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OcHoBHHUI1 3MICT JUcCepTaliiiHOI po0oTH

B nucepramiiigiii  poboTi po3poOJeHUN HOBUM MIAXiA 10 PO3B’A3aHHA
OaraToKkpuTepiaibHOI TapaMeTpUYHOI ONTUMI3aIlii OOOJIOHOK O0epTaHHS MpHU
CeiCMIUYHMX BIUIMBaX HAa OCHOBI METOAY CKIHYEHHHX €JIEMEHTIB 1 METOay
napamMeTpUYHOl ONTUMI3allii TPaJiEHTHOTO CITYCKY.

byniBenbHa rany3b € OJHIEIO 13 KIFOUYOBUX JJII €KOHOMIYHOTO PO3BHUTKY OYIb-
K01 KpaiHu. Y BChOMY CBITI € TIOTpeOa 10 OyAIBHHUIITBA 1 MPOEKTYBaHHS OyaiBENb 1
criopy/ pizHoro npusHadeHHs. [Ipu 371HCHEHHS I1I€T METH 3aTy4aroThCs: (PiHAHCOBI,
oprasizaiiifii, iHpopMaliifHi, 4aCOB1 Ta IHTEJIEKTYyaJbHI PECYPCH.

Bupimennss naeskux 13 HHUX MOTpeO BUKOHYE ONTHUMaJbHE MPOEKTYBAHHS
OyIiBeNIbHUX KOHCTPYKIIIH, a camMe po3poOKa METOAUKH IO YIOCKOHAJICHHIO
rmapamMeTpiB  Ta TPUIIBUANICHHIO TNPUAHATTS ONTUMANIbHUX pIlICHh MpU  IX
MIPOEKTYBAaHH1 OJJHOYACHO.

BrpoBapkeHHs pi3HUX MAXOA1B ONTUMAIBHOTO MPOSKTYBAHHS MPU PO3PAXYHKY
OyIiBETbHUX KOHCTPYKIIH € aKTyaIbHUM, aJieé MaJIO0 BUKOPUCTOBYIOTHCS Y PEATHHOMY
npoeKkTyBaHHI. /{15 BUpilIEeHHsI TUTaHHS ONTUMAJIBLHOTO MPOEKTYBAaHHS B OY/IIBETbHIN
MeXaHiIli, HEeOOXIIHMM MIAXiJ, /€ BPaXOBYIOThCS JEKLIbKa IMapaMeTPiB IUIbOBUX
b yHKII1# Ta 00MEXKEHb, 11100 OLIHUTH 3 PI3HUX OOKIB HaMpPYKEeHO-Ae(HOPMOBaHHI CTaH
Oy/iBeIbHOT KOHCTPYKIIii, Ta 00paTH ONTUMAJIBHUI BapiaHT 3 ypaxXyBaHHSIM BUX1THUX

TaHUX.



B nepwiomy po30ini BUCBITICHUW Cy4aCHUM cTaH TPOOJEMHU ONTHUMAILHOIO
MIPOEKTYBAaHHS, METOJM 1 MIIXO/IM, Ta PO3IJISAAETHCS TPU TUIM ONTUMI3AL], a caMe:
nmapamMeTpuyHa, TOMOJIOTIYHA, ONTUMI3aIlis GopMu KOHCTPYKIli. Takox BUCBITIIEHI
OCHOBHI CITiBBITHOIIIEHHSI METOTy CKIHUEHHHX €JIEMEHTIB JJIsi 000JIOHOK OOepTaHHS Ta
Bapiaifiiine opMyIrOBaHHS.

Y opyzomy po3zoini po3kpuBarOThCS TEOPETUYHI BIJOMOCT1 OAHOKPUTEPIATIBHOI 1
OaraToKpuTepiaibHOI ~TMapaMeTPUYHOI ONTUMI3allli, B SKUX BHUCBITIEHO ii
MaTEMaTUYHUI aJIrOpUTM, MpPH ICHYIOUMX OJIHIE€I 1 OuIbIle IUIOBUX (YHKIIIMN.
Po3kpuBaeThcst poO0oTa 3MIHHUX MPOEKTYBaHHS Ta 0OMekeHb, 3a ymoB KyHa Takepa,
IO € HEPIBHOCTAMM, SIKI MOKHA BPaxOBYBaTH, K MHOXHUKH Jlarpawxa. OaHuM 13
YUHHUKIB BUBHAUYCHHS OMYKJIOCTI I1IIb0BUX (yHKI(H € MaTpuus ['ecce.

