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Bukopucranus inei,

X aBTOPIB MAlOTh ITOCWJIAHHS Ha BiJIMOBIiIHE TOKEPeIIo



AHOTAIIISA

Illetiuvenxo P.I. 3abe3neyeHHS MIITHOCTI TOHKOCTIHHMX KOHCTPYKIIH 13
IIBUIIEHUMHU TEXHIYHIMH XapaKTePUCTUKAMH.

HMucepraiiss Ha 3100yTTS HAyKOBOTO CTYIEHS KaHAMJAaTa TEXHIYHUX HayK
(mokTtopa ¢inocodii) 3a cremianbHicTIO 05.02.09 "JluHaMika Ta MIIHICTh MamIUH"
(13— Mexaniyaa imkeHepis). — HaimioHanbHUN  TEXHIYHUH  YHIBEPCHTET
«XapKiBChbKUH MOMITEXHIYHUN IHCTUTYT», XapkiB, 2019.

[ToTpebu cyyacHOi MPOMHUCIOBOCTI, TPAHCHOPTY 1 cepr MOCIYT Y THHOBAIIMHUX
BUpoOax 13 MiJBUIIIEHUMH TEXHIKO-€KOHOMIYHUMH XapaKTEPUCTUKAMU OCTAHHIM 4acoM
pi3ko 3pocTaioTh. IlpM 1BOMy BEIMKY YacTKy cepel Takoi MNPOAYKLii 3aiiMaroTh
TOHKOCTIHHI MaIIMHOOY/IBHI KOHCTPYKIII, Y SIKAX palllOHAJIbHO MOEIHYIOThCS MacoBI 1
XapaKTEPUCTUKHU MIIHOCTI. Y TOM e yac Ha O6arato BUpOOIB (JITakd, Cy/IHA, PYXOMHUIA
CKJIaJl 3aJ1I3HULIb, KPaHH, TIEPEBaHTAXKyBadl, EMHOCTI BUCOKOTO THCKY, arapatyd XIMIYHOI
MPOMKCIIOBOCTI, YCTaTKyBaHHS arpOMpPOMHCIOBOTO KOMIUIEKCY) TOIIMPIOIOTHCS CYBOP1
o(iriiiHl MpaBuiia 1 HOPMH, CIPSIMOBAHI, y TEPIIy Yepry, Ha 3a0e3MeUYeHHs] Oe3MeKH
eKcIuTyaTarlli. BiqnoBiHO, Py MPOEKTHUX TOCTIHKEHHSIX BUKOPUCTOBYIOThCS YCTAJIEH]
METOJIMKM PO3PaxyHKy, a TaKOX TPaJMIINAHI TeXHIYHI pimieHHs. He3Bakaroun Ha THCK
CTaJI0l MPAKTUKH, 10 CXWISETHCS 10 CTBOPEHHS BUPOOIB Yy BUTJIS «KJIOHIB» JaBHO
CTBOPEHMX aHAJIOTIB, /€ TAKOXK MPOTUJIEKHA TeHEHIIIS. BoHa MOPOIKYETHCS 3aralbHUM
MIParHEHHSIM JI0 TIPOTPECy, HaBITh y KOHCEPBATUBHHUX OOJACTSIX MISUTBHOCTI, a TaKOX
€KOHOMIYHMMHU MIpKyBaHHSIMH. Biiblll Toro, 6arato crokuBaviB 1HHOBALIHHUX BUPOOIB
YCTaQHOBJIFOIOTh CBOI JTOJIJATKOBI BUMOTH JI0 TIPOAYKITIi, IO CIIPSIMOBAaHI HA MPOJOBKCHHS
TEpMIHY CITYKOW KOHCTPYKIIH, MiJABUINCHHSA IXHBOI MPOIYKTUBHOCTI, 1HTEHCUBHOCTI
eKCIUTyaTallliHUX PEXUMIB 200 HABAHTAXKYBAJILHOI 34ATHOCTI. Y IIMX 00CTaBUHAX, OKPIM
HOPMAaTUBHUX OOMEXEHb, 3’ ABJISIFOTHCS IOJATKOBI, 110 YCKJIAJHIOE BUKOHAHHS BUMOT JI0
MPOEKTOBAHUX KOHCTPYKIIIH.

