IIpakTuyna podora Ne 2

BIOKIHEMATHUYHI JJAHIIOT'H. PO3PAXYHOK BAI'OBUX ITAPAMETPIB.
BIOMEXAHIYHA KJJACU®IKALIA OITIOPHO-PYXOBOI'O AITAPATY

Meta po60oTH: BUBUUTH MOHATTS O10KIHEMATHYHOTO JIAHIIIOTa Ta MO0 CKJIAJ0OBHUX JIAHOK.
BuBuuTH BC1 0610/1aHKH OMIOPHO-PYXOBOI'0 anapaty JroAuHd. HaBuntrcs po3paxoByBaTu CTYNEH]
BUIBLHOCTI O10JIAHOK JIFOWHU.

Teoperuuni BimomocTi

JInst 00'eKTUBHOTO aHAII3y PYXiB Ta PyXOBHUX [l JIIOJWHU HEOOX1THO BUKOPHUCTOBYBATU
BIZIOMI OlOMEXaHIYHI JIaHl Mpo ii pyXOBHI amapar siK PO MaTepiajabHy CUCTEMY IPOLECY PYyXIB il
tima. Onopuo-pyxosuti anapam (OPA (puc. 1)) — 1e cucTeMa KiCTKOBHX BaXENiB, IO
MPUBOAUTHCS y Jit0 M'si3aMu. PyxoBuii amapar JroAuHU, 3 TOYKU 30py Ol0MEXaHIKH, SIBJISIE€ COO0I0
cucreMy OlOKIHEMAaTHYHMX JIAHITIOTIB, YC1 JJAHKH KOTpOro 00'eqHaHi y OlOKIHEMAaTH4HI mapH 1
MaroTh MI>K COOOIO 3B'S3KH, 1[0 BU3HAYAIOTH 1X 30BHIIIHIO CBOOOTY PYXIB.
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Puc. 1. — CtpykTypHa cxema OIopHO-PYXOBOIO anapary JIOAUHH

CK1aoBUMHA YacTHHAMH OlOMEXaHIYHOI CHUCTEMH € OlOKIHEMAaTW4YHl JAHIIOTH —
JAHIIOTH MDK OararbMa 4YacTMHAMHU Tia, MO pyxoMmo 3’emHadi. Jlo WX JaHIIOTIB
MIPUKIIAAI0THCS CUITH (HAaBAaHTAXKEHHS ), IK1 BUKJIMKAIOTh JAedopMarlito i 3MiHY PyXiB.

biokinemamuunuii nanyroe — 1€ MOCI1OBHE 3’ €THAHHS pANY O10KIHEMAaTHYHHX Tap.



biokinemamuuna napa — 1ne pyxome (KiHEMaTH4HE) CIOJYYEHHS JBOX KICTKOBHX
MEXaHI3MIB, y SKOMY MOXJHMBOCTI PYXiB BHU3HAYAIOTHCA OYIOBOIO IHOTO 3’€IHAHHS 1
VIOPAaBIAIOYAM BIUIMBOM M’si31B. Y OlOKIHEMaTHYHHMX I[apax PYXOBOIO amapaTry JIOAUHU
3’€IHaHHS JIBOX JIAHOK 3MIMCHIOIOTHCS TaKUM YMHOM, IIOO CTBOPUTH JIMIIE HAmepen 3aaaHi
(Bu3HaueHi) pyxu. Lle 3a0e3medyeTbesi CTYNMEHSIMH BIIBHOCTI OKpPEMHX JIAHOK 1 OpraHi3My B
IIJIOMY, IO 1 BU3HAYA€E HAMPABICHICTD PYXY.

CyTTeBUM € Te, 10 KUIBKICTh 3’€/IHaHb JAHOK 1 KUIbKICTh CTYNEHEH BUIBHOCTI KHUBOTO
opraHizMy Habarato MepeBHUIINy€E T€, 3 YUM Ma€ CIpaBy TEOpis MEXaHi3MIB 1 MamuH (TOOTO €
OubIION0, HIXK 1).

CTYIEHI BUIbHOCTI B BIOKIHEMATUYHU X JIAHIIIOT'AX

KoxHa Ol0KiHEMaTHYHA Mapa BOJIOAIE TI€I0 YU 1HIIOK KUIBKICTIO CTYNEHEW BUIBHOCTI,
0 1 BU3HAYA€ PYXOBI MOXKJIMBOCTI OpraHi3Mmy. B3arami, 4mciio cTymeHel BIIbHOCTI JaHKH
BIJIMOBI/Ta€ KITBKOCTI i1 He3aJIeKHUX MepeMilleHb (JIIHIMHUX Ta KyTOBUX).

3 Kypcy MEXaHIKH BIiJOMO, AKIIO Ha (pi3UYHE TLI0O HE HAKIAAAETHCS HIIKUX OOMEKEHb
(B’s131B), TO BOHO MOXE PyXaTUCS B HAIMPSMKY yCiX TPbOX B3a€MHO MEPIEHIANKYISIPHUX OCei
noctynaibHO. ToMy Take TiI0 Mae 6 CTyNeHel BUIBHOCTI.

KoxeH 3B’5130K, 1110 HAKJIAA€THCS, 3MEHIITYE KIJTbKICTh CTYyIIEHEH BUTBHOCTI:

— 3a¢iKCyBaBIIN OJHY TOYKY BUILHOTO Tija 3pa3y BiIOHparOTh Y HHOTO 3 CTYICHI
BUIBHOCTI (MOXJIMBHUX JIHIHHUX MTEPEMIIIEHb BiTHOCHO OCHOBHHMX TPhOX KOOPJIUHATHHUX OCEH);
MPUKIAA: IIAapONOAIOHUI Cyrio0, y SKOMY 3MEHIIWJacs KUIBKICTh CTYNEHEH BUIBHOCTI 10
TPHOX;

- 3aKpIIJICHHS JIBOX TOYOK Tia BiAMOBinae ikcaiii HOro Ha oci, 10 MPOXOAUTH
KPI3b 111 TOUKH — 3aJTUIIAETHCS OJIHA CTYIIHb BUILHOCTI;

— 3aKpIIJIEHHSI TPbOX TOYOK IMOBHICTIO BIIOMpA€E y Tila MOXIIUBICTh PyXy; TOMY
TaKe 3’€JHaHHS J0 Cyrjo0iB HE BIJIHOCUTHCS.

Jlo cyrno0iB 3 TpbOMa CTYNEHSIMH BUIBHOCTI BIJHOCSITHCS IIAPOMOIIOHI CYriioou, Je
MOJKJIUBI PYXH Y HACTYITHUX HAIpPsIMKax: TIOBOPOT; MPUBEACHHS 1 BiiBeIeHHs y (DPOHTANBHIN
TUTONIWHI; 3TUHAHHS Ta pO3rUHaHHs. TakuMu Cyriio0amiu €: Mae40BUid, TaA30CTETHOBUH.

Jlo cyrno6iB 3 JBOMa CTYNEHSMH BIIBHOCTI BIJHOCATHCSA: KOJIHHMM CYryio0 (SIKuit
MPUITYCKA€ 3TMHAHHA 1 PO3TMHAHHS, a TaKOX JESIKHH TOBOPOT TOJIEHI BiJIHOCHO CTETHA),
3ar’ sICTHO-TI’ ICHUM CyTJI00 BETMKOTO MBIl KUCTI PYKH 1 JesKi 1HIII.

Cyrno0aMu 3 OIHUM CTYNEHEM BUIBHOCTI € Iie4e, JIKTbOBUM, MikK(anaHroBl Cyrioon
MaJbIliB, COWICHIHHS CTOIH 3 BEJIMKOIO OEPIIOBOIO KICTKOIO.

KinpKicTh cTymeHeW BIIBHOCTI KIHEMATHYHOTO JIAHIFOTY OIOPHO-PYXOBOi CHCTEMH
JIOJTMHU JIOPIBHIOE YHCITY HE3aJEKHHUX JIKEpeNl eHeprii, HeOOXiMHUX JUIsl IPUBEACHHS y PyX
Ti€1 Y 1HIIOT JIJAHKW BIJTHOCHO BIJIMOBIAHOI OC1 00€pTaHHs Cyriao0y.

Po3paxyHOK umcia CTynmeHed BUTPHOCTI KIHEMaTHYHOTO JAHILIOTY IPOBOAUTHCS 3a
HACTYITHOIO (DOPMYJIOH0:



NIPOBOINTECY 33 HacTymHo (opmynow: N =6n —Zf ‘P | me: N — uucno

CTyHeHeH BINBHOCTI, # — KUIBKICTH PYXOMHX JIaHOK KIHEMATHIHOIO
MAHIPOTa, i — YHCAO OOMeKeHb CTyHNeHefl BIMBHOCTI B 3°€JHAHHAX —

cyrnobax, P; — 9HCIO 3°¢JHAHE 3 [-00MekeHHIMH, IIPH IbOMY: Z_F; =n-1.
3aranbHa KUTBKICTD CTYIeHeH BITBHOCT1 TUIa TOJHHHE CKIaTae DII3BKO:
6%144-5%81-4*%33-3%29=240, ame 3 MOBHOK JOCTOBIPHICTIO TOYHA
KITBKICTE HeELIOMa.
Yneno cTyneHeH BUIBHOCTL, HANPHKIAN, PYVKH, MOKHA PO3pPaxyBaTH 3a

€10 3aIeHKHICTIO!
n=18 X =27, XA,(A) =35 P;=1(3HaK X 03HaUac CyMY 32 ycIMa
3MIHHHMH).

