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AHoTanist
Y pobomi npeocmaeneno nioxio 0o eusHaueHHs 2eOMEeMPUUHO-MACOBUX XAPAKMEPUCMUK Ce2Menmie mina
JOOUHU 07151 ROOYO08U OiOMEXAHIUHOI MOOeNi HUXCHbOI KiHYIGKU. Busnaueno 006dcunu, macu ma nonodceHHs
yenmpis Mac ceemenmié mina Ol NOOAIbULO20 AHANI3Y HABAHMANCEHb V KONIHHOMY cyenobi. Ompumani
pe3yIbmamu ModiCyms Oymu SUKOPUCMAHI 0 [THOUBIOYANI308aH020 NIOOOPY napamempie OpmoneouyHux
supobie ma peabinimayitiHux 3acoois.
KurouoBi ciioBa: anTporomerpis, 6ioMexaHika, KOJIIHHHN Cyriio0, METOI CETMEHTAIlil, perpeciifHuii aHai3.

biomexaHiyHe MOJENOBaHHS € OJHUM i3 KIIFOUOBUX IHCTPYMEHTIB y IOCIHIDKEHHSX PyXOBHX
(GYHKUIH JIOJUHM, OCOOIMBO B KOHTEKCTI PO3POOKH JOMOMIDKHHUX OPTONEAMYHHUX INPHUCTPOIB.
Oco0IMBO BOKIMBUM € MOJICTIOBAHHS HaBAaHTAXKEHb Y KOJIHHOMY CYTJIO01 71 TOCTOBIPHOTO aHATI3y
SKUX HEOOXiJIJHO MaTH TOYHO BH3HAYCHI TEOMETPUYHO-MACOBI XapaKTCPUCTUKU BiAMOBIIHUX
CETMEHTIB JIFOACHKOTO Tija. Xoda iCHYIOTh y3arajabHEeHI CTATUCTHYHI MOJEINI, aJanTallis METOIIB 10
KOHKPETHHX aHTPONOMETPUYHHMX MapaMeTpiB MAI[iEHTa € KPUTUYHO BAXKJIMBOK I 3a0€3ICUCHHS
KOPEKTHOCTI pO3PaXxyHKIB Ta MOJAJIBIION0 MPAKTUYHOT'O0 BUKOPUCTAHHS OTPUMAHHUX PE3yJIbTaTiB.

Jlns BU3HAYCHHS TEOMETPUYHO-MACOBUX ITOKA3HUKIB Tijla BHKOPUCTAHO EKCIIEPUMEHTAIBHO-
aHAJITHYHUN METOJ, 3ampomnoHoBaHui HarionanpHuM ympapniHHsSM 3 aepoHaBTuku (CLHA), mo
0a3yeThes Ha Paioi30TOMHUX aHTPOMOMETPHUUHUX JaHuX [1, 2, 3].

[Mapamerpu OioMexXaHIYHUX JOBXXKMH, Mac Ta KOOPAMHAT LEHTPIB Mac IJisi CErMEHTIB Tinla
OTPUMAHO 3a JOTIOMOTOI0 PIBHSHb MHOXXHHHOI perpecii, 110 MOB’sS3yIOTh JIOBXKWHY W Macy Tija 3
FCOMETPUYHUMHU XaPaKTEPUCTUKAMH HOTO CETMEHTIB.

BioMexaHiuHI TOBXWHH CErMEHTIB Tina Li BU3HAUaroThCA:

Li = Bo+B1X1+B2X,+B3Xs, 1)
ne X; — JOBXKHHA HOTH; X, — JOBXKHHA Tima (3pict); X3 — momxkwHa pyku; Bg, By, B, , By —
koedirienTn MHOXHMHHOT perpecii (Tabu. 1).
I'eomeTpruyHO-MacOBi MOKa3HUKHM CErMEHTIB Tija Y BU3HAYAIOTHCS !

Y= AO + A1X1 + Ang, (2)
nme X; — Maca Tina; X, — AoBXHHA Tina; Ag, Ay, A; — KoedillieHTH piBHIHHSI MHOXXHHHOI perpecii
(Tabmn. 2).
Po3paxyHkoBwHii 3picT:
Iy + lg + lig+ logt loo+ log, 3)

ne |; — po3paxyHKoBa JOBXKHHA BiIIOBIHOTO CETMEHTY, MM
Po3spaxyHnkoBa maca Tina:
2m12 + 2m10 + 2m3 +2m6+ 2m4+ 2m2+ M1+ Mo+ M+ Mgz, (4)

Je M; — po3paxyHKOBa Maca BiJIIOBIJHOTO CErMEHTY, KT

VY sKocTi 00’€KTa MOCTIDKEHHs, 3 ypaxyBaHHSIM ICHYIOUHX T'€OMETPUYHO-MAacCOBUX ITOKa3HHKIB
00paHo JIFOIMHY YOJIOBIYOI CTaTi, fiIka Mae 3picT 1830 MM, TOBKHHA PYKH CTaHOBUTH 640 MM, a Bara —
82 kr. 3a BHKOPHCTaHOIO METOJUKOIO PO3PAXYHKY T'€OMETPUYHO-MACOBHUX MOKAa3HWKIB BCTAHOBJICHI
OCHOBHI TIOKa3HUKH, SKi BPAXOBYIOTHCS Y 3aPONOHOBaHIi MaTeMaTHuHiit Mmoneni (Taodmn. 1, Tabm. 2).

