ISSN 2079-5459 (print)

CEPIA "HOBI PILIEHHS B CYYACHUX TEXHOJIOI'TAX" ISSN 2413-4295 (online)

YK 539.3 doi:10.20998/2413-4295.2016.18.04

3ABE3NEYEHHS TAKTUKO-TEXHIYHUX XAPAKTEPUCTHK BIMCHbKOBUX
I'VCEHUYHUX I KOJIICHUX MAIIINH HA ETAIII IPOEKTHUX JOCIIKEHb

A. B. I'PABOBCBKHH', A. 0. BACHJIbEB, M. M. TKA4YYK, A. 10. TAHYEHKO,
0. B. MAPTHHEHKO, /I. B. KHPUYYK, C. B. LOPUCEHKO, O.1. KACAH

Kagheopa meopii i cucmem asmomamuzoeanozo npoexmyeanHa mexamizmie i mawun, Hayionanvnuii mexuivnuii ynieepcumem
" Xapxiscokuii nonimexniunutl incmumym», Xapkis, VKPAIHA
*email: grabovskiy@tmm-sapr.org

AHOTALIA Y pobomi micmumbcst nocmanoeka 3a0aui 3a6e3neveHHs makmuko-mexXHIuHUX Xapakmepucmux GitiCbKOBUX 2YCEHUYHUX I KOTiC-
HUX MAWUH HA emani NPOeKmHuux 00Ciodicetsb. 3anponoHoBaHa adanmayis Memooy y3a2anbHeH020 NAPaMempuiHO20 MOOETI08aHHs 00 PO36'si-
3aHHA 30044 AHAI3Y OUHAMIKU MA MIYHOCI eNeMeHmMi8 GILICbKOBUX 2YCeHUHUX | KOTICHUX MauwuH. Posensamnymi Oexinbka yacmunnux 3a0ad. Y
npoyeci 00CI0HCEeHb GUKOPUCIAHI CYUACH] RPOSPAMHI KOMITIEKCU. Po3pobieri memoou ma Mooemi MOodCymv Oymu 3acimoco8ani 00 po36 a3am-
HA 3044 OOIPYHMYBAHHA NApaMempia enemenmie 00'ckmie OPOHeMAHK080i MeXHIKU 3a Kpumepiamu MiyHOCmi, 3axunjeHocmi, MoYHOCmi
6e0eHH s BOHIO

Kniouogi cnoea: siticokoséa 2ycenuyna i KOICHA MAWUNA, MAKMUKO-MEXHIYHA XAPAKMEPUCUKA, pedcum OOL0B020 3aCMOCY8anHsl, Hanpy-
JHCEHO-0eqhOPMOBAHULE CMAH, AHATI3 OUHAMIKU MA MIYHOCMI, KOWMAKIMHUL IMUCK

PROVIDING OF TACTICAL AND TECHNICAL CHARACTERISTICS  OF MILITARY
CATERPILLAR AND WHEELED VEHICLES ON STAGE OF DESIGN RESEARCHES

A. V. GRABOVSKIY, A. YU. VASILIEV, M. M. TKACHUK, A. Y. TANCHENKO,
0. V. MARTYNENKO, D. V. KYRYCHUK, S. V. BORYSENKO, |. KASAI

Department theory and systems of automated degigmeohanisms and machines, National Technical UsityetKharkiv Poly-
technic Institute”, Kharkov, UKRAINE

ABSTRACT The paper contains a statement of the problemnsuire performance characteristics of military tradkand wheeled
vehicles at the stage of design research. A metii@diapting a generalized parametric modeling tlvieg problems of dynamics
analysis and durability of elements of military ¢k@d and wheeled vehicles. We consider particulablems associated with the
contact interaction of elements of military vehsglateraction of shock wave loading hulls with lightnored cars, the impact of jet
impact forces on the strength of hulls, as wellhasinteraction of the kinetic ammunition with armeb@bstacle. During the study
used modern software systems. Designed methodal@giproach combines the flexibility and adaptabiby appropriate modifi-
cation of the operator describing the processes @mtlitions. The important point is that at thisé¢ to address the problems of the
analysis is the ability to use powerful softwaretays that implement, for example, a finite elemegthod. Thus, the combination
of these instruments on the basis of the propossttiadology makes it possible to develop a parametrimerical models that can
be directly used for the project to ensure tacti@atl technical characteristics of advanced domesiigary tracked and wheeled
vehicles. The developed methods and models capgied to the solution of armored vehicles paramstedy problems of ele-
ments of objects according to the criteria of sg#n security, accuracy of fire.
Keywords:military wheeled and caterpillar vehicles, tactiead technical characteristics, mode of combat asess-strain state, dynamics
and strength analysis, contact pressure
Beryn MH TEHICHIISIMH 1 pPO3BHUTKY, a camMe 3CyBOM AaKIICHTiB B
OCHAIIEHHI 030POEHUX CHJI, PI3KAM TIIBHUIIICHHSM TaKTHKO-

