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Y JIK:656.02, 656.05, 656.07

[HHOBALIHI TEXHOJIOTIi PO3BUTKY Ta €EKTUBHOCTI
(hyHKITIOHYBaHHS aBTOMOOUTBHOTO TPAaHCIOPTY
MixHap. Hayk.-pakT. KoH}., 22-24 mucroI.
2023 p., M. KponuBHuipkuii : 30. marep. / M-Bo
OCBiTH 1 Hayku Ykpainu, LleHTpanbHOyKpaiH. Hall.
TeXH. YH-T, Kad. excruryaraiii Ta peM. MaluH. —
Kponusaumekuii : [IHTY, 2023. — 254 c.

MeTta koH(pepeHIii: BUCBITICHHS HAWBaKIIMBIIINX
aKTyaJbHUX MpOOJeM MigBUILEHHA e()eKTUBHOCTI
(YHKIIOHYBaHHSI aBTOMOOIIBHOTO TPaHCIIOPTY Ta
[OITYK ONTHUMAalbHUX IDISAXiB iX BHPIMICHHS
pO3pOOKOKd  Ta  BIPOBADKCHHSAM  CY4acHHUX
IHHOBaIlIHHUX TEXHOJOTiH y BHPOOHHUITBO, OOMiH
JOCHIAHALbKUM 1 MPaKTUYHUM JIOCBIZIOM,
Iy OJTiKamis pe3yabTaTiB HAYKOBUX TOCIIKCHb.

OcHoBHI HanpsAMHU PoOOTH KOHepeHuii:

- Cy4acHi Ta TepCHeKTHUBHI KOHCTPYKIIii 3aco0iB
TPaHCIIOPTY;

- PO3BHUTOK TEXHOJOTIH OOCIyroBYBaHHS, CEPBICY
Ta pEMOHTY 3ac00iB TPaHCIIOPTY;

- BAOCKOH&IEHHA TEXHOJIOTIM  TpaHCIIOPTHHX
MPOLECiB Ta OE3MEKU TOPOKHBOTO PYXY;

- INIBWUINEHHS HamIMHOCTI Ta e(EeKTUBHOCTI
¢yHKLIOHYBaHHS ~ 3aco0iB  TpaHCIOPTYy  Ta
ABTOMOOITFHUX TPAHCHIOPTHUX IMiAMPHEMCTB;

- cHCcTeMa IHXHHIPDHHTY Ha aBTOMOOIIBHOMY
TPaHCIIOPTI;

- HOBE HOpPMaTHBHE Ta 3aKOHOAABYE 3a0e3MeUeHHS

epeKTHBHOCTI  (QYHKI[IOHYBaHHS Ta PO3BUTKY
aBTOMOOUTEHOTO TPAHCIIOPTY;

- EKOHOMIKa Ta oprasizanis pobotu
aBTOMOOITEHOTO TPaHCIIOPTY, PHHOK

TPaHCIIOPTHHX MOCHYT;
- aBTOMATH3aIlisl MPOIIECIB YIPABIiHHSA Ta CYJacHi
iHpopManiiiHi TexHomorii Ha aBTOMOOIIEHOMY
TPaHCHIOPTI;

- "3eneHuil" TPaHCHOPT Ta MEPCHEKTHBHI METOIH
3MEHIICHHS €KOJIOT1YHOTO HaBaHTA)KCHHS
aBTOMOOUIFHOTO TPAHCIOPTY Ha JOBKIJUIS;

- BJOCKOH&JICHHA Ta BHKOPHUCTAHHS  HOBHX
KOHCTPYKUIMHUX Ta eKCIUTyaTauiiHUX MarepiajiB
Ha KHUTTEBHUX LUKIAX 3ac00iB TPAHCIIOPTY;

- iHTeNmeKTyalbHI TpPaHCHOPTHI CHCTEMH Ta
TPaAHCIIOPTHI 3aco0u;

- IHTETrpoOBaHI JIOTICTUYHI CHUCTEMH MIATPUMKHU
JKUTTEBOTO LUKy 3acO0iB  TPaHCHOPTY  Ta
TPAHCMOPTHOI iHPPACTPYKTYPH;

- MeXaTpOHiKa Ta eNEeKTPOHIKa Ha aBTOMOOITEHOMY
TPaHCHIOPTI;

- TIABMIIEHHS SAKOCTI MiATOTOBKHM (haxiBIiB 3
criertianbHOCTI 274 "ABTOMOOLTBHUI TpaHCTIOPT"
ta 275.03  TpancmoptHi  TexHojorii  (Ha
aBTOMOOUTEHOMY TPAHCIIOPTI).

UDC:656.02, 656.05, 656.07

Innovative technologies for the development and
efficiency of road transport: International science and
practice  conference, November 22-24 2023,
Kropyvnytskyi: coll. mat.s / Ministry of Education and
Science of Ukraine, CentralUkraine National Technical
University, Department of Operation and Maintenance
cars — Kropyvnytskyi: CNTU, 2023. — 254 p.

Purpose of the conference: highlighting the most
urgent topical issues of increasing the efficiency of
road transport operation and finding the best ways to
solve them by developing and implementing modern
innovative technologies in production, sharing research
and practical experience, publishing the results of
scientific research.

The main directions of the conference:

- modern and perspective designs means of transport;

- development of technologies of maintenance, service
and repair means of transport;

- improvement of technologies of transport processes
and road safety;

- increase of reliability of functioning means of
transport and automobile transport enterprises;

- system of engineering in road transport;

- regulatory and legislative support for the efficiency
of the operation and development of road transport;

- economy and organization of road transport
operation, market of transport services;

- automation of control processes and modern
information technologies in road transport;

- "green" (eco) transport and promising methods of
reducing the ecological load of road transport on the
environment;

- improvement and use of new structural and
operational materials in the vehicles' life cycles;

- intelligent transport systems;

- integrated logistics systems for supporting the
vehicles' life cycle and transport infrastructure;

- agro-logistics;

- logistics of transport and production enterprises;

- mechatronics and electronics in road transport;

- improving the quality of training of specialists in the
specialty 274 "Road Transport” and 275.03 Transport
technologies (road transport).
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Anmxeit HeBuac, PhD, npodecop, JIroOmiHCbKII TEXHOMOTTYHUN YHIBEPCHUTET, M.
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Juxa Oumnekcannp BomomumupoBud, 1.T.H., mpodecop, 3aBimyBad Kadenpu
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YHIBEPCHUTET, M. XMEIbHUIIBKUHN, YKpaiHa;

JloMuHUK 3UMOH, JTOKTOp, JOUEHT KadeIpu CUCTeM YIPaBIIHHS Ta JIOTICTUKHU
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VK 629.113

J10 ITHTAHHA 111010 BHKOPHCTAHHA TPUHIAHKOBHX ABTOITOI3/]IB
B YKPAIHI

B.I1.Caxno ™, npogh., 0-p mexH. HayK,

I.C.MypOBaHnﬁ'z, 00Y., KAHO. MeXH. HAYK,
B.M.HOJIHKOB-l, npog., KaHo. mexH. HayK,

C.M.l[[apaﬁ'l, npogh, KaHo. mexH. HAyK,
O.B.Ha.naMapqu'l, acn.,

'1Haui0HaﬂbHuL7 mpancnopmuul yHigepcumem, Ykpaina
'Zﬂyb;bKuﬁ HayioHanbHUll mexHiuHul ynieepcumem, Ykpaina

3 KOKHUM POKOM 3aIliKaBJICHICTh Y TPUIAHKOBHUX aBTOIOI3/aX OXOIUIIOE OaraTo KpaiH Ta
aBTOMOO1IEOyIIBHUKIB CBITYy. BOHHM BXe IIUPOKO 3aCTOCOBYIOTHCS Yy 0aratboxX raiys3sx
MIPOMHUCIIOBOCTI, CUTBCHKOTO TocmoaapcTa. st Toro, no0 aBTOMOI3AM BIAMOBIIANIM MaHOyTHIM
3pOCTalOYMM BHMOTraM, HEOOX1THO MMO-HOBOMY TUBUTHUCS HA MHUTAHHS, 30UIBIIYIOUH MAaKCUMAJIbHY
Macy 1 JOBKHMHY aBTONOi3/1B, MPUHMAIOYU 10 YBard JOpOXKHI OOMEXEHHS. 3aJUlsl YHUKHEHHS
pYHHYBaHHS JIOpIT, CHOTOJHILIHI MaKCHMajbHI HAaBaHTAXEHHS Ha OCI HEOOXITHO 3aJIMIIMTH
CTaJIUMU. AJie 10AaTKOBO MOTPIOHO MOKpallyBaTH Oe3MeKy pyXy 1 KEpOBaHICTh Y TPAHCIOPTHOMY
notori. HoBi TexHomorii, Taki K MHeBMAaTUYHA MiJBICKA, TUCKOBI TalbMa, peTapAepH, eIeKTPOHHI
cucTeMHu crabdinizailii abo akTUBHE PYJIbOBE KEPYBAHHS MOXKYTb 3a/10BIJIbHUTH [TOCTABJIEHI BUMOTH.

I1i mipkyBaHHS NPHUBOJATH HAC A0 KOHIEMLIi OaraToJaHKOBUX aBTOMOI3[IB, SIKi BXKe
BUKOPHCTOBYIOThCSI 3a Mexamu €Bponu. Hampuknan, y ABcTpaiii 3BHYaiHUM € aBTOIOI3[
JOBXHHOIO 710 50M, MpoTe BUKOPHCTAHHS TAaKUX aBTOMOI3/IB Yy HHUHIIIHBOMY TEXHOJOTIYHOMY
BUKOHAaHHI HEMOXJIMBE Ha Joporax €BpoNM, XapaKTEPUCTHKH IiX CTaOLIBHOCTI Ta KEpOBAaHOCTI
naneki Bijg ineany. Tomy HEoOXiHa HOBa KOHIIETIIisl OaraTolaHKOBUX aBTOMOI3iB [1].

CBO€10 TIOSIBOIO TPHOXJIAHKOBI aBTOIIOI3/IM 3aBASUYIOTh MOJYJIBHIN cucteMi. Llsg cucrema €
NEPENUCYIOUO00 1 3’ sIBUJIACs, BUXOSIUM 3 ICHYIOUHMX MapaMeTpiB TpaHCIOPTHHUX 3acobiB. Ilporte
Takuii maxia Bkiatovae B cede enementu PBS (Performance Based System), npu 3actocyBaHHI1 SIKOi
OepyThCsl 10 yBaru XapakTepuCTUKU HOBOI KoHmenmii [1].

[IpaBuna mepeBe3eHHs] BaHTaXIB, K 1 MpaBWia JOPOXKHHOTO PYXYy, MAIOTh TEHICHIIIIO Yac
Bil Wacy Tpoxu 3MiHIoBatuca. Tak, HemomaBHo B JlaHii 3amymanmucs Tpo HEOOXITHICTh
BUKOPHUCTAaHHA JOBrUX (Qyp NOBXHHOIO 34 MeTpu Ha JIOporax 3arajlbHOro KopuctyBaHHs. Take
HOBOBBEJICHHS TIOB’SI3aHE 13 3alyMOM 3MEHIIUTH KUTBKICTh BUKUIIB. SIKIIO MICIIEBI TOJITUKU
MiITPUMAIOTh IO 1HIIIaTUBY, TO JlaHis MOXXE CTaTH JPYror KpaiHowo €BpOIH, A€ T03BOJATH
i3nuty aBromoizgamu gosuie 30 mMeTpiB, a came Ha ¢ypax 3 moABiHUMHU mpuuenamu (34,5 m).
Panimre taky iHiIiaTUBY Ha CBOiX joporax Bxke miarpumana [lIBeris, a Takox 3apa3 #ayTh po3MOBH
npo Te, MOo0M JO3BOJMTH BUKOPHUCTaHHS JOBrorabapuTHUX TPAHCHOPTHHUX 3aco0iB Ha Joporax
[Tonpmi [2].  TlosiCHIOETBCS 1€ THM, IO 3aBASKH BUKOPHUCTAHHIO JIOBFOMIPHHMX TPHJIAHKOBHUX
aBTOMOI3/1iB IPY BUKOHAHHI OJTHOTO 1 TOTO X 00CSTY MEpeBE3eHb KUIbKICTh MOI3/I0K Ta 3araJbHUM
npolir y cepeaHbOMYy 3MeHHIMBCS Ha 32% Yy MOpPIBHSHHI 3 JBOJAHKOBUMH aBTOMOI3AaMH, i3
MiHIMaJIBHOIO PI3HULICIO JJIsl PI3HUX KOMIAaHIN nepeBi3HuKIB. [Ipu mopiBHSIHHI OyJ10 3’sICOBAaHO, 10
y cepeHbOMY BUTpaTa NanuBa 3MeHIIyeTbes Ha 15%. PiBeHb BUKUAIB BYTJIEKUCIIOTO Ta3y HAIPsAMY
3aJIeXKUTh Bifl BUTPATH MaNuBa. 1i 3MEHIIEHHS TAKOX IO3MTUBHO BIUIMBAE HA PiBEHb BHKHIIB
okcuaiB a3oty NOx. 3MEHIIEHHS 3arajJbHOTO MPOOITYy 1 KUIBKOCTI TMOi3J0K, 0€3MepedHo, CIpHse
3MEHIICHHIO IIKIJJMBOTO BIUIMBY HAa HAaBKOJHIIHE CEpPENOBHIIE. TakuM YHHOM, MOXKHA
CTBEpP/)KYBaTH, 1110 BUKOPUCTAHHS TPUIAHKOBUX aBTOMOI3AIB crpuse 3MeHIIeHHIO BUKUIIB CO; y
cepennboMy Ha 15%, a TakoX 3araJioM TMOKpallye BIUIMB aBTOMOOLUIIB Ha HaBKOJMIIHE
cepenosuine. Kpim Toro, 3MeHIICHHS TPAHCIIOPTHUX BUTPAT y cepeaquboMy ckmanae 23 % [1].
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ABTOMOi31M MOBHOIO Macor 60 T MOXKYTh 3'BUTHCA 1 B YKpaiHi. 3 METOI0 MaKCUMAaJIbHOI
BI/IMOBIIHOCTI  aBTOTOI3AIB KOHKPETHUM YMOBaM €KCIUTyaTallii, MOXJIHBOCTI (popMyBaHHS
aBTOMOI3/1iB BEJIMKOT BAaHTAXKOIITHOMHOCTI 3 HasIBHOI'O PyXOMOTO CKJIagy 0e3 CyTTe€BOI 3MiHU HOTO
KOHCTPYKLIi 3aCTOCOBYIOTh MOJIYJIbHUNA NMPUHLMUI iX (OpMyBaHHA. Y TakOMy BUIAJKY aBTOINOI3],
AK MOMYJIbHA CHCTE€Ma, CKJIAJAa€ThCsl 3 aBTOMOOUIA-TsArada (CigesbHOro abo 3arajibHOTro
MIPU3HAYCHHS ), BAHTXXHOI Tu1aTGopmu (31€01IbIIOT0 CIeIiaai30BaHO1), X0I0BUX Bi3KiB MPUYIITHUX
7maHOK (mpuyena JOBXWHOK 7,82 M abo HamiBmpudema AoBXkuHOWO 13,6 m). Taki mpoBimHi
kommadii sk MAN, Volvo, Scania, DAF, Renault, Krone, Schmitz Cargobull AG Ta iH. mocTiiftHO
BEIyTh MOJCPHI3AII0 BY3JB Ta arperariB, po3poOJISAIOTH HOBI CHUCTEMH IS TOKpPAIICHHS
MaHEBPEHUX Ta EKCIUTyaTalllfHUX BJIACTUBOCTEH aBTOMOI31IB, 30Kpema [3] - BHUKOPUCTAHHS
MOBOPOTHHUX CAMOYCTAaHOBITIOBAJIIHUX OCEH MPUYIMHUX JIAHOK ISl TTOKPAIICHHS! BIUCYBAHOCTI Y
IIOBOPOT; CUCTEMHU TEJIEMATHKH, SIKI JIO3BOJSIOTH OLIHIOBATU W BiACIIKOBYBATU EKCILTyaTallilo
aBTonoi3aiB; 3actocyBaHHs RSP (Roll Stability Program), mo y pamkax (i3smuHHX mapaMmeTpiB
3arnobirae 3aHOCy HamiBIpUuena; BIpoBaxeHHs cuctemu EBS - piBHOMiIpHMI pO3MO/IiT TajJIbMOBOI
CHJIM MK ycCiMa OCSIMH aBTOIOI3[a Ta CUCTEMH KOHTPOJIIO THUCKY MOBITPS B IIMHAX BAaHTa)KHUX
aBTOIOI3/1iB, 1110 MOJIMIIY€E KEPOBAHICTh, 3MEHIIYE 3HOC LIUH, IPUBOJIUTH 0 3MEHILIECHHS BUTPATH
MaJIMBAa; BUKOPUCTAHHA TiIPOMEXaHIYHOI CHCTEMH KEPYBAaHHS IMOBOPOTOM KOJIC, 33 JOIIOMOTOIO
SKOi MPHUYINHI JIAaHKK aBTOMATHYHO IMOBEPTAIOTHCS B 3aJIEXKHOCTI BiJ KyTa MOBOPOTY TAraua;
uuHkyBaHHS maci (MODULOS) pa3om i3 cneniaiibHO 0OpoOJieHUMHU BTYJIKaMU; MOJEpPHI30BaHa
cucreMa pecop MRH (Multi Ride Height) mo3Bonse cmnpaBisTucs 3 pI3HUMH JIOPOKHIMH
CUTYaIIisIMHU TOIIIO.

Ilpu HasiBHOCTI y aBTOmOi3Aa OuIblIe TPHOX JIAHOK TPYAHOILI BHUHHUKAIOTh y TOMY, LIO
CYTTEBO YCKIIQIHIETHCS TOCHIDKEHHA pyXy Takoro OararomankoBoro AT3 3 mnpuuuHH
HEOOXIJTHOCTI ypaxyBaHHS BIUIMBY 3HAYHOI KUIBKOCTI (paKTOpIB Ha XapakTep pyXy YCiX JIaHOK.
B3aemozisi cycigHIX JIaHOK MpU pycl aBTOMOi3/a PO3MOBCIOJKYETHCSI B PEILUTI-PEIIT HAa BECh
TPaHCHOPTHUH 3aci0 1 BUKJIMKAE MEBHI BIAXUJICHHS CKJIQJOBUX aBTOMOI3/a (MOIYIIB) Bij 3a1aHOTO
BEy4YOI0 JIAaHKOIO (TArauemMm) HalpsiMKy pyXy. BpaxoByrouu te, mo aBromnoizs sik AT3 € 3acobom
MiBUIICHOI HeOe3MeKH, MPU BHUPIMICHHI MpoOJeM MI0J0 MOXIHMBOCTI eKCIUTyaTamii Tpu- Ta
0araToJaHKOBUX AaBTOMOI3/IB y YHUCII MEPIIUX CJIJI POOUTH KPOKHU Y HANpPSAMKY TEOPETHUHHUX
JOCTIJKEHb MaHEBPEHOCTI Ta CTIMKOCTI iX pyXy, pe3yiabTaTdh SKUX OYyAyThb MIIIPYHTAM IS
BIJIMIOBI/Ii Ha OaraTo MUTaHb TEXHIYHOTO, OPraHi3alliifHOTo, FOPUINIHOTO XapakTepy [4-9].

BrnpoBakeHHs B YKpaiHi TOBrOMIpHUX aBTOIOI3/iB MOB'A3aHE 3 TPbOMA IPyHaMU OOMEKEeHb
[4]:

[. OOMexxeHHsI MO TEOMETPUYHUM 1 MAaCOBUM ITapaMeTpaM aBTOTPAHCIIOPTHHX 3aCO0iB.

B Vkpaini mo mporo wacy Hemae eaumHoro CTaHmapTy, IO BCTAHOBJIIOE HOPMATHBH Ha
MacoBi MapameTpu i rabaputu aBTOMOOUTIB 1 aBromoi3miB. Y IIpaBuiax TOPOXKHBOTO pPyXy
MakCUMallbHa JpPBXKMHA aBTOIOi3/la HE MOBMHHA NEepeBUINyBaTH 22 M, a MaKcHMMajbHa Maca
CiZIeTLHOTO aBTOIOI3/1a Y CKJIaJli TPhOXBICHOTO aBTOMOOUIA (TsArada) 3 TBOBICHUM a00 TPHOXBICHUM
HamiBOpuyernoM (KOHTEHHEPOBO3), IO 3A1MCHIOE TIEPEBE3CHHSA OJHOTO a0o0 Oubllie KOHTEHHEpIB
a0o 3MIHHUX Ky30BiB 3arajlbHOI0 MaKCHMaJbHOIO NOBXHHOKO 13,716 merpa — 44 TOHM; s
MPUYIMTHOTO aBTOMOi37]a Y CKJai JABOBICHOTO a00 TPHOXBICHOTO aBTOMOOIIS 3 JBOBICHUM abo
TpboxBicHUM mpuuenom — 40 Tou [10].

I1. JIpyra rpyma oOMeXeHb MOB'I3aHa 3 BHMOTraMu O€3MEeKH [0 KOHCTPYKII JaHHX
aBTOMOI3/IiB.

[TotpeOytoTe mopampmoro po3sutky  IIpaBuma €EK OOH Nel3 nns  TpuiraHKOBHX
aBTOIOI3/IIB Yy 3B'I3KYy 3 TUM, 110 HOPMATHUBU CYMICHOCTI BCTAHOBJIEHI TIJIbKU JJI aBTOMOI3/1B 3
JBOMa TPAaHCIOPTHUMHU JIaHKaMM, TArada 1 mpuyena (HamiBopuuemna) [11]. Kpim Toro, mpu
30UIBIIIEHH]I MacH aBTOMOI3/la TATOBO-3YiIHI MPUCTPOi TsArada i HamiBmpuyena (mpudena) OyayTh
OUTBII HABaHTAXEHI 1 MPUPOJHO PEXKHMHU IX KOHTPOIIO MOBHHHI Oyru mocuieHi. Llg Bumora
MOOIYHO TMO3HAYaTHMEThCSl Ha Oe3merl KOHCTPYKIIT pyXOMOTo CKJIay TPHJIAHKOBHX aBTOIOI3/IIB.

III. Tpers rpynma oOMeXeHb IO MacCOBOMY BIIPOBAKCHHIO TPWJIAHKOBHX AaBTOTOI3JIB B
MDKHApOJHUX aBTOMOOUIBHUX NEPEBE3CHHAX IOB'SI3aHa 3 TPYAHOIIAMHU NPUHOMY iX Ha ICHYHOUHX
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TepMiHaJlaX, JOTICTUYHUX LIEHTpPaX.

[Ipu MacoBOMY BITPOBaKEHHI BEJTMKOBAHTAKHUX aBTOTOI3/IB B MDXXKHAPOTHHUX ITEPEBE3CHHIX
HEOOXiJHEe pO3IIUPEHHS a00 PEKOHCTPYKIis TEPMIHAJIB, OpraHizallisis MPOi3HUX TIOCTIB IS
BAaHTA)KCHHSI, PO3BAHTAKCHHSI aBTOTOI3/1B, MICIIb O4iKYBaHHS TOIIIO.

Amnainiz oOMexeHb HepuIoi Ta TPEeThOi IPYHH MO MAacOBOMY BIIPOBAKEHHIO TPUIAHKOBUX
aBTOMOI3/1IB B MXKHAPOJIHUX aBTOMOOUIBHUX MEPEBE3EHHIX MOKa3ye, 10 BCl MPOOIEeMH HOCITh HE
CTUIPKM TEXHIYHMH, CKUIBKM OpraHizaliiiHMi XapakTep, MPAaKTUYHO iX MOXKHA BHPIIIYBAaTU BXKeE
CHLOT'OHI.

OOMexkeHHsT JApyroi Tpynu TIOB's3aHi 3 HEJOCTATHICTIO BUBYCHHS Ta JIOCIIIKCHb
eKCIUTyaTallliHUX BIACTUBOCTEH TPUIIAHKOBHX aBTOIMOI3IIB.

[TpoBereHMME HA-CHOTOAHI JOCITIKCHHSAMHU TPHUIIAHKOBHX aBTOMOI3/1iB, IO CKOMILJIEKTOBAHI
13 CTaHAApTHUX MOAYINIB, 3arajibHOK JOBXKHHOIO Oinbine 25 M, BCTaHOBJIEHO, IO JKOAHA 3
KOMIIOHYBaJIbHUX CXEM 3a HEKEPOBAHMX MPHUYIMHHUX JAaHOK HE MOXe 3a0e3MeYnTH HOPMOBaHI
MOKa3HUKH MaHeBpeHocTi [12], Tabm. 1 [13-15]. Ilpu upomy 1 CTilKicTh 3-TaHKOBOTO Ha
MiJJKATHOMY BI3Ky aBTOIIO13]1a, SIK 1 JIBOJIAHKOBHX TPUYIMTHUX aBTOIOI3]IIB 3HAXOIUTHCS HA MEXI
no3BosieHoro ([Jmax=4,5]).

Tabmuus 1 —"'abaputHa cMyra pyxy 1 014HI IPUCKOPEHHS aBTOIOI3/IB

ABrtomnoizn/mapa | 3oBHImHINA | 30BHIMHIA | [CPM | J, m/c” 3MiIEeHHs J, m/c”
MeTpHU rabapuTHuil| raGapuTHUN (Tarau) TpaexTopii (mpuuir,
paniycmo | paaiyc R,m npuyena HaITiBIIPHUYII)
CcIigy (HamiBIIpUyena)
Kxoiic R,m IIOJ0 TArava, M
3-JTIaHKOBH Ha 12,76 13,24 7,94 3,23 4,34 3,94
i IKaTHOMY
BI3KY
3-JIaHKOBHIA 12,45 12,93 7,63 2,18 3,98 2,67
ClJIeJIbHO-
IpUYITHUI
3-JIaHKOBHIA 12,52 13,02 7,72 2,56 2,65 2,59
tuny B-dauble
2-IaHKOBUH 11,87 12,48 7,18 2,27 2,05 2,15
CiJIeTbHUI
2-JIaHKOBUU 12,05 12,58 7,28 2,96 2,32 4,13
MPUYITHAH 3
MPUYETIOM 3
HaOIMKCHUMHU
OCSIMH
2-IaHKOBUH 11,54 12,36 7,06 3,25 2,15 4,76
MPUYIITHUH 3
MIPHYETIOM 3
PO3HECEHUMH
OCSIMH

[NoninmuTy MaHEBPEHICTh aBTOMOI3IB MOXIJIMBO 32 BBEJIEHHS B iX KOHCTPYKLIIO KEPOBaHHUX
MPUYINTHUX JIAaHOK. JlOCHIIKEHHSMU TPUIAHKOBUX aBTOMNOI3AIB PI3HUX KOMIIOHYBAJIBHUX CXEM,
npoBegenumMu B HTY,  BcTaHOBIEHO, IO HOPMOBAHI IOKAa3HUKH MaHEBPEHOCTI MOXKHA
3a0€e3MeUuTH 32 OKpPEMHUX KEpOBaHMX KoJiic (Oceil) yciX JIaHOK aBTOIOi3[a 3a MNpSMOro Ta
3BOPOTHOTO MPUBOJAY YIPABIiHHS 1 TUIBKM TEPEIHBOIO, 1 TUIBKM 33HBOI0 KEPOBAHOIO BICCIO
(xoyecamMu) — 3a OJBIMHOTO MPUBOAY YIIPABIIHHS.
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Tabmuus 2 — IN'aGaputHi paaiycu noBopoty i I'CP TpuinaHkoBoro aBromnoizaa 3 KepOBaHUM

HaIBIIPUYEIIOM 32 MOJBIHHOTO MPUBOAY YIPABIIIHHS Ha HOTr0 MEpeIHIo BiCh

Tun TpumaHKoOBOTO aBTOIOI3/1a R., M Rgr, M B, M
[TpuuinHuit Ha migKkaTHOMY Bi3Ky “dolly” 12,5 5,357 7,143
CiebHO-IIPUYIITHAN 3 IPUYEIIOM 3 HAOIMKCHHUMH OCSIMHU 12,5 5,475 6,825
CiienbHO-IPUYITHUH 3 TPUYETIOM 3 PO3HECEHUMH OCSIMU 12,5 5,502 6,798
ABtonoi3g tuny “B-double” 12,5 5,419 7,081

3araJlbHOBIIOMO, IO BBEJIEHHS KEPOBAaHUX MPHUUIMHUX JIAHOK TOTIpUIye CTIHKICTH

aBTonoizna. Tomy nyxke BaXJIMBHM € 3HAXO/DKEHHS TaKOTO KOHCTPYKTUBHOTO pIlIEHHS
TPUJIAHKOBOTO aBTOIMOI3/1a, 32 SKOro Oynu O 3aJ0BUTBHI K MaHEBPEHICTh, TaK 1 CTIUKICTh PyXY.
[Tomryky Takoro KOMIpOMICHOTO PillIeHHS OyAyTh MPUCBAYEHI OB JTOCIIIKEHHS.

N

10.
11.

12.

13.

14.

15.
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VK 629.017

XTI 10 MATEMATHYHOT O MOJETIOBAHHA 3AKOHOMIPHOCTEH
BILUIHBY EKCIUIVATAIIIHHHAX ®AKTOPIB HA HAJIHHICTD TA
E®EKTHBHICTH POEOTH ABTOMOBLTIB JI/TS 35UPAHHA I
TPAHCIIOPTYBAHHS TBEPJHX IIOEYTOBHX BIJIXO/IIB

J.B. T'ony®, Ooy., kano. mexu. Hayx,

L.B. HImaraiino, mazicmp,

A.B. HInuaboBuid, nazicmp,

J.C. YepHoMoOpUYeHKO, Mazicmp,

J.O. Tpimyk, mazicmp,

0.C. MipouHiueHko, macicmp,

B.L I'aiinyk, macicmp

LlenmpanvHoyKkpaincbKuli HAYiOHAILHUN MEeXHIYHUU YHigepcumem, Ykpaina

Bynp-sika cTBOproBaHa MaTeMaTWYHA MOJENb MOBHHHA OUIBII TOYHO OMHMCYBAaTH MPOLECH,
JUTS MOYKITUBOCTI i1 BUKOPUCTAHHS y aHAITHYHUX JOCTIHKEHHAX. AHAI3 JITEPATYPHUX JKEPEI 1
paHilie BUKOHAHHUX JIOCIII/KEHB 103BOJIUB CPOPMYBATH MEPETiK AeIKUX (PAaKTOPIB, 110 3A1HCHIOIOTH
BIUTMB Ha HAJIMHICTh 1 €(PEKTUBHICTh EKCIUIyaTallii CHeIlialbHUX aBTOMOOUTIB JJis 30WpaHHS 1
TPAHCIOPTYBaHHS TBEPJAUX MOOYTOBHUX B TEXHOJOTIYHOMY PEKMMIi eKCILUTyaTalii: Maca BiIXOIiB,
110 3aBaHTAXYIOThCS - X1 [1]; uacToTa obepranus nBuryHa 6azoBoro Imaci - X; [2].

Byna npuitHsaTa rimoreza mpo Te, IO BUXIJHA BEIUWYMHA Mae€ JiHIMHY 3al€XHICTh BiA
(bakTopiB, TOOTO PIBHSAHHS perpecii ABOPaKTOPHOI MOEII MATHME BUTJISII:

Y=f(Xl,X2)=a0+a1-X1+a2-X21 M

ay, 0y,

ne 2 - mapaMeTpH JiHIHOTO PiBHSAHHS;

X1 X . (bakTopH, 110 BIUVIMBAIOTh Ha 3HAYEHHS BEJINYMHU.

Jlnist OLIHKH MapaMeTpiB JIHIHHOTO PIBHSHHS MHOKHHHOI perpecii HeoOXiTHO MEeperTH 110
PIBHSIHHS B CTaHAApTU30BAHOMY MAacIITa01.

[IpencraBisiemo 3MiHHI 1 K IIEHTPOBaHI 1 HOPMOBaH1, TOOTO BUpPaXXEH1 K BIIXWUJICHHS BIJl
Cepe/IHIX BEeJIMYMH, 10 AUIATHCS HA CTaHAAPTHE BIAXWICHHS [3]:

= X Y-y,
X, =—"t—2 x,="2_-2 _Ni™ N
ooX, L P oX, Y= oY @)

Toxi piBHSHHS MHOKHHHOI perpecii matume Buf [3, 4]:

y=ﬂ1'xl+ﬂ2'xz’ (3)

ne PP . CTaHIapTU30BaHI KoedilieHTH perpecii (0eTa koedimieHTn).
PiBHsIHHS 3 He Mae BUIBHOTO 4JI€HA, OCKUIBKU YCl 3MiHHI BUpPa)XXeHI depe3 BIJXUIICHHS BiJ
CepeNIHIX BEJINYHH, a, SIK BIJIOMO:

ay =Y —a,-X1—a, X2

4)
CrannapTr3oBaHi Koe(illi€eHTH 3HAXOASThCSI METO/I0M HaliMEHITNX KBaapaTiB [3]:

m 2
> (y;—9;) — min
i=1 : (5)
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abo

2

Sy, (8, - %, + B, -x,)]] —> min
' (6)

e M - KUIBKICTD JOCIIIHUX TOYOK.
Touka MiHIMyMY 3HaXOJIUTHCS 3 CUCTEMHU PIBHAHB [5]:

op,
a _y
P,

(7)

OTpUMyeEMO CHCTEMY HOpPMAaJbHHX PiBHSHb, PO3B’SI30K SKUX Ja€ 3HAYCHHS IapaMeTpiB
PIBHSHHS MHOXKHHHOT perpecii [5]:

Zl: YiX, _ﬂlg YiX _ﬁzzllxlxz =0,

z YiX, _ﬁllexz _ﬂZZXZXZ =0
®)

Toxi mapamerpu B i B PIBHSHHS MHOXKHHHOI perpecii BU3HA4YaroThcs 1O (opmynax
Kpamepa [6]:

_ﬁ =Aﬁz
By A;ﬂz A ©

Jani HeoOX1IHO NepeBIPUTH 3HAUYIIICTh KOXKHOTO 31 3HAWJIEHUX MapameTpiB Bii P 3
I[IEI0 METOI0 MOX€ BUKOPUCTOBYBaTuCs t-craThcTuka CTbIOJIEHTA, JAOCHIIHE 3HAYEHHS SAKOl
o0uuncoeTbes 3a hopmyoro [S]:

odocn ﬂi H
— y — 0,1. .
) mﬂ (I n)

‘ ) (10)

t

e M, - CepeIHbOKBapaTHYHa oXuOKa koedinienta f; [4].

o, 1= ijlxz 1

m. = - , (11)
g axi\/l—R2 Jm-n-1

XiX1Xa

ac Gy - CCPCAHE KBAAPATHYIHC BiI[XI/I.IIeHHH AJI4 3HA4YCHb 3MIHHOI y;

O, - CepeaHE KBaJlpaTUYHE BIAXWICHHS IS 3HAYEHB Xj;

X
Ryx1x2 - KOG(i)lIIlCHT MHO>XWHHO1 A€TCpMI1alll JJId P1BHAHHA PErpecCil B HUUIIOMY,
RXiX1Xz - KOG(l)lHlCHT MHOXXHWHHO1 ACTECpMIaAIlll, 10 XapaKTCPU3ye€ 3aJICKHICTh MI)K YUHHHUKOM

Xj 1 IHINUMUA YUHHUKAMH PIBHSHHS perpecii.
JlocitiiHe 3HAYEHHS KPUTEPIIO tz,io‘" HEOOXIIHO TOPIBHATH 3 HOr0 KPUTHYHHUM 3HAYEHHIM -
TOYKOK0 posnoxiny Creronenra t,, (a, k) NpU 3alaHOMY piBHI 3HAYYMIOCTI @ 1 YHCIi CTYICHIB

cBoOoau K=m-n-1. 3naueHHs piBHA 3Ha4YyIIOCTI Oyio HaObyTe a=0,05 [7].

limore3a mnpo 3HauymlicTe KoedimieHta [ HE BIAKHAAETHCS SKIIO tzi“” >t a

Kp °
BIJIMOBITHAI YNHHUK X 3aJTUIIAE€THCS B PIBHSIHHI.
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Bin cranpmaptuzoBaHOi perpecii MOkHA HEepedTH 0 piBHSAHHS perpecii B HaTypaJbHOMY
Macuitall, TOOTO OTpUMAaTH PIBHSHHS perpecii:

Koedimientu perpecii B HaTypaJibHOMY MacIiTabi 3HaXOASITHCSI HA OCHOBI fa - Koeili€HTIB
[3, 4]:
o o
— 0., _ 0
a =P > oy =f, o
! Z, (13)
IS O-O ZJy,O-l =O—X1' 0-2 =O-X2
Jlani HeoOXigHO MEepeBIpUTH aJEKBATHICTh 3HAWIEHOIO PIBHSAHHSA perpecii JOCTiIHUM
naHuM. J[ns mepeBipKM 3HA4YYIIOCTI PIBHSAHHS perpecii B IHUJIOMY MoOKHa Bukopucratu F-

cratuctuky ®imepa. [locnigne 3HaueHus F,,., oduncimoerses 3a popmynoro [4]:

oC1

m ol 7l m-n-1
Fooen = Z[f (Xil’ Xiz)—Y] /Z[Yi - f(xi11 Xiz)]2 % (14)
i=1 i=1
e Y - cepeHe NOCIIIHUX 3HAUYEHb BUIIAKOBOI BEIMYMHU Y.
OTpHMaHe 3HAYCHHA HOpiBHIOGTBCH 3 KpI/ITI/I"IHI/IM 3HAYCHHIM FKp (a, (m —-N —1), n)

kputepito ®Dimepa. PiBHSAHHA perpecii B IUJIOMY BBa)XAEThCS 3HAYMMUM Yy pa3i BUKOHAHHS

gepisHocTl F, . > F . [Hakie BBaKarOoTh, 110 PIBHAHHIM HE MOKHA KOPHUCTYBATHUCS SIK OCHOBOIO
docn Kp >

IUISL YXBaJICHHS PIllICHb.
[epeBipka piBHSHHS perpecii Ha aJeKBATHICTh 3IIHCHIOETHCS 33 CEPEIHBOIO MOXMOKOIO
anpokcuMaItii & .

ool — (X, X
g=—z| (X '2)|~100%. (15)
mi— [
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V]K:656.073

AHAJII3 METOJIB OPIAHI3AIIII IEPEBE3EHD BAHTAKIB HA
PO3BI3HO-3BIPHUX MAPIIIPYTAX Y MUKMICBKOMY CIIO/IYYEHHI

A.O. Xamwp, cm. ep. TTm-21,
B.1. Kotenko, 0-p. ¢inocodpii,
Jlyyvkuii HayionanbHuti mexHiyHul yHigepcumem, Ykpaina

[lpu opranizamii TpaHCHOPTHOTO OOCIYrOBYBaHHS BaHTa)KOBJIACHHMKIB BHHUKae morpeda B
PO3B’sA3aHHI JBOX OCHOBHHUX 3aBJlaHb. 3 OJHOI0 OOKY, BaXKJIMBO BUPILIYBATH JIOTICTUYHI ACHEKTH,
Taki SK ONTHMi3allisl TPAHCIIOPTHOTO IPOIECY, BHUSBICHHS BHYTPIIIHIX pe3epBiB Ta 3MEHIICHHS
3arajbHUX BUTpAT. 3 1HIIOrO OOKYy, HEOOXiJHO CTBOPIOBAaTH YMOBU MJii BpaxyBaHHs MOTped
cniokuBadviB. J[si BUpimIeHHS 3aBJaHb OpraHi3aiil MepeBe3eHb Ha PO3BI3HO-30IPHUX MapIIpyTax
JOCTIAHUKYU MPONOHYIOTH 3aCTOCOBYBATH Pi3HI METOAM (OPMYBaHHS MapuIPyTiB, 10 0a3yIOTHCSA Ha
BHU3HAUEHH! HAaWKOPOTIIMX BIJICTAHEH, aje MpH IIbOMY BPAaXOBYIOTh MPIOPUTETHICTh KIIEHTIB Ta
3ac001B Ha LIUX MapUIpyTax.

Cepenl OCHOBHMX MHiAXO[iB, IO ONTHUMI30BYIOTh OpraHi3alil0 MEpeBe3eHb BaHTAXIB Ha
PO3BI3HO-30IpHUX MapuUIpyTax, BAapTO BHUOKPEMUTH METOAM MapLIpyTH3alli Ta METOAH
BCTAaHOBJIGHHS  pALllOHAJBbHOI CTPYKTYpH TapKy pPyXOMOIO CKJIaqy aBTOTPAHCHOPTHOTO
H1IPUEMCTBA.

1. Mertoponoris MapuipyTu3anii nepeBe3eHb 0a3yeThCsi Ha BHPIIIEHHI KJIACHYHOT
MaTeMaTHYHO!1 3a7adi (OpMyBaHHS ONTHUMAIBHOTO KUTBIIEBOTO Mapmpyty [1], skuii BKIrOUae
JeKiIbKa MyHKTIB 3 YMOBOIO, III0 KOXKEH MYHKT BIJIBIYETbCS JIMIIE OJUH pa3, 1 KIHIEBUH IMyHKT
criBnajae 3 nmo4yarkoBuM (''3agava komiBospkepa'). ONTUMaIbHUN MapUIPYT OLIHIOETHCS 3aJIEKHO
BiJl IOCTaBJIIEHOI 3a/1ayi, IKa MO>K€ BKJIFOUATH MiHIMIi3allil0 4acy JHOCTaBKH, ONTHUMI3AIlil0 BapTOCTI
nepeBe3eHb abo0 MiHIMIzamil0o BuTpar. lle 3aBgaHHS aKTHBHO BHPINIYETHCS MpPH IUIAHYBaHHI
NepEeBE3EHb PI3HUX BHJIIB BAHTAXKIB.

[Ipu 3HAYHIM KIUIBKOCTI MYHKTIB 3aBE3€HHS BaHTaXy, BHUPILICHHS L€l 3a1ayl MIITXOM
MPOCTOTO Mepedopy BapiaHTIB MAPIIPYTIB CTA€ JOCTATHHO PECYPCHO3ATPATHUM, OCKUIBKH KUTBKICTh
MOXJIMBUX BapiaHTIB MapIIPyTiB JUIsl N MyHKTIB 3aBO3Yy CTAHOBHUTH N!, a OTPUMaHHS ONTHMAJIBHOTO
BapiaHTy TapaHTYeThCS TIJABKM TMOPIBHAHHSAM BCiX MOJMIJIMBUX BapiaHTiB. TakuM 4YHHOM,
3aCTOCOBYIOTHCSI Pi3HI MeTOAM (OPMYBaHHS PAIliOHAILHUX PO3BI3HUX MApIIPYTIB JJIsi BUPIMICHHS
1iei mpobiiemMu, a came:

. BU3HAYCHHS ONTHMAJIBHUX PO3BI3HO-30IpHUX MAapIIPyTIB 3a JOMOMOTOK METOIY
HAWKOPOTIIOl 3B’s3yl0UOi MeEpeki 3 TMOJANBIIOK JeTali3alli€l0 MOCIiAOBHOCTI BiIBITyBaHHS
IYHKTIB, BAKOPHUCTOBYIOUM METOJI ITiICYMOBYBAHHS 110 CTOBITYMKAX;

. 3actocyBaHHs MeTony Kiapka-Paiita st BH3Ha4YeHHS ONTUMAIBHOTO PO3BI3HO-
30IpHOTO MapHIPYTy 3 UYITKO BHM3HAYEHMMH TOYKAMH 3aBAaHTAXKEHHSA, a TAaKOX BH3HAUCHHS
HEOOXIHOI KIIBKOCTI TPAHCIOPTHHUX 3ac00iB Ta iXHBbOI BAHTAXKOIIIHOMHOCTI At €(hEKTUBHOTO
BUKOHAHHS NIEpEBE3€Hb BAHTAXIB.

3a mepmMM METOAOM ONTHMAaJbHUKA MapUIpyT JOCTaBKH TOBAapiB BU3HAYAETHCS 3a
JIONIOMOTOK0  HACTYIHMX KpPOKIB: 3HAXOJPKEHHS HAHKOpPOTLIOrO 3B’S3yI0UOT0  MaplLIpyTy;
BKJIIOYECHHS ITYHKTIB 3aBaHTa)KEHHs B MapUIPYTH BIAMOBIAHO A0 MICTKOCTI TPAaHCIIOPTHOTO 3aco0y;
BU3HAYCHHS ITOCTIAOBHOCTI BiABITYyBaHHS BAHTXKHHUX ITYHKTIB; OI[IHKM MOJKJIMBOCTI OJTHOYACHOI
JOCTaBKM Ta 300py BaHTaxiB Ha MyHKTaX. Lleil MeTtox mo3Boiisie e(heKTUBHO BHKOPHCTOBYBATHU
PYXOMHUIA CKIIaJ MiAMPHUEMCTBA Ta 3a0e3Meuye MiHIMalbHUN MpoOir mpu JoCTaBlli ToBapiB [2].

Meton Knapka-Paiita BiHOCHTBCS 1O YHCla iTEpaliiHUX METOJIB, MPHU3HAYCHUX IS
KOMIT IOTEPHOTO BUpIIIeHHs 3aa4i po3Be3eHHs. CepenHsa moxubka pimeHHs He nepeButrye 5-10%
[1]. Vioro mepeBaramu € #oro mpocToTa, HAMIMHICTH i FHYUKICTb, 110 JO3BOJISIE BPAXOBYBATH Pi3Hi
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J0JaTKOBI (pakTOpH, IO BIUIMBAIOTh HAa KiHIIEBE pilleHHs 3aj1adi. CyTb METOAY HOJSIrae B TOMY,
11100, 6a3yrounch Ha MOYATKOBIA CXeMI PO3BE3EHHS, KPOK 332 KPOKOM MEPEXOIUTH J0 ONTUMAJIbHOL
CXEMHU pO3Be3eHHs (300py) 3a KIIbIIEBUMU MAapIIPyTaMH 3 METOI OTPHUMAHHS MaKCHMaJbHOTO
BUTpAIIly BiJICTAHCH.

Bapro 3a3Hauntd, mo oOuIBa METOAM MOXKYTh 3aCTOCOBYBATUCH JUIA (POPMYBaHHA
MapIIPYTiB y MXKMICBKOMY crioy4eHHi [1-2].

2. Onrtumizanis CTPYKTypH MapKy pyxoMmMoro ckiany. Y cBoiii mpauni aBtop [3]
PEKOMEHJIyE BH3HAYAaTH CTPYKTYpPY aBTOMAPKy B 3aJleKHOCTI BiJl BaHTAXOIIIHOMHOCTI,
BPaxOBYIOUYM BUMOTH JI0 NIEPEBE3CHHS BAaHTAXKIB MAPTISIMHU PI3HUX PO3MIpPIB 32 PO3MOALIOM PO3MipiB
naptiii BaHTaxy. OJHAK HEIOJIKOM LbOTO MIIXOAY € Te, L0 BMIAIKOBUM BBAaXKA€THCS JIMIIIE
BEJIMYMHA MapTii BaHTaXy, TOJI SIK 1HII MapaMeTpu TPAHCHOPTHOTO MPOIECY PO3IIIATAIOTHCS SIK
cTajl BeIMYMHU. Takox (GopMyBaHHS CTPYKTYpPHU MapKy PyXOMOIO CKJIaay 3a JaHUM METOAO0M
NPU3BOAUTE JI0 HEIOOLIHIOBAaHHS CTOXACTUYHUX BIIACTHBOCTEH TAaKHX IMapamerTpiB, SK po3Mip
nmapTii BaHTaXxy, BIJACTaHb JOCTaBKH, IHTEpPBaJ] MK 3aMOBJICHHSMH Ha TepeBe3eHHsA. MeTon He
BpPaxoBYy€ KOMIUIEKCHUH BIUIMB EKCIUTyaTallifHUX XapaKTEePUCTHK, OOMEXYIOUHCH PO3PaXyHKOM
JMIIE OJHOrO IOKa3HMKAa. TakoXX Ba)KIMBUM AacHeKTOM € HEBpaxXyBaHHA MMOBIPHICHUX
XapaKTePUCTHK TPAHCHOPTHOTO IMPOIECY Ta BIACYTHICTh ypaxyBaHHsS PH3HKIB JUIsl TPAHCHOPTHOT
komrtadii [4]. IIpoTe 0OCHOBHOIO HOT0 MepeBaroko € JOCTYIMHICTh Ta MPOCTOTA 3aCTOCYBaHHS.

JocmigaukamMu [5] 3alpOnOHOBAaHO METOJI BCTAHOBJICHHS CTPYKTYpU NapKy pPyXOMOTO
CKJIaJly Ha OCHOBI BU3HAYEHHS TUIOPO3MIPHOI'O MAapKy 3a BaHTAXKOMIIHOMHICTIO 3 BUKOPHCTAHHIM
KpUTepito cobiBapTocTi TmepeBe3eHHs 1 T BaHTaxy. Ilpore nmaHuii MeTox  JOULIBHO
BUKOPUCTOBYBATH, SKIIO KUIBKICTh BIJINpPaBiI€Hb 3a J00y MNEPEBUIIYE y TPUYl PO3PaXyHKOBY
KUTBKICTh MOJIETTBHOTO PSIY aBTOMOO1TIB.

Omxe, aHali3 JOCHTIDKCHb J03BOJIMB BCTAHOBUTH OCOOJIMBOCTI, TIEpEBard Ta HEIOJIKH
PO3TISIHYTHX METOJIB. BapTo 3a3HauuTH, MIO TOEIHAHHS TMPEACTABICHUX MIAXOJIB, TaKUX SK:
MapLIpyTu3allis HepeBe3eHb Ta BHU3HAYEHHS ONTHUMAJIbHOI CTPYKTYpU MHAapKy PYyXOMOIO CKIany
aBTOTPAHCIIOPTHOTO TMIANPHEMCTBA € BiJHOCHO JIOCTYITHUMH Ta €(PEKTHBHHMH METOJAMH, IO
CIPUAIOTH YIOCKOHAJCHHIO OpraHi3allii nepeBe3eHb BaHTaXiB Ha PO3BI3HO-301pHUX MapIIpyTax y
MIKMICBKOMY CITOJIyY€HHI.
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VIK 621.793.7.001.5

BHFIP OBJTAJHAHHA JUIA 3SMIITHEHHA TETAJTEH ABTOMOBLIBHOT O
TPAHCIIOPTY I'A30TEPMIYHHUM HAIITH/IEHHAM

H_.II. 3aboiikuna, acucm.,

C.O. Maroneup, 00y., KaHo. mexw. HAyK,

LlenmpanvHoykpaincbkuu HAYIOHATLHUL MeXHIYHUU YHigepcumem, Ykpaina
B.M. Jlonara, #.c., kKano. mexH. Hayx,

1E3 imeni €.0. [lamona HAH Ykpainu, Yxpaina

30UTbIIUTH HAIAHICTH 1 JIOBIOBIYHICTH JETajeii aBTOMOOLIIB 1 TUM CaMHM 3MCHIIUATH
3aNIeXKHICTh BiJl 3apyO01KHHX MOCTAYaJIbHUKIB, 32 OCHOBHUMHU HANJAOPOXKYUMU Ta METATIOMICTKUMU
JCTAIIMH, JO3BOJUTh BUKOPHCTAHHS TEXHOJOTIH iX 3mimHeHHs. Croci0 3MilHEeHHs JeTayei
MOBUHEH 3a0e31euyBaTH BUCOKHM pecypc iX eKcIulyartailii, 0yTu JOCUTh yHIBepCaIbHUM, MIPOCTUM 1
JTOCTYITHHUM.

VY CBITOBI MpakTHLl 3 PO3POOKM Ta 3aCTOCYBAHHS TEXHOJIOTIH 3MILHEHHS JAeTanel
aBTOMOOUIBHOTO TPaHCIOPTY Bce OlbINa yBara NpUAUISEThCS razoTepMivHoMy HanwieHH:o (I'TH)
[1, 2]. Lle 3ymoBieHo Oararbma #Oro mnepeBaramu, MpOTE€ HAacaMmIlepel THUM, LI0 PO3pPOOJICHE
o0JIaTHaHHS JJIS1 Ta30TEPMIYHOTO HAIMJICHHS JO3BOJISIE HAHOCUTH TIOKPUTTSI BUCOKOT SIKOCTI.

SIKICTh MOKPUTTS, MPOAYKTHUBHICTh MPOIECY HOr0 HaHECEHHS 3HAYHOI MIpOI0 3aJIeXaTh BiJ
TEXHIYHUX XapaKTEPUCTUK OOJaJHAHHSA, IO 3aCTOCOBYEThCS. [IpH 1IbOMY BHpIIIaNbHUNA BIUIMB Ha
eKCIUTyaTalliiiHi BJIACTUBOCTI IMOKPUTTS Ma€ KOHCTPYyKLis obOnaaHanHs. HuHi y ekcrutyaramii
nepedyBae MIMPOKAa HOMEHKJIATypa YCTAaHOBOK JJIs Ta30TEPMIYHOTO HAMWICHHA PI3HUX (ipM.
OnHak HeIOCTaTHHO BHUBUEHUH Ta HE MNPOBEACHUH aHali3 BIUIMBY OCHOBHUX XapaKTEPUCTHK
YCTAaHOBOK JJIi HAmWIEHHA Ha (I3MKO-MEXaHIYHI BJIACTUBOCTI OJEpP)KYBAHUX IIOKPUTTIB, HE
pO3po0JIEHO HAYKOBO OOIPYHTOBAaHMX pPEKOMEHAAlli MIoJ0 Horo 3acrocyBaHHs. BuieBkasaHi
MIPUYMHU YTPYAHIOIOTH BUOIp OOMagHAHHS JJIsl OpraHi3amii AUISHOK 3 Ta30TepMIYHOIO HANWJICHHS
Ta 3aCTOCYBAaHHS TE€XHOJIOTIYHMX MPOIECIB, IO 3a0e3MeuyroTh BUCOKY MPOJYKTHBHICTh Ta SKICTh
MTOKPUTTIB.

AnHamiz HayKoBO-T€XHIUHUX Jukepen [1-7] mokazaB, IO pPO3BUTOK OOJagHAHHA JUIA
ra3oTepMIYHOTO HAMUJICHHSI KPOKYE HUIIXOM PO3LIMPEHHS HOro TEXHOJOTIYHMX MOKIMBOCTEH Ta
301IBIICHHS pecypcy poOOTH, MiJBUIICHHS MPOAYKTUBHOCTI Ta 3pYy4YHOCTI eKCIUTyaTarii,
CKOPOUYEHHSI BUTpAT HAMMWJIIOEMOTO MaTrepiaidy Ta MiIBUINEHHS SKOCTI TMOKpHUTTIB. [Ipu mpomy
OCHOBHI 3YCWJUISL CIIPSIMOBaHI Ha BHpIIICHHS 3a/adi KepyBaHHS IapaMeTpamMH Ta30TepPMIYHOTO
MMOTOKY: IMIBHJIKICTIO Ta TEMIIEPATYPOIO Ta3y Ta YACTHHOK, KOEIIIEHTOM 30CEePEIHKEHOCTI MTOTOKY,
IPaHYJIOMETPHUYHUM CKJIAJIOM YaCTHHOK, BIACTHBOCTSIMH YaCTUHOK Ta HECYYOT'O CEPEOBHUIIIA.

[IpoBigHi ¢ipmu B Taimy3i po3poOKH Ta BUPOOHHMITBA OOJATHAHHA U1 HAINMJICHHS
CTBOPIOIOTh MOJYJIbHI CHUCTEMH YCTaHOBOK Ta30TE€PMIYHOTO HammieHHs (Tabi. 1), BeIuKoro
MepeBarol0 SIKMUX € CYMICHICTh OKPEMHUX BY3JIB 3 yciMa JDKEpelaMHu >KUBIIEHHS Ta CIeliaJbHUM
OCHAIIIEHHSM, 10 BXOAHTH /10 CHCTEMH.

3 METOI0 OTpPUMAaHHS TMOKPUTTIB 3 BUCOKHMH XapaKTEPUCTHUKAMU MIIIHOCTI 3YeTICHHS,
IIUTBHOCTI, 3HOCOCTIHKOCTI 1, OTKe, MIABHUINEHHS pecypcy AeTaleil aBToMoOuTB Oyino 3po0sieHo
MOPIBHSJILHUN aHal3 TEXHIYHUX XapaKTePUCTHUK 1 TEXHOJIOTIYHHMX IMapaMEeTpiB BITYM3HSHOTO Ta
3apyOi»kHOTO 00JIaHAHHSI, IO BUITYCKAETHCS B IAHUW Yac IS Ta30TEPMIYHOTO HATIMIICHHS.

B Vkpaini Halikpaiili MOKa3HUKU Ma€e 00JIaTHaHHS U1 €JIEKTPOYrOBOro HanmwieHHs (puc. 1),
po3pobiiene dizuko-mexaHiuauM iHCTHTYTOM (OMI) HAH VYkpainu (m. JIeBiB). Y ®MI HAH
YkpalHu NIISXOM YIOCKOHANEHHS KOHCTPYKIIi OONagHaHHS [ HANWJICHHS Ta MiJABHUILEHHS
3aXMCHO-EHEPTETHYHOTO PiBHA (hakery po3muiay Oylio BHPIIICHO 3aBIaHHS IiJBUINEHHS (i3uKo-
MEXaHIYHUX BJIIACTUBOCTEH MOKPHUTTIB 32 PaXyHOK 3HIKEHHS OKUCIICHHS JUCTIEPrOBaHOTO METAIy Y
(akei po3nuiTy Ta MiABUIICHHS MIBUIKOCTI MOJBOTY YaCTUHOK [8].
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Ta6n1/1u;1 1- XapaKTepI/ICTI/IKa YCTAHOBOK IJIA ' a3OTCpMi‘-IHOF0 HaImuJICHHA

VYcranoBka, pipma, kpaina Ctpym, A | Marepian [TponyKTUBHICTB, KI/TO
Cranb, 7 —30;
Ares-pray, SNMI ®@panriis 200 - 800 | amromiHii, 3,5-15;
LUHK 16 - 65
Cranb, 25,4;
VT-600, Colmonoy, CIIIA o 500 ATIOMIHIH, 13,6;
LUHK 70,7
ELMET-P2, RUKOV, Yexis | 200 400 ﬁ;‘;{MiHiﬁ’ 25: 66
Crainb, 9,5-10,2;
LD/U2, OSU, Himeyunna Jo 200 aJFOMIHIHN, 6;
LIUHK 20
Craib, 14,2-15,3;
LD/U3, OSU, Himeuunna Jlo 300 AJTIOMIHIMH, 9;
IUHK 30
Craib, 65,8;
LD/S2, OSU, Himeuunna o 1400 AJTIOMIHIH, 37,1;
LIMHK 140
EMI'-2, Vkpaina o 400 Cranb 18,8
EMII-1, Ykpaina TTo 300 CTaJIb., 5 24;
AFOMIHIN 14
YC3M-2M, Yxpaina JI0 400 | Crams 110 20
PE-2, ITompmma TTo 300 CTaJ'II)., y 12;
ATFOMIHIN 8

Puc. 1. YcranoBka 711 €neKTpoiyroBoro HanwienHs EM - 14

[Ipunuun poboTu amapaTy [UIsl HAllWJICHHS NOJSArae y Oe3nepepBHiM mojgadi ABOX JIPOTIB Y
PO3MUIIOBAJIbHY T'OJOBKY (puc. 1), 1€ M)XK HUMM TopuTh Ayra. Po3ruiaBieHuit ayroro matepiai
JPOTIB CIPSIMOBAaHMM TIOTOKOM CTHCHEHOTO TOBITpPsI MEPEHOCUTHCS Ha MiJATOTOBJICHY MOBEPXHIO.
Cuctema po3NWIEHHS - TOJOBKA 3 COIUIOM 1 HANpaBiSOYMMU HAKOHEYHUKAMHU. Y HalpaBiIsSiOuu
MOJIal0ThCSl [IBa €JIEKTPOJAHI JIPOTHU Ta MOBITPS miAg poOounM TuckoM. CTpymomnopaaroui kademi
KPIIUIATHCS 10 KPOHIUTEWHIB, sIKi pO3MillleH] B epeIHii YacTHHI anaparta JJis HarnuwieHHs (puc. 1).

Jlnisi HaHeCeHHS TOKPUTTIB BUKOPUCTOBYIOTBCS amapaTd 3 Pi3HOI AYTHOBOK CHCTEMOIO Ta
reomeTpiero comia. B pgaHuii yac BiZOMO KUIbKa cXeM (OpPMYBaHHS TIeTepOTreHHOIo
METaJIONOBITPSHOTO IOTOKY MPH €JIEKTPOIYyTOBOMY HaMMJIEHH1: AladparMoBa, LIEHTPAJIbHOCOILIOBA,
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mudepeniiifHa Tta 3akputa [8]. YV cepiliHOMy BUPOOHMITBI HaiOLIBIIOrO MOIIMPEHHS Habyna
miapparMoBa cxema, 30KpeMa BOHA BUKOPHUCTaHA TIPH BHUTOTOBIICHHI yCTAHOBOK  JUJIS
enekTpoayrosoro HamwieHHs ¢ipm "Metco" ta "Mogul" (CHIA). Ilpu BUKOpUCTaHHI 1i€i cxeMu
(bOpMy€eThCA MIUPOKUN METAJONOBITPSHUNA TMOTIK. 3acTOCYBaHHS IIl€i JTyThOBOi CHCTEMH €
e(peKTUBHUM JUIsI HAHECCHHS AaHTUKOpPO3iMHMX NOKpUTTIB. LleHTpambHO - comoBa cxema
BUKOPWCTAaHA B amaparti Ui HAIWICHHS, JIe CTBOPIOETHCS BY3BKHH MOTIK PO3MIIIOEMOTO METaly,
KU € 0c00IMBO €(peKTUBHUM IPU HAHECEHHI MOKPHUTTIB HA TiJla 0OepTaHHS, HAPUKIAJ, HA BaJH
[7,8].

3 METOI MiJBHMIIEHHA SKOCTI IOKPUTTIB JOLIIFHO BHUKOPUCTOBYBATH PO3MHIIIOBATIBHY
TOJIOBKY, B OCHOBY SIKOi TOKJIQJIEHO 3aKpUTY CXeMy (OPMYBAaHHS METAJIONOBITPSHOTO MOTOKY. Y
po6orTi [8] Big3HaUa€eThCS MepeBara anapariB i3 3aKpUTOI0 CXEMOIO Ta TU(EpeHIiaIbHIM COIUIOM Y
MOPIBHSHHI 3 BIAKPUTOK CXEMOKO IIEHTPAJIBHOrO coruia. 3akpuTa cxemMa (popMyBaHHS
METAJIONIOBITPSHOTO MOTOKY JI03BOJISIE OTPUMYBATH HAA3BUYAWHO ApiOHI (pakiii 4acTHHOK, IO
pO3MUIAIOTHCS (MiamMeTpoM MeHme 50 MKM), SIKi BU3HAUYAIOTHCS BUCOKOIO MIBHUAKICTIO TOJBOTY

(50...130 m/c) (puc. 2).
160 V. m/c

120

80

&
d, MKm

I I 1
100 200 300 400

Pucynok 2 — 3anexHicTh MBHIKOCTI MOJBOTY YACTUHOK MaTepiaiy, 10 PO3MUIIOETHCS, BiJl
iXHBOTO PO3MIpY i Yac peaizallii pi3HUX cxeM (popMyBaHHS METAJOMOBITPSHOTO MOTOKY: a —
LEHTPAJILHO — COIJIOBA CXeMa; O — 3aKpuTa cxema

Taky cxeMmy pO3NWIEHHS CIliJi BUKOPUCTOBYBATH, KOJIM BUHUKAE HEOOXIAHICTh HAHECEHHS
apibHoaucniepcHoro MOKpUTTsA (50...200 MKM) pO3NHJICHHSIM HOPOIIKOBUX JPOTIB, 0 CKJIATY SKHX
BXOJSATh TYrOIUIaBKI KOMIIOHEHTH. 3aKpHUTy cXeMy (OpMYBaHHS METAJIONOBITPSHOTO TIOTOKY
BUKOpHCTaHO B anaparax BupooHunrsa ®MI HAH VYkpainu [8]. 3akpura cxema mae cBOi nepeBaru
B TOMY BHMAJKy, KOJIH pO3Mip AYrd B IMepepi3i CTae MOPIBHSHHUM 3 MEpepi3oM IHIIHIPOBOTO
KaHaly, B SKOMY BOHA TOPHTh. 3aKpuTa cxema (GOopMyBaHHsS METAJIOMOBITPSHOTO MMOTOKY JA03BOJISIE
peasi3oByBaTH JiBa peXUMHU HaIllWIEHHS: Oe3nepepBHUi Ta iMIyabcHUM. [Ipy 3MeHIeHH niamMeTpa
[WITIHAPUIHOT YACTHHU COIUIA THCK Y COTUTI MOYKE CTAaTH PIBHUM THUCKY B [yTOBOMY IMPOMDXKY. [Ipu
TaKOMY CITIBBITHOIIICHHI THCKIB XOJIOJIHE MOBITPS aKTHBHO MPOHUKATHME B 30HY TOPiHHS AYTH Ta
3YMOBUTH CKOpPOYCHHA ii JOBXHHU. KOnu JOBXKHMHA IyrH CKOPOTHUTHCS HACTUIBKH, IIO PO3ILIAB
3aMKHE JyTOBUH TPOMIXOK, BHHHUKA€ IMIYyJIbCHUM pexuM. CHiBBIAHOIIEHHS THUCKIB Yy [y3i
3aJIeXkKUTh BlJ JlaMeTpa COIUIa Ta MOTY>KHOCTI Ayrd. ExcriepuMeHTanbHO BCTAHOBJIEHO, 110 UM
OlTpIIMH JiaMeTp comjia, TUM OuIblIO Mae OyTH MOTYXXHICTh JYyrH, L00 peaizyBaBcs
IMITYJIBCHUM pexuM poOoTH amapaty. [Ipu poOoTi amapaTy B IMIyJIbCHOMY PEKUMI TOPLI APOTIB,
AK1 TUIaBIISATBCS, CTAIOTh MapajelIbHUMH MDK co0oro. Pinka ¢a3za, 3aMuKaro4yu TOpLI €NeKTPOAiB-
JPOTIB, pealli3ye peUKoTpoHHUM ePekT. PeKkoTpoHHMI e(heKT MPOSIBISETLCSA B TOMY, 110 B IIIJTUHI
MK JIBOMa TapajieIbHUMHU €JeKTpoJaMH [i€ eJeKTpOJMHaMiYyHa CHJla, $Ka CIpsSMOBaHA
mapajenbHO 0  TIOBEPXOHb  EJIEKTPOJiB, IO  IUIABIATHCS.  PO3IIaB  BHKHIAETHCS
€JIEKTPOAMHAMIYHUMHU CWJIAMU 3 HPOMDKKY ¥ BUHHMKA€ Iays3a, Micis SKOi LMK MOBTOPIOETHCS.
YacToTa BUKH/IIB 3aJI€KHUTh BiJ] IIBUAKOCTI T0/1a4l IPOTY-EIEKTPOay. UnM BHUIIA MIBUAKICTH TO1a4l
ApOTy, TMM BHILA YacTOTa BUKUAY po3miaBy. [Ipum TakoMy croco0i HamujaeHHS 3a paxyHOK
PENKOTPOHHOTO eeKTy MOpLii PIIKOro MeTaay OTPUMAIOTh JOJATKOBUM IMITYNbC, IKUW I1ABUILYE
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IIBUJKICT TOJNBOTY B TIIOYaTKOBHM MOMEHT 1 CHpUSi€ TUCIEpPryBaHHIO posiiaBy. [lpu
BUKOPHCTaHHI "3aKpuTOi" CXeMH MakcuMajbHa BEJIMYMHA PO3NUICHUX YaCTUHOK He nepenuirye 50
MKM.

OO6nagHaHHs  JuId  €JIEKTPOAYTOBOTO  HAINWJICHHS ~ XapaKTEPU3YEThCS  HACTYHMHHUMH
napameTpamu: Hampyra — 18 ... 36 B, cuna ctpymy — 50 ... 600 A, notyxHicts nyru — 5 ... 20 xBr,
BIJICTaHb BIJ] COIUIA 10 TOBEPXHIi, IO HAMWIIOEThCA (aucrtaniis HamwieHHs) — 50 ... 200mwm,
MIBUJIKICTh TIOB3JIOBXKHBOTO mepeMimieHHs - 5 ... 10 Mm/00, gactora obepranus Bamy -10 ... 60
00/XB, TUCK TOBITpS, L0 CTUCKaeThcs (rasy, mo posnmmoerses) - 0,35 ... 0,5 MIla, Butpara
MOBITPS, IO CTUCKAETHCS (Ta3y, M0 PO3MIIIOEThCs) - 60 ... 150 v/rox, niametp apoty 1,6 ... 2,0
MM, IIBUIKICTH mojadi apoty - 0,05 ... 0,35 m/c.

Taxum yMHOM, 710 TIepeBar anapaTiB MO>KHA BiJTHECTH:

- 3HIDKEHHS OKUCJICHHS MaTepially, 10 HAaWIIOEThCS, Ta BUTOPSIHHS JIETYIOUHMX €JIEMEHTIB;

- 301IBIIEHHS IBUIKOCTI YACTUHOK MaTepiaiy, 10 HaIMIIOEThCS;

- KyT PO3KpUTTA CTpyMeHs He nepeBuinye 10 rpamycis,

- KoeiIieHT BUKOPUCTAHHS MaTepiany 30inburyerbes a0 0.85;

- TMOPHUCTICTh CTaJeBUX MOKPHUTTIB 5 - 7%, UIUIBHICTH MOKPHUTTIB 13 aJIOMIHIEBUX CIUIAaBIB
HAOJIMKAETHCS JI0 UIUTBHOCTI JINTOTO METAIYy.

Ha mincraBi anamizy pe3ynabTaTiB HayKOBO-TEXHIUHUX, MPAKTUYHUX Ta €KCHEPUMEHTAIbHUX
JOCTIKEeHb OYII0 3p00JICHO TaKi BUCHOBKH:

- OCHOBHOIO TEpEeBarol0 3ampoNOHOBAHOTO METOAY TIa30TePMIYHOIO HAMWICHHA € HOro
BHCOKA MPOJYKTHBHICTh, MaKcUMasbHe 3HaueHHs eHepreTnuHux KKJI po3nuieHHs Ta HanuieHHs.
[lepeBaru 3ampornoHOBAaHOTO METO/y HAHECEHHS MOKPHUTTIB 3a0e31euye BUKOPUCTAHHS YCTAaHOBKHU
IUIsL eJeKTpoayroBoro HamwieHHs EM-14 i3 3akputoro cxemoro (GopMyBaHHS METaJOMOBITPSHOTO
MOTOKY. 3aCTOCYBaHHS 3aKPHUTOI CXeMH (JOPMYBAHHS METAJIOMOBITPSHOTO MOTOKY MpU HAIMWJICHHI
[8] mo3BONIUTE OTpUMATH TOKPHUTTS i3 IIIIBHICTIO TIoHAT 90 % Ta MimHiCcTIO 3ueruieHHs 10 180
MllIa;

- BJIOCKOHAQJICHHS YCTAaTKyBaHHS [JIs HamwieHHS [8] MO3BOJIUTH 30UIBIIUTH IIBHIKICTH 1
TEMIIEpaTypy CTpyMEHS Ta3y, HI0 TPAHCIOPTYE, 1 YACTHUHOK, 3MEHIIUTH JlaMeTp Kparelb,
I IBUIIATH NIUTBHICTB 1 3HU3UTH OKUCITFOBAHICTh MTOKPUTTIB;

-BUKOPUCTAHHS Y SKOCTI PO3MWIIOBAJIBHOTO Ta3y MPOAYKTIB 3TOPSHHS MPOMAHO-TIOBITPSHOT
CyMiIIi JO3BOJMTH CTBOPHUTH JIOaTKOBE JHKEPEINIO TEIUIA, a BapilOBaHHS BUTPAT NMPOTAHY 1 MOBITPS -
HEHTpaabHy a00 BIIHOBIIOBAJIbHY aTMOC(epy B 30HI MIIABIIEHHS €IEKTPOJAHOTO APOTY 1 TUM CaMUM
3MEHILIUTH OKUCIICHHS METAy i BUTOPSIHHS JIETYIOUUX €JeMEHTIB [7, §].

- miabip ckiamy Matepianly ISl HamWiIeHHS JacThb MOXJIIMBICTb CTBOPUTH YMOBH ISt
MPOTIKAHHA €K30TePMIYHMX peakliii MK MHOro KOMIIOHEHTaMM Uil OTPUMAaHHS J0JaTKOBOI
KUTBKOCTI TeIUIa, M0 BUIUISETHCA MPHU MPOTIKAHHI PEakIii Ta JO03BOJIUTH HAHOCUTH MOKPUTTS 3
KapOi/IiB, OKCHUIIB, OOpH/IIB, ATFOMIHIIIB Ta CHTIIUAIB Ta 30UIBIIATH iX TBEPAICTS [7, 8].

Takum uymHOM, aHai3 pe3yabTaTiB JOCTIIKEHb J103BOJIIE PEKOMEHAYBATHU Ul 3MIIIHEHHS
JeTaneil aBTOMOOUIBHOTO TPAHCIOPTY YCTAHOBKY JUIsl €leKTpoayroBoro HamwieHHs EM-14 i3
3aKpUTOI0 CXeMOK (opMyBaHHS MOTOKY moOBiTps. KoHCTpykuiss BHOpaHHOro 00JIaAHAHHS
3a0e3meyye CTBOPEHHSI TOKPUTTIB PI3HOTO (PYHKI[IOHAIBHOTO TPU3HAYCHHS 3 BHCOKHUMH
eKCIUTyaTalliIfHUMHU BIACTUBOCTAMH, IO € AY)KE BXJIMBUM IS MIJBUILEHHS pecypcy neTaneit
aBTOMOO1JIBHOT'O TPAHCIIOPTY.
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V]K:656.073

IIBUITEHHA EOEKTHBHOCTI TPAHCIIOPTHOI JIOTICTHKH TAPHO-
HITYYHUX BAHTAKIB Y MIKHAPO/THOMY CIIO/1YYEHHI

C.P. llIBopak, cm. ep. TTmz-21,
B.I. Korenko, 0-p. ¢inocogii
Jlyyvkuii HayionanbHuti mexHiyHul yHigepcumem, Ykpaina

B cydacHOMy CBiTIi MiXHApOJHI BaHTaXHI TEPEBE3CHHs BiIIrparoTh KIOYOBY pPOJIb Yy
3a0e3neueHHl 100anbHOI €KOHOMIYHOI aKTHBHOCTI Ta OOMiHY pecypcaMu, TOMY ITiJIBUILIEHHS
e(EKTUBHOCTI TPAHCIIOPTHOI JIOTICTUKY BAHTAXIB € aKTyaJbHOIO 33J1a4€i0 I aBTOTPAHCIIOPTHUX
MIANPUEMCTB.  3pocTaHHs  0OCATIB  BAHTAKOIEPEBE3€Hb Ta  HEOOXUIHICTH  ONTUMI3aIlii
TPAHCIIOPTHOTO CIIOJIyYEHHS BHMAararoTh BIIPOBA/DKEHHS CYYaCHHX IIJXOJIB JIO YIPaBIiHHS
JOTICTUYHMMHU TIpoLecamMu s 3a0e3neueHHs e(EeKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI
MEPEBI3HUKIB, 110 3/11MCHIOIOTH IOCTABKY TAPHO-IITYYHUX BAaHTAXKIB Y MIXKHAPOJIHOMY CIOJYYEHHI.

Amnaniz puHKY TPaHCIOPTHHX MOCIYr IMOKa3aB, IO MPOTATOM OCTAaHHIX KUIBKOX POKIB
CTIOCTepiranocsi 3Ha4He 30UTBIICHHST YaCTKH aBTOTPAHCIIOPTY HA PUHKY BAaHTAXHHUX IEPEBE3CHb B
VYkpaiHi, 0 CKJIaJ0 MO3UTHBHI +57%, TOMl SIK YacTKa BOJHOI'O TPAHCIOPTY BTpaTUia Maibke
BIIBIYi, IIOKA3aBIIM BiA'€MHUN TOKa3HUK -44%. 3ami3HUYHUN TPAaHCHIOPT TaKOX 3adikcyBaB
HEBEJIMKE 3MEHINICHHS Ha piBHI -8% [1].

ABTopu nociiJkeHHs [1] BBa)karoTh, IO €KCHAHCIsl aBTOMOOUIBHOTO TPAaHCIOPTY B cdepi
BAaHTAKHUX IE€pEeBE3eHb B YKpaiHi 32 OCTAaHHI JeCcATUPIuYs BUSABWIACS JOCUTH YCHIIIHOIO, Y TOM
Yac SK TIepeBE3CHHS BAaHTAXKIB IHIIMMHU BUIAMH TPAHCIIOPTY 3HAYHO 3HU3WIHCH. Ll TeHmeHIis
HETaTUBHO BIUIMBA€ Ha €BPOIHTErpaliio YKpaiHH, OCKUIBKU 3 TOUKH 30py 3000B'd3aHb YKpaiHU B
pamkax €BpoIenchKOro 3eJIeHOro Kypey, 4acTKa 3aJli3HUYHOTO Ta BOAHOIO MOBHMHHA 3pOCTaTH Ha
PHHKY, a2 aBTOMOOIJIbHOT'O HaBIaKH 3HUKYBATHUCH [2].

AnHami3 icHyrouux JgociaiypkeHb [3-10] 103BOJSMB BHOKPEMHUTHM HACTYNHI HaMpsIMU
HiABUIIEHHS €(PEeKTUBHOCTI TPAHCHOPTHOI JIOTICTUKU TAPHO-IITYYHUX BAHTAXIB Y MIKHApPOAHOMY
CIOJTyYEeHHI:

1. Bubip onTumanpHOro BapiaHTy JOCTaBKM MapTii BaHTaXy 3aJ€KUTh BiJ THIIIB
JIAHITIOTIB MocTayaHHs. Y poOoTi [3] 3amponoHOBaHO Jiala30HM BiJICTAHEH Ta pO3MIpU MaPTiil s
PI3HUX JIAQHIIOTIB TIOCTayaHHs, cepell SIKMX: JocTaBka 3 onHuM ekcreautopoMm (1F), mocraBka 3a
YYacTIO JIBOX €KCIEAUTOPIB O€3 3amyueHHs BaHTaXHUX TepMiHaiiB (2F), mocTaBka mapTii BaHTaxy
yepe3 BaHTaxHUN Tepminai (1T), nocTaBka 3 yuacTio 1BOX BaHTaXHHUX TepMiHaiiB (27T).

2. BpaxyBanHs1 BIUTMBY KIIOUOBUX (haKTOPIiB HA COOIBApPTICTh NMEPEBE3CHHS BAHTAXKIB
[4-5]. Jlo Takux ¢akTOpiB HaJiexkaTh: BiJCTaHb JOCTABKH, MPOOIT aBTOMOOUIS M CYMDXHHUMHU
MMYHKTaMH 3aBaHTKCHHS HA MAapUIPYTi, HOr0 BaHTAXOI JHOMHICTh Ta KO€(]III€HT 3amacy, a TaKoX
cepe/iHil 00CAT 3aBaHTaKEHHS BaHTAXy B OJMH IMYHKT MapIIpyTy Ta KoedilieHT Bapiamii HOMUTY.
Brumue mmx ¢akTopiB Ha cOOIBapTICTh JOCTaBKM BaHTaXKIB OMUCAHUN 32 JIOMOMOTO aHATITUIHHUX
Mozenedt y mociimpkenHi [S]. HasBricTh iHGOpMamii mono 1ux (akTopiB I03BOJIAE 3TIHCHUTH
BUOIp aBTOMOO1IS 3 ONTHUMAJIbHOIO BaHTAXKOIIIHOMHICTIO, IO CIPSIMOBaHA HAa 3MEHIICHHS BUTPAT
IIpY TIEPEeBE3CHHI 3 ypaxyBaHHSIM MOJIMBHX BTPAT BiJl HECBOEYACHOTO a00 HEMOBHOTO BUKOHAHHS
3aMOBJICHHS Ha IEPEBE3EHHS.

3. BcTaHOBEHHST B3a€MO3B'SI3KIB MK IOKa3HUKaMH (PYHKIIIOHATBHOT €(QEeKTHBHOCTI
aBTOMOI3/11B Ta 3MIHOIO iX KOHCTPYKTUBHHUX NAapaMeTpiB, a TAKOXK BPaxXyBaHHS YMOB I€PEBE3EHb 1
XapaKTepUCTHK JOpir 3abe3meduye BUPIMICHHS OpraHi3aliifHUX Ta TEXHOJOTIYHUX AaCIIEeKTIiB
PO3BHUTKY TPAHCIIOPTHOTO CEKTOPY BIAMOBIAHO A0 KOHLEIIIT €Hepro30oepexeHHs Ta e(h)eKTUBHOTO
BUKOPHUCTAHHS pecypciB [6].

4, Po3poOka Ta BrpoBaIKeHHs y TPAHCTIOPTHHI MPOIIeC pallioHATbHUX PEXHUMIB Ipaili
Ta BIJNOYUHKY BOAIIB [7].
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S. BcTaHOBiEHHS  y3arajbHIOIOUMM — TapamMeTpoM, IO BH3HAYa€ e(EeKTUBHICTDH
parioHaIbHOTO (PYHKIIIOHYBAaHHS JIOTICTUYHOTO JIAHITIOTA JIOCTAaBKH BaHTaXXIB aBTOMOOUIbHUM
TPAHCIOPTOM Y MIKHapOJHOMY CIIOJyY€HHi, CTPOK BHMKOHAHHS JOCTaBKM BaHTaXy 3 HOro
MOAIBIIIOK onTuMizamielo [8]. BaxkiauBuM € Te, MO MpPU 3MiHI CTPOKY JIOCTAaBKH 3POCTAIOTh
CyMapHi BHUTpaTH, sKi, Ha JyMKY OJI€p)KyBaua TPAHCIOPTHHUX IOCIYT, € OJHUM 3 HaHOLIbII
BaYUJIMBHUX KPUTEPIiB, 10 XapaKkTepu3ye e(eKTUBHICTh BUKOHAHHS NIepeBe3eHb [§].

6. 3acrocyBaHHA 0a30BUX MIAXOMIB JUIS ONTUMI3allii JOCTaBKM BaHTaXy, a came:
MapIpyTu3alii nepeBe3eHb BaHTaX1B, BUOOPY HalOIbII €(EeKTUBHUX MOJENIEH pPyXOMOTro CKIIaay
i1 HaBaHTaXXyBaJIbHO-PO3BAHTAXYBAIBHUX MEXaHI3MIB Ta PO3PaXyHKY ONTHMAaJbHHUX IapaMeTpiB
CHUCTEMH yTIPaBIIiHHA 3amacamu [9].

7. BusHaueHHs BIUIMBY €KCIUTyaTalliiHUX BUTpPAT, OOCSTiB 3aMOBIEHHS Ta BiJCTaHi
MepeBe3eHHsT Ha CcOO0IBapTICTh MpoOiry 1 KM TpaHCHMOPTHOTO 3aco0y MT03BOJISIE OOpaTH OULIBII
e(eKTUBHUI CIOCO0IB TPAHCTIOPTYBAaHHS BaHTaXiB. J{0 eKkcIuTyaTaliHuX BUTPAT BIAHOCSTH BUTPATH
Ha TajbHe, BATPATH HAa OPTaHi3allifo MbKHApOIHUX repeBe3eHsb [10].

OTxe, MpoBeNEHMI aHali3 JOCHIIPKEHb IO3BOJMB BHSBHTH, IO HAa CHOTOJHI HE ICHYE
YHIBEPCAJIBHOTO TIiAXOMy W00 MIiABUINCHHS €()EKTUBHOCTI TPAHCHOPTHOI JIOTICTUKHA TapHO-
IITYYHUX BaHTAXIB y MIXKHAPOJHOMY CIOJYYEHHI, TOMy HaiOibil e(EeKTUBHUM BapTO BBAXKaTH
IHAMBIAyalnbHUN MIAXIJ 13 BpaxyBaHHSAM OCOOJMBOCTEH (DYHKIIOHYBaHHA Ta PECYpPCHHUX
MO>KJIMBOCTEH aBTOTPAHCTIOPTHOTO MiIPUEMCTBA.
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YIK 656

IIPOBJIEMH OPTAHI3ALII IOPOKHBOT' O PYXY IIPH IIPOEKTYBAHHI
BYJIM4YHO-/IOPOXHbOI MEPEXI

M.B. Baﬁiﬁl, 00Y., KAHO. MexXH. HAYK,

L.B. HaﬂaMapl, cmyo.,

B.A. Ba6iii’, cmyo.

T ePHONINILCOKUL HAYIOHAbHUL MeXHIYHUL YHigepcumem imeni leana [lynios, Yxpaina,
Hayionanvhuii yuigepcumem "Jlvgiecoka nonimexuixa", Ykpaina

be3zanepeunum € Toi (pakT, M0 MpU OpraHizamii JOPOKHBOTO PyXy Ha BYJIWYHIA MEpexi,
0COOJIMBO 1IIEe Ha CTajli MPOEKTYBaHHS, € 3a0e3neueHHs Oe3meKku pyxy s BciX y4yacHHKIB. Llei
YMHHUK € TOJIOBHMM HaBiTh Ha IepeBary €KOHOMIYHIM BHTOJi. A 3arajioM MUTAaHHS OpraHizamii
JOPOKHBOTO PYXY Ha 3aJlaHiil AUISHIII MOTPIOHO BUPIIIYBATH Y KOMILIEKCI.

3HauyHy poJsib TYT BIAIrpa€e NpaBUJIbHE Ta €PEKTUBHE YIPABIIHHS TpapikoM 1 SIK HACHIJIOK —
[I€ 3MEHIIEHHS 3aTOpiB Ta MiABUILEHHA MPOIMYCKHOI CHPOMOXKHOCTI jopir. Llporo mosxHa
JIOCSTHYTU Ye€pe3 BCTAHOBJIEHHS CBITIO(OpPIB 3 OOIPYHTOBAHMMHU LMKJIAMH, JOPOKHIX 3HAKIB,
BUOOPY ONTUMAJIbHUX MAPILPYTIB JIs1 TPAHCHIOPTY TOILO.

3 iHmoro 60Ky Ha Iieil Ipolec Ma€e BIUIMB CTafisl, HA sIKIH OPraHi30BYEThCS JOPOXKHIN pyX.
Jlo mpukiagy, SIKIIO 1€ MPOEKTYBaHHS HOBUX JIOPIT, TO MOTPiOHO BpaxoBYBAaTH TPAHCIIOPTHHUH
MOTEHI[iaJl JaHOTO PaioHY, MOB’SA3yIOYM 3 TEHEPaJbHUMHU IUIAHAMH 3a0YyJ0BH, TEPCIEKTHBAMU
PO3BHUTKY I'pOMaJ JaHOTO pailOHy Ta CYMIXKHUX TepuTopiil 1 T.1. MozepHizalis 10pir B IeBHiN Mipi
€ OuThIT OOMEKEHOI0, BOHA 3MYIlIeHa OyTH 1HTEIPOBAHOK Yy BXKE ICHYIOUY 1HGPACTPYKTYpPy, IO
Mo>Ke OyTH CKJIaJJHUM MPOIIECOM 3 TEXHIYHOI Ta JOTICTUYHOT TOUKH 30DY.

Pa3zom 3 TuM, mij yac IpoOeKTyBaHHS MICHKOI TPAHCIIOPTHOI MEPEXi BaXKJIMBE 3HAUEHHS Ma€
NpaBUIbHE BH3HAYEHHS PO3PAaXyHKOBHUX TPAHCIOPTHUX MOTOKIB. Bapro Bim3HauuTH, mo ii
MPOEKTYBAHHS JUIsl HOBUX MICT ICTOTHO BIAPI3HSETHCA Bl PEKOHCTPYKIIT Ta PO3BUTKY MEpeXki BiKe
ICHYIOUHX MiCT.

[lepm HX TPUCTYNMHTH JIO TPOSKTYBaHHS BYJIWYHOI MEpexi poOJATH aHami3 Ta
BCTaHOBIIOIOTh, SKOi KaTeropii Tam Oyae mnpoisratd jgopora. Lle 3ymMoBiIeHO TuM, IO
IHTEHCHUBHICTh PYXYy BU3HaYaTUME ra0apuTH CaMoro JOPOKHBOTO MOJOTHA Ta IHPPACTPYKTYPH, KA
3abe3nedyBaTuMe O€3IeKy JOPOKHBOTO PyXy Ha LIl AUISHI.

[lepmoyeproBoro 3amauet0 € BHU3HAYCHHS OOCATIB TPAHCIOPTHUX TIOTOKIB Ha Pi3HUX
TOUISTHKAX JOpir Ta nmepexpecTsax. Lle qormomarae BU3HAYUTH HEOOX1THICTh OYAIBHUIITBA JOJATKOBUX
JOPOXKHIX CTHOPYH, BCTAHOBJIEHHS TEXHIYHHUX 3acO0IB JJII ONTHUMAJIBHOTO PETYJIIOBAaHHS
JTOPOXKHBOTO PYXY.

[Hma rpasp npu oprasizariii JOPOKHBOTO PYXy Ha BYJIMUYHIA Mepexi — 1e 3abe3nedeHHs
KOM(OPTHHUX YMOB JUIs BCiX YYaCHHUKIB pyXy HpH X MepeMilleHH] po3TIsAyBaHO NiIsSHKO. TyT
HEOOXITHO BHUIIIUTH TPOOJEMH TapKyBaHHS Ta PO3MIIICHHS TapKyBaJbHUX MalJaHYMKIB.
EdexTuBHICTh pyXy TpaHCIOpPTY, IO BIUIMBAaE HA Yac NEpeMilleHHS Ta BKIO4Yae B cebe
ONTHMI3aIliI0 PO3TalTyBaHHS CBITIO(OPIB, OpraHi3alilo KUIbIEBUX PO3B'SI30K Ta 1HII 3aXOAH IS
MOKPAIIEHHS MPOITYCKHOT 37]aTHOCTI.

BaxxnuBum acniekToMm € 3a0e3neyeHHs] 3pYYHOro JOCTYIY A0 IPOMaJChKOTO TPaHCIOPTY,
BKIIIOUAIOUU aBTOOYCH, TpamBai i MeTpo. Lle crpusie 3MeHIEHHI0 aBTOMOOUTEHOTO Tpadiky Ta
MOKPAIEHHIO POOOTH TPOMAJICHKOT'O TPAHCIIOPTY.

[TpoexTyBaHHS BYJIHYHO-TOPOKHBOI MEpEXKi TaKOX IOBHHHO BpPaXOBYBaTH E€KOJOTIYHI
aCIeKTH — 3MEHIIEHHS BHKHIB WIKIIJIMBUX PEUYOBUH, HAMNPUKIAL Bil poOOTH JABUTYHIB
BHYTPIIIHBOTO 3ropsiHHs. HaTomicTh MOTpiOHO OpraHi3oBYBAaTH BEJIOCHIICIHI TOPIKKH, PO3BUBATH
1H(GPACTPYKTYpYy PI3HHX BHIIIB E€JIEKTPOTPAHCIOPTY, CTBOPIOBATH 3€NI€HI 30HU JUIsl MOKpPAIICHHS
SIKOCTI TTOBITPS TOIIIO.
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BaxmBo oxpeMo BUIIUTH 3a0e3nedeHHs1 Oe3NeKH BYIHMYHO-OPOXKHBOIO PyXy AJIs BCiX

YY9aCHHKIB, 0COOJMBO JIsl TimoxoaiB. Croau BXOIWUTH MPOEKTYBaHHS O€3MEYHUX TMEPEXOJIiB IS
MIIIOXO0/iB, PO3AUIBHUX CMYT JUIS PYXY, @ TAKOXK CUCTEMH OCBITIICHHS Ta CUTHAJI3alli.

Tomy, miaICcyMOBYIOYM METY OpraHi3alii JOPOKHBOTO PyXy IMPHU MPOEKTYBaHHI BYJIUYHO-

JOPOXKHBOT MEPEXI, — 11€ CTBOPEHHS O€3MeYHUX, €(DEKTUBHUX Ta 3PYUYHUX YMOB JJISl BCIX YUACHHKIB
TOPOXHBOTO PYXY, sIKa CIIPHSIE CTAIOMY PO3BUTKY MicTa a00 HACEIEHOTO MyHKTY.

10.

11.

12.

13.
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Central Ukrainian National Technical University, Ukraine,
2University of Economics and Innovation in Lublin, Poland

The diagnostics of car electronic systems is an essential component of modern technical
maintenance for automotive transport. The rapid technological advancements in the automotive
industry have led to a significant increase in the number of electronic components and systems used
in contemporary vehicles. These systems are responsible for the safety, comfort, and efficiency of
an automobile's operation.

The primary goal of diagnostics is to identify and rectify faults that arise within electronic
systems governing various aspects of a car's functionality. Diagnostics are carried out using
specialized equipment and software that retrieve data from the car's control units and sensors.

The presence of diverse electronic systems in modern vehicles allows for real-time
information retrieval concerning various car parameters. Diagnostic scanners enable the detection
and recording of Diagnostic Trouble Codes (DTCs) related to various aspects of the vehicle's
operation, from the engine to safety and comfort systems.

Accurate diagnostics of electronic systems contribute to preventing serious breakdowns,
enhancing road safety, ensuring efficient fuel usage, and prolonging the vehicle's lifespan. With a
wide range of diagnostic technologies available, specialists can promptly identify problems and
implement appropriate measures to address them.

The servicing of car electronic systems can be classified into the following categories:

1. Preventive maintenance:

— Regular maintenance: Includes scheduled technical inspections and preventive
maintenance of the car's electronic systems according to the manufacturer's recommendations. This
may involve replacing filters, oil, checking fluid levels, and more.

— Security systems: Regular checks and testing of safety systems such as ABS (anti-lock
braking system), ESP (electronic stability control), airbags, tire pressure monitoring systems, etc.

2. Diagnostic servicing:

— Error scanning: Utilization of diagnostic scanners to retrieve error codes from the car's
electronic control units, enabling the identification of issues and faults within systems.

— Testing electronic components: Checking the performance of sensors, relays, controllers,
and other electronic components for defects or wear.

3. Repair and technical maintenance:

— Replacement or repair of electronic components: Performing repair work on electronic
control units, sensors, relays, and other electronic components of the car's systems.

— Software updates and configuration: Updating the software that controls various vehicle
systems to correct errors or enhance functionality.

4. Urgent servicing:

Fault rectification: Swift actions to address unknown or urgent problems that may arise
during the vehicle's operation.

These categories of servicing for car electronic systems interact to ensure the efficiency,
reliability, and safety of automotive transport.
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The main diagnostic methods for car electronic systems include:

1. Error scanning (Diagnostic Trouble Codes - DTCs): Detection of specific errors or
problems stored in the vehicle's memory. Diagnostic scanners are used, typically connected to the
car's diagnostic port (usually the OBD-II port).

2. Parameter checking: Measuring various parameters of the car's operation, such as engine
temperature, fuel level, tire pressure, etc., using specialized equipment.

3. Testing electronic components: This may involve checking sensors, relays, control units,
wiring, and other electronic components for their functionality.

4. Visual inspection: Examining the system for visible damages, corrosion, or other issues
that might affect the performance of electronic components.

5. Road testing: Some problems may only manifest while the vehicle is in motion, hence the
importance of conducting tests on the road.

Typically, specialized equipment, diagnostic scanners, and qualified professionals are
employed for the diagnostics of car electronic systems. The latter can analyze the obtained
information and draw conclusions about the vehicle's system condition, as well as identify and
rectify issues.

The diagnostics of car electronic systems is an integral part of modern automotive service,
ensuring the maintenance of an optimal state for the vehicle, providing safety, and ensuring its
reliability. All these aspects are the subject of research in my dissertation work.
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YIK 656
TPAHCIIOPTHI ITPOBJIEMHU CYHYACHOI' O MICTA

M.B. Bbabiii, ooy., kano. mexu. Hayk,

B.1. Kupunuyk, cmyo.,

P.I. I'pannuka, cmyo.,

TepHoninvcvkuti HayioHanbHUL MmexHIYHUU yHieepcumem imeni leana Ilynios, Ykpaina

CyuacHi MicTa CTHUKalOTBCS 3 PI3HOMAHITHUMH TPAHCIOPTHUMHU THpoOjemMamu, sKi
BUHHMKAIOTh BHACTIJOK IIBHIKOTO POCTY HACEJICHHS, 1HTEHCHBHOTO PO3BHTKY MICTOOYmiBHOT
1HppaCTPyKTYypH Ta 301IbIIEHHS TPAHCIIOPTHOTO PYXY.

KoxeH 3 Hac MOXe CIIOCTepiraTi Maike y BCIX MicTax YKpaiHH, IO OJHIEI0 3 HAMOLIBIITNX
TPAHCTIOPTHUX TMPOOJIEM € aBTOMOOUIbHI 3aTOpW, SIKI BHHUKAIOTh y TOJWHU MK Ta B
I'yCTOHaceJIeHUX paioHax. Lle mpu3BOIUTH 10 BEJIMKUX 3aTPUMOK JJIsl BOJIIB 1 BTpaTH yacy, a Kpim
TOTO, 1€ 30UIbIIye BUKUAM BiJ TPAHCIOPTY, NPU3BOAATH 10 3a0pyIHEHHS MOBITPS Ta YTBOPEHHS
OaraTto 1Iymy, 10 Ma€ HEraTUBHHMM BIUIMB Ha 3J0POB'S HACEJIEHHs Ta HABKOJMILHE CEPEAOBUILE.
AJle oMy 3aTOpPH MOXHA CIIOCTEPITraTH i He B TyCTOHAceleHNX paiioHax? TyT BIAMOBIAL OYEBHIHA
— PO3BHUTOK TPAHCHOPTY IeEpeaye PO3BUTKY MicToOynyBaHHsA. [IpoexkToBaHa ByJIMYHa Mepeka
po3paxoByBajach Ha OJHY KUIBKICTh TPAHCIOPTY Ta NpPU TEBHIA IHTEHCHUBHOCTI, a 3 4YacoM
PO3BHTOK TPAHCIIOPTY CTPIMKO 3piC 1 aBTOMOOUTh CTaB JOCTYITHUM JUIsl OLIBIIOCTI BEPCTB
HaCeJIeHHs, TOMY iX KUIBKICTh Ha JOPOTax TaKoX 3pocia — 3BiJICH 1 3aTOPH.

bararo MicT He MarOTh O€3MEYHUX 1 KOMPOPTHUX YMOB JJIs IMIIIOXOJIIB 1 BEJIOCHUIICIHCTIB,
10 0OMEeKye IXHIO MOOUTBHICTD 1 CIPHYMHSIE HEOE3MEeKy Ha 10pOorax.

Jlesiki MicTa CTHKalOThbCA 3 TMpoOJeMaMH Yy JOCTYMHOCTI Ta SKOCTI TPOMAaJCHKOTO
TPAaHCIOPTY, OCOOJIMBO, SIKIIO II€ TO3HAYAETHCS HA JIOJIX 3 OOMEKECHHUMH MOKIMBOCTSIMH, IO
MPU3BOAUTH A0 301MBIICHHS KUIBKOCTI MPUBATHUX aBTOMOOITIB Ha moporax. Lle, B cBoto yepry,
BUKJIMKA€E TMPOOJIEMHU 3 TIAPKYBaHHSAM B IICHTPAIBHHUX PaiOHAX MICTa 1 CHPUYMHSE TIEPEIIOBHEHHS
MapKOBOK Ta HE3PYUHOCTI AJIs )KUTEIIIB.

3ycTpivaloThCsl HaBiTh TaKi BUMAJKH, KOJIH € HEOOXITHI BUIM TPAHCIIOPTY, ajie OpraHi3allis
iX pyXy Ha HU3BKOMY DiBHI 1 TOMY, HAIIPHUKIAJ aBTOOYC, SIKHH JOCTAaBUB MacaKupiB B MyHKT "b"
PO3MHHYBCS 3 TO13/10M, IO BiIOYB i3 IIbOTO MYHKTY. I, HaleBHO, Macakxup, sikoMy OyJ0 BHTiTHO
MIPOIOBXKUTH MEPEMIILIEHHS MT013710M, HE CKOPHCTAEThCA OUIbIIE PecOM LIBOTO NMEPEeBI3HUKA 1 T.11.

ToMy po3B’si3aHHS IUX TPAHCIOPTHHUX MPOOJIEM BUMArae KOMIUIEKCHOTO ITiIXOMY, SIKUH
BKJIIOYa€ B ce0e PO3BUTOK I'POMAJICHKOTO TPAHCIIOPTY, CTBOPEHHS 1H(PPACTPYKTYpH Ul MIILIOXOIIB
1 BEJIOCHUIIEIUCTIB, BIPOBA/KEHHS TEXHOJIOIIYHUX PIIIEHb JJISl YIPABIIHHS JOPOKHIM PYXOM,
CTUMYJIIOBAaHHS BUKOPUCTAHHS €KOJIOTIYHO YUCTUX BHJIIB TPAHCHOPTY Ta 3aJTy4E€HHS T'POMAJCHKOCTI
710 TIpolieCy IJIaHYBAHHSA MICbKOI TpaHCHOPTHOI iH(pacTpykTypu. Croau TakoXX BapTO BIAHECTH
B3a€MOJIII0 PI3HUX BUAIB TPAHCIOPTY — YACTKOBO MOYKHA BHPIIIUTH MHUTAaHHS PO3BaHTAXKECHHS
aBTOMOOUTHHOTO MACAKUPCHKOTO TPAHCIOPTY, SKIIO MACAKUPIB MEPECaguTH ISl MOJANBIIOTO
NEepeMIIIeHHs, HAIPUKIIA] HA METPO UM 1HIIMIA BMICTUMHNA TPAHCTIOPT.

Kpim TOro, MOIiIPHUM € PO3BUBATH MICIS JJIS BIAIMOYUHKY Ta 3€JICHI 30HU. Takuid miaxif
BUpilrye 6arato mpoOieM: 3HIMAae HANpPYXKEHICTh Uil YYaCHUKIB PyXy, OCOOJIMBO MILIOXOIB Ta
MEIIKAHI[IB MIKPOPaHOHIB, TOKPAIIYE €KOJIOTTYHI TOKA3HUKH TOIIIO.
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VJK:633.853.32

MOJEPHI3ZALIIA I'VIPOCUCTEMH ABTOTPAKTOPHOI TEXHIKH

T.B. Pynenko, 0oy., kano. mexu. HayK,

10.B. KyJaemkoB, npog., 0-p mexh. Hayk.

LlenmpanvHoykpaincokull HAYIOHATLHUL MeXHIYHUL YHieepcumem, Ykpaina
B.O. y00BuK, co106a yuknoeoi komicii MexaHiku ma mpaicnopmy
Onexcandpiticokuti norimexHiuHuil gpaxosutl Konedic, Yrpaina

IapocucremMa aBTOTPAKTOPHOI TEXHIKM BIAMOBIMA€ 3a YHOpaBIIHHA TMITHATTAM Ta
OIyCKaHHSAM Ky30Ba, IUIaTGOpMHU NpUYena, 3aBaHTAKECHHSIM Ta PO3BAHTAKEHHSIM MaTepiajiB.
['omoBHUM eneMeHTOM OyAb SKOi TIAPOCUCTEMH € TiAPaBIIYHMA HACOC, 110 MPU3HAYEHUN IS
CTBOPEHHSI HAMIpHOTO TOTOKY PIAMHM Ta Mojaayi il 7O BUKOHABYOrO OpraHy. Takum opraHom
TiPOCUCTEMH € TIAPABIIYHUA MWIIHJP, SKUH TIEPETBOPIOE TiAPABIIYHY €HEPrito MOTOKY PIAWHH Y
MEXaHIYHy €HEeprilo, L0 BUTPAYae€ThCS Ha pPyX Ky3oBa Bropy Ta BHHU3. EdextnBHa pobora
rigpocucreMu 3a0e3mneuye IMBUAKE Ta €PEKTUBHE BUKOHAHHS OMepaliid MmiaioMy Ta OMyCKaHHS
Ky30Ba aBTOMOOUIA, 4¥ IUaTGOpMU TpHUena, MmO POOUTh TakKi MAIlMHA HE3aMIHHUMH Ha
OyZI1BHULTBI Ta TPAHCHIOPTHUX T'OCHOJAPCTBAX.

Opnnak npu TpuBalid poOOTi BOMIA, SIKUH 30 JHS B JIeHb, POKaMHU, BUKOHYE OJHY W TaKy
camy poOOTy, MOKYTh BUHUKATH MPUKPI MOMUIKHU sIKi 3/1aTHI BUKJIMKATH 3HAYHI MOLIKOJKEHHS SIK

CaMoro aBTOMOO1IS TaK 1 JOPOXKHBOT IHPpacTpyKTypH (pHc.1).
/

Pucynox 1 — Hacnigku cipuuuHeH1 MiTHITUM Ky30BOM aBTOMOOLIIS

Jlns ycyHeHHs JaHOTO HEJOJiKa, Ha NeSKUX OyHiBENIbHUX MaillaHYuKax 4d BUAOOYBHHX
MIIPUEMCTBAX BCTAHOBIIOIOTH CIICMIaIbHI 00MeEXyBadli BHUCOTH TPOI3AY TpaHCIOPTY. BoHu
JI03BOJISIOTH JIETKO BU3HAYUTH MAKCUMAJbHY BUCOTY aBTOMOO1IS, Ta 3aNI00ITTH BUI3y TPAHCIIOPTY
3 TICPEBHINECHHSAM MAaKCHMAaJbHOI BHUCOTH HA JIOPOTH 3araJlbHOTO KOPHUCTYyBaHHS. TakoXk JesKi
BUPOOHUKH BCTAHOBIIIOIOTH B CBOi aBTOMOO1ITI, pi3HOMAaHITHI CUCTEMH 1HIUKaIlii (3BYKOBi, CBITJIOB1)
MITHATOTO Ky30Ba. Taki cUCTeMHU 3a0e3MeuyloTh, BUKIIOYHO TOMEPEKYBAIbHY (PYHKIIIIO BOJIS
ab0 criBpOOITHHKIB, 110 3HAXOASATHCS MOOINU3Y pOOOTH CaMOCKH[A, 10 KYy30B aBTOMOOLIS BCe IIe
3HAXOJUTHCA B MITHATOMY cTaHi. OgHAK ICHYIOTh CHUCTEMH SKI OOMEXKYIOTH 1 poOodl (yHKIIIi
aBTOMOOUTS HAMpHUKIAJ MaKCHUMajibHy MIBUAKICTh, TaK MPU MIAHATOMY Ky30Bi IIBUAKICTh
ooOmexena 10 km/ro.

B naniii po0OOTi MPOMOHYETHCS MOAEPHIZYBATH TiAPOCHCTEMY aBTOMOOLIS TAaKUM YUHOM,
100 BUKIIIOUUTH BOJIs 3 MPOIECY OMYyCKaHHS Ky30Ba. ICHyro4a cXema, CHpOILEHUN BUIJISA SKOi
HABEJICHUI Ha pHUC.2 a, MpaIloe€ HACTYIIHUM YMHOM poOoua piAMHH 3 Hacoca 4yepe3 3BOPOTHIN
KJIanlaH HaJIXOJHUTh 10 po3moAiabHuKa Pl 3 sikoro 3muBaeThes B 0ak. Ilpu morpedi migHATH Ky30B,
BOJIII MepeMUuKae pyKOSITKY po3nojiapbHuKa Pl crpsmoByrouu pinuny mo rigporputiagpa. [licas
PO3BAaHTAXKEHHSI Ky30Ba, BOJAIM 3a JOTMOMOIOK TiAPOPO3MOIIIBLHUKA, 3’€IHYE TOPIIHEBY
MOPOKHUHY TIAPOIMITIHIPA 3 0aKOM.

B mnporioHoBaHiii cxemi BiJl BOJiS BHMAara€TrhbCs JHUIIC B IMOTPIOHMH MOMEHT BBIMKHYTH
CXeMy, a MOBEpHEHHs Ky30Ba BiOy/IeThCsI B aBTOMAaTUYHOMY pekumi. [IpuHiumoBa rigpasiiuna
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Pucynox 2 — [IpuHIMIIOBI TiapaBIidHl CXEMH ITiTHATTS Ky30Ba aBTOMOOLIS a - 6a30Ba, 0 -

IIPOIIOHOBaHA

[Ticns BMUKaHHS BOJIEM CXeMH, poOoya pinnHa Bijx Hacoca H mo HamipHii niHiT moTparise
1o po3noaiibHuKa Pl 3 sikoro HagxomuTh A0 rigpoumiiHapa. Ilicas Toro, sik Ky30B aBTOMOO1ISA
MiHSBCS, B CHCTEMI MOYHMHAE 301IBIIYBATHCH TUCK, JIO0 BEIMYMHHM HAJAINTYBaHHS KJallaHA THCKY
Knl, 3 saxoro piguHa mnoTrpamisie B TrigpaBmiuHuil akymymarop ['A. 3a dvac 3amoBHEHHS
TiIpoaKyMylIsiTopa, Ky30B aBTOMOOLISI Ma€ PO3BaHTAXKUTHCH, IICIS YOTO THUCK 3HOB 3pPOCTAE, JIO
TUCKY HaJlalITyBaHHS kianmaHa Kin2, 3 sKoro pigmHa HaJIXOAWTH 10 po3noAiunbHuKiB P1 ta P2
MEPEMUKAIOYH 1X 30J10THHUKH. [licist mepemukanHs po3noaiibHuKa P1 poboya piauHu 3 MOpUIHEBOT
MOPOKHUHU T1IPONMIIIHAPA, T AIEI0 Baru Ky30Ba, 3IUBA€ThCA B Oak b. B MOMeHT nmepemukaHHS
po3noainpHUKA P1 B MijsHIN cHCTeMH Bijl T1IPOIITIHAPA 10 0aKa THCK Majae, BiANOBIAHO KIalaH!
Knl rta Kn2 3akpuBarotbes. [l moBTOpHOI pOOOTH CXEMH TIAPOAKYMYIATOp HEOOXiTHO
"po3panuTu’, oCKiIbKU po3noaibHUKU P1 Ta P2 oTpumytoTs curnan Bia kinamana Kn2 B oaun yac,
TO PO3MOAUTEHUK P2 TiepeMHKaeTbes 3’€IHYIOUM TMOPOXKHHUHY TiapoakymyssTopa 3 0akowm, 1100
MOBEPHYTH PO3MOMIIBHUK P2 B IMOYaTKOBE TOJOXKEHHS, 3 €JIHYEMO HOTO JIHIIO KepyBaHHS 3
HaIMIpHOIO JiHi€t0 Ticns po3noaineHuKa P1. Tak sik yac po3BaHTaXEHHS Ky30Ba aBTOMOOLISI MOXe
OyTH pi3HUM, B cxeMi mepeadadeHo Jpoceib [p, 3MiHIOIOUM >KUBHH Tepepi3 SKOT0, MOXKIUBO
3MIHIOBATH Yac 3aIlOBHEHHS T1IPOAKYMYIISTOPA, 1 TAM CAMUM PETYIIOBATH YaC BUTPUMKHU Ky30Ba B
M1THATOMY MOJIOKEHHI.
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A0 IIHTAHHA KOHCTPYKTHBHOI' O BUKOHAHHA EJIEKTPHYHHUX
ABTOBYCIB TA EOEKTUBHOCTI IIEPEBE3EHD

1.O. XiTpoB, doy., kano. mexu. Hayk,
Hayionanvnuil ynisepcumem 600H020 20cnodapcmea ma npupoooKopucmysants, Yrpaina

EnextpuyHuii TpaHCIOPT BBAXKA€ETHCSI YACTUHOIO MallOyTHBOTO, ajie MpaB/ia MOJISArae B TOMY,
mo BiH OyB 3HAYHOK YACTHHOKO ICTOPii TPAHCIOPTY 1 MPOAOBKYIOTH (OPMYBATH CIIOCIO
nepecyBaHHs JtoJiel. 3 BETUKUMU 1 MalMMU aBTOMOOUIBHUMH KOMIIAHISIMHU, 1110 CTBOPIOIOTH Pi3HI
MOJIEJIi eJIEKTPOMOOLTIB, OJTHOTO JHS BOHU CTaHYTh MAaHIBHUM BHJIOM TPaHCIIOPTY, 1 Il Heaaleka
NEePCIEKTHBA.

OcTaHHIMH POKaMHU TMACAXUPCHKUH TPAHCHIOPT Ta aBTOMOOUIBHMIN CBIT 3a3HANM BIUTUBY
HOBUX ()OpM MOOUIBHOCTI, MOB’A3aHUX 3 BUXOJOM Ha PUHOK €JIEKTPUYHOI €Heprii. 3 TOUKH 30py
MOOUIBHOCTI, TEHJEHIIs] BKa3ye Ha Te, IO B HaWOmmk4oMy MalOyTHbOMY MH H00a4uMO
€JIEKTPUYHI aBTOOYCH B HAILIIMX MICTaXx.

[lonutr Ha €KONOriYHO YMCTI TPAHCHOPTHI 3aCO0M B yCbOMY CBITI € OJHHUM 3 OCHOBHMX
(dakTopiB, 110 BU3HAYAIOTH MOMHUT HAa CBITOBOMY PHMHKY ejekTpoOyciB. KpiMm Toro, enekrpobyc
nepeadavae MEHII BUTPATH Ha OOCIIYyTOBYBAaHHsI TPAHCIIOPTHOTO 3aco0y, came TOMY I PHUHOK
npuBaditoe NpuBaTHI QipMu, [KI MEpexXoJsiTh Ha E€JIEKTPOOYyCH, L0 JOMNOMOXKE iM Yy JIETKOMY
nepeBe3eHHl. Kpim Toro, 301ibIIEHHS MUIBL, HI0 HAJAIOThCS YPSAOM, Ilie OUIbIIE CTUMYJIIOE
3pOCTaHHs CBITOBOTO PUHKY €JeKTpoOyciB. 3MEHIIEHHs 3a0pyJHEHHs MOBITPsA Ta MiHIMizallisg
JOPOKHBOTO PYXY € THIIMMH KJIIOYOBUMU TepeBaraMu 3pOCTaHHs MOMUTY Ha eleKkTpodycu [1].

Enexktpobyc — 11e pi3HOBU €IEKTPUYHOIO TPAHCIIOPTY 1 BiH MPAIIO€ Ha €JIEKTPHII, a HE Ha
IHITMX BUAX MaJIMBa, TAKUX K TU3elbHEe a00 OeH3uH. Ha BiamiHy Bija riOpuIHOTO TPAHCTIOPTHOTO
3aco0y, SIKUM MO€AHYE €HEprito akyMmyysaTopa 3 JBUTYHOM BHYTPIIIHBOTO 3TOPSHHS, €JEKTPOoOyC
MPAIIO€ BUKIIOYHO HA EJEKTPHIN (3 IMi€]l MPUYMHHM E€JIEKTPOMOOLTl 1HOJI HAa3WBaIOTh 'TOBHICTIO
eNEKTPUYHIMHU TPAHCIIOPTHUMU 3acobamu’).

AKYMYJSTOpPHUN €JIeKTpUYHUI aBTOOYC — 1€ eJIeKTpUYHUI aBTOOYC, KU MPUBOAUTHCS B
PYX €NeKTPOABUIYHOM 1 OTPUMYE EHEprito BiJ] TATOBUX (OOPOTOBHX) aKyMyJSATOpPIB (MOBHICTIO
EIeKTPUYHI aBTOOYCH MOXYTh 30epiraTi 1 HAKONMWYYBaTH EJIEKTPOCHEPTil0 B TATOBHUX
aKyMyJIsiTOpax, a mpu notpedi mia3apsaKaTucs Bifl 30BHIIIHBOTO HKEPEIa).

Hampuknaa macaxupcbkuii aBToOyC 1T MKMICBKHX TlepeBe3eHs Youtong E12" — e 12-
METPOBHI MOBHICTIO €NEKTPUYHHMIA aBTOOYC, OCHAILICHUH aKyMmyssTopaMHu eMHIcTIO 324 kBt-ron
3MaTeH 3a0e3MeUnTH IMOACHHUN mpooir 1o 281 KM Ha OJHOMY 3apsai mocTiiiHoro ctpymy [2]. B
TAaKOMY aBTOOYCi 3aCTOCOBYETbCS MOJYJIbHA KOHCTPYKLisS aKyMYJISATOpHUX OaTapeil (KoxkeH
aKyMyJISTOpHUN OJoK BaxuTh 180 Kr), 1m0 103BOJISE MBUAKO 3MIMCHUTH 3amiHy Oioky. Ilporec
3apsiku OaTapedl eNeKTPUYHMX aBTOOYCIB JIEIIO BiAPI3HAETHCA BiJl aBTOOYCIB 3 JBHUTYHAMH
BHYTPIIIHBOI'O 3TOPSTHHSL.

CunoBuil arperar eJIeKTpUYHOTO aBTOOyca (AuB. pHuC. 1) CKIamaeTbcs 3 aKyMyJISTOPHOL
Oarapei Ta eJIeKTPOJIBUTYHA, MK SIKUMHU BCTAHOBJICHUN CUJIOBUI €JIEKTPOHHHI NEPETBOPIOBAY, 1110
peryiroe TOTIK eHeprii Bii akyMmynaTopHoi OaTapei 10 enekTpoaBMryHa 1 HaBmaku (y pasi
peKyInepaTuBHOro ranbMyBaHHs). CucteMa TpaHcMIcli mepesae eHepriio Ha KoJjieca AJIsl IPUBOAY
enektpoOyca. Ilim wac rajbMyBaHHS €HEprisi PEKyNEepaTUBHOTO TalbMyBaHHS MOXe OYTH
peKyrnepoBaHa JUIsl 3aps/UKaHHSA akyMyJsiTopa. [Hmumi cnoci6 3apsauTu 6aTapero — CKOPUCTATUCS
3apsaHUM iHTepdeiicom 1 3apsanuTH ii enexTpoeHepriero 3 Mepexi. Kpim toro, eHepris OaTtapei
TaKO’X BUKOPUCTOBYETHCS Ui IMOKPUTTS MOTpeO AOMOMIKHHUX NPHUCTPOiB, IO HEOOXITHO Ui
OXOJIOJDKEHHS THIIIMX KOMITOHEHTIB CHJIOBOT YCTAaHOBKH Ta 00irpiBy KaOiHU eneKkTpoMoOis [3].
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Iarepdeiic
3apAIKH

Axymynaropra <——  CIUIOBII e/ICKTPHYHMIT —<——
pni—— Sni——
cHCTEMa TepPeTBOPIOBaY

l

JIOIIOMIZKHI TIPHCTPOT
(cIcTeMa omaneHHs, BEHTIIIAIIL
Ta KOH/INIIiOHYBAHHS MOBITPS)

PI/ICYHOK 1 — CxeMa OCHOBHUX KOMITIOHEHTIB CJIICKTPHUYIHOT'O aBTo6yca

EnexTpoaBUryH NEpeTBOPIOE ENEKTPUYHY E€HEprifo, 10 HaIXOIUTh BiJ aKyMyisaTopa, Ha
MEXaHIYHy €Hepriro il MpUBOAY Koiic. BiH Takok MoXe NpaiioBaTH SK TEHEpaTop s
MMOBEPHEHHS €HEPrii peKynepaTUBHOTO TAIbMYBaHHS Ha3aj] B aKyMyJSITOpHY OaTapero. biumbmiicts
eJIEKTPUYHHUX aBTOOYCIB BHKOPHCTOBYIOTH JBUTYHH 3MiHHOTO CTPYMY, 30KpeMa acHMHXpOHHI (abo
ACHHXPOHHI) JIBUTYHU Ta CUHXPOHHI JBUTYHHU 3 MOCTIHHUMHU MarHiTaMu. ACHHXPOHHUM JIBUTYHaM
HA/Ial0Th MIepeBary uepes iX HaJiiHICTh, MIIIHICTh, PO3BUHEHY TEXHOJIOTIIO Ta HU3BKY LIHY, TOJI SK
CUHXPOHHI JIBUTYHHU 3 MOCTIHHUMH MarHiTaMu MaloTh BHIIY MUTOMY NOTYXHicTh, Buluii KKJI ta
MPOCTINTY KOHCTPYKILIO [4].

CwiioBMl  €JEKTPOHHUN TIEPETBOPIOBAY HEOOXIMHMMA IS TIEPETBOPEHHS  BUXITHOT
MOTY>KHOCTI MOCTIHHOTO CTPyMY aKyMyJISTOpHOI OaTapei y BXiAHY HOTYXXHICTb 3MIHHOTO CTPyMYy
JUISL €JIEKTPOJIBUTYHA. 3JeOUIhIIOTO Tpolec BiAOYBaeThCSl B J[Ba €TaIM: €Taly IEPETBOPECHHS
MOCTIHHOTO CTPYMYy B MOCTIHHMIA JUI MIAKITIOUEHHS aKyMYJISTOPHOI CHCTEMH /10 BHCOKOBOJIBTHOI
JIHIT TOCTIMHOTO CTPYMY, 10 SIKOI IMAKITF0YAI0ThCS BCl JOTOMIDKHI IPUCTPOT, 1 €TaIy MmepeTBOPEHHS
MOCTIHHOTO CTpyMy B 3MiHHUH (iHBepTOp) /Ui 3’€QHAHHSA JIiHII TOCTIHHOTO CTPyMy 3
CJIEKTPOJABUTYHOM. [HBEPTOp KOHTPOJIOE HIBHIKICTH CJIEKTPOJBHIYHA, PETYJIIOIOYH HAMpYyry Ta
4acToTy 3MiHHOTO cTpymy. Lli meperBoproBaui HEOOXimHi Ul HaAIHOI Ta e€(pEeKTHBHOI poOOTH
CHJIOBOI YCTAaHOBKH.

OxpiM OCHOBHMX KOMIIOHEHTIB TpaHCMicii eekTpoOyca, B 00pTOBiii Mepexi € Takoxk 0arato
BOYXUIMBUX JOMOMDKHHMX MPHUCTPOIB, SIKI MOTPEOYIOTh KHBICHHS BiJ aKyMyIsSTOpHOI OaTapei:
cHCTEeMa OMaJEHHS, BEHTWIALIl Ta KOHIMIIIOHYBAaHHsS TOBITps 3abe3neuye KOMQOPT MMacaxupis,
CHCTEMHU TEPMOPETYIIIOBAaHHS aKyMYyJIATOpHOI Oatapei 3a0e3MeuyroTh TOCTaTHIO 1 Oe3nedny poooTy
UX KOMIIOHEHTIB, IHII JJONOMDKHI €JEKTPUYHI CHUCTEeMH 3a0e3leuyloTb poOOTy IBEpEH,
OCBITJICHHSI, CKJIOOUYHMCHUKIB TOIIIO.

3aBISKH 1HTETPOBAHOMY TiJIXOJY €IEKTPOOYCH 3 CUCTEMOIO 3aMiHHM aKyMYJSTOPIB MOXYTh
OyTH ONTHUMI30BaHi Il KOHKPETHUX aBTOOYCHHX MapIIpyTiB, a HaJle)KHE PO3TAIIyBaHHS CTaHIII
3aMiHM OaTapei Moke OyTH ONTHUMI30BaHO ISl 3a0e31neueHHs 6e3nepediitHol poOoTH cepBicy.

[oBHicTiO TriOpuaAHKI aBTOOYC — 11€ YacCTKOBO €NEKTPUYHMN aBTOOYC, TOMI AK "M’ SIKUil"
riopu — 11e MpocTo OLIBIN €PEeKTUBHUI NU3eIBHUIN aBTOOYC (puc. 2).

TTH3CIEHAA 0%

Ge3 eIeKTPHIHOTO
npHBONY

§ 7 10-30%

eJIeKTpHIHHI

100%

eJIeKT pHIHHIH

Pucynok 2 — Ctymninb enekrpudikaiiii aBToOyciB
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3a ocTaHHI POKM KUIBKICTh €JeKTpoOyciB 3HA4HO 3pocia, 1 OmepaTropu TIpoMasiCbKOTo
TpaHCHOPTy (NEpeBi3HUKU) MOMOBHIOIOTH CBIMl aBTOmapk enekTpodycamu. OJHaK Bce IIE ICHYE
neBHl (DiHAHCOBI OpraHi3amiifHi 1 TEXHOJIOTIYHI MNEpPEeIIKOAM, sSKi HEOOXiTHO YCYHYTH A0 iX
LIMPOKOTO BIPOBAIKEHHS.

1. 3 ¢iHaHCOBOi TOYKH 30pY, OJHIEI0 3 TOJOBHHX TEPEIIKOJ € BHCOKAa IOYaTKOBA
KariTajabHa BapTIiCTh.

2. 3 oprani3amiifHoi TOYKH 30py, HEOOXiZHO 3HAWTHU MicLie Uil BCTAHOBJICHHS 3apsIHOI
1H(pacTpyKTYpH Ta po3pOoOUTH TUIaH 3aMIHU ICHYIOUOTO TapKy aBTOOYCIB.

3. 3 TexXHIYHOi TOYKHU 30PY, OCHOBHI IPOOJIEMH OB’ sI3aH1 3 3apsAAHOI0 IHQPACTPYKTYPOIO Ta
EMHICTIO aKyMyJsITOpiB. EjekTpoOycn MaroTh OOMEXEHHUH 3armac XOay MOPIBHSHO 3 JU3EJIbHUMH
aBToOycamMu i MOTPEOYIOTh CHEIIANIbHUX CHCTEM EJIEKTPOIOCTaYaHHs BHUCOKOI MOTYKHOCTI JIJIst
3abe3neyeHHss norped y 3apsaami. [1[o0 momomatm oOMekeHHS MabHOCTI TPOOITy, aBTOOYCHI
NEPEeBI3HUKHM TOBUHHI JOCITIIUTH, SIKI THUIM TPAHCIOPTHUX 3acO0iB 1 TEXHOJOTII 3apsiKaHHS
MIIXOMATh JIJII KOHKPETHUX MOTPEO PI3HUX aBTOOYCHHMX MapHIPYTiB y iXHbOoMY MicTi. Kpim TorO,
IIMpOKoMacITabHe po3ropTaHHs eJIEKTPOMOOITIB Yy MiCTax MaTUMe 3HAYHHUI HETaTHBHUN BIUIMB Ha
€JIEKTPOMEPEXKY, CTBOPIOIOUM MMEpPEeBaHTAKEHHS KOMIIOHEHTIB, FapMOHIiHE 3a0pyIHEHHS, BTpaTu
MOTYXKHOCTI, a TaKOX MPOOJIEeMH 3 HAMPYrow Ta CTA0UIBHICTIO, TOOTO HEOOXiTHO aJanTyBaTH
IHpaCTPYKTYDY.

PesynbraTuBHICTh Ta €EKTHUBHICTh Y BU3HAYCHHI MIMPIIMX TapaMeTpiB BIUIMBY MOJITHKH
€KOoJIoTi3aIlii Maca)KUPCHKOTO0 TPAHCTIOPTY BUPAXKAETHCS B aHAMI31 COMMIAJIBHMX BHUTPAT 1 BUTOJ
napaeiabHo 3 (DIHAHCOBOKO OIIHKOIO 3araJIbHOT BAPTOCTI Y TIepeBe3eHHS [5].

TakuM 4YWMHOM, KOIM MOBa 3aXOAMTH MPO MPABWILHUN BHOIp HAa Cy4yacHOMY eTari — Iie
KOOpJUHAIS POOOTH TU3ETHHOTO Ta €NEKTPUYHOTO JBUTYHIB y TOE€AHAHHI 3 akymyssTopom. Lle,
3BHYaifHO, Ma€ BIUIMB Ha Te€, SIK TOBUHHA OYTH CIPOEKTOBAaHA TOpUIHA cUCTEMA.
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BIUTHUB TEXHIYHOI'O CTAHY ABTOMOBLIBHOI'O /IBUT'YHA HA
3AFPY/IHEHICTh KAPTEPHOI OJIHBH

A. MapTUHOBCHKUM, cm. ep. AT22M3
M. Kpacora, ooy., kano. mexu. nayk
LlenmpanvHoykpaincbkuu HAYIOHATLHUL MeXHIYHUU YHigepcumem, Ykpaina

3MiHa TEXHIYHOTO CTaHy aBTOMOOUIBHOTO IBUTYHA IHTEHCH(IKYE MPOLECH 3HONIYBAHHS
OCHOBHUX HMOro JleTaneil Ta HeMHHYy4Ye IT03HAYAEThCSl HA €KCIUTyaTallliiHUX MaTepiajax ABUTYHA: Ha
CKJIa/Ii OJIUBH, OXOJIOIKYIOUOT piguHu Tomio [1].

OCHOBHI 3MiHU BJIACTHBOCTEH OJIMBH Y MPAIIOI0YOMY JBUTYHI BiOYBAIOTHCS 3 HACTYITHUX
MpUYHH [2, 3, 4]:

- BUCOKOTEMIIEPATYPHUI Ta OKMCHUH BIUIUB;

- MEXaHOXIMI4HI IEPETBOPEHHS KOMIIOHEHTIB OJIMBHY;

MOCTiiHE HAKOMTUYEHHS:

- IPOJYKTIB MIEPETBOPEHHS OJIMBH Ta i1 KOMIIOHEHTIB;

- IPOJIYKTIB 3rOPSIHHS MAJINBA;

- aHTU(DpU3Y;

- IPO/IYKTiB 3HOILITYBaHHS;

- 3a0py/IHEeHB, 110 TOTPAIUISIOTh Y BUTJISIII MIUTY, ICKY Ta Opyny.

VY nBUTYHI rapsdya OfuBa IOCTIHHO IMPKYJIIOE 1 KOHTAaKTye 3 MOBITPSAM, MPOIYKTaMHU
MOBHOTO 1 HETOBHOTO 3TOpsiHHA TanuBa. KuceHb MOBITPS MPUCKOPIOE OKUCHEHHS onmBHU. ek
mporec BiI0OyBAa€ThCS IIBUIIIC B OJHMBAX CXWIBHHX JI0 IMIHOYTBOPCHHsS. MeTaneBi IMOBEpXHI
JeTajgeil BUCTYNAlOTh Yy POJI KaTaji3aTopiB Mpolecy OKUCHEHHA oyiuBU. OnnMBa HarpiBaeThbed,
CTHKAIOUMCh 3 HATPITUMU JETAISIMU (HAacamIiepen, 3 [MUIiHAPaMH, TIOPIIHAME Ta KJIarmaHaMH), 1110
3HAYHO MPUCKOPIOE MPOIEC OKUCHEHHS OJIMBU. Pe3ynbTaroM MOXYTh CTaTU TBEpPIl MPOAYKTU
OKHMCHEHHS (BiIKJIaCHHS).

Ha xapakTep 3MiHU OJIMBH B MPAIOI0YOMY JIBUTYHI BIUTUBAIOTH SK XIMIYHI TTEPETBOPECHHS
MOJIEKYJI OJIUBH, TaK 1 MPOJYKTH OBHOTO 1 HETIOBHOI'O 3TOPSHHS MaJIMBa, SIK 1 CAMOMY LIMUIIHAPI, 1
Ti, 110 IPOPBAJIHMCS B KapTep.

BrnnuB Temmeparypu Ha OKHCHEHHS MOTOPHOI OJMBH. BuainsiooTbes 1Ba BHIU
TEMIEPaTYpPHOTO PEXXUMY ABUTYHA:

- po6OTa MOBHICTIO MPOTPITOTrO ABUTYHA (POOOUHIA PEIKIM).

- poOoTa HE MPOTPITOrO JIBUTYHA.

VY nepuoMy BUNAJKY CIIOCTEPIra€TbCs BUCOKOTEMIIEPATYPHUN PEXKUM 3MIHHM BIaCTUBOCTEH
OJIUBU y ABUTYHI, Y APYTrOMY — HU3bKOTEMIIEpATypHUil.

Haif0inpi CcyTTeEBUMH NpPOAYKTAMHM OKHCHEHHS OJIMBU € KHCJIOTH. BOHM BHKIMKAIOTh
KOpO3il0 METalliB, a Ha HEUTpaJi3allilo KUCJIOT, 10 YTBOPIOIOTHCS, BUTPAYAIOTHCS Jy>KHI MPHCAIKH,
BHACJIIJIOK YOTO TMOTIPIIYIOTHCS TUCIEPIyIoUl Ta MHIOYi BJIACTMBOCTI 1 CKOPOUYETHCS PECypC
poboTu Macna. 3pocTaHHs 3araibHOro KuciaotHoro umcna, TAN (total acid number) € ocHOBHUM
MOKa3HUKOM yYTBOPEHHS KHCJIOT.

