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Pubin A B. YJIOoCKOHaleHHS HECy4YMX KOHCTPYKLIM BaHTaXXHUX BaroHiB
IUISIXOM BUKOPUCTAHHS HAMIOBHIOBAYiB B iX CkiIagoBux. — KBamiikaiiiina HaykoBa
Ipals Ha IpaBax pyKOIUCY.

JHucepraiis 3a 3100yTTd HayKOBOTO CTYINEHs KaHAWAATa TEXHIYHUX HAYK 3a
cuemianpHicTio 05.22.07 — pyxomuil ckjaa 3ami3HMIb Ta Tara noizmiB (273 —
3QJII3BHUYHUM TPAHCHOPT). — YKpPAiHCbKUM JEp)KaBHUI YHIBEPCUTET 3aJi3HUYHOTO

tpancnopty, MOH Vkpainu, Xapkis, 2021.

Y  nucepraniiiHii  poOOTI  MPOBENEHO  JOCHIIKEHHS  JUHAMIYHOI
HAaBaHTAXEHOCT1 Ta MIIHOCTI HECYYMX KOHCTPYKII OCHOBHHMX THIIIB BaHTaXHUX
BaroHiB 3 HallOBHIOBauaMH B XpeOTOBHX Oankax. AKTyalabHICTh pOOOTH 00yMOBJIEHA
TAM, 110 BHACIIJIOK IMKJIIYHOCTI Aii eKCIUTyaTallliHUX HaBaHTaKEHb Mae€ MicIle
MOIIKO/DKEHHSI HECYYMX KOHCTPYKIIM BaHTAXHUX BaroHiB Ta HEOOXITHICTH
3M1IHCHEHHS MM03aIUIAaHOBUX BU1B PEMOHTY.

Y Bceryni HaBeAeHO 3aralibHy XapaKTEPUCTHKY JTUCEPTAIiiiHOI poOoTH,
BHU3HAYCHO 11 aKTyaJIbHICTh, 3B’ 530K 13 HAYKOBUMH TeMaMH, C(HOPMYJILOBAaHO METY, a
TaKOX 3a/1a41 IOCIHKEHb, IPEACTaBICHO MPAKTUYHY Ta HAYKOBY IIHHICTH POOOTH.

VY nepriomy po3aisi MpOBEACHO OV Ta aHalli3 JOCIIIKEHb 3 3a0€3IeUCHHS
MIITHOCTI HECYYMX KOHCTPYKIII BaHTa)XHWUX BaroHiB B ekcrutyatarlii. [locmimxeno
CTATUCTHUYHI JaHI OCHOBHHUX ITOIIKO/)KCHb BaHTAXXHUX BaroHiB AT “Ykp3amizHuis .
BcranoBneno, mo HaiOIbma KUIBKICTh TMONIKO/DKEHb TMPUMAZAE Ha Hecydl
KOHCTPYKIli BaroHiB. HaWOuIbII MOMKOIKYBAaHMMHU  CKJIAJOBUMH  HECY4HX
KOHCTPYKIIiii € pama. [IpoBeneHo anai3 HayKOBO-TEXHIYHHMX IMyOJiKarmiil 3 MUTaHb
BU3HAYCHHS HABAaHTAXCHOCTI Ta YAOCKOHAJIEHb HECYYMX KOHCTPYKI[IH BaroHiB.
3MiCHEHO TMATeHTHWHA aHadi3 IIOJ0 YJOCKOHAJeHb HECYYHMX  KOHCTPYKIIIH
BAHTAXHHUX BaroHiB.

Y napyromy po3aiii poO3MISSTHYTO OCOOJHMBOCTI HABAaHTAXEHOCTI HECYUHMX

KOHCTPYKIIIIl BaroHiB B €KCIUTyaTalii. BU3HaueHO OCHOBHI PEXUMHU Ta CXEMU



HABaHTaXEHb HECYUYHUX KOHCTPYKIIIM BaroHis. JlocmizkeHo HalOLIbI HEOIaronprueMHi
PEXUMHU HaBaHTaXXEHb, K1 BUIPOOOBYE BaroH. IIpoBeeHO po3paxyHOK Ha MIIHICTb
OCHOBHHMX THIIIB BaHT@XXHMX BaroHiB. Bu3HaueHo, mo HaWOLIbII HaBaHTaKCHUM
BY3JIOM HECY40oi KOHCTPYKIli BaroHiB € pama. BcTaHOBIEHO, IO HUKIIYHICTH il
HAaBaHTaXEHb Ha HEi B yMOBaX EKCIUTyaTallil 3yMOBIIIOE TONIKO)KCHHS BaroHiB Ta
HEOOXI1IHICTb 3/11ICHEHHS MT03aIlJIAHOBUX BUAIB peMOHTY. ToMy BUHHKae HEOOXITHICTh
CTBOPEHHS 3aXOJIB 1100 3a0e3MeueHHs MIIHOCTI HeCYYMX KOHCTPYKI[Ii BaroHiB B
eKCIUTyaTarii.

Tperiii  po3ain  auceprauiiHoi  poOOTHM  MPUCBSIYEHUHM  JTOCIHIIKEHHIO
HAaBAaHTA)XCHOCTI HECYYMX KOHCTPYKIII BaroHiB 3 YypaxyBaHHSIM BHKOPHUCTAHHS

HAIIOBHIOBAYIB B 1X CKJIaJIOBUX. JlOCHIIPKEHO HABAaHTaXXCHICTh THIIOBOI HECY4Ol
KOHCTPYKIIil BaroHa 3 ypaxyBaHHSM BHKOPHUCTaHHs HAIlOBHIOBAadiB B ii CKJIaJ0BHX.
Po3paxyHok mpoBeneHMil CTOCOBHO HamiBBaroHa wMojeni 12-757 moOynoBu

ITAT “KBB3”. BcTanoBiieHo, 110 3 ypaxyBaHHSM 3aCTOCYBaHHS HallOBHIOBaua B
CKJIQZIOBUX TUIIOBOi HECY4YOi KOHCTPYKIIII BaroHa, siki MalOTh 3aMKHEHMI Mepepis,
MaKCUMaJlbH1 €KBIBAJICHTHI HAMPYXEHHS B HUX 3MEHIIYIOThCA B iHTepBaii 12 — 38%.

