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VY nuceprarmiiiHiii poOOTI BUBUYAETHCSA KJlac 3a7a4 MexXaHIKH 1e(OpPMiBHOTO Tiia
PO B3a€EMOBIUIUB 1€(POPMYBAHHS MPY>KHUX T Ta 30BHIIIHIX CHIL

VY po3aini 1 npoBeneHuil anamiz myOJikaiiid 3a MpoOJEeMaTUKO AHMCEpTallii,
3miicHeHa Kiacu(ikallis 3B’ 13aHUX 3a/1a49. BHIIIEHO Taki KJIacH 3B’ I3aHUX 3a/1a4:

1. 3B's3ani 3a7a4l B3a€MOBIUIMBY MEXaHIYHUX Ta (PI3MYHMUX MOJIIB y MaTepiai
Tina.

2. 3B’s3aHi KOHTAKTHI 3aja4i 31 CKJIQJHUMU YMOBaMH B3a€MOIi1, 1110 3aJIekKaTh
BiJl 1e(pOpMyBaHHS.

3. 3amaui B3aeMoii 1e)OpMIBHOTO Tijla Ta PiTUHA abo ra3sy.

4. Jlunamiuni 3agadi  AedopMyBaHHS TUI y TOTOLI pIAUHU  (3aaayl
T1APOIPY>KHOCTI)

5. 3apmayi mpo Ai10 CIAIAKY0YOro HaBaHTaXKEHHS.

B poGoTi BigokpemiieHe Miclle BHKOHAHHMX JOCHIDKEHb cepea PoOIT JTaHOTo
HaTPSMKY.

Po3min 2 wmicTuTh 3araibHy TIOCTAHOBKY KJAacy 3aJad MpPO B3aEMOBILIMB
nedopMyBaHHS Ta Jii 30BHINIHIX CHJI Ta MPHUKJIAIN PO3B’sA3aHHS 3B’S3aHUX 3a1a4 IS
OaJIoK.

Hexait omepatop A 3amaHoMy 30BHINIHROMY HABAaHTAXEHHIO CTaBUTh Y
BIJIMOBIAHICTD MEPEMIIICHHS u TOYOK Tia, OTpUMaHi SIK PO3B’SI30K KpahoBOi 3a1adi
MexaHiku nedopmiBHOro Tima. Omeparop B XapakTepu3ye 3BOPOTHIN BIUIUB
nedopMyBaHHS Ha {10 30BHIIIHIX CHI i NEPEMINIEHHSM u TOYOK Tilla CTABUTH Y
BIJIMIOBI/IHICTh 30BHIIIHE HABAHTAXKEHHs. Bu3HaueHHs neQoOpMOBAHOTO CTaHy Tijla

3BOJIUTHCS JI0 PO3B’A3aHHS ONEPATOPHOIO PIBHSAHHS



u=A(Bu)=(4oBu.

Oco0anBOCTI B3a€EMOBIUIMBY JAe(POpMYyBaHHS MPOBIJIHUKA 31 CTPyMOM Ta Jii
MarHiTHOTO IOJIsl BABYAJIMCH HA MPUKJIIAJI 331241 IPO MPOTHUH MPYKHOT OAIKH 31 CTPYMOM
Yy Mar"iTHOMY IIOJIi, CTBOPEHOMY CTPYMOM Yy HEPYXOMOMY IPOBITHUKY. YHACTIIOK
nedopMyBaHHSI 3MIHIOETBCS BIJICTAHb MDK MPOBITHUKAMH, 110 MPU3BOIUTH O 3MIHU
BEJIMYMHU CWIM AMIlepa, a OTKE 10 3MIHM NMPOTHHIB Oanmku. YHMciioBe pO3B’SI3aHHS
IPYHTY€ETbCSA Ha 1TepaliiHOMY MpOILEC] PO3ILEIUICHHs 3B’s3aHOI 3aJaul Ta CKIHYEHHO-
eJIeMEHTH1I anpokcuMallii. BctaHoBieHO KoMOiHaLlIT XapaKTEpPHUX MapaMeTpiB, 3a SIKUX
BiI0yBa€ThCA SAKiCHA 3MiHA Y JehopMyBaHHI OaKH.