Jlna BUIKpHTOrO D10KIHEMATHYHOTO JIAHITIOTa OTpHMaemo: N = If = 27,

VY miif 3aIeHOCTI N XapaKTepU3ye YUCIO PYXOMHX CETMEHTIB: IUIede, Mepearuiyys,
3am’sicTs, 1-5-1°sCHI KICTKH, TPOKCUMAJIbHI Ta JUCTaNbHI (DajlaHTH MaJbIliB KHUCTI, >f
— YHUCIIO CTYICHIB BUJIBHOCTI O10KiIHEMAaTHYHUX Tap; XAN(A) — YUCIIO CETMEHTIB, SIKI MAalOTh A
3’e¢HaHb: IJIede Mae 2 cyriaolu; mepeamniyuus, 1-5-m’gcHi KICTKH 1 NMPOKCUMaNbHI (alaHru
MajbIliB — TakoX 1o 2. JlucranpHi (hamaHry majbliiB MaloTh 1Mo 1 cyrio0y.

3am’sictss mae 6 cyrino0iB (MpOMEHEBE 3all’ SICTHUM, 3aI SCHO-TI'SICHUM 1-Toi I’ sCHO-
(danaHrosi 2-5-ronanbliBb).

HaiicyTTeBimmMm € Te, 0 Maike B yCiX Cyriio0ax CTyneHel BUTBHOCTI OiIbIe, HiXkK

VYV mexanizmax (To6to Oinmbmie, HiX 1). 3 omHoro OOKy, yCTpili MacHMBHOTO amapary
JOUHU (KICTKH, Cyrjo0u) CTBOPIOE HEBU3HAYEHICTh PYXY, a 3 1HIIOrO M 53U (iX yHpaBlifroyi
PYXH) HaKJIaJaroTh JOJATKOBI CTYIEHI 3B 53Ky 1 3aJIMIIAIOTh HEOOXIJHY KUIBKICTh CTYIEHEU
BUIBHOCTI. Tak 1 3a0e3meuyeThess He0O0XiJHA MOYKIIUBICT PYXIB.

TakuM uyMHOM, M’A3M — Ile TOHM amapar, o 3a0e3nedye YIpaBiIiHHSA pyXaMu 1
COpSIMOBYE pyX Yy Hamepel 3aJaHoMy HampsMky. KpiM Toro, cBOEpITHICTH MPOIIECIB
YIPaBIiHHS pyXaMu JIIOAMHU 3yMOBJIEHA TaK0X OCOOJMBOCTSAMHU M’SI30BOi CHCTEMH, SK
CUCTEMH JIBUTYHIB, 1110 TIEpEeMararoTh 3aiiBl CTYIIE€H1 BUTbHOCTI.

3p03yMiJio, III0 HEPBOBO-M SI30BE YIIPABJIIHHS pyXaMu, SIKE TOJIATa€ B 3MEHILICHHI ITUX
CTYIIECHIB BUIBHOCTI, CHUIBHO BIJJPi3HSAETHCS BiJl CUCTEM YIIPABIIHHS Y TEXHIIII.

Po3pi3HSIIOTE 3aMKHeHi ma He3amKHeHi OioKiHemamuuwui nanyroeu. Y HE3aMKHEHHX
JIAHIIIOTaX € OCTaHHs («BUIbHAY») JTaHKA, KOTPa BXOJUTH 0 CKIAAy JIUIIEC OJHIET MapH; y IUX
JAHIIOTaX HEMAa€ BUIBHOI KIHIIEBOI JIaHKW, KOXKHA JIaHKa BXOJWTh y JBI mapu. Y
HE3aMKHEHOMY JIAHI[I031 MOXIIMBI 130JIbOBaHI PYXH Y KOXXHOMY OKpPEeMO B3siToMy cyrio0i. [Ipu
IIbOMY MOXJIUBICTb 130JIbOBAHOTO PYXy HE BUKJIIOYAETHCS OyIOBOIO HE3aMKHYTOTO JIAHIIIOTA,
00 pyxu OIOKIHEMAaTHMYHUX JIAHILIOTIB Y PYXOBHUX JiSIX 3a3BHuail BAOYBalOTHCS OJTHOYACHO Y
OaraTbox cyriobdax.

VY 3aMKHEHOMY JIAHI[IO31 130J1bOBaHI pPyXH B OJHOMY CYIJIoOI HEMOXIHBi, 00
000B’A3K0OBO TIPH IILOMY Y PYX 3aJIy4arOThCsl ¥ 1HII 3’ € THAHHS.

He3amkHEHUIT JTaHIFOT MOXKE CTaTH 3aMKHEHUM, SKIIO BiJbHA KiHIIEBA JJAHKA OTPUMAE
3B’A30K (OMOpy, 3aXBaT) 3 1HIIOI JIAHKOIO JAHIIOTA YU Oe3MocepeHbo, Yd uepe3 Oyab-siKe
Tino. Hampukian, BUTbHA KiHIIBKA (PYKH, HOTH) SBJSIOTH COOOI0 HE3aMKHEHMHU JaHior. J[Bi
HOTH dYepe3 Ta3 € 3aMKHCHHMM JIaHIIOTOM depe3 omopy. [locTiiHO 3aMKHEHWIA JaHIIOT:
rpynuHa-pedpo-xpedber-pedpo-rpyauHa. [[Bi HOTH MOXYTh 3aMKHYTH JIQHIIOI 4Yepe3 Omopy,
HANPUKIAJ, y MOJOKEHH] BUMIANY.

[{i B3aeMO3B’sI3KH y 010KIHEMAaTUYHOMY JIAHITIOTY 00OB’SI3KOBO MOTPIOHO BpaxoByBaTH
MpU aHaji3li poOOTH M’sI31B, IPHU OIHII IX HAMPY>KEHOCTI, CIPOMOXKHOCTI O CKOPOYCHHS.



3aMKHEHUH JIAHIIOT MOXE pO3IMKHYTHCS, a dYepe3 e —1 3MIHUTH CBOi MOJIMBOCTI
(HampuKIad, IPH MEePEeX0o/al HOTH 31 CTaHy BUIIALY 110 3BUYaWHOTO cTaHy). [locTiitHO 3aMKHEH1
CUCTEMH TYT HE PO3IVISIAIOTBHCS. 3aBISKH MEPEXO]y JIAHLIOTIB 13 3aMKHEHOrO0 CTaHy B
HE3aMKHEHUH 1 31HCHIOETHCS PYyX JIIOJUHU. 3HAYHA YACTHHA HE3aMKHEHUX O10KIHEMaTHUYHUX
JIQHITIOTIB OCHAIllEHa 0araTo CyriIoOHMMHU M’si3aMu. ToMy pyxu B OJIHMX Cyrio0ax depe3 Taki
M’s3U OUIBIII YW MEHIN IIOB’s3aHI 3 pyXaMH B CYCIOHIX cyriioOax. OpgHak TpH TOYHOMY
YIOpaBIliHHI B 0aratbox BUMaJAKax LEd B3a€EMHHU 3B’SI30K MOKHA BUKIIIOUWTH, epedbopoTu. B
3aMKHEHHX JIAHIIOTaX TaKui 3B’SA30K € HemepeOoOpHHM, 1 Ai1 M s31B MepelatoThes Ha BijIaaeH1
cyriaobu

OnnuM 13 crocoOiB MOJICIIOBAHHS PYXOBOTO arapary € YSBICHHS MPO HBOTO SK TPO
CHUCTEMY B3a€EMO3B'SI3aHUX OlOKIHEMAaTUYHUX JIAHOK. Y pealbHUX YMOBaX (PYHKIIOHYBAaHHS
OpraHiaMy yci pyxoMi JJaHKH Tijla MalOTh MK COOOI0 KIHEMAaTH4HI 3B'SI3KH, KOTPi OOMEXKYIOTh 1X
30BHIITHIO CBOOOMY pyXiB. 3aBASKH IIMM 3B'si3KaM yci OlOKiHEMaTH4HI JJaHKH O0'€THaHI y
Ol0KIHEMAaTH4HI Napu. Y pyXOBOMY arapari JIIOJIMHU Ha BIJHOCHUN PyX KOXKHOI JJAaHKH OyIib-
K01 OlOKIHEMATH4YHOI Tapu (3aJIeKHO BiJ crmocoOy 3'emHaHHS 11 JAaHOK) HaKIaJIeHO TEBHI
obmexeHHs. Ha xapakrep BKka3aHUX 0OMEXEHb BIUITMBAIOTh TaKli YNHHUKH, SIK IJIACTUYHUNA CTaH
TKaHHH, 110 OEpyTh y4acTh B YTBOPEHHI OYAb-SIKOTO CHOJIYYEHHS, a SKIIO 1€ CyrJIo0, To 1ie i
(bopMa MoOBEpXHI KICTOK, 1110 CIOJIy4alOThCs, HASIBHICTh TOTO UM 1HILIOTO JOMOMIKHOIO anapary,
y4acTh y pyXax MEBHHUX IPYN M'S31B Ta HASBHICTh PI3HUX MOP(OJIOTIYHUX KOMIIOHEHTIB. Yce 1ie
JUTS 3pYYHOCTI JOCITIKEHHS MOKHA 00'€JHATH TaKUM ITOHATTSIM, SIK YMOBH 3B'SI3Ky O10JJAHOK y
O10KIHEMaTHYHHX Mapax.

