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Memenvog B.O. KopoTkoyacHa OpPTOTPONHA TMOB3YYICTh MpPU  IUIOCKOMY
HarpykeHomy ctani. — KpaniikamiifHa HaykoBa mpals Ha IpaBax pyKOIUCY.

Hucepraniss Ha 3400yTTS HAyKOBOrO CTYNEHS KaHAMAATa TEXHIYHUX HayK
(moxropa ¢inocodii) 3a cneuianbHicTiIO 01.02.04 — MexaHika AedOpPMIBHOTO TBEPAOTO
Ti1a. — [HeTuTyT mpobnem mammHoOynyBanHa M. A.M. [linropporo HAH Vkpainu,

Xapkis, 2018.

Huceprariiiina po6oTa IpHUCBsiY€HA CTBOPEHHIO METOAY YHCEIBHOTO PO3PAXyHKY
Ta eKCIIEPUMEHTATBHOMY JIOCTTIKEHHIO KOPOTKOYaCHOT OpPTOTPOITHOT
(TpaHCBepCaIbHO-130TPOMHOT) TMOB3YYOCTI B TOHKHMX JIHCTaX TIPH  IJIOCKOMY
HaAIPYKECHOMY CTaHi.

HedbopmyBaHHS ¥ mpuxoBaHe pyWHYBaHHS MaTepiajiB Ta KOHCTPYKIIA MOXKe
ICTOTHO OOMEXYBAaTH PECypC y PI3HHX Trajiy3six HpoMUciIoBocTi. i momupeHoro
BUIIAJIKY TOB3YYOCTI, 1[0 CYIPOBOIKYETHCS HAKOMTMYEHHSIM MMPUXOBAHUX MOIIKOIKEHbD,
€ BaXJIMBUM OIlIHIOBAaHHSA TOTOYHOTO CTaHy HampyXeHo-I1e(opMOBaHOTO CTaHy
KOHCTPYKTHBHOTO €JIEMEHTY Ta Ha HOTO OCHOB1 (POPMYIJIIOBaHHS BHCHOBKIB 010
TOBroBigHOCTI. barato marepiamiB, BKIIOYHO 3 KOHCTPYKIIMHMMH CTaJsSIMH, BUSIBIISE
BJIACTUBOCT1 TMOB3YyYOCTI ¥ NpH KIMHATHUX Temreparypax. [Ipu mpomy ii mepebir €
KOPOTKOYACHUM, U piBeHb HaOyTUX JedopMarliii € CIiBMIpHUM 3 OTPUMAaHUM MHUTTEBO.
Jlns  GaraThOX JIMCTOBUX MartepiajiB MpUTaAMaHHA aHI30TPOIMis BIACTHBOCTEH
MOB3YYOCTi, HAHOUIBII YacTO Ma€ MICIIe TpaHCBepcadbHA 130TPOIisS YU OPTOTPOTIS.
TakuM 4uHOM, OTpUMaHHS 3aKOHOMIPHOCTEH Tmepediry mpoleciB  TPUBAJIOTO
aHI30TPOMHOTO ne(opMyBaHHS IJIMCTOBUX MarepiaidiB Ta po3poOKa MeEToay HOoTro
PO3PaxXyHKOBOTO aHaji3y MpH IUIOCKOMY HaMpy>KEHOMY CTaHl € BaKJIUBUM Ta
aKTyaJIbHUM 3aBJIaHHSIM MEXaHIKh Je(QOpPMIBHOTO TBEPIOTO Tijia, PO3B’SI3aHHS SKOTO
HaJIa€ MOXKJITMBOCTI aHAJII3y JOBMOBIYHOCTI TOHKOCTIHHUX €JICMCHTIB.

HaykoBa HOBHM3HA  JuceprauiiiHol poOOTHM  MONSra€ B HACTYIHOMY:

3alpONOHOBAHO HOBE PIBHSIHHS CTaHy OPTOTPOMHOI MOB3YYOCTI MPHU MEPIOAUYHOMY
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HAaBaHTAXXEHHI ISl MaTeplaiiB, M0 BUABISIOTH CYTTEBY MEpILYy AUISHKY HEYCTaJIeHOI
MOB3Y4OCTl; pO3p00JICHO HOBY (OpMy KIHETHYHOIO pIBHSHHS Uil BHUMIAAKY
MEpPIOIMYHOTO  HABAHTAKEHHS 3 TEH30PHUM TapaMeTpOM  IOIIKO/KYBaHOCTI,
3anponioHoBaHuM O.K. MopaykoBCbKUM; OTpHMaHi HOBI €KCIIEPUMEHTAJbHI JaHl Ta
3aKOHOMIPHOCTI KOPOTKOYACHOI OPTOTPOMHOI MOB3YYOCTI OJHOBICHUX 3pa3KiB Ta
IUIACTUH 3 OTBOpaMM 31 CTali 3 NpuU KIMHATHIA TeMmmeparypl Ta CTaTUYHOMY U
NeploIMYHOMY  3MIHIOBaHHI HAaBaHTaXEHHS; HA  BUIMAJOK JAePOpPMyBaHHA 3
MOYAaTKOBUMH JedopMallisiMd  TUIACTUYHOCTI Ta JIsi KIHETUYHOTO PIBHSHHS 3
TEH30PHHM IMapaMeTPOM IONIKO)KYBAHOCTI PO3BHHYTO PO3PAXyHKOBUH METOJ Ta
NPOrPaMHMA KOMILIEKC JUIi BHU3HAYCHHS HANpPY>KEHO-Ie(OpMOBAHOTO CTaHY Ta
MOIIIKO/)KYBAHOCT1 Y JBOBUMIPHUX 3aJladyax Teopli MOB3Yy4OCTi; MIJISIXOM IOPIBHSIHHS
YUCECIIBHUX Ta  CKCIICPUMCHTAJIBHUX  pE3y/IbTaTiB  MPOBEACHO  BepHUQiKallito
MOJICPHI30BAaHOTO MPOTPAMHOTO 3a0e3MeUeHHs; BCTAHOBJIEHO HOBI 3aKOHOMIPHOCTI
nedopMyBaHHsI 3 ypaxyBaHHSIM JedopMariiii KOpOTKOYACHOT MOB3YYOCT1 MPH MPOKATII
CTaJIEBUX JIUCTIB.

