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OTpuMaHo Ppe3yJabTaTH KOMII IOTEPHOT0 MOEJIOBAHHSI HaNpPYyKeHO-1e(opMOBaHOTO
CTaHy MoJeJi NMacaKUpPCbKOro IBOMICHOTO0 aBTOOYCHOr0 CHAIHHS Wi 4Yac NPHUKJIAJAEHHS
pi3Horo TuNmy HaBaHTa:xkeHb. Ha ocHoBi oTpumMaHux aedopmanilinux mnepemimiens Ta
MAKCUMAJBHUX NPHIIBHIIEHb BHMIBJEHO IX iCTOTHY 3ajeXHicTh Bil 3aKOHY 3MiHHM
HABaHTa)KeHHH y yaci. Po3riisinyTo BapiaHT iX BpaxyBaHHS M Yac NpoBeJeHHsS BUNPOOYBaHb
nacakMpcbkux cufainb 3rigno 3 Ipaeunamu €EEK OOH R 80 crocoBHO 3a0e3meYyeHHs] BUMOT
NMACHBHOI 0e31eKH.

Kunro4dogi ciioBa: MilHicTh nacaskupebKux aBTo0ycHuX cuinb, [lpasuia EEK OOH R 80.

Presented results of computer modeling of stress-strain state of the model of double bus
passenger seat during the application of different types of loads. Based on deformation and
displacement of maximum acceleration revealed their significant dependence on loads change
over the time. Offered the alternative option in test of passenger seats according to ECE
Regulations 80 R requirements at ensuring its passive safety.

Key words: strength the seat of public buses, UN/ECE R 80.

Beryn. XKopcerki Bumorun €EK OOH 1o 6e3nekn nepeBe3eHb nacaxupiB Oe3mocepeHbo MoB si3aHi
i3 3a0€e3MeYCHHSM TACUBHOI OE3IEKH CAJIOHIB BETMKOrabapiuTHUX KONICHUX TpaHCHopTHUX 3aco0iB (KT3).
Bu3HaveHHs1 HEOOXiqHOI MIIHOCTI aBTOOYCHHMX IMACaXKUPCHKUX CUIIHBb € JIOBOJNI CKJIaJHUM 3aBIaHHSM.
31e0UIBIIOr0 BiICYTHICTh TaHUX MO0 €KCILIyaTallii KOHCTPYKTUBHO aHAJIOTTYHUX IIPOTOTHIIIB Ky30BiB HE
Jla€ 3MOTH Yy TIPOIIECi MPOCKTYBAHHSA BHKOPHCTATH IMOMNEPEIHbO HAKONMUYEHUHN Oarartopiunmii goceim. Te
caMme CTOCYEThCS 1 3aCTapiiuX PO3PaxyHKOBHX METOJAWK, SKI YHEMOXKIIHMBIIOIOTH BpaxyBaHHS OCOOJIH-
BOCTEH eKcIUTyartallii y pealbHUX yMoBaX. ToOMy €KOHOMIYHO JOHUIbHHM € (POPMYBaHHS TOCIHIJOBHHX
eTamiB TPOCKTYBaHHS CalloHy aBTo0yca 3 BHUKOPHCTAaHHAM CYYaCHHUX NPOTpaMHHUX TIPOAYKTIB 3
MEpPEeBIPKOI0 MIITHOCTI MAacaXUPCHKUX CHJIIHBb Ta iX KPIMJICHb 3TiHO 3 MDKHAPOJHHMH HOpMamHu. Taxwii
MPUYMHHO-HACIIIKOBHH MIAX1I 10 MOJIENIOBaHHA craHaapTu3oBanux ymoB JITII 3a yuacTio macaxupis B
aBTOOycax kateropii M3 nae 3Mory YHUKHYTH HeOaXKaHUX MOMUJIOK Y pO3paxyHKax Ta YCYHYTH HEIOTIKH
y KOHCTPYKIIIi BXKe Ha eTarli IPOBEACHHS MPOSKTHUX POOIT.

AHali3 ocTaHHIX AochailkeHb 1 myoOJsaikaumii. /[ xomm FOTEPHOT0 MOJEITIOBAHHS TMACAXHPCHKE
aBTOOYCHE CHUJIHHS PO30MBAIOTH, SIK MTPABUIIO, HA TPH YACTHHHU 1 PO3MIIAAAIOTh OKPEMO OCHOBY, CITMHKY 1
MIJArOJIIBHUK, a00 3'€IHYIOTh iX B OJHE I[iJe, K 11 3AIMCHEHO JJIs MOJEIl JBOMICHOTO CHAIHHS (ipMu
Lazzerini eBpomeiicbkoro BHpoOHHKa cuaiHb mpomucioBoi rpynu Grammel [1]. 3BapHa KOHCTPYKIIist
OCHOBH CKJIaJIA€ThCSI T€X 3 TPhOX yacTHH. OCHOBa 3'€IHYETHCS 3 OOKOBHMHOKO Ta IIIOrOK aBToOyca 3a
JIOITOMOT'00 OOJITOBOTO 3’ €THAHHSI.