TakvM 4YMHOM, BUHUKJIA 1 MOCHJIIOETHCS Y CBOIM aKTyaJlbHOCTI Ta Ba)KJIMBOCTI
HAYKOBO-TIPAKTHYHA 33/1a4a PO3pOOKHA METOMIB 3a0e3Me4eHHs] MIITHOCTI 1HHOBAIIHHIX

TOHKOCTIHHMX MAaIIMHOOY/IIBHUX KOHCTPYKIINA MpH i1 KOMILIEKCY EKCIUTyaTalliiHuX
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HABAHTAXKEHb. [1 TIOCTAHOBKA, PO3B’A3aHHS Ta BIPOBAKEHHS Y MPAKTUKY MPOEKTHHX
JOCITIKEHB CKJIajia METY, 3MICT 1 HallpsSIMA TUCEPTALIHHIX TOCHIKCHb.

VY nuceprartiiitiii poOOTI po3B’si3aHa HAYKOBO-TEXHIYHA 3aj1a4ya, SKa MOJIArae B
YIIOCKOHAJIGHHS METOJIB 1 MoJenei M TPOEKTHOro 3abe3nmeyeHHs MIIHOCTI
TOHKOCTIHHUX MAaIlIMHOOYIIBHUX KOHCTPYKIIN TIPU Jii KOMILIEKCY EKCIUTyaTallliHIX
HABaHTAXKEHb.

Y pobGoti s aHamizy Hampy>KeHO-Ie(OPMOBAHOTO CTaHYy TOHKOCTIHHUX
MAaIMHOOYIIBHUX KOHCTPYKIIM 3aCTOCOBYIOTHCSI CITIBBIIHOIIEHHSI TE€OpIi MPYKHOCTI 1
METO/ly CKIHYEHHUX eJieMeHTIB. DopMyBaHHS T€OMETpUYHOI (POPMH JTOCTIHKYBAHUX
KOHCTPYKLIH 3/111ICHIOBAIOCS METOJIaMH TBEPAOTUIHHOTO 1 TOBEPXHEBOIO MOJIETFOBAHHS.
Jlyist BapiaTWBHOI 3MIHU CTPYKTYPH 1 PO3MIpIB JOCIIKYBAaHUX 00’ €KTIB aJIalTOBAHO 1
PO3BMHEHO METOJ] Y3arajJlbHEHOTO MapaMEeTPUYHOTO  MOJETIOBAHHS ~ CTOCOBHO
IHHOBAIIMHUX TOHKOCTIHHMX MAIIMHOOYMIBHUX KOHCTPYKIi. ExcnepumMenTanmbHi
JOCHIJIKSHHS 3/IIMCHIOBAIACS METOIaMU TEH30METPIi Ta aKCEIePOMETPIi.