Curyaltist Ha CBITOBOMY 1 BITYM3HSHOMY PUHKAX Hay-
KOBO-TEXHIYHUX PO3POOOK B OOJIACTI CTBOPEHHS, BHUTOTOB-
JICHHSI 1 JIOCHI/DKEHHS €JIEMEHTIB OpOHETaHKOBOI TEXHIKH.
Anani3 nyOmikauiit [1-12], matepianiB BucTaBok, Internet-
MarepialiB, a TAKOXK MPAKTHUKKA OOHOBHX il y CXiTHUX 00Ja-
crsx YKpaiHM Jja€ 3MOTY MPOBECTH EKCHPEec-aHall3 CTaHy sIK
PMHKY 030pO€Hb Ta BiiCHKOBOI TEXHIKHM B LIJIOMY, TaK 1 foro
HayKOBO-JIOCJITHAIIBKOTO CErMEHTY 3 aKIIEHTOM Ha BIT4YM3-
HSIHMX PO3POOHMKIB, BHPOOHHKIB 1 mocTadaibHUKIB. [Ipn
IILOMY MOYXHA BUJIUTUTH HACTYITHI 3aKOHOMIPHOCTI.

XapakTepHi 0COOJMBOCTI PHHKY HAayKOBO-TEXHITHHX
PO3pOOOK B 0OJIACTI CTBOPEHHS, BUTOTOBJICHHS 1 JIOCIIKSHHS
00’ €KTIB OPOHETAHKOBOI TEXHIKH OOYMOBIIOIOTHCS CyJacHH-

TEXHIYHUX XapaKTePUCTUK CTBOPIOBAHMX 3pa3KiB TEXHIKHU 1
3HWKEHHSM TEPMIHIB 1X TIPOSKTYBaHHS, TOCIIHKEHHS 1 BUTO-
ToBJIeHHs. CriocTepiraeThCsi 30UTBIICHHS B IIJIOMY iHTEpeCy
JIO JIETKOT OPOHETAHKOBOI TEXHIKHU IPH HOro 30epeKeHHI JI0
BaXKOi OpPOHETAHKOBOI TEXHIKM. BinOyBaeTbcs 3pocTaHHS
IHTEpecy 10 MOJiepHizalii OpPOHETaHKOBOT TEXHIKH, IO repe-
OyBae Ha 030pOEHHI OaraTboX KpaiH CBITY.

Jlns  pUHKY  HAyKOBO-JIOCHIIHMX 1  JOCIIJHO-
KOHCTPYKTOPCBKHX POOIT XapakTepHe, 3 OJHOro OOKy, 3011b-
MIeHHS 1HTerpamii MPOEKTHO-IOCIITHAIIBKAX POOIT 1 BUPOO-
HHUYOI KooTleparlii B MiXKHAPOJHUX MacCITadax, a TakoX 00-
MEXKEH] MOMJIMBOCTI POBIIHKX 3axigHuX (ipM (B TOMY YHCIIi
3 kpain HATO) nmomyckatu nepenady B YKpaiHy IEpeIoBHX
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TEXHIYHUX PillleHb, —3 1HIIOTO.

[potsiroM JEKIIBKOX POKIB BiOynocst pi3ke 3MeH-
IIeHHS 3aKyTIiBeNb BiCbKOBOI TexHiku 30poriHnMEu Crtamu
Ykpainu, sike OCTaHHIM 9acoM TIOTPiOHO HAPOCTHTH HACTLIb-
KA K pidko. OCHOBHI TIGHTPH HAyKOBO-IOCIITHHX POOIT
CPCP 3aymmmmicst B Pocii. Tam jke — OCHOBHI OaHKH HayKO-
BO- TEXHIUHOI iH(opMaIlii, TaHUX eKCIIepUMEHTAILHHUX JI0C-
JIHKEHD 1 TIOJITOHHKUX BHUIPOOYBaHb, & TAKOXK — J1ab0opaTopHi
0a3u 1 cnenobnaaHanus. [Ipu mpoMy noctyn no Hux OyB
ICTOTHO OOMEKEHHH, a B ChOTOJHIIIIHIX YMOBaX — HEMOJIU-
Buid. Pasom i3 TuM B VYkpaiHi iCHye NOTYXHAa HayKOBO-
JIOCIITHULIbKA 1HPPOCTPYKTYpa, SIKa 3a YMOB CHCTEMHOTO
mimxomy Moxke OyTH MOOLTI30BaHa 3aIUls PO3B'SI3aHHS 3a/1a4
3a0e3IeUeHHs] TAKTUKO-TEXHIYHMX xapakrepuctuk (TTX)
BIMiCHKOBHX I'yCEHMYHUX 1 Kosticaux MariH (BI'KM) Ha erani
MIPOEKTHUX JIOCITiIKEHb

BigMiveHi 0coONMMBOCTI TAfOTH MiICTaBY 3pOOUTH BH-
CHOBOK TIPO T€, IO B 00J1aCTI HAYKOBO-JIOCITITHHX 1 TOCJTiTHO-
KOHCTpyKTOpchkux pobit (HIJIKP) 3 TeMaTrku po3poOKH i
MoJiepHizallii OpOHETaHKOBOI TEXHIKH, Y TIEpIy Yepry — Bild-
CHKOBHMX T'yCEHWYHHX 1 KOJIICHUX MalllMH, CKJIayacsi SIKICHO
HOBA CHUTYaIlisl, B sIKiii BUHHKAE HEOOXIAHICTh 3pOOUTH aKIICH-
TH Ha HACTYIHI HAIIPsIMU POOIT:

*  pimyya BifMoBa Bit cTapux (opM i METOIB Ipo-
Benennst H/JIKP, nus sikux xapakTepHi BUCOKa BUTPATHICTB,
HU3bKa OIEPATUBHICTh 1 cllabke 3aCTOCYBaHHS CyJaCHHX
KOMITFOTEpHHUX TEXHOJIOTIH;

*  BIPOBAPKEHHS, IPUUOMY B HAHKOPOTIII TEPMiHH,
HAMOUTBII TIEPENOBUX TEXHOJIOTIH TIPOSKTYBaHHS, JIOCHi-
JDKEHHSI 1 BUTOTOBIICHHSI B TIPAKTHKY POOOTH ITiIIPHEMCTB
OIIK. BaxmBo npH 1IbOMY JOTPUMYBAaTH MOXIIMBICTH 0€3-
KOH(IIIKTHOrO OOMIHY IaHMMH Y B3a€EMOY3TODKEeHHs hopma-
Tax JIaHuMX;

* aKTHMBHE NPOBEJICHHS MOHITOPHHTY CTaHy JOCIi-
JoKeHb y (ipMax Ta KpaiHaX-KOHKYPEHTax 1 OTpHMMaHHS KOH-
CYJIBTaTUBHOI 1H(OpMALLii 31 BCIX JOCTYITHUX ITUTAHB;

* aKTWBHWI MOHITOPHHT 1 IPOTHO3yBaHHS TEMATH-
KH JIOCJTIKEHB, SIKi TIPEICTABIISIIOTH a00 TMPECTaBIATUMYTh
iHTEpeC UIA TIOTCHIIIMHMX 3aMOBHUKIB 1 CIOXHBadiB, Y
nieprry gepry —3CY,

* KOHIEHTpAILlis 3yCW/ib Ha KIOYOBUX HarpsMax
JIOCITIJUKEHB.

IlocTanoBka 3amaui

Ha rtenepimmiii yac 3abe3neyennss TTX BilicbkoBHX
I'yCEHWYHHUX 1 KOJICHUX MAlWH 3J[HCHIOETHCS Ha eTarl po3-
pPOOKM Ha OCHOBI aHAJI3y MPOEKTHUX IOCIIDKEHb (Di3HKo-
MEXaHIYHUX TPOIIECIB 1 CTaHIB, SIKi peati3yloThCsl B €JIEMEH-
Tax MaIlvH y TpoIIeci eKCIuTyararlii Ta 00HOBOTO 3aCTOCYBaH-
Hi. Lle 3yMOBI€HO THMHM OOCTaBMHAMH, IO BiJl CKIAIOBHX
BI'KM Bumaraetscst He TUTbKH BUKOHAHHS TIEBHUX (DYHKIIIH,
ajie i BUCOKa MIITHICTh 1 HaIiHHICTE. [IpH 1IboMy Ha eNTeMEeHTH
MalllFH JAI0Th Y MpOoLeci eKCIuTyarallii Ta 00ioBoro 3acrocy-
BaHHSI PI3HOMAHITHI CHJIOBI, TEIUIOBI, XiMiuHi BIUMBU. OCHO-
BHOIO TEHJICHIIIEIO OCTaHHIM 4acoM € sIKpa3 sIK iHTeHCH(iKa-
Iis PeXKUMIB OOHMOBOTO 3aCTOCYBAHHS, IO MPU3BOUTH SK JI0
3pOCTaHHs PiBHSI OKPEMUX YMHHHUKIB YPKEHHS, TaK 1 pO3LIH-
PEHHSI MHOYXMHHM YMHHUKIB, SIKi JIF0Th Y CYKYITHOCTI Ha OJJH 1

Toit ke enement BI'KM. BinmmosinHo, BHHHKae moTpeda y
CTBOPCHHI HOBHX, OLUIBII JOCKOHAIUX, aJICKBATHUX i TOYHUX
MaTeMaTHYHHX 1 YHCIIOBUX MOJIENeH BUHHKAIOUYMX Y €JIeMeH-
Tax BI'KM (hi3uko-MexaHiYHUX TPOIIECIB 1 CTaHiB, OCKLIBLKH
KOMIT I0TEpHE MOJICTIFOBAHHS Ja€ 3MOTY OLUIBII OIEPATHBHO
Ta €eKOHOMHO OOTPYHTYBaTH MPOSKTHO-TEXHOJIOTIHHI TTapame-
TpU IXHIX €JIEMEHTIB, 10 3a0e3MeuyIoTh MOTPiOHMI piBeHb
TTX.