Te un iHIIE YKCcI0 YMOB 3B'sI3KY (S) 00MEXye pyXOMiCTh KOXKHOT O1071aHKH y Tapi, KOTpe
TEOPETUYHO HEe Moke OyTH MeHie 1 abo OuTbIIe 5 y CHITy MaKCUMAIIbHO MOKIIMBHX 6 CTYIICHIB
cBoOOIM pyXy ycskoro Hesp'szaHoro Tima (1 < S < 5). KinbkicTh CTyrmeHiB CBOOOIM y Oyab-sKiid
OloKiHEeMaTH4HIi mapi pyxoBoro amnapary (H) BU3HAYalOTh BUXOISYM i3 3aJIKHOCTI MDK YHCIIOM
YMOB 3B'SI3KY Y napi (KUTbKICTh OOMEXEHb - S ) Ta 3arajlbHUMUA MOXITMBOCTSIMU PYXY Y TPUBHMIPHOMY
nipoctopi (6 — Tpu mocTynanbHuX, Tpu odeprabunx): H =6 - S .

SIKIIO BpaxoByBATH, IO KUIBKICTh YMOB 3BOPOTHOTO 3B'I3KY OlOJIAHOK TEOPETUYHO MOXKIIMBE
TUTBKH Y MeXax Bia 1 10 5, To cimix Oyno 6 BUAUMTH Oi0KiHEMAaTH4HI Tapu 'St KiaciB. Tomi 3
MIOTIEPETHHOTO PIBHSHHS MOXKHA Oy10 O BU3HAYMTH YHCIIO 3B'SI3KiB MPAKTHYHO OY/Ib-sKOi Ol0KiHE-
MaTUYHOI IIapU PyXOBOIO arapary JIOAVHU.

Taxkum unHOM, O10KIHEMaTH4Ha napa | kiacy Mana O m'sTh CTyNeHiB cBOOOM PYyXIB JIaHOK, ||
kiacy — votupy, |l xmacy — tpu, 1V kimacy — nBa, mapa V kinacy mana O TUTBKH OJJMH CTYIIiHB
cBOOOIIM pyXiB. Y pyXOBOMY arapari Hemae kojHoi OlokiHemMarnuHoi napu I Ta |l kinacy, Ha moka3
YOro MOKHa KOHCTAaTyBaTH, IO OJIHA 3 JIAHOK HE Ma€ YOTUPHOX, & TUM OLIbIIE M'SITH CTYIIEHIB
cBOOOIIM pyXy IIOMO CBO€i mapu. JlaHku GlOKiIHEMAaTUYHUX TMAp MAlTh MAKCUMyM TpPHU CTYICHS
napamH € miede i JonaTka, 34JICHOBaH1 y IJIeYOBOMY CYyTJIo0i, Ta Aeski iHiIl. biokiHemMaTnuHuMu
mapamu |V kmacy cmif, 30KpeMa, BBaKaTH TEPEAIUNYYs Ta KHCTh, 34WICHOBaHI Yy
MPOMEHEBO3aI'ACTKOBOMY Cyriiodi. Kiacudikariisi 6i0kiHeMaTHYHHX Tap 3a KiacaMu mependadae
TaKOXX ypaxyBaHHS YCIX PyXiB Tija, IO CIPUYMHSIE HEOOXIAHICTh OUTHII JPIOHOTO MOIUTY Y KOXKHIN
napi. 3Baxkarouu Ha Te, 110 nap I ta |l kmacy B pyxoBomy amapari Jr0JMHH HE BUSIBIICHO, PO3TIITHEMO
MOXKITHBI BiMiHHOCTI OiokinemaTnanux map I, 1V Ta V knacis (puc. 2.2).

VYci MmoxximuBi oiHOYAcH] pyxu B 6ionapax |1l kmacy TeopeTyHo MOKHA TTOAUTUTH HA YOTUPH
BUJIM: TIEpIIMI — BHUKOHAHHSA TPbOX OOEPTAIbHUX PYXiB, APYrHd — JBa OOEpTAbHUX 1 OJUH
MOCTYyNATbHUM, TPETIi — OJMH OOepTaJbHUI Ta JBa TMOCTYNAIbHHX, YETBEPTHMH — TpU
MOCTYNATBHUX PyXHU. 3a JTAHUMH 010MEXaHIYHUX JIOCITIDKEHb, ceper OlokiHematnunux nap |1 kmacy
y JIIOJJMHHU € TIapH TUIBKH MEPILIOTo BULY, OCKUIBKH B YCIX 3WJICHYBAaHHSX 3 MapaMu 1bOT0 KJacy 3a
3BUYAMHUX YMOB MOYKJIMBI TUTHKU TPU 00EPTATHLHHUX PYXH.
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Puc. 2.2. - I'padiune 300pakeHHst O10KIHEMAaTUYHUX TIap:
1-V xnac (iKThOBHI CyT100);
2-1V xmac (cyrio0 xucri);
3-1II kmac (mIeuoBuii Cyriioo).

VYci MoXKIHBI OTHOUYacH! pyxH B Oiomapax |V kiacy Takok MOKHA MOJUTUTH HA TPU BUIU. Y
napax MepLIoro BUIY LBOr0 KJIaCy MOMJIMBI TUIBKHM JIBA OOEpTaJIbHUX PYXH, JPYroro — OIHMH
o0epTalIbHUM Ta OIMH MOCTYMATBHUH 1 TPETHOTO BUAY — JIBA TIOCTYNATBHUX PYXH JIAHOK.

VY pyxoBoMy amapari JIOJUHU 32 3BUYAHUX YMOB CEpell Map YeTBEPTOro Kiacy 3ycrTpi-
YarOTHCS MAPH TUTHKH TIEPIIOTO BUY.

Yci MOKIIMBI OTHOYACH] pyXd B Oiomapax V Kjlacy TEOPETHYHO MOXKYTh OYTH yChbOTO JTBOX
BuiB. llepmmii Bun Mae oauH OOEpTaNbHUN PYyX, OPYTHd — OJWH TOCTYMANbHUN pyX. Y
O10KIHEMaTHYHUX Mapax V Kjiaca y JIOJUHH 3YCTPIYarOThCs MEPEBAXKHO MApH MEPIIOro BUAY ,
X04a 3a MEBHUX YMOB MOYKHO MPUITYCTUTH HasBHICTh Hapu 1 Apyroro Buay. llloxo map VI knacy
MO>KHA MPUTTYCTUTH BIICYTHICTh MOKJIMBUX PYXiB B HUX.

3rifHO 3 HaBEJCHUMH JaHUMH, OIOKIHEMAaTW4HI Tapu OIOPHO-PYXOBOIO armapary
CTPYKTYPHO 1 (PyHKITIOHATBHO 00'e/1HaH1 y Ol0KiHeMaTuyHi1 JaHIory. Llei npuHuun opraxizarii
Yy PYXOBOMY Bi/IHOIIEHH] BUIA€THCS HAI3BUYANHO BUTITHIM Ta PaIliOHATLHIM.

biokiHeMaTHYHUM JIQHITFOTOM CJIiJT BBO)KATH 3B's3aHI MK cO00I0 OlOKIHEMAaTHYHI TIapH 3
ypaxyBaHHAM iX TPUPOJHOTO MICLS B OMOPHO-PYXOBOMY amapaTi Ta OlOJIOTIYHOI poii, II0
¢buIoreHeTHUHE CKiIajacs, B OpraHi3mi JoguHu. Mop@ooriyHo 11l JAHIFOTH BU3HAYAIOThCA K
MpocTi ab0 CKIIAJHI 3aJIeKHO BiJl TOTO, KUJIBKOM IapaM HajeXaTb iX JIaHKH. Y MPOCTOMY
O10KIHETUYHOMY JIAHITIOTY KOXKHA JIaHKa € €JIEMEHTOM He OLTbIlie TBOX Tap; CKJIAHUN JAHITIOT
MO’K€ BKJIFOYATH 010JIaHKH, 10 BXOJATH Y TPH 1 OUIbILIE KIHEMAaTUYHI TapH.

[TpocTi Ta ckIamHI PyXOoMi JIAHITFOTA MOXKYTh OyTH TaKOK 3aMKHEHUMH 1 HE3aMKHEHHMHU.
Jlo 3aMKHEHUX OlOKIHEMaTHYHMX JIAHIIIOTIB HajeKaTh O101aHKH, 110 BXOJSATH HE MCHIIIE HIXK Y
nBi OlokiHemaTHuHi mapu. He3amMkHeH1 OlOKIHEMAaTHYHI JIAHIIOTH MICTSTh O10JIaHKH, IO
BXOJISITh TUTBKU B OJTHY PYyXOMY Tapy.

