAWHTH Ta KOMIIaHIi
BIJ1al0OTh IiepeBary OaratoonepauiiHuM 3acobam iHo3eMHOro BupoOHunTBa [ 1, 2]. Baxxnuse Micie
cepel MalmMH Ta OOJamHAHHS Ui TBAapUHHUIITBA 3aliMalOTh 3acO0M Ui TPHUTOTYBAaHHS 1
po3naBanHs kopwmiB (3I1PK) Bizomux mammuoOyaiBHux mianpuemcts €Bporu ta CIIIA: KUHN
(®panuisn); Siloking Ta Strautmann (Himeuumna); Roto-mix (CILIA); Delaval (IlBemis); Seko
(Itamist); Trioliet (Hinepnannaun) Ta Gararo iHmux [2, 3].

B Vkpaini 3nauny wyactuny punky 3I[IPK 3aiimators 3mimryBadi-kopMoposaaBadi
¢panmy3skoi kommanii KUHN, Bxmrouaroun mpuvinai PROFILE 12.2 DS, PROFILE 14.2 DS [2]
ta camoxigai PROFILE SPW INTENSE 2 CS [4]. Moneni PROFILE 12.2 DS ta PROFILE 14.2
DS € mpuvinHMMH, arperaTtyrThCs 3 TPAKTOpPAMH Ta BUKOPUCTOBYIOTHCS IS TOJIBII POTraroi
Xyno0HM Ha TIPOMHUCIIOBUX 1 MaJIUX TBapUHHHUIbKHX Gepmax. 3mimyBadi PROFILE SPW INTENSE
2 CS e camoximuumu 3IIPK ¢ipmu KUHN [4]. 3a pesymbraTamu MPOBEACHUX MOMEPEIHIX
JOCIIKEHb  eKCIUTyaTalliiHOT  HaJIMHOCT1  3MINIyBadiB-KOPMOPO3/IaBadiB  OyJ0  OTPUMaHO
iH(popMaIlito Tpo TMOKa3HUKH Oe3BiMMOBHOCTI Ta pemoHTompuaatHicte PROFILE 12.2 DS Ta
PROFILE 14.2 DS [2].

SAx Tmokasye aHa3 JOCHDKEHb CTaHy MaTepialbHO-TEXHIYHOTO  3a0e3TledeHHS
TBAPUHHUIILKUX  MIANPUEMCTB, HEJOCTaTHRO  yBaru MPUAUICHO  CUCTEMI  TEXHIYHOTO
o6cmyroByBanns 3I1PK: npuuinaux PROFILE 12.2 DS, PROFILE 14.2 DS; camoximaux PROFILE
SPW INTENSE 2 CS. Tlo3a yBaroro BUEHHUX 3aJIMIIAKOTHCSA JAOCTIKCHHS CTpaTerii 3a0e3rneueHHs
npare31aTHOCTI 3mimyBadiB MojeasHoro psaxy PROFILE. Sk moka3yroTs monepeaHi A0CHiHKeHHS,
BimHOBNIeHHs mparne3aatHocti 3[IPK moke mpoxomutu 3a pisHuMu crpareriimu CTOP: 3a
BHMOTOIO TICTISl BIIMOBHU; 32 PErJIaMEHTHOIO MEPIOAMYHICTIO, 3T1AHO MJIAHOBO-TIONEPEHKYBaTbHOT
cuctemu TO 1 peMOHTy; 3TigHO 3 pe3ylbTaTaMH JiarHOCTyBaHHs. KokHa 3 mpeacTaBiIeHUX
ctpateriii CTOP mae cBoi mepeBaru Ta HEHOJNIKH, Pi3HY coOiBapTicTh Ans il peanizaiii, ToMy
noTpeOye BUBYEHHS Ta JOCIIIKEHb.

OcoOnuBe Miclie B OCTaHHI pOKM OTpUMAJO NpeAukTHBHE obOcmyroByBanHs (Predictive
Maintenance, PdM). Cyrnicte 3a3HaueHoi crpaterii mosisrae B HacTymHoMy. OOCIyroByBaHHS
3MIIHCHIOETHCS HA OCHOB1 MOTOYHOTO TEXHIYHOTO CTaHy BY3JiB: OI[IHKM TEXHIYHOTO CTaHY JAaTYHKIB,
MOHITOpUHTY BiOpawiif, Temneparypd, HaBaHTaxkeHHs Tomo). OcHoBy PdM ckimagaroTh
cucteMaTHYHUM 301p Ta aHani3 naHuX. OcHOBHMMH aprymeHTamu Ha kKopuctb PAM mns 3I1PK e
HepiBHOMIpHE HaBaHTa)XXeHHS Ha poboui opranu. IIIHeku 3 HOXKamu, elNEMEHTH MPHUBOJIIB, AeTali
PEAYKTOPIB 3a3HAIOTh PI3HOI IHTEHCHMBHOCTI 3HOCY B 3alIeKHOCTI BiJ] BHAY KOPMIB, BOJOTOCTI,
HaBaHTaXXEHHs, YMOB cepefoBuIa. HagBHICTh MUKIIYHUX MEXaHIYHUX 1 BIOpallifHUX HaBaHTaKEHb
MOXYTh MPU3BECTH [0 PANTOBOi BIAMOBH JE€Tajel peAyKTOpiB, MiIMIMIIHUKIB, TiIPONPUBOJIIB.
[lepcrieKTUBHUM € BIIPOBAKEHHS CUCTEMH MOHITOPHHTY BiOpailii, TeMnepaTypu, HaBaHTaKCHHSI,
SIK1 JI03BOJISIE KOHTPOJIOBATH CTaH Y pealbHOMY Yaci.

[IpenukTUBHE TeXHIYHE OOCIYrOBYBAaHHS Ma€ 3HAuH1 MepeBard HaJ IHIIMMH CTPATETisIMH,
OCKUTBKH BIJIMIYA€THCSI BUCOKA BApTICTh MPOCTOIO0 3MIlTyBada-KOPMOpO37aBaya, sSKa MPU3BOJAUTH
e ———————————————————————————————
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70 TIOPYIIEHHS paimioHy, 3aTpUMKa B TEXHOJIOTIYHOMY IIpOLECi, Hemepen0adyBaHUX BHTPAT
IIPUPOCTY Barv Ta HAaJI01B MOJIOKA.

HaykoBuii 1 MNpakTUYHHMI IHTEpPEC TMPEICTAaBISAIOTh pOOOTH, B SAKHX MPEICTABICHO
BUKOPUCTaHHS CHUCTEMHOTO aHali3y Ta aHAIITUYHUX METOMIB JOCHIDKEHb s 3a0e3nedeHHs
Hagiitaocti 3I[IPK sk crimamaux TEXHIYHMX CHCTEM 13 BpaxyBaHHSM BIUIMBY PEMOHTHO-
oOcnyroByrounx fii [6, 7].
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VIIK: 656.1

OPTAHI3ALIIA BAHTAKOIIEPEBE3EHb B YMOBAX BIHChKOBOI'O
CTAHY TA HA/I3BHYAHHHX CUTYAL[IH

B.O. dopomyk, cm. suxnaday,

B.C. Copoxka, doyenm,

€.b. CainennKkui, cm. suxniaoau,

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

Hayionanvnuii ynieepcumem 600Ho20 cocnooapcmea ma npupoookopucmyeanis, m. Pisne,
Ykpaina

B yMmoBax BiiiCbKOBOTO CTaHy Ta HaJ[3BUYAaHUX CUTYaI[lil OpraHizailil BaHTaXOIlepeBE3EeHb
HaOyBae O0COOJIMBO BaXJMBOIO 3HAYEHHs 1 BIAICpae KIOYOBY pOJb Yy 3a0e3leueHH1
KUTTEABUTBHOCTI epkaBu. lle He nuIie yoricThuka — 1e 4acTHHa HaIlloHAIbHOI Oe3nexu. BoHa €
KPUTHYHUM €JIEeMEHTOM 3abe3neueHHs] 000POHO3aTHOCTI JepkKaBu, CTaOUIbHOTO (YHKIIIOHYBaHHS
€KOHOMIKM Ta MIATPUMKH TyMaHITapHOi 1H(GPAcTpyKTypH. 3MiHa JIOTICTUYHUX YMOB, 3arposa
1HGpacTpyKTypHUM OO0'eKTaM Ta OOMEXKEHHsS Yy NepecyBaHHI BUMAaraioTb HOBHUX MIAXOAIB J0
TUTAHYBAHHS Ta YIIPABIIHHS TPAHCTIOPTHUMH ITOTOKAMH.

ExonomiyHa cutyanis B YKpaiHi, 110 XapaKTEpPU3ye€ThCS 3HAUHUM CKOPOUEHHSM OOCSTiB
BUpoOHUITBa (10 60%), Ge3rnocepeHbO BIUIMBAE HA CTAH JIOTICTUYHOTO CEKTOPY, OCKUIBKHA MOMUT
Ha TPAHCIOPTHI Ta CKJIAACHKI TMOCIYrd NIPSIMO 3aJICKUTh Bl PIBHA BHUPOOHWYOI aKTUBHOCTI.
Haii0inpmmii  cmajg BUPOOHHWIITBA  CIIOCTEPIraeThCs Y  KIHOYOBUX —Taiy3sX, TaKuX SK
HaromepepoOHa, MeTanypriiiHa, MalmMHOOY/IIBHA, a TAKOXK y JEPeBOOOPOOHIH, GapMarieBTHUHIMH,
Jerkid, AoOyBHIA Ta XapdoBid MPOMHUCIOBOCTI, IO HETAaTUBHO TIO3HAYA€THCS Ha 00csTrax
JIOTICTUYHUX OTIepallii.

[TowaTok BiiHM B VYKpaiHi 3aBJaB CEPHO3HOTO yaapy MO TPAHCIOPTHIA JIOTICTHILL,
MPU3BIBIIM JI0 BTPATH MapIIPyTiB, 3yMMMHKU aBiallii, MacIITaOHUX PYHHYBaHb JOPIT Ta 3ali3HUIII,
YCKJIAIHEHHSI BaHTAX00O0I'y Yepe3 OKymarmilo Ta OOWOBI il, a TaKoXX 3HAYHUX 30UTKIB
TPAHCIIOPTHHUX 3aCO0IB.

Opranizaiis BaHTa)KOINEPEBE3E€Hb y KPU30BUX YMOBAX CTHKA€TbCA 3 TaKUMH OCHOBHHUMU
npooeMaMu:

- pyiiHyBaHHS a0o0 OJOKYBaHHS TPAHCHOPTHOI 1HGPACTPYKTypu (MOCTH, aBTOMAricTpaii,
JIOTICTUYHI BY3JIH);

- YacTKoBa a00 MOBHA HEAOCTYIHICTh MEBHUX TEPUTOPIi uepe3 00ioB1 Ail 4y 0OMEKEHHS
Oe3meKu;

- 3HIDKEHHS piBHSA 3a0€3MeYeHOCTI MajiruBOM, 3alaCHUMH YacTUHAMHU Ta TEXHIYHUM
00CIyroByBaHHSIM;

- TIIBUIIEHUN PU3MK JUIA BOJIIB 1 BAHTAXY uepe3 00CcTpiIn abo MIHYBaHHS;

- 3MiHa TPIOPUTETIB TIEPEeBE3€Hb: 3POCTaHHS TOTPEOM Yy JOCTAaBII MEIUKAMEHTIB,
Ir'yMaHITapHO1 10IIOMOT'H, 3aC00IB 3aXUCTY.

Ile mpu3BemnO /10 Pi3KOTO CKOPOYECHHS BAHTAXKOMOTOKIB, 0COOIMBO 3allI3HUYHHUX 1 MOPCHKHUX.
OOcsr BaHTaxHUX mepeBe3eHb y 2022 pori 3MeHIuBCs Maibke Ha 40% MOPIBHIHO 3 IOBOEHHUM
nepiogoMm (puc.1). Tlopt HopHoro Mopst Oynu 3a0I0KOBaHi, €KCIIOPT 3epHA, METAIYprii, Ximil Ta
IHIIMX BaHTaXiB OyB 3ynmuHEHHMH abo TmepeHanpaBlIeHUH Ha albTepPHATUBHI MapUIPYTH.
3ani3HUYHUN TPAHCIIOPT MPALIOBAB y KPU30BOMY pEXKMIi, (pOKycyBaBcsl Ha eBakyallii, IOCTa4yaHHi
TyMaHITapHOi JOMOMOTM # mepeopieHTalii €KCHOpTy OO0 3aXiIHOTO KOPJAOHY. ABTOMOOLIbHI
MEPEBE3EHHsI YaCTKOBO KOMIIEHCYBaJM OOCSTH, 3pocia pojb MaJloro MPHUBATHOrO Oi3HeCy Ta
BOJIOHTEPCHKOT JIOTICTUKH.
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Pucynok 1 — JluHaMika nepeBe3eHb BAHTAXKIB yciMa BUIAMHU TPAHCTIOPTY [2]

VY 20222023 pokax, mix 9ac MIOBHOMACIITA0HOTO BTOPTHEHHS B YKpaiHy, O0yJ0 po3ropHyTO
MEpeXy TyMaHITapHUX KOPUAOPIB ISl TOCTAaBKH MPOAYKTIB XapuyBaHHs, MEJAUKAMEHTIB Ta IHIIUX
KPUTHYHUX pecypciB. 3HAUHY pojb y I[iif CUCTEMI BIIIrpajy BOJIOHTEPCHKI IHIIaTUBH, MPUBATHI
MEPEBI3HUKU Ta MOOUIbHI JIoricTU4H1 HeHTpu. OcobauBo epekTuBHOI0 BusiBuiacs iHterpaumis IT-
pIIIEHb IS KOOPAWHALIT IepeBE3€Hb 1 MOHITOPUHTY O€3MEYHUX MapILIPYTIB.

Jliia rapanTyBaHHs 0e31mepedIiHOr0 TPaHCTIOPTYBAaHHS BaHTAXIB Y BOEHHUH a00 KpU30BUI
9ac 3aCTOCOBYETHCSI CTpATerisi pO3pOOKM Ta BUKOPHUCTAHHS AIBTEPHATHBHHUX IUIIXIB, 30KpeMa
TUMYacOBHX O0'I3HUX HUISIXIB Ta MEPEXKI CUIbCHKUX JOPIr.

AKTyallbHUM € TOCWUJICHHS KOOpAMHALIMHUX MEXaHI3MIB MDK JIep’)KaBHUMH OpraHaMu
BIIaJ¥, BINCBKOBUMH Miapo3iiamMu, Jlep:kaBHOIO Ciy:k0010 YKpaiHU 3 HaJA3BHUYAWHUX CHUTYaIli,
BOJIOHTEPCHKHM PYXOM Ta Cy0'€KTaMU IPUBATHOTO MiIITPUEMHHIITBA.

HeoOxinHuM € 3a0e3neyeHHs] 3aCTOCYBaHHS CYNYyTHHUKOBUX HaBIFal[IHUX CHUCTEM, CHCTEM
OTIEpaTUBHOTO OHJIAWH-MOHITOPUHTY PYXY TPAHCIOPTHUX 3ac00IB Ta IHCTPYMEHTIB aJallTUBHOTO
MapIIpyTHOTO TUIAHYBaHHS.

3 MeTor0 3a0e3MeYeHHsI CTaJOCTI TPAHCHOPTHOIO CHOJIYYEHHS B YMOBaxX HaJ3BHYalHOTO
CTaHy 3aCTOCOBYEThCS IIEHTpaATi30BaHAa CHUCTEMa YIPABIIHHS JIOTICTUKOIO, IO JO3BOJISIE
ONITUMAJIFHO PO3MOAUISATH HAassBHI PECYPCH Ta ONEPATUBHO pearyBaT Ha Oy/ib-sKi 3MIHM CUTYaIIii.

Jlnst  3a0esneueHHs Oe3mepeOifHOTO TMOCTayaHHS Yy BIMCHKOBHM dYac 3aCTOCOBYETHCS
MpaKTHUKa MePEopieHTAIlll IMBUTHHOTO TPAHCIIOPTY ISl HOTO 3aJIy4eHHSI O BUKOHAHHS TEPMIHOBUX
JIOTICTUYHUX 3aBJIaHb.

B yMmoBax BoeHHOTO cTaHy a00 HaJA3BUYAMHUX CHUTYaIlil, 1 3a0e3MeueHHs 0e3nepepBHOCTI
JIOTICTUYHUX TPOIIECIB, BIPOBAKYETHCS MPAKTUKA (POPMYBaHHS CTPATETIYHHUX 3aIaciB BAaHTAXIB y
Oe3rocepeHiii OJM3BKOCTI 10 MOTEHIIHHUX 30H PHU3UKY 3 METOK 3a0€3MEeUeHHSI OIEPaTUBHOTO
pearyBaHHs Ha BUHHUKaIO41 IOTPeOH.

BanrtaxonepeBe3eHHs B yMOBaX HaJ3BHYAMHMX CHUTYyalllil BUXOJATH 3a MEXI 3BUYHHUX
JIOTICTUYHUX CXEM 1 BUMAararTh CTpaTeriyHoro miaxoay. HeoOximHOw € po3poOka HaImioHaIbHOT
CUCTEMH KPH30BOi JIOTICTUKU, MIITOTOBKA PE3EPBHOTO TPAHCIIOPTY, CTBOPEHHS aBTOMATH30BaHUX
w1aTGopM YIpaBIlliHHS NEpeBE3CHHSAMU. Y CIIIIITHA OpraHi3allis TaKuX MepeBe3eHb 3HAYHOIO MIpOI0
BHU3HAYa€ 3JATHICTh [Ep>KaBU MPOTHUCTOATH 3arpo3aM 1 3axXuIIaTH HACEIeHHS B YMOBax
HaJ3BUYAITHOTO 200 BOEHHOTO CTaHy.
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V]IK: 658.6
JIOTICTHYHE 3ABE3INNEYEHHS EKCIIOPTHUX BAHTAKHHUX
IIEPEBE3EHbB: IPOBJIEMH TA IEPCIIEKTHBH

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

B.O. dopomyk, cm. guxknaday

Hayionanvnuii ynieepcumem 600H020 cocnooapcmea ma npupoookopucmysamnis, m. Pisne,
Ykpaina

VY cywacHux ymoBax rjoOamni3alii Ta AaKTUBHOTO PO3BUTKY 30BHIIIHbOEKOHOMIYHOT
JISUTBHOCTI, €(PEeKTUBHE JIOTICTUYHE 3a0€3MeUeHHs eKCIIOPTHUX BaHTAXKHHUX MEPEBE3EHB € OJIHIEI0 3
KIIIOYOBUX TMEPEIyMOB YCHIMIHOTO (YHKIIOHYBaHHS TPAaHCIOPTHUX MIANPUEMCTB. SKICTh
JIOTICTUYHHUX MOCTYT HanpsMY BIUIMBAE Ha HMIBUAKICTb, BApPTICTh Ta HAAIMHICTh JOCTAaBKU MPOIYKIIIT
70 1HO3eMHUX napTHepiB. OcoOaMBOi akTyaqbHOCTI L1l TeMa HaOyBae JUIsl YKpaiHM, sKa MparHe
3MILHUATH CBOT MO3HULIIi HA MDKHAPOJHOMY PUHKY, BOJHOYAC CTUKAIOUUCH 13 PSAOM BHYTPIIIHIX Ta
30BHIIIHIX BUKJIMKIB.

CyTHICTH JIOTICTHYHOTO 3a0€3MedYeHHs] eKCMOPTY IOoJsrac B Opradizailii, KoopauHalli Ta
ONTHUMI3aLlI] IPOLIECIB, MOB’A3aHUX 13 MEPEMILIEHHSM TOBapiB 3a MeX1 KpaiHu. Jlo TakuX mpoueciB
HaJeXaTh TPAHCIOPTYBaHHS, CKJIAAyBaHHS, MUTHE odopmieHHSs, iHpopMaliliHa MiATpUMKa, a
TAaKOX B3a€EMOJIS 3 JIOTICTHYHUMH OIIEpaTopaMH Ta KOHTPOJIOIOYMMH OpraHamd. BaHTaxHI
MEePEBE3CHHSI B paMKaX EKCIIOPTHOI MISIILHOCTI 3MIACHIOIOTHCS aBTOMOOUIRHUM, 3aJII3HUYHHM,
MOPCHKHM, aBialliIiHUM a00 MYyJbTUMOJAJIBHUM TPAHCIIOPTOM, B 3aJIe)KHOCTI BiJ crenudiku
BAaHTaXY, BIZICTaH1 Ta PETiOHY IMOCTaBKHU.

OcHOBHUMH TpoOIEMaMH JOTICTUYHOTO 3a0€3MEUEeHHs €KCIIOPTHUX BaHTa)KOINEPEBE3CHb B
Vkpaini €: HecTaOUTbHA TOJITHYHA CUTYaIlis, BIHCHKOBI Jii, YaCTKOBA HEIOCTYITHICTb OKPEMHX
JIOTICTUYHUX MAapIIPYTiB, 3HOIIEHA TpaHCHOpPTHA IH(paCTpyKTypa, HEAOCTATHIA PO3BUTOK
JOTICTUYHUX XaliB, a TakKOX CKIagHI TPOIEeaypd MHUTHOTO OQGOpMIICHHs. 3HayHAa 4YacTHHA
MIANPUEMCTB CTHKAEThCS 3 TPYAHOIIAMHU Yy IUIAaHYBaHHI €KCIIOPTHHUX IOCTaBOK uepe3 Ae(iuut
Cy4acHOTO TPaHCIOPTY, HU3bKY MPOIYCKHY 3[JaTHICTh MYHKTIB MEPETHUHY KOPJOHY Ta HEIOCTATHIN
piBeHb MUGPOBI3allii JOTICTUYHUX MPOIIECIB.

e ogHMM BaXJIMBUM BHUKJIMKOM € 3pOCTaHHS BHUTpPAT Ha JIOTICTUKY, BHUKJIMKAaHE SK
MIIBUIIEHHSIM BapTOCTI MaJbHOTO Ta OOCIYrOBYBaHHs, TaK 1 3HIKCHHSIM PEHTA0EIbHOCTI
nepeBe3eHb Ha (OHI HecTaOLILHOTO MonuTy. BogHovac, 3 Orjisiay Ha MiIBUINECHHS BUMOT 3 OOKY
1HO3EMHUX MAapTHEPIB 10 SKOCTI Ta MPO30POCTI JOTICTUYHUX MOCIYr, MiAIPUEMCTBA 3MYIIEHI
1HBECTYBaTH y MOJEpHI3allil0 MpoieciB, BOpoBamkeHHs [T-cuctem ynpaBiiHHS JIOTICTUKOIO Ta
IHTETpaIlifo 3 MDKHAPOAHUMH JIOTICTUHYHUMH TUIAT(HOPMaMHU.

[lepcriekTHBY MOKpAIIEHHS JIOTICTUYHOTO 3a0€3MeYeHHs eKCIIOPTY OB SA3aHi 3 aJanTalli€elo
HAI[IOHAJILHOT JIOTICTUYHOI 1HQPACTPYKTYpH 1O €BPONEHCHKUX CTAHIAPTIB, PO3UIMPEHHIM
cHiBIpalli 3 JoricTHYHUMH omneparopamu €C, a TaKOXK BIPOBAPKEHHIM LU(PPOBUX IHCTPYMEHTIB,
TaKuX SIK €JeKTPOHHI JOKYMEHTH, CHUCTEMH BIICTE)KEHHS BaHTaXIB Ta IJIATPOPMU B3aEMOAIl 3
MUTHHLEIO. 30KpeMa, MEPCHEKTUBHUM HAINpPSIMOM € PO3BUTOK IHTEPMOJAJIBHHUX IEpeBe3eHb, SKi
JI03BOJISIFOTH 3HU3UTH JIOTICTUYHI BUTPATH 1 MIABUILUTH €(EKTUBHICTh TPAHCIOPTYBAHHS Ha BEJIUKI
BIJICTaHI.

VY cydacHMX yMOBax 0COOJIMBY yBary ciij MpUIUIATH JOTICTUYHIN CTIHKOCT1 HIMIPUEMCTB —
3/IaTHOCTI aJanTyBaTH JIOTICTUYHI MPOILIECH 0 3MIH 30BHIIIHBOTO cepepoBumia. e mependauae
PO3poOKy albTepHATUBHUX MapUIPYyTiB, YKIaJaHHS JOBIOCTPOKOBHUX KOHTPAKTIB 3 JIOTICTUYHUMHU
napTHepaMu, CTBOpeHHs OydepHHMX CKIaAiB Ta BUKOPUCTaHHS aHANITHYHUX IHCTPYMEHTIB IS
MIPOTHO3YBAaHHS PU3HKIB.

VY KOHTEKCTI YHpaBIiHHA CKJIAJCBKUMH 3amacaMu TexHoJjorii BipryansHoi (VR) Ta
nonoBHeHoi (AR) peanbHOCTEl MpencTaBisiOTh c000I0 €(PEeKTUBHI IHCTPYMEHTH JUIsi BUPILICHHS
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BIJMOBITHUX Oi3HEC-3aBJaHb. 3a3Hau€H1 TEXHOJIOTI, 10 3HANIUIM HIMPOKE 3aCTOCYBaHHSA Yy cdepi
JMCTAHIIIMHUX TEXHOJIOTTYHMX OIepalid, 3a0e3rnedyioTs BCeOIYHY Bi3yalli3alilo piBHS 3amaciB y
PEKUMI peasbHOTO Yacy.

3acrocyBanHsa TexHojorii Big Data y cdepi MDKHApOJHMX BaHTAXHHUX IE€PEBE3CHb
MPU3BOIUTH JI0 3HAYHOTO 3POCTaHHS omepaniiHoi eeKTUBHOCTI, MiHIMI3amii (iHaHCOBUX BUTpAT
Ta MiJBUIICHHS PIBHS KIiEHTChKOTO cepicy. Big Data € moTy:xHuM 3ac000M Uil TPOTHO3YBAaHHS
MOTIUTY HA TIEPEBE3€HHs, ONTHUMAaIbHOI MOOYJOBH JIOTICTUYHUX MAapIIPYTiB, 3AiHCHEHHS
KOMIUIEKCHOTO ~KOHTPOJIIO Ta IMiIBUIICHHS O€3MeKH BaHTaXoNepeBe3eHb. B pesynbrari,
BrpoBapkeHHs Big Data Tpanchopmye mnapagurmMy TpaHCIOPTHOI JIOTICTHKH, CIPHUSIOYH
MIIBUIIEHHIO KOHKYPEHTO3JATHOCTi, OINEpPaTUBHOCTI Ta €(EeKTHBHOCTI KOMIaHIi B yMOBax
Cy4acHOI TJI00AJIbHOT EKOHOMIKH.

Takox BakJIMBO PO3BUBATH KaJpOBUM MOTEHIIaJ] JIOTICTUUHUX CIyXk0 1 3abe3meuyBaTH
iXHIA TOCTIMHUN TTpodeciitHIil PO3BUTOK BIAMOBIAHO O BUMOT MIKHApOJIHOTO puHKY. KpiM TorO,
HEOOX1IHO BIPOBAKYBaTH MEXaHI3MHU JIep’KaBHOI MIATPUMKH €KCIIOPTEpiB y cdepl JOTICTUKH,
30KpeMa uepe3 MUIbrOB1 KpeIUTH Ha MOJIEPHI3aIlI0 TPAHCIOPTHUX 3acO0iB, CIPOIIECHHS MHUTHHX
Mporeayp Ta MIATPUMKY OYIIBHHUIITBA CYYaCHMX JIOTICTUYHUX IEHTPIB. 3ay4yeHHS 1HO3EMHHX
IHBECTHI[I1 y PO3BUTOK JIOTICTUYHOI IHQPACTPYKTYPH MOXKE CTaTH BAKJIMBUM MOILITOBXOM 0
MOKPAIICHHST YMOB JUTSl YKPATHCHKUX €KCTIOPTEPIB.

Texnomnoris OJOKYEiH, MO MBHAKO HAOyBae TMOIIUPEHHS, HATa€ TOCTa4aJbHUKAM 1
KIIIEHTaM MOXJIMBICTh MPO30pO BIACTEKYBAaTH TPAH3AKII Ta KOHTPOJIIOBATH BCIO HEOOXIIHY
nokyMmenTanito. Llel minxia rapaHTye BUCOKHM piBeHb O€3MEKU Ta YHEMOKIIMBIIIOE MIaXpalchKki A1l
BcepenrHi JorictTuuHoi komnanii. KpiM Toro, BiamoBa Bin (i3MYHHMX HOCIiB iH(OpMaIlli 3HaYHO
3HIKY€E PU3UK BUHUKHEHHS JIIOJICHKUX TOMUIIOK.

[lepcrieKTUBHUM € PO3BUTOK JEPHKABHOTO Ta MPUBATHOTO MAapTHEPCTBA y cepi TPaHCHIOPTY
Ta jorictuku. B yMmoBax iHTerpariii YKpaiHu 10 €BPONEUCHKOTO PUHKY Ta MOCTYIOBOTO MEPEXOTy
JI0 CTaJMX JIOTICTUYHUX PIIICHb aKTYaJIbHAM € PO3BUTOK EKOJIOTIYHHMX MIIXOJIB J0 BaHTAXHHUX
nepeBe3eHb. BUKOPHUCTaHHS €ICKTPUYHOTO TPAHCIIOPTY, ONTHUMI3AIlisl JOTICTUYHUX MapIIPyTiB 3
ypaxyBaHHSIM €KOJIOTTYHUX KPUTEPIiB Ta BIPOBA/PKCHHSI MTPUHITUIIIB 3€JICHOT JIOTICTUKA MOXYTh HE
JIUIIIE MOKPAIIUTH €KCIIOPTHI MOXJIMBOCTI, a i 3MEHIIUTH HETaTUBHUI BIUIUB HA JOBKULIS.

Omxe, HE3BaXKAlOYM HA HASBHI TPYAHOII, JIOTICTUKA €KCIIOPTHUX BAHTAXXHUX IEPEBE3CHb B
VYkpaini Mae 3HAYHWI TMOTEHIIAN JJIs PO3BHUTKY. 3a YMOBH JEP’KaBHOI IMIATPUMKH, MOJICpPHI3aIlii
iHppacTpykTypH Ta 1UdpoBoi TpaHchopMallii raimy3i, YKpaiHChKi MAMPUEMCTBA 3MOKYTh YCIIIITHO
KOHKYpYBaTH Ha MDKHApOJHOMY piBHI, 3a0e3medyroun e()EeKTUBHE TPaHCIOPTYBAHHS CBOET
MPOAYKIIii Ha 30BHIITHI PHHKH.
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IHHOBAI[THHI CTPYKTYPHI IEPETBOPEHHA HA ITPOMHCIOBHX
HIIIPHEMCTBAX AK JPAHBEP CTAJIOI' O PO3BUTKY

B.1. MeJabHUK, 00y., KAHO. €KOH. HAYK,
O.M. TI'ajinaii, cmyoenm
Hayionanvnui ynisepcumem 6iopecypcie i npupoookopucmyseanus Ykpainu, m. Kuis, Yxpaina

CTpyKTypHI MEPETBOPEHHSI B MPOMHUCIOBOCTI € KIIOUYOBUM MEXAHI3MOM JIJIsi JTOCATHEHHS
CTaJIOTO PO3BUTKY, OCKUIBKM BOHM CIPHUSIOTh IMIIBUIIEHHIO €(EeKTUBHOCTI BUPOOHUIITBA,
3MEHILIEHHIO €KOJIOTTYHOIO BIUIMBY Ta IHTerpaiii 1HHOBaliiHUX TexHojorii. [i 3MiHun
nepeadavyaroTh Iepexia Bil TpaaulidHUX MoOJeNed BeAeHHs Oi3Hecy [0 OUIbIl Cy4acHHX 1
BIJIMOBIIAJILHUX MIAXOIB, K1 BPaXOBYIOTh €KOHOMIYHI, COI[IaJIbHI Ta €KOJIOTIYHI aCIeKTH. 3TiAHO 3
nocniypkeHHsMu  OOH 3 mpommucioBoro po3sutky (UNIDO), crpykrypHa TtpaHchopmalis
MMPOMUCIIOBOCTI € OCHOBHMM YWHHHKOM IHKJFO3WUBHOTO Ta CTIHKOTO €KOHOMIYHOTO 3pPOCTaHHH,
0COOJIMBO B KpalHax, IO PO3BHBAIOTHCS.

CTpyKTypHIi MepeTBOPEHHS MPOMUCIOBUX MIANPUEMCTB MepeadadaroTh NepeopieHTAIllI0 Ha
BUKOPHUCTAHHS €KOJIOTIYHO YNCTUX TEXHOJIOTIH, ONTUMI3AIIII0 BUPOOHUYUX MPOIIECIB Ta IHTETPAIit0
udposux pimens. Hanpukian, nporpama "binein uncroro sBupobuuirsa™ (Cleaner Production),
3anpoBakeHa [Iporpamoro OOH 3 nHaBkomumuboro cepemouiia (UNEP), crnpsMoBana Ha
3amo0iraHHsl YTBOPEHHIO MIKIJIMBUX BUKHUIIIB IILISIXOM OMNTHMI3allili TEXHOJOTIYHUX MPOIIECIB Ta
BIIPOBA/PKEHHSI €HEpro30epiralounx TEXHOJIOTIH. 3a JaHMMHM IIbOTO MPOEKTY, MoHan 75%
IHBECTHUIII y Taly31 MPOMHUCIOBOCTI TPHIMANAE€ HA TEXHOJOTIi "OUIBII YHCTOrO BUPOOHHUIITBA"
(UNIDO, 2017).

BaxxnuBum acriekToM € TakoX 1mudpoBa TpaHchopmallisf. 3riIHO 3 JOCTIHKCHHSIM
Ghobakhloo et al., mepexin g0 iHmycTpii 5.0, SKa MOEAHYE aBTOMATH3aIlil0, IITYYHUH IHTEIEKT Ta
JIOJCHKUN  KalliTal, [03BOJIAE MPOMHUCIOBUM MIANPUEMCTBAM 3HU3UTU EHEPrOBUTPATH Ta
MIIBUIIUATH MPOJTYKTUBHICTH MpaIli.

Opnak mpouec TpaHchopMmalii CYMPOBOKYEThCS HU3KOIO BHKIMKIB. Hanpukian,
nocmimpkenns (Sipilova) mokasye, 10 HeCBO€YacHa MOJIEPHI3allis TEXHOJOTIH MOKE IMPU3BECTH IO
3pOCTaHHS EKOJIOTTYHOTO HaBaHTAXCHHsI 4epe3 HeeeKTHBHE BUKOPUCTAaHHS pecypciB. Tak, y
KpaiHaX 3 BHUCOKHMM pIBHEM IPOMHUCIOBOTO 3a0pyIHEHHS BiCYTHICTh IHBECTHIIA y «3€JIeHI»
TexHoJIoTil Tpu3Bena a0 30utbmenHs BUKuAIB CO2. KpiM Toro, HemocTaTHii piBeHb KBaidikarii
MepCcoHay Ta OImip 3MiHaM 3 00Ky MEHEPKMEHTY YacTO YIOBUIBLHIOIOTH Mpoliec TpaHchopmariii.

JUis ycHilmHUX CTPYKTYPHUX MEPETBOPEHb HEOOXIMHUW KOMIUIEKCHHM MiAXiJ Ha piBHI
JepKaBHOT MIATPUMKH, MDKrally3eBO1 Koorepailii Ta iHBeCTyBaHHS y JIOJACHKHI KamiTall.

[IpuknagoM Ha piBHI JAep)KaBHOT MIATPUMKH MOXe OYTH CTBOpPEHHS CTUMYINIB IS
BIIPOBA/PKEHHSI €KOJIOTTYHUX TEXHOJIOTIH, HANpUKIIaJ, MOJATKOBI MUTBIU AJS MIAMPUEMCTB, SKi
BUKOPHUCTOBYIOTH BIIHOBIIIOBaHY €HEPTiIO.

Mixrany3eBa Koomepallis BHSBISETbCS Ha PIBHI 3alPOBAPKEHHS CIUIBHUX MPOEKTIB
MIPOMHUCTIOBHX MIANPUEMCTB 1 HAYKOBUX YCTaHOB, SIK Y BUMAKY HiMelbKoi mporpamu Industrie 4.0,
ne po3poOka SMART-¢pabpuk ckopoTuia BUTPATH Ha JIOTICTUKY.

BaxnuBuM acieKTOM 3aIHINAETHCSI HABYAHHS MPAIIBHUKIB pOOOTI 3 HOBUMU TE€XHOJIOTISIMH.
Hanpuknan, y IlBenii mporpama "Green Skills" minBuimuina piBeHb 3alHATOCTI B «3EJICHUX»
cexTopax Ha 10%.

OTxe, CTPYKTYpHi MEPETBOPEHHS Ha MTPOMUCIOBUX MIAMPUEMCTBAX € HEOOXITHOK YMOBOIO
JUI JOCATHEHHSI CTallor0 PO3BUTKY. BOHM J03BOJNSIOTH MOEIHYBATH E€KOHOMIYHE 3pOCTaHHS 3i
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30epeKEHHSIM TMPHUPOJTHUX PECYpPCiB Ta COIIAIbHOIO BiAMOBINATBHICTIO. YCIIIITHI KEHCH, TaKi K
BIIPOBa/DKEHHS 1HIycTpii 5.0, MOBOASTH, MIO IHHOBAIl Ta CIIBIpAI MDK CEKTOpaMU MOXKYTh
3a0€e3MeUYUTH JOBIOCTPOKOBY KOHKYPEHTOCHPOMOXKHICTh HPOMHCIOBOCTI. J[ns mogonaHHS
BUKJIMKIB HEOOXiJHI CUCTEMHI 3MIHM Ha PiBHI JEP>KaBHOI MOJIITHKH, KOPIIOPATUBHUX CTpATETiid Ta
IpPOMaJICHKOI CBIZIOMOCTI.
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3A/TUIIIKOBI HAIIPYKEHHA B EJIEKTPO/[YTOBUX IIOKPUTTAX 3
IIOPOLHIKOBHUX /IPOTIB IIPH BI/THOBJIEHHI /IETAJIEH
ABTOTPAKTOPHOI TEXHIKH

B.M. I'Bo3neubkuii,cm. Hayk. cnigp., Kano. mexH. Hayx,

Dizuko-mexaniunuti incmumym HAH Ykpainu, m. Jlveie, Ykpaiua,

C.1. MapkoBu4Y, 00y., KaHO. MexH. HAYK,

Llenmpanvroykpaincokuu HayioHATLHUN MexHIYHUl YHigepcumem, M. Kponuenuyvkut, Yxpaiua,
H. 3. Mo3oJaa, acn.,

X.P.3anopoxua, H.c., Kano. mexH. Hayx,

M.M. CTyaeHT, npos.Hayk. cnisp., npogh, OOK. mexH. HayK

Dizuko-mexaniunuti incmumym HAH Ykpainu, m. Jlveie, Ykpaina

Cepen razoTepMIiYHUX METOIB HAHECEHHS MOKPUTTIB HAaHIOIIMPEHIIIUM € €JIEKTPOAYrOBUM
Merosa HamumoBaHHs. Enextponmyrosi mokputts (EJII) 13 mopomkoBux apotis (IIJ]) mmpoxo
BHKOPUCTOBYIOTh I BIJHOBJICHHS JETajei THITYy «Bal» aBTOTPAKTOPHOI TEXHIKH,  KOTpIi
EKCIUTYyaTyIOThCS 32 BUCOKHMX MMUTOMHUX HaBaHTa)KE€Hb B YMOBAX TEPTS 31 3MAIIEHHAM 0JIMBOIO [ 1-4].

Jo mnepesar EJIII BigHOCHO IHIIMX Ta30TEePMIYHMX METO/IB HAHECEHHS IOKPHUTTIB
BITHOCSITh MPOCTOTY TEXHOJIOITYHOTO MPOIleCy, MIHIMaJbHI 3aTpaTH Ta BHUCOKY MPOJYKTHUBHICTH,
MOXJIMBICTh 32 HE3HAyHOro HarpiBaHHs aetaned (mo 150°C) HammimaTu Ha X TOBEPXHIO IIap
HeoOxinHoi ToBMHYU (y mianazoHi 0,1...10 mm) 3 6axkanumu BractuBocTsamu. Omxke EJ[I1 narots
MOJKJIMBICTh BiTHOBIIIOBATH PO3MIPH 3HOIICHUX JETalell Ta MiABHUIYBATH 1X 3HOCOCTIHKiCTh [4—6].
OcranHiM yacoMm juisi mokpamieHHs romoreHHocti EJIIT 1 ix BmacTmBOCTEH aKTHBHO TOYaId
3acTOCOBYBaTH Haa3BykoBui Meto HanwiatoBaHHs EJIT [7—10]. ITix vac nanumroBanas EJII1 B Hux
BUHUKAIOTh 3HAYHI 3aJIMIIKOBI HANPYXXEHHS PO3TATY MEPIIOrO POy, SKi CHPUSIOTH YTBOPEHHIO
TPIMH Yy iX CTPYKTypi. 30KpeMa HaBiTh Ha €Talll MeXaHIYHOI OOpOOKH y TMOKPUTTIX MOXKYTh
dbopmyBaTHCs MaKpOTPIIIUHU, SKI CHPUATHUMYTh HOTO pYHMHYBaHHIO IiJ] Yac eKCIuTyaTalii, abo
CYTTEBO 3HMKYBATUMYTh HOTO 3HOCOCTIHKiCTh. [8, 11].