JlocipKkeHHsIM  PI3HOMAHITHUX ~ (Di3MKO-MEXaHIYHUX
nporieciB i craHiB B enemeHrax BI'KM npucssiueHo Garato
nocmipkenb [13-15]. PazoM i3 TéM y 1MX JOCTIDKEHHSIX
AQHAJT3YIOTHCSl NIEPEBAKHO OKPEMi 30BHIIIHI Ta BHYTPIIIHI
YMHHUKA. Y TOM )K€ Yac, SIK Bi[3HAYAIOCS BUILE, 1[I YAHHUKU
JUIOTH y CYKyIHOCTI. ToMy iX TIOTpiOHO BpaxoBYBAaTH Y CTBO-
PIOBaHMX MATEeMAaTHYHUX 1 YMCJIOBUX MOJICISIX SIKpa3 y CYKy-
il gii. Omke, Toctae podieMa po3poOKH TaKUX MOJIETIEH,
SIKi TIPUPOJTHAM YHMHOM IHTETPYIOTh Pi3HI YMHHHKH, ITapaMeT-
pH, CTPYKTYypH Ta po3noaiid. OCHOBHOIO BUMOTOIO JIO ITHX
MoJIeJIel € MOYITUBICTh iXHBOI BapiaTUBHOCTI Ta KEPOBAHOCTI
i3 O/THOYACHUM 30EpPEeKEHHSM ILUTICHOCTI, OC3KOH(ITIKTHOCTI,
a TAKOXK B3aEMOBILIMBY Pi3HUX YHMHHUKIB.

Meron po3B’ si3aHHA 3a/1a4i

Jlns po3B’si3aHHs MOCTaBJICHOT 3aj1a4i JOLUIBHO 3a-
CTOCOBYBATH SIK OCHOBY METOJl Y3araJbHEHOIO IapameTpud-
HOro MopemoBaHHs [16]. 3a HOro BHKOPHUCTAHHS KOXEH
KOMITOHEHT LIJTICHOT MOZIETI PO3IVISLIAEThCS SIK y3araJlbHEHNH
BapirioBanuii napametp. Lle nae 3mory ¢opmansHO 3acTocy-
BaTH yci oneparii TpaauLiifHOro MapaMEeTPUYHOIO aHaJIi3y,
MPOTE BPAXOBYIOUM KOXEH pa3 CreruQiky Tie€l 9u iHIIOq
3anadi. OTKe, YBIBIIN y pO3IJIST MAaCHB y3araJlbHEHHX Tiapa-
MmerpiB P :{pi} , MOXXHa TIOCTaBUTH Y 3arajJbHOMY BHIJISII

3a/1a4y [apaMeTpUIHOIO CHHTE3Y:
[(p) - min; L(p,u, f,t)=0; Hjs[Hj]; T, Z[Tk].

Tyr | — nesixa ntboBa QyHkwist, L — oneparop noyaTkoBo-
KpaioBoi 3a/1aui, o onucye (i3nKo-MexaHiYHHI npouec adbo
cTaH 00’ €KTy y BUIJISIII POCTOPOBO-YacOBOro po3mnoiy; Hj,
[Hj] — BixmoBiaHO NeBHiI XapaKTEPHCTHKHM MPOLIECIB i CTaHIB, a
TAKOXK TPAaHWYHI TXHI BEMMYMHH (LI0 BH3HAYAIOTH JOIMYCTH-
MUt piBeHb THX 4¥ 1HIIKX XapakTepucTtuk), j =1...,N,; Tk,
[7{ — moTouHi Ta Ti, IO BUMAraeThCsl JOCSTHYTH, PiBHI KOM-
MOHEHT  TAKTHKO-TEXHIYHMX  Xapaktepuctuk  BI'KM,
k=1...,N;.

KonTakrHa B3aemonin eementis BI' KM

VY naHOMy BHITAZIKy MAaeMO B3a€EMO3B’s3aHi HPOLICCH
PYXy TOTO YH IHIIOTO €JEeMEHTA MAIIUHU YU 030pOEHHS, 3
omHOTO OOKYy, HOTO KOHTaKTHY B3aEMOJIiIO 31 CIPSHKEHUME
elleMeHTaMH, — 3 IHIOro OOKy, a TaKOX HampyXeHO-
nepopmosannii crad (H/IC) xonrakryrounx Tin. Lle, Hanpu-
KIaj, PyX KyJbOBHX TOPIIHIB PamiaJIbHOI Timporiepenadi
I'OI1-900 TarkoBoi TpancwMicii [17] y B3aemopii 3i craropHuM
KUTBIIEM Ta OJIOKOM IWJIHIPIB; pyX CHapsAa Ta B3aEMOJIS i3
CTIHKaMH TapMaTHOTO CTBOJIA; B3aEMOJIiS €JICMEHTIB KOYCHHS
MaroHy OAaIlITH TaHKA YM JIETKOOPOHHOBAHOI MAIIIMHU 13 HOro
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HaNpsSMHUMH €JIEMEHTAMH y TPOLIEC] 3/iHCHEHHS ITOCTPLIIB,
HABEJICHHS HA I[UTh Y1 PyXY Ha MiCIICBOCTI.