[IpoBeneHo po3paxyHOK Ha BTOMHY MIIHICTh paMU HamiBBarona. Pesynbratu

PO3paxyHKy JIOBEJIH, 110 BTOMHA MIITHICTh HECY40i KOHCTPYKIlii HamiBBaroxna 3
HAITOBHIOBA4Ye€M B MOT0 CKJIQJ0BHX 30UIBIIYETHCSA Ha 7 % y MOPIBHSAHHI 3 THIIOBOIO

KOHCTpYKITi€to. Pa3zoM 3 mum 30UIbIIyEThCS Tapa BaroHa. ToMy parfioHaJIbHO
3MIMCHIOBATH BHKOPHUCTAHHS HANOBHIOBAua B HAWOLIBII HAaBAaHTAKCHUX CIEMEHTax
HECy40i KOHCTPYKIIii, a came — XpeOToBiit Oani.

Tomy B po0OTi 3ampoOnOHOBAHO 3aXOAW IOJO YAOCKOHAICHHS XpeOTOBOI
OaJIki BaroHa JUIsl 3MEHIIICHHS il HABAHTA)KEHOCTI MPHU EKCIUTyaTallifHUX peXUMaXx.
[Ipomony€eThCs 3aMICTh TUMTOBUX MPOQLTiB, sIKIi BAKOPUCTOBYIOTHCS Y paMax BaroHis,
BUKOPHUCTaHHS PO iIfo, 3aMKHEHOTO Tepepi3y. Bu3HaueHO onTUMalbHI MapaMeTpu
TOBIIMHU CTIHOK XpeOTOBOi OalKku 3a KPUTEPIEM MIHIMyMY MaTepiaJOEMHOCTI.
3niiiCHEHO PO3paxyHOK Ha MIIHICTh paMHM BaroHa 3 YJOCKOHAJEHOK XpPeOTOBOIO
0ankoro. Pe3ynbratu po3paxyHKy Ha MILHICTh HIATBEPAMIN JOULIbHICTh NPUUHITUX

pIIIEHB.



JlocnipkeHo  NOUUIBHICTh  YJOCKOHAJIEHHS paMy HalliBBaroHa IUIIXOM
BIIPOBAXKEHHSI B IKOCTI HecyunX enemMeHTiB SIN-Oanok. Bukopucrtanus SIN-6anok B
AKOCTI OCHOBHUX HECYUYMX €JIEMEHTIB paMu CIpHs€ 3MEHUIEHHIO ii Macu Ha 6% y
MOPIBHSIHHI 3 PAMOIO BaroHa-npotoTuny. [IpoBeneHo po3paxyHOK Ha MIIHICTh PaMH
HamiBBaroHa. Pe3ynbTatu po3paxyHKy IOKa3ajiu, 10 MaKCHMallbHI €KBIBaJEHTHI
HaIpYy>KEHHsI B HECY4ll KOHCTPYKI[li paMHU HE TIEPEBUILYIOTh JOMyCTUMI. Bu3HaueHo
OCHOBHI IMOKa3HUKH IMHAMIKM HECy40i KOHCTPYKIIi HamiBBaroHa. [lpu mipomy orinka
XOJly HaIliBBaroHa € “BiAMIHHOI0”. OJHAK BHKOPUCTAHHA TaKUX OalOK BHUKIUKAE
CKJIQHICTh TIPOBEJACHHA TEXHOJOTIYHMUX TMPOIECY PEMOHTY Ta TEXHIYHOTO
00CIIyrOBYBaHHS BaroHiB.

JlJiss 3MEHIICHHS JTWHAMIYHOI HAaBaHTa)XCHOCTI paMH BaroHa 3alpOIIOHOBAHO
BUKOPHUCTAaHHS HAMOBHIOBaYiB B XpeOTOBMX Oaikax 3a YMOBH iX BHKOHAHHS
3aMKHEHOTO Tepepidy. 3 METOI OOrpyHTYBaHHS 3a3HAYEHOT'O PIllIEHHS MPOBEACHO
MaTEeMaTUYHE MOJCNIOBAHHS JUHAMIYHOI HAaBaHTaXXEHOCTI TMPH MaHEBPOBOMY
cniByaapsaHHi. [lo yBaru mpuiHATO HasBHICTh HAMOBHIOBAYa 3 MPYXKHIMU, B’ SI3KUMU
Ta TMPYKHO-B SA3KUMHU BIACTUBOCTAMU. Pe3ynbTaTH MNpPOBEACHOTO pPO3PaxXyHKY
MoKa3aiy, [0 HAWOUIBII ONTHUMAJIbHUM 3 TOYKM 30py 3HWKEHHS JIUHAMIYHOT
HAaBAaHTA)XEHOCTI BaroHa Ta TEXHOJOTIYHOCTI € BUKOPUCTaHHS HANOBHIOBAYIB 3
B’SI3KUMHU 200 MPYKHO-B’SI3KUMHU BIACTUBOCTAMHU. [Ipy BUKOpUCTaHHI HAMTOBHIOBaYa
3 B’S3KMMH BJIACTUBOCTSAMH MAaKCHMaJbHI TPUCKOPEHHs, SAKi JIIOTh Ha HECydy
KOHCTPYKIIII0 HamiBBaroHa cKiajfaioTh 36,8 m/c?. JlaHa BeaMuMHA NPUCKOPEHHS Ha
4% HuK4a 3a Ty, 1110 OTPUMaHa JJI HeCy4oi KOHCTPYKIIii 0e3 HaloOBHIOBAYA.

[IpoBeneHO  KOMIT'IOTEpPHE  MOJCNIOBAaHHS  JAMHAMIYHOI  HaBaHTaXXEHOCTI
HaIliBBaroHa 3 HANOBHIOBAYE€M B HECy4id KOHCTPYKIII NpH MaHEBPOBOMY
criBygapsiHHI. BcCTaHOBIEHO, 10 MaKCHMMalbHI TNPUCKOPEHHS 30CEpEIKEHI B
cepe/Hili YacTHHI paMu HamiBBaroHa i ckiajgalTh Omu3bko 38 Mm/c?. IlpoBeneHO
Bepudikamito copMoBaHMX MOJEICH JUHAMIYHOI HAaBaHTAXKCHOCTI HaImiBBaroHa 3
HAIMOBHIOBaYEeM B Hecyduiid KoHCTpykiii. IIpu npoMy rimore3a mpo aJeKBaTHICTb HE

BIIXWIAETHCS.



