Tpancnopmue MCZLMMHO6V@V60HH}Z

VK 623.4.01 : 939.3

Pukynoe O.H., Haboxoe A.B., Mazyp U.B., benos H.JI.,kano.. mexu.. nayx,
Lletiko A.U., Tkauyk H.A., 0-p mexH. Hayk

CIHHEHUAJIM3UPOBAHHBIE ITPOI'PAMMHO-MOJAEJIBHBIE
KOMIIJIEKCBHI J1JIs1 AHAJIN3A TUHAMUWYECKHUX ITPOLHECCOB

Beenenne. CymniecTByronue NpOEKTUPYEMbIE COBPEMEHHBIE JIETKOOPOHHPOBAHHbBIE
MalluHbl ~ BOOPYXKArOTCS  OOEBBIMM  MOJYJISIMH, OCHAIlEHHBIMH  CKOPOCTPEIbHBIMU
MaJIOKaJIMOEPHBIMH apTHILIEPUICKUMU crcTeMaMu. OHHM XapaKTepU3YIOTCS BBICOKUM TEMIIOM
CTpenbObl M 3HAUMUTEIbHBIM YPOBHEM pEaKTUBHBIX YCWJIUMH oThaauu. BeneactBue sToro
YIpPYrye 3JIEMEHThI KOpITyca, MOJABECKU U KOJIeC JePOPMUPYIOTCS, YTO BHOCUT BO3MYIIICHUE B
HOMHMHAJIPHOE HAalpaBJeHHE OCH KaHaja CTBOJA MYIIKM Ha Ielb, a TaKKe BIMIET Ha
MIPOYHOCTb ITUX AIEMEHTOB. B CBsA3U ¢ 3TuUM B psizie pabort [1-4] ObLIM MpeIoKEeHbI IOIXO0 b
K IOCTPOEHHMIO MaTeMaTHYECKUX MOJEJEH Ui HCCIeI0BaHNs BOSHUKAIOIUX TUHAMUYECKUX
npoueccoB. Bmecre ¢ TemM B 3THX paboTax HE YUMTHIBAIOTCS BCE 3HAYUMMBIE (DAKTOPHI,
OKa3bIBAIOUIME BJIMSHHE Ha MOJEIMpyeMblii mpouecc. B uacTHocTH, OTIEnbHO
paccMaTpuBalOTC MHEPLUUOHHO-)KECTKOCTHBIE CBOWCTBA OpOHEKOpITyca, MOJBECKU U IIHHBI.
B T0 e Bpemsi TpeOoBaHMS aJE€KBAaTHOCTH, TOYHOCTH M JOCTOBEPHOCTH TpPeOYIOT
npuMeHeHus1 0oJiee moapoOHOM JAeTaTnu3aIiu CO31aBaeMbIX MOIETICH.

Heasio padorsbl sBHsieTCs pa3paboTKa TMOIXOMO0B K CO3/IaHUIO KOMIUIEKCHBIX
MaTeMaTHYEeCKUX M YHCICHHBIX MOJIENeH IUHAMUYECKUX MPOIECCOB I HCCIICIOBAHUS
peakuu JIErkOOpOHUPOBAHHOW MAIIMHBI HA JCHCTBUE CEPUM HMMITYJIBCHBIX YCUIIUW MpU
OCYIIIECTBJICHUN BBICTPEIIOB W3 OOEBBIX MOMAYJIECH, OCHAIEHHBIX CKOPOCTPEIbHBIMU
aApTHIIEPUICKUMH cUCTeMaMu. JlaHHBIN TOX0/1 SBIAETCS pa3BUTHEM U 0000IeHneM padboT
[5-7], omHako B Gosee oOmIel MoCTaHOBKE.

MeTton pemenusi 3agauu. [Ipu co3nannm MaTreMaTHueCKUX MOJIEICH AMHAMUYECKUX
MPOIIECCOB B JIETKOOPOHHWPOBAHHBIX MallWHAX CJIEAYeT y4YWUThIBATh, YTO OHH MOTYT OBITh
MPEACTABJICHBl B BHUIEC COBOKYITHOCTH ABYX KOMIIOHEHT: KOHTHHYJIBHOW W JIUCKPETHOM.
[lepBast ux HUX MOXKET OBITH MCIOJB30BaHA IS MOJCTUPOBaHUS OpoHekopityca. Bropas, ¢
OIPEIEIICHHOM CTENEHBIO IOMYIIEHUI, — TOABECKHU U KOJIEC.

