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IDB6inin €.0., Honancwxuti O.C., Kney J[ M., 3aoopooichsa B.B. « Mamemamuune modentosannst pyxy wapHipto-
JUTIEHOBAHOI KOTIICHOL MAWIUHY 3 NPYICHIM eTEMEHMOM ) 3’ €OHY8ATLHOMY WAPHIPI»

Ompumana OuHaMiYHa MOOeb PYXY WAPHIPHO-3HTIEHOBAHO20 KOJICHO20 MPAKMOpa HePiGHOCMAMU 8PAX08YE
OCHOGHI KOHCMPYKIMUGHI NapamMempu, ujo niuearonb Ha CIMIHKICHb 11020 NOJIOJCEHHA 8 NAOUUHI, nepneHOUKYIAPHIl
00 ONOPHOI NOGEPXHI, A MAKONC XAPAKMEPUCUKY ONOPHOT nosepxHi. /g nobyoosu pieHaHv pyxy cexyili mpaxmopa
guUKopucmano pieHanna Jlaspamxica Opyeoco pody ma, GuxoO0auy 3 KOHCMPYKMUGHUX OCOOIUGOCMEN WAPHIPHO-
3UNEHOBAHO20 KOJICHO20 MPAKmopa, NpuliHAmuil pso npunyujeHo ON CNPOUEHHS MameMmamuynol mooeni. ¥
PO32TEAHYMOMY 8apiaHmi cnoJyuHUil WAPHID MPaKmopa seisie cobor KOHCMPYKYIIo 3 NPYICHIM efleMenmoM. 3uina
KVmie HaxXumy meipHux HepigHocmeli nogepxHi nio Konecamu cexyiil uLapHIPHO-34IEHOBAHO20 MPAKIMOPY 300aHa y
euenaoi nepioouunux @QVHKYil. B axocmi napamempy OUHAMIYHOI CMINIKOCMI NONOJMCEHHS pO32NAHYmMi KVmogi
weuoKocHi cexyiil y nonepeuniil nNIOUWUHI, nepnetOuKyYIApHili 00 ONOPHOI NOGEPXHI.

Hasgnicme npysiciozo 36 43Ky 8 20pusoHMAanbHOMY UWLAPHIPI NAUGAE HA CMITIKICHb NPOMY NEPEKUOAHHS Ma
Modice 6ymu 3pobieHa @ PiSHOMY KOHCIMPYKIMUSHOMY GUKOHAHHI. OOHUM 3 MAKUX 8APIAHMIG € 3ACMOCY8AHHA NPYICUH
abo npysicumu, ki 6 ni0 4ac KOMEAHb ceKyill MAWuHy nio 4ac pyxy HepieHOCHSMU NepeposnooLisIl eHepaito
KONUGAHb HATIMeHUL CMItIKOI nepeoHvoi cexyii 0o Ginbil CMINKOI 300HbOL, NPU YbOMY YACMKOBO 3MEHULVIOUU YIO
eHepeiro. Takum yurom, cucmema 6yoe Oibul CMITIKOI0 U0J0 NePeKUOAHH Mma 3a6e3nedums giOCYMHICHb YOapHUX
HABAHMANCEHb MINC eJleMeHmamMil 3 €OHY8ANbHO20 WAPHIpa, niosuiuewi 1io2o HaoiiiHicmb.

Bcmarosneno, wo HaA6HICMb NPYICHO20 eNeMeNINy Y 20PUSOHMANIbHOMY WAPHIPI MidC ceKyiamu SHUIICYE
MAKCUMAQTIbHI @eIUYUHY NapaMempa Cmitikocmi NONI0J*CeHH — Kymoegux uieuoxocmeil cexyiti Ha 15—20%. Ilpu yvomy
niO8UULYEMBCA OUHAMIYHA CIITIKICINb KOTICHUX WAPHIPHO-3UTeHOBAHUX MAULUH.

Knrouegi cnoea: cmiiikicms, KONICHA MAUIUNQ, NPYUCHIT enemMeHm, MamemMamyyne MoOeI08aNHS, YUCENbHUL MeMOO.