[TpUHIMIIOBUMH BiIMIHHOCTSIMM B IHIINIHA CXEMI € IMPHUKJIAJICHHS IIiJ 4ac PO3PaxXyHKY Ha MIIHICTh
BEPTUKAJILHOTO HABAHTAYKCHHS Ta 1HIIUI THII OCHOBU CHIIHHSI, sIKa KPIIUTHCS JI0 MiJIOTH aBToOYca uepe3
JBi CTIMKM, 3 HIMPOKO PO3HECEHHMMH MiclsiMU KpiieHHs [2]. HaBaHTaKeHHS TNPHKIATA€ThCS Yy
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BEPTUKANBHIN IUIOMIMHI, TPUYOMY y JBOX MICISIX B OJHOMY HANpsMKY, a B TOPHU3OHTAJIbHIN IUIONIMHI
HaBaHTa)XCHHS MPHUKJIANAIO0CT y IBOX HamlpsMKax. BepTukaiabHi peakiii BiJ MiUIOrH MPHKIATAIOTECS Y
YOTHUPHOX MICISAX Bl JBOX BEPTHUKAIBHO PO3MIIIEHUX CTiHOK. OCHOBY Iaca)KUPChKOTO CHIIHHS
3MOJIEJILOBAHO €IEMEHTAMHU 00OJIOHKH.

Hnst  3D-MofnenoBaHHS TMACAKUPCBKUX CHIIHB, SK TPaBHIIO, BUKOPHCTOBYIOTH IIpOrpamMHe
3a0e3neueHHs LS-DYNA. Bouno mae 3mory saifichutn MCE-peanmizaiiifo i3 3MEHIICHOI KiIbKICTIO
iTepamiii mig yac BUKopucTaHHs npuHiuny benemko-Jlin-Caiis. [ mporo THIy MOJENIOBaHHS aBTOPH
BHUKOPHUCTAJIM y 3’ €THAHAHHI OCHOBH CHIIHHS 3 ITi[UTOT0I0 1 KapKacoM Ky30Ba aBToOyca ormirito spotwelding.
dakT4HO OONTOBE 3'€IHAHHS 3aMIHEHO Ha BapiaHT 3BapioBaHHs. s po3B’'s3aHHS TakuUx 3a1ad
BUMAra€Thes iX HeMiHiffHa TOCTaHOBKA 1 1€ BiIOYBAETHCS ABHUM 4M HeIBHUM criocobamu [3, 4]. Tlepepara
HAJA€ETHCSI HESIBHOMY CIIOCO0Y, SIKUH HE 3aJICKUTH BiJl KPOKY iHTerpyBaHHs. OHAK 3aCTOCYBATH WOTO JUIS
MUTTEBUX MO, SK TMPaBWIO, CKIAIHO Yepe3 MpoOJieMH 3 aJeKBATHICTIO OTPHUMAHOTO PO3B’SI3KY i
BEJIMKOIO KUTBKICTIO OOYHCIIEHb.

BunpoOyBaHHs macaXHPCHKUX CHJIHb Ha BiIMOBIAHICTE BUMOTaM BHYTPIIIHBOI TACHBHOI O€3MeKH
i1 gac iX oQiliifHOro 3aTBEpHKEHHS y BeMUKOrabapuTHUX nacaxupcbkux KT3 mpoBomuThes cTaTHYHIM
i/abo auuamivyauM Metogamiu [5]. YV nuHaMiuHHX BUNPOOYBaHHSX OEpyTh Yy4acTh MAHEKEHH. 3aJeKHO BilT
JNOCTIDKYBAaHMX 3aBJaHb MaHEKEHHM MOXKYTh OOJIaHyBaTHCS JaBadyaMd I1HEpI[ii TOJIOBH, 3THHY,
PO3TATYBaHHS 1 3CYBY IIMI, MPOrMHY TPYIHOI KIITKH, BUMIPIOBaYaMH OChOBOI CHJIM Ha CTETHOBIH KICTII,
BUMIpIOBAYAMH CHJI i MOMEHTIB y KOJNIHHOMY Ta FOMiJIKOBOCTOITHOMY CyIJI00ax TOIIO. IX yChOro pa3om
Moxe BcraHoBmoBatucsi Onm3pko 30 mTyk. s QpoHTanpHOro THIy yaapy i 3amipy HaBaHTa)KeHb
MO3/I0BKHBOT'0 HAMPSIMKY, SIK TIpaBuiIo, BUKopuctoByethes Mmaneken HYBRID 111 [6], aist GokoBoro ynapy
— munax Eurosid-1 [7]. Ocranwiii ananoriyno, sk i HYBRID Ill, mae y mentpi mMac roioBu naBadi
MPUIIBUIIICHD, TAKOK Y HBOMY Iepen0adeHi aBadui MOXIIMBHX IepeMillieHb pedep, 0JHaK He Mae JaBadiB
y i, TPYAMHI Ta Ha HoraX. J[JIst 100 3aCTOCOBYIOTh MaHekenu tumy Biorid | [8] i 11 [9].

