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1. Inceprauis Ha 3006yTTSI HAYKOBOTO CTYIEHsI KaHAU1aTa TEXHIYHUX HAyK (BOKTopa (dinocodii) 3a cnenianpHiCTIO
05.23.01 - «byziBenbHi KOHCTPYKLi, OyAiBii Ta criopyau» (192 - ByiBHULITBO Ta LMBibHA iHXKeHepis). — OpecbKuil
HalliOHAJILHMI MOPCBKUI YHIBEpcUTET MiHicTepcTBa OCBiTH 1 Hayku YKpainy, Ogeca, 2019. V gucepraninHin
IOCTiIHINA POGOTI PO3TJISHYTO 3aBIaHHS, IIOB'SI3aHi 3 MATEMAaTUYHUM MOJIE/IIOBAHHSIM CIIiIIBHOI PO6OTHU MiANipHUX
CIIOPYZ, i TPYHTOBOI'O MacUBY B yMOBaXx L1iJIbHOI MiCbKOi 3a0yZ0BU, [00 HANOIJIbII TOYHOTO BU3HAYEHHS ii
HaIpyXeHo-1e(OPMOBAHOI0 CTaHy, i 1aBaTy OLiHKY AedOPMYyBaHHS Ta MOXJIMBOCTI PyHHYBaHHS IIOPYyY

PO3TalIOBAHUX i NPOEKTOBAHUX CIIOPY[, 3 YPaxyBaHHSIM MPYXKHO-TIJIACTUYHUX Ae(opMalliil BCiX eJIeMEHTIB MO