UYucno cryneHiB cBoOOaM pyxy OlOKIHEMATHYHUX JIAHLIIOTIB OMOPHO-PYXOBOTO amapary

moaunan (H) BinnmoBigHo 10 ypaxyBanHs uncia map I kiacy (B1), Il kiacy (B2), 11T knacy (B3),

IV knacy (B4) , V xnacy (Bs) ta VI kiacy (Be). 3 yciX MOXJIHMBHX CTYICHIB CBOOOIH JIAHOK
O10KIHEMaTUYHOTO JIAHIIOTa, M0 PO3TJISAAEThCS, BUKIIOYAIOTHCS CTYMEHI CBOOOIM, IO
00yMOBJIEH1 HasBHICTIO BIATOBIHOTO YMCIIa YMOB 3B'SI3Ky. Y TaKOMY BHIIQJIKy YHCJIO CTYIICHIB
cBoboau (H), xoTpi Mae nanuii naHior, Oyae CKiIaJaTh:

H:6k—5B5'4B4—3B3:

ne: K — Kkinpkicte map y jaHmiory; 5, 4, 3 xoedilieHTH, Ha KOTPI CIIiJi TTOMHOKHUTH
KUIBKICTh Map BiJMOBIAHOTO KJIACY, 110 € Y JIAHLIOTY, SKUH PO3IJISAA€THCA.

Ha3pa OiokiHeMaTH4HOro JaHIfora ckiamaetbcs 3 abpesiarypu BKC (bios, kinesis,
catena, — JjaHIfOT, MO0 O10JIOTIYHO PYXA€EThCs), 1HAEKCY, KOTPUN MO3HAYAETHCS JIATUHCHKOIO



giteporo p (part — yactuHa) Ta MOYATKOBOI JIITEPH JATHMHCHKOI HA3BM YaCTHHU Tijga abo
CKeJleTa: TOJIOBH, Tyly0a (XpeOeTHHI CTOBM, TpyAHa KIIITKA), Tosica BEPXHIX KIHI[IBOK (TUI€4O0-
BUI), BUIBHMUX BEPXHIX KIHIIBOK, IMOSICA HIDKHIX KIHIIBOK (Ta3) Ta HIKHIX KIHIIBOK.
Hampuknan, GioKiHEMaTHYHUIA JIAHIIOT BUTBHOT BEpXHBOI KiHIIBKH 3armcyeTbes: B K C s (MS
— memrum Superius— BEpXHsI KiHIIIBKA).

VY npuHIuUMi Bce TLIO JIOAMHU 3aJIeKHO BiJl METHU JAOCIIPKEHHS, MOXKHA PO3TIIAIATH SIK
enuHui 610kiHeMatnyHuil anutor: BKC ., 1€ 1HIEKC cKiIagaeThes 3 MEPIIUX JITEp CIIIB SOMa
(timmo), homo sapiens (ioauHa po3yMHa). SIKiio Tpeda mo3HauuTH OIOKIHEMATHYHHUI JTAHI[IOT,
10 CKJIAJIA€ThCS HE 3 YCIX JAaHOK YaCTHUHU Tijla, TO 1HJAEKC YTBOPIOIOTH BiJ HA3B BIAMOBITHUX
KICTKOBUX YTBOpeHb a0o0 BiaauniB. Hampukian, 010kiHEMaTUYHUMN JIAHIIOT TPYIHOTO BIIALTY
xpebta cmin 3amucatu Tak: BKCy, nme t — thoracalis (rpymuwmii), cv— columna vertebralis
(xpebetHuii cToBm). Y 3ammcax OiokiHemMaTHuHUX map y abpesiatypi BKC octanuio nitepy
3amiHOIOTH Ha P. Jlng Toro mo6 moka3aTd, IO SIKOTO JIaHIfora HAJEKWUTh TMapa, Npu
abpesiatypi 30epiratoTh 1HAEKC BIAMOBIIHOTO JaHIora (Hanpukian, BKP,, — mapa xpebetnoro
CTOBMa). Y [aHOMY BUMAJAKYy, OJHAK, HEMOXHA BCTAHOBUTH, sIKa IIe Mapa, TOMY CIiJ
MOBIJJOMUTH TaKOX 11 MOPSIKOBUN HOMED, MOYMHAOYH BiJl TPOKCUMAILHOTO KIHIIS XpPEOETHOTO
croBma BKP..19 (a00 BKP.1g). g crucmocti Oiokinemaruuni manku (BKS) HasuBaroTh 3a
MEPIIMMU JIITepaMU JJATUHCHKUX aHATOMIYHMX Ha3B KICTOK. SIKIO JABI1 JAaHKHA MAalOTh OJIHAKOBY
Ha3By, Hampukiaan xpeoOmi (vertebra) y xpeOSTHOMY CTOBIN, TO IX Ha3HMBAaIOTh BIJ
MPOKCUMAJILHOTO KIHIIS JIAHITIOTA.

Knacudikarito gOUIBHO MOYMHATH 3 PO3MIAAY O10J1aHOK royioBH. CKEJIEeT TOJ0BU —
Yeper, CKJIAJAEThCS 3 YUCICHHUX KICTKOBUX YTBOPEHbB, ajieé 3HAYHI PYXH MOXKIIMBI TUIBKU Y
CKPOHEBO-HUKHBOIIEIETIOBOMY CYTJIO01.

Bin ytBOptoe 6iokinemaTnuny napy BKP..j, 1m0 ckinagaerbes 3 MO3KOBOTO Ta YaCTUHHU
JUIOBOTO yepemna (oaHa 0lojlaHKa) 1 HUKHBOI menenu (apyra 6ionanka). Mopdgonoriuno ta
(byHKIIOHATLHO OloJIaHKa TOJIOBM 3B'sI3aHA 3 XPEOETHUM CTOBIIOM (PYXH TOJIOBU BifIOYBAIOTHCS Y
34JIeHYBaHHSIX 3 XpeOETHUM CTOBIIOM, TOJIOBHHIA Ta CIMHHUIA MO30K HEPO3PUBHO 3B $13aH1 Y IUTICHY
LEHTPaIbHY HEPBOBY CHCTEMY), TOMY 4acTo OIlOJIAHKKA TOJIOBU HE KIACHU(IKYIOTh SK OKPEMHIA
JIAHITIOT, & PO3TIIS/IAIOTH SIK Oionapy OI0KIHEMATUYHOTO JIAHITIOTa XpeOETHOTO CTOBIIA.

XpeOeTHHiT CTOBII SIBJISIE COOO0 CKiamHuii OaratonankoBwii saHior (BKC.),
YTBOPEHUH AaTIAHTO-TIOTHJIMYHUM 3YICHYBAaHHSIM, IO 00 €JHY€E JIAHKY Yepera Ta TepIIoro
muitHOro Xpeois. TakuM YHHOM MOKHA BU3HAYUTHU Ha3BU ycix OiokiHemaTuuHux nap BKC,:
C-1 - BnacHa mapa uepena; cv-1 - mapa, yrBopeHa 6iojaHkoro depena ta 1-m xpebuem; cv-2 -
napa 1-ro ta 2-ro xpe0OuiB i T.4. OctanHs, 26-Ta, napa (cv-26) BKiItoyae OI0JaHKU KPUXKIB Ta
KYIPHKA.

OcCKiTbKH PI3HOMAaHITHI pyXH XpeOeTHOro CTOBIA aBTOHOMHI, TO JOIUIBHO y HOTO
3araJibHOMY O10KIHEMAaTHYHOMY JIAHIFOTY BUJUIMTH II€ TPH JIAHIIOTH, BU3HAUYEH1 HASBHICTIO
TPHOX PYXOMHX BIJAUIIB — MIMHHOTO, TPYJHOTO Ta MONEPEKOBOro: CVC — Ol0KIHEMaTUYHUIN
JAHIIOT MIUWHOTO BIILTY; CVT — OlOKIHEMaTHYHUH JIAHIIOT TPYAHOTO BiAauTy; CVL — O10Ki-
HEMaTUYHHH JIAHITIOT TIOTIEPEKOBO-KPHKOBO-KYIIPUKOBOTO BiIILTY.
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ﬁ YUCIIEHHUX  KICTKOBUX  YTBOPEHb
ckimagHoi  (Gopmu, WO BOJIOAIIOTH
P13HOMaHITHUMH CTYIICHSIMU
pyxoMmocTi. Ane i BOHa Moxe OyTH
npeJcTaBIeHa AK €TUHUN

OlokiHemarnunuii  jgaHIor  BKC,.

I'pymui  xpeOiii  BITHOCATBCA SIK IO

O10KIHEMATUYHOIO JIAHILIFOTa

XpebeTHOro  cToBma, Tak 1 JO

O10KIHEMAaTUYHOI'O JIAHIIOra TIPYAHOI

kmtka. 3'ennands BKC, ta BKCy,
/-t ) fW.y 3MIIACHIOIOTBCA Y MICHI 34WICHYBAHHS
pebep Ta xpebuiB. Tomy 3a mificHOIO
O0l0OMEXaHIYHOK HOMEHKJIATYpOI IIi
YTBOPEHHS MO3HAYAIOTh SIK 3'€IHAHHS
JIBOX BIJIHOCHO PYXOMHX JIaHLIOTIB, a
caMi  3WIEGHYBaHHS i OUIbII
JETAILHOTO BHUBUYCHHS pyxiB
PO3TIIAIAI0Th OKpeMO npu
CIIOCTEPEKECHHIX 32 IMEePEMILIEHHIM
pebep Ta rpyaHuHHU. Ilo cyti, Takwii
MOJILJT HE SIBJISIE COOOI0 PO3UIICHYBAHHS
LUTICHOI JIJITHKY, a TUIBKU MOJIETIIYE 11
BUBYCHHS 3a TMIOPIBHSHO IPOCTHMH
YaCTUHAMH.

