PELEH3UA

Ha gMcepTauMoHHUA Tpya Ha Mana KiouykoB Ha Tema ,, buomexaHn4HM mogenm
Ha 6e3onopHaTta ¢a3a Ha FMMHACTUYECKU YNParKHEHUS C KOMOWHMpaHe Ha
POTAaUMOHHM ABUMKEHMA” 33 NpUCbXKAaHe Ha HayyHaTa cteneH ,JlOKTop Ha
HayKkuTe"”.

PeueH3eHT: npod. nHK. 3apaBKo MNeTpoB ApaKuniicKn, JOKTOP

BbnpochT 33 yCHbBBHPLIEHCTBAHETO Ha CNOPTHATA TEXHMKA M NOBULUABAHE
Ha ePEeKTUBHOCTTA Ha ABUraTe/IHUTE AENCTBMA BMHArU € CTOS/1 HA BHUMAHUETO
Ha CNOPTHMTE cneumannctn. MscnepBaHeTo Ha CMOPTHUTE ABUMKEHUA W
NOCTUMKEHUA PEBOIIOLMOHHO e npeobpaseHo NocpeacTBOM M3MO/I3BAHETO HA
BCE MNO-YCbBbPLUEHCTBALWMTE CE€ KOMMIOTbPHM TEXHONIOTMU U MNpUAeXxaLLma
codpTyep. BbB BCAKA CNOPTHA AUCLUMNAMHA KUHEMATUYHUTE U OUHAMWUYHU
napameTpu Ha ABUXKEHUATA ce u3cneasaT, MOAENNPAT U CUMYINPAT C Len ga
ce nogobpm CNOPTHOTO NOCTUNKEHME U ePEKTUBHOCTTA Ha ABUXKEHUATA. B TO3M
acneKkT KOMMIOTbPHOTO MOZE/IMPAHE U CMMYNAUMA HA YOBELUKUTE ABMUMKEHUA
MMaT BCE MNO-HapacTBallla pPonA B CNoOpTa M pexabunutaumaArta. [Be OT Hau-
BAXKHUTE MPUNOXKEHUA B CNOPTA BKAOYBAT ONTMMM3MPAHE HaA CMOpTHATA
TEXHMKA M HaManABaHe PUCKBLT OT TpaBmu. OT apyra cTpaHa obave onopHo-
OBUTATeIHUAT anapaT Ha YOBEKA € eAHA C/I0XKHA CUCTEMA, KOATO BCe OLe Mma
MHOFO HepeweHu BbNpocu. WM3cneaBaHETO HA YOBELIKUTE [ABUMMKEHMA e
YC/IOXKHEHO OT rofieMuaT bpoii cteneHn ceoboaa Ha Tanoto (~ 244), KakTo U oT
owe no-ronemumatT 6pon Ha Myckyaute (Hag 600). LleHTpanHaTa HepBHa
CMCTEMA Ha YOBEKa fIBHO € M3MpaBeHa Npes, MHOrO0 Bb3MOXHW HAYMHM 3a
KOOPAMHMPAHE HA Te3n MyCKyaM M un3bop Ha pasAMyHM CcTpaTerMm 3a
peannsnpaHe Ha [JA3afeHO [ABMKeHMe. 3a CbXaneHue, 3HaHMATA HU 3a
OBUTATEIHUAT KOHTPO/I MOHACTOALWEM Ca HEeAOCTaTbYyHM, 33 Aa Ce onpenenu
MEXAaHM3MDBT, 4Ype3 KOMTO ce NOCTMra Tasu KoopauHauma. [opaan Tasm
NPUYMHA Ce M3MO0N3BAT MHOIO MOAEINPALLN, aHAIMTUYHU, EKCNEPUMEHTANHU U
Apyrn nogxoam 3a wM3CnedBaHe HA BbTPELWHO-CMAOBATA CTPYKTypa Ha
ABUraTeNIHMA anapaT Ha YOBEKA W pasnpefeneHMEeTO Ha CUAUTE Mexay
MYCKy/InTeE.

B KOHTEKCTa Ha ropeKkasaHOTO TemaTa Ha AMCEepPTAUMOHHMA TPYA
NpeacTaB/iABa CEPUMO3EH HAyyYeH WMHTEPEeC M OYEeBUAHO UMa AucepTabuaHa

CTOMHOCT. O6EKT Ha U3CNeABaHETO Ca OCHOBHM MTMMHACTUYECKU YNpaXKHEHUS,
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CbAbPKaWM KOMOUHMPAHE HA POTAUMOHHM ABUXKEHUA B 6e3onopHaTa cu dasa.
MNpeameT Ha Tpyda Ca KOHKPETHWUTE ABUraTe/NIHU OeNCTBUA W ABUrATENHMU
CcTpaTermm, KOMTo e HeobxoANMMO Aa ce NPUNOXKAT OT TMMHACTMKA 3a Cb34aBaHe
M aMopTM3aLUMA HA POTauMATa OKONO HaA bXKHATa My oc B besonopHaTa ¢asa
Ha HEeroBOTO W3NbJIHEHME, KAKTO W OMOMEXAHUYHUTE XaPaAKTEPUCTUKM,
obycnaBAawm ABMKEHMETO B Ta3n Ppasa.

MpeAcTaBeHUAT AUCepTauMOHeH Tpya e ¢ obem oT 314 cTaHAapTHU
cTpaHuun. OHarnegeH e cuc 104 dpurypu B OCHOBHUA TEKCT M 6 dUrypun n egHa
Tabnumua B NnpunoxkeHue. bubnmnorpadunaTta e BnevaTiaBalla, KaTo BKAoYBa 237
M3TOYHMKA, OT KOUTO 75 Ha Knpuamua n 162 Ha natuHuua.