VY nepmomMy po3auti gucepTaliitHol poOOTH HalaHO PE3YJIbTATH OTJIAY HAYKOBOT
JiTepaTypH 3a HAMPSIMKOM JOCIIIKEHb (HI3UYHO HEJIHIMHUX MPOIECIB — TIIACTUIHOCTI,
MOB3Y4YOCTI Ta MOB’SI3aHOTO 3 HEIO NMPUXOBAHOIO PYWHYBAHHS BHACIHIJIOK HAaKOIMMYEHHS
MOIIKO/KEeHB. [IpoaHami3oBaHO MiAXOAW 1O OMHCY KOPOTKOYACHOI Ta aHI30TPOMHOI
noB3y4yocTi. Po3rissHyTo mporecu nedopMyBaHHS, B SKUX CYTTEBY POJIb BiIIrparoTh
MEXaHI3MHU IUIACTHYHOCTI Ta TMOB3Yy4YOCTi, B TOMY 4YHCJII B 3aJadax MEXaHIKU
dopmoyTBOopeHHs. Ha ocHoBi aHamizy mnyOmikamii 3 KOHTHHYaJIbHOI MEXaHIKH
MOIIKO/KYBAHOCTI, BUKOHAHUX Yy HAMpPSIMKY 3aCTOCYBaHHS TEH30PHUX MOJENEH s
napameTpy MOIIKOKYBAaHOCT, 3p00JIEHO BUCHOBKU IIOJI0 THUITY W MapameTpiB MOJENI,
gKa € TPUIATHOK JUIsl MOJENIOBAaHHS aHI3OTPOIHUX TMPOIECIB MPUXOBAHOTO
pyiiHyBaHHs. /{15 BUNAAKy MEpiOANYHOTO, YA IUKIIYHOTO, HABAHTAXKEHHS PO3TIISTHYTO
METOJIM OTPUMAaHHS CIPOIIEHUX Ta YCEPETHEHUX PIBHIHB CTAHYy, B TOMY YHCIII ¥ TaKuX,
0 OTPUMYIOTBCS IIUIIXOM 3aCTOCYBaHHS METOMIB 0OaraTboX MacmTaOiB. 3a
JITEpaTypHUM OIJISA0M 3pO0JICHO BHCHOBOK IIOJO HEIOCTATHHOI PO3POOICHOCTI

METO[IB OI[IHIOBAHHS IMOB3YUYOCTI, SIKA XapaKTEPU3YETHCA AHI30TPOIHUM XapaKTepoM
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MPOTIKaHHS, Ta KUIBKOCTI MPOBEJECHUX BIIMOBIIHUX €KCHEPUMEHTAIBHUX JOCHIIKEHb
IpU MPOCTOMY Ta CKJIAJHOMY HaIlpy>KeHoMy cTaHi. HaromomryeTscs, mo motpeOyroTh
MOJIAJBIIOTO PO3BUTKY METOAM PO3PAXYHKY IMOB3YYOCTI Ta MOMIKOKYBAHOCTI MpH
NepioINYHOMY HABAHTAXKEHHI.

3MICTOM JIpyroro po3aily € po3poOJjeHHs pIBHAHb CTaHy, AKi 3aCTOCOBYIOTHCS 10
OMHUCY OPTOTPOIHOI MOB3YYOCTI MaTepialliB, IO CYHMPOBOKYETHCS HAKOMUUYCHHSIM
MPUXOBAHOI MOUIKOKYBAHOCTI. PO3IIsiHyTO BapiaHT piBHAHbB, IO OMUCYIOTh AUIIHKY
HEeyCTaJieHO1 TMoB3y4yocTi. OTpuUMaHO y3aradbHEHHs 3aKOHY 3MIllHEHHS (3aKOHY
NEPBICHOT MOB3y4YOCT1) Il OPTOTPOMii MNpU NOB3y4OoCTi MatepiamiB. Jlo omwmcy
MOIITKO/KYBAHOCTI, SIKa CYNMPOBOPKYE OPTOTPOTHY IMOB3YYiCTh, 3aJy4eHO KiHETHYHE
PIBHSHHS JJIs TEH30PY MOIIKO/KYBAHOCTI JIpyroro panry. OTpuMaHO PiBHSHHS CTaHY
MIOB3y4YOCTI Ta TMOB’S3aHOI 3 HEIO MOIIKOHKYBAHOCTI NMPHU IUIOCKOMY HAIPYKEHOMY
cTaHi. PO3rnsSHYTO BHIIAJOK TMEPIOJUYHOTO HABAHTAXCHHS TMPH MPOCTOMY Ta
CKJIAJTHOMY Hamlpy>KeHOMY cTaHi. [Ij1s1 oTpuMaHHs PiBHAHB JJIS MIBUAKOCTI aedopmartii
MOB3Y4OCTI Ta MIPH MOUIKOHKYBAHOCTI 3aCTOCOBAHO ACUMNTOTHUYHE PO3KJIAJAHHS IO
CTYINEHSAM Majoro rnapameTpy B JIBOX MacmTabax ydacy (MOBUIBHOMY 1 HMIBHAKOMY) Ta
METOJl YCEpEeIHEHHs Ha Mepioji. 3a JOMOMOIOI0 3alpONOHOBAHUX PIBHAHBL CTaHy Ta
3HaUY€Hb KOHCTAHT, IO OTPUMaHI 3a OOPOOKOI EKCINEePUMEHTAIbHUX JaHUX 3
KOPOTKOYAcCHOT TIOB3y4YOCTI CTajli 3 TMpuM KIMHATHIA TeMmmeparypi, MpPOBEICHO
PO3paxyHKOBE BH3HAYCHHS 3aJIE)KHOCTI Aedopmaliii MOB3y4OCTi Big dYacy TIpH
CTaTUYHOMY Ta TIEPIOJMYHOMY HABaHTAXXEHH1 JUI TPbOX HAMNPSIMKIB BITHOCHO
MPOKATKMA CTAJIEBOTO JIMCTa. 3pOOJEHO BHCHOBOK, IO 3alpOTOHOBaHI PIiBHSHHS
MOB3YYOCTI OMUCYIOTh €KCIIEPUMEHTANIbHI KPUBI 3 33JJ0BUILHOIO SKICTIO. BeTaHoBIEHO
MEXY 3aCTOCYBaHHS yCEPEAHEHUX PIBHSHb.

Y TperboMy po3aili HaJaHO MaTeMaTU4YHY IMOCTAHOBKY 3aJadi MOB3Y4YOCTI Ta
MOIIKO/KYBAHOCTI MPU CTATUYHOMY Ta TEPIOANYHOMY HaBaHTaXeHHI. Po3risHyTO
BUMAJOK IJIOCKOTO HaIpyKeHOro crany. [[is po3B’s3aHHA 3amayi 3aCTOCOBAHO JBi
CUCTEMHU pIBHSHb, OTPUMAaHI MPU BUKOPHUCTAHHI METOMY JBOX MacmTaOiB dHacy Ta
yCepeaHEHHS Ha TIepioJIi U1 pO3B’ AI3aHHS 3arajbHOI 3a/1adi MOB3y4OCTi Tij, AKi MiggaHi