AHali3 METOIMK MPOBEICHHS CTATHYHHX BUIPOOYBaHb MaCaKUPCHKUX CHAIHB 3TTHO 3 BUMOTaMH
amepukancbkux FMVSS 222 [10] i eBponeiicekux UN/ECE R 80 [5] IlpaBui nacuBHOI Oe31ekn BUSBUB
Oarato po30KHOCTEH y 3HAYEHHSX. IMOYATKOBHX HABaHTAXKCHb; MPUKIAJCHHX 3yCHJIb MO BEPXHBOMY 1
HWKHBOMY psi/IaX; 4acoBOI BUTPUMKHU MPUKIAICHUX 3ycHib. PO30DKHOCTI € 1 B METOAMKAxX MPOBEICHHS
srigno 3 aBcrpaniicekumu (ADR) i FMVSS. Bonu Te MPUHIUIIOBO BiApI3HAOTECA. Tak, HalpuKIam,
srigao 3 ADR 68 [11], nonyckaetbes mikoBe nputuBuatieHas y 20 g, konu y npasuiax UN/ECE R 80 [5]
BOHO KOJTMBAETHCS B Jiama3oni 8—12 g. [cTOTHO BiApI3HAETHCS TPUBATICTH il MKOBOr'O MPHUIIBUAIICHHS —
0,05 i 0,08-0,15 ¢ BimnoBimHO. BnBiui Bigpi3HSAIOTHCS AOMYCTHMI 3HAYCHHS KPUTEPI0 TPaBMYBaHHS
rososu (HIC).

@opMyJTIOBAaHHA METH AOCTiIKeHHs. Meroro 1iei poOOTH € 3'sCyBaHHS MOMIJIMBHX IIUISXIB
MOKpAIaHHsI TPaBMOOE3MEYHOCTI MaCAKUPCHKUX CHIIIHB aBTOOYCIB JUIsl CUCTEMH “TTaCaXKUP-CUTIHHS if
gac JTII ta i amanraiis 10 MDKHapOJHMX HOPM TMAaCHBHOI O€3leKH METoaoM KoMl roTepHoro 3D-
MOJICITFOBAHHS 3 MPUKJIQJaHHAM YAapPHOTO HABAHTAKCHHS CTATUYHHMM 1 JUHAMIYHUM CIIOCOOaMHU.

IMocTranoBka mpodemu. OHIE 3 TPOOJIEM 3aCTOCYBAHHS METO/IB MATEMAaTHYHOIO MOJICITFOBAHHS
CHCTEeMH “TIacaXHp-cumiHHS i BenukoradaputHux KT3 € Bubip Tumy Mopeni, rpaHUYHUX YMOB 1
MPUKIAJCHHS HaBaHTAXCHHS TiJ 4Yac TMpOBeACHHS cepTH(dikalifHNX BUIPOOYBaHb aBTOOYCHHX
MACAKUPCHKUX CHIIHb. Y pPE3ylbTaTi MPOBEACHOTO aHaNi3y JITepaTypHHX JDKEpel Ta HOPMATHBHUX
JOKYMEHTIB PI3HUX KpaiH MO0 MACHBHOI OE€3MEeKH BUSBIICHO JIOBOJII BEUKY PO3ODKHICTH Y JIOMYCTUMHX
BEIIMYMHAX KPUTEPIiB TpaBMyBaHHs Macaxcupa Ha macaxupcbkomy micui y KT3, mMeromax i mMeroaukax
BUITPOOYBaHb MACAKUPCHKUX CHUJIIHD Ta iXHIX KPITJIEHb HA MIIHICTb.

BukJiaieHHsi 0CHOBHOT0 Marepiany aociimkeHHsi. JlocarHeHHs (QyHKI[IOHAIBHOCTI, O€3leKu Ta
HAJIHHOCTI € cepesl MPIOPUTETHUX 3aBJaHb MiJ Yac po3paxyHKIiB Ha MilHicTh. [lepeBakHo nedopmarii
ACOIIOIOTHCS 3 QYHKIIOHATBHICTIO, 8 HAIIPY)KEHHsI — 3 0€3MeKOI0 Ta HAJIHHICTIO. 3 IH)KEHEPHOT O MOTJISALY,
KpHBa 3aJIKHOCT1 HANPY>KEHHS-IedopMallii € HaHBAKIIMBIIIOW XapaKTEPUCTHKOIO MaTepiaity, OCOOIHUBO
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aKTYaJIbHOI0 ¥ MeXaX BUIPOOyBaHb Ha MAacWBHY Oe3meky. L[fo KpuBYy BHKOPHCTOBYIOThH Mijl 4ac aHaji3y
pe3ynbTaTiB 0JJHOOCKOBHX BHUIPOOYBaHb Ha PO3TAT, 1 TYT MOXKIIUBI JBa BapiaHTH MOBEAIHKHA MaTepialy:
Marepiai, 0 ASMOHCTPYE 3HauyHI aedopMallil mepil HiX BiH JOCATHE PO3PUBY, Ha3UBAETHCS B'A3KHUM;
MaTepiaj, y SKOro po3puB A0CATAETHCS PaHO Ta BIACYTHS 30HA MIACTHYHOCTI (YacTHHA KPUBOT MIXK MEKEIO
TEKy4OCTi Ta pPO3PUBY), HANPUKIAZ, CKJIO HA3MBAETbCA KPUXKUM. PO3pHB KpPHXKHX MaTepiaiiB
BiZIOYBAIOTHCSl MEPEBAXKHO 3a HOPMalbHUX HampyxkeHb (po3rsar — tensile failure); mis miactuuHmx
MmarepiaiiB € xapakrepaum 3cyB (shear failure). [ToBemiHKy KpUXKHX MaTepiaiiB 3p03yMITH JIETIiIe, a/pKe B
pe3ynbTaTi HaBaHTaKEHHsS Mopeni BinOyBaerbes i1 ¢Qismune siBHe pyHHyBaHHs. [HIIA cuTyaris 3
IUTACTUYHUMH ~ MaTepiallaMi. B pe3yibTaTi TecTy Ha PO3TIAT BiIOYBAEThCA 3BYKCHHS IIMHUKH
BUIIPOOYBaHOTO 3pa3ka 3 (OpPMyBaHHSM KOHYCHOI (opMU B 00JacTi NMPOrHO30BAHOTO PO3PUBY —
HaNPYXXEHHST MOJIENI MEpEeBUINYIOTh MEXKY TEKYIOCTi MaTepiany.

