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Pedepar:

1. ¥ nuceprauiiiniii po60Ti po3B’si3aHa HAYKOBO-TEXHIUHA 3a1ia4a, sIKa MoJsirae B po3po61i i peasnizawii nigxony no
3a0e31e4eHHs KOHCTPYKLiHOI MilJTHOCTI CKJIafHUX TOHKOCTIHHMX MAIIMHOOYIiBHUX KOHCTPYKIIii, 110 IPaLIOIOTh B
yMOBax reOMeTpUYHO Ta (i3UYHO HeJiHIHOI ToBeAiHKU MaTepialy, Ha OCHOBI IOOYI0BU i BUKOPUCTaHHS
arnpokcumanii QyHkuii Biaryky. O6’eKT IOCiIKeHb: MilIHICTb Y IPOLIEC] eKCITyaTaliliHOr0 HaBaHTa KEHHS
TOHKOCTIHHMX MAaMIMHOOYAIBHUX KOHCTPYKILiN NPy CKJIaHIN 3MiHI IapameTpiB i3 ypaxyBaHHSM r€OMETPUYHOI Ta
disnyHOi HesiHilHOCTelN. Y poOOTi 3aCTOCOBYIOTHCSI METOIY TBEPAOTIZIOTO TPMBUMIPHOTO MOJIE/IIOBAHHS Ta METO],
y3araJlbHEHOro MapaMeTPUYHOTO MOJIE/IIOBAHHS CKJIQAHUX 1 HAJCKJIAJHAX MEXaHIYHUX CUCTEM — 711 CTBOPEHHS
[apaMeTPUYHUX MOJEJIEN AOCIIIKYBAHUX KOHCTPYKLiMA, METOLY MEXAHIKU CYLIIJIbHOTO CEPENOBUILA O AJ151 aHAJi3y