AucepTaumata e CTPYKTypupaHa B KAACMYECKM NaH, KaTo CbAbprKa
cnegHnTe OCHOBHM MNaBu:

1. YBoga, nutepatypeH 0630p 1 paboTHa xmnotesa — 97 cTpaHULUM;

2. Uen, 3apa4un, opraHnsauma u metoamka — 32 cTpaHuum;

3. Pe3yntaty n aHanms — 144 cTtpaHuuy;

4. N380aun 1 NpenopbKku — 4 CTpaHuLy;

5. MonseaHa nntepatypa — 22 CTPaHULY;

6. MpunoxkeHna — 11 ctpaHmnum.

B nutepatypHua 0630p aBTOPBT AEMOHCTPUpPA 3a4bNO0YEHM NO3HAHUA
BbpXy u3cneasaHute npobnemu. KputnMyHo ca aHanMsmpaHu Bb3rneauTe Ha
aBTOPMUTE Ha YacT OT M3MON3BAHUTE NINTEPATYPHU MU3TOUYHMUM MO OTHOLIEHUEe
npunaraHata CNopTHATa TEXHMKA MNpU  M3NBAHEHUE Ha YNPa*KHEeHUA ¢
KOMbBMHMpPaAHe Ha poTaumu B 6e3onopHaTta ¢asa. C pa3bupaHe ce AUCKYTUPA
TO3M BbMPOC KAaKTO NPU PA3AUYHU CMOPTHU AUCLUUNNHWN, TaKa U OCHOBHO Mpwu
CNOPTHATA TMMHACTMKA. JIOTMYHO B 3aKAKUUTENHUTE Benexknm Kbm TO3M
pa3gen ce o6ocHOBaBa CXBALLAHETO, Y& BMECTO MPOBENKAAHE Ha MHOXECTBO
EeKCNepUMEHTU C peanHute ¢uanMyeckm o6eKTM, MHOro no-epeKkTUBEH €
noaxoaa 4ypes npoBeXgaHe Ha YUC/IEHU eKCNepuMeHTU BbpXy moen ga ce
OOCTUTHE A0 HAMMPAHETO Ha onpeaeneHa ABUrateHa ONTUMANHOCT.

B cnepBawma pasgen Ha Tasu rnaBa obwWMpHO M 3aabnboyeHo e
pa3rnefaHo NpUAOXKEHNETO Ha BUOMeXxaHUYHUTE MOLENM B CNOPTHATA TeopusA
N NPaKTUKA, KbAETO KUHEMATUYHNTE U AMHAMUYHM NAPAMETPM HA ABUKEHUATA
ce uscnepBaT, mMogenupaT M cUMyaupaT Cc uen ga ce nogobpu CnopTHOTO
nocTuxeHne n ePeKTMBHOCTTA Ha ABMKeHuATa. MogenmpaHeTo e npouec Ha
Cb34aBaHETO Ha MOAENN, U3CNeABAHETO UM U N3BINYAHETO Ha MHPOPMaUMA 33

OopUrnHana. OcHoBeH npuHUMN Npun moaennpaHeTo e, 4He Mo4eNbT Tpﬂ6Ba Aa
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6bAe Bb3MOMKHO Hal-A0b6po NpubaunkeHne Kbm peanHua obekT. Taka eguH
ebeKTMBEH moaen TpabBa Aa ce OCHOBaBa Ha TeOpMATA Ha HaAEKAHOCTTa.
CbWwo Taka MbK, 3a Aa 6bae M3nosi3Baem, MoAenbT e no-gobpe ga b6bae
Bb3MOHO Ham-npocT. OCHOBHATA LEN Ha MoAe/NnpaHeTo e ga ce onuwart
ONPOCTEHO C/IOXKHU CUCTEMM, CMOMAramkm 3a TAXHOTO M3y4yaBaHe. 10 TakbB
HaYMH NO-MPOCTUTE MOAENM OCUTypABaT MO-/€CHO TOBA nNpeAHa3HaYyeHue.
Ob6auye npu npeKkaseHo OMNPOCTABAHE MOAENbT MOXKE A3 Ce OKaXKe HETOYEH,
TaKa Yye HMBOTO Ha onpocTABaHe TpPsbBa Aa ce n3bupa BHMMaTeNHO. CbLLO TaKa
TpabBa Aa ce UMa nNpeasua, Ye MOAEeNMPaHeTo He e 6e3 HegocTaTbuM. Taka
Hanpumep, npean 1954 r. ca cblecTBYBaAnM M306MIMe OT BUMOMEXaHUYHU
[OKa3aTesICTBa, KOUTO MNPOrHO3MpPaT, Ye bAraHeTo Ha eAHA MUNA € HEBb3MOXKHO
noa YeTMpu MUHYTMW.

Tyk aBTopbT obocHOBaBa cBoA M360p 3a mMoAaen ypes W3No/s3BaHe Ha
npaBaTa 3ajaya Ha AuHamuKaTa. [lpyn TO3M noaxon ABUMMKeWMTe CUAM ca
MOCOYEHN M UeNnTa e Aa ce onpeaeny pPesynTaHTHOTO ABUMKeHWe. AKOo
BPEMEBUTE CEPUM Ha CTAaBHUTE BIIM Ce M3NON3BAT KaTO 3aJBMMKBALWM 3a
Mmogena, To pPe3yNTaHTHOTO ABUMKEHWe e ce onpeaens oT ABUKEHMETO Ha
MacoOBMA LLEHTbP HA UANOTO TANO M BpemeBaTa cepua OT OpMeHTAuMuTE Ha
TAanoto. Korato eanH mogen ce M3nosi3Ba NO TO3M HA4YMH, TO TOW € M3BECTeH
KaTo cumynayuoHeH mogen. maliku npeasua Lenta Ha uscnenBaHETo TO3M
n3bop e Hanh-noaxoasall, Tbil KaTo 3a4BUXKBAHUTE OT NPOMAHATA Ha CTaBHUTE
BIAN CUMYNALUMOHHM MOAENN OBMKHOBEHO Ce M3MNOoAN3BaT 33 CMMYy/IMPaHe Ha
AENHOCTN, KOUTO He ca OrpaHMYeHW OT CUMa, KaTo Bb3aywHatTa ¢asa Ha
CNOPTHUTE ABUMKEHMUS.