Xt PosrisiHeMo KOHIIENIIil0 HaBaHTaXEHb
Ha OCHOBiI JIBOBHMIpHOiI Momem (puc. 1).

HesBaxkaroun Ha oKpeMi HEIOINIKU, HaW3pyd-
HIIIUM 1 HAHPO3TMOBCIO/KEHIIIIMM y CBITOBIH
MPaKTUIl cepell KpUTepiiB TpaBMoOe3med-
Hocti € Head Injury Criterion (HIC) [12].
Jnst fioro aHamizy B3a€MOJII0 Macaxupa i

pPO3MIIIEHOTO0  TepeJl HHUM CHAIHHA Yy

HaANMpOCTIIOMY BapiaHTi, KOJIK yaap TOJIOBH

| o Mn IIOYHHAETHCA 3 OOTOPKaHHA nacaxmpa

Macorww M, 10 HEpyXOMOi NEpPEelKOau —
Puc. 1. Oonomacosa mooens npoyecy

ydapﬁozo HABAHMAJNCEHHA nacascupa 6 KOHmMaxmi

3 0eMIPYBATbHOIO CUCMEMOIO Y BUSTAOL POMIUYEHO20 )
cnepedy cudinns nio uac JTIT MPOIEC CIIOBUIBHEHHS HOTO pyXy 3a paxyHOK
nedopmarii mepeaHboi wactuHH. 3 OOKY

CIUHKU CHIIHHA. JI0 I[bOrO MOMEHTY KYy30B
aBTOOyca B)K€ 3a3HaB ylapy 1 po3mouyaBcs

CTPHMYBAJIbHOI CHCTEMH, SIKOIO € CITMHKA MEPEAHbOT0 CHIIHHS, MOYMHAE MiATH cuia peakiii F(t), sxa ne

Oyna 3amisiHa y (a3l BUIBHOI'O IEpPEMIICHHS i Yac MOAONaHHs BiACTaHI MK cuaiHHAMHU. [IIBHAKiCTH
aBTOOYyca y MOMEHT yJapy 1 IBHIKICTH JedopMalii Ky30Ba BU3HAYaTUMYTh IIBUAKICTH, 32 SKOI HACTYIIHTh
KOHTAaKT MacaKupa 31 CIIUHKOIO CIiepey PO3TAIOBAHOTO CHAIHHS. J)Isi BU3HAYEHHS IBUIKOCTI Y MOMEHT
KOHTAKTy BUKOPUCTAEMO METOMUKY, onucany y [13, 14].

X

Pyx macaxupa MokHa ommcatu 3a modatkoBux ymoB X, (0) =0, XX, (0) =v, mudepeHuianbHuM

PIBHSHHSM:
>>(K,,(t)><l\/ln=F(t). 1)
SIKIO TPUIYCTUTH, IIO 10 MOMEHTY HepIIoi 3YMMHKU Macakup IEpeMillaeTbhcsi Ha BiICTaHb
n Kiny
X i = rp?gqxn )|, 2

TO PIBHSHHS JUTs BU3HA4YCHHs 3HaueHHs kputepiro HIC 3 ypaxyBaHH;[M (1) maTrMe TaKuid BUTIIS:
1 btz (F(t
O | ( )| 2, 5 £ H, (3)
15
G O m
1 BIIMOBITHO 3aBAaHHs ONTUMAILHOTO KEPYBaHHS MOXKHA 3aMUCATH SIK
L,,(F):maxrtr}ugn{ X (F) HPC(F)}EH. 4)

f

HI/C = max

Jis 371fCHIOBAaHMX JOCJIPKEHb HAMOUIbIIe 3HAYECHHS MAa€ BUIJIAL XapaKTEPUCTHKH KOHTAKTHOL
CWJIM MIiJ] 4ac ynapy, OCKUIbKH BiH BH3HA4Ya€ TPUBAIICTH yJapy, BEIWYHHY MPHUIIBUANICHh MaHEKeHa i
MaKCHUMallbHI TIepeMillleHHs] Taca)XUPChKOro cUJiHHA. B akTuBHIA (a3i ymapy BinOyBaeTbcs pi3ke
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3pOCTaHHSI KOHTAKTHOI CHIIH 1 CIIOCTEPIraeThesl MPY>KHO-TIACTUYHUHN Tiporiec aedopmaliii Ta 30JMKeHHS Y
MICIIi KOHTAaKTy [[EHTPIB KOHTAKTy CITUHKU CHAIHHS 1 MaHekeHa. [Ipy [boMy Ha aKTUBHOMY €Talli yiapy B
iHTepBajii t =t KOHTaKTHa cuiia € Oe3mepepBHOIO 1 3pocrae Bifg O 10 MAaKCMMaJIbHO MOXKJIMBOTO 3HAYCHHS.