CHOUIBHIM 11 CTaTUYHOTO Ta NEpIOJMYHOr0 HaBaHTaxkeHHs. [loctaBieny 3amauy
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pPO3B’s13aHO METOJOM CKIHYEHHUX €JIEMEHTIB y MO€AHAHHI 3 PI3HUIEBUMHU METOAaMU
IHTeTpyBaHHsA 3a 4YacoM. [lo dYHCEenpHOr0 MOJETIOBAHHS 3aJIy4eHO pO3pOoOJIeHHH B
HTY «XIIl» nporpamuuii komruiekc FEM CREEP, moaepnizoBanuii y poOoTi aJis
pO3B’sI3aHHS 3aJa4 TOB3YYOCTI Ta MOIIKOJKYBAHOCTI €JIEMEHTIB, BUTOTOBJICHUX 3
MarepiaiiB 3 OPTOTPONHHMMH BJIACTHUBOCTSIMHU IOB3YYOCTI Ta MpPU [OYATKOBOMY
HAaBaHTAXEHHI, fKE NPHU3BOAUTH JO IUIACTUUHUX Aedopmaiiil. IlpanesnatHicTb
MOJICPHI30BAaHOTO KOMIUIEKCY JOBEIEHO IUISIXOM IOPIBHSIHHS OTPUMAaHUX 3a HOro
JIOTIOMOT'O0 YHCEIIBHUX Pe3yIbTaTiB 3 PO3B’sI3KaMH TECTOBUX 3ajad. Po3risHyTo 3a1a4i
NPYXHO-TJIACTUYHOTO Je(OPMYBAaHHS IUIACTUHU TIPU PO3TA3i; PO3TATY MPSIMOKYTHOL
TUTACTUHY 3 IICHTPAJIBHUM OTBOPOM, BUTOTOBJICHOI 3 THUTAaHOBOTO CIUJIaBYy, SIKHH Mae
OPTOTPOITHI BJIACTHBOCTI TMOB3yYOCTI Ta MOIIKOKYBAaHOCTI; MOB3YYOCTI IUIACTUH 31
cTaui 3, 110 iX BUPI3aHO Y TPhOX PI3HUX HAMPIMKAX 31 CTAIEBOTO JIUCTY.

B derBepromy po3auni  HagaHO pe3yNbTaTH  MPOBEICHMX B  POOOTI
EKCIIEPUMEHTATBHUX JOCHIKeHb. JlochmixyBaiock AedOpMyBaHHS MpU KIMHATHIN
temrepatrypi 293 K mimockux 3paskiB 31 cTtajii 3 mpu CTAaTUYHOMY W TEPiOAUYHOMY
HaBaHTaXKeHHI posrsaroM. lllnsxom BumpoOyBanp Ha ycraHoBili Heckert FP-100/1
BU3HAUEHO jiarpamy JedopmMyBaHHS Ta BCTaHOBJIEHO 130TPOIII0 BIIACTUBOCTEN
NPYXHOCTI Ta TJIACTUYHOCTI CTal, IO PO3TIISAIAETHCS. 3a JOTIOMOTOI0 BUIIPOOYBAIBHOT
MamuHu AIMA-5-2 BUKOHaHO €KCIIEPUMEHTH Ha TTOB3YYICTh 3pa3KiB IIPH TPHOX PIBHAX
HarnpyxeHb. JlaHi BUMIpiB 30epiraymcs 3a J0omoMororw Bimeodikcarii. J[ms koxHOTO
HalPY»XEHHS Ta HAmpsAMY TMPOKATKU JOCHKYBaloch 10 Tpu 3pasku. Jls
BCTAHOBJICHHS JIOCTOBIPHOCTI pE3yNbTaTiB, IO OTPUMYIOThCSI TIPU 3aCTOCYBAaHHI
3apOTIOHOBAHUX PIBHSAHb CTaHy IMIPH PO3PAXyHKaX Yy TMPOTrpaMHOMY KOMILIEKCI
FEM CREEP, BukoHano ekcrnepuMeHTalbHE MJOCHIKCHHS JedOpMYBaHHS TMpU
OChOBOMY PO3TsI31 TUTACTHH 3 I’ ITbMa OTBOpamH 31 ctaii 3. [IpoBegeHo BUMPoOyBaHHS
MpY CTAaTUYHOMY Ta MEPIOMYHOMY HaBaHTaXXEHHSAX. Ha miacTuHM HaHOCWIIach MipHA
CiTKa, TICIS EKCIMEPUMEHTY IIAaCTUHU CKaHYyBaJUCh, 300pakeHHS OOpOOIAIUCH 3a
JOTIOMOT010 Po3po0ieHoi mporpamu Ha MoBi C++. 3a maHuMu BUIIPOOYBaHb OTPUMAHO
KpPHWB1 TTOB3YYOCTi CTasi 3 Ta 3aJIeKHOCTI OChOBUX IMEPEMIIIEHB BiJ] Yacy y TUTACTHHAX 3

OTBOpPAMU IIPU CTATUYHOMY Ta MEPIOJUYHOMY HAaBAaHTAXKECHHI.
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[Tstuit po3mim MICTUTh ONMUC OTPUMAHMX YHUCENBHHX JaHUX MPU PO3paxyHKax
KOPOTKOYACHOT MOB3YYOCTI IJIACTUH MPU HABAHTAXEHHI y iXHiN muioniuHi. Po3B’g3aHo
3alayy Opo NEPIOJUYHUN OChOBUN PO3TAr A0 PyHHYBaHHS IUIACTUHU 3 THUTAHOBOIO
cruiaBy BT1-0 npu temnepatypi 773 K. OTpuMano po3nojiau Mipd Ta KOMIIOHCHTIB
TEH30pYy MOIIKOJ/KYBAHOCT1 Il PI3HUX MOMEHTIB yacy aedopmyBaHHsA. [IpoBeneHo
YHCEJIbHE CKIHYEHHOCJIIGMCHTHE MOJICTIOBAHHS TOB3YYOCTI IUIACTHH 3 11’ SIThMa
OTBOpaMHU TPHU CTATUIYHOMY W TEPIOAUYHOMY HABAHTAKCHHSX, sSKE OYyJ0 3aJaHO Yy
BUKOHAHHUX B pOOOTI EKCIIEPUMEHTaX. 3a BCiMa pe3yJIbTaTaMH TOPIBHSIHb YUCEIBHUX Ta
EKCIIEPUMEHTATBHUX JIAaHUX 3pO0JICHO BHCHOBOK II[OJI0 3aJIOBUIBHOTO, Ha PiBHI
JOCSITHYTOI'O 'y Teopii MOB3y4YOCTI CTYNEHIO BIAMOBIIHOCTI PO3PAaXyHKOBUX Ta
CKCIICPUMEHTATBHUX JaHuX. [IpuBeIeHO pe3yabTaTH YHCEIBHOTO MOJICITIOBAaHHS
KOPOTKOYaCHOT OB3YYOCTI MPSIMOKYTHUX JIUCTIB 31 CTai 3 Mic/Isg MPOKATKH Yepe3 OJIHY
Ta JBl KIITI 3 TPOKAaTHUMH BajikaMu. J[O0 po3paxyHKIB 3ajJyde€HO pO3poOJIeHI Ta
EKCIIEPUMEHTATLHO TIEPEBIPEHI B POOOTI PIBHSAHHS CTaHy 3 BU3HAUYCHUMH KOHCTAHTaMU
ta mporpamuuii komiuiekc FEM CREEP. flk mouarkoBi ymoBu, 10 MojemtoBaHHS
3aJly4eHO 3aJUIIKOBUN HAMPYKEHUN CTaH JUCTIB MICJIS IXHBOTO MPOXOJKEHHS Yepe3
kiiti. [nsixoM aHamizy HU3KM MPOpaxOBaHUX BapiaHTIB BHU3HAYEHO MaKCHUMAaJbHO
MOXJIMBI 3YCWJUISL PO3TATY, SAKI HE BUKIMKATUMYTh JedopMariiii MoB3y4OCTI.
BceranosneHo, 1mo 71 cXeMu 3 JBOMa KJIITSMH 3aJIMITKOBUI HAINPY>KEHUH CTaH € OUIbII
CIPHUSATIMBHMA IJIs peasizaiii MaKCUMaJIbHO MOTPIOHUX 3YCHUIb BUTSIKKH.