YerBepTuid po3aiT AMCEpPTAlIHOI poOOOTH NPHUCBAYEHUH OOIPYHTYBAaHHIO
CTBOPEHHS KOHUENTY HECYy4Ol KOHCTPYKI[Ii HalmBBaroHa 3 BUMYKJIUMH cTiHamu. Taka
KOH(irypaiist 00KOBUX CTIH JO3BOJISIE MIABUILUTH KOPUCHUN 00’€M Ky30Ba Ha 8% y
MOPIBHAHHI 3 BarOHOM-NIPOTOTUTIOM. [IpoBe/IeHO BU3HAUECHHSI OCHOBHUX MOKa3HUKIB
MIIHOCTI HECY4Oi KOHCTPYKIIii HaliBBaroHa 3 BUIYKJIMMHU CTiHaMH. MakcuMalbHi
€KBIBAJICHTHI HAMPYXXEHHs MPH [bOMY BUHHUKAIOTH MPHU | po3paxyHKOBOMY peXHUMI
(ynap) Ta He MEPEBHINYIOTh JOMYCTHUMi. Po3paxoBaHO OCHOBHI MOKAa3HUKH JTUHAMIKH
HECydyoi KOHCTPYKIli HaliBBaroHa 3 BHUIYKJIUMU CTiHaMH. MakcumaibH1
NPUCKOPEHHS, [KI JII0Th Ha HECYYy KOHCTPYKILIIO HamiBBaroHa CKJIaJaloTh OJIM3bKO
0,40 Ta He mNepeBUINYIOTh JAONYCTUMI. XiJ PyXy HaMiBBaroHa OIIIHIOETbCS SK
“imMiHHUKA”. TIpoekTHHI CTpOK CIIy)kKOM Hecydoi KOHCTpYKIIli HamiBBaroHa 3
BUITYKJIUMU CTIHAMU CKJIaJ]a€ He MeHIle 32 poKiB.

JIJise 3MEHIIIEHHS TUHAMIYHOT HABAaHTAXXEHOCT1 HECY40l KOHCTPYKIIii KOHIENTY
HaliBBaroHa 3 BHUIYKIMMH CTiHAMHU 3alpONOHOBAHO BIPOBAKEHHS 3aMKHEHOT
KOHCTPYKIIii XpeOToBOi Oajkh 3 HamoBHIOBaueM. Pe3ynbTatu po3paxyHKIB Ha
MIIHICTh MOKa3ajJH, 10 MAaKCHUMajbHI €KBIBAJICHTHA HAMPYKEHHS BUHUKAIOTH TMPH
[ po3paxyHkoBOMy pexxkuMi (yaap) Ta HE MEepeBUINYIOTH gomyctuMux. OTpumaHa
BEJIMYMHA MAaKCUMaJIbHUX EKBIBAJICHTHUX HAmNpyXeHb Ha /% HUXK4Ya 3a Ty, IIO
po3paxoBaHa JJIsl KOHCTPYKIIii 6€3 HallOBHIOBAyYa.

Po3paxyHok ekOHOMIYHOro eQeKTy BiJl BIPOBAJKCHHS HAINOBHIOBAYIB B
HECy4i KOHCTPYKI[ii BAHTA)KHUX BAaroHIB JOCSTAETHCS 32 PAaXyYHOK CKOPOYCHHS BUTpPAT
Ha TO03aIlJIaHOBI BUIW iX pPEeMOHTIB. EKOHOMIUHMN €(eKT BHHHKA€E Ha MIOCTUN PIK
peamizamii mpoekTty Ta ckiamae 2366,496 tuc. rpH. EkxoHOMIiuHMI edekT
HApOCTAIOUYUM IMJICYMKOM B OCTaHHINA PIK pPO3PAXyHKOBOTO TMEPIiOAYy IOPIBHIOE
10338,89 Tuc. rpH.

B m’aromy posmini gucepramiitHoi poOOTH MPOBEACHO EKCIEPUMEHTAIBHE
JOCIIHKEHHST MIITHOCTI MYCTOTUIOTO CTPWIKHSA 3aMKHEHOTO Tepepidy, a TaKoX 3
HANOBHIOBAYEM 11 OOTPYHTYBaHHS 3allPOIIOHOBAHUX PIlIEHb I0A0 YAOCKOHAICHHS
HECy40l KOHCTPYKIIii BaroHa. B SKOCTI HOCHIHUX 3pa3KiB BUKOPUCTAHO MPSMOKYTHI

MyCTOTLI1 CTPUXKHS, a TAKOXK 3 HamoBHIOBaueM. [Ipu 1bOMy BHKOPHCTAaHO METOJO0M



€JIEKTPUYHOTO TEH30METpyBaHHA. BcTaHoBieHO, 110 3 ypaxyBaHHSIM
3aCTOCYBaHHS HallOBHIOBAaYa B CTPUYKHI 3MEHILYIOTHCA HAINPY>KEHHS, Kl BUHUKAIOTh
B HbOMY Ha 5,3% y NOpIBHSIHHI 3 KOHCTPYKIIEIO 0€3 HallOBHIOBAYA.

[Ipy 1bOMY MaKCHUMalbHI HANpPYXEHHS, $SKI BUHUKAIOTH y HAlOBHIOBaYl
3HaxonAThcsl B AianazoHi 2,89 — 3,04 MIla. OtpumaHni pe3yibTaTd CHPUATUMYTh
CTBOPEHHIO HAMNpallOBaHb II0J0 BU3HAYEHHS ONTUMAJbHUX XapaKTEPUCTHUK
HANOBHIOBAYIB CKJIaIOBUX BarOHHUX KOHCTPYKIIH.

OcCHOBHI TOJIOXKEHHSI Ta PEKOMEHJalli AucepTanidiHoi poOOTH mepenaHi 3
METOI0 PO3MJsiy Ta TMOJAibIIOro BOpoBakeHHs Yy Durito JapHUnbkuii
BaroHopeMoHTHUi 3aBoa AT “Vkpzanizuuus” (M. KuiB). Takox pesynbraTi
JUCEpPTaliifHOi poOOTH BUKOPUCTOBYIOTHCS B HaBualbHOMY mpoueci YkpAY3T npu
iATOTOBIII OakajaBpiB Ta MaricTpiB 3a choemiaibHICTIO 273 “3aii3HUYHUN
TPAHCTIOPT’, a TAKOXK JJIA clyXadiB (haKyJnbTeTy MiJBUILIEHHS KBatidikallii Kaapis.

Kuro4oBi cioBa: TpaHcrnopTHa MexaHika, 3aJII3HUYHUI TPaHCIOPT, PyXOMUU

CKJIaJ 3aJ113HUIIb, BATOHH, HECYYa KOHCTPYKIIis, HABAHTAKEHICTh KOHCTPYKIIII.
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ANNOTATION

Rybin A.V. Improved bearing structures of freight cars by means of fillers in
their components. — Qualification scientific work — manuscript copyright.

