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YK 539.3

MATEMATHUYHE MOJEJIIOBAHHA B 3AJAYAX
3 BPAXYBAHHSAM CKIHHEHHUX JE®OPMAILINU

T. C. Karagiii*, O. B. biiosa**, A. I'. llImopTta*, O. /I. OHonpieHko™**
*HTY «/lHinpoBchKa ModiTeXHiKa», **YKkpaiHCbKUM JAepKaBHUM YHIBEPCUTET HAYKU
1 TexHosori# (IHinmpo), *** JIHinpoBChKHM Aep>KaBHUN
arpapHO-eKOHOMIYHHI YHIBEPCUTET

Anomauin. BpaxyeanHns HeniHiliHux eracmugocmel Mmamepiany 3HAYHO YCKIAOHIOE pO3-
8 A3aHHs 3a0a4 Meopii NPysCHOCMI ma 8 A3KONPYHCHOCMI, ane, 0OHOUYACHO, HAONUMNCAE Mamema-
MUYHY MOOelb 00 peanbHoi NOCMAHOBKU 3a0ayi 3 npakmuku. Ieomempuuno Heniniuna meopis
NPYIAHCHOCE MiCMuUmsb 8 coOi 0esiKi 0coONUBOCMI, 3A80AKU AKUM B0OHA BIOPIZHAEMbCS 8I0 KAACUYHOT
(ninitinoi) meopii. I'onoena GIOMIHHICMb CKIAOAEMBC 8 MOMY, WO 6 HENIHIUHIU meopii 8paxosy-
E€MbCSL PIBHUYSL MIdIC eeomempicto Hedepopmosanozo ma degopmosanozo cmaris. Memoro npeo-
cmaeneHoi pobomu € y3a2anbHeHHs Memooa 30ypeHb Ha GUNA0OK Mamepianis, Wo eumMazaioms epa-
XY8aHHA CKiHYeHHUX Oepopmayiil. 3anponoHosanuti nioxio 00360.5€ 36ecmu 3a0aui 2eoMempuyHoO
HeNIHIUHOI meopii npysxcHocmi (8 WIOCKIU ma Npocmoposil NOCMAHO8YI) 00 NOCAI008HO2O
PO38’A3aHHA Kpatiogux 3a0ad meopii nomenyiany. Hezsaxcarouu na 3Hauni 0ocacHeHHs mamema-
MUYHOI Mmeopii NPYHCHOCMI, i1 MONCIUBOCI 3HAYHO HUICHE MO20 PIBHS, WO 00CA2NA Meopis home-
nyiany. Po3e’a3xku 6azamvox éasiciueux 0Jisk NpaKmuku 3a0ay, wo 8UHUKAIOMb Y CYYACHIU mexHiy,
He MOoJicymb Oymu OmpumMani mpaouyitHuMuy Memooamu meopii anaiimuyrux Qyukyii abo 3a 00-
NOMO02010 IHmMe2paIbHUX nepemeopets. Lle gionocumscs, HaNPUKIA0, 00 KOHMAKMHUX 3A0a4, 8 AKUX
8PAX08YEMbCSL CKIHUEHHI po3mipu obiacmi xoua 6 6 00HOMY HANPAMKY AO0 00CHIONCYIOMbCA cepe-

008UWaA 3 KPUBOTITHIUIHOIO AHIZ0MPONIEND MOWO.
Knrouoei cnosa: mamemamuune MoOent08aHHs, ACUMRNMOMUYHUL PO38 30K, MemoO 30)peHb.