OTpuMaHO PO3B’S30K 3aJaul MPO MPOTUH OaNKH MiJA €0 BAHTAXKy, IKUH MOXKeE
MEePEeMIIIaTUCS Y3I0BXK OAJIKU, KOJU KyT HAXWITy OCi OalIKu TIEPEBUIIY€E MTEBHE KPUTUIHE
3HauYeHHs. BcTaHOBIEHO IUISTHKM Oalikk, Ha SKUX BaHTaX MepedyBae y pPIBHOBa3I.
OTpumaHO 3HAYCHHS Bard BaHTaXxy, 3a sIKOTO BaHTAX IepeOyBae B piBHOBA3i 3a Oy/b-
SIKOTO MOJIOKEHHSI Ha OaJILl.

Po3ain 3 npucBsyeHUN TOCITIKCHHIO B3aEMOBIUIMBY AchOpPMYyBaHHS Tijla Ta
THCKY PIUHU a00 ra3sy, 10 3HaXOAATHCS BCepeIuHI Tija a00 Ha TOBEPXHI TiJa.

3ajaya rnpo MporuHu MeMOpaHU i J1€I0 Bard HAJIUTOT BOJIU LIIOCTPY€E 3BOPOTHIN
BILTMB JIe(popMyBaHHS MEMOpPAaHH HAa TOBIIWHY APy BOJH, a OTXKE 1 HA PO3IOILT THCKY.
VYHacniok nedopmyBaHHsS BiAOYBa€eThCS MEPETIKAHHSA PIAMHU HA HUKYL JUISTHKA
MMOBEPXHI MEMOpaHM, IO MPHU3BOJIUTH 10 MEPEPO3MOJAUTY THCKY. 3ampoIOHOBAHO
iTeparliiHuii  mpoIrec PO3MICIUICHHS ONEpPaTOPHOTO pPIBHSAHHA. 3 BUKOPUCTAHHSIM
NPUHLMITY CTUCKAJIbHUX OMNEPAaTOpiB BCTAHOBIEHO JOCTAaTHI YMOBU 301KHOCTI
iTepariiinoro nporecy. OTpuMaHO BUpa3 ISl BEIIMYWHU HATATY MeMOpaHH, 3a SKOTO
MO>KJIBA piBHOBara MEMOpaHH 3 PiJIMHOIO.

3 METOI BHWBYCHHS TOBEAIHKM MEMOpaHHUX IIOKPIBEIb y 3UMOBO-BECHSIHHMA
nepioJ po3risiHyTa 3aja4ya Mpo MPOrMHU MEMOpPAHU IiJ1 Baror CHIrOBOTO IMOKPOBY Ta y
Mporieci po3TaBaHHs CHITY. BCTaHOBIICHO, 11O caMe 4ac pO3TaBaHHS CHITY € HaWO1IbII
HeOe3NMeYHUM Il MIIHOCTI MOKPiBal. 30KpeMa MOKa3aHo, 110 Yy MpOIleci po3TaBaHHs

MaKCHUMaJIbHUI POTUH MEMOPAHU 3pOCTa€e Maibke BTPUYI.



JlochipKeHO B3a€EMOBILUIUB 1€(OPMYBAHHS TOBCTOCTIHHUX TPYO 1 IPYXKHUX KYJIb
Ta Jii BHYTPIIIHBOTO THCKY piIAUHHU a0o ra3y. BiacTuBOCTI mMaTepiaidy ONMUCYIOTHCS 3a
JOTIOMOTOF0 MOJIeJIi HEeTIHIHHO-TIPYKHOTO Tina MyHi.