MopepHizoBaHUI MpH BUKOHAHHI JUCEPTALIHOT poOOTH TPOrpaMHUM KOMILIEKC
JUISL  pO3paxyHKOBOTO aHaji3y MOB3YYOCTI Ta TOIMIKOHKYBAHOCTI TIPH ILIOCKOMY
HaIpPY>KEHOMY CTaHi MO)Ke OyTH 3aCTOCOBAaHUM TMPU YUCEIHHOMY MOJICIIOBaHHI Ta
MPOCKTYBaHH1 B €HEPreTUYHOMY, aBlaIIfHO-KOCMIYHOMY, XIMIYHOMY
MamuHOOYyAyBaHHI Ta y MeTanypriiiHii mpomucioBocTi. PoOoTa BHUKOHAaHA Yy
BIIMMOBITHOCTI 10 JIepkKOI0KETHUX TeM «Po3poOka MeToiiB, alrOpuUTMIB Ta Iporpam
JUIS OIIHIOBAHHS JWHAMIKHA, MIITHOCTI 1 TOYHOCTI YHPaBIIHHA PAKETHOI TEXHIKH»
(J1.P. Ne 01130000448, 2013-2014 p.p.) Ta «Po3pobka METOIIB Ta aJrOPUTMIB
pPO3paxyHKy BIUIMBY TEIUIOBMX IIOJIIB HA TMPalE3laTHICTh MPUJIAAIB Ta EICMEHTIB

pakeTHO-KocMigHOT TexHikn» (J[.P. Ne 0117U0004891, 2017 p.). PexoMenmamii momo
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BUOOpPY NOTPIOHUX PEXKUMIB MPHU MPOKATLI JUCTIB TPyO 31 CTall 3 BUKOPUCTAHO B
[IyOniyHOMY akKLIOHEPHOMY TOBAapUCTBI «/IHIMPOMETPOBCHKUN METaNypriiHUNA 3aBOJ
iM. Komintepay» (M. JHimpo).

Kiro4uoB1l cioBa: kopomkouacua noe3yuicmv, OpPMOMPONHI  8AACMUBOCHII,
HOUWIKOOIICYBAHICb, DIBHAHHA CIMAHY, NIOCKUU HANPYICEHUN CMAH, MemooO CKIHYeHHUX

eleMeHmie, eKCnepuUMeHmanbHi 00CIONCEHHS.
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ABSTRACT

Mietielov V.O. Short-term ortotropic creep at plane stress state. Qualification
scientific work as the manuscript.

The dissertation for a degree of Candidate of Technical Sciences (Philosophy
Doctor) on specialty 01.02.04 — Mechanics of Deformable Solids. — Podgorny institute

for mechanical engineering problems NAS of Ukraine, Kharkiv, 2018.

Dissertation work is devoted to development of a method of numerical
calculation and experimental study of short-term orthotropic (transversally isotropic)
creep in thin sheets at a plane stress state.

Deformation and hidden damage of materials and structures can significantly
limit a resource in various industrial applications. The estimation of current stress-strain
state of a structural element for a widespread case of creep which is followed by
accumulation of the hidden damage and on its basis to make conclusions about
durability can be considered as important task. Many materials, including structural
steels, show creep properties even at room temperatures. At the same time their change
is short-term and the level of the acquired strains is comparable with initial ones. The
anisotropy of creep properties is inherent for many sheet materials, the transversal
isotropy, or orthotropy, most often takes place. Thus, obtaining the regularities of a
processes of anisotropic deformation behaviour of sheet materials and development of
the method of its calculation analysis at a plane stress state is an important and relevant
problem of solid mechanics, which solution gives possibilities of the durability analysis
of thin-walled elements.

The scientific novelty of dissertation work consists in the following: the new state
equation of orthotropic creep under periodic loading is offered for the materials
showing the essential first stage of an unsteady creep; the new form of the Kinetic
equation is developed for a case of periodic loading with the tensor damage parameter
offered by O.K. Morachkovsky; new experimental data and regularities of short-term

orthotropic creep are obtained for uniaxial specimens and plates with holes made from
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steel 3 at room temperature and both static and periodic loading varying; in case of

deformation with initial plastic strains and for the kinetic equation with the tensor
damage parameter the calculation method and program complex for determining the
stress-strain state and damage in two-dimensional problems of creep theory were
developed. By comparison of numerical and experimental results the verification of the
modified software were done; new regularities of deformation taking into account short-
term creep strains during the rolling of steel sheets are determined.

In the first chapter of dissertation work the results of the scientific literature
review on the direction of research of physically non-linear processes, such as plasticity,
creep and the related hidden damage accumulation are presented. Approaches to the
description of short-term and anisotropic creep are analysed. Deformation processes in
which an essential role takes place mechanisms of plasticity and creep are considered,
including in problems of shaping mechanics. On the basis of the analysis of publications
on continuum damage mechanics, which were completed in the field of tensor models
application for damage parameter, the conclusions concerning the type and parameters
of model, which is suitable for anisotropic processes of the hidden damage modeling,
were made. For the case of periodic, or cyclic, loading the methods of deriving the
simplified and averaged state equations including those obtained by applying multi-
scale methods are considered. According to the literature review the conclusions about
insufficient readiness of the assessment methods for creep which is characterized by
anisotropic flow character, and the number of relevant experimental studies in a uniaxial
and complex stress state were made. It is stressed that computational methods for the
analysis of creep-damage processes under periodic loading demand further
development.