Mo-HaTaTbK M34epnaTenHo M NogpobHO ca pasriedaHn eTtanute npu
NPOEKTUPAHETO N eNeMeHTUTE HAa MOLENUTe, CBbP3aHM CbC CTPYKTYPHUTE UM
0ocobeHOCTM, AaHHUTE 33 CErMeHTUTE Ha YOBELUKOTO TANO, HAYMHUTE 3a
MaTeMaTUYHO oOnucaHMe W npobnemute nNpu onpegensHe CcTaBHaTa
KMHEMATUKA W OPUEHTAUMOHHUTE BIAM MNOCPEACTBOM  POTALUMOHHU U
TpaHchopmmpalm matpmym. TyK KaTo gonbaHeHMe Kbm ¢ur. 1.3. bux nckan ga
M3TbKHA, Y€ OPMUEHTAaUMOHHWUTE BIM HU paasBaT yaobcTBOTO Aa nosyyasaT
KOHKPETHO ¢$M3MYHO 3HAYeHMe KaTo Hanpumep CanTo, HaK/AOH W YCyKBaHe
(BMHT) Ha TANoTO. MO TO3M HAYMH pPOTaLMATA CNPAMO OC X NpeacTaBiABa CanTo
Ha LANOTO TANO, AOKATO poTauumTe cnpamo ocu Y 1 Z Ha TANOTO NpeacTaBaasat
CbOTBETHO HAKNOH U YCYKBaHe (BUHT).



NutepaTypHMAT 0630p NPOABLAXKABA C KOPEKTHA [AMCKYCMA OTHOCHO
HauMHUTE 3a YynpaB/JeHWe Ha MOAEeNUTe, CbCTaBAHE W pellaBaHe Ha
YPaBHEHMATA Ha ABUXKEHMETO, CbObparKeHMA U MU3UCKBAHUA MO OTHOLUEHWe
nsbopa Ha noaxodsawla nporpamHa paboTHa cpepa. lMopaau cbliecTBeHaTa
Ba’KHOCT CbBCEM 3aKOHOMEPHO € KOMEHTMPAH M BbMPOCHT 32 OLLEHKA Ha
HageXAHOCTTa U NPUroAHOCTTa Ha AaaeH mogden. Mo OTHOLWEHWE Ha TOBA Ha
CTp. 45-48 aBTOPBT M3MN0N3BA TEPMUHA ,8a7AU0UpPAHEe”, ,,8anudayuama’, KonTo
He MK 3By4yaT gobpe Ha OGbarapckn. U TyK e no-yaayHo ga ce ynotpebu
,OLLEHKA"”, KaKTO BMpoOYeM e HanpaBeHOo B cneABalluTe r1aBu Ha TpyAaa.

CbBCEM 3aKOHOMEPHO C orsies, TemaTUKaTa Ha AUCEPTALMOHHMA Tpya,
3a4bN60YEHO U aHANUTMYHO ca pasriedaHn OcobeHOCTUTE U TEeXHUYECKUTe
cpeactsa npu moaenvpaHe Ha ABUraTesNiHW AenCcTBUA B onopHa M 6esonopHa
dasa, KaKTo U MEeTOAMYHUTE aCMEKTU NPU OOYyYEHMETO Ha YNparKHeHus C
KOMBWHMpPaHe Ha poTauuu.

He3aBucMMO OT HanpaBeHUTe 6eNeXXKM W NPenopbKU cyuTam, ue
LUANOCTHUAT NuUTepaTypeH 0630p MMa cepno3eH NPUHOCEH XapaKTep, Tbil KaTo
MO CbLLECTBO NpeacTaBnABa HayyeH aHaM3 BbPXy CUCTEMHUTE acCMeKTU Ha
B3aMMO3aBMCMMOCTUTE HA KOMMIOTbPHOTO CUMYNALMOHHO MoAennpaHe U
NPUNOMKEHNETO MYy 3a M3yyaBaHEe Ha MeXaHWKaTa Ha CnopTHaTa TEXHWUKa,
HauMHUTE 3a cnpaBsHe ¢ NpobsemuTe Ha ONTUMMU3ALMATA U YNPABIEHNETO Ha
CNOPTHUTE ABUMKEHMA U METOAMKATA Ha obydyeHue.

Ha 6a3aTa Ha TaKa OCbLLECTBEHUA aHA/M3 CUCTEMATUYHO ca 060cobeHM
npobnemuTte, o4YepTaHM Cca BbB3MOXKHOCTUTE Ha CbBPEMEHHUTE METOAU U
cpeacTtBa 3a paspellaBaHETO MM W e M3AMrHata paboTHaTa XunoTesa,
obycnaBsAWwa TEOPETUKO-NPUNOKHUTE, EKCNEPUMEHTANTHUTE, METOANYECKUTE U
CNOPTHO-TEXHMYECKUN acNeKTH Ha Tpyaa.

B rnaBa 2 uenta v 3agaunte Ha paspaboTkaTta ca gedUHMPaAHU SAICHO M
TOYHO M cnenBaT 0rMKaTa Ha NOCTaBEHUTE 3a pa3pellaBaHe U3c/ien0BaTe/ICKM
Bbrnpocu. [lageHn n obsicHeHW ca npegmeTa M eTanuTe Ha OpraHM3auMsaTa Ha
Npoy4yBaHeTo, KaTo NOAPOOHO ca pasrieAaHn U3NO0A3BaAHMUTE HAayYHU METoaAU B
3aBMCMMOCT OT LenTa W 3agauute Ha u3cneaBaHeto. lNoapobHo e onucaH
n3bpaHMAa meToh 3a MaTeMaAaTUYHO MoOAe/IMpaHe Mpu CbCTaBAHE Ha
CUMYNALUMOHHMA MOZen W mateMaTudHuMa Gopmannsbm, CBbP3aH C
onpegensHe Ha BXOAHUTE AAHHW, OPUEHTALMATA HAa CErMeHTUTE Ha TANO0TO,
TpaHcHOPMaALMOHHUTE MATPULM 3a Mpexod OT rnobanHata KbM JIOKaNHUTE

