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oT A0u. HHK. OrusiH TUIIMHOB, JOKTOP

OtHocHo: IlpencraBen e 3a oduimanHa 3amuTa aucepTanuoHeH Tpya ot Wims
JumutpoB KrouykoB, AOKTOpaHT KbM Kartenapa ,lmunmuactuka” npu HCA ,B.
JleBckn”, Ha TeMa ,buomMexaHMuyHH MoJeJu Ha Oe3omopHata ¢asa Ha
TMMHACTHYECKH YNPAa’)KHEHUsI ¢ KOMOMHUPAHE HA POTALMOHHM JBMKEHMS” 3a
npuckxaane Ha OHC ,,mokTop Ha HaykMTe” MO Hay4yHaTa CIEUHATHOCT ,, Teopusi u
METO/I0JIOTHS HA CIIOPTHATA HayKa*, mpodecuoHaIHO HanpasiieHue 7.6 ,,Cnopt™.

JlucepTallMOHHUAT  TPYJ  pasriekaa OHOMEXaHWYHUS KOHTPOJI  IpHU
ChCTE3aTEIN MO TMMHACTHUKAa UM OCOOEHOCTHTE Ha TO3U MpOoLEC. AKTyaaHOCTTa Ha
n30paHaTta TeMaTHKa € HECbMHEHa, WMallku TpeaBHJ BHUCOKOTO CIOPTHO-
ChCTE3aTEIHO M HAyYHO HUBO HAa Pa3BUTHE HA Ta3W OJMMIMICKA AUCUUILIMHA B
bearapuss u B MEXAyHapoJeH acnekT. B To3u cMHCHI Temara € H3KIOYUTEIHO
MHTEpECHA, C IMpaKkTH4YeCKa HACOYEHOCT M HsAMAa CbMHEHHME B HEHHara
JUCEePTAOUITHOCT.

Paspabotkara ¢ B obem ot 300 crammapTHu cTpanunu. Pesynratute ca
MPEJACTAaBEHM B MAaTEMATHMYECKO OMNMCAaHWE C TMOMOIITa HAa BHUCIIA MaTeMaTHKa H
onarneneHo ¢ 91 ¢urypu, BKIOYBAIIM TOAPOOHUTE OMOMEXaHWYHHM MOJETH Ha
MOJI3BaHUTE B CIIOPTHATA TMMHACTHKA JBUTAaTAIHA JEWHOCTH, IMOCTABEHU B IJlaBaTa
pesynratu u aHanu3. llon3BaHaTa auTeparypa BkItouBa 233 3arimaBus, OT TSX 75 Ha
kupununa u 158 Ha natuHuna. Jluceprauusta cieABa KilacMueckaTa CTPYKTypa Ha
TaKbB POJI HAYYHU TPYJIOBE: YBOJ B 00eM 5 CTp.; ITbpBa ri1aBa oT 86 CTp., pa3zeieHa B
18 moapasnena, BTopa riaBa 30 cTp. BKIFOYBAINA 1€, 33]1a4H, OpTraHU3AIHS, METOIN
Ha U3CJIEJIBAHETO, TPETA IIiaBa, pe3ynTaTu u ananus 140 ctp., u3BoAM, IPEenopbKU U 7
npuioxkeHusi. CHUCBKBT € JHUTEpaTypara € € NPEUMYIIECTBEHO MPEICTaBEHU
M3TOYHUIM HA JJATUHUIA, a KaTo 110 clie/iBa ChbBpeMEeHHUTE U3TOoYHUIM. [lo Temara

Ha JuccpTanuATa ca IIpcaoCTaBCHA 4 HY6HI/IK3HI/II/I N MHOXXCCTBO LIUTHUPAHUA.