HaIpyXeHo-1e(OPMOBAHOI0 CTaHY TOHKOCTIHHUX MAIIMHOOYiBHUX KOHCTPYKLiN, METO], CKIHYEHHUX €JIEMEHTIB —



IJ1S1 AUCKpeTU3alii oCTiIKyBaHUX KOHCTPYKLIN Ta PO3B'sI3aHH 3324 aHaJIi3y AOCHiIKyBaHUX CTaHIB Ta MPOIECIB,
METOJ, CKIHUYeHHUX Pi3HULb — 17151 O6UMCIeHHS NOoXinHOI QYyHKLUIi BiAryKy B X0[li peanisaliii aropuTmy HOLIyKY
PaLliOHAJILHOTO NO€JHAHHS KOHCTPYKTUBHUX NIapaMeTpiB. HaykoBa HOBM3HA OTPUMaHUX PE3YJIbTATiB I10JISTAE B
PO3po0Li Nigxony 0 3a6e3Me4eHHsI KOHCTPYKLiHHOI MilIHOCTi TOHKOCTIHHMX MAalIMHOOYAiBHMX KOHCTPYKLiH, 110
IIPALIIOIOTh B YMOBAX F€OMETPUYHO Ta (i3UYHO HEJIiHIMHOI MOBEAiHKMA MaTepialy, MsXOM OOrPYHTYBaHHS
IlapaMeTpiB i3 3aCTOCYBaHHIM allPOKCUMMallill TOBEPXOHb Bifryky. [1py 1jpoMy po3B'si3aHi HOBI 3a/1a4i Ta BUsIBJIEH]
HACTYIIHi 3aKOHOMIiPHOCTI: 1) po3p0o6s1eHO HOBUM MiAXif 0 OOIPYHTYBaHHS IPOEKTHUX PillleHb /1151 TOHKOCTIHHUX
MaIMHOOYIiBHUX KOHCTPYKLIN IIPY BapilOBaHUX KOHCTPYKTUBHUX, TEXHOJIONYHMX ITapaMeTpax i yMoBax
eKCIulyaTalii Ha OCHOBI MiHiMi3alii anpokcumariiHoi 1inboBoi QyHKLUii (Ha BigMiHY Bif TpaguLiliHUX MinX0LiB, y
SIKUX BUKOPUCTOBYETBCS JilicHa QYHKIis BiAryKy) i3 ypaxyBaHHSIM reOMeTPUYHO i (Pi3uuHO HesiHiHOi ToBeiHKN
Marepiany TOHKOCTIHHUX €JIEMEHTIB KOHCTPYKLH, 110 CTBOPIOE MOJKJIMBICTb O1/IbII ONI€PATUBHOTO BU3HAYEHHS
palioHaJbHUX NApaMETPIiB LMX KOHCTPYKLIM; 2) yIOCKOHAJIEHO METO], allpOKCUMallii IOBEPXHi BiTYKy y 4aCTUHI
YTOYHEHHS il BUIJISIAy B Mipy HaOJIMKEHHS IO LIYKAaHOTO PO3B'SI3KY, IO CTBOPIOE YMOBHU [1J11 3BMEHIIEHHS 00CATy
0o64uceHb 3Ha4eHb QYHKIU] BiATyKy MOPiBHSIHO i3 BiTOMUMHU METOJAMU IIPU 30€PEKEHHI IPUMHITHOI TOYHOCT
PO3B’SI3KY; 3) yCTAaHOBJIEHO XapaKTep 3aJIeKHOCTEN XapaKTePUCTUK Hallpy>KeHO-Ae(OpMOBaHOTrO CTaHy HU3KHU
TOHKOCTiHHUX MaIMIMHOOYAIBHUX KOHCTPYKIiH Bif BapilioBaHUX MPOEKTHUX I1apaMeTPiB, 1[0 € OCHOBOIO
(opMyBaHHS allPOKCHMALiIHUX IOBEPXOHb BiITYKy [IPY CHHTE3i pallioHaJIbHUX PO3B'SI3KiB 3a PI3HUMU KPUTEPISIMU.
Po3pob6seHnii nigxin nae MOXKIJIMBICTb OJHOYACHO PO3IVISIAATY Pi3Hi KpUTEPpii, 3a SIKUMU IPOBOIUTHCS
OOIpyHTYBaHHS IIapaMeTpiB, BKIOYAI0YY XapAaKTEPUCTUKHU MIIJHOCTI, 5KOPCTKOCTi, TEXHOJIOTIYHi Ta €KOHOMIUHi
yuHHUKUY. 1]i Kputepii BBOAITHCS y LisIbOBY QYHKILiI0 3 BaroBuMM KoedillieHTamyu. O6MeKeHHs Ha JOIyCTUMI
3HAYEHHS IapaMeTPiB BPaxOBYIOThCS BBEJEHHSIM Y LisTbOBY QYHKI0 WTpadpHUX QYHKILiNA. 111 06UnCIeHHS
YYTJIMBOCTI OKPEMUX BEJIMYMH 10 3MiHU NTapaMeTpiB 3aIIPOIIOHOBAHO BUKOPUCTOBYBATU CKiHYEHHO-Pi3HULIEBI
CIIiBBifHOLIIEHHS. ATIPOKCMMOBAHa 11iiboBa QyHKIis BinoOpaskae B LiIOMy T7100a7bHi TeHIeHii 3MiHY pimeHs. Lle
Ila€ 3MOT'y y OiJIbIIOCT] BUNAIKiB 3HAMTU CTiliKe pallioHaJIbHE T€XHIYHE pillleHHS, 6JIU3bKe JO ONTUMAJIBHOTO.
Po3pob6seHunii cnenianisoBaHu IPOrpaMHO-MOJI€bHUM KOMILJIEKC BKJII0YA€ TPU OCHOBHI KOMITOHEHTH:
napaMeTpyuyHi MOJiesli, CTBOPIOBAHi CrleliasibHO i KOHKPETHUH 00'eKT LOCiIKeHHs 260 Kiac 06'eKTiB; IporpamHi
MOy, sIKi OIepyloTh 3 JaHUMU PO 00'eKT i Bapilol0Th YNCEJIbHY MOJIeJIb; eKCIIePT, SIKUI KOHTPOJIIOE ITPOBEEHHS
ycix eTamniB JOCiIKeHHs. Pe3ynbTaTy AucepTaliiiHuX OOCTiIpKEHb IPEACTABIISIIOTh iHTEpeC [J1s1 BIPOBA’KEHHS B
HJI, KB i 6e3nocepeqHb0 Ha MiANPUEMCTBAX, SIKi 3aiMalOThCS IPOEKTYBaHHSM, BUTOTOBJIEHHSIM i eKCITyaTali€eo
TOHKOCTIHHUX MAaIMIMHOOYAiIBHUX BUPOOiB (260 BUPOGIB, Y CKJIaZi IKMX MICTSIThCS TOHKOCTIHHI €JIeMEeHTH), 110
IIPaLIOIOTh B YMOBAaX CKJIaIHUX PEKMMIB HaBaHTaXEHHS [P BEJIMKUX [lepeMillleHHSIX i gedopMallisx, sIKi 3HaYHO
[IEPEBUILYIOTh NIPY>XHi. Lle i pyxoMuil cKjaf, 3a1i3HUYHOrO TPAHCIIOPTY (BaroHM, LUCTEPHY, IJIAaTPOPMHU TOILO),
©0110Bi MalllMHY, Kap'eépHi €KCKaBaTOPH, BiIBaJIOyTBOPIOBAyi, IepeBaHTaKyBadi Towo. Ha 1iit 0CHOBi po3pobieHi
peKOMeHallil o0 PallioHATBHOIO MPOEKTYBAHHS TOHKOCTIHHUX €JIEMEHTIB BAHTaKHMX BaroHiB, KOPIIYCiB
JIErKOOPOHBOBAHMX MAIIMH, KAPKacCiB Ky30BiB aBTOOYCiB Ta KabiH TPaKTOPiB. [I0TEHiiHy LiHHICTb IIPE/ICTaBIISAIOTh
1i pO3pOOKMU [1J1S1 €JIEMEHTIB TipHUYO-1IaXTHOT'O YCTATKyBaHHS, MiTOMHO-TPAHCIIOPTHUX MAIIUH, TPAHCIIOPTHUX
3aCc00iB BiICBKOBOTO i IMBiIJILHOTO IPU3HAYEHHS], CYJEeH, BITPO€HEePreTUYHUX YCTaHOBOK TOI0. CTBOPEHO
IIPOrpaMHUI KOMILJIEKC, SIKUH BIIPOBAIKEHU Y IPAKTUKY IPOeKTHUX pobiT y TOB «HaykoBo-iHXeHepHU LIeHTP
KK «PennTpancXonpinr» (M. Mapiynoss) ta JIT «3aBog im. B.O. Manumesa» (M. XapkiB).