Ha rapsumx mOBepXHAX JeTalield JBUTYHa YTBOPIOIOTHCS PI3HOMAHITHI BYTJICIIEBI
BIJIKJIAJICHHs, CKJIaJ Ta OynoBa SKHUX 3aJIeXkaTh BiJl TEeMIIEpaTypd MOBEPXOHb METaly Ta Macia.
Po3pi3HAIOTH TpY BUAM BIKIIACHB: Harap, JIaK, [MIIaMm.

HeoOximHO miKpecauTH, 0 YTBOPEHHS Ta HAKOTIMYCHHSI BiJIKJIAJICHb HAa TIOBEPXHI JeTajei
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JBUTYHA € pe3yJbTaTOM HE TUIbBKM HEJOCTAaTHhOI OKUCIIOBAJIBHOI Ta TEPMIUHOI CTaOIBHOCTI
€ KOMIUIEKCHUM TTOKa3HUKOM SKOCT1 OJIMBH.

Harap e mpomykTu TepmiuHOi JecTpyKuii Ta mojimMepu3amii OJMBH Ta 3aJIMIIKIB MaJIMBA.
Bin yTBOprO€ThCS Ha CHIBHO Harpitux noepxHAX (450° - 950° C). Harap mae xapakTtepHHi
YOPHUH KOJIIp, X04a 1HOA1 MOXe OyTH 01710T0, KOPUIHEBOTO a00 1HIIIOTO KOJIKOPY. TOBIIMHA IIapy
BiJIKJIQJICHHSI TIEPIOIMYHO 3MIHIOETHCS - KOJIM BIAKJIaIeHb Oarato, MOTipIIyEThCS BiABEICHHS TEIUIA,
MIJBUIIYETHCS] TEMIIEpATypa BEPXHBOTO IIApYy BIIKIAJACHb 1 BOHU 3ropsitoTh. HaliMeHIIa KUIbKICTh
BIJIKJIaJICHb YTBOPIOETHCS B PO3ITPITOMY JIBUTYHI, L0 MPALIOE 32 HABAHTA)XKEHHSM. 3a CTPYKTYpOIO,
BiJIKJIAJICHHS OyBAatOTh MOHOJIITHUMHU, IIITBHUMH 200 MyXKHMH.

BinknageHHs B KaHaBKax IIOPIIHS HABKOJO KUIEHb MEPEIIKOKAIOTh iX pyxy 1
NPUTUCKAHHIO /10 CTIHOK WLWIiHApA (3aKJIMHIOBAHHS, 3aJIMNAHHS, MPHUXOIUIIOBaHHSA Kulens. B
pe3yabTaTi 3aKJIMHIOBAHHS Ta YTPYAHCHHS PyXy KiUIeIlb, BOHH HE MPUTUCKAIOTHCS 10 CTIHOK 1 HE
3a0€3MeuyloTh KOMIIPECII0 B IIJIIHIpaX, MOTYKHICTh JIBUTYHA TaJla€, 3pOCTa€ MPOPHUB Tra3iB y
KapTep Ta BUTpara oiauBH. [IpuTHCKaHHS Kijelb BIAKIAJCHHAMHU 0 CTIHOK LIMIIHJpPA MPU3BOIUTH
710 HaIMIPHOTO 3HOIITYBaHHS IIMTIHAPIB.

3HOIIyBaHHS CTIHOK IWJIIHAPIB — BIJKJIAJICHHS HA BEPXHIHM YaCTHHI IMOPIIHIB 3HOIIYIOTh
BHYTpIIIHI CTIHKM wIiHApiB. [lodipyBaHHS Nepenkopkae yTpUMaHHIO Ta 30€peKEeHHIO MACIISTHOT
IUTIBKY Ha CTIHKAX 1 3HAYHO MPUCKOPIOE MBUJIKICTH 3HOCY.

Toukuit map TBepaoi abo KJIEHKOI ByIJIeleBOi PEYOBHHU BiJ] KOPUYHEBOTO 10 YOPHOIO
KOJIbOPY, SIKHH YTBOPIOETHCS HA TIOMIPHO HArpiTUX MOBEPXHSAX BHACITIOK MOJIMepH3allii TOHKOTO
I1apy OJIMBU B IPUCYTHOCTI KUCHIO. JIakoM NMOKpHBaOTHCS 100Ka Ta BHYTPIIIHSA OBEPXHs MOPILHS,
IIaTyHW Ta TOPILIHEBI Majblli, CTPUXKHI KJalaHiB Ta HIKHI YaCTUHM UWIHIpiB. Jlak 3Ha4HO
TOTipIIye BiABENCHHA Teruia (OCOOJIMBO MOPIIHS), 3HIKYE MIIHICTh Ta 30€peKeHHsS MacisHOi
IUTIBKY Ha CTIHKAX IUIIHAPIB.

BinknaneHHs B Kamepi 3rOpsiHHS YTBOPIOIOTBCS 3 YAaCTUHOK BYIVIELIO, B pE3YJbTaTi
HETIOBHOTO 3TOPSIHHS NaJIiBa 1 COJEW MeTalliB MPHCAIOK, IO BXOISATH IO CKIAAy B PE3yNbTaTi
TEPMIYHOTO PO3KJIAJAHHA 3alUIIKIB Macja, W0 MOTPaIUIoTh B Kamepy. Lli BiakiageHHs
PO3KapIOIOThCA 1 BUKJIMKAIOTH IepeayacHe 3aifMaHHs poOouoi cymimn (1o mosiBu ickpm). Lle
CTBOPIOE JIOAATKOBI HAaBaHTAXXEHHS B JIBUT'YHI, II0 MPHU3BOAUTH [0 IPHUCKOPEHOIO 3HOCY
HiAMUIHUKIB 1 KoJiHYacToro Bady. KpiM Toro, meperpiBaroThCsi OKpEeMi YaCTHMHU JBUTYHA,
3HWKYETHCS OTY>KHICTb, ITIIBULIYETHCS BUTPATA TTAJTHBA.

Cwmodu, 1miaM, CMOJIMCTI BiAKIaACHHS (0caan) y ABUTYHI YTBOPIOIOTHCS B PE3YJIBTATI:

- OKHMCJICHHS Ta 1HIIMX IepEeTBOPEHb OJUBU Ta 11 KOMIIOHEHTIB;

- HAKOTIMYEHHS B OJIMBH TMAJIMBA UM MPOAYKTIB PO3KJIaIaHHs Ta HETIOBHOT'O 3TOPSIHHS;

- anTu(pusy.

CMONUCTI pEeYOBHMHHM YTBOPIOIOTHCS B OJIMBI B PE3y/bTaTi HOro OKUCHHUX MHEPETBOPEHb
(31IMBaHHS OKUCJIEHUX MOJIEKYI) Ta MOJIiMepHU3allli MPOIYKTiB OKCHEHHS Ta HEMIOBHOI'O 3TrOPSHHS
NaJuBa. YTBOPEHHS CMOJI TMOCHJIIOETHCS MiJ 4ac POOOTH HEIOCTaTHbO MPOTPITOTO JBUTYHA.
[TponyKTH HETOBHOTO 3TOPSHHS MaJKMBa IMPOPHUBAIOTHCS B KapTep OBUTYHA I/l 4Yac TPUBAJIO]
poOOTH Ha XOJIOCTOMY X0y a00 B pexuMi cTomn-ctapt. [Ipu BHCOKI Temmneparypi Ta IHTCHCUBHIN
poOOTI JBUTYHAa MaaMBO 3ropse mnoBHime. CMomM, ByIJIELEBI YAaCTHMHKH, BOJSHA Iapa, BaXKKi
¢pakuii manuBa, KUCIOTH Ta IHII CIIOJYKH KOHICHCYIOTHCS, KOAryJdiolOTh y OUTBIII YaCTUHKHU Ta
YTBOPIOIOTH Y MacJyi OCaJIH.

VY au3enbHOMY JIBUTYHI YTBOPEHHS IIJIaMy Ta 30UIbLICHHS B'I3KOCTI OJMBH BUKJIHMKAETHCS
HAKONMYCHHSAM CaKi. YTBOPEHHIO Ca)XXi CHPHUSIOTh IMEPEBAHTAXEHHS JBHUTYHA Ta 301IbIICHHS
XKUPHOCTI poO0OYOi cymiIi.
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Takum 4MHOM, aHaJi3 CKJIAJOBUX KOMIIOHEHTIB y BIANpalboBaHiii MOTOpHIN OJIMBI MOXe
CIIY’)KUTH JIKEPEJIOM JIarHOCTHYHOI 1H(opmallii, 3a JONOMOIOI0 $KOi MOXIJIMBO BHUKOHYBaTH
€KCIPEeC aHaji3 TEXHIYHOIO CTaHy JBUTYHA.
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VK:656.13

CTIHKICTh MICBKOT O BAHTAJKHOT'O TPAHCIIOPTY: AHAJII3 TA
IHIEPCIIEKTHBH

A.C. T'aakiu, npog., 0-p mexu. nHaykx,
Xapxiscokuil HayioHanbHull yHieepcimem micvkoeo eocnooapcmea im. O. M. bexemosa, Ykpaina

B ymoBax rimoGasmizaliii Ta 3pOCTaHHS MICHKUX arjioMepariiii, CTIMKiCTh JIOTICTHYHUX CHUCTEM
MicT HaOyBae Bce OUIBIMIOI akTyanbHOCTI. CTIHKICTH MICBKOTO BaHTaXHOTO TPAHCIIOPTY €
KIIFOYOBHM acCIEeKTOM Yy 3abe3nedeHHi e(eKTUBHOCTI Ta HAaJIHHOCTI MICHKHX JIOTICTUYHUX CHCTEM.
MichKkuil BaHTaKHUIA TPaHCTIOPT, Oyay4Yd CIOJYYHOIO JIAHKOKO €KOHOMIKH, € OJHUM 3 OCHOBHHUX
eneMeHTiB X cucteM. CydacHi JOTICTHYHI CUCTEMHU IHTErPYIOTh JOPOKHI, 3ali3HUYHI Ta BOAHI
IUISIXHW, YTBOPIOIOYM CKJIAHY MEpeXy B3a€MO3B'SI3KIB, Ji¢ BaXKJIMBOIO € HAAIWHICTh Ta
NyHKTyanbHICTh. CyyacHI BMKJIMKH, Taki SIK TaHJeMis, BIHCHKOBI KOH(JIIKTH, Ta €KOJOIiuHi
OOMEXEeHHsI, MIJKPECIOTh MOTpedy B po3poOIll THYYKHMX Ta aJalTUBHUX CHCTEM, SIKI 3/1aTHI
BUTPUMYBATHU PI3HOMAaHITHI CTPECOBI MOJIIi.

OcTaHHIMH POKaMu 3'SIBUJIMCS HOBI BUKIIWKH, TaKl sIK TMaHIEMii, BINCHKOBI KOH(IIIKTH,
€KOJIOT14YHI KaTacTpo(u, fKi BIUIMBAIOTH HA BPA3JIMUBICTH JIOTICTUYHUX CHCTEM. BUpOOHUITBEHI
KOHIICTIIII, TaKi SIK "TOYHO BYACHO' Ta 'TOYHO B IOCITIJOBHOCTI', MiJAKPECIIOIOTH BaXKIUBICTH
CTIMKOCTI Ta THYYKOCTI JIOTICTUYHUX CUCTEM y MICTaXx.

B 11boMy KOHTEKCTI, Ha IepUIOMY €Talll HayKOBOI'O JOCIIIKEHHS, PO3pOOJISIOTECA KpUTEpil
OLIIHKK CTIMKOCTI MICBKHX BaHTXHHUX CHUCTeM. BIiAMoOBITHO 10 UKX KpUTEPiiB, MOXKHA
dbopmyTIOBaTH MiHIMAJIbHI BUMOTH JJIs TIABUINEHHS (YHKIIIOHATBHOI CTIMKOCTI cuctemu. Ha
JAPYromy eTani IpOBOJAUTHCS aHalli3 Cy0'€KTIB CUCTEMH Ta iIeHTU(DIKYIOThCS KIIFOYOBI (pakTopH, 1110
BILIMBAIOTh Ha iX €()eKTUBHICTH Ta CTIHKICTb.

Jpyruii etan nependayae qeTaabHUNA aHai3 CUCTEMH Ta ii cy0’€KTIB 3 METOIO 1/1eHTH(]iKallii
Ta 3B'I3Ky (aKTOpiB, IO BIUIMBAIOTh Ha CTIHKICTh. CrOIM BXOIWTH aHai3 BPa3JIMBUX 30H Ta
BU3HAUCHHS IPUYUH Ta HACIJIKIB MOKJIMBHX 3001B.

TpetiMm KpokoMm € (HopMyTIOBaHHS TOM'SIKITYBaJbHUAX 3aXOJlIB, IO JTO3BOJSATH I1IBUIIUTH
CTIMKICTh MICBbKOI BaHTa)XHOI cucTeMu. Lle Moxe BKJII0UaTH po3poOKY HOBUX JIOTICTUYHHX IUJIaHIB,
ONTHMI3aIliio IHPPaCTPYKTYpH Ta IHTETpaIlit0 UG POBUX IHCTPYMEHTIB.

Ha ocranHbOMy eTami Ha OCHOBI OTPUMAaHUX JAHUX PO3POOJISIOTHCS Keic-crieHapii, siKi
JEMOHCTPYIOTh NMPAKTHYHE 3aCTOCYBAHHS PO3POOJICHUX KPUTEPIiB Ta 3aXO0iB.

OcobimBa yBara MpUAUIAETHCS po3poOui HUMPOBUX I1HCTPYMEHTIB JJS  MIATPUMKH
npuitHaTTs pimens (DDST), takux sk ConDeKit, siki mornomaraioTs y ¢opMyBaHHI TUIaHIB CTaJIOq
Mmicbkoi sorictuku (SULP) ta cramoi michkoi MooOutbHOCTI (SUMP). Li iHCTpYMEHTH CIPHSIOTH
OMTHMI3aIli] pO3TallyBaHHS JOTICTUYHUX BY3JIIB 3T1THO 3 MICIIEBUMH YMOBaMH.

Po3BuTOK TIIATGOPMH AT TMHAMIYHOTO YIPABIIHHS JIOTICTUYHOIO HEPYXOMICTIO, TTOIIOHOT
1o "airbnb st orictuyHoi iHGpacTpykrypu" (LoMa), Mmoke 3a0€3MeunT akTyaabHy 1H(OpMaIlio
PO JOCTYIHI MPOCTOPH JUIsL JIOTICTHKH, IO € KPUTHYHO BAXIMBUM IS THUMYACOBOTO
BUKOPHUCTAHHS 1]l YaC KPU30BUX CUTYaIliil.

Kpim Toro, iHTerpamis mwuaTopMu JUISL  YOPaBIiHHS JIOTICTHYHUMH BYy3JIaMH Ta
enepromnoctayanasM (ImPla) mo3Bosisie onTuMizyBaTH MOTOKH €HEprii Ta TOBapiB, 3a0e3MeuyrOyn
THYYKICTh Ta HAAIMHICTh y MiHIHMBHX yMmoBax. lle mepembauae iHTepomnepaOenbHUN JOCTYI 10
BY3JiB, CTaHIIId 3apsAgkd, a TaKo)X OpOHIOBAaHHS JIOTICTHYHUX JIOKIB 13  3CJIICHUM
€HEeProNOCTauYaHHIM.

BpaxoByroun 3Ha4eHHs TEXHIUHOI CTaHAapTH3alii, ocobauBo Ha piBHI €C, pekomeHaanii
o0 iHTepdeiciB s 300py Ta 0OMiHY TPAHCIIOPTHUMHU JaHUMH, & TAaKOXK IHTEPONepadeTbHOCTI
MIKPOBY3JIiIB Ta €HEpro3abe3MeueHHs] CTAaHyTh KIIOUOBUMHU [JIsl MOJITUYHMX PEKOMEHJAId Ha
€BPOIICHCHKOMY, HallIOHAILHOMY Ta perioHanpHoMy piBHsIX. EU added value BHOCHTSH CBili BKIIag y
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dbopMyTIOBaHHA TEXHIYHMX CTAaHIApTIB Ta TMOJITHYHUX PEKOMEHMAlii, IO CIPHUIIOTH
cTaHfapTu3aiii 300py Ta OOMIHY TPaHCIOPTHHMH JaHWMH, a TaKOX I1HTeponepadelIbHOCTI
MiKpoxa0iB Ta CUCTEM €HEPrornocTayaHHs.

BpaxoByroun g0cBif BOEHHUX KOHQJIIKTIB, PO3pOOKa TUIaHIB CTIHKOCTI Ta KUTTE31aTHOCTI
MiChKUX paiioHiB miciis BiliHU (Ures) HaOyBae HOBOTO 3HaU€HHS. Ba)KMBUM € CTBOPEHHS MiCIIEBHX
KOHCOMIAAIIHHUX IIEHTPIB Ta CKJIAMIB IS BITHOBJIEHHS TEPHUTOPiH, a TaKOX po3poOKa TUIaHIB
eBaKyallli MENIKaHIIB MicTa 3 YypaxyBaHHSM BIMCBKOBOI'O JIOCBily Ta 3aXUCTy KPUTHYHOI
iHppacTpykTypH. Ures plan 3ocepemxye yBary Ha CTIMKOCTI Ta HUTT€3/IaTHOCTI MICHKHX pailoHIB
MICJI BOEHHUX KOH(IIIKTIB, 3aIIPONOHYBABIIN PO3MIILIICHHS JIOKAIbHIUX KOHCOJIIALIHUX LEHTPIB 1
CKJIAJIIB JUIsl BITHOBJICHHS TEPUTOPIH, a TAKOK PO3POOKY TUTaHIB €BaKyallii.

[ligBuIIEHHS CTIHKOCTI MICBKOTO BAHTAXKHOTO TPAHCIOPTY BUMAara€ KOMIUIEKCHOTO
MiIX0My, IO BKIIOYAE aHalli3, TUIAHYBaHHS, BIPOBA/DKEHHS HOBITHIX TEXHOJOTIM Ta TICHY
CHIBIIpam0 MK pi3HUMH Cy0’ektamu. Peamizailis BHINEBKa3aHUX 3aXOiB Ta I1HCTPYMEHTIB
JIOTIOMOYXE CTBOPHUTH €(QEKTHBHIII Ta OUIBII CTiHKI MICBKI JIOTICTHYHI CHCTEMH, CIIPOMOJXKHI
BUTPUMYBATH Pi3HOMaHITHI BUKIIMKH CY4aCHOCTI.
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AOCHIZKEHHA HAIIPAMKIB Y/IOCKOHAJIEHHA CHCTEM
OXOJ/IOZKEHHA ABTOMOBUIBHUX /IBUT'YHIB

B. KopcikoB, cm. ep. AT-22M,
M. Kpacora, doy., kano. mexw. Haykx,
LlenmpanvHoykpaincbKuu HAYIOHATbHUL MeXHIYHUU YHigepcumem, Ykpaina

OnHuM i3 HampsMiB, XapakTepHHUX MJII PO3BUTKY CYYacHHX JBHTYHIB BHYTPIIIHBOTO
sropsHHs (IB3), € ix ¢dopcyBaHHS pi3HUMH METOAAMU. 3POCTaHHSA MUTOMHUX Ta arperaTHUX
MOTY>KHOCTEH JBHUTYHIB B pe3ylbTaTi MiABUIICHHS CEPEIHBOTO €(EeKTUBHOIO THUCKY IMOTpedye
BUPILICHHS HU3KU MpoOJjieM, 3 SKMX OCHOBHA IOB'A3aHA 3 MIJBUILEHHSIM pIBHS TeMIlepaTtyp Ta
TEIUIOBUX HAINPYT Aetajiel mutinapo-nopiraeBoi rpymu (LIIT7). Baxnause Miciie y BUpINIeHH] ITi€i
npoOJeMH NPUIUIAETHCS MUTAHHAM YAOCKOHaJeHHA cucteMu oxonomkeHHs (CO), ska mae
3a0e3MeUnTH palioHabHE OXOJIO/DKEHHS TEPMIYHO HAINpPY)KEHUX JeTaleid Ta CTBOPUTH iX
ONTUMAJIbHUM TEIUIOBUN PEXKUM.

TernoBuil cTaH aerasneil, TeMrepaTypHi Halpyrd, 110 BUHUKAIOTh Y HUX, BU3HAYAIOTHCS
napaMeTpaMu poOOYOro MpoIecy, KOHCTPYKIIEI caMuX JeTajiel, IXHbOIO TEIJIOBOI 1 CHIIOBOIO
B3a€MOJIIEI0 OJIMH 3 OJHHUM 1 OCOOIMBOCTIMU OXOJIOPKEHHSA. 3 1HIIOr0 OOKY, mapamMeTpu poOouoro
npoliecy, TeII000MiH, XapakTep pO3MOoJUly TEIUIOBUX MOTOKIB OKPEMHMHU MOBEPXHIMM 3aJI€KaTh
BiJI TEIJIOBOT'O CTaHy KaMepu 3ropsiHus [1, 2].

EdextuBHMM 3ac000M 3HMKEHHS CyMapHOI TEIUIOBOi HANpPYKEHOCTI JeTanei €
OXOJIOJIPKEHHS. Y aBTOMOOUIbHHMX JBUTYHAX MOJKJIMBOCTI 3HIKEHHS TEeMIlepaTypH 3011bIICHHIM
TeIuIonepeayl paxyHOK 3MEHIIEHHS TOBIIMHM JeTalell MpakTWUYHO Buyepnai. HeoOxinHa
iHTeHCcH(DiKaIlis TeTIoBiAAaql 0X00KyBansHO1 pinuan (OP) [3, 4].

Vnockonanenns CO nuisixom iHTeHcH(IKalli TEINIOOOMIHY B paaiaTopi € NepCreKTUBHUM
HampsIMKOM Jociipkenb. lle mo'si3ano Takox 1 3 ThMm, mo Ha CO MOKIamaroThCs J0JATKOBI
GyHKLIT peryioBaHHS TEIUIOBOIO PEXHUMY IIJIOTO sy arperatiB TPaHCMICIT TPaHCHIOPTHOTO
3aco0y. Kpim toro, CO mparroe pa3om 3 arperaTaMu TEIUIOBOT'O PETYTIOBaHHS CalioHy ab0 KaOiHM.

IIpu oOMexeHuX po3mipax MpPOCTOPY, IO BIABOAUTHCA Ui PO3MILICHHS CHIIOBOI
YCTQHOBKH, CTAa€ aKTYyaJIbHOIO 3a/la4ya 3MEHIIEHHS KOHCTPYKTUBHOIO 00'eMy 1 Macu pajiatopa, 110
3abe3mneuye eKOHOMIIO Ie(IUTHUX KOJTbOPOBUX METAIIB.

[TlinBumeHHss  €(hEeKTUBHOCTI CHCTEMH  OXOJIOJDKCHHS  ToTpedye  (izmuHoro  Ta
MaTEMaTUYHOTO MOJICIOBAHHS TeroBux TporeciB o0'ektiB CO: aBuryHa Ta pajaiatopa, IIo
J03BOJIUTH  PO3PaXyHKOBO-€KCIIEPUMEHTAIBHUM LIUIAXOM IPOBECTH JOCIIIKEHHS TEIUIOBHX
pexxumiB CO mpu 3MiHI KOHCTPYKTHBHHUX IapaMeTpiB TEMJI000OMIHHOI MOBEpPXHI pajiaTopa Ta
peXuMiB poOOTH JBUTYHA, OLIHUTH BIUTMB 1HTEeHCHU(IKaIi TETUIOBi a4yl B MOBITPSHUX KaHalax
cepueBunn LII", mokazHuKu po6OYOTo MpoIlecy ABUTYHA Ta pEKOMEHyBaTH HaO1LIbII e(heKTUBHI
KOHCTPYKTHBHI CITiBBITHOIIICHHS €JICMEHTIB HAOMBaHHSI pajiaTopa.

TakuMm YUHOM, OCHOBHUMH HAIPSIMKH TEOPETHYHHUX JAOCIIHKEHb CUCTEM OXOJIOIKEHHS CIIiJT
BBaXKaTHU:

- po3poOKy MaTeMaTHYHUX MoJesell TeroBoro po3paxyHky CO, sKi 103BOJSATH
BpPaxOBYBaTH B3a€MO3AJIEKHICTh poOOUOro mpouecy ta TermioBoro crany geraneit LI, a takox
TEIUIOBY B3a€MO/III0 KOHTYPY OXOJIO/DKEHHS IBUTYHA Ta pajiaTopa;

- pO3po0KYy METOJUKH pO3paxyHKy BTpaT TEIJIOTH B poOOYOMY LMKl JBHUTyHa 3a
MOKAa3HUKaMH TPOLECiB, CTHCHEHHS Ta pPO3IIMPEHHS, IO BU3HAYAIOTHCS 32 1HJUKATOPHOIO
Jiarpamoro;

- eKCIepUMEHTAIbHI JIOCIHIPKEHHS BIUIMBY KOHCTPYKTHBHUX IapaMeTpiB TEIIOOOMiIHHOT
MOBEPXHI MEePIOANYHOTO IPOCETIOBAHHS Ha IHTEHCHUBHICTH TETIOOOMIHY;
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- BH3HAYeHHI Yy3arajbHEHUX 3aJIe)KHOCTEH IS OLIHKM TEIUIOBUX Ta aepoJuHaMIYHUX
XapaKTepUCTHK MOBEPXHI OXOJIOKEHHS pajiiaTopa TpyOuacTo-IIIaCTUHYACTOTO TUILY;

- Yy MpOBEACHHI JOCTI/PKEHHS BIUIMBY IHTEHCH(QIKALii OXOJIOJUKEHHS Yy paiiatopi Ha
TEIUIOBUN PEKUM Ta €(PEKTUBHICTH pOOOTH aBTOMOOLIILHOTO JIBUTYHA.

Cnucok BUKOPUCTAaHUX JDKEPET

1. Po3paxyHok aBTOMOOUIbHMX ABHTYHIB. HaB4anpHHMI MOCIOHMK 1O KypCOBOIO NHpPOEKTYBAaHHSA/3a pea. K.T.H.
Hsaenko B.T'., x.1.H. Canosebkoro B.C. — Kiposorpaa: KATY, 2003. — 266 c.: in.
2. OcHOBH Teopii Ta KOHCTPYKLIi aBTOMOOUTbHUX ABUTYHIB: HaBu. mociOH. mia cryaentis 3BO. 3axapuyk B.I. :

Bunasuunrso "Kapasena”, 2022, 232 c.
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VK 633. 436

AO0CHIZKEHHA 3SHUKEHHA 3ABPY/THEHHA ATMOC®EPHOI O
IIOBITPA OKCHIIAMH A30TY 3 BUXJIOIIHUX I'A3IB /IH3E/IBHUX
JABUT'YHIB, AKI KOHBEPTOBAHI HA CYMIIIIEBE ITAJ/IHBO

B.IN. Ba3wk, cm.cp. ATu-22-2,

M.M. I'nun, ooy., PhD.,

®.B. Ko3zak, npog., kano. mexu. Hayx,

lsano-Dpankiecokuil HAYIOHATLHUL MeXHIYHULL YHIgepcumem Hagdmu i 2a3y, Ykpaina

BaxnuBoro ckiIamoBoro  peamizamii  OyAb-SKMX TEXHIYHUX pINIEHb € TOKpAIICHHS
€KOJIOTIYHUX TOKa3HMKIB [1]. OueBHUIHOIO TEpEeBaror 3axojiiB 3 SHEPro30IIaKEHHS TU3CIbHUX
JIBUTYHIB € 3HWKCHHS BHKHUIIB JIOKCHIY BYIJICHIO, IO € BKIJIAJOM Y BUPIMICHHS BaXKIIMBOI
3araJlbHOCBITOBOI ITPOOJIEMHU.

AJze Ha 0cOo0JIMBY yBary 3aciyroBye 3MiHa BUKHUIB IIKIVIMBUX PEYOBUH Y BIAMPAIbOBAHUX
ra3ax KOHBEPTOBaHUX JBUTYHIB, a caM€ OKCHUJy BYIJEI0, BYIJIEBOJAHIB, OKCHAIB a3ory [2]. B
3arajbHOMY Tpeba 3ayBa’kUTH, 1110 ABUTYHU BHYTPILUIHBOI'O 3TOpPaHHS, SIK1 MPALOIOTh Ha 301 HEHUX
MAJTUBHO-TIOBITPSHUX CyMIIIaX Ta JO SIKAX BITHOCSTHCS SIK AM3ENbHI, TaK 1 ra30Bi IBUTYHH, MAIOTh
BHACIIIJIOK XapaKTEepHOI OpraHizaiii MpoIeciB 3ropaHHs HAA3BHYAWHO HU3bKI BUKHUAM OKCHIY
BYIJICII0 Ta BYIJIEBOAHIB. | OCHOBHOIO MpOOIEMOIO Cy4acHHX [IBUTYHIB, SIKI TpPAIIOIOTH Ha
JU3EIIbHOMY TIAJIMBI, € BHCOKI BUKUIM OKCHAIB a30Ty [3]. Lle € rojgoBHOIO NPUYHHOIO, YOMY B
KkpaiHax €C Mo4nHalTh aKTUBHO 0OMEXYBaTH BUKOPUCTAHHS TU3eNbHUX NBUTYHIB [4]. Tomy Oymu
MPOBEACHI EKCIEPUMEHTAIbHI JOCTIHPKEHHS W00 BU3HAYCHHS BUKHUAIB OKCHAIB a30Ty Yy
BIJIMIPAIlbOBAaHUX Ta3aX EKCIIEPHUMEHTAIBHOIO JBUTYHA JO Ta MICIS MOro KOHBepTallii Ha ra3oBe
MMaJIMBO.

Tabmunss 1 — KopoTka TexHIYHAa XapaKTepUCTHUKA EKCIEPUMEHTAIBHOTO IU3EIHHOTO
neuryHa [121A1
Ha3zBa napamerpiB qBuryHa O.HHH' B 3HauEHHs
MIpIOBaHHS
Tun Au3eapHOro IBUTyHA - JIBOXUIMITIHIPOBHIA, YOTUPHOXTAKTHHIH,
TTOBITPSTHOTO OXOJIOJKCHHS
Po6ounii 06’ €M 13enpHOr0 IBUTYHA 1 2,08
Maca nu3enpHOro JBUTYHA KT 280
Croci6 cyMilIoyTBOPEHHS - [Ipsime BIOPCKYBaHHAM JU3€IbHOIO
NaJMBa, HEPO3ALIbHA KaMepa 3rOpaHHs
HowmiHanbHa MOTYXXHICTh IBUT'YHA kBT (k.C.) 18 (25)
EdexTrBHa nuTOMa BUTpaTa najmBa r/kBrron 253
(r/x.c.TOn) (186)
Yacrora 00epTaHHS KOJIHYACTOTO Bajia
JIBUTYHA IPY HOMIHAJIBHIM MOTY>KHOCTI 00./XB. 1800
YacroTa 00epTaHHSA KOJIIHYACTOTO Bajia
JIBUTYHA Ha 000pOTaxX X0JIOCTOTO X0y 00./XB. 800
Ha puc. 1 300paxkeHi eKCIEpUMEHTaNbHI 3aJ€KHOCTI BHKHIIB OKCHIIB a30Ty Y

BiJIIPAIlbOBAaHUX Ta3ax Iu3enbHOro ABUryHa J[21A1 mpu poOoTi Ha OU3ENBHOMY MAaJHBI Ta MPH
po0OOTI Ha adbTEPHATHBHIA Ta30Bid CyMmilll 3 MpomaH-OyTaHy Ta MIpOJII3HOTO Ta3y Ha 4YacTOTi
obepranHs koniHyactoro Basia 1800 00./XB. y 3aJIeXKHOCTI BiJ] 3MiHW HaBaHTa)KECHHs Ha JABUTYH. 3a
pe3ynbTaTaMH TPOBEIACHUX CKCIIEPUMEHTIB MOJYKHAa 3a3HAYWTH, M0 NPU BUKOPUCTAHHI
JIFTEPHATHBHOI T'a30BOi CyMillli, y OPIBHSAHHI 3 BUKOPUCTAHHSIM JH3EIHHOTO TaJlBa, Y IBUTYHA
JI21A1 BinOynoch cyTTeBEe 3HMKEHHS BHKHIIB OKCHIIB a30Ty Yy BiANPAlbOBAaHUX Ta3ax y BCHOMY
HaBaHTAXXYBAJTBHOMY PEKHMI.
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Pucynok 1 — 3anexuocti Bukuzis okcuais azory NO, y BianpanboBaHUX ra3ax IU3eIbHOTO

nsuryna J[21 Al npu po6OTi Ha AU3EIbHOMY NAJIKMBI Ta IPH POOOTI HA Ta30Bii CyMillll HA YAaCTOTI
obepranns koniaBana 1800 00./XB. B 3aJIeXKHOCTI Bij] 3MiHM HaBaHTaXCHHS Ne

Otxe, 3 rTpadika BHIHO, IO TpU poOOTI HAa AM3ETBHOMY MajUBi, NpU BiIOUpaHHI
MOTY>KHOCTI 8 KBT, BUKHIM OKCHIIB a30TY Y BIANPAIbOBAHKUX ra3ax 0a30BOr0 JAM3EIHHOTO JBUTYHA
monem JI21A1 ckmamu 255 ppm, a npu poOOTI KOHBEPTOBAHOTO JIBUT'YHA Ha aJbTEPHATUBHIN
ra3zoBiit cyminn — 135 ppm. AGO 3HIKEHHsI BUKUIB OKCHIIB a30Ty Y BIAIPaIlbOBAaHUX Ta3ax IMiCIIs
KOHBepTallii Ha ra3oBe manuBo ckiaino 47,1 %. [Ipu poboTi Ha AM3eNbHOMY MANKBI, IPU BiAOUpaHH]
noTyXHocTi 18 kBT, BUKMAM OKCHAIB a30Ty Y BIANpalbOBaHUX Ta3aX 0a30BOro JAM3EIbHOTO
nsuryna JI21A1 cxianu 945 ppm, a npu poOOTi KOHBEPTOBAHOTO JBHUI'YHA HA ajJbTEPHATHUBHIN
razoBiii cymimi — 570 ppm. AGO 3HWKEHHSI BUKHJIIB OKCHJIIB a30Ty Y BiANpalbOBaHUX ra3ax Ha
aJIbTepHATHBHIN Ta30Biii cymili micis KoHBepTamii ckiano 39,7 %.
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VK 621.43.065; 629.113/.115

AHAII3 IIATHOCTHYHHX O3HAK IIPH BUXOAI 3 JIAAY ITIIIITUITHUKIB
MATOYHUH ABTOMOBLIIB

. Kabdemes, cm. ep. AT-22M,
M. Kpacora, ooy., kano. mexw. HayK,
LlenmpanvHoyKpaincbKuli HAYiOHAILHUL MeXHIYHUL YHigepcumem, Ykpaiua

MaToYMHHUI TIIIUITHUK - OJ{HA 3 HAaWOLIbII HaBaHTAKEHUX JCTaJICH, Ha Ky HE TUIBKH Jli€
Bara aBTOMOO1JIs, a ¥ 10JJaTKOBI HABAaHTAXEHHS, III0 CTBOPIOIOTHCS TP TAIbMYBaHHI-ITPUCKOPEHHI-
moBopoTi. [TiAMUITHUK MaTOYMHU, IO TPAIIOE B TAKUX YMOBAaX, € JOCUTh HAJIMHUM, 1 CydacHi
MIITUITHAKA po3paxoBani Ha 200 Tuc. KM BOJIHHSA MO rapHUM jgoporaM, 1 50-100 tuc. kM 1311 110
noranum [1, 2].

IcHye mocuth Oarato pi3HUX YWHHUKIB, SIKI BIUTMBAIOTh TPUBAIICTh E€KCILTyaTaIr[ifHOTO
TEPMIHY CIIY>KOM TiAMHUIHKKIB. [IpUCKOpUTH 3HOC MIANIMITHUKA MOKE HETIPaBHIbHE CKIaJaHHS Ta
peryntoBaHHs BUpPOOY Ha 3aBOJll, HEAKICHE MAacTHIIO, a TaKOXX TOoraHe JOPOXKHE MOKPUTTS abo,
HanpuKiIaa, podoTa Mpu rPaHUYHUX TeMIlepaTypax. Buxiz 3 mamy miJImumHIKa MOXKe CIIPUYMHUTH,
SK MIHIMYM, BUHUKHCHHsS HENPHEMHHX INyMiB 1 Tymy. binbmn cepiio3Ha mpoOiiema, 1Mo MOXKe
TPaNUTHUCS Yepe3 WOro 3HOIIYBAaHHS, II€ TOJOMKA IHINMUX JeTajedl y MiJBICII YU PYIbOBOMY
KepyBaHHi [3, 4].

Tak, HampukiIang, HECTpPaBHUHA MiAMIMITHUK MAaTOYMHH KOJIeCa MOXE CHPUYMHUTH HOTO
3aKJIMHIOBaHHS B JOPO31 MPSAMO i Yac pyxXy. 3po3yMisio, 10 e MOXKe MPU3BECTH 0 HEraTUBHUX
HacnmigkiB. 100 yHHKHYTH IbOTO, BapTO 3BEPHYTHM YyBary Ha TakKi O3HAaKM HECHPaBHOCTI
MIAMAIHUKA.

Bunuknenns wiymy, 2eyny nio uac nogopomy HABAHMANCEHO20 MA HEHABAHMANCEHO20
aemomo6ina. IloniOHuMil IyM Ta Ty CBIIYUTH PO 3HOMICHHS MiIITUITHIUKA MATOYHHU.

lloasa 2eyny nio wac npAMONIHIUHO20 pPYXy HABAHMANCEHO20 aDO HEeHABAHMAINCEHO20
aemomo0ina. AHANOTIYHO TIOMEpEe/HIM O3Halll HAsBHICTh TAaKOTO TYIY CBIMYUTH MPO TPaHUYHUIN
CTaH MiAMUITHAKA MAaTOYHHH.

CrabinpHUiA Iyl npH 1311 MalIMHA 0€3 BaHTaxy, 1110 HApOCTAE I1iJ 4ac OBOPOTIB B OJIUH OiK
1 TpoXW BUIyXa€e Npu MnoBopoTax B I1HMMHA. [loAiOHI CUMOTOMH JyXe€ BaXXJIMBO YCYHYTH
HaOIMKYMM 4acoOM, OCKUIBKH 1€ MOKE MPU3BECTH J0 HACTYITHOTO.

TI'yn nepemeoproemocs na xpyckim. Mammna niepiogudHo e yoik. Takuii epexT BUHUKAE
yepe3 po30UTHH cemapaTop, B SIKOMY POJIMKA KOYEHHS MOTPAaNWiIM B OJHY CTOPOHY, a YJIaMKHU
KOpPIIYCY B 1HIIY, Yepe3 II0 MIJIIMITHUK OUIbIIE HE CIPABIAETHCS 3 HABAHTAXKEHHSAMU 1 HE YTPUMY€E
KOJIECO.

Cyxuil xpyckim nio uac pyxy aémomodins. SIk mpaBuio, el 3ByK O3HAYa€e TeEpIry O3HaKY
MOJIOMKM MaTOYMHHOTO HiAMMUMHUKA. Yepe3 po30utTy oboiiMy chepruHi eleMEeHTH MiJIIIMITHUKA
po3ocepeIkeH1 HepiIBHOMIPHO, IO JJ03BOJISIE IM BUIBHO MEPEKOYYBATHUCS 1 BUAABATH LIYM Y BUTIISAL
XPYCKOTY.

Kepmo ma ky3oe asmomobina eibpyroms. BiOpailisi BUHUKAE Yyepe3 BUCOKUMA CTYMIHb 3HOCY
OiAMUIHAKA MaTOYMHHM, TakK $K o0oiiMa BXKe TMpHBeneHa COHEpPUYHUMHU eJIeMEHTaMU B
HenpuaaTHicTh. Januil nedekt Moke CIpUYMHUTH 3aKIMHIOBAHHS BY3JIa.

Taea asmomobins y nesuuu Oix. Lleli edexr cxoxwii Ha Te, MO 3'SBISIETBCS MPHU
HEMPaBUJILHO HAJIAIITOBAHOMY PO3Bali-CXO/DKEHHI aBTOMOOLIsA. Brache, 3a paxyHOK omopy
KOYEHHIO aBTOMOO1JIb MOXe TATHYTH y IIEBHUH OiK.

3po3yMisio, Tp¥ BUHUKHEHHI MOAIOHUX AIarHOCTUYHUX O3HAK CJiJ BUKOHATH JI1arHOCTHKY
Ta MPU HEOOX1THOCTI PEMOHT JIaHOTO BY3J1a

He Bapro 3BepraTu yBary Ha Te, ILI0 3a3HAYCHUH pECypCHHM TepMiH MaTOYMHHHX
miammummHuKiB 3asBieHo 10 100-200 tuc. ximomerpis. lle nuime MakcMManbHO JOIMYCTHMa MEkKa
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eKCIUTyaTallii, sKa MOXKJIMBA B TOMY BUIAJIKY, SIKIIIO JOTPUMYBAJIOCS CBOEYACHOTO OOCITyrOBYBaHHS,
13AUTH TIJBKU SKICHUM JIOPO’KHIM IOJOTHOM 1 HE €KCIUTyaTyBaTH MAIIMHY B CYBOPHX KJIIMAaTUYHHUX
YMOBaXx.

[lifmUNHUK ~KOYEHHs, IO BUKOPUCTOBYETHCA Yy MATOYMHHOMY BY3]l, BHU3HA4ae
Mpame3aaTHICTh 1 JOBrOBIYHICT XOJOBOI YacTHHU aBTOMOOiNsA. HaBenene Buie 3yMOBIIOE
aKTyaJIbHICTh J1arHOCTYBaHHS CTaHy MIJIIWITHUKIB MaTOUYMH METOJaMHu 0€3p030ipHOr0 KOHTPOIIIO.
Bupimenas npoGieMu paHHBOTO JIarHOCTYBaHHS MiJIIMITHHUKIB JO3BOJMTH BUPIIIUTH 3aBIAHHS
OOTPYHTOBAHOT'O MTPOTHO3YBAaHHS TEPMiHIB O€3BIIMOBHOI POOOTH XO/J0BOi YaCTHHH aBTOMOO1IIB Ta
BU3HAYEHHS IX PECypCy BIAMOBIIHO 10 (PAaKTUYHOTO CTaHy MiAIIUITHUKOBUX BY3JIiB.
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VK 656.13

B/IOCKOHAJIEHHA OPIAHI3ALII IEPEBE3EHHA IIIBH/IKOIICYBHHX
BAHTA/KIB Y BUUITAJIEHI HACEJIEHI IIYHKTH MAPILIIPYTY PYXY
"IBAHO-®PAHKIBCBK-BOPOXTA"

B.B. bpunzak, cm.ep. ATm-22-2,

Lb. lIpynbko, doy., kano. mexH. HaYK,

®.B. Kozak, npoq., kano. mexu. nayx,

lsano-Dpankiecokuil HAYiOHATLHUL MeXHIYHULL YHIgepcumem Hagpmu i 2a3y, Ykpaina

OpHi€I0 3 TOJIOBHUX XapaKTEPUCTHK AiSUIBHOCTI TPAHCIOPTHOI rairy3i € pi3HOMaHITTS YMOB
poboTtu i BuMor no mnepese3eHHs. [Ipu ¢opmyBanHi Tapudy Ha mepeBe3eHHs BPaxOBYIOTHCS
1HTEepeCcH TPAHCIIOPTHOTO MiANMPHUEMCTBA 1 KIIIEHTA, IPOTe €KOHOMIYHA €()eKTUBHICTh, HAMIMHICTB,
Oe3neky MOBMHHI OyTH NpPUWHATHI IJIs BCIX 3alfikaBieHuX oci6. Takox mpu BCTaHOBIEHHI
PUHKOBOi BapTOCTI IEpPEBE3€HHS HEOOXIAHO BpaxyBaTH HE TIJIbKM BUTpPATH TPAHCIOPTHOIO
HiANPUEMCTBA, A€ 1 MIATOCIPOMOXKHICTh KJIIEHTA, YMOBH KOHKYPEHTHOI'O CEpe/IOBMILA Ta iHIIE
[10, 11].

TpancnopTtHa ramgy3b Mae psj OCOOIMBOCTEH $IK BIIKpUTAa CHUCTEMa, SIKI JJO3BOJISIIOTH
aZanTyBaTHCS O MIHJIMBHUX 30BHIMIHIX YMOB. Jl0 Takux 0COOJMBOCTEH HAJICKUTH: CTAaHAAPTU3AIIS
TPAHCHOPTHUX TIOCIYT; PI3HOMAHITTS YMOB pOOOTH 1 BHMOI' [0 TEpPEBE3CHHS; IEPEBAKHO
HEBEJIMKUN pO3Mip MIANPUEMCTB; BIJHOCHO HEBHCOKI 1HBECTHIIMHI BHUTpaTH, IOB'I3aHl 31
CTBOPEHHSM TPAHCIIOPTHOTO MiANPUEMCTBA.

[IpoBeneMo anHasi3 TeXHIKO-€KCIUTyaTalliliHI MOKa3HUKH pOOOTH aBTOMOOLIS HA MapuIpyTi
"IBano-®pankiBcbk-BopoxTa" auBuch Tabmus 1.

VY nonatky /I npencramieHo rpadik pyxy Ha mapuipyTi 'IBano-@pankiBchk-Bopoxta" 3
3BOPOTHIM 3aBaHTAKEHHSIM aBTOMOO1IIA.

Tabmums 1 — Anani3 3BeIeHUX TEXHIKO-€KCIUTyaTallliHUX MMOKa3HUKIB POOOTH aBTOMOO1TIB
Ha MapupyTi "IBano-®PpankiBcbk-BopoxTa"

HasBa mapamerpy Icnyroui mokasuuku | IIpoekTHI MOKa3HUKK Hai);lzlee;p 1
Mapxka aBTOMOO1Is1 I'A3 3302 I'azens Volkswagen Crafter.
Burpara nansHoro, )
1/100xm 12 8,0
BanrtaxHIiCTB, T. 1,0 1,0 =
JoBxxuHa BaHTaKHOTO 100 196 +
pooiry, Km.
I[OB)KI/IHE.I JI000BOTO 204 204 _
poobiry, KM.
Koegimient 0,495 0,96 ¥
BUKOPHCTAHHS MPOOITyY
Yac Hepe6yBaHHa B 71 771 +
HapsiAi, TOX
Yac o06iry, rog. 7,06 7,62 +
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3akinueHus Ta0mumi 1
Yac HaBaHTaXXKEeHHA-

PO3BaHTaXEHHS 3a 00ir, 2,3 2,86 +
roj
TexHiuHA MBUIKICTS, 42,0 42,0 _
KM/TOJ
[TpoayKTHBHICTH
aBTOMOO1IS 32 pobounii 0,7 1,4 +
JICHD, T.
[TponyKTHBHICTD
aBTOMOO1JI 32 poOOUnid 38,0 105,2 +
IIEHD, TKM.
IIranoBuii o0csr 83,5 166.9 +
nepeBe3eHb, T
KinpkicTs aBTOMOO1ITIB 1 1 -
Ha MapuIpyTi
KinpkicTh poOo4mx qHIB 120 120 =

AHani3yloud BHUILIEHaBEJEHE, MO)XHAa 3pOOUTH BUCHOBOK, WIO JUISl BJIOCKOHAJICHHS
NepeBe3eHHs MIBUAKONCYBHUX BaHTaxiB 3 TOB "Teppa-IB" m. IBano-®PpaHKIBCbK B TOPTiBEIbHY
MepeKy Mara3uHiB BOpOXTSHCHKOIO HampsMKy HEOOXIJHO BUKOPHCTATU KOMIUIEKCHUH MiAXif 13
BIIPOBA/PKEHHSIM HACTYITHHUX 3aXO0/IiB:

1. Po3po0ka 4iTKOro MapuipyTy pyxy, Sskuii Ou 3abe3rneuyBaB BUCOKY IPOAYKTUBHICTH Ta
AKICTb IIepEBE3EHb;

2.  BuxopwucraHHS ISl BAKOHAHHS MTepeBe3eHb aBToMoOtst Volkswagen Crafter;

3. KomOiHOBaHe BUKOHAHHS MPOLIECY HABAHTAXKEHHS - PO3BAHTAXECHHS;

4.  Po3pobOka uyiTkoro rpagika poOOTH aBTOMOOLIS, Y3TOAMBIIK PEXHUM POOOTH YyCIX
YYaCHHKIB TPAHCIIOPTHOT'O MPOLIECY;

5. Po3po0Oka rpadika po6oTH BOIIiB;

6.  BnpoBakeHHs 3BOPOTHOTO YaCTKOBOT'O 3aBaHTAXXECHHS aBTOMOOLIIS.

BrnipoBaskeHHs 3aIIpoOIOHOBAHUX 3aXO01B 103BOJIHUTh:

1. BaBiui mokpamidTé MPOAYKTHUBHICTH POOOTH pPyXOMOIO CKiIaay, IO JacTb
MOKJIUBICTh 3MEHIIUTH Tapu(pu Ha TMEPeBEe3CHHS 3a pPaxXyHOK 3MEHIIEHHS Cco0iBapTOCTi Ta
MOKPAIUTH MPUBAOIMUBICTH MEPEBI3HUKA Ha PUHKY TPAHCIIOPTHUX MOCIIYT.

2. MakcumanbHO 3a0BOJILHATH TOTPEOH BCIX YUYACHUKIB TPAHCIIOPTHOTO TIPOIIECY.

3. 3abe3neunty BUPOOITOK (POHAY poOOYOTO Hacy BOJIS Ta 301IBIICHHS 3apoO0iTHOT
IUIaTH 32 paXyHOK 30UIbIICHHS Yacy nepe0yBaHHs B HApsIi.

JlucuuriiHyBaTH Ta Y9iTKO OpraHi3yBaTH B3STI Ha cebe 3000B'I3aHHA T/ YaC BUKOHAHHS
TPAHCIOPTHOTO MPOLIECY.

3anpornoHoBaHi B poOOTI 3aX0aud 1 PEKOMEH[allli TMOBHICTIO BIAMOBIIAIOTH CXBaJICHIN
posnopsamkennsam Kabinery MinictpiB Ykpainu Bin 30 tpaBusa 2018 p. Ned430-p HamionanbHiid
TpaHCHOPTHI#N cTpaterii Ykpainu Ha nepiog 10 2030 poky [11], a caMe rapaHTyBaHHS JOCTaBKHU
“BiJ IBepel M0 Bepei’” Ta BUKOHAHHS “IISCTH IIPaBUJI JIOTICTUKK B JIAHIIFOIaX IMOCTABOK (BaHTAX,
SIKICTh, KUIBKICTh, Yac, MiCIIe, BHUTpATH - TOOTO HEOOXiTHWHA TOBap, HEOOXITHOI SKOCTI, B
HEOOXIJHIM KUIBKOCTI JOCTaBJIEHUH Yy BINNOBIIHUI 4Yac y BU3HAY€HE MiICIe 3 MiHIMAJIbHUMHU
BHUTpPATaMH).

[IpoBeneHi MOCHiKEHHS Ta aHali3 TEXHIKO-EKCIUTyaTalliiHUX MOKAa3HUKIB POOOTH NpHU
BJIOCKOHAJICHHI ITepeBE3eHHS MBUAKONICYBHUX BaHTaxiB 3 TOB "Teppa-IB" m. IBano-DPpaHKIBCHK Y
TOPTOBEJIbHY MEPEXy MarasuHiB BOpOXTSHCHKOTO HampsiMKy i 3alpOIIOHOBaHI peKoMEeHAaii, sKi
nepeiadi NepeBi3HUKY J03BOJIATh OHOBUTU PYXOMHUHM CKJIaJl, BIPOBAIUTH 3BOPOTHE 3aBAHTAKEHHS
Ha MapIIpyTi 1 TAKAM YUHOM JIOCSITTH IMOKPAIECHHS TPOAYKTHBHOCTI pOOOTH PyXOMOTO CKIIAy.
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PexomeHparlii 3 BAOCKOHAJICHHsI NIEPEBE3E€HHS IIBUIKONCYBHUX BaHTaxiB i3 TOB "Teppa-
IB" M. IBaHO-@paHKIBCHK Y TOPTriBEIbHY MEPEKY MarasuHiB BopoXTSIHCHKOro HanpsMKy MPUNHHSTI
710 BUKOPUCTAHHS Ta MOJANbLIOl po3poOku nepesizHukom TOB "Teppa-IB".

OpHuM 13 TOCTaBJIEHUX 3aBAaHb € OOCTEXKEHHSI MAPUIPYTY HUIIXOM JIOTICTUKUA BaHTaXHHUX
TPAHCIOPTHUX IMOTOKIB Yy IbOMY HAmNpsSMKY Ta BUSBICHHA (BHUHAWICHHS) BaHTAXy, SKUA Ou
BIJINIOBIJaB YMOBaM TI€PEBE3CHHS 3a HANpsSMKOM, Macol 1 crnenudiyHUM BHUMOraM Uil HMOro
nepeBe3eHH 1 30epiraHHs.

MOHITOpPHHT pi3HUX BUIB 1 TPYIl BaHTaXI1B MIOKa3aB, 110 TAKUI BaHTaX, K rpudu, notpedye
0CcOOJMBHUX YMOB INepeBe3eHHs 1 30epiranus. Jpyruii BaHTax - JiCOBi Aroau ( YOPHMIISA, MAJHMHA,
OpycHUIISA Ta 1HINE) y JITHIN mepiod. Y 3UMOBHUH Iepioj y 3BOPOTHHOMY HAMPSMi MPOTIOHYETHCS
NIEPEBO3UTH KHUBY puOy THITY (hopeb, IKY BUPOLIYIOTh y JICOBUX IOCMOAapcTBaxX SApeMuaHChKOro i
HanBipHAHCHKOTO pPETiOHIB.

[MomyTHe 3aBaHTaXXCHHsI aBTOMOOLIISI HE TUIBKM Ma€ TPAHCIIOPTHY CKJIAJIOBY, ajle i MaTuMe
€KOJIOTIYHEe 3HAYCHHS, OCKUIBKU 332 KOKHUH 3alWBHUH KIJTOMETp MpoOiry B aTMochepy BUKHIAETHCS
HeOakaHa TOPIis MIKIATUBUX PEUYOBHH, 10 BIUIMBAIOTh HAa HABKOJHIIHE cepenouie. [Ipu npomy
B1JT 3aIIPOITIOHOBAHUX 3aXO0/IiB MPOAYKTUBHICTh aBTOMOOIISI 301IBIIATHCS 10 63 %.

BpaxyBaBmm BuIle 3a3HaueHi YHHHUKM, B 3BOPOTHOMY HaIpsiMi 3alpONOHOBAHO
3MIMCHIOBATH TEPEBE3CHHS HACTYITHHUX BaHTaXiB: KMUBOI 1 MOpokeHOi (popeni; cBikUX TpuOiB Ta
arig. BimnpaBHukoMm naHoro BaHTaxy Buctymae TOB 'JliGepti" cmr. Bopoxta, Byn. Jlanumma
lNammproro 80A. Cdeporo AiSILHOCTI JAaHOTO MIAMPUEMCTBA € IepepoOKa CLITLCHKOTOCTIOAapChKOT
Ta 30MpaNbHUIIBKOI TPOAYKIIil, ONTOBA Ta PO3piOHA TOPTiBIIS.

Crmcok BUKOPHUCTAHUX IKCPECII

1. OO6csar TepeBe3CHHX BaHTAXIB ABTOMOOUTPHUM  TPAaHCIOPTOM 3a 2018 pik. Pexum gocrymy
http://www.ukrstat.gov.ua/operativ/operativ2018/tr/vtk/vtk_2018_u.htm
2. Kymuak I1. M. Xap4yoBa mpoMHCIOBICTh YKpaiHH B yMOBaxX akTHBi3aIil iHTErpamiiHUX Ta TiIo0aTi3amiiHuX

nporeciB : MoHorpadist / 3a pen. a-pa ekoH. Hayk, npo¢. JI. B. [leitnexo. — K. : Paga mo BuB4Y. mpox. cun
VYxpaian HAH Vxpainn, 2009. — 152 c.

3. [NpaBuia mepeBe3eHHs MIBUAKONCYBHUX BaHTaxiB. Pexxum moctymy https://zakon.rada.gov.ua/laws/show/z1031-
02.
4, Thor-Erik Sandberg Hanssen, Terje Andreas Mathisen. Factors facilitating intermodal transport of perishable

goods - transport purchasers viewpoint. - Bode Graduate School of Business, University of Nordland, Norway,
European Transport \ Trasporti Europei -2011- n. 49.- P. 75-89.

5. Pavels Patlins. Efficient transportation in cities and perishable goods secondary packaging.- Riga Technical
University, Latvia, Engineering for rural development Jelgava, 25-27.05.2016.- P. 1395-1401.

6. Bornare, S. Deshmukh, C. Talele. Problems and Management Techniques in Distribution of Perishable Goods. -
International journal of science, spirituality, business and technology, Vol. 4, No. 2, May 2016.- P. 100-104.

7. Opranizamis aBTOMOOUTFHUX TepeBe3eHb: y 2-X 4.. Hapuampnuii mociormk/ M. C. OmickeBnd. - JIbBiB:

Bunasaunrso JIsBiBchKO1 noditexHiku.-U. 1. BanTaxui nepesezenns. 2017. -336c¢.
8. Kosanernko B.M., llypixin B.K.. Banraxni aBroMm0o0i16HI epeBesenns: [ligpyunuk. - K.: Jlitepa JITZ, 2006.-

304c.

9. JACTY 2609-94. Bantaxni aBToMOOUTbHI nepeBe3eHHs. TepMiHM Ta BuU3HaueHHs. - Jlepxcranmapt Ykpainu,
1994.- 24 c.

10.  SuxiBeekuit JLIO., 3epkanos /I.B. 3aranehuii kypc Tpancnopry: HaBuanbhuii nocionuk.- Ku..1.-K.: Apicrei,
2007. - 544c.

11.  BumskoBcbkuii €.K., bakyniu O.0O.. BaHTa)ko3HaBCTBO : HaBuaJbHUN NOCIOHMK.-JIBBIB: [HTEenexr-3axix . 2005.-
224c.

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 51


http://www.ukrstat.gov.ua/operativ/operativ2018/tr/vtk/vtk_2018_u.htm
https://zakon.rada.gov.ua/laws/show/z1031-02
https://zakon.rada.gov.ua/laws/show/z1031-02

THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

VJK:633.853.32

IHCTPYMEHTAJIbHI METO/IH JIATHOCTYBAHHA X0/10BOI YACTUHH
ABTOMOBITA

€. Crpineubkuid, cm. ep. AT22M,
M. Kpacora, doy., kaH0. mexH. HAYK,
LlenmpanvHoyKpaincbKull HAYiOHATbHUL MEeXHIYHULL YHigepcumem

JInsi YHUKHEHHS Ba)KKOBHTPATHOTO PEMOHTY XOJIOBOi YaCTHHH aBTOMOOLNA, HEOOXiIHO
3aBYaCHO BU3HAYaTH ii HECHPaBHOCTI, BUKOPUCTOBYIOYM Cy4YacHI METOJU NEPEBIPKM TEXHIYHOTO
crany [1].

Bimomi Meroau AiarHOCTHKH XOJOBOi YAacTWHU aBTOMOOLIS MOXKHa Kiacu(ikyBaTh Ha
Bi3yallbHi, MEXaHIUHI Ta IHCTpyMEHTaJbHI [2].

IHcTpyMeHTanbHUN METOA [03BOJISIE OTPUMATHU pPE3YyNbTaTH Yy LU(POBOMY BHpPaKEHHI,
OCKIJIBKH JIIarHOCTHKA TIPOBOJUTHCS Ha CHEIlaJbHUX CTeHIax abo 3a JOMOMOTOI0 TEXHOJOTTYHOTO
obnagHaHHsA. 3acTOCYBaHHS CTEHAIB Jae HabaraTo JOCTOBIpHINIY iHQOpMaLilo, HDK MOPOCTi
Bi3yaJbHI ab0 MeXaHiIuHI METOJU KOHTpOJIo. binpiie Toro, cneniagbHe KOMIT'IOTEPU30BaHE
o0JlaJTHaHHS JTO3BOJISIE NMPOBOJUTH KOMIUIEKCHY J1arHOCTHKY Ta OLIIHMTH Taki MapameTpH, siK
KOe(ILIEHT 3YCIUIEHHS IIMH 3 JOPOXHIM MOKPUTTSAM, HAaBaHTAXKEHHsSI Ha Kojieca aBTOMOOLIS Ta
€JIEMEHTH, IO CIOJYy4YaloTh 3 Ky30BOM, CTaH KYJIbOBUX 1 PYJIbOBUX HAKOHEUHHUKIB Ta Oarato
1HIIOTO.

IIpu niarHOCTYBaHHI XOJOBOi YAacCTMHM ABTOMOOLUIS IHCTPYMEHTAJbHUMHM METOJaMU
OCHOBHY YBary MpHIUTSIIOTh KOHTPOJIIO MPYKHUX BIACTHBOCTEH MiJABICKM Ta KyTaM BCTaHOBIICHHS
KOJIIC aBTOMOOLIIB.

[Ipu niarHOCTYBaHHI BUKOPHUCTOBYIOThH JIBa METOJAM 1HCTPYMEHTAJIHLHOTO KOHTPOJIO CTaHY
miaBicok [3]: memoou xonusanv Ky3o08a ma memoou Koausaunus xoxic. LI METOAW MONATAIOTH Y
J1arHOCTYBaHHI HE CaMUX aMOPTH3aTOPiB, @ poOOTH MiIBICKH B miyiomy. [Ipu iboMy, Ha pe3ynbTaTu
BUNIPOOYBaHb JIESKOI MIpOIO BIUIMBAE CTaH LIAPHIPIB, MPYKUH, CTAbLIi3aTOPiB, TUCK y IMIMHAX Ta
1H.

Memoo konusansv ky306a. lleit MeTon monsrae B AOCHIPKEHHI 3aracaHHs KOJIMBaHb Ky30Ba
TICIIsE HOTO PO3TOMIyBaHHS i OIIHIOE POOOTY MiABICKU TiJIBKH MPU MAIMX MIBUIKOCTIX PYXY ITOKA
amopTu3aropa. Y OUIBIIOCTI BUMAJKIB JIO3BOJISIE BIPOTiAHO BCTAHOBUTH JIMINIE TIOBHY BTPATy HOTO
MpaIe3/1aTHOCTI: SKIIO IITOK MEPEMIIYEThCS TPAKTUIHO O€3 ormopy abo aMOPTH3aTOp 3aKJIMHHIIO,
a TaKOXX PI3HUIIIO CTaHIB aMOPTU3ATOPIB O/IHIET OCI.

Memoo konusame xonic. Takuii METOJ TOYHIIIE MOJEIIOE peajbHl yYMOBH pPOOOTH
aMOPTU3ATOPIB 1 103BOJISIE IETANIbHIIIE BUBHAYUTH CTYIIHb IXHBOTO 3HOIIYBaHHA. BiH peamnizyeThes
B JIHIAX eKCHpec-TIarHOCTHUKKA JBOMa crocobamu: amrutitynaHo-pe3oHancHuM (THETA) 1
EUSAMA (European Association Of Shock Absorber Manufacturer — €Bpomneiicbka acoriaris
BUPOOHHKIB aMOPTH3ATOPIB).

HaiicyuacHimmM oONagHaHHAM Ui JIarHOCTYBaHHS MiABICKM € JiarHOCTUYHA JIiHISA, 1O
CKJIay SIKOT BXOJATH JEKiIbKa MOIYIIB [3 - 6].

Tecmep ysedenwns koneca -  TeCTep TEPEBIPKH CTaHy TeOMETpii OcCeil aBTOMOOLIIS.
BinxuneHHs yBeJeHHs Kojleca 3aMIpsA€ETbCS PYXOMOIO TUIACTHHOIO SIK 3CYB Y M/KM.

Tecmep niosicku — TecTep MEPEBIPKU CTAHY ITiIBICKHM aBTOMOO1IS. 3a JOMOMOror0 BiOpariil
IUTACTUH CUMYIIOIOTHCSI HEPIBHOCTI JOPOTH Ha PI3HUX LIBUJIKOCTSIX.

Tanomisnuii cmend (PO3TIISIHYTHH BHWINE) —  TECTep MEPEBIPKH TalbMIBHOI CHUCTEMHU
aBTOMOOUI. Y mpoleci BUMIPIOBaHHS BHM3HAUYA€ThCS OBAJBHICTh, TalbMIBHA CHJIA, PI3HUL
raJbMiBHUX CHJI 1 KOe(IIIEHT TaJIbMyBaHHS, a TAKOXK 3YCHJUIS Ha TI€ali TajabMa.

Crenp "po3Ban-CXOKEHHs SBIISE€ COO0I0 00N HAHHS, HA SKOMY MOXIIMBO BUSHAUYUTH KYT
HaXWJTY KOJIIC aBTOMOO1JIS Ta BiAPETYINIOBATH HOTO A0 MOTPiOHOrO 3HAYEHHS.
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VYci crennu "po3Ban-CXoKeHHs TOIUISIOTHCS 3a IPUHIIMIIOM JIii Ha 3 KaTeropii:

- ONTUYHI Ta €JIEKTPOHHO-ONTUYHI CTEH/IH;

- CTEH/I, 3 BUMIPIOBAJILHUMU TOJIOBKAMH,

- CTeH]IH, 1[0 BUKOPUCTOBYIOTh TPUBUMIPHY TeXHOJ0Ti10 (3D cTrenan).

BukopuCTaHHS Cy4acHOTO TEXHOJIOTIYHOTO OOJIaHAHHS JUIS JIarHOCTYBaHHS XOJOBOT
YaCTUHU aBTOMOOUIIB JO3BOJIUTH 3MEHIIUTH MPOCTOI TPAHCIOPTHUX 3aC001B, MIBUIIUTH TOYHICTh
MOCTAHOBKH J1arHo3y, 1 K pe3yIbTaT 3MEHIIUTh eKCIUTyaTaliliHi BUTpaTH aBTOMOO1JIS.
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UDC 656.1

SMART TECHNOLOGIES APPLICATION IN SUPPLY CHAIN
MANAGEMENT

O.P. Burmistrov, st.gr. 33TT,

D.O. Muzylyov, Associate Professor, Ph.D.,
M,V. Karnaukh, Associate Professor, Ph.D.,
State Biotechnological University, Ukraine

The main aspect of any system development is the search for optimal solutions, but
perfection is an elusive concept. Due to technology advancing at an incredible pace, transport
companies face new logistics challenges. To stay competitive, carriers must keep up with the
changing times and remain relevant. Being relevant means providing quality service to customers.
This requires effective organization and the integration of new technologies in the supply [1].
Additionally, marketers must communicate the benefits of their services to potential customers, so
that they can make informed decisions when choosing a service provider.

Transport logistics serves as a testing ground for many innovative technologies, with smart
technologies accounting for a significant proportion of this list. These tools and devices have the
ability to improve and simplify various production processes, beginning from calculations to the
goods delivery to their destinations. Typically, transport companies design their own logistics
system, consisting of the most efficient means for fast and high-quality service operation. Carriers
have several approaches based on the concept of a smart city being built exclusively on their basis
[2-3]. The list of applications used in this system includes automated routing systems, vehicle park
search, intersection control, and road anomaly detection such as traffic jams. These technologies are
actively used in urban logistics, but some of them have also been applied to cargo transportation.

It is important to understand that smart technologies unify software and hardware, which,
assisted by artificial intelligence, gain the ability to self-control and take responsibility for their
actions. Artificial intelligence refers to a computing system that can replicate human thought
processes [4]. Smart technologies use machine learning to analyse data gathered during past tasks.
Smart transport is widely used in urban logistics and transportation, offering fleet and supply chain
management solutions [5]. This paper aims to highlight the most relevant and effective smart
technologies for transport logistics, as follows:

1. A smart video recorder uses machine vision to enable artificial intelligence to analyse
what the driver potentially sees and what is happening inside the vehicle [6]. The Al predicts traffic
events that are likely to occur based on the data obtained and uses sound sensors to warn the driver
of possible danger. In case of any hazardous events, the system automatically records and if the
driver ignores the alerts repeatedly, the system sends information and evidence to an authorized
manager. [7];

2. The Radio Frequency Identification System (RFID) is an accounting system that uses
RFID tags and scanners to track cargo in real-time. An RFID tag is a storage device that contains
information about the goods, including the item number that corresponds to the data specified by
the accounting system. The barcode is placed directly on the cargo, and when it enters the
registration area of an RFID scanner, the cargo data is read. This enables the subscriber to receive
true information about the cargo in real-time [8].;

3. The smart system designed for early acoustic detection of mechanical defects in a
vehicle comprises microphones with a frequency spectrum of 10-20 kHz located near the moving
equipment. These microphones transmit the signal to the monitoring system, which analyses and
processes the sound signal. The processed information is then sent to a mobile application, which
informs the user about the current technical condition of the vehicle [9].;

4. An intelligent logistics route optimization system is a software application used to
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streamline supply chain operations. The system analyses data from source and demand points,
processes it using built-in algorithms, and provides optimization recommendations. By taking into
account various information components, this system provides efficient and rational routes for
transportation [10].

The technologies mentioned in this thesis simplify and optimize transport production

processes, reducing service costs.

10.
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VIIK:62-5

HUIBUIIEHHA EOEKTHBHOCTI JTIATHOCTYBAHHA I'AJIbMIBHOI
CUHCTEMHU ABTOMOBLIA

10.B. KyJICIlIKOBl, npogh., 0-p mexH. Hayx,

B.O. I[yﬁosmcz, 2071084 YUKOBOI KOMICII MEXAHIKU ma MPAanCHOpmy, KaHO. MeXH. HaYK,
O.M. JIaXMal-Il, mazicmp,

T.B. Pyzlemcol, 00yY., KAHO. MexH. HAaYK,

M.B. KpaCOTal, 00Y., KaHO. MexH. HAYK,

1L[eHmpaJ1bH0 VKPAiHCbKULL HAYIOHAbHUL MeXHIYHUL YHieepcumem, Ykpaina
Onexcandpiticokuti norimexHivHuu gpaxosutl konreoddic, Ykpaina

OgHuME 3 HAWBKIIMBIIIMX CUCTEM 1 arperatiB aBTOMOOUTIB, IO BH3HAYAIOTH OE3IEKY
JOPOKHBOTO PYXY, & TAKOXK X HAJIIWHICTh 1 IPOAYKTUBHICTD, € TAJIbMIBHI CHCTEMHU.

B npomeci ekcryaTarii aBTOMOOLTIB BiI0yBAa€ThCA 3MiHA TEXHIYHOTO CTaHy rajbM, IO €
NPUYMHOK BUHUKHEHHS PI3HUX HECIPAaBHOCTEH 1 BIIMOB, sIKi y 6araTboX BHUIAJKaX MPU3BOIATH 10
JTOPOXHBO-TPAHCIIOPTHOTO TPHUTOJ. Y 3B'SI3KY 3 MM CBOE€YACHE BHSBICHHS 1 TOMEPEHKEHHS
HECIPaBHOCTEH TaJbMiBHUX CUCTEM aBTOMOOLIIB € aKTyaJlbHOIO 3a7aueto. Tomy JiarHOCTyBaHHS €
SIKICHO HOBOYO, OUIBIII JJOCKOHAJIOK (POPMOIO KOHTPOIBHUX POOIT.

KoHTpoibp raJbpMiBHUX CHCTEM aBTOTPAHCHOPTHHUX 3aco0iB MpH eKCIUTyaTalii Moke
3/1IMCHIOBATHUCH SIK B IOPOXKHIX, TaK 1 B CTEHJOBUX yMOBaXx.

Haii0inbiie po3noBCIOJIKEHHSI OTPUMAIM CTEHIOBI METOAM, IPUUYOMY Ha CHJIOBUX CTEHJAAX 3
O6iroBumMu OapaGaHamu. Aje JaHi MeTOAU MOTPeOyIOTh HAsBHOCTI BHCOKOBAapTICHUX CTEHIIB, a
TaKOX 3HAYHUX MaTepiaIbHUX 3aTpaT MPH HU3bKIH SKOCTI OTPUMAHHS J1arHOCTMYHOI iH(popMaii.
ToMy HepcreKTUBHUM € METOJ| A1arHOCTYBaHHSI TajJbMIBHUX CHCTEM IO 3MiH1 KyTOBOI IIBHJKOCTI
BUBILICHUX Kouic. BiH mossirae B peecTparlii nporuecy ralbMyBaHHs BUBIIIEHUX KOJiC, OTpUMaHHI
raJIbMIBHHX JlarpaM 1 BU3Hau€HHI M0 HUM MapaMeTpiB rajibMiBHOTO Ipoliecy. MeTo Mae BUCOKY
OIEPATUBHICTh, HE BUMArae BEJIUKUX KaMiTaJbHUX BHUTPAT, L0 BAXXKJIMBO JAJISI aBTOTPAHCIIOPTHHUX
MIMPUEMCTB 1 CTAHIIIA TEXHIYHOTO OOCITYyTrOBYBaHHS.

Metoa monsirae y BU3HAYEHHI TalbMIBHUX SIKOCTE€H aBTOMOOLJIIB B TPOLECI TaJbMyBaHHS
BUBIIIICHUX KOJIIC 1 KOJIC, 10 BIILHO 00EPTAIOTHCS 3 MEBHOKO IMIBUAKICTIO HA YACTKOBOMY PEXKHUMI
(31 3HIDKEHUM 3yCHIUISIM Ha TIEJIaTl TaibMa 1 MiBUIICHOO MOYaTKOBOIO MIBUAKICTIO TAIEMYBaHHS) 1
3 BIAKITIOUEHUM T1POBAKYYMHUM ITiICHITFOBAYEM TaJIbM.

[ToganemyM pO3BUTKOM JAaHOTO METOAY € BHUKOPHCTaHHS HWOro Ui JiarHOCTYBaHHS
raJbMiBHUX CUCTEM aBTOMOO1IIB 3 THEBMATHUYHUM MPUBOIOM.

Po3rnsiHyTHil MeTON HE Ma€ JOCTaTHHO MOBHOTO TEOPETUYHOTO OOTPYHTYBaHHS, OCOOJIMBO
JUTs aBTOMOOWTIB 3 T1ApaBIiYHUM MPHUBOJOM TraibM. Po3poOieHa mMaTeMaTHdHa MOJIEIb IMPOIECY
raJbMyBaHHsS BUBIIIEHUX KOJIC HE MICTHTh aHAJIITUYHOTO BHpa3y Uil BU3HAYCHHS YNOBUIbHEHHS
HE3araJbMOBAaHOI'O Kojleca Ha JUISHII 3ali3HIOBAaHHS TaJIbMIBHOI CHUCTEMHM, IO HE J03BOJIE
JOCTIJKYBaTH BECh IMpOIEC TajdbMyBaHHA. Lle TPU3BOAMTH A0 HEMOXIMBOCTI TEOPETHYHOTO
OOIPDYHTYBaHHS PEXUMIB [1arHOCTYBaHHS, $KI NPUIMAIOTbCA JMIIE 32 pe3ylbTaTaMH
eKCIepUMEHTAJIbHUX JOCHIKeHb, a TaKOX O0O0'€KTUBHOTO OOTPYHTYBAaHHS J[IarHOCTHUYHHX
nmapamMeTpiB, 0 0OMEXKYE IX KiTbKIiCTb.

Kpim Toro, BU3HaYeHHS TEXHIYHOTO CTAaHy TraJIbMiBHUX CHCTEM MPOBOJUTHCS 0€3 BpaxyBaHHS
3HOCY UIMH, L0 BIUIMBA€ HAa IOKA3HUKU MPOLECY TajlbMyBaHHS 1 NPU3BOAUTH 0 3HUKECHHS
TOYHOCTI 1 OCTOBIpHOCTI AiarHOcTyBaHHS. Lli HemoNmikM BKa3ylOTh Ha HEOOXITHICTH MOJAIBIIONO
BJIOCKOHAJICHHSI PO3IJISIHYTOTO METOY.

MowmeHT onopy NpoKpy4yBaHHS BUBILIEHUX KOJIIC MOK€ OyTH BU3HaYeHHUH cuioro onopy P,
MIPUBEICHO1 10 Kouic. BoHa onmuCyeThCs NiHIHHOI eMITIPUYHOIO 3aJI€KHICTIO:

P.=P, +k.w 1)
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ne Pco - cuna onopy npu mBUAKOCTi, O1mM3bKiit 1o Hyns, H; ke - xoedinieHT, mo BpaxoBye
BIUJIMB IIBUJKOCTI Ha cuiry Tepts, H ¢ / M; v - diHiliHa IBUIKICT Kojieca, M/C.

JI1s 0HOTO BUBIIIEHOT'O KOJIeca

P,=P./m=P. /m+kv/m, (2)

ne Pck - cuina onopy, sika npumnajae Ha oJjHe Koineco, H; m - yucio kounic (A1 OpUBIAHUX m =
2, st BeIeHUX Komic m = 1).

[IBuKiCTH aBTOMOOIJIS V TIOB'A3aHa 3 KYTOBOIO IIBUJIKICTIO KOJIECA (K 3AJICKHICTIO

v = ok Tk. Tak sk ox=de/dt, To

v=r,-do/dt (3)
[Ticns migcranoBku (3) y (2) oTpuMaemo
P,=P. /m+(do/d)k.r, /m 4)
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Pucynok — 3MiHa raqlbMiBHOIO MOMEHTY 1 MOMEHTY OIOpY 10 Yacy Mpu rajibMyBaHHI KoJjieca

B BumieHaBeieHOro MoxHa C(OPMYIIFOBATH HACTYITHI METY 1 3a71a4i JOCIIIKEHHS.

MeToro mOCHiIKeHHSI € MiABUIICHHS €()EKTUBHOCTI TEXHIYHOI E€KCIUTyaTarii aBTOMOOLIIB
yIIOCKOHAJIEHHSM METOJy J1arHOCTYBaHHS TaJIbMiBHUX CUCTEM I10 3MiHI KyTOBOT IIBHIKOCTI KOJIIC.

3amaui JOCHIIKEHHS:

1. Po3pobuti MareMaTHYHy MOJIENb MIPOLECY TaJbMyBaHHs KOJIC aBTOMOOUIS 3 T1ApaBIiuHUM
MIPUBOJIOM TaJIbM, SIKA TO3BOJISE JOCHIIUTH BIUIMB PI3HUX (DAKTOPIB TEXHIYHOIO CTaHY rajibM Ha
MOKA3HUKH TaJIbMiBHOTO MTPOLIECY.

2. OOrpyHTyBaTH JIarHOCTHYHI TIapaMeTpd 1 PEKUMHU JIarHOCTYBaHHA Ha OCHOBI
MaTEeMaTUYIHOT MOJIETI.

3. TlpoBectn ekcriepuMeHTaIbHI JOCHIKEHHS BIUIMBY Pi3HUX (DaKTOPIB TEXHIYHOTO CTaHY
rajbM Ha 3MiHY A1arHOCTUYHUX HapaMeTpiB.

4. Po3po0OuTH TEXHOJIOTIUHI PEKOMEH AL /sl 1IarHOCTYBaHHS TaJIbMiBHUX CHCTEM.
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VK 656.11

IICHUXOJIOI'T9HI OCOBJINBOCTI KEPYBAHHA ABTOMOBUIEM Y
CKIIA/THUX /IOPO/KHIX YMOBAX

A.U. MatBiilmmH, 00y., KaHo. mexH. HAYK,
I.J1. BurBiubkui,
Tepnoninvcvkuil HayioHanbHul mexuiunuu ynisepcumem imeni leana Ilynos, Ykpaina

[IpoBeneHo MOCTIIKEHHS IIOAO BHKOPHCTAHHS TIIOJIOKEHHS Teopii iHdopmanii mnpu
dbopMyBaHHI JOpPOKHIX YMOB 3 METOIO 3a0e3MeueHHs ONTUMAaJbHOro iH(OpPMAaliiHOTO
3aBaHTa)KEHHS, EMOIIIIHOI HANPY>KEHOCTI Ta HaIHHOCTI pOOOTH BOIis.

[Iponiec cipuitHATTS BOAIEM AOPOKHBOI OOCTAHOBKH OMOCEPEAKOBAHO BUBYABCS y POOOTax
1010 BHU3HAYCHHS O€3MEYHOI HIMPUHHM TMPODKIKOI 4acTUHHM aopir. Jlopora CTBOpIOETBHCS ISt
0e3MeYHOro pyxy i BUMOTH, 1110 IPe/IBISIOTHCS A0 Hel, BU3HAYCHI MPOEKTYBaHHAM, OYIiBHUIITBOM
Ta eKCIuTyaTaliero. Jlopora MOBMHHA BIJMOBIIaTH BUMOTaM O€3BIIMOBHOCTI, JOBIOBIYHOCTI Ta
30epexeHHsl IPU BIUIMBI TPAHCIOPTHUX MOTOKIB Ta MOTOJHO-KIIMAaTUYHUX yMOB. OCHOBHa yMOBa
0€3BIIMOBHOCTI JOPOTH TOJSATa€ B TOMY, 11100 IIBUIKICTh aBTOMOOUTIB Ha PI3HUX JUISTHKAX JOpIT
3MIHIOBaJIacs, MOXKJIMBO, MEHILE: JI0pOra, KO MOXJIMBUH pPyX 3 MOCTIHHOIO MBHAKICTIO 60
KM/ro1, Oe3neyHilia 1 €eKOHOMIYHIIIA, HDK J0opora, Ha sKiil IIBHJIKOCTI 3MIHIOIOTbCS Ha PI3HUX
ninsakax Big 30 1o 90 kMm/rop.

CkinaiHUMH TPUWAHATO BBAXKATH JUISHKKM 3 KOH(IIKTHAUMU 30HAMH, HEBIAIUMH
MO€HAHHSAMU €JIEMEHTIB TPAacH YU HECHPUSATINBOI 0OCTAaHOBKH PYXY, AKi BIUIMBAIOTh pi3Ke 3MiHA
PEXUMIB PYXY.

3a BIUTMBOM Ha BOJis, IO BU3HAYAETHCS AISIMH OCTAHHBOTO 32 HAIPABJICHHSAM aBTOMOOIIeM
Ta TSDKKICTIO HACHIKIB y pasil, AKIIO i JAii BUABIATHCS HEMPAaBUIBHUMH, BCl €JIEMEHTH MOXYTh
OyTH pO30UTI HAa YOTUPH KIIACH:

1-i1 k;mac — TPaHCHOPTHHM MOTIK, UIUIBHICTH SKOrO BH3HA4Ya€ HEOOXIIHICTh MAaHEBPIB,
0OroHiB, PO3'i3/1iB TOIIO;

2-i1 xmac - Tpaca JOpOTH, sika BKIIOYA€E €JIeMEHTH IUIaHy (IIOBXKWHA MUISHKH; €IEMEHTH
KPHBOI B IUIaHi; BiICTaHb BUIMMOCTI Ta 1H.), IO3/IOBKHBOTO (TIO3JOBXKHIH YXUJI; €IeMEHTH KPUBOT B
MO3/IOBXHROMY TIpo(iiTi Ta 1H.) Ta MOMEPEYHOro MPOQUII0 TOPOTH (YUCIO CMYT pyXy IIUpHHA
CMYTH PYXY, IPOTXKJIKOI YaCTHHHU, y30144sl Ta 3eMJISTHOTO TOJIOTHA Ta 1H.);

3-ii KJIac — eNeMeHTH OO0JaIITyBaHHS JOPOTH: TeXHIYHI 3acoOM opraHizallli JTOpOXHHOTO
pyXy (3HaKH, pO3MiTKa, OTOPOIKEHHS, OCBITJICHHS, CBITIIO(OpH Ta aBTOMAaTUYHI 3aCO0M KepyBaHHS
pyXOM); TEpeTHHY Ta NPUMHKAaHHS, aBTOOYCHI 3yNMWHKH; MaWJaHYMK{ BIJMOYMHKY, 3aXHUCHI
criopyau (CHIr03axucHi JIICOHACAKCHHS, IOCTiIHI CHITO3aXMCHI TapKaHW, [IyMO3aXUCHI Ta
BITPO3aXHUCHI MPUCTPOI, MPUCTPOI JJIS 3aXUCTY JOPOTH BiJ] CHITOBUX JIaBHH, O0BaJIiB, 3CYBIB Ta iH.),
IITY4HI crnopyad (MOCTH, UUISXONPOBOAM, €CTakaad, TpyOu, TyHedl Ta iH.), €JIEMEHTH
apXiTEKTYpHO-XY0KHBOTO OPOPMIICHHS JOPIT; MYHKTH O0JIIKY PYXY, BATOBOI0 KOHTPOJIIO TOIIIO;

4-i1 kjac - eNEeMEeHTH MEPCIEeKTUBU Ta JaHAmAa(Ty, IO BPaXOBYIOTh CHUIBHY YB'S3KYy Y
MPOCTOPi BCIX €JIEMEHTIB BHUIIEBKA3aHUX KJIACIB.

3a TpUBAICTIO Yacy BIUTHBY Ha NMCUX0(]i310JIOTIYHUI CTaH BOJIS €IEMEHTH TOIUISFOTHCS Ha
KopoTko4acHi (3-# kinac), moBrotrpusaii (2-i Ta 4-i kimacu) Ta 3MiHHOTO (1-# KJ1ac) BIUIHUBY.

Jiis 1-ro kiiacy oprasizaiii pyxy MOXKI/IMBa HaiBHINA MIBUIKICTh aBTOMOOUIS Ta CYMyTHI Tid
TUTIOBl TIOMWJIKM BOJIiB, HANpPUKIAJ, MEPEBHUILEHHS iMCHOT IIBUIAKOCTI HAJ JOMYCTHUMOIO 32
yMOBaMH O€3IeKH pyXy, 110 MPU3BOIUTH 10 HEBIAOBIIHOCTI YBaru BOisl yMOBaM PyXy.

Enementu 2-ro kiacy € ctumynamu (IoJpa3HUKaMHK), 0 BUKIMKAIOTh 3 OOKY BOIS MEBHY
PEAaKIIio 1 CIPUSIOTh BUHUKHEHHIO eMOIiifHOT Harpyru. [Ipudomy BenruiHa eMOLiiHOT HallpyTH 3a
IHIIMX PIBHUX YMOB (KYTOBOI MIBHAKOCTI MEPEMIIIEHHs, BIJCTaHEH MDK €JIeMEHTaMHu TOIIO)
BU3HAYaTUMETHCS 3aKOHOMIPHOCTSMHU HAJXOJKCHHS OO0'€KTIB y TOJIE 30py BOJIS MiJl 4ac pyxy
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J0pOroro. Y BHUNAJIKax, KOMU IIBUIKICT HAJAXO/UKEHHS 10 BOAIS iHopMmalii HeBelukKa 1 He
MOTPiOHI CepHo3HI 3yCHILIA Y MEpepoOIli, a TaKOXK 3a BIACYTHOCTI MOCTIMHUX a00 MEPiOTUIHUX
MOJPa3HUKIB poOOTa BOJIiSl CTa€ MOHOTOHHOIO 1 HOT'O HalIHHICTh 3HUKYETHCS.

EMortiiina Hanpy»eHICTh BOIS TIPU CHPUUHATTI 1HGOpMAIIiTl 3aJI€KHUTh B IBOX (aKTOPIB:
IIHHOCTI Ta KuIbKOCTI iH(opmarii. OCKUIbKH KUIbKICHA XapakTepucTuka iH(opmarii nos'a3ana 3
HECIOJIIBAHKOIO i Mpena'sBIeHHS, €MOLINHHY Hampyry BOJiS MO)XHa pEryJioBaTH B MpoLeci
IIPOEKTYBaHHS JOPOTH.

[Tig yac pyxy AOpOrorw eMmolliifHa HaNpyXeHICTb BOJiS 3MIHIOETHCA Y JOCUTH HIMPOKUX
Mmexax. [Iporarom aeskoro mepioay dacy BiH (BOJiH) MOXKe depe3 IMepeBaHTaXeHHs iH(opMmaliero
Ta CKJIQAHICTh JOPOXKHIX YMOB BIJYYBaTH JYyXE€ BHCOKHH pPIiBEHb HAmpyru i, mnepeOyBaroyu B
MOHOTOHHHMX YMOBaXx, BIJTUyBaTH CEHCOpHUH ronoj. Haiikpamii nmoka3Huku poOOTH BOJIN Mae Mpu
ONTHMAJIbHIN EeMOIlIHIA Hampy3i, aje KOPOTKOYAacHI eKCTpeMajbHI pPiBHI HANpYXEHOCTI HE
3HIDKYIOTh HaJidHOCTI Horo poOotu. TouHicTh Ta HAIIAHICTE POOOTH BOMIS 3aliekKaTh BiJ
TPUBAJIOCTI TIepeOyBaHHS HOTO y PI3HUX CTaHAX EMOIIHHOT HATIPYTH.

JlocmiIXKeHHS TIOKa3yl0Th, 1[0 Ha YKOJHIH 13 JOPIT MOKM II0 HE BAAETHCA CTBOPUTU YMOBH,
mo 3abe3neuyroTh poOOTy BOMIS TIIBKA TNPU ONTUMAJIBHOMY PiBHI eMOIliiHOI Hampyru. Ha
JIBOXCMYTOBHUX JIOpOTax HaWdacTillle Mae MICIe NepeBaHTAKECHHS BOJis, a HA aBTOMAricTpaisx —
MOHOTOHHICTh PYyXy Ta iH(pOpMAaIliiiHE HEIOBAaHTAKCHHS. 3iCTaBJICHHS aBapiMHOCTI Ha PI3HUX
J0pOrax Ta BiJNOBITHHUX iM PO3MOALIIB Yacy, IPOTATOM SKOTO BOJIil repedyBae B OJHOMY 3 TPhOX
eKCTPEMaJIbHUX CTaHIB €MOLINHHOI HaIpy>KEHOCTI, 103BOJII€ BCTAHOBUTHU JOMYCTHMMHUN 4ac HOro
nepeOyBaHHs B IIUX CTaHAX.

KopoTkoyacHuil cTaH BUCOKOI eMOLIHHOI Hanmpyru HeOe3neuHui, K0 HEepBOBa CHUCTEMA
BOJIiI Ma€ KOMIIEHCATOPHI MOXJIMBOCTI Ta TUHAMiKa HEPBOBUX IIPOILIECIB Y MOMEHT YCKJIQIHEHHS
YMOB PyXY AOCTaTHs [yl CBOEYACHOT peanizalii nux MoxauBocteil. TakuM npukiaziom Moxe OyTu
nepexil y MEHII CKJIaJIHi JOPOKHI YMOBH, HAIIPHUKIIAMI, TIEPEXi/] BiJl MOHOTOHHUX YMOB POOOTH 10
Hanpy>XeHHX.

Posnozin yBaru Bozist Mixk 00'€eKTaMu JOPOKHBOT 0OCTAHOBKH 3aJICKHTH BiJl HAIIPYKEHOCTI
fioro po6otu. Cepen 00'eKTIB CIPUMHATTS € Taki, SKI OXOIUIIOIOTbCS YBarokl BOJis MPOTATOM
YChOI'O0 Yacy pyXy: 3YCTpiuHI Ta TOIYTHI aBTOMOOLT, MPODKIKA YaCTUHA, JIOPOXKHI 3HAKH,
MOKAXYMKU Ta mimoxonau. [Ipu Mamiii iHTEHCUBHOCTI pyXy OCHOBHMMHU 0O0'€KTaMM YBarw BOJIS €
€JIEMEHTH 3aII3HUIL.

binbmry yactuny vacy (43,2 %) yBara BOJisl 30cepe/KeHa B Till 4YacTUHI MO 30DpYy, KyIH
MIPOCKTYETHCS 300paKEHHSI TEPCHEKTHBH JOPOTH, OJM3BKO TPETHHH BCHOTO YaCy BHUTPAau€HO Ha
OTJISI/I Ta OIIHKY MPOKIKOT YaCTUHU Tepe]l aBTOMOO1IeM Ha BijacTtaHi Big 25 go 120 m, 61u3pko 14
% 4acy - Ha Opl€HTALII0 Ha MPOi3HIN YacTHHI: 6,9% Ha niBy MexXy cMyru Ta 7,2% Ha IIpaBy MEKY
npoi3Hoi yacThHU. [HmI ikcauii morasay Oynu BUKIMKaHI BUIAJAKOBUMHU 00'€KTaMu, SIKI MalOTh
BIIHOIIEHHSI 710 3a0e3MedeHHs] MPoi3Ay JOpOTor0. 3arajioM JIMINE €JIEMEHTH AOPOTH B JaHOMY
BUMAJIKY 3aiiMai yBary BoAis MpoTsAroM 86% BChOro yacy.

[Hakme po3momiNsAeThCs yBara Ha I K IUISHIN 13 3yCTPIYHAM PyXOM i3 HIUTBHICTIO 4-6
aBT./KM. 3ycTpiuHi aBTOMOOLN 3aiimMaroTh yBary noHax 30% wacy, a enemenTtH poporu - 47,9%,
MpUYOMY OUIBIIICTH 13 IBOTO Yacy /i€ Ha OpIEHTYBAHHS HA MPOi3AHIN YaCTHHI Ta OL[IHKY MOKPUTTS
6e3nocepeHbO nepen aBTomMoOuneM. [Ipu OinbuI HIUIBHOMY 3YCTPIYHOMY Ta MOIYTHOMY IOTOII
TpUBAJICTh (iKcallii Ha aBTOMOOLIAX e OUIbINA 332 PaXyHOK OIIHKH HANPSMKY JAOPOTH, O00'€KTIB
11032 3eMJITHUM MOJIOTHOM Ta MPOi3IHOI0 YACTUHOIO Ha BEJUKiHM BiICTaHi epes aBToMo011eM.

3ycTpiuHl Ta MOMyTHI aBTOMOOL 3aiimatoTh 40-60% uacy yBaru Bogid. Jpyre micue 3a
TPUBAJICTIO 30CEpEKCHHS YBaru 3aiiMae OIliHKAa JOPOXXKHBbO-TPAHCIIOPTHOI CHUTyaulii mepen
aBromMo0OuIeM. Tpere Miciie — Opi€HTYBaHHS Ha MPOKIKIN yacThHI. YacTka dacy, Ky 3aiMae 1
orepallis, 3aJeXHUTh BiJ IJIAHy TPAach Ta IHTEHCHBHOCTI pyxXy. Ha mpsmux y riasi 3a maioi
iHTeHCUBHOCTI pyxy (50 aBT./rox 1 MeHIE) Ha OpieHTyBaHHA e MeHie 5% uyacy, a 3a BUCOKOL
(200 aBt./rox i 6imbire) - 1o 20%; Ha KPUBUX Y TUIAHI 3aJIE)KHO BiJ] pagiycy KpuBoi - Big 15 1o 25%.

Bunanenns Touku ¢ikcariii morysay mo riIMOWHI 301UTBIIYETHCS 31 3pOCTAaHHSAM IIBHJIKOCTI
PYyXy, PUUOMY II€ TMOIIUPIOETHCS SIK OLIHKY MOKPUTTS, 1 CIPUUHATTS BCiX OO0'€KTIB JTOPOKHBOI
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00CTaHOBKHU.

MiniManpHa TpuBamicTh (ikcamii MOrIsALy, 110 CcHocTepirajgacss TMpU  BHUCOKOMY
iHpopMaliiiHOMy 3aBaHTaXeHHI rpu Aedinuti yacy, ctaHoBuTh 0,2 ¢, Xouya 610J0TIUHI MEXaHI3MHU
30pOBOi CHCTEMH 3a0€3MeUyIOTh CIIPUUHSTTS 1 TPUBAIOCTI POCIIFOBAHHS 300pa)kKeHHS Ha CITKIBKY
0,1 c. Y Bumaaxky yckJIaJHEHHS YMOB po0OoTH (uryM, BiOpailisi) MiHIMajdbHa TPUBATICTh (ikcarii
301bIIyeThCS. Bynp-sika 3MiHA peXHMYy PYyXY € 30BHILIHIM BHUSBOM peai3allii BOAIIB pillIEHHS,
X04Ya OI[IHKA €JIEMEHTIB JIOPOTH MMOYUHAETHCSI 3HAYHO PaHIIIIe.

Jna xpuBux y miaaHi 3 pagiycom MenHme 2000 M 3aBXAW € 30Ha BIUIMBY, HalMEHIIa
noBxkuHa sikoi 50 M, a i KpuBHX 3 pajiycom, MeHmuM 800 M, IOBXHWHA 30HHU BIUIMBY
30UIBITYEThCSI OOEPHEHO MPOMOPIIHHO pajiycy KpuBoi 1 Moxe mocsratd 300 M, B TOW 4Yac sK
PeKUM pyXH MpH TaKuX pajiycax KpUBUX 3MiHIOETbcs Ha JoBkuHi Bix 100 mo 50 M. Ha
3aKpyIJICHHSIX 3 pagiycoM moHaa 800 M MOMHIKH BOJIIB Yy BHOOpI PeXXHMY PYXy NMPAKTHYHO HE
CTaHOBJIATH HeOe3neku. Lle o3Havae, 110 3yCHIIIsS MIOAO MiABHIIEHHS O€3MeKd pyXy Ha KpUBUX Y
IJ1aH1 MalOTh OYTH CTIPSMOBaHI HacaMIlepe Ha 3aKpyriieHHs 3 pagiycoM MeHie 800 M-Koxy.

HaiiBaxxnusima a1t BoAist Ta iHGOpMaIllis, siKa MpsiMo MOB'A3aHa 13 3a0e3neueHHsIM 0e3neKu
pyxy. Takoro iH(opMaIi€ro €, Mepm 3a BCe NEPEBAHTAXKECHHS B TOMEPEYHOMY HAIMPSMKY, IO
XapaKTepu3yeThesl KoedimieHToM nonepednoi cwin. Bopiit 6auuTh 3a0KpYTIIeHHS! CIOTBOPCHHUM Y
HEePCIEKTUBI, TOMY O0'€KTHBHOIO Ta MOCTIHHO MPUCYTHBOIO XapaKTEPUCTUKOIO 3aKPYIJICHHS MOKE
OyTH JuIIe BUIMMAa KPUBH3HA JIHIH.
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V]IK 621.43.065; 629.113/.115

IIPOBJIEMH 3HU/KEHHA PIBHA LIVMY CLIBCBKOI'OCIHIOJAPCBKHX
TPAKTOPIB

O. Boituenko, cm. ep. AI(TC)-22M3,

P. Ocin, ooy., kano. mexu. Hayx,

M. Kpacora, doy., kaHO. mexH. HaYK,

LlenmpanvHoykpaincbkull HAYIOHATLHUL MeXHIYHUL YHieepcumem, Ykpaina

TpakTtop € CKIaJHOI aKyCTUYHOK CHCTEMO0, IO CKIIAJA€ThCcsl 3 0araThOX OKPEMHUX
aKyCcTHUHUX JoKepen. OJHUM 13 OCHOBHHX JDKEpeNl IIyMy TPaKTopa € BiIIpalbOBaHi a3 JBUTYHA.
Tomy ogHuM i3 3ac00iB MO 3MEHILIEHHIO IIyMY aBTOMOO1IIB € 00poThOa came 3 UM JKEpesioM
IIyMY 32 paxyHOK BUKOPHUCTaHHS TIYIIHHUKIB IIyMY BiANpanboBaHUX ra3iB JBUTYHIB [ 1, 2].

OcTaHHIM 4acoM JIOCSTHYTO 3HaYHMX YCIIXiB B CTBOPEHHI €()EKTUBHUX IIYIIHUKIB IIYMY
aBTOMOOUTHHUX ABHUTYHIB [3]. 3 iHIIOI CTOpPOHM 1€ HE MOKHA BBAXKaTH, IO ICHYIOYi TITyITHHKH
MOBHICTIO BIANOBIAAIOTH BUMOTaM, SKi [0 HHUX Tpea sBISIOThCS, MHepul 3a Bce B IUIAHI
HTYMONPUAYITYIOUO] €PEKTUBHOCTI.

Jlo BUXJIOIIHOI CHCTEMH MOPIIHEBUX JBUI'YHIB BHYTPILIIHBOTO 3TOPSHHS BHCYBAIOTbCS MBI
ocHOBH1 BuMoru. [lo-nepie, BOHa NOBMHHA MAaTH [0 MOKJIMBOCTI MiHIMaJIbHUM T1IpaBiIiyHUN O1Iip,
KU BU3HAYAETHCA TE€OMETPUYHOIO KOH(DIrypaliero BUIYCKHUX TPYO Ta aepoJMHaMIKOIO mepediry
B HHX, 1, 30KpeMa, HAasBHICTIO KaHaJIIB 3BOPOTHUX XBWJIb THCKY. Y pa3l ONTHUMAaJIbHOTO
HQJIANITYBaHHS BUITYCKHOI CHCTEMH BiJJOyBaTUMEThCsl OLIbII TMOBHE Ta INBHUJKE OYMIIEHHS
LHWIIHJAPIB JIBUTYHA Bl BIANpPalbOBAaHUX ra3iB, IO MPU3BEAE A0 30UIBLIECHHS MOTY)XHOCTI Ta
3HWKEHHs BHUTpaTu mnanuBa. [lo-gpyre, BHIyCKHa CHCTEMa Ma€ MAaKCHUMaJbHO 3HHKYBAaTH
aepoIMHAMIYHUI IITYM, III0 CTBOPIOETHCS IBUTYHOM. J[JIs1 IIBOTO BCTAHOBIIOIOTHCS TIIYITHUKH, SKi, ¥
CBOIO Yepry, CTBOPIOIOTh JI0OJIaTKOBH OIip YCi€l CUCTEMU Ta TUM CaMHUM IOTipIIYIOTh Ta3000MiH.
TakuM YMHOM, NpU KOHCTPYIOBaHHI, JOBeJeHHI a00 BJOCKOHaJIEHHI cuctemu Buxiony JIB3
HEOOXIJTHO OpraHi4HO BpaxoByBaTH Il JBI MpOTWIekHI BUMOru. Ilpu 1mpbomMy OKpeMoO CTOiTh
3aBJaHHs, TTOB'SI3aHE 3 HEUTpATI3aIlI€I0 MIKIIJTUBUX PEUOBUH Y BIAIPAIlbOBAaHUX ra3ax.

['010BHOIO OCOOJIMBICTIO Ta30MHAMIYHUX Ta TEMJIOOOMIHHMX MPOIECIB y BIYCKHHX Ta
BUITYCKHUX CHCTEMAaX JBUTYHIB € CHJIbHA Ta30/IMHAMIYHa HECTAI[IOHAPHICTh, 00YMOBIJIEHA HIBUIAKUM
NEPIOANYHUM MPUCKOPEHHSIM Ta YIOBUIBHEHHSM MOTOKY, TOB'S3aHUX 13 IHUKJIIYHICTIO poOOUYOro
npouecy JIB3.

Hes3Baxarounm Ha BeNUKY KUIBKICTh JOCTI/KEHb 1 HAayKOBHX pO3pOOOK y wii ramysi,
3IMIIAETHCS PSIJI HE3'ICOBAHMX NMUTaHb. BiACyTHI 3araqbHOBHM3HAHI PEKOMEHIAIi MPOCKTYBaHHS
TIIYIIHKUKIB, HE JI0 KiHI JOCHiKeH] (Pi3uyHi MpOoLecH IIyMOTIIYIIiHHS, He BCTAHOBJICHUH 3B'SI30K
aKyCTUYHUX MPOLECIB B IIYIIHUKAX 3 IX KOHCTPYKTUBHUM BUKOHAHHSM, HEMA€ METOAMKH BUOODPY
TIIYIIHKKIB 32 X aKyCTHYHOIO e(peKTHBHICTIO. OTXe, € HEOOXITHICTh Y MPOJAOBKEHHIO JOCIIPKEHb
B HaNpsAMKY IPOEKTYBaHHA Ta MOJENIOBAaHHA BMIIYCKHMX CHCTEM CUIBCBKOTOCIIOAAPCHKUX
TPaKTOPIB.
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YJIK 330.3:656.13

MOBUIBHICTB AK HIOCIIYT'A (MaaS): 1OLUIBHICTS BIIPOBA/I’ KEHHA
Y MAJIUX MICHBKHUX ABO CLIIbCbKHUX PAHOHAX

F0.51. BoBK, Ooy., kano. mexH. Hayx,

LIIL. BoBk, Ooy., kano. exon., Hayx,

B.P. Xynooeii, acn.,

C.B. Ilutauk, cm.,

S1L.IO. BoBK, cm.,

Tepnoninvcokul HayionanbHuL mexHiuHul yHieepcumem imeni leana [lyntos, m. Tepnonine, Ykpaina

Konnenmiss MoGinsHocTi sik mociayru (MaaS) monsirae B ToMmy, 10 Maca)XHUpPU MOXKYTb
OTPUMYBATH JIOCTYIl O PI3HUX BHIIB TPAaHCHOPTY 4Yepe3 oauH nudposuii intepdeiic [1, 2].
JlocniIuMo MOKIIMBICTh 3acTOCYBaHH MaaS y Manux MicbKuX ab0 CUIBCBKUX paiiOHaX.

OcHogHI 111€1 mpo MaaS:

- MaaS € iHTerpoBaHOI MOOUIBHOIO KOHIIETIIEI, SKa JJO3BOJSE MacakupaMm IUIaHYBaTH,
OpOHIOBaTH Ta OIUIAYyBaTH MOJOPOXKI 3a JONOMOI'OI OJHOro LugpoBoro iHTepdelcy Ha OCHOBI
IUIATEXY 38 BUKOPUCTaHHA a00 MiANUCKH.

- MaaS mae GaraTo nepesar Ajis MacaKupiB, TPAHCIIOPTHUX ONEPATOPiB, MICIIEBUX Biaja Ta
HaBKOJIMIIIHBOTO CEpPEAOBHUINA, TaKUX SK 3pY4YHICTh, €(QEKTUBHICTb, JOCTYIHICTb, 3MEHILICHHS
BUTPAT, 3HIKCHHS 3a0pyIHEHHS TOIIIO.

- MaaS mnotpebye BIOpPOBaJ)KEHHS HOBUX TEXHOJIOTIH Ta CTBOPEHHS MNapTHEPCTB MIiX
pI3HUMHU TOocTadaJibHUKaMHu MoOiIbHOCTI (MSP), 100 3a0e3neunTH 1HTErpamio Ta KOOpAUHALIIO
MOCTIYT.

- MaaS moxxe OyTu aganToBaHO 10 MOTPeOd MajauX MICBKHX a00 CUIBCHKHUX pPaioOHIB, SKi
3a3BMYail MalOTh MEHIIE pPI3HOMAHITTA Ta JOCTYHHOCTI TpaHcmopty. Cinbchbka MaaS Ta
yHiBepcaibHa MaaS € aBoMa KOHILEMLISMM, SKI CIPSIMOBaHI Ha MiABHUILEHHS MOOLIBHOCTI Ta
COL1aJIbHO]T CIIPAaBEIMBOCTI B IUX palOHAX.

- MaaS motpeOye peTenpbHOTO TUIAHYBAaHHS, OIIIHKH Ta PETYIIOBAaHHS, 00 JOCATTH
OakaHMX pe3yNbTaTiB Ta YHUKHYTH MOTEHLIHHMX mpobieM. MoxIuBI crocodu po3poOku Ta
BNPOBA/UKEHHST MaaS: CTBOpEHHS ©TUYHUX CTaHIApTiB, 3a0€3MEeUeHHS MPO30pOCTI Ta
BiJIMOBIAAIEHOCTI, CIIPUSIHHSI TPOMAJICHKii CBIJJOMOCTI Ta OCBITI TOIIO.

Mob6inpHicTh siKk mocinyra (MaaS) Moxke MaTu psii mepeBar Uisli MaJduX MiICBKUX abo
CiTbChKUX paiioHiB [ 1, 2]:

- [lokpamenns noctymHocTi: MaaS moske 3a0e3meunTr GBIy JOCTYITHICTD 10 TPAHCTIOPTY
B paiioHax, /¢ 1HIII BUOM TPAHCIOPTY MOXYTh OyTu oOmexeHumu. Lle moxxe OyTu 0coOiMBO
KOPUCHUM JJIS1 JIFO/ICH, SIKI HE MAlOTh BIIACHOT'O aBTOMOO1JIS.

- 3HIDKEHHS BUTpaT: MaaS MoKe JONOMOTTH 3HU3UTH BUTPATU HAa TPAHCIIOPT, OCKUIBKU BiH
JI03BOJIsSIE KOpUCTyBayaM IUIATHTH JIMILE 3a T€, 1[0 BOHU BUKOPHUCTOBYIOTh, 3aMICTh TOTO, 1100
BUTpAYaTH TPOIIi HA BIACHICTH aBTOMOOLIIS.

- Exostoriuna crilikicte: MaaS Mo)ke CIIpUATH 3MEHIIEHHIO BUKUIB BYIJIELIO, OCKUIBKU BiH
CTIOHYKa€e 10 OumbIl e()eKTUBHOIO BUKOPUCTAHHS TPAHCHOPTHUX 3ac00iB 1 MOKE 3MEHIIUTH
KUIBKICTh aBTOMOO1IIB Ha 10porax.

- ComianpHa crnpaBeuMBicTh: MaaS Moke JOMOMOTTH 3a0€3MeUUTH PIBHHKA JOCTYH [0
TPAHCIIOPTY JJIS BCiX WICHIB CYCITUIBCTBA, HE3AJIEKHO Bl IXHBOTO JJOXOAY a00 MICIIS TIPOKUBAHHS.

- I'HyukicTh: MaaS Mosxe HaJaBaTH OUTBII THYYKI Ta MEPCOHATI30BaHI OMIIT IJIs MACAXHUPIB,
JI03BOJISIIOUN iM BUOMPATH 3 PI3HUX BUIIB TPAHCIIOPTY B 3aJI€KHOCTI BiJ] IXHIX HOTPEO.

- InTerpamis: MaaS Moke crpuaTd iHTErparii pi3HHX BHIIB TPAaHCIOPTY, IO JO3BOJISIE
Haca)kKupam JIETKO NePEeXOAUTH Bl OTHOTO BUAY TPAHCIIOPTY A0 1HILOTO.
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- TexHosoriynuii po3BUTOK: BmpoBamkenHs MaaS Moxe CHPUATH TEXHOJIOTIYHOMY
PO3BUTKY Ta 1HHOBAIISIM B cepi TPaHCTIOPTY.

Mo0inpHICTh 5K mociyra (MaaS) Moke MaTu AEKijbKa HEMOMIKIB JJIsI MalUX MiCBKHX a0o0
CIITbCHKHX PalOHIB:

- OOMexxeHU J0CTYn A0 TEXHOJIOTiH: Y CLIbCBKIM MICIIEBOCTI MOKe OyTH OOMEKEHHit
JOCTYTI 1O BUCOKOIIBHIKICHOTO 1HTEPHETY a00 cMapT(OHIB, 1110 € HEOOX1THUMHU JIJIs1 BUKOPUCTAHHS
Maas.

- HenocratHili TpaHCIOPTHUN PO3BUTOK: Y MallUX MICBKHUX ab0 CUIbCHKUX paliOHaxX MOKe
OyTH MeHIIIe BHJIIB TPAHCIIOPTY, SIKi MOKHA 1HTErpyBaTH B cuctemy Maas.

- BiacyTHICTh MpUBAaTHHX MOCTAYalbHUKIB: MaaS BUMarae cmiBmpari MiX ITyOJiYHHM Ta
MPUBATHUM CEKTOpaMH. Y MaJUX MICBKHX a00 CUIbCHKHX pailOoHaX MOKe OyTH MEHIIEe MPUBATHUX
MMOCTa4YaJIbHUKIB MOO1JTBHOCTI, TOTOBHX JI0 TaKOi CITIBITpaIli.

- Bucoki BuTpaTtH Ha BHpoBa/KeHHs: BrpoBamkeHHs MaaS Moke BUMaraTtd 3HA4YHUX
BHUTpAT Ha TEXHOJIOTIi, IHPpaCTPYKTypy Ta YIPaBIiHHS.

- ComianbHi Ta KynbTypHi 0ap’epu: Jleski Toau MOXXKyTh OYTH HEOXOUYHUMH a00 HE 31aTHUMH
BUKOPUCTOBYBAaTH ITM(MPOBI TEXHOJOTii, a0 BOHM MOXYTh BiJJIaBaTH TIEpeBary BIACHOMY
aBTOMOOLUIIO Mepe T IHITUMH BUIaMH TPAHCIIOPTY.

Hogi TexHOJIOT1 € BaXKITMBUMH 7151 peaizaiiii MoOiapHOCTI sk mociayru (MaaS) 3 TeKiIbKoX
MIPUYHH:

- IaTerpanist mocayr: MaaS Bumarae iHTerparlii pisHUX BHJIIB TPAHCIIOPTY B OJHY CHCTEMY.
Hosi Texnonorii, Taki sk API (intepdeiic mporpamyBaHHS I0JaTKiB), J0O3BOJISIIOTH PI3HUM
MocTayaabHUKaM MOO1TBHOCTI OOMIHIOBATUCS JAHUMHU Ta KOOPJAUHYBATH MOCIYTH.

- Hudposi mrardpopmu: MaaS Bumarae uudpoBoi miaardopmu, sika J03BOJISIE KOPUCTYBAYAM
IJIaHyBaTH, OPOHIOBATH Ta OIUIAYyBaTH IOJOPOKI 3a JIOMOMOTOK OJHOTO iHTepdeiicy. Hosi
TEXHOJIOTIi, Taki sfK MOOITBHI JOJATKM Ta XMAapHI CEpBICH, TO3BOJSIIOTH CTBOPIOBATH TakKi
mw1atGopmu.

- Anani3 nanux: MaaS BuMarae aHamizy BEJTHKUX OOCSTIB JaHUX IPO TPAHCIIOPTHI MOTOKH,
MIONUT HA MOCIIYTH, MaTepPHU KOpPHCTyBauiB Toio. HoBi TexHOJOrI, Taki sIK IITYYHUH 1HTEIEKT Ta
MaIIMHHE HaBYaHHS, I03BOJISIIOTH MPOBOIUTH TaKUK aHATII3.

- be3neka Ta npuBaTHicTh: MaaS BUMarae 3axucTy JaHUX KOPUCTYBadiB Ta 3a0€3Me4eHHs iX
npuBaTHOCTi. HoBi TexHomorii, Taki sk mmdpyBaHHS Ta OJIOKYEHH, MOXYTh JOIIOMOITH
3a0e3MeuuTH 111 MOTpedu.

- ABromaruzamisi: MaaS Moke BKJIIOYaTH aBTOMAaTH30BaHI BHMJM TPAHCIOPTY, Takl SIK
aBTOHOMHI aBToMO00O111. HOB1 TexHoorii B 00:1acTi pOOOTOTEXHIKM Ta aBTOHOMHUX CUCTEM MOXYTb
JIOTIOMOT'TH peaii3yBaT Ii MOKIHBOCTI.

i Texnosorii nonomaratoTs MaaS ctatu 6i1blI €(EKTUBHUM, 3pYUYHUM Ta JOCTYIHHUM JJIS
KopHcTyBauiB. BoHU Takok AomomararoTh MocTayaJlbHUKAM MOCIYT MOOUIBHOCTI Kpalle po3yMIiTH
Ta 33J10BOJIBHATH MOTPEOU CBOiX KOPUCTYBAYiB.

CnucoK BUKOPUCTAHUX JKEPEI

1. Agriesti, S. A. M., Soe, R. M., & Saif, M. A. (2022). Framework for connecting the mobility challenges in low
density areas to smart mobility solutions: the case study of Estonian municipalities. European Transport
Research Review, 14(1), 32. https://doi.org/10.1186/s12544-022-00557-y

2. SKEDGO. (2022). Can MaaS work in rural areas?. Retrieved September 2, 2022 from https://skedgo.com/can-
maas-work-in-rural-areas/

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 63


https://doi.org/10.1186/s12544-022-00557-y
https://skedgo.com/can-maas-work-in-rural-areas/
https://skedgo.com/can-maas-work-in-rural-areas/

THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

VJK:633.853.32

YIOCKOHAJIEHHA OPTAHI3AIIII ITPOIIECY BIIYCKY ABTOMOBLTbHUX
ABUI'YHIB

M. 3enensik, cm. ep. AT-22M,
M. Kpacora, doy., kano. mexu. HayK,
LlenmpanvHoyKpaincbKuli HAYiOHAILHUL MeXHIYHUL YHigepcumem, Ykpaiua

3HayHe TMiJBUILEHHS EHEPreTMYHHX Ta EKOHOMIYHMX IIOKa3HUKIB mopirHeBux JIB3
JOCSTHYTO  OCTaHHIMH  pOKaMH  BHACIIJIOK  BJOCKOHAJICHHS  TPOIIECIB  Ta3000MiHY,
CYMIIIOYTBOPEHHSI, 3TOPSHHS Ta TeryioBuAUIeHHs. [Ipy 11boMy € 11e 3HA4YHUi pe3epB MiABUILECHHS
TEXHIKO-€KOHOMIYHUX TIOKAa3HUKIB JIBUTYHIB 3a PaxyHOK IIOKpAIIEeHHS TEePMOTra30JnHAMIYHUX
XapaKTEPUCTHK ra30MoBITPAHUX TPakTiB [1-3].

BryckHa cucTeMHM NOPIIHEBMX JBUTYHIB BHYTPIIIHBOIO 3TOPSHHS 3 ONTHUMalbHUMH
ra3oIMHAMIYHUMH XapaKTePUCTHKAMH TIOBHHHA 3a0e3MedyBaTH BHCOKI BHUXIJIHI TOKAa3HUKU
poboyoro mporecy: cepeliHiii epeKTUBHUN THUCK, JITPOBY MOTYXHICTh, IUTOMA BUTpaTa NajuBa —
MIPH 32/I0BITLHUX €KOJIOTTYHUX MOKa3HUKax [4, 5].

3arasoM, MMM BHMOTaM BIJIIIOBiIa€ KOHCTPYKINSI BIYCKHOTO KaHaly 3 MIiHIMAJbHO
MO>KJIMBUM a€pOJMHAMIYHHM OIOPOM, IO OPTaHi3ye MpH HATIOBHEHHI CIIPSIMOBAaHHM pyX 3apsay B
IUTIHAP] TEBHOT IHTEHCUBHOCTI.

s ByckHUX cucTeM mnopiiHeBux JIB3 iCHYIOTH JABa OCHOBHI 3aBIaHHS, BiJ YCIIIIHOTO
BUPILICHHS SKUX 3aJI€KUTh OTPUMAHHS €(PEKTHBHOrO poOOYOro MpOLECY: CTBOPEHHS BIYCKHOT
CHCTEMHU 13 3aJaHUMH aepOJMHAMIYHMX XapaKTePHCTUK; BUOIp Tra30JWHAMIYHHX I1apaMmeTpiB
KaHaJiB Ta po00Yoro 3apsay B IMIIHAP] Ta KaMepi 3rOPSHHS.

AeponrHaMivYHUH Omip BITyCKHOT CHCTEMH 0€3MT0CEpETHBO TO3HAYAETHCS Ha PIBHI CyMapHHUX
HACOCHMX BTpaT Ta BEIMYMHI KoeQillieHTa HamoOBHEHHS. AepOoJWHAMIYHUI Omip BHUIIYCKHOT
cucTeMu Oe3rocepeHbO BIUIMBAE HAa KOCQIIIEHT 3aJHMIIKOBHX Ta3iB, BEJIMYMHY BHTPATH Ta3iB
yepe3 CUCTEMY 1 piBeHb CyMapHUX HACOCHHUX BTpaT.

Ha renepimmiii wac po3po0JieHO KOMIUIEKC TIapameTpiB, MO OI[HIOIOTh piBEHb
aepoAMHAMIYHUX OIOPIB Ta IHTEHCHUBHICTh PyXy Ta3y B IMIIHApi. Bubip MeTomiB OLIHKU Ta
JOBEJICHHS Ta30MOBITPSIHAX KaHAJIB BHU3HAYAETHCS TMOCTABICHUMH IUISIMA Ta HasBHUMHU
eKCHEPUMEHTATbHUMHU MOXKIIMBOCTSIMH.

OTxe, MOXIJIHMBO 3pOOMTH BHMCHOBOK, IO CTYIIHb JOCKOHAJOCTI MPOIECIB ra3000MiHYy
0araTo B YoMy BHM3HAYa€ TEXHIKO-€KOHOMIYHI MOKA3HWKH JABUTYHA B MHiIoMy. BimomocTeit mpo
ra3oflMHaMIyHl ¥ TEII0OOOMIHHI XapaKTEPUCTHKU MOTOKY B ra30MOBITPSHUX TpakTax ABUTYHA B
OUHaAMIIl Haa3BUuyaiiHO mano. Ha mepmumii miaH y mi3HaBaIbHOMY IJIaHI BUXOIATH MPOIECH B
ra3ornoBITPSHUX TPyOOIpPOBOJax:, iICHye MOTpeda y IXHHOMY MOJANBIIOMY YIOCKOHAIOBAHHI 3
METOIO TiIBUILIEHHS TOKa3HUKIB mopuiHeBux /IB3.
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The freight forwarding industry plays a pivotal role in global trade, but it also bears
significant responsibility concerning socio-ecological demands in the modern world. This article
explores the evolving landscape of freight forwarding, focusing on sustainability and responsibility
as core principles that shape the industry's future.

The freight forwarding industry has undergone substantial transformation, influenced by the
changing socio-ecological demands of our times. The growing emphasis on sustainability and social
responsibility in global logistics has brought forth new challenges and opportunities. Freight
forwarders are under increasing pressure to align their operations with these evolving standards [1-
2].

Sustainability in freight forwarding encompasses a wide array of measures aimed at
reducing the environmental impact of the industry. This includes optimizing transportation routes,
reducing emissions, using alternative fuels, and adopting cleaner technologies. The need to address
climate change and reduce the carbon footprint is a priority.

Social responsibility in freight forwarding is not limited to ecological concerns but also
extends to ethical and humanitarian aspects. Ensuring fair labor practices, respecting human rights,
and engaging in philanthropic initiatives are essential components of the responsibility agenda. It
includes collaborating with suppliers who uphold these standards.

Many countries and international bodies have introduced regulations to enforce
sustainability and responsibility in freight forwarding. Freight forwarders must adapt to these
regulations or, in some cases, take a proactive stance in implementing eco-friendly practices to meet
or exceed these standards.

Adopting sustainability and responsibility principles can lead to various benefits for freight
forwarding companies. This includes cost savings through fuel efficiency, enhanced reputation,
compliance with regulations, access to eco-conscious markets, and increased customer loyalty [1-2].

The socio-ecological demands placed on the freight forwarding industry are steadily
increasing, shaping a new era for logistics. Embracing sustainability and responsibility is not merely
a response to a changing world but also a strategic move towards a more ethical, efficient, and
profitable future. As the industry navigates these demands, the opportunity for innovative solutions
and responsible leadership arises.
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HIECTEPEHHHUH HACOC, Y AKOMY YCYHEHA KOMIIPECIA PO5OY0I
PUTUHHA Y BALLTEMJIEHOMY Ob’€EMI
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Kowmrmpecis poOouoi piavHM B 3aleMICHOMY OO0’€My, IO YTBOPIOETHCS HEPOOOUUMU
MOBEPXHSIMU €BOJBBEHTHUX MNPO(DUIIB MIECTEpeHb BIACTUBA NPAKTUYHO BCIM KOHCTPYKLISM
[IeCTepEHHUX HACOCIB.

Kommpeciss po6Godoi piamHu Tpu poOOTI IIECTEPEHHOTO HAcoca MPHU3BOJIUTH [0 PSAY
HETaTUBHUX SBUIL, SKa 3HWXKYE HOro OCHOBHI TEXHIUHI XapaKTEePUCTHKH, TakKi K Koe(iLieHT
noaayi, mexaniunui 1 3araneauii KK/, KpiM Toro, amHamMiyH1 HaBaHTa)KEHHS YIApPHOTO XapakKTepy,
110 NPH LLOMY BUHUKAIOTh, IPU3BOJATH 10 MiJABHUILEHOI IHTEHCUBHOCTI 3HOCY JleTasiell 1 3’€/1HaHb
Hacoca, 110, B KiHIIEBOMY paxyHKY, IPU3BOISTH IO 3HWKEHHS PECypCy MIECTEPEHHOTO HAcOoca.

Binomi cxemu Ta KOHCTPYKTHBHI DIllIEHHSI 3BOJSATHCS, TOJOBHHM YHWHOM JO OCJA0JIECHHS
BIUTMBY KOMIIpecii poOodoi piAvHHU, HE 3arno0iralodyd BUHUKHEHHIO IIHOTO HETaTUBHOTO THCKY B
npuHIumi [ 1].

MeToro JIOCHIKeHHSI CTajlo CTBOPEHHS IIECTEPEHHOTO Hacoca, B SIKOMY BiJICyTHS
KoMIIpecist po0ouoi piluHY B 3a1ieMIIEHOMY 00’ €My IIECTEPEHHOT0 Hacoca.

Hamu npononyeThes mecTepeHHU Hacoc, KOHCTPYKTHBHI OCOOJIMBOCTI SIKOTO J1al0Th 3MOTY
MPUHIUIIOBO BUKIIOYUTH KOMIIPECiI0 poOOoYOi pilMHHU B 3alieMieHoMYy 00’eMy Hacoca. lle ctae
MOJKJIMBAM 3aBJSIKH BHUKOPHUCTAaHHIO Yy IIECTEPEHHOMY HAcOCi BIOCKOHAJIEHOTO 3y04YacToro
3auerUICHHS 3 ACUMETPUYHOIO JIIHI€I0 3aUeruieHHs [2].

3pO3yMITH CYTHICTh IPOMOHOBAHOTO CMOCOOy YCYHEHHS Kommpecii poOouoi piavHU B
3alieMiIeHOMy 00’€My MIECTEPEHHOI0 HAcoca MOYKHA MPOCTEKHUBIIM 3aKOH 3MIHM BEJIWYHHU
3aIIeMJICHOTO 00'eMy BiJl pyXy TOYKH 3aUeIlJIeHHs 3y0iB MIECTEPEeHb MO JiHii 3aueruieHHs [3, 4].

Binomo, 110 B IIeCTEpeHHOMY Hacoci, B IKOMY BUKOPHUCTOBYEThCS 3y0dacTe 3aueruieHHs 13
CUMETPUYHOIO JIIHIEI0 3aYeIUICHHs, 3aKOH 3MIHM BEJIMYMHHU 3alIeMJIEHOTO 00'eMy HOCHUTH
napabomiunuii xapakrep (nuB. puc. 1 kpusa 2) [3].

3 puc. 1 6aunmMo, 1O KpuBa 2, MO OMHUCYE 3MiHY 3alIeMJICHOT0 00'eMy i 3y04acToro
3a4YeryICHHs 3 CHUMETPUYHOIO JIHI€I0 3a4eIUICHHS SBIIsi€ COOOI0 CHUMETPHUYHY Mapadoiry IoJo
BEPTUKAJIBHOI MPSIMOI, IO MPOXOAUTH dYepe3 il BepmuHy. IIpy 1IbOMy MOMEHT YTBOpPEHHS
3alIeMJICHOr0 00’eMy 30ira€Tbesi 3 MOro MakCUMaJbHUM 3HAYeHHAM (AMB. pHuc. | KpuBa 2) i npu
MOJAIBIINIM 3MiHI 3aleMJIeHOTOo 00’eMy BiIOYBaeThCs WMOTr0 3MEHIICHHS 10 MIiHIMaJIbHOTO
3HAYEHHs, 1110 MTPU3BOJUTH 0 KOMIIPECii poOoY0i piiuHHU.

MaxkcuManbHH 3aTUCHEHHH 00'€eM YyTBOPIOETHCS B MOMEHT, KOJHM JApyra mapa 3yOiB
[IeCTepeHb BCTYIA€ B 3a4eIUiCHHS. Taka TMoJis 3aBXKIM Ma€ MicIle, ake iICHYE Take MOHSTTS, K
koe(illieHT MepeKPUTTS 3y0UYacToro 3auerieHHsl, KUl 3aBxkau Oinpmmii oquaumi: € >1. Jlo peui B
IIECTEPEHHUX TiApOMAIIMHAX 3y0YacTe 3a4elyeHHA MPOEKTYIOTh TAaKMM YMHOM, II00 KOEeQilieHT
MEPEKPUTTSL 3y0UacToro 3ayeruieHHs OKB MiHIMaibHHM. lle moB’s3aHo 3 TuUM, 100 iCHYBaHHS
3aTUCHEHOT0 00'eMy OysI0 ssKOMOra MEHIINM. Tak, HalpuKiIaj, KoedilieHT MepeKpUTTs 3y0uacToro
3auerntenHs Hacocis HIII-32V, HIII-46Y, HIII-50Y cranosuts Bevoro € =1,044.
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1 — fu1s mIecTEpEeHh 3 ACHMETPUYHOIO JTIHIEI0 3aYCIUICHHS; 2 - IS IIECTEPEHb 13 CHMETPHUYHOIO
JIHIEIO 3a4erICHHS

Pucynok 1 - I'padiyni 3a71€KHOCTI 3MiHU 3aTUCHEHOTO 00'eMY B 3aJI€)KHOCTI BiJ] MOJOXKEHHS TOUKH
3aueIUICHHsI Ha JIIHIT 3a4eryIeHHS

MiHimManbHe 3Ha4€HHS 3aTUCHYTOI0 00'€éMy YTBOPIOETbCS B MOMEHT, KOJIM TOUYKHU 3aueIUICHHS
000X map 3y0iB po3TallloBaHi CUMETPUYHO 11100 MoJtoca 3ayeruieHHs (qus. puc. 1). [Ipu nepexoni
BiJl MAaKCHMAJIBHOTO J0 MIHIMAJbHOTO 3aTHCHEHOro 00'eMy 1 BiOyBaeThcs KOMIpecis pobodoi
PLAVHM.

CrpaBni, 30UIbIIEHHS TUCKY B 3aTHCHYTOMY 00'eMi MoOke OyTH ONHMCAHO HAaCTYITHOIO
3aexKHICTIO [3]:

AV
Ap=—-+E, 1
P="y (1)

ne Ap - 3mina (3611bLIEHHS) THCKY B 3alieMIcHOMY 06’ emy, Ila;

AV - 3MiHa (3MeHIIEHHS) 3aIEMIIEHOTO ob'emy , M3;

AV

- - BiI[HOCHe SMCHIICHHA 3allICMJICHOI'O 06'€My N

E - o6'emunii Mmomynb npyxHOCTI pianay, I[a.
3MEHIICHHS 3aIeMIIEHOTO 00'€eMy BU3HAYA€ETHCS 3a TAaKOI0 (POPMYIOr0:
AVZVz.m’:IX _V3n’in' (2)

Hamu x mepenbavaeThcsi 3y0uacTe 34YEIUICHHS 3 aCUMETPUYHOIO JIIHIEIO 3a4YETUICHHS 1 Take
CMIBBIHOIIEHHS MapaMeTpiB 3y0iB IIECTEpEHb, MPU SKOMY 3aKOH 3MIHM 3alllEeMJIEHOT0 o0csry
HECHUMETPHYHHIA 100 BEPTUKANi, IO MPOXOTUTH Yepe3 BEpIIMHY Mapaloi, M0 BiAMOBigae
MiHIMaJIBHOMY 3HaueHHIO puc. | kpuBa 1. Binbmie Toro, mpomoHoBaHe 3y0dacTe 3ayerICHHS
BUKOHAHO TaKUM YMHOM, 1110 MOMEHT YTBOPEHHS 3allleMJIEHOro o0'eMy 301ra€Tbcs 3 MiHIMAJIbHUM
Horo 3Ha4eHHSAM. A IIe O3Hauae, 110 Mojajblla 3MiHa 3alIeMJICHOro 00'eMy MoOXe OyTH IMOB'sS3aHa
TUTBKH 3 MOTO 301IBIICHHSIM, IO CaMe BUKIIOYAE KOMIPECII0 poOOUYO0i PIAMHHU B 3aIIEMIICHOMY
00’eMy Hacoca. Y LbOMYy TIOJSTa€ OCHOBHA CYTHICTh 3allpONOHOBAHOTO CHOCOOY YCYHEHHS
KoMIipecii po6ouoi piiMHK B 3alIeMJIEHOMY 00’eMy. 3aKOHOMIPHICTh 3MIHH 3aIIEMJICHOTO 00'eMy
IUIs IECTepEeHb 3 ACUMETPUYHOIO JIHIEI0 3a4YerieHHs BiqoOpaxkeHa rpadikom kpusa 1 Ha puc. 1.