[lig ni€ro THCKY PIAMHM, IO T€YE Y310BXK OTBOPY TPYOH, 3MIHIOIOTHCS MONEPEYH]
PO3MipH TpyOH, IO MPU3BOJUTH O 3MIHU IIBUAKOCTI Tedii piAUHU, a OTKE 1 J0 3MIHU
tucKy. OTpuMaHo 00JacTh JOMYCTUMUX 3HaY€HBb BXIHUX MMapaMeTpiB, 3a SKUX 3ajada
Mae po3B’sA30K. [pyHTYIOUKMCh Ha PO3B’SI3Ky ONEPATOPHOrO PiBHSIHHS, BUKOHAHO aHAII3
KpPUTHYHOT KOMOIHAIli apamMeTpiB, 3a SIKOI TOYMHAETHCS HEOOMEKEHE «PO3TyBaHHS
TpyOu. BcTaHOBIEHO 3aI€KHICTh KPUTUYHOI HIBUAKOCTI NEpeKadyBaHHS PIIAUHU BiJl
T€OMETPUYHUX Ta MEXaHIYHUX XapaKTEPUCTUK TPYOH.

JlocoipKeHo BIUIMB HasiBHOCTI TpOMOY BCepe/lMHI KaHally TpyOU Ha MaKCHUMaJlbH1
MepeMilieHHsT CTiHOK Tpyou. OTpmMaHO, 1m0 30UTBIICHHS IUIONII Tepepidy TpoMOy
NPU3BOJUTH O 3MEHILIEHHS pPajlyCy KaHailly TpyOu. 3HalJeHO KpPUTHUYHE 3HAUYEHHS
BEJIMYUHU TPOMOY, 3a sIKOro Tpyoda He nedhopmMyeThCs.

Bukonano anami3 medopmMyBaHHS TOBCTOCTIHHOI ITOPOYKHUCTOI KyJIi y TIporeci
3aKkayyBaHHs rasy a0o y mpolieci HarpiBaHHsS Tra3zy y NOpoxHUHI. JlocmimxeHo
3aJIC)KHICTh 3MiHU TOBITWHHU CTIHKH KYJIi Ta THCKY BiJl MacH 3aKa4aHoro raszy. OTpuMaHo,
10 Ha MMOYATKOBHX €Tanax 3aKayyBaHHS I'a3y THUCK IIBUJKO 3pOCTA€, a TOBUIMHA CTIHKU
3MEHIIYETHCSA; Yy MOJAAJBIIOMY MPUPICT TUCKY Ta 3MEHILEHHS TOBIIMHM CTIHOK €
MPOTOPLIHHUMYU IPUPOCTY MaCH ra3zy.

Po3nin 4 npucBsueHui! AOCTKEHHIO 3B A3aHUX 33Ja4 KOHTAKTHOI B3a€MOJIT
MTAMITIB 13 TPYXXHAM IiBOpocTopoM. CHIM 1 MOMEHTH, TPHUKJIAJCHI J0 IITamIa,
3a37aieriib HEBIAOMI 1 3aliekaTh B OCiJIaHb Ta TMOBOPOTIB IITaMIa, TOOTO Bij
nedhopMyBaHHS ITiBIPOCTOPY.

3anponoOHOBAaHO IOCTAHOBKY 3B’SI3aHUX KOHTAKTHUX 3a7ad B  BUIJIL
OINepaTOPHUX PIBHSAHB BITHOCHO CHII P Tta MoMeHTiB M :

(P,M)=A4,(P,M)

AG0 ocinaus U Ta MOBOPOTIB O



OTpuMaHO aHANTUYHUN PO3B’SI30K 3aj/ladyl MPO JIIF0 HA TMOBEPXHIO MIBIPOCTOPY
BaXKKOTO INITaMIma 3 TUIOCKOK KPYTOBOIO OCHOBOIO. TepTsSM HEXTY€ThCs. YHACHIIOK

acuMeTpii popmu mrammna abo HEOJHOPITHOCTI Y PO3ITOILTI MAaCH JIiHIS JTii CHIIHM TSOKIHHS

P 3mimena BigHOCHO IIeHTPY ocHOBH. [IITamm oTpuMye He JUIIIe OCiIaHHS, a 1 TOBOPOT.