The content of the second chapter is the development of state equations which
applied to the description of orthotropic creep of materials which is followed by
accumulation of the hidden damage. The variant of the equations describing the stage of
primary unsteady creep is considered. A generalization of the hardening law (the law of
primary creep) is obtained for material creep orthotropy. The kinetic damage equation

for tensor of the second rank is used for the description of hidden damage which
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accompanies orthotropy creep. Creep-damage state equations at a plane stress state are

obtained. The case of a periodic loading is considered at uniaxial and complex stress
state. Asymptotic expansions on degrees of small parameter in two time scales (slow
and fast) and an averaging method on the period are applied for deriving the equations
for the creep strain rate and scalar damage measure. With the help of derived state
equations as well as the values of constants, which were obtained by creep experiments
on steel 3 at room temperature, the laws of creep strain versus time are determined
under static and periodic loading for three directions concerning to the steel sheet
rolling. The conclusion about satisfactory quality of proposed creep equations for the
description the experimental curves was made. The limits of the averaged equations
application were established.

The third chapter contains the mathematical problem statement of the creep-
damage problem under static and periodic loading. The case of the plane stress state is
considered. For the solution of the problem two sets of equations obtained using a
method of two time scales and averaging on the period are applied for solution of the
general creep problem of solids that subjected to the combined action of static and
periodic loading. The stated problem was solved using finite element method in
combination with the finite difference methods of time integration. The developed in
NTU «KhPI» program complex FEM CREEP modernized in work for creep-damage
problems solution of the elements made of materials with orthotropic creep properties
and under an initial loading which leads to plastic strains was used for numerical
simulation. Operability of the modernized complex is proved by comparison of the
numerical results have been obtained by its help with solution of test tasks. Problems of
elastic-plastic deformation of a plate at tension; tension of the rectangular plate with the
central hole made from titanium alloy which has orthotropic creep-damage properties;
creep of plates made from steel 3 which are cut out in three different directions from a
steel sheet are considered.

The fourth chapter presents the results of the experimental investigations carried
out in the work. Deformation at room temperature of 293 K of plane specimens made

from steel 3 under static and periodic tension was investigated. By tests on the
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Heckert FP-100/1 testing unit the stress-strain diagram was obtained and isotropy of an

elasticity and plasticity properties of considered steel was confirmed. By use of testing
unit AIMA-5-2 the experiments on creep of specimens under three stress levels were
done. Data measurements were stored using video fixing. For each stress value and the
direction of rolling three specimens were tested. In order to verify the results obtained
by use of the proposed state equations in the calculations using program complex FEM
CREEP an experimental study of deformation in the case of axial tension of plates with
five holes made of steel 3 was made. Tests under static and periodic loading were
carried out. The measuring grid was applied on plates, after the experiment the plates
were scanned, the images were processed using the program developed in C++. By use
the test data the creep curves for steel 3 as well as the dependence of axial
displacements on time in plates with holes under static and periodic loading were
obtained.

The fifth chapter contains the description of the obtained numerical data of short-
term creep of plates under loading in their plane. The problem of periodic axial tension
up to fracture of a plate made from the titanium alloy VT1-0 at a temperature of 773 K
was solved. The distributions of measure and components of a damage tensor for
various time steps of deformation were obtained. Numerical finite-element creep
modeling of plates with five holes under static and periodic loading, which was applied
in the performed experiments, was carried out. Based on all the results of comparisons
of numerical and experimental data, there was concluded that the degree of agreement
between the calculated and experimental data can be considered as satisfactory due to
existing in the creep theory level. The results of numerical modeling of short-term creep
of rectangular sheets made of steel 3 after rolling through 1 and 2 stands with rolling
rolls are presented. The calculated and experimentally verified state equations with
determined constants and the program complex FEM CREEP are involved for the
calculations. The residual stress state of the sheets after they have passing through the
stands was used in the simulation as initial conditions. By analysing a number of

calculated variants, the maximum possible tensile forces that will not cause creep strains
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are determined. It is established that for the scheme with two stands a residual stress

state is more favorable for realization of the maximum necessary drawing forces.

The modernized during performing dissertation work program complex for
calculation analysis of creep and damage at a plane stress state can be applied in
numerical modeling and design in energy, aerospace, chemical engineering and in
metallurgical industry. The work was performed in accordance with the state budget
themes «Development of methods, algorithms and software for estimating dynamics,
strength and precision control of space missiles» (S.R. Ne 0113U000448, 2013-
2014 years) and «Development of the calculation methods and algorithms of a thermal
fields influence on operability of the devices and the elements of rocket and space
equipment» (S.R. Ne 0117U0004891, 2017 year). Recommendations about choice of the
necessary modes when rolling sheets of pipes made of steel 3 are used in Joint Stock
Company «Dniepropetrovsk steel works Comintern» (c. Dnipro).

Keywords: short-term creep, orthotropic properties, damage, state equation,

plane stress state, finite element method, experimental studies.
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JIUCEPTALUHOI POBOTH TTIPU BUKOHAHHI JIEPYKBIOKETHUX

HAYKOBO-JOCJIIIHNUX TEM B HTVY «XIII»



BCTYII

HedbopmyBaHHsS I MPUXOBAHE PYWHYBAHHS MaTepiajiB Ta CKIAAHUX 00’ €KTIB,
AKUMHU € €JIEMEHTH KOHCTPYKIIM, € Ba)KJIMBUMHM UMHHUKAMH, KUIbKICHI Ta SKICHI
XapaKTEPUCTUKH SKUX MOXYTbh ICTOTHO OOMEXYBaTH PECYpC y aBlaliiiHO-KOCMIYHOMY,
€HEPreTHYHOMY, XIMIYHOMY MaIIMHOOYAYBaHHI, METAIYPridHIi MPOMHUCIOBOCTI TOLIO.
VY GaraTbOX BHIIaJKaX BJIACTUBOCTI MaTepially € TaKUMH, 10 OOYMOBIIOIOTh HE JIMILE
KOPOTKOYACHUH, MUTTEBHI BiATYK Ha MPHKJIaJIeHEe HABAHTAXKCHHS, ajie i JIOBTOTPUBATY
pEaKIlito Ha HHOrO. Y IIbOMY BHIIQJKy MOBa HJIe MPO MOB3YyYiCTh MaTepialiB, 3 KOO
NOB’s3aHE HAKOMHMYEHHS TMPUXOBAHUX TMOIIKOKeHb. OTpuMaHHS 3HAHb IOJAO
3aKOHOMIPHOCTEH TIUTMHHOCTI MPOIECIB IMOB3YYOCTI Ta HAKOIMWYCHHS MPUXOBAHUX
MOITKO/DKEHb  HA/lla€ MOJJIMBICTH OIIIHIOBAaHHS IOTOYHOTO CTaHy HaIpyKeHO-
neOpMOBAHOTO CTaHY KOHCTPYKIIii, Ta Ha MOro OCHOBI POOUTH BHCHOBKH IIOAO ii
JIOBIOBIYHOCTI.