KOOpAUHATHU CUCTEMU, U3BEKOAAHE HA YPaBHEHUATA HaA AOABUXKEHUETO, KATO €
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obAcHeH M3bpaHMA noaxon 3a ynpaBieHWe noBeAeHMETO Ha mogena. Tyk
noaxoaAawo e n3bpaHa nsuMcAUTeNHATa cpeaa Ha nporpamHuma naket MATLAB
3a peanusMpaHe Ha CUMynauMmTe Ha U3cnegBaHUTe YNparKHEHWUSA U BM3YyaslHO
npeactaBaAHe Ha MoOAydYeHUTe pe3ynTaTM OT Mpoueca Ha CcMmynaums.
Bneuyatnasaw, e 6pos u obxBaTa Ha cb3gageHUTe cobCTBEHM npoueaypHU
NoANPOrpamMn, KakKTo M peanusvpaHua NporpameH BEKTOPEeH apxuB 3a
ynpaB/ieHWe Ha YynpaXHeHUA Ha pPasIMY4HU  TMUMHACTUYECKU ypeau WU
eKCMepUMEHTaNIHM ABUKEHUS.

Kbm TO3M pasgen Ha Tpydaa MMam HAKOU Benexkm mn npenopbKu.
Hanpumep, B YacTTa 3a ynpaB/ieHWe Ha mMoAena braioBaTa CKOPOCT 3a BCSKa
TOYKa ce nosy4yaBa nocpeacTBOM unbpoBo audepeHUMpaHe Ha braoBUTE
CTOMHOCTM 3a BCEKW NOAMHTEpPBan, KaTo MnojlyyeHaTa cpegHa CTOMHOCT Ha
CKOpOCTTa ce NpMUCBOABa Ha efHa OT ABeTe KpalHM TOYKM. Mo TO3M HauuH ce
nosyyaBa BpemeBO gedasvMpaHe C NONOBMH WMHTEpPBan 3a CTOMHOCTTA Ha
n3bpaHata TouKa. lpeogonaBaHeTo Ha TO3M MNpobrem MOXKe ga ce pewm
nocpeactsom gudepeHuMpaHe B pPaMKUTE Ha BCEKM [ABa CbCeAHM
NOAMHTEPBA/a, KAaTO NOJIy4eHaTa CTOMHOCT ce NPUCBOABA Ha cpegHaTa OT TpuTe
TOYKM, KOATO e rpaHuLaTa mexay AsaTa noguHTepBana. Pasbupa ce obaue, ve
B TO3W C/Ay4Yalh Ce€ W3UCKBAT br/IOBM CTOMHOCTM 33 TOYKM M3BbH robanHms
BpemeBU WHTepBan. B Ta3m Bpb3Kka € U NpenNoKEHUETO MU MO OTHOLUEeHue
No/sly4yaBaHETO Ha br/IOBUTE CTOMHOCTU 3@ TOYKUTE, U3BLH PErncTpupaHute,
nocpeactBom KybuyHa cnnavH ¢yHKUMA. [encTtBuTenHo OT MaTemMaTuyHa
rneaHa TOYKA € [OOKa3aHo, 4Ye TA ce sBABa eAuHCTBEHA (YHKUMS,
MHTepNoanpaLLa AaAeHUTEe TOUYKM M MMALLA KBAaAPATUYHO MHTErpMpyema BTopa
npou3BoAHa. B TO31 cMUCHA ecTeCTBEHUAT KybMYeH CNaalH e Han-rnagkarta ot
bYHKUMUTE, MHTEPNOANpALLA MHTEPBAINTE MEXAY 3aJafeHuTe Touku. [pwu
eCTeCTBEHUTE T[PaHMYHU ycnoBuA obayve CNAaMHBLT Ce CYMTA 3@ JIMHEeMHa
bYHKUMA M3BBH 3a4afeHus MHTepBaa. ToBa OrpaHM4yaBa Bb3MOXKHOCTTA 3a
NPorHo3smpaHe B 61n3KaTa OKONHOCT M3BbH rPaHUYHUTE TOYKK. 10 TO3M HAYMH
332 BuomexaHWYHU U3CcneaBaHUA TA HE OCUTYpPABaA HeobxoaMmaTa AOCTOBEPHOCT
MeX Ay Bb3nuTe, 0CObeHO Npu ,peaKkn’ BXOAHU AaHHU, KAKBUTO HEMMUHYEMO Ce
nonyyaBaT NpW BUAEOPErUCTpauMAa Ha POTALUMOHHU ABUMKEHUA, KbAETO
MECTOMOJIOXKEHNETO Ha HAKOM CErMeHTM Ha TANOTO He Ce BMXKAAT B A0CTa
nopegHu Kagpu. 3a MHTepnoaaunsa B NnogobHM cnydam e no-noaxogAulo Aa ce
n3non3sa MoaMdbuUMpPaAH CnaalH, NPU KOUTO ABETe YC/N0BMA 33 €4HO3HAYHO

onpeagenAHe Ha cnnanHa Ada Cé nosydat OT pPaBeEHCTBOTO Ha TpPETUTE
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NPOM3BOAHN Ha PYHKUMATA U ABeTe KYOWYHM KPUBM, MMHABALLM CbOTBETHO
npes YeTUpUTE NbPBU U YETUPUTE NOCNEAHM OT 3a4aAEHUTE TOYKM.