MATHEMATICAL MODELING IN PROBLEMS
FROM CALCULATIONS OF FINITE DEFORMATIONS

T. S. Kagadiy*, O. V. Belova**, A. G. Shporta*, O. D. Onopriienko***
*Dnipro University of Technology, **Ukrainian State University of Science and
Technologies (Dnipro), *** Dnipro State Agrarian and Economic University

Abstract. Taking into account the nonlinear properties of the material significantly compli-
cates the solution of the problems of the theory of elasticity and viscoelasticity, but at the same time,
it brings the mathematical model closer to the real formulation of the problem in practice. The ge-
ometrically nonlinear theory of elasticity contains some features that make it different from the
classical (linear) theory. The main difference is that the nonlinear theory takes into account the dif-
ference between the geometry of the unreformed and deformed states. The purpose of the presented
work is to generalize the perturbation method to the case of materials requiring consideration of
finite deformations. The proposed approach makes it possible to reduce the problems of the geo-
metrically nonlinear theory of elasticity (in the plane and spatial formulation) to the sequential so-
lution of the boundary value problems of the potential theory. Despite the significant achievements
of the mathematical theory of elasticity, its capabilities are much lower than the level reached by
the potential theory. Solutions to many problems that are important for practice that arise in mod-
ern technology cannot be obtained by traditional methods of the theory of analytical functions or by
means of integral transformations. This applies, for example, to contact problems in which the finite
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dimensions of the region are taken into account in at least one direction, or media with curvilinear
anisotropy are studied, etc.
Keywords: mathematic modeling, asymptotic analysis, perturbation method.

AHaJi3 1udepeHiaJbHUX PIBHAHD 3 YPAXYBAHHSAM IreOMeTPUYHOI HeJIiHil-
HOCTi MaTepianay. Hexaill cuctema KoopJIMHAT MaTepiajibHa 1 pu AeopMyBaHHI Je-
dopmyetbes. Lleit meTon ommcanHsa aeOPMOBAHOTO CTaHy BioMuUH sik meton Jlar-
paHka, KOJIM KOOPJIWHATH MOTOYHUX TOYOK HEACPOPMOBAHOI CHUCTEMH (UUCEIIBHO)
CIIBIAAAIOTh 3 KOOpJMHATaMu AehOpPMOBAHOI CHCTeMH. Y IUIOCKIM 3amayi Teopii
IPY>KHOCTI 3 ypaxyBaHHIM KiHIEBHX JedopMalliil poib XapakTepucTUK jaedopmartii
IparOTh KOMIIOHEHTH TeH30pa Aedopmartii, 1o B JeKapTOBIHA CUCTEMI KOOPAUHAT X, Y
MarOTh BUTJIAI;

12 2. 9 1p2 2 9
€1 =U +—(u +Vy +W ),e =V +—(u +V, +W ),
11 X 2 X X X 22 y 2 y y y

3 12 2 2 3
€3 =V, +Wy +uyuz +VyVZ +WyWZ,

€1o = Uy +Vy + UXUy +VXVy + WXWy
ae U, V, W— KOMIIOHEHTH BEKTOpa 3MIIICHHS.
BBeneH1 HAcTyIHI NEPETBOPEHHS KOOPAMHAT Ta IIYKAHUX (YHKLIA, M0 3aje-
’aTh BIJl MAJIOro MapaMeTpy &, 0 XapaKTEpHU3y€e aHI30TPoMio Marepiany [1]
NOYC DN ONC LV O R &
Si=r € X =y’ < Y, 6=r3’€ ° I, )
: @M . : i . : @
u® =AM O 2 A2y 0 WO 2 AW 2103,
TakuM 4YuHOM, fK 1 B JIIHIMHINA MOCTaHOBII [2—4], B HENIHIMHIN Teopii mpyxKHOC-
T1 MOXYTh OyTH OTpUMaHI TPU BUIU 1e(POPMOBAHUX CTaHIB 3 PI3HUMHU BIACTUBOCTSI-
MU, 110 BUSIBIISIFOTHCS y BIIMIHHOCTI TTOPSIJIKIB KOMITOHEHT BEKTOpa 3MIIIeHb Ta iX pi-
3HIM BIAMIHHOCTI 32 koopauHaTamu. [lokazano, 110 MOkKHa OTpUMATH TPHU BIIAMOBIA-
HUX HANpPYKEHUX CTaHHU.
[lutanHs Tpo HanMpy>keHO-Ae(OPMOBAHUN CTaH TPUBUMIPHOTO T€OMETPUYHO
HEJIIHIWHOTO T1JIa 3BEJIEHO JI0 IHTETPYBAaHHS PIBHAHb PIBHOBAru B JIEKAPTOBIN CHCTE-
Mi KOOpJMHAT X, Y, Z:

[(14‘ uX)O-ll + Uy012 +UZO'13:|X +’:(1+ UX)U]_Z +UyO'22 + U2023:|y +

+ |:(1+ UX)613 + Uy(723 + UZG33:|Z =0,
(3)

[vxaﬂ + (1+ Vy)512 + Vzo-l?’]x + [Vx012 + (1+ vy)o-22 +v2023}y +

+ [vxo-13 + (1+ vy)o-23 + vza33JZ =0,
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|:de11 + Wy oo +(1+ W, )(713:|X + [on'lz +Wyogp +(1+ W, )0-23]y +
- [on-13 + Wy a3 + (14 W, )0-33]2 =0

IIPH BIJIMOBITHUX KPalOBHUX YMOBax.

[Mykani ¢yHKIIT po3KIaaal0OThCA B psiu 3a crenensmu & [lokazano, mo koedi-
IIEHTH B IUX PO3BUHEHHSAX MOXYTh OyTH MiAiOpaHi TaKUM YUHOM, 10 OCHOBHI (yH-
KIIi1 B IEPIINX JBOX HAOMKEHHSX 3HAXOMSITHCS 3 PiBHAHB Jlamaca

1] 1] 1]
U§§+U +U§§—O

2, ] 2,] 2,j _
V§2§2 +V772772 +V§2§2 0

w3l w3l yw3l _q
$3¢3 M3 6363

B 611b111 BUCOKUX HAaOMMKEHHSIX PO3B’s3yI0Thesl piBHAHHS [lyacona, mpasi yac-
TUHU SKUX BU3HAYAIOTHCS 3 MOMEpeIHIX HaOmmkeHb. JlomoMikHiI (yHKIII 3HAXO-
JSATHCS] THTETPYBaHHSIM.

JloBe1eHO MOKJIMBICTh MOCTAHOBKHU KPallOBUX 3a/1a4 JJIsl OCHOBHUX (DYHKIIIH.

[IpoBeaeHo aHami3 CHOIBBIAHOLIEHb MiX Je(opMalissMHi Ta IEPEMIIIEHHSIMU Op-
TOTPOMHOrO TUJIa B MEXKaX IUIOCKOI MOCTAHOBKM 3ajadl TeOopii MPY>KHOCTI 3 ypaxy-
BaHHSIM CKIHUYEHHHX JeopMmairiii.

ou 1l(ouY [(ov)
911:—+— — | +| — ,
ox 2|\ ox 0 X

2 2
e22:6v+£ ou N oV | ()
oy 2(\o0y oy

ou 8 Vv a uou 6 VoV
dy Tox oxo y T oxo y
[TokazaHo, 110 Mmiciisg BBEACHHS NEPETBOPEHD

_ ai . Ji
SGi=@E X =0y,
TRIL Sjy /(1 .
u=eyl ), v =gyl ), (i=12)
MOXXYTb OYTH BUJIIJIEH] IBa BUAU J€(OPMOBAHOIO CTAHY 3 PI3HUMH BJIACTUBOCTSIMH.
3B’S30K MIXK UMMM CTaHaAMH 3J1MCHIOETHCS Yepe3 3CyBHY KOMITOHEHTY jAedopMariii,
sIKa MICTUTh PIBHOLIIHHI CKJIaJ0B1 000X THUIIB. BUAUISIIOTHCS J1Ba BUIM HAIPY>KEHOTO
CTaHy, Kl BIAMNOBIJAIOTh BKa3aHUM TUMNaM J1e(QOpPMOBAaHOTO, MPUYOMY AOTHYHI Ha-
MPY>KEHHS MICTSTh OJJHAKOBI CKJ1a/I0B1 000X THIIB.
[IpoBeeHO aCUMIITOTUYHE IHTETPYBaHHS PIBHSHb PIBHOBAru

[(l+ U_x)<711 +uyﬂ} o+ [(1+ Uy )o12 +uy022] y=0,

[ngll +(1+ Vy)o-12:| x+ [\ﬂ+(1+ ﬂ)"zz} y=0.