AKTyaJIbHicTh TemMHM. 3Ha4YHMM OOCAT MeTalleBUX MarepiaiiB, BKIOYHO 3
KOHCTPYKI[IHHUMHU CTaJsIMH, BUSIBIISE€ BIACTUBOCTI TMOB3YYOCTI W MpPU KIMHATHUX
TeMrieparypax. Yacro ii mepebdir, oco0IMBO y TEXHOJIOTIYHUX IMPOIecax BUPOOHHUIITBA
METaJIeBUX JINCTOBUX 3ar0TiBOK, € OOMEXEHUM Yy Yaci Ta CKJIaJae JiueHi XBWInHU. [Ipu
IIbOMY PpiBeHb HAOyTHX nedopmariii € CHIBMIpHUM 3 OTPHMMaHUM MHUTTEBO. Take
neopMyBaHHS OTPUMAJIO HA3BYy KOPOTKO4YacHOi moB3ydocti. [lpu anamizi ¢isuko-
MEXaHIYHUX BJIACTHBOCTEH JINCTOBHX MaTepiajiB, HAIPUKIIAI OTPUMAHHUX IPOKATKOIO,
94acTO BUSIBIISIOTH IXHIO ICTOTHY aHI30TpOIi0 y (opmi TpaHCBepcaabHOI 130Tporii un
optotporii. [le came cTocyeTbesi MOB3y4OCT] Ta MOB’SA3aHOI 3 HEIO MOIIKOKYBAaHOCTI,
K1 MOKYTh WUTH 3 PI3HUMH IIBUJKOCTSMH Y PI3HUX HANpPSAMKaxX MaTepially HaBiTh MPHU
MOYATKOBIN 130Tpomii 1HIMUX BIACTUBOCTEH. OTpuUMaHHS 3aKOHOMIPHOCTEW MPOIECIB
TPUBAJIOTO aHI30TPOIHOTO AehOPMYBaHHS JUCTOBUX MaTepiasliB Ta PO3poOKa METOIy
HOTO pO3paxyHKOBOTO aHANI3y MPU TUIOCKOMY HAMNpPYKEHOMY CTaHI € Ba)XITMBUM Ta
aKTyaJIbHUM 3aBJIaHHSIM MEXaHIKH Je(QOpPMIBHOTO TBEPIOTO Tijia, PO3B’SI3aHHS SKOTO

HaJIa€ MOXKJIMBOCTI aHaJIi3y JOBMOBIYHOCTI TOHKOCTIHHUX €JICMCHTIB.
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3B's130k  po0OTM 3 HAYKOBMMH MNpOrpamMaMu, IUIAHAMHM, TEeMaMHU.
HucepTtaniiiny poOOTy BUKOHaHO Ha Kadeapl KOMIT IOTEPHOTO MOJEIIOBAHHS MPOIIECIB
Ta cucteM HalioHaJIbHOrO TEXHIYHOTO YHIBEPCUTETY «XAapKIBCHKUU MONITEXHIYHUN
iHetuTy™ (HTY «XIII») npu BuxkoHaHHi nepxOromxerHux tem MOH Ykpainu
«Po3poOka MeToAiB, aArOpUTMIB Ta MporpaM JJisi OI[IHIOBAaHHS JMHAMIKH, MIITHOCTI 1
TOYHOCTI1 ympaBiiHHA pakeTHoi TexHikw» (I.P. Ne 0113U000448, 2013-2014 pp.) Ta
«Po3pobka MeToAIB Ta aJNrOpuTMIB pO3paxyHKY BIUIMBY TEIUIOBUX TIOJIB Ha
parne31aTHICTh npwiaaiB  Ta  €JIEMEHTIB  PaKeTHO-KOCMIYHOT  TEXHIKH»
(JI.P. Ne 0117U0004891, 2017 p.), ne 3100yBau OyB BUKOHABIIEM OKPEMUX PO3ILTIB.

Merta i 3aaa4i J0CJTiIKEHHS.

Memorw  pobomu € CTBOpPEHHS METONYy UHCEIBHOTO pPO3paxyHKy Ta
EKCIIEpUMEHTAIbHE JOCIIDKCHHS KOPOTKOYACHOT OPTOTPOITHOI (TpaHCBEPCAIBHO-
130TPOITHOT) MOB3YYOCTI B TOHKUX JINCTAX MPH IIOCKOMY HANPY>KCHOMY CTaHi.

st nocsirHeHHs1 copMyITbOBaHOT METH B pOOOTI MOCTABJICHI TaKi 3a/1a4i:

- po3poOKka  pIBHSHb CTaHy OPTOTPOMHOI TMOB3y4YOCTI 3  ypaxyBaHHSIM
MOIIKO/KYBAHOCTI TpPH TUIOCKOMY HAmnpy>XeHOMY CTaHl Ta HaBaHTaXKEHHI, IO
3MIHIOETBCS CTAJIO Ta MEPIOIUYHO;

- CTBOPEHHSI METOY PO3B’A3KY Ta MOJEPHi3allis MPOTPaMHOTO 3a0e3MeYeHHs s
PO3pPaxyHKOBOTO OIlIHIOBaHHS Je(popMyBaHHS Ta PIBHS TIOMIKOJKYBAHOCTI TIPH
MOB3Y4YOCTI 32 YMOB TOYaTKOBOTO MPY>KHO-TUIACTUYHOTO HANpPYXEHO-Ie(pOpMOBAHOTO
CTaHy Ta MEPIOIMYHOTO 3MIHIOBaHHS HaBaHTaXKEHb;

- eKCHEpPUMEHTAIbHE JOCTIKEHHS KOPOTKOYACHOI IMOB3y4YOCTi CTali 3 mpu
KIMHATHIA TeMIepaTypi HpH MPOCTOMY 1 JBOBUMIPHOMY HANpPYXKEHOMY CTaHI Ta
CTATUYHIN W MepioaudHIN 111 HABAaHTAKECHHS;

- BCTAHOBJICHHSI 3aKOHOMIPHOCTEH BILTUBY OPTOTPOIIii BIACTUBOCTEH MOB3y4OCTI
Ta TIEPIOIUIHOTO HABAHTAXKECHHS Ha TpoIiec AehOpMyBaHHS;

- OI[IHIOBaHHS BIUTMBY MOB3YYOCTI Martepiady Ha (OPMOYTBOPEHHS JTUCTOBUX
MaTtepiaiiB B TEXHOJIOTIYHOMY IMPOIIEC] MPOKATKH.

06’ekm 0ocnidxcenHs: — OPTOTPOIHA TOB3YUICTh MPH ILIOCKOMY HAIMpPYKECHOMY

CTaH1 Ta CIUIBbHIN J1i CTATUYHOIO Ta NMEPIOUYHOT0 HABAaHTAKCHHS.
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IIpeomem Oocniodcenns — TOHKOCTIHHI €I€MEHTH NMPH IIOCKOMY Hanpy>KEHOMY
CTaH1 Ta CMUIbHIN JIi CTATUYHOTO Ta MEPIOUYHOIO HABAHTAKEHHS.