Merta nocnimkeHHa. BcTaHOBUTH BIUIMB KOMIOHEHTHOTO ckiaay muxtu [1J[ Ha piBeHb
3aJIUIIKOBUX HANPYKEHb MEPIIOTO POAY Y HAMUJIEHUX HUMHU MOKPUTTSAX Ta BCTAHOBHUTHU iX 3B'SI30K
13 aOpa3uBHOIO 3HOCOTPUBKICTIO.

Hna wanumoBanHs EJIIl 3 Bukopucrannsm [IJI B Haa3ByKOBOMYy pexuMmi B
€JIEKTPOYTOBOMY PO3MUIIIOBAYl BUKOpUCTAIHM coIuio JlaBans 3 BEpTUKaJIbHUM PO3TALIyBaHHAM
IBOX MOBITpssHUX KaHamiB [10]. Haa3BykoBuil OBITpSHUI CTPyMiHb 3 YUCIOM Maxa 2 oTpUMYyBaIH
3aBASKHM MIJBHUILEHHIO THCKY IMOBITPSIHOTO CTPYMEHIO Ha BuxoAi 13 comuia Bix 0,6 mo 1,2 Mlla.
BHacniok 1poro MBHIAKICTH MOBITPSIHOTO CTpyMEHIO 3poctana y 2 pasu (Bim 300 mo 600 m/c), a
IIBUJKICTh AUCIIEPrOBAHUX MOBITPSHUM cTpyMeHeM kparuind posriaBy [1/] — Bim 60-90 no 160—
220 m/c. HanunieH1 moKpUTTS 1UTihyBaiu.

Hnsa nanumoBanus EJIIT Bukopucranu I1J] niamerpom 1,8 mm ITJ 150Cr10B5MnSi ta I1]]
150Ti10B5MnSi, muxty sikux dpopMmyBanu i3 nopomkiB ¢epocmiasis — (FeSi, FeMn), meranis —
(Cr, Ti) ta xap6iny B4C, a 000IOHKY BHTOTOBISUTH 3i CTpiuku mmpuHO 10 MM i3 crami O8km
toBiuHOI0 0,4 MmMm. KoedimienT 3anoBuenHs [1]] muxtoro nocsaras 24%.

[ToxputTst BUNpoOOBYBallM Ha abpa3WBHE 3HOIIYBAaHHS B YMOBAaX >KOPCTKO 3aKpiMJIEHOTO
abpasuBy. i 1HOTO BHUKOPUCTANIHM a0pa3MBHUN OHUCK 13 EJIEKTPOKOPYHAY CEepPeaHbOM'SIKOT
TBepaocti CM-2 Ha kepamiuniil 38’311 7K15 mgiamerpom 150 MM Ta mupuHO0 8 MM. 3epHUCTICTD
enekTpokopyHay cranoBuna 250..315 mxm (25A, 25H), miniiina mBuakicts Tepts — 100 m/xB,
HABaHTA)XEHHs B 30HI JiHIITHOTO KOHTaKTy — 15 H. 3HOC olliHIOBaNM 32 BTPATOIO MacH 3pa3KiB 3
ToyHicTiO 10 2107 1.
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Jlnsi BU3HAYCHHS BIUIMBY TEMIIEPATypH BIIIIYCKY Ha BEJIWYHMHY 3QJIMIIKOBHX HaNpyKeHb
postsry I pony B EAIL mis nanunenns ob6panu [/, ski 3a6e3neumin 6 ¢popMyBaHHS HOKPUTTIB 3
pi3HUM (pazoBuM ckiagom. 3okpema, 3a Bukopuctanus I1J[ X19HI10 y crpykTypi HammieHOTO
MOKPUTTS yTBOprOoBaBcsi crTabutbHmit aycterit, [IJ] 150X10I'C — 3anmmkoBuii aycreHit, I1]]
50X10I'C — wmaprencur, [ 0X10I'C — ¢epur (puc. 1). [nsa migsumenns tBepaocti EJIIT
MEPEeBaXHO 30UIBIIYIOTh BMICT JIETYBaJIbHHUX E€JIEMEHTIB, TaKMX SK BYIJElb Ta OOp, MpoTe IIe
CYIPOBO/IKYETHCS 3POCTAHHSIM BEIHMYMHH 3JUIIKOBUX HANpPyXeHb po3Tiary | pomy y Takux
MOKPUTTSIX. BU3HAaYabHUI BIUIMB HA 3aJIMIIKOBI HANPY)KEHHS pO3TAry | poay y MOKPHUTTAX Mae
BMICT y HUX BYTJICII0. 32 BMICTY BYTJICIIO B OKpUTTI MeHmie 0,4 mMac.% 3aJIMITKOBI HAIPY>KEHHS
postsry 1 poxy y Hpomy 3HmKyBanmuck 10 20 MIla, 3a iforo minsumenns nonan 0,4 mac.% —
cTpimMKko 3poctanu, a npu 1,4 mac.% — caras 150...160 MlIla. Ile 3ymoBneHo pi3HUM (a3oBUM
ckiagom EJIII 3 pi3HUM BMICTOM ByTJeIio. 3a BMICTY Byriento B mokpurti Ao 0,4 mac.% y ioro
CTPYKTYpl IepeBakaB MapTeHCHUT, a 31 3pOoCTaHHAM Horo BMicTy noHaa 0,4 mac.% — 3poctaia
KUIBKICTh 3QJIUIIKOBOTO ayCTEHITY.
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Pucynok 1- BB ¢a30Boro ckiany HOKPUTTIB Ha BEIMYMHY 3aJIMIIKOBUX HANPYKEHb po3TAry | poxy B HuX.

ITicns Bimmycky 3a Temmeparypu 10 400 °C B ycix MOKpHTTAX (HE3alIexKHO Bix iX (a3oBOro
CKJIaJly) CIOCTepirajud He3HAYHy TEHICHI[II0 J0 3HIKEHHS BEIMYMHHM 3IUIIKOBUX HANPYKEHb
posrary I poxy (puc. 2). Iicns Binmycky 3a TemnepaTypu nonaz 400 °C BOHH 3HIKYBAJIHCS 3HAYHO
BIIUYyTHIIIIe, BHACIIOK TOTO, 110 HasBHUH y cTpyKTypi mokpuTTiB i3 [1J] 150X 10I'C 3anumkoBuit
ayCTEHIT IMEPETBOPIOBABCS B MApTEHCUT BIAIYCKY, IO CYNPOBOJKYBAJIOCS 3POCTaHHAM 00’eMy
MOKPUTTA. SIK pe3ynbTar BIAMOBIAHMX CTPYKTYPHHUX IIEPETBOPEHb Yy MMOKPUTTI 3adiKCyBayH
3aJIUIIKOB1 HANIPY)KEHHsI CTUCKY. Taki K HanpyKeHHS BUHUKAIHU 1 MICNA BIAMYCKY 3a TeMIlepaTypu
nonaz 400 ‘C nokpurrs 3 I1J] 50X10I'C, 1m0 1noB’s3a1u 3aBepIIeHHSM IepeTBOPEHHS MapTEHCHTY,
HasIBHOTO y OTO CTPYKTYpi, B MApTEHCUT BIANYCKY. 3arajaom, 4uM BUIUM OyB BMicT C y IOKpUTTI,
TUM OUIbIlIe 3ANHIIKOBOTO ayCTEHITY 3aiuiianocs B HboMy. BiamosigHo, uuM Bummmid Bmict C B
ayCTEHITi, TUM OUIbIINUNA edeKT 3MIHM HOro 00’eMy BHACHIZIOK NEPETBOPEHHS B MAapTEHCUT. Y
MOKPUTTSAX, HAMWJIEHUX HEIEroBaHMMU BHCOKOByrieneBuMu IIJ] mepeTBOpeHHs 3aJIUIIKOBOTO
ayCTEeHITY B MapTEHCHT po3louuHaocs Bike 3a Temneparypu 200...300 ‘C. BHacminok nerypanus
[1] temmeparypHuil iHTEepBal MOYATKY CTPYKTYPHHX IMEPETBOPEHb B MOKPHUTTAX 3MIIIYBaBCsS B
HanpsMi MJIBUILIEHHS TEMIIEpaTypH.

3okpema, mist mokputtsa 13 I 150X10I'C, mo mictuno 1,5 mac.% C ta 10 mac.% Cr
MIEPETBOPEHHS 3aJMIIKOBOTO ayCTEHITY B MApTEHCUT BIAMYCKY PO3MOYMHANOCS 3a TeMIlepaTypu
Binnycky nonan 400°C (puc. 2). Toni sk y mokpurti 3 I1JI 0X10I'2F06, 3a mux *e TeMIeparyp
BIIMyCKY BHUAULUIACA 1HTepMeTanigu 3aiiza 3 amoMiHieM (FeszAl), mo cnpuymHUIO 3MEHIICHHS
00’eMy MOKPUTTSI Ta, BIAMOBITHO, 3pOCTAHHS BEIMYMHU 3aJMIIKOBUX HANIPYKEHb pO3Tsry | poay y
HBOMY.
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Pucynok 2 — BruiuB Temneparypu Biaycky T 3pa3kiB 3 EJII1, nanunenumu piznumu [1]1, Ha 3amunikoBi
HanpyxKeHHs po3TAry I pony (Gxos) Y TOKPHUTTSIX.

Ha ocHOBI1 ekcriepuMeHTaIbHO OTPUMAaHKX 3aJeKHOCTEeH BILUTUBY (paszoBoro ckiamxy EJIIT Ta
BMICTY B HHX BYIJICLI0 Ha 3aJUIIKOBI HampyKeHHS po3Tsary [ poay (Ores) B MOKPUTTAX
3aMponoHyBaU eMIIpUYHy GOPMYITY AJs iX BU3HAUECHHS:

ores = [0,25-M-(0,45 — C) + 1,6:A + 0,7-F+0,9-Fcras] MIla 1)
ne M, A, F, Fcas Ta C — BMICT BIAMOBIZHO MAapTEHCUTY, AayCTEHITY, ¢epury, GepuTy
cTaOLTI30BaHOTO AJIFOMIHIEM Ta BYTJIELIO B MMOKPUTTI, Mac.%.

Emmipuuna dopmyna (1) mgae 3Mory KUIBKICHO OIIIHIOBAaTH BEIUYMHY 3aJIUIIKOBUX
HaIpy>KeHb po3TATY | poay y MOKPUTTSX 3a BiIOMOTO CIIBBIAHOMICHHS (a3 y HboMy. Pazom 3 Tum
B)XJIMBUMH € HE caMa BEJIMYMHA 3aMIIKOBUX HAMPYKEHb PO3TATY | pojy y MOKPUTTI (Gres), a HOTO
CHIBBIIHOIICHHS 3 KOT€3MBHOIO MIITHICTIO (O3), SK MOKA3HUK CTIMKOCTI JI0 TPIIIMHO YTBOPEHHS. 3a
pe3ynbTaTaMu JOCTIIKEHHS MOKPHUTTIB, OTpUMaHUX 3 ycix aHamidoBanux [IJ[, mpuiimm mo
BHCHOBKY, 10 IMOOJUHOKI MIKPO TPIUIMHU MOYMHAIU YTBOPIOBATHUCS Y MOKPUTTAX 33 YMOBH, KOJIH
MMOKa3HUK Gres/0s > 0,75. Kosm *k 11e#l MOKa3HUX OCATaB GOres/Gs > 0,85, TO y CTpYKTYypi MOKPHUTTIB
dbopmyBanacs Mepexa TPIIMH. 3BIJACH 3PO3YMLIO, HACKUIBKH Ba)KJIMBO BUSBHTH 3aKOHOMIPHOCTI
BILTUBY [apaMeTpiB HATMIIOBAHHS Ha 1€l OKa3HUK.

Ha npuxnani nokputtiB 13 I1J] 90X10P2I'C BcTaHOBMIN B3a€MO3B’ 30K MK MapaMeTpamu
HAMWIIOBAHHS MOKPUTTIB (CTPYM Ta THCK PO3MIIIOBAILHOTO MOBITPS) Ta MOKA3HUKOM Gres/Cy (PHC.
2). Tak 3i 3pOCTaHHSAM MPOAYKTUBHOCTI HANMWIIOBAHHS (3 BUKOPUCTAHHSIM OUIBIIOTO CTPYMY)
CHIBBITHOIIEHHS Gyon/Cs MPAKTUYHO HE 3MIHIOBAJIOCH. 3 MIJBUIIICHHIM THCKY CTPYMEHS MOBITPS Bil
0,3 mo 0,65 MIIa noka3HUK Gres/0s 3pocTaB Bin 0,5 mo 0,68, HabIMXKaAIOYKCHh O MEXI, 32 AKOi Yy
MOKPUTTI MOYMHAIM BUHHMKATH MIKpo TpimuHU. KpiM Toro cimij BpaxoByBaTH, IO HEMOXKJIUBO
3armo0irT BUHUKHEHHIO JI0JaTKOBOTO CIUIECKY HAMPYXEHb PO3TITY B MOKPHUTTI MICIs 3aBEPIICHHS
npouecy HamwioBaHHsA. [1[00 YHUKHYTH LbOTO, CTajleBY MiIKIAAKy Tepel HaMUIIOBaHHIM
niairpisanu 10 200...250°C. 3aBasku 1bOMY BIAIOCS CYTTEBO 3HU3UTU MOKA3HUK Gres/Cp 10 3HAYCHHS
0,2 (puc. 3). 3miHa 3ampONOHOBAHOTO TOKAa3HHUKA Ores/Gz B MHiama3oHi 0...0,7 mpakTuuHO HE
BILJIMBAJIa HA CTIHKICTh MOKPUTTIB /IO abpa3uBHOIO 3HOIIyBaHHs. [licist Horo BUX0.y 3a MEXi IIbOTO
Jiarna3oHy y MOKPUTTAX (opMmyBanacs Mepexa MIKPOTPIIIMH, a iX 3HOCOCTIMKICTh CTPIMKO
3HIDKYBaJIACS.
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Pucynok 3 — CriBBiTHOIIECHHS Gres/Gs B MOKPUTTI 3 [T/ 90X 10P3I'C 3ayiexxHO Bijx mapameTpiB Horo
HarmmoBaHHs: cTpyM I (1), Tuck cTpymeHto moBiTps P (2) Ta TemnepaTypu miairpiBaHHs 3pa3KiB Nepe] HalMITIOBaHHIM
Tninirpiay (3)

s Toro, mo0 YHWKHYTH HEOaKaHOTO PO3TPICKYBAaHHS BHUKOPHCTAIM TonepenHe (Tepesn
HaNWIIOBAHHSM) TIIITPIBaHHS 3pa3KiB, a00 Aeraneid. 3aBasKy IbOMY 3ar00IrIN MOsBI BIACTUBOTO ISt
EJITT 3MeHIIIeHHs CITIBBITHOMIEHHS! Gkon/Os T JOCATIIN MIABHUINEHHS iX poOoTO3MaTHOCTL. B peanpHux
yMOBaxX He 3aBKJU MOXJIMBO peali3yBaTH HIAIrpiB JAeTajeil nepes iX HaluItoBaHHAM (0COOIMBO 1€
CTOCY€EThCS BETMKOTa0apUTHUX eJeMeHTIB). JIoCBij MoKa3aB, 0 y IUX BHUIMAJKaxX, 00 YHUKHYTH
PO3TPICKYBaHHs TMOKPHUTTIB I Yac iX HAMWIIOBaHHS Ha TMOAIOHI AeTalli, mepiri ixX mapu ciina
HaHocuTH 3a Maiux ctpymiB (100...120 A) Ta Huzbkoro THCKY ctpymento mositps (0,3...0,4 MITa).
Toxi momaneIi mapu MOXKHA MPOJIOBKUATH HAHOCUTH BXKE 3a BHCOKHX cTpyMmiB (200...250 A) Ta
Ha3ByKOBOTO TUCKY moBiTps (0,8...1,2 MIla). 3aBnsku Takiid koMOiHaIlii peKUMIB HAMMIIIOBAHHS
BJIaJIOCS ICTOTHO TMIABUIIUTH KOT€3MBHY MIIHICTh HAMWJICHOTO TOKPHUTTS, 3HU3UTH 3aJHIIKOBI
HampyXeHHsI po3TAry | poay y HbOMY Ta JOCATTH TaKOTO 3HAYEHHS Okon/Os, 33 SIKOTO TPIIMHHU Yy
MTOKPUTTI B3araji He BUHUKAJIH.

CrpaBeiNTUBICTh OTPUMAHUX 3aKOHOMIPHOCTEM WIOJI0 BIUIMBY 3aJIMIIKOBUX HAIPYKEHb
postsary | pony Ha abpasuBHy 3HOcocTiiikicte EJII1 mepeBipunu Ha mokpuTTsax, HanmuiaeHuX [1/]
90X10P3I'C ta IIJI 90T10P3I'C. BcranoBunu, mo migirpiBanHs 3paskiB 1o 200°C mepen
HaIMWJIIOBAaHHSAM Ta BiAMyck 3a temmeparypu 550°C BmpomoBk 2 TOJI MIC/IsS HAMWIIOBAHHS A€
MOJKJIMBICTh CYTTEBO 3HH3HUIIN 3AJIMIIKOBI HAMPYXXEHHs pO3TATY I poay y 000X mOKpuTTsx (Tadm. 1).

Tabnums 1 — Bonu TepMidyHOT 00poOKH Ha BEIMYMHY 3aJIMIIKOBUX HAMPYXEHb po3Tary I
poay y MOKPUTTSIX

3aymikoBi HanpyxeHHs1 po3rary I poay y EAIT ores,MIla

Mapxka I1/]

bes migirpiBanHs
CTaJIEBOI IMiAKIIAIKA
nepe; HamuJIeHHIM

[Tortepeaniii migirpis
CTAJIEBOI MIAKIAAKHA 10
200°C nepe HaluJIeHHIM

Binmyck craneBoi miIkiaaKu
3 MOKPUTTSM 3a
Temmneparypu 550°C
BIPOJOBXK 2 TOJ

TIJ1 90T 10P3I'C

160

40

-10

T1JT 90X 10P3I'C

120

50

-5

Tax y mokputrrti 3 IIJI 90T10P2I'C minmirpiBaHHS WiAKIAAKKA TEpeq HAMMIIOBaHHIM
CIPUYMHUIIO YOTHUPUPA30BE 3HIKEHHS 3aIMIIKOBUX HampyXeHb po3Tary | poay, a ABOrOAMHHMNA
BiJITycK 3a Temmeparypu 550°C B3arani yCyHyB 3aJIMIIKOBI HaIlpYKeHHs po3Tsry | poay y HboMy i
HAaBITh 3a(iKCyBaJIN 3aJIMIIKOBI HanpyxeHHs cTucky (—10 MlIla). [To3utuBHui epeKT miairpiBaHHsg
MIIKIAAKK Ta BIAIMYCKY BHSBHUBCS J€II0 MEHIIUM Yy BuUnajaky nmokpurrs 3 1] 90X10P3I'C, mpoTte
3arajibHa TEHACHIIS 1O 3HUKEHHS 3aJIMIIKOBHX HANpyKeHb po3Tsry I poay 30eperiack i y boMy
BUIAAKY. 3MiHa 3IMIIKOBUX HampyxeHb po3tary I poay B E/III micns 101aTKOBOrO TEPMIYHOTO
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BIUTUBY TIEPE]] UM ITICTs X HAHECEHHS, TIO3UTHBHO BIUIMHYJIA Ha a0pa3suBHY 3HOCOTPUBKICTH TAKUX
MOKPUTTIB, KA MiBUIIIIACS B pa3u (Tadi. 2).

Tabmuus 2 — Brmus TepmiuyHoi 00poOKH Ha abpa3uBHY 3HOCOCTIHKICT MTOKPUTTIB

3miHa aOpa3uBHOI 3HOCOTPUBKOCTI HAMMMICHUX IMMOKPHUTTIB BITHOCHO ETAJIOHY
Juist mopiBHsHHS (ctasib Y12 3 tBepaicTio 640 HVo,3)
Mapxa ITJ1 bes HiI.[.iFPiBaHHﬂ Honep?ﬂgiﬁ Higirpis . Bigmyck craneBoi
CTaJeBOi MINKIAJAKK | CTaJeBOi MIIKIAAKH O |MIAKIAIKH 3 TIOKPUTTSM 32
Tepe;1 HalMIeHHAM 200 °C mepen temnepatypu 550 'C
EJITL HarmwieHHaM EJIIT BIPOJIOBXK 2 TOJT
[T 90T10P3I"C 0,7 2,0 5
I1J1 90X10P3IC 1,3 2,3 2.2

3okpeMa, abpaszuBHa 3HOCOCTIMKICTH mokputta 13 IIJI 150T10PSI'C, namunenoro 06e3
MONEPETHBOrO MiAIrpiBaHHS MIAKIAJAKU Tepes HalWIoBaHHIM, BusBuiach Ha 30% ripioro, HIX
BiacTuBa ertaioHy (cranmp Y12 3 TBepmictio 640 HVo3). Tomi sk momepenHe mifirpiBaHHs
mimkmaaka g0 200 °C nepe; HAaHECEHHSIM MOKPUTTS Jaji0 3MOTY MiJBUIIUTH HOTO abpasuBHY
3HOCOTPUBKICTh B/BIY1 (BITHOCHO €TaJOHY), a MICJsS BIAMYCKYy abpa3uBHA 3HOCOCTIMKICTh B yMOBax
3aKpITUIEHOTO a0pa3uBy TaKOTO MOKPUTTS 3pociia, ax y 5 pa3iB. [lo3uTuBHUI BILTHB 000X BapiaHTIB
TEPMIYHOTO BIUTMBY Ha aOpa3mBHY 3HOCOCTIMKICTh MOKPHUTTS 3 [1/] 90X 10P31'C BusiBHBCS 3HAYHO
MEHIINM, MPOTe OUTbLI, HIK JBOKPATHE MIJBUIIEHHS MOKA3HUKIB, MOPIBHAHO 13 €TAJOHOM, TaKOX
Iy’Ke XOpOoIIMW pe3ynpTaT. BBaxkanu, mo 3Ha4YHUM e(eKT BIANMYCKY HalWICHOrO0 MOKPUTTA
3yMOBJICHMH BHJUICHHSM 13 4YacTO4YoK amopduoro Oopy apiOHOoAMCIIEpCHUX OOpHUIIB 3aji3a
JIETOBAaHUX TUTAHOM, SIKI CHPHSUIM AWCTIEPCIAHOMY 3MIITHEHHIO TOKPUTTS Ta MIABUIICHHIO HOTO
aOpa3MBHOI 3HOCOCTIHKOCTI.

Takum ynHOM, OTpUMaH1 pe3yabTaTH AOBOJATH MPABOMIPHICTh BUKOPUCTAHHS BIIYCKY 0
EAII, nanunenux 3anpornoHoBanumu [1J], ams BimdyTHOTO 3MEHIIIEHHS 3aJIMIITKOBUX HAINPY>KECHb
po3Tary I poay B HUX, CIIPUSHHS BUIUICHHIO TUCIIEPCHUX KapOiAiB Ta OOPUIIB Y iX CTPYKTYPI 1, SIK
HACJII0K, CYTTEBOTO MiJIBUILCHHS X a0pa3uBHOI 3HOCOCTIMKOCTI B YMOBAaX 3aKpillJIECHOTO a0pa3uBy.

TakuM 4YMHOM, 3ampPONOHOBAHO eMHIpUYHY GOPMYIY Ul BHU3HAYEHHS 3aJMIIKOBUX
HaMpYXXeHb Gres Y MOKPUTTX 3 [1]], sika BpaxoBye eKCIEpUMEHTAIbHO OTPUMaHI 3aJIEKHOCTI 1100
BILUIUBY (ha30BOTO CKJIaay Ta BMicTy Byriento B EIT/] Ha Ores.

CHiBBIIHOIICHHS 3QJIMIIKOBUX HANPYXEHb y MOKPHUTTIX Ores JIO 1X KO3€BHOT MIIIHOCTI Gp
3alpONOHOBAHO BHKOPUCTOBYBATU SIK MOKA3HUK CTIMKOCTI MOKPHUTTS IO po3TpickyBaHHS. Ha ocHOBI
aHaJIi3y OTPUMAHMUX MOKPUTTIB MOKA3aHO, IO TPIIMHU MOYUHAIOTH YTBOPIOBATHUCS y MOKPUTTSX,
JUIS SIKUX TOKAa3HUK Gres / 63 > 0,75, Toni fK 3a Gres / 63 > 0,85 y MOKPUTTSAX BUHUKAE MeEpeka
TPIIIHH.

BcranoBneHo, o migirpiBaHHs 3pa3KiB Mepea HanmIroBaHHIM TOKpHUTTIB 13 [1/], a Takox ix
BIIYCK 3MEHIIY€E 3AUIIKOBI HAMPYXEHHS PO3TATY, CHpHsIE BUAUICHHIO JUCIEPCHUX KapOifiB Ta
O00pHIIB Y X CTPYKTYPI 1 sIK HACHII0K, CYTTEBO MIABUIILYE X aOpa3uBHY 3HOCOTPUBKICTb.

Ionepenue migirpiBanus migxnaaku a0 200 °C mepej HAHECEHHSM MOKPHUTTS JAjl0 3MOTY
HIIBULIUTH Horo aOpa3suBHY 3HOCOTPMBKICTh BJBIYl (BIIHOCHO €TaJOHY), a IICJA BIIIYCKY
aOpa3uBHa 3HOCOCTIMKICTh B yMOBaX 3aKpilJIEHOT0 adpa3uBy TAKOTO MOKPUTTSA 3pociia y 5 pasis.
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YMOBH EKCILIYATAIIII TA IIPUYUHH BTPATH ITPALIE3JJATHOCTI
TEXHOJIOI'T9HOI' O OB/IA/THAHHA HA IIITIIPUEMCTBAX I[I]YKPOBOI'O
BUHPOBHHUI]TBA

J.0. ATpouieHnko, acn.,
0.B. Ky3uk, doy., kano. mexu. nayx
LlenmpanvHoyKkpaincoKuu HaYiOHATLHUL MEeXHIYHUL YHIgepcumem

[ykpoBe BHPOOHHUIITBO € OJHUM 13 KIIFOUOBHX CETMEHTIB arpolpOMHUCIOBOTO KOMIUIEKCY
Vkpainu. Texnonoriune o0naHaHHS, 1110 BUKOPUCTOBYETHCS HA MIAMPUEMCTBAX I11€1 ramysi, 3a3Ha€
IHTEHCUBHOIO 3HOCY B YMOBax CKJIaJHOTO BUpOOHMYOro cepenoBumia. IlinrpumanHs
Mpale3AaTHOCTI 00NaHaHHS € KPUTUYHO BaXKIMBHUM (DaKTOpOM JUIsl 3a0e3nedeHHs O0e3nepepBHOCTI
TEXHOJIOTIYHOTO IMpOLIeCy, EKOHOMIUHOi e(eKTHUBHOCTI BHpPOOHHUITBA Ta JOTPUMAHHA BUMOT
6e3neku mpaii. ToMy BUBYEHHsS] YMOB €KCILTyaTallli Ta IPUYUH BUXOIY 3 JIaay JAeTajeld MalluH 1
arperariB Ma€e MpakTU4YHE 3HAYEHHS JUIsl ONTUMIi3alii BUPOOHHMIITBA Ta 3HM)KEHHS BUTpAaT Ha
PEMOHT.

B nporeci 1ykpoBoro BUpPOOHHUIITBA TEXHOJIOTIYHE OOJaAHAHHS MPAIIOE€ B CHEHHPIYHUX
YMOBax Ta TIIBUIICHOTO HABaHTAXXEHHS, MO TMPHU3BOJUTH O IOCTYIIOBOTO 3HOCY MOBEPXOHB
neTanei MamuH 1 arperatiB. OHIEIO 3 OCHOBHUX MPUYHMH € aOpa3uBHUMN BIUIMB TBEPIUX JOMIIIOK,
TaKuX K TMICOK, 3eMJisl 1 IpiOHI KaMiHI[l, 110 MOTPAIUIAIOTH pa3oM i3 Oypskamu. BoHM akTHBHO
VIIKOKYIOTh po0O0Yi MOBEpXHI HOXKIB, TPYyOOTPOBOJIB 1 TpaHcHopTepiB. Bucoki temmepatypw,
XapakTepHI B TPOIECI BUIAPIOBAHHA, KpHUCTai3allii Ta yBaprOBaHHS CHPOIY, CIPUYUHSIOTH
TEpMiYHYy BTOMY MaTepialiB, IO OOYMOBIIOIOTH YTBOPEHHS MIKPOTPINIMH, Aedopmariii i
MOCTYIOBOTO PYWHYBAHHS METaJICBUX KOHCTPYKIIi.

3HauHy IIKOJy 3aBJa€ KOpO3id, SIka BUHUKAE BHACTIIOK KOHTAKTy METally 3 arpeCUBHUMHU
cepenoBumamMu. B mporieci 0OpoOku OypsKiB YTBOPIOETHCS BEJMKa KUIBKICTh IapH, BOJIOTH, a
TaKOX KOHTaKT 3 PEYOBHMHAMH, L0 MAIOTh MIIBUILIEHY KOPO3iiHY aKTHBHICTb (BYIJIEKUCIHUN Tas,
BamHO, Cyiab(diTHI cronayku). Taka mis NPU3BOAWTH 0 pPYWHYBAHHsS TOBEPXOHBb araparis,
pesepByapiB 1 TEIIOOOMIHHUKIB. MeXaHIYHHMI 3HOC JeTane oOyiajHaHHS, 10 Oepe yJacTh y
Mo piOHEHH], TPaHCIOPTYBaHHI Ta MepeMilllyBaHHI CHPOBUHH, 30KpeMa IITHEKIB, HO)KOBHX MIIMHIB,
HACOCIB, MIJIIUITHUKIB Ta IHIINX, BiAOYyBa€ThCcs BHACTIIOK TepTs. OcOOIMBO IHTEHCUBHUM MPOIIEC
3HOIIYBaHHS B HACTIOK MOTPAIUISIOTh a0pa3sMBHUX YACTHHOK B poOoue cepenoBuile. J[0AaTKOBUM
(dakTopoM € BTOMa MaTepiaily BHACHIOK /il MOCTIMHUX HUKIIYHUX HaBaHTaXeHb — BiOparliil, 3MiH
THUCKY Ta TEMIIEpaTyp.

ITlin uac ce3onHy mnepepoOku OypskiB (kKammaHii) OUIBIIICTH arperariB MparioTh
0e3nepepBHO MPOTITOM KUIBKOX THXKHIB a00 HaBITh MICSI[IB, IO MPU3BOAUTH IO MOPYLICHHS
NpaBUJI eKCIUTyaTallii, BIJJICYTHOCTI PEryJspHOIO TEXHIYHOTO OOCIYrOBYBaHHS, HECBO€YACHOL
3aMiHM 3HOIICHUX €JIEMEHTIB 1 BHUKOPDHCTAaHHS HESIKICHUX MaTepiajliB IpU PEMOHTI JIHIIe
MOCUJIIOIOTH IMPOIeC 3HOWIEHHS. ['iIpo- Ta MHEeBMOyAapu Hpu 3amycky a0o 3ynuHIi oOlagHaHHS
MOXYTh CIPUYUHUTH MMTTEBI MOLIKOJKEHHS YIIUIbHEHb, TpyO Ta apMarypu. CyKyIHICTh LUX
(bakTOpiB 3HAYHO CKOpOYYye TEPMiH CIyXOM neTaynedl Ta obinajHaHHS W moTpeOye MOCTIMHOTO
KOHTPOJIIO, MPO(UTAKTUKH Ta MOJEpHi3allii.

OxpeMy KaTeropiro CTaHOBJIATh KOHCTPYKTHBHI a00 BUpOOHHUY1 AeekTn obmagHanHs, K 3
4acoM MPOSIBISIIOThCS Y BUIIIAI TPIIMH, JedopMaliiid abo BUXOAy 3 JIaay OKpeMHUX esneMeHTiB. He
MEHIII BRXJIMBUM € U JIIOJCHKUM (DakTOp, KOJIM MOMUIJIKHM MEPCOHAY IiJ] Yac MOHTaxy, IMycKy a0bo
eKCIUTyaTalil TaKo MOXKYTh IPU3BECTH JI0 MOPYLUICHHS] HOPMAIBHOTO (DYHKIIIO HYBaHHS TEXHIKU.
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JlocmipkeHHsT TIOKa3aid, 10 MPUYUHHU BTPATH IMPALE3JaTHOCTI OONaJHAaHHS HA I[yKPOBHX
MIAMPUEMCTBAX Oe3mocepeiHbO IMOB’s3aHa 31 3HOCOM JeTallel arperariB, SKH € OJHUM 13
TOJOBHUX YHMHHUKIB 3HW)KCHHS HAIIMHOCTI Ta €(QEKTHBHOCTI POOOTH TEXHIYHMX CHCTEM. 3HOC
neraneid 00yMOBIIIOE 3HM)KEHHSI TOYHOCTI poOOTH arperariB, 3pocTaHHs BiOpaiiid, BUTIK poOOUYNX
cepeioBuIl, 30UTBIICHHS EHEpProCIOXKMBAaHHS Ta IMOBHOI BTPATH Ipame3NaTHOCTI By3miB. JlaHi
MpoIleCH TPU3BOAATH JIO HE3AIUIAHOBAHMX IIPOCTOIB, MOpYIIEHHS rpadikiB BUPOOHHWIITBA Ta
MiZIBUIICHUX BUTPAT Ha aBapiiHUN peMOHT. ToMy BHBUYEHHS 3HOCY SK OCHOBHOI ()OPMH BTpaTu
Mpare3aaTHOCTI JIeTallell JO3BOJIIE HE JIMIIE OOIPYHTYBATH JOLUIBHICTh MOJIEpHIi3aIlii a0o 3aMiHU
YCTaTKyBaHHS, a W PO3pOOMTH Ji€Bi cTparerii TEeXHIYHOTO OOCIYyrOoBYBaHHS, SKi MiIBUIIYIOTH
3arajibHy e()eKTHBHICTh BUPOOHUIITBA HA I[yKPOBHX ITiIIPUEMCTBAX.

IlokazaHo, IO OJHHUM 13 BaKJIMBUX CIIOCOOIB MMIABHUIIEHHS HAIIMHOCTI TEXHOJIOTIYHOTO
oOnasHaHHSA Ha MIANPUEMCTBAX I[YKPOBOTO BUPOOHUIITBA € BHUKOPHCTAHHS KOPO3IMHOCTIMKHX
MaTepiajiB Ta CBO€YACHE BIJHOBJICHHS 3HOIIEHUX JeTajlel. 3aCTOCYBaHHS MaTepiaiiB, CTINKUX 10
KOpO3ii, 103BOJISIE 3HAYHO 3HU3UTH TEMIH PYHHYBaHHS KOHCTPYKIIHHHMX €JIEMEHTIB, IPOJIOBKHUTH
TEPMIH iXHbOI €KCIUlyaTalil Ta 3MEHIIMTH KUIbKICTh aBapliHuUX 3ynuHOK. CIij 3a3HauuTH, II0
BIJTHOBJICHHS JI€Tajei, 1110 BTpaTUIU CBO1 (DYHKI[IOHAJIbHI BIAaCTUBOCTI BHACIIIOK 3HOIIYBaHHS Ja€
3MOTYy YHHKHYTH IOBHOI 3aMIHU JOPOTUX BY3JiB, CKOPOTHTH BUTpPATH Ha PEMOHT 1 MIJBUIIUTH
3arajibHy €(QEeKTUBHICTH POOOTH OO0JIaJHAHHS. TOETHAHHS ITUX MIIXOJIB 3a0e3medye CTaOUIbHY
6e3nepebiitHy poOOTY TEXHOJIOTTYHHX JIIHIA Ha IIYKPOBHUX 3aBOJax.

Takum unHOM, eeKTHBHA eKCIUTyaTallisi TEXHOJOTIYHOTO OOJIafHaHHS Ha MIIIPHUEMCTBAX
I[yKPOBOTO BUPOOHHUIITBA MOSKJIMBA JIUIIE 32 YMOBH CUCTEMHOTO TIIXOAY: TOTPHUMAHHS TEXHIYHHX
perjamMeHTiB, BIPOBA/KEHHS CY4aCHUX METOJIB [IarHOCTUKM Ta MOHITOPUHTY, CBO€YacHe
o6cmyroByBaHHs. EdexkTuBHUM 3aCO00M MIABUIIICHHS HAAIHHOCTI Ta JOBIOBIYHOCTI 00JIaJHAHHS HA
IYKPOBUX TMIANPHUEMCTBAX € 3aCTOCYBaHHS KOPO3IMHOCTIMKHUX MarepiadiB Ta BiTHOBJICHHS
3HOILIEHUX JeTalell MalluH Ta arperariB. L{i 3axoau cHpuUsIOTH 3MEHIIEHHIO BTpAT, OB SA3aHUX 13
MMPOCTOEM TEXHIKH, CKOPOUYEHHIO BHUTpPAT Ha KalliTaJbHUW PEMOHT 1 3a0e3MeuyloTh CTaOUIbHY
po6OTY BUPOOHHUYOTO TIPOIECY B YMOBAX arpeCMBHOTO CEPeOBHUINA. Y PE3YNIbTaTi BIPOBAKCHHS
TaKuX TEXHIYHUX PIllIEHb IMIBUINYETHCS 3arajbHa €()EeKTUBHICTh Ta KOHKYPEHTOCIPOMOXKHICTH
MTPUEMCTBA.
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34CTOCYBAHHS TA TEXHOJIOTTYHI ACIIEKTH ®OTOT' PABIOPHOT O
METONIY JPYKY

L.P. €EBMeHbeB, cm. ep. M3-24,
0.B. Ky3uk, doy., kano. mexu. nayx
L]enmpanvroykpaincokull HAYIOHATLHUL MEXHIYHUL YHIgepcumem

Cy4acH1 TeXHOJIOT1T IPYKY OXOTUTIOIOTH ITUPOKUH CIIEKTP METOJIB, KOXKEH 13 SIKHX Ma€ CBOi
IepeBaru 3ajeXHO BiJ THIY MPOJYKIIii, sIKOCTI 300pakeHHs Ta BUMOT 10 Hakinany. Cepen HUX
(doTOorpaBrOpHU METO[ 3aliMae 0CcOOIMBE MICLE SIK OJIMH 13 HAOLIbII SIKICHMX CIOCO01B TIIMOOKOTr0O
npyKky. Bin 3a0esnedye Haa3BHUallHO TOYHY Iepeaady 300pa)ke€Hb, BKJIIOYAIOUM HaiapiOHimIi
nerani il riaBH1 ToHOBI nepexoau. doTtorpasiopa, abo TIMOOKHUM IPYK, € OJHUM 13 HAaUTOUYHIIINX
METO/IIB BIITBOPEHHS 300pa)K€Hb Y BUCOKIM SKOCTI. 3aBIsIKA MOKIIMBOCTI TIEpeIaTH TOHKI rpaaarii
KOJIbOPY, YITKI JIeTallli Ta JOCATTH BUCOKOI HIUTBHOCTI (papdbu, (OTOrpaBIOpPHUN METOJ AKTHBHO
3aCTOCOBYETHCS Y BUTOTOBJIEHHI YINAKOBKH, XYHOXHIX LIIOCTpaliif, OaHKHOT, MapoK, >KypHaliB 1
KaTaJoriB.

B ocHOBiI ¢oTorpaBlOpHOrO METOAYy APYKY JIEKHTh IEPEHECEHHS 300pakeHHS Ha
Ipykapcbky  GopMy 3a gomomoror  ¢oroximMigyHoro mporecy. Crnouatky 300pakeHHS
MEPETBOPIOETHCS HAa (POTOMACKY 3 PACTPOBOIO CTPYKTYPOIO, Jie KOKHA TOYKA BIAIOBITAE MEBHOMY
TOHY MalOyTHBOTO 300paxkeHHs. [loTiM 111 Macka BHUKOPUCTOBYETHCS [JIsl E€KCIIOHYBAHHS
CBITJIOUYTJIMBOTO IIapy, HAHECEHOTO Ha MIIHY a00 1HIIY METAJIEBY IUJIIHIPUYHY TTOBEPXHIO.