€p =

()

(6)
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Posrnsgatoun piBHsAHHSA O€3 MiJAKPECACHUX 4YICHIB Ta BBakarouu BennuuHy G/E
(K 1 Ju1s1 JTIHIAHOT MOCTAHOBKHU) 3a MaJlMi MapaMmeTp, MICisA 3aCTOCYBaHHS MEPETBO-
pPEHBb BIAETHCS PO3MICTIUTH HANPYXKEHO-ACPOPMOBAHHIA CTaH Ha JBI CKIAIOBi 3 Pi3-
HUMH BJIACTUBOCTSIMH.

®ynxuii UV, VO (i = 1,2) ta koedimieHTn @, @, PO3NUIYKYIOTECS y BUIIISL Psi-
1iB 3a mapameTpoM € (¢, = =1). Koedimientn ¢ j1@2j TPY OJHAKOBUX CTYICHSIX

£ BIa€ThCA MMiAI0OpaTH TaKUM YMHOM, 10 ocHOBHI (ynkmii UM, VI y xoxHOMY Ha-
OJIMDKEHHI PO3IIYKYIOThCS 3 piBHSIHB Jlammaca. JlomoMixkHi (hyHKIIIT 3HAXOAATHCS de-
pe3 OCHOBHI IHTETPYBAHHSIM.

SIKIIO pO3TIsiIatoThes MOBHI piBHSIHHSA (6), TOL, SIK 1 A1 TPUBUMIPHOT 33/1a4i, y
HYJIbOBOMY Ta MEPIIOMY HAOIMKEHHSX OCHOBHI (PYHKIIi PO3IIYKYIOTHCS 3 PIBHSIHb
Jlannaca, asnst GBI BUCOKHMX HaOMMKeHb HEOOX1MHO po3B’sizyBaTu piBHsAHHS [lya-
COHA, Y MPaBUX YAaCTUHAX SAKUX MICTATHCS BIAOMI (DYHKIIIT 3 TONEPEIHIX HAOIMKEHbD.
OpHak 1 B IbOMY BHUIIQJIKy MaEMO O€3CYMHIBHY Ie€peBary, TOMy 10 € 100pe po3poo-
JIEH1 3arajibHl METOJIM PO3B’sI3yBaHHs KpallOBUX 3a7ay JJis TakuX piBHsAHB. [IpoBene-
HO aHaJi3 TPAaHUYHUX YMOB, MMOKa3aHO MOKJIMBICTH X (OPMYIIOBaHHS JIsI OCHOBHHX

(yHKITIH.
Po3B’s3aH0 MOJIebHY 3aJa4y Npo 1110 HOPMAJIBHOTO HaBAHTAXKEHHSI
PO (04
cnTT o 2
T a +Yy

Ha MeXy (X = 0) mpy>kHOi OPTOTPOIHOI HamiBILUIOMMHE (X 20, | y | < 00) TIpH BIJCYT-
HOCTI JOTMYHUX HANpyXeHb Ha Mexi. OjepkaHi 3HaYEHHS TMEPEMIllIeHb Ta HaIpy-
’KEHb, HAPHMKJIA U1l HOPMAJILHOTO HAIIPY>KEHHS 01 Ha JIiHii y = 0, MaeMo

E%tl

o1 ! +C
1= >
1+8%t1 1+8%t1

1 1
1+ g%tl 1+ g_%t

+& +

+82 1 — 1 +
1+8%t1 1+8_%t1
X

o1 =—opral Py, C=Py/ 4xEa,ty = —.
o

JHonaHok, sikuit MicTUTh C, XapakTepu3y€e BHECOK T€OMETPUYHOT HETIHINHOCTI.

