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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.

221
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VY 4MHHUX MiAXoJax IO PO3paxyHKY dacy eBakyallil mapaMeTpH pyxy HiTeH
JOMIKITBHOTO BiKy YacTO 3aCTOCOBYIOTBhCA SIK y3aranbHeHi. BomHodac peansHa
BIKOBa CTPYKTypa TPYI y 3aKIafax JOUIKiITEHOI OCBITH OXOIUTIOE IiTel paHHBOTO,
MOJIO/ILIOTO, CEPEHBOTO Ta CTAPIIOro JOIIKIIEHOTO BIKY.

[MuraHHs MOETIOBaHHS €BaKyallil JItoAei Mpy MOoXKeXi PO3risifaIocs: B HU3LI
HayKoBUX mpamb. Y poboti [1] JocmifkeHO 3acTOCYBaHHS IPOrPaMHOTO
3abe3neuenHs Pathfinder ans MonemoBaHHS eBakyamii Jroled y pasi HOXKEXI.
Takuii miaxix mae 3MOry BpaxoBYBaTH I'eOMETpil0 Oy/iBil, pO3MILIEHHS JIOJEH,
napaMeTpH iXHbOTO pyXy Ta 0COOIMBOCTI (POPMYBaHHS JIIOACHKUX TOTOKIB.

VY mpami [2] po3TISHYTO eBaKyamilo MaJOMOOUTPHHX TPYH HACENCHHS 3
JKUTJIOBUX BHUCOTHHX OYIOWHKIB TIPH MOXEXi. Y MeXax IIbOTO JOCIIHKCHHS
MOKa3aHO MOIUIBHICTh BpaxyBaHHSA (i3MYHMX MOXJIMBOCTEH IIOAEW Imij dYac
BHU3HAYCHHS TpHUBaJoCTi eBakyarii. [TomiOHMit migxin Moke OyTH BUKOPUCTAHHUH i
JUT JiTel JOIIKITFHOTO BiKy, OCKUIBKH iXHI IMapaMeTpH pyXy 3alexkarth BiJ BIKY,
PIBHS CaMOCTIHHOCTI Ta MOTPEOU B CYIIPOBO/II.

OxpeMi JOCHI/PKEHHsSI MPUCBSYCHI CHCTEMaM OIOBIIICHHS Ta OpraHizaii
eBakyamii JiTeii 3 OcOONMBUMH OCBiTHIMH moTpeOamu. Y poborax [3,4]
PO3IIISIHYTO MHUTAHHS YIOCKOHAJICHHS CHCTEMH OIMOBIIICHHS Ta €BaKyarlil miteil 3
MOPYIISHHSIM CIIyXy y 3aKjaJax OCBITH. Y KX Npalsix yBary NpuaijeHo afanTamii
eBaKyalliiHIX 3aX0/iB 10 0COOIMBOCTEH KOHKPETHHUX IPYII JITEH.

Y po6oti [5] posrmsaHyTO cTaH Oe3mekd NUIAXiB eBakyarii. s eBakyamii
JITEH Ie TOB’s3aHO 31 CTAHOM KOPHUIOPIB, CXOJIB, JBEPHHUX IPOPi3iB, HASIBHICTIO
MEPEIIKO, OCBITICHHSAM 1 3pO3YMITICTIO HANpsAMKIB pyXy. Y IochimkeHHi [6]
PO3TIISIHYTO €BaKyallifo iTed MpH MOXKeXi 3 IrpOBUX MaWJaHYUKIB i3 TOBHICTIO
3aKpUTHM YCTAaTKOBaHHAM. Y pOOOTI BpaXxoOBaHO OCOONUBOCTI PyXy miTeH y
MPOCTOPI 31 CKIATHO0 KOH(DIrypariero ta 0OMeXKeHUMH YMOBaMH ITEPEMIIIICHHS.

VY poborti [7] posrisiHyTO 3a6€3meueHHsT Oe3MeKkn eBaKyailii MaJIoMOOITBHIX
TPYH HaceNeHHS 3a JOTIOMOTO0 MOXKEeXKHUX midTiB. [ Temu eBakyamii miTed 11
mpams € AOTUIHOIO, OCKITBKU TaKOX CTOCYETHCSl OpraHizallii mepeMilieHHs ocio,
SIKi MatOTh OOMEXKEHHS 010 MBUIKOTO CAMOCTIHOTO PYXY.

AwHaii3 HaBeJEHMX JOKEped J03BOJSIE BH3HAUUTH JIEKUIbKA IOJIOXKEHb.
MognemroBanHsl eBakyalii MO)K€ BHKOPHUCTOBYBATHCS MJISI OLIHIOBAHHS dacy
BUXOJy JozeH i3 Oynisini. [lapamerpn pyXy AOLUIBHO NMpUAMATH 3 ypaxyBaHHAM
XapaKTEePUCTUK TPYIH JIFOJeH, sKi eBaKyroroThes. st miTell TOMmKIIBHOTO BiKy L€
nependavae qeTanizalliro napamMmerpiB pyxy 3a BIKOBUMH I'PyTIaMH.

