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BbIBOABI.

1. Ilpumenenue HoOka pa3pabOTaHHON KOHCTPYKIIMH JEHCTBUTEIHHO
IMO3BOJIACT CYHICCTBCHHO CHHU3UTH BCIMYHNHY OCTATOYHOM I[e(l)OpMaHI/II/I JJUCTa Ha
48...60% 1 TeM caMbIM MOBBICUThH Ka4€CTBO TOTOBOTO JIUCTA.

2. BenuunHa ocTtaTtouHO nedopMallvu CYIIECTBEHHO 3aBUCUT OT IIMPUHBI
JIUCTa W IIpCAciia IMPOYHOCTH pa3pe3acMOro mMarcpuajia MU MOKET OBITh OIMCaHa
BMHHqueCKOﬁ 3aBUCUMOCTBIO, KOTOpasa IO3BOJIACT IIOJIYYHUTH KOJINMYCCTBCHHYIO
OOCHKY BCJIIMYHMHBI JAHHOIO I[G(bGKTa A MOXET OBITH IIOJIC3HA IIp1 OLCHKC
BO3MOKHOCTH ITPAKTUYICCKOI'O IIPUMCHCHHUA PACCMOTPCHHOT'O IICBPOHHOI'O HOKA.

3. Heobxoaumo IPOBEJACHNUE  JNAJIBHEHMIINX  TEOPETHYECKHX U
OKCIICPUMCHTAJIbHBIX HCCHeﬂOBaHHﬁ, HaIIPpaBJICHHBIX Ha pa3pa60TKy pCKOMeHI[aIII/Iﬁ
OTHOCHUTCJIbHO IPUMCHCHHU IMMPCIOKCHHOI'O IMICBPOHHOI'O HOXKA.

Cnucok aurteparypbl: 1. Koponee A.A. KoHCTpyKIns U pacdeT MalllMH U MEXaHU3MOB IPOKATHBIX CTAHOB!
Y4eOHuk i By30B. — 2—¢ 3. niepepad. u gomn. — M.: Meramryprus, 1985. — 376 c¢. 2. boposux I1.B. K
BOIIPOCY Ka4decTBa Pe3KH MIEeBPOHHBIMU HOkamu // OO0poOka marepianiB THCKoM.: 30. Hayk. mp. Nel(34). —
Kpamaropcek, 2013 p. C. 245-250. 3. ITarent 2212986 Poccuiickas denepanus, MITIK B23D35/00. Hox
MEeBPOHHBIN A pe3ku jucroBoro Marepuana / F0.C. Koreneser, B.A. Apamkesny, 10./]. IBanoB u 1p.;
Saseutenb OAO «CeBepctamby. — Ne 2001120645/02; 3asen. 23.07.2001; omy6n. 27.09.2003.
4. Jlexnapariiitauii maTeHT Ha KOpUCHY Moxaenb 69331 Ykpaina, MIIK B23D35/00, B23D25/00, B23D15/00.
KoMmrutekTr HOXIB HOXHWIL Ui pizaHHs nuctoBoro warepiamy / Cykxos I'. C., Amgoxin /. B.,

KanamnikoB A. A. Ta in.; 3asBHuk [TAO «HoBokpamaropchkuii MammHOOYAiBHUI 3aBoa». — U201112194;
3asBrieHo 18.10.2011, omy6ur. 25.04.2012, brom Ne§.

Haoitiwna oo peoxoneeii 25.10.13
V]IK 669:621.967.1

IMoBbilIeHHe Ka4YecTBAa TOJCTHIX JIMCTOB 32 CYET NpPUMEHEHHs] LIEBPOHHOI0 HOXKAa HOBOIi
xonctpykuuu // bBoposuk II. B., Cenesués M. E. // Bicauk HTY «XIII». Cepis: HoBi pimienus y
cydacHux Texnomorisx. — Xapki: HTY «XIII». — 2013. — Ne 43 (1016). — C. 41-46. Bi6miorp.:4 Ha3Bu.