Thesis for a Candidate of Technical Sciences in Specialty 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.

The thesis deals with the research into the dynamic loading and the strength of
the bearing structures of main types of freight cars with fillers in their center sills.
The relevance of research is conditioned by the cyclic character of the operational
loads that cause failures in the bearing structures of freight cars, which require out-of-
schedule repairs.

The Introduction part presents the general overview of the thesis, the relevance
of research, connection to other scientific problems; it also describes the purpose and
tasks of the research, and its practical and scientific value.

Part One gives an overlook and analysis of the research into the strength of the
bearing structures of freight cars in operation. It is based on the statistical data of
main failures in the freight cars owned by Ukrainian Railways (UZ). It was found that
most of failures have occurred in the bearing structures of freight cars. And the frame
Is the most vulnerable component. It also presents the analysis of scientific and
technical papers on the determination of loads and improvements in the bearing
structures of freight cars; the patent analysis of the improvements is also given.

Part Two describes special aspects of the loading on the bearing structures of
freight cars in operation and the main operational modes and loading diagrams.

The most unfavorable loading modes for a freight car were also studied. The
strength calculation was made for main types of freight cars. It was found that the most
loaded component of the bearing structure is the frame. The cyclic loads on the frame

in operation cause damage of cars that requires out-of-schedule repairs. Therefore,



11

there is a need to develop means to provide the strength of the bearing structures of
freight cars in operation.

Part Three deals with the research into the loading on the bearing structures of
freight cars with fillers in their components. It was conducted for the standard bearing
structure with filler in its components. The calculation was made for a standard 12-
757 open car manufactured by Kryukiv Car Building Works. It was found that when
filled applied the maximum equivalent stresses in the closed-section components of
the bearing structure were 12 — 38% lower.

The fatigue strength calculation for the frame of the open car was also made.
The results demonstrated that the fatigue strength of the bearing structure of the open
car with filler in its components increased by 7% in comparison with that for the
standard structure. The tare weight was also increased. Thus, it is efficient to apply
filler in the most loaded components of the bearing structure, in particular, the center
sill.

It has been suggested that the loads during the operational modes should be
reduced through improvements in the center sill of a freight car. Thus, the standard
profiles, used for car frames, should be replaced with closed-section profiles. The
research also presents the optimal parameters of the thickness of the center sill sides
by the criterion of minimum material capacity. The strength calculation of the car
frame with the improved center sill is also presented. And the results of this
calculation proved the efficiency of the solutions.

The research also deals with improvements for an open car frame through the
use of SIN-beams as the bearing elements. This decreased the mass by 6% in
comparison with the mass of the prototype car. The frame of this open car was
calculated for the strength. The results obtained demonstrated that the maximum
equivalent stresses in the bearing structure of the frame did not exceed the allowable
values. The basic dynamic characteristics of the open car were also determined. The
movement of this open car was estimated as excellent. However the application of
these beams requires complicated technological repairs and maintenance.

The dynamic loading in the frame of an open car can be decreased by means of
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fillers in the closed-section center sills. It was substantiated with the mathematical
modeling of the dynamic loading during a shunting impact. The calculation was made
for elastic, viscous and elastic-viscous fillers. The results of this calculation
demonstrated that the application of viscous or elastic-viscous fillers was the most
efficient technological solution for decreasing the dynamic loading and improving the
performance of the freight car. With viscous filler applied the maximum accelerations
on the bearing structure of the open car were 36.8 m/s?. This value is 4% lower than
that obtained for the bearing structure without filler.

The dynamic loading on the bearing structure of the open car with filler during a
shunting impact was also studied with the computer modeling. It was found that the
maximum accelerations were concentrated in the middle part of the open car frame;
they were about 38 m/s%. The models of dynamic loading on the open car with filler
in the bearing structure were verified. And the hypothesis on adequacy was not
rejected.

Chapter Four presents the substantiation of the concept of the bearing structure
of an open car with convex walls. This configuration can improve the useful capacity
of the body by 8% in comparison with that for the prototype car. The basic dynamic
characteristics of the bearing structure of an open car with convex walls were
determined. It was found that the maximum equivalent stresses occurred in the
bearing structure of an open car during Design Mode | (impact), and they did not
exceed the allowable values. The basic dynamic characteristics of the bearing
structure of an open car with convex sidewalls were also calculated. The maximum
accelerations were about 0.4g; they did not exceed the allowable values. And the
movement was estimated as excellent. The design service life of the bearing structure
of an open car with convex sidewalls car was calculated as no less than 32 years.

The dynamic loading on the bearing structure of the open car concept with
convex walls can be decreased with the application of closed-section beams with
fillers for the center sill. The results of the strength calculation demonstrated that the

maximum equivalent stresses occurred in Design Mode | (impact); they did not
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exceed the allowable values. The value of maximum equivalent stresses obtained was
7% lower than that obtained for the bearing structure without filler.

The cost-benefit analysis from the application of fillers in the bearing
structures of freight cars demonstrated that the efficiency could be improved through
lower costs of out-of-schedule repairs. The economic effect can be achieved at the 6™
year of the project implementation and it can amount to 2,366,496 hrn. The
cumulative economic impact in the final year of the project implementation can be
estimated as 10,338,890 hrn.

Part Five presents the experimental research into the strength of an empty
closed-section beam and a beam with filler; the results were used for substantiation of
the solutions on improvements in the car structure. The tests were conducted for box-
section empty beams and beams with filler by means of the method of electrical
strain measurement.

It was found that the application of filler in the beam could decease the stresses
by 5.3% in comparison with those occurred in a beam without filler.

The maximum stresses in the filler were in a range of 2.89 — 3.04 MPa. The
results obtained can be used by those who are concerned about the determination of
the optimal characteristics of fillers for the components of car structures.

The main statements and recommendations presented in the research were
submitted to Darnitsky Rail Car Repair Works (UZ, Kiev) for further manufacturing
application. The results of the thesis are also used in the Bachelor’s and Master’s
programs for Specialty 273 “Railway Transport” and for students of advanced
training courses in Ukrainian State University of Railway Transport.

Keywords: transport mechanics, railway transport, rolling stock of railways,

bearing structure, structural loading.
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TEPMIHU TA BUSHAYEHHSA

BroMHua minnicTh (omip BTOM1) — BIACTUBICTh MaTepiany He pyHHYBaTHCS 3
4acoM Mij Ai€r0 poOOYNX HAaBAHTAKEHbD.