PaGoTara mpeiara MHOTOMEpHH HAyYHU 33]]a4d, OTTOBapsi Ha peIuIia BHIIPOCH
3a CIIOpPTHAaTa TMMHACTHKA W pelllaBa aKTyaJlHH MPoOJIeMH 3a OIIEHKaTa Ha CIOPTHO-
TEXHUYECKUTE YMEHHS upe3 pa3padoTBaHE HA MAaTEMaTHYHU MOJEITH 32 W3YHCICHUTE
napaMeTpu TpU MOJICIIHPAHUTE OMOMEXaHWYHHU Xapakrtepuctuku. [lompoOHO ca
pasriieJlaHl METOJIUTE 32 MaTEeMAaTHUYHO MOJIIHpaHe, Pa3lIUpsBaHe HA MPUIIOKHOTO
UM T10JI€ B 00JIacTTa Ha CIIOPTHAaTa OMOMEXaHWKa. Y CIIeXbT B pa3padoTKaTa Ha TeMaTa
B TOJIsIMa CTETICH Ce€ JBDKM Ha JA00para HaydHa TMOJTrOTOBKA Ha nucepraHTta. CienBa
da ce OTOeNeXd JEeMOHCTpHpaHaTa OT HEro KOMIETCHTHOCT B JIOTHYECKOTO
000CHOBaBaHe Ha MPobIIeMa, aIalITUPAHETO HA TEOPETUUHUTE MaTeMaTHYHU (POpMyIH
KbM TMpaKkTUYecKaTa WM HHTEpIpeTars NpH TrpaduuHOTO H300pa3siBaHe Ha
MOMEHTHUTE OT JBIDKCHHSITa Ha THMHACTHIIMTE, OCBIICCTBEHH B OMOMEXAaHHMYHUTE
MOJICTIH.

B rnaBa mppBa, AMCEPTAHTHT PA3TISKIA 3abI00UCHO TEOPHUATA HA CIIOPTHATA
TMMHACTHKA, BBBEJICHHE B MAaTeMaTHYHOTO MOJCIUpPaHE, OMNpelelisiHe Ha
AHTPOTIOMETPUYHUTE ¥ MHEPIIMOHHUTE XaPaKTCPUCTHKU TPH IMOCTHIIATCTHU M Hak-
BEYC MPHU POTAIMOHHU JBWKCHUS, Th KaTO YOBEIIKOTO TSUIO CIIOPE]] TEOpPETUYHATA
OMoMexaHMKa C€ ONKMCBA HAIBIHO KATO KWHEMAaTUYHA BEpHUTa CHCTaBEHAa OT
CETMEHTHTE Ha KpallHWIWUTE ¥ TYJOBHIIETO HAa CIOPTHCTA. 3a TOPEONMHCAHUTE
CIEMEHTH Ca ChCTAaBEHH YPABHCHUS Ha JBUKCHHETO, MATPUIU ChIbPIKAIIH
Koe(UIIMEHTHTEe Ha TpaHchopMamus OT OTIpaBHATa KbM KOOpIWHATHATA CHUCTEMa
CBBbp3aHa C OOEKTa Ha U3CIeABAaHE M aJalTHpaHa KOMITIOTBPHA MporpamMa 3a
U3YNCIICHHEe W CHUMYyJAIlMsl Ha Mojesia. ABTOPHT HE C€ € OTPaHHYMII CaMo C
O€30MOPHATE JIBUKCHHSI, a € BKJIFOUMJI M HSIKOMW JIBUTATSIIHUA JICHHOCTH TIPH YCIIOBHUS
Ha oropa. [1o To3u HauMH ce U34YepnBaT NPEANUCAHNUITA HAa CIOPTHATA OMOMEXaHUKa,
KOUTO YIOBIIETBOPSABAT 3aKOHA 3a 3ala3BaHe Ha HMITyJica Ha cujiaTa, a ChINO U
3aKOHBT 3a 3alla3BaHe Ha MOMEHTA Ha UMITyJica, Teopemata Ha ll[aitHep, 0OBBp3BanTH
BJIMSIHUETO HAa WHEPIMATAa TPU BBPTEIMBH JBM)KCHUS, BbPXY KOHWTO C€ OCHOBaBaT
6e3onopuuTe nBwkeHus. O0eMbT Ha W3BBPIIICHATA paboTa OT aBTOpPa € JOCTATHYHO

U34YCprarcjcd, HO € HCO6XOI[I/IMO Ja CC CIIOMCHAT AKTYAJIHHUTC IPUIIOKCHHUA HaA



METOJIMKaTa 3a pa3paboTBaHe B Objelle HA MaTeMaTHYHU M TpadUyHU MOJETU B
CIIOPTOBE KAaTO CKU-akpoOaTHvka, PUIrypHO Mbp3aisiHe, Xau(raidll AUCUUIIIMHUTE 32
CKU M CHOYOODJ, a CHILO CKEUTOOpA U IUPKOBOTO M3KYCTBO. CKOKOBETE OT KyJia BHB
BOJIa ca CIOMEHaTH B paborara. OTIIMYHO BIEYATIECHUE OCTaBsA aBTOpCKaTa Wjes 3a
onucaHue Ha 0€30NOPHUTE JIBUKEHUS B KOCMOCA, HA KOETO BCUUKH CME CBUIETEIH.