[Ticns excrioHyBaHHS Ta MPOSIBICHHS HA TMTOBEPXHI YTBOPIOETHCS pelbed 13 3arauOiaeHHIMU
PI3HOI IITMOWHM, K1 BIAMOBIAAIOTH BIATIHKAM 300pa)KEHHS: UMM TJIMOIIE 3arJuOJICHHsI, TUM OUIbIe
(hapObu BOHO MOX€ BMICTUTH, a OTXKE, TUM TEMHIIIUM OyJe BIAMOBIIHUN €JIEMEHT Ha BIIOWTKY.
[Ticns mporo npykapcbKy (hopmMy TpaBisTh, MO0 ocTaTtouHo chopmyBaTH Komipku st dapou. ITin
qac JIpyKy (apOa HaHOCUTHCS HAa BCIO MOBEPXHIO (POPMHU, MICIISI HOTO 3 HET 3UMILAETHCS HAIIUILIOK 3
IUIOCKUX JUISHOK pakelbHUM HOXEM, a B 3arfuOJIeHHAX BoHa 3anumaerbes. [loTim dopma
KOHTAKTY€ 3 IarepoM ado HIIUM MaTepiajioM, i papba i THCKOM EPEHOCUTHCS 3 3aryin0jIeHb Ha
JIpYKOBaHUI mMaTepiall.

Oco06muBicTIO (OTOTPABIOPHOTO METOJYy € BHCOKA SKICTh Iepenadi MIBTOHIB, YITKICTh
300paKeHHs, MOKJIMBICTh OTPUMAHHSA IUIABHUX TOHOBUX IMEPEXOMIB 1 JETATLHOTO BIATBOPEHHS SK
TeKcTiB, Tak 1 ¢oTorpadiii. Lleil Meroa MMPOKO 3aCTOCOBYEThCA B momirpadii s IpykKy
BHCOKOSIKICHOT YITaKOBKH, YPHAJliB, MOIITOBUX MAapOK, €TUKETOK Ta IHIIMX BHJaHb, JI¢ BAXKJIMBA
TOYHICTh 1 HACHYEHICTh 300pakeHHs. POTOTrpaBIOPHUM JPYK BUPIZHIETHCS BUCOKOIO CTAOUTBHICTIO
napaMmeTpiB JpykKy 1 3HococTiiikicTio (opm. Onniero (opmoro MoxHa HaapykyBaTd Ao 1-5
MUIBHOHIB BIIOUTKIB 0e3 BTpaTu sKocTi. Lle poouTh MeToa Ha3BUYaiHO €hEKTUBHUM TSI BETUKUX
HaKJIAI1B.

doTorpaBopHUl METOJ| 3AJMINAETHCSA HE3aMIHHUM JUIsi BUPOOHHUIITBA MorpadidHoOl
NpOAYKIii BUCOKOT ssKocTi. [lonpu koHKypeHIito 3 00Ky odceTy Ta 1M(poBOro IpyKy, BiH BUTIIHO
BUPI3HSETHCS JTOBTOBIYHICTIO ()OPM, TOUHICTIO Mepeadi KOJbOpIB 1 3JAaTHICTIO MpalioBaTH 3
BEJIMKOIO KUIBKICTIO MarepianiB. Y MallOyTHbOMY OYIKYeTbCSl MOJAAjibllIe BJOCKOHAJICHHS
(OTOrpaBIOPHOTO METOAY 3a paxyHOK aBTOMaTH3allii, HU(pPOBOro TpaBitOBaHHS Ta 3HWIKEHHS
BapTOCTI MIAFOTOBYMX MPOLIECIB.
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MIATHOCTYBAHHA EJIEKTPOHHUX CHCTEM ABTOMOBLIIB
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@pukiiiiHe HaHeCeHHsI aHTU(PUKLIHHUX NOKPUTTIB MeTrogoM DABO xapakrepusyerbcs
B3a€EMO/IIEI0 €JIEMEHTIB CUCTEMH «JI€Tallb-IHCTPYMEHT-TEXHOJIOTTYHE CEPETOBUILIE.

Jlana B3aeMOJIisl peatizyeThCsi BHACIIIOK MPUCYTHOCTI YOTUPHOX (hakTopis [1]

- MexaHIuHuM (akrop, 1o mnepeadadae CTBOPEHHS NPUTUCKAIOYUX 3YCHUIb MDK
THCTPYMEHTOM Ta JIETAJUTI0, BITHOCHE MEPEMIIICHHS TOBEPXOHB JIeTall Ta IHCTPYMEHTY MK CO00T0;

- XIMIYHUH, NTependavae MoNepeHI0 aKTUBAIIII0 MOBEPXHI JieTall, Ha poboyi MOBEpPXHi
SKOT HAHOCHUTHCS aHTUQPUKI[IIIHE TOKPUTTS, , YTBOPEHHSIM XIMIUHHUX B3a€MO3B’SI3KIB MDK
MTOBEPXHEIO JIETaJl Ta IHCTPYMEHTOM, a TAKOXK MDK KOMIIOHEHTAMHU B TEXHOJIOTIYHOMY CEPEIOBHIIII;

- TepMIUYHUHN (PaKTOp MOB'SI3aHUHN 3 HAaBaTaKyBAJIbHO-IIBUAKICHUM PEXUMOM 00pOOKH,
1m0 00YMOBIIOE TIOTYKHICTh TEIUIOBHAUICHHS B KOHTAKTHIM 001acTi Ta 3abe3neuye aKTUBAIliIO
MPOLIECIB 32 PaxyHOK IMIIBUILEHHS TEMIEpaTypud B CUCTEMI «JAeTalb-1HCTPYMEHT-TEXHOJOTIUHE
CEepeIOBUIILIEY;

- (hakTOp MOB'I3aHUI 3 BUBUIbHEHHSIM €HEPrii, TPU BUXOJ1 HA MOBEPXHIO B pe3ysIbTaTi
MIKpOIIaCTUYHOI Aedopmarlii CTpyKTypHHX AePEKTIB, TUITY JUCIOKAIlil, BAKaHCIA 1 MDKBY3JI0BUX
aTOMIB.

Hanecennsi aHTH()PUKITIMHOTO TOKPUTTS MOKE OyTH peaslizoBaHe (PPUKIIITHO-MEXaHIYHUM
a00 (QpuUKIIHHO-XIMIYHUM crocoOoM. /[l 000X TEXHOJIOTIYHMX BapiaHTIB TMPUTAMaHHI PsJl
CIIUTBHHUX PUC MPOLIECY YTBOPEHHS MOKPHUTTS [2].

Po3rinsiHeMO OCHOBHI €Tanu YTBOPEHHS AHTU(PUKLIHHUX MOKPUTTIB, IO HACOCATHCS
dbpukiiitHo-MexanigHuM criocooom OABO.

[louaTkoBMI CTaH IOBEPXHI XapaKTEPU3YETbCS MPUCYTHICTIO CTPYKTYp, IO MOXYTh
MePEIIKOKAaTH Oe3MocepeTHhOMY KOHTAKTy 1 aare3ifHoMy 34YeIUICHHIO METalliB B IIpoleci
HaHECEHHsI aHTU(QPUKIIIHHOTO TOKPUTTS. Cii BIAMITUTH HASIBHICTh Y TOBEPXHEBOMY ITIapi BOJIOTH,
mapiB OKCHIB, 110 YTBOPIOIOTHCS B pe3yNbTaTi B3a€MO/IIi KHCHIO MOBITPSI Ta MeTaly JeTani. Sk
MpaBWJIO, Ha MOBEpXHI MaroTh Micue 3’eaHanHs tumy FeO, Fe203, Fe304, a Takox XiMIi4HO
abcopOoBanuii krcens [3].

Iepmmii etan yrBopenHs nokputts npu PABO nependavae akTuBallio HOBEPXOHb JAeTalll
Ta IHCTPYMEHTY.

VY Bunanky ¢pukuiiino-mexaniusoro merony ®ABO mnepumuii eran yTBOpeHHsI MOKPUTTS
XapaKTEepU3y€eThCs TUCIEPIyBaHHIM MaTepialliB Hapu TepTs — IHCTPYMEHTY Ta JAeTalll.

CropanbOBYBaHHSI MEXaHIYHOrO (pakTopa aKTUBAILil MpPU HAHECEHHI IMOKPHUTTA TEPTAM
BiZIOYBa€ThCS SIK HACHIOK (PUKLIHHOT B3a€MOJIl, 37JaTHOI YaCTKOBO ab0 MOBHICTIO 3pyHHYBAaTH
miap okcuay abo XiMiyHO abcopOOBaHOTO KHMCHIO. B movaTkoBuil mepioa JaMKHM 11ap OKCHJIIB Ha
MOBEPXHI TEPTs MiJJIA€TbCS 3HAUHOMY BIUIMBY Aedopmalliii 3cyBy, BHACIIJOK 4OTO BiOyBa€eTbcs
pyHHYBaHHS MaTepiaiiB eTalli Ta IHCTPYMEHTY Ta BUHECEHHS MOro 3 30HU KOHTAKTY.

BinOyBaerbcsi pyliHyBaHHSI BEpUIMH MIKPOBHUCTYIIIB IHCTpYMEHTa Ta JeTaji Ta BUHECEHHS
JAHOTO Matepialy B TEXHOJIOTIYHE ceperoBuile. Ha maHomy erami MOXIJIHMBE KOPOTKOYAacHE
OTOJICHHS IOBEHUIBPHUX TIOBEPXOHb 32 PAaXyHOK HPUCYTHOCTI CHJI TEpTS MDK HEpPIBHOCTAMHU
MOBEPXHI IHCTPYMEHTY Ta JeTaii. AKTHBallil KOHTAaKTHUX MOBEPXOHb JAeTaledl Ta IHCTPYMEHTY
CIIpHsi€ YTBOPEHHIO MDKaTOMHUX 3B’ SI3KIB MIXK MaTepiajaMu MOKPUTTS Ta aetaini [4].
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Jlpyruii eran yTBOpeHHs MOKPHUTTIB nepeadavae ocapkeHHs aHTU(QPUKIIIHHUX KOMIIOHEHTIB
Ha moBepxHi nerani. Ha manomy erami BinOyBaeTbcs MpoIeC XIMIYHOTO OCAHKCHHS METaNliB 3
okcuy mii [4].
B pe3ynpTari TpuOOHABAaHTaXKEHb Ta TUCKIB YaCTHHA YAaCTOK MaTepiary IHCTPYMEHTY, IIO0
YTBOPHJIMCS B pe3yJbTaTi 3pi3aHHS Ha TIEPIIOMY €Tami, 3alpecoBYIOThCS Y BIAAWHAX MK
BUCTYIIaMH TPOQUTI0 moBepxHi getaini. Lle mpuBoauTh 10 3riIapKyBaHHS MMOBEPXHI, 30UIBIICHHIO
peanbHOT IO KOHTAKTY, 3MEHIICHHIO KOHTAaKTHOTO THCKY IPU POOOTI eTaii 3 aHTU(PUKIIHHIM
MOKPUTTSAM. B pe3ynpTaTi BHUCOKHX JIOKAJBHUX THUCKIB YTBOPIOIOTHCS KOTE3iHI 3B’SI3KH MK
OKPEMHUMH YaCTKaMHU MaTepiary MOKPUTTS.
Tperiii eran € 3axmoyauM y ¢GopMyBaHHI MOKpHUTTIB. Ha nmanomy erami 3aBepuIyeThCs
MIEPEHECEHHs] Marepialy IHCTPYMEHTY Ha IOBEPXHIO JETajl BHACIIIOK 3HIKEHHS LIOPCTKOCTI.
BinOyBaeTbcsi MpUNMHEHHS HAPOIIYBAaHHS MMOKPUTTS 1 BHACHIZOK JOCATHEHHS PIBHOBA)XXHOTO CTaHy
10 3CYBHUM XapakTepucTHKaM. [IpunuHseTscs 00’€MHa IUIaCTUYHA TeUlsl MaTepiany IHCTPYMEHTY
Ta 3MEHUIYEThCSI TEMIIepaTypa B 30HI TE€pTS, 110 NMPUBOAUTH IO TaJbMYBaHHS XIMIYHMX pEaKIlii
B3a€MO/Iii KOMIIOHEHTIB TEXHOJIOTIYHOTO cepeoBHia [5].
JlaHuii eTamn XapakTepHu3yeThCs MPOXOPKEHHAM TUQyY3ii MeTary, 0capkKeHOTO Ha TIOBEPXHIO,
BIIIMO MOBEPXHEBOro mapy jetani. Tak, sk aHTUQPUKIIIHI TOKPUTTS, 110 OTPUMYIOTHCSI METOJOM
OABO MaloTh MEBHY HECYIUIbHICTh, TO YacTHHA IIOBEPXHEBO-aKTUBHOTO pEYOBHUH 3
TEXHOJIOTTYHOTO CEPEIOBHINA aICOPOYETHCS B MTOPaX MOKPUTTSL.
PosrnsiHyra mMOCHiIOBHICTH YTBOpEHHs NOKpUTTIB mpu BukoHaHI DABO nosBomsie
JNOCTKYBaTH mporec (GopMyBaHHS aHTUQPUKIIMHMX IOKPUTTIB, BUKOHYIOUM aHaji3 CTaHy
KOMIIOHEHTIB CHUCTEMH «JI€Tallb-IHCTPYMEHT-TEXHOJIOTIYHE CEPEOBHIIE» Ta IEPETBOPEHB, IO
B1I0yBalOTHCS B MPOIIEC] HAHECEHHS TIOKPHUTTIB.
3Bakaroun Ha MPOBEJCHHUI aHaji3 MPOIECIB, M0 BiOYBAIOTHCS MPHU HAHECEHHI TOKPHUTTIB
Mmerogamu  DABO, MOXIMBO 3poOMTH BHUCHOBOK, III0 IMJIBHINUTH SKICTh HAaHECEHHS
AHTU(OPUKITIITHOTO TOKPHUTTS MOKIIUBO T1ABUIIUTH:
- 3aCTOCYBaHHSM TEXHOJIOTTYHHUX CEPEOBHUI ONTUMAIBLHOTO CKJIaAy Ta 3 HEOOXIITHOIO
KUCJIOTHICTIO;

- CTBOPEHHSIM ONTHUMAJIbHOI TeMIIepaTypu B 30HI KOHTAKTy AJs 3a0e3le4eHHs MpoLecy
TpUOOIECTPYKIIT INIIEPUHY, L0 € OCHOBOIO JUIsl OUIBLIOCTI TEXHOJIOITYHUX CEpeIOBHIL,
1, K pe3yabTaT, MPOBEAEHHS XIMIYHUX peakiii MDK KOMIIOHEHTaMH TEXHOJIOTTYHOTO
Cepe/IoBUINA Ta MaTepiajlaMy JIeTalll Ta IHCTPYMEHTY.

BUKOHAHHSM OTIepallii MexaHiyHO1 0OpoOku neraii, mo nepenyiot @PABO, 3 cTBOpeHHSIM
ONTUMAIBHOI MIOPCTKOCTI MMOBEPXHI, 110 JJACTh MOJIMBICTh B IMOBHINA Mipi peani3yBaTu MeXaHIYHUN
Ta TeMmrepaTypHuii (akTopu YTBOPEHHS MOKPUTTS (3a0e3MeyeHHs pi3aHHs MaTepialy IHCTPYMEHTY
Ta HarpiBaHHS 30HU KOHTAKTY Ta TEXHOJIOITYHOTO CEpPEeIOBUILA).
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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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CTAJII JJJIA ®OPMYBAHHS 3AXUCHHX AHTUKOPO3IHHUX
IIOKPUTTIB
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Kopo3is crani 3aBgae 3HaYHUX €KOHOMIYHMX 30MTKIB Y 06araTboX rajy3siX IPOMHCIOBOCTI.
BoHa He nMie 3HMKYy€e MIMHICTD 1 JOBTOBIYHICTh CTAaJI€BUX KOHCTPYKIIIH, a i MOKe MPU3BOAUTH 10
aBapiiHux cutyanid. lle ocoOGmMBO KpUTHYHO ISl arpapHoi Ta BIMCHKOBOI TEXHIKH, sKa
30epiraeTbesl y BIAKPUTUX YMOBAX 1 MiAA€THCSA IHTEHCUBHOMY BIUIMBY aTMOC(EpH.

OauMH 13 TIPOrPEeCUBHUX CHOCOOIB 3aXMCTy CTajl Bif KOpo3ii — (QOpMyBaHHSA 3aXMCHHUX
OKCHUJIHUX TUTIBOK Ha 11 moBepxHi. Taki MJIIBKH CTBOPIOIOTH HAMIMHUN Oap'ep, MO TMEPEIIKO KAE
MPOHUKHEHHIO arpecCMBHUX CEPEOBHIN 0 MeTary. BomHowac TpamuIliiHi METOIM MaloTh CBOT
HEOJIKU: HU3bKA a/re3is IJIIBOK 1 BUKOPUCTAHHS IIKIUIMBUX XIMIYHUX PEareHTIB, sIKi 0OMEXYIOTh
e(eKTUBHICTh TEXHOJIOT1i.

MeTtoro JoCHiDKeHHSI € po3poOKa MeToay (OpMYBaHHS 3aXMCHUX OKCHUIAHHUX IUTIBOK Ha
MOBEPXHi CTaji 3a JIONIOMOTOIO JIa3€PHOTO BUIIPOMIHIOBaHHs. L[ MeToamMka MO3BOJISIE HE JIWIIE
ONTUMI3YBaTH MPOIIEC CTBOPEHHS 3aXMCHOTO IIapy, a W TIUOIIe JOCTIIUTA MEXaH13MU KOPO3IMHOT
B3aeMOIl.

Merogosoris  JOCHIDKEHHS  BKJIIOYajga aHaldi3 HAayKOBHX JDKEpeN, IUIaHyBaHHS
€KCIICpUMEHTIB 1 BapilOBaHHs IMapaMeTpiB Jja3epHOro BILIUBY. [l omiHku edekTiB 00poOKH
BHKOPHCTOBYBAJIM PI3HI PEeXUMH pPOOOTH Jlazepa, Takl sIK JOBXKHWHA XBUJI, MOTYXHICTh, dYac
€KCITO3HIIIi Ta 4acTOTa IMITYJIBCIB.

ExcniepuMmeHTaNIbHI pe3yabTaTH MiATBEPIANIN €(PEKTUBHICTh JA3€PHOTO BIUIMBY B CTBOPEHHI
BHCOKOSIKICHUX 3aXUCHUX TUTIBOK. Lli MITIBKM EMOHCTPYIOTh BUCOKY KOPO3iiHY CTIHKICTh 1 CYTTEBO
3HWKYIOTH MIBUAKICTh KOPO3IMHUX MPOIIECIB.

Jlo OCHOBHUX mapaMeTpiB Ja3epHOr0 BUIIPOMIHIOBAHHS, IO BH3HAYAIOTh YCIHILIIHICTH
dbopMyBaHHS OKCHUAHMX TIOKPUTTIB, HaJeXaTh JOBXKHHA XBWII, MOTYXKHICTh Jla3epa, uac
OTPOMIHEHHSI Ta 4YacToTa IMMIyibciB. JIOBKMHA XBWJII BIUIMBA€ HA CTYMiHb NMOTJIUHAHHS €HEprii
METaJIoM, 1 MpaBWIbHUM BUOIp LIBOTO MapameTpa JO3BOJISIE ONTHUMI3yBaTHU Mpolec (HopMyBaHHS
wiiBok. [loTyxHICTh a3epa 3a0e3neyye KOHTPOJIb TEMIEpaTypu HArpiBy Marepiany: Mpu BUCOKIN
MOTYXHOCTI BiAOYBa€ThCS IIBHUJKE HArpiBaHHS 1 OKHCHEHHsI MOBepxHi. Yac OmpoMiHEHHsS Ta
4acToTa IMIYJbCIB BIUIMBAIOTh HA INIMOMHY TEPMIYHOTO BIUIMBY Ta 3a0e3NedylTh PIBHOMIPHICTb
00po6Oku. Bubip onTuManbHUX MapaMeTpiB Ja3epHOi 0OpOOKH 3aIeXHUTh BiJl HEOOX1THOT TOBIIMHHY 1
CKJIaJly OKCHIHOI IUTIBKM, TOMY €KCIIEpUMEHTaJbHE BU3HAUEHHS BIAMOBITHOIO pEXUMY €
BaXJIMBOIO CKJIAI0BOIO MPOLIECY.

Jlns  rapaHTyBaHHS BHCOKOi SIKOCTI OKCHAHHUX TIOKPUTTIB HEOOXIAHO  peTeIbHO
KOHTPOJIIOBATH HEPIBHOBAXKHI INPOLIECH, SAKI BHHUKAIOTH M 4Yac JjiazepHoi oOpoOku. OgHuMm i3
BAXUIMBUX 3aXOJIB € KOHTPOJIb TEMIIEpaTypH 3a JONOMOrol TepMomnap abo iH(ppayepBOHHX
MIPOMETPIB, 110 J03BOJISIE YHUKHYTH HaJIMIPHOTO HAarpiBy 4M po3IuiaBieHHs MaTepiany. Kpim Toro,
IIBUJIKE OXOJIOJDKEHHS MICisl JIa3epHOi 0OpOoOKM CHpuUsi€ YTBOPEHHIO LIUTBHUX OKCHJIHUX IIapiB.
3anexHO Bl BUMOT JI0 KIHIIEBHX BJIACTUBOCTEH IUIIBKM MOKHA 3aCTOCOBYBATH IMOBITPSIHE YU
pinuHHe oxojomkeHHs. KoHTpons armocdepu oOpoOKM, HaAmpuKiIa] BUKOPUCTAHHS 3aXHCHOTO
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ra3y, 3amno0irae HeOaXKaHUM XIMIYHUM pEaKIiiM Ha MOBEPXHI METaldy 1 CHpUS€ OJHOPITHOCTI
OKCHJIHOTO IIapy.

JlazepHe BUIIPOMIHIOBAHHS IEMOHCTPY€E BUCOKY €(EKTHBHICTh SIK IHCTPYMEHT JJIsi 0OpOOKH
MeTaniB. BoHo He numie 3abe3neuye Moaudikaiio MaTepialliB 3 BUCOKOIO SIKICTIO, alleé i 3HA4YHO
MOKpAIIye KOPO3iiHy CTIMKICTh Ta iHII1 BIACTUBOCTI 0OPOOIEHUX TOBEPXOHb.
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V]IK: 658.788:004.896:658.5

OIITUMI3ALIIA JIOTICTHYHHX ITPOIIECIB BUKOPUCTAHHA
POBOTH30BAHHX TEXHOJIOTTH HA CKJIAJIAX ITITITIPHEMCTB, ®IPM,
KOMITAHIU

€.A. OBuapos, cm. ep. TT-24m0,
1.0. KyavboBa, 0-p ghinoc.
Llenmpanvroykpaincokuil HayioHabHUl mexHivnui ynieepcumem, m. Kponusnuyvkuu, Yxpaina

VY cywyacHux ymoBax riobainizauii Ta HugppoBoi TpaHchopmMallii JOTICTUKA 3a3HAE CYTTEBUX
3MiH. [IpoaHani3oBaHO OCHOBHI BUKJIMKH, NOB’s3aH1 31 3pOCTaHHAM OOCSTIB BaHTa)KOIEPEBE3ECHb,
MIIBUIIEHHSIM BUMOT JIO0 IMIBHJKOCTI Ta TOYHOCTI JOCTaBKH, a TAKOX 3POCTAIOUOI0 KOHKYPEHIII€I0
Ha PUHKY. 3 METOI MiJIBUIIEHHS €(PEKTUBHOCTI JIOTICTUYHUX MPOIIECIBHA CKJIaAaX MIANPUEMCTB,
¢ipM, KOMIMaHI aKTUBHO BIIPOBA/DKYIOTh IHHOBALIHI pILIEHHS, CEepel SKUX KIOYOBY pPOJIb
BIJIIPalOTh CMapT-TEXHOJIOT1I — po6oTH30BaHi cucteMu, InTepHer peueil (IoT), mTyuyHuit iHTEIEKT
(II1I), ananituka Benukux nanux (Big Data) ta GPS-moniTOpHHT.

Y  cdepi ckiIanCchKOi JIOTICTUKM ~ CMapT-TEXHOJIOTIT  BIAIrpalOTh  KIIOYOBY  POJIb,
3a0e3mevyroun aBTOMAaTH3AIliF0 OCHOBHHX OIepallii, mIBUIIEHHS TOYHOCTI 0OpOOKH 3aMOBJICHb Ta
palioHaJbHE BHUKOpPUCTaHHS (i3uuHO-IHOpMaIiiiHoro mnpoctopy. Po3risHyro mnpakTuyHe
3aCTOCYBaHHS CY9acHUX NU(PPOBUX PIllIEHb HA CKJIaJIaX MPOBIIHUX JOTICTUYHUX KOMITAHIH.

Ha migmpuemctBax DHL, CEVA Logistics, Geodis Ta IHIIUX TPOBIAHUX JOTICTUYHUX
orepaTopiB BUKOPHCTOBYIOThCS aBTOHOMHI MOOLITBHI poboTu kKommanii Locus Robotics. Poboru
Locus (momem Origin, Vector, Max) (puc. 1) wmaroTh BOyIOBaHHI CCHCOPHHN €KpaH,
pO3TalIOBAaHUN y BEPXHIA YaCTHHI KOPITYCY, 3a JIOMOMOTOIO SIKOTO 3MIHCHIOETHCS B3a€EMOIS 3
MpaIiBHUKAMHU CKJIaJy.

Pucynok 1 — Locus Robotics

Ha nucnuteit BUBOAATHCS IHCTPYKLIT 1I10JI0 BUKOHAHHS 3aBAaHb, 1110 J03BOJISE€ ONTUMI3yBaTH
nporiec migOopy TOBapiB 1 3MEHIIUTH KUIBKICTh NOMUJIOK. POOOTH caMOCTIHHO MepeMillyroThes
CKJIaJIOM, a MpPALIBHUK MOXKE HAIPaBUTH iX y MOTPiOHE Micle 6e3 MoTpeOr MepeHOCUTH BaHTaxi
BpyuHY. Bu3HadeHO, 110 BIPOBa/PKEHHS TakKuX POOOTHU30BAHMX CHUCTEM JIO3BOJISIE MiIBUIIUTH
MPOAYKTUBHICTb MpalliBHUKA B 2—3 pa3u 0e3 30UIbIIeHHS HaBaHTa)KEHHs a00 TPUBAIOCTI 3MIHU.
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[IpuknazoM aKTUBHOTO BHUKOPHUCTaHHS pOOOTH30BAaHMX CHCTEM HA CBOIX CKJIAJax €
kommanis Amazon. Kommnanist 3acTocoBye BiacHy JiHiliky po6otiB Kiva (puc.2), ctBopeny Ha 0a3i
kymieHnoiy 2012 poui komnanii Kiva Systems napasi — Amazon Robotics.

OcHoOBHE NIpU3HAYEHHS POOOTIB — MEpEMIlIeHHs TOJIHIb (CTeNaXiB) 3 TOBapaMu IO CKJIAMY.
Po6GoT opienTyrotecsi 3a momomoror QR-komiB i cucremMu HaBiramii Ha mimro3i. OcHameHHi
JATYUKAMH JUTS 3a00IraHHs 3ITKHCHHSIM 3 IHITUMU POOOTaMU Ta JTIOAbMHU.

Pucynok 2 — MobineHuit podor Kiva

Hocmimxeno edeKTUBHICT, BIUIMBY aBTOMAaTH3allli CKIagiB Amazon Ha JOTICTHYHY
e(eKTHBHICTh: TIICIS BIPOBa/pKeHHsT cuctemMu Kiva cepenHii 9ac BHKOHAHHS 3aMOBIICHHS
3MeHmuBes 3 60-75 xBwiumH 10 15 xBunuH. lle no3Bonsie He mmmie mBuame oOpoOIATH
3aMOBJICHHS, aJie ¥ TOKPAIIUTH 3araJlbHU PIBEHb CEPBICY, IO € KPUTHYHUM Yy KOHKYpEHIIli Ha
PHHKY €JIeKTPOHHOI TOPTIBIIL.

OO6rpynToBano, mo pobotu Kiva m03BONSIOTE 3MEHIIMTH IMIMPUHY TMPOXOJIB MDK
cTeNnaxkamu, 1o 3abe3nedye 30uTbIeHHs epekTuBHOI ol ckiaamxy Ha 50%. Jlroasm motpiOHO
OUTbIIIe MPOCTOPY VIS TIEPEMIIICHHS MK PSIIaMH, TOJII IK pOOOTH MOXYTh NIEPECYBATUCh B 3HAYHO
BYXYHX MMPOXOJaX. 3a3HAUYCHE J1a€ MOXIIMBICTh HE TUThKA €KOHOMHUTH KOIITH Ha HOB1 MPUMIIIICHHS,
ajyie 1 OTpUMYBaTH OUIbIIIE TPUOYTKY 3 Ti€T K TUIOITI.

ABTOMaTH3allis CKJIAJIB JIO3BOJISIE HE JIMIIC IMIABUIIUTH €(PEKTUBHICTh, al€ W 3HAYHO
CKOPOTHTH BHUTpaTh. 3rimHO 31 3BiToM Bank of America, koxeH ckiag Amazon, Ha SKOMY
BCTaHOBJICHO POOOTH30BaHYy CHCTEMY, I03BOJISI€E 3€KOHOMUTH OJIM3bKO 22 MUIBHOHIB J0JIapiB
mopoky. s ekoHoMmist hopMyeThCs 3a paXyHOK 3HMKEHHS BUTpPAT HA OIUIATy Mpalli, IPUCKOPEHHS
MPOIIECIB 1 3MEHIIICHHS KUTHKOCTI TOMUJIOK ITiJ] YaC KOMIUICKTAIlil 3aMOBJICHb.

Crig Tako)X 3a3HAYUTH, IO JUISI HEBEJIIMKUX CKJIAJIB, OCOOJUBO pEriOHAIbHOTO PiBHSA ab0
CKJaJiB Majoro Oi3Hecy, BIPOBA/PKEHHS TAaKHUX CHUCTEM MOXE BHSIBUTUCH EKOHOMIYHO
HegouutbHUM. OlLiHEeHO (aKTOpH, IO YCKIAIHIOITH BIIPOBAKEHHS: OOMEXKEHUN TOBapooOir,
HEBEJIMKa KUTbKICTh MPAalliBHUKIB, BIACYTHICTh MOTPEOU B 11i10000BIi poOOTI Ta BUCOKA BapTIiCTh
nmo4atkoBux HBecTHUIIH (poboT Kiva un Locus moxe xomryBatu Big 30 000 mo 50 000 nonapis 3a
OJIMHUITIO, HE BPAXOBYIOUH 1H(PPACTPYKTYpU Ta MPOrPaMHOTO 3a0€3MEUCHHS).

Takum 4MHOM, BUKOPUCTAaHHS POOOTH30BAHMX TEXHOJOTIH Ha CKiIagaX MiIIpUEMCTB, GipMm,
KOMIaHii CyTTEBO 3MIHIOE MIIXiJ JO OpraHizaiii JOTICTUYHUX MPOLECiB. Y3arajJbHeHO NepeBaru
aBTOMATH3allil: MIABUIICHHS MPOJAYKTUBHOCTI, 3MEHIICHHS KUIBKOCTI MOMMJIOK, ONTHMI3aIlis
MPOCTOPY Ta CKOPOYEHHs 4yacy OOpoOKH 3amMoBIeHb. Pa3oMm i3 MM, BH3HA4Y€HO OOMEKEHHS
BIIPOBA/PKEHHS Il Majnoro Oi3Hecy uepe3 BHMCOKI MOYATKOBI JIOTICTMYHI BUTpatu. Ilojanbmimii
PO3BUTOK pPOOOTH30BAHHMX CKJIAJICHKUN JIOTICTHYHMX CHCTEM Yy JIOTICTHII OyAe TOB’S3aHO 3
MIZIBULIEHHSIM THYYKOCTI, 3 IHTErpami€io 31 IITYyYHUM IHTEJIEKTOM Ta 3HIKEHHSIM BapTOCTi
BIIPOBA/IXKEHHSL.
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V]IK: 004.9:34:656

IIPABOBI TA TEXHOJIOI'TYHI ACIIEKTH CMAPT-IHTET PAI[IT

B.K. KoBanenko, cm. ep. TT-23-1,
1.0. KyavboBa, 0-p ghinoc.
Llenmpanvroykpaincokuil HayioHanbHUL mexHiuHul yuisepcumem, M. Kponusnuyvkuii, Yxpaina

CyuacHuil eran u¢ppoBoi TpaHchopmallii CycrniIbCTBa BUMAarae KOMIIJIEKCHOTO MIAX0AY 10
IHTerpamii cMapT-TexHoJorii. BnpoBamkeHHs I1HHOBaUIMHUX pilleHb Yy pi3HUX cdepax
KUTTEASUIBHOCTI, B TOMY YHUCJ1 Ha TPAHCIOPTI, CYNPOBOJIKYETHCS 3HAYHMMM BHKJIMKaMH, IO
MOTpeOyIOTh HAYKOBOI'O OCMUCIIEHHS Ta CUCTEMHOTO BUpIIIEHHs. TOMy TOIUIBHO MPOBECTH aHaII3
KIIIOYOBUX MPABOBUX, TEXHIUHUX Ta IHQPACTPYKTypHUX Oap'epiB cmapT-iHTerpauii B YKpaiHi, 3
METOI0 PO3pOOKH PEKOMEHIAIIH 1100 iX MOAO0IaHHS.

[IpoananizyeMo mpaBoBi aclieKTH cMapT-iHTerpaii:

— PEryisTOpH1 po30LKHOCTI Ha MIKHAPOIHOMY PiBHI,

— mpo0JIeMu CTaHapTHU3AIllT,

— 3aXUCT NMEePCOHATPHUX JaHUX;

— MpaBOCYO'eKTHICTh MITy4HOTO iHTEenekTy (LLII).

AHani3 perynsTOpHUX MPakTUK CBIIYUTH MpPO ICTOTHI PO3ODKHOCTI Yy MIAXOAAX [0
peryJioBaHHsl IHHOBAILIMHUX TEXHOJIOTIA. Sk mMoKa3yroTh mocihipkeHHs, y Tod dvac sk CIIA
JEMOHCTPYIOTh JIIOEpaIbHUM MIiAXi J0 BUKOPUCTaHHS JPOHIB B YIPaBIiHHI TPAaHCIIOPTHUMHU
MepeBe3eHHsIMH (30KpeMa, Uil JOCTaBKH TOBapiB), €Bpornelicbkuii COr03 JTOTPUMYETHCS 3HAYHO
obepexHimoi momituku. st YkpaiHu, sika TparHe 0 €BpOIHTErpallii, 11e CTBOPIOE J0JATKOB1
CKJIQIHOIII Yy TapMoOHi3aIlii 3akoHOJaBCTBa. 3 OMHOTO OOKy, KpaiHa 3000B'i3aHa aJanTyBaTH
3aKOHO/IaBCTBO BIAMOBIAHO 10 YTOIW mpo acomiamiio 3 €C; 3 HIIOTO — Ma€ BPaxoBYBaTH JTOCBI
THYYKHX 1HHOBAIIHHUX FOPUCAUKIIIN JJI1 CTUMYJIIOBAHHS HAIlIOHAIBHOTO TEXHOJIOTIYHOTO Oi3HECy.
PexomenioBaHO 3acTOCYBaHHS TIOpHUIHOTO IMJIXOAy — TapMOHI3yBaTH ©0a30Bi MPUHIIUIIH,
3aJIUIIAI0YY IPOCTIP JUIA JJOKAIBHOTO PETYISTOPHOTO EKCIIEPUMEHTY.

[HTETpalnis cMapT-TEXHOJIOTI B JIOTICTUKY TPAHCIOPTY 3HAYHOK MIPOIO 3aJICKHTh BiJl
TEXHIYHOI CyMiCHOCTI MPHCTPOiB Ta cucteM. Huni punok intepuery peueii (Internet of Things
(10T)) memoHcTpy€e BHCOKY (pparMeHTOBAHICTh Yepe3 BiACYTHICTh €IMHHMX MPOTOKOJIB B3a€MOIl.
Hanpuxnan, npuctpoi Bim Amazon, Google, Apple un Xiaomi 4acTo BHKOPUCTOBYIOTH 3aKpHUTI
exocrcTemH, Taki sk Amazon Sidewalk, Google Fuchsia, Apple Home Ecosystem, Xiaomi AloT
Ecosystem, mo yckinaaHio€ peanizalfilo HaCKpI3HHUX JOTICTUYHUX CIIEHApiiB — Bil aBTOMAaTHYHOTO
MOHITOPHHTY CKJIay 10 OCTAHHBOTO KUIOMETPY M0CTaBKU. BupimenHs 1miei mpobiemu nmotpedye:
PO3pOOKM HAIIOHAIBHUX CTAHAAPTIB; Y3TOKEHHS 3 MDKHAPOIHHUMH TEXHIYHUMH perilaMeHTaMu,
CTBOPEHHS MeXaHi3MiB cepTudikarrii.

[TpoBeneHuii aHaii3 €BPOMENHCHKOTO MOCBIMy peryiioBaHHs 3axucty nanux (General Data
Protection Regulation (GDPR)) m03Bojisi€e BHOKPEMHTH KIIOYOBI MPHHIMIH, SKi MOTPEOYIOTH
IMIJIEeMeHTallli B YKpaiHChbKe 3aKOHOJABCTBO. IIpuHIun MiHiMi3alii faHux nependayae 30ip nuie
Tiel iHpOopMalii, ika € abCOMIOTHO HEOOX1THOO A7 (PYHKIIOHYBAaHHS cMapT-cucteM. Lle oco6inBo
aKTyallbHO Ui JIOTICTUYHUX pIllIeHb, 1€ HaAMIpHUN 30ip AaHUX TPO MiCIIE3HAXOKEHHS,
MapuUIpyTH pyXy a00 MOBEIIHKY KOPUCTYBauiB MOXe IPU3BECTHU 0 MOPYLIEHb IPUBATHOCTI.

OO6oB'13k0Ba 3rofga cy0'ekTa MaHUX BUMAarae NEperyisily TPaaUuIifHUX MIAXOAIB [0
iHpopMyBaHHS KopucTyBauiB. Y KoHTeKcTi loT-mpuctpoiB, siki yacTo MpaioTh y (OHOBOMY
pexuMi, HeoOXiTHO PO3POOUTH HOBI MEXaHI3MU OTPUMAHHS 3TOJIH, 110 BPaXOBYIOTh CHEIHUPIKY iX
pobotu. €Bpomnelcbkuil JOCBII JEMOHCTPYE €(EeKTUBHICTh MOIIAPOBUX IHTEpPQeNciB HaJaHHS
3rOJIM Ta BUKOPUCTAHHS Bi3yaJbHHUX 1HJUKATOPIB 300pYy JTaHUX.
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Oco6MBY yBary BapTO NPUAUIMTH TpUHOUIY «privacy by design», sikumii mepeabadae
BOYZIOBYBaHHS 3aXOJ[iB 3aXHCTy JaHMX IIe HAa €Tall MPOEKTYBaHHS TEXHOJOTTYHHMX pimeHs. s
JIOTICTUYHHUX CHCTEM L€ O03HAYa€ HEOOXiJHICTh: aBTOMATHU30BAHOTO AaHOHIMYBAaHHS NAHHUX IICIs
3aBepIIeHHs 11X 0O0poOKu, peamizamii MeXaHI3MIB MCEBAOHIMI3amii MapHIpyTHUX JaHUX;
BIIPOBA/KEHHS JICIICHTPATII30BAHUX CXeM 30epiranHs 4yTiauBoi iHopmartii.

dinocodchKo-TIpaBoBa AUCKYCisS MO0 CTATyCy IITYYHOTO IHTENEKTY MOTpedye HayKOBOTO
OCMHUCICHHS. SIK TMOKa3yloTh Kedcu 3 aBTomiioroM Tesla, TpaauuiiHi MpaBOBI KOHCTPYKIIi
BUSIBIISIIOTHCSI HEAOCTATHIMU JUTSI PETYIIOBAaHHS HOBUX TEXHOJIOTIUHUX PEaiid.

CyuacHa nmpaBoBa JIOKTpUHA MPOMOHYE TPU OCHOBHI MOJIEINI PETyITIOBAHHS:

— ajanTanis iCHYIOYMX HOPM LHMBUIBHOI BiIMOBINAIBHOCTI 3 ypaxyBaHHSAM cCHenU(IKU
HITY4YHOT'O IHTEJIEKTY;

— CTBOPEHHSI CIIEIIaJIbHOTO MPABOBOTO CTATYCY «EJIEKTPOHHOT 0COOM»;

— po3po0Ka KOMIUIEKCHMX CXEM CTpaxyBaHHS PHU3MKIB, IOB'A3aHUX 13 BUKOPHUCTAHHSIM

ABTOHOMHHX CHCTEM.

Jlnst  yKpaiHCBKOTO TIPAaBOBOTO IOJISI HAMOUTBII TMEPCHEKTUBHUM BHIJIAIAE TIO€IHAHHS
nepiioi Ta Tpetboi mojeni. e mependavae: moaudikailito HOpM PO BIAMOBIIATLHICTD 32 IIKOAY 3
ypaxyBaHHSIM CHEHU(IKM I[ITYYHOTO IHTENEKTY; BIPOBA/PKEHHS OOOB'SI3KOBOTO CTPaxXyBaHHS
PU3MKIB aBTOHOMHHUX CHCTEM; CTBOPEHHS cHeliani3oBaHux peecTpiB KpuTuuHux I-pimens;
PO3pOOKY CTaHAAPTIB ayIUTY AIITOPUTMIB JJIs IOTPEO MPaBOCY IS

[Ilo cToCcy€eThCSt TEXHOJOTTYHUX BUKJIMKIB, TO TIE:

— mpo0JIeMu IHTEPOTIepadeIbHOCTI;

— kibepOe3mneka;

— MacImTabOBaHICTh PIllICHb.