[Ipenmaraercss A1 moy4aeMoi TUCKPETHO-KOHTHHYAJbHOW CHCTEMBI HMCIIOJIh30BaTh
€IUHBIA TOAXOJ, 3aKIIOYalolIMIICS B JAUCKPETHU3alUMM KOHKTHHYaJbHOM 4YacTh WU
MIPEACTABJICHUH €€ B BUJIE CHCTEMBI C KOHEYHBIM YHCIIOM CBOOOJIBI, @ TAKXKE B TIOCIICTIYIOIIEM
MOJICOCIMHEHUH K HeW TUCKpEeTHOU dacTu. O0pa3yemasi TaKuM 00pa3oM JUCKpPETHAs CHCTeMa
MOXKET OBbITh OIMCaHa, HANpUMEpP, C HUCHOJb30BaHUEM U epeHInaTbHbIX YpaBHEHUN
Jlarpanxa Il pona.

B takom ciydae paspemnaromiasi cuctemMa ypaBHEHHH TpHHUMAaeET BU [ 8]:

M + Kx + Cx = F(t), (1)
rae M, K, C — matpuiibl Macc, AeMIUpPOBaHUS U KECTKOCTH;
X — OOBEIMHEHHBIH MACCHB  CTEMEHEH CBOOOABI, C OJHOM  CTOPOHBI,
JUCKPETU3UPOBAHHOW KOHTHHYAJIBHOM, a C IPYroi, — TMCKPETHOM YaCTH HUCCIEAYEMOMN
CHCTEMBI;

F — maccuB 00001IeHHBIX Harpy30K, COOTBETCTBYIOIIUX KOMIIOHEHTAM MaCcCHBA X.
Takoif moaxo1 T0CTaTOYHO MPOJAYKTUBEH, TaK KaK MO3BOJISET €CTECTBEHHBIM 00pa3om
"HapamuBaTh'" KOHEYHO-IJIEMEHTHBIE MOJIETM KOHTHHYaJbHOW YacTH CHUCTEMBI, IS
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MOCTPOECHUSI KOTOPBIX 11€J1IeCO00PAa3HO NMPUMEHATh UHCTPYMEHTAPHII COBPEMEHHBIX MOIIHBIX
CAE cucreM. TakuM 00pa3oM, MOKHO MEHSTh MECTaMH 3Tallbl COCTABJICHUS Pa3pelIaloninx
YPAaBHEHUN U MX JUCKPETH3aLN{, CHA4YaJla HAYWHAS C MPOUEAYPHl JUCKPETU3AIMNH, a 3aTEM —
TCHEPUPYS Pa3pelIaOIIyI0 CUCTEMY YPABHEHHM.

Komnbrorepusie moaean. Cospemennbie cuctembl Tunia ADAMS, Nastran, ANSYS
MPEIOCTABIISIIOT IIMPOKHE BO3MOXHOCTU JJIi CO3/JaHUS MOJENEeH TBEpAOTEIbHBIX H
nepopmupyeMbpix Ten. B cBs3M ¢ 3TUM ANd  peanu3aluy  [PEeAsoKEHHOro IMOJX0/a
pa3padaTbIBaOTCS CrelHalIu3upOBaHHbIE MIPOrpaMMHO-MO/IEJIbHbIE KOMILJIEKCHI,
COUETAloIINe, C OJTHOM CTOPOHBI, YKa3aHHbIE YHHUBEpCAJIbHbIE MPOTPAMMHBIE CPEJCTBA, a C
IpyroM, — CHeUUaIU3UPOBAHHBIE MOJYIH, KOTOpbIE€ IOCTaBISAIOT HCXOJHbIE JAHHBIE U
YIOPaBISAOIME KOMaHAbI JUIsl MOCTPOEHHUS JIUCKPETH3UPOBAHHBIX MOJIENEH HCCIETyeMbIX
00bekToB. IIpy 3TOM OCHOBHBIM pE3YyJIbTaTOM pPabOTHI SABISAIOTCA MapaMeTpU3HpPOBAHHbBIE
YHUCJIEHHbIE MOJIENH, ISl KOTOPBIX BXOJHBIMH BapbUPYEMbIMU I1apaMEeTpaMu SIBJISIOTCS
KOHCTPYKTUBHBIE  IapaMeTpbl, CBOMCTBAa MaTepuajioB, BEJIWYMHbl U  BPEMEHHBIC
pacrpeiesIeHus: Harpy3ox.