AHanu3bT HOCH B ce0e CU peaulia TBOPUYECKH aCIEKTH, MPOBEJIEH € C HAy4HO
000CHOBaHa KPUTHUYHOCT OT MO3ULMATA Ha U3rpajeH crneunanuct. CucremMaTU3upanu
ca IpoOJeMUTEe, KOUTO HE ca JOCTaThbUHO MPOYYEHH M 1€ C€ ThPCHU OTTOBOP B
aucepTanonHus Tpya. M3BeaeHara paboTHa XuMoTe3a MPOM3THYA OT HAIpPaBEHUSA
0030p.

B rnasa Bropa ,,llen, 3agaun, opranu3zanus 1 METOJIMKA HAa U3CJIEIBAHETO
HeiaTa € SCHO M TOYHO (opmynupaHa. 3ajaudTe B IpaBUJIHA JIOTHYECKa
IIOCJIEIOBATEIHOCT OYepTaBaT IbTS HAa HAY4YHOTO M3CIEABAHE 3a JOCTHIAaHE Ha
MOCTaBEHaTa e,

Onucann ca  nmoApoOHO  M3IOJ3BAHUTE  MAaTEMaTUYECKUTE  METOJM.
[Ipeanonaram, ye yecroraTa Ha Buaeo3acHeMane € 120 kaabpa B cexynga FULL HD,
KOETO OCHUTypsiBa JIOCTAThbUHO BHCOKO KadecTBO. Tl KaTo MOAEIBT MpEACTaBIsIBA
ISJIOCTHO TMPEACTAaBSHE Ha M3I'BJIHABAHOTO JBHXKEHUE, TO TOM € HeoO0Xoaumo Ja
OMKCBa OTIAEITHUTE (pa3u B PAMKHUTE HA BPEMETPACHETO HA JBUraTelHaTa JEeUHOCT Ha
ydyacTHHKA. OCBEH TOBA M3IIBJIHABAHUTE JBHUKEHUS Ca CBBP3aHU C IPEUMYILIECTBEHO
€IHOBPEMEHHO IPEMECTBAHE Ha TYJOBUUIIETO W KpalHuiute. Ta3u ocoOeHocT ce
HaOnoAaBa MpU TUMHACTHYECKH TMPEIUTAHMS, OTCKOIM WM MPAKTUKyBaHE Ha
aKpoOaTUYHU €JIEMEHTH B IPYTU CIOPTOBE.

I'maBata “Pesynratu u aHanu3” € ¢ HECBbMHEHO roysiMa texect. [loapoOHo ca
aHAIM3UpaHU MOJYyYEHUTE PEe3yJITaTU MPHU U3CIeABAHUTE CIOPTUCTH. MareMaTuko —
CTaTUCTUYECKUTE METOIM Ca H3MOJ3BAaHM MHOIO H3YEpIATETIHO 3a IOJIy4aBaHE Ha
HEOOXOJAMMUTE CIIOPTHO — MEAArormuyecku u3BoAu. PaboTHata XwWImore3a € Hay4yHO
nokazaHa. OTJIMYHO BIEYATIEHUE OCTaBs MPWIOKEHUAT C BEIIMHA ISUIOCTEH

CHUCTEMHO-CTPYKTYPEH MOAXO/I 33 aHAJIN3 Y UHTEPIIPETALIUSL.



N3BoguTe M npenopbKUTE Ca KOHKPETHU M JIOTUYHO CJIEABAT OT ITOJYYEHHTE
pe3yATaTy U HANPABEHUS aHAIIN3.