Omxe, onepatop L y manomy BHIaaKy po3magacThest
Ha CITiBBITHOIICHHS

L(pg. Ve, fr) =0 Ly(fe0)=0; Ly(ug,.t)=0.

TyT VR — y3arainpHeHi KOOPUHATH, [0 OMUCYIOTh PYX JOCIIi-
JDKYBAHOTO €JIEMEHTa, IO 3aJIeKaTh Bill MaCHBY MapaMeTpiB
Pr (HaTpUKIIa, THCK Ha elleMeHT), a fr — BimmoBimHi 3ycums,
SIKI BUHUKAIOTh TP oMY . Lli 3ycrmist TpaHc(hopMyroThCS Y
KOHTaKTHI HampyXeHHS 0, AKi BHKIMKAIOTH HAaIpY>KEHO-
nehOpMOBaHHI CTaH, IO OMMCYETHCA PO3IOALIOM TIepeMi-
IIeHb U TOYOK JIOCII/PKYBAHOTO Tijia, KOMIIOHEHTIB TCH30pa
nedopmartiii € =¢g(U) Ta HanpyxeHb 0 = o(U) .

OcHOBHA yBara, 30Kpema, MpUIiICHa aHali3y KOHTaK-
THO{ B3a€MOZIi KyJIbOBOTO TOPIIHS 3 OIrOBOIO JOPIKKOIO B
pamianpriti TOIT (puc. 1). Po3ristHyTO JOCHTH 3araibHMi
Ki1ac po¢iiB GIroBIX JOPLKOK Ha Kibll cratopa (puc. 2).
IIpodine 6iroBoi NOpiKKKA B IEHTPAJIbHIA CBOiK YacTIi €
Iyroro Koia pazgiyca R 3 kyroBoro Bemwmumuoro 20 . Takum
YMHOM, CEpEIHs YacTKa OIroBOi JTOPLKKH € 3KOJOOOM TOPOi-
JIadbHOT (DOpMH, 1O SKOMY IIEPEKOYYETHCS MOPIICHb IPU
obepranHi poTopa. Pamiycu xomoba i mopHs nependadaeTs-
¢Sl poOHTH OJM3BKAMHU TSI TOTO, 100 3MEHIITUTH TICPBUHHUMA
3a30p MK TIOpPIIHEM i OIrOBOIO JOPIKKOIO B TOIEPEIHOMY
HampsiMi. Y pe3ynbTati hopma OIroBoi JOPIKKHM SK MOBEPXHI
0o0epTaHHs MMOBHICTIO BU3HAYAETHCS MapaMeTpamMu ii mpodi-
mo: R,R,,0. Ilpu upoMy 3Ha4eHHS KOHCTPYKTUBHHUX I1apa-

MmetpiB: Ry=31,75mMM, Re=128MmM, Rs=159,7%m.

cratop
Girosa
JIOpiKKa
craropa

Puc. 2—T"eomempis min y cnpsicenni
NOPWIHA 31 CMAMOPHUM Killbyem ma
npogins 6i2060i dopivicku

BB BapiiioBaHuX mapaMeTpiB Ha XapakTep KOHTa-
KHOI B3a€MOJIii MOPIIHS 3 KUTBLIEM CTaTopa 3a BifICYTHOCTI
Tepts 1 nokaneHuit HIIC meMoHCTpyeThes: pe3yibTaTaMu po3-
PaxyHKiB, IPOBEIICHHX Pi3HUMHU MeTofamu. Bumso (prc. 3, 4),
mo ¢opMa PO3NIHYTHX HONEPEYHNX INPOQLUIB 3yYMOBIIOE
XapakTep PO3MOALTy KOHTAKTHOTO THCKY, CYTTEBO BiIMIHHUH

BiJl TEPIICBCHKOTO, MO HEOOXITHO BpPAaXOBYBAaTH IIPU BHOOPI
3HaueHb pajiycy LEHTPaIbHOI YacTKU OIroBOI IOPDHKKM cTaTopa
I"OI1 Ta iHmMX ii KOHCTPYKTHUBHUX TTApaMeTpiB.

Puc. 5 nemoHCTpye 007acTi 3aCTOCYBAHHS Ta TOPIB-
HSUTBHY TOYHICTh Pe3yJIbTaTiB, OJepKaHuX 3a [ eprioM, MeTo-
noM ckingennnx ejgeMenTiB (MCE) Ta METOIOM IpaHHYHUX
enementis (MI'E), a puc. 6 —xapakrep H/IC B KOHTaKTyrOUHX

; :
w10

(RERR)RpMO0%=20% L 0 (RpYRI010%

T 5

gois 00t 00 0 oms o001 oos | G o oms 0 o0 on 0%
x[m] «[r]
0 (ReRERHO0%=0% s

5
a0 om Q0B 0 0X5 00 00 | s DE tn om0 om0 e
x[m] x|

Puc. 3 —Po3nodinu Konmakmnozo mucKy npu pisHux 3Ha4eHHsX
piBHUYi padiycie sconoba i NHOpuwiHa