VY X041 BUKOHaHHS JUCEPTALIAHOTO JTOCIIKEHHS] OTPUMAHO HACTYIHI HAYKOBI
pe3yabTaTi: 1) MpOBEIEHO aHalli3 yMOB €KCIUTyaTarlii, HOPMATHBHHUX BHUMOI, a TaKOX
METO/IIB PO3PaxXyHKy TOHKOCTIHHMX MAaIIMHOOYAIBHUX KOHCTPYKILIA 3 ypaxXyBaHHSM
00MeXEeHb Ha MIIHICTb, 1 Ha i OCHOBI BU3HAYCH] HAMPSMU TUCEPTAIIHUX JTOCIIKCHb,
2) yIOCKOHAJIEHO METOAM 1 MOAEN JJisi OOIPYHTYBaHHS MPOCKTHHUX IapaMeTpiB
IHHOBAILIIMHUX TOHKOCTIHHUX MAaIlIMHOOYAIBHUX KOHCTPYKLIM 3a KPUTEPISIMUA MIITHOCTI
npu T KOMIUIEKCY EKCIUTyaTalllfHUX HaBaHTaXXEHb 13 ypaxyBaHHSM HOPMATUBHUX
oOMeXeHb, 3) 3IIMCHEHO pO3B’SI3aHHSA HHU3KK TPUKIAJAHUX 3371ad  IPOCKTHOIO
OOTpYHTYBaHHS TEXHIYHUX PIIICHD JIJIs1 TOHKOCTIHHUX MAaITMHOOY/IBHUX KOHCTPYKIIIH 32
KPUTEPISMH MIIIHOCTI Ta JOBrOBIYHOCTI; 4) 3IIHCHEHO PO3paxyHKOBO-EKCIIEPUMEHTAIbHI
JOCTIDKEHHST ~ Hanpy>KeHO-Ae(OpPMOBAHOTO  CTaHy  IHHOBAIIMHUX  TOHKOCTIHHHX
MaIIMHOOYIBHUX KOHCTPYKIIM, $KI CHpPOEKTOBAaHO Ha OCHOBI pPEKOMEHMAIli 13
3aCTOCYBaHHSIM pe3yNbTaTiB JMcepTaliitHuX JOCITI/PKEHD;
5) BIpOBaKEHO PE3YJILTATH AOCIIKEHb Y BUPOOHHIITBO.

HaykoBa HOBM3Ha OTpPUMAaHHUX pE3yJbTATIB IMOJIATAE y PO3POOII HOBOIO

YJIOCKOHAJICHOTO TMiIX0Ty, METOIB 1 MOJIeNiel Il TIPOEKTHOrO 3a0e3MeYeHHsT MIITHOCTI
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TOHKOCTIHHMX MAIIMHOOYAIBHUX KOHCTPYKIIM MpH Mdii KOMILUIEKCY EKCILTyaTalliiiHIX
HABAHTAKEHb 13 ypaxyBaHHSIM HOPMATUBHUX OOMEKEHb, & TAKOXK JTOAATKOBUX PUHKOBHUX
KpPUTEPIiB J0 BapiaHTIB iX TEXHIYHUX PINICHb. Y XOJl JOCTIIKEHb PO3B’S3aHO HU3KY
HOBMX HAayKOBHX 33]1a4 1 OTPUMAHO HACTYIIHI HOBI Pe3yJbTaTH:

1. Vnepme mnocraBieHa 1 oTpuMmasia 3aBepiieHe (OPMYJIIOBaHHS  Ha OCHOBI
napaMeTpUYHOro MiaXooy MpodiieMa OOIPYHTYBAHHS MPOEKTHO-TEXHOJIOTIYHUX PIllIeHb
IHHOBAIIIMHUX TOHKOCTIHHMX MAIIMHOOYIIBHMX KOHCTPYKINH SIK 337a4a JBOCTAIIHHOIO
MOIITYKY: Ha TIepIIii cTadii Ha OCHOBI €BPUCTHUYHHUX ITIAXOIB BH3HAYAIOTHCS OCHOBHI
CTPYKTYpHI Ta 3araJbHOKOMIIOHYBAJIbHI PINICHHS 1HHOBALIMHUX BUPOOIB, a HA JIPYyrii
cTafii 0OIPYHTOBYIOTHCSI OKPEMI MapaMeTpy 3a KpUTEpisiMU 3a0€3MeUeHHsT MIIHOCTI Ta
IJIBUIICHHS] TEXHIKO-CKOHOMIYHUX  XapakTepuctuk. lle mae 3mory, Ha BiAMIHY Bij
TPAIUIIIMHUX MIJXO/IB, 31MCHIOBATH CHHTE3 HOBMX, OUIBII JOCKOHAIMX TEXHIUHUX
pimed TCMBK 13 niBuiieHUMH XapakTepUCTUKAMH MIITHOCTI.