Cnopen MeH TEOPETUYHUTE U HAYYHO-TIPUIIOKHU MPUHOCH HA JUCEPTALIMOHHHUS
TPy Ca CIECIHUTE:

1. Csc cpencrBara Ha BHUCIIaTa MaTEMaTUKa € Ch3/1aJleHa COOCTBEHA Mporpama

32 YHUCIIEHW EKCIIEPUMEHTU ChAbpkama 45 Opos mporpamuu (aiiioBe B
m3unciurenHara cpenra MATLAB anmantupana 3a 51 ynpakHeHus oT
pa3IMYHA THUMHACTUYEeCKH ypenu, 115 ommra m 47 excrnepuMEHTAHU
JBU>KCHUSL.

2. PazpaboreHuTe OHOMEXaHMYHUM MOJEIU IMPEICTaBEHW KaTO MOJEIIHU
M3MbJIHEHUS YAOBIETBOPSABAT OCOOCHOCTUTE Ha pa3riekIaHaTa TeMaTHKa.

3. OmpeneneHn ca BB3MOXKHOCTUTE HA CIHOPTHUCTHTE Ja TMPEIU3BUKBAT
BbPTEIUBH JIBUXKEHUS, ITPEICTABEHU KaTO POTALIMOHEH TOTEHIUAI.

4. HanpaBeHUTE KOMIIOTHPHH CUMYJIALIMM HA MOJEIHHM HW3IBbJIHEHUS JaBaT
Hacoka KbM YCBHBBPIICHCTBAHE Ha OE30IOpPHUTE JIBUKEHUS U HU
MPEAOCTABIAT CpOYHA MH(POPMALMS MOIXOIAIIA 3a aHAIU3 Ha JABUTATEIIHATA
JEUHOCT.

B 3akirouenne TpsOBa aa orOenexka, 4e Ha HAIIETO BHUMaHUE € MPEIOKEH
€IMH 3aBbPILIECH HAYYEH TPY[, OTTOBAPSAII HA BCUYKU U3UCKBAHUA. [JOKTOPaHTBHT ce €
U3SBIJI KAaTO 3HAell U MOXKEIl CHeIUaJMCT M HaydeH paboTHUK. Bb3 ocHoBa Ha
BCUYKO TOPEU3JIOAKEHO [JaBaM I[OJOKUTEJIHA OlLEHKa Ha aucepranusara Ha Hous
JqumurpoB KrouykoB, AoKTOpaHT KbM Kareapa .l umnactuxa” npu HCA |B.
JleBckn”, Ha TeMa ,buOMexaHMYHH MoJeJu Ha Oe3omopHara ¢a3a Ha
THMHACTHYECKH YNPAa)KHEHUs] ¢ KOMOMHMpPAaHe HAa POTALNMOHHHU JABHMKCHUA 32
npuckxaane Ha OHC ,,qokTop Ha HaykuTe” MO Hay4yHaTa CIELHUANHOCT ,,eopus u

METOJIOJIOTHS Ha CIIOPTHATA HayKa', IpodeCHOHAIIHO HaIIpaBiieHue 7.6.
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OPINION

by Assoc. Prof. Ognyan Tishinov, Ph.D.

Subject: A dissertation was presented for official defense by Iliya Dimitrov
Kyuchukov, PhD student at the Department of Gymnastics at NSA “V. Levski”, on
the topic “Biomechanical models of the unsupported phase of gymnastic exercises
with combination of rotational movements* for awarding the ONS “Doctor of
Science® in the scientific specialty ,,Theory and Methodology of Sports Science”,
professional field 7.6 “Sport ™.

The dissertation examines the biomechanical control of gymnasts and the
peculiarities of this process. The relevance of the chosen topic is undoubted, given the
high level of sports, competition and scientific development of this Olympic discipline
in Bulgaria and internationally. In this sense, the topic is extremely interesting, with a
practical focus and there is no doubt about its dissertability.

The development is in the volume of 300 standard pages. The results are
presented in a mathematical description with the help of higher mathematics and
illustrated with 91 figures, including detailed biomechanical models of motor activities
used in gymnastics, placed in the chapter results and analysis. The literature used
includes 233 titles, of which 75 in Cyrillic and 158 in Latin. The dissertation follows
the classical structure of such scientific works: introduction in volume 5 pages; first
chapter of 86 pages, divided into 18 subsections, second chapter 30 pages including
purpose, tasks, organization, research methods, third chapter, results and analysis 140
pages, conclusions, recommendations and 7 appendices.

