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MAHMNINMHOCTPOEHHUE U TPAHCIIOPT

VJIK 621.01

A.C. Domun, C.B. Kucenees, A.B. Onexcenxko

Cubupckuii rocyiapcTBeHHbI HHAYCTPHAJIBHBIH YHUBEPCUTET

CTPYKTYPHBII AHAJIN3 MEXAHU3MA SIHCEHA™

B Hacrosuiee
BpeMsl OIHHUM W3 OBICTPOPA3BHBAIOIINXCS
HampaBlICHU POOOTOTEXHUKU SIBISIETCA paspa-
0OTKa IararwImx MEXaHu3MoB i poboToB. Takue
paboTel ObUTH HauaThl emie Jleonapmo na Buxum:
B niepuon 1495 — 1497 rr. oH CHpoOEKTUPOBA U
M3TOTOBWJI MEXAaHWYECKYIO JIOIIaab, KOTopas IMo-
CPEICTBOM YCTaHOBJICHHBIX BHYTPH €€ Kapkaca
MEXaHWYEeCKUX Tepead MOTJIa COBEPIIAThH IIara-
romue apwkenus [1]. Jlanee B 3ToM HampaBieHUN
Ba)KHBIE pe3ynbTaThl ObuM momydensl [LJI. Ye-
opreBeiM, B 1850 r. uMm paspaboTaHa CTOIIOXO-
nsmnas mamuHa [2]. Tlosxke, B 1893 r. JLLA. Parr
pa3paboTan MeXaHHUYECKYIO JIoIa b, B KOTOPOH B
KauecTBE MPHUBOIOB HCIIONB30BAaHBl TENaIH TaK
YTO, BCAJHUK MOT YIPAaBISITH JOMIAABIO, CUAS B
ceane. JIBwkeHue renanell yepe3 pelyarud W Iie-
CTEpHU TIepPEIaBaIoCh Ha HOTH JIOMIAIN, KOTOPhIS
COBEpIIAIN CTOMOXOZsAIMe ABMXeHus [3]. Ota
pa3paboTka Obuia 3anarenroBana B CILIA [4].

Bo BTopoii nonosune XX Beka [I. [lurnu pas-
paboTasr HECKOJIBKO THUIIOB POOOTOB, OCHOBAHHBIX
Ha 1iockux Mexanm3max [5]. Ilocme storo, B
1968 r. P. Momrep (General Electric) pazpaboran
YETHIPEXHOTYIO IIararollyl0 MAITMHY TI0]T HA3BaHHUEM
«General Electric Quadruped» [6]. B 1980 r. III.
Xupoy3s u M. YMeTann pa3paGoTany yeThipexHo-
TUH [araronmii podoT, B KOTOPOM HOTH BBIIOIN-
HEHbl B BUJIe MexaHu3Ma nanrtorpada [7, 8]. Oror
pobot B 2008 r. OBLT MOJIEPHU3UPOBAH U B HACTOSI-
1iee BpeMs IPUMEHSIETCS] B KaUeCTBE MAITMHBI JUIs
CBEPJICHHUS] OTBEPCTHUH C LIENBIO YKPEIUICHUS KpY-
THIX CKJIOHOB JJIsI IPEJIOTBpAIlIEHUST Oroy3HENH. B
1990 r. romnaHACKUN XyIOKHHUK U CKyIasnTOp T.
SlHCeH co37a7 OJHOMOIBMKHBIA MEXaHM3M, pea-
Tu3yromuK 1araroimee apmwkenue [9]. [Ipu 00b-
CIMHEHUH HECKOIIbKAX MEXaHW3MOB B EIUHYIO
KOHCTPYKLHUIO TIOJy4aroTcsl BIIOJIHE padoTocmo-
COOHBIE MEXaHU3MBI, KOTOpBIE MOJ ACHCTBHEM
BETpa CaMOCTOATENHHO IEPEIBUTAIOTCS TI0 TOpPH-
3oHTaNBbHOM moBepxHOcTH. Cam T. SIHCceH Ha3Ban
ST KOHCTPYKIIMH «IUISDKHBIMH  KHUBOTHBIMID
(Strandbeest — mepeBox ¢ Humepi.), Tak Kak OHH