JlocmiKeHHsT TeMOHCTPYIOTh, IO PI3HOPIAHICTh TEXHIYHUX pimieHb y cdepi 10T cTBOproe
3HaYHI TpyaHONIl y ix iHTerparii. OcoOJHMBO 1€ CTOCYETHCS CHCTEM O€3MeKH Ta KPUTUYHOI
1HGpaCTPpYKTypH.

Craructuka KiOepIHIIMEHTIB OCTaHHIX POKIB (30KpeMa, aTaka Ha CUCTEMY BOJOTIOCTaYaHHs
y ®@nopuai) MATBEpHKYE HEOOXIAHICTh: PO3POOKHM CHEIIaTi30BaHMX CTAHAAPTIB OE3IeKH;
BIIPOBA/IPKEHHSI MEXaH13MIB MOCTITHOTO MOHITOPUHTY; CTBOPEHHS CUCTEM LIBUKOTO pearyBaHHSI.

AHaJi3 T0CBIYy pO3TOpPTaHHS CMAPT-MICT CBITYHTH , III0 00pOOKa BEIUKHUX JaHUX TOTPEOYye:
MOTY)KHOI XMapHOi iH(pacTpyKTypH; €(EeKTHBHUX aJTOPUTMIB aHATITHKW, HAJAIMHUX KaHAJIB
nepeaadi JaHuX.

B iHppacTpykTypHi OOMEKEHHS BXOIATh:

— MepexeBa HPpacTpyKTypa,

— cepBepH;

— (biHaHCH.

[IpoBenene MAOCHIPKEHHS IMOKa3zye, MIO JJs TMOBHOIIHHOTO (DYHKIIOHYBaHHS CMapT-
TEXHOJIOT1M HEeOoOXiHO: MPUCKOPEHE PO3ropTaHHd Mepex 5G; MoaepHizallis TeleKOMYHIKaIIHOT
iHpacTpyKTypH; 3a0€3MeueHHs CTaOUTLHOTO €JIEKTPOTIOCTaYaHHS.

AmnHauni3z BUMOT 10 00p0oOKH TaHUX Yy pealbHOMY Yaci JO3BOJISE€ BUIUTUTH KIIOYOB1 HAIPSIMKU
po3BuTKy: CTBOpEHHsI PO3MOJUICHHX LEHTPIB 00poOku nanux; BrpoBamkenHs edge-o0uncieHb;
BukopucTaHHs KBAHTOBHX OOUUCIIEHb.

PosropranHs Takux CHCTEM — MiTbsipaHi iHBecTHilil. Hanpuknan, crBoperns Smart City B
Cayniscbkiit Apasii (NEOM) oninroersest B monan $500 mup.

ETvuH1 111eMU TEXHOJIOTTYHOTO PO3BUTKY CKJIaIal0ThCS 3.

— aJITOPUTMIYHUX yIIEPEHKEHB,

— npo3opocTi pimens 1.

JlaHi COIONOTIYHUX JOCHIIPKeHb CBiA4aTh MPO CUCTEMHI MpPOOIEeMH B aJIrOpUTMax
po3Mi3HaBaHHS 00pa3iB, MOXKYTh HEMPABUIBHO 1IEHTU(IKYBATH JIOAEH 3 PI3HOIO 30BHIIIHICTIO, 1110
notpedye: pPO3pOOKM ETUYHHMX CTaHAAPTIB; BIPOBA/DKEHHS MEXaHI3MIB ayauTy; 3ajJydeHHs
colLioryMaHiTapHUX (axiBILIiB.
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He 3aBxmu 3posymino, womy LI npuiiHsAB Te Y iHIIE DIICHHS — II€ OCOOIUBO TOCTPO
npobsemMa «4OpHOi CKPUHBKM» CTOITh y TaKUX cepax: MEeIUUHA JIarHOCTUKA; KPEIUTHI PIlICHHS;
MIPaBO3aCTOCOBYA MPAKTUKA.

AmHaniz ctany npoOJieMu Jja€ MOXJIMBICTb 3allPONOHYBATH HACTYIHI CTpATerii MOIOJaHHS
3a3HaYeHUX Oap'epiB:

1. [IpaBoBe noue:

— yxBasieHHs 3akoHy «IIpo cMapT-TexXHOJIOTIiY;

— CTBOPEHHS PETYIISITOPHUX «ITICOYHHIIB I TECTYBAaHHS IHHOBAITIH;

— noBHa rapmoHizanis 3 GDPR Ta iHIIMMH €BpONeHCbKUMHU CTaHIapTaMH.

2. TeXHOJIOTTYHUI PO3BUTOK:

— po3poOka HanioHanbHO1 10 T-mnaTpopmu;

— BIPOBaLKEHHs cTaHaapTiB Kibepoesmeku (ISO 27001);

— iBectulii B R&D dyepes aepkaBHO-NPUBATHE MAPTHEPCTRBO.

3. Kagposa moutituka:

— OHOBJICHHSI HABUAJIBHUX IIporpaM y TexHigHux 30;

— CTBOpEHHS 1IeHTpiB nepeniarorosku | T-daxisiis;

— IIporpaMu 0OMIHY 3 MDKHAPOJHUMU €KCIepTaMu.

4. MixHapoaHUH AOCBIN sl YKpaiHu;

4.1. 3ano3uuutn 3 €C:

— CHCTEMY 3aXHCTY IMePCOHABHUX JIAHUX;

— TiaXoau 10 crangaptu3aiii 10T,

— MeXaH13MHU peryntoBaHHs Al;

4.2. 3ano3nuntu 3 CHIA:

— THYYK1 YMOBH JJIsl CTapTAaITiB,;

— JIOCB1I BAKOPUCTAHHS JPOHIB;

— MOJIeJIi BeHUYpHOTO (hiHAHCYBaHHSI.

5. IIpomno3wutlii 1010 MpaKTUYHOT peai3alii:

— CTBOPEHHS MDKBITOMY0i poO0YOi rpyIu;

— po3poOKa TOPOKHKOT KAPTH CMapT-1HTErpailii;

— 3ammycK MToTHUX NpoekTiB y Kueri, JIbBoBi, XapKoBi;

— MOJICpHI3aIlisl TEJICKOMYHIKAIIMHOT IHPPACTPYKTYPH;

— CTBOPEHHS HAI[IOHAIBHOTO IEHTPY KiOepOe3nekH;

— PO3BUTOK BEHUYPHOT'O PHHKY;

— noBHa 1M dpoBa TpaHchopMallis IeP>KYyIPaBIIiHHS,

— CTBOPEHHS MEPEeXi «pO3YMHUX MICT»;

— iHTerpauis B equHui nudpouit punok €C.

Takum uyuHOM, MpOBEAEHE MOCHIIKEHHS J03BOJISIE KOHCTATyBaTH, IO YCIIIIHA CMapT-
iHTerpaiiss B YKpaiHi BUMarae KOMIUIEKCHOTO IMiIXOAy, LI0 TMO€JHYE: HAyKOBO OOIPYHTOBaHE
pEryiioBaHHsS; TEXHOJOTIYHY MOJEpHI3allilo; colianbHy afanrtanio. [logomaHHs iCHYIOUHX
0ap'epiB MOXJIMBE JIMILE 32 YMOBU TICHOI B3a€MOJIi MDX HAyKOBHM CEpEIOBHUIIEM, OiI3HECOM Ta
OpraHaMH BJIaJH, IO JO3BOJUTH YKpaiHl HE IHIIE 3aMo3WYUTH MDKHApPOIHUN TOCBil, ane i
chopMyBaTH BIACHY MOJIENIb TEXHOJOTTYHOTO PO3BUTKY.
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VJIK: 656.073:004.9

GPS-MOHITOPHHT Y JIOT'ICTHILI BAHTA’KHUX IIEPEBE3EHD:
IIPUHIIHIIH POBOTH TA IIEPEBATH

I.C. Cyrak, cm. ep. TT 23-2,
1.0. KyaboBa, 0-p ghinoc.
Llenmpanvruii HayioHanbHuli mexHiynuil yHisepcumem, m. Kponusnuyvxuii, Yxpaina

CyuacHa unorictuka [1] HemoknmBa 0€3 ONEPATUBHOTO KOHTPOJIIO 3a MEPEMIlICHHIM
BaHTaxiB. OOTPYHTOBAHO, 110 OJHUM 13 KJIFOUOBHX IHCTPYMEHTIB 3a0€3MeUEHHSI TAKOTO KOHTPOJIIO
€ GPS-MOHITOPHHT — TEXHOJIOTiS CYIIYTHHKOBOTO CIIOCTEPEKEHHS 33 PYXOMHMH O00'€KTamMH
(BaHTakaMu) B peanbHOMy daci. MIOro 3acTocyBaHHs OXOILTIOE BaHTAXKHI aBTOMOOLTI, 3aii3HUUHI
maTdhopMu, MOPCHKI 1 aBialliitH1 IepeBE3CHHS.

3’sicoBaHo, mo mnpuHOUN pobdotn GPS-MoHiTOpMHTY ToNsirae B OTPHUMAaHHI [aHHUX 3
riobanpHO1 HaBiramiiiHoi cymyTHHKOBO1 cuctemu (GNSS), ski moTiM mepemaroTbes Ha CepBep
norictnyHoi KommaHii 4depes GSM-mepexxy abo iHImII KaHamu 3B’S3Ky. Y CKIQai CHUCTEMH
BUKOpUCTOBYIOTbCsE GPS-mpmitmadi, SIM-moayni, cnemiamizoBaHe mporpamHe 3a0e3redeHHs Ta
aHaAJIITUYHI IIaTPopMu 1 00poOKH OTprUMaHoi iHPOopMaIlii.

OmauM 13 mpuknaaiB  BopoBapkeHHS GPS-MOHITOPHHTY €  JOTICTHYHI — omepariii
MYHIITUTIATLHOTO aBTOTpaHcopTy B Kwuesi. Ilicist BCTaHOBIIGHHS CHCTEMH Ha BCl CMITTEBO3H
BJIAJIOCS CKOPOTUTH XOJIOCTI podiru Ha 23 %, onTUMI3yBaTH MapLIPYTH Ta 3MEHIIUTH BUTPATH Ha
nanuBo 10 18 %. Takox Oys0 MOCATHYTO MOKpAIICHHS AUCIMILIIHU BOMIIB Ta 3HWKEHHS MPOCTOIB
TEXHIKH.

BusiBneno nepesaru GPS-monitopunry B jorictuii [2]:

— OTIEPAaTUBHUHN KOHTPOJIb 1 Bi3yasi3allisi MICIIe3HaX0KEHHS TPAaHCIIOPTY;

— MIJBUIIEHHS O€3MeKH NePeBE3CHb 1 3a100iraHHs BUKPaJICHHIO BAHTAXKIB,

— ONTHUMI3aIlis JIOTICTHYHUX MapIIPyTiB Ta pO3KIaay JOCTABKH;

— KOHTPOJIb BUTPAT MaJbHOTO 1 3MEHIIEHHS eKCIUTyaTalliiHUX BUTPAT;

— (hopmMyBaHHS 3BITHOCTI 1 aHAJIITHKA €(PEKTUBHOCTI JIOTICTHKH;

— inTerparis 3 inmmMu uposumu mwiathopmamu (TMS, ERP).

Taxkum ynHOM, GPS-MOHITOPHHT € Ba)XJIMBOIO CKJIAJIOBOIO KOHIICTIIIi CMapT-JIOTICTUKH, sIKa
noenHye 1UAPOBI TEXHONOTIi, aHANITMKY ¥ aBTOMATH3al[il0 TPAHCHOPTHHX mporecis. Moro
BIPOBA/DKEHHS J03BOJISIE IMIIBUIIATA €()EKTUBHICTh, €KOJOTIYHICTh 1 HAJIMHICTH JIOTICTHYHHX
OTIepaIliid.

Crmcok BHUKOPUCTAHUX JIKCPECII
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Hagu. moci6. — K: Hentp yaboBoi mitepatypu, 2010

2. Khrustalova S., Nevliudova V., Khrustalev K., Allakhveranov R., Kosenko V., Mrochko A. Use of GPS
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VJK:633.853.32

IHHOBAI[IHHI ITIJIXOJH JOCTABKH BAHTAXIB BUKOPHCTAHHIM
JIPOHIB

J.C. BopoHoB, cm. ep. TT-24m06,
1.0. KyaboBa, 0-p ghinoc.
Llenmpanvroykpaincokuil HayionanvHull mexHivnuu yHigepcumem, M. Kponusnuyvkuii, Yxpaina

OpHMM 13 IepCHEeKTUBHUX HAIPSIMIB PO3BUTKY TPAHCIIOPTHUX TEXHOJIOTIH € BIIPOBAKEHHS
0€3MUIOTHUX JIITAIBHUX anaparis (JpoHIB) Uil JOCTaBKU BaHTaxiB. Lle 3abe3neuye HU3KY nepeBar
JUISL CY4acHOi JIOTICTUKW: 3HAYHE CKOPOYEHHS Yacy OCTaBKM 3aBASKH YHHUKHEHHIO 3aTOpIB i
00OMeXeHb JOPOKHBOT IHPPACTPYKTYPH, MIIBUILIEHHS TOCTYITHOCTI MOCIYT Yy BaXKKOJAOCTYITHUX abo
Bi/UTAJICHUX paiioHaX, 3MEHIIICHHS EKCIUTyaTalliiHINX BUTpPAT HAa KOPOTKUX MapIIpyTaX, 3HIKCHHS
€KOJIOTIYHOTO HABAaHTAKCHHS 3aBIJKA BUKOPHUCTAHHIO CJICKTPUYHUX JIPOHIB, a TaKOXK
aBTOMATHU3AIlI0 JIOTICTUYHUX IMPOLECIB, L0 CIpHUsE€ MIIBUIICHHIO €(EeKTHUBHOCTI Ta TOYHOCTI
MepeBE3€EHb.

Oco065MBOi yBaru 3aciiyroBye 3aCTOCYBaHHS JIPOHIB Y MPOIEC] «OCTaHHBbOI MU JTOCTABKH
— (piHamBHOTO eTamy JOTICTUYHOTO JaHItora. [lpu npoMy BaHTaK JOCTaBISIETbCA O€3MOCEPETHBO
70 KiHIIeBOro crokuBauya. CaMe 1eill eTam € HailOUIbIl pecypco3aTpaTHUM 1 CKIAJHUM Yy TUIaH1
oprasizailii, OCKUIbKH MOB’sI3aHUH 13 MICbKOIO 1H(PACTPYKTYpOIo, TpadikoM, BETUKOIO KUIBKICTIO
3aMOBJIEHb Ta O4IKYBaHHSM MAaKCHUMAaJIbHO IIBUKO1 IOCTaBKH.

Buxopucranus 6e€3nMUIOTHUX JIITaIbHUX amapariB J03BOJISE 3HAYHO ONTHUMI3YBAaTH IMPOIEC
«OCTaHHBOI MUJI», MIHIMI3yBaTH 3aTPUMKH, 3MEHIIUTHA BUTPATH HA MAJIMBO Ta MEPCOHAN, a TAaKOX
3a0e3nmeYnTH OUThII EKOJIOTTYHE Ta THY4YKe OOCIyroByBaHHS CIOuBadiB. lle BiakpuBae HOBI
MOXJTMBOCTI JUIsl PO3BUTKY €JIEKTPOHHOI KOMEPIIii Ta JOTICTUKH MailOyTHBOTO.

3HaYHy 3aIliKaBJICHICTh y BHPIMIEHHI MPOOJIEM JIOTICTUYHOTO TPOIECY «OCTAHHBOT MIUID»
MPOSIBJISIOTH MPOBIAHI CBITOBI KOMIIaHii, 30kpeMa Amazon, sika aKTUBHO BIPOBAKY€E IHHOBAIIHHI
TexHoJIoTi1 y cdepi sorictuku. Kpim Toro, Amazon eKCIIepUMEHTYE JIOCTABKOIO BAaHTAXKIB APOHAMU
y paMKax npoekty Prime Air, skuii kommnanis po3po6isie 3 2013 poky. MeToro € 3abe3nedeHHs
MIBHUJIKOT, O€3MEeYHOT 1 EKOHOMIYHOT JOCTaBKH HEBEJIMKHX MOCWIOK (70 2,3 Kr) Ha BiAcTanb 10 11—
24 xm Bin ckiamy. Ilpu 1poMy dYac JOCTaBKM Ma€ CTaHOBHTH OJM3bKO 30 XBHJIMH MiCTs
oopMIIeHHS 3aMOBIIeHHS. J[pOHM OCHaIlleH1 CKJIaJIHUMU CHCTEMaMHU OpIEHTYBAaHHS B MPOCTOPIL Ta
YHUKHEHHS 3ITKHEHb 3 IHIIUMU JIITAIBHUMH anapaTraMm, JIOJAbMH, TBApUHAMU Ta MEPEIIKOJAAMH.
BoHu 3acTOCOBYIOTH KaMepH, CEHCOpPH Ta QJITOPUTMHU IITYYHOTO IHTENEKTY js Oe3MeuHOro
MmaHeBpyBaHHsA. OJMH i3 TUIIB JOPOHIB, fAKi BHKOpHCTOBYe Amazon, — 1ie Amazon Prime Air
Delivery Quadcopter Drone (puc. 1). Bonn mMarooTh KBajgpaTHU# BiJACIK Ul MAKyHKIB, 10 POOHUTH
MPOIIEC TPAHCIIOPTYBAHHS 1 CKUJAHHS TOBAPIB 3pYYHININM 1 OC3MEUHIITUM.

ama? 2,'},.194" L
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a )
a — BUTIIAA 3 OOKY, O — BUDIISIT 3HU3Y HA BIJICIK JJIs1 BAHTAXKY
Pucynok 1 — Amazon Prime Air Delivery Quadcopter Drone
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[Tonpu 4ymcneHHi nepeBard, BIPOBAPKEHHS APOHIB Y JIOTICTHYHI MPOLIECH Ma€ HU3KY
CYTTEBUX OOMEXEHb Ta BHKIWKIB. Hacammepen, e oOMexeHa BaHTaXKOMIAWOMHICTb, sIKa Hapasi
JI03BOJISIE TPAHCIIOPTYBATH JIMIIIE HEBEIMKI MAaKyHKH MAacol0 JI0 2—5 KT, M0 3MEHIIYE TOIUTbHICTh
BUKOPHUCTAHHS JPOHIB y MacoBii BaHTaxHIi JoricTuii. Takox oOMexeHWH paiiyc nii JpoHIB
(3a3Buuail 1o 20-30 kM) moTpedye HASIBHOCTI PO3TATYKCHOI MEPeki pO3MOALTFYNX IICHTPIB abo
MOOUTPHUX Xa0iB, O YCKJIATHIOE MACIITA0OHE BITPOBAKCHHSI.

[Ile ogHWM BUKIUKOM € 3aJIeKHICTh BiJl MOTOJHUX YMOB — CHJIBHWUU Birep, Aomy ado
CHIromaJ MOXYTh YHEMOXJIMBUTH BHKOHAHHS IOJILOTY, IO 3HWKYE HAIIHHICTH cepBicy. Okpim
I[bOTO, ICHYIOTh PEryJISTOPHI 0OMEXEHHS, OB’ I3aH1 3 MOJIbOTAMH Y MICBKUX YMOBaX, JIe HEOOXiTHO
BpPaxoOBYBaTH IIUIbHY 3a0yA0BY, MOBITPSHI KOPHIOPH, OE3MEKY JIIO/IEH, a TAKOXK JOTPUMAHHS HOPM
npuBaTHOCTI. He MeHII BaKIMBUM € NUTaHHS O€3MeKu: K TeXHIYHO1 (YHUKHEHHsI 31TKHEHb 3
nepewkogamu, iHmuMu BIUJIA, moasmMu uu TBapuHaMM), Tak 1 KibepOe3neku, 30KpeMa 3aXUcT Bij
MEPEXOIJIEHHSI CUTHAJIIB YIpaBiiHHA a00 crpo0O 30BHIIIHBOTO BTpy4YaHHs. BuUKOpHCTaHHS
HITYYHOT'O IHTEJIEKTY I CEHCOPIB YAaCTKOBO KOMIIEHCYE 11 PU3MKH, OJHAK NOBHOLIIHHA Oe3medyHa
IHTerpauiss JpOHIB y JIOTICTUYHY CHCTEMY MNOTpeOye NOAaNbIIUX JOCHIIKEHb, PO3POOKU
HOPMAaTUBHO-TIPABOBOi 0a3u Ta TEXHIYHOTO BJOCKOHAJICHHS.
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VJIK: 621.9:620.17

OIIIHKA MEXAHI3MY 3MIITHEHHS MATEPIAJIIB JETA/IEH
MAIIIHH KOMBIHOBAHOIO TEXHOJIOTIEIO IIOBEPXHEBOI ObPOFKH
34 TBEPJICTIO

€.B. Mamnbko, acn,
B.B. Ayiin, npog., 0-p mexu. nayx
Llenmpanvroykpaincokull HayionanvbHull mexHivHuu ynisepcumem, M. Kponusnuyvkuii, Yxpaina

B po6oti po3risgaerbcs MexaHI3M 3MIIHEHHS MaTepialiB JeTajell MalmuH 1 poOodunx
opraniB. KomOiHOBaHa TexXHOJIOTsI 00pOOKH pOOOUMX NOBEPXOHb BKIIIOYAE:

— Ja3epHe JIETyBaHHs MOBEPXHI apMKO-3aj1i3a OJIHUM 13 HITPUAOYTBOPIOIOUNX esieMeHTIB (V,
Cr, Mo, Al);

— a30TyBaHHs, LUIAXOM pEryJIIOBaHHSA TEMIIEpaTypy Ta TPHUBAIOCTI SKOTO JOCATAETHCS
OTpUMAaHHS B a30TOBAHOMY LIapi 0JHO(}A3HOT CTPYKTYPH & -TBEPAOIO PO3UMHY JIETOBAHOTO a30TOM
0e3 BKJIIOUEHb YacTUHOK HITpuAiB [licis a30TyBaHHS /0JAaTKOBO MIJIBUIYETHCS MIKPOTBEPAICTh
30HM Ja3epHOro JieryBanHs (o 12:16 I'Tla) 3a paxyHOK MeXaHI3MY TBEPIOPO3YHMHHOTO 3MIITHEHHS
a30TOM;

— CTapiHHA 3 METOI0 BHUJUIEHHS B TBEPJIOMY pPO3YMHI JUCIEPCHUX YACTUHOK HITPUIIB
BIIMOBIAHOTO JIETYIOUOTO €JIeMEHTa PIZHOTO CTYINEHs KOTEPEeHTHOCTI, IO 3aJieXKUTh BIJ
TeMrepaTtypu crapiHHsA. MakcuMalibHa TBEPAICTh, IO JOCATAETHCS B 3MIHEHIA 30HI1 ITICIHA
crapiags, ckiaagae 16...21 I'Tla, mpupicT TBEpAOCTI CIPUUYNHEHO MI€I0 MEXaHI3MY JHUCIIEPCIMHOTO
3MIITHEHHS HITPUAHUMU (pazaMu.

Bucoka TBepamicTh MeTama micisi KOMOIHOBaHOi 0OpoOKM 0OOYMOBIIEHA CIHUTHBHOIO €0
HACTYITHUX 3MIITHIOIOYMX MEXaHI13MIB:

o, =0,+Ac, +Ac, +Ac,,, p+AC,  \+ AO‘;:_A:N 1)

1€ O, — HalpYy)XeHHs TepTs KPUCTAIIYHOI IpaTKy;
Ao, — IpuUpiCT rpaHuLll INIMHHOCTI 3@ paXyHOK JUCIOKaIil AeOopMaLiiiHOro 3MITHEHHS;
Ao, — IpUPICT IpaHULll ITIMHHOCTI 32 PaXyHOK 36PHOIPAHUYHOIO TEPTH;

AO_m.p...ﬂE — IMPUPICT TI'paHHULl TCKYYOCT1 3a PaxyHOK TBECPAOPO3ZUUMHOI'0 3MINTHCHHA 3

JICTYHOUUM CIICMCHTOM;

Ao — MIPUPICT TPAHUII TEKYUYOCTI 32 PaXyHOK TBEPAOPO3UMHOTO 3MILHEHHS MATpPHIIL;

m.p.N

MeN . . . co .
A(TH; —HOPHUPICT I'PAaHUI] TEKYYOCT1 3a paXyHOK JUCHICPCIMHOTO 3MIIITHCHHA.

IIpoBeneHo po3paxyHKH, CKIAJEHO aIrOpuUTM Ta MifidpaHo mporpamHe 3a0e3nedeHHs i
3aji3a, JIETOBAHOTO IIPH JIA3ePHOMY HarpiBaHHI OJHMM 13 HITPHIOYTBOPIOIOYMX €JIEMEHTIB
BaHanieM (17%), xpomom (15%), momibnenom (8%). Po3poGiiena i mojaHa cxeMa poO3paxyHKY
JI03BOJIsIE IPOTHO3YBAaTH TBEPMAICTh 3MIIHEHUX 30H JUId (DOpPMYBaHHS PEryilbOBaHOI CTPYKTYpHU 3
BUJIUICHHSIM JUCHEPCHUX HITPUIHUX YAaCTMHOK PI3HOTO CTYNEHsS KOTepeHTHOCTL. BusBieno, 1o
CyMapHa TBEPIICTh BPAXOBYE MEXaHI3MHU JUCIOKAIIHHOTO, 36pPHOTPAHUYHOTO, TBEPAOPOZUMHHOTO
3MII[HEHHS JIETYIOUUMH €JIeMEHTaMM Ta a30TOM, a TAaKOXX TUCIEPCIHHOTO 3MIIIHEHHS 3a MOJEIUIIO
Mortrta-Habappo. Po3paxyHkoBe 3HAUY€HHS TBEPJOCTI BIAMOBINAE EKCIIEPUMEHTANBHIA TBEPJOCTI
CIJIaBIB IIICJIA JIA3€PHOTO JIETYBaHHs, a30TYBaHHS Ta HHU3BKOTEMIEPATYpHOTO CTapiHHA 3
BUJUICHHSIM KOTE€PEHTHUX 4YacTUHOK. Po3paxyHku 3 BHKOpUCTaHHsM Bupa3zy OpoBaHa i
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JMCTIEPCIHHOTO 3MIIHEHHS 3iCTaBIISIIN 3 €KCIIEPUMEHTAIBHOIO TBEP/ICTIO CILJIABIB IICIS JTa3€PHOTO
JIETYBaHHS, a30TyBaHHS Ta BUCOKOTEMIIEPATYpHOTO CTApiHHA 13 3aCHYBAaHHSM HEKOTE€PEHTHHUX
YaCTUHOK MIEBHOTO PO3MIpY.

[TopiBHSHHS PO3PaXxyHKOBOI Ta €KCIIEPUMEHTAIBHOT TBEPIOCTI, MPEJCTABICHE MOKA3ye, IO
HaHOUTIBIIE y3TOKYIOTHCS PE3YIbTaTH PO3PAXyHKYy 1 ekcrepuMeHTy it cruiaBiB Fe-Cr. Tpoxwm
HIDKUYE EKCTIEPUMEHTAIBHUX BUABHIIMCS 3HAUYEHHS PO3PAaXyHKOBO1T TBEpAOCTI i ciutaBiB Fe-V, mo
MOJKJIMBO TOSICHUTH HEBPAaXOBaHMM BHECKOM IIPU PO3PAaXyHKY CYOCTPYKTYPHOTO 3MII[HEHHS,
OCKUIBKH MICHA Takoi 0OpoOku MMOBipHE 30epeXeHHS B 30HI JIA3€PHOTO JIETYBAaHHS OCEPENKOBOT
cyocTpykrypu. PospaxyHok mns croiaBy Fe-Mo mae myke 3aHMKEHI 3HAYSHHS TBEPAOCTI B
MOPIBHSAHHI 3 €KCIEPUMEHTOM.

BusiBneHo, mo J0AaTKOBE 3MIlTHEHHS, IO BHKIWKAE MPHPICT EKCIIEPUMEHTAIBHOT
TBEPAOCTI, MOKe OyTH TICHO INOB’Si3aHE 3 YTBOPEHHSIM B 30HI JIA3€PHOTO JIETYBAHHS JUCIIEPCHUX
iHTepMeTaninHux (a3 Fex-Moe, sk B psal BUNAAKIB OylM BUSBJIEHI PETTEHOCTPYKTYPHUM
aHaJII30M.

OniHIOBaHHS BKJIaAy KOXXHOTO 13 MEXaHI3MIB B CyMapHE 3MIIHEHHS MOKa3ye, 110 YacTKa
TBEPIOPO3YMHHOTO 3MIIIHEHHS JIETYIOUMM €JIEMEHTOM Jy)Ke€ He3HauHa, BOHA MPAKTHYHO JOPIBHIOE
Hyiro Juis crotaBiB Fe-V i Fe-Mo, a s crnasie Fe-Cr ckitanae 3...5%.

YacTka 3epHOTPAaHUYHOTO 3MIIIHEHHS Barowmimia B cruiaBax Fez-Mog (7....10%) nopiBHSAHO 3
IHITUMHU CTUIaBaMH, IO TIOSICHIOETHCS OUTBIN IPIOHO3EPHUCTOO CTPYKTYPOIO 30€pEKEHHS TMICIIs
a30TYBaHHS 30H JIa3epHOTO JIETYBaHHS yciMa eIEMEHTaMHU CYTTEBO 3MEHIIYETHCS TTICIS a30TYBaHHS
B MTOPIBHSIHHI 13 3MIIIHEHHSIM BiApa3y Mmicis Ja3zepHoro jgeryBanHs 10 1...3% npu neryBanui V 1 Cr, i
10 4...6% npu neryBanHi Mo. BusiBneno, no HaOUTHII ICTOTHUM BHECOK BHOCSATH JIBA MEXaHI3MH
3MIIIHEHHS: TBEPAOPO3UYMHHUK a30TOM 1 JUCHEPCIHHUN YaCTUHKAMU HITPUIIB JIETYIOUUX
€JIEMEHTIB.

[Ipu BUAUIEHHI KOTEPEHTHUX HITPUIHUX YaCTUHOK B 30HI JJA3€PHOTO JICTYBaHHS OCHOBHUM
3MIIHIOIYAM MEXaHI3MOM ISl BCIX CIUIABIB € MEXaHI3M JUCIepCiiHOTO 3MinHeHHs. [Ipuuomy
YacTKa I[bOTO 3MIITHEHHS TUM OLIbIIa, YAM BHINA TEPMOJMHAMIYHA CTAOUTHHICTH HITPUAY (B PALY

(Mo,N - Cr,N —->VN). Ilpu 3minHeHHI HiTpuAamMH BaHaIid I 4YacTka pocsrae 83%. Skmo

YTBOPIOIOTHCSI HEKOTEPEHTHI HITPHUIM, TO YacTKa JUCHEPCIHHOTO 3MIIIHEHHS 3HUXKYETHCS, TPOTE
s ciuasiB Fe-V 1 Fe-Mo nelt MexaH13M 3MIIHEHHS 3a/IMIIAECTHECSI OCHOBHUM.

B Toii wac 3Ha4HOIO € JOJS MEXaHi3My TBEPAOPO3UMHHOTO 3MIIHEHHS B 3arajbHOMY
3MminHeHHI. OcOONMBO ICTOTHA POJIb IBOTO MEXaHI3MY crocTepiraeTbcsi B crutaBax Fe-Cr, mio
MOSICHIOETHCS CHIIBHUM BIUTMBOM XPOMY Ha TIJIBUIIICHHS PO3YUHHOCTI a30Ty B PEpHTI.

TakuM YHMHOM pO3paxyHKH 1 EKCHEPUMEHTaJbHI pPE3yJNbTaTH IOKa3ylTh, IO pPIBCHb
JUCTIEPCITHOrO 3MIlHEHHSI (PepUTHOI MATPUIll MIPH YTBOPEHHI KOTEPEHTHUX HITPUTHUX YACTUHOK
ICTOTHO BWINE, HDK MPH YTBOPEHHI HEKOTEPCHTHUX YaCTHHOK. J[JIs1 OCATHEHHS MaKCHMaJbHOTO
piBHS 3MIITHEHHs OTPIOHO 3a6e3meunTu POpPMYBaHHS ONTUMAIBHOT CTPYKTYPH, LII0 B CBOIO YEPTy,
MOXKJIMBO PErylioBaTH LUISIXOM ONTUMI3allii mapaMmeTrpiB KOMOIHOBaHOT OOpOOKM Ha KOXHIM 11
cramii. Po3poOineHa cxema po3paxyHKy MOXKe OYyTH IEepeIyMOBOIO PO3POOKH peryibOBaHOi
TEXHOJIOT1T KOMOIHOBAaHOTO IOBEPXHEBOrO 3MIIHEHHS POOOYMX TIOBEPXOHBb JETajel MalluH 1
poOOUYNX OpraHis.
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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.
Objects 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 I- | generation Il | generation IV, | adaptive,

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

satellite
monitoring
10. Transport Logistics | generation |- | generation 11l | generation 1V, | adaptive,

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

11. Machine Utilization | unmanaged, according to | 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 wvehicles, 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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YJIK: 629.114.6:004.021

OIIIHKA AJIEKBATHOCTI PO3POBJIEHHX MATEMATHYHHX
MOJIEJIEH IHHOBAI[IHHOI OB €EKTHO-OPIEHTOBAHOI CHCTEMH
TEXHIYHOT O OECJINTOBYBAHHSA I PEMOHTY ITAPKIB
TPAHCIIOPTHHX 3ACOFIB

JLI1. KocsikeBuu, acn,

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

Llenmpanvroykpaincvkuul HayioHAIbHUN MeXHIuHUul yHigepcumem, M. Kponuenuyvkut, Yxpaina
A.b. I'ynka, douy, kano. mexu. Hayx

TepHoninvckuu HayionanbHut mexHivHui ynisepcumem imeni leana Ilynios, m. Tepnonine, Yxpaina

Omiaka aJeKBaTHOCTI PO3pOOJICHMX MaTeMaTUYHUX MOJCNIeH 00'€KTHO OpIEHTOBAaHOL
CHCTeMHU TeXHIUHOTO 00ciyroByBanHs i peMonty (TO i P) mapky T3 3ailicHroBaacs 3a 301KHICTIO
PO3paxyHKOBHUX 3HA4YCHB NepioguaHocTi TO, oTpuMaHuX 3a po3p00JICHUMH METOAMKAMHU.

B sxocTi mOpiBHSUIBHOT METOIUKM Oyina NMpUHHATa METOAMKA, L0 J03BOJISE BHU3HAYaTH
nepiognunicte TO T3 3 ypaxyBaHHSAM MIBHIKOCTI 3HOIITYBaHHS OCHOBHHMX €JIEMEHTIB MAaIllWH.
AJIeKBaTHICTh 3alpOINIOHOBAHOI METOAUKH BHU3HAUEHHS MEPIOAMYHOCTI pEMOHTHO-00CITYTOBYIOUMX
Ta KOHTPOJBHO-IATHOCTHYHUX BIUIMBIB OIIHIOBAJIAcS 3a 30DKHICTIO PE3YJbTATiB YHCEIBHOTO
eKCIIEPUMEHTY 3 JaHHMH pO3paxyHKy 3 YpaxyBaHHSM IIBUJIKOCTI 3HOLIYBaHHS OCHOBHHUX
€JIEMEHTIB MalllMHH 32 METOAUKOIO:

U la
— n
()

ne Un - TpaHWYHMA pIBEHBb MJIarHOCTUYHOTO TapameTpa, 30KpeMa TpaHUYHE 3HOC
CKJIafaIbHOT oquHuUIi T3, BU3HAYCHUH 32 KpUTEPIEM HEMOKIJIMBOCTI MOJAIBIIOT €KCILTyaTalli;

a- 4YHCIIOBA XapaKTEPUCTUKA CKIAJAIBHOI OJMHHMIN, IO XapaKTepU3ye EKOHOMIYHY
CKJIAJIOBY;

N1- uncio TO 3 mponmoHOBaHOT MEPiOANYHICTIO ;

& - koediieHT, M0 BPaXOBYE 3MIHY IIEPIOAMIHOCTI MPOQPIIAKTUIHOIO TEXHIYHOTO BILIHMBY.

OCKUTbKY 3 PO3PaxXyHKY MOPIBHIOETHCS TMEpioaUUYHICTh BUKOHAHHS TO 11 aHaIi30BaHOTO
Moayis T3, mia skux nepioauunicte TO-1 cranoButh 100 MOTO-TOJ., TO, MOPIBHSAHO 3 IJIAHOBO-
3ano6bkHoI0 cuctemoro TO i P, Benmmuuna & cranosuts 60/100 = 0,6:

w-C, -a
_wCa 2
= Me @
1e W - guciio BimmoB 3a mepiox t (t = 6000 moto-rox); W = 4;
C1 - 3aranpHa BapTiCTh peMOHTY efeMeHTa T3 abo CKIaganbHOT OTUHUILL.
C,=(C,+C_ (w=1)/w,
1 ( 0 p( )) (3)

C o— BapTicTh HOBOI CKJIaAanbHOT oauHumIll; TpuiiMaemo Co= 3780 rpH.;

Cp - BapTICTh KaliTaIbHOTO PEMOHTY CKJIAAaIbHOI OAMHULI; puiiMaemo piBHOIO Cp = 1890
TpH.

C: - BapTicTh OJTHOTO TeXHIUHOTO 06cyroByBanHs TO-1,

M - xoedilieHT, IO BpPaxOBYE 3HIDKCHHS HAMpPAILIOBaHHS CKIAAANBHOI OJMHHIN MDK
YeproBUMH BIIMOBAMHU:
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M =1+K(w-1), 4)

ne K - monpaBo4Hui KOeQiIlieHT, 10 BpaXOBYe 3HIKEHHS HAINPALIOBAHHS HA BIAMOBY i
Yac BIIPOBaPKEHHs 00'eKTHO-0opieHTOBaHO1 cuctemu TO 1 P.

[IpuiiMaemo, 1m0 30UIBIIEHHS  CEPEAHBOTO  HANpPALIOBAHHS HAa  BIIMOBY TIpH
periIaMeHTOBAaHOMY TEXHIYHOMY JHiarHoctyBaHHI ckiage 25-30 % (3a pesympraTamMu eKCHepTHOI
OIIIHKH).

3a MaHUMU 3ay9CHHX EKCIIEPTIB MEePioUYHICTh aHAII30BaHOTO MOAyJs T3, KoTpuM OyIio
HA/IaHO BIZIOMOCTI PO Cepe/IHi 3HAUCHHsI HaNpaIfoBaHHS Ha BiIMOBY, ToOTO, i T3 i3 3araqbHUM
HampamoBaHHsM 6-10 TUC. MOTO-TOJ. TEpIOJUYHICTh MPOBEACHHS IUIaHOBHX BIUHMBiB TO-1
cKJazae B cepenubomy 95-105 moTo-ro.

BpaxoByroun, 1o 4acTuHa pO3paxyHKOBHX MHapaMeTpiB IpuiiManacs TakoXX 3a JaHUMU
€KCIEPTHOI OLIHKM Ha MiICTaBl MPAaKTUYHOTO JOCBIY €KCIUTyaTallil MapKiB TPaHCIOPTHUX 3ac00iB
(T3), mpuitMaeMo, 1110 30DKHICTh PO3PaxXyHKOBUX 3HAUCHb MepioAndHOCTI mpodinaktuanoro TO 3a
PO3pOOIEHOI0 METOJUKOI0, CTAHOBUTH 5-7 %. BakJIMBUM TMOKAa3HUKOM B yMOBaX KOHKYPEHIIi 3
BUKOHAHHSI poOIT, MOB'A3aHUX 3 BUKOPUCTAHHSIM T3, € TpyIOMICTKICTh 1100 3a0e3NeyeHHs ix
mpane3iaTHOCTl. ToMy BHKOHAHO OIIIHKY 3HHXEHHS TPYAOMICTKOCTI BUKOHAHHS TEXHIYHUX
BIUIUBIB 110 3alpONOHOBAaHIM IHHOBAIHIM OO0'€KTHO-OPIEHTOBAHIM CHCTEM1 MOPIBHAHO 3
odiuiitaoro [13C.

[cHye miaxiag 10 OLIHKHM TPYIOMICTKOCTI BUKOHAHHS peMOHTHHX onepaiiid 3 T3 Ha oCcHOBI
BUKOPHUCTAHHS CTAaTUCTUYHHX pErpeciiHux 3anmexHocTedl. OpHak BIH JOCHTHh CKJIQJIHHA Yy
3aCTOCYBaHHI. 3HMKEHHS TPYAOMICTKOCTI BU3HAYMJIM HA OCHOBI €KCHPEC-OIIHKH TPYJIOMICTKOCTI
BUKOHAHHS TEXHIYHUX BIUTMBIB 32 (HOPMYIIOIO:

n Tpo°C
i

cn '
I

iTp_HS’C
©

n n
ne 2:TpiOOC 1 ZTpimC - cymapsa tpyaomictkicte TO 1 P BiAMOBiAHO 10 3ampOIIOHOBAHO1
i=1 i=1

IHHOBAIIIHOT 00'eKTHO-OpieHTOBaHOI cuctemu Ta I13C BiamoBimHO.