CbobpaxeHns mMmam W NO OTHOLIEHWE OUEHSIBAHETO Ha moaena.
OueHkaTa Ha MoJena e BarKHa CTbMKa B npoueca Ha pa3paboTBaHe Ha
CMMyNauMOHEeH moaen M TpabBa Aa ce M3BbPLWIBA Npeay moaena Aa ce
M3Non3Ba B NpUAOXKeHUA. Mo NPUHLUKUN, KaKbBTO MU METOA Aa Ce M3MO0/I3Ba 33
reHepupaHe Ha ypaBHEHMATA Ha ABUMKEHWE, BUMHArM € BaXKHO Aa ce M3BbpLuaT
NPOBEPKK, 33 Aa Ce rapaHTUpa, Ye HAMA HanpaBeHW MPOrpamHU rpelikun. B
paboTaTa cM aBTOPBT OCHOBHO M3M0/13Ba Ka4yecTBEHa OLEHKA Ha NPUIro4HOCTTa
Ha mojena NocpeacTBOM BM3YasIHO CPAaBHEHME Ha CTEeMeHTa Ha CXOACTBO Ha
N300parkeHnATa Ha pPeanHoTO WU3NbJAHEHME WU  MOJENHaTa Ccumynaums.
PeanusupaHa e CblWoO Taka U AONBAHUTENIHA KOJIMYECTBEHA CPaBHUTE/NHA
OLLeHKa Ha aHa/ITUYHUTE U CUMYJTALLMOHHW PEe3yiTaTh 3@ CTPAHUYHMA HaK/IOH
npes onpegeneH bBraoB WHTEPBan Ha 3aBbpTaHe. Mmalkm npeasup,
nNpaKTUYecKkaTa Uen Ha Hactoawarta paboTta, ToBa B C/Ayvyada moxe 6bu e
onpaBAaHO M € AOCTaTbYeH aTecTaT 3a NPUroAHOCTTa Ha mogena. Ho Bce nak
cYMTam, 4Ye 3a MO-TOYHA OUEHKa Ha pe3syntatute 6um  morno  3a
OPWEHTAUMOHHUTE BrAM, NOCPEeACTBOM MWHTEPBANHO OUEHABaHe, Ada ce
onpenenAT rpaHMUMTe Ha [OBEPUTENIHMA WHTEpPBas, B KOWTO nonaja
onpeaeneH NPOLEHT OT C/ydyauTe C NpeaBapuTeNHO 3aJadeHa rapaHUMOHHA
BepoATHOCT. CblLO TaKa 3a NO-rofsima CUrypHOCT U HadexaHocT bu morno aa
ce u3nonsea u rnobasnHa PpyHKUMSA, KaTo HaNpUMep TPAEKToOpPUATa Ha LEHTHbPA
Ha mMacaTa Ha mojJena Aa onucea napabona uaM PoTauMOHHOTO KOJIMYECTBO
ABUXEHWE CcnpAMO LUEeHTbPa Ha MacaTa 4a ce 3ana3Ba Mo BpemMe Ha
6e3onopHaTa ¢asa. OT gpyra cTpaHa obaye, ToBa cbobparkeHMe MoXKe Aa ce
npueme U Kato Aobpo noxenaHue, Tbi KaTo npe3 nocnegHute 30 roanHu
peamua nNpeanoXkeHn CUMYNauMoOHHWU MOAENM Cca OUEHEHM A0 W3BECTHa
cTeneH, A0KATO MHOTO Apyru BbobLue He ca buam oueHABaHM.

lnaBaTa ,,Pe3yntatn n aHanm3" ce xapakTepmsmnpa cbC CBOATA 3HAUYUTE/IHA
no obem ekcnepumeHTanHa paboTta M cucTemaTUyeH Xapaktep. [pyra
0COBEHOCT TYK €, 4Ye TeOpPeTUYHUA U EeKCNepuMEeHTa/IHUMA aHaAM3Kn ca
MHTErpupaHn B M3noxeHueto. MaKap 1M Aa ce pasnnyasBa OT obuionpueTaTa
CTPYKTYpa 3a OTAEeNAHE Ha Te3UN pa3aenn, cumTam, Ye nopaam obxsaHaTus bpoii
POTAaLUMOHHM BapWaHTU Ha ABUMKEHUA M TMMHACTUYECKU AUCUUNAUHU, TO3MU
noAaxoA e no-yaa4yeH B ciy4dad. A3 6ux ro onpeaenun Aopu Kato NpeamumcTBo,

3aWOTO TEOPETUYHHUTE NOCTAHOBKU N NOAYHEHUTE pPE3YyNTATU Ce AUCKYTUPAT
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eHOBPEMEHHO M MO TO3M Ha4yWH YuTaTenA nosyd4aBa No-AceH U obycnoseH
nornea Bbpxy eKCnepmmeHTasHUTe AaHHM.

NocnepoBaTenHO aBTOPBT MNOCTaBA HA aHAanM3  pe3yntatute oT
CMMy/lauumMTe Ha poTauMmTe nNo Bpeme Ha be3onopHata ¢as3a Ha
ynpaxHeHuaTa. Bnocnegctene obwmnpHo M 0OOCHOBAHO AMCKYTUPA KaKTO
BapuaHTUTE 3a Cb3gaBaHe Ha YC/A0BMA 32 BbLPTE/IMBO [ABUKEHME OKOIO0
rMaBHUTE OCU MPU PaA3/INYHA KOHPUIYpaLMA HA CErMEHTUTE Ha TANOTO, TaKa U
3a TAXHATa amopTM3aLMA NPpU NOAroTOBKATA 3a npusemaBaHe. KaTo cneacrsume
Ca n3BefeHU KOHKPETHM MPaKTUYEeCKM HACOKKM 3a noBeaeHue Ha onpegenexHu
4yacTu OT TANOTO B MNpoueca Ha obydyeHMe M YyCBOABAHE HA CbOTBETHUA TUM
OBUXKEHMeE.

C uen cpaBHUTENEH aHanM3 M 0OOCHOBKa Ha HanpaBeHWTe M3BOAW Ca
NOCOYEHN U EeKCNEPUMEHTANHU AAHHU NPU UHUUMUPAHE M aMOpPTM3auMAa Ha
POTALMOHHO ABUXKEHME MO Bpeme Ha onopHaTa ¢asa.

