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Jloecbka A. O. PO3BUTOK HayKOBHX OCHOB PO3pPaxyHKIB KOHCTPYKIIA BaroHiB
HUIIXOM ypaxyBaHHS HaJHOPMOBAHUX PEKUMIB NPHU eKcrutyaTanii. — KBamigikamiitna
HayKOBa Ipallsl Ha MpaBax PyKOIHUCY.

Hucepraiiist 3a 3100yTTS HAayKOBOI'O CTYINEHS JOKTOpa TEXHIYHMX HAyK 3a
cnemianpHicTioO 05.22.07 — pyxomuil ckjaa 3ami3HMIb Ta Tsara noizgie (273 —
3aJII3HUYHUM TPAHCHOPT). — YKPAiHCbKUM JEp’KaBHUM YHIBEPCUTET 3a13HUYHOTO

tpancnopty, MOH Vkpainu, Xapkis, 2021.

Y mpeacraBieHii  poOOTI  TPOBEASGHO  JOCHUDKEHHS  JUHAMIYHOL
HABAaHTA)XEHOCT1 Ta MIIHOCTI HECYYMX KOHCTPYKIIIM BaroHiB MpU HaTHOPMOBAHHUX
peKMMaxX HaBaHTa)KCHb, a TAKOXK 3aIPOITIOHOBAHO 3aXOJU MIOJO iX YJOCKOHAJICHD.
AKTyalpHICTh pOOOTH 0O0YMOBIICHA THM, III0 ICHYIOYa HOPMAaTHBHA 0a3a 3T1IHO SKO1
3MIACHIOETHCS TMPOEKTYBAaHHS PYXOMOIO CKJIaAy HE BimoOpaxkae 0coOIUBOCTEH
HaBaHTaXEHb HECYYMX KOHCTPYKIIIM MPH HAJHOPMOBAHUX PEXHUMAaX, 110 3YMOBIIOE
HEOOXITHICTh 11 YTOYHEHHS Ta JIOMOBHEHHS /IS CTBOPEHHS BHCOKOE(HEKTHBHOTO
PYXOMOTO CKJIady.

Y Bcerymi HaBefeHO 3araibHy XapaKTEPUCTHKY ITUCEPTaIiitHOI poOoTH,
3a3HAYCHO ii aKTYaJbHICTh, 3B SI30K 13 HAYKOBUMH TeMaMH, C(POPMYILOBAHO METY, a
TaKOX 3a7adi JOCIIKeHb, IIPEJACTABICHO MPAKTUYHE 3HAYCHHS POOOTH Ta HAYKOBY
HOBU3HY.

VY mepmiomy po3airi MpoBeNeHO KiacHQiKallifd OCHOBHHUX HaJIHOPMOBAaHHX
pPSKUMIB  HAaBaHTaXEHb HECYYMX KOHCTPYKIIH BaroHiB B  eKCIUTyaTallii.
[IpoananizoBaHO MOCHTIMKEHHS BITYM3HSHUX Ta 3aKOPJOHHUX BUCHHX 3 BU3HAUCHHS
HABAaHTAXXEHOCTI HECYYMX KOHCTPYKIIIA BaroHiB NpH HAJHOPMOBAHUX PEKHUMaX.
JlocnmipKeHo 3axomM MO0 3MEHIIEHHS JUHAMIYHOI HaBaHTAXKEHOCTI HECYUMX
KOHCTPYKIIII BaroHiB B ekcmmyatamii. [IpoaHanizoBaHO JIOCHIIKEHHS MIOA0
BU3HAYEHHS JUHAMIYHOI HABAHTAXKEHOCT1 Ta MIIIHOCTI HECYYMX KOHCTPYKIIii 3ac001B

KOMOIHOBaHOTO TPAHCHOPTY. PO3rIISIHYTO 0COOIMBOCTI HABAaHTAKEHOCTI HECYUUX
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KOHCTPYKIIIl BaroHiB MpU HAJHOPMOBAHMX pEXKUMaxX eKCIuTyaTtaiii (3ajJi3HUYHO-
MOPOMHI TIE€PEBE3CHHS, KOHTEWHEpPHI NEPEBE3CHHS, MAHEBPOB1 CIIBYJIAPSHHSA).
Jlocnip)KeHO  OCHOBHI ~ MOIUKOJDKEHHS HECYy4YMX KOHCTPYKIIM BaroHiB Ipu
HaJHOPMOBAHUX pEXKUMaxX HaBaHTaXeHHs. Bu3HaueHO HANUOUIBII MOIIKOMKYBaHI
€JIEMEHTH HECYUMX KOHCTPYKII BaroHiB.

Y napyromy po3auli BU3HAYEHO AMHAMIYHY HABAHTAXXEHICTb KOHTEHUHEPIB Yy
CKJaZl KOMOIHOBaHMX IIOi3/1IB, a TaKOXX HECY4YMX KOHCTPYKIIA BaroHiB mpH
NepEeBE3CHHI Ha 3aI3HUYHUX MOpoMax. BaXxMBo 3a3HAYUTH, IO JOCI aHi MATAHHS
HE BHUCBITJIIOBAIMCS HAJIEKHUM UYHMHOM, OCKUIBKM (PYHKIIOHYBaHHS IMOi3/iB
KOMOIHOBAHOTO TpaHCHOPTY Ha YKpaini posmnouanocs 3 2016 poxy. JlocnikeHo
AVHAMIYHY HaBAaHTAXKEHICTh BaroHiB-TUIaTGOpM 3 KOHTEHHEpaMH, a TaKoX
KOHTEWHepaMHU-IIUCTEPHAMH TIPU MIEPEBE3CHHI Ha 3aTI3HUYHUX MIOPOMAX MOPEM.

Jlo yBaru mpUWHSTI TPH CXEMH B3a€EMOJIiT KOHTEHHEPIB, a TAKOX KOHTCHHEPIB-
IIUCTEPH 3 paMaMU BaroHiB-TIaTPopM:

— BIJICYTHICTh ~ TIEpPEMIlllEHb  BaroHa-tuiathopMu 3  KOHTeHHepamu  abo
KOHTEeIHEpaMHU-IIUCTEpPHAMHU BITHOCHO NanyOu. ToOTO Mpu KOJIUBAHHIX 3aJII3HUYHOTO
IIOpOMY BaroH-1iaTdgopma Ta KoHTeHHepr a00 KOHTEHHEPHU-IIUCTEPHHU, PO3MIIICH] Ha
HbOMY, MIOBHICTIO MIOBTOPIOIOTH TPAEKTOPIIO KOJIMBAaHb CYyJIHA;

— HasABHICTh TEPEeMIIleHb BaroHa-taThopMu BIZHOCHO NaayOHu Ta BIICYTHICTh
nepeMilieHb KOHTEHHepiB a00 KOHTEHHEpIB-IMCTEPH BIIHOCHO paMH BaroHa-
m1aTGOpMu;

— HasBHICTh NIEPEMIIICHb BaroHa-Tuiat(opmMu BITHOCHO MalyOu Ta KOHTEHHEPiB
a00 KOHTEHHEPIB-IUCTEPH BIAHOCHO PaMH BaroHa-TuiaT(hOPMHU.

[Tpu mpoMy 10 yBaru MpUAHATI KYpCOBI KyTH MOPCHKOT XBHUII 1O BIJHOIIIEHHEO
710 KOPIYCY 3aJIi3HUYHOTO MopoMy. Br3HaueH1 MpUCKOPEHHS HECYYMX KOHCTPYKIIIH
KOHTEHHEPIB Ta KOHTCHHEPIB-IUCTEPH BPAXOBAHO MPHU JOCTIIHKEHHI X CTIMKOCTI Ha
BaroHax-tyargopMax 3 ypaxyBaHHAM THIIOBOI CXEMHU B3a€MOJii, TOOTO TapH
—iTtunrosi ynopu — ¢itunrul. BuzHaueHo HOMyCcTHM1 KyTH KpPEHY 3aJ13HUYHOTO
MOpOMYy MpH SKUX 3a0e3MedyeThcsi Oe3neka IepeBe3eHbh KOMOIHOBAHMX ITOi3/1B

MopeM. BcTaHoBieHO, IO 3 ypaxXyBaHHSM THUIIOBOI CXEMHU B3a€MO/III CTIMKICTb
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KOHTEHHepa Ha BaroHi-miuatdopmi 3a0e3neuyeTbesl MpU KyTaxX KPeHy 3ali3HUYHOIO
nopomy 110 25°. 3 mMeTor0 3a0e3meucHHs OE3NEKH IEPEBE3eHb HAMMBHUAX BAaHTAXKIB y
KOHTEHHEpaxX-IMCTepHAX MOPEM BAKIIUBUM € TOTPUMAHHS KYTiB KPEHY 3II3HUIHOTO
nopomy 10 10°.

[IpoBeneHo KOMIT IOTEpHE MOJICIIIOBAHHS TUHAMIYHOT HABAaHTAXXEHOCTI HECYUOi
KOHCTPYKIIli BaroHa-rmat@opMu 3 KOHTEHHEpaMU Ta KOHTEHHEpaMH-IIUCTEpHAMU
Npy TEepPEeBE3CHHI 3ali3HUYHUMHU MOpoMaMu. Po3paxyHkH peani3oBaHi 3a METOIOM
CKIHYEHUX eJIeMeHTIB B mporpamHomy komruiekci SolidWorks —Simulation
(CosmosWorks). BwusnaueHo uYHcenbHI 3HAYCHHS MPUCKOPEHb Ta MO  1X
PO3MOJIJICHHSI BIIHOCHO HECYYMX KOHCTPYKI[IH BaroHa-miaaTGopMu Ta KOHTEHHEPIB,
a TaKOXX KOHTeWHepiB-ucTepH. [IpoBeaeHo Bepudikalliro po3poOdaeHuX Mojeseh 3a
F-kpurepiem.