VY pasi BUCOKOTO PO3TAIIlyBaHHS IIEHTPY Mac yKE HE MOXKHA HEXTYBATH 3MIIICHHSIM JIIHI1

Tl CHJIM TSOKIHHS YHACIIJIOK TIOBOPOTY ITamma. 3MiHa IMOJI0KEeHHs JTiHii mii cumu P,y
CBOIO YEpry, BUKJIMKAE J0JATKOBUH MOBOPOT ImTamiia. OTpUMaHO PO3I01iJ1 KOHTAKTHOTO

TUCKY:

3 XX, P

31-v° a’ 2zaa’ —x* —
121y J y

p(x,y)=|1+

J€ a — pallyC OCHOBM IITaMIa, /7 — BUCOTA MOJIOKEHHs LIEHTPY Mac IUTaMIa, X, —

BiJICTaHB BiJl OCi IITamma A0 WOro HeHTpy mac, E, v — moaynb FOHra Ta koedimieHT
ITyaccona maTepiary miBIpoCTOpY.

3B’s3aHUI XapaKTep B3a€MO/III MITaMIla 1 MiBIPOCTOPY BHUSBIISETHCS Y TOMY, IO
KOHTaKTHI HANpy>KeHHS HE NpOMOpuUiiHI Cuil P, a pO3MOJAUT KOHTAKTHOTO THUCKY
3aJIC)KUTH BiJI MEXaHIYHUX XapaKTEPHUCTHK ITiBIIPOCTOPY.

BcTaHoBI€HO KpUTHYHI 3HAYEHHSI BUCOTH IEHTPY Mac, 3a SIKAX IITaMIl IIOYHHAE
BIJICTABaTH B1J] MOBEPXHI MIBIPOCTOPY 1 BTpayae piBHOBATY.

JlocIiKeHHST KOHTAKTHO1 B3a€MOII1 32 TIOCTYIaIbHO-00€PTAIBHOTO PYXY IITaMITa
MOB’s3aHE 3 BHBUYEHHSIM pPOOOTH TBUHTOBUX MpECiB Ta OYypUIBHHX YCTaHOBOK. 3a
JIOTIOMOTOI0 TBUHTOBOT'O MEXaHi3My IITamIa HaJa€ThCs OChOBAa CHJIA Ta OOEpTaTbHUI
MOMEHT, OJHAK BEIWYHMHHM LMX YHWHHHKIB 3a3Jajeriib HEBIAOMI 1 3a/Je€XKaTh Bij
negopmyBaHHS Tina. Y pasi MOBHOTO 3YEIUICHHS IITaMIla 3 IMiBIIPOCTOPOM OTPHUMAHO
BEJIMYMHU CWJIA Ta MOMEHTY, MIPUKJIAICHUX 0 IITamIIa, SKi 3aJIe)KaTh Bl MEXaHIYHUX
XapaKTEPUCTHK MPYKHOTO Tija. Y pasi TepTs 3a 3akoHoM AMOHTOHa-KysoHa oTpuMano

YMOBH, 34 SAKUX ITOYUHAETHCA IIPOKOB3YBAHHA IITaMIIA ITPH O6epTaHHi.



Bukonano mgocmikeHHsT 0COOTUBOCTEHN il Ha MIBOPOCTIP OCepAsl ColeHoina 3i
CTPYMOM Y 30BHIIIHHOMY MarHiTHOMY moJii. MarHiTHUH MOMEHT, SKUU /i€ Ha BUTKU
COJICHO1/1a, BUKIIUKAE TIOBOPOT OCEP/S 1, IK HACIIIOK, 3MIHY BEJTMYMHN MOMCHTY.