BpaxoByrouw, 1m0 ce30HHE 0OCITyroBYBaHHsS BUKOHYETBHCS SIK TIO IEPIIiid, Tak 1 MO Ipyrid
cucTeMax ABivi Ha pik, a TO-3 moeaHyeThCS 3 HAMOMMKYUM TIOTOYHUM PEMOHTOM, TPYAOMICTKICTh
[IUX TEXHIYHUX BIUIMBIB Y PO3PaXyHKaX HE BPAXOBYEThCS.

Jlnist mpuKIany, Mo po3risIaeThCsl, IPH 3HAUCHHSX MEePIOJMYHOCTI TEXHIYHUX BIUIMBIB: 32
I13C 1 3a mpomoHoBaHOIO iHHOBaliiiHOIO cucTemMoro TO i P 3 ypaxyBaHHSIM BHUKOHAHHS JBOX

n
. . . . 0ocC
J1IarHOCTUYHUX IICPCBIPOK TPHUBAJIICTIO II0 0,5 roax TpyYHAOEMHICTBH E Tp

i ckinanae 2440
i=1

n
mox./rox., a Yy . Tp/” - 3072 mon./ron. Toni Ky = 2440/3072 = 0,80.

i=1

3Biacu 3HIKeHHs TpyaoMicTkocTi TO 1 P mns ananizoBanoro monayns T3 ckiane O61M3bKO

20%. Opnak, SK BUIUIMBAE 3 aHANI3y MapKiB MallMH JABOX YIpaBJiHb MeXaHi3allii, 1 OCHOBHA
YJacTUHA 3ac00IB MaroTh 3arajibHe HampautoBaHHs 10-20 tuc. moto-ron. Kpim Toro, 3aramom napk
T3 mae 3HOoCc monHanm 60 %. Ha mimcraBi nboro mpu BIPOBAKEHHI 1HHOBAIfHOI 00'€KTHO-
opienToBanoi cuctemu TO 1 P Oyze HIKYe 1 MOXKEe CTAHOBHUTHU B cepeiHboMy 12-15%.

TakuMm unHOM, TIpUKMaEMo, 10 BIPOBAKEHHS 00'€KTHO-OpieHTOBaHOi cuctemu TO 1 P T3
CIpPUATHME 3HIKEHHIO TpyaoMicTkocTi TO 3a paxyHOK YHpaBliHHS TEXHIYHUM CTaHOM MaruH 12-
15 %.

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct.98




JTideunerHs HAOHIHOCHTE T egheKIMUBHOCT MauiuH, Tipouects T cucmem. Tmproving the reliabifity and efficiency of machines processes and systems

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 number 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 forma
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

34CTOCYBAHHS I'PA®OBHX HEHPOHHHUX MEPEX VI OL[IHKH
HAJIHHOCTI CKJIA/THHX ABTOMATH30BAHHX CHCTEM

C.I'. KoBanboB, dokmopanm, KaHo. neo. Hayx,

B.B. Ayain, npog., 0-p mexu. nayk,

A.B. I'punbKiB, cm. 0ocnionux, KaHo. mexH. HayK

Llenmpanvroykpaincokuil HayioHanbHUl mexHiuHuu ynisepcumem, M. Kponusnuyvkuii, Yxpaina

3’s130BaHO 3aCcTOCYBaHHS TpaOBUX HEHPOHHUX MEPEX IS OLIHKK HAJIMHOCTI CKIIATHUX
aBTOMAaTHU30BAHUX CHCTEM:

1. 3HaueHHs OLIHKM HAAIMHOCTI Ta €PEKTUBHOCTI CKJIAJHUX CUCTEM:

— Cy4acHl1 CKJIaJlHI CHUCTEMM BKJIIOYAIOTh O€3J1i4 B3a€EMOIIOB’SI3aHUX KOMIIOHEHTIB, IO
YCKJIQJHIOE TX aHai3;

— METOJH OIIHKH J03BOJISIIOTH TNepeadadaTH MOBEAIHKY CUCTEMH, 3HAXOAUTH CJIa0Ki MicCIs
Ta MOKpallyBaTH 1l CTPyKTypy;

— B@KJUBICTH OIIIHKH 3pPOCTA€ y CHUCTEMax BHUCOKOI IHTErpallii, TaKuX sIK TEXHOJIOTT4HI
MepeKi, TPAHCIOPTHI CUCTEMHU Ta 010JI0TTUH1 IPOLECH.

2. Meton nanirorieB MapkoBa Ta ioro 3actocyBaHHs (puc.1):

— JI03BOJISiE MOJIETIOBATH 3MIHU CTaHy CUCTEMH Y 4aci, BpaxOBYIOUH HMOBIPHICTh MEPEXOIIB
MDK CTaHaMU,

— TMPEACTaBIsE€ CUCTeMY Yy BUTIIIAL Tpada, Je By3IW BIANOBIIAIOTH CTaHaMm, a pedpa —
HMOBIPHOCTSIM TTEPEXO/IIB;

— JIa€ 3MOTY BU3HAYMTH KJIFOYOB1 MOKA3HUKU HAAIMHOCTI Ta €(EKTUBHOCTI CUCTEMU

— BHKOPHCTOBYETHhCS y cdepl TPOTHO3YBaHHS CTaHIB TEXHIYHHMX, (IHAHCOBUX Ta
010JIOTTYHUX TPOLIECIB.

JlaHutor MapkoBa

P11 P12 P13
M=|p21 0 p23 MaTpuua cTaHy

0 P32 O

S$=(1,0,0) Bekrtop cTaHy

ﬁMOBipHiCTb nepexoay B MapkKiBcbKomy npoueci:

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

Pucynok 1. 3acTocyBanns iaHIorie MapkoBa Uit MOAETIOBAHHS HAIIHHOCTI Ta e()eKTHBHOCTI CKIIaHUX
CHCTEM

3. OOMeXeHHsI MeToTy JIaHIIOTiB MapKkoBa y CKIaJHUX CUCTEMax:

— MOJIEJIIOBAHHS 3HAYHOT KIJILKOCTI CTAaHIB Ta IXHIX B3a€MOIH cTac HAA3BUYANHO CKIAIHUM,

— METOJ HE BpaxoBye CialKi, ale KPUTUYHI 3aJI€KHOCTI MDK €JIeMEHTaMH, II0 MOXKE
MIPU3BECTH JI0 HETOYHHX MPOTHO3IB;

— BUMArae CIpoIIeHHS MOJEI, 1[0 MOKe HETaTHBHO MO3HAYUTHUCS HA TOYHOCTI aHATI3Y;

— y CKJIQJIHUX CHUCTEeMaXx, JI¢ ICHye OaraToBHMipHA B3a€MOJIil MDK elleMeHTaMH, HeOOXiH1
BJIOCKOHAJICHI METOM aHaTI3y.
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4. I'padoBi Heiiponni mepexi ('HM) sik ynockoHaneHuil MeTo 1 aHaNi3Yy:

— 'HM MoXxyTh npauoBaTH 3 0araTollapoBUMU CTPYKTypaMU Ta CKIAJAHUMH 3B’SI3KaMU
MDK eJIEMEHTAMHU,

— BHUKOPUCTOBYIOTH METOAM MAIUIMHHOTO HaBYaHHS I BHM3HAUYEHHA I[PUXOBAHUX
3QJIEKHOCTEN y JaHUX;

— JI03BOJISIFOTH OTPUMYBATH OUTBII TOYHI MOKA3HUKH HAIIMHOCTI Ta €()eKTUBHOCTI CUCTEMH Y
MOPIBHSIHHI 3 JTAaHIFOraMu MapkoBa,

— 3a0€31eYyI0Th MOXKJIMBICTh BUSIBJICHHS CITa0KUX Ta CKIIQJHUX B3a€EMO3B’sI3KIB y TpaoBii CTPYKTYpi JaHUX.

5. Crpykrypa rpadoBUX HEMPOHHUX Mepex (puc.2):

— MaTPUILS O3HAK: MICTUTh XapaKTEPUCTUKH 00’ €KTIB cucTeMu (BepiiuH rpada);

— MaTpUL CyMDKHOCTI: BU3HAYA€ CTPYKTYPY B3a€EMO3B’SI3KIB MK 00’ €KTamH;

— BXIIHUH 1Iap: npuiiMae AaHi 1 nepeaae ix Juisl NoJaJIbLIOro aHali3y;

— NPUXOBAaHI IIapu: BUKOHYIOTh arperyBaHHs 1HopMalii BiJ CyciiiB, JO3BOJISIIOUM By3JIaM
HaBYaTHCS,

— BUXIIHMH IIap: Te€Hepye pe3yJbTaTH MOJAEIIOBAHHSA, L0 MOXYTh OyTH BUKOPUCTaHI JJIs
MPOTHO3YBaHHs a00 Kiacudikarrii.

IpadoBsa HelipoHHa Mmepexa

. - - - - - "= 1
Mpad peanbHoi cuctemu IHiLjanizauin } BxigHuit wap NpuxoBaHi wapy BuxigHmii wap }
\
A(nxn), H(mxn) } H1=fa(Ho-Wo) A, H1 Ho=fa(H1-WA) | A, Hn{ HM npamoro ; PesynbTaT
|::> ‘ |:> - BignpaBKa |:> [PEEeE oz = | ]
‘ ; nosigomnens | *** SSE |
‘ - arperauia [
| Wi (dxd) ‘
o _ ]
A - CuTyaTuBHa maTpuud, m - KiJIbKICTb O3HaK By3Na,
H - MaTpuua o3HakK By3is, d - KiNbKiCTb 03HaK, W0 ONpPaLboBYIOTL
W - MaTpuus Barosmx KoedillieHTis, NpuXxoBaHi Wwapu

N - KiNbKicTb By3nis rpada, fa() - yHkuia axkTrBauii

Pucynok 2. Ctpykrypa rpadoBuX HEHPOHHUX MEpex

6. 3acTocyBaHHs rpaQOBUX HEHPOHHUX MEPEXK Y CKIQAHUX CUCTEMAX!

— I'HM 3acTocoByIOTBECS y COLIAIBHUX Mepexkax JUlsl aHali3y 3B s3KiB MDK KOPUCTyBayaMH;

— BUKOPUCTOBYIOTHCSA Y XiMil Ta 610J10T1i y1s1 MOAETIOBaHHS MOBEAIHKH MOJICKYJ Ta OLIKIB;

— y TpPaHCIOPTHUX Mepexkax JOoMoMaramTh B ONTUMI3alii MapHIpyTiB Ta pO3MOIALII
pecypcis;

— B EGHEpPreTMYHHMX CHCTEMax CIPHIIOTh aHali3y PO3HOJUTY €IEKTPOEHEprii Ta MHOLIYKY
cl1abKuX Micllb B IHPPaCTPyKTypi.

7. IlepeBaru rpadoBUX HEHPOHHUX MEPEXK:

— JI03BOJISIIOTH AHAII3YBAaTH CKJIAJHI CHUCTEMH, BPaxOBYIOUM fAK OO0’€KTH, Tak 1 iXHI
B3a€MO3B I3KH;

— 3a0e3meuyloTh BHUCOKY TOYHICTh OI[IHKM HaJIIfHOCTI Ta €(QEeKTHBHOCTI y CKIAJHUX
CTPYKTYypax;

— BUKOPHUCTOBYIOTHCS JUIsl pO3pOOKH CTpaTeriii onTUMI3allii Ta 3aXUCTy CKIaIHUX CUCTEM;

— BIIKpUBAIOTh HOBI MOXJIMBOCTI JUISI JOCTDKEHb B PI3HUX cepax HAyKu Ta TeXHIKH.

Takum uymHOM, rojoBHOIO mnepeBaroro I'HM € 3marHicTe mpaioBaTd 3 JTaHUMH, [I€
iHpoOpMalLlisl TOB’s3aHa He TUIbKM 3 00’e€KTaMu (BepIIMHAMH), ane U 31 3B’S3KaMU MDK HUMH
(pebpamn). Lle BinkprBae HOBI HOCTITHUIIbKI MOXKIIMBOCTI JJIsl OI[IHKM HAJIMHOCTI Ta e(peKTUBHOCTI
CKJIAJJHUX CHUCTEM, TAaKUX SIK TPAHCIOPTHI MEpexki, eHepreTUuHi CTPYKTYpH, Ol0JOTIuHI B3aeMOil
abo cowmianbHi Mepexi. 3aasgku nbomy 'HM nomomararore rubiie 3po3yMiTH (yHKIIOHYBaHHS
CHCTEM Ta PO3pOOUTH CTpATErii I iX ONTUMI3aLlii Ta 3aXUCTY.

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 105



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

Crincox BUKOPUCTAHUX JDKEPET

1. Aymin B.B., KopamsoB C.I', I'punbkie A.B. Bapsapo B.B. AnroputM onrumizamii HamiiHOCTI
(GyHKIIOHYBaHHS Ta €(QEKTHBHOCTI BUKOPUCTAHHS BUPOOHWYOro OOJIaHAHHS METOAAMH INTYYHOTO IHTEIEKTY :
LenTtpansHOyKpaiHChKMIT HaykoBHH BicHUK. Texuiuni Hayku. 2024. Kom.10(41), Yacrmma 1. C.60-67. URL:
https://doi.org/10.32515/2664-262X.2024.10(41).1.60-67

2. Aymian B.B., I'punbkiB A.B., Jlucenko C.B., T'onmyo [1.B. Cunepreruka migBHIIEHHS HaIiHOCTI MalllH
BUKOPHCTaHHIM MOJIeJIed MapKiBChKHX mporneciB. IlepcnekTuBy i TEHACHIII PO3BUTKY KOHCTPYKIIH Ta TEXHIYHOTO
CepBiCy CX MalllMH i 3Hapsaib: 30. MaTepiaiiB mom. ydacH. V BceykpalHChKOi HayKOBO-TIpakTH4HOI KoH(. JKuromup:
Kuromupchkuii arporexHiunui Konemxk, 2019. C. 242-245,

3. Aynin B. B., I'punbkiB A. B., TonoBatuit A. O., Jlucenko C. B., T'ony0o [. B., Kysuk O.B., Tuxuit A. A.
MeroomoriuHi OCHOBH NMPOEKTYBaHHS Ta (DYHKIIOHYBaHHS 1HTEJEKTYyaJbHUX TPAHCIIOPTHUX 1 BUPOOHMYUX CHUCTEM:
MoHorpadist mif 3ar. pea. A.T.H., mpod. Aynina B.B. — Kponusuunpkwuii: Bungasens Jlucenko B.®., 2020. 428c.

4, KoBansoB C. I'. Onrtumizanisi yacy BHpOOHMITBA 3a JOMIOMOIOI0 METOAY HAaBYaHHS 3 MiJKPITUICHHSM SIK
YaCTHHHMH BHIAJOK TMiJBUIIEHHS €(EeKTHBHOCTI aBTOMATH30BAaHMX BHPOOHMYMX JIiHIH: 30. HayK. IIpaib.
[entpanpHOyKpaiHChkuid HakoBuid BiceHMk No 11(42), wactuna I, 2025 p. URL: https://doi.org/10.32515/2664-
262X.2025.11(42).1.198-205.

5. KoBanmsoB C.I'., Aynin B.B., I'punbkiB A.B. Bapsapo B.B. IligBumieHHss HamiiHOCTI Ta e(EeKTUBHOCTI
eKCILTyaTallii BApOOHMYMX JIIHI METOIaMH IITYYHOT'O 1HTEJIEKTY, BUKOPUCTOBYIOYM MOHITOPUHI aKyCTUYHUX CHTHAJIB
: LlenTpanbHOoykpaiHChbkuli HaykoBWii BicHWK. TexHiuni Hayku. 2024. Bum. 10(41), 4¢.Il, C. 142-151. URL:
https://doi.org/10.32515/2664-262X.2024.10(41).2.142-151.

6. Koganpo C.I'. KoBanboB FO.I. OcobnuBocTi peamizaiiss Moneni INITY4HOI HEHPOHHOI Mepexi armapaTHUMHU
3acobamu. «Hayka i Texnikaceoromui» (Cepis «Ilenarorika», Cepis «IIpaBo», Cepis «Exkonomikay, Cepis «®izuko-
marematuuHiHaykny, Cepis  «Texuika»)»: okypHan. 2024. No6(34) 2024. C. 1131. URL: DOI:
https://doi.org/10.52058/2786-6025-2024-6(34)

7. Xu K. How Powerful are Graph Neural Networks [Emexrponnuit pecypc] / K. Xu, W. Hu, J. Leskovec, S.
Jagelka. —arXiv, 2018. URL.: https://arxiv.org/abs/1810.00826

8. Kipf T. Semi-Supervised Classification with Graph Convolutional Networks [Enexrpornwuii pecypc] / T. Kipf,
M. Welling. — arXiv, 2016. URL.: https://arxiv.org/abs/1609.02907

9. Node Classification with Graph Neural Networks [Enextponnnii pecypc] / K. Salama. — 2021. — Pexum
nocrymy no crarti: https:// keras.io/examples/graph/gnn_citations/

10. Graph Attention Networks [Enextponnmnii pecypc] / [P. Veli¢kovié, G. Cucurull, A. Casanova, A. Romero, P.
Lio, Y. Bengio]. —arXiv, 2017. URL.: https://arxiv.org/abs/1710.10903

11. Graph attention network (GAT) for node classification [Enexrponnmii pecypc] / A. Kensert. — 2021. — Pexum
nocrymy no crarti: https:// keras.io/fexamples/graph/gat_node_classification

12 Miguel Neves, Miguel Vieira, and Pedro Neto. “A study on a Q-Learning algorithm application to a
manufacturing assembly problem”. In: Journal of Manufacturing Systems 59 (2021), pp. 426—440.

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 106


https://doi.org/10.32515/2664-262X.2025.11(42).1.198-205
https://doi.org/10.32515/2664-262X.2025.11(42).1.198-205
https://doi.org/10.32515/2664-262X.2024.10(41).2.142-151

JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

VK 621.3:004.8

KIIACUH®IKALIIA THIIIB CUT'HAJIIB TA METO/IIB MAIIIHHHOI O
HABYAHHA JIVIA IHTEJIEKTYAJIbHOI OL[IHKH TEXHIYHOI'O CTAHY
MOBLUIBHUX MALIIUH ITITIIPUEMCTB AI'POITPOMHC/IOBOIO
BUHPOBHHUI]TBA

0.0. MartBi€Hko, ookmopaum, 00y., KAHO. MEeXH. HAYK,

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

A.B. I'punbKiB, cm. 0ocnionux, KaHo. mexH. HayK

LlenmpanvroyKkpaincbkull HayioHAILHUN mexHiuHul yuigepcumem, M. Kponusnuyvkuu, Yxpaina

CyuacHa MOOUIbHA TexHIKa arpornpomucioBoro BupoOHunTBa (AIIB)— Tpakropu,
KoMOaitH1, caMOXifH1 11acl, arpopoOOTH Ta aBTOTPAHCIOPT — XapaKTEPU3YETbCS BUCOKUM pPIBHEM
aBTOMATH3aIlii, CKJIaJHUMH MEXaTPOHHUMH CHCTEMaMH W EKCIUTyaTaIli€f0 B KOPCTKUX HMUKIIYHUX
Ta CE30HHHMX HaBaHTAXCHHsX. [lepexia Bil IMIaHOBO-TIONEPEKYBATBHUAX JI0 CTAHO-OPIEHTOBAHUX
CTpaTeriii TeXHIYHOTO CepBiCY BUMAarae HaJiHOTO 300py PI3HOTHUIIOBUX EKCIUIyaTaI[lHUX JaHUX
Ta X HTeneKkTyaqbHOi 00poOku. Meta 1i€i poboTu — chopmyBaTu KiIacuikalito JiarHOCTUYHUX
CUTHAIB, CEHCOpHOi ©0a3u Ta amroputMmiB MamuHHOTO HaBuaHHs (MH) nmns moGymosu
IHTENEeKTyaJIbHO1 CUCTEMH TEXHIYHOTO CepBiCY MOOUTbHUX MamuH ninnpueMcts AIIB.

31 CTpIMKUM PO3BUTKOM TexHousorii mry4yHoro iHtenekty (L) ra MH cBitoBa HaykoBa
CIUTPHOTA BXKE HE MEPUINH PIK aKTHBHO JOCIIKYE MOYKJIMBOCTI aBTOMAaTH30BAaHOTO MOHITOPHUHTY
TEXHIYHOT'O CTaHy MalllMH.

VY poGoTi mpoaeMOHCTPOBaHO, 10 BiOpariiHi curHanu Bigm MEMS- Ta m’e30eneKTpuIHuX
aKCeIePOMETPIB MOXYTh 13 BHCOKOK TOYHICTIO BHKOPHUCTOBYBATHCS [JISi BUSBJICHHS aHOMAJIH;
KpIM TOrO, aBTOPU BIEpLIE 3alpONOHYBAJIU IEPEHOC HAaBYaHHS 3 JOPOIMX BHCOKOYACTOTHHX
CEHCOPIB Ha JICUIEBIIII, IO € BAKIUBUM Il MOOUTRHUX MamuH ATIB.

VBara 3o0cepelkeHa Ha akKycTMUHUX curHagax: Jerka CNN-apxiTekTypa omnepye
KOHCTAHTHOIO MOTY)KHICTIO OJHOIIATHOrO KoMi'totepa Raspberry Pi Ta nocsirae BUCOKOi TOUHOCTI
npu Kkiacudikailii 3ByKOBUX aHOMAJIIH, IO MIATBEP/HKYE KUTTE3AATHICTh OHJIAWH-TIarHOCTHUKU 3a
aKyCTUYHUMH O3HaKaMHU.

JloBeneHa e(peKTUBHICTh OE3KOHTAKTHUX ONTHYHMX METOIB: BUKOPHCTOBYIOUM HEBEJIUKY
CNN, aBTOpM B peajbHOMY 4Yacl OI[IHIOIOTH HIOPCTKICTH Ra moBepxoHb, 10 Oe3mocepeaHbo
peNIeBaHTHO /Il 3HOIICHUX JieTanel IpyHTo0OpoOHOro 001aJHaHHS.

[TommproeTbest 1S i71est Ha TBEPIICTh MaTepially: 3aCTOCYBaHHs KJIACUYHUX aHCaMOJIEBHUX
Mojenel 10 CKaHIB BIOOWUTKIB IHACHTYBaHHS JIO3BOJIMJIO YCYHYTH JIOACHKUN (hakTop mpH
3UMTYBaHHI JllarOHaJeH, a 11e BITKPUBAE IIISAX 10 MIBUAKOTO MOJIBOBOTO aHANI3Y TEPMOOOPOOICHHIX
JeTaJIe TpaHCMicii.

[TokxazaHo moTeHIian ITYYHUX HEHPOHHUX Mepexx 1SVM il IarHOCTUKHM pelyKTOpiB 3a
BiOpaniiiHumMu aeckpuntopamu. CydacHi rMOOKi MIAXOANW MAalOTh MOTEHIIAT CYTTEBO MiABUIIUTU
YYTJIUBICTb IO PaHHIX Je(PEKTIB.

CucrteMaTH30BaHO Cy4acHi MAlIMHHO-HABYAJIbHI MIIXOAM JI0 aHaJli3y CUTHAJIB aKyCTHMYHOI
emicii, 0coOIMBO Yy JIarHOCTHII MIKPOTPILMH Yy MiANIMOHUKAX MOOUIBHMX MaIllUH, M0
MIATBEPUKYE PEIIEBAaHTHICTh BUKOpUCTaHHs AE-curHaniB y Haiif MeTo010Tii.

Busineno, mo Oararocencopua CNN-BILSTM 3muTtst THCKYy, BUTpaTH Ta TEMIIEpaTypH
ICTOTHO MIJIBUIIIYE TOYHICTH JIarHOCTUKY TiAPABIIYHIX KOMIIOHEHTIB Y peaJIbHOMY Yaci.

Omucano mnpaBmio-opieHToBany Miardpopmy «Big-Data-Driven Fault Analysisy mns
TPaKTOpiB, y sk moegHano GPS-tenemerpito, nor-dainn CAN-mmHM Ta cepBicHi 3amucu. Lle
MIATBEP/UKYE AKTyaJbHICTh cTparterii iHTerpauii TeaeMerpii 3 JaTYUKaMH CTaHy s MOOYIOBU
IHTEJIeKTYaJIbHOT CUCTEMHU TEXHIYHOTO cepBicy MOOUTbHUX MamuH nianpueMctB AIIB. Posrnsnyre
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MIIKPIIUTIOE JTOIUIBHICTh BKIIOYEHHS BIAMOBIIHOTO THITY CHUTHAIY JO0 KOMIUIEKCHOI METOJIO0JIOTII,
SIKa MPOMOHYETHCS.

B po6oTi cucremMaTH30BaHO THIM CUTHATIB, SKI IUIATAIOTh OTPUMaHHIO 1 00poOIi
METO/IaM{ MAIIMHHOTO HaBYaHHS IS OIIHKHM TEXHIYHOTO cTaHy MOoOUThHUX MamuH AIIB (tabum. 1).

Taomuug 1 — Tunu curdanis Ta METOAM MAIIMHHOTO HABYAHHS JIJIS OLIHKU TEXHIYHOTO

CTaHy MaIllMH

. Tunu qaT4uKis . . Metoau
d13u4yHa .., . | KonTponpoBani Omnunaiin-
Tun curnamy (excruryaramiiHi i MAaIIMHHOTO
BEITUYHMHA . BY3JIM TEXHIKH | 3aCTOCYBaHHS
/ nabopatopHi) HaBYaHHS
BiOpauiitni | [Ipuckopenns MEMS- [Miqmuunuaukwy , Tax CNN,
a, M/c? akcenepomeTpu / peayKTOpH, Autoencoders,
[T'e30enekTpudHi | BaliK, IBUTYHU Isolation
aKceIepoMeTpu Forest
AxycTuuH1 PiBensb mrymy, | Konnencaropni JBurynu, Tax CNN, CRNN,
SPL, nb; MikpodoHnu / HACOCH, ITaJIUBHI WaveNet
CIIEKT] onaitH mrymoBi CHUCTEMU
KaMepHu
Temnepatypui | Temnepatypa, Tepmonapwu, [Burynu, Tak LSTM,
T, °C TEPMOPE3UCTOPH | TIIIIMITHUKH, GBDT
/ IY-xamepu T1IpOCUCTEMU
VYnpTpa3BykoBi | Awmmuiityaa, AE-cencopu / 3BapHi 1IBH, YactkoBo CNN, SVM
(AE) gyacrora 20— JIAHIIIOTH,
200 x['11 AeQexTOCKONH IAITUITHUKA
Enexrpuuni Ctpym, Cencopu ['eneparopu, Taxk GRU,
Harpyra, I, A; CTPYyMY, €JICKTPOIBUTYHH XGBoost
U, V; P, kW Hanpyru /
Ocnunorpadu
AHaITi3 MacTuI Meraiesi JaTtunku JBurynu, OOMexeHO Random
JIOMILIKH B'I3KOCTI / KOpPOOKH Forest, k-NN
CrniektpomeTpu nepenay
Curuanu Tuck [T'e30pe3ncTuBHI I'aneMiBHI, Tak LSTM, CNN,
THCKY ceHcopu / TiApaBIiyHi TA GBDT
[Ipenu3iiini [THEBMATAYH1
MaHOMETPH CUCTEMH
GPS/IMU Koopaunaru, GPS, IMU- ITigBicka, 1maci Tak LSTM,
TeIeMeTpis LIBUJIKICTH cencopu / RTK Autoencoders,
GPS-npuiimaui Seq2Seq
Ontnuni RGB / Depth- Kamepu / Kopo3is, 3Hoc, Tak ResNet, VIT,
(doTo/Bineo) 306paKeHHs JlazepHi TPIIIMHU PaM Transfer
CKaHEpH Learning

Ilpumimka. JlocTynHicTh oOHIalH-3acTocyBaHHA [uis AE Ta aHamisy mactun oOMexeHa
IIBUJIKICTIO BUMIPIOBAaHb 1 HEOOXITHICTIO (QiTbTpallii CUTHATTY.

Hexait Sy (t) - norounnii wacosuii psan k-To CEHCOpHOro KaHaily, HOINEpeIHbO
CHUHXPOHI30BaHUI Ta HOpMali30BaHUH. 3a pe3yabTaTaMU MONEPeIHbOI ONTUMI3allil METOIIB O3HAK

JUI KOXKHOTO KaHaiy oOpaHo (QyHKHIT Py, IO MPOEKTYIOTh CHUTHAN y MPOCTIp iHPOPMATUBHUX

neckpunTopis Z; = @ (Sy (ﬂ)

InTerpanbuuit iHaMKaTOp TexHiyHOTO crany (ITC) MammHu BUBHAYUMO SK

7)) = F(zy,...25,; 0) =

> o fiulZ)

1)

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p.

Cr. 108




JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

ne F — ysarambHena ¢ymKIif, fka HepeTBOPIOE MHOKHHY O3HAKOBHX BEKTOPIB Zj Y
MPOTHO30BAHUN 1HIUKATOP jﬂ:ﬂ 1 pempe3eHTye aHcamMOIb ab0o «MeTaMmoJeNby, Mo 00’€aHye
noxainbHi npemukropu (Moneni) fi; © — ue Habip ycix HacTporoBanux mapamerpis moxeni JF : Baru
HelfpoMepex, KoedillieHTH AepeB PpillleHb, 3MIllEHHS, TilleprapaMeTpH TOIO; fix — JOKaIbHi
MoJien (HampuKiIal, AepeBonoAiOH1 ancaMOii a0 HeWpoMepexi) U KOKHOTO THITy CUTHATY, Gy
— BaroBi Koe(illieHTH, MO0 BU3HAYAIOTHCS AJITOPUTMOM CTOXACTUYHOI ONTUMI3allii Ha BaTiJamiiHii

BHOIpIIi; K — xinekicts TumiB curnais.

Otpumane V ymipikoBaHe y mkami i BimoGpakae 3amMmKOBHi pecypc abo CTyIiHB
Jerpajallii arperary.

JIist paHHBOTO TIOTIEPEIKEHHS MPO aHOMAJII0 BHKOPHUCTOBYETHCS MPOTHO3HUU Oydep
nosxuHu 3 LSTM-Mmonenno:

?t+h' = LSTM([?r-j}r—l----]) 2)

Axkmo Ve < Ogpis, TO cucTeMa GOpPMye pEeKOMEHAITIIO MO0 CEpBiCy.

BucHoBku

1.  3ampomnoHOBaHO JAeTani30BaHy KIacH@iKalio AeB’SITH HalHiH(GOPMATUBHIMIMX THUIIIB
CUTHAJIIB Ta BIAMOBIIHUX CEHCOPIB JyTsi MOOLTRHUX MaruH AlIB.

2.  CdopmynboBano iHTerpambHy Moaenb (1)~«(2), mo 00’emHye pi3HOpIOHI
ML-npeaukTopy y eAMHUNA IHAUKATOP TEXHIYHOTO CTaHY.

3. TlpoBenmeHwii OISz JIITEpaTypy CBIAYUTH PO BUCOKY PE3YyIbTaTUBHICTH TJTMOWHHOTO
HaBYaHHS JUIsI KOXHOTO THUIy CHUTHaldy Ta MIATBEP/DKYE EKOHOMIYHY  JIOIUIBHICTh
OHJIAH-MOHITOPHHTY.

4.  Tlomampma po6oTa Oyne crpsMoBaHa Ha po3poOKy METOI0JIOTI 300py Ta Y3roKEHHS
OaraTokaHaJIbHUX CUTHAJIB, a TAKOK HA KOHIIETITyaJbHE MPOEKTYBAHHS IHTEIEKTYalbHOI CUCTEMHU
TEXHIYHOTO CepBiCY MOOUIBHMX MAIIWH TIANPUEMCTB arpolpOMHUCIOBOTO BHPOOHMIITBA,
BKJIIOYAIOYM B3aEMOJiI0 3 IMdpoBUMH fABIifHMKaMu wMamwuH. [liq mudpoBuMu IBIMHHUKAMH
PO3yMIEMO yCTaJICHUN MDXHAPOIHHUI TEPMiH, 1[0 MMO3HAYa€ BipTyalibHi (U(poBi) Moaemi Gi3uIHUX
00’exTiB 200 CHCTEM, IO IMOCTIHHO CHHXPOHI3YIOTHCS 3 peajbHUM IPOTOTHUIIOM Yepe3 MOTOKH
JAaHUX JAaTYMKIB1 Jal0Th 3MOTY MOJENIOBAaTH HOro TNOBENIHKY, HPOrHO3YBaTH BIIMOBU Ta
ONTHMI3YyBaTH E€KCILTyaTaIlito.
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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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Figure 1 — Example of a Solution to the Classical VRP Problem: vehicle — transport vehicle, route — route, depot —
starting and ending point of the route
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The classical Vehicle Routing Problem (VRP) can be modeled using a graph C = (V, E)
with a set of vertices V = {0, ..., n} 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 cjj 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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Llenmpanvroykpaincvkull HayioHAIbHUU MmexHiyHul yHigepcumem, M. Kponusnuysvkut, Yxpaina

[TocwiieHHs KOHKYpeHIlli Ha TPAHCIOPTHOMY PHHKY BHMAara€ B TpPaHCIIOPTHHX
MIIPUEMCTB TOIIYKY HOBHMX IMIJIXOJIB JIO OpraHi3aiii CBOiX BUPOOHHYMX IpolleciB. BaxiuBoro
MepeBaroio BCIM YYaCHUKIB PUHKY € €KOHOMISI Ha BUTpaTax .

YYacHUKH PUHKY TIepeBe3eHb INParHyTh 3HIDKCHHS CBOIX BHTpaT y TOPIBHSIHHI 3
KOHKYPEHTaMH 3a PaxyHOK ITBUIICHHS e()EeKTHBHOCTI BUKOPUCTAHHS PECYpPCiB 1 CTBOPEHHS
ONTUMAJIBHOI CHUCTEMH YIpaBIiHHA (PakTOpaMu, IO BIUIMBAIOTh Ha BUTPATH, 1 TpaHcpopmarii
BUTpAT TaKHUM YHMHOM, 100 BUKITIOUUTH HANOLIbII BUTPATHI €JIEMEHTH.

Bulip epexTtuBHOrO BapiaHTa ynpaBiIiHHS BUTpaTaMy BH3HAYa€ MOTEHIIAN MIANPUEMCTBA Y
MiHIMIi3a1ii BUTpaT y TepeBi3HOMY Tmporieci. KOHKypeHTHa mepeBara «IiIepCTBO Yy BHTpaTax»»
HalyJsa MUPOKOTOo MOMTUPEHHS 1 € OJHIEIO 3 TPhOX 0a30BUX CTpATET1i KOHKYPEHITII.

UuMm HIk4Ya coOIBapTICTh BUPOOHHUIITBA MOPIBHSIHO 3 KOHKYPEHTAMH, TUM BHIIIC ITOTCHITIAT
IMIIMPUEMCTBA JUISL CTAJIOTO PO3BHUTKY 3a paxyHOK CTaOUIBHOTO 3pOCTaHHS JAOXOMIB, IO
MEePEeBUILYIOTh CEPEIHBOTANY3€Bl 3HAYEHHS, HE3BaKal0UM Ha BHCOKY KOHKypeHmito. Jlus
30€peKCHHS PECYPCHOIO JIiACPCTBA BHUINHMK IPHUOYTOK IMAINPHEMCTBO MOXKE PEIHBECTYBaTH Y
MOJIEpHI3aIlil0 BUPOOHUIITBA, PO3IIMPIOBATH PUHKH 30yTy 3 [ONMOMOrOI0 HHU3BKMX IIIH Ha
MPOJIYKIIIIO Ta MOCIYTH.

[Ipu 11boMy MOKJIMBI TaKi BapiaHTH peaii3ailii pecypcHOI mepeBaru:

- cTpaTeriss HU3bKHX IliH, IO 3a0e3nedye 3pOCTaHHs OO0CATY MpoJaxy (Opi€eHTOBaHa Ha
CIOKMBAYIB, YYTJIMBUX IO I[1HH);

- CTparteris HU3bKUX BUTpAT, IIPU pealn3allii SKoi HMiJIPHEMCTBO, IO Ma€ HIXKYi BUTpaTH
MOPIBHSHO 3 KOHKYPEHTaMU, MOYK€ BCTAHOBJIIOBATH LIIHU HA MPOIYKI[II0 HA PUHKOBOMY PiBHI, IPU
bOMY HAAMPUOYTKHU CIPSMOBYBATH HAa PO3BUTOK BUPOOHHIITBA Ta aBTOMATH3AIlll0, 33 PaXyHOK
4OoTro0 3a0e3MeuyeThes 1Ie OUIbIIa ONTUMI3AIlis BUTPAT, HDK HAa CepeIHbOraly3eBOMY PIBHI ;

TakuMm 4yMHOM, pecypcHa IepeBara MmignpUeMCTBA 3a0e3MeuyeTbcss HU3bKUMU BUTPATAMHU.
[Ipu 3acTocyBaHHi cTpaTerii HU3BKUX BHUTpAT MiANPUEMCTBO MOKE 3HIKYBAaTH BILTUB 13 OOKY
MOCTaYaIbHUKIB PECYpCiB, 30KpeMa 3 JOMOMOTO0 YIPABJIIHHS X MOCTaBKaMHU.

Jis  miampueMcTBa  JOCATHEHHS  «IilepcTBa 3  BUTparT» €  HaledeKTUBHIIIO
JIOBTOCTPOKOBOIO CTpaTericro 3a yMoB TapudHoro perymoBaHHs. CrpaTerisi «JIiepcTBa y
BUTpaTax» mependadae 3pocTaHHs 00CATY BUPOOHHUIITBA 3 METOIO 3HM)KEHHS IMOCTIMHUX BHUTpAT.
Edexr macmtabyBaHHSI MOXKE BUMaraTH 3aly4eHHs 3HAYHUX MOYATKOBHUX 1HBECTHUIIIN Y TEXHOJOTI1
Ta o0MagHaHHs Uit MalOYTHBROT MiHIMI3allii BUTpaT. YIpaBIiHHSA pecypco3ade3neyeHHsIM BUMarae
3MIIHCHEHHS] CHCTEMHOTO KOHTPOJIIO HaJl BAPOOHUYMMH MPOIIECaMHU.

BusiBieHo, 110 «riiepcTBO y BUTpaTax» 3a0e3MeuyeThes 3a paXxyHOK TakuX (akTopiB:

- MO>XKIJIMBOCTI MPHUAOAHHS PECypCiB 3a HIKYUMHU IIHaMH (200 MiAMPUEMCTBO Ma€
MOXIIUBICTh CaMOCTIMHO 3aiiMaTucs BHUJIOOYTKOM CHpPOBHHHHX pECYpPCIB sl 3aBaHTaKEHHS
BUPOOHUYHX TIOTYKHOCTEH);

- MNIAMPUEMCTBO  Ma€  3MOTy  JuBepcu(iKyBaTH  HPOJAYKIiIO,  OpraHizyBaTu
BUPOOHUIITBO TOBAPIB-CYOCTUTYTIB;
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- MIAMPUEMCTBO Ma€ MOXJIUBICTh PO3IMIMPIOBATA BUPOOHMYI MOTYKHOCTI s
MaciTabyBaHHS MPOIYKIIil;

- MIAMPUEMCTBO  37aTHE  3HIKYBAaTH  BUTPAaTH 3a  JONOMOTOI0  3POCTaHHS
TEXHOJIOTTYHOCTI;

- MIAPHEMCTBO CUCTEMHO 3/IiHICHIOE KOHTPOJIb HETIPOIyKTUBHUX BTPAT;

- MIAIPUEMCTBO €EKTUBHO KEPY€E PIBHEM 3amaciB;

- MIAMPHEMCTBO Ma€ YHIKaJIbHY TEXHOJIOTI0, IO J03BOJISIE€ BUPOOIISITH MPOIYKIIIO 3a
ONTUMAJILHOIO LIIHOIO.

[Tig wac mpoBeACHHS aHANI3y BUPOOHUYMX IMPOIECIB, K1 BIUIMBAIOTH CKOPOYCHHS BUTPAT,
ONTHUMI3AIIII0 PEcypciB, 3MEHIIEHHS HENPOAYKTUBHMX BUTpaT, MEHEKMEHTY JOBOJIUTHCS
BHPIIITYBATH, SIKI METOJIU PeCypco3ade3reueHHs Kpallll y TUX YH IHITUX YMOBaX.

®daxkTopu, HEOOX1AH1 sl POpMYBaHHA KOHKYPEHTHOI mepeBaru «JlimepcTBo y BHUTpaTax»
MIpe/ICTaBJIEeH] Ha PUCYHKY 1.