3a F MakcHMalbHE IPHIIBUAIIEHHS OTPMMAaOTh MAaHEKEH 1 CHIIHHA:

a=amax=;':max7 ©)
me+m,
a IXHS IIBHUJKICTh 0 BigHOIICHH!O 10 mBuakocti KT3 3aramom Moxke OyTH:

— O/IHAKOBO HAIPABIICHOO, KoMK akTHBHA (a3za ynapy KT3 He 3aBepumiacs;

— JIOpPIBHIOBATH HYJIIO B MOMEHT 3aBeplleHHs akTuBHOI (a3m ymapy KT3 y mepemkoxmy, skuit
30iraTUMEThCS 3 MOMEHTOM, KOJIM JIOCATAEThCS Y MIJCUCTEMI “ CIIMHKA CHAIHHSA — MaHEeKeH” MaKCHMajbHE
3HAa4YCHHS! KOHTAKTHOTO 3yCHILIS,

— NPUTUICKHO HAIPABJICHOI, KOJU IiJACHCTeMa “CIMHKA CHUIIHHS — MaHEKeH  pPYXa€TbCsad y
HaTpsMKY yAapy, a MOMeHT akTuBHOI (a3u ymapy KT3 y mepemkoay 3aBepiimBest 1 po3modanacs dasa
BIJICKOKY BiJI IIEpEIIKOIH;

— NPOTHJISKHO HANpaBJCHOI, KOJIW IMiJACHCTeMa “CIMHKA CHJAIHHA — MaHEKeH  pPYXa€TbCsAd Yy
HaTPsAMKY ynapy, a gasa Bigckoky KT3 Bij nepemkoan 3aBepiiniacs.

BpaxoByrouw 11e, TOTPiOHO MepelTH 10 BapiaHTa BUKOPHCTaHHS a0comroTHOT mBuIkocTi pyxy KT3 i
MiJICKCTeMH “CIIUHKAa CHAIHHS — MaHekeH . lle macTe 3Mory BHKOPHCTOBYBATH aOCONIOTHE 3HAUYCHHS
MPHUIIBH/IIICHHS 1 TIEPEHTH JI0 TIEPEBaHTAXKEHB, SIKi B AOCOTIOTHOMY BHpaKEHHI MOYKHA MTOJIATH TaK:

p (=20 _FOU
g mcgl _ ©)

la, 0| _ F)]

AOE 2

g mah

JlocmipKeHHS Tpolecy yaapy mnacakupa 00 CIHMHKY CIepeay PO3MIIIEHOr0 CHJIIHHSA IIia dYac
aktuBHOI (pazu PponTtansHoro JATII 3BoaAMTHCSA 10 BiAIIYKyBaHHS TOJCPAHTHUX IS JIFOAWHU 3aKOHIB
3MIHU BH3HAYQJILHUX IMapaMeTpiB y 4YacOBOMY Jiama3oHi: MBUAKOCTI 30JMKeHHS Tin V; aedopmarii
MPYKHO-TUTACTHYHOTO XapakTepy S ; TPHBAJIOCTI MEPEIHBOr0 PPOHTY yIApHOTO IMITYIbCY T :

(7)

VY npoMy BHINAJKy CIIWHKA CHAIHHS M 4Yac yaapy IeopMyeThCsi, TOOTO MPHUCYTHS IUIACTHYHA
nedopmartis cuaiHHs i Woro ocHoBW. [IpHyoMy mij 4yac eKcriepuMEHTaJbHHX JOCIKEHb TependadyeHe
000B’s13K0BE JTepOPMYBaHHs CITUHKH CHJIHHS, a TAKOX JIOIYCKA€ThCS HABAHTAXKEHHA 0e3 pyWHYBaHHS
CHJIIHHS, a JIUIIE 3 JeOopMaIli€lo HOro OCHOBH 1 MICI[b KPIIJICHHS CHJIIHHS J0 Ky30Ba aBToOyca. Y mporieci
HaBaHTAXXEHHS NPYKHUH S, 1 IIIACTUYHHUN S, KOMIOHEHTH AedopMallii, 3riTHO 3 eMIIPUYHUM 3aKOHOM

I'epcriepa, nepediraroTh, HE3aASKHO JOITOBHIOIOYH OIWH OJHOrO:

s =s;+s, =kF". (8)
V KiHIIl aKTUBHOTO eTarry JeopMallisi CTaHOBUTHME
Smx = (S 1)max + (S Z)max = lergax + (S Z)max ' (9)
a Ha (a3l BIICKOKY 3JIMIIKOBA JiepopMallisi CHAIHHS TOPiBHIOBATAME:
(S Z)max =S1- klanax : (10)
BinnoBinHo aemrgyBaHHsS BU3HAYaTUMEThCS 13 3aJI€KHOCTI
1
d% 1 1 -
2 = - (Sz)max)nv (ll)
dt =
Mkn
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MPOIHTErpyBaBIIH SIKY, OTPUMAEMO

ds 2 n = S zn N2k n S z
== s (1 () M) ERg [ (=) ). (12)
T O R [ ET M CH

[To3HauMBIIM NPUBENEHI BarW CUIIHHA O, = M.g i macaxupa sk ¢, =m,g i K'=—, orpumaemo
2

MPUBEEHY Bary MiJCHCTEMH:
Oc * 0,
BimHomIeHHST KOHTAKTHOI CHJIM JI0 NPHUBEICHOI Bard Ja€ MOXJIMBICTh BHM3HAYWUTH IPHUBEICHE
MEePEBAHTAXKCHHS Y TOCIKYBaHIH MiICHCTEMI:

_FO - Qg% o Kl

RO=1 =P =p0 b 1+k.p(t>; )
_F®) _ . Q _ G _ k'

) =—~2=p(t)— = p(t = t).

