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3a pesynbmamamu ModernoeaHHs ompumaHull hopmarizosaHull ornuc Yukie pyxy 300posux i Xxeopux
yepenax, Wo cmeoproe nideanuHu 01151 PO3pP0ObKU KOMIT'tomepu3oeaHux criocobie GiaeHocmuku @bi3iono2iyHo20
cmaHy Uux meapuH Yy nNpupoOHUX ymosax, Wo ba3yrombcs Ha aHanizi biomexaHiku pyxy. ModentosaHHs
Ha ocHosi mMamepiarny yugposoi chomoepachii cmeoproe nepcriekmusu po3pobku 8idnoeidHUX OucmaHUilHUX
criocobis. MobydoeaHi OuckpemHi OuHamiyHi modesi biomexaHiku pyxy depernax 8usieunu rnepcrekmusHicmae
3 MOUYKU 30py po3pobKu ducmaHyiltiHux criocobie diaeHOCMUKU cmaHy Yux meapuH y npupoOHUX yMO8ax.

KniouoBi cnoBa: guckpetHe mMoaenioBaHHA OMHaAMIYHUX cucTem, GiomexaHika, AUCTaHLiNHI MeToawn,
umdpoBa goTorpadis, Yepenaxu, aBiTaMiHO3.

B ymoBax ekcTpemanbHUX KNiMaTUYHWX 3MiH, WO HabyBalTb HUHI rnobaneHOro xapaktepy,
BiabyBaeTbCs, pa3oMm 3 iHWWMM, CyTTEBA 3MiHA YMOB, 3a SKMX TBapWHW OTPUMMYKOTb NEBHI J03N COHAYHOTO
BUNPOMIiHIOBaHHSA. Cnig 3ayBaxuTtu, WO Len abioTmyHui hakTop € BeNbMU BaXKIIUMBMM i TakMM, WO NoTpedye
MOHITOPUHTY MOro BMAMBY Ha €KOMOrito Ta (hisionorito pisHMX TBapuH y Pi3HMX NPUPOAHUX 30HAX HALLOi NAaHeTw.
CrocyeTbcsa Ue i penTunin, 3okpema yepenax, SKi MeLWKawlTb B apigHUX MPUPOAHMX 30HaX, Y MYCTEeMbHUX
MICLEBOCTSIX, Ha BENMMKNX TEPEHAX — TakuX, O OO HUX HE 3aBXaM MOXHa nerko gictarmes [1, 2].

Onsa cTenoBux i MNyCcTenbHUX Yepenax AOCUTb 3PYYHOK LiarHOCTUYHOK O3HaKoK, dka Moxe OyTu
OTpMMaHa TakMM YMHOM, € XxapakTep IXHboi OiomexaHikn. 3okpema, Takul ii napameTp, SK UMK PyXy.
Y peanbHUX ymMOBax He 3aBXAW MOXHa CrnocTepiratv BCH MOCHIQOBHICTb a3 UbOro uUukny. TOX BUHWUKaE
notpeba B 3acobax copmMarnizoBaHOro ONWCY LBbOMO LMKIY Ha OCHOBI (hakTUYHOro marepiany uudgpoBumx
doTorpadii — BiGHOCHO HEBENUKOro 3a 06CAroM i Takoro, WO BiH Mae CyTTEBI NakyHWU. Taky MOXMMBICTb Hagdae
HOBMMA KNac MaTeMaTU4HWX MoJenen, CTBOPeHUN Yy XapKiBCbKOMY HauiOHanbHOMY YHiBEpCUTETI
iMm. B.H. KapasiHa [3, Owmn6ka! UCTOYHUK cCbINIKM He HauaeH., 4], Wo AictaB Ha3By AWCKPETHUX Moaenen
anHamiyHmnx cuctem (OMAOC). 3 BukopuctaHHam OMOC MOXNMBO Ha OCHOBI MaTpuui Kopensuii BiQHOBUTU
CTPYKTYPY BiAHOCWMH B3aEMHUX BMSIMBIB KOMMOHEHTIB CUCTEMM 3 HACTYNHOro nepeniky: "+, +", "--" "+-" "+ 0", "-
,0", "0,0". Buxoasum 3 CTPYKTYpU BIOHOCKH i NOYaATKOBMX 3HAY€Hb KOMMOHEHT (KOTPi AaloTbCs B YMOBHMX Banax),
Moxe Oyt nobygoBaHa igeanisoBaHa TPAEKTOPIst CUCTEMU, siKa BigOMBae LMKN 3MiH 3Ha4YeHb KOMMOHEHT Ha
NpOTA3i NEBHOI KiNbKOCTI YMOBHUX KPOKIB Yy Yaci, WO BiANOBIAAE YMOBHIA OOBXMHI UMKny. [pn Tomy 3MiHU
3Ha4yeHb KOMMOHEHT Bif nonepeaHbLOro KPokKy OO HAfBHOIMO BM3HAYaETbCH CTPYKTYPOI BIAHOCUH i 3HAYEHHAMMU
KOMMOHEHT Ha nonepeaHboMy Kpoui. 3 BukopuctaHHam OMOC ceoro yacy MoaentoBaBCcs BB BUKIUKAHOMO
WTYYHOIO rinogvHamielo cTpecy Ha BiOMOTOpMKY MepecyBaHHSA YKpaiHCbkoi 6omoTaHOI 4Yepenaxu Emys
orbicularis [4].