Ihounun E.A., Homaucxuii A.C., Kney JIM., 3aooposcnias B.B. « Mamemamuueckoe mooenuposariue
OBUMCCHUS WIAPHUPHO-COYTICHEHHOU KOJIECHOW MAWMUHbL C YAPYZUM I/IEMEHIMOM 6 COCOU HUMETbHOM WaAPHUPE»

IHonyuennas ounamudeckas MooOelb OBUNCEHUS UWAPHUPHO-COUTIEHEHHO20 KONECHO20 MpAKmopa no
HEPOGHOCMAM YHUMbIaem OCHOGHbIE KOHCIPYKIMUGHbIE NApaMempbl, eUSIOuUe Ha YCMOTYUBOCMb €20 NONONCEHUS
8 NJIOCKOCHU, NePNEHOUKYIIPHO K ONOPHOT NOBEPXHOCHIN, O MAKIICE XAPAKIMEPUCIUKY ONOPHOT nogepxHocmu. J{ns
HOCMpOeHUs YPasHe HUTI OBUICEHUS CeKYUTI MPAKMopa UCNOIb308AH0 ypagHeHue Jlazpanica mopozo pooa u, ucxoos
U3 KOHCMPYKIMUGHBIX 0COOEHHOCHEN WAPHUPHO-COUNEHEHHO20 KONECHO20 MPAKMOPA, NPUHANL PAO NPeOnoNoN*CeHUl
07 yNpoueHus MamemMamuieckoi mooenu. B paccmampusaemom sapuanme coeOuHUMeNb b WapHUp Mpakmopa
npeocmasigem coboti KOHCMPYKYUIO ¢ YNpYauM sJeMeHmoM. HameHneHue Y2nog HaKIoHa 00pasyouix HeposHocmell
HOBEPXHOCIU NOO KONECAMY CeKYUil WAPHUPHO-COYTIEHEHHO20 MPAKMOopa 3a0aH0 8 uoe nepuoouyeckux ynkyuti. B
Kayecmeae napamempa OUHAMUHECKOU YCMOUYUBOCMU NOJIONCEHUS PACCMOMPEHbL Y2llogble CKOPOCMU CeKyuli 8
nonepeqHoll NIOCKOCM, NepReHOUKVISIPHOT K ONOPHOI NOGEPXHOCHI.

Hanuuue ynpyeoii céasu 6 20pu3oHmMAanbHOM WLAPHUPE GTUSEm HA YCMOUYUE0CHb IPOMUE ONPOKUOIGAHUS U
Modicem Ovlmb GbINOTHEHA 8 PASTUYHOM KOHCMPYKMUGHOM UCHOTHeHuy. OOHUM U3 MAKUX 8APUAHMO8 A8NAemcs
NpUMEHeHUe NPYHCUH UTU NPYICUHBI, KOMOpble 80 GpeMs KONeOAHUN CeKyutl MAUUHbL 80 8peMs OBUNCEHUS NO
HEPOGHOCHAM NepepacnpeOeiiion 2Hepauro KoNeOaHuli HauMeHee YCMOUuUeoil nepedHell cexyuy K 60Jee
VCMOTYUGOT 3A0Hew, Npu 3MOoM YACHUYHO YMeHbUlas anmy sHepeuro. Taxum obpazom, cucmema Oyoem 6oJee
VCMOTYUGOT OM  ONPOKUOLIGAHU U obecnequm OmMCymcmeue YOAPHbIX HASPY30K MexcOy  2NeMeHmamy
COCOUHUMETIBHO20 WLAPHUPA, NOBBICUB €20 HAOEHCHOCHb.

Yemanosneno, umo nanuuue ynpy202o s1eMeHma 8 2o0PU30HMALbHOM WAPHUPE MeNCOV CeKYUIMU CHUNCAeN
MAKCUMAJIbHBIE GEJIUYUNBL NAPAMEMPA YCMOWYUBOCTIU NOJIONCEHUS — Veliogblx ckopocmeti cexyuti na 15-20%. Ipu
OMOM NOGLIULAEMCS. OUHAMUYECKAS YCIMOTUUBOCIb KOJECHBIX UAPHUPHO-COYTIEHEHHBIX MAULUH.