PO = PO = PO = PO

[poiatepyBaBimn o« =- gp(t) , oTpuMaEeMo Ha OCHOBI TOMEPEIHBOT CHCTEMH
u

y- (15
|

t
V=V, - gop(t)dt
0

—_—

tt
S :Vot' do @p(t)dt
00

Ile piBHSHHS CHpaBeIIWBE HE TUIBKHM IS NPYKHO-IUIACTUYHOIO yIapy, aje 1 JUisl BHNAIKY
CHOBIJIBHEHHS CUCTEMH 3 IEBHOI MBUIKOCTI 3a JOIIOMOIOIO rajbMIBHOTO Bi3Ka, a TAKOX 3a BIJJOMOTO
a00 c(hopMOBaHOTO 3aKOHY MpPHUKIaAEHHs 3ycuutst. 3 piBHsaHb (15), BpaxoBytoun ymoBu (14) mig gyac
3aBepIICHHS akTUBHOI ¢a3u, konmu V=0 i t =t , oTpuMaeMoO CHIBBIAHOIICHHS, 110 MOB' A3y€ IJIONY
MiJ KPUBOIO MEPEBAHTAXKCHHS 31 MIBHJKICTIO Ha MOYAaTKy KOHTAKTY TOJIOBH MaHEKEHa 31 CIIHHKOIO
CUIIHHA.

t t 1+kt
Vo = gop(t )dt =g@+k)op,(t )dt =0— ot )dt . (16)
0 0 0

JIist OLIHKK BIUIMBY CKJIagoBUX mpumBuameHHs a(f) mix dac 3iTKHEHHS aBTOOyca 3 YKOPCTKOIO
HEPEIIKO00 Ha MIBUAKOCTI Va; TA JOCIIKEHHs MOBEJIHKM macaxupa Macoro M, Bukopucraemo

JMHAMIYHY MOJIENTb 3 IBOMA CTYIEHSMH BUILHOCTI. YJap MOYMHAETHCS 3 JOTOPKaHHS /IO MEPelKoaAn Ha
IIBUAKOCTI V, 1 BKIIOYCHHS B POOOTY €lIeMEHTa KOPCTKOCTI ¢,. [Ipu 1iboMy TilI0 macaskupa 3a 1HEpIIi€o,
ajyie BXKe 3 PI3KUM CIIOBUTLHEHHSIM, MIPOJIOBXKYE pyXaTHCs Ha BifcTaHi L, 70 mouaTKy BKIIOYECHHS B JIiIO
CTPUMYBAJIBHOI CHUCTEMH.

Otxe, poriec yaapy MiJICKCTEMH IMACAKUDP Y CUCTEMI aBTOMOOLTb-MTACAKUP 00 JKOPCTKY MEPEIIKOIY
YMOBHO PO3AUISIEMO Ha TpH (asu:

— MepIry, 3 MOMEHTY JIOTUKY aBTOOyca J0 MEpelIKOAHd, siKa 3aKiHIyEThCS JOTHKOM TacaKupa 0
MPYKHOT'O EIIEMEHTA Cy;

— JIpyTy, IO TPUBAE JI0 TOBHOI 3YIIMHKH MACaXHUPa 1 CTPUMYBAILHOI CHCTEMH,

— TPETIO, sIKa BIATBOPIOE TPOILIEC Biadi CTPUMYBAIBHOI CUCTEMH 1 TIEpEMIIIIeHHS Ty 1y0a macaxupa
Y HaIlpsIMKY, IPOTUJICKHOMY JIO TIOYATKY YAapy.

OnmnuM i3 3aBoaHp 3a0e3ledeHHS ONTHMAIBbHOTO TajJbMyBaHHS € BpaxyBaHHS KpPUTEPIIO
TpaBMyBaHHS IpyaHOi KiiTku. Moro MoxHa c(OpMyBaTH sK HOUIYK (3a BiZOMHX 3HAuyeHb LIBMIKOCTI
3iTKHEHHs, aedopmariii aBrobyca i BINBHOIO TEPEMIMICHHS IMaca)khpa) TAKOrO 3aKOHY KepYBaHHS
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CHOBUIbHEHHSIM Tila Maca)iupa, 3a SKOro HOoro MmepeMilleHHs 3aKiHYWjIocsS O B i7€albHOMY BHUIIAJKY Y
nepurii ¢asi yaapy a6o Oymno 6 MiHIManbHUM y JApyrid (asi i mpu pOMY aMIUTITYJa CIIOBLUIbHEHHS HE
nepeBuIyBaia 0 0i0IOriYHO BU3HAUCHOT JOMYCTHMOT HOPMHU:
Uy (1) = min{ x(t)|a £ a5} - (17)
B iHmiomy BuUManKky HEOOXiHO pO3IIISIHYTH 3aBJAHHS ONTHUMAIbHOTO KepPyBaHHS IIPOIECOM
MiHiIMi3alii CIMOBUIRHEHHS Tilla Macakupa 3 TMOTJBILy MaKCHMalbHOTo 3MeHmeHHs HachinkiB JTII 3a
BiJJOMUX 3Ha4eHb MIBUIKOCTI PyXy i JONYCTHMOI BiICTaHi, Ha Ky MOXKE NIEPEMICTUTHCS TiIO Macakupa
3rigHo 3 icuyrounmu [Ipasunamu €EK OOH R 80 [5] 3 MakcuManbHO MOKIMBUM BHKOPUCTAHHSM CHEPTii