Ha puc. 1 nokazane HopmanibHe HanpyxeHHs npu y = 0, skmo & = 0,1 (cyuuib-
Ha JiHisA), £ = 0,35 (mynktupHa miHisg). Kpusi 1 BiImoBigatoTh JiHINHIN MOCTAHOBII
3a/1ay, KpUBI 2 BpaxoBYIOTh KiHIIEBI Aedopmalriii.

Po3rnsiHyTo Takok T€OMETpUYHO HENIHINHI ocecuMeTpuyHi 3amadi. Sk 1 B Jji-
HIHHOMY BHUIIAJIKY, 33aJ1a4a PO3AUILETHCS Ha JBl HE3JICKHI: 3a7a4y Tpo nedopmariito,
B SIKIM BIJCYTHS KOMIIOHEHTA IepeMilleHHs1 U (ane, 3BICHO, ICHye HOpMajibHE Ha-
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NPYXEHHS 0oy ), Ta 337ady Kpy4eHHs. 3yNMUHWINCSA Ha HEpUIii 3 HUX. Y BHIIAJAKY

BpaxyBaHHS F€OMETPUYHOT HEHINHOCTI KOMIIOHEHTH TeH30pa JAedopmMaliii B HHIiH-
ApUYHIN cucTeMl KOOpIAMHAT MalOTh BUTJISIT
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Puc. 1 — 3mMiHa HOpMaIBLHOTO HANPYKEHHSA
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V MixHapo/iHa HayKOBO-TIPAaKTUYHA MOPCbKa KOH(EepeHIIis

Buxopasuwu 13 criiBBIAHOIIEHb MIXK HAMTPYKEHHAMH Ta JAedhopmariisiMmu
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OTPUMYIOTh TAKOXK JIBa TUIM HAMpPY>KEHOTO CTaHy, IO BIAMOBIIAIOTh BKa3aHUM TH-
nam 1e(popMOBaHOTO.

[HTerpyBaHHs piBHSIHb PIBHOBArW 3 YpaxXyBaHHSIM 3alPONIOHOBAHUX MEPETBOPEHD
1 pO3BUHEHb (YHKIIIHM Ta KOSPIIIEHTIB B PSAU 3BOAUTHCS IO PO3B’SI3aHHS PIBHSHB Bi-
JTHOCHO OCHOBHMX (DyHKIIIH. Hampukiia, B Hy1bOBOMY HaOJIMKEHHI OCHOBHA (DYHKITIsS
IS HATPYy>KEeHO-1e()OPMOBAHOTO CTaHY MEPIIOTO TUITY BU3HAYAETHCS 3 PIBHAHHS
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3 piBusHb (10), (11) BuaHO, MO SK 1 B JIHINHIA MOCTAaHOBII, JJIs BUSHAYCHHS
OCHOBHMX (hYHKIIIM Tpeba po3B’s3yBaTH KpalloBY 3ajady JUisl 3HAXOJKEHHS OJHIET
¢Gynkuii (mpu chopMyIbOBaHUX KpaloBUX ymMoBax). JlonoMixkHi (GyHKIIT 3HAXOAATh-
Csl Yepe3 OCHOBHI IHTETPYBAHHSIM.

BucnoBku. Metop 30ypeHHsl, 3alIpONIOHOBAHUN JIJIs1 PO3B’A3yBaHHS HEJIHIMHUX
nudepeHIliaIbHUX PIBHSHb Y YACTUHHUX TOXIJHUX, MA€ TEOPETUYHE 1 MPAKTHYHE
3HAYEHHS, € YHIBEPCAIbHUM 1 MOKE OYTH 3aCTOCOBAHUI ISl aHAJI3y PI3HOMAaHITHUX
3a/1a49 MaTeMaTUYHO1 (Di13UKH.

[ToTpiOHO BKa3zaTH, 1O PO3POOIEHUMN MiAX1J MOXe OyTH 3aCTOCOBaHHM [0
pO3B’sI3aHHS 337a4, B SIKUX 3aJMIIKOBI AedopMalli BIIICPalOTh 3HAYHY POJb (3THH
TOHKUX TUTACTUH Ta O0OJIOHOK). Y PO3IMIISIHYTIA MOJEIBHIN 3a/1aul BJAIOCh BiJIOKpe-
MUTH BHECOK F€OMETPUYHOI HEJIHIMHOCTI, ajie BKa3aHUM BUIIE KJIaC 3aJ1ay MpOJAeMO-
HCTpY€ e(DEeKTUBHICTh METOAY O1JIbIII HAOUHO.