YIOCKOHAJIGHO HECydy KOHCTPYKIIFO  BaroHa-miaaTopMud 3  METOIO
3a0€3MeUeHHs] CTIHKOCTI KOHTEHHEpIB NpH TMEPEeBE3CHHI 3aTI3HUYHUM TIOPOMOM
[UIIXOM IOCTAaHOBKHM 3WOMHUX HanOynoB Ha pamy. [[ns 3MEHIIEHHA OUHAMIYHOT
HABAaHTAXKEHOCTI KOHTEWHEPIB 3IMCHIOETHCS BUKOPUCTAaHHS HAa BHYTPINIHIX
MOBEPXHAX HAAOYJAOB MaTepially 3 B’SI3KHUMH BJIACTHBOCTSIMH. 3alpONOHOBaHI
TEXHIYHI  PIIIEHHS  IMOJ0  yJOCKOHAJICHHS  OOIPYHTOBaHI  BIAMOBIIHUMU
pO3paxyHKaMH.

VY aockoHameHoO cXeMy B3a€MOJIl HeCy4YMX KOHCTPYKI[i BaroHiB 3 maixy0oro
3aI3HUYHOTO TIOPOMY IIISXOM BHUKOPUCTAHHSA B A3KUX CTSDKOK. Po3paxyHku
3MIMCHEHI CTOCOBHO HaIliBBaroHa, SIK OJHOTO 3 HaMOUIBII MONTHPESHUX THUITIB BaroHiB,
0 TIEPEBO3SATHCA Ha 3aJI3HUYHUX MOpoMax mopeM. [IpoBeneHo maTemaTH4HE Ta
KOMIT IOTEPHE MOJICTIIOBAaHHS JUHAMIYHOT HABAaHTAXEHOCTI HECY4oi KOHCTPYKIIil
BaroHa MpW TMEPEBE3CHHI 3aJI3HUYHUM TIOPOMOM 3 ypaxyBaHHSM 3alpONOHOBAHHUX
3axomiB.  3piiicHeHO  Bepu@ikaiilo  po3poOJICHMX ~ MOJeJed  JWHAMIYHOi
HaBaHTaXEHOCTI.

Y TperbomMy poO3aii MPOBEICHO BHU3HAYCHHS JAMHAMIYHOT HaBaHTAXKEHOCTI
BaroHa-miaTGopMu 3  KOHTCHHEpaMH Ta KOHTCWHEpAMU-IUCTEPHAMHU  TPHU

MaHEBPOBOMY CITIBYIapsAHHI. J{0 yBaru B34TO JBI CX€MHU HaBAaHTAKEHb HECYUUX
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KOHCTPYKI[Il BaroHa-ruiatpopMu Ta KOHTEHHEPIB, a TAKOXK KOHTEHHEPIB-LUCTEPH:
BIJICYTHICTh MNEPEMIIIEHh KOHTEHHEPIB a00 KOHTEWHEPIB-LMUCTEPH BIIHOCHO pPaMH
BaroHa-miatGopMu MOpH yAapi, a TaKOX HAasSBHICTh MEpeMIlIeHb, O0O0YMOBICHHX
3a3opaMu B mapax —(pituHroBi ynopu — ¢itunrul. e mae micue xoiu AUHAMIYHE
HABAaHTAXXEHHS, SKE /i€ Ha KOHTEWHep a00 KOHTEWHEP-LUCTEPHY IMEPEBUILYE CHITY
TEPTS MK TOPU3OHTAIBHUMHU NOBEPXHSAMH (DITHHTIB Ta (HITUHrOBUX yrnopis. Jlns
3MEHIICHHS TUHAMIYHOI HAaBAaHTa)XKEHOCTI HECYYHX KOHCTPYKIIi BaroHa-riatgopmu
Ta KOHTEHHEPIB, a TAaKOK KOHTEHHEPIB-IIUCTEPH 3alPOIIOHOBAHO BUKOPHUCTAHHS MiX
(ITUHTOBUMHM yHopaMu Ta (ITUHIaMU MPYXKHHUX, B SI3KMX a00 MPY>KHO-B’S3KUX
3B’SI3KIB. 3ampoINOHOBaH1 pilIeHHs OOIPYHTOBAaH1 pe3yJibTaTaMU IPOBEJEHOTO
MaTeMaTUYHOTO MOJICTIOBAHHS JHMHAMIYHOT HABaHTa)XEHOCTI BaroHa-ryaTPopmu,
3aBaHTA)XCHOTO0 KOHTEHHEpaMH Ta KOHTCHHEpaMHU-IUCTEpHAMHU TIPH MaHEBPOBOMY
CHiByJIapsiHHI 3 ypaxyBaHHSM Jii Ha 3aJHIi ymop aBTO3Yely HaBaHTAKEHHS Yy
3,5 MH. Jlns Bu3HAYeHHS 4YHCEIbHUX 3HA4YeHb IMPUCKOPEHb Ta TMOJIB iX
PO3IOAIICHHS BIJHOCHO HECYYHX KOHCTPYKIIM BaroHa-miaaThoOpMu Ta KOHTEHHEPIB,
a TaKoXX KOHTEMHEPIB-IIMCTEPH 3 YypaxyBaHHAM YJOCKOHAJIEHb IMPOBEICHO
KOMIT'IOTEpHE MOJICIIOBaHHA. 3M1MCHEHO BepHudIKaIlilo po3poOJIEHUX MOJenei
TUHaAMIYHOI HaBaHTakXeHOCTi. [IpoBemeHO MOCHIKEHHS MIMHOCTI  (ITMHTOBHX
yIopiB BaroHa-miaaTGopMu, a Takox (PITUHTIB KOHTEHHEPIB Ta KOHTCHHEPIB-IIUCTEPH
3 ypaxyBaHHSM 3alpOINIOHOBAHMX 3aXOJiB. BcTaHOBIEHO, 10 MIIHICTh (DITHHTOBUX
yrnopiB Ta (HITUHTIB 3a0€3MEUy€ETHCS.

VY derBepTOMy pO3MiTi 3MIHCHEHO OOTPYHTYBAaHHS BIPOBAKCHHSA B’SI3KUX
3B’SI3KIB B HECYY1 KOHCTPYKIIil BaroHiB 3 TPyO KPyTJIOTO Mepepisy.

J1yist 3MEeHIIeHHsT TMHAMIYHOT HAaBAaHTAXEHOCT1 HECYYMX KOHCTPYKIII BaroHiB B
eKCIUTyaTallil 3ampONOHOBAHO 3aCTOCYBaHHA KOHLENTY YIPSDKHOTO MPUCTPOIO
aBro3ueny. [Ipu oMy 371CHEHO BUKJIIOUECHHS YNPSXKHUX MPUCTPOIB aBTO3YEMIB 13
HECy4J0i KOHCTPYKIIii BaroHa Ta MepeKsIafeH0 ix (YHKIII 1Mo MOTJIIMHAHHIO €HEepTii,
sKa BUHUKAE BIJ NIl €KCIUTyaTal[liHUX HAaBAHTAXKEHb, HA XpPeOTOBY OalKy, a TaKOXK
BEpPXHI Ta HI>KH1 00B’s13yBaHHSI OOKOBUX CTiH, SIKI IPOMOHYETHCA BUKOHYBATH 13 TPYO

KpYIJIOro Mepepidy Ta 3aloBHIOBATH MaTepiaioM 3 JeMNpyHUYuMH Ta
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AHTUKOPO3IMHUMHU  BIACTUBOCTSAMHU. Take  pIilIeHHS  COpHUS€  3MCHIICHHIO
MaTepialoEMHOCTI BaroHa Ta BIAMOBITHO MiJBUINCHHIO MO0 BaHTAXKOIIIMOMHOCTI 1
HAaBaHTaXXyBAITBHOTO 00’ €My Ky30Ba, a TAaKOX TOJIOBKEHHIO 0€3pEMOHTHOTO CTPOKY
eKCIuTyaTalii.

[IpoBeeHO BU3HAUYEHHS JMHAMIYHOI HAaBAHTAKEHOCTI BaroHa 3 ypaxyBaHHSIM
3alpPOTIOHOBAHUX pilllcHb. BCTaHOBIEHO, MO MPUCKOPEHHS, SKE i€ Ha HECydy
KOHCTPYKIIIIO BaroHa, OOJIAMHAHOTO KOHIICITAMH YIPSOKHUX TPUCTPOIB  TIPH
MaHEBPOBOMY CIHIBYyapssHHI Hrkde Ha 10% Big BETWYUMH NMPUCKOPEHb, OTPUMAHUX
NIPH TUTIOBIM CXEMi CIPHHHSITTS HaBaHTaXXEHb XpPEOTOBOIO OAJIKOIO BaroHa.

[TpoBeieHO KOMIT FOTepHE MOJICITIOBAaHHS JUHAMIYHOT HABAHTaXXEHOCTI HECYUOT
KOHCTPYKIIii BaroHa, OOJaJIHAHOTO KOHIENITAMHU YIPSKHUX MPHUCTPOIB. 3MIHCHEHO
Bepu(iKkailito Mojeeil JMHAMIYHOT HABAaHTAXXEHOCTI HECY40T KOHCTPYKIIii BaroHa.

Jnst  migBuieHHs e(EeKTUBHOCTI eKCIUTyaTallii BaroHiB 3alpONOHOBAHO
CTBOPEHHs Ha 0a3i X KOHCTPYKIIIM BaroHiB 3wWICHOBAHOTO TUITy. OCOOIUBICTIO IHUX
BaroHiB € Te, 10 HeCcydYl eJIEMEHTH BHKOHaHI 3 TpyO kpyrioro rnepepizy. Jlo yBaru
B35TI OCHOBHI THIIM BaroHiB, SIKi BUKOPHCTOBYIOTBCS B €KCIUTyaTallii: HaIliBBaroH,
KpUTUH BaroH, BaroH-tuiargopma Ta BaroH-xomep. [IpoBemeHo wmaTemaTHyHe
MOJIEJTFOBAHHS ITOB3I0BXHBOI AWHAMIYHOI HABAHTAXXEHOCTI BAroHIB 34JIEHOBAHOI'O
TUly. BH3HaueHO 4YwMCENbHI 3HAYCHHsS TNPHUCKOPEHb, SKI MIIOTh Ha iX Hecydl
KoHCcTpyKIii. [IpoBeneHo po3paxyHOK Ha MIIHICTh HECYYUX KOHCTPYKIIIA BaroHiB 3a
METOJIOM CKIHYEHUX €JIEeMEHTIB. 3alpONOHOBAHO BHUKOPHCTAHHS KOHIICTITIB
VOPSDKHUX MPUCTPOIB HA BaroHax 34WICHOBAHOIO TUITY 3 TPYO KPYIJIOTO IMEpepisy.
PesynpTaTé mpoOBeNEHUX MOCTIKEHb MIATBEPAWIN MOIUIBHICT JAHOTO PIlICHHS.
BcranoBneHo, 110 3 ypaxXyBaHHSIM BHKOPHUCTAHHS KOHIICTITIB YIPSODKHUX TPUCTPOIB
HAa BaroHax 3WICHOBAHOTO THUITY CTa€ MOXIWBUM 3HU3UTH iX JIHHAMIYHY
HaBaHTaXXeHICTh Maibke Ha 10% y MOpiBHAHHI 3 TUIIOBUM aBTO3YEITHUM TPUCTPOEM.