IIOTJIMHAHHA Ha Liil BijcraHi Lp £100 mMm:
U (®) = min{ X(O)|2.£ B, x= L, +100} (18)

[NepeminenHs nacakupa BiJl TIOYATKy yAapy 10 MEpIIOro JOCATHEHHS HYJIbOBOT IIBUAKOCTI V, =0,
TOOTO JI0 ITOYATKy HACTaHHS TPeThoi (pa3m ynapy, MOKHA OIHCATH Tak:

v, +T(5:(t)d(t) . (19)
0

Ha mnodatky TpeTboi ¢a3zu mepeMilieHHs Mmacakupa i po3MIIEHOTO CHEepeny CHUAIHHS JOCSTaloTh
MaKCHUMAaJIbHUX 3HAYEHb
max{ x(t)} = x(T,) , (20)
3 4Oro BUILTUBAE, 10 T MiHiMizalii X(f) HeoOXxinHo 3mMeHyBaTH To. [Ipunyckatouu, mo aemidyBaHHs y
cucTeMi BiIOyBaeThCS 3a MHIHHIM 3aKOHOM, CYMapHY KOPCTKICTh CHCTEMH BH3HAYAIOTh SIK

c=- Mn xamax('vo"'\jvg' 2afT'IaXX (21)

VX

3a SIKOT MOXe OyTH peasTi3oBaHMi 3aKOH ONTHMAJIBHOTO KepyBaHHs [12].

Hanpyxeno-nepopmoBanuii cran nepejdadyae OMIHKY 3MIHM TOBEIIHKA MOJEIl MPOTATOM
MEeBHOTO IHTEepBajy yacy. byno oOpaHo iHTepBaj, 1o gopiBHioe 0,5 ¢, skuil po30UTO HA TPU KPOKH:
1-ii kpok: 0-0,06 c; 2-ii xpok: 0,06-0,3 c; 3-it kpok: 0,3-0,5 c. IIpuknageHHs HaBaHTa)KCHb
3nilicHeHe BiAMoBimHO 10 mpoTokony BumpoOyBaub Ne ITJ[ 05/12 [15] i cranoButh: 1825 H Ha
BepxHbOMY piBHiI HaBaHTaxeHb (0,55 M Hax Ga3zoBoro moBepxHew); 625 H — Ha HIKHBOMY piBHI
HaBantaxenb (0,8 m). [laHi HaBaHTa)XCHHs MPUKIAICHI y TOPU3OHTAIbHIN IUIOMIMHI Y HAMPIMKY
MO370BXKHBOT oOci cuMmerpii Moneni. I[HTEHCHBHHII pICT HaBaHTaXEHHS (IO EKCTpeMyMmy)
nepeadaveHnil 3a SKOMOra KOpPOTIIMH IMPOMDKOK 4acy, sIKuil popiBHIoe y Hamomy Bumaaky 0,06 c.
Jocsrmm MakCUMallbHOTO 3HAYEHHS, 116 HaBaHTAXKCHHS 3aJIHINANIOCs CTAIUM MPOTATOM HACTYIMHUX
0,2 c. Mani B inTepBami wacy 0,3-0,5 c cnocrepiraioTbcs BUTbHI KOJIMBaHHS KOHCTPYKIIT Yy
pe3yibTaTi 3HATTS HAaBAHTAKCHHS.

MakcuManbHe HamnpyXeHHs KOHCTpyKUii mo Mizecy cranomio 389,04 MIla Ta 3adikcoBaHo B
obnacti oTBOpy OONTOBOrO 3'€MHAHHA HIKKHM Kapkaca culiHHsS. [Ipn 1IboMy MakcHMaibHE 3HAuYCHHS
nepeMileHHs KOHCTPYKIIii craHoBuTh mmoHay 205 MM 1 3adikcoBaHe y BepxHii 00JacTi JIBOrO 32 XOJIOM
pyxy Kapkaca cuminHs. JlokanbHuii anamiz twactmuHux nedopmaniii  (Equivalent Plastic Strain)
JIEMOHCTPY€E MaKCHUMaJbHi jJedopMaliii B 00JacTi CXO/PKEHHS MPUBAPHOI KOCHHKH 3 TpyOOH Kapkaca
ILOTO CHIIHHSL.