Knrwouesple cnosa: ycmotinugocme, KOAECHA MOAWUHA, YNPYeuil oneMeHm, MamemMamuiecKoe MoOeauposanue,
YyCneHHbI Memoo.
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Ye A. Dubinin, O.S. Polyansky, D.M. Klets, V.V. Zadorozhnya ""Mathematical modelling of the articulated

wheeled machine motion with an elastic element in the connecting hinge"
The obtained dynamic model of the articulated wheeled tractor movement on irregularities takes into account

the main design parameters that affect the position stability in the plane perpendicular to the support surface, as well
as the characteristics of the support surface. To construct the equations of tractor sections motion, the Lagrange
equation was used and, based on the design features of the articulated wheeled tractor, the number of assumptions
were made to simplify the mathematical model. In this embodiment, the connecting joint of the tractor is a structure

with an elastic element. The change in the angles of inclination of the generating irregularities of the surface under
the articulated tractor sections wheels is given in the form of periodic functions. The angular velocities of the sections
in the transverse plane perpendicular to the support surface are considered as a parameter of the dynamic position
stability.

The presence of an elastic connection in the horizontal hinge affects the resistance against overturning and
can be made in different designs. One such option is to use springs or spring that would redistribute the energy of the
oscillations of the least stable front section to the more stable rear during the oscillations of the machine sections
during the movement on the irregularities, while partially reducing this energy. In this way, the system will be more
stable in terms of overturning and will ensure the absence of impact loads between the elements of the connecting
hinge, increasing its reliability.

1t is established that the presence of an elastic element in the horizontal hinge between the sections reduces
the maximum values of the parameter of position stability — the angular velocities of the sections by 15-20%. This
increases the dynamic stability of wheeled articulated machines.

Keywords: stability, wheeled machine, elastic element, mathematical modeling, numerical method.

Beryn

JloCSTHY THIA Ha COTOZIEHHS PiBeHb O€3MeKH BUKOPHCTAHHSI KOJIICHUX MAIIMH HE TO3BOJISIE
ICTOTHO 3MEHIIUTH KUJIBKICTh IOPOXKHBO-TPAHCMOPTHHX mpuroq. OCHOBHa yBara mijJ dYac
PO3pOOKH CYyHaCHUX TEOPETHUHUX 1 MPAKTUYHHUX PiLIeHb MPUILISETHCS MTUTAHHAM 3a0€31eYeHHS
KypCOBOi CTIHKOCTI 1 KEPOBAHOCTI, TOAl SIK MHUTAHHAM 3a0e3TMeueHHs] CTIWKOCTI TOJIOKEHHS
NPUIIIEHO HEAOCTaTHBO yBard. IIWTaHHS CTIHKOCTI MOJIOKEHHSI € KOMIUIEKCOM CKJIaJHUX
B3a€MO3B’SI3KIB MIDK KOHCTPYKTUBHUMH OCOOJMBOCTSIMH, MapaMeTpaMH HaAIHHOCTI Ta PyXy
MAaIlWH, OCOOJMBOCTSIMM OINOPHOI MOBEPXHI, 1HAWUBIAyaJbHUMH BIIACTMBOCTAMU Boxis. Bci
CKJIaJIOBI 11i€i CHCTEMU «BOJI H-MaIIMHA-TOPOXKHI YMOBHY TIOCTIHHO 3MIHIOKOTBCS B Yaci, SIBJISTIOYH
coboro ¢ynkmii 6ararbox 3mMiHHUX. [Ipy nbOMY pe3yabpTaToM IXHBOI B3aeMoli € a00 BIACYTHICTh
aBapifIHOI curyaiii, abo BTpara KOJICHOK MAIIMHOK CTIHKOCTI mMOJjoxeHHs. [IuTaHHAMH
CTIMKOCTI ITOJIOXKEHHSI TPAKTOPHHX arperaTiB IMpH IXHii poOOTi 32 BAXKKHX AOPOKHIX YMOB, Y TOMY
YHCI HAa CXWJIAX, 3aiiMaBCs psiA BITUM3HSIHHX 1 3aKOPAOHHUX BUeHHX. IIpu BHBYEHHI mporecy
PYXy KOJICHUX MAIWH, Y TOMY YHUCII 1 [IAPHI PHO-3WIEHOBAHUX, HEPIBHOCTSAMH JIJIs OL{ HEOBAHHS
iX CTIHKOCTI TOJIO’KEHHsSI 1 TUIABHOCTI XOAy 3BHYAMHO KOPHUCTYIOTBCS Pi3HI Teopli, B SKHX
3QJTMINAIOTHCS OTHAKOBUMH SIK TTOKA3HUKH MapaMeTpiB KOJMBAJIBHUX IMPOLIECIB, TaK 1 criocobu
CKJIafaHHsA Au(depeHLiaIbHUX PIBHSIHb PyXy. AJie 1 B TEHEpiIIHilA YaCc MUTAaHHS MaTEeMaTHYHOTO
MOJICJIIOBAHHSl PYXy MLIAPHIPHO-3WICHOBAHUX KOJICHUX MAIIWH 33011 3a0e3MedeHHs] 1XHbOI
CTIMKOCTI TIOJIOXKEHHS € aKTyaJIbHIUMU.