Bucpitnena icHyro4a B3a€MOJisl MK LITLOBUMH (DYHKILISMH, a came: — IUIbOBI
(GyHKIIT KOHPIIKTYIOTh, — HUTHOB1 (DYHKIIIT KOHCOMITYIOTH, — a00 € He3anexHuMHu. [Ipu
YMOBI, IO IiTHOBI (PYHKITI KOHCONIAYIOTh MK COOOI0, € MOXKIIMBICTh OTPUMaHHS
KpaIoro pe3yibTaTy 1 IOCATTH METH, HIXK KOJIM BOHHU TIPAIIOIOTh HE3aJIeKHO OJTHA BiJl
onHoi. B maHomy mociiKeHHI MpEeACTaBJIeH] ABI Mapu LUIbOBUX (GYHKIIIN: Bara
KOHCTPYKIIII 1 HAIIpy>KeHHs 1Mo Mi3ecy, Ta Bara KOHCTPYKIIii 1 IEPEMIIIEHHS 110 OCSM
0X,0Y,0Z. BuznaueHo, 1o JaHi MiuiboB1 (QYHKINT 3aBXIU KOH(IIKTYIOTh OJHA 3
OJTHOI0, TOMY HEMOXJIMBO 3HAUTU ONTUMAJIbHUM MPOEKT JUIsl 000X UIIbOBUX (PYHKIIIN
OJTHOYACHO.

OnucaHa MeTOAMKA Ta TEOPETUYHI BIIOMOCTI MPO MOJETIOBAHHS CEHCMIYHOTO
HAaBAaHTAKEHHA. BHKOHaH1 mepeBipOYHI PO3paxyHKH Ta JOCIIIKEHHS HaIpyXEHO-
neOpMOBAHOTO CTaHy TpPH CEHCMIYHOMY HABAaHTaXXEHHI, IO TOPIBHIOIOTHCA 3
pe3ynbTaTamu IHITUX aBTOPIB B po3paxyHkoBux komiuiekcax [TK SCAD, IIK ANSYS,
Ta mporpamuoro komriekcy FLOWVISION.

OO6rpynToBaHa e(EKTUBHICTb METOJIUKH MapaMeTpUyHOl ONTUMIi3allii, 3a
JIOTIOMOT'OI0  MOPIBHSJIBHOTO  PO3paxyHKy, Ta  JOCHIDKEHHS  HamlpyKeHo-
neOpMOBAHOIO CTaHy Ha NOpHUKIaAl pPeOpPUCTOi IUIMTH 3 OTBOPOM, pPE3yJbTaTu

MOPIBHSHI 3 JOCJIPKCHHSIMU 1HIIIUX aBTOPIB.



Y mpemwvomy po3oini posrisgaetbcs pAn 3agad  po3paxyHKY OOOJIOHOK
o0epTaHHs 3 OHOKPUTEPIATBHOIO MapaMEeTPUUHOIO ONTUMI3AIIEI0 TIPU CEUCMIYHOMY
1 CTAaTUMHOMY HAaBaHTAXEHHSIX, a caMme: — IMWIIHAPUYHA OOOJOHKA 3 IUIABAIOYUM
JaXoM, — HWITHAPUYHI 000JIOHKH 3 )KOPCTKUMHU 000JOHKAMU TTOKPHUTTSI, — 000JIOHKA Y
BUTJISIII TimepOoIiyHOro mMapabomnoiny, 00O0JIOHKAa XBUILOBOI KOHIYHOI (hopmu Ta
BU3HauYCHI (PI3UKO-MEXaHIYH1 BJACTUBOCTI MaTepialiB, 3 SIKUX BOHU BUTOTOBJICHI.