" PaGoTa BhIIoOTHEHA B paMKax cTanenuu [Ipesu-
nenta Poccuiickoit deneparuu (kox mnpoekra CII-
3755.2016.1).
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CIIOCOOHBI IIEPEIBUTATHCS 110 MECYaHbIM IUISKAM
MoJi BO3/ICHCTBHEM BeTpa. M3 npyrux TUHOB Iia-
FaolX MEXaHU3MOB CTOUT OTMETHTH CHCTEMBI,
paspabotanneie J[xo Kmanmom B 1994 r. [10] u
Awmangoit I'acca B 2011 r. [11] Ha ocHOBe mIOC-
KUX KUHEMATUYECKUX IIEIIEH.

B nHacrosme#t pabote mpoBeAeH CTPYKTYypPHBIN
aHaJM3 MeXaHu3Ma SlHceHa, a Takke ompezaeneHa
TPACKTOpUA IBUKCHUSA €TI0 BBIXOAHOI'O 3BCHA.

CmpyxkmypHhotit ananus mexanusma fAncena

OnmHMM W3 TPEUMYILECTB IIATrarolpx POoOOTOB,
CO3JaHHBIX Ha OCHOBE MeXaHu3Ma SIHCeHa, sIBIsieTCs
BO3MOYXHOCTb YCTAaHOBKM E€IMHCTBEHHOTO TPHBOJIA,
YTO TO3BOJSIET MMETh OTHOCHUTENIBHO HEOOMBLIYIO
Maccy KOHCTPYKIMH TPH TTOTyYEHUH Pa3HbIX TPaeK-
TOpWIl JBIDKeHWs] HOTH pobOota. s mpoBeneHMs
CTPYKTYpHOTO aHalm3a MexaHm3Ma SIHceHa pac-
CMOTPHM KHHEMATHYECKYTO cxeMmy (puc. 1).

Bemytiee 3BeHO BBINOIHEHO B BUJIE KPUBOIIIUTIA
1, mepenatomiero ABMXEHUE MIaTyHaM 2 U 3, KOTO-
pBIE, B CBOIO OuYepe/lb, COCAMHEHBI C TPEXIapHBIM
KOPOMBICIIOM 4 ¥ BBIXOJHBIM 3BE€HOM [ IIATYHBI 5
1 6 ycTaHOBIIEHBI MEXy 3BeHbsMU 4 1 7. Bee mo-
JBIO)KHBIE 3BE€HbSI MEXaHH3Ma YCTaHOBJICHEI Ha

Jluana BBB

e

Jluana BBB

Juana BBB

Puc. 1. Kunematnyeckas cxema MexaHu3ma SIHceHa
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Puc. 2. TpaexTopust ABH)KEHHUS BEIXOAHOTO 3BeHAa MEXaHH3Ma
SlHceHa (0603HauYeHHMs 3BEHBEB T€ XK€, YTO M Ha pHc. 1)

HETIOJIBIKHOM 3BeHe-cToiike 8. Bcee 3BeHbs Mexa-
HU3Ma COETUHSIOTCS MEXITy COOOW OIHOTOIBHIK-
HBIMH KMHEMAaTHYEeCKMMH MapaMi IISITOTo Kiacca.
B cootsercteum ¢ popmyioii I[1.JI. UeObimera [12,
131 W = 3n — 2ps — py4, (tme W — IOIABIKHOCTE Me-
XaHU3Ma; N — KOJIMYECTBO TOABHKHBIX 3BEHBEB; P —
KOJIMYECTBO HEMOABIKHBIX Tap). [lonsmxnocts W
MexaHu3Mma npu N = 7 u ps = 10 cocrasmnser 1. Ta-
KOH pe3ynmpTaT TapaHTHUPYET ONPeNeIeHHOCTh
JIBIDKEHHSI BCEX 3BEHBEB CUCTEMBI IIPH €IMHCTBEH-
HOM BXOJ/IHOM JIBIDKEHHU.