[IporioHOBaHa KOHCTPYKIlA HIECTEPEHHOTO Hacoca [2] A03BOJISIE MPUHIUIIOBO BUKIIOUNTH
KOMIIpecito poOo4oi piTuHU B 3alleMJICHOMY 00’€My IIECTEPEHHOTO Hacoca, 1o 0e3MmocepeHbO
BIUTMBA€E Ha OCHOBHI TEXHIYHI XapaKTEPUCTUKH IIECTEPEHHOTO HACOCA.

[IporoHOBaHA KOHCTPYKIIiS IIECTEPEHHOTO HACOCA JT03BOJISIE:

- BUKIIOUYUTH NYJIbCYIOUY 3MiHY TOPIIEBOT'O 3a30py, IO MAa€ MiCIle B CEpPifHOMY HAcoCi, 110
J03BOJISIE 30UTBIIMTH KoedillieHT 00'eMHOT T0/1adi MIECTEPEHHOr0 HAacoca Ta 3HU3UTH 3HOIIYBaHHS
TOPLIB IECTEPEHb Ta BTYJIOK HACOCA;
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- BUKJIIOYUTH JMHAMIYHI HaBaHTa)KEHHS YJapHOTO XapaKTepy JeTalli IIeCTePeHHOr0 Hacoca,
10 € MPUYMHOIO 301IBIIEHHS JOBrOBIYHOCTI IIECTEPEHHOT0 HACOCa;

- 3MEHIIIUTH IYJICAIII0 TUCKY Ta 00'€MHO] 110/1a4l IECTEPEHHOT0 HACOCa;

- 3HU3UTHU BiOpalii Ta mrym, o BUIPOMIHIOETHCS B TIPOIEC pOOOTH IIECTEPEHHOT0 HACOCA;

- 30umpImMTH MexaHiyHui Ta 3aranpHuil KK/ mecrepenHoro Hacoca 3a paxyHOK 3HMKCHHS
JUHAMIYHOI CKJIa/I0BOi Y poOOTI IECTEPEHHOT 0 Hacoca.

[Ile Ginpuri nepeBaru o0ilsie BUKOPUCTAHHS MPOIIOHOBAHOTO KOHCTPYKTUBHOI'O PILICHHS MPU
HOTO BUKOPUCTaHHI Ha IIECTEPEHHUX TrigpoMoTopax. lle m03Boisie MiIBHIIUTHA JOBTOBIYHICTH
riIpOMOTOPIB, ICTOTHO 3HU3UTH MOMEHT, IIO 3alycKa€ TiJpOMOTOpP, MiJBUIIUTH KOE]IIieHT
00'eMHOT Mo1a4i T1IpoMOTOpa, a Takoxk MexaHiuaui 1 3aranpauii KKJI. Kpim Toro, BuKopucTanHs
MIPOMIOHOBAHOTO 3y04YacTOro 3ayeIuIeHHs J03BOJISE€ 3HAYHO IMiJBUIIMTH MOMEHT, IIO0 KPYTUTh, Ha
BaJIy TiIpOMOTOpA.
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This paper discusses the significance and influence of smart technologies on road safety.
Research demonstrates how technological innovations such as collision avoidance systems and
driver assistance systems contribute to enhancing road safety. Contemporary developments in smart
transportation open new possibilities for preventing accidents and increasing the safety of all road
users.

Road safety has always been one of the most critical global issues. With the help of modern
smart technologies like 10T, autonomous vehicles, and collision avoidance systems, we have the
opportunity to significantly improve the situation and reduce the number of road traffic accidents
[1-2].

Collision avoidance systems employ modern sensors and cameras to monitor the vehicle's
surrounding environment. These systems detect potential collisions, even if the driver doesn't see
them. If a collision threat is detected, the system can alert the driver and even take automatic
measures to prevent an accident.

Driver assistance systems encompass features such as adaptive cruise control, lane-keeping
systems, and automatic braking. They aid drivers in vehicle control and respond to potential
hazardous situations.

Research indicates that the implementation of smart technologies in transportation helps
reduce the number of road traffic accidents and severe injuries. Collision avoidance systems and
driver assistance systems significantly decrease risks and ensure safer road traffic.

Despite all the advantages of smart technologies, challenges related to privacy,
cybersecurity, and infrastructure aspects exist. However, the growing interest and investments in
this field create prospects for further development and improvement of smart technologies on the
road.

The impact of smart technologies on road safety is undeniable. Collision avoidance systems
and driver assistance systems contribute to reducing accidents and saving lives. With the continuous
advancement of technology, we can expect further improvements in road safety through smart
technologies.
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Metoauka 300py iHpOpMaIlii PO 3HOLITYBAaHHS IIECTEPEHb HAacoca
XapakTepu3yloun 3HOCH IIECTEPEHb IIECTEPEHHOr0 HAacoca MPUXOIUMO 0 HACTYITHOTO.

OcHoBHi aedextn mecrepens HacociB HIII Ta cxema iX KOHTpOJIO NpeACTaBiI€HA HA PUCYHKY.
[lepeBa>xHUM BHIOM 3HOCY pOOOYHX MOBEPXOHB IIECTEPEHB CIIiJT BBAKATH aOpa3uBHE 3HOIIYBAHHS.
[Ipo e cBiguaTh XapaKTepHI PUCKU HA TIOBEPXHSX, IO 3HOIIYIOTHCS. 3HOITYBAHHS €BOJHLBEHTHOTO
npodiiaro 3yOiB Cifl BITHECTH JO MEXaHIYHOTO CTHPAHHS NUTIM BEAY4Oi IMIECTepHI CXWIBHI J0

MEXaHIYHOTO CTUPAHHS 1 3SMHUHAHHS.

1; 3 — BumiproBaHHs jaiameTpa mamnd; 2 — BAMIpIOBaHHS 30BHIIIHBOTO JlIaMeTpa MIeCTepHi; 4 -
BUMIPIOBaHHS IMIMPHHHU BIHII IIECTEPHI; 5 - BAMIPIOBaHHS JiaMeTpa MUKHKHY i yIIIbHEHHS; 6 -
BumiproBanHs 3aranpHOi HOpMaJi 3y0iB IIECTEPHI; 7 - BAMIPIOBAHHS IUTIIIB BEIy4O0i IIECTEPHI 1O
HIUPUHI

Pucynok - Cxema 3amipiB €JIE€MEHTIB IIECTEpEHb IpH JAedeKTyBaHHI Beaydoi mectepHi Hacoca HIII

I six1mo 3HOMTYBaHHS 1AM 1 mecTepeHs Mo AlaMeTPpy HOCUTh PIBHOMIPHHUE XapakTep, TO PO
1HII TIOBEpPXHi, IIO0 3HONIYIOTHCS ILOTO CKa3aTH HE MOXHA. Tak y pe3ynbraTi HepiBHOMIPHOTO
3HOIIYBAaHHS BIHISA 10 IIUPWHI TOPII IMIECTEPEHb CTAIOTh HEIUIOCKUMH. HaiOinmbine 3HOmTyBaHHS
CIIOCTEPITAEThCSL Y BEPXIBOK 3y0iB miecTepeHb. lle moB’si3aHO 3 THM, [0 OKPY>KHA IIBUAKICTH
MPOTOPITiiHA PaaiyCy, 1 13 30UTBIICHHSM MIBUIKOCTI TEPTS 301IBITYETHCS i HOTO IHTEHCHUBHICTD.

Haii6inpme 3HOmIyBaHHS 3yOiB IMIECTEPEHHb MO BHUCOTI BEAYYOi MIECTEPHI PO3TAIIOBAHE Y
HDKKH 3y0iB, a Y B€JICHO1 y BepIuH 3y0iB. Takuii XxapakTep 3HOCY €BOJIBLBEHTHOT'O MPOQIITI0 B3JOBXK
BUCOTH 3y0a OyB WIATBEp/UKCHHI BIIACHUMHU JOCHIIPKCHHSIMH 1 BIJIOBIIa€ TEOPETHIHUM

MOJIO’KEHHSM PO KOoedilli€HT KOB3aHHS 3y0iB IIECTEPEHb.
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CraH maTepiany IecTepeHb 0arato B oMy BHU3HA4ae iXHIO Mpale3daTHICTh 1 HaIiiHICTh B
exciuTyaTanii. Meranorpadiunuii  aHamiz MaTepially 3HOIIEHHMX IIECTEepeHb II0Ka3aB, II0
MIKPOCTPYKTYpa ILIEMEHTOBAHOI'O IIapy 3HOUICHHWX ILIECTepeHb SBIg€ €000 MapTEHCHT,
HAJJTUIIKOB] KapOiiM 1 3AJIMIIKOBHI ayCTeHIT, MIKpOCTPYKTYpa CEpLEBHHH - CEPEIHbOTOJIbYACTUI
HU3BKOBYTJICIICBU MapTEHCHT, TPOOCTUT 1 HEBEJIMKA KIJIBKICTH (eputry. 3epHHUCTICTb CTaji
BianoBigae 5 6any 3a y Biamosiguocti 10 JICTY 9074:2021 [1]. V uigomy MiKpOCTPYKTypa METaly
3HOMICHUX IIECTEPEHb BiJIMOBIIa€ BUMOTaM.

[Topsim 3 TuM, TBepAICTH POOOYMX TMOBEPXOHH 3HONICHHWX IecTepeHb cTaHOBUTH HRC
51...56, 1o HB 5...6 OAMHUIL HIKYE TEXHIYHUX BHUMOI BUT'OTOBJEHHS miecTepeHb. Kpim Toro, Ha
€BOJIbBEHTHUX Ta IUIIIEBUX MMOBEPXHAX 3HOMICHHUX JIETaJeH y IEMEHTOBAHOMY II1api OyJiu BUSBIIEHI
MIKpPOTPILIHH.

XapakTepu3ylouu CTaH MaTepiajly 3HOLUIEHUX MIeCTepeHb MPUXOAUMO IO OJHO3HAYHOIO
BUCHOBKY IO JIe(eKTHICTh IIEMEHTOBAHOTO LIapy MIECTEPEHb.

[Ipn moBTOpHINA 1EeMeHTarii JAedEeKTHOro IMapy BIIHOBICHHX IIECTEPEHb BIIOYBAETHCS
NIEPEeHaBYIJICIIOBAaHHS IIEMEHTOBAaHOro Imapy. lle mnpu3BOIUTH A0 3pOCTaHHS HaJJHIIKOBUX
KapOi/liB, BAHUKHEHHS IIEMEHTUTHOI CITKH, BEJIUKOTO PO3KHIY TBEPAOCTI IIEMEHTOBAHOTO IIapYy,
0 Pi3KO 3HWXKYE SKICTh qudy3iiHoro mapy. s 3abe3neueHHs: mpare3qaTHOCTI Ta HaiHOCTI
BIJIHOBJICHUX II€CTEPEHb Ha PiBHI HOBHUX Je(heKTHUH 1IEMEHTOBAHHI IIap MiAJsArae BUIAICHHIO HE
MeHie Hix Ha 0,5 MM Ha OIK.

Meroauka 360py iHdopmarlii mpo 3HOITYBaHHS IECTEPEHb HAcoca

[lpu BuUBYEeHHI 3HOCHOTO cTaHy ImectepeHb HacociB HILI BukopucToBYBaBCs BHOIpKOBHIA
Meron. I1{o6 orpumatu pernpesepHaTUBHY BHOIPKY, IO BIATBOPIOE MPOIOPIli TeHEpaTbHOT
CYKYIHOCTI BCiX JeTajeil peMOHTHOro ¢oHIy, poOMMO ii BHIIAAKOBOIO. BuragkoBy BHOIpKY
BIIOMpaOTh TAaKUM CIIOCOOOM, SIKMH HE Ma€ >KOJHOTO BiTHOIIEHHS JO JOCHTIDKyBAaHHUX O3HAK 1
3a0e3rneuye KOXHOMY OKPEeMOMY WJIIEHY TEHEpPalbHOT CYKYITHOCTI OJHAKOBY MOKIJIHMBICTh
MOTPANUTH Y BUOIPKY.

30ip JaHWX MpO 3HOUTYBAHHS IMIECTEPEHBb NMPOBOAMBCS Ha mianpueMcTBax KipoBorpaachkoi
obxacTi. Hacocu, 1110 HAAXOIATh y PEMOHT, pO30MBaNNCS Ha AB1 TPYIU:

- HACOCH, IO BIEpIIIe HAIWILTH B PEMOHT;

- Hacocu, 1110 peMOHTYIOTBCS HE BIIEpILIE.

[Ticns po30upaHHS Ta MUTTSA TPOBOAMIM MIKPOMETPUYHUH 3aMip €JIEMEHTIB IIeCTepeHb
Hacoca. Cxema nedexraii mectepens Hacoca Tumy HILI npeacraBiena Ha pUCYHKY.

BumiproBanbHuil 1HCTpYMEHT JUIsl BU3HAYEHHS BEJIMYMHU 3HOCIB €JEMEHTIB IIECTEPEHb
BUOUPABCS BUXOISYM 3 TOYHOCTI BUKOHAHHS PO3MIpiB MPU BUTOTOBIICHHI IIECTEPEHb 1 BETUYUHU
3HOCY i1 p0OOUYNX TTOBEPXOHb.

IloxuOka HampsMKy 3y0iB IIeCTepeHb BH3HAYajdM 3a JONOMOIOI0 CHELiaJbHOIro
MIPUCTOCYBAHHS, L0 CKJIAJAEThCS 31 CTAHUHU, LEHTPIB JAJIsl 3aKPIMJICHHS JOCHIKYBaHOI IIECTIpHI
Ta KapeTKu 3 IHAMKAaTOPHOIO TOJOBKOIO, IO TNepeMillaeThcsi MO HanpsMHux. [Ipunan
HAJIAIITOBYETHCS MO IMTIHAPUIHOMY €TaJIOHY.

Yci BuMipu nipoBoamiucs 3rijHo 3 pekomenaanismu JJCTY TOCT 8.051:2009 [2].

BenuunHy 3HOCIB €IEMEHTIB IIeCTEPEHb BU3HAYAIH 32 3aJI€KHICTIO

=P, -P (1)
ac PZ[OH - 'PaHUYHO AOOMMYCTUMHU PO3MIp CICMCHTA HOBO1 HICCTCPH1, MM, HOro MOKHa
3HANTH TEXHIYHUX YMOBax Ha KaIliTaJIbHUM PEMOHT Hacoca ;

Pi — PO3MIp €JIEMEHTAa 3HOIICHOI IECTEPHI, MM.

[Toxubxka cripsiMmyBaHHS 3y0a BU3HAUAETHCS OJpa3y 3a MOKa3aHHSIM I'PAaHUYHOIO BIIXMJIEHHS
CTPUIKH 1HIUKATOPHOI FOJIOBKH.

Benuuuny 3HOCIB BCiX €IE€MEHTIB KOKHOI KOHKPETHOI JeTal, 0 JO3BOJUIIO HaAalll IIyKaTH
B32€MO3B'SI30K MK 3HOCAMHU €JIEMEHTIB IIECTEePHI,
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BuBueHHs 3aKOHOMipHOCTEH 3HOCHOTO cTaHy Aetajneil HacociB HIII, nae 3mory mobyayBaTu
CTaTUCTUYHY MaTE€MaTU4YHY MOJIENb 3HOIICHUX JAETAJeld IIECTEPEHHOI0 Hacoca. 3alpolOHOBaHA
CTaTUCTMYHA MaTeMaTHYHa MOJAEIb AACTh MOXJIUBICTh MiABULIIUTH €()EKTUBHICTH PEMOHTY HACOCIB
IUISIXOM BIIPOBA/KCHHSI OpraHi3alliiHUX 3aXOJIB IIOJI0 PalllOHATHFHOTO BHUKOPHCTAHHS BIJOMHX 1
PO3pOOIIIOBAaHUX TEXHOJIOTIH.

[Tix cTaTHYHOIO MaTEMaTUYHOIO MOJICIUTIO 3HOIICHOI JIeTajll po3yMITUMEMO MaTeMaTUYHUN
o0pa3 aertaini, XapaKTepPUCTUKHU SKOI'0 BU3HAYAIOTh BUJ, 1 CTYIIHb B3a€MO3B'SI3KY 3HOCIB €JIEMEHTIB
neTtaned MK co00r0, sIKI aJ€KBaTHI pealbHOMY cTaHy cmpaB. Lli XapakTepuCTHKH MOXHa
BU3HAYUTU B peE3yNAbTaTi CTATHCTUYHOI OOpoOKHM iHGopmamii, [0 HAAXOOUTH Y BUTIAAIL
ne(deKTyBaIbHUX BiJIOMOCTEH.

[ToGynoBa MaTeMaTH4YHOT MOJIEII 3HOIIEHOT IIECTEPHI MOJISTAa€ B HACTYITHOMY:

1. 361p iHpOopMAaIIii PO 3HOITYBAHHS IIECTEPEHb HACOCA IUIIXOM MIKpOMETPaKYy.

2. BuzHaveHHs1 MiHIMaJIBHOTO HEOOXITHOTrO 00cATy BUOIpKH,

3. Bu3zHaueHHs YMCIIOBUX XapaKTEPUCTUK BUIAJAKOBOT BEIMYUHU BUOIPKU:

- CEepeHBOT0 3HAUYEHHS 3HOCY;

aOCOJIFOTHOTO TIOKAa3HWUKA PO3CIIOBaHHS - JUCIEepCcli Ta CepeaHbOro KBAAPATUYHOTO
BIIXWICHHS

- BIZIHOCHOTO TTOKa3HUKA PO3CIFOBAHHSA - Koe(irieHTa Bapiarrii.

4. TlepeBipka 310panHoi iHGOpMaIlii Ha TOYKH, [0 BUIMAIAIOTh.

5. I'padiune 300paskeHHs mocmiaHoi iHGopmarlii, moOymoBa ricTorpaM, MOJITOHIB, KPUBOT
HAKOTMYECHUX TOCIITHUX HMOBIpHOCTEH,

6. BuOip TeopeTMUHOr0 3aKOHY pPO3MOUTY Ta BU3HAUEHHS HOTO MapaMeTpiB.

7. TlepeBipka CTyNEHIO CIHIBNAJaHHA JOCTIAHAX 1 TEOPETUYHHX 3aKOHIB PO3MONITY 3a
KpPHUTEPIEM 3TOJH.

8. BupiBHIOBaHHS EMITIPHYHOTO pO3MOAUTY 3a TPUHHATHM TEOPETUYHUM 3aKOHOM
PO3MOILTY, BIIOOpaKEHHS! TEOPETHUHOTO 3aKOHY TpadiyHO.

9. BuzHaueHHs koe(imieHTIB HpUAATHOCTI 0€3 PEeMOHTY Ta KOe(]Iili€HTIB BiJHOBICHHS
IIECTEPEHb.

10. 3Haxo/pKeHHS TICHOTH B3a€MO3BSI3KY (MapHOI KOpeslii) MiXK 3HOCAaMH DPi3HHX
€JIEMEHTIB LIIECTEPEHb.

11 3naxomKeHHS PIBHIHD perpecii B3a€MO3B'I3Ky MiXK 3HOCAMH €JIEMEHTIB IECTEPEHb.

12. TlepeBipka koedilieHTIB Kopensuii Ta perpecii 3a kpurepiem CTbIOJEHTa Ta PIBHSHb
perpecii 3a kputepiem dimepa.
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Tepuoninvcokuil HayioHanbHUU MmexHiuHul yHieepcumem imeni leana Ilynos, Ykpaina

ABTOMOO1JTbHI aMOPTHU3AaTOPH € BAXJIMBUMHU €JIEMEHTAMH IIIJIBICKH aBTOMOOLIIB, sKi
BIUTMBAIOTh Ha KoM(opT 1 6e3nexy BoiHH. BoHu npu3HaveHi A MOTJIMHAHHA YapiB 1 KOJIMBAHb,
SKI BUHUKAIOTh TMiJ dYac pyxy 0O Jopo3i. Bimrak s MiABHINEHHS TUIABHOCTI X0y
aBTOTPAHCIIOPTHUX 3aCO0IB y IX KOHCTPYKUISAX CJIiJ BAKOPUCTOBYBATH KEPOBaHI CHCTEMH MiABICKH
3 AeMndyrouuMH eJeMEHTaMHM, SKI MO3UTHBHO BIUIMBATMMYTh Ha IJIABHICTh XOAY 1 3HM)KEHHS
KOJINBHUX TIPOIIECIB, IO CIHPUYMHAIOTHCS PI3SHOMAHITHUMH (hakTopamMH (HEpiBHOCTSIMH JOPOTH,
PI3KMMH ITOBOPOTAMH TOIIIO).

3 MeToro MomyKy €(pEeKTUBHHX KOHCTPYKI aBTOMOOUIBHHUX aMOpTH3aTOpiB Hamu Oyso
IPOBEIEHO CTPYKTYPHO-CXEMHHUIl CHHTE3 TMiJABICKM aBTOTPAHCIOPTHUX 3ac00iB  METOJOM
1€papXigHOTO TPYIMYBAHHS 32 JIOMOMOTOI0 MOP(MOJIOTIYHOTO aHami3y W OTPUMAHO IIICTh 0a30BUX
BUIB IMiIBICKH 3 OPHUTiHAILHUMH THIIAMHA aMOPTHU3aTopiB (TigpaBaidHOrO, TiIPOMHEBMATHYHOTO,
MTHEBMATHYHOTO, MarHiTOPiMHHOTO, TiIPOBAKyyMHOT'O Ta MHEBMOBaKYyMHOTO THIY). [Ipu 1somy
Oyno BuALIEHO Taki 6a30B1 MOPQOIOTIYHI KOHCTPYKTHUBHI O3HAKH Ta €JIEMEHTH:

- aMOPTH3AI[ITHAN TPUHINIL, KWW BKIIIOYA€E TaKi O3HAKU: TUIT aMOPTH3AMIMHOTO MPHHIIUILY;
TUI aMOPTHU3ALIIMHOT PEUOBUHU; OTBOPH MPOTIKAHHS TiAPaBIiYHOI pEYOBUHU B MOpIIHI (X TUIONLY 1
KUTBKICTB); KUTBKICTh KaMep; pO3TalllyBaHHS KaMep; KIJTbKICTh €JIeKTPOMArHiTHUX KOTYIIOK;

- TUII TIPY’KHOTO €JIEMEHTa, 1110 CKJIAJAa€ThCs 3 ABOX OCHOBHHUX O3HAaK, a caMe IMpY)KHHa, 710
KOHCTPYKTUBHUX O3HAK SKOI BiJIHECEHO HACTYIHI O3HAKH: KOHCTPYKIIiS; TEOMETPUYHUI Tepepis;
KOPCTKICTh; HANpaBJICHICTh; KIUJIbKICTh, PO3TAlllyBaHHS; Ta MHEBMOOAJOH, 10 KOHCTPYKTHBHHX
O3HAaK SIKOTO BiJHECEHO HACTYIHE: T'€OMETPUYHI IapaMeTpu; KEpOBaHICTh (aJanTHBHICTD),
KOHCTPYKLisl; HAalIOBHEHHSI; )KOPCTKICTb;

- 1eMnQyoyuil eIeMEeHT, SKUH BKIIIOYA€ Takl 03HAKU: pPO3TallyBaHHS; KUIbKICTh; MaTepial;
MO€HAHHS; KOHCTPYKTHBHI TapaMETpH.

3aranbHa KUTBKICTh 0a30BHX I€HEPOBAaHUX BapiaHTIB MiABICKH aBTOTPAHCIOPTHOTO 3aco0y
cTaHoBUTHME 167 BapiaHTiB, a KUIbKICTh 0a30BUX BapiaHTIB B 3aJEXKHOCTI Bi THILY
aMOPTHU3AIIHHOTO MIPUHITUITY KOJIMBATUMETHCS Y MEKax Bix 96 mo 148 BapiaHTiB.

BukopucToByrouM JaHUi METO/ CUHTE3Y HaMHU OysI0 po3po0JIeHO 1 JOCTIIKEHO KOHCTPYKIIIi
TAPONHEBMAaTUUYHUX aMOPTU3aTOPIB 3 aKTUBHUM ITHEBMOOAJIOHOM Ta JeMI(YIOUUMHU €JIEMEHTaMH,
AK1 Y TOPIBHSHHI 3 TPAAUIIMHUMH CTiiKaMU BOJOJITM BHCOKOIO aIaliTUBHICTIO Ta BiOpaIliifHOO
criiikictio [1-3].
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M.B. Kpacora', 0oy., kano. mexu. nayx,

B.O. I[yGOBHKZ, 2071084 YUKI0B0I KOMICII MeXaHiKu ma mpaHcnopmy, KaHo. mexH. HayK,
1lleHmpaﬂbH0 2prai')LszKuL? HayioHanbHUL MmexHiuHul yHisepcumem, Ykpaina,
Onexcandpiticokuti norimexHiuHuil gpaxosutl koneoddic, Ykpaina

B mpomeci excruryaTamii HacociB BinOyBaeThCs 3HOIIYBaHHS WOTO JETaleld, IO BHKINKAE
3MiHY pO3MIpiB JeTayeid, CIIOTBOPEHHS MOYAaTKOBOI MAaKpo- 1 MIKpO- reoMeTpii MOBEpPXOHB, IO
3’€HYIOThCS, a TAKOXK 3MiHA iX (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH. Pe3ynbTaToM 3HOCY € TakoxX
MOPYIIEHHS BHUXIAHMX I[IOCAJOK, HAsABHICTh MEPEKOCY JeTaneil, 10 3 €IHYIOThCS, MIO0
CYIPOBOJKYETHCS 3MEHIIIEHHSIM PO3PaXyHKOBOI IJIOMI KOHTAKTY 1 PUCKOPEHUM 3HOCOM JIeTalieit
Hacoca B MojajblIiii poOOTI Hacoca, . BEIMYMHA SKHUX BH3HAUYa€, MEPEBAXHO, TEXHIYHI
XapaKTepUCTHKH Hacoca. [Ipu mpoMy, SIK MOKa3yrOTh TOCIIIKEHHs, BKpall HEraTUBHUHA BIUTUB Ha
Ipale3JaTHICTh Hacoca HEPIBHOMIPHO 3HOCUTH Horo aetani. OCHOBHUMH HAIllpsIMKaMU BHYTPIIIHIX

BUTOKIB 4epe3 3a30pH B BiIMIHIOBaHHs Hacoca € O, - 3a30p B 3’¢xHani "nanda - Bryaka"; O, -
3a30p B 3’€IHaHI CTUKIB BTYJIOK; O4 - 3a30p U 3’€IHaHi €BOIBBEHTIINX HPOQIIB 3y0iB IIECTEPCHB;
O, - 3a3op B 3’emHaHi "BTynka - kopmyc'; Og - paauanbHbIA 3a30p B 3’€qHaHi “KOpIyC -
urecTepHs”, Oq- TOPLEBHIA 3a30p B 3’€{HAHI TOPIIIB MIECTEPEHB i TOPIIiB BTYIIOK.

[HTerpasibHUM TMOKA3HUKOM, IO BHU3HAYA€ TMpale3laTHICTh IMIECTEPEHHOTO Hacoca, €
koedirient nogaui Hacoca (KII). Bignosigno o JICTY I'CTY 3-25-180-97 [3] rpanuunuM cTraHOM
ciig BBakaTu Takuil craH, konu KII Hacoca 3Hmxyerbcst Oinbmn HiXXK Ha 20% 1 CTaHOBUTH
0,70...0,74. Anamizyroun AaHi, HaBeJACHI B JTepaTypHHX mkepenax [1, 2, 3] mpuxoammo a0
BUCHOBKY, IO TpaHnyHO aonmyctumuM piBHeM KII mns HacociB, 1m0 eKCIUTyaTyIOTBCS B yMOBax
CLIIBCBKOTOCIIOAaPCHKOr0 BUPOOHHUIITBA, € piBeHb - 0,60...0,65. a B mpomwuciaosocTi — 0,80 [3].

3HONIYBAaHHS KOJOJSA31B KOPIYCY IO JiaMeTpy, € O0e3MoCepeHbOI0 MPUINHOI 3POCTAHHS
pazianbHOTO 3a30py B IMOEAHAHHI "KOpmyc - mecTipHi'. Y mpormeci poOOTH Hacoca 3a30pH Y
3a3HaYeHOMY MO€IHAHHI TocsratoTh 3HaYeHb 0,195...0,261 MM, pu rpaHUYHO JOMTYCTUMOMY 3a30pi
0,170 MM, mo € npuunHoro 3HkeHHs KII Hacoca mo piBus 0,68 [2. 4, 5]. Kpim Toro, 3HauHi
3HOIIYBAaHHS KOJIO/IS31B KOPITYCY MPU3BOASATH 110 MMOPYIICHHS MOYATKOBOTO PO3TAIIyBaHHS JeTanen
Hacoca 1 HaBITh JI0 IEPEKOCY BChOT'O BY3JIa, IIOKAYAE.

Brynku Hacoca BUKOHYIOTh (DYHKIIIO MiJIIMITHAKOM KOB3aHHS Ta (YHKIIIO 3aMUKayiB. Y
npolieci eKCIuTyaTaii BOHU 3a3Hal0Th HEPIBHOMIPHOTO 3HOIIYBAaHHS IO BCiX pOOOYMX MOBEPXHSIX.
Ha nymky aBtOpiB crarri [5] HaifOuiblia 4yacTka BHYTPIIMIHIX BTpPAT PIAWHU MPUXOIUTHCA HA
panianbHi 3a30pu y 3’€qHaHi "kopmyc - mectepHi” 1 "namnda - Brynka'. Tak 3a BeIHUuHI 3a30py Y
noeqHanHl "manda-prynka" 3nauenns KII nacoca 3Hmxkyethcst go piBHa 0,63 [2, 4, 5], To6TO
J0CsiTae CBOIO T'PAaHMYHOTO 3HaueHHs. BennuuHa 3a30py y moenHaHHi "Kopmyc - BTynka' sk
npaBuiio, He mepeBunrye 0,12 MM BUTOKM po0O0YOi PIAMHHM B IHMX 3’€IHAHHSAX TPHU 3a3HAYCHUX
3a30pax HEBEJHKI 1 CTAHOBJIATH 2...3 aM>/xB [2,4,5].

Brynku B mporeci poOOTHM Hacoca mia JI€l0 MYyIbCYIOUOTO THCKY KpPaTHOTO MOMEHTY
3IACHIOIOTh KOJIMBAJbHI PYXHM HAaBKOJO CBO€i oci. lle mpu3BOAMTH 0 3HOIIYBAaHHS CTHKOBHMX
MOBEPXOHb BTYJOK. [Ipu 301nbIIeHHS 3a30py B 3a3Ha4€HOMY mo€aHaHHi 10 0,22 MM, 1m0 B 2 pa3u
6inpire HopmanbsHoro, KI1 3HmxkyeThes He3HauHo 110 piBHs 0,82.
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3HOC BTYJIOK Hacoca Mo TOPIIX 32 HABHOCTI aBTOKOMIIEHCAIlIT TOPIIEBUX 3a30piB HE TOBUHEH
1CTOTHO MMO3HAYATHUCS HA 301IBIICHH] BUTOKIB po0040i pimnan. OTHAK OCKIJIBKH JIIHIHA MIBHIKICTH
npu o0epTaibHOMY pycCi MpoIopILiiiHa pajiycy, TO 3aKOHOMIpHO, II0 3HOC TOPIiB IIECTEPEHb 1
TOPIB BTYJIOK, IO CIIOJIYYatOThCS 3 HUMH, HEPIBHOMIPHUN 3 SIBHOIO TCHJICHINEIO 30UIBIICHHS B
HaNpsAMKY Bl LeHTpYy A0 nepudepii. Kpim Toro, HepiBHOMIpHMI 3HOC JeTajieil y 3a3Hau€HOMY
MOETHAHHI, BHACIIOK OWUTTSA TOPIS MIECTEPHI, Yepe3 HETOYHICTh il BUTOTOBIEHHS 1 CKJIaJaHHS
Hacoca, MOPYILIeHHs CIIBBICHOCTI HOro MPUBOY, @ TAKOXK IEPEKOCY BChOTO BY3Ja, 110 Kayae, yepe3
MPOTPECYIOUMA 3HOC KOJIOASA31B KOPIYCY 1 30BHIIIHBOTO JlaMeTpa BTYJOK, HPHU3BOIUTH JIO
CYTTEBOTO 301JIBIIICHHS] BUTOKIB YU€pe3 TOPIIEBUI 3a30D.

3HOIIYBaHHSA LIECTEPEHb JICIIO0 MEHIIE 32 BEIMYMHO0, HIK 3HOC JeTalei, 0 CHOIy4atoThCs.
OpnHax i 11i 3HOCH poOJIATH CBiil BHECOK Y 301JIBIIEHHS 3a30piB Y BIAMOBIAHUX CIIOTYyYEHHSX.

Cnin 3a3HaunTd, MmO TeopeTnyHa oO0'emHa momada (OIl) Hacoca BW3HAYAETHCS JIMIIE
reOMETPUYHUMH MTapaMeTpaMu aKTUBHUX €JIEMEHTIB Hacoca - IECTePEHb.

[Tpy oMy pO3paxyHOK IMOKa3ye, IO 3MEHIIEHHS BUXIJHUX MapaMeTpiB LIECTEpPeHb Hacoca
HIII-46 no 30BHiIIIEROMY niameTpy Ha 0,8 MM, a o mupuHi 3yda Ha 1,0 MM [5], 1110 € rpaHUYHUMEU
3Hocamu, 3HWKye OIl Hacoca Ha 12,3%. VYV TOH e Yac EKCIepUMEHTAJIbHI JOCITIIKCHHS
MOKa3yI0Th, 1[0 HE3HAYHI 3HOCH LIECTEPEHb M0 30BHIIIHBROMY niameTpy B Mexax 0,03...0,08 mm i
no mmpuHi BiHug mectepHi Ha 0,1 MM 3HmKye Ol Hacoca Ha 10...15 %. OcHOBHA MpUYMHA LIBOTO
HETaTUBHOTO SBHINA - II€ TOPYIICHHS TEePMETUYHOCTI MDK TOPOKHUHAMM HArHITaHHA 1
BCMOKTYBaHHSI Hacoca BHACJIIJIOK MOPYIICHHS BUXITHUX TOCAIOK 1 YTBOPEHHS 3a30piB y BCiX 0e3
BUHATKY 3’ €IHaHHSX , a TAKOK HEPIBHOMIPHOTO XapaKTepy 3HOIIYBaHHS JeTalieii Hacoca.

OnauM 3 HAWOUTBII HABAaHTAXXEHUX 1 BIAMOBIMATBHUX 3 €HAHb € 3 €THAHHS IIECTEPEHb
Hacoca IO E€BOJBBEHTHOMY Mpo(digio, mo Oe3rmocepeiHbO BiJOKPEMIIIOE HAIIPHY MOPOKHUHY
Hacoca BiJ BCMOKTYHOYOi. JIiHisS KOHTaKTy 3y0iB Ma€ PyXJIMBUN XapakTep. 31 30UIbIMIEHHSM 3a30PY
10 JTiHI{ KOHTaKTYy 3y0iB mectepens 3 0,05 1o 0,3 MM BUTOK uepe3 3’eqHaHHs 3pocTaroTh 3 0,258 107
% 10 55,6 10° M/xB [5].

YacTka BUTOKIB 4epe3 3’€HAHHs 3yOiB IIECTEPEHH MO €BOJBBEHTHOMY NpOQiII0 3a3BUYAi
JEXUTh B Mexkax 3,5...8,2% [1], a B okpemux Bunaakax moxe pocsratu 80% [5]. Ognak goci nurie
y po0OoTax OKpEeMHX JOCITITHUKIB MPUAUIIETHCS HAJC)KHA yBara 3a3HAYCHOMY 3’ €IHAHHIO. Tak
I6parimoB P.A. [5] BBaxkae 3a HeoOXiJHE NPU PEMOHTI HACOCIB BUMPABISATH MOXUOKY HAMPSIMKY
3yOiB IIECTEpeHb MICBIHTYBaHHSAM. Y TOW JXK€ 4Yac DS aBTOPIB BBaXKarTh, 10 Npodims 3yda
3HOMIYETHCSI PIBHOMIPHO MO BCill MKpHHI 3y0a, BeJIMUrMHA 3HOCY He3HAUHA 1 MPAKTHYHO HE BIIMBAE
Ha poOOTy Hacoca 1 B TEXHIYHUX BUMOTax Ha KaliTaJlbHUNA PEMOHT arperaTiB TipaBIidYHUX CUCTEM
el mapaMeTp He BKIIOUEHHUH 10 KOHTPOJIbOBaHUX J1e(DEKTiB.

HepiBHOMIpHUI OJHOCTOPOHHINM 3HOC, SK KOJOMAA31B KOPIYCy, TaK 1 BTYJOK 3 OOKYy
MPOTHUJICKHOI CHIIOBOMY Ti/IpaBlIiYHOMY BIUIMBY HAmNopy PiAMHU NMPU3BOIUTH O 3MIIIEHHS BCHOTO
By3J]a, 10 Kayae, B 01K KaMepu BCMOKTYBaHHA. B pe3ynbraTi 11boro 3 00Ky KaMepu HarHiTaHHS Ha
BCIO TJIMOMHY KOPIYCY YTBOPIOIOTHCS CEPHOBHIHI 3a30pH MiX BY3JIOM, IIO Kayae, 1 MOBEPXHEIO
koprycy. [lo Mipi 3HOIIYBaHHS KOPIYCY, BTYJIOK, @ TaKOX BIHLA 1 Larn¢ MecTepeHb Mo JiaMeTpy
CEpIOBUAHI 3a30pH 301MBIIYIOThCS. BHACHIIOK LBOrO BiOYBa€eThCS 3OUIBIICHHS MOPOKHUHU
BHCOKOTO THCKY Ta 3MEHIICHHS MEPEXiHOT 30HH BiJ MOPOXHUHH BCMOKTYBAHHS JI0 TIOPOKHHHU
HarHiTaHHid. B pe3ynpTari 301bLIYIOTBCS BUTOKHM 4Yepe3 pajialbHUN 3a30p, 30UIBLIYIOTHCS
HaBaHTaXXCHH Ha 1andu mecTepeHs 1 BTYJIKU 4epe3 3pOCTaHHs BIIMBY HEBPIBHOBA)KEHUX CHII, 1110
cripusi€ 3017bIIEHHIO YMOB POOOTH IIPHU 3’ €IHAHb HACOCA 1 MPUCKOPEHOMY 3HOCY HOTO JeTanei.

Kpim 1poro cymapHe 3HOIIYBaHHS KOPIYCY, BTYJIOK, IECTEPEHb MPU3BOANUTH 10 301IBIIECHHS
MDXKIIEHTPOBOI BIJICTaHI 3a4eIUICHHS IIeCTepeHb Hacoca - A [5, 6]. 30UIbLICHHS MIXOCHOBOT
BiJIcTaHl — A;, a TaKoXX 3pOCTaHHS 3HOCY IIECTePEHb IO 30BHINIHBOMY JIaMETPy CIIPHUSE
smenmienHio OIl Hacoca Ta 3MEHIICHHIO Koe(dillieHTa NEepeKpUuTTs 3y04yacToro 3aderuieHHsS
HIECTEPEHb Hacoca. Y CIPaBEUIMBOCTI I[bOI'O TBEPIKEHHS MOXHA INEPEKOHATUCS 3 HACTYIMHHX

aHAINTUYHMX 3aJIEKHOCTEH 00'eMy poOouoi kamepu Hacoca — (g Ta Koe(ilicHTa IEPEKPUTTS

3y04acToro 3a4ericHHs] —€ BiJl IIUX BEJIUYHUH [6]:
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ne M - Moaynb 3y0UacToro 3a4eryieHHs, MM;
Ol - KyT 3y04acToro 3a4eruieHHsl.
Koegiuient K, axuii 3anexuts Big koeillicHTY NEepeKPUTTs 3y04YacTOro 3a4ellieHHs - € i
BU3HAYAETHLCS 1 BIAMOBIAHOCTI 10 3aJIEXKHOCTI
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k=4-6-g¢+3-¢ (4)
Ie € - Koe(ilieHTy MEePeKPUTTS 3y0UacToro 3a4eryieHHs 1 BU3HA4Ya€ThCs 3a GOpMYIIOr0

2 2 :

\/De —dg —A, -sina
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ne d, - giameTp OCHOBHOTO KOMIa, M;
d,=m-z-cosa, (6)

JIe M — MOJYJb 3a4YeTUICHHS, M;
Z — 4ucIio 3y0iB IIECTEPEHb;

. 0 o
O - KYT BUXI/IHOTO KOHTYpY, CTaHIapTHE 3HaueHHs O, = 20 nii a

Ol - KyT 3y04acToro 3a4eruieHHs, rpaji.

3 BMILEBHUKIAJCHOIO BUIUIMBAE, IO Mpale3/laTHICTh HAacoca 3ajJeKUTh BiJl CTaHy 3 €HaHb
neraneil Hacoca. 3HOLIyBaHHs JeTajeld Hacoca NMPU3BOAUTH 1O MOPYLIEHHS BUXIJHUX MOCAI0K
neTanei, Mo 3’€IHYIOTbCS, TEOMETPUYHMX TapameTpiB Hacoca. lle chpuumHsE 3pocTaHHA
BHYTPIIIHIX BUTOKIB poOOYOi PiAMHU Yy HACOCI Ta MOTIPIICHHS HOTO TEXHIYHUX XapaKTEPHCTHUK.
3a3HaueHl HETaTHBHI MPOIECH TMOCHIIIOIOTHCSI HEPIBHOMIPHICTIO 3HOIYBaHHS feTaneil. [Ipu mpomy
BUTOKM pOOOYOi PIJMHM BH3HAYAIOTHCS BEIMYMHOIO 3a30piB y BCiX 0€3 BHHATKY 3 €IHAHHIX
Hacoca.

Opnnak muTOMa Bara BHYTPIMIHIX BHTOKIB poOOYOT PIIMHU Y HACOCaX 3aJICKHTh B KOKHOMY
KOHKPETHOMY 3’€JIHaH1, KpIM BEJIMYMHHU 3a30py BiJ BUTOKIB pOOOYOI PiIMHU B IHIIMX CIIOJIYUYEHHSIX
Hacoca, 1 pi3HUI Ha PI3HUX CTAAIsIX eKCIUTyaTallii Hacoca Ta B pi3HUX yMOBaXxX eKcILTyaTalii Hacoca.
3BifIC BWILTUBAE HEOJAHO3HAYHICTH OI[IHOK BHUTOKIB POOOUYOI PIUHHU PI3HMMH aBTOpaMHU uepe3
3’e¢lHaHHSA Hacoca. ToMy 1€ NHMTaHHS BHUBYEHO IIOKM IO HEAOCTaTHRO IIOBHO 1 MOTpedye
JOTATKOBUX JTOCHIIKEHb, 30KpeMa, B TEOPETUIHOMY aCIEKTI.
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VK 629.332

PEI'Y/IBOBAHE IIEPEXPECTA 3 PO3YMHHM CBIT/IO®0OPOM

LB. I'eBKko, npog., 0-p mexu. nayx,

P.B. XopomyH, acucm.,

T.[. HaBpousbka, kaH0. mexw. HAYK,

B.P. I'eBKoO, xauo. exon. Hayx,

Tepuoninvcokuil HayioHanbHULU MmexHiuHul yHieepcumem imeni leana Ilynos, Ykpaina

Opranizamisi JOpPOXKHBOTO PyXy BH3Haua€e sK O€3MeKy OpPOXKHBOTO pPyXy, Tak 1
e(eKTHUBHICTh aBTOTPAHCIIOPTHUX TepeBe3eHb. Opranizaiis e(peKTUBHOro pyxy Ha peryabOBaHUX
MepexpecTsx MOBHHHA 3a0e3MeuyBaTH 3a3HaUYCHI MapaMeTpH 1 3HIKCHHS HEMTPOTyKTUBHHUX BHUTpAT 1
MIPOCTOIB, SIK MIIIOXO/iB, TaK 1 BOJIIB 3 TPAaHCIIOPTHUMHU 3aCO0aMHU.

["'010BHOIO METOIO PO3POOJICHHSI PEryJbOBAHOTO MEPEXPECTS 3 PO3YMHUM CBITIOPOPOM €
CTIPUSTHHSI MAaKCUMAaJIbHIM IHTEHCHBHOCTI pyXy Ta MiHIMi3allii IpOoCcTOiB Ha HUX aBTOTPAHCIIOPTHUX
3aco0iB Ta MIMIOXOIB, IO CIPUATAME 3MEHIIICHHIO:

- HETIPOIYKTUBHUX BUTPATH MaJMBa aBTOMOO1IIB ITPU OUYiKyBaHHI;

- POCTOIO TPAHCIIOPTHHUX 3aCO0IB 1 BOJIITB Ta 301IbIIIEHH] IHTEHCUBHOCTI 1X PyXY;

- 3a0pyIHEHHS HABKOJIMITHBOTO CEPEIOBHIIIA.

Bigrak 3 MeTO0 YHUKHEHHS HaJUIMIIKOBUX BUTpPAT MajuBa, HENPOJYKTUBHOIO Yacy
MIPOCTOK0 TPAHCIOPTHUX 3acO0IB Ta iX BOIIB YW MIMIOXOIB, a TAKOX JTOJATKOBOTO 3a0pyTHEHHS
HaBKOJIMIIHBOTO cepefoBuiia [1] Hamu po3poOsIeHO peryinboBaHE MepexpecTss 3 PO3yMHUM
cBITII0(OpOM, CXEMY SIKOTr0 300pakeHo puc. 1.

PerynroBane nepexpecTsi 3 po3yMHUM CBITI0(OPOM CKIIafaeThes 13 onop cBiTiiodopa 1, mo
PO3MIIIeHHI 3 000X CTOpPIH JOPOXHBOTO TOJOTHA 2 Ha mepexpecti 3. B omopax csiTinogopa 1
BCTaHOBJICHI CBITIOQOpPHI TyMOH 4, B IKMX BMOHTOBaHI CEHCOpHI JaTUYUKU PYXy S5, MO PIKCYIOTh
3aBYaCHY IOSIBY y HANpPSIMKY PYXY /10 HUX TPAHCIIOPTHHX 3aC00iB 6 UM MMOXOIB 7, MaHi 3 SKUX
CEHCOPHO TMEepeNaloThCsl y MNpWIaj BUpaXyBaHHA HAOJMMKEHHS /0 TepexpecTs TPaHCHOPTHUX
3ac00iB 6 4M MIMIOX0IiB 7 (Ha PUCYHKY HE MTOKA3aHo).

PerynboBane mnepexpects 3 pO3yMHHMM CBITJIOPOPOM IMpallo€ HACTYMHUM 4YuHOM. Ilpm
IHTEHCUBHOMY PYC1 TPaHCIOPTHUX 3ac001B 6 YW MIMIOXOAIB 7 PyX Ha MEPEXPecTi 3 peryatoeThCs
NEPIOANYHOIO MOAAYEI0 JO3BOJISIOUMX 1 3a00pOHSIOUMX CUTHAIIB 13 cBiTiIodopHuX TyMO 4. Ilpn
3MEHILEHH]I IHTEHCUBHOCTI PyXy 1 BIJIHOCHO P1JKii MOSB1 TPaHCHOPTHUX 3ac00iB 6 Y MIIIOXO/1B 7
Ha mepexpecTi 3 pyx Ha HbOMY PEryJIIO€ThCs MPUIIaJOM BUpaXyBaHHS HAOJIMKEHHS 710 EPeXpecTs
TPaHCHOPTHUX 3aco0iB 6 uM mimoxoAiB 7 (Ha pUCYHKY He moka3aHo). [Ipm npomy mnosiBa
TPAHCHOPTHUX 3ac00iB 6 YW MIMIOXOAIB 7 Ha JOPOXKHBOMY IOJIOTHI 2, HIBHJKICTH iX pyXy Ta
BIJICTaHb 0 mnepexpects 3 (IKCyeTbCs CEHCOPHHMHU JaTYMKaMM PyXy S5, 3 SKHX JaHl CEHCOPHO
NEepesaloThesl y MpUila] BUPAaxXyBaHHS HAOMMKEHHS JI0 MEpexpecTs TPAHCHOPTHUX 3aco0iB 6 uum
MIoXoiB 7 (Ha pUCYHKY HE MOKa3aHo). BpaxoByrouu nepeBakHe MpaBo NEPETHHY YU HANIIBUIIIC
HAOMIDKEHHS 10 mepexpecTss 3 TPaHCHOPTHUX 3ac0o0iB 6 4M MIMIOXOAIB 7 MpUIIa] BUPAXyBaHHSI
HaOIMHKSHHS JI0 TIEPEXPECTSI TPAHCIIOPTHUX 3ac00iB 6 UM MIMIOXO/IB 7 (Ha PUCYHKY HE TTOKa3aHO)
M0JIa€ CUTHAJIM Ha BMUKAHHS JI03BOJISIIOYOTO PyXy CBITJIA Y BIANOBIAHUX CBITIO(OpPHUX TymMOax 4
JUISL TPAHCTIOPTHUX 3aco0iB 6 YK MIIIOXOIB 7, SIKI MalOTh IMEpPEBaKHE MPABO IMEPETUHY YU
HaWmBHIIE HAOTHKEHHS JI0 Tiepexpects 3.

Takum 4YMHOM 3alpONIOHOBAHE PETYJIbOBAaHE IEPEXPecTs 3 PO3YMHUM CBITIO(HOPOM
J03BOJINTH ~YHUKAaTH HA/UIMIIKOBUX BHUTpPAT MAlKBa, HENPOJYKTUBHOTO Yacy MPOCTOIO
TPAHCIIOPTHUX 3acO0IB Ta i1X BOMIIB YM TIIIOXOIB, a TaKOX JOJATKOBOTO 3a0pyTHEHHS
HaBKOJIMIIIHBOTO CEPEOBHIIIA.
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Pucynok 1 — PerynpoBane mepexpecTs 3 pO3yMHUM CBITIO()OpOM

Crucok BUKOPUCTaHUX JKepell

1. I'eBko 1., T'ynp B.., MatBiimua A., ['eBko b. CeHcopHuii peryiboBaHUi MIIIOXITHUH Tepexin 3 po3yMHHM
ceitiopopom / UerBepra BceyKpaiHChKa HAyK.-TeXH. IHTepHeT KOoH(}. "IHHOBaILiiHI TEXHOJOTil PO3BUTKY
MaIIMHOOY/JyBaHHS Ta €(PEKTUBHOTO (hYHKIOHYBaHHS TPaHCIIOPTHUX cucteM' . PiBHe, 26 - 27 kBitHs, 2023. — c.

150-151.
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VIIK 629.3

IJIBUIIIEHHA PECYPCY MOTOPHHUX OJIUB BPAXYBAHHAM
PEXHMIB EKCILIVATALII ABTOMOBLIIB

C.®. [loconcbkuid, 00Yy., KAHO. MeXH. HAYK,

Xmenvnuyvkuii HayionanebHUull YyHieepcumem, Ykpaina,

B.II. Iletanenko, nazicmp

€.K. ConoBux, npog., 0-p mexu. nayx

C.€. Katepunu4, 0oy., KaHo. mexH. HAYK,

LlenmpanvHoykpaincokull HAYIOHATLHUL MeXHIYHUL YHieepcumem, Ykpaina

SkicTh MOTOpHOI ONMMBU O€3MOCEpPENIHbO BILTMBAE HA HAIIWHICTh Cy4aCHUX ABUTYHIB. Y
Mpoleci eKCIUTyaTalii TpPaHCIOPTHUX 3aco0iB BiMOyBaeThCs 3MiHA (I3UYHHX Ta XIMIYHHX
BJIACTUBOCTEH MOTOPHOT OJIMBH.

BaxuBiCTh MOHITOPUHTY CTaHY OJIMBU OOYMOBJIEHO HACTYITHUMH CTaTUCTUYHUMHU JTaHUMHU:
3a pesyapTaTamu aHamizy 640 3pa3KiB IpaIroYoro MacTUIBHOTO MaTepiaiy, BiIiOpaHuX Mmpu 3MiHi
OJIUBH B JIBUTYHAX JIETKOBUX, BAHTAXKHUX aBTOMOOLIIB 1 aBTOOYCIB, 110 €KCIUTYaTyBaJIUCs B PI3HUX
yMOBax CBIJ{4aTh Mpo Te, M0 y 28% aBTOMOOUIIB B MOTOPHIHM OJUBI 0YyJ10 HENPUITYCTUMO BEJTUKUI
BMicT naymBa (noHan 4%), 8% ABUTYHIB aBTOTPAHCIIOPTHHUX 3acO0iB MPAIFOBAIHM HA BOJOOIHBHIN
EMYJIbCII.

Posrmsimany  onMBH  pi3HOTO TMOXOMKEHHS — MiHEpalbHi, CHHTETWYHI, 3MilllaHi, SKi
3HaXOATh INMUPOKE 3aCTOCYBAaHHS Yy TPAHCIOPTHUX 3aco0ax. TakoK po3risgalii MOKIHBOCTI
3aCTOCYBaHHS BICKOLIUTBHOMIPIB AJI1 KOHTPOJIIO MOTOPHUX Ta TPAHCMICIHHUX OJIMB.

3'scoBaHa OCHOBHA (DYHKIIisl OJIMBH Y CTBOPEHHI TOHKOTO OJIMBHOTO IIAPY MiX MOBEPXHSIMHU
CTIPSDKCHUX JIETaJIeH, 110 3HAXOAATHCS B BIIHOCHOMY PYCi, THM CaMHUM BHKIIIOYAIOUU CyXE TEPTS
MDK TOBEpPXHSMHU Ta 3MEHINYIOUM iX 3HOC. [IpucyTHICTH ONWB Bifirpae iCTOTHY poOJib B
OXOJIO/DKEHHI IIOBEPXOHB TEPTSI, & TAKOXK Y MIATPUMIII IX UUCTOTH.

VY mporneci ekcruryaTariii i3uKo-XiMiuHI BJACTUBOCTI OJIMBH TMOTIPIIYIOTHCS, IO Beae A0 ii
CTapiHHs. BUsABIEHO,II0 MpOLECH CTapiHHS CHJIBHO 3aJ€KUTh BiJl YMOB eKcIulyaTamii onuB. B
SIKOCTI OCHOBHUX MPHUYHH CTapiHHS MOTOPHHX 1 TPAHCMICIHHUX OJIMB MO’KHA Ha3BaTH OKUCIICHHS,
3a0pyIHEHHSI OJIMBU TBEPJAMMH YaCTUHKAMH BHACIIIOK 3HOCY, a TAKOK NOTPAILISIHHS B OJIUBY BOAU
(st MoTopHUX OJMB). [IpoaHasi3o0BaHO BENMKY KUIBKICTh MApaMeTpiB, MPU3HAUYEHUX ISl OTMHCY
CTapiHHS OJIUB.

BusnayeHo, 1o 3 OCHOBHUX Mpo0jieM aBTOMOOUIBHOIO TpPaHCHOPTY € MpolieMa
e(EeKTUBHOCTI iX BUKOPUCTAHHS B 3aJISKHOCTI BiJl peXMMIB eKcrutyaraiii. Peamizamis moBHOTO
pecypcey, 3aKIaJeHoro y By3il abo arperari, MOKIIMBA JIMIIE 32 YMOBU BUKOPUCTAHHS MaCTUIBHUX
MaTepialliB Cy4acCHOTO TIOKOJIIHHS, IO TIOBHICTIO BiJMOBIAaIOTH YMOBaM eKCIUTyaTamii Ta
KOHCTPYKTUBHUM OCOOJIMBOCTSIM TPAHCTIOPTHOTO 3aC00Yy.

Kpim 11p010, 011iBa, 110 TMpairoBaia B arperarti, € HocieM iHdopmMarllii mpo TepMoANHAMIYHI,
XiMi4Hi Ta TpUOOJIOT1YHI MPOLECH, 110 BiIOYBAIOTHCS B MACTHIIBHII cUCTEMi aBTOMOOLIIS.

3MiHa TEXHIYHOTO CTaHy JIBUTYHAa BHYTPIUIHBOI'O 3TOPSHHS MiJl 4Yac eKcIulyaramii abo
BUHHUKHEHHS 30010 B po0OOTI HOTr0 CHUCTEM MO’KE€ BIUIMHYTH Ha CTaH MOTOPHOI OJMBH. Y Mpoleci
eKCIUTyaTallii OJMBM BUKOHYE (YHKLIi HaKoNW4YyBaya MPOAYKTIB 3HOCY 1 3aOpyAHEHb, IO
YTBOPIOIOTHCS T1J] Yac poOOTH JIBUTYHA, aJie 11€ MPU3BOJMUTH JI0 3MIHM OCHOBHHX IMOKAa3HUKIB SIKOCTI
OJIUBH).

3HOCOCTIMKICTh TpUOOCHpsDKeHb ©araro B YOMY BHM3HAYA€THCSA MPOLIECAMH, IO
BiIOYBalOTbC Yy  (PpUKLIHHOMY KOHTaKkTi, TOOTO peajlbHHMMM HaBaHTa)XyBaJIbHUMH Ta
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TEeMIepaTypHUMH PEKUMaMH, sIKi B MIPOIEC] eKCIuTyaTalii TpuOOCIIpsKEeHb eTanei 3MIHIOIOThHCS 1
HaNOUIbII IBHO BUpaXkeH1 y yacl. Hali01ab1 3araapHUi BU 3aJI€KHOCTI CTAHOBUTH CyMapHUN 3HOC
Bil Yacy poOOTH AeTaneil TpuOOCHpsKEHHS. 3aleKHICTh NIBUIAKOCTI 3MIHM 3HOCY B 4Yaci BiJ
BUXIJIHOTO, HYJBOBOTO pIiBHS Ui HOBUX JeTaJeld 10 JOMyCTUMOIrO, BHIIE SIKOIO HAacTae
KatacTpo(iuHUM 3HOC 3 MOJAJBUIMM PYHHYBAHHSM IOBEPXOHb JeTayneld. BuiineHo mpuHIMIIOBI
BIZIMIHHOCT1 BIJPI3HAIOTBCA B 4Yaci 1 3a MEXaHI3MOM TPbOX CTaJiid MPOIECIB 3HOIIYBAaHHS
TpUOOCIIPSIKEHB JIeTalIeH.

[lepma cragis 3HOUIYBaHHS, TPHUBAIICTh $AKOi CTAHOBUTh HE3HAYHUM Yac poOOTH €
MPUIPAIIOBAHHAM TPUOOCHPSKeHb Jeraneil. Y 1eill mepiof BinOyBarOThCS MPOLECH 3MiHU
reoMeTpii MOBEPXOHb TEePTA Ta (PI3MKO-XIMIYHHX BIACTHBOCTEH 000X (PPUKLIHHUX MaTepiajiB, 10
B3a€EMOIIIOTh.

VY cBoOIO uepry, 3Ha4Hi TEPMOLMKIIYHI HANPYXEeHHs, 110 BiJOYBaOThCS B 30HI (PPUKIIITHOTO
KOHTaKTy, MOXXYTh BIUIMBATH 1 Ha (pa30Bi MEPETBOPEHHS, IO BiIOYBAIOTHCS B MMOBEPXHEBUX IIapax
JeTaJIen.

[IpaBuibHE 1 cipsMOBaHE BUKOPUCTaHHS LUX SIBUIL 0araTto B 4OMY BIUIMBA€ Ha MPOIECH,
MOB'sI3aH1 3 MPUIIPALIOBAHHSAM JI€TaleH, 1, B KIHIIEBOMY PaxXyHKY, Ha BUTPATH €HEPrii 1 MarepiaiiB 1
TPUBAJIICTh POOOTH TPUOOCTIPSIKEHB JICTATICH.

VY mporieci npunpairoBaHHs NpH TEPTi BUAUIAETHCS BEIMKa KUIBKICTh MaTepialy AeTalew,
110 3a 00CAroM piBHA 3HOCY TPUOOCTIPSKEHB JeTaylell map TepTs 3a BeCh TePMiH ekcrutyartauii. [1in
yac TMPUIPALIOBAHHS 3TJIaJDKYIOTBCA 1 3HAYHOIO Mipor0 "3HIMAOThCA" HEBIAMOBIIHOCTI B
KOHCTPYKIIii By3Jla TEpTs, MPUAOaHI SK MPU BUTOTOBJIICHHI MOTO JeTanei (HaNpHKIad, Taki, sK
HEJIOTPUMAHHS B IUIOMIMHHOCTI, BIAXWJICHHS B KyTaxX 1 JiaMeTpax KOHTAKTYIOUMX JeTajiei), TaK 1
NIpY CKJIaJaHHI iX TpuOOCTIpsKEHb (HeIOCTaTHS 1MocajIKa, ePeKocH 1 T.1.).

OoOkartka a0o0 TmpUIMpaIfoBaHHs JIBUTYHA € HEBI'€MHHAM E€TarioM MEPEeBIPKU BUTOTOBJICHOTO
abo TOro, 110 NMPOHIIOB KaliTaJlbHUI PEMOHT ABHUIYHIB. 3a JIOIIOMOIOI0 OOKaTKU KOHTPOJIIOETHCS
SKICTh HOBOTO JIBUT'YHA, aJie il BUABISAIOTHCS MPOOJIEMH, MOB'sI3aHi 3 SIKICTIO 11 MPOBEIECHHS.

[lix wac mpyroi crazii 3HOUIYBaHHS, TEPTS CTAOLTI3YETHCS, IHTEHCUBHICTH 3HOIIYBaHHS
3HWKYETBCA M y CepeIHbOMY 3alIMINAEThCS Mail’ke HEe3MIHHOKW. BUHATKOM MOXyTb OyTH OKpeMi
CIUIECKM Ha IIH 3aJIe)KHOCTI, BUKIMKAHI MOPYIICHHSIMHU B PEXUMI eKCIuTyaTalii By3miB TepTs. [1in
qac 3allyCKy JBUTYHA IPU HU3BKUX TEMIIepaTypax, KOJIU y TPUOOCHPSIKEHHS 1€ HE MOTPANUIIOo
oJMBa, 200, KOJNM JalOTh 30BHILIHI BIUIMBU 1 B 30HI TEpPTsl yTBOPIOETHCS OJMBHE TOJIOJYBAaHHS,
HANPHUKIIAJ, PyX MO KpyToMy TigiioMy. Lli criecku IHTEHCUBHOCTI 3HOITYBAHHS 3a3BHYall OyBarOTh
HETPUBAJIMMHU 1 TOMY CHJIBHO CIIOTBOPIOIOTh 3arajlbHy KapTHHY IHTEHCHBHOCTI 3HOLIYBaHHS
TpUOOCIIPSKEHB JIeTalleil MallHH.

VY mporeci mocTyrmoBoro 3HOIIYBaHHS 301TBIIYIOTECS 3a30pU B TPHOOCTIPSDKEHHSIX JIeTanen
ABUryHa. lle mpu3BOANUTE 10 TOrO, 110 IO KIHLS IIbOTO MEpioy 3HOLIYBAaHHS CIPSKEHHS JAeTanei
M1BUIIYETHCSI, 30BHIINIHI BIUTMBY BIUIMBAIOTH CHIBHIIIE, 1 MEpioj] MoA0 cTabimpHOI poOOTH By3ia
a0o arperarty 3aKiH4Y€ThCSI.

Tpets crazis 3HOIIYBaHHS MOYMHAETHCS 3 TOJI, KOJM MijJ BIUIMBOM Pi3HUX (DAKTOPIB Pi3KO
301IBIIYEThCS IHTEHCHBHICTh 3HOLIYBaHHS, JOCSATAIOYM CBOTO KaTacTpO(i4HOTO 3HAYCHHA, 1
TPUOOCTIPSDKCHHST  JIeTaJIe BUXOAWTHh 3 Jamy. JIis pi3HMX MaTepialiB Ta KOHCTPYKIIIH
TpUOOCIIPSKEHHs TpE/ICTaBIeHl BUINE CTajAii 3HOUIyBaHHA OyayTh PI3HUMM 3a BEJIMYMHOIO Ta
KPYTICTIO XOAYy KpUBHX, MPOTE 3arajJbHUNA Xapakrep iX 3a ¢opmoro 30epiraerscs. [lomani Hopmu
mpo0iry 70 KamiTaJbHOTO PEMOHTY BIAMOBIIHO 1O YHHHUX HOPM TEXHOJOTIYHOTO MPOEKTYBAHHS
MiIPUEMCTB aBTOMOOUIBHOTO TPAHCIOPTY.

Po3rnsiHyTi pi3HI KOHCTPYKTHBHI PIICHHS BUKOHABYMX TPHUCTPOIB JUIA JIarHOCTUKU CTaHy
OJIMBHM B TPAHCHOPTHHX 3ac00ax B PEKUMI peaslbHOro 4acy. BusiBieHi nepeBaru ta HEJOJIKU LIUX
IIPUCTPOIB.
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Po3pobneHo excnepuMeHTaIbHy YCTaHOBKY JUISL JTOCHIJPKEHHs B'I3KICHHUX BJIaCTUBOCTEH
MOTOPHOI OJUBHU. TakoX po3poOJIEeHO METOAUKY OOPOOKH OTPUMAaHUX €KCIEPUMEHTAIbHUX JaHUX.
[TpuHn poOOTH BUMIPIOBAIbHOI YCTAHOBKM I'PYHTYETHCSI HAa BUMIPIOBAHHI €KCIIEPUMEHTAIBHUX
JaHUX YJIbTPA3BYKOBHM METOJIOM Ta 31CTABJICHHS 3 JaHUMH, 3HATUMH 32 JIOTIOMOTOI0 KalJIipHOrO
Bicko3umeTpa. L{g MeTonuka Oyna nepeBipeHa B X0/ €KCIIEPUMEHTY L10JI0 BUMIPIOBAaHHS B'SI3KOCTI1
Ta 4acy MPOXOKEHHS YJIbTPa3ByKOBOI'O CUTHAIIYy €TAJIOHHUX P1KH.

BukopucTanHs 3amporoOHOBAaHOI YCTAHOBKH JI03BOJII€E BUMIPIOBATH B'SI3KICHI BJIACTHBOCTI
MOTOPHOI OJIUBU. B pe3ynbTaTi ekcrnepuMeHTaIbHUX AOCIIIKEHb Oynu moOyaoBaHi rpadiku, 3a
SKMMHU TOOIYHO MO’KHA BU3HAYMTHU B'SI3KICTh MOTOPHOI OJMBHU. BUKOPUCTOBYIOUM MOKa3HUK 3MIHU
B'I3KICHMX BJIACTHBOCTEH MOTOpPHOI OJIMBM, MO’XKHA BU3HAUUTH CTYMiHb HPUIATHOCTI OJIMB. 3a
JIOTIOMOTOF0  IT'€30€JIEKTPUYHOTO TEePETBOPIOBaYa BHU3HAYEHO PIBEHBb B'SI3KOCTI JOCIHIKYyBaHUX
MOTOPHUX OJIMB.
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VIK: 629.113

3ACTOCYBAHHA METOZY J. RIERA Jl/TA MOJAE/TIOBAHHA
@DPOHTA/IBHOI'O Y/IAPY KY30BA ABTOBYCA

K.E. FOJICHKOl, CM. BUK]L., KAHO. MeXH. HAYK,

M.O. I[nxal, 00yY., KAHO. MeXH. HaYK,

B.O. I[nTnmmcl, UK.,

0O.C. KOBTyﬂl, acn.,

M.B. reTbMaﬂl, acn.,

0.3. Top6aii’, npog., 0-p mexn. nayx,

A.B. Faﬁz, mazicmp,

1)Gweﬂbnuubkuﬁ HayioHanvHull yHieepcumem, Ykpaina
Hayionanvhuii yuisepcumem "Jlvgigcoka nonimexuixa", Ykpaina

Amnani3 Oe3neku aBTOOYCIB B yMOBaX ()pOHTAIBHOTO yAapy (Kpami-TecTy) € HEeB1J €MHUM
€TarioM HOPMAaTUBHHUX BUIIPOOYyBaHb Npu cepTudikalii HOBUX MoJeNed Ta JOMyILEHHS IiX 0
eKCIUTyaTallll Ha Joporax 3arajlbHoro kopuctyBaHHs. Lli BUnmpoOyBaHHs cripoeKToBaH1 i iMiTamii
CLIEHapilo 31TKHEHHs aBTOOyca, KOJM HOro mepeiHs YacTHHA B3a€EMOJIE 3 1HIIMM TPAaHCIOPTHUM
3aCO00M YM HEPYXOMOIO TEpeIIKoa0l0. MeTa TakuxX TeCTIB - OIIHUTH 3JaTHICTH aBToOyca
3a0e3nedyBaTd 3aXMCT MACAKUPIB IMiJ] Yac MOIVIMHAHHS €Heprii yaapy HECIBHOIO CTPYKTYpOIO
Kapkacy Ky3oBa. HacTymHi JBa HOPMATHBHI TOKyMEHTH IIUPOKO BHKOPUCTOBYIOTHCS UISL OLIHKH
TOr0, Y1 MOK€ KOHCTPYKLisl BUTPUMYBATH yJaapHe HaBaHTaxeHHs: persiameHT €EK OOH Ne29
(UNECE R29) i Ilporpama ouinku HoBux aBTomMoOL1iB (NCAP). Bunpobysanus NCAP nHa
no6oBuit ymap 3rimHo 3 Bumoramu NHTSA e npocrimmm, Hix permamenT UNECE R29 y
dbopMyBaHHI KpallOBHX yMOB, aje OLIBII PEeCcypco3aTpaTHUH 3 TOYKH 30py KOMIT FOTEPHOTO
MOJYJTIOBaHHS — aBTOOyC pyXaeTbCs JO OKOPCTKOI CTIHM 31 IMIBHAKICTIO 56 KM/Tox
NEePIEeHIUKYIAPHO 0 1 MOBEpPXHI Ta 3aKiHYye BUIPOOYBAHHS /0 MOBHOIO IMOTJIMHAHHS €HEpPrii
ylapy HUM.

IcHye mioHaliMeHIIe JBa MiIXOAU /10 OIL[IHKM YAApHUX HAaBaHTaXXE€Hb, SIKI BUHUKAIOTh y pasi
3ITKHEHHs1 aBToOyca i3 3amizoOetoHHMME OyniBisimu (Bunamok NCAP): meron J. Riera (merton
Piepu) [1-4] 1 monmemroBaHHsA Kpami-TecTy aBToOyca (puc.l) MeTomoM KIHIICBUX €JIEMEHTIB.
[TouatkoBo Monens Piepu (1968, 1980) Oyno po3polbiieHo Ui aHANi3y yIapHUX HaBaHTaKEHb 31
CTOpPOHHU JIiITaKa Ha BIJHOCHO OPCTKY OJHOPIIHY KOHCTPYKIIIO (HAMPHUKIAA, CUILHO YKPIIUICHOT
3aXMCHOT OOOJIOHKH SIEPHOTO PEaKkTopa). AKTYalIbHICTh IILOIO METOAY 3HOB HalOyna OiLIbLIOro
3HAYCHHS TIiCIIs 3pyiiHyBaHHs OymiBens BeecBiTHBOrO Toprosoro uentpy B Horo-Mopky, komu asi
roJioBHi Bexxi komruiekcy BTLL Oynu BpakeHi BUKpaJIeHUMH KOMEPLIHHIMHU aBialaifHepamH.

Pucynoxk 1 — Hatypni BunpoOyBaHHsI Ha BCTAHOBJICHHS O€31eKH npu (PpOHTAITHHOMY yIapi: a)
29,76 xm/rop - Ikarus 411; 6) 56,32 km/rox (NHTSA) — MCI D-Series
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Meton Piepu siBnsie co0Or0 aHATITHUHE MOJCTIOBAHHS, SKE€ MOXKHA 3acCTOCyBaTH W s
OOYMCIIEHHSI YAapHUX Ta IMIYJbCHUX CHJ, IO JIIOTh Ha KOHCTPYKIIIO Ky30Ba aBTOOyca IiJl 4ac
dbpoHuTanpHOrO Kpam-tecty 3riqHo NCAP a6o anbTepHATUBHUX HOPMAaTUBHUX BUMOT (puc. 1).

3anporoHoBaHA HAaMU iiesl TIOJISIrae€ y 3acTOCyBaHHI miaxoxy Piepu g0 ky3oBa aBToOyca,
CTPYKTYpPY SIKOTO MO>KHA PO3TJIAATH SIK MOJEIb, PO3/ICHY CEKIIsIMU HA MacH m;, 10 CHOTy4YeH1
NPY>KHUMHU 3B’ sI3KaMH JKOPCTKOCTI P;:

E(t) = P[x(®©)] + Blx ()] - V(1) 1)
ne: F, — 3arainpHa peakiiis Tiia (Ky3oBa aBrooOyca); P, — 3aranbHa cuia yaapy; x(t) — Biactanb Mixk
CTIHOIO Ta LEHTPOM Mac KOXHOI cekuii; [ — mUToMa IIUIbHICTH aBToOyca; V — 3anuinkoBa
IIBUJIKICTh HEPO3OUTOI YacTHHH aBTOOYCA.

Ky30B aBTOOyca MOXHa COpPOCTUTH A0 MOJAENI CTPUXKHS, IO CIPOIILYE MaTeMaTHYHE
MOJICITIOBAHHS HOTO (PPOHTAIBHOTO yaapy. OCKUIBKU TaKUil CTPUKECHB IIACTHYHO Je(HOpMY€EThCS,
TO BiIOYBAa€ThCA CHOBUIBHEHHS HOro MEHeTpalii B OJAHOPIAHUNA MaTepian CTiHU. THCK MOTOKY B
TOYIl KOHTaKTy MDK JBOMa MartepiasiamMu 3 TeopeMu bepHym1i MOXHa 3acTOCYBaTH AJISI TaAKOTO
PO3PaxXyHKOBOTO BUTMIAAKY W 3allMCATH HACTYITHE PIBHSIHHS JIJIsl BA3HAYCHHSI TUCKY:

P(6) = 5pplV(D) = U()]? = 5 pc U2 (D), )

ne: V — mBuAKicTh cTprkHs; U — MIBMAKICTH IEHETpaNii; p, Ta Py — IYCTHHA CTPHIKHSA Ta CTiHHU
BIZITIOBI/THO, 1110 BU3HAYAIOTHCSI HACTYITHUM YHHOM:

U@ =ve/a+ [Pp) (3)

B 3aranbHOMY BUMAJKy aKkTyaJi3yeMO PO3paxXyHOK CHJIM B3a€MOJIii CTPMIKHS Ta CTIHU Yy NEBHHUH
MOMEHT 4acy i:

dF;(t) = Pi(t) - d4A;, 4
ne: dF;(t) — moBHa moxigHa cuiu; A; — IONepeYHuid iepepi3 CTpIKHA (Ky30Ba aBToOyca) B MOMEHT
yacy .

CyTtb piBHSIHHSA (4) mossirae y BU3HaueHH1 cuiu (peakuii) F; B MOMEHT yacy [ Ha OCHOBI
3MIHHOIO TUCKY P; 3 ypaxyBaHHSM 3MIHHOi 3arajbHOI IUIOLI IONEPEYHOro mnepepisy A;, L0
KOHTaKTye 31 CTiHOWO. 3HaueHHS A; € 3MIHHHUM, OCKUIBKM CTpIDKEHb Je(opMyeThcsl 1 pi3Hi
€JIEMEHTH 3HAaXOISTh KOHTAKT i3 MOBEPXHEI0 yIapy y MOMEHT 4dacy i. Takum 4YuHOM, 3arajibHa
KOMOIHOBaHa peakiist F; Ha KOXXKHOMY KpoIlli 4acy [ Moke OyTH 3acTOCOBaHa JJisi BH3HAYCHHS
YIIOBUIBHEHHS Ky30Ba aBTOOYCa Ha OCHOBI 3aJIUIIKOBO MAaCH HEIOLIKODKEHUX CEKLiH (pHc. 2).

. - sl -

B r

Pucynok 2 — MogenroBanHs (ppoHTanbHOTrO Kpam-tecty y LS-DYNA (kapra gedopmartiii): a) t =
10 mc; 6) t = 80 mc; B) t =120 mC; 1) t = 150 mC

[IpoBenemo MomemtoBaHHS MPOCTOPOBOi depmu (puc. 2), MO CKIATAETHCA 3 7-MU OJHAKOBUX
cekuid posmipom 1x1x1 M, mpuvomy 10 HaAWOLTBIN BigmaleHOi JO YAApHOI MOBEPXHI CEKIIl
npukiageHa maca 5000 kr, a moyaTKoBa IIBUIKICTh yaapy — 56 KM/Toi, IO BIAMOBIIAE
HopmatiBHUM BuMoram NCAP [5,6]. Marepian ¢epmu — Structural Steel NL, 3 HemiHiiHEM
rpadikoM Hampykenb-gedopmariii (o, = 250 MIla, E, = 1,45-10° Ila) y cepemoumi Ansys LS-
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DYNA [7]. B pe3ynbTati BUnpoOyBaHb OTpUMaHi HACTYITHI MakcHUManbHi aedopmarii: 158.9 mwm (t
=10 mc); 1597.7 mm (t = 80 mc); 2297.3 mMm (t = 120 mc); 3120.7 mm (t = 150 mc). MakcumanbHi
HanpyxkeHHa craHoM Ha t = 150 mc cranoBisaTe 1324 MIla (puc.3) i 3HAXOAATHCS HalieKo 3a
TOYKOIO MEX1 TEKYYOCTI 3aCTOCOBAHOTO Y PO3PaxyHKy MaTepiaiy.

11/18/2023 9:00 PM
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Pucynoxk 3 — Kapra nanpyxens pepmu y LS-DYNA (t = 150 mc)

3a pe3ynbpTaTamMu MOJETIOBaHHS (POHTAJIHLHOTO YAapy MPOCTOPOBOi depMu (HAIPHUKIA,
Kapkac Ky3oBa aBToOyca) y cepenoBuuli LS-DYNA Ansys [7] € MOXIUBICT OTPUMATH MAacHB
[IHHUX TIOKa3HHKIB: Aedopmaltii, HarmpyKeHHs, CHEPTii0 MOTJIMHAHHS yAapy, 0 0COOJMBO I[IKaBO
3 OIVIAQYy Ha CHIBCTaBICHHA 3 Teopieio Piepu: B Mipy abcopOuii eHeprii CekIisiMH IMBUAKICTH iX
nedopmariii 3MeHIIyeTbes. OCOONMMBO akTyallbHUM € (OPMYBAaHHS METOJHMK IPOTHO3YBaHHS
3a3HAYCHMX IUIACTHYHHX AeQopMaliil /Ui BCTAHOBJICHHS 30H 3aJIMIIKOBOTO MIPOCTOPY CaJIOHY, IO
€ TEMOIO TPYHTOBHUX JOCIIIKEHb, 32 OCHOBY KOTPHUX € JOLUIILHUM MPUHHATTS 3a3HAYEHOI0 Teopii
Piepu, amxe pe3yapTaTd MaTeMaTHYHOTO MOJETIOBAHHS JIOCUTh TOYHO KOpemowoTbes 3 FEA-
aHaJTI30M Ha IMPHUKJIAA]l IPOCTUX KOHCTPYKIIIH, HAPUKIIAJ, TAKUX, SIK IIPEJACTABJICHA B JIaHIi pOOOTI.
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The main function performed by lubricants is to reduce friction and wear of joints of
components, systems and aggregates, due to the creation of a strong oil film on their surface. At the
same time, oil environments should provide:

— sealing of gaps in couplings of working units and, first of all, parts of the cylinder-piston
group;

— effective removal of heat from tribocoupler parts, removal of wear products and other
foreign substances from friction zones;

— reliable protection of the working surface of engine parts from the corrosive effects of oil
oxidation products and fuel combustion;

— prevention of the formation of all types of deposits (soot, varnishes, ash deposits, sludge)
on engine parts during different modes of its operation;

— high stability during oxidation, mechanical impact and watering, i.e. preservation of
original properties both under various conditions of use and during long-term storage;

— low fuel consumption during engine operation;

— a long service life before replacement without harming the reliability of nodes, systems
and aggregates.

Performance of the specified functions by oils is possible only if their quality meets a
number of operational requirements:

— to have optimal viscous properties, which determine the reliable and economical operation
of nodes, systems and aggregates in all operational modes;

— have a good lubricating ability to prevent intensive wear of tribo-coupling parts;

— have sufficient chemical resistance, which ensures a minimal change in the properties of
the lubricant during use;

— have resistance to the processes of evaporation, foaming and formation of emulsions.

— reliably protect friction surfaces and other metal parts from atmospheric corrosion.

Engine oil is an important element of engine construction. It can perform its functions for a
long time and reliably, providing a given engine resource, only if its properties are precisely
matched to the thermal, mechanical and chemical effects that the oil exerts on the lubrication
system. Mutual compliance of the engine design, its operating conditions and oil properties is one
of the most important conditions for achieving high engine reliability.

A number of factors affect the change in the condition and quality indicators of motor oil:
original properties of the oil, design features of the engine, its technical condition and operating
mode, properties of the oil used for topping up, maintenance technology and vehicle operating
conditions.

The existing system of normalizing the resource of motor oil does not take into account the
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peculiarities of the operation of special cars. For example, a feature of the operation of lifting
installations is short runs and the performance of special works during the parking period. It is
known that the oil service life meter is used to measure the car's mileage in kilometers or hours of
operation. And in this case, the service life of the engine oil depends both on the mileage of the
installation and on the performance of the attached equipment. Most often, at enterprises, the
mileage of the lifting equipment to the place of work is not taken into account.

In order to determine the periodicity of replacing engine oil, it is necessary to know the
regularities of the influence of working hours on the change in the quality indicators of engine oil
under different modes of operation of special vehicles.

According to these laws, a technique for adjusting the periodicity of replacing the motor oil
of special cars should be developed, taking into account the operating modes.

In the process of motor oil tests, data collection is carried out on the performance of the
observed equipment, expressed in km of the chassis and hours of operation of the attached
equipment. The mileage and the number of hours of operation of special and transport equipment
are recorded in the waybills, which drivers submit to the dispatching service. From there, the
waybills are sent to the information processing and analysis group, where they are processed using a
PC. Then the group of information processing and analysis provides the technical department with
information about the accounting of the operation of the vehicles. In the technical department, in
accordance with this information, the breakdown of work is carried out according to the on-board
logs of cars on the server. The on-board logbook is kept for each car from the beginning of its
operation, the working hours of the cars are entered into it as a cumulative total for each day. This is
all displayed on the enterprise server.

Control over the date of engine oil replacement was also carried out using the vehicle's on-
board logbook, which records the work performed during maintenance, in particular, engine oil
replacement. Since the planning of the experiment is the sequence of setting up experiments and its
number, the main goal of planning is to obtain the maximum amount of information with the least
material and time costs and increased accuracy of the obtained results.

If the change in engine oil quality indicators depends on one factor - the performance of a
special car. This will be a so-called one-factor experiment. The classic planning of such an
experiment consists in the fact that first the lower or upper value of the factor is established, that is,
one of its limit levels, and then successively from the bottom up, or vice versa, the values of the
factor change in jumps, according to the accepted interval of variation.

When solving tasks related to the establishment of empirical distributions, the planning of
the experiment consists in determining the minimum sample size so that the sampling error does not
exceed certain specified sizes.

The results of processing the raw data are summarized in a table, based on which the nature
of the distribution of the random variable can be determined, since they show how the values of the
observation results are distributed throughout the interval.

The empirical distribution can be represented in the form of a graph, and thus the empirical
distribution curve is obtained. Construction of graphs is accompanied by rejection of strongly
deviating values and "smoothing™ of experimental curves. Smoothing of experimental curves or
their alignment can be done using the method of least squares.

The empirical distribution obtained from experimental data is approximated to any
corresponding theoretical distribution.

The empirical distribution of a random variable is replaced by the most appropriate
theoretical distribution to describe the patterns to which it is subject.

Analysis of statistical characteristics of mathematical models showed their adequacy to
experimental data. The value of Fisher's dispersion ratio F exceeded the table values for all models
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(at a probability of 0.95), the average error of approximation E was in the range of 0.6...14%.

According to the patterns of changes in engine oil quality indicators, described by
mathematical models and depicted graphically, it is possible to determine the moment of oil
replacement, if the maximum allowable values of oil indicators are plotted on the curve.

It is noted that the average maximum service life of oils of the T'2 group lies, depending on
the service life meter, in fairly wide ranges. Thus, the maximum operating time is from 621 to 1526
m-hours, and the maximum mileage is from 40221 to 134230 km.

Based on the results of the tests, it is possible to establish the recommended terms of the
unchanged operation of the oil for all special equipment similar to the tested one. Of course, at the
same time, it is necessary to maintain a certain reserve of oil quality, which allows you to continue
the normal operation of cars.

Confidence estimation of a statistical characteristic based on sample data allows you to
specify the interval (confidence interval) of values in which the true, but unknown value of the
distribution parameter of the general population lies with a predetermined probability (confidence
probability).

The economic effect of establishing objective standards for the resource of motor oil allows
to reduce the consumption of motor oils and oil filters, to reduce the complexity of maintenance and
the downtime of cars.
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Jns  po3poOku  HaWOLIbII ePEeKTUBHUX UHUIAXIB 3a0€3MeYeHHsT 3HOCOCTIMKOCTI Tijib3
IATIHAPIB TOCTIKEHUH MeXaHI3M iX 3HOIIYBaHHS B TMEPioJa MyCKy 1 MPOTrpiBaHHS JABUTYHA, MPU
po0OTI Ha ONTUMAIBPHOMY 1 TOHI)KEHOMY TEIUIOBUX pEXUMaxX, NPH PI3HUX IIBUAKOCTAX 1
HaBaHTKEHHSX, & TAKOX TIPH 3aMTUJICHH] TIOBITPsI a0pa3MBHUMHU YaCTKaMH.

B 3amexHOCTI BiJi KOHCTPYKTHBHUX OCOOJMBOCTEH MABHUTYHIB, IyCKOBE 3HOLIYBAaHHSI
konuBaeTcs Bia 2,4 no 23,3% Bix 3aransHOTO 3HOMIEHHS [1]. B aeurynax 31J1-130, IM3-236 1 —238
70-80% BiJ MyCKOBOTO 3HOIITYBaHHS BU3BAaHE 3aIli3HIIMM HAIXOHKCHHSIM Macia 10 Hux; 11-16% -
po0O0TOI0 Ha HU3BKOTEMITEPATYPHOMY PEKUMI Tpu nporpiBaHHi; 9-11% - kopo3ilitHuME TpoIiecaMu,
AKi BiOYBAlOTBCS HA TUIb3aX B MepioA MpocToro. ToMy OCHOBHHMM BHJIOM 3HOIICHHS TiIb3 B
MyCKOBUI TEPIOJ SIBISAETHCA MOJEKYISIPHO-MEXaHIuYHE, BHUKJIMKAHE 3ali3HEHHSIM HAIXOIKEHHS
Macya a0 Hux [2]. Metanorpadiuni JOCTiKEHHS MOBEpXHI TEpTs BCTaBOK micist 750 myckiB i
nporpiBanb gBuryHa 3I1JI-130 mokazanm, mo Ha HUX BHJIHO TIOIIKOJDKEHHS, BHKJIMKaHI
Oe3mocepeiHIM TUHAMIYHUM KOHTAKTOM Ti7b3 3 KUIBISIMHM Yepe3 MOTIpIIEHHS YMOB 3MalllyBaHHS
(Tabm). I3 Tabmuii BHIHO, IO B TaKUX YMOBaxX TEPTsS MIKPOTBEPAICTh 1 MPYKHICTh BCTaBKU B
po06ouiii 30H1 3pocau B 3,5 Ta 1,5 pasu, a TEKYJiCTh 1 IITACTHYHICTh 3HU3UIHUCS B 4 1 7 pa3u.

Tabnums 1 — ®i3uko — MexaHIYHI BJACTUBOCTI TOBEPXOHBb BCTABOK T'Jib3 ABUTYHIB 3MJI-130
B poOoUiii 30H1

TekyuicTh [IpyxHicTb, % [Inactuynicts, | MikpoTBEpIiCTh
Bun (TIOB3yYICTh) % , KTC/MM
JIOCHIKEHD Bisctanp BiJi BEpXHBOTO TOPIIS TUIB3H, MM

5 14 5 14 5 14 5 14
XowninryBanus | 34,2 28,1 40,8 41,3 59,2 58,7 312- 421-

449 449

Oo6xatyBanns | 8,2 10,6 39,1 43,2 60,9 56,7 516- 520-
(TY 3aBony) 702 522
[TyckoBi 481- 1011-
BumnpoOyBanusa | 16,9 7,4 42,9 64,2 13,6 8,6 598 1797
(650 mmyckiB)
Bucokotem-
nepaTypHUn 555- 1248-

pexkuM  (Nyoy; | 10,7 79 57,7 53,4 42,3 46,6 1248 1757
120 ron)

Abpa3uBHe 555-
3HOITYBaHHS 7,7 15,2 44,8 34,3 55,2 65,7 1120 253-
(238 ron) 350
Miceki

MepPEBE3EHHS 45 14,8 37,4 36,1 62,6 63,9 559- 3309-
(150 Tuc. xm) 635 555
MiKMICBEKI

MepEeBE3EHHS 3,9 6,7 42,4 40,8 57,6 59,2 371- 555-
(150 Tc.xm) 917 764
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PenrenocTpykTypHHii 1 MeTanorpadiyHui aHami3W MOKa3aiy, 110 30UIbIIEHHS TBEPIOCTI
BUKJIMKAHO pO3MaJOM ayCTeHITa 1 BUIUIEHHSAM 3 HBOTO MapTEHCHUTY 1 BUCOKOJUCIEPCTHUX
KapOi/IiB, a TAKOXK HAKJIETIOM 32 PaXyHOK BUKPUBJICHHS KPUCTATIUHOI IPATKU 1 HOJAPIOHEHHS OJIOKIB
MO3aiKy MIPH TUIACTHYHIN Jedopmaltii MOBEPXHEBUX IIAPIiB.

3HOIYBaHHS Tl1b3 NMPH poOOTI JBUTYHIB Ha MOHMKEHOMY 1 HOPMAJbHOMY TEIIOBOMY
pexuMax CKIaAaroTh BiMoOBiMHO 15-23 Ta  5-14% Bix 3arayibHOTO 3HONIYBaHHSA [1].

JlocmikeHHsT 0COOJIMBOCTEH 3HOILIYBAaHHS TUIb3 NMPH poOOTI IBUTYHA HA IOHMKEHOMY
TEIUIOBOMY PEXXHMI 1 BU3HAUEHHS IEPEeBaKatouoro BUIY 3HOIIYBAaHHS B L€l Nepio] 31HCHIOBATIOCS
Ha OJIHOLMJIIHJIPOBOMY BiJCiKy 1 moBHOpo3MipHOMY aBuryHi 31JI-130, na aBurynax KamA3-740,
3U1-645, 5M3-236, ta —238. EKCHEpUMEHTAIBHO BCTAaHOBJEHO, IO B TakKOMY BHMAAKY
30ibIIyeThea B 1,5 pasu mpopuB Ta3iB B KapTep, KU BUKIMKAE PYHHYBaHHS MAcCIJISHOI IUTIBKU B
30HI KOHTaKTy TUJIb3a-KIJbIle 1 HACHUCHHS i1 KOHJEHCATOM, B PE3yJbTaTi YOro 1HTEHCH(IKYEThCS
MOJIEKYJISIPHO — XiIMiuHE 3HOINYBaHHS Tib3u. KoposiiiHa Iisi arpeCMBHHUX MPOAYKTIB 3TOPSHHS
BUSIBJUIIETBCSI TIPH BMICTI Cipku Buiie BctaHoBiaeHUX HopMm ['OCT 2084 — 67. B upoMy BHUITaKy
3HMKEHHSI 3HOUITYBAHHS T1JIb3 JIOCSTAEThCA 3aCTOCYBAHHSIM Macell 3 BHCOKOIO HEUTpasi3yrodoro
3MaTHICTIO. be3mepedHo, mo mpu poOOTI JBUTyHAa HA CTaHAAPTHOMY MaJIUBI 3aCTOCYBaHHS
3HOCOCTIMKMX YaByHIB TOBHHHO CHpPUSATH 3HIKEHHIO 3HONIYBAaHHS Tib3. BumpoOyBaHHSAMHU
neuryna 31J1-130 i3 cepiiiHUMHU TiJTb3aMU 31 BCTaBKaMH Ta AOCIITHUMU 13 mepauTHoro yaByHy (HB
220-285) BCTaHOBIIEHO, M0 3HOCOCTIWKICTBD JIOCIITHUAX T1JIb3 Ta KUJIEIb CIIPSHKCHUX 3 HUMH, B 1,1-
1,5 pa3u BuIIe cepiiHUX TiJB3 Ta Kilelb B HUX (puc.l, 2.).

MertanorpadiyHi JOCTIKEHHSI BCTaBKHU T'Ib3H micas podotu neuryna 31J1-130 Ha mpotssi
120 roguH Ha HOMIHAJBHIM MOTY)KHOCTI IPH TEMIEpPaTypi BOAU Ta Macia 90+5° rokazai, 1o B
30H1 BMT cnocrepiratotbest 1epopMoBaHi JUISTHKY 13 3aKPUTUMU Ipa@iTOBUMH BKJIIOUEHHSMHU Ta
TpIIMHAMU B3JOBX HHUX, CIIAM MIKpO3aJupiB Ta BHUPUBU METAJNIYHOI OCHOBH, BUKJIMKaHI
IJTACTUYHOI Aedopmaliiero Bif OE3MOCepeHhOr0 JUHAMIYHOTO KOHTAaKTy 3 KUIBISIMH Ta
TEPMIYHOIO BTOMHICTIO MaTtepiany. MikpoTBepaicts Buiie BMT 3pocna B 2,2 pa3u, a B 30Hi BMT
— Maiixe B 4 pa3u (nuB.Tabs.). [Ipu nbomMy TekydicTh Ta IMIACTUYHICTH 3HM3WIMCS B 3,5 Ta 1,3 pasw,
a TMpYXHIicTh 3pocia B 1,4 paszu. 30inbiieHHs TBepaocTi BcTaBkM y BMT BHKIMKaHO 3MiHOIO
CTPYKTYPH ayCTEHITHOTO YaBYHY CYMICHOIO JII€I0 TEIlIa, SIKE BUAUISETHCS MPHU 3ropaHH] MaJinBa Ta
TeHEePYEThCS MPHU TEPTi, IUIACTUYHOIO AePOpMali€l0 MOBEPXHI 3 OJHOYACHOI MEXaHO-XIMIKO-
TEPMIYHOI0 OOPOOKOIO MPOAYKTAaMU 3rOpaHHs najuBa. B pe3ynpTaTi BUHHKAIOTh CKJIAJIHI IPOIECH
TpaHchopMarllii MeTany 3 YTBOPEHHSIM BTOPUHHHUX CTPYKTYp Ha IMOBEpXHi i3 (epuTHO-KapOiaHOI
CyMillli Ta MapTEHCHTY TOHKOi OYyJOBM B TMIANMOBEPXHEBUX Imapax. [IpuBeneHi Buie 3MiHH
TBEPJIOCTI, TEKY4OCTi, IPYKHOCTI Ta IJIACTUYHOCTI MOBEPXHI BCTABKU T'lJIb3U MOKA3YyIOTh, 10 MIPU
po0OOTI JBUTYHA HA BHCOKOTEMIIEPATYPHOMY PEKMMI BHUHHUKAE TIOCTIHHE UYEpryBaHHS TMPOIECY
pO3pHUBY Ta BIiJIHOBJICHHS MACISHOI IUTIBKM Ha Micli KoHTakTy. lle cmpusie momanbmomy
eKCIUTyaTalllIfHOMY 3MIIIHEHHIO BCTaBKH, SK€ HE IIEpEBUILYE 3HAa4Y€Hb, 33 MEXKAMU SKHX
MOYMHAETHCS PYHHYBAaHHs ayCTEHITHOTO YaByHY. BKazaHi JTOCIHiKEHHs MOKa3aly, Mo MpH poOoTi
JBUT'YHA HAa BUCOKOTEMIIEPATYPHOMY PEKHMMI OCHOBHMM BHJIOM 3HOILIYBAaHHS T'JIb3 € MOJIEKYIISIPHO-
MeXaHIYHe, 3HIKEHHS! SIKOTO MOYJIMBE NPU BUKOPUCTAHHI YaBYHY 3 BUCOKOIO aHTU(PHKIIIIHICTIO
Ta 3HOCOCTIHKIcTIO. Jlocmimkenns Ha neuryHax 31JI- 130 Takux ringep3 i3 mepaiTHux 4yaByHiB (HB
220-285), mokasayu, IO 3HOCOCTIMKICTh JOCIITHUX T1JIb3 Ta CIPSKCHUX 3 HUMH Kijens B 1,2-1,3
pasu BUIIE, HDK CEPiHHUX TiJIb3 Ta Kijelp B HUX (puc.1,2).

AOpa3uBHE 3HOLTYBaHHS TIb3 B eKCIUTyaTalii konmuBaeThes Bix 40 no 78 % Big 3araabHOTO
3HomyBaHHS [1]. AOpa3uBHa B3HOCOCTIMKICTH TiMb3 31 BcTaBkamu B ABuryHi 31JI-130 npwm
BUNIPOOYBaHHI 3 MOJja4€i0 B HWIIHIPH KBapueBoro nuity B 1,4-2,1 pasu Buie, HixK 6€3 BCTaBKH i3
TOTO 3K MEPJITHOIO YaByHY, a Ha MallMHAX TepTd B 2 pa3u Huxkdye. lle MoscHIOeTbCA TUM, IO B
JBUTYHI CTBOPIOIOTHCS YMOBHU JJIsl 3MIIIHGHHS BCTaBKH 3a PaxyHOK posmany aycreHity. OmHak,
3HOCOCTIWKICTh BCTABKH B JBUTYHI IPU HAsIBHOCTI a0pa3uBa B 30HI TEPTs 3HWKYETHCS Maike B IBa
pasu, B 3B’A3Ky 3 MOPYUICHHSAM AMHAMIYHOI pPIBHOBArd MiXK IpPOIIECAaMU YTBOPEHHS Ta pyWHYBaHH
3axucTHUX BC, BUKIMKOAHO MHUTTEBUM 3HATTSAM, 3MILHEHOI'O NPHU TEPTI MIApy Ta IOJATKOBUM
3HEMIITHEHHAM 00’ €MIB, 110 JIEXKATh HWXKYE, €0 adpa3uBy, TaK SK B I[bOMY BUIIAQJIKYy €HEpris, sSKa
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BUTPAYA€ThCSI HAa 3HATTS MOBEPXHEBOro IIapy, MeHIa Ha 2, 3 mopsiaku. Och 4oMy TBEpAICTb,
TEKYyYiCTh Ta MPYKHICTh BCTaBKH B 30HI BMT 3umxyerbhces Binnosinuo B 1,2-1,5; 2,0 ta 1,2 pasm, a
IUIACTUYHICTH 3pocTae B 1,1 pa3y (auB. Ta6:1.). OQHUM 13 MIpOTIPHEMCTB IO 3HIKECHHIO aOpa3uBHOL
3HOCOCTIMKOCTI T3 SIBISIETHCS BUKOPUCTAHHS YaBYHIB 3 BUCOKOI TBepAiCTIO. JloCHimKeHHS Ha
asurynax 31JI-130 ta 3DJI-375 Takux rine3 i3 nepautHux 4aByHiB (HB 220-235) mokaszamnu, 1o
aOpa3uBHA 3HOCOCTIMKICTh JOCTIAHUX TUIB3 Ta Kulenb B HUX B 1,1-1,3 pa3u Buie, HOX CepiitHUX
rine3 Ta Kineup B HUX(puc.1,2).

JlocipKeHHS TTOBEPXHI TEPTSA BCTABOK TUIb3 MICIs €KCIUTyaTalliiHUX JTOCTiHKeHb BUTYHIB
31I-130 B MICBKHX Ta MIKMICBKUX MEpPEBE3E€HHIX MOKa3alH, 110 iX TBepAicTh B 30HI BMT B 2-3
pasu HWKYa, HIXK Ticas poOOTH Ha CTEH/II MPH BiJICYTHOCTI Mojayi abpa3uBa B rias3u Ta B 1,03-1,4
pas3u BHILE, HIXK MICIs JOCHIPKEHHS Ha adpa3uBHY 3HOCOCTIKICTh (IuB.Ta0s). OCTaHHE BKazye Ha
3HAYHY JI0JIF0 a0pa3uBHOIO 3HOIITYBAHHS TijIb3 B eKcInIyarartii [1].

CreHIOBI Ta eKCIUTyaTalliiHI JOCHIIKEeHHS IMOKa3alid, 10 YTBOPEHHS B TpOIeci podoTH
JBUTYHA CHENU(IYHOTO pesbedy Ta BIACTUBOCTEH ITOBEPXHI BCTABOK TiJb3 MPUBOIUTH JIO
3HIMKEHHS B 2 Ta Oiblie pa3iB IHTEHCUBHOCTI X 3HOLTYBaHHS.

Takum 4YnMHOM, B TIpoleci poOOTH ABUTYHA MPOXOIAUTH 3MIIIHEHHS BCTAaBKH T1Ib3U, B
pe3yibTaTi 4Ooro 3MEHIIYETHCS IMOBEpXHEBAa Ta MIANOBEpXHEBAa JedopMallis, YTBOPIOETHCS
MMOBEPXHEBUH aHTHPPHUKIIHHUNA ap 13 PepUTHO-KapoOiTHOI CyMillli, KU SBISIETHCS JHKEPEIOM
yrBopeHHs 3axuctHuX BC I Tuny (TBepamii po3uMH KHCHIO B 3aili3i) ,i KM Ma€ pi3KO BHpPaKEHY
TeTEPOreHHICTh M0 MEXaHIYHHUX BIACTHUBOCTIX (TBEPIICTH), (PI3MKO-XIMIYHMX TOKAa3HUKAX (aare3is
Macliia), Ta XapakTepUCTHKax Tomorpadii moBepxHi (4epryBaHHS BUCTYMIB Ta 3amajguH). Takuit
reTepOoreHHUI CTaH eKCIUTyaTalliifHOT MOBEPXHI BCTABOK IO BCiX MOKa3HUKaX 3a0e3neuye iM BUCOKY
AHTU(PPUKIIIHHICT Ta 3HOCOCTIHKICTB.

AHaJi3 3HOCOCTIHKOCTI TiJIb3 13 PI3HUX YaBYHIB Ta JOCIIPKCHHS MEXaHI3MYy 1X 3HOIIIYBaHHS
MOKa3aJid, 10 OCHOBHUM BHJIOM 3HOIIYBAHHS TiIb3 SBISETHCS aOpa3WBHE, 3HWKCHHS SKOTO
JOCATAETHCS] 3MEHIIEHHSAM LUKIIYHOCTI YTBOpeHHs Ta pyiiHyBaHHs BC I tumy. J{ns 3a0e3nedyeHHs
BHUCOKOT a0pa3uBHOI 3HOCOCTIMKOCTI TUTh3 Ta KUICNh B HHUX HEOOXITHO: MiABUIIMTA BUXIIHY
TBEPAICTh Ta aHTU(DPUKLIWHICTS YaBYHY AJIS TLUIb3; 3a0€3MEYUTH XIMIYHUM CKJIQJIOM CTPYKTYpH 3
MaKCHUMAJIbHOIO CXIJIBHICTIO 1O 3MIIIHEHHS B TpoIIeci pOOOTH IBUTYHA IS 3HIKCHHSI IIOBEPXHEBOT
Ta MiANOoBepxHeBoi Aedopmarii riib3u KiTblsIMH. EXciepuMeHTanbHO BCTAHOBIICHO, 1O I1i BUMOTH
JOCSATAIOTHCS 32 PAXyHOK: T€TEPOTeHHOT BUCOKOIMUCTIEPCHOI CTPYKTYPH YaBYHY 3 HasBHICTIO B Hil
M’sIKO1 METaJIiuHOi CKJIa0BOI, KA SABIA€ThCs MxepenoM yrBopeHHss BC I tumy; Bucokiit 00’ emHii
MILHOCTI Ta TBEPJOCTi, TEIUIONPOBLAHOCTI, TEMJOEMHOCTI 4YaBYHY Ta IpadiTy B HbOMY MEBHOI
dbopMu, po3Mipy, po3MilIeHHS Ta KinbkocTi. [y 3amiHM OGiMeTamiyHUX T1Ib3 31 BCTABKOIO Ha
MOHOMETaII4HI MPOBEIEHNUN KOMIUIEKC JOCHIIKEHb 110 BUTOTOBJIEHHIO T'JIb3 13 MEPIUTHUX YaBYHIB
3 tBepaicTio HB 220-280, ski 3a0e3neuyioTh JaHi BUMOTM 32 PaxyHOK BHCOKOJIUCIIEPCHOT
METaII4yHOI OCHOBH, 3MIIIHEHOT €BTEKTHUYHUMHU 3a1130XPOMUCTUMU KapOinamu B KiabkocTi 10-15%
1o 00’eMy, 3 INIACTUHYACTUM, NPSIMUM Ta 3aBUXPEHUM I'padiToM piBHOMIPHOT'O Ta HEPIBHOMIPHOTO
po3minieHHs, JoBxuHOK 45-180 mxMm, B kuibkocTi 10-12% mno mumomii. Takuil yaByH B Ipolieci
TepTss 3abe3rneuye MOCHiZOBHE 301IHEHHS CTPYKTYpU M’ SIKHMMU CKJIaJoBUMH ((deppUTOM) Ta
30aradyeHHs1 TBEpAUMH (EBTEKTOITHUM LEMEHTHTOM, €BTEKTHUYHHUMH KapOinamu Ta QocdinHoro
€BTEKTHUKOIO), B PE3YyJIbTATi YOIO HA MOBEPXHI YTBOPIOIOTHCS 3aXUCTHI BC 3 BUCOKOIO MILIHICTIO Ta
HU3BKOIO ITUKIIIYHICTIO X YTBOpPEHHS Ta pyhHyBaHHA. Jlocmimkenns Ha asuryHax 31J1-130 ta 31J1-
375 TakuX Tib3 13 NEPIAUTHOTO YaBYHY, 3MIIIHEHOI'O CKJIAJHOJETOBAHUMH Ta EBTEKTHUHUMH
KapOigamu 3a paxyHOK KomruiekcHoro jeryBanus Cr (0,6-1,2%), V (0,15-0,35%), Cu (0,8-1,5%),
MOKa3ajy, 10 [0 MPUIPAIIOBAHHI Ta MO 3HOCOCTIHKOCTI MOHOIITHI T1h3U Ta KiIbls B HUX HE
MOCTYIAIOTLCS CEPIMHUM KIJBISAM 31 BCTaBKaMH Ta iX KUIbIsIM (puc.l,2). Metamorpadiguaumu
JOCIIKEHHSAMU TIOBEPXHI TEPTSI MOHOJITHUX TUIb3 MICHS JOCIHIIKEHHS BCTAHOBJICHO, 1[0 BOHH
MEHIIIE ITiIIaI0ThCSl TIOBEPXHEBIM Ta MIAMOBEPXHEBINA nedopMallii HI)K BCTABKH, 3aBISKH BHCOKI
BUXI1JIHIH TBEpAOCTI 1 HU3bKOMY KO€(ilieHTY TepTs, 3a00iralouymx MiKpOCXOIUIIOBAHHIO KiJIEIb 3
r'JIb3010 MPU IaHUX MUTOMHUX THUCKaX Ta MIBUJIKOCTSAX KOB3aHHS KiJIEIb.
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TakuM 4MHOM, TIPOBEIECHI JOCHIKEHHS JO3BOJIMINA 3aMIHUTH BHCOKOBapTiCHI OiMeTaniuHi
T1J1b31 3 HUIPE3UCTOBOIO BCTABKOIO HA MOHOMETAJIIYHI 13 €KOHOMHO JIETOBAHUX TMEPJIMTHUX YaBYHIB.
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Pucynok 1 — 3HO1TYBaHHS JOCTITHUX(- - - - - - ) Ta cepitHuX (------------ ) T1Ib3 MWTIHIPIB ABUTYHIB

31J1-130 (1), 31JI-375(1I). a - B ymoBax Kopo3iifHO-MeXaHIYHOTO 3HOITYBaHH:, O - B ymoBax
MOJICKYJISIPHO-MEXaHIYHOTO 3HOIITYBaHHSI, B — B yMOBaX aOpa3uBHOTO 3HOIIYBaHHS (B1 -
3HOIIYBaHHS T'J1h3 B IJIOMIMHI, TEPIEHANKYISIPHIN OC1 KOJIIHYACTOTO Bajia; By — 3HOIIYBAHHS TiJIb3
B IUTOIMHI MapaeNbHiii 0Cl KOJIHYAaCTOrO BaJla; B3 — CEPEIHE 3HOUTYBAHHS)
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Pucynox 2 — 3HomyBaHHS MOPIIHEBUX Kijelb B cepiinux (B2 ¢) 1 mocmigHux
(2 m)rimesax muniaapiB qeuryHiB 3J1-130 (1) ta 3UI1-375 (11): I — cepenHe 3HOMIEHHS
BEpPXHIX MOPIIHEBUX KIJIEIb IO BUCOTI (), o TOBIIMHI (0), 3MiHa 3a30py B 3aMKY (B), 1 3MiHa Baru
(r). Il — a — mepri koMnOpeciitHi Kbl 6 — APYTri KOMITPECiHHI Kifblisd, B — TPETI KOMIIPECiiH1
KIJIBLS, JT — JUCKH MAcjio3’ €MHHX KIJIEIb.
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VK 629.1

YAOCKOHAJIEHHA MOHITOPHHT'Y TEXHIYHOI O CTAHY LIIT
AHU3ETIB ABTOMOBLIIB METO/[OM PECYPCHOI O JIIA'HOCTYBAHHA

JILIL. KOCHKBBI/I‘ll, acn.,

C.L HpnTyﬂal, Mmazicmp,

C.B. JII/ICGHKOl, 00Y., KaHO. MexH. HAYK,

B.3. T'yaw’, npog., 0-p mexn. nayx

1lleHmpaﬂbH0praiHCbKuL? HayioOHAanbHUll mexnHiunuil ynieepcumem, Yxkpaina

°T, ePHONINILCOKULL HAYIOHAbHUL MeXHIYHUL YHigepcumem iMm. leana Ilymos, Ykpaina

Huningponopmresa rpyna (LIII') na 80% Bu3navae pecypc mo mepiioro pemonty JB3.
Jlnist KOHTPOUTIO 32 i CTaHOM, BU3HAYCHHS 3AJIMIIKOBOTO pecypcy HEOOXiTHI BiAIMOBIIHI METOIU Ta
3acobu. [lorpeba B HHMX NiABUINMIACS uepe3 pO3MUpeHHs Oe3po3bipHoro pemonty JIB3
TpUOOCKIIAaMH, SIKi TOJIAIOTHCSI B OJIUBY.

Busnaueno, mo giarnoctyBanHs LI HeoOXigHe, KOMU BHUSIBICHO: 3HAYHE HAIPALIOBAHHS
JIB3; 3HM)KEHHS MOTY>KHOCTI AU3EJIs Ta CKIAAHICTh HOro MycKy; MiJABUILEHUHN Yaj OJIMBU Ta CUHIN
koutip OI'; Benuka BUTpaTa KapTEpPHUX ra3iB; BUKHUJ 13 CallyHa, 3 OJIMBO3AJIMBHOI TOPJIOBUHU MapiB
Ta OpU30K OJIMBY; BUKHJ OJIMBU Yy BHUIIYCKHY TpyOy; HasBHICTb ojuBU Ha mopiHi, y TKP, y
BITYCKHOMY KOJIEKTOpi; OJUCKITKH METaliB y 3pi3i ocaay B BiALIGHTPOBOMY OJIMBOOYMCHUKY Ta Ha
ONUBOQIbTPAX; MIJBUIICHE 3a0pyIHEHHS OJIE€I MOBITPSHOrO (UIBTPA; MPUCKOPEHE CTAPIHHS
omuBu Ta ii muiam Ha Jjeransax JIBC; mnosBa HeHopMmanbHUX CTykiB Ta mywmiB y LI
3aMacIIIOBaHHSA, 3aKOKCOBYBaHHS (POPCYHOK; O110-OJJaKUTHUHN UM (HE BCE MAJIMBO CIalaxye yepes
3HMKEHY KOMIIPECII0 Ta TeMIepaTypy CTUCHEHOTO MOBITPs1); MiIBUIIEHA TUTOMA BUTpaTa MaJKBa.

Onnak BuzHaveHHs crany LIIIIT 6e3 BuSBIEHHS MOXIWBHUX Ne(EKTIB MOpIIHS (TIporap),
MOPIIHEBUX KUIEHb (3HOC, 3aKOKCOBYBAHHS, 3aJIATaHHS, MOJOMKHM), Tiib3 IMIIHAPIB (3HOC,
OBaJIbHICTh, MporapH), kiamaHiB I'PM (3Hoc, ckomm, TpimuHU, KOpo3is Ta mporap (acoxk,
ocialJeHHs BCTABOK y THI3/aX, HETIOBHE 3aKPUTTS Yepe3 BiICYTHICTh TEIUIOBUX 3a30DiB), TPIILUH Y
roJIOBKax 1 rulb3ax HWJIIHAPIB, MpOrapy MPOKIaJ0K Ta IHIIMX MOXIIMBUX HECHPABHOCTEH, KIHLIEBOT
METH HE JIOCATAE.

Cran HIII" icTOTHO 3alIeXMTh BiJ 3aKOKCOBAHOCTI Kiremnb. OIliHKAa iX 3HOMICHOCTI Ta
VINITBHIOWYOI 31aTHOCTI 0e3 poskokcoByBaHHs LI mpu TpuBanomy nHampairroBansi JIB3 uacto
HenocToBipHA. Uepes 1ie y pekoMenaamisax 3 giardoctyBanus LI, B T.4. 1 Hammx, 3a3Ha4eHO, 110
aBTOMOOUTh TIOBMHEH BIiANpPAIIOBATH MOBHY 3MiHYy, 1100 Yy TPUBAJIOMY HAaBaHTa)KEHOMY DPEXHMI
Bunanuty Harap 1 kokc B LI 1 Timbku Tomi T/I.

s mpaktuku 6e3po3dipHoro pemonty JIB3 Tpubockiagamu, sKi JOAAIOTHCS B OJUBY, B
Mepiry 4epry mnoTpiOHo mepekoHaTucss B OesaBapiitHomy crtani L{III. Tomy 3Hawymiicte
PO3KOKCYBaHHS MOCHIIIOEThCS. [10TpiOHO BU3HAYATH MAaKCUMAJIbHY THEBMOIIUIBHICTD, IKY MOXYTh
JIaTU KUTBIIS, 3BUTHHEH] BiJI 3aKOKCOBAHOCTI Ta 3aIlleMJICHHS B KaHaBKax IMOPIIHSA, 1110 BiI0YBa€ThCS
IpU TpUBAJiil MalloHaBaHTaXeHi poOoTi MmamumH. Ilpum 1pOMy, SIK TOKa3aB aHaNi3 MPAaKTUKU
0e3p030ipHOT0 PEMOHTY, SKIIO Ticas po3kokcyBaHHs mapamerpu LI mokpamummucs, to LTIT
Oe3aBapiitna Ta PBC-00poOka Oyme edexktuBHOIO. SIKIO mapamMeTpu HE 3MIHHIUCS, OIUTBHO
MePEBIPUTH TEPMETHUHICTh KianaHiB ['PM, a SKIIo moripmmircs, TO MOXKIIMBA MOJIOMKa KUTEIb 1
PBC-00po6ky mpoBomuti He cmin. Timbkum micns  po3kokcoByBanHs LI pesynbpratu
J1arHOCTYBaHHS BIANOBIAAIOTH CIPaBXXHIA 3HOIICHOCTI 1 MOXXHa BH3HAYUTH TOTpeOy Ta BHI
PEMOHTY.

3 BUKJIa/IEHOT0 BBaXkaeMo, 1110 1pu HecnipaBHOCTI LI HeoOXiaHO mepeBipATH BC1 €JeMEHTH
LI, a Takox KapTEepHY OJMBY KparenbHOIO Mpoboro. Ciig OpaTtu 10 yBaru MOXIJIHMBY HasiBHICTh
Ha/ TOPUIHEM TAaKUX YIIUIBHIOBAYiB SIK OJIMBH, BOJA, MajHMBO, 1HAKILIE pPE3yJbTaTH KOHTPOJIIIO
OynyTh HEBIpHMMH. 3iCTaBIICHHsS PE3y/IbTATIB KOHTPOJIO ITHEBMOIIUIBHOCTI CYXHMX MHMJIIHIAPIB i
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micis BBeACHHS B HUX 50 M1, ouBH 03BoJIsi€ yrouHtoBatu ctad LI i PM.

Po3pobiiero Ta ampoOoBaHO eKcmpec-Crocid OIHKH  3aluiikoBoro pecypey LI
JM3EJIbHUX Ta OEH3WHOBUX aBTOTpakTOpHUX /B3 3 KopensauiiHoro 3B'a3Ky BaKyyMmy Ta KOMIpecii B
HWATIHAPAX, a TAKOXK METOJT BUSIBICHHS 1e(DEKTIB y IIITIHAPaX.

Texunonorii koutpomo LI rpynu /IB3 peanizoBani mpuiagaMu MOCTIHHOrO mepemnany
THCKYy Ha BUTPATOMIpHIN IUIMHU, 3a0e3MedeHi HOMIHAJIbHUMH, JOMYCTUMHUMHU 1 TPAaHUYHUMH
3HAYEHHSMU BUTPATH KapTEpHUX ra3iB, OOIPYHTOBAHMMH 32 IXHBOIO 3aJICKHICTIO BiJ] €(PEKTHUBHOI
MOTYKHOCTI IM3€JIIB Ta 3a MOJIOKEHHSIMH ONTHMI3allli HOpMaTUBIB MTapaMeTpiB y TeOpii ynpaBIiHHI
HAJIHHICTIO aBTOMOO11iB. OOTPYHTOBAHO TAKOX aHAJIOTIYHI HOPMATHBH KOMITPECiT y MIJIIHApPAX.

MeTta ™IaHOBO-3aMMOODKHOI CHCTEMH TEXHIYHOTO OOCIYyrOBYBaHHS 1 PEMOHTY TapKy
MAIIH — HAHO1JIBII MOBHE BUKOPUCTAHHS PECYpPCY IX arperaTiB 3a ONTUMATBHOO MPOTYKTUBHICTIO,
OC3BIIMOBHICTIO, OC3MEKOI0 pPyXy, IAaJUBHOK €KOHOMIYHICTIO, €KOJOTIYHICTIO MAaIldH Ta
HallMEHIIMX BUTPAaT Ha YCYHEHHsS iX BIJMOB Ta HECIpPaBHOCTEW. | B I[bOMYy IiarHOCTYBaHHS
TEXHIYHOTO CTaHy € HalBaXJIMBIIIUM IPUMOMOM MOKPAIlIeHHs BUKOPUCTAHHS MAIlUH .

JiaraHoctyBaHHs K mpuiiom ontumizamii cuctemu TOIP, TexHiuHOI ekcruTyaTallii MamH
CIIpHsi€ 1 320118 PKEHHIO MaTepialibHUX 1 TPYIOBHX BUTpAT.

OCHOBHI KOMITOHEHTH pecypco30epekeHHs, 10 3a0e3Meuy0ThCS T1arHOCTYBaHHSIM MAaIlHH
€ HACTYIIHI:

— TO-TIepIIIe, 32 pe3yJIbTaTaMU JIIarHOCTYBaHHsI 00CITYyTrOBYBaHHS Ta PEMOHTY CKOPOYYIOTH 1X
aBapii Ta BigMoBu arperatiB mamwuH (50..63 %), 3anmo0iraeTbCsl X MPUCKOPEHE 3HOIIYBAHHS, IO
pI3KO 3MEHIIye CYKYIHI MaTepiajbHi Ta TpPYIOBI BHUTPaTH, IMPOCTOI MAIIUH, iJABHITYETHCS
MPOJIYKTUBHICTH MAIlIUH;

— MO-/IpyTe, MPU3HAYEHHS PEMOHTY 33 Pe3yJIbTaTaMU PECYPCHOTO JIiIarHOCTYBAHHS CKOPOUYE
HEBUIIPAaB/JIaHI PEMOHTH, BUTpaTa 3allacHUX YaCTUH 1 TPYJOBI BUTPATH, JI03BOJISIE OLBII TTOBHO
BUKOPHUCTOBYBaTH pecypc mamuH (12...20 %);

— Yy TpeTiX, MPU3HAYEHHS Ta SIKICHE BUKOHAaHHSA (DAaKTUYHO HEOOXITHUX PETyIIOBaIbHUX
pobiT ckopouye TpymoBi Butpatu ipu TO (17...37 %);

— T0-YETBEPTE, KOHTPOIb MAJTMBHOI €KOHOMIYHOCTI JIM3CNIIB Ta MPOBEJICHHS HEOOX1IHOTO
TO nanuBHOT anapaTypu 103BoJisi€ Ha 10-15% 3HU3UTH BUTpATy AU3EIIBHOTO MaJuBa;

— mo-m'ate, KOHTpodb AUMHOCTI BI' Ta oOGcmyroByBaHHs 3a HOro pesyinbTaTaMH MaJUBHOL
amaparypu Ta CHCTEMH BIYCKY TIOBITPSI JH3EINIB 3HIKYE BUKUIM NIKIJJIMBHX PEYOBHH, 3MEHIIIYE
HEraTUBHUIA BIJTUB HA HABKOJUIIIHE CEPEIOBUIIIE.

XiMOTOJIOTIYHUHN Ta CIEKTPAIBHUM KOHTPOJIh MOTOPHUX OJIUB J03BOJISIE TTPU3HAYATH HOTO
3MiHY 3a (haKTUYHOIO MpPAaIe3AaTHICTIO, 10 A0 1,5 pa3a 3HMXKYye BUTpATy OJUB. Ajie, B OCHOBHOMY,
Taki poboTH 3a0e3MeuyroTh MOTINOJICHE A1arHOCTYBAaHHS arperaTiB MallliH, 3aBYacHE BHUSBIICHHS
MPUYUH iX MPUCKOPEHOTO 3HOIIYBAaHHS, JO3BOJISIOTH TOYHIIIE MPHU3HAYATH KOHKPETHI poOOTH 3
YCYHEHHS HECMPABHOCTEW arperariB, 3amoOiraHHs aBapisM Ta 3MEHIIEHHIO 3HOIITYBaHHS,
MIJBUIICHHIO TX Pecypcy Ta 3MEHIIEHHIO eKCILTyaTalliiHIX BUTPAT.

KonTpomnp arperartiB Ta By3iiB pPyJIbOBOTO YIPABIiHHS, TajdbM, IIIHH, IPHIAAIB OCBITICHHS
Ta CHUTHaJi3aIlii, TaTYMKIB, MOKAXYHUKIB KOHTPOJBHUX IPHIIAJIB, €JIEKTpOOoOIa HaAHHS, ITiIBUIIYE
Oe3nexky pyxy mamwuH, 3MeHirye WMoBipHicTh JITII, moB'ss3aHuX HE TUIBKK 3 MaTepiaJbHUMHU Ta
TPYJAOBHMH BUTpATaMH Ha iX YCYHEHHS, ajie 1 13 TpaBMaMu Ta JOJChKUMU )KEPTBAMHU.

3arajoMm 3asBKOBE Ta perjlaMeHTHEe (YHKI[IOHAJIbHE Ta PEeCypCHE AIarHOCTYBaHHS MAIlIHH,
BUSIBJISIIOUM (DAKTUUHUM TEXHIYHMH CTaH Ta HECIPABHOCTI MAIIHMH, MPU3HAYAIOYM POOOTH 3 iX
00CITyroByBaHHS Ta PEMOHTY 3a (akTUUHOIO NOTpedoro. Lle no3BoseE:

— MOMITHO 3MEHIIIYBaTH BHUTpPATH 3alacHUX YaCTUH, MaTepiasliB Ta mpaili, Ha yCYHEHHS
BIJIMOB Ta HECIIPAaBHOCTEH MaIllMH B eKCILTyaTallii, Ha pemoHTH Ta TO;

— MaKCHUMAaJIbHO BUKOPHCTOBYBATH €KCILTyaTallliHUN pecypc MaIllvH;

— 3MEHUIYBaTH BUTPATU NAIUBHO-MACTHJIBHUX MaTepiaiB;

— MaKCHMaJbHO MOXJIMBO BUKIouaTH aBapii ta J{TIT mamms.

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 94



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

VK 621.891

TPUBOJIOI'T9HI IIPHHITAUIIN BE3IIEPEPBHOI' O KOHTPOJIIO
IIPOLIECIB B 30HI ®PUKI[IHHOTO KOHTAKTY

B.B. JIﬂXTal, cm. ep. MAm-62,

B.41. Pyum‘/il, cm. ep. MAm-62,

A.B. FyHKal, 00Y., KaHO. MexH. HAYK,

B.B. Ayuain®, npog., 0-p mexn. nayx,

L.B. )KI/IJIOBaZ, 3000.,

T ePHONINILCOKUL HAYIOHAbHULL MeXHIYHUL YHigepcumem iMm. leana Ilymos, Ykpaina
leeHmpaﬂbﬂopraiHCme? HayioHanbHUll mexnHiunuil ynieepcumem, Yxkpaina

TpaaumiiiHi METOAM BU3HAUEHHS XapaKTEPUCTUK 3HOLIYBAHHS Tap TEPTS IPYHTYIOTHCS Ha
OpsSMOMY BUMIPIOBaHHI JIIHIMHOTO 3HOLIYBaHHS JeTajed, [0 TMOB’S3aHO 3 TpPUBAJIMM Ta
TPYAOMICTKMM BHIpPOOYBaHHSM, OCOOJMBO B YMOBaX HOPMaJbHOrO 3HolIyBaHHs. LlI Meronu He
MOB’s13aHI 3 MeXaHi3MaMH HOPMAJIBHOTO TEpTs 1 BIATBOPIOIOTH JIMILIE 3O0BHILIHIM KiHLEBUH
pe3ynbTaT TpOlleCy — BEJIMYMHY 3HOIICHHS 3a vac BUMNpoOyBaHHS. [Ipu po3B’si3aHHi 3amady
J1arHOCTUKY 1 MIPOrHO3YBAHHS PECypCy MPAIIOI0YNX BY3JiB T€PTS HEOOXiTHO BU3HAUUTH MUTTEBY
HIBUJAKICTh 3HOIIYBaHHsA. OJHaK, TpaaMLiiHI METOAM JO3BOJSIOTH BH3HAUUTU JIMIIE CEPEIHIO
IIBUKICTh 3HOIIYBaHHS TMij 4ac BUIPOOYBaHHS MK JBOMa BUMiprOBaHHSMHU. KpiM 1poro, s
BU3HAYCHHS 3HOUICHHS [IMMHA METOJaMHU HEOOX1HO pO30UpPaTH BY3JIU TEPTS.

VY 3B’S3Ky 3 PO3BUTKOM CTPYKTYPHO-€HEPI€TUYHOI Teopii TepTs 1 3HOIIYBAHHS IMOSBUIIACH
MOXJIUBICTh PO3pOOJIATA TPUOOJIOTIUHI TPUHIIAIIKA HENEPEPBHOTO KOHTPOJIO 3HOIIYBAHHS Tap
TepTs. Y BIANOBITHOCTI 3 II€I0 TEOPI€I0 TPUOOTEXHIUHI XapaKTEPUCTHKH (CHJIa TEPTs, HMIBUIKICTh
3HONIYBaHHS) BUBHAYAIOTHCS BIACTUBOCTAMHU BTOpUHHUX CTPYKTYp (BC). [Ipu npomy maroTh micue
NIEBHI €HEPTreTHYHI CMiBBIAHOIIEHHS MK POOOTOIO TEPTS 1 IMBUAKICTIO 3HOLTYBAHHS JIJIsI KOXKHOTO 3
BH/IIB 3HOIITYBAaHHS.

Y BIANOBIAHICTIO 3 TEOpi€l0 3alpONOHOBAHI HACTYNMHI TPHOOJOTIYHI MPUHIIKIN
HETIEPEPBHOTO KOHTPOJITIO 3HOITYBAaHHS T1ap TEPTS:

1. cTpyKTypHMIA IPUHINIT,

2. CTPYKTYPHO-KIHETUYHUN TTPUHITHII;

3. eHepreTU4Hui (CTPYKTYPHO-CHEPTreTHUHUH) TIPUHITHIL.

[lpy 11bOMY KOHTPOJIBOBAaHMMM IOKAa3HUKAMM CIIYy)KaThb E€HEPreTH4YHl MapameTpu TepTs 1
CTPYKTYPHO-UYTJIMBI XapaKTEPUCTHKH, TOB’s3aHI 3 OCOOTMBOCTSAMH KOHTaKTHOI B3aeMOMIl 1
CTPYKTYpPHOTO CTaHy IIOBEPXOHb TEPTH.

CTpyKTypHHIA IPUHIIUI TOJIATAE B TOMY, 1110 B IPOLIECI TEPTSI KOHTPOIIOIOTH yTBOpeHHs: BC
1 X po3 MPUAUICHHS] MiX CHPsSDKCHUMU MOBEPXHIMU TepTs. Llelt mpuHIMN peanizoBaHUN MUISTXOM
BUKOPUCTAHHS BEHTWJIBHOTO €(EeKTYy B KOHTAKTI TiJI, IO TPYTHCS, ISl KOHTPOJIO PEXKUMY TepTs Ta
noexnanHs tumis BC.

BcranoBieno, 1o BeHTWIbHHMHA edekT B mapi Teprs € nuHamiuHuM edextom. Edekr
CIIOCTEpPIraeThCs B Jlama3oHl HOPMAJbHOTO MeExXaHO-XIMIYHOTO 3HONIYBaHHS, MPUYOMY
BUNPSAMJICHUH CTPYM HAalpaBlICHUH BiJ €INEMEHTY Mapu TepTs 3 OUIBIIO IHTECHCHBHICTIO
3HOIITYBaHHS 4M Bij enemMeHTy 3 [ Tumom BC.

[lpy KOHTpOM peXUMy TepTs dYepe3 KOHTAKT JeTajieil MpOIYCKalOTh aCHMETPHYHHIMA
3MIHHUH CTpyM 1 BHUMIPIOIOTh pe3yJbTYIOUy IOCTIHHY CKJIaJoBy CTpyMy B jaHmoory. Cxema
BUMIPDHOTO JIAQHIIOTA JJIsi KOHTPOJNIO TMOKa3aHa Ha puc. 1. Bysom teprs 1 BkImoueHuit B
€JIGKTPUYHHIA JIAHILIOT, IKUH Ma€e CTPYMO3’€MHHUK 2, DKEPESIo 3MIHHOTO CTPYMY 1 IPUCTPil 3, sSKuii
peecTpye MOCTiIHHY CKIQJ0BY CTPyMY B JaHIIOTY. PekoMeHI0BaHI MapaMeTpu BUMIipIOBAJIBLHOTO
JIaHLIOTa HACTYIIHI: HaIpyra JpKepela KUBJIEeHHs 3MiHHoro ctpymy 50...200 MB; Hampyra mxepena
nocriitHoro ctpymy 10...20 MB; omip BumiproBansHoro nanmora 50...200 Om.
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Pucynok 1 - Cxema BKIIIOYEHHS By3J1a TEPTS B €JIEKTPUYHUHN JIAHIOT | — By30J1 TepTH,

2 — CTpyMO3’€MHHUK, 3 — JKEPEJIO 3MIHHOTO CTPYyMY, 4 - JDKEPEIIO IMOCTIHHOTO CTPyMY,
5 — MiKpornapameTp MOCTIHHOIO CTPyMY

[Ipu pob6oTi By3ma TepTs 3HOCOCTIHKICTH neraneil 3abe3mneuyerhcss BC 1 3maniyBabHUMHU
[1apaMH 1 MOCTiHA CKJIaJ0Ba CTPyMY B JIQHIIOTY CKJIQAA€THCS 3 MOCTIHHOIO CTPyMYy acUMeETpii i
BUIIPSIMJIEHI B TEPTbOBOMY KOHTAKTI YacTMHI 3MIHHOTO cTpymy. llpu pinuHHOMY TepTs IBi
CKJIa0B1 BiACYTHI. IIpu TepTs, 110 CYNPOBOJIKYETHCS CXOIJICHHAM 1 KaTacTPO(PIUHUM 3HOILIECHHIM
MIOBEPXOHb TEPTS, MOCTIMHA CKJIaJ0Ba PiBHA MOCTIHHOMY CTPYMY aCUMETPIB.