3acToCyBaHHS aCHUMIITOTUYHUX METOJIB Maike y OyAb-sIKHX CKJIQTHUX BHIIA[I-
KaxX JTI03BOJISIIOTh OTPUMATH OOTPYHTOBAH1 HAOIMXKEH1 PIBHSHHS, 3’ SICYBaTH SKICHI 3a-
KOHOMIPHOCTI Ta OTPUMATH aHAJITUYHI PO3B’SI3KH 3a7a4.
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3IATHICTD MIANMPUCMCTB YKPATHU IO YTUII3ALIT CYAEH

H. 1. Anekcanaposcbka, JI. B. Ilizinnagi, O. I. Poccomaxa
Onecbkuii HalllOHAJIBHUI MOPCHKUM YHIBEPCUTET

Anomauia. B ymosax enobanvHoi «3enenoiy mpancgopmayii ekonomiku memanoopyxm naoys
0C00OUBOT YIHHOCMI K CUPOBUHA.

Ooue 3i 3HauUHUX Odicepell NONOBHEHHs 3aNacié MOPCUPOBUHU — YMUTI3AYiA 3ACMAapinoco 4u
He3ampeoysanoco ghiomy.

Ilpobnema ymunizayii cyoen 6 Ykpaiuni ne oyna supiwena y XX cm. i we 0inviu 3a20CmpeHor
nepevwina y XXI cm.

Poszoupanns cyoen na memanobpyxm — 00801i cKiaOHuil ma b6azamoghakmopHulli npoyec,
AKUll nompebye neenoi supooHuuoi ingpacmpykmypu ma keanigpikosanozo nepconany. Bin mae
OYMuU eKOHOMIYHO penmabelbHUM Ma eKOJIO2IYHO Oe3NeyHUM.

THpuyunamu 36umxkosocmi ymunizayii cyoen 6 Ykpaini sk 6i3necy € pso numaus, ujo 00 Cbo-
20OHIUHBO2O HACY He BUPIULEHI. 8I0CYMHICMb YIMKUX 3AKOHI8, W0 O CIMUMYTI08ANU PO3GUMOK VINU-
Ni3ayitiHo20 6i3Hecy, HeeUnpagoane MPYUAHHA 0epiucasU y cnpasu Oi3Hecy; 8i0CYMHICMb CHpU-
SAHHA YMUNi3ayii cyoen Ha 0epiHCagHoOM) PI6HI; BUCOKA 8ApMICMb OOHIEL MOHU CYOHOB020 OPYXMY,
00yMO8IeHa AK Opeani3ayiuHUMU NUMAHHAMY, MAK [ HU3bKUM PI6HEM MeXaHi3ayii.

Knrouogi cnosa: memanoopyxm, ymunizayis, Yxpaina, HagKOIUWHE cepeoosuuye, eKon02iuna
besnexa, cyoHO

ABILITY OF UKRAINIAN ENTERPRISES TO DISPOSAL OF VESSELS

N. I. Aleksandrovska, L. V. Pizintsali, O. I. Rossomakha
Odesa National Maritime University

Abstract. In the conditions of the global “green” transformation of the economy, scrap metal
has gained special value as a raw material.

One of the significant sources of replenishment of the reserves of recycled materials is the
disposal of the obsolete or unclaimed fleet.

The problem of disposal of ships in Ukraine was not solved in the 20th century. and became
even more acute in the 21st century.

Dismantling ships for scrap metal is a rather complex and multifactorial process that re-
quires a certain production infrastructure and qualified personnel. It should be economically prof-
itable and environmentally safe.

The reasons for the unprofitability of ship recycling in Ukraine as a business are a number of
issues that have not been resolved to date: the lack of clear laws that would stimulate the develop-
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