2. YIOCKOHAIeHa MHOXHMHA TPOEKTHUX KpPUTEPiiB 1 OOMEXKEHb TOHKOCTIHHHX
MaIMHOOYIIBHUX KOHCTPYKIIM (Ha J0JAaTOK 1O HOPMATHBHO BCTaHOBJICHUX), SKa
MIOTIOBHEHA 1€ ¥ TEXHIKO-€KOHOMIYHUMHU BHUMOTAMH, SIKI TMPOJWKTOBAHI KOHKPETHUMH
YyMOBaMU PHUHKY 1 MOTpedamMu eKcrutyataHTiB. lle cTBoproe mo/aTKOBI KOHKYpPEHTHI
NepeBaru CTBOPIOBAHMX TOHKOCTIHHUX MAITMHOOYHIBHUX KOHCTPYKIIM, MPUUOMY SIK Y
BUpOOHMKA, TaK 1 Yy eKciulyaTaHta. Ha 1iifi OCHOBI yCTAHOBJICHO 3aJICKHOCTI
XAPAKTEPUCTUK MILHOCTI OKPEMHMX TOHKOCTIHHMX MAIUMHOOYIIBHUX KOHCTPYKLIN BiJl
iXHIX TPOEKTHO-TEXHOJIOTTYHUX MapaMETPIB.

3. YIOCKOHaNeHO  METOJl  PO3pPaxyHKOBO-EKCIIEPUMEHTAJIbHOT  Bepuikarii
PO3pPaxXyHKOBUX MOJIEIeH 1HHOBAIIMHUX TOHKOCTIHHUX MAIIMHOOYIIBHMX KOHCTPYKITIH,
KWW 3aJTy4ae, Ha BIIMIHY BiJI TPaIUIIMHUX, K JHKepera iHpopMarlii erarm 000B’I3KOBUX
cepTudikaitHuxX BUMPoOyBaHb 1 JOJATKOBI JOCTIHKEHHS 3 METOK BU3HAYEHHS JIFOYMX
eKCIUTyaTallliHIX HaBaHTaXeHb. Lle mae MOXKIMBICTD TABUIIUTH CTYIIHB aIeKBaTHOCTI
MoJieNiel, TOYHOCTI OTPUMYBAaHHX PE3YJbTaTIiB 1 JIOCTOBIPHOCTI pPEKOMEHAIliH, II10
PO3POOIISFOTHCSL.

Y poboti 0OrpyHTYBaHHSI palliOHAJIBHUX MAapaMETPiB 1 KOHCTPYKTUBHUX PIIICHb

TOHKOCTIHHUX MAaIlIMHOOY/IIBHUX KOHCTPYKITIM 3IMCHIOETHCS 32 KPUTEPISIMU 3MEHITICHHS
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MacH, 3HIKEHHSI Halpy>KeHb, MIIBUIIECHHS TepMiHy ekciutyaratii. [Ipu 1poMy MOXyThb
OyTH BpaxoBaHI TaKOX JIOJAaTKOBI KpHUTEpli, Taki K BapTiCTb, TEXHOJOTIYHICTb,
€KOHOMisl, CHEPrOe(PEKTUBHICTD.

VY3araqpHeHHUMHU BapiHOBaHMMH MTapaMeTpaMy BUCTYIIAIOTh CTPYKTYpa, MPOEKTHO-
texHojoryHi pimeHHss TCMBK, KoHCTpyKTHBHI NapaMeTpH 1 €KCIUTyaTalliifHl pexXUMHU.
[Tpu oMy 3a0e3meuyeThest PO3B’sI3aHHS 337a4 OAMHUYHOTO aHAITi3y, OaraToBapiaHTHUX
JIOCITIPKEHbB, a TAKOXK OOTPYHTYBAHHS PaIliOHATLHIX MPOEKTHO-TEXHOJIOTIYHUX PIIICHb.