The work offers multidimensional scientific tasks, answers a number of
questions about gymnastics and solves current problems for the assessment of sports
and technical skills by developing mathematical models for the calculated parameters
of the modeled biomechanical characteristics. The methods for mathematical

modeling, expanding their field of application in the field of sports biomechanics are



considered in detail. The success in the development of the topic is largely due to the
good scientific preparation of the dissertation.

It should be noted his demonstrated competence in the logical justification of
the problem, the adaptation of theoretical mathematical formulas to their practical
interpretation in the graphical representation of moments of movement of gymnasts,
implemented in biomechanical models.

In the first chapter, the dissertation examines in depth the theory of gymnastics,
introduction to mathematical modeling, determination of anthropometric and inertial
characteristics in translational and especially rotational movements, as the human
body according to theoretical biomechanics is fully described as a kinematic chain
composed of segments of limbs and torso of the athlete. For the above-described
elements, equations of motion are compiled, matrices containing the coefficients of
transformation from the reference to the coordinate system related to the object of
study and an adapted computer program for calculation and simulation of the model.
The author has not limited himself to unsupported movements, but has also included
some motor activities under support conditions.

In this way, the prescriptions of sports biomechanics are satisfied, which satisfy
the law of conservation of momentum, as well as the law of conservation of
momentum, Steiner's theorem, binding the influence of inertia in rotational motion, on
which unsupported motions are based. The volume of work done by the author is quite
comprehensive, but it is necessary to mention the current applications of the
methodology for future development of mathematical and graphic models in sports
such as ski acrobatics, figure skating, halfpipe disciplines for skiing and
snowboarding, skateboarding and circus art. Jumps from a tower into the water are
mentioned in the paper. The author's idea for describing the unsupported movements
in space, which we are all witnessing, leaves an excellent impression.

The analysis has a number of creative aspects, it was conducted with
scientifically based criticism from the position of an established specialist. The
problems that have not been sufficiently studied are systematized and an answer will



be sought in the dissertation. The derived working hypothesis follows from the review.
In the second chapter “Purpose, tasks, organization and methodology of the research
the goal is clearly and precisely stated. The tasks in the correct logical sequence
outline the path of scientific research to achieve the set goal.

The mathematical methods used are described in detail. | guess the video
recording frequency is 120 frames per second FULL HD, which provides high enough
quality. Since the model is a complete representation of the performed movement, it is
necessary to describe the individual phases within the duration of the motor activity of
the participant. In addition, the movements performed are mainly related to the
simultaneous movement of the torso and limbs. This feature is observed in gymnastic
overflights, bounces or practicing acrobatic elements in other sports.

The chapter "Results and Analysis" is undoubtedly very important. The results
obtained in the studied athletes are analyzed in detail. Mathematical - statistical
methods are used very comprehensively to obtain the necessary sports - pedagogical
conclusions. The working hypothesis is scientifically proven. The overall system-
structural approach for analysis and interpretation, applied with skill, leaves an
excellent impression. The conclusions and recommendations are specific and logically
follow from the results obtained and the analysis made.

In my opinion, the theoretical and scientific-applied contributions of the
dissertation are the following:

1. With the help of higher mathematics, our own program for numerical
experiments has been created, containing 45 program files in the MATLAB
computing environment, adapted for 51 exercises from various gymnastic devices, 115
experiments and 47 experimental movements.

2. The developed biomechanical models presented as model performances
satisfy the peculiarities of the considered subject.

3. The possibilities of athletes to cause rotational movements, presented as

rotational potential, are determined.



4. The made computer simulations of model performances give direction to the
improvement of the unsupported movements and provide us with urgent information
suitable for the analysis of the motor activity.

In conclusion, I must point out that we have been offered a completed scientific
work that meets all requirements. The doctoral student has proven to be a
knowledgeable and capable specialist and researcher. Based on all the above, | give a
positive assessment of the dissertation of Iliya Dimitrov Kyuchukov, PhD student at
the Department of Gymnastics at NSA "V. Levski”, on the topic “Biomechanical
models of the unsupported phase of gymnastic exercises with a combination of
rotational movements” for awarding the ONS “Doctor of Science”in the scientific
specialty “Theory and Methodology of Sports Science”, professional field 7.6.
»Sport®,

January 14, 2022 Signature:............cooeiinl
(Assoc. Prof. Eng. Ognyan Tishinov, Ph.D.)



