


AHOTALIA

bpomixo €, O. Crpyxrypro-GieMexaHiuni saacrusecri JoBrax kicrok
kinniBox B psgy RateMHAHY TpebeTHHE. — Pyxonuc. Jucepranis Ha 3006yTTa HaykoBOIO
CTYTICHS KaHImzaTa GiodoriuHHX Hayk 3a chelianesicTio 03.00.08 - 300m0rin. ~ IHCTHTYT
300:0rii iM. I, 1, Imameraysena HAH Yxpaiun. Kuis, 2014.

Huceprailia  OpHCBAUCHA  BHBYCHHIO  3B’A3KY  CTPYKTYpHO-GioMexaHIYHUX
BNacTHBOCTell HOBIMX XKicTOK KiHIIBOK 3 OpIEHTaNiFi0 KiHIBOX i THHOM JIOROMOILI
JocnimreHO pag xapakTepHCTHK JOBTHX KiCTOK KiHIiBOK 41 BHRY XpeGeTHHX 3 YOTHPBOX
KJacis.

CpierTallia kiAmisok, Maca TR i XapakTep JokoMonii BPH3HAYAIOTE XapaKrep
MEXAH{YHKX HABAHTAKEHS 11X PO3MOALI HA OKPEMI JaHKA xiHHiBox. PopMa nmomepednoro
nepepizy miadiza KicTk® pasoM 3 OGIHCICHAMHE Ha 1§ OCHOBI XapaKTePHCTAKAMU A03BOMAE
BH3HAYHTH 3ara/ilbHAR XapakTep FARsHTAKEHb, 10 MPOTHATT AKNM IPHCTOCORAHE KiCTRA.

BerasopieHo, MO WpW cermMeRTantHiil opieHTanii KinmiBok Ba X cremeT IiwTh
NePERAKHO HARAHTAHKEHHA B KpyueHHH, [IpH IBoMYy HaltGimsIl CYTTERO BOHH BILTHBAKOTE
Ha ENEMEHTH CTWIONoAile, Ac OioMexamivudi MOKAIHHKM 3pOCTAIOThL BiAHOCHO OiMbIN
iHTemcupEO npM  aGinemenni Macw Tima. TIpH  mapacaritanpRid  opieHTauil THD
HaBaHTaxeAsb GiIBII CYTTEEO BIUIMBAE TEKHM e YHHOM HA KiCTKH 3eiironomilo. V TeapaH
3 GioemaneHOW NOKOMOLiCIo (IITAXIB) 1 IOKATHMKH 3POCTAIOTh IHTEHCHBHO B yeix
efeMenTaX Ta30B01 KiHIUBKH.
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Higeamens SioMexaniaHAX TOKA3HUKIB BiAOYEAcTRCA 33 PaxXyHOK BiJHOCHOTO
30LIpUIEHHA KUTBKOCTI KOMIAKTHOI KiCTKOBOF PEYOBMHH 1 i Gimbm paifioHaInHOro
po3MNOALTY B cTiEKax giadiza.

MapacaritaieHa Opi€HETaNiA KiHUWBOK  CIpHAe 3OGITBIMEHHIO  NOTEHIIHHMX
MOMUIIHBOCTSH 10 posnmpeHHs dyukOil KiHmiBok i oceoeHHd AOBRX HOPM IIOKOMOLLL
Knioqoni c1oBa; HazeMHi xpefeTHi, OpieHTaHIA KIHTIBOK, CKENET KiHIBOK, JOBTI KiCTKH,
CTPYKTypHo-GioMexaRidHi BuacTHBocTi, Mopdo-¢yHKIioHATbHI afamyaiii,