VY crarti po3risiHyTa HOBa KOHCTPYKIiS IIEBPOHHOTO HOXa JJIsi MOMEPEYHOTO Pi3aHHS TOBCTHX
muctiB. Ha 0a3i pe3ynbTaTiB KiHIIEBO-€IEMEHTHOTO MOJICTIOBAHHS, IMPOBEICHHUI TOPIBHSIBHUN aHalli3
SIKOCT1 JIUCTAa JJIsi BHIIQJIKIB TMOIEPEYHOTO pi3aHHS HICBPOHHUMH HOXKaMHU KIJIACHYHOI 1 3alpOIOHOBAHOI
KOHCTPYKLii. 3a TOKa3HUK NpH LbOMY Opajocsi MakCUMajbHE BIAXWIECHHS BiJ IUIOLIMHHOCTI. Takox
OTPUMAHO BHUPAXKEHHS JUI1 BU3HAYCHHS I[i€] BEJIMYMHM 3aJICKHO Bl IIMPUHHU JIUCTA 1 MEXKI MII[HOCTI
Marepiary o po3ALIIEThCS, IPU 3aCTOCYBaHHI IIEBPOHHOT'O HOKa HOBOT KOHCTPYKIIII.

Kurouogi cjioBa: 1meBpoHHUI HIX, Pi3aHHs, JIUCT, NEPEKT, SKICTh, MOJICITFOBAHHS.

The article describes a new design of the chevron knife for cross-cutting of thick sheets. On the basis
of the results of the finite elements modeling has been performed a comparative analysis of the quality of the
sheet for the cases of cross-cutting of chevron knives of classical and the proposed design. As an indicator
was taken the maximum deviation from flatness. Also it was received an expression for determining this
value, depending on the width of the sheet and the tensile strength of material when the new chevron design
knife is using.

Keywords: chevron knife, cutting, sheet, defect, quality, modeling.
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C. T. BPYJIb, xaux. TeXH. HayK, 3aM. AUPEKTOPA JAeNapTaMEHTa,
MunucrepcTBO 000poHBI YKpaunbl, Kues

K BOITPOCY MOJAEJIMPOBAHUSI PEAKIIUU KOPITYCOB
JIET'KOBPOHUPOBAHHbBIX MAIIIMH HA IEMCTBHUE
YIAAPHO-UMITYJIBCHBIX HAT'PY3O0K

B cratbe pa3BuT 0000IIEHHBII MOAX0 K YACICHHOMY MOJETUPOBAHUIO HANPSHKEHHO-1e(OPMHUPOBAHHOTO
COCTOSIHHSI KOPITYyCOB JIETKOOPOHHMPOBAaHHBIX MallWH. PaccmarpuBaercs ciydail [eHCTBHS —yHapHO-
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UMITYJIbCHBIX Harpy3ok. [IpuBeaeHo onncanue yCOBEpIICHCTBOBAHHONW MaTeMaTHIeCKOH MOJICITH.
KawueBbie ciaoBa: NerkoOpOHHpPOBaHHAs MallWHA, HANPSHKEHHO-Ie()OPMUPOBAHHOE COCTOSHHE,
yIapHO-UMITYJIbCHAS Harpy3Ka, yAapHbIi pe3oHaHcC.

Beenenue. [Ipu npoBeneHnU MPOEKTHO-TEXHOJIOTUYECKUX padOT, HEN30EKHO
BO3HUKAIOIUX B IIPOLECCE Pa3pabOTKU HOBBIX JIETKOOPOHHPOBAaHHBIX MawuH (JIBM)
WIN NIPU MOJIEPHM3AIMM CYLIECTBYIOIUX, KaKk OTMeudaeTcsi B pabore [1], Tpedyercs
ONpE/ICNICHUE pEeaklUd OpOHEKOPITYyCOB ATHUX MAalIMH Ha JEMCTBUE pa3INYHbIX
nopaxaronmx (axktopoB. OnuH U3 HambOIee OTBETCTBEHHBIX PEXHMOB OOEBOTO
IpuMeHeHus1 coBpeMeHHbIX JIbM — ynapHas Harpys3ka OT JEUCTBHSI PEAKTUBHBIX
YCWIMIM OTJayu B NPOLIECCE COBEPIIEHUS BBICTPEIOB M3 IUTATHOIO BOOPYKEHHUS
60eBbIx Moayneil. B pabote [1] mpoBeneH aHanu3 yCiIOBH BOSHUKHOBEHUS YAAPHBIX
PE30HAaHCOB B JAMHAMHUYECKON cHCTEME, KaKOBOM sABIsIeTCS OpOHEKOpIycC
JErKOOPOHUPOBAHHONW MAalIMHBI, TOJBEPKEHHON JIEWCTBHIO CEPUH HMITYJIbCOB
OTJa4M [IPU CTPENIbOE U3 CKOPOCTPEIbHBIX MYIIIEK.