YoTupn HWXKHIX BUIBHUX pedpa
NPAaKTUYHO MOXYTh TIEPEMIl[yBaTHCS
HE3QJIEKHO Bl IHIIUX  O10JaHOK
rpynHoi kiitku. e dakr, a Takox Te,
0 JaHi pedpa 3 XpeOusiMu 3'€HaHI PyXOMO, J03BOJISE 1HOJMI PO3TMSLAATH iX SK CaMOCTIHHI
Ol07aHKH, IO 3B's13aH1 JIUIIIE 3 XPEOSTHUM CTOBIIOM.

3rigHo 3 6GioMexaHiyHO Kiacudikaiiero, y 610KIHEeMaTUIHOMY JIAHITFOTY TPYAHOT KITITKA
€ 40 ocHOBHUX OIOKIHEMAaTHYHUX Tap Ta 4 noAaaTkoBUX. OCKUIBKHA KOXKHE peOpo 3'€THYEThCS 3
TPYIHUHOIO CBOEIO TPYIHOK YaCTHHOK, a 3 XpeOIsiMu — XpeOIleBO, TO BOHO (DaKTUIHO
YTBOPIOE J1BI Tapu (0JIHY — 3 XpedIiem, Ipyry — 3 TPYJHUHOI0). 3BaXKAI0UH Ha 11€ J0 Ha3B yCiX
nap 3aMiCTh MOPSAKOBUX muGp momamu iHmekcu "a" (anterior — mepemwiii) Ta "p" (posterior —
samHii), "s" (sinister — umiBuit) Ta "d" (dexer — mpaBuit). TakuM YHUHOM, TEPII YOTHPH
Ol0KIHEMaTHYHI TTApu TPYAHOT KIITKH MO3HAYar0Th BimmosiaHo thda-1, thdp-1, thsp-1, thsa-1; apyri -
thsp-2, thsa-2, thdp-2, thda-2; TperTi - thda-3, thdp-3, thsa-3, thsp-3; yersepri - thda-4, thdp-4, thsa-4,
thsp-4; m'saTi - thda-5, thdp-5, thsa-5, thsp-5; mocrti - thda-6, thdp-6, thsa-6, thsp-6; chomi - thda-7,
thdp-7, thsa-7, thsp-7; Bocmi - thda-8, thdp-8, thsa-8, thsp-8; nes’sTi - thda-9, thdp-9, thsa-9, thsp-9;
necsiti - thda-10, thdp-10, thsa-10, thsp-10. Yotupu nomaTkoBi Oi0KiHEMaTHYHI APH MO3HAYAOTh
thdp-11, thsp-11, thdp-12, thsp-12.

BiokiHeMaTHYHHIA JTaHIIOT Tosica BepxHiX KiHIiBok BKC,,; (MS — memrum superius—
BEpXHSl KIHIIIBKA) CKJIAJAEThCA 3 YOTUPHOX OlOKiHEeMaTH4HHX Tmap (Majn.7), 1o pyXxoMo
3'€HYIOTh TPYIHUHY, KITIOUHUIIIO Ta JIOMATKU: cmss-1 - 51iBa mapa (TpyJHHHA Ta JIiBa KIIOYHII);
CMSS - 2 - niBa napa (JiBa KJIIOYMLA Ta JiBa jomarka); cmsd - 1- mpaBa mapa (mmpaBa KJItOUULs
Ta rpynHuHa); cmsd - 2 - mpaBa napa (IpaBa KJIFOYHIs Ta MpaBa JonaTka).

biokiHemaTnuHi JIAHIIOTH TpaBoi Ta JIBOI BEPXHIX KIHIIBOK 3'€IHYIOTHCA 3
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O10KIHEeMAaTHYHHMM JIAHIFOTOM TIOsica BEPXHIX KIHIIIBOK CBOIMH MepIIMMHU Tapamu (mss-1 Ta
msd-1). IIpaBy Ta niBy apyri mapu OyayTh CKjIaJaTH IUIEYOBa Ta JIKThOBA KICTKH, 3'€IHAaHI
IUICYOJIIKTHOBUM CYriI000M (mss -2 Ta msd -2).

Tperi mapu yTBOpEHI TIUICUOBUMH Ta MPOMEHEBUMH KICTKAMHU, 34JICHOBAHUMHU
IJIEYOIIPOMEHEBUME cyriobamu (mMss - 3 Ta msd -3 ).

UetBepTi mapu CKIATAIOThCA 3 MPOKCHMAIBHUX KIHIIIB MTPOMEHEBOI Ta JIKTHOBOI KICTOK,
00'eTHAHUX Y IPOMEHETIKThOBHH Cyr100 (mss-4 Ta msd-4).

IT'si GiokiHeMaTHyHi apu (mss - 5 Ta msd - 5) cKIaeHi JUCTATPHAMH KiHIIIMH JIIKTHOBOI Ta
TIPOMEHEBOI KICTOK Y TUCTATBEHOMY TIPOMEHEIIKTEOBOMY CYTIIO01.

[llocTa mapa yTBOpEHa AMCTAJbHOK YAacCTHUHOKO JIIKTHOBOI KICTKM Ta JIATEPAIBHOIO
YaCTHHOIO TPOKCHMAIBHOI MOBEpPXHI MiBMicsieBoi KicTki (MSS — 6). ChoMa mapa BKIIOYAE
JIMCTaJbHY YaCTHHY IPOMECHEBOI KICTKM Ta JIaTepajibHy YacTHHY MiBMicsaueBoi (MsSs - 7).
Bocbma mapa cknaiaeTbesi 3 JUCTAIbHOI YaCTWHHU MPOMEHEBOI KICTKH Ta MPOKCUMAIBLHOT YaCTHHU
YOBHOIOIOHOT KicTKH (MSS - 8).

JleB'sita mIapa yTBOpeHa TOpPOXOMOMIOHOI0 KICTKOIO Ta MEMIAIbHOK YaCTHHOK) TPUTPAHHOL
kictku (MSS - 9). Jlecsata mapa yTBopeHa JaTepaibHOIO YaCTHHOI TPUTPAHHOI KiCTKU Ta M-
QIPHOI0 YacTHHOKO MiBMicAneBoi (MSS -10). Oaunanusra mapa CKIaJA€eTbCsl 3 IUCTAIBHOL
YaCTHMHU TPUTPAHHOT KICTKA Ta MPOKCHMMAJbHOI YaCTHMHH TayKomoaiOHOi KicTku (mss -11).
JlBaHaausTa Mapa YTBOpPEHA JATEPAIbHOIO YAaCTHHOK TadyKOMOMIOHOI KICTKM Ta MeAialbHOIO
YaCTHHOIO ToJoBYacToi KicTku (MSS -12). TpunHamsta mapa yTBOpeHa [iajbHOK TMOBEPXHEIO
MPOKCHMAJTbHOI YaCTHHHU TOJIOBYACTOI KICTKM Ta JUCTAILHOK YaCTHHOO MiBMicsiieBoi (MSS -13).
YoTtupHaaugra mapa BKIIOYAE JIATEPAIbHY IOBEPXHIO JUCTALHOI YACTUHU YOBHOMOIOHOI
kictku (MSS -14). [T'sTHaangTa Mapa CKIafa€eThesl 3 JIaTePAIbHOT YaCTUHU TOJIOBUACTOI KICTKHU
Ta MEI1aJIbHOI YaCTHHU Majiol 6araTokyTHO1 KicTKU (MSS - 15). llicTHaasaTa napa cKiIaaaeTbes 3
MIPOKCUMAJILHOT YaCTUHU MaJjioi 0araTOKyTOBOi KICTKM Ta JIaTepajbHOI MOBEPXHI JAUCTAJIbHOI
YaCTMHM YOBHOMOMIOHOT KicTku (MSS -16). CimHaamsTa mapa YTBOpPEHA JIaTepabHOIO
YaCTHHOIO Majioi 0araToKyTHOI KiCTKH Ta BEPXHBOIO MEIAITLHOI TPAHHIO BEITMKOI OaraToOKyTHOI
KICTKU (MSS - 17). BiciMHaangTa napa BKIIOYaE NPOKCUMaIbHY YaCTHHY BEJIMKOT OaraToKyToBO1
KICTKM Ta JIaTepaJbHy ITOBEPXHIO JUCTAIILHOI YaCTUHM 4YOBHOMOMIOHOT Kictki (mss - 18).
JleB'aTHa/MIATA Mapa YTBOPEHA MEMIATBHOK TIOBEPXHEIO JUCTAIBHOI YaCTHHHM TavKONO1i0HO1
KICTKA Ta MPOKCHUMAJIbHOI YAaCTHHOKO M'SITOI M'SCTKOBOi KicTku (MSS - 19). JIBaausra mapa
CKJIAJIA€ThCSl 3 MPOKCUMAIIbHUX YaCTHH IT'SATOI Ta 4YeTBEPTOi M'ICTKOBHX KicTOK (MSS - 20).
JIBanusATh mepia mapa yTBOpEHa MeNialIbHOIO MOBEPXHEI0 MPOKCUMAalbHOI YaCTHMHU YETBEPTOL
M'SICTKOBO1 KICTKH Ta JIATEPAIHOIO MTOBEPXHEI0 IMCTAILHOI YACTUHH TauKOMOAI0HOT KICTKH (IMSS
- 21). JIBagusate apyra mapa CKJIaJaeThCsl 3 JIaTepalibHOI MOBEPXHI MPOKCHMAIbHOI YaCTUHU
YeTBEpTOi M'SICTKOBOI KICTKM Ta MaTepiajibHOI YaCTUHH JAUCTAIBLHOI MMOBEPXHI TOJIOBYACTOI KICTKU
(mss - 22). JIBaansarh TpeTs mapa BKIIOYAE JIaTEpalibHy CYITIOOOBY MOBEPXHIO MPOKCUMAIBHOI
YAaCTUHHM YETBEPTOI M ACTKOBOI KICTKU Ta MEMATbHY MOBEPXHIO MPOKCUMATILHOI YACTHHHU TPETHOT
M'CTKOBOI KicTkM (MSS - 23). J[BamusATh 4erBepra mapa CKIANAEThCS 3 MPOKCUMATBHOI YaCTHHHU
TPETHOI MSICTKOBOI KICTKU Ta JUCTATLHOI YaCTHHHU rojioB4actoi Kictku (MSS - 24). JIBaausts m'sra
mapa yTBOpEHA JIaTEpAIbHOIO CYITIOOOBOIO TIOBEPXHEIO TPEThOi IM'SICTKOBOI KICTKH Ta MEAiabHOO
CYIJIOOOBOIO TTOBEPXHEK IMPOKCHMAIBHOT YaCTUHM Jpyroi m'sacTkoBoi KicTku (MSS - 25).
JIBaaLsTh 1IOCTA TMapa CKIAJA€ThCs 3 JaTepajbHOI MOBEPXHI JAMCTATGHOI YaCTMHHM TOJIOBYACTOL
KICTKA Ta MeTaJIbHOI CYTJI000BOi TMOBEPXHI MPOKCUMAIBHOI YaCTMHU TPETHOI I'SICTKOBOI KICTKH
(mss - 26). JIBaausarh choMa Mapa BKIFOYAE JUCTATBHY TOBEPXHIO MOl 0AaraTtoKyToBOI KICTKU Ta
CEpeIHIO IUITHKY MPOKCUMAJIBbHOI MOBEPXHI1 APYroi M'CTKOBOI KICTKU (MSS - 27). [IBaausrs BocbMa
rapa yTBOPEHA JIATePajbHOIO CYTJIOOOBOIO TIOBEPXHEIO MPOKCHMATIBHOI YaCTHHH JPYTOi I'SICTKOBOI
KICTKHM Ta JUCTAILHO-MEAIAbHOIO TTOBEPXHEIO BEIMKOI 0araToKyToBoi KicTkH (MSS - 28). [IBaausts
JIeB'ATa Tapa CKJIAJA€ThCsl 3 MPOKCUMAIBbHOI YaCTWHM TEpPIIOl M'SICTKOBOI KICTKM Ta JUCTAIBHOI
YACTUHM BEJIMKOI 0aratokyTHOi KiCTKH (MSS - 29). Tpumiita mapa CKIafaeThCsi 3 MPOKCUMAIbHOT