JluHaMivHA HABaHTAKEHICTh — TIPOIEC, IO XaPAKTEPHU3YETHCS IIBHUIKOIO
3MIHOIO B 4aci 3HaueHb, HANPSAMKIB a00 TOUYOK (30H) MPUKIAJAHHS JUHAMIYHHX
HaBaHTAXCHb | BHHUKHEHHS B €JICMEHTaX KOHCTPYKITii JUHAMIYHUX CHJI.

InHoBamiiiHA KOHCTPYKIliE BaroHa — Hecyda KOHCTPYKI[iSi BaroHa, sika
JI03BOJISIE TIPU CEPIHHOMY BIIPOBAKCHHI JIOCATTH 3HAYHOTO €KOHOMIYHOTO e(PeKTy Ta
MiBUIICHY €(DEKTUBHICTh EKCILTyaTallii pyXOMOTo CKJIamy.

Konuent — iHHOBaIIIITHA 17€51, 1IT0 MICTUTh B COO1 TBOPYHI CEHC.

MinHicTh — BIACTUBICTh MaTEpialy UAHUTH OMIp PYHHYBAHHIO Mif AI€I0
HaAIPYXEHb, 10 BUHUKAIOTH 1] BILTABOM 30BHIIIIHIX CHJI.

Monayab BaroHa — KOHCTPYKTHBHO 3aKiHY€Ha CKJIaJl0Ba BaroHy, MpU3HayeHa
JUTS peastizalii MUThbOBUX 1/a00 3a0e3neuyrounx (QyHKITiH.

Hanpy:xeHnnii cTaH — CyKyIHICTb HOPMAJIbHUX Ta JOTUYHUX HAIPYKEHb, 110
BUHUKAIOTh HAa PI3HUX MalIaHYMKaX, K1 IPOXOATh Yepe3 1aHy TOUKY.

Hecyuya KOHCTpPYKIIisi BATOHY — CYKYITHICTh KOHCTPYKIIIMHUX €JIEMEHTIB, 1110
CIIpUHMAIOTh OCHOBHI HABAaHTA)KCHHSI B €KCIUTyaTaIlii.

IMomkomkeHHsT BaroHa — 1moisi, 10 MOJISITa€ B MOPYIICHHI CIIPABHOTO CTaHY
BaroHy npu 30€peKeHH1 Mpare3jaTHOTO CTaHy.

IIpoexkTHHII CTPOK CJAYyKO0U BaroHa — ¢ Mepioj, MPOTATOM SKOTO BaroH 3a
HAJIEXKHOTO YTPUMAHHS MOXKE BUKOHYBATH IepeadadeHi mpoekToM (DyHKIIIi, a piBeHb
Oe3MeKku MpHu IbOMY HE 3HIKYETHCS HUXKYE MOKa3HIKIB, BCTAHOBJICHUX IMPABHJIAMU
eKCIUTyaTaIllii.

CTpok ciayx0m BaroHa — KaJeHJIapHa TPUBAIICTh EKCIUTyaTallii BaroHa Bif
MOYaTKy eKcIulyaTtailii abo i1 BIIHOBJICHHS MICIs PEMOHTY, ab0 MoOJepHI3alii 110

Mepexoay 10 TPAHUYHOrO CTAHY.
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BCTVII

AKTyaJIbHiCTh TeMH. 3a0e3MeYeHHs] KOHKYPEHTOCIPOMOKHOCTI 3aJII3HUYHOL
rajy3i 3yMOBJIO€ HEOOXIAHICTh CTBOPEHHsSI Ta BIPOBAJKEHHA B EKCIUTyaTallilo
Cy4aCHUX KOHCTPYKIIIH pyxomoro ckiany. [Ipu cTBOpeHHI TaKOTO pyXOMOTO CKIIaTy
BOXJIMBUM € ypaxyBaHHS TEXHIYHUX PIICHb, SIKi CIPUATAMYTh MOKPAIIEHHIO HOTO
TEXHIKO-€KOHOMIYHUX, €KCIUTyaTaI[IHHUX, & TAKOXK €KOJIOTTYHUX MOKa3HUKIB.

AHami3  CTaTUCTUYHHMX  JIAHWX  TIOMIKO/DKEHb  BAaHTAXHUX  BaroHIB
AT “Ykp3ani3Huils™ 3a OCTaHHI POKU CBIIUUTH, 110 3HAYHA KUTBKICTh MOIIKOIKCHB,
onu3pko 68%, mpumamae Ha iX Hecydl KOHCTpykiii. HaifOinpmn HaBaHTaXKEHUM
BY3JIOM HECYYHX KOHCTPYKIIiH BaHTa)XKHHUX BaroHiB € pama. OCHOBHE MOB3OBXKHE
HaBaHTAXXCHHS, SKE Ji€ HAa paMy TpH CKCIUIyaTalliiHUX pEXUMax CIpHIMae
xpeOToBa Oanka. BHacmimok IUKIIYHOCTI dii TOB3JOBXKHIX HaBaHTAKEHb Ha
XpeOTOBY OallKy MOXYTh MaTh MicIle MosiBa TPIMIMH, aedopmariii Ta I1HIMMX ii
MIOIIKO/PKEHL. Taka oOCTaBUHA BUKJIHMKAE HEOOXIIHICTH 3QIMCHEHHS IO3AILUIAHOBUX
BUJIB PEMOHTY BaroHiB, JOJAaTKOBUX BHUTPAT Ha iX YTpUMaHHS B eKCIUTyaTalii abo
B3araJli BUKJIFOUEHHS 3 IHBEHTApHOTO MapKy. KpiMm Toro, JaHi MOMIKOIKEHHS MOXKYTh
BIUTMBATH HA CEKOJIOTIYHICTh Ta OE3MeKy TMepeBe3eHb BaHTAXKIB 3aJI3HUYHUM
TpaHCOPTOM. TOMYy aKTyaJdbHUM TIIOCTAa€ THUTAaHHSA YJOCKOHAJICHHS HECYUHX
KOHCTPYKIII BaHT@XHUX BaroHiB I 3a0€3MEYCHHS MIIHOCTI TPH HaWOUIBII
HECTPUATIMBUX EKCIUTyaTallIiHUX PEKUMaX HAaBaHTAKEHHS.