AHHOTAIIMA

Bpomxo E, 0. CrpyxtypHo-GHOMexaHHYecKHe CRolicTBa NJIHMHBIX KocTell
KOHeqyHOCTelR 8 PRAY HAJEMHBIX NO3BOHOYRBIX. — Pyronucs. ucceprauus ra
COMCKaHHe yYeHOH cTerenn xanninaTa CHoMOrHgecKX Hayk o chemyankaoctd 03.00.08
— 3o0000ru4. — HuetutyT 3oonoray uM. . M. HImamerayzena HAH Vipanns. Kues,
2014,

Juccepranya MOCRAIHERA N3YMCHUIO CRA3H CTPYKTYpHO-OROMEXaHNMeckHX cBoHCTR
IUTHHHEIX KOCTell koHewHocre# ¢ opwenTaumpiell KOHEGWHOCTEH H THIIOM JIOKOMOLMH.
Hecnenoran pA XapakTepHCTHR ATMHHLIX KocTelt koHeuHocTed 41 BHMAA MO3BOHOTHEIX
H3 4EThIPEX KIaccoB.

OpueuTanua KOHEYHOCTeH, Macca Tela H XapaxTep NOKOMONHH ONpeensior
XapakTep MeXaHH4YeckMX HArpy3oKk M HX pachpelencHAe HA OTOCNBHEIC 2BCHBR
KoHeuHocrel, (DopMa Honepeyroro cevenns quaduia KOCTH HapaRy ¢ BHISHCICHHNMH Ha
€e OCHOBE XApaKTepHCTHKAMH [03BOJAET OOpeJACAUTL oORMI XapakTep Harpyaok, K
TIPOTHBOCTOAKRHIY KOTODHIM TIPHCTIOCOGACHA KOCTD.

Y CTaHOBNEHO, YTO NPH CerMeHTANBHGH OPDHEHTAOHM KOHedHOCTEH Ha HX CKEAeT
OeHCTRYIOT IPEUMYINSCTBEHHO Harpy3kH Ha KpyieHke, Fp 3ToM HanGoNee cyinecTBeHHED
OHF BIHAKOT Ha MCMCHTEL CTHIAQIICOHA, [Ne 6HOMCX5HH‘IECKH6 MOKAZATEAH BOIPACTAT
OTHOCHTENEHO §oee MHTEHCHBRO TipH YBEIHYEHHH Macchi Tena, [Ipn AapacarwTrantHol
OpHEHTAIMH THII HATPY30K GoNiee CYMECTBEHHO BAMMET TakuM ke o0pazoM Ha KOCTH
sefironomud. Y KHBOTHRIX ¢ OHnegamesoit nokowmorngiedl (nTHEI) »TH TIOKa3aTenH
BO3PACTAlOT HHTEHCHBHO BO BCCX /EMEHTAX TA30BO# KOHCYHOCTH.

[Mosrmenne SHoMeXaHMIeCKNX NokazaTeNell TPOMCXOIMT 38 CYET OTHOCUTENLHROTO
YBCTHUEHHS KONMYECTEA XOMITAKTHOTO KOCTHOTO BEMIECTBA H €ro Gosiee PAIMOHANRHOTO
pacnpelencHyd B cTeHKax guadusa.

TlapacarATraneHas OpHEHTALMS KOHEJHOCTeH cnocofCTBYeT  yBenwM4eHHIO
HOTEHUHANLHEIX BOSMOXHOCTEH K paciunupensio (yHEnmi koHeysocTel M OCBOCHHIO
HOBBIX (POPM NOKOMOLHHA.

Knw4aepnie cnoBa: HajeMHEIE TO3BOHOYHBIC, OPMEHTAIMd KOHEWHOCTEH, ckener
KOHewHoCTeH, MTHHHEI® KOCTH, CIPYKTYpHO-BUOMexaHMueckue cBokcTma, Mopdo-
$YHKIEOHANBHEE AMATTTALHH,
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SUMMARY

Broshke Ye. Q. Structural and biomechanical properties of limbs' long bones
in range of terrestrial vertebrates, — Manuscript. Thesis for Ph. D. degree in the
specialty 03.00.08 — zoology. — 1. 1. Schmalbausen Institute of Zoology, National
Academy of Sciences of Ukraine. Kyiv, 2014,

The subject of research is structural and biomechanical properties of limbs’ long
bones and their relationship with limbs orientation relative to the body planes and the
locomotion type. It was investigated a number of morphometric and structural and
biomechanical characteristics of limbs' long bones of 41 species from four classes of
vertebrates.