YACTHHHU TNEPIIOoi (alaHru M'sITOro najblisd Ta AUCTATIbHOI YACTHHH ITSITOI IT'SICTKOBOT KICTKH (MSS -
30). TpuaaTh nepiiia napa yTBOPIOETHCS MPOKCUMATIBHOK YaCTUHOIO MepIioi (allaHry YeTBEpTOro
MaJblis Ta TUCTATBHOIO YaCTUHOKO YETBEPTOl M'ACTKOBOI KicTkH (MSS - 31). Tpuausats npyra napa
BKJIIOYA€ MCTAIbHY YacCTUHY TPEThOI ITSICTKOBOI KICTKM Ta MPOKCHMAIbHY YacTHUHY MEpIIOi
dananru Tpetboro nanblst (MSS - 32). TpumausaTs Tpets mapa CKIaJaeThes 3 AUCTABHOI YaCTUHU
APYToi IM'SICTKOBOI KiCTKM Ta IMPOKCHMAIILHOT YaCTHHH TIEPIOl (paaHry Qpyroro maisiist (Mss - 33).
Tpuausare yeTBepTa mapa yTBOPEHA IUCTAJIBHOIO YACTUHOKO IIEpIIOi I'SICTKOBOI KICTKU Ta
MPOKCUMAJIBHOIO YaCTUHOIO TEpIIoi (ajiaHry nepiioro naiblg (MSS - 34). Tpuausars m'sata napa
YTBOpEHA AUCTATBHOI0 YACTUHOO TMEpIIoi (hajlaHry M'SITOro Mkl Ta TPOKCUMAIBHOIO YaCTUHOIO
Hioro apyroi ¢amanru (MsS - 35). TpuamTe mocta napa BKIIIOYAE JUCTAIbHY YaCTHHY NEpPLIOl
(bayaHT YETBEPTOrO MANBIlI Ta MPOKCUMAITBHY YacTHHY Horo Jipyroi gaiganru (mss - 36). Tpuauars
ChOMa TMapa CKJIQJa€TbCid 3 JAUCTAIBHOI YaCTUHU TMepuioi (ajmaHrd TpeTboro majblid Ta
MPOKCUMAIbHOI YacTUHM Horo Apyroi ¢aganru (mss - 37). Tpuauars BochMa IMapa BKIIFOYAE
IUCTATbHY YaCTHHY TEPIIOi (paaHTh Ipyroro Haiblsl Ta MPOKCHMAIBHY YacTUHY HWOTO IPYyroi
¢amanru (Mss - 38). Tpuauare neB'siTa mapa yTBOpeHa AUCTAILHOK YaCTUHOIO TEpIIoi (alaHTu
TIEPIIOTO MAJIBII Ta MPOKCUMAIIBHOIO YaCTHHOIO oro Apyroi dananru (Mss - 39). Copokosa mapa
CKJTAJIAETHCS 3 TUCTATHGHOI YaCTHHH APYToi (parmaHTH M'ATOrO MaibIll Ta MPOKCUMAIBHOI YaCTHHH
rioro Tpetroi (amanru (MSS - 40). Copok mepiia napa CKIaIacThes 3 TUCTATLHOI YaCTUHH APYToi
(bayaHry YeTBEPTOro MaNbIls Ta MPOKCUMATIBLHOI YaCTHHHU MOTro TpeThoi ¢amanru (mss -41). Copok
Jpyra mapa BKIIOYa€e TUCTAIbHY YacTUHY APYroi (ajlaHTH TPEThOTO MaJbIl Ta MPOKCUMAIBHY
4acTUHY Horo TpeThoi Qasanru (MsS - 42). Copok TpeTs mapa yTBOpEHa JUCTATHHOI) YAaCTHHOIO
JPYToi (haJIaHTH JPYroro Majiblisd Ta HOro TPEThOrO (hastaHroro (MSS - 43).

OOwuzBi (mpaBa ¥ JiBa) BepXHI KIHIIBKU JIFOJIMHU MalOTh 3arajioM 86 OloKiHeMaTUYHUX Tap,
00'eTHaHUX (DYHKITIOHATEHO Ta MOP(MOJIOrTIHO y Ol0KIHEMATHYHI JIAHIFOTH BUTBHUX BEPXHIX KIHIIBOK.
[IpupoaHo, 1110 y mpoliect BUBYEHHS HAMPI3HOMAHITHIIIMX PYXIB MOXYTh BUHHKHYTH Takl YMOBH, 32
KOTPUX HAMOUTBII 3pyYHO PO3ITISIATH 1HINI BapiaHTH OlOKIHEMAaTUYHHX JIAHIIFOTIB. 30KpeMa, TAKUMU
JAHIIOTAaMH  MOXYTh OyTH 3'€JHAaHHS Tap TUIBKM KHCTI, TMepequnyys Ttomio. Pasom 3 TuMm
3anpOIOHOBaHI MO KIHITIBOK Ha BIATIOBIAHI OlOKIHEMATW4HI TIApH 3aBXIU OyIyTh OCHOBHHUMHU
eJIeMEHTaMH KIHEMaTU4HOI CTPYKTYPH YCIX MOMIIMBHX JIQHIFOTIB Ta OlIOKIHEMATUYHHUX MEXaHi3MIB,
YTBOPEHHX 32 YYaCTIO BUILHUX BEPXHIX KIHITIBOK.

biokiHeMaTHYHMI1 JIAHIFOT TOsICY HIDKHIX KiHIBOK — Ta3y (BKC,) ckmamaerses 3 Tphox
oiokinematnuHux map. [lepma mapa (p - 1) yTBopeHa JOOKOBMMHM YacTMHAMU IPaBoOi Ta JIBOI
Ta30BUX KICTOK, XOua TYT MAa€ MICIle 3pOIICHHS 3 JESKOK BIIHOCHOW pyxowmicTio. [pyra
OiokiHEeMaTH4Ha mapa Ta3y (p - 2) yTBOpeHa KPIKOBOIO YAaCTHHOIO MPaBOi KITyOOBOi KICTKU Ta
KpIKamu, TpeTs napa (p - 3) BKIIIOYA€e KPHXKOBY YaCTUHY JIIBOT KITyOOBOT KICTKH Ta KpHiKi (Mad..8).