3BakaroyM Ha 3rajjaHe, AuMcepTalliiiHa po0oTa TpHUCBAYEHA MHUTAHHIM
YIOCKOHAJICHHSI HECYYMX KOHCTPYKI[IA BaHTAXHUX BaroHIB IIJISIXOM BHKOPUCTAHHS
HAIMOBHIOBAYIB B iX CKJIaA0BHX. Lle M03BOJNIUTH 3HU3UTH MaTEPIAIOEMHICTh BAaroHiB,
MOKPAIUTH TOKA3HUKU MIITHOCTI MPH EKCIUTyaTallilHUX PEXUMax HaBaHTAKCHHS,
30UTBIITUTH TEPMiH CITY>KOW Ta 3MEHIIIUTH BUTPATH HA 1X YTPUMAaHHS.

3B’I30Kk Ppo0OTH 3 HAYKOBHUMH IporpamMaMu, MJAHAMH Ta TeMaMU.
HNucepraniiina poboTa BUKOHAHA y BIANOBIAHOCTI 3 HallloHaibHOIO TPaHCHIOPTHOIO

crpareriero Ykpaiau Ha mepiog mo 2030 poky (Bim 30 TpaBus 2018 p. Ne 430-p),
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CrpaTeriyHuMH OpiOPUTETHUMU HaNpsIMaMM 1HHOBaLIHHO1 AistibpHOCTI Ha 2011-2021
POKH.

JlocnimpKkeHHsT 3a TEMOIO AMCEpPTaliiHOiI poOOTH MPOBOAMIUCH AUCEPTAHTOM
Py BUKOHAHHI JAEPKOIOHKETHUX HAYKOBO-IOCHIAHUX POOIT: «DyHaameHTanbH1
OCHOBH CTBOPCHHS aJICKBaTHO-CIPSMOBAHOTO HAMpPYXEHO-1e(QOPMOBAHOTO CTaHy
MyJIbTU(PYHKIIOHAIBHUX  MOJYJIIB  BarOHOKOHCTPYKIIA 3  MOKJIMBOCTSIMHU
NEePCIEKTUBHOTO IIMPOKOTO MaIIMHOOY1BHOTO 3aCTOCYBaHHS
(NeJIP 0119U100437) Ta «Po3poOsieHHs HAyKOBO-TEXHIYHMX PIlIEHb MHPOOIEeMHU
yOe3rnedeHHs] BUCOKOMIBUAKICHOTO PyXy NOI3iB KOMOIHOBAaHOIO TPaHCIOPTY Ha
sanizHungx Ykpainny» (NoJ[P 0120U102133) y sikux aBTop OYB BUKOHABIICM.

Meta i 3agaui gocaimxeHHs. Meroio poOOTH € YIOCKOHAJIEHHS HECY4YHX
KOHCTPYKI[ii BaHTQ)XHUX BaroHiB IUISIXOM BUKOPHCTAaHHS HAMOBHIOBAaYiB B 1X
CKJIaJIOBHX.

JI71s1 TOCSITHEHHS TTOCTaBJIEHOT METH BUPIIICH] TaKi HAYKOBI 3aBJaHHS :

- IpoaHali3yBaTH HAYKOBI JOCIUDKEHHS 3 YIOCKOHAJEHHS HECY4YHMX
KOHCTPYKIIIM BaHTa)KHUX BaroHIB JJIs 3a0€3MEUCHHS X MIITHOCTI B €KCILTyaTaIlii;

- JOCTIIUTH OCOOJIMBOCTI HABAHTAXXEHOCTI HECYUYMX KOHCTPYKIIIM BaroHiB B
eKCIUTyaTalii;

- JIOCTIAWTH HaBaHTAXEHICTh THUIIOBOi HECy4oi KOHCTPYKIIi BaroHa 3
ypaxyBaHHSIM BUKOPUCTaHHS HAIlOBHIOBAauUIB B CKJIAJIOBUX, L0 MAalOTh 3aMKHEHUH
nepepis;

- 3aNpONOHYBATH 3aX0/AM II0JI0 YJOCKOHAJIEHHs XpeOTOBOI Oalku BaroHa ajst
3MEHIIICHHS 11 HABAaHTA)KEHOCTI MPHU EKCIUTyaTaIliiHIX PEKUMax;

- chopMyBaTH MaTeMaTHYHY MOJENIb JJii BU3HAYEHHS JUHAMIYHOI
HAaBAaHTA)KEHOCTI BaroHa 3 3aMKHEHOI0 XpeOTOBOIO Oajikor0, 3aloOBHEHOIO
HAINlOBHIOBAYEM;

- TPOBECTH TEOPETHYHE OOTrPYHTYBAaHHS CTBOPEHHS KOHILENTY HECYy4oi

KOHCTPYKIIii HallIBBaroHa 3 BUMYKJIMMHU CTIHAMU;
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- IPOBECTH EKCHEPUMEHTAJbHE JOCIIKEHHS MILHOCTI MYyCTOTLIOl Oalku
3aMKHEHOTO TIepepidy, a TakoXX 3 HAMOBHIOBaYeM JIi  OOTPYHTYBAaHHS
3aMpPOTIOHOBAHMX PIMIEHb MIOJI0 YIOCKOHAICHHS HECY40i KOHCTPYKIIii BaroHa;

- MPOBECTU TEXHIKO-€KOHOMIYHE OOIPYHTYBAaHHSI 3alpONOHOBAHUX PILIEHb
II0JI0 YJOCKOHAJIEHHS HECYYMX KOHCTPYKIIA BAHTA)KHUX BaroHiB.

06 ’exkm 0ocniddcenHs — MPOLIECH BUHUKHEHHS, CIPUUHATTS Ta IEPEPO3MOALTY
HaBaHTAXXCHb B HECYYMX KOHCTPYKI[ISIX BAaHTAXKHUX BaroHiB 3 HAIIOBHIOBAYaMH B iX
CKJIaJIOBHX.

Ilpeomem OocniddcenHss — 3aKOHOMIPHOCTI (PYHKLIOHYBaHHS HECYuYHX
KOHCTPYKIIii BaHTQ)XKHUX BaroHiB 3 HAIIOBHIOBAYaMU B iX CKJIa/IOBHX.