Ha po3BUTOK BIIOMHX MiJXOJIB TOCTaBJIE€HI HACTYMHI HOBI TUIM 33jady, IO
BUHUKAIOTh IpPHU OOIPYHTYBAHHI TEXHIYHMX pIIIEHb  IHHOBALIAHUX TOHKOCTIHHUX
MAaIMHOOYIIBHUX KOHCTPYKIIH: yHI(IKaIls, JOIUIBHICTh, aHall3 €(pEeKTUBHOCTI — Yy
BUIAJIKY PO3IJISIHYTOI MHOXKHHU 00 €KTIB; 1IeHTU(IKAIlSI HaBaHTaXKeHb, Bepudikariis —
Ha OCHOBI ITPOEKTHUX JOCIIIKEHD 1 EKCIIEPUMEHTAIIBHUX JAHUX; 33/1a4l POrHO3yBAHHS
Ta BIIJIAIITYBaHHSA, 110 0a3yIOTHCS Ha aHaNi31 IaHUX PO CIPOEKTOBaHI, BUNIPOOyBaHI Ta
ceptuikoBani 00’exTH. LI 331241 po3MIMPIOIOTh MHOKUHY TPAAULIAHUX 33/1a4 CUHTE3Y,
BPAaXOBYIOUM pealibHI CHUTYyallii CepliHOCTI BHUPOOIB, 110 BHITYCKAIOTHCS, YHI(ikarii,
BapTOCTI TOII0. PO3po0iiennii miixia Mae MpakTUYHE 3aCTOCYBaHHs. BiH 1a€ MOMKIMBICTD
PO3B’s3yBaTH MepepaxoBaHi PI3HOTHUITHI 3a]1a4l, 1110 € HOTro rOJIOBHOIO NIEPEBArolo.

3anporoHOBaHI  METOAM  PO3paXyHKY  HampyKeHO-Ae()OPMOBAHOTO  CTaHy
TOHKOCTIHHMX MAITMHOOY/IIBHUX KOHCTPYKIIIH aJrOpUTMI30BaHI Ha OCHOBI IMOETHAHHS
nepeBar yHIBEpCaJIbHUX 1 CIEHIAIbHUX CUCTEM.

BukopucTtoByroun po3poOieHuil  MiaxXia, po3poOsieHI peKOMEHAAIlli 00
paIlioHAILHOTO MPOEKTYBAaHHSI TOHKOCTIHHUX €JI€MEHTIB BaHTAKHUX BAaroHIB Ta KpaHiB-
nepeBaHTaxyBadiB. Tak, maibke Ha 10% momimnimeHo KoeIIliEHT Tapyu BaroHIB-IIUCTEPH
JUISl TIEPEBE3CHHST PO3IUIABJICHOI CIPKM 1 YHIBEPCAJILHOTO BAaroHy-IUIaTGOPMH, a TaKOXK
BaHTAXOMIIHOMHICTh KpaHy-TiepeBaHTaxKyBaya. Kpim Toro, 3a0e3neueHo miABUIIEHHS /10
25% TepMiHy ciy»)Ou X BUPOOIB MOPIBHIHO 13 OYaTKOBUMH BapiaHTaMU 1 BUpOOaMHU
KOHKYpeHTIB. EKOHOMIYHUI €eKT BiJl BOPOBAKEHHS PE3YJIbTATIB POOOTH JIOCSTAETHCS
3a PaxXyHOK CKOPOYEHHS TEPMIHIB 1 3HKEHHS BapTOCTI MPOEKTHUX PO3POOOK 1 CKIIaae
650,2 Tuc. rpH. BrnpoBamkeHHS pe3yabTaTiB pOOOTH 3IIMCHEHO HA TMIAMPUEMCTBAX