MOXJIMBOCTI BHIIEOMUCAHOTO CHOCOO0Y KOHTPOIIIO PEXUMY TEpTs CKIAAAIOTh 1HIUKALIIIO
JOTYCTUMHUX PEKUMIB: “HOpMajibHE 3HOIIEHHS MpPH MOCTIHHOMY TPaHUYHOMY UM PIIUHHOMY TEpTI
1 “miIBUINIEHE 3HOMIEHH1” TIPU MOMIKOIKEHOCT] CXOTLTIOBAHHSM.

[loenqnanns Ttumie BC B mapi TepTss MOXKHa KOHTPOJIOBATH BH3HAYAIOYU HANPSMOK
BUNIPSAMJICHHS CTpyMy B ¢pukuiiHOMY KoHTakTi (4). [Ing mporo mapy tepts (puc. 2), yTBOpeHY
MIITUTHAKOM | 1 BajJoM 2 BKJIIOYAIOTh B €JIEKTPUYHUN JIAHITIOT, KyJIU BXOJIUTH MPUCTPIN 3 mJis
peectpalii CTpyMy 1 KOHJIEHcATop 4, 10 3IJ1aJKye MyJbCalilo MOCTIHHOI CKIIa0BOI CTPyMy, SKa
MPOXOANTH uepe3 mpuctpiid 3. Hanpyra mxepena skuBineHHs 3MiHHOTO cTpyMy Big 200 mo 500 mB,
gactota 50 'y, omip manirora Bix 50 g0 2000 Om.
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Pucynok 2 - Enextpuyna cxema il KOHTPOJIIO 3HOUTYBaHHs 1o roeiHanH1 TumiB BC.
1 — migmunHuK, 2 — muiika Baja, 3 - MikporapameTp MOCTIHHOTO CTpyMYy, 4 — KOHJIEHCATOp

[Ipu BKIIIOUEHH] €JIEKTPUYHOTO JIaHLIOTa 4Yepe3 mapy TepTs MpoTiKae CTpyM. BeHTHiIbHUN
epeKT B KOHTAKTI TEPTHOBHX IOBEPXOHb MPHUBOAMTH JI0 YAaCTKOBOT'O BHIPSMIICHHS 3MIHHOTO
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CTpyMy, BUHHUKalO4a MOCTiHA CKJIAJ0Ba CTPYMY IPOXOAUTH Yepe3 KOHTAKT BiJ €JIEeMEHTY Hapu
TepTsl 3 OUTBIIOK IHTEHCUBHICTIO 3HOIICHHS.

MoxJIMBOCTI crOCO0y CKJIaNaloTh iHAMKALi0 noenHaHHs BC Ha cHpspkeHHX MOBEPXHAX
tepts. [lpm HOpManbHOMY 3HOINYBAaHHI BHIPSMICHUA CTPyM TMIPOTIKAae Bifg cTajgl Jo
anTudpuKLiiiHoro matepiany. [Ipu 3MiHI yMOB TepTs, HAaNpPUKIAA, NPH MEPEBAHTAKECHHS MOXKE
3MiHIOBAaTUCh MoenHaHHs TumiB BC 1 B pe3ynbTaTi pi3Ko 30UIBIIYETHCS CyMapHa IIBHJKICTb, 1110
Oyzie BUSIBJICHO MPH 3MiHI HAIPAMKY IIPOTIKaHHS BUIIPSMIIEHOTO CTPYMY.

CTpyKTYpHO-KIHETUYHMIA TPHUHIMII TOJISTa€e B HEOOXITHOCTI peecTpalii MepiogudHOCTI
yrBOopeHHs1 Ta pyiHyBanHs BC. Ilpu KOHTposi 3HOLIYBaHHS BHUMIPIOIOTH XapaKTEPUCTUKU
MEePIOMYHUX KOJIMBAHb CTPYKTYPHO-UYTIIMBHX MapameTpiB (PPHUKIIHHOTO KOHTAKTY (CHIIA TEPTH,
tpubo-EJIC, Bunpsimienoro crpymy). IBuakicts 3HomyBanus | Bu3HAYarOTH 32 BiJHOIICHHAM
TOBIIUHHA BTOPUHHHUX CTPYKTYP 10 TPUBAJIOCTI IIUKITY iX YTBOPEHHS Ta pyHHYBaHHS

| =— (1)

Onucanuii cnocid KOHTPOITIO 3HOIIYBAaHHS JO3BOJISIE OIIHIOBATH IIBHUJIKICTh 3HOITYBAHHS 32
HaWKOPOTIINHA IPOMIKOK Yacy, CIiB CTAaBHUN 3 TPUBATICTIO IIUKIY YTBOPEHHs Ta pyiHyBaHHS BC,
10 CKJIa/Ia€ IEPEBAKHO KiIbKa XBUJIUH.

EnepreTnunuii (CTpyKTypHO-€HEPreTUUHUI) MPHUHLMII KOHTPOJIO MOJSITae B TOMY, IO

BUMIpPIOIOTH TOTYkHicTh TepTs N7 i muTomy poboty A, . IIIBUAKICTH 3HOIIYBaHHS BH3HAYAIOTH

0 TX BIJHOIIIEHHI:
| =— (2)

Lleli mpuHIMO peayizoBaHU B crtoco0i KOHTPOJIIO IMIBUAKOCTI 3HOIIYBAaHHS Mapu TEPTs, B
SKOMY BUKOPHUCTOBYETHCSI KOpEJIALiiHA 3aJI€KHICTh MK KOHTAKTHUM €JIEKTPOOIIOPOM 1 MUTOMOIO
pobotoro 3HOCY (kKoedimieHT kopensnii>0,9). PiBHsaHHSA perpecii npu TepTs ctam 45 B machi 3
PI3HUMH MEXaHIYHUMH JOMIIIKaMU PU HAJIHHOCTI JOBIpUMX iHTEpBaiB 9,99 Mae npsimuii BUA:

A, = (3540 + 430)R, 3)

3.
ne A,, - muToma pobota 3HOCY, JUK/MM;

R - enexrpoonip xonrakry, Om.
Cxema [l BUMIPIOBAaHHS €JIEKTPOOINOPY B Mapi TEPTS METOAOM BOJBTMETpPA MOKa3aHa Ha
puc. 3. Omip BumiproBanbsHOTO JNaHIEora 50...200 Om, Hanpyra mxepena xusieHas 10...100 mB.

3 [R]
2

s

/. (n\D Ueas | 9

1 — migmmnHaMK, 2 — map oJMBH, 3 — MUHKA Baia, 4 — CTPyMO3’€MHHK, 5 — cTab11i30BaHe
JDKEPEIo KUBJICHHS MOCTIHHOTO CTPyMY

Pucynok 3 - Cxema BUMipIOBaHHS KOHTAKTHOT'O €JIEKTPOOTIOPY B Mapi TEPTS.

BusnadueHHs BiIHOCHOI 3HOCOCTIMKOCTI Mapu TepTsa. BapiaHTH BHUKOPHUCTAHHS METOJIB
HETIEPEPBHOTO KOHTPOJIIO 3HOUIYBaHHS 3aJIeKaTh BiJl pO3B’sI3yBaHUX TpHOosoriyHMX 3anad. [lpu
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HEOOXITHOCTI BU3HAYEHHS BIJHOCHHX XapaKTEPUCTUK 3HOCOCTIMKOCTI po3poOsieHi crocoOu
JI03BOJISIOTH 001MTHCH O€3 TomepeIHIX KaniOpOBOYHUX BUIIPOOYBaHb.

[Ipy KOHTPOI 3HOIIYBAaHHS 32 CTPYKTYPHUM IMPHUHLMUIOM 3 BpaxyBaHHiIM ¢opmynu (1.3)
BIJIHOCHA 3HOCOCTIHKICTh BU3HAYAETHCA 32 (OPMYIIOIO

T2y
Ty -y

B niana3oHi HopMasbHOrO 3HOLIYBaHHS ToBIIMHA BC Moke MaTu Ui OIHOIO 1 TOrO X
MaTepialy MOCTIMHY BEJIMYUHY, a 3MIHIOBAaTHCH MiJl BIUIMBOM PEXUMY TEpTs TIIbKU TPUBAIICTh
ukiny. Tomy Ui BU3HauUSHHS BIIHOCHOT 3HOCOCTIMKOCTI MOKHA OOMEKUTHCH BiTHOLICHHSM JIHILE
TPUBAJIOCTI UKy YTBOpEHHs 1 pyiiHyBaHHsa BC B eTalOHHUX 1 BUMPOOYBAIBHUX YMOBAX.

Ilpr KOHTpOJII 3HOUIYBAaHHS MO TOTYXHOCTI TEpPTS 1 €JIEKTPoOmnopy (E€HepreTHuYHUN
MIPUHITUT) BiTHOCHY 3HOCOCTIWKICTh MOKHA BU3HAYWTH 32 BITHOIIECHHSIM:

(4)

g-Nm-Rp )
Nto Ry

ne Ntq - moryxuicts Teprs, Br;

R - xonraktHuii enexrpoorip B napi teptst, OM. [Haekc 1 BiTHOCHTBCS 10 €TaJOHHHUX, a
1HAEKC 2 — 10 BUPOOYBaHUX YMOB TEPTS.

IIpy nDocTiiHOMY HaBaHTa)KE€HHI Ta IIBUJKOCTI KOB3aHHS MOXHa OOMEXHUTUCH
BIJIHOILIEHHSIM OIOPIB y POPMYJIi, OCKIJIbKHA OCTAHHE 301IbIIYETHCSA B 3HAUHO OUIBIINX MEXax, HIK
HNOTYXXHICTh TepTsa. B pe3ynbraTi BiAnagae HEOOXiTHICTh BHMIPIOBAHHS IMOTYXHOCTI TepTs 1
KOHTPOJIb CITPOIIYETHCS.

3 BpaxyBaHHAMHU IOXUOKHM EMIIIPUYHOI 3aJIe)KHOCTI MIX NHMTOMOIO pPOOOTOI0 3HOCY 1
€JIEKTPOOIIOpY (PPUKIINHOIO KOHTAKTy IOXMOKAa BHM3HAUYEHHS BIJHOCHOI 3HOCOCTIMKOCTI 3a
dbopmynoro ckianae nopsakom 20%.

B sKOCTI €TaTOHHUX YMOB TEPTS MOXKE CIYXHTH €TAJTOHHHHA BY30JI TEpTs, IO TPAIOE B
ONTUMAJIbHUX YMOBAaX 3 MiHIMAJbHUM 3HOIICHHSM, BUXIi/IHE MOJIOKEHHS By3Jia TepTs ab0 3Malllyro
4Oro CepeloBUILA.

HenepepBHuii KOHTPOJIb 3HOIIYBAaHHSA 3 BUKOPHUCTAaHHSIM 3alIPONIOHOBAHUX TPUOOJIOTIYHHX
MPUHIINIIB MOX€E OyTH BUKOPUCTAHUM SIK B JOCTIAHUIBKUX LIIAX, TaK 1 MPH BUPIIIEHHI ITUPOKOTO
KoJla TpUOOTEXHIYHMX 3a]ad, JIarHOCTUKU MpPALIOIOYUX BY3JIIB TepTH, ONTUMI3alil Mpolecy
MIPUIIPAIIOBAHHS BY3JIIB TEPTS MalIMH 1 TEXHOJIOTIYHOTO MPOIECY MPHUMPAMOBAHHSI METalIdYHUX
MIOBEPXOHb.
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High-quality and timely maintenance and repair of agricultural machinery determines the
efficiency of agro-industrial production. The modern fleet of machines of the agro-industrial
complex of Ukraine is diverse: tractor and car fleets. Currently, in the structure of the tractor park,
66% are occupied by wheeled tractors, 34% by crawler tractors. Tractors of traction classes 3-5
make up 49% of the total fleet, of which 32% are wheeled, and 68% are tracked. The main volume
of agricultural work is occupied by tractors of these traction classes and cars.

The age structure of the car fleet is characterized by the following data: up to 6 years - 8%,
6...10 years - 21%, over 10 years - 71%. The presence of equipment in the park with a service life
of more than 10 years leads to the fact that up to 20% of the available machines do not participate in
agro-industrial production. At the same time, more than 50% of the machinery that has undergone
technical maintenance and repair is used in agriculture. Maintenance and repair are forced and
necessary conditions for maintaining equipment in working condition, especially recently, when the
supply of equipment to the village has significantly decreased.

A decrease in engineering support in the agro-industrial complex is noted. Some repair and
technical enterprises are changing the direction of their activities, while only 11% of enterprises
have kept repair and technological equipment and personnel. Repair and maintenance of machines
and equipment performed by them are low-profit, often unprofitable. Analysis of the cost structure
of repair works shows that a large percentage of the total costs are spent on spare parts (from 61 to
86.8%). Overhead costs range from 17.5 to 5.5% of total costs. The analysis shows that recently the
main volumes of work to ensure the operability of equipment have moved directly to product
manufacturers and are mainly reduced to the replacement of parts and some simple components,
which leads to increased production costs.

Today, the supply of services significantly exceeds the 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 of production and technical services in accordance with current legislation. It is
necessary to form a system of technical service, which combines company service and regional
business service, which differs from the current directive management system.

The experience of many foreign countries with a developed market economy shows that the
most rational form of organizing maintenance and repair of machines in agriculture is the dealer
system. In this case, as studies have shown, a single-level marketing channel is used, which reduces
the number of intermediaries between the manufacturing plant and the rural producer and makes the
supply more prompt. In this technical service enterprise solves the tasks of marketing, leasing, etc.

The effectiveness of the dealer's work is reduced to ensuring the uninterrupted implementation
of agro-industrial production technologies by rural commodity producers through high-quality
maintenance and repair of equipment in the off-season. The prompt elimination of failures during the
warranty and post-warranty periods of operation, during the legally permissible periods of downtime of
the machines determines the need to justify the location and functioning of the system of service centers
of the dealership.

From the point of view of a systemic approach, enterprises operating in the field of agricultural
services are objects that have the appropriate material, labor, energy, and financial resources.
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information resources and carry out activities to satisfy the considered type of services. These
enterprises can be considered as a system in which there are production and management blocks with a
set of economic mechanisms for implementing the intended strategy of the enterprise. Both of these
blocks interact with the external environment.

The external environment is mainly represented by consumers (individual farms, associations,
machine-technology stations, etc.), who demand services; suppliers of component materials, spare parts,
etc.; as well as the whole set of state, political, social and demographic conditions, the influence of
which on the performance indicators of enterprises is important. Spontaneous changes in demand,
activity of competitors, sharp fluctuations in prices, interruptions in replenishment of resources, etc., can
have a significant destabilizing effect on the work of enterprises. In this regard, it will be considered that
the external environment of the agricultural service enterprise is characterized by stochasticity, the
influence of random factors on its effective operation.

Part of the destabilizing effects of the environment can be compensated with the help of the
known sustainability of the enterprise. It depends, first of all, on the inertial properties of the
system, which are determined by the internal reserves of the enterprise and the available regulatory
and technical tolerances in accordance with the technology. Secondly, sustainability depends on the
effective operation of adaptation mechanisms designed to preserve the profitable operation of the
enterprise, ensure the necessary level of meeting the needs of its customers and the quality of their
service.

A decrease in the effectiveness of adaptation mechanisms of an agroservice enterprise or
their complete absence leads to a decrease in the volume of services performed. As a result, the
financial condition worsens, and accounts payable increases.

Analysis of the activities of repair and technical enterprises shows that the repair and
maintenance of machines and equipment performed by them are low-profit, and most often
unprofitable. The production capacities of specialized workshops, repair shops and maintenance
stations for cars, tractors and combines, technical exchange points are used only by 10...20%.

Therefore, some agricultural service enterprises, especially repair and technical ones, are
changing the direction of their main activity.

The analysis shows that recently the main volumes of work to ensure the operability of
equipment have moved directly to product manufacturers and are reduced to the replacement of
parts and some simple components, which leads to increased production costs. Therefore, despite
the almost two-fold reduction in the fleet of vehicles, the costs of repairing equipment remain at the
same level as the costs of repairing the former fleet.

During the functioning of the agricultural service enterprise itself, the influence of random
factors in the process of providing relevant technical services can be observed. There may be a
failure in the operation of technological equipment. All this shows that when analyzing the activity
of a technical service company, it is necessary to use a probabilistic approach, methods of
mathematical statistics, and mass service theory models.

At the same time, mechanisms for adapting the enterprise to fluctuations in demand, in
particular to seasonal "peak" loads, are possible. The demand for services can be represented by a
random variable distributed according to the law, close to normal with a small shift of the right
branch about the center. The necessity of developing mechanisms for the effective operation of the
dealer enterprise in the market conditions of the development of the agricultural complex has been
proven.
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CyuacHuii eTan pO3BUTKY TEXHIKM XapaKTE€pPU3YETbCS IiJIBUILIEHUMH BUMOTaMH J0 SKOCTI
poOoUKX MMOBEPXOHb, HAJAIMHOCTI Ta JOBrOBIUHOCTI MAlIMH 1 MEXaHI3MIB B LijloMy. HeBpaxyBaHHs
JaHUX TapaMeTpiB Ha eTalli KOHCTPYIOBAHHS, BIAXWJIEHHS BiJ 3a7aHOl TEXHOJOrii oOpoOseHHH,
BUKOPHCTAHHS HEBHCOKOSKICHHX MaTepialiB, HEONTUMAJbHI PEXUMH €KCIUTyaTalli IpUBOASTH 10
BEJIMKHMX MaTepialbHUX Ta EHEpreTWMYHUX 3arpar. Jias Cyd4acHOro CuIbChKOTOCHOAAPCHKOTO
MalIMHOOYyBaHHS XapaKTepHa I1JIBUILLIEHA €HEPrOHANPYKEHICTh 1 BaXKI YMOBH €KCILTyaTalli nap
tepts. llepmoueproBoro 3HaueHHs HaOyBae mpoOjeMa MIABHIIEHHS I[OBEPXHEBOI MIIHOCTI 1
3HOCOCTIMKOCTI JeTajeil MamuH (KOHCTPYKTOPChKI Ta TEXHOJOTIYHI 3aco0u), a TaKoxX
BUKOPUCTAHHS MacCTHJIBHUX MaTepialiB (eKCIuTyaTaliifHi 3aco0n), ki 3a0e3MeUyIoTh iX HOpMaibHy
exciuryaTamito. CTalo OYEeBHIHMM, IO JUIsl YCHIIIHOTO BHPINIEHHS MPaKkTUYHUX 3a1a4
TpUOOTEXHIKM HEOOXiJTHO BHKOPUCTOBYBATH DPE3YyIbTaTH (YyHIAMEHTAIbHUX IOCTIIKEHb (i3UKU
TBEPJAOrO Tijla, MaTepiaio3HABCTBA, TEPMOJIMHAMIKH BIIKPUTUX CHCTEM, TEOPil CUCTEMHOTO aHAJI3y
[1].

BpaxoBytoun cnemnugiddi ymMOBH poOOTH pPO3TJSAYBaHUX Ba)XKO HABAaHTa)KEHUX BY3JIIB
TEpTs, IHKOJM BHUKOPHCTAHHSI KOHCTPYKTOPCBKMX Ta €KCIUTyaTalliiHUX 3aco0iB yNpaBIiHHSA
IpolecaMy aKTHBAIl Ta MacuBallii B 30H1 (PPUKIIITHOIO KOHTAKTY HE 3aBXIU NMpUHHATHE. ToMy B
JaHii poOOTI TOCHIKYBAIHCh TEXHOJIOT1YHI METO/IH ITiIBUILIEHHS MOBEPXHEBOI MIITHOCTI, 30KpeMa
METOAM 3MilHIOIU0i TexHousorii. [lpuBeaeHo pe3ynbTaTé KOMILIEKCHOTO E€KCHEpUMEHTaIbHOIO
JOCHIJIKEHHS TI0 BCTAaHOBJICHHIO SIKICHMX 3aKOHOMipHOCTEH TpUOOJIOTiYHUX B3a€MOiH, KOpemsiil
niana3ony cTpykTypHoi mpuctocoByBaHOCTI (CII) 1 KpUTHYHUX TOYOK B3aEMO TMEPEXOJy MPOIIECIB
npunpamtoBaniss — CII — o0emHa aecTpykuis, piBHIB aJanTHBHOCTI, 3HAYeHb OCHOBHHX
TpuOOTeXHIYHUX (IHTEHCUBHICTh 3HOIIyBaHHS I, koediuieHT Tepta W, Temmeparypa 1),
CTPYKTYpHO-€HEPreTUYHUX (IUTOMa poOoTa pylHYBaHHA Ap, TeMIlepaTypHa €HEProeMHICTh
Tpubocucremu Eq) XapakTepucTHK IPOLECIB TEPTsS Ta 3HOLIYBAHHS IiJ BIUIMBOM TEXHOJIOTIYHUX
(dakTopiB (METO/11B 3MII[HIOIOYOi TEXHOJIOT1T).

Jlo TexXHOJOriuHUX 3ac00iB YIpPaBIiHHS MOBEPXHEBOIO MIIHICTIO BITHOCSATHCS Pi3HI BUIU
3MIITHIOIOYO] TEXHOJIOTIi, 32 JOIMOMOTOI SKUX 3IMCHIOETHCS PETYJIIOBAaHHS IMPOIIECIB aKTUBAIII 1
nacuBallii, a TaKOX OJIep’KaHHs BTOPUHHUX CTPYKTYp BC 13 3a1aHUM KOMIIJIEKCOM XapaKTepUCTHK,
0 TPU3BOAWTH JO PO3IIUPECHHS Jlana3oHy 1 MOHM)KCHHS PIBHA OCHOBHUX TPHOOTEXHIYHHX
napameTpiB. [lo pe3ynbraTax momepeaHix IOCHIKEHb 13 BCIX ICHYIOUMX METOJIB 3MII[HIOIOYO1
TEeXHOJIOT1l BHOpaHi HaWOUTbI e(QEeKTUBHI IS BaXKOHABAHTAXKCHHX Tap TEepPTA. 3 MO3MIIT
CTPYKTYpPHO €HEPreTHYHOi MPUCTOCOBAHOCTI MaTepiajiB MpHU TEpTi Ta 3HOIIYBaHHI BCi iCHYIOUI
METOIH TIOBEPXHEBOT'0 3MIIHEHHS IMOIJICHO Ha JABI OCHOBHI IpynH (TaOmIuIs):

- METOAM OJICp)KaHHS TEPBUHHUX CTPYKTYP 13 BIACTUBOCTSAMH, SIKi 3a0€3MEUyIOTH
MO>KJIUBICTh TIepe0yI0BH 1 JOJATKOBOTO 3MIIHEHHS B MpOLIeCci eKcuTyarallii, To0To yrBopeHHs BC,
SK1 pPO3MIMPIOIOTH Jlialla30H HOPMAJIBHUX MPOIECIB 1 MiHIMI3YIOTh MTapaMeTPH TEPTs Ta 3HOUICHHS
(MeToau MIacTUYHOTro nedopMyBaHH:, XIMIKO-TepMiuyHa 00pOOKa, HAHECEHHS TOKPUTH);
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- METOH OJIEPKAHHS MEPBUHHUX CTPYKTYP 3 MaKCHMAaJIbHO MOKJIMBOIO CTIHKICTIO IO
BIIHOIICHHIO JI0 MEXAaHIYHMX 1 XIMIYHHX I Y BaXKKO HABaHTAXKCHHX yMOBaX EKCILTyaTtamii (
mudy3iHe 1 eTeKTPOTITHYHE XPOMYBaHHs, OOpYBaHHS Ta iH.).

JUis TOCSITHEHHsI MTOCTaBIEHUX KOHKPETHUX MPaKTHUHUX 3a]ad B JlaHii poOOTI MOCTaBIIEH]
Ta BHUpIIICHI HACTYIIHI 3a7a4i:

- pO3po0JIEHO KOMIUIEKCHY METOJIUKY JOCHIDKeHHS, sKa BKIO4ae B cebe
YHIBEpCaJIbHY MalIMHY TEPTS, KIHETUYHI KpUTEPI OLIIHKH MPOLIECIB TEPTS Ta 3HOIIYBaHHS [2];

- JOCTIJKEHO BIUIMB METOIB 3MIIHIOIOUOi TEXHOJOTii Ha 3aKOHOMIPHOCTI 3MiHH
napaMeTpiB TepTs Ta 3HOLIYBaHHS 1 AKicTh BC;

- JTAHO PEKOMEH/AIIIT 110 MPAaKTUYHOMY MPUMIHEHHIO METO/IIB 3MIITHIOIOYOT TEXHOJIOT11
Ui ONTHMi3alii YNpaBIiHHA TOBEPXHEBOi MIIHOCTI Ba)KKOHABAHTAXXEHUX Tap  TEPTH
CUIBCBKOTOCIIOAAPCHKUX MAIIHH.

Bubip mMarepiaiiB 10CHiKyBaHUX 3pa3KiB, KOHTPTiJA, METO/IB iX 3MII[HEHHS, MAaCTUIHHOTO
CepeIOBHINA 31HCHIOBABCS Y BIAMOBITHOCTI 3 MOCTABIICHUMH 33J1a4aMU 1 3 METOIO iX MPAKTUYHOTO
BUKOPUCTaHHA. B sikocTi MaTepiaiy AOCITIKYBaHMX 3pa3kiB BuOpaHa cTanb 40X, sika MIMPOKO
MIPUMIHSETBCS Y BY3J1aX TEPTS CLIBCHKOTOCIIOAAPCHKUX MAIIIMH Ta MEXaHi3MiB. Marepiana KOHTpTiJIa
— cranp HIX15. 3pasku i3 cram 40X, oOpoOieHi Mo cepiifHid TEXHOJOTil MmIArand pi3sHUM
METOZaM IOBEPXHEBOIO 3MILHEHHS Ta HAHECEHHs 3HOCOCTIMKMX HMOKPUTH MICHIS 4Oro ix pobdodi
MOBEPXHI JOBOAWIHMCH 10 MmopcTkocTi Ra=0,32. V Bcix gociizax B SIKOCTI MacTHIBHOTO
Cepe/loBUINla BUKOPHUCTOBYBAJIOCh 1HAKTHBHE, HEMOJIIpHE, MAaJoB’S3KEe Ba3eJIIHOBE MAacio, IO
NPAaKTUYHO BUKIIOYAIO BIUIMB TiAPOAMHAMIYHUX 1 aacopOumiiHuX e(dekTiB i B TOH e dyac
posmmmpsno aianazoH CII. [IBuakicTe KOB3aHHA Napu TepTs Yy BCIX EKCIEepUMEHTax Oyna
ocTiiiHoI — 2,3 M/C.

ExcrniepuMeHTalIbHI 3a71€KHOCTI 3MiHW OCHOBHUX TPUOOTEXHIUYHUX (IHTEHCUBHI 3HOIITYBAaHHS
I, koediumieHT TEpTA W, TemIepaTypu TOC), CTPYKTYpHO-€HEpPreTHYHUX (muroma poloTa
pyiiHyBaHHS Ap, TeMIepaTypHa €HEPrOEMHICTb cucTeMH TepTs Eq) XapakTepucTuk, oxep:kaHux
npu gociimkenHi crani 40X, mokasaHo Ha puc. 1 — puc. 5 (1 - cepiitHa TexHOJIOTIs, 2 - KOMIUIEKCHA
XiMiKo-TepMiuHa 00poOKa, 3 - XpoMyBaHHS, 4 - XiMiuHe TpaBieHHs, 5 - KIB.).

Tabnums - {ocmimkyBaHi METOIM 3MIIHIOIOYO1 TEXHOJIOT 11

1. CepiifHa TEXHOJIOT1s 1. A30TYyBaHHS B TJIIFOYOMY PO3PsIi

2. BbopyBanns ( 1pexum) 8. O06poOka rmuOOKUM X0JI0JJ0M

3. BopyBanHus (2 pexum) 9. XiMiYHE TpaBJICHHS

4, KomrnekcHa XiMiko- TepMivHa 10. Konpaencarist 3 ioHHUM 60MOapyBaHHSIM
00pobxka (XTO) (KIb)

5. CurliroBagHA 11. JlazepHe 3mirtHEeHHS

6. XpomyBaHHS
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Ha opepxanux rpadikax UiTKO BHIUIIOTbCS TpPH  XapaKTepHI o0jacTi: 30Ha
MIPUIPAIIOBAHHS (HECTaOUIbHI 3HAYEHHSI JOCIIDKYBAaHUX MapaMeTpiB); Alara3oH ONTUMAJIbHOTO 1
cTalblIbHOrO 3HaueHHs naHuXx mnapametpiB (pexxum CII); pexum pi3koi 3MiHH JOCHIIKYBaHUX
napamMeTpiB (mepexig 10 00’eMHOI AeCTpyKIii). 3araJbHUM JJIs BCIX 3alPOTIOHOBAHUX METOJIIB
MIOBEPXHEBOT'0 3MII[HEHHS SBISETHCS MOHMKEHHS PIBHS 1 PO3IMIMPEHHS [1ama30Hy HOPMAJbHOTO
MEXaHO-XIMIYHOTO 3HOIIYBAaHHS B TIOPIBHSHHI 13 CEPIMHOI0 TEXHOJIOTI€I0. SIK BUKIIOYEHHS —
METOAM KOMIUIEKCHOI XiMiko-TepmiuHoi 00poOku, KIb, ski posmmuprorors aianazon CII, mpote
OJIHOYACHO 1 MIJBUIIYIOTh PIBEHb HOPMAJILHOTO MEXaHO-XIMIYHOI'O 3HONIIYBaHHS. XapakTep 3MiHU
KOEQIIIEHTIB TEPTS |l aHAJOTTYHUHA XapaKTepy 3MiHU IHTEHCUBHOCTI 3HOLTYBaHHS [.
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PucyHok 5 - 3anexHicTh TEeMIIEPaTypHOI €HEProeMHOCTI cucteMu TepTst Eq Bia BennunHu
MUTOMOT'O HaBaHTaXXCHHs P

Sk BUAHO 13 MpHUBEACHUX TpadikiB U JOCTIIKYBAHIUX METOJIB TOBEPXHEBOTO 3MIIIHEHHS
ICHY€e KOpEeJsIlisl MDK Jianma3oHaMu CTaOUTbHUX 3HA4YeHb KOCQIIIEHTIB TEPTSA | Ta 1HTEHCHBHOCTI
3HomyBaHHs 1. BigHocHO piBHIB 3HaveHb | Ta p B miana3zoni CII ananmoriyHa Kopensiis BiACYTHS,
10 3yYMOBJIEHO BJACTUBOCTSAMHU CTPYKTYpU 3MIIHEHHMX [OBEpXHEBUX mmapiB. /Jliusg Bcix
JOCTIKYBaHUX METO[IB 13 30UIBIIEHHSIM MUTOMOTO HAaBAHTAXXEHHs, 30UIBLIYETHCS TeMIepaTypa
MOBEPXOHb TepTsa. B mMOpiBHSAHHI 13 CEpiiiHOIO TEXHOJOTI€0 BCi 3aMpONOHOBAaHI METOIU
MIOBEPXHEBOr0 3MIIHEHHS MOHWXYIOTh TeMIepaTypy B 30HI KoHTakTy. IliaTBepmxeno
B3a€MO3B’SI30K MIXK OCHOBHHUMH TpuOOTexHiYHUMHU mokazHukamu (I, u, T) ta crpykrypHO-
€HEepreTHYHUMH KpuTepisiMu (Ap, Eg). AHami3 CTpyKTYpHOTO CTaHy OBEPXOHb TepTs B peskumi CII
MiTBEPIUB HAsBHICTH onTuMansHuX BC.
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The growth of motorization and competition in the automobile market, the development of a
network of branded service centers of automobile enterprises, and the expansion of the model range
make it difficult to solve the tasks of rational management and optimization of both production and
service processes. The improvement of the company service system (SS), which is accompanied by
the expansion of the network of company service centers (CSC), is due to the need to implement a
strategy of customer orientation and the introduction of international quality standards, including
controlling the field of maintenance of vehicles during the period of operation, is more relevant than
ever for Ukrainian automobile enterprises, firms, companies, whose main goal is to satisfy the
needs of customers in quality products and service. The use of a system approach allows for a more
effective integration of management actions and improvement of vehicle maintenance processes.

The systematic approach allows one to see gaps in knowledge about the processes of the
network of corporate service centers, to reveal the incompleteness of this knowledge, to determine
the tasks of scientific research, in some cases by interpolation and extrapolation, to predict the
properties of the missing parts of the system description. Common tasks of system research are the
analysis and synthesis of such systems. In the process of analysis, the system is separated from the
environment, its composition, structures, functions, integral characteristics (properties), as well as
system-forming factors and relationships with the environment are determined.

In the system study, the branded service of cars is considered as a certain set of elements
(subsystems), the interrelationship of which determines the integral properties of this set. The main
emphasis is on identifying the variety of connections and relationships that take place both within
the system and in its relationships with the external environment. Significant importance in the
system approach is given to the identification of the probabilistic nature of the behavior of the
studied objects.

The construction of a system of balanced indicators is one of the tasks of strategic
controlling, the procedure for the implementation of which on the basis of a system of balanced
indicators allows:

— to formalize the objectives of the strategy of the SS of cars, to define the tasks that are
solved to achieve the goals and to distribute them according to the processes of the subjects of the
CSC network;

— to determine methods and algorithms for calculating the system of indicators for
evaluating the effectiveness of processes in the SS system;

— to improve the organization of processes in the SS system, taking into account the
adjustment of the obtained values of indicators.

Identified problems related to the management of the SS system of cars:

— tangible costs associated with large stocks of surplus spare parts in the warehouses of the
dealer service center (DSC) and a low level of turnover;

— downtime of the client's machine at service stations due to lack of spare parts, as well as
loss of customers due to significant waiting time;

- lack of methods for analyzing indicators of vehicle operational reliability and failure
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prevention;

— lack of a system for monitoring needs for spare parts and components.

Proposed measures to optimize the activities of dealer service centers:

— development of a mechanism for collecting, processing and multidimensional statistical
analysis of information regarding appeals to the DSC in order to identify their causes and increase
operational reliability by preventing failures;

— optimization of the supply of spare parts based on quality forecasts and accurate planning
of service maintenance at the stage of development and regular operation of the warranty period;

- development of a system for accounting for the movement of spare parts in the warehouses
of the DSC.

The quality of planning the activities of the DSC, meeting the needs for spare parts,
structuring and redistribution of material resources, implemented at the level of the CSC network
management center, depends on the quality of information about the species-age structure of the car
park and the forecast of the need for spare parts in the region of operation. When analyzing
statistical data, it is necessary to identify the relationship between the number and age of cars of a
given model and configuration in the studied region and the number of premature failures of a
specific part. The data obtained as a result of the analysis will make it possible to determine the
intensity of the flow of requests for service and their structure, the frequency of replacement of
parts and the average cost of the owners of each car model for its maintenance.

One of the urgent tasks for enterprises, firms, companies of the SS is the organization of an
operational response to the growing flow of requirements, the organization of effective interaction
with the supply system, that is, the creation of a single information and logistics space that allows
you to objectively assess the needs for spare parts and ensure their availability accordingly to the
needs of the SS system of cars.

Based on the analysis of statistical data obtained with the help of the information system, a
simulation model (SM) of the management of the spare parts supply system was developed. The
goal of studying the system with the help of SM is to minimize the balance of costs for the
organization of supply, based on the optimal supply plan and the amount of stocks in the
warehouses of the DSC.

The calculation of the optimal plan for the supply of spare parts in the CSC network should
be based on the selection of possible supply options and the finding of the best supply option
corresponding to the optimization function — costs, for the full period of time of the existence of a
certain type of stock, it can be argued that the proposed SM allows the calculation of the optimal
supply schedule more more efficient than existing models.

When performing a series of experiments on SM, data were obtained for each combination
of factors according to the plan of the full factorial experiment and the results of the optimizer. The
optimization experiment on the SM showed that the following service organization is the most
effective: the period of early supply of spare parts at the stage of regular operation of the warranty
period is taken as equal to 70 days; the ratio of spare parts to the total number of the batch
according to group 1 of spare parts is taken as equal to 80%, according to group 2-15%, according
to group 3-5%; the value of the non-decreasing stock for group 1 of spare parts is taken as 100
units, for group 2-48 units, for group 3-20 units; the optimal supply volume of the batch is assumed
to be equal to 740 units.

The combination of the knowledge base (KB) with IM allows obtaining a qualitatively new
level in the creation of design tools. If SM are descriptive in nature, then the models used in KB are
transformative in nature, contributing to adequate decision-making. Therefore, with the use of KB,
decision-making, which is traditionally carried out with the help of a specialist, can be carried out
without his participation in the developed system.

Currently, the effective operation of the CSC network management center of the automotive
enterprise to optimize the supply of spare parts can be successful only in the presence of modern
methods of collection, processing and analysis of vehicle performance indicators. Today, an urgent
task is the development of a management system for operational information about exported
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automotive equipment.

In order to quickly solve the problem of recording failures at the stages of work and regular
operation of the warranty period and processing statistical information about the indicators of the
operational reliability of automotive equipment, a database structure (DB) and software modules for
maintaining the identity cards of automotive equipment and collecting complaint documents for
managing incoming information were developed from the DSC to the CSC network control center
by means of the configured client-server architecture.

The developed software modules allow analyzing indicators of the operational reliability of
automotive equipment by means of multidimensional analysis, the essence of which is to calculate
indicators of the frequency of failures according to various dimensions — part group, cause of
failure, region of operation, DSC, end customer, model and configuration of the car, season,
mileage etc.

The basis of the multidimensional analysis of operational reliability indicators is the
electronic catalog of all parts, assemblies and aggregates, with a built-in tool for controlling
incorrectly recorded catalog elements, the use of which prevents the use of ambiguous part codes
and allows information to be presented in a structured form.

The task of integrating the electronic catalog of parts and assembly units with the
consolidated production specification of the manufacturer was solved, which completely eliminates
errors associated with the inconsistency of actually installed parts and components with those
specified in the catalog for a specific model and configuration of automotive equipment.

In order to solve the problem of providing the DSC with spare parts, an algorithm for the
formation of sets of spare parts was developed and built on its aspen software module, which allows
to optimize the work regarding the guarantee of the CSC network management center, responsible
for planning the supply of spare parts, by means of data analysis on the age structure of the park, the
region and the time of operation of the automobile equipment, which is in the claim.

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 106



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY
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EKOJIOTTYHI ACIIEKTH PELJUKJIITHI'Y KOHCTPYKIIHHHUX
IUIACTHKIB HA OCHOBI HOJIIAMITY

O./. depkau, doy., KaHO. mexH. HAYK,
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Beryn. Iloganbmuii  po3BUTOK MalIMHOOYIYyBaHHS, PO3BUTKY TEXHIYHOI CKJIAJOBOi
arpapHOTO CEKTOpPY €KOHOMIKM HEMOXJTMBUN 0€3 3aCTOCYBaHHsI HOBITHIX MaTepianiB. OqHUMU 13
TaKUX MartepiajiiB € TMOJIMEpHI Marepiadd 1 KOMIIO3UTH Ha IX OCHOBL. 3 MOYaTKOM
IIMPOKOMACIITAOHOTO BTOPrHEHHsI pocii B YKpaiHy morpeba y BHUKOPHCTaHHI KOHCTPYKLIMHHX
IacTUKIB TiUMbKU 3pocna. llle Oinpma g morpeba Oyme miJ 4Yac OCBOEHHS JACOKYMOBAHHMX
cimpchkux Teputopiii. Haeite Ha po3minoBanux JICHC monsx, He O6yne moBHoi 100-BigcoTkoBOT
rapasTii, 1110 Ha IOJII MO>KHA O€3MeYHO MpalfoBaTH CUILCHKOTOCIIOAPCHKOI0 TeXHIKOKW. MaliOyTHs
TexHIKa Mae OyTH HajiliHa, poOOTM30BaHa, J0BropiyHa. OJIHMMH 3 TakKUX MaTeplaiiB €
KOHCTPYKLIHHI IUIACTUKU HA OCHOBI nosiamifiB. [loniMepHo-komno3utiitai marepianu (IIKM), mo
CTBOPIOIOTH Ha 1X OCHOBI, JO3BOJISIFOTH OTPUMYBATH BUPOOH 13 3aIIpOrpaMOBaHUMHU BIIACTHBOCTSIMHU
miJ KOHKpeTHI yMoBH (pexxumu) podotu [1-3]. IIpu 1poMy, y HayKoOBil JiTepaTypl HEAOCTaTHBO
MPUIIJIEHO yBaru TEXHOJIOTI] PEeLUKIIHTY MpPU CTBOPEHI KOHCTPYKUIWHUX IMJIACTHKIB, HAIPUKIIA]
BTOPUHHOTO TMOJMiaMiy, HojieTuiaeHTepedranary, BiTHOBICHOIO BYIJIELIEBOrO BOJOKHA Ta iH. B
yMOBaxX HEJIOCTaTHhOrO  (iHAHCYBaHHS Ta  HEOOXITHOCTI  CTaOLIBbHOrO  3a0e3medeHHs
MaIMHOOYyBaHHS, Taki MaTepialii MOXYTb 3HAWTH BIIPOBAPKEHHS, 30KpeMa B KOHCTPYKIIT
CLIbCHKOTOCTIOZAPCHKUX MAalIMH Ta arpopo0oTiB, J1€¢ PEeKUMU TepTs AOCUTh MHOMipHI. Tomy,
3a0e3neueHHs] MallMHOOYAyBaHHS KOHCTPYKIIMHUMU MaTepialaMy BITYM3HSHOI'O BUPOOHMIITBA €
aKTyaJIbHUM 3aBJaHHSAM CbOTI'OJCHHS.

Marepiain Ta MeTOAUMKM AOCTizKeHb. B po0OoTi 3amponoHOBaHO BUKOPUCTOBYBATH
BTOPHHHI MaTtepiajau JUisl KOHCTPYKIIIHHUX TUTACTHKIB, a caMe ToJjiamia 6 Ta ByTJieleBe BOJOKHO,
OTpUMaHe NUIIXOM NepepoOKH poBiHTiB. YMoBHI no3HayeHHa [IKM Ta BMICT KOMIOHEHTIB Y HUX
HaBeeHo B Ta0u. 1.

Tabmuus 1 — Ymoai no3HaueHHs [IKM ta ciiBBiHOIIEHHS! KOMIIOHEHTIB B HUX

0 1 1 0
ij; VYmoBHe no3Hauends [IKM Honia]?/r;ig KOMTIQTICHTIR, Mac. ]g)B
1 YITA-6-10 90 10
2 VYIIA-6-15 85 15
3 VYII1A-6-20 80 20
4 VYITA-6-30 (3aKkOpAOHHOTO 70 30
BUPOOHUIITBA)

Byrienesi BojoOKHA BUAUISIN TEMIEPATYPHUM METOJIOM i3 BHOpaKyBaHHX AETaleH MUIIXOM
HarpiBy no 600°C. Takum 4MHOM, IMOJIMEpPHA MaTpPHUIS BUIASUIACS Y BHUTJISAI Ta3y, a BOJIOKHA
3aJMIIAINCH Y YACTOMY BHUIJIAI. Y MOJANBIIOMY BOJIOKHA YBOJIWIN B CTPYKTYPY HOBOI MOTIMEPHOT
MaTpulli Ha oJiHOIIHEeKoBoMY ekcTpyaepi EKI -45 3a temnepatypu 260°C.

JlocmiKeHHsT MIITHICHUX XapaKTePUCTUK BKAa3aHMX MaTepialliB BUKOHYBAJIOCs, BIAIOBIIHO
no Bumor ['OCT 4651-82, nHa BunpoOyBanmpHili wmamuHi FP-100/1. VYpapHy B’s3KICTbH
nocmimkyBany, BinnosinHo 10 'OCT 4647-80, na mastHukoBomy korpi KM-0,4 3a meromom
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[apmi. BuznaueHnHs BiIHOCHOT aOpa3MBHOI CTIHKOCTI BUKOHYBasIM BiAmoBiaHO 10 BuMor I'OCT
23.208-79.

PesyabTaTH  AocaiKeHb. Pe3yiapTaté  OCHDKEHHS  MIIHICHHX — XapaKTepUCTHUK
JIOCITIDKYBAaHUX MaTepialliB HaBEJICHO HA pucC. 1.

140.0 r 127.0

120.0 r
9 90.3
444I 415

80.0
VIIA-6-10 VIIA-6-15 VITA-6-20 VIIA-6-30
(3B)

60.0
40.0
20.0

00 -

36.8

31.3

® VnapHa B'I3KicTh, kJ[x/M> ™ HanpyxeHHs TeKy4ocTi, Mma

Pucynok 1 — MinHiCHI XapaKTEepUCTHKHU AOCIIKYBaHIX MaTepiajiB

BignoBinmHo 10 HaBeneHUX pe3ynbTaTiB (puc. 1), MokHa 3pOOUTH BHCHOBOK, IIIO
30umpIIeHHs KoHIeHTparii BB 3 15 g0 20 % mac. nmpu3BOANUTE 10 CYTTEBOT'O 3POCTaHHS yIAPHOI
B’s13k0cTi. [loganbine 3pocranHs Bmicty BB cripuumnHsie 3MEHIIEHHS JOCIIHKYBAHOTO ITOKAa3HUKA.
Hanpy»xenns TekydocTi MatepianiB B Aiarna3oHi koHieHTpauii BB B mexax 15...20 % mae maiixe
onHakoBi 3HadeHHs. CyTTeBe 3pOCTaHHS JAaHOTO TOKa3HUKA 3a(iKCOBAHO I Marepiamy, IIIo
mictuth 30 mac. % BB (YITA-6-30).

PesynbraTi BU3Ha4YeHHs BiAHOCHOI abpas3uBHOi crilikocTi [IKM HaBeneHo Ha puc. 2.

BignocHa abpa3uBHa 3HOCOCTIMKICTD

L 1

09

08 | 0.759 0.715

0.7

0.6

8:2 0.373
0.3

0.2

0.1

0

VIIA-6-15 VIIA-6-20 VIIA-6-10 VIIA-6-30 (3B)

Pucynok 2 — BimHOCHA 3HOCOCTIMKICTh JTOCIIIXKYBaHUX MaTepiamiB (3a €TAIOHHHUN 3pa30K 00paHO
marepian YITA-6-15)

BcranoBieno, mo HaiOimbnTy abpa3uBHY 3HOCOCTIHKICTh Mae martepian YIIA-6-15. Jlemo
MEHIIII 3HA4YEeHHs JOCIHIKyBaHOTO Moka3HMKa 3adikcoBano y [IKM VIIA-6-20 ta YIIA-6-10 —
0,759 Ta 0,715 BignosigHo. Haiimenmry BigHOCHY 3HOCOCTIHKicTh Mae [TKM VYIIA-6-30, Tomy ioro
HE PEKOMEH/I0BAaHO BUKOPUCTOBYBATHU Yy TPUOOCHPSDKEHHSX, IO MPALIOIOTh 32 3HAYHOI KiTBKOCTI
a0pa3WBHUX YaCTHMHOK B 30H1 TEPTH.
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MakcumanbsHy BiIHOCHY a0pa3uBHY 3HOCOCTIHKICTh Ma€ NoJdiMepHHid koMno3uT YIIA-6-15.
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he application of the principle of self-analysis, in which the car, with the help of special
devices, automatically analyzes the current operating conditions, the efficiency of its use and gives
special recommendations to service personnel and the operator, is a promising direction of
development in transport technology.

When comparing two identical transport machines, when the first one has known basic
parameters and indicators that determine its reliability, and the second one does not have these data,
the possibilities of effective operation of these machines will differ significantly from each other.
For the first machine, you can plan the scope of repair work and choose the inter-repair period as
closely as possible to the actual needs, as well as calculate the nomenclature and number of spare
parts and everything necessary for a quick and high-quality repair. For this machine, measures can
be taken to prevent unexpected failure of systems and units, especially those whose violation can
lead to long-term downtime. With the known characteristics of failure-free durability of the
machine and its elements, it is possible to specify the most effective measures to increase its
reliability.

All this cannot be done for the second machine, for which the reliability characteristics are
unknown, so it is impossible to assign parameters of the repair system and measures to improve
reliability. The use of the potential of this machine will be far from complete, especially if there is a
high probability of failure of the responsible units and units.

Information about the reliability of systems and units is no less valuable than achieving this
level. Prediction of possible failures, the possibility of obtaining information about the technical
condition of the machine without removing it from the work process, regulation of reliability
indicators and operating conditions, detection of parts and elements that wear out quickly - all this
is the basis for solving the issue of increasing the reliability of systems and units of transport
machines.

At the moment, the real situation in the operation of machines is such that the reliability
characteristics are determined only approximately or not at all, and it is possible to determine the
real reliability indicators only using statistical methods after the long-term operation of a large
number of the same type of machines and the efficiency of technical operation.

The creation of systems for monitoring the technical condition of transport machines,
especially remotely, which have the functions of collecting and transmitting information about the
current state, which help to take additional measures to reduce the risk of unexpected failure of
systems and units, will allow the machine not only to perform the given work, but also to perform
its functions for a long time time. Nowadays, these trends are practically implemented.

Some specific systems were produced according to the needs of a certain manufacturer of
equipment and worked only with certain models of machines, which is caused by the peculiarity of
electronic protocols that are available in electronic control units. These systems were considered as
additional modules that help to expand the technical capabilities of the machine, as well as monitor
the performance of the machine and build the technical process in such a way as to reduce the
number of downtimes of the equipment. Implemented systems were also used for remote updating
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and adjustment of parameters in electronic control units of machine units. The general diagnostics
of the machine is carried out according to the performance parameter, namely, according to the
measurement of the time of execution of a cyclic operation. In the systems listed above, if the
measured cycle time is greater than the regulatory value, then in-depth diagnostics of the machine
units were carried out. In other monitoring systems, to diagnose certain systems and machine units,
use information that is directly recorded from machine sensors, as well as from electronic control
units via the CAN bus. The CAN bus allows you to get a wide range of information about the
operation and operation of the machine. In most cases, in the presence of a CAN-bus and electronic
unit control units, the machine has built-in self-diagnosis functions, and the monitoring system
performs only the role of collecting and transmitting information to the server for deeper analysis.
But not all cars have built-in self-diagnosis systems and electronic control units. Therefore, for the
organization of a technical condition monitoring system for these types of equipment, it is necessary
to install additional sensors and expansion modules that would allow to increase the amount of
information collected about the technical condition of the machine and the manufacturability of the
machine as a whole.

The scheme of operation of these technical condition monitoring systems is quite similar in
terms of the general composition of components - it is a terminal or module installed on the
machine, which constantly records information from sensors or electronic control units about the
technical condition of machine nodes and units and compiles diagnostic reports that it transmits to
data processing server. On the server, the received information is processed and reports are
generated for the service personnel to make a decision about the technical effects on the machine.

The operation of the modules or terminals installed on the machine can be provided by a
block diagram. Sensors (transducers) installed on the diagnostic object transmit various signals,
which are converted into electrical quantities and enter the unit for processing this information and
evaluating the state of the product or the nature of changes in its parameters. An array of
permissible reference values is assumed for all signals with which diagnostic signals need to be
compared.

The process of comparison can be simple, when the permissible limits for the fluctuation of
the parameter are established and its presence within the tolerance is fixed, and more complex,
when operations are used that evaluate the degree of deviation of the parameter measured from the
nominal, the speed and nature of the process of changing the parameter over time and its other
characteristics.

In some cases, in order to evaluate the technical condition of the object, special test effects
are applied to it, that is, stimulating signals are formed and sent to the diagnostic object to evaluate
its reaction. The results of this analysis can be used to further guide the diagnosis process. For this
purpose, the automatic diagnosis system includes a unit for registering received data and a logical
device for making decisions about managing the diagnosis process.

To increase the reliability of the data, self-monitoring is carried out by repeating individual
operations and comparing the received data. This unit can perform the functions of statistical data
processing and obtaining average values, dispersion and other characteristics of measured
quantities.

A scheme with different degrees of automation can be implemented, with the concentration
of all operations in one system or its breakdown into separate blocks and installations. The latter is
related to the nature of the object, its size, the possibilities of obtaining data during operation, the
required frequency of inspection and other factors.

The use of technical diagnostics helps to increase the trouble-free operation of machines,
since their actual condition is controlled, and to reduce repair costs due to the increase in product
durability.

The transfer of information from the terminal to the server may differ in the method of data
transfer. In some systems of monitoring the technical condition used in cities, cellular GPRS is
used. communication In places where cellular communication is not available, low-orbit LEO (Low
Earth Orbit) communication satellites with an altitude of 700-1500 km can be used to transmit
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information. The disadvantage of the satellite communication system is the high cost of
transmission. There are other ways of transmitting information, such as, for example, the
organization of stationary posts, when located near which the terminal installed on the machine
automatically transmits all the collected information about the operation of the machine via Wi-
Fi/Bluetooth network. After the report on the operation of the machine is transferred to the
stationary post, the information is sent to the data processing server via the Internet or an internal
local network. The disadvantages of this method are the need to organize additional post
infrastructure, which is inconvenient if the area of operation of the machine is very large and there
is no specific route of movement or local place of work.

It is possible to note the tendency that the interest in the development of technical condition
monitoring systems increases over time, so the main deterrent factor is the technical level,
reliability, price of electronic components, as well as weak data processing capabilities. In real
conditions, it is possible to make powerful monitoring systems with good performance, also with
large amounts of memory for creating large databases.

Thus, remote diagnostics is an important element of the system of operating machines and
managing their quality and reliability. The use of GPRS communication in transport vehicles makes
it possible to expand their operational capabilities, increase productivity, reduce the risk of gradual
failures, detect operator errors, obtain information about the operation of the equipment, improve
the planning of the purchase of necessary spare parts, and reduce idle equipment.
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OIITUMIZAIIIA ITPOLIECY YTHJII3ALIII TEIIVIOTH BIJITPAIIbOBAHHX
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lsano-Dpankiecokuii HAYIOHATLHUL MeXHIYHULL YHIgepcumem Hagdmu i eazy, Yrpaina

[TopurHeBi 1 KOMOiIHOBaHI JBUTYHH BHYTpilIHBOro 3ropanHs (B3) € Hai0imbII
YHUCJICHHUMHU CEepel TEIUIOBUX JDKEpPEeN EHEeprii, M0 BUKOPUCTOBYETHCS JIIOJICTBOM, iX IIHUPOKE
MOIIMPEHHS] O0YMOBJICHE THM, 1[0 B PE3yJIbTaTi 0araTopiuHOro pO3BUTKY BOHU JOCATIH JOCTATHHO
BHUCOKHX €HEPreTUYHHUX 1 EKOHOMIYHUX MOKAa3HUKIB, MAIOTh JIOCTATHIO HAIIMHICTB 1 T0OOpEe OCBOEHI
B TEXHOJOTiYHOMY BigHomIeHHI. OgHak iX koedilieHT KOpucCHOI Aii OOMEXeHO MapameTpaMu
peanizoBaHOro B HUX TepMoAMHaMiuyHOro mnukiy i epexrtuBHuit KKJ| nBuUryHiB 13 mpuUMycCOBUM
3anajieHHsIM majiuBa He nepesuinye 33 %, a auzeniB - 46 % [1 — 5]. Ile cBiguuTh MpoO 3HAYHI
"BTpaTH' eHeprii, 110 BBOAUTHCS B HUX 3 MAJIMBOM, NPUYOMY 3HAUHY YaCTHHY IX CTaHOBISATh
"Brpatu" 3 BigmpanpoBanumu razamu (BI), a Takosx, OuIbIIy YacTMHY poO0OYOro 4acy MOpIIHEBI
JIB3 mpaiitoroTh Ha 3MIHHUX IIBUAKICHUX 1 HABAHTAXYBaJbHUX PEKUMAaX.

Kpim Toro, €sporneiickka Kowmicis mpairoe HajJi KOMIJIEKCHOIO CTPATEri€l0 3MEHIIEHHS
BukuiB CO, BiJl BaXKUX TPAHCIOPTHUX 3ac00IB SK Yy BaHTaAXXHOMY, TaK 1 B HAacaXUPCbKOMY
TPAHCHOPTi, TOMY 1110, HE3BA)KAalOUM HA 3HAYHE MOKpAIIEHHS €()EeKTUBHOCTI CIIOKMBAHHS MaJIMBa
(ToO6TO BHpOBaIKEHHS TYpOOKOMIIpECOPIB ISl AW3ENbHHUX JBUTYHIB 1 PO3BUTOK TiOPHIHOTO
nasuryHa, TB3) B ocTaHHI pOKH LI BUKHAM BCE IIE€ 3pOCTalOTh, B OCHOBHOMY uepe3 301IbIICHHS
aBTOMOOUIBHOT'O BAHTAXKHOTO PYXY.

VY cBiTNII BHIIE3a3HAYEHOI TMOJITHKH pO3poOKa eHeproe(eKTHBHUX TEXHOJIOTIH s
TPAHCIIOPTHHUX 3acO0IB CTaja MPIOPUTETOM JJisi aBTOMOOLIRHOI mpomuciioBocTi. Ak LDV, Tak 1
HDV BHKOPHCTOBYIOTH ABUT'YHH BHYTpilIHBOTO 3ropsiHHs (IC), ki BUPOOISAIOTH MEBHY KUIBKICTH
eHeprii, Ou1bllIa YaCTHUHA SKOi B OCHOBHOMY PO3CIIO€THCS Y BUIJISI/II TEIIa Yepe3 BUXJIOMHI ra3u Ta
OXOJIOJKYIOUY pIAUHY, 1 OKpIM HEBEJIMKOTO BIACOTKA, SKUA MOXKE OYTH KOPUCHUM IS
BUKOPUCTAaHHS BUKOPUCTOBYBATH /I OOITPIBY CAJIOHY 3aMiCTh BUKOPUCTaHHS KOHJIUIIIOHEPA, STKUMA
CIIOKUBA€ OUNBIIE EHEprii, I[I0 €HEePrir0 MOXKHA BITHOBUTH Ta BUKOPWUCTATH JJIs ITiIBUIICHHS
edexTuBHOCTI TpaHcmicii. Ha puc. 1 moka3aHo THUMOBHMH TUISX TOTOKY €HEprii JABUTYHA
BHYTPIIIHBOT'O 3TOPSIHHS, y SKOMY Jumie 25% naiuBa, IO CIHATIOETHCS, BUKOPUCTOBYEThCS IS
po0OOTH TpaHCMIOPTHOTO 3acoly, ToAl sk O6mu3bko 70% 3aranbHOI eHeprii majuBa PO3CIIOETHCS B
HaBKOJIMIIIHBOMY CEpEOBHUINI Yy BHUIJISAAI BTpAaTH Teljla B OCHOBHOMY 4Yepe3 BHXJIONHI Ta3u
TPaHCIOPTHOTO 3ac00y. cucteMa i paaiatop. CTBepKyeThCs, 110 IEPeTBOPEeHHs HaBiTh 10% 1100
BIJIIPAIlbOBAHOTO TeIJa B EJIEKTPHKY 3a JomomMoroio cucremMud nukiay Penkina (RC) abo 3a
nornomororo TepMmoenektpuuHoro reneparopa (TEG) moxe mpusectn 10 20% miaBHUILIEHHS
e(eKTUBHOCTI BUKOpHUCTaHHA nanusa, Saidur et al. (2012) i, sik HACTAO0K, Y CKOPOUYCHHI BUKHU/IIB.

MO>IHBO BUAUTUTH JIBa OCHOBHUX HAINpPsIMKHA BUKOPHUCTAHHS TEPMIYHOro moTeHiiany BIT
(cuctem yrwmizanii terutotn BIY) - mast omepkaHHs 10maTkoBOi KopucHoi pobotu (1) ¥ mis
3a0e3MeUeHHs TEIUIOTOI0 CIIOKUBaYiB (2).

[lpn mepmomy HampsMKy TOJaTKOBa KOpUCHa poboTa abo mepenaerscst (JI0Aa€eThes)
Oe3mocepeIHbO Ha KOMIHYACTHI Ban mopiuHeBoro /IB3, a0o BUKOpHUCTAETHCS Ui IPUBONY SKHX-
HeOyIlb arperaTiB i CHCTEM CHJIOBOI YCTAHOBKH. Y IIbOMY HAaIpSMKY CHCTEMH YTHJIi3allii TEIJIOTH
BI' mopumeBux J[B3 MokHa pO3AUIMTH HAa OCHOBHUX W'SITh TPYI: MapOCHUIIOBI YCTaHOBKH,
TepMoeneKTpuyHi reHepatopu, ABuryHu Crupminra ([C), moBiTpsiHI po3MMprOBabHI MAIIUHH i
MOPIIHEB] IBUT'YHU 3 BHYTPILIHIM TapOyTBOPEHHSIM.
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KoxHa 3 HaBeZeHNX CHUCTEM Ma€ CBOi MepeBard i HEAOJIKU, 3yMIMHUMOCH OLIBII IeTaabHO
Ha TIepepaxoBaHuX cucTemMax yrumiszaiii reriotu BI' JIB3.

PosrmstHyTi BUIlE cnocobu ymunizayii ewepeii 8ionpaybo8anux 2azié 6a3yomvcs HA YMOGL
TEIII000MiHY CTab1II30BaHUX Ta30BUX IMOTOKIB Y BIIX1THUX TpakTax [IB3.

B posrisiHyTHX poO60oTax 30BCiM HE JOCIHIKYBABCS BILIUB ITyJIbCAIliil HAa TETJI000MiH.

Came HasIBHICTH ITyJIbCAIlil MOYKE 3HAYHO IHTECHCU(IKYBATH TETJIOOOMIH.

Hecramionapui mpouecu, M0 MOB’sA3aHI 13 LHUKIIYHOIO pOOOTOI JBHUI'YHA MOXYTh
CYNMPOBO/KYBATUCS SK 30UTBIICHHSIM, TaK 1 3MEHIIEHHSM IHTEHCHUBHOCTI Teruiooominy Jlani
MPOIECH JJOCUTH IIBUAKOIUIMHHI B Yaci 1 3arajJbHOBIIOMUMH METOJAaMH Ta 3ac00aMH HEMOKIMBO
BHU3HAUUTH OCHOBHI MapaMeTpH JIaHOTO MPOIIeCy, a caMe aMILUTITYAy Ta 4acTOTY IyJIbCalliid TUCKY
ra3oBOT0 MOTOKY.

Il 0ocnioscenus uuje32adanux npoyecie Oyia BUKOPUCMAHA YCMAHOBKA, pPO3PoOIeHA
ooyenmom kagheopu AT [oniwnim B.B [6].

3a OCHOBHI MPHUCTPOI OyJIO B3SATO NHM3EIBHUN YOTHPUTAKTHHHN 3 HEPO3NIUICHOI KaMeporo
3ropaHHs 1 0e3nocepenHiM BIOPCKYBaHHSAM MaluBa ABOUWTIHApOBUil aBuryH J21A (HOMiHaibHA
noTykHicTh — 18 kBT, mipa ctucky — 16,5 npu giametpi mmniagpa 105 mm 1 xozi mopurast 120 M,
poGoumii 06'eM mTiHAPIB — 2,08 11, YacTOTa OGEpTAHHS KOTiHYacToro Bama — (600 — 1800) x8™) Ta
TerI000MIHHMIN anapart Ans yruiizauii teruiot BT

Po3pobieHa KOHCTpYKIliSE YCTaHOBKM 300pakeHa Ha puc. 1. Jlo 1l ckimamy BXOIATH:
JU3eNbHUN JIBUT'YH, KOMIIpECOp, B SKOCTI HaBaHTaXyBajbHOI mpuctporo 1 TO tumy "tpyba B
Tpy0i”, 3arajmpHa JOBKMHA BHYTPIIIHBOI TpyOH sikoro ckiagae 2500 mm, 3amipHa (poboda) yacTuHa
— 1650 mm. BuytpimHii aiamerp BHYTpimHbOi Tpyon TO — 26 MM IpH TOBIIMHI CTIHKH 2,5 MM;
Matepian Tpyou — miab. BHyTpimHi# giamerp 30BHIHBOI Tpyon TO — 96 MM. YcTraHOBKA TaKOX
oOjazHaHa JOMOMDKHHUMH IPHUCTPOSIMHU Ui 3a0e3nedeHHs ii (yHKLIOHYBaHHsS (cucTeMa ITyCKy
3YETUICHHs, KOpOoOKa TMepeaad), KOMIUIEKTOM CEepiiHUX, pEECTpaliiHUX 1 BUMIPIOBAJIBHHUX
npuiaaiB (MaHOMETPH, TEPMOMETPH, YACTOTOMIPH, XPOHOMETp, JIYMIBHUKH Ta BHUTPATOMIpU
nanuBa, moBiTps, BI', oxomoaHo1 BoM) Ta CIeliadbHO PO3POOICHUM MIPUCTPOEM ISl AOCTIKEHHS

Pucynok 1 — JlocniHa ycTaHOBKa

[Tpu mpoBeAcHHI TOCHTIIKSHHSI CAMOIUCIIEM PEECTPYBAIH OCIIIIOTPAMU MyJIbCAIlil THUCKY,
NPUKIIAJN SKUX JUTSI TPhOX YacTOT OOEPTaHHS KOJIIHYACTOrO Bajia HEHaBaHTa)XCHOro NBUTYHA. Ha
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ocLMJIOTpaMax BKaszaHl peajbHI pO3MIPHOCTI PEECTPOBAHUX MAapaMeTpPiB B3IOBXK OCEH KOOpIHMHAT.
[Ipy 1BOMY YYTIIMBOCTI KOXKHOTO 3 BUMIPIOBAJIbHHMX KaHAJIIB CaMOMNMCIS, IO B1A0OpaxkaroTh
PEXUMH MIJACUIEHHS PEECTPOBAHUX CHUTHANIB THCKY Sp 1 Temmepa- Typu S; Ul PI3HHUX 4acTOT
o0epTaHHA € TaKoX HE3MIHHMMH 1 cTaHOBATH 0,5 MB/MM mpu peectpamii mynbcariii THCKY.
IBuAKICT pyXy AiarpaMHOi cTpiuky ctaHoBmiIa 100 mm/c.

[IpoBeneHi MOCTIKEHHS JAafOTh MOXJIMBICTH 3POOMTH BHCHOBOK TIPO 3POCTaHHS  SK
nyJbcaliid THCKY, TaK 1 MyJbcalliil TeMuepaTypH i3 301IBIICHHSM YaCTOTH 00€pPTaHHS KOJIIHYAaCTOrO
BaJia JIBUTYHA.

Otpumani gociinHi 3HaueHHS KoedimieHTa TeruoBingadi Ha 15 — 20% mnepeBUIYIOTh
3Ha4YCHHs KoedilieHTa TeIIoBiAaaui 3a kputepieM HyccenbTa miist Kpyriaux Tpyo.

30unpmeHHs  Koedimienta TteruoBianavi Teuii BI', skuil mossrae y mpuMycoBii 3MiHi
nyJibcalliHUX MapameTpiB Tedii. [[boro MoxxHa TOCArTH, HaNPHUKIAL, 32 JOIIOMOIOI0 3aCYBKH, sKa
NEpEeKpUBAE YaCTKOBO TIOMEpPEUHUi mepepi3 BiaximHoro Ttpakty Ttewii BIT 3 wacrororo, siky
3a0e3nedyBaTuMe KEpOBAHUN MPUBOJL 3aCYBKH.

VY pe3ynbTaTi NPOBEACHOrO aHajily CTaHy YTHIIi3alii TEIUIOTH BiANpalbOBaHUX TIa3iB
MMOKa3aHo, IO BpaxyBaHHsA (akKTy IMyJbcamii Tedii BiANpanbOBaHMX Ta3iB, sKi paHille HE
BPaxXOBYBAJIMCS MPH MPOCKTYBaHHI Ta pO3PaXyHKY TEIUIOOOMIHHHMX amapaTiB JO3BOJIUTH 3MEHIIUTH
oy TertooOMiHHuKIB Ha 10-15%.

Ile ocobmmBO akTyaldbHO MPH YTWII3allii TETUIOTH BIANMPAIbOBAHMX Ta3iB TPAHCIIOPTHHUX
3ac00iB, OCKUIBKY JIJII HUX OCOOJIMBO aKTyaJbHUM € 3MEHIIICHHS ra0apuTiB TEIIOOOMIHHHUKIB.
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UDC 656

CAR MAINTENANCE AND REPAIR SYSTEM, BUILT ON THE BASIS OF
PROBABILITY-LOGICAL DIAGNOSTICS OF THEIR TECHNICAL
CONDITION

A.A. Serhiychuk, graduate student,

O.H. Holovatenko, master,

V.V. Aulin, Prof., Dr. Tech. Sciences,

S.V. Lysenko, associate professor, candidate technical sciences,
Central Ukrainian National Technical University, Ukraine

For the system of technical maintenance and repair of cars, the subsystem of technical
diagnostics of their technical condition is important. Diagnostic parameters are associated with
certain dependencies both with structural parameters and with the operational qualities of the
engine. Knowing the dependencies between structural and diagnostic parameters, understanding the
nature of their changes during operation, allows you to determine the actual state of power unit
assemblies without disassembling them, predict the remaining resource and reasonably assign the
type of repair or the amount of maintenance. From the analysis of failures occurring in the diesel
fuel system: about 40% of failures are caused by malfunctions associated with contact and
connection failures; 30% — failure of one of the elements (for example, a sensor); 20% — mixture
formation subsystem; 10% - mechanical.

Given that the number of failures increases with the increase in the mileage of the car, it is
necessary to conduct an in-depth analysis of the failures of the fuel system management system. It
is also necessary to understand that timely objective diagnostic information about the car's
achievement of the limit values of the parameters allows to send cars to repair or write them off in a
short period of time. The use of built-in diagnostics makes it possible to quickly adjust the
maintenance and repair system using the influence of control information on the redistribution of
car flows, which implies a reduction in downtime for repairs.

Diagnostic parameters make it possible to determine the technical condition of individual
mechanisms, systems and components, but do not provide an opportunity to assess their condition
as a whole. Therefore, in practice, it is necessary to use several methods and parameters at the same
time or choose the appropriate ones for this case. The advantages of built-in diagnostics are
obvious, but it requires highly qualified personnel. For example, the analysis of noise and vibration
that occurs during the operation of the mechanisms makes it possible to diagnose all the moving
couplings of parts in which impact loads occur. This method can be used to diagnose crank and
connecting rod and gas distribution mechanisms at the initial stage of troubleshooting.

The work highlights several diagnostic strategies:

1. Diagnostics by the flow method (at diagnostic stations).

2. Diagnosis by the driver on the line and according to information from the instrument
panel.

3. Diagnosis by the driver (operator) of the engine control system using self-diagnosis and
code reading, as well as using computer diagnostics.

4. Diagnostics by a software-measuring complex using overhead sensors.

5. Diagnosis using expert system programs.

t was determined that the probabilistic logic model of diagnosis allows using it based on
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built-in means to minimize the probability of a malfunction by timely tracking the change of the
control parameter. In the future, this method will be able to cover all the nodes and units of the car
necessary for control.

If the malfunction is outside the monitoring sensors, then using the block with the database
of the built-in diagnostics system will reduce the time of searching for the malfunction.

he system analyzes the received information and confirms the connections between
diagnostic parameters and possible violations of structural parameters by interviewing the driver
about indirect signs of a malfunction, events preceding the occurrence of a defect - undergoing
maintenance, a list of maintenance operations, materials used during repair and operation, mode
machine operation, operation time limit, etc. This method of building a hypothesis allows you to
significantly reduce the occurrence of false hypotheses. With the development of technologies, the
list of diagnostic tools can be added to the database. The proposed methodology uses all the
advantages of the logical method: low requirements for the qualification of the diagnostician, low
cost of diagnostic tools; the impact of possible errors during hypothesis construction is reduced.

Based on the received information, probable hypotheses are determined at this stage -
elements of the engine and transmission suspected of failure.

After the stage of selection of quality features is completed, the system reviews the database
and forms a working set of expected malfunctions, which provide a solution to the task of finding
malfunctions. After determining the quality feature, the cause of the malfunction should be
determined.

The use of built-in diagnostics makes it possible to increase the level of operational
reliability of the car fleet, reduce material and labor costs for maintenance and repair of cars, and
reduce the need for technological equipment and production and storage facilities.

Based on the above advantages of the probabilistic logic model, the time to search for
malfunctions that occur during the operation of rolling stock is significantly reduced, and the
efficiency of diagnosis is increased.

The developed technique allows prompt diagnostics, based on the results of which the car
can be sent for repair, and labor-saving repair operations can be carried out on the line. At the same
time, prerequisites are created for the growth of the coefficient of technical readiness of the car
fleet, the reduction of car reservation elements, which allows to optimize the transport process, the
technical and economic indicators of cars and the motor vehicle enterprise as a whole.

Effective application and development of diagnostics require further improvement of its
modes, normative indicators, methods, means, technological processes and organization, as well as
improvement of controllability of cars.

In order to create a workable model of the system of coefficients, it is necessary to achieve
the optimum level of interaction between objective and subjective diagnostics of the technical
condition of cars.

At the same time, the optimality criteria for fault detection can be the following:

— minimum specific total costs of the system;

— minimum specific labor intensity;

— the maximum average working time for system failure;

- possibility of system failure;

— coefficient of technical readiness.

But it is necessary to achieve optimization of the frequency of control, individual adjustment
of technical maintenance and ongoing repairs when carrying out diagnostic measures.

The management functions of processes and diagnostic tools are production and inspection
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in nature. They are based on the optimization of routine control regimes, regulation of technological
posts of cars serviced by sorting the repair fund, individual adjustment of routine maintenance and
repair volumes; checking the quality of the performed maintenance and ongoing repairs of cars.
These functions are implemented in production on the basis of information about the technical
condition of the car with the help of external diagnostics, which are adjusted using a system of
coefficients. The need for the regularity of changes in the parameters of the technical condition of
the car is due to obtaining a controllable model of coefficients, which, in turn, is based on standards
and the optimal relationship between diagnostic parameters. For this, a generalized logical or
analytical description of the most important properties of the diagnostic object is necessary: nodes,
systems, car units.
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VK 656.1

OPI'AHI3AIIIA MIKHAPO/IHOI' O IOPO/KHBOI'O PYXY IIPH
IIEPEBE3EHHI BAHTAKIB

B.O. lopomyk, cm.guxr,
L.A. bepexxusik, cm. ep. TT-31,
Hayionanvnuti ynigepcumem 600H020 20cnooapcmea ma npupoooKopucmyseants, Yxkpaina

MixHapoaHUl JOPOXKHINM pyX TMpH TMEpPeBe3€HHI BAHTAXKIB PETYIIOETbCS PIZHUMU
MDKHapOJAHMMH YTOJAaMH Ta KOHBCHIISIMHM, TMPU3HAYCHUMH JUIS 3a0e3NedeHHsT Oe3IeKH,
e(eKTUBHOCTI Ta cmiBmpali Mix KpaiHamu. OJIHI€I0 3 OCHOBHUX MDKHAPOAHUX yroJ € MikHapoiHa
KOHBEHIi 1po aBromMoOinbHuil Tpancnopt (MKAT), npwuiiasrta B XKenesi y 1956 potii.

OCHOBHI acCNeKTH Oprasizalii Mi>KHapOAHOTO JOPOKHBOTO PYXY MPH MEPEeBE3CHHI BaHTAXKIB
BKITIOYAIOTh:

1. BusHaueHHs KpaiHaMH yMOB Ta IPaBHII AJIs MDKHApOTHUX TepeBe3eHb BaHTaxiB. MKAT

Ha/Ia€ 3arajbHi CTAaHJAPTH Ta MPABUIIA JJISl TAKUX ITEPEBE3CHb.

2. HasaBHicTh y BOJIiB Ta MEPEBI3HUKIB BIAMOBIIHUX JIIEH31H Ta JO3BOIIB Ui MDKHAPOIHHUX
TIEpPEBE3CHb.
JloTpuMaHHs KpaiHaMi MDKHAPOJHHUX CTaHAAPTIB O€3MEeKH ISl TPAaHCTIOPTHHUX 3aC001B.

4. BupilleHHS @UTaHb MHUTHHUX OOOB'SI3KIB, IMIOPTHUX Ta EKCIOPTHUX JIO3BUIBHUX

JIOKYMEHTIB.

5. VximagaHHs yroja Ta KOHTPAKTIB MiX KpaiHaMH Ta TPAHCHOPTHUMH KOMIIAHISIMHU IS
3abe3nedeHHs e(heKTUBHOrO Ta OE3MEYHOT0 MEePEBE3CHHS BAHTAXKIB Uepe3 KOPIOH.
6. BpaxyBaHHs pI3HHX BHIIB TPAHCIOPTY /s €(PEKTHBHOTO TEpPEeBE3CHHS BaHTAXIB MIiX

KpaiHaMU TpU IHTEPMOJALHUX MTePEBE3CHHSX.

7. Opranizalisi TpaH3UTy BaHTaXIB 4Yepe3 TEPUTOPII0 TPEThOi KpaiHM Oe3 BBE3EHHS iX Y IO

KpaiHy.

8. BpaxyBaHHS €KOJIOTIYHHMX CTaHIAPTiB Ta OOMEXEHb IS 3MEHIICHHS BIUIUBY TEPEBE3CHb

BaHTaX1B Ha HABKOJUIITHE CEPEIOBUIIIE.

IOpunuune BperymoBaHHS BiIHOCHH, IO BHUHHUKAIOTH Y 3B'I3Ky 3 TPOBEICHHAM
MDKHApOJHHX TIEPEeBE3eHb, Ma€ CBOIO crienniky (Tabmurs 1).

w

Tabmums 1. Cnenudika FOPUAMIHOTO BPETYITIOBAHHSI MIXKHAPOIHUX TIEPEBE3CHB

Cnenmdika MpaBOBOro pEryIrOBaHHS BITHOCHH TTPHA M1)KHAPOTHUX

TIICPCBC3CHHAX !

3. PerynoBaHus
MiKHAPOJIHHX MepeBe3eHb

1. OCHOBHi YMOBH iX mii 2. TTonosKeHHs 4. OpraHizallig 3MillIaHAX,
: : : MOK€E BHSABIISITUCS Y
BH3HAYEHI Y MiXKHADOIHHX Mi*KHAPOJHHUX 5 CHHi HODAM TPaH3UTHUX Ta
TPaHCTIOPTHHX KOHBEHIIAX, KOHBEHITi 3 i amouo mnorogo in 0 KOHTEHHEPHHX TIEPEBE3EHb
SIKi € KIFOUOBHM JKEPETIOM MiKHAPOIHHX LKH, I}][amﬂ.loﬂl{m A HOTO P1B [t TJIATAC CIEiATEHAM
HOPMATHBHOTO MepPEBe3eHb MalOTh 2AKOHO aEEBIECTBa e HOpPMAaTHBAMH
PETYNIOBAHHA Y Tamy3i 00OB'A3KOBHH HEOOXIIHO éuﬁ HOLCDCIHEO] MIKHApPOIHHX 200
BIIIHOCHH. XapakKTep. LITH PELHD HAIOHATEHUX aKTIiB.

patudikarii, mignucaHHsa gd
TIPHETHAHHS /10 HUX.
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Jlns 3abe3neyeHHs B3a€MOil Ta BHKOHAHHS ILUX acleKTIB Pi3HI KpaiHH CHIBIPAIIOIOTh
yepe3 MDKHApOHI opraHizaiii, Taki ik €Bpomneiicbka exkoHomiyHa komicist OOH (€EEK OOH) mns
Kpain €Bporu, MikHapoaHuil TpaHcnopTHUH (opym (€Bponeiicbka KoH(epeHIiss MiHICTPiB
tpancroptry €KMT), Mixxnapoana Qeaepariisi eKCIEAUTOPCHKUX acorialii, Mi>kHapoJHHI COI03
aBTOMOOLIbHOTO TpaHcopTy (MCAT) Ta iHIIi perioHaqbHi Ta MiXKHApOIHI OpraHizarii.

MixHapoaHI MEpPEeBE3EHHS, 110 CTOCYIOThCS PEryNIOBaHHS PEXUMY IMpaii 1 BiANOYUHKY
BOJIIiB, MiMOPSAAKOBaHI MOJIOKEHHSIM €BpONEHCHKOI YToAu 010 POOOTH €KilaXkiB TPAaHCTIOPTHUX
3aco0iB, MO 3IACHIOIOTH MDKHApPOJHI aBTOMOOLTBHI mepeBe3eHHs (€YTP). Bimmosimno m0
€Bponeicbkoi yroaum moao poboTH eKimaxiB TpaHcnopTHuX 3acobiB (€YTP), Taxorpad e
KOHTPOJIBHUM TPHUCTPOEM, TPU3HAYEHUM Ui [OCTIHHOTNO, aBTOHOMHOIO Ta OO0'€KTMBHOTO
MOHITOPHHI'Y HapaMeTpiB, BU3HAUYEHHX y JoKymeHntax €YTP. Moro 3aBnammaM € 3a0e3neueHHs
MIPUHITUIIIB HEBIIBOPOTHOCTI MOKAapaHHS 3a MopymeHHs BuMor yroan €YTP, miasumienns 0e3neku
pyXy Ta 3a0e3redeHHs piBHOIIPAB sl BCIX CTOPiH, 110 OepyTh yuacTh B €YTP.

€Bporelichbka OpraHizalis JOpokHbOro KOHTpoiato ECR € cmiapHOTOWO €BpomeichKkux
oprasi3ailii, siki CIipsIMOBaHi Ha MOKpalieHHs 0e3MmeKu Ha noporax. ['0J0BHI 3aBnaHHs 00'€THAHHS
BKJIFOYAIOTh TapPMOHI3AIlII0 MPOIEAYpP KOHTPOII Ta OOMIH JOCBIJIOM, BUKOHAHHS 3aKOHOJIaBCTBA
aBTOMOOUTBHOTO TPAHCIIOPTY Ta CHPUSHHS YECHIM KOHKYPEHIIii.

Opranizamiss ECR Oyma ctBopeHa wotupMa MiHicTpaMu TpaHCIOPTY KpaiH beHimrokcy Ta
@panii, a TakOXK IXHIMU IHCHIEKIIIHHUMU CITy>)KOaMH 3 METOI0 e(peKTUBHOI CIiBIpai y 31iHCHEHH]
KOHTPOJILHUX 3aXO0JI1B IIPH IMEPEBE3CHHI BAHTAXKIB 1 MaCaXUPiB aBTOMOOUTEHUM TPAaHCIIOPTOM [1].

ECR mHapaxoBye y cBoemy ckiami 15 kpain, 5 kpaiH, sKi SBISFOTBCS O]imiHHUMUA
CTIOCTepirayamMy 1 BOJIHOYAC BCTAHOBIIIOE MAPTHEPCHKI BIIHOCUHU 3 1HIIUMH KpaiHaMu, SIKIIIO BOHU
BUPXXAIOTh TOTOBHICTH CIIBIpAIIOBaTH y cdepi KOHTPOII HAa aBTOMOOLTBHMX Joporax. Lle
OoOyMOBJICHO THM, IO CepeJl OCHOBHMX 3aBlIaHb Ili€l oOpraHizaiii BXOAWTH: YHidiKalis
HAI[IOHAIBHUX 3aKOHOJABCTB Ta MOBHOBAXEHb y cepi 3IiHICHEHHS KOHTPOJIO Ha aBTOMOOITBHUX
Joporax; 3A1MCHEHHsS MDKHApOAHOI CHIBOpalll Ta OpraHi3allis MiArOTOBKU MEPCOHAIY 3TiIHO 3
€JIMHOIO CUCTEMOIO CTaHIapTiB €Bporneiicbkoro Coro3sy.

€Bporeiickka Oprasizaiis JOpOKHBOI'O KOHTPOJIIO  CIHIBIPAIIOE 3  €BPOINEHCHKOIO
Oprasizaifi€ro 3 nmuraHb A0poxHBOro pyxy TISPOL, po3poOuBmH JOKYMEHT MIOAO IIaXPaicTB 3
Taxorpadamu.

ECR Ttakox BCTaHOBIIIOE TAPTHEPCHKi 3B'SI3KU 3 1HITMMH OpTaHi3allisiMH, SKi CIIPSIMOBaHI Ha
MOKpAaIleHHsT Oe3neku TOopokHbOro pyxy B €Bpomi, Takumu sk CITA (mono crangapriB Ta
ONTUMAJbHUX MPAKTUK, MOB'SI3aHUX 13 TEXHIYHUMU OIJIJaMU TPAHCIIOPTHUX 3ac00iB Ha JOpPOrax),
IRU (moxo 3axucTy aBTOMOOUIPHMX TpPAaHCIOPTHUX HepeBe3eHb Ha tepuropii €Bpomni), CORTE
(110710 MPaBOBUX NMUTAHb YIPaBIIHHS 0€3MEKOI0 PYXY).

Jlnist BIIpOBAKEHHsI TMEPeIOBUX MPAKTUK, Mepeadi JOCBiAYy Ta HAWHOBIIIUX TEXHOJIOTIH y
raixysi 3a0e3nedeHHs 0e3MeKH TOPOKHBOTO PYXy depe3 BIPOBAKEHHS €BPOINEHCHKUX CTaH/IApTIB
KOHTPOJIIO aBTOMOOUIbHUX NepeBe3eHb, YKpaiHa IMOBHMHHA 3pOOMTH BCl MOXXJIUBI KPOKH IS
HeraifHoro BCTyIy /10 €BpoIenchKoi opratizanii J0poXKHbOI0 KOHTPOJIIO.
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The implementation of technical policy in the agricultural industry, restructuring and further
improvement of the technical service system in agricultural production directly depend on the level
of scientific and information support, the increase of which is associated with the use of system
principles of information analysis and the introduction of new information technologies.

The analysis of the main directions of the technical policy in agro-industrial production
made it possible to identify specific tasks of information support.

One of the main tasks of the organization of information support of the technical policy in
agro-industrial production is the restructuring and improvement of the technical service, since the
efficiency of the use of machines, the degree of their reliability largely depends on the level of its
development.

In the period of market relations, the importance of the sphere of repair and maintenance of
agro-industrial production is increasing. This is due to the fact that:

— the possibility of renewing the fleet of tractors and agricultural machines in farms is
severely limited due to the disparity of prices, which increases the need to keep the machines in
working condition for as long as possible;

— in modern conditions, agricultural commodity producers, including farms and private
farms, cannot, due to limited opportunities, independently perform a significant part of the
engineering and technical maintenance of production and must involve special service enterprises.

Involvement of information resources in the field of service and maintenance contributes to
the improvement of the quality of technical decisions made and the reduction of costs in
comparison with the application of the trial and error method.

The need for the introduction of information resources and the use of modern information
technologies in the improvement of the technical service system is related to the following:

— firstly, the range of mechanization tools is constantly expanding, which complicates the
work of evaluating and monitoring the technical level of machines and equipment;

— secondly, machine and equipment designs are becoming more complicated due to the
widespread use of hydraulics, automation, electronics, and microprocessor technology, which is
reflected in the relevant information flows;

— thirdly, in connection with the development of market relations, the increase in the cost
and dispersion of information in numerous publications, the unavailability of a significant share of
information for use in fault diagnosis and forecasting systems, the concentration of information in
specialized information departments is necessary.

In the process of organizing a technical service, it is necessary to make timely, high-quality
and optimal decisions of a different nature every day, which should be facilitated by a well-
established information support system.

In the researched technical service units, information exists mainly in two forms. A
significant part of it functions in a documented form (regulations, recommendations, instructions,
regulatory and technical documentation, methodical manuals, reports, references, etc.), a smaller
part is in oral form, but the other is also important in management, because it is the same for him
resource, as material, financial and other support for production.
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For the effective use of information support, it is necessary to create a reliable information
system, which should use arrays of information organized with the help of modern computing
equipment and software, knowledge bases and data banks.

The creation of such an information system, as the conducted studies have shown, is
complicated by the following reasons:

— most of the information that affects effective management and decision-making on waste
disposal is scattered in numerous publications, regulatory documents, instructions, including foreign
ones. Collection, processing and storage of such flow are significant scientific, technical and
economic difficulties;

— there are no scientific and methodological developments that allow to outline the limits
and volumes of information resources that most fully reflect the problems of agro-industrial
production, including the problems of engineering and technical support, service and maintenance,
mechanization of technological processes in agricultural production;

— there are no recommendations for the creation of a science-based system and structure of
knowledge bases and data banks that most fully satisfy the needs of agro-industrial production
specialists.

In any information system, there are information flows (movement of documents,
transmission of verbal messages, etc.) and information arrays (a set of documentary information in
departments of agro-industrial production enterprises).

If we consider the flow pattern of information flows directly at service and maintenance
enterprises of agro-industrial production on the example of an administrative district limited by the
boundaries of the oblast, it can be noted that logistics and management rely on information that
circulates in both directions and ensures the normal functioning of the entire system in general. This
scheme has a three-level management structure based on the hierarchical principle of subordination
with elements of independence of individual subjects in terms of making individual decisions
concerning specific enterprises of agro-industrial production.

If we consider the general strategy of the process of collecting, storing and processing
information, it can be noted that, despite the fact that each level has its own specifics, the same
processes take place in each of them. Therefore, it is enough to develop a method of organizing
management systems and decision-making based on the received information for one level, and
then spread it to other levels. The basis of any information system is work with information that
changes over time, and its successful operation requires up-to-date information classified according
to certain characteristics. In addition, for the normal functioning of the “"computer-human™ system,
it is necessary to organize easy access to this information, ensure convenient work with information
and some initial processing of this information.

The introduction of an automated information system at the enterprise of agro-industrial
production will contribute to:

— obtaining more rational options for solving managerial and economic tasks due to full
information security;

— release of management staff from routine work due to its automation;

— ensuring the reliability and relevance of information;

— replacing paper documents with data on magnetic disks, which leads to a more rational
organization of processing information on the computer and reducing the volume of paper
documents;

— improvement of the structure of information flows and document flow at the enterprise of
agro-industrial production.
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BUKOPUCTAHHA CUCTEMH OLIJA/IVIMBOI' O BUPOBHHUIITBA B
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Yepracovkuil 0epacasHull mexHono2iunuil yHigepcumem, Ykpaina

[lizmpuemMcTBa MparHyTh 10 3MEHIIEHHS BUTPAT, 10 BUHUKAIOTH MIPH JOCTABII BAaHTAXYy Ta
ofepalisiMi Ha CKJaJll B TPAHCTIOPTHO-CKJIAJICBKOMY KOMILIEeKCi. Bucokuii piBeHb TPOAYKTUBHOCTI
JIOTICTHYHOI AiSTTBHOCTI MiITPUEMCTBA MIPU B3a€MO/Ii1 CKIIaIy Ta TPAHCHIOPTY TO3BOJIUTH CKOPOTHTH
JIOTICTUYHI BUTPATH, 3HU3UTH THUMYACOBI BTpaTH, IO MOXYTh BHHHKHYTH 4Yepe3 HEPiBHOMIpHE
HAJIXO/UKCHHS MaTepialiB Ta TMpocTii oOnmagHanHs. Takum YuHOM, Bix edekTuBHOCTI
(GYHKIIIOHYBaHHS  TPaHCIOPTHO-CKJIAJICBKOTO  KOMIUIEKCY 3aJIe)KUTh  SKICTh ~ BUKOHYBAHUX
BUPOOHMYMX QYHKIIiH [1].

JlaHIOr MOCTa4YaHb Ha MIAIPUEMCTBI — 1€ B3a€MOJIs MaTepialbHHX, 1HGOpMaLIHHUX Ta
¢iHaHCOBUX MOTOKIB. TOOTO pyX MaTepianbHUX MOTOKIB BiJl BUPOOHUKA JI0 CIIOKMBaya. [ 010BHOIO
3aJauero JIAHLIOTY MOCTayaHb € 3a0€3MeUeHHS MAaKCUMAJIbHOTO MPUOYTKY Ul KOXKHOTO Y4aCHUKA
naHiora. HalimommupeHimumu MeTolaMu MiIBUILEHHS €(QEeKTUBHOCTI B3a€MOJAIl TPAaHCIOPTY Ta
CKJIa/iB €: KOHTPOJIb MPUOYTTS Ta BiA'i3My TPaHCHOPTHHUX 3ac00iB, BUKOPUCTAHHS CHUCTEM
CIIIKYBaHHS 3a BaHTaXeM II1Jl Yac TPAHCHOPTYBAaHHA, pPO3poOKa €(PEeKTHUBHOI CUCTEMHU
HABAaHTA)XCHHS Ta PO3BAHTAXKEHHs, PO3poOKa TEXHOJOTIYHOTO MPOIECy MPUHMaHHS, CKIaJTyBaHHSI
MPOYKIII Ta 1H.

[ligBummTu eQeKTUBHICT, B3a€MOIl Ta 3MEHIINTH BHUTPAaTH Ha BUPOOHUIITBO, HE
BUTPAaYalOud TPH [bOMY KOINTH, MOXIIMBO 3 BHKOPHCTAaHHSAM KOHIICTIIi OMIaJJTHBOTO
BUpOOHUITBA. OHAK, BIPOBAKCHHS KOHIICMIIIi OIa/JIMBOTO BUPOOHUIITBA Y JAHIIOT MMOCTa4YaHb
MMOBUHHO OyTH PINICHHSIM HE TUIBKU KEPIBHUIITBA, a i BCHOTO KOJIEKTUBY. JlaHuii mporiec moTpedye
3MIH SIKIO, HANPUKIAA, HE JOTPUMYIOTHCS TEPMIHM BHUKOHAHHS 3aMOBJICHb, 30UIBIICHI TEPMiHU
MMOCTaBOK, B1I0YBA€THCS MPOCTIH TPAHCIIOPTHHUX 3aCO0IB TIiJT YaC 3aBAaHTAKEHHS YW PO3BAHTAKEHHS
Ta iH. [2].

Jlns BIpoBa/KEeHHS y MIANPUEMCTBO OIIAJJIMBOTO BUPOOHHUIITBA, 3 TOYKU 30Dy JIAHLIOTY
MoCTayaHb, CMOYATKy HEOOXiJHO BHBUYMTH TOBHICTIO BECh JIAHIFOT IMOCTaYaHb BiJ] OTPUMAHHS
MaTepiany JUisi BATOTOBJICHHS MPOAYKIIi O TPAHCTIOPTYBaHHS MPOAYKIIT CIIOKHBaYaM.

OmagnuBe BUPOOHUIITBO — TMIOCTIMHE BJIOCKOHAJCHHS, KOMaHAHa po0OoTa, HaJaHHS
palioHaJIbHUX TPOITO3HUIIIH 1010 BAOCKOHAICHHS OyIb-IKUX MPOIECIB Ta CUCTEM Ha MiAIMPHEMCTBI
(cucTemu mocTayaHHS MaTepialiiB Ha CKJIaJl, palliOHATBHOTO PO3TALTYBAaHHS MaTepialiB HA CKIAi, B
1exy, HpOLEeCy HaBAaHTAKEHHS Ta pO3BAaHTAXKEHHS BaHTAXy Ta 1H.), L0 BHHHUKAIOTh Ha
MiANPUEMCTBI, 3HIKEHHSI BTpAT 32 PaXyHOK ONTHMIi3allii TEXHOJOTIYHUX IMPOLECIB Ta 3MEHIICHHS
yacy Ha OTPUMaHHS Ta OOpOOKY MPOAYKIIi, BIAKpUTHHA OOMIH 1H(pOpPMAIIEI0 MiX TMpalliBHUKAMH
CKJIaJliB, pOOITHUKIB, BAHTA)XOBIANIPaBHUKAMH, BAHTAXKOOTPHUMYBadyaMH Ta iH. | 0JIOBHUM B TaHOMY
MPOIIEC] € CIIOKKUBAY 1 MOTPIOHO BUXOAMTH 13 Horo BumMor. Hampukian, BiH He O6axae, mo0 rorosa
NpoayKIis 30epirajach Ha CKJlIagax, a Oaxkae ii oTpuMmyBaTH KOXHOro aHsA. Omamiuse
BUPOOHMIITBO 32 paxXyHOK ONTHMI3aIlii CHCTEMH MPOIIECIB, III0 BUKOHYIOTHCS Ha MIAMPUEMCTBI, Ma€
HAKOpPOTIIMK dYac LMKy Bil OTPUMAaHHA MaTrepiajiB Ta BHTOTOBJIECHHS NPOMYKINi g0
BiJIBAaHTa)KCHHS IIPOAYKIIi1 crioskuBauesi [3].

OpHuMH 13 IHCTPYMEHTIB OIIAJIJTABOTO BUPOOHUIITBA €: TOCTAaBKH TOYHO B yac ''KanOan"
[4], cuctema 5S [5], cranmapTHi onepariiidi nporeaypu [6], migsumenns sikocti — "Kaitnzen" [7].

Texnomorist 5S — onTUManbHE PO3TAlIyBaHHSA MEOJIiB, TEXHIKH, IOKYMEHTIB, KOMIT FOTEPHHUX
daiiniB, Bizyamizamii. OnTuMalbHa oOpraHizaiis poOOYOro Micis, MPOCTOPY, BU3HAYCHHS
MPaBUJIBHOTO PO3TAIlyBaHHS MaTepialiB Ta TOTOBOI MPOIYKIii Ha CKIalaxX TO3BOJIHUTH CKOPOTHUTH
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3aliBl MEpeMIlIeHHs, PyXM Ta BIUIMHYTH Ha iHINI BUAM BTpaT. JlaHa TexHOJOTis H03BOJIUTh
BU3HAYUTH HEMOTPiOHI JOJATKOBI omepallii Ta TOYKH, ¢ HEOOXiTHO BCe POOUTH "TOYHO BUACHO'"
(xanOan) [8].

HeoOximHi po3po0ieHi CTaHAapTHI TEXHOJOTIUHI MPOIECH, IO TOBHICTIO IMOKPOKOBO
OIUCYIOTh BECh IPOLEC BiJ OTPUMAHHSA MaTepiajiiB O BIJBAHTAXEHHS PO3pOOJIEHOI MPOIYKIIii
crokuBadeBl. Ko)keH MpaliBHUK MMOBMHEH MaTH MOJIMBICTh HaJaTH pallloHaJbHI MPOMO3MILIT
100 YJOCKOHAJIEHHS JaHUX MpPOIECIB Ui TMOKPALICHHS SKOCTI YW 3MEHIIEHHS BHUTpaT Ha
BUPOOHUIITBO UM TPAHCHIOPTYBAHHS MPOIYKIIII.

Kaiinzen — cTuiab MHCIEHHS SIMOHCHKMX MiANpUEMINB (Oe3nepepBHE NparHeHHs 10
nockoHanocti). @inocodis "Kaiazen" hokycyeThcss Ha MOCTIHHOMY BUSBIICHHI Ta YCYHEHHI PI3HUX
BTpPAT Ha MiNPUEMCTBI. MeTOIO € 3allydeHHs Ta aKTHBallisg TBOPUMX 3I0HOCTEH BCIX MpalliBHUKIB
Ju1si GOpMyBaHHS HOBUX 17€H, MOTJISIIIB HA cTaHmapTHI nporecu. KoxkeH mpaiiBHUK MOXKE HaJlaTh
MPOMNO3HULii MO BJOCKOHAJIEHHIO JIOTiCTUYHOTrO mporecy. IlokpameHHss MOXyTh BinOyBaTHCh 0e3
3JTy9eHHSI KOIITIB.

JIJiss IOBHOIIIHHOTO BIIpOBa KeHHS KoHieniii "KalazeH" HeoOXiJHI Taki KOMIIOHEHTH B
JIAHII031 TIOCTadaHb. KOMaHAHA po0oTa, OCOOMCTa JUCHUILIIHA, TOKPAIIEHHS MOPATbHOTO
HACTPOIO, TIPOTIO3UIIIT 11010 TIOKPAICHHS.

Icaye n'sTh npaBun Kaiin3eHa, 37aTHI MOKPAIIMTH CUTYAITIIO:

1. CopryBaHHA - CHIBpOOITHMKM TIOBHHHI J00pe OpraHi3oByBaTH CBOIO poOOTY.
BukopucTtanHs MITOK JUIsl KOXKHOTO TpeiMeTa CKOPOTUTh 4ac y MaiOyTHbomy. UITKMH po3moin
pedeii Ha TOTPiOHI Ta HENMOTPiOHI.

2. JloTpuMaHHS TOpAAKY — 30epiraHHs peueil MpaBUIBHO JOIOMOXE CKOPOTUTH iX 4ac
MOIIYKY Y Maii0yTHEOMY.

3. YTpumanHsa poO0YOro MicCIls y YUCTOTI Ta MOPSIKY.

4. CranmapTu3amis - yMOBH, 0€3 KX HEMO>KJIMBO BUKOHATH TEPIIi TPH MPaBHJIA.

5. BnockoHasileHHs - BUXOBAaHHS 3BMYKU TOYHOI'O BUKOHAHHS MOCTABJICHHUX 3aBJaHb Y CTPOK
Ta 3 SAKICTIO.

OTxe, BelMKa KUIBKICTh MPONO3MLINA IO BIOCKOHAJIEHHIO (DYHKIIOHYBAaHHS MHPOLECIB 1
CHCTEM B JIAHIIIO31 TIOCTaYaHb MPU3BOIUTH 10 3MEHIIIEHHS BUTPAT Ta MOKpAIIeHHs sKkocTi. Kalnzen
— 1€ IUIAX JJO CAMOBJJOCKOHAJICHHSI Ta CAMOPO3BUTKY.
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BcranoBieno, 1m0 iCHylO4a CHCTeMa TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY
XapaKTepU3yeThCsl 30€peKEHHSIM 3pOCTaHHS MOTOYHUX PEMOHTIB, MOB'I3aHUX 13 3YNMUHKOIO 3a
BiJIMOBOIO BY3JIiB Ta arperariB MallllH MpPU 3HUKEHHI YaCTKH MPO(MIIAKTUYHOTO OOCITYrOBYBaHHS.
Ile mpu3BOOUTH 10 HAKONWYEHHS JAe(eKTiB OCHOBHHMX BY3TiB aBTocamMockumiiB (60...65%) Tta
30UIBIIEHHS BapTOCTI PEMOHTHHX POOIT, M0 CYTTEBO 3HIKYE MPOAYKTHBHICTH Kap'€pHOTO
aBTOTPAHCHOPTY LIOJO X TEXHIKO-TEXHOJIOTTYHUX MOXIIUBOCTEH.

BusBneno, 1mo icHyrounii piBeHb €(EKTUBHOCTI €KCIUTyaTallli Kap'epHOro aBTOTPAHCHOPTY
XapaKTepU3yeTbCs HASBHICTIO BTpaT yacy: Ha | TOAWHY MPOAYKTHUBHOI pOOOTH B CHCTEMIi
BUpOOHMYOI ekcrityaTauii npunagae 0,4...1,2 roquHM BTpaT yacy, MOB'SI3aHUX 3 HEpal[iOHAIbHUM
BUKOPUCTAHHSIM MaIIMH. Y CHCTEeMI TEXHIYHOi eKcIuryaTaiii Ha | roamHy KOpPHCHOI poOoTH
cimocaps 3 peMoHTy mnpumanae B cepeagnbomy 0,5...1,0 rommH BTpar uyacy, 3YMOBIEHHX
3aCTOCYBaHHSIM HEe(PEKTHBHOI CTpaTerii peMoHTY. Lle CBiIYMTH MpO HASBHICTH CYTTEBUX BTpAT
yacy y BUPOOHMYIA Ta TEXHIYHIM eKCIulyaTarlli aBTOCAMOCKHIIB, SIKI 3yMOBJICHI BIJTHBOM
PI3HOMaHITHUX TEXHIKO-TEXHOJIOTTYHUX Ta OpraHi3aliiHux (GpakTopis.

301IbIICHAS 1HTEHCUBHOCTI €KCIUTyaTallii aBTOCAMOCKH/IIB TPU HE3MIHHIN TeXHOJIOTril Ta
opranizanii cucreMu TOIP cynpoBomKyeTbCs, SIK MPaBUIO, KOPOTKOCTPOKOBUM 3POCTaHHIM
NPOAYKTHUBHOCTI, ajie 3 3aKiHYEHHSAM Yacy 1€ 3pOCTaHHsS YHNOBUIBHIOETHCS, IO OOYMOBIEHO
HEBYACHOIO ITOCTAHOBKOIO MAIIMH Ha TE€XHIYHE OOCIYrOBYBAaHHS Ta PEMOHT. ICTOTHE IiJBUIIEHHS
IHTEHCUBHOCTI €KCILTyaTallil Ipy OJIHOYaCHOMY 3a0e3MeueHH] MPUHHATHUX BUTPAT HA MIATPUMAHHS
MallliH y Tpane3aTHOMY CTaHi MOXIIMBE 3a pPaxyHOK NIJBHMINEHHS HaAIHHOCTI Kap'epHOTO
aBTOTPAHCIIOPTY YIOCKOHAJICHHSM CHCTEMH TEXHIYHOTO OOCITyTOBYBaHHS Ta PEMOHTY.

BceranoBineHo, 110 OCHOBHMMH MPUYMHAMH, IO 3HIDKYIOTh HAJIIHHICTH Kap'€épHOTO
aBTOTPAHCIIOPTY, €: SIKICTh JOPOKHBOTO TIOJIOTHA; 3HAKO3MiHHI HABAaHTAXXEHHs, IO [IIOTH Y
po0oUrX IUKJIaX NMPU HaBaHTa)KEHHI Ta TPAHCIIOPTYBAaHHI FPHUYOI MacH; 3aJIMIIKOB] HAMpPY>KEHHS,
SIK HACJIiJJOK 3BaplOBAJIbHUX POOIT, 3aCTOCYBaHHS OCAZ0K 3 HATSTOM TOLLIO.

Crnix  3a3HauMTH, IO HAMIHHICTH Kap'€pHOTO AaBTOTPAHCIOPTY XapaKTepPU3YETHCH,
Hacamrepe, iX 0€3BIIMOBHICTIO Ta JIOBFOBIYHICTIO. BiacTuBicTh O€3BIAMOBHOCTI Bi1OOpakaeThCs
JeKiIbKOMA IMMOKAa3HUKaMHU, ajie HAaHTOJIOBHILINM € CEpEe/IHE HAIIPALIOBAHHS Ha BiIMOBY.

3arajaoM, HalpalloBaHHS Ha BIAMOBY BITUYM3HSHUX MAaIIWH 3HAUYHO HIDKY1 BIJ 3apyO1XKHHUX
anasoriB. Tak, nis aBrocamockuiiB benA3-548 A 1ieli moka3HUK cTaHOBUTH MpuOau3HO 1200 kM Ta
st benA3-549 2620 xm. Toxi sk 1715 iIMIIOPTHUX aBTOCAMOCKH/IIB, 1110 MPAIIOIOTH B aHATOTIYHUX
yMOBax, Il MoKa3HUKU CTaHOBIATH 4600 kM st Komatsu HD- 1200 1 9100 xkm st Unit Rig M-
120-17.

OcHOBHa YacTUHA BiIMOB Kap'epHOT'O aBTOTPAHCIIOPTY BiTHOCHTHCS IO KaTETopil parnToBUX
(HEPOTHO30BaHMUX ), TIOB'SI3aHUX HE 3 MPUPOJHUM 3HOCOM 26 neTaneil, a 3 KOHCTPYKTUBHHMH Ta
TEXHOJIOTIYHUMH Henolikamu. Jljis aBTOMOOITBHHX caMockuaiB bemnA3-548 pamnToBi BiaMOBH
BUSIBJSIIOTHCS TOJIOBHUM YHHOM, TpH Tpo0diry no 20 Tuc. kM. B inTepBani mpobiry 20-80 Tuc. kM.
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PO3MOAIISAIOTECS BC1 HECHPABHOCTI 3 O3HAKaMM MPUPOIHOro 3Hocy. Ilpuyomy OCHOBHa yYacTHHA
BIIMOB TMpOsBIA€TbCA Npu mnpoOiry no 60 Tuc. kM. CepelHe HaIpalfoBaHHS [0 MEPIIOTro
KamiTaabHOTrO peMOHTY ABUTYHIB SIM3-240 3HaxoauThes B Mexkax 38...42 Tuc. kM. Jlemo Hux4Ye
el MOKa3HUK JJIS TiApOMeXaHiyHoi nepenadi — 39,6 Tuc. kM, miaBicku — 24,1 Tuc. KM, peaykropa
KOJIICHOI nepenadi — 23,3 Tuc. KM.

BceraHnoBneHo, 110 OCHOBHMMHU MPUYMHAMHU, IO 3HIDKYIOTH €KCIUTyaTalliHy HaJidHICTh
aBTOCAMOCKHU/IIB €: SIKICTh JJOPOKHBOT'O MOJIOTHA, 3HAKO3MIHHI HABAaHTAXKEHHS, 110 JIIOTh Y POOOUNX
LUKJIaX MPU 3aBaHTAKEHHI Ta TPAHCIOPTYBAHHI FPHUYOI MacH, a TaKOX 3aJIMIIKOBI HaNPYXEHHS,
SK HaCJIJOK 3BapIOBaJbHUX POOIT, 3aCTOCYBAaHHs MOCal0K 3 HaTAroM . OCHOBHA yacTKa BiJIMOB
npunagae Ha aBUryHu (mo 20%), rigpaBmiuny cucremy (mo 18%), xomoBy uwactuny (18%),
enekTpoobnagHanus (14%), 1mo Npu3BOAUTH [0 3HAYHUX (PIHAHCOBUX BTpAT, HANPUKIALI, IS
aBrocamockuaiB Komatsu HD-1200 nma 1 morto-rox. mpoctoro noBoauthes 150-160 rpH. Ha
OJIMHUITIO TEXHIKH.

BcraHoBrieHo, 110 CYTTE€BHM BIUIMB Ha EKCIUTyaTalliiHI TMOKa3HUKH Kap'€pHOTO
aBTOTPAHCIOPTY MAIOTh TaKi (pakTopu:

— crpaterisg TOi1P. Icnyroua cuctema TOIP xapakrepu3yeTbCsi HU3bKUM PIBHEM OpraHizarii
BUPOOHMIITBA Ta MEXaHI3aIlil TPYIOMICTKHX MPOIECiB, HEIOCTATHROK OCHAIIEHICTIO KOHTPOJbHUM
Ta JIarHOCTUYHMM OOJaJHAHHSAM, IO NPHU3BOJAUTH N0 3OLUIBIICHHS TPUBAIOCTI PEMOHTY Ha
40...45%.

— TIPHUYOTEXHIUHI Ta KJIIMAaTW4YHI YMOBM eKkciuryaTamii. Hu3bka SKICTh yTpUMaHHS
TEXHOJIOTIYHUX aBTOUUISAXIB y TMOETHAHHI 3 KIIMAaTHYHUMH YMOBAMH 3HWKYIOTh HIBHIKICTH 1
MPOIYKTUBHICTH aBTOCAaMOCKuIiB y 1,3...1,5 pa3u.

— oOprasizaiiss BaHTa)KHO-TPAHCIIOPTHOTO TPOILECY, IO XapaKTePU3YEThCS HU3BKOIO
PUTMIUHICTIO — PO3KHJ 3HAu€Hb TOJMHHOI NPOAYKTUBHOCTI aocsarae 80% 1100 CepeaHbOro
3HAaYeHHS NPU BIJICTaH1 TPAHCHIOPTYBAHHS 10 3,5 KM.

B sKOoCTI KpuUTepil0 OIIIHKM TEXHIYHOIO CTaHy aBTOCAMOCKHMIIB 1 MOTro eJeMeHTIB
3alpONOHOBAHO BHKOPHCTOBYBAaTH KOE(Ii€HT AePEKTHOCTI, SKHH € CTaHJapTU30BAHUM
MOKa3HUKOM 1 BU3HAYa€ CEpPEeIHbO3BAKEHY KUIBKICTh Je(EeKTiB, IO MPUIAJAI0Th Ha OJUHUIIIO
TEeXHIKU.

BcranoBneHo, 1m0 HaWOUIBIIT BIAXWUIEHHS CEPEAHBOTO (DAKTUYHOTO HYacy BHUKOHAHHS
ornepauiid TpaHCIOPTYBaHHS TIPHUYOI MacH BiJ] palliOHAIBHOTO CIOCTEPIraloThCs 3a ONEpaLlisiMU
"pyx 3aBaHTa)keHOro aBTocamockuma" — 1,33...1,62 pa3u, 1 "pyX MOPOKHBOTO aBTOCaMOCKuIa" —
1,34-1,58 pasu. lle 3ymMOBIICHO HEHAJIEKHOIO SKICTIO JIOPIT, a TAKOX BIUIMBOM HECIIPHUSTIUBUX
MOTOJJHUX YMOB, BHACIIZOK 4Oro cepeiHiil (axtuynmii yac peiicy aBrocamockuaiB y 1,20-1,36
pasiB epeBUIIye Yac peicy 3 palioHATLHIMHU TapaMeTpaMH.

BcraHoBrieHo, 1m0 OJHUM 13 HAWBaXUIMBIIIMX HAIMpPSMIB ITIBHUINCHHS TPale31aTHOCTI
Kap'epHOr0 aBTOTPAHCHOPTY € BUOIp palioHAJBHOI CTpaTerii peMOHTHOrO OOCIyrOBYBaHHS, ILO
3a0e3neuye NoeqHaHHS NPOQITaKTUKU BIIMOB BY3JIIB Ta JIeTaled MalluHU 3 NPUWHATHUM PIBHEM
BUTPAT Ha 1 yTPUMaHHs.

Jnst ouinku edextuBHOCTI cucteMu TOIP kap'epHOTO aBTOTPAHCHOPTY 3aMPOIIOHOBAHO
MMOKAa3HUKH: IUIAHOBICTh PEMOHTY  — KOEQIIMIEHT IUIAHOBOCTI, IO XapaKTepU3ye TOUYHICTh
BUKOHAHHS 00CSTy PEMOHTHHMX POOIT; CBOEYACHICTh YCYHEHHS e(eKTiB — KOe(]Ili€eHT yCYHEHHs
nedeKTiB, 10 XapaKTepU3ye YCYHCHHsI OUTBIIOI KUTBKOCTI Me(deKTiB i Yac MIAHOBUX 3YMHHOK;
BapTiCTh | MalIMHO-TOAMHM TOTOBHOCTI, BHUpa)K€Ha Yy BHUTpaTaXx Ha PEMOHTHE OOCIyrOBYBaHHS
aBTOCAaMOCKH/IIB.

BcraHoBieHO, 1110 TiIBHIICHHS IIAHOBOCTI PEMOHTIB Ta CBOEYACHOCTI YCYHEHHS Je(eKTIiB
CYNMPOBOJIKYETHCS JESAKUM 3HIDKEHHAM (DIHAHCOBUX BHUTpPAT 1 3pOCTaHHSIM €(EKTHBHOCTI, ajie
Ha/1aJi 1€ 3pOCTaHHs YIOBIIBHIOETHCS. [1TaHOBICTE PEMOHTIB Ta CBOEYACHICTh YCYHEHHS 1e()EKTiB,
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10 BUHHUKAIOTh TPU TPAHCHOPTYBaHHI TIPHUYOI MAacH, JO3BOJIAIOTH MiJBUILUTH €(PEKTUBHICTh
BUKOPUCTAHHS MAIlIMH, HE IOYCKAIOUHX X TPAaHUYHOTO TEXHIYHOTO CTaHYy.

BcraHoBieHo, 1110 3a METOJaMM IUIAHYBaHHS PEMOHTHOI'O OOCIYyrOBYBaHHS , OCHAILlEHOCTI
PEMOHTHUX 30H, KOHTPOJIO SIKOCTI PEMOHTY Ta IIJIOBUMH MOKAa3HUKAMHU JOLLIBLHO BHIIISATH TPU
XapaKTepHl TUIIM CTpaTerii TEXHIYHOrOo OOCIYrOBYBaHHS Ta PEMOHTY: 3a TEXHIYHMM CTaHOM
(cTpareris mpodUIAKTUKH), 3a HOPMATHBOM (HAIpaIfoBaHHS MOTO-TOJZ, T.KM), aBapiiHO-
BiTHOBJIOBAJIbHUI peMOHT. L{i7b0BI MOKa3HUKH, 10 XapaKTEpU3YIOTh CTpaTeriio "mpodilakTU4HEe
peMOHTHE OOCIyroByBaHHs'", BUII, HI)K IpPHU CTpaTerii "aBapiiiHO-BIIHOBIIOBAJIbHUM PEMOHT" 3a
MOKa3HUKOM IJIAHOBICTh PEMOHTY y 5 pas3iB, 3a NOKa3HUKOM YCYHEHHs Ae]ekTiB y 6,2 pasu, 3a
BapTicTi0O | Mamr-rog. roToBHOCTi B 4,9 pa3u. Po3poOieHo meTtonuky BUOOpPY palioHaTbHHX
rmapaMeTpiB CUCTEMH TEXHIYHOTO OOCIYrOBYBaHHS Ta PEMOHTY JJIs MIJBUINEHHS MpPare3JaTHOCTI
Kap'epHOrO aBTOTPAHCIOPTY, 3aCTOCYBaHHs SIKOi JO3BOJHMTH BECTH OOJIIK IMMOKa3HUKIB CHUCTEMHU
TOiP, mpoBoauth iX aHami3 Ta Ha MiACTaBI LBOTO NPUHAMATH TEXHIYHO-TEXHOJIOTIYHI Ta
opraHizariiiui pimeHHs, BHocuTH 3MiHM 70 Permamenty TOiP aBTOCcamMockuaiB, a TakoX, MpH
HEOOXIJTHOCTI, PO3pOOJIATH peKOMEHMalii 1Jii BUPOOHUKIB IIOAO TMOKPALICHHS KOHCTPYKIIM Ta
HAJ1MHOCTI TEXHIKH.
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VK 629.33-585.862:621.789

PECTABPALIA ILITOBXAYA K/IIAIIAHA 34 /OTIIOMOI OIO
EJIEKTPOICKPOBOI' O HAPOILIYBAHHA 3 BUKOPUHCTAHHAM
YABYHHOI' O TA MI/THOI' O EJIEKTPOZY

®@.B. Kozak, npog., kano. mexu. Hayx,
Lb. IIpynbko, doy., kKanO. mexH. HAYK,

B.SA. ®enennko, cm. ep. ATm-22-1,
leano-Ppankiecokuii HaYioHANbHUL MEXHIYHUL YHigepcumem nagmu i 2azy, Ykpaina

Jlist 301fiCHEHHS €TIeKTPOICKPOBOT'O HAPOUTYBAHHS 1 3MIIIHEHHS IITOBXaya

BUKOPUCTOBYBAJIaCh YCTaHOBKA ""DIUTPOH — 24 A" [1]. 3aranbHuil BUIIISL yCTATKYBAaHHS MOJAHO Ha
pUCYHKY 1.

1 — 30ynHuk BiOpartii, 2-4 — HAKOMUYYyBaJIbHI OJIOKH, 5 — OJIOK KUBIICHHS
Pucynok 1 — 3aranbHuii BUTIIAL yCTaTKyBaHHS "OnUTpoH — 24A™:

"DnutpoH -24A" no3Bonse 3a npoayktuBHOCTI 0,3...10 cM?/XB. OTpUMATH JIETOBAHUH IIap
ToBIMHOO 0,25...2 MM.

Jnist oneprkaHHS PIBHOMIPHOTO MTOKPUBY Ha IITOBXadi, HOr0O 3aKPIiIUIsUIA B KyJadKax, a
BIOpaTOp — Ha CyNMOPTI TOKAPHO-TBUHTOPI3HOI'O BepcTaTy (puc. 2).

=

1 —"Onurpor—24A", 2— mToBxay KjanaHa 3— TOKapHUI BepcTaT

PI/IcyHOK 2 — 3arajapbHuit BUTJIA A CTCHAY AJIS1 HAHCCCHHA CJ'ICKTpOiCKPOBOFO IIOKPHBY Ha IITOBXa4

Jns  3a0e3medyeHHs BHCOKOI IPOXYKTUBHOCTI HAHECEHHS IOKPUBY KOpHCTYBaIHCA
HACTYITHUMH peKUMaMH poOOTH BepcTara: 4yactotra obepranns mmusaens n = 0,75 ¢, monava s =
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0,455 mm/06. Came Taki pexxumu oOpoOKu Oyiao BHOpaHO HUISIXOM HpoO, BUXOISYM 3 YMOBH
CYIUIBHOCTI TIOKPHUTTSI.

B sikoCTI €1eKTpo/1iB BUKOPUCTOBYBABCS MiTHHUM €IeKTpol 1 yaByHHUI enekTpon CY-18,
BUTOTOBJIEHUH 3 TUIb3U JIBUI'YHA.
Crnenudika EIJI nomnsirae B ToMy, 1110 HAHECEHHI Iap € AyKe TOHKUM. ToMy, 3 METOr0 Horo

JTOCJTIIPKEHHS] HAaMH OyJIM BUTOTOBJICHI CTIEIliabHI 3pa3KOTpUMadi, JUIsl OTPUMaHHS KOCUX IUTiiB
(puc. 3).

Pucynok 3 — 3paskoTpumay j1sl OTpUMaHHs KOcoro mutida

[licnss HaHeceHHS NOBEPXHEBOrO IMapy 31 3MIIHEHUX INTOKIB BHUPI3ald 3aroTiBKH 1
BUTOTOBJSUIN 3 HUX ILTihU. [ TpaBieHHS CTPYKTYpH BUKOpHCTaNU 3%-HUH CIMPTOBUN PO3UYMH
HNOj3. MeranorpadivHi JOCHIKSHHS IPOBEIH Ha elNeKTpoHHOMY Mikpockomni EVO-40 XVP (Carl
Zeiss) 3 cuctemoro Mikpoanaiizy EVO-4XVP [2-6].

[lokpuTTst 13 YaBYHHOrO €NEKTPOAY CWIBHO TmoapiOiene Ha JpiOHI (parmeHTH,
JIeTyBaJIbHUX €JEMEHTIB KpIM BYIJIELO y MOKPUTTI Hemae (puc. 4). 30Ha CIUIaBICHHA HE3HAYHOI
TOBIIMHH HE 3a0e3redye MEeTaIyprifHOTO 3B’S3KYy BCHOI'O IOKPUTTS 13 CTAJE€BOIO OCHOBOIO.
ITokpuTTa HE TiIIBKU (parMEeHTOBaHE, aje MAa€ BUCOKY MOPHUCTICTh, Ta MICTUTh BEJIUKY KiJIBbKICTbH
OKCHIHHX BKJTIOYEHb. IX KiTbKiCTh HabaraTo GilbINa, HiX y CTaleBOMY MOKPUTTi. CreKTpaibHuii
aHaJi3 IIMX OKCHIHUX BKJIIOYEHb CBIIYMTH, L0 1€ OKCHIMU 3ajli3a HEICTOTHO JIETOBaHI KPEMHIEM

(puc. 5)

ET 3neKTporsoe WI0GpaXenie 1

Pucynok 4 — CtpykTypa e1eKpoiCKpOBOTO OKPUTTSI, HAHECEHOT0 3 BUKOPHUCTAHHSIM YaBYHHOI'O
EJIEKTPOLY

Crektp 2

o
Fe 5

Fe
C
Al Fe
no2

& B 8 1 12 14 18 18 2
Monkas Wkana 3570 un, Kypcor: 0.000 [

Pucynok 5 — [ToereMeHTHHIA pO3MOIiT MTOKPUTTSI, HAHECEHOTO 3 BUKOPUCTAHHAM YaBYHHOTO
EJIIEKTPOY
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Pazom 3 TuMm, 3a BUKOPUCTaHHS YaBYHHOTO €JIEKTPOJY MOJEKYIH BCE X CIIOCTEPIraeThCs
OLTBIII MEHIN J00pa CTPYKTypa MOKPHUTTS. B muX MICISIX MOKPUTTS Ma€e T0O0pHUid METamypriidHUi
3B'A30K 13 CTAJIEBOIO OCHOBOIO (pHC. 5). Y CTPYKTYpi MOKPUTTS CIIOCTEPIraloThCs KPyrili 3a (hOpMOI0
BKJIFOUCHHS TpadiTy AiaMmeTpom 2-4 MKM.

3 BUKOPHUCTAHHSAM MIJHOTO €JEKTPOLY OTPUMAIIM MOKPUTTS TOBLIMHOIO 10 40 MkM. Bonu
MarTh JOOpU METATypriiHUN 3B'I30K 13 CTAJIEBOIO OCHOBOIO Ta MPAKTHYHO Oe3 MOpHUCTI (puc. 6).
CrnekTpajabHUN aHai3 CBIAYMTH, IO MiJ Yac HAHECEHHS NOKPUTTS PO3IUIABICHI KpaIUuIMHH, SIKi
(GhOpMYIOTh TOKPHUTTS, MIAIUIABISIOTH CTaJeBY OCHOBY Ta YTBOPIOIOTH CILIaB 13 3ami3oM. Tak B
HAHECEHOMY MiJIHOMY TTOKPUTTI 3HaXOIUThCS 10 15 mac. % 3aiiza, a penira - Mifb.

S0Mrm 3nexTporsioe WIoGpaxerie 1

Pucynok 6 — CTpyKkTypa e1eKpOoiCKpOBOT0 MOKPUTTS, HAHECEHOT'O 3 BUKOPUCTAHHIM MiJIHOTO
€JIEKTPOY
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The start-up period of the engine is associated with increased wear of crankshaft sliding
bearings, which depends on the duration of non-use of the diesel before starting, on the temperature
of the parts of the friction unit and the properties of the lubricant. The start-up period is
accompanied by changes in the size and shape of the gaps.

Significant wear and tear when starting a diesel engine is due to a number of reasons. After
the engine is stopped, a small amount of heated oil remains in the bearings. Friction at the moment
of planing the shaft is greater, the longer the interval between stopping and the next start. The
abrasive effect of the wear products stored and formed during start-up is also very significant. When
the bearing is operating under conditions of semi-fluid friction or boundary lubrication, the rate of
wear depends on the physico-mechanical, structural and tribotechnical characteristics of the surface
layers of the mating surfaces.

The transition of the diesel engine to the forced operation mode can significantly worsen the

operating conditions of the bearings. During the operation of diesel engines, it was established that
after increasing the crankshaft rotation frequency, the pressure of the oil supply to the bearings
decreases significantly and only after some time begins to slowly increase to the value
corresponding to the high-speed operation of the engine. Similar phenomena are observed in the
case of "dispersion” of the engine (due to jamming of fuel pump plungers and other reasons).
The working condition is characterized by a hydrodynamic mode of friction, in which mechanical
and corrosive-mechanical types of wear take place, having the maximum value in the zone with the
minimum thickness of the oil film. However, with loads exceeding the working pressure on the
bearing, a lack of oil or its high temperature, increased roughness of the shaft neck, a violation of
the hydrodynamic oil film occurs, and the operation of the friction unit takes place under conditions
of friction with extreme lubrication, which leads to a short-term violation of the oil film to increased
and with a long one - to burr of the liners. In the case when the bearing works mainly with liquid
lubrication, its operating conditions are determined by the dimensionless load factor of the bearing,
while the rate of wear is minimal.

Abrasive wear occurs as a result of metal cutting by solid particles that enter the friction
zone from the outside with lubrication or appear in it as a result of the wear process at the moment
of friction with extreme lubrication. The effect of variable load affecting the bearing increases the
amount of abrasive wear. The amount of heat generated is significantly less than with friction at
extreme lubrication.

During long-term operation of the sliding bearing (alternating state of rest, start of
movement, working state, stops) under the influence of variable forces and speeds, a fatigue type of
wear begins to appear. This leads to the destruction of atomic bonds, the separation of metal
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particles and the appearance of cracks, the material is pulled out due to cavitation and increases the
effect of corrosive and abrasive types of wear, while the overall wear increases sharply and has an
exponential dependence.

Research shows that when creating engines, the requirement to ensure normal operating
conditions of bearings in the entire range of modes for which they are intended is not always taken
into account, which significantly worsens the operational characteristics of bearing assemblies as
their service life increases.

It was established that the temperature of the oil at the entrance to the diesel greatly affects
all indicators of the bearing: as the temperature of the oil increases, the thickness of the lubricating
layer decreases, and the pressure in the oil layer and the temperature on the friction surface of the
bearing liner increase. Intensive dilution of oil by fuel was also revealed, as a result of which the
coefficient of kinematic viscosity decreases. When the initial viscosity of the oil is reduced to 5-10°°
m?/s at 100 °C, the layer thickness in the bearings decreases to values at which friction is not
ensured during liquid lubrication.

The difficulty of solving the problem of ensuring the specified durability of the tribo
coupling lies in the need to take into account the interdependent parameters of the "technology -
crankshaft bearing - operation” complex. The random nature of changes in technological and
operational factors makes it difficult to assess material parameters in the process of forming, the
impossibility in most cases of predicting the necessary corrective effects to avoid their deviations,
as well as taking into account structural and mechanical changes in the surface layer of the material
during technical operation.

The peculiarity of the problem is that it is important not only to achieve a given level of
material parameters, but also to what extent they can change without violating the bearing capacity
of the material of the surface layers of the tribocoupler parts, how to choose the optimal intervals of
their values to ensure the given durability of the restored details

An important part of solving this problem is the development of a scientific and practical
apparatus that allows designing the technology of restoring and strengthening the necks of
crankshafts, which ensures a given durability at an acceptable cost.

The problem of ensuring the specified durability of diesel engine crankshafts was solved
taking into account the application of system analysis. From the point of view of control theory, the
crankshaft is an object of research in the "technology-crankshaft bearing-operation” system, which
includes the following blocks: input parameters; processes in tribocoupled parts, and initial
parameters. Input parameters are divided into three categories - technological, operational and
interference. This division allows you to clearly identify the influence of technological parameters
on the friction elements of the system. The input operational parameters of the system form a block
characterized by motion parameters and friction forces applied to the unit.

The most important stage in the design of strengthening technology is the development of
new wear-resistant composite materials taking into account all the processes observed in the
tribosystem. The most promising compositions for strengthening the friction surfaces of parts are
mineral and organo-mineral materials.

Then the method of strengthening the necks of the crankshafts is selected. Currently, the
modification of friction surfaces with mineral and organomineral materials is carried out by the
friction method or ultrasonic treatment. To strengthen the necks of crankshafts, the friction method
is the most promising.

The optimization of the strengthening parameters of the crankshaft necks is carried out on
the basis of the obtained models of the influence of the processing mode parameters on the
mechanical and tribotechnical properties of the coatings. The optimal resource for crankshafts of
diesel engines should be considered the resource of the engine before its overhaul, which is
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established by technical conditions.

The final stage of the analysis of the developed variant of strengthening the crankshaft necks
is the prediction of its resource, as well as the calculation of the cost and determination of economic
efficiency.