Y m’aromy po3mini  BUCBITICHI OCOOMHMBOCTI  MYIbTU(]DYHKI[IOHATBHUX
BUKOHAHb HECYYMX CKJIAIOBUX BAHTAKHUX BaroHiB. /[ 3MEHIIECHHS AWMHAMIYHOI
HaBaHTAKEHOCTI HECy4Ooi KOHCTPYKIlI BaroHa 3 TpyO Kpyrjoro Iepepizy

3aIlIPOIIOHOBAHO BUKOPHUCTAHHA, Y SIKOCTI 1X HAIIOBHIOBAa4a, CHCPIroInOIrJIMHAI0Y0I0
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Marepiany. [laHe pilieHHs] poO3rsSHYTO HA MPUKIIAJll MHOATIOMIHIIO. 3alIPONIOHOBAHO
HECy4dy KOHCTPYKIIIO HaliBBaroHa 31 34JICHOBAaHUX OOOJOHOK, 3aMOBHEHHX
MiHOAMIOMIHIEM. JlaHl pilleHHs OOIPYHTOBaHI MAaTEMaTUYHHM Ta KOMII IOTEPHUM
MOJICJIIOBAaHHSM JTUHAMIYHOT HABAaHTAXXEHOCTI HECydoi KOHCTPYKI[li BaroHa 3
MOCIIIyIOYOI0  BepHU(IKAII€I0 3alMpONOHOBAaHUX Mojeieil. BcranoBieHno, 110
MaKCHUMaJlbH1 TPHUCKOPEHHA, SKI [II0Thb Ha HECydy KOHCTPYKIIIO HaliBBaroHa,
CKJIZIOB1 SIKOTO 3allOBHEH1 MIHOAIIOMIHIEM, 3HWXKYIOThcs Ha 3,5% y MOpIBHSIHHI 3
TpYOHOIO KOHCTPYKIIi€I0 O€3 HallOBHIOBAYA.

OOTpyHTOBaHO BIPOBA/DKEHHS MPYKHHUX CJIEMEHTIB B HECY4Yi KOHCTPYKITii
BaroHiB JIJIsl IMiJIBUIIIEHHS BTOMHOI MIITHOCTI B €KCIUTyaTallil MIJITXOM 3MEHIIEHHS X
IMHAMIYHOT HaBaHTaXeHOCTI. Lle mocsraeTbes 3a paXyHOK 4acTKOBOTO TIEPETBOPEHHS
JUHAMIYHUX HaBaHTAKEHb B POOOTY CHJI CYXOTrO TEPTs, [0 BUHUKAKOTH MIXK
CKJIAJIOBUMH XpeOTOBO1 Oanku (MOB3IOBXKHIX Oayiok) pamu. Jlane pimeHHs
peanizoBaHe Ha TPUKIAAl HaliBBaroHa, JOBro0a3HOi KOHCTPYKIi BaroHa-
wiatrGopmMu, a TakoX KPUTOro BaroHa. Pe3ynpTaTH AOCHIIHKEHBb TOKa3zald, IO 3
ypaxyBaHHSIM 3allpOMIOHOBAHUX pINIEHb CTAa€ MOXJIMBUM 3MEHIIUTH JIMHAMIYHY
HABAaHTAKEHICTh HECYYMX KOHCTPYKIIM BaroHiB y TOPIBHAHHI 3 BaroHaMu-
NPOTOTHUIIAMH: HamiBBaroH — Ha 25%, Baron-matdopma — Ha 15%, KpuTHit Baron —
Ha 20%.

VY moctoMy po3aisi HaBeNIEHI Pe3yIbTaTH €KCIEPUMEHTAIBHOTO AOCTIIHKEHHS
MIITHOCTI HECY40i KOHCTPYKIIil BaroHa-miat(opmMu Mpu MaHEBPOBUX CITIBYJAPSHHSX.
[Tpu 1bOMyY TIPOBEICHO HATYPHI JOCITIKEHHS MIITHOCTI HECY4O0i KOHCTPYKIIii BaroHa-
mwiaTpopMu 3 KOHTEHHEpaMH 3 ypaxyBaHHSM THIOBOI CXEMHU B3a€MOJIl, a TaKOX
npyxkHoi. JlocmipKeHHST TPOBENEHI 3 BUKOPHUCTAHHIM METONY EIEKTPUYHOTO
TEH30METPYBaHHS. BunpoOyBanus 3mificHEHI BIAMOBIZHO JO Ppo3poOIeHOT
—[Iporpamu Ta wmetomauku BumpoOyBaubll. B skocTi mpoTtoTtumy oOpaHO BaroH-
miatpopmy wmoxeni 13-401 moOymoBu JIHIMPOA3EP)KHUHCHKOTO BaroHOOYAIBHOTO
3aBoAy. Miclisi MOHTaXXy TEH30pPE3UCTOPIB HA HECydill KOHCTPYKIil BaroHa-
maTopMu BU3HAYEHI 3a pe3yJIbTaTaMU MPOBEACHUX TEOPETUUYHUX PO3PAXYHKIB Ta

OTPUMAaHUX TIOJIIB  PO3MOJAUICHHS HampyxeHb. Ilpu 1bOMYy BHKOpPHUCTaHI
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TeHzopesuctopu 3 6azor0 10 MM Ta omopom 200 Om. JlocaimkeHHST MPOBEACHI B
Jiana3oHl MIBUIKOCTEHN CIIBYIapsiHb: 3 — 6 km/roa., 6 — 10 kM/roa. ta Ouiblie
10 xm/ron.

Pesynbratn TpoBeEHWX JOCTIKEHb JIO3BOJIMIM BU3HAYUTH YTOYHEHI
3HAYEHHS T[OKA3HUKIB MIIHOCTI HECY4Yoi KOHCTpPYKIIl BaroHa-riuatGopmMu Ta
MIATBEPAUTH PE3YJbTAaTH TEOPETUYHUX JOCIIIKEHb. MakcuMalbHa po301KHICTh MIXK
pe3yabTaTaMl MaTeMaTHYHOTO Ta (DI3SUYHOTO EKCIEPUMEHTY MpU THIIOBIH cXemi
B3a€MOJIIi BaroHa-miaaTopMu 3 KoHTeiHepamu ckiana 17,0%, a npu npyxHiid —
17,5%.

[IpoBeneHO TEXHIKO-€KOHOMIYHE OOTPYHTYBaHHS 3allpOIIOHOBAHUX PIllICHb
IIO/I0 YIOCKOHAJICHHSI HECYYMX KOHCTPYKIIii BaroHiB MPY HaJHOPMOBAHHUX PEKUMAX
HaBaHTA)KEHb.

OCHOBHI TIOJIO)KEHHS Ta PEKOMEHJallli AucepTariiHoi poboTu mnepenani 3
METOI0 pO3TJsAy Ta mojanbiioro BrpoBamxkeHHs B JII -YkpaiHcbkuii HaykoBO-
nocaigaui iHeTUTYT BaroHoOyayBaHHsl (M. Kpemenuyk) Tta JIM3 —Kapnatul
(M. HoBwuit Po3aun). Takox pe3ynbTaTu IUcepTaliitHOT poOOTH BUKOPUCTOBYIOTHCS B
HaByasibHOMY mporneci YkpAY3T npu miaroroBii OakamaBpiB Ta MaricTpiB 3a
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Lovska A. O. Development of scientific foundations for calculating wagon
structures by taking into account the above-norm cases of their operation. —
Qualification scientific work — manuscript copyright.

Dissertation for the degree of Doctor of Technical Sciences in the speciality
05.22.07 — rolling stock of railways and train traction (273 — railway transport);
Ukrainian State University of Railway Transport, Ministry of Education and Science
of Ukraine, Kharkiv, 2021.

In the presented work, the research of dynamic loading and durability of load-
bearing structures of wagons in above-norm modes of loadings is carried out, and
also measures concerning their improvements are offered. The relevance of the work
relates to the fact that the existing regulatory framework, according to which the
rolling stock is designed, does not reflect the peculiarities of load-bearing structures
in above-norm modes, which necessitates its refinement and addition to create highly
efficient rolling stock.

The Introduction provides a general description of the dissertation, its
relevance, connection with scientific topics, formulates the purpose and objectives of
the research, presents the practical significance of the work and scientific novelty.

In the first section, classification of the main above-norm modes of loadings of
load-bearing structures of wagons in operation is carried out. The research of
domestic and foreign scientists into determination of loading of load-bearing
structures of wagons in above-norm modes is analyzed. Measures to reduce dynamic
loading of load-bearing structures of wagons in operation are studied. The research
on determination of dynamic loading and durability of load-bearing structures of
means of combined transport is analyzed. Peculiarities of loading of load-bearing
structures of wagons in above-norm modes of operation (railway-ferry transportation,
container transportation, shunting collisions) are considered. The main kinds of

damage of load-bearing structures of wagons in above-norm loading modes are
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investigated. The most damage-prone elements of load-bearing structures of wagons

are identified.

In the second section, dynamic loading of containers as a part of combined
trains, as well as the load-bearing structures of wagons during transportation on
railway ferries is determined. It is important to note that these issues have not been
adequately covered so far, as the operation of combined transport trains in Ukraine
began in 2016. Dynamic loading of flat wagons with containers, as well as tank
containers during transportation on railway ferries by sea is studied.