ynpasisirouoi kommanii «PeitnTpancXonaunary, a Takok y HTY «XIIl». IoreniitHy



IIHHICTh TPEJCTaBISIIOTh JaHi po3podku st BopoBamkenHs B HJI, Kb i
0e3ImocepeIHbO Ha MiAMPUEMCTBAX, K1 3aiMAIOThCS MPOEKTYBAHHSAM, BUTOTOBJICHHSIM
1 eKCIUTyaTali€l0 1HHOBAIlIMHUX TOHKOCTIHHMX MAIIMHOOYIIBHUX BHPOOIB, SKI
BIIPI3HAIOTBCA ICTOTHO OUIBII BHUCOKUMHM TEXHIYHMMH XapaKTEPUCTHKAMH, HDK Yy
MOYaTKOBUX iX BaplaHTIB, a TaKOX Yy aHajoriB. lle BIAHOCHTBCS 1O TOHKOCTIHHHX
MaIIMHOOYIBHUX KOHCTPYKIIM, SIKI BUKOPHCTOBYIOTH Ha TPAHCIIOPTI, B XIMIYHIH,
Oy/liBeJbHINM, TIPHUYOLIAXTHIA MPOMHCIOBOCTI, B arpoNpOMHUCIOBOMY BHPOOHUIITBI Ta
THIIINX TaTy3sX.

KitouoBi citoBa: MIIIHICTh MaIlIMH, HAIIPY>KE€HO-1e()OPMOBaHUI CTaH, TOHKOCTIHHA
MaIrmmHOOY/IIBHA KOHCTPYKIIIS, MapaMeTpUudHa MOJIENb, METOJI CKIHUEHHHX EJIEMCHTIB,
NPOCKTHO-TEXHOJIOTIUYHE  PIIICHHS,  BaroH-IIMCTepHa,  BaroH-riargopma,  KpaH-

[IEpCBaHTaKyBay.
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ABSTRACT

Sheychenko R.l. Strength assurance of thin-walled structures with increased
technical characteristics. — Qualifying scientific work on the rights of manuscript.

Thesis for candidate of technical science degree (Philosophy Doctor) in
speciality 05.02.09 - Dynamics and Strength of Machines (13 -
mechanical engineering). — National Technical University «Kharkov Polytechnic
Institute», Kharkiv, 2019.

The needs of modern industry, transport and services in innovative products
with increased technical and economic characteristics have recently been increasing
dramatically. Large proportion of such products are thin-walled engineering
structures, which rationally combine mass and strength characteristics. At the same
time, strict rules and regulations are applied to many products (aircraft, ships, rolling
stock, cranes, reloaders, high-pressure vessels, chemical industry equipment,
agricultural equipment) for ensure the operation safety. Accordingly, design studies
use established computational methods, as well as traditional technical solutions. In
spite of pressure of established practice, which tends to create products as "clones" of
long-created analogues, opposite trend also applies. It is generated by general
aspiration for progress, even in conservative areas of activity, as well as economic
considerations. Moreover, many consumers of innovative products set their additional
requirements for products aimed at extending service life of structures, increasing
their productivity, intensity of operating modes or load capacity. In these
circumstances, in addition to regulatory restrictions, there are additional ones, which
complicates the requirements fulfillment for projected designs.

Thus, the scientific and practical task of developing methods for strength
ensuring of innovative thin-walled engineering structures under action of operating
loads complex has appeared and is intensified in its urgency and importance. Its
formulation, solution and implementation to design studies practice is goal, content

and directions of dissertation research.
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In the dissertation work the scientific and technical problem is solved, which
consists in methods and models improvement for strength ensurance of thin-walled
engineering structures under action of operational loads complex.

In the work for stress-strain state analysis of thin-walled engineering structures
the theory of elasticity ratios and the finite element method are used. Geometric
shape formation of investigated structures was carried out by methods of solid state
and surface modeling. For structure and size variation of studied objects, the method
of generalized parametric modeling for innovative thin-walled engineering structures
is adapted and developed. Experimental studies were carried out using strain gauge
and accelerometer methods.

In course of dissertation research the following scientific results were obtained:
1) an analysis of operating conditions, regulatory requirements, as well as analysis
methods of thin-walled engineering structures taking into account the constrains on
durability, and on this basis, the dissertation research directions were determined; 2)
methods and models for design parameters justification of innovative thin-walled
engineering structures according to strength criteria under action of operational loads
complex, taking into account regulatory constraints are improved; 3) solution of a
number of applied tasks of technical solutions substantiation for the thin-walled
engineering structures according to strength and durability criteria; 4) computational
and experimental studies of stress-strain state of innovative thin-walled engineering
structures that are designed on the basis of recommendations with application of
dissertation research results; 5) research results are introduced into production.