Memoou Odocnioxcennsi. PoOOTy mOOyAOBaHO 3 BHUKOPUCTAHHSIM METOJIB
MexaHiku Je(OpMIBHOTO TBEPAOTO TiIa, Hacammepea Teopli MOB3Yy4OCTI Ta
KOHTHHYJIBHOT MEXaHIKH TIOIIKOKYBaHOCTI. J[711 OTpuMaHHS BUAY PiBHSHb CTaHY IIPU
MepIOANYHOMY 3MIHIOBaHHI HABaHTAXKEHb 3aCTOCOBAHO ACHUMITOTHYHI METOIU.
[louaTkoBO-KpaiioBa 3ajaya TOB3YYOCTI PO3B’S3YETHCA METOJOM CKIHUYEHHHUX
€JIEMEHTIB, [0 3aCTOCOBYETHCS Ha KOKHOMY KpOIll iHTETPYBaHHS 32 4acOM METO/IOM
Eitnepa uu nmporno3y-kopexkiuii. s oTpuMaHHs po3B’sA3Ky 3a/a4i Teopli MIaCTUYHOCTI
METOJ] CKIiHYCHHUX €eJIEMEHTIB 3aCTOCOBAaHO pa3oM 3 IHKPEMEHTaJIbHUM METOJO0M
«rpupicT-nmoyatkoBa aedopmaris». OTpuMaHi MNpuU IIbOMY CHUCTEMH JIHIHHHX
anreOpaivHUX PIBHAHD PO3B’SI3YIOTHCS METOAOM XOJeIbKoro. it OTpUMaHHs KPUBHX
TIOB3y4YOCTi 3aCTOCOBAHO EKCIEPUMEHTAIBHI METOIN — PO3TATY 3pa3KiB HAa MaIIWHI JJIs
nocmipkenb AIMA-5-2, BUMIpIOBaHHS TIEPEMIIIEHb 3a JIOMIOMOTOI €KCTEH30METPIB,
MIpHHUX CITOK Ta Bifeodikcarrii.

HaykoBa HOBU3HA 0Jlep:KaHUX Pe3yJIbTATIB:

- 3aIPONOHOBAHO HOBE PIBHSHHSA CTaHy OPTOTPOIIHOI IOB3Y4YOCTI TIpH
NEepioIMYHOMY HaBaHTXKEHHI JIJI1 MaTepialliB, 110 BUABISAIOTh CYTTEBY TEPITY TITSTHKY
HEYCTaJICHOT TOB3YYOCTI;

- po3p00JIeHO HOBY (hOopMy KIHETHYHOTO PIBHSHHS JJISl BHMAAKY HEPIOJIHYHOTO
HAaBaHTAXXEHHS 3 TEH30PHUM MMapaMeTPOM IMOIIKOKYBAHOCTI, 3alpONOHOBAHUM
O.K. MopauKkoBChKHUM;

- OTpUMaH1 HOBI EKCTIEPUMEHTANbHI JlaHI Ta 3aKOHOMIPHOCTI KOPOTKOYacHOT
OpPTOTPOMHOI MOB3y4YOCTI OAHOBICHUX 3pa3KiB Ta IUIACTUH 3 OTBOpaMU 31 cTami 3 mpu
KIMHATHIN TeMIepaTypi Ta CTATHYHOMY 1 MIEPIOIMYHOMY 3MIHIOBaHH1 HABAaHTAKEHHS;

- Ha BHUMAJOK JeopMyBaHHS 3 MOYATKOBUMH Je(opMaIiisiMi MIACTUYHOCTI Ta
JUTSI KIHETUYHOTO PIBHSHHS 3 TEH30PHHM TapaMeTPOM TOIMIKOKYBAHOCTI PO3BUHYTO
PO3PaxXyHKOBUW METOJl Ta TPOTPAMHUN KOMIUIEKC [IJI1 BH3HAYCHHS HAIPYKEHO-

neOpMOBAaHOTO CTaHy Ta TMONIKOKYBAaHOCTI Yy JBOBHUMIPDHHX 3aJadax Teopii
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noB3ydocTi. IIsgXoM MOPIBHSHHS YMCENBHUX Ta EKCIEPUMEHTAIbHUX pPE3yJbTaTiB
poBeieHO Bepu(ikailiro MOJAEPHI30BAaHOTO MTPOTPAMHOI0 3a0€3MECYCHHS;

- BCTAHOBJIEHO HOB1 3aKOHOMIPHOCTI e(hOpMYBaHHS 3 ypaxyBaHHAM AedopMalliii
KOPOTKOYACHOT MOB3Yy4OCTI IPH MPOKATLI CTAJIEBUX JIUCTIB.

IIpakTnyHe 3HAYeHHs1 OJep:KaHUX pe3yabTaTiB. MoJepHi30BaHUN THpuU
BUKOHAaHH1 JMCEepTaliiHOi POOOTH NPOrpaMHUN KOMIUIEKC [UIsi PO3PaXyHKOBOTO
aHai3y MOB3y4YOCTI Ta MOUIKOAKYBAHOCTI MpPH IJIOCKOMY HANpYyKEHOMY CTaHI MOXe
OyTM 3acCTOCOBaHMM TIpM YHUCEIBHOMY MOJICIIOBAaHHI Ta TPOCKTYBaHHI B
€HEPreTHYHOMY, aBlalllfHO-KOCMIYHOMY, XIMIYHOMY MAIIMHOOYJIyBaHHI Ta Yy
MeTaNyprifHiil IPOMHUCIOBOCTI.

Pexomennaiii mo0 BUOOpY MOTPIOHUX PEKUMIB MPHU MPOKATIIL JIUCTIB TPYO 3i
ctaii 3 Bukopuctano B [lyOniyHOMY akIjioHEpHOMY TOBAapUCTBI «JIHIPONETPOBCHKUI
MeTanypriiauii 3aBoj iM. KomintepHy» (M. JIHinpo), mpo mo CBITYUTH BIATOBIIHUMN
akT (momatok b). PesymbraTm mucepraiiiiHoi poOOTH BHKOPUCTAHO TNPH BHKOHAHHI
nepxoromxeTHx TeM MOH Vkpainu «Po3pobka MeTo1iB, arOpUTMIB Ta Mporpam is
OI[IHIOBAaHHS JHWHAMIKM, MIITHOCTI 1 TOYHOCTI YNPaBIIHHA PAKETHOI TEXHIKK»
(JI.P. Ne 0113U000448, 2013-2014 pp.) Ta «Po3pobka MeETOIIB Ta aJrOpUTMIB
pPO3paxyHKy BIUIMBY TEIUIOBUX IIOJIIB Ha MpPale3laTHICTh NpUiIaliB Ta EJIEMEHTIB
paketHo-KocMiyHOT TexHikm» ([.P. Ne 0117U0004891, 2017 p.), ne 3mobyBau OyB
BHUKOHABIIEM OKPEMUX po3aiIiB (101aTok B).

