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MOJIEJIb JTMHAMIYHOI B3AEMO/Ii TPYBHU TA
TPYBHOI PEIIITKHA

IManosan O.0., A.T.H., npo¢., Bakyaenko P.A., k.T.H., 1oL,
Kyzes 1.0O., cT. BUKII.
Kpemenuynpkuit HallioHaTBHHUN YHiBEpcUTeT iMeHI Muxaiina
Octporpancskoro, M. KpemeHuyk
Kyxap B.B., A.T.H., npod.
Texniunnit yriBepcuter Metinpect [TIOJIITEXHIKAY, M. 3anopixoks

3’emHanHs TPYO 13 TPYOHMMH pemIiTKaMH B TEIUNIOOOMIHHUX amapartax €
OITHUM 13 BIiAMOBINANBEHUX BY3MiB, SKHH BIUIMBA€ HA JOBIOBIYHICTH Ta HAIIMHICThH
eKCIUTyaTallii eHepreTUYHOTO Ta XiMiuHoro oOnaxgHaHHs. [ligBUIeHHS HAaOiHOCTI
OCHOBHOTO €IIEMCHTa TEIUIOOOMIHHOTO amapata — TPYOHHX pemIiToK i3
3aKpIIUIEHUMH TPYOaMH € aKTyaJbHOIO NPOOJIEMOI0 y Tally3sX MalMHOOY IyBaHHS,
[I0 OCBOIOIOTH BHPOOHHIITBO TEIUIOOOMIHHHX amapariB. BaJIMBICTh JaHUX
3’eHaHb Ul pobOTH 0bIanHaHHA 0OyMoOBieHa SK ix KinbkicTio Bix 10% no 10%
3’¢[lHaHb B OJHOMY TEIUIOOOMIHHHKY, TaK 1 HECIPHUITIMBOI KOMOIHAIIEIO
TEIJIOBUX Ta MEXaHIYHMX HABaHTa)XEHb BIUIMBOM Y KOPO3IMHHMX CEepelOBHINAX.
Jlani 00CTaBUHU BUCYBalOTh BUCOKI BUMOTH HE TUIBKH 10 BHOOPY MarepiajiB, ajie
W J0 TEXHOJIOTIH BHMIOTOBJICHHSI 3’€IHAHBb ISl JOCSTHEHHS TPUBAIOTO TEPMiHY
CITy>kOU BCBOTO arperary.

AKTyanbHUM THTaHHIM € PO3po0OKa MOJEeNi TWHAMIYHOI B3aemomii TpyOu 3
TpyOHMMHM pemIiTKaMu, BHKOPUCTaHHS SKOi JI03BOJIMTh BH3HA4YaTH OCHOBHI
napaMeTpy NpoLecy KpiluleHHs TpyO Ui HOBOTO crocoOy 3’emHaHHS TpyO i3
TpyOHMMU penriTKamH.

3anpornoHoBaHO MOJIENb IJIOCKOTO HANpY)KEHOr0 CTaHy CHCTeMH Tpyba —
TpyOHa pemriTka, B SKii BCi NPOLECH B3aEMOAIi, 3yMOBICHI pPIBHOMIpHHUM IO
MOBEPXHI TPYOW IMITYJIbCHAM HABAHTKEHHSIM, PO3TIISHYTI B IUIOmMHI (X, V),
HepreH UKy ISIpHiH oci Tpy6u (prc. 1):

P(t)=Pre'/Q, (1)
ne P, — MaKcuMaibHHil THCK Ha (poHTI yxapHoi xBuii, Ila; t — dac, mo

BiJIpaXOBY€ETHCS Bil MOMEHTY MNpuXoAy (PpoHTY ymapHOi XBWII B JaHy TOYKY
CepelloBUINa, C; @ — XapaKTepUCTUIHHN Jac Craay TUCKY B YIapHil XBHII, C.

217



Martepianu X1 Mixkaapo1HOT HAYKOBO-TEXHITHOT KOH(EpeHTIii
AKTYAJIbHI ITPOBJIEMU THXXEHEPHOI MEXAHIKH 20—22 tpasus 2026 poky

JwHamiuHA TIOBEIiHKA [eTaliei, Mo 3 €IHYIOTHCS, OMUCYETHCS CHUCTEMOIO
PIBHSHB: PyXY, HEPO3PHUBHOCTI, CHEPTeTUYHOTO OallaHCy, 3B’S3Ky HANpPYXKEHb 1
nedopmariii 3a BiIMOBITHIX MOYaTKOBUX 1 TPAHUYHUX YMOB.