Nwmes B pacnopsikKeHMHM TakM€ MOJENH, MOXHO OpraHM30BbIBaTb MHOTOBAapUAHTHbIE
UCCIIEIOBAaHUS TMHAMHUYECKHX IPOLIECCOB C LENbI0 OOOCHOBAHMS IapaMEeTpOB, KOTOPBIE
o0ecreunBarOT KECTKOCTb M TMPOYHOCTh DJIEMEHTOB JIETKOOPOHMPOBAHHBIX MAIIHH, a,
COOTBETCTBEHHO, TOYHOCTh CTPEIbObI, 3ALUIIEHHOCTh U JAPYrMe€ KOMIIOHEHTbl X TaKTHKO-
TEXHUUYECKUX XapaKTEPUCTUK.

IIpumepsr mopeneii. Ha puc. 1 — 5 mpexacraBieHsl WUIIOCTPAMM K CO3JaHUIO
JUHAMHWYCCKUX MOI[GJ'IGI\/’I A4 UCCICOOBAHUA BJIWAHHA PCAKTHBHBIX yCI/IHI/Iﬁ oTaaynm Ha
IIPOLIECCH B CUCTEME "OCTOB — MOJIBECKAa — IIMHBI" JIErKOOPOHUPOBAHHON MAILIMHBI, a TAKXKE
PE3YIbTAThl pCIICHNA HCKOTOPBIX TECTOBBIX 3aaa4 O IMMPCOJOJICHUN HepOBHOCTeﬁ MECTHOCTH.

Puc. 1. Monenu xopnyca BTP: a — moBepxHocTHast, 6 — TBEpAOTENbHAS
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Puc. 2. Mogenu y310B noasecku (a,0) 1 60eBoro MoayJis (B) ¢ 3aJaHHBIMA OCHOBHBIMHU
MacCO-MHEPIIMOHHBIMH U JKECTKOCTHO-IEMII(DUPYIOIIUME XapaKTePUCTHKAMHU

Puc. 3. MozaenupoBaHue B3aMMOACHCTBHUS KOJIEC ¢ OCHOBaHUEM (a);
BH3yaJIM3allysl peakIuii B 3jieMeHTax moasecku (0)

Puc. 4. MogenupoBanue B makere ADAMS:
a — MCCcIIeIOBaHUE MPOIIECCOB CTPENBbOBI, O — HCCIIEIOBAHNE MTPOXOXKICHUS TIOJIOCHI MPETSTCTBUN
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Puc. 5. Pe3ynpTaThl 4NCIEHHOIO MOAEIUPOBAHUS:
a — U3MEHEHHE JJTMHBI aMOpTH3aTOpa 4-i ocH MpH cTpeboe ¢ TeMnoM 360 BBICTp./MHH.;
0 — peaknuu B JIEMEHTaX MOJABECKU NPU POXOKICHUHN TIOIOCHI MPEMSTCTBUN

1.0 20 3.0 4.0 5.C

3akiarovenue. V3 aHanusza npeacTaBICHHBIX PE3Y/IbTaTOB MOXHO 3aKIIOUUTh, UYTO
TPaJMLIMOHHOMY [MPEJACTaBICHHBIM MOJAXOJ HMeeT MLenblil psa  npeumyimectB.  Tak,
TpaJULIMOHHBIN MOAXO0/]T
[1-4] mpennosaraeT nmpoBeACHUE MPEABAPUTEIHHOTO dTaria COCTABJICHUS MOJIEICH COTIIACHO
MOAX0Jly, HallpuMmep, MyTeM cocTaBieHus nuddepeHnuanbHbIX ypaBHeHud Jlarpanxka 2-ro
pona. Ilpu 3TOM € JOCTaTOYHON CTENEHBIO TOYHOCTH HE YUUTBHIBAIOTCS HHEPIHOHHO-
YKECTKOCTHBIE CBOMCTBa OpoHekopmyca. Kpome Toro, cam mpoiiecc Co3AaHusl TAKUX MOJEICH
OY€Hb I'POMO3JIOK.