Three schemes of interaction of containers, as well as tank containers, with the
frames of flat wagons are taken into account:

— the absence of movement of the flat wagon with containers or tank containers
relative to the deck. It means that when the railway ferry oscillates, the flat wagon
and the containers or tank containers placed on it completely repeat the trajectory of
the vessel's oscillations;

—the presence of movements of the flat wagon relative to the deck and the
absence of movements of containers or tank containers relative to the frame of the
flat wagon;

—the presence of movements of the flat wagon relative to the deck and
containers or tank containers relative to the frame of the flat wagon.

In the process, course angles of the sea wave in relation to the hull of the ferry
are taken into account. The determined accelerations of load-bearing structures of
containers and tank containers are taken into consideration, when studying their
stability on flat wagons, taking into account the typical scheme of interaction, i.e.
pairs -fitting supports — fittings". Permissible roll angles of the railway ferry are
defined, at which the safety of transportation of combined trains by the sea is
provided. It is established that taking into account the typical scheme of interaction,
the stability of the container on the flat wagon is provided at the roll angles of the
railway ferry up to 25°. In order to ensure the safety of bulk cargo transportation in
tank containers by sea, it is important to observe the roll angles of the railway ferry
up to 10°.
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Computer simulation of dynamic loading of the load-bearing structure of the

flat wagon with containers and tank containers during transportation by railway
ferries is carried out. Calculations are implemented by the finite element method in
the SolidWorks Simulation (CosmosWorks) software complex. Numerical values of
accelerations and fields of their distribution relative to the load-bearing structures of
the flat wagon and containers, as well as tank containers are defined. Verification of
the developed models by F-criterion is carried out.

The load-bearing structure of the flat wagon is improved in order to ensure the
stability of containers during transportation by railway ferry by means of placing
removable superstructures on the frame. To reduce dynamic loading of containers, a
material with viscous properties is used on the inner surfaces of the superstructures.
The proposed technical solutions for improvement are justified by appropriate
calculations.

The scheme of interaction of load-bearing structures of wagons with the deck
of the railway ferry is improved by using viscous ties. Calculations are made for the
gondola car, as one of the most common types of wagons transported on railway
ferries by sea. Mathematical and computer modelling of dynamic loading of the load-
bearing structure of the wagon during transportation by railway ferry is performed,
taking into account the proposed measures. Verification of the developed models of
dynamic loading is carried out.

In the third section, determination of dynamic loading of the flat wagon with
containers and tank containers during shunting collision is carried out. Two loading
schemes of load-bearing structures of the flat wagon and containers, as well as tank
containers are taken into account: the absence of movements of containers or tank
containers relative to the frame of the flat wagon in the event of an impact, as well as
the presence of movements due to gaps in the pairs "fitting supports — fittings". This
occurs when dynamic loading acting on the container or tank container exceeds
friction force between the horizontal surfaces of the fittings and the fitting supports.
To reduce dynamic loading of the load-bearing structures of the flat wagon and

containers, as well as tank containers, the use of elastic, viscous or viscoelastic
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connections between fitting supports and fittings is proposed. The proposed solutions

are substantiated by the results of mathematical modelling of dynamic loading of the
flat wagon loaded with containers and tank containers during shunting collision,
taking into account the loading of 3.5 MN acting on the rear support of the automatic
coupler.

Computer simulation is performed to determine the numerical values of
accelerations and their distribution fields relative to the load-bearing structures of the
flat wagon and containers, as well as tank containers, taking into account the
improvements. Verification of the developed models of dynamic loading is carried
out. The strength of the fitting supports of the flat wagon, as well as the fittings of
containers and tank containers is studied, taking into account the proposed measures.
It is established that the strength of the fitting supports and the fittings is provided.

In the fourth section, substantiation of introduction of viscous connections in
load-bearing structures of wagons made of pipes of round section is carried out.

To reduce dynamic loading of the load-bearing structures of wagons in
operation, it is proposed to introduce the concept of an automatic coupler harness. At
the same time, the automatic coupler harnesses are excluded from the load-bearing
structure of the wagon and their functions of absorption of energy arising from the
action of operational loads are transferred to the spine beam, as well as upper and
lower sidewall straps which are proposed to be formed from pipes of round section
and filled with a material with damping and anticorrosion properties. This solution
helps to reduce the material capacity of the wagon and, accordingly, increase its
carrying capacity and loading volume of the body, as well as extend its maintenance-
free life.

Dynamic loading of the wagon is determined, taking into account the proposed
solutions. It is established that acceleration acting during shunting collision on the
load-bearing structure of a wagon equipped with the concepts of harnesses is lower
by 10% than acceleration values obtained in case of the typical scheme of load

supported by the spine beam of the wagon.



25
Computer simulation of dynamic loading of the load-bearing structure of a

wagon equipped with the concepts of harnesses is carried out. Verification of models
of dynamic loading of the load-bearing structure of the wagon is performed.

To increase the efficiency of operation of wagons, it is proposed to create
articulated wagons on the basis of their designs. The peculiarity of these wagons is
that the load-bearing elements are made of pipes of round section. The main types of
wagons used in operation are taken into account: a gondola car, a covered wagon, a
flat wagon and a hopper car.

Mathematical modelling of longitudinal dynamic loading of wagons of
articulated type is carried out. Numerical values of accelerations acting on their load-
bearing structures are determined. The strength of the load-bearing structures of
wagons is calculated by the finite element method. It is proposed to use the concepts
of harnesses on articulated wagons made of pipes of round section.

The results of the research confirmed the feasibility of this solution. It is
established that taking into account the use of concepts of harnesses on wagons of
articulated type it becomes possible to reduce their dynamic loading by almost 10%
in comparison with a typical automatic coupler.

The fifth section highlights the features of multifunctional versions of the load-
bearing components of freight wagons. To reduce dynamic loading of the load-
bearing structure of the wagon made of pipes of round section, the use of energy-
absorbing material as their filler is proposed. This solution is considered on the
example of foamed aluminum. A load-bearing structure of a gondola car made of
articulated shells filled with foamed aluminum is proposed. These solutions are
justified by mathematical and computer modelling of dynamic loading of the load-
bearing structure of the wagon with subsequent verification of the proposed models.
It is established that the maximum accelerations acting on the load-bearing structure
of the gondola car, the components of which are filled with foamed aluminum, are
reduced by 3.5% compared to the tubular structure without filler.

It is substantiated to introduce elastic elements in the load-bearing structures of

wagons to increase the fatigue strength in operation by reducing their dynamic
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loading. This is achieved by partially converting dynamic loadings into the work of

dry friction forces arising between the components of the spine beam (longitudinal
beams) of the frame. This solution is implemented on the example of the gondola car,
the long-base structure of the flat wagon, as well as the covered wagon. The research
results showed that taking into account the proposed solutions it becomes possible to
reduce dynamic loading of the load-bearing structures of wagons in comparison with
prototype wagons: the gondola car — by 25%, the flat wagon — by 15%, the covered
wagon — by 20%.

The sixth section presents the results of an experimental study of the strength
of the load-bearing structure of the flat wagon in shunting collisions. At the same
time, field studies of the strength of the load-bearing structure of the flat wagon with
containers are carried out, taking into account the typical scheme of interaction, as
well as elastic one. The research is conducted using the method of electric strain
gauging. The tests are carried out in accordance with the developed "Test programme
and methods".

The flat wagon of model 13-401 built by the Dniprodzerzhynsk wagon-
building plant is chosen as a prototype. The mounting locations of strain gauges on
the load-bearing structure of the flat wagon are determined by the results of
theoretical calculations and the obtained stress distribution fields. In this case, strain
gauges with a base of 10 mm and resistance of 200 Ohms are used.

The studies are conducted in the range of collision speeds: 3 — 6 km/h, 6 —

10 km/h and more than 10 km/h.The results of the conducted research allowed
determining the specified values of strength indicators of the flat wagon load-bearing
structure and confirm the results of theoretical research. The maximum discrepancy
between the results of mathematical and physical experiment in the typical scheme of
interaction of the flat wagon with containers is 17.0%, and in the elastic one — 17.5%.

Feasibility study of the proposed solutions for improving the load-bearing
structures of wagons in above-norm loading modes is performed.

The main principles and recommendations of the dissertation are submitted for

consideration and further implementation in the State Enterprise —Ukrainian scientific
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railway car building research institutel (Kremenchuk) and Research and Mechanical
Plant of the Karpaty (Novij Rozdil). Also, the results of the dissertation are used in
the educational process of Ukrainian State University of Railway Transport in the
preparation of bachelors and masters in the speciality 273 -Railway Transportl, as
well as for students of the faculty of advanced training of staff.

Key words: transport mechanics, railway transport, railway rolling stock,

wagons, above-norm modes, combined transportation.
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(ITUHTOBUMH YIIOPAMH, & TAKOXK 3 YPAXyBaHHAM yJTOCKOHAJIECHb 372
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TEPMIHU TA BUSHAYEHHSA

BaroHokoHCTpPYKIisi — KOHCTPYKIIiSl 3a113HUYHOTO BaroHy.

BroMHua minnicTh (omip BTOM1) — BIACTUBICTh MaTepiany He pyHHYBaTHCS 3
4acoM Tij Ai€l0 poOOYNX HAaBAHTAXKEHD.

JluHaMivHA HABAHTAKEHICTh — TIPOIEC, MO XAPAKTEPU3YETHCS IIBUIKOIO
3MIHOIO B 4aci 3Hau€Hb, HANPSAMKIB ab00 TOYOK (30H) MPUKIAJAHHS JUHAMIYHHX
HaBaHTAXXCHb | BUHUKHCHHS B €JIEMEHTaX KOHCTPYKITii TUHAMIYHUX CHJI.

InHoBaNiiiHA KOHCTPYKINiI BaroHa — Hecydya KOHCTDPYKIISI BaroHa, ska
JI03BOJISIE TIPU CEPIHHOMY BIIPOBAPKCHHI JIOCATTH 3HAYHOTO €KOHOMIYHOTO e(PeKTy Ta
MiBUIICHY €(PEKTUBHICTh EKCIUTyaTaIlli pyXOMOT0 CKJIady.