Puc. 4 —Posnooin 6
KOHMAKMHO20 MUCKY HA OCI
OXnpu manux
PiBHUYAX paodiycie sconoda ma
nopwins
NOPIGHAHO

3 QHANOIYHUM 2
po3nodinom

Y BUNAOKY KOHMAKMY

3 YUriHOpom 0

£
=
a

w

~

—s— Actual Geometry Solution (AGS)
——AGS (P =50 kN)
——AGS (P = 200 kN)
Hertzian Estimation (HE)
& FEM results

Puc. 5—
3anesrcrocmi
3HAYeHb
MAKCUMATbHO20 KOHMAK-
TMHO20 MUCKY 8i0 BIOHOCHOT
Pi3HUYI padiycis siconoba
ma nopuiHs

Pmax, MPa

N W

A=(R, - R)/R;100% -

O

5% 0% 5%  10% A

Puc. 6— Posnooin nanpyoiceno
3a Mizecom 8 Ky1b080MYy NOPUIHI
ma cmamopi. npu 3yCULTL Cmuc-
ryeanms 200kH

(MCE, uemsepmuna mooeni)

Timax. JlaHi pe3ynbTaTH CTajad OCHOBOIO ISl BH3HAUCHHS
pamioHaIbHOT GopMu OiroBuX MOpiKOK pamiansHux ['OIT 3
YMOB KOHTAKTHOI MiITHOCTI.

B3aemonisi y1apHO-XBH/IL0BOT0 HABAHTAKeHHSI i3 OpoHe-
KOPILyCOM JIETKOOPOHbOBAHOI MAIIIMHU

IoB's13aHi Mixk cOOOIO TIPOLIECH OOTIKAHHS YIapHOIO
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XBUJIEIO OPOHEKOPITYCY JIETKOOPOHBOBAHOT MAILIMHK Ta HOro
HanpyXeHO-1e(GOPMOBAHNI CTaH OIUCYIOTHCS CHUCTEMOIO
pisasiHb [5, 15, 16]

L(py M, ,u,m,qt)=0; Ly(q,,u)=0.

Tyt L4 — oniepaTop razoauHaMivHOTO Tporiecy; Ls —omepatop
IS OTIUCY HATIPY>KEHO-Ie(OpMOBAHOTO CTaHy OPOHEKOPITYCY
JIETKOOPOHKOBAHOT MarmHu. [Ipu 11boMy OpOHEKOpITyC 3a7a-
eTbest popMoto Horo 06Boay. Ha Hporo HaOirae ynapHa XBrist

11534.8
-26265.2
-55725.9

i

62117.0
47386.7
32656.3
17926.9
31956
-40995.5
88971.3
74186.1
59400.8
446155
208302

.
3

H T
HlE— T

91577.8
76847.4

15045.0
259.7

i3 mapametpamu pv (LIBUAKICTh, HAIIPSM, BEJINYNHA HAMITHIL-
KOBOTO THCKY Yy (pOHTI TowwIo). BinnosigHo W — 3MiHHi, 1110
OMHCYIOTh Ta30MHAMIYHM TOTIK V (UIBHIKICTE, THCK, TEM-
niepatypa), a Qv — BIAMOBIIHE CHIIOBE HABAHTaXKCHHS BifI 10~
TOKY Ha Oponekopiyc. [TepemitiieHHst U TOY0K OpOHEKOPITYCY,
3 ofHOrO 60Ky, omicyroth HJIC Oponexoprycy, a, 3 iHILoro,
— BIZINOBIZAIOTH 32 3MiHY reOMeTpil 00BOLy OPOHEKOPITYCY.
3okpema, CyTTEBE 3HAYCHHS Mae TeoMeTprudHa (opma
00BoziB OponekopyciB. Ha puc. 7 npezcrasieHi nopiBHsIIb-

-14525.6
-293109
-44096.1
-58881.4
87807.9
71176.0
54544.0
37912.0
21280.1
4648.1
11983.8
28615.8
45247.7
61879.7
-78511.7
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POo3nodinu wieuoxicmeii y nomoui
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Puc. 7 —Po3no0dinu Haonuwiko8o2o mucky ma weuokicmei y nomoyi na oponexopnycu. a — MT-JIb, 6 — ETP-80, ¢ — FTP-3E

=

136,66

!i

354,00 Max
T
015956 Min

| !

npozun

exgieanenmmi nanpyycenns za Mizecom

0

Puc. 8 —Po3noodinu npocunie ma exgieaneHmnux Hanpyosicens 3a Mizecom ons " monomonuunnux" gapianmie OpoHekopnycie 3
moswunoio eremenmie 6 mm 6 6ponexopnycax. a — MT-JIB, 6 — FTP-80, ¢ — FTP-3E

0 Min

1089,2 Max
0,0043961 Min
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HI XapaKTepHi PO3HO/UIM HAJUIMIIKOBOTO TUCKY Ha OpPOHEKO-
prycu MT-JIB, BTP-80 ta BTP-3E. BuiHo cyTTeBY pi3HUIIO
TIOJTIB PO3NOJIUTY HaUIMIIKOBOTO THCKY. Lle, y cBoio wepry,
3MiHCHIOE BIUIMB HA HANPY)KeHO-1e(OpMOBaHHIA CTaH CUIIOBOT
CTPYKTYpH OpOHEKOPITYCiB (Ha pric. 8 —po3IoIiIM POTHHIB
Ta eKBIBAJICHTHUX HAIpYXeHb 3a MizecoM B OpoHeKopITycax
MT-JIb, BTP-80 ta BTP-3E s "MOHOTOBHIMHHMX" BapiaH-
TiB GPOHEKOPITYCIB 3 TOBIIMHOIO CIIEMEHTIB 6 MM).