BcraHoBneHa 3alieKHICTh KOHTAaKTHOTO THCKY BiJl CHJIM CTPyMY, BEJIHMYMHHU Ta
HampsIMKy 1HAYKIi MarHiTHOTO IIOJIs, a TaKOX BIJ MEXaHIYHUX XapaKTePHUCTHK
Marepiaiay miBnpocTopy. BusHadeHa cuia, 3 KOO Tpeba MPUTHUCKATH COJICHOI, 100
YHEMOXJIMBUTH BIJIPUB OCEpIsS BIJ MOBEpPXHI MIBOPOCTOPY. 3’SCOBAHO HANOUIbII
HeOe3meuHnid 1 30epeKeHHS KOHTAKTY HAIMPSAMOK 1HIYKII1 MarHiTHOTO TOJIS.

BuBueHHSI TUCKYy Ha OCHOBY pe€3epBYyapiB, 3alIOBHEHUX DPIiIMHOIO a00 CHUIYYOIO
PEYOBHHOIO, 3BEJICHO JIO PO3B’SA3aHHS KOHTAKTHOI 3a/adl Mpo Jil0 Ha IiBOPOCTIP
BA)XKKOT'O IITaMITa 31 3MiHHUM TOJIOKEHHSIM IIEHTPY Mac. BCTaHOBJIEHO, 110 KPUTUYHA
BHCOTA 3aIIOBHEHHS MIOPOKHUCTOTO IIITAMIIA 3AJICKUTh Bl MEXaHIYHUX XapaKTEPUCTHK
HiBIPOCTOPY. 3HANHACHO XapaKTepHi 3HAYCHHS TapaMeTPiB, 3 IKUX IITaMII BiAPUBAETHCS
BIJl MOBEPXHI MIBIPOCTOPY Ta BTpayae piBHOBary. lloka3zaHo, 110 BiIpUB IITaMIa
MIPOJIOBXKYETHCS 3a CTAJIOTO 3HAYCHHS XapaKTePHOI BEIMIMHH QXK 0 BTPATH PIBHOBATH.

PosrnsHyTa 3amava mpo mporec 3MiHH KOHTaKTHOTO THCKY YHACHIAOK MiTioMy
BaHTAXYy Yy370BX OIYHOI moBepxHi. BuKOHAHO aHami3 KOHTAKTHOTO THCKY Y pasi
BEPTUKAJIBHOIO MiIHOMY Ta MigHOMY Y370BX TrBuHTOBOI JiHIli. Ilokazano, 1o
MaKCHUMAaJIbHO MOXKJIMBA BHUCOTA MiJHOMY BaHTaXy iCTOTHO 3aJI€KUTh BiJl MEXaHIYHUX
XapaKTEPUCTUK OCHOBH, MPOTE OJIHAKOBa JII 000X croco0iB pyxy. BcraHoBieHo, 1o
IpU pyci y310BXK TBUHTOBOI JIIHII BiCh IITaMma 3A1MCHIOE PETYJSIpHY IMPOLECIIO 13
3pOCTaHHAM KyTa HyTallii. OTpuMaHO BEIMYNHY MAaKCUMAIIbHOT MaCH BaHTaXy BiTHOCHO
MacH IITaMIIa, 3a Koi cucTema nepedyBae B piBHOBa3I.

KirouoBi cjiioBa: 3B’s3aHi 3a1adi, KOHTAKTHI 3aaadi, 3B’s3aHl MO, BaXKKUU

HITaMII, ITepaIliiHUN TiAX1I.



ABSTRACT

Plashenko S.0. Coupled problems of reverse impact of deformation on external
load. — Manuscript.

The thesis for obtaining the Doctor of Philosophy degree on the program subject
area 113 Applied mathematics. — Oles Honchar Dnipro National University, MES of
Ukraine, Dnipro, 2019.

Problems class of solid mechanics, which considers mutual influence of the
deformation of an elastic body and the external forces is studied in this dissertation.