Moyt nonoBMHaTa OT Ta3M [NaBa € MNOCBETeHa Ha 0OCb)KAaHe Ha
pesyntatute, MNOAYYEHU MNpPU CUMYNAUMATA HaA PA3/IMYHU YNPAKHEHUA B
HAKO/IKO TMMHACTUYECKM AUCUMNAMHU. TyK aBTOpPbT TbpCcM M 0OOCHOBaBaA
noaxo4 3a M3rpaxXgaHe Ha ACHM W NPOCTU 33 MHTepnpeTauMsa mMoaenu Ha
6e3onopHuTe $asn, KOMTO MoraT ga ce npunarat HenocpeacTBEeHO B
npaKkTnyeckaTa AenHoCT.

HanpaBeHunTe n3Boam ca Hay4HO 06OCHOBAHM U Ca NPAKO cAeacTBue oT
TEOPETUYHMA N EKCNEPUMEHTANEH aHANM3.

CunTam, Ye yCnewHo ca peLleHn NOCTaBeHaATa LUen 1 3agaun.

PeweH3npan cbm 40CTa AUCEPTALMOHHM TPYA0BE MU B NOBEYETO C/yyYaun Te
cneABaT edHa M Cblla CXema M Ce OKasBaT Mno-61M30 40 3aHAATYMMCTBOTO
OTKO/IKOTO A0 HayKaTa. CAy4yaaT TyK He e TakbB. B pesyntatute n aHanmsbuT UM
MOraT Aa ce OTKPUAT peanu,a NHOBALMOHHU M OPUTUHANIHN MOMEHTN.

Hapep, ¢ 4aCcTHO NpakTUYHUTE NPUHOCKU 33 YCbBBPLUEHCTBAHE Ha y4ebHo-
TPEHUPOBDBYHMUA NPOLLEC CE OTKPOABAT U HAKOU 060 METOANYHU AOCTUKEHUS,
KaTo:

1. Hay4yeH aHanmn3 BbpXy CUCTEMHUTE aCNEKTM HA B3aMMO3aBUCUMOCTUTE
Ha KOMMIOTBLPHOTO CUMMYNAUMOHHO MOAeNUPaAHE WU MPUNOKEHUETO MYy 3a
M3y4yaBaHe Ha MeXaHWKaTa Ha CNOopTHATa TEXHWKA M HAYMHUTE 33 CNpaBAHEe C
npobaemuTe Ha ONTUMM3ALMUATA U YNIPABAEHNETO Ha CNOPTHUTE ABUKEHUS.

2. PeanusunpaHuaTt 16 cermeHTeH CMMYNAUMOHEH KOMMIOTbPEH MOAen ¢

32 BbTpEWHN U 6 BbHLWHU CTENEHM Ha CBO60,£I,a ocurypAasa HOB metTogon0orn4yeH
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noaxo4 B npoueca Ha CNopTHAaTa TPEHMPOBKA M NOAFOTOBKA Ha ABUraTesiHU
aencrtema B besonopHa ¢asa.

3. TeopeTnyHaTa M eKcnepumeHTanHa pa3paboTka Ha nporpamHaTa
CMCTEeMa 3a ynpasseHMe Ha moAena M BM3yanusauua Ha pesyatatute Aasa
Bb3MOXKHOCT Aa Ce NOJy4Yu peanHa npeactasa 3a HAYMHA Ha ynpas/ieHMe Ha
ABUraTeNnHUA NOTEHUMAN N KOOPAMHALMATA HA ABUXKEHUATA Ha CbCTe3aTenmTe.

4. MNpepnoxeHn ca moAenn Ha 6a30BM yMNparKHEHUS, NOCTUrAaHEeTO Ha
KOUTO Ca OCHOBA 3a YCBOABAHEe Ha MNO-C/NIOXHM BapuvaHTW MO npepgnaraHaTa
nocsef0BaTeNHOCT OT ABUraTeNIHW NPOrpamm 3a OTAENHUTE HUBA HA CI0XKHOCT.

MNpeactaBeHUTe OT KaHAMAATA AAHHU 332 HAYKOMETPUYHUTE NOKa3aTenn
HaNb/IHO OTroBapAT Ha M3MUCKBaHMATA Ha 3PACPL, lNpaBuMaHMKa 32 HEroBoTO
npunoxenue u NMpaBuaHMKa 3a npnaobmeBaHe Ha Hay4yHaTa cTeneH , JlIOKTOp Ha
HaykuTe” B HaymoHanHa CnopTtHa Akagemusa ,Bacun JleBckn®.

ABTOpedepaTbT 0TpPa3ABa UANOCTHO M KOPEKTHO AMCEPTALMOHHNA TPYA,

3aknto4yeHue

B 3aKntouyeHMe, He3aBMCUMO OT HanpaBeHUTe 3abeneXkKnu U NpPenopbKu
CYMTam, Ye C TaKka pa3paboTeHnAa HayyeH Tpya aBTOPbHT Ce NpPeacTaBs KaTo
3aBbpLIEH 3HAel, M MOXel, CheunanncT, cbyeTaBall MO3HaHMATA CU 3a
CMOPTHO-CbCTE3aTe/IHATa NPAKTUKA U YMENOTO U TBOPYECKO NpuaaraHe Ha Han-
CbBPEMEHHUTE HAayYHO-TEXHUYECKM CPeacTBa.

C nbnHa ybegeHoCT npegnaram Ha yBaXaemuTe 4/ieHOBe Ha Hay4YHOTOo
Xypu aou. Nana Aumntpos KiouyKos aa 6bae yaoctoeH ¢ obpa3oBaTenHaTta m
Hay4Ha cteneH ,[JOKTOp Ha HaykuTe” no npodecMmoHanHo HanpasaeHue 7.6.
Cnopr.

06.01.2022 . PeueH3eHT:
Codus (npod. 3ap. ApaKkuniickun, AOKTOP)



REVIEW

of the lliya Kyuchukov dissertation work on " Biomechanical Models of Non-
Support Phase of Gymnastics Elements with Combinations of Rotations" for the
award of the scientific degree "Doctor of Science"

Reviewer: Prof. Eng. Zdravko Petrov Arakchiyski, Ph.D.