' . - |

MO¥UIMEICTE EVIIVEATH PeCcypCH 1o OIIem HIIEEIIM LIiHaM ]

ediekT exoHOMI MacmTaby

MOMJIHEICTE THEepCHEVEATH MPOTVELIED

s '
EMpoDHHITTED TOBapiE-CyOCTUTYTIE

L ~

4| eeKTHEHE VIIPABTHHA PIEHEM zaracie

s ™y

IHHOB AN TEXHOIOT, IO J03EONIH0TE OIITHMITYEATH EAPTICTE

.

s R’

CTaHAapTH30EaHe | VHIdKOEaHe EMPoDHMLITED

. A

-

MIHIMIZBELTiE BEMTPAT HA 0DCIVTOBVEAHHA | FapaHTiFH] TOCTVTH

" o

Pucynok 1 - @akropu koHKYpeHTHOI niepeBaru "JlizepcTBo y BuTpaTax”

[Ipu ¢GopMyBaHHI rpaHUYHUX I[IHOBUX IapaMEeTPiB MpH NpUIO0aHHI PECypcCiB, HEOOXITHO
OI[IHUTH aNlbTEPHATHBHI BapiaHTH pecypco3abe3mneueHHss 1 BHOpaTH ONTHMAbHI PIIEHHS, IO
3a0e3MeuyloTh JIOCATHEHHS TMOCTaBieHuX Iimeid. HaiOinein edekTUBHUM METOA0M, SKUN
3aCTOCOBYETHCS Yy CTpATeriYHOMY IUIAHYBaHHI Il BHU3HAYEHHS MPIOPUTETIB PO3BUTKY B
JIOBTOCTPOKOBIM MEPCHEKTUBI, € €KOHOMIYHE MOJENoBaHHsS. Pi3HI MeTonu aHamizy e(peKTUBHO
BUKOPUCTOBYIOTHCSI CTBOPEHHS MEPEIUKTUBHUX EKOHOMIYHMX MOJIENEH, OIIHKK MEePCHEKTUBHUX
puHKiB. B maHuii yac mi metonu HaOymu MIMPOKOTO 3aCTOCYBAaHHS B TMPOTHO3YBAaHHI PI3HHUX
COINaTbHO-€KOHOMIUYHUX TMPOIECiB, Ui OI[HKMA IHHOBAIIHHOTO cepenoBHUINa. PesymbraTu
JOCTI/KEHB 13 BUKOPUCTAHHSAM MOJETIOBAHHS 3IIMCHIOIOTHCS 3 METOIO MIABUIICHHS €KOHOMIUHOT
€(EKTUBHOCTI.

[Ipu mpoBeneHHI MOCTIKEHbh BUKOPUCTOBYIOTHCS PI3HI IHCTPYMEHTH aHami3zy poOoTH 3
iHbopMallitHUMU ~ TIOTOKAMH, AaHKETyBaHHS €KCIEPTHUX CHIBTOBAPHUCTB, HANpPHUKIAL 3
e —————————————————————————————————
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BUKOpHCTaHHSIM Metony Jlenwdi, SWOT-ananizy, wMeToauku (OKYC-TpyH, CICHApPHOIO
IUTaHyBaHHS. B OCHOBI pi3HUX MiAXO0/IB, K1 3aCTOCOBYIOTHCS B paMKaX JAOCIIPKEHHS, BU3HAYAIbHE
Miclie 3aiiMal0Th aHAIITUYHI METOIH Ta CIICHAPHI BapiaHTH PO3BHTKY.

P03BUTOK Ta BAOCKOHAJICHHS BUPOOHHUIITBA, 3POCTAHHS BiAMOBIIATBHOCTI MEHEDKMEHTY 32
HACJIIIKA MPUUHATUX PIlICHb, MiJBUINCHHS BUMOT JO SIKOCTI YIPAaBIIHCHKHX PIlICHb MPU3BOISATH
70 HEeOoOXiTHOCTI 3aCTOCYBAaHHS MEPEAMKTUBHUX METOJIB, IO JO3BOJISIFOTH IMPOTHO3YBATH HEepeodir
OKpPEMHX SKOHOMIYHHX TPOIECIB, BPAXOBYBATH BUHUKHECHHS MOXKJIMBUX PU3HKIB Ta (PAKTOPIB, IO
HEraTHBHO BIUTMBAIOThH HA Oi3HEC, HA OUiKyBaHI (DiIHAHCOBI pe3yJIbTATH.

dopmyBaHHS CTpaTerii ePEeKTUBHOTO YIPABIIHHA pecypcaMyd € JUHAMIYHHM ITPOIECOM.
[Ipn BU3HAYCHHI JOBTOCTPOKOBOI e(heKTHBHOI TONITHKA Yy cdepi pecypcozabesneueHHs
MIPUEMCTBA BAXKIMWBO OO'€KTUBHO OIIHIOBAaTH 3MIHYy Makpo-, Me30- Ta MIKponapameTpiB.
BuzHauuBmu 1u1i, HEOOXIMHO PETYISPHO MPOBOJUTA MOHITOPUHT MaKpoCepeaoBUIa 1 3a
HEOOX1IHOCT1 KOPUTYBAaTH OKPEMI CTpaTEriuH1 HalpsSIMHU.

BpaxoByroun, 1m0 MOTOYHI  MaKPOEKOHOMIYHI Ta  ME30€KOHOMIYHI  CHTYyaIii
XapaKTEePU3YIOThCS BHCOKMMH pPHU3MKAaMHU Ta HEBU3HAUCHICTIO, 3 METOKO 3HIKEHHS HEraTHBHOTO
BIUIUBY 3OBHIMHIX (PAKTOPiB, 3aCTOCOBYEThCS METOJ, EKOHOMIYHOTO MOJCIIOBAHHSI Ta
MMPOTHO3YBAaHHS TMHAMIKH I[IHOBOT MOBEIIHKH MMOCTAYAIBHUKIB Ta MOKYIMI[IB 3aJIEKHO BII PI3HUX
crieHapiiB — 0a30B0i, MO3UTUBHOI UM HEraTHBHOI. J[OCTIKEHHS €KOHOMIYHUX IPOIIECIB, CIIOCOOIB
BUSIBJICHHS 3MIHHMX, UI0 BIUIMBAaIOTh, NPOBOJAATBCA B pamkax ¢opcaiiT-ananizy. IlpoGremi
€KOHOMIYHOTO MOJICTTIOBaHHS MPHUIUISIETHCS 0COOJIMBA yBara CbOTOHI.

MeToi €KOHOMIYHOTO MOJICTIOBAHHS, HE BTPAdalOTh CBOEI akTyambHOCTI. CTaTHCcTHKa
3aCTOCYBAaHHS METO/IB €KOHOMIYHO-MaTEMaTHUYHOTO MOJIETIOBAHHS MIATBEPIKYE iX €(PEeKTUBHICTH:
ONTUMIBAIIMHUX MoJeel mo3Boise A0 15% 3Hm3uTH CcOoOIBapTICTh BUPOOHHUIITBA IMPOMYKILL,
3HAYHO MIJBUIIATA TPOMYKTUBHICTH Tparll, MOKPAIIUTH TEXHIYHI Ta E€KOHOMIYHI1 MOKA3HHKH.
BukopuctaHHsi e€KOHOMIYHO-MaTEeMaTUYHUX MOJIENEH JO3BOJIIE BHUPINIYBAaTH ILIUPOKE KOJIO
YIPaBIIHCHKUAX 3aBJaHb Ta 3HIKYBATH WMOBIPHICTh HACTAHHS HETAaTUBHUX (DAKTOPIB.

Busnadueno, mo ka04oBi (akTopu yCHixy OyIb-SKOro MIANPHEMCTBA — II€ IIBHJIKE
MPUAHATTS AKICHUX PIIIEHb, 30€peKCHHSI €KOHOMIYHOTO OallaHCy, 3HWKEHHS PU3HKIB, OTPUMAaHHS
IUTLOBOTO E€KOHOMIYHOTO €(EKTy JOCATalOThCS 3 BUKOPUCTAHHSAM METOMIB E€KOHOMIYHO-
MaTeMaTUYHOTO MOJIEIIOBAaHHS, IO € BKpail BaKJIMBOIO CKJIAJ0BOIO 0araTb0oX MpPOLECIB, IO
JI03BOJISIE aHAJI3yBaTH, MPOTHO3YBATH Ta BIUIMBATH Ti YM IHIII MPOIECH YW SIBUINA, SKI y XOAl
€KOHOMIYHOTO PO3BUTKY.

BpaxyBaHHs BIUIMBY pecypcHHUX (aKTOpPIB Ha BHUPOOHHYO-CKOHOMIUHY €()EKTHBHICTH
MOKYIILSA Ta MPOJaBIsl, BUKOPUCTAHHS MEXaH13My OOIPYHTOBAHOTO PO3MOJIUTY MOKIUBUX PU3UKIB
abo BUTOJ BiJ 3MIHM PUHKOBOI KOH'IOHKTYpPM MDK CTOPOHAMHU KOHTPAKTy, MPOMOHYETHCA MO
KOHTPAKTIB 3 MOCTa4aJTbHUKAMHU BKJIIOUATH MEXaHi13M PECYpCHOTO MapuTeTy Ui TPy MPOIyKIIii 3a
MIPU3HAYCHHSM Ta MOJIOHUM MapaMeTpam.
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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 —— = =—=71
| 4 4

I Objective — Establishment of a Cluster

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

I
| Goal — Implementation of Joint Projects and
I

Integration of Potential Cluster Participants

¥

Cluster Formation

Initiator — Government Authorities
Initiator — Several Enterprises

a b

Figure 1 — Possible Ways of Cluster Formation: (a) 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 installment 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. 5PL 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, 5SPL 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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MoxnIMBO BUIUIUTH KUTbKa METOAIB (OpPMyBaHHS Ta BHUKOPUCTAHHS BaHTaXKHOTO
ABTOTPAHCIIOPTY: CTATUCTHYHUN, MOHOTPA(IUHUH, PO3PAXyHKOBO-KOHCTPYKTUBHUHN, MOICITIOBAHHS
Ta ONTUMI3AIIil.

CTaTUCTUYHHMM 3pyYHHH JUIS OIHKH BIUIMBOBHUX (DAKTOPIB CUIBCKOTOCIOAAPCHKOTO
mignpuemctBa (CTII). BusnavaroTh BIUIMB OKpeMUX (akTOpiB Ha po3Mipu Ta e€(EeKTUBHICTH
BupoOHunTBa B CTII, nocnixyoTh B3a€MO3B'I3KH Ta B3aEMO3aJICKHICTh BUPOOHUUUX MapaMeTpiB
MDX co0o010.

BukopuctoBytoun KOMOIHAIIiHI YrpymnmoBaHHS, BHUAUISIOTH TPYIMy MIINPUEMCTB 13
parioHanbHUMHU BUpoOHHUMMH (pakTopamu. Li rocrogapcTBa miagaTh 1€TaIbHOMY OOCTEKEHHIO
Ta MoHorpadiuHoMy BHBYEHHIO. IIporpama MoHOrpaiyHOro OOCTEKCHHS BKIIOYAE€ BHBUYCHHS
MMATaHb EKOHOMIKM Ta OpraHi3amii TEXHIKM Ta TEXHOJIOrIi, iH(opmaliiiHoro 3abe3nedycHHsS Ta
ynpaBiiHHsS BHpOOHUIITBOM. [IpooGpazom CITI Moxyre OyTH Kpaili TrocmoAapcTBa TEBHOI
TepuTopii. Marepiaau MoHOTpadiYHOTO OOCTEKEHHsI HAWKpaIuX TOCIOJapCTB BHKOPHUCTOBYIOTH
BIIHOCHO paIlioHaIbHUX (DaKTOPIB IHITUX TOCMOAAPCTB IAHOTO THITY.

Po3paxyHKOBO-KOHCTPYKTUBHUN METOJ| IMOJIATa€ B TOMY, IO BHM3HA4alOThb OCHOBHI
nokasuuku CI'TI, TouHiIe BCTaHOBIIOIOTH palrlioHaNIbHI ()aKTOPHU B ICHYIOUHX CepelHiX ymoBax. Ha
MPUKIAAI LbOTO CEPEIHbOCTATUCTUYHOIO MiANPHUEMCTBA PO3POOIISIIOTHCS HA MEPCIEKTUBY
pamioHansHl (akTopu. Ilo cCyTi, BUKOHYETbCS MPOEKTHUH pO3paxyHOK I BimiOpaHOTO
rocrojapcTBa, 1mo nobpe mpamtoe. Lle mocuth TpyaomicTka TBopua poOOTa, aje BOHA TapaHTye
ONTHUMAIBHICTh PO3paxyHKOBOTro BapiaHTa. OIIHUTH BCi MOXKJIMBI BapiaHTH MPOCTUM TepeOopoM
HEpeaqpbHO - 1€ BUMaraTHMe Tak 0arato 4acy, IIO JIOBEAEThCS BIAMOBHUTHCS BiJ BUPILICHHS
3aB/IaHHS.

Coig 3a3sHauduTA 1€ OJWH ICTOTHUM HENOJIK aHaI30BaHMX MeToniB. Bci BOHHU
rnepeadavyaroTh y3arajlbHEHHS JOCBITY POOOTH, HAKOIMUYCHHS Ta CTATHCTHYHY 00pOOKY (haKTHIHUX
(dakTopiB 3a MEBHUI YacOBUM mepiof. Y pasi BIACYTHOCTI MaCOBOTO CTAaTUCTUYHOTO MaTepiany, abo
HOro HENOCTYMHOCTI, 4epe3 KOoHQIIEeHUIHHICTh iH(OopMaIllii, BUKOPUCTAHHS IMX METOHIB Oyie
yTPYIHEHO.

Ha CI'TI nnan TpaHCIOPTHUX POOIT CKIAJar0Th Ha OCHOBI PIYHUX BUPOOHUYHX MpOTpam
POCIMHHUIBKUX Ta TBAPUHHUIIBKUX Taly3ei, a TaK0oXk MiICOOHMX BUPOOHUITB. BiH oxormioe Bech
o0csAr mepeBe3eHb BaHTAXIB SIK MPOTATOM POKy, Tak 1 3a mepiogamMu poOiT 3 ypaxyBaHHSIM
KaJeHJAapHUX TepPMiHIB iX BUKOHaHHs. [Ipu 1IbOMY BpaxoBYIOThCS BCli MEPEBE3CHHS 3 peamizarlil
MpOIyKIii Ta O0OCTyroByBaHHS BUPOOHHUYUX TMPOIIECIB Yy POCIMHHHIITBI, TBAPUHHUIITBI Ta
JOTIOMDKHHX TiIpo3Ainax rocmofapcTBa. [InanyoTh BaHTaXXHI NEpEeBE3CHHS 3a MepiojaMu Ta 3a
BUJaMU TpaHCHOpTHHX 3aco0iB (T3).

BuxigHumM#u JaHUMH TUJIaHYBaHHS TPAHCIOPTHUX pOOIT € BHIM Ta OOCATH BaHTAXIB,
BIJICTaH1 MEPEBE3EHb Ta iX KaleHaapHi TepMiHu. OOcAT BaHTaXIB, 10 MEPEBO3ATHCS, BU3HAUAETHCS
3 TEXHOJIOTIYHUX KapT, a IHIIMX BUJIB - 3 JOJATKOBUX pPO3paxyHKIB Ha Oy/IiBeNbHI Ta iHII poOOTH.
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[InanyroTh poOOTY 3 ypaXyBaHHSM IIEPEIOBOI TEXHOJIOTII Ta palliOHaJIbHOI OpraHi3amii
npaui. [Ipu nupomy BukopuctoByroTh npuifHATi B CI'TI TexHiYHI HOpMATUBU TPAHCIIOPTHUX POOIT:
IIBUJKICTh PYXY; YaCc Ha HaBAaHTAKCHHS Ta PO3BAHTAXKEHHS; XOJOCTI mepei3au; mpodiiakTuka Ta
MOKAa3HHUKH IIaHy TexHig4HOro oociyroByBaHHs (TO).

Y CI'Tl 1ranyBaHHS TPAaHCIOPTHHUX POOIT MPOBOAUTHCS JBOMa criocobamu. [lepmmii
MOJISATa€ B TOMY, IIO MIPH CKJIQAaHHI BUPOOHNYO-()DIHAHCOBOTO TUIAHY MIANPHEMCTBA PO3PAXOBYIOTh
oOcsT 1epeBe3eHb, KMl MOJKHA 3IMCHATH 3aIUTAHOBAHUM CEPEIHBOOOIIKOBUM CKIIaIoM mapky T3
(3a ix Bumamu) CITL, a moTiM, SIKIIO 332 paxyHOK BJIACHHX 3acO0IB IepeBe3e€HHS MOBHICTIO HE
3a0e3MeuyI0ThCs, TO TIepeI0avacThCs 3aIydeHHs TPAHCIIOPTY 31 CTOPOHHU.

3a apyruM cmocoOoM, IO 3aCTOCOBYEThCS IIPH ILIAaHYBaHHI KaIliTaJOBKIIAJCHb Ta
Bu3HaueHH1 notpedbu CI'TI B ocHOBHMX 3aco0ax BUpPOOHHMIITBA Ha KOHKPETHUM NepioJ BUPOOHUYOT
JISUTBHOCTI, PO3PaxoOBYIOTh KUIBKICTh T3, HEOOXIMHMX ISl MEpPEBE3EHHs 3allJIAaHOBAHOTO OO0CATY
BAaHTaXIB (32 BUAAMH KOUITIB Ta BAHTAXIB).

3a mepmmmM crioco6om utst HasiBHOTO B CI'TI aBTOMAapKy BCTaHOBIIOETHCS CEPEIHBOPIUHE
YHCJIO MAIllUH, SIKE BI0Opa)XaeTbcsl pO3IMOAUIOM 3arajlbHOT KIIbKOCT1 MalllMHO-/IHIB Iepe0yBaHHS
y CI'TI Ha KiIBKICTh KaJeHJAapHUX JHIB Ha PIK.

[Ipn BU3HAYEHHI 3arajibHOT KUIBKOCT1 MallIMHO-AHIB NepeOyBaHHS BaHTa)KHUX aBTOMOOLIIB
y CT'TI HeoOXiHO Bi HassBHOCTI MAIIMH HA TTOYATOK POKY BIAHATH KUTbKICTh MAIIWH, 1110 BUOYIH Y
3aIJTAaHOBAHOMY POITi, OTPUMAHUH 3JIMIIOK TOMHOXHTH Ha YHCIIO KaJCHIAPHHUX JTHIB Y POIIi Ta JI0
IILOTO JIOJIATH MaNIuHO-AHI iepeOyBanHs y CI'TI ManivH: MOMMOBHEHHS Ta BUOYTTS y TUIAHOBAHOMY
polli; MaIIuHO-IAHI B PoOOTI 3 ypaxXyBaHHSM 3HAXO/KCHHS MaAIllMH y PEMOHTI; BUXIIHHX Ta
CBATKOBUX THIB. CepeaHio KUTBKICTh JHIB pOOOTH MAallWH MOKHA TPUHMAaTH 3 PO3paxyHKy 3a
JAaHUMHA MHUHYJIOTO POKY 3 HEOOXiTHOIO TIOMPaBKOIO Ha TOJINIIEHHS BHUKOPUCTAHHS
aBTOTPAHCIOPTY.

BantaxomigiioMHICTh ~ MallMH  aBTOMApKy  BU3Ha4yae  sSK  CyMy  3arajbpHOi
BAHTAXKOIMIJHOMHOCTI MO KOXHIA MapIli MalluH, Ky PO3PaxOBYIOTh MHOXEHHSM HOPMAaTHBHOT
BaHTAXKOITIAHOMHOCTI OJTHI€T aBTOMAIIIMHY MIEBHOT MApKH Ha IXHIO CEPEeTHHOOOIKOBY KUTBKICTh.

Cepennbo1000BHUi MPOOIr OAHIET aBTOMAIIIMHM, 1 B TOMY YHCJI1 3 BAHTaKEM, BCTAHOBJIIOIOTh
3 ypaxyBaHHSM IMOKa3HUKIB MUHYJOTO POKY Ta 3aXOJIB 1100 MOKPAIICHHS BUKOPUCTAHHS MAIIUH
y 3allaHOBAaHOMY poIli. MHOXEHHSM OTPUMaHHUX BEJIWYMH MPOOIry Ha YHUCIO MAIIWHO-AHIB Y
poOOTI OTPUMYIOTH 3arajlbHUK MPOOIr BCIX aBTOMAIIMH, Y TOMY YHCIi 3 BaHTaxeM. [Ipu mipomy
npoOir BaHTAKHUX MAIIMH 3 JIIOJIbMH BKIIIOYAETHCA B 3arajlbHUi mpoOir, ajie HE B MpoOir 3
BAHTaXEM.

3aranpHuil 00'eM BaHTAXKOIEPEBE3CHb Yy TOHHO-KUIOMETpax BU3HAYAIOTh, PO3YMIIOUH
3arajlbHU MpoOIr 3 BaHTAKEM Ha CEPEIHIO BAHTAXOMITMOMHICTh Ta KOe(]IiEHT BUKOPHUCTAHHS
BaHTaXoMmAHOMHOCTI. CepenHsi BaHTaXOMITHOMHICTE PO3PAXOBYETHCS PO3MOJLUIOM 3arajibHOi
BAHTXKOIMIHOMHOCTI Ha CEPEIHBOPIYHE YHCIO0 MAIlWH, a KOEQII€EHT BUKOPUCTAHHS
BAaHTAXOMIAHOMHOCTI OepyTh 3a JaHUMU MHHYJIOTO POKY 3 YypaxXyBaHHSM oOcoOOIHBOCTEN
BAaHTAXOIMEPEBE3CHb 3aIIaHOBaHOTO poKy. KoedillieHT BUKOPUCTaHHS BaHTAKOMIIHOMHOCTI
BU3HAYAIOTh PO3MOAUIOM (DaKTUYHO BHKOHAHUX TOHHO-KUIOMETpIB Ha J0OYTOK cepeaHboi
BAaHTaXOMIJHOMHOCTI Ta TPOOITy 3 BaHTAXKEM.

OO6csr nepeBe3eHb Y TOHHAX OTPUMYIOTh PO3MOIUTOM OOCSTY BaHTaXOIEPEBE3E€Hb Y TOHHO-
KIJTOMETpax Ha CepeliHIO BIICTaHb peicy, fKa 3aJe)KUTh Bl KOHKPETHHUX BiICTAHEH 3aljlaHOBaHUX
nepeBe3eHb. SIKIIo OTpUMaHuil BUIlle 0OCST MepeBe3eHb Y TOHHAX He 3a10BoJbHse oTpedbu CI'Tl y
3alJIaHOBAaHOMY pOII, TO TMepeadadaroTh 3aXOAW IIOAO0 TMOKPAIIEHHS BUKOPHUCTAHHS BJIACHOTO
aBTOTPAHCIOPTY YU 3aJTy4eHHS MAIlIUH i3 OOKY.

3a gpyrum crocoOoM aiisg oOrpyHTYBaHHS moTpeOu y T3 HeoOXiTHO BHU3HAYUTH. OOCATH
MepeBe3eHb 3a BUJAMH BaHTAXIB; CEPEOHIO BIACTaHb; KalEHIApHI CTPOKM Ta TPHUBATICTh
MepeBe3eHb; PO3IMOAUICHHS BAaHTAXKIB 32 BUJAMH TPAHCIIOPTY 3 YPaxXyBaHHSIM pEaTbHHX YMOB Ta
MO>XKJIMBOCTEH MiANPUEMCTBA; BCTAHOBJICHHSI TEXHIKO-EKCIUTyaTalllifHI MOKAa3HUKH BUKOPUCTAHHS
okpemux BuAiB T3; motpedy mianpuemctsa y T3.
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Cepennbo006mikoBY MoTpeOy mianpuemMcTa y T3 009UCIIIOOTH 32 GOPMYIIOTO:

B Q
365J1 11, K, K KK, , (1)

ne Q - oOcsar BaHTaXKOIEPEBE3CeHb, T/KM; JIc — cepeHbo1000BHi TPOOIr BaHTaXKHOTO aBTOMOOLIS,
KM ; ['Tlcrr - BAaHTQKOMITHOMHICTE cepeTHbOOOTIKOBOTO BAHTAXKHOTO aBTOMOOLTS, T; Ki— KoedirieHT
BUKOpPUCTaHHS Tapky; Krr - KkoedimieHT TEeXHIYHOI TOTOBHOCTI Mpamiordnx wmamuH; Km —
KoedimieHT BUKopucTanHs npooiry; K i - koedimieHT BUKOPUCTaHHS BAHTAXKOMITHOMHOCTI.
Cepennbo1000BHUI TPOOIT BAHTAXKHOTO aBTOMOOLIS OIIIHIOETHCA 32 (HOPMYIIOI0:

J.=W,T,, (2)

ne — WE cepenHsi ekcrulyaTaliiiHa MIBUIKICTb, KM/To; T u - yac mepeOyBaHHS MalIMHU Hapsiii
MPOTATOM POOOYOTO JTHS.

[ToTpe6y B T3 TOouHIlIe BU3HAUAIOTH MiJ Yac IUIaHYBaHHS IEpEeBE3€Hb MEBHUX BAaHTAXIB B
YCTaHOBJICHI TePMIHHU. {1 1IOTO PO3paxOBYIOTh Yac OJHOTO PEHCy, KUTBKICTh PeiciB 3a poOoUnid
JIeHb 3 ypaxyBaHHSAM crenudiku poOiT. BpaxoByroun (QakTHUHY BaHTaKOMIAHMOMHICTh MalIUHHU,
BH3HAYAIOTH O0CAT BaHTaXYy, SKUH OJHA MalldHA MOXeE TepeBe3TH 3a JCHb. [IOTIM, MMOILTUBIIN
3arajibHUM 00CIT BaHTaX000iry Ha 00CAT BaHTaXy, MEPEBE3EHOr0 OJHIEI0 MAIIMHOIO 32 POOOUMit
Mepio 1, 3HAXOATh HEOOXIHY KUTHKICTh MAIIIHH.

Jlns BU3HAYEeHHS 3arajibHOI moTpebu B T3 Ha 3aluiaHOBaHUI IEpIo MPH MEPEBE3CHHI BCIX
BHJIIB BaHTAXIB OOYMCIIOIOTh HEOOXITHY KUTBKICTh BaHTXHUX aBTOMOOLTIB IS KOKHOTO BHUIY
BaHTaXy okpeMo. CTBOpIOEThCS rpadik BUKOPHCTAaHHS BAaHTAKHHX aBTOMOOUIIB Ha IIeH MEpPIO.
[Ticas mpoTO PO3POOIAIOTHCS 3aXOAM ISl 3HMIKEHHST HanpyXeHocTi TpancnoptHux podit B CI'TI Ta
BU3HAYAEThCSA HEOOXigHA KUIBKICTh BAHTAXKHUX aBTOMOOLIIB. SIKIO cIOCTepiraeThcs HecTada
BAaHTAXKHUX aBTOMOOLTIB, YaCTUHY POOIT MOKHA TIEpe/IaTH IHIIUM BHJIaM TPAHCIIOPTY YW 3aTydUTH
TPAHCIOPT 31 CTOPOHHU.

[Ticns mpoBeneHHs po3paxyHKIB 3 yCiX BUIIB BAHTAXKOIIEPEBE3EHb CTAHOBJIATH PIYHHUM TUTaH
TPAHCIIOPTHHUX POOIT MO MIANIPUEMCTBY Ta OYAYIOTH piuHi rpadiku BUKOPUCTaHHS pi3HUX BUIIB T3.

Jlo ynpasniaas nporiecamu Ha CI'TI moTpiOHUN cucTeMHME minxiA. Y MEHTP1 METOI0JIOTT
CHCTEMHOTO aHalli3y 3HAXOJHWTLCS Ollepalis KUIbKICHOTO TOPIBHSAHHS aJbTEPHATHUB. 1OMY
HaWOUIBII OOTPYHTOBAHMMHU Ta NPUMHATHUMHU CTalOTh METOJAM ONTUMAIBHOIO IUIAHYBAHHS, IO
0a3yl0ThCsl HA BUKOPUCTaHHI €KOHOMIKO-MaT€MaTHUYHUX METOJIB Yy MO€JHAHHI 3 MEPCOHATbHUM
koMi’rorepom (ITIK). BoHM BigkpuBaroTh HEOOMEKEHI MOMKIMBOCTI OTPUMaHHS HEOOXiIHOT
KUTPKOCTI BapiaHTIB y BUpIlIEHHI eKOHOMIYHOI mpobiemu. [lepeBara ix moinsrae y 3a0e3nedyeHHi
ONTUMAJFHUX PIllIEHb 32 KOPOTKUN IPOMDBKOK 4acy.

Jliis BU3HAuYeHHS MOTPeO Y BaHTaXXHOMY aBTOTPAHCIOPTiI Ta WOro palioHATbHOTO CKIany
HaWOIIBII ePEeKTUBHUM € 3aCTOCYBaHHS METOMIB E€KOHOMIKO-MaTeMaTHYHOTO MOJETIOBAHHS B
noenHanHi 3 cydacHumu [IK Ta makeramMu mOpUKIAQgHUX TporpaM, IO Ja€ 3HAYHI TepeBaru
MOPIBHSHO 3 IHIIMMH METOJaMH: TO-Tiepiie, 3a0e3NedyyeThCs IMOBHA peaiizallisi MNPUHIUIY
CUCTEMHOTO MIAXOJy; MO-Apyre, MiIBUIIYEThCS IMIBUAKICTH 1 SKICTh PO3POOKH IIAHIB; MO-TPETE,
3'IBIISETHCS MOXKIUBICTh peanizallii OaraToBapiaHTHOTO MIAXOAY A0 BHUPINIEHHS 3aBJaHb; TO-
YeTBepTe, HAAEThCS MOXKIUBICTH OINEPATHUBHOTO KOPUTYBaHHS IUJIaHIB Yy BiANOBiAb Ha 3MIHU
BHYTPILIHIX Ta 30BHIIIHIX (aKTOPiB BUPOOHUIITBA.

OnTumanbHe T[UIAHYBaHHA BUXOOUTh 13 TAaKUX METOJOJIOTIYHUX TmepenymoB. [lpu
TJTaHYBaHH1 BUPOOHUIITBA 3aBXKIH 3a]UIs TOCSITHEHHS OJIHIET i Ti€l )k MeTH € Kinbka nuisaxiB. OgHi 3
HUX OUThI eeKTUBHI, iHIII MeHII edekTuBHI. Taka OararoBapiaHTHICTH 0OYMOBIIEHA B3a€MOIIEI0
MHOXMHM YMOB Ta (akTOpiB Ta IiX MOPIBHIHO IIMPOKOIO B3aeMmozaMiHHicTio. [lman y pasi
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pO3MISAA€ThCS K (QYHKISS MHOXUHHU 3MIHHUX BEJIWMYMH, IOB'SI3aHI MDK COOOI HAMCKIIaIHIITUMHU
B32€MO3AJICKHOCTSIMH.

Po3risgaroun MUTaHHS KPUTEPIiB ONTUMAIBHOCTI, CIIiJT 3a3HAYUTH, 110 OIITUMI3AIlisl PillICHb
JOCATAETHCSI HE JIMIIE MUISIXOM BH3HAYCHHS KPHUTEPIIO ONMTHMAJIBHOCTI Ta BHOOpY HaMKpamoro
BapiaHTy Ha WOTO OCHOBI. HaOmmkeHHS 10 oNTUMyMY 3a0€31euy€eThCsl IPABIIIBHUM BU3HAYCHHSIM
yCiX OCHOBHHX YMOB DPEaJIbHOTO EKOHOMIYHOT'O TPOLECY, SKi 3HAXOISATh CBO€ BiTOOpaKEHHS B
PI3BHMX KOMIIOHCHTaX €KOHOMIKO-MaTEMaTH4YHOI Mojelli: B OOMEKEHHSIX 3a IPOJYKI[I€I0 Ta
pecypcamu; y crioco0ax BHPOOHHIITBA, IO OMKCYIOTh BapiaHTH BUKOPUCTAHHS PECYPCIB 3 TOUKHU
30py BUTpAT i €hEeKTUBHOCTI; Ta B IHIITUX aCIICKTaX.

Burmsng 1 xapakTep MaTEeMaTH4YHOI MOJEIi  3ajie)kaTh  Bil  B3a€MO3B'SI3KIB 1
B3aeMO3aNIe)KHOCTEN PakTopiB. B3aeMo3B's13kM 0HUX (PaKTOPIB MOXKYTh OYTH ONHCaHI CHCTEMaMU
JNIHIMHUX PIBHAHb Ta HEPIBHOCTEH, IHIIMX — PIBHIHHSAMU Ta HEPIBHOCTSAMH BHUIIOTO TMOPSIKY,
TPETIX — Ha OCHOBI KOPEJSIIIHOTO aHaji3y, YeTBEPTUX — 3 BUKOPHUCTAHHSAM Teopii IMOBIpHOCTEH
tomo. Taka pI3HOMaHITHICTb B3a€EMO3B'A3KIB (PAKTOPiB, MIO0 XapaKTEPU3YIOTh BUPOOHHUUY
nisuibHicTh CI'TI Ta MoknmBocTed i1X omucy (opMi CHPUSIO po3poOIl HU3KH EKOHOMIKO-
MaTEeMaTHYHUX MOJICIICH: 0aJaHCOBUX, €KOHOMIKO-CTATHCTUYHHUX, ONTUMI3AIIHUX.

Bce me cBimuuTh mpo Te, MO0 3aBIAaHHA BITHOCHO ONTHMAJIBHOTO (GOPMYBaHHS Ta
BUKOPHUCTAHHS aBTOMOOUTbHOTO TpaHcrmopTy B CITI MokHa mojmaTé y BUTIISIAI ONMTHUMIZAIIMHOT
MOJIeJTi B paMKaXx JIIHIHOTo porpaMmyBaHHs. [1i1CyMOBYIOUN BUINEBUKIIAICHE, MOYKHA BII3HAYNTH,
0 TPOBEACHI JOCIIDKEHHS TEOPETUYHUX Ta METOJUYHUX OCHOB OpraHizailii TpaHCTIOPTHOTO
3a0e3nedYeHHs B arpapHii chepi J03BOTHIH:

- chopmymroBaTH 0COOIMBOCTI aBTOTPAHCIIOPTY K Tajy3l HAPOJHOTO TOCHOIAPCTBA, M0 HE
BHPOOJISIE HOBOT MPOIYKITii, a juiie 6epe y4acTh y il CTBOpEHH];

- BUABUTH crnenudiky poOOTH aBTOTPAHCHOPTY B CUIBCBKOMY TOCTOJAPCTBI, SKa
MPOSIBIIAETBCS. B CE30HHOCTI OO0 BUKOPUCTAHHS, Y TMO€JHAHHI OCHOBHOIO TEXHOJOTIYHOTO
Mporecy 3 TPAHCIOPTYBAaHHSAM, HEMOJXKIMBOCTI 3JIMCHEHHS TPUHIUIY O€3MepepBHOCTI, MpPH
BUKOHAHHI CLILCBKOTOCIOAAPCHKUX POOIT aBTOTPAHCIOPT IEPECYBAETHCSA 3E€MEIIBHOIO IUISHKOIO,
MPEAMETH XK TIpalll 3AJTMIIAI0THCS Ha MICIIl 10 30MpaHHs BPOKA0, MPUHIIMI TOTOYHOCTI MOKITUBUM
JIUIIIE Ha OKPEMHUX CTaJisIX BUPOOHUIITBA;

- OoOrpyHTYBaTH MOXJIMBICTh Ta JOUUIBHICTh BHKOPHCTAaHHS METOMIB E€KOHOMIKO-
MaTeMaTUYHOTO MojentoBaHHs, cydacHuX [IK, I1HmKMX TexHIYHHX 3aco0iB Ta MPOrpaMHUX
KOMILJIEKCIB JJIsl PO3pOoOKU IUIaHiB (hopMyBaHHS Ta BUKOpHCTaHHA aBToTpancnopty B CI'TL, a Takox
JUI BJIOCKOHAJICHHS YIPaBJIIHHS Ta KOHTPOJIIO 32 HOro MisUIbHICTIO HA OCHOBI aBTOMAaTH30BaHUX
cucteM oOpoOku 1HPOpMaIii.
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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,

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

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

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 ProcesslEnsuring 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 Customer|ldentifying 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;

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 126



JTideunerHs HAOHIHOCHTE T egheKIMUBHOCT MauiuH, Tipouects T cucmem. Tmproving the reliabifity and efficiency of machines processes and systems

— 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 (SDGs), 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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JInsi BUSIBIICHHSI XapakKTepy 3aJeKHOCTI pi3HMX mapameTpiB TpancnoptHux mpouecis (TTI)
Oysi0 TpOBeNeHO HU3KY eKcrepuMeHTiB. OMHUM 3 HUX € BH3HAUCHHS YaCTKH IEepPEHAINpPaBICHHS
TpaHcnopTHHX 3aco0iB (T3) y TpaHCTOPTHOMY MOTOIII.

[IpoBeneHO COIIONOTIYHE OMHUTYBAHHS CEpPed BOJIIB 3 METOK JIOCTIDKEHHS BUOOPY
MapIpyTy pyXy B TPaHCHOPTHIM Mepexi. JlaHe OonUTyBaHHS BKJIIOYAIO HACTYIHI 3aBJaHHS:

- BUSBIICHHS CTYIEHs BIUTUBY XapaKTEPHCTUK TPAaHCIOPTHOI iH(PPACTPYKTypH HpPUHHATTS
pilIeHHs Npo BUOIp MapuIpyTy pyXy YUaCHHUKaMH JIOPOKHBOTO PyXY;

- aHajmi3 3aKOHOMIPHOCTEHW, TOB'SI3aHMX 13 BHOOPOM MapHIpyTy pyXy yYaCHUKaMU
JOPOKHBOTO PYXY 3aJICKHO BiJ] TOTOYHOT TPAHCIIOPTHOI CUTYAIIi.

Bbyna po3po0ieHa aHKeTa 3 METOIO OIIIHKM YIO/I00aHb BOJIIIB Ta BUSBIICHHS iX MPIOPUTETIB
npu BuOopi mapmpyry. OTpumaHi JaHi TICHs aHAT3y T03BOJWIM BH3HAYWTH, (AKTOPH, IO
HalOUIbIIIe BIUTMBAIOTH HA BHOIp MapmpyTy. Bonu monomoriu y ¢popMyBaHHI peKOMEHAAIIIN 11010
oprasizailii pyxy B TPaHCIIOPTHINA MEPEeXi 3aJIEKHO BiJl KOHKPETHUX XapaKTEPUCTHUK CXEMH PYXY.

KoxnomMy pecrionieHTy Oyi10 IpeCTaBICHO CXeMY TPAHCIOPTHOI MEepexXi, 0 BKIIOYAE Pi3HI
MapHipyTd pyxy IpH pi3HUX KoedilieHTax 3aBaHTaXeHHS iHpacTpykrypu. IIpencramieni
MapIIpyTH MajlH XapaKTePUCTUKHU, TaKl sIK JOBXXHWHA MapUIpyTy, IPOTrHO30BAHUN 4ac y JOpo3i Ta
SKICTh TOT3JKU. PecrioHmeHTaM IpoIroHYyBajloCs OIIHUTH HadaHy iHGopMallio Ta 3poOoutu BHOIP
MapHIpyTy, SKUH HalOUIbIIIE BIAMOBIAAE TX IepeBaraM cepej 3alporoHOBaHUX BapiaHTiB. B pamkax
ONUTYBaHHS OYyJW TpPEACTaBJICHI Pi3HI CXeMHU BYJIWYHO-IOPOXKHBOT Mepexi (BJM), Brirovaroun
MPSMOKYTHY CXEMY, MaricTpallbHO-MIPSIMOKYTHY CXE€MYy, TPUKYTHY CXeMy, JiarOHaJbHO-
MPSIMOKYTHY CXeMY Ta padialibHO-KUIbIEBY cxemy (puc. 1).

Bonism O6yno HamaHo Taki Kputepii s OLIHKY 3aIIPONOHOBAHUX CXEM PYXY:

— cran BJ/IM 3a 3HaueHHs KoedimieHTa 3aBaHTaOKCHHS Mepeki B 4-x miamazonax: z<(0.5
(Cxemu Al, B1, C1, D1, El1), 0.5 <z <0.7 (Cxemu A2, B2, C2, D2, E2) ), 0.7 <z < 0.9 (Cxemu
A3, B3, C3, D3, E3), z> 0.9 (Cxemu A4, B4, C4, D4, E4));

— 3HAYEHHS MPOTHKHOCTI MapIIPYTY 3 BXOJY IO BUXOJY TPAHCIIOPTHOTO 3acid 3 nmoOyaoBaHO1
Mepexi (KM.); 3HaueHHsI yacy pyxy o0'i3HUMU IUIIXaMH (TOJ.).

— XapaKTePUCTUKU SIKOCTI MOI3JKM 3a MPOINOHOBAaHUM MAapUIpyTOM (3a KpUTEpIEM pIBHSA
00CIIyroByBaHHSI MEpeXi 3a JaHUM MPEJCTABICHUM MapIIpyTOM); KUIbKICTh BY3JIiB (II€PEXPECTIB -
0J1.) B IOPO31 IaHUM MapIIPYTOM.