UucenpbHUN EKCIEPUMEHT OJHOKPUTEPIAIbHOI TapaMeTPUYHOl OINTHUMI3alli
BUKOHYBaBCsS 3a JBa eramd. Ha mepmioMy erami po3paxyHKH IPOBOJWIHMCS TPH
IUIbOBIM (DYHKIIIT — Bara KOHCTPYKIIi, 3MIHHI TIPOEKTYBAHHSI — TOBIIMHA OOOJIOHOK
o0epTaHHs, OOMEXEHHS NPE/ICTAaBIICH] Y BUIJISAAI HApyXeHb 1o Mi3ecy 1 By3JI0BUM
nepemimieHHsiM o ocam OX,0Y,0Z. Pe3ynbTaTy nepumioro eramny 4YUCEIbHOIO
EKCIIEPUMEHTY TOKa3ajH, IO MPH JOCTIIKEHHI Hampy>KeHO-1e(OpMOBAHOTO CTaHY
BUKOHYETHCSI aBTOMATHU30BAHHI ITEPEPO3TO/ILT TOBIIUHA Y 000JIOHOK 00epTaHHS, TpU
IIbOMY BiJIOYBAETHCS 3MEHIIIEHHSI HANIPY)eHb M0 Mi3ecy 1 By3JIOBUX MEpPEMIIEHb J10
3aJIaHUX OOMEXEHb, 1110 MPU3BOIUTH 10 €(HEKTUBHOTO BUKOPUCTAHHS KOHCTPYKIIIIHOT
CTaJji, Ta MIJBHUIIYETHCS HECyda CIPOMOXKHICTh 000JIOHOK OOepTaHHs Bij KOMOIHAITI]
CEHUCMIYHOTO 1 CTATUYHOT'O HABAHTAKEHb.

Ha apyromy erami 4ucenbHOTro €KCHEPUMEHTY 3ajaBajiach LUJIbOBA (QYHKIIIS —
Bara KOHCTPYKIIii, 3MIHHI TPOEKTYBaHHA — TOBIIMHA OOOJOHOK OOEpTaHHs,
OOMEXXEHHS MPEJICTABJIEH] Y MEepIii YaCTOT1 KOJMBAHHS Mij BINIMBOM CEMCMIYHOTO 1
CTaTUYHOTO HaBaHTaXEHb. B pe3ynbrari AOCTIIKEHHS HAIpyKeHO-IehOPMOBAHOTO
CTaHy Ha JPyromMy eTarl YHCEIbHOTO EKCIIEPUMEHTY IOKa3aHo, M0 € e(eKTUBHA
MOJKJIUBICTh TEPEPO3MOJIITY TOBIIMHU OOOJOHOK, Il YHUKHEHHSI PE30HAHCY, IO
BUHUKAE BiJ poOOTH 00Ia HAHHS.

3aranoM po3poOJieHUI aIrOPUTM POOOTH OJHOKPHUTEPIATBLHOI MapaMeTpUIHOI
ontuMizaiii Jae 3Mory eQpeKTMBHO BUKOPUCTOBYBATH KOHCTPYKIIWHY CTajab Ta
BUTPUMYBATH BEJIWKI HABAaHTA)KEHHS BiJ CTATUYHUX 1 CEHCMIYHUX BIUIMBIB, SIK1 T1FOTh
Ha KOHCTPYKIIIIO.

Y uemeepmomy po30ini po3kpuBa€eThCA CyTh 1 MIAX1] 10 AITOPUTMY PO3B’SI3aHHS

3a/1a4 OaraTOKpUTEPiaIbHOI MapaMeTPUYHOI ONTHMI3allii 000JIOHOK OO0epTaHHs MpHU



CEUCMIYHOMY 1 CTaTUYHOMY  HABAHTAXKEHHAX.  UYMCeNbHI  €KCIIEPUMEHTHU
OaraToKpuTepiaIbHOI MapaMeTPUYHOI ONTUMI3ALI] PU CEUCMIYHOMY 1 CTATUYHOMY
HABAHTAKCHHSAX TIPOBOMIIKCS y JIBA €TallH.

Ha mnepmiomy erami 4YHCENBHOrO EKCIEPUMEHTY BHUKOPHUCTOBYBAIUCS IS
3HAXO/PKCHHS ONTHMAJLHOTO TMPOEKTYy HACTYIHI BHXITHI JaHi: Tapa IIJIhOBUX
¢dbyHKIIIH — Bara 1 Hanpy>keHHs o Mizecy, 3MIHH1 POEKTYBaHHS — TOBIIIMHA 000JIOHOK
oOepTaHHs, OOMEXKEHHA — HampyXeHHs 1o Mizecy. Pe3ynbTaTu dYHCETbHOTO
EKCTIIEpUMEHTY Ha TEepIIOMY €Tami NpH JOCTIKEHHI Hampy»KeHO-Ie()OpMOBaHOIO
CTaHy MOKa3ajd MOXJIMBICTh ONTHUMI3aLIMHOrO PO3paxyHKy IJsi Miadopy Takoi
TOBIIMHHU OOOJIOHKH, IPHU SKOMY BC1 €JIEMEHTHI HamnpyXeHHs o Mi3ecy JOpiBHIOIOTh
3HAYCHHIO OOMEXEHHSI, SIKE 3a/1aBajioCs B ONTUMI3AlIMHOMY PO3PAXyHKY, MPH I[bOMY
OTpUMaHi PE3yNbTaTH MOXYTh OyTH BHKOPWUCTaHI JJIsi BU3HAYCHHS MPOSKTHHX
pOo3MipiB 000TOHOK OOEpTaHHH.