Scientific novelty of obtained results is the development of new improved
approach, methods and models for strength ensurance of the thin-walled engineering
structures under action of operating loads complex, taking into account regulatory
constraints, as well as additional market criteria for technical solutions. During
research a number of new scientific problems are solved and the following new
results are obtained:

1. For the first time, the problem of substantiation of design and technological

solutions of innovative thin-walled engineering structures is posed and formulated on
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the basis of parametric approach as a two-step search problem: in the first stage,
based on heuristic approaches, main structural and general solutions for innovation
products are determined, while in the second stage certain parameters are
substantiated on strength criteria and improvement of technical and economic
characteristics. This allows, unlike traditional approaches, to synthesize new, more
advanced technical solutions of thin-walled engineering structures with increased
durability.

2. Set of project criteria and constrains for thin-walled engineering structures is
improved (in addition to the normative ones), which is complemented also by
technical and economic requirements, dictated by specific market conditions and
operator’s needs. This creates additional competitive advantages of thin-walled
engineering structures constructed, both from the manufacturer and the operator. On
this basis, the dependence of strength characteristics of individual thin-walled
engineering structures on their design and technological parameters was established.

3. Computational and experimental verification method of models of
innovative thin-walled engineering structures is improved, which, in contrast to
traditional methods, attracts as a source of information, stage of mandatory
certification tests and additional studies to determine the operating operational load.
At the same time, it is proposed for the first time to evaluate project studies accuracy
and determine operational loads not only for an individual construction, but for the
whole of their series. Thereby, on the one hand, time and cost of research reduce,
and, on the other hand, — degree of model adequacy, accuracy of obtained results and
reliability of recommendations, which are developed.

In the work substantiation of rational parameters and constructive solutions of
thin-walled engineering structures is carried out according to criteria of mass
reduction, stresses reduction, service life increasing. Additional criteria, such as cost,
manufacturability, economy, energy efficiency can be also taken into account.

The varied generalized parameters are structure, design and technological

solutions of thin-walled engineering structures, design parameters and operating
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modes. At the same time, problems of individual analysis, multivariate research, as
well as substantiation of rational design and technological solutions are solved.

For development of known approaches the following new tasks types arising
from technical solutions substantiation for innovative thin-walled engineering
structures are presented: unification task, expediency, efficiency analysis can be
posed in the case of plurality of considered objects; load identification, verification
tasks are based on design studies and experimental data; forecasting and disassembly
tasks based on analysis of data of projected, tested and certified objects. These tasks
extend the plurality of traditional synthesis tasks, taking into account real situations
of serial production, unification, cost, etc. The developed approach has practical
application. It enables to solve various types of listed tasks, which is its main
advantage.

The methods of stressed-strained state analysis of thin-walled machine-
building constructions proposed are algorithmically based on the combination of
advantages of universal and special complexes.

Using developed approach, recommendations for rational design of thin-walled
elements of freight wagons and cranes-reloaders were developed. Thus, the tare
coefficient of tanks for transportation of molten sulfur and universal platform
carriages, as well as crane-reloader load carrying capacity, were improved by almost
10%. In addition, an increase of up to 25% of life of these products compared to
original variants and competitors products. Economic effect of work results
implementation achieved by time and cost reducing for project development and is
650.2 thousand UAH. Implementation of work results was carried out at enterprises
of management company "ReylTransHolding", as well at NTU "KhPI". This work is
potentially appreciate for implementation in research institutes, design bureau and
directly at enterprises involved in design, manufacture and operation of innovative
thin-walled engineering products, which differ significantly higher technical
characteristics than their initial variants, as well as analogues. This applies to thin-
walled engineering structures, which are used in transport, chemical, construction,

mining, agroindustrial and other industries.
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Keywords: strength of machines, stress-strain state, thin-walled engineering
structure, parametric model, finite element method, design and technological

solution, tank wagon, platform wagon, loading crane.
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