$IKi 4aCTO 3HAYHO NI€PEBEPUIYIOTh NPYXKHi. [ JOCSATHEHHSI ME€TU OOCJIIKEHHS Y POOOTH MOCTABJIEHO i OCIIiIOBHO
BUPILIEHO BicCiM 3ama4. B pe3ysbTarti BUpilIEHHS IOCTaBJIECHUX 3314 OTPUMaHi OCHOBHI pe3ysibTaTtu: B pe3ysbTaTi
pimeHHd 3a7a4i 1: OTpMMaHO aHasli3 iICHYIOYMX METOIB PO3PaXyHKY, a TAKOK MOJIEJIEN MaTepiasliB i TPYHTIB
IO3BOJISIE 3pOOUTY BUCHOBOK, 1O 1711 6ijIbII TOYHOTO BU3HAUEHHS HAPY>KEHO-1e(POPMOBAHOT'O CTaHy
PO3IJIsiAyBaHUX CUCTEM HEOOXiZHO BPaXOBYBATHU CIIJIBHY POOOTY BCiX ii €71leMeHTiB, IPyKHO-IIJIAaCTUYHI BJIACTUBOCTI
MarepiasiB KOHCTPYKIi# i PYHTIB, @ TAaKOXX IIOBUHHI BUKOPUCTOBYBATUCH TE€OPIi IIJIACTUYHOCTI 3 3MIilJHEHHSM, SIKi
JAIOTh 3MOTY BpaxyBaTy [IPOLEC CKJIAJHOTO HaBaHTaXKEHHS. MOZeJII0BaHHS PYHTOBOTO CEPEIOBHUINA 32 METOJIOM
KysoHa abo Teopii rpaHUYHOTO HAIIPYy>KEHOTO CTaHy HE 03BOJISIOTh BU3HAUNTU JedopMmaliii, a oTxKe i 3MiHU
HaIpYyKE€HOr0 CTaHy B [IpOLieci HaBaHTaXEHHs. B pe3ysbTaTi pilleHHs 3a1ayi 2: po3pobsieHa po3uypeHa Ipy>KHO-
II7IaCTMYHA MOJIeJIb MiANipHOI CIIOpYyH, SIKa BPaxoBYye NPOLeC CKIAHOrO HaBaHTaXEHHS i MOKe BKJIIOYAaTU B cebe,
K €IMHy CUCTEMY, HACTYIIHI eJleMeHTHU: 1) 6e3nocepeHbO MifNipHy KOHCTPYKILil0; 2) PO3TallOBaHy IIOPYY 3 HEIO
4aCTUHY T'PYHTOBOTO MacUBY; 3) paHillle o0y 1oBaHi a00 MPOEKTOBaHi Ha LIMX IPYHTAxX CHOPYY; 4) Mig3eMHi BOAN.
Taka posuupeHa Mojeb J03B0JIsl€ HAaOiIbIl TOYHO BU3HAYATU HaINPy>KeHO-Ie(pOopMOBaHUI CTaH PO3IJISAAEMO]
crucreMu. B pesysbrarti pilieHHs 3agad4i 3: Ha OCHOBI BUKOPMCTAHHS TEOPil INIACTUYHOI Tedil i3 3MILIHEHHSM, 110
6a3yeTbCs HA 3aCTOCYBaHHI IPUHLIMIY MaKCUMyMy Miseca, y ¢opmi, 3py4Hil IJ1s1 3aCTOCYBaHHS 4O PO3PaxyHKy
NiANipHUX CIIOPY[, OTPUMaHi piBHSIHHS. B pe3ysbTarti pimeHHs 3a7adi 4: po3po6JIeHO aJrOPUTM BUPIlIEHHS
OTPUMAaHOI CUCTEMU HeJIiHINHUX anre6paiyHuX PiBHSIHb PO3IVISIHYTUX 3aBAaHb. Y HbOMY BUKOPHCTOBY€ETHCS
iTepaLiiiHuii MpoLec, SKUI N03BOJIsI€ BUPILIYBATY HACTYIIHI 3aBAaHHS: — JliHeapu3alilo BUXiJHUX PiBHSIHD; —
IIOBEPHEHHSI BEKTOPA HAIPYT B 00J1aCTb, 0OME>KEHY IIOBEPXHEI0 HAaBaHTAKEHHS; — BUPILIEHHS PO3IJISIHYTUX
KpailoBUX 3aBZaHb i3 33JaHOI0 TOYHICTIO. B pe3ysbTari pilleHHs 3a7adi 5: IPOBeJeHO BLOCKOHAJIEHHS IPOrPaMHOT0
komiiekcy PLASTICA, Hanncanoro Ha MoBi C#. ABTOpOM JucepTalii HalliMcaHo i HajarompKeHo psf, mianporpam
(ymoBa I[ucapeHka-Jlebenepa, nojyinmennii inTep@enc KOpUCTyBaya o0 BBEIEHHS BUXIIHYX JAHUX i BUBEJIEHHS
Pe3yJIbTaTiB pO3paxyHKY), sIKi BKJIIOYEHi B 1€l KOMILIeKC. B pe3ysibTari pileHHs 3a7adi 6: Ha OCHOBI IPOBeIeHUX
PO3paxyHKiB MifgIipHOi CIOPYAU YKOCY KOTJIOBaHY MOKHA BiJ3HAYMTH, 1110 Bif Aii paHile nodysoBaHUX CIOPY/, i
BJIACHOI Baru IPyHTY BiI0yBa€TbCs MOr0 MiIHATTS BCEPEUHI KOTJIOBAHY i 3MEHIIEHHS 3 IMIMOUHOIO MI0T0 LM PUHMU.
JliBa KpaiiHs To4Ka (PyHAAMEHTHOI IIJIMTU paHille o0yJ0BaHOi 31iBa BiJ KOTJIOBaHy Oy[iBJli OMyCTUIACS MiCIsl
3aKiH4eHHs Oy[iBHULITBA JOJATKOBO Ha 4CM, a IIpaBa TiJIbKY Ha 1cM, TOMy OyiBJIS CIIiZIbHO 3 PYHIAMEHTHOIO
IIJIMTOIO0 HAaXWJISIETHCS BIIiBO. Y APYyromy 1api FpyHTY 1106113y 6iYHMX CTIHOK KPillJIEHHS! KOTJIOBaHY BUHUKAIOTh
nacTuyHi gedopmatii. Ha 0CHOBI IpOBeIeHNX PO3PaxXyHKiB IPOTU3CYBHOI CIIOPYAU CXUJIy MOKHA BU3HAUUTH 1O
HaWO6I/BIINII TUCK IPYHTY Ha IIITYHTOBY CTiHKY HOpiBHIOE 44,58 kH /M2, a piBHOZ{109a TUCKY AoOpiBHIOE 406,65 KH /M.
Haii6inpie nepemilieHHs BEPXHbOTO KiHIS IITYHTOBOI CTIHKY AOpPiBHIOE 3,25 CM, a Hail6inbIINI 3rnHaIbHUN
MOMEHT B IINYHTOBIN CTiHLi AOpiBHIOE 68,76 KHM /M. B MpUIAHATIN NOCIiNOBHOCTI pO3paxyHKy IPOTU3CYBHOI
CIIOPYM HEe BUHMKAJIa BTPaTa CTIMKOCTI CXUJy HAa KOKHOMY 3 II'SITY €TalliB pillleHHs, SKi BiZIOBiga0Th
TEXHOJIOTI4Hii1 OCiIOBHOCTI BUKOHAHHS Oy[liBeJIbHUX POOIT. B pe3ysibTaTi pilleHHs 3aa4i 7: TOPiBHSIHHS
pEe3yJIbTaTiB PO3PaxXyHKY, OTPMMAaHUX 3 NOIIOMOroI0 nnporpaMHux KkoMiuiekcis PLASTICA i PLAXIS, a Takox
KJIACUYHUM MeTOoJoM KyJsloHa 3 eKcriepuMeHTalIbHUMU BUITPOOYBAHHSIMU TPbOX Pi3HUX aBTOPIB [TOKA3ajy ixHi
3a3/10BiJIbHi 36iru: B pe3ysbTari pileHHs 3a1ay4i 8: pesysibTaTy AOCIIPKEHHS YCIIIHO BIPOBAIKeHI Ipu
KOPUI'yBaHHI IpoeKTy «beperoykpimnsoBajabHi poo0oTH 1oBXUHOI 280 M KpeMeH4ylbKOT0o BOJOCXOBUINA B PalioHi
c. Besinka AnppyciBka CBiTs10BOLCbKOTrO paiiony KipoBorpaacekoi o6sacTi», npu 6yIiBHUITBI Ta TPOEKTYBAaHHI
rpe6ai B ceni Kipose KipoBcbkoi cinbpanu JJonnHcbKoro painony KipoBorpazacbkoi 0671acTi, Ipy BUKOHAHHI iHIINX
npoekTiB. Kito4oBi ¢j10Ba: MaTeMaTUYHE MOJEIIOBAHHY, MiATipHA CIIOPYa, I'PYHTOBUM MaCUB, IIPY>KHO-TIJIACTUYHI
Iedopmalii, Hanpy>kxeHo-1ePOpPMOBaHUI CTaH, IPOLLEC CKIIAAHOTO HABAHTAKEHHSI, (PYHKLisl HABAHTAXXEHHS,