AHaJIi3 0CTAHHIX JOCATHEHD i MyOJIiKALiH

JloCiKeHHSAMH  XapaKTePUCTUK PyXy AWHAMIYHHUX CHUCTEM, Y TOMY YHCHI KOJICHHX
MAaIIWH, 3aiiManacs BeluKa KijmbkicTb aBTopi [1-11]. IIpu upomy Oinbima yactuHa poOiT Oyia
CIpsSIMOBaHA Ha BU3HAYEHHS MapaMeTpiB CTIHKOCTI pyXy H ruaBHOCTI Xoay. BcranomieHo, 1mo
BEJIMKHIA BIUIMB HAa CTIHKICTh TIIOJNIOKEHHS TMPU pPycl HEPIBHOCTAMHU BHSIBJISIIOTH Pi3HI
KOHCTPYKTUBHI (DaKTOpH, Y TOMY YHCII — MiABICKA Ta ITMHU MatuH [ 1, 2]. Y Toii ke yac mUTaHHIM
BHUBYECHHS TUHAMIYHOI CTIHKOCTI MOJIOJKEHHSI [IAPHIPHO-3UJIEHOBAHUX KOJIICHUX MAIIUH Iif 9ac
PYyXy HEpPIBHOCTSIMH MPHUIJICHO HEJOCTATHBO YBarH.
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MeTa ¥ IOCTAHOBKA 3aBJAHb

Mertoro poOOTH € MiABHINEHHS CTIMKOCTI MOJIOXKEHHS MAapHI PHO-3WIEHOBAHNX KOJICHUX
TPAKTOPIB Ha OCHOBI aHaN3y IX PyXy HEPIBHOCTSAMH. [[Isi MOCATHEHHS IOCTABIEHOI METH
HEOOXIAHO BUPIIIUTH 3aBIAHHS 3 OTPUMAaHHS MaTeMAaTHMYHOI MOJEN PyXy CeKLiil ImapHipHO-
34JICHOBAHO!I KOJIICHOI MAalllMHU HEPIBHOCTSIMH, IO O3BOJISIE BpaXyBaTH BEPTHKAJIbHI i KyTOBI
KOJINBAHHS MiAPECOPEHOl W HEMAPECOPEHUX Mac, B S3KO-TIPYKHI XapaKTEPUCTUKU MiIBICKH H
IIMH TPAKTOPA, & TAKOXK HASIBHICTH MPYKHOTO €JIEMEHTY Y 3’ €IHY BAJIbHOMY HIAPHIPi.