CTpyKTypHO MEXaHH3M BKIIFOUaeT B CBOW CO-
craB Beayiee 3BeHo, kpuommn (W = 1) u Tpu
rpynmsl Accypa, BBIIOJIEHHBIE B BUE Auan BBB,
o0pa3oBaHHBIX 3BeHbsiMH 2 — 4,3 — 6 U 5 — 7, s
aux W = 0. Ha cxeme mexanusma (puc. 1) Bbige-
JIeHBl YKa3aHHbIE TPYMIbI 3BEHbEB HYJIEBOU IO-

IBIKHOCTH. TakuMm o0pa3oM, MOIBHKHOCTE BCETO
MEXaHM3Ma MOXXET OBITh TaKKe OmpezeieHa ITy-
TEM CIIO’KEHUS ITOIBMIKHOCTEH BCeX KMHEMaTHYe-
CKHX IICIIeH, BXOISIIUX B COCTaB MEXaHU3Ma, U
ITOIBIKHOCTH BEAYIIIETO 3BEHA.

AHanuz mpaekmopuu 08UNCEHUA 6bIXO0HO20

36€HA MeXAHUIMA

OOparuMcs K HAXOXACHUIO TPAacKTOPUHU JIBH-
JKEHHUsl BBIXOJHOTO 3BeHa 7 mexanusMma. Ompene-
JIUM BCE TIOJIOKEHUS TOUKH A 32 TIOJHBIA TOBOPOT
kpuommmna 1. Ha puc. 2 mokaszana TpaeKTOpHs
IOBIDKEHHS STOH TOYKH, MOCTpOEHHas mo 12 mo-
JIOKEHUSIM, KOOPAMHATHI KOTOPHIX NPUBEACHBI B
tabmune. [lomydeHHas TpaeKTOpHs MPEACTABISET
c000¥ TUTOCKYIO KPUBYIO, B KOTOPOii ¢ 4 1o 9 mo-
JIOKCHUA BCPTUKAJIbHAs KOOpAWHATa )y HCU3MCH-
Ha, TO €CTh B ATOH OOJIACTH TPAEKTOPHS TpPe-
CTaBISIET COOOH MPsAMYIO THHUIO. B momoskeHmsx
3 n 10 ecrty He3HAYUTENbHBIE BEPTUKAIBHBIC
CMEIIeHHsI. DJTO JOKa3bIBaeT Leeco00pa3sHOCTh
MIPUMEHEHUS STOT0 MEeXaHW3Ma ISl CO3TaHus Ia-
TarIInuX CHUCTEM. HpI/I NU3MCHCHHUU OJIMH 3BCHLECB
MCXaHHU3Ma MOIr'yT 6BITI) YMCHBIICHLI WJIN YBCJIN-
YeHBl KaK BEPTUKAIBHOE, TaK M TOPU3OHTAIBHOE
CMEIIEHHUS BBIXOTHOTO 3BEeHA 7.

Bub1600dwl. B pesynbTare MpoBEIEeHHOTO CTPYK-
TYpPHOTO aHajK3a MexaHu3Ma SJHceHa ObUTH ompe-
JIEJIeHBI TPYIIBI Accypa, BXOJSIINE B €T0 COCTaB,
a TakKe oOIas MOJIBKHOCTh Mexanu3ma. Ompe-
ACJICHA TPACKTOPUA ABHMKCHHS BBIXOAHOI'O 3BCHA
MEXaHHM3Ma, TTO3BOJISIFOIIAs OMPEEIUTh €T0 MaK-
CUMAallbHbIe TOPH30HTAIBHOE W BEPTUKAIBHOE
CMCUICHUS. HOJ’Iy‘IeHHLIe JaHHBIC MOTYT OBITH
WCTIONTF30BAHBI TIPY PENICHUH JalbHEHIINX 3a/1a4
KHHEMAaTU4YeCKOTO M JUHAMUYECKOTO aHam3a, a
TaKkKe TPU pacdyerax MO ONTUMH3AIUHU Tepeme-
HICHUS BBIXOAHOI'O 3B€HA MEXaHU3Ma.

Koopaunatsl ToukH A BBIXOTHOT0 3B€HA / MEXaHH3MA

ITonoxenne Touku A o Koopammara, mMm 5
1 -8,15 -124,53
2 1,00 -127,89
3 7,00 -131,38
4 —24,26 -133,31
5 -39,76 -133,31
6 -59,74 -133,31
7 -70,91 -133,31
8 -85,13 -133,31
9 -95,43 -133,31
10 -93,25 -131,38
11 -82,93 -124,53
12 —41,04 -118,29
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