Ienp naHHO# PadOTHI — COBEPIICHCTBOBAHKUE IMOJAXOJ0B U MaTEMaTUYECKON
MOJIEH JUIsl UCCIIEIOBAaHUS HAIPSHKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUSL KOPITYCOB
BOEHHBIX I'YCEHHYHBIX U KOJIECHBIX MAIllMH IIPU JUHAMUYECKOM BO3ICHCTBUN yCUINN
OTJa4M B IPOLECCE CTPENbObl N3 OOEBOr0 MOAYIS C LENbI0 0O0CHOBAaHHOTO BbIOOpA
OCHOBHBIX KOHCTPYKTHBHBIX ITapaMETPOB KOPITYCOB IIPU UX MPOEKTUPOBAHUU.

O6mas mocTaHOBKa 3agauM. B pa3BuTHe u3BeCTHBIX MeTonoB [1-8]
MpPEJIaraeTcsl KOMIUIEKCHBIM MOAXOJA K PEIICHHIO BO3HUKAIOMIMX 3a]ad aHaju3a
(pU3HKO-MEXaHUUYECKHX MPOLECCOB B OPOHEKOPITyCcax JErKOOPOHUPOBAHHBIX OOEBBIX
MamH. Onupasch HAa ONBIT MPEAUIECTBYIOIIMX HccaenoBaHuid [1-8], B menom
IIPEJIAracTCs CIEAYIOMUN TOAXOI.

PaccMoTpuM pas3nuuHble BapUaHThl HArpyXEHUsE OpOHEKOpIyca: 10pe30HaHCHBIE,
PE30HAHCHBIE W 3apPE30HAHCHBIE MO OTAEIbHBIM COOCTBEHHBIM YacToTaMm. [[is 3Tux
CIIy4aeB CO3JaJUM OTIEIbHbIE PACUETHBIE MOAEIIA U IPUMEHUM HX.

PaccMoTpuM  OTHENBHBIE  COCTaBIIIOIIME  MPEUIAraeMoro  KOMILIEKca
UCCIICIOBAHUM.

Paspemaromue COOTHOLICHWSI YHCJCHHOM  MOJEJM  HaNPSKEHHO-
ne(opMHPOBAHHOIO COCTOSIHUSI KOPIIYCOB JIETKOOPOHHPOBAHHBIX MAaIIHH.
Paspemaromye ypaBHEHHsI JUIsl KOHEYHO-3JEMEHTHOTO ONMCAHUS JHHAMHYECKOTO
HaANPsHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHHSI HIMEIOT TpaJaulMOHHbBIN Bu [1, 9-11]:

MU +Cu+Ku=0Q (1)

rne M — maTtpuia Macc;
C — marpuria gemMndupoBaHus;
K — MarpuIia )eCcTKOCTH KOHCTPYKIINY;
U — BEKTOp Y3JIOBBIX IIEPEMEIIEHHIA;
U — BEKTOP Y3JIOBBIX CKOPOCTEN;
U — BekTOp y3JIOBBIX YCKOPEHUI;

Q_ BEKTOP y3JIOBBIX HAarpy3o0K.
Kak ycranoBieHo B pabote [1], B cuily BO30YXXJIEHHS CEpUEH UMITYJILCOB OT
YCUJIMH OTAa4uu OPOHEKOPITYC BOEHHOW TI'yCEHUYHOM WIJIM KOJIECHOM MaIluHBI MOXKET
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UCIIBITHIBATh YJIAPHBIN PE30HAHC HA HEKOTOPOM YacTOTE, HAXOASCh 10 OTHOLLIEHUIO K
ONpEAENeHHOW COOCTBEHHOW YacTOT€ B JOPE30HAHCHOM WM 3ape30HAaHCHOM
pexumax HarpyxkeHus. B cuiry atoro paccmorpum 3 cirygasi.

1. OKx0JI0pe30HaHCHBIN PEXKUM.

Bbiensast 3TOT peXUM M UCHOJB3ys TO CBOMCTBO [12], urto Harpyska Q(t) u
nepemeHnbie U(1) mpu 3TOM OyayT CABUHYTHI Ha yrou 7m/2, JHMHAMHYECKOE
HaNpsDKeHHO-NIehopMUpOBaHHOE  cocTosHue (1)  MOXKHO — MpoaHaATIM3UPOBATh,
paccmarpuBas psii KBa3UCTaTMUECKUX 3aJady C KOMOMHAIMEeW WHEPLHMOHHBIX MU
BHEIIHUX HAarpy3oK, COOTBETCTBEHHO CIBHHYTBIX Ha O3TOT Yroj. OTOT IOAXO.X
s dexTuBeH, HapUMep, TIPU OOJIBIIIOM pa3IeNIeHUH CHEKTpPa COOCTBEHHBIX YaCTOT
(r.e. korma  ¢opMbl  KoJ€OaHWI, COOTBETCTBYIOIIUME  IMPEUMYLIECTBEHHO
1e(pOPMUPOBAHUIO JIEMEHTOB MOABECKU, COOTBETCTBYIOT YaCTOTaM, HAMHOTO HUXKE,
yeM (opmbl  KoieOaHM, COOTBETCTBYIOIIME JA€()OPMHUPOBAHUIO DIEMEHTOB
OpoHekopmyca).