Analysis of the publications related to dissertation research and classification of
the coupled problems was described in the section 1. The following coupled problem
classes were defined:

1. Coupled problems of the interaction of mechanical and physical fields in the

body material.

2. Contact problems associated with complex interaction conditions that depend on

deformation.

3. Problems of interaction of a deformable body and a liquid or gas.

4. Dynamic problems of deformation of bodies in a fluid flow (problems of

hydroelasticity)

5. Problems on the action of the following load.

The place of the performed research among the works in the area was defined.

Section 2 has a general formulation of the problems class on the interaction of
deformation and the action of external forces and examples of coupled problems related
to beams.

Let operation 4 put given external load in correspondence to body displacement

vector u, which is obtained as a solution of the boundary value problem of the solid

mechanics. Operator B defines reverse influence of the deformation on the external

forces action and puts the displacements vector u in correspondence to external load.

Finding the body deformable state comes down to solving the operator equation



u=A(Bu)=(AoB)u.

Specifics of the mutual influence of the deformation of the electrical conductor
with current and the magnetic field action was investigated based on the problem about
deformation of the elastic beam with current in the magnetic field, created by the current
in the stationary electrical conductor. Due to the deformation, the distance between the
electrical conductors changes, which leads to the change of the magnitude of the Ampere
force and, as a result, to a change in the deflection of the beam. Numerical solution is
based on iterative process of decoupling of the coupled problem and finite-elements
approximation. Combination of the characteristic parameters, which leads to qualitive
changes in the beam deformation, was found.

A solution to the problem about the deflection of the beam under the load, which
can move along the beam when the angle of inclination of the beam axis is not bigger
than a specific critical value was found. Sections of the beam where the load is in
equilibrium were found. The value of the weight of the load at which the load is in
equilibrium at any position on the beam is obtained.

Section 3 is dedicated to research of mutual influence of body deformation and
liquid or gas pressure which is located inside the body or on its surface.

A problem about membrane deflection under the weight of poured water shows the
reverse influence of membrane deformation on the thickness of the water layer and, as a
result, on the pressure distribution. Due to the deformation, liquid flows to the lower areas
of the membrane surface, which leads to re-distribution of the pressure. The iterative
process of operator equation splitting was suggested. Using the principle of compression
operators, the sufficient conditions were found for the iterative process convergence. An
expression for the value of the membrane tension at which the equilibrium of the
membrane with the liquid is possible was obtained.

To study the behavior of the membrane roofs in winter-spring period, the problem
about membrane deformation under the weight of snow cover and during the snow
melting was considered. It was found that the most dangerous load on the roof happens
during the melting process. In particular, it was shown that the maximum membrane

deflection increases almost threefold during the melting.



The interaction between the deformation of thick-walled pipes and elastic spheres
and the action of the internal pressure of a liquid or gas has been studied. The properties
of the material are described using the Mooney nonlinear elastic body model.

Under the action of the pressure of the liquid flowing along the opening of the pipe,
the transverse dimensions of the pipe change, which leads to a change in the velocity of
the liquid, and, consequently, to a change in pressure. The range of admissible values of
input parameters at which the problem has a solution was received. Based on the solution
of the operator equation, the analysis of the critical combination of the parameters was
performed, at which the unlimited "expansion" of the pipe begins. The dependence of the
critical speed of the fluid pumping on the geometric and mechanical characteristics of the
pipe was found.

The influence of the presence of a thrombus in the middle of the canal of the pipe
on the maximum displacements of the pipe walls was investigated. It was found that
increasing the cross-sectional area of the thrombus leads to a decrease in the radius of the
tube channel. The critical value of the size of the thrombus, at which the tube is not
deformed, was found.