CHACTE€Ma OCHOBHUX HEJIHIHUX PiBHSHb, aJITOPUTM, TPOTPAMHUI KOMIIJIEKC.

2. The dissertation on competition of a scientific degree of the candidate of technical sciences (doctor of
philosophy) on a specialty 05.23.01 - "Building constructions, buildings and constructions" (192 - Construction and
civil engineering). - Odessa National Maritime University of the Ministry of Education and Science of Ukraine,
Odessa,2019. Problemsin the dissertation work related to mathematical modeling of the joint work of retaining
structures and soil massif in conditions of dense urban development are considered. These studies make it



possible to most accurately determine its stress-strain state and to assess the deformation and the possibility of
destruction of nearby and projected structures, taking into account the elastic-plastic deformations of all model
elements, which often significantly exceed the elastic ones. To achieve the goal of the study, eight tasks have been
set and consistently solved in the work. As a result of solving the tasks the main results are obtained: as a result of
solving problem 1: the existing calculation methods, as well as models of materials and soils are analyzed, which
allowed us to conclude that to more accurately determine the stress-strain state of the considered systems, it is
necessary to take into account the joint work of all its elements. It is also concluded that to take into account the
elastic-plastic properties of structural materials and soils, theories of plasticity with hardening should be used,
which allow to take into account the process of complex loading. Modeling of the soil environment by the Coulomb
method or by the theory of the ultimate stress state does not allow to determine the deformations, and,
consequently, the changes in the stress state during loading. As a result of solving problem 2: an extended
elastoplastic model of the retaining structure has been developed, which takes into account the process of
complex loading and, as a single system, can include the following elements: 1) directly the retaining structure; 2)
part of the soil massif located next to it; 3) structures previously built or designed on these grounds; 4)
groundwater. Such an extended model makes it possible to most accurately determine its stress-strain state of the
system. As a result of solving problem 3: based on the use of the theory of plastic flow with hardening, based on the
application of the Mises maximum principle, the following equations were obtained in a form convenient for
application to the calculation of supporting structures. As a result of solving problem 4: developed an algorithm for
solving the resulting system of nonlinear algebraic equations of the problems under consideration. It uses an
iterative process to accomplish the following tasks: - linearization of the original equations; - return of the stress
vector to the area bounded by the loading surface; - solution of the considered boundary value problems with a
given accuracy. As a result of solving problem 5: the PLASTICA software package, written in C #, was improved.
The author of the thesis has written and debugged a number of subroutines (Pisarenko-Lebedev condition,
improved user interface regarding input of initial data and output of calculation results), which are included in this
complex. As a result of solving problem 6: on the basis of the calculations of the retaining structure of the pit slope,
it can be noted that the action of the previously built structures and the own weight of the soil raises it inside the
pit and decreases its width with depth. The left extreme point of the foundation slab, previously built to the left of
the building's foundation pit, dropped after the end of construction by an additional 4 cm, and the right only by 1
cm, so the building together with the foundation slab tilts to the left. In the second layer of soil near the side walls
of the foundation pit, plastic deformations occur. On the basis of the calculations performed, the anti-landslide
structures of the slope can be determined that the maximum soil pressure on the sheet pile wall is 44.58 kN / m2,
and the resultant pressure is 406.65 kN / m. As a result of solving problem 7: a comparison of the calculation
results obtained using the PLASTICA and PLAXIS software systems, as well as the classical Coulomb method with
experimental tests of three different authors, has shown their satisfactory agreement. As a result of solving
problem 8: the results of the study were successfully implemented when adjusting the project “Bank protection
works with a length of 280 m of the Kremenchug reservoir in the area of the village. Bolshaya Andrusovka,
Svetlovodsky district of the Kirovograd region " and others.Supporting documents are given in the appendix. Key
words: mathematical modeling, retaining structure, soil mass, elastic-plastic deformations, stress-strain state,
complex loading process, loading function, system of basic nonlinear equations, algorithm, software package.
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