Mamemamuune MoOent06anHs PYXy WAPHIDHO-3YIEHOBAHOT KOTICHOT MAULUNU 3 NDYHCHUM
e1eMeHmMoM Y 3 €OHYBANbHOMY WAPHIDI

IIpu ckmamaHHI AUHAMIYHOI MOAETI PYXY LIAPHIPHO-3UJIEHOBAHOTO KOJIICHOTO TPAKTOpa
HepiBHOCTAMHU OyJIM BpaxOBaHI OCHOBHI KOHCTPYKTHBHI MapaMeTPH, IO BIUIMBAIOTh HA CTIHKICTH
HOr0 MOJIO)KEHHS B IJIOLIHHI, EPIIEHANKYJIIPHIH 10 OTIOPHOI TIOBEPXHI, & TAKOXK XaPAKTEPUCTUKU
caMol OMOpPHOI MOBEPXHi. 3ampONOHOBAHHUH MiAXiA TO3BOJISIE BPaXyBaTH BEPTHUKAIbHI H KyTOBI
KOJINBAHHS TAPECOPEHOi 1 HEemiIpecCOPEeHNX Mac, B3a€MOJII0 CEKLiH y IMpOoLecl pyxy; B si3KO-
NPYy’KHI XapaKTePUCTUKU MIABICKH M LIMH TPAKTOPA, & TAKOXK HASBHICTH MPY)KHOTO E€JIEMEHTY Y
3’€AHY BAJIbHOMY IIAPHIPI.

IIpn ycTaHOBLI B CIOJYYHOMY MIAPHIPI MK CEKUISIMH MALIMHH TPYXKHOTO €JIeMEHTa
3MIHIOETBCSL XapakTep ix B3aemonli mpu pyci. Ilicnsa npuiiHATTA BIAMOBIAHMX AOMyLIeHb Oyna
CKJIaJieHa BIATOBIHA CX€Ma TPAKTOPA 13 LIICThMA CTYIIEHSIMH BOJ, Y sIKifi 0OMABI CEKLIT SIBJIIOTH
cobor B3aemosanexkny cuctemy (puc. 1). IIpuiiHsiTa MOneNnb BUKOPHCTOBYBAJAacs HaAal AJis
CKJIAZJaHHSI MaTEeMaTUYHOI MOZIEJl PyXy MaIlHHH.

Hepyxoma cucrema koopaunat ZOY 1o’ si3aHa 3 TOPU30HTAIBHOIO TIOBEPXHEIO, TPHUOMY
Bicb (JZ MPOXOIUTH uepe3 CepearHy MOCTy Tpakropa. IlpuiiMaeMo, o gaHa TOYKAa PyXaeThes
TITbKH B TO3AOBXKHIN tutommul ZOX. KoopauHaTu UEHTPIB Mac TPAKTOpa MO3HAYUMO Hepe3

Z4, Yy AJSL HEMAPECOPEHOi MacH MEPemHbOi CeKIii, 4epe3 z, Yy I MIPEecOpPeHoi Macu
nepenHbOl CeKLil, uepes z,, y, A 3aAHbOI CeKIi.

[pu cknaganHi AMHAMIYHOI MOJIENT BBEIEMO HACTYITHI MO3HAYSHHS JAJIsI CEKIIi i IIapHi pHO-
34JICHOBAHOTO TpakTopa (iHaekcoM | mo3HaueH! mapaMeTpu MepeaHboi cekmii, iHaekcoMm 2 —

3a7HBOI CEKLIi TPaKTopa): m,; — Maca HEeMiJPeCOPEHOl YaCTHHU MepeHboi CeKuii; 1, — Maca
i IPeCOPEHOI YaCTHHU NMEePeNHbOI CEeKLUil; m,, + M, = ny, — Maca IepeaHboi Cekuii; m, — maca
3aaHbOI CeKIi; .J,,; — HEeHTPAJbHUI MOMEHT 1HepLil HeMiIPeCOPeHoi Macu nepenHbol cekuii; J
— LIEHTPAJILHUI MOMEHT 1HepLii M APECOPeHoi Macu MepPeaHboi CeKLil; J, — HeHTpalIbHUIl MOMEHT
inepuii 3amuboi cexii; Cpy
koediuieHT aemndipysanHs amoprusaropa miasicku; C, =C, =C », — paaianbHa )KOPCTKICTb