The issue of improving the sports-technical qualities and increasing the
efficiency of movement actions has always been on the attention of sports
specialists. The study of sports movements and achievements has been
revolutionized through the use of ever-improving computer technology and
related software. In each sport, the kinematic and dynamic parameters of the
movements are studied, modeled and simulated in order to improve the
sporting achievement and the efficiency of the movements. In this aspect,
computer modeling and simulation of human movements have an increasing
role in sports and rehabilitation. Two of the most important applications in
sports include optimizing sports-technical qualities and reducing the risk of
injury. On the other hand, the human musculoskeletal system is a complex
system that still has many unresolved issues. The study of human movements is
complicated by the large number of the body freedom degrees (~ 244), as well
as by the even greater number of muscles (over 600). The human central
nervous system is clearly faced with many possible ways to coordinate these
muscles and choose different strategies for realizing a movement.
Unfortunately, our knowledge of movement control is currently insufficient to
determine the mechanism by which this coordination is achieved. For this
reason, many modeling, analytical, experimental and other approaches are
used to study the internal force structure of the human musculoskeletal system
and the distribution of forces between muscles.

In the context of the above, the topic of the dissertation is of serious
scientific interest and obviously has dissertable value. The objects of the study
are basic gymnastic exercises, containing a combination of rotational
movements in their support less phase. The subject of the work are the specific
movement actions and movement strategies that need to be applied by
gymnastics to create and amortize the rotation around its longitudinal axis in
the unsupported phase of its implementation, as well as the biomechanical
characteristics determining the movement in this phase.



The presented dissertation has a volume of 314 standard pages. It is
illustrated with 104 figures in the main text and 6 figures and one table in the
appendix. The bibliography is impressive, including 237 sources, of which 75
are in Cyrillicand 162 in Latin.

The dissertation is structured in a classical plan, containing the following
main chapters:

1. Introduction, literature review and working hypothesis - 97 pages;

2. Purpose, tasks, organization and methodology - 32 pages;

3. Results and analysis - 144 pages;

4. Conclusions and recommendations - 4 pages;

5. References - 22 pages;

6. Appendices - 11 pages.

In the literature review the author demonstrates in-depth knowledge of
the studied problems. The views of the authors of some of the used literature
sources regarding the applied sports technique in performing exercises with a
combination of rotations in the unsupported phase have been critically
analyzed. This issue is discussed with understanding both in various sports
disciplines and mainly in gymnastics. Logically, in the concluding remarks to this
section, the notion is substantiated that instead of conducting numerous
experiments with real physical objects, the approach of finding certain
movement optimality is much more effective by conducting numerical
experiments on a model.

The next section of this chapter extensively and in-depth examines the
application of biomechanical models in sports theory and practice, where
kinematic and dynamic parameters of movements are studied, modeled and
simulated in order to improve athletic performance and movement efficiency.
Modeling is the process of creating models, researching them and extracting
information about the original. A basic principle in modeling is that the model
should be as close as possible to the real object. Thus, an effective model must
be based on the theory of reliability. Also, in order to be usable, the model is
better to be as simple as possible. The main purpose of modeling is to describe
complex systems in a simple way, helping to study them. In this way, simpler
models make this purpose easier. However, in the case of oversimplification,
the model may be inaccurate, so the level of simplification must be chosen
carefully. It should also be borne in mind that modeling is not without its

drawbacks. For example, before 1954, there was an abundance of
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biomechanical evidence that predicted that running a mile was impossible in
less than four minutes.

Here the author justifies his choice of model by using the forward
dynamics task. In this approach, the driving forces are specified and the goal is
to determine the resulting motion. If the time series of the joint angles are
used as drivers for the model, then the resulting motion will be determined by
the motion of the mass center of the whole body and the time series of body
orientations. When a model is used in this way, it is known as a simulation
model. Given the purpose of the study, this choice is the most appropriate, as
joint angle-driven simulation models are typically used to simulate non-force-
related activities, such as the aerial phase of sports movements.

The stages of design and the elements of the models related to their
structural features, the data on the segments of the human body, the ways of
mathematical description and the problems in determining the joint kinematics
and orientation angles by means of rotational and transforming matrices are
further discussed in detail. Here, in addition to FIG. 1.3. | would like to point out
that the orientation angles give us the convenience of receiving a specific
physical meaning such as somersaults, tilts and twists (screws) of the body.
Thus, the rotation with respect to the X axis represents the somersault of the
whole body, while the rotations with respect to the Y and Z axes of the body
represent inclination and torsion (screw), respectively.

The literature review continues with a fair discussion on how to manage
the models, compile and solve the equations of motion, considerations and
requirements for choosing the appropriate program work environment. Due to
the essential importance, the issue of assessing the reliability and suitability of
a model is quite naturally commented on. In this regard, on pages 45-48 the
author uses the term "validation", which does not sound good to me in
Bulgarian. Here, too, it is more appropriate to use "assessment"”, as has been
done in the following chapters.

Quite naturally, in view of the topic of the dissertation, the peculiarities
and technical means in modeling movement actions in the support and non-
support phase, as well as the methodological aspects in the training of
exercises with combining rotations are thoroughly and analytically considered.

Regardless of the remarks and recommendations made, | believe that
the overall literature review has a serious contribution, as it is essentially a

scientific analysis of the systemic aspects of the interdependence of computer
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simulation and its application to study the mechanics of sports skills, ways to
deal with the problems of optimization and management of sports movements
and training methodology.

On the basis of this analysis the problems are systematically identified,
the possibilities of modern methods and means for their solution are outlined
and the working hypothesis is raised, determining the theoretical-applied,
experimental, methodological and sports-technical aspects of work.