The analysis of the deformation of a thick-walled hollow sphere in the process of
gas injection or in the process of gas heating in the cavity was performed. The critical
value of the product of the mass and temperature of the gas was established, at which an
unlimited increase in the size of the cavity begins. The dependence of the change in the
wall thickness of the sphere and the pressure and the mass of the injected gas was
investigated. It was found that during the initial stages of gas injection the pressure
increases rapidly and the wall thickness decreases; further increase in pressure and
decrease in wall thickness are proportional to the increase in gas mass.

Section 4 is devoted to the study of coupled problems of contact interaction of dies
with an elastic half-space. The forces and moments applied to the die are unknown in
advance and depend on the displacements and rotations of the die, i.e., on the deformation
of the half-space.

It was proposed to define coupled contact problems using operator equations for

forces P and moments M :



(P,M)=A4,(P,M)

Alternatively, operator equation for displacements U and rotations @ can be

defined:
(U.®)=4,U,®)
An analytical solution of the problem of action of the heavy die, with a flat circular

base, on the surface of a half-space, is obtained. Friction is neglected. Due to the

asymmetry of the shape of the die or inhomogeneity in the mass distribution, the line of

the gravity force P is shifted relative to the center of the base. The die gets not only
displacement, but also rotation. In the case of a high location of the center of mass,

shifting the line of gravity due to the rotation of the die can be no longer neglected.

Changing the position of the line of force 1_’, in turn, causes an additional rotation of the

die. The contact pressure distribution is obtained:

3 XX, P

1_21—1/2 Ph a’ 27m\/az—x2—y2
4 Eda’

plx,y)=|1+

where a — the radius of the die base, # — the height of the position of the center of mass

of the die, x, — the distance from the axis of the die to its center of mass, £, v — Young's

modulus and the Poisson's ratio of the half-space material.

The coupled nature of the interaction between the die and the half-space is
manifested in the fact that the contact stresses are not proportional to the force P, and the
distribution of the contact pressure depends on the mechanical characteristics of the half-
space.

The critical values of the height of the center of mass, at which the die begins to
lag behind the surface of the half-space and loses its balance are found.

The study of contact interaction during the translational rotation of the die is
associated with the study of the action of screw presses of drilling rigs. Using the screw
mechanism, the die gets axial force and torque, but the magnitude of these factors is

unknown in advance and depends on the deformation of the body. In the case of complete



adhesion of the die with the half-space, the values of force and torque applied to the die,
which depend on the mechanical characteristics of the elastic body, were obtained. In the
case of friction according to the law of Amonton-Coulomb, the conditions are obtained
under which the die begins to slip during the rotation.

A study of the specifics of the action of a solenoid core with a current in the external
magnetic field on the half-space is performed. The magnetic moment acting on the
solenoid turns causes the core to rotate and, as a consequence, leads to a change in the
magnitude of the moment.

The dependence of the contact pressure on the current strength, magnitude and
direction of magnetic field induction, as well as on the mechanical characteristics of the
half-space material is established. The force needed to press a solenoid to prevent
separation of a core from a half-space surface was found. The direction of magnetic field
induction, which is the most dangerous to maintain contact, was determined.

The study of the pressure on the base of tanks filled with liquid or bulk substance
is reduced to solving the contact problem of the action of a heavy die with a variable
position of the center of mass on the half-space. It was found that the critical height of
filling the hollow die depends on the mechanical characteristics of the half-space.
Characteristic values of parameters were found which correspond to the die coming off
the surface of the half-space and losing its balance. It is shown that the separation of the
die continues at a constant value of the characteristic value until the loss of equilibrium.

The problem of the process of change of contact pressure due to lifting of the load
along the side surface was considered. The analysis of contact pressure in the case of
vertical lifting and lifting along the helical line is performed. It is shown that the
maximum possible height of lifting the load significantly depends on the mechanical
characteristics of the base, but the same for both modes of movement. It is established
that when moving along the helical line, the axis of the die performs a regular procession
with increasing nutation angle. The maximum value of weight of the load relative the
weight of the die was found at which the system is in equilibrium.

Key words: coupled problems, contact problems, coupled fields, heavy die,

iterative process.
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