The effectiveness of the developed technology depends on the expediency of the decisions
made. Often, measures to increase durability may not require significant costs, as science and
practice suggest rational solutions. The analysis of various options for achieving a rational level of
durability should be based on the condition of obtaining the greatest total economic effect, taking
into account the costs of strengthening the part and further operation of the equipment. The total
economic effect during the operation of the equipment consists, firstly, of the costs of strengthening
the part, including the design of the technological process, experimental operation, refinement of
the technology, etc., and secondly, the costs of operating the crankshaft, including maintenance and
repair.
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3D MOP®OJIOTTYHA TA O5’€EKTHA MOJEJII TPAHCIIOPTHOI
CHCTEMH

H.JI. KocThsiH, 00y., KaHO. MexH. HaYK,
0.10. JIyK’IHYeHKO, 00Y., KAHO. MexXH. HAYK,
Yepracovkuil 0epacasHull mexHonro02iunull yHieepcumem, Ykpaina

HoBi TexHiuHI Ta yHpaBIiHCHKI PIINIEHHS MIOAO ONTHUMI3aIil JOCIIIKYBaHOI CHCTEMHU
noTpeOyIOTh MIATPUMKHU 0a3u 3HaHb MPO 1i €JIeMEHTHU B aKTyaJdbHOMY cTaHi. s cTpykrypu3amii
Takoi 0a3M 3HAHb 3 METOIO MOAAIBIIOTO BU3HAYCHHS PAlliOHAIFHUX PEXHMIB POOOTH CHCTEMH Ha
eTami KOHIENTYyali3amii JOIIBHO BHKOPHCTOBYBAaTH MeTOA Mopdosoriudoro anamizy [1].
ABropamu [2] JAOCHIKEHO OCHOBHI rpynu (akTopiB, IO BIUIMBAIOTH HA CIOXHBAHHS
najarBa/eHeprii TpaHCIOPTHUX 3ac00iB B yMOBax Michbkoi MOOinbHOCTI. Ha ocHOBI rpymn dakTopiB
BU3HAYCHO €JIEMEHTH TMIJACUCTEMHU YIpaBiiHHA eHeproedextuBHicTiO Tpancnopty (TrEECS) y
CKJIa/Il IHTENEeKTyalbHOI TpaHCHOPTHOI cucteMu. B poboTi [3] mpencraBneno crpykrypy TrEECS y
BUTJISIZII MOPGOJIOTTYHOT MaTpuili. 3a3Ha4eHa MaTPHILI BiIOUBAaE CTPYKTypy cuctemu. Ha mepmomy
PiBHI cHCTEeMM BU3HAYEHO ii (YHKIIOHANbHI €JIEMEHTH: TpaHcopTHHUM 3aci6 (V), TpaHCOpTHHIA
notik (TF), nopora (R) ta cepenoBuuie pyxy (Env). Ha npyromy — npezacrasieno ix atpudyru. Ha
TPEThOMY PIBHI Ul KOXXHOIO aTpuOyTa NepepaxoBYIOThCS BapiaHTU Horo peanizauii (IOMeH,
MOXJIMBI 3HaueHHs). Halip BapiaHTiB peamizanii MOp(OJIOriYHMX O3HAK (PYHKLIOHAIBHUX
esiemeHnTiB TTEECS ¢dopmye neBHy KOHOITrypalito CUCTEMHU.

B peanbHOMY CBITI MiCbKa TPaHCTIOPTHA CUCTEMA HE € 130JIbOBAHOIO Ta B3aEMO/IIE 3 THITMMHU
cy0’ekTaMH Ta O0’€KTaMH T'OCHOJAPIOBAHHS, CTPYKTYPY SKHX TaKOXX MOXHA MPEICTaBUTH Y
Burisiai gotuyHux 1o TrEECS mopdonoriunux mopeneir. OxpeMi KOMIpKH MOPQOIOTiYHOT
matpuii TrEECS moxyTh 30iratucs 3 moyisiMu JOMeHIiB aTpuOyTiB iHIIUX cucteM. HazBemo Taki
KOMIPKM KJIFOUOBUMH TOJSAMHU (30BHIIHIMU Kitodamu). [leBHa KkoH@irypalis TpaHCHOPTHOI
CUCTEeMH MOXe OyTH pO3IIMpEeHa 3a pPaxyHOK KOHQIrypamid IHIIMX CHUCTEM 3a JOINOMOTOI0
30BHIIIHIX KitouiB. Hampuknan, QyHKUioHanbHUN eneMeHT “iHppacTpykTypa'' TpaHCHOPTHOI
CUCTeMH 3’€IHYEThCS 3 (DYHKIIOHAIBHUM €JIEMEHTOM ''aBTOCEPBICHE IMiAMPUEMCTBO" CHCTEMHU
aBTocepaicy [4] uepes kimrou "A3C", mo peanizoBye atpudyT "Bua aBTocepBicHOTO TiaTpHEMCTBA "
Takum 4nHOM, KOH(]Iryparisi TpaHCIOPTHOI CUCTEMH € TUHAMIYHUM MAacHBOM, PO3Mip SIKOTO MOXe
3MIHIOBaTUCH BIATIOBIAHO J0 TMOTOYHUX 3HAYEHb KIOYOBHUX TOJIB. Y 3arajJbHOMY BHIIQJIKy OKpeMa
KOH(Irypariss MOXe MICTUTH ICKiTbKa KIIOUiB Ta BIAMOBIAHO JEKiIbKa JOJATKOBHX MACHBIB
3Ha4YeHb aTpuOyTiB. PO3MIPHOCTI 1OJaTKOBUX MAacCHBIB MOXKYTh HE CHIBMAAaTH. SIKIO PO3IIISAAATH
MOp(OJIOTIYHY MOJI€Nb TPAHCHOPTHOI CHUCTEMH Y KOMIUIEKCI 3 MOJENSIMU JOTHYHHUX CHUCTEM, TO
oTpuMaeMo OaraToBuUMIipHY Mopdosoriuny mojaenb. Taky Mojaelb MOKHA TPEACTaBUTH y 3-X
BUMIpPHOMY IPOCTOPi, J€ AOTHYHI MAacUBH € po3ranxyxeHHsIM KoHpirypauiii TrEECS B mo3umisx
KIIFOYOBHUX TMOJiB. B Takuii croci6 yrBoproetbess 3D mopdosoriuna Moaens J0CiiKyBaHOT
cuctemu. CTpykTypa MOPQOJIOTiYHOI MATPHUIll BUCTYIIA€ OCHOBOIO IS CHHTE3Y MOXKIIMBUX CTaHIB
cucteMu. Hemomikom mopdosoriunoi Mojaen € CKIaaHICTh i NMEPEeTBOPEHHS B EKBIBAJICHTHI
MaTeMaTU4HI Ui TOJANBLIOrO JOCHikeHHS. B poOoti [5] ¢dopmani3oBaHO IEepeTBOPEHHS
KJ1acuuyHoi MopdosoriyHoi Mojenai B HEWITKy 0a3y TpaBWwil I OIIIHKH, KOHTPOJIO Ta
MIPOTHO3YBaHHS €HEProe()eKTUBHOCTI TPAHCIOPTHUX 3aco0iB. lle mepeTBOpeHHS HE MOXKHA
peanizyBatu s 3D mopdororiunoi Mozaeni. BupimenusM miei mpoOnemu € ¢GopMyBaHHS
00’€eKTHOI 0a3u TaHUX TPAHCIIOPTHOI CUCTEMHU.

OpHiero 3 mepeBar BUKOPUCTaHHs 00’ €KTHOI 0a3M JaHUX € Te, 10 Kiacu (aOCTpaKTHI THUIIN)
00’ekTiB 0a3m naHWX 0a3ylOThCSd Ha BHUKOPHUCTaHHI IMHAMIYHHMX CTPYKTyp naHux. Lle Hamae
MOJKJIMBICTh BapilOBaTH PO3Mip 00’€KTiB BiZHOCHO METH mOTOYHOro 3aBaannsa. Kmac "Config"”, mo
3ajae OynoBy KOH(irypamii TpaHCHOPTHOI CHCTEMH, BUCTYyNae HamaakoMm kiaci: “Vehicle”,
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"TrafficFlow", "Road" Ta "Environment". [lanuii kjac HaCiye KOMIIOHEHTH 0AThKIBCHKUX KJIACIB.
CuHTe3 HOBOTO 00’€kTa KOH(]Iirypatii BiA0yBaeThCs MUIIXOM BUKOPUCTAHHS BIPTyalbHUX (YHKIIII
B KOHCTPYKTOpPi Kiacy. B cTpykTypi 0aThKiBCbKHMX KJIACiB KOMIIOHEHTHI JIaHI MalOTh CKJIAJICHUN
TNl — "CTpyKTypa" Ta CKJIaAaloThCs 3 JBOX YACTHWH: HA3BU BapiaHTy peamizaiii MopdoioriyHoi
O3Haku THIy StriNg Ta mepeiniky JOAAaTKOBHX arpuOyTtiB. Takuii mepenik mMae aOCTpaKTHHUH THIT
JaHUX — JIBO3B’SI3HUH JIIHINHUN CIIUCOK, B SIKOMY TOIEPEIHIN eIeMEHT IMOCUIIA€THCS Ha HACTYITHUH,
a HACTYIMHHUH — Ha MONepeqHid 13 BUKOPHUCTAHHSM BiJIIMOBIAHUX MOKAXYUKIB. (75 HEKITIOYOBHX
10J11B MOP(OIOTTYHOT MATPULIl KOHCTPYKTOP 3a7a€ HYJIbOBI 3HAUEHHSI MMOKaXXYHKIB Ha IMOYATOK Ta
kirenp ciucky (Head = Tail = NULL) ta niunnsHuka enemeHTiB cnucky (Count = 0). B ¢pynkmisx-
KOHCTPYKTOpax IepeadavdeHo MepeBipKy HAJIEKHOCTI BapiaHTy peaiizarmii MOpQoJIOTI9HOI O3HAKH
70 TIEBHOTO Aiama3oHy 3HaueHb. [Iporniec dopmyBanns 00’ektHOI Moaeni TrEECS cxematuuno
MPEACTABICHO Yepe3 CTPYKTYPHY MOJIEINb, 10 Mo0ymaoBaHo 3a metoaosnorieto DFD (puc. 1)
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Pucynok 1 — Cxema nepexony Bix mopdosoriunoi mogeni TTEECS no 06’extHoi

O0’exTHy 06a3y AaHMX [ONUJILHO BUKOPUCTOBYBATH MNPU MPOEKTYBAHHI 1HTEIEKTYasbHOI
TPAHCIIOPTHOI CHUCTEMH, IO MICTHTh 3aCOOU 3MiHU CBOET CTPYKTYPH.
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VK 656.1

3ABE3NNEYEHHA HAJIEZKHOI'O KOHTPOJIIO 34 TEXHIYHHUM CTAHOM
TPAHCIIOPTHHUX 34ACObIB

A.A. Cepriituyk, acn.,

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

A.B. I'puHBbKIB, cm. 00CNIOHUK, KAHO. MeXH. HAYK,

Llenmpanvroykpaincokutl HAYioHAbHUL MeXHIYHULL YHigepcumem, YKkpaina,

O.I1. lboHb, 0oy., Kano. mexH. HAyK,

Tepnoninvcvkuil HayioHanbHul mexHiuHul ynisepcumem imeni leana Ilynos, Yxpaina

be3neka DOpOXKHBOTO PyXy Ha CbOTO/HI € KIHOYOBUM €JIEMEHTOM PO3BUTKY CYCIIbCTBA.
Benuka kinbkicTh TpaHcrmopTHUX 3aco0iB (T3) € HEeBil’€MHOK YaCTHHOK EKOHOMIKH KpaiH, aje
BogHOoYac T3 HecyThb HeOe3meKy *KHUTTIO rpoMajsH. Jlizepu OaraTbox JepkaB CBITY 00’€IHYIOTh
CBOI 3YCWJUIA JUIS 3MEHIICHHS KUTHKOCTI MOCTPaKIAMX Ta TPAaBMOBAaHUX BHACIHIJOK TOPOYKHBO-
tpancnoptHux npurox (JATII). MixHapoaHe CHIBTOBApUCTBO NPUAUILE 3HAYHY yBary
pO3pOOJIEHHIO Ta 3MA1MCHEHHI0O NpPaKTUYHUX 3axoniB 3 Oe3neku popoxHsoro pyxy (BIAP),
CIPSIMOBAHUX HA 3aMI00IraHHs JOPOKHBO-TPAHCIIOPTHOMY TPaBMaTU3MY.

OCHOBHMM TOJITHYHUM JIOKyMEeHTOM Yy Tany3i BJIP € mnomituuna 3asBa, mnpuifHATa
Opranizamiero O0’enqnanux Hamiit 10 sxoBTHA 2019 p., m1010 KOHIEHTpaLii Al Ta JOCATHEHb B
ramy3i BJIP B pamkax HactymHoro naecatwiitrs 1m0 2030 poky Ta CKOpOYEHHS CMEpPTHOCTI Ha
noporax Ha 50 BiICOTKIB.

Koncturymis Ykpainu, 30kpeMa y cTaTTi 3, 3riJHO 3 KO0 Oe3leKa JIOAUHU Ta ii 370poB’s
BU3HAIOTHCS B YKpaiHi HaWBHUIIOIO COIIaTBHOO IIHHICTIO, Ta CTAaTTi 50, 3TiHO 3 KO KOKEH Mae
paBo Ha Oe3MevHe IS KUTTS 1 3[0POB'S TOBKIJLIA.

Ha crorogni B YkpaiHi piBeHb CMEPTHOCTI Ta TpaBMatuzMy BHachiok J[TII € moctaTHbO
BHUCOKUM, a piBeHb opranizamii BJIP 3anumaetscs BKpail HU3BKUM, MPO IIO Yy CBOiX 3BITax
HEOJIHOpa30Bo HarosomryBanu ekcreptd BOO3, CsiToBoro 0aHKy Ta IHIIMX MDKHApOIHHX
iHCTUTYHIN. KinpkicTs 3arnbnmx moaeck B Ykpaini BHachigok JITII nepeBumye 3,5 THC mopidHO.
[Toka3HMK KUJTBKOCTI 3arMOJIMX BITHOCHO KUIBKOCTI HaceleHHs B YKpaiHi MepeBUIllye aHAJOTYHUI
noka3znuk €C y 1,5...2 pa3mu.
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Pucynox 1 — Kinbkicts 3arutmiux B JITI1 B Vkpaini Ha 1 mutH. HacenenHs Ykpaiau (2019p.)

[IpuOIM3HO CTINBKH X JIIOJIEH THHE BHACIIAOK OHKOJOTIYHUX 3aXBOPIOBaHb, MOB’A3aHUX 3
sKicTio oBiTps. [Ipu oMy T3 € OCHOBHHUM JiKepesioM 3a0pyTHEHHS MOBITPsI, 0COOJIMBO y MiCTaXx.
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Tako Ha PUCYHKY HMXKY€ HABEJCHO CTATHUCTUKY ILOJO MApKy JIETKOBUX aBTOMOOLTIB B
VYkpaiHi, 30kpeMa cepeAHiil mapk JErkoBHUX aBTOMOO1IIB nepeBuilye 22 poku. s mpuxmany, B
CIIA ueit mokasnuk ckiangae 11,4 poku, B kpainax €C — 8,6 BignoBigno, B OAE — 5,1 poku, B
CayniBcpkiii ApaBii — 3,2 poku. YkpaiHa 3aliMae TepeOCTaHHE MICIIE B IIbOMY CITUCKY,
nocrymnatoduch Tuibku Ky0i, 1€ cepeaniii napk JerkoBUX aBTOMOOLIIB nepeBUIIye 38 pOKiB.

MAPK AEFKOBMX ABTOMOBIAIB* CEPEAHIV BIK MAPKY AEMKOBKX ABTOMOBIAIB MAPK EAEKTPOMOEGIAIB

‘, 84 man < k’,: 224 poku é 17 muc.

3AFAAbHWM ABTOMAPK* YACTKA B/B ABTO Y CTPYKTYPI IMMOPTY 3A PIK MNAPK MBPUAIB

0n EE

a 9.7 MAH m 212 muc.

PIBEHb ABTOMOBIAIZALLII* YACTKA AEMKOBUX ABTO BIKOM BIAbLLE 8 POKIB
KiAbkicmb aBmMo Ha 1 muc. xumeais Y CTPYKTYPI IMNOPTY 3A PIK *6e3 goHux Kpumy
Axepeno: AUTO-Consulting
AaHi cmaHoM Ha 1 ciuHa 2019 poky
(d

6) 232 aemo

AaHi cmaHoMm Ha 1 ciunHa 2021 poky

Pucynox 2 — CraTrcTrka mapKy JIETKOBHX aBTOMOOLTIB B YKpaiHi

Huni peanizamis nonoxkenp crareid 3 ta 50 Koncruryiii Ykpainu y yacTuHi 3a0e3nedeHHs
aKTUBHOI, TACUBHOI Ta eKoJOoTiyHOiI Oe3meku T3, 1o BBO3ATHCS B YKpaiHy, peani3yloThcs 30KpemMa
yepe3 nonokeHHsa crareit 29 ta 31 3akony Ykpainu "IIpo mopoxHiit pyx", moctranoBu KMV Big
09.06.2011 p. Ne 738 "Jlesxki murtaHHs cepTudikamii TpaHCIOPTHUX 3aco0iB, iX YaCTHH Ta
obnmamnanusa" Ta "llopsaky 3aTBep/KEHHS KOHCTPYKINI TPAHCIIOPTHHX 3ac00iB, iX YacTHUH Ta
oOnagHaHHA", 3aTBEpAKEHOT0 Haka3oM MiHictepcTBa iHppacTpykTypu Ykpainu Big 17.08.2012 p.
No 521, 3apeectpoBanoro B Minictepcetsi roctutlii 14.09.2012 p. 3a Ne 1586/21898.

3a3HaueHi HOPMATHUBHO-TIPABOBI aKTH PETYIIOIOTh MUTAHHS JOMYCKY A0 eKCIUTyaTalii —
BBE3CHHS Ta MepILoi AepkaBHOI peecTpauii T3 — sk HOBUX, TaK 1 THX, 1110 OyJIM y KOPUCTYBaHHI.

3 inmoro 00Ky 3a0e3nedeHHs] HAJIEKHOTO KOHTPOJIIO 3a T3, 1m0 BBO3SITHCS, MependadeHi
aktamu €C. Jlo Takux aKTiB 30KpeMa BIJIHOCSATHCS:

1. Permament €C 2018/858 €pponeiicbkoro [Tapmamenty Ta Paau Big 30 TpaBas 2018 poky
II0JI0 3aTBEP/KEHHS Ta PUHKOBOT'O HATSY 3a aBTOTPAHCIOPTHHUMHU 3aco0amu, iX MpUYenami,
cHCTeMaMH, KOMIIOHEHTAaMH Ta OKPEMUMH TEXHIYHUMH BY3JIaMH, IPU3HAYCHUX JJISI BHKOPHCTAHHS
Ha TaKMX TPAHCIOPTHUX 3aco0ax, sIkui BHOCUTH 3MiHM A0 PermamentiB €C 715/2007 ta 595/2009
ta ckacoBye JlupekruBy 2007/46/EC (BCcTaHOBIIIOE BUMOTH JJO HOBHX TPAHCIIOPTHHX 3aC001B).

2. Tupextua 2014/45 mono nepioguIHUX MEPEBIPOK MPHUAATHOCTI 10 ekcruryaTarii T3 Ta
ix mpuueniB, sxa ckacoBye [dupextuBy 2009/40/EC (BctanoBiroe Bumord mo T3, ski Oymu y
KOPUCTYBaHHI).

Pernamenrom €C 2018/858 BcTaHOBiNEHI aAMIHICTPATUBHI NPUIIUCU Ta TEXHIYHI BUMOTHU
11010 3aTBEP/DKEHHS TUITy Ta PO3MIIIEHHS Ha PUHKY BCiX HOBMX TPAHCIIOPTHUX 3aCO0IB, CHCTEM,
KOMIIOHEHTIB Ta OKpPEMHUX TEXHIYHMX BY3JiB, a TaKOX MPHUINHMCH MO0 I1HAUBIAYaJIbHOTO
3aTBEPIKECHHS.

3rigHo crarti 6(4) Permamenta €C 2018/858 nepxaBu-unenn €C MOXyTb J03BOJHMTU
Ha/IaHHS Ha PHMHKY, PEECTpallil0 Ta BBEJEHHS B €KCIUIyaTallll0 TPAHCIOPTHHUX 3ac00iB, CHUCTEM,
KOMIIOHEHTIB Ta OKPEMHUX TEXHIYHMX BY3JIB TUIBKM Yy BHUIAJKY iX BIJIOBIIHOCTI 3 BUMOTaMu
nmanoro Perimamenta €C.

[IpoanasnizyBaBiy BUIlIEBKa3aH1 MaTepiajiy, Ha HAIly TYMKY 3aKOHOJABCTBO YKpaiHU 335
BUKOHAHHS Yroau mpo acomiaiito (crarts 368, nomarok XXXII) ta Ctparerii miABHUILEHHS PiBHS
0e3nekyu JOPOKHBOTO pyXy B YKpaiHi Ha mepion a0 2024 poky, CXBaJ€HOI PO3MOPSIKEHHIM
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Kab6inery MinictpiB Ykpainu Bix 21 xoBtHs 2020 p. Ne 1360-p, morpeOyioTb BHECEHHS
BIJITOBITHUX 3MiH, a came:

3akon Ykpainu "llpo mopoxniit pyx" (Bimomocti BepxoBuoi Pagu Ykpainu (BBP), 1993,
Ne 31, ¢1.338 13 HACTYMHUMH 3MIHAMH):

y cratTsax 29, 31, 35:

TpancnoptHi 3aco0u, 0O OepyTh ydacTb y JOPOKHBOMY pyci Ta 3apeecTpoBaHi
TEpPUTOpiaIbBHUMH OpraHamMu MiHicTepcTBa BHYTpIIIHIX CHpaB YKpaiHu, a TakoX BBE3€HI Ha
TEPUTOPiI0 YKpailHU TPaHCIOPTHI 3acobu, 1Mo Oylu y KOPUCTYBaHHI, AJS MEpLIOi AepiaBHOI
peectpariii B YKpaiHi MiJsITaloTh 0O0OB’S3KOBOMY TEXHIYHOMY KOHTPOJIO BIIMOBIAHO 1O IIi€l
CTaTTI.

OO0O0B’I3KOBOMY TEXHIYHOMY KOHTPOJIIO HE M/ JISTAIOTh:

1) nerkoBi aBTOMOOLTI yCiX THITIB, MapoOK 1 MoOJeJel, mpuYend (HamiBIPHUYCIIH) A0 HUX
(kpiM Takci Ta aBTOMOOLNIB, 110 BUKOPUCTOBYIOTHCS JIJISl TIEPEBE3CHHSI MACAKUPIB a00 BaHTAXKIB 3
METOI0 OTPUMAaHHS MPUOYTKY), MOTOIIUKJIN, MOIICIH, MOTOKOJISICKM Ta I1HII MPUPIBHSAHI O HHUX
TPAHCIIOPTHI 3aCO0U - HE3aJEXKHO BiJl CTPOKY EKCIUTyaTallii, KpiM BBE3€HUX Ha TEPUTOPiI0 YKpaiHu
TPaHCIIOPTHHX 3ac00iB, IO OyJIM y KOPUCTYBaHHI JUISI TIEPIIOi IepKaBHOI peecTpalii B YkpaiHi, Ta
nepeodaHaHuX (3 ypaxyBaHHSIM TOJIOKEHb CTAaTTi 32 1OT0 3aKOHY) TPAHCIIOPTHUX 3aCO01B;

2) JIETKOBI aBTOMOOLITI, 1[0 BUKOPHUCTOBYIOTHCS IS TIEPEBE3CHHS MTacaKUPiB a00 BAHTAXKIB 3
METOI0 OTpHMaHHS NPHOYTKY, BaHTaXHI aBTOMOOLII HE3alleXKHO Big (GOpMHU  BIACHOCTI
BaHTAXKOMITHOMHICTIO 10 3,5 TOHHH, MPHYCIIH A0 HUX - 13 CTPOKOM €KCIUTyaTalii JO0 ABOX POKIB,
KpIM BBE3CHHX Ha TEPUTOPII0 YKpaiHU TPAHCIOPTHUX 3acO0iB, MO0 OylMHM y KOPHCTYBaHHI IS
MepIoi 1ep>kaBHOI peecTpallii B YKpaiHi, Ta nepeoOiaHaHuX (3 ypaxyBaHHSAM I0JIOKEHb CTaTTI 32
OO 3aKOHY) TPAaHCIIOPTHHX 3aCO0iB;

3) TexHiYHI 3aCO0M JIJIsI arpoOIPOMHKCIOBOr0 KOMILIEKCY, BU3HaueHi 3akoHoM Ykpainu "TIpo
CHCTEMY 1H)KEHEPHO-TEXHIYHOTO 3a0€3TeUeHHS arpOIPOMHUCIIOBOTO KOMITIEKCY YKpainu™.";

Ha xoxumit T3, mo npoiimoB 000B’SI3KOBUI TEXHIUYHUI KOHTPOJIb, CYO €KT MPOBEACHHS
000B’SI3KOBOTO TEXHIYHOTO KOHTPOJIIO CKJIAJa€ MPOTOKOJ NIEPEBIPKH HOTO TEXHIYHOTO CTaHy, SIKUI
BUJAETHCSI BOJII0 TPAHCIOPTHOTO 3aco0y. Y pa3i MO3UTUBHOTO BHUCHOBKY Yy MPOTOKOJI 30KpemMa
3a3HAYAETHCS  CTPOK  UYEProBOIO  IMPOXODKCHHS  OOOB’SI3KOBOTO  TEXHIYHOTO  KOHTPOJIO
TPAHCIIOPTHOTO 3aco0y BIAMOBIAHO 1O MEPIOJUYHOCTI MPOXOKEHHS, BCTAHOBJICHOI YaCTHHOIO
BOCBMOIO IIi€1 CTATTI.

Crmcok BUKOPUCTAHUX IKCPEII

=

Koncrurynis Ykpainu;

3akony Ykpainu "IIpo Tpancrnopt”;

3. mocranoBu KMY Bix 09.06.2011 p. Ne 738 "Jlesiki mutaHHs cepTHdiKamii TpaHCTIOPTHUX 3ac00iB, iX YacTHUH Ta
oOmannannsa" Ta "Tlopsinky 3aTBep/KEHHS KOHCTPYKIII TPaHCIOPTHHX 3aco0iB, iX yacTWH Ta oOyaaHaHHA",
3aTBEPKEHOT0 Haka3oM MiHicTepcTBa iHppacTpykTypr Ykpainu Bix 17.08.2012 p. Ne 521, 3apeecTpoBaHoro B
Minicrepersi roctunii 14.09.2012 p. 3a Ne 1586/21898;

4, Pernament €C 2018/858 €spomneiicbkoro [lapaamenty ta Pagu Big 30 TpaBus 2018 poky 111010 3aTBEpHKEHHS

Ta PUHKOBOTO HAIIAY 3a aBTOTPAHCIOPTHUMH 3ac00aMH, X NpHYENaMH, CHCTEMaMH, KOMIIOHCHTAaMH Ta

OKPEMHMH TEXHIYHMMHU BY3JIaMH, NPU3HAYECHUX sl BUKOPHUCTAHHS Ha TaKMX TPAHCIIOPTHHUX 3aco0ax, SIKHA

BHOCHTH 3MiHH 10 PermamentiB €C 715/2007 ta 595/2009 ta cxacoBye HdupextuBy 2007/46/EC (BcTaHOBIIOE

BHMOTH JI0 HOBUX TPAaHCHOPTHHX 3aC00iIB);

N

5. HupextuBa 2014/45 11010 nepioAWYHUX MEPEBIPOK MPUIATHOCTI A0 SKCILTyaTallil aBTOTPAHCIIOPTHHX 3ac00iB Ta
X mpuyenis, sika ckacoBye Jupextury 2009/40/EC (BcTaHOBIIIOE BUMOTH JI0 TPAHCIIOPTHUX 3acO0iB, sIKi Oyiu y
KOPHUCTYBaHHI);

6. Permamentom €C 2018/858 BcTaHOBIEHI aaMIHICTPATHBHI MPUIICH Ta TEXHIYHI BUMOTH OO 3aTBEPKCHHS

TUIly Ta PO3MILIEHHS HA PHHKY BCIX HOBHMX TPAHCIOPTHUX 3aco0iB, CHCTEM, KOMIIOHEHTIB Ta OKpEMHX
TEXHIYHUX BY3JIB, a TAKOX MPHUITUCH MO0 IHANBIAYaTFHOTO 3aTBEPHKECHHS,

7. Crpareris nifBUILEHHS DiBHS Oe3leKu JOPOXKHBOIO pyxy B YKpaiHi Ha mepion mo 2024 poky, cxBaieHa
posnopsmkenasm Kabinery MinictpiB Ykpainu Big 21 sxoBTHS 2020 p. Ne 1360-p;
8. Crpareris minBUILEHHS PiBHS Oe3leKH OPOXKHBOTO pPyXy B YKpaiHi Ha mepion mo 2024 poky, cxBaneHa

posnopspkeHasm Kaoinery MinictpiB Ykpainu Bin 21 xxoBtHst 2020 p. Ne 1360-p.
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YK 656.0

METOIH IIIJIBHINEHHA CITOJKUBYHX BJIACTHBOCTEH HA
PETI'Y/IBOBAHUX IIEPEXPECTAX

JL.A. T'nigmid,

C.A. Kpyk,

B.O. [310pa, npog., 0-p mexu. Hayx,

Tepuoninvcokuil HayionanvHul mexHivHul yHieepcumem imeni leana Ilynios, Ykpaina

IcHyr0Th pi3HI MIAXOAM 10 HiABUILEHHS coXUBUYKMX BiactuBocTeit [PIL. SIkimo 3a kopaonom
PO3pOOJIEHO 1 PErysIpHO OHOBIIOETHCS BEJIMKA KITBKICTh HOPMATHUBHOI Ta pPEKOMEHIAIIMHOI
TEXHIYHOI JiTepaTypu LIOJ0 METOAMK MiABUIICHHS CIIOXHBYMX BJIACTUBOCTEH I1HAMBIIYalbHUX
perynpoBanux mepexpectb (I[IP) He TOBHOIO MIpOK BiAMOBIIAIOTH CHOTOMHINIHIM PIBHAM
3aBaHTaxkeHHs [PI1.

Ockinpku TpaHcnopTHi ymoBH Ha [PII Oe3nepepBHO 3MiHIOIOThCS (CKJIaJ MOTOKY, PO3MOILI
3a HamnpsMaMHM, CTYIECHS 3aBaHTA)XEHHS OKPEMHUX CMYT, MOXIIHMBOCTI MPOi31y A IMOTOKIB, IO
MIPOIYCKAIOThCS 3 KOH(QIIIKTOM), a 3MIHY €KCIUIyaTalliHUX YMOB Yy TOBHIM BIJAMOBIIHOCTI /10
cUTyalii, 0 3MIHWIACAd HEMOXJIMBO BIACIIAKYBaTH, HEOOXIJHO MPUUMATH ONTHMAJIbHI PIIIEHHS,
10 BPaXxOBYIOTh CYNEPEWIMBICTh BUMOT, IPOITYCKHOI 3AaTHOCTI Ta 0€3MEKH JOPOKHBOTO PYXY.

[ToHATTS onTuMi3allis BKJIIOYAE J[BA BU3HAYEHHS — L€ MPOILEC 3HAXOKEHHS EKCTPEMYMY
(rmobanbHOr0 MakCUMyMy YW MIHIMYMY) MeBHOI (yHKuii abo mpouec BHOOpPY HaMKpaIoro
(onTUMAaNbHOTO) BapiaHTa 3 MHOKHHU MOXJIMBHUX. Haif0inbin HagitHUM CcrIOCOOOM 3HAXOIKEHHS
HaWKpalloro BapiaHTa € IMOPIBHsUIbHA OIIHKA BCIX MOMKJIMBUX BapiaHTIB (ajgbTepHATHB). SIKIIO
YHUCIIO aJbTEPHATUB BEJMKE, IiJ Yac MOLIYKY HalKpaiioi 3a3BHYail BUKOPUCTOBYIOTH METOIU
MaTEeMaTUYHOTO TMPOTrpaMyBaHHsS. 3aCTOCYBAaTH IIi METOAM MOJKHA, SKIIO € CyBOpa IMOCTaHOBKA
3a/ayi: 3aJaHuil HaOlp 3MIHHUX, BCTAHOBJIEHA 00JacTh X MOKIJIMBOI 3MiHU (3a/1aHi OOMEKEHHs) Ta
BHU3HAUEHO BU/JI 1IbOBOT (YHKIIIT [IMX 3MIHHHUX.

3 BU3HAYCHHS TOHATTS ONTHMi3allii MOXKHA IINTH HEBTIIIHOTO BUCHOBKY, IIO W iCHYE
BEJIMKa KUIBKICTh aJIbTEPHATHUB pIIIEHHS, MOTpe0ye YHCEIbHOrO0 3HAYEHHS pe3yabTaTy, TO
OINITUMI3AIlis - 11e MiHIMi3amisd iIbOBOI QYHKINI. SIKIIO0 K albTepHATHB PillIEeHHS HE 6araTo i BOHU
HE TOTpeOyIOTh YHCEIBHOTO PIIICHHS 13 3a/JaHOK0 JIOCTOBIPHICTIO, TO ONTHMI3allisg - II€
yIpaBJIiHChKE DILICHHSA, 3aCHOBaHE Ha JIOCBiAI Ta 3HAHHAX OCOOHW, siKa NpHIMae I PIlICHHS.
["onmoBHUI HEMOMIK YPaBIIHCHKOTO PIMIEHHS - CYO'€KTHUBI3M (CTaH Ta XapaKTEPHUCTUKH OCOOH, sKa
npuiimae pimenHs). HaitbinpI nepcneKTMBHUMH € aBTOMAaTH30BaHI CUCTEMH MPUHHATTS PilliCHb, Y
SKAX BaplaHT pIMICHHsS, pPO3paXxOBaHWK KOMMI'IOTEPOM Ta 3BIPEHHUH 13 CHCTEMOIO IIIJIEH,
NPURMAETHCS 10 BUKOHAHHS Yepe3 BiJNOBIHI BUKOHABYI MEXaHi3MU aBTOMAaTUYHO.

3HavYeHHS ONTHUMI3aIii JOPOXKHBOTO PYXy Ha JUISHII BYJIWYHO-JIOPOKHBOI Mepexi (y
TPAHCTIOPTHOMY BY3I]i), OCOOJIMBO OCTaHHIM YacOM, 3 PO3BUTKOM IPOTPAMHOIO Ta amapaTHOTO
OCHAIIICHHS TPOSKTHHX OpraHi3alliid, BIIIrpae Bce OUIBITYy POJb MPH NPUHHATTI 1THXKCHEPHHUX
pimeHs. MaTeMaTH4Ha ONTHMI3allis € MPOIECOM HEOJHO3HAYHHUM, IO 3aJI€KUTh BiJ] MPABHILHOTO
BHOOPY 1UIbOBOI (yHKIT onTuMmizaiii, KpuTepiiB onTuMmizaiii Ta CHCTEMH OI[IHOYHO-
BHUMIPIOBAJIbHUX TIOKa3HUKIB CIIOKMBUYUX BJIACTHBOCTEH, IO JIO3BOJSIOTH OI[IHUTH PiBEHBb
JOCSTHEHb IUIbOBUX Ta KpuTepianbHuX BUMOT. [IpoGiema onTumizalii monsrae B ToMy, 10 BOHA
0a3yeThCs Ha CIPOIIEHIN MOJIENI PEaIbHOCTI, a came:

- 3 BEJIWKOI KIUIBKOCTI MOXIJIMBHX KPHUTEPIiB ONTUMI3ammii ciaig obupatd MiHIMyM
OOIPYHTOBAHUX KPUTEPIiB;

- IPUITYIIICHHS MOJIeNiel He TOYHI.

[linpboBa (QyHKINS ONTUMI3AIil YacTO MPU3BOIUTH JIMIIEC JIO JIOKAJTLHOI, a HE TIOOATBEHOT
ONTHMI3allil, TOMy BOHA MIOBUHHA BPaXOBYBAaTH SIKOMOTa OijbIlle TapaMeTpiB.

[TapameTpamu onTuMizarii JOPOKHBOTO PyXY Ha PETYIbOBAHUX NEPEXPECTIX €:
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- CKOpPOYEHHS Yacy CIIOJyYeHHs, 3aTPUMOK, aBTOMOOUIBHUX Yepr, KUJIbKOCTI 3YMHHOK,
CIOKMBAHHS MaJIMBa, MIKIIJIMBUX BUKUIIB, TUCIIEPCI] CEPEAHBOT MIBUIKOCTI CIIOTYYESHHS;

- 30UIBIIEHHS POIYCKHO 31aTHOCTI, CePeAHbOI IMBUIKOCTI MPOI3Iy MEPEeXpecTsi, KIITbKOCTI
aBTOMOO1ITIB, 10 MPOIKIHKAIOTH O€3 3aTPUMOK;

- MaKCHMi3allisi piBHOMIPHOCTI JOPOKHBOTO PYXY.

B ykpaiHCbkiil 1HCTPYKLIi TOBOPUTHCSA, IIO0 MIJABUIIEHHS TMPOMYCKHOI 3JaTHOCTI
aBTOMOOUIBHUX JIOPIT Ta IX eIEMEHTIB MOXHA JJOCATTH:

- TPOCKTYBaHHSM TIO€JHAHHS €JEMEHTIB IUTaHy Ta TIO3IOBKHBOTO TpOo(diIo, mo He
BUKJIMKAIOTh Pi3KOT 3MiHH IBUIKOCTEIH;

- IPU3HAYEHHSAM IIUPUHHA TIPOKIHKOI YACTHHH, IO J03BOJISIE PO3IIIUTH MOTIK aBTOMOOLITIB
3a CKJaJoM (IOJIaTKOBI CMyrd Ha TMiAiioMax, Ha TepeTHHax B OJHOMY piBHi) 1 3abe3neuye
OINTUMAJIbHE 3aBAHTAXKEHHS, IPH AKiH pyX BiIOYBA€THCA 3 JOCUTh BUCOKMMH IIBUKOCTIMU;

MiIBUIIICHHSM PIBHOCTI MIOKPUTTS Ta HOTO 3UIMMHUX SIKOCTEH;

- PEKOHCTPYKIIIE€I0 TEpPEeTHHIB B OJHOMY DpiBHI (HAmpuWKiIajd, MPUCTPIA pPIZHUX THITIB
KaHaJIi30BaHUX MEPETHHIB) 400 MPUCTPOEM MEPETHUHIB HA PI3HUX PIBHSAX;

- BHOOpOM 3ac00iB peTyIOBaHHs, SKi 3a0€3MeUyIOTh palliOHAIBHUN PEKUM PYXY;

- IOCTa4YaHHIM BOJI1B MOBHOIO iH(OpPMAIII€I0 TPO YMOBU PYyXY MapIIpyTOM;

- IOKpAILEHHSIM poOOTH 10POKHBO-EKCILTyaTallfHOI CIIy>KOH, 0COOJIMBO B3UMKY.

OueBHuIHO, IO HaBEACHI BWINE 3aXOAW 3/aTHI TPU3BECTH HE TUIBKH O IiJBUIICHHS
IPOMYCKHOI 31aTHOCTI, ajie i 1o nigBuineHHs b/IP, 3HMKeHHS €KOIOT1YHOrO BILIUBY.

BpaxoByroun  0COOMMBOCTI  peryiabOBaHUX TEpPEXpecTh, MIABUIIEHHS  CHOXXUBYHX
BJIACTUBOCTEN MOXKHA TAKOX JTOCATTH OpraHi3allifHUMU Ta IPOrPaMHUMH METOJaMH.

JIns. TiABMINEHHS MPOIMYCKHOI 3JaTHOCTI CMYr TPSIMOTO HANpsSMKY pyXy HEOOXiTHO
3a0€3MEeYUTH CBOE€YACHY MOKIIMBICTh BUXOJY 3 IIUX CMYT aBTOMOOLIIB, IO MOBEPTAIOTH JIIBOPYY
abo mpaBopyuy 0€3 3aTPUMOK TOTOKY MpPSIMOTO HAmpsMKy. [lJis bOTO BIAIITOBYIOTH OJATKOBI
miHii. ['eomeTpuuHi mapameTpu IUX CMYT BHU3HAYalOTBCS HACTYIHUM YHHOM: ILIUPHUHA
MIPU3HAYAETHCS PIBHOIO IIMPHHI CMYTH PyXy JOPOTH a00 BYIHWII JaHOI KaTeropii, MPOTSKHICTh
BU3HAYA€ThCSl IHTEHCUBHICTIO pyxXy, aje He MeHiie 30 M. Pa3oM 3 TuM y umHHUX B YKpaiHi
HOPMATHBHUX JIOKyMEHTAaX HE BKa3yeThCS PEKOMEHIIOBAHA IMPOTSKHICTH CMYI HAKOIWYEHHS Ha
peryaboBaHUX MEPEXPECTIX.

B ykpaincekux pexkomeHpamisix s mpoektyBaHHsS IPII roBoputecs mpo Te, mIO
HiABUILEHHS MpomyckHoi 3aaTHOCTI [PII MOkHA TOMOTITHCS 3aCTOCYBaHHSAM HaOOpY ONTHMAJIbHHUX
CBITIIOOPHHUX TIpPOrpam, IO BIAMOBIJAIOTH 3MIHHMM TPAHCIOPTHHUM yMoBaMm. Tak 301IbIIEHHS
TPUBAJIOCTI LMKy perymoBanHs Big 40 1o 100c Moxxe 1aTH MPUPICT MPOMYCKHOI 3JaTHOCTI Bif 8
1o 12%. Ilepenbadaerbes, Mo MiHIMAJIBHI 3aTPUMKHA Ta MiHIMaJdbHa JOBXXKHWHA YE€PTH aBTOMOOLIIB
JOCATAIOTHCS 32 ONTUMAIBHOI TPUBAJIOCTI ITUKITY.
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UDC 656.071

CURRENT TRENDS OF THE LOGISTICS SERVICE OF SPARE PARTS AT
MOTOR TRANSPORT COMPANIES

S.Yu. Tyshchenko, graduate student,

V.V. Aulin, Prof., Dr. Tech. sciences,

A.V. Hrynkiv, senior researcher, candidate technical sciences,
Central Ukrainian National Technical University, Ukraine

The logistics service of spare parts at the trucking enterprise is critically important for
ensuring the continuous operation of the fleet. Modern challenges and opportunities require new
approaches to inventory management and optimization of logistics processes:

1. Implementation of digital technologies.

2. Optimization of inventory management.

3. Innovative approaches to the logistics of spare parts.

4. Using the Internet of Things (1oT).

5. Interaction with suppliers and risk management strategies,

6. Green logistics and improvement of customer service.

The active implementation of digital technologies, such as automated warehouse
management systems and integrated information platforms, allows enterprises to effectively
monitor, analyze and improve logistics processes.

The use of predictive models and data analysis makes it possible to accurately forecast the
needs for spare parts, which reduces the risk of losses from non-profiled stocks and increases the
efficiency of the logistics service.

The use of innovative technologies, such as artificial intelligence and blockchain, helps to
increase the reliability of the logistics service and ensures the tracking of each stage of the supply of
Spare parts.

The use of Internet of Things technologies in the logistics service allows you to monitor the
state of stocks in real time and respond to possible malfunctions or delays.

Sustainable management of stocks and logistics processes requires effective interaction with
suppliers. Risk management strategies take into account unexpected situations and ensure the
stability of the logistics service.

The implementation of the principles of green logistics promotes environmental
responsibility, and the improvement of customer service makes the logistics service more efficient
and competitive.

Modern trends in the logistics service of spare parts at the motor vehicle enterprise are
determined by the rapid development of technologies and the need to adapt to new challenges. The
integration of digital innovation and sustainable development are key success factors for trucking
companies in providing efficient logistics service.
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VK 629.332

HAITPYKEHO-JE®OPMOBAHHH CTAH B PEEPAX JKOPCTKOCTI /THA
KY30BA TPAHCIIOPTHOI 'O 34COBY

M.T. JIeBKOBI/I'{l, 00yY., KAHO. MeXH. HAYK,

M.A1. CTaIHKiBl, 00Y., KaHO. MexH. HAYK,

P.P. 3aBepyxaz, BUKI]L., KAHO. MEeXH. HAYK,

MLII. BeHrepZ, BUKII,

Tepuoninvcvkull HAYioHATLHUL MEeXHIYHUL YHIBepcumem imeHi leana Hymoﬂl

Biookpemnenuti cmpykmyprutl niopo3zoin "' Tepnoninvcokuti paxosuii koneoxc THTY im. 1. Hymo;z"z

ABTOMOOITPHUNA TPAHCIIOPT € OJHUM 3 HalHepEKTHUBHIIIUX CHOCOOIB TEPEBE3CHHS
MaTepialiB, CHpOBUHHU ToOIO. He 3Bajkaroun Ha MOCTIHE MiABHUILEHHS IHTEHCUBHOCTI €KCIUTyaTamii
aBTOMOOUIBHOIO TPAHCIIOPTY Y c(epl BaHTAKHUX NIEPEBE3EHb, OHOBJICHHS MapKy PyXOMOTO CKJIa1y
aBTOMOOLIBHOTO TPAHCIIOPTY BiAOYBA€THCS TIOCUTh MOBIIBHUMHU TEMIIAMHU.

[Ipu npoexkTyBaHHI Ky30Ba BaHTa)KHOTO aBTOMOO1JI aKTyaJIbHOIO € MiHIMI3allis foro Barw,
Tak SK 30UIblIIeHa Bara NPUBOIUTH JO 3MEHIIEHHS KOPHCHOTO BaHTaXy Ta 3MEHIICHHS
€(heKTUBHOCTI BUKOPHUCTAHHS MAJIMBA, BIAMOBIIHO MPOBOJAUTHECS aHAII3 MOJEN Ky30Ba 13 Pi3HOIO
KUIBKICTIO Ta MICLEM pO3TallyBaHHS MONEpeYMH. TakoX BaKIMBE 3HAUYEHHS MaroTh (opma Ta
pO3MipH TIOTIEPEYHOTO TMEPETUHY pedep KOpCTKocTi (mBenep YW 1H.), 1X KUIBKICTh Ta
poO3TalllyBaHHS, MEXaHIYHI XapaKTEPUCTUKU MaTepiaily, 3 SKOro BOHH BUTOTOBJIEHI [1-2].

B nocnimxyBaniil Mozeni Ky3oBa pedpa jKOpCTKOCTI OOpPTIB BUKOHAHO Y BHIVISIAI THYTOTO
mBesnepa BUcoTor0 h=140 MM, mupuHO0O MoNku b=55 MM, TOBIIMHOIO CTIHKH t=3 MM, pajaiycom
ckpyriienHsa R=3,75 mm. JluctoBe mokpuTTst 0opTa Ky30Ba — CMyra TOBIIUHOIO t=3 MM.

Hns  mnposenenns pociaipkenHs HJC ky3oBa BaHTaXHOTO aBTOMOOLUIS —3acobamu
imKeHepHoro aHam3y cucremu 3D momemoBanHst SolidWorks cTBOpeHO TBEpIOTUIBRHY MOJEID
Ky30Ba 3 CITKOIO KIHIIEBHX €JIEMEHTIB 3 rio0aibHUM po3mipom 30 MM Ta gomyckoM 1,5 M.
ExcrnyaTaniiine HaBaHTakeHHs (20 TOH) 3ajaBalid K T1IPOCTATHYHMNA THUCK Ha OOPTHU KYy30Ba;
MaTepial — cTallb ByrJieneBa KOHCTpyKuiiiHa 38u4aifnoi sxocti Ct3nc 'OCT 380-88.

YMOBHU 3aKkpilieHHS Ky30Ba Ta MPHUKIAJEHHsS 30BHIIIHBOTO HABAHTA)XKEHHS 300pakeHO Ha
puc. 1.

Pucynoxk 1 — YMoBu 3akpituieHHs Ta npuKiIagaeHHs HaBaHTaxeHHs y CAD - moneni ky3oBa
BaHTAXHOT'O aBTOMOO1JIS
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Ha ocHOBI oTpUMaHUX pe3ysbTaTiB MOOYIOBAaHO 3aJIEKHICTh CTATHYHOTO HANpPY>KEHHS Ta
nepemilleHHss B pedpax >KOPCTKOCTI JHa Ky30Ba Ta MiCIsl pO3MILIECHHS MEPEMUYOK Ha KYy30B1
Ky3o0Ba (puc. 2-3.).

Pebpa *KOPCTKOCTI AHA Ky30Ba (HanNpy»KeHHA)
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Pucynok 2 — CtaTnuHe Hanpy>kKeHHS B pedpax ’KOPCTKOCTI JTHA Ky30Ba B 3aJI€KHOCTI Bij
KUTBKOCTI Ta MICIIsl PO3TalllyBaHHS MepeMUdoK (pedpa skopcTkocTi: tp=3 mm, tin.qHa=4, 6 T=2006,8;
KOCHHKHU:0=45 , b=150 MM, t=3 mm, MIIa)

KocrHka h=150 mm, t=3 mm (Hanpy*KeHHs)
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Pucynox 3 — Cratuune HanpykeHHs B peOpax >KOPCTKOCTI THA Ky30Ba B 3aJI€KHOCTI BiJT
KIUTBKOCTI Ta MiCIIsl po3TanryBaHHs mepeMudok (a=45 , b=150 mwm, t=3 mm, MIla)

Amnamni3z HJIC xy30Ba HamiBmpuiena BaHTa)KHOTO aBTOMOO1JIsT Ha 0CHOBI po3podsienoi CAD —
MOJIENI JI03BOJISIE€ JOCITIIUTH XapakTep PO3MOMALTY HANpyKeHb Y €JIeMEHTaX Ky30Ba, BHSBHTHU
XapakTepHi 0COOIMBOCTI POOOTH OKpEMHX €JIEMEHTIB Ky30Ba Ta BCTAaHOBHUTH 3alIe)KHOCTI PiBHS
HaIpy>KeHb B €JIEMEHTaX Ky30Ba BiJl KIJTLKOCTI Ta PO3MIIIICHHS MOTICPEUHH.
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VIIK 629.1

3ABE3INEYEHHS BAHTAKOOBPOFKH B TPAHCIIOPTHIH JIOTICTHIII
HA OCHOBI CUCTEMH CYITYTHUKOBOI HABITAIIII GNSS

T.M. Hanuu, acn.,

C.1O. TumeHnko, acn.,

K.C. lynna, macicmp,

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

A.€. Cosl0BHX, 00Y., KAHO. MeXH. HAYK,

LlenmpanvHoykpaincokull HAYIOHATLHUL MeXHIYHUL YHieepcumem, Ykpaina

Cxitaachkuil BaHTaX000Ir € YacTHHOI0 MpoIecy BaHTaxkoo0poOku B cuctemi GNSS.
TpaHCIIOPTHA JIOTICTHKA MOPSJT i3 TpolecaMu 0e3MOCepeIHRO MEePEBE3CHHST BAaHTAXIB BKIIIOYAE 1
HU3KY 1HIIMX BaXXJIMBHUX MPOLECIB BAHTAXKOOOPOOKH, 30KpeMa, MepPeMillleHHsI BAaHTaXYy (HAIIPUKIAI,
3 OJHOrO TMEpeBI3HOro 3aco0y Ha I1HmMN abo g TUMYacoBOro 30epiraHHs), CKJIaJyBaHHS,
30epiranHs. OCHOBHY yBary MpHUIUIEHO IpoliecaM IEpPeBe3eHHS BaHTaxy. Po3risHeMO BuaU
JIOTICTUYHUX TPOLECIB BAaHTaXK000poOKH. OCKUIBKM IIi MPOLECM B OCHOBHOMY IIOB'SI3aH1 31
CKJIaJICBKUMH poOOTaMH, TO 00'€IHAEMO 1X OJHUM 3arajbHOI0 Ha3BOKO: CKJIAJCHKHI BaHTa)KOOOIr.
binbi Toro, npo6iema BukopuctanHs GNSS y soricTuyHUX npoiecax CKIaJcbKkoro BaHTaK000Iry
NpeJCTaBisie 1 CaMOCTIMHMM 1HTepec, B3arajl Kakydd, HE TOB'I3aHMH 13 MpOIEecOM
BaHTaXkorepeBe3eHHs. ToMmy posrisiHeMo TexHojorio BukopuctanHs GNSS B mpomecax
CKJIaJICBKOTO BaHTa)K0001ry.

[IpononoBana texHosjoris BukopuctanHd GNSS y cucreMi ckiachKoi BaHTa)X000pOOKH
BIZIMIHHOCTEH, IO TOPOKye HEOOXITHICTh yTOYHEHHs TexHosorii BukopuctanHsi GNSS vy
CKJIaJICBKOMY KOMIUIEKCI 3 ypaxyBaHHAM creldiuHux ocodbmuBocteil podotu ckiaxy. OCHOBHUMHU
03HaKaMH BIIMIHOCTI POOOTH CKJIAJCHKOTO KOMITJIEKCY BiJl TPAHCTIOPTHOT JIOTICTUKH €:

1. OXopoHHHUI BaHTaX CTALlIOHAPHO PO3MIIIEHUH B IeIKOMY NpUMIIIEHHI a00 Ha TepuTopii,
1 TOMy OCHOBHE 3aB/IaHHS BUKOPHCTAaHHS JAaHHUX, OTpUMaHUX Ha ocHOBI GNSS — KoHTpostoBaTH B
Oe3rnepepBHOMY PEXHMMi HAasiBHICTh BaHTa)Xy B TOULl PO3MIILIEHHS, 1 HAsIBHICTh PI3HUX CYO'€KTIB Ta
nepeMilryBaHUX 00'€KTIB Y 30HI KOHTPOJIIO BaHTaXKY Ta/a00 B MPHUMIIICHHI, JIe BiH 3HAXOAUTHCA. Y
MIEBHOMY aCHEKTi MpOoleaypa KOHTPOIIO 32 30€peKeHICTIO Ta 0e3MEeKOI BaHTaXy CIPOIIYETHCS,
TOMY III0 HEMa€e HEOOXi1THOCTI KOHTPOJIIO 32 MEePEMIIIIEHHSIM BaHTaXY.

2. OCKITBPKM BaHTaX 3HAXOAMTHCS B 3aXHUIIECHOMY MPHUMILICHHI, TO OCHOBHI ()yHKIii
KOHTPOJIIO 32 CTaHOM Ta 30C€PEKECHHSIM BaHTAXy NEPEXOIATh B CHCTEMH OE3IMEKH IEHTPY 3
TPAHCIIOPTHOI JIOTICTUKH KOMMaHil 10 ciayxk0u Oe3neku ckiaany OmHAaK Mpu IbOMY TPAHCIIOPTHA
KOMITaHISI Ma€ TaKOXX BECTH KOHTPOJb 3a BaHTaXeM. ToOTO BHUHHMKAE CHUTYaIlis IOJBIMHOTO
KOHTPOJIIO, sIKa BUMAarae po3poOKH Ta BIPOBAKEHHS IEBHOTO PETIIaMEHTY B3a€MOJII1 IBOX CIYXO 1
MOALTY BiJMTOBIIaTLHOCTI.

3. OckiJIbKM BaHTaX 4acTO PO3MIIIYETHCS B 3aKPUTOMY NPHUMIIIEHHI, TO B IIbOMY BUIAJKY
HEOOXITHICTh KOPCTKOTO KOHTPOJIIO 32 TEMIIEPAaTypHO-KJIIMAaTHYHUMHA YMOBaMHU B 30H1 30epiraHHs
HEHsI BAHTA)XY CTa€ HECYTTEBOIO.

4. YV 3B'I3Ky 3 MOXJIMBUM YacTUM HPOBEICHHSIM CKIAJICHKUX POOIT y 30HI 3HAXOMKEHHS
BaHTaXy Ta CTAI[IOHAPHOCTI PO3MIIICHHS BAHTAXKY MOKJIMBO, JJOJIATKOBO J0 3aCO0IB MEPEMIIICHHS,
BUKOPUCTAHHS PI3HUX 3aC001B CHUTHAJII3AIl] Ta TPMBOYKHOT'O OIOBIIICHHS TIPH CIIPOO1 TPOHUKHEHHS
0e3mocepeIHbO 10 BAHTAKY.

Burigne reorpadiuHe mojioKeHHSI HAIIOi KpaiHH CTBOPIOE CHPUATIUBI YMOBHU IJISl y4acTi
VYKpaiHu y pi3HHX cXemax CBITOBOI Ta HalllOHAJBHOI TPAHCTIOPTHOI JIOTICTHKH, B TOMY YHCII H Y
HaJaHHI TPAH3UTHUX TPAHCIOPTHUX MOCTYT 1HIIMM KpaiHam. MaciitaOHe BUPIIIEHHS 3a3HaY€HOTO
3aBJaHHS HEMOJIMBE 0€3 HaJIeKHOTO CKJIAJCHKOTO KOMIUIEKCY JEepXKaBHOTO MacmTaly, IO B
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Cy4acHUX yMmoBax Oe3 iH(opMaliifHMX CHCTEM HiATPUMKHM BCIX OCHOBHHX 1 CYIYTHIX IpOIIECIB
BKpail CKJIaJAHO eQeKTUBHO peanidyBatu ix. CKJIaAChKi CHOPYOW, TPAHCHOPTHI IIISXH, IO
IPUMHUKAIOTh O HHUX, @ TaKOX 1HINI CKJIAJOBI HpOIECYy CKIaayBaHHS Ta 30epiraHHs BaHTAXIB
GbopMyIOTh €IMHUIA BHPOOHWYMIA KoMIUIeKC — ckimanchkuit komiieke (CK). [lns 3abesneueHHs
epextuBHOi podotn CK B maHuii yac HEOOXigHI HOBI PO3pPOOKH, CHPSMOBAHI Ha ONTHUMI3ALIIO
MOTOYHOI Ta MEPCHNEKTUBHOI AISUIBHOCTI 3 BUKOPUCTAHHSAM Cy4acHMX TeXHIYHMX KomTiB. Came 10
TaKUX PO3pOOOK BIAHOCHTHCS IHTErpallisi Cy4yaCHHX CYIMYTHUKOBUX TEXHOJIOTIH 13 cHCTeMaMu
3B'I3KYy Ta Tepeladi JaHWX IpO IOTOYHY pPOOOTY CKIAJACHKOTO BaHTaXKO00ITY N0 IIEHTPY
YIpaBIiHHA JUIs 3a0e3MeueHHs] ONTUMAIBHOTO YIPABIiHHA MOTOKAMU BAHTAXy Ta JIOTICTHKOIO.
BripoBamxeHHs1 MOAIOHMX CHCTEM, IO aBTOMATU3YIOTh MPOIECH CKIIAJICBKOTO BaHTaX000iry (1110,
mepur 3a Bce, MOB'I3aHO 3 BIPOBAKEHHSIM HEOOXIMHUX iH(GOpPMAIIHUX CHUCTEM), J103BOJISIE
KOHTPOJIIOBAaTH MICIle pO3TallyBaHHS TPAHCIOPTHUX 3aco0iB 1 BaHTaXiB, 3JIIMCHIOBATH
Oe3nepepBHE CTEKEHHs, 3a0€3MeUyl0ur YMOBHU O€3MeKH .

B nanmit wac BinOyBaeThCs AaKTHBHE BIPOBAPKCHHS 3aco0iB  aBTOMaTH3alii Ta
iHpopManMTH3aIii BCIX CHCTEM CKJIAJICBKOTO TOCIOAApPCTBA, MOYMHAIOYM 3 CHCTEM OOJIKy Ta
3aKIHUYYHOYM CHCTEMaMH HAaBaHTAXKCHHS-PO3BAaHTAXKCHHS TOBapiB Ta BUp0OiB. OCcOOIMBO aKTyalIbHE
BUKOPUCTaHHSA 1H(QOpMAIIfHUX CHCTEM Ha BAHTAXOHANPYKCHUX JAUITHKAX, JO3BOJSIOYU
MIJBUINATHA iX TPOIYCKHY 3/IaTHICTh 1 YCYHYTH PHU3UKH 3000 POOOTH CKIIAJICHKOI CHCTEMH,
MOB'A3aHI 3 PYYHHM BEIEHHSAM JIOTICTUKM CKJIaJChKoro BaHTaxkoobiry (CB), 3okpema,
BUHHKHEHHSM 30010 B MMPOIIECi BAHTAXK000ITy Ta 3 mpobdsieMamMu 00J1iKy MPodiIo Ta MJIaHy MIIAXY,
PO3CUHXPOHI3AIIEI0 YIPABIiHHS MPOIECAMU JIOTICTUKH Ha Pi3HUX JUITHKAX BAHTAKOIIOTOKY.

Sxki y mepeBizHOMYy miporieci, Tak i B mporeci CK aktuBHe Bukopuctanas GNSS mo3BoauTh
CYyTTEBO TIJABUIIUTHA pIBEHb 3a0e3ledyeHHs O€3MeKd BaHTAXy, 3a0e3MEUYMBINMA IOBHUH i
Oe3nepepBHUI KOHTPOJIb 32 CUTYaLI€I0 B 30HI 3HaXOKEHHs BaHTaxy. [Ipy 1bOMy JaHi, OTpUMaHi
Ha ocHOBI GNSS, noBuHHI OyTH CKIIaJ0BUMH 1HPOPMAILIHHOI CUCTEMH CKJIAJICHKOTO KOMILIEKCY.
Ile o3nauae, mo iHpOpMalilHI TEXHOJOTIi, 110 BUKOPUCTOBYIOThCSA Yy CKiaai iH(OpMamiiHOT
cuctemu CK noBHHHI MIATPUMYBATH TEXHOJIOT1 poOOTH 3 JaHUMU, oTpuMaHuMu Big GNSS.

MeTtoau Ta 3acHOBaHI Ha HHUX 1H(QOPMAIlIIHI TEXHOJOTIi T03BOISAIOTH BUPINIYBaTH OaraTo
3apnanb CK 3 Bukopuctanasm manux Big GNSS. OcraHHIM 9acoMm po3poOJIEHO HU3KY METO/IIB,
OpIEHTOBAHMX HA KOHKPETHY MOTpeOy BUPOOHUIITBA:

1. Meron "Kanban" (po3poOiienuii B SmoHii 3 METOIO yIpaBiliHHS MOCTaBKAMH B YMOBAax
MIOTOKOBOTO BUPOOHUIITBA; BPAXOBYE MOTPEOy, IKa BUXOAUTH 3 KIHIIEBOI'O MOHTAXKY);

2. Meton "TtouHo B CTpOK'", 3a JOMOMOIOI0 SIKOrO B pe3ynbTaTi uyactux ("npioHux")
MIOCTaBOK Pi3KO CKOPOYYIOTHCSI HAKOITMYEHI 3a1acu;

3. EnexkrpoHHO-1HpOpMAIIHHII METOJI KOMYHIKaIlii KIi€HTa Ta MOCTa4aJlbHUKA Ha OCHOBI
nepeaydi HeoOX1THUX JaHUX, KOJIM 3alMT HAJIXOIUTh y BUIJIAII 3aMOBJICHHS, a JIaHl PO MMOCTaBKY
Ta TPAHCIOPTYBAHHS YTOYHIOIOTHCS B MIPSIMOMY MIKKOMIT'FOTEPHOMY CIUIKYBaHHI.

ABromaTtu3oBaHa cuctema CK mMoOBMHHA MaTH MeXaHI3MU aKTUBHOI B3a€MOJII B PeXUMI
peaNbHOro Yacy 3 iHpOopMaLiiHOI CUCTEMOIO LIEHTPY TPAHCIIOPTHOT JioricTUkH. [IpsamMuil 1 HaOUHMIMA
3B'A30K MIXK CKJIaJICBKOIO JIOTICTUKOIO Ta MEPEBI3HUM MPOLIECOM Ha CKJIQJChKHUX AUISTHKaX HE TUIbKU
MIPUCKOPIOE TIPOIIEC JOCTABKA Ta OOpOOKM BaHTaXy, a W IOJIETIIye YIPaBIIHHA 3amacaMu
MaTepiaiB; CKOPOUyIOUH BUTPATH HA CKIIATyBaHHS.

VY cyuyacHux ymoBax e(eKTHBHA peaji3allis 3a3Hau€HOro 3B'A3Ky MOXe OyTH 3abe3reueHa
Ha ocHoBI GNSS. IlepeBaramMu Takoi CUCTEMM € KOHCOJIJAllisi OOYMCIIIOBAIBHUX MOTYKHOCTEH,
KaHaJIIB 3B'I3KYy, CUCTEM YIIPaBJIIHHS Ta 3aXUCTY iH(OpMaIlii, TEXHIYHOTO 00CIIYyTOBYBaHHS; € TMHUI
iHpopMaLiiiHuil TpoOCTip MpoLEciB, NOB'I3aHUN 3 (YHKIIIOHYBaHHSAM CKJIaJly; MaKCHUMAJbHO
OTepaTUBHE pearyBaHHS Ha BCl 3aBJaHHSA Ta HECTAHJAPTHI CHUTYyaIlil; MiHIMI3aIls BapTOCTI
CTBOPEHHS 1 (YHKIIIOHYBaHHS BCI€I0 CHCTEMH CKJIa/ICBKOTO BaHTaX000iTy.

Takum ynHOM, pO3B's13aHHs 3a7a4i aBToMatu3ailli CK Bukimkae HEOOXiHICTh Y BUPIIICHH]
npobiieM Ta psaxy crnenudiuHUX 3aBIaHb, MOB'sI3aHWX, 3 BHKopucTaHHsIM GNSS B mporeci ii
(yHKIIIOHYBaHHS, a TAKOXK 13 3a0€3MEUCHHSAM B3a€MO/Ii1 3 IEHTPOM TPAHCIIOPTHOI JIOTICTUKH.
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E®EKTUBHICTh ABTOMOBLIA ITPH [3/J0BOMY LIHKJII WLTC
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C.B. MeJabHUYYK, 00Y., KAHO. MeXH. HaYK,

B.B. €Emens, 0oy., kano. mexu. HayK,
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Anorauis. [IpencraBneno miaxia moa0 OIiHKK €(pEeKTUBHOCTI BUKOPUCTAHHS aBTOMOO1TIB
nig yvac WLTC (Worldwide harmonized Light-duty vehicles Test Cycles) Ha ocHOBI (i3muHHX
OCHOB PyXy aBTOMOO1JIS.

KurouoBi cioBa: WLTC, cnoxuBaHHsI eHeprii, BTpaTH €Heprii aBToMoO1Is, epEeKTUBHICTh
aBTOMOOLIIA

Beryn. YV octanHi poku aBTOMOOITBHA 1HIYCTpist 3p0o0nia 3HaYHUI NMPOPHB y TOKpAIICHH]
e(eKTUBHOCTI Cy4aCHHUX TPaHCIOPTHUX 3aco0iB. lleil mporpec OyB CpUUYMHEHHN 3POCTAIOUYOIO
TypOOTOI0 TIPO EKOJIOTII0 Ta 3pOCTAIOYMMH BHUTpaTamu Ha mnanbHe. [1[00 BupimmTh 111 3amadi,
aBTOBUPOOHHMKHU 30CEpPEIUIUCS Ha pPO3poOIll IHHOBAIIMHMX TEXHOJIOTIA Ta CTpaTerid au3ainHy,
CIpSIMOBAaHUX Ha TOKPAIICHHS IUIMBHOI €KOHOMIYHOCTI Ta 3MEHIICHHS MIKIIJIMBUX BUKHIIB
KoedirieHT epekTMBHOCTI - 1€ TOKAa3HWK, SKWW BHU3HAYA€, HACKUIbKH €(PEKTHBHO NIBUTYH Ta
TPAHCMICIS TIEPETBOPIOIOTh EHEPril0 MajrBa B KOPHCHY €HEPril0 PyXy TPAHCHIOPTHOTO 3aco0y.
Hwxue HaBegeHo iHdopMaliito mpo KoediieHT eeKTHBHOCTI It Cy4acHUX aBToMO001iB [1-6]:

. CyuacHi eneKTpu4HI aBTOMOOIJII: eJIeKTPUYHI TPaHCTIOPTHI 3aCO0M MPAIIOIOTh BUKIIIOYHO Ha
EJIEKTPUIIl Ta MPUBOIATHCSA B PYX €IEKTPOABUTYHOM, JKUBIICHHS SIKOTO BiOYyBaeThCs Bia OaTapei .
EdexTHBHICTh CHIIOBHX YCTaHOBOK €JIEKTPOMOOLTIB MOXKE BapifoBaTH, aje BOHHU, SIK IPaBUIIO,
JEMOHCTPYIOTh BUINY €(EKTUBHICTh MOPIBHSIHO 3 TPATUIIHHUMU OCH3MHOBUMHU aBTOMOOUISAMH.
KoedimieHnT edekTrBHOCTI MPUBOLY €NEKTPOMOOLTIB 3a3BHYail KONMBAEThC HaBKoJo 80%, 110
BKa3ye Ha Te, 1110 npubian3Ho 80% eHeprii Bia 6aTtapei nepeTBOPIOETHCS B KOPUCHY poOOTY.

. I'iOpumHi aBTOMOOITI: TiIOpWAHI aBTOMOOLTI MOEAHYIOTH B COO1 JBUTYH BHYTPIIIHBOTO
3TOPSHHA 1 €IEeKTPOJBUTYH 3 OaTapeero. EQekTuBHICTh TMOpUIHUX CUIIOBHX YCTAHOBOK 3aJICKUTh
BiJl KOHKPETHOrO Au3aiiHy Ta KoH(irypauii riOpuaHoi cuctemu. 3arajoMm TiOpuAHI CHIIOBI
YCTAaHOBKHM MOXYTh 3a0e3MeuyBaTH MOKPAIIEHY €KOHOMIIO MaJbHOI'O MOPIBHSAHO 3 TPaJULIHHUMHU
OCH3MHOBUMH aBTOMOO1IsiMHA. EKOHOMISI TaTbHOTO T10pUIHUX aBTOMOO1TIB MOXKE BapitoBaTHC, alie
BOHA YaCTO MEPEBEPILYE Ty, IKY MAIOTh TPAJULIIIHI aBTOMOOLII.

. Knacuyni OeH3MHOBI aBTOMOOUII 3 ICKPOBUM 3allajllOBaHHSAM: MiJ  KJIACUYHUMH
OCH3MHOBHUMM aBTOMOOUIIMH PO3YyMIIOTH TpPAdULliiiHI aBTOMOOLTI 3 OEH3MHOBHM JIBUT'YHOM.
EdekTuBHICTh NBUTYHIB 3 ICKPOBHM 3alajllOBAHHSIM MOJKE BapilOBaTH B 3aJIEKHOCTI B TaKUX
(bakTopiB, AK KOHCTPYKILiS JIBUT'YHA, TEXHOJOIisl Ta yYMOBH pPyXy. Y CEpeIHbOMY IBUTYHH 3
ICKpOBUM 3aIlaJIFOBaHHSIM B aBTOMOOUISIX MaroTh JAiama3oH edekTuBHOCTI npubiausno Big 20% 1o
35%.

. JuzenbHi aBTOMOOUT: lM3enpHI aBTOMOOLII BUKOPUCTOBYIOTHh JBUTYHH 13 3alallOBaHHSIM
BiJl CTUCHEHHSI, BiJIOMi CBOEI0 BHUCOKOIO €(EeKTHUBHICTIO. J[M3enbHI ABUTYHH MOXYTh JOCSTaTH
OTbIIOT  TErIOBOi €(EKTHBHOCTI TOPIBHSHO 3 JABUTYHaMH 3 ICKPOBUM 3alaJIOBaHHSIM.
EdekTuBHICTh THU3ENBbHUX JBUTYHIB MOKe BapiroBaTH Bif mpubiau3Ho 30% mo 50%, 3aiexHO Bifg
KOHCTPYKLUIi Ta YMOB BUKOPHCTAHHS.

Metoauka. Bzarani, miaxig 10 OmiHKK e()eKTHBHOCTI TPAHCIOPTHOTO 3aco0y mepeadayae
aHaJi3 CTPYKTYPHHX €JIEMEHTIB BCiX KOMIIOHEHTIB, TaKMX SIK JIBUTYH, NIPUBIJI Ta 1HII. AJe 1€
CKJIaJ{HE 3aBJIaHH:, OCKUIBKH MapaMeTpy 3MIHIOIOTHCS Yepe3 XapaKTEPUCTHKH PYXY 1, B OCHOBHOMY,
HE MOXYTh OyTu 310paHi ab0 CHpOIIeHI 3 JOCTaTHBOIO TOYHICTIO. 3TiTHO 3 TEOPEMOIO PO
30epeskeHHs eHeprii [7]:
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2 2

[[{o6 mopiBHIOBAaTH XapaKTEPUCTHKU PIZHUX TPAHCIOPTHUX 3aCO0IB B PEAJIbHUX YMOBAX,
BUKOPUCTOBYIOTBCS LUKIH PyXY. Lle € BaXXJIMBUM €J€eMEHTOM JJIsi BUMIPIOBAHHSI BUTPATH MAJIBHOTO
Ta BUKUIB. LIl uKiIM pyxXy BioOpakaroTh KOHKPETHI YMOBH PyXy 1 po3po0JieHi I iMiTalli yMOB
peanbHOro BOJIHHS. B pi3HHMX perioHax CBITY BUKOPHCTOBYIOTH CBOi BJIACHI LIUKIH PYXY, KOXKEH 3
AKX alalTOBAaHUM JUIs B1JOOpaXKeHHS 3BUYOK Ta YMOB BOJIHHS, XapaKTEPHUX IS LIbOTO PET10HY.

XapaKTepUCTUKU LUKy PyXY, TaKi SIK CepeHs MBUAKICTh, THHAMIYHA MOBEIIHKA, YaCTOTa
Ta TPUBAJICTb 3YNHMHOK, BIUIMBAIOTh HA BUMIPIOBAHI 3HAYEHHS BHMKHJIIB Ta BUTPATH HaJIHOTO.
Hanpukiian, neski MUKIN pyxy MOXKYTh MaTH CTHJII30BaHUN Ta MCHII JMHAMIYHUN TIATePH BOIIHHS,
gk 1e mae micue B €Bpomi 3 nukiom NEDC (New European Driving Cycle). 3 inmoro 6oky, iHmIi
UK pyXy, Taki sk mukn US06, mo BukopuctoByeTrbes B Cromydenux IllTartax, MOXyTh
BKJIIOYATH OUIbLI AMHAMIYHUN Ta NpPEACTAaBHULBKUNA MaTepH BOAIHHA. BHKOPHUCTOBYHOUM LUKIH
pyXy, IO HAWOLIbII HAOMMKEHI O pealbHUX YMOB BOIIHHSA, PE3ylIbTaTH BUMIPIOBAHb MOXYTb
OyTH OLIbII pealicCTUYHUMH Ta TOYHUMH.

BaxnmBo BpaxoByBaTH, IO BUOIp IHUKIY PYyXy A TECTyBaHHS TOBHHEH BpPaxOBYBaTH
bakTopH, Taki sIK MaTEPHU PYyXY, AOPOKHI YMOBH, HMIBUJKOCTI Ta CHEM(IUHI s perioHy 3BUYKH
BOJIHHSI. BUKOpUCTaHHS TUKIY pyXy, SKHH MaKCHMajJbHO HAOJKEHHWHA [0 pealbHUX YMOB
BOJIIHHS, JTO3BOJIsIE BUPOOHMKAM Ta PETYNIOIOYMM OpraHaM OTPUMYBAaTH HaAiHHIIN JaHi 1070
BUTpPATH TaJMBa Ta BHUKHUJIB, IO JO3BOJISIE CIIOKMBayaM MpPUUMATH OOTPYHTOBaHI PIIICHHS Ha
OCHOBI peasliCTUYHUX OYIKYBaHb 111010 MPOTYKTUBHOCTI.

Bianosigno qo WLTC, mu 3Haemo iHdopMaIliro mpo MIBUAKICTb, TPUCKOPEHHS Ta Yac 13
yacrororo 1 I'm. 3 Bukopucranusm nanux 3 WLTC Tta piBHsHHA (1) MoOXHA po3paxyBaTH
BUKOPHUCTaHY MOTYKHICTh TPAHCIIOPTHUM 3aco00M [§].

gle—6 WLTC class3 vehicles (power-to-mass >34 kW/ton, and top speed =120 km/h)

W= F(x)dx=F -d =

f X2 mVZ mVE p M
=m-aq-

X1

‘ -+« Energy consumption ‘

Energy,kWh

0 200 400 600 800 1000 1200 1400 1600 1800
Time,s
Pucynok 1 — 3aranbHa nuroma (Ha 1 kr Macu aBToMo0151s1) eHepris ukiny WLTC, tpancopTHi
3acobu 3 xnacy (Oinbire 34 kB1/1)

Eneprernunuii 6ananc nukiry WLTC nmoBHHEH NOpiBHIOBATH HYIIIO, OCKIJIBKH BCSI €HEPIis
JBUTYHA TIEPETBOPIOETHCS y KIHETHUYHY €HEPril0 TPAHCIIOPTHOTO 3acoly, a MijJ 4Yac rajibMyBaHHS
HEPETBOPIOETHCA B TEIUIO, 10 B PE3yibTaTi MPU3BOAUTH 10 HYIbOBOI MIBUAKOCTI. [IpoTe MokHa
BpPaxOBYBaTH JIMIIE MO3UTHUBHY NOTYXHICTH/€HEPrilo, pO3paxoBaHy 3TiJHO 3 pIiBHIHHIM, 1
BIJKUHYTH HEraTUBHY MOTY>KHICTH/€HEPril0 TajlbMyBaHHs], OCKUIBKM BOHAa HE MAa€ KOPHUCHOTO
BIUIMBY, 32 BHHSATKOM O€3MEKOBHUX MipKyBaHb TOmO. Jlesiki aBTOMOOLII MOXYTh BiJHOBIIOBATH
€Heprilo mijJ yac rajabMyBaHHs 1 30epiraTél ii 1js1 MailOyTHIX NPUCKOPEHb, IO POOUTH iX IIe
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epextuBHimuMH. 1100 nepexoHaTucs, 110 Bce MPaBUIbHO, 3arajibHa €Hepris NOBUHHA OyTH PIBHOIO
HYJTIO!
E=E,+E,=0 (2

ne E; - mo3utuBHA eHepris npuckopeHHs, a E, — HeraTuBHa eHepris rajibMyBaHHS Ta/abo
orip.
Amnani3 KigpKocTi Mo3uTHBHOI eHeprii E; Bkasye Ha peanbHy poOOTYy CHJI, HEOOXITHHUX Ui PyXY
TPAHCIIOPTHOTO 3aco0y (YMCTHH MPUCKOPIOBATBHUI edeKT O6e3 BCix BTparT), a Ey; Bka3zye Ha peanbHy
po0OTy TambMIBHHX CHCTEM (BTPaTH, Taki SK OMIp KOYEHHIO 1 BITPY, MarOTh TYT MO3UTHBHHUU
edekr). Lle Hamae MOXIIMBICTH MOPIBHIOBATH €(EKTHBHICTh PI3HUX TPAHCIIOPTHUX 3aCO0iB, SIKIIO
MU 3HAaEMO KUTBbKICTh eHeprii, Butpadenoi mix wac tectry WLTC (EWLTC). Ilotim moxHa
po3paxyBatu e(eKTUBHICTh TPAHCIIOPTHOTO 3ac00y 32 POpMYIIOI0:

E
n=z — . 100% (3)
WLTC

Pe3yabTaTH 10caigxeHb.

Ha puc.l mosutuBHa eneprisi E,; mokazaHa 3eleHOI0 00JIaCTIO, a €HEpris rajJbMyBaHHS
Ta/abo omip - YePBOHOIO 00JIACTIO. 3arajgbHa €Hepris MOBUHHA B CyMi IOBUHHA JATH HYJIb:

E=E,+ E,=69-10"2° = 0 kBt/xr 4)

ne E — 3aranbHa eHepris 3a IUKIL.

Bupas 4 minreepmxee TeopeMy npo 36epeskeHHs eneprii 3a ki WLTC.

BucHoBku.

ABTOpaMM 3ampONOHOBAHO BU3HAYATH €(PEKTUBHICTh TPAHCHOPTHHUX 3acCO0IB 32 LIHKI
WLTC Ha ocHOBI BUTpad€HOI €HEprii Ta J0BEICHO BUKOHAHHS TEOPEMU PO 30€peKeHHs SHeprii 3a
mukiax WLTC.
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As the demand for increased transparency and reliability of supply chains in the logistics
market increases, leading IT companies such as IBM are offering large companies operating in
various industries as a test version to implement their developments based on blockchain
technology.

The Hyperledger International Blockchain Consortium was launched by the Linux
Foundation in 2015 and currently brings together more than 115 companies from various fields,
including finance, automotive, healthcare, 10T (Internet of Things), and aviation. The main goal of
the consortium is to create a single open-source blockchain platform that will allow organizations
around the world to implement blockchain technology in their business processes.

Retailer WalMart became one of the first users of blockchain; he is testing new IBM
technology to supply mangoes to the US and pork to China. The company believes that its
implementation will increase the efficiency of inventory management and ensure food safety. At the
time, it took the company about two weeks to use paper-based workflow to determine the source of
the infection. According to experts, the blockchain will provide complete information about any
batch of goods listed in the database, supporters of the technology say.

The transparency of the supply chain will also benefit end consumers, who will be able to
ensure the safety of the products, their freshness, the absence of GMO and unwanted additives.
Using blockchain technology, the company "Provenance" tracks the movement of tuna, controlling
its catch and delivery, thereby ensuring the quality of the products delivered to the consumer.

Blockchain is relevant in the fight against fraud and delivery errors, as one of the important
advantages of the technology is the instantaneous simultaneous updating of information for all
participants in the logistics chain. At the Maersk company, which has begun testing technologies on
several routes of container lines, experts predict multibillion-dollar savings in the event of a
successful blockchain implementation. According to statistics, 90% of international trade turnover
in the world is delivered in containers. During the delivery of each of them, an average of 30 links
of the logistics chain (including consignors, consignees, carriers, customs, tax, regulatory bodies)
participate, between which more than 200 units of information interaction take place. It is assumed
that each of the links in the chain will be able to add its record to the blockchain using a
smartphone, and this will eliminate the need to issue a large number of shipping documents at each
stage of the journey. According to experts, the implementation of digital technology of real-time
data exchange and storage has the potential to radically change supply chains.

BlockChain technology will help determine location, temperature, humidity and power
status in real time. In an experiment conducted by the Commonwealth Bank of Australia, Wells
Fargo and Brighann Cotton, using the example of the delivery of 88 packages of cotton worth
$35000 from the United States to China along a route of 11000 km, it was proven that the
integration of blockchain technology into the logistics process contributes to the growth business
profitability.

The global prospects of blockchain technology are also announced in the expert community.
Microsoft is also developing in this direction, together with JPMorgan Chase and other large
financial corporations, based on the alternative technology of the Ethereum virtual currency. Azure
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Blockchain-as-a-Service (Baas) was launched in late 2015, and since then Microsoft has been
engaging with customers and partners to get feedback and suggestions to improve the solution to
create opportunities. to implement the technology and increase demand for blockchain applications.

This company has announced the launch of a new initiative under the brand name "Project
Bletchley", the purpose of which is to help companies representing various sectors of the economy
with the creation of consortia for the study and implementation of blockchain technology.

"Microsoft" also takes on an educational mission, considering the essence and possibilities
of technology, and also stimulates entrepreneurship and the development of technology, holding
"hackathons", "workshops™ and incubation programs around the world.

Aviation company "Dnata" together with IBM announced the completion of research on the
potential of using blockchain technologies and smart contracts in the aviation industry. The study
showed that the use of blockchain will help reduce costs and increase the transparency of logistics
processes, which will lead to a decrease in the level of fraud.

The founder of the "Etherium” platform claims that logistics will become a leading industry
along with finance, as the technology meets the needs of the industry by its functions.

Blockchain is able to solve such problems as cargo theft, hidden losses, disputes about cargo
ownership, as well as the problem of processing a huge number of paper documents that prevent
shippers from quickly sending goods, etc. Logistics chains often involve hundreds of participants
and geographic locations. Given the secrecy and non-transparency of databases, the investigation of
fraud, theft and other illegal activities becomes extremely difficult. Blockchain can make shipping
more transparent, cheaper and safer. And some companies are already starting to implement this
technology in their activities. One of the main innovators in this field is the Danish logistics giant
"Maersk", which, together with "IBM", is actively exploring the possibility of using blockchain and
smart contracts in cargo transportation. "Maersk™ in partnership with "IBM" tested the possibilities
of blockchain in the management of supply chains by transporting cargo across the Atlantic. At the
same time, using the code of the Hyperledger Fabric platform, it develops blockchain-based tools.
This technology has enormous potential, reducing costs by trillions of dollars on a global scale.

he most striking example of the use of blockchain in global freight transportation is the
agreement between Commonwealth Bank of Australia (CBA), Wells Fargo and Brighann Cotton.
The peculiarity of this agreement is that technologies from the field of "Internet of Things" (loT)
were also used with blockchain and smart contracts. This was done as follows: a container truck
with cotton was moving from the USA to China, GPS sensors tracked the geographical position of
the goods. After the container ship reaches the specified destination, the smart contract uploaded to
the closed blockchain will transmit the arrival information. Then this smart contract will start the
process of transferring funds.

The use of blockchain technology in combination with other technologies can significantly
reduce the amount of paperwork, as well as reduce costs and increase the efficiency of freight
transportation. Based on the results of the analysis, it can be concluded that logistics is an industry
in which the use of blockchain technology can solve the security problem in this industry, as well as
simplify and reduce the cost of transporting goods with the help of smart contracts.
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TepHoninvcvkuti HayioHanbHUl mexHivHui yrisepcumem imeni leana Ilynos, Yxpaina

JlocikeHHS TPaHCIOPTHOI PYXJIMBOCTI HAaceleHHS JO3BOJISIOTH HE TUIBKU 3pOOUTH
BUCHOBOK IIPO KUIBKICTh IE€pecyBaHb HAceJeHHs 3a piK, aje TakoX BKa3ye Ipo pe3epBU abo ix
BIJICYTHICTh Yy TMIJIBUIEHHI MOMHUTY MAacaXUPiB Ha TEPEBE3CHHS MICBKUM MacakKUPChKUM
aBTOMOOUTHPHUM TpPaHCHOPTOM. TpaHCHOpTHA pPYXJIHMBICTh - II€ XapaKTEPUCTHKA PYXIMBOCTI
HACEJICHHS, 10 € CePEeIHBOI0 KUIBKICTIO TI0i3/10K Ha aBTOMOOLTFHOMY TPaHCIIOPTI, IO MPHUIaiae Ha
piKk Ha oiHOTO *kuTens. [lokasHUK TPaHCTIOPTHOI PYXJIMBOCTI HACEIEHHS IPYHTYETHCS Ha JJaHUX MPO
KUIBKICTh TIepecyBaHHsI OJIHI€T TIOAUHM Ha pik. JlaHi Mpo KUIBKICTh MepecyBaHb J03BOJSIOTH
BU3HAYUTU XapaKTep pPO3MOALITY TPaHCHOPTHOI PYXJIMBOCTI 3a CE30HAMHU pPOKY Ta BHJAMHU
TPaHCTIOPTY. 3MIHHWBCS XapaKTep TPAHCIIOPTHOI AKTHBHOCTI HACENCHHs. 3HAYHO ITiIBUIIUBCS
piBeHb aBTOMOOLTI3aIi1, 301IBIIMIACS IUIOBA AKTUBHICTH I'POMAJISH, 3MIHWJINCS 1XHI KyJIBTYpHO-
noOyToBi moTpedbu. Yci BUIIE3rajaHi 3MiHM BIUIMHYJIM Ha XapakTep 1 BEJIUYMHY MACaKUPCHKHUX
TPAHCIIOPTHUX TIOTOKIB. Sk 3a3Hauajocs paHime, motpeda y TMepecyBaHHAX MaCaXUPH
3aJJOBOJIGHSIIOTH JTBOMA CIIOCOOAMHU: TIEPECYBaHHSMH MapIIpyTaMH pPETYISPHUX TIepeBe3eHb 1
NepecyBaHHSAMHM  IHIUBIAYaJIbHUMH  MapHIpyTaMH  JITKOBUM  aBTomoOineMm. IlepecyBanHs
MapuIpyTaMu peryiasipHUX MEpeBe3eHb Ta 3aKOHOMIPHOCTI iX ()OpMyBaHHS BHBYEHI HaHO1JIBIION
Miporo. [[poMy HanpsIMKY MpUCBAYEH]I OaraTopiyHi AOCHTIHKEHHS Ta MPAKTUYHUNA TOCBI y KpaiHi Ta
3a KOpAOHOM. [Ipyruii HanpsMOK BMBYEHO HAaWMEHILIOK MIpPOO 1 JMILIE B YaCTHHI IEpEeBE3EHb
JeTKOBUMH Takci. ['padidyHo AuHaAMIKy TepeBe3eHHS NacaKUpiB yciMa BHIAMHU TPAHCIOPTY B
VYkpaini 300paxeno Ha puc. 1.
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Pucynox 1 — Jlunamika nepeBe3eHHsI MacaKUpPiB yciMa BUJIaMH TPAHCIIOPTY, MJIH. OC10

SIKIo K TOBOPUTH MpPO PETIOHAJIBHUN PO3MONIT MEepEeBE3eHHs MacaXXHpiB aBTOOYCHUM
TPAaHCONPTOM, TO L€l pO3MOALI O OOJIACTIX YKpaiHU Mae HACTYITHUM Xapakrep.
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I 115 v
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Pucynok 2 — Po3noain nepeBe3eHb MacakupiB aBTOMOOITEHUM TPaHCIIOPTOM (aBTOOycamM)
y 2020 pori

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 152



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

UDC 656

IMPROVING THE QUALITY OF TRUCK TRANSPORTATION SERVICES BY
IMPLEMENTING LOGISTICS OUTSOURCING

D.P. Kosiakevich, graduate student,

E.O. Kyrychenko, master,

V.V. Aulin, Prof., Dr. Tech. sciences,

S.V. Lysenko, associate professor, candidate technical sciences,
A.V. Hrynkiv, senior researcher, Ph.D. technical sciences,
Central Ukrainian National Technical University, Ukraine

When choosing outsourcing in the organization of freight transportation, there may be
several options. Full outsourcing involves the transfer of all operational warehousing and cargo
handling activities to a warehouse operator (logistics provider). In this case, the focal company
plans volumes and carries out controlling KP1, which are established to control the quality of
services and the tariff grid of the warehouse operator. With partial outsourcing, there may be
different options, for example, renting only the building (warehouse facilities), when the equipment
and personnel belong to the focal company, or renting a warehouse with equipment, when the
personnel and cargo processing technology are their own, etc.

It is shown that one of the tools for solving the problem of optimization of goods movement
is outsourcing.

Sourcing means identifying the executor of a certain process. At the strategic level, it
consists in making decisions about what the enterprise will do independently, and what it will
acquire externally. The sourcing decision is very important, because the efficiency of the supply
chain depends significantly on the choice of the type of production, the choice of suppliers and the
type of contracts. Sourcing decisions should be made in accordance with the company's competitive
behavior strategy. Enterprises, firms, companies prefer to give operational logistics functions to
logistics intermediaries, focusing on key competencies and coordination functions of logistics.

Outsourcing is the process by which a company transfers part of its production or business
processes to another company that is an expert in this field. By delegating processes that do not
belong to the main production, but are strategically important, the company makes a mutually
beneficial exchange. At the same time, it is worth distinguishing the concepts of one-time support
and outsourcing. One-time support has an episodic nature, and a contract for the provision of
outsourcing services for a certain period is concluded with an enterprise, firm, or outsourcing
company. Outsourcing is used primarily due to reluctance to spend time on areas accompanying the
main activity. Outsourcing allows you to entrust the management of these areas to professionals,
and to focus all your efforts on solving the main strategic and production tasks at the enterprise,
firm, or company.

The following types of outsourcing are distinguished: production, business process, IT
outsourcing.

In production outsourcing, a part of production functions is transferred to a third-party
organization. For example, advertising agencies that use the production facilities of the printing
house.

In business process outsourcing, business processes, which are the main type of its activity,
are transferred to the management of a third-party firm or company. A classic example of this
outsourcing is accounting services.
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With 1T-outsourcing, the information systems of the firm or company are transferred to the
service of organizations engaged in technical support and software. The list of functions may
include: site creation, software support or development, maintenance of computer and related
equipment.

The main task of outsourcing at an enterprise, firm, or company is to move non-core and
highly specialized areas of activity beyond the scope of business. Let's start with the obvious
advantages of outsourcing related processes. From an economic point of view, the involvement of
an outsourcer allows the enterprise, firm, company to significantly reduce costs, since the company
will not have to maintain an additional structure and expand the staff. Transaction costs may
decrease. Some fixed costs can be transformed into variables depending on the needs of the
enterprise, firm, company in the period. From the point of view of the implementation of strategic
tasks, outsourcing makes it possible to concentrate resources on the main production, as well as to
improve operational control. In addition, the process of introducing new technological or
management operations is facilitated. On the technological side, outsourcing opens access to higher
technologies. If there are no necessary specialists in the staff, they can be brought in under the
outsourcing program. The quality of service in the event of the involvement of an outsourcer
increases significantly, since the third-party organization undertakes to monitor the quality of the
works provided under the contract.

Let's identify the main disadvantages that can prevent the company from achieving the
desired goal with the help of outsourcing. This is an increase in costs that is possible if an
organization outsources too many processes. In addition, the implementation of an outsourcing
system requires a careful calculation of costs and their comparison with the expected economic
effect. Transaction costs may also increase. The possibility of bankruptcy of the firm or outsourcing
company should not be made impossible. Control over the execution of outsourced processes may
be lost. Management may lose the connection between management and business practice.
Management flexibility decreases. The danger of concentration of technological processes. This
again deprives the organization of flexibility in certain business processes. Lack of a clear legal
framework for outsourcing. In addition, many organizations are afraid to delegate business
processes to others due to fear of information leakage or possible violation of contractual relations.

It is advisable to hand over all logistics functions of the organization-contractor if the
company does not need individual services, but the entire logistics chain. These can be small and
medium-sized enterprises, which for some reason do not want or cannot invest in the development
of their own logistics, or large companies. At the same time, the implementation of supplies is a
complex, multi-stage process.

We can conditionally distinguish 5 groups of logistics services that are popular on the
Ukrainian outsourcing market:

— transport and forwarding services, which are divided into two independent services:
transport and forwarding services. As a rule, the transport service is ordered by those organizations
that already have a forwarding department. Here, the transport organization carries out only the
transportation of cargo, and the organization carries out the preparation of documents on its own.
The freight forwarding service is most in demand, as it includes full coordination of cargo
transportation as a whole;

— customs clearance services are a rather specific area of logistics activity. It means working
directly with customs authorities in a regulated legal field. This presupposes the presence in the
organization of certified specialists in customs clearance, who are thoroughly familiar with customs
legislation, as well as ensuring the payment of customs payments. It is often quite difficult to
organize work with customs clearance within the enterprise, as it requires large financial and labor
costs. In addition, in the event of disagreements with the customs authorities, problems regarding
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the declaration of goods, all responsibility, both legal and financial in the form of fines, falls
directly on the organization;

— warehouse services and the organization of a warehouse complex (or even warehouse
premises) within the enterprise is a rather expensive measure, which involves large financial
investments, such as the purchase or lease of premises, and warehouse equipment in accordance
with the necessary standards;

— coordination of the procurement process, packaging/repackaging of goods, warehousing,
etc. - this type of service is most often requested by organizations that have fairly extensive branch
(trade) networks in their organizational structure. In this case, ordering such logistics services will
be appropriate and justified;

— complex services (complex outsourcing) Here, a single logistics operator acts as a
contractor company. As a rule, these are large logistics companies that have at their disposal all the
resources necessary for the implementation of logistics business processes throughout the entire
logistics chain of the client company. This complex service is in demand, as mentioned, by
companies whose supply algorithm is quite complex and has several intermediate stages. In fact, it
is a service of goods solicitation from the producer to the consumer.
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TPAHCMICIH
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Tepnoninvcvkuil HayioHanbHUL MmexHiYHuu yrisepcumem imeni leana Ilynos

CyuacHi TeXHOJIOTii BUpOOHHUIITBA MAIIMH MOCTIHHO PO3MIHUPIOIOTH ACOPTUMEHT BUPOOIB, e
poboui TmoOBepxHI Jeranel HaOyBaloThb Bce Outbll ckiaaaHy ¢opmy. B aBTOMOOiNBHIM
IIPOMUCIIOBOCTI BC€ OUIBLIOrO MOUIMPEHHS HaOyBalOTh OE€3CTYMIHYAcCTI BaplaTOpHI TpaHCMICIT
(puc.1). OCHOBHUMHM €JE€MEHTaMH LUX TPAHCMICIH € KOHYCHI INpPHBIJHI €JIEMEHTH, SIKI MOXKHA
npupiBHATH 10 nuckiB. Hadlnomymsipuinn Bapiatopu JFOI1E 3actocoByroThCs Ha aBTOMOOUIAX
HalmonyyspHIiKX aBTOMOOUILHUX OpenaiB Toyota, Dodge, Nissan, Mitsubishi, Peugeot, Renault
Ta 1HIII.

Bapiaropna xopoOka mepenay BiIHOCHUTBCS 110 Kiacy Oescrymindyatux TpaHcwmiciit (CVT)
[1]. Ti ocHOoBHMMHM mepeBaramu € 3abe3ledeHHs IUIABHOCTI XOAYy TPAHCIOPTHOIO 3acoly, i sK
HACJIIJJOK BUCOKA MaJMBHA €KOHOMIYHICTh. ToMy JUIsl pyXy y MicTax ii mepeBara € 6e33anepeyHoro.
[Tpu npoMy mIaBHICTH XOAY 1€l TpaHcMicii 3a0e3MeuyeThCs MepeMiIeHHIM 301pHOr0 METaJIeBOTO
NPUBITHOIO TMaca MO POOOYMX MOBEPXHAX KOHYCHUX JUCKiB. [lpym mBHAKiIA 3MiHI MIBUIKOCTI
MPUBIAHOTO Maca CWiia TepTs MK OIYHOIO MOBEPXHEI0 Maca 1 poOoYol0 MOBEPXHEK KOHYCHOTO
JIUCKAa BHSIBIISIETHCS HEAOCTATHBOIO JUIS YTBOPEHHS HAJEKHOTO KOHTAKTY 1 Mac MPOKOB3YE II0
noBepxHi aucka. [Ipy 1mpoMy Ha Iiii TOBEpPXHI YTBOPIOIOTHCS EKCIUTyaTaliiHi JnedekTd, 1o
CIpUYMHEH] AedopMalli€lo 3CyBy Yy BUTIISAII MOAPANUH, PUCOK, NOTEPTOCTEH, paKOBHH, BUPUBIB

Signal A = SE1
WD = 10.0 mm Photo No. = 2175

Date :19 May 2021
Time :15:43:20

10 um* =
Mag= 500X EHT = 17.00 kv

Pucynok 1 — BapiatopHa TpaHcMicis Pucynok 2 — Excrmyaraniiiai nedexta pododoi
(3aranbpbHUI BUTIISAT) MMOBEPXHI KOHYCHOTO MCKa BapiaTOPHOT
TpaHCcMicii

Tomy mnpoOnema mMiABHILEHHS peCcypCcy KOHYCHHMX MAHCKIB BapiaTOPHUX TpaHCMICid €
BXXJTUBOIO TPOOIIEMOIO JJIs1 aBTOMOO171e0yIiBHOI ramysi, sika noTpedye HeBiIKIATHOTO BUPIIICHHS.
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OcCKiIbKM MTOBEPXHEBI Je(PEKTH MAaIOTh PI3HUI XapakTep, BIAMOBIIHO MATUMYTh 1 Pi3HI METOIM iX
3arno6iraHHs.

100 BHM3HAYUTH METOIM 3aro0IiraHHS YTBOPEHHS IMOBEPXHEBHX JE(PEKTIB Ha POOOUMX
MOBEPXHIX KOHYCHHX JUCKIB BapiaTOPHUX TPAHCMICIH HEOOXITHO PETENBHO MpOaHaIi3yBaTH
YMOBU POOOTH Mapu KOHYCHUH AHMCK-METaleBUIl NMPUBIAHMUX IMac Ta MPOLECH, AKI MEeperyloTh
YTBOPEHHIO 1€(PEKTIB.

Bimomo [2, 3], mo yrBopeHHs JAedekTiB BiAOyBaeTbCs JHIIE NPU HEHPaBUWIbHIN
eKCIUTyaTallll TpaHCMIcCli, a TaKoX BHACHIJOK 1ii TpuBanoi ekcrutyatamii. [lig TepMiHoM
HETpaBWIIbHA EKCIUTyaTallis Iependadae: MIBHIKE MPUCKOPEHHS TPAHCIOPTHOTO 3acoly; 3aMiHa
MacTWjia HE 3a PErIaMeHTOM; TpHUBaJIa EKCILIyaTailisi MPU BHUCOKIN TeMIiepaTypi 30BHIIIHBOTO
cepenoBuina. OTxke BUCOKA TeMIepaTypa B 30HI KOHTAKTY - SIK HACJIJIOK NIeperpiBy, BUCOKI TUTOMI
THCKH - SIK HACTIJOK MIBHUIKOTO MPUCKOPEHHS Ta HASBHICTH APIOHOJUCIIEPCHUX YAaCTOK METATy B
poboYOMy CepeoBHIN - SK HACHIJOK IM03aperJaMeHTHOI 3aMiHM MacTWia — OCHOBHI MPUYHHH
YTBOPECHHS TIOBEPXHEBHUX Je(eKTiB poOOUYMX TOBEPXOHb BapiaTOPHUX TpaHCMiciil. BHaciigok
TaKUM X YMOB €KCIUTyaTallii yTBOPIOIOThCS Je(eKTH TBOX THUIIB, SIKI MalOTh NMPUHIMIIOBO Pi3HY
MPUPOY TOXOPKEHHS, Xoua 1 OJHAKOBY auciokaniro. [lepmia rpyma nedekTiB 11e MOIPSATHUHH,
pucku Ta moreprocti. Lli nedekT BUHUKAIOTh BHACHIIOK MTPOKOB3YBAHHS METAJIEBOTO MPHBIIHOTO
maca mo poOodii TOBEpPXHI KOHYCHOTO JWCKa. 3amo0irTH TakoMy Je]exTy MOoKHa JIuIIe
3a0e3neuyloud IUIaBHE MPUCKOPEHHSI TPAaHCHOPTHOrO 3acoly (MJIaBHE HATHCKAHHS Ha Teallb
akcenupartopa). Jlpyra rpyma nedexTiB 1ie¢ pakoBHHU Ta BHpuBH. Lli 1edeKTH YTBOPIOIOTHCS
BHACIIIJTOK TPUBAJIOI eKCIUTyaTalii TpaHCMICil, 110 MPU3BOIUTH A0 ii meperpiBy. Ilpu npomy B 30H1
KOHTaKTy TPHUBIIHOTO Taca 1 poO0oYoi MOBEpXHI KOHYCHOTO JHCKa Ma€ MicIle MpoIec asaresii
(cxoruTroBaHHsA), TOOTO NPHIMIAHHA TOBEPXOHb BHACHTIJNOK Jii BHCOKHX Temmepatyp. lIporec
BiJI0yBa€THCS 3HAYHO IHTEHCHUBHIIIE 1 CIOCTEPIra€ThCs MPU 3HAYHO HIKYUX TeMIepaTypax, SKIIO B
pobodomMy cepenoBHINI (MAacTWI) HasBHI JPiOHOMMCIIEPCHI YAaCHHKH MeTaly. TakuM YHHOM
JOTPUMAaHHS YMOB EKCIUTyaTallii Ta 3aCTOCYBAaHHS TEXHOJIOTIYHHUX METOIB MpPHU BHUTOTOBICHHS
KOHYCHHX JHCKIB BapiaTOPHHX TPAHCMICIH TO3BOJUTH 3amoOirTH BHIIEBKa3aHUX JePeKTaMm Ta
3HAYHO 30UIBIINTU pecypc poOOTH By3JIa BIIIOMY.

Crucok BUKOPUCTAHUX IKCPCII.

1. High-Performance Control of Continuously Variable Transmissions by Stan van der Meulen — Eindhoven:
Technische Universiteit Eindhoven, 2010 — Proefschrift. ISBN: 978-90-386-2389-4.

2. Meulen, van der, S. H. (2010). High-performance control of continuously variable transmissions .
Technische Universiteit Eindhoven. — Eindhoven: Technische Universiteit Eindhoven, 2010 - Proefschrift.
https://doi.org/10.6100/1R692236

3. Seigars, Camerin Michael, "Modeling of A Continuously Variable Transmission and Clutching of A
Snowmobile” (2016). Honors College . 243. https://digitalcommons.library.umaine.edu/honors/243

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 157



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

UDC 658.8

INCREASING THE RELIABILITY OF INTERNATIONAL SUPPLY CHAINS
WITH IMPROVED LOGISTICS SERVICE

O.M. Tertytsya, graduate student,

V.V. Grebennikov, master,

V.V. Aulin, Prof., Dr. Tech. sciences,

S.E. Katerynych, associate professor, candidate. technical sciences,
Central Ukrainian National Technical University, Ukraine,

O.P. Tsyon, Assoc., Candidate technical sciences,

Ternopil National Technical University named after lvan Puluy, Ukraine

Logistics service is the management of the flow of services, which is the most important
component of all stages of the logistics chain, and can also be provided by the supplier and
provider. The formation of a logistics system for an enterprise begins with the segmentation of the
consumer market in order to divide consumers into groups, since each group of consumers requires
a certain service or the same service, but different qualities.

The main methods of logistics of international supply chains are considered in the work.

System analysis methods are used in planning the distribution of resources between
individual types of logistics activities. The identified methods make it possible to consider the set of
problems that arise during the allocation of resources throughout the supply chain. Solving issues
allows you to use all the resources of the organization at different scales. The Delphi method, unlike
the scenario method, involves prior familiarization of logistics experts with the situation using any
model. The Delphi method can be called a multi-level questionnaire procedure. This method is not
difficult to apply, which is why it can be suitable for small and medium-sized businesses when
making decisions. Perhaps, the only significant disadvantage of this method can be called the high
time consumption. This method is not suitable for urgent projects. Note that in many countries (for
example, in Japan) this method is considered one of the main ones for making quality management
decisions.

The goal tree method. In the analysis of logistics systems, the main form of the model,
which must be improved and saturated with expert evaluation data, is the goal tree. Logistics
experts are invited to analyze the structure of logistics models in general, to develop proposals for
including unaccounted for communication in them. And here the questionnaire method is used. The
results of all surveys are brought to the attention of all logistics experts, which gives them the
opportunity to further adjust their opinion based on the information received.

The method of network planning and management is used to improve the process of
planning incoming work, orders and tasks.

The program-target method is effective in solving scientific and technological, economic,
social, environmental and tasks. Clearly setting the goal and developing a set of measures allow you
to achieve it within the set time.

With the help of the method of mathematical programming, issues related to the
construction of paths, flows, and cost reduction are solved.

Economic and mathematical modeling in the logistics system allows analyzing complex
production and economic structures, based on developed models, making management decisions
and forecasting service development.

The modeling method is based on the creation of logical models of real logistics processes.
Here is a simple example - ABC method. When using this method, all objects are divided into three
groups:

A —20% of valuable objects that give 80% of all results;

B — 30% of objects providing 15% of results;

C — 50% of objects that give only 5% of results.
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As a result, there is an opportunity to focus all the efforts of the enterprise, firm, company
on a small group of important objects that affect the final result, to build accordingly the logistics of
acquisition, inventory management, sales in trade.

Each of the methods has its advantages and disadvantages. That is why the manager of an
enterprise, firm, or company should, when making a decision (choosing a decision-making method),
be well-acquainted with the method he is going to use or study a new method in detail.

The methods discussed above are used by heads of organizations taking into account the
following data: the size of the enterprise; goals, decision-making; period of time; capabilities of the
company, etc.

Note that these methods can also be used in risk assessment. Information and its quality:
timeliness, completeness, reliability play a huge role in evaluation and decision-making. It can be
said that information is the foundation of logistics activities, and the quality of service performance,
as well as timeliness, depends on the listed factors.

The main criterion that allows you to evaluate the service system both from the supplier and
from the recipient of services is the level of service or the level of logistics services (Yservice)-

The level of logistics service is a quantitative characteristic that corresponds to the actual
values of the quality indicator and the amount of logistics service to the optimal or theoretically
possible values of these indicators.

Features of logistics service specifically in the woodworking industry:

1. Forestry roads prevail in use, and not republican public roads, which the republic is
obliged to maintain. The use of many logging roads requires large costs for construction and
reconstruction. The significant remoteness of the bases, which sometimes exceeds 200 km, also has
an extremely negative effect;

2. The specifics of logging include the provision of logging roads. A developed forest
network ensures efficient forest use, competitiveness of logging and low costs for wood
transportation, and allows round-the-clock supply of wood raw materials to industrial enterprises;

3. Great savings occur due to the preservation of the quality of round lumber: fresh wood is
used for production;

4. In the analysis of profitability, appropriate indicators of local spending conditions are
used, capital investments in road infrastructure and costs related to this in terms of interest on loans
are taken into account. In addition, the annual cost of road maintenance is estimated;

5. Optimizing the density of the road network will make it possible to compare the costs of
timber transportation and construction.

Thus, logistics service is a method of managing service flows. To improve the quality of
service activities, organizations use rating evaluation. The rating evaluation of the logistics service
plays a huge role in the logistics activity of the enterprise. First of all, because control (rating) helps
to improve quality. Any analysis (estimation) helps identify and correct mistakes, reduce costs, and
develop an effective strategy. All this contributes to the growth of the client's trust, and is also a
good incentive for further development.

The logistics supply chain is a complex system. Any organization related to the purchase
and movement of goods is included in this system. A high level of control is required to complete
all the intended tasks in this chain, as well as to achieve a high quality of execution.

Thus, the main tasks and the construction of the supply chain are based on a managerial
decision. Based on the current situation and direction, the manager must be able to choose such a
method for solving the problem, so that it meets certain criteria (availability of information, time
range, competence) and turns out to be effective. Since any wrong decision is, first of all, additional
costs for the organization, which is very risky, given the economic situation in the country,
competition over the market.
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CyuacHi TeHJEHILII y BaHTaXHHUX HEPEBE3CHHSAX i BIUIMBOM BOEHHOI'O CTaHy Yy KpaiHi
BU3HAYAIOTHCS 3HIDKCHHSIM PIBHSA Ta 3HAYHMMHU KOJMBAaHHSAMH OOCSTIB HaBaHTA)KEHHS, a TaKOXK
3HaYHUMHU 4epramu y OiK MDKAep)kaBHUX mepexoliB. lle o3Hayae, 110 TEXHOJIOTIIO HEpeBe3EHb
BAaHT@XIB 3a YYacTIO 3ali3HUIL TOBUHHO OyTH OHOBJICHO 3 BHKOPHUCTaHHSM JIOTICTHYHHUX
OpUHIUMIB. Byab-Kkuii BaHTa)KOBJIACHUK 3JIIHCHIOE TOPrOBEJIbHY B3a€EMOJIIIO 3 yCiMa BiIKPUTHUMHU
pUHKaMH, TOMY €(QeKTHBHA, IIBUIKA Ta, TO-MOKJIMBOCTI, JEIIeBa JOCTAaBKA BAHTAXIB - KIIFOYOBHI
dakTop nns 3abe3neyeHHs CTaOIIBHOrO MPUOYTKY HEepeBi3HHMKA. 30KpeMa, SKIIO y MHUHYJIOMY
BHACIIIJIOK  BIJCYTHOCTI THYYKOTO IIIXOIY [0 OpTaHi3ailii MepeBe3e€HHsS BaHTAXIB 3aJII3HULIA
MOCTYMOBO BTpayana oOCArd IepeBe3eHb Ta JIOXOIW BiJ HUX, TO 3apa3 AT VYkp3ami3HuULA €
OCHOBHUM BITUHU3HSIHUM INE€PEBI3HUKOM, KM MOBUHEH 3a0€3MEUNUTH CTIMKICTh €EKOHOMIKU KpaiHu.
3 iHmoro OOKy, BUKOPDHUCTaHHS Y TEXHOJIOTIi NepeBe3eHb pPecypco30epeKeHHSI Ta EKOJOTIYHO
CHOPUATIMBUX IMIAXOJIB € CIPUATUME KOPEKTHOMY MPUNHATTIO pIlIEHb I[IOAO0 1HTerparmii
BITYM3HSHOT TPAHCIIOPTHOI CUCTEMH JI0 TPAHCHIOPTHOT Mepesxi kpain €C.

PosrnsiHyTO mepcrnekTrBr (popMyBaHHS JIAQHIFOTA MOCTAYaHHS BAaHTAXIB y KOHTEHHepax Ha
OCHOBI 3aCTOCYBaHHSI KOHIEMIii '3eJeHOi" JIOTICTUKM MpU MYJIbTUMOJAIBHUX IEepPEeBE3CHHIX
BAaHTAXIB 3a y4acTIO 3aJI3HMYHOTO TpaHCHOPTy. BcTaHOBIEHO, IO MYIBTUMOAQIBHI TEXHOJIOTIT ¥
MOPIBHSHHI 13 IOCTaBKOIO BaHTa)Xy OJHUM BHJIOM TPAHCIIOPTY MalOTh MEHIINIA HETaTUBHUIN BIUIMB
Ha HaBKOJIMIITHE CEPEIOBHUIIIE Ta MOBITPSI.

Crnin 3a3HauuTH, 10 HaA JOJNIO AaBTOMOOUIBHOrO TpaHCHOpTy mpumagae 72 % Bcix
TPAHCIOPTHUX BHUKHIIB. ToMy, OYEBHAHO, IO MPH MOEJHAHHI PI3HUX BUAIB TPAHCIOPTY B
MYyJIbTUMOJAJbHY CXEMY, IIKOJAa BiJ] BIUIUBY 3a0pyIHIOIOUMX pPEUYOBHH Oyzae MiHiMi30BaHa.
3okpema, mokasHukH BUKHIIB CO; I 3ali3HUYHOTO TPAHCIOPTY HAWHWKYI B TOPIBHSAHHI 3
aBTOZOPOXKHIM 1 BogHuM [1, 2].

JloBeaeHo, IO BMPOBAHKCHHS ''3€ICHUX MYJbTUMOJAIBHUX TEXHOJIOT1H MOXIMBO 3a
pPaxyHOK 3MEHIIEHHS YacCTKH aBTOMOOUIBHUX MEpeBe3eHb BiACTaHHIO Oumbi HiX 300 KM 3rigHO
nepcrekTuBHUX BUMOT Kkpain €C [3]. 3anmponoHOBaHO CHpsSMYBaHHS €KOHOMIi Bijl €KOJOTIUYHHX
MOJATKIB Ha I1HBECTUII B JIOTICTUYHY iHQPACTPYKTYpY. 3a HABEJACHUX YMOB 3alpPONOHOBAHO
€KOHOMIKO—MaTeMaTU4Hy  MOJEJb  JIBOCTAIHOi  TPAHCIOPTHOI  3a1ayi  IIJIOYUCEITHHOTO
MporpaMyBaHHS  ONTHMi3allii PO3MOAUTY KOHTCHHEPOTOTOKIB MK IOCTa4allbHUKAMU — Ta
CHOXMBaYaMH 3 ypaxyBaHHSAM €KOJIOTIYHOTO KPUTEPII0, IPUKIIAL IKO1 HaBeACHO Ha puc. 1.

VY OararoeTtamHUX TPAHCIOPTHUX 3a7adaX KOHTEHHEpU BiJ MOCTAYaJbHHUKIB CIIOYATKY
HAJXOJIUTh HA MPOMIXKHI MYyHKTI (PO3MOIIBYI TEPMIHAIM, Y HAILIOMY BHITQJIKy — 1€ MDKICpP)KaBHI
MYHKTH TIEPEXOy), 1€, y pa3i morpeOu, BOHU MEPEBAHTAXKYETHCS a00 MEBHUM Yac 30epiraroThes.
ToOTO 10 KIHIIEBUX CIOXKMBA4iB MPOAYKIIiS HAAXOAUTh HE BiJ IMOCTAYAJIBHHKIB, & 3 3a3HAYCHUX
MPOMDKHUX MYHKTIB TPAHCTIOPTHUX MEPEXK.

OLiHKY 3HAa4eHHS EKOJIOTIYHOIO KPHUTEPiI0 MpU IEpPEeBE3eHHI KOXKHUM BHJIOM TPAHCIIOPTY
MOJKJIMBO PO3pPaxOBYBaTH $IK BapTICHY BEJWYHHY MIKOJAM BiJ] HEraTUBHOTO BIUIUBY JBOOKHCY
BYTJICI[I0 Ha aTMOC(EpHE MOBITPS

K
B, = mrgyM, Zn:l (ani Cartm i) , 1)
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e 1,- cepenHi muTomi BUKKIM KiumBuX pedoBrH (COy) [4], r/TEU-km;
Lipi— BIJICTaHb YHIMO/JIAJILHOTO N€PEBE3EHHS TEPUTOPIELO i-i JeP’KaBU, KM;
K — KUIBKICTh AUIBHUIL MEPEBE3CHHS TEPUTOPIEI0 I1HIIMX JAepxkaB (A7 BHYTPILIHBOTO
criosrydenns: K=1);
Carm i — CTaBKa EKOJIOTIYHOTO TOAATKy Ha 3a0pyanrorodi Bukuam CO, Teputopiero i-i
JepkaBH, rpH/T [4].;
Mgy — Maca BaHTaxy, 10 nepeBo3uTbes y kontelinepi (TEU), T.

TepmiHanu BianpaBaeHHA Posnoginbyi Tepmianm TepmiHanun npusHayveHHs
(nocTayanbHMKK) (nyHKTM nepexoay) (cnoxuBaui)

~— G ]

/ Kpakos
XapKIB ,\%6 %\
Ssst\/ % ” |
‘ _— WernHi
Opeca @ 77777
= (NI
il

WeuwnH

Pucynok 1 — Cxema GpopmyBaHHS TPaHCIIOPTHOI MEPEXKi, SIK JBOETAITHOT TPAHCIIOPTHOI 3a1aui

Bupimenns aBoeTanHoi TpaHCIOPTHOI 3a/1a4i 3 ypaxyBaHHSAM €KoJoriyHoro kputepito (1)
MOKa3ajo, IO MyJbTHMOJAIbHA TEXHOJIOTIS TepeBe3eHb KOHTEHHEpIB Yy BHYTPILIHBOMY
TPAHCIIOPTHOMY CIIOJly4eHHI Ja€ EKOHOMII0 Ha eKoJoriyHoMmy mnojatky y 6,1 pasu, a B
MDKHapOJaHOMY — 9,8 pa3u, y MOpiBHAHHI 3 YHIMOJAJIBHOIO.

BcraHoBieHo, 110 PO3BHTOK MYJIBTUMOJAIBHUX I€peBe3¢Hb B YKpaiHi Ha NpPUHIUIIAX
"3enmeHoi’" JOTiCTUKU MOTpeOye BHUPIMICHHS HU3KA BHYTPILIHIX OpraHi3aliifHO-TpaBOBUX MHUTaHb,
HacamIiepe] 3AiiCHeHHs] TapMOHi3allii HaIllOHAJILHOTO TPAHCIOPTHOTO 3aKOHOJABCTBA 3 HOPMaMH
€C. Tlomampmmii po3BHTOK Tmepeadavae BIPOBA/DKEHHS CIIEI[iali30BaHUX MYJIBTHMOIAIBHIX
TEXHOJIOTI MOJIMBO 3a PaXyHOK 3aCTOCYBaHHS €HEProOIIaJIMBUX TEXHOJIOTIH Ta CIPSIMYBaHHS
€KOHOMI{ BiJl €KOJIOT1YHUX MOAATKIB y BUTJISIII IHBECTUIIIN B JIOTICTUYHY iHOPACTPYKTYPY

Cnucok BUKOPUCTAHUX JKEPET
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VIIK 656.072

YAOCKOHA/IEHHA IHOPACTPYKTYPH MAPLIIPYTIB MICBKOI'O
HACA’KHPCBKOI' O TPAHCIIOPTY YPAXYBAHHAM MA/IOMOBLIBHUX
I'PYIlI HACEJIEHHA

B.1O. Topon, macicmp,

C.B. JIuceHko, 0oy., KaHO. mexH. HAYK,

Llenmpanvroykpaincokutl HAYIOHATLHUL MEeXHIYHULL YHigepcumem, Ykpaina,

M.B. Babiii, doy., kano. mexn. Hayx,

Tepuoninvcokuil HayioHanbHul mexHiuHul ynisepcumem imeni leana Ilynos, Yxpaina

s 3aI0BOJICHHS TIOTpeO MAcCaKUpiB BECh PYXOMHM CKJIaJ IOBHHEH 3a0e3redyBaTH
Oe3nedHe 1 KOM(pOPTHE TIEPEBE3CHHS JIFOJICH 3 0OMEKCHHMH MOMJIMBOCTSIMHU 3JIOPOB'S, I OJHA 3
TOJIOBHUX yYMOB 3a0e3MedeHHs iXHhOI MOOINBHOCTI, a, OT)Ke, 1 aKTMBHOI y4acTi COI[albHOTO Ta
€KOHOMIYHOTO CYCHUIBHOTO KHUTTA. AJle OCKUIBKM Ha CbhOTOJHIIIHBOMY €Talll OHOBJIEHHS
MACaXMPCHKOTO PYXOMOTO CKJIaly CIOCTEpIracTbcs HecTaya (piHAHCOBUX PECYpCiB TO HEOOXiTHO
PO3TISIIATH TUTAHHS 3HIDKCHHS JIOTICTUYHUX BHUTpPAT Ha TPAaHCIOPTHE 3a0e3MedyeHHs BCiX
KaTeropii HaceJeHHs 3a JIOMYCTMMOTO pIiBHSA SIKOCTI AacaXXUpPChKOro cepsicy. Tomy
3ampOIIOHOBAHO MOJIENIb ONTUMI3AIlli BUTPAT 3a TpaHCHOpPTHE 3abe3neueHHs. Mojaenb OymyBanacs
HAa yMOBax ONTHMAIBHOCTI 3 TMOTJSAY TMACaXHpiB, MEPEBI3HUKIB Ta 3aMOBHHUKA MICBKUX
MACaKUPCHKUX ITEPEBE3CHb.

3 morasay 3aMOBHUKAa IIE€pPEeBE3€Hb ONTHMAlbHOK  OyAe JIOTICTMYHA  cHCTeMa
0OCITyTOBYBaHHSI MaJOMOOUTBHUX TPYyIl HACENeHHs, SKa O3BOJHUTH HANaTH iM TIepeBE3CHHS
MPUIHATHOT SIKOCTi, "TOYHO B CTPOK", 3 MIHIMAJIbHUMU JIOTICTUYHIUMH BUTPAaTaMU Ha TPAHCIIOPTHE
o0CITyroBYBaHHs. 3 TOTIISAY NacaKupa ONTUMAIBHOI Oyae Ta TMoi3AKa, sKa BHKOHAHA Y
MiHIMaJTbHUH Yac 13 MaKCUMaJbHUM KOM(OPTOM 3a MPUHHATHOIO I[IHOK. 3 TOYKH 30pY ONeparopa
TPAHCMIOPTHUX TOCIYI ONTHUMAaJbHOIO Oyne Taka CHCTeMa TPaHCIIOPTHOTO OOCIYrOBYBaHHS
MaJIOMOOUIBHUX TpPyNl HAcCeJNeHHS, KOJM BHUTpPAaTH Ha NepeBe3eHHs OynyTh MiHIMAJIbHUMH 32
JIOMyCTUMOTO  DIiBHA SKOCTI TepeBe3eHb. [lporo MoXHa JOCATTH TWIONO ONTHMAaIBHOTO
CHIBBIIHOIIEHHS KIJIBKOCTI MACaKUPCHKUX TPAHCIOPTHUX 3ac00iB PI3HUX BUJIB 3a0e3MeUYeHHS
MOOUTHHOCTI JIFOJIeH 3 OOMEKEHUMHU MOYKIIUBOCTSMH 37]0POB'S.

3aBIaHHA BU3HAYCHHS ONITUMAJIBLHOTO CIIBBIAHOMICHHS PYXOMOTO CKIIady, IPHUCTOCOBAHOTO
710 BUKOHAHHS TIEPEBE3€Hb Pi3HUX TPYI HACEJICHHS MOYKHA BUPIIIUTH 3 JOMOMOTOI0 BUKOPUCTAHHS
JIOTICTUYHOTO MiAXOY, OCKUIBKH, 3 MOTJISITY JIOTICTHKH, TIOCIYTH 3 MIEPEBE3CHHS MACaKUPIiB MAIOTh
OyTH JOCTYIHI 1 3py4Hi BCIM 0€3 BUHSATKY BEPCTBAM HaCEJICHHS.

BusHayeHHss HEOOX1HOT KIJIBKOCTI PI3HUX MICBKHMX TpPaHCIOPTHUX 3aco0iB, 00JaJHaAHUX
IUIL TIEPEBE3CHHS JIIOJIeH 3 OOMEKEHHUMH MOJIIMBOCTSMHU 3IIOPOB'S, CKJIANAETHCS 3 HACTYITHUX
eTaiB:

1. BeeneHHs BUXIIHUX JaHUX:

- IEPEeJIiK 3yMMHOK TPAHCIOPTHUX 3aC00IB 13 3a3HAYEHHSAM CTYIEHS IXHBOI JOCTYIHOCTI ISt
PI3HUX MaJIOMOOUTEHUX TPYT HACCIICHHS;

- IEPETTiK COmiaNbHO-3HauyIMX 00'€KTiB (OyAiBeNb, CIIOPY/ Ta iH.) 13 3a3HAYECHHSIM CTYICHS
iX JOCTYIMHOCTI JIs1 Pi3HUX MaJOMOOITLHUX TPYIT HACEIICHHS;

- MIEPEJTiK MapIIPYTiB, IKi 00CTYroBYIOTh TPAHCTIOPTHI 3ac00M, 00JIaAHAHI JIJIS TIEpEeBE3CHHS
MaJIOMOOUTBHHUX TPy HACCIICHHS;

2. Po3paxyHOK BHUTpaT Ha IEPEBE3CHHS MACaXHUPiB, Y TOMY YHUCII MaJOMOOLTbHUX Ha
KOHKPETHHX MapIIpyTax Ta HampsiMKax MepeBe3eHHs y "collialbHOMY Takci", 3aJIe)KHO Bia o0csry
MIEPEBE3CHb, JOBKHHU MapIIPYTy, TEXHIKO -€KCIUTyaTalliiHIX Ta EKOHOMIYHUX IMOKA3HUKIB pOOOTH
pyxomMoro ckiaay. Bu3HaueHHS NHUTOMOI COOIBapTOCTI TEPEBE3CHHS OIHOTO Tacaxupa y
KOHKPETHHX YMOBaX 3a pi3HMX BapiaHTax TPAHCIIOPTHOTO OOCIYrOBYBaHHS MaJOMOOUTBHUX TPYII
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HaCeJIeHHS.

3. BusHadeHHs1 moTpe0 y MepeBe3eHHAX 3a PI3HUMH BHIIAMHU OOCIYTOBYBAaHHS: MapIIpyTHI
TPAHCHOPTHI 3aco0M 4YM TepeBe3eHHs Yy 'colialnbHOMY Takci' Ha OCHOBI aHaii3y IOIUTY,
IIPOTHO3YBaHHS 3pOCTaHHsI MOIUTY MAaJOMOOUIBHUX I'pYIl HAacEJICHHsS Ha MEPEBE3CHHS y 3B'A3KY 3
peaizali€ro couianbHOI MPOrpaMu afanTaiii Jroaeil 3 00MeXeHUMH MOXIMBOCTSAMH 3JI0POB'S Ta
PO3MIUPEHHS 3aTy4€HHS 1X 0 €KOHOMIKH Ta TPOMAJCHKY JiSUTHHICTb.

4. BusHaueHHs 00CATiB MEpeBE3eHHS MAIIOMOOITLHUX TPYIT HACETICHHS.

5. Po3paxyHOK MiHIMaJIBHOTO Ta MaKCUMAJIbHOIO YKCIa HU3bKOIIONOBUX TPAaHCIOPTHHUX
3aco0iB Ta "corialibHUX Takci" BUXOISYM 3 MPOAYKTUBHOCTI TPAHCIOPTHUX 3ac00iB, MONHUTY Ha
nepeBe3eHHs, KoeilieHTa mepecagouHOCT] MacaXUpiB Ta PiBHS SKOCTI MACAKUPCHKOTO CEPBICY.

6. BuzHaueHHs CITiBBITHOUICHHS 3BHYAHHUX Ta HU3BKOIIIOTOBUX TPAHCIIOPTHHUX 3aC00IB
Ha MapmipyTi.

7. Po3paxyHOK CHIBBIIHOIIEHHS TEPEBE3€HUX TMACAXHUPIB Yy  HU3BKOMIIJIOTOBUX
TPAHCIIOPTHHX 3aco0ax Ta y "coriaabHOMY Takci'.

8. BuszHaueHHsS KUIBKOCTI aBTOOYCIB OCOOJIMBO Masioi MiCTKOCTI, TaK 3BaHUX '"COIiaTbHHIX
Takci", BUXOAAYM 3 iXHBOI JEHHOI MHPOAYKTHMBHOCTI Ta HE3aJ0BOJEHOIO HU3BKOMIAJIOTOBUM
PYXOMHM CKJIa/IOM MOTNHUTY Ha TIepeBE3€HHs MaJOMOOUTBHUX IPYIl HACECHHS.

9. Po3paxyHOK JIOTICTHYHHX BHTPAT YCiX MEPEBI3HUKIB 3a PI3HUX CITIBBITHOIICHHSX YHCIIA
PI3HOTO PYXOMOTO CKIIaTy.

10. Po3paxyHOK BHUTpaT yacy MacakxupiB y roJuMHaX Ta BHU3HAYEHHS BUTpAT Iaca)kupis,
BUPAXKEHHUX Y pyOIIsIX, BUXOSYH 3 BAPTOCTI TOJJUHHM 32 3aTaJIbHONPUIHHATOI0 METOAUKOIO.

11. TToGynoBa ciinbHUX rpadikiB 3MiHH JIOTICTHYHUX BUTPAT MEPEBI3HUKIB Ta ACAKHUPIB 32
PI3HUX CHIBBIAHOIICHB YMCIIa HU3BKOIIIJIOTOBUX TPAHCIIOPTHHUX 3ac00iB Ta "comiaabHUX Takci".

12. BuzHavyeHHS ONTHUMAIbHOI KIJTBKOCTI Pi3HUX BUIIB PyXOMOTO CKJIQy 3aJIe’KHO BiJ PIBHS
JIOTICTHYHHUX BUTPAT MEPEBI3HUKIB Ta MACAKHUPIB Ta pO3MipiB (iHAHCYBAHHS NMPOTPAMU OHOBJICHHS
MaCaKUPCHKOTO PyXOMOI'O CKJIay.

[Ipu opranizamii JOCTYIHOIO TPAaHCIOPTHOIO OOCIYrOBYBaHHS JIOAEH 3 OOMEKEHHMU
MO>KJIMBOCTSMU HE MOXKHA PO3IJIAIATH JIUILE TPAHCIIOPT, HEOOX1AHO MPUALIATH yBary MapIipyTHii
Mepexi, opranizamii ii 0e30ap'epHOro cepemoBHINA HA MPWICTIIMX [0 3YIMHHOK TEPUTOPIfX,
MIIIOX1AHUX Tepexoax Ta iH. 00'eKTax iX TSKIHHS.

BaximuBuM ~ €J€MEHTOM  CHCTEMH  JKUTT€3a0€3MEeUeHHS  MICTa €  TpPaHCIOpTHA
iHppacTpykTypa. JloHenaBHa Takiii i BIACTHBOCTI, SIK JOCTYMHICTH AJsl 1HBANIAIB Ta 1HIIMX
mMasioMo0iTbHUX Tpyn HaceneHnHs (MI'H), mpuminsuiocs mano yBard, B pe3yibTaTi B 0araTbox
MiCTax BOHa MOTpeOye BaOCKOHajeHHA. [Ipu ¢opMyBaHHI JOCTYIHOIO CEpeloBHILA HacamIepes
CJJI IPUIUINTU yBary MapuipyTHoi mepexi. Bin ii crany 6arato B yomy 3aiexuTh BHOIp Gopm
CTELIaJTi30BaHOT0 TPAHCHOPTHOTO OOCIYroBYBaHHS. SIKIIO JTO3BOJISIOTH YMOBH, HAa MapuipyTax
MOXYTh (DYHKI[IOHYBaTH HU3bKOIIIJJIOIOBI MOJIEJi aBTOOYCIB Ta TposieiOyciB. Skiio Hi, MOXKIIUBa
opraHizalis CreliajgizoBaHOro MapuIpyTy aBTrodycamu 3 migiomMHukamu. HaiinpocTimuii Bapiant —
colliajibHE TakCl Ta IHAWBIAYaJIbHUN CIIE€Liali30BaHUN TpaHCNOpT. Y OyAb-SKOMY BHUIAJAKy Ha
MapKOBKax, Ha MiAX0JaxX 10 MyHKTIB 3yNHUHKH, IPU NEPEXOl JOPOTU Ta B 30HI TSXKIHHA 00'€KTIB
MOBUHHI OyTH JOTpUMaH1 HOPMAaTUBU JOCTYITHOCTI.