— KOPCTKICTb PECOPH MiJBICKH Y BEPTUKAIBHOMY HAMPSAMKY; T, —

WMHK, My =My = Ny — koediuient nemndipysanns munu, R, =R, = R, — nuHamivHui
pamiyc koseca, \J; — KyT HaxMIy yTBOPIOIOUOI HEPIBHOCTI IOBEPXHI MiJ KOJECOM MEPEIHbOI
cekuii (puc. 1a); ¥, — KyT HAXUJy YTBOPIOKOYO! HEPIBHOCTI MOBEPXHI IMiJT KOJIECOM 3aHBOI CEKIIIT
(puc. 16); 6, — kyT HaxwWy TepeaHBOI CEKIli1 BHACIIIOK HEPIBHOMIPHOI pamianbHOI aedopmarii
e, 0, — KyT HaXWIy 3aHbOI CEKIIli BHACIITOK HEPIBHOMIPHOI paaiaibHOI nedopmanii muH;, ¢,

— KyT HaxXwiIy MiAPECOPEHOI MacH MepenHboi CeKuii Ha mBiCLi; A, — BiACTaHb MiX MiBICKOO

il
NepefHboi CeKWii y CTAaTHYHOMY TOPHU3OHTAIBHOMY IIOJIOKEHHI TpPakTopa i LIEHTPOM
Heriipecopenoi Macu; /1, — Tiede KpeHy TiapecopeHoi MacH TepenHboi cexwii; B, — pecopHa
6asa; A, — BIACTaHb MK LIEGHTPOM Mac 3aAHbOI CEKI1 i BicCrO 00epTaHHs koneca, A, — JiHiiHe

NepeMIIeHHs LIEHTPa HeMiIPeCOPeHOl MacH MepPeaHbOoi CEKIlii HOPMAJLIIO IO OMOPHOI MOBEPXHI,
A, — niHifiHE NepeMileHHs LEHTPY MiAPEcCOpeHoi MacH MepemHboi CEeKLii HOPMAJUIo 0 OCl
KoJic; A, — JiHilHe MepeMiLIeHHs IEHTPY Mac 3aHbOI CEKLii HOPMAJUIIO IO OMOPHOI TOBEPXHI,
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l;, — TUIeY€e Hii MPY’KHOTO €JEMEHTA TOPU3OHTAIBHOTO WapHipa, (T, — KOPCTKICTb MPYKHOTO

€JIEMEHTa FOPU30HTAIBHOTO IIaPHIpa.

z

Puc.1. Cxemn pyxy cekmiii mapHipHO-3"UICHOBAHOT KOJICHOT MAINIMHH 3 NPY:KHIM €JIEMEHTOM Y
TOPU3OHTATLHOMY MAPHIPi: a — mepeans cexmisi; 0 — 3aHs1 CEKITist

Bynu Bu3Ha4eHI KyTOBI IIBUAKOCTI CEKI 1 BUMMCAHWUN BUPA3 IJII TMOBHOI KiHETHYHOI
eHeprii T JOCII UKy BAHOI CUCTEMH (TPAKTOPA B LIJIOMY )

P2 P P L ) G ] 2 0 ]

1 ) . 1 ) . ) 1 ) .
+5‘JH1 (g "‘91)2 +5‘Jn1 (Y +9; "‘(Pl)2 +5‘J2 (W5 "‘92)2
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IToreHuiiina enepris I1 ¢ BU3HAYA€THCS 3aJI€KHICTIO

1
I, =my -g-(E-B-Zg\yl + R /cosyy + Ay -coswlj+

1
E-B-Zg\y1+Rﬂ/cosw1+

+my g +AH1‘COS\Vl+(hn1+An1)‘COS(\V1+91)+ +
+ hpl . COS(W] + 61 + (pl)

1
+m, -g-(E-B-tg\yz + R, /cos\y, + A, -cosy, + A, -cos(\y, +92)j.