TakuM  YMHOM, CYKYyIHO Ha  HaIpy>KEHO-
neopMOBaHHIT CTaH OPOHEKOPITYCIB  JIETKOOPOHBOBAHHMX
MalllH BIUIMBAIOTh 1 MapamMeTpy yAapHOi XBHUI, 1 MPOEKTHi
pillieHHs (K reoMeTpisi 30BHILIHIX OOBOMIB, TaK i BHYTPILIHS

109e-2

21,087

CHJIOBA CTPYKTYPA, & TAKOXK — TOBILIMHH JINCTOBHX MaHEJICH).

Omxe, Taka CTPYKTypa MOZEIIOBAaHHA [a€ 3MOTrY Ha-
TIPSIMY BCTAaHOBUTH 3aKOHOMIPHOCTI BIUTHBY TEXHIYHHX Xapa-
KTEPUCTHK €JIEMEHTIB OpOHEKOPITYCiB Ha MIITHICTh Ta 3aXH-
IIEHICTh TIPH Al yAApHUX XBIJIb 3 THMH YH HIIAMH MTapameT-
paMuL.

BuiMB peakTMBHHUX 3yCHJIb BilJIayi Ha MillHiCTH OpoHe-
KOpIyciB

Maemo y 1pOMY BHIAJKy OIHUC IpOLecy IOCTPLIy 3
rIapaMeTpamMH ps i 3SMIHHAMH Vs

\

11972 Max

536e3
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3l Sl

14517 Max
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0,0063138 Min

1821382
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Puc. 9 —Po3nodinu KomMnoHeHm HanpysceHo-0eqpopmMosano2o cmamy 6eKmopa nepemiujeb ma exeiéaleHmHux Hanpyoicels 3a Mizecom
npu Oii peakmugHux 3ycuib 8100aui npu 30iICHeHHI NOCMPITIB i3 6IACHUX OOLIOBUX MOOYIIS PI3HUX OPOHEMAUUUH
(3ycunna 10 kH npuxnadaemuvcs na sucomi 0.5m 6i0 yenmpy nozinnozo Kinvys):
a — MT-JIb, 6 — FTP-80, ¢ — FTP-3E

Puc. 10 —Imocmpayii piznux

emanie 63aeMo0ii KiHemuuHo-

20 boenpunacy i3 6ponenepe-
UKOOOI0

8,75e20.1
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LG(p S’VS’ qS’t) = 0
Ta JMHAMIYHOTO HaNpyXeHO-Ie(OPMOBAHOrO CTaHy OpoHe-
KOpILyCYy
L,(gs,ut)=0.

VY 11pOMy BHUIaJIKy peakTHBHI 3yCWIUIS Bijyiadi BUKJIMKa-
I0Th HaIpy>KeHO-/1e(hOpPMOBAHHH CTaH, 110, SIK i BUIIE, XapaK-
TEPU3YETHCSI BEKTOPOM IIEPEMILLIEHb TOYOK OpOHEKOopITycy U.

Ha puc. 9 HaBeneHi xapakTepHi po3HOJUIN KOMIIOHEHT
Hanpy>XeHo-1e()OPMOBAHOTO CTaHy BEKTOpa NepeMillleHb Ta
€KBIBAJICHTHHX HAIpY>KeHb 3a Mi3ecoM IpH Ail peakTUBHHUX
3yCWJIb BiIIadi Mpy 3MIHCHEHHI TIOCTPUTIB 13 BIAacCHUX OOHO-
BHUX MOJIYJIB Pi3HMX OpoHEMAIIHH (I THX Ke, IO i BHUIIIE,
"MOHOTOBIIMHHKX' BapiaHTiB OpoHEKOpIycCiB). I3 aHamisy
IUX PO3IOJIUTIB BHILUIMBAE, IO PEAKTUBHI 3YCHIUIA Bifmadi
BIUIMBAIOTh HA MIITHICTh Ta YKOPCTKICTH OpoHeKopmyciB. OT-
e, 13 KpUTepiiB MIIHOCTI Ta TOYHOCTI BEJCHHS BOTHIO CTa€
MO>KJIMBMM BH3HAUHUTH TaKi IPOEKTHI pillleHHs OpOHEKOpITy-
ciB, ski 3a0esneuytoTh 3anaHuii piBeHb TTX BiliCbKOBHX
I'yCEHUYHHX 1 KOJIICHUX MAILIMH, 110 POEKTYIOThCS.