Ha napyromy erami 4YHCENbHOTO EKCIIEPUMEHTY BHUKOPHCTOBYBAIUCSA IS
3HAXO/PKCHHS OINTHUMAJLHOTO TMPOEKTYy HACTYIMHI BHXITHI JaHi: Tapa IIJIbOBUX
dbyHKIIIM — Bara 1 BY3JI0B1 MEpeMIIIeHHsS KOHCTPYKIIi, B SKUX BHUCBITJICHO CKJIaJIOBI
IJIb0BO1 (PYHKIIIT TIepeMIIIeHHsI, Y BUIJISAAI Halpy>KeHb 3CYBY 1 eHeprii aedopmartii
KOHCTPYKIIii. 3MiHHI MPOEKTYBaHHS — TOBIIMHA O0OJIOHOK OOepTaHHs, OOMEXEHHS —
HampykeHHsa 1mo Mizecy. Pe3ynbTaTé 4HCETBbHOTO EKCIEPUMEHTY APYroro eTamy
O0OJIOHOK OO0€epTaHHS NpH JOCIHKEHHI HanpyXeHO-I1e(pOpMOBAaHOTO CTaHy 3
ypaxyBaHHSIM KOMOIHAIli CTaTUYHUX 1 CEHUCMIYHMX HABAHTaXEHb a0 3MOTY
BUKOHATH MEPEepPO3JUT KOHCTPYKUIMHOI TOBUIMHU CTajli, L0 MpU3BEIO A0 Ti
e(eKTUBHOTO BUKOPUCTAHHSI.

Jlnst po3B’si3aHHS 3a/7ad  MapaMEeTPUYHOI ONTUMI3allli B AMCEPTAIIHHOMY
JoCTipKeHH] 0y10 BUKOHAHO 36 3a/1a4 MOIIYKY ONTHUMAIBHOTO pimieHHs. Pe3ynbraTu
TOCTIHKEHHST 32 pO3pO0JIEHOI0 METOAMKOI TMOPIBHIOBAINCH 3 pe3yibTaTaMu, SKi
OTpUMaH1 1HITMMH aBTOpaMU Ta MOKa3ajau J00pe CIIBBIIAIHHSA, 10 CBIIYUTH MPO il

e(eKTUBHICTb MPH BUKOpHUCTaHHI cydyacHux EOM.



Y n’amomy po3dini Bucsitnenuit anroputm poOOTH NPOrpPaMHOIo 3a0€3MeUEeHHS
IUISL  TOCHIJDKEHHST OaraTOKpHUTEpIaibHOI IMapaMETPUYHOI ONTHMi3alii 000JIOHOK
o0epTaHHs IpU CEHCMIYHOMY 1 CTaTUYHOMY HaBAaHTA)KEHHSAX HA KOHCTPYKIIIIO.

CtBOpeHe mporpaMHe 3a0€3IMEUCHHS J1a€ MOXKIIMBICTh BHKOPHCTOBYBAaTH HOBI
UTHOB1 QyHKINI, OynyBaTu ix rpadiku B cepemoBumli MS Exsel, mo posmmproe
MOKJITUBOCTI mporpamHoro komiiekcy Femap with Nastran 11.4. [licns BukoHaHHS
noOyJI0BU CKIHYEHHO-CJIEMEHTHOI MOJEN KOHCTPYKINi Ta 3aJaHHs KOMOiHaIii
CEUCMIYHOrO 1 CTaTUYHOIO0 HAaBaHTaXEHb HA KOHCTPYKUIIO BIIOYBA€THCS
ONTHUMI3alIMHUM PO3PAXYHOK, B SIKOMY aHAJI3YEThCA HANPYX EHO-IePOopMOBaHUN
CTaH KOHCTPYKIIIi Ta BHUKOHYIOTHCSI HEPIBHOCTI, L0 3aKJaJ€HI B aJIrOPUTM POOOTH
nporpaMHoro 3a0e3mnedeHHs. Jlami micas  aHamizy  pe3yJbTaTiB  CTATUYHOIO
PO3paxyHKY, IpOrpaMHe 3a0e3MeUeHH Ja€ KOMaHy JUIsl 3SMiHU TOBIIUHU OOOJIOHKH y
HANpPSAMKY HAOJIMKEHHS 10 337aHOr0 OOMEXKEHHS Ta MapajienbHo, 3a T0MOMOron MS
Exsel, BukonyeThcss moOymoBa rpadikiB 3MIHM NUTbOBUX (DYHKIIH, Hampy>KeHb 1
BY3JIOBHUX IE€PEMIIIEHb KOHCTPYKITIH.