VY mporeci ckianaHHs BUpa3y AJIS MOTEHLIHHOI eHeprii cuCTeMH HeoOXiTHO BpaxyBaTH
MOTEHLIHHYy EHePTiI0 B3aEMOli BOX CEKIHd y TOPH3OHTAJIBHOMY IIAPHIPI 32 IOTIOMOTO)
npy>KHOTO eneMenTa. [loTeHuifiHy eHepriro B3aeMozii IBOX CEKLiH Y TOPU30HTAJIBHOMY IIapHIpi

Hl  3a JIOTIOMOTOI0 MPYKHOTO €JIEMEHTY MOKIIMBO BUSHAYUTH 32 (OPMyJIOKO

Oy ‘1122(91 +y; -6, —\Vz)2

I, =
12
2 :
Bupas mist cymapHOi MOTEHLIHOI eHeprii CHCTeMH, BUKOPUCTOBYIOUN paHille OTPUMaHi
BUPAa3H JUI BUSHAYCHHS le, IT,, 1, y ubomy Bumanky Gyse 3anucaHo y BUNJIAM

1
IT =11, + I, + I, + I, + 11} :mHl-g-(E-B-tg\yl+Rﬂ/coswl+AH1-coswlj+

1
E-B-tglerRH/cosler

+myy - 8|+ Ay - cosy +(h111 +An1)‘C°S(\V1 +el)+ +
+ hpl -cos(\yl +0; + (pl)

1
+ my -g-[E-B-lg\yz + R, /cosy, + Ay -cosy, + Ay -cos(\y, +62)j+

B, By B B
Cpr (A +7p'(P1)2 Cp1 - (Ap _TP'(pl)z Cy (A +5‘91)2 Cy - (A —5‘91)2
+ + + + +
2 2 2 2
B 2 B 2
C -(A,+—-6 C -(A,——-6 2 2
w- (42 2 2) L = 2 2) +C12‘112(91+\I/1_92—\I/2) .

2 2 2

Bupa3z mis nmoteHniifHOi eHeprii mpysKHOro €JEMEHTY TaKOXX BUITMCAHWUN NMPHUOIHM3HO, 3
TOYHICTIO 10 KBaIPATUYHHX 32 y3araJbHEHIMH 3MiHHUMH JOJAHKIB. Y3arajbHEHI CHJIU TaKOX
BHU3HAYAIOTHCS AUCUTIALIEI0 Y MIABICH MEPEAHbOI CEeKLil i IWHAX JBOX CEKLiH.

3 BpaxyBaHHSM BHKJIQJIEHOTO BHIIE OTPHMaHI PIBHSHHA PYXy LIAPHIPHO-34JIEHOBAHOTO
KOJIICHOTO TpakTOpa HEPIBHOCTSIMH 3 ypaxyBaHHAM HAsBHOCTI TIPYXKHOrO €JEMEHTa Y
CHOJyYHOMY IIapHipi. JliHeapu30BaHi pIBHIHHS PyXy TaKOXK 3pYUYHO MMPEICTABUTH B MATPUIHOMY
Bual. Bupasu mis enementiB matpuup A, D, C y nboMy BUNagky OyayTh MaTH BUTJISIA
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m 0 my 0 0 0
2
My (M = Iy )™ +
0 e 0 myhy(hy —hy)+Jy O 0
+J g+
A=|my 0 my 0 0 0
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Bupasu nns enementiB BekTopa F Takok OyJid MpencTaBjieHl y BULJISAL PO3KIATaHb 3a
CTYTIEeHSAMHU \V(t) i \[/([) 710 TPETHOTO MOPSAKY BKIFOYHO, IO A€ MOKIIUBICTh BPaXxOBYBATH JOCUTD

Bennki Bemmunny Biaxunenns [ sin Hyabosoro pisms.