AKTyanbHiCcTb pob0TM OOYMOBMIOETLCA HEOOXIOHICTIO PO3pOobKM MeToAiB AUCTAHLIAHOT AiarHOCTUKM
(hisioNnoriyHoro cTaHy TBapuH 3a 4OMOMOIO MOPIBHSHO AELIEBUX ANCTaHUiIMHUX 3acobiB, NpuMipoMm, LMdpoBOi
HOTO3MOMKM 3 Nnerkux 6e3ninoTHMX niTanbHNX anaparis.

MeToto pobGOTV € BUBYEHHS BNIUBY aBiTaMiHO3Yy, BUKIMKAHOIO MOPYLUEHHAM HOPMarbHOIMo PeXuMMy
COHSIYHOrO BUIMPOMIHIOBaHHS, Ha OioMexaHiKy nepecyBaHHS CTenoBux Yepenax Buay Agrionemus horsfield
3a gonomoroto AMAC Ta undposoi dpoTorpadii.

Martepianu Ta wMeTogu. MeToauka pocnigkeHb nepegbadvana BukopuctaHHs [OMOC ans
MaTeMaTM4YHOIrO MOAENIOBAHHA 3 BUKOPUCTaHHAM (DaKTUYHOrO martepiany, OTPMMaHOro LWASXOM LUndpoBOro
doTorpadyBaHHA y Tepapiymax cTenoBux yepenax sugy Agrionemus horsfield — 300poBux i Takux, L0 3a3Hanm
BMMAMBY aBiTamiHO3y BHAacCMiLOK MOPYLUEHHS HOPMAarnbHOMO PEXUMY OTPUMAHHSA COHSYHOrO BUMNPOMIHIOBAHHS.
OMAC 3givicHioBanocst 3 BUKOpUCTaHHAM Migxody Ha OCHOBI 3akoHy JliGixa [4] Ha ocHOBI MaTepianis, N6 's13HO
HagaHux K.M. KanuHoBcbkoto — dhoTorpacpivi pisHnx a3 pyxy yepenax sugy Agrionemus horsfield y Tepapiymi
XapkiBcbKkoro 3oonapky. ®otorpadyBaHHs 34iACHIOBanocs B yMOBax, Lo iMiTyBanu Take 3 6opTy nerkux BIJIA
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Ha HeBenuKin BUCOTI. [JO KOHTPOMbLHOI rpynu YBIALWAM 300POBI TBAPWHW, WO XWUNKU Y BigMNOBIgHMX YyMOBax
y 300Mapky, 40 OOCMigHOI rpyny YBIALWNM Yepenaxu KOHMICKOBaHi Yy KOHTpabaHAWCTIB, siki TpUmanu TBapuH
B YMOBaX BifACYTHOCTiI COHAYHOIO MPOMIHHS, WO BUKNKAMO Yy Yepenax aBiTaMiHO3.

Ha doTtorpadisx BusHadanucs i gani sukopuctosyeanuca ana OMIAC y SKOCTi KOMMOHEHTIB CUCTEMM
HOopMmari3oBaHi Mo AOBXMHI MaHUMpy BIiACTaHi Big KOpeHs XBOCTa A0 M'SATKM KiHUIBOK: npaBoi nepeaHboi (Rf),
npasoi 3agHboi (Rb), niBoi nepeaHboi (Lf), niBoi 3agHboi (Lb).

Pesynbtatn pocnigxkeHb. OTpumaHi 3a gonomoroto AMAC umknn pyxy 340pOBUX i XBOPUX Yepenax
HaBegeHi y Tabnumui 11 2.