2, 3. Jlo- u 3ape30HaHCHBIA pexuMbl. B 3TUX ciydasx, ocoOE€HHO mnpu
0O0JIBIIOM YAQJIEHUU YacTOT BO30YXKACHUS OT PE30HAHCHBIX, AJI1 JOPE30HAHCHBIX
Y4acTOT MOKHO PacCMOTPETh KBAa3UCTATUUECKOE MPHIIOKEHHE BHEIIHEN HArpy3KH, a
JUIA 3apE30HAHCHBIX YacTOT — CABUHYTOe Ha (asy m oT mepemeHHBIX U(t) (m,
COOTBETCTBEHHO, MHEPLIMOHHBIX HAIPY30K).

Takoli moaXox TO3BOJSET W30aBUTHCS OT JIOCTaTOYHO TPOMO3IAKOM U
3aTpaTHOM MpoOLEAYypbl YHMCIEHHOTO HMHTETpUpOBaHMsS ypaBHeHuM (1) i
ONpeseNeHUus]  JUHAMUYECKOTrO  HAINpPsHKEHHO-AE(QOPMHUPOBAHHOTO  COCTOSIHUSA
OpOHEKOPITYCOB MPU COXPAHEHUU MPUEMIIEMON TOYHOCTH. /[aHHOE CBOWCTBO OUYEHBb
MOJIE3HO HA MEPBBIX 3Talax MPOEKTHBIX HUCCIECTOBAHUM.

OmnpenesieHue  cmeKTpa  COOCTBEHHBIX  4acTOT  OpPOHEKOPILyCOB
JIeTKOOPOHUPOBAHHBIX  00eBBIX  MamIMH. bpoHEKopIyca  COBPEMEHHBIX
JIETKOOPOHUPOBAHHBIX MAIIMH UMEIOT CI0XHYIO GopMy U CTPYKTypy. OOBIUHO
reOMETPUYECKUE MOJIeT OpoHeKopycoB co3gatorca B MomHbIXx CAD-cucremax
(puc. 1). 3aTeM moiy4yeHHbIE KOHEYHO-JIEMEHTHble Mozenu nepenarorcs B CAE-
NAKeTbl JUIsl CO3JaHMs KOHEYHO-3JIEMEHTHBIX MoJeneil. B pesynbrare B 3THX
CUCTEMax MO MMEIIEHCcs HHPOPMALIMK O TEOMETPUYECKON U KOHEYHO-3JIEMEHTHOM
mozeinsax (cMm. (1)) renepupyrorest marpuubl M, C u K. [Ipu manom nemnpupoBaHuu
coOCTBEHHBIC YacTOThI U (HOPMBI KOJeOaHMI OPOHEKOPITYCOB OMpPEACISIOTCS, Kak
u3BectHO [1,9-11], u3 ypaBHeHuUi

(K—pZMP\,:()’ (2)
IJI€ p — MAacCHB COOCTBEHHBIX YaCTOT KOJIeOaHuii j;

A= {Ki }T — COOTBETCTBYIOIINE COOCTBEHHBIE (POPMBI KOJICOAHUH.
Ha puc. 2 mnpencraBieHbl CHEKTpbl YacTOT KoJjiebaHWil OpoHeKopIryca
HEKOTOPOW TYCEHWYHOM MAIlIMHBI, a Ha pPUC. 3 — OTHEIbHBIE COOCTBEHHBIE (DOPMBI
KOJIeOAHUN KOJICCHOM MAalllHBI.
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BMII-3

BTP-80
Puc. 1 — I'eomerpryeckue 1 KOHEUHO-3JIEMEHTHBIE MOJICTTH OPOHEKOPITYCOB
JIETKOOPOHUPOBAHHBIX OOEBBIX MAITH
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Puc. 2 — CnexTp coOCTBEHHBIX 4acTOT KoJieOaHUii OpOHEKOpITyca JerKOl I'YCEHHYHOM MaIlluHBI
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Puc. 3 — CoOcTBenHble hopMbl kKosiebanuit Oponerpancnoprepa bTP-80