InTeponepabdenbHicTh  —  BJIACTHBICTh  3QII3HUYHOTO  TPAHCIIOPTY
miATpUMYyBaTH Oe3neyHuil Ta Oe3nepeOiHuN pyX pyXoMOTo CKiIaay, 1o BiAMOBiIa€e
HEOOXITHOMY PIBHIO SKOCTI POOOTH 1 3alIeKUTh Bil PIBHI TEXHIYHOTO,
TEXHOJIOT1YHOTO, OpraHi3ailiiiHoro, kBajiidikamiifHoro 3a0e3mnedeHHs, HeOOXi1THOTO
JUISL TOTPUMAaHHSI BIAMOBIAHOCTI TEXHIYHUM cHeIU(IKaIlisIM ONepaTUBHOI CYMICHOCTI
(ITpoexrt 3axony Ykpainu —IIpo 3anizHnunuii Tpancnopt Ykpainul, Ne9512).

3aqi3HUYHMI TMOPOM — CYJHO, TIPHU3HAYEHE [JIsi TMEePEeBE3CHHS 3ali3HUYHUX
TPAHCIIOPTHHUX 3aC00iB.

KoHuenT — iHHOBaIIIIHA i7es, IO MICTUTh B CO01 TBOPYHII CEHC.

MiuHicTh — BIaCTUBICTh MaTepially YNHUTHU OMIp PYWHYBAHHIO MiJ TI€I0
HaIpy>KeHb, IO BUHUKAIOTH IT1JI BILTMBOM 30BHIIIIHIX CHIIL.

Monayab BaroHa — KOHCTPYKTUBHO 3aKiHY€HA CKJIaJl0Ba BaroHy, MpU3Ha4YcHa
JUTS peastizalii MiTbOBUX 1/a00 3a0e3neuyrounXx (yHKITIH.

MyabsTuMaTepiajibHicTh — TPUHLMI, 3TAHO 3 SKUM  KOHCTPYKIIS
BHUTOBJISIETHCS OUTBIIT HIXK 3 OJTHOTO BUIY MaTepiary.

MyabTuyHKIiOHAJIBHICTh — MPUHIINI, 3T1THO 3 SIKUM KOXKE€H €JIEeMEHT abo

BY30J1 BUKOHY€E B KOHCTPYKIIi1 OUTbII HIK OJIHY (DYHKI[I}O OJJTHOYACHO.
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HaanopmoBaHuii pekuM — peXuM, NpU SKOMY Hecyda KOHCTPYKIIis
BUIIPOOOBYE HABAHTAXKEHHSI, 1110 MIEPEBUIIYIOTh HOPMATHUBH1 3HAYCHHS.

Hanpy:keHuii cTan — CyKyImHICTh HOPMAJIbHUX Ta JOTUYHUX HAMPYKEHb, 10
BUHUKAIOTh HA PI3HUX MaiJaHUMKaX, sIKi IPOXOAATh Yepe3 IaHy TOUKY.

Hanpy:xeHno-nepopmMoBaHuii cTaH — CYKYIHICTh HAaIlpYy>KeHb 1 nedopmalii,
0 BUHUKAIOTh MNpU JAli Ha MaTepialbHE TIJIO 30BHIIIHIX HAaBaHTaXEHb,
TEMIIEpaTypHUX MOJIB Ta IHIIUX (PaKTOPIB.

Hecyuya KOHCTpPYKIIisi BATOHY — CYKYITHICTh KOHCTPYKIIIHHUX €JIEMEHTIB, 110
CHpUHMAIOTh OCHOBHI HAaBAaHTAKEHHS B €KCILTyaTallii.

IMomkoaKeHHsST BATOHA — TOJIisA, 1[0 MOJIATAE B MOPYIIECHHI CIIPABHOTO CTaHY
BaroHy NpH 30epeXeHHI Mpare3aTHOTO CTaHy.

IIpoexkTHHI CTPOK CJOYKOM BaroHa — Ii¢ Mepioj, MPOTITOM SKOTO BaroH 3a
HAJIE)KHOTO YTPUMaHHS MOXe BUKOHYBATH Tiepei0adeHi MpoeKToM (QyHKIIi, a piBEHb
0e3reku Mpu 1IbOMY HE 3HIKYETHCS HUXKYE MOKa3HIKIB, BCTAHOBJIEHUX IMpPAaBUJIAMU
eKCIUTyaTalii.

Pe:xxum excmuryatanii BaroHa — IHTEHCHUBHICTh BUKOPHCTaHHS BaroHa 3a
NPU3HAYCHHSIM 3 TapamMeTpaMH, BHU3HAYEHUMHU MPOEKTOM al00 BCTAHOBIICHUMH B
Ipolieci Horo eKcruryararii.

Pecypco30epirajoua KOHCTPYKIisi BaroHa — KOHCTPYKIIiSi BaroHa, Ipu
BUTOTOBJICHHI  SIKO1 BHKOPHMICTaHI TNPHUHIMIIKA  parfioHadi3amii  BUKOPHUCTAHHS
MaTepialbHO-TEXHIYHHUX, TPYAOBUX, (IHAHCOBUX, MPHUPOJHIX Ta IHIIMX PECYpPCIB 3
METOI0 OTPUMaHHS KOHCTPYKII 3 MOKPAIIEHUMH MOKa3HUKaAMHU.

CTpok cay:x0m BaroHa — KaJeHJapHa TPUBAJIICTh €KCIUTyaTallii BaroHa Bij
MOYaTKy eKcruryaTarii abo ii BIAHOBIIGHHS MICJIS PEMOHTY, a00 MOEpHi3aIii 10

Iepexoay A0 TPAaHUYHOrO CTAHY.
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ITEPEJIIK YMOBHUX [TO3HAYEHb

BAT — Binkpure akiioHepHe TOBapUCTBO
BII® — BaroH-tatdopma

JIH - NTUHAMIYHA HaBaHTaKE€HICTD

JI1 — Jlep>xaBHE MIIPUEMCTBO

311 — 3aJII3HUYHUNA TOPOM

ITIT — 130MapaMeTpUYHUN TeTpaep

KIT — KOHTEUHEP-IUCTEPHA

MCE - METOJ CKIHUYEHHX €JIEMEHTIB
HBII — HayxoBo-BnipoBaKyBaJIbHUAN LIEHTP
HIAC — HaIpyXKeHo-/1epOopMOBaHUH CTaH
HC — HANpPy>KEHUM CTaH

CE — CKIHYEHUH €JIEMEHT

CEM — CKIHYEHO-EJIEMEHTHA MOJIENb

YMM — y3araJibHeHa MaTeMaTUYH MOJIEIIb
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BCTVII

AKTyaJbHicTh TeMH. [lepCIEKTHBH TEXHIKO-€KOHOMIYHOTO  PO3BUTKY
VYKpaiHu 3yMOBIIOIOTh MIJBHUIIEHHA €(PEKTUBHOCTI €KCIUTyaTalii 3a1i3HUYHOTO
pyXoMoro ckjagy, $K TpOBIIHOI ramgy3i TpaHcnmopTHoi cuctemu. Jlis
KOHKYPEHTOCIIPOMOYKHOCTI 3aJi3HUYHOTO PYyXOMOTO CKJIaJly Ha Cy4acHOMY eTalli
PO3BUTKY TPAHCIIOPTHOI Taly3i BaXJIMBUM € CTBOPEHHS MYJbTH(]YHKITIOHATBHUX
KOHCTPYKIii. JlocATTH 1hOTO MOXKJIMBO NUISIXOM ypaxyBaHHS Ha  CTafil
NPOCKTYBaHHS yTOYHEHUX JAMHAMIYHUX HABaHTaXXEHb, SKI BUHUKAIOTH IPH
HaJHOPMOBAHUX pEXUMax CKCIUTyaTamii (3aJIi3HUYHO-TIOPOMHI  NEPEBE3CHHS,
MaHEBPOBE CITIBYJApsHHS, NMaJiHHS Oprjia BAaHTa)XY Ha HECYYy KOHCTPYKIIitO BaroHa,
N yoapHUX HABaHTAKCHb HA KPUIIKY JIFOKA HaliBBaroHa, Jisl I[HKJIIYHAX
HAaBaHTAXKEHb HA HECYYy KOHCTPYKIIIIO HaliBBaroHa mpu BUKOPUCTAHHI BIOpOMAIINH
JUISL  TOPO3BAaHTAXKEHHS Ky30Ba, PO3BAHTAXKEHHS Ky30Ba TrpeidepHUM KOBIIEM,
BIIKPUTTSI KPHUIIKH JIFOKa 03 TOPCIOHHOTO MexaHi3My Tomio). lle cnpusrtume
3MEHIIIEHHIO TIOIIKO/KEHb BaroHiB B €KCIUTyaTallii, IMiJBHINCHHIO OC3MEKH PYXY,
€KOJIOT1YHOi O€3MeKH TIepPeBe3eHb BaHTAXIB, MOKpPAIICHHIO IHTEpOIepadeIbHOCTI
(konTeriHepH1 mepeBe3eHHs  (cyxoBaHTaxHi Ta KII), 3ami3HUYHO-IOPOMHI,
KOHTpPEHJIEPHI TOIIIO).

