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AnHoTanusi. B nmanHOW craThe pemiaercs 3ajada OINpeAeNeHUs OOIIed MOABMXKHOCTH HIDKHEH
KOHEYHOCTH CKeJieTa 4yenoBeka. [laHHas 3amaya pemraeTcsi MCIoIb30BaHUEM YHUBEPCAIBLHOIO METOIa
CHUHTE3a KHHEMAaTH4YeCKUX Ilerneil Jo0oi cioxHocTu. [lokazaHa MOATAalHO METOIWKA PEIICHHUS
nonoOHbIX 3amad. [lpeacTaBieHa cxemMa ¢ yKa3aHMEM aHATOMHUYECKUX Ha3BaHUN M H300pakeHa
MOJABWKHOCTh KWHEMAaTHYECKUX Tap. JlaHHas cTaTed SBISIETCS OJHUM M3 IMEPBBIX OTalloOB B
MMOHUMaHUU AaHATOMUU CKEJIETa YEJIOBEKA C TOUKHU 3PEHUS TEOPUU MEXAHM3MOB U MAIlIMH, KaK HAYKH O
KMHEMATHYECKHUX Mapax.

B pabore [l] omHMM U3 aBTOPOB HACTOSIIEH CTAaTbU OBUT H3JIOKCH
YHUBEPCAIBHBIA METOJ] CHHTE3a KHHEMATHYECKUX Ilened 000  CII0KHOCTH,
OCHOBaHHBIW HAa MPUMEHEHUHN CUCTEMbI U3 TPEX YPAaBHEHUH BUJIA
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K —kmacc KHHEMAaTHYECKUX Imap,
P —4HCjI0 KHHEMAaTHYECCKUX Map,

W — oABMKHOCTh KHHEMATHYECKOM IS .

OnpbiT mpuMeHeHust cucTeMbl (1) BO MHOTMX YaCTHBIX CIIydaeB IMOKa3aa ee
HPUTOIHOCTH IS CAMBIX Pa3HbIX YACTHBIX 3a7ad.

OoOpatumcst, ucnonb3ys cuctemy (1), K aHanmM3y MOABHXKHOCTH CKelleTa
YeJI0BEeKa, B YaCTHOCTH K OIPE/ICIIEHHUIO MOABMKHOCTH €r0 HHKHEH KOHEYHOCTH.

W3 anHaTOMUM YejI0BeKa M3BECTHO, YTO €r0 HIDKHSS KOHEYHOCTh cocTOuT u3 30
KOCTEH, JBE TSTUYTOJBHBIX, IIECTh YETHIPEXYrOJbHBIX, IMISATh TPEYrOJbHBIX,
OJIMHHA/IATL <JIBYXYTOJNBHHUK», INECTh «OJHOYTONBHUK». Bce 5TH KOCTH M HUX
AHATOMHUYECKUE HAa3BaHUS MPUBEAEHBI Ha pUCYHOK 1. OHM CBSI3BIBAIOTCS MEXKIY COOOM
B 39 coeuHeHMI — KnHeMaTH4ecKux map[l].

W3 mnpuBeeHHOT0 PHCYHKA BHIHO, YTO HauOOJIee CIOKHBIMU KOCTSMH 10
KOJIMYECTBY HMX TCOMETPHUYCCKMX 3JIEMEHTOB — KHHEMATHYECKHUX IMap. SIBISIOTCS
JTaabeBUHAS M KyOOBHIHAsS KOCTH. 3a v — YrojbHHUK (MATHYTOJIbHHUK) IMPUHUMAEM
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KyOOBUIHYIO KOCTh, HaWOOJIee CIIOKHOE 3BCHO, KOTOpas pPa3BHBACTCS y 4EJIOBEKa
paHbIIle, 9eM JaibeBuIHas.[2]
CTpykTypHasT CHCTeMa HIDKHEH KOHEYHOCTH YEJIOBEKa MOXET OBITh
Npe/ICTaBIICHA B BUJIC
p=5+4n, +3n3; +2n, +n,
n=1+n,+ng+n, +n +ng, (2)
W =6n-5ps —4p, —3p3 —2p, — Py
CornacHo pucyHOK 1 ckenera HOTH YeJIOBEKa, OHA COCTOMT M3 TPUIIATH KOCTEH
(n=30) coequHeHHBIX B TPUANATH JeBATh KuHeMaTndeckux map ( p = 39). Yurem, uto

B MEXaHUYECKON CHUCTEME YeJIOBEYECKOI0 CKeJieTa HE MCIOJIb3YIOTCS Mapbl NEPBOTO U
BTOpOro kiaccoB, T.e.Pp; =0 u p, =0. C yuerom storo cucremy (2) ynpoctum [0

BUAa
39=5+4n, +3n3 +2n, +ny,

30=1+n4 +n3+n, +ng, (3)
W =6n-5pg —4p, —3ps.
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Pucynok 1 —CrpykTypHas cxeMa HUKHENH KOHEYHOCTH

PaccMoTpuM niepBbie 1Ba ypaBHEHHS cucTeMbl (3)
4n, +3n; +2n, +n; = 34,
ng +Nng+n, +n +ny =29

(4)
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[TocTaBuM 3a1auy onpeAcIICHHs OOIIEH MOABMKHOCTH TaKOU IETIH.
[Ipexne Bcero, oOpatuMmcsi K 3BEHbSIM Ny, KOTOpble HE 100aBISAIOT B LEMb

KHHeMaTH4eckux map. Mx Bcero mectb. OTo mocnenHue (ajaHTH TMaableB |
HaAJIKOJIEHHUK, 3BeHbsA 18, 21, 24, 27, 30 2.