Hapenenuii MaTeMaTUYHUI OMUC JUHAMIYHOI MO IMAPHI PHO-34JICHOBAHOTO KOJIICHOTO
TPaKTOpa BINPI3HAETLCA BIA padime po3podneHoi [12] HasBHICTIO MPYKHOTO 3B’ SI3KY B
TOPU30HTAILHOMY LIAPHIPl MUK CEKILIISTMH.

Po3paxyHKH MPOBOIMIUCS 3 yPaxyBaHHAM HASBHOCTI MPY’KHOTO €JIEMEHTY Y IapHipi (/5

=0,3 M, C12 =500 xkH/m) 1 XapakTepuCTHK MpPOLECy PYXy IPHU MPOBEACHHI €KCIIEPUMEHTAIBHUX

TOCII IKEeHb.
Jlnst po3B’si3Ky cucteM AudepeHLiaTbHUX PiBHSIHD OYB BUKOPUCTAHUI MPOTPaAMHUN MMaKeT
MATLAB. Pesynbratu po3B’si3Ky NpPEACTaBIEHO HA PUCYHKY 2.
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Puc.2. Pe3yanTatn MATEMATHYIHOTO MOACTIOBAHHSA MPOTIECY PYXY MAPHIPHO-3WICHOBAHOTO TPAKTOPA
JOPOTOI0 3 iCTOTHUMH HEPiBHOCTSIMI: 1, 2 — TIepeTHs Ta 3aAHA CEKITii 0€3 MPYKHOTO eJIEMEHTA BinmoBinno; 3,
4 — mepeHst TA 32THSI CEKIIT 3 MPYKHIM €JIEMEHTOM BiANOBi/THO

BucHoBkH

1. B pe3ynbpTati NpoOBENEHUX TEOPETUIHHUX AOCHIIKEHb OTPUMaHa MaTeMaTHYHa MOZEIb
PyXy MIapHIpHO-34JICHOBAHOI KOJIICHOI MALTHHA HEePIBHOCTIMU. HasBHICTH MPY’>KHOTO 3B’SI3Ky B
TOPU30HTAILHOMY LIAPHIpPl BILIMBAE HA CTIHKICTh MPOTH MEPEKUIAHHS Ta MOXKe OyTH 3pobiieHa B
PI3HOMY KOHCTPYKTHBHOMY BHKOHaHHI. OHUM 3 TaKMX BaplaHTIB € 3aCTOCYBaHHS MPYKUH a0o
NPY>KUHY, SIKI O MM 9ac KOJMBAHb CEKLIH MAIIUHY M1 9aC PyXY HEPIBHOCTSIMH MEPEPO3IOALISIIN
€Hepril0 KOJUBaHb HAMMEHINI CTIHKOi mepenHboi CeKUii 70 OiibLI CTIMKOI 3a1HBOI, MPH LIBOMY
YaCTKOBO 3MEHIIYIOYM IF0 €Hepriro. TakuM YHHOM, cuctema Oyne OinbIn CTIHKOK OO
nepeKkuaaHHs Ta 3a0e3MeunTh BIACYTHICTb YNAPHUX HABAHTAXKEHb MIK €JIEMEHTaMHU
3’€THYBAJILHOT'O IIAPHIPAa, TiABUIIUBIIN HOTO HAIHHICTb.

2. BcTaHOBIIEHO, IO HASIBHICTH MPYKHOTO €JIEMEHTY Y TOPHU30HTAJIBHOMY MIAPHIPI MiXK
CEeKLIsIMH 3HIDKYE MaKCHUMAJIbHI BEJMYMHU TapaMeTpa CTIHKOCTI MOJIOKEHHS — KyTOBUX
mBuAKocTed cekmiii Ha 15-20%. Ilpu 1poMy MiABUINYETHCS MUHAMIYHA CTIHKICTH KOJICHHX
IIAPHIPHO-3WIEHOBAHUX MAIIWH. A TAaKOXX HAMIHHICTD 32 PAXYHOK 3HWKEHHS IHHAMIYHUX
HABAHTA)KCHb HA €JIEMEHTH TIIBICKH Ta CIIOJNyYHOTO MAPHIPA CEKIIIH.
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