VY BianoigHOCTI 70 HamioHanbHOT TpaHCTIOPTHOT cTpaTerii YKpaiHu Ha 1mepio
1o 2030 poky (Bim 30 TpaBHs 2018 p. Ne 430-p) ana minBumieHHs €(EKTHBHOCTI
MIEPEBI3HOTO TPOIECY Y MIKHAPOIHOMY CIIOJIYYEHHI HEOOXITHUM € BIPOBAKCHHS B
EKCIUTyaTaIif0 BUCOKOE(HEKTHBHOTO PYXOMOTO CKJIaay 3 TOKpAIEHUMU TEXHIKO-
€KOHOMIYHWMH, eKCIUTyaTal[iiHUMHA Ta  CKOJIOTIYHMMH  XapaKTePUCTHUKAMHU.
HopmatuBHa 6a3a 3rimHO sKOi 37IHCHIOETHCS TMPOEKTYBAHHS PYXOMOTO CKJIaay HE
BiloOpaka€ ~ OCOOJIMBOCTE  HAaBAHTAXKEHb  HECYYHX KOHCTPYKII1H npu
HaJHOPMOBAHUX PEXHUMaAX, 0 3YMOBIIOE HEOOXIJHICTh 1i YTOYHEHHS Ta

AOIIOBHCHHA JIsI CTBOPCHHSA BI/ICOKOG(bCKTI/IBHOFO PYXOMOro CKiIany.
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3BakarouM Ha 3rajaHe, JucepTaliifHa podoTa MpHUCBIYEHA PO3BUTKOBI
HAayKOBUX OCHOB pPO3PAaXyHKIB KOHCTPYKI[Ii BaroHiB IUIAXOM YypaxyBaHHS
HAaJHOPMOBAaHUX PEXKHUMIB TIPH EKCIUTyaTalii, 30KpemMa 3ajli3HUYHO-TIOPOMHI
MEePEBE3CHHS MO13/1IB KOMOIHOBAHOTO TPAHCIOPTY, MaHeBpoBe criByaapsHHs BIID,
3aBaHTaKeHUX KOoHTeilHepamu abo K1 3 ypaxyBaHHsM TexHoJoriyHux 3azopis. Lle
JI03BOJIUTh 3HU3UTH MAaTEePlaJIOEMHICTh BaroHiB, MiJIBUIUTH BaHTAXKOIIIMOMHICTS,
30UTBIIMTH CEepefHi MIBHIKOCTI PyXy B 3aBaHTAXEHOMY Ta IMOPOXHHOMY CTaHaX,
NOKpPAIIUTA AHTUKOPO3iiHI Ta aHTU(QPHUKIIMNHI BIACTUBOCTI, 30UIBLIMTH TEPMIH
CIIy’kOM Ta 3MEHIIMTHU 3arajibHy BUPOOHUYY Ta €KCIUTyaTaliiHy cO01BapTICTh.

3B’A30K po00THM 3 HAYKOBMMH MNpPOrpamMaMu, IUIAHAMHM Ta TeMaMM.
Huceprariiina po6oTa BUKOHaHA Yy BIANOBIAHOCTI 3 HallloHaabHOIO TPaHCIOPTHOIO
ctpaterieto Ykpainu Ha niepiog go 2030 poxy (Bim 30 tpaBHs 2018 p. Ne 430-p),
KoMIutekcHO0 TTporpaMoro OHOBJICHHS 3alli3HUYHOT'O0 PYXOMOTO CKJIany YKpaiHu Ha
2008-2020 poxwu, 3aTBepmKkeHOI0 po3nopsaxkeHHsaM Kabdinetry MiHicTpiB YKpaiHu Bij
14 xomtHa 2008 poky Ne 1259, CrpareriyHuMU TNpPIOPUTETHHUMHU HaNpsIMaMu
iHHOBaIitHOT AistbHOCTI HAa 2011-2021 pokw.

JloCmPKeHHsT 32 TEMOIO JHCEPTAIIiHOT pOOOTH MPOBOAWINCH JAUCEPTAHTOM
Opyu BUKOHAaHHI JEPKOIODKETHUX  HAYKOBO-TOCHITHUX  poOiT: «CTBOpEHHS
KOHIENITYaJIbHOHOBUX  BAHTAXKHUX BaroHIB MOJYJBHOIO THIA, SK OCHOBa
3a0e3MeueHHs] MO3MIi YKpaiHW Ha pPUHKAX 3aJi3HUYHUX BaHTAKOIEPEBE3CHb Ta
MamuHOOyayBanHs» (Ne0117U000564); «DyHnnameHTanbHi OCHOBH CTBOPEHHS
a/IeKBaTHO-CIPSMOBAHOTO Hanpy>KeHO-1e()OPMOBaHOTO CTaHy
MyJIbTU(DYHKITIOHAIBHIUX  MOJYJIIB ~ BAaroHOKOHCTPYKIIH 3  MOXJIMBOCTSAMH
MEPCIEKTUBHOTO MIMPOKOT0 MamuHOOyAiBHOTO 3actocyBaHHs» (Ne0119U100437);
«IHHOBAIlIMHI 3acagu CTBOPEHHS pecypco30epirarounx KOHCTPYKTHBIB BaroHiB
[UISIXOM YpaxXyBaHHS YTOYHCHHX IWHAMIYHUX HaBaHTAXKEHb Ta (DYHKIIIOHAIBHO-
agantuBHUX (aenr-koHIenTiB» (Ne0120U102037); «Po3pobiieHHsT KOHIIENTYaTbHUX
3acaj g BIIHOBIEHHS €(PEeKTUBHOrO (YHKI[IOHYBAHHS 3aCTapuIMX BaHTaKHHUX

BaroHiB» (Ne0120U104943).
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Meta i 3apaui gociaimkeHHsi. MeToro poOOTHM € BUPIINIEHHS HayKOBO-
NPUKIAAHOI TPOONEeMH — MOKpalleHHs e()EKTUBHOCTI (PYHKIIOHYBaHHS BaroHiB
[UIIXOM ypaxyBaHHS HaJHOPMOBAHUX PEXUMIB IIPU €KCILTyaTallii.

JI71s1 HOCSITHEHHS! TTOCTaBJIEHOT METH BUPIIIICHI TaKl HAYKOBO-TIPUKIIAIH1 3a1a4i:

- MPOaHaJI3yBaTH HAYKOBl JOCII)KEHHS 3 BHU3HAYEHHS HaBaHTaXEHOCTI
KOHCTPYKI[1il BaroHiB NPy HaJHOPMOBAHUX PEXKUMAX;

- chopmyBaTu MateMaTU4H1 Mozeni A BusHadeHHs [IH konteitnepis ta K11 y
CKJIaJ1 KOMOIHOBaHUX MOi3/A1B Mpu nepeBe3eHH1 Ha 311 3 ypaxyBaHHSAM TaKUX CXEM iX
B3a€EMOJIII: BIACYTHICTH TiepeMimienb BII®D Ta koHTeliHepa BIIHOCHO MOYAaTKOBOTO
NOJIOKeHHs; HasBHICTh mnepemimens BII® mpu komuBanusx 311 ta HepyxomicTb
KOHTEIHEPIB BIJHOCHO paMu; HasgBHICTh mnepemimienb BII® BimHocHO mnamyou Ta
KOHTeIHepiB BigHOCHO pamu BIID.

- Bm3HaunTu JIH Hecydnx KOHCTPYKIIi BaroHiB MpH BUKOPUCTAHHI B’SI3KUX
CTSDKOK JIJIs1 3aKpiruieHHs Ha nany6ax 311;

- nocnigutu JIH xonretinepiB ta KL, po3mimenux Ha BII® npu maneBpoBoMy
CIIBYJIapsIHHI,

- chopmyBaTH MaTeMaTU4YH1 Mojieni 11 Bu3HaueHHs JIH konrteiHepis ta K1 3
ypaxyBaHHIM MPYKHUX, B’ SI3KUX Ta MPYKHO-B’A3KHUX 3B’ SA3KIB y (PITUHTAX;

- MPOBECTU TEOPETUYHE OOTPYHTYBaHHS BIPOBAHKCHHS B SI3KUX 3B S3KIB B
HeCcydl KOHCTPYKIIii BaroHiB 3 TpyO Kpyriioro mepepizy 3 Meroro 3MmeHmieHHs J[H B
eKCIUTyaTalrii;

- TPOBECTH TEOpPETHYHE OOIPYHTYBAHHSA CTBOPEHHS BAaroHIB 34JICHOBAHOI'O
TUNy 3 TPyO KpYIJoro mepepidy, oOJaJHAaHUX HOBHMHU KOHIIETITAMH YIIPSIKHUX
[IPUCTPOIB;

- MPOBECTU TEOPETHUYHE OOIPYHTYBaHHS MYJIbTU(YHKI[IOHAJbHUX BHKOHAHb
HECYyYHX KOHCTPYKIII BaroHis;

- TPOBECTH EKCIEpUMEHTAIbHE JOCIIKEHHS MIIHOCTI BaroHa Mpu

HaJHOPMOBAHHUX PCIKHMMAX HABAHTAXKCHb,
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- NPOBECTU TEXHIKO-€KOHOMIYHE OOIPYHTYBAHHS 3alpONOHOBAHUX PIIICHb
IIOJI0 yIOCKOHAJEHHS HECYYMX KOHCTPYKIIM BaroHiB Ta KOHTEMHEpPIB MpHU
HAJHOPMOBaHUX PEKXHMaX HAaBAaHTAKEHb.

06 ’exm docniodcenHs — MPOLIEC BUHUKHEHHS, COPUMHSATTS Ta IEPEPO3MOALLY
HABaHTaXX€Hb B KOHCTPYKTHBAX BaroHiB, a TAKOXK iX IHHOBAI[IHHOTO PO3BUTKY.

IIpeomem oOocniddcenHns — 3aKOHOMIPHOCTI ()YHKIIOHYBAaHHS KOHCTPYKTHBIB
BaroHiB MpU HAJHOPMOBAaHUX pEXKMMax eKCIUTyaTallii; IOCTi/DKEHHS, a TaKoX
mojentoBanHs J|H ta mynbTudyHKIIOHATPHE BUKOHAHHS X CKJIQJOBHX.

Memoou  Oocnioxcenns.  Ilpu  BUKOHAHHI  JucepTaliiiHOl  poOOTH
BUKOPHUCTOBYBAJIMCSA Taki Teopii Ta METOAM JOCHIIPKCHHS: CYYacHI METO/IH
MaTeMAaTUYHOI CTATUCTUKH TPU JOCITIKEHHI TMOIIKOHKEHb HECYYUX KOHCTPYKIIIH
BII® B ekcrutyaraiii; KJIaCHYH1 METOJIU CKJIaJaHHs qudepeHIiabHUX PIBHAHD PyXY
MEXaHIYHUX CHUCTeM, 30kpema, merton Jlarpamwxka Il pomy, mpu mocaiymkenni JIH
HECYYMX KOHCTPYKI[I BaroHiB Mpu HAJHOPMOBAHUX PEKUMAaX €KCIUTyaTallii; METOIx
TEOPETHYHOI MEXaHIKM TpPH BH3HAUCHHI CTIMKOCTI KoHTHeHepiB Ta KI[ ma BIID;
MCE npu BU3HAYeHHI OCHOBHHMX IIOKa3HHKIB MIIIHOCTI Ta KOMIT IOTEPHOMY
moxaemoBanHl JIH Hecyunx KoHCTpyKIiiii BaroniB; meroj dimepa s mepeBipku
aJIeKBaTHOCTI C()OPMOBAHUX MOJEJIei; METOJ] MATeMAaTHYHOTO IUIaHYBaHHS
EKCTICPUMEHTY IIPpM BHU3HAYCHHI ONTHUMAJIBHUX IIapaMETPIB HECYYHX EJICMEHTIB
TPAHCIIOPTHUX  3acO0IB 3 TpyO0 Kpyrjiaoro Imepepizy; CydacHI  METOIu
EKCIIEPUMEHTATBHUX JOCIIUKeHb TMpPU BU3HAYCHHI HaBaHTaxkeHocTi BII® mpwu
HAJHOPMOBAaHUX PEXKUMax EKCIUTyaTallll; METOJ BU3HAYEHHS IPOEKTHOTO CTPOKY
CIIy’)KOM 111 BU3HAUYEHHS IPOEKTHOTO CTPOKY CIIY)KOM YTOCKOHAJEHHX HECY4YHX
KOHCTPYKIIiii BaroHiB.