Memoou oocnioxcenns. Ilpn BUKOHAHHI AMCepTaliifHOi poOOTH 3100yBaueM
BUKOPUCTOBYBAJIMCS TakKi Teopii Ta METOAM JOCTIIKEHb: CydYacHI METOIu
MAaTEMaTUYHOI CTATHUCTUKH TIPU BHU3HAYCHHI OCHOBHUX IIOIIKO/PKCHb HECYUUX
KOHCTPYKIIIM BaroHiB IMpH eKCIUTyaTalliiHuX pexkumax; Mmetoy Jlarpamka Il poxay npu
JOCJIJDKEHH] JTMHAMIYHOT HaBaHTa)XEHOCTI HECYYMX KOHCTPYKIIIH BaHTaKHHUX
BaroHiB; METOJ| CKIHUEHMX €JIEMEHTIB IPU BHU3HAYEHHI OCHOBHUX IMOKa3HHUKIB
MIITHOCTI Ta KOMIT FOTEPHOMY MOJCITIOBaHHI JUHAMIYHOI HAaBAHTAXKEHOCT1 HECY4YHX
KOHCTPYKIII BaHTAXKHMX BAaroHiB IpH eKCIUTyaTallliHUX pexkumax; meron dDimepa
s Bepudikamii chopMoBaHUX MOENEH JUHAMIYHOI HaBaHTAXXEHOCTI; METO]
MATEMaTUYHOTO IUIAHYBAaHHA €KCIEPUMEHTY TMpU BU3HAYEHHI ONTUMAJIbHUX
napameTpiB TOBIIMHH CTIHOK XpeOTOBUX OalOK BaHTaKHUX BAaroHiB; Cy4acHI METOJIU
EKCIIEPUMEHTATBHUX JOCTIHPKeHh MNPH BHU3HAYEHHI HABAHTAXXEHOCTI MyCTOTUIUX
0aJIoOK 3aMKHEHOTO TIepepidy, a TaKOXX 3 HAMOBHIOBAYEM; METOJ BHU3HAYCHHS
MPOEKTHOTO CTPOKY CIYyXOW JJisi BHU3HAYEHHS TMPOEKTHOTO CTPOKY CIIYXKOH
YIOCKOHAJICHUX HECYYNX KOHCTPYKIII BaroHis.

HaykoBa HOBU3HA OTPUMAHMX pe3yJabTATiB.

Bnepuwe:

- mIpoBeieHO (popManizaniio 3ajJadl  ONTUMIZAI[IMHOIO TMPOEKTYBaHHSA 3a
KpUTEPIEM MIHIMAJIBHOI MaTEP1aJIOEMHOCT] TOBIIIMHU CTIHKU XpeOTOBOI OajIku BaroHa

3aMKHEHOT0 IIepepi3y;
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- OTPUMAHO 3aJIeKHOCT1 JUHAMIYHOI HABAaHTAXKEHOCTI HECYUMX KOHCTPYKLIH
BaroHiB 3 MPY>XHUM, B’SI3KUM Ta NPYXKHO-B’SI3KMM HAIlOBHIOBaYaMU B XpeOTOBIH
Oanii 3aMKHEHOTO TMepepidy Mpu HANUOUIBII HECHPUSTIMBUX EKCIUTyaTalliiHuX
peXrMax HaBaHTAXKEHb, 30KpeMa MaHEBPOBUX CITIBYIapSHHSX.

Hicmanu nooanvwuii po3eumox:

- I0OMpallbOBAaHO MAaTEMAaTUYHY MOJEJb JTUHAMIYHOT HAaBAaHTaXEHOCTI HECYUOi
KOHCTPYKIIIi BaroHa nOpH [li NOB3JOBXHBOI CHUJIM Ha HBOIO 3 YpaxXyBaHHSIM
3aCTOCYBaHHS HANOBHIOBAYiB 3 MPYXHUMH, B’SI3KUMU Ta MPY>KHO-B’SI3KUMU
XapakTepucTUKaMu B XpeOToBid Oamnii. Mojenbs 103BOJIS€E OTpUMATH JAWUHAMIYHE

HaBaHTaXCHHs, SKC I[iC Ha HCCyHy KOHCTpYKL[iIO Bdalr'OHa TIIpU MAHCBPOBOMY

CHIBYAapSHHI;
Yoockonaneno:
- METOJI ~ TPOEKTYBaHHS  HECYYMX  KOHCTPYKIM  BaroHiB,  30Kpema,

OOTPpYHTOBAHO JOIUIBHICTh CTBOPEHHSI HAIIBBAaroHIB 3 BHUNYKJIUMU CTIHAMHU Ta
BUKOPUCTaHHS HAINOBHIOBAYIB B XpeOTOBUX Oankax OCHOBHHX THUIIIB BaHTaXHUX
BaroHiB 3aMKHEHOTO TIepepizy.

I[IpakTuyHe 3HAYEeHHS OTPUMAHMX Pe3yJIbTATIB.

- copMOBaHI CKIHYEHO-EJIEMEHTHI MOJIeJII BAaHTaXXKHUX BaroHiB 3 XpeOTOBHUMHU
O0ankaMHM 3aMKHEHOTO IIepepidy, 3allOBHEHHUX HAINOBHIOBaYaMHM, SIKi JIO3BOJISIOTH
BU3HAYUTH iX JUHAMIUYHY HABaHTAXCHICTb, a TAKOXX MIIHICTh MPH EKCIUTyaTaIiiHuX
peXrMax Ta MOXYTh OyTH BHKOPUCTaHI MpPU MPOBEACHHI BIAMOBITHUX HAyKOBO-
JOCTITHUX Ta JOCTITHO-KOHCTPYKTOPCHKUX POOIT;

- YIOCKOHAJIEHO Ta 3amaTEeHTOBAHO HAIMIBBAroH i3 rodpodaikamMu B HeECydid
KOHCTPYKIIii — mateHT Ykpainu 149128;

- 3aIIPOINTOHOBAHI JOMOBHEHHST HopMatuBHOTO nokymenty JICTY 7598-2014
“Baronn BaHTaXHIi. 3arajibHi BUMOTH /O PO3PaxXyHKIB Ta MPOEKTYBaHHS HOBUX 1
MOJICPHI30BaHUX BaroHiB koiii 1520 MM (HecaMOXiTHUX)”’, IJITXOM BIPOBAKEHHS B
HBOT'O OCOOJIMBOCTEH pO3paxyHKIB HECYUYHMX KOHCTPYKI[IH BaHTaXXHUX BaroHIB 3

HAIMOBHIOBa4YaMu B XpeOTOBUX Oalkax;
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- OCHOBHI IOJIOKE€HHA Ta PEKOMEHAAIll JucepTaliiiHoi poOoTH mepenaHi 3
METOK pPO3IJIAAy Ta TNOJAJBIIOr0 BHpoBakKeHHA Yy Duriro JapHUIbKUiA
BaroHopeMoHTHUM 3aBog AT “Vkpzanizuuusa” (M. Kui). Takox pe3ynbTaTu
JUCcepTaliifHOi poOOTH BUKOPUCTOBYIOTHCS B HaBuajgbHOMY mnporeci YkpAY3T npu
MIArOTOBIIl OakajaBpiB Ta MAaricTpiB 3a cHemiaibHICTIO 273 “3ani3HUYHUN
TPAHCHIOPT’, a TAKOXK AJIA ciyXadiB (aKyabTeTy MiJIBUILIEHHS KBami(ikalii KaJapis.