Oco0uctuii BHecok 3100yBaya. OCHOBHI pe3yJbTaTH, SKi HaJIaHO B IUCEpTAIlii,
oTpuMaHi 3700yBayeM caMOCTiiiHO. HuM 3ampornoHoBaHO piBHSHHS CTaHy OPTOTPOITHOI
MOB3YYOCTI Ta MOIIKOKYBAHOCTI MPH MEPIOAUYHOMY HABaHTAXCHHI JJIsi MaTepialis,
[0 BUABIAIOTH CYTTEBY MEPITY AUITHKY HEyCTaieHoi MmoB3y4ocTi. CTBOPEHO METO[
pPO3paxyHKy OPTOTPOIHOI TOB3Y4YOCTI HpU IUIOCKOMY HaNpyXXEHOMY CTaHi 3
ypaxyBaHHSM IOYATKOBHX IIaCTHUHUX aAedopmariiii. OTpUMaHO eKCIepUMEHTaIbHI
pe3yabTaTH 3 KOPOTKOYACHOI OPTOTPOITHOT MOB3Y4YOCTI OJHOBICHUX 3pa3KiB Ta IJIACTUH
3 orBopamMH 31 cTami3 mpu KiMHATHIH TemmepaTypi. [IpoBemeHo uucenbHe
MOJICITIOBaHHS K TPU aHaji3l JOCTOBIPHOCTI PE3yJbTaTiB, TaK W JJIs BCTAHOBIICHHS

3aKOHOMIpHOCTEHN AeOopMyBaHHS Ta MPUXOBAHOTO PYHHYBAaHHS.
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B po6orax HanmucaHux y CiBaBTOPCTBI, OCOOUCTUI BHECOK 3/100yBaya MOJSTae y
HactynHomy. B poGortax [I1, 8, 10, 14] aBTOpoBI HajiekaTh METOJ PO3PaxyHKy Ta
oTpuMaHi pe3yinbTatd. B pobotax [2, 7] 3m00yBaueBi HAJIEKUTh METOJ PO3PAXYHKY
IBOBUMIpHUX 3anad. B [3] 3100yBauy HanmexuTh po3poOKa MPOrpaMHUX MOIYJIIB
pPO3B’sI3aHHS TPYXHO-TUIACTUYHMX 3a7ad Ta 3aJad OpPTOTPOIMHOI TOB3yd4OCTi 3
3aCTOCYBaHHSAM TEH30PHOIO IMapaMeTpy IMOMKOIKyBaHOCTI. B poborax [4, 13, 16]
aBTOPOM pPO3pO0JICHO PIBHSAHHS CTaHy Ta OTPHMaHI pe3yibTatH. B pobotax [5, 9, 12]
aBTOPOM PO3pOOJICHO EKCIIEpUMEHTAIbHE YCTaTKyBaHHS, PIBHSHHS CTaHy Ta OTPUMAaHO
pe3ynbTatu ekcrepuMeHTtiB. B poborax [15, 17, 18] 3100yBauy Hanexarh po3poOka
ITOPUTMIB PO3paxyHKy Ta OTpUMaHi pe3yJIbTaTH.

AmnpoOauis pesyabraTiB aucepramii. OCHOBHI pe3yJbTaTH AMCEPTALIMHOT
poOoTH jgomoBiganucs Ha X HAayKOBO-TIPAKTUYHIM  KOH(epeHlii CTyAeHTIB Ta
acmipanTiB iHxeHepHo-¢i3uuHoro ¢akyiasrety HTY «XII» «o 50-piuus mepiroro
MJIOTOBAHOTO TOJIOTY JIIOJIMHU Y KocMocy (Xapkis, 2011 p.); MbKHApOAHIN HayKOBiH
KoH(pepeHrii «MareMaTuyecKkue METOIbl B TEXHUKE M TEXHOJOTHAX» (Xapkis, 2012 p.);
4-i1 mixkHapoaHid koHpepeniii «Nonlinear dynamics» (CeBactomonb, 2013 p.) Ta 5-i
MbKHapoaHi  koHpepeHmii  «Nonlinear dynamics» (XapkiB, 2016 p.); XXI
Bcepociiichkiit mkomi-koHpepeHIlii MOJIOJUX BUCHHX Ta CTYJICHTIB «MareMaTH4ecKoe
MOJICIMPOBaHKE B ecTeCTBEHHBIX Haykax» (Ilepm, 2013 p.); 5-i MiKkHApOAHIN HAyKOBO-
TeXHIYHIN KoHpepeHIii «IIpobnemu JTUHAMIKA Ta MIITHOCTI y
TypoomammuoOynyBanni» (Kuis, 2014 p.); XXI, XXII, XXIII ta XXIV MmixxHapoIHUX
HAyKOBO-TIPAaKTHYHUX KOHGepeHisnx «lHdopmariiiini TeXHONOrIi: Hayka, TEXHIKa,
TEXHOJIOTisA, OCBiTa, 370poB’s» (M. XapkiB, 2013-2016 pp.); HAyKOBO-TeXHIYHIN
koH(pepentii «/{lo 100-piuus 3 qus HapomkeHHs akaneMika B.I'. Cepreesa ta 50-piuus
ctBopeHns B XIII cmemianpHOCTI «JlMHAMIKa TMONBKOTY Ta yOpaBmiHHS» (XapKis,
2014 p.); maykoBiii koH(pepeHiii «CydacHi mpoOieMu TPUKIATHOI MaTEMaTUKH Ta
iHpopmaTukm» (JIbBiB, 2015 p.).

Po6Gora, B ToMy 4ucii 1 B MOBHOMY 00Cs31, po3risganach Ta 00roBOprOBaiach B
HTY «XIIl» nHa ceminapax kadenpu KOMIT IOTEPHOTO MOJICTIOBAHHS MPOIECIB Ta

cucreM HTVY «XIII» (2014-2017 pp.) ta Ha 3aciganni HTTIP [IIMam HAH Ykpainu.
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Iyoaikanii. OCHOBHI HayKOB1 HOJIOKEHHS 1 pe3ydbTaTH JAOCIIKEHb 3a TEMOIO
nucepTaniiHoi pobotu omyOiikoBaHi B 18 HaykoBux mpansx [1-18], cepen skux 4
ctarti y (axoBux BupaHHsAx 3a nepernikom JJAK MOH Vkpaiau, 1 ogHa crarrs y
3aKOPJIOHHOMY BHJaHHI, 1[0 IHJEKCYE€ThCS HAayKOBO-METPUYHOIO 0a3zor Scopus, 1
CBIIOLITBO HAa AaBTOP