[IpoBeneHe omMTyBaHHS cepell BOJIIB PI3HUX TPyH, BKJIIOYAIOYM SKIHOK Ta YOJIOBIKIB,
npo¢eciiHuX Ta NPUBATHUX BOJIIB, a TAaKOXX MPEJCTAaBHUKIB PI3HUX BIKOBUX Ta JOCIIIHUX
KaTeropid, 03BOJWIO 3i0paTH MLiHHI JaHi Mpo HepeBard Ta MPIOPUTETH BOAIIB HpU BUOOPI
Mapupyty pyxy. OCHOBHUI BHUCHOBOK, 3p0OJI€HUI Ha OCHOBI aHaNi3y pe3yJbTaTiB ONMUTYBaHHA. Y
TOMY, III0 BHOIp BOJIS 3aJIKUTH BiJl BITHOCHUX BIAMIHHOCTEH MIX PISHUMHU MapuipyTamu, a He Bif
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XapaKTePUCTUK KOKHOTO MapIIpyTy OKpeMo. € Boii OIIHIOIOTHh "BHUTIAHICTB" BIIMIHHOCTEH MDK
MIPONOHOBAHUMH MAPIIPYTAMHU.

CxeMa BYINHO-T0POKHES ol Mepe Ilobymoeana cxema B Fissim

IIpsmaoryTHA
1 (Cxema A)

MaricTpans -ImpsaM oKy THA
(Cxema B)

(=]

T Ar OHATE HO-IIPSM 0Ky THA
TIp. )
(Cxema C)

TpmcyTHA
4 (Cxema D)

PamiameHo-KIBIEEA
(Cxema E)

Pucynok 1 — Cxemu TpaHCIIOPTHOT MEpEeXi MPOIIOHOBAHI B OMUTYBaHHI BOJIITB

PesynbTaTi ONMUTYBaHHS MOCIY)KWJIM OCHOBOKO JUISI BIOPSIIKYBaHHS Ta 3BEJCHHS JaHHUX Y
Tabnuiro 1, mo, WMOBIPHO, JOMOMOTJIO BUSBUTH HaWOUIBII 3HAYYIII KpHUTEpii Ta (GakTopH, II0
BIUIMBAIOTh HA BUOIP MapuIpyTy BOJIIiB.

Tabmums 1 — Aakera 00J1iKy y9acHHKIB ONTUTYBaHHS (DparmMeHT)

No Crax Kimpkicte|[ime  3MiHUK Ba}KHH].SZI i Bubip mapmpyry
AQHKCTH [BOJIHHS Crate 3aTOpIB  [MOT3JIKU MApUIPYTy kpurepiii A 1B |C D E
MapuipyTy

1 1-2 poxu |[HomoBiumii (1-2 1 X 5 4 4 4

> HOHALS g o piamit [0 b 2 6 * P n
POKIB

3 HOHALS ot [1 10t 6 5 4 4 P 3
POKIB

4 1-2 poxu [Kinoumit |[<2 8 X 0 6 4 4 3 |2

S) 2 - 5pokiB DKiHoumii |1 6 X 1 5 b 2 B 2

6 1-2 poxu |[Honosiumit (1-2 7 - 2 6 4 2 3 4

Ie 103BOMMIIO OUIBII TOUHO BU3ZHAYUTH, K1 XapaKTEPUCTUKH MApIIPYTIB BaXJIMBI AJIs BOJIIB
Ta SIKi 3 HUX MalOTh HAalOUTbIIY Bary IiJ yac yXBaJICHHs PILIEHHS [IPO CXEMY MapIIpyTy pyXy uepes
Mmepexy. Li pe3ynbraTy, y CBOIO yepry, MOriau OyTH BUKOPHCTaHi s (JOpPMYyBaHHS peKOMEHALlIi
100 OpraHi3allii pyxy B TPaHCIIOPTHIN MepesKi, BpaXOBYIOUHM NEpeBaru Ta NpiopuTeTH BOJIIB.

3a pesynabTaTaMu aHajizy 3i0paHMX JaHUX 3poOJieHa MomNepelnHs OLIHKAa BIUIMBY PI3HUX
XapaKTepUCTHK BapiaHTy JOPOKHBOT'O PyXy Ha BUOip BoaiiB T3:
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1. JloMmiHampHUN MapuIpyT 3 TOTIPIIEHHSAM YMOB PYyXy HpPUTATYE A0 cebe MmpuBalIMBICTH
BMOOPY B MOPIBHAHHI 3 IHIIMMH MapLIpyTamMM 3a paxyHok spoctanHs A, Tlpu mpomy
JOMIHAHTHHM MapLIPyTOM 3aBXKIH SBISETHCS MapupyT y sikoro A = MaX py 72 —>1

2. Al po3paxyHOK pH 3pOCTaHH Z.

3. 3i 3pocTaHHAMZ, CIOYAaTKy BiAOyBAa€ThCS MPUTATYBAaHHS YBaru Ha BCl albTEPHATUBHI
MapIIpyTH HACTYITHUM TIEPEXO0I0OM YBard Ha JOMIHAIBHUI MapIIpyT.

Pesynmprat mpoBeAeHOro OMMTYBaHHS OyiW MiIaHi aHali3y 3 BHKOPUCTAHHSIM pPi3HUX
metoniB. Ilepen BUOOpOM MeTOy HEMPOHHHMX MEPEX JaHi I[bOTO OMHUTYBAaHHS OyIM OIliHEHI 3a
JOTIOMOTOI0  TIporpamMHoro 3abe3meueHHss SPSS, mMMPOKO BHKOPUCTOBYBAHOTO ISl aHAIZY
pe3ybTaTiB JOCIIKEHb, 3aCHOBaHMX Ha BigmoBigsx BoxiiB T3. Kpim Toro mpoBeneHo anami3
perpecix 3a nonomoroto Microsoft Excel.

Y SPSS iiMOBIpHICTP NOMMJIKM P Ma€ pi3HI Mo3HaueHHs. 3a3Buuail y SPSS 3HaueHHs p
no3Havaerecss Sig. ( Significant ). IcHye BcTaHOBI€Ha TEPMIHOJIOTIS, IO 3aCTOCOBYETHCS J10
JOBIpYMX IHTEPBAJIIB HMOBIPHOCTI:

— BUCJIOBIIIOBaHHS 3 UMOBIPHICTIO MOMMIKH p <= 0,05 BBa)XaroThCsl 3HAUYLLIUMU;

— BUCJIOBIIIOBAHHS 3 UMOBIpHICTIO MOMMIKH p <= 0,01 BBa)karoThCsl {yXe 3HAUYIINMH;

— BHUCIIOBJIOBaHHS 3 HMoOBIpHicTIO mnoMuwikud p<=0,001 BBakalTbCd MaKCUMaIbHO
3HAYYIIHMHU.

Ha ocHoBi oTpuMaHuXx pe3ysabTaTiB MOKHA 3pOOUTH TaKi BUCHOBKHU:

- OTPUMAaHHS y3TO/DKEHUX 3HAUEHb [apaMeTpiB OIIHKU B aHAII30BAHUX  MacmTtadax MK
PI3HUMH MapuIpyTaMu BUSBUIIOCS HEMOKITUBHM.

- Ha TOMY CaMOMY MapIIpyTy PyXy HEMOKJIHBO OTPUMATH y3TO/DKEHI 3HAUCHHS ITapaMeTpiB
OIIHKH IIOJI0 PI3HUX TOPOKHIX CUTYaIlil 3a pI3HUX 3HAYCHHSIX Z .

Meton SPSS OyB 3acTocoBaHuWil ciibHO 3 MeToAoM perpecii B Excel , mpote pesynbratu
aHaTI3y JaHUX BUSBUJINCS IJICHTUYHUMU TIOTIEPETHIM PE3YJIbTaTaM.
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V]K: 658.7:339.542:004.9

BHPIIIIEHHA JIOT'ICTHYHHX ITPOBJIEM TPAHCIIOPTYBAHHA
HUDPOBI3ALIEO IIPU ITPOXO/I’KEHHI MUTHOI' O KOHTPOJIIO

B.A. Ilo6ousa, cm.ep TT-24M,

A.B. llanyma, 77-24M,

B.B. Ayain, npod., 1-p TeXH. HayK,

A.B. I'punbKiB, cm. 0ocnionux, KaHo. mexH. HayK

Llenmpanvroykpaincvkull HayioHAILHUN MeXHIuHUl YHigepcumem, M. Kponuenuyvkut, Yxpaina

JloricTuyH1 MpoOIeMH TPAHCIIOPTYBAHHS CTAHOBJISATH HACHOTOIHI CEPHO3HY 3arpo3y (puc.
1).

3aTpUMKH TIPU MUTHOMY y
odopMIICHHI

3ynuHKA TPaHCIIOPTHOTO
CITONTYYEHHSA

b POBPI’IB B JIAHIOHOIrax 1nmocradaHb 2

Mudporizamisa

CgiToBI poOeMn

eGuTopchKa 1 KPpeIUTOPChKa
3a00proBaHoOCTI

[Tepeboi B mocTauasH1
IIPOAYKTIB

Pucynok 1 — Jlorictuani mpobieMu TpaHCHOPTYBAHHS

OcraHHI KiTbKa JECATKIB POKIB 13 mepei3gaMu 4epe3 MUTHHUKM KOHTPOJIb CTae Jaeaali
CKJIQIHIIIMM, OCKUTBKH 3'SIBJISIIOTHCS HOBI METOM MEPEBE3CHBb Yepe3 KOPJIOH MITPaHTIB Ta TOBapiB,
SIK1 HE BIIMOBIIal0TH HOPMaM KOHTPOJIIO TIPUHMAr040i KpaiHH.

Y Oaratbox KpaiHaX MUTHUH KOHTPOJb JaBHO TepelinoB Ha nudpos3amio. Bike
BUKOPHUCTOBYIOTh CHUCTEMY IPOINYCKY dYepe3 MOOUIbHI CepBICH, a TaKOX CHCTEMY KOHTPOJIIO
BaHTaXiB, IO TMEPEBO3ITHCS, 3a JOMOMOTOK BEIMKHX PEHTTeHIBChKUX amapaTiB. [Ipoiec
NIEPEBE3EHHS TOBapy 4epe3 KOPJOH HAIaro/DKEHUH 1 I03BOJISE JIETKO CIPABISATHUCS 3 JKOPCTKICTIO
3aBJSKHM IHHOBALlIHUM TEXHOJIOT1SM, BBEICHUM paHIIIIe.

Hudporizamis MUTHHUII T[odYalna 3'IBIAATHCS 3 PO3BUTKOM MDKHAPOJHOI TOPTIBIIL
3aKOp/IOHHI MUTHHUIII € HAJAro/PKEHUM MEXaHI3MOM 3 IM(]POBI3alli€l0 MUTHUX MPOIECIB, Y TKOMY
JIO/ICBKOI Tpani crae aepani MeHme. L{inkoM npubpatu JIIOACHKY Mpalo MOKM 10 HEMOKJIHBO,
X04a JI0 IIbOT0 i MparHyTh, 00 € QyHKI1, SKi HEMOXJIMBO J103BOJIMTH BUKOHYBAaTH pob6oTy. Tepmin
1M(poBa MUTHUIIS CKIIAJAETHCS 3 BUKOPUCTAHHS 1H(MOPMaIIHHO-KOMYHIKAIIHHUX TEXHOJOTIH, 0a3
JAHUX, XMapHUX TEXHOJIOTiH, MO€AHYIOUM IH(OpMAL0, OJepXKaHy LUIAXOM TEXHOJIOTIH
e ——
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€JIEKTPOHHOI MHUTHHUII, a TaKoXX riobanbHOT Mepexi [HTepHer, 3MI Ta CTITBPHUKOBHX MEpPEK.
3aBISKM TEXHOJIOTISIM MHTHHUIIl YHHMKAIOTh BEIMKOI KUIBKOCTI TMamepiB 70 EeJIEKTPOHHUX
JOKYMEHTIB.

OKpiM €JIeKTPOHHOTO JOKYMEHTOOOIr'y Ha KOpAOHaX y 0ararb0X KpaiHax 3aCTOCOBYIOTHCS
ABTOMOOUTBHUN PEHTICH, SKHWA JIO3BOJISIE BUKIIOYATH PYYHHH OTJISA, a TaKOXK IEpeBE3CHHS
KOHTpabaHIM Ta TOBApiB, IO HE BIAMOBIAAIOTH JOKyMEHTamii. SIKII0O BUHHUKAE CIIipHA CUTYAIisl y
CIpaBy BCTYMAIOTh MPAIIBHUKYA MUTHHUIII 1 3/IIHCHIOIOTH IIOBHUI OTJISIT TPAHCTIOPTHOTO 3acoly (T3).

B Vkpaini i MUTHHMI KOPIOH IyXe BiIpPIi3HAETHCSA BiJ Cy4acCHUX CBITOBHX CTaHJIAPTIB.
OcHoBHa po0OTa TAaKOX BIMOYBAETHCS IIJISIXOM IEPEBIPKM TANEPOBUX JOKYMEHTIB, IO 3HAYHO
MIABUIIYE Yac TIPOXOJYy dYepe3 KOpaoH. IIoro/uKeHHs JOKYMEHTIB Ha BBE3CHHS Ta BHUBE3CHHS
BAaHTaXIB B1I0yBa€TbCAd B PYYHOMY pPEXHUMI, XOua 3allOBHEHA JAEKJapallisl TaKoX HaJCHIIA€ThCS
3a3/aJerip.

€muHa mudpoBianis y YKpaiHi BUIIIAJa€e SK 3HATTA BIIOMTKIB maibiiB. Llg ymoBa €
000B'I3KOBOIO 1 I BOJIIB, SIKI IPOBO3STHh BaHTaX, 1 JJIS MPOCTUX JIOACH, K1 MEPETHHAIOThH
KOPJIOH.

Sxmo roBopuTH mpo YKpaiHy, TO TEpEeBE3CHHs BCEPEAMHI KpaiHW 3HAXOMATHCS B TPOXHU
Kpamiomy IMoJI0KEHHI, HXK MDKHApOIH1 JJOCTaBKH, aJjie BCE OJHO BOHHU JIAJIEK] Bl JOCKOHAIOCTEH.

BaHTakHe TpaHCTOPTHE CIIOJy4SHHS OJHE 3 HAWIOPOKYUX y TPAHCIOPTYBAHHI, aje MpH
bOMY HaWmBHAME. Taky IOCTaBKYy MOXYTh COOl JIO3BOJMTH TUIBKM BEIIMKI KOMIMaHIi, sSKi
3aMOBJISIIOTH BEJIMKI MapTii a0o Ti, /711 KOTO Yac JOCTABKH BAKJIMBIIIUHN 32 TPOIIOBI KOIITH.

3akpuBarO4M KOPAOHHM Yy BCIX KpaiHax, Pi3KO MOTIPIINAIIOCS TPAHCIOPTHE CHOJyYeHHS, y
NEeSIKUX KpaiHax, TaKuX sSK HIMEIbKa aBialipOMHUCIIOBICTh MPAKTHYHO 3YMAHUIACS, CKOPOUCHHS
MepeBe3eHb SIK BAaHTAXKHUX, 1 MACAKUPCHKUX 3MEHIIWIOCA Maibke 96 BIICOTKIB MPOTH MUHYIIHM.
HalimBuamuii TpaHcrmopT MO AOCTaBI BaHTaXIB BUSBUBCS HEIOCTYHMHUM JJIs MiAIPUEMCTB,
MIIIa09M UM TTPOCTO1 y pOOOTI JAep)KaBHUX MIANPHEMCTB BIHCHKOBOI MPOMHUCIOBOCTI Ta PI3HUX
MaJIuX MAPUEMCTB.

Benukoro mpo6iiemMoro € e i Toi ¢akT, M0 Ha JaHOMY €Talll HEB1IOM1 TEPMIHU BHPIIICHHS
cutyaiii, mo ckiaanacs. [IpubGnu3Hi MPOTHO3M TMOCTIMHO BIIKIAMAIOTHCS, IO 3aBAA€ CEPUO3HUX
¢inancoBux BTpar. Oprasizaiii pi3HHX KpaiH TOJAOTh MNPOXaHHS [EPKaBHUM CTPYKTypam
nocabyieHHs 00MeXyBaJIbHUX 3aX0/IIB.

3apa3 mnpu crnpobi TEpeHECTH BUPOOHMIITBO KOMIUIEKTYHOUHMX J0 ce0e J0/I0MYy,
ABTOBUPOOHMKH 3ITKHYJIUCS 3 THUM, LIO0 BUTPATH HA JIOTICTMYHI MOCIYrd, a Tak caMO Ha 4ac
BUTpaueHU Ha niepeoOIalHaHHS MAMPUEMCTB HE JTOIUIBHO, 1 Oy/e JemeBIe OmIaTUTH MPOCTid y
BUPOOHHMIITBI BTPATHBIIN KUIbKA COTEHb MUILMOHIB, HDK BTPATUTH KUIbKa MUIbSPIIB. 30yAdyBaTH
KUTbKa HOBHUX MIINPHEMCTB. 3a sKi Hajgami Tpeba Oye criiauyBaTH MOJATKH Ta IUIATUTU BEIIUKY
3apo0iTHY miaTy cniBpoOiTHUKaM. Came TOMy 3apa3 yci LIyKaloThb PIIICHHS, SK BUWTH 13 Ii€i
CHUTYaIlii.

JlebiTopchka Ta KpeAMTOPChbKAa 3a00ProBaHOCTI € IPoOJIeMOIO, sSKa  3aBKId Oylia
aKTyaJIbHOIO I PI3HUX KommaHid. J[eOiTopchka 4M KpeauTOpchKa 3a00proBaHICTh OpraHi3airii
HaWyacTille BUHUKAE BHACIIJIOK HEBHUKOHAHHS JIOTOBIPHUX 3000B's3aHb OJHIET 31 CTOPIH Tepen
iHImor. Ha 3aranpHuii cTaH mignpueMCTB TO3HAYAETHCS KUTBKICTh A€0ITOPCHKY 3a00PTOBaHICTb.

JlebiTopchka 3a00proBaHicTh, IO 3pOCTaE, TSATHE 3a cO0010 KpenuTopchKy. Opranizaiii He
BHCTaYae KOIITIB Ha oIuiaty O6opris. [[s moramenHs crapux 3000B's13aHb OpraHizailii BCTYNarwTh y
HOBI, MM 30UIbIIyIOUM po3mipu OopriB. Tomy mo ans omaatu 3aboproBaHoOCTed MNOTPiOHI
¢biHaHCcH, SKUX 3apa3 HE BHUCTada€ y KOMIMaHIAH Ha BHUA4y 3apoOITHHX IUIAT, aje MpH IbOMY
HIAMPUEMCTBO Mae TMpaloBaTH, TOMY IO BiJA Hei 3ajJexarh IHIII opraHizamii y JaHIO31
MOCTauaHHSI.

Ha niarpumMky Gi3Hecy ypsiJ BUAUISE BEIUKI KOIITH, 1 HABITh Pi3HI 3aX0U HIITPUMKHU. AJe
HE BCi KOMIaHil MOXYTh JO3BOJUTU COOI CKOPHUCTATHUCS AEPKaBHOK MIATPUMKOI, OCKUIBKH HE
MIIXOIATh ITiJT TIEBHI KpHUTEpii. BHACIIIOK YOro Jae0ITOpChbKa Ta KpPEIUTOPChKa 3a00ProBaHOCTI
3pocTaroTh. CUTyallis HUHI MOCHIIOETHCS TI00aTbHUM 30UTBIIEHHSM TOMUTY Ha MPOJOBOJILCTBO.

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 134



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

Hagite HaliMeHIINI 3aXiJl, 0 BIUIMBAE HA BUIbHE TIEPEMIIICHHS JIFO/ICH 1 ToBapiB, Oye 1mie Oubine
HaIpy)KyBaTH INI00AJbHUI POIOBOJIBYMI JIAHIIOXKOK.

VkpaiHa 31aTHa iCHyBaTH CaMOCTIiiHO, 3a0e3nedyroun cede cama. CTOCOBHO CLIBLCHKOTO
rOCIoIapcTBa, B KpaiHi Hemae NpoOJieM, BCe NPALIOE Y 3BUYAMHOMY pPEXUMi, MepeboiB y
IocTayaHHi KOpMiB HeMae. € HE3pYUHOCTI I EBHUX A00aBOK, SKi MOXKYTh JOCTaBJISATH 3 IHIIHMX
KpaiH, ajne ocoONMBHX MpoOJeM Iie He NPUHOCHTh, OCKUIBKM JT00aBKH TAaKOTO pPOJY PIIKO
3aCTOCOBYIOTBCS 1 HE 3aBXKIH €(DEKT IMOMITHHIA.

CBiToBa KpH3a MO3HAYAETHCS HA KOXKHIA KpaiHi MO-Pi3HOMY, BapTO CKa3aTH, IO OJHUMU 3
MOCTPaXIATUX € OpraHizamii, sKi HaJarTh JIOTICTUYHI MOCHyru. JisIbHICTh, SKiH BOHU 3BHKIIA
MIPUCBSIYBAaTH BECh CBIiil 9ac, HE MOXKE MPOJOBXKYBATH IMPAIIOBATH B TOMY X pexumi. KiTbKiCTh
KIIIEHTIB PI3KO CKOpOTWJIAcs 1 MPOJOBXKYE 3MeHIIyBaTuCh. Jlorictuka Oyia rotoBa J0 TaKOIo
po3BUTKYy mojii. HaiOinemie 3apa3 cTpakigaloTh TiI KOMIIAHIl, y BJIACHOCTI YW OPEHMl SKHX €
TpaHcnopT. OpeHja KOLITye TIpollei, BIACHUI TpaHCHOPT TeX NOoTpedye (iHaHCOBUX BUTpAT,
OCKUIbKM MAalllMHU MOBUHHI 3HAXOJAUTHUCS Y CIEUIaIbHUX FapakHUX MPUMIIIEHHSIX a00 Ha MICISIX
JUTSL TTAPKYBaHHS.

3 miei curyarii MokHa Oyiio 0 cmpoOyBaTW BHUWTH 3a JOIMOMOTOIO 3/adi TPAHCIIOPTY B
OPEH]ly THIITUM IIIMPUEMCTBOM, ajie¢ ChOTOJIHI MaJ0 KOTO IIKaBUTh TPAHCIIOPT, KOJIH OOMEKEHHS
MPOITYCKHOT CIIPOMOXHOCTI KOpJoHIB. JloricThuHmii Oi3HeC 3a3Ha€ BEIMYE3HUX 30HMTKIB
MPOJIOBXKYIOYM YEKATH KIHIA eMijieMii 1 MOBHOMAacIITaOHOI BifHM B YKpaiHi 1 TpaIonudd 3
KJII€HTAMH, 10 3aTUIINIIACS.

Ha panwmii MOMEHT mJis BITHOBIICHHS pIBHOBAru 1 craOimizamii CUTyallii, o CKJajacs,
MOTPIOHO BUPIIIUTH HE OJTHE 3aBJaHHS 3 YCIX 00paHuX, a BUPILIYBATH iX YCIX pa3oM.

['onoBHOIO MPOOIEMOI0 MHUTHHMIII CTaja HEAOCTAaTHS HU(pOBI3aIlis CHCTEM IPOIMYCKYy Ta
ohOpMIICHHSI JOKYMEHTIB. 3 MeToro 1udpoBi3aiii mOTpiOHO BBEIEHHS EJIECKTPOHHOTO
JOKYMEHTOOOIr'y Ta OmIsAy aBTOMOOUIS. Y €Bpori 06araTto KpaiH IepedIlId Ha YacTHHY ITUX
3aXOIB ISl TOTO, 100 3apa3 BIACTEKYBATH BC1 BaHTaXI, IO MOTPAIUIIOTH Ha TEPUTOPIIO KpaiH Ta
MIHIMI3aIli}0 Yacy Ha IIPOXOKCHHS MUTHHX ITOCTIB, TOTPiOHA ITOBHA ONTHMI3AIIis.

Jlnst oopMITeHHS TOKYMEHTIB y PI3HMX KpaiHaxX ICHYIOTh CBOi HOPMHU Ta CBOi JIeKJaparlii.
[Iporpama Ha Tenedoni abo 3aranbHa mporpama B IHTEPHETI JO3BOJIUTh, 3aMIIOBIIA HAa OJUH CAMT
3pOoOHUTH Ta 3aBaHTAXXUTH B 0a3y aBTOMOOLIL Ta BOJIA, SKHH KEpPYyE TPAHCIIOPTHHM 3aCO00M.
[TomanHs 3asBU, Ackiapallii, a TakoXX CIHCOK YCiX JOKYMEHTIB OyJe HaJaHO Ha CalTi abo y
JOoAaTKy, IiI'DKIKAIOYM 10 KOPIOHY BOJIA ab0 Kepyroda IIIMPUEMCTBO 3MOXE HAJICIaTH 3a
KiTbKa TOJIWH JOKYMEHTH Ha OOpOOKYy B €JIEKTPOHHOMY BWIJISAI, IO JO03BOJIUTH 30€perTu
JOPOTOIIIHHKUK Yac 1pu 00poOIli JaHHX.

OO6'ennanns 0a3u JaHMX BCIX KpaiH HEMOKIIMBE 3 MOJIITHYHUX MIPKYBaHb, pPO3poOKa JaHOi
IporpaMyd HE IIOBHHHA JISTaTH Ha OJHY KpaiHy Ui 3a0e3meueHHS MiHIMI3alil IOJITHYHHX
KOH(QUIIKTIB KOXKHa KpaiHa MOJKE B3STH 3a OCHOBY 3arajibHy 0azy a00 CTBOPUTH CBOK. Takum
9iuHOM, HU(POBI3yIOUM 0a3y JaHUX MOXKHA YHUKHYTH 0araTOKUIOMETPOBHUX MPOOOK 1 COTEHBb
HEPBOBUX BOJIiB.

Hactynmuum kpokoMm y mudpoBizallii MUTHUX MOCTIB € MpooiieMa, 3 1Kot cTukaroThes 100%
BOJIiB, 11€ OIJIsIJI aBTOMOOLIA, 4acoM Iie 3aiiMae KilbKa FOAMH JUIsl TOTO, OO NMEpEeBIPUTH, YU €
3a00pOHEH1 peYOBMHM UM KOHTpabaHja.

pyroto mpobremoro, 3 SKOI 3ITKHYJacs OUIBLIICTh KpaiH, 1€ 3yMUHKa TPaHCIOPTHOTO
cronydeHHs. KOpIoHM 3aKkpuTi, JOTICTHKA CTpa)KJa€ uepe3 Te, M0 KOJEH BUJl TPAHCIOPTY HE
MOXK€ TMOJIOJIATH CHTYallito, 1o ckiuanacs. [IpocTtou TpaHCmopTy TPU3BOASTH 1O BETHMYE3HHUX
¢dinancoux BTpar. KoxkHa kpaiHa, sika BUpINIWIA 3allPOBAIUTH 3aKPUTTS MPOIYCKHOTO PEXHUMY,
TaKUM YHHOM CIipoOyBana yoe3neunTu ceode.

HudpoBum siBuIIeM MpodIEeMU MOXKE CTaTH po3poOka 0coOIUBOi mporpamu. Sk BigoMo, Ha
CHOTOJIHIITHIA JIeHb HHU3Ka KpaiH M03BOJIMIIA BUIBHHM B'i3[] HA CBOIO TEPUTOPIIO LTS TIEPEBE3CHHS
BaHTaXIiB, ajie € i Ti, XTO 3alPOBAJIUB J03BOJIH 3 HU3KOI YMOB, JI0 SKHX BXOAWTH T€, IO B KpaiHy
MOJKHA B'ixaTu He 3 Oyab-akoi kpaiHu. KokHa kpaiHa BiIKpUBa€e CBO1 KOPAOHU JIMIIE THM, KOTO

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 135



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

BBakae Oe3nmeunnMu. II[06 He BiamITOBYBaTHM NPOCTOI TPAHCIOPTY Ta BaHTaXy Iporpama
MPOKJIAJaTHME MAapIIpyT, SKWA AOCTYMHUNA came 3apas. llporpama nmiiTuMe 3a MPUHIUIIOM
HaBiraTopa /Ui NPOKJIAJAHHS BUTIHINIOIO MapIIpyTy 3 ypaxyBaHHSM 30BHINTHBOMOJITHUYHHX
JAHHX.

KpiM 115010, Y IporpaMmy MO’KHA 3aBAaHTKUTHU JCKJIApallito JUIs MPOXOHKCHHS KOPJOHIB Ta
Hazgicnatu. [licns mpuizmy aBTOMOOLTS KOKHA MEKa MaTHME y CBOid 0a3l JaHWX 3allOBHCHHMA
JOKYMEHT, BOJII€B1 3aTMIIUTHCS JIMIIIC TIOIATH JOKYMCHTH Ha MAlllMHy Ta HOTO OCOOMCTI.

Po3poOka monibHOT cMCTeMHU 3MOXE TPOXH CTaOLIi3yBaTH CUTYAIIIO JUISI aBTOMOOUILHOTO
TPAHCIIOPTY.

Hacrynna npo6iiema 1moB's3aHa 3 po3pHUBOM Y JIAHIIOKKY ITOCTa4aHb. BUIBIIICTh CepeaHix 1
BEJIMKUX 3aBO/JIIB, OPTaHi3alliil 3BUKJIM 3aMOBJISITH BCe HEOOXITHE Y 3aKOPJIOHHUX MOCTAaYaJIbHUKIB,
OCKUTBKH II¢ HabaraTo BUTIIHIIIE, HDK pOOWTH 3aMOBJICHHS Yy CBOill KpaiHi, ajie pid y Tomy, IO
3apa3 e CTaJl0o HEMOXJIUBUM. [linnmpueMcTBa MOYMHAIOTH BIZICTaBaTH BiJl 3allJIJaHOBaHUX Tpadikis,
JIOTICTUKA HE MOJXKE JIOCTABIIATH CHPOBHHY Ta MaTepiadl TOYHO BYACHO, II€ TIPU3BOIUTH JIO0 3aCTOIO
y BHUpOOHHUUTBI. XOpOLIOTO NOCTadaJlbHUKA 3HANTH CKJIAaJHO, OCOOJIMBO SIKIIO € TOM, 3 SKUM
HaJIaroJHKEHO OaraTopidaHy poOoTy.

JIOCHTB XOpOIITUM PIllICHHSIM MOJE CTaTH Iporpama, 1o BKIIOYAE 3araibHy 0a3y nanux. J1o
Hel BXOJIATh yC1 MIAMPUEMCTBA Ta oprasizailii 3 Oyab-sakux cdep KuTTsA. baza naHux cKiIamaeThes
13 oprasizailii, o 3HaXOAAThCS Ha TEPUTOPIi OJHIET KpaTHH.

3axo/s149u B MPOrpaMy y BIKHO, MOXKHa BIucaTtu cepy, ska IikaBuTh. [Iporpama BHIaCTh
IMIUPOKHUH TepesTiK OUTbII KOHKPETHUX 00JIacTel, MepexoIauu B MEeBHY, Oy/ie BKa3aHO BECh CIHCOK
oprasizailiif, mo HaJarTh AaH1 MOCIYTH, iX KOHTAKTH Ta BCS HEOOXiaHa 1HMOpMAITis.

Lle#t caiit Mmoxke OyTH KOPHUCHHM JUIsl OaraThOX opraxizailiii. BoHM 3MOXXyTh 3HAWTH TigHY
3aMiHy I TOTO, 00 HE TepepuBaTH POOOTY I Yac maHAeMii. 3BHUalHO K, 1€ MOKE BUSBHTHCS
BUTPATHUM pIIICHHSAM Y TUTaHi (iHAHCIB 1 9acy, OCKUIbKH IOCTaBKH 3-3a KOPAOHY MOXYTh OyTH
JENICBITUMH, a e ¥ 4Jac Oy/lno BHUTpaueHO, ajie 1€ HE CKacoBye TOro (akTy, IO opraHizaiii
3MOXKYTh MPOTPUMATHUCS Ha INIAaBYy SKUHCHh Yac. ByayTh 1 T1 KOMIaHIi, Ki 3MOKYTh 3PO3yMITH, IO
BITYM3HSIHUN BUPOOHUK MaTepialiB TEX MOXe OyTH JTOOpHUM 1 BUTITHUM, TOX 1 MICIS 3aKiHYCHHS
BCIX 3200POH BOHU 3aJIMILIATHCS XOPOIIUMHU MapTHEPAMH.

JleGiTopchKl UM KpEeAUTOPCHhKI 3a00proBaHOCTI pOOJISATH Oprafizamii 3aJCKHUMH Bif
3pocTtaHHs ¢iHaHCOBHUX 3000B's13aHb. KilieHTH HE MaTsATh BUPOOHUKY 3a MOTO TOBap, BUPOOHUK HE
MOJKE€ CIUIATHTH JIOTICTUYHIA KOMIaHIi 3a HaJgaH1 IMOCIIYTH, a JIOTICTUYHA ITiIAIPHEMCTBO 3aTPUMYE
OIUIaTy OpraHizamii, sika HaJana TPAHCHOPT Ta MOCIYTH BOJIS, a TPAHCIOPTHUKU HE MOXKYTh
BUILIATUTH 3apOOITHY IUIATY BOJISM 3a IEPEBE3CHHS.

Takuit GoproBuii JTaHIIOKOK MIPU3BOAUTH JI0 Kpaxy, BCl CTOPOHU JAHIIIOKKA MiIPAXOBYIOTh
XTO KOMY 1 CKUIbKH BUHEH, CIOJIBAIOYKMCh HA YYWHICTH 1 pO3YMIHHS, ajie HIYOTO HE BigOyBa€ThCA.
KoxHna «mocTpakmana» opraHizaiis HamaraeTbCs ¥ HaAajl 3aiiMaThcs CBOEIO JISUTBHICTIO Ta
MOKPHUBATH YaCTHHY OOPriB, ajie 3a00proBaHOCTI HE MPUIHMHAIOTh 3MEHIIYBATUCh. JIeXTO MOoYHUHAE
PO3yMITH, 1110 6€3 KpeAUTHUX MO3WK BUOPATHUCS 13 CUTYallil Oyae CKiagHo. 3poOHBIIH OTEpallito Ta
BUILIATUBIIN 32 paXyHKaMH, BOHU TaKO POCTYTh, L0 MPU3BOAUTH iX 10 OAHKPYTCTBA.

Po3pobnena mporpama J0NOMOKE KEpIBHMKOBI BiJCTeXXyBaTh (iHaHCOBI mpobieMu
CaMOCTIHHO B peabHOMY yaci. 3 1i 1omomMoroo 6inblwe He Tpeba Oyae MOCTIHHO 3BepTATUCS 10
OyxranTepii 3a aKTOM 3BIpKH, Bce MOXHa OyJie eperyisigaTu caMOCTiHHO.

3aBASKH PETYJISIPHUM OHOBJICHHSM IMIPOTpaMU, KEPIBHUK MIiAIPUEMCTBA TaKOXK MOXKE
NEepPEeryisHyTH JepKaBHI MPOMO3MILIi 11070 BUIUIATH 3a00proBaHOCTEN Ta 0opa3y 3a HEOOXIIHICTIO
HAJIICJIATH iX JI0 €JIEKTPOHHOTO JOKYMEHTOOOIrY.

l'oBopsiun mpo VYkpaiHy, BapTo 3rajatd TOW (akT, M0 HECIIATH Ta MPOCTPOUYEHHS 3a
JOTOBIPHUMHU 3000B'SI3aHHSIMH € CIIPaBAl Cepiio3HO0 TpobiemMoro. He BCi TpaHCTIOPTHI KOMIIaHI1i
3/1aTHI 31iicHIOBaTH Nisu1bHICTB 3 100% mepemonnaTi, OUIBILIICTD Y yMOBaX PUHKOBOT €EKOHOMIKH Ta
KOPCTKOT KOHKYpEHI[ii 3MYIIIeHI MpaIfoBaTH 3 BIACTPOYKAMHU IO IJIaTeXaX. 3a PaxyHOK I[OTO
3'ABNSETbCA OaraTo oprasizailiii, siki BBaXKaroTh, IO OIJIATy 3a JIOTICTMYHI MOCIYTH MOJKHA 1
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BIJIKJIACTH, HE3BAXKAIOUM Ha CTPOKH. € HU3KAa 3aMOBHUKIB, SKI HAKONMUYMBINK BEJIHKI OOprU Y
PI3HUX MiAPUEMCTBOX OTOJIOIIYIOTH ce0e OaHKPyTaMM Ta CHOKIMHO 3aKpUBAIOTh Oi3HEC. Y TaKux
BHITJIKaX TPAHCIIOPTHI KOMITaHii HE MOXYTh CTATHYTH OOPTH.

Bupimensas nmpobiemMu Mae 3HANTH HECIOMIBAaHWM MOBOPOT - 3aKOHOJABYE MiIKPIIUICHHS.
Jlns 3axucTty 000X CTOpiH Bif OOMaHy Ta HECIUIATH IOCIYr MOTPIOHO BHECTH IPOIIO3HUIII0 Ha
3aKOHOJIAaBYOMY DiBHI IIOJO y4acTi B YroJi TpeThOi He3alikaBieHOi cTopoHH. Lli€ro cTopoHOIO
BHCTYyIaTUMe OaHK, y SIKOMY BIIKPUTO «ECKPOY-paxyHOK». CyTh JAaHOTO MPOEKTY MOJISITAE B TOMY,
[0 3aMOBHUK IEpEKa3ye KOIITH 3a MEPEBE3CHHS BAaHTAXKY HA PaXyHOK Yy OaHKY, 3 IOTO PaxyHKY
HEMOJXKJIMBO 3HATH KOIITH HE OJHIEI0 31 CTOPIH JOKM HE OyayTh 3poOJieHI BCi JIOTOBIpHI
3000B's13aHHS MIOJI0 TIEPEBE3CHHS BaHTaxXy. JlaHi rpomri He MOXYTh OyTH BHKOPUCTaHI OaHKOM JIsI
3/IMCHEHHSI BJIACHUX OIllepaliii BHACIIAOK YOTO BIACOTOK Ha II KOIITH HE CTATYETbCA 1 HE
HapaxoByeThcs. [licis TIATBEp/KEHHS YroAu B EJIEKTPOHHOMY BHUIJISAI 000X CTOpIH Tporii
MEePEPAXOBYIOTHCA JIOTICTUYHOIO KOMIIAHIEIO, 10 HAJa€ TMOCIyrd. SIKIo BUHUKAE KOHQIIKTHA
CUTYyaIisl MDK CTOPOHaMH, TO POl NEPEPaXOBYIOTHCS OJIHIEIO 31 CTOPIH JIMILIE 32 PILIEHHSM CYAY,
y pa3i HEBUPIIIEHOTO KOHDITIKTY.

TakuM 4YWHOM, TIPOBIBIIM aHaNi3, CTa€ BHUJIHO, YacTHHA ITIMPUEMCTB, OpPTaHI3aIliid,
NSUTbHICTh SIKUX paHilie Oyna copsiMOBaHa Ha JIOCTaBKY BaHTaXy BEIMKMMHU MapTiIMU Ta
O0COOJIMBUMH PO3MIpaMU JIJIsl TIANPUEMCTB Ta KOMITaHIM BUPIIIMIIA TITH y TIEPEBE3CHHS APiOHOTO
ToBapy s Gi3UYHMX 0Cci0. BoHM 3aBaHTaXyIOTh y MalllMHY TOBapH Ta PO3BO3SITH J0J0MYy. Jleski
BOJIII MPUBO3STh BaHTaXX HE JI0JIOMY, a JI0 CHellaJbHUX MYHKTIB BUJaul. Y YKpaiHi NpHKIajaMu
MOIIOHMUX TYHKTIB € BEJIWKI MeTajeBi «madu» 3 IBEpIsATaMH KaMmep pi3HUX po3MipiB. JlronuHa,
MIXOIIYu J0 TMYHKTY Buaadi, caHye QR-kon abo BBOIUTH HOMEpP 3aMOBJICHHS, IICIS YOTO
noTpiOHa KabiHKa BIIKPUBAETHCS ISl BHUIYYeHHS BMICTy. Lli myHKTH po3TamoBaHi y TOPTrOBUX
[IEHTpaX, Mara3uHax Ta HaBiTh OaHKaX.