Hcnone3yeM crmocob mpeacTaBieHus KaKaoro ciiaraemoro (4) B Buje nij , TOC |
OTIpeICIIAET YUCIO 00ABIIEMbIX 3BEHOM KMHEMATHYCCKUX IMap, a i oOIee Ynuciio map
3B€HA, M INPEIACTABUM HUX B BHJE ni’ =1, né{ + ng + nf =6, n§ + nf’ =5, n12 =11,
n(l, = 6. C yuyeToM NPUHATHIX 3HAYCHUH, TIEpBOE YpaBHEHHUE (4) 3amMIIeTCS B BUIC

ny +ng +ns +ny +n3+nd+n? +nj =34, (5)

Yro KacaeTcs 3BEHBEB Ny, TO BCE OHU OINpPECIICHBl U HAa3BaHBI BhILIE. 3BEHBS 1

MOT'YT OBITH OmpesienieHsl 1o pucynky 1. 9to 3Benbs 17, 19, 20, 22, 23, 25, 26, 28, 4, 7
u 29.1x onuHHanaTh. C yueToM 3TOT0 YyTOYHEHUs, (5) mpeodpa3yroTces K BULY

ny +ng+ns+ny +n3+nd=12. (6)
[TpencraBum (6) B BUE
ng+ng+n, +n =12, (7)

Ilpu sStoM OygeM HMeTh BBHAY, d9T0 N, =N;, Ny =nN3, N, =n; +n§,

— 4,3
n=ny +ny.
B 3aBucumocts (7) BxoasT 3BeHbs ¢ 1 1o 16, uckiatovast 38eubs 2, 4, 7.C yuerom

I —yroyibHHKa (3BeHO 8), TakuX 3BeHbeB 13.
[TogcraBuM BO BTOpOE YypaBHEHHE cucTeMbl (4) Ny =6 U pemuMm ero

OTHOCHUTEJIBHO Ny
n =23-n,—N3—nN,. (8)
[Moncrasisist nanee (8) B mepBoe ypaBHEHHE CUCTEMEI (4), HalJIeM, 4TO
3n, +2n3 +n, =11,
otkyna N, =11-3n, — 2n;, uiu ¢ yuetom (6)
ny +n3 =8-2n;.

Pemuwm (7) oTHOCHTENBHO Ny, € Yy4eTOM Ny, Ny =12— N3 — N, u TOTIA MOITYyYHM

ny +nd =8-2n;.

VYurteM, 4To, 00pa3ysi 3aMKHYTble KOHTYpBI, TPEXIAapHbIC, YEThIpEXIapHbIC U
ISITUTIAPHBIE 3BEHBS] MOTYT 100ABIIATH B LIETb JIUIIb IO OJHOW Mape, Ha OCHOBaHUU (5)
3aIUIIEM, YTO n§ =1, nf =4, u ni’ =1.

B sTom ciydae cucrema (4) 3anumiercs B BUIC

2ng +n, = 8§, ©)
Ny +n, =5.
Permenuem cucrems! (9) sBmsteTcst Ny =Ny =2 1 N, = 4.
OObenuHsIs HaliIEHHbIE PEIIECHHs ¢ IOJly4YeHHbIMHY Bbille Ny, =1, N3 =2, n, = 4,
1,

N, =5, MBI IOJTy4YHM KOIHYECTBA BCEX 3BeHbeB Ny =1, N3 =2, n; =3, n =1, n3 =
nS =4, nf =11, nj = 6.
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Tenepp 0011as TOABUKHOCTh HIIKHEM KOHEYHOCTH YEJIOBEKA OMPEACITUTCS
CUCTEMOMU

{W = 6018-4p; - 4p, —3ps,

Ps + Py + P3 =19,
rie Ps =10 — 310 coenuHeHus (ANAHTOB, a TAKKE COEJUHEHHME OEPIOBBIX KOCTEH

MEXTy coOO0H,
Ps = 7—3T0 coeauHeHus (aJAaHTOB C IUTFOCHEBBIMH KOCTSIMH, a TaKXe OOJIBIION

OepII0BOI KOCTH C TapaHHOU U OeIPEHHOM,
P3; = 2— 3T0 coeanHEeHHe OePEHHON KOCTH C Ta30BbIMM, a TAKXKE COEAMHEHUE

MaJioit OEpIIOBOM KOCTH C TapaHHOM.
Takum 00pa3om, MexaHUyecKas IeNb HUKHEH KOHEYHOCTHU YeJIOBEKa, UMEET
o611yt noaBuxHoCcTh W = 24.
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RESEARCH OF THE STRUCTURE OF THE LOWER LIMB OF THE PERSON
Dvornikov L.T., Zhivago E. Ya., Shubin E.E.

Keywords: synthesis of kinematic chains, structural systerachanical system, lower limb of man,

human skeleton, shared mobility, mobility, mechanispatial mechanism.
Abstract. This article solves the problem of determining tb&l mobility of the lower limb of the

human skeleton. This problem can be solved usieggéneric method of synthesis of kinematic
chains of any complexity. Demonstrate methods tirsg such problems. Presents a chart indicating

the anatomical names and shows the mobility ofrketéc pairs. This article is one of the first staps

understanding the anatomy of the human skeleton the point of view of the theory of mechanisms

and machines, as the science of kinematic pairs.
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