It has been obtained morphometric and mechanical parameters of stylopodium and
zeugopodium bones of forelimbs and hindiimbs: bone mass (m, g), relative bone mass (m,),
bone length (I, mam), bone mass and length relative to the total mass and length of
stylopodium and zeugopodium, midshaft frontal diameter (dy, mm) and sagittal diameter (ds,
mm), ratio of diameters (d¢/d;), cross-sectional area (compact area, Sy, mm?), compact index
(iy), principal (exremal) moments of inertia (T, Inin, mm®), ratio of principal moments of
inertia (Ipa/Ini), polar moment of inertia (J, mm®), radii of inertia (inu, img, mM).

In the first place biomechanical properties of limb bones define by limbs orientation,
body mass and locomotion type. These factors determine the loading condition and
distribution of mechanical loads in certain links of the limbs.

Some features are calculated on the basis of cross-sectional shape of bone shafi.
There are cross-sectional arca and compacts index, moments of inertia and radii of inertia.
All of them and cross-sectional shape make it possible to determine the loading condition
to which the bone is adapted. Compact area and index is representative in regard to bone
adaptation to resistance to the pressure and tension, principal moments of inertia show the
bone resistance to bending loads, and polar moment of inertia shows the bone resistance to
the torsion loads.

Established, that torsional loads mainly acting on the limb skeleton of animals that
have segmental limb orientation (amphibians, reptiles). Thus loading condition most
significantly affects the cross-sectional shape of midshaft in stylopedium bones of reptiles.
At the same time the cross-sectional shape of bone midshaft of reptiles (especially lizards)
is rather homotypic. It depends on the uniformity (high similarity measure) of locomotion
types of various representatives as the effect of general features of mechanical loads. The
cross-sectional shape of limb bones (particularly bones of forelimb) of anurang is
significantly different from previous casec so far as anurans have specific locomeotor
adaptations,

At the same time loading condition most significantly affects the cross-section of
zeugopodinzm bones of mammals that have parasagittal limb orientation. Cross-sectional
shape of mammals’ bones is quite various. This is due to the fact that the torsional loads'
restrictive effect is diminished by parasagittal limb orientation. Diversity of cross-sectional
shape indicates the high degree of variability of loading conditions as well as direction of
load application for the various locomotion types.
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Research of allometry of structural and biomechanical parameters shows different
character of their increasing relative to body mass in various parts of limbs. Structural and
biomechanical parameters relatively more intensively increase in stylopodium bomes of
animals that have segmental limb orientation, and in zengopodium bones of 2nimals that
have parasagittal limb orientation. Its increase equally intensively in all bones of hindlimb
of birds for which is inherent bipedal locomotion,

Relative increasing of structural and biomechanical parameters occurs at the
expense of relative increasing of quantity of compact bone tissue and its more efficient
distribution in mid-shaft,

The wvarigbility of limb bones' morphometric and biomechanical features is
depending on degree of limbs specialization regardless of systernatic position of species.

Segmental limb orientation of reptiles due to the specific loading condition imposes
some constraints on the structural features of elements of the limb skeleton and its
morpho-functional adaptations. Parasagittal limb orientation is more progressive than
segmental. It contributes to increasing of resistance to mechanical loads, more rational
application of structural bone tissue, enhancement of potential ability to extension of
limbs® function and using new locomotion types.

Key words: terrestrial vertebrates, limb orientation, limb skelefon, long bones, structural
and biomechanical properties, morpho-functional adaptations.