Puc. 1. Mogens m1ockoro Harpy>k€HOTo CTaHy CHCTEMH — TpyOHa pelriTka

PiBHAHHA pyXy BH3HAYAOTh 3aKOHOMIPHOCTI PyXY TOYOK CHCTEMH 3QJICIKHO
BiJl BHYTPIIIHIX CHJI — HATIPYT:

i i i|* .
LZIXX +—6TXy +Tﬂ = ,Di&’
oX oy y

O]

| 1 I I
Ty +azyy " yy_zﬁ&‘ :piﬁ;
OX oy y ‘
X = Sxx _(pl +q|)' Iyy = SIyy —(pl +q|)' o = Sbo _(pi +qi)’
me i=12 — mosnadae enement cucremu (1 — TpybGa, 2 — jmomka); X,y —

JICKapTOBi a00 MUTIHAPUIHI KOOPAMHATH; lexv 'yy , 2'99 ,T):y — MOBHI HANPYTH

*
(pamianpHa, OCHOBA, MIMPOTHA 1 JOTWUYHA, BIAMOBIAHO), | — MO3HAYAE WICHH, SKi
BIJICYTHI B JIeKapTOBii CHCTeMi KOOpAWHAT, S XX 1 Syy Sgy — KOMIIOHCHTH

JeBiaTopa Hampyr, [, — TiJpoCcTaTHYHUH TUCK Ta INTYYHA B’ A3KiCTb.
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PiBHSHHS HEpO3PMBHOCTI BHCIIOBIIOE YMOBY CYHUTBHOCTI TiT y TMporeci
nedopMyBaHHI

W ok ok R ©)

— =+
v ox oy y

ne V' — enementapuuii 06’ em.
PiBHsHHS eHepreTmyHOTO OamaHcy BimoOpakae 3akoH 30epeKeHHS
MexaHI9HOI eHeprii mpu AegopmyBaHHi TiN y audepeHnianpHii popmi

I§L:_(p‘H-‘l)"&’LV(Sxxggix +5yy &y + S0 +Txy‘&y)’ )

ne B — MexaHiuHa MOTYXHICTh BHYTPIITHIX CHII B €IeMEHTApHOMY 06’ €Mi;
g\& — OTYXKHiCTh HE3BOPOTHOTO PO3CiFOBAHHS (TMCHITALIiT) MEXaHITHOT eHepril.

PiBHAHHS cTaHy BH3HAUYAIOTh CIIBBIOHONICHHS MDK MapaMeTpaMu
nehOpMOBaHOTO CTaHy.

YMoBa IIacTHYHOI Tewii. BUKOPHUCTOBYETHCS KpUTEpid IUIACTHYHOCTI
Miseca: TpH [IOCSATHEHHI TEH30pPOM HAINpyXeHb KPUTEPIiaJbHOTO 3HAUCHHS
JehopMyBaHHS Ha0yBae CyTO IUTACTUYHOTO XapaKTepy

st+55+53 <2 (/O ©)

ne Y0 — mexa mmnHOCTI IPU PO3TATYBAHHI.

1 — 30BHIIIHS TOBEPXHS TPYOH; 2 — 30BHILIHS TIOBEPXHS TPYOHOI peIriTKu
Puc. 2 — KonTakT TpyOH Ta TpyOHOI pelriTKH

YmoBu kKoHTakTy. KoHTaKkT TpyOm Ta TpyOHOI pemritTku (puc. 2) MOXe MaTH
TUMYaCOBUM Ta JIOKAJIbHUN XapakTep.

Po3B’s3aHHA cucTeMH PpIBHSHb BHKOHYEThCS 3a MeTojoM Binkinca. Ilpn
JIICKpeTH3anii BUKOPUCTOBYETHCS IMBEpreHTHa (GopMma MOXiJHMX, MO0 Oa3yeTbes
Ha HACTYITHHUX BHpa3ax

[F (A )ds N [F(R)ds (6)
C oF . C 1
—=lim=—  —=lim~———
OX A0 A y A0 A
ne F — ¢yHKIis KoopauHaT, mo AudepeHIioeTbess; C — Meka o0macti; S —
JOBXKHHA OyTH, i — BEKTOP 30BHIIIHLOT HOPMAII 0 MEXi.
1. 3aBasku aHaIi3y TPOIECY HE3aJNEHKHOTO PyXy TPYOH MOKHA BCTAHOBUTH

MOMEHT, KOJIN BUKOHYETHCS YMOBa 3iTKHEHHS, (DIKCYIOUM BiATIOBiIHI 3HAYCHHS
(yHKIIA TepeMillleHh Ta IIBUIKOCTEH TepeMillieHHs. BU3HAYarOThCS TaKOX
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3HAYCHHS IIBHIKOCTI CIIIJIPHOTO pPyXy TCIs 3ITKHEHHA. 3HA4YCHHS BCIX IHX
mapaMeTpiB BUKOPUCTOBYIOTHCS SIK TIOYATKOBI NP BHUPIMIECHHI PIBHSAHD CHiIBHOTO
pyxy.