Pi3Hl kpaiHu moyanud BHUpOOJSITH 3acO0M 3aXHUCTy I MPOAAXy Ta Ui T'yMaHITapHOI
JIOTIOMOTH, BIIMpaBJsiOYMd TOBAap Ha EKCIOPT, HA JOTIOMOTY MpUIIia JoricTuka. JloricTuyHi
KOMITaHil peryisipHO HaalOTh TPAHCHOPT IS IIEPEBE3CHHS BaHTAXy IO PI3HUX KpaiH, 1 1A
TISUTBHICTE HaOupae o0epTiB. 3MIHIOIOYM CTpATerilo, JIOTICTUYHA OpraHizaiis HaOyBae HOBOIT
Oi3Hec-mozeni. BoHa 3MIHIOETBCS MIOpa3y, KOJIU KEPIBHUITBO IIANPHEMCTB, OpraHi3alii BHpIIIye
MIPUBHECTH y AISUTbHICTh IIOCHh HOBE. SIKIIO pillleHHSAM OyAe IEepeOopieHTAIIEI0 HAa HOBI CIOXHBYI
pUHKH, y OI3HEC-MOJelli 3MIHUTBCS KaHaldu 30yTy, MapTHEPH, CIOXHBadi Ta OaraTo IHIIOTO,
3QJICKUTHh Bl TOTO, SK BHUIJIAIAda MOJEIb Yy IOYaTKOBid Bepcii. ['Hyuka-0i3Hec-Mojenb B
oprasizaiiii, e 3amopyka 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, SIEDIIP 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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VIIK: 631.153:656.13

IH/IBUIIIEHHA EOEKTHBHOCTI BUKOPUCTAHHA
TPAHCIIOPTHHUX 3ACOBIB B AI'POIIPOMHC/IOBOMY BUPOBHUILITBI
3ACTOCYBAHHAM JIOT'ICTHYHUX METO/]IB

A.M. 3aiines, acn,

B.B. Ayuain, npod., 0-p mexu. Hayx,

C.B. Jlucenko, 0oy., Kano. mexw. HayK

Llenmpanvroykpaincvkut HayioHAIbHUN mexHiyHul yuigepcumem, M. Kponusnuyvkuu, Yxpaina

Crenncika TpaHCIOPTY B arponpomucioBoMy BupoOHUNTB1 (AIIB) monsirae B Tomy, 1o BiH
SIBJISIETHCS] HE TUTBKHU TATY3310 TTOCIIYT 10 MEPEMIIIEHHIO MPOAYKIIii, a i mpuiiMae 0e3mocepeiHIo
ydacTh B Ipoliecax BUpOOHUIITBA CUIbCHKOIOCTIOAAPCHKOT MpoaAyKIii . TpaHcopTHI Mpo1ecH B
AIIB 3aitmarots 6u1s1 30% ycix BUAIB poOIT IO BUPOILYBAHHIO CLIBCHKOTOCIOIAPCHKOT MPOTYKIIII.

AIIB xapakTepu3yeTbCsl CE30HHICTIO, @ CaM€ HEPIBHOMIPHICTIO MEPIOIB MPOCTOIB 1 MIKOBUX
HaBaHTaXEHb 1S bpaHcopTHUX 3aco0iB (T3). Tomy 11e MOBUHHO OyTH BpaXOBaHO MpPU BUOOPI
TpaHcnopTHOi ctpaTerii B AIIB. HepiBHOMIpicTh piuHOTO 00'eMy TpaHcnopTHHUX pooiT B AIIB Ha
npukiani TOB «Arpodipma im.. SIHOBChKOTO» 300paxeno Ha Puc.1.
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-=-06'em nepeBe3eHb npoaykuii TOB "Arpodipma im. AHOBCbKOro

Pucynok 1 Piunnii 06'eM miepeBe3eHb CLIbCHKOTOCTIONAPCHKOI MPOMYKIIii ¥ BicoTkoBOMY BupaskeHHI Ha TOB
«Arpodipma im.. AHoBcrKOTO» C.l'omybieBuui, HoBoykpaincekuii paiion, KipoBorpaaceka o0macts

Edexrusnicts Bukopuctants T3 B AIIB (Ex) — 11e KOMIUIEKCHHIA TTOKA3HUK €KOHOMIYHOCTI,
€KOJIOTIYHOCT1, eprOHOMIYHOCTI, IPOAYKTUBHOCTI, HAAIHHOCTI, MAHEBPEHOCTI 1 MPOXIAHOCTI, a
Takox 6e3neyHocti T3.

OcHoBHI KpuTepii epeKTUBHOCTI BAKOPUCTAHHS TPaHCIIOPTHHX 3aco0iB B AIIB BKiIH0O4arOTh:

— ekoHoMmivHicTh (E1): PiBeHb BUTpaT pecypciB Ha OAWHUIIO BUKOHAHOT TPAHCIIOPTHOT
poOOTH (HampuKIIaa, BUTpaTa NajiiBa HA TOHHO-KUJIOMETp, COOIBAPTICTh NMEpEeBE3EHHS TOHHU
BaHTaXYy);
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— exoutoriuHicts (E2): PiBeHb HEraTMBHOTO BIUIMBY TPAHCIIOPTHUX 3aCO0IB HA HABKOJIHUIITHE
cepeoBuIe (BUKUIU IIKIUIMBUX PEUYOBHH, PIBEHB IIYMY);

— eproHoMiuHicTh (E3): Ctyninb 3py4HoCTi, 6e31meku Ta GyHKIiOHATbHOCTI T3 un
TPAHCIOPTHOT CUCTEMH JIS1 JIFOJMHH, MIHIMI3YI0UH (i3UUHE Ta ICUXOJIOTYHE HABaHTAXKEHHS,
MiIBUIYIOYH €(DeKTUBHICTH Ta 3HIKYIOUM PU3HK TOMUJIOK;

— npoayktuBHicTh (E4): OOcsr BUKOHAHOT TPAaHCIIOPTHOT pOOOTH 32 OJMHUIIIO Yacy
(HampuKIIa, TOHHO-KUIOMETPHU Ha TOJMHY, KUIBKICTh IIEPeBE3EHNX BaHTAXKIB 32 3MIHY);

— Haxiinicts (E5): 3aatnicTs T3 BuKkoHyBaTH cBOT (DyHKIIIT €3 BIIMOB Ta MPOCTOIB
MIPOTATOM 33JIaHOTO MEePioTy Yacy;

— MaHeBpeHicTh Ta npoxiaHicTh (E6): 3natnicts T3 edexTrBHO npaioBaT B pi3HUX
JIOPO’KHIX Ta MOJIbOBUX YMOBAX, XapaKTEPHUX ISl CUTbCHKOTO TOCIIOIapCTBa,

— 6e3neunicTh (E7): Kommieke Ta cuctema mpaBmil, 3aX0/1iB 1 3ac00iB, SKi CIIPSIMOBaHI Ha
3aXUCT 1 30€peKEHHS KUTTS 1 30POB'S] yYHaCHUKAMH JTIOPOKHBOTO PYXY.

BpaxoByroun BuIlle3a3HaueHe, OKA3HUK 3araibHOT eekTuBHOCTI (Ex), BU3HAYAETHCS
BHPA30M:

Ez =E1'E2‘E3'E4'E5'E6'E7=HEi (1)
i=L

3‘sacoBaHo, 10 MIABUIIEHHS e()eKTUBHOCTI BUKOpPUCTAaHHS T3 MPU3BOANUTD 10 3HIKEHHS
c001BapTOCTI CLITLCHKOTOCTIOIAPCHKOT TPOAYKITii, ONTUMI3AIIi] JIOTICTUYHHUX MPOIIECIB, 3SMEHIIICHHS
€HEeprocroXUBaHHs Ta MIIBUILIEHHSI KOHKYPEHTO3JaTHOCTI MiANPUEMCTB arpornpoMHUCIOBOTO
komruiekey (ATIK).

Ha ocHOBI pe3ynbTatiB 1OCTIKEHD O0YII0 3aITPOIIOHOBAHO KIacH(IKAI[iI0 JTOTICTUYHUX
METOIIB migBuineHHs epekruBHOCTI BukopucTtanus T3 B AIIB (Puc.2).

[ Kaacudikauis Joricruanux MeroliB miBuieHns epexruBHocti Bukopucranus T3 B AIIB ]
v 12 . _ 2 _ 12
R YZIOCKOH?HEHHH [TinBuIIEHHS TKOCTI T
93BHTO}( oprasisarit TUIaHyBaHHS 1 eKOJIOMIYHOT 1
MatepianbHOi 6a3n TPAHCIOPTHOIO BaHTAKHUX TPAHCTIOPTHOT GeaTiekn
320 e3MeYeHHS TIEPEBE3CHb

OHOBJIGHHS! NTAPKY Orramizanis crany IlinBrments TourOCTI Minimizanis HaCTiIKiB
XOMOTO CKJI - Po3paxyHKiB 06'eMiB i By T3 Ha
py. any mapky i crpyktypu T3 o
rpaQikis nepepeseHb HABKOIMIIHE

>
CepeIoBHIIe
ViockoHaleHHs OO6rpyHTYBaHHS OOrpyHTYBaHHS
cucremu TO i parioHaTbHUX GOpM i ONTHMATbHAX MiHiMi3allis HACTIAKIB
pemonty T3 > TEXHOJIOTi i MapupyTis pyxy T3 BIUIMBY BaHTaXiB Ha
T S BHKOpUcTaHHs T3 HABKOJIMIIIHE
; N e e G o T T —
OKpAIICHHS yMOB OOrpyHTYBaHHS CepeloBHILE
%omlmemm i OO0rpyHTYBaHHS; 00'emiB i rpadikis
36epiranns T3 AIiOHATBHIX (OPM
g HANBHIX (op N pecypeHoro 3a6e3neueHHs TpaBuII
- — prasisaill 1 onaTu 3a0e3neyeHHs
Pauionanizams e ekcrutyaranii T3
iH(pacTPYKTypHOTO P ‘;IHC;_? gg:nx
3a0e3MeueHHs Minimizawis NI
TPAHCTIOPTHHX IIPOCTPOIB i XONOCTHX  Pospobka ) 3alesneuenHs Oesneku
Tporecis npoBiriB TpaHCHOPTY ATBTEPHATHBHIX npani BOALB
S T > cueHapii opramizamuii
o UIBAILCHHA TPAHCIIOPTHHX JloTpuMaHHs peKuMy
30€epesKeHHs BaHTaXIB 1porecis npaui i Bimo4YuHKy
—>| 11X CIOXKUBYHX BOJIIIB
sIKOCTel mij yac OriHka
[1ePEBE3CHHsI ATBTEPHATHBHIX 3abecneueHHs
P BapiaHTiB JIOTPHMAaHHS TTPaBUII
O KNI \__Bukopuctanus T3 ) TIOPOKHBLOTO PYXy
TPAaHCIOPTHOT
N =Y S
JIOTICTHKH O6rpyHTyBaHHS
CXEMH PO3MiLIEHHS
Bukopucranus —>| TPAHCIIOPTHHX
Cy4acHHX Tinpo3LTiB

iHpOpMariHHIX
TEXHOJIOTi B
yIpaBiiHHi
TPAHCIIOPTOM

Puc.2 Knacuikais JTOTiCTHYHAX METOIIB TiABUIICHHS e€()eKTUBHOCTI BUKOPUCTAHHS TPAHCIIOPTHHX 3aC00iB B
arpoIpOMHICIOBOMY BHPOOHHIITBI

Taxkum yMHOM, TPOBEAEHI TOCIKEHHS MMOKA3aJIH, [0 3aCTOCYBAHHS JAHUX JOTICTUYHUX
METO/IIB 3aJIeXKUTh Bia cnenudiku 1 po3mipy nianpuemcta AIIK, HasBHUX pecypciB Ta IHIINX
¢dakropiB. KoMmrnekcHui Miaxia MoeIHy0OYH JTOTICTUYHI METOAU, JO3BOJISE ICTOTHO MiJBUIIUTH
edpextuBHicTh Bukopuctanus T3 B AIIB.
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BILTUB BEJIHYHHH THCKY POE0Y0I PITHHH HA HAJIHHICTh
MEXATPOHHOI TINTPOCUCTEMH HABAHTAKYBAJIbLHOI' O
OBJ/IA/THAHHA CMITTEBO3IB

A.A. BoBk, cm. ep. AT-22MbB

P.1O. Peunubkmii, cm. ep. AT-22Mb

B.B. TuBopcbkmii, cm. ep. AT-22Mb

J.B. T'ony®, xano. mex. nayx, ooy.,

B.B. AyJin, dokm. mexu. Hayk, npog.

Llenmpanvroykpaincokull HayioHabHUN mexHivnuil ynisepcumem, m Kponusnuyoxuu, Ykpaina

MexaTpoHHI CUCTEMH TPAHCIIOPTHUX 3aCO0IB MOTPEOYIOTh PETENLHOTO aHalli3y BIUIUBY
pI3HHX Ipym (aKTOPIB ISl MiBUIICHHS 1X HAMIHHOCTI Ta eeKTUBHOCTI QyHKIIOHYBaHHS [1-5]. V
CMITTEBO3IB 3 O1YHUM 1 33JHIM 3aBaHTAXEHHSIM I1€PEBAXKAIOTh HECIIPABHOCTI T'JIPaBIIIYHOT CUCTEMU
[6, 7]. Lle moB'si3aHO 3 THM, IO TIPH MiTHOMI BAaHTaXIB, Maca SKHX MEPEBUIIYE TPAHNYHO
JOTIYCTUMY, B TIEPIITY YePT'y HABAaHTAXKCHHS JJOBOJUTHCS HA TIPOIMITIHAPHU. Takox BiOyBaeThCs
PO3pUB LIJIAHTIB, PyKaBiB BUCOKOTO THUCKY. 3a pe3yJbTaTaMi CIIOCTEPEKEHb BU3HAUEH1 CTPYKTYpa 1
HaNUOUIBII YacTl XapaKkTepH1 MPUUYMUHU BiIMOB:

1. INippaBniyne oOmagHAHHS CMITTEBO3IB!

1.1 rigpaBniydi uuniaapu (35 %): 3HOCH MaHXET, YIIUIbHEHb, IITOKY; PO3PUBHU T'aiioK
KPIIUIEHb MOPIIHS [0 IITOKY; BATUHH HITOKY Ta MEXaHIUH1 MOIIKOKEHHSI,;

1.2 rigponacoc (16 %): 3HOC KOPITYCY 1 IIECTEPEHb; BUTHCKAHHS CaJTbHUKIB; TPIIIIUHKA B KOPITYC;

1.3 TpybonpoBoau 1 manr# (15 %): oOpuBH UTAHTIB 1 3HOC TPYOOTIPOBO/IIB;

1.4 rigpoposnoauibHuK (13 %): 3HOC yIIUTbHEHB Ta 30JI0THUKIB; TPILIMHU B KOPITYCI.

2. MetaneBa KOHCTPYKITIS:

2.1 maniyssitop (14 %): TpILUHM 1371aM CTPUIK; TPILIMHA OCHOBHU; PO3PUBH 3BAPHUX 3'€JHAHB;

2.2 HajpaMHUK, Ky30B (6 %): TpIIIMHY 1 BUTUH HaJpaMHUKa; fedopmallii 1 TpIMHU Ky30Ba.

HeoOximauMm €, Bu3HaYeHHS (aKTOPIB, 1110 BIUTMBAIOTH HA BEJIMYMHY THCKY POOOYOT PIIMHH B
rizpocucTeMi cMITTEBO3IB. Lle mpocTopoBe MoJI0KEHHS HAaBaHTAKYBAJILHOTO O0JIaTHAHHSI ITi]T 9ac
3B@XKYBaHHs, KyT HaXMWIy aBTOMOOLIS BITHOCHO TOPU30HTAIBHOT TOBEPXHI 1 Maca BaHTaXY, 110
nmigHiMaeTbes. Jlo moyaTky riaHyBaHHS €KCIIEPUMEHTY HEOOX1THO BUOpaTH 001aCTh BU3HAYCHHS
(dakTopiB, TOOTO BEPXHIO 1 HIKHIO MEXKY 3MIHU KOXKHOTO (h)aKTOpy B peajbHUX YMOBAX €KCIUTyaTarlii
cMitTeB03y. [Ipu bomy HE0OXiHO OpaTy A0 yBaru yMOBH MpoBeieHHs mporecy. Jlaii B o6macTi
BHU3HAYCHHS BUAUTUTH JOKaJIbHY Min001acTh A1 JOCTiKeHb Ha Qi3nuHiil moaeni. Bulip miei
mi0061acTi CKIaAa€eThCst 3 BHOOPY OCHOBHOTO PiBHS 1 BHOODPY IHTEpBaTiB BapitoBaHHs [ 6].

[IpocTopoBe NMOI0KEHHS HABaHTAXKYBAJILHOTO OOJIaJTHAHHS CMITTEBO3A Mif] YaC 3Ba)KyBaHHS
HaBeJIeHO Ha puc. 1.

1 - rigporuiHAp HA 37aMi CTPLTH; 2 - TIAPOMITIHID VIS IEPEKUIaHHS 0aKy; 3 - rigpormIiHIp
JUIsl 3aXOIUIeHHs; 4 - 0ak; a, b, ¢, d - pobodi TaHKK MaHIMyIsTOpY
Pucynoxk 1 - IIpocTopoBe mooeHHs HaBaHTaXYBAIBHOTO 00JIaTHAHHS CMITTEBO3a IPH 3BaKyBaHHI 0aKy 3
MOOYTOBUMH BiXOIaMHU
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JlocmipKeHHS! TIPOCTOPOBOTO TOJIOKEHHSI HABAHTAKYBAJILHOTO 001afHaHHA HA PI3UYHIH
MOJIEIIi € HEMOXKIIUBUM, & TOMY €KCIIEPUMEHT ITPOBOIUBCS O€3MOCepeTHRO Ha CMITTEBO31 3 OITYHIM
3aBaHTAXXCHHSM BiIXOJIB (puC. 2).

Pucynok 2 - [TonokeHHs1 MaHIyIsITOpa CMITTEBO3Y IMiJ1 Yac TapyBaHHS

O6nacTh BU3BHaYEHHS MiJHOMHOT MacH BaHTaXy, 110 BIUIMBAE HA TUCK POOOYOi pIAUHM B

TAPOLMIIIH/API T1IPOCUCTEMHU CMITTEBO3Y, JIEXKUTH B Aiana3oHi Bix 0 kr 1o 500 xr (puc. 3).
8000

<

= 7000

2

g 6000 4®

o)

E 5000 ==90 kr

g w170 xr

8, 4000

= ==e=250 Kr

~

w 3000 =>=330 kT

) === =0 == =0

A~ 2000 =#=410 kr

%

Q

g 1000 =0=490 xr
0 T T T "

0 0,5 1 1,5 2

Yac, ¢

Pucynok 3 - Jliana3oH TUCKIB poO0YOT PiMHY B TIAPOIIIHIPI T1IPOCUCTEMH CMITTEBO3Y Iifl Yac MiIiHoMy
0akiB 3 TOOYTOBUMH BiJIXOJJaAMHU PI3HOT MacH

MakcumanbHe 0OMEKEHHSI BU3HAYAEThCSI KOHCTPYKTUBHUMU OCOOMBOCTSIMU
HaBaHTAXYBAJIBHOTO MEXaHI3MY CMITTEBO3A 1 BIAMIOBIIA€ MAKCUMAIILHO JIOMYCTUMI Maci migiioMHOTO

BaHTaXXYy, 10 BIUTUBAE HA 3MIHY THCKY B Horo ripocuctemi [6] (puc. 4).
4000

3500
: A
= 73000 M
=4
£ 2500
=
- I
g 12000
(=9
g |
= 1500
m
: l
& 1000
1
o
& 500 %.l
0 ; ; ; ; ; ; ; ; ; : . ‘
¢ o5 1 15 2 25 3 35 4 45 5 55 6
B Yac, ¢
Pucynok 4 - 3MiHa THCKY B TipOLIIIIH/PI T1JPOCHCTEMH CMITTEBO3Y MiJ Yac MigiioMy 0akiB 3 MOOYTOBHMH
BIIXOIaMH
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[Tpu BuOOPi TOKANBHOT MOOIACTI AT JOCHIIKEHb BEPXHS MeXa BUOUpasacs 3 ypaxyBaHHIM
XapaKTepUCTHK poboydoro creHay i ckiana 110 kr. B sikocTi Hyap0BOTro piBHS OyB BUOpaHUI LIEHTP
nino6aacTi - 55 kr. BpaxoByroun, 110 B MeXax I'yCTOHACEIEHOTo MicTa 30ip moOyTOBHUX BiIX01iB
3MIICHIOETHCS Ha CTICIIaIbHO MIATOTOBICHUX MalJaHYMKaX, 00JIaCTh BU3HAYCHHS KyTa HAXUITy
CMITTEBO3Y BIIHOCHO TUIOIIMHY TTOBEPXHI 3eMJI1i Oyira BuOpana B mianasoni Big 0 o 70. [osiBa mporo
KyTa HaXwiy BUKJIMKaHa HEPIBHOCTAMH MaiilaHuIMKa, Ha IKOMY 3/1IHICHIOEThCS 301p ITOOYTOBHX
BinxomiB. JlJist MpoBeIeHHS AOCTIKEHb Ha p0O0YOMY CTEH i BAKOPUCTOBYBAJIMCS TaKi K 3HAUCHHS
KyTa Haxwiy. HympoBuii piBeHs Takox OyB BUOpaHuii B 1ieHTpi obmacti - 3,50.

IHdopmartito 1o BCix TppoX (hakTopax s peaJbHUX YMOB €KCIUTyaTallii CMITTEBO3Y (0071acTh
BU3HAYEHHS) 1 AJIS MPAKTUYHUX JOCITIDKEHb (Tio01acTh BU3HAUCHHST) HaBeIeHo B Ta0. 1.

Tabmuis 1 - O6nacti 1 migo6acTi BUBHaYEHHS (GaKTOPIB pealbHUX YMOB €KCIUTyaTallii
CMITTEBO3IB

. O6nacts BuzHaueHHns: | [limo6macte BU3HaUEHHSA
Excrunyarariitnuii paxtop
. Hwxusa Bepxusa | HynvoBu InTepBan
CMITTEBO3a L7 .
Mexa Mexa W piBeHb | BapilOBaHHS
IIpocTopoBe MoOJIOKEHHS HaBaHTAXKY-
POCTOPOBE MOJIOKE ABAHTAKY 60 90 75 +15
BAJILHOTO 00JIaJIHAHHSI, TPaTyCIB
Maca mo0yToBUX BiTXOJIB, KT 0 500 55 +55
Kyt nHaxnny aBTOMOOLIS, TpagyciB 0 7 3,5 +3,5

TakuMm 4MHOM, BU3HAYEHO BIUIMB €KCIUTyaTalliHUX (DaKTOPIB CMITTEBO3IB HA HAIMHICTD 1X
MEXaTPOHHOI I'JIPOCUCTEMU HABAaHTAKYBAJIbHOTO 001 THAHHS.

Criucok BUKOPUCTAHUX JIKEPE:

1. Aynin B.B., I'ony6o JI.B. OGrpyHTyBaHHs MexaHi3My (DYHKIIOHYBaHHS MEXaTPOHHOI CUCTEMH CKJIOOYHILEHHS
aBTOMOOLIS. 30ipHUK HayKOBHX Tpallb L{eHTpaibHOYKpaiHChKUIT HAYKOBUI BicHHMK: TexHiuHI Hayku. KponuBHUIbKUIA:
IIHTY, 2023. Bun. 7(38). U.1 C. 167-176.

2. Aymin B.B., T'onyd 1.B., 3amypenko A.C. Po3poOka maremaTHuHOl MOJIeli MEXaTPOHHOTO MOJYJS CHCTEMHU
PYJIBOBOTO YIIPABIiHHSA BaHTaXHUX aBTOMOOLTIB. ITiABHINIEHHS HAMIFHOCTI 1 €(PEKTMBHOCTI MAIIKH, IIPOIECIB 1 CHCTEM:
V Mixnap. HayK.-mIpakT. KoHd., 19-21 kBit. 2023 p., M. KpornmuBHuIbKMi: MaTepianu kKoH(p. / M-BO OCBITH 1 HAyKH
VYxpainu, LlenTpansHOyKpaiH. Hall. TeXH. YH-T, Kad. ekcruryaraiii ta peMoHTy MaimuH. KponuBauipkuid: [THTY, 2023.
C.9-11.

3. Tono6opogpko O.0., Kopobouka O.0. MexaTpoHHI cHcTeMH aBTOMOOLIbHOrO TpaHcmopTy. Xapki: TOB
«CMIT», 2006. 300 c.
4, Fony6 JA.B., Ilmaraiino [B., [HmunpoBuit A.B. Ta in. I[ligxix OO0 MaTeMaTHYHOrO MOJEIIOBAHHS

3aKOHOMIPHOCTEH BIUIMBY €KCIUTyaTalliiHUX (akTopiB Ha HaAidHICTH Ta e(heKTUBHICTH POOOTH aBTOMOOLUIIB JyIst
30MpaHHsA 1 TPAaHCIOPTYBAaHHS TBEPAMX IOOYTOBHMX BimxoxiB. IHHOBaIiiHI TEXHONOril PO3BUTKY Ta €(EKTUBHOCTI
(OYHKITIOHYBAaHHS aBTOMOOIIBEHOTO TPAaHCIOPTY: MiXHap. HayK.-mpakT. KoH@., 22-24 mwmcromaza 2023 p., M.
KponuBuuipkuit: Matepianu koH®d. / M-Bo ocBiTH 1 Hayku Ykpainu, LleHTpanbHOyKpalH. Hall. TeXH. yH-T, Kad.
eKcIUTyarallii Ta peMoHTy MaiuH. - KponuBaunekuit: [THTY, 2023. C. 16-18.

5. lony6 /J.B., Aynin B.B. MaremaTryHa MOAENb IiIBUIICHHS SKOCTI YIPAaBIiHHA MEXAaTPOHHOI CHCTEMOIO
MIKpOKIIIMaTy CaJOHY aBTOMOOiMA. 30ipHUK HayKOBHX Ipanb LleHTpanpHOYKpaiHCHKHMI HAyKOBHH BiCHUK: TeXHidHI
nayku. Kponusuunpkuit: [THTY, Bun. 9(40). .2, 2024. C. 186-197.

6. Bepe3stok O.B. MarematuuHe
MOJICITIOBAHHS TWHAMIKH TiIpONPHUBOAY pOOOYNX OPraHiB MEepeBEpTaHHS KOHTEHHepa MiJ Yac 3aBaHTAKCHHS TBEPIAUX
MOOYTOBHX BIIXOIIB Y CMITTEBO3. BicHNK XMeIpHUIIPKOTO HAIlIOHAIBHOTO YHiBepcuTeTy. TexHiuni Hayku. 2013. Ne 5.
C. 60-64.

7. [omosrmu B.B. Ta iH. EQexkTuBHICTh eKcimTyaTamii CMITTEBO3IB y CepedOBHUINI '"MicCTO-CMiTTe3BawmIIe",
Hayxosuii Bicuuk HIITY Vkpaiuu, T. 27, Ne 10, 2017, ¢. 111-116.
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3ABE3NNEYEHHS HAJIE;KHOTO PIBHA AKOCTI IEPEBE3EHbD
ITACAKHPIB JIETKOBHMH ABTOMOBLTIMH-TAKCI
YIOCKOHATEHHIM MOJETI OPTAHIZAIIII TPAHCIIOPTHOT O
ITPOIIECY

A.L Ipouenxo, cm. ep. TT-22ME

J.B. I'onty®, kano. mex. Hayk, ooy.,

B.B. Ayuxin, doxm. mexu. nayx, npog.,

Llenmpanvroykpaincvkuil HayioHabHU mexHivnull ynisepcumem, M. Kponuenuyvkut, Yxpaina
A.IL T'onoBanoB, conosa npasninusa AT "Taxcomomopnuii napk"

AT "Taxcomomopnuti napx" m. Kponuenuyvxuti

[Toxa3HMKHM SKOCTI TPAHCIIOPTHOTO OOCIYrOBYBAHHSI HAcENIEHHS MICTUTh E€BpomnerchKuit
CTaHIapT OMmiHKKA skocTi B cdepi Tpancmopty DIN EN 13816:2002-07 «TpancropTyBaHHS.
MarepianbHO-TexHIUHE 3abe3mneueHHs Ta TNociayrd. ['pomaachbkuil MmacaXUpChbKUH TpPaHCHOPT.
BusHaueHHs SIKOCTI 0OCIyroBYBaHHs, CKJIaJaHHS 3aBIaHb 1 NPUHOMIK BuMIpiBy [1]. ¥V 1mpomy
JOKYMEHTI MPHUBEICH] IMOKAa3HUKH SIKOCTI JIsl TACaKUPCHKOTO TpaHcnopTy [2]. YactmHa 3 mux
MMOKa3HUKIB HOCHUTbH 3arajibHUi XapakTep AJs YCiX BHJIB TPAHCHOPTY, 1HIIA YaCTHHA MOKAa3HUKIB
MOXxe OyTH 3aCTOCOBaHa He JJIA yCiX BHIIB TPAHCIIOPTY, a TUIBKHU JJIs iX YaCTHHHU a00 HABIThH JJIs
OJIHOTO BHJy. AHaTI3 IIUX TOKA3HUKIB JI0O3BOJIMB 3POOMTH BHCHOBOK, IO IMOKA3HUKH SIKOCTI
nepeBe3eHb MMacaXMpiB JIETKOBUMH aBTOMOOUTAMU-TAaKkCi (I1517r) TMOBWHHI CKIAIaTHUCS TaKOX 3
JIBOX OCHOBHHX YaCTHH: - OCHOBHOI (/1flp), BM3HA4YECHOI IIMM JOKYMEHTOM 3 YpaxyBaHHSIM
3aCTOCOBHOCTI IO JTAHOTO BHY IEpeBe3eHb; BapiaTuBHOI (11p), M0 BU3HAYAETHCS JOJATKOBO JIO
JNETEPMIHOBAHOT 3 YpaxXyBaHHSIM AYMOK IMACKHUPIB. Y 3arajlbHOMY BHUTJISIII MOKAa3HUKH SIKOCTI
MepeBe3eHb MACAXKUPIB JIETKOBUMH aBTOMOOLISIMU-TAKC1 MOXKYTh OyTH BU3HAUYEHI 3aJICKHICTIO:

1A ;7 =11, + 114 . 1)

[Toka3HMKH SIKOCTI 3rPyNOBaHi 3a CXOKMMH OJHOPIIHUMHU O3HAKaMH, IO JO3BOJISIOTH
of'enHaTu iX B Ipynu MOKa3HHUKIB. TakuMH TpymnaMu cTaiud Oe3leka TPAaHCIOPTHOTO MPOILIECy;
CBOEUYACHICTh HAaJIJaHHS TOCIYTH; KOM(POPTHICTh TPAHCIIOPTHOTO MPOIIECY.

3 ypaxyBaHHSM LbOTO TIOKa3HUKU SKOCTI YTBOPIOIOTH OaraTOpiBHEBY CHUCTEMY, sKa
MpeJICTaBJIeHa Ha PUCYHKY | y BUIJISIAL JiepeBa LUIei.

Jlis peanizanii TpaHCIOPTHOTO MPOIIECY BiAMOBIAHO [0 TOKA3HUKIB SIKOCTI MEPEeBI3HUK
MOBUHEH MaTU HEOOXiJAHY MiAroToBieHicTh [3, 4]. Ilin miAroTOBIEHICTIO PO3YMIETHCS KOMILIEKC
CTaHIB CTPYKTYpH IEPEBI3HMKA, 3[aTHUX 3a0€3MEUYUTH TPAHCIOPTHUM MpOIEeC y BiAMOBIAHOCTI
CyJaCHHM BHMOT'aM 3a MOKa3HUKaMHM SIKOCTI, mepeaycim oesmerti [5, 6]. ITiAroToBieHIiCTh TAKOXK K
1 MOKa3HUKU SKOCTI HOCUThH OaraTopiBHEBUH 3rpyMoOBaHUid XxapakTep. TakuMu IpyrnaMu CTallu:

- MIATOTOBJICHICT TiepcoHany (I7n);

- MIATOTOBJICHICTh pyXoMoro ckiany (11pc);

- HasIBHICTh BUPOOHUYO-TeXHIUHOI 6a3u (I1p75);

- HAsIBHICTH CITY’KOM 3aMOBJICHHS JIETKOBUX Takci (I1c3ir);

- 3arajipHi MUTaHHS OpraHizallil TPaHCIOPTHOro 00CIyroByBaHHs HaceneHHs (I1opr).

B 3aranpHOMYy BHIJIS/A1 TIATOTOBIEHICTh [0 TMEpPEeBE3€Hb MACAXKUPIB JIETKOBUMHU TaKCi
MIPOLTIOCTPOBAHA 3AJIEXKHICTIO:

I =1y + Hpe + Hprg + Hegr + 1 opr - (2)
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Pucynok 1 - Mopeinb BIUTHBY ITiATOTOBJICHOCTI MEPEBI3HUKA Ha SIKICTh MIEPEBE3EHb MACAKUPIB JIESTKOBUMHU
aBTOMOOITIIMHU-TaKC1

3 orsAy Ha 1€ MATOTOBJICHICTh JI0 MEpPEBE3eHb MacaXMPiB JIETKOBUMH TaKCi IPEICTaBJICHA
Ha PUCYHKY | SK JepeBa CHCTeMH MOKa3HMKIB. BimmoBimHO 10 i€papXii, MULIIO BUIIOTO PIBHS €

SIKICTB [IepeBE3eHb MACAXUPIB JTETKOBHMHE Takci — 1] °, sika MICTHTb TPHU AL
- Ge3IeKy TPaHCTIOPTHOTO Tpotiecy L{g;;
- CBOEYACHICTh, HATAHHS TOCIYTH L]},
- KOM(OPTHICTB TpaHCTIOPTHOTO TIponiecy L]ys.
JI0 TIOKa3HHUKIB Ge3MeKy TPaHCIOPTHOTO mpolecy {4, BiTHeceHo:
- IOTPMMAHHS TIPABIJI JIOPOXKHBOTO PyXy {1 ,;
- CTpaxyBaHHS BIANOBIANBHOCTI [] 5112;
- Ge3IeKy TPaHCIIOPTHOTO 3ac00y {413
JI0 TIOKA3HHUKIB CBOEYACHOCTI HAIAHHS TIOCTYrH {4,
- IpUOGYTTSA JI0 MiCIIA 3aMOBJIEHHS Y BKa3aHmii ac [[gnq;
- BMIHHS OpPIEHTYBATHUCS Y HACEJIEHOMY MMYHKT1 1], 5122;
- IIPOTIO3HILisl ATbTEPHATMBHHUX BAPIiaHTIB MapUIPYTy PyXy L]lss.
JI0 TIOKa3HHUKIB KOM(OPTHOCTI TPAHCTIOPTHOTO TIponiecy 1]
- OXalfHUI 30BHIMIHINA BUTIISA BOIIsS 1], 5131;
- YMCTOTA CATOHY Ta KY30Ba aBTOMOOUIS 1] 5]

- JIOTIOMOTa y 3aBAHTAKEHHi-PO3BAHTAKEHH] 6araxy {53

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 146



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

- 06TPYHTOBAHA BAPTICTh MOCIYT []ih,;

- 3HIDKKHU Ta aKUil JUTst MOCTIHHUX KITIEHTIB [] 5135.

3 ypaxyBaHHsM Bupa3y (2), MIATOTOBJICHICTh JO IMEPEBE3€Hb TMACAKHUPIB JIETKOBHUMH
aBTOMOOUIIMH-TaKC1 IPEJICTABICHA HA PUCYHKY | sIK IepeBa CHCTEMU MOKA3HUKIB.
BepmmHOO 1epeBa CHUCTEMH IMOKAa3HHKIB € IArOTOBJICHICTh IMEPEBI3HUKA 10 3HIMCHEHHS

TpaHCHOPTHOTO mpotecy C°, Mo CKIaaaeThes 3 MiCHCTEM:
- mirotoByienicTs mepconany Cp,;
- MiAroTOBJIEHICTH pyxoMoro cknany Cg,;
- HasiBHICTb BUPOOHHYO-TEXHIYHOT Oa3u Cé3;
- HasIBHICTb CIy»OM 3aMOBJICHHS JIETKOBUX TaKCl Cé 4
- 3arajibH1 MUTAaHHS OpraHi3alii TPaHCIOPTHOTO 0OCTYyrOBYBaHHS HACEJIEHHS Cés.
[TincucreMa MiAroTOBICHOCTI MEPCOHATY MICTUTH TTOKA3HUKHU Cél:
- MATOTOBJICHICTh BOAIMCHKOTO CKIIATy Célll;
- MPOBE/ICHHS IHCTPYKTaX1B BOAINCHKOTO CKIIaAy Céfll;
- TIPOBEJICHHS CTAXyBaHb BOJIHCHKOTO CKIany Coryy;
- TOTPUMaHHS PEeKUMY Ipalll Ta BIIIOYNHKY BOJINCHKUM CKIIAZIOM Cﬁlm;
- IPOXOKEHHS MEePEAPEHCOBUX MEAUYHHUX OTJISA/IIB BOIIMCHKIM CKIAI0M Céfl .
- KOHTPOJIb OXaHHOTO 30BHINTHBOTO BHUTJISIY BOJINCHKOTO CKIAIy Céjllls;
- MiATOTOBJIEHICTD iHkeHepHO-TexH{uHOTO epconany Cii,;
- 6a30Ba OCBiTa iHKEHEPHO-TEXHIUHA epcoHaty Cosor;
- TiBHIenHs KBaidiKarlil iHkeHepHO-TeXHITHOTO epcoHamy Coyyy-
[TincucreMa miAroTOBICHOCTI PYXOMOTO CKJIaay Céz MICTUTD ITOKAa3HUKH:
- HasIBHICTh PO3MI3HABATLHOT CHMBOTIKH TETKOBOTO Takci Coy;
- indopmartiitna 3a6e3nedenicts canony Cypo;
- 1IBOCTOPOHHE PO3TAIITYBAHHS PYIHOBOTO YMPaBIiHHA Cops;
- HAsBHICTH HE MEHIIIE YOTHPHOX JBEPeH JUIst BUXOY 3 canoHy Capg.

ITincucTeMa HASBHOCTI BUPOGHIYO-TEXHITHOT 623 MiCTHTB MokasHukH Ciy:

- PEry/IspHiCTh MOCTAHOBKH PYXOMOTO CKIaly Ha TeXHiuHe 06cTyroByBanHs i peMOHT Cogy;

- HasBHICTb cepTU(IKATy BIAMOBIAHOCTI Ha POOOTU 3 TEXHIYHOIO OOCIYrOBYBaHHS Ta
peMoHTy pyxoMoro ckiaxy Cys,.

ITincucTeMa HAsSBHOCTI CTYKOM 3aMOBIEHHS JETKOBHX aBTOMOGimiB-Takci Cj, MicTHTB
NOKa3HHUKH:

- opranizanii npuiiomy 3amMoBIeHb Coys;

- 00JIiK CKapr nacaxupis Céfm.

Tlincucrema 3arabHUX MATAHb OPTaHi3allii TPAHCIOPTHOTO 0GCIyroByBaHHs HaceneHHs Cgg
MICTUTh OKa3HUKH:
- Oprasisailis BUITyCKY pyXOMOT'O CKJIaJy Ha JiHi0 Céél;

Bbipnux mamepiarie VII Mixnapoonoi nayKoseo-npaxmuunoi Kongepenuii, 16 — 18, Kgimus 2025 p. Ct. 147



JTideiuerHs HAOHHOCHTLT egexymuBHOCTI AL, Tipouecia . cucmem. Tmproving the refiabifity and efficiency of machiries, processes and systems

- HasBHICTh HOPMATHBHO-TEXHIYHOTO Ta HOPMAaTHBHO-TIPABOBOT'0 3a0€3MEeYECHHS Cééz.

Takum umHOM, I peanizauii e()eKTUBHOTO TPAHCHOPTHOTO MPOLECY BIAMOBIAHO [0
MOKAa3HHUKIB SKOCTI TEpPEBI3HUK NOBMHEH MaTH HEOOXiJHY MiATOTOBJICHICTh 32 HACTYIMHUMHU
OHOPIIHUMH O3HAaKaMHU: IMIATOTOBJICHICTh TIEPCOHANY; IIIITOTOBIIEHICTE PYXOMOTO CKIAay;
HasBHICTh BUPOOHMUYO-TEXHIYHOI 0a3W; HASBHICTH CIY)KOM 3aMOBJICHHS JIETKOBHX aBTOMOOLISIMH-
TaKCi; 3arajbHi MUTaHHS OpraHi3allii TPAaHCIIOPTHOT'O 0OCITYTOBYBaHHS HACEJICHHSI.
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	Значну частку відмов вантажних автомобілів та автобусів становлять порушення працездатності пневматичних систем. Вони включають: втрату тиску у пневматичних лініях; заклинювання пневматичної камери або золотника; несправності компресора або осушувача ...
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	Діагностичні роботи цього типу гальм включають: комп’ютерну діагностику за допомогою OBD-II сканера; перевірку сигналів з датчиків швидкості коліс; аналіз кодів помилок ABS/ESP; вимірювання опору датчиків та живлення. Профілактичні роботи електронних ...
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	Слід звернути увагу на фактичні інтервали обслуговування та періодичності заміни фільтрів, які можуть змінюватися залежно від моделі комбайна та умов експлуатації. Заводи виробники кормозбиральних комбайнів CLAAS JAGUAR, John Deere 8000 Series, Fendt ...

	Особливе місце в останні роки отримало предиктивне обслуговування (Predictive Maintenance, PdM). Сутність зазначеної стратегії полягає в наступному. Обслуговування здійснюється на основі поточного технічного стану вузлів: оцінки технічного стану датчи...
	Предиктивне технічне обслуговування має значні переваги над іншими стратегіями, оскільки відмічається висока вартість простою змішувача-кормороздавача, яка призводить до порушення раціону, затримка в технологічному процесі, непередбачуваних витрат при...
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