2. The scientific and technical task of development and implementation of methods is solved in the dissertation. It
provides development and implementation of methods for strength assurance of thin-walled structures that
operate in conditions of geometric and physical nonlinearity basing on construction and use of the response
functions approximations. An object of the research: a strength of the thin-walled mechanical engineering
structures in the operation with a difficult change of parameters taking into account geometric and physical
nonlinearities. Methods of solid-state three-dimensional modeling and method of generalized parametric
modeling of complex and complicated mechanical systems are used for parametric models creation of investigated
structures; methods of continuous mechanics - for stress-deformed state analysis of thin-walled engineering
structures; finite element method - for investigated structures discretization and for solving analysis tasks of



investigated states and process, finite difference method - to calculate the derivative response function during
implementation of algorithm for finding a rational constructive parameters combination of investigated objects.
The scientific novelty of obtained results is to develop an approach to providing strength assurance of thin-walled
structures that operate in conditions of geometric and physical material nonlinearity by substantiating the
parameters with use of response surfaces approximations. New tasks were solved and following regularities were
found: 1) new approach to validation of design solutions for thin-walled engineering structures with varying
design, technical parameters and operating conditions is developed on the basis of minimization of approximated
target function (as opposed to traditional approaches in which the actual response function is used) taking into
account geometrically and physically non-linear material behavior of thin-walled structural elements, which
makes it possible to more efficiently determine rational parameters of these structure; 2) method of response
surface approximation in part of refining its appearance as it approaches the solution is improved, this creates
conditions for reduce computation volume of response function values compared with known methods while
maintaining an acceptable solution accuracy; 3) character of stress-strain state dependencies of a number of thin-
walled mechanical engineering structures on the basis of design parameters is found, which is the basis of
formation of response surfaces approximation in synthesis of rational solutions according to different criteria. The
developed approach gives possibility to simultaneously consider different criteria for parameters validation,
including characteristics of strength, rigidity, technological and economic factors. These criteria are added into
the objective function with weighted coefficients. Constraints on parameters allowable values are taken into
account by adding into the objective function of penalty functions. For sensitivity evaluation of individual values to
parameters variation, using of finite-difference ratios is proposed. Approximated objective function reflects global
trend of decision-changing. This allows, in most cases, to find a sustainable, rational technical solution close to
optimal. The developed specialized program-model complex includes three main components: parametric models,
created specially for a concrete investigated object or class of objects; program modules that operate with object
data and vary the numerical model; an expert to control all research stages. The dissertation research results are
of interest for implementation in research institutes, design bureaus and directly at enterprises involved in the
design, manufacture and operation of thin-walled engineering products (or products containing thin-walled
elements), which operate in conditions of complex loading regimes under large displacements and deformations,
which significantly exceed elastic ones. These are a rolling stock of rail transport (wagons, tanks, platforms and
other), military technics, quarry excavators, dumpers, reloaders etc. Recommendations of rational design of thin-
walled elements of freight cars, hulls of lightly armored vehicles, buses hulls and tractors cabins. The potential
value of these developments is for elements of mining equipment, lifting and transport vehicles, military and
civilian vehicles, ships, wind power plants, etc. The program complex created was introduced into the practice of
design works at JSC "Science Engineering Center of MC "RailTransHolding" (Mariupol) and the SE "V.O. Malyshev
Plant" (Kharkiv).

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopHTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
IlizcyMKu BOCIIiAKEHHS:

ITy6osikamii:

HaykoBa (HayKOBO-TEeXHiYHa) IPOAYKILisi:
Comnia;ibHO-eKOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:



3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I1o-6aThKOBI:
1. Tkauyk MuKoJia AHaTOJIOBUY

2. Tkachuk Mykola Anatoliyovych

KBasigikamis: n. 1. 1., 20.02.14
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoO KeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiifiHuX ONOHEHTIB Ta PELeH3€HTiB
O@inifiHi OIOHEHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Kurmniin Imutpo OsnekcinioBuy

2. Zhigiliy Dmytro Oleksiyovych

KBasigikamis: . 1. 1., 05.02.09
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indpopmamnist:

IToBHe HallMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. 'punbOB Bosopumup bopucosud

2. Grinyov Volodymyr Borysovych



KBasigikamis: g. 1. 1., 05.02.09
InenTudikarop ORCID ID: He 3acrocosyerses
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acigaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

JIbBOB 'eHHaniN IBaHOBUY

JIbBOB I'eHHamiv IBaHOBUY

FOpuenko T.A.