Tabnuua 1 — Lukn pyxy 340poBuX Yepenax. 3MIiCT MO3HaYoK y psiakax NodaHo Yy TEeKCTi. 3HayeHHs
napameTpiB y 6anax (1 6an — H13bKe, 2 — cepeaHe, 3 — BUCOKE)

Rf 1(1(1(2|2|2|2]|1
Rb 112333211
Lf 1(1(1(2|2|1|1]|1
Lb 1(1(1(2|3|3|3]|2
YmoBHuM Yac, kpokm | 1 |2 |3 (4|5 (6|78

Tabnuua 2 — Liukn pyxy Yyepenax, XBOpuX Ha aBiTaMiHO3. [1o3Ha4yeHHs 3rigHo Tabnuui 1

Rf 1(12(3|3|3|2|1|1|1]| 2 2 1 1 1
Rb 1({1(1(2|2|1|1|1|1)| 2 3 3 3 2
Lf 1(2(3(3|3|3|3(3[|3[3|3|2]|]1]1
Lb 1(1(1(2|3|3|3|2|1]|1 1 1 1 1
YMOBHUI Yac, KPOKK 112(3|4|5|6|7|8|9|10|11|12 |13 | 14

MopiBHAHHS UMKNIB PyXy 340pPOBMX Yepenax i yepenax, XBOPMX Ha aBiTamiHO3, OO3BONSAE BUAINUTU
XapakTepHi pucu UUKNiB pyxy TBapuH. A came: y 300poBUX Yepenax Tpu KiHUiBKM abo BogHOYAC Hepyxomi,
abo x pyxalTbCa OOHOYaCHO, WO 3abesneyye MOXMUBICTb OMOPYM Ha TPU TOYKM, abo X — «NpU3EeMMEeHHA»
Ha TpY TOYKM; Y LMKIi pyxXy XBOpPUX Yepenax € ¢asun, Konm onopa, abo MOXMIMBICTb «MPU3EMIEHHA» € TiNbKn
Ha [Bi TOYKM 3 OOHIEI CTOPOHM Tina (3 Hebeanekol, OOCUMTb ANS Yepenax Cepro3HON, NepeknaaHHsa Ha Bik
i fani — Ha CMYHY); A0 TOro X Y LMK PyXy XBOPUX Yepenax NpuUCcyTHi A0Bri ha3un 6e3 3MiHy NONOXEHHSA OKPEMUX
KiHL,iBOK.

3ayBaxvMo, WO NAETLCA MPO CyXOAiNbHUX Yepenax, WO MeLWKalTb Ha BIOKPUTUX MicLsAX, OOCUTb
3pYYHUX AN 3aCTOCYBaHHS AUCTaHLINHMX 3acobiB CNOCTEpPEXeHHs 3a TBapuHamun. [Jo TOro X y umx micuax cnig
yekaTV HaWrocTpiwmx nposiBiB rnobanbHOro MNOTEnniHHS | Moro BMAMMBY Ha €KOCUCTEMU Ta OKpemi Buau
y ixHbOMy cknagi. BogHodac npw BUKOpPUCTaHHI AMCTaHUIMHMX 3acobiB JocuTb CKragHo 3adikcyBaTtu
y peanbHOMY 4aci BCIO NOCMIAOBHICTb (a3 pyxy Takmx MOBIifbHUX TBAPUH K Yepenaxu (ski 4O TOro X He 3aBxau
nagHi AeMOHCTpyBaTU BCKO NpaBuUNbHY NoOcnigoBHiCTb uux ¢as). AMOC 3HiMae Ul HEe3pyYHICTb 3a paxyHOK
TOro, WO Onepye KopensuiiHumMn mMaTpuusamm, siki MoXyTb B6yTn nobyaoBaHi Ha OCHOBI aHanidy HaBiTb He cepil
doTorpadini a3 pyxy oKkpeMoi TBapuHU, a ofHiei poTorpadii rpynn TBapuH, WO pyxawTbCs B OAHOMY PUTMI,
ane B pi3HMX Koro dasax. [oceig gaHoi poboTn nokasas, wo ansa OMOC aoctatHbo He BefbMM AeTanbHUX
300paxeHb, a nuwe TakuWx, WO BOHW €, BMAcHe Kaxyuun, nuwe cunyetamu. Lle Takox, Ha Hawy [yMmKy,
nonerwye BMMOMM A0 YMOB AUCTAHLIMHOMO MOHITOPUHrY. TOX MOXHa crnodiBaTucs, WO i B LbOMY BUMNAAKy
OMIC moxe cTatv mxepenom nnigHMx pobounx rinotes.