BiokiHeMaTHYHi JIAaHITFOTY TIPaBoi Ta JiBoi HIKHIX KiHIIBOK BKC; (mi — memrum inperius
— HIDKHS KIHIIBKA) 3'€JHYIOTHCS 3 JIAHIIFOTOM T10sICa HIDKHIX KIHIIIBOK CBOIMH MEPIIMMH TapamMH -
mis-1tamid-1

Jpyra Giokinematnyana nmapa BKCmIS-2 yTBopeHa JUCTAITBHOK YaCTUHO CTErHOBOT KICTKH Ta
MPOKCUMAITBHOIO YaCTHHOKO BEJIMKOrOMUTKOBOI. Tperst mapa (Mis -3) yrBopeHa MepeIHbO0 TIOBEPXHEI0
JIMCTAJTHHOI YACTHMHHU CTETHOBOI KICTKM Ta 3aJHBOIO (IPOKCHMAIBHOK) YaCTUHOK HAJIKOJIIHHOI
vareyky. YerBepra mapa (Mis-4) yTBOpeHa JMCTATLHOI0 YaCTHHOKO 3aIHBOI IMMOBEPXHI HAIKOIIHHOT
YaIIeYKH Ta MOBEPXHEI0 MPOKCUMAIBHOI YaCTHHH BEIMKOrOMUIKOBOI KicTku. [I'sta mapa (Mis -5)
BKJIIOYAE MEIIAIbHY MOBEPXHIO MPOKCHMAIBHOI YaCTHHH BEIMKOTOMLIKOBOI KICTKU Ta JIaTepaTbHY
TIOBEPXHIO MPOKCUMAITBHOI YaCTUHN MAJIOTOMLUTKOBOT KiCTKH.



[Mlocta mapa (MiS- 6) BKIIOYAaE MemialbHy TIOBEPXHIO JUCTAIBLHOI  YaCTUHU
BEJIMKOTOMUIKOBOI KICTKH Ta JIaTepalibHy IOBEPXHIO
MUACTAJILHOI YaCTHMHU MAaJIOTOMUIKOBOI KicTku. Crnoma
mapa (Mis-7) yTBOpeHa IHMCTAIBLHOIO YACTHHOIO BEJIH-
KOTOMUIKOBOi KICTKM Ta MPOKCUMAIBHOIO YacTUHOIO
TapaHHOi KicTkM. Bockma mapa (Mi-8) yrtBOpeHa
METIATbHOI  TOBEPXHEI0  JHCTAIBHOI  YacTHHHU
MAaJIOTOMUIKOBOI KICTKM Ta JIaTEePaIbHOIO IMOBEPXHEIO
MPOKCUMAIILHOT YaCTUHU TapaHHOI KicTku. [leB'sita mapa
(Mis-9) yTBOpeHA MUCTATHHOKO YACTUHOKO TAPaHHOI KiCTKH
Ta MPOKCUMAJILHOIO YaCTHHOIO IT'SITKOBOI KicTKH. Jlecsita
mapa (Mi-10) BKIOYAE TEPEAHIO YACTHHY TapaHHOI
KICTKM Ta 3aJHI0 YacTHHY 4YOBHOITOMIOHOI KICTKH.
OmuHauara mapa (Mis-11) MICTHTh TIEPEIHIO YaCTHHY
M'SITKOBOT  KICTKM Ta 3aJHI0 YacTHHY KyOOmHOmiOHOT
KicTku. J[BaHasusATa mapa (Mis-12) yrBopeHa mepeaHbor0
YaCTUHOI YOBHOMOMIOHOI KICTKA Ta MPOKCUMATLHOIO
YaCTUHOIO  JIaTepaJbHOI  KIMHOMOMIOHOI  KICTKH.
Tpunamsra mapa (Mis-13) yTBOpeHa JIaTepabHOO
YACTUHOK KJIMHOIIOMIOHOT KICTKM Ta MEIIAIBLHOK
YaCTUHOIO KyOOmomiOHO1 KicTKH. YoTHpHadusATa mapa
(mis-14) yrBOpeHa MemiaJbHOI YaCTHHOKO JIaTepasIbHOI
KIMHOMIOMIOHOT  (TIepIroi) KICTKA Ta  JIaTepabHOIO
YaCTHHOIO BHYTPILIHBOI KJIMHOMOAI0HOT (APYyroi) KICTKH.

- [M'stnamsgra mapa  (Mis-15) BKIOYae  IUCTAIBbHY

(lepeTHI0)  TTOBEPXHIO  YOBHOMOMIOHOiI  KICTKM — Ta

Puc. 2.4 -. Biokinematn4nuii NPOKCUMAIbHY  YacTUHY  BHYTPIIIHBOI  (Apyroi)
JIAHIIOT HUYKHBO1 KIHI{IBKU KJIMHOMOIIOHOI KICTKH.

[lictHamgra  mapa  (mMis-16)  yTBopeHa
MeiaJIbHOI0 YAaCTUHOK BHYTPINIHBOI (Pyrol) KIMHOMOMIOHOT KICTKM Ta JIaTepabHOK YaCTUHOKO
MemiansHOl (repiriol) kuHonomioHoT Kictku. CiMHamIsTa mapa (Mis-17) ckiamaeTbest 3 MemiaabHOT
YaCTUHHM JUCTAJIbHOI TMOBEPXHI YOBHOMNOAIOHOI KICTKM Ta MPOKCHMAaJbHOI YaCTMHU MeIabHOI
(mepmoi) KIMHOMOAIOHOT KicTkU. BicimMHamisaTa mapa (Mis-18) BrIoYae JarepaibHy MOBEPXHIO
JIMCTATBHOI YaCTUHU KyOOTOMiOHOT KICTKU Ta MPOKCUMAIbHO-MEIAIbHY YaCTHHY TIECHOBOT KICTKH.
JleB'sTHamsTa mapa (MIs-19) BKIOYaE MemialbHY MTOBEPXHIO MPOKCHMAIBHOI YACTUHH ITSITOI
TUIECHOBOI KICTKH Ta JIaTepajibHy TOBEPXHIO MPOKCUMAIBHOI YACTHHU YETBEPTOI TUIECHOBOI KICTKH.
JIBamsita mapa (Mis-20) yTBOpeHa MeNIaTBHOI MOBEPXHEIO IMCTATBHOI YaCTHHH KyOONOmiOHOT
KICTKH Ta POKCUMAITLHOIO YaCTHHO YETBEPTOI IICCHOBOT KICTKH. J[BalsTh mepiia mapa (Mmis-21)
YTBOpPEHa METIATFHOK TTOBEPXHEI0 TPOKCUMAIBHOI YAaCTWHM YeTBEPTOi IUIECHOBOI KICTKH Ta
JIATEPAIBLHOIO IOBEPXHEIO MPOKCHMAJIBHOI YACTUHHU TPETHOI IIECHOBOI KICTKU. J[BaIaATh Apyra mapa
(Mis-22) yTBOpeHA AWCTAIBHOIO YACTHHOIO JIATEPATBHOI (TpeThoi) KIIMHOMOMIOHOI KICTKH Ta
MPOKCUMAITBHOK YAaCTHHOK TPEThOI IUIECHOBOI KicTkH. JIBamusTh Tpers mapa (Mis-23) yTBopeHa
MEIAIBFHOI0 TTOBEPXHEI0 MPOKCUMAIBHOI YAaCTMHM TPEThOI IUIECHOBOI KICTKUM Ta JIATEPaTbHOO
TIOBEpXHEIO JPYrol IUIeCHOBOI KIiCTKH. [IBamisTh derBepTa mapa (Mis-24) yTBOpeHa IUCTAIBHOIO
YaCTHHOK MEIalbHOI MOBEPXHI JIATePAIbHOI (TPEThO1) KIMHOMOAIOHOT KICTKM Ta MPOKCUMAIILHOIO
YACTHHORO JIATePAJIbHOT MMOBEPXHI IPYroi TJIECHOBOI KiCTKHU. JIBaausaTh m'sita mapa (Mis-25) Briouae
JMCTANIbHY YaCTUHY CEpeIHbOI (pyroi) KIMHOMOAIOHOI KICTKM Ta MPOKCUMAIIbHY YaCTUHY JIPYyroi
TUICCHOBOI KicTKH. J[BaaisTh mocrta mapa (Mis-26) CKIaaaeThes 3 IUCTAIBHOI YaCTHHH JIaTepaIbHOT
TIOBEPXHI MeMITBbHOI (TEpIIoi) KIMHOMOMIOHOI KICTKA Ta MeIiaIbHOI MOBEPXHI MPOKCUMATIBHOL
YaCTUHHU JPYroi TUICCHOBOI KiCTKH. JIBamisTh choMa mapa (Mis-27) BKIIOYAE JAUCTATIbHY YaCTHHY