2. KoHTakTHWI THCK BpaxoBYBaJIM y pPIBHSHHI chiipHOro pyxy. Tpy0a i
TpyOHI peIIiTKH 3/1iHCHIOIOTh KOJHMBAJIBbHI PyXH 3 pI3HHM IepiogoM i OyBaroTh
MOMEHTH, KOJM KOHTaKTHUH THCK JOpIBHIOE HyNO. TOMy Ul OIIIHKH HaTATy
yCEepeIHIOBANIN 3HAueHHs (YHKUIH NepeMilleHHs Ta KOHTaKTHOTO THCKY B
iHTEepBaJi 4Yacy, 3HAa4HO OUIBIIOMY, HIX MepioJM KOJHMBAaHb JeTaiuei, IIo
3’€THYIOThCSL.

3. Ilpoumemypa 4YHCENbHOTO pO3B’A3aHHA pIBHAHb pyXy HoJsArana B
MOCJIITOBHOMY BH3HAYEHHI, IIOYNHAIOYH 3 IOYaTKOBUX YMOB, 3HAUCHHS IIBUIKOCTI
B YEPrOBOMY BY3Ii, HMOTIM (YHKIIi IMEpeMilIeHHsS B HAMIBIUIOMY, 1 Tak ax IO
3aKiHYEHHS €Taly BUIBHOTO a00 pO3IUIBHOTO pyxy. 3Ha4YeHHA (QyHKIii
nedopmarii B OCTAHHEOMY IIIOMy THM4YacoBoMy By3ii tN BukopucToByBanmues sx
MOYaTKOBI YMOBH JUIsl BUPIILICHHS PIBHSHb PyXY HACTYITHOTO €TaIly.
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MODEL OF DYNAMIC INTERACTION BETWEEN PIPE AND PIPE
GRID

The article presents a model of the flat stress state of the pipe - pipe grid system, in which
all interaction processes are caused by an impulse load uniform over the surface of the pipe.
The dynamic behavior of the connected parts is described by a system of equations — motion,
continuity, energy balance, and stress-strain coupling under the appropriate initial and
boundary conditions. The equations of state determine the relationship between the
deformed state parameters. The spherical and deviatoric parts of the stress and strain
tensors are considered. To ensure the plastic flow condition Von Mises plasticity criterion is
applied. Artificial viscosity was used to combat the numerical instability of the solution and
simulate viscous flows. Boundary, initial, as well as contact conditions are given. The
system of equations was solved using the Wilkins model. The stages of deformation are
considered, during the free pipe distribution and at the collision moment. The obtained
model allows calculating the flaring parameters based on numerical methods. Two types of
cells were used for modeling, differing in the number of surrounding holes. Using the
division of the pipe fragment in the radial and latitudinal directions, the minimum and
maximum grid models were obtained. The tension estimate was performed by averaging the
values of the displacement and contact pressure functions over a time interval significantly
longer than the oscillation periods when the parts being joined. A procedure for numerical
solving the motion equations was carried out, consisted of sequentially determining, starting
from the initial conditions, the value of the velocity at the next node, then the displacement
function in the half-integer, and so on until the end of the stage of free or separate motion. A
computational process for determining the deformation function and rate of the deformation
function at time nodes using finite-difference expressions was performed.

YK 614.841.33:373.2

YTOUYHEHHS PO3PAXYHKOBHMX ITAPAMETPIB PYXY
JIITEW JOIKLIBHOIO BIKY MIJI YAC EBAKYAIII TPH
TMOKEKI

IToa0oxoB E.E.

HarioHansHui yHIBEpCUTET LIMBIIBHOTO 3aXUCTy YKpainu, M. Yepkacu

3abe3neueHHs eBakyauii fiTedl i3 OyniBesb 3aKiajiiB JOIIKUIBHOI OCBITH €
OJTHUM 13 MUTaHb MOXKEXKHOT Oe3neku Takux 00’ekTiB. OcOOMMBICTE IMX Oy/iBENb
MmoJiira€ B TOMY, IO IIiJ Yac eBakyamii 3HayHa dYacTWHAa o0cid moTpedye
OpraHi30BaHOTO CYNPOBOAY 3 OOKy mopociux. JliTH paHHBOTO Ta JOIIKUILHOTO
BiKy MalOTh pi3HY IIBUAKICTh MEPECYBAHHS, PI3HUH PiBEHh OPraHi30BaHOCTI PyXY,
a TaKOXX Pi3HY peakxilito Ha CUTHAJ OTOBIIIEHHS Ta 3MiHy YMOB TiepeOyBaHHS.
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