[MTokaszuuku po3paxoBaHi 3a Bupazamu (3) i (4) CTaHOBIATH PO3paxyHKOBHIA 3picT — 1886,39 MM, a
po3paxyHkoBy Macy — 82,13 kr, Ta 00ymoBmroroTh noxuoky 3,08% i 0,15% BinnosigHo 3pocty i Macu



B TOPIBHSHHI 3 ()aKTHUYHUMH, IO € I[IJIKOM TOCTATHIM JUIS TOMAIBIIOT0 BUKOPUCTAHHS OTPUMAHUX
PO3PaxyHKOBUX PE3yJIbTATIB.

OTpuMaHi reOMETPUIHO-MACOBI MIOKa3HUKU JAIOTh 3MOTY IEPEHTH IO TIOIAIBIIIOT0 KiIHEMATHIHOTO
aHaJIi3y TiJla IiJ| 9ac MPUCIJaHHS, BU3HAYCHHS J{IIOYMX CIJI Ta 00€pPTaIHbHOIO MOMEHTY y KOJIHHOMY
Cyr00i Ta OIIHKY Mii pO3BaHTaXXyBAIBHUX OPTE3iB.

Tabmuns 1 — biomexaHiyHI JOBXMHH CETMEHTIB Ta BIAMOBIIHI KoedilieHTH perpecii mpu
MAaT€EMaTUIHOMY MO,Z[CJ'IIOB&HHi

Ne CermeHT Li, MM Bg B, B, B;

1 Tonosa 268,64 15,9 -0,046 0,094 -0,047
01 | Bepxwust yactuHa TyIyba 285,1 3,78 -0,133 0,11 0,17
02 | Cepenns yactuHa Tyi1yOa 310,15 3,16 -0,219 0,241 -0,042
03 Hwxus yactiHa Tyiry6a 315,1 -12,9 -0,16 0,19 0,26
8 Crerso 412,71 5,34 0,33 0,093 -0,012
10 | Iominka 293,79 1,05 0,282 0,049 0,033
12 | Croma 260,85 0,516 0,0086 0,109 0,069

Tabmuns 2 — I'eoMeTpUuHO-MacoBi MOKa3HUKK NPU MAaTEMAaTHYHOMY MOJIEIIIOBaHH1

TlonoxeHHs LEeHTPY Mac Ha
Ne CerMmeHrt Maca cermenta, kr MOB30BXHIH OCi cerMeHTa, MM
Y Ag Ay A Y Ao Ay As

12 | Crona 1,13 -0,829 | 0,0077 | 0,0073 | 151,36 | 3,767 0,065 0,033
10 | Tominka 3,59 -1,592 | 0,0362 | 0,0121 | 167,38 -6,05 -0,039 0,142
8 | Crerno 11,85 | -2,649 | 0,1463 | 0,0137 | 254,01 -2,42 0,038 0,135
6 | Kuctp 0,5 -0,117 | 0,0036 | 0,0018 | 122,81 411 0,026 0,033
4 | Tlepearutivdst 1,29 | 0,3185 | 0,0145 | -0,001 | 149,15 | 0,192 -0,028 0,093
2 | IIneue 2,23 0,25 | 0,0301 | -0,003 | 140,12 1,67 0,03 0,054
1 | TomoBa 5,32 1,296 | 0,0171 | 0,0143 | 123,61 | 8,357 -0,003 0,023
01 | Bepxms yacTuHa Tyny0a 12,8 8,2144 | 0,1862 | -0,058 | 125,44 3,32 0,0076 | 0,047
02 | Cepennst yacTuHa Tyyoa 13,37 7,181 | 0,2234 | -0,066 | 101,08 | 1,398 | 0,0058 | 0,045
03 | Hwkas yactuHa Tyinyba 9,46 -7,498 | 0,0976 | 0,049 92,71 1,182 | 0,0018 | 0,0434

3anpornoHOBaHa METOJAMKA J03BOJIIE 3 BUCOKOIO TOYHICTIO BH3HAYaTH TE€OMETPHUYHO-MAacCOBi
XapaKTePUCTUKN CETMEHTIB Tija JoAWHHU. Po3paxoBaHi pe3ynbTaTd 3a0e3MeuyioTh OCHOBY JUIS
MOJANBIIOr0 OiOMEXaHIYHOIO aHajli3y, y TOMY YHWCIi AJis BU3HAUCHHS HABaHTAKEHb Y KOIIHHOMY
cyrno6i npu QyHKIIOHANBHUX pyxax. OTprMaHi JaHi MOXYTh OyTH BUKOPUCTaHI NMPH NPOCKTYBaHHI
Ta IHAMBiLyaJbHOMY HaJalITyBaHHI pO3BAaHTAXyBAJILHUX OPTE3iB i 3ac00iB peadimiTarii.
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DETERMINATION OF GEOMETRIC-MASS CHARACTERISTICS OF BODY SEGMENTS
FOR BIOMECHANICAL MODELING

Abstract

The study presents an approach to determining the geometric and mass characteristics of human body
segments for constructing a biomechanical model of the lower limb. The lengths, masses, and positions of the
segmental centers of mass were calculated to enable further analysis of knee joint loading. The results may be
applied for individualized selection of parameters for orthopedic devices and rehabilitation aids.
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