In Chapter 2, the purpose and tasks of the development are clearly and
precisely defined and follow the logic of the research questions raised for
resolution. The subject and the stages of the organization of the research are
given and explained, and the used scientific methods are considered in detail,
depending on the purpose and tasks of the research. The chosen method for
mathematical modeling in compiling the simulation model and mathematical
formalism is described in detail, related to determining the input data, the
orientation of body segments, transformation matrices for transition from
global to local coordinate systems, derivation of equations of motion. The
chosen approach to model behavior management is also explained. Here, the
computational environment of the MATLAB software package is appropriately
chosen for the simulations realization of the studied exercises and visual
presentation of the results obtained from the simulation process. The number
and scope of the created own procedural sub-programs is impressive, as well as
the realized program vector archive for managing exercises of various
gymnastic devices and experimental movements.

| have some notes and recommendations for this section of the work. For
example, in the control part of the model, the angular velocity for each point is
obtained by digitally differentiating the angular values for each subinterval, the
resulting average velocity being assigned to one of the two endpoints. In this
way, a time offset of half the interval for the value of the selected point is
obtained. Overcoming this problem can be solved by differentiating within
every two adjacent subintervals, and the resulting value is assigned to the
middle of the three points, which is the boundary between the two
subintervals. Of course, in this case, angular values are required for points
outside the global time interval. In this connection is my proposal regarding the
obtaining of the angular values for the points, outside the registered ones, by
means of a cubic spline function. Indeed, from a mathematical point of view, it

has been proven that it is the only function that interpolates the given points
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and has a quadratically integrable second derivative. In this sense, the natural
cubic spline is the smoothest of the functions, interpolating the intervals
between the set points. Under natural boundary conditions, however, the
spline is considered a linear function outside the specified interval. This limits
the possibility of forecasting in the immediate vicinity outside the border
points. Thus, for biomechanical research, it does not provide the necessary
reliability between nodes, especially with "rare" input data, which inevitably
obtained in video recording of rotational movements, where the location of
some body segments is not seen in many consecutive frames. For interpolation
in such cases it is more appropriate to use a modified spline, in which the two
conditions for unambiguous determination of the spline are obtained from the
equality of the third derivatives of the function and the two cubic curves
passing through the first four and last four points, respectively.

| also have considerations regarding the evaluation of the model. Model
evaluation is an important step in the process of developing a simulation model
and must be performed before the model can be used in applications. In
general, whatever method is used to generate the equations of motion, it is
always important to perform checks to ensure that no programming errors are
made. In his work, the author mainly uses a qualitative assessment of the
model suitability by visually comparing the similarity degree of the actual
performance images and model simulation. An additional quantitative
comparative evaluation of the analytical and simulation results for the lateral
slope during a certain angular interval of rotation was also performed. Given
the practical purpose of the present work, this may be justified in this case and
is a sufficient attestation for the model suitability. However, | believe that for a
more accurate results assessment, the confidence interval limits in which a
certain percentage of cases with a pre-set guarantee probability fall can be
determined for the orientation angles, through interval estimation. Also, for
greater security and reliability, a global function could be used, such as the
mass center trajectory of the model to describe a parabola or the motion
rotational amount relative to the center of mass to be maintained during the
unsupported phase. On the other hand, this consideration can also be
considered as a good wish, as over the last 30 years a number of proposed
simulation models have been evaluated to some extent, while many others
have not been evaluated at all.
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The chapter "Results and Analysis" is characterized by its considerable
experimental work and systematic nature. Another feature here is that
theoretical and experimental analyzes are integrated into the exposition.
Although it differs from the generally accepted structure for separating these
sections, | believe that due to the rotational variations number of movements
and gymnastic disciplines covered, this approach is more appropriate in this
case. | would even define it as an advantage, because the theoretical
statements and the results obtained are discussed simultaneously and thus the
reader gets a clearer and more conditioned view of the experimental data.

The author consistently analyzes the simulations results of the rotations
during the unsupported phase of the exercises. Subsequently, he extensively
and reasonably discussed both the options for creating rotational movement
conditions around the main axes in different configurations of body segments,
and their depreciation in preparation for landing. As a consequence, specific
practical guidelines are given for the behavior of the body certain parts in the
process of learning and mastering the respective type of movement.

For the purpose of comparative analysis and substantiation of the
conclusions made, experimental data on initiation and rotational motion
amortization during the supported phase are also indicated.

Almost half of this chapter is devoted to discussing the results obtained
in the simulation of various exercises in several gymnastic disciplines. Here the
author seeks and substantiates an approach for building clear and easy to
interpret models of the unsupported phases that can be applied directly in
practice.

The conclusions are scientifically substantiated and are a direct
consequence of theoretical and experimental analysis.

| believe that the set goal and tasks have been successfully solved.

| have reviewed a lot of dissertations and in most cases they follow the
same scheme and turn out to be closer to crafts than to science. This is not the
case here. A number of innovative and original moments can be found in their
results and analysis.

Along with the private practical contributions for the improvement of the
educational and training process, some general methodological achievements
stand out, such as:

1. Scientific analysis on the systemic aspects of the computer simulation

modeling interdependencies and its application for studying the sports skills
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mechanics and ways to deal with the optimization problems and management
of sports movements.

2. The implemented 16-segment simulation computer model with 32
internal and 6 external degrees of freedom provides a new methodological
approach in the process of sports training and preparation of movement
actions in the non-support phase.

3. The theoretical and experimental development of the software system
for model management and visualization of the results gives the opportunity to
get a real idea of how to manage the movement potential and coordination of
movements of competitors.

4. Models of basic exercises are proposed, the achievement of which is
the basis for mastering more complex options in the proposed sequence of
movement programs for different levels of complexity.

The scientometric data, presented by the candidate, fully meet the
requirements of the Law on Academic Staff Development, the Regulations for
its application and the Regulations for obtaining the scientific degree "Doctor
of Science" at the National Sports Academy "Vasil Levski".

The abstract fully and correctly reflects the dissertation work.

Conclusion

In conclusion, regardless of the remarks and recommendations made, |
believe that with the developed scientific work the author presents himself as a
complete knowledgeable and capable specialist, combining his knowledge of
sports practice and skillful and creative application of modern scientific and
technical means.

With full conviction | propose to the esteemed members of the scientific
jury of Assoc. Prof. lliya Dimitrov Kyuchukov to be awarded the educational and
scientific degree "Doctor of Science" in professional field 7.6. Sports.

January 6, 2022. Reviewer:
Sofia (Prof. Zdr. Arakchiiski, PhD)
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