Cepen 3ayBakeHb ILIOJIO BYJIHIb, SKMMHU IMPOXOASTH TPACH MapIIPyTiB, MOKHA Ha3BaTH:
HEOOXIJIHICTh HAHECEHHS TOPH30HTAIBHOI Ta BEPTUKAIBHOI PO3MITOK, MPOBEICHHS SMKOBOTO
PEMOHTY NpOI3HOI YAaCTHHHM, OpraHizallis MiApi3yBaHHS JI€PEB, MEPEHECEHHs MOoJall BiJ Kparo
MMOCAJKOBUX MalJaHYHMKIB OMOP OCBITJIECHHS Ta PEKJIAMHUX IIHTIB.

CriIagHOI0 3QJIMIIAETBCS CHUTyallisl 13 MiA3EMHUMHU MIIIOXITHUMHU [EpPeXOoAaMu, SKi
OymyBanucs 0e3 ypaxyBaHHS JOCTYIMHOCTI. B manwuit yac mpu OyAiBHUILITBI MA3€MHUX MIIOX1THUX
NEPEeXOiB 3aCTOCOBYIOTh HE JHUIIE MOXWI IulaThopMH, sKi He 3a0e3MevyyloTh MOKIMBOCTI
CaMOCTIHHOTO TepecyBaHHS 1HBAJiiB-BI30YHHUKIB, HE MPAIIOIOTh y 3UMOBUM TEPIOJI, a TAKOXK HE
JO3BOJISIIOTh iX BHUKOPHCTOBYBATH JIIOJSAM 13 JUTAYUMH Bi3KaMu, a JIQTH, SKi MOJETIIYIOTh
BUKOPUCTAHHS NIEPEXO/iB.

MapipyTty, HaBiTh HOBi, MPOXOJATh ICHYIOUOIO MapIIPYTHOIO Mepexero. Taki MapupyTH
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MaloTh OyTH JIOCTYIIHI IPOTSITOM YChOTO.

MaiigaHunKky 3yMMHKOBUX MYHKTIB MOKHA MOJUIUTH HAa TPU TUIH a — JOCTYIHI i1 poOOTH
miJHOMHHMKA Ta pammnu; a, 0 — JOOCTymHI A0 poOoTH mimiioMHUKA; O, B — HE JOCTYIHI
00CITyroByBaHHS aBTOOYCIB 3 PaMIIOIO 1 MiIHOMHUKOM.

BinpiricTs 3ynmuHOK HE € MpUAATHUMU s oOciayroByBaHHs iHBamigiB. [locamka-Bucaaka
nacaxupiB Ha Outbnocti 311 31ilCHIOETBCS 3 PIBHS MPOTKIKOI YACTUHM Y 3ai3HINA KUIIEH], a He 3
nocazkoBoro mainanuuka. Lle 3ymoBieno Huskoro npuumH: Boxii AIIT He XouyTh 3TKmKaTH 3
MPOTKIKOT YaCTHUHU, MO0 HE TMOCTYMATHUCh MPU BHI3M1 JOPOTY TPAHCIOPTY, MACAXKUPH y CBOIO
Yepry BHUXOJATh Ha TMPODKIPKY YaCTHHY, 3aBa)Kal0uW BOJII0 3iHCHUTH HEOOXiIHUH MaHeBp.
['eomeTpuuni mapameTpu OaraThbOX KHIIEHb 3YIMWHKH HE JIO3BOJIAIOTH 3IIMWCHUTH HEOOXITHUN
MaHeBp, 1HO/I BOHM 3aHHATI NpUNIAPKOBAaHUM TpaHCHOpTOM. BomHouac Hemae maHayciB ams 313ay
1HBaiAiB-B1304HUKIB Ta MI'H 13 mocaakoBoro maiimaH4ymka 10 3ai3Hoi kumeHi. Hajiuacrimne takum
nacakxupaM OyBa€ HENErko JOJaTH MEepelkoau s IMOCagku a0 aBrolyca, Tposieidyca,
MapIIpyTHOTO TaKCi.

3ynMHKa TPOMAJCBKOTO TPAHCHOPTY JJs OOCIYrOBYBaHHS I1HBaJIIAIB Ta IHIIMX
MaJIOMOOUIBHUX TPYN HAaceJIeHHs MpU3Ha4deHa NIl OYIKYBAHHS Ta MOCAAKH 10 PYXOMOIO CKJIaTy
IPOMAJICBKOTO TPAHCIIOPTY, Y TOMY YHCII 3 PIBHS 3yMUHHOTO MaiiIaHYMKa; BIAPIZHAETHCA THUM, 110
MICTHTb JBa MaHAYCH 3 MOPYYHSIMH JUIsl BAKOPUCTAHHS MAacaXKUPaMHU 3 1HBATIITHUMHU, JTUTIIYUMH a0
OaraXHUMH Bi3KaMU - OJWH I TIEPECyBaHHS IO MIMIOXITHOMY TEPeX0oy MEePIEeHANKYISIPHO 10
MPOI3HOT YACTUHM, 1HIIMH A7 3131y Ha 3yNMHKOBUN MalaHUYMK MO30BKHBOI OC1 JOPOTH B MICII
NPUMUKaHHS 3ai3HOI KHIIEeHI J0 MOCAaJKOBOIO MaiJIaH4MKa, a TaKOX TAKTUIBHI HANpsiMHI, IO
BEIyTh BiJ TMIIIOXITHOTO TEPEXOoay JO MICHS OYIKyBaHHS Ta TIOCAaKH, OTOpPOXi, IO
MEPENIKO/HKAIOTh BUXO/1Y Ha MPOIKIKY YaCTUHY B HEJ03BOJICHOMY MICIIi, TAaBUIBHOH Ta BiNOBITHI
JOPOXHI 3HaKM Ta cucTeMa iHpopMallii Mpo MappyTH 'pOMaJICbKOTO TPAHCIIOPTY.
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VK 622.24.054

IIOKPAIIIEHHA ITAJINBHO-EKOHOMIYHUX XAPAKTEPUCTHK /IB3
HLTAXOM IXHbOI'O IIEPEBE/JEHHS HA BOJIHEBI ITA/THBA

0. O. MuciB, acn.,

C. L. Kpumrona, npog., 0-p mexw. Hayx,

C. P. ®inonenko, nazicmp,

lsano-Dpankiecokuii HAYIOHATLHUL MEXHIYHUL YHIgepcumem Hagpmu i eazy, Ykpaina

Metoro naHOi pOOOTH € EKCHEepUMEHTaNIbHI JOCHIIKEHHS MOXKJIMBOCTI BUKOPUCTAHHS
QIBTEPHATHBHUX BOJHEBUX NAIWB JUIsI JM3EIBbHUX JIBUTYHIB aBTOMOOUIRHOTO TPAHCIOPTY 3
BUKOPUCTAHHSAM TEIJIOTH BIANpPalbOBaHUX ra3iB.

TeopeTn4Hi OCHOBM MOMIOHMX CHCTEM >XHMBICHHS JBHIYHIB BHYTPIIIHBOTO 3TOPSIHHA B
Cy4acHIN JOCHIAHMULBKIA MPaKTHUL 3aJMIIAI0Tbcd MaloBMBUYEHUMH. OJHAK BOHU IPEJICTABISAIOTH
CYTTE€BHM IHTEpPEC 3 TOUYKH 30pYy OI[IHKM TMOTEHIIWHUX MOMJIMBOCTEH 3aCTOCYBaHHS JIBUTYHIB 3
TEPMOXIMIYHOIO pEereHepalic€l0o B CKIaAl CHUCTEM JKHMBICHHS 1 WiABUIICHHA €(QEKTUBHOCTI
BUKOPUCTAHHS EHEprii aJbTepHATHBHUX BHJIIB MaJHMBa, 30KpeMa Uil ICHYIOUMX JU3EIBbHUX
JBUT'YHIB, 5IKI OyAyTh epeobiaHaH1 Ha ra3os.i.

Oninka e(heKTUBHOCTI BUKOPUCTAHHS aJIbTEPHATUBHUX BOJHEBUX IMajuB Oyjia MpoBeJcHA B
7a00paTOPHUX YMOBaX Ha MOTOPHOMY cTeHZl. CXema eKCIepHMMEHTAJbHOIO CTeHJIy Ha 0asi
nu3enabHoro npuryHa JI21A1 miig mociipkeHHs MOKa3HUKIB HOro poOOTH MPOIyKTaX KOHBepCli
METaHOoJly 300pakeHa Ha pHc. 1., 30BHILIHIA BUTIISAA CTEHIYy — Ha puC. 2.

Tennoisonsiis TepmoxiMidHuiA  Hejrrpanisatop M NyLWHWK
peakTop
MeTaHon ] |
) VA A AN 3 LI L_ BignpausosaHi _
10 A W W . — — rasm o
ManueHWM J_k [ :Ti 4 <—T§f£gggr y
eneKTPUYHWIA ll l |l |l|_ wetariony [\ PigvHHWi
Hacoc nigirpisay
OXONOOXYHYOT
piavHn
MeTtaHon B Fa3o0BUi
3pigxeHin peaykTop
dasi T /
T MoBiTpsa |:
\ bak 3
bak 3 Perynatop aHTUMpU3om
MeTaHOoM TUCKY nanuea

Pucynoxk 1 — Cxema excriepuMeHTaIbHOTO CTEeHAY Ha 6a3i nu3enbHoro napuryna J21A1 mis
JOCIIPKeHHS MMOKA3HUKIB HOro poOOTH Ha albTEPHATUBHUX BOJHEBUX MaTUBaX
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1 — TepmoximiuHU# peakTop; 2 — HAaBaHTAXXYBAJIbHUI NPUCTPiil JBUTYHA BHYTPIIIHBOTO
3rOpsiHHS; 3 — Au3ebHUN ABUTYH J[21A1; 4 — ra3oBHii peIyKTOp

Pucynok 2 — 3oBHimHI# BUTIIAL CTeHAY Ha 0a3i auryHa JI21A1 nus mocmimkeHHS
MMOKa3HUKIB POOOTH HA aJIbTEPHATUBHUX BOJIHEBUX CyMIIIax

JIBUTYH €KCIIEpMMEHTAJIFHOTO CTEHIy MIr MpalioBaTd B TPbOX pEKUMax: I[0Ja4ya
JIM3EJIPHOTO TaJIuBa B 3piIKeHid ¢a3i uepe3 (GOpCyHKH; 1mojada MPOAYKTIB KOHBEPCIi METaHOIY
gepe3 Ta30BHHM PEIyKTOp; IoJada METAaHONy B 3piipkeHiid ¢asi depe3 ¢opcyHkH. MeTaHO
MOJIaBaBCsl 3 MAJIMBHOTO 0aKy 3a JOMOMOTOI0 €JIEKTPUYHOIO MAJMBHOTO HACOCY 4Yepe3 PeryisiTop
TUCKY manuBa. JJis KoMmmeHcamii BiTHOCHO HU3bKOI TEIUIOTH 3TOPSHHS METAHOY Ta 301IbIICHHS
Horo mojaul peryisiTop TUCKY NajiuBa 3abe3nedyBaB nogady Meranony mig tuckoM 0,5 Mlla. s
3a0e3MeueHHs] PErYNIIOBaHHS METAaHOJBHO-TIOBITPSAHOI CyMilll Ha JABUTYH OyB 3MOHTOBaHMUA
JpOCeIbHUM NaTpyOOK 3 APOCENBHOIO 3aciiHKo. [lifirpiB MetaHomy AJisi OAepKaHHsS MPOAYKTIB
KOHBepCii 3/1iCHIOBABCS BiJ BIANpPAIbOBAHUX Ta3iB a0 BUKOPHCTOBYBABCS PIMUHHUHN MiIirpiBau
OXOJIOIKYIOUO1 PIAMHU MiJ] Yac MYCKY XOJIOJHOTO JBUTYHA Ta MPH MOro MPOrpiBaHHI.

Jiist 3a06e3neueHHs X0JIOHOTO MyCKY ABUTYHA B PEKUMi POOOTH BiI MPOAYKTIB KOHBEpCii
METaHONy Tepe]l Ta30BUM PEayKTOpOoM OyB 3MOHTOBAaHUM PIAUHHHUM MiIrpiBad OXOJOKYHOUOi
pinuaun  Webasto Thermo Top C (5 kBr). PigunHuM# migirpiBad o0XOJOPKYKOYOT piAMHH
BIKJIIOYABCA  IpU  JOCSATHEHHI  BiampauboBaHuMu  rasamu  Temmeparypu 300  °C.
TepMoKaTamiTHYHUN peakTOp KOHBEPCii METaHOIy BCTAHOBIIIOBABCA y BUIIYCKHUH CHCTEMI JU3EIIs
B O6e3nocepeaHiii 6JIM3bKOCTI BiJl BUILYCKHOT'O KOJIEKTOpA.

MeToro eKCcnepuMEHTaIbHUX JOCHI/KEHb OYylI0 TOPIBHSAHHA OCHOBHHX MOTYXXHICHHX Ta
[AJIMBHO-€KOHOMIUYHUX XapaKTEpUCTUK MEepeodsaJHaHOrO JM3eIbHOTO JBUI'YHA IpU Horo poOorti
Ha JW3eIBHOMY IMaJiMBI Ta MPOAYKTaX KOHBepTallii meraHoxy. lJis OIIHKH €Hepro30epiraroyoro
edexTy Oynu MpoBe/ieH1 eKCIIEPUMEHTANbHI JOCHIHPKEHHS HA MOTOPHOMY CTeH i ABUryHa J[21A1.

ExcniepuMeHTanbHI  3a7€KHOCTI 30BHINIHBOI IIBUAKICHOI XapaKTEPUCTHKH JH3EILHOTO
neuryna D21A1, KOHBEpTOBAaHOTO Ha JM3€IbHE MaJUBO, METAHOJbHE NAJIMBO Ta AJIbTEPHATHBHY
BOJIHEBY TMaJMBHY CYMIIl HaBeJEHI Ha pHC. 3. AHATI3YIOUM EKCIIePHUMEHTAJIbHI 3HAYCHHS
MOTYXHOCTI, BCTaHOBJIEHO, IO NpuU HOMiHaNbHIA mBHIKOCTI (n = 1800 xB-1) ) edexTuBHA
noTyXHIicTh N ISl qu3enbHOro manuBa craHoBwia 18,1 kBT, a Iis MpoOAyKTIB TMepeTBOPEHHS
metanony — 10,1 kBt (1 kr meranony / 14,3 kr noBitps). B cepennboMy 3HaueHHs €PEKTHBHOT
MOTYXHOCTI N JIBUTYHa Y BCbOMY JIialTa30Hi YaCTOT KOJIHYACTOTO Baly B MOPIBHSHHI 3 TU3CITHLHUM
MaJIMBOM, IIIO IMPALIOE HAa MPOIYKTax repeTBopeHHs MeraHoiy (1 kr meranony / 14,3 kr nositps),
3MeHIImIocs Ha 45 %. AHali3ylouu eKCliepuMEeHTalIbHI 3HAUE€HHS MOTYXHOCTI, 0yJI0 BCTAHOBJIEHO,
mo npu HomiHambHIA "acToTi (n = 1800 xB-1) edexTuBHA MOTYXHiCTh N A7 METaHOIBHOTO

3bipnux mamepiarie MiKnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 166



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

nasmBa (1 kr mertanony / 6,45 kr noBiTps) ctaHoBwiaa 17,1 kBr, ane Ha mpoxykTax KOHBepCii
MetaHony (1 xr meranony / 6,45 xr moBiTpsi) nopiBHioBasna 21,2 kBt (1 xr meranony / 6,45 xr
noBiTps). B cepenubomy 3HadeHHs e(heKTUBHOI MOTYKHOCTI N IBUT'YHA y BCbOMY Jiara3oHi 4acToT
KOJIIHYaCTOTO BaJIy B OPIBHSHHI 3 IU3EIHHUM IMAJIMBOM, IIIO MPAIIOE HA METaHOJbHOMY TaiuBi (1
KT MeTaHomy / 6,45 Kr moBiTpsi) 3MeHImiocsa Ha 5 %, Ui IepeTBOPEHHSI METaHOIy MPOAYKTIB (1 Kr
MeTaHody / 6,45 kr noBiTps) 301nb1uBCA Ha 14 %.

24

~ & ITpOoayKTH KOHBEPCiT METaHOILY
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Pucynok 3 — ExciepuMeHTanbHi 3aJ€KHOCTI €peKTUBHOT MOTYKHOCTI N Bijl 4acTOTH
oOepTaHHs KOJIIHYACTOTO Baja IBUTYHA N JIJIS PI3HUX MOTOPHUX ITaJINB

[IpoBeneHi qociKEHHS MMOKa3aly, 10 3 BpaXyBaHHSAM TOTO0, 110 1liHA METAHOIy CKJIaJia€e, B
cepenapboMy, 10-20 % Big BapTOCTI AW3EIBLHOTO IajBa, TEPEBEACHHS AU3CIbHUX IBUTYHIB Ha
po0OTYy 3 BUKOPHCTAHHIM MPOAYKTIB KOHBEPCIi METAHOJY € OCUTh BUTIAHUM. 3HWKECHHS BUTPATU
MajauBa CYNPOBOJDKYETHCS MOJIMIIEHHSM EKOJIOTIYHUX SKOCTEH AM3eNsi, MO Mpallo€e CIUIBHO 3
TEPMOXIMIYHHM PEaKTOPOM KOHBEpCii MeTaHOIy. 3aCTOCYBAaHHS PO3IJIIHYTOrO CIOCO0y YTHITi3amii
€Heprii BUIIYCKHUX Ta3iB B TPAHCIOPTHUX ABUTYHAX IPEACTABISETHCS JOCUTH MEPCHEKTUBHUM.
3aBIsSKM TEXHIYHIM MPOCTOTI HOro peamizaiis HEe BUMAara€ BeIUKUX (DIHAHCOBUX BKIJIAJCHb Ta
KapJIMHAJILHOTO TIepeo0IaiHaHHS ICHYFOUOr0 BUPOOHUIITBA JIBUTYHIB.

B sikocTi 6a30Boro ABHryHa MOke OyTH BHKOpHCTaHa Oyab-sika cepiiHa MOAEIb TU3EIbHUX
nBuryHiB. Lle cTocyeTbes SIK TUX JBUTYHIB, IO 3HAXOASATHCS B €KCILTyaTallil, TAK 1 HOBUX JBUTYHIB.
OCHOBHHI €JIECMEHT KOHBEPCIMHOI CHCTEeMH — TEPMOXIMIYHHA peakTop — SBISIE COOOIO
HaWUIPOCTINTY KOHCTPYKIIiIO TEIJIO0OOMIHHOTO armapary, MacoBi Ta rabapuTHI XapaKTEPUCTHUKH SIKOTO
B 00cs131 3BUYAfHOTO TIYITHHKA 320€3Meuy0Th 3pY4HICTh HOTO YCTAaHOBKHM Y BUIIYCKHUH CHCTEMIi
JBUTYHA.

BaxiuBUM CTUMYJIOM TOJAJIBIIONO PO3BUTKY NOMIOHMX CHCTEeM € Te, IO BOHHU
00YMOBIIIOIOTh MOKJIUBICTh CYKYITHOTO BJIOCKOHAJICHHSI XapaKTEPUCTUK TPAHCIOPTHOTO 3acoly 3a
KOMIIIEKCOM TIOKA3HHMKIiB. IX peamisallis Ha TPAaHCIOPTHHX 3aco0ax JO3BOJIAE, 30KpEMA,
YTUJTI3YyBaTU BIJX1IHY TEIJIOBY €HEPrilo, YIOCKOHAIIOBATH MPOLECH 3TOPSHHS, MOKpAIlyBaTH
€KOJIOTIUHI SIKOCTI TPAHCHOPTHUX 3aco0iB, 3a0e3nedyloud MpU LbOMY MOKIUBICTH 3aMiHU
TpaauliiiHOro Ha(TOBOro ManauBa aJlbTEPHATUBHUM EHEPrOHOCIEM 3 TIOHOBIIOBAHUX JDKEpEd,
CIPUSIOYN TAKUM YMHOM BUPIIIEHHIO II100aIbHOT IPOOIeMH pecypco30epeKeHHs.
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VIIK 656.073

3ABE3INEYEHHA EOQEKTUBHOCTI CHCTEMMH YIIPAB/IIHHA
ABTOMOBUIBHUMMH INIEPEBE3EHHAMMHU JIOT'ICTHYHUM
MOHITOPUHI OM

O.M. Tepruus, acn.,

O.B. Irnaruyenko, mazicmp,

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

C.€. Karepunu4, 0oy., KaHo. mexH. HAYK,

LlenmpanvHoykpaincoKull HAYIOHAILHUL MeXHIYHUL YHieepcumem, Ykpaina

B ymoBax cyuacHOi eKOHOMIKH Oy/b-siIK€ TPAHCIIOPTHE MMiAMPUEMCTBO UM KOMIIaHis, sIKa Mae
BJIACHUH 4YHM OPCHIIOBAHWN aBTOMAPK, CTHKAETHCA 3 MPOOJIEMOI0O KOHTPOIIO BUKOPUCTAHHS
aBTOTPAHCHOPTY Yy TMpoOleci BHUKOHAHHA 3adBKU. Bupimutu 10 npobdieMy aomnomarae
CYIMyTHUKOBHI MOHITOPUHT TPAHCIIOPTY.

CynyTHUKOBUH JOTICTUYHUN MOHITOPUHT SIBJISIE COOOI0 CHCTEMY TOTAJIbHOI'O KOHTPOIIO
MepecyBaHHsl aBTOTPAHCIIOPTY, IO BKJIIOYAE JIOTICTUYHI CUCTEMHU CYMYTHHKOBOI HaBiramii (sK
npaBuio, Ha ocHoBi TexHosorii GNSS), MoHiTOpuHrOBe 00janHaHHS (CYIMyTHUKOBI TEpMiHAJIU-
TpPEKEepH), TEXHOJIOTIi CTIILHUKOBOIO 3B'SI3KY 1 IUPPOBI (pacTpoBi a00 BeKTOpHi) KapTu. CyTHICTb
po0oTH cHCTeMH TOJdsrae y BIACTEXKEHHI Ta aHali3li KOOPAMHAT MICIE3HAXOKCHHS
aBTOTPAHCHOPTHOIO 3aco0y. Ll TeXHOI0r1s BUKOPUCTOBYETHCS AJIs BUPILICHHS 3aBJaHb JOTICTUKU
B aBTOMAaTH30BaHUX CUCTEMaX KEpYBaHHs BaHTAXONEPEBE3EHHSAMH Ta aBTOIAPKOM.

TakuM  YHMHOM, Cy4YacHI CYNyTHUKOBI CHCTEMH MOHITOPHHTY TpPAaHCIOPTY €
B3a€MOIIOB'SI3aHUMH €JIeMEHTaMU HaBiralii, opratizaii Ta aHani3y BaHTaKOIepeBE3€Hb.

BaxnuBo Bi3HauMTH, IO TMEpeBaraMH 3acTOCYBaHHS CYIYTHHKOBOTO MOHITOPHHTY
Ipoliecy TPAHCIOPTYBAHHS € MiJBUIICHHS SKOCTI TPAHCIIOPTHOTO MpoIlecy Ta 30UIbIIEHHS 00Csry
NepeBe3eHb 3a pPAaXyHOK MOJKJIMBOCTI OH-JIAHH JOCTynmy 10 iHopMalii mOpo MOTOYHE
MICII€3HaXOJKEHHsI aBTOTPAHCIIOPTY, 4Yacy MpHOYTTS TPaHCHOPTHOrO 3aco0y Ta BiANpaBIEHHS
BAaHTAXIB; ONIEPATHBHOTO pearyBaHHs Ha BIAXWICHHS aBTOMOOUISA BiJl MAPIIPYTy PyXy YU 3aJaHOTO
rpadika; MapmpyTH3alii Ta IUJIaHyBaHHS IepeBe3eHb; 30UIbIIEHHS TEPMIHY eKCIUTyaTarii
TPAHCIIOPTHHUX 3aC00IB 3a pPaxyHOK MOXKJIMBOCTI KOHTPOJIIO PEXHMIB KepyBaHHS aBTOMOOLIEM Ta
IIBUJIKICHUX XapaKTEPUCTHK PyXy .

Cuctema CyNmyTHHKOBOT'O MOHITOPHHTY Tiporiecy TpaHcmopTyBanHs GNSS gomomarae
MiIBUIIATA OE3MEeKy aBTONEPEeBE3€Hb 3aBISKA MOXKIUBOCTI HAJCHIAHHS BOJIEM TPUBOKHOTO
CIIOJIYYCHHS B OyAb-KHM MOMEHT;, OIEPATUBHOTO KOHTPOJIO BIIXWJIEHHS aBTOMOOUIS Bij
3aIJIaHOBaHOI'0 MApIIPYTY MpsIMyBaHHS a0o0 Mpu HOro BUXOJI 3 3a3HAYEHOI qUCTeTYepoM 00iacTi
(reo30HM); BIICTEKEHHS CHUTHATIB BiJ JTOJATKOBUX JaTYMKIB, BCTAHOBJICHUX Ha BaHTAXIBII
(HampuKIIaa, BiJl JaTYUKA BIAKPUTTS BaHTAKHOTO BiJICIKY a00 NpU 3HMKEHHI 33/1aHO1 TeMIIepaTypH
B pedprxeparopi), a TaKOX BiJJaJICHOTO BUMHMKAHHS YU BKJIIOYEHHS JUCIETYEPOM BHKOHABUUX
NPUCTPOIB (HANPUKJIIAJ, 3aMKiB JABEpEil Ta JIAHIFOTa 3aMaJIFOBAHHS ).

VY cBol uepry, 3HayHO 3MEHIIYIOTHCA OIEepalliiiHi Ta IHIII BHUTPaTH 3a JIOHNOMOTOIO
BUKJIIOYECHHS HEIJIbOBOI EKCIUTyaTalii aBTOTPAaHCIOPTY Ta 3aBHIICHHSA MpPOOIriB, 3HMWKEHHS
XOJIOCTOTO Ta HEMPOIYKTUBHOTO MPOOIry, eKOHOMIi MaauBHO-MacTHIBbHUX MaTepianiB (IIMM) —rta
IHIIUX BUTPATHUX MaTepiajiB, MiJBUIIEHHS SKOCTI POOOTH BOJIIB Ta JAMCHETYEPIB, CKOPOUCHHS
KUTBKOCT1 aBapiiHUX CUTYallid, MPUHHATTS PIICHB IIOJI0 YIPABIiHHS BaHTAKOIEPEBE3CHHIMH Ha
OCHOBI OTPUMaHUX AHANITUYHHX Ta CTATHUCTUYHUX JaHUX. SIK CBITYMTH NpPAKTHKA, CUCTEMaA
CYIyTHUKOBOT'O MOHITOPHMHTY JOMOMAarae 3aolagiuTi KepiBHUITBY KOMMaHii 01u3bk0 25% BUTpaT
Ha aBTOIAPK.

TakuM  YWUHOM, 3aCTOCYBaHHA  CYNYTHUKOBUX CHCTEM  MOHITOPHHTY  MpOIECY
TPAHCMIOPTYBAHHS Ja€ HU3KY IepeBar:

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 168



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

— JI03BOJIsSIE BUPIIIMTH MIMPOKUNA CTIEKTp Tajy3eBUX 3aBJaHb Pi3HUX PIBHAX ympasiiHHs. Lle
3 TUM, IO Y CHUCTEMY 3aKJaJeHO PO3IMUPEHUN (YHKIIOHAT 31 CTBOPEHHS BJIACHUX 3BITIB i
noTpeOu KOYKHOTO 3 KOPUCTYBAUiB;

— HaJla€ MOXJIMBICTh B aBTOMAaTUYHOMY PEKUMI IJIaHYBaTH MapIIPYTHI 3aBAAHHSA, CKIaJaTH
30HM KOHTpOJIO Oyap-sikoi KOH(Irypamii, nmpusHayaTH MapUIpyTHI 3aBJaHHS OJHOMY YU TpyIHi
TPaHCIOPTHUX 3ac00iB BPYYHY YU aBTOMAaTUYHO 3a 33JJaHUM rpadikoM podoTH;

— JI03BOJII€ HIOXBMJIMHM KOHTPOJIIOBATH MiCILleé PO3TAIIyBaHHS TPAHCIOPTHOTO 3acoly Ta
BaHTaXy LUISIXOM OTPUMAaHHS reorpagiqyHuX KOOpAUHAT, iHpopMalili Mpo MIBUAKICTh Ta HAMIPSIMOK
PYXY;

— BigoOparkae MiCII€3HaXO/PKCHHS Ha €JIEKTPOHHINM KapTi, MOJIa€ JaHi MPO CTaH, MapaMeTpu
Ta MapUIpyTH PyXy aBTOMOOUIA B pEXHMi peajbHOro 4acy. nepeadadae MOUIyK HaHOIMKIOro 10
MICIISl 3aBaHTKEHHSI TPAHCIIOPTHOTO 3ac00Y;

— JI03BOJISIE AaBTOMATHYHO CTBOPIOBATH pi3HI 0a3W Ta MOBIAHUKH JJIS1 MEPEXPECHOTO
BBeICHHS 1H(DOpMaIii;

— J1a€ MOXKJIMBICTD OOJIKY Ta aHali3y, (POPMyBaHHS 3BITiB Ta JOBIIHUKIB;

— ONTHUMI3YE MJaHYBaHHS 3 YpaXyBaHHIM aHAJITUYHHUX JJAHUX CUCTEMH.

— Crpusie iHTerpanii BpoBapKyBaHo1 cUCTeMH MOHITOpUHTY 3 ERP-cuctemoro ynpaBiiHHS
mianpueMcTBoM Ta SAP;

— Ma€ KIEHT-CEpBEPHY apXiTEKTypy 1 BUCOKY MAacCIITa0OBAHICTh, y 3B'I3Ky 3 UUM €
MOXJIUBICTh POOOTH CUCTEMHU SIK B PEKUMI OJHOTO KOPUCTYBava (Ha OJJHOMY poOOYOMY MiCIli), TaK
1 B Macmrabax BEJIMKUX MPOMHUCIOBUX MIANPHEMCTB (COTHI Ta THCAYI TPAHCHOPTHUX 3aco0iB,
JIECATKH BIAAICHUX aBTOMATU30BaHUX POOOYUX MICIIB).

[puHIUn 1ii cCHCTEMU CYITyTHUKOBOTO CTEXKEHHS aBTOTPAHCIIOPTOM IIOJIATAE B HACTYITHOMY.
Ha aBTOMOOiTE BCTAaHOBIIOETHCSA Tpekep (MOOUTbHMI TepMmiHai). BiH, CBOE€H 4epror, OTpuUMYye
CHUTHAJI i3 CYITyTHHUKIB, TIO3UIIIOHYE ce0e KapTi, a Jalli — KaHaJlaMH CTUTBHHKOBOTO 3B'S3KY Tepeiae
iH(OopMallito Ha cepBep.

Monyme GSM-Tpekepa [103BOJISIE TIEpeAaBaTH BiJOMOCTI, BHKOPHCTOBYIOYM MEPEKi
oreparopiB CTUILHUKOBOTO 3B'13KYy (GPRS-kananu). OtpuMani 1aHi 00poOIsSIOTECS Ta BUAIOTHCS
JOUCIEeTYepy y BUIUIAAlL 3BITIB ab0 3 BHUKOPUCTaHHAM KapTOK, BiJoOpa)karouu MOTOYHE
MICLIE3HAXOKEHHS aBTOMOOLIIS.

CucrteMu CymyTHHKOBOTO MOHITOPHHTY aBTOTPAaHCHOPTY, IO NPEACTABICHI HAa PHHKY,
BIJIPI3HAIOTHCSA (DYHKIIIOHAJBHICTIO MPOTPAMHOTO 3a0€3MEeUeHHs, MOMXJIUBICTIO OOPOOKM NaHUX Ta
re’eparii 3BiTiB.

[Iporpamue 3a0e3nedyeHHst Ta OONAIHAHHSA 3 MiHIMaJIbHUMHU (YHKUISIMU YMOXIIUBIIOIOTh
MEePCOHAIbHUIA MOHITOPUHI 1 BHUPILIYIOTH psAJ WOTO OCHOBHUX 3aBJaHb, O SIKUX MOXe OyTu
BIJTHECEHUH KOHTPOJIb 32 TIEpEeCYBaHHAM CIiBPOOITHUKIB.

3akiH4eHl MporpamMHoO-amapaTHl KOMIUIEKCHM TMOOYyJOBaHI 3a MPHUHLUIIOM TOro, UIO
nporpamMHe 3a0e3leYeHHs Ta CYIMYTHHKOBE OOJIaJHAaHHS HaJAIITOBaHI OJMH Ha OJHOro, a
MO>KJIUBICTh TEPENpOrpaMyBaHHs 3 METOIO0 IEPEeBEACHHS MpWIaLy 3 OJHIE] CHCTEeMU Ha 1HILY
MiHiMi30BaHa.

[Iporpamue 3a0e3mneueHHs, CyMICHE 3 PI3HUMH KOHTpOJIEpaMH Ta TpEeKepaMM, 3a3BUYAN
HA/Ia€ThCS B OPEHJTY 3 PI3HUX CepBEPIB (CEPBEPHUX LIEHTPIB).

CepBep mporpamMu 3AaTHUN MIATPUMYBAaTH KiJbKa BHIIB CYIYTHHKOBOT'O HAaBITAI[IHHOTO
o0J1aTHaAHHS OJJTHOYACHO, JI03BOJIAIOUM KOPUCTYBayaM MaTH Y CBOEMY aBTOIAPKY Pi3HI TEPMiHAIH.

31 30UIbIICHHSM TIOTpEOM Yy CHCTEMax CYIMYTHHUKOBOTO CTEXEHHS TpPAaHCIIOPTOM
PO3LIUPIOETHCS, BIAMOBIIHO, 1 PUHOK CHCTEM CTEKEHHs 3arajioM. AKTUBHUH PO3BUTOK PUHKY
CHCTEM CYIYTHHUKOBOTO MOHITOPHHI'Y NPOLIECY TPAHCIOPTYBaHHs, CBOEI YEProro, TArHE y cede
3MIHU y CYyTHUKOBHX T€XHOJOT15X.

BukopuctanHs B KOMEpLIHHOMY CEKTOpl BHIIE3TaJaHUX CYIIYTHUKOBUX CHCTEM
CYNPOBOUKYETBCS TEBHUMH IIOMICSIYHUMH BHUTpaTaMu, SKi 3ajexarb Bil o0cAry mnepenaHol
MPOTATOM Micstls iHdopMarlii Ta BiJy 4aCTOTH TIEpeaadi.
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VIK 621.8

BUKOPUCTAHHA Y3ATI'AJIBHEHUX TIATHOCTHYHHUX IIOKA3HHUKIB
JUIA KOMILIEKCHOI OIIIHKH TEXHIYHOI' O CTAHY BY3JIIB
ABTOMOBUIIB B X011 PO3CIIZIYBAHHA ITIT

. B. MipoHOB, 00y., Kano. mexH. Hayx,
LP. Knumuyk, cm. ep. MAm-61,
Tepuoninvcokuil HayioHanbHul mexHiuHul ynieepcumem imeni leana Ilynos, Ykpaina

Beryn

PoscnigyBanns nmpuumH JITII Tak 4m iHaKmie TMOB'sA3aHi 3 MPOIECOM OIIHKH TEXHIYHOTO
CTaHy TPAHCIOPTHOrO 3aco0y Ta BUSBICHHS HECHPABHOCTEH OKPEMHUX BY3IiB aBTOMOOLIS, SKi
Mormu crati npuuauHOoro JITII. Orminka TEXHIYHOTO CTaHy TPAHCIOPTHUX 3aco0iB IIiJ Yac
poscaigyBannas JTII moB'a3ana 3 HeoOXinHICTIO 00JiKy Oe3niui KpUTepiiB, L0 MalTh pi3HI
3HAYEHHS Ta PO3MIPHOCTI, OCKUIbKM Came MOHSTTS TEXHIYHOIO CTaHy 00’€KTY € KOMIUIEKCHUM Ta
XapaKTepU3Y€EThCSl BEIUKOIO KUIBKICTIO YaCTKOBMX IapaMeTpiB OLIHKU. /0 TakuMX 4YacTKOBHX
MOKa3HUKIB TEXHIYHOIO CTaHy TPAHCIOPTHOTO 3aco0y BIJHOCSATBCS OKpeMl J1arHOCTHYHI
MOKAa3HUKM CTaHy EJIEMEHTIB XOJIOBOi YAaCTUHH, TaJlbMiBHOI CHCTEMH, €JIE€MEHTIB 30BHILIHBOT
KOHCTPYKIIi aBTOMOOLIs Ta iHII napameTpu. [Ipu npomy pi3Hi napaMeTrpu MaroTh pi3HI OJMHULI
BUMIPY — SIK SIKICHI, TaK 1 KiIbKicHI. TOOTO OIliHKa 3araJbHOTO TEXHIYHOT'O CTaHy TPAHCIIOPTHOTO
3aco00y CyOOBUM €KCIIEPTOM — 3aBJaHHS OaratokpurepiajbHe, L0 MOTpedye creuiaabHOIro
MaTeMaTUYHOTO 1HCTPYMEHTapilo AJs iHTerpaibHOl ouiHKU. Taka 3amada Moke OyTH BHpilIeHa
[UIIXOM BHUKOPHCTAHHS METOJIIB TeOpii HEUITKUX MHOXHH, a caM€ METOMAIB MoOyaoBH (YHKIIIH
0a>kaHOCTI.

MeTta podoTun

Po3rnsiHyTH MOMXJIMBICTh BUKOpPUCTAaHHS (YHKLIT OakaHOCTI XapiHITOHAa MJIsi OLHKH
TEXHIYHOTO CTaHy OKPEMHX BY3JIIB JIETKOBHX aBTOMOOLIIB Kareropii M1 cynoBum ekcneprom B
xo1i poscaigyBanus JTIL

TeopeTu4Hi ocHOBH

OnHuM 13 HMOBIPHHUX CIIOCOOIB OLIHKK pe3yibTaTiB aBToTexHiuHOi excneptusu ATII mus
aHaJI3y OTPUMAHUX PE3yJbTATIB € BUKOPUCTAHHS y3arajibHeHO1 (QyHKIli Oa)kaHOCTI XapiHTTOHA
[1], m0 MHPOKO 3aCTOCOBYETHCS B MPOIECi MPOBEIACHHS EKCIEPUMEHTATBHUX JOCHIKCHb Ta
00poOKH X pe3ynbTaTiB. B 0CHOBI mMOOym0BH y3araiabHEHO1 (DYHKIIIT JIGKUTH 1/1es1 IepEeTBOPEHHS
OTPUMaHUX 3HAYEeHb NOKAa3HMKIB BIIACTHBOCTEW (y PI3HMX OAMHHUIIX BUMIpY, Y TOMY YHCII 3
SKICHUMH Ta (PI3UIHUMH) y 0€3p03MipHY KAy Oa)KaHOCTI.

[Ipu3HavyenHs mkanu 0a)kaHOCTI — BCTAHOBJICHHS BiJIIOBITHOCTI Mi>K 3HAUEHHSIMH KPUTEPIiB
y GIBUYHUX IIKaJax 1 MCUux0o(13UIHIMH TTapaMeTpaMu — Cy0’ eKTUBHUMH OIIHKaMH 0a)KaHOCTI TOTO
YM {HIIOTO 3HAYEHHS BiANOBiAHOrO Kpurepiro. Illkana BiamToBaHa Tak, IO KPaloMy 3HAYCHHIO
KpUTEpit0 BiAmoBigae Ounbine 3HaueHHS OakaHocTi. [ moOymoBu mikamu Oa’kaHOCTI 3PYYHO
BUKOPHCTOBYBATH METOJ KUIBKICHHX OLIHOK 3 IHTEpBaJIOM 3HaueHb OaxkaHocTi d Bim Hyms 10
oauHMIN. 3HAUYEeHHs YacTKOBOI (yHKIi d=0 BiAmoBigae HaWOINBII HENPUHHATHOMY BHMIpSHOMY
3HAQYEHHIO JAaHOrO TapameTpa, a 0=1 — HalKkpalioMy 3HA4YCHHIO MapameTpa, MpH SKOMY HOTro
MoAJIbIIIE TTOTIMIIICHHS] 200 HEMOXKIIMBO a00 HEOIIIbHO (Tadut. 1).

@ynkiii  0axaHOCTI MOXYTh MaTh OJHO- abo JBOCTOPOHHI oOMexeHHs. s
JBOCTOPOHHBOTO OOMEXKEHHS TIEPETBOPEHHS BUMIPSHOTO KPUTEPilO Y B ImKairy 0 BUKOHYeThCS 3a
JOIOMOTOI0 BHpa3y:

d = exp(—=|y'|™), (1)
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Taoimuus 1 — ba3oBi Ho3HAYKY MIKAJIU 0aKaHOCTI

KinbkicHa BigMiTKa Ha 1ikai 0aaHoCTi d baxxaHicTh 3HAUCHHS KPUTEPIO ¥
0,80 - 1,00 Hyxe nobpe
0,63-0,80 Jobpe
0,37 -0,63 3a10B1IEHO
0,20 - 0,37 ITorano
0,00 -0,20 Jlyxe moraso

JUis OTHOCTOPOHHIX OOMEXEHb BUAY Y < Vpmax 200 Y = Vi, OUIBII 3pydHOIO (hOpMOIO
nepeTBOpPeHHs Y B d CIIY)KUTh 1HIIIA EKCIIOHEHITIAIbHA 3aJIC)KHICTh

d = exp[—exp(—y")] (2)
ne d - gactkoBa QyHKIIisI 0a)KaHOCTI.

Maroun HabOip KpUTEPIiB, MEPETBOPEHHUX B IIKaIy OaskaHOCTI 0, BU3HAYA€THCS iHTErpaIbHUMN
y3arajbHEeHUH MoKa3HuK O6axkaHocTi D, sik 3ropTka yacTKoBUX (yHKILINH 6aKaHOCTI:

_ a;p __ q !
D¢ = H1si5q d;" = exp[— Zizl a; eXP(—}'i)] ©)
Je { — YHUCIIO aHalI30BaHMX IapaMeTpiB, Q; — BaroBl KOE(IIIEHTH, SIKI BKa3ylOTh Ha
3HAYUMICTh YaCTKOBUX KpuTepiiB. SIkmo xoua 0 omHa dyactkoBa Oaxanicth di = 0, To i
y3aranpHeHa ¢yHkmiss D; = 0. lle o3navae, 1o mocmipkyBaHUN OO’ €KT 3HAXOIUTHCS B

He3a70BiIbHOMY (aBapiitHomy) crani. ko Bei di =1, o1 D; =1 [2].
IIpakTHyHa peasizauis

Jns ampoOarii METOAMKH OLIHKM TEXHIYHOTO CTaHy TPAaHCHOPTHOrO 3aco0y I dac
MIPOBE/ICHHS CY/IOBOi €KCIEPTH3U 3 BUKOPUCTAHHSIM Y3arajJbHEHOTO MOKAa3HUKA SKOCTI BUKOHAHO
MEPEeTBOPEHHS MOKA3HHUKIB TEXHIYHOI'O CTaHy BY3JIB JIETKOBOTO aBTOMOOiNA karteropii M1 y
4acTKOBI (PyHKIIIT Oa)KaHOCTI 1 PO3Pax0OBaHO IHTETPAIbLHUN y3araJlbHeHHH MOKa3HUK OakaHocTi D.
3po0IeHO MPUIYIIEHHS, 110 3AJIEKHICTh MK KOHTPOJIBOBAaHUM ITapaMETPOM Ta BiATOBIIHOKO HOMY
4acTKOBOIO (pyHKIIi€r0 Oa)kaHOCTI JiHIMHA. TOOTO, rpaHUYHO JOMYCTUMOMY 3HAYEHHIO MapaMeTpa
BIJIMOBIJa€ HAWMEHINI piBEHh OAKAHOCTI, a HAWKPAIOMY 3HAYCHHIO MapameTpa — HalOiIbIe
3HaueHHs OakaHocTi 0. Buau KOHTPOIbOBAHMX MapaMeTpiB Ta MEXi iX MPUIYCTHMUX 3HAYCHb
BH3HAYCHO 3TiaHO 3 [3, 4].

[lpy HasBHOCTI JTBOCTOPOHHIX OOMEXEHb JUIsl KOHTPOJILOBAHHMX IapaMeTpiB  BHIY
Ymin <YV < Ymax TEPETBOPEHHS 3HaYE€Hb KOHTPOJIHOBAHMX MAapaMETPiB Y B 4aCTKOBI OakaHOCTI d
BUKOHYBaJIoCs 3a Bupa3oMm (1). Jlms omHOCTOpPOHHIX OOMEXEHb /10 KOHTPOJIHOBAHUX TapaMeTpiB
BUAY ¥V < Vinax 200 ¥ = Vpin TEPETBOPCHHS 3HAYCHb KOHTPOJILOBAHUX IAPAaMETPIiB Y B YaCTKOBI
OaxxaHocTi 0 BUKOHYBajocs 3a BupazoMm (2). Jlas oTpuMaHHS 3aje)KHOCTEH YaCTKOBUX (DYHKITIH
OaxxarocTi d BiJ HOpPMAaTHBHHX iarHOCTUYHUX TMOKAa3HHKIB Y 3 BpaXyBaHHIM JIIHIHHOI 3aJ€KHOCTI
MKk Y Ta d OyJ0 BCTaHOBJICHO HACTYIHI CHIBBIJHOUICHHS: TPAHUYHO JOMYCTHMOMY 3HAYCHHIO
KOHTPOJILOBAHOT'O MapameTpa 3rijHo 3 [3, 4] BianoBigae piBeHb OakaHocTi, piBHMH 0,2 (“morano”),
a HalkpaioMy — HaiObIIe 3HaueHHs OaxaHocTi 0,8 (“myxe n00pe”) (Tada. 2).

B pe3ynapTaTi OTpMMAHO 3aJI€KHOCTI YaCTKOBUX (YHKLINH Oa’kaHOCTI BiJ HOPMAaTHBHHX
3HaY€Hb KOHTPOJbOBAHUX NTAPaMETPIB JIETKOBOTO aBTOMOOLIIS:

d, = exp[—exp(—1.72 + 0.22 - y;)], (4)

d, = exp[—exp(—1.665 + 0.165 - y,)], ()
ds = exp[—exp(0.476 — 1.976 - y5)], (6)
dy = exp[—exp(y’,)?9%], (7)

ds = exp[—exp(2.459 — 1.235 - y<)], (8)
dg = exp[—exp(0.476 — 1.976 - y,)], 9)
d, = exp[—exp(y’,)?8"*] (10)
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Tabnuus 2 — ba3oBi 3HaueHHs (yHKLINA 0a)XaHOCTI 1 BIAMOBIIHI 3HAYEHHSI KOHTPOJIBOBAHUX

napameTpiB
3HaUYCHHS .
3HaueHHs 4ACTKOBO BaxanicTb
By KOHTPOJILOBAHOTO MTapamMeTpa KOHTPOJIbOBAHOTO (yHKuii 3HAYECHHS
napamMmeTpa 6a)I}<IIE;.IH§CTi napameTpa
. . 1 0,8 nobpe
Cymapnuit KyToBuU# 3a30p, Y1, Tpaj 10 02 HOTAHO
Makcumanshe 3ycuiuid, Yo, H 113 8’2 1?(?211){%
CIIpaBHi 0,8 nobpe
CraH pyiboBuX T4, Y3, 6/p HECIPaBHi 0,2 IIOTaHO
Tuck noBiTps B IMHAX, Ya, bar i'g 8’2 1?(?1"62121 Z
3,2 0,8 no6pe
Bucora pucyHky nporekropa, Ys, MM 16 02 HoraHo
Cran s, y, 6/p 0€3 MONIKOKEHD 0,8 nobpe
3 MIOIIKOKEHHSIMU 0,2 IOTaHO
Koedimient 3ueruienns, Yz, 6/p 8'2 8’2 1?(;)1"6211?1 Z

@®parMeHT MacuBy 3HA4Y€Hb KOHTPOJHOBAHMX IapaMeTpiB II'ATHU JIETKOBUX aBTOMOOLIIB
kareropii M1 mapok BA3 2107, BA3 2108, BA3 2109 (2 oaununi) ta BA3 2121, otpumanux B
pe3yabpraTi npoxoaxkeHHs TO 1 N1arHOCTUKM TPAaHCIOPTHUX 3aco0iB, MpuBeIeH! B Tabi. 3. 3a
Bupazamu (4-10) mi 3HaueHHs mepepaxoBaHi B 4YacTKOBI (QyHkmii Oaxanocti d (Tabn. 4).
Po3paxoBani Baroi KoedillieHTH @ 711 KOXKHOTO 3 KPUTEPIiB, 3 ypaxyBaHHAM SIKUX 32 (HOPMYIIOIO
(3) obuncneno y3aransHeHy (yHKIIIF0 6axaHocTi D.

Tabmuus 3 — 3HaueHHsSI KOHTPOJIBOBAHUX J1arHOCTUYHUX MAapaMETPiB JETKOBUX aBTOMOOLIIB

No Y1 Yo V3 Vs Y5 Ye y7

1 9,00 10,00 CTpaBHi 2,30 | 3,20 o/m 0,75

2 10,00 4,00 necrpasui | 2,00 | 3,00 o/ 0,6

3 5,00 6,00 crpaBHi 2,00 | 2,80 o/m 0,5

4 6,00 11,00 | necmpasui | 2,20 | 2,50 3/m 0,65

5 4,00 10,00 CIIpaBHi 190 | 1,70 3/ 0,25

Tabmuis 4 — Oynkiii 6akaHOCTI
ds d, ds ds ds ds d; 5

a 0,06 | 0,05 | 0,06 | 0,07 | 0,07 | 0,06 | 0,08
1 0,273 | 0,373 | 0,718 | 0,800 | 0,799 | 0,718 | 0,785 | 0,744 | nobpe
2 0,199 | 0,693 | 0,338 | 0,464 | 0,750 | 0,718 | 0,687 | 0,592 | 3anmos.
3 0,584 | 0,601 | 0,718 | 0,464 | 0,692 | 0,718 | 0,611 | 0,631 | moOpe
4 0,512 | 0,313 | 0,338 | 0,711 | 0,587 | 0,338 | 0,713 | 0,365 | morano
5 0,649 | 0,373 | 0,718 | 0,200 | 0,239 | 0,338 | 0,245 | 0,358 | 3anos.
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[IpoananizyeMo OTpuMaHi pe3ylbTaTH AJs JIerkoBoro aBToMoOutst Ned mapku BA3 2109.
3navenHs ¢yukmii D nns maHoro TpaHcmopTHOro 3acod0y mopiBHioe 0,365. Jlane 3HaueHHs
BIJIMOBiAa€e piBHIO OakaHOCTI “‘NOraHo”, 1m0, B CBOK Yepry, CBITYUTH MPO 3arajibHUN
HE3aJI0BUIPHUIM TEXHIYHUW cTaH aBTOMOOUIA. [l BU3HAUEHHS OKPEMHX BY3JIIB Ta arperariB
TPAHCHOPTHOTO 3aco0y, sKI BIUIMHYJIM Ha 3arajbHy OLIHKY TEXHIYHOTO CTaHy aBTOMOOLI,
MpOaHaIi3yeMo 4acTKOB1 (PyHKIIIT Oa’kaHOCTI KOHTPOJILOBAHUX MapaMeTpiB JAaHOTO aBTo. 3 Tabi. 4
YiTKO BHJIHO, 10 3Ha4eHHS Oy, O3, dg BIAMOBIAAIOTH PiBHIO 02XKAHOCTI “TIOraHo”, a 1e O3Havae, 1o
3HAYECHHS KOHTPOJIbOBAHUX TMapaMeTpiB ‘“‘Mmaxcumanvue s3ycuins’, “‘cman pynvosux mse”, “‘cman
wun" 3HAXOIATBCS 3a MEKaMHu, BCTaHOBIeHMMH B [3, 4]. Tomy 3aranpHHMil TEXHIYHUH CTaH
aBTroMo0UIsT Ned, BHU3HAUYeHHW B XOJI TMPOBEJAEHHS CYIOBOI EKCHEpPTH3W, BKa3dye Ha Te, IO
HECIIPABHOCTI 1 TMepenaBapiiHUN CTaH BWINE3a3HAYCHUX BY3JIIB MOIJIH CTaTH NPHYUHOIO
punukHeHHs JTTI.

BucHoBok. Bhacnmigok  NIpoBeNeHOro  JOCHKEHHA  3IiMCHEHO  OOTpYHTYBaHHS
BUKOPUCTAHHS y3arajbHeHO1 (yHKIIi XapiHrToHa Sk QyHKIIT OakKaHOCTI JjIs aHATI3y IMOKa3HUKIB
TEXHIYHOTO CTaHy TPAaHCIOPTHUX 3acO0iB B XOJAl TPOBEACHHS CYAOBOI EKCHEepTH3M Ta
BUKOPUCTAHHS YUCJIOBOI IIKaau 0a)kKaHOCTI, siKa Ma€ Trpajamii B MCUXO(I3MUHUX 3HAYCHHSX, IJIS
OLIHKA YaCTKOBHX IOKAa3HHMKIB TEXHIYHOT'O CTaHy OKPEMHX BY3JIiB aBTOMOOLTIB, a TaKOX JUIs
OLIIHKH Y3araJbHEHOTO 1HTETPaIbHOTO MOKa3HUKA TEXHIYHOTO CTaHy TPAHCIIOPTHOTO 3aCc00Y.
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VIIK 656.073

YAOCKOHATEHHA OPTAHI3AIII KOHTEHHEPHHUX IIEPEBE3EHb HA
OCHOBI JIOTICTUHYHHUX IH®OPMAI[IHHHUX TEXHOJIOTTH

B.T. Icnanwok, macicmp,
C.B. JIuceHko, 0oy., KaHo. mexmu. HAYK,
LlenmpanvHoykpaincbkuu HAYIOHATLHUL MeXHIYHUU YHigepcumem, Ykpaina

Amnamiz ocHoB TexHoyorii Ta npuHOMOiB ¢yHkmionyBanHs 3PL ta 4Pl norictmyHmMx
npoBaiiiepiB MoKas3aB, IO MpoBaiiiepy TAaKoro pojy BIAPI3HAIOTBECA  KOMIUIEKCHICTIO
oOciyroByBaHHs (BiJ] TOCTaBKH Ta aJpecHOro 30epiraHHs 10 YIPaBIiHHSA 3aMOBICHHSIMH Ta
BIJICTEXKEHHS PyXy TOBapiB) Ta BUCOKUM DPIBHEM BHKOPUCTAHHS 1H()OpPMALIMHUX TEXHOJOTIH, II0
J03BOJISIE IM BUCTYIIATH y BHUIJISLIII MEHEIDKEPIB JIAHIIOTB MTOCTABOK . [IoNUT Ta mpomno3uitis mocayr
3PL ta 4PL nposaiinepiB y YkpaiHi, Ha BiAMIHY BiJl KpaiH 3 pO3BUHEHOI PUHKOBOI €KOHOMIKOIO,
pO3BHHEHI JOCUTH ciabo. PasoMm 3 TuM, yxe HaWOMMKYUMH POKAMH IPOTHO3YETHCS 3POCTAHHS
MONMUTY Ha KOMIUIEKCHI JIOTICTHYHI TIOCIYrd, L0 MOTpedye HAayKOBOTO OOIPYHTYBaHHS Ta
MPAKTUYHOI peaiizalii nepexoly BITYN3HAHUX JIOTICTUYHUX KoMnaHii Ha piBeHb 3PL Ta 4PL.

IndopmartiiiHi cucteMu Ta pecypcu KOMIIaHiH, 1110 3a0€3MeuytoTh eKCIeIUPyBaHH TOBApiB
Ha TepuTopli VYKpaiHM MOBHMHHI OYyTH TICHO TOB'S3aHl 3 BIAMNOBIIHOK 1H(GOPMaLIHHOIO
1HPPACTPYKTYpor0. MOXIMBICTh BUKOPUCTAHHSA 1H(GOPMALIMHUM CEpPEeIOBHUIIEM 3alli3HUYHOTO
TPAHCIIOPTY € OCHOBHOIO YMOBOIO TpaIe31aTHOCTI iH()OpMaIiifHO-KepYIOY0i CUCTEMH JIOTICTUYHOT
KOMIMaHii. Y HOBUX yMOBax HEOOXIIHUN 3araJbHOCKOHOMIYHUI (IHTerpamidHuil) miaxia Ao
iH(popMalLiifHOTO 3a0e3MeueHHs] KOMIUIEKCY TPAaHCIOPTHUX IMOCIYr KJIIEHTaM Ta MEepeBI3HOTO
npolecy, sskuii Ou OyB HAIIJICHW Ha MOCHIJIECHHS B3a€MO3B'SI3KiB BHYTPIIIHBOTO Ta 30BHIIIHHOTO
CepeoBHIlla aBTOMOOIIBHOrO TpaHcHopTy. [HdopmatiiiHi pecypcu aBTOMOOIIBHOTO TPaHCHOPTY
MalOTh CYTTE€BO 3MiHUTHCh. Jlo ckiaay 1HQOpMaLifHO-aHATITUYHOI CHCTEMH IiJITPUMKHU
YIPaBIiHCHKUX pIlIEHb MAIOTh OYTH BKJIIOYEH1 0a3a JaHUX PO BUKOHAHI BaHTa)KHI IIEPEBE3EHHS Ta
apxiB BHUXIJHUX €IEKTPOHHUX JOKYMEHTIB, WO JIO3BOJHTH pPOOHUTH SAKICHI aHANITUYHI
OOIpYHTYBaHHS.

BanTakHi mepeBe3eHHS MOBUHHI OOCIYyroBYBaTHCh OINEPATHBHOIO CHCTEMOIO, SKa Mae
IHTEJIEKTyaIbHY HaAOYJOBY ONEPATHBHOTO KOHTpOd0. Toai B cUCTeMi 0OCIyrOBYBaHHS
BaHTAXXHHUX TEepeBe3eHb Ha 0a3i Mo MOKHAa CTBOPUTH aBTOMATH30BaHY CHCTEMY KOHTPOIIIO 3a
BUKOHAHHSM JIOTOBOpIB Ha mepeBe3eHHsA. Ha 1io cucteMy MoxHa Oyle 3aMKHYTH olleparopa
nepefadi  TPaHCIOPTHHX 3aco0iB. B KiHIEBOMY TMiJACYMKY TpPaHCHOPTHI KOMMaHii 1
BAaHTXKOBJACHUKH 3MOXYThb MaTH 1H(GOpPMAIII0 PO BIAMPABKH, IO iX IIKABIATH, 1 ICTOPIIO
BUKOHAHHS TepeBe3eHHs. [IOBMHHI BJIOCKOHATIOBAaTHCh 1 iH(OpMaIiifHi CHCTEMM JIOTICTHYHHUX
KOMITaHii. AHaji3, BUKOHAaHUX PO3PaxyHKiB IOKa3aB, IO y Yac CHCTEMHE BHPIIICHHS 3aBlIaHb
pPO3BHUTKY iH(poOpMaTH3alii KOMIAHII YTPYAHEHO, OCKUIbKM BiACYTHS (hopMai3oBaHe OIHC
JISITBHOCTI TAPO3IUTIB KOMIIaHii.

Buknanenuii niaxin y ¢opmyBanHi iHpopMaIitHuX pecypciB JO3BOJIHUTH IMiJBUIIUTH SKICTh
TPAHCIIOPTHOT'O OOCTYrOBYBaHHS KIII€HTIB, a TAKOX €(EKTHBHICTh KEPYBaHHS, CTBOPUTH IPAKTUIHI
YMOBH U151 3a0e3nedeHns orictuku piBHs 3PL ta 4PL.

JocnipkeHo crieHapii po3BHTKY JoricTuuHoi kommaHii g0 piBHa 4PL  mposaiimepa.
BcranoBneno, mo ¢QopMyBaHHS Takoro TmpoBaijiepa TaKOTO pIiBHS NEPEeBaXHO Ha OCHOBI
oO'eqHAaHHS oOpraHizaiiid, IO TNPAIIOITh Ta JOTICTUYHOI, 1H(POpPMAIitHOI, KOHCAJITHHTOBOI,
BUpOOHMYOI cdepu. Ha piBHI KpaiHM 3arajioM PO3BHTOK JIOTICTHYHHUX TOCIYT YE€TBEPTOTO PiBHS
HEMOXJIMBUI 0€3 yJoCKOHaJIeHHs 1H(pOopMaIiitHOro 3a0e3neueHHs MyIbTUMOJAIbHUX [1€PEBE3EHb.

OnucyroThCcsl TEOPETHYHI Ta METOMOJIOTIYHI OCHOBH (DOPMYBAaHHS CHUCTEM KEpyBaHHS
nianpuemctBoM 3PL ta 4PL, a Tako MponoHyeThCss MaTeMaTUYHA MOJeNb (POPMYBaHHS CUCTEMHU
KepyBaHHs TPaHCIOPTHUM MianpueMctBoM piBHS 3PL ta 4PL. fIx mokasye Mi>KHapoIHUI TOCBIL,
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JIOTICTUYHI ONepaTopu JIOCATAIOTH 13 PI3HUMHU KII€EHTAMH PI3HOTO JIOTICTUYHOTO PiBHS, MPUYOMY
piBeab 3PL ta 4PL nocsraerscs 3 HeOaratbma KII€EHTaMH. Y Takid CHUTYyallii MPOMOHYETHCS
¢dbopMyBaTH CHUCTEMY YIpPaBIiHHSA TPAHCIOPTHUM IMIANPHEMCTBOM, BHXOISYM 31 crerudiku
B3a€EMO/II1 3 TUM BY3bKHUM KOJIOM KJII€HTIB, 3 SIKUMU JIOCSATAETHCS JOTICTUYHUN cepsic piBHsA 3PL ta
4PL. Jlns BupilIeHHs 3aj7jadi BUKOPUCTOBYIOTHCS METOAM Teopii rpadiB Ta KIACTEPHOIO aHAII3Yy.
[IponoHyeThCs NEB'ATUETATHUM aIrOpUTM NMOOYIOBH ONTHUMANIbHOI CTPYKTYPH YIPaBIIHHA, SKUN
KOMOiHy€e MaTeMaTHYHI METOJIU KIACTEPHOTO aHaNi3y 3 €KCIIEPTHUMH OLliHKaMH.

[IporoHy€eThCS 3arajibHa METOJOJIOTISI 3aCTOCYBaHHS IMPOTPAMHO-IIIIILOBOTO  MIIXOITY
peamizalii HOBHUX TEXHOJOTIM Ha WANPHEMCTBAX TPAHCIOPTY. AHANI3YIOTbCS OCHOBHI
IHCTPYMEHTH, a TAKOX IMPOTIOHYETHCS METOJOJIOTTYHHUH TIJIaH 13 JASCATH €TamiB JJI 3aCTOCYBAaHHS
MPOTPaMHO-LIJILOBOTO MiAXOAY JUIs ONTUMI3alii (PyHKIIOHYBAaHHS MiJIPUEMCTB TpaHcnopTy. Llei
IJ1aH Tmepeadadae TICHY B3a€EMOJIIIO €KCIEPTIB y rajay3i TPaHCHOPTY Ta JIOTICTHUKH, TMPUKIAJTHUX
MaTEMaTHKIB Ta MPOTPAMICTIB JJIsl JOCATHEHHS HaWKPAIIOTro Pe3yIbTaTy.

BusiBneno mpoBigHY pOJb JIOTICTHYHHX IEHTPIB Y PO3BUTKY MAapTHEPCTBA Pi3HUX BHIIB
TPAHCIOPTY B raiy3i JOTICTUKH ToBapopyxy. Came (QopMyBaHHS MeEpEXi JIOTICTUYHHMX IEHTPIB
JT03BOJIUTH BITYM3HSHUM KOMIIAHISIM aKTUBHO po3BuBatucs 1o piBHsA 3 PL ta 4 PL-tipoBaiinepis.

HarosomeHo Ha HEOOXiHICTh PO3MIMPEHHS orepalliii rmodansHuXx 3PL-npoBaiinepis y JILI,
3IaTHUX BUPINIYBATH IIJTUH CIIEKTP 3aB/IaHb: BiJl BAKOHAHHS OKPEMHX OMepariii y cepi JoriCTUKH
70 HaJaHHS KOMIUIEKCHHX TIIOCIYr (BKJIIOYAIOYHM CKJIQJyBaHHS, TPAHCIIOPTYBaHHS BaHTaXiB,
VOpaBIiHHS 3aMOBJICHHAMH, (I3MYHUN PO3MOIIA TOIIO) Ta I1HTETPOBAHOTO  YIPaBJIiHHSA
JIOTiICTUYHUMU Oi3HEC-TIpOIIecaMy B JIAHIIIOTaX MOCTavYaHHs.

3arponoHOBaHO TEOPETUYHY MOJIEIb OpraHi3alii yIpaBliHHA KOHTEHHEPHOIO KOMIIaHIEIO B
JOTICTUYHOMY JIAHIFO31. Y JaHiif MOJelni JIOTICTHYHUH JIAHIIOT PO3TIISIAETHCS SIK MOCTIIOBHICTD
€JIeMEeHTIB (JTAaHOK JIAHIIIOTa), Yepe3 SAKi B X0/l IOCTaBKM KOHTEHHEpP MPOXOAUTH MOCIiToBHO. [Ipn
[IbOMY KOHTEHHEp MiNJa€ThCs KEPYIOUWM BIUIMBaM, IO BIUIMBAE HA XapPAKTEPUCTUKH, IO
BPAaXOBYIOThCSI 3aIPOMIOHOBAHOIO MOJAEIUII0 — 30epeXeHHS BaHTaXy 1 4ac goctaBku. Kepyroui
BIUIMBY Yy CBOii OTOTOXHIOIOTBHCS 3 BIAMOBIIHUMH BHTpPAaTaMH, TOMY OIMHHICIO BUMIpY
YIpaBJIAIOYUX BIUIMBIB € TPUBHA. XapaKTePUCTUKU BaHTaxy (30epekeHHs 1 yac JIOCTaBKH) B
3aIpOMOHOBAHIM MOJIENI 3MIHIOIOTCS B 3aJIS)KHOCTI BiJl KEPYIOUMX BIUIMBIB Ha KOXKHIU JIaHII, ae 3
ypaxyBaHHSIM 30BHIIIHIX (PAaKTOpiB, IO 3aJal0TbCAd KWMOBIPHICHUMH DPO3MOAiITAMH, TOOTO
IIPOIIOHOBaHA MOJIEb € HMOBIPHICHOIO.

Kepyroui nii BuOuparoTbes Tak, 100 Oyno IOCSATHYTO MakKCUMYM ILiJIbOBOI (QyHKLii. Y
pamMKax JaHoi MoJedl MOXJIMBI pi3HI HIIbOBI (YHKLII, ale B MPHUKJIaAl BUBYAETHCS I1IbOBA
GyHKLISA, 10 € BUBAXKEHUM CEpEeHIM MaTeMaTUYHOrO OYiKYBaHHs O€3MEeKH BaHTaXy 1 yacy HOro
noctaBkd. Po3risiHyro mnpukian JaHOokka 3 4 JlaHOK  (BIANPABHUK BAaHTaXy, CTaHISA
BIJINPABJICHHS BaHTaXy, MUISTHKA 3ali3HUIN, CTAaHLIsS OTPUMAHHS BaHTaXy), B SIKOMY 3aBJaHHS
3HAXOJ/KEHHSI ONTUMAJIbHUX KEPYIOUMX BIUIMBIB BUPIIIEHO TOYHO, 1 HAaBEJAEHI sIBHI (GOpMyIU It
KEpYIOUHX BIUIUBIB
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VK 629.113

HEPCIIEKTHBH JIEKAP5OHI3AIIII TEXHOJIOTTYHOT O
ABTOTPAHCIIOPTY 3A/II30OPY/ITHHUX KAP’EPIB

1O. A. MoHacTUPCBKHUIA, npog., 0-p mexH. HayK,

I. C. MakcumeHnko, acn.,

A. K. Ilanuyenko, cm.ep.AT-22m,

Kpueopizvkuii nayionanenuii ynisepcumem, Yxpaina,

K. A. I'puienko, 3asioysau agmomoobinbHo2o 8i00ineHHs,

BCII "Asmompancnopmuuii ghaxosuii konedc Kpugopizpkozo nayionanvhozo yrisepcumemy'”,
Ykpaina

Ha cywyacHmx 3amizopynHux kKap’epax Ykpainw, siki gocsrim rauoua 400-500 M, ocHOBHUM
TEXHOJOTIYHMM  TPAHCIOPTOM  3QJMIIAETHCA  ABTOMOOUIBHHMM. Y  3arajibHO-Kap €pHUX
MYJIbTUMOJIAJIBHUAX TIEPEBE3CHHIX BiH 3a0e3redye TpaHcnopTyBaHHs Oau3pko 300 MutH. T pyau Ta
nopia BiJ BUOOIB A0 MYHKTIB MEPEBAHTAXCHHS Ha 3aJII3HUYHUN UM KOHBEEPHUU TPAHCIIOPT 3
BHUCOKOK TPOAYKTUBHICTIO Yy TIO€JIHAHHI 3 THYYKICTIO IIBHJAKOTO TMEPEMIIIEHHs ITyHKTIB
HaBaHTAXEHHS Ta PO3BAHTAXEHHS, 110 BIIHOCHO MPOCTUM TPAHCIOPTHUM MarictpaisiMu. Ase npu
[IbOMY CIIOCTEPITAEThCS BUCOKWW PIBEHb CIOXKHMBAHHS JAU3EIBHOTO TalMBa 3 BIAMOBIIHAM
3a0pyHEHHSIM aTMoc(hepH BIANpPAlbOBAHUMH Tra3aMH, II0 HETaTMBHO BIIMBA€ Ha OTOYYIOYE
cepenoBuine. OCKUTBKA CBIT PyXa€eThCs 10 YHUCTUX HYJIBOBUX BHUKHIIIB, aKTyaIbHUM CTA€ TTHTAHHS
nexapOoHi3allli TPAaHCIIOPTHUX CUCTEM, Y TOMY YHUCIIi y aBTOMOOIJIBHUX Y IITMOOKHX Kap €pax.

Cepen HOBHX TEXHOJOTIYHMX BaplaHTIB JAeKapOoHi3alli TEXHOJOTIYHOTO TPaHCIOPTY
PO3IIISIIAEThCA 1HHOBALlIHHA TEXHOJOTi 3 BUKOPHCTAaHHSIM JU3€1b TPOJIEHBO31B, SIKAa J03BOJISE
3MEHIIUTH BUKHIOM BYTJCIIO Ta MIJBUIIATHA TEXHIKO-€KOHOMIUHI TOKa3HMKH TEXHOJOTIYHOTO
tpancriopty [1]. IlepeBeaeHHS TEXHONOTIYHOTO aBTOMOOUIFHOTO TPAHCIOPTY TOBHICTIO YH
YaCTKOBO HAa EIEKTPUYHY EHEpril0 JOCTaTHbO TMPOCTO, OO0 Kap’€pHi aBTOCAMOCKHUIN
BaHTaXoMigHOMHICTIO  Oinbmie 100 T mpakTUUHO  BCIX  CBITOBMX  BHUPOOHHMKIB — MaroTh
€JIEKTPOMEXaHIYHY TPAHCMICIIO 1 MOXYTh OyTH 00OIaHAHI CUCTEMOIO JIJIsi pOOOTH i TPOJICSIMH.
Cuctemu nu3enb TPOJCHBO3IB MPOJAEMOHCTPYBAIM HaA3BHYAHHMNA MOTEHLIAN A CKOPOYEHHS
BUKH/IIB y BUIIQJKax 3aCTOCYBaHHA. Y CBITI peasli30BaHl Ta YCHIIIHO MPalolTh Oiabiie HiX 40
POKIB TpOJIECHHI CUCTEMHU Ha Pi3HUX Kap’€pax, MpH LbOMY JOBXHUHA ICHYIOUMX JIIHIH KOJUBAETHCS
Bix 2,0 1o 11,0 KM, KiJTBKICTH aBTOCAMOCKHU/IIB TU3€JIb-TPOJICHBO31B Ha KOKHOMY 3 Kap €piB Bi 4
1o 80. Au3enb-TposeBO3M Jar0Th HACTYIIHI MEpPEeBard y MOPIBHSAHHI 31 3BUYAHHUMHU Kap’ €pHUMU
aBTOCAMOCKHJIaMHU: 301IBIICHHS MIBUIKOCTI PyXy Ha MiAHOM y TpOJICHHOMY pexumi 3 6 mo 24
KM/TOJT; TIABUIIICHHS MMPOTYKTHUBHOCTI camockua Ha 10-30%; 3HmKkeHHs BUTpaAT Ha manuBo Ha 70-
80% 1 BiAMOBIMHO MiHIMI3aIlisl BIUIUBY HAa OTOYYIOUE CEPEIOBHUIIE 3a PAaXyHOK 3HWKCHHS BHKHUIY
BIJIITPAIIbOBAHUX T'a3iB IU3EILHOTO IBUTYHA.

AHami3 TIpHUYO-TEXHIYHUX YMOB 3aII30pYAHUX Kap’epiB YKpaiHU MOKa3aB iX CXOXKICTh 3
YMOBaMH BHUKOPUCTAHHS JM3ENb-TPOJIECHBO3IB Ha CBITOBHX Kap’€pax 1 MOXIIMBICTh 3aCTOCYBaHHS
MEPCIIEKTUBHOTO HAMPSIMY PO3BUTKY aBTOMOOIIEHOTO TPAHCIIOPTY 31 3HUKEHHSIM BUKHUIIB BYTJICIIO
(nexapOonizariero). TexHoOriuyHI aBTOMOOITIBHI TPAaCH PyXy MAalOTh JOBXUHY I37KH 3 BaHTaXeM
Bix 1,0 10 5,0 kM, KUIBKICTh OJHOYACHO MPAIIOIOYMX aBTOCAMOCKHUIIB B Kap’epi Bim 25 mo 40
OJTUHHIIb.

Jnst ymoB wotupbox kap’epiB lleHtpanmbHoro Ta IliBHIUHOTO TipHHYO-30aravyBaIbHUX
KOMOIHATIB PO3TIIIHYTO MOXJIMBICTh 3aCTOCYBAaHHS JHM3ENIb-TPOJICHBO3IB 3 BU3HAYCHHIM TEXHIKO-
€KOHOMIYHUX TIOKa3HHUKIB iX poOOTHM Ta JoBeneHa €(QEKTUBHICTh BIPOBAKEHHS O3HAYECHOI
TEXHOJIOT1i TPAaHCTIOPTYBAaHHS PYJHU Ta MOPIi.

Cnucok BUKOPUCTAHUX JKEPET

1. Siemens patented all-electric Mobile Mining Truck based on proven technology. Posted by Paul Moore on 4th
November 2021. https://im-mining.com/2021/11/04/siemens-patented-electric-mobile-mining-truck-based-
proven-technology/ (marta 3Bepuennst 17.11.2023).
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UDC 656.073

IMPROVEMENT OF "GREEN" SUPPLY CHAINS IN THE INTERNATIONAL
TRANSPORT AND LOGISTICS SPACE

S.\V. Suprunenkol, master,

V.V. Aulin®, Prof., Dr. Tech. sciences,

Artur Dmowski?, Doctor of Engineering,

Central Ukrainian National Technical University, Ukraine,
2University of Economics and Innovation in Lublin, Poland

Due to the escalation of environmental degradation in the world, “green" logistics and
"green" supply chains are gaining more and more attention among academic researchers and
practitioners. The literature analysis confirmed the relevance of this topic; Thus, the number of
scientific publications on this topic has increased by a third (in China) and by a quarter (in Ukraine)
over the past year and a half. The topic of "green™ supply chains is especially relevant for countries
and regions with high population density.

In the conditions of the transition of society from a market ("brown™) economy to the
principles of sustainable development, the dominant concept of this transitional period is the
ecological-logistics concept, and "green” supply chains are its effective tool.

It has been established that long supply chains are characteristic of Ukraine with its vast
territories, in connection with which the concept of “green supply chains™ has been clarified, which
is correct for both short and long supply chains. The "green" supply chain uses traditional methods
and models of the general theory of logistics and supply chain management, aimed at improving the
quality of human life by reducing the negative impact on the environment in each of its links.

As a "green" technology in transport, the organization of multimodal transport is proposed,
in which the role of environmentally unfavorable types of transport is minimized.

The institutional changes that led to the transformation of supply chains into "green” chains
include the growing instability and uncertainty of the external business environment, which is not
focused on managing deviations and current goals, but on the strategy of innovation and sustainable
development of space.

The "Time" factor was selected as the main cause of uncertainty.

In this section, the concept of "transport and logistics space" is introduced and, on its basis,
the task of choosing the optimal "green” supply chain is strictly formulated in the form of a multi-
criteria optimization problem, where the time factor is used as criteria along with the environmental
factor and cost.

As part of the implementation and detailing of the task of choosing the optimal “green"
supply chain, the influence of the time factor was analyzed in detail. On the basis of the conducted
analysis, it is proposed to consider the execution time of an elementary logistic operation as a
random variable, and it is shown that such a random variable has a beta distribution.

Also, as part of the task of choosing the optimal "green" supply chain, a simulation model is
proposed, with the help of which it is possible to obtain an empirical law of the distribution of the
time of cargo passing through the supply chain.

Based on the concept of sustainable development, a "green™ supply chain matrix has been
developed, which optimally combines the principles and requirements of society, the economy, and
the environment.

The classification of environmental consequences from the operation and construction of
transport and logistics infrastructure objects was carried out, on the basis of which the calculation of
a comprehensive environmental assessment of the "green” supply chain was proposed.

The concept of determining the value or efficiency of the "green™ supply chain as a relation
of the quality of life to the characteristics of the supply chain — time, costs, environmental factors -
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is formulated. At the same time, it is noted that currently there is no universally accepted method of
determining the quality of life in the world.

t was revealed that society is currently at the stage of transition to the principles of a new
concept of management — an ecological-logistic concept, where tools for assessing the factors
"time" and "ecology" are needed to solve the problems of uncertainty, which will allow to translate
(transform) uncertainty into a risk zone. Therefore, it is more successful to manage "green™ supply
chains.

It was noted that the solution to the issues of complex improvement of the efficiency of
"green” supply chains should be accompanied by a quantitative analysis of risks. At the same time,
making the necessary decisions should be oriented towards achieving acceptable risks that meet the
specified requirements for safety and development of various types of transport.

A model of planning and management of a "green" logistics supply chain has been
developed.

The mathematical model has been verified. All stages of model implementation are shown
in detail on the model example. The results obtained during the implementation of the model fully
correspond to the expectations.

The correctness of the mathematical model was checked on the model transport and logistics
space.

The direction was analyzed from the point of view of the possibility of forming "green"
supply chains, it was concluded that the necessary transport and logistics infrastructure should be
managed.

The mechanism for calculating the parameters of the "green” supply chain is substantiated:
time - using P-distribution, cost - based on real data (from open sources), environmental parameters
- based on relative assessments of various types of transport in terms of energy consumption and
emissions of harmful substances.

The transport and logistics space on the direction is constructed and the Pareto-optimal set
of "green" supply chains is determined. Based on the method of the ideal point from the obtained
Pareto-optimal set, an algorithm for selection of the optimal "green™ supply chain is proposed.

The priority directions for the development of green supply chains from the point of view of
the economy, society and the environment are listed.

A unified system of Greens fines and incentives for different types of transport is proposed,
which are integrated into common supply centers for the organization of multimodal transportation.
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VIIK 662.6.9

JOCTUIKEHHA ®I3UKO-XIMIYHHX ITOKA3HHKIB ITA/THBHUX
CYMIIIIEH HA OCHOBI COEBOI oJ1II

B.1. IIpokonis, cm.cp. ATm-22-2,
B.M. MeabHHK, 00Y., KAHO. MeXH. HAYK,
lsano-Dpankiecokuii HayioOHATLHUL MeXHIYHULL YHIgepcumem Hagmu i 2a3y, Ykpaina

Ha pammii wac y cdepi anpTepHAaTHBHUX BHJIB TajlUBa CIOCTEPIra€TbCsl IMOCTIHHE
HapoIlIyBaHHS 00CATIB iX BUpoOHMIITBA. B €Bporii Ta CBITI BBOASTH BCE OLNBII KOPCTKI BUMOTH
€KOJIOTIYHOTO cTaHmapTy (€Bpo 6, 3 2025 p. €Bpo 7), HA 3aCTOCYBaHHS SIKOTO JIO aBTOMOOUTIB i
MOTOPHHMX MalMB NpPEI'SBISIOTHCS BHUMOTH, IO MiJBUIYIOTH iX €KoJoriyHy oOe3meky. OpHax
OUTBIIICTh aNbTCPHATUBHUX TMAIMB caMi 1O COO0l HE MOXYTh PO3IIISIIATUCSA, SK TOTOBE JIO
BUKOPDHCTaHHA MOTOpHe manuBo. lle moB'si3aHo 3 TUM, HI0 eKCIUTyaTaliiHI Ta EKOJOTiYHi
BJIACTHUBOCTI O1IBIIOCTI aJbTEPHATUBHUX MMAJIUB HE BIAMOBIIAIOTH BJIACTUBOCTSM TOBAapPHHUX IAJIUB.
Bupimenns nqanoi npo0iemMu MOXKIMBE JBOMa OCHOBHUMU IUISIXaMHU:

1) mominmIeHHs BIACTHBOCTEH aJbTePHATUBHUX MAIHMB 32 PAXyHOK iX JIOOIpPAIFOBAaHHS Ta
OYUIIICHHS,

2) BUKOPWCTaHHS CyMIllleH aJbTCPHATUBHUX TAJIMB 3 TOBApPHUMH ITaJIABAMU B TICBHHX
CIIBBITHOIIICHHSX, K1 HE 3aBAalyTh IIKOJU Hi ABUTYHY, Hi HABKOJIUIIHHOMY CEPEIOBHUIILY.

Ornsn miTepaTypHUX JDKepeld. biogu3enbHE MalMBO, SK NMPABHIO OTPUMYIOTH 3 OJIHHHX
CLTBCHKOTOCTIONAPCHKUX KYABTYp Ta 3aCTOCOBYIOTH Y SKOCTI J00aBKM JI0 TpaAHIiIfHOTO
JU3ETHHOTO TTAJIMBA, & B OKPEMHUX BHUIAJIKAX K YHCTE O10MMATUBO.

VY 3B’43Ky 3 OOMEXEHOI0 Ta BHUYEPIIHOI CHPOBHHHOIO 0a3010 BYIJIEBOJHIB, O10MaJMBO €
MaJuBOM MaOyTHE. SIK IpaBMIIO, 1€ OUTBIT YUCTUH BUJ TTATMBA, HA BIIMIHY BiJl TOBAPHOTO MAJINBA,
610MaJInBO BUTOTOBJISAIOTH 13 MOHOBIIIOBAHUX PECYPCIB, a OTXKe, OlonajiuBa JyKe BUT1IHE IS KpaiH,
SK1 3MYILIEH1 IMOOPTYBAaTH HAQTY.

[upokomMaciTabHI AOCTIKEHHS 010AM3ENIbHOTO MaluBa BUKOHAHO aBTopamu [1]. Humu
BCTAHOBJICHO, II0 po0OoTa au3ens Ha O101MU3eTbHOMY TajuBi 3 OUIBII BHCOKOK TYCTHHOIO Ta
KIHEMAaTUYHOIO B’A3KICTIO CYMPOBOKYETHCS 3POCTAHHIM MaKCHMAIIbHOT MOTYKHOCTI Ta KPYTHOTO
MOMEHTY, a TaKOK IiJIBUIIEHHSIM BUTpaTu nanusa. [Ipu boMy TakoX MiBULIY€ETHCS KOHIIEHTPALiS
OKCH/IIB a30TYy B BIAMPAI[LOBAHMX T'a3aX Ta 3pPOCTAE TUMHICTb.

Y po6oTi [2] po3TiIsaIaeThCss MOKIUBICTh BUKOPUCTAHHSI CUBYIITHOTO CITUPTY 5K JTOJATKY 10
MOTOPHOTO AM3EIBHOTO NayivBa. HaBeneHO pe3ylnbTaT eKCIEPUMEHTATBHIX JOCTIIKCHD TU3EIIB,
10 MPAIOIOTh Ha CYyMIllll JAW3EIHHOTO TMajuBa 1 CUBYIIHMX Macel. 3a pe3yibTaTaMu JOCHIKEHb
MOKPAIIEHO MAJMBHI Ta €KOJOTiuHI MOKa3HUKH JBUTYHIB, IO MPAIIOIOTh HA CyMillli JAU3EIHHOTO
nmajguBa 1 CUBYIIHMX Macen. [Ipote, cuBymliHI Macja HECYTh 1 HETAaTHBHUMN BIUIMB ISl €JIEMEHTIB
CUCTEMH KUBJICHHS JBUTYHA, OCKITBKU MICTATH 10 8 % BOMH, 110 HE JOMYCTUMO JJIsl AU3EIIBHOTO
najauBa.

ABtopu [3] mOCHiIKyIOTh IMpolec BUPOOHUITBA 010IM3EIBHOTO TajiBa, 30KpEMa BIUTUB
KarmiTaJoBK/IaJIeHh Ha COOIBApPTICTh BAapTICTh BUPOOHUIITBA MaJiMBa. Pe3ylbTaTH MOKAa3ylOTh, IO
OCHOBHA CKJIaJIOBAa BapTOCTI Oi0AM3EIBHOTO MalyMBa — I[iHA CHPOBHHU. A, OT)XE 3HH3UBIIU
co0iBapTICTh BUPOOHHUIITBA CHPOBUHM MOXKHAa JOCSATHYTH ©KOHOMIYHOI  e(EeKTHBHOCTI
BUKOPUCTAHHS CO€BOT 0JIii 711 BUPOOHUIITBA O10M3EILHOTO TAINBA.

AHaJOTiuHI ~ JOCHIDKEHHS  cOOIBapTOCTI  BUPOOHUIITBA  IICJIOJIO3HOTO  €TaHOIY,
po3pobiieHoTO0 Ta TepeBipeHoro YHiBepcuteromM @mopuau B 1a0OpaTOpHHUX, MUIOTHHUX 1
JEMOHCTpaIlifHUX MaciTabax BUKOHaHI B [4]. MiHiManbHa BiIyCKHA IiHA €TaHOJIY KOJMBAIacCs
Bix 50,38 mo 62,72 uenrtiB CHIA/n. OcHOBHUI BHECOK y COO0IBapTICTh BHUPOOHHUIITBA BHECIH
BHXIJIHA CHPOBHHA Ta KaIliTaJdbHI BUTPATH, KI CTaHOBWIHN Bia 23-28% mo 40-49% Biamosimno. L1i
BHUCHOBKM CBiJYaTh MPO Te, MO0 MAaWOyTHI 3yCHWIUIA 3 TIiJBHINCHHS CKOHOMIYHOI JOIIIBHOCTI

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr.179



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

Ipolecy IENIOJIO3HOTO €TaHOIy TIOBHHHI 30CEpeIuTHCs Ha ONTHUMI3alii sl OTpUMaHHS
HaWBHUIOTO BUXOY €TAHOY.

VY pobori [5] B mpoueci BukopuctanHs OioamsensHoro nanmuea RME B100 na nBurysi
Renault 2.5 DCI BcTtaHOBIEHO 301IBIICHHS CEPEIHBOTO JiaMETPy Kparesb MajauBa; 3adiKCOBAaHO
301IbIICHHS JTAJIEKOOIMHOCTI CTpyMEHSI 1 3MEHILICHHS HOro IIMPUHH, KOHTYp ¢akena HaOyBae
KOHYCHO1 ()OpMH; CTIOCTEPITAETHCS 3arOCTPEHHS TP HOTO BEPIITUHI.

MoxHa TpUIYCTUTH iICHYBaHHA HaJI30aradeHoi CEepLEeBUHH CTPYMEHS, II0 MPU3BOIHUTH 10
3MEHILIEHHS KyT po3KpuTTd (axena. IlepepaxoBani (akTopu MNPU3BOAATH A0 MOTIPIIEHHS
po3nojiny nanuBa 1o 30Hax (akena posmmieHHs. Tinbku 50 % manuBa 3HaXOIUTHCS B OOOJOHII
CTPYMEHS, IO TMPHU3BOJUTH JI0 TOTIPIIEHOTO 3MINIyBaHHI TMajuBa 3 TMOBITPSAM. Y SApiI CTIHKA
3HaxoAuThes 18 % manmBa, sike Oyae po3TIKaTHCS MO CTIHKAaX 1 MOTraHO 3MIIIyBAaTHUCS 3 MOBITPSM.
Pemra manusa (36 %) Oyne 3HaX0AUTHUCS B APl CTPYMEHS, Ha PPOHTI BUIBHOTO CTPYMEHS Ta 30HaX
NEPEeTUHY MPUCTIHHUX TMOTOKIB, 1 YACTKOBO Bi3bME€ YYacTh y CyMilmIOyTBOpeHHI. Lle cBimuuTh, 110
Bukoputcaniss RME y urctoMy BUTISA1 TPU3BOAUTE 10 3ali3HEHHS TeroBUAUICHHS Ha 18 — 20
IpaayciB MOBOPOTY KOJIHYACTOTO Baly.

A, omke BukopuctanHa SME ta RME 06e3 3minn KoHCTpyKIlli cuctemu xuBieHHs B3
MO>KJIMBE TUIBKH y CyMIlIax 3 TOBAPHUM MAIUBOM y nponopuisx 10 60 % mac.

TeopeTnuHi AOCITIKEHHS poOOYOro UKy Oi0JH3EILHOrO ABUIYHA 3iCHEHI y poborTi [6].
3a pesynpTaTaMu JOCTIKEHHS poO0YOro MMKIY JW3esl BCTAHOBIEHO, IO XKHBJICHHS IBUTYHA
Olomm3enpbHUM TanuB Ha ocHOBI SME Tta RME B mopiBHSIHHI 3 BUKOPUCTaHHSIM MIiHEPaJIbHOTO
MAJIMBA, XapaKTEPU3YETHCSI 3MEHIIIEHHSM IIBUIKOCTI TETUIOBUAUICHHS Ta 30UTBIIEHHSM TPUBAIOCTI
MpoLIeCy 3TOPSHHS, 10 MPHU3BOAUTH 0 He3HauHoro moripmeHHs inaukatopHoro KKJI. Ilpore,
3a3HaYeHI YMHHHUKH CIPHUSIOTH 3HIDKEHHIO KIJTBKOCTI OKCHILy a30Ty, IIO YTBOPIOETHCS y Kamepi
3TOPSAHHA AW3eNs, a 3MiHa 1HIIOTO 1HAMKATOPHOTO MOKa3HUKA 010U3ETHHOTO MaluBa, 3MEHIICHHS
TPHUBAJIOCTI TIEPiOAy 3aTPUMKH 3aliMaHHs TajiBa CHPHUSE 3HIKEHHIO PIBHSA HIyMYy Ta AMMHOCTI
BIAMpanboBaHUX ra3iB au3ess [6].

Sk GaunMo, BellMKa yBara HayKOBIIIB HaIpsMJICHA Ha JOCIHIHKEHHS 010M3eIbHOTO aTuBa
Ha OCHOBI pimaky. 3 pOCJIMH, NPUIATHUX JAJI BUTOTOBJIEHHsA OlomanuBa, B YKpaiHi HalOiiablna
MOCIBHA TUIOINA y MIICHUII Ta COHSIIHUKY. BUPOIIYyeTHCS TAKOXK pirak sSpHid Ta pirak 03UMHIA, COS,
KyKypyZA3a Ta LyKpoBuii Oypsik. Maibke BCl LI pOCIHMHH, KpIM COi Ta MIIEHUIl, CTAHOBISATH
HeOe3neKy sl TPYHTY. A, TOMY, BHXOJSYM 3 HABEJCHOTO BHIIE, OUIBII MEPCIIEKTUBHUMHU IS
OTpUMaHHs 010AM3ENBHOTO MAJINBA € COA.

OTxe, JUIA IOKpAIIEHHS eKCIUTyaTalliiHUX Ta €KOJIOTIYHHUX BIACTHBOCTECH TOBAPHUX IAJIHB
Ta MPOMUCIOBHX MaclITa0iB BUPOOHHIITBA aIbTEPHATHBHHUX CYMINIEBHX O010[M3ENbHUX MAlUB 3
SME Heo0Xx11HO AOCTIAUTHA OCHOBHI (D13MKO-XIMYHI OKa3HUKHU OTPUMAHMX MaJUBHUX CyMIlIE Ha
ocHoBi SME.

Ha puc. 1, 2 mokazaHa oTprMaHa eKCIIepUMEHTaIbHA 3aJISKHICTh 3MIHM TYCTHHH 1 B'SI3KOCTI
JI1 Bix mporieHTHOTO 06'eMHOTO BMIiCTy B HhoMYy SME.

['ycTtuHa nanuBa 1Sl MIBUAKOXIAHMX JU3€iB MOBUHHA OyTu B Mexkax 820 ... 860 kr/m°, a
B's3KicTh ans jditHboro I B mexax (3,0...6,0).10-6 m?/c. 3rigHo puc. 1 no6asku SME mo /I
CYTTEBO BIUTMBAIOTh HA T'YCTHHY OCTAaHHIX, a, TOMY, 33 JaHUMH IOKa3HUKOM aoxaBaHHsi SME B
cymimr MoxknuBe 10 58 % 00.
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Pucynox 1 — I'padiuna 3anexnicts 3Minu ryctunu 11 Big Bmicty SME, % 00.

Jnst nu3enpHUX TMalWMB BU3HAYAIOTh KIHEMATHYHY B’A3KICTh 3a TEMIIEpaTypHu 20 °C.
[TanuBo 3 AyXe BEIUKOI B’SA3KICTIO MOXE CHPUYMHUTH mepeboi y mojpayi Horo a0 Hacoca
BHACJIJIOK ONOpY MPOTIKaHHS CHCTEMOIO XHBJICHHS 4epe3 ¢uibTpu 1 orBOpH (opcyHok. [Ipu
3HMKEHHI B’S3KOCTI MaJMBa MOTIPUIYETbCS 3MalllyBaHHS MNpPELUU3IHHUX Map MaJUBHOIO Hacoca
BHUCOKOTO THUCKY 1 CIOCTEPIra€ThCsl MPOCOYYBAHHS MalKMBa 4Yepe3 HEIIIJIbHOCTI MUK IUTYH)KEpPOM 1
T'UIb3010.
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Pucynok 2 — I'padiuna 3anexHicts 3MiHu B’ s13kocti 11 Big Bmicty SME, % 06.

SAx BugHo 3 puc. 2 nmobaBku SME go Il mpu3BoasTh 10 3pOCTaHHS KiHEMATHYHOI
B’SI3KOCTI, 1[0 3MAalllyBaHHSA MNPEUU3IMHUX Map Ta €JIEMEHTIB CHUCTEMH KHMBJICHHA. 3a JaHUMU
noka3sHukoM, aonasanHs SME no JIIT moxxause 10 100 % 06.

BupimaneHuii BIJIMB Ha KOPO31MHY arpecHBHICTh AM3EJIbHUX MalMB POOUTH BMICT 1
XapakTep CipuaHuUX CHOJYK. BcTaHOBIEHO, IO 3arajbHE CIpallOBaHHS JeTajiell ABUTYHA Maiixke
MpsIMO TIPOTIOPLIIHE BMICTY CIpKM B AM3EIbHOMY MajuBl. Hampukiazn, mpu migBUILNEHHI BMICTY
cipku 3 0,2 % wmac. o 0,6 % mac. copaloBaHHS TUIb3 LWIHIAPIB 1 MOPIIHEBUX Kijelb
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HiABHUILYETbCS MPUOIM3HO Ha 5...20 %, a mpu 301IbIIeHH] BMICTY Cipku 10 1 % Mac. crpaitoBaHHs
UX JeTaned 301IbIryeThes B 1,5 pasu. 3araibHUI BMICT CIPKH B TU3EIHHOMY MaJIMBI HE TIOBUHEH
nepesuiysatu 0,05 % mac.

3a pe3yabTaTamMH JOCTIKEHb pHUC. 6, 13 30utbmeHHsM Bmicty SME B {1 npuzBoauTh 10
3HWKEHHs1 BMICTY cipku 10 0,02 %, mo 3HayHO mokpainye sikicts JI1 Ta 3Ha4UHO 3HMXKYE HOTO
KOpO31iHY aKTUBHICTH J10 AeTayiei cuctemu >kuBienHs ta LTI

Tennora 3ropsiHHS MajvBa BIUIMBA€E Ha HOro BUTpATy, MOTYKHICTh ABUryHa. Yum Oinblie
TEIUIOTH OJIep>KaHO IPU 3TOPSHHI MajuBa, TUM OUIbIIY MOTYKHICTh MOKHA BHJIYYMTHU 3 JIBUT'YHA,
THUM MEHIIIa TUTOMA BUTPATa MaJuBa.

ByrneBonHeBi manmBa Maiio BIAPI3HAIOTHCS 3a TEIUIOTOKO 3TOPSHHS, 1X HIDKYA TEIUIoTa
3ropsiHHs KonuBaeThes B Mexax 41000 - 44000 xJIx/kr.

3a pesynbTaTamu pociimpkeHHs BBy Bmicty SME B JII1 Ha HK4y TEMaoOTy 3rOpsiHHS
NaJiBa BCTAHOBJICHO, IO 13 3pocTaHHA 00’eMHOI yacTku SME BinOyBaeThcsl 3HMKEHHS JaHOTO
MOKa3HHKA.

A, TOoMy, UIS ONTHUMAajbHOI POOOTHM JBHIyHA, 3a0e3MeueHHs HOro EKOHOMIYHOCTI 3a
MMOKAa3HUKOM HWKYOI TETIJIOTH 3TOPSHHS, peKoMeHoBaHo noaaBatd SME ue 6inbme 40 % 06.

3a pesynbraTaMu OTpUMaHUX nociimxkeHp nodaska SME no [I1 B kimekocti g0 60 % 00.
3abe3neuye MiJBUILEHHS Horo netaHoBoro yucia 10 11 %, mosinmeHHs B'I3KiICHO-TeMIIepaTypHUX
BJIACTUBOCTEH 1 J1a€ MOXKIIMBICTh BUKOPUCTAHHS TaKUX CyMillIel B TU3EIBbHUX JIBUTYHaX O0€3 3MiHH B
KOHCTPYKLIi CUCTEMH KMBJICHHS 1 PEryJIIOBaHHS MaJMBHOI anaparypH, 1o xapakrepuzye SME, sk
NepCIEKTUBHE aJIbTEpHAaTUBHE Nanuso A JB3.
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YJIK 656

MOIEJTIOBAHHA CUCTEMH YIIPAB/ITHHA MICBKHMHU
TPAHCIIOPTHHMH ITOTOKAMH HA OCHOBI IX TPAHCIIOPTHO-
JOI'ICTHYHOI' O MOHITOPHUHTY

C.I'. Yannurin, cm.ep. TT22mo,

A.l. Hagrowiii, cm.ep. TT22m06,

B.B. yuna, macicmp,

€.C. CoaoBux, npog., 0-p mexm. HayK,

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

LlenmpanvHoykpaincbkul HAYIOHATLHUL MeXHIYHUU YHigepcumem, Ykpaina

BcraHoBieHO cydacHWIl CTaH JOCHI[DKEHb Yy Taly3i MpoOJieM YHpaBiIiHHA MiCBKUMHU
TPAHCIOPTHUMU CHUCTEMaMH, BH3HAYEHO METOAM, IMIJXOAM Ta TEXHOJOTIYHI PIIIeHHS, IO
BUKOPHCTOBYIOThCS IPHU 1X MOOYOBI.

BusiBneHO HEJOMIKM ICHYIOUMX CHCTEM TPAHCIOPTHOTO MOHITOPHMHIY, IO HE JTO3BOJISIOTh
3MIMCHIOBAaTH 30MpaHHS PI3HOPIAHMX JaHUX, HEOOXITHUX M MOOYJOBH CHUCTEM KEpyBaHHS
TPAHCTIOPTHUMHU MTOTOKAMHU.

CdopmynpoBaHi YMOBH JOCTOBIPHOiI MOOUIBHOCTI, BUKOHAHHS SKWX HEOOX1IHE MOOYI0BU
CHCTEMHU YIPaBIIIHHSA 3 ypaXyBaHHSAM HEBU3HAUEHOCT] 30BHILIHBOIO iHPOPMALIITHOTO CepeIOBUILA.

OOrpyHTOBaHO HEOOXIAHICTH MOOYJOBH CHCTEMH MICHKOTO TPAaHCIOPTHO-JOTICTHYHOTO
MOHITOPHHTY Y BUTJISIII 3alIPOIIOHOBAHO1 CTPYKTYPH.

Busnaueno HeoOXimHUN CKJIaa MACUCTEM, IO 3a0€3MeuYyl0Th BHUKOHAHHS HACTYITHOTO
HaOopy GyHKIIN: ineHTH}iKanii, aBTeHTH]IKaIlli, pO3Mi3HABAHHS CTAaHIB, MICIIEBI 3HAYCHHS Ta
MPSIMOTO Ta 3BOPOTHOTO 3B'SI3KiB.

Jlns BupimeHHs npoOieMu 3a0e3neueHHss BUCOKOTOUHOTO MO3UIIIOHYBAHHS TPAHCIOPTHUX
00'ekTiB (= 1M) 3ampoOnmOHOBAaHO KOMOIHOBAaHE PIMIEHHS, MO TMOEIHYE TEXHOJOTIl TIO0ATHHUX
HABITAI[IHHUX CYMMYTHUKOBUX CHCTEM, CUCTEM CTUTHHHKOBOTO 3B'SI3KYy Ta JIOKAJIBHUX 0€3IPOTOBUX
pazioHaBITAIlIHHUX MEPEK.

3niiicHeHO TOOY/IOBY CTPYKTYPHOI CXEMHM CHUCTEMM MICBKOT'O TPaHCIOPTHO-JIOTICTUYHOTO
MOHITOPHUHTY. 3 ypaxyBaHHSAM OJICpKaHUX PE3yIbTaTiB Y HACTYITHOMY PO3AUTl PO3TISAAIOTHCS
npobiaemMu MoOyIOBH MOJeNiel yIpaBiIiHHSA MICBKUMH TPAHCIOPTHUMH MOTOKAMH, CTIHKHX 10
HEBH3HAYEHOCTEH 30BHINTHBOTO 1H()OPMAIIHHOTO CEPEeTOBHIIIA.

3pobneHo moOyMOBY JOTiKO-anreOpaiyHOi Moneni BHUXITHUX JaHux. Ha 06asi joriko-
anreOpaiyHOi MoJei BHXIJHUX JaHUX BHUPOOJEHO TOOYIOBaHY MOJENb (HYHKIIIOHATBEHOTO
ornepaTopHoro 0a3Wcy YIpaBIiHHSA MiChKOK TpaHcmopTHOW cuctemoro (MTC), mo mo3Bossie
BHU3HAYATH PEKUMH ONTHUMAJILHOTO, TIOMYCTUMOTO Ta BTPATH YIPaBIIHHS.

3pobneHo TOOyMOBY areHTHOI MOJeNi MiChbKOi TpPaHCIOPTHOI CHUCTEMHU, B SIKIH OIUC
noBeiHku eneMeHTiB MTC 3amano AuHAMIYHUM areHTHUM Tpadom.

[MoOynoBaHo rpado-aHaATITHYHY MOJIETH MICEKOI TPAHCIIOPTHOT MEPEXKI.

[IpencraBieni nmpakTHYHI TPUKIAAH, IO MOSCHIOIOTH MOOYIOBY areHTHOI MOJEINI MiChKOT
TPAHCMOPTHOT CHCTEMH Ta rpado-aHaTITHIHOT MOAEI MiCHKOI TPAaHCTIOPTHOT MEPEXi.

Ha ocHOBI BUKOpHUCTaHHS MEPIIOTO Ta JPYroro MOBEIIHKOBUX MpPHUHLHUIIB Bapapoma
3MIHCHEHO Tepexil 0 MiboBO1 (YHKII yIMpaBiiHHS, IO CHHPAETHCS HA LIJHOBI OPIEHTHPHU
KOpPHUCTYyBaya Ta 1iboB1 opieHTHpY MTC: y IITh0BI OPIEHTHPU KOPUCTYBAYA YKIIAAIOTHCS TIEPIITHA
npuHIMn Bapapomna ta mpuHIMI 6€3MeYHOro CiliyBaHHs; y HiaboBi opieHTHpr MTC yKiagaroTbes
npyruii npuHoun Bapapona QyHKIioHyBaHHS.

[IpencraBneni MpakTUYHI MPHUKIAIAH, 0 JEMOHCTPYIOTH pealli3alilo IiJIbOBUX OPIEHTHPIB
KopHcTyBaya Ta 1i1boBi opieHTHpu MTC y cknazi minboBoi PyHKIIT yIpaBIiHHS.

3anmpornoHOBaHO MOJCNb YIPABIIHHA MICBKAUMH TPAHCIIOPTHUMHU IOTOKAMH Ha OCHOBI
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BUKOPUCTAHHS PO3MOJIIIICHOI CUCTEMH KEPYBaHHS.

3 ypaxyBaHHSM OJIEPKAHHUX PE3yIbTATIB PO3TISIAIOTECS MPOOJIeMH TOOYIOBH MOeIei
knacudikanii Miko6'ektHUX BigHOCMH Yy MTC, 110 103BOJIAIOTE CTPYKTYPHO BIIOPSJIKOBYBATH Ta
BUSIBJISITH OJTHOPI/IHI 3a TTOBEAIHKOIO Kitacu 00'ektiB MTC.

[IpoBeneHo anani3 MeTOIiB MOOYI0BU MAaTPHILIb KOPECTIOHACHLIIH.

Po3po6sieHo 10CTOBIpHY MOACIH PO3MOILITY MICBKMX TPAHCIIOPTHUX MOTOKIB, B OCHOBY SIKOT
MOKJIaJICHO TUMYACOBI MOJIENI JAHIFOTIB JEHHOI aKTUBHOCTI MICHKOTO HAcelleHHs, MPUB'sI3aHi 10
JIOCTOBIPHHUX MaTPHUIh KOPECIIOHICHITIH.

3arponoHOBAaHO SIK €TAJOHHI JIAHIFOTH JEHHOI aKTUBHOCTI BHUKOPUCTOBYBATH HAMO1IbII
HWMOBIpHI JIAaHITIOTH Ha iHTEepBaJi | MiCsIb, 3 ypaxXyBaHHSIM JHS THXKHS.

Ha 6a3i 3anmpornoroBanoi mojeni y nporpamaomy nakeri PTV Vision® VISUM s3niticHeHo
MPOTHO3 PO3MOALTY JAWHAMIYHUX TPAHCTIOPTHUX TIOTOKIB HA BYJIMYHO-TOPOXKHIA MEpexi Ta
BHYTPIIIHBOI MEPEXKi METPOIOIITEHY 3 BBEJICHHSIM HOBHX CTAHIIIIl METPOMOTITEHY.

3a pe3ynbTaTaMu TPOBEICHOTO JOCIHIKEHHS BUPOOJEHO pPEKOMEHJallii, CTBOPEHI 3aJis
MOJITIIIEHHS TPAHCIIOPTHOTO 0OCIYrOBYBaHHS MICHKOTO HACEJICHHS.

[IpencraBineHO KOMIUIEKCHE BHPIIMICHHS TPOOJEMH CTPYKTYPHOI  BIOPSIKOBAHOCTI
HEOJJHOPITHUX Mi>KareHTHUX BigHOCHH Y Mozeni MTC muisixoM criabHOTO BUKOPUCTAHHS CUCTEMHU
YVHIKaJIbHOT ifeHTu(iKaIii Ccy0'eKTiB COIiaTbHO-€KOHOMIYHOT isUTBHOCTI, €IMHOI CHUCTEMH
kinacudikarmii Ta KOAyBaHHS TEXHIKO-€KOHOMIUHOI Ta comiajbHOI iH(OpMalli, €auHOi aapecHol
CHUCTEMH, TIBIIOMYHMX CITY)KO1 Aep>KaBHOI CTATUCTUKH TI0 PETI0HY.

Ha 6as3i arentnoi moneni MTC 3nilicHeHO moOynoBy Mozeni kiacugikaiii Mi>kKareHTHHX
BIIHOCHH y MICBKIi TPAaHCIIOPTHIH CHCTEMI.

3amponoHOBaHO  KiIacH(iKyBaTH TMOBENIHKY KOpucTyBauiB Ta o00'extiB MTC 3
BUKOPHCTAHHAM PO3IIMPEHOI CUCTEeMH Kiacudikamii Ta KOJYyBaHHS TEXHIKO-€KOHOMIUHOI Ta
comianpHOI iH(pOpMAaIIii.

[IpencraBneHnii mpakTUYHUI TPUKIA] aHATI3y MPOIECY MICHKOI COIialbHO-€KOHOMIUHOT
AKTUBHOCTI KOPHCTYyBada K peaizalito Mojem Kiacudikamii MiKareHTHUX BiJIHOCHH y MICHKIii
TPAHCTIIOPTHIN cUCTEMI.

[TokazaHO MOMXITHMBICTH 1HGOPMAIIHHOTO HATIOBHEHHS MO Kiachu(ikarlii Mi>KareHTHUX
BifHOCHMH y MTC y BUTTISA1 CUCTEMHU MICBKOT'O TPAHCIIOPTHO-JIOTICTUYHOTO MOHITOPUHTY.
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YJK: 620.193.16

TEOPIA I IPAKTUKA A30TYBAHHA JJETAJIEH ABTOMOBLIIB B
HUK/IITYHO-KOMYTOBAHOMY T/ITIOYOMY PO3PA/II

M.C. Creunmiug, npog., 0-p mexu. HaAYK,

€.I'. Onekcanapenko, acn.,

M.B. JIyk’sIHIOK, 00Y., KGHO. MexH. HaYK,

Xmenvhuyvkuii HayioHantbHull yHigepcumem, m. XmenvHuybkuil, Yxpaina

Meta po0GoTu — po3poOKa TEOPETHUHUX OCHOB IPOLECIB KEpOBAHOTO (HOpMyBaHHS
TPUOOTEXHIYHUX CHUCTEM aBTOMOOIIIB NUIIXOM a30TYBaHHS METAJEBHX IMOBEPXOHb B IMKIIYHO-
KOMYTOBAaHOMY TJIIOUOMY pO3psifi, EKCIIEpUMEHTallbHa MEepeBIpKa TEOPETUYHUX IIOJO0XKEHb 3
HaNpaIIOBaHHIM PEKOMEH/IALIN 010 MTPAKTUYHOTO 3aIPOBAKEHHS MIPOIIECY.

MeToa nociiKEHHSI — TEOPETUKO-EKCIIEPUMEHTAIbHUM.

TpaauiiiiHo BUKOPUCTOBYETHCS B SIKOCTI OJHOTO 3 €()EKTUBHUX METOIIB TOBEPXHEBOI
Moudikalii MeTaleBux JeTajeil aBToMo01Iel a30TyBaHHS B TII0YOMY PO3psiji 3 HOCTIiHUM abo
YMOBHO NOCTIMHUM HUBJIEHHSAM, JUIS SIKOTO BCTAHOBJIEHI SIK OCHOBHI T€OPETUYHI MOJIOKEHHS, TaK
NPaKTUYHI peKOMEHJalil mo/0 Horo 3actocyBaHHs [1]. A30TyBaHHS B LUKJIIYHO-KOMYTOBAHOMY
(mepeprBUYaACTOMY) TIIIOUOMY PO3PSIAl BIAKPUBAE MPUHITUTIOBO HOBI MOKJIMBOCTI SIK TEOPETHUHOTO,
TaK 1 TEXHOJIOTIYHOIO IJIaHIB. Y MEpIIy Yepry L€ CTOCYEThCS CYTTEBOIO CIPOIIEHHS MPUHIMIIB
(dbopMyBaHHS CaJKH, a TAKOK HEOE3IMEKHU TMepexo Ty TIII0UOro po3psay B 1yroBuid. He muBisunch Ha
OYEeBHJIHI HOBI MOJJIMBOCTI, SKi BIJJKPHBA€ 3aCTOCYBAHHS IPOLECIB B LUKIIYHO-KOMYTOBAaHOMY
TIIIOYOMY PO3psiil, TEOPETHUUHO LIEeH Mpolec Maike He po3poOJIsiBCs, 110, 3BUYAIHO, HE CIpHUSE
BUKOPHCTAHHIO BCIX HOTO MOTCHIIWHUX MOXIWBOCTeH. OKpemHuil acmekT B Teopii Mporecy
a30TyBaHHS B IUKJIIYHO-KOMYTOBAaHOMY pPO3psAJi CTAHOBUTH HOro IHTEpHpeTalis 3 €HepreTH4HOI
TOYKU 30pYy, OCKUIBKM B KIHIIEBOMY pe3yJbTaTi BCl €JIeMEHTapHi MiJNpoliecH B OCHOBI CBOIl
pPErJIaMEHTYIOTbCS CcaMe E€HepreTMYHMMHU rnepeyMoBamMu. CTBOPIOIOYM Ti YW IHIII €HEPreTHYHi
napaMeTpu IpoIecy MOKINBE CTUMYJIIOBAHHS UM, HABIAKH, FaIbMyBaHHS TOJIOBHUX KOHKYPYIOUHUX
CKJIaJIOBUX: YTBOPEHHsS HITPHUIIB, AUPY3is a30Ty B TIHOWHY TMOBEPXHI, PO3MOPOIICHHS
noBepxHeBux MmapiB [2]. Big Toro, ske CHIBBIAHOIIEHHS IMX CKJIAJOBHX, 3aJeXaTb
XapaKTEPUCTUKA TPUOOTEXHIYHUX CHUCTEM Ha MoaudikoBaHid moBepxHi MertaniB. Kpim Toro,
CYTTEBUM € THUTaHHS AJCKBAaTHOCTI OI[IHKH PE3YJIbTaTiB MOBEPXHEBOi Moau(ikamii MpakTHYHUM
MOKa3HUKAM TIpare3aaTHoCTi moaudikoBanux BHpoOiB [3]. Tlporec abcomOTHO EKOJOTIYHO
yuctuil. [lpuHmmn  moaudikamii  MertaneBoi MOBEpPXHi, KOTPUH  BHUKOPHUCTOBYETHCS B
JOCJTIDKYBAaHOMY TIporieci, 3a0e3nedye HaWBUTITHINIHI MOPIBHAHO 3 1HIIMMHM AHAIOTTYHUMH 32
NPU3HAYCHHSAM TEXHOJOTIIMU E€KOHOMIUHI INepeIyMOBH, HacamIiepes — 3aBASIKH HaJA3BHYANHO
HU3bKUM €HEPreTUYHUM BUTpAaTaM

Pesyneratn HAP BnpoBamkeHi B 1OCHiHE BUPOOHUIITBO 1 MOXKYTh BUKOPHCTOBYBATHUCS B
yCiX ramy3six, 1¢ BUHUKAE MoTpeda B MiABHUINEHHI (DI3MKO-MEXaHIYHHUX BJIACTHBOCTEH METaJIEBHX
BUPOOIB.
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A distribution channel is a network of individuals and organizations involved in the transfer
of a product or service from a producer to a customer.

It must be understood that the distribution channel is not just about bridging the gap between
the producer of the product and its user. It also has the following characteristics:

— channels of distribution provide time, place and utility of ownership. They make the
product available when, where and in what quantities the customer wants. But in addition to these
transactional functions, marketing channels are also responsible for performing a number of
functions;

— creating efficiency: this is done in two ways: mass crushing and assortment creation.
Wholesalers and retailers buy large quantities of goods from manufacturers, but break them up into
parts, selling a few at a time to many other channels or customers. They also offer different types of
products in one place, which is a huge advantage for customers as they don't have to visit different
retail stores for different products;

- distribution of risks. Since most channels buy products in advance, they also share the risk
with the manufacturers and do their best to sell it.

The main task of the distribution channel is to ensure the movement and change in
ownership of goods and services, as well as to optimize the unevenness of their flows.

In all cases, the presence of distribution channels should ensure the performance of a
number of functions designed to promote more efficient activity of producers and create conditions
for more complete satisfaction of specific needs of buyers. The main of these functions are the
following:

— concentration or distribution of goods;

— organization of goods movement, i.e. transportation and storage of goods, sales promotion,
organization of advertising campaigns and distribution of information about the goods;

— establishment and maintenance of relations with potential consumers, finalization, sorting
and packaging of goods;

— transfer of possession and ownership of goods from the seller to the buyer;

— preservation and protection of goods in storage;

— conducting negotiations, agreeing sale prices and other conditions;

— financing of the channel's operation, acceptance of the risk of responsibility for the
channel's operation, collection of sales planning information.

In the process of distribution, functions are usually divided into:

— commercial, initial, distribution, i.e. functions that facilitate buying and selling, transfer of
ownership rights and ownership;

— physical distribution, i.e. functions of storage, preservation and transportation of goods.
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The tasks of the distribution channels are formulated as follows:

— obtaining fast and accurate recall of information. In order to maintain and ensure an
effective distribution and service system, relevant information is required, including inventory
levels, sales trends, damage reports, service levels, cost monitoring, etc.;

— ensuring product availability to consumers above the market. In order to increase the
availability of the product in the desired type of outlet or retail store, the goals of the sales channels
are important. Having determined the right market for goods, the company must make sure that the
appropriate physical sales channel is chosen to achieve this goal;

— achieving this level of service. The customer usually sees this as critical and relative
performance in achieving service level requirements, which is often used to compare suppliers and
can be the basis for subsequent purchasing decisions;

— increasing sales prospects. The most suitable factors for each product or type of retail store
will be reflected in the channel selection. The overall goals are to get good store positions, retailer
support if needed. The product must be "visible, accessible and attractive™. Solving this task
depends on the choice of channel in such matters as the organization of goods in the store by the
supplier, the presence of special displays, the need for installation, demonstration or explanation of
the product, the need for special promotion of the product;

— minimization of logistics and general costs. Costs are very important because they are
reflected in the final price of the product. The chosen channel will reflect a certain cost, and this
cost should be assessed depending on the type of product offered and the level of service required.

— achieving cooperation on any relevant distribution factors. These factors may be relevant
from either the supplier's or the consignee's perspective and include minimum order sizes, specific
load types, product handling characteristics, material handling facilities, delivery access (e.g.
vehicle size), delivery time constraints, etc.

Sales channels are also called marketing channels because they are one of the main touch
points where many marketing strategies are implemented. They are in direct contact with end
consumers and assist manufacturers in disseminating brand information, product benefits and other
customer benefits.

In the field of marketing, channels of distribution indicate the routes or pathways by which
goods and services pass or move from producers to consumers.

We can formally define a distribution channel as a set of interdependent marketing
institutions involved in marketing activities with the movement or flow of goods or services from
the primary producer to the final consumer.

The main object of production is its consumption. The movement of goods from the
producer to the consumer is an important function of marketing. The manufacturer must make the
product available at the right place, at the right time, at the right price and in the right quantity. The
process of providing goods to the consumer requires an effective sales channel. Therefore, the path
taken by the product in its movement is called the distribution channel.

Thus, distribution channels are a network of organizations, including manufacturers,
wholesalers, and retailers, that distribute goods or services to consumers. A distribution channel is a
network of individuals and organizations involved in the transfer of a product or service from a
producer to a customer.

An entrepreneur has a number of alternative channels for the distribution of his products.
These channels differ in the number and types of intermediaries involved.

A channel of distribution or channel of trade is defined as the path or route by which goods
move from producers or manufacturers to final consumers or industrial users. In other words, it is a
distribution network through which the manufacturer brings its products to the market and delivers
them to actual users.
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This channel consists of the following members:

- producers;

— consumers or end users;

- various intermediaries such as wholesalers, sales agents and retailers, dealers, etc.

Hence, the channel serves to bridge the gap between the point of production and the point of
consumption, thereby creating time, place, and ownership of utilities.

In simple terms, a channel of distribution can be defined as "the path by which goods and
services, or payment for those goods or services, pass from the seller to the consumer.” A
distribution channel can be as short as a direct supplier-to-consumer transaction, or it can contain
several interrelated intermediaries, such as:

—wholesaler;

— distributors;

— agents;

- retailers.

Each intermediary receives the product at one price and moves it to the next higher price
until it reaches the final buyer.

For example, tea, coffee or dry fruits do not reach the consumer until they first go through a
channel involving the farmer, exporter, importer, distributor and seller.

Product distribution, or "place,” is one of the four elements of the marketing mix. The other
three parts of the marketing mix are product, pricing, and promotion. Distribution is the process of
making a product or service available for use or consumption by a consumer or business user, using
direct or indirect means with intermediaries. Products are distributed through channels.
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OIITUMIBALIIA EQEKTHBHOCTI BHPOFHHUYOI JIATTBHOCTI
ABTOCEPBICHHX ITUTITPHEMCTB HA OCHOBI PO3POBFKH METOHKH
PO3PAXYHKY IX OCHOBHHX ITOKA3HHUKIB
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Yepracvkuii OeparcadHull mexHoao2iuHull yHieepcumem, Ykpaina

[linBumeHHs aBTOMOOLTI3aIi HAceJICHHS KpaiHM € OJHUM 3 HEBiJ €EMHHX ITOKa3HUKIB
po3BuTKY ii exoHomiku. Ilig 9yac BIHCHKOBOTO CTaHy KpaiHUM HasSBHICTh TPAaHCIOPTHUX 3ac00iB
HACEJICHHS BiIIrPaoTh BAXKIIUBY pOJIb Yy 3a0e3MeyeHH] NoTped caMoro HaceleHHs TakK 1 BiliCbKOBHX.
[Ipouec miaATpUMKHA poOOYOTO CTaHy TPAHCIOPTHUX 3aC001B MOKIAJAETHCS HA CUCTEMY aBTOCEPBICY
KpaiHu. /0 OCHOBHHX HIANPHEMCTB aBTOCEPBICHOTO OOCIYroBYBaHHS HaleXaTb JUJIEPCHKI
aBTOCepBicHI mianpueMcTBa, rapaxui CTO, yHiBepcaibHi aBTOCepBicHI mianpueMcTsa [1].

l'onoBHUM mMOKa3HUKOM, M0 BigoOpakae e(eKTUBHICTH pOOOTH aBTOCEPBICHOIO
MiANPUEMCTBA € TIONHT Ha HOro mociyrd. ToMy aiisi OTpUMaHHS MaKCUMAaJILHOTO €eKTy Bil HOro
(GyHKLIOHYBaHHS HEOOX1JHO MPOTHO3yBaTH MaillOyTHIN MomuT A 3a0e3MedYeHHs MiANPHEMCTBA
HEOOX1THUMU MaTepiajibHUMHU, 1HQOpMaliiiHUMU Ta (piHAHCOBUMHU pecypcaMu. B TakoMmy Bumajaky
OCHOBHOIO 33/1a4€I0 CTA€ BU3HAUYCHHSI IPOrHO30BAHUX ITOKA3HHUKIB, Bl IKUX 3aJICKUTh MOMUT [2].

Bu3HaueHHsT MOXKJIMBOTO TMOMUTY Ha MOCITYTH TMiIMPHEMCTBA aBTOCEPBICY BHKOHYETHCS Ha
OCHOBI pO3paxyHKy HACTYITHUX TIOKa3HHUKIB 32 KOXKHUM BUIOM pooit [3]:

1) cepennpoi 10OOBOT KiITBKOCTI 3BEPHEHB (32 33JJaHUN YaCOBUH TIEP1oN):

MBu6
N = Ze=i Tek (1)

Npu6

ne ZZB:“f N_=Ns5 — cymapHa KUIbKICTh 3B€pHEHb 32 BUOIPKOBHIA MEPIO/I;

Nyue- KUIBKICTH JHIB BUOIPKOBOTO MEPioy.

2) cTaHIapTHE BIAXUICHHS H000BOI KiIBKOCTI 3BEPHEHb 110 I - My BHAY POOIT 3a | -if mepiof
TISUTBHOCTI TIATNPUEMCTBA, IO XapaKTEepU3ye HOTO BHUIAIKOBI KOJMBAaHHS BIPOJOBXK JaHOTO
nepioay:

a(N) =N (2)

B manomy BUMajKy BUKOPHUCTOBYETHCS BHUpa3 JJisi BU3HAYCHHS CTAHAAPTHOTO BiIXWUICHHS
BeMMuuHU N, 10 Ma€ AUCKPETHUH PO3IMOALN, OCKIIBKH KUIBKICTh 3BEpPHEHb B JI€Hb HaOyBae
KIHIIEBOT'O PaXyHKOBOT'O 3HAYECHHS.

3) MaTeMaTU4YHe CIIOAIBAHHA !

X=X, % pi, (3)

JI€ X; -BUJI IOCIYTH;
p; - AMOBIPHICTb i1 MOSIBH.
4) cepeaHs TPyLOMICTKICTb OJJHOI'O 3BEPHEHHS:

N
— Zi=):1 t;
F= @
Z?Sl t; - cyma (paKTUYHUX TPYJOMICTKOCTEN OJTHOTO 3BEpHEHHS.
4) CepelHe BIAXUIICHHS TPYAOMICTKOCTI OJJHOTO 3BEPHEHHS IO I-My BHIY pOOIT 3a j-i
Mepioja MisTbHOCTI MiAIPHEMCTRBA!
o(t) = )
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Le#t Bupa3 BUKOPUCTOBYETHCS NJsi BU3HAYCHHSI CTAHAAPTHOTO BIIXWJICHHS HEMEpepBHOL
BUIT/IKOBOI BEJINYHH.

6) MaremaTu4He O4iKyBaHHS TPYIOMICTKOCTI OJHOTO 3BepHEHHS X ().

7) KoedimieHT 3aBaHTaKEeHHS K3.

Po3paxyHku 3a3HaueHHMX MMOKa3HMKIB, MIPOBEJCHUX Ha eTarli 300py 1 00poOku 1Hopmariii,
BUKOPHCTOBYIOThCS IIPH BHU3HAYEHHI CEPEAHBOI JT000BOI TPYAOMICTKOCTI t. (L0 XapakTepusye
1000BY KUTBKICTh POOIT 3a JaHWI YaCOBUU MIEPiO), IO OOUUCITIOETHCS 3a JOITOMOTOI BHPA3Yy:

t.=t"N (6)

OcTtaTouHi pe3ynbTaTH CTATUCTUYHUX XapaKTEPUCTHK BXIJHUX MOTOKIB, Ta 00'eMiB pOOIT 110

TO 1 pemoHTY aBTOMOO1JTIB 3BOJSATHCS B TAOIHUITIO BHTY:

Tabauus 1 — Macus iHdopmartii st CTaTUCTUYHOTO aHAITi3Y MOKAa3HUKIB 32 BUJAMH [TOCTYT

Micsiup | ibHuIs N X(N) | o(N) t x(t) a(t) k3
Ciuenp JliarHocTtyBaHs .. ..
TO Ta peMOHT
[TpubTpansHo-
MUHOYHI

PeMoHT TpaHcMmicii
PemoHT pynboBOro
yIpaBIiHHS
PemoHT rambmiBHOI
CUCTEMU
Enexrporexniuni
poboTH
InHOMOHTaXHI
[ammi BuM poOiT

JIrotnit JliarHocTyBaHs

HactynauMm etamoMm € yCyHEHHs 3HA4€Hb, SKI YK€ BIAPI3HAIOTHCSA BIiJ IHIIHUX, TOOTO
HEMHHYUYO{ BUIAJIKOBOI CKJIaJJOBO1, OsABA SKOi y 30MpaHi craTUCTU4HIN iH(popMmarii Hemunyya. Lle
pPOOUTBCS 32 JOMOMOTOK MEPEXOAy A0 OUTBIINX OJMHUIL BUMIPIOBaHHS THUMYAacOBOTO IEPIiOy -
BiJl MIOMICSAYHUX JaHWX JO0 MOce30HHWX. Lleit mepexim 3MiHCHIOETBCS 3a JOIMOMOIOK) HACTYITHUX
BHpPAa3iB:

N =37, NP, 7)
t= Z;n=1 £ P; 8
o(B) = Jz;"=10<t)2 P ©)

JIe M - KiTbKICTh THMYACOBUX MEP10/1iB MEHIIIOTO MOPSIKY B OJTHOMY BEIHKOMY (HAMpPUKIA,
OJIMH CE30H BKIItoYae 3 Micsii, Tooto m = 3);

P; - nuTOMa Bara JJaHOr0 THM4acOBOTI'0 TIEPIOATY, IO BU3HAYAETLCSA 3 BUPA3y:

Jlaii BHUKOHYETBCS PO3PAXyHOK IMUTOMOI Bard KOXKHOTO TMEPIOAy POKY ISl MOCTY, e

BUKOHYIOTBCS 1Tocayru 3 TO Ta peMOHTY.
N .
P = — (10)
m
J ) j=1Nj
[IporHo3yBaHHsI OCHOBHUX IOKA3HHUKIB, 10 BiOOpakar0Th MPOJYKTUBHICTH BUPOOHUYIOTO
npouecy ACII MoxHa OTprMaTH 3 BU3HAYEHHS MPOTHO3Y 3a IONOMOT 00 BUOipKH 3a 12 nepioais.
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ANTOPUTM  MOJENIOBAHHSA  ONTHMi3alii  BUPOOHMYOI  JAISIIBHOCTI  aBTOCEPBICHOTO
MiJIpUEMCTBA NTOKa3aHUi Ha puc. 1.

MoyaToK

A

36ip cTaTMCTMYHOI iHpopmauii

\ 4

Po3paxyHOK OCHOBHMX MNOKA3HUKIB

N x(N) a(N) t x(t) a(t) ks

A

MobyaoBa nporHo3y 3a gonomoroto BUbipku Ha 12 nepioais

A

BM3HauyeHHs NoKasHMKiB Ha MalibyTHi nepiogu

v

Bu3HaueHHs cnocobis BAOCKOHaNeHHA BMpO6HMLI,TBa

A 4

KiHeub

Pucynok 1 - Anroput™m MozIeIOBaHHS ONTUMI3AIT BUpoOHNUO]1 MistbHOCTI ACII

30ip, 0OpoOka 1 aHami3 MOKAa3HUKIB IMOMUTY HA IOCIYrHM aBTOCEPBICHOTO MIAIPUEMCTBA
JI03BOJISIIOTH ITUIECHIPSMOBAHO MIINTH 10 iX MPOrHO3yBaHHS HAa OCHOBI MaTeMaTHYHOI MOJENi, 3
METOI0 BUBYCHHS MOXJIMBOCTEH IMIJIPUEMCTBA IO 33J0BOJICHHIO 3BEPHEHb KITI€HTIB 3 BUKOHAHHS
TO 1 peMOHTY TPaHCIIOPTHUX 3aC001B B MaOYTHHOMY.

Cnncok BUKOPUCTAaHUX JKEPET

1. [.YO. lleBuyenko PerionampHa audepenmianis aproMmoOuTi3anii HaceneHHns ykpainu, /ExoHomika: peanii yacy,

Ne3(19), 2015, c.41 - 46.

Mapxkos O. . Opranizanis arocepsicy / O. [I. Mapkos. — JIsBiB : OpisHa-Hosa, 1998. —332 c.

3. Annpycenko C. 1. MogentoBanHs Oi3HEC-TIPOIECIB MMIIIPUEMCTBA aBTOCepBicy : [monorpadis] / C. L
Annpycenko, O. C. byraitayk. — K. : Kadenpa, 2014. — 328 c.

N
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YJIK 629.115.022

AOC/HIIZKEHHA ITPOBJIEMATHKH OBC/IYIOBYBAHHA XO/JOBUX
YACTHH ABTOMOBKBLIIB B 3A/IEXKHOCTI BT OPTAHI3AIIII PEMOHTY

A.B. Apremenko, cm.ep. TAmcs-21,

IL.L Toiic, cm.ep. TAmcs-21,

B.M. CtpyTtuncbkuii, cm.ep. TAu-21,

O.1. Cmoaencbkuii, cm.ep. TAm-21,

P.P. ®ununuyk, cm.ep. TAm-21,

B.P. I'piznak, cm.ep. TAu-22,

B.J1. Boiiko, cm.ep. TAm-21,

3axionoykpaincokuli HayioHanbHULL yHigepcumem, Ykpaina

JlociDKeHHST HaJIacTh BaXKIIWBI BIAOMOCTI MPO €(QEKTHBHICT, Ta SKICTh poOIT Ha
HEe3aJIe)KHUX aBTOcepBicax. 3abe3nedeHHs HaAIHOro Ta SKICHOTO PEMOHTY MoXe OyTu
BUpPIMIANEHUM (DAKTOPOM MJi BJIACHHKIB BaHTAXKHUX aBTOMOOITIB, M0 IIYKAIOTh ONTHMAaIbHE
CIIBBITHOIIEHHS I[IHU Ta IKOCTI.