Oco0uctunii BHecok 3100yBavya. Yci pe3ysbTaTd AMcepTaniiHoi poOoTH, AKi
BUHOCATHCSI Ha 3aXUCT, OTpUMaH1 0coOuCTO 3700yBaueM abo 3a Horo 6e3nocepeIHbOI
ydacTi. Y poboTax, omyOJIKOBAaHUX y CMIBABTOPCTBI, IUCEPTAHTY HAJICKUTD:

- aHaJli3 0COOJIMBOCTEN HABAHTAKEHOCTI HECYYMX KOHCTPYKI[IH BaroHiB MpH
eKCIuTyaTariiaux pexxunmax — [1, 13 — 15];

- CTBOPEHHSI CKIHYCHO-CJIEMEHTHUX MOJENed HEeCyYMX KOHCTPYKIIH
BAaHTA)KHMUX BaroHiB Ta TIPOBEACHHS pPO3paxyHKy Ha MIIHICTh TPH OCHOBHUX
eKCIUTyaTalliifHux pexxumax — [2 — 6, 8, 10, 13];

- aHaJl3 3aXxOo[iB IIOAO0 YIOCKOHAJIEHHS TIPOLECY PEMOHTY CKIIAJOBHX
BaHTaKHUX BaroHis — [7];

- CTBOPEHHSI  3aKOHOMIPHOCTEH  TWHAMIYHOT HABAaHTaXEHOCTI HECY4YuX
KOHCTPYKIIifl BAHTa)KHUX BaroHiB 3 HAIIOBHIOBaueM B XpeOToBii Oammi — [9, 11, 12];

- IIOIIIYK aHAJIOTiB BaroHiB Ta ()OpMyBaHHS 3asBKH Ha KOPUCHY Moeib [16].

Amnpodauisi pesyabtatiB aucepraunii. OCHOBHI MaTepialid pe3yibTaTiB
JTUCEPTAIIMHOT POOOTH JTOMOBIAAINCS, OOTOBOPIOBAIKCS Ta OTPUMANIM CXBaJeHHS Ha
7 HayKOBUX KOH(EPEHITIAX:

- Tlepmiii MbKHapoAHIM HayKOBO-TexHIUHIA KoH(pepenmii «lIporpecuBHi
TEXHOJOTii 3aco0iB  TpaHCHOPTY», YKpaiHChKUI  JepKaBHUM  YHIBEPCUTET
3anmizangHOTO Tpancnopty, YkpIY3T, 2021. (Ykpaina, m. XapkiB — Mupropon);

- VIRTUAL INTERNATIONAL CONFERENCE “IN-SERVICE DAMAGE
OF MATERIALS, ITS DIAGNOSTICS AND PREDICTION” , TepHOminbCbKUI
HaIlIOHATPHUIN TeXHIYHUN YyHiBepcuTeT iMeHi I[Bama Ilymios, 2021. (Vkpaina,

M. TepHOMUIb);
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- Il International Scientific and Practical Conference:
SCIENCE,EDUCATION, INNOVATION: TOPICAL ISSUES AND
MODERN ASPECTS,
2021 (Ecronis, m. Tamnin);
- IV Mexnynapoanas HaydyHo-npakTuueckas koHpepenuus “THEORY
ANDPRACTICE OF SCIENCE: KEY ASPECTS”, 2021 (Itanis, M. Pum);
- 11 International Scientific and Practical Conference: GLOBAL AND
REGIONAL ASPECTS OF SUSTAINABLE DEVELOPMENT, 2021
(Dania,
Denmark);
- MuixHaponHiii HaykoBo-TipakTuuHii kKoH(pepenuii «KHAYKA, TEXHIKA I
TEXHOJIOT'Il: AKTYAJIbHI IIUTAHHSI TA JOCJIJXKEHHS», 2021
(Uecwka

PecnyGmika, Ilpara); 5 5
- I MDKHAPOAHIM HAYKOBO-IIPAKTUYHIN

KOH®EPEHIIIT:SCIENTIFIC HORIZON IN THE CONTEXT OF
SOCIAL CRISES, 2021 (Japan, Tokyo).

B moBHOMY 00cs31 pe3ynbTaTH AHCEPTAIiHHOT POOOTH IOMOBITAIUCH Ta
Oynu cXBaJieH1 Ha PO3IIMPEHOMY ceMiHapi Kadeapu iHx)eHepii BaroHIiB Ta SIKOCTI
NPOAYKIlli YKPaiHCHKOTO JEPKABHOTO YHIBEPCUTETY 3ali3HUYHOTO TPAHCIIOPTY 3a
y4acTIO WICHIB crieriarizoBanoi BueHoi paau J[ 64.820.04.

IMyoaikanii. OCHOBHI MONOXEHHSA AHWCEpPTalliiHOI pOOOTH 1 Pe3yIbTaTH
JOCTipKeHb onmyOsikoBani B 16 HaykoBUX mparsx, B TOMy 4uCHi: 6 cTarTax B
HAyKOBUX (PaxoBUX BUAAHHSIX YKpaiHW; 2 HAYKOBHUX CTATTIX, IO 1HAEKCYIOTHCS
HaykoMmepuuHOto 0a3oro manux SCOPUS, 3okpema, 1 3 skux omyOimikoBaHa B
BUJIaHHI 1HINOI JeprkaBu; 4 mpamsgx anpoOamiiHOro XapakTepy Ta 4 J0AaTKOBHX
nparsix, cepen Hux 1 maTeHT Ha KOPUCHY MOJIeTh Y KpaiHu.

CrpykTypa i obcsar podorm. Jluceprarmiss Mae BCTyH, II'SITh PO3AUTIB,
BHUCHOBKH, CIIMCOK BUKOPHCTaHWX jpkepenl 31 135 HaliMeHyBaHb Ta 3 JOJATKH.
[ToBuuii oOcsar muceprarii cknamae 194 cropiaku, B Tomy uuchi 118 cropinok

OCHOBHOTO TeKcTy, 40 Tabmmib, 102 pucynku, 10 cTopiHOK mO7aTKiB.
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