3adikcoBaHe 3HAYEHHS IMEPEMIIIEHHS € pe3ylIbTaTOM pO3B’ 3Ky NpsAMOi 3ajadi: NMPHUKIAJCHHS
HaBaHTa)XEHb — BUMIPIOBaHHS MepeMilieHb. TaKuid MiaxXi Ma€e MeBHI HEAOMKH: MH HE MOXXEMO TOBOPHUTH
npo Oe3MeYHICTh MPUKIIaJICHHS HaBaHTa)KEHb, UM EKBIBAJICHTHOTO MPWIIBHIICHHS, IO MEPEIaEThCs Ha
Tino macaxkupa (puc. 2). ToMy pO3IISIHYTO 3BOPOTHY 3ajady. 3aMiCTh MPHUKIAJACHHS HaBaHTAKEHb,
3aJlaMOCh PE3YJbTYIOUMMH IIEPEMIIICHHsAMH, 10 JocsararoTbes 3a 0,13 ¢, a gam 3amipsemo
MPUIIBHUIIICHHS Y KOHTPOJIbHUX TOYKaX.
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1 114,23
68,094

71,961
24,172
-70,304 Min

-161,7Z Min

a o
Puc. 2. Kapmu npuwsuowienv mooeni kapraca CuoiHHs' a — npama 3a0a4a; O —360pomua 3a0ava

Bpaxyemo, 110 MOBHE TMOIJIMHAHHS C€HEPrii Bi yAapy Yy MOMEHT JOCSATHEHHS MaKCHMAllbHOTO
HaBaHTaXeHHs BigOyBaeTbes y mepiox 0,13-0,32 ¢. Orxke, kpaliloBUMH yMOBaMHU €: TiepeMillieHHs Big Py,
nopieHioe 137,2 MM Ta nepemitnenns Big P, — 77 ta 100 MM 1yis J1iBOTO Ta MPaBOro CHIHHS BiIIOBIIHO.
Cxema npuKiIaJcHHs B’ si3ei 3ayMInaeTbes 0e3 3MiH. Kapra nepemilieHs Ta Hanpy»XeHb J1a€ 3MOT'y 3pOOUTH
TaKi BUCHOBKH:

1) mepiBHOMIpHICTh AedopMalliifi paBoOro Ta JHBOTO Kpiceln, JiBe CHAIHHSA 31e(hOpMyBaNoCh IO
LIEHTPY, a IIpaBe — 00EPHYJIOCH YCIEIO TUIOMIMHOIO 1010 HOr0 KOHCOJIBHOI'O KPIIUICHHS, 110 03HAYAE, 110
JIBUH TaCaKUp MPUUMAaE yaap MOSCHUIICHO, a TPABHd — YCIEI0 CITUHOIO;

2) HampyXeHHS B 30HI KpIMJICHHS HDKKH TEPEHIIM JaleKo 3a MeKi TEeKydocTi MaTepiary
BurotoBienns (250 MITa) i cranosuts 1420 MITa.

MakcuMabHe TPHIIBH/IIIEHHS 32 MPsAMOI 3a71a4i cranoBuTh 161,22 M/c?, a 3a 3BopotHOI — 344,89 M/c?, 1110
HEJIOMYCTUMO, 3 OIJISIy MOTJIMHAHHS yaapy CIHHOK nacaxupa. Kpim Toro, 101aTKoBy HeOE3NeKy Hece
00acTh, Ae 3aiKCoBaHI EKCTPEMYMH MPHUIIBUIIICHDL — IOMEPEK MacaKupa.

3a pe3yiabTaTaMHd IPOBEACHUX JOCTIKEHb 3BOPOTHOI 3agadi MOXKEMO MIMTH BHCHOBKY, IIIO
3a(pikCOBaHI B pe3yJbTaTi HATypHUX BHUMNPOOyBaHb mepemimeHHs nporsrom 0,13 ¢ Baamock O0CATTH
3aBASKM BTPATi MIIHOCTI HIKKW KPIIJICHHS IO MiJJIOTH, a/pKe B IHIIOMY BUIAJIKY KapKac CHJIHHS Hece
HeOe3MeKy JUlsl Macakupa, He3BaKaloud Ha (opMalibHy BIANOBIAHICTH €BpormelickkuMm [IpaBunam €EK
OOH 11010 macuBHOI Oe3MEKH.

BucHoBku. Lleit anroput™ KoMIT FOTEPHOIO MOJICIIOBAHHS HAINPYXeHO-1e(OpMOBAHOIO CTaHY JaB
3MOTY OTpPHMATH pe3yibTaTH JedopMallifHUX MepeMillleHh Ta MAaKCUMAalbHHX MPHUIIBUINICHD JUIS
CTPHIKHEBOI MOJENI Maca)XMpPChKOr0 JBOMICHOIO aBTOOYCHOI'O CHIIHHS MiJ Yac MPHUKIAJACHHS Pi3HOTO
TUINy HaBaHTaXEHb. BHSABIIEHO, IO BOHM ICTOTHO BIIPI3HAIOTHCSA 3aJIGKHO B 3aKOHY 3MIiHH
HaBaHTa)XEHHS y 4aci, 110 HEOOX1IHO OyiI0 O BpaxoBYyBaTH IIijl Yac IIPOBEACHHS BUIIPOOYBaHb HA MIIHICTh
Ta MaCHUBHY 0€3MeKy MacakUPChbKUX CHAIHB 3rigHo 3 BuMoramu [Ipasun €EK OOH.
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