OOrpyHTOBaHICTh Ta JOCTOBIPHICTH HAYKOBHMX IOJ0K€Hb, BHCHOBKIB,
pexoMeHIanii, SKi 3aXUIAIOTHCS OOYMOBIJICHI BHKOPHUCTAHHSIM CYYaCHUX METOJIIB
MaTEeMaTUYHOTO MOJIENIOBaHHS, KOPEKTHUMHU JOMYIICHHAMH, MiATBEPIKYIOTHCS

32/10BUIbHOIO 3015KHICTIO PO3PAXyHKOBHX 1 €KCIIEPUMEHTAIBHUX JIAHUX.
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HaykoBa HOBH3HA OTPMMAaHMX Pe3yJIbTATIB.

Po3BHHYTI HayKOBI OCHOBM PO3paxyHKIB KOHCTPYKIId BaroHiB Mpu
HaJHOPMOBAaHUX peXKHUMaxX eKCIUlyaTalii, a came, M[pU MEPEeBE3CHHI TMOi3/1B
KOMOIHOBaHOTr 0 TpaHcnopTy Ha 311, a Takok MaHEBPOBOMY CITIBYJapsiHHI.

Buepuuie:

J pO3poOJIeHO  METOA ~ ypaxyBaHHS  HAaTHOPMOBAHMX  PEXHMIB
HaBaHTKEHOCTI HECYYMX KOHCTPYKIIi BaroHiB B eKCIUTyaTaiii, a came IMpH
nepeBe3eHHl KoMOiHOBaHUX MOi3aiB Ha 3I1 Ta maneBpoBux crniByaapsHHsx BIID,
3aBaHTaXeHNX KoHTelHepamu abo Kl 3 mpyXHUMH, B’SI3KUMHU Ta MPYKHO-B’ I3KUMH
3B’sI3KaMU y (DITUHTaX;

. chopMoBaHO MareMaTW4Hi Moneni Juis BusHaueHHS [IH KoHTeiHepiB
a6o KII y ckiani koMOiHOBaHHMX TOi3/1B mpu mepeBe3eHHl Ha 3I1 3 ypaxyBaHHSIM
TaKUX CXEM I1X B3a€MOJIli: BIACYTHICTH nepeminieHb BII® Ta xoHTeiiHEpa BITHOCHO
MOYaTKOBOT'O TOJIOKEHHS;, HasBHICTh nepemimieHb BII® mpu xomuBanusx 311 Ta
HEPYXOMICTh KOHTEHHEPIB BIIHOCHO paMu; HasBHICTh mnepemimeds BIID BimHOCHO
naayOu Ta KoHTelHepiB BigHOCHO pamu BIID;

o OTpUMaHO aHamMITH4YHI Ta rpadiuni 3amexkHocti JIH cyxoBaHTaXHHX
koHTeitHepiB Ta KL mpu mepeBe3eHHi y ckianl komOiHOBaHUX moi3aiB Ha 311, mo
J03BOJISIIOTh BUBHAYUTH CTIMKICTh KOHTEHHEpiB, a Takox K1 Ha BIID;

o orpumaHo 3anexHocti JH cyxoBanTaxxuux xoHTerHepiB Ta KII,
po3mimieHux Ha BII® npu mMaHeBpoBHX CHIBYIAapsHHSIX 3 ypaxyBaHHSM MPYKHUX,
B’sI3KUX a00 MPYKHO-B’SI3KKUX 3B’ SI3KIB y (PiTHHTAX.

HicTaau noaajbuiuii po3BUTOK:

J J00MpalboBaHO MaTeMaTHuHy Mozenb J{H Hecyuoi KOHCTpyYKIIii BaroHa
npu 1ii TOB30BXHBOI CHJIM Ha HBOTO 3 YpaxyBaHHSM 3aCTOCYBaHHS KOHIIETITY
YOPSIKHOTO MPUCTPOIO aBTO34erny. Mojienb 403Bosi€ OTpUMAaTH 3akoHoMipHOcTI JIH
BaroHiB 3 HECYYHUMH €JIEMEHTaMH 13 TPYyO KpyTJIoro nepepizy;

o J00TpalboBaHO MaTeMaTnuHi Mojieni JIH Hecyunx KOHCTpPyKIliii BaroHiB

3 ypaxyBaHHSM BHUKOPHUCTAHHSI MPYKHUX a00 B’A3KHUX 3B S3KIB 13 3aco0amMu
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koMOiHOBaHuX niepeBe3eHb (311, BIID, konTeitHep), 10 103BOJSAIOTH OTPUMATH
3akoHOMIipHOCTI iX JIH npu ekcruryaTanii.

YockoHa/I€HO:

o HAYKOBUHM MIAXIJ IIOJI0 MPOEKTYBaHHS HECYYMX KOHCTPYKILIA BaroHis,
30KpeMa, OOIPYHTOBAHO JOIUIBHICTh 3alIOBHEHHSI 3WJICHOBAHUX OOOJIOHOK, SIKI €
OOKOBMMHM Ta TOPLIEBUMHU CTIHAMH HalliBBArOHIB, €HEPIrOMOTIMHAIOUMM MaTepiajoM,
a TaKOXX BHUKOPHCTAHHS TIPYXHUX €JIEMCHTIB B HECYYMX KOHCTPYKIIISIX BaroHiB
(maniBBaron, BII®, kputuii Baron).

IIpakTu4yHe 3HAYEHHS OIeP:KAHUX Pe3yJbTAaTiB.

3anporoHOBaH1 MPAKTUYHI PIIMIEHHS [IOJA0 TMOKpameHHs e(EeKTUBHOCTI
(GYHKI[IOHYBaHHS BaroHiB B €KCIUTyaTaIlii.

° chopmoBani CEM BaroHiB, sKi JI03BOJIAIOTH BH3HAUUTH 1X JHUHAMIYHY
HABaHTAXXCHICTh, @ TAKOXK MIIHICTh MPU HAJHOPMOBAHUX PEKUMaX Ta MOXKYTb OyTH
BUKOPHUCTAaHI TIPU TMPOBEICHHI BIAMOBIAHUX HAYKOBO-IOCIIAHUX Ta JOCIIAHO-
KOHCTPYKTOPCHKHUX POOIT;

o yIOCKOHAJIEHI Ta 3aMaTEeHTOBaHi: HECydl KOHCTPYKII BaroHis,
koHnTeriHepiB Ta KII, mnpucTpiii [ 3akpilIeHHS BaroHa BIJHOCHO MAyOu
3QII3HUYHOTO TopoMmy, yaapHo-Tsaropuit mnpwinan (Ilatentn  VYkpainu: 122328,
111572, 134400, 134913, 135552, 136743, 138422, 145433);

o 3aMpONOHOBaHI JTOMOBHEHHS HOpMaTHUBHOTO nokymeHTy JICTY 7598-
2014 —Baronu BaHTa)XH1. 3arajabHl BUMOTH JI0 PO3PaXyHKIiB Ta MPOESKTYBAHHSI HOBUX
1 MojiepHi30BaHMX BaroHiB Koiii 1520 MM (HecamoximHUX)l, MIITXOM BpaxyBaHHS
HAJJHOPMOBAHUX PEKMMIB HAaBAaHTAKEHb BAarOHIB B €KCILTyaTaIlii;

o OCHOBHI TIOJIO’)KEHHSI Ta peKOMEH/IaIli1 AUCepTaIiiftHOI poOOTH mepeaaHi 3
METOI0 pO3TAly Ta nojansbmoro BnpoBakeHHS B [II -YkpaiHCbkHil HayKOBO-
nocimigaui  iHCTUTYT BaroHoOynyBaHusll (M. Kpemenuyk) ta JIM3 -Kapmarull
(M. HoBwit Po3ain). Takox pe3ylbTaTH JTUCEPTaliitHOT pOOOTH BUKOPUCTOBYIOTHCS B
HaBuanbHOMY mipoueci Ykp[AY3T npu migrotoBimi OakanaBpiB Ta MaricTpiB 3a
cnemianbHicTI0O 273 -3ami3Hudanid TpaHcmoptTll, a Takox ans ciayxadiB ¢aKyIbTeTy

MIJBUIIIEHHS KBajidikallii Kajapis.
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Oco0uctunii BHecok 3100yBaya. Yci pe3ysibTaTu AUcepTaliiiHoi poOOTH, SKi
BUHOCSITHCSL HAa 3aXUCT, OTpUMaH1 0COOUCTO 3/100yBaueM abo 3a Horo 0e3nocepeaHbo1
yaacti. Haykosi myomikarii [9 — 13, 15— 18, 29, 39 — 43, 46 — 49, 51, 52, 54, 57, 58,
61, 63] onybusikoBaHi 0e3 cmiBaBTOPIB. Y poboTax, onyOI1KOBaHUX Yy CIIBaBTOPCTBI,
JTUCEPTAHTY HAJICKUTD:

- CTBOPEHHS CKIHYEHO-E€JIEMEHTHUX MOJIeJIel HeCyUrX KOHCTPYKLINA BaroHiB Ta
NPOBEJICHHS PO3PaxXyHKY Ha MIIHICTh MPU OCHOBHUX CKCILTyaTAI[IHHUX pexRUMax
HaBaHTaxkeuus — [1, 3, 4, 5, 7, 20, 24, 36, 59, 60];