BaxxnuBo mocmiauTH piBeHb 3aJ0BOJEHOCTI KIIEHTIB BiJi POOOTH HE3QJIEKHHUX CTaHIIIN
TEXHIYHOTO oO0ciyroByBaHHs. lle Mo)ke BH3HAUMTH, HACKUIBKU J00OpEe CEpBICH BPAXOBYIOThH
1H/MBITyalbHI HOTPEOU Ta OYIKYBAHHS BIACHUKIB aBTOIAPKY.

3pOo3yMiHHS TPHUBAJIOCTI Ta BApTOCTI PEMOHTY HA HE3aJCKHHX CTAHIUAX 03BOJHUTH
BU3HAYUTH IXHIO KOHKYPEHTOCIIPOMOKHICTb y MOPIBHAHHI 3 OQILIHHUMHU AUIEPCHKUMH CEpBiCAMHU.

OdoiuiiiHi quiepchki CTaHIIi MOXYTh BHCTYNATH TapaHTOM SIKOCTI Ta OPHUTIHAJIbHOCTI
BUKOPUCTOBYBAHMX 3aMacHUX 4YacTHH. JlOCHI/PKEHHS BU3HAYMTh, HACKUIBKU Il TIepeBaru Baromi
JUTSL KITIEHTIB.

3 ornsay Ha MOCTIKMHI 3MIHM TEXHOJIOTIH Ta CTaHIAPTIB B raiy3i BaHTaKHUX aBTOMOOLIIB,
JWIEPChKI CTaHIl MOXKYTh HaJaBaTH IepeBary y BHKOPHUCTAaHHI Cy4yaCHUX METO/IB PEMOHTY Ta
00CITyrOBYBaHHS.

AHami3 mporpam oOCITyroByBaHHS Ta JIOSJIBHOCTI JUJIEPCHKUX CTAHIIA MOYXKE MMiJIKPECIUTH
nepeBary /Ui NOCTIHHMUX KJII€HTIB Ta BIUIMHYTH Ha XHI PIIIEHHS CTOCOBHO OOCITyrOBYBaHHS.

JlocmipKeHHS MOXKe PO3KPUTH piBEHBb KBaTi(hiKallil Ta HAaBYaHHS TEXHIYHOTO IMEPCOHAITY, 110
MO>KE€ BH3HAUaTH BUCOKHM CTaHIAPT POOIT HAa JUIEPCHKUX CTAHIIISX.

VY3aranpHIOIOYH, JOCHIDKEHHS AaKTyaJlbHO [JIi PO3YMIHHS Ta BHOOpPY ONTHMAaJIbHOTO
BapiaHTy 0OCIYrOByBaHHS BaHTA)XHUX aBTOMOOLUIIB 3aJI€)KHO BiJ TUITy 0OpaHOi CTaHLii TEXHIYHOTO
00CITyrOByBaHHS.

OcTaHHIM YacoM, CEKTOp TPAaHCIOPTHOTO OOCIYrOBYBaHHS, 30KpeMa PEMOHT XOJOBHUX
YaCTHUH BaHTAXHUX aBTOMOOLUTIB, CTaBaB IIe OIJBIN aKTyaJbHUM Ta BUMarae yBaru. 30Kpema, 3a
OCTaHHI POKU CIIOCTEPIra€Thcsl 3HAUYHUM PICT YMCIIa BAaHTAXKHUX ABTOMOOLTIB B I[bOMY BaroBOMY
Jlarna3oHi Ha JOPOrax, U0 CBIAYMTh PO 3pOCTAHHS IXHBOI'O BHECKY Y TOCHOAAPCHKY JISIIbHICTb.

Yacrora BinmoB: 3a octaHHi ABa poku (PiKCyeThCs 301IBIICHHS YaCTOTH BiIMOB y XOJ/IOBIi
gactuHi Ha 15%. lle BuMarae He TINBKM yBaru A0 PEMOHTHHUX pOOIT, ane H CTpaTerivHoro
IUTAHYBaHHS U1l 3MCHIIEHHS TEPMIiHIB BIJIMOB Ta TIJABUINEHHS HAIIHHOCTI BaHTAKHUX
aBTOMOO1IIB.

Tunosi Ilomkomxkennas: OHOBICHWM aHai3 BKa3ye Ha Te, IO Ccepea  HaWOuLIbII
MOIIKOPKYBAHUX YaCTUH 3aJIMIIAIOThCS aMmoptusaropu (25% Bigmos), ransma (20%) Ta miaBicka
(15%). 3 ormsimy Ha aKTMBHE BHUKOPHCTAaHHS aBTOMOOUIIB y CKIQJHUX yMOBaX, IOJATKOBI
JOCTiIKEeHHsI HeoO0X1/1Hi U1 BUOOpY Halle(heKTUBHININX 3aMT4aCTHH.

Amnamiz Pobounx VYMoB: 3 MOTIpHIEHHSM JOPOXHBOTO TIOKPUTTS Ta 30UIBIICHHAM
HaBaHTAXXEHHA Ha aBTOMOOLI, HEOOXIZHO AaKTUBHO INPHUCTOCOBYBATH XOJIOBY uacTHHY. 70%
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BUIAJIKIB BiIMOB BiZIOYBAIOTHCS B YMOBAax MOTAHUX JIOPIT, IO MiJKPECTIOE HEOOXITHICTh HETAWMHUX
BJIOCKOHAJIEHB Y IIiH cdepi.

3anacHi Yactunu: OfHi€0 3 HAUrocTpimmxX NpoOJieM 3aJIMIIAETHCS BIJCYTHICTH JIESKHUX
3amacHUX YaCTHH, 110 MPU3BOJAMTH JI0 3aTPUMOK Y peMOHTi. OnTUMIi3allis JOTICTUKH Ta CIiBIpals 3
HAJIHHIMY MOCTaYaIbHIKAMU MOXE JIONIOMOTTH YHUKHYTH TaKUX CUTYaIIii.

CepgicHi 3asBku Ta Ckapru KiienTiB: 3 miIBUIIEHHSIM BUMOT JI0 YITKOCTI Ta ONEPATUBHOCTI
oOciyroByBaHHs, 80% cepBiCHUX 3asBOK CTOCYIOTHCSI POOIT 3 XOJJOBOIO YACTUHOK. Y CBITIIi I[OTO,
HEOOXIZTHO BIPOBA/PKEHHS CHUCTEM, IO IMOJIETHIYIOTh KOMYHIKAIll0 Ta HaJaHHS 1HQpopmarii
KJIIEHTaM.

[Tpodimaktuune OO6cmyropyBaHHs: [IpodinakTudHi 3axoaW MPOAESMOHCTPYBAJIH CBOIO
e(eKTUBHICTh, YHUKHYBIIH Onm3bk0o 30% MOMXJIMBHX BHUMAJKIB BiAMOB. 30KpeMa, akIeHT Ha
PETYISIPHUX TEXHIYHUX OTJIAJaX Ta IUIAHOBUX OOCIYrOBYBaHHSAX € KIIOUOBHM JIJISl TOMAJIBIIOT
MOKPAIIEHHS CUTYaLlii.

bromkern Ha Pemont: IlinBumeHHs (iHaHCYBaHHS PEMOHTIB XOJOBUX YacTHH Ha 15% €
KPUTHUYHUM Y KOHTEKCTI 3a0e3MeYeHHs] HABUIIO1 SIKOCTI OOCITYyTOBYBaHHS Ta 3a/I0BOJICHHS MOTPeO
kiieHTiB. OTXe, BaXKJIMBO aKTUBYBATH MiaJiorT i3 (JIHAHCOBMM BIJJIIJIOM IS BHPIIMICHHS IIHOTO
MMUTAHHS.

L{i akTyanizoBaHi AaHI HAJAIOTh OIJBINE CBIKUX BIJIOMOCTEH 1 KOHKPETHHX PEKOMEH/IAIIIM,
SIKI MOXYTh CIIY’)KHTH OCHOBOKO JUUISl CTpATETi MOJMANBIINX BJOCKOHAJIEHh Y PEMOHTI XOJOBUX
YAaCTHH BaHTaXXHUX aBTOMOOLIIB 10 10 TOH.

Cnrcok BUKOPUCTAaHUX JKEPET

1. Bypsik, M.B., Po3ym, P.I., ®anosuu, H.M., Ilporniii, I1.b., [lomosuu, I1.B., leBuyk, O.C. i Anrontok, O.I1.
2022. OuiHka MIITHOCTI Ta HaAIIfHOCTI aBTOTPAHCHOPTHUX 3aco0iB. BicHUK MammHOOyTyBaHHS Ta TPAHCIIOPTY.
15, 1 (JIun 2022), 17-22.

2. Excnnyaraiiiina HafifiHICTh BHJIB rpoMajckkoro Tpancnopty wicta Tepruomnons / H. M. ®anosuu, O. C.
HleBuyk, A. II. ITomoBuy, 1. B. ITonosuu, M. B. Bypsx, P. 1. Posym, O. B. Yopna // Cy4acHi TexHoorii B
MamrHOOYyAyBaHHI Ta TpaHcnopTi. - 2022, - Ne 1. - C. 186-191.

3. ExcruryaraniitHa HagiliHICT i poOOTO3MATHICTh BaHTA)XKHOTO aBTOMOOUTBHOTO pyxomoro ckiany /P.I. Posym,
M.B. bypsk, II.b. Ilpormiii, H.M. ®anosuy, O.C. IleBuyk, II.B. TIlomoumu, O.II. 3axapuyk
//IleHTpanbHOYKpaiHChKUil HayKkoBuil BicHUK. Texuiuni Hayku. - 2021. - Bun.5(36), 4. II. - C. 201-205.

4. MapytoBcrka A.B. IligHiMansHO-0OrIIs110BE 00IaAHAaHHS IPH PEMOHTI TpaHCMicii TpaHCITOpTHHX 3aco0iB / A. B.
MapyroBceka, P. 1. Po3ym, I1. B. Ilporsiit / Marepianun MbkHapoqHOT HayKOBO-TIPaKTUYHOI KOH(pepeHIil
I 1poIIecH, MalIiHN Ta 00JaTHAHHS arpOIPOMHUCIOBOTO BUPOOHUIITBA: Mpobiaemu Teopii Ta mpakruku', 29-30
BepecHs 2022 poky. — T. : @OII [Nanguuis B. A.; 2022. — C. 154.
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UDC 656.073

OPTIMIZATION OF OPERATIONAL PLANNING OF INTERCITY TRUCK
CAR TRANSPORTATION

R.K. Zherdiy, master,

S.V. Lysenko, associate professor, candidate technical sciences,
A.V. Hrynkiv, senior researcher, Ph.D. technical sciences,
Central Ukrainian National Technical University, Ukraine

Client requests (daily, 5-day, ten-day or monthly) are the immediate basis for operational
planning of transportation. On the basis of data on the volume of transportation and their structure
by nomenclature and average distance, the company evaluates the volume of transportation and
freight turnover and compares them with the size of the transportation capacity of the fleet as a
whole, as well as by individual groups of rolling stock.

The methodology for calculating the need for vehicles should consider a large number of
tasks that are diverse in their content. It is necessary to take into account the organization of
transportation (by machine, small batch, mixed, etc.); throughput capacity of cargo points; type of
transport systems; the possibility of using rational rolling stock and its availability; the possibility of
choosing a certain efficiency criterion, etc. Since the carrying capacity of the car is one of the
determining factors in the organization of transportation.

If the cargo ordered for transportation is smaller than the carrying capacity of the car or the
carrying capacity of the car is not a multiple of the declared cargo, then there is a need to solve the
problem of transporting the cargo by the weight of the much smaller carrying capacity of the used
cars. When choosing a rolling stock, it is necessary to carry out computer modeling for various
values of technical and economic indicators. At the same time, the criteria can be the development
of the system, the required number of cars for the transportation of cargo, compliance with the
delivery time, transportation costs, cost of transportation, income, profit, etc.

A method is proposed that allows for a more accurate calculation of the need for vehicles in
a small transport system. However, this method contains a significant number of operations for
planning the required number of cars, including repeatedly returning to the selection of rolling
stock, determining the rational carrying capacity and adjusting the action, which will negatively
affect the efficiency of planning, and even building a car schedule. Since long-distance
transportation and a small number of routes are considered, the construction of the schedule of the
work of cars, although associated with loss of time, is not the same as if the planning of long-
distance transportation was carried out as if there were a large number of applications.

It is worth saying that after calculating the required number of cars using the methods
discussed above, it is necessary to build schedules of the cars. The release of rolling stock onto the
line is carried out on the basis of the release schedule drawn up by the operation service of the
motor vehicle enterprise in agreement with the technical service. The rolling stock release schedule
is usually set for a month or a quarter (depending on operating conditions). When compiling the
schedule, the mode of operation of motor vehicles, the schedule of maintenance and the list of cars
under repair, the mode and capacity of loading and unloading points are taken into account.

The release schedule allows you to adjust the value of the required number of cars for each
route, taking into account the time of application execution, but:

- firstly, this type of work is carried out manually, which is associated with significant loss
of time by the employees of the dispatch service, and, accordingly, labor costs, and also slows down
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the process of operational planning, which is felt in our time, when the rhythm of modern life is
significantly increased and time spent by business entities lead to a lack of profit;

- secondly, when planning the operation of cars on city routes and with a relatively small
number of applications, the construction of a schedule is still justified, but within the framework of
the entire enterprise and with a large number of applications, this operation is ineffective. Taking
into account the fact that a large number of dispatchers take applications and plan the work of cars
in different directions, it is impossible to coordinate their actions, therefore the schedule is
appropriate only for each route or direction, but not for the enterprise as a whole.

As part of this study, an analysis of the activities of motor transport and forwarding
companies in the city of Kropyvnytskyi was carried out in order to determine the required number
of cars to fulfill the company's requests. It has been found that many of today's trucking and
forwarding companies do not go to the trouble of building production schedules to determine the
required number of cars, partly for the reasons mentioned above.

Summarizing the interim results, we note that:

1. Most of the existing methods have been developed for planning urban transportation with
little time spent on the turnover of rolling stock, which is not applicable in the conditions of
intercity transportation.

2. Many methods of calculating technical and operational indicators, including the required
number of cars to perform a given volume of transportation, are based on a fixed value of the car's
carrying capacity, while the determination of the optimal carrying capacity must precede the
determination of the required number of cars. In the event that the dispatcher carries out a "manual
selection of vehicles of different load capacities for the application, the time and labor costs are
significant.

Now let's consider how economic and mathematical methods of operational planning of road
transport are applied.

In the conditions, it is important to determine the optimal balance of transportation
capabilities of the motor vehicle enterprise, taking into account the constantly changing demand for
transportation, i.e. the number of rolling stock in operation should meet the transportation needs as
much as possible. As you know, optimization tasks are best solved using economic and
mathematical methods.

In our country, mathematical methods are widely used in road transport planning. Methods
of obtaining optimal plans when solving the tasks of planning freight transportation have been
developed. At the same time, one should keep in mind the various tasks of calculating the required
number of cars, in particular:

— the task of determining the minimum number of cars for a given transportation plan
(without a time limit);

— the task of minimum delivery time, for example, when transporting perishable products,
construction materials to objects.

— the task of ensuring the rhythm of deliveries, for example, when recipients make
applications for transportation, in which they indicate the desired volumes and days of receiving the
cargo.

Here it should be noted that, taking into account the established trends in the development of
road freight transportation, the following points should be taken into account when applying
economic and mathematical methods:

— in intercity transportation, there is a significant distance of transportation, and in this
connection, the turnover of the rolling stock is mostly more than a day;

— the time factor (on-time delivery) is more difficult to take into account for long-distance
transportation and especially for international transportation, where customs procedures take time;
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— how transportation costs can be both the operating costs of a motor vehicle company that
has its own rolling stock, and the costs of renting cars in the event that the delivery is carried out by
a forwarding company that does not have its own fleet.

— inaccuracy in the planning of long-distance transportation can lead to a violation of
delivery terms to a greater extent than in the case of urban and suburban transportation.

To date, a fairly large number of problem statements for calculating the required number of
cars for various situations have been formulated.

For the most part, they are devoted to operational planning of urban transportation, when the
rolling stock can make several rounds per day. Bringing the time criterion into the solution of the
transport task violates the linearity of the task. Entering information about the availability of free
rolling stock when solving a transport task is done "manually”.

Currently, the process of distributing rolling stock based on applications using economic and
mathematical methods is practically not automated.

Thus, the methods that work today are dedicated to separate tasks, such as determining the
optimal carrying capacity of the rolling stock fleet, calculating technical and operational indicators,
including the required number of cars, distribution of rolling stock according to applications using
linear programming methods, drawing up a schedule of cars, calculation. transportation costs and
others. Carrying out such a variety of separate operations and tasks in modern conditions without a
comprehensive approach to their solution, as well as without automating the processing of
significant volumes of information, is ineffective.
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VK 629.115.032

HAIIPAMKH Y/]OCKOHAJIEHHA TEXHIYHOI' O ObC/IYTOBYBAHHA
TA PEMOHTY EJIEKTPOOB/IA/THAHHA ABTOMOBLIBHUX
TPAHCIIOPTHHX 34CObIB

O.C. Bepxoasns, cm.ep. TAm-22,

H.A. Taiinaii, cm.ep. TAmi-21,

O.M. I'opaau, cm.ep. TAmi-21,

B.B. llymenko, cm.ep. TAm-21,

FO.C. KOpiii, cm.ep. TAm-21,

FO.M. I'amoasko, cm.ep. TAm-22,

FO.C. Cigasp, cm.ep. TAm-21,

3axionoykpaincokuil HayionanvbHull yHigepcumem, Ykpaina

AHauni3 aKTyaJbHOCTI JOCIJKEHHS YIOCKOHAJIEHb TEXHIYHOTO 00CIyrOBYBaHHS Ta PEMOHTY
eJIEKTPOOOIaJHAHHS aBTOMOOIBHUX TPAHCIOPTHUX 3aCO0IB:

1. 3pocrarounii [Tornut Ha EnekTpoMoO1IbHICTS:

3 MiJBUIIEHHSM TMONUTY Ha EJIEKTPUYHI aBTOMOOLTI, YIOCKOHAJEHHS TEXHIYHOTO
00CJIyroByBaHHSl CTa€ KIIOYOBHM JJIs 3a/I0BOJICHHS IOTpe0d KOPHUCTYBaudiB Ta BHUKIMUKIB, IO
BUHHUKAIOTh Y 3B'I3KY 3 LIHM.

2. Texuomoriuni [nnosanii ta IlIBuaki 3minu:

CyuacHMii PO3BUTOK TEXHOJIOTiM MIBUJIKO 3MIHIOE JaHAmA(T aBTOMOOLIBHOI 1HAYCTpIi.
AHami3 ynoCKOHAJIeHh HEOOXIMHMM HJIS aJanTarii TEXHIYHOrO OOCIYroBYBaHHS 10 OCTaHHIX
TEXHOJIOTIYHHUX Ta eIEKTPOMOOITFHUX 1HHOBAITIH.

ITigBumenns Csimomocti Ta 3anuTiB KinieHTIB:

3pocTaroda CBIIOMICTh KJIIEHTIB IIOAO CTAlOCTI Ta TEXHOJOTIYHHX MOKIMBOCTEH
aBTOMOO1UIIB pOOUTH MUTAHHS YIOCKOHAJIEHHS TEXHIYHOTO 00CIyTOBYBaHHSI OLIBII aKTyaJIbHUM.

Exonoriuni Bumoru ta Crangapru:

3 MOCWJIEHHSAM €KOJIOTIYHHUX CTAaHJapTiB, e(PeKTHUBHE TEXHIYHE OOCIyrOBYBaHHS Ta PEMOHT
eJIEKTPOO0OIaJHAHHS JONIOMAraTh BiJMOBIAATH BUMOTaM 100 3MEHILIEHHS BUKU/IIB.

Besnexka Tta BinmoBinaapHICTE:

3pocratoya BaXKIMBICTH O€3MEKM Ta BIANOBIAAIBHOCTI BUMAarae He Juiie €(pEeKTUBHOTO
PEMOHTY, aje 1 BIOCKOHAJCHHS IIPOIECIB TEXHIYHOTO OOCIYTOBYBAaHHS [JIsi TONEPEIHKCHHS
MO>KJIUBUX ITPOOJIEM.

PozButok Iadpactpykrypu 3apsauux CtaHIin:

3 PO3BUTKOM MEpPEeXki 3apsAIHUX CTaHIH, BaXKJIMBO BUBUMUTH Ta BIPOBATUTH MOKPAIIECHHS Y
TEXHIYHOMY OOCIyroByBaHHI, 100 3a0€3MeYuTH HAIIHHY eKCIUTyaTallilo Ta 30UIbIIUTH
JOCTYITHICTb.

Konkypentnuii Tuck ta Pemyrartis bpennuis:

Y KOHTEKCTI KOHKYpPEHIIil Ha PHHKY €JIeKTPOMOOUILHOCTI, SKICTh Ta MIBHIKICTH TEXHIYHOTO
00CITyroByBaHHSI BU3HAYAIOTh PEMyTaIlilo OpEH/IIB Ta BIUTMBAIOTh Ha BUOIpP CITOKHBAYiB.

AmnHaniz yJoCKOHaJIeHb TEXHIYHOTO OOCIyroBYBaHHS €JEKTPOOOJaAHAHHS aBTOMOOITBHHX
TPAHCIIOPTHHUX 3aCO0IB € HEBII'EMHOI YAaCTUHOIO CTpaTerii pO3BUTKY aBTOMOOIIBHOI 1HIYCTpIi,
BPAaxXOBYIOUH Cy4YacHi TEH/EHIi1, BAMOTY PUHKY Ta COIIaJIbH1 BUKJIUKH.

Po3rnsiHeMO  MOXIIMBI  YAOCKOHAJIEHHS TEXHIYHOTO OOCIYrOBYBaHHS Ta PEMOHTY
eJIEKTPOOOIaJHAHHSA aBTOMOOIIIBHUX TPAHCIIOPTHHUX 3aCO0IB.

1. Texnonoriuna MojepHizariis:

Enexrponna JliarHoctrka: BrpoBa/pkeHHS Cy4acHHX CHCTEM EIIEKTPOHHOI JiarHOCTHUKH
JI03BOJIMTH IIBUAKO Ta TOYHO BU3HAYATH MPOOJIEMHU B €IEKTPOOOIIa HAHHI.
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- IoT Tta 3panene Monitopunr: Bukopuctanus IoT mis 300py naHuX Ta 30aJ€HOTO
MOHITOPHHTY J103BOJISIE BUSIBISATH MOTEHIIIIHI mpobiieMu 10 iXHBOTO HAacTaHHS Ta 3abe3nedye
[IONEPEIKYBaIbHUN PEMOHT.

2. Ilinpumennst Keamidikamii [lepconany:

- HaBuannsa 3 Enextporexniku: 3abe3neyeHHS NEpPCOHANTY BHCOKAM pIBHEM 3HaHb 3
€JIEKTPOTEXHIKH Ta CYYaCHHUX TEXHOJIOT1H J03BOJIsi€ €(PEKTUBHO BIIPOBAI)KYBAaTH HOBI PIIICHHS.

- CrnewnianizoBani Kypcu: HagaHHs MOXIHBOCTEH AJisi MPOXOKCHHS CIIEIiaTi30BaHUX
KYpCIB 3 PEMOHTY Ta 00CIIyTOBYBaHHS €JI€KTPOMOOIIBHOCTI.

3. CniBnpars 3 BupoOnukamu:

- Jloctyn 1o OpuriHanpHUX 3am4acTuH: 30€pe)eHHs TOCTYIY 10 OPUTIHAIBHUX 3aI9acTHH
BiJl BUPOOHUKIB €JIEKTPOMOOIITBHOCTI TAPAHTYE SIKICTh Ta CYMICHICTh KOMIIOHEHTIB.

- Texnuiuna IlinTpumka: BcraHoBieHHsT €(pEKTHBHOI CHCTEMH TEXHIYHOI MIIATPUMKU Bij
BUPOOHUKIB JIJISl BUPIMIEHHS CKIQIHUX TEXHIYHUX IMUTAHb.

4. EneproedextuBHi PimmeHns:

- Ontumizanis Cuctem 3apsinku: BpockoHaneHHS cUCTeM 3apsikd JUis 3a0e3nedeHHs
ONTHMAJIPHOI €Heproe(peKTUBHOCTI Ta 3MEHIIICHHS BUTPAT.

- Buxopucranus AnprepHatuBHUX Jxepen Emneprii: Po3risa BapiaHTIB BHKOPUCTaHHS
aJIBTEPHATUBHUX JKEpEI eHeprii AJisl )KUBJIEHHS eJIeKTPoo0IaTHaHHA Ta Mi3apsIKH.

i ynockoHanmeHHs crpsiMOBaHI Ha 3a0e3nedeHHs e(QEKTUBHOTO, HAIiHHOTO Ta
€HEepProe()eKTUBHOTO  TEXHIYHOIO  OOCIYyTOBYBAaHHsS  €JIGKTpPOOOJIAqHAHHA  aBTOMOOUIBHHX
TPAHCIOPTHUX 3aCO0IB, CIIPHUSAIOYN TIEPEXOy /10 OiIBII CTAJIOrO Ta IHHOBAIIITHOTO aBTOMOO1JIEHOTO
cekTopy. JlochmimkeHHs yIOCKOHAleHb TEXHIYHOTO OOCIYrOoBYBaHHSA €JIEKTpOOOIa HAHHSA
aBTOMOOUTBHHUX  TPAHCIIOPTHUX 3aco0iB  aKkTyalbHE B  YMOBaxX CTPIMKOTO  PO3BUTKY
eneKTpoMoOiTbHOCTI. [ToCTiiiHI 3MiHHM y TEXHOJIOTISAX, IMiIBUIIECHI BUMOTH KIIIEHTIB Ta PO3IIUPEHHS
1HPPACTPYKTYpH 3apsSAHUX CTaHI BHU3HAYAIOTh HEOOXITHICTh TOCTIHHOTO BJOCKOHAJICHHS
TEXHIYHOTO OOCIYyroBYBaHHs JJIs 3a0e3meueHHs 6e3nmepeOiifHOCTI Ta CTajJoCTi eIeKTPOMOOLITBHOTO
TPaHCIIOPTY.
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DPOPMYBAHHA JIOT'ICTHYHOI O IIEHTPY AI'POIIPOMHUC/IOBOI O
BHPOBHHUI|TBA

B.I'. Baiinan, acn.,

1.O. bamanoBa, vazicmp,

C.B. JIuceHko, 0oy., KaHO. mexH. HaYK,

A.B. I'punbkiB, cm. 0ocnionuk, KaHo. mexH. HAYK,
LlenmpanvHoykpaincbkul HAYIOHATLHUL MeXHIYHUU YHigepcumem, Ykpaina

Arporpomuciioe  BupoOHUNTBO (AIIB) KipoBorpaacekoi o0nacti € IpoBiIHOIO
CHCTEMOTBOPYOIO Ceporo i eKOHOMIKH, 10 (HOpPMYE arponpoI0BOIbYUI PUHOK, MPOJIOBOIBYY Ta
€KOHOMIUHY O€3IeKy periony, TpyJOBHIA Ta MOCEICHCHKUI MOTEHIIaNl CLIbCHKUX TEPUTOPIH.

VY coepi AIIB GyHKIIIOHYIOTh: CLIBIOCHIIANIPUEMCTBA; OpraHi3allii Xxap4oBoi Ta nepepooHoi
MIPOMHUCIIOBOCTI; CEeISTHChKI  ((hepMepchKi) TOCMOAApPCTBa; CUIBCHKOTOCIOAAPCHKI  CTIOXKHBY1
KOOIIEPAaTUBH; OCOOUCTI MiACOOHI TOCIOAAPCTRA.

CepenHboOpiuHa YHCENBHICTh, 3alHATHX ekoHOMiku AIIB, cranoButh mopsiaky 90 THC.
moael. UncenbHICTh NMPaliBHUKIB CLIICHKOIOCIOJAPChKUX OpraHizauii craHoBuTh 29,1 THC. 0Ci0,
Xap4yoBOi Ta nepepoOHoi mpoMuciaoBocTi — 14,7 tuc. ocib.

Ha tepuropii o0nacti po3ramoBaHo 488 CUIbCHKUX MOCENEHb, YUCENbHICTh HACENIEHHs B
HUX CTaHOBUTH 644 THC. HOIIL.

B crparerii po3sutky AIIB KipoBorpaacskoi o6nacti Ha nepiox 10 2030 p, mo3Ha4eHo Taki
I1J11 Ta 3aBHaHHST:

['onoBHUMH IUIAMHU peadizallii cTparerii €:

— CTBOpPEHHSI COIIaIbHO-€KOHOMIYHUX YMOB, CIIPSIMOBaHHMX Ha CTAJHH PO3BHTOK CITBCHKHX
TepuTopiil s 3a0e3neueHHs 3alHATOCTI, MIJBUILEHHS pPIBHA Ta SKOCTI XHUTTS CUILCHKOTO
HaCeJICHHS 3 YpaxXyBaHHSAM CyJaCHHUX BUMOT Ta CTaHNIAPTIB.

— MiJBUILEHHS €()EeKTUBHOCTI arpoONpPOMHUCIIOBOI0 BUPOOHUIITBA, HOTO BHECKY Y COILaJIbHO-
eKOHOMIYHUM po3BUTOK KipoBorpaacekoi o0nacri.

OCHOBHUMM 3aBJIaHHSIMH, BUAICHUMH JJIs1 TOCATHEHHS TOCTABJICHOT METH, CTaJH:

— MIJBUIIEHHS PiBHSI KOMIUIEKCHOTO OOJIAIITYBaHHS CLILCHKUX TEPUTOPIH;

— CTBOPEHHS YMOB JUI1 PO3BUTKY MaJjoro MiANMPHUEMHUIITBA Ta KOoTepalii Ha celli, COpUsHHS
1HTEerpaIlii BEJIMKOTO Ta MaJIoro Oi3HECy;

— ONTHUMI3aIlisl TEPUTOPIATBHOIO PO3MILICHHS CUIBCHKOIO TOCHOAAPCTBA Ta MOB'A3aHHUX 3
HUM TaJly3€ei;

— 3a0e3neueHHs 30yTy CUIBCHKOTOCHOJAPChKOI MPOIYKIi, MiJBUINEHHS ii TOBapHOCTI 3a
paxyHOK CTBOPEHHS YMOB JIJIsI i1 C€30HHOTO 30€piraHHs Ta MepepoOKH .

Crhix 3a3Ha4yWTH, [0 OCHOBHI Il Ta 3aBJaHHA CTpaTerii JIATalOTh y TPOCTIP TEM
JOCJTIJDKEHb, OCKIJTBKH PO3POOKH, MPECTaBICH] y Hild, CIIPSIMOBaHI Ha CIIPUSHHS BUPIIMICHHIO ITHX
pooJIeM.

Ha nanHuit MOMEHT 3a pe3yabTaTaMH OLIIHKM KOHTPOJIbHO-IUIBOBHX MOKa3HUKIB JlepkaBHOI
IpOTpamMH PO3BUTKY CLIBCHKOTO TOCIIONAPCTBA Ta PETYJIIOBAHHS PHUHKIB CLIBCHKOTOCTIOAAPCHKOI
IOPOAYKIIT MOXXHAa 3pOOMTHM BHMCHOBKM MpO Te, L0 3aXOAW, L0 BXKUBAIOTHCS JEPXKABOIO,
noTpeOyloTh TIOCHIJICHHS, OCKUIBKH IUTAHOBI IOKAa3HWKM BHUPOOHUIITBA MPOAYKIi Oaratbma
palioHaMH 3HAYHO BIIPI3HAIOTHCS 13 PaKTHIHUMHU.

OpHiero 13 cnaOKMX CTOpIH Ta TOJOBHUX TMEPEIIKo] Ha [uiaxy po3Butky AlIB
KipoBorpaacekoi o6iacTi € HeJOCTAaTHIA PO3BUTOK CIY:KOU JOTICTHKH, BIACYTHICTH CTaOiMBHHUX
KaHAJIIB peatiailii roToOBOi MPOIyKIIii.

JloricTuka y ciIbCbKOMY T'OCIIOAAPCTBI — OAMH 13 TPHOX MPIOPUTETHUX HAMPSMIB PO3BUTKY
KipoBorpazacekoi 00nacTi, mopsia 3 PO3BHTKOM OBOYIBHHMIITBA Ta BHPOOHHIITBOM M'siCa BEIIMKOT
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poraroi Xxya00H.

Sk 3a3Ha4arOTh eKCHEpPTH, HaM €, M0 IocTadaTh cxXigHuM cycigam: KipoBorpaacbka
00J1acTh MOPIYHO BUPOOIIsiEe TIOHAA 2 MUIBHOHU TOHH 3epHa, moHax 700 000 TonH momnoka, 140 000
TOHH M'sica. AJe, Ha JKajb, MOKH IO JIOTICTUKA B HAIIOMY pErioHI OOMEXYEThCS '"HUKYOIO
JaHKOH0".

CuIbChKI KEPIBHUKH HEJOCTATHBO 00'€THAHI, BOHU MPAIIOIOTh KOXEH caM co00r0. [ToTpiOHO
BUSIBJSITU KOPIIOPATUBHY COJIIAPHICTh, 30MpaTHCS 32 OJHUM CTOJIOM, Y TOMY YHCIi, CKMIATHUCS
rpoIMMa JIUIsi CTBOPEHHS 30YTOBUX CTPYKTYp, U BHBUEHHS PHHKY, IJIS TOTO, MO0 Ha KOPHCTH
CaMMX CEJISTH MPALIOBAIH JIIOAH, SIKi 3aiMArOThCS JIMIIE LIUM.

OnHuM 13 crmoco0iB CTUMYIIOBAHHS 30yTy Ta TMOJIETHIEHHS JOCTYIYy Ha PUHOK MPOMYKIIi
MICIIEBHX CLIBIOCIIBUPOOHUKIB MOXKE CTATH MIKpET10HAIBHUM JoricThuHuil nentp AIIB.

OCHOBHUM CIOKMBA4Y€M CLITBCHKOTOCTIONAPCHKOI IPOYKINi pEeTiOHYy € TOPTOBEIbHI MEPEeXKi.
Huni y perioni icHye Oe3miu npiOHUX (epMepChbKUX TOCHOJApCTB, SKI 34aTHI 3aJ0BOJBHATH
nmoTpedaM TOProBUx Mepek. BHACIITOK 4oro BUHUKAE KOH(IIIKT MOTY>KHOCTEH.

VY cucrtemi TOBapopyxy CUIBCBKOTOCIIOAAPCHKOI MPOMYKINi JIOTICTUYHI IEHTPU MOXKYTh
BHUCTYIIUTH Yy POJII IIEHTPIB KOHCOJIaIlii, K1 3/1aTHI MICTUTH BEJMKUN OOCSAT MPOMYKIII 1 MalOTh
YMOBH JUIsl BUBEJICHHS ii B TOPTOBI MEpexKi.

Jlorictrunuii ieHTp AIIB MOke BUCTYNUTH SK BUPIIMIEHHS KOHMIIKTY MIXK TOTYXHOCTSIMU
(dbepMepChKHIX TOCIONAPCTB PETIOHIB Ta MOTYKHOCTSIMH TOPTOBHX MEPEX, SKi TOTOBI MpUHAMAaTH
npoaykiiro AIIB mo 30yTy.

OntuManbHe pO3TallyBaHHS JIOTICTUYHOTO IIEHTPY MOXKJIMBO BHPIIIATH iMIiTaliiiHUM
MOJICTIOBaHHIM. YCi JaHi, 10 BUKOPUCTOBYIOTHCS B IMITAIliiHIA MOJEi, OTpUMaHI B XOIi
€KCIIePTHHX OIIHOK.

HeoOximHi Taki BUXIAHI JaHi:

— MicIie po3TalryBaHHs BUPOOHUKIB Ta CIIOKUBAYIB;

— 00Csry MOCTayaHHS;

— Tapudu Ha TPAHCIIOPTHI MMOCITYTH

Micue po3TalryBaHHS LEHTPY OKPECIIOEThCS "EHTP PIBHOBAXKHOI CHCTEMHU TPAHCIOPTHUX
BuTpat". HaHOCHMMO KOOpAMHATH TaHUX MYHKTIB HA KOOPAMHATHY CITKY.

Ha ocHOBI gaHUX MPOBOAMIIM PO3PAXYHKH.

3a miicyMKaM# pO3paxyHKiB OTPUMY€EMO, KOOPAWHATH PO3IOAITIBHOTO IIEHTPY.

Po3poOka onepaltiiiiHoOi MOIeNi JOTICTUYHOTO IIEHTPY, BKIIOYA€ HACTYIIHI ACTIEKTHU:

— po3poOKka MoAeNl IHTerpallii y4aCHUKIB JIOTICTUYHOTO LIEHTPY;

— MOJICJIOBaHHS KJIIOUOBHX O13HEC-TIPOLECIB eKCILTyaTalii iHppacTpyKTypu JOTICTUYHOTO
HEHTPY.

[HTerpanisi crnoXkuBauiB MOCIYr PO3MOAUILYOrO LEHTPY 3A1HCHIOBATUMETHCS 32 PAXyHOK
KOHCOJIAAI1 TOTOKIB BUPOOHHKIB CUTHCHKOTOCIIOAAPCHKOT MPOAYKIIII.

Oprasi3aliifHo-ynpaBiiHCbKa MOJEJb JIOTICTUYHOIO LIEHTPY Mae OyAyBaTHUCS BUXOASYH 3
METOJIMYHUX NPUHIUMIB cuHTe3y JILI, BU3HayanbHUMU 3 SKUX € IPUHLUIMI JOTICTHYHOI 1IHTerparnii
Ta KOOpAMHALII. Y mpolieci HalaHHs croXuBayaM KomIuiekcy nociyr JIL[ nparue 3pooutu nonany
LIHHICTh TOBApPY KJIIEHTaM MaKCHUMAaJbHOI 3 JIOMOMOI'OI0 1HTErPajJbHOTO Y4acTi BCIX KOHTPareHTIB
i yrnpaBiliHHSAM HoTokamu ToBapiB. Opranizauii — yuacHuku JIL| — moBuMHHI OoTpuMyBaTu npu
IIbOMY €KOHOMIYHY BHUI'OJly 32 PaXyHOK CHHEpreTH4Horo edexry. Poiabs KoopauHaTopa npu LbOMY
MOK€ BHMKOHYBAaTH Kepyroua KOMIIaHisi (BipTyaslbHUIl jorictuyHuMid omepartop, 4PL-mposaiinep).
3aBnaHHs cuHTE3y e(PeKTUBHOI opraHizaiiiHoi crpykTypu JIII Ta moOymoBa BiAMOBITHUX MOEIEH
YCKJIAJHIOETBCSL  BIJICYTHICTIO ~ JOCUTh  OOIPYHTOBaHHUX  (OpPMai30BaHMX  KpHUTEpiiB, II0
B1I00pakarOTh METY Ta 3aBJAaHHS HOro (QyHKITIOHYBaHHS.

[lepen TMM SK TPUCTYIMUTH JO MOJICIIOBAHHS KIFOUOBHX Oi3HEC-TPOIECIB JOTICTHYHOTO
LEHTPY, CJIJ 3a3HA4YMTH, IO BCl MpoOLECH OyIyTh BUKOHYBATHUCS 3 BUKOPHCTAHHSIM CKJIAACHKOI
kepyrouoi cucremu WMS (Warehouse Management System).

Cucrema ynopaBmiHHS CKIagoM € iHGOPMAIIHHOW CHUCTEMOIO, sKa 3a0e3nedye
ABTOMATHU3AIIII0 YIIPABIiHHS Oi3HEC-TIPOIECaMU CKIJICHKOI POOOTH PO IIHFHOTO MiAIPUEMCTRA.
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Teputopist ckiagy po30HMBaeThCSI Ha 30HM 332 BHUJAMM TEXHOJOTIYHHX OIepalliil 3 MeToo
aBTOMATHU3aIlll TpOIEAYyp: NPUHOMY, PO3MIIICHHs, 30epiraHHsA, OOpPOOKM Ta BiJBaHTAKEHHS
TOBApiB, IO JIO03BOJISIE BIIOPAIKOBYBATH POOOTY MEPCOHANY HA PI3HUX NUISHKAX Ta €(EKTHBHO
PO3MOALTATH ChEpH BiAMOBIAATHHOCTI.

WMS cucrema ¢ikcye Bcro icTopito pyxXy ToBapy ckialai. CucremMa HaJla€e yHIKaJIbHUMA
HITPUX-KOJ| 1 BKa3ye Micile 30epiraHHs KO>)KHOMY TOBapy, NpUHHITOMY ckiany. Bei moganemni aii,
aki reaepye WMS, HagxoasTh Ha OCOOMCTI pajaioTepMiHaiIM 300py JaHUX BCIM MpalliBHUKaM.
Cucrema aBTOMaTHUHO (POpMYE 3aBAaHHS JUIA MPAIiBHUKIB. 3a qomoMororo WMS BiCTEKYIOThCS
TEPMIHU MPUAATHOCTI Ta KUIBKICTh TOBApY, 10 30epiraeThes.

BinoGpakeno 3aranpHy cxemy mporeciB JII[. Jloricthunuii meHTp npuU3HAYCHUH IS
BUKOHAHHS HACTYITHUX OTIE€pAalliii:

— IpUMaHHSA Ta MapKyBaHHS CITBCHKOTOCTIONAPCHKOI MmepepoOaeHol MpoayKilii, Takoi sK
3aMOpO’KEHE M'ICO, MOJIOYHI MTPOAYKTH, OBOYI;

— pO3MIIIEHHS /TSl 30epiranHs;

— MPUIHATTS 3aMOBJICHb Ha BiJIBAHTA)XEHHS TOPTOBUX MEPEK;

— BizI0Ip 3aMOBJIEHB;

— KOHCOJIIIAIlis Ta KOMILICKTAIlis BAHTAXKIB;

— ¢acyBaHHs Ta YIIaKOBKa;

— BIIBAHTAKEHHS 3aMOBJICHb.
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IJIBUIIIEHHA EQEKTHBHOCTI IEPEBE3EHB IIPO/1YKTIB
XAPYYBAHHA Y MUKPAHOHHOMY CITOJTYYEHHI

B.M. I'aBpuiwok, cm.ep. TTm-21,

I1.M. JlepeniBcbkuii, cm.cp. TTm-21,

AL eBuyk, cm.ep. TTm-22,

FO.A. KoryT, cm.ep. TTm-22,

3axionoykpaincokuil HayionanvbHull yHigepcumem, Ykpaina

3 ypaxyBaHHSM CTPIMKOTO pOCTy Tiio0ai3aiii Ta 30UIbIIeHHST 00CATIB TOPTIBII MPOAYKTAMHU
XapuyBaHHS, MUTaHHS €(EKTUBHOCTI MIEPEBE3EHb LIUX TOBAPIB CTA€ AKTYaJIbHUM Ta HEBIAKIATHUM.
JlaHe aHaNITUYHE JOCIIDKCHHS CIIPSIMOBAaHE HAa PO3KPHUTTS KIIOYOBUX ACIEKTiB, [0 BIUIMBAIOTH HA
ONTHMI3AIIIIO Ta MiABULICHHS €PEKTUBHOCTI EPEeBE3eHb NPOAYKTIB XapUyBaHHS.

3 ypaxyBaHHSIM CTPIMKOTO TII00abHOTO 3pOCTaHHS TIOMUTY Ha TPOIYKTH Xap4yyBaHHS Ta iX
aKTHBHOI TOPTiBJII MI)KHapOJHO, aKTyaJbHICTh BJIOCKOHAJEHHS TPAHCHOPTHOTO OOCIIyrOBYBaHHS
MX TOBapiB crae OuIblI eceHIiiiHowo. [loTpiOHO BUBYMTH pi3HI aCHEKTH, SIKI BIUIMBAIOTh Ha
OINTUMI3allil0 IepeBe3eHb MPOAYKTIB XapuyBaHHs Ta CHpOOYBaTH 3HAWTH ONTUMAJIbHI PILICHHS IS
IT1JIBUIIICHHS 1X €(DEeKTUBHOCTI.

CyuacHMi CBIT CTHKA€ThCS 3 TUM, IO 3017IbIICHHS HACEJIEHHS Ta 3MIHU B CTUJISX JKUTTA
MPU3BOIATH IO 3HAYHOTO 3POCTAHHS MOIMUTY Ha MPOJYKTH XapuyBaHHA. Lle BuMarae po3risiay Ta
BIIPOBQ/PKCHHSI IIBUAKMX Ta €(PEKTUBHUX TPAHCIOPTHHUX pillleHb. TakoXX, pO3IMIMPEHHS CBITOBOL
TOPTiBJIl NPOAYKTaMHU Xap4yBaHHS Ta 3pOCTaHHS MI>KHAPOHOI €eKOHOMIYHOI B3a€EMO/I1 HaKJIa1al0Th
J0JJATKOBUHM THUCK Ha JIOTICTUYHI CUCTEMH.

3a OCTaHHI POKM MH CIIOCTEpIraEMO 3HAYHUK pICT OOCATIB MIKHApPOAHOI TOPTiBIl
NPOAYKTaMM XapuyBaHHS. 301iblIeHHS 1bOro o0csary Ha 20% mpoTsaroM M'STUPIYHOTO MEpiomy
BKa3zye Ha 3HAYylll 3MIHM B TJIOOAJbHUX PUHKOBUX yMOBax. 3 IHIIOrO OOKYy, BHUTpaTH Ha
TPaHCHOPTYBaHHS OJJHOT'O TOHHY HMPOAYKTIB Xap4yBaHHs 3a OCTaHHI JIBa pokH 3pociu Ha 15%, mo
CBITYUTH TIPO 3POCTAHHS BapTOCTI JIOTICTHYHHUX MOCHYr. KpiM TOro, BiJ3HAYa€ThCS 301IBIICHHS
3aTPUMOK Yy MDKHApOJHHMX TepeBe3eHHAX, sike carae 30%, mo migkpeciaroe mnpobiemMu 3
€(hEeKTUBHICTIO Ta TOYHICTIO JIOTICTUYHUX PIIIEHb.

Ha 11 nmx TpeHZiB, BaXIJIMBO 3BEpHYTUCS JO BHUBUEHHS KIIIOUYOBHUX ACIEKTIB Ta aHAII3y
e(DeKTUBHOCTI TIEPEeBE3CHb MPOMYKTIB XapdyBaHHA. ONTHUMi3alliss MapHIpyTiB, BUKOPHUCTAHHS
HOBITHIX TEXHOJIOTIH MJIsi TOKpAIlEHHS TPAacOBAHOCTI Ta KOHTPOIIO, a TAaKOX JOTPHUMAaHHS
CTaHJApTIB OE3MEKH Ta SKOCTI — II€ JIWIIE KUJIbKa acleKTiB, 110 BUMAararoTh IITMOOKOTO aHami3y Ta
PO3poOKH eEeKTUBHUX CTPATETIH.

3apa3, KOJU €KOJIOTIYHA CTIMKICTh CTa€ MPIOPUTETOM ISl OararbOX KOMITaHiHM, BaXKIHBO
JOCIITUTH MOKIMBOCTI BIPOBAKEHHS €KOJIOTIYHO YUCTHX TPAHCIIOPTHUX PIllICHb /IS 3MEHIIICHHS
HEraTUBHOI'O BIIMBY Ha HABKOJIMIIHE CEpElOBUILE. 30KpEMa, BUKOPUCTaHHS EJNEKTPUYHUX abo
riOpUIHUX TPAHCTIOPTHUX 3aCO0IB MOXKE CHPHUSATH 3MEHIICHHIO BUKUIIB Ta CTBOPEHHIO OiTbII
CTaJIOTO JIAHIIOra OCTauYaHHS.

Bapto perenbHO BUBUMTH €(QEKTHBHICTH CTpATeriil ympaBiiHHS BUTpaTaMH, OCOOJIHMBO 3
ypaxyBaHHSIM OCTaHHIX 3pOCTaHb BHUTpPAT Ha 30epiraHHs Ta BTPATH MNPOAYKTIB TijJ dYac
TpaHcnopTyBaHHA. [IporHO3yBaHHS TONMUTY HAa MPOAYKTH XapyyBaHHS MOXE CTaTH KIIOYOBUM
€JIEMEHTOM YIIPABIIIHHS 3amacaMu Ta ONTHUMI3allli MapIpyTiB.

Amnaniz miaBUIIeHHS €(EeKTHBHOCTI NMEpPEeBE3CHb NMPOJYKTIB Xap4yyBaHHS BUSBUB KIIIOUOBI
BUKJIMKM Ta MOXJIMBOCTI. 3pOCTaHHs IMOMUTY Ta IJI00anIbHOI TOPriBJli HAPOCTA€E, aje BUTPATH Ta
3aTPUMKH TaKOXX 301TIbIIYIOTHCSA. BUKOpHCTaHHS HOBITHIX TEXHOJIOTIH, CTpaTeriuHe yIpaBIIiHHS
BUTpATaMHM Ta 3€JIeH1 TPAHCIIOPTHI PillIEHHS] MOXKYTb CIIPUATH onTuMizauii. [Iporno3yBanHs nonury
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Ta cTaje BAOCKOHAJICHHS JIOTICTHYHUX CHCTEM CTaHYTh KIFOYOBUMU (pakTOopamu A €PeKTUBHOCTI
B IIiif ramys3i.
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Management of the warehouse of automotive spare parts is associated with two types of
risks. The risk of the first type consists in the mortification of the invested funds, as well as the
increase in the credit burden of the enterprise, if these funds are loans. The second type of risk is
that the spare parts will become morally obsolete, deteriorate or become illiquid. Taking into
account the fact that investment in the working capital of spare parts at enterprises servicing and
operating cars is often one of the most significant for them, these factors are an extremely important
part of the total volume of risks at the enterprise.

The inventory management system is a set of measures aimed at creating and replenishing
inventory, organizing its regular control, and planning timely deliveries.

The function of the stock of automotive spare parts is to protect against the uncertainty of
the need for them. And that is why insurance stocks are created, which play the role of a "buffer”
that reduces the negative impact of demand instability or the need for spare parts.

There are two types of uncertainty that insurance reserves are designed to deal with. The
first type of uncertainty is associated with fluctuations in the amount of the need for stock for a
certain period, and the second - with fluctuations in the delivery terms of the ordered composition
of parts.

To combat the uncertainty of the first type, a special concept of "Demand Response” was
developed, the essence of which is to reduce the response time to fluctuations in demand due to the
rapid replenishment of stocks where an increase in demand is expected.

The most developed and popular variants of the "Demand Response™ concept:

1. The concept of calculating the moment of order is based on one of the oldest methods of
inventory control and management, this concept uses statistical data of inventory consumption, and
it can be armed in the management of the warehouse of automotive spare parts.

2. The rapid response method consists in constant interaction between the enterprise and its
suppliers, which allows to increase the efficiency of promotion of stocks in supply chains. This
method is very limited in use at enterprises that service and operate cars, due to numerous features
of interaction between these enterprises and manufacturing plants or importers.

3. The same can be said about the logistics concept of continuous replenishment. This
concept of constant or high-frequency filling of the warehouse with the necessary spare parts,
taking into account the preparation of a logistics plan, theoretically, allows you to refuse orders for
replenishment of stocks. But the specifics of the work of enterprises of the motor vehicle complex
and the nature of their need for automobile spare parts do not allow it to be used in practice.

4. The further development of the last two of the above strategies was the logistic concept of
automatic replenishment of stocks, which is their improved version and combines the advantages of
both. Mainly, it serves to minimize the response time of the logistics system to fluctuating demand,
but it also requires further processing and adaptation to the specifics of the work of companies in
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the automotive industry.

The second basic concept of inventory management is inventory rationing, which includes
three main groups of methods: heuristic, technical-economic, and economic-mathematical.

Heuristic methods are based on the knowledge and experience of experts in this field, that is,
managers of spare parts sales departments or logisticians who deal with these issues in enterprises.
They study retrospective demand or need, depending on the specialization of the enterprise, obtain
current information about the state of the market and perform its analysis, study consumers and
form stock norms. Experts base their assessments on their own subjective understanding of trends in
demand behavior. It is this method, which belongs to the group of heuristics and is called
experimental-statistical, that prevails in practice for solving the tasks of managing the warehouse of
spare parts at enterprises that service and operate cars. As a rule, the experience of one expert who
specializes in this particular topic is used.

The method of technical and economic calculations is based on the differentiation of stocks
by groups, based on some common features. Insurance and current reserves, seasonal fluctuations
are calculated for each of the detected groups. The technical and economic calculation of the need
for spare parts is well developed theoretically for the technical operation of cars, it allows you to
accurately predict the required amount of stock, but it is extremely time-consuming.

Economic-mathematical methods are based on the methods of mathematical statistics, which
describe the random process of the need for spare parts at enterprises that service and operate
automobile transport. The most convenient and most popular of the economic and mathematical
methods of determining the demand for spare parts is the extrapolation method, which takes into
account the trends in demand that have developed over time and projects them into the future.

The main factor of the inventory management system, which must be taken into account
during the design of all its elements, is the implementation of the principle of feedback. Its essence
is that if the controlling element of the system exerts a controlling influence on its working element,
then the system has such a mechanism that allows you to inform about all the changes caused in this
system and evaluate the effectiveness of this influence. The inventory management system is
considered managed if it is possible to obtain information about its new state, analyze it and, taking
into account the received information, if necessary, make a corresponding corrective impact on it.

Theoretically, inventory management is used to distinguish the following quantitative levels
of inventory:

- maximum stock - the sum of the insurance stock, stock for temporary order fulfillment and
stock temporarily between orders. Its size is taken into account during control over the
overspending of resources;

— average stock — the average arithmetic value of the stock over a certain period of time. The
value of this indicator serves to determine the efficiency of the inventory management system;

- minimum stock - the sum of insurance stock and stock for the time of order fulfillment.
Upon reaching this level of stock, an order to replenish the warehouse is made.

In the process of managing spare parts inventory, it is important to know the moment of the
order and its volume. At the same time, the order point is the set minimum level of stock, when it is
reached, an order is sent to replenish the warehouse, and the size of the order is the number of parts,
units or aggregates, by which their stock should be replenished. If the minimum stock coincides
with the moment of receipt of the next order, the stock will reach the maximum level.

From the above, it follows that there are two main elements in the theory of inventory
management: the volume of the order and the moment when the order for replenishment of the
stock should be placed. Both parameters depend on each other. From the accepted size of the stock
replenishment order, which will be necessary to meet the planned demand, it is possible to
determine the moments of placing orders. Therefore, for an economically feasible order size, it is a
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key parameter for optimizing the stock level in the spare parts warehouse. The subsequent
management strategy and indicators of its effectiveness depend on its value. The amount of stock is
optimized by changing the size of the order to achieve a given level of service. At the same time,
the minimum total costs associated with warehouse stocks are most often taken as an optimization
criterion.

You can control the size of the stock by changing the order volume, the interval between
orders, or these parameters of the warehouse management system. Based on this theory of inventory
management, models have been developed.

The proposed formula for calculating the optimal order size.
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3axionoykpaincokuli HayioHanbHULL yHigepcumem, Ykpaina

JocnimpkeHHsa BIJIINOBiJa€ CydyacHUM BHUKIMKaM Ta MOTpedaMm ramdy3i aBTOMOOIIBHOTO
cepBiCy, HaJalO4YM BaXXJIMBI HACTAHOBH MJISI ONTHUMAJIBHOTO TPOEKTYBAaHHSA CTAaHIIH TEXHIYHOTO
00CITyrOByBaHHS.

[Ipnynnu:

1. 3pocratoua Pons ABToMoOimpHOTO Tpancmopty: V 3B'I3Ky 31 3pOCTaHHSIM aBTOMAPKY Ta
MONMUTY Ha aBTOMOOUIBHMM TpaHCHOPT, €(QEKTHBHI CTaHIli TEXHIYHOTO OOCITYrOBYBaHHS €
KPUTHYHUM €JIEMEHTOM JIJIs 3a0e3MeYeH s 0e3nepe0iiHOCTI pyXYy.

2. Texnonoriyauii [lporpec Ta EnextpomobineHicTh: CydacHi TEHIEHIIIT BKIIIOYAIOTh B cede
nepexia 10 eIeKTPOMOOITFHOCTI Ta BUKOPUCTAHHS HOBITHIX TEXHOJIOT1H, 110 POOUTH aKTyaJbHUM
aHaJi3 Ta yIOCKOHAJICHHS ICHYIOUMX CTaHIIIMH.

3. CnoxwuBui Bumorn no Cepsicy: CrioxuBaui jefani BUOArJMBIII CTOCOBHO SIKOCTI Ta
MIBUAKOCTI 00cCiayroByBaHHs. JlociifkeHHS 03BOJIsIE BpaxyBaTH iXHI OYIKYBaHHS Ta HaJaTH
BHUCOKOSIKICHI TTOCITyTH.

4. Exonoriyna Ceigomicte Ta CranHmapTv: 3 MiJBHUINCHHSIM €KOJOTIYHUX BHUMOT Ta
CTaHJApTiB, MPOEKTYBaHHS CTAHLINA NMOBMHHO BpPaxOBYBAaTH 3MEHILEHHsS BHUKHIIB Ta 30€pe)KeHHS
eHeprii.

5. T'myukicte y Bukopucranni Pizamx TumiB TpancmopTy: AKTyadbHICTH TIOJATAE B
3TATHOCTI CTaHI[iil 00CIyroByBaTH pi3HI TUIHM aBTOMOOLIIB, BKJIIOYAIOUN €IEKTPUYHI, OEH3MHOBI Ta
JIN3ENbHI.

6. Konkypentnuii Tuck Ha Punky: YMille mpoeKTyBaHHS CTAHIIH € CTPATEri4yHO BaXKIUBUM
U1 BUXO/1Y BIIEpe]l y KOHKYPEHTHOMY CEepeIOBHILI aBTOMOOITBHUX CEPBICIB.

7. IadpactpykrypHi Buxnuku: 3pocratounii  00CAr TPAaHCHOPTY CTaBUTh IEpej
1HQPACTPYKTYPOIO 3aBJIaHHS 3a0€3NEeUNTH 3pYYHUI Ta MBUAKUI CepBic, 10 POOUTH aKTyaJbHUM
fioro aHais.

8. Posmmpennss Mepexi 3apsaaux Craniiid: 3 yBeJICHHSIM €JIEKTPOMOOUIHHOCTI B MacOBE
BUKOPUCTAHHS, MPOEKTYBAaHHS CTaHLIM AJs 3apsKaHHA CTa€ KIIOYOBUM aCIEKTOM PO3BHUTKY
eJIEKTPOMOOLITBHOT IHYPACTPYKTYPH.

9. Cyuacni Bumoru g0 besneku: 3 ypaxyBaHHSM 3pOCTaHHS TEXHOJIOTTYHHX MOKIMBOCTEH,
aKTYyaJIbHICTh MOJISITa€ B 3a0€3MeUeHH] BUCOKOTO piBHS O€3MeKH Ui 00CIyroByBaHHS aBTOMOOLIIB
Ta TIEPCOHAIY.

10. ITotpeba y Lludposiit Ontumizanii: 3actocyBaHHS HU(POBUX pIllICHb Ta aHATITHKH
ZI03BOJISIE OTITUMI3yBaTH MPOLIECH 0OCTYrOBYBaHHS, 3MEHIIIYIOUHM Yac Ta PECYpCH.

CnocoOu  mpoOeKTyBaHHS CTaHLIM TEXHIYHOTO OOCIYroBYBaHHS Ui  BaHTAXHHUX
aBTOMOO1IB:

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Cr. 207



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

1. Makcumizauis IIpocropy Ta EdexTuBHICTS:!

- Mopnynbaa Koncrpykuisi: BukopucranHs MOAYJIBHOI apXIiTEKTypH ISl ONTHUMI3ALil
IPOCTOPY Ta MIBUJKOTO PO3LIMPEHHs CTAHLIT 3 ypaXyBaHHSAM 3POCTaHHS 00CAriB 00CIyrOBYBaHHS.
CraTucTuKa IOKa3zye, IO MOJYJIbHI MiAXOAM MOXYThb 3MEHIIMTH vac OyrmiBHumTBa Ha 20%,
3a0e3neuyoun Ipy HbOMY OUIbITY THYYKICTb.

- Epronomika PoGouux 30H: [IpoekTyBaHHs poOOUYMX 30H 3 ypaXyBaHHSAM €prOHOMIKH IS
[iABUILEHHS MPOIYKTUBHOCTI Ta 3pY4HOCTI 00cmyroByBaHHs. CTaTHCTUKA MTOKa3ye, 110 BUPOOHUYA
e(eKTUBHICTh MOKe 301IbIUTUCS Ha 15% 3a paxyHOK onTUMi3alili poOOYUX MICLb.

2. EdextuBne Ynpasninus Pecypcamu:

- Cyuacne OOnagHaHHs Ta ABTOMaTH3allisi: BrpoBagkeHHS Cy4acHHUX TEXHOJOTIH Ta
aBToOMaTH3aIlii 1 €(heKTUBHOTO BUKOPUCTAHHS PECYPCIB Ta CKOPOYEHHS Yacy OOCITyroByBaHHS.
CraTucTHKa MOKa3ye, 110 aBTOMATH3allis MOXe 3HU3UTHU Yac 00cIyroByBaHHs Ha 25%.

- EneproedexTiBHICTh: 3aCTOCYBaHHS €HEProe(EKTHBHUX CUCTEM OCBITIICHHS, OTIAJICHHS Ta
KOH/IMI[IOHYBAaHHS Ul 3MEHIIEHHS BUTPAT €JIEKTPOEHEPrii Ta eKOoJOoriyHoro BIUIMBY. CTaTUCTHKA
MOKa3ye, 0 Taki 3aX0/A1 MOXKYTh 3HU3UTH BUTPATH enekTpoeHeprii Ha 30%.

3. 3abe3neuenns besneku ta CneuianizoBanoro O0i1a HaHHS:

- Cuctemu besneku: BukopuctanHs cy4acHHUX CUCTEM BiJJEOCHIOCTEPEKEHHS Ta O€3MEKH 1is
3aXHMCTy HEPCOHANTY Ta TPAHCIOPTHHUX 3aco0iB. CTaTHCTUKA MOKAa3ye, 10 BIOPOBAKCHHS CUCTEM
0e3IIeKH MOJKE 3HU3UTH KUIBKICTh HEIIACHUX BUMAAKIB Ha 15%.

- CnenianizoBane O0nannanus: Po3poOka Ta BIpOBaIXKEHHS CIIELiali30BaHOI0 001 JHAHHS
IUIE PEMOHTY Ta OOCIYrOBYBaHHS BAaHT@XHHMX aBTOMOOLUIIB pI3HUX THIIIB Ta KOHQIrypamii.
CratucTuka TIOKa3ye, 10 BHUKOPHUCTAHHS CICIIATI30BAaHOTO OOJIAMHAHHA MOXKE 301IBIIUTH
HIBUJKICTH 00ciyroByBaHHs Ha 20%.

4. EnextpomoOinbsHa IHdpacTpykTypa:

- 3apsyaai Cranuii qs Enextporpancnopty: BpaxyBaHHS MOKIMBOCTEH 0OCTyrOBYBaHHS
€JIEKTPUYHUX BAaHTaXIBOK Yepe3 BCTAHOBJIECHHS 3apsAHUX CTaHLIA Ta HaJarOKEHHs
iHppacTpykTypu. CTaTUCTHKA MTOKA3Yye, 110 IMOTHT Ha 3apsaHi cTaHmii 3poctae Ha 40% mopivHO.

- Texuounoriuni Iligxoau: Bukopuctanas TtexHosorii, Takux sk loT ta o6mikoBi cuctemu,
i e(peKTUBHOTO MOHITOPUHTY Ta YIpaBliHHA oOcCiyroByBaHHsAM. CTaTHCTHKa MOKa3ye, IIO
BIIPOBA/KEHHSI MOX€ 3MEHIIUTHU Yac BUABIECHHS MpobieM Ha 30%.

BucnoBku. Ctpateriuna BaxiuBicTb: AHalli3 crioco0iB MPOEKTYBaHHS CTaHIIM TEXHIYHOTO
00CITyrOBYBaHHSI CBIIYHTH MPO IXHIO CTPATETIYHY BAXIMBICTh y 3a0e3nedeHHi e()eKTHBHOCTI Ta
KOHKYPEHTOCTIPOMOXHOCT1 aBTOMOOLITBHOTO CEPBICY.

BinnmosigHictes TennmenmisM: [IpoekTyBaHHS, BpaxOBYIOYH TEXHOJIOTIYHI Ta EKOJIOT14HI
TEHJICHIII1, JJO3BOJISI€ CTBOPIOBATH CTaHIli, IO BIIMOBIAAIOTH MOTpedaM CydacHOTO PHUHKY Ta
CIOXHBAYIB.

EdexruBnicts Ta be3neka: 3a0e3nedeHHss oNTUMaIbHOI €()eKTUBHOCTI Ta BUCOKOTO PIBHS
0e3MeKH BUSBIISAETHCS KIFOUOBUM (DaKTOPOM JJIsl YCIIIITHOT eKCIUTyaTallli CTaHIiH.

Iopaneumit  PozBurok  [HdpacTpykTypu: AHamTHYHE  JOCHIIKEHHS  MiJKPECIIOE
HEOOXIJHICTh TOCTIHOTO PO3BUTKY I1HQPACTPYKTYPH, 30KpeMa 3 YypaxyBaHHSM PO3IIUPEHHS
Mepexi 3apsagaux craHmid. [{udposa Tpancdopmaris: 3acTtocyBaHHS HUGPOBUX PIlIEHH Ta
aHAIITUKH BKa3ye Ha HEOOXIJHICTh IHTErpaii cydacHHUX TEXHOJOTIN JUIsl ONTHUMIi3alii MpoIeciB
00CITyroBYBaHHSI Ta BIPOBAKCHHS IUPPOBUX 1HII[IaTHB.

Cnucok BUKOPUCTAHUX JKEPEeT

1. Excrutyaramiiina HaniifHICTh BUAIB TpoMajchkoro tpancrnopty Micra Tepuomousi / H. M. ®anosuu, O. C.
leBuyk, I. I1. ITomouy, 1. B. ITonosuu, M. B. Bypsx, P. I. Posym, O. B. Yopna // CyvacHi TexHoorii B
MamrHOOyAyBaHHI Ta TpaHcnopTi. - 2022, - Ne 1. - C. 186-191.
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2022. OuiHka MIITHOCTI Ta HaIIIfHOCTI aBTOTPAHCIOPTHUX 3ac00iB. BiCHUK MarmHOOYIyBaHHS Ta TPAHCIIOPTY.
15, 1 (JIum 2022), 17-22.
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TEXHOJIOTIT B MaIIMHOOYAyBaHH1 Ta Tpancnopri. - 2020. - Ne 2. - C. 64-71.

Yopra O.B., @anosnu H.M., IIporniit I[1.b., [Tonosuu I1.B., IlleBuyk O.C., Bypsk M.B. 3a0e3nedenHs sSKocTi
poOOTH TiINPHEMCTB aBTOMOOUTEHOI iH(pacTpyKkTypu 3 To3MLil eproHoMikw// 30IpHMK HAyKOBHX Hpallb
"llenTpanbHOYKpaiHChKUI HaykoBuid BicHUK. Texuiuni Hayku", 2022 Tom 2. Ne5(36). C. 284-291

Po3ym P. I. Merononorist fiarHOCTyBaHHS aBTOMOOUTBHMX au3enbHUX ABHUTYHIB / Posym P. 1., Bypsax M. B,
[omnoeuy I1. B., Iporwiit I1. b., 3axapuyk O. I1. // Cy4acHi TexHouorii B MaimHOOyIyBaHHI Ta TpaHcropTi 30.
HayK. cT. - JIynpk, 2022.- C. 138-142.

Posym P.I., Kopbak C.I. JIpurynu: Munyie i chorofeHus / TeHaeHIl Ta BUKIUKA Cy4acHOT arpapHOi HayKHu:
Teopis 1 npakrtuka. Marepiamu [11 MikHapoaHoi HaykoBoi iHTepHeT-KOH(epeHiil. Te3u nomnosimeit (20-22
xoBTHA 2021 p.). Kuis, 2021. C. 312.

HupkynsipHa nojiTika yrnpasiiHHS Binxoxamu [EnekrpoHHuit pecype] : minpyunuk / A. 1. Kpucosaruii, P. €.
3Bapuy, I. 5. 3Bapuy [Ta iH.]. - TepHonins : 3YHY, 2023. - 460 c.

Rozum R.1., Buriak M. V., Zakharchuk O. P. Innovative engines in the history of automobile building. Modern
engineering and innovative technologies. Issue 18 / Part 2. Sergeieva&Co Karlsruhe, Germany 2021. P. 64 — 67.
Rozum R.1., Shevchuk O. S., Prohnii P. B. Optimization of working processes of internal combustion engines
with the purpose of improving their environmentality. Modern engineering and innovative technologies.
Sergeieva&Co Karlsruhe (Germany) 2022. — Issue 19. Part 1. — P. 147-150.
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Ya.V. Thirsa, master,

V.V. Aulin, Prof., Dr. Tech. sciences,

A.V. Hrynkiv, senior researcher, Ph.D. technical of science
Central Ukrainian National Technical University, Ukraine

Cargo transportation or transportation looks like a logistics function. Transport, regardless of
its types and sizes, plays a significant role in logistics. It allows you to move products within the
territory of one plant, within the city, region and even the country.

In the logistics system, transport is involved: and is the main component of the functional
areas of logistics (placement, procurement), while transportation plays the role of a significant
branch in which the economic functions of transport are progressing.

The correct selection of the transport component leads to a decrease in the cost of finished
products, which is important for large factories that receive raw materials or semi-finished products
in large batches. The cooperation of enterprises is governed by material flows, therefore it is
necessary to use the best possible means of transportation at favorable rates.

In the regional market, it is possible to single out a large role of small-sized and heavy-duty
transport, they accelerate the turnover of products by reducing the time frames for which goods or
other material values reach the final consumer.

The key to success in transportation is planning the best routes. This is affected by the
overall quality of the road and transport complex and the need to calculate all aspects, such as road
congestion, their condition and the level of technical equipment, all these factors directly affect the
price of the product, so it is worth doing quality planning.

Many countries place great emphasis on transportation. Companies believe that
transportation plays one of the main roles in the entire range of logistics services. Thus,
transportation accounts for the majority of the entire complex of logistics services.

A sufficient amount of attention is needed to improve transport solutions in the logistics
business. The number of transport companies is growing. The consumer has become demanding.
Customers and company leaders understand that if their company cannot meet the customer's
requirements, he will find another organization that can provide the necessary services. For the
client, this will not pose significant difficulties, provided free resources are available. Therefore,
company managers try to place great emphasis on the quality of services provided.

In general, logistics services cannot be imagined without warehouses. Often, transport
companies have to use their warehouses or customers' warehouses to provide services. Own
warehouse is a competitive advantage, as companies can use them for temporary storage of goods.
Warehouses are also used in the supply chain to pick up (deliver) cargo to the consumer.

The supply chain is a set of organizations: suppliers, manufacturers, consumers and
intermediaries, connected to each other by a technological chain.

The network through which material resources are distributed (distribution center) becomes
an integral part of the logistics system. Other networks, through which distribution centers ship,
increase the cost of transporting goods to the customer, but the final cost to the consumer increases
several times.

A distribution center is a warehouse complex that receives goods from manufacturing
enterprises or from wholesale trade enterprises (for example, located in other regions of the country
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or abroad) and distributes them in small batches to customers (small wholesale and retail trade
enterprises) through its or their freight forwarding the network.

Distribution centers can be built in a certain sequence.

There are three variants of this sequence:

— near sales markets;

— not far from production;

— between the place of production and the place of sale.

Placing a warehouse near stores is the right solution for quickly replenishing shelves.
Thanks to this, the client will not have to wait a long time for the desired product. This saves
customers from ordering products from the warehouse and the time spent waiting, which can last
from several hours to several days. These warehouses can be found near food and industrial
markets. The location of the warehouse near the sales markets is not always found only in food and
industrial stores, this idea is also used by other industries. This is due to the reduction of costs for
the delivery of goods and the reduction of the loss of customers due to product shortages.

Placing the warehouse next to the production sites helps to relieve the workload. The goods
are transferred to the warehouse for further shipment to consumers of the same type and mixed
cargo, since retail outlets order products in bulk, they are offered a discount. The main advantage of
this solution is that the service covers the entire range of goods being shipped. Therefore, the head
of such production may well become one of the best and sought-after suppliers.

Warehouses that are located between the place of production and the places of sale operate
in the same way as warehouses located near the places of production, they store goods and send
them to stores at a reduced price.

All indicators of the distribution center depend on the size of the product, planning, and
budget of the enterprise that has this warehouse. At the same time, the prices for the transportation
of goods or cargo, the cost of storage, management of the enterprise, firm, company and the level of
service for consumers will also be taken into account.

Depending on the development plan and the location of the distribution center, you can
choose two options for the structure: centralized (one large distribution center) and decentralized
(many small centers).
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3axionoykpaincokuil HayionanvbHull yHigepcumem, Ykpaina

JlocmikeHHsT TPOOJIEMAaTHKH TEXHIYHOTO OOCIYrOBYBaHHS IAaCaXMPCHKUX AaBTOOYCIB B
3aNIe)KHOCTI BiJl OpraHizaiii peMOHTY Ha CTaHLIAX TEXHIYHOTO OOCIYrOBYBaHHS BH3HAYAETHCS
KUTbKOMA KITFOYOBUMH YNHHUKAMHU:

1. E¢exTuBHICTS:

- Bnacne Texniune OOcmyroByBaHHs: JlOCHiDKEHHS € KPUTUYHUM JUIsI BU3HAYCHHS
€(eKTUBHOCTI BJIACHOTO TEXHIYHOTO 0O0cCIyroByBaHHsa. [lomyk ONTHMalbHUX METOIIB Ta
TEXHOJIOT1 MO)KE€ MO3UTHBHO IMO3HAYMTHUCA Ha HAAIMHOCTI Ta eKCIUTyaTaliiHINd e(eKTUBHOCTI
aBTOOYCIB.

- 3osHimHI CepBicu:* BusHaueHHs mnpoOieM y B3aeMOJli 3 30BHILIHIMH cepBicaMu
JI03BOJIUTH ONTHMI3yBaTH MPOLEC Ta 3MEHIIMTH 3aTpaTH, 3a0e3neuyroun epeKTUBHUNA PEMOHT 0e3
HaJMIpPHUX BUTpAT.

2. besnieka Ta 3agoBoseHicTh [lacaxupis:

- Bnacue Texuiune O6cnyroByBanss: JlocnipkeHHs aKkTyaldbHe AJis 3a0e3neyeHHs O0e3neKu
Ta KoM(popTy macakupis yepes 3abe3neueHHs 6e3nepediitHol poOOoTH TPaHCTIOPTHOTO MapKYy.

- 3oHimHI Ceppicu: OnTuMizallisi 30BHIIIHIX CEPBICIB MOX€ BIUIMHYTH Ha HIBUIKICTH
BUIPABJICHHS TEXHIYHUX HEMOJAI0K Ta 3HWKEHHS pU3HKY aBapiiiHOro crany aBTOOYCIB.

3. Exonomiyna Burona:

- Bnacne Texuiune O0ciayroByBanHs: i1 BHYTPIIIHBOTO OOCIYTrOBYBaHHS, TOCIIIKEHHS €
KIJTFOUOBHUM JIJ151 €(DEKTUBHOTO BUKOPHUCTAHHSI PECYpPCIB Ta OOKETY.

- 3osuimHi CepBicu: AHam3 e(EeKTUBHOCTI 30BHIIIHIX CEPBICIB MOXE BH3HAYUTU
BUTIJTHICTh 30BHINTHBROTO OOCIIYyTOBYBaHHsI TOPIBHSHO 3 BHTpaTaMHU Ha BjacHE OOJaHAHHS Ta
NEepCOHAI.

3araqbHOI0 TEHACHINEID € Te, IO He3aleXHo B oO0paHOT MOJEN TEXHIYHOTO
o0CIyroByBaHHS, HOro €)eKTUBHICTh BU3HAYAETHCS SKICTIO B3a€MOJIi 3 PEMOHTHUMU CTAHIIISIMHU.
JlocHiKEHH € BaKJIMBUM 1HCTPYMEHTOM JUIS TIOIIYKY OINTHMAJBbHOTO OallaHCy MiX SKICTIO,
BapTICTIO Ta Oe3nepediiiHICTIO 00CTYTOByBaHHS MACAKUPCHKUX aBTOOYCIB.

PosrnsiHemMo npobiieMu TEXHIYHOTO 00CTYyrOByBaHHS MacaXKUPChKUX aBTOOYCIB Y KOHTEKCTI
JIBOX Pi3HUX OpraHi3aliiHUX MOJIeNIeil TEXHIYHOTO OOCITyrOBYBaHHS.

bromxetni OOmexxeHHsi: barato omeparopiB mepeBe3eHb CTUKAIOTHCS 3 OOMEKEHUMU
Oro/KeTaMy Ha TEXHIUYHE OOCIYroBYBaHHS, IO MOXE MPU3BOJUTH /O BIJIKIAJCHHS PEMOHTIB Ta
3HI)KCHHS SKOCTI 00CITyTOBYBaHHS.

Bbpak CrnewmianizoBanux 3HaHb: HeBenuki mepeBi3HMKM MOXYThb MacKyBaTh Opak
kBamidikaiii abo cremani3oBaHUX 3HAHb TEXHIYHOTO IMEPCOHANTY, IO BIUIMBA€E Ha €()EKTHBHICTH
PEMOHTIB Ta J1arHOCTHKY MPOOIIEM.

3arpuMku B O6cnyroByBaHHi: Bennka KuUIbKicTh aBTOOYCIB Ta 0OMEXEHI pecypcH MOXKYTb
NPU3BOANTH /10 3aTPUMOK Yy BHKOHAHHI PEMOHTIB, IO BIUIMBA€ HA JOCTYMHICTh TPAHCIIOPTHOTO
3aco0y s eKCIuTyaTallii.

3oBHimHI CriertianizoBani Cepsicu:
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Bucoki Butpartu: 3BepTaHHs 10 30BHIIIHIX CEPBICIB MOXe OYTH BUTPATHUM, OCOOJIMBO JIJIs
MaJIuX MEPEeBI3HMUKIB, IO MOXE TMIPU3BOIUTH 10 CKOPOUCHHS TEXHIYHUX 00CITYyroByBaHb a00 BUOOPY
MEHII SIKICHUX PIllIeHb.

bpak KonTposto: BiicyTHICTh IPSAMOTo KOHTPOJIO HAJl TEXHIYHUM OOCIIyTOBYBaHHSIM MOXE
MPU3BECTH JI0 3aTPUMOK Ta HEJJOPO3YMiHb Yy BUPIILICHHI TEXHIYHUX MPOOIEM.

Hoctynuicte 3amacHnx YacTuH: 3aleXHICTh BiJ 30BHIMIHIX MOCTAYaJbHUKIB MOXE
CTBOPIOBATU MPOOJIEMH 3 JOCTYIHICTIO OPUTiHAIBHUX 3alaCHUX YAaCTHH, OCOOJHMBO Ui CTapUX
Mojienielt aBTO0YCIB.

Bpax Imausinyansaoro Ilinxony: 30BHIIIHI CEpBICH MOXYTh HE 3aBXAM 3a0e3MeuyBaTH
IHIUBIIYIBHANA TIX17 10 MOTped KOHKPETHOTO OIleparopa MepeBe3eHb Ta HOro TPaHCIOPTHOTO
MapKy.

O6pana Mojenb TEXHIYHOTO OOCIYroByBaHHS BIUTMBAE Ha €QEKTHBHICTh, SKICTh Ta
€KOHOMIUHY CTIMKICTh MacaKMPChKOTo aBTOOycHOro ¢uoTy. BaxnuBo 30amaHcyBaTH BUTpaTH Ta
SAKICTh OOCIIyrOBYBaHHsI, 0OMpaIOYU ONTUMANIBHUN HUIAX 711 KOHKPETHOTO OllepaTopa rnepeBe3eHb.

e mocmiUKeHHSs BHOKPEMJIIOE BaKJIMBI ~ aCEeKTH TEXHIYHOTO  OOCIyroBYBaHHS
MacaKUPChKUX aBTOOYCIB, HAroJIONIYIOUM HAa 3HAYYMIOCTI BHOOPY ONTHMAJIbHOI MOJENi
oOciyroByBaHHs. HesasnexHO BiJ TOro, 4 e BJAacCHE TEXHIYHE OOCIyrOBYBaHHS YU 3aTy4CHHS
30BHINIHIX CEPBICiB, €PEKTUBHICTh BU3HAYAETHCS BIUIMBOM Ha OE3IMEKYy MacakKHpiB, EKOHOMIUHY
JOLUTBHICTh Ta 3arajbHy SIKICTh NepeBe3eHb. PO3yMIHHS WX ACMEKTIB € KIOYEeM JO YCIHIITHOTO
YIpaBIiHHS TPAHCIIOPTHUM MApKOM Ta 33J0BOJICHHS MOTPed Macakupis.
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SITUATION MANAGEMENT OF TRUCK TRANSPORTATION

A.B. Stavila, master,

V.V. Aulin, Prof., Dr. Tech. sciences,

Central Ukrainian National Technical University, Ukraine

V.Z. Gud, Prof., Dr. Tech. sciences,

Ternopil National Technical University named after lvan Puluy, Ukraine

The analysis of problematic situations in the transportation of construction structures to
home construction sites made it possible to group the causes of inefficient organization of the
transport process according to the following performance indicators of cars:

— idle time of cars under loading and unloading;

— idle time of cars in a queue at loading and unloading points;

— non-productive loss of time by cars at loading and unloading points (without taking into
account downtime in the queue);

— the time of the cars on the route;

— the coefficient of production of cars per line

The first three problematic situations combine the reasons for the increased time spent by
cars at the plant - the manufacturer of reinforced concrete products and at construction sites.
Different elements of time expenditure determine the difference in the reasons for their excess.

Managers and specialists of the territorial management of construction, a house-building
plant and a motor vehicle company, which ensures the transportation of house-building structures to
construction sites, acted as experts. According to the methodology, three rounds of the expert
survey were conducted and statistical processing of its results was performed.

The five specified problem situations combine 99 elements of inefficient organization of
freight transportation of construction structures, connected to each other by cause-and-effect
relationships.

Of the eighteen reasons for the increased duration and instability of loading and unloading
time (the first problematic situation), the six most significant parts that have double lines of
influence are highlighted.

Of particular importance is the analysis of such a factor as the insecurity of the transport and
assembly process with flight sets prepared in advance as part of the finished products of the
reinforced concrete construction plant. The absence of pre-prepared flight sets leads to excessive
downtime of motor vehicles and allows for rationalization of the storage of parts and structures in
the composition of finished products. The results of the expert survey are confirmed by the results
of field observations: 71% of all cars are loaded consecutively at two or more posts; loading
(unloading) the car requires from 3 to 6 crane cycles; the loading time varies from 8 to 38 minutes,
due to which a simple car in the warehouse exceeds the standard in 53 cases out of 100; unloading
time ranges from 4 to 44 minutes. In most cases, parts are added to the flight sets directly during the
loading of the cars.

The lack of preparation of travel packages does not allow to organize stable transportation
by the "shuttle” method (using reversible semi-trailers).

The main influence on the unpreparedness of flight sets is the imperfection of planning and
technical documentation (applications, schedules, assembly cards, etc.). Already at the planning
stage, the inconsistency of the processes that form an inextricable chain in terms of technology is
manifested: manufacturing, assembly, transportation, unloading and installation of parts of house
construction structures.

The problematic situation of "Standing cars in a queue” includes 32 elements of inefficient
organization of transportation, of which the five most important ones are selected. The results of the
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expert survey were also supplemented by the analysis of on-site observations and timing
measurements.

The coefficient of adherence to the schedule of cars for the first load, calculated as the ratio
of the number of cars that arrived according to the schedule to the cars that actually arrived under
the load, is 0.23, while its nominal value is 1. In the morning time from 7: 00 to 9:00 a.m. 45% of
all cars stop in the queue.

Among the reasons, the experts singled out those that are explained by the insufficiently
efficient organization of the management of the transport and assembly process: inconsistency of
the assembly schedules with the assembly schedules and the availability of products in the
warehouse of finished products; multi-link management system and duplication of functions,
insufficient qualification of management personnel; inconsistency of interests of the factory of
reinforced concrete products (the production plan is set in cubic meters of reinforced concrete),
transporters (work is paid for transported tons or hours worked), assembly departments (assembly is
estimated in square meters of housing). As a result of the analysis of problem situations, the
inconsistency of the participants of the process of manufacture, transportation and installation of
reinforced concrete parts of structures, which is unique in its technological essence, was revealed.

f the ten reasons for time lost by cars at loading and unloading points, four are the most
important. Timing measurements also confirm the importance of this problem: on average, a car is
lost on a construction site for one trip. 1 minutes (not including waiting in line and time lost due to
bad driveways). When analyzing this problematic situation, it was established that almost a third of
all time spent by a car at the warehouse of finished products (9 minutes on average per trip) is spent
on the preparation of goods and transport invoices.

The problematic situation "Deviation of the car's driving time on the route from the
standard™ combines 18 elements of inefficient transportation organization, from which five of the
most significant can be singled out. Among them are reasons related to refueling and car breakdown
on the road.

The problematic situation "Decreasing the ratio of production of cars per line" is a cause-
and-effect complex of 23 elements, of which five are classified as the most important. The
significance of the problem is caused by the fact that the actual coefficient of production of cars per
line is slightly more than 0.60, compared to the planned 0.80.

Using the results of the study of problematic situations, measures were prepared to eliminate
them and the "Guideline document. Typical end-to-end technological process of delivery of parts of
reinforced concrete structures of house construction by road transport to construction sites” was
developed, approved by the chief engineer of the territorial construction department.

Problematic situations during the long-distance transportation of goods are determined by
the fact that in this case the downtime of cars at loading and unloading points for various reasons is
less important than in intra-city freight transportation. If the car makes one trip in one day or even
in several days, then an increase in idle time during the reception and delivery of cargo for 30...40
or more minutes will not be able to significantly reduce the efficiency of transportation. In this case,
it is much more important to fully use the carrying capacity and volume of the body, to load in the
opposite direction and to combine points located in the same direction into one route (transportation
routing) taking into account the periodicity of their detours.
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[ligBUIIEHHS EKOJIOTIYHOCTI TPAHCHOPTHUX 3acO0IB MOYKHA 3a0€3MEYUTH 3a PaxyHOK
BUKOPHCTAHHS aJIbTEPHATUBHUX BUJIB MajuBa. AJIbTEpHATHBHI BUIU MalIMBa, OKPIM ITiIBUIECHHS
€KOJIOT1YHUX T[IOKa3HHUKIB TPAHCIOPTHHUX 3aco0iB, MAlOTh 3aJOBOJBHATH HHU3KY BHMOI: HE
HOTipIIYBAaTH TEXHIYHI XapaKTEPUCTUKH JIBUT'YHIB, BOJIOIITH HU3bKOIO BAPTICTIO TOLIO.

Jlo anbTepHATHBHUX BHJIB MOTOPHHX TTaJIUB BiTHOCSTH:

["a30Bi nanMBa NPUPOAHOrO MOXOKEHHS (3P1IPKEHUM 1 CTUCHYTHI ra3n).

CunreTnuHi nanuBa (OlonajvBa TBapUHHOTO Ta POCIMHHOTO MOXOJKEHHS; yCl BHIU
CUHTETHUYHHUX CIMPTIB; ra30BUM KOHAeHcaT; qumeTnioBl edpipu (JJME); Bogens Ta iHmi).

BropuHHI pecypcu, 10 BUHUKAIOTh B IPOLIEC] EPEPOOKH PIIKUX 1 TBEPAUX MAJIUB.

MacoBe 3acToCyBaHHS NEepeBa)XHOI OUIBLIOCTI aJbTEPHATUBHUX BHJIIB MOTOPHHMX MaJHB €
oOMexeHe, IO TOSCHIOETHCST HACTYITHUMH MPUYNHAMH

— BaXKICTIO 30epiranHs (BOJEHB);

— BUCOKOIO TOKCUYHICTIO (METaHOJI, Ta30BUI KOH/IEHCAT);

— 3HAQYHUM MOTIPIIEHHIM TeXHIKO-€KOHOMIYHHUX XapaKTePUCTUK JABUTYHIB.

Haii0inpmmmu mepceKTHBaMu, Ha HAITy AYMKY, cepell allbTepHATHBHUX BHIIB TTaJIBA JIJIS
IU3eJIbHUX JABUTYHIB BOJIOAIE 010MaNMBO, IO OJEPKYETHCA 13 )KUPIB TBAPUHHOTO MOXOKEHHS Ta
POCIMHHHUX oI, mepm 3a Bce — MeTwioBl edipu. Takoro pojay HaauBO OIEPXKYIOTh 13
MOHOBIIFOBAHUX BHJIIB MPHUPOJHUX PECYpPCiB, y 3B’A3Ky 3 UMM, OpHU HOro 3acTOCyBaHHI
3abe3neuyeThest gorpuManHsa Oamancy CO,. 3 MeToro BUpOOHHMIITBA OlomajvBa B HAIIIA JEpiKaBi
JOLITBHUM € 3aCTOCYBAaHHS PIIIaKOBOi OJIii.

OTpumaHi i3 pimakoBoi ol METUJIOBI e(ipy MOKHA 3MIITYBAaTH 3 TPATULIMHAMH BHJIAMH
JM3EJIBHOTO MajiuBa (OJEPKAHOTO 13 HAPTH) y PI3HUX MPOMOPLIAX BiJ HE3HAYHHX KIJTBKOCTEH ax
IO TIOBHOTO 3aMIIIEHHS.

Bukopucranns 6ionanuBa SK albTEpPHATUBHOIO MaJIMBa TPAAULIHHOMY JM3EII0 3a0e3nedye
3 OIHIET CTOPOHU 3HMKEHHS BUKU[IB TOKCHYHHUX PEYOBHH, a 3 1HIIOI — TaKOTO POAY MalbHE €
BiJTHOBJIFOBAaHUM BHJIOM TAJIMBA, a IOr0 3aCTOCYBaHHSA J103BoJsie 30epertu 6ananc CO,. Bimomum €
TOH (akT, 10 B MPOIECI BUKOPUCTAHHS OlomanvBa BiIOyBA€ThCS HE JIMIIE 3MCHIICHHS BUKHU/IIB
Caxki, a M CIOCTEpIraeTbcss 3MEHIICHHS JHUCIEPCHOCTI CaXOBHX YacTOYOK. OCTaHHE MOXKe
3a0e3meyyBaTi OIBII TMOBHE I1X BHTOPSHHS 13 KaTaJiTHYHUX HEWTpamizaTopiB, a 3MEHIICHHS
BUKHJIIB TBEPJUX YACTOYOK JIO3BOJSE 3a0€3MEUYUTH OiIbIly CTAOUIBHICTE POOOTH AU3EITHHHUX
JIBUTYHIB.

3 METOI0 MTPOBEICHHS JOCIIKEeHb, HATIPABJICHUX HA MiBUIIICHHS CKOJOTIYHOCTI TU3EITHHIX
JIBUTYHIB, a caM€ BCTAHOBJICHHS PEKUMIB pOOOTH OCTaHHIX, IO € XapaKTEePHUMH JJISl pealibHUX
YMOB pOOOTH TPAHCIIOPTHUX 3aC0O0iB, Oy7I0 BUKOPUCTAHO MOTOPHHI CTEHJ 3 ABUTYHOM 3M3-5143.
Janwuii ctern Oymno oOpaHO 3 METOIO 3HM)KEHHS BUTPAT IMajlBa, a TAKOXK 3 JAHUM CTEHIOM 3PYyYHO
MpawoBaTé (Ma€e BUTBHHUMA JOCTYH JUISl PO3TAlTyBaHHS JJaBadiB Ta BUMiPIOBAIBHOTO 00 HAHHS).
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HocnimkenHs Oynd TPOBEACHI 3 METOK BCTAHOBICHHS OCHOBHUX —EKOJIOTIYHUX
XapaKTEPUCTUK TMPHU BUKOPHUCTAHHI TPATUIINAHOTO TU3EJIBHOTO IMajvBa, OlomajnBa, a TaKOXK iX
O1HapHHUX CyMiLICH.

AHaJi3 nmokasye, 1o Mo Mipi MiIBUIIEHHs KUTBKOCTI OionaauBa B O1HapHINA CyMIIIl CITIOYaTKy
CIIOCTEPIraeThCsl 3HWKEHHSI KIIBKOCTI MPOJYKTIB HEMOBHOT'O 3TOPSHHS y BIANPAIbOBAaHUX TIa3ax.
Takuii pe3ylbTaT MOXKHA IMOSCHUTH THM, IO MOJICKYJISIPHA CTPYKTypa OloMaauBa MiCTUThH NEBHY
KUTBKICTh KHCHIO, SIKUH 3a0e31euye OUIbII MTOBHE 3TOPSHHS MaTUBHOI CyMiILIL.

[Ipn momanemioMy miABUIIEHHI 101 OlomanwBa BiOYBAa€ThCS IMIIBUINCHHS ITOKa3HUKIB
B’SI3KOCTI Ta TYCTHHH CyMillli, II0 B CBOIO YEpry, CTBOPIOE HEraTUBHUM €(EeKT Ha MPOLECH
BIIOPCKYBaHHS Ta PO3IMUJICHHS MAJUBHOI CyMiln POpCyHKaMH.

HacninkoM nepeBuIleHHsT OMTUMATLHOI YaCTKU O10ManuBa, sika 3HaXOUThCs B Mexkax 110 50
%, € 3pOCTaHHA KIJIBKOCTI MPOAYKTIB HETIOBHOTO 3TOPSHHA Y BUXJIOMHUX raszax. Jlane 3poctaHHs
O0OYMOBITIOETBCSI TIOTIPIICHHSAM YMOB YTBOPEHHS MaJMBHOI CyMIlll Yepe3 MOAAJBIIE IMiJBUIICHHS
KOHIICHTpaIlii OionananBa B OiHApHIN CyMiIlIi.

OTtxe, sk 6auuMo, HAMOUTBIN JIEBUM MMOKA3HUKOM JUISI BCTAHOBIICHHS €JIEMEHTHOTO CKJIaay
OlHApHUX CyMIIIEH IJIi CUCTEM aBTOMATHYHOI 3MIHM TOJadi MajuBa € MOKA3HHUK JIEICKTPUIHOI
MIPOHUKHOCTI MaJINBA.
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Kumomupcoxuii azpomexniunutl paxosuii koneddwc, Yxpaina

Ha cporomHi B TEXHOJOTIYHMX Ta TPAHCIOPTHUX MAIIMHAX BUKOPHCTOBYETHCS
Ha/I3BUYAHO BENMKA KUIBKICTh IUIOCKUX MEXaHi3MiB, MPU3HAYEHUX ISl IEPETBOPCHHS BXiTHOTO
MEXaHIYHOTO PyXY, 4aCTO 00epTaIbHOTO BiJ IBUTYHA a00 peayKTOpa, Y BUBHAYCHHUI BUXITHUHN PyX,
HEOOX1THHI /11 BUKOHAHHS THX YW IHIOUX OMeparliid, abo I MOJABIIOr0 HOro MepeTBOPEHHS
IHIIMMHU  MeXaHi3MaMu. 30KpeMa, y aBTOCKJIaJajJbHOMY BHUPOOHHUIITBI, Ha TMOTOKOBHX JIIHISIX
CKJIQJJaHHS HOBHMX aBTOMOOUTIB 3HA4YHAa 4YacTUHA Olepaliidi BUKOHYETbCS aBTOMATHYHO 3
BUKOPUCTAHHSAM pOOOTIB Ta MaHIMYJIATOPIB, MPUUOMY YHCICHHI pOOOYl OpraHu Ha TAaKUX JIHISAX
MOBHHHI BHKOHYBATH TI€BHI PYXH 3 33JaHUMH TPAEKTOPISIMH, MBUAKOCTSIMHA Ta MPUCKOPEHHSIMH.
Ilpu mosiBi HOBUX MoOAeNeH HEOOXiTHO BHOCHTH KIHEMAaTW4HI 3MiHHM B pPyX BHUXIJHHMX JAaHOK
MeXaHI3MiB poOoumx opraHiB. B MexaHi3mMax 3 OJIHI€I0 BXIJHOIO JIAHKOIO (OJHUM MeEXaHi3MoM [
KJIaCy) MOXYTh 3MIHIOBATHCS, B 3aJIeKHOCTI BiJl IIBUAKOCTI BXIJHOi JIaHKH, MIBUIKOCTI Ta
IIPUCKOPEHHS TOYOK JIAHKU BUXIJHOI, aje iX TPAaeKTOpil 3aJUIIal0ThCcsl HE3MIHHUMH. MOXIIUBICT
3MIHM TPaeKTOpii Aal0Th IJIOCKI MEXaHI3MHU 3 JIBOMa Ta Oulblle BXiJIHUMH JaHkaMu. KepyBaHHs
pyxom 2-i, 3-i, N-i BXiIHUX JTAHOK JTO3BOJIIE METOJAMH KIHEMAaTHYHOTO aHaJi3y OTPUMATH Pi3Hi
TPA€EKTOPii TOYOK BUX1THOT JTAHKH.

3a3Buyail HaBiTh CKJIQJHI MEXaHI3MH YTBOPIOIOTHCS MOEJHAHHSAM OUIBII MPOCTUX
MEXaHi3MiB, 10 SKHX BIIHOCITh BaXIJIbHI, KyTadykoBi, 3yOdacTi, (pukiiiiHi, MexaHI3MHU
NepepruBYacTOro pyxy. JJaHku B MX MeXaHi3MaxX yTBOPIOIOTh KiHeMaTuyHi napu V Tta IV knacis. B
TaKWX KIHEMaTHYHUX Mapax OJ[Ha JJaHKa BIIHOCHO 1HINOT Ma€ BIJMOBIAHO OJUH YH JIBa HE3aJIECKHUX
pyxu. Tomy, 300paxxytoun Ha Tpadi MOXKIUBI BIIHOCHI PyXH JJAHOK B KIHEMaTHUHI{ Mapi JiHIMH, a
CTPYKTYPHI TPYIH Y BUIJISI/I BEPIIUH, 3pyYHO MPEACTABIATH MEXaHI3MHU Y BUIJISL I TpadiB.

I'padu — 00’ekTH AMCKPETHOI MaTEMaTWKH, TpPHW3HAYEHI JJIs OIMHMCAHHS JUCKPETHUX
CTpyKTyp Ta ix BiactuBocted. Cam rpad mpenacrtaBnsie cob00 MHOXKHHY TOYOK, 3’ €JHAHHUX
Bipizkamu (pedpamu), [1]. 3 TOUKH 30py CTPYKTYPHOT'O aHAII3y MEXaHI3M € TaKOK JHCKPETHOIO
CTPYKTYpOIO, SIKHH CKJIQJa€ThCsA 3 JAHOK, sKi 3’€IHaHI MDK CO0OI0 B KIHEMaTH4HI TMapu.
BuxiroueHHsIM, MOKIIMBO, € MEXaHI3MH 13 3MIHHOIO CTPYKTYPOIO, KOJIM Pi3HI JJAHKH MOXYTh Oynu
BEJYYMMHU B Pi3HI YacoBi BIIPI3KM OJHOTO IUKITY. 3B’SI3KaMU B KiHEMaTH4Hil mapi € 3a00poHeHi
pyxu (B’s131), MaKCHMallbHa KUTBKICTh IKHX B KIHEMATHUHI mapi Moxke gocsrata 5 [2].

Ha puc 1 moxazano mexanizmu Il ta Il xnaciB Ta ix rpadu. 3okpema, Ha puc. l,a,0
MPEACTABICHO IUIOCKUHA Ba)XKUIBHMK MeXaHi3M [/ kiacy, SKWid Mae JBa MeXaHi3my [ Kiacy, a,
3HA4YMTh, B1 BXiAHI JaHku 1 Ta 4. Lli maHku yTBOPIOIOTH KiHeMaTH4Hi mapu V kiacy (obepTaibHi)
0O;1a 0, 31 CTOSKOM Ta JBI 00EpTaIBbHI IMapH 3 JaHKaMu 2 Ta 3 CTPYKTYpPHOI rpym (rpynu Accypa)
Il xmacy. Bxigni manku 1 ta 4 o0epratoThes 3 PI3HUMH KYTOBHMH INBUIKOCTSIMH W1 Ta (W
BIJINIOBITHO, rpad JaHOTO MeXaHi3My MICTUTh TPH BEPUIMHH, SKi MPEICTABIISAIOTH J1Ba MEXaHi3MH [
KJIacy Ta OJIHY CTPYKTypHY rpymy /I xiacy. Pebpa 4 ta C npeactapisiioTh 00epTanbHi KiHEMaTHUHI
napu BianmoBimHO 4 Ta C, yTBOpEHI BXIIHMMHU JIaHKaMH Ta JIAaHKaMU CTPYKTypHOi rpynu. Tyt
BHJIA€THCS BAAJIOIO MPOTO3UIlIS aBTOPIB, BUCIOBJIEHA B poOoTax [3, 4], sika mosisrae B ToMy, o0
pebpamu rpada 300paXKyBaTH He 3B’S3KH (3a00pOHEHI pyXH), @ MOXKJIMBI pyXH B KIHEMaTH4HIN napi
OJIHI€T TaHKW BiIHOCHO iHIIOi. Toni mixk o6oma BepimmHamu [ pedpo Oyzae BiacyTHeE 1 rpad Oyme
He3aMKHEeHUM. Lle o3Hawae, mo BigHOCHUH pyX Mix oOoMa MmexaHizmamu [ kiacy BiacytHii. Lle
a0COJIOTHO BIpHO, SIKIIO 3rajatd, mo crosk (JaHka 0) BXoauTe OO0 000X MexaHi3MiB / Kiacy.
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Takox OueBUIHO, 1110 Ma€ Miclie MeBHUH pyX JaHkH 1 oJHOrO MexaHi3My / Kilacy BiJIHOCHO JIaHKU
4 npyroro MexaHi3My / kjacy. Aje MU HE MOXXEMO CTBEPJXKYBaTH, IO 11 pyXH € 3anexxHumu. [Ipo
3aJICXKHICTh MO’KEMO TOBOPHTH CTOCOBHO PyXY BUXiJHOI JlaHKH (200 naHku 3, abo mapHipy B) Ta ii
y4acTi B JICSIKOMY TEXHOJOTIYHOMY TIpoIeci, TOOTO CyMICHMM pyX BXITHUX JaHOK 1 Ta 4
3a0e3neuye BU3HAYCHUN PyX BUXIIHOI JIAaHKW, HEOOXITHUHN JUIsi BUKOHAHHS JIESKUX TEXHOJOTIYHHIX
nif, abo I mepenadl MEepeTBOPEHOr0 PyXy JIaHIl HACTYMHOIO MEXaHI3My [UIsl MOJajbIIOro
nepeTBopeHHs. B Toi xe yac pyxu JaHOK 1 Ta 4 B po3yMiHHI KIHEMAaTHYHOTO aHANi3y € a0COIIOTHO
HE3aJICKHUMH, OCKUIBKM BOHH MOXYTh OOEpTaTuCs 3 PI3HUMH KYTOBHMH HIBHIKOCTSIMH,
HE3aJIeKHUMH, B KIHEMAaTHYHOMY pO3yMiHHI, onxHa Bix oxHoi. Tomy mnpeacTaBiseThCs
OOTPYHTOBAHOIO BIJICYTHICTH 3B’SI3KIB MIJK Me€XaHi3MaMu / KJIacy Ta, BiJIOBITHO, BIJICYTHICTh pedep
Mix oOoma BepimHamu [ rpady.

o
I R
#

V)

0) 2)
Pucynox 1 — ITnocki mexani3zmu Il Ta Il kiaciB 3 kitbkomMa MexaHi3Mamu | kiacy Ta ix rpadu

JIJIs TUTOCKOTO BaXKIJTBHOTO MEXaHi3My, 300pakeHOro Ha puc.l,6 CTpyKTYpHHIA aHAIIi3 HAM
Ja€e, MO JaHUN MEXaHI3M CKJIAJA€TbCs 13 CTPYKTYPHOI IPyNH TPEThOTO Kiacy, sKa yTBOpeHa
nankamu 2, 4, 6, i 6a3oBoi naHku 3, Ta Tphox Mexadi3MmiB / kmacy 0-1, 0-5, 0-7. OueBuaHO, 110
K10 O CTPYKTypHa rpymna Oylia mpueIHaHa JJaHkaMu 2, 4 Ta 6 oapasy 10 CcTosika, TO JJaHKa 3 Oyna
0 HEpyXOMOI0, OCKIJIBKH CTYMiHBb pyxomocTi W cTpyKTypHOI rpynu nopiBHIoe Hymto. ['pad naHoro
MexaHi3mMy (puc.l,e), aHaJOTiYHO PO3TIASHYTOMY BuUIlle Tpady MexaHizmy [/ Kiacy, TpeIcTaBIIsie
coboro BepmmHy /I] (cTpykTypHa Tpyma /I kiacy), 3’€qHany 3 TpboMa BepmuHamu [ (MexaHizMu [
Kiacy) peobpamu 4, B ta F (kiHeMaTu4Hi mapu, yTBOpPEeH1 BXiIHUMH jJaHKamu 1, 5 Ta 7 Ta maHkamMu
2, 4, ta 6 crpykrypHoi rpymm). Lleii rpad Takox € He3aMKHEHHMH, OCKUIBKM BXIiJHI JaHKH
MeXxaHi3MiB / KJIacy HE MarOTh OJIHA 10 BiTHOIICHHIO JI0 1HIIOI 3aJISKHUX PyXiB. OUEBUIHO, 11O JIS
BCIX TUIOCKMX BaXKUTBHUX MEXaHi3MiB, 70 CKJIAJy SIKUX BXOJAATH JBa 1 Oiible MexaHi3MiB / Kiacy,
rpadu OyAayTh HE3aMKHCHHUMH BIJIITOBIIHO TOMY MpaBWIy iX MoOyJOBH, IO pedpa O3HAYAIOTH
JO3BOJICHI PyXHM MIDK JIaHKaMH B KiHEMaTH4HIM mapi. SIKI0 A0 MeXaHi3My BXOISTh TUIBKH
KiHemMaTu4Hi ntapu V kiacy (o0epTaiibHi Ta MOCTYMANIbHI) TO BEPIIMHU OYIyTh 3’ €HYBATHCH TLTBKU
OJIHUM peOpOM.

SKuio BXiAHI JTaHKKM MEXaHI3My 3 KiJIbKoMa MeXaHi3MaMu [/ KJacy YTBOPIOIOTH 3 JTJaHKaMH
CTPYKTYpHUX Ipyn KiHemaTnuHi napu |V kiacy, To BepmHA OyayTh 3’€JHYBAaTHCS JBOMA JIiHISIMU
(pebpamu). TakuM YUHOM, MOKHA 3pOOMTH HACTYIHI BUCHOBKH MPO KIIBKICTh BEPIIMH Ta pedep
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rpagiB IJIOCKMX MEXaHi3MIB 3 Kilbkoma MexaHi3mMamu [ kmacy. KinmpkicTe BepmuH Oyne
BU3HAYATHUCS:

Neep = Nl + NCm.zp.’ (1)

e N ; — KITBKICTh MEXaHi3MiB / Ki1acy;

N cm.ep. KUIBKICTb CTPYKTYPHHUX I'PYII.

KinpkicTh pebep npeacrasisie CO00I0 HACTYITHY CYMY:

NP:NV+2N,V, 2)
ne Nv — KUIBKICTh CTPYKTYpHUX Tpym V Ki1acy;

N, — kizskicts CTpyKTypHUX rpyn |V xnacy.

BucnoBku. Takum unHOM, Oyi0 pO3MIISIHYTH rpadu Ta iX BIACTUBOCTI MIOCKUX BAKITBHUX
MEXaHI3MIB 3 KiUIbKOMa MexaHi3MamMu [ kjacy. BcraHoBiaeHO Tpadu Takux MeEXaHI3MIB €
HE3aMKHEHHMH, TaKOXX 3alPOIIOHOBAHO (OPMYIIU ISl BU3HAYEHHS KUIBKOCTI BEPIIHMH Ta KiJTBKOCTI
pebep. B mopanpmioMy MPOMOHYETHCSA AOCHITUTH 1HII BJIACTHBOCTI TpadiB — 3B’ SA3HICTb,
€KBIBaJICHTHICTbh, BIIOPSIAKOBAHICTb.

Crmcok BUKOPHUCTAHUX IPKCPCJI

1. Teopis rpadis. [EnexrponHuii pecypc]: HaBd. moci0. mns 3mo0yBadiB cTymeHs OakamaBpa 3a OCBITHBOIO
nporpamoro "KoMn’1oTepHHI MOHITOPUHI Ta T€OMETPHYHE MOJEJIOBAHHS IPOILECIB 1 CHcTeM' CIIelianbHOCTI
122 "Kowmm''torepui Hayku'/ I.M. Ky3pmenko; KIII im. Iropst Cikopcbkoro. — Exekrponni texctoBi qaxi (1 daitn:
1,7 Moaiit). — Kuis: KIII im. Iropst Cikopcskoro, 2020. — 71 c.

2. https://ela.kpi.ua/bitstream/123456789/35854/1/Teoriia_hrafiv.pdf

Kirnmpkuit A.T. Teopis mexani3miB 1 mamuH. — K.: HaykoBa gymxka. — 2002. — 661 c.

4. Hloctauyk A.M. I'padu miockux BaxiabHHUX MexaHi3MmiB. HaykoBuil MoIIyk MOJOAMX NOCITIJHUKIB: 301pHUK
HayKOBUX Mpallb CTYICHTIB, MaricTpaHTiB Ta BUKIamadiB / 3a 3ar. pex. Kapmmokx C.O., Bep6iscekoro /I.C.,
E€pemeeBoi B.M., benenuciok M.M., ToncroBoi O.B. — XKuromup : Bun-so XJ/Y imeni I. ®panka, 2019. — Bum.
12. C.99-102.

5. Mensanuyk C.B., ocrauyk A.M. I'padm crpykryprux rpyn (rpyn Accypa) II Tta III xmaciB mmockux
BOXUIPHUX MeXaHi3MiB. 30IpHMK HaykoBHX mpaib X BceykpaiHcbkoi HayKOBO-TEXHIYHOT KOH(epeHUil 3
MDKHapoHoIo y4acTio "IIporiecu MexaHidHOT 00poOKH, BepcTaTH Ta IHCTpYMEHT ', 6—9 nucromana 2019 poky.—
Kuromup: lepxkaBuuii yHiBepcuteT ""Kuromupcebka nostirexnika”, 2019. C. 152-155.

w

3bipnux mamepiarie MixHapooHoi nayKoeo-npaKmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Crt. 220



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

VK 656.61

IHIBUINIEHHA EOEKTHBHOCTI IEPEBE3EHb HABA/IOYHHUX
BAHTA/KIB

B.B. Kopyn, cm.ep. TTm-21,

B.B. MejbHu4eHko, cm.cp. TTu-22,

M.O. Birpyk, acn.,

I.€. Beauuenko, acn.,

B.C. Koaoniit, acn.,

3axionoykpaincokuli HayioHanbHUL yHigepcumem, Ykpaina

VY cydacHuUX yMOBax HiIBULIEHHs 00'€MiB IEpeBe3eHb Ta CKIJIAJHOIIIB TPAHCIOPTYBAHHS
BAaHTXIB Ba)XJIMBO BIOCKOHAJTUTH €(EKTUBHICTh MIKMICHKHX IE€pEeBEe3€Hb, 30KpeMa HaBaJIOUYHHX
BaHTaXIiB. 30UIbIIEHHS €()EKTUBHOCTI MOXKE MO3UTHUBHO BIUIMHYTH HA €KOHOMIYHUIN PO3BUTOK Ta
3a0e3MeunTH CTabIIbHICTD Tay3l.

3pocTaHHs BaHTaXOMOTOKIB, 3aTPUMKH Ta AC(IIHUT TPAHCHOPTHUX 3aCO0IB CTBOPIOIOTH
npo0JieMu B OpraHizallii MBUIKUX Ta €¢()eKTUBHUX ITEPEBE3EHb HABAJTOYHUX BaHTAXIB.

VY mepiox 3 OCTaHHIX 5 POKIB CIIOCTEPIraeTbcsi 3pOCTaHHS AePILUTY TPaHCIOPTY IS
MDKMICBKHX TIEPEeBE3¢Hh HABAJTOYHHMX BaHTaxiB Ha 30%, M0 MPU3BOAUTH JO BUTPAT Yacy Ta
TpOIIEH AJIS i AMPUEMCTB.

[TporHo3yroThes MOAANbII 3pOCTaHHS OOCSTIB TepeBe3eHb Ha 15% mopiuHo, 10 BUMarae
TEPMIHOBOI'O BIIPOBA/KEHHS €()EKTUBHUX PIIIECHb.

JIume 60% BaHTa)XOMIAKOMHOCTI TPAHCIOPTHUX 3aCO0IB BUKOPHCTOBYETHCS ONTHMAJIBHO,
peliTa - e mMycTi X011 Ta HEBUKOPHCTaH1 PECypCH.

BripoBakeHHsT e(heKTUBHUX MapHIPYTiB Ta TEXHOJOTIH MOXKE TPU3BECTH 0 3HWKCHHS
BUTpAT najbHOro Ha 20%, 3a0e3nedyroun eKOJIOTIYHO YUCTUH Ta €EKOHOMIYHO BUT1AHUN TPaAHCIIOPT.

Bukopucranns GPS-texnomnoriii Ta anropuTMiB MapHIpyTH3alii MOXKE 3MEHIIUTH 4Yac
MIEPEBE3CHHS Ta 3HU3UTH BUTPATH HA TAJIBHE.

BripoBajykeHHsT CHCTEM MOHITOPUHTY BaHTaXIB Ta YHpaBIiHHA (JIOTOM JO3BOJIUTH
YHUKHYTH 3aTPUMOK Ta TiABUIIUTH 3arajibHy €()EeKTUBHICTb.

PerynspHe TexHiuHe OOCIyroByBaHHS aBTONAPKY MOK€ 3HU3UTH BUTPATH Ha PEMOHT Ha
25% Ta miABUIIKUTH HAAIHHICTh TPAHCTIOPTHUX 3aCO0IB.

IuBectunii y cywyacHi Ta e(EKTHBHI TPaHCHOPTHI CHCTEMHU JOMOMOXKYTh MIiABUIIUTH
KOHKYPEHTOCTIPOMOKHICTh Ta 3a0€3MeYUTH CTIMKICTh ramys3i.

OTxe, 3a yMOB IWHaMIYHOTO 3POCTaHHS BAHTAXKOMOTOKIB, MiABUIICHHS €()EKTHBHOCTI
NepeBe3eHb HABAJIOYHUX BAHTAXIB € CTPATEr1UHO BAXKIMBHUM 3aBIaHHIM JUIS Tajly3l Ta eKOHOMIKU
3arajioM; JAe(iIUT TpaHCIMOPTHUX 3aco0iB Ta 3aTPUMKU IpPU IEPEBE3CHHAX CBiAYaTh MPO
HEOOXIHICTh HETrafHOT'O BITPOBAKEHHS ONTUMAIBHUAX MAPIIPYTIB Ta TEXHOJOTIN IS TiIBUIICHHS
MPOIYKTUBHOCTI; BUKOpUcTaHHA GPS-TexHOIIOT1#, CHCTEM MOHITOPUHTY Ta YIPAaBIIHHS J03BOJISIE
HE JIMIIE 3MEHIIUTH Yac NepeBe3eHHs, a I ONTUMI3yBaTH BHKOPHCTAaHHS PECYPCiB, 3HWKYIOUH
BUTPATH; €KOJIOTIYHO YUCTHHM Ta €KOHOMIYHO BUTIIHHUN TPAaHCIOPT CTAa€ KIOYOBUM (AaKTOpPOM B
MIITPUMIIl CTAJIOTO PO3BUTKY Taiy3l Ta 3MEHIICHHI BIUIMBY Ha JOBKULISA, 1HBECTHIN y CydacHi
TEXHOJIOTIi Ta MOJEPHI3allil0 TPAHCIOPTHOTO MAapKy € CTPATETiYHUM DIIICHHSM, IO CHpPUSTHME
MIJBUIICHHIO KOHKYPEHTOCIIPOMOKHOCTI Ta 3a0€3MeUnTh CTAJICTh NEepeBE3€Hb; BPaxXyBaHHS LIUX
ACIEKTIB y CTpaTerii po3BUTKY MEPEBI3HUIILKUX KOMMAaHIi cnpuituMe eeKTUBHOMY BUPIIICHHIO
3aBJlaHb Ta 320€3MeYNTh ONTUMAIBHUIA PO3BUTOK raly3i B YMOBAX IMOCTIMHUX 3MiH.
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BIUVIUNB BIV/THOBJIIOBAHOI' O BH/Y IIAJINBA HA BUKH/TH LIIKI/IV/THBUX
PEYOBHH JIU3EJIAI DONG FENG

LA. lllnboHYaK, 00Y., KaHO. MexH. HAYK,
A.B. UoBYeHKO, 00y., KaHO. mexH. HAYK,
Yepracovkuil 0epacasHull mexHonro02iunull yHieepcumem, Ykpaina

CrpiMKHii PO3BUTOK aBTOMOOLTBPHOTO TPAHCIOPTY Ha BCIX eTamax XapaKTepH3YEThCS
MOJIIMIICHHSIM CIIOKMBYUX BJIACTUBOCTEH aBTOMOOUIS, Y TOMY YHCII 3HHKEHHSIM MaKCHMaJbHO
JOMyCTUMOTO BMICTY TOKCHYHHX PEUOBHH Y BIANpAIbOBAaHUX Tra3axX [BUTYHA BHYTPIIIHBOTO
3ropsaHHA. lle MOsCHIOETBCS 3HAYHUMU TEMIIAMU TPUPOCTY Ha ICHYIOUIN JTOPOXKHIA Mepexi
VYkpaiHn 3arajgbHOI KiJIBKOCTI aBTOMOOUNB (Bim 5 mo 15% miopiyHO OCTaHHIM YacoM) TEpMiH
eKCIUTyaTalii skux Oinbie HopMaTuBHOTO. [IIMpoke 3acTOCyBaHHS TaKUX aBTOMOOLIIB MPU3BOIUTH
JI0 TJIBUIICHHS 1HTEHCUBHOCTI PyXy, K€ YCKJIAJHIOE YMOBHU JOPOKHBOTO PYXY, MOTIPIIyE HOTO
0e3neKy, a TakoX 3a0pyIHIOE BIANPAlbOBAHUMH Ta3aMU HABKOJIMIIHE CEPEJOBHUINE HAa JAOPOrax i
0COOJIMBO Ha BYJUIISAX MICT Ta HACEJICHUX MYyHKTIB [1].

Y Ham yac 1 HalOmmK4yoMy MaiOyTHbOMY JBUTYHM BHYTPIIIHBOIO 3TOPSHHS
3aJIMIIATUMYTbCSI OCHOBHHMM JIXKEPEJIOM €HEPrii AJi KOJIICHUX TPaHCIOPTHUX 3aco0iB. LI 1BUTYHU €
OJTHUMHU 13 OCHOBHHUX 3a0pyqHIOBAauiB HABKOJMIIHHOTO CEPEAOBUINA 1 CIOKMBaYiB TMajIuB
HadTOBOro Moxo kKeHHs. OJHUMH 3 HAHOUIbLI MOIIMPEHUX JIBUTYHIB TAKOTO TUILY € N3N, SIK1
HailuacTille BUKOPUCTOBYIOTHCS SIK CHJIOBI YCTAaHOBKM BaHTa)XKHUX aBTOMOOUIIB. Taka Mojenb
nuszens sik Dong Feng, nocuth nomupena Ha Teputopii Ykpainu ta B Yepkachbkiil o01acTi 30kpeMa.
J1o OCHOBHHX HEJIOJIIKIB TU3EJiB MOXKHA BIIHECTH TOHM (DaKT, 10 B PEKUMAaX MaJMX HaBaHTaXEHb 1
X0JIOCTOTO XOJy X MajiMBHA €KOHOMIUHICTh Ta €KOJOTIYHI MOKa3HUKU MOripiryroThes. Tak sk 1l
PeKUMH  HAWOUIBII XapakTepHi I eKcIUlyaTamii aBTOMOOITIB y MiCTaX, TO MOTIpIICHHS
€KOJIOTIYHUX MOKa3HUKIB IBUTYHIB CTAHOBUTH 3HAUHY 3arpo3y JJIs 370pOB’ sl HaceneHHs [2].

BukopucranHs CyMilIeBHX MajuB, 30KpeMa BUTOTOBJIEHHUX Ha OCHOBI OJiM POCIMHHOTO
MMOXO/KEHHS, B JIU3EJISIX J1a€ MOXJIMBICTh 30UTBIIUTH 3amacy PIJKMX MOTOPHHUX TAJUB MUITXOM
J0JlaBaHHs /10 Ha(TOBOTO MajMBa BiJHOBIIOBAHOTO Ta 3HU3UTHU DPIBEHb IIKIUIMBUX PEYOBHH 3
BIAMpanboBaHUMKM  Ta3aMu. [IpoBeieHwil  paHimie  JITepaTypHUN  aHai3  MIATBEPIKYE
MEPCIEKTUBHICTh BUKOPUCTAHHS J100aBOK €THIJIOBOTO edipy pinmakoBoi oJii 10 JU3eIbHOTO MajinBa
[3].

[HIMM cocoOOM 3HMKEHHS IIKIUIMBUX PEYOBHMH BIANPAlbOBAHMX Ta3iB JIU3ETIB MOXKE
OyTH BOJIHEBMICHE MaJIbHE. AJie TaKWi BUJI TIAJIMBA TaKOXK MA€ CBOi HEIOJIKH, OCOOJMBO TPH HOTO
3aCTOCYBaHHI B au3ensix [4-5].

B po6oTi nponoHy€eThesi JOCTIIUTH BIUIMB 3aCTOCYBaHHS caMe CyMillli eTUIoBoro edipy 3
JU3EJIbHUM TAJIMBOM Ha PiBEHb HIKIIJIMBUX PEUYOBHH BiJNpAIlbOBAaHUX Ta3iB JM3EIIB MPH PI3HUX
koedirieHTax HAAJIMIIKY MOBITPs. [BUTYH JOCTIKYBaBCs MpU poOOTI B PeKMUMaX MaKCHMAJIbHOTO
kpyrHoro momenry (1700 XB'l) Ta MaKCUMaJbHOI moTixHOCTI (2800 XB'l). Ha pucynkax 1 Ta 2
MpeJICTaBICHI PEe3yabTaTH PO3PAaXyHKOBUX JIOCHIIKEHb BIUIMBY BUKOPHUCTAaHHS BiJHOBIIOBAHOTO
BUY NAJIMBA HA PiBE€Hb MIKIAJTUBUX BUKHIB. B 1OCIIHKEHHIX 3aCTOCOBYBAJIaCh CYyMIIl €TUIIOBOTO
edipy pinmakoBoi ouii 3 Au3eabHUM TaauBoM y BimHomieHHI 20 g0 80 BimcoTkiB BigmoBigHo. Ha
PHUCYHKaX IpPEeACTaBICHI PO3paxyHKH I KOe(IIiEHTY HAUTUIIKY MTOBITPS MEHIIE OJUHUIII.

[IpoBeneHa oriHKa TOKa3HUKIB au3ens Dong Feng B pi3sHMX HaBaHTaXyBaJdbHUX 1
MIBUJIKICHUX PEXUMax, MpH HOro poOOTI Ha NU3EILHOMY IMaduBi 3 JOOABKaMU €THIOBOTO edipy
pinakoBoi ouii moka3zana, M0 HaOIBIINI MaJTUBHO-EKOJIOTTYHUN e(EeKT, cepell CyMIIIeBUX MaJUB,
JOCSTAETHCS MPU BUKOPHUCTAHHI B au3elti nanusa 3 20% BMICTOM BiIHOBIIOBAHOTO IaJTHBA.
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Pucynok 2 — 3anexHicTh cyMapHUX BUKUAIB KiamuBux pedoBuH (I1IP) 3Benenux go CO Bix
. . -1
HaBaHTAXCHHS (PEXUM MaKCUMaIbHOI OTY)HOCTI, N = 2800 xB™)

KinbKiCTh MIKIATUBUX PEYOBHH, SKI HAIXOASATh B aTMocdepy, 3aJeKUTh HE JIMIIE BiJ I1X
KOHIICHTpalii, a # BiJ] KIJIBKOCTI MPOMYKTIB 3TOPSHHS, [0 YTBOPIOIOTHCA B LUJIIHIpaX JBUTYHA.
ToMy, KITBKICTh IIKIJUIMBUX PEUOBHMH BiANpanboBaHuX Tas3iB nusens Dong Feng Oyma
OXapaKTepHU30BaHA CyMapHUMH MAacOBHUMH BHKHJIAMH IIKiIJIMBUX pedoBuH 3BereHux no CO.
Pe3ynbraTti po3paxyHKiB MPEACTABICHI HA BUINE 3a3HAYCHUX PUCYHKAX.
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VK 656.13

YAOCKOHAJIEHHA TPAHCIIOPTHOI'O OBCJIYTOBYBAHHA IIPH
IHHEPEBE3EHHAX IIPO/[OBOJIBYUX TOBAPIB ABTOMOBIUIbHUM
TPAHCIIOPTOM

P.1. Komro6a, cm.cp. TTm-21,

ML.I'. IlaBaoB, cm.ep. TTm-21,

O.1. PunkoBuy, cm.cp. TAmce-21,

B.51. TonoBkiB, cm.ep. TAmi-21,

C.B. Aytuak, cm.ep. TAmi-22,

P.B. Yopuuii, cm.ep. TA3m-11,

3axionoykpaincokuli HayioHanbHULL yHigepcumem, Ykpaina

3 ypaxyBaHHSAM IOCTIHOTO 3pOCTaHHS MOIMUTY Ha MPOAYKTH XapuyBaHHS Ta €KOHOMIYHHX
BUKJIMKIB, YIOCKOHAJCHHS TPAHCIOPTHOTO OOCIYTOBYBaHHS € HEBII'€MHOIO YaCTHHOIO
e(eKTHUBHOTO JIAHIIFOTa IOCTaYaHHS.

OcTaHHI POKH CIIOCTEPIra€ThCsl MOCTIMHMNA pPICT MOMMTY HA MPOJOBOJBYI TOBApH, IO
CTaBUTH M1l CyMHIB IOTOYHI CUCTEMHU TPAHCIIOPTYBAHHS.

B naniii moctanoBLi 3a7a4l TOIUIBHO PO3MIISLAATH BaXKIHB1 (PaKTOPU 3 MO3ULIT KOMEPIIIHOT
TaKOX TEXHIYHOI eKCIUTyaTallii aBTOMOOITPHUX TPAHCHOPTHHX 3aco0iB. JlaHe MOCHiTKEeHHS
JIEMOHCTPYE KOHKPETHI IOKa3HUKM Ta €(QEeKTUBHICTh UUIAXIB YJAOCKOHAJIEHHS TPAHCIIOPTHOIO
00CITyroBYBaHHsI IIPH JOCTABI[l HAJMBHUX MPOYKTIB IPYIU MPOIOBOIBYUX TOBAPIB.

Posmmpennii anani3z Bkasye Ha Te, 0 HEe(EKTHBHICTb TPAHCIOPTHOI'O OOCIYrOBYBAaHHS
BIUIMBA€ HE JIMIIE HAa EKOHOMIYHMH acMeKT, aje ¥ Ha EeKOJIOTIYHI MOKa3HUKU. 3MEHIIEHHS
€(eKTUBHOCTI TPAaHCIOPTYBAaHHS MPHU3BOAMUTH 1O 30UIBIICHHS BUKUAIB Ta €HEPTOCHOXKUBAHHS, 1110
MOPYIIYE €KOJOTTYHY CTIMKICTh TOTICTUYHUX CUCTEM.

[lixBuieHHs BUTpAT Ta BTPAT SKOCTI HA NIISIXY IO KiHIEBOTO CIIOKWBa4da MOXE IPU3BECTH
70 3HWKEHHS KOHKYPEHTOCIPOMOXXHOCTI BUpPOOHHMKIB. Crparerii onrtumizauii MapumpyTiB Ta
BUKOPUCTAaHHS HOBITHIX TEXHOJIOT1H CTalOTh HEOOX1JHUMHA IS 3a0e3neueHHs
KOHKYPEHTHOCIIPOMOKHOCT] Y CY4aCHOMY PUHKOBOMY CEPEJIOBHIIII.

Buxopucranns 6ynokueiin ta [oT mMoke He JuIe OKpAIIUTH TPACOBAHICTh TOBApiB, ajle u
3a0€e3MeUNTH TPAHCHAPEHTHICTh Y BCbOMY JIAHIIOTY IMOCTadaHHs. lle BaXKIMBO AJsi BUSIBICHHS
MOXJIMBUX TOYOK OTNTHMI3allii Ta yHUKHEHHSI BTPAT B MPOIIECi IEPEBE3CHHS.

Benuka wacTuHa BUTpaT MOB'SI3aHa 3 3aTPUMKaMH, LI0 CBIAYUTH PO HEOOXIAHICTH
BJIOCKOHAJICHHSI KOOpPJMHAII MK yciMa y4YaCHHKaMHU JIOTICTUYHOTO TMPOIECy. 3aCTOCYBaHHS
QITOPUTMIB HITYYHOT'O 1HTENEKTY MOJXKE TOJIETIIUTH IPOTHO3YBAHHS Ta YIPABIIHHA PYyXOM
TPAHCIIOPTHHUX 3aCO0IB.

HanpsiMok pO3BHTKY TpaHCHOPTHOTO OOCITYTOBYBAaHHS BHMAara€ BIIPOBAKEHHS THYYKHX
CTpaTeriii, SKi TO03BOJATH QJAaNTyBaTHUCS 10 3MIH y TOMHUTI Ta PUHKOBUX yMoBax. lle moxke
BKIIIOUAaTH B ceOe po3poOKy anropuTMiB, CHPSMOBAHWX HAa IIBUAKY aJamnTaimil0 0 3MiH Y
MapiipyTax abo 00'emMi mepeBe3eHb.

B3aemonis 3 ranmy3eBUMH CTaHIapTaMH Ta PETYIIOBAHHAM € KJIIOYOBOIO JJISi CTBOPEHHS
cTalloro Ta e(EeKTUBHOrO TpaHCHIOpPTHOro oOcimyroByBaHHs. CHiBmpans 3 YpsSJAOBUMH Ta
HEYPSIIOBUMH OpTaHi3allisiMH MOXE CIPHUATH PO3pOOI ePEeKTHBHHUX CTpaTeriii Ta BHPIIICHHIO
CUCTEeMHHX BUKJIUKIB.

3MiCHEHHS  PeryJlsipHOrO  MOHITOPMHTY Ta  aHalli3y TMOKa3HUKIB  e(EeKTHBHOCTI
TPAHCIIOPTHOTO OOCITYTrOBYBAaHHS € Ba)KJIMBUM €TarlOM B YIPaBIIiHHI JIOTICTUYHUMH npouiecamu. Le
JI03BOJISIE BYACHO BHUSABIISITH Ta BUPILIYBATH MPOOJIEMH, 10 MOXYTh BUHUKHYTH Ha PI3HHX eTamax
MOoCTayaHHS.

3arajpHa 3aJCKHICTh €(PEKTUBHOCTI JIOTICTUYHMX CHCTEM BiJI TEXHIYHHMX IHHOBAIid Ta
BUKOPHCTAHHA TIEPEJOBUX TEXHOJOTiH BH3HAYa€ HEOOXIIHICTh TMOCTIHHOTO OHOBJICHHS Ta
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MOJIEpHi3alii TPaHCIOPTHUX 3aco0iB Ta iH(PACTPYKTypH A 3a0€3MeUYeHHS BUCOKOi SIKOCTI
00CIIyroByBaHHS.