MeITBHOI (TIEpIIIoT) KIMHOMOMIOHOI KICTKM Ta MPOKCUMATbHY YaCTHHY TEPIIIOi TUIECHOBOI KICTKH.
JIBamusaTh BocbMa mapa (Mis-28) yTBOpeHa IHUCTAJbHOK) YACTHHOK I'STOI IUIECHOBOI KICTKH Ta
MPOKCHMAJIBHOKO YAaCTUHOIO TepInoi (anaHrd m'atoro mabisl. J[Baauare nae'sita mapa (MIis-29)
YTBOPEHA IWCTAIBHOI0 YAaCTUHOIO YETBEPTOi IUIECHOBOI KICTKM Ta MPOKCHMAIBHOIO YaCTUHOO
nepIoi (aaHry YeTBepToro manbis. Tpuaista mapa (Mis-30) BKIFOYAE TUCTATBHY YaCTHHY TPEThOT
TUIECHOBOI KICTKH Ta MPOKCHUMAJIbHY YaCTHUHY IepIoi (ajlaHry TPEeThOro maiblisd. TpuALsTh mepiia
napa (Mis-31) ckiIamaeThCss 3 IUCTANBHOI YaCTHMHH JIPYroi IUIECHOBOI KICTKM Ta MPOKCHMATBHOI
YaCTHHM TIepIiol (ajaHrd JPYyroro maibil. TpuausaTs apyra mapa (Mis-32) BKIIOYAE UCTATBHY
YaCTHUHY MEpIUIO] IJIECHOBOI KICTKH Ta MPOKCUMAJbHY YAaCTUHY IEepIIoi (armaHry MepIioro Majblis.
Tpumsare Tpetst mapa (Mis -33) yrBopeHa UCTATBHOK YaCTHHOIO MEpIIOi (halaHrd M'STOrO MBI
Ta MPOKCHMAIBHOI0 YaCTUHOIO #oro Jpyroi damanrn. Tpumiste yerBepra mapa (Mis -34) BKimrovae
JMCTATbHY YaCTUHY MepIol (pajaHTH YETBEPTOro MaJbId Ta MPOKCHUMAIIbHY YacTHHY HOTO JPYyroi
¢ananru. TpuarsaTe W'aty mapy (Mis -35) cKIagarTh TUCTATbHA YaCTHHA TIEPIoi (halaHTH TPETHOTO
Nkl Ta TPOKCUMANbHA YacTWHA Horo npyroi amanru. Tpuausare mocta mapa (Mis -36)
CKJIQJIA€ThCS 3 JUCTAILHOI YaCTUHM TepIIoi (haJlaHTu APYroro Majblisd Ta MPOKCUMATBLHOI YaCTHHU
fioro npyroi ¢ananru. Tpumaars ckoMa mapa (MIS -37) yTBopeHa JHUCTATBHOI0 YaCTUHOIO TMEPIIOl
(bayaHry TMepIoro majbll Ta Horo apyroto ¢ananror. TpuasTe BockMa mapa (Mis -38) yrBopeHa
JMCTATBHOIO0 YaCTHHOIO JIPYroi (pajaHTy M'SITOro Maybld Ta HOro Tperhoro (anaHroro. TpuasTh
nes'ata mapa (Mis -39) yTBOpeHa JMCTAIBHOK YaCTUHOK JPYroi (hajaHrd YeTBEPTOrO MBI Ta
Hioro tperporo (pamanroro. Copokoa mapa (MIS -40) cKIamaeThCst 3 AUCTAIBHOI YaCTUHH JPYrol
(asanr TPEThOro Majbllsl Ta Woro Tperhoi (amanru. Copok mepima mapa (MiS -41) yrBopeHa
JIMCTATBHOI0 YaCTHHOIO JAPYroi (ajlaHTy JIPYyroro majblil Ta WOro TpeThoro (ananroro. Takum
YHHOM, BPaXOBYIOUH MMApHICTh HIKHIX KIHIIIBOK, Y CHCTEMI IXHiX O10KIHEMAaTHYHHUX JIAHITIOTIB MOYKHA
BCTaHOBUTH 82 MapH, KOTPI, SIK 1 y BEPXHIX KIHIIBKAX, MOXKYTh OpaTH y4acTh y HalpI3HOMAHITHIIINX
MexXaHi3Max Ta YTBOPIOBATH YMCIICHHI JIAHITFOTH.

3aranpHe 4KCIIO Map Y BEPXHIX Ta HIKHIX KIHIIIBKAaX HE JTyXKe BiJIPi3HIEThCS (BIAMOBIIHO
86 Ta 82), a B ychoMy enuHOMY OiokineTnaHOMY JaHIiory BKCgp ix 246 (B 6iomapax VI knacy, siki
YTBOPEHI IIOCKKUMU Ccyriiobamu - Bg, pyxiB maiike Hemae (H = 6 — 6 = 0); BOHH 3 SIBJISIOTHCS TIPU
Ha/IHABAaHTAKEHHSX, TPaBMax, BaJlaxX 1 HE BIIrPalOTh CYTTEBOI POJIl Y pyXaxX il TOMY HE BKIIFOUEH1
710 TaHO1 O10MexaH1YHOT Kitacugikarrii).

Jlnst 3mificHeHHs OUTBILIOCTI JIOBUIBHHMX 130JIbOBAHMX PYXIB OpraHi3M HE BHUKOPUCTOBYE
TIOBHICTIO CBOI PyXOBI MOKJIMBOCTI. Bijibliie TOro, s BUKOHAHHS BUCOKOKOOPAMHOBAHUX (DI3MUHUX
BIPaB CIIOPTCMEHY HEOOXiTHO MOJI0NIATH TaK 3BaHi HAJIMIPHI CTYMEHI CBOOOIU PyXy THMX a00 1HIIHX
0l0-maHOK Tima. 3 WX TO3WINA YCSKU OlOKIHEMATUYHMI JIaHITIOT OMOPHO-PYXOBOTO arapary 3a
MEBHUX KIHEMAaTUYHUX YMOB (KOJIM TIOYaTKOBUM pyX OfHI€l a00 KUTbKOX OIONAHOK BUKIIMKAE PYXH
HIUX, IO OJHO3HAYHO BW3HAYAIOTHCS) CHiJl PO3MNISIATH SIK  CHEIU(IYHUN  JIOKOMOTOPHUI
OiomexanisMm. Lle BinOyBaeTbCsl KOXKHHMM pa3, KOJM AHATITHKO-CUHTETUYHA [ISUTBHICTH HEPBOBOL
CHCTEMH CHPsIMOBaHA Ha PO3B'S3aHHS NIEBHUX PyXOBHX 3aBJIaHb (X0/1p0a, O1r, CTpHOKH, yAap 1Mo M'S4y y
¢yTOomi, ynap y 60kci, CKiIaiH TIMHACTAYHI KOMOiHAaITi To1o). Ha BimMiHy Bil TEXHIYHUX, TIOCTIHUX
MEXaHI3MiB, B OTIOPHO-PYXOBOMY arapaTi MOKyTh BUHUKATH HAWPI3HOMAHITHIII PYXOBI MEXaHI3MH 3
MepeMIIICHHsIMHA  Ol0JIAHOK, 1110 OIHO3HAYHO BU3HAYAIOTHCSA. Tak, OlOMEXaHivHI JIAHITFOTH BEPXHIX
KIHIIIBOK MOXKYTh OYyTH BHUKOPHCTaHI JIFOMHOIO Y JJOKOMOTOPHUX MEXaHi3Max, CHOPTHUBHIMN, TPyJIOBIH
Ta BIHCHKOBIH NpakTuill. byoBa amapary pyxiB Ta BUCOKa pyxOBa aKTHBHICTb JIFOAWHU MPH3BEIH 110
TOro, II0 BOHA HaBYMiAcs "CTBOprOBAaTH" 31 CBOIX OlOKIHEMATHMYHHX TMap Ta JIAHIJOTIB BEIUYE3HY
KUTBKICTB JIOKOMOTOPHHX 010MeXaH13MiB, HEOOX1THUX JIJIsI JKUTTETISTIBHOCTI, TIpalli, CIIOPTY TOIIIO.

AHaM3yIOuM Ti YM IHIN PYXOBi Jii JIIOJUHU 32 O1I0MEXaHIYHOK CXEMOI0, HEOOXITHO Yy
BUKJIAJICHIN MOCIIIOBHOCTI PO3MIIIHYTH yCl MOKJIMBI SIKOCTI 010J1aHOK, 6iomap, G10JaHIIIOTIB Ta
[UTIX PYXOBHUX O10MEXaH13MiB.



NoohkrwhE

3aBaaHHA

1. BuBuwutu Bci OlokinemaTnuHi napu OPA monunu.

2. PospaxyBartu cTyreHi BUTPHOCTI 3a/IaHIX BHKJIa1aueM Oi0KiHEMaTHIHUX Hap:
JUTsl O10KIHEMaTHYHHX TIap BEPXHbBO1, HIYKHBOT KIHITIBKH, TOJIOBH, TYTy0a..

3. 3poOuTH BUCHOBKH IO POOOTI

KoHTpoabHi nuTanHs.
Ilo Take OlOKIHEMAaTHYHHUI JAHIIOT?
[Io Take OiokiHeMaTH4Ha mapa?
Ckinpku O10KIHEMaTUYHHX T1ap B OpraHi3Mi JIFOJAWHH BIIIOMY?
Ckinbku 610KiHEMaTUYHHX M1ap HAPAXOBYIOTh BEPXHI Ta HUKHI KiHIIBKH, TOJIOBA, TYITy0?
CKIJTBKH CTYIIEHIB BUIBHOCTI M€ IJICYOBHH Cyriio0?
CKIJTbKH CTYTEHIB BUTBHOCTI Ma€ JIIKTbOBHUH Cyrino6?
Sk BU3HAYarOTh OlOKIHEeMaTHYHI TapH, V Kiacy (JTKThoBHH cyrio0); IV kmacy (cyrimo6
kucTi); 111 xmac (TuiedoBwmit cyrio0).
o Take 3aKpUTHIA TA BIAKPUTHIA O10KIHEMATHYHUH JIAHITIOT?