B3aemonis KiHeTHYHOT0 Goenpumnaca i3
OpoHernepeniKoI0I0

VY naHoMy BHMI@JKy TOTPIOHO NOCITIMTH PIiBHSHHA
30BHIIIHBO] OATICTHKH

Lo(Pe Ve G t) =0
Ta CITIBBIJHOILICHHSI JUTsl OITHCY NPOLIECY B3aeMoil Goernpua-
CH 13 OpOHEEePEIIKO/IO:

Ly(gg.u,t)=0.

Tyt pp — NapaMeTpy 30BHILIHBOT OAICTHKHU (TOYKA MOCTPLIY,
MOYATKOBA IIBHMKICTh Ta KYTH METAHHS TOIIO), V3 — 3MiHHI,
1110 OTIMCYIOTH TIOJIOXEHHS CHapsi/ia y MpocTopi, s — KiHeMa-
THYHI Ta CHJIOBI XapaKTEPUCTHKU CUCTEMH "CHapsi — OpOHS"
y MOMEHT 3yCTpidi; U, SIK 1 BHUIIE, — 3MiHHI, II[0 ONKCYIOTh
HJIC cucremu Tin "cHapsi —OpoHeniepenikoza’”.

Ha puc. 10 nokazani inroctparii pi3HHX eTariB B3ae-
MOJii KiHETUYHOro OoempuIiacy i3 OpoOHENepemKoaow. Y
pe3yabTaTi  ofepKaHO  "BIPTyaIbHHH  BHIIPOOYBAHHHUIA
cTeHA', SKWH Ja€ 3MOTY OIEPaTHBHO MPOBOJMTH aHAJI3
3axuineHocTi Oponexoprmyca BI'KM mpu fii KiHETHYHOTO
Goenpuriaca TOro YM iHIIOTo KaIiopy, TIPH Tiid 9M 1HIITIHA I1BHU-
JIKOCTI 3yCTpidi i3 MepeIkoI0r0, a TAKOK TPH 3a7aHOMy KyTi
3yCTpiyi Ta CTPYKTYpI i BIaCTUBOCTSIX Marepiany Ooenpura-
cy (kyii, cHapsina). BOynoByroun 1ieii "BipTyaJbHUI BUMIPO-
OyBaJIbHMI CTEHX' Y NPOLIECH MPOEKTHHUX JOCIIKEHb, MOXK-
Ha OOIpYHTYBAaTH TPOCKTHI  Iapamerpd OpOHEKOpITyCiB
BI'KM 3a kpuTepieM 3aXHILEHOCTI.

BucHoBxku

3anpornoHOBaHMA Y pOOOTI MiJXil 10 BU3HAUYSHHS TAKTH-
KO-TEXHIYHHX XapaKTEPUCTHK BIHCHKOBUX T'YCEHHIHHX 1
KOJTICHMX MAIIIMH Ha eTaIl MPOSKTHUX JAOCIIPKEHb J1a€ 3MOTy
BHCOKOOITIEPATHBHO, 3 BHCOKOIO TOYHICTIO Ta TOMIpHAMH
BUTpATaMU MPOBOIUTH MPOEKTHI JOCITIKEHHS Ta OOTPYHTO-
BYBaTH TPOEKTHO-TEXHOJIOTIYHI MapaMeTpH, SKi 3a0e3rnedy-
I0Th 3aJ[aHi TaKTHKO-TEXHIYHI XapaKTEPHCTHKH OO0’ €KTIB
OpoHeTaHKOBOI TexHiku. I[Ipy 1bOMy I MiIXiJ MOEIHYE

METOJIOJIOTIYHY YHIBEPCAIBHICTh Ta MOXIIMBICTh afaNTallii 3a
paxyHOK BiqmoBiIHOT Momugikauii ONepaTopHOro OIHCY
TIPOTIECIB 1 CTaHiB. BayKTMBUM MOMEHTOM € Te, 110 Ha JTaHWI
Yac U1 PO3B'sI3aHHS 3a/1ad aHAJI3Y € MOXIIMBHM 3aCTOCY-
BaHHS TIOTY)KHHUX TNPOTPaAMHHUX KOMILIEKCIB, SIKi peaji3yloTh,
HaIpUKIIaa, METON CKiHYEHHHX eJieMeHTiB. Kpim Toro, mmst
BapiaTUBHOTO OMNKCY T€OMETPHUIHHX (opM 0Ope MpHUCTOCO-
Bani cyuacui CAD-cucremu tumy Creo, SolidWorks, Catia,
Inventor Tomo. Omke, 00'€IHAHHA IMX IHCTPYMCHTIB Ha
3alpOINOHOBAHI METOJOJNOTIUHINA 0a3i Hajae MOXIIMBICTh
PO3pOOIATH ITapaMEeTPHYHI YUCIIOBI MOJIE, SIKi MOXKYTb OyTH
HanpsiMy 3acTOCOBaHi Uil IpoeKTHoro 3abesmedyeHHs TTX
NEPCIIEKTUBHUX BITUM3HSHUX BICHKOBHMX T'YCEHUYHHX 1 KOJi-
CHHX MAIIHH.
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