PesynpTaTn oTprMaHi aBTOpPOM B JHMCEpTaIliliHIi poOOTI 3a JIOIMOMOTOIO
e(pEeKTUBHOT METOAUKM Ta CTBOPEHHsS MPOrpamMHOro 3al0e3leyeHHs 31 3pyYyHUM
1HTEpQEeiicoM BIPOBAKEH] B MPAKTUYHE TPOCKTYBaHHSI.

Kntrouosi cnosa: 06010HKM 00epTaHHs, LIJIbOBA (DYHKIIIS, 3MIHHI TPOEKTYBaHHS,
napamMeTpuyHa ONTHUMi3alis, OaraTOKpuTepialibHa ONTHUMI3ALis, OJHOKpUTEpiaibHA
ONTUMI3aIlisd, ONTUMAJIBHUN TIPOEKT, OOMEXKEHHS HampyXeHHs 1o Mizecy,
ontumizauis (OpMH M YacTOTH KOJMBAHHS KOHCTPYKUII, METOJ CKIHYEHHUX
€JIEMEHTIB, METOJ TPAJIEHTHOTO CITYCKYy, OOMEXKEHHS BY3JIOBHX TIEPEMIIICHb,

KOHCTPYKIIiiTHa CTaIb.



ABSTRACT.
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The main content of the thesis.

The work is devoted to the new approach of the decision of multicriteria
parametric optimization of rotation covers at seismic influences on the basis of a
method of finite elements of building mechanics and a method of parametric
optimization of gradient descent.

The construction industry is one of the key to the economic development of any
country. All over the world there is a need for the construction of buildings and
structures for various purposes. In achieving this goal are involved: financial,
organizational, informational, time and intellectual resources.

The solution of some of these needs is performed by the optimal design of
building structures, namely the development of methods for improving the parameters
and accelerating the adoption of optimal decisions in their design at the same time.

Attempts to implement different approaches to optimal design in the calculation
of building structures are relevant, because in general they are little studied and
practically not used in real design. To address the issue of optimal design in building
mechanics, an approach is needed that takes into account several parameters of
objective functions and constraints to assess the stress-strain state of the building
structure from different angles, and choose the best option based on the original data.

The first section highlights the current state of the problem of optimal design,
methods and approaches, considers three types of optimization, namely: parametric,

topological, optimization of the shape of the structure. Theoretical information about



the finite element method for two-dimensional systems and its variational component
Is also covered. The purpose and tasks of research are formulated.

The second section reveals the theoretical information of single-criteria and
multicriteria parametric optimization, which highlights its mathematical algorithm,
with the existing one or more objective functions. The work of design variables and
constraints, under the conditions of Kuhn Tucker, which are inequalities that can be
considered as Lagrange factors, is revealed. One of the factors determining the
convexity of objective functions is the Hesse matrix.

The existing interaction between the objective functions is highlighted, namely:
- the objective functions conflict, - the objective functions consolidate, - or are
independent. Provided that the objective functions consolidate with each other, it is
possible to obtain a better result and achieve the goal than when they work
independently of each other. This study presents two pairs of objective functions: the
weight of the structure and the stress on Mises, and the weight of the structure and the
movement along the OX, OY, OZ axes. It is determined that these objective functions
always conflict with each other, so it is impossible to find the optimal design for both
objective functions simultaneously.

The technique and theoretical information about calculations at seismic loading
are described. Test calculations and studies of the stress-strain state under seismic
loading were performed, which are compared with the results of other authors in the
calculation complexes of SCAD PCs, ANSYS PCs, and FLOWVISION software
package.