- CTBOPCHHS 3aKOHOMIPDHOCTCH JMHAMIYHOI HABaHTAKCHOCTI HECYYHMX
KOHCTPYKIIill BaroHiB, 00JiaJIJHAHUX KOHIICTITOM YIpsDKHOTO Tpuctporo — [1, 4, 6, 8,
23];

- CTBOPCHHS 3aKOHOMIPHOCTEH JMHAMIYHOI HaBaHTa)XKCHOCTI KOHTCHWHEPIB Ta
KOHTCHHEPIB-IUCTEPH, PO3MIIIEHUX Ha BaroHax-targopmMax TpH OCHOBHHUX
eKCIUTyaTalllfHUX peKuMax HaBaHTaxeHHs — [25, 27, 31, 45];

- CTBOpEHHS 3aKOHOMIPHOCTEH JWHAMIYHOI HABAaHTAXKEHOCTI BaroHiB,
KOHTEIHEPIB Ta KOHTEHHEPIB-IIUCTEPH, PO3MIIIEHUX HA BaroHax-tuiaropmax mpu
IIepEeBE3CHHI Y CKJIai KOMOIHOBAaHUX MOI3IIB Ha 3ai3HUYHKUX opomax — [14, 21, 22,
28, 30, 33, 44, 50, 53, 55, 56, 62];

- BIIPOBAKCHHSI TIPY>KHO-B’ I3KMX 3B’A3KIB B HECYUl KOHCTPYKIIii KOHTEHHEPIB
Ta KOHTCHHEPIB-IIUCTEPH, a TaKOXX BaroHiB I 3MEHIIEHHS JUHAMIYHOT
HAaBaHTa)XCHOCTI B ekcInyararii — [2, 26, 34, 35, 37, 38];

- CTBOPCHHS 3aKOHOMIPHOCTEH JIWHAMIYHOT HABaHTAXXKCHOCTI Ta MIITHOCTI
HECYyYMX KOHCTPYKIIA BaroHiB 3 TpyO Kpyrjioro rmepepidy Mpu OCHOBHUX
eKCILTyaTallifHUX pekuMax HaBaHTaxkeHHs — [1, 3, 7, 20, 24, 32];

- TIONTYK aHAJIOT1B BaroHiB (MPUCTPOIB 3aKpiTUICHHS) Ta (POPMYBAaHHS 3asIBOK HA
BUHaXoa¥ (KopucHi Mmojeni) — [19, 64—69].

Amnpobaniss pe3yabratiB aucepraunii. OCHOBHI Marepiaid pe3yJbTaTiB
aucepTaniiHoi poOOTH AOMOBIAATUCS, OOTOBOPIOBAIUCS Ta OTPUMAJIA CXBaJECHHS HA

23 HayKOBUX KOH(EpEHITisIX:
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- 77, 78 MDKHapOJHUX HAYKOBO-TEXHIYHUX KOHQepeHlisax «Po3BUTOK
HAyKOBOI1 Ta 1HHOBAIITHOI1 NiISUIBHOCTI Ha TPAHCHOPTI», YKPAITHCBKUW Jep KaBHUN
VHIBEPCUTET 3alli3HUYHOro Ttpancnopry, YkpAVY3T, 2015, 2016. (Ykpaina, M.
XapkiB);

- MibxHapoaHii HAyKOBO-MPAKTUYHIH KOH(pepeH1i —IHHoBamii
1HQPaCTPYKTYpH  TPAHCHOPTHO-JOTICTUYHUX  cucteM.  [Ipobmemu,  1mocBif,
nepcrnexktuBul, CHY im. B. lang, 2016. (Ykpaina, m. Tpyckaselip);

- 76, 77, 79 MbKHapOAHUX HaAyKOBO-TIPAaKTUYHUX KOH(pepeHuisnx —IIpobiemu ta
NEPCIEKTUBUA PO3BUTKY 3alI3HUYHOTrO TpaHcnoptyl, JIHIMpOBChKHI HAl[lOHATbHUN
YHIBEPCUTET 3aJlI3HUYHOIO TPAHCIOPTY iMeHi akajaeMika B. Jlazapsna, 2016, 2017,
2019. (Ykpaina, m. J{Hirpo);

- XIII' migdzynarodowej  naukowipraktycznej  konferencji -Dynamika
naukowych badan-2017I, 2017. (Republic of Poland, Przemysl);

- HaykoBo-nipakTuuHiii KoH(pepeHIlii 37100yBayiB BUIOi OCBITU Ta MOJIOIUX
BueHnx —JloricTuuHe ympaBiiHHSA Ta Oesneka pyxy Ha Tpancroptil, CHY im. B
Hans, 2017, 2018, 2019. (Vkpaina);

- VIII MexayHapoIHOW Hay4YHO-TIPAKTUYECKOW KOH(EPEHIINH, IMOCBIIICHHON
I'ony wnayku -IIpobGiemsl Oe3omacHOCTH Ha Ttpancnoprel, benl'YT, 2017.
(Pecniyonmka bemapycs, r. 'omens);

- VII Mi>kHapoHI HAyKOBO-TIpaKTUYHINA KOoH(pepeHIii —IIpobiemMu po3BUTKY
tparcnopty 1 jorictukul, CHY im. B. Jans, 2017. (Vkpaina, m. Oneca);

- International scientific and practical conference -Globalization of scientific
and educational space. Innovations of transport. Problems, experience, prospectsl,
Volodymyr Dahl East Ukrainian National University, 2018. (Italy, Rome);

- International Multidisciplinary Conference «Science and technology of the
present time: priority development directions of Ukraine and Poland», 2018.
(Republic of Poland, Wolomin);

- MikHapoliHiii ~ HAyKOBO-TeXHIYHIA  KoH(epeHuii —TexHonorii Ta

iHppacTpykTypa Tpancropryl, YkpAV3T, 2018 p. (Vkpaina, m. Xapkis);
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- VI MixxHapoiHiil KoH(pepeHL1i —AKTyalbHI Ipo0JIeMH 1HXEHEPHOT MexaHiKul,
OIABA, 2019. (YVkpaina, M. Oneca);

- MixxHaponHiii HaykoBo-npakTHuHii KoH@epenuii «HAYKA, TEXHIKA I
TEXHOJIOI'I: TJIOBAJIbHI TA CYYACHI TEHJEHLIID», 2019. (Yecbka
PecnyGmika, Ilpara);

- International scientific and practical conference -Globalization of scientific
and educational space. Innovations of transport. Problems, experience, prospectsl,
Volodymyr Dahl East Ukrainian National University, 2019. (Spain, Salou);

- II Beeykpaincokiii koH(pepenii «Baronun HoBoro nokoisiHHg: 13 XX B XXI
cropiuust», YkpAY3T, 2019 p. (Ykpaina, m. XapkiB);

- 9th International Scientific Conference [on] Research and Development of
Mechanical Elements and Systems, IRMES, 2019. (Serbia, Kragujevac);

- 8 MixkHapoaHIi HayKOBO-TeXHIUHIN KoH(pepenuii «I[Ipobremu HamiiHOCTI Ta
JIOBIOBIYHOCT1 1H)KEHEPHUX CIOPYA 1 OyiBeNh Ha 3aII3HUYHOMY TPAHCIOPTIY,
YxplY3T, 2019. (Vkpaina, M. XapkiB);

- IX  MbkHapoaHIM HayKOBO-TIpakTU4YHIM KoHbepeHmii «Tpancmopt i
jorictuka: mpobnemu ta pimennas», CHY im. B. Jlans, 2019 (Vkpaina, m. Oneca).

B moBHOMY 00cs131 pe3ynabTaTi AUcCEepTaIiiHOi poOOTH JOMOBIIAIUCH Ta OyITH
CXBaJICHI HAa PO3IIMPEHOMY CeMiHapi Kadeap ekcruryaTallii Ta PeMOHTY PyXOMOI'O
CKJIay, IH)KEHepii BaroHiB Ta SKOCTI TPOAYKINi, a TaKOoX CIHeIiagi30BaHuX
KOMIT'FOTEPHUX CHCTEM YKpaiHCHKOTO JIEPKABHOTO YHIBEPCUTETY 3alli3HUYHOTO
TPAHCTIOPTY 3a Y4YacTIO WICHIB crerianizoBanoi BueHoi paau /[ 64.820.04.

IMyoaikanii. OCHOBHI TMOJOXXEHHA AHMCEpTAIIHHOT POOOTH 1 pe3yiabTaTu
JOCIIHKeHB OMmy0JIikoBaHi B 69 HayKOBHX Tparsx, B ToMy uncii: 1 MmoHorpadii, mo
OITyOJTIKOBaHA aHTIIIMCHKOIO MOBOIO B iHO3eMHOMY BuaBHUITBI (EcToHis, M. Tamin);
15 HayKOBHX CTaTTAX, 110 1HAEKCYIOThCA HaykoMepuuHuMmu Oazamu ganux SCOPUS
ta/abo WOS (3 mux 3 - mepmoro kBaptimo (Q1l), 5 — 2 kmaprimo (Q2));
10 myOmikamisix B MaTepiagax MDKHAPOJHUX KOH(EpEeHLId, 0 I1HAEKCYIOThCS

HaykomeTpuuanmu 6azamu SCOPUS Tta/a6o WO0S; 11 ctaTTsix B HayKOBUX (haxoBUX
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BUJIaHHAX YKpainu (3 HuX 8 — 0e3 crmiBaBTOpiB); 8 maTeHTax YKpaiHM HAa BUHAXOIU
Ta KOPUCHI MOJIeN1 Ta 25 TOAATKOBUX MpaliX Ta mpalsix anpoOaliifHoro xapakrepy.
Crpykrypa i o0csir podorm. J[lucepramis Mae BCTyH, LIICTh PO3ILIIB,
BHCHOBKH, CIHCOK BHUKOpPUCTaHUX Jkepen 3 213 HaliMmeHyBaHb Ta 3 [0OAaTKH.
[loBHuit oOcsar nuceptamii cknanae 406 cropiHOK, B ToMmy uwucii 264 CTOpiHKU

OCHOBHOT'O TeKCTY, 32 Tabnull, 234 pUCYHKH, 55 CTOPIHOK AOJATKIB.
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