B mportuBoBec 3TOMY MpPEAOKEHHBIN MOAX0J] JOCTATOYHO ONEPATUBHO I03BOJISET
reHepUpOBaTh U MOJIEIH, U pa3pellaliie ypaBHeHUs. B To jxe Bpems ero oCHOBHas 4acTh
JNEHUCTBYET MO MPUHIMITY "4EPHOTO SIIUKA'": HAa BXOJE — MCXOJHBIC NAaHHBIC, HA BBIXOJEC —
KOHEYHO-3JIeMEHTHbIe Mojenu. [Ipu 3Tom a1 BMemIaTteabCcTBa B IPOLECC MOJIETUPOBAHUS
OCTaeTCsi OTPAaHUYEHHBI HHCTpyMEHTapuil. DTO — MOTEHUHUAIbHBIH HEJOCTATOK JaHHOIO
IIOXO0/1a.

B T0 e BpeMs peuieHMe psza TECTOBBIX 3ajad  MPOJAEMOHCTPHUPOBAIIO
paboTOCTIOCOOHOCTH MPEUIOKEHHON TeXHOJIOTUU. B OyayiieM miaHupyeTcst pacpoCcTpaHUTh
€€ Ha pelIeHUE CepUN 3aJ1au C 11eJIbI0 000CHOBAHUS IIPOEKTHBIX apaMETPOB IIPOEKTUPYEMbBIX
JErKOOPOHHUPOBAHHBIX MAIlMH, IOPUYEM C YYETOM Pa3JIMYHbIX (U3UKO-MEXaHUYECKUX
MPOLIECCOB M COCTOSHUI B 2JIEMEHTaX ATHX MAIIMH 0pU JACUCTBUUM Pa3HOOOpA3HBIX
BO3MYILICHUU.
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B craThe ommcaHbl MoAX0AbI K pa3paboTKe MaTeMaTHUECKUX MOJAETICH THHAMHYECKUX
MPOIECCOB TPH BO3JCHCTBUM HA KOJIECHBIE JIETKOOPOHMPOBAHHBIE MAIINMHBI CEPUU
UMIYJIbCHBIX W JMHAMUYECKUX yCHiIui. s aHamm3a mporeccoB CO3/aHbl YHCICHHBIE
mozenu B cpene CAE- cuctem.

Pukynose O.M., Habokos O.B., Ma3yp I.B., benos M.JI., llletiko O.1., Tkauyx M.A.
CIIELIAJII3OBAHI TTPOI'PAMHO-MO/IEJIbHI KOMITJIEKCU U1 AHAJII3Y
JMHAMIYHUX TTPOLIECIB

VY crarTi omMcaHl MIAXOAM 10 PO3POOKHM MaTeMaTHYHUX MOJEIEH TUHAMIYHUX
IpoLeciB IpH Jii Ha KOJICH1 JerkoOpOHbOBaHI MAalllMHU Cepii IMIYJIbCHUX Ta JTUHAMIYHUX
3ycuib. JlJis aHaizy mporieciB CTBOPEHO YncioBl mojeni y cepenosuiii CAE-cuctem.

Rikunov O.N., Nabokov A.V., Mazur 1.V., Belov N.L., Sheiko A.1., Tkachuk N.A.
SPECIALIZED COMPLEX SOFTWARE FOR THE DYNAMIC
PROCESSES ANALYSIS
This article describes the approaches to the development of mathematical models of
dynamic processes when exposed to wheeled light armored vehicles series of pulse efforts.
Numerical models were created for analyzing the processes established among in CAE-
systems.
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