Jnst OUiHIOBaHHS BIUIMBY BIKOBHX HapaMeTpiB pyxXy OyJ0 pO3IISHYTO
MOJIeTIb THIIOBOI JBOIIOBEPXOBOI OymiBII 3aKiady NOMIKUIBLHOI OCBITH. Y Mozeli
BpaxoBaHO NUISTXHU €BaKyallii, eBaKyaIiifHi BUXOJH, PyX BHYTPIIIHIMH CXOAaMH Ta
30BHIIIHIMY BigkpuTHMH cxonamu Ty C3. Yac moyaTky pyXy JIEOJCHKHX TIOTOKIB
MIPUIAHATO 3 ypaxyBaHHSAM POOOTH CHCTEMH OTIOBIlIICHHS.
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MopenoBaHHS BHKOHAHO 3a JABOMA CIHEHApIAMH. Y IEPIIOMY BUKOPHCTAHO
y3arajbHEHI HOPMAaTUBHI 3HAUEHHS IS JiTel JOMIKIIBHOTO BiKYy, Y APYTOMY — JJIS
IiTe 2-3 pOKiB NPUHHATO YTOYHEHI MapaMeTpd, OTPHMaHi 3a pe3ylbTaTaMiu
HaTypHHX JOCIIKEeHb, TO1 K JJIs CTapIlOi BIKOBOT IPYIH iX 3aiuIIeHo 0e3 3MiH.

Po3paxyHkn mokaszany, 10 BpaxyBaHHSI BIKOBHX OCOOJMBOCTEH BILIMBaE Ha
TpuBaicTh eBakyauii. [licis mouarky pyxy ii yac 30umbmmBes 3 81 ¢ mo 110 c,
T00TO Ha 35,8 %, a 3aranpHuil mokasHuk — 3 441 ¢ mo 470 c. Ile cBimUUTH, IO
3aCTOCYBaHHSl OJIHAKOBUX HOPMAaTUBHHMX 3HAueHb JUIA BCIX IITEH NOMIKIJIBHOTO
BiKy MOXE 3aHHXXYBaTH PO3PaxyHKOBUI Pe3yNbTar.

Takxum 9UHOM, ITiJ] Yac OI[IHFOBAHHS €BaKyallii i3 3aKJIa/liB JOUIKLUTEHOI OCBITH
JOIIFHO BPAaxOBYBaTH HE JIMIIE 3arajbHI HOPMAaTHBHI IapaMeTpH pyxy AiTed
JNOUIKUTBHOTO BiKy, a ¥ BIIMIHHOCTI MK OKPEeMHMH BIKOBUMH TpyIIaMH.
YTOYHEHHS TOJsra€ B TOMY, IO UIA IiTed 2—3 pOKiB NMPUHAMAIOTBCS OKpeMi
mapaMeTpu pyxy, BiAMIHHI Bifg mapamerpiB miteli 4-6 pOKiB, 3 ypaxXyBaHHSIM
HIDKYOT IIBUIIKOCTI TepecyBaHHsl, OUTBIIOI 3aJI€KHOCTI BiJj CyHPOBOLY ITOPOCIUX
Ta ocobnuBocTel opraHizauii rpynoBoro pyxy. Ha Bimminy Bin mimxomy, e Bei
JUTH JOIIKUIBHOTO BIKY pO3IJISAAIOTHCS SK OJHA KATEeropis, 3amporOHOBAaHUI
miaxig nependavae nudepeHmianiio po3paxyHKOBUX 3HAa4YeHb 3a BIKOM 1 THUIIOM
UUIIXiB  eBakyauii. Pe3ynpTatm MoOJeNnOBaHHsS MOKa3ajM, IO BpaxyBaHHs
YTOYHEHHUX MapameTpiB ajs Jiteit 2—3 pokiB 30UIbllye yac eBakyauii micis
moyatky pyxy 3 81 ¢ mo 110 c, a 3arameHmit yac — 3 441 ¢ mo 470 c. e cBiquuTs,
1110 BUKOPHCTaHHS OJTHAKOBUX HOPMATHBHUX 3HAYEHb JUIS BCIX AITEH JAOMIKIIEHOTO
BiKy MOXe€ 3aHIKYBaTH pO3paxyHKOBHH pe3ynbTar. [loganbii ToCiipKeHHS BapTO
CIpsIMyBaTH Ha TIPOBEICHHA HATYpHUX €KCHEPUMEHTIB JJsl BH3HAUCHHS
IIBUJIKOCTI, IIIJIBHOCTI Ta MPOITYCKHOI 3JaTHOCTI MOTOKIB JiTel 2—3 i 4—6 pokiB Ha
TOPHU3OHTAIBHUX JAUISHKAX, JBEPHHUX TIpopizax, cxomoBux KiiTkax CKI Ta
30BHIMIHIX cxoaax tuiry C3.
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