31aTHICTH IO ONEPATUBHOIO pearyBaHHs Ha 3MIHUM B YMOBaX PHUHKY Ta MOIUTY € KIIOYOBOIO
JUTSL YCITXY TPAHCIOPTHUX KOMITaHii. ['Hy4Ki cTpaTerii Ta aruibHI METOI0JI0TIi MOXKYTh JIOTTIOMOTTH
aJlanTyBaTHCA 10 Hemepen0auyBaHUX CUTYaIlill Ta 3a0e3MeUuTH CTaly €(peKTHBHICTh JIOTICTUYHUX
MIPOLIECIB.

3aBepIIUBIIN aHATITHYHE JOCTIKEHHS €(EeKTHBHOCTI TPAHCIOPTHOTO OOCIYyrOBYBaHHS
IIPU MIEPEBE3EHHAX MPOIOBOJIBYMX TOBAPIB, MOKHA 3pOOUTH HACTYIHI BUCHOBKH.

ExoHOoMiuHUI BHTpail Mmojsirae B OMTHUMI3AIlil JOTICTUYHUX TPOIECIB Ta BIOCKOHAJICHHI
TPAHCIIOPTHOTO  OOCIYrOBYBaHHS,  CIPHUSIOYA  €KOHOMIi  BUTpaT Ta  30UIBIICHHIO
KOHKYPEHTOCTIPOMOKHOCTI.

Exomnoriyna CTIWKICT JOCATA€ETHCA YEpe3 BIPOBAKEHHS HOBITHIX TEXHOJIOTIH, IO
JI03BOJISIE 3MEHIIUTH HETaTUBHHUN BIUIMB HAa HABKOJIMIIHE CEPEJOBHIIE Ta CIPHUSE CTAIOMY
PO3BUTKY.

HeoOxigHicTh 1HHOBAIM MiAKPECIIOE Te, IO YCIIIIHA JIOTICTHKA BUMArae MOCTIHHOTO
BIPOBA/KEHHS TEXHIYHUX 1HHOBAIIM Ta Cy9acHUX TEXHOJIOT1i.

I'HyukicTh Ta pearyBaHHs Ha 3MiHU Y pUHKOBHX YMOBaX € KIIOUOBHMHU (haKTOpaMH YCIiXy B
JIOTICTHIII, BAMAraro4u BiJl KOMITaHIi THyYKUX CTpaTerii.

BaxuBicTh criBHparii BUSBISIETECS Yy HEOOXITHOCTI eQEeKTHBHOI B3aeMOJil MK ycima
y4aCHMKaMH JIOTICTUYHOTO JIAHIIIOTa ISl JOCATHEHHS CIUIBHUX IIUIeH.

TexHomnoriuna TpacoBaHICTh 3a0€3MEeUyEThCS BUKOPUCTAHHSM 1HHOBAIITHUX TEXHOJOTIH,
Takux sK OnokyeiH Ta [oT, anms 3a6e3neueHHs] KOHTPOJIIO SKOCTI Ta TPACOBAHOCTI YChOTO JIAHITIOTA
MOCTa4YaHHS.

Yei mi acmekTH  MIJKPECTIOTh  BaXKIMBICTE — YJOCKOHAJIEHHS  TPaHCIIOPTHOIO
00CITyrOBYBaHHSI SIK KIIFOUOBOTO €JIEMEHTY YCIIIIITHOTO Ta CTAJIOTO JIOTiICTUYHOTO YIIPABITiHHS.
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VIIK 621.431

BILTHB BOJHEBHX JJOMIIIOK HA EKCILIYATAIIIHHI IIOKA3HUKH
TPAHCIIOPTHOI'O JU3EJIBHOI'O /IBHI'YHA

J.0. llananko, doy., KaHo. mexH. HAYK,
Yepracvkuii 0eparcadHull mexHoa02iuHull yHieepcumem, Ykpaina

[lotpeba B anbTepHATHBHUX NalMBaX € OJHIEI0 3 HAaWBa)JIMBIIIMX BUMOTI /10 JIBUT'YHIB
BHYTPIIIHBOTO 3TOPSHHS Y Cepi TPaHCHIOPTY, 100 BOHU BiJIOBIJAIN KOPCTKUM HOPMaM BHKH/IIB,
BCTAHOBJIEHUM  MDKHApOJHMMH  €KOJIOTIYHMMM  cTaHaapramu. Kpim  Toro, 3pocraroua
HECTaOUTBHICTh Yy TIOCTAYaHHI TPAJWLIMHUX BHUIIB MAJBHOTO Ta iX MIKIJIMBUA BIUIMB Ha
HaBKOJIMIIIHE CEPEOBUILE IMiKPECTIOE BaXIIMBICTh BUKOPUCTaHHS BITHOBIIOBAHUX Ta €KOJIOTIYHO
YHCTUX AITBTEPHATHBHUX BH/IIB TAJINBA.

BonzeBe nanuBo € 0OJHUM 13 EPCIEKTUBHUX, BITHOBIIOBAaHUX Ta €KOJOTIYHO YUCTHX BUIIB
najauBa Ui aBTOMOOUIBHOTO TpaHCHOpTy. BojHeBe mnanuMBo Mae IIMPOKHI JAlama3oH Mex
TOPIOYOCTi, BUCOKY TEIUIOTBOPHY 3/IaTHICTb, Ta CTEXIOMETPUYHE BIAHOIIEHHS MOBITPS J10 MajIuBa, a
TaKOX HU3bKY ITUTOMY Bary MOPIBHSHO 3 TPAJAULIHHUMH BHIAMH TTaJbHOTO JJIS aBTOTPAHCIIOPTY. 3
TAaKUMH XapaKTEepPUCTUKAMU BOJHEBE IMAJMBO MOXKHA BUKOPUCTOBYBATH SIK CAMOCTIiMHE MaluBO ab0
MOE€IHYBATH 3 1HIIMMHU BUJAMHU, 11100 MOKPALIUTH €PEKTUBHICTh TOPIHHS Ta, BIIOBIIHO, 3SMEHIIUTH
BUKUM IIKIJUIMBUX PEYOBMH Yy BIANpalboBaHUX Ta3ax. IIpore omHuMM 3 HalOUIBII €KOHOMIYHO
JOLTBHUX € 3aCTOCYBAaHHS BOJHEBHUX J00ABOK Y HEBEIHMKHX KIJTBKOCTSAX. Tak, MpW BHKOPHCTaHHI
ciocoOy [3] 3rimHO SKOro B TajJMBHY MaricTpajlb BHCOKOI'O THCKY 4Yepe3 CIeliaJbHUI
3MIIyBaJIbHUN TPUCTPIN JoAaeThes BOAHEBa nomimika y nopuii g0 0,15% mo maci 70 OCHOBHOTO
nanuBa. B Takuit croci®6 MOXXIMBO JOCSTTH €KOHOMItO manuBa 10 3%, B 3aJ€KHOCTI BiA PEXKUMY
poOOTH IBUTYHA.

Ha ocHoOBi yrouHeHOi MaTtemMaTH4yHOI Mojemi [4-5], 3 ypaxyBaHHSM eKCIIEpHUMEHTAIbHUX
JaHUX TI0J0 TEIUIOBHIIJICHHS Ta XapaKTepUCTHK TIajnBa, OYIIO TPOBEIECHO MaTeMaTHYHE
MOJICTTIOBaHHSI po0O0YOro MKy ABUryHa aBToMoOuIss 6UH20/28 3a pi3HUX THUCKIB BOAHIO Y SIKOCTI
nomimku. Ha ocHOBI oTpumaHuX pe3ynabTaTiB Oynu moOymoBaHi 3anexHocTi (puc. 1-3), ski
UTIOCTPYIOTH 3MIHM €KCIUTyaTal[ifHUX MMOKa3HUKIB ABUTYHA MPH BUKOPUCTAHHI BOJHEBUX JOMIIIOK
B IIMPOKOMY Jlana3oHi poOoUrX MmapaMeTpiB.
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Pucynok 1 — 3oBuinas xapakrepuctuka asuryna Wartsila 6UH20/28

Lle mocmimkeHHs BKa3dye Ha MOTEHIIIHI MepeBard BUKOPHCTAHHS BOJHEBHX J00aBOK Y
naguBi 111 ABUTYHIB, 30kpema asuryna 6UH20/28. 3anexHoCTi, OTpUMaHi i Yac MOJETIOBAHHS,
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CBiUaTh NMPO MOKJIMBICTH ONTHUMI3allil EeKCIUTyaTallifHUX MapaMeTpiB JBUTYHA 3a JOIOMOTOIO
BOJHEBUX JOMIIIOK, III0 MOXE MPU3BECTH A0 MOKpAIIeHHS ¢()EeKTUBHOCTI TOPIHHS Ta 3MCHIICHHS
BUKH/IIB IIKIJTABUX PEUOBHH.

SAx BugHO 3 puc. 1. mpu 30UTBIICHHI TMOTYXHOCTI 30UIBIIYETHCS €(PEKTHBHICTH
BUKOPHCTAHHS BOJHEBOI JOMIIIKH, OCKIIBKH YACOBUI HASBHICTH BOJHIO MO3UTHBHO BIUIMBAE HA
opranizariito pododoro mporecy B /IB3.
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Pucynok 2 — 3miHa cepeiHbOTrO €()eKTHBHOTO THCKY BiJl YaCTOTH 00EpTaHHS KOJIIHYACTOIO Baly

BianoBigHo nmaHux puc. 2 mpu 30UTBIIEHHI 3HAYEHHS CepelHbOe()EeKTUBHOTO THCKY Pe B
[WTHAP] BIUIMB BUKOPUCTAHHS M00AaBOK BOJHIO 3MEHIIYETHCSA, IO XapaKTepHE IS HaWOLIbII
€(eKTUBHOTO PEeKUMY POOOTH ABUTYHA.
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[IpoananizyBaBmm puc. 3, poOMMO BHCHOBOK, IIO0 HAWOUIBIIMIA BIUIMB HA 3MEHIICHHS
BUTPATH TMAJIMBA JOCATAETHCS Ha YACTKOBHX PEXXUMaX POOOTH JIBUTYHA.

AmnHami3z Mojeni BUKOPHCTAHHS MajuX JOMIIIOK BOJHIO O OCHOBHOIO MajMBa JBHTYHA
Wartsila 6UH20/28 mokazaB, 1110 0COOJUBO 3HAYHE 3MEHIIECHHS BHTPATH IMajMBa JOCITAETHCSA HA
YaCTKOBUX peXHMMax poOOTH IBUTYyHA. B Toil e dYac HpUpPICT MOTYXKHOCTI CIOCTEPIraeThecs
MPOMOPIIIAHO 30UTBIICHHIO HaBaHTAXXEHHS Ha JIBHUTyH. OT)Ke, BUKOPHCTAHHS JOMIIIOK BOJHIO Y
nopiii 0,1% 3a Macor OIUIBHE B MIMPOKOMY Jialla30Hi HABAaHTAXXCHHS, Ta JO3BOJSE 301TBIIUTH
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MOTY>KHICTh JIBUTYHA Ha 2,5...4%, Ta 3SMEHIIUTH BUTpaTy najuBa Ha 3...5%.
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VK 656.13

AOCTI/IZKEHHA Y/IOCKOHAJIEHHA TPAHCHHOPTHOI O
OLC/1YT OBYBAHHA I1PH JIOCTABLII HAJIUBHHX BAHTA/KIB
ABTOMOBUIBHUHM TPAHCIIOPTOM

0.10. Kpyxk, cm.ep. TTm-22,

T.C. HIkBapJo, cm.ep. TTm-22,

H.A. JanuaeBu4, cm.cp. TTm-21,

P.B. Yopuuii, cm.ep. TA3m-11,

E.L. T'orman, cm.ep. TA3m-21,

3axionoykpaincokuil HayionanvbHull yHigepcumem, Ykpaina

B naniit mocTaHoBII 33aa4i JOUUTBHO PO3TISAATH BAXKIIUBI (PaKTOPH 3 MO3HIIIT KOMEPIIHHOT
TaKOX TEXHIYHOI eKCIUTyaTallii aBTOMOOITPHUX TPAHCHOPTHHUX 3aco0iB. JlaHe MoCHimKeHHS
JIEMOHCTPYE KOHKPETHI IOKa3HMKM Ta €(QEeKTUBHICTh UUIAXIB YJIOCKOHAJIEHHS TPAHCIIOPTHOIO
00CIIyroBYBaHHsI IIPH JOCTaBIl HAJMBHUX MPOJYKTIB IPYIHU MPOIOBOIBYUX TOBAPIB.

OTmxe, npobJIeMaTUKOIO OpraHi3alii palioHaJIbHOI 1I0CTaBKU €:

1. Ontumizauis Mapmpyrti Ta Hacy JlocTaBku:

- BusnaueHHd onTHUMalbHUX MapUIPYTIB Ta rpadikiB 3MeHIIye 4ac jaocTaBku Ha 15%,
CIPUSI0YH 30€PEHKEHHIO KOCTI IPOAYKTIB.

2. CnemiamnizoBani Tpancnioptai 3acoou:

- BuxopucTaHHs TEXHIYHO BJIOCKOHAJEHUX TPAHCIOPTHUX 3ac00IB JO3BOJSE 3HU3UTU
BUTpaTH nanbHOTO Ha 20% Ta 3abe3nedye TOYHICTh YIPABIIHHS TEMIIEPATYPOIO BAHTAXKY.

3. Bnockonanenns Texniunoro O6cnyroByBanHs TpancnopTHUX 3aco0iB:

- PerynspHe TexHiuHe OOCIYroByBaHHS CKOpPOUY€E KIJIbKICTh aBapii Ha 25% Ta migBUILYye
JOCTYIHICTh TPAHCIOPTHUX 3ac00iB Ha 18%.

4. EcdextuBHe 3aBaHTa)keHHS Ta Po3TOBapeHHS:

- OnTuMizanis 3aBaHTakeHHs 3011blye 00csr noctaBku Ha 30%, 3MEHIIIYyIOUM BUTpPaTH Ha
TPaHCHOPT Ta 301IbIIYIOUN €(EKTUBHICTb.

5. Buxopucranus Texnomnoriii [ntepuety Peueit (IoT):

- BropoBamxkenns loT-pimenp 3abe3neuye peanpbHUl Yac MOHITOPHUHTY Ta 3MEHIICHHS
PHU3UKY BTpaT BaHTaxy Ha 22%.

6. HaBuanns ta Ceprudikamis [lepconany:

- IlinBummenns kBamiikamii nepconanxy gornomarae YHUKHYTH 30% IiHIMIEHTIB mia dvac
NIEPEBE3EHHS HAJIMBHUX NPOJYKTIB.

7. Exosoriuna BiamoBiiansHICTh:

- 3acTrocyBaHHA TpPAHCIOPTY HA aJbTEPHATUBHUX BUAMX HAJbHOIO MOXE 3HHU3UTH
ByryeneBui ciia Ha 25%.

8. CtpaxyBaHHs Ta 3axucT BaHTaxiB:

- VKIagaHHA CTPaxOBHX IIOJIICIB JIO3BOJIIE TIOKPUTH BUTPATH B pa3i MOLIKOJKCHHS
BaHTaXYy, 3a0€3MEeUyI0YH MOKYIIIiB Ta BAPOOHHKIB.

9. Anani3 [lotpe6 Punky Ta Crio>xuBauiB:

- Crparterii, agantoBaHi A0 TOTped PUHKY, MOKYTh 30UIBIINTH PUHKOBY YacTKy Ha 20%.

10. CtBopenns IanoBamiitaux Cuctem [locTadanns:

- BpoBakeHHs IHHOBaLlIMHUX CUCTEM YIPABJIiHHA 3allacaMy MOXe 3MEHILUTH 3aTpaTH Ha
15% Ta miABUIUTHA MBUAKICTE IIOCTAYaHHA.

ABTOMOOITTbHI Ta TEXHOJIOTIYHI ACHEKTH TpH TIEPEeBE3CHHSIX HATUBHUX BAaHTaXiB
MOJISITAI0Th B ONTHMI3allii 3 MO3UIIH BUKOPUCTAHHS IIUCTEPH a00 OOYOK i3 CUCTEeMaMH yTPUMaHHS
TeMIepaTypH, 110 J03BOJIsIE 30€perTH SKICTh NMPOAYKTIB. 3HM)KEHHS BUTpAT majabHOro Ha 18%;
JIeTKI BaHTaXXIBKH 13 cucTeMaMu (ikcalii TeTpa mak makeTiB. 3MEHIICHHS BTPAT MPH MEPEBE3CHHI
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Ha 15%; BUKOPUCTAHHS TEXHOJIOT1H 3aM00iraHHs PO3JIMBaM, 3MEHIIIEHHS PU3HUKY BTPAT BaHTAXy Ha
20%; BIpPOBaIKEHHSI CUCTEM MOHITOPMHTY Ta TPEKIHTY Ui MOCTIHHOTO KOHTPOJIO. 3HMKEHHS
yacTKu BTpaT Ha 22%; BuOiIp €(PEeKTUBHUX TPAHCHOPTHUX 3ac00iB, €KOHOMIs HajgbHOro Ha 15%;
BUKOPUCTAHHS CIELIAJbHUX CUCTEM 3HM)KYE 4Yac 3aBAaHTAKCHHs Ta po3BaHTakeHHsA Ha 30%;
BIIPOBQ/KCHHSI TEXHOJIOTiM Jerkoi igeHTudikamii 3a0e3redye TOYHICTh YHPABIIHHA MiJ Yac
nepeBe3eHHs. 3MEHILEHHS MOMWIOK Ha 25%; BUKOPUCTaHHS 3aXUCHHX IOKPHUTTIB 3ale3neuye
CTIMKICTh HAJIMBHUX BAHTAXIB /10 30BHILIHIX YMOB. 3HIKECHHS MOIIKOKEHb Ha 18%); 3acTOCyBaHHS
TEXHOJIOTIN 3B'I3KY AJIsi MIBUAKOTO OOMIHY iH(opMmalieto. 301IblIeHHs onepatuBHOCTI Ha 20%;
BIIPOB/KEHHSI TPAHCIOPTHUX 3ac00IB 3 €KOJOTIYHO YUCTUMHU abTEpPHATHBAMHU. 3MEHIICHHS
ByrJiienieBoro ciuiay Ha 25%; JlaHi 4YHCIOBI MOKa3HUKH HATOJIOMIYIOTH MO0 PalliOHATBHOCTI Ta
e(eKTUBHOCTI IUISIXOM 3aCTOCYBaHHS PI3HHUX TEXHOJIOTiH Ta THIIB aBTOMOOUIIB NMPH MEpEBE3CHHI
HQJINBHUX BaHTAXIB.
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VIIK 662.6.9

YIOCKOHAJIEHHA TEXHOJIOI'II OTPUMAHHA CYMIIIIEBOTO
AJTBTEPHATHBHOI O IIAJINBA JUVIA IU3EJIBHUX /IBHT'YHIB

B.B. Yopunii, cm.ep.AT-20-1,
B.M. MeabHHK, 00Y., KGHO. MeXH. HAYK,
lsano-Dpankiecokuii HayioOHATLHUL MeXHIYHULL YHIgepcumem Hagmu i 2a3y, Ykpaina

BiogmnzenpHe manuBo, SIK MPaBUIO OTPUMYIOTH 3 OMIMHUX CLITBCHKOTOCTIOAAPCHKUX KYIBTYP
Ta 3aCTOCOBYIOTH Y AKOCTI J100aBKU 0 TPAAMIIMHOTO TU3EIBbHOrO MajiBa, a B OKPEMHUX BUMAAKaX
SK 9yUCTe O10MaINBO.

VY 3B’53Ky 3 OOMEXKEHOI0 Ta BUYEPIIHOI CHPOBMHHOIO 0a300 BYIJIEBOJHIB, OlOMaIHBO €
MaJIMBOM MaiOyTHE. SIK mpaBumIio, 11e O1IbII YUCTHI BU MTaJIMBa, HA BIIMIHY BiJl TOBAPHOTO MAJIMBA,
010MaJIMBO BUTOTOBJISIOTH 13 IOHOBIIIOBAHUX PECYPCIB, a OTKE, OlomannBa Ay)Ke BUTiIHE AJIs KpaiH,
SK1 3MYILEH1 IMOOPTYBAaTH HaAQTY.

B po6ori [1], BUKOHaHO aHali3 OCHOBHUX BH/IIB aJbTEPHATUBHOTO MATWBa JJI TU3EIBHUX
JBUTYHIB BHYTpIIIHBOTO 3ropsiHHs ([IB3), nocnimkeHo iX OCHOBHI MOKa3HUKH Ta 3/11HCHEHO OLIHKY
OCHOBHUX (p13MKO-XIMIYHUX TOKA3HUKIB HAHMOUIMPEHIIINX BHU/IiB 610 JU3€IHHOTO MaanBa 1 OMUCaH1
HeoOxiaHI yMoBHM ans ix 3actocyBanHs y JIB3. Ilpore, 3 BUKOHaHHMX JOCIII)KEHb HE MOXKHA
OLIHUTH BIUIMB 100aBok SME Ha xapakrep Ta 3aKOHOMIPHICTb 3MIHHM OCHOBHHMX TEXHIKO-
eKCILTyaTallliHMX NOKa3HUKIB OTPUMAHOT0 010/IM3€IbHOTO Maj1Ba.

PobGota [2] mpucBsueHa aHalizy (I3UKO-XIMIYHHX Ta EKCIUTyaTaliiHUX BIACTUBOCTEH
0101M3€HHOrO MajlBa Ha OCHOBI €TUJIOBUX €CTEPIB KUPHUX KUCIIOT PUKIEBOI OJIIT Ta CyMIILIEBUX
O0loau3enpbHUX TMajJuB 13 PI3HUM BIJICOTKOBUM BMICTOM €THJIOBHX ecTepiB. [IpoBemeHo
MOPIBHSJILHUN aHaJi3 3pa3KiB 010 U3eNbHUX MAJIMB HAa OCHOBI METHUJIOBHX 1 €THJIOBUX €CTEpIB
KUPHUX KHUCIIOT pINakoBOi Ta pHKieBOi oiii. Y pe3ynbTaTi JOCHIIKEHHS OOIPYHTOBAaHO
BUKOPHCTAHHS PHKIEBOI OJIii JJii BUPOOHHUITBA 010M3ENILHOTO MajuBa, a caMe JJisl MOBHOI abo
YaCTKOBOI 3aMiHH TPAIUIIHHOTO HAQTOBOTO TU3EIHLHOTO MaINBa.

JlocnipkeHHS BITUBY 0107IM3€JIbHOTO TaJinBa Ha TOKCUYHICTH JIB3 BUKOHaHO y poboTi [3].
ABTOpaMHU 3arporOHOBAHO PsiJ] 3aXOMAIB 3 MOKPAIEHHS €KOJOTIYHUX MOKa3HUKIB Au3enbHoro (B3
Ta JOCTIPKEHO iX BIUIMB Ha TMOTYKHICTh Ta €KOHOMIYHICTh. HaWrmepcrneKTHUBHINIMMU 3aX0IaMH
IIOJI0 TIiABHINEHHS €KOJOTIYHUX ToKa3HuKiB J[B3 BusBHIMCS ONTHMI3allis KyTa BHIIEPEIKEHHS
BIIOPCKYBaHHS TAJIMBa Ta ONTUMI3AIlisl MIHIMaJIbHOI BEIMYUHU KOe(]iIlleHTa HAJJIMIIKY TOBITPS B
PE3yabTaTi 9Y0TO BUKUIU TIOKCHIIB a30Ty 3HH3WIHCS Ha 63 %, a Horo nuMHicTh Ha 78 %.

B po6oTi [4] po3risiHyTO OCHOBHI MajlMBO-MAaCTUJILHI BIACTUBOCTI 010/1M3€JIs B IOPIBHSIHHI
31 3BUYAMHUM JW3EIbHUM TMAJIMBOM, HOrO BIUIMB Ha TMOTY)KHOCTI JBHTyHa. TakoXX aBTOpHU
MpOaHAII3yBaJIM BUTpATa TMajuBa 1 TEIJIOBY €()EeKTUBHICTH 0107M3€IIs1, B TIOPIBHSAHHI 31 3BUUalHUM
MU3EIBHUM MAJWBOM Ta JOCHIIWIN ITOKA3HUKU BUKHUAIB O10IM3EJILHOTO 1 JU3EIILHOrO IajinBa. 3a
pe3yabTaTaTMH  JTOCHIIXKEHb BCTAHOBJIEHO, IO MPH BHUKOPUCTaHHI O10AM3EIBHOTO TMalliBa B
JIBUTYHAX 30UTBIITYIOTHCS BUKHIU OKCHIY a30Ty, aJie iX MOKHA KOHTPOIIOBATH MUITXOM MPUHHSATTS
MEBHUX pIlIeHb, TaKUX SK JOJaBaHHS METAHOBOTO IMOJIMIIyBaya, 3aTPUMKH BIIOPCKYBaHHS,
PEIUPKYIISIIT BUXJIOMHUX Ta3iB 1 T.1.

[IupoxomMacmTabHI TOCTIHKEHHS 010U3eIbHOTO TaIMBa BUKOHAHO aBTOopamu [5]. Humm
BCTAQHOBJICHO, IO poOOTa Aw3ens Ha O0i0AM3ENbHOMY MalWBi 3 OLTBII BHCOKOIO TYCTHHOKO Ta
KIHEMAaTUYHOIO B’A3KICTIO CYMPOBOKYETHCS 3POCTAHHIM MaKCHUMAJIbHOT MOTYKHOCTI Ta KPYTHOTO
MOMEHTY, & TAaKO ITiIBUIIICHHSIM BUTpaTH NaymBa. [Ipu 1IboMy TaKOX ITiIBUNITY€ETHCS KOHIICHTPAITis
OKCH/JIIB a30Ty B BIANPAIbOBAHKX T'a3aX Ta 3POCTAE TUMHICTb.

Sk Gaummo, BCi JOCIIDKEHHS HanpsMIICHI Ha OloJu3eibHE MaMBO HA OCHOBI pimaky. 3
pOCNUH, MPHUAATHUX [JIs BUTOTOBICHHS OlomanvBa, B YKpaiHi HaiOuIblIa MOCiBHA IUIOIA Y
MIIICHMIN Ta COHSIIHUKY. BHUPOIIyeThCS TaKOXK pinak sSpHid Ta pillak O3UMUH, COs, KyKypya3a Ta
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IyKpoBHil Oypsk. Maibke Bci Il pOCIMHH, KpiM COi Ta MIIEHHI, CTAHOBIATH HeOe3NeKy s
IPYHTY. A, TOMY, BHXOISYH 3 HABEICHOIO BHIIE, OUTHII TEPCHEKTHBHUMHU JII OTPUMAHHS
010U3EIBHOI0 MTAINBA € COSl.

Omxe, A NOKpPAILEHHS €KCIUTyaTallliHUX Ta €KOJOTTYHHMX BJIACTUBOCTEH TOBapHUX IaJUB
Ta MPOMHCIOBUX MaciITal0iB BUPOOHHIITBA aJbTEPHATUBHUX CYMIIIEBUX O10JIM3EIbHUX MAaJHUB 3
CO€BOi oyii HEOOXITHO PO3POOUTH TEXHOJIOTIUHY CXEMYy 13 3aCTOCYBaHHSIM CHEI[aJIbHOTO
o0JaIHAHHS.

Jls nocsirHeHHs TocTaBIeHoi MeTH Oyiu copMyIbOBaH1 Taki OCHOBHI 3aBJJaHHS:

- po3po0JIeHHSI YCTaHOBKH JJIsi OTPUMAHHS CyMillIeil JAM3eTBHOTO MajuBa Ta COEBOI Ol y
HEOOXITHOMY O00’€MHOMY CITIBBITHOIIICHHS 3 BUKOPUCTaHHS 3MilllyBaya BHUTOTOBJICHOTO 3a
MAaTEeHTOM aBTOPIB;

- JIOCHIIKEHHS TapaMmeTpiB poOOOTH YCTAaHOBKM Il OTPUMAHHS CYMIIIEBHX I1aJIUB
HE0OX1THOro 00’ €MHOTO CKIIay.

[lin dwac mTpoBEeNEeHHS EKCIePUMEHTAIbHUX JOCTIKEHbh Ta OOpOOKM pe3ysbTaTiB
3aCTOCOBYBAJIMCS METOAM HAIMEHIINX KBAJAPATiB Ta MATEMAaTHYHOI CTATUCTHKH.

Po3po0iieHHsT yCTaHOBKH ISl OTPUMAaHHS CyMIIIIeH JU3EIbHOTO TaJlrBa 3 COEBOIO OJIEI0 Ta
JOCTIDKEHHsT TapaMeTpiB ii podoTu. Iy 3MimIyBaHHS CO€BOI OJil 3 IU3ETBHUM MaJIHBOM B
BUPOOHMYMX YMOBax OyB po3poOJICHHWH 1 BUTOTOBJIEHUH 3MimryBad (puc. 1) 3a maTeHToM aBTopa
[6]. Woro mpummmn poGOTH HACTYNHHMI, M3eNbHE MAIMBO HAXXOMMTH uepe3 Hatpybok 1 1o
KOpIIyCy 3MilllyBaua 2 1 BUKJIMKa€ 00E€pPTaHHS poTopa 5, a yTBOpEHaA MajJuBHA CYMIIll BUBOAUTHCS 3
3MinryBaya depe3 marpyook 3 (puc. 1). Bryrpimmniii niametp matpyokiB 1, 3 i xoprmycy 2 piBHI
BiamoBimHOo 17, 21 MM 1 68 MMm. Y mporeci obepranas potopa CM 3aCMOKTYETBCS i JTi€l0
BIJIIICHTPOBUX CHJI 4epe3 matpybok 4 miamerpoM 12 MM 10 BHYTPIIIHBOI OCHOBOI MOPOKHHHU
potopa 5. Bucora momaTi poropa CTaHOBUTH 32 MM, OChOBa JOBXKHHA JionatTi 45 mM. Ilig gac
o0epTaHHsS POTOpa PO3MWICHHS COEBOI Ol 3MIHCHIOETHCS Yepe3 MBAAIATh paialbHUX OTBOPIB 6
(Mo ;ecsATh HA KOXHIHM ynomaTi) B poropi niamerpoM 1,5 mw, 3'€elHaHi 3 BHYTPIIIHBOIO OCHOBOT
MOPOKHUHOIO POTOPA.

1 - matpyOok JuIst ojiavi nanuea; 2 - KOpIyc; 3 - naTpyOoK JUIs BiJIBEJCHHS NaJUBHOI cymini; 4 -
naTpyOoK JUIsl moAadi CO€BOi o1ii; 5 - poTop; 6 — OTBOpHU

Pucynok 1 — 3mimyBay y1si MOTOpHUX MAlUB 3a MaTeHTOM B. MenbHuka [6]

[Ipouiec oTpuMaHHS albTEPHATUBHUX MAJMBHUX CYMIMIEH, IO MICTATh CO€EBY OJIiIO,
peanizyerscst B Takuil cnoci6. [locynuna 1 (puc. 2) 3amoBHIOETbCS TOBAPHUM IaJIMBOM Tak, 1100
o0csIr yTBOPEHOI B HACTYITHOMY MaJIMBHOI CyMIIIIl 3 Harepe] 3aJJaHuM MPOLIEHTHUM BMICTOM COEBOT
oJii He mepeBuIlyBaB MICTKOCTI mocyauau 1 - 200 mitpiB. IIpomopuiiiHO KUTBKOCTI TOBapHOI'O
najuBa B MOCYAWHY 6 00'eMoM 35 JITpiB 3aJIMBAETHCS BIAMOBIIHY KUTBKICTH coeBoi omii. ITicms
IIBOI'0 BKJIIOYAETHCA HAcoC 3, SKUH MMOJa€ MalIMBO 3 MOCYAMHHU 1 110 3mimryBaya 4 1 jaji oTpuMaHa
cymimn noctymnae B nocyauny 1. Lupkynsimis nmaauBHOI cymimni depe3 3milnyBad 4 MPUITHHSIETHCS
miC/s CHOPOKHEHHS TMOCYAMHH 6, a OTpMMaHa MaJMBHA CyMIIl HAacOCOM 3 TOAAEThCA MO
CTIOKHMBayYa.

B ycraHoBIi BUKOpHCTaHi 3MilTyBay 3a nareHToM B. MenbHuka [6], XapaKTeprcTHUKa SKOTrO
HaBeJIeHa BUIIE 1 Hacoc mectepenyacTuii moaeni HMII® 2-40-1,6 / 4b-13. MakcumanbHa nojaya
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Hacoca 1,6 M>/roj Iy MaKCHMABHOMY HaJUTHIIKOBOro THCKY 0,4 MITa, a HOMiHATBHA ITOTYKHICTh
fioro npuBony nopiHioe 1,1 kBT.

TOBAPHE NATHEO Coega oninA

1 2 3 roTORA MAJIHBHA 4 5

CyMIL 10
CHIOMHBAYA

1 - mocyauHa 171 TOBapHOTO MaIMBa; 2 - BEHTUJI1; 3 - HACOC MIECTePEeHYACTHi; 4 - 3MiITyBay
MOTOPHHX TaJIUB; 5 - KJIalaH 3BOPOTHUH; 6 - MipHHM IMIIIHAP AJISL COEBOT 011 7 - TEpMOMETP
TEPMOCJICKTPUYHUI; § - MaHOMETp AU EpeHITIHHNN

Pucynok 2 - Cxema ycTaHOBKH JUIs OTPUMAHHS CyMilllell TOBAPHUX IAJIMB 3 COEBOIO OJIEI0
y BUPOOHHYMX YMOBax

JlocmiKeHHsT XapaKTepUCTUKU 3MilllyBada B CKJIAl cXeMHu (puc. 2) MOKas3aiu, 10 Ipu
TeMIepaTypi CKIaI0BUX albTepHATHBHOTO naymBa 20 °C, mpu BTpaTi MOBHOTO TUCKY Ha 3MilllyBayi
Ap= (60 - 65) xlla, o6'emHuil BuUTpaTa CO€EBOI OIii qocsATana 10,710 m%/c . Yac MIPUTOTYBaHHS
MaJUBHOI CyMili B KUTbKOCTI 195 11 3 BMicToM coeBoi oiii 10% konmBaBcst B Mexax Big 30 mo 35
xB. OTprMaHa 3a IOMOMOTOI0 3MilllyBaya MajruBHA CyMIlI Oylia OJTHOPITHOO 1 HE pO3IIapoByBaIacs
npotsarom 30 116 30epiranHs Mpu KOJWBaHb TeMIiepaTypu Bix 16 mo 22 °C.
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ClIOCOBH Y/]OCKOHAJIEHHA TEXHIYHOI O OBCIIYITOBYBAHHA TA
PEMOHTY /TU3EIBHUX /IBUT'YHIB BAHTA’KHUX ABTOMOBLIIB

B.T. Crynincwekuii, cm.ep. TTm-21,

A.A. JIsmenko, cm.ep. TAmcs-21,

B.M. IOpuxk, cm.ep. TAmcs-21,

FO.B. Omensiucbkuid, cm.ep. TAm-21,

B.M. AuToH0OK, cm.ep. TAm-22,

B.B. Kapnosuy, cm.cp. TA3m-21,

B.P. lenyrar, cm.cp. TAu-22,

3axionoykpaincokuli HayioHanbHULL yHigepcumem, Ykpaina

AKTYyallbHICTb JOCTIPKCHHS BU3HAYAETHCS CYYACHUMHU TEHJICHIISIMU y Tally3l BaHTaXHHUX
aBTOMOOLUTIB Ta MiABUIIICHHSIM BUMOT JI0 IXHBO1 HA{IHHOCTI.

Pocryunii [Tapk JIuzenpHux ABTOMOOLTIB: 3 ypaxyBaHHSAM MOCTIMHOTO 3POCTAHHS KiTBKOCTI
IU3eJIbHUX BaHTAXXHUX aBTOMOOLTIB, aHAI3 Ma€ BUpIIIANbHE 3HAYEHHS s 3a0e3MeueHHs iXHbOi
6e3nepeOiifHOI eKcIuTyaTaltii.

Exonoriuni HopmMu Ta Bumoru: 3 NOCHICHHSM €KOJIOTIYHHMX CTaHAAPTIB, Ba)KIHBO
ONTHUMI3yBaTH JHW3€NbHI JABUTYHH JUIsi 3MEHILIEHHS BHUKUIIB Ta MiABUIICHHS €()EeKTUBHOCTI
MATBHOTO.

Konkypentnuii Tuck: Ha ¢hoHi mocTiiiHOT KOHKYpEHIIii B cdepi nepeBe3eHb, BIOCKOHAICHHS
TEXHIYHOT'O OOCIIyTOBYBaHHS € KIIOUOBHM YHHHUKOM [T 30€pEKECHHS Ta IPUBEPTAHHS KITIE€HTIB.

3pocranHs Bumor KiieHTiB: 3aBIsku 3pOCTaHHIO 00i13HAHOCTI KIIEHTIB y cdepi
aBTOCEPBICY, AKICTh TEXHIYHOTO OOCIYrOBYBaHHS CTa€ OCHOBHUM (DaKTOpOM TMpu BUOOPi
TPAaHCIIOPTHOTO MapTHEPA.

Texnomoriuni [HHOBarii: 3 BOPOBAa/PKEHHSM HOBITHIX TEXHOJOTIH y BHPOOHHUIITBO
BaHTA)XHUX aBTOMOOLIIB, HEOOXITHO aKTUBHO aJamnTyBaTH OOCITYrOBYBaHHS Ta PEMOHT JO HOBHX
BHMOT.

36utpmenns OOcsriB IlepeBe3eHn: 31 3pOCTaHHSAM TIIOOAIBHHX TIEPEBE3CHB, BAXKIIHBO
3a0e3MeuuTH HaJiHHICTh (JIOTY BAHTRXKHUX aBTOMOO1IIIB JJIsI BUPIIIICHHSI JIOTICTUYHUX 3aBIaHb.

I'moGanbhi 3mian B Eneprermunomy CexTopi: 3pocTaioya BaXKIHMBICTh aIbTEPHATHBHHUX
JDKepes eHeprii BUMarae MmepeoCMUCIICHHS TEXHIYHOTO OOCIYTOBYBaHHS Ta MOKJIMBOIO MEPEXOAY
710 O1ITBIII €KOJIOTIYHUX PIlIEHb.

Cucremu Monitopunry Ta Jucranuiiinoro OOciayroByBaHHs: 3 BUKOPUCTAHHAIM CyYacHHUX
texHosorid loT, BakIMBO iHTErpyBaTH CHUCTEMH MOHITOPUHTY [JIi BHSIBICHHA NpoOieM Ta
BiJITAJICHOTO OOCITYyTOBYBaHHS.

['mo6anpHa Jlorictuka: Y 3B'A3Ky 31 3pOCTaHHSAM TIJI00AIbHOI JIOTICTHKH, TEXHIYHE
OOCIYrOoByBaHHS BAaHT@XHUX AaBTOMOOIIIB CTa€ CTPATEriyHO BAXIMBUM €JIEMEHTOM JIAHIIOTa
MoCcTayaHHS.

Kpuzosi Curyarii ta Hamzsuuaiini Iloxii: ¥ koHTekcTi HemepembadyyBaHHMX CHUTYaIlii,
BAXXJIUBO MaTH ONTUMi30BaHi IMPOLIECH pearyBaHHs Ta IIBUJIKE BiAHOBJIECHHS poOOTH aBTONAPKY.

JlaHe nocniaKeHHS € KPUTUYHUM IHCTPYMEHTOM IS BUPIIICHHS BUKIIUKIB Ta M1ABUILEHHS
KOHKYPEHTOCTIPOMOYKHOCTI B Tally31 TEXHIYHOTO OOCIYTOBYBaHHS AU3EIbHUX JBUTYHIB BAHTKHUX
aBTOMOOUTIB y Cy4aCHOMY CBITI.

3a JaHUMHU 3a OCTaHHI TPU POKH, CIIOCTEPIra€ThCsl CTAOUIBHMM PICT YMCHa TOJIOMOK
au3eabHUX ABUTYHIB. CepenHil MOKa3HUK BiIMOB 301MbIINBCA HA 25%, NOCATHYBIIM 12 MOIOMOK
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Ha 1000 kM mpooiry.

lNomoBuumMu daktopamu mnosomok € 3Hoc (30% BigMOB) Ta BUTpaTH mnanbHOTO (22%).
CucremMu MagbHOTO BIPUCKYBaHHS, TYPOOKOMIIPECOPH Ta CUCTEMHU BUXJIONY BHUSIBHIIMCA HANO1IbIIT
Bpa3IUBUMU.

JetanpHuil aHami3 mokasye, M0 €hEeKTHUBHICTh pOOOTH TYpOOKOMIIPECOPIB 3HUKYETHCS Ha
18%, 110 MpU3BOAUTH A0 301IbIIEHHS BUTPAT MaJbHOT0. BripoBaskeHHS perysipHOro TEXHIYHOTO
00CIIyroByBaHHs MOKe 301IbIINTH ePEeKTUBHICTh Ha 12%.

CucreMu BHXJIOIY BIAITPalOTh KIOYOBY POJIb Y POOOTI AU3ENBHUX JBUTYHIB, 1 30UIbIIEHHS
yrcna BigMoB (15%) Bka3ye Ha HEOOXIHICTh IXHBOT ONTUMI3allI{ Ta 3aMiHU JeTameil.

3 ypaxyBaHHSM 30OUTBIICHHS YacCTOTH IMOJOMOK, PEKOMEHIYETHCS PO3IIMPUTH IMPOTpamy
MpodiTaKTUYHOTO TEXHIYHOrO OOCIyroByBaHHsS. [IpoBefeHHS peryaspHUX TEXHIYHHUX OTJISIIB
koxH1 15 000 kM npo6iry Mo>ke JOMOMOITH YHUKHYTH 25% MOKIMBHX MTOJIOMOK.

CuctemMu BIPHCKYBaHHS MajJbHOTO cTamu mpuunHO0 20% BimMoB. BaxmBo mpoBecTu
anrpei]l CHCTEM BIPHUCKYBAaHHS Ta 3a0€3MEUNTH IXHIO BUCOKY €()eKTHUBHICTb.

[lixBuieHHs Temmneparyp BHUsBHIOCS (aKTOPOM, L0 crpusie 30uIbleHHI0 BigMOB (17%).
BcraHOBIICHHST CHCTEMHU MOHITOPUHTY Ta aBTOMAaTUYHOTO PETYIIOBAHHS TEMITEPATyp MOXKE 3HU3UTH
el mokasuuk Ha 20%.

[ligaarTs kBamidikamii mepcoHany y cdepl peMOHTY OU3EIbHUX JBUTYHIB JIOTIOMOXE
3a0e3neyuTH OLIbIl TOYHUM Ta €(PEKTUBHUN peMOHT. HaBuaHHS 3 CydacHHX TEXHOJIOTIH Ta
HOBITHIX METO/IiB IIATHOCTUKU MO>KE MiABHUILIUTH SKICTh 00CITYrOBYBaHHS.

BaxnuBo akTHBI3yBaTH cHCTEMY 300pYy 3BOPOTHBOTO 3B'SI3KY BiJl BIIACHUKIB aBTOMOOILTIB. 3a
JaHUMH ONMUTYBaHb, 35% KIIIE€HTIB BUCJIOBIIOIOTH HE3a/I0BOJICHICTh 1HGOpPMALIEI0 PO BUKOHAHI
poOOTH Ta CTPOKAMU PEMOHTY.

[Ticnst peTeIbHOTO MOHITOPUHTY CHUTYaIlil 3 TEXHIYHHM OOCIYrOBYBaHHSM Ta PEMOHTOM
IU3eJIbHUX JIBUTYHIB BaHTKHUX aBTOMOOLTIB BH3HAYAIOTHCS KPUTHYHI HAMNPSMKH IS
MOKpaIeHHsl. 3pOCTaHHS YHWCIa TMOJOMOK BKa3ye Ha HEOOXIIHICTh CHCTEMHHX 3MiH y cTparterii
00CITyroByBaHHS, BKIIFOUAIOUH PO3MIMPEHHS MPO(ITAKTUIHUX 3aX0/IB Ta MOJICPHI3AIIIO KIIFOUOBUX
cucteM. OnrTumizaiisi MpoOIECiB, HaBYaHHS NEPCOHATy Ta AKTUBHA B3a€EMOJIS 3 KIIEHTaMHU
CTaHOBISATh HEOOXiNHI CKIAJOBI [IJIsI JIOCSTHEHHS BHCOKOTO CTaHIApPTy OOCITyroBYBaHHS Ta
32/I0BOJICHHSI TMOTPeO BIACHUKIB BaHTAXHUX aBTOMOOUTB. lleli aHami3 CcTaBUTH akKIEHT Ha
HEOOX1THOCTI KOMIUIEKCHOTO MiTXOAY 0 YIOCKOHAJICHHS TEXHIYHOTO OOCIYTOBYBaHHS Ta PEMOHTY
JU3EIIbHUX ABUTYHIB BaHTAKHUX aBTOMOOLTIB, BpaXOBYIOUH KOHKPETHI BUKIMKH Ta TCHACHIIT y IIiH
ramysi.
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VIIK 656.078

BHKOPHUCTAHHA IHOOPMAIITHHO-AHAJIITHYHOI CHCTEMH JIV/IA
OPTAHI3AIII IEPEBI3HOTO ITPOI[ECY

O.I1. LpoHb, 00y., KaHO. MexH. HAYK,
Y .M. IlnekaHn, doy., KaHO. eKoH. HAYK,
Tepuoninvcokuil Hayionanvuuu mexuiunuu ynieepcumem imeni 1. Ilynios, Ykpaina

Bukopucranss iHpopMaIiiiHO-aHATITUYHOT CHCTEMH B aBTOTPAHCIIOPTHOMY IiIPUEMCTBI €
KJIIOYOBUM €JIEMEHTOM sl e(eKTHBHOI oprasizauii mnepeBe3eHb. (OCHOBHI 3aBJIaHHs, IO
BUPIMIYIOTHCS 32 JTOIOMOTOIO Ii€1 CHCTEMH, BKITFOYAIOTh!

- IpUIOM Ta peecTpallis 3aBOK Ha IepEeBE3EHHs TOBAPIB, 3 NOJAIBIINM X 30€pEKEHHIM Y
0asl JaHux,;

- KOMYHIKallisl 3 KII€HTaMu JUIs YTOYHEHHS JeTaled 3asBOK Ta MOXJIMBOCTI iX
OTIEPAaTUBHOTO BHECEHHS 3MiH;

- aBTOMaTHU30BaHa 00poOKa 3asBOK, BPaXOBYIOUM MICLIE3HAXOKEHHs KIIIEHTIB, 00'eMHU Ta
TUIHA BaHTAXIB, a TAKOXK MOOAKAHHS 100 Yacy JOCTaBKH,

- CTBOPEHHS MAapUIPyTHUX JIUCTIB HAa OCHOBI aHali3y 3asiBOK, HAsBHOCTI TPaHCIIOPTHHUX
3ac001B Ta 3a JOMOMOTOI0 CIEI1a]I130BaHOr0 MPOrpaMHOro 3a0e3neyeHHs;

- po3poOka TMIIaHIB HaBaHTAXEHHSA MJIs aBTOMOOLTIB, BIIMOBIAHO J0 KOHKPETHHX
MapIpyTiB;

- 3aIIUC Ta MiATBEP/KEHHS OTPUMAaHHS BaHTaXIB KIIIEHTAMU,

- BeIeHHS OOJIKYy, KOHTPOJIO Ta (OopMyBaHHS 3BITHOCTI IPO BHUKOHAaHY poOOTy Ha BCIX
eTarnax JIOTiCTUYHOTO MPOLECY;

- 30epiranss iH(opmallii MPOTAroM BU3HAUYEHOTO TEPMIHY.

- BUJIAJICHHA 3aCTapijioi YM HEMoTpiOHOI iHpopMalii 3 CUCTeMHU.

BrnpoBamkenHs iHpopMmaliiiHo-aHaTITUYHOI CHUCTEMHU Ha MIANPUEMCTBAX, 110 3alMalOThCA
TPAHCIOPTHUMHU TIE€PEBE3EHHAMH, 3HAYHO TOKpAIlye TEXHOJOTII0 MPOBEACHHS TPAHCIIOPTHOTO
nporecy. KirouoBi acmekT 3a3HAuEHOTrO YIOCKOHAICHHS BKIIIOYAIOTh: HAKOMUYCHHS JaHHX,
30epiranHsa iH(opmarii, oOpoOKy Ta aHami3 AaHUX, 1HPOpMaliiiHe 3abe3NeyeHHsl, THYUKICTh Ta
aIalTUBHICTG.

[ndopmariiiHo-aHamiTHYHA cHcTeMa 30Mpa€ BENUKY KUIBKICTh JaHUX TMPO Pi3HOMAHITHI
aCIeKTH TPAHCHOPTHOTO MPOLECY, 110 MOXKE BKJIIOYATH JeTalll IpO MApIIPYTH, 4ac MEpPEeBE3CHH,
BAaHTA)KHI XapaKTEPUCTUKH, MOMUT HAa MOCHYrd Tomo. JlaHi 30epiraloTbcs B CTPYKTYPOBAHOMY
dbopmarti, mo 3abe3nevye JErKUA JOCTYI 10 JaHMX B PO3pi3l PI3HUX MEpiOfiB Ta aHali3yBaTH
teHaeHuii. [Hpopmanis aHami3yeTbcs 3 BHUKOPUCTAHHSAM pPI3HUX QJITOPUTMIB JJIS1 BUSBICHHS
KJIFOYOBUX MOMEHTIB, BKJIIFOYHO 3 ONTHMI3aIlil0 MapIIPYTiB, OMIHKOI €()eKTUBHOCTI BUKOPUCTAHHS
TPaHCIOPTHUX 3aco0iB, a TakKOX IPOTHO3YBaHHSAM MaiOyTHROro momuty. IHpopmariiiiHo-
aHAJTITUYHA CHUCTEMa HaJa€ BaXIMBY 1H(QOpMaIio I MPUUHATTS PIIICHbh HAa PI3HUX PIBHIX
YIPaBIIiHHS Ta CHPUSE CTPATETIYHOMY TJIAHYBaHHIO, ONIEPATHBHOMY MEHE/DKMEHTY Ta MPUHHSATTIO
TaKTUYHHUX PIlIeHb. 3aBISKH 3MaTHOCTI aHANI3yBaTH JaHI B 4YacOBOMY po3pi3i, iHpopmarliiiina
crcTeMa JIoToMarae afaanTyBaTUCs 10 3MIHHUX YMOB PUHKY Ta €KCIUTyaTalliiHIX 00CTaBHH.

Buxopucransas Takoi iHpopMaIiitHO-aHAIITUYHOT CUCTEMH JIO3BOJISIE HE JIMIIE 30UIBIINTH
e(eKTUBHICTh TPAHCIIOPTHUX OIEpallii, ajne i 3abe3rnedye MOXIIMBICTh IIBUIKOTO pPearyBaHHS Ha
3MiHU BUMOT PUHKY Ta MiJBUIIEHHS SKOCTI 00CIyroByBaHHS KIII€HTIB.

VY nockoHaJeHHs TEXHOJIOTIi iH(opMaIiiiHo-aHATITUYHOT cCUCTeMHU 0a3yeThcs HA 1HTErparii
pPI3HOMaHITHUX KOMIIOHEHTIB, IO 3a0e3mneuyioTh eQeKTUBHE (YHKI[IOHYBAaHHS BCI€i CHUCTEMH.
[HTErpammist eneMEeHTIB y €IWHY KOOPJAMHOBAaHY CHCTEMY JO3BOJISI€ HE TIIbKHA IiABUIIATH
e(EeKTUBHICTb YIPABIiHHI TPAHCIOPTHUMHU IpoliecaMH, ane il 3a0e3nednTH aJanTUBHICTH Ta
THYYKICTh B pearyBaHHI Ha 3MiHHI YMOBHU PUHKY.
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Ha wamy aymky, /Uis HOKpalleHHs TeXHOJorii B iH(popMauiiHO-aHAIITUYHUX CHCTEMax
HEOOX1THO TMOENHYBaTH PI3HI €JIEMEHTH, 30KpeMa: (DYHKLIOHAJIbHI MOXJIMBOCTI, 1H(OpMaliiHi
pecypcu, mporpaMHe Ta TexHiuHe 3a0e3nedeHHs. Taka iHTerpaiis cnpuse ehekTuBHiil poOoTi BCix
MPOIIECiB, BKIIIOYAO4M 301p, 00poOKy, 30epiraHHs, aHadi3 Ta po3noiaul iHdopmariii, o B CBOIO
Yepry 3aJI0BOJIbHSAE MOTPEOH BCIX 3alliKaBIEHUX CTOPIH.

[ToTentiiline BIOCKOHAJICHHS] TEXHIYHOI YaCTHHU 1H(OpPMAIIHO-aHATITHIHOI CUCTEMHU Ha
aBTOTPAHCIIOPTHOMY IIJMPUEMCTBI MOXKJIMBE 3aBASKM CTBOPEHHIO Ta IHTerpamii HOBHX
CHeIiai30BaHUX MPOTPaMHUX MOJTYJI1B.

Jns po3mMpeHHs Ta MIATPUMKH BCIiX (PYHKI[IOHANBHUX MOXKJIMBOCTEH 1H(OpMaLiiHO-
aQHAJTITUYHOI CHCTEeMH HEOOX1THO PO3POOUTH Ta IHTETPYBATH JT0JATKOBI Moy i (pwuc. 1).
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Pucynox 1 — KoHnenirist apXiTeKTypu yI0CKOHaJIEHHS 1H(POPMaIIHO-aHATII THYHOT CHCTEMH

BiamoBigHO 10 3aMporoHOBAaHOT HA PUCYHKY | KOHIIETIIi1, BAXKIIMBOIO € Bi3yalizallis JaHUX,
10 mependavae reonpocTopoBe BigoOpakeHHsI iHPOpMaIIii A1 Kpaoro po3yMiHHs reorpadiyHux
acIIeKTiB NepeBe3eHb. JOMITbHIM € BUKOPUCTAHHS CTATUCTUYHUX METO/IB ISl TIIMOOKOTO aHallizy
JAHUX Ta PO3poOKa MPOrpaMHUX MOAYJIB JUIsi OaraTOKpUTEPiaIbHOI ONMTHMI3allii Ta HaTJSIHOT
Bi3yaustizamii pi3HUX BapiaHTiB TPAHCIOPTHHX pilieHb. HeoOXiqHO CTBOPUTH E€KCIIEPTHY MiJICHCTEMY
Ta 0a3y 3HaHb, CIIPSIMOBaHI Ha BUSBJICHHS KPU30BHX SIBHUII B TPAHCIIOPTHHX MPOIIECaX.

[ndopmariiiHo-aHamiTHYHA CHUCTEMa € HE3aMIHHMM I1HCTPYMEHTOM Ui ONTUMI3alil
JIOTICTHYHUX TPOIECIB Ha MiANpHEMCTBI. BukopuctanHs cydacHoi iHopMalliiiHo-aHaIITHYHOT
CUCTEMH BiJIirpae 3HAYHY POJIb JIsl OpPTaHi3allii mepeBi3HOTO MPOIIECYy.
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VK 656.13

IHTEJIEKTYA/IBHI MOAEJII IIPOEKTYBAHHA MAPIIIPYTIB
IIEPEBE3EHHA /IPIBHOIIAPTIOHHHX BAHTAKIB

€.1. Txopyk, 0oy., KaHO. mexH. HaYK,
Hayionanvnuil ynisepcumem 800H020 20cnodapcmea ma npupoooKOpUCmy8ants, Ykpaina

3agaya KOMIBOSDKEpA € ONTUMI3aLiiHO0 33/1a4€et0, sIKa YacTO BUHMKAE Ha MPAaKTHL 1]l Yac
opraHizamnii mepeBe3eHb piOHOMAPTIOHHWX BaHTaXiB. Llg 3amava, BHXOIIUM 3 aHAI3Y
JTTEpaTypHUX JKepesn, GOpMyNIoeTbcs HACTYIHUM YHHOM: JAJS AESKOI TPyHU MICT 13 3aJaHUMU
BIJICTAaHSMHU M)XK HUMH TOTPIOHO 3HANUTH HAHKOPOTIIMK MapUIpyT i3 BiJIBilyBaHHSM KO>KHOTO MiCTa
OJIMH pa3 1 3 MOBEPHEHHSIM Y BUX1JHUI TYHKT.

3amava onTuMizallii Moke OyTH B 3arajlbHOMY BUIIAQJIKy MAaTE€MaTHYHO BHPIIICHA TiJTBKH JJIS
OJTHOTO KPUTEPII0 ONTUMAIBHOCTI ab0 Al OJHOTO KpUTepito epekTuBHOCTI. OgHAK e€PEeKTUBHICTh
BEIMKUX a00 CKJIAJHUX TEXHIYHUX CHUCTEM XapaKTEPU3YETHCSI MHOXKHHOIO OKPEMHUX MOKA3HUKIB, 1
iX He BJIA€TbCS 3BECTU B OJIMH 3arajbHUNA MOKAa3HUK, NMPUAATHUHA U OL[IHIOBAaHHS €(EKTHBHOCTI.
Tomy, B SIKOCTI KPUTEPII0 ONTUMAIBHOCTI BUOMPAIOTh TaKUM JOMIHYIOUWN MOKA3HUK, SKUH JacTh
3MOTYy HaWOUIBIIO MIpPOI0 BU3HAYUTH 3IATHICTH CHCTEMHM BHMKOHATH CBOE (DYHKIIOHAJbHE
MIPU3HAYCHHS.

MareMaTH4YHO TpaHCIOPTHA 3ajaya  (OPMYIIOETbCS HACTYMHUM YHMHOM. [loTpiGHO
MIHIMI3yBaTu (QYHKIIIO:

iznlcu “ X (1)

pU OOMEKECHHSIX

a0 @
Zn:xijzbi, j=Ln
®3)

ia Zn:b

i=1

(4)

ae Cij - BapTiCTh NePEBE3CHHS OJIMHUII BaHTaxXy 3 I-TO TMyHKTY BiI[HpaBJIeHH}I 10 J-To MyHKTY
HPHU3HAYCHHS; Xjj - KUIBKICTh BaHTAXy, IO HEPEBO3UTHCA 3 I-r0 IYHKTY BiJNpPaBICHHS 1O J-TO
IYHKTY OPH3HAUCHHS; @ - 3a[IaCH BaHTAXy Ha i-My IIyHKTI BiIIpaBieHHS; bj - moTpebu y BaHTaxi
Ha J-My IyHKTi IPU3HAYCHHSI.

[loTpiGHO OpraHi3yBaTH CUCTEMY MOCTAYaHHS 3 JAEKUIBKOX IYHKTIB BIJIIPAaBJICHHS PI3HUMU
TPAHCHOPTHUMHU 3ac00aMu B Pi3HI MYHKTU NpHU3HAuEHHs. 3aJeKHO BiJ OpraHizaiii cucteMu ii
edexTuBHICTh Oyne pizHO. [IpumycTumo, 10 Ha Yac MepeBe3eHh OOMEKEHHS HE HaKJIaJIeHO. Y
IIOMY pPa3i MaEMO CUCTEMY 3 OJHHMM IOKa3HHMKOM, IO XapakTepusye i edeKkTuBHiCTb. Takum
MOKa3HUKOM MOXe€ OYyTH BapTIiCThb MEpPEBE3€Hb K KPUTEPId ONTHUMAIBHOCTI. SIKIIO BUpa3uTu Lieh
KpUTepiil y BuUrisai aeskoi (yHKUii BiJ mapaMeTpiB, IO BU3HAYAIOTh CUCTEMY I€peBE3€Hb, TO
Ha01p 3HaYEHb MapaMeTPiB, 3a AKOT0 PYHKIIIS JOCITae eKCTpeMyMy (Y LIbOMY BUIIAJKy MIHIMYMY), 1
Oyze onTUMallbHUM, TOOTO 3a IIMX 3HaU€Hb BapTIiCTh MepeBe3eHb Oy MiHIMAIbHOIO.

Tenep mnpumycTuMo, IO MOTPIOHO 3abe3MeunTH NEepeBe3eHHS 3a OOMEeXeHuil uac.
3MEHIICHHsI 4acy MepeBe3eHb MiJBUIIYE IX BapTICTh, TOMY JUIsl OLIHKUA €(EeKTUBHOCTI CUCTEMH
MOTPIOHO BpaxoBYBaTH JBa MOKA3HUKHU - Yac 1 BapTICTh, IPUUOMY, K HEBAKKO MOMITUTH, 00H/IBa
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MOKAa3HUKH CymnepewinBi. SKIIo nepeBe3eHHs MaloTh OyTH 3a0e3leueHi 3a IKOMOra MEHIIUH Jac,
TO KPUTEPIEM ONTHUMAJIBHOCTI OyJle Yac nepeBe3eHb.

VY 3aranpHOMY BUIAJIKy 3aCTOCOBYIOTH TakKi CIOCOOM BUAUICHHS KPUTEPIIO ONTUMAIbHOCTI
3a HasIBHOCTI KUIBKOX MOKAa3HUKIB!

- YaCTUHY NOKa3HMKIB IEPETBOPIOIOTh HA OOMekeHHs. Tak, AKIO 3aJaHO Yac IepeBe3eHb,
TO MOro MOXHa NMOAATH Yy BUIIIAAI OOMEXKEHHS, a KPUTEpIEM ONTHUMAJIbHOCTI BBa)KaTH BapTiCTh
nepeBe3eHb. MOXKJIMBaA 1 3BOPOTHA IMOCTAHOBKA 33/a4i ONTHMi3alii: MiHIMI3yBaTH 4ac MepeBe3eHb
3a 3a/1aHO1 BapTOCTI (32 HAsSBHUX 3aC001B NIEPEBE3ECHHS);

- KUIbKa MOKa3HUKIB 00'€IHYIOTh B OJWH Yy3araJbHCHUN MOKA3HUK (IIUIIXOM IMOCTAaHOBKHU
CIIJILHOT METH, BBEJCHHSIM BaroBUX KOEQIIIEHTIB, TOIIO). 3aCTOCYBAHHS I[LOTO CIIOCO0Y MOB'I3aHe
3 BETUKUMH TPYIHOIIAMH, IO TOJIATal0Th Y CKIaJHOCTI BU3HAYEHHS €IMHOI MIpH JUIsl Pi3HOPITHUX
MOKA3HHUKIB;

- BapilOIOTh MOCTAaHOBKY 3aJadi, TOOTO MPOBOJATH ONTHUMI3allil0 3a PI3HUX KpUTEpIiB
ONTHMAJIPHOCTI, 1 PIMICHHS NPHHUMAIOTh 3a ONTHUMI30BAaHUMH BHMOTAaMH Ha MiJCTaBi OTPUMAaHHUX
pe3yibTaTiB (METOJI MOCHTIIOBHUX MTOCTYIOK).

HeoOximHo 3a3HauMTH, IO B CHCTEMI 3HAUYYIICTh OJHOTO W TOTO CAaMOro IOKa3HHUKa
3MIHIOETBCS 3aJIS)KHO BiJl piBHSA iepapxii. Y KoHiH iepapXiuHiil opraHi3oBaHili CHCTEMi MMOKa3HUK
Oy/Ib-SIKOT'0 HIDKYOTO 1i piBHA IepedyBa€e B 001aCTi TOKA3HKUKIB BUIIIOTO PiBHS.

[cHye MHOXXMHA MaTeMaTHMYHMX METOJIB, IO JalOTh 3MOTY 3HAWTH SK TOYHE, TaK i
HaOJKeHe PO3B'A3aHHA MocTaBieHoi 3aaayi. Cepen METOAIB, IO AAOTh TOYHE PO3B'SI3aHHS,
HaOIIBIIOr0 MOMUpPEHH HA0YB MeTO "T1I0K 1 Mex".

Ha6mmwxkennit meton Krnapka-Paiita po3B'si3aHHS 3a7adi KOMIBOSDKEpa TIPYHTYEThCS Ha
noHATTI "BHrona", sika OTPUMYETHCS BiJl 00'€IHAHHS BOX MAasSTHHUKOBHUX MAapHIPYTiB B OJIUH
KUIbIIEBUA. BHUKOpUCTaHHS 1bOrO METOAY [Ja€ MOXJIMBICTh BpaxyBaTH pPO3TallyBaHHS
aBTOTPAHCTIOPTHOTO MiJIPUEMCTBA.

Jns po3BizHux (30ipHUX ab0 30ipHO-PO3BI3HMX) MApHIPYTIB BUOIP PYXOMOIO CKIALy
3MIACHIOIOTh Ha €Tami po3B'I3aHHA 33j1a4l Mapuipytusamnii. Ha mpoMy eTami BHOCSATH HEOOXiTHI 3
TOYKH 30py BHUTpAT Ha IMEpPEBE3€HHs 3MIHM B PO3MOALI PYXOMOIO CKIaay, ajieé He 3MIHIOIOTh
KUTBKICTh IYHKTIB Ha MapUIPyTi Ta MOPSAIOK iX 00'31y..

Po3pobinieHi mMapumipyT He BpaxOBYIOTh BHIIaJKOBOI'O XapaKTepy CKJIaJ0BUX MEPEBI3HOIO
mporecy, iX KUIbKICHA OIliHKa MOXe OyTH OTpuMaHa 3 BHKOPHCTaHHSIM CTaTUCTUIHOTO
MOJIeIOBaHHA. MOJIeIOBaHHS Yacy pyxXy Ha OKpEeMHUX AUISHKaX MapuIpyTy, 4acy HaBaHTAXKEHHS 1
PO3BaHTaXCHHS, YacCy TUTAHOBHX 1 HE3aIJITAHOBAHHX TPOCTOIB, Yacy MepepB i BIATIOYNHKY A€ 3MOTY
noOynyBaT (DyHKIIT po3NOAlTy 4yacy NpUOYTTS PYyXOMOrO CKJaay /A0 KOHTPOJBHUX ITYHKTIB
(MyHKT HaBaHTA)KEHHS, PO3BAaHTAXCHHS, NPUKOPIOHHHM mepexin, Tomo). Ha mpomy erami
peasnizyeThCs IOTICTUYHUM MPUHIUT "TOYHO B CTPOK".

3araqbHMN 4Yac JIOCTaBKM BaHTaXy Ha |-My pO3BI3HOMY MapmpyTi (Bix j-To
BAaHTA)KOBIIIIPABHUKA J0 3aKPIIUICHUX 32 HUM CIIOKMBaYiB) BU3HAYAETHCS 32 (OPMYJIOHO:

k
T, =ty +;(t«i,- +tpij)+txj, (5)

ne 1, — Yac HaBaHTaXXCHHSA y |-TO BAaHTAXOBIANPAaBHUKA, TOJ.; 1, — 4Yac pyxy aBTOMOOLNA 3
BaHT@XEeM Ha - JinsHII |-ro po3BizHOro Mapumpyty Big (i-1) mo i-ro myHKTY Mapuipyry, ae
HyJIbOBHM BBQ)Xa€ThCS IyHKT HABaHTAXKEHHS, Tox.; f,; - dYac pO3BaHTaXEHHI Yy I-TO
BaHTAKOOJICPXKyBaya Ha j-My PO3BI3HOMY MapIupyTi, rof.; K - KiJbKiCTh MYHKTIB PO3BAHTAXKCHHSI
Ha J-My PO3BI3HOMY MapIuIpyTi, ; - 9ac X010CcTOr0 MPOOIry HA j-MYy PO3BI3HOMY MapIIPyTi, TOA.

Oprasxizaifisi MepeBi3HOro Mpolecy Oe3nocepeiHbO IMOB'I3aHa 3 PEKUMOM poOOTH
BaHTaXOBIJIIPaBHUKIB 1 BAaHTAXKOOAEPKyBauiB. Buxoasiun 3 mpuHIUNY NPO BUKOHAHHS "TOYHO B
CTpOK" JOrOBIpHMX 3000B'I3aHb IEPEBE3CHHS ABTOMOOUIBHUM TPAHCIOPTOM Iepes KIi€HTaMU
(TmocTayarbHUKAMH 1 CIIOKMBauYaMH) BHIUIMBAE, IO 3aBJaHHS 3BOJIUTHCS 10 BH3HAYCHHS dYacy
JOCTaBKM 3a/laHOr0 OOCsTy BaHTaxiB. ToJll Yac 1mo4aTtky poOOTH TPaHCHOPTHOTO 3aco0y MOXKHA
BU3HAYUTH 32 HOPMYJIOIO.
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TH :Tm.c. - ZTOj _Tol (6)

=1

ne Ty - 4ac JIOCTaBKM JIOTOBIPHOrO 0OCATY BaHTaXiB "TO4HO B CTpok', roxa.; 7T, - 4ac Ha
nepeBe3eHHs 000BOr0 O0CATY BaHTaxy, TOM.; T,- 4Yac HA MepuIMi HynIboBHA mpolir (Bin

aBTOTPAHCIIOPTHOTO MiIMPUEMCTBA JIO TIEPIIOTO MyHKTY 3aBaHTAXKECHHS ), TOJ.

VYci cknanosi popmynmu (6) € BUNAAKOBAMH BEIWYMHAMH. BH3HAuUalouW 3aralbHUN dac
MEPEBE3CHHS Ha j-My PO3BI3HOMY MapIIpyTi 32 KOXHOI peatizailii CTATUCTUYHOTO MOJICTIOBAHHSI
HEOOX1THO BpPaxoBYBaTH, 3 OJHOTO OOKy, oprasi3amito poOOTH TOCTa4aJbHUKA 1 CIIOKHBAYa,
30KpeMa, Yac MOYaTKy 1 3aKiHYeHHA OO01MHIX (TEXHOJOTIYHUX) MEepepB y poOOTI KIEHTYpH, a 3
HIIIOTO - OOMEKEHHS PEKUMY TIpalli Ta BiANMOYMHKY Bois. Tomy 3anumemo

K K
Toj :tnj+§(tnj+)+tnj+77] +;l//ij (7)

1€ #j - BUNAJIKOBA CKJIAJ0BA, IO BPAaXOBYe OOiHI (TEXHOJOTi4HI) MepepBU j-ro MOCTadaIbHHKA,
roj.; Wij - BMIIQJKOBA CKJIaJ0OBa, L0 BPaxoBye OOIJHI (TEXHOJIOTIYHI) MEPEPBU CIOXKUBAUIB,
3aKpIMJICHUX 32 J-M CIIOYKHBAYEM, TO/I.

[TportoHoBani Mojeni (GOpMYIOTh €IUHHUEN miaxig mo (opmamizamii METOiB PO3B'SI3aHHS
3aa4 TPAHCIOPTHOI JIOTICTUKH; OXOIUTIOIOTH OCHOBHI THIM TPAHCIOPTHUX 3a7a4 CTOCOBHO
aBTOMOOUTHHHUX TIEPEeBE3eHb y MPOCTOpi (PO3MOiibpyua 3aqava, MapiipyTU3allis) i B 4aci; JaroTh
3MOTY 3IIMCHUTH TPUPIBHEBY ONTHUMI3allil0 TPH 3MiHI KIJIBKOCTI PO3TJISHYTHX O0'€KTIB
(TocTavyanpHUKY, CIOYKUBAYi) 1 MMOCHIIOBHOTO BKJIIOYCHHS JIOAATKOBHX YHHHUKIB, MOB'SI3aHUX 13
KOHKPETHUMH MapIIpyTaMU MepPeBe3eHb.

3acTocyBaHHS TOTO UM IHIIOTO METOJY 3 TMPEACTABICHUX paHillle CIpsIMOBaHE Ha
CKOpOYEHHS OyIb-SKUX BUTpAT. 3 OTJSAy Ha Te, IO YNPaBIIHCHKI PIMIEHHS yXBalIOIOTh JIOIH,
BUHUKA€ HEOOXITHICTh ONTUMI3aIii OyIb-IKHMH METOJAMH IHTEJIEKTYaJIbHOTO TIOTOKY JYMOK. 3
OTJISIAy Ha Te, IO KJIACHYHI METOAU TPYAOMICTKI W MOTpeOyroTh OINBIIMX BHUTpPAT €HEprii B
IHTENIeKTyaNbHIN Tpali Ha MONIyK ONTHMAaJIBHOTO pimeHHs (OUThIIa KiJbKICTh iTepaliii), BHHUKAE
HEOOXIHICTh BUKOPUCTOBYBAaTH METOAM, SKi MAalOTh MOXJIHUBOCTI MONIYKY pIlIeHb 13 MaluM
YHCIIOM ITepalliif, 0 CKOPOUYYIOTh Yac Ha yXBaJICHHs pillleHb, 1 1HOI BiIpa3y MalOTh ONTHMaJIbHE
pillIeHHS.

Ilepexing 10 PUHKOBHX BIJHOCHH 3MIHHB CXEMY B3a€MOBIJTHOCHH MiX KOHTpParcHTamH,
HaJaBIIM iM CBOOOAY [iii 1 BOAHOYAC 13 UM MiJBUIINB HEBU3HAYCHICTh YMOB, y SIKUX MPAIIOIOTh
MIJIPUEMCTBA TPAHCHOPTY. 3 OMVIANYy Ha 3a3HA4eHI OOCTaBMHM 1 Te, IO 3MIHHI BEJIMYMHU
3'IBISTUMYTbCS 3HOBY B PI3HOMaHITHHX (popMmax, HEOOXITHO 3aCTOCOBYBATH MOJIEN, AKiI JAOTh
3MOTy SIKHalKpalie BpaxOBYBaTH 3MiHHU, IO BiAOyBarOThes. i po3B's3aHHS 3a3HAYCHHUX MUTAHb
IPONOHYETHCSI BUKOPUCTOBYBATHM CHUCTEMH, 3/aTHI BHpILIYBaTH 3aJayl B TUX YMOBax, LIO
BUHUKATUMYTh Yy TpOIleci HaJaHHS MOCIAYr 1 3MIHIOBAaTUMYThCSl IIiJ] BIUIUBOM IapaMeTpiB
30BHIIIHBOTO Ta BHYTPIIIHBOIO cepenoBuiia. Ilpumyckatoun Bapiamii BUXIJIHUX ITOKa3HUKIB,
3MIHIOIOTBCS 1 BUXIJHI XapakTepucTuku. [lo cyTi, MaeTbcs Ha yBa3l MOLIYK TaKUX MOJENEH, sIKi
Oynu O sSIKHAWTIOBHIIIE aJamnTOBaHI 0 YMOB, IO ckjiamucsa. s peamizamii Takux MiAXOAIB
MIPOTIOHYETHCS BUKOPUCTOBYBATH INTy4HI HelponHi Mepexi (LIIIHM), mo dopmyrors OaHK
IHTENIeKTyaIbHUX MOJIEJIel B OpraHi3alii nepeBi3HOro nporecy Ha aBTOMOO1IBHOMY TPAHCIIOPTI.

JloBeaeHo, 1o 3ajada po3poOJIeHHS MapHIpyTiB NEpeBE3CHb IPIOHOMAPTIOHHUX BaHTaXKIB
HAJIGKUTh J10 MHOXHMHH 3a7a4, sKi Ha3uBaloTbcsa NP-moBummu. Jlng NP-moBHux 3amau
BUKOPUCTOBYETHCSI METOJI TIOBHOT'O MEPEOOPY YCIX MOKIUBUX BapiaHTiB. OCKUIBKH TaKHK ITOBHUMA
MOIIYK MPAaKTUYHO HE3AIMCHEHHUH Ui BEJIMKOi KUIBKOCTI MICT, TO €BPUCTUYHI METOIU
BUKOPHUCTOBYIOTH JIJISl 3HAXO/KEHHSI IPUHHATHUX, X04a i HEONTUMAIbHUX PILLIEHb.

Omnwucane B po0oTi [3] pimieHHs, OO0 IPYHTYETHCS HA MEPEXi 31 3BOPOTHUMHU 3B'SI3KAMH, €
TUTIOBUM Y ITbOMY BiJHOIIICHHI.

[MpumycTumo, mo wmicTa, siki HEOOXigHO BiABimaTH, mo3HadeHi OykBamu A, B, C 1 D, a
BiJICTaHi Mk mapamu mict € dab, dbc i .x.
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PimenHsM € BOOpsAKOBaHA MHOXKHHA 3 N MICT. 3ajja4a MoJIsrae y BijoOpaskeHHi ii y BUTIISAII
O0YHCITIOBAJIBHOT MEpeXli 3 BUKOPUCTAHHSAM HEHPOHIB (4 HaOJMKA€ThCS 10 HECKIHYEHHOCTI).
Ko>xHe MicTO mpescTaBieHo psAAKOM 13 N HeWpoHiB. Buxix 0oAHOro 1 TUIBKM OHOTO HEMpoHa 3 HUX
JIOPIBHIOE OJMHMIN (BCl 1HINI JOPIBHIOIOTH HYJ0). Buxim He#poHa, IO TOPIBHIOE OJIMHMII,
MOKa3ye MOPSIKOBUI HOMED, 3a AKHM 1€ MICTO 3a0€3MeUy€eThCs MPOIYKIIETO.

JlomxuHa Takoro Mapuipyty nopisaioBana 6 dca + dad + ddb + dbc. Ockinbku Ko¥xkHE MiCTO
BIJIBIAYIOTh TUIBKA OAMH pa3, 1 B IEBHUM MOMEHT BiJIBIAYIOTh JIUILE OJHE MICTO, TO B KOKHOMY
PAAKY 1 B KOXXHOMY CTOBITYMKY € IO OAHIM oxuHUIi. Jlns 3amavi 3 n MicT ychoro € n! pi3HHX
MapuIpyTiB 00X0my.

[IponeMoHCTpyeEMO Temep, SIK CKOHCTPYIOBAaTH MEpPEeXy sl po3B's3aHHs 11ie€i NP-moBHOT
3agadi. KoxeH HelpoH Mae nBa iHJIEKCH, SKi BIJNOBIZAIOTh MICTY 1 MOPSJIKOBOMY HOMEPY HOTO
B1JIBIIyBaHHSI HA MapIIPYTi.

OyHKIIiS eHeprii Mae 3aJ0BOJBHATH JIBOM BUMOTaM: IMO-TIEepIIe, Mae OyTH MaJol0 TiJIbKU
JUISL TUX PIIIeHb, SKI MAOTh MO OJHIA OJWHUII B KOKHOMY PSAKY 1 B KO)KHOMY CTOBITYHKY; TIO-
Apyre, Mae HaJaBaTy NepeBary pillleHHsIM 13 HAMKOPOTILIOIO TOBKUHOIO MapUIpyTy.

[lepira BuMora 3a10BOJIBHSAETHCS BBEACHHAM (DYHKIIIT €HEPTii:

2

SEEIMM, + ST IMM, + S| (Z3M, |-n ®

x iyl i X y#x

ne A, B i C - xoncTanty; M - BUXiTHUN HEHPOHHMIA CUTHAIL.

[Mum nocsraeTbes BUKOHAHHS HACTYITHUX yMOB [3].

1. Ilepma noTpiiiHa cymMa JOPIBHIOE HYJIO B TOMY 1 TUIBKH B TOMY BHUIAJIKY, SIKIIO KOXEH
PAIOK (MICTO) MICTUTh HE O1JIbIlIE OJIHIET OJUHUILL.

2. Jlpyra mortpiiiHa cymMa AOPIBHIOE HYJIIO B TOMY i TUIBKM B TOMY pasi, SKIIO KOXEH
CTOBIUHMK (TIOPSIIKOBUI HOMEp Bi/IBilyBaHHs1) MICTUTh HE O1JIbIIIE OJIHIET OIMHUIII.

3 Tpets cyma AOPIBHIOE HYJIO B TOMY 1 TUIBKH B TOMY pas3i, SKIIO MaTpUIs MICTUTh PIBHO 7/
OJINHUIIb.

Jpyra BuMora - nepeBara Ha/Ia€ThCsl KOPOTKUM MapUIpyTaMm:

ZZZD I\/Ilerl—i_l\/I (9)

X y=l i

JIns1 3py4HOCTI 1HAEKCH BU3HAYAIOThCA 3a MOAyJaeM N, T06To Mp+j= M;, B - koHCTaHTa.
[Ipu nocuth Benukux 3HaueHHSIX A, B 1 C HU3bKOEHEpreTu4Hi CTaHu Oy1yTh MPEACTaBISATH
JOMYCTUMI MapIIpyTH, a BeJMKi 3HaueHHS D rapanTytoTh, mo Oyne 3HaiiieHo HalKopoTIIMH

MapIIpyT.

Crin 3a3HauuTH, 110 TPOIMOHOBAHI MOJEINI 3 BUKOPUCTAHHAM IUTYYHUX HEHPOHHHX MEpPex
MO>KHa 3aCTOCOBYBATH JJIsl aHATI3Y ¥ ONTUMI3Alil MapLIPYTIB pyXy PYXOMOTO CKJIaay He TUIbKU Ha
cTaii po3poOieHHs, a i y pealbHUX YMOBaxX (pYHKI[IOHYBaHHS TPAHCIIOPTHUX KOMITaHIH.
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VK 621.793.724

BIUTUB ITAPAMETPIB EJIEKTPO/IYT OBOI'O HAITHWJIEHHA HA
CTPYKTYPY IIOKPUTTIB

M.M. CrtyaeHT, npog., npos. Hayx. cnisp., 0-p. mexH. HayKl'
C.1. MapkoBu4, 00y., KaHO. MeXH. HAYK",

X.P. 3a10poskna, HayK. cniep., KAHO. MexXH. HaAYK

B.M. I'Bo3aeubkuid, cmapuiuti 00CciioHux, 3a8. 1ab., KaHo. MexH. Hayx,

L ®isuro-mexaniunuii incmumym HAH Ykpainu, m. Jlvsis, Yxpaina

leeHmpaﬂbHoprai'HCbKuzZ HayioHanbHull mexuiunuil ynigepcumem, m. Kponusnuyvkuii, Yxpaina

ke

IToctanoBka mnpoGaemu. BukopuctanHs crHeuiaJbHUX IOPOIIKOBUX JPOTIB  JJs
CJICKTPOJYTrOBOTO HANMWJICHHS  JO3BOJISIE OTPUMYBATH IOKPUTTS 13 BHCOKOI 3HOCOCTIMKICTIO.
OnHak HeJOCTaTHs aAresis Ta Koresis OTPUMAHUX IOKPUTTIB HE J03BOJIE€ 3aCTOCOBYBATH Iii
MOKPHTTSI 32 MiIBUIIIEHUX POOOYHMX HABaHTaXKeHb [ 1-5].

AHaJi3 ocTaHHIX gocaifkenb i myOaikauiii. JlitepaTypHi mkepena 3acBiAUyIOTh, IO IS
MIJBUIICHHS  MEXaHIYHHUX  XapaKTEepPUCTUK  Ta30TEepMIYHUX  MOKPUTTIB  BHUKOPHUCTOBYIOTh
Ha/I3BYKOBUI Ta30BUIl CTPyMiHb, SIKHH TpPaHCHOPTYE PO3IUIABIEHI KPAIUIMHU 0 HANMUIIOBaHOI
MOBEPXHI, MIJBULIYIOYM iX KIHETHYHY €Hepriio. BUKOpUCTaHHS NajbHUX rasiB JUIsl OTPUMAaHHS
Ha/I3BYKOBOT'O CTPYMEHIO B TPOLECI €JEKTPOJYroBOr0 HAIMMWIEHHS IMOKPUTTIB JIMILIE YaCTKOBO
niaBuIIye (PI3MKO-MEXaHIYHI XapaKTEPUCTUKU IMOKPUTTIB, A€ YCKIAJIHIOE 1 CYTTEBO 3/10POXKYE
o0JlaJHaHHA Ta MpOLeC HANWIEHHs. Y JaHii cTaTTi A MiIBULICHHS MEXaHIYHUX XapaKTepUCTHK
€JIEKTPOAYTOBUX MOKPUTTIB 3alIPONOHOBAHO 3aCTOCOBYBATH Ha/I3BYKOBHM MOBITPSHUNA CTPYMIHb 32
BUKOPUCTAaHHS cola JlaBans Ta MiJBMIIEHHS THCKY MOBITpstHOro crpymento 3 0,6 mo 1,0...1,2
MIla. [1-6].

IlocTanoBka 3aBaaHHsl. MeTa JOCHIDKEHHS: BCTAHOBUTH BIUIMB THUCKY TOBITPSIHOTO
CTPYMEHIO Ha CTPYKTYPY €JIEKTPOIyTOBUX MMOKPHUTTIB.

Buk/aa ocHoBHOro mMartepiaiy. EnekTpoayroBi MOKpHUTTS TOBIIMHOIO 1 MM HaHOCHIH
Mmetanizatopom OPMI-2 BupoOHunTBa @izuko-mexaniyHoro iHctutyry HAH Vkpainun. s
HaNWJICHHS MOKPUTTIB BUKOPUCTAIHU €JIEKTPOJHI MaTepiaiu: JIpiT CyHUIbHOTO mepepizy — Y8, Ta
nopomkoBuid ApiT 90X 17P3TC. TToKpUTTS HANWIISUTH 32 HACTYITHUX PeKUMIB: Harpyra ayru U — 32
B, ctpym | — 150 A, tuck moitps 0,6, 1,2 MIla 3a Butrpatu nositps 1,3 MS/XB, BiJlIaNb BiJl IyTH 10
HaIWITIOBAHOI OBEPXHI y BCixX Bumaakax 120 mM. [lepen HanmuiaeHHSM 3pa3KH IiiIaBaau abpa3uBo-
CTpYMUHHIH 00po011i KopyHAOM. MikpoTBepaicTs BU3Hauaiu Ha npuiani [IMT-3 3a HaBaHTaXeHHs
200 .

Jniss oTpuMaHHS HAA3BYKOBOi MIBHJIKOCTI MOBITPSHOIO CTPyMEHIO uucioM Maxa 2
BUKOPUCTOBYBAJIU COTUIO JlaBass 3 BEpTUKAILHUM PO3MIIIEHHSIM JABOX MOBITPSHUX KaHAIIB Y COTLTI
3 KpUTUYHHUM J1aMeTPOM KOXKHOTO OTBOPY 2,2 MM (puc.1), JOBKHHOIO Ha3BYKOBOI YaCTHHU 15MM.
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HdcexHa conna, Mm

Pucynox 1 — Cxema cornia i1 OTpUMaHHS HaA3BYKOBOTO TIOTOKY. 1 — MOBITPSIHUIN MOTIK, 2 — KPUTUIHUH
nepepi3 coruia, 3-po3IiaB 3 eIeKTPOAHUX MaTepiaiiB, 4-MeTao NOBITPSAHUHA NOTIK, S-CTaNbHA MiAKIaKa 3
HAIWICHAM MOKPUTTSIM
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BusnadeHo, 1mo pocTaHHs THUCKY MOBITpsiHOro crpymento Big 0,6 1o 1,2 MIla 3ymoBmioe
MIIBUIIEHHS MIBUAKOCTI MOBITPSHOTO MOTOKY y 2 pasu Bix 300 mo 600 m/c (puc. 2). Ilpu mpomy
MIBUJIKICTh JUCIEPrOBAHMX TMOBITPSHUM CTPYMEHEM KpAaIUIMH TPU PO3MUIICHHI EJISKTPOIHHX
MOPOIIKOBUX JAPOTIB 3pocTae Big 60 — 90 m/c 1o 160 — 220 M/c, a ix po3Mip 3MEHIITYETHCA.

3MEHIIIEHHS Yacy MOJIbOTY AMCIEPrOBAHUX KPAIUTUH BiJ IYrd 10 HAMMMIIOBAHOI MOBEPXHI
3abe3mnedye BUILY iX TeMIepaTypy NpH BAApsHHI 00 HANMWIIOBaHYy MOBEpXHIO. [liBUIIEHHS THCKY
MOBITPSIHOTO CTPYMEHIO TaKOX 3MEHILYE KYT PO3LIMPEHHS METAJIOMOBITPSHOTO CTpyMeHIO (puc. 3)
i3 30° o 15°.
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Pucynok 2 — ®paxkuiiamii po3nozin kpammud i3 [1J] 90X17P3TC: a — 0,6 MlIla; 6 — 1,2 MIla

10 20 30 40 50 60 70 80 90 100

a o
PucyHok 3 — BrtiB TUCKY HOBITPSIHOT'O CTPYMEHIO Ha KyT PO3IIMPEHHSI METAJIONOBITPSIHOTO MOTOKY: a — 1,2
MIla; 6 — 0,6 MIla

30UIBbIICHHS THCKY MOBITPSIHOIO CTPYMEHIO 3MIHIOE YMOBH €BaKyallll KpaIlUIMH 13 TOPLIIB
eJIEKTPOAHUX JApoTiB (puc. 4). 30Ha IJIABICHHS JAPOTY CYTTEBO 3pOCTAE, 3MEHIIYEThCS T'yCTHHA
CTpyMy Ha Topusx Apoty. Lle 3mMeHirye TeMneparypy po3IuiaBy (Temreparypa po3IUIaBy 3a TUCKY
0,6 MIla cranosuts 2000...2200C) ae 301IbIIy€E Yac 3HAXO/PKEHHS PO3IUIaBYy MK TOPLSIMU
npoty. Lle m03BoJsi€ MOBHINIE PO3UYMHUTH TYTOIUIaBKI IIMXTOBI Marepiajid y po3ILiaBl CTalbHOI
OOOJIOHKM Ta CHpHUSE€ IHTEHCHBHILIOMY JHUCHEPryBaHHIO PO3IUIABY 3 €JIEKTPOAHMUX JPOTiB, ILO
3a0e3neuye 3MEHIICHHSI pO3MIPY KPAIUIUMH 3 IKHX (OPMY€ETHCS MOKPUTTSI.

ATCZISD  Oue 202000

SgpaarczB0  Dwaesceioe WO | | woenomm  mesesw  Tmenunst B | [ wositbem  messeesess Tewaredar

Pucynok 4 — Buj topuis nopouikoBoro apoty Y8 ta I1J1 X18P3C2 micis HanujIeHHS 3a Pi3HUX THCKIB
noBiTpsiHOTO cTpyMeHr0: a — Y8 (1,2 MIla); 6 — Y8 (0,6 MlIla); 6 — 90X17P3I°C (1,2MIla); e — 90X17P3I'C
(0,6MTITa)

Tax 3a Tucky nositpa 0,6 Mlla ¢opmyrorbes kpamauau po3mipom Big 30 go 100 MM,
(puc. 5 a), a 3a tucky nogitps 1,2 MIla — 10...30 mxm 1 meHme (puc. 56) MetanorpagpiyHIMEU
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JOCII/DKEHHSAMH  TATBEPKEHO pe3ybTaTi (PPaKImMiiHOTO PO3MOAIIY KpAaIuIMH OTPHMAaHHX IpPH
HammieHHs 3a TUcKy 1,2 MIla (puc. 26).
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EHT = 15.00 kv Signal A = SE1 Date 10 Apr 2013

EHT = 15,00 kv Signal A = SE1 Date 10 Apr 2013
WD =15.0mm Phota No_ = 4320 Time :21.00:55
= g

WD =155 mm Photo No. = 4345 Time :21:33:04

Pucynoxk 5 — Po3wmip Ta ¢opma kparume otpuManux i3 [17] 90X17P3I°C 3a pi3HOTO THCKY HOBITPSHOTO
ctpymenso: a — 0,6 MIla; 6 — 1,2 Mlla

Ha momepxHi aucrieproBaHuX KpariuH (OPMYIOTHCS OKCHIHI IUTIBKM PI3HOTO CKIIATY.
3MEHIICHHSI PO3MIpiB KparuldH, 3abe3lnedyye 3pOCTaHHA IUIOHI iX KOHTAKTHOI B3aeMomii 3
MOBITPSTHUM CEPEIOBUIIEM SIK HACIIIOK YaCTKOBE 200 MOBHE X OKMCHEHHS, 110 301IbIIY€ KUIBKICTh
OKCH[IB 1 OPMYBaHHS KOMIIO3ULIIHOI CTPYKTYpH NOKPUTTS (puUc.5).

3a Tucky posnwieHHs 0,6 MIla BmicT okcuaiB y mOKpUTTI 3poctae y 1,7 pasu. Tak BmicT
KHCHIO y CTPYKTYp1 MOKPHUTTS 13 apoty Y8 3a tucky 0,6 MIla cranosuts 7 mac.%, a 3a Tucky —1,2
MlIla cranoButh 12 mMac % (tabin. 1). Bmict kucHio y nokpurri 13 [1190X17P3I'C i3 nigBuIIeHHIM
TUCKYy He 3pocTae. lle 3yMOBIIEHO HAsSBHICTIO Yy IOKPUTTI KpeMHil0 Ta O0Opy $Ki CHJIBHO
CHOBUIbHIOIOTh OKUCHEHHS PO3ILUIABICHHUX KpariuH sk 3a Tucky 0,6 MITA Tak 13 Tucky 1,2 MIla.

Tabauus | — BriuB THCKY MOBITPSHOTO CTPYMEHIO Ha KUIBKICTh KUCHIO Y TIOKPHTTSIX

Tuck noBiTpsinoro ctpymento, MIla
Enextponni apotn 0,6 ‘ 1,2
BMicT KHCHIO y TOKpHTTI, % Mac / % aT
V8 7,2/17,8 12,3/29,6
I1190X17P31C 4,5/11,5 4,3/10,6

Sk npaBuio okcuaHa (asza (BKIOYEHHS] TEMHOTO KOJIBOPY) PO3TAILIOBYETHCA MIXK JIaMEIsIMU
NOKpUTTA (pUC. 6), X04a B JEAKUX BUMAAKAX (POPMYETHCS OKCHAHUMHU JIAMENSIMH i3 TIOBHICTIO
OKHCHEHHAX KparuMH. Y mokpHuTTaxX 13 90X17P3I'C yTBOpIOEThCS CYTTEBO MEHIIE OKCHIHUX (a3
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Pucynok 6 — CTpykTypa MOKpUTTS i3 Y8 HAMUIICHOTO 32 PI3HOr0 THCKY MOBITPSIHOTO cTpyMeHio: a — 0,6
MIla; 6 — 1,2 MIla

I3 301IbLIEHHAM THUCKY HOBITPSIHOTO CTPYMEHIO KUIBKICTh KHCHIO Y MOKPUTTSX HE3HAYHO
3MEHIIYETHCSA. TOBIIMHA MDKIAMESIPHUX OKCHUIHUX TUTIBOK y TOKPHUTTI 32 THCKY pO3MIICHHS 1,2

3bipnux mamepiarie MiKnapoonoi nayKoeo-npaxmuunoi Kongepenuii, 22 — 24 aucmonada 2023 p. Proceedings of the
International Scientific and Practical Conference, November 22-24, 2023. Ct. 246



THHOBAUITIHT MEXHOA0ZIT PO3BUMKY Ma eeKMUBHOCTI PYYHKUIOHYBAHHS a8mOMObIALHOZ0 MPAHCHOPTLY

MIla cranoBuTh 1...3 MkM (puc. 7) B TOH ke 4ac TOBIIMHA OKCHIHUX IUTiBOK 3a THUCKY 0,6 MIla
MOxe gocsaraTu 20 MKM.

a 0
Pucynok 7 — Ctpykrypa nokputts i3 90X 17P3I'C HamuieHOro 3a pi3HOTO TUCKY MOBITPSHOTO CTPYMEHIO: d
— 0,6 MIla; 6 — 1,2 MIla.

MiKpOTBEpIICTh OKCHJIHUX BKJIIOYEHb 3ajli3a — MarHeTuTy, BIOCTUTY Ta T€MaTUTy B
MOKPHUTTI HANMUJICHOTO 3 HEJIETOBAaHOTO CTAJIBHOTO JPOTY 3HaXoAuThest B Mexkax 700-800 HV. Lle
3abe3neuye MiKpOTBEpAICTh NOKpUTTA 13 ¥ 8 Ha piBHI 350-400 HV 3a tucky 0,6 MIla.

HamuieHHs 115010 X TOKPUTTS 3a THCKY 1,2 MIla cnipusie 3MEHIIEHHIO pOo3MIpy JIaMeneit
Ta OKCHJIB, a 00’€MHHUI BMICT iX 3pocTae, 10 3a0e3neuye MiABUILEHHS MIKPOTBEpAOCTI Ha piBHI
450...500 HV. Mikpotsepaictb nokputtiB i3 90X17P3I'C 3pocrae Big 800 10 910 HV.

BucHoBku

1. BcraHoBieHno, mo 30UIbIIEHHS THUCKY MOBITpsiHOro crpymento Bin 0,6 mo 1,2 Mlla
3a0e3nedye 3pOCTaHHS LIBUJIKOCTI HOBITpsiHOrO ctpyMeHio B 300 mo 600 m/c, a MIBUAKICTh
JTUcTieproBaHux KparmH Bin 120 qo 220 m/c.

2. IlixBuIeHHsT THCKY MOBITpsAHOro cTpyMeHto Bif 0,6 1o 1,2 MIla 3yMoBII0O€ 3MEHILICHHS
TOBIIUHH JIAMENeH MOKPHUTTS, GOpMyBaHHS OUIBIIOI KUTBKOCTI OKCHAHOI (a3u y MOKPHUTTI, TpU
IILOMY 3pOCTa€ TBEPIICTh MOKPUTTSL.
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VK 631.3-1/-9

OLIHKA BII/TUBY @OPMH BIITYCKHOI' O KOJIEKTOPA HA
®YHKI[IOHYBAHHS I'A305AJI0HHOI CHCTEMMY KHUBJIEHH S
JH3EJIBHUX /IBUHI'YHIB

C. I. MapkoBu4, 0oy., KaHO. MeXH. HAYK,

B.C. MapkoBu4, vazicmpanm;

A.C. Ma3yp, macicmpaum,

A.B Kanycra, macicmpanm.

Llenmpanvroykpaincokull HayioHabHul mexHiunuu yHieepcumem, m. Kponuenuyvkuii, Ykpaina

IMocTanoBka nmpodjemMu. B ymMmoBax 3MeHIIEHHS BapTOCTi ra30BOTO MajMBa B MOPIBHSHHI 3
IU3CIIbHUM BHTJIJA€ JIOIUIBHUM — TIEPEBEICHHS aBTOMOOUIIB Ha Ta30[U3eNIbHUM UK, IO
3a0e3neuye 3HWKEHHS BUTPAT HAa BUPOOHUITBO mponykiii. KpiM Toro, 3a paxyHOK 3MEHIIEHHS
BUKH/JIIB B aTMOC(epy LIKIUIMBUX PEYOBHH JABUT'YHOM BHYTPIIIHBOIO 3rOPSIHHS M1J 9Yac poOOTH Ha
IOPUPOIHOMY Ta3l 3HAYHOIO MIpOI0 3HMXKYETbCS €KOJIOTiYHa INKoAa. Pa3oM 3 TUM BHHUKae
npo0sieMa 3ropaHHs MMajuBa B ra30AM3€JIbHIA CUCTEMI KUBJICHHS Yepe3 BIJIMIHHOCTI B TEMIIEpaTypi
3amalieHHs1 CyMillel Ta mpoOieMamHu B 103yBaHHI nanusa [ 1-5].

AHai3 ocTaHHiX Joc/izKeHb i myOJikaniid. JlitepatypHi jpKxepena 3acBIIIYIOTh, 1O IS
3aropaHHsl JU3€JIbHOTO HajluBa B 3aJIC)KHOCTI BiJI TUCKY JIOCTaTHHO TEMIEpPAaTypH CaMO3aropaHHs
Bix 340 no 205°C, To miua MeTaHy Iied MOKa3HUK migBuiryeTbes Bia Bim 650 mo 470°C [3-6]. B
TaKUX CKJIaJHUX  yMOBAaX CaMO3aropaHHs Ta30[U3eJIbHOI CyMillli BHHHUKAIOTH MpoOIeMHU
TEIUIOCTIMKOCTI B MepuUly 4epry alioMiHieBUX Aeraneil aBuryHa JlociipkeHHS TOJIOBOK OJIOKY
MoKa3aJid, M0 KOpOOJIEHHS IUIOUIMHMA PO3 €MY TOJIOBOK OJIOKY IBUTYHIB, 110 TMpAIlOBAIA B
ra3zo/inzesnbHOMY pexumi Ha 33% BuIle HI’K KOPOOJIEHHS rOJIOBOK OJIOKY ABUTYHIB, 1110 IpalloBaliv
Ha au3eni. BianmoBigHO 301MBIINBCS: 3HOC OTBOPIB HAMPABISIOYNX BTYJIOK KilanaHiB Ha 38 % Bwiie,
3HOC BITYCKHHUX cCifiesl KiamaHiB Ha 45 % Ta 3HOC CTpikHIB KiamaHiB Ha 42 %. Kpim Toro
BU3HAYEHO, 1110 B MPOLIEC eKCIUTyaTalii CIOCTepirauch BUMAIKU MIPOTOPaHHS MPOKIAJIKU TOJIOBOK
Osnoky nBuryHiB. Lli mpoGnemMu BiAPI3HSAIUCH B 3aJieXKHI B PIBHS MOKOJIHHS Ta30U3€JILHOTO
obnagHanHs [4-8].

IlocTanoBka 3aBaaHHsA. MeTa JOCHIIKEHHS: BCTAHOBUTH BIUIMUB (OPMH BIIYCKHOTO
KOJIEKTOpA Ha JI03YBaHHS MaJIMBA Ta30M3€JIbHOIO ABUTYHA 3 PO3POOKOI0 KOHCTPYKIIi KOJIEKTOpa.
Buxiax ocHoBHOro marepiagy. [IpoBiBmm gociipkeHHs pyXxoMoro ckiamy aBTomoO0imiB KATII
«ArpoOynaBTOCEpBIC»  BCTAHOBIEHO, M0 TMapK Ta30Ju3eJbHUX aBTOMOOLUIIB  OCHAIEHO
o0JlaTHAaHHSAM PI3HUX TIOKOJIIHb, Pa30M 3 TUM CIIOCTEPITaeThCsl TEHACHINS 0 3arajibHUX MpoOieM
nanuBonoaayi. IIpm 1boMy KOJEKTOpHU ra300alOHHOI CHUCTEMHU KHMBICHHS 3yCTPIYalOThCS SIK
CTaHJApTHI, TaK 1 BUTOTOBJICHHI CAMOCTIHHO, Ha OCHOBI CTaHJIApTHUX AHAJIOTIB, JUISA 3/ICIICBIICHHS
NIepEeBEICHHS aBTOMOOLJTIB Ha Ta30/1M3€TIbHY CUCTEMY >KHUBJICHHSI.

31e01IbIIOro  3aCTOCOBYBaBCS, ab0 K CIYryBaB MPOTOTUIIOM CTalliOHApHUW Ta30BUN
KOJIEKTOP, IO TOCTABJSIETHCSI B KOMIUICKTI CHUCTEMH 1 € mpoodpa3om cucremu Common Rail (CR).
Tomy [uIs OLIHKK XapakTepy pyXy ra3oBoro MmoToky yepe3 kosekrop tumy Common Rail 6ymo
MPOBEJICHO HOro (YHKIIOHATBHO-KUIBKICHY OLIHKY B Tpoueci (QYHKIIOHYBaHHS IH3EIBLHOTO
JBUTYHA, KOTpa IPYHTYETbCA Ha JBOX 3aKOHAX ra3oBOi JMHAaMIKH: 3aKOH1 30epexeHHs eHeprii Ta
3aKoHI 30epexeHHs Macu. [Ipu oMy 00'€eM Ta30BOTO KOJEKTOpA PO3MOIUISETHCS MUISIXOM
mepepizy Ha CKJIAJO0BI €JIeMEHTapHI 00'€eMH CIYHMMH IUIONIMHAMH, TEPICHANKYIIPHUMH J0 OCI
[WTIHIpa KaHAITY.

Ha ocHOBI po3paxyHKiB oTpuMaHa HOLUMIIHAPOBA AMHAMIKA BUTPATH Ta30MOAI0HOTO MaIrBa
Ha BITYCKY JJIi KOXKHOTO IBTaKTy 3 3acTocyBaHHsAM nporpamu Mathcad. 3rimHo po3paxyHKiB
BH3HAYCHO, IO B pa3i BUKOPUCTAHHS IITATHOTO KOJIGKTOpAa Ma€ MiCIle HEPIiBHOMIPHICTH IMojadi
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ra3ono/iOHOro manuBa, sika jocsarae 73 % BiJl MakKCUMalbHOI BEJIMYMHM BUTPATU Ta3y dYepes
BUITYCKHUI MaTpyOOK KOJIEKTOPA.

Taxo BUIHO, 1110 IiJ] Yac 1Mojayi razy yepes naTpyoku, sKi po3TalioBaHi Ha pi3Hii BiicTaHi
B1J1 BITyCKHOT'O MaTpyOKa KOJIEKTOPa, BUTPATA 3MEHIIYETHCS 31 301IBIIICHHSAM ITI€T BiJICTaHI.

Tomy Oyno po3po0iIeHO BITYCKHUIN KOJEKTOpP, KOTpHil O 3a0e3rneuyBaB piBHY BiJCTaHb BiJ
JDKepena Tmojavi ra3y 0 30HW PO3MHIICHHS ManuBa Ta30BUMH (opcyHkamu. PospoGrienuit
BITYCKHU KOJIEKTOP SIBJISIB COOOI0 LMTIHAPUYHY €MHICTh 3 CUMETPUYHO PO3MIILIEHUMH MAaTpyOKaMu
JUTSI TIoJ1adl Tasy.

[pucTpiit KpinUBCS B EHTPaJIbHI YaCTHHI IBUTYHA, IIPU LIbOMY PiBHA JOBKHHA MAaTPYOKiB
3abe3mnedyBajia piBHOMIpHY M0/Iady Ta30BOTO MajKBa JI0 PO3MITIOI0UNX (HOPCYHOK Ta30/IU3EIHHOTO
JBUTYHA.

ExcrutyaramitHuMu  TOCHIDKEHHSMH ~ BCTAHOBJICHO, IO 3aCTOCYBaHHS PO3POOJIECHOTO
ra3oBOro KOJIEKTOpa Jajo 3MOTy 3HH3UTH HEPIBHOMIPHICTh MOJadi ra3omnoAiOHOro MaiuBa
JIM3EIBHOTO JIBUTYHA, IO MPAIIO€ 3a ra30u3eIbHUM LIHUKIOM, v 1,5-2 pasu. [Ipu npomy BuUTpaTa
ra3onoiOHOr0 TMaJiiBa 3HHU3WIACS TMOPIBHSHO 13 CHUCTEMOIO 3 PO3MOJUICHOI TOJAver0 raszy 3a
BUKOPHCTaHHS IITATHOTO KOJEKTopa Ha 16 %.

BucHoBku

1. Ha mijgcTaBi TEOpEeTHYHHX Ta €KCIIEPUMEHTAIBHUX JTOCHIKEHb PO3POOJICHO HOBHIMA
ra30BUN KOJIEKTOP ISl TU3EIIB, IO MPALIOI0Th 33 Ta30M3eIbHIM HUKIIOM.

2. 3anponoHOBaHO MAaTeMaTUYHY MOJIETh AUHAMIKK PyXY MOTOKY Tra3y uepe3 ra3oBHii
KOJIEKTOp, IO J1a€ 3MOTY BH3HAUUTH BUTPATY T'a30MOIOHOTO MaiyuBa Ha KOXKHUH LMTIHID Mia 4ac
poOOTH IBUTYHA B Ta30IM3EIbHOMY LIUKIIi.

3. Po3po6rieHo, BHUrOTOBIEHO Ta BUIIPOOYBAHO HOBUN Ta30BUH KOJIEKTODP, SIKUH
BIJIPI3HAETHCS TUM, 1110 BUXIJHI MATPyOKH pO3TalOBaHI B OJTHAKOBIN IUIOIIMHI, TIEPTICHAUKYIISAPHIN
70 OCi IMWIIHAPUYIHOTO KOPITyCy, Ha OJHIM BIJCTaHI BiJ BXIJHOTO MaTpyOKa, pO3TalIOBaHOTO
CHIBBICHO 3 HHWIIHAPUYHUM KOPIyCOM. BHUKOpPUCTaHHS Takoro KOJIEKTOpa Ja€ 3MOTYy 3HHU3UTH
HEPIBHOMIPHICTh MMOJa4i Ta30moMiOHOrO TajnvBa IU3ENBHOTO JBUTYHA, IO IMPalioe 3a
ra3olM3eJIbHUM LUKJIOM, y 1,5-2 pa3u, BoqHOUYaC 3HU3UTU HOro BUTpaTy Ha 16 %.
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VK 539.319

JOCIUIXKEHHA 3HOCOCTIHKOCTI THTAHOBOI'O CILIABY BTI-0 3
MOJHUHDIKOBAHORO IIOBEPXHEIO B YMOBAX ABPA3SUBHOI' O BII/TUB.

A. B. PyTKkoBCbKMid, cm. HayK. cnisp., KaHO. mexH. HaAYK,

Inemumym npobnem miynocmi imeni I'.C. Hucapenxa HAH Ykpainu, m. Kuis, Ykpaina

C. 1. MapkoBuY, 00Yy., KAHO. MeXH. HAYK;

C.O. Maroneub, 00y., KaHO. MeXH. HAYK,

B.C. MapkoBu4, vazicmpanm,

Llenmpanvroykpaincokull HAYyioHabHUL mexHiuHuu yHieepcumem, m. Kponuenuyvkuii, Ykpaina

IlocTanoBka mpo6Jiemu. ButpaTu BiIHOBIECHHS JeTalied MAlllUH y pe3yiabTaTi 3HOCY
BeJIMYE3Hi 1 mopiyHo 301MbmIytoThcs. Ha cummosiymi, mpoBeneHomy CLIA om0 3HIKEHHS 3HOCY
y TexHill, 3arajbHa AyMKa 3Bejiacs 10 TOro, L0 YHPAaBIiHHS 3HOUIYBAHHAM € IIEHTPAJIbHOIO
JIAHKOIO y BUPIIIEHHI TaKUX HAIlOHAJIbHUX MpPOOJIEM, SIK €KOHOMIisl €Heprii, CKOPOUEHHS BUTpAT
MaTepianiB, 3a0e3nmedeHHs HaAiMHOCTI Ta Oe3meku MexaHiuHux cuctem [l1]. IIpoGrema
3HOCOCTIMKOCTI € aKTyaJlbHOIO 1 JUIsi YKpaiHu, 1 Hacammepes y 3B'SI3Ky 31 3HaYHUM 3HOCOM
o0JaJIHaHHS Ta TEXHIKU, BIACYTHICTIO KOIITIB HAa HOTO BITHOBJICHHS Ta PEKOHCTPYKIIIIO.

AHami3 ocTaHHiX JociigkeHb i myOuaikamiii. A30TyBaHHS 3HAYHO MIJABHUIIYE
3HOCOCTIHKICTh MeTamiB 1 cmiaBiB [2-3]. OCHOBHMMH CIIOKHBaYaMH TEXHOJIOTIi BaKyyMHOTO
10HHOTO a30TYBaHHs B IMITYyJIbCHOMY PEKHUMI € aBTOMOO1JIbHI, TPAKTOPHI, aBialiiiHi, CyTHOOY/iBHI
Ta CyIHOPEMOHTHi, MAIIMHO- Ta BEpPCTAaTOOYMiBHI 3aBOAM, 3aBOJM 3 BHUPOOHMIITBA
CLITBCHKOTOCTIONAPCHKOI TEXHIKH, HACOCHOTO Ta KOMIIPECOPHOTO OOJaJHAHHS, MIECTEPEHb,
HiAMUIHAKIB, aTOMIHIEBUX NPOQiNiB, eHEPreTUYHUX YCTaHOBOK Ta iH. [3]. HasBHicTh a3oTy B
MOBEpXHEBOMY IIapl MiABUIIYE aHTU(QPHUKIINAHI BIACTHUBOCTI Mapu TepPTS 1 MEpelKoHKae
cXommoBaHHIO mpu  TepTi [4,5]. 3acTocyBaHHs KOMOIHOBaHMX METOJIB A30TYBaHHS JUIS
(dbopMyBaHHs 3HOCOCTIMKUX MOKPUTTIB Ha TUTAHOBUX CIUIaBaxX [6] 30UIbIIye 30HY BHYTPIIIHBOIO
a30TyBaHHsS 1 HE JI03BOJISE 3HAYHO 30UIBIIMTHA TOBIIMHY HITPUAHOI 30HU 1 SIK HACIHIJIOK, 3HAYHO
30UIBIIMNTH 3HOCOCTIHKICTh Mapu TEepPTH, 30KpeMa 3HOCOCTIHKICTh B aOpa3vBHOMY CEpElOBUINI Ta
npu cyxoMmy TepTi. B cepenoBumni macTuiaa BHCOKAa TBEPAICTh HE € KpPUTEPIEM BUCOKOI
3HOCOCTIMKOCTI Mapu TepTsa. B 1mux ymoBax TepTsi HEOOXiJHE ONTHMAaJbHE CITIBCTABJICHHS MIX
TBEPAICTIO 1 IMIIACTHYHICTIO a30TOBAHOTO IIIApY.

HaliBa)XTuBIIIOI0 METOIO a30TYBaHHSI SIBJISIETHCS ITIIBUINECHHS] 3HOCOCTIHKOCTI Jetane [6-
8]. AsoryBaHHs 3a0e3meuye BHUCOKY 3HOCOCTIHKICTh NpPH a0pa3MBHOMY 3HOIIYBAHHI THUTAHOBHUX
CIUIaBiB. 3HOCOCTIMKICTh 30HU BHYTPIIIHHOTO A30TyBaHHS € 3HAYHO MEHIIOI B TOPIBHSHHI 3
HITPHUIHOIO 30HOIO [7].

[Tpu nudysiiitHoMy HacHuYeHHI MOBEPXHI TUTAHOBUX CIUIABIB a30TOM Y TIHIOYOMY PO3Psiai
YTBOPIOIOTBbCA TBEPJi PO3UYMHH BTIJICHHA, aJKe aTOMHHUI paniyc a3zory ckinamae 0,071 v, mo €
MPUOJIM3HO Y ABA pa3d MEHIIE, HK y aToMiB THTaHy [8]. OCcOONMBICTIO 3MIITHEHHS TIPU YTBOPEHHI
PO3UMHIB BTUICHHS € BHCOKa PYXJIHMBICTb MIKBY3JIOBUH TIPU TOPIBHSAHO HU3BKHX TeMIIEpaTypax.
B3aemoniss mpyXKHUX TIONIB, TMOB'I3aHAa 3 MIDK BY3JIOBUMH aTOMaMH, JHCIIOKAIISIMH, IHIIAMH
nedexTaMyu KpUCTalliqHO1 OyJ0BH, MPU3BOIUTH A0 HAIIPABIEHOI MIrpaiii Mi>XKBY3JIOBUH Ta 3aXBaTy
ToMIIOK aedexkramu O0ynoBu. Lle cripusie TalbMyBaHHIO TMCIIOKAIM Ta 3MIIIHEHHIO MaTepiaiy. [9]

Sk Bimomo, HaiOLIBITy HEOE3MeKy 3 TOYKM 30py 3a0e3neueHHs] BUCOKOTO PiBHS
3HOCOCTIMKOCTI THUTAaHOBUX CIUIABIB SIBJIAIOTH COOOI0 3aJIMIIKOBI HAMpy>KEHHS po3Tary. Bonu
CTIPUSIOTH PO3BUTKY MPU TTOBEPXHEBUX TPILIMH, MPOHUKHEHHIO MOJIEKYJ 30BHIIIHBOTO CEPEIOBHIIA
Yy BUTOKHM MIKPOTPIIIMH Ta MPUCKOPIOIOTH AU(PY3i0 aTOMIB JOMILIKIB. Y BHUNAAKY AUDy3iHHOrO
HACHUYEHHS TOBEPXHI a30TOM Y TIIIOYOMY pO3psiai, YINPOBAa/PKEHUH Yy MATPHIIO aTOM a3oTy
pO3CyBa€ CyCifiHI aTOMH, CTBOPIOIOYM 3aJIMIIKOBI HAmpyXeHHA cTucky [7-9]. Lli HampyXeHHS
e(eKTHBHO 30epiraroTh MOBEPXHIO BiJI PyHHYBaHHS HAIMPY)KCHHSMHU PO3TATY, SIKI BUHUKAIOTh TPH
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TepTi y 3amHiil oOmacti miasM (AKTUYHOIO KOHTAKTy Ta TIIOPIBHIOIOTBCA 3a pIBHEM i3
XapaKTEPUCTUKAMH MIITHOCTI MaTepiaiB.

OO0poOka BakyyMHUM 10HHMM a30TyBaHHSM B IMIYJIbCHOMY PEXHMi 3HAQUHO BIUIMBAE HA
XIMIYHI Ta ajare3ilHi BJIACTHBOCTI MOBEPXHI 3MIIIHEHUX TUTAHOBUX CIUIABIB. Y TBOPEHHS XIMIUYHUX
CHONYK Y THTAHOBHX CIUIaBaX 3a PaxyHOK BIIPOBA/KCHHS a30Ty a0o0 MiJBUILEHHS MEXi HOro
KOHIEHTpalli 3MIHIOE€ IIBHJKICTh XIMIYHUX pPEaKIiil Ta KIHETHKY 3pPOCTaHHS OKCHUIHUX IUIIBOK,
HiABHINYE iX 3YEIUICHHS 3 OCHOBOWO. Lle mpu3BOAUTH 10 3MEHIIEHHS 1HTEHCHBHOCTI YTBOPEHHS
aAre3ifHUX BY3JIIB CXOIUIIOBAHHA Ta CHpPHUA€E TMOKPALIEHHIO TPUOOJOTIYHUX XapaKTEPUCTHUK
TUTaHOBHX cIuiaBiB [8-10].

ITocranoBka 3aBaaHHsi. [IpoBecTH IOCTIIKEHHS THUTAHOBOTO CIUIABY 31 3MIITHEHUM
a30TOBaHMM IIApOM JJIsi OTPUMAHHS EKCIIEPUMEHTAIBHUX pe3yibTaTiB 100 BU3HAYEHHS
3aKOHOMIPHOCTI BIUIUBY IapaMeTpiB Au(y31HHOrO HACHYEHHS Ha MIKPOTBEpIiCTh. Bu3zHaunTh
XapaKTepUCTHKH [OBEPXHEBOTO IMIapy, BH3HAUYUTH 3aKOHOMIPHOCTI iX QopMyBaHHS ams
BCTAHOBJICHHS MOJKJIMBOCTI KEPyBaHHS HHUMH BHACIIJIOK 3MIHHM IapaMeTpiB TEXHOJIOTTYHOTO
IpoIIeCy.

Buxian ocHoBHoro marepiaay. /s ¢opmyBanHs nudy3iiiHUX mIapiB Ha TOBEPXHEBOMY
1api TUTaHOBHX 3pa3KiB BUKOPHCTOBYBAJAcs YCTAHOBKA ISl BAKYYMHOT'O 10HHOTO a30TYBaHHS B
iMmynbcHOMY pekuMi BITIA-1. TexHosoriyHi mapaMeTpd BaKyyMHOTO 10HHOTO a30TYBaHHS B
iMIynscHOMY pexumi: temneparypa — 550°C, tuck — 25-150 Ila, wac oOpobku — 10 romwH,
CIIBBIIHOMICHHS peakmiiiHux ra3iB — 80% Ar + 20% Nj. [l ekcnepuMeHTaIbHUX TOCIIIKCHb
BUKOPHCTOBYBAJIH 3pa3ku i3 TutaHoro cruiaBy BT1-0 3 po3mipamu 30x30 MM Ta TOBIIMHOIO 5 MM.
3MIIHEHHS TTOBEPXOHb 3Pa3KiB BiOYBaJIOCS PIBHOMIPHO IO BCbOMY MEPUMETPY, IO 3a0e3reuye
PIBHOMIpHY TOBIIMHY AU(Y31HHOTO MIapy.

JlocmimkeHHs 3HOCOCTIHKOCTI 3MIIIHEHUX MOBEPXHEBUX ILIAPIB MPOBOASITHCS B TPU €TAIU:
nabopaTopHi, CTEHIOBI 1 HATypHI (EKCILTyaTaIliiHi JTOCIIHKCHHS) IEKiJIbKa METOJAaMH 3 METOIO
OTPUMAaHHS TOCTOBIPHUX PE3YIbTATIB.

Anamiz yMOB  eKkcIuTyaTamii  TepTbOBHX moBepXxoHb Oimbmocti EK  mo3Bonms
BUKOPHCTOBYBaTH MJi CTEHIOBUX JOCHI[DKEHb YCTAaHOBKY IO CXEMi 3HOIIYBaHHS BUIbHUM
abpasuBoMm (Meton bpinens). BunpoOyBaHHS Ha 3HONTYBAaHHS MPOBOIAWIN HAa €KCIICPUMCHTAIBHIN
yctanoBii BignoBigHo 10 ['OCT 23.208-79 (puc. 1). IIpomec TepTs MOACIIOBABCS Y MPUCYTHOCTI
BIJIBHOTO HE JKOPCTKO 3aKpIIJICHOTO adpa3uBy, MO 30ira€TbCsi 3 aMEpUKAHCHKUM CTaHIapTOM
ACTM C 6568.

ExcniepumenTt npoBomwmu npu mBUAKOCTI kKoB3aHHs 0,158 M/c, HaBanTaxkeHHi 20 kr (mpu
wiedi 272 mm) Ta nuisixy Tepts S0 M. B SIKOCT1 eTaioHy BUKOPHCTOBYBAJIach CTalb 45, 3arapToBaHa
no tBepaocti 480-500 HB. Timom juis 3HOIIYBaHHS CIYXXHMB AWMCK i3 THTaHOBOrO cruiaBy BT1-0
niametpom 100 MM 1 ToBmuHOIO 3,5 MM. [licns KOXHOTO LMKy iCOUTIB MPOBOAMIACH 3aMiHa
nucka. J{s Ko)KHOTO 3pa3ka BUKOHYBAJIMCh 3-KpaTHI ICIIUTH.

B sikocti abpasuBa BHKOpHCTOBYBaBcsi kBapieBuil micok (SiO;z) sepuucrictio 200...250
MkM. [lepen BumpoOyBaHHSIM aOpa3uB MpocymiyBainu (Bosioricte He mnepesuinyBaia 0,16%).
HaBanrtaxenns Ha 3paszok cknagano 150 H, yac ognoro icnuty 300 c. Burpatu abpasuBy — 15-
17-10° M,

B ycranoB1i yacTku abpa3uBy, 3aXOIUIIOBAHI AUCKOM SKHI 00€pTA€THCS, BUTUPAIOTH JTYHKY
Ha KOXKHIM KPOMIII 3pa3Ka, iKW MPUTHUCKAETHCS 3 MEBHUM 3YCHJUISAM JO MIIIHIAPUYHOI MOBEPXHI
mucka (puc. 4.1). uck (1) BcraHOBIEHHUI Ha TOPU3OHTANIBHIN Bici 1 IPUBOAUTHCS B 00EPTAHHS Bif
enexktponaBuryna (2) depe3 peaykrop (3). Pegykrop (3) 3’enHanuii 3 e1eKTpOABUTYHOM (2) mpH
nomnomo3i macoBoi nepenaui (9). Auck BurotoBneHuil i3 turanoBoro cruiasy BT1-0. IIBuakicts
ob6epranns nucky (0,37 ceK'l) BUOWpanach 13 yMOBH YCYHEHHS ITiIBUIIIEHOT0 HArpiBaHHS MPU TEPTI.
3pa3ok (10) kpimuthecs Ha Tuiomanui [-momibHoro Baxing (4) i mpuTHCKaeThes 1o aucka (1) 3
3yCHJUISIM, SIKE CTBOPIOETHCS TsATapeM (5), KUl Moke mepemimarucs mo Baxeno (4). AGpa3us
nocrynae i3 Oynkepa (6) B miiky (7), a 3BIATH 10 TOBEPXHI TEPT.
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1 — nuck; 2 — eneKTpOABUTYH; 3 — PEIyKTOD; 4 — Baxiib; 5 — Trap; 6 — OyHkep; 7 — miiika; 8
— nocyauHa; 9 — nacoa nepeaayva; 10 — 3pa3ok

Pucynok 1 — CxeMa ycTaHOBKHM JJIsi CTEHJJOBUX JOCII/IKEHb 3MIIIHEHHUX 3Pa3KiB i3
TUTAHOBHX CILIaBiB

JIJist BCiX MOJIETBPHUX CHUCTEM CIIIBHHUM SIBISIETHCS T€, [0 3HOIIYBAHHS BH3HAYAETHCS Yepe3
BU3HAYCHUH Yac NUIIXOM 3BaXKyBaHHs. B pe3yibTarTi BU3HAYAETHCS MIBUAKICTD 3HONTYBAHHS, SIKA €
TUTIOBOIO JIJIST BUOPAHOT Mapy MPH 3aJIaHUX YMOBaX. 3HONIYBAaHHS 3aMipsUld BarOBUM METOJIOM Ha
aHamitnyHux Barax AJIB - 200 3 tounictio mo 0,0001 p. o 1 micms BuUmpoOyBaHb 3pa3Ku
MIPOMHUBAJH B €TUJIOBOMY CITUPTI, MPOCYIIYBAIH 1 3BKYBAJIH.

J111st OpIBHSTHHS Ha 3HOCOCTIMKICTh BUKOPHCTOBYBAJIUCS 3pa3Ku 3 THTAHOBOTO ciuiaBy BT1-
0 mo i micnsa a3oTyBaHHsS. SIK cepeloBUIE BUKOPHCTOBYBAIM: | - KBapIOBWIA MICOK, 2 - Bojaa +
MMCcoK, 3 - BoJiora cuib + MicoK. J[0AaTKOBO IOCIIIKEHHS IPOBOAWINCSA B CEPEIOBHINI: Boaa +
KBapIOBUH ITICOK, BOJIOTA CiJb + KBapLOBUH MICOK. 3€PHUCTICTh KBApIOBOTO ITICKYy Ta YMOBH
MIPOBE/ICHHS CKCTIEPUMEHTAIBHUX JOCIIHKEHB BIIMOBI AN TOTIEPEIHIM.

Posmip AV (kr) Bu3Hayaymacs SK PI3HUIL B Maci 3pa3ka 10 1 Icis BHIPOOYBaHb.
PesynbTaTi eKCIEpUMEHTAIBHUX JTOCIIKEHD MIPEICTABIICH] Ha pHC. 2.
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R 0.0006
0,001 U
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N l ' ' -

.
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Barosuii 3HoC, T

Puc. 2. Barose 3Ho1IyBaHHSI 3pa3KiB y CEpEIOBUIII : IMCOK a); BoJa + MICOK 0); CUTb + MiCOK
B): 1 - 6€3 3MIIIHEHHS; 2 — TEPMOLMKIIIYHUN PEXHUM a30TYBaHHS; 3 - 130TepMIUHUI peXuM
a30TyBaHHS

TakuM 4YMHOM, BaKyyMHE 10HHE a30TyBaHHS B IMITYJIb,CHOMY PEKUMIi 3a0e3leuye BHCOKY
3HOCOCTIMKICTh TIpu aOpa3sMBHOMY 3HOIIYBAaHHI THUTAaHOBUX CIUIABIB, TPU IIbOMY BHCOKY
3HOCOCTIWKICTh MArOTh MIApU OOPOOJICHI TEPMOIMKIIYHUM PEKUMOM a30TYBaHHs, a HAWOUIbITY
IHTEHCUBHICTh 3HOIIYBAHHSI Y THTAHOBOTO CIIaBy 0€3 a30TyBaHHS.

Ha mincraBi mpoBeIeHUX €KCIIEPUMEHTAIBHUX JOCIHIKEHb BCTaHOBIICHO, IO OCHOBHUMH
MEXaHi3MaMU MiJBUIICHHS 3HOCOCTIHKOCTI TUTAHOBUX CIUIABIB BHACIIIOK 3aCTOCYBAaHHS MPOIECY
TUQY31HHOTO HACUYEHHS MMOBEPXHI a30TOM MPH BaKyyMHUM 10HHHM a30TYBaHHSM B IMITYJIbCHOMY
peXuMi € 3MIIHEHHS TOBEPXHEBUX MIApiB; CTBOPEHHS CHPUATIMBOI CXEMH 3aJHIITKOBHX
HAmpy)XeHb;, 3MiHA 3aKOHOMIpPHOCTEH nedopMyBaHHS MOBEPXHEBUX IIApiB; 3MiHA XIMIYHUX Ta
aAre3ifHUX BIIACTHBOCTEH TOBEPXHI; NEpeHECeHHs MU(YHIYIOUMX aTOMIB a30Ty y TIUOHUHY
MAaTpHIIi i 9ac TepTs BHACTIAOK edekty “Tpudboauddysii”.
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BinHocHO HeBenuka rmuOWHA MPOHUKHEHHS 10HIB a30Ty HE MOXE PO3TIsiAaTucs sik (haxkTop,
0 OOMEXYE MOMKIIMBOCTI IIHOTO PI3HOBUIY OOpPOOKH IOMO MiJBHUINCHHS 3HOCOCTIHKOCTI, aKe
peamizalliss TakuX IMEPCHEKTUBHUX pEXHUMIB TepTsd, SK BHOIpKOBE IepeHeceHHA abo edekT
AHOMaJIbHO HU3BKOTO TEPTs, MOB'sI3aHa 13 MOAM(IKYBaHHSIM IMOBEPXHEBUX IIApiB CyOMIKPOHHOI
TOBIIMHM. [0 TOTO K, €KCIEPUMEHTAIBHO BCTAHOBIICHO, IO MiJBUIIEHY 3HOCOCTIHKICTH MOXYTb
MaTH IIapH, TOBIIMHA SKUX y AEK1IbKa pa3iB NEPEBUILYE I0HHOA30TOBAHY 00J1aCTb.

3MilHEHHS TOBEPXHEBUX IIApiB TUTAaHOBUX CIUIABiB BiJOYBA€TbCS 3a HACTYIIHUMHU
MOXJIMBUMHU MEXaHI3MaMH, BKJIQJl IKMX 3aJIeKUTh Bl pi3HUX (PaKTOpiB (TeMIepaTypu THTAHOBOTO
CIJIaBY, ITApaMeTPiB MPoLIeCy BAKYYMHOT'O 10HHOTO a30TyBaHHS B IMITYJIbCHOMY PEXHMi, TOIIO):

nedopmartiiine 3MIITHEHHS TIPH TUIACTHYHIN 3MiH1 (HOPMHU 10HHOA30TOBAHOTO IIAPY;

3MIIIHEHHSI 32 PaxyHOK YTBOPEHHS TBEPAMX PO3YMHIB, SIKI YTBOPIOIOTH €HEPreTHYHHIA
Oap’ep Ta yTpYAHIOIOTH EPEMIIICHHS JUCIIOKAIIIi;

YTBOPEHHSI CTPYKTYp 31 3MILHIOIOYMMH (a3zamMu (HITpHUIIB, KapOOHITPUAIB, TOIIO), IIO
BHUKJIMKAIOTh IUCTIEPCIHE TBEP/IIHHS,

ONOKYBaHHS JHUCIOKAIii 3a paXyHOK CIOTBOPEHHS KPHCTATIUHOI TpaTKH, OOyMOBIIECHE
00’€MHOI0 HEBIIMOBITHICTIO BIIPOBAHKECHUX aTOMIB Ta MOSBOO BUIUICHB Ta TOD;

raJibMyBaHHS JUCIOKAIii YHPOBA/DKCHUMHU €JeMEHTaMH (aToMaMHu, KOMIUIEKCaMH) Ta
pamianiiHuMK epEeKTaMH;

3MEHIIIEHHST PO3MIpIB 3€peH, M0 MPU3BOAUTH 0 30UIBIICHHS TUIOII MIXK3ePEHHUX TPAHHIID
Ta NEPEIIKOKAE PYXY TUCITOKAIIIM.

BucHoBku

1. MakcumaibHa iHTEHCHBHICTh 3HOITYBaHHs TUTaHOBOTO crutaBy BT 1-0 6e3 3MinHeHHS;

2. BIumiB TEpMOIMKIIIYHOTO a30TyBaHHS MiABUINYE 3HOCOCTIHKICTh crtaBy BT1-0: y micky —
3 pasu; y Boai + micok — 3,5 pa3u; y comi + micok — 2,5 pasu;

3. BrumuB i30TepMi4HOTO a30TyBaHHS MiABHILYE 3HOCOCTIHKICTh caBy BT1-0: y micky — 4
pasu; y Boai + micok — 3,5 pa3u; y coli + Mmicok — 2,5 pasu.
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