The efficiency of the method of parametric optimization, by means of
comparative calculation, and the study of the stress-strain state on the example of a
ribbed plate with a hole is substantiated, the results are comparable with the studies of
other authors.

The third section considers a number of problems for calculating the shells of
rotation with single-criteria parametric optimization under seismic and static loads,

namely: - cylindrical shell with a floating roof, - cylindrical shells with rigid shells, -



shell in the form of a hyperbolic paraboloid, waveform physical and mechanical
properties of the materials from which they are made.

Numerical experiment of single-criteria parametric optimization was performed
in two stages. At the first stage, the calculations were performed with the objective
function - the weight of the structure, design variables - the thickness of the shells of
rotation, the constraints are presented in the form of stresses on Mises and nodal
movement along the X, Y, Z axes. The results of the first stage of the numerical
experiment showed that in the study of the stress-strain state the automated
redistribution of thickness in the shells of rotation is performed, while the Mises
stresses and nodal displacements are reduced to the specified limits, which leads to
efficient use of structural material from a combination of seismic and static loads on
them.

At the second stage of the numerical experiment, the target function was set -
the weight of the structure, the design variables - the thickness of the shells of rotation,
the constraints are presented in the first oscillation frequency under the influence of
seismic and static loads. As a result of the study of the stress-strain state in the second
stage of the numerical experiment, it was shown that there is an effective possibility of
redistribution of the thickness of the shells to avoid the resonance arising from the
operation of the equipment.

In general, the developed algorithm of single-criterion parametric optimization
allows to effectively use structural steel and withstand heavy loads from static and
seismic influences acting on the structure.

The fourth section reveals the essence and approach to the algorithm for solving
problems of multicriteria parametric optimization of shells of rotation under seismic
and static loads. Numerical experiments of multicriteria parametric optimization under
seismic and static loads were carried out in two stages.

At the first stage of the numerical experiment, the following initial data were
used to find the optimal design: a pair of objective functions - weight and stress
according to Mises, design variables - the thickness of the shells of rotation, constraints

- stress according to Mises. The results of the numerical experiment at the first stage in



the study of the stress-strain state showed the possibility of optimization calculation
for the selection of such a thickness of the shells, in which all finite elements of Mises
stress would be almost equal to the value of the constraint. Mises stresses and nodal
displacements several times, which leads to the efficient use of structural material, with
a combination of seismic and static loads on the structure.

In the second stage of the numerical experiment, the following initial data were
used to find the optimal design: a pair of objective functions - weight and nodal
displacements of the structure, which highlighted the components of the objective
displacement function, in the form of shear stresses and deformation energies. Design
variables - the thickness of the shells of rotation, the constraints - the stress on Mises.
The results of the numerical experiment of the second stage of rotation shells in the
study of the stress-strain state taking into account the combination of static and seismic
effects showed a slight increase in structural weight of steel, compared with the initial
value of stress and displacement.

To solve the problems of parametric optimization in the thesis, 36 problems of
finding the optimal solution were performed. The results of the study according to the
developed method were compared with the results obtained by other authors and
showed a good match, which indicates its effectiveness when using modern computers.

The fifth section highlights the algorithm of software for the study of
multicriteria parametric optimization of shells of rotation under seismic and static loads
on the structure.

An algorithm for software operation has been created, which consists in the
interaction between it and the Femap with Nastran 11.4 and MS Exsel software
package. After constructing a finite-element model of the structure and setting a
combination of seismic and static loads on the structure is an optimization calculation,
which analyzes the stress-strain state of the structure and performs the inequalities
inherent in the software algorithm. Then, after analyzing the results of static
calculation, the software gives a command to change the thickness of the shell in the
direction of approaching the specified constraint and in parallel, using MS Exsel, builds

graphs of changes in objective functions, stresses and nodal movements of structures.



The results obtained by the author in the thsis with the help of effective methods
and the creation of software with a user-friendly interface are implemented in practical
design.

Keywords: shells of rotation, objective function, design variables, parametric
optimization, multicriteria optimization, single-criteria optimization, optimal design,
Mises stress limitation, structure shape and frequency oscillation optimization, finite

element method, gradient descent method, nodal displacement constraints.



CIIUCOK ONNYBJIIKOBAHUX HAYKOBUX MPAIIb 3JIOBYBAUA 3A
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