BucHoBKM Ta nepcnekTMBM nopanbluxX [OChiMKeHb. fK BuUNNMBae 3 BULLEBUKIIALEHOrO,
pe3ynbTaT¥ MoAernoBaHHSA BiAMNoOBiAalTb yABMEHHAM LWoao GiomexaHiku vepenax, SKi CKnanucs y cyyacHin
3oo0norii. 3 BUKOPUCTAHHAM OTPMMaHUX 3a pesynbTaTaMmy MOAeroBaHHSA igearnisoBaHUX TPAaEKTOpin CUcTem
Aani MOXIMBE HaxOMKEHHS CUCTEMHMX napameTpiB bGiomexaHikn nepecyBaHHsi yepenax, AKi MOXyTb OyTu
BMKOPUCTaHI ANns AUCTaHLiMHOI AiarHOCTMKM BNNUBY hakTopiB rnobanbHUX KniMaTUYHUX 3MiH Ha pisionoriyHni
CTaH UnX TBapuH.
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DISCRETE DYNAMICAL MODEL OF BIOMECHANICS OF TURTLES MOVEMENT
AFFECTED BY VITAMIN DEFICIENCY

Grigoriev A.Ya.
Kharkiv State Veterinary Academy, Kharkiv

The work aims to study the effect of vitamin deficiency caused by disturbance of normal conditions
of solar radiation on biomechanics of movement of steppe turtles Agrionemus horsfield with use of the discrete
modeling of dynamical systems and digital photography.

The methods of work are based on building of discrete dynamical models and their identification using
an actual material obtained by digital photography of two groups of turtles of species Agrionemus horsfield
in terrariums. The first group comprises healthy animals, the second — animals exposed to vitamin deficiency
due to disturbance of normal conditions of sunlight. Photos have been taking in conditions that simulated
conditions of photographing from a board of light UAVSs.

As components of the dynamical system, which require identification, were selected normalized
parameters reflecting the positions of animals extremities on photos.

The obtained results allowed to identify characteristic features of cycles of movement for healthy
and sick turtles. That is, it was found that the movement of healthy turtles are more stable. It is characterized
by a larger number of control points of extremities. Since the object of study is the terrestrial turtles that live
in open areas, the use of remote sensing of animals is very convenient to use. But for large areas it is
sometimes technically difficult to fix all phases of slow movement of such animals as like turtles. The discrete
modeling of dynamical systems allows to avoid such complications, since as input data of the method may be
used a series of photos of successive phases of movement, but only one photo, which fixes a group of animals
in different phases of movement. Additionally, the practical implementation of this work demonstrated that the
identification of discrete dynamical models require images without small details, having only silhouettes.
Of course, it also extends the application of remote monitoring.

With the use of obtained results the system parameters may biomechanics of the turtles movement can
be found. These parameters can be used for remote diagnostics of influence factors of global climate changes
on physiological state of animals.

Keywords: discrete dynamical systems modeling, biomechanics, remote methods, digital photography,
turtles, avitaminosis.
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lMocmpoeHbi OuckpemHble OUHaMUYeCKUe CUCMeMbl 20MeoCmamu4YecKux MexaHu3Mo8 3KOCUCmeEMbI
npyda XapbKo8CKO20 30o0rapKka, 8 Komopbil 6bina uHmpodyuyuposaHa Pistia stratiotes. OnpedeneHa
83auMOCes3b MexOy rfpoyeccamu npodyyupoeaHuss Xueol 6uomacchbl, ee OmMUpPaHUsi, PasfioXeHUs
u HapyweHuemMm cmabunbHocmu audpobuoyeHosa.

KnioueBble cnosa: FI/I,EI.p06I/IOLI.eH03, romeoctatTndyeckne MexaHu3mMbl, OUCKpeTHOe mMoaenunpoBaHue
ANHaMU4eCKnx cuctem, nncTuA.

MHorue npobnemebl 6uobesonacHocTn, NpuobpeTaroLme Bce BOMbLUYID aKTyanbHOCTb, TECHO CBSI3aHbI
CO CTabUNbHOCTBK 3KOCUCTEM, HanMMYneMm B HUX 3(PAEKTUBHBIX MEXAHM3MOB rOMeocTasa, NPenATCTBYHOLLINX
BCMbILLIKaM YUCNEHHOCTU OTAEMbHbIX BUOOB XMUBbIX OPraHM3MoOB, B TOM YUCIE U TakuX, KOTOpble MOryT HaHEeCTU
CYLLECTBEHHbI Bpen 300pOBb0 M XO3ANCTBEHHOW [OeATenbHOCTM 4enoBeka [1,2]. CtabunbHOCTb
rmgpobuoLeHO30B BOLOEMOB M BOOOTOKOB, MCMOMb3yeMbIX OS19 pasHbiX BWOOB BOAonoTpebrieHns, B TOM
yucrie — B arpokoMmnekce, nmnpuobpeTaer ocoboe 3HavyeHue, B 4YaCTHOCTU B CBSA3M C NPOGUIIAKTUKON
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