AHaJIM3 TIOJYyYEHHBIX JAHHBIX CBHJIETEIILCTBYET O TOM, YTO CHEKTP
coOCTBeHHBIX yacToT Kojebanuit JIBM nocratouno rycroi. [Ipu sTom coOcTBEeHHBIE
dbopmbl  KOJNEOAHUN XapaKTEPU3YIOTCS HATUYMEM Pa3HOOOPA3HBIX JIOKATU3allUi
y310B U my4yHocTted. OTcroga cieayer, 4TO NHpH TapMOHUYECKOM BO3JEHCTBHH
BApbUPYEMOM YacTOTHI MOTYT BO30YXIAaThCsl KOJIEOAHUS HECKOIBKUX CMEKHBIX
¢bopmM, mpuyYeM 30HBI C TOBBIIICHHBIMA TIEPEMEIICHUSIMH M HAMPSIKEHUSIMU MOTYT
pacnojaraTbCsi B pa3HbIX 4acTsIX OpoHeKopIryca.

BeiBoabl. B paGote onncana MeTouka onepaTUBHOTO UCCIIEI0BAHUS PEAKIIUU
OpoHekopIyca JITKOOPOHUPOBAHHON MaIllMHBl HAa JIEUCTBHE MHOTOUMITYJILCHOTO
Harpy>kKeHusl.

[Ipennaraemplii B JaHHOW CTaThe MOAXOJ HE MpPEaycMaTPHUBAET, Kak B paboTe
[1], mpsMOro YHCIEHHOTO HWHTETPUPOBAHUS pa3permaromux ypaBHeHud (1) Bo
BpeMmeHu. [lyTeM aHam3a cOOCTBEHHBIX YacTOT U popM KojebaHut OpoHeKopIyca, a
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TAaK)K€ YaCTOTHBIX XapaKTePUCTUK YCWIMHA OTHauM, ompezaensercs Habop
KBa3UCTATHUYECKUX 3a/ad IS OIEHKU HamlpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSTHUS
OpoHEKOpIyca W MPUHSTHS COOTBETCTBYIOUIMX IPOEKTHBIX PEIICHUN. YUUThIBas
BBICOKYIO CKOPOCTh PEIICHHUs STUX 3a/]ad, MOJydaeM OIIyTHMOE yCKOpPEHHE 3Tara
YHUCIIEHHBIX HCCIEIOBAaHUN, OCOOEHHO B cCllydae ydeTra HeOOJBIIOTO KOJUYEeCTBA
COOCTBEHHBIX 4acTOT U popM KosieOaHHI OpoHEKopITyCa.

B nanbHeiliem npeacTaBieHHas METOAMKA Oy/IeT MCIOJIb30BaHa ISl aHan3a
peakiuu OpOHEKOPITYCOB JIETKOOPOHUPOBAHHBIX OOEBBIX MAIIMH Ha CEPUI0 yIapHO-
MMITYJIbCHBIX BO3JCHCTBHI 1 000CHOBAHUS UX PAIIMOHATBHBIX MMPOCKTHBIX PEIICHUH.
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K Bompocy MoaeaupoBaHusi peakuuy KOPMYCOB JerKOOPOHUPOBAHHBIX MAIIIMH HA JeiicTBUE yIapHO-
umnyjabcHbIX Harpy3ok / Bpyas C. T. // Bicauk HTY «XIII». Cepis: HoBi pimenHs y cyyacHHX
texnoJjorisx. — Xapkis: HTY «XIII». — 2013. — Ne 43 (1016). — C. 46-50. Bi6umiorp.:12 Ha3s.

Y crarti pO3BHHEHO Yy3araJlbHEHHWH MiAXiJA 70 YKCIOBOTO MOJEIIOBAHHS  HAIPYXKCHO-
nehOpPMOBAHOTO CTaHy KOPIIYCiB JIETKOOPOHBOBAaHUX MaIWH. JlOCHiKyeTbCs BHIIAJOK il  yJapHO-
IMITyJIbCHUX HaBaHTaKeHb. HaBeJIeHO OMMC yI0CKOHAIEHOT MaTeMaTHYHOT MOJIEII.

KirouoBi ci1oBa: nerkoOpoHbOBaHa MallllHA, HAPYXEHO-Ie(OPMOBAHUHN CTaH, yIapHO-IMITYJIbCHE
HaBAHTAKEHHSI, YIAPHUN PE30HAHC.

In the paper the generalized approach to numerical modeling of stress-strained state of lightly
armoured vehicles hulls is developed. The case of shock impulsive loadings action is considered. The
description of improved mathematical model is given.
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